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ABSTRACT

Over the last two decades the application of real options theory has dalipaiiered the way
researchesmodel infrastructure investment decisions. Real options are the right, but not
obligation to do something for a certain cost within oa apecific period of time. Compat to

the rich literature its implementationn practice ishoweverlimited. This thesisidentifies a
common but ignored problem of the option valuation methodology. Wheitel$ and volatilities

of marketbased uncertaiies are fundamental inputsrfoptions valuation, thegre in many
cases diicult to get reliable estimasadue tothe changing patterns of the uncertainty factors
Current researchrooption valuatiortypically extracts estimates from data of a cerfazéniod

(such as 10 years) without verifying the chosen period is superior to others. This thesis
demamdrates thisproblem by analyzing therices indices bunderlying assets in real estate
markets oU.S. and Singapore; and thelmows how tadjust the lexibility design and valuation

in long-term infrastructug developmeriio capture thealue of embeddedptions

Since uncertainty is the key driver of option value, the study of uncertainty itself should always
be at the core of flexibility design. Am-depth study of (a) both the feature/nature of each
uncertainty (b)and interactions amonglifferent uncertainties, inside and outside of the
project/investment is essential and rextely important to give rise tattractive real options.
Thisthesis lods at a suipart of longterm infrastructure developmeihttcommercial rebestatel

which is usually higrise building existingin a highly volatile marketAn optionthinking
approach is proposed tuide flexibility design, both inactive and proactivexibility. Proactive
flexibility gives rise to an infrastructure design that makes sense for both now and the future.
This happens when the design use uncertainties, not the requirements from the user meeting, as
one of the primary drivers of the desidie approach involveiree aspectdinancial, technical

and political Particularly, the political aspeahdicates thatdevelopers should carefully form
contracts with partners/customers as well as relevant authorities to make it possible to exercise
the options in the future when desirable.

This thesis use a true case afixed usecommercial real estate developméntCentralin
Singapord to show theprocess of utilizing optiohinking in flexibility design and valuation.

Thesis Supervisor: ProfssorRichard de Neufville
Professor of Engineering Systems &ivil and Environmental Engineering
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CHAPTER 1: INTRODUCTION

1.1Background

In 1973, Fischer Black and Myron Scholes established a model to price financial optzomky (

the options of stock), which was later refined by Robert C. Merton and known as the Black
ScholesMerton (BSM) formula. Merton and Scholes received the 1997 Nobel Prize of
Economics for this and related work. This financial opfiwicing model(Black and Sholes
1973)focuses on factors affecting the value fed bption over time anelstablishes a value for an
option by assuming that a replicating portfolio of financial assets can be constructed to have the
same return as the optianevery state fothe world(Amram and Kulatilaka1999)

In 1977, StewartMyers pioneered the dea of viewing firmdéds discr
opportunities as real optioristhat is, the right but not obligation to undertake some business
decision at a cost dimg a certainper i od of ti me. The term Ar ea
application of option pricing theory to the valuation of investments inrfnonn a nc i a | or i
assets where much of the value is attributable to flexibility and learning over(Bionison,

2005) A vast of literature habeendeveloped, which elaborate both theoretical and empirical

methods for quantifying the valued various real options (put or call opticio)date

In the 1980s and 1990s, Real Opsiofinalysis (ROA) attracted moderate, primarily academic
interest, most of which focesd on real option valuation theory and its applications. Discounted
Cash Flow (DCF) analysis was then (and also now) the traditional and widely used project
valuation too| but it is conceptually flawed due to the ignorance of value of flexibility and
learning which makes it inadequate when a project will exist in an uncertain engmbde
Neufville, 2003). And theROA approach overcomes the flaws of DCF analysis mesdion

above.

In the mid1990s, research of real options valuation increased substantially and it also began to
attract attention from industry as a potentially important tool for investment valuation and

strategy.In application context, real options appchavas primarily applied to decisianaking
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elated to corporate investment projects and corporate valudienoil and gas industry was
principally the first to apply real options analysis, then a range of other industries (mining,
telecommunication, emngy, R&D, infrastructure, manufacture, real estate and so on) and
management consultants and internal analysts began to apply real optisnsteymittently
(Borison, 2005) It was also applied to system planning and desigder uncertainty (de

Neufville, 2003), supply chain management, et al.

Real options areecognizedimportant in strategic and financial analysis because traditional
valuation tools such asdtl Presentvalue (NPV)ignore the value of flexibility. The djn
valuation recognizes the value of learning. This is important, because strategic decisions are
rarely onetime events, particularly in investmeintensive industriesAs suggested by Leslie

and Michaels (1997), fathe six variables in the real optioraluation model, NPV analysis
recognizes only two: the present value of expected future cash flows and the present value of
fixed costs. The greater comprehensiveness of option valuation can therefore be summed up in
this way: it captures NPV plus flexlity valuei effectively, the expected valwd the change of
NPVovertheopt i onds | ife. Essentially, NPV can mi
flexibility to response to uncertainty over the rate of cash flow growth, because it incerporat

only two key levers of value criter{gee Figure 1)1

Net present value Real-option value
Time to Uncertainty of
expiry expected cashflows
L
Present Presentvalue Present Present value
value of of expected value of of expected
fixed costs cashflows fixed costs cashflows
Risk-free Value lost over
interest rate duration of option

Figure 1.1 Comparison of Net Present Value and Real Option Value (Leslie and Michaels,
1997)
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Copeland and AntikaroV2001) arguel that NPV, the dominant pproach for valuing

i nvest ment s, Asystematically undervalues ever
incorporate management flexibility. They argu
paradigm for i nves temgears. Cldal\c these autheré belibéirh i n

approach to real options is applicable to every, or nearly every, major corporate investment

decision where value maximization is the goal.

Real Options Analysi$ROA) is by now recognized as a most agprate valuation technique

for corporate investment decisions because of its distinctive ability to take into account
management 6s flexibility to adapt ongoing pr
market coditions ROV has the potential tdl@w companies to examine programs of capital
expenditures as muliear investments, rather than as individual projé€ispeland, 2001)

These programs of investments are typically strategic and highly dependent on mtdetes,

a decision climate under which Miller and P&#002)find ROV to be most usefuLuehrman

(1998) discusses a variety of investments and approaches. He proposes thdassnefc
investments, those he calls opportunities, should be approached using real options. These are
staged investments where the initial investments typically do not provide cash flow but instead

provides the right to make further investments.

1.2 Real Options in Real Estate Development

Over the last two decades the application of real options theory has dramatically altered the way
researchers model real estate investment decisions. It has been applied to investigate various real
estate problems indling developmen{Titman, 1985 William, Real Estate Development as an
Option, 1991) re-development(Childs, 1996) abandonment of a property (Williams, 1991),

lease contract@icConnell and Schallheindl983)(Grenadiey 1995a) and mortgage default and
refinancing decisionéKau and Keenan1995) expansiorof a property(de Neufville 2003) It

has also been used to explain the cyclical behavior of the real estate markets and prolonged
periods of highvacancy rategGrenadier, 1995b)the impact of redatory taking policies on
development decisionRiddiough, 1997)the timing of conversion of agricultural/raw land into

urban land(Capozza and Helsley1990) and the choice between lotgym leases versus fee

12



simple leaseqCapozza and Si¢k1991) Also, more specific real options in realstate
development are proposed by the literature, for exaraptéical phasindGuma 2008)(Pearson
and Wittels 2008) buy-back option in assdiacked securitizatio(Sing et al 2003)

1.2.1Category of Real Optons in Real Estate

Real Options applied in real estate devel opme
researchers.Specifically, real property options are opportunities (and possibly implicit
commitments) to acquire or develop or dispos@roperty (linked) real assets at an investment

cost determined (or estimated) in the present with the benefits (future rents or property sales)
delivered in the futuréPatelet al 2005) Real property call options are opportunities for the
holder to beni from the upside while only suffering the loss of premium (initial payment of the
option, which equals fAunrecoverabledo initial
are opportunities for the holder to benefit from the downside, such ad@baent (recoverable
salvage or distress sale value) or switch use possibilities. Written property put options may
involve real or implicit warranties of resale values, firm ocoitments to build or value, whidk

the value of the option if it is exercdeammediately, often referred to as the NPV of the

investment.

There are manc har acteristic real property options,
assuming a simple stochastic process, to combination or compound options, including complex
stochasti processes, assuming uncertain cost and uncertain developed propertyAchiigty,

real property options are among the earliest modeled real options, with now six printéicapra
uses(Patelet al 2005) planning, investment timing, leasing, op@as, funding and industry

strategy, listed in following.Special real option considerations in real estate include the
compound investment stages of research and preliminary planning and permitting, final

permitting, grading infrastructure, and then bimgdand letting.

A Real property research and planning (R&D) options
A Property leasing options

A Property managing options

13



There are several operating options in managing properties, such as altering the tenant
mix and configuration, the vacancy decision wid operating costs and also waiting to
lock in higher rents, upgrading to meet changing tenant objectives, and the decisions
regarding maintenance. Optimization of tenant mix may be an important strategy for the
successful operation of a real estate gubjln an environment with uncertain demand,
the dynamic flexibility in adjusting the tenant mix adds value to a property.

A Property funding options
Funding options should include any element of financing flexibility, such as the capacity
to issue equitywhen the real option value of a quoted property company adjusted for
other balance sheet items is less than the market capitalization, and repurchasing equity
when the opposite holds. This would also cover restructuring and distress decisions. The
most exensive and practical use of real options analysis is regarding the default and
repayment options embedded in most real estate mortgage.

There are many different propemyanaging options (see Tablel)l They are created and
exercised at the discretiai managers. Managerial decisions are enabled and constrained by the
resources and capabilities available to the organization, and learning occurs in sequential
investment process as well as across investment projects. Real options concede management
flexibility to act upon new information such that the upside economic potential is retained while

the downside losses are contained.
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Defer

Table 11: Real Managing Options Category

Option Description Examples

To wat before taking an action until mor|
is known or timing is expected to be mot

favorable

When to develop

Expand or Contract

To increase/decrease the density in

response to demand

Adding or subtracting space when

tenantsd® busines

changes

Abandon

To discontinue an operation and liquidat

the assets

Discontinuing a project

Stage Investment

To commit investment in stages giving
rise to a series of valuations and

abandonment options

Staging of development projects o
financial commitments to a ne

venture

Switch Use To alter the mix of space in response to| Optimal space allocation between
market prices tenants
Grow To expand the scope of activities to

capitalize on new perceived opportunitie

1.2.2 Implementtion of Real OptionsAnalysis for Real Estate Development

In the case of real estate, a typical application of real options theory is the land development

option, which can be seen as a call optBamuelsor{1965)with McKean (SM) developed an

analytical solution for a perpetual Amenicaption (that can be exercised at any time). This is

appropriate to value a perpetual opportunity to convert land into buildings.

Particularly,real options analysis in real est&epplied tahe valuation of vacant laneltner,

et al, 2007) Land value as a contingent option to purchase a number of different possible

buildings at exercise prices equal to their construction costs. Owners of vacant land have options

associated with the type of developments (office, retail, industrial, residentiagcsuo

planning permissionGeltner et a{2007)pointout a deeper and more fundamental application of

real option theory to real estate is to apply the option model to the land itself, the asset that is
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characteristic of all real estate. And this istla very heart of the real estate system because
Option Valuation Theory@VT) can now shed light directly on the relation between land value
and the timing and nature of the development of buildings on land. The application of real option
theorytoreab st at e i s what may be termed the ficall
land is viewed as obtaining its value through the option it gives to its owner to develop a
structure on it. The landowner obtains a valuable-paying asset upon the pagnt of the
construction cost necessary to build the stru
also the option to demolish and/or redevelop any existing structures on the land. The option
model of land is therefore most applicable eitheracant land, or else to land in transition zones
where the highest and best urban use of the land is changing. In any case, it is important to keep
in mind that the real option is viewed as giving land its value is essentially the land development

option.

The reason that the call option model of land value can have such a fundamental and central
place in furthering our understanding of real estate system is that it relates directly to some
crucial links in the big picture of the real estate system. Lsutldei characteristic component that
distinguishes real estate from other types of assets. The call option model allows us to better
understand and quantify the land value. Real option theory shed light on the important link

between land value andal estte development (Geltnet al., 2007).

One of the important differences between real and financial options is the ability to vary the
capital intensity of the investment, i.e., the capacity or output level. The capital intensity of a
project is importantvhen there is a fixed factor like land or lab&mnalytically, the ability to

vary capital intensity means that the exercise price of the option is endogenous rather than fixed.
The most common application of options with an endogenous exercise prxeeal testate
developmentCapozza and L{2001)extend the real option model of urban land conversion by

allowing variable capital intensity in land development.

The optimal timing of development options is extremely important and attracts many
researce r s 6 a fThe evadue iob the. undeveloped property depends upon not only the

operating revenues from the developed property but also its costs of development, both of which
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can evolve stochastically over time. Compared to problems with financial gptiensal estate
owner 6s options are more complex and are driwv
Williams (1991)computes the optimal exercise policies both analytically and numerically for the

options to deelop or to abandon real esat

For traditional financial options, optimal exercise strategies can be derived without consideration
of strategic interactions across option holdé@&enadier, 1996)However this is not true
regarding real options exercise in real estate. The assumibiat firms have exclusive and
monopolistic access to investment opportunities and thus can exercise development options as an
independent event is not realistic in a competitive real estate m@katand Sing 2007)

Strategic interaction has beercamporated in the modeling of optimal timing decision for real
estate development projects. Grenad{@P96) develops a duopoly model with strategic
interaction that explains irrational overbuilding and recession induced construction boom occur
in a declinng market. In his model, there are two developers and they are symmetric and
indifferent of the roles of a leader and a follower. Willi§gh®93) Wang and Zho2006) also
attempted tontegrate game theoretic featunto real estate option models. CmdaSing(2007)
extend Grenadierds model by allowing the two
in order to examine the relative strength of the two developers and their effects on optimal timing
in equilibium. Specifically, theyropose a duagy optimal development timing model with two
independent demand curves to stimulate asymmetric price effects on tbarsabequilibrium
strategies of the developeBesidesCunningham(2007)examines the effect of price volatility

a generator of ofin value- on the timing of development.

Barthelemy and Prigerf2009)show that the real estate investor may choose the optimal time to

sell the property according to market fluctuations and information from past observations. In this
situation, theine st or actually faces an AAmMmericano opt
portfolio value strongly depends on the optimal time to sell and analyze three such optimal
times: the first one implicitly assumes that the investor can only choose the dptimad sell

at the initial date, but this kind of solution is not time consistent since the same computation of
optimal time to sell at a future data leads to a different solution; the second one corresponds to a

perfectly informed investor, which is ntto realistic; the third one used the American option
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framewor Kk and IS mor e Arational o by taking
cumulative information, this approach can reinforce the property value both when the volatility
and the maturity arexcreasing.

Real state construction is an importantsdeof irreversible investments areht options models

can prescribe rules for the optimal timing of kimg irreversible investment§.he real option
rules for the optimal timing of irreversible resdtate investment can be prescribed in terms of a
hurdle rent Fu and Jenne(®009)find that the volatility not only directly raises the hurdle rent
and hence delays new construction but also influences how investment decisiond tesje

real interst rate growth expectations. That is the effect of the interest rate and growth
expectation on the hurdle rent bec@m®re negative when the volatility is greater, as predicted
by the real option model. Extant real option models generally assume a toisgtgmemium.
They show that anticipated changes in the risk premium could influence the timing of

irreversible investments.

Fu and Jennerf2009) alsoargue that it is a myopic approach to construct the measures of
expected demand growth and volatilibased on past growth ratedolland et al.(2000)
repreents an exception in that they use a forwdwdking implied volatility measure derived

from commercial real estate debt prices. Reliable prediction of building activities based on real
option modelgequire forwardlooking measures of demand growth expectations. Yu and Jennen
derive such a measure from the forw#rdking behavior of local asset prices. Specifically, they
take advantage of the active stock market in Singapore and Hong Kong to cosstreral
forward-looking variables for empirical test of the real option model. These termed- stock
marketbased forwardooking variables include: (1) volatility or total risk, (2) risk premium for

systematic risk, (3) demand growth expectatiamsl(4) premium expectations.

Through indepth case studies of four major projects in North America, Guma @0@9)
demonstratehat significant vertical phasing that is, the addition of five or more stories to an
existing building i has significant orgamational and logistical advantage for corporate

developers and thus is a valuable real option on a strategic level. They also show that vertical
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phasing is both attractive and feasible for flexible development of real estaterighya

environment, which&ésnotdr awn t he i ndustryds attention.

Lentz and Ts€1995) use option pricing to examine how the presence of hazardous materials
affects real estate value. The ownershtwo options: the firsis to remove the hazardous
materials at the best time; theosnd, embedded in the first, is to redevelop the property at the
best opportunity. And the owner has three possible timing strategies to exercise these two
options: remove the hazardous materials first and retain the option to redevelop the property
later; remove and redevelop at the same time; or do nothing. They also analyze the influence of
the regulatory environment with respect to the option exercise timing strategies.

Property development activities are appropriately modeled as sequential Amexalzange

property options (SAEPO) since they always occur in stages and there is interim expenditure
required to keep the pr op@axsoy, Seheeutiall Aonericaa n t 0
Exchange Propety Options, 200axson points out that decontamingtand developing
Abrownfieldo sites adexchange adtivitiess eonsisf attleéasd two ¢ o mp o
phases: first phase of decontamination expenditure (D) and second phase of construction (K).
Project managers have the choice of timing of thespd the management flexibility given

the expected property value (V). Besides brownsite development, other possible applications of
the SAEPO model include residential building replacements in low density, low quality housing
areas, commercial propgrteases and rural property alternatives. They present a dimsad

solution for SAEPO.

Paxson(2005) addressed that the principle thhe optimal investment strategy for a property
owner should reflect the expected variability of future profits andeat profits relative to
thresholds for a variety of states and actions including remaining idle, building and operating
properties, expanding, contracting, suspending, reverting to normal service or reduced service
capacity, or abandoning. Paxson coneltidhat triggers for these different options depend on the

number and type of feasible options, and on the relationships among the alte(fédives1.3.
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Contracted, or Operations
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Suspend

Back to Idle

(Abandon)

Figure 1.2: Property states and actions (Paxson, 2005)

The phenomenon thahe longterm declne in the number of transactions and liquidity of real

estate that frequently follow negative demand shocks does not have satisfying explanation.

Cauley and Pavlo{2002)estimated the optieh i k e

v al

ue of an owner 0s

a specific meketi Los Angeles singldamily dwellings, and found that when an owner has little

or negative equity, the value of waiting to sell is likely to exceed the net carrying cost. Thus the

option

v al

ue of a potenti al

lity ef Bl otherviise mutualtye r e s t

advantageous transaction, which Cauley and Pavlov believed could be part of the explanation for

the asymmetric response of real estate markets to positive and negative demand shocks.

Grenadier (1995c) uses the methods of tgn pricing theory to derive and analyze the

intertemporally optimal tenant mix policy, which is one of the critical determinants of success in
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reall estate projects. Specifically, I n Grena

include not onlythe standard distinctions (office, retail, industrial, residential), but also more
subtle distinctions such as the nature of business, preferences, or degree of credit risk. He
decomposes the value of the optimal mix strategy into two kinds of flexiilidgnamic
flexibility emanating from the sequence of underlying leasing options and static flexibility
resulting from the ability to determine an initially optimal portfolio of tenant types.

The optionbased pricing model provides a tool for evaluatimprtgage instruments by
considering the probable cash flow across a range of possible future economic scenarios. Carron
and Hogan(1988) show this model indicate relative value in the mortgage market, provide
duration estimates useful for hedging purpo3égy also address its pitfalls including excessive
reliance on the results as indications of absolute value, failure to realize the presumption that

optionadjusted spreads represent a guaranteed or arbitragable return.

Buy-back option is a unique featurembedded in the asdmicked securitization (ABS) in
Singapore, which allow the originator to retain a contingent claim on the upside potential of the
asset price. Sing et d2003)estimated the price of such bbgck options embedded in the ABS
contracts using the mukperiod binomial option pricing framework proposed by Cox et al.
(1979)

Although more and more fine sorted options are developed by the literature, this approach has
not been widely adopted by the management professionals in raal @éstalopment. We will
discuss the potential barriers for the application in the next section and especially introduce the

engineeringbased approach, which is designed to overcome the barriers.

1.3 Real Options Valuation Approaches

Real Options Valuation Theory in General
Although there is great deal of agreement about the appeal f the underlying concepts, a variety of
option valuation approaches have been suggested for implementing real options in practice.

There are mainly four approaches: (1) Bl&itholesMerton (BSM) Formulas, (2) Decision
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Analysis, (3) Dynamic Programming, and (4) Monte Carlo Simula#alam Borison pointed

out that (2005), AThe assumptions underlying
appropriate for their appict i on are typically not spelled ou
the potential practitioners in troubling circumstances since they may choose an inappropriate
model or use the model inappropriately in practice.

For a given situation, knowing whicmethod to apply is as importaas the method itself.

Borison (2005)contrasted major real options valuation approaches bas#trem fundamental
issues

A Applicability: what does the calculated real option value represent, and when is it
appropriate tase this calculation?

A Assumptions: when applied appropriately, what are the notable assumptions underlying
the approach, and what is the evidence regarding the validity of these assumptions?

A Mechanics: provided the assumptions are valid, what steps\aredd in applying the

approach, and what are the associated difficulties?
Based on three perspectives, Borigp@05)divided the approaches into five groups:

(1) The classic approach (rarbitrage market data)it refers to the direct application of
classic option pricing from finance theory (BSM formula) to nonfinancial or real asset
investments.

(2) The subjective approach (no arbitrage, subjedtie): this approach takes a haHy
from the classic approadhit is also based on replicating portfoliofarbitrage arguments
and the use of standard option pricing from finance, but in the place of the explicit
identification of a replicating portfolio, this approach uses entirely subjective estimates of
inputs. This approach is explained in details bydthg Luehrman(1995)i n Al nv e st me
opportunities as real options: gegin st art ed on t he numberso

(3) TheMarket Asset DisclaimeAD) approach (equilibtim-based, subjective data): This
subjective approach takes a full step away from the classic apptbdoes not reply on

the existence of the replicating portfolio and use subjective assessed inputs data for
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valuation calculation. Repr esent @i0l)boek wor k
AReal opttonhsBonar psagui deo

(4) The revised clags approach: This approach revised the classic one based on the view
that there are two different types corporate investméntsvestments dominated by
marketpriced /public risks and investments dominated by corpes@eeific/private risk$
each requing its own approach. The classic finafiizsed real options analysis should be
used when investments are dominated by mapkieed/public risks, and management
sciencebased dynamic programming/decision analysis should be applied when
investments are damated by corporatepecific/private risks.

(5) The integrated approach: Like the revised classic approach, iaeksmwledges that
there are two types of risk associated with most corporate investments: public/market and
private/corporateBut instead of sparating the investments into types, it acknowledges that
most realistic problems have both kinds of risk and is designed to address that situation

The classic and subjective approaches are based on fairly no arbitrage assumptions, but leave
unsaid whato do when those assumptions do no apply. The MAD approach, on the other hand,
states very explicitly that the assumptions are not restrictive, and that real options can be applied
to all corporate investments, irrespective of the existence of a ramigadrtfolio. In contrast,

the revised classic approach states explicitly that the assumptions underlying real options are
restrictive. They suggest that the classic finabased real options approach can be applied
where these assumptions apply, and thanagement sciendmsed approach such as dynamic
programming and decision analysis can be applied where they do not. The primary, conceptual
difficulty with the revised approach is separating all investments, in various shades of grey, into
black and wht e, namad ketinadilskd and Aal l private
achieved, then the difficulties faced are those of the classic approach in one case and those of
standard decision analysis in the other. In the latter, the major problem Ispdegecalibrated
subjective inputs from experts. Also, there is the added complication of interpreting decision

analysis results in shareholder value terms.

This paper supports the view of the integrated approach compared to other approaches stated

abo\e. Like several of the approaches mentioned above, the integrated approach acknowledges
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that there are two types of risk associated with most corporate investments: public/market and
private/corporate. However, rather viewing private risk as a sourceraf & in the classic
approach or forcing investments entirely into one category or the other, the integrated approach
acknowledges that most realistic problems have both kinds of risk and is designed to address that
situation. This approach was first debed in depth in Smith and Nau (1995) and in Smith and
McCardle (1998), although the authors specially refer to their approach as the integration of
option pricing and decisioanalysis not as a real optidgiven its origin in management science
rather han finance, the integrated approach is based on a somewhat different philosophy than
other approaches. This approach recognizes that firms have a variety of stakeholders, owners and
managers in particular. It then establishes a goal of making investamehfirfancing) decisions

to maximizing the wutility of these owners and
option of value of any asset driven by public risks, and to rely on judgment for the portion of
value of any asset driven by privateks. The integrated approach appears to be the only one
takes the view that corporate investments typically involves a mix of public and private risks,

and that an accurate valuation depends on addressing both.

Valuation of Real Property Options
Since tlis thesis focuses on the application of real options in-teng infrastructure investment,

we specifically review the valuation of real property options.

There is a rich literature omodeling real property options and soassumptionsre general

acres many model s. Most authors assume that th
can be valued like) a perpetuity, although some assume a finite life (or sale) for the project. Most
aut hors assume the funder | yiincgnstaneor detetminiatic pr o
over time, and that there is a constant (sometimesadgksted) property value escalation over

time. They alsoassume there is instantaneaevelopment expenditure, but some assume stages

of expenditures and/or timt@-build. A few authors assume that there are property innovators

(first movers) who are influenced by attitudes towards risk and growth and the action of other

competitors.
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The traditional NPV approacignores managerial flexibilityand real options embedded i
projects. Flexibility is desirable if there is uncertainty in the future usage of the building. The
uncertainty can be due to tenant needs, market conditions, competitive scenario, corporate
strategy, and economic and regulatory policies among othesrgadBy incorporating real
options properly into the property development, uncetyacan become our ally, n@nemy.
Besides, the attractiveness of real options analysis in real estate, dre severglotential
barriers to itssmplementationin this industry.A simple and transparent real options valuation

tool interests most real estate developers considering the complexity of current real options
valuation methodologies. Another challenge is whether the nature of the uncertainty (measured
by volatility) built into model can reflect the reality. If not, many developers would mistrust the
results from the model. The potential barriers are the main reasons that prevent the application of
ROA to value real estate ddepment. The engineeridgasedapproadb, first presented by de
Neufville et al.(2006) is designed to over these barriers

Table 1.2: Merits and Demerits of EconomicBased Approach and EngineeringBased
Approach (Masunaga, 2007)

Economicbased approach Engineeaing-based approach

Merits I't can calcul at e t I (1) Theuserdoes not need to understang

under the market equilibrium theory. advanced financial theory
(2) The analysis can be done with normal
computational resources.

(3) It hasmany ways to present the result

graphically.
Demerits The user needs to understand the financii | t i s not al ways pi¢
theory of real options. real options value, mainly due to the

arbitrary assumptions of single risk

adjusted disount rate.

The real options model presented by Barman and Kei¥bv7)is a hybrid of the economic and
engineering real options methodologies. On the one hand, their decision rules are based on the
traditional NPV metric and the Samuelson Mc KeaiMShurdle value, and they also use the S

M formula to calculate the abandonment value of land. On the other hand, the broad framework
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of their model is based on the -sermed engineering approach. They use Monte Carlo
simulations to incorporate uncertainty agehploy the performance metrics including Expected
Net Present Value (ENPV) and Value at Risk and Gain (VARG) curve. This model addresses

three commonhfaced scenarios in real egalevelopments

A When and how to phase a project instead of building ét ance;
A The valuation of various development programs under uncertainty;

A Valuation of the option to defer a development project in suboptimal market conditions.

From the eighteen serabnstructed interviews with real estate professionals they comucte
they found that static measures such as Aret
dividing the projected stabilized net operating income (NOI) by the total cost of the project), are
widely used though they are simple. And developers valleopgmns indirectly in two ways

(Barman and Nash): by adjusting the project values of assumed risk and return and by
performing sensitivity analysis for key uncertain variables associated with a given pBojelat.

hybrid model may be a better alternatiie@ the developers to value real options without

requirement of advanced finance theory.

1.4 Problem statement

Although the inability of traditional NPV analysis to capture the value of flexibility has already
been well explained by many researcherd @ rich literature on real options analysis, NPV

analysis is still considered as the normative approach in various industries.

A In 2000, Bain and Company conducted a survey of 451 senior executives covering 30
industries regarding their views of managmnt techniques, and only 9% reported using
real optiong Teach, 2003)

Aln 2002, Ryan and Ryanbdés survey of 208 CFCcC
supplementary capital budgeting techniques with a utilization rate of 11.4%, while 85.1%
of the respondents used sensitivity analysis and 96% used traditional NPV analysis for
basic capital budgetin@lock, 2007)
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Block (2007) surveyed Fortune 1,000 companies to see if they have picked up on the use
of real options to complement traditional analysBut of 279 respondents, 40 were
currently using real options (14.3%). The reasons why the rest resisted using real options

analysis they identified in the survey are listed in T&ble

Table 1.3: Reasons for Not Using ReaDptions Analysis (Block, 2007)

Reasons Percentage(out of 239 firms that not
using real options)
Lack of top management support 42.7%
Discounted cash flow is a proven method 25.6%
Requires too much sophistication 19.5%
Encourage too much risk taking 12.2%
100%

As for the number one reason for not using real options, lack of top management support,
Block (2007) pointed out that #Afurther com
companies are hesitant to accept a methodology they cannat fetiép by step and

many felt that top management was turning decisnaking over to mathematicians and
decision scientists, and they were being t
The second reason given is DCF is a proven method and thus a preferred one. According

to Blockdés survey (2007), downplay met hods
of return, NPV and IRR, are the typical procedure.

The third reason is the sophistication of real options analysis. Block argued that the
comparabl y gr e aeal oplieng in techaodoyyj energy, utilities, etc, is
consistent with the fact that top management in those industries often having engineering

or technol ogy backgroundo, whi | e manager s
processing and etc. do not.

The fourth reason given here is the results from real options analysis tend to encourage
excesive risktaking. Based on theonversation with top executives, van Putten and
MacMillian (2004)st at ed t hat ACFOs tell u salué ¢f a t recé

27



uncertain projects, encouraging companies to-owerst in them. In the worst case, they

grant excessively ambitious managers a |ic¢c

Based on the review of the reasons for not using real options discaissee, Block (2007)
argued that this resistance could be associa
incentive effects of real options on institutional decisions. It is clearly important to identify the
barriers fromte t op managieesdrant areg laec aldesni ad s, in ord
application of real options in practice. The engineebaged approach, first presented by de
Neufville et al. (2006), is designed to overcome the barriers stated by reason one and three. For

the fourth reasn, real options analysis is not try to encourage the managers to make decisions

t hat have more risks, but to make wuse of unc
advantage of uncertaintyo definitellogtondmes not
effectively hedge the riskso. Further researc

concept of real options betwedretacademia and the practitioners

1.5Roadmap

This thesisaddresssthis problemby building upon the work of ber scholars and deploying

original analysis to add value to the discussion.

After theintroducton in Chapter 1, Chapteri@ntifies a common problem of real option

valuation and explains it using the commercial real estate markets in U.S. and &ngapo

Chapter Jirstly discusses how to appdptionthinkingto guide flexibility design in longerm
infrastructure investment and adjust the real options valuation methodology to deal with the issue
identified in Chapter 2. This chaptiecuses on unctainty itself, which is the key driver of

option valueThis chapter ppposes to design flexibility by considering the interactions between
different uncertainties involved in a projethis chapteaddresses the role of competition in

real options anasjs. A framework of applying real options analysis summarizes the key steps

from operational perspective.
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Chapter 4 applied the methods of Chapter 3 to real world caseistualyx use commercial real

estate development based in Singapore.
Chapter Saddresses the poligyerspective of designing and exercising real options in practice.
Chapter6 concludeghe entire discussionith a concise summary of the previous chapters and

several conclusionsRecommendations are then given as to apply optionthinking to

improve decisiormaking in longterm infrastructure investment.
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CHAPTER 2: DIFFICULTY IN IDENTIT IFYING TRENDS AND VO LATILITIES OF PROPER TY PRICE

INDICES

The trends and volatilities of market pricese fundamental inputs fdhe valuationof real
options, which are in many cases difficult to get meaningful estimates. However, because of the
changing patterns of the prices ftre underlying assets, the estimatestladir trend and
volatility are highly sensitive to the span of time beingisidered. Current research on option
valuation methodologies typically extracts estimates froma d@éta certain period (such aé 1
years) without verifing thatthis period used is superior to othef$is thesis investigates the
sensitivity of price indies to the span of time considered. To do stakis the U.S.ands
Singapore real estate markassexamples

2.1 The U.S. Real Estate Market

There are different property price indices for the U.S. market, such as NCREIF (National
Council of Real Estte Investment Fiduciaries) Property Ingaxd the Transaction Based Index
(TBI) developed by the MIT Ceet for Real Estatd CRE). This analysisuses the Transaction

Based Index (TBlpecause it spans a long enough period.

As described by the CRH) T h dT/CRE CREDL Initiative has developed a Transactions
Based Index (TBI) of Institutional Commercial Property Investment Performance. The purpose
of this index is to measure market movements and returns on investment based on transaction
prices of propertiesold from the NCREIF Index database. This is a new type of index that offers
advantages for some purposes over the maali@e or appraisabased indexes previously
available for commercial real estate in the U.S. Median price indexes are not truehprige

indexes because the properties that transact in one period are different from those that transacted
in the previous period. Appraishhsed indexes are based on appraisal estimates rather than
actual pricesofaatal t r ans act htp:Aveeb.nit.eduide/Ese&dR/Eredl/tbi.nhtml

Transactiondased indicesften provide a more ufp-date or precise picture of movements in

the real estate markéhan these other types of indices.eTMIT Center for Real Estatés
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providing the TBI for research purposas a service to the industry and academsearch
communities.Fisher, Geltner & PollakowskR007)describehe TBI methodologyn detail.

TBI & Corresponding NPl (EWCF) Price Indices: 1984-2009Q3
TBI 1Q84=1, NPl set to = avg level 84-09
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Figure 2.1: TBI and corresponding NPI Piice Indices 1984Q42009Q3 (Source: MIT CRE)

We use theTBI to illustratewhy it is difficult and ambiguous to identify the potential property
price trends and volatilities based on the historical data series. The basic problermves ¢hat
get very diferent estimates of price index trends and volatilities depending on the time span of

the data series we choose to do the calculation
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(c)

Property Price Index TBI (1993Q1-2009Q3)
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Figure 2.2: Property Price Index (TBI) of different periods
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Table 21: Trends Calculated Based on Different Data Series
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2.2The Singapore Real Estate Market

In this case, the analysis uses the

A similar analysis for Singage demonstrates the same issue.

property price index from Urban Redevelopment Authority (URA) of Singapore. In this case:

A The prices in 4Q199@rovide the base index of a value of 100.

A The indices are compiled based @ moving average weight methaging the value of

transactionsn the past 12juartersas weighs.
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Figure 2.3: Different trends extracted from Singapore office space price index based on

different periods
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Table 22: Exponential Trends and Volatilities Extracted From Different Data Series

Time Series | Quarterly Annual Standard
Growth Growth Rate | Deviation(%)
Rate (%) (%)

19752009 1.111 4.544 50.730

19862009 0.426 1.719 32.426

19932009 -0.590 -2.332 22.963

19992009 -0.005 -0.020 18.201

20042009 2.259 9.457 11.214

Trend-Standard Deviation Diagram
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Figure 2.4: Trend-Standard Deviation Diagram (Trendsi Annual Growth Rate)

Judging from Figures 2.3 (a, b, c, d and e), there is a clear downward trend starting f8¥m the
guarter of 2008 due to the global financial crisis. Actually, suppose we are now standing at the
beginning of 2008, we recalculate the trends and volatilities of the officeipdier; andwe can

get a very different set of corresponding trends anidtiities, although we only ignore the data

in 2008 and 2009.
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(e)

Linear and Exponential Trends
Extracted from 2004Q-2007Q4
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Figure 2.5: Trends and volatilities of Singapore office price index extracted from different
periods excluding data in 2008 and 2009

Table 23: Comparison of Trends and Volatilities of Office Price Index Extracted from
Data Series Including and Excluding Data in 2008 & 2009

Start of Annual Growth Rate (%) Standard Deviation (%)
Data Series
Include 20082009 Exclude 20082009 Include 2008 | Exclude 2008
2009 2009
1975Q% 4.544 4.871 50.7 51.2
1986Q% 1.719 1.820 32.4 33.5
1993Q1% -2.332 -3.343 23.0 23.0
19990t -0.020 -2.360 18.2 15.8
20040t 9.457 13.093 11.2 6.8

Through the real estate market of U.S. and Singaporecieds that lhe sensitivity of option
value to these key inputs and the inability of getting reliable estinwdtdsem is one of the

reasons of the limited implementation of real options analysis in practice.
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CHAPTER 3: OPTION-THINKING IN F LEXIBLITY DES IGN OF LONG -TERM INFRASTRUCTURE

INVESTMENT

How can we best use optithinking in flexibility desigr? This is the question this Chapter tries

to answer, at least answer it from some perspectives.

Since uncertainty is thieey driver ofoption value, thestudy of uncertainty itself should always

be at the core of flexibility design. An-mhepth study of (a) both the feature/nature of each
uncertainty (b) and relationships among between different uncertainties, inside and outside of the
project/investmentsi essential and extremely important to give rise of attractive real oplioas.
former leads weidentify thecommon problem for ROV showead Chapte 2; and we discuss

how to adjust both optiethinking and option valuation methodology to deal with thebfgm

The latterprovides valuable informatiofor flexibility design The application of these concepts

is shown though a true cas®artmouth Hitchcock Medical Center.

Next this chapter covenmssible directions of real options analysis in the frtumigration of
financial optionsapplication; Eolution inside real options itself, necessary supmydtems

inside the organizatio.here are two important but neglected issues of ROA: On strategic level,
real options analysis cannot be separated fla@roverall business strategies of the organization.

On operational level, real options techniques cannot be treated as independent from other
features of the organizatiq@ordon and Stark, 2000AIso, address the effect of competition on
options value @ad the close tie between competitive strategy and ophimking for

infrastructure investment.

Finally, a framework of carrying out real options analysis in practice describes key steps of the

implementation process.

3.1An Essential Step of ROA: Seasitivity Analysis

Chapter 2 indentifies a common problem of real options valuation: the inability to get reliable

estimates of key inputs describing the marbetsed uncertainties. Since uncertainty is the value
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driver of options value, therefore thetigms value will be sensitive to the inputs which are used
to describe the uncertain factors, such as trends and volafilitsoperty price (see Figure 3,1
which also makes sensitivity analysis a required step.

Parameters | MPUtS outputs nputs " Investment !
representing »| ROV Model » Real Options}|------- » Decision |
major Value ' Making
uncertainties ! i

\ \

Difficult to get Options value

reliable IS uncertain
estimates of due to inputs
input that variation

representing
uncertainties

Figure 3.1: The origin of option value uncertainty

There arehiree levels of sensitivity analysis regarding ROV:

(1) The sensitivity of option value to different ROV model,

(2) For a given ROV model, the sensitivity of option value to key inputs (here trends and
volatilities of marketbased uncertainties) and the sensiivaf option value to decision
rule;

(3) For a given ROV model and key inputs, the sensitivity of option value to correlations

between different uncertainties.

In response to the identified barrier in Chapter 2, Chapter 3 focuses on the second level of
sensitvity analysis. In reality, although we cannot identify the exact value of the inputs used to

describe uncertainties, it is possible to get realistic estimates of the varying ranges of such inputs,
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based on expertise, experiences, historical data, etaalyctthose different estimates of trends
and volatilitiesof marketbased uncertaintiesxtracted from different data series can be used to
construct the interval of each input. Also, managers/developers can leverage their expertise in

their field at ths point by influencing the choice of intervals of each input.

The sensitivity analysiprovides us a interval of the expected options valu€O\g), we term it
fExpected Opt i onsOVIV déraiig thel pnotessr of exécoting(the sensitivity

anaysis:

(1) The simplest situation is when onbyne input parameter is used to describe the major
uncertainty and is difficult to identity the exact its value, we execute the typicaliggnsit

analysis and the get theO/I.
(2) When there are two or more suchuigpand they are uncorrelated, we estimate the range

of each input and get all the possible combinationberfitas inputs to calculate th©¥I.
(3) If these inputs are correlated (positively or negatively), we need to estimate the

correlation parameters amg them first before calculating the@VI.
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Figure 3.2: An Example of Sensitivity Analysis of Real Options Value

The sensitivity analysigrovides us with an interval of the options value instead of a specific
point value, which is different from thenfincial options. Whereas financial options are ‘well

defined traded contracts, real options are priori undefined, complex, and interdependent. For
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financial options, the owner requires a specific price to trade it on the financial market. But for
real optims, the option owner usually ssé as an input for strategic decisioraking;we can
therefore compare the option value interval with the critical value that will reverse the decision

making. In this sense, sometimes an interval is good enough fopteaianalysis.

3.2Facing Uncertainties: Change the Perception of Uncertainty froniRisk-focused to
Opportunity -focused through Optionthinking

Facing uncertaintyDrucker(2004)poi nt ed out A | thanges fraar saeing thee r c e p
glass as oOhalf full 6 to seeing it as Ohalf
Traditionally, people perceiveincertainty as origins of riskReal options analysis, to the

contrary, views uncertainty as the key drieéoptions value. They have different, even opposite
perception of uncertainty: the former is Hislcused while the latter is opportunitycused.

The difference in perception of uncertainty provokes different strategies to deal with uncertainty
accordngly. de Neufville(2003)analyzed the essential differences of setting strategies in system

design under traditional perspective of uncertainty and ophimking perspective.

fiTo think in terms of options alters the way one deals with uncertainty.
Conventionally, good design minimizes risk. It focuses on increasing reliability and
making the best decisions in risky situations. In short, it is reactive to risk. The
framework of options thinking, however, recognizes that uncertainty adds value to
optiors. In this context, uncertainty is a driver of value and can be viewed as a
positive element. Correspondingly, systems design from this perspective is proactive
towards risk. It seeks out opportunities to add value and commits to ongoing
processes of infonation gathering to ensure that options can be exploited at the
correct timeo (de Neufville, 2003)

In light of this comparison, we iterateeal options analysis isn ot -fdaub & kl 0 but
Aopp o rtouwcruisteyd o i n dealing wi t hver, abcprenon ibut e un c
wi despread misunderstanding of r e atl a koi pntgi.oon sA's
Chapter lindicates the survey conducted by Block (2007) identified this as one of the top four

reasons why managers refused to use real optoa$ysis in practice. Therefore, special
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attention and efforts are desirable to communicate the right concept of-tiptikimg between
academiand practitioners

3.3 Dealing with Uncertainties Flexibility Design based on Uncertainties Interaction

Since uncertainty is the driver of the option value, the study of unoigritself should always
beat the core of flexibility design. An4idepth study of

A The feature/nature of each uncertainty
A And relationships amongdifferent uncertainties, insideand outside of the

project/investment

is essential and eseémely important to give rise ttractive real options. The nature of certainty
itself leads us identify the common problem for ROV model; here, we show thaingfulg
relationships/corretions between uncertainties caast light on designing real options for the

project.

Previous Study of Unhcertainties

As mentioned earlier, the nature of uriaérties should be at the cooé real optionsanalysis.
However, it seems there is limited resdaon it. Available study aboutincertainty isaboutits
categories: endogenouand exogenous uncertain(8raeutigam et al 2003) By dividing
uncertainties in different sectors, suchirdgangible, financial, product, market, regionak can

choose ceain options frondefer, abandon, @and, contract, and switch (Figure 3.3).
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Defer | Abandon | Expand | Contract | Switch

Project Time

Complexity
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Workforce fluctuation
Knowledge

Brand

Financial Cost

Liquidity

Product Quality
Performance
Property rights
Standards

Market Quantity

Price

Competition
Regional Armed conflicts
Regulatory
Taxation

Legal

Natural Phenomena
Infrastructure
Social

Unknown uncertainties
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Source: Own illustration Similar: Benaroch 2002

Figure 3.3: Option-Uncertainty Matrix (Braeutigam et al, 2003)

3.31 Negatively/Non Correlated Uncertainties: Reactive Flexibility

Let us begin with a simple example tcshthe rationale. A retail store selling umbrsliaces

the high uncertainty of the weather: when it is rasgles are high; ken it is sunnysales are

low. The retailer can consider the option of selling sunglasses. When it is rainy, the umbrella sale
is high; when it is sunnyhe sunglasses sale is highucBess comes from (a) opportunity
focused perception of uncertainty of weather (b) and desigmrmgpton based on the negative

correlation between the sales of umbrella and of sunglasses.

Thisis similartot he APortfolio Theoryo of investment
risk (nonsystematic risk) and nediversifiable risk (systematic risk). A portfolio is simply a
collection of assets. And the portfolio return is defined asvighted average of the individual
asset returns. Modern portfolio theory (MPT) tries to maximize return and minimize risk by

carefully choosing different assets. MPT is a mathematical formulation of the concept of
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diversification in investing, with theirm of selecting a collection of investment assets that has
collectively lower risk than individual asset. This is possible in theory because different types of
assets can change value in opposite ways. For example, when the price of one stock falls, the
prices of some other stocks can increase, and vice versa. A collection of both types of assets can

therefore have lower overall risk than either individually.

Risk eliminated by
\ diversli’fication

Total risk of a
typical stock

1

Non-diversifiable or
systematic risk

Portfolio Risk (SD)

Number of Stocks in Portfolio

Figure 3.4: Impact of diversification on portfolio risk (Verdelhan, 2010)

For the project uner consideration, if we can identify uncertainties that are negatively correlated
to some extentthen we can design real tgms based on this correlatioinom portfolio
management perspective. Here are two typical examplegsing diversificationto create

flexibility in infrastructure investment:

A @ABui | di n gn systemthatdnuchange easily from one input to another or from
one product to anothero i s equi-Wwabuemnars t o c
that can use either oil or gagve the operators of power plants the right to switch
between fuels whenever it is economical to do so. Likewise, production lines designed to
switch equipment so that they can produce different products give managers the right to
do so when they wish éNeufville, 208 ) . 6 Thi s ki n & basefl onsthei t ¢ h

fact that the market price of oil and gas, or the prices of different products, may be
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negatively correlated to certain extent. B
it is possibé to manage the infrastructure more economically efficient.
A By carefully selecting the fAportfolioo of
owner can effectively hedge the risk of ketr demand for different kinds of renting
space The historicalspace demands of different types of tenants will give the owner
clues for constructoftangntst he At angent portfo
This kind of flexibility is freactiveflexibility & the option holder responds tenvironmental
conditions to maximize the payotLeslie and Michaels, 1997Reactive flexibility iswhat
managementlways intuitively appés in decisiormaking, even before real options analysis

coming into main stream.

The rationale of portfolio theory is: \@Brsification reduces risk. &pping t to real options

design, the lesson we learntisat we can increase the return of infrastructure investment by
incorporating bundl¢ype real optiongive some of the uncertainties are negatively correlated

And such uncertainunesgsr &maeé ntshyesstbedniaoteir cé nubnncaebr! tee
the infrastructure investmerif.the premise thasome uncertairgs influencingoptionvalue are

negativéy correlated or nowtorrelated is not satisfied, we neddsconsider different strategs

asdiscussed in the nexection.

However, it is not true that the more diversificatisralwaysthe better. There are litations

becausehe potentiadiversification approacheedsto fit the overall compamyevel sustainable

strategy. As Portgi1998)indicates, strategyisr eat i ng f i t activiiesgndthe ¢ o mp a
success of a strategy depends on doing many things weltagdating among them. Moreover,

there is no distinctive strategy and little susadility if there is no fit among activitie\n
example for this was Neutrogena soap, whi ch |
residuefree soap formulated for pH balancEhe company positioned it as a drlige soap

compared to common softimg soaps, andises a slow, more expgive manufacturing process

to mold this fragile soap. It is hard for, Ivory soap, wilh position as a basic, inexpgve

! Tangent Portfolio is the one that has the highest possible Sharp Ratipagsltile portfolios; Sharp Ratio is a
measur e of aretyrotnadeds fofl ,i oedgsu arli stko t he portfoliobs risk pr
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everyday soap, to straddle Neutrogena and diversify its ptdide to include similar drugke

soap. Because there is tremié for this diversification: the inconsiencies in image or
reputation: Acompany known for delivering one kind of value may lack credibility and confuse
customer$ or even undermine its reputationf it delivers anoher kind of value oattempts to
deliver two inconsistent things at the same tififeere may be tradeffs of diversification since

a sustainable strategy requires fit among different activities, which can limit the application of
diversification in some ituations. Porter (1998) showed threkinds of tradeoffs for a
sustainable strategyl) the first tradeoff is inconsistencies in image or reputation as showed in
the example above; (2) tradéfs arise from activities themselves and reflect inflexilesitin
machinery, people, system and so on; (3) finally, t@itke can arise from limits on internal
coordination and control; for example, companies that try to be all things to all customers risk
confusion in the trenches as employees attempt to makdiay operating decisions without a
clear frameworkl n a nut shel I, inactive flexibilityds

deal with various uncertainties we may face.

3.32 Positively Correlated Uncertainties Proactive Flexibility 7 the True Beauty of

Option-thinking is to Expand Your Vision

What if ONLY positively correlated uncertaintfesr JUST ONEmajor uncertaintyare involved
in the infrastructureIn such situation, diversification does not work since we do no have other

resaurces of uncertaintieshich are behaving in thdifferentlopposite direction.

But the realpower of real optionss mae obvious when dealing with susltuation involving

only positively correlated uncertainiesince his is where proactive flexibiltcomes in its way.
Compared to reactive flexibility in the Section 3.3.1 which aims to mitigate uncertainty and
respond to external conditions at decisiaking time, proactive flexibilitys designed to seek
gains from uncertainty and maximize learnibhg keeping options opeand expanding the

decisionma k er 6 s Vv i s i o nWeoanalyzthy @daatig flexibility ean @olso from

2 Here we consider the dominating uncertainties and ignore insignificant uncertainties although they may
uncorrelated or negatively correlated.
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different perspectivesThe case oDartmouthHitchcock Medical Centershows how proactive

flexibility is applied in bng-term infrastructure investment.

Use Proactive Flexibility to Seek Gains from Uncertainty and Maximize Learning

First; t he val ue o f optibrépestionnopeniso akearéss in investmedtensive
industries,such as real estate, hdsj oil extraction and so ongach pursued or abandoned
according to the results of the previous stages. Excellent performers instinctively or intuitively
view their investment opportunities as real options, positioning themselves to tap possible future
cash flowswithout making a final decision to invest until the potential is confirnMaking
onetime decisions on the basis of static investment plans tends to narrow the vision, making it
difficult to change coursen the future The option valuation recognizesetlvalue of learning.

This is important because strategic decisions are rarelyimeezvents, particularly ilong-term
infrastructure investment typically involving several stages as well as lots of uncertainties (both

technical and political)

Second,although it is hard or even impossible to have an infrastructuiees i gned fAper f ¢
todays t i | | be ntpdate R@rcmore years latgrmgooactive flexibility enables the
infrastructure t o .Klbeeimtial dasigndnerksas enggen glatfeeng, ore nt | y
which later stages cabe built on usingstateof-art technologiesThe key here is what yobuild

today should not limitwhat you want to update tomorrow, bio¢ a supportive platform to

appreciate future stages.

Third, optiortthinking, especially proactivdlexibility, is distinguished from their traditional
counterpagcabove all by their response to uncertai
uncertainty and minimize investmentbeaoniisgek
opens up a wider range of possible actions and is crucial to the usefulness of reabojpligsis

as a strategitool rather than a valuation model.

Forth, the discipline 6 incorporating proactive flexibilityto every investment possibilityill

i mprove a company o0 fLesti¢tandaviickeagls, ¥987) i n f our ways
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(1) Emphasizing opportunities

(2) Enhancing leverage: reaptions strategies promote strategic leverage, encouraging
managers to exploit situations in which incremental investmenkesm their companies
in the game. This is different from simultaneous investment in multiple opportunities,
which reduces the upside as well as the downside. Thus, leverage distinguishes real
option strategies from traditional diversification strategmed teduce risk.

(3) Maximizing rights

(4) Minimizing obligations

The application of real options steers management toward maximizing opportunity while
minimizing obligation, encouraging companies to think of every situation as an initial investment
against futu e possibility. As a result, management G
term plans too rarely reexamined in order to encompass the full range of changing opportunities.
Option thinking achieves this through its most basic contribution and nrdshgtdeparture

from the dictum of NPV: the attitude it fosters to uncertainty.

Last but not leasthe proactive flexibilityapproach tends timcrease the value of an option once
acquired. As Leslie and Michae($997) indicate, his opportunity arises from one of the key
differences between real option and financial optionhW& a financial option is acquired and
exercised in a deep and transparent market, real business situations usually feature a limited
numberof playersi each able to influence a few specific levers that control the value of real
options i interacting with one another. Thus, managers can use their skills to improve an

optionbés value before they actually exercise

Among the six legrs’ that drive option valuewhich you choose tpull depends orthe internal
and external constraints on the operations of the company. These constraints might be technical,
or they might have to do with marketing, negotiating, or contractor managessert.i They
would also consider investment factors such as the delay between investment and payoff, as well

as constraints on incremental investment.

% The six levers are present value of expected cash flows from investment, present value of required investment costs
in real assets, volatility of underlying cash flows, period for which investment opportuaitgiiable, cash flows
lost to competitors, and rigkee interest rate.
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Proactive Flexibility in the Case of Dartmouth Hitchcock Medical CenterEvolution

Making long-terminfragructure investment decisions in an uncertain market isileming in
uncharted water. @ionthinking opens yourvision on a strategic level and changes the way
management thinks bwdopting proactive flexibility when making irreversible investment
dedsions The Dartmouth Hitchcock Medic&enter(DHMC) is a perfect cas® showthe true
beauty of proactive flexibilitylt is located neatondon, New Hampshire, and was built during
19881991 when the old site run out of space. The building is occupjetdhree groups of
stakeholdersthe Dartmouth Medicabchool,Mary Hitchcock Memorial Hospital (MHMH)and

Dartmoub-Hitchcock Medical Clinic

Table 3.1: Timeline of Dartmouth Hitchcock Medical Center (Source: Watson, 2010)

1797 Dartmouth Medical School (DMS) was founded by Dr. Nathan Smith. DMS i

fourth-oldest medical school in the country.

1893 Mary Hitchcock Memorial Hospital (MHMH) was built by Hiram Hitchcock

memory of his wife, Mary MaynarHitchcock.

1927 DartmouthHitchcock Clinic (DHC) was established by a group of five physicial

1980s | DartmouthHitchcock Medical Center began planning for a new faci
Construction of the $228 million project began in 1988 on a&26 wooded sitt

in London, New Hampshire.

1991 On October 5, 1991, the new Dartmodtitiichcock Medical Center facility opene
for business. One of the few completely new medical centers in the counti
complex is designed for patient convenience and comfort with ananceb of

warmth and openness.

2004 In August 2004, the New Doctors Office Building opened, increasing the ca
by 40%.

During the planning stagef DHMC in 1980sthe boards invloved were really thinking about to
build an infrastructure that makes ssnnot only at the that time baiso for the future. Because
they donoét want t o move centcgsts @lbtaobnioye agalRoo t her

long-term infastructur design like DHMGhe design team realizetdwas dangerous to use the
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userme et i ng as t he pr i nsaesignad awholesbause, onore dfténegharh o s p i
not, people imolved inthe user meeting were not going to occupy the building in thetknmg,.

Realizing this &ct, the design team applied thzgical princples to ensure DHMC agtability

to identfied key uncertainties:

A First, makeuncertaintyas one of the primamgriversof the longterm hospital design.

A Secondallowance to expand is always of part of the thinkingbioththe overall design
andthedesign for a particular unfivarious proactive flexibilities design incorporated).

A Third, phase the developmeappropriately;particularly later phasg will not be built
until demandrequirements confirmed.

These three principles guided the proaetiflexibilities built in the infrastructurewhich
contributes greatly to keep DHMG@p of datein the long term through handling evolution of
uncertainty factors effectivelyfhe following shows the actual processDHMC through three
parts: identify keyuncertainties of hospital design, the critical proactive flexibilities irdgsgn

and the lessons froome completely inflexible componeot DHMC.
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Figure 3.5: Dartmouth Hitchcock Medical Center from 19881991 (Source: Watson, 2010)
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Identify Key Uncertainties itHospital Infrastructur®esign

A most significant uncertainty is fast development speedhedlthcare tectology The
infrastructure should be adaptable in order to locate new and advanced equrpime mospital.

Size of room, floor height, the infrastructuserength (some equipmertan bereally heavy) are

the parts of perspectives the design tewad to consider.For example, imaging technology

and surgeon technology require very complex rooms. The Figure below shows how fast the
GAMA technology has evolved in only about two decades; and nobody really knows what is
going to happen in the next step.

Figure 3.6: Evolution of Imaging Equipment for Healthcare in Two Decades
(Source: Watson, 2010)

The second source of uncertaintythe demand for health care service, such as the desviand

inpatient rooms, cliical space, p&ing space, etayhich is closely related to local demography

Finally, the health care policies also bring significant uncertainty talir@ment of the

infrastructure.
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Proactive Fexibilities Built in the Infrastucure

Using identified key uncertaies as one of the primary drivers of the destjfferentproactive
flexibilities were incorporat@into the infrastructurg-or example, how to implement capacity to
add more elevators and stairs if the size of the building doubles; how the acces#dingsh
from many entrances; how to locate the common elementwutlity systems to ensure their
capacity can grow with demand and in the meantime different eleraentall able to access
them.As for more detailed designs, an examigléhefloor height. It was the same all through
the building, and was designed higher than the typical height at thatwimed) service them
very well to dateThis section focuses on three most critical proactive flexibilities: outside utility

plant, horizontal phasg) and vertical phasing.

Proactive flexibility I:Outsideutility plant (Heating, Cooling, Emergency, Deliveries)

A really important decision wa$e location ofthe utility plant, which the heating, cooling,
emergency and deliveries. Instead of locatingide the infrastructure just like the typical
approach, they decided to put the titipplant outside of the building. In other words, not bear it

in the building but put it at some place that is serviceable and out of théFigaye 3.7). This

costs a extra million of dollars at that timeyhich they could used to build more units. This
antkintuitive decision, however, was a key proactive flexibility actually. By putting it outside of
the infrastructure, it is easy to add extra capacity of heatowjing, emergency, and deliveries
without worrying about running out of space. Moreover, it is also comparably easier to update

these systems as technologies developed.
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Figure 3.7: Outside Utility Plant of DHMC (Adopted from Watson, 2010)

Proactive fexibility 1l: horizontal phasingppropriately

Having various flexibilities enables the building to grawthe futue in place, then the next
thing is the timing of eachrowth step. Theorgarnzation of different apartments and different
relationships mong them eound the major infrastructure was well desigriedsupport its
growth. Horizontabhasing is the most obvious flexibility in the whalevelopmenprocess, as
shown in Figure 3.8This reflected the second principle listed the in the beginpfitige DHMC

case that Ado not build until demand/ requirem

There are at least twonds of benefits by phasing the development appropriately:
A Financial beneft from delayig cash outflows of later phases including costs of
constructionpperation, maintenance, and so on.
A Take advantage of advanced or new technologies by builatieginstead building all at

once
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A As time passes by, not only technology changésyp e o g tiastedof what a hospital
should be. As for hospital desigihis really not onlyaboutflexibilities, also the wayo
delivety healthcare service to people, which is evolving all the time. Phasing the
developmenprocess gives DHMC the time and opportunity to learn and keep its position
open to benefit from the&rning.

1988-1991 1988_1991 199 1996

Yy

2005 200z 200t 20022004

mEl Qﬂ

Figure 3.8: Proactive Flexibiity Il 7 Horizontal Phasing of DHMC from 1988 to 2005
(Adopted from Watson, 2010)
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Proactive flexibilitylll : vertical prasing of Cancer Resear&uilding
The building filled with yellow is the Cancer ResdaRuilding. It had been vertically expanded

during the development process.

|1 Vertical Phasing !
1 of the Cancer |
"1 Research Center !

LEVEL 4 COMPREHENSIVE PLAN

Figure 3.9: Proactive Flexibility 11l T Vertical Expansion (Adopted from Watson, 2010)

Lessons fronanInflexible Comporentof DHMC

The design of the inpatient rooms were the complatdligxible componentsf DHMC, which
gives rise teeveral problemthey are suffering rightow. This inpatient area was desigresl

two fi r iontheinction area (treatment equipmentsupport,etc) isatthe centeo f  t hoe

* The function area is filled in yellow in Figure3.10.
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while inpatient roontsare aroundThere critical problenfsof this inflexible compaentare: (1)

there no space to expand fbection areadue the limitatioro f t he si ze @&fn t he c|
other words, you simply build twarclesfor yourself and you cagrow nowhere(2) run ait of

impatient rooms due to the same reasdowever, 1 is just impossibldor themto tear this part

down and rebuild, because if so where should they locate all the patieinis the construction

period There is just no time that a hospital does not have any inpatient.

The possible future regulation bkalthcare may make the situation worse by requiring more
space. Certain policies are proposed to have only single inpatient rooms. Hdlereeare only
two people rooms and three people rooms at this monrettie future, i is morepossiblethan
notthat you will suffer from many respective for a completely inflexible design.
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T
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MEDICAL /SURGICAL ST R e S B , PEDIATRICS
% J 1 L -
: <) g = 3
1’1 8 >
[] Patient rooms - D
. 3 S [
Treatment/support | 4
MAIN HOSPITAL
I Nurses’ station/waiting DARTMOUTH HITCHCOCK MEDICAL CENTER
s i FT.
Public circulation 30

om

Figure 3.10: Inflexible Design of the Inpatient Rooms (Watson, 2010)

® Inpatient rooms are filled in green in Figure 3.10.

® Another critical problem is the although the design of this comparebles the nurses to monitor the several
inpatient rooms efficiently at the same time, it is very confusing for the patients and their family when walking
around since it is very hard to recognize direction in a ring like building.
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Case Summary

Proacive flexibility gives rise to an infrastructure design that makes sense for batlamd the
future. This happens when the design use uncertainties, not the requirements from the user
meeting, as one of the primary drivers of the design. Although, certain designs of details in the
DHMC caseare directly related to hospital design, mpgahcipleson general desigapply to
other longterm infrastructure proactive flexibility desigAlso, alot of problems willprobably

arise froma design witlmo allowance of growtn the future

Another real inteesting thing about the project isatha very consistent group of people are
involved in the whole proces$his is extremely important for a lorigrm infrastructure design
contains several phases. Because it ensures that members in the desigmdeestand the
concept behind the wholefrastructureand be on the same page.

3.4 Commercial Real Estate: How Competition Shapes Real Options Analysis

Real options analysis for commeakireal estate cannot avoide topic of compéion.
Competitionnot only influence the optimal exercisingime of real optionsit also affects the

specific design/choice of real options in the planning stage.

From real options to competitive strategy

Strategy can be viewed aschain of real options ietacts with one another. Sinomich of the

value of tle real options approach comes from strategy, it is essential to properly frame the
investment strategyCopeland and Howe, 2002The relationship between real options and
strategic decision making is-tlirectional(Myers, 1984) strategy influences realptions, while

the valuation process influences strategy. Discovering the potential of strategy is not the only
benefit of the real option framework. The process of real option valuation also allows for
optimizing the strategy with regard to strategy exiecuMicalizzi and Trigeogis, 1999)Also,

the value of many decision rules lies more in the requirement for consistency than in optimality

(Bowman, 1963)The same is true for real options.
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From Interaction of Uncertainties to Interaction of Real Options

We can design real options by considering the nature of interaction between uncertainties. At the
same time, we form real options exercising strategy by revealing the interaction between real
options. There i link between these two kinds of interacis regarding that several options

may be control the same uncertainty and several uncertainties are involved in one specific

option.

Investigate the Role of Competition of Real Options Maation
Some researchers argue that real options models havedipower to predict investment in
competitive market¢Bulan et al 2009) by showing competition may significantly reduces the

sensitivity of option exercise to volatility/uncertainty.

Schwartz and Torou€003) find that the competitive nature of loceabmmercial real estate
market has a significant effect on building starts: less competition is associated with fewer
building starts. Bulan et al, (2009) find increases in both idiosyncratic and systematic risk lead
developers to delay new real estateali@wments by examining the condominium developments

in Vancouver and Canada between 1979 4088; hcreases in the number of potential
competitors located near a project negate the negative relationship between idiosyncratic risk and
development. Their sailts support models in which competition erodes option values to delay
irreversible investment and provide clear evidence for the real options framework over
alternatives such as simple risk aversion. Their results are consistent with Caballero (1991),
Trigeorgis (1996) and Grenadief2002) who argue that competition diminishes the value of
defer option (waiting to invest). And they also conclude that competition only impacts

investment indirectly through its correlation with uncertainty.

Competition mg limit available real options. While financial options are exclusive, real options
may be shared. While competitive interactions may be modeled by combing real options and
game theory, the approach is quite complicated for a practiti@iett and Pindy&y, 1994)

Then, the question is how to incorporate the concepts of game theory inbptieas model so

that the analysis can better explain real world investment decisions.
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It is worthwhile to note that previous research only focusesthe relationkip between
competition and real option exercise since the real options approach is only valuable when
options areexercisedeffectively. But it is equally important, if not more, to address the

relationship between competition and real optidesign

In the future, not only competition will shape real options analysis, efitioking will also be
widely applied on strategic level and thus shape future competitive strategies.

3.5Two Issues with ROA: Align with Management Strategy and BuildOrganization
Support

Al'ign AManaging for the futureo (Drucker) and
We will see increasing links between real option thinking and the broader aspects of business
strategy and marketing. Firms will set strategies that oggiroegate chains of options, and they

will offer products and services, which make optimal returns from the real option values that
offer to the customers. Finally, the loop of activity will close back to the financial markets

firms that find they have nacceptable exposures in the real assets arena might seek suitable

hedges in the financial market.

Organizational Support
Real options techniques cannot be treated as independent from other features of the
organization/companyGordon and Stark, 2000wo systems are necessary to assure the

application of real options analysisinar gani z at i-makilgs deci si on

A The availability oflnformation systens capable of providing the necessary data for the
appropriate exercise of flexibility.
A The availability of Incentive systemscapable of motivating managers to exercise

flexibility in the interests of shareholders
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3.6 Framework of Applying ROA

Braeutigam et al, (2008proposed a framework for the application of real options valuation that
can be proce®d sequentially. This framework is organized across four layers involved in the
whole process: organizationalstrategie, valuation, and controlling spects of real options
(Figure 3.5.

o izational
Build commitment fulsit
laver

Strategic layer

Assess uncertainties Verify prerequisites

v

Identify flexibility Verify applicability

Uncertainty-option matrix ¢
Structure options

Option elimination

Valuation layer

Calculate NPV
v
Link uncertainties Specify V, X, r, T, 0%, 0

v

Correlate options Real option valuation

Option interaction Actual valuation

Reveal destroyed value Monitor decision rules

Control layer

Figure 3.11: Framework of Applying ROA (Braeutigam et al, 203)

This is a very general framework described the key steps to apply ROA. Two more detailed

levels of framework should be developed:
A Industrylevel framework: combine this generhe combined with specific industry

characteristicso developan industy specified second levdtamework On this level,
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factors that can reflect the features of a particular industry need to be taken into account,
including, but are not limited tahe cycles of the industry, developnt speed, market
segmentation, etc.

A Compary/Organizatiorlevel frameworkcombine the industrievel framework with the
specific situations of the company/organizattoncraft a framework that is able to be
adopted by the company/organizati@n this levelfactors need to consider including,
but not limited to,the management structure, the resources, the dslyles overall
strategy, competitivadvantages

While the industrylevel framework can be developed by the academia to ease the application of
ROA in that industry as a wholthe mmpany/organization level frameworksreally a burden

of seniormanagement of the compdayganizationthemselves since they are the peoplow
really know about their compaforganization Actually, the latter can also be done by hiring a
management canlting company to assist this process.

65



CHAPTER 4: CASE STUDY - A MIX USE COMMERCIAL REAL ESTATE DEVELOPM ENT

This chapter appliethe option thinkingand engineeringpased real options valuation approach

to a real worllcommercial real ®tatedevelopment based in Singapdr€entral.

4.1 Background of Central

Central is a typical mbuse commercial real estate property developed by Far East Organization
(FEO), which is the largest private real estadenpany in Singapore with total ass@lue over
$40 billion. pakReSidential Hespiality] @ommeercislet®il and Industrial
sectors. FE@omprises privateMeld development anahvestment companies, ahdo public

listed companies, Orchard Parade Holdings Limited andHfap Seng Limited.

Figure 4.1: Central (Source: Far East Organization, 2010)
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Central is above the Clark Quay train statidn. Singaporethe train system, athe primary

public transportation choicés every efficient Therefore, setting above rain station is always a

huge advantage. The podium is a shopping mall; above it sits four toweasstowers were
designed as Small Office Home Offices (SOHOs), one tower is a New Age Office (like SOHOSs)
and the forth is a regular office building.he slopping mall was Phase 1 and there are several
phases for the rest of the developmehthi s i s a typical Nfstaged dev
staged development, the government gives the
by which the whad development must be completed. But the developers are given the flexibility

to choose the deadline for each gdhas long as it is within the completion period requirethby
government. So, FEO can determine the timeline of the four towers withinothpletion

period. This PodiurTower structure is widely applied toix-use commercial development in

Singapore.

Location, Location, and Location
There are mainly two zoning areas in Singapore according the Urban Redevelopment Authority
(URA):

A Central Aea (Downtown Core Planning Area and Orchard Planning Area)

A Fringe Area
NnCentral o | ocates at t he Downtown Core Planni

Also, there are two categories of office spad@Cat egory 10 :and ACategory
A ficategory 10 of éffice gpaceip buiddings loeafee in sore tbusiness
areas in Downtown Core and Orchard Planning Area which are relatively modern or
recently refurbished, command relatively high rentals and have large floor plate size and
gross floor area.
A fi Cat e g oiceyspaledefers tofthe remaining office space in Singapore which are not

i ncluded in ACategory 10.

The office space ahese four towers dfentralall belongs to Category dffice.
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Figure 4.2: Location of Central (Source: Urban Redevelopment Authiaty of Singapore,
2010)



First Mover of Small Office & Home Office (SOHO) in Singapore

FEO was the first real estate developer in Singapore that introduced the concept of Small Office
& Home Office (SOHO) earlin 20046 right afterS O H O 6 sesssand@aygarity in the western
countriesWhile there are advantages to be the first mover, the unavoidable tradegf resk.

It is acommonand usuastrategy dilenma facing by real estate developers

Figure 4.3: Inside of Central (Top kft T SOHO 1; Top right T Separate Elevator System;
Bottom right 7 Garden on the Podium Roof; Bottom lefti Podium Shopping Mall.
Source: Author)
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