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Ax) oeetel] B2 pBAke] St 20159 49 7]E 02 2041189610]

oh), YRR Fof| o5l 2015W 5Y 7]E 02 -yt QG 51,413,925
o|al, 11 Fof 70| 7hs3h 20tf o] 49| Q4= 40,948,788 0|t =, 20t
o|AFe] ol 1919 A5 A} HG 4= 052, 28 1HE B4l Q= Fe

olefat AEAE BARE sHe ABARHL JRRHT By w0k
7HA) £ BAE 73 ek, WA ol RRgolek 212 oF 20000t BE A
ol TAE 29| ool

A5 glon], BYSAH WOIR o] RS uiFO R ThFR BAE B4 B4
2 59 HgY S ik he o ARE A9 o bFeat Rge w
B717t0] 199l B/ RPORA, ATA} 19 Bk ARE HiFOR 9HS
HIKE A2 19 Foll 1%, 54, 5ok APk v o) Zbssheh A

21 Q1 7150 Wo| 220]al 9l Foprt vhE Aps At ol
ol2fgt A-s AR G ol sl HHS|ARS o] 7P Tl

B ¥He 13 E(insurance premium)@} AF1 2 Z|FE 23 (insurance benefit) 0|

o} AEat B g o] A o 7t 2 FFE T

o, o] 213t gl =320l 3] g o & A7Huue cospol| sidgirial & 4= Qlrt,

whebA] S LRt Akl s HESAF T 12 YAellA A7 thE dHes

A ey, B SALY] ol A= ATkell ARt SJAF o] 9]} Bl-g-& HE

o]
1=} =
g B s sl wufjshe] il sl vbd, 7o) AR A= ARaL A

1) S EWEZ A+ (http://stat. molit, go. kr/portal/main/portalMain. do).
2) YA XA Fe(http://www. moi, go, kr/frt/a01/frtMain. do).
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, A8 7152 (Table 1) I} 2t

(Table 1) Age Grouping Criteria of Certain Insurance Company

Classification Age
20 Below 20
23 Over 20 ~ Below 23
25 Over 23 ~ Below 25
73 Over67 ~ Below 73
99 Over73

(Table 2) Result of Data Adjustment

One Year Unit Classification

Group Age | Population | Sample

20 20 100% 42
21 33.229% 124
23 22 33.918% 126
Certain Company Criteria 23 32.853% 122
Classification Sample (%) ’s 24 50.347% 343
~ 20 42 (0.09) ] 25 49.653% 338
21 ~ 23 372 (0.82) 26 24,783% 811
24 ~ 25 681 (1.50) 29 27 24.461% 801
26 ~ 29 3,274 (7.20) 28 24.876% 815
30 ~ 32 2,843 (6.25) 29 25.879% 847
33 ~ 42 2,662 (5.85) o :
43 ~ 47 7,343 (16.15) 68 16.840% 166
48 ~ 52 7,414 (16,31) 69 15.026% 148
53 ~56 4,260 (9.37) 73 70 16.025% 158
54 ~ 60 2,741 (6.03) 71 16.100% 159
61 ~ 67 2,693 (5.92) 72 19.791% 195
68 ~ 73 986 (2.17) 73 16.218% 160
74 ~ 349 (0.77) 74 10.627% 37
Total 45,466 (100) i
88 1.812% 6

99 z

89 1.532% 5

99 0.099% 0
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w2 A= (Table DI} 22 A7 53 dlolEeh Aghe] vlaL 7]&e] He 1
Al &912 glofEl 7} B RSttt e o 2 gt A= o] F50] E7IRE B, (Table 1)
T2 HolBE @A =7Fs AN AR AR 9] QlFtul e S HEsHA
243 em, 11 A3} (Table 2) oF At

(Table 2) of| A 74 58] 99714 = th A thofl BlsfiA] RI=7} YA veh
AF o] ZA S Aol EAsHE vl 14 DL o] EA4 e 2A7| AL,
71eF R o] 5 Aok} vlalshs I ol M= Al QA A AAIA Q] 24 2o
Y= A2 204158 73AI7HA 7 E .

{Figure 1) Method of Age Grouping

’ Grouping Method ‘

| | | | |

Ideal ) ) Moving | Smoothing | Stopping
Current Basic Proportion .
(True) Average Spline Rule
A Value =05
One Certain 5 Year Under 5% 3 4 t=0.7
Year ertat 10 Year | Under 10% ,’ 0.3732638 t=1.0
) Company ) . Window

Unit Unit Unit t=1.5
0.3976385 =18

A A RS o F A o] ATk A A QL A|oFo] wobA Aol H-&sh] Bl

1) ggle] iolth 5 uiAl AR U S HABIAA AgSt g
FBoln], Al WA ZbA hekshu Al 7] B Q) W o.s AuS sA) Telet 104

N
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#HE A3 Ao 2, FHwindow) 9] 2712 ZH2F 3704, 4714 o] 5 Q= o
B712] F= ot oA MiAl= B A&kl (smoothing spline)& AHE-SH=

o ® Agtol et 28 sl WHAlolrt, ulx|uke & Sopping Rule': 1
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¥AlE o] 5

5o QB AASE 2E% Wolth Z7te] ow IERe AR T,

glazio] 2 Zhel AYES Fota 7k gl ga e Selsh] 99

A% AlEstel e MBS SAske £ 7K )20 N4 e Holsin £E
&

EEO R OR DB AW T, HTHOR F A A% g 5

, 1Al o] Aol A A= Al ghe] Aatet vlals] A e ASsH

&8l dlojel o] L ojujstnl, X & 2t Ao] el eajole] BEe 1)
eblet webd AA BT sl o) Harol HAT A9, 5 X=X, 2 7
QA EE10] B, X< X, ¢ AL AR A 2Rl s Ao g
257} e Aol R Ars 1hrt 2] ehije, uitfe] A9 1T} 2
s L P =t

R=t= T (1)
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(Table 3) Relativity(z;) of One Year Unit

Age R, Age R, Age R, Age R,
20 0.63058 40 0.93898 60 0.99478 80 0.88626
21 1.20288 41 0.96740 61 0.86493 81 4,24561
22 1.17785 42 1.04753 62 0.94186 82 0.62163
23 1.48116 43 0.95680 63 1.22720 83 0.95114
24 1.07216 44 0.98545 64 1.17493 84 0.87953
25 1.12568 45 0.95094 65 1.05880 85 1.01434
26 1.14753 46 1.02223 66 1.00092 86 0.76949
27 0.87603 47 0.98068 67 0.95586 87 1.27244
28 1.10115 48 0.99283 68 1.00938 88 0.75030
29 0.96554 49 1.01729 69 1.28883 89 0.48007
30 0.97491 50 0.94826 70 1,19702 90 0.53227
31 0.90977 51 0.97950 71 1.18056 91 0.52936
32 0.94542 52 0.98816 72 1.07501 92 0.47004
33 1.08494 53 0.92239 73 0.79335 93 1.11625
34 0.93051 54 1.03016 74 1.13653 94 0.31932
35 0.95581 55 0.97549 75 0.87011 95 0.66077
36 0.97235 56 1.06937 76 1.15869 96 0.54912
37 0.98467 57 1.07682 77 1.07034 97 3.55762
38 1.01255 58 1.01500 78 0.80970 98 0.00000
39 0.98762 59 1.13293 79 1.15485 99 0.00000
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(Table 1) &

A 54 HFSANA AAR A S0 4 15 Pajolv,

ol

olof ZA A4S A&Fh AHS 20-73AM7HA] LS o, LF] M=
157ho]H, 235t 159 At E( () A= th (Table 4) & AT,

(Table 4) Age Grouping and Relativity(C;) of Certain Company Criteria

Age Gi Age Gi Age Gi
20 0.63058 33~35 0.99067 48~52 0.98541
21~23 1.28567 36~37 0.97874 53~56 0.99711
24~25 1.09872 38~40 0.97817 57~60 1.05793
26~29 1.02248 41~42 1.00749 61~67 1.02315
30~32 0.94221 43~47 0.97913 68~73 1.08692
Number of Group A 1,
15 0.02950 0.05233

FAE AH=C) AT A 22 B 28, =&T A2 Aie (Table 4)
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(Table 5) Age Grouping and Relativity(C,) of 5 Year Unit

Age G Age G Age G,
20~24 1.15258 40~44 0.97827 60~64 1.02437
25~29 1.03214 45~49 0.99307 65~69 1.03542
30~34 0.97111 50~54 0.97363 70~73 1.06552
35~39 0.98346 55~59 1.04889
Number of Group 1 A

11 0.07729 0.00244

(Table 6) Age Grouping and Relativity(C;) of 10 Year Unit

Age C Age C Age &
20~29 1.05301 40~49 0.9858 60~69 1.0287
30~39 0.97787 50~59 1.00236 70~73 1.05513

Number of Group 1 1,
6 0.16053 0.00141

6. HIES ol8st 88 a8t =4 Znt

A& o] oE] ol A 5%01W Tz 10%0] o]l 3=t
H dlojg sof Bl AR S 25 sk AeR IFER I 24 "olHE
H

oo
o
re
o,
I
11{m
r[o
2
)
g

SEBh= YA ot HlE WalE o83t 7 1l ek dlolE 9 7k AL

Fohe S 7HAIAL QAR vlgol] dieh et £ 7]Ee] glaL, AA) HleolE

2ebd wjuiet AEA Atk sfof & B ofyzt 54 Aol viEe
o]

Stk Be 7 AL

ol

-l>

]_
L oole] 8 BAST Gl A%, 15T Wl

SLek. A1) dlo] ol ul& WhALS A §SH WhALS thewh o] Lekd 4 gict

o%

100
th 54 oA RS di dato] WIS A9 st g 2=

=
TEY 5 glon R Shute] 1O R INFIAEE Tk ofhE Fol 7]E0] %2l 3

45,466 X 5% = 2,273.3 0.2 Z} A of| EZ3H do|g 5 tl3f 2,2737}
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(Table 7) Age Grouping and Relativity(C;) of 5% Unit

Age | Sample (@ Age | Sample (o Age | Sample C
20~26 | 1906 | 1.14566 | 40 1422 | 0.93898 50 1480 | 0.94826
27~28 | 1616 | 098957 | 41 1330 | 0.96740 51 1408 | 0.97950
29~30 1,689 0.97021 42 1,332 1.04753 52 1565 0.98816

31~32 2,001 0.92844 43 1,514 0.95680 53~54 2257 0.97653
33~34 2,236 1.00787 44 1474 0.98545 55~56 2003 1.0203
35 1,103 0.95581 45 1483 0.95094 | 57~59 2141 1.07563
36 1,190 0.97235 46 1488 1.02223 60~64 2195 1.02437
37 1,284 0.98467 47 1384 0.98068 | 65~73 2375 1.0421
38 1,262 1.01255 48 1449 0.99283
39 1,309 0.98762 49 1512 1.01729
Number of Group A L
28 0.02657 0.00282

(Table 8) Age Grouping and Relativity(C;) of 10% Unit

Age | Sample G Age | Sample (o Age | Sample (@
20~29 4,369 1.0530 | 40~42 4,084 0.9836 52~54 3,822 0.9813
30~33 3,963 0.9825 | 43~45 4,471 0.9643 55~59 4,144 1.0489
34~36 3,409 0.9533 | 46~48 4,321 0.9991 60~73 4,539 1.0455
37~39 3,855 0.9948 | 49~51 4,400 0.9820

Number of Group 1 1
11 0.07773 0.00141
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(Table 9) Age Grouping and Relativity(C;) of 3 Windows

Age G, Age C, Age C Age C;
20 0.63058 32~34 0.98794 | 46~48 | 0.99906 | 60~62 | 0.94133
20~21 1.05808 33~35 0.99067 | 47~49 | 0.99747 | 61~63 | 0.99442
20~22 | 1.10976 34~36 0.95330 | 48~50 | 0.98631 | 62~64 | 1.09707
21~23 | 1.28567 35~37 0.97167 | 49~51 | 0.98198 | 63~65 | 1.15178
22~24 | 1.17912 36~38 0.99016 | 50~52 | 0.97216 | 64~66 | 1.07807
23~25 1.15683 37~39 0.99480 51~53 0.96715 65~67 1.00520
24~26 1.12526 38~40 0.97817 52~54 0.98130 66~68 0.98405
25~27 | 1.03222 39~41 1.08771 | 53~55 | 0.97620 | 67~69 | 1.04127
26~28 1.04235 40~42 0.98364 54~56 1.02386 68~70 0.79919
5
6
7

27~29 0.98131 41~43 0.98911 55~57 1.03577 69~71 1.22061
28~30 1.01283 42~44 0.99455 56~58 1.05624 70~72 1.14544
29~31 0.94841 43~45 0.96430 57~59 1.07563 | 71~73 | 1.01998
30~32 0.94221 44~46 0.98625 58~60 1.05076 | 72~73 | 0.94806
31~33 0.98460 45~47 0.98475 59~61 1.01936 73 0.79335
Number of Group A A
56 0.01434 0.01351
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(Table 10) Age Grouping and Relativity(C;) of 4 Windows

Age C Age C; Age G Age (o
20 0.63058 32~35 0.97986 47~50 0.98497 62~65 1.08794

20~21 1.05808 33~36 0.98586 48~51 0.98467 63~66 1.11351

20~22 1.10976 34~37 0.96189 49~52 0.983060 64~67 1.04737

20~23 1.21921 35~38 0.98233 50~53 0.96214 65~68 1.00575

21~24 1.18324 36~39 0.98950 51~54 0.98081 66~69 1.02721

22~25 1.15968 37~40 0.97976 52~55 0.98005 67~70 0.86772

23~26 1.15216 38~41 0.97548 53~56 0.99711 68~71 0.89529

24~27 1.03820 39~42 1.07685 54~57 1.03414 69~72 1.17759

25~28 1.05254 40~43 0.97638 55~58 1.03166 70~73 1.06161

26~29 1.02248 41~44 0.98816 56~59 1.07370 71~73 1.10180

27~30 | 0.97968 42~45 0.98340 57~60 1.05793 72~73 1.15965

28~31 0.98442 43~46 0.97877 58~61 1.01813 73 1,50904

29~32 0.94756 44~47 0.98492 59~62 1.00284
30~33 | 0.98254 45~48 0.98676 60~63 0.99454
31~34 | 0.97036 46~49 1.00379 61~64 1.03551

Number of Group 1 A
57 0.02922 0.01066
8. g ASERIS 0|8t a5t 24 At
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(Table 11) Cross Validation Values for Smoothing Parameters

Smoothing Cross Validation Smoothing Generalized
Parameter(\) Parameter(\) Cross Validation
0.1 2,488,4461,886 0.1 25,979,769,304
0.2 19,413,940,841 0.2 13,848,841,143
0.3 14,754,019,218 0.3 10,944,547,189
0.3732638 13,486,984,210 0.3976385 9,587,350,701
0.4 13,655,123,515 0.4 9,588,246,968
0.5 16,250,600,726 0.5 10,966,593,031
0.6 18,295,441,919 0.6 13,056,847 ,746
0.7 18,209,665,159 0.7 14,169,833,532
0.8 16,919,861,769 0.8 14,199,672,451
0.9 15,585,972,047 0.9 13,859,700,611
(Table 11) oA 3t AaLE vt o R 7}7Fo] e a= o] dgst= e
()} A% 3h& ol Bk, =, B3 w4 5-50] veh A3 HEshs 3
Ho] g4 Balo] £2ET 7 AR g Fho] st 2laie) ghol =
S5} oh (Table 12), (Table 13) 2 2t APHEE =25 A3 A e ghat &

85 Aufe] whet ALE £ 74K A5 HolEtt A 18] sk Hystw
e}

o A GE S vk 2 Aol Ad 15

(Table 12) Age Grouping and Relativity(C;) of Cross Validation

Age G Age (@ Age (@ Age (@ Age G
20 0.71979 31 0.94629 42 0.99686 53 0.96608 64 1.14496
21 1.07137 32 0.97381 43 0.98541 54 0.98919 65 1.07821
22 1.26497 33 0.98896 44 0.97634 55 1.01318 66 1.00637
23 1.31451 34 0.98091 45 0.97874 56 1.04730 67 0.99294
24 1.21382 35 0.96404 46 0.98845 57 1.06636 68 1.07085
25 1.12835 36 0.97094 47 0.99658 58 1.06910 69 1.18883
26 1.06579 37 0.98646 48 0.99690 59 1.04344 70 1.22393
27 1.00624 38 0.99373 49 0.99201 60 0.99023 71 1.17523
28 1.00593 39 0.98096 50 0.97621 61 0.94318 72 1.03583
29 0.98627 40 0.96772 51 0.97092 62 1.00609 73 0.83165
30 0.95888 41 0.98010 52 0.96701 63 1.12228

Number of Group 1 A
54 0.00368 0.00656
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(Table 13) Age Grouping and Relativity of Generalized Cross Validation

Age | G | Age G |Age| G |Age| G |Age| G
20 | 0.73914 | 31 0.95088 42 0.99328 53 | 0.96818 | 64 1.13144
21 1.06140 32 0.97236 43 0.98517 54 | 0.98964 | 65 1.07643
22 1,25070 33 0.98497 44 0.97801 55 1.01462 | 66 1.01491
23 1.30276 | 34 0.97990 45 0.97998 56 | 1.04664 | 67 1.00615
24 1.22050 35 0.96734 46 0.98838 57 1.06487 68 1.07715
25 1.13547 36 0.97260 47 0.99571 58 1.06515 | 69 1.18117
26 1.06828 | 37 0.98509 48 0.99616 59 | 1.03828 | 70 1.21564
27 1.01138 38 0.99087 49 0.99095 60 0,99182 71 1.16791
28 1.00216 39 0.98112 50 0.97708 61 | 095785 | 72 1.03367
29 0.98310 40 0.97123 51 0.97066 62 1.01329 | 73 0.84161
30 0.96024 41 0.98061 52 0.96687 63 1.10996

Number of Group 1 1,
54 0.00418 0.00551
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(Figure 2) Process of Stopping Rule
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(Table 14) Age Grouping and Relativity(C;) of ¢ = 0.5

Age G Age C; Age C
20 0.63058 41 0.96740 58 1.01500
21~22 1,19037 42 1.04753 59 1.13293
23 1.48116 43 0.95680 60 0.99478
24 1.07216 44 0.98545 61 0.86493
25~26 1.13661 45 0.95094 62 0.94186
27 0.87603 46 1.02223 63~64 1.20107
28 1.10115 47~48 0.98675 65 1.05880
29~30 0,97023 49 1.01729 66 1.00092
31 0.90977 50 0.94826 67 0.95586
32 0.94542 51~52 0.98383 68 1.00938
33 1.08494 53 0.92239 69 1,28883
34 0.93051 54 1.03016 70~71 1.18879
35~36 0.96408 55 0.97549 72 1.07501
37~39 0.99494 56 1.06937 73 0.79335
40 0.93898 57 1.07682
Number of Group A A
44 0.00007 0.02917
(Table 15) Age Grouping and Relativity(C;) of t = 0.7
Age G Age G Age G
20 0.63058 40 0.93898 56~57 1.07310
21~22 1.19037 41 0.96740 58 1.01500
23 1.48116 42 1.04753 59 1.13293
24~25 1.09892 43 0.95680 60 0.99478
26 1.14753 44 0.98545 61 0.86493
27 0.87603 45 0.95094 62 0.94186
28 1.10115 46 1.02223 63~64 1.20107
29~30 0,97023 47~48 0.98675 65 1.05880
31 0,90977 49 1.01729 66~68 0,98872
32 0.94542 50 0.94826 69~70 1.24292
33 1.08494 51~52 0.98383 71~72 1.12778
34~35 0.94316 53 0.92239 73 0.79335
36~37 0.97851 54 1.03016
38~39 1.00008 55 0.97549
Number of Group 1 A
40 0.00040 0.03184
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(Table 16) Age Grouping and Relativity(C;) of ¢ = 1.0

Age G Age G Age G
20 0.63058 33 1.08494 62 0.94186
21~22 1.19037 34~36 0.95289 63~64 1.20107
23 1.48116 3755 0.98363 65~06 1.02986
24~26 1.11513 56~58 1.05373 67~68 0.98262
27 0.87603 59 1,13293 69~71 1.22214
28 1.10115 60 0.99478 72 1.07501
29~32 0.94891 61 0.86493 73 0.79335
Number of Group 1 A
21 0.00196 0.05623

(Table 17) Age Grouping and Relativity(C,) of t = 1.5

Age G Age G Age G,
20 0.63058 33 1.08494 62 0.94186
21~22 1.19037 34~37 0.96084 63~65 1.15364
23 1.48116 38~52 0.98508 66~68 0.98872
24~26 1.11513 53 0.92239 69~72 1.18535
27 0.87603 54~58 1.03337 73 0.79335
28 1.10115 59~60 0.99755
29~32 0.94891 61 0.86493
Number of Group A A
19 0.00473 0.06144

(Table 18) Age Grouping and Relativity(C,) of t = 1.8

Age G Age G Age G
20 0.63058 34~41 0.96874 63~65 1.153064
21~26 1.20121 42~52 0.98815 66~68 0.98872
27 0.87603 53 0.92239 69~72 1.18535
28 1.10115 54~58 1.03337 73 0.79335
29~32 0.94891 59~60 1.06386
33 1.08494 61~62 0.90339
Number of Group 1 A
16 0.01202 0.06801
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Grouping Method v 1
ping Group ! ?
True Value One Year 54 - -
Company Current 15 0.02950 0.05233
. 5 Year 11 0.07729 0.00244
57 13 (o R e I E
10 Year 6 0.16053 0.00141
5% 28 0.02657 0.00282
PrOPOITION  frrrrrrrrsrrr e e
10% 11 0.07773 0.00141
Movjng 3 Windows 56 0 01434 001551
Average 4 Windows 57 0.02922 0.01066
Smoothing A=0.3732638 54 1 0.00368 | 0.00656
Spline 0.00418 0.00551
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Abstract

For the insurance pricing, variable selection which has different risk
pattern and grouping for risk estimation should be considered first.
Since a variable, such as gender, is an obvious classification measure, it
is not appropriate for considering one of grouping criteria. However, an
age variable has a wide range and the criteria for its grouping is
ambiguous. Considering each age for risk estimation makes a credibility
issue due to the number of customer in each cell. Moreover, the age
variable has its unique characteristics that is depending on time and the
order for the grouping should be reflected.

In this research, the most effective way for the age variable grouping
is proposed by considering the variable characteristics. More precisely,
various grouping methods currently applied and new method ’‘The
Stopping Rule’ will be introduced. Using real insurance data, analysis
results are given to compare the performance and also be shown that
the properness and effectiveness of the proposed grouping method, ‘The
Stopping Rule’.

% Key words: auto insurance, risk grouping, stopping rule, true cost
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