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Generating an Optimal Auto Insurance Rate
with the Consideration of Population Change

XOI_ % ‘H'** il =} il***

Bong—Gyu Jang - Changhui

rion
o
gﬂ
=)
x
=
X
2
s
N
oz
I

20| Moz Oofghh = S+=

=

%0}
N Mo 0 rE o N

g mo rob

O

o Job

A
0
on
o
ol
b
fo
Ht’()
1[0
1S
0

o
1
.
=2
£Q
fir

o
Yy
g
o
ol
©
o
00
:uOI:'
(@)
Q'D
i
°
ir
o
L
a
:
gllzl
s0
o

ol
==

Rl
ol
1A
i

Io
09
L

s
gI:I
B
1
M

* o] = 201449 RSO APz FFAFATE AL Wol UG UTh

(NRE-2014S1A3A  2036037)
 EFFISEE 417 G E 8T -5 (bonggyujang@postech.ac ki), FAAE
o B ALY A9 (cchoi@kiri, or kr), WLAIA| 2}
=R B39k 2015, 09. 01, =5 ZE $AY: 2016, 04, 26, =5 AR A Y: 2016, 05,

=]

12



82 HEZ8AT M27H M2s

I A&

19909 e} o] % K/ gE a8 At 23] A= o) S slaEh e
S&of i 2G4 AeAdo] Al ek 2R of 23 MSte e Etekal &
SAE SN2 A D AR 583 LA AR QIS A ]

FAFHIF L 1§ SoIE 0]1x) Fohe 529 HRES o] §5k11 Yt §

FIF

Holth((Table 1) ).
AEAEY A ofvhe AT ASAEY AN oAds] =edh
2004~2013 Abo] AL E 109 HiF THAM]83)2 10792 &3 RS ALY A
O] FAtlE 101%E A A2Reky. dhibulee B el = div] vl-g-o]
B AFARYS] e AL HPSA AFAHPIYeNN A&H o
2 A2 B3 ek 2L tehict 5
= w27 Z718) 2014 o= 12 1,310

ot

3] 2| A AR oA AT

715y HAMNTH B FA

ZEo W2 1988 B 2013 74| A F A= 1% 539 Yof| o] 2}
20149 @A AFsAE YL AR R V|0 R ANkES|HH A0 2] 60% ©]

m{o

_L:

Ape A5 9lo] F WBAFE] §7 oehe S EBEASA glo] W
o1+ 45kl et
oot 22 FANNA LHLBIAEL AFAHENAY £ TFE T

3
22 Aol BT ol G AFARY HANELS
2 2 el gick SARAIAEL 1S FAUES A3 BAE 3}

1) UukdFEY 2R Xt 23 &5 E S )AL

2) A AEAEFEE, doh aHAETIASE 4AEthe 712 E50 =FH Sloh
EAA Av|AEZIR S g o] X (http: //kostat,go,kr/mcomeNcpl/cpl/mdeX,acuo nsS X &+
§EEe BAUYL olf WolH AdhAX e wHom $ad AEHud
ag ‘d*&% OW]OHL ATk SYAHE(2015, 6. 16), “T-HA A IHFR A A4
= sy

3) %“\P‘ﬂlg (‘:’e“ AR FEAT T L+ ArGu)/F R EHE,

4) (Table 1) ZFZx.

5) )R - OIFEQOIS), HEAHAR SN FT RARE A WF, HHAT
Aol Ahm

6) BF71EY A9,

(e



OITHEIE st XISKIEE 28 X|X5t n

 ohopet BEE TSR AFARYe A 2 A A5 R Y
SolshA AEAHHY] £3HS e WHo] A7 Sure] gl olefat

‘I'TJ"—‘ ‘l'!
WYL B SR 5 a5 IAA BARES AsHAE 4= ATk

(Table 1) Korean auto insurance statistics

2013's figures include data from April to December as accounting standard changed from
FY(fiscal year) to CY(calender year). 1) Losses include paid claims, 2) Profit from sales =
Accrued premium-losses-operational cost, 3) Operational cost ratio = Operational cost/Accrued
premium, 4) Combined ratio=(Losses+Operational cost)/Accrued premium, Since the
announcement of "Auto Insurance Improvement Plans for Fair Society" by Financial Supervisory
Service in 2010, operational costs of auto insurance have been maintained around 21% from
2011.

(Unit: 100 Million KRW)

Year Accrged Losses” Operational | Profit frgm Operatiqne;l Compir;)ed
premium Costs sales cost ratio ratio
2004 76,012 55,277 24,443 -4 483 32% 105%
2005 79,801 61,144 25,417 8,202 32% 108%
2006 84,741 66,910 26,912 -10,065 32% 111%
2007 95,332 69,547 29,742 -5,352 31% 104%
2008 | 102,792 71,596 31,917 2,195 31% 101%
2009 | 103,868 78,627 33,007 9,521 32% 107%
2010 111,490 89,577 35,893 -15,696 32% 113%
2011 121,918 100,269 25,810 4,162 21% 103%
2012 | 122479 102,826 26,086 -6,432 21% 105%
2013 91,304 80,270 19,197 -8,162 21% 109%
Avg, 98,974 77,604 27,842 7,427 29% 107%

Source: KID Insurance Statistics Portal Service,
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Note: This table includes only certain age-groups for better readability.
Source: Census Bureau(http://kostat, go.kr/).

{Table 2) Number of driver's license 1 - II holders by year/age—group

(Unit: thousand)

Year 19— 20—29 30—39 40—-49 50-59 60—64 65+
2010 227 4317 6,617 6,511 4,347 1,035 1,028
2011 311 4,291 6,615 6,648 4,768 1,096 1,160
2012 376 4,390 6,658 6,784 5,091 1217 1,338
2013 314 4,359 6,589 6,938 5,363 1,311 1,523
2014 401 4,498 6,517 7,060 5,630 1,451 1,709
CAGR | 15.22% | 1.03% | -0.38% | 2.05% | 6.68% | 8.82% | 13.55%

Note: '19-' and '65+' mean 'below 19' and 'over 65', respectively. Data as of July 10, 2015, CAGR: (last year's
data/first year's data)” -1,
Source: http://www. police, go. kt/portal/main/contents, do?menuNo=200193#acol7
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(Table 3) Traffic accidents causations of age—groups

(Unit: 1)
Year 20— 21-30 31-40 41-50 51-60 61-64 65+
2007 17,422 165,016 231,089 228,389 119,853 21,082 25,946

2008 | 20825 | 160,469 | 225824 | 231628 | 130337 | 23,062 | 30913

2009 19,788 160,654 | 227418 | 239,855 142,064 20,517 33,980
2010 20,153 155,672 226,605 244,298 152,039 28912 36,595
2011 19,310 139,174 | 208,846 | 230,357 157,698 31,017 37,606

2012 34850 | 165559 | 248523 | 270265 | 212361 | 39764 60,141

2013 | 30,659 | 148317 | 235827 | 257,239 | 217,829 | 425592 | 66,654

2014 31,533 146,238 | 236,266 | 250,185 | 224,941 46,438 73,091

CAGR 8.85% -1.71% 0.32% 1.65% 9.41% 11.94% 16.08%

Note: ‘65+ means 'over 65', As of July 10, 2015,
Source: http://taas koroad. or. ki/reportSearch. sv?s_flag=05
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(Table 4) Percentages of traffic accident causations of driver's license holders
by year/age—group

There exists one-year gap between (Table 2) and (Table 3). We estimated traffic accident
causations of age-groups with an assumption that one-year time gap is negligible. Since we

used the entire data set for the analysis, our estimates would be highly accurate,

(Unit: %)
Year 18= 2029 30-39 40-49 50-59 60—64 65+
2010 8.86 3.61 3.42 3.75 3.50 2.79 3.56
2011 6.21 3.24 3.16 3.47 3.31 2.83 3.24
2012 9.26 3.77 3.73 3.98 4.17 3.27 4.50
2013 9.78 3.40 3.58 3.71 4,06 3.25 4,38
2014 7.87 3.25 3.63 3.63 4,00 3.20 4.31
CAGR | -2.93% -2.56% 1.44% -0.83% 3.38% 3.45% 4.90%

Source: Estimated from (Table 2) and (Table 3).
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{Figure 3) Percentages of traffic accident causations of driver's license holders
by year/age—group
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Note: Visualization of (Table 4). The graph of age-group '19-' is not drawn for a better readability.
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{Table 5) Statistics of personal auto insurance premiums and policy holders

Figures in this table are annual (fiscal year) estimates of personal auto insurance contracts. Note
that some of the accrued premium data from KID include operational costs whereas others do
not. 'Mandatory' insurance is Personal injury liability I, and 'Non-mandatory' include Personal
injury auto liability I and other non-mandatory auto insurance clauses, '# of cars' include both

'Mandatory' and 'Non-mandatory' auto insurance contracts,

Accrued premium | Premium per car
Year Categoty # of cars (1.000 KRW) (KRW)
2009 Mandatory 11,528,922 2,067,749,476 179,353
Non-mandatory 11,474,513 4,872,007,879 424,594
o010 Mandatory 12,022,586 2,082,547,029 173,220
Non-mandatory 11,978,199 5,415,331,507 452,099
ol Mandatory 11,906,946 2,076,439,343 174,389
Non-mandatory 12,364,744 6,190,089,199 500,624
012 Mandatory 12,982,013 1,954,960,933 150,590
Non-mandatory 12,899,383 6,298,013,509 488,241
2013 Mandatory 13,169,781 1,931,424 841 146,656
Non-mandatory 13,074,273 6,247 083,983 477 815
2014 Mandatory 13,344,897 1,895,702,285 142,054
Non-mandatory 13,305,424 6,439,300,749 483,961
CAGR Mandatory 2.97% -1.72% -4.56%
Non-mandatory 3.01% 5.74% 2.65%

Source: KID insurance statistics portal service.
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(Table 6) Personal auto insurance reference rates of age—groups

Age-group rates in this table are applied to personal auto vehicles size-categories such as small
A - B, medium, and large.

(Unit: %)
2012 20— | 21-23 | 24-25 | 26-35 | 36—40 | 41-45 | 46-65 | 66+
Mandatory 261.8 175.6 1229 88.3 87.8 100 114.1 109.8
Non-mand, 110.7 104.9 92.6 94.4 100 105 107 110.1
2014 20— | 21-23 | 24-25 | 26—35 | 36—40 | 41-45 | 4665 | 66+
Mandatory | 266.8 | 184.4 | 135.2 94.9 87.2 100 123.2 | 120.7
Non-mand. 105.7 90 97 90.3 88.2 100 112.2 115.4

Source: 2012 KID auto insurance reference rates,

(Table 6y HE /WY 9] 2012 - 20140 %= AR Y A2EHEF QS AT
Ay o] AR Addiolth A&t upel o] 54 7i19] A AbE S

o ol
M
et
u
rlr

I

ol ‘Aelmaolet At el hE MAAAE P EES WA
7] %’46H % =5e AEARTE 71900) FAA o Ro] wet ojmngut Qlojngo



2T H2rH M2z

7| 2R AR ARl A A A4S LT =S el AEET

(Table 6) of] wh= 2014\ HA7NLA Y| AHFAE Y 2282 41~45A4] 7=

A

7122(10096) O & BRIl 26~40A] FL7Foll= R &S 204 o] 5k} 604 o] L7t
o= AHAeR 2 282 AgotaL Qlrh 0|9 e AT (Table 4) &] AF
H A A AL FEEl F3tehe
(Table 7)-& (Table 5) &] HFE 3 Fof| (Table 6) 0] AHH A =S F3f A5
T it AFAEY HHRE e Zloltt. olE 5ol 20144 204 o]5te] H
AEARS] BHIgl 2014905 B AolAExHd 23go] oRmrd
(142,054 )T} Q) o) B (483,961 ) oll 242k 2014 %= 204]] o8} A 7+o] oJ &t
B A E(266.8)2F 919 H 3 AT E(105.7)E Fa8f Lol %l Aot}

(Table 7) Average personal auto insurance premiums of age—groups

Figures are calculated by 'multiplying premiums per car' in (Table 5) to 'age-group's rates' in
(Table 6) .
(Units: KRW, %)
Year 20— | 2123 | 24-25 | 26-35 | 36—40 | 41-45 | 46-65 | 66+
2012 934,728 | 776,601 | 637,187 | 593,871 | 620,459 | 663,243 | 694,242 | 702,902
2014 890,548 | 697,513 | 661,499 | 571,826 | 550,725 | 626,015 | 718,015 | 729,950
Change -4.73 -10.18 3.82 -3.71 -11.24 -5.61 3.42 3.85
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(Table 8) Variables and constants

Notation Explanation
n Number of age-groups, n = 8
) age-group index, 1 € {1,2,...,8}
[0} Auto insurance loss ratio=combined ratio-100%=currently at 7%,
w? Number of 2014 policy owners within age-group i.
wll Estimated number of 2015 policy owners within age-group i.
x? age-group-i's rate in year 2014(See (Table 7).)
xll Rate of age-group i in the consideration of loss ratio change.
:E:r age-group {'s break-even rate, x:r = x} (1+0¢)
i age-group i's rate (decision variable)
Rate change in the consideration of age-groups' loss ratio, now at
5.41%,
0 n n
0,.0 0
Satut | S| /][ et St
=1 i=1 i=1 i=1
5 Possible premium raise, Insurance company can strategically set this
constant,
X Base premium in consideration of loss ratio change by age-group.
Currently at 704,240 KRW,
x; Average industry rates by age-group. x¢ =z (1+6)(1+6)

(Table 8)2 HABJAL A7} QI RHISHE I3 Ao =
2|23}t A S Aot bl Bt Aot Hapo] gk drgoln WA nd A"

22) 2013 A &SEF A9 EZ}O A e AREFR o] 7.58%0|th HE
FEE A/ AR EERE BES A (184.96%), Bl1/H(558.98%), AEAH(104.91%),
H2(256.14%), E-3(191.23%), X*7l<279 56%), HAAF(612.42%) So2 AFAEEYS
Ef FEof v u]-¢ We Fo] AokEu|E/AAEYE HES Bola o] AFA)
BEHA 22 =59 B2 £o0& 7dst7] o FHo|rh



b

QIHSIE T XSAEY 28

7+e] grolt}, Eals R o) Jrx a0 o] 204] o] S}, 21~234]], 24~254],
26-35A], 36~40A], 41~45A4], 46~65, 66| o]4F2] 87§ F7Fo = A E Ak w!
£ 20149 % A7 2208 AR AHJAREAE G 7HIAF 420l w; = 2009~2014'
o A=l - AYHE 7HA =5 o]-8-3f 2015 AFHE 7HdA =5 FARE A

olt}, )= 20149 9] AT E QLo|th(Table 7) %), o} = AFAHF &3
& WokE gs] 201540 Qo] Hadh Aow oifE= AEAEY 880
o} oE So] d837k 9] 20159 &8&0] 2014E thH] 1206 QAIE AHolgtn
A=A z; = (1+0-12)x?7} gt 2= 54 dgdolA £A4%5S o177
sl Zagt Ky agolty 2 1097 At R IArA7E B E=

—

diu] 7o F o] Sk AL leB R RERE M AT A FAAF
olFo] A 5 Qe AOR e AHEL B ATE 2 Azl Ldgo] FUg

AR W 4l 5 AFT Q8 o] B 2 A FOIA SRS o] RE 8
golgh 7Pt o e RSP} AYsl A7 7hE R ROl B dp
HYIATF A5 AR 7| 2282 FollX 202 fA5h= 3 98 982
ARl koA 2T 4= drkal 7HgRIT) 0= 2015 0] AR &dE
At} oA 7 AF =5 nEdl 7% =22 ElES FAISH] Y8 2ash As
AR 712 Q& wsleFolt)

(Table 9) Constants used in tests
Accident causation ratio Target customers? Premiums per
Age per driver(%)" 9 contracts(KRW)®
group
2014 | 2015 |Changes(a)| 2014(«’) | 2015(w') | 2014(z") 2015(z")

20- 6.41 | 7.35 14,68 169,870 186,981 890,548 1,021,281

21-23 | 325 | 3.29 1.19 161,459 156,632 697,513 705,804

24-25 | 325 | 3.29 1.19 107,640 104,422 661,499 669,362

26-35 | 3,52 | 3,61 2.79 736,996 729,902 571,826 587,801

36-40 | 3.63 | 3.74 3.18 442,095 441,938 550,725 568,256

41-45 | 3.63 | 3.71 2.13 471,418 472,824 626,015 639,362

46-65 | 3.80 | 4.04 6.34 | 1375888 | 1,477,271 718,015 763,534

66+ 431 | 4.79 11,06 271,204 310,125 729,950 810,659

Note: 1) See {Appendix Table 5). 2) See {Appendix Table 3). 3) See {(Appendix Table 7).
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{Figure 4) Optimal auto insurance rates for different values of ¢ between 1% and 20%
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{Table 10) Comparison of using optimal rates(b) and age—group rates
that are multiplied by a constant(b)

(Unit: 100 Million KRW, %)

Profit(Loss) . . .
Rate - - Relative diff, Difference
increase(d) | Propodlongl Opt|m§I rates (b-a)/a b—a
increase applied(a) applied(b)

1% -1678 -1,629 2.91% 49
2% -1,405 -1,356 3.47% 49
5% -586 -538 8.27% 48
7% -41 8 119,14% 48
8% 232 281 20.77% 48
10% 778 826 6.18% 48
15% 2,142 2,190 2.23% 48
20% 3,507 3,554 1.35% 47

" *
Note: (a) and (b) are calculated by applying £° and T in (3.1).
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Abstract

Currently, Korean auto insurers have to cope with the world-fastest
population ageing under the environments that force them to use
premiums that are below break-even points. Unlike other
property-casualty insurance lines, Korean auto insurers cannot apply
break-even insurance premiums, calculated with the consideration of
trend, due to financial authorities” interference and severe market
competition. Therefore, it is practically impossible for auto insurers to
apply break-even premiums with the consideration of trends in loss
ratios of age-groups. This research was conducted to show that auto
insurers can improve their profit by using optimal age-group rates,
which are calculated with the consideration of population change. To
pursue this purpose, we demonstrate that age-groups of auto insurance
have distinct loss-ratio trends. Then we explain how insurers can
maximize(minimize) their profits(losses) by taking these trends into

consideration in calculating age-groups’ auto insurance rates.

* Key words: auto insurance premium, population ageing, optimization
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{Appendix Table 1) Percentages of driver's license holders by age—group
(Unit: %)
Year 19— 20—29 30—-39 40-49 50-59 60—64 65+
2010 2.33 18.01 26,22 28.27 17.59 3.35 4,23
2011 2.34 16.89 25.35 27.96 19.14 3.76 4,56
2012 3.38 16,05 24.09 26.20 20.59 3.86 5.83
2013 3.07 14.84 23.60 25.75 21.80 4,26 6.67
2014 3.11 14,40 23.27 2523 22,16 4.57 7.26

Note: Calculated using (Table 2.

{Appendix Table 2) Estimates of driver's license holders ratios aggregated
according to the groupings of auto insurance reference rates

Estimates of drivers in each age-group based on (Appendix Table 1) . For example, the number
of drivers in age-group '20-' is calculated by adding 1/10 of the number of drivers in age-group
'20-29' to the number of drivers in '19-', The number of drivers in age-group '65+' is used to

account for the number of drivers in age-group '66+',

(Unit: %)
Year 20— 21-23 | 24-25 | 2635 | 36-40 | 41-45 | 46-65 66+
2010 4.13 5.40 3.60 22.94 13.31 14,13 32.24 4.23
2011 4,03 5.07 3.38 21.96 12,93 13.98 34.08 4,56
2012 4,98 4.82 3.21 20.88 12.26 13.10 34,92 5.83
2013 4.55 4.45 2,97 20.10 12,02 12.87 36.36 6.67
2014 4.55 4,32 2.88 19.72 11.83 12.62 36,82 7.26
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{Appendix Table 3) Estimates of personal auto insurance policy holders
by age—group

These number are obtained by multiplying each cell in (Appendix table 2) to the number of

mandatory auto insurance policy holders in (Table 5). 2015's figures are projected by using

simple linear regressions. See {(Appendix table 4) .

(Unit: %)
Year 20— 21-23 | 24-25 | 26-35 | 36—40 | 41-45 | 4665 66+
2010 497 650 433 2,758 | 1,601 1,69 | 3876 509
2011 480 603 402 2,615 1,540 1,664 4,058 543
2012 647 625 417 2,710 | 1,591 1701 | 4,534 757
2013 600 587 391 2,647 | 1,582 1695 | 4,789 879
2014 607 577 384 2,632 1,579 1,684 4914 969
2015* | 668 559 373 2607 | 1578 | 1689 | 5276 | 1,108

{Appendix Table 4) Estimates of 2015 personal auto insurance policy holders

by age—group by using simple linear regression

Y(# of policy holders) = a(Y-intercept)+b(slope)X(year-2009). R*s by age-group within '26~45'

are small because their slopes are close to zero.

(Unit: %)

Age Estimates ~
grgup Y—Intercept(a) Slope(b) % Ailets
20- 4643445 33907.5 0.53 667,790
21-23 657095.4 -16282.6 0.76 559,400
24-25 438063.6 -10855 0.76 372,934
26-35 2738068.5 -21879.1 0.34 2,606,794
36-40 1579027.3 -112.9 0.00 1,578,350
41-45 1688664.6 -1.2 0.00 1,688,657
46-65 3592700.1 2805447 0.96 5,275,968
66+ 355044.2 1254242 0.96 1,107,589
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{Appendix table 5) Aggregation of traffic accident causations according to the
groupings of auto insurance reference rates by age—group and their 2015 estimates

This table has been created by aggregating numbers according to the age-group groupings by

KID. 2015's figures are projections of simple linear regressions, Same method is used in

(Appendix table 4) . See {Appendix table 6) for regression models.

(Unit: %)
Year 20— 21-23 | 24-25 | 26-35 | 36-40 | 41-45 | 4665 66+
2010 6.57 3.01 3.01 3.48 3.49 3.75 3.51 3.56
2011 497 3.24 3.24 3.18 3.22 3.47 3.31 3.24
2012 7.49 3.77 3.77 3.74 3.79 3.98 4,02 4.50
2013 7.70 3.40 3.40 3.53 3.01 3.71 3.87 4.38
2014 6.41 3.25 3.25 3.52 3.03 3.03 3.80 4,31
2015* 7.35 3.29 3.29 3.01 3.74 3.71 4,04 479

{Appendix table 6) Traffic accident causations by age—group and

their 2015 estimates

Y(# of accident causations) = a(Y-intercept)+b(slope)X(year-2009), R* of age-group '41~45' is

small because its slope is close to zero, Although some groups have small R’, their show certain

linear trends(See (Figure 3).). Note that it is possible to consider non-linear regression lines,

use more than 5 years' data for regression, or take legal policy changes into consideration,

(Unit: %)
age—group Estimates R2 0 5 -
Y—Intercept(a) Slope(b)

20- 5.9085 0.2397 0.12 7.34
21-23 3.62 -0.0551 0.14 3.28
24-25 3.62 -0.0551 0.14 3.28
26-35 3,3668 0.0413 0.10 3.61
36-40 3.3532 0.0647 0.23 3.74
41-45 3.7089 -0.0005 0 3.70
46-65 3.3626 0.1123 0.38 4.03
66+ 3.2056 0.2636 0.55 4.78







	인구변화를 고려한 자동차보험 요율 최적화

	Ⅰ. 서론

	Ⅱ. 인구변화와 자동차보험 요울 분석

	Ⅲ. 인구변화를 고려한 자동차보험 요율 최적화

	Ⅳ. 결론

	참고문헌

	Abstract

	부록



