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l. M2

[ S

SelURRe B2 A A4 0% Bk AB} 4 A4E0R Skt ek 1o o}
2} 453} HRE ALY fEHo] T Wl wgo] HIh w5t tiRo] Frjof
A AR Be oA o sgJsiop sk 1 ABolt. Teng AEA Bye A
She BRI Dol AR Aol RRE Bl 291 BAsks Zo] TS A
St AFEAE B30] AL e RS HIa AHe] HgEs AAA HUQES
Bk Wsols Qubow o, 4, A, A% Ao, AE5H0] 33 8% 5ol

B, 1 o) ol LA TP BEAL ofg] HBE ATH BH A Wew 5

SIS A= (bonus-malus system)ol|A] B3 7 gH5olgh H@Afaro] a4 Qo] Q)
= AlRoA ERRE § A e 2& Tt EIF IRlojst o] Sl HAKL
o|go] gli= AlAoA HEEE B AA vz dHE AlFshe A2 UIkth olE =01,
AES- A7 FF2 202D A uRAA A HF Aol T RITSA =
£ AlISHHAL, AAlR 20219 =59 4] A& Ym0 SRJITSA=E A=
02 TRt =S Al9fSt He =71 ERlgSAIEolA s Hate HArle] 3l
T 5, AL Rk meh YRS 99l B IS5 BAALY] 7] F, AL e
5] gl it ¥HA ol 1989 SRIFFSAEE E YR o Al Rl R
of2t AL HE7HA] Alefsto] 9 -85 27513

12y 20189 ©]FRE = FAIA IILSAEE wet 2827400 AL A FH
£ AlLJetal Akl RIERES §hgstal it} webs] Apeat B 3-8 ZAAsk=t] 9ol
ARl H15%=9] ggo] vl 231 F-8517] wize] HlEko thet Wt Z4o] S Fojof
QY.

AR B 2% 4 F she v ™ (multi-peril) Halol2k= Aol 22
Ut ARsAE o] HAShs EiEe tiQlEl, diedild, AIAAIAAL, A7 RSS2
Tt o]2et ol FHoA HASks &7t shue] HAARaoA FAlo AT 4
A= E40] AUt wbA 7 gEE ES|H2 SYZolzial BY] o eEE g 7h

¢



HBPAS DT Bast ek
cleRe GRS 1ol B covariate] EAE v, g SHEE e gl ot
7} 37§90l thel M2 THE BIAA4E A 850k Gk, £ St o] W]

A k2 oL TRt AT 43S 27t R T2 4AS 71 Rl dlg 5
of, I HVIHY Hie dWtdor AP} ol Ak A 4 leu g S F
237

o e o S W o] ik, T B2 Qg F<: Hsie} 2ol A
aloll SJgt Ap7|3jF £810] A5 AR A0 BAG 4 GlonE £ S| Ay

of Tl U} A% YA B ARl 7 By Aoke] 7 J7 el Baa
of Aokato] Pake|A] QRS o[ YA YRS Aol RelS Ajtsjor sl

olof] & Aol T Ho[ElE olgsto] T A| g2 o]d S vHdst o7l
o]&IKshared random effects) ZE-& ARSI}, o] HEL o5 98 HEP O EAS
880 Bt} g Hidshy] SRt F2 08 7 Aope] A to|dE B9 AEet el
Q& ARSI Rdlojr}. o] HEll2 7]E0] IRITFAI L oA sf4lo] -Bolstal 2F

Q] 28 AEAE &3l ZA(closed formula)C 2 T&Eo] AFAH o7 HI35l7|ox

olt
%
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N
Fo

SEUEte] AFEAF B2 o0 2A] ANRETIA|S S50 2ohE Pre B
Zo]al F83F He Agol7] mhol 217 B8 APl Ut o] A7 A 9
£ 501 ALF8E A& tisto] A TAIF(1994)2 t/dHE 32, H59-4
g1 2004)2 7T/ EdRd2S ol8d AS AIsiFt. A o713 54
(2012)2 A= ol A8t At HA & kg 235 A5 Aol
+ O A A H o] JEZe] A Aeg SHOR TRt v & Aol s B
7 o}EA S RHgsIlths E40] L HER AbE4lo] 7| EE YR} 3RIS QRlo=
gets] T of A 283t dj4o] golstth= Aol At
£ A7 32 v 2 Alole A Rt B e AF Rl Yt 9

9 7+ ofEAdol| izt APAFE At A3AlAE s A3 119 &/} Fof
S 123k RE RS H-8ol0] TR 884E BHE EE9Ith Aol o
TdS AA FlolE e 285t o A= AE 27t HARE AT
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o} 7213 7 AnE thE mdu v|mste] 29l 5-S SIgih BhAeto R A5
A B 479 Ane a0k

1. M= 0|2

A= o2 mjEio]l AT 4= Sl ERAAIY T AR Q1% Esfdf 2 H B
2 2% A 37 BT olge S TEEA 2 olde &SI o2t &, et
ol A= wlofElol] ZAS T thg 9] HE Ak WAlS 4 Bdohs M
O=, AP E dolHE Ari B 4 l=tol ot Al E=(credibility) 714
o] % Yol T3 8= ARSHIL Sltk AF=O] EE CAS(WIS &S A
el Bezol] A7 08 dolEE oBA 282 A7} she wAlY] sjAde
2 A= o] HaABAe] 7HAgH o] 2857 Al

Whitney(1918)= MZ2 HAwE 7] fisto] @A ARSHIL 9= 883 347 H|o]
BE ogA Z3tsto] AR A7 Aste] thadt 22 712 7id& H st

AFA BT = 7 x BTG + (1 — 2) x AAH B M

o714 Z& AFE 2(credibility factor, 0 < Z< 1)°|2} St} 9 A2 Aol
Bl A2 AH =, Bt St A FHXQ AR prior mean)®] 7158+t
FEE £ 5 ek ofRE WA Hlo]A|Qt st} FLstttard <= ik
o]% AF: 0|22 K A7 FololA F&2 ALE At Bailey(1950)= HEERL7}
OJgHEIzo] 1 APAE LT} HIERLIES] 7-90], AFEA Q-&o] o]t A1=| =9 715 H o]
= ZAZ Btk Bihlmann(1967)2 A2 59l £ 879 AlF2Ksquared
erron)g ARgoto] FEAFLEE Joks WS ARMHITE  Mayerson(1964)3}
Jewell(1974)2 o] x|t Fgol| A A=k o] 2-& EAsto] TAE]A] b= o] AAS WY
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F= HE AASIAT Norberg(1986)= W o1} Ta=A] g2 o]dd2 1t

88 4k20]| ArEfEojof JHal ARSI, Frees et al.(1999)2 & HHAIA AY
9k Z(linear mixed model)& 7o 2 AIFe o]0 SjhEAS SHT
AAE AABIA. g Tt HdojA Bkg M= W ST ofeh wWH 3|HA
A= E8 TEEA 2 SH(EYaThe] IS Btk aAanet doja
IS BT ARSI ol AEe Burt SRIgSAI et 1t #elo] Al &
ot Boucher and Denuit(2008) ¥ Boucher et al.(2009)}> =g to|E|d]
zero-inflated Poisson X5 AR5}l AlFE BRI TE TE51= 4SS ASHIc)
Jeong and Valdez(2020b)= A Hlxo] AR 27} chHz2o|gtE E(multivariate
negative binomial; MVNB)Y ], o]zl A4o] ojst AF= B3 F(q&E o] 7[High
© U 3428 YEhd & Q3 HAlth

4n

r + A4 A

-+ 7
Ned Bg = r + 7|0 ZF+ A

x AP Helg. @

ui}

=]

714 r2 SALSA ] HE AlE UERHAL rghe] 545 I B el o
7ISAlE Aokt

2. OF 7l H=o| o)=Y

Iy ARAo R 98d ol 285 AsiAE of2] "E| A It EAIE & A
L o)zA4L 1Eglofr 3th Frees et al.(2010)02 7fE 98 Zd(individual risk
model)StollA T 1E ERlof| thet 54 HdS AIQketgi=dl, ol &k A+t <ol of
Slo] &9k EAZ HT 59 F AFadoE ook Bdoth o714 v A A
T 7] &S 25| 8l Gaussian Copulas 0]-83t thiw o] XIg]#EH
(multivariate binary regression)= AF2-513th HFHOY| Frees et al.(2016)2 293
Hdl(collective risk model)slolA EoF £42 Hiwol Aw QA7 Hijsl= ol 9y
HYo 54 a2 AIsitt. of 714 this Hlket Al Z42ke] 24 HHgsh]
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93l CopulaZ o]-8319t}. e Silva and de Lourdes Centeno(2017)+= Tt 9189] 9]
TS WG] fIsto] o] 1A LRtelE oM HIERAES AR RS AlRbSIe
™, o}5 5ol A A AgollA I AFEE ERIsHITE Quan and Valdez(2018)
= s A B |99 ditt AN o GAEE EF(multivariate

decision tree)E AMsh= BHE AQtsI ATt

AR
TEY oS Y ] o S BA4S B ekt e A gk dlE
=01, Frees(2003)= t5 19 Alofoll tigt e &4 A HwE AHEske U

= AlRtelont AT W1k} AEo] Bt E FEANES 123t BlHSA] HbAlo]
t}. ¥ Bermidez and Karlis(2017)= 5 7FA] 5-89] Aol oist A4 2 824
913l o] Poisson £2E A&t F Al TS 1BoHA] g2 W4]o]7]
2oll AlofAte] Tk o Ayt WEEA| gk ol dAdS B 26| ofHeh
Pechon et al.(2018), Pechon et al.(2019) ¥ Pechon et al.(2020)2 A% 214w
I correlated lognormal) YO FE o]-85}0] o8] G- 9] Ao tist AlF e H3lg
SA& AASISH. ol FHHsolA ts 919 A Atol9] &S TlEohs XA
A AAE AlsstRA. Ly BE AoFAR Z2of] gt A= Q1) RIEo] FHE LS
L&l flsiAe ths(6~75) 3R] Zasith Yubzog B Aot 7t Hie- ©7]
mzoll A7 o=z A-gsl7]ol= Fdo] 3= = 3l
2 AT AlRbeh= e 31 doads 3l v 19 Ealof disto] Alek
Aol T oA} TEAEA| gk oA BEE Eolal FHH A4S 7HsSH

et E3E oS A9 AlEE B ikt
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H
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25t ofjz} gl Welis e lof et Fgie mgo R Qs WA mEw vlgo] ity
o= YolHr}. o 917 BEolks teet Azt 9ot 2 ol A5 1ES o)
Ao BASKIA St A B ABAh Aol w4 Gl et £99] 4
A g BRIk She) KA AR QIo) 44, B4 BA 5 914 mofe
22 A5} B2 9I9] 24 F2E Fof thet B4 Tl W S glou=, ofziet o}
et Tl et BARS ABake At HEL T 918 BEo) oA Afzfolck

o 917 Bee] A7 2ol e Yekael 5YS BaskA chet 2ek. ok 9l
ugolahz ol] f39) A EPgE 5 Q] whEol BESAE 5 Aokl 2t £3
8 7 7458 A7) s8] ufeh PR 4 ek iAHG =1, -, ) Ak o9 ¢
At =1, =, 7)) B2 753 B4 x,, 2 ot o] of B jRBG =1, . )
o) A7 AsE NV ek Ve A7) et QubEel dlojeli ofet
o] Uehd 5= 9iet.

D= {<]Vz<t1)7 "'ajvi(tj)’ ""]Vi(tj)’xit)

= I5te] ARGl golgt Aol o Akmrt Ak (overdispersion)?l 7490l
<, Wt 24t EHal 7Sk ok 2t 2 9|
O[E|= #4to] Batkth & 4-9ofl= Eoks 37T AoHA] g2 4= th= 2ol
olgt EAIE didst7| Il Wedderburn(1974)2 quasi-Poisson w25 A6
o}, W% SME¥S Vo] quasi-Poisson 2E QP(v, w)E GETR= A2 SEHE wN

o] Jols B Pluwy) S TETR: 2z} S0t
N~ QP(U, w) e = wN~ Plwy). 4)

91789 =49 quasi-Poissond] FEFETT= thadtt Z2o] £ 5=
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wn

— o (w1)

Pr(N=n)=Pr(wN=wn)=c¢ o)l

webd ElwN]=wE[N]=wr, Var[wN]=w?Var[N]= wro]lo& E[N]=v,
Var[N]= v/w7} €k, &, EAto] B4 wofl whe|esl7] wfiol] wofl uhet gata} Bat
O] tias A7 vHo] A FAIE SiEaT 4 Stk

Cameron and Trivedi(1990) 2] +ollxl= ool 22 7HIAAS Bt Hlx

20] THE o518 AASH S AQtehch

Hy:w=1vs. H :w# 1. ©

9] AZAMEE W} Hato] 2w = 1) AL o5 AR Hste] SRS
4 Blo]elo] Fejibe ojrg

3. XtSxt Hel SIESHT

AREAE Hel o] eRISSA| == 191080 F=2lell 23l A2 =A==t Aol
NCD(no claim discount, F37F&RNe= &01& ARSI &4 12 “2|(Hd
SADE F55IA] et RIS et ofd o f2E folA A vk elE
2] Zhe ek oJu|nk. meEbA Al Hard BE Al I of ol A |Glo] Al
ofAlo)A EololZ Fagttt. T3y & HFINEE o] A= HAIsH FH UL 1960
ol F82] EASAPE IRIFFAEE =Y 7 E= 2 Afarofgt Eolels Fat
SHA| EHAH.

WASAI=S] Z22 F 7= & =

ff

3 WA 53 Aok} BYslAL 1)
A HtgE Zold B 7 240 91 S0 oel o A dstn T 2
2 Batshe Zloltt. o Sol, FYA 11 LHAHE AL 9ol o Hel =257 o
ol o B Ab7h 9A3e Zolch T1ee) FA S AL gherh Belsbs

FAEE ARIH R HegRd] WY 4= Qint. Al I FYAEE ARFA o= 889

B 3

)



uojsto] IEe B o]F SISk /HL o wol LS AR &1 4
2 7V ARSIl o e AnE A vl W A WA R0
7|ehelehs Aot
A A B9 BE A B PAVSAE H7 RS ALk AL 1
2 37 ool UolHE i BT WEolut HgHrk: AL SJulsi. F7 At
AL A WG Fatet. Tl Seftetol
R o) A ARPATL 5 ARAI} HIdSte] o] A5t Slat g
ok It @A R ugo] F7Ksle] o} A% BaKol
NIERES VIR TRIFFAE R Adksto] ATSIES Bet I MY 222 NG
3 % oA shec.
A5t By YAYSAEO] 5 A B2 el ]S FABH: 2ol 453 2
B BADFAC} 2 YL AES A 2 A BET J7 ofeo] et

HARTE M ke Atk 2he 4 AL HE =S S017] 't #lE 7

l:])"
mlm
m°l'
m°l'
o])l
T:
=
R,

4. O 2IE HEo| ojsy

4] 3)ollA Yebt= HHH1E glojg+tx9] Fa3F EXL T A (longitudinality)
olth. &, T2 AloFA Hish Alte] S50 whet Aol HiEA o g itk A
ojch. whA] 7t AloFAte] 1 a’le] WAE TaER] g2 o] &S HAs| flsiA=
Her o] JoJarts vtgdsh= 2ol B asitt

T 7151t S0l gt ®i7t 2ok 4= Qlnk oldd] A, A, AFAA], A
%, 8E(N1E, AF-E, L& ) 5ol A oltt. o3ttt S4do] 7+ AloFAe
BAHIES B A9 e itk &, B 7’ 540] BT SRt A= Aol
T Arolg2 gds] g 4= Qltke Aotk wiEbA I E4do] AlekREo] 7 9
A 2219 oA/ ST FESHAl Yrhal oA 4= Stk TR TEsks E44Y
SARE ST A BE oS RS = §lE Aotk 1L EAolgke o] vR

Bo} T:840] Wojd B opje} ool LT} Lo] Yo BT EAE E45t
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7] giBolct, Jejug TER] ko o|AARS 1lel] YAl AoaTE HEwy
of] 2g8 2= gict. Qlojay} RHle AlFE o2 U SoleEA wol: WHsH TaE o]
Qt}t. Gomez-Déniz and Vazquez-Polo(2005)2} Jeong and Valdez(2020b)E H]%
slo] Q-84 IHA oA Qlo)autE 8351 ofe] A7t ALt

[P, Al s 3T S A o] 9IS Al TEEA] 952 o]
AAR<1 0,91 FFL W= Ao TRt AL iof QlojA] 0, HEE BE R3]
HA AxE A Ao SR olE vhgsto] $A ARkt quasi-Poisson 25 #
b ot Z.

indep

indep
zt |th’ ezt ? 0

G N | -
P(e t’w )::w it th 7f701

Houd) @)

o714 Az EFOHA| ¥l RS 7|EH o ARSI, P g, 7} HEO|
whe} mjd Zebd 4 Qe 1A 87N fixed effect)@} st R AFAlO]| thel HUolA 22
J2EE8 7 static random effect)S ZAJo] ARESH}; I8

ul
rir
2
N
"W
2,

|

i

I

v = €i X"amo]‘:ﬂ ey 28 AGAL] td=9] O—L/_\Exf{(exposure)i 0<ey < 19]
t}. Ve jiA B 93] gt A, o' e jHA B 8Fo] gigt 7150
o} vy e e Zueg) O SRR 2REEE 2 ARKG)9] SE()EE 7
Ht)Et 14%4 ] WSt Sl wHEke o dde Attt ¥ Jojayt ¢,+= Alf
AHi)2] {1 allol waxe A ke oS dilitt dojantel 7|Hg
El6;]=1 o= 7Pgsk=t] ol 0,7} EJITF8%] I k= SH(multiplicative)
Aojgo)7] whiolch. 7hi(additive) UJETS] HLolle F[0;]= 02 7Pdoh=
Zo| utdo|n = & Qlojaulo] tisiile £, = 12 Agshe Zlo] AAAHTh

9] 3ol oJaf 7 A% VY o BaHe FalEw oheat 2} WA quasi-Poisson
2o BFe olgsi] [Nl |=1Ps, d& & 5 dn Elg)]=1 oln=x
BN |= B[B[NI0)]|= B[vi0,]= v ol Bt 2802 o) e 28X g
o[ &/ 6,0 et FE7t gl wf HEAR} 9] AZF oA HT 215=9] APdBHprior

mean)2 2 348 4= 9ict
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T 2400 AolA tF A B 1l S o e FEES AT e
54 doaIt /Lt AL ot AR B2 Copulad &85t o8 73
7+o] OJEAd& HHgsk= 22 & Yang and Shi(2019)0f14 A== 31t

TR 2 ol gdo] T Hlkeof mAle JF ARA = & 4= Qich wEhA
EAH APE R (prior distribution)S 7F|aL & of gt H|o]R|oF Ao A= o]
9] B(parameter)©] gt S5 FE7} QUR] oy UubH o7 gof st v|FH A}
AE3E(noninformative prior)E ARESY} o]2gt i & 714 de] ARSE= vt
Jeffreys®] APAE 3oL}, Jeffreys(1946)°l W= Jeffreys®] APIEI= Fisher HH Y

H(information matrix)?] ¥@A(determinant)o]] st AlFZLo 2 Aot ¢ »dl

[©)

>~l

oA 9o et Jeffreyse] AFAREE 7(g) = jg o] BT olo] heE= A EEL
thea} o] st % 9ick

xFe) gofe lgln)= — Lr)

f Pr(nl0)r(0)do

0

olug Bxxnos A4, 4

(5)°14 T8t quasi-Poisson TEEEFRE | slo] BARRES o}al o Hgehk=
7 et Al Fom e 2,

_ _—wvb (wye)wn 1 wnTo o wvb
Pr(nl0)n(0)=-e Wﬁ“ 0 Ze . ®
Ol YoleEe| SERIRal Hlaflch 2, o~ Iun+ 5, L o) arie 2g

O

ot I8y 9 ARE = A7 (identifiability) EA7F Itk &, X5
%13}71] 275l a7t EAIHA] Y=t Zolth Wb Ao avte] 7 gigho] digt &
Al E[6,]=1& H83lo] o] ZAE AT 5 Uct EF RIUERO] A AR
(conjugate prior)& ©]-85k= Zlo| §-85l0 2 o5 TkSol= B s 2hom of2art At}
AR 7L HPR])45k: AlS(linear exponential family)oll 8 w] APAEZL} A}
TRV At FHIRI ZY AV "Hoke AEE ol8dith & RYEREE

(6)] Fert @y ()
s k)

B} =lo

r(0)n
e T o man W, AR o)

- q0)

>Q

Pr(N=nl0)=



WA =228%7 mssd s

Y o]0 tf-SE= AR E IJA| 5UsH FEjo] B2} Et}. quasi-Poisson £X= A9
X584 A ShgElEe gl] mesne gk cheat 2tk
p(n)= ( 1 Ik q@)=¢"", r(6)= win(wd), r (9)_ o|E= o|Z tfyste] At
wn)!

ﬁ%g% q_—g]_]ﬂ 7_‘_(0)0( [ewm‘/]*keﬂkwln(urm‘))%oc e kwu(ia,ukwflo] %E} O]JE_‘ 71_13]_%

7@ 0" e 20~ F(r, %)O]E Ef]=1, Var[0]= % )
ol AWE Bl t,t' =1, - , T}j, k=1, - | cHah o T A=
AUt
B[N9] = B[E]N0]] (10)
:E[y§j>9]
— ng)7
Var[Nt(j)} = E[ Var[ t(j)|9] ]+ Var[E[M(j>|9] ] (11
Ouiﬂ
=F w(J) + Var[ﬂu ]
V§J> (ng)>2
W r
COU(]Vt<j>, ]Vt(/k)> — E[N’(ﬂjvt(,k‘)] _ E[Nt(j)]E[]Vt(,k)] (12)




Corr(N, NF) = (13)

)
_ r
)\2 X 2
P PE [ )
U}(']) r U/(k) r

b Ao BEe Aj7to] ol wl T 93 HlE Alo]9] o2 mFEl 9
ot 9E &°], r— ol At BHL 5§ quasi-Poisson ZEZ ZAFCE EF
r— oI HE j=1, -, Jof tfa] w") = 10]H At e EFAI Poisson K.

EEESE1

sto|mm}e}n]E (hyperparameter) 72| Fh2 APAZ Z|4lolut A& (method of
moments) 5 °-&5to] 2T 5= Ut} AE =01, Lemaire(1998)°] =1, Rk
289 gigh RIsHEa 1] Mo dutg oz 54%0fA 200%0]ct. wakA AQbE A
AEL0] slo|wuEn|E & ARt Qlof o3t APA XAl A-8A|AHoF it
= 09 95% FIARSEE7Hhighest posterior density interval, ©]3}, ‘HPDI &t
3ol (0.54, 2.00yZ Z3} &= QUEE Sfjof gttt TS XFAHFOE r& FHTD 5

=49l Sutradhar and Jowaheer(2003)°] 9JstH i=1, -+ , 7 ©of 3]

].ﬂ

. . . 1 .
Y, (W=l ) P ) gk 3] vlvi el webA rof o
t',j# k

t# t,j# k

-
H

ot

FAL et Pk,



. i=1t# t.j# k ) (14)

o}714 vi= ulE] Ao B L2E B9 el A(generalized estimating
_"

(e}
equation; GEE)& &0] 4% dxFA=o|tLiang and Zeger 1986, pp. 15-19).

o] 71740 w2 Tk} o] o gt A RES f 5 Art
r(nl6)n(6)

ARFR0] ok (fln)= o]_mg Rz AR ES o
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2014955 20187k 9] HlolelE £ E (training data)=, 201949 Hlo[HE Al
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(Table 1) Observable policy characteristics (categorical variables)

Categorical Number of Proportion to
variable Yo policies total

(0) Male (base) 2,133,111 72.72%

Gender (1) Female 800,122 27.28%
Total 2,933,233 100.00%

(0) Under 3 (base) 320,887 10.94%

YDE (1) 3 to Under 5 202,168 6.89%
(years of driving | (2) 5 to Under 7 189,949 6.48%
experience) (3) 7 and over 2,220,229 75.69%
Total 2,933,233 100.00%

(0) Malus (base) 187,400 6.39%

ﬁfﬁnus_malus) (1) Bonus 2,745,833 93.61%
Total 2,933,233 100.00%

(0) Light (base) 658,726 22.46%

(1) Compact 1,162,854 39.64%

AutoSize (2) Medium 793,902 27.07%
(3) Large 317,751 10.83%

Total 2,933,233 100.00%

(Table 2) Observable policy characteristics (quantitative variables)

QL\J/aar;it;tsl‘gve Mean Minimum Maximum S. D.
Age 48.92 18.00 100.00 11.17
AutoAge 8.22 0.00 40.00 5.19
BI claim freq. 0.05 0.00 9.00 0.23
PD claim freq. 0.16 0.00 14.00 0.44

BIS} PD7} 59 Folb HES wrky & u), 7 A%0] gt zols 371249
A3 (Table 3)7} 2t} Bl 37 4 A7 Bl @4o] vlsjo] oj4e] wler} o &
2 Zo= Uepith. 7194 39wl vlste] 34 ol 5 wgk, 54 ol 7d

R, 79 ol 0 o] AolU4E AT ATt AA Rt SATS SF T
Zof wlsto] l5Fol BT A4t Mk, AP 147 A7} 240l w 23450
A%7) g0z o] Z71ste] wet 7 A%7) asithrh RAG oA tha F



7ot BEIS & 5= ik o] WaE
£ Bt} oleist ATk FARE ¥AR AR 2
2 5o, A5 o AA1999)L ol W B Fleldeo] Fred

=, Y580 242, W] 2%

=, AFALo] FerE FT Aot Sk AL
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& Ak 715 AHEH2009) Al HIsh &7t 714780l Beas, €5
Fo| 248 37 147} 7151, Aol FHUEE 1 A4t PAstArk Fasel

A A 7FBks RS Holm, X5l mebd 7 A4 Feble Kol

vl R} 7)s Bl HT ALoAs Z8xleko] 7 ALt 71 A9lout PD HE
A%t dEgRigo] g AL A0 Uehbs 5 Aolg BYrt. B3k ALALE Bl
A4lo] F7K3te] wet J7 A47t S7HSEE st PD A4H08 gashs 24

(Table 3) Coefficient estimates of Poisson model

BI (j=1) PD (j=2)

Varibles(t) Estimate (al(l)) Standard error | Estimate (al@)) Standard error
(Intercept) -1.8210*** 0.0398 -0.8575"* 0.0221
Gender(1) 0.1049™* 0.0060 0.1260*** 0.0033
YDE(1) -0.2866*** 0.0120 -0.3119** 0.0068
YDEQ) -0.3619*** 0.0126 -0.3745"* 0.0071
YDE®) -0.4602*** 0.0091 -0.4390™** 0.0051
BM(1) -0.5574*** 0.0092 -0.3873™* 0.0054
AutoSize(1) -0.0188** 0.0068 0.0287** 0.0038
AutoSize(2) -0.0915%** 0.0076 0.0531%*** 0.0041
AutoSize(3) -0.0424"** 0.0098 -0.1913** 0.0057
Age -0.0138"*** 0.0016 -0.0086"** 0.0009
Age’ 0.0002*** 0.0000 0.0002*** 0.0000
AutoAge 0.0277%** 0.0018 -0.0053%*** 0.0010
AutoAge’ -0.0018*** 0.0001 -0.0011%*** 0.0001

Note: Significance “*** 0.001, *** 0.01,

Base: Gender - Male(0)
YDE(years of driving experience) - Under 3(0)
BM(bonus-malus) - Malus(0)
AutoSize - Light(0)

“0.05
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(Table 4) Contingency table for Bl and PD claims

Frequency of Frequency of Bl claims
PD claims 0 1 2 3 4 5+
0 2,493,835 21,719 235 7 0 0
1 271,039 89,816 1,380 21 2 0
2 28,412 15,814 3,164 94 5 0
3 2,996 2,286 815 140 3 2
4 389 451 179 46 9 4
5+ 84 132 90 36 14 14

(Table 5) Measures of association between frequencies of Bl and PD claims

[tem Pearson correlation Kendall's 7 Spearman’s p
Estimate 0.4626 0.4421 0.4457
p-value <10°¢ <10°°¢ <107°

A (7)3} @) HAE Ak S T ARE e T 919 mEle] AT A% Aol
o Qigro] EARtck /ST Ik, et Tkt B9 Eoky mdlur) § B
292 A85R o] AAWA A FE AR 1 ool EASHA Tl
SHoF @k, (Table 4)% BISH PDE] Bo] thet W Hlo 22 Lhehiict. o] g §3
5 7 A% 710] JRAS 223 2 4 9tk oIS Sof B 447} 1Y W PD A4}
17491 490) BIEsh 7Kg 3 BI A4 24, 349 A9E
(Table 5)& olefst & w3 7k0] Aebie AFaloz Selsh] 18] Lurael 24
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w9l Pearson correlation, Kendall's 7, Spearman’s p& AF&35t A1lo|t}. o] & 53
Hojk FHEFo] PFE AlofokA| 2 wofl= Bl & PD A=+ 4= 7ol 523k 2] A
TA7} o= RIS = QT

quasi-Poisson S04 AL HE4E S2451R= HHS AAo= 2 7HA] 57T ek
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& S0 McCullagh and Nelder(1989)= ¢= ! M (s - v 2 Foterd il
Mm=Pr=1 vy
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(Table 6) Estimates of overdispersion parameters qAb and ¢ for Bl and PD claims

Overdispersion BI PD
parameter
) 1.0422 1.0807
é 1.0402 1.1069

133 Cameron and Trivedi(1990)= mo] $E5] 3L k=1, -+ ,mo] T3} n,
7t 589 o, oh3o] TS HArt

H,: ¢=13A Z= ¢~ = N0, 1). 27)

Fol4l Holelel4 Bl % PD 7ol thet 7 2 212} 2104563+ 66.4850°]. whek
A 5 gRo) A7l shef ALk QERe ARIHIG RI5H 7124 & Qlous
A7} EARE B 5 ok
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w4 ) ghe T S1Ee) SOl et AFE Aol BEE Holee] BAgoR
2gelof Ak, 4 Q4)eIA BT 5 Y50l A 21 UF FYAE A4S W)
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(Table 7) Coefficient estimates of proposed model

Bl (5=1) PD (j=2)

Variables() Estimate(al(l)) Standard error Estimate(a}”) Standard error
(Intercept) -1.8242%* 0.0398 -0.8548"*** 0.0221
Gender(1) 0.1079* 0.0060 0.1252% 0.0033
YDE(1) -0.2758*** 0.0120 -0.3046*** 0.0068
YDEQ) -0.3525%* 0.0126 -0.3713%*** 0.0071
YDE®3) -0.4565*** 0.0091 -0.4349*** 0.0051
BM(1) -0.5476** 0.0092 -0.3776*** 0.0054
AutoSize(1) -0.0182 0.0068 0.0296™** 0.0038
AutoSize(2) -0.0891%** 0.0076 0.0525™** 0.0041
AutoSize(3) -0.0348* 0.0098 -0.1887*** 0.0057
Age -0.0139*** 0.0016 -0.0086™** 0.0009
Age’ 0.0002*** 0.0000 0.0002%** 0.0000
AutoAge 0.02717%* 0.0018 -0.00517** 0.0010
AutoAge’ -0.0018** 0.0001 -0.00117** 0.0001

Note: Significance “*** 0.001, ** 0.01, * 0.05
Base: Gender - Male(0)
YDE(years of driving experience) -~ Under 3(0)
BM(bonus-malus) - Malus(0)
AutoSize - Light(0)
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(Table 8) Predictive means of three models for out-of-sample validation

Model Predictive mean
- T -
Naive E{Ny‘llm%)vn%)] *E[NT(JL]
Poisson = X1 o
T .
r+ng )
Univariate @) t=1 Xpp 00

() (1) _
credibility E{NTH'nT g ]

— .
r—i—zutw
t=1

Multivariate
credibility

(i)
t=1 t=1 X7
e

nj2f| A= ¥l=o] thek S =A 4AEE 2t Hw9| dl&Es Hrish] sl thaat
Zo] AolH AFTHAFAF L Hroot mean square error, ©|5, ‘RMSE 2 §He} -
A 2 2xHmean absolute error, °]5}, ‘MAE 2} )& ARE-5FTt.

1 &I _ ~(a 2
RMSE = \/EZ (MQT)+1_‘N§;])T+1) ’ @)

2 T .
MAE = Z‘Z‘M(‘JT)H_ 'LZ,J)T+1" (30)

o71H I A% Aol e B Aok 52 it A 74A] mlel ofs) 4t
23 9] BAE (Table 9o LRSS, 4] L] RMSESH MAEZ} 55 A4 HlE
2 ] 2 ol WA H8 L 4 Ik RVSESH MAB: 9318 ek
Azo]mz AukA 0 Fho] B 2 muo] HEEls], Aot mL| RMSES} MAE/ 2
5 7 AR g Bl A B B AV 2L =g Bert & o Hets 1Y
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£ 7t & 317] 9J5te] BIC(Bayesian information criterion)& AF&3%E & (Table
ool YetA=t, AMEE 2] BICT} 71 Robx| thE g =0 vl Z4sH o U
Zog Holth

(Table 9) Out-of-sample validation for frequency prediction

Statistic Ngive Univ:.ar?e?te Multivariate
Poisson credibility credibility
RMSE 0.31496 0.31417 0.31373
MAE 0.16955 0.16814 0.16807
BIC 3,797,314 4,138,017 3,714,699
V. 88

Tt HA oA Mz thiE el Qe ALE EASk: o Y Ed2 v &9t
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Abstract

Multi-peril insurance consists of multiple coverages which compensate for
accidents caused by various perils. In multi-peril insurance, there may be
dependence among the claims from different perils. When dependence is
confirmed, it is reasonable to consider the correlation among perils in
ratemaking. In this study, we confirmed such dependence and proposed a
shared random effects model to capture and reflect this in posterior
ratemaking. The model can provide closed forms of credibility premium,
which makes it easy to implement in actuarial practice.

We calibrated the model using the actual claim data of bodily injury and
property damage of automobile insurance as an example of multi-peril
insurance. Then we used the model for posterior ratemaking and evaluated its
performance by out-of-sample validation. The results showed that the
performance of the proposed model is superior to that of comparative models

such as the naive Poisson model.

% Key words: Multi-peril Insurance, Shared Random Effects, Overdispersion,

Claim Frequency Analysis, Bonus-malus System



