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<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 frz(;m Operatio'n% Coml')hz)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 | 122,479 | 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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<Figure 1> Each age—group's population change in Korea
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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 I-II holders by year/age—group

(Unit: thousand)
Year 19— 20—29 | 30—39 | 40—49 | 50—59 | 60—64 GRS
2010 227 4,317 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 1,217 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)’" V-1,
Source: http://www.police.go.kr/portal/main/contents.do?menuNo=200193#aco17
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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 | 20,825 | 160,469 | 225,824 | 231,628 | 130,337 | 23,062 | 30,913
2009 | 19,788 | 160,654 | 227,418 | 239,855 | 142,064 | 26,517 | 33,980
2010 | 20,153 | 155,672 | 226,605 | 244,298 | 152,039 | 28,912 | 36,595
2011 | 19,310 | 139,174 | 208,846 | 230,357 | 157,698 | 31,017 | 37,606
2012 | 34,850 | 165,559 | 248,523 | 270,265 | 212,361 | 39,764 | 60,141
2013 | 30,659 | 148,317 | 235,827 | 257,239 | 217,829 | 42,592 | 66,654
2014 | 31,533 | 146,238 | 236,266 | 256,185 | 224,941 | 46,438 | 73,691

CAGR | 885% | —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.kr/reportSearch.sv?s_flag=05
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<Figure 2> Traffic accident causations of age—groups
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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 19— 20—29 | 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>.

4

&S mRIYarl B o, <Figure 3>
A7FEA TS BodFr) <Figure 3>3} 0] 504 o) S tholl A alsALaL
L5 o] S7Feh= ol AWetaL Sl =l Aol A4 2 212011 ] 3
th & RuAdo] wEw 1HeARE16)LS e A (H 4 A} A)H 0.5,
AT A1 0.29)3 SAAH (ol e ol Hade] 1/10 %), oF

=
o

e A BAAE 58 ASHT5H £ AR okl $Ho] Wad Aug A7)
}

W2 WA 7

rO
ol
g ME
Mo
N
N
rE
ot
)
2
ot
)
f
o
(b
o,
fitlo
=
>

918 254 S ARbR} 320 T B M BR), Y F F 71 3 AHI5A
ul3) 9.5 5, Aok 7, WEH ASh A Q14 5 A4Sk FE g, i
A7 A 2 A% Foz gRsHo] nmeiAe] vs) A43 stk =
A2 AT 1L WA AFFF A B2 5L WA Sk e AE
1A S5 Aol FFL vX| 3 Jrhn,

AHH o 7 ool 4] 654 o) SHAE ‘aEHA e vk
BARAF(2013. 3. 5), “2012d X|u] FHE 9.18%, AWl &4} 4= 20:dwie} 2814 S}



st nde Asaud ot 245 [

<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 1, 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.

Year Categoty # of cars Ac(clrl(l)eO% pé}ezr\r;}l)lm Premy;{r}r;\;ﬁr car
2009 Mandatory 11,528,922 2,067,749,476 179,353
Non—mandatory | 11,474,513 4,872,007,879 424,594
9010 Mandatory 12,022,586 2,082,547,029 173,220
Non—mandatory | 11,978,199 5,415,331,507 452,099
92011 Mandatory 11,906,946 2,076,439,343 174,389
Non—mandatory | 12,364,744 6,190,089,199 500,624
2012 Mandatory 12,982,013 1,954,960,933 150,590
Non—mandatory | 12,899,383 6,298,013,509 488,241
9013 Mandatory 13,169,781 1,931,424,841 146,656
Non—mandatory | 13,074,273 6,247,083,983 477,815
9014 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 | 2425 | 26—35 | 36—40 | 41-45 | 46-65 | 66+
Mandatory | 261.8 | 175.6 | 122.9 | 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 | 46—65 | 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.
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<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— | 21-23| 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
i age—group index, i € {1,2, ..., 8}
10 Auto insurance loss ratio=combined ratio—100%=currently at 7%.
w? Number of 2014 policy owners within age—group 1.
w,1 Estimated number of 2015 policy owners within age—group 1.
) age—group—i's rate in year 2014(See <Table 7>.)
x,l Rate of age—group 1 in the consideration of loss ratio change.
x,+ age—group 1's break—even rate, xf :x}(l+¢)
X, age—group i's rate (decision variable)
Rate change in the consideration of age—groups' loss ratio, now at
5.41%.

R ey

i=1 i=1 i=1
Possible premium raise. Insurance company can strategically set this
constant.
X Base premium in consideration of loss ratio change by age—group.
X | Currently at 704,240 KRW.

x¢ Average industry rates by age—group. z5 = z'(1+8)(1+0)
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<Table 9> Constants used in tests
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Accident causation ratio T 2) Premiums per

Age per driver(%)" arget customers contracts(KRW)®

BTOUP 5014 2015 [Changes(a)] 2014() | 2015(w!) | 2014(s") | 2015(a1)
20— | 6.41 | 7.35 14.68 | 169,870 186,981 | 890,548 | 1,021,281
21-23 | 3.25 | 3.29 1.19 | 161,459 156,632 | 697,513 705,804
24-25 | 3.25 | 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 | 1,375,888 | 1,477,271 | 718,015 763,534
66+ | 4.31 | 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 Proportional Optimal rates Relative diff.] Difference
hueieasel) increase applied(a) applied(b) {o=ebie b=a
1% —-1,678 —-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 z " 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 25.23 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 | 26—35 | 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 | 46—65 | 66+
2010 497 650 433 2,758 | 1,601 1,699 | 3,876 509
2011 480 603 402 2,615 | 1,540 | 1,664 | 4,058 543
2012 647 625 417 2,710 1,591 1,701 4,534 757
2013 600 587 391 2,647 | 1,582 | 1,695 | 4,789 879
2014 607 577 384 2,632 | 1,579 | 1,684 | 4,914 969
2015% 668 559 373 2,607 | 1,578 | 1,689 | 5,276 | 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 ~
grOguD Y—Intercept(a) Slope(b) B 4SS
20— 464344.5 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 280544.7 0.96 5,275,968
66+ 355044.2 125424.2 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 | 46—65 | 66+
2010 6.57 3.61 3.61 3.48 3.49 3.75 3.51 3.56
2011 4.97 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 3.61 3.71 3.87 4.38
2014 | 6.41 3.25 3.25 3.52 3.63 3.63 3.80 4.31
2015+ | 7.35 3.29 3.29 3.61 3.74 3.71 4.04 4.79

<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 Etimates R? 2015's Y
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
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