IMES DISCUSSION PAPER SERIES

2RAVABEZRAV-HERAREHD

FRATRYR RS ET
PELE &L KLEF ELAB
T E5-50 BE

Discussion Paper No. 2010-J-29

IMES

INSTITUTE FOR MONETARY AND ECONOMIC STUDIES

BANK OF JAPAN

BAREBITERBFZFT
T103-8660 HRAMPRX AAREBARHE 2-1-1

BABITEEARRSFIITLTOSRXFRIHR—LR—DNF Y O0—FTEET,

http://www.imes.boj.or.jp

EFTCTOERE-BRIITEETSL.



%5 . BARBITEMIENT A A v ral « N—rt— . ¥
U—X1X, &MIFEFTA Y v 78 LT REICL S
WEREEZ L VLD bDOT, R, HresiEs, B
HETAHFA2DOIBIAS 2 AV ME2TERTAZ EZ2RRIL
TW3, “EL, TRy ay - XR="—DHER
BERIX, BEFEBAICEL, BAREITH 2V ISR
FTOARRIRE T H D TIIRUY,



IMES Discussion Paper Series 2010-J-29
2010 4 10 A

2RF 79 Ri@iEZE ALV=1R R R H O RHTRGE K 5 T4

\‘Jsib &L
—F o—==*,
IS

$r

l,l ELLH

o

**

M
[

L3 =l

AFETIL, 7 7 4V N & HRATE & OB & 556 2 f8E
LC, R EHOBIO5 2T 5, BAEMIZIX, 77 40 Mg
F£1%. Ornstein-Uhlenbeck i@F2 29 5 IE(EL D 2 A TRBLS N D
ETDH 2 WA AWMBTET VL L, T 7 4V NREDOIFAMEEZ RO,
FD DR T, T 7 4V MERENHELRME & B A RO & S S AT
T EIITET ME LT, R EHOIAFHE R 2 TSR 5, &
7oy BERSHOERT— A2 b HIRITEIZEHET 5,

LRI X D HIFF BRI, (LT - F9[2010] & RIERICARBI DB % &
ﬁbfﬂfw@éhkéfﬁﬁ%%wfﬁﬁéhé &R, BARRY
TiE, PR ST AR ARG O & LT, AR D 28
ﬂ:#%&(ﬁﬁ“iﬁif IR THZEICLY, FHMlishd, L —fHICHE
KOBKRE—A L b EER SN AR ERE S ORNE L L TF
PR EALREORE R E LB THZ L TRMITE 2 2 L 20md, £
7o BAEFNC X0 | B R OHIRHE - BEEREIC KT TR R B
T2

X —U— K774/ MRE, MERMEIER, 2 kAT D AR, HEHE
Jey T EEZS HA
JEL classification: G21., G32. G33

T RO SR (E-mail: yamasita@ism.ac.jp)
*FBASRAT AT T4 (E-mail: toshinao.yoshiba@boj.or.jp)

AFEOVERRIZ S o> Cidk, B2 (BRRFHR) L0 KA Ay M
TEWe, ZZICRLUTEH LI, 72750, ARBIORSN TV D ERIX, EE57- B
ANZB L., BARITOARMEZTT LD TIIR, £/, HV HRXEAD|TT T
EXTLEANIRT D,



1 OO0

gogbobbbbouoooooobbbbouoooobboobooooooboo
gogobbbobuodgoogobobobbodoooooobooboooooooboo
gogdbbbbuoooooooobbbbobbbouooooooobooooobobbo
goobbbobbouoooooobbbbuoooooobbbouooooooboobon
gogobbbobbooooooobobobobboooooboboobboooooooboo
gbogobgobobboboob nobuoobooboobobboboobod
goobobboobobbbobbbodoooooobbobbboooooooobon
gogobobbobboooooobbobobboooooboobbboooooooboo
ggobbbobouooooobbbbbouooooobbbboooooobboo
goobbobobobooooooobbobooooonoboobboooooooboo
gogbbobuooooboboboooobbbuoooobobooo

ggobbbbbouogooobbbbbbuoooooobobbbbboooaadd
gogobboboboooooobbobbbooooobboboooooobobooo
0000000 [201000000000000000000000O000OOODOOOO
ggobbobobouooooobbbbbouoooooobboboooooooboo
O00000000000000000 [2010)0000000000O00OCOOOOO
gogoboboboboboooooobobbbtooooooooboobbuooooooboboo
gogobbbobbbbtboduooooooob 2000000bbbobbobbbon
gobogdbbogoboobbooboobbooobbuoooboobbood
gogobobobobooooooobboobobbodooooobooobbboooooooonobooo
gogobbbbodooooobbbbodoooooboboobobouoooooobobon
gogobobbbouogoogbbobboooooobbooboooooobboooo
gbog20b0b000b0o0oboobbooboobbooboooboobbon
ggobobbobbbougooobobbbobbboooooo2000000oobobo
goobbbbooooooobbbbtboooooooboobouooooobon
201000 00000000000000000OODOODODOO0OOOOOOOO0O00
O00000000000D000 Ornstein-Uhlenbeck DO OODOODOODOOOOOO
000000000000 20000000000000000000 (20100000
gboobuoobbooboobboobbooboobboobooboobobooo
gogbobbbobbodugooooobbobbbboooooobboobboboon
gogobbboogoooobobbodooooobooboooooooboo
gobbooogod

ggobbbbobouoooobobbobbuoooooobbobbouoooonn
gboudgbodboogbogbobuodgbuooboobooboobboooboon
OoOo0ooOoO0o0boOo0oO0ooooO0obboOoOooDoDboO0OobDOoOoOOoDO Ornstein-
Uhlenbeck OO O 20000000000000DO0OOO0ODOOODOOOODOOO



gou20ddoobooooobooooboobboboobobuoooboboobbooo
000000000 Ahn, Dittmar, and Gallant [2002] O O O 00O Pelsser [1997] O O
Ornstein-Uhlenbeck 000 200000000000 00O00O0OODOO0OOOO0OO
000000000000 Kijima, Tanaka, and Wong [2009)|0 0000000000
gogoobboobbbodoooobbbbbbooooooobobbobbob 200
ggoooboobbbbooooooooouooooo

200 0000000000000 DLDO0O0O0OO0DO0O0OO0ODODO0O0ODOO Duftie
and Lin 2001 0000000000000 00O0OOO0OOO0OOOOOOOOOOO0O
gggobobobo 2o boououobobooboon
gooobobooodooobobuogobboboooooobbbooogoo
O0000000000000000000000000OPelsser [1997/0000000
000000000 2000000000000 0Kijima, Tanaka, and Wong [2009]
00000 Pelsser [1997)0 0 0000000000000 OOODO200000000
guoboboogoooouoooobboooubbboooobbboooooo
gogooooooobobobbobooooa

goooobbooooooobbuoooobbbboooobbbuooog
gugboggobobbobobbbbbuddduoooooooooobbo2obb
goduooooobobobbboooooogoda

gobboboooobboooob2000bbboooboboboooobbobooo
gobboboooouobboooooubobbuoooobbbuo2bbgoooon
gdodooououogsoooooooooboobooobbbbbbbbbboouo 1
gogobobobobboooooobbobbbooooobobobobboooooooboboo
gobobbooogoobbbodooouobobboooooobbbooooon
gotbobogoobobooouobobbbooooobobbuooooob 10o
gogoobboobotbodooooooooooboboobobboooooooobobooboobo
ggdoooboboogboonbbbobuddouad nobbbbboooooon
gggooooobobobbobobbtbuu4iooddooooooooooobon
gobobbbodoooobobobbooooobobbbbooooobbbooogo
goooobooobsbbbbbooooooduouobooooobbo

2 000

gboboooboboooboboroob poooboboobooboobooboo
oob AO00D000C0O0DOO0O0DOO0ODOO0OODOODOO0OOODOObOODTDOOOO
goooboooooboobobobobOobooDgoo bbb ObUObUODbOD
gogbbobooooboboooobobuog-~0boooobbbooon

L.=D—6A, (1)



0000000000460 0000000000000O00O000000O0000O00
000000000000000 (Q,F,P)0D00000000000000000

dA; = paAgdt + O'AAtthA (2)
D00000000000000000000000000 A000000 40000
M = (ye + o+ ) (3)
D00000000000000 3 000 Ornstein-Uhlenbeck 0 00 0 00 0030
dy; = —kydt + oy, dW/ (4)

000 (2)00 (4)000000000000000000
cov(dW}, dW) = diwY, W4, = pdt (5)

00000000000 O000O00

000000000000000000000000D000000000+0000
0000000000000000000000 (H,)00000(20@ooooo
0000000 W/ OwADDODODOOOOODO0O0000F =c({Wy,WA:s<t})0O
000(/)000000000000000 (G)0O

Ge = Fi V H, (6)

gbobobboobobosrsbobobo /R00002000000000O0DOO
3)0000000000000000000 (\)ODODO0DDODOD00D0O000D00Y0 R
gogbobooogbbbooosbuoaoobon

Ei[] = E[F] (7)

'00000D000000000 [20100000000000000000000000000000
00000 100%0000000000000000000000000000 100%00000000
00o00oo0ooo0oDo0oooooodoooooooooDoooooDo é000oDOoooooDog
oooooolonbooooooooooooo

00000000 POOOOODOODOOOOOOOOOOOOOOOOOOOOOOOOOOO
gogodgobobooooboobooooobobboooob bbb bbuoo
gbooobobooobooooobooooobooooboooobooboooooboooboOobooooOon
gbooboooobooboooooboooobooooobooobooobooOooboobOoooooboon
gbooooboooboood

30000000 Ornstein-Uhlenbeck 0000 00000000000D0OO0O0D0O0O0O0OO0DODOOO
0 #0000 Ornstein-Uhlenbeck 00 0000000000000 O0OO0OOOO0O0O yOO0O0OQOOO
0ON0O0OD0ODODOD0DOODOO00O0000000000000000 60 3)00 000000 0ODO
J0o00o0oO0o0o00oo0o0o0oo0oDo0D00ooD0ooDobOoOoDODeD «0ODOODOODOOO
gogogoooobooo ywooooobbbbooooobbbboooooo

49200000000000000000000000000000000000 McNeil, Frey, and
Embrechts [2005] 00 900000




000000000 -000000000°0 [ |[LJe K0+ )ds00000000
0000¢000000000000 (8)00000000

Ele ™" Lilgcrery|Gi] = DEle ™" M jcrery|Gi] — 0B[e ™" ALy a1y |G)]
’ . g : (8)
= 1{t<~r}D/ Et[e_ft (T+)\u)du)\s]d8 _ 1{t<7’}5/ Et[e_ I (T+)\u)dU)\SAS]dS
t t
oooo@®ooooi100d

T
/ Eyle” e (rHda)du) 14 (9)

t
0000000000000 00000000000000OO00OoOooO0O@®) oo
gb 200

T
(/ Eyle™ ffdudux Alds (10)
t

D00+¢00007TO00000000000000000000000

200000000000 X, =(y,1n4,)'0000000(R)0AO0GO000X,
02000000000000000000000000000000000000
D0000000(QO000000000000000 (10)000000000000
0000000000000

3 Uuobtuobouobouobooonbd

000000UOD0D0D0D00O000000O0000oooOooooUo()ooooo
go0o00oO0C0OOOO0OO0OO0O0O0O0O0OO00UUUOUOOOOOO@®OoDODoDOUOOO
gobbooooboobobooooboboooobbomboooobbooogn
gbbobbuoobboodbboobbooobboobbuoobobbooobboo

(1) 000000000000

gbo+«0o0o0boorobooboobob

T
['(t,T) = Eexp <—/ Asds)] (11)
t
O00000QODO0Dooooooooooooooooooo
Eile” i (’"Jr)‘“)d“)\s] — _e (st 8Fét, s) (12)
s

‘000000000000D0000000000 r0000000000000D00000DO00O0
gboooooboobooboooooboboooboboobooobooboobooobOoobooooan
gboooobooboobooooboooboobooobooboobooooboooobooooboooon
goboooobooboooboooooboooobooooobbooobobobooboooobOoooDobDOooo
gooooooooooooooogooooobooooboobooborbb0bbobooboobooo



000000 QOooooooOoooooo

T T
/ Eyle J7 rAaduy 1qg — —/ e "D A (¢, 5) (13)
t t

00000000000 100 StieltjesDOO00DO0O0O0OO
o000(1)ODoooooooooooooood)yooooooooooooo
000000000000 %0 (4)00 Ornstein-Uhlenbeck 0 0000000000
3)0o 0000000000000 00000000000000000000
O00000oooo0o0o+«00oooTrooooooorg,)oooooooo
ooogo
D(t,T) = exp(Co(t, T) — Ci(t, T)y: — Ca(t, T)y;) (14)

0000(14)0000 Co(t,T)D Cy(¢,T)D Co(¢,T) 0000000

0:—J—fE%%gz+2mz@JU+2ﬁcﬁuT) (15)
0:—%a+5w—gg%£2+mq&JU+%ﬂL@Txaaﬂ (16)
0:—{a+5w?+gﬁ%£2+f§Lacquy+CﬂuTn (17)

000O00D0oooOoOn
Co(T,T) = C(T,T) = Cy(T, T) = 0 (18)

ggodoooooooobbobbbbbboodbbooodoooououoooooobon

Pelsser [1997] 000000000
v = \/K? + 202 (19)

gooao

F(t,T) = 20

(7 ) (’}/‘I—H)GQ’Y(T_t)—{—’Y—H ( )

a(t) = a+ Bt (21)

gooooooooooooooooooao

Co(t,T) = nT 1 (22)

) = T =y

T
a(u)
C\(t,T) = 2F(t, T 23
(0T) = 2P(T) [ (23)

2

Colt,T) = — /t {a(u)? + 03Cs(u, T) — 203w, T)}du (24)



0000 (23)0(24) 00000 O Kijima, Tanaka, and Wong [2009] 00000000
0000000000000000

ay{(y + r)e T — (y = k)e T — 25}
+0{(y = £)e 7T —yt) + (v + £)e T (1 + yt) = 2y(kT + 1)}

ant= 0+ R+ (= w0
(25)
2 3 43 _
cmum:-ﬂ%T—w—amT%4%—5(i3t>+“%“§T 2
2
L Rty ke P3G (L. T) (26)
2 27y V(v + k)T + (v — k)e(T-}
0000
G(t,T) = (v — k){®V’G1a(t,T) + 203vGou(t,T) + 3*Gsa(t, T)} (27)
+ ('7 + K){Q2V2Glb<t7 T) + 2(16’7G2b(t, T) + ﬁ2G3b(t7 T)}
0000G@ET)0000000000000000
Gra(t,T) = =T 4 4 — e T=0(3 4 24(T — 1)) (28)
Gu(t,T) = e 7T — 4 4 T=D(3 — 29(T — 1)) (29)

Goo(t,T) = T (1 —=AT) =21 =~y (t+T)) +e T (A =y (2 +T)++2(t*=T?)) (30)
Gop(t,T) = e T DA 4AT) =214+t +T)) + TV A +~(2t+T) +42(t* = T%)) (31)
Gaa(t, T) = —dyt(1 =4T) — & T=9(1 = 7T)?

A (T—1) 2042 2 2 3,3 3 (32)
+ e TV 4 29t — 7 (2t +T)+§7 (t° —T°))
Gap(t,T) = —4yt(1 +7T) + e 7T (1 44T
(33)
— AT = 231 = P28 4 T?) — S~ T9)
(2) 00D0DO0DOOOOD
00000(10)0000000000000000(2)0000000000
—pat
it 4) = 26 (34
Ag

O000000000000000 n(t;A)O0 Radon-NikodymO OO OOOOOOOO

dP

Bl =1 A) (35)

000000000 POOOOOOGirsanovd 00000

6



0000000oo0ooooS00oog yO
dy; = (—ﬁyt+paAay)dt+aythy (37)

oo0ooooooOoOooooooooog ywOo

~ T AO0.
ytzyt——p = (38)
K
000004)00
A = —rkBpdt + oy, dWY (39)

0000000
00000000 POOO /0000000000 E[]00000O0O(10)00
00o000000000000

5  A) ;
E.le~ Il (r—l—)\u)du/\sAs - E 77(3, A 6(#A—T)(S—t) exp (_/ /\udu) )\s
E J= Bl a4 ‘ |

= Ate(“A_r)(S_t)Et[exp (—/ )\udu) As]
t
goodooodgoon

E}Jexp (— /t 5 )\udu) A = —%Et[exp <— /t 5 Mm)] (41)

g0ooo@dynoooooooooooooo POOO0ODOOODOOODOOODOOO
O00000oooo@)ooo

(40)

A= (g +a+pt) = (g +a+ )’ (42)

ogaoo
PO ATy

a=a-+ (43)

godooooooooogodg ﬁDDDDDDDDDDDDDDDDD
T

Eilexp (—/ )\udu)]:F(t,T]&,ﬂt):exp(C’o(t,T)—Cl(t,T)gt—Cg(t,T)@f) (44)
t

000044)0000 Co(t, T)OC(¢,T)0 Co(t, T)OC,(+,7)000000000 a0
a0000000000000070
0000000 000000000000

T T
/ Eyle™ i rtdaduy A 1ds = — A, / a0 (¢, s|a, 7,) (45)
t t

6Radon-Nikodym 000000000000 Girsanov 0 D000000000000000000O
0000 [2007)00300000(3%) 0000000000 WAD W/ODO0000000000D0
Oooooooo

"Cy(t,7)000000 «000000000000000000000

7



0100 Stieltjes 000000 (45) 0000000000000 0O0O0OOOOO
gogobobobobbodgoooobobboooooooboboobobbo1goboboon
ggbbobuoooobbbuoogoon

(3) DO0DOOO0OO

()00 (13) 0 0000000000000 000 ) 00Dopoooooooo
gogbbboooob¢+=00000000000000

T T
Ble™ Lol en] = =D / e " d (0, Tl yo) + 540 / e, (0, 5/, o) (46)
0 0

gooooon
O00000000000000 [20100000000000000000

D=A4,=100, 6 =0.7, T =1, pa = 1%, 04 = 10%, o, = 10%, r = 1% (47)

D00000000000000000000000040000000a0000
0000000000000000000y000000000000000000
D00D00000yO0000000000000000000000000y,000
0D00000000000000000000000000000 4000000
(yo,a) = (—0.03,0.2) O (yo,) = (0.03,0.17)0 200000000000°0x000
00 x=0.1,1,5,100 4000000000p0 —100100000000(46)00
00100020000000000000000000000000000000
D000000000000000000Y0(46)0000200000000000
0000000000000000000

/T era3d 10, 5|, 7o) = eI, T|&, Jo)—1—(ra—r) /T eSS0, s|a, o )ds
0 0 (48)
O00p=00000p0 —100 10000000 46)000000000¢=0

000000000000 000 100000000 1(H)o0 yw=-0.03000000

S000000000000000000000000000D000D000D (450000000000
00000000000 0000 pa 0000000 0000000050000 A{1-T(¢,T|a,u:)}
ooooooo

D, Ao,0, T,y 000000 [2010000000000000,0000000000000 [2010] O
0,/20000000000,000000 [2010]0 04vA, 00000000000 [20100000000
00000000 hyDDDODOO RODOD 4%,3%000000000000000000M =4%0
00000 o, 0 10% 00000000000 @B)0D0000C00OO00O0O0O0UOOB=000000
yw+al0O0O0OOOODOOODOO OOOOODODOOOOOOOOOOOoDOooooooooooo
0000000 v0.04=020+10.03=20170000000000000y, =—0.030y, =0.030 2
goo0oooOd0oo0ooobOOo0oDO0D0bOoO0oDODbO00D «00obOoboooogooo

Poooo00D0000000 ROODDOOOO0O0O0OD0OD0D0DO00000000O integrate() OO
00000 adaptive quadrature 0 0000000000000

8



0120y =00300000000000000 [2010)00000000000O0O
gbobbuoodbibpd -1000000L0O00DLDLOOO0OO0DLODOO0OLbOOO p0b
ggobboboboogogobobbooooobbobbboudg sk0oooobbo
gogobbobobodogooobobboogoogoboobboooooobobooobo
gobobbbuoooubbbbily <0b000 0000000000y, >00
g x<0000D0000000O0DOODOO0O0O0O0OLOOODbOOO0O0oOobDbOOD
gogobbboogooobbobobbodoooboobb k0ObOo0oooooobo
goggbobbbbbbduooooooobobbobobbbbbobouoooobbobooo
ggobbbouooooobbobobbouoooobbob x0b0b0o0oooobbo
gogobbobobboooooobbobbooooooobobbooooooboon
000000000000000000 [201000000000000

01 00p000000000p=00
(1) yo = —0.03, a=02000 (2) yo=10.03, «=0.17000
{ ELy(p) ELo(p)

14
XXX X
10

[

B OROo

kttd

1.15
Il Il
1.3
Il

1.2
Il

1.1

B ORP O

|

x X X X
1.0

gooboooooooooboobooooobpoooobDOoOobODbObOOoOooopO
oooobogg=0010000000000001000D0DObOOOOODOOD
g2000dbooboogbobuodgbobogbooolbooobooobooonobogn
gogogoosoobobbobooboobd

(4) DDODODOOmOOOOOODOOOO

ggobboobobbouogoogobobbtboooooobbobbouoooonon
gboobooboboobooboobboobooboobboobooboon
gobboooobbooobboooobboodobbbdmubbboogn
ggboboboogobooboooooobobn

gbgobmdbDOOO0OOO

Bl(e” "L picrery|G] = Y mCaD™ T (=8)" Ele ™ VAN ficrery |Gl (49)
n=0

9



02 00 p0000dOoOooogg=0.010
(1) yo = —0.03, « =02000 (2) yo =0.03, a=0.17000
ELo(p)

1.5

1 ELo(p)

1.4
o

= aR o

o

f144

1.1 12 13

1.0

—— k=0.
A k=1
—— k=5
—>— K=1

oooooooAyODDoOO0O0O0

dA? = 1% ATt + no g APAW, (50)
0ooo
0000000000000 .
olt A = A 52)

00000000000000 n(t;A") 0 Radon-Nikodym OO OO OO OO0D00OO0
P™ O
dpP™
dP g,
000000000000000 /0000000000 E™[ 000000000
oooOo P™OoOOOOO

=n(t; A") (53)

WAD WA _ gt WH — WY ot (54)

ggbboboogbbbuoooobobooobbbo

n npo Ao n npo Ao
%)=w———;l,cﬁ)=a+—j;ﬁ, (55)

DDDDDygn)DDDDDDDDDDDD Ornstein-Uhlenbeck DO OO0 000000
goon

A= (" + o™ 4 pt)? (56)
Oooooooooooo P®ooooooooon

T
E™fexp (— / Audu)J — Tt T, i) (57)
t

10



0000000
(4900000000

T
Ele™™ " DA f1rery |G = Liany / Eyfe I (mrtduy A7 ds (58)
t

O00000000ooooooooooGl)oooooooooo

E, [67 IZ (mr+)\u)du>\sA?] — Et[MAgLe(uE:),mr)(sft)ef I )\udu/\s]
n(t; Am) (59)
ys—1) OL (¢, sla™), yt(n))

0s

000000000 4)UooooooopooooomOO0ODOOOOODOOOOO
PMO000O0O0D0D0D0DDODO 100 Stieltjes 100000000 00000O0OOO
gobbbdodt¢t=00020000000

= A?e(/i;")_mT)(S—t)Et(n) [6_ ftS )\udu/\s] _ _A?e(ugn)_mr

T

T
Ele L) 1rery) = — D2/ e 2°d,1(0, s|av, yo) + 25A0D/ A72%d, 1 (0, (@, o)
0

0
T
i (52143/ e(2,uA72r+oi)sdsr(07 S|Oé(2),y[()2))
0
(60)
gdooooooooouood

Var[e_”LTl{TST}] = E[G_QTTLE:[{TST}] - (E[G_TTLT]_{TST}])Q (61)

O0000000ooooo (e0)d((46) 00 000DO0ODOODOO0OO0DOODOOOOOO
gogobobooogooon \/V&r[e*"TLfl{TST}]DDDDDDDDDDDDDD
0200000000000 (61)00000000000O0DO0O0OOOOOOOOO
subbugboobobooooobooobooobooobboobobbboobn
Us00dobbbobbbodooooobbbbbooooooboboobobbobooboobo
ggobbbboooooobbobbbuooooobbobouooooobbobo
O00000000000000000000000D 0100000000000

4 OU00O00OO0oOooobooobooboobd

0000000000000 00 (b)000000000 yyOODODOODODODOOO
oooooo0 mA0O000DOOCOO0OO0ODOO0OD pODOOOOODDOOOODOO
gogobbobobbboobobbooooooooboooboood pgbbbo
gobbobooodgbbbodo

11



03 00 p00d000dO0O0OOoOOoOoOonOg=0.010
(1) yo = —0.03, « =0.2000 (2) yo =0.03, a=0.17000
0LO(P) ULO(P)

[

= aR o

o

XX XX
(I TR

f/

(1) 0ODOOoOO0O0O0OoDOooOOUOOooOoogoooDo

o0t¢tooooooooboOoTo0bobobyOOODOODOD MA,DOODOO

g T PIy0A T
covy(yr,In Ar) = O'yUA/ e ’S)pds =21 - e ’t)) (62)
; K
000020 A, 00000

T
COVt(ZJ%J In AT) = 2)00'y0'Ayte_H(T_t)/ e—H(T—s)ds
t

(63)
20,0 TI(1 = T
B K
oooooooooOoooooboboo 0000000 mA,000000
covy(Ar, In Ap) = covy(y> + 2(a + BT )yr, In Ap)
~ 2p0,04(1 — e T D) a + BT + ye -0} (64)

K

ggob
ooooooo axyooogo

var[Ar] = cove(y7 + 2(a + BT)yr, vy + 2(a + BT)yr)
= var[y7] + 4(a + BT)*var,[yr] + 4(o + BT )covi(yr, y7)

goboobbooggn

T o2(1 — €—2H(T—t)
var[yr] = UZ/ e 2 =9 g5 = i o )
t

12



T
COVt(yTW%) = 2yt€n(Tt)g'§/ 6*2H(Tfs)d8
t

0.5(1 _ 672R(T7t))ytefn(Tft)

K

T
vary[yy] = 4{%6_“@_”}205/ o 26(T=5) Jg
t

_ 202(1 _ Q_QH(T_t))yfe_ZH(T_t)

K

goooog

202(1 _672I{(T7t) o+ BT + efﬁ(Tft) 2
] = 278 o 9T 4 7 )

goon
O00000 mA,DOD0O

T
var[ln Ar| = ai/ ds = o%(T —t) (66)
t

000000 (64)0(65)0(66) 00000000000 Ay0000000 lnAdp00
god«tgoagag

COVt()\T, In AT)
v/ vary[Ar]y/var[In Ar]

corry(Ar,In Ap) =

67
. 2p(1 — eﬂ'ﬁ(T—t)) o+ BT + yte—fc(T—t) ( )
V26(T — t)(1 — e=2:T-0) | + ST + yrer(T=1)|
goooooo
(67) 0000000000000 00000O0ODOO
a+ BT + ye T > 0 (63)

ooo0obobooobodpibOobobOOobOOobbOOOObDpOObOODODObODbOOn
b t=000 a+yUoooboobooooooobobobbooooobo
gbobbogobbbdbbuoodbbuoodubbuoddp<obbboobboon
gogbobobuoooobbbooooobobooooboboooon

(2) ODDODDOOOOOOOOO0O0

00 (670000000 +000000000000000000oooooOt=o00
gbbogboboobodboobboobboobobooboboobogboobboo
O00¢«>00000000000000000O00O0OOODOOOO

0000 y00(4)00 Ornstein-Uhlenbeck 000000000000 O0OODOO
ggobbobobbougogoobbobobodooooobbooooooooboo

13



Jdodogogoogoodg ,ODDDDDDDDDDDDDDDDDDDDD(68)DDD
godgooodg
yt<—(a+5T)e’£(T_t) (69)

ggooobod

000000000000000000000000 p000O0OODO (69000
by dodobooboogbodoogbgoodooouoodoodn &, e,000
0000000000 E9) 0000000000000 00000Doooooooo
ggbooood

000000000 p< 000000009 D000000000ODO0OO0O0O0O0O
gogobbbobbooooooobobobobbooooobboobbbooooooooboon
gooobooooboboo0yw+ae+pt0ooooooboobobbooooogon
o000 y+ao+pt000000000O0ODOOOODOOODOOO MODOODOODOO
gobbobboogoooobobbbuooooooobbooooooooboobooon
ggobbbbodooogobbbbbuooooobbobobouooooobboobo
gogobbbbouogoogobbbobboooooobbobbooooooboon
gobobooood

5 U

gbbogbuodboodgbbuooobooobbuogbobooobboobboo
O00000000000000000000000 [2010)00000000000OO
gbobo2bobgoboooobooboooboboboboboobobobo
ggobbooboboooogobobobbooooooboobboooooobobooobo
gogobbbobogogogobbobbodooooboobbooooooboooo
gobbobooobbbooooboo

000000b0000ob 3goboogbobooobboobobbbuooooooboo
gogobboobobooooooobobbbooooooboobbooooooobooo
gogobbbbodooooobbbbbouooooobbbbbbooooooobbo
gbooobobboobodbuoobobb0obd Runge-Kuttal OO OO OOQooOO
gogboboobooooboboooon

ggbobobbbuooooobbbbbouoooobbobbbooooooboo
gogobbobobbouooooobboboooooobooboooooobooo
gogobobooboboogooooboobobboooooboobboooooobobooobo
goggbobbbboooogoobbbbbbouoooobbbob1oobobbo
ggbbobuog200bbobuooooboobbboooobbbuoooobn

14



OO0 0O00o00ooboouboubooobodgod

gbbogooogn ﬁDDDDDDDDDDDDDDDDDD(36)DDDDDD
000»00000000000000 PYO00000O000D0O00000OO00
(h4)000000000DOOODOOO

00 1. (52) 00 n(t; A") 0 Radon-Nikodym 0 0000000000 P™OOOO
DoG4ooooooo wA™ow!™ooooooooooooon

0o0. (2000
Ay = Agelra=oa/Dttoawd (A-1)

000000((B3)000

dpm  Ape it
P A

_ e—nQUit/Q—‘rnaAWtA (A—2)

00000000 P™MOOOD W ™ooooooooooo
evatA(n) = F dP(n) vatA(n)
-l ap

noa—v)3t/2 — e11215/2

— e*HQUit/QE[enUAWtA*“WzAJF”"UAt]

B (A-3)

—n202t/24vnoat

=e el

0000000000 PWooo0w/™”0000000000000000000
000000 O0PMOOOD W™ooooooooooo

dP™

E(”) [e_thy(n)] _ E[d—Pe_v(Wty_npUAt)] _ e_n2a.»24t/2+vanAtE[enUAWtA_thy] (A—4)

goooooooo
Eno Wi —oW}!] =0, var[no, W7 — oW}] = n?o’4t + v*t — 2pno 4t (A-5)

goodod
E[enUAWtA—thy]

— engait/2+v2t/2—pnaAvt (A—6)
0000(A4)000000

™ [ewwﬂn)] — /2 (A-7)
0000000000 PWO0D0W!™0000000000000000000 O

gooo ﬁDDDDDDDDDDDDDDDD(36)DDDDDDDDDDDDD1
Urn=100000000000

15



Ooon

gbooboobo@mobooboobobobo@mobooob2o00rd

gobobooooomobobobooboboobobooboboobobooon
gooclRO00O0bOO0O0oOO0bDOooogoDmooboobooooboobogo
O0O00b0oobOn No.2010-J-100 2010 O

Ahn, Dong-Hyun, Robert F. Dittmar, and A. Ronald Gallant, “Quadratic Term Struc-
ture Models: Theory and Evidence,” Review of Financial Studies, 15(1), 2002, pp.
243-288.

Duffie, Darrell and Jun Liu, “Floating-Fixed Credit Spreads,” Financial Analysts Jour-
nal, 57(3), 2001, pp. 76-87.

Kijima, Masaaki, Keiichi Tanaka, and Tony Wong, “A multi-quality model of interest
rates,” Quantitative Finance, 9(2), 2009, pp. 133-145.

McNeil, Alexander J., Ridiger Frey, and Paul Embrechts, Quantitative Risk Manage-

ment: Concepts, Techniques, and Tools, Princeton University Press, 2005.

Pelsser, Antoon, “A Tractable Yield-Curve Model That Guarantees Positive Interest
Rates,” Review of Derivatives Research, 1(3), 1997, pp. 269-284.

16



	quadDPSJ表紙



