521 % H4M TR E I K FFROARMSE) 2013 4 4 A
Vol. 27 No. 4 Journal of Chongqing University of Technology ( Natural Science) Apr. 2013

doi: 10.3969/]. issn. 1674—8425(z).2013.04. 027

1

TEmEARB TEER BTN EERSE
M, ERE
CHHERR2F Beor 5 R G pl2a2rbe, B8 AR5 830046)

1 B AZREERET, —AREES T E RS Z A A A LR 56y, I Bxf Tk 2048 3
AR TOMR,EAE LT LS RRMO A TR, £ FRA DTS H
CHS ARG o A, AR AR J & R AUA 5 18] A A 1R T AR 69 45 PR AR K 25 A 9 15 L
PR A KXoy mh B R A A K B A H B AR R e 45 M 69 12 2236, 73 3] T Bithlmann #e
Biithlmann-Straub A& 4943 F A% o

X R AE AR B AR ;TR R R

hESEE. 0212 SCHRFRINAG: A NEHD 1674 -8425(2013)04 - 0133 —05

The Credibility Premiums with Time Varying Effects under

Balanced Loss Functions
LI Xin-peng, WU Li-jun
(College of Mathematics and System Sciences, Xinjiang University, Urumqi 830046, China)

Abstract; In classical credibility theory, the risks in a portfolio are assumed to be independent and
time varying effects are ignored for specific individual risk in the portfolio. The premiums are derived
under squared error loss functions. In this paper, we develop the credibility theory under balanced
loss functions with a special dependence structure among the individual risks: induced by time varying
effects (Wen et al. , 2012). Credibility premiums under balanced loss functions with time varying
effects are derived for Biithlmann and Bithlmann-Straub credibility models.

Key words: credibility premium; time varying effects; balanced loss functions

Z BT 4 I KU 1 — A IS AR g, B
& E0IR AR5 B FER IE T Bihlmann' A8 2] TAL /0 B
PR E AT (5 B R T L & s
TEARBE L BRI B R G BRI — DAL S SPRHIE R — M E Bk SR R

IfE HEE:2012 -10 - 16
EE R 258 (1986—) , 3, Hol AL BB R oE A, B NGRS BB 9E



134 T REEILKXKFFR

AP FR A A 2% 0 I ABCRT, AR R T S
FRMEE R T

A X, FORRREE NFESE | AR B R
IR, X, (50 A AR T R S8 0. i1 F KUK 11
RN, — % O RFEYLAE R, B a8 /1
W), EHEO=0,X,(i=1,2-n) HIHMT,
A AR 5370 pREL F (x,0) o 15 FEFEIR 0 H 1
JETELE TR ANRT n A I AR 4 2R 5 22 7
KA n + 1 AEEHI AL TR, WA Al T B
FER AR L ME R0, ARSI 2 (5 A

p(0)” =z2X + (1 -2)u

Horbz=n/(n+ k) IIEEER T 5k A0 200

L S R X = 3 X, /n

FEARIIE s HREIRTE

22 BLHG {55 13 FRAE T B S [RVAE 053 19 2 31
A SE[R A U S8, 18 B S50 s I, 4R IR
Vs AH B ST, HAELA AR 9 o0 A & 25 BEAS TR AR
173 22 ) DR PR R TR o 3 ) FR 2 A 8 07 B 2
PR BIFE T 45 4F 22 I KRG 1] LA I ] 72 2
(7 BERETEL , 45 3] T A IO 00135 BE AR Bl . % FE e ]
J5 AR 15 B AR 5 SEPRAE DL TR A o i
HI LS5 7E 2009 4EHIFFE T 4% 45 2R % KUK 1] L A 4%
F 5 B 45 B2 B A0, 45 8 1 AR BE B9 15 B R 3%,
Bolancé % # 57 TR BT AR KU B, 453 1 i
(1500 A [ AH SE IS a] e 5 s ) 45 BE A 2% . Purcaru
5 Denuit * 7¢ Poisson ZZ I 451 3 A6 455 80 v st g
T HIARSS Fa AT A A B S, Frees 2200 BF 5
T TRIEER A Student-t copula Fif (15 B f 9% o

ZE BIPRS00 % oK B Y 0 B H O
TG BRI SR T, 304 B R e — A
IFRME . Zellner'® 5 AT V- A 451 26 o6 B0 HE &5,
BB B T A 0L B SR T T AR A
PR

L(6.0) = =3 (X, =0)" +
i=1

(1 -w)(6-0)* (1)

= ﬂz (X, -X)> +w(X-0)" +
n =i

(1-w)(6-0)° (2)
Hr X AFEAR X, X, , - X, IIME ;0 S S,

60 0 Bt . SO0 A5 1 TR e T A
GPIR 55 2 s e T A TR B PR . =X (2) R
FRB A SR P A4 5% R B
L,.5(0,8) =up(8,,8) + (1 —w)p(6,8)
(3)

Horr:p R PR R RS, S HARMETT, Bl Bk
ISRt T e/ 3 i B 3 T0 I Mk A% 1R 155 6 R
6 Ak TR BE B oK BOE R I S X O R 2 R
PRER

AR SCHE- B0 2% s O 25 18 T HAT I E) 22 Ak
ROV fE BE B RL, JF 518 B 7MY {F B2
PR,

2 RERERSHESE

TEAR BEFE v, BB PR L2 6 1 KU 2 80
O, HA n F0YRIEE, b T XU B3R5 0, XU
S0 O e WP . A SCHY AR A T500 fR
TEARR VAR R X, , o 52 E RIS A
[F] , A SR AE XU S 80 25 0 554, RIBE Rl L
i X, X, X, A AN S%0,,0,, -,
0, , HixXBE UK 2 B A R AR 454 . BRI
FEAARBCANT

Big 1 52RO 0, =6, i, K
WX, i=1,-,n BAMS BI04 E(X,10,) =
w(0®,),Var(X,10,) =5 (0,) ,i=1,2,--,n,

Rig2 XSO, Wikl ».(0),
HER(O)] =p,E[6°(0,)] = o M Cov
(w(0,) ,u(0) ] =r7.0,j=1,"n,

BRI 3 AP s B8 -

L(A,B) = w(8,(X) —A -BX)* +
(1 -—w)(X,,, -A-BX)’



A, AR S RCT AL A AR FAL RS 6945 AR 135

Hrp s, (X) y HAR I, X = (X, -, X,)" H
E[8,(X)] =ps,Cov[8,(X),X,] =d,,i=1,2, -,
n,w NACERF

AR SCH R Ay 3K A T T e I A ) 2

TigE[w(a(,(X) -A-BX)* + (1 -w)(X,,, -A-BX)*]

(4)
FR g ALAC T (4) 38 L(X, 1) = {a, +

S aX,,a;, € R,i =0,1,,n}
i=1

SIHE 1 ~37 B T AR ZE M ) — L fR BAH T
BEPET

SIEE 1 fEfRiel M2 A
@ X; B¥ME N

E(X,)) =u,i=1,-,n (5)
Q) BRI FIA R KGRI W7 264
Cov(X,,,,X) =7,.,(1,,*,7,) (6)
@ X By Ir 25y
Cov(X,X) = diag(o’,i = 1,2,--,n) +
(Tl"”5le>,(71"”5le> (7)
Horr diag[ - ] X FARERE
@ X By W7 25 R 30
Cov(X,X)™" = diag(1/07,i = 1,2,-,n) -
— Ty T (8)
L Yasa 7 T
SIE2  RBL(X',,, Y ) A—kEbL
SRR 22 KR B0 (') %n(z“”‘z”) ,
WP A=py -3 03 wpy,B = 303 o IS
RKE(Y-A-BX)'(Y-A-BX)ikE&HRN,
SIEE3 K X, WAEFF IR AL X,
fEL(X,1) EMIERHE B
proj(X,,, | L(X,1)) = E(X,,,) +
Cov(X,, ,X)Cov(X,X) ' (X —E(X))

3 FHHRKES TR

SEBE T A e LA TR (4) B i, IR R 28 I

X, R R
EE 1 ERR 1 ~3 T,k mgl,
X, o B AE Rl
X =X, +5,X, +uwp, + (1 =z, —2, —w)p
Hrp

ao= [(1-w) — D
1+ Y 7i/0!
i=1

n
ddr/o
w—— IZTL-/O'?
1+ ZT?/U? el
i=1

R SIA—BEHLASE Y =1, (X) + (1 -1)
X,oo JOR T 0 - 1 BEHLASEE, 7 F AL A BE
PSR IR P(1=1) =1 = P(1=0) =w,w K
(4) PIOBCE R F o TR, BefEALIiE (4) % 6 F
minE[ (Y = A - BX)'(Y =4 - BX)] (9)
S HL2 P51 EL 3, T — A 9 1 B U
ith
Ko = + 20X 0 (X - EX)  (10)
HRA Y I S 308 ey
wy = EY = E[E(YI )] =
(1 =w)E(Y\] =0) +wE(Y\[ =1) =
(1 —w)EX,,, +wE[§,(X)] =
(1 —w)u + wu,
KK E(XND) = E(X) Jy— 8, LA
Cov[ E(Y\I) ,E(X\I)] =0
S, = Cov(Y,X) = E[ Cov(Y,X\I) ] +
Cov[ E(X\I) ,E(Y\I) ] =
(1 =w)Cov(Y,X\I =0) +wCov(Y, X\ = 1) =
(1 —w)Cov(X,, ,X) +wCov(8,(X),X) =



136 T REEILKXKFFR

(1 - w>Tn+l(Tl 1.“77-,1) + w(dlau.ydn)

DI ;)l( = I:(l _w>7n+l<71?”.
w(dl’.”’dn)JI:diag(]/o-?’i = 172’“.”1) -

1 Tl Tn ’ Tl

"7(72’...,72) <7’
2 » O g (o

1+ E 7'1-/0'1- !

,T,) +
T

,—5) ] =
(Tll

[l —w)7, o —a] 5,0,

(5 (5

(wd

wd, T,
n+1 _a] 72

n

Z (wd, + (1 —w)7, 7)1/ 0"
/\EP: a = =1

n

2 2

1 + E T/ 0;
i=1

3 w3 w(X - EX)
2 X,z X, WE R T AR
AR FFIRAG FEIR 9%

X
E A

FEL Mw=0 B, e g R TR S IR A
ROAFTE 2012 AE 4 1% H A I [] 228 1 3500 45 B 6
R OR 2 —3L

23X, +2,X, - (23 + 2,)u
B LA, R — 41

=2 X, +2,X, +uwus + (1 =2, -z, —w)u

4 Biihlmann-Straub &% 19{5 B Gt
AT 5 B AE A 4 K RO HAT B[R] AR 4k
2N ) Biihlmann-Straub {5 BEBIRI A LR 3%, Bk
1L Var (X,10,) =¢” (0,) K Var (X, 10,) =
0'2<@i)/mi’i =1,2,-,n,m, H X; HARAE A 1,

FAb BB
SIEE 4 FEASCER 3 1 AYMB B AN L i (R st
N ALIRSS
@ X, fE{EH
E(X,)) =p,i =1,-,n (11)

@ 3 ERBEFIAR R R Y T 221
Cov(X,,,,X) =7,,(1,,,71,) (12)
@ X By Ir 25y
Cov(X,X) = diag(o>/m;,i = 1,2,-,n) +

(Tl’...’TIL),(TI’...’TII> (13)
Horpr diag[ - 1 X SRR
@ X HyHp 7 22 5 MRy
Cov(X,X)™" = diag(m,/o7,i = 1,2,.n) -
1 e G )
1+ Emr /o o Tn

i =1

(14)
2 (EASCE 3 TR AT R T, 18
PP AR eR R, X, BB AR AR SRR A T
X, = 2 X" + X, rwus + (1 -z -z, —w)u
o

oy Tt
1 + zmin/U?
i=1

Zdrm/a
H—]mer/a
1 + Zmr/(r

ZTimiXi/a-?
z, = WZd/O' XD = izln

i =1 2
2 T.m,/o;
i

Zdi/a'?
FEFR 2 AYIER] 5 B 1 AIERI S, BT A ]
205 RIS O IER
AR I A—BENLZRER Y =15,(X) + (1 -1) -
et s FEH T 0 ~ 1 BEALAS 5, AT T A B
Pl JfFH P(I=1) =1 -P(1=0) =w,w K
(4) AR H . P, bl (4) S0 T
minE[ (Y = A - BX)'(Y = 4 - BX) ]
o522 FOG B3 0 T —4E PR B I LA 1T A
Xoor =y + 3 p3 0 (X - EX)
SpSu=L0-wr,,
w(d,,,d,) ] [diag(m./o>,i = 1,2,

,T,)

n) -

(1,



A, AR S RCT AL A AR FAL RS 6945 AR

137

1 m;T, m T m;T, mT
n (0_2 PR (;I_Z,I),( 0_2 57T, nzn)} =
1+ Etmﬂ'f/o;2 : " : "
=1
wd, m,T,
(72 + I:(l _w)Tn+l —(X] 2 s
g, (2
wd m,T
24 [, - a] )
o loa

n n

¥

2 (wd; + (1 _w)Tn+lTi)Timi/0-?
izl

1 + Zmirf/a'?
=1
B A, B — A AR S AR BE DR 3
)/(\n-%-l =2 X! + X, twps + (1 -2 -2 —w)p

;H\:EP z] \XT \zz \X](l ﬂiiﬂ 1 E/‘J%iﬁo XHE}E 2 ﬁ?EIJ"‘LEo
5 HRIE

AR SCIE TP H 45 2% ek 8, W5 T BLA I ] AR
A3 i Biihlmann 1 Biihlmann-Straub {3 3 5 741
OFFS g iy WTE T SNE R 85 S R DA R 0 7 g )
TS o1 d,i=1,2, - n SRS
RHRARE.

S k-

[1] Bithlmann H,Gisler A. A course in credibility theory and
its applications [ M ]. Netherlands: Springer, 2005: 77
-264.

[2] BAK,F A, FiE. LA B E T AR 6915 A A
[J].3 0% 56 K 52 5 4R B KA 5 8,2012,36(3)

(3]

[4]

(5]

(6]

(7]

(8]

[9]

[10]

249 -252.

Bolancé C, Guillé M, Pinquet J. Time-varying credibility
for frequency risk models: estimation and tests for au-
togressive specification on the random effects[ J . Insur-
ance; Mathematics and Economics, 2003, 33 (2):273
-282.

Purcaru O, Denuit M. On the dependence induced by fre-
quency credibility models[ J ]. Belgian Acturial Bulletin,
2002,2(1) ;73 -=79.

Frees E W, Wang Ping. Credibility using copulas[J].
North American Acturial Journal ,2005,9(2) ;31 -48.
Zellner A. Bayesian and non-Bayesian estimation using
balanced loss functions [ M]. New York: Springer-Ver-
lag, 1994 :377 —390.

Wen Limin, Wu Xianyi, Zhou Xian. The credibility pre-
miums for models with dependence induced by common
effects [ J |. Insurance; Mathematics and Economics,
2009,44(1) :19 -25.

Wu Xianyi, Huang Weizhong. The credibility premiums
with common effects obtained under balanced loss func-
tions[ J ]. Chinese Journal of Applied Probability and Sta-
tistics,2012,28(2) ;203 -216.

Wen Limin, Wang Wei, Yu Xueli. Credibility models with
error uniform dependence[ J]. Journal of East China Nor-
mal University: Natural Science,2009,5:118 - 126.
Gomez-Deniz E. A generalization of the credibility theory
obtained by using the weighted balanced loss function
[J]. Insurance: Mathematics and Economics,2008,42 .
850 - 854.

(RfEHE * M)



