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0 0
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s (1-4)
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Y,=U.—-Df ---(1-6)
FEOBIE L= —7F 2281 HIPERRI Ok
I A RO TT LB &, RERR ORI X
(1-3) REFRRICRD KO ITEFRESND;
T= inf{t|¥, <0} ---(1-7
F7-, WRPEE TORBHYSHUEE

T
DL=.fe‘&dD£ - .- (1-8)
0

L%, ZIZTOBHBHATRTHD. o T, H]
R FERL M B
V(u;L)=E[DY] - --(1-9)

L7220, ZHUIAMAEEI %R (value function) & FEEIL

o EARTE RIS A R IR T D ME D D, RS
FCHIVTRE D T2 DITREFE F T oo R FEAL Y BT %
BRICT D ENEELRDZ 0D, Hibhc 4k
Mg & FRHEN D b DI, —AIAERE ORI E L
TEHRIND;

V(u) = sup V(u;L) - - - (1-10)
L

L ZAT, BlBEEEO b LATE R A HRR T D1
%, =77 A D HERIRE O E IS L ORI
PRBO S ERIE S AT & A DL SRRSOV iR
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BRI, KBS U TR, FERRIEN Y TR 7R &3 E
RINmrEh T& e

2. BEETIL (N THIEOBES)

PT T A
h

BLEN b

ANHHE v
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FLREREI R R AR S AT e S IEZE L 0 — b LT
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TR 4 —F iR (7T U EE) ISR DIREeR
ZREOET VO CHRUS MK & 5m U756 5.
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7RBL Y BERELZ DW TR SRR e SV TR W B
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L7295 8 0, Borch[1967) 138145 SALHL 24 4H % fiz
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RISt O FE e 2 0SB E L Wi WE R
L, (1-10) RXicxt U THEREL T N5
ATy LLEEZRDHIFIO S & TOREER
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- (1-11)
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DE— (VU AZRE) Thiu, FYE5I1%oEY
IR RBEHER —Th o R&ELWVH 2L THDH. =
DEFEICHEZE, RS X A 7 OB Ofl Y 74
St OEEMMEBENT, O E ) 27 FER
ALY & A 7 ORRFIOERE & [l —Th b~ &
ThD. MR K A T ORI O PR E B 72
FREEEVF HFEE (premium calculation principle) (2
o CEINSNDIRY, ZHE LY BER I Y #25
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S E e, DLEREIIT A L, RO K
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S BITA OGO EFEIC L 0 PE Sl
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ENDRRDALOFFR T 2 KUETH 5 0 EH D HfEss
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FTVE LOBCLERIIC DN T, AREFFED%ER & 72
DURRZFIFL F5 L OVE M PRER PSR O R A 2 7
bDET DI, 2ODEEETTH. 1 DHDEE,
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SRR O MR M BUM A2 845 2 & ThY, =
& 2. 2815, 2 2B OEEE, ARMIMICRET
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2.4 HIZRB W TR EMONTEE 5 F 2 - 8K0F
Bt 24 O—iGm A R, 2. 5 HiCE O BRI 25l % R
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21 FATHRICEIT IHBENERLETI
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LTBL. RETWMIHEAL S EA~D T 7' 1 —F
& U CHEN TSR TH 5717 T, RIK
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FRDNFAET D (Ble&BlAFED2) Z b, MR
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TEX5EWVHRENRHD.

ABEET VL, HOHELEER b (LEHEfFEK
W) ZEEL, =TT U, WINE@B2DLE, R
BRI DA A YR ORI AR SEL A3 56 A9 2 & TR
Wl & U CAARET, B5E (—7"F ZAMF LHT
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bR RHI NG, BERYBHINS <25,
—J5, BLUBEROKER ST ETH Y —7 T ANE
YHRICET D E CRAZ T 2 2 &2 b, B
BTN S <72 %, BBRL S B2 Bk & 72 5B
WEROKELE Zh, TN D il Y
BThD., BYETT TR 5 BRER Y TN
V(u,b) 122\, EAET VEFRBRZ, 1EEO

IR DRI FDORERANEEZEZ D &
<

V(u,b) =

T u+ct
J dt Ae~ A+t J dx ae™* V(u + ct — x,b)
0 0

oo b
+f dt le~ A+ [c §t + f dx ae=* V(b —x,b)
T - 0

- (2-1)
EREH3. 22 C T IR a s HIRBRB SR D 3
T2 LM< BEYEER b ICBET D ETITIND
Bl chHY, t=0b-uw/c THZOLND. -

5o —@&—1y5 Ths. 2-1) X&VBHIHE

Gy kR
—V(u b) = MV(u b) — %fou dx ae=*V(u — x)
- (2-2)
AFOR, FERAN =V (u, b)| =1 &,
h(u)
V(u,b) = m,
h(w) = (a+ple’* — (@ — R)e R,
h'(b) = pla+p)eP? + R(a — R)e Rb
- (2-3)
D, 22T, p(>0) BERRG0)I1IT A
—HX0, a, 5§, 1 ICX-oTHhFEALE

_—A0+5+ J@28 =82 +4A(1 + 9)5
21(1+6)

312472 0 DIRBRAFEAIZHONT, & 2 CIEHEAET L L& Ak

WHEBOMRICE D D& LTz,

_A0-5+ J@A6 - 82 +42(1 + 0)5
22(1+6)

THD.

v (u,b)
ab

SRS BUN V (u, b) Z i K L S E DB B
b=b* NRETEDHZ LEMHRITRLT. (K3)
1 (a — R)R? o

p+R @+ pp?

Biihlman [1970] T/ =0 i< 2 & T

b* = - (2-4)
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MY —T SR 5, REFWEE 30%, FRITHFREFSHF FIFE1%
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PERFOIRFAR (DOHUM) Z PR LI-EZERL, Zh
DEKRIE L 702 X OFMEER b =b" ZRETRE 2
LEREL TN,

22 WEOHEWMMEEDEHETIL

FRERLY OBLED O U DAL A THFZEORLY &
TIVIRE SR O —T T 22TV D, Wb

WD HEHET N TH D DITKE L, A% TIEmE
MO TEENFRS L D 2 LD, =TT A3
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WORHRTHD Z EICHENLETH S, — iR
DHETATHE, —ETHLY—T I AN LD
LWEL 721, %ﬂufﬁ WZDWTELS 33 FA i
RN LD U727 & BRI O [ — 72 A BERA BT
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TG EITE, ORBREC A O 572 2 K HER]

*H%EE"J EANEAT D D), CTh b, 1t TR
ﬁ%mxwrmpﬁ~f5xﬁﬁﬁk&of%.%®
BV —7" T AN E 720, S5 b 22U,
FOBCY DD D ET VEZ 2 5. (L, A¥KiT
R DO TE AL 7 HR— F T 5 2 LR
ELNZ D, BEYTEROVPEBREIC I TIXE
EEMERZEETDMEND D Z & 2Tz Tk,
ZAUTOWTIL 2.5 B OEAERNC THER RS,

ZDOX D IREEEEDABOY—T T AOHE
OMFEDEFEDEEIZHOWNTIE, B4 KD
WEARE TV CREIC B TIIED & 5. Egidio dos
Reis[1993] T, —7 T ANAME -T2 B LY
— 7T AERSEDRIHEE L, T T ANATE
1272 2 IR0 B FFONIEAELC IR 5 e & ~C O FRFRFH]
DOFERREEZEH L=, £7- Gerber[1971] Tl
YT T ANAME L 2o T, RS ﬁiﬁmw
fEAFISRCRIE AL D = & CkEX [T €T
NEREL, ZOMAFIEEAMTERL o7k
ReAAERITE (absolute ruin) LEFL, RBREY
FADEIEET B EHREL TN D,

=TT ANEEEER b D & bD R
FERL M BUMIL, 1 18] B ORERESHA & & OFEEREZ]
BEEZLIET

W(u,b) =

T [o]
f dt e~ A+t f dxe™ W +ct —x,b)
0 0

J dt Je~A+8)t [c S j dxe™ W(b —x,b)

- (2-5)
D4 (2-1) NEOMEIT 124720 ORRE:
THEE X DEPHDS [0,00] 720 TWNWDH I ETH D,
VI —7F A u NESER b 1T L WS

OREILIE, M EDT=) a =18 L CilmmatEd H. D
BN 2 FfFONT 2A—2 3 u,b BEXO/a OHATHHI0, &
WIETHHGAEI T u > au LFHAFEZDHIET, WA a
EFRRSEDHZ EITARETH .

W(b,b) =

f dt Ae~ @+t [c s
0 t

L%, (2-6) XEHNT,

+f dxe™ W(b—x,b)
0

- (2-6)

W(u,b) =
T [oe]
f dt Je~ A+t f dxe™ W +ct —x,b)
0 0

+e~ @+ W (p, b)
- 2-7)
#1585, 6o T,

| A+6 A
—W(wu,b) =——W(u,b) ——f dxe™ W(u—x,b)
Ju c cly

- (2-8)
L, 2-8)RUT u=>b BRATH L, BRI

L LTUITE1G%

ad
EW(u,b)|u== - (2-9)
(2-8) #Lb,
2 A+6\ 8 5
— wmm+@—;;jwwmm—zwmm=o

- (2-10)
LIRD LD, R
W(u,b) = k;e*P* + K, e R%
- (2-11)
5. BERGEMlimy, _o W (u,b) =0 XV,
Ky =0 &0, Ff&m, REEECY BT

W, b) = %exp[—p(b —w)l,

=20+ 8 +(A0 — 6)* + 4A(1 + 6)§
B 20(1 +6)

+(2-12)
L7, (2 —3) XoORFEAECY BT V(w, b) & DLtz
IZBWT, W, b)iX, +537et—7"7 A0k T
X TVRWEBGE OIS — 7 5 203l & 72
STHEESHAN DR S D Z LD, FElBER
bAMEVNE & BAERC LMD KR E < 72D Z L T
b (4) .
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4. RIRECLIREOLIES]

35

= = = V{u,b)

W(u,b)
30

25
20 |
15

10

ELBER b

MY —T SR 5, REFIEER 30%, FRTFHFREEHR 14 FIFE1%

2.3 BfufifLf-Y O REERLE

ZIVE TR T & 7 #BI 2R T VFs L OWE
BT VT TR CHEFREAR] (infinite-horizon) % #ij
FEE LTS, AEY X A 7 ORBRERICEBT HE
YT %% DO FE N e LRI o HERLY & A~ DIRE
LAREOODT H72D121E, ALY 720 o0 BAERE Y
MR TEHRTAVEND D, AEHITIEE AR
(finite-horizon) (Z¥5!1) 5 SR LA Z ERL, ©
N ARBRIIGE ChRd% = & CHEAIRYS 72 ) 025
BMEEZEHT A AT v T E LD, ZOHERE LT,
FPREBECLEM W (w, DITOWT, HAMHRESR
FADFEAEDN S Z DR DIBREIHADFEE F TORLY
FOKME LTRT L2525, nAEORKEE
PAERFZNL, AT Y EROMWE b, SR AER
EnfA T DI~ AN Zenb, RREeD
ARG Z & IR A A ET 5 28T,
REN O B A BN TE D LWV D ONRZEDHE
FTHDH., koT, BEENEEE

W(u,b) = kZl

wi(u,b) = ¢+ (2—13)

ST ORS € F A OIATIIZECONTIE, FU 7 Rk
T T T IS L o> T —T T AN GRS N HES T T
)b (Leung et al. [2008]) 123V CTAEMFRER (1 —AERESR) <°
SRR M BUORENTAED G H 41T D, Cramér-Lundberg €7
JUZDUNTIE Cardoso[201411C £ %3 Y 7 Bl ki 35 1 O
HEME DA OBMEF T T V2 Y X LOIRE L T ORFEREN S
5.

LRI HIZIE, we(u,b) Tk — 1EIHOFFERICE D
TRBRBSFADFEAER%,  klal B OORBRE: A DI
ATE TSN BL S FHO M 2 K9 1 [BIH O
WS HADFEAE T D F CIT LD DB EAEDO T
wy (u, b) 13,

wy(u,b) = f dt le= @A+t 5

- t—|
_ 10 s
1+6/2
< - (2-14)
LB, ZoTep=2 kA 1 [EEORERS

1+6

HNOFEAENS 2 [B1H O AERERTE T2 KD
NHEEEADOBUM w,y(u, b) 13,

wy(u, b) =

T e}
f dt le~ A+t f dxe™ wy(u+ct—x,b)
0 0

+f dt Ae_(“‘s)tf dx e™ wy(b—x,b)
T 0

1+6
- -B(b-u) _
o/ © x[q(b —u) +p]
-+ (2-15)
L%, 22T,
. 1+6/2 . 1+6 .
1= 350+6/2° P 2voxe/a 17PT

Thsd. — I, n—1EHORRESHLFEAER, n
5] B OLRIR S SIS E R CLZSCA DAL L Bl 2%
DB

wy,(u, b) =

T oo
f dt 1e~(A+d)t f dx e ™ wyp_1(u + ct — x,b)
0 0

+f dt e~ A+t f dx e™ wy,_1(b—x,b)
T 0

- - (2-16)
725, wi(u,b) MHBRENCHET L Z ETUTF
25

1+6 _B(b—
Wn(U,b) = WG Blb-w

n 1
X Zkzlm [q(b — W] * p*=1 x G(n, k),
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k-1
= Dn+1-2)
“m“=§fn HJT;! 2 x
=0

< (2-17)
fERERERIZI T HET VDL TG R R 20
ZEMD, RICEEY I 2L —va L ICELED
RV, ERRO IO ICHARI L LTENTE S
ZEIFETNVORDBNEEIET SO X THIRTH
5. 62T, n [BHORBREIADFEAERIE TO
SRR Y AT

W™ @,b) = > wy(ub) -+ - (2-18)
ERTZEMTEA.
R N EOREEH A E 2 556, n A
DA SHADEL = DI OHIFRHE E[T,] 1%
E[T,]="/y -+ (2-19

LREDLZ LMD, ET,l=n/A=N &72%n %
BIET D Z & OB N FOIKIBEIC BT 5
RIACH B2 ERTE, ARRFICRT HEE T

TN 2 EMREL RS, ZOLE, F
MEEIR S %E d 1T,
W (y, b)
- —|5=0 « e e (2-20)

E|T,]

L0, AERMERE c= A1+ 0) ISR LT, T
FHLYZES |1 O T 72 RN,

W™, b)|,_,
E[T,]
e (2-21)

ER%. BN ROFEA R c — d 138D
YEIF b T A= LT LM EHNUTH S O
oI %. HEWIZLDND EBY, BYERL
FIFT % Z & T, BLSZES 1RO FZE ML IRIRE 2 8
YEIEDENTES.

c—d=21+4+0) -

5. BRZE5 | R ORERSRIEH O BIEH

— YRS EOEHNIREN C=c-d - —EMEREH c

6 7 8 9 10 11 12 13
BHER b

MEY—T SR 5, REFNMEE 0%, FRITHFENR 4

W (w, b) & [FIEZA FRIARI 331 B akPERER %
LT FINLK, BEMmELE, RRE
VRADEFIETIE AR, B =7 FZ2ANETCH T
AEERI2MEELETLOLET L. VbR
W (u, b) DWW FHUZIBN T bR T Em (V (u, b)
IEFDOBEY KA BMELL) ThD. ERBR 425
Z D85, VIFORBEIABFAE LTI, Fhn
HIROBLEELR OKAEL 2 DHERIZE 2 Tl
Eonh, RIS W THEMRIZ Y b) =1 &
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The Policy for Policyholders' Dividend of Life Insurance Company
based on the Cramér-Lundberg Model with Incorporating

the Perspective of Fairness
Noriyuki Shimoyamaf
Abstract

This study was performed to discuss the policy for policyholders' dividend of life insurance
company based on a dividend model in risk theory. The optimal dividend problem in risk theory,
which was originally discussed by De Finetti using a discrete-time binomial model, has been
widely studied. The optimal dividend is basically determined to maximize the aggregate
discounted dividend, however, most of the previous studies were discussed it from the viewpoint
of shareholders’ dividend. When policyholders’ dividend is determined, fairness among
policyholders must be taken into consideration. From an actuarial point of view, the net
premiums after deducting dividends should be the same when the risk level of underwriting
insurance is the same among a group of policyholders. Based on the idea, the net premium after
deducting dividends for insurance with dividend-payment should be the same as the premium
for insurance without dividend-paying whose risk is homogeneous with the dividend-paying
insurance. As long as the premium for insurance without dividend-paying are derived from
appropriate premium calculation principle, the policy for policyholders' dividend is only to follow
a broad premium calculation principle that includes considering the net premiums after
deducting dividends. In this study, we show that the level of policyholder dividends is
necessarily determined by incorporating the perspective of fairness among policyholders into a

dividend model based on the Cramér-Lundberg model.

T Fukoku Mutual Life Insurance Company, E-mail: noriyuki.shimoyama@fi.fukoku-life.co.jp

VR T AR

A





