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ABSTRACT

Increasing demand for appropriate evaluation
methodologies for international investments 1is currently
recognized in order to vitalize world economies by mobilizing
capital across borders. However, the demand has not
necessarily been met by conventional or widely-used
evaluation methodologies due to complicated structures of and
risks inherent to international investments.

The purpose of this thesis is to discuss and examine the
practical applicability of " Valuation-by-Components " with
underlying theories and concepts to evaluation of
international investments, in the context of the construction
and real estate industries.

A main research issue is to test practical applicability
of two international asset pricing models, Zero-Beta Capital
Asset Pricing Model and Consumption Capital Asset Pricing
Model, to measurement of operational risks in international
setting of the construction and real estate industries.

At first, a result of the research indicates that ZCAPM
is more applicable to pricing international assets than
CCAPM, given theoretical and data-related issues on CCAPM.
The result also supports international diversification
effects of international investments which reduce systematic
risks for foreign investors as contrasted with those for
domestic investors. However, secondly, systematic and
portions of unsystematic foreign exchange risks inherent to
international investments should be hedged by using optimal
mix of operational and financial hedging instruments at
firm's level whereas firms and investors can diversify away
unsystematic foreign exchange risks to some extent. Finally,
the " Valuation-by-Components " is found to be the best
evaluation methodology among others due to its theoretical
correctness, transparency, flexibility, and outstanding
capability of analyzing and allocating relevant risks in
intelligible manners.

Thesis Supervisor: Dr. James L. Paddock
Title: Senior Lecturer in Civil Engineering
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1. PURPOSE OF THESIS AND RESEARCH ISSUE

1.1. PURPOSE OF THESIS

International investments take important roles in the
development of the world economy in the following positive
senses:

1) the increasing mobility of capital across countries
through the international investments vitalizes the
world economy by providing the capital to those who
can not utilize their other own idle resources due to
the shortages of the capital or the technological
immaturities;

2) the ownerships of the international investments
provide opportunities of the economic and cultural
interchanges between the countries, which, in turn,
develop the world capital market and international
investment opportunities; and

3) the investors also can benefit from the international
investments which substantially contribute to the

international diversifications of their portfolios.

However, in spite of the apparent benefits described
above, the international investments are not easy to be
evaluated because of the complicated structures of the
ownerships, financings, sourcing inputs, and competitions,

and because of the risks inherent to the international
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investments, such as foreign exchange risks, political risks,
and so forth. Therefore, it 1s necessary to overcome those
impediments by appropriately analyzing the complicated
structures and allocating the risks in proper manners.

Hence, the increasing necessity for appropriate evaluation
methodologies for the international investments is currently

recognized.

The motivation to study the " Valuation-by-Components "
methodology is 1) due to the strong demand for evaluation
models for international investments, which are recognized to
be currently increasing and to be certain to continue to grow
in the future as long as the framework of the open economy is
maintained and promoted in the world, and 2) because of its
outstanding capabilities of evaluating international
projects, given the current economic systems and the level of

the development of the international capital markets.

The purpose of this thesis is to discuss and examine the
practical applicability of " Valuation-by-Components " to
evaluation of international investments, in the context of

the construction and real estate industries.

1.2. RESEARCH ISSUE

In examining the practical applicability of the

" Valuation-by-Components ", the central issue boils down to
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the applicabilities of the international asset pricing models
which the " Valuation-by-Components" employs, given various
restrictions, such as the data availabilities which may not
satisfy the theoretical requirements.

In the thesis, two international assets pricing models,
Zero—-Beta Capital Asset Pricing Model (ZCAPM) and Consumption
Capital Asset Pricing Model (CCAPM), will be tested by using
the best data currently available in the context of the
construction and real estate industries. The numerical
results of the test will be compared to the theories of the
ZCAPM and CCAPM.

Although the general test of the ZCAPM and CCAPM should
be conducted by using the data of all the industries in order
to eliminate any bias which may exist in particular
industries, the test, conducted here in the context of the
construction and real estate industries, provides, at least,
industry~-specific results, and might give a clue to further

thorough investigations of the ZCAPM and CCAPM.



PAGE 19

2. STRUCTURE OF THESIS

The thesis consists of six chapters, including this
introductory chapter which discusses the purpose of the
thesis, the research issue, and the structure of the thesis.
The second chapter gives an overview of the evaluation
methodologies, including the " Valuation-by-Components ",
and discusses the methodological advantages and
disadvantages. Then, the third and fourth chapters discuss
the technical issues in applying the
" Valuation-by-Components ", first, the international asset
pricing models in the third chapter, and second, the foreign
exchange exposures and hedgings in the fourth chapter. By
using the results of the chapter three and four, the fifth
chapter analyzes the real project and compares the V.C.
analysis with the original assessment report. Finally, the
sixth chapter concludes the thesis and discusses implications
for the international investments. The outline of the thesis
from the second chapter through the sixth chapter is as

follows.

The second chapter discusses and compares the evaluation
methodologies currently available in the context of the
international investment analyses from methodological
viewpoints. The evaluation methodologies discussed here are
Internal Rate of Return, Net Present Value and Adjusted Net

Present Value both with Weighted Average Costs of Capital,
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Valuation-by-Components, and Real Option Approach. Finally,
this chapter discusses the technical issues in the Valuation-
by-Components.

The third chapter, at first, discusses and tests two
international asset pricing models, those are, the ZCAPM and
CCAPM by using the stock data of U.S. and Japan's
construction and real estate industries and the consumption
data of both countries for the past three years (from 1986
through 1988). The regression results of the ZCAPM and CCAPM
are compared with the empirical results obtained by the
precursors based on the data for the longer periods of time,
then the practical applicabilities and relevant issues are
discussed. After calculating betas and real discount rates
as measurements of the business risks inherent to the
industries based on the asset pricing models, the betas and
real discount rates are interpreted from the domestic and
foreign investors' perspectives, in the long-term and short-
term. Finally, a sample project is analyzed by using the
betas and real discount rates in order to present the effects
of the international investments.

The fourth chapter reviews the effects of the foreign
exchange exposures in the international investments on the
contractual and non-contractual cash flows in nominal terms
and real terms. Then, the operational hedgings and the
financial hedgings are briefly reviewed in relation to the
foreign exchange exposures. Finally, the general formula of

the Valuation-by-Components is proposed, which conceptually
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incorporates the costs of hedging the foreign exchange
exposures by using matrices.

The fifth chapter analyzes a real case of an
international real estate redevelopment project in U.S. by
using the Valuation-by-Components. First of all, the
original assessment report is re-examined from the
methodological viewpoints. Secondly, in order to evaluate
the case project in more adequate and correct manners, the
case project is analyzed in terms of the risk-return trade-
offs among the project's participants by examining the V.C.
structures, and then, sensitivity analyses are implemented
for those factors seriously affecting the project value.
Consequently, the V.C. analysis discloses the crucial points
which could not be recognized by the original assessment
report.

Finally, the sixth chapter concludes the entire
discussions by focusing on the following subjects; 1) the
practical applicabilities of the ZCAPM and CCAPM, and related
data and theoretical issues, 2) the implications of the ZCAPM
and CCAPM betas and real discount rates in the context of
U.S. and Japan's construction and real estate industries,
both in short-term and in long-term, 3) the effects of the
foreign exchange exposures and hedgings in evaluation of
international investments, 4) the international financing and
diversification, and 5) the advantages of the Valuation-by-

Components.



CHAPTER 2

EVALUATION METHODOLOGIES OF

INTERNATIONAL CONSTRUCTION PROJECTS
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1. INTRODUCTION

This chapter discusses evaluation methodologies for
investment analysis in the context of international
dimensions. Some of these methodologies are broadly-applied
while others are more recently developed from modern finance
theory. 1In the discussion, these methodologies are compared
with each other in terms of methodological adequacy and
theoretical correctness of evaluating international projects.
However, the discussion is not necessarily limited to
international projects, but it can be applied to domestic
projects which have similar features in their structures of
participants, financing, and cash flows with those of
international projects.

Evaluation methodologies analyzed in this chapter are 1)
IRR (Internal Rate of Return), 2) NPV (Net Present Value) and
ANPV (Adjusted Net Present Value), both with WACC ( Weighted
Average Costs of Capital), 3) VC (Valuation by Components),
and 4) Real Option Approach. Some evaluation methodologies
such as Payback Period and Average Return on Book Value are
excluded from the discussion although these are often used
methodologies!. This is because these methodologies may miss
theoretically certain needed criteria, for example,

evaluation of cash flows in terms of time, that is, time

lsee Brealey and Myers[1988] and Weston and Copeland[1986]
for discussions on Payback Periods and Average Return on Book
Value.
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value of money, which is one of the most important concepts
in finance theory!. For this reason, I explicitly excluded

them from the following discussion.
1.1. IRR (INTERNAL RATE OF RETURN)

IRR is a profitability measure by which expected cash
flows at each period are discounted such that a summation of
the discounted cash flows equals zero. The calculations are
done by different numerical methods to satisfy the following

equation?.

k
Y = 0: (1)

where Ct denotes an expected cash flow at period t;

IRR denotes an internal rate of return; and
k denotes a last period of series of cash flows.

In other words, IRR is a rate which makes Net Present Value
to equal zero. 1In this connection, IRR is exactly the same
evaluation methodology with NPV under some specific
conditions, which will be discussed later.

Investment decision by IRR 1is to accept a project if IRR
is higher than an opportunity cost of capital, and vice

versa. Opportunity costs of capital are expected rates of

lsee Brealey and Myers[1988] and Weston and Copeland[1986]
for discussions on time value of money.

2see Brealey and Myers[1988].
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return for projects with equivalent risks and determined in
the capital market. Thus, calculating IRR and making
investment decision with IRR is simple.

However, major defects in IRR methodology are generally
recognized so that IRR must be used carefully so as to avoid
falling into pitfalls of the defects!. Some of the defects
are as follows:

1) increases in denominators in the eguation (1) is not

necessarily accompanied by decreases in Net Present
Value of a left side of the equation (1);

2) multiple positive real IRRs can exist if plus or
minus signs of cash flows at each period change more
than once; and

3) projects are assumed mutually exclusive when plural
IRRs are compared and ranked;

4) IRR implicitly assumes flat term structures where
short-term and long-term interest rates are not
distinguished;

5) IRR assumes that cash flows generated by the project
can be reinvested at the Internal Rate of Return.
But, the correct reinvestment rate should be the
opportunity cost of capital for projects of

equivalent risk.

lsee Brealey and Myers[1988].
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In addition to the above defects, some crucial defects

in evaluating international projects by using IRR rule are

pointed out as followsl;

1)

2)

Due to complexities of international projects in
various sources of financing, various currencies of
cash flows, different taxation systems and tax
treaties in host and home countries, project's
organizations, multiple contracts and so forth, cash
flows in international projects generally comprise
multiple cash flow components which bear different
risks. Especially in international projects, risks
borne by different cash flow components can vary in a
wide range. However, in spite of the wide variances
of risks of the cash flow components, IRR methodology
discounts aggregated cash flows with a single
discount rate. Therefore, investment decisions by IRR
bring ambiguous results when applied to international
projects or equivalently complex projects.

Because of the complicated structures of
international projects, it is generally difficult to
find an opportunity cost of capital for the risk-
equivalent projects in the capital markets. In case
it is not observed in the capital markets, an
opportunity cost of capital needs to be estimated or

an opportunity cost of capital for the most

lsee Paddock[1989].
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risk-equivalent projects needs to substitute for it.
In the process of estimation or approximation of an
opportunity cost of capital, a real opportunity cost
of capital which is a sole criterion for investment
decision by IRR can be easily distorted, so
investment decisions by IRR are also distorted.
Discount rates in international projects can
fluctuate over periods of the projects more widely
than those in domestic projects because of
uncertainties in political and economic conditions of
the host countries, imperfections in the capital
markets and so forth. IRR cannot accommodate the
fluctuation of discount rates over time.

IRR cannot directly accommodate cash flows in various
foreign currencies, so that they should be translated
into a single currency. However, IRR doesn't
explicitly explain how to translate. In fact, the
cash flows in multiple currencies must be translated
with foreign exchange rates estimated for each time
period, and in the process of translating multiple
currencies into one currency, effects of foreign
exchange exposures on expected cash flows should

be explicitly taken into consideration by changing
the expected cash flows. However, since the
translation of multiple currencies and considerations
on foreign exchange exposures are not explicitly

built in IRR methodology, and since only aggregated
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cash flows in a single currency are visible in the
formula(l), it is cumbersome to implement sensitivity
analysis to various scenarios of foreign exchange

movements.

1.2. NPV (Net Present Value) and ANPV (Adjusted Net Present
Value), both with WACC (Weighted Average Cost of

Capital)

NPV and ANPV are absolute values of a project expressed
in certain currency of certain time (generally, time of
evaluation), and obtained by summing up discounted expected
cash flows whereas IRR is a profitability measured based on
expected cash flows. NPV is calculated by the following

formulal:

NPV = 3 ——-mmmmmm e : (2)

where Ct denotes an expected cash flow at time t;

DR denotes a discount rate; and
k denotes the last period of series of cash flows.

Expected cash flows are after-tax basis, and projected as if
projects are financed solely with equity, which is based on
the original Modigliani and Miller's proposition that, in a

perfect capital market, capital structure does not affect

lsee Brealey and Myers[1988].
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values of firms or projects. Thus, NPV methodology is based
on the assumption that there is no imperfection in the
markets and that investment decisions are perfectly
independent from financing decisions.

However, because of existences of imperfections in the
market such as taxations, NPV is modified to ANPV in order to
explicitly accommodate side effects of financing on project
values such as tax shields on debt interest payment. There
are two ways of calculating ANPV. One way 1is to add Net
Present Value of side effects of financing decisions (tax
shields on debt interest) to Net Present Value of the all
equity-financed project calculated according to the formula

(2) as follows:

where Ct denotes an expected cash flow at time t;

r denotes a nominal rate of interest for debt;

D denotes an amount of debt;

T denotes a corporate tax rate;

DRl denotes a discount rate for project cash flows;

k denotes the last period of series of cash flows;
and
m denotes a maturity of debt.

The other way i1s to discount cash flows with risk-adjusted
discount rates such as WACC (Weighted Average Cost of

Capital) instead of discount rates which are expected rates
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of return observed in the capital markets for risk-equivalent

projects. ANPV and WACC are computed as follows!:

ANPV = ¥ —------mmmmommoo- : (3a)

where Ct denotes a cash flow at time t;

ADR denotes a risk-adjusted discount rate
such as WACC; and
k denotes the last period of series of cash flows.

WACC = rd * ( 1-Tc ) * (D/V) + Ye * (E/V): (4)

where rg denotes a firm's current borrowing rate;
Tc denotes a firm's marginal income tax rate;
re denotes an expected rate of return on the firm's

stocks;
D denotes market value of firm's debt;
E denotes market value of firm's equity;
V denotes market value of firm's debt plus equity.

Although there are a couple other ways of calculating risk-
adjusted discount rates incorporating side effects of
financing such as MM formula and Miles-Ezzell formula, WACC
is the most widely used and can represent fundamental
characteristics of most of risk-adjusted discount rates.
Investment decisions are to accept a project if NPV or
ANPV is positive, and vice versa. And, a project with the
largest positive NPV or ANPV should be undertaken at first
among other projects with positive NPV or ANPV if there is a

budget constraint.

lsee Brealey and Myers[1988].
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NPV or ANPV with WACC eliminates most of the defects
mentioned on IRR in the last section. However, WACC i1s used
with some limitations and assumptions such as follows:

1) a risk of a project under consideration should be the
same as that of the firm because WACC is a discount
rate for cash flows generated by the firm as a whole;

2) debt is assumed to be issued in perpetuity;

3) debt capacity of the firm is assumed constant over
the project's duration; and

4) marginal income tax rate is assumed constant over the
project's duration.

Thus, applying ANPV methodology to projects bearing risks
different from the firm's average risk may result in an
incorrect investment decision. Moreover, the assumptions 2)
is unrealistic to individual standalone projects, and the
assumption 3) & 4) are questionable for long-term projects.

In addition to these limitations and assumptions, the
following defects of ANPV when applied to evaluating
international projects should not be overlooked!:

1) different risk classes associated with multiple cash
flow components in international projects are
inconsistent with firm's average risk expressed in
WACC. Therefore, results of ANPV with WACC are
ambiguous because it discounts aggregated cash flows

with a risk-adjusted discount rate corresponding to

lsee Paddock [1989].
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firm's average risk;

2) WACC incorporates side effects of tax shields only,
although in international projects, other side
effects generated by financing decisions such as
concessionary financing and tax credit unique to the
projects are often considerable portions of side
effects of the financing; and

3) different taxation systems in host and home countries

cannot be incorporated in WACC.

1.3. VC (VALUATION BY COMPONENTS)!

Valuation by Components, like NPV and ANPV, is an
absolute value of projects expressed in certain currency of
certain time. 1In this sense, VC is a derivative of NPV or
ANPV approach. The major differences of VC from NPV or ANPV
are 1) that individual components of cash flows bearing
individual risk classes are separately discounted with
different discount rates adequate to the risk classes of the
corresponding cash flow components and summed up according to
the value additivity principle, and 2) that different
discount rates are estimated based on the market-determined

rates of return by using Capital Asset Pricing Model?.

lsee Lessard, Flood, and Paddock[1986] for detailed
explanation of VC framework.

25ee Sharpe([1985] for a review of Capital Asset Pricing
Model.
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There is no unique formula for VC because grouping
various cash flow components into those bearing the same
risks changes project-by-project. As a general form, a

formula proposed by D.Lessard is extracted as followsl:

Valuation by Components (5)
N T
Capital Outlay z SOl Xz Itl / (1+7t1)t (5a)
i=1 t=0
+
N T
Remittable After-Tax ¥ So* L CF 7 (1-Q) / (1+1,)%  (5b)
Operating Cash Flows i=1 t=1
+
N T
Contractual Operating X Sy* ¥ CONT,* (1-Q)/ (1+m5)% (5¢)
Flows i=1 t=1
+
N T
Depreciation Tax > SOl ¥ DEPtl (Q)/ (l+1t4)t (5d)
Shields i=1 t=1
+
N T
Tax Shields Due to )Y Sol > INTtl (Q)/ (1+7r5)t (5e)
Normal Borrowing i=1 t=1
+
N T
Financial Subsidies > Sol 2 AINTtl / (1+1t6)t (5%)
or Penalties i=1 t=1
.+.

lsee Lessard[1979] for more precise discussion on the VC
formula.
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N T
Tax Reduction or Deferral Y SOi )Y TRti / (1+1t7)t (59)
via Interaffiliate Transfers i=l t=1
+
N T ‘
Additional Remittance via )y Soi > REMtl / (1+1t8)t (5h)
Interaffiliate Transfers i=1 t=1

where N denotes a number of currencies;
T denotes the last period of series of cash flows;

SOl denotes a spot exchange rate for currency 1i;

superscript "i" denotes currency 1i;

subscript "t" denotes time period;

) denotes a effective income tax rate;

T, to Tg denote discount rates corresponding to

risks of grouped cash flows.

Furthermore, Lessard aggregates these eight cash flow
groups into three categories based on how the risks of the
cash flows are determined as follows:

1) non-contractual cash flows, comprising of capital
outlay and remittable after-tax operating cash flows
whose risks are determined by economic and
competitive environments surrounding the operationsl;

2) contractual flows, comprising of contractual
operating flows, depreciation tax shields, tax
shields due to normal borrowing, and financial
subsidies or penalties whose risks are determined in
nominal terms by contracts or quasi-contracts; and

3) operating flows deliberately manipulated by the firm

lsee Lessard , Flood, and Paddock([1986]) for definitions of
contractual and non-contractual cash flows, and discussions
on risks associated with each type of cash flows.
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to maximize the firm's total value, comprising of tax
reduction, tax deferral, and additional remittance
via interaffiliate transfers whose risks are
determined by firm's and project's dverall tax and

cash positions.

The discount rates for non-contractual cash flows which
are generally a major portion of the total cash flows are
estimated by using the market-determined expected rates of
return with Capital Asset Pricing Model whereas those of the
contractual cash flows and operating flows manipulated by
firms are estimated by using the market-determined nominal
rate of interest plus the corresponding risk premium with
Capital Asset Pricing Modell.

The following formula is to compute a discount rate for
non-contractual cash flows (remittable after-tax operating

cash flows) expressed in nominal terms:

Discount Rate =( 1+Rr Y*( 1+1 ) *( 1+BAE*RP ) e (6)

where Rr denotes a real interest rate;

i denotes an inflation rate;
Bpp denotes an all equity-financed beta of the

operation against investors' relevant
portfolio; and

RP denotes a general risk premium for
investors.

lsee Lessard[1979] for more detailed discussion on

determinations of discount rates for contractual and non-
contractual cash flows.



PAGE 36

Investment decision by VC is to accept a project if VC
is positive, and vice versa. And, a project with the largest
positive VC should be undertaken at first among other
projects with positive VC if there is any budget constraint.

Although considered a derivative of NPV or ANPV, VC is
successful in overcoming the limitations and assumptions
required for NPV or ANPV which are discussed in the last
section!. These are:

1) VC can be applied to any type of project bearing any
sort of risks because VC estimates multiple discount
rates to match risks of individual cash flow groups;

2) VC can fully evaluate debt specifically issued for
the project with the specific debt terms, and is
independent from the firm's overall capital structure
because VC separates financial cash flows from
operational cash flows and discounts them with
individual discount rates free from the firm's
overall capital structure; and

3) VC can accommodate expected changes in tax deductible
marginal tax rates by adjusting cash flows affected
by the tax rates whereas a single WACC assumes the
tax rate constant.

All in all, VC is theoretically the most accurate

evaluation methodology among IRR, NPV, ANPV, and VC. 1In

addition to the theoretical accuracy, VC methodology has the

lsee Lessrad and Paddock([1986] for comparison of VC
methodology with ANPV with WACC.
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following advantages when applied to evaluation of
international projects:

1) VC can simultaneously deal with real and nominal cash
flows either by discounting real and nominal cash
flows with real and nominal discount rates or by
converting real or nominal cash flows into either of
them;

2) VC is so flexible to accommodate any complexity of
cash flow components in international projects by
separating different risk-bearing cash flow
components and by adding them back according to the
value additivity principle. Major elements of
complexity of cash flow components in international
projects are multiple currencies, multiple interest
rates, multiple inflation rates, multiple exchange
rates, multiple tax systems, and so on can be
explicitly accommodated;

3) VC's transparency allows to grasp values of
individual cash flow components respectively, to
understand strength and weakness of the project under
consideration in terms of cash flow components, and
to clarify financing cash flows; and

4) VC allows to implement sensitivity analysis with ease
because of independent evaluation of the cash flow
components.

In spite of the theoretical accuracy and substantial

advantages of VC methodology, VC has not yet been known as
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widely as IRR, NPV, and ANPV. One of major reasons is that

VC methodology is relatively newly introduced by D.Lessard ,
James Paddock and et al. The other major reason is probably
because VC methodology is technically more complicated than

IRR, NPV and ANPV in the following points:

1) VC requires that users appropriately group various
cash flows into those bearing the same risk classes.
Therefore, the users must examine riskiness of each
cash flow whereas IRR, NPV, and ANPV require
aggregated cash flows at each period only; and

2) the users must appropriately estimate multiple
discount rates corresponding to the riskiness of the
grouped cash flows, which can be a major challenge
for the users. Estimating appropriate discount rates
in international setting sometimes requires that the
users fully understand the fundamental finance
theories and up-dated asset pricing models underlying
VC methodology. On the other hand, IRR, NPV and ANPV
require to estimate only one discount rate.

However, it should be noted that this technical complication
substantially contributes to the theoretical accuracy and
transparency of VC methodology, which, in fact, decision-
makers want in investment analysis. Rather, the technical
complication should be conquered by the users and decision-
makers so as to make appropriate decisions in investment,
especially in international projects whose complication may

not be thoroughly examined by the other methods.
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Therefore, technical understanding of VC methodology 1is

essential for VC to be implemented in a correct manner.

1.4. REAL OPTION APPROACH!

An evaluation methodology discussed last is a real
option approach which is derived from a different form of the
same theoretical basis as IRR, NPV, ANPV, and VC. The real
option approach is an application of option pricing model
developed lately in finance theory in order primarily to
evaluate financial options traded in the option markets such
as stock options, foreign exchange options, commodity
options, and so forth. 1In this connection, the real option
approach is applied to those real assets which have operating
options, option-like characteristics, or growth
opportunities?. Therefore, to draw option-like analogies
between financial options and real assets under consideration
is a key for the real option approach.

Instead of showing various derivative real option
approaches3, the following "Black and Scholes Formula" to
calculate present value of call options for multiple periods

tells general procedures of computing option values?:

lsee cox and Rubinstein{1989] for an overview of financial
option markets.

2For applications of option pricing model to managerial
fields, see Trigeorgis and Mason([1987]

3 For applications of option pricing model to valuation of
real assets, see Paddock,Seigel, and Smith[1987 and 1988],
Geltner[1986], and Bar-0r{1984].

dsee Brealey and Myers{1988].
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-rt

Present Value of Call Option = PN(d,) - EXe N(d2) (7)
where log (P/EX) + r*t + V*t/2
dy = —m-=oomossoooooooooo oo ; (7a)
SQR(V*t)
log (P/EX) + r*t - V*t/2
d2 = T T T T T T T T T T ; (7b)
SQR (V*t)
N(d) = cumulative normal probability density
function;
EX = exercise price of option;
t = time to exercise date;
P = price of stock now;
V = variance per period of rate of return on the
stock; and
r = risk-free interest rate.

As indicated above, calculating option values with the
formula(7) is simpler than that of IRR, NPV or ANPV, and much
simpler than that of VC because expected cash flows are not
needed to be forecast, nor discount rates. As only five
parameters are necessary to compute the option values, the
real option approaches require very small number of
parameters to calculate the real option values although some
modifications of the formula are required. As an example of
the application of the real option model, J.Paddock,

D.Seigel, and J.Smith[1988] drew analogies between stock call
options and undeveloped petroleum reserves as indicated below

and simulated the real option values.
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Comparison of Variables for Pricing Models of
Stock Call Options and Undeveloped Petroleum Reserves

Stock Call Option Undeveloped Reserves

Current Stock Price Current Value of Developed Reserve

Variance of Rate of Return Variance of Rate of Change of the
on the stock Value of a Developed Reserve

Exercise Price Development Cost

Time to Expiration Relinquishment Requirement

Riskless Rate of Interest Riskless Rate of Interest

Dividend Net Production Reserve less

Depletion

The real option model is also applicable to investment
projects because most of them have operating options and
option-like natures. Although the applications of option
pricing model to various real assets, such as oil reserve
tracts, real estate investment, research & development
investment and etc., have been tried only for the past 10
years, and is still at development stages, the real option
approach has indicated outstanding features compared to other
evaluation methodologies such as:

1) the real option approach does not require to forecast
either future cash flows or risk-adjusted discount
rates whereas IRR, NPV, ANPV and VC requires either
or both of them;

2) the real option approach fully reflects market
valuations where assets are traded liguidly so that
it eliminates artificial errors generated in the
process of forecast or estimation;

3) the real option model implicitly incorporates values



PAGE 42

of operating options, option-like characteristics, or
growth opportunities whereas the other methodologies

cannot include them unless they are explicitly added;
and

4) the real option approach requires substantially small
number of parameters.

The most important message that the real option models
gives to those users of the other evaluation methodologies
such as IRR, NPV, ANPV, and VC is that the other evaluation
methodologies cannot implicitly evaluate operating options,
option-like characteristics, and growth opportunities whereas
the real option approach can. The message is a warning that
option values should be reflected in evaluation, if anyl.
Fortunately, it is possible to add the values of the options
to the other methodologies although adding the values further
complicates the calculations of the other methodologies.

However, there are some conditions that restrict
applications of the real option approaches to real assets
such as:

1) real assets should be traded in ligquid markets so
that the market valuations, which the real option
approach relies on, reflect all information available
on the real assets;

2) variance of the changes in market values of the real

lsee Myers[1984] for discussions on importance of option
values to bridge between finance theory and strategic
planning.
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assets should be estimated by observing the markets;
and
time lag of exercising financial options and real

options should be taken into considerations.

In addition to these conditions which limit applications

of the real option approach, the real option approach is

difficult to be applied to international projects. Major

reasons are:

1)

2)

3)

4