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; wx( w )
(G,) N Poisson P(N = V(S) g(x) =BJx(B )
Ky =6e/kl k=012 - 7(S).
(C3) X/(J =12 -
Fyl(2) %)
M () = B(e) po= E(XY) k=12
Filip Lundberg 1903 13
1042 .
1
N
S = X.
X 25 ex 2
S 1 H(S)
1 Seyx
Fy(s) S
1 H( ) S H(S). 2.1
(i) HX =EX H(S)
(ii) "HX =(l+aE X N Sy S5,
aE X a>0 S,
H( S)
( iii) HX =logM(a))/a
o > 0 . 14 .
1 (1)
(iv) HX = EX +
aVar( X) a >0 m, = E(S") Mi( 1)
) : S k .
(v) "HX = EX + 1 (C) ~(G) S
aoc( X) a >0 o( x) H.
Bithlmann " My(1) = E e =exp(6(My(1) -1))
S 4
7 1 m, = 6p, my = 6p, + 6°(p))’ my = 6Op; +
e 392P|P2 + 03(M/X(0))3 my = 6p, + 362(1’2)2 +
2 S S 40°p,p; +66°(p,) *p, + 6" (p)) "
H(S) = E(S) +g(Var(5)) (1) 1
g(x) 0 +0 — 0 + 2 (Cl) ~(C3)
g(0) =0. S

H(S) = 6p, +g(6p,).
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2.2
N; b, =5 YV 25? My = E( D) My = E( %)
S = Z‘Xij l O'i = Var( @,) 0'3 = Var(¥,) C,, = Cov(® V).
=
1
(C) - (C) |
S S l... S ’ S 1 My, = Op, (Ti = 0p, My = M(0) 0'1 =M(4)(0) -
1 2 n
S (M'(0))* C,, =M (0) —6p,M's(0)
H( S) (@, ¥)(i =12 n) (D W)

Ja(H(S) ~ H(S)) —>N(0 o)

o = (1 ~20p,0g/0(w,) ) *6p, +20g/0(m,) (1 -
20p,0g/(,)) (6ps +36°pip; — 6'pipy) +
ag/o(m,) Op, + 30°p; +46°pip, + 60 pip, + 6'p) -
(6p, +6°p1)°

m, = Mi(0) pm, = M(0).

AE-FA (7 )

[

Ao ) =+l -¢) Ao )
(me my)

M, 1) = E(S) +g(Var(S)) = H(S)
a(H(S) = H(S)) —— N[0 (ah/a(p,)

o C oh/0(w,)
h/ N ( ¢ )
P a(m))(cW U;) oh/o( w,) )

oh/o(m,) =1 - 2u,0g/0(p,) oh/o(w,) =

dg/0( ) -
(oh/a( )
5 C N [oh/0(u,)
h/ o )T
oh/o(p,) ) (CW )(ah/a(m))

(1 -2u,0g8/0(p,)) Za'i +2C,,02/9(u,)

(1 -2u,08/0(p,)) +(0g/d(p,)) o, =

(1 —20p]8g/a(,u,w)) 0p2 +2ag/a(m) .

(1 —20P18g/8(,u¢))( §1(0) - 6p,M(0)) +
(ag/a(p,)) (M (0) - (M(0))?) =

(1 -zap]ag/a(M )) *6p, +2ag/a(m) .

( ) -+ oMY (0) +

0) MY(0) — &’ p,M(0) +

2))) 7 oM (0) +36°( M (0))? +
40°M;(0) My (0) +66°( M%(0)) *Mi(0) +

0 (M(0))" - (OM(0) +6*(M;(0))*)* =
(1 -26p,0g/d(m,)) *6p, +208/0( ) -

(1 -26p,0g/3(m,)) (6ps +360°pip> — O'pipy) +
(0g/0(w,)) " 6Op, +36°p; +46°pips + 66 pip, +6'p) -
(6p, +6°p7)°

®
1 -26p,ag/o( )
30°M(
(9g/a(pm
!
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A L _ _ 2 " _ 2
A M (0) =6/0° M (0) =24/)"
3 n— w HVM( S) HV(tr( S) w :0_2 B :0_2 )\ :2 6 = 1
A L )
n(Hy,(S) - Hy,(S)) —> N0 o3,) V(S) = 6p, + wbp, =0.6

@(S) =6p, +B /Op, =0.64

O-%QN = (1 -2wbp,) 29]’2 +20(1 -2wp,) Op; +
3¢°pips - O'pip, + @ Op, + 360°p, + 40°pips + o2 = (1 =2w6p,) *0p, +2w(1 -2wlp,) Op; +
60°pip, +6°pi — (6p, +6°p7) " . 3¢°p,p; - O'pips + w0 Op, + 30°ps + 40°pips +
A
4 now  w(S) -u(S) 66°pip, + 0'py - (6p, + Op))° = 26(1 -
209/0) */A" + 20(1 - 2w0/)) (46° + 66) /A° +
A L ®’ (240 + 366° + 120" + 6') /A" - (6" + 46" +
() ~a($)) — N0 o) (20 ot
460°) /A
2 -172y 2 12
- - ow = (1 =pop(6p;) ") “6p, + B(6p) " -
ol = (1= B ) ) e B =T ie S P .
‘ + + + +
BOnn O + 20pp) + FOpap, + 200 + PO T T o BOpalrs o
46p.p, +46%7p,) /4. 46p,p, +46°pip,) /4 = 260(1 - BO V20/X7) /A7 +
((2B0/1%) 7'7 = B70//260) (66 +46°) /A° + (24 +
3 320 +867) /(4 217).
n =10 30 50 200 500 800 1 000
5 000
A A 1
HV(U( S) 77( S)
Xi( L= « "
12 ) 1 -a/2 2
fx) = Ae™ x>0
1
n 10 30 50 200 500 800 1 000
0.079 8 0.029 1 0.017 6 0.004 4 0.001 4 0.001 1 0. 000 8
0.044 7 0.022 0 0. 008 3 0.002 5 0.002 1 0.001 1 0. 000 4
2 o
n =30 n =200 1 000
* 0.05 0.01 0. 05 0.01 0.05 0.01
(0.28 0.91) (0.18 1.01) (0.48 0.72) (0.44 0.76) (0.54 0.65) (0.53 0.67)
(0.45 0.64) (0.54 0.79) (0.51 0.70) (0.53 0.78) (0.56 0.75) (0.51 0.76)
North American Actuarial Journal 2009 13(4) : 459-482.
4 3 . M .
2012.
. . 4 . Stein J.
1 Young V R. Premium principles M // Teugels J L
Sundt B. Encyclopedia of actuarial science. New York: Wi— 2014 38(2) 2 171-
ley 2004:13224331. 175.' . . . .
2 TanK S Weng Chengguo Zhang Yi. VaR and CTE eriteria 5 Chi Y Tan K S. Optimal reinsurance with general premium
principles J . Insurance: Mathematics and Economics

I

for optimal quota-share and stop-oss reinsurance

2013 52(2):180-189.



4 359
6 Kaluszka M. Optimal reinsurance under convex principles 11 J
of premium calculation J . Insurance: Mathematics and 2012 36(6): 607-
Economics 2005 36( 3) : 375-398. 611.
7 Guerra M Centeno M L. Optimal reinsurance for variance 12 . J . 2005 13
related premium calculation principles ] . Astin Bulle— (6) :53-60.
tin 2010 40( 1) : 97421. 13 Biihlmann H. Mathematical methods in risk theory M .
8 Chi Y. Optimal reinsurance under variance related premi— Berlin: Springer Science & Business Media 1970.
um principles J . Insurance: Mathematics and Econom-— 14 Denuit M Dhaene ] Goovaerts M et al. Actuarial theory
ics 2012 51(2) :310-321. for dependent risks: Measures orders and models M .
9 . Chichester: John Wiley & Sons Ltd 2005.
. 2014( 14) : 1547. 15 . M .
10 Martel -Escobar M Hernandez-Bastida A Vazquez—Polo F 1998.
J. On the independence between risk profiles in the com— 16 Freguson T S. A course in large sample theory M . New

. Mathematics
and Computers in Simulation 2012 82( 8) : 14194431.

pound collective risk actuarial model J York: Chapman & Hall 1996.

The Nonparametric Estimation of Risk Premium under
Variance Related Premium Principle

WEN Limin' > ZHANG Linna' ZHANG Mei' FANG Jing'
(1. Department of Mathematics and Informatics Jiangxi Normal University Nanchang Jiangxi 330022 China;

2. Department of Information and Management Jiangxi University of Finance and Economics Nanchang Jiangxi 330013 China)

Abstract: Based on variance related premium principle the nonparametric estimation of the variance related premi—
um principle in the aggregate risk models is studied and the consistency and asymptotic normality of the estimator
are proved. Finally the large sample properties of the estimation through numerical simulation are verified and the
asymptotic confidence intervals of the risk premium are given.

Key words: variance related premium principle; nonparametric estimation; consistency; confidence interval



