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XFIREEAFRYL, ATESOHUEIREA G FEARRK n FARR G HEDL.
TELHLA RIS 08 1 Y I RBUE B R XU (AR A B T SERR
ERTR IR R, R AR S SRR, WX
[)H B, T EE R A BERA AR, i, FE RS BKICH
PABALTSRH, BRI XS A EE AR, FERSE R IE AT
RWHABER; FERZER T, SORME TR HEAREVIN LRSS, X
UL MESHIT I BARTCRE N ). R, TRERAE KX T A SRR A 1R
SRR G . ASSCIERT AT TSI ZEAL Ll TARMKES M M IERAE IR 3%
A SE & Copula RECTEM B A KURARAL R . BARPAATT:

T, AT AKX T RS S E SN . B, A T
HERHRIA. SR =T AR RS T A IR RS IR BRI (A A T T AFSE, FFEA
BEORGIBUEY T SBUENR T Copula sREUHEM EAE A XA IR

KHgiE:  Copula; AR [F] 5.
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Abstract

Insurance company usually pay more attention to aggregate claim in the future n
years. In traditional actuarial theory, The Law of Large Numbers will be hold under the
assumption of independent, But actually due to some common influnce, risks are usually
related to each other more or less. For example, the individual risks of earthquake or
flooding risks or epidemic portfolio are dependent; on a foggy day all cars of a region
have higher probability to be involved in an accident. In life insurance, there is ample
evidence that the living time of husbands and their wives are positively associated. So
actuarial specialists expect to find effective methods to describe dependent risks.In this
thesis, we find convex-order for stop-loss premims, and discuss applications of copula
in two-life model.

In chapter 1, we present the research of dependent risks in and abroad. In chapter
2, we introduce basic definitions and properties used in the sequel; In chapter 3, we
study the method to approximate the stop-loss premiums of dependent risks, it is an
application of comonotonicity theory, then we give numerical example; In chapter 4,

We study applications of comonotonicity and copula in two-life model.

Key words: copula; dependent risks; comonotonicity.
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$—E 5 =

TSGR RRFERTER R 2 X AR S A AR SR, BIAE TiX—
fBeist, RECERAA T I HAIRTHE, MATTPRIS A R B IR SR R ER R

S b 52— SeL R R R A, WU AR BRI AIKYE. o,
TEWA =PRI, A SRAESE— i X s H A IR R KB 2 BE R, VK, SR, 3t
R AT E R HBUR AR, 2 SBORBAH 8L, TS TR a8 . 72 ATk
Ry RZER A, TR TR 2R, FACAEE TSR AERE X, SR
TR EA IEAHCE, FEH okt BUBSEE, H—0iRst-s s Lt
H— PR SR, E—BRA—MAF T R T MREHE, X AKTE
FAF R TARPREE R, AR WA 100 /e — e R B 2R ehY.

PRI ST AEAR B I R R AT & SEBRAY, TR KUK Z AR R AL
IR SR A RS TR, A SR P MR S AR IR R, 5B AHK e
BOH C bR ISR AT, R mAMRH —Fonk, BNERE S —
&, WUFTA W PEBTER T LUE S TR £ 40 AT B RO 2. [ Bt X he i —Fior
W, RO BV SRR S Copula.

7] AR — TSR A AR 25, B - Yarri(1987) Al Schmeidler(1986) FIA,
TERCEAL b, BRI R A AR, BITEC bR Aind, ERERES
A, JF AR BRI, FIRE—@ BT, B RIRN—FEA
ke, R, [FAIEERSAE 20 H2E 90 ERAFFIGT KA EM, Hilin
Wang(1998)27), Denuit(1999)15) F1 Goovaerts(2002)17, flufi TR [ BE VAR I A2
TERAENTF SRR 4ss S —E/. 2002 4£, Dhaene, Denuit, Goovaerts,
Kaas Fl Vyncke(2002a,b) ™% S32pFIR FI RS T 0T IR SRRANLAE B — S5
TSCHLR, HIBMBIN S = 32 X,. it X, FURAURBAA T i RN
&. Tom Hoedemakers(2005)”0) BHRALY @I ABEHLIF AR, BT S = ; XiYi,.
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o X, FRTENZ] i = t,(i = 1,2,, -+, n) (BENLEZE, Y JRAERHAIIXIA] (0,t]
R

1959 4 Abe Sklar 7£ Sklar EFEHEE—IKH Copula —IH5|AGEH2EH;  Paul
Embrechts(2001)% REHEEE T X80 EERFFBER, 1R T Copula %
IR Frees Valdez(1998)!'5) FHEiHR T Copula fEAARICS B TEAA,
FHZH Copula ZEZFRFEINF;  Matteis(2001)2Y 4044 T Archimedean
Copulas ZEEAREAEFIIN ], FH2H Copula XMPFE KRG ST TR, 3F
F MR 15 USRI XURLEAT T 4045 Bouyé(2001)B) % Copula s
IR FE AR A P IR RBEEA T T BRI, 7EXE SR Copula =Bk
MU T B R WA SE3E R,  Frees, Carriere, Vaklez(1996) FI Frees
Valdez(1998)["9 DI J Free, Wang(2005)!'6 A RIH4T T X 47 T HIAFST.

ZRSCHAELA AR b, BRFORE AR s LS AR MR L, EEESER T AT
JUANITTHI ) LA

BB R T AR, B A AR XU — A AT R L
WERLFFIE S, SRIEXT Copula (LIS T RGEMEZE. 5 =FXHIREEH T 1L
PSRRI FIVEEAT TP, BB FZHR T R EEA Copula EREUEM
FAAARAIR N 2/ Copula ¥ —EME, 158 T JUFRIRITE SR 7
FAEGRITHET 0 AERIRB AR AR A R B, 58] TRa AP REMRE
PRSI AR M40, SRR EEUER T, WEHR T E D] TSR
WA G BRI,
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FTE FEENR

§2.1 S5 ThKEL

ISR X B AieREL Fx (1) = PIX < o] RARREAIESRY, H

Fx(—OO) = lim Fx(l') = 0,

r— —00

Fx(4+00) = lim Fx(x)=1.

T——+00

TR RE SGH AR 29 inf @ = +o0, sup ® = —oo.

X 2.1 ig

Fx\(p) = int{z € R|Fx(x) > p}. pe [0,1],

Fi'*(p) = sup{z € R|Fx(x) <p}, p[0,1],
HIHMEE o« €[0,1], iC
F' () = aF () + (1= a) Fx " (p), p € (0,1)
WFR ' (p) Sk Fx (o) B o IRGWAMREL B

F'Op) = Fx™ (),

HAMER o € [0,1],
Fx'(p) < Fx'"“(p) < Fx'(p).

Hr b, RATER IR REUETE Fx' ().

(2.3)

(2.4)
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PAES d W 0 < Fx(d) <1, W Fy'(Fx(d) fl F¢'"(Fx(d)) BARRY, I
H F'(Fx(d) <d < F¢(Fx(d)). IRABFELE—A aq € [0, 1], f#i15

d = agF (Fx(d) + (1 — ag) Fx ™ (Fx(d) = Fx Y (Fx (d)). (2.7)
PR 2.1
Fx'(p) <z e p < Fx(o). (28)

R 2.2 Fy'(p) & p WMARREZEESREG  Fx'(p) & p WAERAESLR
3.

PR 2.3 3 X Al g(X) BOASAERENIASRE, 0 <p <1,
a). QAR g SEARREACIESE, W F, ) (p) = 9(Fx'(p));
b). R g RARMEAESE, W F 5 (0) = 9(F5 T (0);
c). MR g RARMZEESE, W F, 5 (0) = 9(Fx' (1 - p));
d). aR g RARRAESY, W F, 5 () = 9(Fx' (1 —p)).

9

(
(
(
(

§2.2 [E B

A543 (Comonotonicity) AIMERELTF TR — NEEAMES, TS H B

S 2.2 WERXS n ZEESE A PRUEERNTR 2 My, Ba o<y B
4y <z, WFRSES A C R 2RI

EY 2.3 MR P{X € B} =1, HXMEEIZNSE B, C B, P{X € B} <
L, NFr&Es B A X BN

YRR 2.4 BEBLIEE X = (X0, Xo, -+ X)) IS, 2 HACH TSR0
L
(a). X BSCHELR B,
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(b). XA @ = (01,32, ,20), X WIBREHIRERECH
Fx(x) = min{ Fx, (1), Fx, (22), - , Fx,,(za)};
(c). ¥ U~U(®0,1),
X £ (FU), F(U), - F (U);
(d). TEAERENIAS L 7 FIAERRRREL f1, (6= 1,2, ) {78
£ (H(2), F2(2), -+, ol 2)).
§2.3 (9FF

ik XU REAL I R AN RE LR LB/, PR H BEXT RS E R e T ST ik
TR HEL. G #F ARG AR —RAERENLF AR S P X XURLEAT HAR. Shaked
S5 (1994) XPEFEEHUFM T HRATRIE. X EIRNIG B AR —F - MFRE X
FPERR. AT Prid ARELA AR AR batL A, I BABE T =1L,

EX 2.4 WERMTARRES ELf(X)] M E[f(Y)] fHER RS A

E[f(X)] < E[f(Y)]

MiFR X FEMFELTF/AAT Y, itk X <., Y.
AL E L, BN HEX LS E XFFUT.
M 2.5 (Shaked(1994) #I Dhaene(2002a)) T HTHI45 B (-
a). X <., Y;

b). =X <. -Y;
¢). E[X] =E[Y], 3+ HAMEER de R E[(X — d),] < E[(Y —d).];
4). EIX] —E[Y], StEAHERAY d € R A El(d - X),) < B[[d— V).

e). MEER d € RA E[(X —d)4] < E[(Y —d)4], E[(d = X);] < B[(d=Y)4]
)-

(
(
(
(
(
(). LRGSR Elg(—X)] M Elg(=Y)] fFERMEE g, F Elg(—X)] = Elg(-Y)].
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TERORIE L, BT RER R AR R, MR e R
R IR, SSCPABL T J91LA PR3 T R FEAR,s 5 P R R 3
SRR AW B, B PR S 9 LRI 0. AL it
X AY Frfik, N —X /M -Y RRlite, maEX 2.4, (7 X <. Y A[LIZE#
W, IRAFRGFH AR BN X TRRRR Y, IR 2.5(F) RepEise s
SUBEBERIGE —X TR Y, B RSP R O e BO——%d
Fif.

§2.4 E#ZFE (Copula)

§2.4.1 Copula FHEEX. MR

Copula #¢ Sklar(1959) EIRGIA, ATEI, BRIt AmmEl <&
EARIEME T ATREL. A T 4 e SCRIEAER, Boes LA BlE e

R 7Y RIGH LR [—o0, +o0], S, 82, -+, S, & R WAFZETHE, H 2%
XAE DomH = S; x Sy x -+ x S, FHIS%L, Mk @ = (a1, a0, ,a0)b =
(b1, by, -+, by). FEEIHERM kB ax < be. 2 B = [ag, by] X -+ X [an, by],B HIFT

ﬁ]ﬁaﬁﬁgﬁ DomH W c= (017027 e 7cn> i%/_‘l_:\‘ B E/»J]ﬁ);lfl:, /—TEX

= sgn(c)H (o)
e

-1 EHHEARN o = a.
(1) @R Vi (B) > 0 oL, Ho B BFrATUERAETE DomH Py, AR H /& n 5T
FapREL
(2)H B SHE DomH = Sy x Sy x --- x S, LAJSLeRRL, RUEA Sy #A—
BPTCR ar, MTAERWME ¢ = (t, 1o, ,t,) € DomH, HFE—D U = a
B H(t) =0 o, ARANFR H ZEmA.

{ SR o — ax
sgn(c
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EX 2.5 Copula EZICHMRE, HIBGMiRE XAE (0,1] LRSI
(BpU(0,1)), BAFFS C 327, FFEE LT =1 5%
(a). C: 0,1]" — [0, 1];
(b). C 2HEAH. n JeHEREG
(c). C WIBTERGME C; Wid: Ci(u) = C(1,---,Lu, 1, 1) =u, HF u e
0,1], i=1,2,...,n.

R 2.6 M"(u), W"(u) spilbEre XAE [0, 1" _Erye%,
M"™(u) = min(uy, ug, -+, uy),
W™(u) = max(u; +us + -+ +u, —n+1,0),

N M™(u) £ n > 2 B A Copula BREL, W W™(u) £ n > 3 BfA—%EZE Copula B§
. # C(u) K [0,1]" £ n-Copula, NHE

W(u) < Clu) < M"(u).

VR 2.7 # F() R NSRS, Hhga R B, ... F,, T4
—EFAE—Copula FFEL C, {115

Fltr,...,2,) = C(Fi(x1), ..., Fa(zn)).

ARG R EURESE, 4 Copula JERZME—.
fan 7y, .o F, RSB RTOMGRE, N C(F, ... F,) BRR—2%E
1 RBATREL, Hh S ATRECH Fr, ..., F. LA Copula 2—ME#Z5
VBT 2.8 BEWLFIR (X1, Xy, - -+, X,,) AHEZHS Y HAY

C(Fi(z1), -, Fulwn)) = Fi(z) - Fi(a2) - - Fu(2).

§2.4.2 ZF Copula FEXMEEE
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EX 2.6 Kendall #HFEZREL
W (X1, Y1) 5 (Xo, Vo) BREPLEE (X)Y) RIEEAR, (X1, Y1) 5 (X2, Ys) HI
ISR AR MEZR ) 22 SOPRERLIAT R (X, Y) B Kendall AHCREL 7

F(X,Y) = PI(X) — Xa)(¥i — Y2) > 0] — P[(X, — X2)(¥ — ¥3) < 0]
R 2.9 A Copula lREERI Kendall FHRERE T

(X,Y) = 4 / / C(uur, ws)dC uy, ws) — 1,
[0,1]2

PR 2.10  FEVLAER (X, Y) 9B AiiELk, Copula lRECH C N Kendall
FRRLEA L TR
) |T(X,Y)] < 1.

b). 1(X,Y)=1sC= M2

). WR XY BARMSZ, W or(X,Y) =0.
). XY R < 71(X,Y) =1
o W2 M2 5 SRR 2.6,
§2.4.3 ®HAK=3t Copula
1. %% 2.7 HEERE Copula(Ellipitical Copulas)
fBi% F MRS RBUMRRE,  Fy g, F7 Rl
RO eR A S R AL A F iR EiiER Copula £ 08

(a
(
(0). T(X,Y) = -1 C=W2
(d
(e

C(ula T >un) = F(Fl_l(u1)>' o ’Fn 1(un))

(1) Normal Copula
Normal Copula X#f Gaussian Copula, J&ZICIEST A EREREL. Rk X =
(X17 X27 T 7X1’L) H&H\gﬁﬂi?&ﬁ%ﬁa %H{I%:ﬁ\:ﬁ%ﬁ%ﬁ@ﬁ F17 F27 T 7Fn IF:':!lﬁ
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