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Abstract

This paper applies a real options approach to analyze optimal investment
decision. When the investment projects have the characteristics of irreversibility,
uncertainty and the ability to wait, the traditional Net Present Value (NPV) method
will underestimate the value of investment, since it neglects the values of timing and
operational flexibility. The distinctive feature of this paper is that the effects of
product life cycle as well as market power are incorporated into the model. It is
shown that the optimal waiting of the investment is shorter than the models of
McDonald and Siegel{1986). Finally, 2 numerical method is used to analyze the
determinants of optimal investment decision. Our results indicate that the
investment-ratio threshold will be higher and thus the optimal entry time of the
investment will delay when (I)the market power is larger, (2)the product life is
longer, (3)the uncertainty is larger, (4)the discount rate is lower, and (5)the

correlation between cost and revenue is more negative.
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- 0.5 0.0 0.5 0.5 0.0 0.5 -0.5 0.0 | 05
o, =0,

0.01 127 | 120 | 111 115 | 110 | 105 | 106 | 1.04 { 1.02

(2.50) | (235) | (2.18) | (1.47) | (1.37) | (1.25) | (1.09) | (1.06) | (1.03)

0.02 146 | 134 | 120 | 128 | 120 | 1.10 | 1.12 | 1.08 | 1.04

291y | (2.64) | (2.35) | (1.72) | (1.56) | (1.37) | (1.18) | (1.12) | (1.06)

0.04 178 | 157 | 134 | 151 | 136 | 120 | 123 | 116 | 1.08

(3.65) | 3.17) | (2.64) | (2.13) (1.86) | (L56) | (1.34) (1.24) | (1.12)

0.10 258 | 215 | 1.68 | 210 | 179 | 144 [ 155 | 138 | 120

(5.65) | (4.56) | 341) | (3.19) | (2.62) | (2.00) | (1.77) | (1.59) (1.29)

0.20 3.80 | 3.00 | 215 | 3.00 | 241 | 179 | 205 | 172 | 1.38

(8.77) | (6.70) | (4.56) (4.79} {3.73) (2.62) | (2.44) | (2.00) | (1.54)

0.30 497 | 380 | 258 | 385 | 3.00 | 210 | 253 2.05 .| 1.56

(11.8) | (8.77) | (5.65) | (6.34) | (4.79) | (3.19) | 3.07) | (2.44) (’1.7.7)

5,=0;01 147 | 131 | 116 | 134 | 122 | 1.1 118 | 112 ] 1.06

2.31) (1.89) (1.46) | (1.64) | (1.43) | (1.22) | (1.25) | (1.17) | (1.08)

6,=0.05 | 159 | 141 | 122 | 141 | 128 [ 114 | 121 | 114 | 1.07

(2.85) | (2.38) | (1.86) | (1.83) | (1.58) | (1.32) | (1.28) | (1.19) | (1.10)

5,=0.10 ) 178 | 1:57 | 134 | 151 | 136 | 120 | 124 | 1.16.] 1.08

(3.65) | 317 | .64 | (2.13) (-1.86_)' (1.56) | (1.34) | (1.24) | (1.12)

g,=0.25 | 261 | 239 | 245 | 201 | 1.84 | 164 | 139 | 129 | 1.17

(6.42) | (5.96) | (5.49) | (3.35) | (3.09) | (2.81) | (1.62) | (1.49) | (1.33)

6=2.0 | 178 | 157 | 134 | 151 | 136 | 120 | 124 | 1.16 | 1.08

=50 | 242 | 211 | 175 | 177 [157 | 134 | 120 | 120 | 110

7120 178 | 157 | 134 | LS1 | 136 | 120 | 124 | 116 | 1.08

n=2.0 127 | 119 | 110 122 | 115 | 1.08 114 | 1.10 | 1.05
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§.=aq.-a. 6 =4 -a EPe  FBREENTOEERE - o | FFERFNTS
WMRE ¢ Ha BERPIITOERIE - p, HETHEMEERAHEHNAHR - 0 3
BEENBERY o, - FIERANRREE - 6 ERNEER - n - TR

QEFSHRRE 6 =4, =0.10> ol =o! =0.04 " p, = 0 £ McDonald and Siegel( 1986)
BB 0=2 1= !22 STERBHR 2 (2)-

(3)EIL A BT McDonald and Siegel ( 1986) fEHEER -

(ﬂ?«’rﬁﬂ?ﬁ%zﬁi’ﬁéﬁﬁﬁ*ﬁf@ttﬁj (Vi) v (26) (27) (28) kM - EFR
n=12 0=28  ANERFERBEFUEEY /1 =136 TrRRHEREV ERE
BWEERA T 136 4 ELEMEISRERES TREIEBNEERIEEE - m
McDonald and Sicgel (1986) fEERERBV /7 =1.86 BLASERILE « MR URER 5%
AT EAE SRS EE -

fi~®

EREHEAATEEE - MRS RR ST HE R - 8T
RIEEHN RS RGNS S ERERYE - AEERERT
EE(E - BERENERTTNEEETEI RN EEEE - TLHEEERFHRE
FERYRREE - R A B EEREESTE SRS R R HRE - A
N FETEREREERESRR AR RSEE N L RERAERZ F -

| WR RE R RTINS BT R S R TR B R 5

SR EE Dixit and Pindyck (1994 )~ McDonald and Siegel (1986 ) = AfEHUEE
AL o HERSEI SIS B L McDonald and Siegel (1986 ) Ei Dixit and
Pindyck (1994 ) HYFERUELRT -

RS - AR FABE T 2 - TR B R EIR SRR E R - AR
TE—E R4 ERTERE R %X%@ﬁ&ﬁﬁljj NELRESEEEE - #
BRE = AR E e » 4S54 Bollen (1999 ) EY{EAEHE M LA K Hong and Sterken

(2001 ) EEHERIAEZAEH—B - AUREHERTER ¢ Eﬁ{ﬂﬁﬁ#ﬂwﬁz
T (1) EREmEERR - REUUESWREEE - RILEREEERE
e (2) ERTEMEA)N  RFETTEE S IEK - IUSF R E S EETR
% FILINMESREEEMERES - (3) TRR 6 BEFRTRIMEHER - K
e B TR BT BN E R A - FILRHR SR BEAEE - (4) THE
EHEEL - IERFIVETE (EEEEREERE)  RILSERREEIvET -
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(5) FEREFIEEEARATHERE o, B8 - RTETHTREESEM - &

(R EFIRLLEIEES - R IR R S S A A AR L RS - e
INRERFEYEE -

ane L AR DARRARE TSR RERR (1) SRR ERER RS
BERRRREME - SRR RS R EE PR RERERT
RYTRTE - (2) EHERIRAE I BRI LA GBS - TSR
RS - BRI TIREYSR W EEARMAEE - (3) EESER
BT AREEERPIES  BEFRE  MERNTSES 185 IE
iR R ERE - EIREERETRE - (4) THREEEN  BRERE
e (EEEREEE)  BINCRIEEnNET - kTR - #ERRN
RERECRRE - FRERRRER AR -
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Bk — = M i B B HE S

EASRMNERY SEEEEWNT - i (1) K00 )= /OY

i

dR = Q1-5d®+cb(1-—)Q7-ifdt (A1)
FiEEERELR
ar _ _‘."9 (1_-_)de:_ +(1-LHALOY, b
R g /() ¢
lf(t) » | o
={a+ (- Ly dt
w5

ELERMNERY BIFAEEYMERT £ V= 10) SHEET AW
e Hh o y SEEE AR - BigEs Q(t‘,Y) HOL () FE (AL
I -

dR ch dao 1. dl (0 fL00]

R _4 -5 s arq- otz
e O I
(A2)
_{g+(1- I)J}l((?}dzwd;

FEEg (A2') B (A2) - A5 5RAEM - RILER{MIEA Bass (1969 ) 51 Norton and
Bass (1987) M{ERERKEREEEE -

ﬁi““iﬁkﬁtﬁij}((? Mty BRI R R E (4.0 5
Weibull 43-Ed
-1
fo=2 exp[—- (g)ﬂ} (a3)
p-i*! {(ﬁ—l)r" — (é)ﬁ} r
. _ _(ENB
;@)= 57 exp[ ) ] (A4)
) _A@ B0 L
-i(f)—ﬁ(t) = (9) Ji
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BAE (A2) aIREE:

!
B-1-B=)
& a+(1—l) O \vdt+ oz
R n !

¥ f =11 - (A5) TR -

R {a’ -~ l)i:—l—}}dt + odz
R nlé
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B R A R — RS
PbF & — = e B —

FH Malliaris and Brock (1982) £ 7.5 W[LUE4] » FIIFIENREHE] ( Dynamic
Programming ) Xﬁﬁ%ﬁf%ﬁﬁ@%ig{g{ﬁ F(V) » B Bellman Equation & :

SF(V)dt = E(dF) (B1)

(Bl) RWERS | EAARYNER & LEReNETEIREN SNy
7 BRI TRNSRANE - '

FI[FE Ito’s Lemma -

dF=F'dV+%F"(dV)2 K gF/dV = F,d'F/dV’ =F"  (B2)

# (20) ={LA (B2) A5 Bellman Equation :

l:a *l(1 -lHVF'dr +-1-V2[o'2]F"dr —6F(V)dt =0 (B3)
o\ 7 2

SRR R = B R
F(0)=0
Fy*)y=v*-I, (B4)
F'(r*=1

BRI EEES 0 B EBHEES o - 5 RS EE
%%ﬂ%ﬁ: (value matching condition ) FEIRBEIEEEEEMNIFENTEEE - £
Ef@f%¢%$%$ﬁﬂf{%{¢ (SmOOth pasting condition ) ﬁ?ﬁ:@%ﬁé{g {Egﬁi@ % %
B EEE AR R -

7£ (B3) &Y Bellman Equation » J/EMERRIZ (B4) - {SadiEn
5

FWV)=aV? BS)

523

FHp

a=¥*-DIV*, B6)
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oy TR

1
1o 28l (B7)

§ (B4) BBRIRAA (83) X BTG EIREIRERFRAFTEEY * -

V*Zb_bff" > 1, (B8)

a=V*=I)/V* =@H-1)"" /[(b)bfg’"]: - @9
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k= : EE T

Tl B REM S B ER AR - AERNERERE (TF -
i) BT 288) - FRR ARSI —EREHERTE - 7TERLBFIER McDonald
and Siegel (1986) FURERAAHBS RTAEES)

dl, = I (a,dt+0,dz,) (cny
IR ¢ _
&{M_i)fl_@d;}m={a+[l_1y@}dﬁadz -
R, /A n
= t - .
5 £1(0) = £ expl — ()
ESfin
a-t1a? (5=t )+ -1 T (A-1u'-g 1 ‘Bu‘"’" 02,
R, =R,e[ ? J [ "H[ [3J }\ s 2t (C3)
gLh=1-(C3) AMLIELE :
= (a-a)s-0- -1 (Lys-n)
I/: — R: Ie [ ??][ 7 st= jit 1 (C4)
! é’—a+——[1-——)
oy 7
dv, = R (Cs)
§—a+l[1——1—J
AN
v, R,

B3 McDonald and Siegel (1986) 88 » Bv=k-V » A=k-T » k5
EEIES - MBI SERE— AR B - U TSRS T

d\, = A (a,dt +o,dz;) (oF)
1 1y},

dv, =v,|i5—cx———[1——)i|dt+v,0'dz (C8)
A
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o LA
DABARAERYRE X (V,1,0) -
X(V,1,0)=max E [(v, —A,)e™™] (C9)

TR o R REE - R RS A -

(C9) HARIERE —iBREMARIRE (first-passage time problem ) -
B X (V,1,0) B—PETERER » FEILEN T SRR R AER - el
BRESEV, /], PEE—ERAEY B REREHE - [LRRINEE
HEIRME (C9) HAILAWES -
E [, A e ¥ 1=E A B -1k} =B -1lE, A e} 10
FIAM SR AUBIRERS] » LI M Malliaris and Brock (1982) T3 7.5 A[LA
B XV,1,0) - YERRLTRRmS IR

8X = % {XWV2a,i +X,Po} + 2X,,,V1cr,,,}
! ) (C11)
. X{a ot __HV+ Xyl
AN/
" oy = pyo,0, BEREE BEERPRIEE -
(C11) AR MR A T RIE SRS

{HB=V.,/I.=B",X=1I
@yw, /1, -0,X >0

(C12)

E—EiE R EEY SRR RBEEESN R EEE - £
B PO S RER 0 K - SEREEES 0 - & (C11) AFRIRER

X=1.1"B" {C13)
Hrp [ FEH -

 (C12) =AM (1) TLAEAT:

I=B"m=1 (C14)

f& (C13) (C14) #A (C11) 3+

" SR R PR L A R RO R RIS - ORI A R — R R
HFHEHE -
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B A LR A A A — B SRR T
8= -;-n(n ~Do* +nla, |+ (1 -ne,

fho' =0l +0l 20, « a =[“‘“3(I‘lﬂ °
7

A (C15) BI=RATILIKE -

2 1
n:l_ay _2af +{[aV _:zaf _.ljl +2(5“;¥!)}2>1

2 W @ 2 @

AR (C12) BB FMEARE R AR TRE X *

. . L7irY
X*=(B =1/ .
( )[BJ

B =ni/n-1

(C1%)

(C16)

(C17)

(C18)

Heb [ * 1Y S RIBRIGIE SRR EEE 0’ =0 + 0 - 20, -

Oy = Py 0,0, BHE R R RIBSE R AR SR, -
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