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Option pricing model in finance has been applied to price non-financial options, called real options. The real
option valuation method is ideally suited to irreversible decision making under uncertainty, including the need to
determine the optimal time to act and even change between alternative courses of action as information is col-
lected. Therefore, the real option valuation method is expected to provide a superior and less subjective approach to
determining optimal strategies for water resources supply projects, which have been reported to have huge risks due
to uncertainties, and investors and policy makers need to build an optimal strategy - when and if to invest - with
uncertainties and managerial flexibilities considered.
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Table 1. Applications of real option valuation method to valuating non-financial options.

Project Underlying IS);(:;:::UC Options

Investment in irrigation system (Seo et al., Cotton yield GBM! Option to entry, option to exit

2008; Seo, 2006)

Irrigation dam investment (Michailidis and Water value MBP? Option to delay, to enlarge, or to abandon,

Mattas, 2007) and multiple options

Natural resource development (Lee and Heo, Mineral price GS*; Option to change extraction rate; mine

2004; Brennan and Schwartz, 1985) GBM! value, closure option

Optimal utilization of natural resources (Park, Pollution stock, GBM!, Options to use a non-renewable resource,

2004) fuel price, MR*, to switch resources, or to suspend gen-
electricity price GBM! erating electricity

Mine plans (Dimitrakopoulos and Abdel Sab- Gold price, GBM!, Option to abandon

our 2007) Foreign exchange rate MR*

Exploration for deposits of non- renewable Petroleum price MBP? Option to explore, option to develop

resources (Sunnevag, 1998)

Power investment (Yang and Blyth, 2007) Energy price, Carbon GBM!, Switching to efficient technologies, build-
price p3 ing a new power plant

Investments in hydropower (Kjaerland, 2007) Forward prices of GBM! Option to invest
electricity

Operational flexibility in complex power sys- Operational cost MBP? Option to switch

tem (Marreco and Carpio, 2006)

Withdrawing and reallocating analog radio Cash flows GBM! Option to abandon

broadcasting spectrum (Jeon er al., 2005)

Firm’s environmental investment (Park, 2005; emission permit price GBM! Option to install the environmental facility

Insley, 2003)

Environmental investment (Cortazar es al., Output price, GBM! Option to invest in environmental tech-

1998; Isik, 2004) Cost of pollution nologies

Contaminated Real Estate (Lentz and Maurice property cash flows, GBM' Option to cleanup, to redevelop, and cost

TSE, 1995) redevelopment cost of regulation

Preserving a wilderness area (Forsyth, 2000) Amenity value LP® Option to preserve

Farmland preservation program (Park and  Agricultural income GBM! Investment option, divestment option

Hwang, 2003)

Entry and exit thresholds for apple production Apple price GBM! Option to entry, option to exit

(Seo and Woo, 2007)

Fishing resources (Murillas and Chamorro, Fish price GBM! Option to exploit a fishery, Option to

2006) invest in a fishery

Tree harvesting (Insley, 2002) Timber price MR“,l Option to harvest, option to wait

GBM

'GBM: Geometric Brownian Motion; MBP: Multiplicative binominal process; *GS: Gibson-Schwartz Two factor model; “MR:
mean-reverting; °JP: Jump Process; LP: Logistic Process
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Table 2. Parameters for hypothetical examples.

Parameters value

S(0) Revenue cash flow at present in the 100
new roject A’
K(0) Investment cost at present in the new 110

project A’
i Annual rate of inflation in investment  0.03
cost, K
O Volatility of revenue cash flow, § 0.07
s Drift of revenue cash flow, S 0.04
M Revenue cash flow in the current 110
project ‘B’

C(0)  Operational cost at present in the cur- 100
rent project ‘B’

Oc Volatility of operational cost, C 0.2
He Drift of operational cost, C 0.3
r Discount rate 0.1
1y Risk free rate 0.05
V' =S(0)N(d,)-K(T)e * N(dy)=1.86 ©
o 7]A,
G 2
ln(S(O)/K(T))+(r,+75 )T
di= N
onT
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Fig. 1. 20 realizations of cash flow following a geometric Brownian motion: (a) Revenue cash flow (S) related to the project
‘A’ which is to invest in a new water resources supply well (S(0)=100, 05=0.07, 1,=0.04). (b) Cost cash flow (C) related to
the project ‘B” which is to suspend a current water resources supply well (C(0)=100, 6=0.2, 1=0.3). The solid lines
represent the average of cash flow in the real world to be used at the Discounted Cash Flow.
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Fig. 2. (a) Investment option price (V) valuated by the Black-Sholes model, (b) option delta (V) which is the quantity of S
needed to hedge the investment risk from the uncertainty in S. In (a), the solid line is the payoff when the investment option is
exercised at present with K(0)=110. Given that S(0) is 100, the price of the investment opportunity in 7=2 years is 1.86 with
K(2)=116.7, while the price of the investment opportunity in 7=5 years is 6.57 with K(5)=127.5. Option delta is 0.31 when
T=2 years, and 0.55 when 7=5 years, respectively.
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Fig. 3. (a) Suspension option price (V) valuated by the Black-Sholes model, (b) option delta (V) which is the quantity of C
needed to hedge the suspension risk from the uncertainty in C. In (a), the solid line is the payoff when the suspension option
is exercised at present with M=110. Given that C(0) is 100 and that M is the constant of 110, the price of the suspension
opportunity in 7=2 years is 10.99, while the price of the suspension opportunity in 7=5 years is 10.21. Option delta is ~0.44

when T=2 years, and —0.28 when T=5 years, respectively.
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Fig. 4. The threshold, C* to hold the suspension option (or
to exit the project) at time zero. At C(0)>C*, the option is
worth of holding. At the points X, L, J, I, and H which have
C* for the option with T=1, 2, 3, 4, and 5 years
respectively, the payoff and the suspension option value
are the same.
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Fig. 5. (a) Suspension option price (V) when the suspension option can be exercised anytime within 7, (b) Comparison of the
suspension option price when the suspension option can be exercised only at time 7 (closed square titled as European type)
with the suspension option price when the suspension option can be exercised anytime within 7 (open square titled as

American type).
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