Jobooooooooooooooon
Jobogobooboobood

g gd

oooobood

gooooobogn
gooobon
goooon

0o2200
0] 20100






gooobooboboooooooboboboooooooobooboboboboooooono
ubooobobooobooobooboobbobboboboobooboooboooboonoon
gooooooboobobobobooooboooooobobooooboobobobobOoboon
gbooobooboopoooobooboobooboobboobooboobooboooooon
gboobbooboboobbooboobuoobobobobooboobooobooboboobn
gboooooboo
goobobooboobooooobobooooobobooobooobooobbobDobobboogd vaRg
googoboooboobboboboobooboobooboobooboobobbooboo
ubooboboooboboobobooboobobooooobobooboboobooboo
gooooboobobobooooooooboboboboboooobooboboboboon
uboobooooogoo
googbobobooooooobobobobooooooobooboboboooooonoo
gbooobooobooboobooboobobobboboboobooboobobobooonoon
gooobobobooobobobooooboboboooboboovaROOOOoOooOOO
gboooboobbobobooboobobboobooboobooboobboob2000
OO0 2007020080 000000000000 0DO0ODO0O0ODOODOODOOOODOO CDO
O collateralized debt obligation0 D 0 00000000000 0OOODOOOOOODOOOOO
go0ooo0obOoOoooOobooOoO0oboOobDoOOoOobO0UobODOoUoDboboOoooooo ecbood
gboboooobooooooboboobooboobooo
gboooboooboobooobooobooboobooboobooobooboobbon
gboooooobogobobobobobooooooooboobobobOoboboboon
obooobooobooboobooboobobobbobobooooboobobooboboonoon
gboboboooboobobobobobooobobobooboboOo vaROOOOOODOOO
gbooobgoobobbobobooboobooboobooboobooboboobboono
ubooboobouoobooboobuooboobooboobooboobobobobonon
gooobooobooboobboobobooboobbooboobbobbobobooo
ubbooboobbooboobbooboobboobooboooooonooo
gooobooboboooooobobobobooooooobooboboboooobooono
ubobooobooboobbooboobooboboobooonoo



guo

010 0OO00O00oOoooooooooboooboobooboobobong

1.1 OODOO ..
1.2 VaROOOOOOUOOOOOOoOOoOoooooo ..o oo oo,
1.3 VaROOOOOOOOOOOoooooO ...
1.3.1 I 0
1.3.2 I I
1.3.3 OO0OO .
1.3.4 VaROOUOOOOOOOoooooooooogo ..o oo

14 obobobobobo veaRODODOODODODODODODOD

1.4.1 I P
1.4.2 I I
1.4.3 I
1.5 OO
1.A gobodgboobooooooaobooobuoaoboaooog ..
1.B ogobobobobobobobobuobo vaROoboboobog ..o

020 00OO0O0bObOo0oboobbooboobbooboo

2.1 OO0 ..
2.2 OODOO .
221 OO000O000 ...
222 I
2.2.3 I I
224 gobodgbooobgoobooooogoobooaooog .
2.2.5 I I 0
2.2.6 I
2.2.7 I
2.3 I
231 OOD0O0O0 o
2.3.2 tO0O0O0 ..o
24 I
24.1 I 0
24.2 I I
24.3 00000000 .o
244 I

© © = ot

12
15
18
20
20
24
30
34
36
37



24.5 I 64

2.5 I 0 66
25.1 I I I 66
2.5.2 I P 67
2.5.3 I I 0 P 71

2.6 00000000 CDOOODN ... e e e 73
2.6.1 1000000000000 ... 0000 oo b 73
2.6.2 OO0OCDOODODODO ... e 74
2.6.3 OO0oOoOoOooOocbognoooooogonO ..o, 75
2.6.4 goooooooboo cbooboooooboooooooobog . 78
2.6.5 cboooOopooOoooOoOooooooooooooog ... 80
2.6.6 gooooooooooocbooboooooooboono . 82

2.7 I 84
2.7.1 I I P 84
2.7.2 I P 85
2.7.3 £ 0 85

2.8 OO 86

2.A 200000000000000000000 + .« .o oo oo oo 88
2.A1 200000000000000 .+ ..o oo oo 88
2.A2 2000000000¢0000 ... 0000 oo oo 90

2.B td0000 double-t OODODOOODO ... oo o v oot n o 90

2.C goboobooooboobooobooboooon c e o s o 91

30 ODUO0O0OD0ObObODbODbDO vaR 93

3.1 OOOO .. e 93

3.2 OO0000O000O0OEL. ..o s 95
3.2.1 I 95
3.2.2 OOtOOEL .. ..o 96
3.2.3 O0<¢«(00 ELOODOODOODOODOO0 ..o oo .. 97
3.24 O0OOD0O0OEL . ... 100

3.3 O0O0DO0OD0ODO VaRO UL ... 000 102
3.3.1 VaROOOOOOOOOO ... 102
3.3.2 I 103
3.3.3 /2 I 104
3.3.4 I P 104
3.3.5 O0O0DbO0bObO0OELDULOOOO o000 oo oo 106

3.4 OO 107

3.A I 0 108
3.A.1 I I I 108
3.A2 I I P 110
3.A3 I I 1 P 110
3.A4 I 1 P 111

ii



3.B
3.C
3.D

go+«tooooogooog ...

gobooboooobooboooobooboooog oo oo
N I

40 O0OOO0O0OOO0OOOOOOOO0bO0OO0

4.1

4.2

4.3
4.3.1
4.3.2
4.3.3
4.3.4
4.3.5

4.4
4.4.1
4.4.2
4.4.3
4.44
4.4.5
4.4.6

4.5

4.A
4.A.1
4.A.2

4.B

4.C
4.C.1
4.C.2

4.D

oo

0o

goog

I
gobooboooobooboooboo
gopoooooooog ...
goboooboooboboooooon
goooooog oo
gobooboooboboooobooon
b nObOoooooabod
I
2000000000000 &+ ..
gobooboooboboobooon
goooooo ..o
gbobobobobobooboo

O .
O .

ugobod»m00000000000 o000 oo oo

I

o o

gobooboooobooboooooboonDog oo oo s

goboogboooooooog ..
gopoooooooooo ...

gobooobooooboooboooobouomooboooooog oL
I PR

20000004000 ... ..
gobooooooog oL
200000000000000000

iii

117
117
120
122
122
123
124
126
128
128
129
130
131
133
134
136
138
139
139
140
141
145
145
146
148

153

155

156



HRpN

gooobooboboooooooboboboooooooobooboboboboooooono
ubooobobooobooobooboobbobboboboobooboooboooboonoon
gboooooooobooogoobooboboboboboboooobooobooboboboboboon
gboooobooobooobboobbopoobooboobooobooobbobbobobonon
gbboobboooboobuoobooboboobooboobuooboobooboobn
gbooobooboboobooboobooboobbobobooboobooboooboonoon
ubbooobooboobboobooboobobooon
goooboobDoboobooooooooboboooboboboovaRooobooog
ubooobobooobobooooboboboooboboooieuonoonooobogon
oooooboobooooooobobooooooobooooobobog vaRoooooboogoo
uboooboooboobooboooboooboobooboobooobbobbonobonoon
goboobooboobooboobooboobooboobooob2e000b00booonbobn
oboobooooo vaROoOoooooooooooooboooogvaROOoooooo
O0000000000000000000099%09.9%0000000000000000
gboooobooboobbooboo
gboogboooboobooboobboobbobboboobooboobboobbon
googobooobooboobooboobooboobbooboboooboobobboooboo
gobooboooboooo vaROOUODOOOOODOOODOODOOODOODOOOODOOODO
gobooogoboooboooooboooboobooooboooooboobobobooboobon
gboooboooboobooboobooboobbobboooboobooboboboonoon
gooooooobobobobooboooboboboboboooooooboobOobobn
ubobooobobobooobobooobobobooboboobobobooboboonoo
gboobuogbooboobooboobbobbooboobuooboobuoobaann
gboooboooboobobobboobobobooboobooboobobbobbono
ubboobuogbboobuoobbooboobbooboay
gl1g0boobooboboooboobuobooboboboobooboboobooo varRbO O
uboooboboobooboooboooboboobobooboobooboooboboooobonoon
[2001a,b,c, 20022 0000 00000000000 O0OOOUOOOOOOOO()OD0ODOOOO
0000(R2)000000000000000@B)D0000000O04)00000000DO 40
gobooooooooobbboboooboboooboobooooobooovaROODODODOO
O000o00O00O00o0o0ooO0oooU0oU0DO0OoOooOooDooOoo()o@)ooooooo
000000000000 0000O0O0M) 00 VaROOOOOOOOOOOOOODODOOO
000000000000 [2002b)00000000OO0OOOOOOOOOOOOOOODO
gboooboooboooboooboobooobooboobooboooboobobooboonon
0000000 [2002b]000000000000O0O0O0O0O0O0OOO0OODODO Yamai and



Yoshiba 2005|000 000000000000O00O0O0O0OO00DOOOOO0OO0OOOOO
O00000O000000000000000C0O000000C0CO0000O00OOOO0O0O0
O000000000000000000 VvaROOOOOOO0O0O0000000000000
0000000000000 0000000D00D0000000D0DO0D0O00000

0200000 1000000000000000000000000000O00C0O0O00O0O
00000000000 000000D000000000D0000 [2005]00000(1)0
0000000000000 (R)00000000000000000000O000O005000
O00000000000000000000000100000000000000000A0
00000000000002007020080000000000000000000 [2010]0
O0000oo000000000000000000000000000000O00O000A0
O00000000000000000000000C0COOOOoOoOoOO0O000000O00 Cbo
O collateralized debt obligation0 0O OO OOOOOOOO

0300000000 II0 Basel Committee on Banking Supervision [2005a]00 00000
0000000 [200700002%20000000000000000000000000000
O000000000000000000000000000000000000O0O000A0
00000000000 0000000000000000000000000O00O0000
O00000000000000 VaROOOOOOO0O0O00000000000000000
0000000000000 VaROOOOOOOOO0OO0OO0O000000

04000003000000000 I00000000000000O00000000A0
O000000O0O0000000C0O0s3000000000000O00000O0O0OOOOO
0000000000000 00D000D000D00D0000 [2010,2011)0000300000
O0000oo0oO000000o0O00O0000b0O0oO00000bO0OO0O0000OOOO0O0O
O00000000000000000000000000000O000O000O0O00O0O00
O0000000000000000000000000000000000000000A0
O00000000000000000000000000000 200000000000
O00000ooood

0000000000000 0000O00O0O0

U010 gbobobobobobobobobobobobobob

000000000 [200la), 000000 OOODOOODOOOOOOOOOOOOOOOO
gob—-gooobooobooboooogbooobooboobobooo—-0ooooobooon 20
gob 2000336800

O00O0O000o0O0 [2001b), 000000000000 OOOOOOOOOOOOOOO—
gobooobobooobuoo—-0oooobbobb 2000000 200053-9300

000000000 [200lc], DOOO0OOODODOOOOOOOOOO—VaROOOOODOO
gbobobob0o—-0oobooboob 200000 2000913100

000000000 [2002a, 0000000000000 O0O0O00OO0OO0OOOOOOOO0O0O
Journal of the Operations Research Society of JapanD O 450 00 4 0 00 490-506 O O

‘00000 [2001a,b,c, 2002b] 0000000 DO0 Yamai and Yoshiba [2002a,b,c,d] 00 O O
000000000 Yamashita and Yoshiba [2007]0
00000 [201000000000000 Yamashita and Yoshiba [2010]0)

2



000000000 [2002b,00000000000000C0000O0O0OOOOOOOOOO
obooboboboboooooboooooooooobonobobogo 210b 0D
02000111-17000

Yamai, Yasuhiro and Toshinao Yoshiba [2002a], “On the Validity of Value-at-Risk: Com-
parative Analysis with Expected Shortfall,” Monetary and Economic Studies, 20(1),
pp. 57-86.

Yamai, Yasuhiro and Toshinao Yoshiba [2002b], “Comparative Analyses of Expected Short-
fall and VaR: Their Estimation Error, Decomposition, and Optimization,” Monetary
and Economic Studies, 20(1), pp. 87-122.

Yamai, Yasuhiro and Toshinao Yoshiba [2002¢]|, “Comparative Analyses of Expected Short-
fall and VaR (2): Expected Utility Maximization and Tail Risk,” Monetary and Eco-
nomic Studies, 20(2), pp. 95-115.

Yamai, Yasuhiro and Toshinao Yoshiba [2002d], “Comparative Analyses of Expected Short-
fall and VaR (3): Their Validity under Market Stress,” Monetary and Economic Studies,
20(3), pp. 181-237.

Yamai, Yasuhiro and Toshinao Yoshiba [2005], “Value-at-risk versus expected shortfall: A
practical perspective,” Journal of Banking € Finance, 29(4), pp. 997-1005.

020 00Ooooobooboobobobobobobobono

000000000 [2005,0000000000000000O0O0O0COOOOOOOOOO
02400000 2000115-16200

00000000000O000 (2010, 0000000000000 O0OOOOOOOOOO
gbobobobobooooooobo 29000 30008912200

O30 0booooouoboooog vaR

000000000 [2007, 0000000000000 0O0OO0OOO0UOOO ELO UL
goboonooobooog 200000 2000103-13600

Yamashita, Satoshi and Toshinao Yoshiba [2007], “Analytical solutions for expected and
unexpected losses with an additional loan,” IMES Discussion Paper Series No. 2007-
E-21.

040 O0ODOOO0ODOOODDOODOODOD

000000000 [2010, 0000000000000 O0OO0OOOCOOOOOOOOOOOO
OoCIROO0000DDODDOOOOOOOMIMES Discussion Paper Series No.2010-J-100

000000000 [2011),0200000000000000000000DODOOO00OOO
oboobOobobooboooob s0b01bo0didi-17o0



Yamashita, Satoshi and Toshinao Yoshiba [2010], “Analytical Solution for Expected Loss
of a Collateralized Loan: A Square-root Intensity Process Negatively Correlated with
Collateral Value,” IMES Discussion Paper Series No. 2010-E-10.



10 botgtubtotdbbotbbootdbotdgtd
Juoboguooguod

godoooooooobbboobboooobobobooouooonbbvaRd Value-at-Riskd
0000000000000 0000000D000000000ODOOoOoOoOoOOO [2002a];
Yamai and Yoshiba [2005|00 000000 4000000000000000000 [2001a,b,c,
2002bj000O0O0OOOOO

gbobgoooooboboob vooooobobgoooobobbooboobobo
oooooood vaROOOOODOOOOOOOODOODOOOODbOODOLODOOODO
ubboobogboobbooboday

godoboboooboooboobooobbooobooobooovaRODbODOoooooog
goo0ooOoOoooOOO0O0O0O00O0O0OO0OO0O0OO0OOOOOOOOOO(Q)DODODODODOOO
00(()000000000000000@B)U0U0OULO000M)DL0DO00OUOU 400
gbo0vaROOOOOOOOOODOOOOOOOODOOObOOOOOobOOobOobooOOobOoDO
O0000oooo0ooooooo@)o@ooooooooo0ooooooooooooOoooo
()00 VaROOODDOOOOODOOOOOODOOOOOOO

gbooboobooboogboobuoobooboobboboboobobboobbob
gboooboooboobooboobooboboboobobooboobboboboobobooonoo
gobOvVaROOOODODOOOOOODOOODOOO0ODOO0O0ODOO00OO0O VaROOOODOOOOOO
00000000 (1)0bo00oo0o000Uo00DUOo00DU0DUDoOOo0DLOoOOoUoLOoOOoOOD
ubooobooboooboobooboobooboobooboobbobboboboonon
gboooooooobooogoobobobobobobooooooobobobobobooon
goooboboooboobobobooboboobovaROOOOoboooobooboooobobo
goboobobbooboooboboobooobooboooobooboooobooooobon
VaROOODOOOOooOooooboobobobobobobobobobobo

1.1 000040

gbooboobooobooobooboooboobooboboobobobobooboobbon
gooooooboobobobooobooboboboboooooooboboboboboon
ubboomobooboooboobmoobbooboobboooooobbooboonboon
obooboboobooooooooooooooooooooooo

O000000Markowitz [1952)|0 0 0000000000000 O00OOOOOOOOOOO
gbogboooboobbobboobobobooboobooboobooboooboobn
000o000ooo000ooo0o0oooo0o()oooooooooUooOOooUoD
0000000 (@)Dooo0o0oooooOooooOoOOOOOODOOOOOOOOOOOO



ooooo0o@)0oooo0oooooooooooooooOooOOOODOOOODOOOOO
uboooboooboobboboobooboobooboooboooboobobooboboonoon
vboboodgboboobobuoobobouobobobooboboooboboooobob
gbooboobooboobbooboobboooboobobooobooboon
gbooogboooooboobooboboboboboboboboboboooooooon
gooobooooboobobuobouooobogboobobobboooooDobDobDOobUOyvar
0000000000000000000'0
gbobgoooboboobooovooobooooooboboooobobooobobo
Oooooooo vaROODODOVaROODOOODODOOODOOOODODOODOODODOOOO
gboobooboobbobbobooboboboobooboobobobboboboobn
0000000000000 000O0000000D00000 1001 —a)%0 VaROOOODO
gooobobobooooooobooboboboooooboboobooooooboobobn
000000000000000 100%0000000000000000VaROO0O0O0
0D000000000000000000000000020
goboobooboooogoboooboobooboobobboobobo veaROODOODODO
Artzner et ol. [1997,1999] 0 00 0000000000000 0OO0OOOOOOOOOOOVaR
gboooooooobooobogoobooboboboooooooboooboobooboobboboboon
obooobooooboobobbooooboooboovaROOoDoooboooooobooo
O0000000O0OD0ODOODOOArtzner et al. [1997,1999) 00 VaRO OO OOOOOOO
00000000000000000000000000000003%00000000000
obobooob vaROOOODOOOOODOOO0ODOODOOO0ODOO0OOO0ODOO0O0ObOOobOO0000
gbogbooboboobooboboobooooobuooboboobuoobbobobo
oboooboboboobobvaROObOOobOOOoOoobOOobOoOOoooDoboboooooDon
gbobooobooboooooboobooobooboooo
00000 [2001a,b,ec] D0OOO0ODO VaROOOOOOOOOOOODOOODOOOOOO
00000000000000000000000U0000000U0UOO0O0 [2001a,b,e] O
O000000000000000 [20022)000000000O0O00O0OOOOODOOOODO
gboooboobOdvaRODODODOOOOODOOOODODOOOOODOODOODOODOOO0ODOO
00000000000000000000000000000000000000@) 0O
00000000 ()Uoo000ooO0o00boooOO0@B)UoboooooDOoo)Dooooo
obo400000VvVaROOOOOOOOOOODODOOOOODODOODODUODODODODODO
uboobooooboogoon
000(l)000000000000oo00o0o00oUooO00DULooOOoOoUOoOOoUOD
gbooobooobooobboobbobpoboobooboobooobooobbobboboobonoon
gooooooboobobobooboooooooboboobobooooboboboboboon
O0VaROOOOOOOOOO0O0OO0O0O0O00O000O00O0O00000O [2002bj 00000
00000000000 Yamai and Yoshiba [2005]0 0000000000000 O00O0OOO

1|][lDD[l[lDD[lDD[lDD|:|DD|:|DDDDDDDDDDDDDDDDDDDDDDDS&fetyﬁrstrule
0 Roy [1952]000 0 000 Konno and Yamazaki [1991|000 0000000000 000000 Fishburn [1977]0
gooogoooog

‘000000000 VaROOOOOODOOOODO0OO00O0D000000000000000000000000
0000000 Froot and Stein [1998] 0 0O 0O O

3 Artzner et al. [1997, 1999] O 0 “tail conditional expectation” 00000000

6



oog

goooooooboooobobobobor2ogb vaROOoOoboboooooogoog
0000001300000 00000000O0O0O000D0OOODOODODObODODOOO(Y)O
000000000 ()ooUoooo0ooUoooo@ooooUoooo@d)ooooo
ooo0o400000 VaROOOOOOOoOoOOoooobooooooboboobobobooobo
gooobooboooboobooboobooboobooobbooboboobboobbooobo
gbobogoobooboooobooobgooooboboobooobobobooobOobb1400
ooobbooobooobooooobboooobooOobooobboobovaRODOOOOoDOOOO
gbooobooobooobboobboboboo21000boo00booobooosgbbonoonon
O00COoO0O0OO0O0O0OoOooooooooOoOoOls0000000O00000O0OoOOlA
obobobobobobobobooooboooooobobobobUobUolBOODOOOO
gbooboooobooooooooo0o vaROOOOOOO0OOOOOOO

1.2 VaRUOUOUOUOUOUOOUOOoOooooooooobon

goboooooooboooobboooo veaRODDOOOOOOOODOOOODODOO
ubobooboooboooooo

gboooooobooboobt=00000000D0DOODOODODODOOt=TO00O0ODOO
gbobooobooboboobooobobooboo 1booboobobboboobgon
gboobboobooboobodgbooboobooboobobooboboboboonoon
gooobobbob=00000 —000ob0oooobobobooboboboobooon
booobooobooobooobboboobbobboobooobooobooboobonoon
gbobooobooboobooboobooobo

O0000000000000000 200000000 100(1 —a)%0 VAaROOOOOO
oboooood

00 1.1 (VaR). VaROOOOOOOOOOOOOOOOOOOODOODOOOOO
VaR.(Z) = inf{z| Pr[Z < 2] > a} (1.1)

0000 1001 —a)%0 VaRO MO OOOOO0Ooo0o 1001 —a)% 000000000
Ut=000¢+=T000000000000O0O00DO00DOO0OOOOOOODOODO0ODOO0OO0
O00D0O000 100c%0000000000000000000000OOODOOOO

0000000 1001l — )0 00000000000000O0DO00O0O0OO

00 1.2 (00000000C0CODO).000000000000000 VaRODOOOODODODOO
oboobooboooobooboooooooooooon

ES.(Z) = E[Z|Z > VaR4(Z)] (1.2)

0000 100(l-)%0000000000000000000000000000O0O0O VaR
ubobooboobbooboobbooboboobooobooboooboon

ggbbogubbooboouoboooobooobobboboboobobboobbooon
goboobbooboobooboobooboboobooobobboboobbooboooobogon



O000000000000D0000000000 VaROOOOD0OOO0000VaRL(Z) = gao0
000 ¢ 0000000000 100%000000000000000040

ES.(Z) = E[Z|Z > VaRu(Z)]

1 o0 42 o _VaRa(X)?
= / te 20'2dt: [ 202
aoV 21 JvaR.(2) a2 (1.3)
_aa
e 2
= ——0
o/ 2T

goboo0bobooboobooooboooboo vaROOooooooboobooobooo
ooboobbogoo vaROOOOOoooDobooooboobooboobobooooooobo
oobooboogo vaROODOOOODOOOODODODOOOOODOOODOODOODODODODO
gooobooboboooooobobobobobooooooboboboboboon
googooo

Artzner et al. [1997,1999|0 0 0000000000000 0O0OOO0OOOOOOOOOO
oooooobobovaROOOobobooobooboobobobooboobooboobobooooobo
gbboobuoobbooboobbooboobbooobooboooon

00 1.3(000000). 00000 p(Z2)D0000000000OcoherentD00OO0OO
4A00000000000000

1. 00 O 0 monotonicity[ll Z; < Zo 00 0O p(Z1) < p(Z2)0
2. 000000 positive homogeneity[ D O O0O0O0O00 ANOOOO p(AZ) = Ap(2)0

3. 00000000 translation equivarianced 00000000 cO0000 p(Z +¢) =
p(Z) + cO

4. 0000 O subadditivity[D p(Z) + Za) < p(Z1) + p(Za)0

VaROOOUOOoOOooooooooobouoooboooooooobobobouobobooooo
ubboobooboobbooboobboobooobbooobooan
0000000000 200000000000Kusuoka [2001]000000 1100000
gboobooobooboobobooboobboobooooboo

00 1.1 (0000000000000 00). 00000 p(2)000000b0Oo0ooooooo

1. 000000law invarianced 000 2000000 4,0 200000000000
000p(Z) =p(Z,) 0000

2. 0000000 comonotonic additivity[MO 00 2000000 Z;0 Z, 000 OO comono-
tone0 000000 p(Z1+ Z2) =p(Z1)+p(Z2) 0000

‘0000000 Y% O00D000000000000000000000267000000000000
00 9%.6%00000 VaROOOOOO

5 Artzner et al. [1997, 1999] 0 000 000 0 O O translation invarianced 0 00 00 0 0 0 O ‘invariance’ O
O0000000000000000 ‘equivariance’ 0000000000000 O00O0O0OO0OOOOOOOO
0000000000000000000 “cash invariance” 0000000



020000000000000000 p(Z)0[0,1]0000000000O0O0 convex distortion
measure] D(-) 00000

1
p2) = | P i) (1.4)

00000000000 F Y(v)0 Z0OOOO0O0O0000000F Yu) =VaR,_(Z)00
0oooo

goooooooboboboboooooooooboobooboobobobobooooooo
O00000000000000 11000000 D(HOOODDODOOODOO

D(u) = émax(u —(1—-w),0) (1.5)

DO00O0VaROOOOOOODDOO0000000000000 D(-)000 D(u) =1y a1 (u)
00000(1.4) 00000000 Tsukahara [2009) 0 00000 1000000000000
0000000000000000000000000

1.3 VvVaRUOUUOUOUOUOOoooooooobooo

000000000000 VaROOOOOOOOOOOO0OO0O()ODoOoooooooooo
00((@)000000000o0oO0oO0o00O0@)UooooOooo0ooUoUoUO0@)ODooooo
gboboooooooboooob

goboobbooboboboobooboboboobooovaROoooooooboooobooog
ugbboobuoobboobuoobbooboo

1.3.1 000000000
(1) 00000000

gboboooboboooovaROOOOOOOObOobOOoobovaROOooooooogoo
000000o0obooooooooovaRODODODODOOODOOoDOOoOooooDooooooooo
0 0 Committee on the Global Financial System [2000|00000000000000000O
goooooooooooooobboooooooobb0ooooooDobbo0oooooo
O00000000000000 [200lc] 0000000000000 0OOOOOOODOOOO
goooooobooboboboboooooobooobooboboooooboboboboboon
ygoooobbobobbtbodddooooooboboobobobbbotddoooo oo o
O00000000000000000 [200lc)]000000O0O0DOOOOODOOODODOOOO
0o0o0ooooovaROODODOOOO0DOOoDO0ooDbOooooooobooboooooooo
ygooooboobbbbodoooooon

e VaROUDUODOUODODODUODUODODOODODODOODODOooOoooooooooo
gbobobobobobobo1l1ocoooooooooooooooooon

e JJDO0OODODODODOODODOUOOLODOUDODOLODUODODDLODODOD
obobob200000o0oooooooooogonDg



O 1.1: vaROOOOOOooooo
ooooooo A

oon oo
80 98.0%
—20 0.9%
-30 0.2%
—100 0.9%

gobooboboooboobooboobobooboboooobobOovaROoboooog
ooboobobobooboobboooboo vaROobboboobooobobooobooboobo
gboobbooobobobooboobobbooboobogboabo 200000000
gboboooooooooooooooooooobooooboobong

gobodvaROODOOODOOOODOOOODOODOOODOOODOOODOOODOObOOODLOO

(2) VaROOOOOOOODODOOOO

VaROOOODODOOOOOooOOooboooooooooobobooool11o00000o0
00000 AOODDOO

0000000 AQODQOUOODOOOOOD (8%)000oosouuooooooooooooo
000000000000 0000oo0U00o0o0o00ooooo0 AD0YNY%COOOO
VaROOOOOOOOoOooooooooobobob200b0b0oboboooboonoason
VaROODOODOOOOOoODOO 100 ,0000000000000VaROODOOOOOOO
obobovaROOODOOOODOOOOOOOOOOOOOOODOOOOOObOOOO

Oob0 VaRODOOOOOVaROOOOOOODODOODODOOO0O00O00bO00b0000b00
googboooboobooboboobboboobooboobobooboboolg2
ugboboobooan

(3) ODOODU0DUDUOOOODOOODODOUUODOODODODOO

goooodoobooooobo vaROOOOO0OOOOO0ODOOOOODODOOOODODOOVaR
00000000000 0000000000000D0DO Acerbi and Tasche [2002) 0 OO
00000 1100000000 AQ099% 000000000000000000O00O0O 100
googoooob10bbgob ,oo0o0oboobooboobooobobooboo 00000
ugbboobogboobbooboobboobooboo

goboobooboobooboobuoobooboobboobobobobooboobon
ubooobooooboobb2b000b000bo0boobbooooboboobboboboonon
gbooboobooboobo

O0O000OO0OO00bDOOoOob 120000 2000000D000ADBOOOODOD
gbooooooooboobobo200b0b0b0ob00o0o0ooobOobO0bobOobOobn
00000 AOBOODODODOOOOODOODOOOOODOODOOOODOOOOOODOOO
gooobooobob BObOObOOOOODOOOOOODODOOOOODOODOOODODO

10



012 00000000000000000000000000
0000000 A OOOOOOOB

oon oo oono oo
2.95 50.000% 0.95 50.000%
—2.05 49.000%  —0.05 49.000%
—47.05  1.000% —7.05 0.457%
—77.05  0.543%

013: 0000000 AOBO VaRODODOOOOOOOOO
OO000OO0O0OD0OA OODOOOOOB

VaR 47.05 7.05
oboooooooon 47.05 45.05

gboooooooboooboobooboboboboboboboobooooooooobDooboonD B
gboogooboobooobobod

0000000 AOBO 9% 00000 VaROOODOOOOOOOODODOOOOOOO 1.3
0000 VaROOOOOOODODDDODOOOODDOOOO0O00ODO AOOODOOOOODOOOOO
gooooobooogvaROOOO0OOOO0OODODODOOOODOODOObOOO0OOODObObO
gbooobooboobooobo

(4) ODOODOROOOOOOOODODO

gobodobooooopbobobobobobooooooobuoboboboboobooon
uboooobooboobooboboboboobl1oood 00000000000 n > 20
gbooooooooooooooo140000000

00 1.4 (nO000000O0O0O0OO). nO0O00O0O0OO0DOOO0ODOOOOO0 KOOODOOOD
ODn000000000000000O0O0O0O0OOO%

LPM, x(Z) = E[{max(Z — K,0)}"] = /K Oo(u — K)"dF(u) (1.6)

nO00000000000n 2220000000 n00000O000O0O0O00O0O0O0OODO0O0O0O0O
0ooo0ooooooooooooooooooooooo oo ooooooooao
014000 1200000000 A0BOOOOOODOODODOODOOOO 200000
00000000 K=100O0Oo0ooooooooooooooobooooooooooooo
O0A0ODOODOODOOODOOOOOO0ODOOOD200000000000000O0O0O00OO
0000000000000 0000000BOODOOODOODODOODDODODOOOOOOO
goooooooooooooooooooooobooooooooooooooooo
oo ooooboboooooon
SP()0D00D0O0O0ODO0

11



0140000000 A0BOOODOOOOOOODOO 20000000000
0000000 A OOoOoOooooB

20000000000 21.75 31.56
gopbooooooon 47.05 45.05

1.3.2 OD0O0U0ooooooooon
(1) 0DOoOoUOooOOoUOoOoOUooOoUoOoo

l.1o000bobogoooboobobooobooobbooobooobbooonDboo
ugbooboooboobooboobooboobooboboobobooboobooboboonon
goooboobooboobooboobooboobbooboooobobbobbooonoo
uboboobooogboboobooboobon

gooobobooooooobooboboboooooooobobobobooooono
0000000 [200lc) D00D0DOO0OO0OOOOOOO0OOOOOOOOOOOOOOOOD
bobooooooooooooooooooooooobooobooboooboonDo

00000 [200lc)0 0000000000000 OOO0OOO0OODOO0ODOOOOOD
gboobogbuoobuooboobooboobbobbooboobobbobbonon
gbooobooboobooboobooboobboboboboobobobbobbono
0000000000000 0000000000OFishburn [1977]0 0000000000
gooobooobooboobbooboboboboboobobboobbobboobooo
00000000 [200lc] DOO0OVaROOOOOOOOODODOOOOOOODODOOODODOOO
vbooooooboooooooooooooooooog

e VaROUODUODOODODODOODOODOODODODODODODOODODOOO00ooooooooo
gbobobobobobobob11oboooooooooooooooooo

e 00D ODOODUODOOUODLODUODLODUDODLOUODODODLOUODbODbDOODOD
gobooob20ob0ooboboobooobboobooon

gobooobobooobooboob vaRODODODUODOOOOODOODODODOODODOO
ubooboooboaoo

(2) VaROOOOOOOODDOOOOOOOO

O000D0 [200la) DO0OVaROOOOOOOOOOODOOOOOODOODOOOOOODOOO
oooobobobooodgvaRODOOOOOODOOOODOODODODOODUODOODODODODO
goooooobdvaRODODOOOOOODOOOODOODOOOODODOOOOODODOO
00 00000 [200la) D00000C00OOOOO

gbooobooobooobobobooboobboboboobooboboobooboobbon
gooooooboobobobooooooooboobobobobooobooboboboboon
uboboobooboooboooboboobbooboboooobbooboooonb 10001500
000400000000000000000COOO0OOODOOO0O00 w(W)=WmWOOO

12



015 VaROODOOOOOOoOoooooooogo
gobobob o0obob oboooooo ooo

Ooo0ooO0oOd A 1 4.75% 4.00% 10%
oooboob B 1 0.75% 0.50% 10%
gooooo 100 5.50% 5.00% 10%
oood 1 0.25% 0.00% —

000000 9%%0 VaROOOOODOOOODOOOUOODO0OOU0oOooooooooooo
ooooooo4b0b0boooooooooobobobobobooooooDobobobobon
gbboobodabod

01600(1)00000000O0O00O0ODOO0O(()VaROOOOOOOOOOOGB) OO
oooobbobooobooboobbooo3sboboboooobooboobbooboobon
googobooobooboboboobooboobbobboboboooboboobooboonoo
oboobooboooboooboovaROOO0OOO0OO0DOO0ODO0OOO0O0ODLDO00ODbO0ODO0
000000000 AODDOO0ODOO0UODOD74%-201%00000000000000000
0000000000000 00000000O0O00DO00 A0DBOOOOOODO O07.4% -
49%000000

gobooboooooobooogbi1bo0vaRODOO0OOoOoooboOovaROOOooog
vboboboobuooboboobobuoobobobobobooobooboboobobo
gbooboobobooboobboobooboo

gob0oooboooobooobooboooogob vaROODODODOOODOODODODOO
googobooobooboobooboobooboobboobooboobobooboobooon
ubooooobooboobooooo

OoboOod vaROOOOODOOODOODOODVeROOOOOOOOOOODOOODO
ooboobooobooboobooobobovaRODOOOOODLOOODODOOOODOOVARODOO
gboooooogoboboboobooooboobobobobobooboooobobobobn
ooooboobobobobogbovaROOODooooooboobooboooooobobo
gbobobooobobbobooooboboboboobooovaROOO0ooooobOooOO
gbooooboooboobobobbobooboobobobboboobobobbobboonoo
gooooboooogvaRO00OO0O0O0OO00O0OO0DOOOOO0ODOO0ODOO0ObOOO0OOOOOob0ObO
Ubooboooooboobg vaRbO 20000000000000O0O0VaRODOODODOOO
uboboooooobooooo

O0oooo vaROODOOODOOOODOOOOODOOOOOODOOO0OOOOooLODOO
0000000000000 0000000O00000000000000000000 [20014a)]
goboobooobooboobooboobooooobooobooboboobooboobooboboobo
00000000000000000000000000000070000000000000

‘D000000000000000000000000000000000000000000000000
goboboooooooobooobooooooooooobooooobobooooOoOoobooooDbbOOoOoDboOonDoOo
goooooboooocoooobooooboooooooooooobooobooooOo0obooobooooooobboOobbo
ggjobooooooooooboooooobooooooooboboobooooOoOboOoooobooboOooooooDobo
gbooooooooooobooboooooboooooooboOoooOooobOOoOobOoOobOOoOobOboOobOOOoOooOOoOoDoboO
gobobooooooooooobooooobooooooooobOoOooboooOooOoOooboooDbOoOoOoDOboOoboo

13



U le0booobooooooobooon

oooo VvaROOOOD

oooboooboo

0oooo
00000 o0OoO0000A 7.4% 20.1% 2.9%
000000 B 0.0% 0.0% 2.0%
ooooon 92.6% 79.9% 95.1%
0ooo 0.0% 0.0% 0.0%
00000 VaR 3.35 3.00 2.75
0000000000 5.26 14.35 3.50
oy FEEE
FIFEELTL (ER)

|

/

B a—hor—ILIZE /’

5% -

0%

VaRIZ& D) REE (BEER)

BUYRVEE(RR)

-15

U lil:000b0boo0oboooboo

14

FiErgi



0000000000000000000000000000000Basak and Shapiro [2001]
00000000000 0000000000000000000000000000000
0000000000080

1.3.3 0000
(1) 0000000

ob13b0400000000000000000000O0O0OODODODODODODO
gbooobooobooboboboboobobobonoooobobooboobbobooboonon
ugbbogobooboboobobodoboobbooboobbooboobboobooab

gbogoobooboooboobooobooobo

00 1.5 (00). 00000 p(2)00000000000000000000 202000
000000 0<A<1000XA00000pAZ;+ (1—MN)2Z) < Ap(Z1)+ (1—A)p(Zy) O
0000000000

gboboooooooooooobobobobobooobobobobobooboboo
gbobooubogboboboboboouobuoboboooboboooobobobooban
gboooboooboobooboobooboobbobooboobobobbobboono
gbboobuoobbooboobbooboobbod

000000000000000000000000000000°000000000 1.3
20000000 100000000 bboobobooboobooooooboooboonon
0000000000 O0000 [200lc 00000000 OOOOOOOOOO 10000
gbooobooobooobbobbooooboobooboooboooboboobbobnoboonon
gooobobvaROOOODOOOO0OODOOOOO10000000O00O0O00O0O0ODO0O0O 20
gboogoobooboobbooboobbooboobooobooboonoobo

(2) VaROOUOOOOOOOOOOODOOOOOODOO

VaROOOOOODODOODOOoOOOoOooOooooooobooooooboobg vaROO
oobooboooooooboboooboonbo vaROOOOoooobooooboooobooo
OO000O0O000O0OO0O0b0OO0O0O0DOO00DOO0DOEmbrechts, McNeil and Straumann
20010 0000000000000 00O0O0C0OO0ODO0O0UCO0O0ODOOUOO0OODOO
O0O0OVaRODODOOOODOOO0OO0000000Y000000000000000t000000

goboboooooobooooooooboa

8BasakandShapirO[2001]l:lDDDDDDDDl:l[lDDDDDDDDDDDDDDDDDDDDDDDDDD
goboooobbooooooooooobooooooOoobOoOoOooboboOoooOoOoOoOobOOoOobOOOobObOOOOboOo
O0o0U00oU0o0oo0oUo0oU0obDOoU0Oo0oOoUOoULOO0OUDOUOO0OD 20018000

‘00000000000000000000000000000000000000000000000000
gobobocooobooooobooooobooooooooooobooooocooooOooobOoobOoOoOoobooOoOoooon
000000000ooooooooooooO0000000000000000000000Embrechts, McNeil
and Straumann [2001] O Example 7 00 0 00O

YOopoooDoO0O00100000000000000 f(z)DO0D0D0O0O0 ¢() 0000

o) = Lo (L)

o o2

gobooooooooon

15



O 17 VaROOOODOOOOOoOog
oo oo ooooooo

A B A+B
1 98.0% 80 80 160
2 09% —20 —-100 —120
3 02% =30 =30 —60
4 09% —100 —20 —120

obobooobobooobuobobooobobbobooboDoobDUoob vaROOOODOO
uod

(3) VaROOOOOOOOODODOOO

gooooboooooooooooboobboooboovaROODODODOODOOODOOO
oboooooooovaROODOOOODODODODODODODOOODLDOOO11D0O0O0O0OO
00000 ADOCOOO 7O000O0DOOOCOOOOBOOOODOCOD

0000000 AD099% 00000 VaRO 3000000000000000BOOOOO
0000000000000 0.9%0 100000 2000000 0.2%0 3000030000000
99%00000 VaRO 3000 0000000000000 A0DBOODODOODODOODOOOO
A+BOOUOOOO0OOOODOOOD A+BOOOOO 1.8%0 120000 2004000000
000099%00000 VaRO 1200000000

120 = VaR(A+ B) > VaR(A) + VaR(B) = 30 + 30 = 60 (1.7)

000000000o0ooooooig
000000000000000000000000000000000000O000000
000000000000000000000000000000000000000000
0VaROOOODODODO0OO00000D00000000000D00000 [2001a] 000 Artzner
et al. [1997, 1999] O 0 0O OO

00000000 VaROOOODOOOOOOODODO0OO0OO000000O00000000000
0000000000000000000000000VaROO00000000000000
00000000Mausser and Rosen [1998] 0000 000000000000000000
0000 VaROOOODOOOO0OOO0O0000000000 VaROOOOOO0OO0O0O00000
00000000VaROOOODOODOO0OO0OD0O0OO0O0O0O00D00D00000000000

(4) DOOODOOOOOOOOOOO

00000000000000000000000000000 Acerbi, Nordio and Sirtori
[2001]; Acerbi and Tasche [2002] O 00020

N0poOo0D0000000020000000A0C0D 40BO00000000000000000000O0
0oooo40000000000 2000000000000000000O0O0O0O0O0O0ODODO

0000000000000 00D000D000000D VaRODOODOOOOOO000000oQgog
gobobooooooboooboooboooobobooboobooobooooDboo

16



0000000000000000000000000 Acerbi, Nordio and Sirtori [2001] O
obobooboobooboobooboboobobooboobo

1
aE[Xl{XEVaRa(X)}] (1.8)

To =

uobdbz, 0000 XOOOOOOooOOooobooooo20000000000000DO0
b0 Xpoyoooooooooo Z=X+Y0OUooooooboboboooboooooo
bbby 0z, U0z, 00000000

Za < To + Yo (1.9)

gboboobooboobbooboobooon

{ Lz>vara(2)) = Lix>vara ()} S0 i X 2 VaRa(X) (1.10)

Liz>VaRa(2)} — Yx>vara(x)} =0 if X <VaR.(X)

00000 (Izsvara(2)} — Lixsvar. 0} (X — VaRa(X)) <000000000

a(Za — Ta — Ya) = ElZ1{z5vara(2)} — Xlix>vVara(x)} — Y 1{y>VaRra (v)}]
= E[X(1{z>vVaRa(2)} — Lix>vVara(x)}) Y (1{z>VaRa(2)} — L{y>VaRa(¥)})]
< VaRo(X)E[(1z>vara(2)} — H{x>VaRa(x)})] (1.11)
+VaRo(Y)E[(1{z>vara(2)} — L{y>VaRa(v)})]
=VaRy(X)(a—a)+ VaR,(Y)(a—a)=0

gbobooboobbooboobobooboobobon

() ODOOODOOODDODOOUDOOOODODOODOOOOOOODDO

gboooboooboobooobooboboobbobboobooboooil1obooobobon
gboooooooboooboobobobobobooboooooooboboboboboon
ubobooboobobooboobooboobooo

Rockafellar and Uryasev [200000 000 0000000000000 0OO00OODO0O0O0OOO
goooboooboobobobooboobooboobboobooboboobbobnoboonoon
gbobobodobgbobooobobobuobbobuooboboobobooboboobobo
googoboooboobobobooboobooboobooboobobobboboboonoo
boobobooboobooboobboboboobooboooboobooboboonon
gboobooooboooooooooooooooobooboooboboboobooboobOonbOb
Xp,..., X, 00000000000000000000 wbOODOO

F(w,ﬁ):(l—a)6+/---/(ZXiwi—ﬁ)+p(X1,X2,...,Xn)dxldxz.-.dxn (1.12)
=1

000000000000 00000000B000000000000 [2001b] OO0 OO0
Oooooboo g0 vaRODwOOOOOODOOODOOODOODOOOOODODOODOO

Bt =max(-,000000

17



O00e000000000p(Xy,X,,...,X,) 0000000 Xy,...,X, 000000000
0000000000000(1.12)00000000000000000000000000
000000000000000000000000000000(1.12)000000000
0000000000000000000%0000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000

1.3.4 VaRUOOUOOOOOOODOOOOODOOO

gboooo0O vVvaRODOOODOOOOOOO0OOo0ObOoobOoobooboobooobooooooDo
VaROOO4Oooooooooobooooooooboooobooobooooooooo
0000000000000 00000000O0O0000D0O00O00DODOOOOOD [2001b]
ooobooobooboogoo vaROODOOOOOOOOODOUOODODOODOODOODO
gobooboooooooboooboobooboogo vaROODOOOODOOOOOODOODO
gboooooooooooooooooooogooDg

gobodobovaRODOOODODOOOOOODODODOOOODODOOOOODOobOoOOoO
00000000 [2001b)0000000OO0OO0OO0OOOO0OOOOOOODOOOO

(1) VaROOOOOOOOOOOOOOOODOOOODOO

OO0OvVaROOOOOOOOOOOOOOODOOOODODODODODODODODOO
O0000000000000ONOO0O0O000000000 100(1 —a)%00000 VaRO
0000000000000000000000000000UDOO0OStuart and Ord [1994],
pp.356-358 0 0 0 00

1 a(l —a)
UVaRa(X):f(VaRa(X)) N
O000f(x)0D000000D0OOOOOOOOOO

ggobobobbdooooobobbbtbooooobD 1o bbb ooooo
O (Acerbi and Tasche [2002], Proposition 3.10000000000000000000O00O0O
00000000 [2001bj]D00000O00O0O0O0OOO VaROODODOOOOOOOODOOODO
yogodooobon

(1.13)

(2) ODOODODUODOOOODODOOODOOOOO

00000 [200b] 00000000000 OCOCOOOOOOOOOOOOOODOOOOO
ob0o vaROOUODOODOOOODOODOODOODOODUODODOObOODOODODOO
gboogbooobouooboobooboobooboobooboobbobobooboann
oboooooooboooog zooooooo

B[] = exp {_ (é)a |a|d} (1.14)

MO0pDUOOoODUO0D0O0DU0O00D000000000000000000 Andersson et ol. [2001) 0000

18



018 00000000 VaROOOOOODOOOoooooooboobooboboooooo
gbooaoo

goog gooog goobooo booobooooboo

000 () 0000 () (c)=(b)/(a) (95%)
20 2.30 0.12 0.05  [2.09, 2.54]
2.62 0.14 0.05  [2.36, 2.90]
Lo 2.57 0.20 008  [2.25,3.03]
3.94 3.68 093  [2.70, 7.02]
s 5.41 1.08 020  [3.81, 8.00]
15.16 89.50 591  [6.31, 37.93]
15.53 4.63 0.30  [9.09, 26.85]
181.77 8,653.26 4761  [19.63, 351.63]

oboboobobb0obe=2000000a=1000000000000000a0O 2
oo1gooooooboooooooboooobbooooooooooooooogvaRboOO
0000000000000 000000000O0DOO0OO0=0000 /JoOo0oooooo

0000000 VaROODOUOUOUOOOODOOO0OU00ODO00O00O00000oooon 9%5%0
000000000000000000000000000D00000000 1.8000%00
000000000000 [2001b]000000 1800000 VaROOOOOOOOOODOO
gbooboobooobooon

018000000000000D0a=1100000000000 VaROOODODOOOO
0000000 1600047.61/030~16000000000000000000O00OO00OODO
uboooboooboooboobooobooobbobboobooboobooboooboonoon
oooobooooobooobooboboooboooobbooooooOvaROOooooDoOoO
ubooobooobooobbobooboooboobbobbooobooboobooobooonoon
gboboooobooboooooboooboob

gboooboooboobooobooboboobbobooboboobobobboboobDbon
gbooboboobboobboboboobooboobbobbobooboobobooboboonon
goooboooboobobobbobooboobobooboboboobobobboboboonoo
gbooboobboobbobooboboobbobbooboobooboobobboonon
googoboooboobboboboobobobobobooboboboobbobbobbooboo
O0000000000000000000000000O0O00000OOOO [2000bjOOOO
gobobooboboooboobooogbooobooooboobooooboobobooobbon
ubooboboooooobobooboooooboooboboobooboboobobooobogn
Uobooboooboob vaROODOODODOODODOODOODOODOODOOOOOOODOOODO
obobobobooooobobog vaROOooobooD 100000 0obobobooon
gobooboooboboooboobooboboobooobooboobooboob vaRODOO
gooboooboobobooboobo

0000000000000 Chambers, Mallows and Stuck [1976] 0000 Fortran 00000 COOODO
oooooooo

19



14 00000000000 vaROOOOOOOOOOOOOoooO
gd

0000000000 D0 OO0 multivariate extreme value theoryOO OO OO OO0O0O0O0OOO
000000 POT OO peaks-over-threshold methodO OO OO O VaROO OO OO OODODO
000000000000 0oooooooooooooooooooooooon

0000000 2000000000000000000000000020000000
00030000000000000000 2000000000000

141 0OO0O0OO0OOO0O0O0OOOOOO0O00

goooboooboobobooooobgoboobobobooooooboboboooooonoo
obooooooo0o vaROOOOOOOOOOOOOOOOOODOOOODO

(1) ooooooo

gbobobooobooboooooooboooooozobooooorb ZzoobobooOoOoO
000606 >00000000 7200000 my(Z2)=max(Z,/)000000Z06000
0000 p00000p=1-F(O)000000A00O0O0O0O0OO00O0O0O0DOZ—-A00O0O0
gboobooobooooboooooooorRObOobOobOobon

F(z) — F(0)

Fo(z)=Pr{Z—-60<=z|Z>0}= —F@)

<z (1.15)
0000000000000 0 FOOOOOODOOOOOOOOOOOOO Pickands-Balkema-
de Haan 00O 0000000000000 D0O0DOODOOO0O0O0D0000000G:,00
O0000o0oooooooiel’g

Gwm0:1—u+f-§rﬂé 2> 0 (1.16)
D00000A000D0DD00000Z>A0000 ZDOOOOOO my(Z2)000 Fp(x)
00000000000 00000000000 F,(»)00D0D00000000000000

Fn() % (1= F(6)Ge ol — 6) + F(8) =1 - p(1+ € Ov-1e 20 @an

oboooooob ¢buboobonobboebobpobobooboboobobUuD 1200
gboobuoobobuoobbeebboobboobbooobtdsoonboobboonbon
goooobooboi13gooao

0pooooooood Coles [2001); OO [20000 0000
Oooooe4£00000000000

20



0.98

0.96

0.92

0.9

0l2.00000000000DO0ODODOODODbODO

O0: 0000d0dddp=010000#=0000000000¢=10000

0.98

0.96

0.92

09 @

U113 000000000000000000O0O0O00OO0O0O0O0

O0: 0000000 p=01000060=000000¢=0250000

21



RIEMEE

Z,DH (£ ,=05, 0, =0.035)

ZDHFWEH(E, =01, 0,=005)

095 /

0.9

/ \ 0.1 0.15 0.2 BRE 0.25
VaR(Z,) VaR(Z;)

0140000000000

OO0. 0000000 p1=p,=0100006,=0,=050000

(2) ODOOUOOOODOOUOOOO

goobooooboboobobobob vaROODobooooooooooooooooo
uobobooobbooobobuooobboobbbooobbboobbbooboboboan
goooboobooboobooboobooboobooboobbobbobboonoo
ugbbooboaobood

00000200000 VaRO (1.17) 0000000000 0DOO0OO0OOOVaROODO
gobooboooboooobooobooboboobobooboboobooooboogb vaRODOO
gboboooobooooooooooooon

O000(1.17)00000000000000 VvaROOOOOOOOOOOOOODOOOOO
go2000000000000000D0 2104 0000000000000 00ODO0ODO
googoooboobogoboo

z—0
Fm(Z1)(33) =1-pi(1+&- Tl)_l/& (1.18)

Fniz(a) = 1= pa(1 +& - T2y 1/ (1.19)
O00DO0OD00O000 pr=p2=0.1000 601 =60,=0.000000 & =0.10& =0.5000
Uodobboe; =005000=0.0300000 14000000000000000O0O00O00¢0O
ggoooobooooooogd
0140000VaROOOOOODOODODDOOODOODOODOODObOOUOZ0bOo0obOon
00000 2;0000000000000000O0000ZOD000000000o00oO
00000000000000 9%%0 VaR0O Z:0 Z,000000000000000 Z,0
0000000 o00ooooboobooooovaROODOOooDoooOooDboooooooo
OvaROOOOOOOOOOOooooo

22



googboboboooooooboboboooooooobooboboboboooobooonoo
O0000000000O0McNeil 20000000000000 (1.17)000 VaROOOOODO
O00000000000000 ZO0O00O0O0 (1—a)0 VaRO VaR,(Z)ODOOOOVaROO
00000 (l-«)000000000000O (1.I7)O0O00oOo0oooooo

l—a~1l—pl+¢- VCLR"E_Z)_H)*@ (1.20)
00000VaROOOOO0O0000
N o P\¢
VaRa(Z)~9+€<<a> —1> (1.21)
00000000 (1-)000000000000 ES,(2)00000
ES.(Z) = E[Z|Z =2 VaRa(Z)]
= VaRo(Z)+ E[(Z — 0) — (VaRa(Z) — 0)|Z — 0 > VaRo(Z) — 0]
—VaRa(Z)+U+§'(Za_R2‘(Z)_9) (1.22)
_o—=£&0  VaR.(Z) _ o 1 /rpN\e
=T e = e () 1)

Oooo'to
0000(1.18)0(1.19 000000 2,02, 0000000000000000000000
000Z 000 200000000000 & >4 0000000000 (1-a)0 VaRO
000000000000000000 2,0 VaRO Z;0 VaROOOOOOOOO0OOO0OO
oooooo
VaRa(Z1) > VaRa(Z). (1.23)

00000006, =60p=p,=p000 (1.21)0000000000O0O0O0ODOOOOO

o1 - . & (/) -1
— > ooogd == | —— 1.24
00000 [2002b)0 000000000 p=0.1,00560000(1.24)000000Ry.r0
000000 9%%0 99%0 VaRO OO OO0000o0ooooo
0000000 (1-)0 0000000000000 00000000O00ODODO0O0O0OO
ygdoooobobobbbbodoooooooooobooood

ESo(Z1) > ESa(Z) (1.25)

00000006, =60p1=po=p000 (1.2)0000000000O0O0O0O0OOOODO

or 1G4 (14 (/)" - 1)/&
o; s DODEEs =70 (1 T ((pja) = 1)/51) (1.26)

00000 [2002b) 0000000000 p=10.1,0060000(1.26)00 Rgs0 OO0
00099%00000000000000000000000O0O000DO0ODO0O0O0UOOOO
goboboooboooobooboobogoboboovaROOOOOoOOOOOOODODO

183 0000 00 O Embrechts, Kliippelberg and Mikosch [1997] O Theorem 3.4.13, (e) 00000

23



gobooboobobooboboobbbooobbobboobog vaROOODOOOODOODO
000000000 00O00o00OO [200lcj00000O0O0OOO0OOOOOO
gboodbogbooboogbodobuoobooboobbobbobobooboobon
oboooooooooobobvaRbOboboooooooobooboboboboooo
gbboobooboobbooboooboonon

142 0000000O0DOOOOOOO
(1) 0D0OO0000O0

000000000000000000000¥0000200000000000000
D000000020000000 Z=(Z,%,)0000 6= (6,0,)00000000000
ooooo
M9, 0,)(Z1, Z2) = (max(Z1, 61), max(Zz, 02)) (1.27)
Ledford and Tawn [1996] 0 000000000000 copulad 02X000000000000
00000000000000000000000000 1.LAOOOOO0
1 1

Inu;’ lnus

C(u1,u2) = exp{—V (- )} (1.28)

0000V(z1,2) = [

o max{sz; ', (1—s)z,'}dH(s)D0O0OOHO [0,1]00000000

1 1
/ sdH (s) / (1— $)dH(s) = 1 (1.29)
0 0

O0000000O0OHeffernan [20000 0 0000000000020 00000000 bivariate
extreme value copulal 000 0000000000000O0O0O0O%0O
0002000000000000000000000000000000O0O000OO0
00000000020000000000000000000000000000O0000
O0020000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
000000000000000000000000000000%®00D0000o0oooooo
0oo0o00O0oooooo
00000000000000000000000000000000000000000
00000000000000000Gumbel copulad O O OO Gumbel [1960]; Tawn [1988];
Embrechts, McNeil and Straumann [2001]; McNeil [2000]; Longin and Solnik [2001]00

C(uy,uz) = exp{—[(—=Inuy)” + (— 1nu2)7]1/7} (1.30)

¥0pO0O00D000000000000Coles [2001] Ch.8; Kotz and Nadarajah [2000] Ch.3; McNeil [2000];
Resnick [1987] Ch.5 000000

NOpooDO000000000000000000000000000002000000000 F(z1,2:) O
O000000000000000 Fi(z), Fale:) 000000 C(Fi(z1), Fe(z2)) = F(z1,2,) 0000000
C(HO00O000D00000000 200000

200000000000 ¢t>000000C(u,u}) =C*w,u)0000000000000000000
O Joe [1997); OO [2008] O 0000

200000000000000000000000000000000000 Joe [1997]; Kotz and Nadarajah
[20000 0000

24



O00000@(128)00000vooooooooo
V(z,22) = (2 + 27 (1.31)

0000000000000 000000O00O(1) 000000 oooooooooOy =10
O00000000000000y=0000000000000((R) 00000000 y00O
00000000000000 200000000 Longin and Solnik [2001|00 000000
uboooboooboobbobobooboobobbobobobooobboboboboboonoon
gboobboobuooboobbooboboboobbobbooboobobboboboonon
00o0000000oo0U0o0o0oooOOo0Uoo0oo0O@.3)0o0oo 000D
ugbboobuoobbooboobbod

(2) DOOOOOOOO

gbooobooobooobooobooboobbobbooboboobooboboobbon
gboooooooboboboboboobooooooooooboobb200000000 FO
000000 (Z41,Z,) 0000000000 xOOOODODO

x = lim Pr{Z; > z|Z2 > 2z} (1.32)
z—zt

O000ztO0 FOOOOOOO
xJO0ODODOoOOooOooDooooooooooooooooooooooooooon
02000000000000000000000O0O0x=000000(4,Z)00000
0 O asymptotically independentt 0 D 00000000 >00000(4,%,) 000000
O asymptotically dependent( OO0 0 00O
x00(Z1,Z,) 00000000 Fz0F, 000000000 O0ODODODOO

X = h_}In1 Pl"{FZl (Zl) >u ’FZQ(ZQ) > ’LL} (1.33)

goon
_ IDPI‘{le(Zl)<u,FZZ(Z2)<U}
x(u) =2 - InPr{Fy, (Z1) < u}
DDDDDDDX:llLi_>rnlx(u)DDDDDDDDDDDDDDDDColeS,HeffernanandTawn
[1999]00
O002000000000000000000000000000000000 x(uw) O
gogooono

,for0<u<1 (1.34)

x(u)=x=2-V(1,1) (1.35)

goooooooooooonl yobooooooooooooooooooooooooo
00000000000 000 Ledford and Tawn [1996, 1997]; Coles, Heffernan and Tawn
1999|000 0000000000000 00O0ODO000ODOOO00DLDODO0OODODOO
O000000000O0x=0000000000000000000000uw<10 x(uw) > 00
0000000000000 0o00O0@.3) 00000 x(vwbwOODOOOOODOOooooo
gootudooboooudouoooouoouooooboooobooooouoon
ODddodododobooooooooboooooooooooooooooooooooon
goooooooooo

25



00000000000 Coles, Heffernan and Tawn [1999] 0 0000000000000
O00000000000000000000 xOOOOooo

X = lim y(u) (1.36)
u—1
goon ( ) |
_ 21nPr FZ1 Z1) > u
= -1 1.37
X(u) hlPl"{F‘Z1 (Zl) > u,FZQ(ZQ) > u} ( )
goon

y000000000000000000 vx=1000000000 -1<y<10000
000000000000000000000000000 y=00000

200000y, y00000000000000000000000000000 1.900
0000000000 00000000000 y=00000y0000000000000
0000000000000 00000000000 -1<y<100000000000
000000000000000000000000000000 y=1000000y00
000000000000000x000000000000000<x<10000000
00000000000 000000000
00000000000000x=2-2"7(y>1)0y=1000000000000 1.10
00000

019 00000 xOx00OO

oo oooo oooo

X x=0 x =0 0<x<1

X x=0 -l<x<1 x=1
0000000000 |0000000oU00U00 |Dooooooooo

gb: 00b00 yx=00000000000000O0O0O00

(3) ODOODOUOOooOooODoOoOoOoOO

Ledford and Tawn [1996, 1997]; Heffernan [2000) 0 0000 0000000000000 0O
D00000000000000000000000000000000000000000
D0000000000000

Heffernan (2000 00 0000000000000 0000000000000000O0O0O
000 20000000000000000

Doooooo

C(u,v) = @,(® Hu), 1 (v)) (1.38)

0000%,()00000p0200000000000000@Y()00000
000000000000000

gboooooboodab

1—e—(1—e )1 - 6_5“)>

1.39
1—e9 (1.39)

Clu,v) = —;m(

26



000000000000-1<p<1000x=000000000000000000 y=p
000000,00000000000000000000
0000000000000000y=x=000000000000000000000
0000000000D000002%0

0000000 (1.38)00 pO000000000000D0O00D0DOO(1.39)00 60000
0000000000000000000
000000200000000000000000 1100000000

0 110: 000Dogdo 2000000000

C(u,v) 0000 N %
= _9l/y

ggogg eXp{—(<_lnu)’Y + (_ h’l'l))fy)l/'y} Y 1000 2 2 1
y=o0oOOOOO (v>1)

oo (I)p(q)*l(u)’q)fl(v)) p=0000 0 p
p=+100000 (p#1)

0000 _%m(rw”—ﬁff?uﬂrMU s§=0000 0 0

B §=+oco00000

(4) 2000000000000O

0000020000000000 VaROOOOOOOOO0O000000000000000
0000020000000000000000000000000VaRO000000000
00200000000000000000000000000O0

00000000000000000000000000000000000000000
0000000000000000000000000000000000000D00000
0000000000000 000000000000000000000000o0o0oOo
00000000000000000000000000000000000000 VaROO
0000000000000 0000000000000aQ

D000 (1)0DD0000000000000000000000D0DDDD0D0O0O0O0000
000000000000000000000000000000000000000000
0000000000000 VaROOOOOOOO0O0000000200000000000
0000000000000000000000000000000000 VaROOOOOO
00000*%000000000000000000000000O000O0000O0O000O0
0000000000000000000000000000000000000000

0000000000000 D0D0DD0DD (1.17)0000000000000000000
00000000000000000000000000000000 pOO0O0OOOOO

B0oU00000000000000000000000000000000 xOx0000 Ledford and Tawn
[1996, 1997]; Coles, Heffernan and Tawn [1999]; Heffernan [2000] 00 O O

“O0OoU0000000000000000000000 0 generalized extreme value distributiond O 0O 0 O
00000000000 000 Hauksson et al. [2001]; Bouyé [2002) 0000000000 ODOOOOOOOO
000000 vaROOOOOOOOOOOOOOOOO0OO0OO0DOO0O0O0O0O00O0O00O0O0O000O00OODOOO0O
oo0o0oooooooooooooooodg

»OOO0U0000D00000000D0000000000000000D0000000D00oOoooong
oooooooo

27



oboooooooooooogog

O(x), r<® (1 -p)

F(z) = _ —1/¢
1-“1%%) /, >3 (1 p)

(1.40)

O000®()00D0D0000DO0000DDO® Y()000DDO00000Do000oooog
ooo
00000000000000000000000000000000000000 t00
00000000000000%00000000000000000000000O00O00O000
Ooo000000o0o0oOoooooo
00000(1.40)0000000000000000000000000000O00O00000
0000000VaROOOOOOO0OO0OO0OO000000D000000000000000000
0000000%000000020
0000000000000 VaROOODOODOOOO0O0OO0O00000000000200
00000000000000000000000000%®000000000000000
0<¢é<10000000000000
(140)0000000000000D0D002000000000000000000000 3
00000000000000000000000300000000000VaROOO00O
000000000 000o000
0000000000000000000Spearman00000ps00000000000
0o0*000000000000000020000000000000000000000
000000000000000000000000000000000000000000
ooo0o00ooooooo

cov(Fz,(Z1), Fz,(Z2))
Vvar[Fz, (Z1)]var[Fz,(Zs)]

gbbodbbodgbboobboobboobboobbod xxboooobooboooo
000000 100000000000000003%00 1.5a)00&6=05,0=1, ps =
0.5, p=0.10000000000000000O000O0O0000OO0O0O0 10000000000
O00000000000000000000099.5%000000000000000000

gooboobobooboobogbogbbdyxy>0, x=1000000000000DOO0O0O0
000000000000D00yx=0,y=000000000000000003%2000000
gbooobooobpbooboboobooboobooboobooboobooobooobooobon

%gpooon (1.16)00000000DO00O00O0DO0OD0OD0O0D0OO0O0O0DOO0DODODDOODOOOOO
gooboooooooboboboboo0bDobOoooDobOooO0boUooobDOobDOobOobOoooOoOvarOOoO
gooooooooooobobobobobobpoboDoooooooobob 1. BOODOO

NOo00000000000000000000000000000000000000000O0Oogaoag
Box-Miuller 000000000000 DOO0ODOO0ODDOODOOOO 200000

®ooooo [2002b) D00O00O00OU0OO0ODO0OUOOOOUOOOOOOOOOOODOOOOODOOOOOOO
gooooooooooobobobobobobooobooobooboboboboo

¥O0poooon [2002b) 000000000000 DO0OU0OOOOODOOOODOOO

3OI]I:II:I[I[I[I[I[I[I[I[I[IDJoe[1997}I]I]I]I]I]I]I]p.1477Table5.2[l[l[l[l[l[l

Sl QpoU0O0000000000000000000000000000000000000000000000
goboboboboboboboboyxyd yoboboooobobobobobobobobooooooboboOoo
000000000000 00U00O0o00O0O0oOUoOdOUdEmbrechts, McNeil and Straumann [2001] O O
g oo

2000000 0O x00 1100000

ps(Zl,ZQ) = (141)

28



1.000

0.999

0.998

0.997

0.996

0.995

15.0 250 35.0 45.0 55.0 65.0

() 0000 99.5%00000

0.980

0975

0970 |

0965

0.960

0955

0.950
4.0 45 5.0 5.5 6.0 6.5 7.0

(b)y 000D 95098%0 00

U ls5 00000000 0oobobobobbbotbdoouoooon
OO0. 00000000000 ¢E=05,0=1,p=010000010000000000O

goboboooboobooboboooooooboobooboooogg ps=0.5
ooooooooo

29



gobobooooobooboboooboboboboobooovaROOO0OooOooOoooDoDOo
gboooboooboobboboooboooboboobbobboooboobobboboboonoon
000000000000 000000 1.5(0bh) 0000000000000 0O0O0O 9098%0
000000000000000000000000 9%%0 VaROODODOOOOoooooo
00000000000000000%0VaRO00D00D0D0D000000000000000
0111000 1500000000 000000DO00O £€=0.1,0.25,05,0.750000000
00 ps=0.2,05,080000000000000 10000000000DO0O00ODOODO VaR
oogboooobobooobooboooboboooooboooboooooooobooboboboon
gboooboooboooboobooobooboobbobboobooboboboboboonon
gbboobuoobboobuoobboobuoobooobooboooon
O00000000000000000000000009%%00000 VaROOOOOOO
O00000000000000000&E=050ps=0800000 95%0 VaROODOOO
goooboooboobboboboobuooboobooboooboobbooobboooboo
gbooooooboobobobobobooooboogbvaRODOOO0OOoDbOobOOO0OO
goooooo
00000 11100000000 9%%0 VaROOOOOO0OOOOO0OO0O000 £€=0.25
000000000000000000000099%000 99.9%0 VaROO £€=0.7500
gbobogoobooboobbooboobboobooboooboobooon
O000oooooooobooooooooobooooooe=o500oooooOoOOO
oooobooboboboobooboboooobobgoboobbooboooobooogvaROO
0000000000000 000O000O000DO00O0O0ODOO0ODOOOOOOO [2001c]0
goooood

143 00O0OOO0O0O0OOOOOOn

gobooboobobbooboboboboobobobovaRbOOO0oOobooooboooo
gbobgoooboobobooboooo

1. 0boboboboboboboboboboboboOo0ovVaROODODOODODOD
gobobooobbooobboooboboobbooobobooobooobboon
gogboodgboooooan

2.00000000D0DO0O0VeROODOOOOODODODODODLODODODODODO
gboboboobooooboboooboboboobobobooboobobon
gobooooan

oooooooboboooobobbooboobooboobooboovaROooooooooO
gbobooobooboobooboobooboobobooboobobobo 20b00b00DO

1. 0goboooooooovaRODOOOoooooooooboooobboooooooog

¥0000 VaRODOOODODOODOODODO0ODO000000000000D000000D000000000
ooooO00000000ooO00o0o0o00oooooOODOO0000000000000O0O0D0O0O VaROODODODO
gbooooooooooo

30



O 11l: 00o0bo0o0oobo0oboooooobooo0obooboooobooD vaRO OO
OO000o0o0oDOoOoESOOOD

¢ (0000 ps | VaR(95%) VaR(99%) VaR(99.9%) ES(95%) ES(99%) ES(99.9%)

oo 0 2.971 5.165 8.748 4.357 6.715 10.670
goog 0.2 3.212 5.493 9.152 4.651 7.080 11.098
oo 0.2 3.261 5.709 9.784 4.804 7.454 11.897
ooog 0.2 3.245 6.080 11.426 5.069 8.381 14.566
goog 0.5 3.547 5.982 9.770 5.073 7.617 11.728
0.1 | 00O 0.5 3.594 6.463 11.425 5.416 8.575 14.027
ooog 0.5 3.601 7.024 13.184 5.766 9.653 16.500
goog 0.8 3.869 6.529 10.478 5.531 8.235 12.477
oo 0.8 3.851 7.236 13.207 6.005 9.792 16.399
ocooo 0.8 3.858 7.526 13.836 6.185 10.261 17.312
oood 1 3.993 7.703 14.219 6.352 10.502 17.613
oo 0 3.125 6.065 12.465 5.083 8.858 17.463
goog 0.2 3.369 6.403 12.914 5.387 9.248 17.927
oo 0.2 3.422 6.643 13.728 5.561 9.691 18.944
ooog 0.2 3.389 6.988 15.598 5.822 10.707 22.383
goog 0.5 3.711 6.934 13.600 5.831 9.843 18.659
0.25 | 00 0.5 3.747 7.455 15.861 6.214 10.998 21.830
oooo 0.5 3.720 7.979 18.086 6.566 12.284 25.647
goog 0.8 4.031 7.544 14.456 6.320 10.544 19.551
od 0.8 3.974 8.263 18.334 6.851 12.544 25.735
ooog 0.8 3.949 8.526 19.090 7.020 13.106 27.229
oood 1 4.071 8.735 19.778 7.206 13.454 27.837
oo 0 3.442 8.441 27.131 7.419 17.092 53.729
goog 0.2 3.684 8.812 27.657 7.742 17.527 94.353
oo 0.2 3.748 9.105 28.750 7.989 18.277 57.226
ooog 0.2 3.672 9.325 31.444 8.172 19.177 60.376
goog 0.5 4.031 9.407 28.422 8.224 18.232 55.300
0.5 (OO 0.5 4.052 9.988 31.896 8.736 20.062 62.854
ooog 0.5 3.947 10.332 34.770 8.993 21.384 67.848
goog 0.8 4.347 10.100 29.790 8.766 19.087 56.502
oo 0.8 4.211 10.798 36.249 9.459 22.322 71.084
ooog 0.8 4.119 10.888 36.572 9.518 22.757 72.817
oood 1 4.213 11.115 38.301 9.755 23.448 75.100
oo 0 3.847 12.654 68.724 14.106 45.232 232.931
goog 0.2 4.092 13.022 69.291 14.459 45.778 234.268
oo 0.2 4.157 13.465 71.011 15.131 48.589 255.050
ooog 0.2 4.028 13.288 73.602 14.429 45.581 224.180
goog 0.5 4.433 13.722 70.411 14.989 46.666 235.724
0.75 | OO 0.5 4.424 14.411 77.312 16.260 52.397 278.633
ooog 0.5 4.222 14.188 79.041 15.348 48.795 243.099
goog 0.8 4.737 14.512 72.461 15.578 47.691 237.134
oo 0.8 4.496 14.932 83.944 16.830 54.489 284.102
ooog 0.8 4.326 14.549 80.106 16.057 51.537 261.953
oood 1 4.373 14.720 83.395 16.517 53.579 275.707

OO0: 00000000 ¢00 1000000000000 0=1,p=0100000100
OO00o0O0O0O000ooOoOoOobD vaROOODOOOOODOOOODO

31



2.00000000DODOOVaRODOOOOOODOOODODODLODODODODODO
oooboboo

gboooooobooobooboboobbobobooobooobobooboobbOon
oog

(1) 000

000000000000000300000000000000018000000000
0000000000000 800019930 110 10020010 1002900000000
0350

(2) DO0OOOOOOO

00000000000000000000000000000000000000000
00000 0000000000000000000000000 1%, 2%, ..., 10%000
000000000000000000000000000000000000000095%0
00 99%00000 VaROOODOOODOOODOO0000000O

00000 [20026)000000000000000000000000 Yamai and Yoshiba
[2005)0000000000000000006000000000000000095000
000 VaRODO 1.12000000000000000000006000000000000
000000000000000000000000000000000000000000
000000000000000095000000 VaROOOOOOODOOO0O VaROODO
6000000000000 VaROOODOOO0O09 000000 VaROOOOOO0OOO
0ooooooooooon

0112 000000ooooooooooooooog vaR
gad goooo RN god 0o gogoad gooog

0 ooooo 0ObO0O 000 oo oo gogd
I3 0.080 0.737 0.685 0.430 0.177 0.646 0.862
VaR(95%) | 1.00% 0.43% 0.73% 0.77% 0.52% 0.84% 0.34%

Ub0: 00b000bO0o0obO0ob0oooo0ooboooboobo0oobooo019930 11010
020010 100 2900008000000

¥0poDOoDOO0OO0OD000O00D00000000000000000000000000000000000
godooooobooooooboooooooooooooooooboooooooooboooooooboboonoa
goooooooooooooooooooooooobbooooOoooobobboobOooooDbbuoboOoo
gobooooooooooooboooooobboooobooboooo

BO0OU0U0D0000000000000000000000000000000000000Dn0noooag
gobobodoooboooobooooooooboooooo0ooboooooboooobobOO0OobboOoboOoOoOobOOOoOoboo
gooogoo

%1400000000000000000000D00D00D0000000000000O00000O0OODOOO
O000000000000000000000D000D Coles [2001]00 4000000

32



(3) 200000000

gbd20000000 VvaROODODUOODODODOOOODOODODODODOODODOOO
gbooboobobooboobooobogosobboboobooobobobobooooboon
goooooooooboooooooboobooboboobobobobgobobonbo

O0000000000000000D00OLongin and Solnik 200100 0000000000
obobi142000000000200000000000000000DO0O0O0O0O0DOO
(1.17)000000000000000000000000000D00000O0DDO00%00
OOobooOoboOoooooooouoopUpb0o0b00b0OODbOOboboOnDogosnd
OO00D0O0O00b00100,000006,06,000000000000000DOO000O0~DOCOO
ubboobooboboooo

0000000 10%0000000005000000000000000% 000000
ubbooobooboobobo 13booooaooog

U113: 00000000000000000000020000000000000

0o y & o1 61 & o2 D)
opoooog (ooogo 1.2658 0.4088 0.0128 0.0084 0.7371 0.0030 0.0016
oopoooo |ogooo 1.3056 0.4088 0.0128 0.0084 0.4156 0.0046 0.0035
000000 |oooooo | 1.3316 0.4088 0.0128  0.0084 0.3256  0.0020 0.0028
oopoooo | og 1.3855 0.4088 0.0128 0.0084 0.4298 0.0051 0.0035
ooooo ooooo 1.2578 0.7371 0.0030 0.0016 0.4156 0.0046 0.0035
ooooo ooogoog | 1.56288 0.7371 0.0030 0.0016 0.3256 0.0020 0.0028
ooooo oo 1.3186 0.7371 0.0030 0.0016 0.4298 0.0051 0.0035
ooooo ooooog | 1.3120 0.4156 0.0046 0.0035 0.3256 0.0020 0.0028
ooooo oo 1.4267 0.4156 0.0046 0.0035 0.4298 0.0051 0.0035
opoooog (od 1.4364 0.3256 0.0020 0.0028 0.4298 0.0051 0.0035

gb: 0ob0oobobooboboboboobobooboboboob199dn 110 10
020010 100 2900008000000
oboooooboooobooboboooboboooog0 pr=p=0100000

gobooboboogovaROOOOOOODOOODOOOOODOODOOOOODObOOOOO
ooboobogl420000000 vaROODODOOODOOOOoooboobobDbOoDO
gbooobooobooobooboooboobbobbooboboobooboboboboobonoon
gbooooooobobobobooooooooboboooobobobobOoboon
gboooboooboobooboboboboboboobooboobooboboboooboooboon
vboboooboboboouboboobobbobuoboboboboobobodpst
gboooooooooooooboboboboobboobooooooDooDoLDobDUobLON
000000000000000000000000000000 (X;1,X;2)0i=1,...NO
00 VaROOOOOOODOO0OOOO0O0OO00O00O0000OO Yamai and Yoshiba [2005] O OO
0000000000000 N=100000000000 95%0 99%0 VaRoooO0O0O 1.14

’Opo0000000000000000000000000000000000000000000000Q
000000000000 00000000 Capéraa, Fougeres and Genest [1997) 00000000000
¥0O00O00000000 Longin and Solnik [2001]; Ledford and Tawn [1996] 000 00

33



0000000000000 0O0O0O0ODODDOOODDODO %%0 VaROODODOOOOOOOO
VaROOOOOOOOOOOOO VaROOOOOODOO0OO0O00O00000 95%0 VaRO OO
goooboboboooboboooooooboooboobobobooobovaROOOOoobOO0O0OO
0000000000000000000000000000000 99%0 VaROOOOO
ubbooobooboobon

U 114: 0000000000 VaR

an VaR (95%) VaR(99%)

oooo 0o 0000 |0000 0o oooo
0ooooo | 00000 2.337% 2.331%  2.257T% | 6.852% 6.958% = 7.041%
000ooO0do | 00000 2.464% 2.464%  2.408% | 6.573% 6.746%  7.002%
o0oooo | 000000 2.118% 2.133%  2.132% | 5.993% 6.094% = 6.270%
oooooo | o0 2.562% 2.551%  2.482% | 6.788% 7.015% = 7.298%
ooooo ooooo 1.161% 1.154% 1.111% | 3.427% 3.504%  3.570%
ooooo oooooo 0.844% 0.834%  0.811% | 2.442% 2.558%  2.677%
oooog oo 1.232%  1.220% 1.166% 3.692% 3.778% 3.850%
ooooo oooooo 1.043% 1.047% 1.035% | 2.497% 2.588% = 2.720%
oooog oo 1.455%  1.440% 1.395% 3.650% 3.802% 3.992%
oooooo |00 1.114% 1.114% 1.102% | 2.754% 2.882% = 3.037%

1.5 00

O0000000vVaROOOOOOUOOOOOOUOOOOOODOUOOODOOODOOOO(MUo
0000000 (R2)0D000000@B) U000 0D0L0L0O00D00LOD@4OOoODUooOoDOO
O0000VaROOOOODOOOODOOOOOOOO0OOOOOOOoDooOMmo@B)oooooo
obooooboobooo0o vaROOOUOOOOOODOOOOODOODOOOOODOOODO VaRO
0000000000000 00000000000@)O0O000O0O00000000OO0O
ooboobooooooboooobbog vaROOOOooOOooboobooboooooboo
gbobobooobooboobobobobooboboobo vaROOODOOODOODOO
googobooooobooboobooboobboobooboobooboobooonoo
g3gbboobobooobobboooobbobobooboobooboobooboboonon
VaROODOOOOOOoooovaROODOOOOOOOOooOOO0oooooooooogoo
uboboooooobooboood

gobooboboboooboooooobooboboboooooboboobobooooonoo
gbooooboooboooboboobbobpoboobobobbobobooboobbobbobnobonon
0000000000000 00000000000000O000O0OO0OBreitmeyer et al. [1999]
goboooobbooobobooobbooobbooooobobooobbooobob28b00b
gboobooooooooooooooo 28000 0bo0oboooooobooboooooooo

googboooboobooobooobooboboobooboobooboo200bO00
uboooboobooobobobob 1l1obobboboboobooboooboooboooboonoon

34



gboooooooobooobooobooboboboooooooobooobooboboboboboon
obooobooopoobooboboobooboboobboobooboobooobooobooonoon
googoboboobogobobvaROOOO0OOOOobOOoOOOOO0ODbOOOOODLOODbOODOO
oooobvaROUODOODOOODODOODODOOOOOODODOLODODOOOODLO
gooobobooboobooovaROOOO0OO0OOO0ODOOOOODOODbOOOODbDODbO
goooboooboobooboobooboobboobooooboobboobbooo
ubbooobooboobboobooboobbooboobooboobboobooboon
gbooooooobooboobobobobooooooooobooobooboboboboboon
obooboooovaROOOODOOOODOOOO
g20000000000000000000DO0DOO0ODOODOOOOOOOOOOODO
oboboboboboboboboooobooobobobobgD3sbgobpgovaRbOOO
gobooooobog vaROOOOOOOOOOOOOOOO0OO00ObO0bOOO0DbOo0DO0Oon
U0b0 vVaROOODODOOODOOOOOOOVaROOODOODOOOODODOObooOobooDo
bgboooooboboobobobooboboobooboobooboboboob3gn
gbooooooobooboboboboobooooooooooboobooboboobboboon
ubooobooobooooobobobooboboboobooboboouoooooooon
booboboooboboobobooboobobooboboboobobooboOobo
gbobooooboooboobbooboobbooboobbooobooonoo
gboobuogobuoobooobuoobuoobooboobooboobooboboobbon
gbooobooboobooboobooboobboboboobooboobobobooonoo
gooobooobD vaROOOOOOOOOODOOOOOOOODOOOO0OO0bO0O00oD0DO0
ooboobobog vaROOOOODOOUOOooOOoooboobooboobboobbooooboobooDbo
oooobogobovaROODOOOOODOOOODOODOOOODOOODOODODObODOODbODO
goooooooooooooooooboooooooooooooooooooooooon
uboboobooobogd
Oooooooboooooobbooouoboboooboooo vaROOOOOOOoOoDOO
ogbooboooboogn
goboooboobobooboobobooobovaROOO0ODOO0OO0ODOO0OO0O0OO0OO0O0DO0ODbOO
gboooopooboboboboboooooboobobobobooooboobobobon
goobovaROOOOOOOOOODOO0ODOOOODOO0OOO0OODOO0DbOOObOOOOOoOobOOD
goboooboobovaROOOOODODLOOOODODODOOODODOObOODUODUObDOODOO
000000000000 Basak and Shapiro [2001] 000000 VaROODOOODODODOO
ooooooooobboooooooovaROooooobooooooboooooooboooo
gboooboooboooboobooobooboobbobbobooobbobobobobonoon
gbooooooboobobooooooooobooboboobooboooooboboboboon
ooooboobooboobobboobobobobooobooboboboooobobovaROODO
vbogbodbooboobobdoobobuoobobuoboobobooboboooboonoo
VaROOODOoooobooooboooboboboboboboboboboo
gboooboooboooooobooboobbobbooboobooboboboobon
goboobooboooboobobooboboobbooosboobboobbooobooboo
uboboooboooboobbooboog

®VaROODODUODDUOODOODOUODOODOOOOD OO OO Dunbar [2000] 0000

35



1.A 0D0000b0bO0Oo0oboboobobooobbooobboo

00 0000Ledford and Tawn [1996) 000 0000000000000 0O0OO0OOO
ugoooon

gooogboobobobobobooobooboobobobobobobooooooooDo
ggooobobobtbodoooooobobbtbddobidooooobbobbooooooo
00 00O Resnick [1987] O Proposition 5.11 0 0 0O 00

00 1.1. {(Z,%2);j=1,...,n}00000000000002000000000000
0000000000200000000000000000000000000 FOOOO
000000000000 Pr[Z; < 2] =exp(—1/2;) 0000000000000000
00 Mg, , =max(Zi, Zia, ..., %) 000000

0000000000000

M M
Pr[— 2" < g, 222 < s = F™(nzy, nzs) — G(z1, 22) as n — 0o
n n

0000G(z1,2) =exp{—V(z1,22)} 0000

1
V(z1,22) = /0 max{sz; ', (1 — 8)zy ' }dH (s) (1.42)

O00O0OHO[0,1|00000000D0DO0O00OOD
1 1
/ sdH(s):/ (1—s)dH(s) =1
0 0

O0000000000000000 200000000000000GQLODOODOOOOO
0 Ledford and Tawn [1996]00

Zy, ;000000000000 000000Db000O0DbO0o0ODbO0ODDbbOO D
Pr[Z; < z]=exp(—1/7)000000000000000000 F.O000O000O0OOResnick
[1987] O Proposition 5.150 000 F, 0 G, 000000000000 OOOOOOOOOO
00000 G, 000000000DO0O00oooo

. —InF(tz1,tz2) —InGi(z1,22)
im =
t—oo  —In Fi(t,t) —InG,(1,1)

(1.43)

ubooboooobooboooobbuooobbt=¢t.0uoobobooobooanooboonooo
DtcszDDDDDDDDZ}:tcszDDDDDDDDDDDDDDD zé-DDDDDDDD
ugbobooboooobooooo

In Gy (2] /te, 25 /tc)

In F, (2], 25) = In Fy(t,, t.) 0 GL(L 1) (1.44)
ooo0o0G,000000000000000000
G(21,25) = exp{—V (21, 23)} (1.45)

0000V(x,2)0 (142)00000000000000000000O00O00O000O0 20
00000000

teln Fy(te, t.)

F.(21,22) = exp {V(zl, 22) V(1,1)

} = exp{V(z1,22) K} (1.46)

36



oboooKOO0OOO0OO00O000d
KOoOooooooooe, 0000 F,000000000000000000000000
D00006; =—1/In(1-XA) 00000000002 =6, =—1/In(1 — A0 23 =000 0
oo
Fo(—1/In(1 — A1),00) = exp{V(—=1/In(1 — A\1),00) K} (1.47)

00D0000(147) 0000 (1-X;)0000000000000000000000000
00001-)\00000000(1.47)0000000000 exp{—-KIn(1-X)}00000

1
V(—1/In(1 - A1), 00) = /O max{—sn(l — A), (1 — s)/oc}dH(s)
(1.48)

1
— (- )\1)/0 sdH(s) = —In(1 — Ay)

0000001 - A =exp{-KIn(1-A)} 000K =-10000
doooooobobobbotbooooooboboboboodooooobobobbuoooooo
googoo

Fi(z1,22) = exp{—V(z1,22)} (1.49)

O0000V(z,20)0 (142) 0000000000000 0000OO0ODOOOCOOOOOOOO
bbb ooboobbooboobbooobooboboboon
bbb oobboouobooobboobouobbDoobooboboboooboo
0000000000000000000000000000000000000004%000
0000w =Pr[Z; <z =exp(—1/z)0000z = —1/Inw; O G(z1,22) = exp{—V (21, 22)}
oboooooooooooogoo

1 1

C(ui,u2) = exp{—V (- } (1.50)

Inu;’ lnus

1.B 000O0OO0OOO0OOOOO0O000000dU varRoooooono

OUbO0OO0OFller0000ogooooooooooooobooobooboobooDo
oboboobooboobooboobo vaROOOOOOOODOODOD
gbooboobooobbooobooobobooboobobooboboobbooboobbo
0000000000000 000000000000Feller [1971] O p.2780 Embrechts,
Kliippelberg and Mikosch [1997] 0 Lemma 1.3.10 0000000000 00 00 Geluk, Peng
and Vries [2000]; Embrechts, McNeil and Straumann [2001]; Hyung and de Vries [2002]00 O
gbboobuoobbooboobboobooboooboobooon
goobobobooooooobouoo 2000 Zz10z0b00DbobobUobo g
uboooooboogaoo
Geolz)=1—(1+6€- )78 (1.51)
3 it

00000200000000 Z1+Z,0000000(151)000000000O0O0O0O0O0O
gooooo

H(x)=Pr{Z1+ Zy <z} = /Om Geo(x —y)dGe 5 (y) (1.52)

“YOUUoU0D0000000000000 D00 OResnick [1987] O Proposition 5.10 000000000

37



0000Ges(2)=1-Geo(x) 000000 202,000 F,(2)0000000000000

s r—0 1 Y. §(@ —0) —1/

Ge o = (1 C— = -+ — 1.53

o) = (e T 0yvem el SE 0 (153)
D000(1.53)00000000 (1/z+&(z—0)/z0);/*0000000004000000
O O Feller [1971] 0 p.2780 U O U O O Embrechts, Kliippelberg and Mikosch [1997] O Lemma
1.3.1000000002000000000000 Hx)=1-H((z)00OO0ODO0ODODODODODOOOO

- 5($—9));1/§+(l+€($—9)

1 0
H ~ _1/5 —
(x) v {(ZII + xro x To

e S FEAN O R.7)

D00000200000000000000 Z+%00000000000000
H@ﬁzl—2ﬂ+{-§ﬁ”§ (1.55)

D000D0000D00000D00000000 2000000000022, 00000

0000000O00o00O0ooO0o0O20000000000000 I(z)0D000O0O0OOODO
goog

I@ﬁz}%pzlgx}:qulgxm}:(%ﬂ@ﬁn:1—41+g-%91”§ (1.56)

O00000002000000 Hx)OI(zx)D0D0D0D00000H(x)=1(zx)000000
OD000VaRODODOOODO0OO000D0000000000000000000VaROODODOO
O0000000¢<100 Hz)=I(x)0000000000000000000000O0
00000 p(¢)00000O0oooo*o

26— 1

= 25_1)71/5 (€ <1) (1.57)

p(§) =1-2(1+

(157)00 (0000000000000 0U0O00OO0O0 VaROOUOOODOOO 95099%00
uboooboobobboboobooboobgooosbobboobooobooobooobobo
gboobosobobooboboliooobobobooobooobobobooboooobn
gboooboooboobboboboobooboobooboobooboobooobooonoon
gooobobooboobobbooobooboboboobobooboboooobOobovaROOO
goobooboobbooboooo

000000 00000000 ¢z >00000000000000 L(z)OJODOODOODOO Feller [1971)
oooad

. L(tx)
tli?go L(t) =1

“2¢>1000000000 20 H(z) < I(x)0OOODODOODOD0OODO0OOOD0OD0ODO0ODOOODOOO 1000
gooooooboobooooooobooooooooooobooooobooooOobo0oOobooooOoooboooooDooo
gooooooooboooooboooobooooooobooobobbooooOo0oobooooobOboOoOoDboOobooo
OOoooOoOOO0OOOoDboOvaROOOOOOOOOOOOO0O0DO 100000000000000O0COCOO
ooooooooooooOooOoOOOOODOOOOOO0OO0O0O00O0O0O000O0OCOODODOOOODOEmbrechts,
McNeil and Straumann [2001] O Example 70000000000

38



20 UOoOotdbtgtdbbotbbootdbotdtd
Juooguod

O0000000D0o000o00ooooooo0ooooooooooooooooon
O000ooo0ooooooooooon

00000000 [2005000000000000000000OOUO0OOOOOOOOtO
0000000000000 000oo0ooo0o0o0o00o0ooo0ooooooooooog
0000000000000 00000000000000000000000000000
0000000000000 00oooooo0200000000000000000000
O00s00000000000D0000D00DO00DOO0DOODO

0000000000000 00000000000o0oO0o0ooooooo 2005000
O0000000000000000 [2010)0000000000000OOO0OOOODOOO
00000000 00ooo0ooooooooooooooooooooooooog

O00000000000000000000000O000OO0 [2010)000000000O0O0O
O collateralized debt obligation; CDOO DD 000000 OOODODOODOOOOOODOOO
0000000DbO00OO0DbObOObOOobOODOOobOOo cCchbodnoOoDOoODODOoDODOODOn
g0o0ob00obo0oboboOobOobOobOobOobOobOOobOOooDOooDo choooooooDOoOOoO
0000000DbOOODO CchoDOODO0OO0O0OO0OOO0ODbOOOODODODODODODOODOn
gooboooochboobUobOobOobOobOobDOobOOobDOobDOoDOobOOooDooOOooOooon
O0000o00oooooo0ooooooooooooooooooooooooooog
00000000 0o0oooooooooon

21 0OOOO

gbodgbouogbuoobooobooboobbobboboboobbobooboboobbob
gboooboooboobbobbooboooobboboboooobobobboboboonoo
ugbbooboobuooboboobboobuoobboobooboobboobooboobo
googoboooboboobboboboobobbobobooboobooboobooboonoo
boooboooboboobboobobobobobobboboboobobbobobooboboonoon
goooooogobobobooooobobobobooboobooooooboboboboon
gbobobobobobOoo20700b0b0OO0bObO0ObDO0ObODbDODbDODOD 20080
googboboooboboooobobobooobooboboooooboboboooobon
gboooboooboooboobooobooobooboobooobooobbobbobobonon
ugoodg

gboooboooboobooobooboboobobooboob1booboboboobbon
OO00000DOO0O0DOOO0b0O00DOOoOoDObOObOcopulal 00O OO0ODOOODOOOODOOODO

39



ogoooOOOoOoOoOoO0OoooooooooOOCOOOO0O00OoOoOoOobOoooDDOOOCbODO
ggoobbobboooooobbobtbodoooob bbb bbooooooo
ygooboobobbooooooboobbdoodooobbodoooooboooboooaon
gdboooobbtboooobbuoooobboooobbbooobD bbb ooo o
ggoobobbodooooobobbtbooooboobbtbooooobobobbbodooooon
00000000000 00D0D0OO0OOd collateralized debt obligation; CDOO OO OOOO
ugooooobooon
O0000000ooo0oo0o0oO0cCcbo0ooooooooo0o0oooooobooooo0onn
ggoobbobtbdodooouobobobbtidoooobobobobbouooobboobon
ygooboobobbodoooooobobbbodoooobobooooooobobobbodoogon
ggooboboboboooooobbobbooooobobobbooooooobobobbooooooo
ygoobobobboogoooobobobodooooboobooooobbobobboooooon
ooobooboooooooobobobbooooooobooboboooooboobobooooooo
bbb oboooonoboobooobbooobbbooobobobooon
oo00Oo0o0o00oOoooooooooOoCboOoOOo0oOooooooooooooOObooDo
0000000000000 00000000O00000O000O000O0O0OO (200500000
0000000000000 00O0OD0O00ODOt0000000 Clayton0O00O 0000 Gumbeld
00000000 FankO0 000000000 DOODOODOODOOODOODOODOODOODOOD
ygooooboboobbbodooooooooobooobobooooooooao
00000000000 0000000000000000 Longin and Solnik [2001] O
Poon, Rockinger and Tawn [2004] 0 0000000000000 Tsafack 200900000
goo2004000000000000000DO00000O0DOO0OODODODOO0OODODOOO0
ugooobbooooooboobbodiooooboobbtboooooboobboooooon
oo0020090 90000000000000O0O0O0O0O0O0O0O0O0O0O0OO0OOOOOOOOO
ugobobuooboobdoooboooobobboobobuooobboooobnbbooobooboboo
Tsafack 2009|000 0000000000000 0O0O0OO0ODOO0OO0ODOOOO0ODO t0O
uoodoobobbbbbtboooooooooobobobobooooooon
00000000 ChOoO0O0O0O0OOOOO0OO0O0UDOOODOOOLI[20000000000000
O00iTraxxO00O0 CDOOOOOODOODODOODOOOOODOODODOODOODOODOOOO
000000000000 Burtschell, Gregory and Laurent [2009] 000000000000
0000000000000 oOoo cboodnooonoonoOoOonoonoogn 20050 80
0000 iTraxxO0 CODOOOO0OOODOOODODOODOODOODOOODOODOODOOOODOO
oo0oOocboboOOOO0O0OOoboOoOO0O0O0bOObOOoOO0OO0OO0OO0OoOooCcbobnoOoOOOn
ygoobbobtbdoouoooobbobbdooooob bbb bbuooooo
00000 cboOooooooOoOooooooboooooOoO0oO0o0o0o0o0ooobooooO0o0n
goboboooobtoooobboooobobooobbuooobboooboboooboboooo
ygoobobobboouoooobobbodooooboobbuooooboboobbouoooon
goo0OooooocboodoOooDOOODOOO0OO0O0OOODOODODOODODODOODOODOOn
uogboboooobtboobooobbooobbbooobobbooboboboooobobooon
opooocbooOoOonoOoDODoDOpDOdODOoOoOOoOo choooooOonoooDoOooon
ygoobobbtbodooooobobobbtbodoodoboboobbooooobDbobuoooooo
O0000000000O0O00000000 CbobooOoOO0OO0OO0O0O00O0OboOOO0O000

40



goocbouoooooooooooouobocepouoboboooooboooooboogoo
oboobooobooboobooboboobooog
gboboooboboobobobooboo220000b00b00000b00DO0O0DbDODO
obooboobooboooooooboooobo230b2400bobobob tobobobO
ubooobooobooboobboobooobbobboboobooboobooboboonon
goobooobbooobo2s5bb00bbuooboboooobbooobbooooono
uboboooobooodb2oc000bboonobobooooboooboboooboboooon
gboboobooobobooobobooobbobobboobo26000000DbD0O0DOO
OcbhoobooUoooOooOoOoOoOoOobooUOoboOobUoDoOobOOoUObDboUOobooDbOoDoO
gbobobooboboobooboobobobobobboob2ybobb0OO0ObObODOn
gboboobogbobooboboobo280b00b000nD0OOg

22 0JO0OO

221 0000000

n000000000000000000000000 Xy,...,X, 000000000000
000o00o00000o0o0ooooooUoUoDOn Xy,...,X, 0000000 F(z1,...,2,)
ooooooo00oooooooooooo mR,...,F,00000000 F(x,...,z,) 000
goooooooon

ooooosSklardO0O0Od 0OOOOOO M,..., 000000k 000000000 FO
ooood
Pr(Xi <xp,....X, <z,) =F(xy1,...,25) = C(F1(21), ..., Fn(zy)) (2.1)

000000 cooooooooo

DDC(-)DDDDDDDDDDDDDDDIDDDDDDDDD cHooooooo mA,..., F,
ooooooooooooo o(f,...,F,) 000000000 010000000 DOOODO
ggoooboootbodoobodooooobooobbboooobobobbboooooon
ooooooo m/,..., F,000000000000000D00000OC00OO COOOOOO
ugoooon

gobobooobooboobooobooboboen0O0bObOO0OO0bOO FOOODOOOO Fy,..., B,
00000 COO000000000 u=(uy,...,u,)0 0000w €[0,1]000(2.2)000
gooon

Cut,. . up) = F(FT N uy), ..., Fy (un)) (2.2)

00 CcO0000000000[0,1)00000000000000000000000000
00000 cu,... up) =Lt x. 00000000 fi(z,)0000000 FOOO

ouq---Oun

000 fo0O00O0O((R)OODOOOOO0O0

n

F@r,. ) = c(Fi(z1),. ., Folan)) [ filz:) (2.3)

i=1

'0000000000000000000 Nelsen [2006]; Bouyé et ol. [2000] 000000000 [2008] OO
0000000000000000

41



222 000000OOO0OO0O0OOOD

000000000 C(H)oo0o0ooo0o0o0oooUooOOooDooOoOOOobOOoooDDO
gbooobooboobboobooboobbooboobooboboobooboboon
ubtboboboobooboobobobooboboo1boobobooboobobon
goooboobooboobolibobogobooobobobobboobooboooboboono
ubobooboooboooboboobooboooboobooooboobooooboooboon
uboooooosbobobobobobobobobo

0000000 Cut,---,up) = ®s(® Hur), -, & Hup)) (2.4)
t00000  Clug,- un) = tys(ty H(ur), -, (un)) (2.5)
0000000000 C(ug, - un }:u —n+1)7V a>0 (2.6)
000000000 Clu,... up) =exp{—()_ (~Inu;)")"}, v>1 (2.7)
7j=1

I (e —1)

7j=1
000000000 thnwwgz—gm 1+(65_1)n__1 L8>0 (2.8)

0000®yg()00000X0.-,000000000020¢1()010000000000
00D000t,x()0000v00000X0-00t00003%0¢Y()0000v0 1004
000000000000

00050000000000t000000000000000000000000000
000000000000000000000000000000000 20000 (uy, us)
00500200000000001,00000000000000200000000000
0021000400000w—00w —»10000000000000000000000
2100000000000000000000000000000000000

0000000000 +00000000000000000 (u,u)000 (1,1) 000
(0,0)00000000000000000000000450000000000000000
000000000000000000000000000000000000000000
010000000000000000000t00000000000000000000
000000000000000000000000000000000000000000
000000000000(1,1)000 (0,0)000000000000¢0000000(0,1)
0000 (1,0)0000000000000000000t0000000000000000
000000000000000000000000000000000000000000
0000000000000

Ziz(xl,...wn) = mff;‘off;exp (—l(zl,..wzn)E*l(zh...,zn)T) dzl---dz: oooo

3 _ I((v+n)/2) . [Ta -1 5"

ty,n(x1, , Tn) F(V/2)(V7r)"/2\/E - (1+ (#1y- .y 20) 8" (21, ... zn)) dzi -+ -dz, O
00D0000()0000000T( f0°° R 4t0000000000|S| 00000 £0000
0000 (z1,...,2,)" 00000 (z,..., )DDDDDDD

4DEIDDEIEIDDDDDDDDDDDDDDDDDDDDDDDDDD ors0d0boOo0oOoooooooon
gbobooooboobobooooooobooooo23btoobonoouonooonoee23tnono sooooooo
0000 0 600000000000 4000000000060 14140000

42



. Le
OW@?%, oo o
og 8o
o wdmrecd o
TRl ° 0000 o
° e 2P%h o Y
ou}a%%% L
00885 0, s S
o o&aw&wommuw 0% o
RS A N I -
of gonERE® o o0 e .
o % % 9%0% el ° °o
T e ommom%suo %W.%ea . ° L
8 o0 S8R o 85 0, s
° o0 omuu%susﬁmf“ S
SRR AR LY, £ AR
° o o oggs 3a°% % o
RS O |«
00 20 0 o S
o ° %5 e mmm&;am e ©
o, . 8&% P38 008 §
0 o o el WBagfe
° o e olniel ce ~
o o o ooﬁWv“W«b o L !
PR L) &ww o =
o o0, Y CWa
., %awouam%:u
- o oo "o Fonde
Ld o
o | o
o
T T T T T T T T T T T T
0t 80 90 Vo ¢0 00 0t 8°0 9°0 0 ¢0 00
| ©
m&W Sa oBe g °
wmmwmwuu%wmwea e
© eousa £% ", 85° °
o L . .
°8 o o 8q0% o o, o Mo °
FIRR TR0 LN .
8 R © 80 of, &° B o
% oo B apd Roo B o °
2000 98088 a0 o ° % oo ”
° g0 .89 989888 e, o o °
ou%os%mwgw%ouo o @
©  samo uuw%%nmm’swase © o \M o o °
N o SR R R
0 CRY Cpd? Lo % . O
° % @ oueoeoo o ° 0 ° ° o
S NN Fogs o % o % o5 8 o0
e S B -
oo Tas 00080 o 8%, o Fo W%Mw%%ﬁuwow% ° N
o % eur @mmv“ospuow.oo% o . 8508 0° % oo °
© BB go%d P Qoo ° 2 oo F HF  °°
e B 8% oo, o % b g, Cho o s
° ®o oS 380, 2 ° o S0t 9@y &
R 2% 8 gt ge o o BE oo, T 2o B g ©
o B, o A o cHw Fogf 0% o
o ¢ o cwﬁwoe&o o, e » 0 e 6570820 °
ERLESY R I SRR
D TS . T o
® L A N s
H Ee R R
% | o 000550
oS

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

Foot gp Tog % 9% o
o, oEme TBY S
oo uoeﬁwwwf P
& % 00 2o £ 8 By o8
0T0% heTo oo o
o 0IWEERo ISP %" o 0
O mo.ww  potol S,
S o0 8070 B S8 g0
o o Boeoh@md oo
S oo & §¥ged
N
I oo L
® soeowwﬁueuu
° oo, O
o %uuooe%
-
o % g% &
° goo o
o0 To &
EN
1)
A KRN

1.0

0.8

0.6

0.4

0.2

0.0

gb20000000000000000000w 0000w O

0 21

43



00000030000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000

00000000000000000000000002000000000000000
00000000500000000000000000000000000D000DOO0O0
022000000°%0

000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
00000000000000000000000000000000000

223 U000b0bOOOOOoObOObDOOOOn

gboogbo20b0o0booobooboobooboobbobpooboboobboobooboboon
ugbboobogboobbooboobboobooboo

ooooooD /,FRO000000000000 X1, X0000X,,Xo00000000
ugbooboboobooboooo

Ay = 1_1)I{1_ PY[FQ(XQ) > U | Fl(Xl) > u] (2.9)

(2900000 «010000000X,000000«000000F(X;)>w00000
000X, 000000000000 FRX:) >u0000000000000<Ay<100
00X, X, 00000000000 000000000MNp; =00000X,,X, 000000
D0000000000000(R9Y0DO0DO0O0DON0DO0X,, X, 000000 CO00000
DO0DO00000

lim Pr(Xy > Fyt(u) | X1 > FyH(w))

u—1—

i L PO S ) — Pr(Xe < By Hw) £ Pr(X S B (), Xo < FyH(w)

u—1— 1 —Pr(X; < FH(u))
_ lim 1 —2u+ C(u,u)
u—1— 1—u

(2.10)

(210) 000000000000 wuw—1-000000000000C(up,uz)0 uy0uy 00
000000 (0,1)000000000000000000000000L Hospitald0000
060(211)0000000000000

s:t:u) } (2.11)

lim 12Ut Clny) mn{<1—§cxaw
S

u—1— 1—u u—1—

= hI{l {Pr(Uy > u|Uy = u) + Pr(U; > u|Us = u)}
u—1—

u>+<y-;cgw

s=t=

0000000000000 000000DU0DO0DOONUD 0500000t000000000 30000
‘0000000000000 000000DOORudin [1976] O Theorem 5.13 00 0 O

44



-3

0 2220000000000

O0: Yan [2007]0 copula 0000000000 OO

45



0000V, U,0000,1]000000000000000000000C(uy,uz) = C(ug,us)
000000000000000

Av =2 lim Pr(U; > u|Us = u) (2.12)
u—1—
O0000X;, X, 00000000000 (213)D0o000O00O
A = lim PI‘[FQ(XQ) <u | Fl(Xl) < u] (2.13)
u—0+

(2.13)00000«000000000X,000000«000000FA((X,)<w000000O
00X, O0O0OOUO0 «000000F(Xe)<wdOODOODDODODOOODODOOOO0OO00<AL<1
o000 Xx,, XoO0UOooOoooooooooooboooooa A, =00000X,,X,0000
O0000000000000000((.10)0J0000000ooooooooo

C(u,u)

=l 214
C(u1,up) = Clup,u1) 00000000000 O000OO
=2 lim P = 2.1
/\L u_1>161+ I‘(U1 < U‘UQ u) ( 5)

0dooooboobooooboooooooo X, X 0obooooooboooooo
0000000000000 000000000O0O (2.13)0000000000DOwDOOO

ggd
An(u) = Pr[Fa(Xs2) < u | Fi(X1) < u] (2.16)

000000000000000000(216)0000000000000 F(,-)00000
C(,)0000000000000000000

AL(U)::FKFT1007F510LD _ Cu,u) (2.17)

u u

2000000000000(217) 00000000 A (v)000000000 (213)000
000000 A 000002100000000t000000000»000000000
000000000000000000000000000000000000000000
000000000000 230000000000000000000000000000
000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
000000000000000000000240000000000000000000
000000000000000000000000000000000000000000
00000000000 0Orotated Gumbel 000000000700 0000000000
(2.18)0 0000000

n n
00000000000 Clu,...,u) = Y uj—lt+exp{—(>_ (=In(1 —u;))")'/"} (2.18)
j=1 j=1
021000000000000000000000000000000000000000
0000000000000000000000000

"‘D0000000000000000000000000000000 D000 Tsafack [2009]; OO [2003] O
oog

46



021:2000000000000000

oooo 000000 Ap(u) 000ooog ApL

00 ‘1’2(43’71(2)7@71(71)) 0

t, ;1 u), ;1 U —p) (v

; ﬂtgw(» QMH@_uéﬁfg
ooood (2 — u®)~1/e 9~ 1/o
0000 w71 0
oooooo +Qlﬁii 9 _9l/v

@M1>

U0: O00000Ootooobo0o0o0oob ¥Xo000ooooooooonon pddQ 2x2
ooooooo

224 0O00O0O0DOOOOOOLDDODOOOOOODODOOOOOO

223000000000000000000000000000000000O0O000OO0
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
oooo

0000000000000000000000000000000000000000(@
O000ONOO200000 (21,2d),(22,23),..., (=), 2))00000000000000
000000000000000000

N J _ 7 _ N
— )zl -z 1 .
> i1 (@] — Z1) (23 2) 000 &=L3 4
N
\/ZJ (@] — ) \/Z] 1 (73 — 72)?

000000200000000000000000000000000000000000
0000000000000000000000000000000080000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
0000000000000090

00000000000000000000000000000000000000000
000007 MO00000000000ps@MO0000

0000 (XX 0 (X, X)) 0000000 F(z,2) 00000 Fi(z),F(z) 0000
00000000000

0000000000000200000000000000000000000000000

(2.19)

ric = Pr{(X} — X])(Xi - X) > 0} — Pr{(X{ - XJ)(X} - XJ) < 0}
= 4/ / F 1'1,1'2 dF(.Il,l'Q) -1 (220)

8000 Mina and Xiao [2001)| 000 000000Z0000000000000000000 X =exp(Z), Y =
exp(5Z)00000X0YOOOOODOOODOO0OO0O0O0000000000000000D0000000
0000000000 0.000400000000X0YOO00000000000000000000

‘00000000000 [1982]; Kruskal [1958]; Joe [1997]; Nelsen [2006] 0 000 O

47



X0 X,0000X!>X/00 Xi>X,0000000000000concordant 00000
00007k =10000X{>X]/00 X} <XJ0000000000000discordant 0 0
000000007k =-10000000-1<7,¢<1000000

00000000000 ps000000 Fi(x1),Fe(z) 0000000000000000
00000-1<p,<1000000120

B cov(F1(X1), Fa(X2))

~ var(Fy (X)) /var (Fy (X2))
= 1200V(F1(X1),F2(X2)) (221)

::12L/rX>J[iO (F(a1,2) — Fi(21) Fo(s) } APy (21)dF ()

pPs

0000000000000000000000000000000000000Ou; = Fi(z1),
up = Fh(22) 0000000000 Cu,ux) 0000000000000 O00O0O0DODOOOO
oooBo

11
TK = 4/ / C(u1,uz2)dC(ur,uz) — 1 (2.22)
0 0

1,1
ps = 12/ / {C(u1,u2) — urug fduidusg (2.23)
0o Jo

O000000000000000000000000000D00000000000000
0(222)00 (223)00000000000%Y02220000000000000000
000000000 7x000220000000000002A000000

022.0000000000000000

ggoon googd |0bbdouoodgg rx
oo p (2/m) arcsin p
t P,V (2/m) arcsin p
ooooo a af(o+2)
0000 ~ 1—1/v
000000 ~ 1-1/y
oooo o 1+ (4/0){D1(6) — 1}

00: 000 Dy(5)0 1000000Debyed 000 Dy(8) =1 f) S-dt0000000

92.21)00200000000000120000000000000001/12000000000000
N0poo0000000000000000000000000000 ‘concordant’ 0 ‘discordant’ 00 00 O
00000000000000000000000000Nelsen [2006] 0000

200 800000X0YOOOO0OO0OO0000000000000000000 10000

130 0 0 O Schweizer and Wolff [1981]; Nelsen [2006] 0 00 00

“YOopoo 210000000000000000002000000000000000000000000
00000000000000000000000000000000.75000000000000000000
0000000 2200000000000 050000000
BOpooDO0OO00000000D00000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000
0000000000000000000000000

48



e4r.a, 9

— (RER)AHANIL(y) /
wod | = AL k(@) !
------ 25245 (6) B

U023 0000000 p000b0000OO0ODDO 00000000

022000()0050000000000000000000ODOOOOOOOOBODO(?2)
gboboboooboobooboobobooobob 4000000000000 000oO0Oob0O000On
000000010 1000000000000((2)0000O000O0 2000000000
gobooboooboobooboboobxO00OO00ODOOD 220000000000000
gbooobooopoboobbooboobobobooboobooboobooobooooboooon
0000000000000000000000000000000Y% 0000000000
0000000000 00D0D000000Y00050000000000220000020
gboboooooooooooooooonobo2000000000000000000

gobooobooobboobbuog pgbbooobbooobbooobb2e600
uboooboobooboboobbobobooboion pbbOo0bOoboboobooboon pbn
uboobooooobo0x0O0DO0ODODODOODODODOD 230000000000

225 UO000O0OOOOOOO

gbobgog22200000000000000000b0000bO00b0bOo0bObOOoOnn
gboooobooboboobooobooboboobobooboboobooobooboon

gbooobooobooobooobooboobuoobooobooboooboboboboobbon
gboooooboobobobooooooboobobobobobooooobobobOobobn

v NODOODDOOODOOO (xf,23),---,(xY,2Y)00000000000000000000000 (2} —
8)(zd —2d) >00< 00000 (4,) 0000000 POQUOOOON(220)00000000000000 7%
ooooo0oO0ooooo

T%ZP—Q:2@—Q)
P+@ N(N-1)
00000000000 000D00000000 ROODODODOO0O0D0OD0O000000000000000o00non
oooooo
oooooOOoOoODOO0000D00000D00000000000000000000000000noon
0000000000000 000000000000000000000000000000000000

49



0000000000000000000000

00000000000000000000000000000000000000000
000000000000000000000000000000000000000000
00000000000 00000000000

00000000000000000000000000000000000000000
00r,0000000000000000000NOOOOOOCOOOOOOOOOOOO0
/0000 0000000000000/ 00004i=1,...,n, j=1,...,NOOO iODO
000000000000000 ;000 F(;%)0000000000006000000
000 ¢(-;6)00000000000000000(23)000000000(224)00000
0ooo

N N n
(W1, ¥n, &) = Y Ime((Filafsvn)s - Faledin)i ) + 3 I fi(alien)  (2.24)
j=1 j=1i=1
(224)000000000000O0OOOOOOOOOOOOOOOOOOOOOODODOOO
ooooooooooooooooobooooooooooooooooobooooooo
0o0dooooooooooooooooo0doooooooooooobooooooon
dooooooooooboooooooob oo oooooooooooooo
00000000000 bOO0oo0bOo0bO0o0bOOobDbOOooDDbOooDbOooOy, 00000 oOOonoon
00000(224)00000(224) 0000000000000 00000000 Mashal
and Naldi [2002) 000000000000 F() 0000000224 0000100000
O00000000¢00000000ORomano 20020 0000000000
Bouyé et al. 20000 00 0000000000000 OOOOOOOOOOOOOOOO
0200000000000(224)000000000000O000O0O0OOOOUOOOODO
oo ooooooooooouooooon
(p)000000000000ODOO0O0 0000000000 DOO(M) ODOODO0DODODOOOODOD
(224) 000000000000 0O0O0O0OOOO0ODOOOOOODOOOOOOODOOO (a)
O (b)000002500000000Bouyé et al. 2000000 00000000000000O
0dooooooooooboodooooooooooooboooooooobooooooo
0000000000000 000000D0((224) 000000000000 OODODODOOO
0ooooooooooooooooon
gooooooooooooooooooooooooonooooooooooooon
DDDDDDI]DDDDDDDDDM&shalandNaldi[2002]DEIDDDEID18D

226 0O00OO0OOOOOO

goooooboboooooooboobobobobooooooboobobobooooooDo
gbooooooboobobooooooooooooboboboboboboo1boboOobo
gbooooooooobobooboooooooobobobobobobooboDobOobOooo
gbobooboobooboooooooooooooooooooooooooooooogn

BopooDo000000000D0(22000000 (222)000002000000000000000000
gobooooooobooooobooobooooooobooobooobooboooboooobOoDObOOoOoDOboOoboOo
oooOooooo2A000000

50



000000000000000000000000000000000000000000
ooog
0000000000000000000NOO 200000 (z},...,2L),...,(@,...,2))
0000000000+ 000000000000000«f0k=1,...,NODOfOODODOO
0o0o0Odr-f01,...,NOODODOOOOODODOD000 X;<z¥000000 7f/N
000000000000 00+00000000000000000O0D0O0000000
Oo0D00D000000O0 ¢4/NOt;=1,...,NOOOODOOODOOODOODOODO cOoOOO
C(t1/N,...,t,/N)ODDODOODDOOOO(Y <t,...,rf<¢,)0000000 kODODO
O00000NODOODOODOODOOODOO0D00000000000000 C(ty/N,...,ty/N)
Doooooooooo C(/N,...,t,/N)OODDODDOO0ODOD00O00

N n
C (t1/N, ... tn/N) = %ZH1{TM} (2.25)

k=11i=1
0000000000000 0000O0O00O000((22) 000000000000 OOOD
O0000000000000000000000000Romano [2002]0000000000
0000000 {Ch«< 00000000000 (226)00000000000000 GO
D0000oooooooooto

do(C,C)) = f: g: [é (E?’\’;) e (E?})r (2.26)

t1=1 tn=1

goooboodoooooooooooooooooooooooooooooooooao
000000DooO0o000oooo0ooooOo0O0ol100oDoooo0ooooooooongo
gooooooooooooooooooooooooooooooooooooooooo
oo oooobboooooooooooooon
dooooooooooooooooooboooooobooooooooobooooooo
00000000000000000O000000D0Breymann, Dias and Embrechts [2003]
0000000000000 0D00D0000000 AICO Akaike information criteriall O O O
oo oooooooooooooooooao
0O 0 BICO Schwarz 0 Bayesian information criteria0d 0 0000000000000 O0OOCOO
000 Tsafack 20090 0 0AICO BICOOOOOODODODODOODOOOOOOOOO

227 ODO0OO0OOOOOODOOO

00000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
0000000000000000000000000000000

0000000000 FOOODOOD XO0OOOO0OO0O0O0O0(0,1)0000000000 U0
0000X=FY(U)OOOOOOOOO0OO0O0O000000®00000000000000

000002 000000000000000000DO(2.26)00000000000000O0O0000
oooO0oUooUoUOoUOU0OUOOUOOOOUOUOUO((R26)UDOD000O0ODO0OOOOOOOOOOOOOOO
’QpooU0000D0000DO0DOoD (19890000

51



o000 0100000000000 000O0000U000O000UDOLOO0O0OUOOOD
ooo C(u,...,u,)00O0O0O00OO UL,...,0,000000000000000000O00OO
uodg FiDDXZ-:Fi_l(U,-)DDDDDDDDDDDDDDDDDDD .. F,00000
0ooooo0oooOo0oooo0gd Xy,...,X,0000000000000C(u1,--+,un)
ooooooou,..., U, 00b0b0obobobobobobobobobobob

23 JUOO0ooboosggog

231 000000
(1) 00O

goobogoboboooboooooooobobooobboobboouonD Xq,..., Xy
0000000 X000 .000000000000000000000 ®x(x1,...,2,) 0
00000002 0,000000000000000100000000000000010
00o0000o0o0oo0oU0 e()OooooUoooooooooo

Pr(X; <ai,...,Xp <zp) = ®x(z1,...,25) = C(P(x1),...,D(xy)) (2.27)

0000000000000000000000C: [0,1]"—[0,]00000000000

00C(u,...,u,)0 (24)00000000000000(227) 0000000000000

00000000(24)0»,000000000000000000000000000000

0000000000000 000000000000000000000000000000
00000000000 e(u,...,u,)00(23)00000

mexp <_;XT2—IX> = c(@(:ﬂl),...,@(mn))n L exp <—1x?) (2.28)

0000000000000 0w = (wi,...,wp) ' = (@ (ug),..., 2 Y (u,))" =@ Y(u)O O

gboobobooIobobooboboobo

(U, ... Uup) = N exp <wT (E_l =) w) ., w=3o"1u) (2.29)

VIZI

googooobooboboboob 1obboobooboobooboobboobobooonoo
uboooboooboodobil1boobobooobooboobooboooboooboooboonon
goooooooon

(2) 0DO0OUOOODODODOUOOOOO

gbogoboboobooboboobooboobbooboobobooon

1. 000000000000000000 ¥0-0000000000000 21,...,2x,
0o0o00ooo22o

1p0000000000000000 20000000000
200000000000000000 (19890000

52



2.10000000000000 ¢)0000w;=9(z;)0000¢=1,...,n00

0o0oboboboobooooboob0 pboboboboboobooobobobobo
uboboboooboboooboboooboboono 220000000 uiDDDDDFfl(ui)D
gbooaoo

(3) ODOODUOOUOUOOODODOOoOOO

gooboboooboooooobooooboboooboobboooobboOoxX0obbooooo
gboboooooooooooooogoooogoog

0000000000000 00((229)00000000O000O0O0O0OOOONDDOOOODO
oooooooon

N
N 1 T . . ,
Y= ——1 z—f§ I (e - Dl I = o H(u! 2.
(%) 5 n|Y| 2j_1w ( Jw!,  w (u’) (2.30)

00000000000000000 Y 'oooooo?o

D(S) N lew ;.7
821——22—2;;ww (2.31)

D00000X000000 80
S g:ijﬂ (2.32)
N £
D00*000000000000000000000000000000

ugbboobuoobboobuoobbooboa

1. 000200000 NOOOOO 2/0i=1,...,n,j=1,...,NOOOODOODOOOO
0,1]00000 4w =F(x)000000

2. u/0w =0 ')0i=1,...,n, j=1,...,NOODODOODODOOOOOOOOOO

J=1

N . A
3. %ngwiﬂi,kzl,...,nDDDDDDDDDDDD Yx00000X0:0k000
goboooogn

By 0O0O000D000000000000Y 000000000y 00000 640000 645 =64 00
00000000000000000000000000000000000
(=)  o(n|=7Y)) L ozt 1 1

ox-1 - ox-1 - |E—1| on-1 ‘E_1|({&ij}) - \E—1|({&ji}) =

= Htl=x

0000({6,})0 6, 000000000000000000000 Magnus and Neudecker [1999] 00 000

X0000000000000000 100000(232)000000000000000000000000
0000 10000000000000000000000000000Bouyé et al. [2000)0 0000 (2.32) O
000000000000000000000000000000000000000 100000000000
ooooo

53



(4) 00000000000

0000000000000 0000000000000000000000000000
D000000000000000000000000000000000000000000
D00000000000000000000000000000000000000000
D0000000000(29)00000000000000000000000000ODO0
D00000000 (212)0000000000 p020000000000000 (X, X»)
00X,=20000000X,01000000 N(pz, 1-p)00000000
AUzagngm>uwy:m:2hum®4wﬂ>x@4w@:x)

T—00
o ) =9 i Y
= 2{}1_}11;O Pr(X) > z| Xy =2) = 2x11)n010 (1 ¢ (ﬂ)) (2.33)

:2mn<1—¢<m/1_p)>
T—00 1+4+p

O00000000000000000(213)0000

AL =2 lim @ <m 1“”) (2.34)
T——00 14+p
0000-1<p<1000000000000000000000000000000000
0000000000000 0000®000000000000000000000000
0000000000000 00000000000000000000000000000
00D00D00000000D00000000000000000000000000000
D0D0000000000D00000000000000000000000000000
00000000000000000000000000

2.3.2 t0000
(1) OO

000000000000 00000000000000000000000000000
000000000t 0000000000t00000000000000000000
0000 +t000000000000000000000000»O00000 $0n00t0
000000%0¢+t,x()0000v0100t00000000¢,()0000(25) 0000
00000000000 00D0»03000000t00000000000(2.3)00000
wh = (wi,...,wn) = (t; ur),...,t;(u,)) 00000000000 000D0O0O00T(-)O0
00000002 o

(2.35)

¥p,=10000000000
%ggooooO0O0o 30000
0gooo0000DD 30000

54



(2) t000000000

000000t00000000000000000t00000000000000000
00 vO000 p000200t000000000 (X1,Xo)00000X,=20000X,00
000 v+10 t000000000000000000 E[X1|X, = 2] = pz0 var[X1| X, =
a:]:(”+12)(1—p2)DDDDDDDDDDDDDDDDDDDDDDDDDDDDV—I—lDt

v+1
00000000 t,41()0000(212) 000000000000

Ay =2 lim Pr(X; > x| Xy = 2)
T—>r00

' v+1
= 23}1_}1210 (1 —tuy1 (33 (1-p) \/(1 _ (pQ;(_,/ :_ x2)>> (2.36)

o 55

O00000ooooooOo@e3)oooo

S A

o, (_ (-p)w+ 1))

(2.37)

(1+p)

uboooboobooboobd-1<p<logbboooboobobboootboboonboo
20000000000000000000®000000000000000000000
gboooobooboobboobooboobboobooboobboobooboon
ubboootoobboobooboobobod

(3) tODoUoooooooOooooo

t0ooooobooooboooouootoboboooobobooooooobt0o0
gboboobobil1obot+tobooooboboobbooobootggboobooobooboooon
0000000000000 00O000t000oooOO0o0ooooOoUoo oljooooo
gboboobogstoboooboobooon

D00 +0000000000000000000000D0000 »O 200000000
00000000000000000%0000»00000 x000+t000000000
uboboobooogboboobooboobon

gboooboootogbobooboooobooo
1. 0000 ¥ogooogoooooboooo wv,...,y,dooogoog

2., 000000000 v0 20000000 ZO0000000O

BOpOU00D00000Op=10000000000
000 100000000000 v0000 X,,...,X, 000000Z2=%,_,X;0000v0x*00
ooooooooo

55



3. Xi:%YiDDDDDXl,...,XnDDDD vOoooo X000 t0oobooo

4w =t,(X;)000000

(4) tOODODOOOOOOOOOOO

t00o00obo0obo0oo0ooooooooooooooooooogvb 00000000
goooooobooboobooboobooboobooboobboboboobbooonoo
ugbobooboooboboobooboo

tdooooobooboy00o0ooD ¥00O000000boooboooboobbooooDo
ubooobooobooobooboooboybbobobooboobooboooobooonobooon
0Yy0000 0000000000000 v03,00000000000000000
ubobgooboooboooooo

0000000000000 00O0OO0OCDOOOONDOOOOOR3)OD00000O0OO0
goo

KEJO—JVPHF<V;”)—4nr(;)]+nN{mr(;)—an<”;1)]

N v+n wl BTw v+1 (w)?
-5 (3 — — §:m<1+ 1/ )+ 5 §:§:m<1+y
7=1 7j=1 =1
0000 (wW); =t;1((v/),) 0000000000 ¥-'0000000
aE,v) N V+n§: wiwd | (2.39)
62_1 o 2 2 = v+ ijE—le '
ooo0ooooo
. N i jT
5, =2t wiw (2.40)

T & .
N = v+ wi N5 wi

000 S, 0000»0000000000000000000000 f],,DD(QAO)DDDD
0%, 000000000000000000000000000000
gbooobotooboobboobooboobobooboo

1. »00000000000(240)00000 %, 0000(2:38)000000000 (S,,v)
0o0o0oo

2. 10000000 Z/DDDDDDDDZ(E],,,V)DDDDDD v03,0t0000000
goboboboboooo

00000 100 (240000000 3, 00000000000000000000000
gboboobooooboooooobooboooboobooboobooooo

56



gbobooootogoooobooboonoonDog

1. 00000xO0nx1O0O0O0OO0OOODOO0ODOOODOOOOO 0,1)]00000 w000
00 (u=F(x))O

2. 0000000000000000w =& Yu)0Oo
. b0t wOononoooboobboo ZA](O)DDDD
4, w=t;%(v\) 0000000000 vDt00000000000O00O0O0O

5. ybuooouoaoo f](m—l—l)l]DDDD3DDDDDDDDDDDDDDD

$(m +1) v+n Wi
m = =
N =yt wi T5(m)

6.50000000000000000%,0000

r.4A000600000v=3,4,---000000000000000»v00000 3,0 v0
YOoooooooo

(5) tO0O0O0O0O0DODOOOODOOOOOO

googooboobtobooboobboobboooboobbooobbooboon
1000boooboboobooboboooboooboboooboobobooobooboobbooo

400 t000000000000000DO00000v=6000000 (241)0000 4
ubtoooboboooboog2oe00bbooonog

1.0 —0.6 08 0.3
—0.6 1.0 —02 04

w_ | 06 10 —02 0 (2.41)
08 —02 1.0 04

03 04 04 10

0D000000000000000000000400+t00000000000000000
00000000000000000v=3,4,---00%, 0000000000000 »00
000000000000000000000000 »060000000

000000v=60000000000%,00(242)00000000%0%,00(2.41)
000000000000000000000000000000000000000000
000000000000000

1.0000000 —0.5940476  0.7853495 0.3217245
$ _ —0.5940476  1.0000000 —0.1849204 0.3891923 (2.42)
v 0.7853495 —0.1849204  1.0000000 0.4020530 .

0.3217245  0.3891923  0.4020530 1.0000000

00 2400000000000000000 100000000000000D0t000000000000
oo soooooo

o7



24 JUO0O0O0O0DOoOOoOooOoon
241 0O000O0OOOOOOO

00000 1000000000¢(1)=0Yue (0,1), ¢'(u) <0, ¢"(u)>0000000
000000000 ¢()00000(243)00000000000000000000000

C(u17 uz, ... ,’U,n) - ¢71(¢(U1) +ot ¢(un)) (2’43)

gbooboboobboobboboobooboobobobbobobobobooboobobn
gboooboooboobbooobobobooboobobobboobooboobobooboboonoo
ugbbodbbulgobbooobooobbuoooboooboboobbgo3bboan
goooooboon

242 000000000O0000OOOO0O00OOO
(1) 0ooo

0000 C(u,...,u,) 0000000000000010000000000000000
000000000000000000000000000

00002000.=200000000000000 C(u1,u2)00000 (ug,u) 00000
000000000 C(u,ue)000000[0,1]0000000000w 0000000000
0000 Cu,up) 0000w, 00000000000000 Cluy,u) 00000 (Uy,Us)
00000000000000 c(u,u) 0000000000000w 0000000 upO
0000000 Co(ugu) 0000000000

f0u2 c(uy, u)du
fol c(uy,u)du

Co(upluy) 0 10000000000000000000 C;Y(|w)000000000000
0000100000 v0 up=Cy (vju) 00000u 0000000000
3000000000000000000000 us,...,u,, 0000000000C(ui,...,u)
Clut, ..., ui 1, . DO eilut, ... ;) = LG pngoQg

CQ(UQ”U,l) = PY(UQ < U2|U1 = ul) = (2.44)

= "Oui0us---Ou;
Civ1(uis1|ut, ... u;) = Pr(Uisr < w1 |Up = ug,. .., U; = u;)
_ Jo i (ua, - ui, uw)du (2.45)

ci(u, ..., u;)

00000000245 00000 C24(|u,...,w)00000000000[0,1]00000
00 upr = CY (Wlut,...,u) 000000 (ur,ug,...,u,) D00000000000000
0000000000(245)00 Ciy(uigilur,...,u) 0000006040000 ¢C9 0

god

cilur, . ui) = ¢ (Pluwr) + -+ ¢(wi)) [ ¢/ (ur) (2.46)
k=1

58



000000000 ¢ =¢(w)+--+6¢u)0000000000000

Uit1 f(—(i41)) (.. / (=1%) (o). )
Ci+1(ui+1|u1a e ,ui) = fo 0 . (Tﬂz - qﬁ(u))(b (u)du = ? (1/% - ¢(Uz+1)). (2-47)

¢ () @9 ()
(24700000 C4(-|u,...,w,)000000000000000000000000000
0000000000000000000000000000(247)00000 C24(|u,...,u)
000000000000000000000000000000000000000000

uboboobooonbood

(2) 0O0O0O0D0OO0O0OO0O00

(2.47)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
000000000 Marshall and Olkin [1988]00 Marshall and Olkin [1988] 0 000000
gd1gggooo GDDDD(2.48)DDDDDDDDDDDDDDDDDDDDDDDDD
goopooogoooooooog

F(x1,29,... @) = Eg[Hy (1) Ho(x2)? - - - Hp ()]
= (¢ F(x1)) + -+ T HFu(zn))
0000¢H)000006e00000000000¢(s)=Eyle*?]00

000000000000000000(243)000¢()000000000 ¢ 4000
000000000000000¢(s)=FEy[e*|0000000000000

CCTH(Fu(@n)) + -+ T (Fuln)) = Eglexp(— (¢ (Fi(1)) + -+ + ¢ (Fu(@n)))0)]
= Bylexp(—¢~" (F1(21))0) - exp(—¢ ™" (Fa(x2))0) - -+ exp(—¢~ (Fu(zn))0)]

(2.48)

(2.49)

(248)0000
Hi(x;)? = exp(—¢ 1 (Fi(x:))0) (2.50)

00000000000000000000H(z)?/0000000000000 [0,1]000
000000(248) 000000000000 H(x1)%,...,H,(2,)? 00000000000
000000000000000000000000000000000000000 n0O0
0000000 (U,...,U,)0U; =F(X,)00100000000000000000000
0000000

ubobooboobobooboobbon

1. 000000 Ele=*]0 ¢~'(s)0=((s)000000000000000000600
0006010000000

2. 00000 [0,1)000000000000 Ih,...,, 0000000
3.i=1,...,n0 U; + ((—0, ' In(L;)) 00O Uy,...,U0, 000000

000000000000000000000000000000¢(s)=9¢"Ys)0000
0006000 000DODOO000D0O0ODODOO000ODOO000ODDODO0OO0DOODOODOODOO
ubobooboooobooon

59



243 0000O0OOOO0OO0

O000000000COClayton (1978|000 00000000a(>0)00000000O
(26)000000O0O

(1) DoOoUoOoOoOooOoOoooOoO

2000n=2000000000000000000000000C(u1,u2)0 uy0u, 00
000000 (o,)0oooooooooooooooooooOooooooooo

1 —2u+ C(u,u) 1—2u+ (2u=—1)"Ye

Av = Lim 1—u = m 1—u 251)
) 24 2u—o¢—1(2u—o¢ _ 1)—1/@—1 :
= lim =0
u—1— -1
O0000000000D000000000n
C 2y~ — 1)~V
A= tim S g, R )T i (2 — o)V = 9 /a (2.52)
u—0+ u u—0+ U u—0+

Ubb0e>0000000000000O0D0DOODODOODOOOODOODDOOODOO
ugboboooboaoo

(2) ODOODODODOOOODODDOOODOOOOOO

D00000000000000 ¢(u) =u;*-1000000000000 ¢~ 1(s) =((s) =
(s+1)"Y*00000000000000000 G(1/o)00DO0OO0D0A0O0DOOD0O0O
((s)=Ele*?]=(s+1)""/*000%000000000000 G(1/a)00000 6000
0000%02420000000000000000000000000000000000O
0000000000000000000000000000000000000

uboboobooboobboobooobobooooo
1. 0000000 G(1l/Jo)DDODOOO 6O 10000000
2. p00O0O0ODO0,1)ODDODODOO L,...,,0000000

3.i=1,...,n0 U; < {1=(1/6) InL;}"*000 Uy,...,U, 000000

(3) DO0OOODOOO

goboobooooooooboobooooooboobobb ebbbobooooobo
obooopooobpoboobboobooboobooboobbooboobooonooonoon
ubooboboobodoboooo

0000000 G(1/a) 000000000 f(z) =2*"1e™®/I'(1/a) 000000000000(1/a) 0 1/a
0000000000 30000000000
200000000000000000000 [1989) 0000

60



n00000000D00DO0DOO0DbO0ObObOoDbOo

n

O"C(u1,ug, ..., Uy - ‘ o L .
(s vactn) (T i L WY ot 1) 253
" 1 i=1 i=1

1=

gobooboooboooboob NODOOOOODOOOOobOOoobobooOooboooDoDbo

googoooboo (u{...,u%)l]j:1,...,NDDDDDDDDDDDDl(a)IZIDDDEIDDD

n—1

o) =N In(l +ia) -

=1 J

n n

{la+DIn(JJul)+ 1/a+n) I (W)™ —n+1)} (2.54)

1 i=1 i=1

M-

O0000((R254)00 «0 0000000000000 «000000O0O0O0O0OD0O((2.54)00
Uoobob«b000b0bb0b0 bbb obooboobbo0 «cobooooo
0000000000005 0000000 00000000030

244 0O00O0OO0OOO

O000000000Gumbel [1960)00000000000y(> 1)00000000O0O
(27) 00000001420 0000000000000000000OOODOODODODOOOO
goooboooboboobbobboobobbobboobobbobboboboobooon
ygooobbdooooooboobtbdodoooboobboooooobobboooooun
0000000 Genest and Rivest [1989]00

(1) ODOoOOoOoOoOooooooOoOoOo

2000,=200000000000000000000000C(u1,u2)0 wi0u, 000
00000 (0,) 0000000000000 0D0ooooOoOOoO0oooooooo

1—2u+ C(u,u) 1—2u+eXp{—(2(—1nU)7)1/7}

= 1‘ = 1‘
)\U uigl— 1— u uigl— 1 —Uu
24 2t oL 259
= lim =22/
u—1— -1

D000~y >100 Ay >0000000000000000000000000D0D0OO0
oo2Yr>1000
C(u,u) u?” 2171 _

A, = lim = lim = lim u
u—0+ u u—0+ U u—0+

(2.56)

uboooooooooooboboobooooooobobobooboboonoooooooon

30000000 ROUDODDUOOUOOODOUODU0OO0000D 10000 optimizeD0OODO (2.54) 000
000000 «0O000000CCOOOO0000000000000000ROO optimO000000000O0OO

61



(2) ODOODODODOOOODODOOOOOOO

00000000000000 ¢(w) = (-lnw) 000000000000 ¢ Ys) =
exp(—sY/7")000000000000000000000000O0O0O0O000 000000
0¢(s)00000000000000

¢(s) = exp(—s'/") (2.57)

0000000 (257) 0000000000000 AUODOUODODODOOOOOL/y (0<1/y<
H0O0000000100000000000000000000*¥0000000000 6
OO0f0,n]00000VOODOOOOOOOOOOWOOOOOOO3%0

sin((y — 71 gin
e (O OV 259

O000000Kanter (1975|000 00000(258) 0000000 00000000 0O0OO
gobobobgooboobooboobooboobooboobooobboboboobono
ubbogobooboboobooboo

ubboooboobbooboobboobooonboo

1. [0,]00000VOODOODOOODOOOD0OOWOOOOOOOOOOooOO 60 (2.58)
gbobooo

2. 00000 [01]00000 I,...,.[,0000000

3.i=1,...,n0 U; ¢ exp(— (=6, In(L;))/) 000 Uy,...,U0, 000000

(3 ODOOUOOULOOOUOOODOOO

gbooooooooooobooboboobobobbooooooonoooooboobobdsyo
gbobooobodgboaboo
goo200000000000000DO0O000O0O0

C(uy,ug) =exp(—((—Inuy)” + (— lan)V)l/W) (2.59)

O0pooo0O0O0 00000000 00000000 pyOOOCOOO0O0OU0 sOO0UOOOODOOOOOOO
00 XO00OO00ODoOOoooOoooooooooooiooooooodoo<a<220-1<p<10c>00000
000 Samorodnitsky and Taqqu [1994] 00 0O

Flet] = exp[—o®|t|*{1 — iBsign(t) tan(mw@/2)} +iut] for & #1
~ exp[—oltl{1 + (2/7)iBsign(t) Int} + iut] fora=1

¥NO00000000000 Fr)=1-¢*0000000000000000 w0O[0,1]000000 »0O
O00w=F'(u)=-In(l-v) 000000000000

62



nopoooooooo £8%s gpoooooooo

820(u1,u2) B H{C(uy,ug)((—Inwuy)” + (—lnu2)7)1/7_1(—lnul)v_l/ul}

Ouq0us N Ouy

= 7(_111“1)771 X [C(ug,u2){((—Inuy)” + (—lnu2)7)1/7_1}2(—lnuz)w_l/z@

u1
+ Clur,u2) (= Inur)Y + (= Inus) )7 2(y — 1) (= lnus) ™~ Jus) (2.60)
= C(u1, u2) {Inw)In ) P72 {(=Inu)? 4 (= Inug) }/772

uUiLuU2
X (=) + (= Inug) P+ y = 1]

0000000000000 000 NODOODa; =—-Inuy, te=—-—lnuwe 00000

ﬂ (82 ul,ué)>

dul oul,

(2.61)

BRE w+<>ﬂM+m{ﬂ%§Wﬂw+m@ﬂ”2}

172
=1 [+ {6 -1+ (@) + (@)
0000(261)0000000~0000000O0ODOOOO

gbobo3guboboobboooboobboobboobboobooooboooobooan

goboobdnbbOo0oboobbooboobbooboobboboboobboobo
uboboobooobobooboooboobon

00000305000000000000000000000000000000000
i=1,...,5006=—-Inw0y = (@) + @)+ -+ @) oooo

e 3000DOODODODO

In H (820(%, “%’ “3))
j=1

ou) 3u% ous
N

(“1“%“%)7 Lo 1-3 j i\2
4 VRO g2y - 1) - 1) + 80y - D+ ()2

j=1 AT
(2.62)
e 400000O00OOODOMO
N
th 820(7«‘17“2’“37“4)
e 6u]18u328u38u4
j Wdalalal)y iN]—
_ f: ~Yitln {( prer N 47}
= +m&w—nm~nw—n+aw—mw4wbww—mﬁf+wﬁ}
(2.63)

63



e 50O DOODODODO

H 320 ul,ué,ug,ui,uf))
Gujl 8u]28u§8u318u5

7=1

v [ o (R o]
2 —i—ln{ <4v—1>(3v—1><2vf1)(7—1>+5<57—3><27—1><v—1>w§; }
+5(77 =53 ~ DR + 100 - DA + (@A)
(2.64)

so0goboobboobboobboobboooboooDboooDboobbooboboo
ugoogon

000000000000000000000000
1. 0000000 NOOOO 00000 «/0i=1,...,n,j=1,...,NOOOOOOO
000010000000+« 00000 (u] = Fi(2))0
2.4/ =—Inu/0i=1,...,n, j=1,...,NOODODOOOO
3. 000000000000000.00000(2.61)0(2.64)00 1000000

4. 00d00obooboobooboooooboobobuobobouobobUobobuDbo

gbooboboobooboboobobobobobobooboboboboobOobby=4
uboobooobooobgogsgboooooeoobbobobooobbooboooobooaon
goooooooboboboooooboobobobobobooooooobooboboon
oboob4v=3940000000y=400000000000DO00DOODO

245 0O00O0OO0OOO

O000000000Frank (19790 00000000006 >0000000000 (2.8)
ubooaood

(1) DoOoUOoOOooODOoUOoOoO

gboooooboogan

oC 2e704(1 — e~0U
(wu) _ - (1-e )5 (2.65)
ou (1—e9)— (1 —e0u)2
ygooooboboobbbdodoooooooooobboooooaoa
1—2u+C(u,u) . 0C(u,u) 2e7%(1 — e79)
= i —2 lim W g 2 270 ) 9.
S S e B T e GO
B Clu,u) .. 0C(u,u) 0
)\L_ul—l>r(r)l+T_uli>r(r)l+ ou _1—6_6_0, (267)

000*0000000000000000000000000000D00

36(2.65) 000000 C(u1,u2) 0 wyOup, 00000000 (0,1)000000000000000(2.66)00
020000000000 u—1-0000000(267) 000 20000000000 «v—0+0 00000
00000000000000000000000 300000000Rudin [1976] 0 Theorem 5.13 0 0 0 OO0

64



(2) ODOODODODOOOOOOOOOOOOD

000D0D0000000000 ¢(u;) =—In(e® —1)+In(e®—1)000000000
O0¢s)=—In(l+e5(e?¥—1))/600000000000000000000000000
000060000000 00000000000000000

((s) = ¢71(s) = —In(1 4+ e (e~ — 1))/5 (2.68)

0000000 (268)0000000000 60000000000 B=1-e%00000
00000000000MU000000000000 Frees and Valdez [1998) 0 00000
0o0oooo

Py —f = 2 (2.69)

In(1-75) k
ooooooo
00000 A0000000D00000000000 Kemp [1981]0000000000
0000000000000000000000LBOOOO0-6=In(1-4)0200000
010000V, wWOOoOoOO
In(V)

In(1 — e=9W)
00000000 A00D0000000000 §00000000000int[]O00000
00000000000000000000000000000000000 Uy,---,U,00
000000000000000000000

fo < int[1 + ] (2.70)

obobooboobbooboobbooboonbo
1.200 [o1j]000OO0V,WOOOODOOOOOOODOO 60O (270)000000O0O
2. 00000 0100000 L,---,L, 0000000

3.j=1,--,n0 Uj« —In(1+ 1/*(e* —1))/6000 Uy, ,U, 000000

(3) ODO0OD0DUDUOOODOOOODOOOOO

00000000000000000000000000000000000000000
0000000000000 0w, =% —1000050000000000000000
O0000oooooooooo’o

e 2l 0I0U0O0OOODOMO

620(u1,uQ) B —5(w1 + 1)(’LU2 + 1)(6_6 — 1)
Oulaug N {(675 — 1) + w1w2}2

(2.71)

e 300 OODLDOODODOO
PC(u, ... uz) 63wy + 1) (wa + 1)(wz + 1) (e — 1)*{(e™% — 1)® — wywows}

Ouy - - - Qug {(e79 = 1)2 + wywows}3

(2.72)

4000000000000 0 Cherubini, Luciano and Vecchiato [2004] 000000000

65



e 4A0J00ODOODODODO

Cluy, ... ug)
8U1 R -aU4

— 53wy + 1) (w + 1)(ws + 1) (wy + 1)(e* — 1)

2.73
(670 —1)% — 4(e™® — 1)3wiwawswy + wiwdwiw? (2.73)

{(e7% = 1)3 + wiwowswa }*

e 50 IOODOODODOO

650(11/17 oo 7fl,L5) - 54
8u1 s aU5 -

(w1 4 1)(wg + 1) (w3 + 1) (ws + 1)(ws + 1)(e7? — 1)*x

(e70 —1)12 — 11(e™® — 1)Bwiwowzwyws + 11(e™° — 1)¥wwdwiwiw? — wiwdwiwiw?

{(e79 — 1)* + wywowswyws }°
(2.74)

25 JUOO0oboboooooon

D000000000000000000000000D0O0DOO(1)0000000000
000000()00000000000000000000D00@)00000000000
O000o0ooooooooo3®n

2,51 OD00Oobooboooooboobod

NOOOODOOOODOODOOOOOOO0OO0O0DOO00O000000000 000000 102
00010000000000000100004000000 X;00000000 X;000
000 k,000000000000000000000000NDOOODOOOOO0OOOOO
00 Pr(X1<kp,...,Xy<ky)0ODOOOOOOOOONOOOOOODOODODODOOOOOO
O0D000D00Pr(X; <k)00005%0000000000000000000 p(Xi,X;)
000 p00000O0DOOFrey, McNeil and Nyfeler 20010 0000000000000000
0000000000000+0000000000000000000000000000
0 O OO Frey, McNeil and Nyfeler 20010 0000000t0000 100000000000
000004000000000000N=100000000000000000000000
000000000000000000100000 1000000000(0,1)J0000000
00000000000000000000000000000000000000000 10
00000000000000000000000%0

000000000000000000000 7 000000000000000000
000 p00000000000000000t0000007, = (2/7)arcsinp000000
000000000000000 7 00000000000t000000000O0000O00O0
00 p0p00000100000000000000000 7 00000000000000
00000000 D000000000000 ad0y000a=27x/(1—7k),y=1/(1—7x)0
ooooYoooooon

¥00oO0000000000000000000000000000000000000000026000
0 O Li [2000]; Schonbucher and Schubert [2001]; Schmidt and Ward [2002]; Overbeck and Schmidt [2005]; O
0 [2003) 00000

¥Nooo0000000000 ChOOODOOODONO0DON00DON0NO0DONO0oN260000000000000

“2A00000

66



000000000400000000000000000000000000O0OO0O%0O
000000000000000000000000000000000 2300040

023 0000000000
() 0000 0.2

0.10% 1% 5% 10% 50% 90% 95% 99% 99.9%

ad 0 0 1 2 20 126 198 435 913

t 0 0 0 0 3 112 244 812 2,070

ogooooa 5 8 11 13 21 55 97 467 5,578

ogoood 0 0 0 0 0 63 208 1179 3,822
(by DO DO 0.038

0.10% 1% 5% 10% 50% 90% 95% 99% 99.9%

oo 4 8 14 19 43 90 109 155 227

t 0 0 0 0 9 133 240 586 1,305

goooon 22 27 31 33 42 56 66 156 1,176

ogoooga 0 0 2 3 26 122 179 343 643

023000(1)0000000%%O 0000000000000 00OO0OOO0OOOOO
0000(2)0000000009%.9%000000000000000000000O0DOOO
gbboobotudobooobooboobbooboobbooboaboo

252 J000oo0bOOoOoOoobobOboOoOoon

gooooooooboboboboboboboooooog vaRODOODOOOODOD1000OO0
0000000000000 00000O0O0000OO0O000bOoOO00O()oDooooos
0000000000000 000000O000000D00O00ODO0O0oODOOO(@R)booo
sb0obo0OobobOobooobOoboooDoboobooooboboooobOobobooon

gbooboooobboobobooobbooobboosbbooo1egnog20010
gbooboosbo0bogb202000200400000000000000000000OO0

goooboooboobooobooboobbobboobooboobooboobon
ubooooobooboobooooo

@) = 5o exp (—

x_pD, q>0 (2.75)
q

N00000000000000p, 22000000000000000000000000
00000 p¢000000

0050000050000000000000 p,¢000000000 240000000
00000 p,¢00000000000000000000000000000000000
0000000000 24000000000000000000000000000000

400oD00D00000O0s%UID0000 1000000000000 D00000Og 500000
20000 0.038 O O Frey, McNeil and Nyfeler [2001] D0 000000000000

67



024 000000000000
() 00 500
goooo god goono oood gooon
0.000438 —0.000509 0.000522 0.000359 0.000820
q 0.018179 0.019241 0.020787 0.021139 0.020076

(by 0O 500
goood 0 ogoono oouod oood
0.000586 0.001671 0.000470 0.000473 0.000565
q 0.019388 0.021396 0.015097 0.017520 0.014676

uboooboooboooboobooobooboobooboobooobooobooobooonoon
oooooooon
gbosboboobosbob200000000b00b000b00000obOtboonooobon
gbooboooo4b00000D00DODODODODODODODODO
gboobDOos0d0nb 1999020010000 00boooobooboobboobooboon
oboobooooooooooooo xo

1 0.539405 0.536943 0.569717 0.383190]
0.539405 1 0.597219 0.621137 0.414482
0.536943 0.597219 1 0.553996 0.443241 (2.76)
0.569717 0.621137 0.553996 1 0.393412

10.383190 0.414482 0.443241 0.393412 1

™M
Il

obooboootbobobobovobobo 2,00

1 0.584118 0.571661 0.607913 0.426034]
0.584118 1 0.638485 0.667614 0.450915
Uv==6, X,=]0.571661 0.638485 1 0.597704 0.477843 (2.77)
0.607913 0.667614 0.597704 1 0.448515
10.426034  0.450915 0.477843 0.448515 1

goooboooboobobooboboooobyobOoDOODOOODODODOOD «OO
oond
4 =1.380645, & =0.723174 (2.78)

ooooooo
googbosinog200202004000 0000000000000 0DO0OO0O0OO0OOOO
obooooooooooooooo ¥o

1 0.601223 0.619590 0.633444 0.600060 |
0.601223 1 0.490336 0.515077 0.489257
0.619590 0.490336 1 0.688552 0.692295 (2.79)
0.633444 0.515077 0.688552 1 0.639953

|0.600060 0.489257 0.692295 0.639953 1

M
Il

68



20
|

10

el

T T T T T
-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15

024 000000000000000000O000

gbooboootbobobobovobobOo 2,00

1 0.633637 0.640580 0.655596 0.627849]
0.633637 1 0.510512 0.537244 0.517830
0.640580 0.510512 1 0.711757 0.715000 (2.80)
0.655596 0.537244 0.711757 1 0.666125
10.627849 0.517830 0.715000 0.666125 1

>
Il
X
™
AN
I

gboooobooboobooboboobonoboybbOobOoOobOo0bOobO0oDLO 00O
ugoo
4 = 1.512989, & = 0.839844 (2.81)

0ooooon
00500000500000000000000000000000000000000
000000000000000000000240000000000000000000
00000(2.76)0(2.78)0(2.79)0(2.81) 0 0000000000000 0000005000
0000000000000000VaROOOODO0000000ESOOOOOOOOOOO
000000000010000000000000000000000000000000
000250000
025000000000000000000000000000000000000000
000000000000000000000000000000000000000000
00000000000000000099.99% 0000000 204%00000000000
000000000000000000000000000000000000000000
0000000000000000ESO0D0O000O0D0O00

69



0 25: 00000000 VaROOOOOOOOOOO

()00 500
0000 VaRO 99%0 VaRO 99.5%0 VaRO99.9%0 VaR0O 99.99%0
ESO99%0 ESO99.5%0  ESO99.9%0  ESO 99.99%0
00 5.43% 6.27% 8.17% 10.7%
6.61% 7.43% 9.29% 11.7%
¢ 5.82% 6.86% 9.33% 13.1%
7.34% 8.40% 10.9% 14.3%
0o0oooo 6.23% 7.46% 10.4% 14.4%
8.03% 9.27% 12.2% 16.3%
00ooo 6.27% 7.48% 10.3% 14.4%
8.01% 9.23% 12.1% 15.9%

(by OO 500

0000 VaRO 99%0 VaRO 99.5%0 VaRO99.9%0 VaR0O 99.99%0
ESO99%0 ESO99.5%0  ESO99.9%0  ESO99.99%0
00 5.10% 5.91% 7.75% 10.1%
6.25% 7.04% 8.81% 11.2%
¢ 5.39% 6.47% 8.58% 12.1%
6.78% 7.74% 10.0% 13.6%
ooooog 5.75% 6.86% 9.64% 13.1%
7.36% 8.48% 11.1% 14.8%
o0ooo 5.75% 6.87% 9.41% 13.0%
7.34% 8.44% 11.0% 14.6%

70



253 U000OO0bOoOoOoOobobooboooon

000000000000020000 100020090 90000000000000000
000000000 S&P50000000000000050000000000000000
00000000000000000000000000000000
(216)000000000000000000000000 R()O/RG)DO0000O0O0OO
000000000000000000000000000000000000000000
5%01%0 00 Az(0.05)0AL(0.01) D0 000%¥00000000 260000000000
DO0A(x)00000000000000 A\ (v)000000000000000000000
0000000000000 000000000000000000000 70000000
00000000 000000000000 22000000000000000t000
00000030000 6000000000000000000000000000O0OO0
0000000000000000000000005%00000000000000000
0030t0000000000000000000000000000000000000°G6
00D0030+t000000000000001%0000000000000000 6000
030t00000000000000000000000000O0OOOOONONONONOOO
0000000000000000000000000000%0

0 26:0000000000000000000000000

000 |00 t6) t3) 250 D00
D00 OO

gboogd 0.39 | 0.25 0.32 0.37 0.47 0.52
Ar(0.05) | ODOOOO 0.35 | 0.20 0.30 0.36 0.40 0.43
ooood 0.24 | 0.13 0.20 0.25 0.30 0.28
oooog 0.27 | 0.13 0.24 0.33 0.43 0.51
Ar(0.01) | OO0O0OO 0.29 | 0.09 0.23 0.32 0.36 0.41
oooon 0.18 | 0.05 0.14 0.22 0.24 0.23

goboooboooooboobbooooobobobbooooooobooboooooobooon
gooooboobobobooooooooboboboboooooboobobobOoboon
uboobopoooboboboboboonoobobobooooboboboonoooobowo
gbboobboobboooboobuoobboobbooboobobooboboooboobn
gboooboboooboobooobooboobbooboobooboobooboooboo
gbboobooboobbooboobooon

gooobooboobooobooboobooboobboobboboboobobbon
oboobogo2r7yg0obo0obgobobo2r7y0o0b0boooobOoboobooooboobooboon
000000000000 p000000D0D0000000000NOOOOOODO BICOO

BO0000D00000000000000000000000000000000000 5%00000 1%0
uoboocoooooboooobooooOooooboobo0oobooO0OooOooOobooOoOooobboo

“O0000000 (20100 0000000000000000 10000000000 AL(0.05) 000000
goboooooobooooooboooboooooOooobo0oooOooOobOOoOoboOooooboboOoooOooboboOoonooo
gobooooobooooobooooooobooooooobobooooooooboOooboobooOoOooboOoOoOooDooo
oobooooooobooooobooooooooboobooooboooooooon

71



000000 ()0oooo0oO0ooo0oooo0oo0oo0¢=(4,...,4%) 000000
oond E({)DDDDDBICDDDDDDDDDDfDDDDD

BIC = —2In{(¢) + pln N (2.82)

oooobboooBICooobooooboooOooboOoOobboUoobbObOOoOoDbooDbboOoo
uoboboboboobobobobobobobooboootobboobobobobooban
gboobobooboobboobboboboobuoobaooboobuobbooboobanon
gboooobobobobobgooboboobooboooboboooobooooboonoo

027.0000000000000000 BIC

nln t ooo aoo o0

ogod oo oo

p pv| v a v
qooog | 0819 0520 3| 1539 | 0.831 | 1533
(—785) | (=1,055) | (—868) | (—695) | (—887)
qoong | 0443 0427 5| 1389 | 0.640 | 1.366
(—544) | (—637) | (=583) | (—488) | (—542)
qooog | 0270 [ 0273 5| 1220 | 0.387 | 1180

(—183) | (—253) | (—248) | (—217) | (—165)

00:. J00j0o0000ooooooooooOooOU0DDoUUoooboo BICT

0000000000000 000D0D0D00000000070000000%00 270
gbobobobobobob 220b0000000D00DOO0ODODODOOOOODOOO
gbobg22800b000boboooooboboobooooboobooboobooooboonbon
000000000000000400000000000000000000000000
gboobogoobooboob 2600000000000 00DO0O00OO0ODODOODLOODOO

0280000 00000000000000D0000000O0O
gd 00 t godg 0Ood gd
oo ooo oo oo
ooooog 0339|0348 0.348 0.350 0.293 0.348
ooooog 0273|0292 0.281 0.280 0.242 0.268
ooooog 0175|0174 0176 0.180 0.162 0.153

gboboooboboobooobobooboobooboobobobooobobooooboboobon
Tsafack 20090 0000000000000 O0OO00O0UOO0OOODOOUOUOOOOOOOO
OoobooO19ssb 1000 20040 1200 2000000000000 00000000O00OO
O0o0o0O0toooo0ooooooooOoOoooooDooooOoOoOooooon AICO BIC

opooooo0 1600000000
40p0po000000000D00D0D0O0D0O0D0OOOOOOOOOO0O0O0O0OOoOoO0DDDDoooooooon
000000 McNeil, Frey and Embrechts [2005] O 0 OO

72



gbooooooooooooooboobgboboboboboboboboboobooooo
obtoooooooobooooooooooog

26 U0OOOOODOCDOOOO

ChOODDODO00000ONONONONONONDDDDDONONONONONONONONONONnoonooooY D
ooooooooooboobOoooOOo0OoOoboooOoooboDbooOoooboooebooOod
gboooobooboobobobooooobooboboboobooooooooboobobOobobo
gooooboooooooooooooooooooooo ecboooboobooobooOoo
gboboooooooooooooogoooogoDog

00000 [2008)000000 [2009000000000000O0DOO0OOS00000O
ooboOooooboooo pocbobooooobbobobobooobobboocebobobooogon
0000000000000 oOo0o0ooOoocCcboUboOoOOooOoOoOoOoOoooOnO [2008)
bogbooobooobooboobo pboobbobbobobobbobbobbobn
ooboobod pddbbooboobbobobooboooo

gboooboooboobooboboboboboboobbobooboobobobooboboobbon
goboooboooboobooboobooooboobotboobooobOoboobbobo
ubboobooobooobboobooobbooboobooobooooon

2.6.1 1000000000O0O0

00000000000000-00000000CDOOOOOD ;000000000
0000000 X;00000000000000000000 Fj(z)0000U; = Fj(X;)
000000000U;00000000000000000;00000000000000
0000 p0000000000000000000000000000000000000
0 (Uy,...,U,)0000000000000000000000

0000000000000000000X000000000000000000000
000000000000000000000000000000001000000000
00000000000000000-00000000CDOOOOO0 j0000000
00 ,j000000000000

X;=pV ++/1—pej (2.83)

O000000000000000VO,,00000000000000000000O0p>0
go0ooooooooorooooooo0oooogooooooooooTooonn X;
00000000000 K;0000000000000000000000010000A0
O00000ooooo o)ooood

goooddoooooooood

—1
K;=3o"'(p) (2.85)
Ychpo000000000000000000O0000000O0O0O0OOooOn 200700000

73



ooboddooooooooodond X; <K;00
Uj = ®(X)) <p (2.86)

ubbooobobooboooboobboobooobobooooonobooobooon

gooobooboboboooobobobobobooboobobobobooooboooDo
oooooag (Uy,...,U0,) 000000 ;000000000 (286)000000U; <p0OO
ugbbooobogboobbooboo

26.2 ODOOCDOOOOO

Oo0o000.0000 CDOODOOOOOODOODOOOOCDOOOOODOODO 10000
0000000000000000000D 1/p0000000000000000O0ODOOO
oooboogpoobOOooboOo0oobbO0ob0oDbOoOob0l-0D00b00O00D LGpoooooo
000000000 oo0OOp(>00000

CboOoOO0ooOO0O0OO0LOLe(0,1]0000,;00000000000U;<p00000O

googno

LGD <&
I G

(2.87)

j=1
gooobooobooboobooboobobobbooboobooboboobobooonoo
gbooboobooboobooboobobobbobboobobboboooboboonon
goboboboboboooooooooooooooobobobobobbooboobobo
uboboooboobooboo
ooocbo0fdfdfooooopooooooooooooboODOo0ooooboU1I-0000
o000 LGgpooooooooocecbobooooooooi1oboooobboooooooo

ooos0000000000 (®,...,0¥)000000004i0000000 CDOODO
0ooooo
y LGD &
(@ - L&D |
L == 21{%@9} (2.88)
j=1

gooooobooNDOOOO0OOO0ODOObOOOODOCcbOoOUODOODbDbOObOO

Z 700 LGD

0000004 000000000000 Ay00000000 Dy 00000D0OMOOOO
ugboooobooon

w9 <p) (2.89)

=1 j=1

max(L — Apr,0) — max(L — Dy, 0)

Ly = 2.
M D — Axr (2.90)
0000000000000 0000oOE8)ooooo
max(L® — Ay, 0) — max(L® — Dy, 0)
2.91
La] NZ Dar — Anr (2:99)

#¥QUDU000D0002510000000000000000000000000O0000O02510000
0000000000000 0C0O000000000D0D00000Ovalue-at-risk00000000000000O
000000000U0oO0OO0OU 2003000000000 O0OLDOUOUOUOLUOUDUODUDODUDUODO
gobooooooooooo

74



000000000000000000000000 (296)0000 (291)00000000
0000000(29)0000000000000000000MO KOOOOO CDOOO
00000000000 000KOOODOOOOMOOOO0OO00O00000000000
0D0000O0KeDO0O0OO (UY,...,U0,...,UY,,...,U,)00000000000 40

00000000 CchoDOOonooooooonoon L ¥og
ﬁWWn:1§§mm@?—Awm—mw@?—DMﬁ)

K _
Kk:1 Dy — Ay

(2.92)

gooog

@  LGD " _
Ly _.7l;§; 1{U§;Sp} (2.93)

D00000CDOONDO00000000000 As00000000 DgD00000S0
noo Ly ooooo

N 8q,M, (i) Sq,M, (i)
1 max (L — Ag,0) — max(L — Dg,0
=1

Dg — Ag

gboogoood

oooboooooogoocecboooo cboooooooooobooOooooooboooon
0000000000000 00O0O0O00O00o0DOoO0DO00ooDoooooboooOoooebo
uboooboooboboobbobobooboobooboobobooboobooooooonoon
oo0O0O0O00oooOoOoOOOOOO0O000000000ooOoOoOb00o0o0OoooooO ebo
gbooooooo LobobobooMObOobDobDoD syOobobobo roo0O

et — (1 — E[Ly))e™"™ (2.95)

oooooodoo 1
sm = = In(1 = E[Ly)) (2.96)

ooooooocboooooopoOoOoOooOoooUoUoOooOooOoUooDooboOoOoooDon
goooooocbooOoOoOoOooOsibOObOODOUObDOUODDOOODOOUODOUODDOO
ubbgobuodgbboobuoobooobuoobooobooboo

26.3 ODODOOOOOOCDOOOOOOOOOO

00000000 ChDOOO0OUOODOO0OOOOOOOOooD2200000 (1)OOO(2)t0
3)0000000M@O0DO0O0OG)LOLO00S000000DOOOO00DOO0OO CDOO
00000000 (2)00000000t0000000000000DUoOLO0ooUooonOO
O0p0000000((2)0t000000000000O000O0O00OO0OOO0OO0O0O 20060
JO030b00bbooboobooobooboobboob 10bboobooobo

gboogboooboobooobooboobbobboboboboobobooboboobbon
Uobooobobooon 252,253 0000000000000 0O0O0O0LODLOOODOO
ubooobobooboobooobooboooboobooboool1oobooooooboooonoon

75



goooooooboboboboooobobobooooooboboboboboon
gbobooobooboobooboooo

0000000 ChDOOO0OOO0OOOOOOOooOO (20080 00000000ORO 1000
0007 =5000000000000000000000000040% 000000000
000000000500 5%00000000000000000 pODOOOoO1000000
oobooboboooob rg0o00600000000O0O0O0ODODOOODLDODOOODO
ubobobooobboidlbe=021000000000000y =1110000000000
§=087000000%1000000000000000 p=0.1500000000000
000000000000 AAADDOOODODODOO AADAAACOOODODOODO BBBOADO
gboobooboboboz290000000b00on0oonDg

029 cbooogoogg
googond uboobood bOoogb bOoOO0 ooooooo

oooooon 0% 6% 18% 36%
oooooon 6% 18% 36% 100%

000000000000000000000000 (296000000000 210000
00000000000000000001000000000000000t0000000
00000 2006030000000000 t(20)0+(6)0+(3)00000000000 2.100
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
00000000000000000000000000000000000 06500000
00000030t00000021.810000000000000 1904000000000
000000000000000000000000000000000000000°%0

02500CDO00000000000000000000O0ONONONONOONONONONOO000O
000000000000000000000000000000000000000000
00000000000000000,000000000000000000000000
00000000000000000

02500000000000000000000000000000000000000
000000000000000000000000000000000000000000
00000000 p0000000000000000000000000000000000
000000000000000000000000000000000000000000
000005 000000000000000000000,00.0500000000000

0000000000000 7« 000 22000000000000 »0000000000000000
O00000000000004(20)0t6)0t(3)000 p=01500000 7 =0.096000000

%Burtschell, Gregory and Laurent [2009] 000 0000000000000 CDOOOOOOOOOOOO
00 000 O Burtschell, Gregory and Laurent [2009] D0 00000000000000O00000O0O0OOO
0000100000 00000000000000000000000O00O0000000O0O00000000
O0oO0o00o0oO0o00O0oO0o0o0ooO0o0o0o00o0oo0ooo0oo0lo0o0o0o0ooo0o0oo0oooo0ooooon
00o000000000000000o0o0o00o0o0ooo0o0o0o0oo0ooo0oo0ooo0ooo0oooooooo
O00o0O00O0o0o0o0o00o0o00o0oO0o00o0o0ooO0o0o0o0ooo0o0ooO0ooo0ooooooooooooon
00o00o00o00000o0000O00o0o0o000o0oo0o000o0oo0ooo0o0o0o0o0oooooon

00 [2003]00000000000000000000000000000000000000000000
O00oo0ooO0oo0ooO0o0O0oo0oo0o0oooOooo0oo0oo0ooooooooooooooooooon
0000000000 0000000000000000000000000O0

76



(bp) (bp)

1500

1000

500
1

() 00000 (byDOOO

(bp) (bp)

O‘O O‘l 0‘2 0‘3 0‘4 0‘5p 010 O‘l 0‘2 0‘3 0‘4 0‘5p
(c)0DD (d)0oooooo
-o- IE —+— t(20) —>— t(6) —— t(3)

—~ REAUANLE JLA by % TS

U025 00000000000

Ub: ODooooobooobooobooob pb0o0obboO0obbooboooooooooaon
OO000O0O0O0000O000DO0Oo0ooODbpO

77



0 210: 0000000000000 p=0.150000bp

0000 |00000 0000 000 0000000
00 1,147.43 63.38  0.65 0.000
£(20) 1,061.07 86.94  2.33 0.002
£(6) 899.52  127.82  9.11 0.043
£(3) 735.55 16540  21.81 0.196

oooooo 1,018.34 59.01  19.04 2.685

ooooo 860.61 13577  12.65 0.099

0000 1,324.02 1554 0.00 0.000

00000 0000000000000000000000000000030t00000
0150bp000000000000000000%00000000000000000 t0O
0000000000000000000000000000 p0000000000000
0000000000000000000000000+0000000000000000
00000 p000000000000000000000000000000003%0
000000000000000000000000000000000000000000
0000000000000000000000000000000000000O00000
0,p000000000000000000000000D00O0000D0O0O000O00O0000
000000000000000000000000000000000000000000
0000000000000 0000025000000000 p00.05000000000
000000000000000000000000000000000000000000
2110000000%000000000 p=0.150000000000 7.7400p =0.15
0000000 p=0100000000000000000000000000000000
00000000000000000000000000000000000000+t000
000000000000000000000000000000000000000 p00
0000000000000000000000°%0

264 ODUO0OODOOOOCDOUOOODbDOObOOOOODODOD

Ooo0oooocecbobooOoOoOoOooOoboOooooOoOooOoOoOooDoOonooD2630000
oocbodbooOoOoOoOoUOboOoOoOooobooobooobooocbouobooooooo

t00000000 p000000000O0O0ODODODOOOODODODODODODOODOODODODO
00000000000000000000000000+«+000000D000000000O0 double-t 0000
000o0oooooooo 2BO0O0O0OO

53Burtschell, Gregory and Laurent 20090000 SK0000000D0DOO0OtO0OOODOOOOOOOOO
ooooooooo 30pooooooU0UooooooOoU0dUooooOOodUooooo0oooooooogg
Oo0opoooo25000000000000080LO0ODOOOOOOOOOOOOOOOOOOOOOOCOO
00000000000 000000000000000000000D00 00000 dBurtschell, Gregory and
Laurent 2009 00 0000000000000 O0DO0O0OO0DOOt0O0O0O0O0OOOOOOOOOOOOODODOO
O0oooooooooonooobobobooddddooooooooob b oo ooooooo

MOoO000000000000000000000000000000000000 00000000000
000000ooooooooooooooooooooooog

000000000 2640000 CODOOOOOOOOOOOOODDOOOOODOODODOOOOOOOOO
goboooooobobooob cboUobooOoooOoobboUoOooDooo

78



0211: 000000000 CDOOOOONOOOONOOOOO
p 00 +(20) t(6) +t(3) E E E E E .
0000

0.1 | 229 148 115 1.04 1.76 1.1
015| 155 1.20 1.10 1.04 1.36  1.33
02 | 134 120 1.09 1.02 125 1.16
025| 122 1.15 1.07 1.03 1.14  1.09
03 | 116 111 1.06 1.01 112  1.04
035 | 112 1.08 1.04 1.01  1.09  1.02
04 | 109 106 1.02 1.01 1.07  1.00
045| 1.06 1.05 1.02 1.00 1.05 0.8
05 | 1.05 1.04 1.02 1.01  1.04  0.99
0oo

0.1 | 15860 6.48 210 1.45 1.96 15.40
015| 7.74 325 170 133 151  3.08
02 | 335 213 150 1.26 134  1.91
025| 226 1.77 1.37 121 120  1.53
03| 179 152 130 115 1.20  1.32
035| 154 140 1.24 1.6 1.15 1.24
04 | 143 132 1.19 112 112 117
045 | 133 1.27 118 111 112 111
05 | 129 123 1.16 1.0 1.09 1.1

79



ocooooobooobooboboo ecbobbooboobboobobobboUooDbooDOoO
cbooodoogoooochbooopooUObDoboooboobbooboooooocecbooon
oboobooboobooo3gboboboboobon

0 212:. Chodopnooooooooogn
ugooono oboooo boooobo o000

obooboooo 0% 20% 80%
obooboooo 20% 80%  100%

0000000 ChOOO00O0000000000000000000000CDOOONO
00000000000000000001,000000000000000000(1)000
(2)t0(3)000004)0000000G)00000050000000000000000
000000000000000000000000000 p00.1500000 2120000
0000000000000000000000000002130000000000000
00000000000000000080%000000000000000000 3.22bp0
000000000000000000000001000000000000000000
00000000000000000000000000 CDO0000000000000
2660000000000000000000000000000000000000000
000000000000000000

0213 CDOO00OOODOOOOO0OODO0O0O0O0000p=0.1500000bp

0000 |0000O0 0000 000
oo 217.87 34.02  3.22
£(20) 257.25 58.46  10.06
£(6) 303.95  104.45 3151
£(3) 324.82 14791  61.82

000ooo 113.11 50.53  29.70

00000 306.63 11552  39.63

0000 78.85 0.00  0.00

OODC0C2500000000D0000000O0DOCDOOODOODOODOODODODOODO
gobobobooobobooobooboboooobobobobooooobo 260000D00
ooogbobo2s50000000000000000000 pO0b00obOO0obOO0ObOOOODOOn
ubboooboobuodabbot pgobuoobboobooboobboobuooboan
gboobooboobbooboobbooboobo

2.6.5 ChoOUOUODOOOOOOOOODODODOOOOOO

cooboooooooooooooobbboUoobooooobboUoobboooo epboboud
ococbooooOopoOoOoOoOoboOoOoOoOo0DOoOoOoU0OoOoUODOOoUoDUOOoboUObDboODoDO
gboobooobboobboobogbuobooboobboobooobooboboobon

80



(bp) (bp)

E#

t(20)

t(6)

t@)

REEH AR
L4k
a5

()OO0

026000000 CDOOOODOOOOOOODO

Ub: OoboooooOooobooobooon pbO0o0obboO0obbooboooooooooan
OO000OO0O0O0000O0O00DO0OoOonooODbpO

81



gooooooobobobobooooooooboboboobooooboboboon
000000000000000000000000000°%0
gooooooobioobboobbooo ooooooo cecboogoobobooDOoO
UOmUOdD0O0D000D0OO0D0O0DOODOO0ODODO0O0DO0O0O0DbO00D00D poobooo
gbobodgolsboooboobobodaobbo»gob0O 10000000 bOo0OnbOoOnOn
0000000000000000000000000000270000000°%00 2.70
ugbbooboobooboobooobbobbooboobooobooooooboooboon
goooooooboboboboooboooooboboboboooobooboboboon
uboboooobobooobobooboboooobobooobobooooboonoboooon 2.5
uobbobooooobobboooobbbooooobobboooobobobobooooooboobo
gbooobgooobooboboboobobooobobooobooobooooboboooboonoo
gboooooooboobobob 20b00b0bO0b0oboo0OooO0obOob0bOobOobOobn
gboobgoobogboboobooboooboobbooobooboo

26,6 DO0DOOOOOOOOOO CDOUOOOODOOODOOO

2.6.4,2650000CDO0OOOODOO0ODOO0O0OO0OO0O0ODOO0ODOOODOODOOD
oobooobooO0oooOoooooOooboOooboooooooocecbouboooooboboOoDbooo
oo cbhoOooOooooOoooOOl100000000O00ooOooooOoooDOoooOoooDoo
gooooobOoOooooboooobooo cecboboOobOoUUoDOoUObDbOOobOboOoOoDOoo
gbobooboobooboboobo

2.6.4,26500000CboOooO0o0o0oobooOoOobDOobOOoO0OoUloODDoooDOobOOO
goooboobooooooogooboboooobooooboobooboboboooboon 1o
OO0O0O0DoOOoOocCcboUodOopoDoOOoOODOOOO0DbDOO 21000 p=0.150000000
0000000000000 sy=63.38 (bp) 00000000 ODOOOOODOOCDODODOO
O000000000000000 T=50000LGD =0.6000040%000005000
ubbogobooboboooo

p=(1— e sMT/1000) /1D & 5 90% (2.97)

oo0ooooboo0oOoDoOoooOoOobDOO wvbbgooo cboobooocecbobogoooood
goooboobooboboooboobooboobobbo pbolsbooboobObO
obooobooooboooboobobo2beb30dtbOobonoobobobbobonn
goooboooobooobooboooboboobobobobo210000b0b0000O0DbO
0(297)00 100000000000000000O00O0O0O p=01500000000000
cboooooooboooboooob 21400000000

021400 2130000000000000b00DOO0O0ODODOOO0DDOOODLDOO0
gooobobooobobooboobooobooboboboobobboooooo 2400000
goooooobooboboooooobooboboboobooooobobobobobobn
ubobooboobooboobboobooobboobooonobo

5600 [2005] O Whetten and Adelson [2005] 00 CDOOO0OODO0O0O0O0O0O0O0O000O000O00
0000000000000
¥NO00000000000000000000000000000000000000000 0000000
000000000000000000000000

82



1.00

0.95

0.90

0.85

T T
0 20 40 60 80 100 0 20 40 60 80 100

() 00000 by 000D

2.0

o Ef
—— t(20)
) == t(6)
R 1)
l v
.
Sk

1.8

1.6

REH R
L4 kY
2509

1.4

1.2

1.0

()OO0

g2ngboboboobooooooooooooooog

gb: 0DoboooboobobdlooooobOOoOoOoOobobObOOobOOoOobOoobOoooan
obOoooOobooooobOoboooobO p=01500000000000

83



0214:000000000000000000000p=0.150 000bp

oooo  [°PPPU lopooo oooo ooo
000 p
0o 5.20% 334.62 172 0.00
£(20) 7.09% 458.92 540  0.00
£(6) 10.32% 667.44 17.55 0.0
£(3) 13.23% 845.49 3575 0.00
oooooo 4.85% 984.80 848  0.00
noooo 10.94% 697.67 23.08  0.00
oooo 1.29% 765.89 6.97  0.00

O0: 500000000 p»002100000000000000000000 sy 0 (2.97)
ooooooooooooobooo

27 JUouobooooooobobon

0000000000000 0000000000000000() 0000000 ooo
O00o0o0o00o0000O()UU0D0000D0Doooooo@)toooooooooooon
obooboooboooobooon

271 0ODO00OO0OO0OOOOODOODOODOOODOOD

goboobobobobooooooooboobobooooooooboobobobooooono
ubooobooobooobboboboboobobobbobobooboooboobobooboboonon
gooooood

oopooboooobooogbo2o001b10020040 12000 000000000000
gboobogbuooboobooboobbobbobobooboboobboboboobobn
gboogoo 2800000

g28000000000b0000boooboooobooooboboobboabonn
gobooboooboobbooboo 28bboobooboboobboooboobo
0000000000 000000000D0000%®0000000000000000010,1]
gbobooobooboobooboobooobobooobo

0100000000000 0000O00000LOO0bOO0OO0LOOODOOODOOOD
ggbogobooooooboooboooboobooboboobobooboobooobobobo
gboooboooboobboobooboobooboobooobooboobooobooon
0000000000000 O0000oo0oOoOoo0oooOOoO olobboooooooO
gboobooobooboobboobooboo

¥0oo00000000000000000000000000000000000000 [0,1]0000000
gooooooobooooooobooobooooooobooobooooboooooooooboooboooooboooDooOz
gobooooobooboosbobobooobooooobooobooobooooboboooboboooboOoobooooooo
goboooooooooooooooooooooboobooooboooobobooobcoCDbobOboOoboDbooboOon
gooooooooosooboobooonobono1ooboooooooooono oobobobo0oooosooonoooo
gooooosios¢uobooooooooooboloooboooooooooobooobooboecbbobboonO
gobooooooooooo

84



028 0000000000000000O0000O0O000ODOAO0

272 0OO00O0OOODOODOODOO

gbdtbobdboobuoobobobboobobobooboboboobobobn
00000 z2000000000000000000000D0O0DO(-1,0)0000000O
ubboobooboobboobuoosgobooboboooooaobooobooboan
gooooooboobooboobooboobbobbobboobboboboobooo
uboooboboobobobooboooboobbobbooboobooooooboonoon
00000000000000%000000000000000000000000000
D00000006<00-1<a<000000000000000000000%0

gboo3bgbogooboobobooooboboobooooboo11gbooboobonDo
gbooobooobooboobooboobobobboobooboobooboobooon
gbbooobouooobboobbuoobbuooobboobbuoobbooboboaotsn
gbooboobooboobbooboobbooboobbooboon

273 t0O000OO0OOOODOODOODbODOO

tbgoboboboboobuooboobobboobooboobotoobobuobooban
gboogoobooboobooonoo

gbogbuooobooobooboobbotbobbobboobooboobooboab
Chen, Fan and Patton [2004| 000000000000 02520000000000000
ubooobooobooobooboo oot bobboboobooboobobooobogonon
t0goooboob400b00b00000000bOoboOobo.1bo30o06D 30 00DOODOO
uboooooboobobobboboobobooboobooboboobooobooan 21500

000000 v<1000006°C(ur,u2)/0udue 00000000000000000000O0OO0O0
000000000000 0000000000
O0poDoooo00000000Nod ¢(w) = (u;*—1)/al00000-1<a<0000000000000
00000 (2.110)000000000000000000000000000§<000000000 -1<a<0
00000000000000 (-1,000000000000000000000000

85



0215: 0000000000000 /t00000 9% 00000000

0.10% | 1% | 5% | 10% | 50% | 90% | 95% | 99% | 99.9%
00 0.1
00 of 2[ 5[ 8] s3] 11| 154 268] 472
¢ 0| 0| 1| 3| 23| 126| 190 387 | 765
00/t 0.81 | 0.69| 0.61
00 0.3
00 of of of of 10] 126] 2381 618 1,507
¢ 0| o o of 7| 124|239 718 | 18027
00/t 0.96 | 0.86| 0.82
00 0.6
00 of of of of of e2] 203]1,163] 4,060
¢ 0| o ol o] of 54| 1901206 | 4,396
00/t 112 | 0.96 | 0.92

0215000000 20000000000000000000000000000OD0O0O
gboogotoobooboobobooboobooboboobooboobboobooonoo
ubbooobooboobobod

googoobtoboobboobooobobooboobooobooboobbooon

2.8 OO

gbooobooobooboooboobooboobooboobooobooboobDbon
lgbggbogooboobobooboobooobaobooboobootsbobooboonon
gbooobooobooboobooboobooboobooboobooboboonoboonoon
uobbooooboboooooboboooooobboboobbobooooooboobobooooooobo
gooobooobooboobooboobooboobbooboobobooboobooo
uboboooboob1oboooooo

gbobobobobobobobobooobooooooobobsobobobobOonDo
uboooboooboooboboobbobobobobobboobobooboobboboboboobonoon
googoobooboboboooooooboobobobooooooboboboboboon
go0oOoOoOoooBICOOODOOOOOOOOODOUOD tOOODOODOOOODOOOD
ugbbouodgbooobooboobbuooboobboobuoboobbooboo

O000000O0O00O0O00Oo0o0DOoOO0bOoOOoOooooooo CchobooOoOooUooDO
gbooboooboobooboobuooboobooboobooboboobooboan
0O000o00ooOoooooOooo choooodopoOoOooOooDoooODOoOooOoooDooo
gooboooooooboobooOoooooocecbobboogoooooboDbDooOoooooboo
o0ooo0OooooooooOoOoooooooooooocbobobooOoOooOooooOoOoOO
ubobooobooboobboobooboobbooboobonD pbbo0obOo0oboOon
gbboobboobooboobodgbuoobbobbooboobuooboboobobobn

86



00000000000000000000000000000000CDO00000000
0000000000000 00000000000000000000000000000
0000000000000000000
000000000000000CDPDOOO0OON00000000000000000
0000253000000000000000000000000000000000000
000000000000 000000000000000000000000000000
00000000000CDOOO0O0O0000O0O00000000000O0O0O0ONNNnnnn
0000000000000 253000000000000000000000000000
000000000000000000000000000000000000000000
00(1)00000000000(2)0000000000000000(1)00000000
0000000000000000000000000000000000000000000
0000000000000000000000000000000(2)000000C0kimoto
(2008 00000000000000000000000000000 2000000000
00000000000000000000000000000000000
000000000000000020070200800000000000000000000
0000000000000000CDPOOOOO0000O0O0ONN00ONONONONNONnOnnn
0,0000000000000000000000000000000000O0O0O0O00O0O0
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
0000000000000 00000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000CDO000000000000000000
000000000CDOO0O0O00000000000000000000000000000
0000000000000 00000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000
00000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
0000000000000000000000000000000000O00000000
0000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
00000000

0000000000000000000000000 CPO0000000000000
0000 VaROOOOODOOOO0O0O0O0D0O0000000000000000000000
000000000 CDOOO0O00000000000000000000000000000
00000000000000000000000000000000000000000 2
000000000000000000000000000000000000

87



2A 2000000000000 O0DDOOO0ODODO

gooob2000000000000000000D0DODOODOOOODOODOODO

gooooo

2 A1 200000000000000

2000000000000000O40

H(C(u1,u2)) = ¢d(u1) + ¢(us2)
0000000(298) 00000 «,00000000000000

3C(u1,uQ) Y
T = ¢'(u1)

0000129900000 w 0000000000000

80(114, UQ) 8C(U1, Ug)
8u1 61@

¢'(C(u1, u2))

OQC(ul,uQ)

6U18u2 =0

¢"(C(u1, up)) +¢/(C(ur, up))

(2.100) 00 0O

W =&V (0(m) + é(u2))¢ (1)

D0000y=¢(2)00000¢ Y(x)DDODOODOOO

vy dy  (dz\T
¢ (:C)_dw_(dy)

goooooboon

:<d¢()> 11
dy Py (o))

9C (u1,uz) ¢’ (u1) o (w)

duy ¢ (o~ p(u1) + B(u2))) ¢ (Clur, uz2))

ogooooon
BC(ul,uQ) . ¢I(UQ>
QUQ N gb’(C(ul,uQ))
00000000 ((1000)0000000000000
PC(u1,ug)  ¢"(Clur,uz))¢' (u1)d' (ug)
8u18U2 N {¢/(C(U1, ’LL2)>}3

(2.105) 000000 ((222) 0000000000000 OOOOOOO

/ / C ul,uQ dC ul,uQ / / C ul,uQ aC UI,uQ)d 1dU2
8u16u2

</5" (u1,u2))@ (u1)@' (uz)
/ / Ol ) G gy e

(2.98)

(2.99)

(2.100)

(2.101)

(2.102)

(2.103)

(2.104)

(2.105)

(2.106)

O0000v=wlw=C(u,u) 0000000000000 00<w<v<100000

000000 (2103)0(2104) 0000000

olv,w) | 1 0 | ¢ (u2)
a(ul ) UQ) (z)/((z]l)) (2)/((15)) Cb/ (’U))

(2.107)



000000000oOooooooosio

1 B S W), [ w)p(w)
/0 /0 Olur, u2)dCus, uz) “//ogwgvg“’ w2 d”dw‘/o Uy ™

(2.108)
(2.108)J00000OOOO
Lo, ZOFSLIEI

f {¢I<1>£C§ - |5 L ] o ez 2109
:0+/0 & (w )dw—i-/0 wdw = /0¢/( )dw—i-i
0000000000222 0000000000000O0DOOOOO
_ ' p(w) | R I (%)

T(Ul,UQ)—4{/O (25/( )d +2} 1—4/0 ¢,( )d w+ 1. (2.110)

000000000000000000(21100000000000000000000000
00000000 ¢(w)=(-mw)’)D0000000000 ¢(w)=w*—100000000
00 ¢(w) =—In(e® —1)+In(e? —1)0000000000

00000000000

1

Low) 1 [ 1 w? L2 1 1 N1
/oqb’(w)dw_'y/o wlnwdw—; [QInw]O_/O 75dw _7{0_4}__47

(2.111)
0000001000000 0o00000o0oooooooo
1
TK(ul,UQ) =1-- (2.112)
Y
gooooooooood
1 1 _
-1
/¢/(w)dw:—/ {/ wdw — / w*Hdw} = ——— (2.113)
o ¢ (w) 0 awal 2(a+2)
gooooooooooooocooobooonoooooooon
-2 a
— 4+ 1= 2.114
T (U1, u2) = a+2+ P ( )

oooooooooon

1 1 —déw —ow 1 —dw

d(w) /e -1 e " —1 1/ 5 e —1
/qu(w)dw | oo n{——— dw 5 O(e )In ] dw

(2.115)

D000000000000D,0) =4 0 £5dt0000000000Debye0000000

ubooboooooo0x0O0D0OO0DOODODODODODO

Tk (u1,u2) =1+ %{Dl(é) -1} (2.116)

61(2.108) 0000000 [} ¢ (v)dv = $(1) — p(w) = —¢p(w) 0000 D

89



2 A2 2000000000¢000O

0000000000000000 000000000 700007k = (2/n)arcsingp 0
0000000000000
(22000 0000000000000 7x000000(XE, X)) 0 (X/,X))0oooooo
000001000000 ,0200000000000000000000

(Z1,25) = (X{ - X{, X5 — X3) (2.117)
0000000000000 000000000 20000 p00000000000000
OOrcosf = z/v2, rsinf = (2 —pz)//2(0—p2)00000000000000000
00100000000000000R()0000

Pr{(X! — X)(Xi — XJ) > 0} = Pr{Z1Z5 > 0} = 2Pr{Z; > 0,Z5 > 0}

Z9 — pZ1 _
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# 00000 00000D0OO010000D00000DOO

# Kanter [1975] 00O 0O

rposStable<-function(simNum,alpha){
v<-runif (simNum,min=0,max=pi) ;w<-rexp(simNum,rate=1);
xx<-sin(alpha*v)/(sin(v)~(1/alpha))*((sin((1l-alpha)*v)/w)~(1/alpha-1));
return(xx)

}

# 00000pOO0DOOO0DOODOOODO

# Kemp [1981] O LBO

rlogrithmic<-function(simNum,beta)q{
h<-log(1l-beta);
ul<-runif (simNum) ; u2<-runif (simNum) ;
xx<-trunc(1+log(u2)/log(i-exp(ul*h)));
return(xx)

3

# 00000000
# [0,1] 0000 simNum X ndim

200000n=ndim 00 simNum 000000000000 0000000 simNumO ndimO00000
goboooooooboooooooo
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ii<-matrix(runif (simNum*ndim) ,nrow=simNum,ncol=ndim) ;

# 0000000000000 uu
theta<-rposStable(simNum, 1/gamma) ;
uu<-exp(-(-log(ii)/theta) " (1/gamma)) ;

# 0000000000 bDbDbO0d w
theta<-rposStable (simNum, 1/gamma) ;
uu<-1-exp(-(-log(ii)/theta)”~ (1/gamma)) ;

# 00000000000000  uu
theta<-rgamma (simNum, shape=1/alpha,rate=1);
uu<-(1-log(ii)/theta) ~(-1/alpha);

# 0000000000000 uu
beta<-1-exp(-delta);
theta<-rlogrithmic(simNum,beta) ;
uu<--log(l-beta*exp(log(ii) /theta))/delta;
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O0IO0D0D000EL D<A <DS000000000000000OOD Py00
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Py = Pr(Dg; < Ay < DE;] = 0(57) — 0(53) (3.26)
goono
55 = do/TJt — ds\/7/t (3.27)

000000000 ELD ELpO00000FELpO (3.28) 00000000
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95 2.54 2.63 —-0.09 6.4% 781% 15.4%
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Ga(L) = E[L|X = 214 (3.33)
0000(3.33) 0000000000000

BILIX =21 0] = Y_ E[Li|X =14 (3.34)
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0000000000000 VaRODOD ¢(L)00000004000000
SELZ:E[LZ|X:$1_Q] (335)

O0000000000(3.35)0000:00000000000SELOO0DOOOOOOO «O
ooboooobbooboovuLboooooo«:bboooon

UL; = SEL; — E|[Lj] (3.36)

gbobobobgobo..0bobobobooooobooboboboboobogooo uULboon
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3.3.2 UO0O0O0OO0Ooooooo
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0000000000000 0000000000 W,000000000 X,0+VvROOO
0000000000000 X,00000000 Y, 000000000000000000
ooooooB¥oooooo w,00

W; = VRX; + V1 - RY; (3.37)

DOooOoooo

Xo=000000DO0000000Xyr =vVT® ' (1—-a)=—VTd Ya)DOODOOOOO
D00000000000000000000000000000 SELOO0OOOO0O0O0
noooo

go(L) = SEL = D(elm07 20T _ 1) 4 Eg[(D — Ap)*|Xr = —VTd 7Y (a)] (3.38)
0000000(338)0000000000000000000000000000O SELOO

SEL = D{er0—r20)T _ 1 4 &(dg)} — AgerT e oVIVRE @) (= R*T/28 (g — 5/T+/1 — R)
(3.39)
0000000000 3.C0000000000ds000000000000

_do+VR® Ha) @ Y(PD)+VRP Ha)
- JVI-R VI—R

ds (3.40)
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0000000000000000000000000000 VRODODOODOODODO0OO0OO000O000000
O00o0O0o0o0oooooo0oooooooooo
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3.3.3 UU+«ooooooouou
gb:ugdgbooobodgbooobuoobooobooab

SEL(A*) = D(ermo=roT — 1) 4 A*(elrm=riT — 1) (3.41)
+ E[(D+ A — Ap) Xy = —VT® Ya), X, Y]

0000000000000 00000O0DO00O00O00DO0O0bOO0O0ODO0OO0ODOOOO(s.41)
gboboooooooooooooooooooooon

00000000000 X, Xr=Xr—X;0000000000000000
Xr=Xi4 Xr_y = —VTd o) (3.42)

D000A*000+¢00ELO0000000000000000000000000A4700
Yro =Yr-Y,00000
Ap = (Ay + A%e ) eln=02/2) o (VRXr_ +VI=RYr )
= (D + A%)e VT o VRXT ot VI= YT (3.43)
= (D + A*)e*d*aﬁea{\/ﬁ(fﬁ@‘l(a)th)+x/ﬁYT7t}

000000000000 (341)00000o0o0o0ooo

SELt(A*) = D(e(TIVIO_TLO)T _ 1) + A*(e(T‘A{—TL)T _ 1)
4 (D + A*)Et[(]. o efd*gﬁeigmq)_l(a)eig\/RXteomYTft)Jr‘Xt]

( ) I e( U )7 ] A S
= D(e MO—TLO ) ( M L )é
% o—rrT 5*_71:7-Et[(1 — € fe C \/THI 1(a)€_ofRXt€UF_RYT t)+’X ]

(3.44)

000000000000 0O000O00O0O00oOoDoOOoA*=0000B4)000000OO
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SEL(0) = D(elmo=me0)T _ 1) 4 E[(D — Ap) | X = —VT® Ha), Xy, Y]

= D(e(mfo—rLo)T — 1)+ EJ[(D - Aoe(u—UQ/z)Tea{—Jﬁé—l(a)+\/1—R(Yt+YT,t)})+m]
(3.45)

3.3.4 U000OOOOOO0OO0OOLOOOOO

000000000000000000000000 ESEL(A%)]00000000O00
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Eo[SELi(A*)] = SEL; + SELy + SELy (3.46)

ogoog
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SELH = EO[SELt(O)l{DgggAthgf}] (348)
SELIH = EO[SELt(AS)l{At<D§;}] (349)
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gbobooboobooobooboonoobn

O00I0SEL (344)000000(347)00000000000O0OOO0ODO 3DUOOOOOO

SEL; = D(eraoreo)l _ 1)(—67)
1

+ E— [(er=re)™ — 1){ Age!* @ (5} + oV/t) — DETB(—07)}
1 - 6
T Aget {Do(~07 + Vi b + o RE/ T ) (3.50)
_ e—ah’l‘\/ﬁ—UQt/Q—i-aQ(1—R)T/2q)2(_5>1k +0_(1 _ R)\/?E, hT _ 0_(1 _ R)T/\/?], P*)}
D Bo(=55, B p*) — e TPV 2B (61— g RV, Y — o /T p)}]
000040 R0 R0 p* O (3.51), (3.52), (3.53) 000000000
n=(1-R)r+ Rt (3.51)
* —1
pr= GVTHE(VRT (3.52)
V1
pF = R\/t/n (3.53)

O0II0SEL (3.45)000000B4)0000000000000000OO03.D000O00OO

SELy = D(ermo=me0)T _ 1) (& (67) — ®(5%)} + D{®a(ds, 67; ps) — Pa(ds, 535 ps)}
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uoogo
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o e—ah§ 77—U2t/2+0'2(1—R)T/2q)2(5; - 0,(1 . R)\/%, h; . 0,(1 _ R)T/\/ﬁ; _p*)}

= DT (D85, b —p") — e VT 20,(85 4 RV, b — o~

(3.57)

105
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— De™" 20, (65 + o RVE by — 0/ —p")}]
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— g 0'2 *
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90 466  4.90 15.97 1432 11.31 942 | 16.82 14.16
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