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el 2o pHES FAHT Fhol <E3-1>29 Estimate Dottt AAE S

[

AREEH 031S EE Atndg Rl HloJEo]7] wWEel Poisson £XE AbE
P uEbd Al HA b WA S B AleFAg A
e AAZ23E deErar v of7felA FAFTHEL duA dSgae]l 2Y

94 AAe AZsE AREALlt zovalie delghel 24

f
Gaitl Foll JdE BRE AFELS 0001 ol sholA o3t

<E 3-1> AHdA .84k Alads BE GLM Z gk 50

log=

SR AbaA S
Ll Poisson
A4 log
T Estimate Std. Error z value Pr(>|zl) ol
(Intercept) -5.42321 0.046916 -115.59 <2e-16 otk
g o 0.508111 0.005416 93.82 <2e-16 otk
AH 0.031153 0.000845 36.88 <2e-16 otk
Al a2 -0.08277 0.005866 -14.11 <2e-16 otk
Al a3 -0.09984 0.008124 -12.29 <2e-16 otk
RIS 2.315234 0.009557 242.26 <2e-16 koK
EF1EY 2.16832 0.008368 259.13 <2e-16 otk
LA -1.43728 0.006853 -209.74 <2e-16 otk
T2 -1.3266 0.006344 -209.12 <2e-16 otk
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<E 3-3> AHdA 84 Al RIE 504 oAl

(el )
. 3 Ak o

el 1 2 3 1 2 3
a9 0.0050 0.0046 0.0045 0.0083 0.0076 0.0075
el | el 0.0210 0.0193 0.0190 0.0343 0.0321 0.0315
ER L 0.0056 0.0051 0.0050 0.0092 0.0085 0.0084
ERRIR 0.0435 0.0401 0.0394 0.0723 0.0666 0.0655
s | AW | Al 0.1832 0.1686 0.1658 0.3045 0.2803 0.2756
A A 0.0486 0.0443 0.0440 0.0808 0.0744 0.0731
T3 0.0504 0.0464 0.0456 0.0838 0.0771 0.0758
TH | T 0.2122 0.1953 0.1920 0.3527 0.3247 0.3192
AT 0.0563 0.0518 0.0510 0.0936 0.0862 0.0847

<3 34> ARA 88 Afad s WIE 594 oA
(9] )
- 3 oAk o

el 1 2 3 1 2 3
CRAE 0.0066 0.0061 0.0060 0.0110 0.0101 0.0099
g | el 0.0277 0.0255 0.0251 0.0461 0.0424 0.0417
EREL 0.0074 0.0068 0.0067 0.0122 0.0113 0.0111
ERRIR 0.0576 0.0530 0.0521 0.0957 0.0881 0.0866
HE | A | A 0.2425 0.2232 0.2194 0.4030 0.3710 0.3647
A A 0.0643 0.0592 0.0582 0.1070 0.0985 0.0968
T3 0.0667 0.0614 0.0604 0.1109 0.1021 0.1004
T | T 0.2808 0.2585 0.2542 0.4663 0.4297 0.4224
A 0.0745 0.0686 0.0674 0.1239 0.1140 0.1121

_11_

Collection @ skku



AE

A 24,

25}k

fvze)

-
¢

A

D A

A

~
;00

B

(3.2)

It} Std. Errore=

Jgj}o

)+ By + By, + By -+ Bexg
4

GATE]

[e)

In(p) =In (713

o] Estimate

-
it

[e)

1=

o}

w

)

taL s A= 0ol

S

gteol e =4

=
=

I v s R s P

+
o

M

R

o2 frelswe] 005t Fom ARl JgE >

@ol frelFEAA EARoR

oA o] &

¢}

toh vy Hln. t-values &

°

g

[e)

i

al

%4

)

Mo

_12_

Collection @ skku

exponential



N
¥ | % ¥ | ¥ | ¥
o | % | * ¥ | % | %
o
o|lm|la|lo|x|lo|lolo| —~
—~ || Ol XR[DD| A~ |~
NI E
SIS EleS|8|8|8|818
~ x® | o ) )
L0v|E Viv]|v
[
nlw|s|lo| =]~
NS |m|l|laolon| N
= = CIN| Q| N | O[N] D
GO I Clod |- |||l | F|= ||
JUmJUgl__ = — |
El| 2| S R
Ml 8|2 = =
|9~ =
N~ |lw|~|x|wL]|n|»n
Jln | @|lalglo|d | gl
Elolo|F|e|lF|Is|lag|a|a
Clm|o|lm|l=lx|oc| x| =~
bl | Slo|lolgls|l=|ao|l=
mle|lelelalelele|lcl=2
ool o oc|lo|o I
s
n
Nl x|w
Sl |8l
vl |lola|l|B| 8D
SIE|lolnss|o|los|®
S| =D |a|lx|F|D|I=| 0
clsls|s|alala|a|lale
H|S|o|lo|c|c|s|s|xn|c
21T |7 T T I
[63)
= o | fm -
AR [ e | e | A mdl Q| on | R | B | | m
B ||| S o | A (AR Mo 2R
do oo | wl ||| 8| F |5 |1 w6
=B | ol | B s " | ™
| B S = NJ%%%%%

2) A=

BR2E 44, 9, Agew yHA

£
Np

Mo

o
)
[aN]

iz

5o
cn
=

B
oj

w

7.53164 o]t} <

50000000)
250000

2 (L03766*(

o] o
21

oty A=

H

_13_

Collection @ skku



o] Awlgkel 500079,

go14 ¥}, 4

=

=

0]
pul

Fo} o

0 — O — = -
N N 0 O >
& N N —~ O
s [SaTo! mn S
=S S 0 N
o} — o O >~ O
)A
T |m z
|7 °
Gl
‘mo
e
{F x>
— W
[ fm = Hm
B w H
%0 of Bo
— 0|~ o 10 — © O
=) O D O
W 8 S 2 & 9
= a3 N N < <
N_.o o — — (e —
3 Gy
o =0 oy
4
Gl
‘mo
e
— [aN}
Mﬂ e WE
X il i

Fol Ak

°

& A

&l

o 2] gk
obel o) 4] <]

3)

B

_14_

Collection @ skku



Collection @ skku

<GE 3-7> ARH 284 AT AR oAl F 504
(291 <)
. A Ak o2}
el 1 2 3 1 2 3
el 2 1,079,800 | 1,050,958 | 1,029,937 | 1,007,510 980,599 960,985
el | el el 143,368 139,539 136,748 133,770 130,197 127,593
o &l A 29,636 28,844 28,267 27652 26,913 26,375
i Ay a4 1,401,242 | 1,363,814 | 1,336,536 | 1,307,432 | 1,272,510 | 1,247,058
B Ad | A9y 186,047 181,078 177,456 173,592 168,955 165,576
A A 38,458 37,431 36,682 35,883 34,925 34,226
E THAL 1,382,085 | 1,345,168 | 1,318,263 | 1,289,057 | 1,255,112 | 1,230,008
% | T2 183,504 178,602 175,030 171,219 166,645 163,312
T 37,932 36,919 36,181 35,393 34,447 33,758
<GE 3-8> AbdH 28bd AT Ak oAl F 594
(ko] <)
. A Ak o} =}
el 1 2 3 1 2 3
A | 1,111,681 | 1,081,987 | 1,060,346 | 1,037,256 | 1,009,550 989,358
CEl el <] 147,601 143,659 140,785 137,720 134,041 131,360
o &l A 30,511 29,696 29,102 28,468 27,708 27,154
i Ay a4 1,442,613 | 1,404,080 | 1,37599 | 1,346,033 | 1,310,080 | 1,283,876
B A4 Ay ol 2 191,540 186,424 182,695 178,717 173,943 170,464
A A 39,594 38,536 37,765 36,943 35,956 35,237
E TEd | 1422890 | 1,384,883 | 1,357,184 | 1,327,631 | 1,292,169 | 1,266,324
% | T 188922 183,875 180,198 176,274 171,565 168,134
T 39,052 38,009 37,249 36,438 35,464 34,755
— 1 5 —



A4%d GLM<S &&3% AI$3 a8 443

A1AE. =
D A4 34 Avgk

AFSA QAo A A

rE
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W39 201599 AnAFE HANH o A&t AFA IR 20159 %9 20161
T Aol RF sdstes AAMEE HoHE ARt AL E7E 201591

AL 201563 %9 Al AdFR 1A AT AETE 201691 A2 201613 =2 Abard
In (“2016) = By T Bz, + Byry +e 4By (4.1)
o Aol g RE g ASE A BE AR agnge Afet 2
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<EE 4-2> AR aebd At s WE GLMEE 2 Igk 50
HHg AbaA S
Ll Poisson
AAgtF log
7 Estimate Std. Error z value Pr(>|zl) s
(Intercept) -4.851819 0.0470652 -103.087 < 2e-16 stokk
4 o 0.2748577 0.0054992 49,981 < 2e-16 stokk
A 0.0175537 0.0008489 20.679 < 2e-16 stokk
Al a2 -0.053592 0.0058659 -9.136 < 2e-16 stokk
Al a3 -0.059511 0.0081326 -7.318 2.52E-13 stokk
TH15d 1.6754794 0.0098034 170.907 < 2e-16 stokk
1Y 1.6532724 0.0086219 191.754 < 2e-16 stokk
TR2ed -0.886466 0.0071223 -124.463 < 2e-16 stokk
T2 -0.87755 0.0065536 -133.904 < 2e-16 stokk
159 % A4 14 1.7649856 0.0059967 294.328 < 2e-16 sokk
159 % A4 24 2.2148593 0.0078167 283.348 < 2e-16 stokk
159 % A4 34 2.4943763 0.0102885 242.443 < 2e-16 stokk
159 % A4 44 271215373 0.0139541 195.035 < 2e-16 sokk
159 % Aoz 57 2.8655317 0.0203127 141.071 < 2e-16 sokk
159 % Al 671 o4 3.1797444 0.0212813 149.415 < 2e-16 ok
2) A=
ZIEasel i AdAd vE detdla ok AR 28] A=t v
W EH delE e, A, AE, dEe ddiErE Aasta o gial AAA A b
g AT ATt AL A BlEste] Frbste FAloth
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<HE 44> APFA 2844 HE A adS GLMEE 504 Asla 19 dAIw
(91 71)
! WA o] 2t
159 =
s 0 1 2 0 1 2
el 0.0077 0.0452 0.0710 0.0102 0.0596 0.0934
el | sl 0.0188 0.1098 0.1722 0.0247 0.1445 0.2266
g8l A v 0.0078 0.0457 0.0716 0.0103 0.0601 0.0942
Al 0.0405 0.2364 0.3707 0.0533 0.3111 0.4879
wry | Ay | ZHey 0.0982 0.5736 0.8994 0.1293 0.7550 1.1839
2 0.0408 0.2385 0.3740 0.0537 0.3139 0.4923
THUd 0.0414 0.2417 0.3790 0.0545 0.3181 0.4989
T | TFAA 0.1004 0.5864 0.9196 0.1322 0.7720 1.2105
TEAY 0.0417 0.2438 0.3824 0.0549 0.3210 0.5033

<E 4-5>F <FE 44> A dEu 50ME v Ao R <FE 4-4>9 7t 2AFE

A A SE nEsle] FAHRAE LU =1 711078 S A o]t
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<E 4-5> A Q84 RE Ay GLMESE 594 el 15 oAl gt

(9): 7)
A a o 2
T 159 %=

b 0 1 2 0 1 2
Al 0.0091 0.0530 0.0831 0.0119 0.0698 0.1094
33l 3l <] 2 0.0220 0.1286 0.2016 0.0290 0.1693 0.2654
A Bl 0.0092 0.0535 0.0838 0.0120 0.0704 0.1104
AR ] 0.0474 0.2768 0.4341 0.0624 0.3644 0.5714
oHY A 2w o] g 0.1150 0.6717 1.0534 0.1514 0.8842 1.3866
v vk 0.0478 0.2793 0.4380 0.0629 0.3677 0.5765
THYd 0.0485 0.2830 0.4438 0.0638 0.3726 0.5843
=% B 0.1176 0.6868 1.0770 0.1548 0.9041 1.4177
A 0.0489 0.2856 0.4478 0.0644 0.3759 0.5895

A2d. A=

ARTA 284 Y] AEdM e AALH S AdeR YoM glme Agses

235 FH3I FHES AFEIT te %9 Estimated gAIFES FAZLolth. Std
Errore X+ AE YErdTh Al WA o A8 4& 2H AFFA A g 24
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<E 46> AHFA 28 AdFd AR GLMEE A7k 504
PSSLiE Ad e
Ll Gamma
QZ A% 7Hd =l
A4z log
7 Estimate Std. Error t value Pr(>|tl) s
(Intercept) -0.73931 0.083274 -8.878 < 2e-16 koK
7 o -0.06065 0.009722 -6.239 441E-10 koK
AH16 0.003619 0.001502 2.409 0.01598 *
Al a2 -0.02864 0.010366 -2.763 0.00574 ok
Al a3 -0.04834 0.014431 -3.35 0.00081 koK
TH15S 0.262723 0.017233 15.245 < 2e-16 koK
1A 0.273388 0.015336 17.826 < 2e-16 koK
299 -3.29543 0.012669 -260.116 < 2e-16 koK
T2 0.022631 0.011412 1.983 0.04736 *
159 % A4 14 0.014518 0.01058 1.372 0.16999
159 % A4 24 -0.04268 0.013661 -3.124 1.78E-03 ok
159 % A4 34 -0.0719 0.017978 -3.999 6.35E-05 koK
159 % A4 44 -0.12935 0.02451 -5.277 | 0.000000131 koK
159 % A4 54 -0.02807 0.035783 -0.784 0.43285
159 % Al 671 o4 -0.12445 0.037552 -3.314 9.20E-04 koK
AZASF= log®2 FHol| exponentialS FHetH Z|hAFF Yo FUHEe] Ho7 X%
a9 + Aot
2) A=
Aol B W =10 Hrh AFWSA O FUH e AU E
Shol UEhilm Gtk A B S sEe] S WAl tie oA omole
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<E 4-8> AFFA 884 Adad A% GLM 504 a1 dAl
(9l 2)
! WA o] 7}
T 159 =
g 0 1 2 0 1 2
Al | 1,059,963 | 1,075,464 | 1,015672 997,583 | 1,012,171 955,898
sl | sl 143,037 145,128 137,060 134,619 136,587 128,993
g8l A vk 29,262 29,690 28,039 27,540 27,943 26,389
. AdY | 1,393,226 | 1413601 | 1,335009 | 1,311,233 | 1,330,408 | 1,256,442
% An | Ayl 188,009 190,758 180,153 176,944 179,532 169,550
A A 38,462 39,025 36,855 36,199 36,728 34,686
399 | 1378446 | 1,398,605 | 1,320,847 | 1,297,323 | 1,316,295 | 1,243,113
T | THAA 186,014 188,734 178,241 175,067 177,627 167,752
TEAY 38,054 38,611 36,464 35,815 36,339 34,318
<E 4-9> AFEA 884 AFEd A% GLM 594 AslEa 1 A%
(9l 2)
44 Wt o] &}
T I
. 0 1 2 0 1 2
el | 1095055 | 1,111,069 | 1,049,298 | 1,030,610 | 1,045,682 987,545
sl | el el 147,772 149,933 141,597 139,075 141,109 133,264
g8l A vk 30,231 30,673 28,968 28,452 28,868 27,263
. Al | 1439352 | 1460401 | 1379207 | 1,354,644 | 1,374,455 | 1,298,039
% Aw | Ay 194,233 197,074 186,117 182,802 185,476 175,164
AR A 39,736 40,317 38,075 37,397 37,944 35,835
FEAY | 1424083 | 1444909 | 1364576 | 1,340,274 | 1,359,874 | 1,284,269
TH | THAH 192,173 194,983 184,143 180,863 183,508 173,305
FHAY 39,314 39,889 37,671 37,001 37,542 35,454
— 25 —
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ABSTRACT

Verifying statistical significance of private health

insurance’s past performance variables using GLM

Lee, Ga Eun
Department of Actuarial Science

Sungkyunkwan University

The private health insurance is a product that the insurer compensates for
the medical expenses actually incurred when the patient is admitted to the
hospital or outpatient due to disease or accident. As of the end of 2016, the
number of contracts is about 33 million, and many people are joining. However,
with the growth, the loss ratio and the premium increase have been continuing,
and we still maintain the a priori ratemaking that imposes a single premium. In
this paper, we use the GLM to verify the statistical significance of introducing
frequency performance variables for differentiating premiums. We verified the
significance of the age, gender, collateral, and class rates used in the current
ratemaking, and empirically analyzed the significance of a posteriori calculation
by adding the performance variables to the current ratemaking model. As a
result, the GLM model shows that the frequency performance variables are

statistically significant..
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