2F SR ILEHBIETO
YFPWVATay-ETH

190 )5t B R

Yoshio Iihara
WK | SF R

o10

[ [®Lsi

VIV F T ary s FFVTR, BROF v
Ya7u—PHERBMELLTHRATY, KB A
BHEENTHAETHIEDN S0, ZRUICHL, 2
ST, BB AP SHERBICEH TR
CTHET5, S THRE T2 BT VT B A
FO2DHLYI, FROF v a 7T - Tr—
PHERNCEW T2 ECMHTLILA TS
5, F%bb, ZITOETFTME, —RICHKD
Xrwia7r—222D85 00, 205655
INFRRLAHRBAR A ->TEHTIEEL
CNAYAEMTAIENTELLDTH LI
BEBASE L LT, B O, Roe Rk kY
EH§205, EIAMIHBHIZRELTS
Bibdo. 2 AHERBRED L) B2
AMIKESEBH T 25, WA B IZLEL
TV ELDHD, COLIRYAH IR 1ERD
HHREHTOET NV THROY, WHPLEIE
HI23DLLTMOWI LRI LV AL
B AN BB DL I A ST Y
ZHHL, WAL ZRL 50 ELTHR 2
2ONPWE LY Eb Db, ST HEIAMY
Froia-TUb7E—LEZ I BY
TOFyrviazo—n Xy —c2Xy) THEbD
ENIPEDYTNVE T ary - RTVRELD,

FRDOF v v a7m—22200855 12503, 2
TORMRER X1 (1) & X2 (1) PRI ERER
CHE-TEFH T2, ZNODOMEBE» LB IS
BT EBTH ARG ITOCTIE, BRI X
CHISNTO B TRB T2 TESY, Y
TNFT T ay e BFVCIR OB BT
SR EN M, ZHROFEE, B

1) 2EROBM 757 BB DA 1220 T
McDonald and Siegel(1986),
Dixit and Pindyck(1994) % £ 2/,

EiRwE 2013 spring/ No.395




P BRWLANRRECIY, KL F a7
a—DEBHBAEL S LI R BT 7Y
VIEE) IS TR ST e TR A I B
IVBEY R LD, NG T, IEROMEE
B0 B 75y VBl ETO v 7
DBMD ST EDOERBEFEITOXAI L ZIZo0T
FELTEIN D, ST HERER2ERD
Bt EETh,

2EHDRERE B HE ISy T o8
Bld. CNFTIEERLTSRIZER ORI
WAETVOPIRE LTS fFERD 2
CENTESL. L L. 2HOMERER DI HD—
FnPery FUIE S MG OMERERL S
YTTHREDEEIOND, 22T SITE2MHD
MR FRE BT 2582 E 5T 5, T4
bbb, EFOS vy F7RE7 Y VERBIZLIE 5T
FBETHEDEL, Drr TOKRESII2E RO
BIGH G/ TH 2 LT 2. 2B RIS T30
AOAREDNDH HH, 22 Tld. Marshal and
OlkinBD s D Z# i H T 5,

HHRE r EL B FEATRREEL, ZOWK
HTORKDOWAD Y BUEAMiflici X1 () &,
KO WEBAEMfcX2 (1) OZEOEG 2]
(x) T2 (atelzo0 T HERBRCOVCTH
HILICETHIO 22T 2) BLFTHL X1 () & X2
(1) Z—HMLIb D% X (1), ZDFEBUHx1 Ex2
PRI LICb DX TRTILILTSE V(v =
Ele77 (c1X1 (1) —c2X2 (7)) |X(0) =x]) o X (#)
W ACENETS L RERFETTLIIEILTS
(7 =inf | X (1) € Al)o REXI02> 52 TOR
CEREVETENRTINE V(v = 7E[V (X
(1) 1E7 20T, X(2) DBEBNESAEHFE

2) IZERORBIHGBRBRTOX/Iv 27 EFVIZO0TIE
Mordecki(2002), Kou and Wang(2004).
- R (2008)  E &M,

2EEMRBIBBRETOUFILA T3> - 5N

E[V(X(s) | X(0) = x]- V(x)

LV(x) - tl»in}ro t
BT, o iR

LV (x) =rV(x)
PROND, ZOMG I RROBER S
V(0) =0,V (x) =cix1—c2x2 (xEA) Th 5,

‘H ‘E&iﬂfix(t)

ST MESROBRE X () 2B ROBM TS
VB ETOY ey b otcbDEL,
il 75 v
dX ()= w,X:()dt+o,X;(0)dW;(¢) (i=1,2),

AW dWs = pdt

ThHharEL, LTOZ % TDORAEE AR (T
A—RETHRT Y VMBET, P vy TRAEFD X
() BxDLE, Py TREBIIEX 4) =
(x171, x2Y2) . HBHVIE X (14) = (x1/21, x2/22)
LR ET . COBEX (1) OBBUNERAER

LV (x) = [1x1V11 (x) + 2 pr1o2 V2 (%)
+ 033V (x))/2
+ e Vi(x) + gax2Va(x)
+ xE[V (x1 71, x212) = V(x)]
FNEV (51/Z 0 x2/72) - V()] (1)

Vi(x) = agx(’_“),

%V (x)

Vi (x) =

LY. X)) ov g BRI

BRIR BB 1 o11



$(st)=[cis(s = 1) +2p0, 75t
+oyt(t— D/2+ urs + uot
+xE[Y; Y, - 1] +2E[Z]°Z; - 1] (2)
L% 370 X1, Xe D WIFRHEO B MR % m1, m2
ETat

E[X;(7) | X;(0) = x;] = x;¢™'7,
m; = u; + xE[¥; = 1]+ XE[Z] ' - 1]
(i=1,2) (3)

LB DT,
1
r—my

D, Frewia 7Y 7 —2RTX0E
BazrbTharr, HrCRHEBETHOF v v
a7 UbeT7R—THENIZLY

=1 Hirvik
%, (22T #MEIEAL mb L Um LY KT
bHarETH,)

1 =

c2=1/(r—m2)

[II |Marshall and OlkinZ!
2E BRI 3

MERERXE YOMHRLSA 0 = (01, 02,
03) #37 A—%L$2% Marshall and OlkinZ2
BEIBBOA TS LR AHEREENE

fley:0)
0,(0, + 03) exp {= O1x — (02 + 03)y},
(x<y)
= 02(01 + G3) exp {= Oy — (01 + 03)x},
(y<x)
Gsexp{= (61 + 6+ 63)y},  (x=y)

(x>0,y>0,0,>0,0,>0,0;>0)

3) Marshall and Olkin#¥2%5 B E i 1= D0 Tk
Marshall and Olkin(1967),

Kotz, Balakrishnan and Johnson (2000),
Nadarajah and Kotz(2006) % E 2 /i,

012

Ty X L YO L AHBIR B

B 1 Y) = 1
_51+93’ _92+l93’

. B 03
p=Col LY ) = G

E(X)

L7 Y  RCRBEB U
v(st:0) = E( e g =
5t63

(61 * 63)(62 t0)+ (91 +0,+65+ 5 +1¢)
(01 + 03+ 5)0,+ 05+ ¢)

Lo LIchioTyi=log Vit zi=log ZiDHitr
WA 23 =L, Lo, £3) bn=(n1, n2, n3) &
87 A— %t 35 Marshall and Olkin ¥ 2% &
BT LT 5 X0, XD WA O BN 721 &

m2d

- x B A
“ L+ G-1 i+ p3+1

m; (l = 1, 2)
L7 %0 8%, Marshall and Olkin? 22 B35
DAED T A—=%0 = (01, 02, 63) 3. X Lt YO
S AR RS> TRIT S L,

1 1
0= 500y 0> 0= g O
5. - [EQO)+E(Y));
T EXE(Y)(1+5)
(l.'.jxéo

‘IV ‘zﬁiﬁﬂiﬁwﬁﬁ?

BBV (x) BxDIRFAKBEBTH 2 Er o,
V(x) =x2V (x1/ x2, 1)
LRB2DTx1/x2% u TERLU.BEE V2, D) 2 W
(@) TRIZEEZTIE LV (x) =rV (x) 61

EiRwE 2013 spring/ No.395



PYARY S = Ls (N8ASH) .

1 " .
—etutw (u) + (/41 - ﬂz)uW ()
2 o
e V |[MRFEXROR
Y
+x{E[nw (72”)] - W) | IO (4) RAEIED 51200 TR B 700
e[ (Za)]- w0 @ P

(¢ = o7 = 2p0 102 + 73)
L7%o 10 iR S
W) =0, W (u) =ciu — c2 (u=ux*)
L% %o EOXOH OB IR
- | T e
cqu—cy wu=u*
ETHL,
v (2]
= > diuy(-a;,a; - ;{)
- gi(-ej,a; - ;)]
+ciug1(=1,0:0) = c2¢1(0, - 1;)

Z
e[ (2]
= 2 Aju“/ [’V/(&t], 1- dj;ﬂ)

—gz(ﬂj, 1- 0‘]';77)]
+ c1ug2(1,057) — c222(0, 15 7)

gy 02001 +65)

gl(s}t)g)_ 61+63+S
" —(01+05+s)

MU B T
1 +6,+05+s+¢t\ u

oy 0102+ 65)

gls1:6) = G2+ 05 + ¢
—(02+03+1)

L (w)

X
01 +G,+03+s+¢ u

2EEMRBIBBRETOUFILA T3> - 5N

1
Ea'zozj(ozj - 1)+(/¢1 - /42)“;‘ - (”‘/‘2)

+xly(—aj,a; - 1,0) - 1]
+ Ay (e, 1= a;57) - 1]1=0

- Zdju gi(~aj,a; - 1)
+ clugl(—l,O;Z) - ngl(oy—l;z) =0 (5a)

- > djugy(a;j,1-a;;7)
+ crug2(1,057) — 22200, 1;7) =0 (5b)

PN T B EV LTI D,

F(v) = %G‘ZU(U— D+ (1 — p2)v—(r— p2)
Falp(-no - 1D - 1]
+ Ay (v, 1= v59) — 1]

ETat

F0)= m,y - F(l)=my—7r

L2230 T, HEIE rb X1t XD WA EO BN
L bmDOFhI) K ThhE R F()
= 0D IEDLDEADL DV ZNZFN3H L
Y. EDfFEECTNSE 1XDKELB LLFTE. »
ot mOVTNIVERTHLLET L, BR
MW () =0& Y. ADOMEFERB RS HDIR
BEIFELL2DT BRXF () =00IEDH %
al, a2, a3t AHE,

BRI B B 013



3
W(u)= 2 d;u
j=1

L2 SORKA) LIRS AKEER (Xhigh

contact condition

3
S A —cut+ =0
j=1

X X *1/ _ *:
a;Aju ciu 0

M'\)J

1

J

t(5a) E(5b) »6E»ND

3 A;u*i cu*
b ’ -
< O+l O+0-1
j=1
2
+ =0
L1+ 43
23 Aju*® B cu*
j:l;72+;73+1—a]- 72+ 73
(%) _
772+773+1
5
Aju*“f = 2
dj—l
X51+53—“j ntg+l—a;
L1+ 2+ 3+l
3
x [T —*—  (6a)
k:l,“k d]
kj
s_l+GB-1 mtys
a O+8 otz
3
x [T —* (6b)
il ap — 1

LUOORSRYGON S (8BS

014

VI |EF0ER

1 HENFrYy170-EOLB
Frvrazn—0X () OEBPHENTDH
Lte " aXi() —c2X2() ] DBRRDIZD DLE
P SLae
c1dX ((2) B c2dX 5

—rle1X1(2) =2 X2 (2)]+ 2 7 =0
2N
X1 (1) dX (1)
u(t) = X200 my(t) = 7 /X 1(2)
ma( = 220

LIl . BRDIDDLTLM

/) = %% = oo(r = ma(2))  (7)

LY. Xo () BB A NTH L, B ETHE
D¥xyLa-TUh-7a—THENLY,

u(t)=r—my(r) F2lL u(r)=1

L% it 3 EBEEATROF v v aTm—n
BEAAX PO F 2o BEAA T DM EV )Y
LI DS L 55 L i i M B I AT
RETHLIEZRL, BHE AV - FrviaT
B—FIIR LIV RBMBEEETETHL L
FIRLTO L HifliORRE LY R IL -
TVLDT, B0 R EZERLTH S,

JiRAF () =0DIEDME% s ADIRE i (i
=1,2,3) £¥5tL

2 szl (“j - ”)(ﬁj - v)

a
F(v)= —
2 (L + G-+ -1+ 0)
y 1
(m+7+ )+ +1-0)
EiRwE 2013 spring/ No.395



ThHoHr»H

FQO) 7—m,
F(1) r—m
(Li+ 46 -0+ 5)

G+ 6)L+5G-1)
(g1 + 73+ (72 + 73)
(71 + 73) (2 + 75 + 1)

X

L7 Y 56D Bk L G AR T O fee sl 1

71+ 73
171+773+1

x ﬁﬂ"ﬁ‘i (8)

_ar-mb+ -1

- L+l

v —mg

i=1
LERTLNTED,
dE[X 1(2)]
At
dE[X ,(2)]
dt
ThHoH 6., BREILHGREED A O e W
TE Y7 554 O I W RV ABIETH

/E[X 1 (2)],

miy =

my = /E[X,(2)]

3
ARE Bi—1
;71+;73+11‘:1 ﬂi

:524’53—1
L+ 0

PR ST 5T OB ABIRHO FRE TR

1 1
1-—>D> 1- —

ﬁl ﬁ3 (0>51>ﬁz>ﬁ3)

L35 (8 C2 M) . BIEH BR1L YR TH 20
L. RO F vy a7 —DFRMEE LT, M
EHOMFMEZME T2, IELOHBE X3
ZEIVRDIEBELFATTHILIIL D,

2EEMRBIBBRETOUFILA T3> - 5N

2 RIT14VT1DEHOHE

B PR uxix (8) b (i=1,2,3)
DHMBE LS 50 MWTT 2 DHNNETXTD fi
PRWMSEEDT, w32 OB MBAE LR,

%zZ(a’l—paz), %zZ(a’z—ﬁal)
TH 2550, ph* min lo1/02, o2/01} LYKRECY
BEBECT 4 3 o, OB MBERLEE 2, o
min lo1/02, r2/a1} LO/RECE ST 01, 2
DIbRECHLDDOHMBAE, NS0y DDWA
B L,

[f$ic]

R LDOVERIZ Y5 T, PR S
IR TES o7 270, Rz L e
ot BB TAT > 1B, B RPN X
Bkt WHERKPRAZIREE PO a A0 T 2AT,
NEPYLDLIENTEI, 2RO D) A I RH
LEd,

BEXH
1 McDonald, R. and D. Siegel (1986) /
“ The Value of Waiting to Invest” /
Quarterly Journal of Economics, Vol.1o1.

2 Dixit, A. K. and R. Pindyck (1994) /
Investment under Uncertainty,
Princeton University Press.
(IFerPee M ) 7 v 4 7> 2 NIHE—BRAER
ra/3IAME2002)

3 Kotz S., N. Balakrishnan and L. Johnson(2000) /
Continuous Multivariate Distributions, Volume 1,
Models and Applications, 2nd Edition, Wiley.

BRI B B 015



4 Kou,S.G.and H. Wang (2004) / 7 Nadarajah, S.and S. Kotz (2006) /

“Option Pricing under a Double Exponential “Reliability for Some Bivariate Exponential
Jump Diffusion Model " Management Science, Vol. so. Distributions’, Mathematical Problems
S Marshall, A. and I. Olkin(1967) / in Engineering, Vol. 2006.
“A Multivariate Exponential Distribution” / 8 R - HUSBEHE(2008)
Journal of American Statistical Association, Vol.62. [k B iGH AL T OB P |
6 Mordecki, E. (2002) / V7 w47 22 f%INo. 1

“Optimal Stopping and Perpetual Options
for Lévy Processes” / Finance and Stochastics, Vol. 6.

8% A

AL (4) KOPOYFHEDOII L, TS5
E o vicus y ZAJ“% eiv1—(ei=1v2  oy1=v2, 4
YaWw (Y2u) =e¥2W(e u) = ueht — epe? Iy S gt

L 729 Marshall Olkin % 2 ZE 55031 Tl

oo py+log(u® /u) o poo
/ / e f(x, y; 0)dwdy = (s, t;0) — / / e f(x, y; 0)dwdy
0 0 0 y+log(u* /u)

/ / N f g B)dady = 2O 0) L <u )’“"*"‘“)
y+log(u/u) 01403 +s501+02+0s+s+t

=ag1(s,t; 0)

L% DT,

B [vaw ()] = 3 A b-asas — 150) — gi(-as,as — 10)] + erug (-1,0:0) — 210, -150)
Lid.

- Zs gy (ir—tig) — ZA]u(xje—’zjz1+((xJ—1)z2 72y < ot
Z_ 7 Su)=e (e u) = —2 —z2 Z2-21g, S 4%
1 ciue — C2€ € uU=u

oo potlog(u*/u) 0 poo
/ / e T f (@, y; 0)dady = ¢(s, t;0) — / / e f(x, y; 0)dady
o Jo 0o Jrtlog(ur ju)

<[> w\ —(02403+t)
/ / € (g 0)dudy = 202 05) 1 <u_>
0 Jaetlog(ur/u) O2+0s+t01+02+0s+s+t \ u

=g2(s,t; 0)

LRBOT,

[ W( Z )] 3 A as,1 - agim) = ga(es, 1 = agim)] + cruga(1,0;m) — c2g2(0, 137)
LB,

016 EiRwE 2013 spring/ No.395



8% B

ARILOFRH Ay & iR B ANKYE w* 2R 512D DR

1 1 1 1 Ajuter
a az asz Qy Aqu*?
1 1 1 1 L xas
G+(z—an Gt+(s—az CG+(z—as Gt+Cs—ay Asu
1 1 1 1

*
n2tnztl—ar  metnstl—az metmztl-as nztnstl-ag au
1

as

=—c |

G+(z—as
1

n2+n3+l—as

T, as=1T, as=0&,L72bDTHD, LEDDOIEFITHOITHIRIZ, 51 E 5 j IO R
hH &
Hi#j(ai - aj)
D
(G+G—a)m+m+1-ay)

LWL D, ZZCDIFmOITHTE 11TLH § FlakRE. H1TOEFLTTL L
LA TH D, EORDEDDOFNRY bV %D OIEFITHNON j 5 & X W2 7475017
BT, LORRET, o & a5 ICEXMI b DO LRDHDT,

(G +G—a)m+m+l-—a)) jpai—as

(G +G—as)(m+n+1-—as) i T

Aju = —cy

(G +G—a)m+np+l—a) rro—as
(G+G—as)(mt+n+1—oas) T

L%, ap=1Tas=0ThHDILEBIETDLALDHERIELND,

—cut = —cy

Qi — Qg

iz C

B F(v) 1, —(G+Cs) +1 & —(m+ns) DRIE T, — 00 1D + 00 KEDSEDT, G+(
—1>mtn &TDE,

B3 < =(Ct¢) +1<Bo<—(m+n3) <P <0

L0,
—Bi=b, mtns=a, —fo=V, Gt—1=d, —pz3=10"
P RN
0<b<a<d <d<b”

B_ ab+1 i’b’+1 fBs—1 gb’+1 i’b”+1 B —1
T \ba+1)\Va+1) B \Wa+l)\V'a+1) B
L%, RPIOROFFEMO 20T TNE 1L ET, ZOXOFEMOFTZNTFNE 1L FTHD

Mo ALDORFEXBEY LD, G+G—1<mtns  OHBEBFEKIC LT, ALORFEXD L
DO ENHEREND,

2EBRBIEBIETOUTILE T - EFL BRIR BB 1 017



A Real Option Model

under a Bivariate Jump-Diffusion Process

Yoshio Iihara

In this paper, we propose a two-dimensional
real option model with jumps. In most litera-
ture on real options, while the cash flows from
a project are considered as a stochastic process,
the investment costs of a project are treated as
a deterministic value. In the real world, howev-
er, investment costs are also uncertain in many
cases. In addition, jumps in revenues and costs
are often observed. Here, we use a bivariate
jump-diffusion process to model revenues and
investment costs (or continuous cash out-
flows). Morcover, changes in revenues and
costs are correlated for various economic rea-
sons. For this purpose, Marshal and Olkin’s
bivariate exponential distribution is employed
to model the size of jumps. An explicit value
function and optimal investment timing are
obtained. We also explain the meaning of opti-
mal investment timing by comparing it to one
in a deterministic case, and examine the effects
of volatilities on optimal investment timing.
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