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An Estimation of an Old Age Mortality Rate Using CK Model and
Relational Model

Kyunam Jung®, Donguk Kim !¢

“Department of Statistics, Sungkyunkwan University

Abstract

Due to a rapidly aging society, the future Korea mortality rate is important for planning national financial
strategies and social security policies. Old age mortality statistics are very limited in their ability to project a
future mortality rate; therefore, it is essential to accurately estimate the old age mortality rate. In this paper, we
show that the CK model with a Relational model as a base model provides accurate estimates of old age mortality
rates.

Keywords: CK model, relational model, force of mortality, life expectancy.
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Figure 1: Average rate of mortality change with age, k.(male)
average rate of mortality change(%)
0.16 )FQ
PO Py

0.14
o1r AV AT A%ER AV O
o1 1 N RAVAY

b MY :

0.06 i X ¥—4

0.04

0.02

40 45 50 55 60 65 70 75 80 85

age

Figure 2: Average rate of mortality change with age, ky(female)
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Table 1: Comparison of RMSE and MAPE by fitting periods and models

starting age 70 75 80
RMSEM1) 0.020177 0.023515 0.018795
max age = 110, RMSEM2) 0.014025 0.017526 0.016374
my = 1.0 MAPEM1) 0.141420 0.143824 0.101650
MAPE(M2) 0.107124 0.114184 0.089936
RMSEM1) 0.022082 0.025575 0.020334
max age = 120, RMSE(M2) 0.015922 0.019593 0.018017
my = 1.0 MAPEM1) 0.148873 0.153840 0.108406
MAPE(M2) 0.113729 0.124425 0.097084
RMSEM1) 0.015936 0.011219 0.024562
max age = 110, RMSE(M2) 0.010885 0.008161 0.017757
my =0.8 MAPEM1) 0.150358 0.094011 0.179706
MAPEM2) 0.112866 0.072601 0.137144
RMSEM1) 0.018555 0.011305 0.026463
max age = 120, RMSEM?2) 0.016256 0.010687 0.018988
my = 0.8 MAPEMI) 0.166803 0.094506 0.190692
MAPEM2) 0.145950 0.084617 0.143469

Brass (1971)9} Himes 5 (1994) 5914 AA & 2718 282 4857 fsiAe s 52 A}
FEE ook BTk o F 95tel 754 ol 4e TAYF AFEAR P 2001 A FE 20109714

o] A5 5 &8t

2L 214804 A vie} Zo] CK 7[EEP MDD} CK 223+ [In(m,) = a + Bx +
Y2 I(M2)2. & ol AESIL, A2 ® xo2 Figure 1, Figure 25 £ £ 70-804]7}4] 54 742
25k, H AR 110412} 120H 2 Wral, A2k AFGE-2 1.0, o2k AFE2 0.8 7HE5H3
ot} o471 A H 1z AEH S 11042} 12042 Fo17 212 Coale} KisheriHH S A AT FA] AFE27T @1
= 498 1OAIE ¢4 1ste, fevete] 1™IEEE Zhetsto] 120417429 A7Fso R E
HESICH

73 A3}E Table 12] RMSE®} MAPEES 7|&Fog B 2o 79 J BF CK 2a8+1
o] Aol roigion, FHS S AFIE-S FAHs RMSEZ} 704] o] Fol| 4] 7Hg #ont
MAPE:= 804 o] %7} 71 28 Ao & Lreht Figure 1094 FA419] A2 o] 8042 A& 112 3}o]
804 o] %5 A= TE A2k 754 o] 37t At o] 943k AL, Figure 2014 & 543 245 &
T Atk HIARFE 120/ E o= 110 R AR e o] Bt 21 o & Yt

FAAT A A= FAZHS v st Figure 37} Figure 49 211, 248 B2 AMYES
=31 Figure 59} 2t}

3.32. HAY BYo o] HAAE HebH A%
Himes & (1994) Sl AA S BAY BHL V,(x) = a; + ¥, 22 BAZ Jepd 5
den o5 T3 ndY APFEARE FAM Hedl, o] T Y0, Yi(0E AFEEY] LogitH

2 gtk B ERAAE Selet A2 E Sl HAe) BAY BYL A3 kel ¥,
P09 G ABES WERlo] AET AUA (TR, LNEI, Logitd I S H§ 21914 o]
B8 WA shelstast ek
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Figure 3: Comparison of actual value and estimate(male)
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Figure 4: Comparison of actual value and estimate(female)
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standard mortality rate(%)
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Figure 5: Standard mortality rate estimated by CK model

Table 2: Coefficient of determination(R?) by the type of transformation

(male) age 50 & over 55 & over 60 & over 65 & over 70 & over 75 & over
No transformation 0.99099 0.99034 0.98851 0.98384 0.97387 0.92901
LN transformation 0.99476 0.99440 0.99195 0.98637 0.97672 0.93242
Logit transformation 0.99502 0.99435 0.99155 0.98589 0.97639 0.93212
(female) age 50 & over 55 & over 60 & over 65 & over 70 & over 75 & over
No transformation 0.97843 0.98093 0.98287 0.98235 0.97528 0.93626
LN transformation 0.99548 0.99489 0.99310 0.99032 0.97810 0.94064
Logit transformation 0.99562 0.99496 0.99310 0.99023 0.97799 0.94070
WA, 3700 M8 3 71 Aol Hold YL 27 5ol 4 MIAE BEATE V(0 T
Skl ool thg3h= ZHIE ALE (08 T3 & B A o] F A5 5T AAATRY) 7L 3R] 3t

obst7] 9sto] RO AHE AAETE. 2 AFE 2 Table 20149} Zo] Logit$ho] Wi 25 7}
& e Ao R Yepgth T8 504 o] AFYEARE o83 u] AW o] 7P 43tk A

& Aok wEpA B =RolAE 2 A5 9] 504 o) A EARE EUR ), 8,9 FHFS 46}
, 18 EUZ 504 o]/ 110M1 7141 9] AbdEof o gt ZH d=9] ZAE AFEE-S 433t

}:J

333 ArgErE 2 oy A=

g3l 19702010132 AP EAIE R 7o WS 2433H7] HsiA AFEHE R W Este] of dh=
d], & =)A= Thatcher 5 (1999) 5olA E&38H AFEEE ()2 AFAFTEMFAY] HAQ g, =~
1 —e™ & AR TH
TS o] FA ST ATYEES ol AHEE AT ) AR A AAE 47 sk B
ARG S At HARAYL gutd oz 28] AT (fitness)S} & E (smoothing) S AR5}
o] HAAlo] ARAE ThotetA H =t & =RolA e AN AHE-EFL Q= Greville (1881)0114]
A|AIgE Greville 92+8F B AR S A-&8t3ch o2 gt AFYEES o83t FAAHY AW xE A4
Holl wheh ZhAE B2, AFEAE, AARJT 2 F ASISE Fote] HFH o2 4HE3 2010
=] ZAE 7|t o -2 Figure 637 231, SAI oA Wbt A o) 2 =FollA A} vl
1= Figure 73} 24t}
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Figure 6: Life expectancy by age(2010)
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Figure 7: Comparison of life table and estimate
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