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Abstract

Rapid aging of the population affects population structure and population aging. Consequently, developed
countries have focused on population aging as a major issue in regards to pension sustainability finances as
well as health and the elderly welfare system. Mortality projections that result from population structure
changes and population aging are increasingly important. This paper compares six mortality models using
KOSTAT’s life table from 1970 to 2016. The models are rooted in the Lee-Carter (LC) model (Lee and
Carter, Journal of the American Statistical Association, 87, 659-671, 1992) and have been modified and
improved on the assumptions of the LC model. We examined the improvement process and the check
assumption by models in order to find a suitable mortality model for Korea. Korea shows rapid aging and
declined mortality rate by age; therefore, it is desirable to estimate and predict mortality from LL&LC-ER
models by combining LC-ER, LL, and LC-ER models that reflect the phenomena and modify age-specific
mortality patterns without major changes in expected life expectancy.
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A AbgeEe] Nder A7 JAPHIL a1 ol7 skl mEidet Aol vk
ARRl ot A ol SHiE L ok A&H oz sty Qe AMGER ZUeEe ST A7
A7z W] 23 TS AT wEA 1S SR AFAE 9 AFLHS A= AL
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ujgfe] AFGEo] 3t &2 vigfol the EEAES xSt gleng B oEA EFHAL o
< AXA ot oy EFAAS 1EEla A slr] f5] EEF APE 23 (stochastic mortality
model) o] gt AF7F AYFH WA AFGE oSS A3 thFet B S0] 7LE o] sirh. o= AR
o] FA|7} ujgfol= #A&E Zlolet 7MY stol] dl&Ake] A HellE elshA] ¢kal Aol 7uke 7

of Hlehgre o=,

ATHT & % k. Leest Carter AFLE 22 A15) LT moe T2/ Beeshn F40] 2uat
the A w2l AF7HA s de] AREE AL k.

o]% Lee$} Miller (2001), Booth 5 (2002), Li¢} Lee (2005), Z28]3L De Jong3} Tickle (2006) 5
Lee-Carter 28 (o]5F LC 2.8)& /AH3H7] 913 A7-8 43540k oMol AE |52 914
S E &3} (Cairns 5, 2006, 2009, 2011; Renshaw £} Haberman, 2006; Hunt$} Villegas, 2015)&
AU AuEHe R (ndE)e® ¢ (Kannisto 5, 1994; Thatcher 5, 1998)3H= 4%
We BP0l AFHoIAL Yot

v
ot 3 K rlo

2ol Feivels £33 AFgEC] W AXFoA AA wma2A ZaPd 2350 AFgES 1A
Ao Fol5ll, ART AMLE Fas driHoz wiead JA¥H = Ao ot o2 AFE A

< =3
E M FAY W3E YT 5 Jde EP(LC-ER)O gt A+ = Ut

2, 223 Avlae) Aol (lifespan) FE3} Aol disparity) 140) BAF EATe
2 Hoh o AR A AE BRe) daee Boke AT (Bohk 5, 2017), ATE 46 242
2] WMy 71923 (random field memory model)o] AR-ARCH 282 83 213 (Doukhan
5, 2017), 173 A7 ©@r] 9 A7) AFYES $7 AFAHE 1837 H30 vector auto regression
(VAR) Z2A|AE &83% A3 (Lig} Lu, 2017), 282 HoHRZS FejFoz vejsa 239
AT E ASt oA &8-S FAAZ]17] $350] Elastic-Net (Zou®} Hastie, 2005) 7]¥ke] ¥ VAR
(penalized VAR) 22 A|Hst AL (Guibert 5, 2017) 5 %2 2y AgA7LE0] It
S AR o 2o B ATEE LC RHo] B AT (Kang 5, 2006), AFE 2] H5o]
B3 AF (Park 5, 2005; Jeong¥ Kim, 2011), 28|32 AJAE A7) 2 LC 2¥3} LC =
SERYN & 239 v AF (Jung §, 2013), R4} MRS R Y S 83 APGE oS va AT
(Kim¥} Oh, 2017), AJAE ©]&7]7kel| b2 APd& o5 vl A+ (Kim 5, 2018) 5°] it
B =82 v 22 HolA A¥dA7s5 ApEEr
AR, NFE ASS H3 tEFHA 2y LC YL AFoR o] 2L 7|43 Lee-Miller (LM)
3 (Lee$} Miller, 2001), Booth-Maindonald-Smith (BMS) 23 (Booth %, 2002), Li-Lee (LL)
o (Li®} Lee, 2005), 281 FHZ 55U A+ AEE 74 Zdl(declined mortality rate with
rotation) @42 W93 LC-ER 2§ (extended of the LC with rotation) (Li 5, 2013)3} LC-ER 23
o] 917 EAh(sub-population)?] B34 BFHEZ A3 Li-Lee (2005) A& 713 LL#} LC-ER
2328 (combined LL and LC-ER; LL&LC-ER) (Statistics Canada, 2015)7}#A]2] WS AsH 11
7} gttt olF YR REEL Syt FASAE A Hsl AMES ATYE dS ZYEolH,
2 AL L0 27 Ad) 03 2349 ARE @ AT2A v} Aok F 5 Yok
=R, 48, 7, =3 22 wE 1HIE Hole U2 FAY APLE] vHdE A& A
B AFgEo] ARSIt gl o o) Aol EgF ATt gtk webA flolA A7iE By
1 AMES 53] 98] AR EE A HEES ARSI, wE AFEE A 1RSE Qg B
Y A AR st 53] 98, S, e T2 wbE 193E Hole UuEs2 BAY AME

>
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o] ml o= X & 1 A APgE o] dAFITH= 71 o] § o)A} S| A o)A B3I ALt W
el o] g ApE AFE 98 1970-2016'9 FA% KOSISS| S8 3%(2016) AFz oAl ZHAIE AL
TEE ARE oINS ety AFFEEolA APTERY A2 APTE = AFSEE/(1 - 0.5 x
ABeE) AL BEeAT

H =879 AL g3 2k 2% oA LC A€ (LC, LM, BMS, LL, LC-ER, LL&LC-ER) 9] A}
TE ISEYS 2753 o5 FUEL AvEch 3oL ATE A FA7L WS s ¢
U e AR 54 wofely LC Ade) 6711 Yol 483 A9 vt o) AHEL
%%H whe TYSE Holt fEul] AR ARE RYo) £AUAME AlNenA} Arh. vpAoz

oA e AF2404E Aestdtt

E Ao M AHFE A5S 8 gEZ 9 23 LC 2¥3} o]
2’<__E’_

S 2%} =3 FH2

o

HAs LM 23, BMS 28, LL &
3} ER wwr LC- ERU%
Ag 23 BES A

jﬂ,
1o
o
=
=
T
—
®
o
)
o
o
=

off Q- R H3Hd HEE

2.1. Lee-Carter 2

LC 2382 19929 AF5A 3R Lee} Cateroll 28] A|$HE njg] AFFES &3t 249 23
o2 723 HEE AIES d¥ &I (age effect) 2} A|7HE I (period effect)] APoz 3 21
A d AFYE (age-specific mortality) dEE2d] 2= 4] (2.1)3} 2t}

In(mgt) = azy + boke + €z, t=1,...,n. (2.1)

t
argES #—:‘_ﬁ, boe 7t ?ifﬁ(’ﬂ/\i BIANGES] H3L ke l& t°ﬂ fﬂrt il/‘}“& E‘ii}

A=l w2 ﬁﬂﬂx—i‘ﬂ El/\?“o‘%" TE(ax) T ZF ARoNA ZIAPGES] W3 (b, ) Aol 7T

aolal, Azl M2 AREAQ AMYE NAFEE Ehbie AFYE A5 (mortality index) 91k, Tho]

Azl -/] Eoeg FAE k9 A5S B30 v AFFES oS5HA At

B azv A Wi In(me,)] BE2E AMERAL, b8} ke [In(ma:) — az]oll MR AR

3l (singular value decomposition; SVD)¥HH-& A-8-3lo] dojR A A Z"LE—% AHg3te] FA = o

Atk olmf b, 2} ko LT FAXNE AT Al 3o, ke =0, 3, b = 19} 22 Alekxdo] 8

sty =3, 2AE ks FAY ARSI AA APGASS} AXFER FALASE Dy = 3 Dy

72NN kB 2RTTE 71N, Dy tAR, 2 A ARl

Figure 2.12 LC E8ol|A Zzte] B459] A3} AZH1970-2016)00 u}2 Fol& AsE Zlojth. A

BWH a9 AR W EIAANGE WD ar, T HAE 7 ARA ZIATEC] WIEHE FE
o, Al BAlE AIZE to] WhE 2IAYE aF0] WEE ‘/]'E}‘/H% kiolth. a, v+ JAE ABE

zt Adigho] 2W A 29 AMFEY W3t Ivke A YnEit}. ke ARl wEt Ao e

st AP LR o] Al wet AlgE o] i S gt

A BT T a:9 boe ASERE FAHI, ki Tho] ATt o]E8= BEFolBE LC B39 #H2

2 kE duht ’gp—j"ﬁ}ﬂ] FAs A ESsherke] EAz AZDh Y k9] S rEHos 4
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Figure 2.1. Trends of parameters of Lee-Carter model.
(2.2)8} 22 BHE 2= YR YT Y (random walk with drift; RWD)& ARE-31A 9 t}2 ARIMA

kt = ktfl + d+ €t. (22)

A71A de Y HPYIA L] FAE UHEhlE "‘J*U-’FE ko] a Az WgE YL, eps FE O]
Nl £ = FEsolth

A& kg (5=1,2,..)9% F8H 4,9 b2 A (2.1)0] deHA wefo] ZIAANTES &3 4 9
th. &, kngnn® h-2A o5 (h-step-ahead forecasts)S lAanrh‘nE E71HH In(mg nin)d h-THA
A& 4 (2.3)3 2t

(Mg nth) = o + boknpnjn. (2.3)

2 R A FAR ()T A (20049 94 Aole] AmAo I3 AA T SRS of
A [e]

J = Var(kninlkr, ... kn)= AAQE 2YogHE
2 4 gk aPx By A B ot A 21 A4 ol thste] AFIE
Pl 3] 2Pk o)B o3l viele Bl B oSGt AT

LC BYE 727} SIE MRS ol 5ol §olstel, oS RN vlmd S5tk GelA gof A
WE Al g ARA BYo A7 del ST Ak AR A Aol ol A

on] olg A7) s the Aol 24 olel AM mYSo] Akt olF
BYe L0 Y9 /| RTEE §ASEA Hade] WBL /9 Ao 78 2PL AP AYE b
A el k& Guit A2 d Aol
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2.2. Lee-Miller 2

LM 23 (Lee&} Miller, 2001)2 LC 23

o

HyPow oy 37k ®oA LC R¥E S5k

AR, LC By Azt A9} FAQle]l A5E AFE WS (b,) 7t A 7Hgstgich 28y
Lee9} Miller (2001)% W=, 2gd, 7jueh, Z2ks 59 2 20417] Auk7](1900-1950d )3} Sut
71(1950-1995\3)2] AVE Za EHEJ_% Hagt A3 G 22 AIAA T2 ste] 20417] A
WE WEY] 72 w3yl BAste] 195098 7|Fo® AR E AMGEY Wbl AR 3eS 2a
stlch. LM 232 Wstels A9E AFEES] e (b)) #AIE 23t LC 2yA A3 714
o] AFAL =ol7] f8 2 AT 1950 o] F 9] A5 E ARSI Th

A, LC 23 349 kT SAEATE o] 85te] A8 o, ols A= AR (Dy)
F7b AFdlolE 7t dadtet ol#fdt Adlole o] AH-S F5H] E 1% 7|t (e0) S 0183
of 249 ks AU

AR, Lee2} Miller (2001)& A 7174 vix|et dAxel AH gt AAge] &YX (jump-bias, H
Z AR k] MEL FAE AAHs AE] Az oA Ao (jump-off bias)7F LA FITE o] 2 <l
slo] dAdT o3 Zoigol glo] 0.61d<] Aol 7t HATS AAFCE (Leeg} Miller, 2001). LM &
P2 MR FAE AAH: A 2R oA B WS Solal I A% 71 T (e0) 9 cllZol 2}
o7 W sHE AL FH3Y] s AghE 717ke] v et Aol A3k gk oAl xﬂ% A3l

2.3. Booth-Maindonald-Smith 23

BMS 23 (Booth &, 2002)& tha3} 22 37k4] WellA] LC 235 WP =
AR, Booth 5 (2002)2 LC EZAA FHH kE SAEAT(Dy)E o83t 23 3¢ A%
W AR B ol AT £ A8L AR, kE BT Fual 2] A A
(D) 719 (eo) WA A8 AFGR (D, ) S

o

:

=2)
=
=] g}_

hil
=4

tlo r|r

1o of
g

-

i Elz,t =
=AY, Azl WE 2IAYES] £F %i‘r(kt)ﬂ Gk °lﬂ~— 7Hg sl A 574] 3= (goodness-of-
fit) 7152 ol g3t BRAT] Ao ARl 87172 2RI LC BYL A7dol] HE AUE

28] M) 7} AROIR, 7 AIAS] AR WIHb) 7t DA ARET, R A
B2 dlels) of Fige R ROl olee nqel Hel, 49 el AN 2 AT 9
AEow of

3 A8 AR o) 8712 Qe ARG 247k AR 7o) Aol g Hashele
A 41 (26)) AT FAZ 0|8 e1e] ARHEE S} (Booth 5, 2002).

deviance; = 22 {Dz,t x In (gft) — (Dayt — ng’t)} . (2.6)
s x,t

A7V Dye A8 AR, Dy e AE AFGAROIAL, Doy = Niy X exp(aq + bok) 2 33
o (Noyee 757, ke Ax23d kt)

AR, A 717re] wiA Rt Aol AR A3k
o] gAYk W et 7t (eo) oIS Ao

o

BAXE Qdte] A2 FAL ALFE A=
AR YRS Rao PSS 24

gul

]
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ARwgo] o) Folgon TN AEe] A

ladtﬂ AFHA S ofE 54 (A (sex) T X]O—i(region))ﬁ 71Ee g thro] 2 e aF(tedT =

= 7 RATe R Ao)er FAstuA T o, AR AAA 2] AR A7 T APEES 1L
A o5 Jzt APGE el Aol EAgTh

LC 23& A8 3¢ 75 AFHES] Wsk k) gsol A= 22t

ols %Q‘& 2t %Zﬂfﬂ% ATEE 1T 5 flof, I AR JYE AL B FT] el SelA FE

|

£ 9 5 7 UelAMe A AA7 Ar)H oz ik 7hs AL B2 o), dakel ozl 7\}
FES LC 23S o]8ste] NPALR oS3t A A AFE AAPL Rk A7 UERE
Act. mebA AFEAES IFARE SHE o7 WS Add skl AT AMgE AAt Ar1HeR %’*
=2 PE=E Y& YA (coherent) o] 2E2F 4 Y= AVLE =R o] Fosiriy F4eT)
Li®} Lee (2005)+& AR AAIAQ 220] AR A7) AFgE siHS A7 H oz 3& AMFER
THE Aol 7HAg 38t 7189 LC R8-S thell7 & g3at7] sl S 8ArE A Tl thgh Alkx A™
FAHE sk A (2.1)8 A (2.7 22 AHEE dSEF o

2 AT
ln(mz,t,i) = Qz,i + Bth + bz,ikt,i + €x,t,i- (27)
AZIA, Mgt E A TFY] AIZE tolA A 28] AFFES YERIT 2R3 nud o, 7P 2

Apol g2 ¥ B. K &oltl. ol EE 1§59 35AMATe R 2421] é}"/u AE 2aAMGE W
A E(B,) 9 Az e 2AAYE 59 HSHK)E UERY AT AlEC] ZA7HoR
WAbELR] R E Bl ATS Stk by, k= AR 229 AEAYASo R A Aok o A=y =
IAGE WA E (b)) 2F AT b2 2IAMYE 5 HEH k) S UERIY 3R el F5FA
A Bl ©7|d HES AWste 98-S St 18T . LT 9 AR mE FFHY 2
AEe] 28 UERYTh o7 28 API/HAD) e SId=7 Y Ad So] 2 4 9rk

o|F 9uloA LL Y2 LC B¥| FAolet & 4= 1, ¥5 AAFE ddS 133 AFGE A
&85

2 2 (2 8)JJr Zro] LC 2g& FE3}19
AE FEAA R T BFATEL ol vl2i)

ln(m%t) = A;v + B K¢ + €x,t (2 8)
teon deAlN 228 TEANAT 244 BKol 7250 Zdae Apnidente £2
% ;ﬂ_—i}' [ln(mz t ’L) — Qgx,i — Ezkt]oi q'}\] SVD Hol—]ﬂ% 75‘]'%6‘}—0:] 7}1% 1%—9’] }\]_U]—Télégz bz,zkt,i% ';‘%

|

Ak =@ 49 k) K9 5 LC 233} o] JRAOE RWDS A§3HA8 e ARIMA
2YAFE Shssi

Figure 2.2 Q7A92 4UI§02 T80l LL 232 43S W 7 Righsel Ay A%
of WE FolE G Ao AT o] AEFE BEE K8t kolth FEARAT) ther B4



Consideration on assumption and transition of mortality model for Korea

Ke el
50100

G000

T T T T T
1970 1980 1990 2000 2010

age

K
01000 10 W

-0.0005 0.0005

bemate

-0.0020

1970 1980 1990 2000 2010

age

B,

000 002 004 0.08

100

(a) Coherent mortality trend

(b) Mortality trend by male

0 20 40 60 80 100

T T T T T
1970 1980 1990 2000 2010

age

0.002
I

By fome

-0.002
1

(c) Mortality trend by female

643

Figure 2.2. Trends of parameters of Li-Lee model. A& : KOSIS MY (1970-2016F AILUE At2).

WE(Ac)F B, Kol ol AR Akl thsfi A vebd Aoty JPEARG I ZFel st dxke] B
;El?_]. E—j-/\]'uo}“g‘(afar:,male)-Tq' bx,maley kt,male% @ g"’]’ /‘] 71—0“ EH%H}ﬂ L]—Iﬂ—LH"“ qu}'-o/] EH :_].' 'ué‘a_;ﬂlo
ij-}\}'uo]—%(az female):q' bz ,female; kt female% 3’4’ ]7]'01] EH—_H/H Q'E]'LH }]O]E]' LC E_ 9/] Flgure

213} w$ SA}EkS Bolsl 4~ Q).

2.5. LC-ER 2dH

H FEvEE 28 A = oA FdSe AFTE AL AR Fast =dFY A
WE NS AR Sk @4l 2 'LTL At} (Horiuchi®} Wilmoth, 1995; Kannisto 5, 1994;
Li®} Gerland, 2011; Li 5, 2013; Kim¥} Oh, 2017; Kim¥} Han, 2017).

AR HeEF wdFe AYE P4 ATl Wel (£, rotation) S BFOR S|tk o] F7Hge
e} BAsa gon LC B4 Q9 e WekE Yehils b7k A2l Al de} weka 9]

&2 omar
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Li®} Gerland (2011)2 o]} 22 #42 AMYE 70 mofolzt Bt A7k ®isle] uep A5
W AlE W) w"o] WMEE AYE VA mu AL vkedsly] 938 LC 239 byo FAsE &
}(robust rotation)E T Y3te] FHH o FASH =4S & 4 9= Lee-Carter method with ro-
bust rotation (LC-RR) &< A +atitt.

aex 2d Holl Li 5 (2013)2 LC-RR 23
obel 4] (2.9)9 Z& LC-ER 2HL A9
At b ol A2 A5-E 18]S B, FHIE AP Byolrt. =3 4 (2.9)% e E“é l wet g i‘fz %} A
(2.10)7} 7},

In(mz,t) = ae + Bzt Kt + €t (2.9)

‘Ex]—x]' : ln(m:c,t,m) = Qz,m + B:c,t,mKt,m + €z,t,m,
AXF: In(matf) = aar + Bo s Kep + €ar s

A7NA, Boye tAHONA A% 249 AYE ASGHR) 02 AYE Lrh BAo] WAHES ofe] 4]
(211)3F o] BT ol LC g el b9} ARE AUSE B o MskA) ha YF
A A5 AF AR W) 0o AEAP FFos BdNT

A wa(t) Aol B2 B2 Aol Aol wek 1] AT 2 A3k AAASL By AR
o) Al whet B4 biol AR el AUE ANEEA B o4 WakA] S A (F, whAy
o] Zrk= A7) Zej5 L tehdeh

ba, el < 80,
Bet =1 (1 —ws(t)bs +ws(t)bY, 80 =< eb < ef, (2.11)
b, eo > eg,
bi5_64 0zx<64 et _ 80
U ’ - = ) _ €o — _ B ™ . p
by = { by b;;,607647 65 < x. w(t) = pr L ws(t) = [0.5>< {1+ bln(z (2w(t) 1))}} .
65—70

Li 5 (2013)2 3 314 Rl A5 A3 Bo, & A2 T A7 20479) AE A5 Aol
2AG A 7 AL e
A, d=E AFYE A 341%—8« Zithrd o] 80Alo =E S Wl wefstr] AlFslA 10240 =2
WA A=, 2 o) Folle ARF Ao ARATE mela stisEo] s0MMT 2 AL LO
DE:]_‘/]. 5013]_1 80/\1] ] .\E‘;r
2] by ollA X*X}”*Oib}ﬂl g Zojt.
A, A8 ARE AL = (1E)7E B o4 Wk ghw AR fAHE HAEAD(uE £7])9
bis APLE A SRl 654 mlwe] BE Aol B (his_ea) Bk, 654 o4 Aol AL =
NG4E Fagtia AR ole AR 20742 2719 B AEE A2 ARA B4 ATz 654
AL BE AYol A AR e SE7} 2 Fobulch e vEAw gI3HoR st el

01'r

=
r

< WA Bouv ARE AMGEC] dAsH L 7P LC

N 71t efoll 2A A7 7HEA T (w) e A
9l 80MIE AF&SFS] w(t) = (ef — 80)/ (el — 80)2} o] AtATt. 7|14 ef
AGE N SE7F H ol WEkA] gke AR HF VdieolEg W=

—
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A NS ef = ef D Wl 1714 Wth TR o2 o|gA oW slEerE Bt vluA 3] 93l
wiE AATFE Aoty 7|4 pe 2 £EE FASRE 250 < p < 1)°]aL YEER 055
A&t}

AFEEA A F23%% K9 5L LC Ry <

By & ARESHY] Ztigewel] 9 249 K, e e ASSt &, LC-ERY B., x K&
LCY by x k 7} BLMAEE K & £A31E 7o) 2o EE Algdgo]ldS B3 vHE=<l A
2 B3 =EET gebA ZltieEe] AEX]7F WA =

a7 HEg WA = otk olE b B Ba =2 %%‘rfﬁoﬂ we} 7ty 52 AFGE 540 9%
H 2 %3 AE vES AIYE A3 e WEE wkdsy] ot old AHS AA by, ey 1E]
Al Byt B F KO R ehE &3

O

[e3

=
a

it
m{w

2.6. LL2} LC-ER X823 (LL&LC-ER 2%)
Ao A AFE ute}l Zo] LC-ER 232 A7t 350 met A5 AFgE 93} sido] v & AMGE
A af A4S et Aojrt.

fas

A8 LO-ER 23 938 A8 Az 997 A%E 4% 2 52 A% LC 239 33
o= A HAA 270 AR AT RAGY ARES Y Wt Aozt 2R ABYL 19
T 47 g ABRo) g7 W] AU A A 7bs Aol Bk =9 LL By tEAT 1
SO AV WA AT FAS] QB b AFEL AST £E Yo A SE mE A
& ANEINE WIS BB G HOE 5T ol WA At

weba] ol A WA RS gREHA FA AFRE A ad | el

FE 1T £ gled 2 A7 e LC-ERS Adel LL 2R3E A8 5 ke oA LL}
LC-ER®] Z3(LL&LC-ER)R & o= w3},

o] Fjuth EA A (Statistics Canada, 2015)3 <g|ue} e 732A (KOSIS, 2016)e1A] 2835t
o @ ofef Al (2.12)9) 2o A (2.7)0A ARE AFYE FEHSlOE 24 B, & A7 we |
3= B, 2 A3 Aoty o7 ma s iAA 129 A7 tol A A7 29 AFELS Ve,
B i 35079 tAIRHAA xAR e APLE W3 A= (HE)E Ve sk TS AbdEC] F71F
© 2 WhASHA] s Bl 982 sir).

In(ma,t,i) = @i + Bo,t Ki + baikei + €xtyi (2.12)

OH

o)t BTl LO-ERS A83fe] B, K& A3 F 2 99 ATHEE L 23e 2830
bx zkt i g &%-}7‘“ ‘C{’]_E]’ O][IH, BxﬂtK:o] LL _‘?_639/] thS)/]' %031‘6]1 ] K* = X .‘L;

A7 el LC Ro) A%E 15 29 BAeh WAL 4eshY Figwre 2.3 23 o) 5e] 54
< 7F8 314 ¥ askd Table 2.13} 2t}

2 HollAe AME M S5 #Eeta e pElvet dolH Y] E4s AuEa LC F EHA AL

/3= 7ML ARSI 53] o)W FoA: LC-ERY LLT LC-ERY] 23R 248 2 4
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Figure 2.3. Relation and transition of mortality models on the kinds of Lee-Carter model. BMS = Booth-
Maindonald-Smith; LC-ER = extended of the LC with rotation; LL&LC-ER = combined LL and LC-ER.

Table 2.1. Comparison of mortality models on the kinds of LC

Method Da-ta Adjustment Jurr%p-off Rotation Sub . Reference
period to match bias population
LC All Dy fitted without individual ~ Lee and Carter (1992)
LM 1950 e(0) observed  without individual ~ Lee and Miller (2001)
BMS Linear Dy ¢ fitted without individual ~ Booth et al. (2002)
LL All Dy fitted without coherent Li and Lee (2005)
LC-ER All Dy observed with individual ~ Li et al. (2013)
LL & LC-ER All Dy observed with coherent Canada Statistics (2015)
Z: data period¥ 7} =FolA 123t HlolE Y] A|AE-E 9u].

LC = Lee-Carter; LM = Lee-Miller; BMS = Booth—Maindonald—Smith; LL = coherent LC; LC-ER =
extended of the LC with rotation; LL&LC-ER = combined LL and LC-ER.

3.1. LC-ER % LL&LC-ER 22| JPY HE
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Figure 3.1. Trend of proportion on m(0)/m(15—19) of the 20 developed countries. Li et al. (2013).
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Figure 3.2. Trend of proportion on m(0)/m(15—19) and m(0)/m(10—-14) for Korea.
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Table 3.1. Comparison of Life expectancy at birth on the kinds of LC

649

Male Female KOSISY
Year |« LM BMS LL LC.ER LIEJI_JECR LC LM BMS LL LC-ER LIEEECR Male Female
1970 58.8 58.8 588 588 588 588 658 658 658 658 658 658 587 658
1975 60.3 60.3 60.3 60.3 60.3 60.3 682 682 682 682 682 682  60.3 682
1980 61.9 61.9 61.9 61.9 61.9 619 704 704 704 704 704 704 619 70.4
1985 64.6 64.6 64.6 64.6 64.6  64.6 732 73.2 73.2 73.2 732 732  64.6 73.2
1990 67.5 67.5 67.5 67.5 67.5 67.5 759 759 759 759 759 759  67.5 759
1995 69.7 69.7 69.7 69.7 69.7  69.7  77.9 77.9 77.9 T7.9 779  71.9  69.7 77.9
2000 72.3 72.3 723 723 723 723 79.7 79.7 79.7 797 797 797 723 79.7
2005 74.9 749 749 749 749 749  81.6 81.6 81.6 81.6 8.6 8.6 749 816
2010 76.8 76.8 768 76.8 76.8 7T7.2  83.6 83.6 83.6 83.6 83.6 837 768 83.6
2015 78.9 79.0 79.0 789 789 795 851 851 851 851 851 852  79.0 85.2
2020 80.1 80.4 80.4 80.1 80.1  80.1  86.0 862 862 859 86.0 857  80.3 86.2
2025 81.4 81.7 81.8 81.3 814 814  86.9 87.2 87.2 86.7 869 865  81.6 87.0
2030 82.6 83.0 83.0 82.5 82.6 825 87.7 83.1 88.1 87.5 &7.7 87.3 827 8&7.8
2035 83.7 84.1 84.1 835 83.7 83.6  88.5 88.9 88.9 882 885 8.0 837 885
2040 84.7 85.1 85.1 84.4 847 845  89.1 89.6 89.6 88.8 89.1  88.6 847 89.1
2045 85.6 86.0 86.1 85.3 85.6 853  89.8 90.2 90.2 89.4 89.8 892 855 89.7
2050 86.5 86.9 86.9 86.1 86.5 862  90.3 90.8 90.8 89.9 90.3  89.8 863 90.2
2055 87.2 87.7 87.7 86.8 87.2 869  90.8 91.3 91.3 90.4 90.8  90.3  87.1  90.7
2060 88.0 88.4 88.5 87.5 88.0 875  91.3 91.8 91.8 90.9 91.3  90.7  87.8 91.2
2065 88.7 89.1 89.2 882 887 832  91.8 923 923 91.3 91.8 91.2 884 917
2070 89.3 89.7 89.8 88.7 89.3 888 922 92.7 927 91.7 922 916 - ;
2075 89.9 90.3 90.4 89.3 89.9  89.3  92.6 93.1 93.1 921 92.6 919 - -
2080 90.4 90.8 90.9 89.8 90.4  89.8  92.9 934 934 924 92.9 923 : -
2085 90.9 91.4 915 90.3 90.9  90.3  93.2 93.8 93.8 927 932  92.6 - -
2090 91.4 91.8 91.9 90.7 91.4  90.7  93.6 941 941 93.0 93.6  92.9 - i
2095 91.9 92.3 924 911 91.9 911  93.9 944 944 933 939  93.2 : -
2100 92.3 92.7 92.8 915 92.3  91.5 942 947 947 93.6 942 935 -

LC = Lee-Carter; LM = Lee-Miller; BMS = Booth-Maindonald-Smith; LL = coherent LC; LC-ER =
extended of the LC with rotation; LL&LC-ER = combined LL and LC-ER.
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Table 3.2. MAE, MAFE for the kinds of LC

LC LM BMS LL LC-ER LC&LC-ER
MAE Male 0.0022 0.0015 0.0015 0.0019 0.0202 0.0002
Female 0.0026 0.0022 0.0023 0.0022 0.0199 0.0001
MAFE Male 0.0032 0.0026 0.0026 0.0034 0.0031 0.0013
Female 0.0018 0.0015 0.0012 0.0018 0.0025 0.0011

LC = Lee-Carter; LM = Lee-Miller; BMS = Booth-Maindonald-Smith; LL = Coherent LC; LC-ER =
extended of the LC with rotation; LL&LC-ER = combined LL and LC-ER; MAE = mean absolute error;

MAFE = mean absolute forecasting error.

IE HEH™, 19705 201569 FHX = FAA ZAE SHABHE(1970~20153) 9} A9 FLIAY

0.14] A= x}O] Reloh ZEar 202095F 2065d71A] d&x)= SA A A AdFFA Lt A= oF

0.2-0.4A4], o=} <k 0.2-0.54] x}o]E KT}

o & 2020d o]F 67 RPe] 547 LL 237 LL&LLC-ER 29| 7|tfro] Arfjxo=z
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