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<E 241> ARl T g So]3 w3

B 4 EFEAt 7hol Al ol gE
Rl -3.4043 0.3033 126.02 <.0001
A -5.3996 0.5245 105.97 <.0001
B -4.3324 0.3491 154.03 <.0001
C -4.0154 0.2962 183.74 <.0001
FA7t D -3.8378 0.2867 179.23 <.0001
ANE&SH E -3.9523 0.2959 178.42 <.0001
F -3.7211 0.2846 170.96 <.0001
G -1.2898 0.2505 26.51 <.0001
R 0 0 . .
30 -0.0764 0.2691 0.08 0.7765
60 0.2426 0.2669 0.83 0.3634
A A 717 90 0.3367 0.2739 1.51 0.2189
120 0.8774 0.305 8.28 0.004
150 ©] % 0 0 . .

Zau

FECEL aﬂiﬂe 0.678; 0.13 17.99 <.0001

FolEEY SolgEE
olgd: / AFE 1.5385 0.6674
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<H 243> 9¥ere] SEE AdAIE & Atung FAA 2 2E 7Y
A A7) F 30 60 90 120 150 ©]7%
2= 0] ]_
/\]_r H: . A= 0.926446 1.274559 1.400319 2.404640 1.000000
oo H
A 0.004518 0.000274 0.000377 0.000414 0.000712 0.000296
B 0.013136 0.000797 0.001097 0.001205 0.002069 0.000860
C 0.018036 0.001095 0.001506 0.001654 0.002841 0.001181
D 0.021541 0.001307 0.001799 0.001976 0.003393 0.001411
E 0.019210 0.001166 0.001604 0.001762 0.003026 0.001258
F 0.024207 0.001469 0.002021 0.002221 0.003813 0.001586
G 0.275326 0.016709 0.022988 0.025256 0.043369 0.018036
R 1.000000 0.060689 0.083492 0.091731 0.157520 0.065507

<E 244> gL sre TEE AUddEdr & AruuE FAFX: Ve 7Y

2

AA| 713k 30 60 90 120 150 ©]%
AR ARSI R=
Nesz &&= 0.926446 1.274559 1.400319 2.404640 1.000000
1’0 O
A 0.004518 0.000379 0.000537 0.000609 0.001663 0.000408
B 0.013136 0.001102 0.001561 0.001771 0.004834 0.001187
C 0.018036 0.001514 0.002144 0.002431 0.006637 0.001629
D 0.021541 0.001808 0.002561 0.002904 0.007927 0.001946
E 0.019210 0.001612 0.002234 0.002590 0.007070 0.001735
F 0.024207 0.002032 0.002877 0.003263 0.008908 0.002187
G 0.275326 0.023106 0.032727 0.037113 0.101321 0.024870
R 1.000000 0.083923 0.118368 0.134798 0.368004 0.090329
AR T
Ao RPPlA AuAE BP0 HupRE Zo 2anwREvh
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<E 247> Yoo =FE AUY

e}

s
a-

)

AR E FAA: 22 A9

AR 717k 30 60 90 120 150 ©]7¢
o= 0.114842 0.277926 0.450544 0.212269 1

A 18.03835 0.904476 2.188902 3.548411 1.671799 7.875841

B 10.08249 0.505554 1.223481 1.983375 0.934447 4.402181

C 6.207138 0.311237 0.753218 1.221036 0.575279 2.710139

F=A A D 5.875552 0.294611 0.712981 1.155808 0.544548 2.565363
28&S5HE  E 5.45755 0.273651 0.662258 1.073581 0.505807 2.382857
F 3.043171 0.15259 0.36928 0.598637 0.282042 1.328699

G 0.552225 0.02769 0.067011 0.108631 0.05118 0.24111

R 1 0.050142 0.121347 0.196715 0.09268 0.436617

< 248> Aderd sHE AUAEE R AnAE FAA: 7E 7Y
AA7IZY 30 60 90 120 150 ©] %
Ao = 0.009401 0.012383 0.021267 0.127594 1
A

B 15.18488 0.18194 0.239668 0.411601 2.469461 19.35402
C 30.9973 0.371428 0.489241 0.840213 5.040977 39.50787
T A D 7.652252 0.091694 0.120778 0.207422 1.244458 9.753245
AE&sH  E 67.39697 0.807591 1.06375 1.826862 10.96052 85.90139
F 51.36207 0.615451 0.810665 1.392221 8.352827 65.46398
G 1 0.011983 0.015783 0.027106 0.162626 1.274559
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<E 249> ¥ esre SHE AFH & F2E 7Y

AA 712k 30 60 90 120 150 o4
A 0.000248 0.000826 0.001471 0.001190 0.002331
B 0.000403 0.001342 0.002390 0.001934 0.003783
C 0.000341 0.001134 0.002020 0.001634 0.003202
A} D 0.000385 0.001282 0.002284 0.001848 0.003620
AT E 0.000319 0.001062 0.001892 0.001531 0.002999
F 0.000224 0.000746 0.001329 0.001075 0.002107
G 0.000463 0.001540 0.002744 0.002220 0.004349
R 0.003043 0.010132 0.018045 0.014599 0.028601
<3E 2410> 9189 sEdE AHHE: 71E 7Y
AA 712k 30 60 90 120 150 o4
A
B 0.000201 0.000374 0.000729 0.011938 0.022965
C 0.000562 0.001049 0.002043 0.033458 0.064364
=912} D 0.000166 0.000309 0.000602 0.009865 0.018978
AE5H E 0.001302 0.002429 0.004731 0.077486 0.149061
F 0.001250 0.002333 0.004543 0.074410 0.143145
G 0.000277 0.000517 0.001006 0.016477 0.031698
R

$ AT BAA G AR FA4 AEET AG R dAAE AFUE

o] S7Fsk= AL

HE 7 oW FAE wAE7] oJHTh <3 249> <& 2410>2 x# V)8
&3 dFd Aols yEhled ol 7 Adasd] S AFALIE A<l
FA &2 Aad v gE Qe beAdS dEith 5 V12 ese AAY
o] A=, F9Ae AEsHFol HeFs ¥ 283 A&t A 244
= ook AdASHA ehrhis Zlolth Wyt ofuy FEVISe] A7) (wEkA 717
el mEgm)s AFnEdd W 8% ands AT 5 gUley 9
g 71Res&e olE nesA 43 gtk By SR dolHF GRS W o
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A3 AEE Al AdTH Tl HA= |F

A1d dTFML

AAA AAete] Hitgwo] njd 45709 7ttt A7 H 32 (Oeppen and
Vaupel, 2002)°14 & o+ Ax Ao HiErHS 20471 F95H 543 S7hst
Ak oleldt FAE AEHE AR AqAy=d FF 207 80419 AYES oF
50% A = wrolxal 70419 A9 &FF 40d T oF B%AE JldE el 3ot
(Swiss Re, 2007). ol&igt At o S7h= thgeh A3, AA, oshdxde] 5434

kel EPGA YPus

Lo,

o
~
o
O
o
-
=
X
=
il
Mo
k
2
o
2
)
ol
=
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O
o
ol
f

Ale] 7] % & (actuarial basis)S AlFTH7] A7EA] AFE&35ta oy =AS Al 7| =2
A JAAEZS 7 2ES ARSI AATH TS AFIME AE Q8L ST

=, v APGEF ojAEo tidt 2ol FH X (best estimates)E 7|HFOZ

AEA el Ax wbdE Bz ARz HeEd A F7reA Ao A EAARY
A gl AFARE S A dElA S Aolth ofAdH AlES

e APRGALN A #elE 82 3= “FF g2~ (longevity risk)’ 2 Q14 F ),
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Lee—Carter =38 3}

A24

AE 2 Lee-Carter 23

1.

2}t (Lee and

]

o
=

Lee9} Carter’} A%

Carter, 1992).

(3.2.1)

o, + 0.kt €, (t) .
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o 7
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3l wAle]l A

-~ T
— t°

A7, (t)
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(3.2.3)
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(3.2.4)
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am+ﬁ"<‘-’t

EEaz,t eXp(
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A AEE pAE Ak 27137

<
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=2
[}

A

o uhiA
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ox

B
B

2 IC &2
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<

(Park-Choi-Kim model)?} LC 53 ¥} H] s}
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ol olg oS} AA #FAVF dAeA @ GAHEgTE BT Leest
Miller (2001)+= ©]l& A|AS7] 913 44 LC 23 (Lee and Mlller, 2001)< A A|
a3tk Booth & (2002)2 713t &% (period effect)® YHEFNE AMEE A
(mortality index) & HAsI7] 943 vhHoz & Adxi il A=d Abgxt
AAste] G E 3Tt S Rk ofy e} R A G| AMEEHE AR T
S A o daEd 5 e WHS AAEATE Delwarde 5 (2007) ©] &
e FASEA AR AgE N AEE YElE ReE FosA 94
(smoothing)sted LC R & AdS o]zt sttt Li 5 (2011)2 AMEE 7

A FAe] FA47 Wskh = AF olE #AAS ol wE e AMRE A

N

e
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Folhe o= g4atdom Cairns & (20060 -+ 7M1 71k 235 o] &
F=] APES] 2aste] diAl 2x]2~¥ Wke] 7wkek RS AAEATh 1
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Male -.003721 .000267 -13.926 .000000
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sorh #AEz AgEEe o V) B adwe] AgE F42 99 A8
o+ (Wetterstrand, 1981). @322 Aby AL 304004 90H747e AFiE
FAE WS ATt F ABHS Ul 2udge A%E F42 ddAe
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8

¢ =1—exp Y, z=80,81, - . (3.3.4)

T oA S aedEed el Aol st Aotk =, 0<s<1°]

Poss =My 0=<s5<1, (3.35)

E 7H8%vs Aol o] 24 A (334)e 7|vtste] A EE AHE + JA #
U walEx AN s HFAEAE (the limiting age)= AAISHA] &=t

wpepa] el A= Az A AEEC] 1007 Y AS Ag d AR A
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<Y 345> A7k ARG A

<3 343> FARAS] AdFv e

$A3 404 o34 404
73 3771 7¢ case 1 case 2 case 3 case 1 case 2 case 3
10 0.140319 0.084369 -0.03787 0.101443 0.046543 -0.08546
20 0.303658 0.188128 0.079741 0.226221 0.106205 -0.01754
30 0.478694 0.312127 0.220294 0.371546 0.180704 0.067271
40 0.645578 0.454665 0.381861 0.527564 0.273221 0.172597
50 0.782161 0.611583 0.559728 0.676915 0.388213 0.30351
60 0.875474 0.762854 0.731194 0.80001 0.523001 0.45696
70 0.92788 0.872101 0.855026 0.884987 0.659568 0.612434
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90 0.956668 0.957465 0.951786 0.955227 0.870762 0.852869
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10 11.3564 15.4203 15.4203 14.5805 19.3942 19.3942
20 16.1719 21.3722 21.3722 20.0594 26.3787 26.3787
30 12.1069 18.1080 18.1080 16.2920 24.1800 24.1800
40 8.2311 14.3558 14.3558 12.2474 21.4495 21.4495
50 5.0591 10.2249 10.2249 8.3756 18.0557 18.0557
60 2.8920 6.2428 6.2428 5.1845 14.0777 14.0777
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v 5 IEZYL -
g wr )| v 78 &
Z A FAl 100.00 0.00 74.42 31.55
20094 2010 49.35 50.65 69.28 50.99
S 2011 45.24 54.76 68.87 53.31
h 2012 48.48 51.52 69.19 51.48
2013 4798 52.02 69.14 51.76
| AEAL 72.96 27.04 40.11 15.18
2010 49.35 50.65 46.01 19.42
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1) 2011 45.24 54.76 47.04 20.83
2012 48.48 51.52 46.22 19.69
2013 4798 52.02 46.36 19.87
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w3 2011 33.84 | 7.57 1 29.85| 1.95 | 29.85 1.95 0.86 75.81 21.75
2012 37.05 | 6.78 | 29.06 | 2.66 | 29.06 2.66 0.97 77.10 21.39
2013 35.20 | 7.48 | 29.71 | 13.01 | 10.82 248 0.95 75.38 24.36
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471 245 2} gyt Al
Z2E 240 501,039
2= 2} wb 2 13,648,594
ARLEA (4) 15,204,703
AR ZAH (-) -604,727
NerE B A (o) 2,836,149
MR R AR (+) 675,313
23+ 7 36,906,689
ALAR &Y 190,674
2943 RAL” 246,774 4,905 58,034 310,366
(BEgE BFREY)
E 27 24 2224556 41,856 543,113 2,809,525
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) FAAE = AREA - AREA - SJBEBE A ¢ n AR F AR dgl
2) MATRER F AR Ao = BRRANAFRAR x (A7 hu - AADACE

z
3> ARAA FALE) = FEAE « FARNE [ (AAFA - 7] 47121 A okn))
20
(

>
(@

4) BN FAES = (FFAEN-AZAY FAE) x B FATESARE /[ FFEATE AR
5) FAZFs AL (H33d Hit) = MAX(RFRAR - BFRT - SARRIM] + 583 0)
(D) BRI = AI0S9 BARIE (AFRIs+FARIR - ZARIR) (AFEIETE A9

(2) BfEds = Al (AFREe + FARIAE - FARIS) (&), Anndae 3h
*AFERYE = AFRPT - FY + AFEH A
*Tzﬂyﬁé% = FAEIT - Y + AFEH A
EAREE = 2AERIT - FY + AFEH =AM
(3) AFdH] = o]Ad A
* F71EE o A oAzl EAGH = AIOSI(EAFAH]) + ol - 7

b =R} = AI059(£=AF H])

) SRR = ADOLWA LY SAARFYFFE - SRARA G
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ABSTRACT

Mortality Projection, Ratemaking, and Insurer’s Return

Ju, Hyo Chan
Mathematics

Sungkyunkwan University

Insurer’s profit has attracted a huge amount of interest from the insureds,
investors and insurance supervisory authority. Given that profit is the outcome
of managing various risks in underwriting and investment, I, in this dissertation,
focus on analyzing ratemaking, valuation, and insurance portfolio management as
a way of understanding risk management in insurance industry. The allocation
of investment income is also part of the dissertation since investment income is
another source for insurer’'s profit. To this end, I take, as an example of each
of various aspects in risk management, the estimation of the expected loss per
exposure of the short-term export insurance, the analysis in the effect of
longevity risk on valuation of benefit reserves, portfolio management in the
short-term export insurance, and the allocation of investment income by
business line in property and liability insurance.

First, using data on short-term export insurance contracts, I calculate the
expected loss per exposure by combining the effect of risk factors on loss
frequency and loss severity in different levels. Applying generalized linear
models (GLM), I first fit loss frequency and loss severity to negative binomial
and lognormal distributions respectively, and then estimate the loss frequency
rate per contract and the ratio of loss severity to coverage amount. Finally, I
calculate the expected loss per exposure for each level of risk factors by

combining these two rates.
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Secondly, to analyze the change in benefit reserve caused by mortality
improvement, I project age-gender specific mortality rates using Poisson
log—bilinear model based on demographic data for the past 30 years. Then, I
construct age-specific life tables to calculate actuarial present values, net annual
premium and reserves for whole life insurance and deferred life annuity. By
comparing this benefit reserve with original reserved computed without the
projection, I show that mortality improvement can be a severe threat to
insurer’s financial sustainability in the case of life annuity.

The third chapter of the dissertation provides an analysis fo data on
premium and loss ratio classified by four factors, and also elicits some
implication for the short-term export insurance risk management from the
application of Markowitz's portfolio selection theory to loss ratio. The result
shows that adjusting the weight of levels in each of four factors could reduce
the risk of the short-term export insurance in the process of underwriting.
Constructing insurance portfolio with the short-term export insurance could also
decrease the risk of general insurance.

For Korean property and liability insurance companies, investment income
needs to be allocated by line of business to assess profit for each business line.
Investment income should also be earmarked for benefit reserves from insurance
contracts and capital from investors and the insurer. The last chapter of the
dissertation provides a way to allocate investment income, reflecting that the

insurer is in charge of investment risk and liquidity risk as well.

Key Words: Lee-Carter model, generalized linear models, benefit reserves,

insurance portfolio, allocation of investment income
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