ooooooooo/monn/2000. 4

Juodoogtddood

ooo

O

0ooo
ud

IDDD

ooomoooooooooooooooooooooooooooon
ooooooooooooooooog
O ARTOOOOOOOOOOOO0OOOOOoOoooooooooooond
oooooooooooonnononnART alternative risk transfer(J [J
ooooooooooooooooooooooooooooooon
oooooooooARTOooOooOooooooooooooooonn
oooood
o.ooooooooooooooooooooooooooooooon
ooooooooooooooooooooooooooooooon
ooooooooooooooooooooooooooooon
O.Evioooooooooooooooooooooooooooood
oooooooooooooooooononnnEVIL extreme value
theoryO OO OOOOOOO0O0O0O0000000O0000000000O0O0O
oo
oooooooooooooooooooooooooooooooon
ooooooooooooooooooooooooooooooooon
ooooooooooooooooooooooooooooooooon
ooooooooooooond

UO00oO0O00ARTODODOODOODOOODOODOODOODOO0ODOO0O0O0OOEVT

ooboo0o0o0oooboooO0o0oO00oooO0O0O000O0OOO0OO0O000bOOOOO0O00O0O0O0ODOO
gooooooooooooooooOooOoOoOOOOOODOOODOOOmOOOOOOOOOO
ooo ooooooOoOoOoOoOoOboOOoObObOOoOOOoOoOoOoOoOoOoOoOoOoOoOoOoOoOoOoOOOOOOn
oooooooooo
oobo0o0o0o0ooooo0o0o0oO0oooooboo0ooOoooooo0o0o0o0ooooooOo0oo0ooooooon
ooo0o0o0ooooO0o0o0ooooooooo

0000000000000 00000o0oOoooE-mail: yuji.morimoto@alum.mit.edul]

289



. goon

000000000000000000000000000000000000
gooboooobobbooooooooooooobobobboooooooooobon
OO0?0Bancassurance 0 0 00 0000000000000 O0O0DOOOOOOOO
oobo0o0ooooobOo0oooobbboooooobObboooobobbbooooo
gooboobobobbooogoooooobooobbboodgooooooboboo
goobooooboobobbooooooooooooooboooooooooon
gbooboobobooboboon

OARTOOODODODUOOOODDODODODOOOODODODO0OO0obOooooooboooooa
ddddooooooooooooooooooooboooooooooooon
000000000 alternative risk transferdd D J ARTO OO OO OOOOOOOONO
0000000000000 o0oDoooooooARTODOOOOODOOOOOO
0o0ooodoooooooooboooobboooooobooooooooog
ooooooo

obooobogoobooboboobooboobobooboobooooooo
gboobuoboobobbooboobooboobuooban
goboboboobbooooboobooobooboobooboobooobon
gooboobobbboooooooooboobbbbbooooooooooboo
obooboooobooboobooooboobbooobooboooboooo
gooboobbobboogooooooboobbbbotboguooooooobooboon
goobooooboobboboooooooooooooobbooooooooooon
gboobooboboboboobooboobon
goboooobooooboooboobooobooboooboobooobooo
goobooobobobbooooooooooboooboobobboooooooooboo
goobooooboobboboooooooooooooobbooooooooooon
gboobooboobobobooboobooboobooobooo

OEVIOOOODOODOO0OO0O0O0DO0OD0ODOOD Paul - Choudhuryd 19980 0 0 O O
gooboooobobobooooooooooooobobooooooooooooon
goobooObobbbo0o0ooooooobooobbbbboooooooooooboo
oboobOo0oooboooboobooobooobooboooboooboooo

l00000000000000O0OCOOO0O00O0O0O0O0000O0ODOOOOOOOO0O0OO0O0O0O0O0O0BO
goooOoOoOoobooooOoOoOooooo
200000000C000O0OOCO0OO0OOCOOOOOOOOOOOOOOOOOOOOOOOOOOOO
OAlfinanzD OO OOOO

290 oooo/zo0o. 4



oooooooooooo

0 O extreme value theoryU D O EVTO OO O UOEVIOOOOOOOOODOOOOO
gboooooboboooogoboboooooboboooooboboooogoboo
gbobobboobooboobooboobuooboobuooboobooobab
gobobOooboooboooboobooboobooboobooboboaon
gobo0obooboobobooboobobEVIOODOO0ODOOoOoooobooon
gboooooooboboooevroboooooooboobobobooogooboooboo
gobobooboooboooboobooboaboo

gooboboobooboobooboobARTODOOOODDOODDOODOO
ogbooooobobooobooboooooboboooooboboooooboOooo
gbobobboobooboobooboobuooboobuoobobboboan
gobooboobooboboobooboboboobooEevioooooooan
goooboobooboobooboobobobo

gboooogoboboooogoboboooobobooooboobooboDbo
gbobobboobooboobooboobuooboobuoobobboboan
goboboobooboobooobooobooboobooboobooboboboaon
gobobooboobooboobooboobooboboboobboboon

0. Alternative Risk Transferd ARTO

Oo0o0ob0000b0obO0b000booboob0b0obo0o0o0obOobDARTOODO
ARTOOUOOOOOOoOobOobooobbooobobouooobbooooboobooan
goboboobooboooboooboooboooboobooboobooboboon
goboboobooboobooboobuoobooboobooboboon
obooooobooooboobooooboobooon

ARTOOOOOOOOOOObOOoOobOOobObOobbOobObOobboOobbOoboa
gogboboooobbooobbooobobbooobobobooooboboooooboooo
gobobooboobo0obooboobuo0obooboboboARTODOODO
0000000000000000000000000°0

OO0ARTOO
ARTOOO0OO0O0O0O00DO0ODOODO O alternative risk transferd OO0 OO0 0O 0O O

O0Oalternative O OO 00O OOrsktransferd0 0000000000 O00OO0O
O000OO0000b0OO0ooO0oO0oboO0oOo0oo0obo0ooOo0oooOoobooOooobOoooooOoono

3ARTHOOO00O000C0OO0O0O00O0COO00O0Osigmall 199900000000

291



goboboobooboobooboobooboobooboobobobon
gobooooboobooooobooon
gbobboodobobboodiobObnnskretentiond 00000000 0O0O0O00OO0O
ggboboooobobbooobobboooobobooooboobooooboboooobooboo
gobobobooboobooboobooboobooboobooboboon
gboooooboooboobobooogboboooboobooobooboDbo
gboboboobooboobooboobuoobooboobooboooa
0000000000000000000000000‘0000019800000
goboboobooboobooboobooboobooboobooobon
000000000000000000000000°0000
gobogiegso0nooooooobooobooboboooboooboobooon
gbodooooooooobobooboobboboobooooooooooooobon
gobobobooboobooboobooboobooboobooboboon
goooooboboboooobooooboobooon
00000000000000000000000captived 0000000
gbooogolesoboooooboooooooboooooooboooooooo
gogboboogooobeooobmoboobobbooobboobobbooon
gboooogboboooogoobobooooboboooooboobooobooooo
000000000000 0000ARTOOOOOOOOOO
gbobobooobooobooobooboobooboobooboARTOOOO
goboboARTOOODOO0ODOOOOODODOODOODbOO0ODOOn

UODOARTODODO

Uobo0b0o0b0o0b0o0bo0obbOobbOnSchanzO 1998000000
0000000000D00SchanzO 19980 0 0000000000000 0O0OOO
gboboboabArRTODOOOOO0OOOOOOOO0
0. Alternative Solutions D O 0 000 00000000000 OOO0DOOOOOO

gobobboooobbooobbooobbbooobbOoARTODDDOOO

obooooboboooboobooboboobooboooobobooDbo
ggboboboooobobuooobboooobboooobboooobobogd

4 000000000000000CogloneRel 000184600000

5 0000ooo0oo0oo0oOoo0oooooooOo0oOoOoOoOoOooooOoOOOOOOOOObOOOOOOOOO
go0o0oooooooooobooOoOoooOoOooboOoOoOoOoOOOO0O0OoOOOOO0OOOObObOOOOoon
goobo0o0o0ooooo0oooo0o0oooo0ooOoooooooobo0o0oooo0ooooooOo0o0ooon0
pgoooooo0o0o00o0oO0o0ooooOoO0O0O000000O0O0oOOOO0O0O00000O0bOOOOOOO
poooOoo0ooooOo0oO0O0ooOoO0OO0O0O0OboOoOoo

6 J000OO0OO0O0000000O0OOO0OO0O0O0O00O0O0OOOOO0OO0OO0OOOO0O0ObOOOOOOOOO0O0
pgoobooooooooOoOoOoOoOoooOoOoOOO0OoOOOOOOObOOOOOO0O

7O00000000000O0COO00000COOO0O0O00OCOOOO0OO0OOCOCODOOOO0

292 oooo/zo00. 4



oooooooooooo

0000doooooOoO0o0o0ooooobOooooooooo

0. Alternative Risk Absorbers I 0 0 000000000 0O0OOOOOOOOOOO
0o0ooooooooooddooogooooooboboboooooooooa
odo0ooooooooooodooooooooooooooooooooao
00000000000 00000000o0oooooooooooOooaoo
OARTOO OO

0. Alternative Sales Channels’0 0 0 0 0000000000 000000O00O0O0O0O
Oo0ooooooooooodooooooooooooooooooooao
0000000000000 00000ooooooooooo0o0oOoooao
0000000000000 ooooobobooooooogooa
doodoooooooooooobbooooooooo

UOoARTUOOO

bboARTUOOOOOOOOOOOO0ObOOO0bOOo0bOgoobooobonooa
ogboboooboboooboboobobO0OOonDhoelistic coverstD O OO OOMO
gobobooboooboobooobooono

O0.000oooogooboo
oo0odooodoooooooboooooooobooooooooooogooog
0000000000000 0000D00000000DDOO integrated risk
management(] 0 0000000000 DODODOOOOOO balance sheet protection[]
oooooOobOdbooooOobobOoobOOobOOobOooooboboooogooo
00o00doooDoooooooOoooooooooooooooon

oooooooooooooogn
ggbooboooobobooboooo-bbbouoooobbobuoooobobboaa
ggoboobooooobooboobo-oooboboooobbboooobooboboooon
gogbobooobbooobbooobbooobbooo™ooboboooobo
googooboooobooobooobooooboooboobooboooboooo
gbobobooboobuoooboobooboobbooboobuooboooa
gobobooboobooboooboooboooboobooboboboboboboan
goboboobooboobooboobo0obooboobooboboon
obooooobooooog
gboboboobooobooboobooboobooboboboboboboa
gobobOoboobooboooboooboooboobooboobooboboon

8 Alternative Sales Channels 1 0 0 0000000000 OOOOOODOOOO

293



ooooooobooboooogoooboooboooboobobooooboboooogboo
gboooogobooboooooobobooooobobooooobobooooooo
obooooboobooooboobobooobobo-0000bobooo

goo-0opobooboooboobobbooog

ooooooooo

goooooooooooo oooooooooooo

ooooooo
A DDDDDDDD

ooboooobooooooo

Qoo ﬁﬁ

gooo
Qoo

Qoo
goooooo
Qoo

Qoo
goooooo
nooo
Qoo

Qoo
Qgoooooo

goooooo

ooooooooooooooo?
gboooogobobooooboboooobobooooboboobooDoo
gooooboogoobooobooobooobooobooboboooboooo
oooboboooooboboooooobooogooo
gooobooboooOob0oboOooobooboobOoboobooDbobo
o000 O0O0OOODLOODbDOODOODODOODOODODOOO
ofUibOobOoObODObOobOOODbDObObOOODbDOobOobObOODbDObOnO
oooooboobooooboboooooobooboobooboboCoog
ooooboobooooooooboo
gobooooogoobboooboooboobbooobooobooobooon
gboooooooboooogooobooooobooboooooboboobooogooboo
gboooooooboooogooobooboooobooooobobobooogooo

90000000000 Swiss Re New Markets[1 19980 O OO0 000O0O

294 oooo/z000. 4




00000000000000000000000000*0
goooooboboooon
ocUbud=00000b0b00b00O0bO00bOOo0nbOd

ocOUObO0OUOOODbObObOODbDODbOsbO
oJ0O0O0OO0ODOOO1500000000000000O00O0OR=10
o0O00O0OD0OOOO05%

o00OD0OO0ODOODO20%

gooad

cbOo0obOoOobOoO0ObOobObOobDbOobLOOn
oc0000D0000D0OD0ODO0OODA=003000OO
o000 0O0O0O0ODLOOLOOOOLOUODbUOLODbODODbDOeOLOODO
00000000000000%00000000000000000000
go-0bo0ooobobboooobobboooobobboooobbbOooon

ooooooboobogobobooog

o0 o0-bo0bob0b0obo0obooooboon

oooooooooooo

ooooo gooosoo goooloood
ooboooboooon 3849000 172.0000 56.30 000
ooo ooo 176.50 00 161.80 00 148.00 000

gbooooobobooobogobobooobooboobooooooboboooDo
gboooooboobooogoooboooobooooooobooooooo
gbbooooboooooboooboboooobooooboooooobbooooboooon
161.80 1720033380 0 000000 0OOO0DLO0ODOOOODO0OODO0DO0
gboooogboboooogoboboooooboboooooboobooogoboo
O00o0ob00oboOoobgi1resdses3dz2328000noooooooooooon
oooobooboboooboboboobooboooboboboboboooDe2s2eon
goooboooboooboonDg

gboooogboboooogoboboobloobooooboobobooboooo
ggbboodobbbooobboboooobbooooboooobboooboboa
gobobOoobooobooobooboooboobooboboboboboboon

10 0000000000000 0000O0=00000000000000O0O0O0O0O0OOOOOOOOO0
pooooooooOoOoOooooO0oOoO0ooOoOoOO0O0oOOOO0OO0OO0bOOOO0OO0OO0COOOO0OOO0OOOO
goo0ooooooO0o0oO0ooobo0oo0oooo0o0oooo0o0o0ooooo0o0ooooo0ooooooo
ooo0o0o0o00oooo0O00o0oooOoOo0000ooobOoOo0o00o0n

11 0330000000000000000000000000O

12 0000000000000COOOO0OO0O0O0O0O0000O0OCCOOOOOOOOOOO0OOOOOOOOO
pooooooooOoooboooOoOooooboOoOoOOoOOOO0OO0bOOOOOO0bOOOOOObOODOO
ooo0o0o0o0oOoo1ss00o0oo0woonoooo1zoeoo0onnn

295



goboboboobooboobooboobooboobooboobobobon
obooooobooooboboooobobooooooDo
gboboboobooboobuooboobuoobooboobobboboa
gboooooobooooooboobooooboooooooboooooooo
gobobobooboobooboobooboobooboobooboboobon
gboooogobooboooooobobooooooboobooooobobooooooo
gobobboobooboobooboobuoobuoobuoboboobobobab
goboboooboooboooboooa
gbooobooobogobboiloboboboobbooboooboobb
o000 000000000 ODOODOOO
gbobobooboobooboaboobuooboobooboboboboa
gbrzoeoobopbobobobobobuobobooboboboboboo
goobobboooooboooobioeoiobobbooooobobboooon
oooooogoooooooooobobobilocogooooooooooooo
12,0000 00150000 0000000000 0OOOOO0ODOOODOOODODO
00 s,00000D={(S,-12,000)+ 3,000}x 10000000003
gooboboobooboobooboobooboobooboboboboboo
gboooobocoobobooboobobooboboobobooboboobOooboon
ggbboooooboboobbooobboooobboooobboooboboa
0000000000000000000000000®¥0000-000000
gooooobbobioooobboboboooooobz2ss0ddgooooooon
000000000000000000000000000O00O00®000-
ggbobooooboboooboboobbooobooboabod

goo-000ooboobooobooobon

0 1
12,0000 O 15,0000 O
obooooo s,

A 4

13 0000000000000 00O0COOO0O00O0O0OOO0OO0O0ObOOOOOOO0OOO0OO0O
14 0000000000000O0OOOCOCOCCOOOOOO0O0O0O0O0O0OO0OOO0OOOOOCOOOOOCOOO
poooO0ooooooooOoOoOoooo

296 oooo/zo00. 4



oooooooooooo

gboooboobooboobobobooboboobooboobooboon

ooooooon 00000150000 000001425000 %0

gboodaogd oobogDbi1zoeoconOoDoOoOoO14250000
gobobobobobobobobobobobuobobobOobUtnl0oDg
giedbooboOoOobooboo4upnooboopooboo

ooooboboooooboboobowogn 148.00 0 O
ooooboboooooboobwoogn 56.30 00O
gbooobooboobon 94000

go 213.700 0

gobobOobooboobooobooobooboobooboobooboboboon
gobobooboobooboz2zspooonogoooooooo
gbooooobobooobogobobooooboobooooboboobooDoo
gbobobboobooboobooboobooboobobboboboboan
00000000000000000000*0000000000000000
goboboobooboobooboobooboobooboobooboon
00000000000000000000000000000000Y0

O.000oooooooisdg

oooooooooon

00000000 insurance linked securitiesd D OILS®¥0 00000000000
00000000000 bOOoo0bOOo0bOoo0bOOoobOoOobooABSODOOOOOO
OdooooMBSOOOOOODODODODODODODODODODOOOOOOOOOoOOoILSOO
00000000 0o0ooooooooooooooooooo

ARTOOOODODOOO0OODODODOOODODOOOODDILSODOOOOoOoOOoOoOon
0d0o00d0OO0dbO0o0oOO0o0bOo0o0ooooOOoobOoobOooboOoooboooan
000000000000 oD00o00oDU00bOOoooDUoooDOooDoDOooDoOon
0000000000000 0o00oo0ooooooDooooooDOooDOoooOon
0000000000000 bOO000OO00OO0o0bOO0o0oDOO0oo0bDOoOobOooDOon

1500000120000 0000000028500 00000000000000000000CO
0000 ={2850 0 00 15,0000 12,00000}x 15,000

goooOO0O0o00obobO0250000000000

le 00000O0OO0OOOOOOO0O000000O0O0O0OCOOOOOOOOO0000O0O0OOOOOOOOOO
oooo0o0o0ooooo0o0oooooboo0o0ooobooOo0ooooooobO00o0oooon

17 0000000000000 000000000OOOODOOOO0O0000000O0O0O0OOODODOO
pgoooo0o0oooooOoO00O0oOoO0O000O0OOO0OO00O0O0OOOO0OO0O0O0BDOOOO0

18 LSO 0000000000000 0000O0O0COO0000O0O00O0ODOOOO0O0OO0OO0OO0O0O0OOBO
goooOoOoooOoOooOOO0OO0O0OO0OO0OO0OO0OO0O0O0O0O0O0O0OOcatastrophe risk000000000OOOOO
gooocATOOOOOOOOOOOOOO

297



gobobobooboobooboobooboobooboobooboobo
gboooogooboboooobobooobooboboooobooboboboooo
gboooogboobieesgnoob@booooboboobooooobooonoog

oooooooodg

ILSO00000000%100000000 special purpose vehicle/companyd O
dooooOoobodbooobOodboobooobobooooOOobOOobOoOooOoDOooo
0o0odoooooooooooooooooooooooooooooooon
00o00d0o0odoooooooooooooooooooooooooooon
ooooo0obdbOoooO0bOOobooobOOooOOoboooooboboooogoboo
doooooodboooooooboooOobobooooobOoboooogoon
0doooooooooooooooooooooo-om

o0 o-00iLsgooooooono

00000 ,, 000000,
00000 DOBO00h ¢ 0ooo
0000OO 00O
0000000 0oo

gooo

ILsooooobooooobooooooboobooobobooboboobooboon
gbobobboobobooboobooboobuooboobuoboboobobobab
goboboobooboboobooobooobooobooobooboobooboboon
gobobooboooboobooboobooo

gboooogooboboooobobooogboboooobobooobooo
gbobobbooboobooboobuoobuoobooboobooboboboab
goboboobooboobooobooboooboobooboobooboboboaon
goboboobooboobooboobooboobooboobobobon
goooooooboooobobooooobobooooobon

gbboboboobooboobooboobuooboobobobobboboa

v IiLsoooodofoooobooooooooooooobooo0ooooooooOo0oOooOoboooo

298 oooo/zooo. 4



oooooooooooo

00000000000000000000000000000000PCS?00
gboooogoboboooogobobooooobobooooooboobooobooooo
gbobobbooboobooboobuoobuooboobuooboobooobab
goboboooboooboooboobooboboo
goooboobooboobooboobooboobobbobobooboo
gboooogboboooogoboboooobobooooboboooogoboo
ggbuodgbbooboooboopcstbuoobbooboonobooboan
gobobooboobooboooboooboooboobooboobooboboon
goboboobooboobooboobooboobobboboboboon
gbooooobooboobooboooobobooon

iLsoogoooog
Lstoggoooooobooboooobobooobobooobobooobobbogoo
gooooobobooooboobooooboboooobobooooobogoo
gbobobooboobooboaboobuoobooboobuoobooobg
ubobobooobooobooboobooobobobooboooboooobon
goobobooboobooboobooboobooboobooboboo
gboooogboboooogoobobooooooboobooooboboooogooboo
gbobobboobooboobooboobuooboobooboobooboon
gobobOoboobooboooboobooobooboobooboobonoobon
gooobooboobooobooo
gboooooboboooobobooobooboboooobooboooooo
goboboooboobobooboobooboobooboobobbooooa
ugobobOoboobooboooboooboooboobooboobooboboon
gboobooboboboobooboobooooobooboooboboooboon
gbooooooboboooogobobooooobobooooobobooooooboo
gobobobooboobooboobooboobooboobooboboobab
000000000000000000000000000%0
goobobooboobooboobooboobooboobobooboboo
gboooogboboooogobobooooobobooooobobooooooo
ggbooIistbouooobbuooobbooobbooobbooobboaann
goboboooboooboobooobooboobooobon

20 0000000000OOOOOOOOOO0O0O00000O0O0O0O0OOOOODOOOOOOO0O000
0000000000000 0000D0O0O0OCanter, Cole and Sandord 19960 0000000

210 J000000COOOCOOOOOOCOOOOOOOOOOOOOOOOOOCOOOODGOOOCOOO
pgooboooooooboOoooooOoOoOoOoooOoOOoO0oOOoOO0OOO0bOOOOOO0bOOOOOOBbODOO
pgooooooooooOoOoOoOooooooo

299



00o0d0ooodooodoooooDoooooooDoooooooooogooog
0000000000000 00000 0 time-dependent probabilitydd O 0O 0O O O O
doooooodbooooOdoobooooOooOOobooooooOoboooogooo
0od0o00ooOooOooooDOoooooOooooooobOooDooooooooon
d0o0do0oodoooooooooooooooooooooooooooon
ooooo0oboOdbooooO0obobOooboOoboobooooboboobooogoboo
dooooOoboooboOooOOobOobooooDobOooooooon

0o0odooodbooooooooooooooooooonoooooogonoog
00o00do0odooooooooooooooooooooooooooogon
ooooo0ooboobooooOooOobOooboOooboOobOooooboboooogoboo
dooooooobooooooboooon

0oodooodooooooodbooooooobooooooooooooog
doo0d0o0oDdoooooooooooooooooooooooooooon
goooo0obdbooooOobobOoobOOooboOoboooooboboooogobooo
ooooo#o

googoo

obOo-0019980000000000000001980 0000000000
0000ILsSO000000#014000000000000001997000000
golooooboboboooboobooooboboboonoo

gooboboobooboobooboobooboobooboboboboboo
gboooogobooboooogooboobooooobobooooobobooooooo
gobobboobooboobooboobuooboobuoboboobobobab
goboboobooboobooobooobooobooboobooboobobooan
gobobooboobooboobobboboooboo

OO00D00Toyota Motor CreditU D 0 DO 000000000 0O0ODOODOODOO
gobobboobooboobooboobuoobuooboobooboooan
ooooboooobooboobooobobobobooobooowoooooo
gobobbooboobooboobobbobbobooboooDbb 1998

gboooogboboooobobooooboboooobobooobooo
gobobboobooboobooboobuoobooboobuooboooban
goboboooboooboobooobooobobboobooobooobon

22 000000000000000000ILSOD000000000000000O0OO000000Schmock
019980 000 0O SchmockO 19980 0 0 00O OO OOOOWinterthurD 0 019970 0000000000
goo0ooooooooobooobooooooobooooooobobO0o0ooobOooooboooooboOoOooo

2300 0-000000000000O0COOOOOOCGCOOOO0OO0

300 oooo/zooo. 4



oooooooooooo

goo-0p01998000bgpooooooisbgooooog

ooooo oooooo oo oo ooooo goooon
Centre Solutions $72.000 $83.500 | 0901190 |O000OOO oooono
oooo? $30.00 O $30.000 30 gooooo ooooo
USAA $450.00 O $450.00 O 101.50 gooooooo oooono
gooo $80.00 O $80.00 O 5070 ooooo ooooo
AXAP $40.00 O $40.00 O 10 pPCEI00000000O0O0O| 00DOO00OG
Toyota Motor Credit | $566.00 O $566.00 O oo 30 goooooonod oooono
Mosaic Re $45.00 0 $54.00 0 10 2.50 ooooooo oooono
XL MidOcean Re & $100.00 O $100.00 O 10 gooooboo ooooo
Allianz ° $150.00 O $150.00 O 3+30 goooooooo ooooo
Societe General 2 $25.00 0 $25.00 0 10 pCcgI00OoOnOnO oooooog
AXAP $25.000 ¢ | $25.000 © 10 PCEI00000000O0O0O| 0000000
Societe General $15.00 0 $15.000 10 pCEI00O00O00O oooooog
Centre Solutions $54.00 0 $56.60 0 1020 ooooooo ooooo
Mosaic Re $50.00 O $59.00 0 0.90 20 goooooo oooono
oooooooood $100.00 O $200.00 O 50 gooooo ooooo

0 0O O Swiss Re New Markets[]
0000000000000 0O0DOOO0O0ODODOcOOnOOO

u. dgobogoodao

oo0o0oooooDon
oobooobobbooobobboobobboobobbuoobobbooobobooo
O0d0b000ob0bObOooonbobO19200b0b000nDOU Chicago Board of
TradeU O O O O O O ISOO Insurance Services Officel U0 0 OO0 O O0OOOOON
00000000000 DOO00D0DOOo0ODoDOOoOoooIsonsnoonoooon
oobobOoboobOoobooobooboobo0obooboobooboboooo
oddobbbbOddddpesd Property Claims Servicell U U 0O U OO O
ooo0oooooooooobooobogoomeboobooobooboooa
0 00O 0 0 Bermuda Commodities ExchangeDl D0 D0 0000000000 D0OO0OO
Guy Carpenter Catastrophe Index JGCCID D 0 0000000000 O0%00000
obobobooboob4o0b00boobooboobooboobobobon
oobooooboooooobooobooobooobooboobooboobon

24 0000OOOOOOOOOCOOOOOOOOOO
25 0000 0 Guy Carpenterd 0 100%0 000 0 OIndexCoOD OOOOOOOOODOO

301



oooooopoobooboopcSObO0bOOOOODODO

e JJ00IDOO0DODLDOODOOOODODODOOLOOOOODODODODOO

gboobogoobogopcSODO0OO0OO0OOO0OOOOOOODODODODODOOD
gooooooobooooboboooobobobooogoo

e 100000 ODODDODODONOODOOOOODOOODO%®000
gboooogooboboon

00000000000 Chicago Mercantile Exchange, [ O CMEDQ O 0O 0 1999
gooboooooobooboooobobooooboobobooobooooo
000000000000000000000000degree days0Z000000
goooobooooboooboooboboooboooboobbooobooon
oboboooooooLsbgobogoooooooboobobooooooooon
gooooooooobooobooobooobooobooobpoooboooo
oooooboooobooobooobooobooboboooboooboooo
gogo

obooooobooboobogobobietpobooooooboboooog
0 00O 0O 0 O Catastrophe Risk Exchangell 1 D CATEXO O O OOO0OOO0O0DOOO0O
ooooooobooboooogoboobooobooooboooogboboooogooo
gboooogbooboooooobooboooooboboooooboobooogooboo
000o000b0000b0O000CATEXODDOOoOooooooobgooooo
ooboooobobooooobooooooboooobobobooobOoobooon
CATEXOODOOOOODOOOODOOOOOobDOobOoobobooobooooo
gboooogoboboooogooboboooooboboooooboboobooogoboo
ogbooogobobobobooobobooooobooo

oooOooTcO00O00D0NDO00NO00N0ON0oooooo®000000000
00000000000 0O0OD0O00D0OOConsidined 19990 000000000
gboooogbobooyyoobooooboobooooooooooogoboo
000000000000%000003000000000000000000
oooooooboocCcMEDODOOOoobDOoobooooboooboobooo
obooooobooboooooboboooooboborcocobooboooogooo
gboooogoboobooooboboooooboo

26 J000000O0OO0OOOOOOOOOOOOO0O0O000O0O0OOOOOOOOOOOOOOOOO000
oooooooooooooo

2r 0o00O0O0oO0oooOoOO0wBOOOOOO0OO0O0O0O0OOOOOOO0OO0OO0O0OOOOOOOOOODOOO
0000000000 0OHDDDO heating degree-days[I] [0 O CDDO cooling degree-daysd 0 000 00 00O
30CDDOO000000000000000000200000060=2x 300degreedays 0000000
000000000000000000000000000000D00000DO0 00 0O Considined 19990
oooooooo

28 00ILsSO000O0O0OOCOOOoTCO0O0OOOOOOOOO0OOOOOOOOOOOOOOOOOO
oooooooomsooooooooooosoooooooooooooooa

29 1999060280 000 000O0O0OOOO ODOO0OOOOOOO

302 oooo/zooo. 4



oooooooooooo

goooboooboooboonDg
gboooogoboboooogoboboooobobooooboobobooooog
gbobobboobooboobooboobuoobuoobobboobboboan
goboboobooboooboooboobooobooboobooboobonoobaon
goooobbO0o0o00ooobbbboO0O0O0Ogdoo Christensend 19990 0 O
pCcSOD000DOOO0OO0ODOOO0ODOODOOOODOOODOODOODbOOODbOOOn
gbobobodbooobuobobobobboobuodbuofdbdgdibdOConsidine
g oooboooogbooooooboobooooboooooDooDo

oooon
gbboobooboooboobuooboobuoobooboboobboaoboa
gboboboooboobooboobooobobooboobooobooooboon

UOOD0OARTODODO

gobboooomsgooooooooboooobobooooboooooboobooan
gooobooboobooboboon
ILsogooooobooboooooobooboboooooobobooDooon
oboooobooboooooobooboooobobooooob240000goboOoo
gzooooooooooboobOobobooobobobooobooooooILso
gobobooboobooboobooboobooboobog
gboooogoobobooobooboboooobobooooboboooboooo
ggoooooooooboobbboboboouooooooooooooooboo
ooobooobobooobOoboooboobOobooobOgnsigmad1997d0oonQ
gobobooboobooboobooboobooboboboboboboon
o0ooobooooboobobooobobb0ob0o0oobobbO0obD00bDOS%
ggogooooooobobboobbboboboouoooooooooooooobon
goboooboooboooboomwshooooooboooooboobooaonoo
gobooooboboooboboooobobIsbooooboooobbooon
gbooogobobooooooboboooooboobooooobobooooooboo
O0oo000b0oboo0oboooob0obOoboo0obOsigmal 1996000000
ggboboooboboooobobooooboobooIssbogoooboooobobooon
050100 00000000000 00DODOO0O0ODLDDOO0O0OD3000 4000
Jdoddoooooooooooooogesnoooooooooooon
grsnododboobobobobobobobobobobooboLeooon
uobobooboobooobooobooboobon
gooobooboobooboobooboobooboobooboboo
oboooooboboooboobooooboobooooboobooooobooo

303



goobobooboobooboobooboobooboobooboboo
gbooogooboobooooooboobooooobobooooooboooogooboo
gobobboobobooboobooboobuoobuooboobuooboooban
ggooooooooobooobbbobbobooooooooooooooooboo
gooobbooobboooobooobobbooobbooobbooooboo
gbooogbooboooooobooboooooboboooooooooogoboo
goboboobooboan

uboobooobooboobooboobobobooboobobdddynamic
financial analysisD D00 0000000000000 00O000O0O0O0OODOOOO
gboooogbooboooogoboboooobobooooobooboooboooboo
gobobboobooboobooboobuoobooboboboboboboan
ggbobooobbooobbooobbobooobobooobobobooooogo
goboboobooboobooboobooboobooboobooboon
gboooogbooboooogoobobooooboboooooboobooooobooo
gobobooboobooboobuoobuobobuobboboan

gbobobooobooobooobooboobooboobooboobobooo
gobOoboobOoobARTODOODO0ODOOOODODOODOODn

g.gobbobobodoooad

ARTOOOOOOODOODOO0OO0OOO0DOO0bOO0O00O0OO0bO0OOO0DO0bOonDn
ggbboodobbbooobboooobboooobboooobboooboboa
gobobooboobbooboooboooboooboooboobooboboboboan
gobobooboooboobooboobon

gbooooobobooogbooboooboboooooobobooooog
gobobbooboobooboobooboobooboobooboooban
gobobooboobooboooboooboooboobooboboboboboboon
gobobooobbooobbooobbbooobobooobobbooobobooo
0000000o0bO0b00o00o0oD0O0ob0b0o0000gDOrisk theoryl O OO
goboobbooboooboobbdOndcollective risk theoryl O 0O 0O 0O O
goboboooboooboooboobooobooo

goooboobooboobooboobooboobooboobooog
oboooogboobooooz200booooboobooooobooboooogobon
gobobboobooboobooboobooboobooboobooobab
gobobobooboobooobooboobooboong

304 oooo/zooo. 4



oooooooooooo

goooboooboobooboobuoobooboobobobobobooo
gboooogboboooogoobobooooboboooooobooogooboo
gboobouobobobooboobooboooobooboobobooboon
goboboobooboooboobooboobobobooboboboon

gooobooboobooboobooboobooboooboboboboboo
gboooooboboooogoboboooooboboooooboboooogoboo
00000000000000000000000000*0

ubbomobooboobooboboboboobooobooboobooobooo
00000000000000000000000000000000%*0

oo oogobooooo

gooobooboobooboobooboobooboobboobbooboo
oboooobooooboooboobooooobobooboboboboooobooobon
ggdoooooooobobboobbbobbbouoooououoouoooooooboo
0000000000000000000%0

goobobooboobooboobooboobooboobooboboo
gboooogboboooogobobooooboboooooboboooogooboo
gbobobooboobuoobuoobuoobobobobobooboaonoo

g.0ogbooboogon
gbooobo1vobobooogobooboooobobooooooboooooDo
gobobboaobooboobooboobuooboobobbobboboan
goboboobooboobooobooobooobooboobobooboboboboon
goboboobooboobooboobooboobooboobooboobon
gboooogoboboooogooboboooobobooooobooboooboobooo
gobobooaooobab
gbobobooobooobooobooboobooboobooboobooong
gobobooboobooboobooboobooboobooboboboon
gboooogboboooogoboboooobobooooobooboooooDoon
gbobobobooboobooboobuoobuooboobuobobooboboan
goboboobooboooboooboobooboobooobon

30 0000000000 DOD DO Rolski, Schmidli, Schmidt and Teugels 19990 0 0000000000 0OO0OO
Joooooooooooooo

3100000000000 0 Embrechts, Frey and Furrer1 19980 0 000 OO0

32 00000000000 DO Bihlmannd 1970010 GerberD 19790 0 00O OO OOO

305



g.0ogboobooboo

000000000 0b0b000000000Lundbergll 00000 O Cramérd
gbobobboobooboobooboobuooboobuoboboboboboab
ggboboooboboooboboboo@muoooboboooboboooobooboooon
goboboobooboobooboobooboobg

DDDDDDD”Nz{N(t)}lI]DDDDDDDDDDDDDDintensityDl>O
oodobODOdddhomogeneous Poisson processt] U O O O
O0adN(@©)=0,as*
ObONDOOODOOOOODOOOOODOOOOD 0<ss<t0OO0O0ODO

ONO-NsODOsOODOODO0O {(Nw,u<s}O0O00OD0OOO
OcONODODOOOODODOOODOODOODO 0O<Ss<tOOOoOOd

ON@O-N(s)DUODO000O000 s000b0o0boon r-s0O

goooOoOoOoOoOoOoOoO0 Br-sOO0O0O0OOOOOOOO

gobobooobooobooobooboobooboobooboboboboa
0000000000000*000000000000000LévwyOOOOOO
gboooooboooobobooooboboooboobobooonbo

gbooboobodoNmbh rabboobooboobooboobaobod
ooooc0O0ooooooooo A, 00

Ap=inf{r=20: N(1)=k} 0 1d

gboooood
Ork-10000000400000000000 700000000

Tl = Al’ Tk = Ak _Ak—l ,k:2,3, e

oooooN@wUOOooooooooooooo 7 00000 ogooooooo
yADO0O0O0O0O0O0000o
gboboboboboobboboobooboooboobbuoabooboobooo
koooooooooooooOx, 0ooooopoooooooo FOOOOXO
goboobog F@O)=00OO0ODbOOOLOOODOODOODODDOODOOD
gbooooobooooboboo«oboboooobOo S»oo

N(t)
=X, 020
k=1
B 0000000O00000000000000000008 N={N@n},,t=00000
JO000000000amostsurely[ 0000000000 ODOOOOOOOOOOOODOO
B OOOD0OD0D0D0D0D00000000000000000O0O0

306 oooo/zooo. 4



oooooooooooo

gobobooobobooonbD S uoo0bbO00oo0bObO0dOoODOcompound Poisson
process 0 00 0000000000000 DDOOO%*O

G,(x)sP(S(t)Sx)=iOP (N()=n)F™ (%), x,t20 030

PA OO0 AO0DODOOOODOOOODOODOOOOODOODOODOOODOO
goodoob)pouuoooougoooooduooooduooooon
UilnH=a000000 cO000000D0OO0OO0OO0DbOO0DbO0O0
gboooboobooboob«=000000D0O0DO0Ow2000000
0000000000000¥000000000000000000000
goboboob uvmwnuboooboaod

Ut)=u+ct-S(t), =20 040

goboboobo=00buoaboobuoobgn
gbobobooobooobooobooboobooboooboobonoboboa
grobooobooboobooboboo

vy T)=P(U()<0, 0<3r<T) 050

U000 T=ecQOODOODOOODODOD YWUODOOODOODOODO

T(T)=inf{ 1:0<¢<T, U(t)<0) 060

0000000000000 bD0o0b0gnDr(@T)=ebonog

c—A>0 070

EIDDEI[IDI]DDI]DI]}(igl‘P(u)zODEIDDDDDDDDDDDDDDDDD
EIDDDI:II]DDI:II:IDDﬁDDDDDDDDDDDDDDA}LDDDDDDDD
gbobobboobooboobooboobuoobooboyobboboboboboab
ugobobO cO0oobObOOoooobObOooobobooboooooboooboboooron
netprofit 000000000 0OO0OOOOO0ODOO0ODOO0ODOO0O0

U000 F"(x)0FOn000000O0O0O0OOOFO0OOOOOOOOROOOOOOOOOOOOOOOO
x000000000000R=000000F%(x)=0,x<00F%(x)=1x>0000000

jy00000C0c0O000O0C0O0O0OO0OO0OOO0O0OO0O0O0O0O0O0OO0O0OOOOOOOOOOOOO0
gooooOooooooOoOoOoOoOooOoOoO0OO0O0O0OoOOOO0OO0O0O0bOOOO0OO0OO0OO0ObOObOO0O00O0

307



c=(1+p) Au 0 sd

000D0p0000000000safety loadingd 0000000700000000
O0p=c/Au-1000000
000000000000 YwOOO00OO0OOO0o0oo0oooo

gboboobooobo=00b000boobooboobooobobo

=W =L (+py"F* W), >0 090
1+p n=0

O00F00000000000000000F (x)=1-F(x)

1 (=
F;(x)= —|F()dy 0 100
HmJy

0000 «w=00000%0)=1/(1+p) =Au/000000000000000
gbooooobobooogobobooooobobooooobobooooooboo
oboo@moobooooooboooooboobooooooboobbooooobooDo

oooyoYwoooooooooobooooooooooboooooboo
gobpbO000O00b0O0O0bO00bOoboboboon

1 p
)= ——exp|l—- ——u
¥ =5 p( s p) ) (11)
0000000000000000000000000000000000000

goooooooooboooYwobooboooboobooobooobgooo
Uv>0000000000000

- _ 1
- =JOCXP(Vy)F (y)dy= % (12)

ooooOm,vO0O0O FOOOOOOOOOOy>00000000000Lundberg
exponentU 0 0000000000000 O0OODOOOO

308 oooo/zooo. 4



oooooooooooo

ooooboboo=00b00000000
gboobodbvs>o0buonobobbobbe=00000

Y (u) < exp(—vu) 0130
odoooooooan

oo

J xexp (vx) F(x)dx<oo 0140
0

gbooboobuooboboboaoboan

oA (15)

limexp (vu )y (u)=
U= v () Amx(v)—c

obobooooboboboobowkBobooogosooooooooooDg
goboboobooboobooboobooboobobobooboboboon
gboooogoboboooogobobooooobobooooboobooobooooo
gbobobboobooboobooboobuoobuooboobooboboan
goboobooobooooboooobgon

pgoooooooOooOoOoOoOOOO0OODODOODOOOOo,e-e0000000F,00

1-F, % (x)

lim —L = 0160
100 1-F, (x)
00000000000000000000000
0000016000000000000000000
W) ~ A Fy (), u—>o0 0170
P

F,00000000000000 Ve>00000 limexp(ex) F, (x) = o0 000
0000000000000000000000000000000000000
FOOOOFOODOOOOODOOO

000000000000 0Y%Yw 00000000000000000000
Yu,7)O00OOOO0OO0DO0OO0DO0OO0O000000000000000000000
O diffusion approximation 0 0 00 000 0¥000000000000000000
000000000000000000000000

33 000000000 Grandell0 19910 O Appendix A. 40 0000000

309



g.0oobgooo
gboooogobobooobogobobooooboboooooboobobooooog
ggbboodobbbooobobboooobbooooboooobboooboboa
gobobooboobobooboooboooboooboooboobooboobooobon
goboboobooboobooboobooboonbg

goooooooo

000000000 A0000000D00000D0DODODO0O0o0OoDDOOOOa
0d0od0ooooODOo0000o0o0ooooOoOoOo0o0o0ooooooo0ooooon
000000000000 0000o0o00o0o00oong AgpAO) =0000000
O00doooooooodo NoODOOON@) -NsoO A@) —A) 000000
000o0000ob0o0oogobonD N OOOODODDOOOOD inhomogeneous
Poisson process D O OO OA(z) 00 OO0 intensity measure] D O 0000 OO0
0 mean value functiond O O O OO OA(x)O OO O

A(D) ZJ(X (s)ds 0180
0

000000000 a(s) 000000 intensity functiond 000 ¥0 a(s) 0 s 000
0000000000000000000000000000000000000
O0000000000000«(s0 s0000000000000000000
O000000000000000000000000000000000000
0000000000000 0000s000000000000 pa(s) 0000
00000000000000000000:00000000()00

I(t):J(1+p)ua(s)ds:(1+p)uA(t) 0190
0

gobobooboodobodd4nn

N(t)
U(t)=u+1(t)—S(t)=u+(l+p),uA(t)—2Xk 0 200
k=1

000000000 A (@) =sup (s|A()<H)00000D0
ﬁ(t)

Tn)=U@A"(0)=u+1+p)ut—2 X, 0210
k=1

DI:II:II:IN(t)I:II:II:IDDDDDDDDDDDDDDDDDDDDDD

3000000000000 000000000000O0O0O0000A0O O hazard functiondD O O0O000OO
gooo0o0o0oobooOoO0O0oO0oO0oobeesoooooono

310 oooo/zooo. 4



oooooooooooo

goboboboob20b0o0booboobooboobooboobooobon
000000000000000000000000000A'D operational time
scaletl DO UOOUOO0O0OOO0OOOO0OOOO0ObOOO0OOOO0bOOoOoobOOOobOanO
gobobooboobooobooboobooobooobooobooo

oooooooooo

O0000A0DO00DOO000O000O0000D000DOD0o0DODo0oooonDg
0o0odooodoooooodooooooooooooooooooooon
00“00000A00000000000000000000000O00O00
0 O mixed Poisson process 0 0 0 0000000000 OOOOOO0O

000 LO00000000000000P(L>0)=100000000000
FOOOOOOON(HOLOOO0O0000000000000000
0000000 N=NeL=(N(Lt)), 0000000000000

gbOo0dbOoss<:000O00 N(t) —N(s)O

oo [] k
P(N(t)—-N(s)=k) =J AL (=9)) 5{’_/”} exp {—~L (-=5) }dF (L) (22)
, k!
000000000000000000000000000000000000C
0000000000000000000000000000000000000
000000000000000000000000000000000
00000000000000000LO00000 f(x 0

1 V,.v—1 —ox
_— 0230
Fx) F(v)ax e 3

DDDDHwiprﬂx ooooooo
0

000000000000 0000000“00000000 NOOODOOOO
O negative binomial process0 0O OO0 0O OO Pdlya process0 OO0 OO OOOO0O
UN)ODOOoOooobooobooboobo
gooboooobooobooobooobooobooboobooboobooog
0000000000000 O doubly stochastic Poisson process] O U [0 [

40 0000000000000 000000000000DO0000DO00000D0oooOooDooDoon
jdddoddooOoooOoOooOoOoOoOoOooooOooDoOOoOOoO0oAO000000O0D0oOoooooog
00000000000o0o0o00ooooooA000oooooooooooooon

41 Credit Suisse Financial Products 0 D0 0 00000000 CreditRiskt 0000000000 O00O0O0DOOO
0000000000000 000000DD O Credit Suisse Financial Products1 19970 0000000

311



DDDA(I)DDDDI]I:ID“DDDN(I)DA(I)DDDDDDDDDDDDDD
0000000000000 N=NoA= {N(A(t))} oooobooog
UobOob0O0O0ob00O0000Coxprocesst OO 0O

gooooocAmOOOODOOODODODOO AWOOOOO
t
A(t)zj/’ls (s)ds 0 240
0

0000000AMOOOOOD intensity process 0 000000000<s<¢t O
000o00d N -NsOODO

k t
P(N(t)- N(s)= k)=E % Jx(u)du exp —Jk(u)du (25)

N

0000000000 A(n=ML0L00000000000000000O0O00O0
goboboobooboobooboobooboobooboboboboboon
goooooboooobobooogoobo
gboboboobooboobooboobuooboobobobooboboa
goboboooboooboobooobooobobboobooobooobon

0ooooooooo

gooooOobdboooOooOoboooOOobOOoboooooDOoboooboooog
0o0odoooodoooooooooooooooooooooooooooon
Orenewal processU D 0 00O O00O0O0OODOODOOO0O

000000DO0“NDODODODODOD (Tyox,00000000T,,
r,..0oodocooooooNOOO000000r0GcOO00000
0000000 ordinary renewal processt] [ U O [
obobaeOOn 1//1DDE||]T1|]DDGODDG})Q)B:WJ’&aISMdEDDD
goodobnbnD OOy stationary renewal processU] DD&

20000 AUD0O0LI0AO)=00000000 >000000Am<--000000D0OODOO0ODOOO
0000000000000 000 random measured J OO0

43 00000000000000000000000 hazard process0 0000

44 0000000000 Rolski, Schmidli, Schmidt and Teugels£ 19990 0 0 000 000000000O0000O0
gooboooooboobogobOoboooooboobogoboboboo

312 oooo/zooo. 4



oooooooooooo

gooobooboobooboobooboobooboobooboobooo
gboooooboboooogoboboooooboboooooboboooogooboo
0000000ooooooo“o

gooooooooa
0o0ooooooOoo00oo0oooooo0ooooooooooooooono
doodoooooboooooooooobodooooooooooooooo
0000000000000 bUobUddibddUDelbaen and Haezendonck
g0 oooooooobooooooobooooooonoa
0o00dooooOo0ooooooooooooooooboooooooooo

0.00oooon
gooooooboobooboooboobooboobooboboooboOobobooooo
gboooogbobooooobobooooboobooooobooboooooboo
ogodbobbbibdddddldl premium calculation principlest U O 0 U
gbooobooobooobooboobooboboobooboonb sgooobobooa
U0 cO00000D00O0DO0 HOOODOODOOODOUOODe=HS)DODDOODO
o000 AAFO0OO0OO0ODOOO0OOOOODOOODOO0OO
Ubobboddbe=E[S]UUOO0O0O0OOOO DO net-premium principlet] 00 0O 0O O
gboooooobooboooooobobooboooboobooooooboboooogoooo
oooooooboobooooooboobooboooobooooobobooogooo
gobooogooboobooooboboooooboon

000000 O expectation principle] O c=E[S]+OE[S]
0000 0O O variance principle] [ c=E[S]+6Var[S]
00000000 standard deviation principled O ¢ =E[S]+8V Var[S]
000000 O semi-variance principled [ c=E[S]+SE[{(S —E[S])+}2]
0000000000000 00ooOooo0ooooooooooooooooa
O000000000uw(x) 00 000000000000 000O0O0O0DO00O00000O
00 u(x)=Elu(x+c-S)|0000000O0O0O0DODOOODO0OOOOOOOOO

OO00O0O0O0OC0O0OD0O00000 u@=-exp(-ox)y/o00ooooooooog
gobobooobooobooobooboooboboo

45 [0 0 O Embrechts, Frey and Furrer(1 19980 0 0 0 00O OO0

313



. log E[exp(88)]

0 000 O O exponential principle[] [ 5

gobooboobbooobodgbovaROOODOoOooOooooooobooooa
goooboooobgon

0 O 0O 0 O O quantile principled O c=F<_(1—5)

O000SO00 FOOOOO00LSS<SIFT (=inf{xeR:F@2ypO00000
OOQCOoOoQoOO éé=0050C0C000O0O0OO0OOI0000O0O0Ooood

goomoobobooooboobooooobooboooooboboboooobooobog
gobobooobooobooan

_ E[X exp(0X)]

0000000 0O O Esscher principle O Elexp(6X)]

O0O0000000bDO0o0obOO0DbOgOBuhmannD 19800 000000000
goboobooboobbooobooboobd0O0obDbOoO0ODbO0ObLO0On
0b0oQ, F,P000000000000000000O000000D00O0we2 O
uoooooo oot idX,(obddooooooduooooodd
gobobooobooboobuoibobobibileD00bOoO0OOO 00000
00000Y(wOOO0O“0000000000000000000e0OO0O

Price[Y;] = Y;(w)p(w)dP (w)=E[Y; @] 00260
we

0000000000000000weQUOO0Y Y. ()=000000000
O0yOO0OOODOOOriskexchangeDO OODODODOOODOOODOOOODOOOOO
ddobOoooobooooDbOoooobOooooobOooooobOooooomo
do0odo00doodoooooooOooooon

oooooooooooo 0000 ,000000000000000000
oobOooooooooo

J ui[— Xi(a))+Yi(w)—J Yi(@)9(@")dP(@") | dP () 27)
weQ 0'eQ

Doodooooobe YO OOOODODOOOOOOOOOO»O0OO0OO000000

0ooodooo0z=)x,00000000000000000000O000
i=1

46 0000,00000000000O000D00O0O00DO0O0D0Y (00000000

314 oooo/zo00. 4



oooooooooooo

662(“’)

(P(w)=m 0 280

gobobooobooobooboobooxuooboooobooooboo

E[Xe%7]

— 0290

E[eﬁz]
0000000000X0Zz-x000000O000O0Mm2000

E[Xe®”] E[Xe®*e?=X)] E[Xe®*|E[e8#~%)] E[Xe %¥] (30)

E[e%7]  EledXes(Z-X) ]~ Ele 6X|E[e8(Z-X)]  E[edX]

do0odo0odoooooooooooooa

000do000d0o00oo0oDooDo0oo0oooooooooooooooag
0O 0 0O Esscher transformO0 0 000000000000 0OOOOOOOOO pOO
0d0odoo0oO0oo ouoOooboooooon

hx
dO(x) = Ee—dP(x) 0310

[e¥]
ggbooobouoaobdg ouobuaabobodab saoboaooboabbod
00000000000000000000%0000000000000000
gobobooboobooboobooboobooboobooboooon
gboooooboboooooboboooooon

ooboooooooonoo

000o000o0oo0oobo0ob0ob0obobobobDODdBachelierd 019000
gbobobboobooboobooboobuooboobuooboobooobab
ggoboboooboboo=00bboooobboobobbooobbooooboboon
goboboobooboobooboobooboobooboobobooon
goooooboobooboboooobobooooboon

g.0ogbooooooboon

goobobooboobooboobooboobooboobooboboo
oboboooooboobgooooobobobobooobo=0b000oooon
S bbdddtbuouuduououdguuoood

47 000o00000OO0O0OO0OOOOOOCOOO0OO000O0O0OO0OOOOOCOOOCOOOOOOOOOOO0
goooOoooooooOoOoOoOoOooooboOoOoOoOoOoboobOOoOnOo

315



dS, = uS,dt+oS,dw, 0 320

uooo w,goboodooooduoooduoooodgoooodgoood
goboboobooboooboobooboobobobooboboboon

ooboooobbooobbooobbooobbooobbooobDboo
gboooogoboooooo

l.00000no-arbitragel D 0D OO0 U00O0O0O0O0OOOOOODODOO0OO0O0OOOO
0ooooooooobooooooboooooooboooooooooooa
0O00OoooOO0O0OviableD ODDODOOOO0O
000000000 predictabled O O 0O O O O “0 self-financingd O 0 0O ¢ O
oooododoooo r00dddv(e)bo<:<1ddadaaavy(¢e)=0000
DDVT(¢)ZO|:|DDDP(VT(¢)>0)>ODDDDDDDWDDDDDDDDDDD
0o0o0ooooOoooooooooooooooooo

2000completel DO O DOODOODODOOOOOOOOOOODOODODODO
gooobooboobooboobooboobooboobooboboo
gboooboboooboooobobooooboboooobooboooboooo
000000000000000000OOreplicable”®00000000000O
gbooobooobooobooboobooboboboooo

gboooogoboobooooobooboooboobobooooboboobooDoo
gbobobboobooboobooboobuoobooboboboobboboan
000000000000000000000000%0

00000000000000000000POOO*®0000PAOO00
goboboboobobobobobbobobobbobboboboboab
0000*O00000000000000000000000000
goboobobops00bO00obOo0obOob0bOobDbOobo

48 0O 0O OprevisibleD 0000000000 O DO Lamberton and Lapeyrel 19960 000000000

4 0000000000O000O000OOOOOOO0GOOOOO0OO0

50 Harrison and Pliskall 19810 00 0 00O O admissible0 000000000 O0O0OOCOOOOOOCOOO
pooooooooOoOoOooooO0oOoO0OooOOoO0OO0O0OOOO0OO0O0OOOO0O00OOOO0OO0OOOO
poooooooooooooooooon

51 Harrison and Pliskal] 19810 0 O 0 0O 0 OattainableD0 OO0 000000000

52 0 0 0O OHarrison and Pliskad 19810 0 0 0000000000000 O0O0DOOOOOOOOOO0OO0OO
poooooooooOoOoooooo

530000pPO00000000000OPA>0 - QA)>0(VAeF)OODOOOOOOO

5400000000000000C0COOOOO0OCOOOOOOCOO

316 oooo/zo00. 4



oooooooooooo

goooobobobobboooooooooboobobboooooooopPs0Ogg
gboooogoboboooogoboboooobooobooooboboobooogooboo
gbobooboobooobooboboan

gbobobooobooobooobooboobooboobooboboboboa
goboboobooboobooboobooboobooboobooboobon
gboooogboboooogoboboooooboboooooboobooogooboo
goboboboobooboobooboobooboobon

gbobo=000bobooobobooobbooobboooboooobooboon
gpgbbooobbOoobbOop~000000DOOODOOODDOOODO
goooooooboobooobooobopso0bO0OO0DbOO0ODOODOOOnOO
gbobobboobooboobooboobooboobobobooboboboab
gobobooooboooboo

0.00o0booogooo

gboboobooboooboobooboobuooboobobobooboboa
gbooboobobobobooboobooooobooboooboooboooboon
goboboobooobooboobooboobooboboo

gboooooboboooboobobooogobobooooboboobooo
gbobobboobooboobooboobuoobooboobuobboboan
gbobobooobooobooboobooboboo

U0 0O-00000Dbi198s0op198nooorTorPIXnoooooooooog
oboooooboboooogoobooboooooobooboooooobooobogoboo
gobTorIXDooooooOooooobooobooboobooboooboono
goboboboobooobooobooobooan

oo o-bDoooToPXobOoooooomoboobobooobooobooo

oooood

10%
8%
6%
4%
2%
0%

2%
-4%
-6%
-8%

88 90 92 94 96 981 0 M 88 90 92 94 96 981 0 M

TorPIXOODOOOOOO 10% goooooooooooooooo
(]

8%

6%

| 4%

T Ll H‘]‘le 206

o “‘WW‘\J‘MWWW 0L R L
O o A

I o

-6%

-8%

317




gdobooodoooooobooooboooooooooooooooboon
00000000000 0000000000000000 jump-diffusion model[]
gobboddoodoooobbooooooobooooooooboobooo
U 0 O U stochastic volatility model U O O OO 00000000 OOOOOODOO
odobo0oodoooooooooooboooooboon
0o0odooooOoo00oooooooooo00ooooooooooooooono
gdoboodobobodoboooooobooob bbb uobouobooo
gdobdodoooodouooooboooobooooboo
gddboo0odoooooooooooooooooooooooooooan
0 O **0 superreplication0 0 0 00 0 0 0O O superhedgingD0 00000000000
oot obouobooo
gdobooodobooodobooooooooboooobDoouoooon
gdobo0oodobooodobooooooooobooooooooooooon
0do0odooooOooooooooooOooodoooooooooooooon
gddboouooobooobouoonboouoboooobooubooboon
gdoooodoooboodouooooouooouooa
J000odoooobobbbb0ObDbO000000Odquantile hedgingd OO OO OO
000000 Follmer and Leukert[1 19990 0 0 000000 VaROO OO ODOODO
goodooooooswdlidooodoooboooooooooboooooon
gdodbodoooobdoodooooooooooooobouoooon
Sekine1 19990 D 0000000 O0O0OOO0OOO0OOOODODOODOOOOOOOO0OO
0000000000000 000Follmer and Leukertd 19980 0 00 00O 0O O O
gdoboodobobodobooooboobooob bbb uobouobooo
gdobooodobooodobooooooooooooooooooouoooo
000000 bODO0O0000defficienthedge D O OO OO0
0o0odoooooOoo0oooooooboo0oooooooooooooono
gdoboooooboodobooooboouobobooobuobouobooo
OO0O0O0O0OO0OO0OOOOOO0OO0OO0OOO0OOOSchweizerd 19910000 0 0O %0

ogobo ooooo

gboboboooboooboooboobooboobooboobooboboboboa
gobobooboobooboobooboobooboobooboboon
gboooogoboboooogoboboooooboboooooobobooooooo
gobobboobobooboobooboobuooboobobobooboboan
ggboboobooooobooobobbuoooboboooobobooomoboooonn

55 0000000000000000000O0
56 000190 000000000000C0C000O00O0OO0OOOOOOOOOOOOOOGOOOOO
poooooooooo

318 oooo/zooo. 4



oooooooooooo

0doodooooOobOo0o000ooooooOobOo0o00oooooooDoooooooo
dooooooboooooo
doodobooobobooogooooboooooooooboooooooo
dooooooooboooooooooooboooooooooobooooooooo
JO000O0D0O0OD0O0O00OdDelbaen and Haezendonck[d 1989111 Sondermann[J 19911111
0 0 00O O Delbaen and Haezendonck1 198901 0 0 0 OO OO DODODOOOOO TO
oooboooOooooooooooooooO0 rO0OD0OO0OO0OOOO0O0 Xx,00
Odo00oo0ooooboooooooooooooroboooboooooooooon
Ox,-Xx,0000000 p,000000000000000O00000O0000O¢
poooooOoooooooOoooon §,=p,+x,000000000000000
ooooooooOoOO0OOOOOOOOOOOOOO0O00 s,ooo0000000
0000000 ogudoooooooooboooooooooooooooon
JdoodooooOoOoO000oooDobOo000o0ooDmoooooooooooa
0do0oooooooOoo0oooooobOobo0oooooooooooooooono
doodoooobooogooobboooooobooooboooa
doodooooooooooooooooooooooooooooooooo
00000000000 0000000000OMeisterd199500000000
0000000000000 ooooooobooooooooooa
0o0o0oooooooooo@mobobobo o000 ooooooooooo
dooooooooboooooooooobooooooooooooooooono
doodooooOoOo0o0o0o0ooooobOo0oooooooooooa
0o0o0dooooOoo00oo0oooooo0ooooooDooooooooono
0do0oooooboooooooodoooooooooooobooooooooa
doodooooobooooooooooooooooooooooooooooo
0d0odooooOobOo0o0000ooooOoOo0o00o0oooooDoooooooo
0o00dooooo00oo0ooooooooooooobooooa
dooooooooooogoooobooooooooooboooooooo
0000000000000 b0OO0b0O0b0OO0ODOO0ODO0Ob0OO0OdO Gerber and Shiu
0199400 00000000000000000O0OOOOOOODODODOoOoOoOad
0o0odooooooooooooooooo0doooooooooooooon
000000000 Bihlmann, Delbaen, Embrechts and Shiryaev] 19980 0 0 0O 0O O
OdoodooooOobOo0o0oooooobOooooooooooooooooooo
00 d0d0d0oooooooooooooooDo0o00oooOoooooooon
dMoooooooooooooooooo
do0odoooooooooooooobooooooooooboooooooo
0000000000000 0dO0DDOOnddCredit Suisse Financial Products(]
01997000 0000000000D000OCreditRiskt00000OO0OOSBCOO
UBSO OO OOOOOOOOACRAO Actuarial Credit Risk Accountingl] 000 0 00
goodn

319



0. Extreme Value Theory 00 EVTO

Uoddddddddextreme value theoryll O O EVTU OO OOOOODOOONO
obooeEvibooooooogogooobobooooboobobobooogoogooboo
000000000000000000%000000000000000000
0000000000000%00000EVIOOO000000

UooEeEVTOUO

Evioooooooooobobobooooooboobobooobooogooboboo
ggbboodobbbooobbooobobbooooboooobboooboboa
gobobooboobooobooobooobooboobooobon

goboevTOoonono

Eviboo0ooooooobooobooobibon «%u0boooooooan
gobobobooboobooboobooboobooboobooboboobon
oooooobooog

g.0ogoooogon
00000000000000000000000000000 FOOO%*00
poooooooooOsooOooOooX, X, Xx, 00000000000

M, = max (X, X, X, ) 00330

gboboboooooooooooooooooooboobob0ob0obobO x
ooboooobobobobooboboooooboo

PM,<x)=PX,<x X, <x-, X, <x) {F(x)}" 0 340

0000000000000 O right endpointd O
xp = sup{xeR:F(x) <1} 1350

57 00D O0OO0O0ODOOOOOEmbrechts, Resnick and Samorodnitsky1 19980 D D 0D OO0 O OO O OEVTO O
000000000000 Embrechts, Kliippelberg and Mikoschl1 19970 0 0 00O OO0

58 0 0 0019950 O O O O O O Research Conference on Risk Measurement and Systemic Risk(J Luncheon Address[]
0000000000 OFRBODOO “Work that characterizes the statistical distribution of extreme events would be
useful” 0000000

59 0000 0O 00 0iidd independent and identically distributedd O O O O

320 oooo/zooo. 4



oooooooooooo

poooooooooolunouidld x=10000000 xp=ocoll]

0 <
Pm@sXy»{ TS e 0360
1 x2xp

ooooooMmM, 000000000
M, —>xp as., n—oo 0370

gobobooboobooboobooboobooboboboboboboon
gbooooobooooboboooobobooobooboooonDo

0000000000000000000000000
M, —d,)/c, 0 3800

gboabooboooboobooboobobboboboab

goooboooobgon
gbooooobobooobogobobooboobobobooooobobooonoo
gbobobbooboobooboobuoobuooboobuoboboobobobab
goboobooboboobobooboobobobooEevIooooooooooan
goboboobooboobooboobooboonbg

0.0000000
000000000000000000000000000000000000
000000000000000000000000000000-000000
00S,(= X+ X+-+X,)0000000000S8,00000 00000000
0000D000000000000000000000000000000000
ooooooo
00000000D0000000S,/n0 n—e0000X, 000000000
00®0000000000000000000000000000000

60 000000000 0O0O0O0O0O00O0O0OO0O0O0O0O0O0OOOOOOO0O0OOO

321



0 0 O O Marcinkiewicz = ZygmundO 0 O 0 00 OO0
pe (0,2) 00000000 «eROOODOODO

S —
"’1—12’1%0, as. n—oo 0 390

gboabood E[X|P]l<eeDUO0booboobbodobOaennn

0 0,1)000
a={ pe (0. 1) 0 400

u pell,2)000O

gboobooboodgboadobp =E[X]O0000

oob p=1000000D0O000DLDOO0O0DODO0O0O0OM30DDbDObOOn
0o0o0o0ooobobbeDbO0D000O0ODODOOODOODO A»00000000
gogoobobboooooobobobboboooooobobboodgdp=2000004
goooooboooobobooooobooooogo

gooobooobooboobooboobobobooboooboobooo
(S,-nu)/(cp)00000000000000DODODOODOOOOOOOOO
gobobboobboobooboobuoobuooboobuoboboobobobab
goboboooboooboobooboobbobobooboooboooobooon

oooobbobbbbo00ooooooobbbDbDOOU stable distributiond
ooo0oooOo rFrO0b00000XO000WdO-.O00S, 00000

S, L pllaxty, 0410

EIDD“DD[II]DaDynDDDDDDDDFDDDDDDDDDGQDDDDDD
U0O0Oo 0000 OO characteristic exponentd 0 0 0 14100 0000Xx0000
obobooodce,000000000O0RYeOOOODOOO0OO0O0OCD0OOO0eO
o, 2000000000 0b0DO0Ob0bOO0b0bOO00bO00b0d2000MO0ODOO
000010 00000000000 00000000 O0DO0O0O0O0O00O0ODOO0O
000000000000000000000000000 %0
UU0odbObOO0Odomain of attractiond D O OO0 OO OO

o= 4G, n—ooo 0 420

BlgDDDDDDDDDDDDDDD
62 00000000000000000O00CO00000 FellerD19660 00000000

322 oooo/zo00. 4



oooooooooooo

0000%®00q,eRO0b,>000000000F0G,000000000000

FeDAGH)UOOOa<20000FepAGH)UOOOOOOOOOOOOOOOO

ODO00D0e=20000FeDAG)0OO00000000O0O00O0O00O
gboooboooooobooog

ODO0OO0FeDAG,HUOOO0EXO=c0 cc000OOO0

S—,un$

—nr SP, n—oo 0430
Vno

0000000000000 O00000O00D0EXO=d000000
DDI:II:IaneRDD[II:II:II:II:I64Dx|:|]|:||:||:||:|DDDDDDDD65D

Sn_an d

G, n—oo 0 440
n'/®L(n)

o430000bb4oboobobooboooobooboobooboboboooo
goboboobooboobooboobooboobg

gboooogobobooogobobooooboboooooboobobooooog
gbobobboaobooboobooboobuooboobooboobooobab
gobobooboobooboooboooboooboobooboobooboboon
goboboobooboobooboobooboobooboobooboobon
goooooboobooboboEVIDOOOODO

O.000o0oopooooooog

Fisher-TippettD O O
oooooooooooooooooooOooooooooooooooooo

000000 O Embrechts, Kliippelberg and Mikosch] 19970 03500000000

o0oo0ooboooooooOooOooUoOoUoOoU0OoUboUobOUoboUoboUobUoLoOoo

EVIOOOOOODOOOO0OOOOResnickd19870 0000000000

63 ¢ pboooooooOooo

64 00 f(x) 00000 Oslowly varyingDO OO O Olimfi) /f)=10000:>0000000000000
000D000D0000DaOO0OOOOO

65 a,0 0000000000 Embrechts, Kliippelberg and MikoschJ 19970 0 0000000

323



OO O O Fisher=Tippettd O O O
O33MO0000 M,00000000000 AOOOOc¢,>00
d,eROOOOOO

Mn_ dn
Cn

LH, n—oo 0 450

00000000000 FOOOOOOOOoOOoOoooooo®oog
O00O0000000O0 0 extreme value distributionst] 0 0 0O 0 O O

0 x<0
0 0O 0O 00 FréchetO O O D%&E:E{%x% F_)I;_Q)’Dx%g Oda3>0 O 460

exp(—=(=x)"%),x<0
0O 00O 00 WeibullOO O ‘Pa(x)={1 PEEND™) >0 o>00470
00000 Gumbel0O O A(x) = exp{—exp(-x)}, xeR [ 4801

an U 0 0O 0O 0 U normalizing constant[T] anZI 00000 O centering constant[] [
00¥Y00000000000000 norming constantd 0 000
gobobobooboooboooboobooboobooboobuooboooboo
UbobOob000000000000 generalized extreme value distribution[] U [0 GEVUO
DDDDH&#YGDDDD/JDGDDDDDDDDDDDDHéEIDDD
—1/&

Hey o(X)=exp —[1+§x;‘uJ , X€R (49)

+

uecO D DD0D0D000D000000000000O0E 00O DOOOOOOshape
parameterl0 00 0&=0000000000 E-0000000000000

H

O;u,0

(x)=exp —exp(— x;“) . xeR (50)

gboooooboboboobobooogoboboooono

>0 -  o=1/&  u=1, o=1/e - @,
=0 N u =0, o=1 -
£<0 -  a=-1/&, u=1, o=—1/a - ¥,

66 00O0ODMOOOOFOGOOOOOOOOOOOCOODOOODOOOOe>00eRO00000000O00O0x0
O000G(x)=F{(x-b)a}y0000000000O
67 OOO0O00D0DODOOOOOlocation parameter[] 0 0 0 0 O O O O O scale parameterd D 0000 0 O

324 oooo/zooo. 4



goo-0o00oboobo0obobbooboobooon

goo-0b00b0o0bo0ob0o0obtbabOO0DbOOn

oooooooooooo

goood

10

0.8 R
06
04 I 0ooo 0oooo
02 F
0ooooo
0.0 = L
-6 -4 2 0 2 6

x0

00dooopoDoOoODObOOO0O0000O0GEVODODODODODOOOOO0OoOoaoa
do0odoOo0oooo0oOOooooobooobooboooboooo

do00do0doodoododoooobOoobOoooooooooOoooa
000000000000% 000000 HOOOOOOOOOOO0OO0OOO0oOOo
0 0 maximum domain of attractiond D O 00 FeMDAIHOO OO DO OOOOODOO
0do0o0d0O0o0bOo0o0ooOOo0oOo0ooooobOOoobOoobOoobOoobOoooaon
O0000000000000000FeMDAly, 0000 x100350000
0000000000000 o00oo0oooooDooooooDOooDOoooOon
00oDO00O0oOoDoOOoooOoooOooooon

jdd-idddddddddddddddddddddddd0dUdUUoo o
dddddooooooooooooOoODObOOO0OO0o0o0000o00ooOoOooo
0000000000000 ooodoooooooooonoooog
0000000000000 bOO00OO0oO0bOO0o0bOo0oDbOOoo0bOoobOoooOon
dooodooooooooono

goo-bob0booboobooboobonobo

oooooQ &g oooooo A oooood ¥

oooooao oooo goood

ooodooo gooood googoo
goood

68 0000000000 O0OO0OO0OO0O00O0OOO0OO0O00O0OOO0OO0OOOObOOOO0O

325



gobooogopoogooo
gboooogobobooooboboooobobooooboboobooDo
gobooboobuooboobogbgevrboooooboooboooboan
0000000000000 Oregularly varyingD OO OODOOOOM 0000
UobDOob000 fnpOeeO0 D ODDOODOODODOk>00000

lim L) _ e 0510

e f(0)
DDDaDDDDDDDDDDDDDDDDfeRaneRVaDDDDDa:ODDDD
Ode40 00000000000 0O0O0O00O0O0O00O«O00D00O0000O00O000O0
gooooooootoootoo rooboobooboooooouooodres0nod
goooooboooooobooooooooooooooooooooouooon
gooooooooooooooooono
ooodbooooobooooooodreMpAY o000 00

000FeMPAY,0000000x,<eo00 F (x,~1/x) eR_, 000000
0000000000000000000000000

d=x.0 c=x—F (_(l—l/n)
000 F-(»O00000%] quantile functiond 0 00000000000

F ~ ()= inf{xe R: F (x) 21}, 0<t<1 0520

OOO0OOFO[0,1100000000x,=1<ec0000¢:>00000

I Flxp—1/(x))  1/(x)
1im — = =
x—=e p(xp =1/ (x)) 1/x

Oo00O0O0FeMmMDAIY, 00000

uodoooodd 4 0000o0o00duooooooooodoooo-oo
gobobooboobooboobooboobooboobobooboboboon
d000000000000000000 x,0000000000000

DDDDDanDDDDDDDDDDDDDFQ(I—I/n)EIDnDlOOIZIDIZIQQ
gbbodooooooooobobooboobbobobooooooooooooobon
oooooodde000oooooon x,0000000000000000
ooooooooooooooooooon x,000000000000000
gobogbooan

gooooooooooooorempAe 0000000 ooooooon

60 000000000 0000000000O00¢«=0990009%000000000000OO

326 oooo/zo00. 4



oooooooooooo

000FeMDA®,0000000F(xeR_,00000000000000
000D00000000000000
d=00 c=F (1-1/n)

0000000000 F@=1-(a—x00000e00s>000000

lim F (tx) = lim { a/(tx)}b_

— =t7b
x—oe I (X) X—>o0 (a/x)b

ooooo FreMbpAld OOOOO
EII]I]DDanDDDDDDDDWHE—U@DDDDDDDDDDDDDDD
Udddc000ooooood=0000000000000000000000
ooooooooooooodooed nO00000O0O000oo0o00oagooon
goboooooooobooobooboobboboobooobobooooooogo
gbobobabogoooogd
gboooboooboooboob FeMDAAUDDDOODODODOOODOO

O0D0FeMPAAOOOODOOz<x,000000000z<x<x, 0000

Fo)=c(x)expd —| 2O 4 (53)
al)

000000000000000000c@OegwD00000000

lim c(x)=¢;>00 lim g(x)=1

X—))CF X%XF

doddUDex)yDO0D0ODOOOO0OOOO
lima’(x)=(
X>Xp

goboboobooboboobooobooobooaoo

d=F (I-1/m)0 c,=a(d,)

O30 00dbbcb0gie0DOD000ODOODO0OD0O0ODeDODOODODO
goboboobooboobooboobooboobon

)CF F t
a(x)=Jx = ((x; di , x<xp (84)

goobobooboobooboobooboobooboobooboboo
gboooogboboooogooboboooobobooooooboobooooooon
gboboboobodg rbobbooboobuooboobobboboaboo

327



gobgooooogooogooooogn
oooooooooooooooooooood00ooooooooooon
gobobbooboobooboobuoobooboobon
ubdbc0000000axOOO0O000O00O0O00OO0OOOOOOOODOO
gs400000000000n

o

A [Texp (—k %/ 2)dk
a(x)= /217 j; die —yr 2 (55)
szﬂjx exp (—k %/2)dk D (x)

0b00o0o00bUbOeb0O00O0ODOODOODOODUIDOODOODOM
oobooOoooooobebd0000-0000000000000O¢,00
gobobOobooboobooobooboobooboobobobooboboon
goboboobooobooboobooono
gboooogbobooooboboooobobooooboobobooboooog
oooooooooooooo-o0oMO0000cA04D000000
gobo-0oooobobboooooobboooobooboboooobooboboogoa
goboboobooboobobbde=100000000D0O0ODO0ODOODOO
n0000000000D00DO0DO0DO00OO0O0O0OO0O0OO0DbO0DbO0ObO0ObOon
gboboboobooboobooboobuooboobooboboboboab
uobobooobooobooobooboobon

goo-0boboooboooMm,0000n 00000000

0.9 -
..... ppEEmEEEEE
. .--lll':Illlllllll | 8 LA .
MLl
0.7f 1 b . m dDDDHD 3
H )
o 06 JII“,-""'|l -
g on g
g 0.5 [
O
O 0.4 %QQ% cp 00O 1 E
[ ] OO )
03§ oXe) OQQOWT—UOOOOOOOOTOOOOOOOOOTOOOOOOOOOT 0.5
0

0.2
0 200 400 600 800 1000

oodd n

328 oooo/zooo. 4



OO
O
OO
[
OO
[
0o
U

oooooooooooo

gbooobooboobgn
n=50000n=1000 00 n=500 000 n=1000

F(x)=P(M ,<x)

F(x)=P(M,<x)

0.8

0.6

0.4

0.2

o
o

o
o

o©
~

o
(V)

/|
/
/ =
VL
s
ny
=
<9
/| ==
/ —JEVDJI:IDT
0 2 3 40O
/
s
/ ;
=
Ry
/—Mso [
/ — EVDOOO
T 2 L L 5 00

0.8
0.6 /
0.4 /
— Mo |
0.2 j' —  EVDOOT
) | ]
-1 1 2 3 4,00
1
0.8
0.6 /
0.4 /
0.2 / — Moo L]
/ — EVDOO
o Y,
0 1 2 3 4 .00

g.0cogobooobooaoa

gooobooboobooboobobboob«00obooboboboboo
gboooooboboooogoboboooooboboooooboobooobooooo
gbobobboaobooboobooboobuooboobuoobooboboan

goooobood

goooboobooboobooboobooboon

F,(x)=P (X-u<x|X>u) =

F(x+u)—F(u)
1-F (u)

, U

0000000030000x,00000 FOOOOOOO X000OO
00 u<x,0000

Sx<xp

00 0000 XOOO0OOOO DO excess distribution functiond O O O [
aooad

e (W)=E (X—u|X>u)
00000000 mean excess functionU O [ 0 [

0 560

gs7d

329




F Oexcess-lifel] 0 0 0 OO0 Oresidual lifetimed 1 D0 00000000000
00000000 0OOexcess-of-loss 000 00000OO0OO

do0odoOo0odbOoooOo0obOooooobOoobOooooooooooooa
ooodoooooooooo

J(x—u)dF(x)=Fl(mLF(x)dx {38)

u

e(u)zf(u)

0000x00000 (F@=-exp (-Ax)00000000ew=/A00000
00000 «00000000000000D0000000OX0O0000o0400
00ooo0oobOoobO0obOOobOoOoboobOOobooboobDOobDooon

ooooo0ooooO0ooooOo F,O0000000O0O000O0O0O00O0O0O00
o0o0oobo00d«000 x,00000000F, 0000000000000O00
000000000000 DOOPickands - Balkema - de HaanOD O OO OO OO0
0000000 0Jd generalized Pareto distribution 0 O GPDO OO D ODOOODOOO
ohboooboooboooepDOOOOOODDOOGPDOOOONG, g(x)00
oooooooog

1I-(1+&x/B)~" V8 20000
Gi;ﬂ(x)z{ l—exp —x/B) E=0000 Hs90

OooOopg>000000000000000&20000x2006<00000<x<
-1/£0000GPDOGEVOOOOOOOOODOODOOOODODODOOOOOOOO
ooooo0oboobooooO0oboboooboOobOOobobooobobobooogoboo
gooé=00000000000ooon

Oo0O0-00GPDOOOOOODOOR =1000&=20000&<00

1.0 § 3.0
25}
0.8
20}
Y 06 -
O _ = =.1.25
= £=0.0 = /i
O / o 157
= ] =
O 04 £=05 /& =-1.0
1.0
£=-07
0.2 N
S 05 N < £=-02
=10 £=-05
0.0 0.0 x
0 1 2 3 4x00 00 05 10 15 20 28x00

330 oooo/zooo. 4



oooooooooooo

O000-00B=10000&6000000000GPDOOOOOOOOOOOO0O
000000000 é>2000000000 é<0000DODOOODDOOODOODODO
gobobooboobgoboooobab

GpbUOOoonoooooooonoo

00 O O O Pickands - Balkema - de Haan[J (0 00 [
O000FOO00O00FeMDAIHOOODODOODOOOOOODOOO
ODO0pwOOOOoon

lim sup |F,(x)=Ge guy(x) [=0 0 600

X xp 0<x<xp-u

uboobooboogooan

goecOOOOOODOO.00000000000000000F,0GPDOO
gbooooooboooooobooooboboooooobooooooon
ggbbobooobobobooobboooobbooobbooobbooobobog
goboooboobooobooobooboooboon

00600 0000éE0DDUDDODODNODNODNDNONUDOODOOOONONUOOoOn
goboooooobobobooboobobooooon

B(x)000000é=0000000000000000O0O¢é=000000
FEMDAANDOOOOODax) 00000000000 & 00000&6>0 000
O0F(xO0O0DD00000000D00D0O07000000000

X

F(x)=c(x)exp Jal(t)dt , < x<oo (61)

gbooooobobobodz>000000040c00000

lim c(x)=ce (0,)Jlim a(x)/x=E!
X—00 X— 00

0000000000000000000 ax)0B()00000OOOOOOODO
0000 E<000000F(,-1/»0000M6I000000000000 a(x)
OBx)DDDOOOO
000«.00000000000GPDOOOOOOOOOOOOONOOONOOO
O0GPDOOOODDOODOODOONOONODODONOONODODNOONDNONDNOO FOO
00000000000 000000000000000000&é=000000
0000000000BG)I05000000000

70 OO0 000D O Embrechts, Kliippelberg and MikoschJ 19970 0 0 0 A3.30 000

331



UboDb-000«=0501001502000000000000000000GPDO
oboooooooobobobobobobo«ebOO00O0oooooobobOobon
gbbobooboogbogooaoo

éGeDUOOO0O0ODOODOOOOODODOOOODOODODOOOODODODO
gooobbbobooodtd«000ooobboxbboooooobbbooo
u+x0000000000000000 F+x) 0000 FRDOODOOO

F (u+x)=F (u) F,(x) 0 620

gobobooboobooboobooboobooboobooboboboon
000000000000 000000 Fr)DDODOOO.00O00D0DODOOO
pypoooooooNouonN/NOObooooogooouoogooogo
ggbobooobobooob«ooobbooobbooobobooobobooon
0000000000000 0000000000000Fu(x) 000000

goo0-0w0O00D000D0O0DO0OD0D0O0O0O AROxOOGPDOO
O0000o0O0o0bobobOwu=050000wu=100000wu=150000wu=2.00

o

o]
o
o

N L~
[

= 06 7 06
; 0
2 =
= 04 = 04
= S
Lff 02 — Fos() Lff — F(®
: —— GPDOO T 0.2 —— GPDOO T
0 ‘ ‘ 0 ‘ ‘
05 15 25 35 48 oo 10 20 3.0 40 50
1 1
l

0.8 / 08 /
0.6 /

P(X-u <x | X>u)
o
(o)}

P(X-u<x | X>u)
o
5
\
< ¢
n
\

Fu(x)

/ — F(x)

8 //
~ 0.2 — F5(x) 0.2
— GPDO O ' — GPDO O[O
0 [ | o [ ]
15 25 3.5 4.5 55
000 2.0 3.0 4.0 5.0 6.8 00

332 oooo/zooo. 4



oooooooooooo

O00000O0OGEVOUOOGPDOOOOOODOODOOODOODDOOOOEDOD
ooo0ooOobOobooooepDOOO0OOOODOOOODOODODOOODOODOO
00000000 bO00O0000DO00O0000DO00O00DO0DO000000uw
0o0o0dooodoooooooooooooOoooooooooooogooon
0000«L000000000000

o000o0DbO00DbO00obO0O0o0ODbU00obO0o0bObOOoOoODbOoOoboOGEVODOODO
0000000000000 DO0000D0O0DO00OH HilestimatorD 0000000
O000HINO1975000000000000000FeMDAI® 0000000
00000000000000000000D000007000000GPDOODO
00D000000POTO peaks-over-threshold 0 0 0000720 0000000000
0oOoo00o0obOdoOOooO0o0obOooOooOoobOooOooObOOooDOobDoobOooDoon
poTOOOOOOO

gooogd

gobobobooboooboeEviooboooboooboooooooooooaonooa
goboobooboobooboboobooboopoTODOODOODOOD
oboooobooboooobobooooboboobooobooDo
gboooooogTorIXOODOOOODOOOess0 019980000 0oogonog
gbo-0booboobobboobooobooboobon
gob-0ogoobobbbooooobbooooobobboooobobbooo
gboooogboboooogoboboooobobooooboboooooooo
00000007 0000000000000000000000000000
00000000000000000000000000000000™™
gobobobooboooeEvIdoboooboobooboobooboooboo
gboooogoboboooogoboboooobooboooobobooooooo

71 000000000VaROOO00OO0OO0OODanielsson and de Vries1119970 00000000

72 POTOODOOCOOOOODODDOOOOEmbrechts, Kliippelberg and MikoschJ 19970 00000000000
McNeil0 19990 0 0000000000000 CO0O0OO0OOOOOPOTUOOOOOOOOOOOOO
ooooOooooooooo

7300000000000000000000000ODOOO0O0O0O0OOOOOO0OOODODOO

74 00000-000000000000C00DCO0CO0OOO0DOO0OO0OO0O0OCOOODOOOOO0OARILO
=0.10300 0 0000000000000 0O000OO00O00O0O0O0WdOOOOOOODOODOOO0OO
oooooooooooo0oOoooOooOo0ooOOooOoOooOOoooOOoO
goooooooooooooOooOooOoooOoOoo0oOoOoOooooOooOoDoOooOoboboO0O0oO0OoooOoooOna
0000000000000000000000000000C000000000ARD1M 000000000
50000 00000000000 00000 ARIDOO000000000O0MmO0O0o0.0600MO00O000
gOTorPIXOOOOOOOOOOOOOOOODOOOO0O0O0O0O000000O0000000000O0#WdDO
ooooooo0ooooOoooOooooO0oO0oooO0OO0DO0oOO00oOoOO000O0OoOOEVIOOOOOO
oooooooo0ooo0OwddDO0O0OO00000000000WOO000000EVIOO000000000
Embrechts, Kliippelberg and Mikosch[] 199717 McNeil and Frey(1 199900 0 0 0 0000

333



ooo-ooTopPXbOoooobooooooooooobooooboooooo

oooQ
oooo 2,7250 1,200 1
1,009
oo -0.017%(0 1,000 — 946
- 0,
ooQ 7.365%0] 800 |-
ooQ 9.125%0]
0000 | 1.204%0) 600
oo 0.34910 400 [ 296 262
00 8.67620 L
200 o5 59 66 e
ARD 10 0.1039 1 0 4 12 —— = 13 1 4 1 0 1
0§0\°<§°o\°§o\°o\°o\°c\°o\°o\°o\°c\°§o\°§§o\°
O 0oooop D000 O0Oooooo g

ToPIXODOOOODODOO

gobobOboobooboooboobooobooboobooboobobooan
gobob«000000000000DO000DODOOO0ODODOOO0ODDbDOOOD
gboooogobooooboobooooboboooobobooon

gboboboobooboobooboobuooboobooboboobboboa
U0OO0OOmeanexcess plotU 0 0000000000000 DOO0OODOO0OO«0O0O
U0 e(wyyUDO0ODOOODOODO

1 N
eNw=——, (X;—u), 0630
N, i=1

pgooooooooox, 0 0000000oooooooooooooooon
00000000000GPDOE=050"0000000000000000-00
ggboboobboodobboobobboodobbooubibud e(w)y DOOQO
0000000000000000000000000 70
TorPIXUOUOODODDOOOOoOoooObOoOoooooooboo-oobobooooon
0b0ob0db00db00u - 00000000000 DOO0ODOODOOO00O0O0O0
gobobboobbooboobooboobuoobuoobobboboboboan
gobobooboobboobooobooboooboooboobooboboboboon
gobobobooboobooboobuoobooboobooboboboboboon
gboooogobooboooogobobooooobobooooobobooooooo
gobobbooboobooboobuoobooboobon

75 00OGpDOOOOOOOOOOOOOOOO
76 OO00O-0DO0OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO0O0O00O0
oooooo

334 oooo/zooo. 4




000-00000000000000000000O0O0O0OOoO”
ooooboobobooboobuooPbh

oooooooooooo

goodn e(w

0000 e(w

00 u

go0dn e(w

00 u

goo-ooTorPIXDOOODOOOOO

oooobooobooboobobooobooobooo

0000 e(w

2.0%

1.8%

1.6%

1.4%

1.2%

1.0%

0.8%

0.6%

1

1

0%

2%

4%
O0d u

6%

8%

0000 e(w

2.0%

1.8%

1.6%

1.4%

1.2%

1.0%

0.8%

0.6%

0%

2%

4%
00 u

6%

8%

77 00000020000 000000000000000000000000000000050000000
00000000000000000000000x0000000 x,0000Mx,, eyp0(x,) 000
00000000000000000000000000000000000000000000000

oooooooooooooboooooooooOoOooOooooooo

335




goooboobooboepDUO0ODDODOO w0OOO0ODODODODOO
gboooogboboooooobobooooobobooooobobooogooboo
gpobobbooboobooboobouooboobuooboobooboboo

gooepDUOOOO0OODOODODOOOOOOPOTOOOOOOOOGPDOOO
0000000000« 000000000000000000000&EO0B0 u
gboooogboboooogoboboooobobooooobooboooogoboo
O000oooprPOTOOOOOOOOOODO AMé,p;YOOO

1 g
0(E,B; Y)_—nhuﬁ)—(§+1)§hn( g ] (64)

DDDDDYZ(YI’YZ"“ ’YN,,)
Y,=(TOPIXOOOOOOOOOOOD0D0 D—u

00000000000000%00007=-¢/000000 4A&,8;Y00
gogbobobooobbbooobboooobboooooboood é\DDDD
gobobooooobon

Nu
=——Zmurm 0 650
N

O00D0<-0000000000000
11 (1 &Y
?-{- Nu [é‘i‘l]gi 1-1Y, =0 (66)

goo-o0boooooobooogoogo EDDDDDDDDDDDDQS%D
goboboobooboobuoobobbobooboobo0obuoobg eO
gboooooboobooooboooom

coboooooooooonNO000O0D200000000000000000
oboooooobobgooboooapjo2bbobooobooobobooooo
goboboobooboobooboobuoobooboobobboaeeppOd
00000ooooé/(1-4HUiooooouoooo0oooooooo-00ooon
O0000O0OO0OO0OO0OO0OO0OO0OO0OO0OODoASODOOOODOODODé=01300000DDODO
goboboboobobooboooboobooobooobooboobooboboboaon
gobooooboooboo

gboooboboooobobomoboboooooboobooooboonog
gbobob«uoubuooboobobbooboobooboobooboboan
goboboooboooboobooboobbobobooboooboobo «0000
00015%00000000000¢=0.16360 8=0.00870N,=1930 0000000

78 [0 O O Embrechts, Kiippelberg and Mikoschd 19970 00000000

336 oooo/zooo. 4



oooooooooooo

000-10 00000000000000000 é00000C

3.5%

3.0%

2.5%

2.0%

1.5%

1.0%

ooooooéooooo
0o000o0ooooooO u

0.5%

0.0%
0 200 400 600 800 1,000 1,200

00o0oo N,

FuyOOOOOON,/N=0.07080 000
000«000000000000000000000000620000000
000000000000 0000000000000000-110000000
000000000 FOOOOOOOOOOOOOO FOOOOOOOOOOO
0000000000000000000000000000000000000
0000000000000000 FOOOOO
O00000GPDOOOO0ONONOOOONONONONOOONONONONOOONONNoNnoog
O00000015%0000000000000000000000000
000000000000000000000000000000900000
0009.9000000000000000000003.51%06.88%000000
0000000000000 000000000000000002.8%003.7%
00009.900000000000000000000000000
000000000000000000000000000000000000
0D.00000000000000 é0B000000000000«00000
O00000000000000000000000000000
0000000000 «000000000000095% 0000000000
00009.900000000000000000000-12000000000
0000000000000000000000000000000000099.9
0000000007%00000000000000000000000000
000000000000 000000000000000000000000
37%00000000000000000

337



ogod-11 15%00000o0o0o040ad AO00000000GPDOODOO
00 AOOO0O0oooooooooouooooon
10.00% |
1.00%
I Lo,
M *
" _
\ GPDOOOEB
0.10% s —
ooooooo .
OooFE
0.01% T 351% 1 6.88% 1
1.5% 3.0% 4.5% 6.0% 7.5% 9.0% (x) [
O00-12 vOOOOOOOOOOOOOOOOooeeuoooooon
10% : : : 3.5%
O 9% A A BN I 30% 3
oo ! ! 1 d
R foesmeenes —— | 25% o
oo 1 ; O
00 7% b\ d ™ e Ll BT E. R — 20% U
oo 1 ! O
Ood ! ‘ O
o0 6% oot T + e 15% O
o X l i | S
08 5% f--oo-ooo-d A ‘ A — 10% O
OF | | I
o | | | =
8 4% oo omoeee e P —— ‘ - 05% O
! '00 00000000 ‘
3% H H H H H 0.0%
0 200 400 600 800 1,000 1,200
000000 N,

goboobooboobobooboboobooboobooobobpoTd g
gobobooboooboobooboobooo
gooobbooboobooooboboboobobooooobooooboonDg
gobobboobbooboobooboobuooboobuoboboboboboan
gobobOobooboooboooboobooobogosuobooboobobooboan
000000000000 heteroscedasticityl 0D 0000000 DOOOOOO

79 000000000 .0000000x,000000NOOOO(x,,n/N+1)000000OO0

338 oooo/zooo. 4



oooooooooooo

gobobooboobooboEeEvibogobooboobooboobadbon
gboooogoboboooogobobooooobobooooobobooogooboo
gbobooboobogboadanod

dodouooooood

do0odoooooeEVIDODDODOD0O0OOOOooooOoODOooooooooo
OOEVIOOOODODOO0O00O0OO0OO0ODOO00OooooOooooooooooooad
0d000o0oooOoOo0o0o0ooooEVIODOOOOOOOODODOOO0

00o0dooooooo0o0oooooooooEVTIDODODO0O0O0OOOoOoooO
O0000% excess-of-losscover ] D 00 000000000000 OOOOOO
el 000 EVIO OO OOOoDOoooOoooooooooooooooooooo
0000000000000 00D0O0DOMeNeillD19970 00000000000
O00000D0EVIOOOOO0OD0ODODDODDODORootzén and Tajvidild 19970 O O
00000000000 windstorm insurance] 0 0 0 0 00 0O 0O

ARTOOODOO0OOODOOOOOOOOOOOOOOWinterthurD 0019970 00
0000000000000 DOO000000D000Schmockd199800 00000
0000000000000 ooo00gooEVTOOOoDooOoDooao

do0odoooooooEvIooooooooooooooooooooooo
doooooooobooooooooooooboooooooooooooooooo
O00OvaROOOOOOOOODOOOOODOOOO0OO0OO0OO0OO0OO0OOO0OOoOoooDoOO
0000000000000 o0ooooooo0ooooooooooooon
0000000000000 000000 0 Artzner, Delbaen, Eber and Heath(d 199700
000000000 UUUUUn O sub-additivityll homogeneityl monotonicity
risk-free condition0 0 0 0%0VaRO O OO OO00O0O00O0O0O00O0O00O0OO00OO
00000 0O O Embrechts, Kliippelberg and Mikoschd 19970 O O E [X | X>x (p) ][O O
00 MpO0ODOD0ODODODODODODOOO0O0OODODO0ODO0000ooooooooooooad
go0o0o00o0oobobooo00oododnoaoood Artzner, Delbaen, Eber and Heath
019970 000000000000 00OOOOOODODOOODODOODODOOOoOOd
x(pDOOOO0OO0ODOO0OEVIOODOOODOO0ODOOODOODODOODODOODOOO
000000000 vaROOODOODODODODOODOODODODOOOooOOoDOOOd
Danielsson and de VriesJ 199700 00 McNeil and Frey(1 19990 0 00 OO0 OO0OODO
doodooooooooooon

00000000000 0000000000000000 D0 0OPhoal 1999017
0000d0d0oobob0ObOO000d00odOonUnOOCruz, Coleman and Salkin[d 1998001 [
dooooooooooooooooooooooo

80 JUU0OOOO0O0000OOOO0OO0OO0O0O0OOOO0OO0OO0O0OOOOO0OOOO0OOOOOO0O0O
81 000000 O00OO0DOO0O0O00O0O0O00O0OO0DO0O000DOOO coherentmeasured 0000000

339



goono

0000 O0DO0O00DO0O000O0O00bO000ObOOoobObOOoDOOOObDOOOD99sT

gooomooboboooboboobobooboboooobooo™WMTECO DO
0 0O 0119960 1200 0 99-12901

ob0oo@ooobooooboboobooboooob0obomoooobOoO1998
0 30300 O 32-350

J000MO0Oob0bO0oOo0obOOdARTOOO O Alternative Risk TransferlH 0 OO0 O OO0
000o0o0ob0o0o0oooDoOOo0onOddioesd

Artzner, P., F. Delbaen, J.M. Eber and D. Heath, “Thinking Coherently,” Risk, Vol. 10 No.11,
November 1997, pp. 68-71.

Biihlmann, H., Mathematical Methods in Risk Theory, Springer-Verlag, 1970.

, “An Economic Premium Principle,” ASTIN Bulletin 11, 1980, pp. 52-60.

——, F. Delbaen, P. Embrechts and A. Shiryaev, “No-Arbitrage, Change of Measure and

Conditional Esscher Transforms,” mimeo, ETH Ziirich, 1998.

Canter, M., J. Cole and R. Sandor, “Insurance Derivatives: A New Asset Class for the Capital
Markets and a New Hedging Tool for the Insurance Industry,” The Journal of Derivatives,
Winter, 1996, pp. 89-104.

Christensen, C. V., “A New Model for Pricing catastrophe Insurance Derivatives,” mimeo, University of
Aarhus, 1999.

Considine, G., “Introduction to Weather Derivatives,” Weather Derivatives Group, Aquila Energy, 1999.
U http://www.cme.com/weather/index.html] O O 00 O O

Credit Suisse Financial Products, CreditRisk+ - A Credit Risk Management Framework, 1997.

Cruz, M., R. Coleman and G. Salkin, “Modeling and Measuring Operational Risk,” Journal of
Risk, Fall 1998, pp. 63-72.

Danielsson, J. and C.G. de Vries, “Value-at-Risk and Extreme Returns,” LSE Financial Markets Group
Discussion Paper, 273, London School of Economics, 1997.

Delbaen, F. and J. Haezendonck, “A Martingale Approach to Premium Calculation Principles in an
Arbitrage Free Market,” Insurance: Mathematics and Economics 8, 1989, pp. 269-277.

Embrechts, P., R. Frey and H. Furrer, “Stochastic Processes in Insurance and Finance,” mimeo,
ETH Ziirich, 1998.

——, C. Kliippelberg and T. Mikosch, Modelling Extremal Events for Insurance and
Finance, Springer-Verlag, 1997.

, S. Resnick and G. Samorodnitsky, “Extreme Value Theory as a Risk Management Tool,”
mimeo, ETH Ziirich, 1998.

Feller, W, An Introduction to Probability Theory and Its Applications, Volume 2, John Wiley and
Sons, 1966.0 0000 O0OOCOOCODOD IDOODMOOODOOOODOOOOOO
196900 O

340 oooo/zooo. 4



oooooooooooo

Follmer, H. and P. Leukert, “Efficient Hedging: Cost versus Shortfall Risk,” mimeo, Humboldt-
Universitit, 1998.

, “Quantile Hedging,” Finance and Stochastics, Vol.3, No.3, 1999, pp. 251-273.

Gerber, H, An Introduction to Mathematical Risk Theory, S. S. Huebner Foundation Monograph
Series No.8, 1979.

and

and E. Shiu, “Option Pricing by Esscher Transforms,” Transactions of the Society of
Actuaries XLVI, 1994, pp. 99-140.

Grandell, J., Aspects of Risk Theory, Springer-Verlag, 1991.

Harrison, J. M. and S. Pliska, “Martingales and Stochastic Integrals in the Theory of Continuous
Trading,” Stochastic Processes and their Applications 11, 1981, pp. 215-260.

Hill, B, “A Simple General approach to Inference about the Tail of a Distribution,” The Annals of
Statistics, Vol. 3, No. 5, 1975, pp. 1163-1174

Lamberton, D. and B. Lapeyre, Introduction to Stochastic Calculus Applied to Finance,
Chapman & Hall, 1996.

McNeil, A., “Estimating the Tails of Loss Severity Distributions Using Extreme Value
Theory,”ASTIN Bulletin, Vol. 27, No. 1, 1997, pp. 117-137.

, “Extreme Value Theory for Risk Managers,” working paper, ETH Ziirich, 1999.

and R. Frey, “Estimation of Tail-Related Risk Measures for Hetero-scedastic Financial
Time Series: an Extreme Value Approach,” mimeo, ETH Ziirich, 1999.

Meister, S., “Contributions to the Mathematics of Catastrophe Insurance Futures,” Diplomarbeit,
ETH Ziirich, 1995.

Paul-Choudhury, S., “Getting Down to Business,” Insurance Risk Special Report, Risk July 1998, pp. 1.

Phoa, W., “Estimating Credit Spread Risk Using Extreme Value Theory,” The Journal of
Portfolio Management, Spring 1999, pp.69-73.

Resnick, S., Extreme Values, Regular Variation, and Point Processes, Springer-Verlag, 1987.

Rootzén, H. and N. Tajvidi, “Extreme Value Statistics and Wind Storm Losses: a Case Study,”
Scandinavian Actuarial Journal, 1, 1997: pp. 70-94.

Rolski, T., H. Schmidli, V. Schmidt and J. Teugels, Stochastic Processes for Insurance and
Finance, John Wiley & Sons, 1999.

Schanz, K. U., “The Convergence of (Re) insurance and Capital Markets - the Financial Services
Industry Reinventing Itself, 1 0 00 O 0000 O0ODOOOODOOOODOOOODOO,
1998.

Schmock, U., “Estimating the Value of the WINCAT Coupons of the Winterthur Insurance
Convertible Bond: a Study of the Model Risk,” Discussion paper, ETH Ziirich, 1998.

Schweizer, M., “Option Hedging for Semimartingales,” Stochastic Processes and their
Applications 37, 1991, pp. 339-363.

Sekine, J., “Quantile Hedging for Defaultable Securities in an Incomplete Market,” mimeo,

Graduate School of Engineering Science Osaka University, 1999.

341



sigma, “Insurance Derivatives and Securitization: New Hedging Perspectives for the US
Catastrophe Insurance Markets?” No. 5, 1996, Swiss Re, Ziirich[] http://www. swissre.com[] [] [
ooa

, “Too Little Reinsurance of Natural Disasters in Many Markets,” No. 7, 1997, Swiss Re, Ziirich

O http://www.swissre.com [1 00 0 [0 00 [.

, “Alternative Risk Transfer (ART) for Corporations: A Passing Fashion or Risk Management for
the 21st Century?,” No.2, 1999, Swiss Re, Ziirich] http://www.swissre.com U O 0 O 0O [I.

Sondermann, D., “Reinsurance in Arbitrage-Free Markets,” Insurance: Mathematics and
Economics 10, 1991, pp. 191-202.

Swiss Re New Markets, “Integrated Risk Management Solutions - Beyond Traditional Reinsurance and

Financial Hedging,” Swiss Re Publications, 1998.

342 oooo/zooo. 4



