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Study on Improvement of Automobile Insurance Bad
Goods System: A Linear Mixed Model and
Comparative Studies

In automobile insurance, “bad goods” means a contract that the insurance
company refused to accept because of the high risk of accidents. However, due to
the public interest nature of auto insurance, it became necessary to insure the
case of bad goods. In accordance with this social demand, a mutual agreement
was concluded in 1987 concerning the joint underwriting of automobile insurance.
Since then, insurance companies have jointly acquired bad goods and distributed
the risk through settlement mechanisms.

In this report, we analyze the correlation between the loss ratio and the
composition ratio of the bad goods, and compare and analyze the residual market
system operated in the United States. The research suggests the following
conclusions. First, expand the automobile insurance rate segmentation to increase
the proportion of contracts to competitive market. Second, revise the regulations
so that the required insurance coverage are also subject to joint takeover. Third,

establishing a public organization that targets high-risk contracts.
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2011 77.5 74.9 82.3 75.9 77.2
2012 73.4 74.1 84.6 733 74.3
2013 78.2 76.4 88.1 75.5 78.4
2014 86.9 83.2 95.9 88.1 86.6
2015 85.8 80.7 91.9 90.5 84.9
2016 77.1 75.3 88.6 77.8 773
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il HolE A= AR O|ZAt = &2
2009 33 36 37 10 116
2010 33 27 16 7 83
2011 45 29 15 5 94
2012 33 23 11 5 71
2013 18 15 8 5 46
2014 22 20 - 6 48
2015 76 46 - 6 129
2016 211 108 - 5 324
ABA SHE 30.5 17.2 -100.0 -9.5 15.8

2 1) I T Bfae: 712
2 B LB /oY
A BEAER, PR A, 7 4
AR A2t Hl 71822 355t Alofe] AAIsh= HISS HH, 200989
£ 07%9.0m, 20139 2 201440l 02%% HAES 712 o|F iy Zlelol
201690]= 1.6%0] 0|2 Ao 2 hehytt.

(B I-10) MA| XtSKt Ch0ilM SSU==210| RiX|oh= HIS
(&) A o %

. S0l
ol TR
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2009 16,347 116 0.7
2010 16,988 83 0.5
2011 17,570 94 0.5
2012 18,210 71 0.4
2013 18,789 46 0.2
2014 19,307 48 0.2
2015 20,031 129 0.6
2016 20,805 324 1.6
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s HIE AFE e OlEAt S
2009 174 184 190 13 560
2010 175 148 65 9 398
2011 214 165 63 9 450
2012 168 134 51 9 361
2013 91 83 40 8 223
2014 123 120 23 11 276
2015 408 277 49 13 746
2016 989 556 - 8 1,626
AW SHE 28.2 17.1 -100.0 -6.3 16.5
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0.6%%2m 2013 % 2014¥9)= 0.2%2 A& 7153 o] % wid F7lske] 20161
= 1.1%0] ol2& Al & YeiHt. 35derards] Rdwrt duteZdEet 15% B
Ao E78tal I 3R iR WA Aed A2 dielE Se e
T/3RI7F A e T (AN AT (EEA) ] v E S3f AAEsH7] b2l
76t FH 714 Eo] WgEA] 2t Hlst] HR 7|EolAE BE T 351
T B g7 iidE o} f4g4u7E A2 E 7] dieolt & tiluid e 8 AET
T Qe sEdrEdd AT HEOIARE Ve HiEE oFUY] gEIF ofyER

7|8t FHO W2 S5 7HIEC] B =] =Y fEelH



<{5) | ZAETA 2019-1

(B 0-12) HH XSk 2=0M SSA+2210| AX[ohs HIS
(9 o < %

BE0
ol A _
Helg TAH|

2009 100,267 560 0.6
2010 104,876 398 0.4
2011 115,499 450 0.4
2012 118,404 361 0.3
2013 116,644 223 0.2
2014 119,202 276 0.2
2015 128,165 746 0.6
2016 141,866 1,626 1.1

% 1) ARRER 7|2

2 ARF ZARE 715 R

Az B, FUER A, 7t A5

BYRY £ AAHOE APEThE S HITHE 202 ekt 53]
£249] Eofgo] S A Uebgrh o8] A9 20124 olF £3hgo] %

140%8 Z3Re 20| ol ASHT Uk FL8E) B 20138 Eokg
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A= 001 g7E IS OlFAt S A

2009 71.7 67 4 84.2 53.0 74.3

2010 82.5 93.7 138.5 71.7 95.6

2011 72.7 76.8 134.8 93.8 83.3

2012 77.4 79.0 116.9 141.1 85.1

2013 79.0 70.9 107.1 252.2 87.6

2014 84.4 71.3 57.5 244.3 82.6

2015 78.8 84.7 40.9 244.7 81.3

2016 74.6 81.5 61.2 302.7 77.5
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(291 %)
= TR = e EEE
2009 77.5 70.8 72.7 37.6
2010 113.5 76.4 89.8 3.2
2011 119.0 74.3 67.0 42.2
2012 132.2 103.9 59.1 27.5
2013 120.1 133.5 59.8 54.8
2014 141.2 73.3 59.1 25.6
2015 152.6 58.4 54.5 21.0
2016 145.3 50.6 51.0 24.8
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s St RRHT B TR £olE
2009 0.8 1.4 75.9
2010 0.5 0.9 84.4
2011 0.6 0.9 77.2
2012 0.4 0.7 74.3
2013 03 0.5 78.4
2014 03 0.6 86.6
2015 0.7 1.4 84.9
2016 1.7 2.8 77.3
A 62.4 67.3 -
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21) Bouzouita, R. & V. L. Bajtelsmit(1997), pp. 70~71

22) Harrington, Scott E.(1984), pp. 577~623
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A& : Harrington, Scott E.(1984)

u]=9] AL}t FARE AF7F Tl A E URlH:. o] ¥ (1992)292 1991d & 7]
Fo= AGARY EFEA HIFo] 12%5 2T, LG 120%2 &2 7
52 B ) ] A5AEY BFEAS Aok AE A5ARY S48 35

FAmo] EA} drke F2 AHstn 1 A4 Bk AFSta itk o]d Y
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2 FEASBA T4 Mot Bago] oA AAEA P WO B
AAY A2 AEstel Urehta I F2 B v, 5 ofe] 0|92 £shgo] Z7Hih
W FEASEA FEE 3748 Aol Ak

£187} FEASEA T AUWATL EAR O GRS sk 9
Sto] 200735 201697HA] AFsAHE Y AR RE EE7t SARAS A
t}.25) B0 ARRE= SAREES APt BRI Y (Linear Mixed Effect Model)©]
of. BAoA APEFaANEFE AR AL 2 Ao ARE ARV AVIRE
(Longitudinal Data)o]|HA] SJAFH -5 G YHRandom Effect)7} £A|5}7| wjZEo]t}.20

Aol A= HuHaeE ZIAAA] of Fofl wh} 2714] RgS sk, F 7t
A 59 Fo14 $AH 02 Aol o Lhe m Auskslch ALC 2 BIC ] ¥]
NE S F BEE vls] & Ay}, AR HujEsrt 2ok A wiAg 2ol o b

o wyel og et

H m-1) 27 2% H|W(ANOVA Test)

= Df AIC BIC logLik | deviance | Chisq C[;! RO

232 7 -714.37 | -696.42 | 364.19 -728.37 - - -

oyl 14 -832.91 | -797.01 430.45 -860.91 132.54 7 ok
o]

A WA SAEGO] ulet vie A g or Esedt

[e] S

SE Fa]

QUukEHA §Aet SARE A0 Uehit) 5 A A £ohge] TS Ak A%

37 Al O JBBAR FFS F1L, ol A FHALRA 2o F(He]

20) APEFaNEFS 2ok, Tk Azeh At 9 Fgetod g8 AT, FERtw
o
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BY12 7JE0R 3 B ANE F O AFHOE AvnA 5, 2 A70lA Sl
ShaAt A WEQ A AR £9he £Fo0| T AR A1E G TR
o thet B AT 4 YU 5, B 101 A Ak Eohe 2L thg A 9
57120 HH9) FF T 02 Uehgeh H4 A% £5180] RO The A
QI571%0] akeel mel FHUSEAY Fust BoltE, £ojgo] o the
A Q57]%0] LESAA TEASBA Fi7t SolEThe Holth. o] B4
T BHIAP} A57158 A o] F23 Beracle] AEAHoIA Jojo] Ut

4] o)L, =ofo] YsA] o -5 Itk 7|E0] Edfgo|ng AvIES vt

S A, & BEASEA Fu7t AEY] A Awo) £ago] A4l 4

I‘E

N

9 FEASEA FRE A U 2 GFS NATE Ao 2T 4 Urk

¢

ﬂl

(B 1I-2) &cigst SESHFIHI9 HARM Ay
I™SKFixed Effect)
= 281 2342
FEARBERL)) FEARBZERR))
Intercept -0.0408(0.0170) * -0.0299(0.0195)
Lratio(&3-&) 0.0395(0.0145) ** 0.0343(0.0138) *
. A};;g,(;e_%njiﬂ@ 0.0009(0.0005) . 0.0005(0.0007)
Year2010 -0.0031(0.0012) * -
Year2011 -0.0055(0.0020) ** -
Year2012 -0.0045(0.0013) ** -
Year2013 -0.0059(0.0013) *** -
Year2014 -0.0075(0.0015) *** -
Year2015 -0.0053(0.0018) ** -
Year2016 0.0068(0.0017) *** -
F1) B 10%, M 5% Y 1%, e 0.1% Ro5F0) A SAZ R folet
2) & B A= REML(Restiricted Maximum Likelihood)& AF&3T A Y
3) B2 vl JFL & 5 Y= A= G A dolo] A Wiss THEINSE A8
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V. 0=9] XSxE TN

Selutere] BFRAALY GAH vlFel B 4B P} ot
A B ARHOR A5otA] e AYFRL oJulshs ol A Residual
Market) A7k QIck ol 7] X oF 20 o) 5 kol Aol SRSk Ao 2708
B2 AEARY AP 134%8 AUt 52 AF B4 71E 49 207] 7 2
27 WL ol Hop gom, 3 oAl v &) WA 2 Wl

(B V-1) 0= KSR g 71E &9 2070 & THARY 342H20161E 7|1F)
(@9 A %)

ARl 207 = A RN oINS =HU=7HIE
SHA| 202,681,302 199,962,269 2,719,033 1.342
g Lo} 26,312,433 26,312,194 239 0.001
=zt 12,740,120 12,740,030 20 0.001
=8 9,641,485 9,603,497 37,988 0.394
HAH o] Yo} 8,881,565 8,875,394 6,171 0.069
Q3lo]o 8,451,516 8,451,516 0 0.000
LA Ee|Y 8,329,492 5,801,945 2,527,547 30.345
& 1-0] 8,268,194 8,267,931 263 0.003
%o} 7,541,982 7,541,982 0 0.000
wAIZE 6,487,660 6,483,696 3,964 0.061
B Z]Uo} 6,324,512 6.324,114 398 0.006
FAA 5,579,884 5,562,788 17,096 0.306
olt]ofit 4,881,987 4,881,984 3 0.000
ekl 4,838,054 4,838,049 5 0.000
B 4,686,632 4,686,626 6 0.000
S EESSE 4,671,918 4,671,918 0 0.000
jARSEA = 4,442,349 4,382,442 59,907 1.349
Bl 4,411,374 4,411,371 3 0.000
Zaal 4,187,782 4,187,782 0 0.000
QAFA 4,167,642 4,167,640 2 0.000

A= Insurance Information Institute
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34) Kenneth S.Abraham(2005), pp. 730~734
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(Linear Mixed Effect Model)}> A@AEHo| A Sdsto] 7dE Zolot. AFE3ta
I o5}, F8h A2}, AAIs % H Gt oA o] shzdtopo] B <lsH
AREEL Slth E5] ARAE o] Hadt B0 5 mdo] §-851A AREE L Qi
AP aatn S o|-gshH FhHALE (Cross-sectional Data)BE of 2} HHE =
et AFAAE 9 AAIstY] fdAm EAoA Wol AMgEHE AV|AR
(Longitudinal Data)lz EA% 4= 9ty B ApoA AgEE AEE A7 AR
(Logitudinal Data)o|™, A=9, HYSAPER &380] Zol7} 311, REIARE <l
7|50 Aol7t 2ttt & SJAPE g & 3HRandom Effect)7} Aot Z E <
To] EARPo g APegno] APet A0 & wetsigict

£ Aol A AFedantEP Y] getdel FHE BH, (& DI Aok
& A2 Agedannygo] ojshs 571 oAl 12al & =7o] A-EA o] fat
3 BEgo)7] fgol] 9Y4E IFHEF O HAF Aol

oJ7]A, b, ~ N(0,X), ¢, ~ N0,0°1),

of71M, = pAHe] 1P AT WEoll, b= ¢ Ao SEATO] HE oY,
X(nxp)% Zinxqt 27 vyanet dEavel gest A9
(Regressor Matrices)O|™, €,+= 1F5W 2XKWithin-group Error) #]E{o|t}.

(B2, Do) RYA] tet B ATl FEUSRE FEASEA T 9
(Gratio)Es AREd}E L, TG TH(Fixed Effect Variable)Z= A4 A &8
(Lratio), B|AHFE(Prem) H A=E AMESHYIL. SFEa T H4E AR Atas 127
& EFSAKI=1,,12)9] ZARo|nZ, JAMHSE SHEAY Wh(Random Effect
Variable) 2 5}93Tt.

olgA HAH AFETFAANLEFAEE. DY B 2 EM g12F0 & Uuty
o7 H7FsEMaximum Likelihood) T AGH )75 % (Restricted Maximum
Likelihood: REML)3FE 5} 5lo] 24 =t APEF o] 24ZHS AASh=
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B2 Searle et al.(1992), Vonesh-Chinhilli(1996)0] & Ag=|o] Qlr}. thgoflAe
Searle et al.(1992), Vonesh-Chinhilli(1996)0] A|A|gF ML, REML& ARgsto] AFE
AN Y] FgS ok RS S| AW EST
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0:17] :' p(yz| (1 ﬁ ) (277'0’2)"'/2
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exp(— || Ab, || 2/20%)
exp(—bY, 1, (2m)72VTET = p(— [ Ab |

p(b;10,0%) = (2m0%) "2 abs |A| !
21—1
= i ATAE TE35H= gFolrt

(F=. 200 9] A2 T A5k Albehd, o2 (5. 3)3 o] =1L, (75, 3)2 3]
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1 [ ZHyz Xéﬁ_Zibi|2JM b |A|
I 76, 2 _ : ‘ : abs
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(F=.3)
o17] A, ol xl . 1z
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3 5 A= s AT L3109 Aol A AREHEAR 277 55
P
T

Aetiale] o] EAF 07 G-oJgt PR FA] o= Al o7 BAE AT A
ol 2F [ oA JALY] FH7T E5E TEASLIAIEAS § Wol 15sh= Ao
2 2=}t

(85 E 3) &dign SYsu7gde 2AES 2t

XS IHFixed Effect)
= 2] [=E=))|

FIHHBELARY FIHBEEARY
Intercept -0.0408(0.0170) * -0.0299(0.0195)
Lratio(&3]-&) 0.0395(0.0145) ** 0.0343(0.0138) *
(L;“i(f;fg) BRED) 0.0009(0.0005) . 0.0005(0.0007)
Year2010 -0.0031(0.0012) * -
Year2011 -0.0055(0.0020) ** -
Year2012 -0.0045(0.0013) ** -
Year2013 -0.0059(0.0013) *** -
Year2014 -0.0075(0.0015) *** -
Year2015 -0.0053(0.0018) ** -
Year2016 0.0068(0.0017) *** -

F 1) - E10%, 5% e 1%, U 0.1% FoleEollA BAF o fogt

2) & B4 A3= REML(Restiricted Maximum Likelihood) & AH&3F A<

3) EGEAY] vl 4TS & 5 Yk AxE ZTE AASK ol A ME WY aTESE A

BPE 5o HEH o AU AL 31| Yste] 2714 BE F ol Zlo] o 1
HPZRIA] ERIs7] #i5te] ANOVA HIAES AAISHT. 11 Ay g [ RP 17} &
AR o2 GolatA Aolrt = Ao BAESI F we % o e mgo] ojw
Q17 Eolsf ¥ 7| 9Jsto] T mEO] AICS} BIC gho.& 1y 7H H|nE s|EH 2Eg 1 9]
el HPNY FET o E2 A0 Hol HFP o] F 1Y F T L2 APRFQ
R0 WebEh tehd] £ 7o) Agst Bge 2 [ofek 3 4 g Aotk
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(B2 H 4) 27§ T H|Z(ANOVA Test)

= Df AIC BIC logLik | deviance | Chisg L RN

231 7 -714.37 | -696.42 | 364.19 -728.37 - - -
2y 14 | -832.91 | -797.01 | 430.45 -860.91 | 132.54 7
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