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Examining the Long—Run Relationship Between
Macroeconomic Variables and the Lapse Rates of Whole
Life Insurance

Jintae Hwang-Daigyo Seo
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20134 49 wUE FFFPA0) BB ARRAAE HRLE] SX180] it 58
9] 3019 P49 B @& ABAAN: o] BREEYA
£ 44 BER) 9FS FE FAGlE, ARG, AR 52 W RHng
AEHE WAlolc o] B9 31X oF 4] olE TReelSel) Hul BYlng A4 45
nrh HA) W02 s masikel &ag xdeA Bt E3 oge JoolEe
A9 A8 BESPHE A S50 HARNT U 2 HARS W) gl Ut g 1Y

g 2N 5k
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sjAlere] AATEANN HE99E TS 4 e 715lE AA BISHe A9 U
Sie}. weba] MRlR A0 S Seol7] SIS SiXILel dhet met Amsla Aust
274 9 o)So] Wasich Il RS SX 8] itk ARATEL 3A B

of QA F5hH, 55| Eluete] SAES ARt ASEA ks 4ol Bt
SHH, =A|3]A)7]12(International Financial Reporting Standards 17, IFRS17)29]
TYog U} BAAE IA|7IE0] 9ol A5 Ho] HiFo] Eoleal, MY
H3olu HAA Hlo] HlFo] 5al SAloItEY) HEAR B B Aot
ARG Ao i3t B 2He HlolH, 7| Haolu FAlR o] ojof sfgeitt A7]H

HARIOIA] A3k HlFo] 2 FRolct. webd FALAL Fushe 87 Sol 1Y
SAFEo] HolR T} o] $YH 02 SAaor B Hokz 7IEc), et 2 Sof
olefat A ANge] Lalaeol] uiska glo] Aol ARk Sl AAelct s

D) AHAHE, Hoxe 9 aFARIEIES 722 HARES AFESte TS 3019 4l
2t _it.

2) 202149 1€ 1957 Alfse sARAAVEoR HARA S| BrPiEe d7lM Al
7I= WAsks 2& F8 WEo= Bt

3) SAA7IEC] dEd ASA Ho] miEolA AlLjEr] o] &ole] Fad FEl
- wom, ol= HagAte] Aol ZAIE TAAE 5 Atk

4) Hd7do] xRt 2018 HAAS] A A0l = Adet SoF S4EY,
AR FE BAEY 5 AR FAHIAE 7S] F7oe A4 B9 At
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(Table 1) Annual Premium of Life Insurers in Korea
(unit: billion KRW)

Insurance Total
i General ((c) +
Year Whole ag:;?it (a()éo( )b ) account (a()c>2()c ) Separate (a()oﬁo()d )
life (a) (b) (c) account)

(d)
2016 | 25,248.0 | 38,660.7 65.3 83,679.9 30.2 119,811.2 21.1
2015 | 23,011.9 | 36,0306.1 63.9 82,871.6 27.8 117,213.7 19.6
2014 | 20,320.5 | 33,178.8 61.2 78,082.2 26.0 110,575.3 18.4
2013 | 14.465.7 | 23,866.0 60.6 54,720.2 204 77,236.7 18.7
2012 | 18,766.5 | 30,841.1 60.8 87.469.3 21.5 115,308.6 16.3
2011 | 17,5184 | 28,711.2 61.0 59,687.0 29.4 87,836.0 19.9
2010 | 17,233.6 | 28,716.2 60.0 57,147.8 30.2 83,007.4 20.8
2009 | 16,890.7 | 28,949.8 58.3 53,359.1 31.7 76,956.8 21.9
2008 | 12,765.3 | 29,453.1 43.3 51,232.4 24.9 73,5601.4 17.4
2007 | 12,575.3 | 29,770.0 42.2 51,685.8 243 75,095.6 16.7
2006 | 11,834.6 | 28,563.7 41.4 49,610.0 23.9 66,454.9 17.8
2005 | 11,656.0 | 27,121.5 43.0 47,780.7 24.4 61,472.2 19.0
2004 | 11,727.2 | 25,533.8 45.9 47,324.2 24.8 53,750.6 21.8
2003 | 10,310.8 | 22,935.9 45.0 45,755.3 22.5 50,392.5 20.5

Source: INsis, Korea Insurance Development Institute

HASE siiES te APYAT 5 v siRE AAEARS 1 A AmE
g AUkl 3 HEA(regression analysis)olHt HEAZ|S]AHVAR:  vector
autoregressive) 2%, HE QxR F(VECM: vector error correction model)S
FH PHECE o] &5Iolt). IRk o AQAT T SAES iR AAEAH

7+ %714 BA(long-run relationship)E #83 7= oRRI7HA] §ls A2=E HAl
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BN =si3ses msod Ans

H oA AYE, oFkeg, E7VIGE, 78R T AAEEHSe] Higt A7) &S o]
&5t HAAES] SRl tigh 7] S0l 52 72 5= Uth= HolM $83%t 99
£ zh=t} oo B AL FARYS gito R it SiRet AXFAHS 7+ AAH
AE AuE= AS A9 EH 0= 3t ol Yol £ A= dvkAel 38E HH
T3} = HARE F(regime-switching model)& 0]-85to] FAIEY 218 AA

A k0] 714 AAIE BAIE wefsle] shaa o 7]ofske Aol Ao A

AEY SRS AXBARST 5 AAE AR, EAEE 9 AHE AXSkL siARith

TR VAR & A58 Het

I, AL

AL 771 WA AL sAlEo] 2(-)9] BAIRE AdETE FHHY TA, A&l
A7HdE &0l siRI&0] 2(-)2] TAIE HojE= 71Xt
A, 158 =7HES] A9 71908t Al Ak Wi BEARAE] 7Hig B
5 SiAIste] e SO RN THA| dlike SR shs Aol ol e
AF7HdS ARG g #2] AF2E= Outreville(1990)0] Utk 1= 1966~1979E7H]
o= Fuet SAEY SiRET AYE HE ol8sto] AAEe] FAEY siRE0l
BAACE [FORt HH FFS HoFth

Kuo, Tsai & Chen(2003), Kim(2005), BXH]-0]75](2010), 2A41A - A-871(2015)%=
AAE0] oM o) BRAF siRlE0] Eoith= AR ZTHE AAsIgith ol T
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5lo] Kuo et al.(2003)9] 3% 1951~1998¥17 AmE tgiito = F&E cointegration)
7S AAsto] AdE0] siAkge] A 7] BFoll JFS v EofFqltt Kim(2005)
< 1997~200049710] 2 U] Asd AEY, deREd, SoiHE, nesEdd
F52 W= siRET ALBARS 7t TAE EAl(login 2By} =71-271 B3
ol-gsto] EASIt FXIE-0173](2010)= FAIEY, A7|EY, Y, S2eFEd o
2 F99%3 7 € HddF 58 the 2000~200817He] HE7|7HS o]83}o]
e TS FE51L SRE dlE T HPE ANl aAE - A871(2015)%
2002~201297 A EHBIALE o= F42 78S AAlBIAT:
F14]-0]%8552011)= 2000~2007E7Fe] #2717t 5t S2E8E A/ B
2 2953 detES FHOE AAET SRS 1) IAE A=, &
AP AT A5 UeAE7Hde] JETS Hoiglth et HedEol weth H
FAIF A o] HeARe] /o] siAlEe] nlAlE FFel Aoleke HojFqint. HEA &
A-o]A91(2012)-2 2006~20114%F A2t WE @A HP(VECM)»E o851 £4
o Ay}, HAAFH AT} HAFUHEH AN F-524 02 six]&0] AAE] H3f 5
Shk= A2 EAsHIH. Cox & Lin(20060)% 1993~2003%t vl=2] AX|A= Ha/dE
< Wde = E8(Tobi) @S ol-85to] &A% A}, AV dEC] siAledt () &
A7h U2& HolFEAUTES) ol &2 Hl= AHmollA siAlEe] 02l A-7E HA BEA °F
43%5 PRIt HE 201 AR FHT= BEBlRG ARgo] § Adsitial 45191
o} AR 25820095 1995~2008'A°] A7 HE=RIS84L T, AUE 5 AA

0

ZAERE a3 s A (Granger) 1A A4S HoiFdiet], BE=E34t0]
SfAlEol ARF 1~40] AR 2(-)9] A IIBA, AAES] 735 ARF 1~117H4] H+)

O] TIR0A QAT S HIFIATk oY A7V AYE M ARE UF
AF71HE] B¢ vk o = s 7Hd2 AX|she US4 APt HEaL ik

E7, o7 AutE o g A|Fo|ago] A3t AL T2 Z-gAAlo] thst Eat
7t SriEAA BACE siA7t F7IRITHs 7Hdoltt of#igt 7S AR AFATE

5) Cox & Lin(2006)9] d+ollA AFEL th55-4(multicollinearity) A2 EA0flA]
A=At
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+ Cox & Lin(2006), F9E-Z(2008), FAPd 254(2009), F=IE]-0]743](2010)
7} Slek. Cox & Lin(2006)/ 43 vie} o] mj3to] AX|AF HAAES thos &
Hale] oltgo] A0l HHO FFol UL HeFU. HFE-HU2008)S
1998~200840] SR HE/RES o PRy S8 9 Spd sjxLe
GDPAAE, HE/FsAES71E, AR, Ao, 28487 458 5 AAH57}
ofet Fe MALAS ASHASAY. EF, FA SQOI1DE HE QLA R
(VECMYZ 53 oz iols] CDS54018 4% Al 31A1& 4ol Uehdrhy 7
AL, Kuo et al(2009)9] A9 71402 ojhgo] Hx&0] fofat )Y
2 HlA|x] Ftgot, A4 0w olefat o] Uit Bt itk

8, Outreville(199018 w710 BAgle] ol4h&e] ajxjge] mlX|E FFe =1x
OUTHT FAIgch B8 2Alogin BAlS AAITE A942003) 39 B FuA)
27t SR S)9) TAZ 7S ARSI o]4H o] $2Y (201002 B
(cointegration) TAZ ol83te] SAREY % WRRPY A9 o271 A|As}
U, SR Aol AXeH] e B REAREC] et o At et
U3 98-S HeiFlth, 22HOF oerHY] A9 A7 Sult 1 AFEA Fapt
Aolsteti & 4= 9leko

upAjato g Qo) rbEe B Al A A7 Sletoz sjA7t 371
Fleke ZHdolet. HBE- HAC008)9 AFEA Ak Aol irbae Axetk 9]
o}, T} SARRTS Bl o]4E S(Q010/2 HEERE 7271 o1 Tl A%
5l F7)20] uje} Aole Frpr} ehdth A&t 9l

—_
A

A

6) AET] mwet Aolgt AFE AAISE AFE Kiesenbauer(2012)7F Qltt o] A=
1997~2009d7F E49] 1337] APEFSAE oz 57 HINELHEY B, o
FEYE, F7|EE, dAEE, 7[Eho] gigt RS AAHL/QNS BNt BoAT), X}
Y BEEAELHYET AD)9 F9 1FE7HT ojA g o] B BAIHeR {9
SHA UElgAE, ASY HEAEFOAE T M BE AR EA] kS-S HoiF)
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1. MAE Xz

N HFAF A= S o8t FAIEY siAl&of o
ULk o5 WA FAIE YO AP SRl & FolE A6t SAEAAF F
6714 B AlolA siRlEo] 2.8%, 1571 731 A[RolA 3.5% T J3let & X<
A0 2 slEshz FAIE HolFgick 181 1570 A} ARoA19] siAlE &
= AAF dulje 25 AXSIeI olE 01, AlARF dlied 29 WRIse] 12
N ol SAIEEAF A A] e S| 5 HEE o, HAA I} fAle
o] % wujAde] {4 5717t BHA o= 157 7R E= Aol ol BatdArd
SfAlEol B5te] o5 A AET Hieh o] AIAID FEjQ] 13 AE FAIEY SiAlE
I AABAHFE 0]8S SAE SE TS T=0lAt I, L ASEF R Al
217} 681 HIEAF7| S A(VAR: Vector Autoregressive) go] 71 Zgtslctal 451
o} 13olE o] 52 SAIEY siRl& ARFAHS o] ofwgt 714 IA(long-run
relationship)7t EASH=Al= WASHA] F5151H olof & Ate ol2gt FAIEY siA]
S} ARAAS TH A7 AA L TAE Erole Tloll A4t9] 58S =

olTt 714 TAE 5] Aot & A= EAZ/NEAKIDI: Korea Insurance
Development Institute)°] F& % AlF6k1L = FPHFAAY] SA A A

A28 Bgslol FAURY ShAee AN oS gl YLl 2FstL 9

rol

A= FAIH - 01743120107k

il

38,

INsis(Insurance Statistics Information Services)S £3f g 214 7S Y55}

o, J(calendar year) 715 A& AR Y3l ok 4](1) o853t

210 ANA A, + AG G2 A F A5,
WE = guoreraz, v auAeraz, @

A(1) 20 Q= AR SiReS S 71 SR H a3 AlRdeE AARke
ARt HgARfo = te gho s Aojdt. Ao ARgH 712 "A'E INsis®] A2 A}
F7h ol BlAI A= (fiscal year)' 8= 2] 7E R A stock) A= F 2= o] 9lo] ol&



[ 10 EEEELERE R

H(flow)H42 Agkok= dgolA A8 Zole} stk

A1 Bl ozl EE SAEY siAe2 1 HE7|Tlo] 20029 4¥5E 20179
1097F]elH, 1 Foli= (18 13 2tk 7oA B ulel o] 2002:4~2005:12 &
QA& 715 SiA& 1.61%E W A] 7ol HIg)| 2 $=5oltt. & 7|7t F 2003
W 39S v 6~929] S FRIE0] 2% $ES ABIshe T WA ZA7I701A 7
o Jezzo] ZARY sx|&o] VeIt T18]1 2006:1~2007:12 59t aiA]8-<] A%
2 0.98%, 2008:1-2011:12%= 1.12%, 2012:1-2017:102 0.89%=2 LEFHTE?) o]
FAE £ o ALY Six&Y AAEH B2 vPg4(non-stationarity)& 71|
U A0E Belck. IS AAEH AL T 9 AAAAG RS B3 AR
ct.
H, SAEY A& AXFA RS 2FA71H TAE A ET] QI3 A AA
S5 A"t ol& Q8 IIollA AFe 71FAE7H, oIR8 M, AEH o7t
S Al 7K 7Hdoll AT Fa7t it I-olE SAIE O] A9 HEEH 9 oA
JEOE 1 SRS TRisto] & Ao Aeiske AXFARSE0] AP ATFECA
AREE A3 585] TEXE gt o]of] & AFolis $A1EE SRS Bk gt
AXNBARGE AGE D F7VIARFTFAZTH), oI, AHHET}
AG(IEHIA7HDE 1efsh7|2 Fict. ot & A7} vlud] BTl 7191l &
AEY XSS THRIL Qs T o|AHE Wi 59 7] Hard) FEiE ARSSH, 7]
APA R A7 SHYAGTE ARRIICES) FAE o] HSEL o3y EAHS B3

943 4= 9k

R

£
ol
;

e
rE

e

7) (3™ DoA yehd SAEY A& 49 AuFoz Fg97] oA A, 289
7] B A5FA, olF okt Bt A7 yeRtal 9k olel #=ste] 1AH - 78]
(2015)% A PEEY AL s 2005~20089 =9t 1A, SFU7] A AS5E
Al, o1& 31 sl Atk Baska Qlok ohk, (OF 1)o4 2005~20061¥7F 21
9] g7 ¥ Hk5o] YR Ql=t, ol=st d49 FAIF AU IARA Fs] metst
7] ojHt} o] ¥ B Ax9] gHAS wiic

8) & AANAAESFEY] Fol= (B2 [-D~EE 1-2)5 X5 vk

9) A7 EBATE FTAARS, AvfEidiR]s, vlsPol|dHIAS 5 I FUISHE
HeRE 7719 A EZ A9 AR Wee SAHS Fxsp| vigl
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(Figure 1) Lapse Rates of Whole Life Insurance
(unit: %)

20
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T T T T T T T T
2003 2005 2007 2009 2011 2013 2015 2017

year

2. NAE B2 HeZ 2 Hdd 48

AAE 2P AMESlol Al aEfsfol & AlAIE A4RS] A%t B2 A
(stationarity)°ll QIt}. 11 o5& AIA|E W40 43S SHHokA] 23 A9 AAE 2
Fo] X770 izt RS BAgol] ofg7] wiielch AAE W] FAdS Let
Y LerERl Hoje dig W4o] 2re4 E4o] Al7HE A (time-invariant)o] 2= 2
olt}. ol mATe] B EWLTE BE A tigf FUS FEERS 7S uleith
T, BAY, FEAL G ol SEHse] BHES] 5ot °
A W57} ARl et Aolgktime-varying) $EEEE 7}
2 7 g W= w189 (non-stationary)° |2t E31tt. o]=gh v AlAE ¥
FE AAE Byl IHZ AFSE B9, Folxl B AoV Z17telA 2E AAE
A2 AikE 1go] BARo] AZte] S8 wEt gt BE V)7l AA 2457] of
YA "} ol 23 ofig BARR Al SHol| EAS WAA7IA it wheba] AlA
d B thF7of A B0l ARElE B AAIGA EAS melsks Alo] 4

st

fr
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(Table 2) Unit Root and Stationarity Tests of Time Series Variables

ADF PP KPSS

Variables Lovel First- Lovel First- Lovel First-
difference difference difference

Lapse rate of -1.773 -6.673 -71.740 | -282.858 2.996 0.036
whole life %) | [0.671] | [0.010] | [0.010] | [0.010] | [0.010] | [0.100]
-2.252 | -5.037 | -10.842 | -72.519 | 3.186 0.055
[0.471] | [0.0101 | [0.496) | [0.0101 | [0.010] | [0.100]

CD rate (%)

l-year treasury | -2.514 -5.572 -12.993 | -90.547 3.64 0.042
rate (%) [0.361] | [0.0101 | [0.373] | [0.0101 | [0.010] | [0.100]
S-year treasury | -2.331 | -5.761 | -13.644 | -140.762 | 3.807 0.103
rate (%) [0.438] | [0.0101 | [0.336] | [0.010] | [0.010] | [0.100]
Unemployment | -5.303 -7.256 -55.445 | -134.144 0.109 0.012
rate (%) [0.010] [0.010] [0.010] [0.010] [0.100] [0.1001

-0.157 -5.658 -0.879 | -101.878 4.717 0.589
[0.990] [0.010] [0.989] [0.010] [0.010] [0.024]
Log coincident | -2.757 -5.517 -11.051 | -105.416 4.739 0.087
econ. indicator | [0.260] [0.010] [0.484] [0.010] [0.010] [0.100]

Log CPI

-2.502 -5.93 -10.002 | -194.907 3.738 0.057
Log KOSPI
[0.360] [0.010] [0.544] [0.010] [0.010] [0.1001

price index [0.774] [0.018] [0.974] [0.010] [0.010] [0.070]
debt [0.574] [0.017] [0.861] [0.010] [0.010] [0.078]

Notes: 1) The sample period in this study is from April 2002 to October 2017 except for log
housing price index and log household debt where it is over the period from
November 2003 to October 2017.

2) The estimation results for models including CD rate, 1-year treasury rate, log
KOSPI, log housing price index, and log household debt are provided from
Appendix 4-1 to Appendix 4-3-3.

3) ADF and PP tests are for a unit root test, whereas KPSS tests are for a stationarity test.

4) ADF tests assume regularity of errors in the model, while PP tests do not due to
heteroskedasticity and/or autocorrelation.

5) The figures in brackets indicate p-values.

£ AFollA= AAIE o] S retslr] ste] @9lt(unit root) 2 A4 A
A AARY TRt A2 2= ADF A% (augmented Dickey-Fuller test)2} PP 4
A

A(Phillips-Perron testyS, A AAFO=Z= KPSS HA(Kitawoski-Phillips-
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Schrmidt-Shin test)& AM8¥c}. ADF % PP 74 5 Thel2 Aol A8 A5}
He AAQ Bgv} Tl RSk Itk A8, ol AAE ARE B9 73t o
S 14 BAZ] G ARIHEL 71245H T A9 S AAL e w1
% 9l ougiek. Wl KPSS Aol AHgs ATAHILS o AAD We7h
AU eI

GE D% B A70IA] AGHE AAD W49l FARY K&} AN AARSE] 4
A A AR Bojzch oleiet 44 ANE AAHOR F & v UYES Al

.

WA MpE2 W AAAIE HeE BdE S S0, eleve)r BAQ &

(¢]

O AXOA AABL ADF & PP AA % AR/MES 7]7zkel= Ao g Uepgt) o]
H AAE ARolAE Telo] gle AR Y shlct

‘FAAL AU KPSS Ao = HAES AYAALER 7745 shke BAT
< HojEn v, SAEY siAES vIES e AAIE W] B e 2
A BAAAIG R T 28 SAEY SiRE2] B9 PP AN AFTHEES 714
AL Qlof AAAALG ] 7hs7dE HERHAL QLo ADF B KPSS 37 A3t Bl5of H|
PIAA DR 753
S, AR(difference)ts TAPRIA 2BIAE7HAIG7E KPSS AR AAIAIE
M 71481l lof v AR g5 23T Uehale 9o, ADF 3
PP 7oA &9l AF7HdE 71431l QL] ol€ Fdte] 1AF At aBRkE7 Al

L ARAAG A0 7,
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SAEH RIS AR 2t A7) A A Chet o

of glo} Bl ATAE F17RIc. ol mHO] WAl(residual 7t AAALLL B
Jie}. I3} ADF A SA0) A9 -1.972 o AR F2keA) Zakat Qo] 9]
G A BRAALY TR HelRa ik webd oleid AR 7 AU &

AL SR8} AR AR 74714 B die) Shlst] ofRinke B Fejeck

(Table 3-1) Estimation Results for Cointegration Equations

One-State Model Two-State Model

Variables Model (1) Model (2)
Model (1) | Model (2)

Regime 1 | Regime 2 | Regime 1 | Regime 2
5-year treasury | -0.124™* | -0.124** | -0.039 | -0.107*** | -0.067* | -0.109***

rate (%) (0.020) 0.021) (0.031) (0.009) 0.037) (0.009)
Unemployment -- -0.001 - -- -0.150 0.022
rate (%) - (0.034) -- (0.096) (0.015)

Log CPI 2.731% | 2.731% % | 8.662%* | -0.814** | 9.497*** | -0.701***
0.799) | (©.802) | (1.363) | (0.141) | (0.645) | (0.127)
Log coincident | -4.706™* | -4.707*** | -8.236™* | -2.521*** | -8.943™* | -2.618"**
econ. indicator (0.636) (0.639) (0.947) (0.120) (0.501) 0.107)
10.207** | 10.212%*** -1.144 16.460™*+* -1.107 16.314*+*

Constant (1.192) | (1.217) | ©.783) | (0.388) | (1.903) | (0.358)
R? 0.690 0.690 0.504 0.958 0.520 0.959
Transition matrix -- - 0.955 0.036 0.955 0.036
P) — - 0.045 0.964 0.045 0.964

AIC -69.45 | -67.45 225.99 -226.34

-1.97 -1.97 3,67 ~4.08""

ADEF test 0.590] | [0.590] [0.029] £0.010]

PP tont S114.23" [-114.21% 223,62 222027+

[<0.010] | [£0.010] [€0.010] [€0.010]

Notes: 1) The specific periods by regime for the above two-state models (1) and (2) are
shown in Appendix 2-1, divided into two regimes in terms of a filtered probability
of 50%.
P11 P
P12 Doy
element in the transition matrix refers to a conditional probability
Py EP(S[ :j‘Sl,l =1i).
3) * ** and * are statistically significant at the 1%, 5%, and 10% levels, respectively.

, and each

2) The transition matrix for each model is in the form of P=(

4) The figures in parentheses indicate standard errors, and those in brackets refer to
p-values.

5) ADF and PP tests are to test the stationarity of residuals from estimating
cointegration equations.



BEN =saser ms0a s

22 370)| AAE 2719] 2 FH FAHHS P (two-state model)(°lst, 271 =
WS )] AFHE A EAL SdaHR oAt R R 1A 5 FE] ARS Al
P} (2) BT, 1a = 13 2 BRoA] FAEY siAeo] stedsk= At UEt
Wk =1 2014 oZ&9] A At o g FA| Uehi= 3ol glol =ad 54 |9
7} 1%p 5 Al 3iA1E0] 0.109%p sk HojEr). <H 3-1)9] e da=aRE 2
27N SRR PO FAZANE £ uf s 2423t APoIRRE T B AT SRl 1t
WY TAE et olAE7HEE ARRIAL Uo7 | of2]9] Helrt. o]} #eisiod
&3t v} o] o|xka7 b thet Ao HalEEof wet AJoldt Zxrt vet
w2oll 371 a7t Qltk. ARRFEE7IRIG9] 749 Sl whet ARtel= 23 Uelhd=
tll, = 104 2HIREEZIF 1% 45 Al SiAE&©] 8~9bpRts oK)=, W= = 2
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Eo] o] wiEt 11 27]= HEY IEAE7Ho] ol Hk ™sis 20 Held:
27N AR S o83t FAEY siR& AXFAHS 1 71A BAE 8ot
7] YJote] GAFHR P} v IR R (E 3-1)0] AAE|0] Q= Zhxjo] gt ADF U PP
78 A EAL sid ADF A% SARFY] A% ZB(1)oA -3.67, HF(2)0llA -4.08%
e} 25 1% FoleollA ©912 AF7Hdo] 712t &3 PP A% SAIGIA®
2P(1) -223.62, ©F(2) -220.27% et 1% FozolA el A7l =5
71248 olE FoM 27 HHASR gL TGS AR P g SARE siRe
AXZBARESG 7 771 A BA ] EAE Hrh AS] HolErh
£ e D= T 27l SHASR oA SAIEY SR} ARBARS A
714 ARt FHsto] ojdbe H QIEH o7 M S FHOR 3 2 AT AEo| duE
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AR R FoulSHAl= Qitt. HHH, =1 29} 3014 (& 3-DolAet TRV 2 =4l
A 59 9] 1%p &5 Al 3A&0] 0.131~0.150%p stk 5 ()] JAE Hol+
AL it ol T W FAEY A& AF oFET M-S ARIThe Aoz Hoxle
=t ARARETIAIY] A 21 SHASR P Aaels 9] AHRETE 1% s
Al =9 1914 sfiAleo] 10.5~10.6bp, =¥ 2004 1.8~2.9bp, | 3°4=
0.2~0.6bp A5ohe A= YER:. o]2f%t 23k I&=o1d Ml sfigste =7
S HAAF SRI& 72 K] TAPE Hs =HoA L A 4= o] LERd T
ISPk B71E AT 1% Shet Al 5 191141 8.3~8.4bp, = 20114 4.8~5.7bp,
= 39014 2.6~2.9bp AFSThe 5 FAE7MC] Hthal 3l A 0= Hel.

(Table 3-2) Estimation Results for Cointegration Equations

Three—state model

Variables Model (1) Model (2)

Regime 1 | Regime 2 | Regime 3 | Regime 1 | Regime 2 | Regime 3

5-year treasury 0.056 -0.135™* | -0.132"** 0.038 -0.150™* | -0.131"**

rate (%) (0.052) (0.007) (0.004) (0.050) (0.021) (0.020)
Unemployment - - - -0.023 0.007 0.027*
rate (%) - - - (0.104) (0.019) (0.015)
10.661% | 1.848™ | 0.213* | 10.525™* | 2.920™* | 0.636**

Log CPI

(0.833) (0.065) (0.083) 0.507) (0.065) (0.057)

L()g Coincident _8-346*** _4.848*** _2.643*** _8'434*** _5.716*** _2-912***
econ. indicator (0.698) (0.053) (0.064) 0.471) (0.069) (0.027)

-10.018%* | 14.925** | 12.393*"* | -8.868™** | 13.998*** | 11.591***
(2.781) (0.246) (0.307) (2.350) (1.1306) (1.037)

Constant

R? 0.438 0.983 0.948 0.437 0.982 0.951

0.930 0.033 0.017 0.925 0.040 0.019

Transition matrix 0.037 0.905 0.059 0.043 0.907 0.040

) 0053 | 0062 | 0924 | 0032 | 0053 | 0041
ALC 2299.86 29755
7 44 7.4
ADF test £0.010] €0.010]
-234.85%* -235.08™**
PP test 0.010] £0.010]

Notes: 1) The specific periods by regime for the above three-state models (1) and (2) are
shown in Appendix 2-2, divided into three regimes in terms of the highest filtered
probability.
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P11 P91 Py
2) The transition matrix for each model is in the form of P= [712 Doy pgg], and each
P13 Pa3 P33
element in the transition matrix refers to a conditional probability
p; =P8, =48,_, =1i).
3) o o and * are statistically significant at the 1%, 5%, and 10% levels, respectively.
4) The figures in parentheses indicate standard errors, and those in brackets refer to
p-values.

5) ADF and PP tests are to test the stationarity of residuals from estimating
cointegration equations.

371 Mol Hitt 322 A4 23 ADF A% sARe] 23 (D ()04 2
7t -7.44, -7.42, PP 37 SARo] 247} -234.85, -235.08% UEILE 1% fol5olAl
SR AF7HE0] 7145 = Aos UEHTE TR ol SARE 271 SHATR Yo
AapEtt 71 doiglo] J= 5 SAIEY siAlet AABAS 1 714 BAE st
=8 371 SHMER o] B A Ao g HRlt: of= 2P| A AdS HEt
+ Akaike information criterion(AIC)°lA %= 37 = HHE T o] -295E o}3lok= 5
(I 3-DI (E 3-2)0M 7H B2 =2 SATS HolF=o] 3o of2dt = St
A5k Q15

o

V. 28
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I dolle] sltAle A HAdsE wlle) Al EA EEARdelA dojuar
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15) HALHRF(one-state model)T 37 ZHAZE F(three-state model)S 0|83+ ZA41
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Appendices

(Appendix 1-1) Time Series of Macroeconomic Variables

o -

- A g w

=
# g2 o
- 4+ 4 =
Lo+ -
® g -
o .
8 o4 =
-
o~ i‘ ™~ A
T T T T T T
2005 2010 2015 2005 2010 2015
year year

~
£ o
)
) o -
&
-
g =+ -
E
5
@
Ly
B oo

2005 2010 2015

year



s

2EHIZHT HI0H A1

{Appendix 1-2) Time Series of Macroeconomic Variables
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{Appendix 2-1) Filtered and Smoothed Probabilities

(a) Two-State Model

Model (1)

Regime 1
52 L

]

Regime 2
g3 f ='I|
4 T |
$° ] |
£ o | 5|__L_J_' J
s e - T T

° 8 8

ML

il

T
&

Fiiterad Frobablibes

Filtared Probabilises

Smoothed Probabi

Frobabaties

Smoathed
oo

Model (2)

Regime 1

04

00

Regime 2

o8

04

i1

Note: The bars and red solid lines indicate filtered probabilities and smoothed
probabilities, respectively.

(b) Periods by Regime for Models (1) and (2)

Fiiterad Frobablibes

Filtared Probabilises

Regime 1

Regime 2

Starting period

Ending period

Starting period

Ending period

Apr. 2002
Jun. 2004
Jun. 2009
Sep. 2010
Jan. 2015
Sep. 2015

Aug. 2002
Aug. 2008
Jan. 2010
Sep. 2010
Jul. 2015
Sep. 2015

Sep. 2002
Sep. 2008
Feb. 2010
Oct. 2010
Aug. 2015
Oct. 2015

May 2004
May 2009
Aug. 2010
Dec. 2014
Aug. 2015
Oct. 2017
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(Appendix 2-2) Filtered and Smoothed Probabilities

(@) Three-State Model
Model (1) Model (2)

Regime 1

Regime 1
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Smoothed Probabilities
Filtered Probabilities
Smoothed Frobabilities
Filtered Probabilities

0 50 100 150

Regime 2 Regime 2
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Note: The bars and red solid lines indicate filtered probabilities and smoothed probabilities,
respectively.
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(b—1) Periods by Regime for Model (1)

3 oiXIEt HAIZRIHS 2t B7] MG 2A 0| Chst a7 BAe)

Regime 1 Regime 2 Regime 3
Starting Ending Starting Ending Starting Ending
period period period period period period

Apr. 2005 Nov. 2007 Sep. 2002 Mar. 2004 Apr. 2002 Aug. 2002
May 2009 Jan. 2010 Jul. 2008 Feb. 2009 Apr. 2004 Mar. 2005
Sep. 2010 Oct. 2010 Feb. 2010 Aug. 2010 Dec. 2007 Jun. 2008
Jan. 2015 Jul. 2015 May 2012 Apr. 2013 Mar. 2009 Apr. 2009
Nov. 2014 Dec. 2014 Nov. 2010 Apr. 2012

Aug. 2015 Nov. 2016 May 2013 Oct. 2014

Dec. 2016 Oct. 2017

(b—2) Periods by Regime for Model (2)

Regime 1 Regime 2 Regime 3
Starting Ending Starting Ending Starting Ending
period period period period period period

Apr. 2005 Oct. 2007 Aug. 2002 Mar. 2004 Apr. 2002 Jul. 2002
May 2009 Jan. 2010 Jul. 2008 Feb. 2009 Apr. 2004 Mar. 2005
Sep. 2010 Nov. 2010 Feb. 2010 Aug. 2010 Nov. 2007 Jun. 2008
Jan. 2015 Jul. 2015 Nov. 2014 Dec. 2014 Mar. 2009 Apr. 2009
Aug. 2015 Nov. 2016 Dec. 2010 Oct. 2014

Dec. 2016 Oct. 2017
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(Appendix 3) Actual and Predicted Lapse Rates of Whole Life Insurance

15 20
|

Lapse rates of whole life insurance
1.0

0.5
I

T T T
2005 2010 2015

year

Note: The black line refers to the actual lapse rates of whole life insurance. The red and blue
lines indicate the predicted lapse rates from estimating Model (1) of One- and
Three-State Models in Tables 3-1 and 3-2.
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(Appendix 4-1) Estimation Results for Cointegration Equations

Variables

One—State Model

CD rate

1-year treasury rate

5-year treasury rate

Model (1) Model (2) Model (3) Model (1) Model (2) Model (3) Model (1) Model (2) Model (3)

Interest rate (%) -0.108™** -0.080%*** -0.081*** -0.140%* -0.090™** -0.090** -0.124%* 0.001 -0.001
(0.018) (0.021) (0.022) (0.019) (0.027) (0.029) (0.020) (0.032) (0.032)

Unemployment - - -0.004 -- -- 0.001 -- - 0.028
rate (%) -- -- (0.029) -- - (0.029) - -- (0.029)
Log CPI 1.833%* 1.294 1.283 1.528™* 1.230 1.232 2.731%** 2.970™* 2.899%*
0.797) (0.900) (0.907) 0.772) (0.952) (0.961) (0.799) (0.898) (0.901)

Log coincident -3.802** -0.693 -0.693 -3.854*** -0.996 -0.996 -4.706™** -1.777 -1.709
econ. indicator (0.603) (1.092) (1.095) (0.582) (1.091) (1.095) (0.636) (1.185) (1.187)
Log KOSPI -- -0.556™** -0.556*** -- -0.488*** -0.488** -- -0.721%** -0.704**
-- (0.097) (0.097) -- (0.112) (0.113) - 0.121) (0.122)

Log housing price - 1.846™* | 1.848" - 1706 | 1.705" - 0.691 0.789
index - (0.508) (0.510) -- (0.514) (0.515) - (0.568) 0.577)

Log household - -1.289** -1.288** -- -1.183** -1.183** -- -0.480 -0.546
debt - (0.501) (0.502) -- (0.505) (0.507) - 0.474) (0.479)
Constant 10.105%** 11.543%* 11.605*** 11.819%** 11.939*** 11.927%* 10.207*** 4.203 4.442*
(1.196) (2.700) (2.744) (1.243) (3.019) (3.080) (1.192) (2.610) (2.622)

R? 0.687 0.705 0.705 0.708 0.699 0.699 0.690 0.678 0.680
AIC -67.82 -151.64 | -149.66 -80.73 -148.16 | -146.16 -69.45 -137.11 -136.09
ADF test -2.22 -3.84** -3.85* -2.34™ -3.92** -3.92%* -1.97 -3.98** -3.94**
[0.485] [0.019] [0.018] [0.435] [0.014] [0.015] [0.590] [0.012] [0.014]

PP test -112.05** | -213.55™* | -213.37** | -123.60™* | -209.15™* | -209.18** | -114.23™* | -200.31*** | -202.21***

[€0.010] [€0.010] [€0.010] [€0.010] [<0.010] [<0.010] [<0.010] [<0.010] [<0.010]

Notes: 1) The estimation results for Model (1) using 5-year treasury rate are the same as those for Model (1) of One-State Model in Table 3-1.
2) *** ** and * are statistically significant at the 1%, 5%, and 10% levels, respectively.

3) The figures in parentheses indicate standard errors, and those in brackets refer to p-values.

4) ADF and PP tests are to test the stationarity of residuals from estimating cointegration equations.
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(Appendix 4-2-1) Estimation Results for Cointegration: CD Rate

Two-State Model
Variables Model (1) Model (2) Model (3)
Regime 1 | Regime 2 | Regime 1 | Regime 2 | Regime 1 | Regime 2
-0.004 -0.029 -0.005 -0.042 -0.008 | -0.103***
CD rate (%)
(0.042) | (0.013) | (0.007) | (0.047) | (0.010) | (0.025)
Unemployment - - - - 0.011 -0.044
rate (%) - -- -- -~ (0.011) | (0.064)
6.037*** -1.586 3.711% | 11.860™* | 4.753%*** 1.239
Log CPI
(0.308) | (0.123) | (0.117) | (1.394) | (0.064) | (0.871)
Log coincident =5.792%* -1.300 -4.821%* 0.295 ‘4797”“ﬁ 0756
econ. indicator | (0.265) | (0.117) | (0.100) | (0.908) | (0.064) | (0.822)
Loa KOSPI -- - -0.279* | -0.250 -0.045 -0.452*
o8 - - ©0.04) | 0300 | 0.037) | (0.144)
Log housing - - ‘1894*’” 3360*+* ‘0981*4% 3048**4'
price index -- -- 0.130) | (0.784) | (0.252) | (0.471)
Log household - - 1182*‘** ‘6311**+ 0753*’M _2792’”*
debt - - (0.041) (0.368) (0.029) (0.145)
-0.405 14.196 0.711 16.978* | -4.372** | 19.344™**
Constant
(2.642) (0.368) (0.457) (1.284) (0.609) (1.617)
R? 0.345 0.931 0.938 0.620 0.827 0.629
Transition matrix | 0.960 0.023 0.961 0.063 0.960 0.039
(P 0.040 0.977 0.039 0.937 0.040 0.961
AIC -210.71 -287.33 -281.08
- 8 sk -5. et -5. etk
ADF test 3.83 5.39 5.88
[0.019] [<0.010] [<0.010]
-243.92%* -223.94*** -225.67*%*
PP test
[<0.010] [<0.010] [<0.010]
Notes: 1) The transition matrix for each model is in the form of P= (iuim , and each
12 122

element in the transition matrix refers to a conditional probability
piy =P8 =318 =1).

2) = **and * are statistically significant at the 1%, 5%, and 10% levels, respectively.

3) The figures in parentheses indicate standard errors, and those in brackets refer to
p-values.

4) ADF and PP tests are to test the stationarity of residuals from estimating

cointegration equations.
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{Appendix 4-2-2) Estimation Results for Cointegration: 1-Yr T-Rate

Two-State Model
Variables Model (1) Model (2) Model (3)
Regime 1 | Regime 2 | Regime 1 | Regime 2 | Regime 1 | Regime 2
l-year treasury | -0.152*** | -0.169** | -0.018** | -0.092** | -0.016** | -0.099*
rate (%) (0.044) | (0.009) | (0.007) | (0.039) | (0.008) | (0.052)
Unemployment - -- -- -- 0.014 -0.139
rate (%) - - - - (0.013) 0.107)
Log CPI 2.346™* | 0.737** | 3.640™* | 8.828™* | 3.699*** | 12.352**
0.396) | (0.082) | (0.087) | (0.408) | (0.081) | (0.414)
Log coincident | —4.229™% | -4.022% | -5.144™** 0.018 -5.044** 0.520
econ. indicator (0.044) (0.064) 0.077) (0.204) (0.073) (1.038)
Log KOSPI -- -- -0.222* | -0.116 -0.212 -0.055
- -- (0.087) | (0.176) | (0.186) | (0.261)
Log housing -- -- 0.230 3.961*** 0.197 3.565%*
price index -- -- 0.171) | (0.469) | (0.290) | (0.578)
Log household - - 0.807*** | -5.742*** | 0.760*** | -7.033%*"*
debt - -- (0.037) (0.106) (0.035) (0.110)
9.756*** | 16.323*** | -2.497*** | 20.843™* | -2.560** | 21.684***
Constant
(2203) | (0272) | (0425 | (1.596) | (0.462) | (2.174)
R* 0.568 0.963 0.793 0.623 0.785 0.628
Transition matrix | 0.946 0.049 0.956 0.090 0.956 0.085
(P 0.054 0.951 0.044 0.910 0.044 0.915
AIC -210.05 -266.64 -264.75
ADF test
[0.011] [€0.010] [<0.010]
-237.73%* -227.79%* -220.89***
PP test
[€0.010] [€0.010] [€0.010]
Notes: 1) The transition matrix for each model is in the form of P= (iiii , and each

element

in the

transition matrix

refers

to a conditional

probability
p;; =P(S, =48, =1).

2) = **and * are statistically significant at the 1%, 5%, and 10% levels, respectively.

3) The figures in parentheses indicate standard errors, and those in brackets refer to
p-values.

4) ADF and PP tests are to test the stationarity of residuals from estimating
cointegration equations.
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{Appendix 4-2-3) Estimation Results for Cointegration: 5-Yr T-Rate

Two-State Model

Variables Model (1) Model (2) Model (3)
Regime 1 | Regime 2 | Regime 1 | Regime 2 | Regime 1 | Regime 2
5-year treasury -0.039 | -0.107*** 0.003 0.187 0.002 0.178**
rate (%) (0.031) (0.009) (0.005) (0.423) (0.019) (0.088)
Unemployment - - - -- 0.010 -0.152
rate (%) - -- -- -- (0.012) | (0.1006)
Log CPI 8.662%** | -0.814™* | 3.887*** | 13.908™* | 3.821™** | 16.401***
(1.363) | (0.141) | (0.129) | (0.578) | (0.506) | (1.073)
Log coincident | =8.236™" | -2.521*"* | -4.885"** 3.645 -4.764* | 4.361*
econ. indicator (0.947) (0.120) (0.125) (9.021) (0.518) (2.427)
Log KOSPI -- -- -0.289* | -0.916 | -0.291™* | -0.955***
-- -- (0.038) | (1.437) | (0.058) | (0.307)
Log housing - - -2.057% 1.501 -1.975™* 1.495
price index -- -- (0.152) | (4.708) | (0.454) | (1.040)
Log household - -- 1.254%% | -6.311%* | 1.187** | -7.460***
debt -- -- 0.045) | (0.406) | (0.227) | (0.287)
Constant -1.144 | 16.460** | 0.016 5.221 0.282 6.962
(0.783) | (0.388) | (0.159) | (21.157) | (1.522) | (4.860)
R? 0.504 0.958 0.939 0.637 0.939 0.648
Transition matrix | 0.955 0.036 0.961 0.065 0.963 0.062
(P) 0.045 0.964 0.039 0.935 0.037 0.938
AIC -225.99 -289.62 -287.80
-3.67** -5.84** -6.17%*
ADF test
[0.029] [<0.010] [<0.010]
-223.62%* -226.25"* -225.39%*
PP test
[<0.010] [<0.010] [<0.010]

Notes: 1) The estimation results for Model (1) are the same as those for Model (1) of
Two-State Model in Table 3-1.

2) The transition matrix for each model is in the form of P=(

element

in the

b;; EP(*S; :j|A5;,71 =1).
3) ** % and * are statistically significant at the 1%, 5%, and 10% levels, respectively.
4) The figures in parentheses indicate standard errors, and those in brackets refer to

p-values.

transition matrix

refers

P11 Doy
P12 Pay
to a conditional

, and each

probability

5) ADF and PP tests are to test the stationarity of residuals from estimating
cointegration equations.
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(Appendix 4-3-1) Estimation Results for Cointegration: CD Rate
Three—State Model
Variables Model (1) Model (2) Model (3)
Regime 1 Regime 2 Regime 3 Regime 1 Regime 2 Regime 3 Regime 1 Regime 2 Regime 3
CD rate -0.059 -0.097%** -0.109** -0.097*** -0.019%** 0.069 -0.138"* -0.002 -0.099
(%) (0.109) (0.016) (0.003) (0.006) (0.007) 0.167) (0.007) (0.003) (0.086)
Unemployment - - - - - - 0016 0012 _0210
rate (%) - - - - -- - 0029 | (0.013) | (0.143)
Log CPI 6.311 2.610™* 0.179* 5.398™* 2.251% 22.056™** 4.870% 3.499%* 0.486
(4.893) (0.158) (0.065) (0.048) (0.165) (0.895) (0.046) (0.075) (3.108)
Log coincident -6.207** -5.092%* -2.600*** -3.748™* -4.632%* 0.579 -4.377%* -5.227%* 7.676™**
econ. indicator (2.869) (0.134) (0.049) (0.060) 0.111) (1.379) (0.053) (0.065) (1.520)
Log KOSPI -- -- -- -0.215%* -0.291%** 0.104 -0.281%** -0.199"** -0.975™
-- — -- (0.022) (0.039) (0.380) (0.071) (0.047) (0.325)
Log housjng price - - - 1.257%* _1347*** 4579*** 1.920™** -2.588*** 6927*+*
index -- -- -- (0.138) (0.153) (1.619) (0.086) (0.102) (1.105)
Log household - - - -1.332%** 1.3027%* -10.452%* | -1.246"* 1.59717%* -6.650™**
debt -- - -- (0.018) (0.044) (0.258) (0.017) (0.022) 0.377)
Constant 0.405 12.432%* 12.2327%%* 7.365™* 2.549™* 16.325%* 9.027*** 0.509 30.183™**
(9.351) (0.565) (0.242) (0.305) (0.471) (4.678) (0.451) (0.424) (5.337)
R? 0.413 0.982 0.972 0.901 0.955 0.570 0.954 0.964 0.784
Transition matrix 0.947 0.002 0.065 0.886 0.037 0.091 0.851 0.061 0.097
(P 0.001 0.896 0.081 0.054 0.933 0.065 0.104 0.821 0.367
0.053 0.103 0.854 0.060 0.030 0.844 0.045 0.118 0.536
AIC -276.76 -329.91 -310.39
o, P a0,
PP test A, [0.0101 [0.0101
PuuPaPa
Notes: 1) The transition matrix for each model is in the form of P= (p 12D p;;i], and each element in the transition matrix refers to a conditional probability p;; = 2§ =35, =i).
P13 P23 P33

2) ¥ ** and * are statistically significant at the 1%, 5%, and 10% levels, respectively.
3) The figures in parentheses indicate standard errors, and those in brackets refer to p-values.

4) ADF and PP tests are to test the stationarity of residuals from estimating cointegration equations.
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(Appendix 4-3-2) Estimation Results for Cointegration: 1-Yr T-Rate

Three-State Model

Variables Model (1) Model (2) Model (3)
Regime 1 Regime 2 Regime 3 Regime 1 Regime 2 Regime 3 Regime 1 Regime 2 Regime 3
1-year treasury 0.003 -0.146%* -0.123%** -0.220%** -0.005 0.189 -0.223%** -0.001 0.188
rate (%) (0.054) (0.010) (0.008) (0.007) (0.006) (0.133) (0.007) (0.007) (0.128)
Unemployment -- -- -- -- -- -- -0.012 0.012 -0.096
rate (%) -- -- -- -- -- - (0.019 (0.010) (0.175)
Loz CPI 9.390** 2.306™** -0.749%** 4.705%** 3.804™** 15.644**+* 4.690™* 3.826™* 17.402%**
8 (0.799) (0.115) (0.097) (0.054) (0.058) (0.886) (0.059) (0.065) (1.038)
Log coincident -8.112%** -5.189%** -2.015%** -4.887%** -4.996*** 0.754 -4,917%* -4.949%** 1.205
econ. indicator (0.053) (0.098) (0.079) (0.057) (0.050) (2.939) (0.062) (0.056) (2.901)
Log KOSPI -- -- -- -0.098*** -0.303%** -0.934 -0.091** -0.305%** -0.944
- - -- (0.035) (0.038) (0.635) (0.037) (0.038) (0.629)
Log housing price - - -- 2.478%* =2.757% 2.840* 2.503™* -2.705™** 2.627
index - - - (0.072) (0.068) (1.712) (0.077) (0.076) (1.699)
Log household -- -- -- -1.860*** 1.4871%* -6.239%** -1.872%** 1.457%* -6.927**
debt - -- - 0.017) (0.018) (0.279) (0.019) (0.021) (0.327)
Constant -5.158** 14.386™** 13.834*** 16.661*** 1.143** 3.601 16.896*** 0.880* 4.161
(2.256) (0.367) (0.274) (0.218) (0.461) (5.400) (0.240) (0.511) (5.018)
R 0.417 0.982 0.968 0.978 0.910 0.572 0.978 0.909 0.576
Transition matrix 0.919 0.001 0.080 0.827 0.025 0.221 0.829 0.026 0.218
P 0.001 0.922 0.078 0.041 0.936 0.083 0.041 0.937 0.083
0.080 0.077 0.842 0.132 0.039 0.696 0.130 0.037 0.699
AIC -292.26 -331.38 -327.31
_600*** _5.34*** _537***
ADF test [£0.010] £0.010] [£0.010]
-244. 14 -234.16™** -234.56™**
PP test £0.010] £0.010] 0.010]
PuPaPa
Notes: 1) The transition matrix for each model is in the form of P= (p 12D P:;z}, and each element in the transition matrix refers to a conditional probability p,; = 2§ =35, =i).
P13 P23 P33

2) " ** and * are statistically significant at the 1%, 5%, and 10% levels, respectively.
3) The figures in parentheses indicate standard errors, and those in brackets refer to p-values.
4) ADF and PP tests are to test the stationarity of residuals from estimating cointegration equations.
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(Appendix 4-3-3) Estimation Results for Cointegration: 5-Yr T-Rate

Variables

Three-State Model

Model (1) Model (2) Model (3)
Regime 1 Regime 2 Regime 3 Regime 1 Regime 2 Regime 3 Regime 1 Regime 2 Regime 3
S-year treasury 0.056 20.135%* | -0.132"* | 0.202"** | -0.091%* 0.019™ 0.608™ | -0.114" 0.009™
rate (%) (0.052) (0.007) (0.004) (0.056) 0.011) (0.008) (0.078) (0.010) (0.004)
Unemployment -- -- -- -- -- -- -0.299 0.030™* 0.010
rate (%) -- -- -- -- -- -- (0.184) (0.015) 0.013)
Loa CPI 10.661%* 1.848" 0.213" 21.237% | 6.704" 3,456 14.647°% | 6.010"* 4156
& (0.833) (0.065) (0.083) (0.872) 0.067) (0.088) 0.710) (0.050) (0.055)
Log coincident | -8.346™% | -4.848"% | -2.643"™ 4.107* S0.626%% | -4.585% | 13.168" | -1.482"" | -5.637"*
econ. indicator (0.698) (0.053) (0.064) (2.103) (0.166) (0.076) (0.776) (0.095) (0.048)
Log KOSPI - - - S0.646™ | -0.281"* | -0.341"* | -2.358"" -0.107 0.249™
- -- -- 0.222) (0.078) (0.064) 0.315) (0.069) (0.016)
Log housing price -- -- -- 1.918%** 0.766™** -2.275%* -1.891** 0.385™** -2.473%*
index -- -- -- (0.328) (0.144) (0.153) (0.873) (0.135) (0.079)
Log household - - - —9.378%% | -3.137" 1.432% | -6.560"" | -2.460™* 1.627%
debt - - -- (0.258) (0.020) (0.026) 0.213) (0.016) 0.017)
Constant “10.018% | 14.925"% | 12.393* 6.910™ 14117+ -0.447 S11.890%% | 12.483%™ | -1.279%
(2.781) (0.246) 0.307) (3.384) (0.426) (0.769) (3.290) (0.289) 0.257)
R2 0.438 0.983 0.948 0.590 0.901 0.952 0.681 0.900 0.970
" . 0.930 0.033 0.017 0.861 0.050 0.032 0.650 0.046 0.093
Transition matrix |— 35755 0.905 0.059 0.082 0.881 0.033 0.092 0.838 0.047
() 0.033 0.062 0.924 0.057 0.069 0.935 0.258 0.066 0.860
AIC -299.86 -312.17 -313.52
ADF test £0.010] £0.010] £0.010]
PP test -234.85™ -215.07% 219.64™
[<0.010] [€0.010] [€0.010]

Notes: 1) The estimation results for Model (1) are the same as those for Model (1) of Three-State Model in Table 3-2.

2) The transition matrix for each model

is in the form of P=|p;, 1Py,

K’n Doy P31

D13 P23 P33

3) * o and * are statistically significant at the 1%, 5%, and 10% levels, respectively.

4) The figures in parentheses indicate standard errors, and those in brackets refer to p-values.

5) ADF and PP tests are to test the stationarity of residuals from estimating cointegration equations.

], and each element in the transition matrix refers to a conditional probability p;; = A5 =35 _, =i)
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Abstract

Using Markov switching models as well as a standard cointegration equation,
we examine the long-run relationship between the lapse rate of whole life
insurance and macroeconomics variables-interest rate, unemployment,
business, and inflation. Focusing on the three-regime switching model used in
this paper, we find that the lapse rate of whole life insurance has a negative
long-run relationship with business, whereas it has a positive long-run
relationship with inflation, consistent with the predictions of the emergency
fund and inflation hypotheses. However, the interest rate hypothesis is not
supported by the estimation result that the lapse rate has a moderate negative

long-run relationship with the interest rate.

% Key words: Lapse rate of whole life insurance, Cointegration, Markov

switching model, Macroeconomic variables
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(Keal/%), 212 431/, APEHH/D). BaiBiFHe/D A5S A18et
ek, £ ATOIAE G SR BFS AT YL Al 57| fsto] HARA R
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oI A(BY) YIS DR 33 | LorAck. A 3 ofifx] LR 29 ofsh
2 TS B 1, TS ZU A9 0o] B 1207 Gy Bt S 5
ol I the] BEBHES 45~60% AL 9o 1, 1A ko ool E
Gt AL U B W V1ES 250 A e Sietel, 99 71
ShH9] 15~20gS AF5HT 9107 1, T84 SOl 00lT A AP HHF A1)
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A 35110l 3% olux] Ba 3% ofskE HHR: T A 21509
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of,

3) 19~294] BAL 2,600(Kcal), 243 2,100(Kcal), 30~49A4] HAL 2,400(Kcal), o33
1,900(Kcal), 50-644] HFAL 2,200(Kcal), 94L& 1,800(Kcal), 6541 oA} HAL
2,000(Kcal), 9442 1,600(Kcal)olct.
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51 sfigshd BIRIRHZIE), HAAE oAt 2 FEsteich

Bl PR A7FHE EYESHL RS s 2 4 =S FF= v 3l
CHUmberson, 1992). HI-9-AF a¥HS 4w{H7] fisto] vijeAt IZ(WIE, ARE, EA, o
£ 7107} vl A AZHFHEIAD 22 SEst it

APZA = vk Bo] Slet] vl 2HIE A5 BEje Ut AAEs 2
T 2487 g asi 2 AqtollA AdZgAeE As/ AR R SR, ASH
T2 ARSI

S e AAIA, 4413 ollz EEol Akl e A

o
£ o] ASEA0A A&7 obd BE A= tu[Hez olgsilorn &

AoA ARgstE AR 7|28 AR (Table 13 2Tt

(Table 1) Descriptive Statistics for Independent Variables

This table presents the summary statistics of Korean National Health & Nutrition
Examination Survey from 2010 to 2016 used in the estimation. The number of
observations during the period is 3,916.

Variable Definition Composition ratio(%)
Private insurance 1 if Private Insurance membership 54.32
Female 1 if female 48.6
Age* age over 19 62.27(11.89)
Education
Elementary school |less than middle school 42.08
Middle school less than high school 15.83
High school less than college, base level 26.17
College some college or more 15.91
Spouse 1 if a married couple 74.46
Work 1 if work 48.98
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Household income
Income level 1 25" percentile, base level 32.69
Income level 2 50" percentile 27.07
Income level 3 75" percentile 20.84
Income level 4 100" percentile 19.41

BMI* kg/m? 25.193.57)

Limited activities 1 if limited activities 16.09
Nutritional education™ |1 if nutritional education 6.73

* Note : continuous variable is mean and standard variation in parentheses.
** The number of observations is 3,509.

PSR AR A73EE A3 BE & A E= 51 o2 ARJA A
e o QUot Gl SR AGBEE SIA0H 19 gk, TR e 09] g2 A=
ok oA WEHE FEHAR(y)7F 03} 10]2he I+ 712 it Fdhke oY S5 2ol
A 2% S8 p=Prly= llr) = Fla 5)2] Feelek. o714 F(+ )%= o 5ol s
A7 B o, o] g oA skl Wk 24 Z=2Hl(probit) K@t
2A(logit) ZF2 & FERIHCameron and Trivedi, 2010).0) F&H7} o[gFHa<l
5 F=2 o] 7 BYor sk, 2 AFoe 2ALY REE TP 23 BES

. o] ZEF oI5t TRl E FE FYAE TR

exp(z )

p=Priy=1lz)= 1+ exp(z B)

o7y SEueL AT B o, g ook & A 2 o WE R HA
5 Aguidolch, e o UGEY 719 ol Hu], 4 ov], 93, ARAE, B
845 vu], W92 G5 Tin], RS o5 El, 7HEAS ou], APAEMD), T
5 ARk o} ejn], o 1 o] o] Hwlofct
6) 22y e A )0 o 02 FHo% BrATERe s, 23l uge =X

AE BEXE 7R3t o] & RS JARE gk 7Y, 23 Bg9] FgR)Eoe] eyl
29 —,Jgiloﬂ B3] tia ZA YeEPdtHCameron and Trivedi, 2010).
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o9} W w7t 19 B9 AR E = p(1-p)5)E AviRolof Gk HAY
J

g o] ARINE Altehs WS Al 7HA7E Sletl Al aTe] Hetglks AAlshe
H(Average marginal effect), HollA SHAIEIE AASk= WH(Marginal effect at
mean), 121 T EGOIN HARTE Alboks W(Marginal effect at a
representative value)?] QtHCameron and Trivedi, 2010). & A7ollA+= A HA
R o & A GRS ARSI

£ Aol A o] I E o AAR R BASH| fisto] vt ol 4%t
ot [231]-[H 2= sdTo] nAls 890 3% A0 g (B2 27] &5 AH
2 S5HR sl Agies GES 71 ofF gu], AEdn], A9, AFA,
WEPE Eu], B eAL F5 Tlv], BARS o g, 7EAS Hu|, A=A (bmi),
F ARt o7 Hulold}. [RY2)e d8eE A o S5l (2P 13 A
W= FYoit) [RF3]-[LB0l A8 Helol vlAle 82ls 78t Zlow A
= (B3P} [2F2]00A4 ARESE SUSHAE &E ARt o7 Hu] tiilof] IF
W5 o5 Hu|E ARESIITE [RE3]9] S5 ok oluR] e 7% tiv] A4
FARE AR, [RF4)= 5T F oA AFF div] - 55 o, [R¥5l= €Y 7IE

Pl 55 o, (261 AY 71 AP 5 ojRolh

£

r

V. g4 2t

£ AFE UGEY 71 o R mE g fHEAR] ATE] Ajo|E EASkE AeE
23 BYL o]8319ict. ZF g9] 3% A= (Table 2)I} (Table 3)°l AXSIAL,
o] 52 FAAGB)L} A EIH Marginal Effects)oll gt YA 2331} Wald

AR B9l B9 792 HAsH=tl(Cameron and Trivedi, 2010), 7L 237}
p=0.000% 7} Hgo| A X & Fou|stth
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13,9160 iAol EAATH= (Table 2)0] AL
R 719 oiRe} QEvielo] PAS AW EE, P A F B/ B

HZIIARES 279 T8 eEE L A5 0% ofs Z0% et T2 e &
Alsk= 739 Bado] 711E0] U= Al By n7jiApE AuEs A7) L58 A

D 2E0] BatA o= 4.3%(p<0.1), TH2ES AHT FE2 3.7%(p<0.05) 3. °]
= 270l Hiet fES Sjustal 42 AREe] Hal 7Iisks Aol dlets Hvt
WL 52 535 AT E & 7FsAdol T2 Qulgict

Yo FEAEY L, A H A e 7 7R 28] A of ol A
3t FFE MAE Ae=m YERTE o449 B 27 fee AT FEC] HEY ¥
THOE 4.0%(p<0.1), TS 17.2% RAHp<0.01). & o432 FAET &5l
a=Fo|3lor, 5o] FEE9] A4F A Hrrt 27 EolFtt

W0l 2E AMEN vRe BIE AWEY, 1SE0] HEH 27 &5
THES AT FEO] FUA 2Z ofste] ARt Fostrt. 2E ofst i &
7L A7) 5& AR 7S ISR BatA o ® 7.9%(p<0.01), 2259 B¢
= 5.8%(p<0.05) RA e ol2ftt Aile waEe] E2F s ddec] w1
< AT ARSI 2, 2004: ©18-4 2], 2010).

AAES A5 2F e niAe TS AHEY, GART ok Bl
Hot 7 7] 2 AVIES 35T gE0] WA UEikth 27 259 Be= 4
Ag-s oAt vitoiAE= T 5.8%(p<0.05), Te-52 A= 4.8%(p<0.05) W3k=
g, o= FAIA & AlRto] AdHiAor FE5351] figos F4Hr;.
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(Table 2) Logit Estimates for Exercise

This table reports the estimation results based on a Logit model, where dependent
variables are Walking and Muscular exercise; and independent factors are private
insurance and other factors that may affect dependent variables.

Model 1:Walking Model 2:Muscular exercise
Marginal Marginal
p effects p effects
Private insurance 0.177* 0.043* 0.259** 0.037**
(0.100) (0.024) (0.128) (0.018)
Female -0.165* -0.040* -1.266*** -0.172%**
(Base: male) (0.087) (0.021) (0.127) (0.016)
age 0.042 0.010 0.038 0.005
(0.029) (0.007) (0.040) (0.006)
age2 -0.000 -0.000 -0.000 -0.000
(0.000) (0.000) (0.000) (0.000)
Elementary school -0.323%* -0.079%*** -0.415™* -0.058**
(Base: high school) 0.112) 0.027) (0.161) (0.022)
Middle school -0.120 -0.029 -0.126 -0.019
(0.134) (0.033) (0.162) (0.024)
College 0.141 0.035 0.088 0.014
(0.128) (0.031) (0.148) (0.024)
Spouse 0.010 0.002 -0.119 -0.018
(0.101) (0.025) (0.139) (0.021)
Work -0.239™* -0.058** -0.323** -0.048™*
(0.097) (0.023) 0.137) (0.020)
Income level 2 0.128 0.031 0.347** 0.049**
(Base: income level 1) (0.108) (0.026) (0.152) (0.021)
Income level 3 0.063 0.015 0.236 0.032
(0.124) (0.030) (0.169) (0.023)
Income level 4 0.142 0.035 0.395** 0.056™*
(0.132) (0.032) (0.176) (0.025)
BMI -0.037*** -0.009*** -0.026* -0.004*
(0.012) (0.003) (0.015) (0.002)
Limited activities -0.255** -0.062** -0.140 -0.020
(0.108) (0.026) 0.162) (0.022)
Constant -0.341 -1.488
(0.876) (1.202)
Observations 3,908 3,916
F 4,30 11.93™*

Notes: 1) Standard variation in parentheses
2) *** p<0.01, ** p<0.05, * p<0.1
3) dy/dx for factor levels is the discrete change from the base level.
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(Table 3) Logit Estimates for Dietary Life

This table reports the estimation results based on a Logit model, where dependent
variables are Calorific limit, Carbohydrate, Protein and Fat ingestion; and independent

factors are private insurance and other factors that may affect dependent variables.

Model 3 : Calorific limit Model 4 : Carbohydrate
Marginal Marginal
p effects B effects
Private insurance -0.064 -0.015 0.357** 0.049***
0.111) (0.025) (0.141) (0.019)
Female 0.249** 0.057** -0.309™* -0.043**
(Base: male) (0.094) (0.021) (0.123) 0.017)
age -0.038 -0.009 -0.015 -0.002
(0.032) (0.007) (0.036) (0.005)
ageQ 0.000 0.000 -0.000 -0.000
(0.000) (0.000) (0.000) (0.000)
Elementary school -0.078 -0.018 -0.476%+* -0.065%*
(Base: high school) (0.125) (0.028) (0.165) (0.022)
Middle school 0.046 0.010 -0.332* -0.047*
(0.142) (0.032) (0.183) (0.025)
College -0.218 -0.050 0.095 0.015
(0.139) (0.032) (0.164) (0.027)
Spouse -0.180 -0.041 0.386** 0.051**
(0.116) (0.026) (0.166) (0.020)
Work -0.211** -0.048™* -0.050 -0.007
(0.102) (0.023) (0.127) (0.018)
Income level 2 -0.322%** -0.072%** 0.189 0.026
(Base: income level 1) (0.123) (0.028) (0.173) (0.023)
Income level 3 -0.244* -0.054* 0.183 0.025
(0.145) (0.032) (0.192) (0.026)
Income level 4 -0.521%** -0.120%** 0.163 0.022
(0.150) (0.035) (0.198) (0.027)
BMI -0.032** -0.007** -0.003 -0.000
(0.013) (0.003) (0.015) (0.002)
Nutritional education 0.458** 0.099*+* 0.208 0.031
(0.184) (0.037) (0.213) (0.033)
Constant 2.884%* -0.913
(1.004) (1.038)
Observations 3,511 3,511
F 6.21%** 7. .42

Note: 1) Standard variation in parentheses
2) *** p<0.01, ** p<0.05, * p<0.1

3) dy/dx for factor levels is the discrete change from the base level.
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(Table 3) Logit Estimates for Dietary Life(continued)

This table reports the estimation results based on a Logit model, where dependent
variables are Calorific limit, Carbohydrate, Protein and Fat ingestion; and independent
factors are private insurance and other factors that may affect dependent variables.

Model 5 : Protein Model 6 : Fat
Marginal Marginal
p effects p eff(gcts
Private insurance 0.103 0.018 0.352* 0.030*
(0.125) (0.022) (0.199) (0.016)
Female 0.123 0.022 0.176 0.016
(Base: male) (0.106) 0.019) (0.159) (0.014)
age 0.052 0.009 -0.039 -0.003
(0.036) (0.006) (0.045) (0.004)
agez -0.000 -0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000)
Elementary school -0.426™* -0.074* -0.795™** -0.063***
(Base: high school) (0.144) (0.025) (0.221) (0.017)
Middle school -0.267* -0.048* -0.566™* -0.049*
(0.156) (0.028) (0.219) (0.018)
College 0.205 0.041 0.329* 0.039*
(0.149) (0.030) (0.176) (0.022)
Spouse 0.014 0.002 0.199 0.017
(0.133) (0.023) (0.205) (0.017)
Work 0.005 0.001 -0.161 -0.015
(0.114) (0.020) (0.164) (0.015)
Income level 2 0.060 0.010 0.467** 0.039**
(Base: income level 1) (0.140) (0.023) 0.227) (0.018)
Income level 3 0.268* 0.047* 0.532** 0.046**
(0.154) (0.027) (0.244) (0.020)
Income level 4 0.375™* 0.068** 0.240 0.018
(0.162) (0.030) (0.257) (0.019)
BMI 0.021 0.004 0.028* 0.003*
(0.015) (0.003) (0.016) (0.001)
Nutritional education -0.143 -0.025 0.126 0.012
(0.204) (0.034) (0.267) (0.026)
Constant -3.216%* -1.906
(1.079) (1.178)
Observations 3,511 3,511
F 44714 7.827*

Notes: 1) Standard variation in parentheses.
2) ** p<0.01, ** p<0.05, * p<0.1.
3) dy/dx for factor levels is the discrete change from the base level.
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Abstract

As the number of chronic patients grows, insurance companies have entered
into the health-care business. In this paper, we studied the relationship
between diverse factors including private health insurance and diabetic
patients' self-health management. The result shows private insurance holders
are more likely to participate in both aerobic and muscular exercise and
follow the diet advice for diabetic patients, which implies private insurance
holders are more concerned with a health condition. Also, we prove that a
person with the high body mass index ratio is less active in a workout and the

employed persons do not follow the recommended guide for diabetic patients.
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(Table 1) Fixed Interest Whole Life Product for Analysis

This table shows the detailed insurance contract of the fixed interest whole life
product (FIWL) to be analyzed.

Classification Contents
Product type non-participating FIWL
Sex | Age | Face amount | Issue date Pat};rrnrrelnt Prfl}elglzrcllt
l\ﬁggil male | 40 | ¥100 million | Dec 2002 20 years monthly
Premium | ¥205 thousand | Current reserve on Dec 2017 izi:ﬁ%
Assumed interest rate 5.5%
Expected mortality rate the 3™ life table
Acquisition (al)f 30/1,000 ostf face amount in the 1% year
(@2): 110% of 1% yearly premium
Expense during payment |(81): 1.5/1,000 of face amount each year
loadings | Maintenance term (82): 4.5% of paid premium
after payment term | (83): 0.5/1,000 of face amount each year
Collection |during payment term|(r): 2.0% of paid premium

U 2EdEsd S4Ee

d

(Table 2) Interest Sensitive Whole Life Product for Analysis

This table shows the detailed insurance contract of an interest sensitive whole life
product (ISWL) to be analyzed.

Classification Contents
Product type non-participating ISWL
Sex | Age | Face amount Issue date |Payment term Payment
method
l\sco)icftl male | 40 | W100 million | Dec 2010 20 years monthly
. , Current reserve on Dec 13,532
W )
Premium 208 thousand 2017 thousand
Assumed interest rate 3.75%
Guarantees minimum guaranteed interest rate: 2.5%
Expected mortality rate the 6™ life table
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Acquisition 30/1,000 of face amount in the 1% year
Expense during payment term (Bl)f 1.5/1,000 o.f face z}mount each year
Joadings Maintenance (82): 4.5% of paid premium
after payment term | (83):0.5/1,000 of face amount each year
Collection | during payment term | (7): 3.0% of paid premium
2. 7P4

7)o ARG ARlA 1 9 ok 7P thet U

7. A

£ o170 ST AR E 1S HBAJEAINE Fzslo] Age] FEAYE ol
(Table 3y2] A= £5h8S Folo] T8 71902 AAg3I%T

ﬂl

(Table 3) Mortality Rate Assumption

Below claim rate is multiplied to the corresponding mortality rate of the 8th life table.
Policy term | 1% yr [2 yr| 3 yr| 4" yr |5 yr|6" yr| 7" yr 8™ yr| 9" yr| 10" yr |11 yr+
Claim rate(%)| 44 | 71 83 87 90 92 94 95 96 98 98

—_

£ dorls BEAGEA(2016)5 Fxsto] off (Table 4)9F Zo] HIGAIE F41
H39o| A sixjg IS ARESISIT

(Table 4) Lapse Rate Assumption

Policy year 1% yr 2" yr 39 yr 4" yr 50 yr 6" yr
Lapse rate(%) 17 18 12 10 9 8

Policy year 7 yr 8" yr 9 yr 10" yr 1" yr 12" yr+
Lapse rate(%) 6 6 5 4 4 3

11) B371er(2016), EIARAEA.
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£ 472 9l off (Table 5)9} o] ALJelel et 7192 2g31iek

(Table 5) Expense Rate Assumption

Acquisition Direct commission 40% level of acquisition loadings

expense Other indirect expense | 40% level of acquisition loadings

Maintenance expense 70% level of maintenance & collection loadings

2t A2HEE(C00)

B A7) 7JBEAS Q5] RP Y RA A& A ALE= AEH|RE(CoO)S AAF
JHAE=(K-1CS)12) =Y ZLLol|A AAeE 2 5% 718519t

u}, oJA}&

A9 7N ARBEE RIS v, B B Al fiolo] WA] 20174 12¢
T APolA HEE w7 1dollA 2087H4]9] a4 oA 712 TS 2
“gojgitt.

ez A(LP)2 K-ICS =PZSM g 24S I H-85to] 32bpE 7}
“gotadrt.

HABALY] - Dut SIA Hhego] S18E L QA ghom AHEES A0 59
A = ASAHES TS ARFE 0= IS 5= glo] I 713t SR HEE Fo1]
7} 47 gt weba] B ol A= off (Table 63 o] 20179 AASFHH )
=8 oIRES AMESte] A olAkEe] KpolQl HA| ARALHE(TRS)E V7

20974 A3t 53bpE 71g 5ttt

12) 254592018, 4), FAFAZGAE =Y2HK-ICS 1.0].
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(Table 6) Yields of KTB and Non-banking Financial Bond at The End of 2017

(Unit: %)
Bond maturity Tyr 2yr 3yr dyr Syr 7yr 10yr | 15yr | 20yr
KTB yield 1.86 | 2.09 | 2.15 | 2.31 | 2.36 | 2.46 | 2.48 | 247 | 2.46

Non-banking
financial bond

206 | 2.31 | 250 | 2.66 | 2.83 | 2.90 | 3.17 | 3.45 | 3.50

Credit spread 0.20 | 0.22 | 0.35 | 0.35 | 0.47 | 0.44 | 0.69 | 0.98 | 1.04

ES Y AR SA 9 A=A AE AR SAECl3 A A8-E(g)
= 40%= 75

90| 7HISS BB UNE 1, L, 1 of 4 (14) L &) (159 2ol HIZ 2 ek

i
l‘
%

1, = 1y + 320p+ (53bp — 32bp) X 40% = r;+ 40bp 149

77] 209E 235K 7I7ke) olxkg A4S 24317] 8l Smith-WilsondHE A
&sto] 771609 71 d==I(UFR)E 4.5%% 71gsto] 2437] oxR&7IR2E it
H(extrapolation) 28 BA5190H 1,000702] 8% (Risk-neutral) ZYAUEL
= A183519IT} 13)

B oJ7Loj| A= Hull-White 1-factor B&< 7|8k0.& o]akg AU QS Ak&slal &
Aol o] AltE] Q9] 90%E 7HE5HTE

<
HI
1z
my
H

1. 71224

2 AtollAl= 20179 129 319S [FRS 17 LR 7Pgsiion, A& 2] ]
I A2 8ol 171 913l IFRS 17 gk A] HAAFRAN(TV)E FFHRHCNL
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R—TVCV>100% <1 75 IFRS 17 %3t A] HFARA7} APE=H|FE} A
Al Hol S 71 0= Agstolof shar, Rithe] 3% [FRS 17 Agk A] FA7F A%
THIEETH 2| o] BA7F hAsHA] B2 ofngi.

_1v
R=TVCOV= (16)

7F 3775k osm
20179 1290 B AR FVHSHL 1V, BARE 9 7HHS 48slo] A7
Hale] CSME AHESt A3k= ol (Table 7)) Tt
(Table 7) CSM Based on Fair Value Approach

This table shows the contractual service margin(CSM) based on fair value approach for

whole life products to be analyzed.
(Unit: ¥ thousand)

Classification FIWL ISWL

. ECF 34,602 11,477

RN RP 1765 1212

FV 36,367 12,689

Fulfillment BEL 35,172 11,774

cash flows RA 1,592 1,143

(IFRS 17) FCF 36,764 12,917
CSM (=FV - FCF) -397=) 0 -228 =) 0

£ AT Ao w2 24
EEch HBAE CsME Aot
V Ak A| B 3IAL] A7) 418918 5 A5
Z Al @RIE r; Bt F 8bp woHAA EHol FI7h Aoz

Aol WA CSM g2 B 022 4F
FVe} FCF 7¥9] AolE TAI7 = 8712 A4,

2ol PPIFL /M QAL 1, 0] FOF AL
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a%lo® 78 4 9t} 9 (Table 7)ol B1E Holo] 25t FV FhfH7E £
ol ot £V Z7kaThR 27 UeRis Ao wekEr),

(e}
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¢
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ol (Table 8)2 2017 12¥ T IFRS 17 ASA=Z 7PF5199S A% B4 it =
AR A k] [FRS 17 BERATE(R— 7TV CV) D I8 Fu]23te] xjlo]E Yehdct

(Table 8) R— TVCV at IFRS 17 Transition Date

This table shows the results of insurance contract liability under IFRS 17 and gives a
comparison with the current policy reserve for whole life products to be analyzed. The
R-TVCV refers to IFRS 17 insurance contract liability over the current policy reserve at
the IFRS 17 transition date.

(Unit: % thousand)

Classification TV cVv TV-CV R— TVCV(%)
v [ 36764 | ov | 34035 | 42729 108.0%
FIWL FCF 36,764 | V, 34,035
osSM 0| DAC 0
w1297 | v | 1353 -615 95.5%
WL e 12917 | V, 13,532
csM 0 | pAC 0

A AP CV)S EEFRA] HAEHE(V,)oIA vl FZAIAFR(DA C)

£ A3t SR EHleE Qulshs 2z BAIF A2 AR dFgelrtE, AHANEE

AEAIRHE 7He LBHA A8t ARttt wWEbA 20179 129 T LA

o] Aok, AFTE 2 ARIY] 5 A 2X7PS BHIRE IERS 17 A A FAH(TV)
Y Aol AYsHA .

B4 oV S E SAEAAFY] A dlFgolE 5.5% HiH] IFRS 17 U2 A|

A E vt @2 IRIEE QIste] [FRS 17 A Al R— TVCV7F108.0%% TV
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o OVe] Zpo] FARI 2,729 919] F71 B Fgo] sk 2 0& A =it BhH
SAEF SAEAARE APErIF0] aFgolE 3.75% T HAAEFOlE 2.5% oV
9] ZAlol& F & FHoE AP LR ARG Qlot FFo| AR Zom iy A
UE A aTE A=) IFRS 17 A A] R— TVCV7E95.5%= 61599 H.4) &
o] WAYsl= A& mlotHt.

ESH AT = $ATHS F80kHe A = QXIAAEY O F A3 o]
T Zto] AF7|7te] sfigohs nl g FAE QlAlstoof sht, 377 S 28 A
§ CSMO] 09] Fro2 Z7=o] IFRS 17 A Al £Afjofl F7H4Q1 JFe T4 Gkt

of# (Table 9)%} (Table 10) IFRS 17 FAXEE R— TVCV 4 dPFHF
(CV)T}E] ZJolE F9 YRIHEE B3t ATH4HE YepRdct.

(Table 9) Variation Factors of R— TVCYV for FIWL

This table shows the key variation factors between IFRS 17 insurance contract liability
and the current policy reserve and also each impact on R-TVCV for FIWL.
(Unit: % thousand)

Classification Insurance contract liability Difference R—TVCV(%)
v 34,035 - 100%
i) Others 34,160 +125 +0.4%
ii) Lapse rate 34,177 +17 +0.0%
iii) Expense rate 32,988 -1,189 -3.5%
iv) Mortality rate 21,537 -11,451 -33.6%
v) Discount rate 35,172 +13,635 +40.1%
vi) RA 36,764 +1,592 +4.7%
v 36,764 +2,729 108.0%

che S S P ARIER A38) BEEIEF obd A HBEAR e WRA

FEOl A=Y RHER WUISHEE AFTE Az Qlsto] FA7E oF 33.6% A4

o,

149) IFRS 17 A% A RFAARANTVE 453 F G0 APRIIHCVUY ol 2
LT )
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S "ot ERF A FHE(CV) AR Al 875 o IFRS 17 FAE7IE 98l =
Folojof 1= JFRA(RA) 7t BTFE B} OF 4.7% Z7F5hH, ¥R ogAldH]
te] ABAIGRE 7Hgo] Wl Wt oF 3.5% FAP T fashs Ao R FAEII.

(Table 10) Variation Factors of R— T'VCV for ISWL

This table shows the key variation factors between IFRS 17 insurance contract liability

and the current policy reserve and each impact on R-TVCV for ISWL.
(Unit: ¥ thousand)

Classification Insurance contract liability Difference R—TVCV(%)
cVv 13,532 - 100%
i) Others 13,505 =27 -0.2%
ii) Lapse rate 13,533 +28 +0.2%
iii) Expense rate 10,414 -3,119 -23.0%
iv) Mortality rate 8,807 -1,607 -11.9%
v) Discount rate 11,476 +2,669 +19.7%
vi) RA & TVOG 12,917 +1,441 +10.6%
v 12,917 -615 95.5%

FEATY FAEF] A ool 3.75%2 Y TR1E Xfolof whE H A RRA
Z7h &3} oF 19.7%013L FH olPANEES] Al63] ABYPE tiu] FY AFGE X0
2 QI3 B 7H4 A} oF 11.9%= 2AECE E3HTVOG ¥ RA 7H antg B
7} 9F 10.6% 7okt RIh=E H Aljulgo] Wola] A7 oF 23.0% HAgtct.

=24 E ] S A5 SAEHY] R— TVCV XolE H|wshd F2dsd &
AR O] Afgo|Zhg tiu] Y LIS A FEHP R ol R— TVCV T7HE
ol Jid o &1, FE|ATH FARHN= A63] FAIFRIT A8 o] ST
o] A335] AFBPRECE AFLE A EIZ IS R— TVOV HAE GA] ZhAstoich
ESH FEAEE SAEHY o] BERHAVIT 2 BEA|7to] SRRt
7It0 2 RA H ARJHIE Bt 247 34 e 2108 B4l
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(Table 11) Sensitivity Analysis by Net Application Rate(g) for FIWL

This table shows the results of sensitivity analysis by changes of the net application

rate(g) used to determine discount rate of fair value calculation for FIWL.
(Unit: ¥ thousand)

Classification g=100% Base(g = 40%) 9=0%
FV 35,571 36,367 36,868
FCF 36,764
csSM 0 0 104
TV 36,764 36,764 36,868
cv 34,035
R—TVCV(%) 108.0% 108.0% 108.3%
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(Table 12) Sensitivity Analysis by Net Application Rate(g) for ISWL

This table shows the results of sensitivity analysis by changes of the net application

rate(g) used to determine discount rate of fair value calculation for ISWL.

(Unit: ¥ thousand)

Classification g=100% Base(g = 40%) 9=0%
FV 12,208 12,689 12,991
FCF 12,917
csSM 0 0 74
v 12,917 12,917 12,991
cv 13,532
R— TVCV(%) 95.5% | 95.5% 96.0%
U AR E(Co O] BE NRERA

FV A&
149} 2t}

CoC = 6%21 7
orol} el

0.1%p S71RI}. 9F Co C = 7%

SR

Al Hgske CoColl tidt T =24
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FV7}JAs| FOF Bt} &ol R— TVCV7FHEA]
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A5 24 Vg Al B FV7F FOF Bk AR A
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(Table 13) Sensitivity Analysis by CoC for FIWL

This table shows the results of sensitivity analysis by changes of CoC used to calculate

fair value of FIWL.
(Unit: ¥ thousand)
Classification Base(CoC=5%) CoC=6% CoC=T%
FV 36,367 36,721 37,074
FCF 36,764
CSM 0 0 310
v 36,764 36,764 37,074
cv 34,035
R— TVCV(%) 108.0% 108.0% 108.9%
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(Table 14) Sensitivity Analysis by CoC for ISWL

This table shows the results of sensitivity analysis by changes of CoC used to calculate
fair value of ISWL.
(Unit: ¥ thousand)

Classification Base(CoC'=5%) CoC'=6% CoC=1%
FV 12,689 12,931 13,174
FCF 12,917
cSM 0 14 257
v 12,917 12,931 13,174
cv 13,532
R—TVCV(%) 95.5% | 95.6% 97.4%

ot SRl e RAERA

sixgo] 718714 dhe 75%E AASAL B 125%2 A53he 390 UdE
Ak ol (Table 159} 2tk Aok Aa7Igto] Qnt 2] ghe AlfAke] 7
Aojst Yub o ug7ore] sjxigo] Lolxel mje Aokads gl ok
e asht BeR 491 2715 Hlel IFRS 17 % A SA(7V)7} sk
R— TVCV ESF A4S Zlo|t}

%

0
i

i

Y FAHEFL R g0l TAE Wl R— TVOVZF F 1.4%p AAsky, dfX
£o] Z71=l= A R— TVCOV7E ¢ 0.8%p S7Fke 202 EA= 9t 2E953
FAEHLZ siAl&e] Aad W R— TVCV7ZF 2.2%p A4k, siAl&0] AF5she
$ R— TVCV 9 1.6%p S7Fol= Ao& B4,

g9 A siAlgo] ol of Bt A5 Wjo] R— TVCV Fo] A2 ©
Fre SRS 5o R v Badg7t dAste] o|1kex} Anxl gifo] 4stE]r] whiE

A0 = Heer

=z

Q.

¢

-
o,

—_



IFRS X82 ¢let Zhlogie] mapioms 3k uad zet a7 [IEL

(Table 15) Sensitivity Analysis by Lapse Rate

This table shows the results of sensitivity analysis by changes of lapse rate assumptions.
(Unit: ¥ thousand)

Classification Lapse 25% down Base Lapse 25% up
— v 36,268 36,764 37,038
R—TVCOV(%) 106.6% 108.0% 108.8%
v 12,631 12,917 13,141
ISWL
R— TVCV(%) 93.3% 95.5% 97.1%

2 AgolAgo] me WERA

glof JEHAI AAo|AHgo] 7] 207k ABH O 0,5%4 Skt E
< 9171 7)uke] FREn| (V)L WaiA grort, A7bE7} Flete] Hek A BA(TV)
TRRgol - wiziekA s,

of] (Table 167} o] Tejebdd SARTE APgolA1go] 0.5%p st T 353t
= 7% IFRS 17 A% A| FA(TV)7F 5=l R— TVOV7ZE 282 10.2%p 57+ E=
0.2%p FATT. Tt FelIER0] A9 HARZolE ATk Qlsje] APgolAhe slet
Al R— TVCV7E15.9%p S713It Wiz Aol A% Alole R— TVCV7}
8.5%p Taslo] 22 sl A] 24 W50] ¥ A Uehhs A & % 9.
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(Table 16) Sensitivity Analysis by Risk Free Interest Rate

This table shows the results of sensitivity analysis by changes of the interest rate curve

based on Korea treasury bonds.
(Unit: ¥ thousand)

Classification r; = 0.56% Base(r) r; + 0.5%
v 40,225 36,764 33,617
FIWL | ¢V 34,035
R— TVCV(%) 118.2% 108.0% 98.8%
v 15,075 12,917 11,767
ISWL | oV 13,532
R— TVOV(%) 111.4% 95.5% 87.0%
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(Table 17) Sensitivity Analysis by UFR

This table shows the results of sensitivity analysis by changes of the ultimate interest
rate(UFR) for generating discount rate curve.
(Unit: ¥ thousand)

Classification Base(4.50%) 4.20% 3.90% 3.60%
Vv 36,764 37,053 37,344 37,636

FIWL
R— TVCV(%) 108.0% 108.9% 109.7% 110.6%
v 12,917 13,271 13,634 14,003

ISWL
R—TVCV(%) 95.5% 98.1% 100.8% 103.5%
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(Table 18) Different Types of Whole Life Products for Sensitivity Analyses

This table shows the detailed insurance contracts for sensitivity analyses of different
types of FIWL and ISWL.

. Assumed/Minimum : Premium
Classification Issue date e — Mortality rate table (# thousand)
- policyl | Dec 31, 2007 4.0% the 5" life table 213
policy2 | Dec 31, 2012 3.5% the 7" life table 217
ISWL policy3 | Dec 31, 2004 4.0%/4.0% the 4™ life table 235
policy4 | Dec 31, 2014 3.5%/2.0% the 7" life table 218

() Z=ENM A

wel2Pd @] - ot (Table 19)9F o] afgol&o] 4.0%R1 MAT=RA i Aok
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(Table 19) Sensitivity Analysis for Different Types of FIWL

This table shows the results of sensitivity analyses for different types of FIWL.
(Unit: ¥ thousand)

Classification Base Policy1 Policy2
v 36,764 20,864 8,031
v 34,035 20,578 9,056

R— TVCV(%) 108.0% 101.4% 88.7%

ofgfl (Table 20y} Zo] F2|AEH SAIEAA ] thet ¥R 2} ofgol&
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(Table 20) Sensitivity Analysis for Different Types of ISWL

This table shows the results of sensitivity analyses for different types of ISWL.
(Unit: ¥ thousand)

Classification Base Policy3 Policy4

TV 12,917 30,970 3,923

v 13,532 30,925 4,128

R— TVCV(%) 95.5% 100.1% 95.0%
VI, &
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Abstract

Using the fair value approach for IFRS 17 transition, this study directly
computes the contractual service margin(CSM) and the insurance contract
liability under IFRS 17 for representative Whole Life product contracts, and then
compares them with the current reserves. Because a non-performance risk
should reflect the discount rate used in fair value approach, the fair value at the
transition date is lower than the fulfillment cash flow under IFRS 17, and so CSM
is equal to zero. As a result, IFRS 17 liability of the fixed interest whole life
insurance contract(5.5% of the assumed rate) is increased by 8.0%p compared to
the current reserve, but IFRS 17 liability of the interest sensitive whole life
insurance contract(3.75% of the assumed rate and 2.5% of the minimum
guaranteed rate) is decreased by 4.5%p at the transition date. This study also

carries out the sensitivity analysis for changes of main variables.

% Key words: IFRS 17, Fair Value Approach, Non-performance risk, Whole

Life Insurance Contract
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S 7181 H= Ao g 7Pggith

-

A, AREHE FHA0E B olEHS BARIE S nesl] $45U5E A%
59 F5EE TESH) o FUeGh 3 B dv AdclEny T Aoy A%
B9 AEste]l By 508 45| ke NgARyo] A SE A4S 6
Walo] AApEE EE5HE Zlo] BAoltt, thil, 34972 AbolR Y E Fofy 2

7) OECD E&FAA ] w2d HlEse H94E9] 50% uluh FAEL FAS59] 50% o4
150% Blgl, DASELS FAAES] 150% oifog ERFsick

8) & BTN AAESL 25.8%, FAEE 47.0%, I1ASS 27.2%% A

9) B3z il EF/IUGHE ARE s QAN EVIASHS AEiRAR R LT
A| ¢o} o5 EEIA]| HEsl¥on, Hmel HY/IFHe B4 diFTAe] ok &
o 9oug oJu HE ARSSIEEE AolE gle AoE wosiyrt



FEY T AEslsto] B¢ E F5 Ak o] Q1S 2108 Helrk & A9 &
AE Boshed HeduslAE g (Pooled OLS), WHAIRFREM), THaTY
(FEM) 59 232 18 4= A ShATE S0l &85 A=rt fidilmehs &
8 1T ) P ARE FFole] A6k A YREE]ARB(Pooled OLS)E =
Hdztzol S3bE A5 W AR FREM T 1 aat= J(FEM)o] 285t
t}. (Table 1)ollA &I &= U= ZAAH 8 APHrE0] 7 152 Uehle= tud
T2 @7 gho] A #ishr] of#l& E4o] itk 18 B& FEMYETh= REMo] & =
29 A7FAE E4ok=t Hdeltt. E2 FEMY REM 1Y 5 A3et 8-S A=t
7] 918l Hausman TestE AAlote] #ed =& Qo FEM= &8 = Sl= 71 8
& FEHet =9 AT AZIERE W5/do] ook gt Cameron A. and P.,
Trivedi, 2005). o]2fgF H 112fsto] & dAtoxf= 4, AP(=RIF 5 X3, u5
W4 5 time-invariant /32 2] ¥450] Z3E 7-9olli= FEMYth= REM 20| 5<
F-&slth= HoflA REM= 5410 & A H a1z} {10
TAH o= AFH WMrE 8o6l= the (Table 1)ojlAet Zt.
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(Table 1) Definition of Variables

Classification | Variable Definition
Dependent Inmcont The natural logarithm value of monthly private health
variable insurance premium per person
dold 1 if age is 65 and over, 0 otherwise

dtypel=1 if non-elderly and under 50% of median
income, 0 otherwise
dtype2=1 if elderly and over 50% of median income,

Independent
variables dtypel 0 otherwise
~dtype3 dtype3=1 if elderly and under 50% of median income,

0 otherwise
The reference group is those with non-elderly age
and median income of 50% or more

Control dhead 1 if householder, 0 otherwise

variables dsex 1 if male, O otherwise

10) & EX3} 7ste] JdEH](panel tobit) 2FS 1E 4 oL}, ZEH(Inmeont)
Al S censored)=h= #ho] BA] A9to™ REM EA4Z27eL Aot A9 glo] EXl(tobit)
2ol oJgt BA Avl= BZ((Appendix table 1), {Appendix table 2))ol X3k
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dwork 1 if currently working, 0 otherwise
dwed 1 if living with a spouse, 0 otherwise
dedu 1 if above high school, 0 otherwise
ddisab 1 if disabled, 0 otherwise
dake 1 if having a chronic disease, 0 otherwise
. The natural logarithm value of monthly medical

Inmmedi

exXpense per person

. The natural logarithm value of monthly labor income

Inmincom

per person

o714 F&Hes Em dEFHe] At ZE (Inmeont)olH, FRHFHSFR
£ 13 Ev](dold, 6541 o F=1)1D, WAFR}ER] M52 519ict.

WA ] W TEASTV|Q} WelojReju] W] JR Ao R, TRAS
Eu|= AdiRlEeES 1Efsto] S5 50%C1d 1, HIREE 00, wQlojRen]
£ el 1, Bxel 00& Aottt olEet 4719 A5REL vkl FAS o, H]
9l FHAE Tk, =l FAE o4, k9l FRAS w|Tte] Mo g FAEl= tiv|
s AT 4= Qlrt o714 WA} B E8ote] 4719 A5RT HeE A%
3k olf= 1 oj e} AS0] B R YHE AHok= 7MY 583 840U F A= E
A AHZ o] E4E) FA5H Holr] fiizol o] QIgk Mol B4 WilE AmE
7] $1gtolt}.12)

7€} BAMSE 71 FEu)(dhead, 7FE5=1), AUn|(dsexr, B4=1), AAEE o
t(dwork, BAEE F=1), Bi¢AE 1 (dwed, §=1), XHT|(dedu, 158 ZY ]
&=1), Aolelvl(ddisab, ol B-5=1), WA |(dake, TIAZ HH=1), 7AUE
HoJgH|(Inmmedi) Y € T2A5(Inmincom )2 AsIAtt & Z3stl U}, &
LR, 7B A S T AEHSES BF 211 3102 Mgt

SholM AAE Mg EHslshd v (A D 2

Mooy M

T

11) 337} o W g Feoles dAP(age), AdAE(age2) HPE F7I61] BFe
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Inmecont = B, + XB, + Bydold + Bsdwork + [,dtypel A1
+ Bsdtype2 + Bydtyped + €

ot X dold, dwrok, dtype 1~32 |23t H4E0] WEIS oju|gh

& 2 E-85t0] BAlshd, 280 A 22 Y o U "k o,
48212 SAAGE] =7]0f| o3f ArgEl=t] YrtA o g BlHES At AGE=
ol Aol sig 240 AAZAR] FFHE vefsh=d] TAVE . &, vIEESHT=
Hp0] 9 E= Tu|Hs o 5o 23f| Al gho] A== Zol=e EESPT HA
o s W] AHid] JYEE w4 }lok o F 5l vEESH A E BES)
Az Agsto] AduiE a7t k. YRt or EF0MA= Friedrich, R.(1982) %
Aiken, L. and S., West(1991)2] Z-score < Z-83lth. off A4 o, = S&HS

.2 A ARee] EEHARE ofufel
ok (4] 2)9F o] 7t ¥i=0] 3] HiAl WAL ghe -85 o] Teiet tr] W4

of 5 Sof QJgre W) ok 2 i40) AThE Fa4E AT 4 At

oM

glo]g 9] IFHAKstandard deviation)< o,

O-:vj

Standardized Coef ficient; = ( -

) X Estimated Coefficient; (41 2)

y

S, FAA B F42 vIBESH Al E B-85te] 345 Hed, 9 M

YR #83to] 24T 5 Ak

. 71284

B0l A 3750 E83 FaHFES| 7|2 EAE AWET i} Atk 2 B4
B9 A== 2011~20159 58 B RAA 7ol i) =ARE Aot 7115 vl
32.9%, ABL 39.34, Bi9A = &2 51.7%, BASEAIE(AEE)L 49.3%,

ZAEL Y2009 9, TS $EL 12.6%2 AT
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(Table 2) Summary Statistics for 2010-2015

Variables 2011 2012 2013 2014 2015 Total
Ratio of householder (%) 32.1 32.5 32.6 33.5 33.4 32.9
Ratio of male (%) 50.1 50.1 50.1 50.0 50.1 50.1
Age 38.4 38.9 39.4 39.8 39.8 39.3
Marriage rate (%) 52.1 52.1 51.9 51.7 50.8 51.7

Ratio of higher than high

school degree (%) 64.2 65.2 66.0 67.4 68.4 66.3

Ratio of disability (%) 4.9 4.8 4.8 4.8 4.6 4.8
Ratio of labor force (%) 47.9 49.0 49.7 50.1 49.9 49.3
Ratio of chronic disease (%) 48.8 49.0 51.1 49.3 48.8 49.4
Ratio of aged population (%)” 11.9 12.4 12.6 13.1 12.8 12.6

Labor income? per person

(1,000 won per month) 1,977 | 2,004 | 2,065 | 2,135 | 2,254 | 2,094

Medical expense® per

person(1,000 won per month) 36 39 41 41 42 40

Private health insurance
premium per person 126 127 130 130 136 130
(1,000 won per month)

Notes: 1) Ratio of population over age 65.
2) Labor income before tax.
3) Medical expenses from emergency, hospitalization, outpatient, prescription drugs
only.

(Table 3)°lX= 59 &2 AAwE AdEl® BASIGH, oM Ag WE
W} RS APl 104 71Ee® 25| RIGATEIVIIE, MR, 9
BHAE, £5ES AHET

RIGAEA7IUES 30~404] vlRtoll A 71 3kem, 60Al olF- B4 3 7|2
7haA S48 gadhke Ze® Uehdth RgdEY VIR UgidEdEe
40~504] mRtolA 7Hg E9koH, TRV R 7|2 7HaM F43] gadhe Aos
U ols 22459 B9 "RIZHA B4 Bt



(Table 3) Characteristics of Economic Variables by Age Group
(unit: %, 1,000 won per month)

Proportion .
Age gro COVEIEE] by Prliﬁztia:iaelth Labor income” iselies]
ge group Private health ; expense?
. premium
insurance
Under 30 75.0 76 1,387 22
30~39 80.5 158 2,240 29
40~49 79.1 179 2,634 33
50~59 77.2 171 2,330 53
60~69 57.1 124 1,317 79
70~79 19.0 66 656 83
80 and over 2.5 35 512 77

Notes: 1) Labor income before tax.
2) Medical expenses from emergency, hospitalization, outpatient, prescription drugs
only.
3) Average value for 5 years from 2011 to 2015.
4) Refer to Appendix table 3 for yearly statistics.

(Table 4)= HEA=E L83 UFAFEY 89| 24821 4 Ajolrt. of7]A
= ollA ArgRt vie} o] B REIAIG} EFESHATE FLEolo] A E e St
o w ARl EAENEL HEEDS Ao F7|= d8EH. ol ilEfs
2 ANz FedrtslfEd(Pooled OLS), WHAIEF(REM),
(FEM)9] 37HA] g o= S7gsQirt. oA drgsigizoe] 8 Aguaal
6541 ool & iRt ko] 004 12 WA= Tn[#ge|Bg Al7tof| e ¥is4do] 2
A gkt TBHE 1R o2 FASk= A ASHA] g o 9lon 4] Axto
A= ook ohs 23S Hofal Qirt 59(20118~20154) B2t Saddaws
Poolingste] £418F OLSEA# s d#4(REM, FEM) A3} 7] s34 2 2to|7F glol
O}, Breusch and Pagan Lagrangian Multiplier test13) 23} OLSXEtH= REM 4
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S,
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u
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o] mr} Hget A0 % Ueh} REM R0l 395 23ke B83io] Agshas sk

(Table 40 o5H, NPAARY $08 F7hIE R0zt /175, Ju19A,
wekE|(a st ol el A9e o], SRASe] e A9 ekt 717et £
Hi9A] A9 ZbTelst U9} 5 Tise] AANTE AUA] SIet SISA) ke,
24 YALEESe0] e 877} 2 702 ofsjEith. BeGEe] BI4E WY
ARASQE S A0R Uepit ojmy] Ago] B Aghe ojmy] H7te] 1
2401, TRAS0] B AR 2ol AR AL SASHe Lo A Bl

ARRBSAE S77)E A0z ofshElh, T A4 B SOSIAE ekAek 1
GAFEY 495 F7HI1 $l0] e Ao BAHg:

(Table 4) Determinants of Private Health Insurance Demand (1)

Variables Non-standardized coefficient Standardized :gi?ﬁt
OLS REM FEM coefficient ) 9

Dummy for ook ke ok
householder(dhead) 0.191 0.203 0.108 0.114 3
Dummy for gender | o7 0.002 (omitted) -0.030 6
(dsex)
Dummy for elderly | 51 | g 1530 0.028 -0.133 2
(dold)
Dummy for labor 0.059" | -0.007 0.001 -0.017 8
force (dwork)
Dummy for marrage | ) mme | g ongme | (0gome 0.090 4
(dwed)
Dummy for ook _ ot
education (dedu) 0.009 0.174 0.366 0.004 10
Dummy for _ el - sk - -
disability (ddisab) 0.156 0.105 0.009 0.031 5
Dummy for chronic | ) ), 5 -0.014 -0.003 -0.009 9
disease (dake)
Lnmmedi 0.010™* 0.004* 0.003 0.020 7
Lnmincom 0.182%*** 0.076*** 0.035%** 0.203 1
Constant 3.307%** 3.800™** 4.675%* - -
Number'of 23.126 _
observations
Coefficient of Adj R%: within within _ _
determination (&%) 0.1076 = 0.0022 = 0.0051

13) &

jany

22 OLS 3749 HuRAel FEM 2979] Haie Hajsle ol



between between
=0.1192 = 0.0007
overall = overall
0.0987 = 0.0000
Wald
F test/Wald test F=244.80"** | chi2(10) F=18.87*** - -
=961.57***
Notes: 1) The higher the absolute value of the standardized coefficient, the greater the

impact.

2) Dependant variable is Inmcont.

3) For the robustness of the analysis results, the Heckman test is supplemented (see
Appendix table 4).

olo] uksf Q5 ZAAT = 8Rlo gl 1ol AAIBFAY, AollQl, T EeRel Ao
2 BAEC o, A AR T ARl B9 RofokA] gkt A A=
27900 W2 Z2Ado|E g RgAgEY 071 2o Ao ojsE) k2l, Aol
Ql, WHESA = AAEE =t A EATR S 2 U w384
ZFEHC] izt 3le] 508 RPAFEASR7 Fobd 42 s 208 259 & &
Ql, o}, YHERE ARt B8 71 S AR Holu ZFARI HaA} ¢
olrts AFA] 719)E A™SHAY & BERE Fajolo] 85 JAX7IHE 43
T ZARTH R, 2014).

SHH, S st UYAREY 80 vl At I FrE BESHSE B9
AT, Z2AE(0.203)7 =Q1045(-0.133) BG83 AA Q102 2=
o202 7ol (dhead), AR Hdwed), ofoli(ddisab), EAdod R (dsex),
In(eJ=H]), HgoiF (dwork) <02 FFL7t w2 702 Yepgtt A A3t viet
o] #E3Ap= HIRESHAe} EE] T9jol] S U] ot LEHARl JFEE ot

¥ 4= Ik ol elmlgls A\zEetar s
oA FBY HL, DRASL UAAIEASAE /M1, THY A9 19
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olefat ol 92 WHEY WFARRHC BAH S0 WalFrrt 42 A0 oo
A et vt ek, oleiat oEL B4 F iglo] Hueh WGABRA] B4R

ZoI5 olf7} glott, ZEASo] At Het BEsa s 29 4] gl WAl
AAstey, webd ol ApAle] 815 247K TR 420] HEL S22 927} 9l
A . ofefet 1]5E BEse @AKo RS AE sdrjlolgo] ogt 917

Ak WY 5 S weid B ast ok

ofEiRt B B tol AyH 0w W] Yt DRAST} LeQlofR wio] 4
S WA WS Rl HY Bart ik FE WA i go] i drelaer o] 2
RS WGE T olSlR TR}, of7]e] kQlojR g 21 g3le] AR Hlelet. o]
T IAFE Q0] (Table DO AT 4714] 4559 ¥ Uehd 5 9t 5 45
59 50l e IFIAE kg O R Slo] 4% A= (Table 52 2T,

(Table 5) Determinants of Private Health Insurance Demand (II)

Variables OLS REM FEM
Dummy for householder (dhead) 0.254* 0.310™** 0.073™**
Dummy for gender (dsex) -0.043™* -0.029* (omitted)
Dummy for labor force (dwork) 0.178%** 0.059%** 0.017*
Income | elderly Und.er median 0,407 0.107%** 0.3
type income
Under median income for ~0.094%" 0.037* 0.01
elderly
Dummy for marrage (dwed) 0.353%** 0.371%* 0.089***
Dummy for education (dedu) 0.219* 0.240% 0.150™*
Dummy for disability (ddisab) -0.221%* -0.140™* -0.032
Dummy for chronic disease (dake) 0.002 -0.003 0.003
Ln(medical expense): Inmmedi 0.030*** 0.005*** 0.003*
Constant 3.481** 3.856™" 4,293

Notes: 1) Dependant variable is Inmcont.
2) For the robustness of the analysis results, the Heckman test is supplemented (see
Appendix table 5).
3) The variables used in Table 5 differ from Table 4, such that elderly (dold) and
income (Inmincom) variables in Table 4 are converted into four dummy variables
in Table 5. The reference group is the elderly over median income.
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(Table 6) Estimation of Potential Demand for Monthly Private Health Insurance
(unit: 1,000 won, %)

o Middle-class Estimation
Classification . .
concept basis | model basis
Average monthly labor income of the middle class” A 1,971
Potential monthly private health insurance premium? (B)| 137 (108) 116 (107)
Male 147 127
Female 122 97
Potential monthly private health insurance premium 7.0 5.9
rate” (B/A*100) ' '

Notes: 1) Average monthly labor income for individuals with median income of 50% or more.
2) Average monthly private health insurance premium for individuals with median
income of 50% or more.
3) The premium rate is calculated by dividing premiums by income.
4) Figures in parentheses are private health insurance premiums only for the middle
class.
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(Table 7)2 A1t FAA 2o W9 EY G-I AP et A
FES AP o2 ERolRte g 2 AAGR-E2 A 65.7%, Bk’ 76.4%, =11

24. 7%= VFERGTE

(Table 7) Actual and Potential Payment Rate of Private Health Insurance

(unit: %)
Classification All el Elderly
elderly
Actual payment rate” 65.7 76.4 24.7
Potential Estimation model basis 26.1 30.9 6.1
payment rate? Middle-class concept basis 21.6 25.6 4.6

Notes: 1) The proportion of the insured paying monthly private health insurance premiums.
2) Only the insured who paid private health insurance premiums above the potential.

HHH, (Table 6] 'FHRE Y 7I& ol oJ3f) Aed A 1IGAdEAR ol

o

o

g
SHL Qe ZhIRe] HIR(EAIA] 712 AA) 26.1%, HieQl 30.9%, 191 6.1% Vet
k. ol A2 vwE v B4 NGAREL ZHUst G o] Agol
A 4% olSHNGAARY vFZ)oIA dFSIL 9l A0E . Ngags
W TSR vl A 73.9%, Hleql 69.1%, =21 93.9%zak 3 2 Slck

(Table 8)< AA] B FAA WI9AdES 8 $F5 Hlwsll 3o, olE
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3l 1
50| MIABHF] 1]5E 422 HolF Q). SlofA e uieh go] A ¥l
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(Table 8) Unfulfilled Rate of Private Health Insurance for the Elderly and
Non-elderly (per month)
(unit: 1,000 won, %)
Unfulfilled group” All?
Elderly Non-elderly Elderly Non-elderly

Classification

Actual payment (A) 10 38 21 98
Actual payment rate 19.8 65.8 24.7 76.4
Potential demand (B) 116

Unfulfilled gap (A-B) -107 -78 -95 -18

Unfulfilled gap
rate((A-B)/B*100))
Notes: 1) Include the insured who pay less than the appropriate premium and the uninsured.

2) Includes those who pay appropriate premium as well as who are unfulfilled.
3) The elderly are 65 or older, and the non-elderly are under 65.

91.7 67.1 81.7 15.4

F9 EAOARE NGATEE n|EE Q1o ot vliE Haf vl Hua} HA]
(T4 9 n|SSA BT T Al B 1A} g

A 58 F50MH Eoke =RA(A1ES =9)2 i 15 9 Hro] 9igaEy
5 Gste] A $221 119 64 ofl 109 74 9 22 Aoz Yepyth ojg v
SEEWE HHHH 91.7%FZE 8.3%F 4435] Wt g, vl uig 39k 8%

] NIFATEE RS FHoto] welof visf oF 4uiH R ot IR ol 7it
84 ¥ Ax Wol nFEEL 67.1%(FEE 32.9% 2 9=k

o710] Y 5& FE e GRS 2R AA 71E0E ATEd, A4
Q2 v 20 11 ¥ A=O] 1AL HPRE FHste] AAE 52 1176 9ol 9
75 ¥ A2 208 Yt olE MSSER HEHH 81.7%(FEE 18.3%)= UEt
ek ghE, H)eQl i 9Tt 84 9] YIGAFEHRE WHot] wlof vlsf ok 4.6
BER o) FAF FEol= 19 8H Y HE Wol nEEEL 15.4%FEE
84.6%) = 7=t

oj2igt At w]lof tisf = FEolo] A EH thy (Table 99} 2t 1SS
B LRl T uES oA ol 9] of A MIgHAEERE 27 Y 19 234 €,

d
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(Table 9) Unfulfilled Gap Rate of Private Health Insurance for the Elderly by
Gender (per month)
(unit: 1,000 won, %)

o Unfulfilled group” AP
Classification
Male Female Male Female
Actual payment amount(A) 12 11 25 19

Actual payment rate 21.5 20.7 26.0 23.7
Potential demand (B) 116
Unfulfilled gap(A-B) -104 -106 0| -98
Unfulfilled gap rate

((A-B)/B*100)) 89.3 90.9 78.7 84.0

Notes: 1) Include the insured who pay less than the appropriate premium and the uninsured.
2) Includes those who pay appropriate premium as well as who are unfulfilled.
3) The elderly are 65 or older, and the non-elderly are under 65.

A )l 71Eo 2 AmE, WA Q12w 27t 5H ¥ Fro YA EdRS
ko] JHA Q1 115 63 ol vlal 9% 14 9 A2 Ao & Yept. ol vl%
ZER HHNH 78.7%FHE 21.3%)= Uehgteh. T, o =912 uid 1%t 9% 9]
NFALEARE FHsle] B/ ol vls 76% 2ol A zoll= ovt 84

A A Yol n|FEEL 84.0%(FEE 16.0%)Z FHH At

SHH, R19] Aol SRS HISSRE SV 4 Qlths HolA wldEE 54
|2 Rt AmE A3t Ago] SRR n]ES 0] HolE Z10F EAE
ch.

(Table 10y°]l 9J5tH, 654 o el& 54 Ao 2 FHEsto] £ A} AFo]
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(Table 10) Private Health Insurance Purchase of the Elderly by Age Group
under Potential Demand (per month)
(unit: 1,000 won, %)

Classification 65~69 | 70~74 | 75~79 | 80~84 |85 & over
Actual payment 243 | 111 | 43 1.1 0.2
amount (A)
Under Actual payment rate 39.7 22.7 10.2 3.5 0.8
potential | Potential demand (B) 116
demand | ynfulfilled gap (A-B) | -92 -105 | -112 | -115 -116

Unfulfilled gap rate

((A-B)/B*100)) 790 | 905 | 963 | 99.0 99.8

Actual payment 474 | 180 | 55 1.1 0.4
amount(A)
Actual payment rate 46.7 25.1 10.8 3.5 0.9
All Potential demand (B) 116
Unfulfilled gap (A-B) -69 -98 -111 -115 -116

Unfulfilled gap rate
((A-B)/B*100))

Note: Only for individuals aged 65 or older.

59.2 84.5 95.3 99.0 99.7
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(Table 11) Estimation of Additional Health Insurance Level by Gender

Considering the Life Expectancy of the Elderly
(unit: 1,000 won, year)

Classification Elderly male Elderly female Elderly couple
Annual premium 1,244 1,267 2,511
needed
Lifetime premium 22,896 28,626 51,522
needed
Life expectancy’ 18.4 22.6 -

Notes: 1) Unfulfilled gap (A-B) x 12 months.
2) Annual premium needed x life expectancy (years).
3) Statistical Office, 2016 Mortality Table.

FU o2 WFE T AL ARSI ESle] A A, Ao] FRE:
Rt WaBREE SR, Aol Ba Ry Pashs 2o B o714 okt
B uslRl Z71ehe ol SlollA] Al e Z710] W nlEE o) BY] uhgol,

=

Ao Do AR} sk ol 7IHiofge] A% S71°l met E0te7] et

(Table 12) Estimation of Additional Health Insurance Level by Age Group

Considering the Life Expectancy of the Elderly
(unit: 1,000 won, year)

Classification 65~69 70~74 75~79 80~84 85 & over
Annfelegézrl?ium 1,102 1,261 1,343 1,381 1392
Lifeag: pregium 22703 | 2068 | 16923 | 12842 | 9,188
Life expectancy’ 20.6 16.4 12.6 9.3 6.6

Notes: 1) Unfulfilled gap (A-B) x 12 months.
2) Annual premium needed x life expectancy (years).
3) Statistical Office, 2016 Mortality Table.
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Appendices

(Appendix table 1) Determinants of Private Health Insurance Demand (1) :
REM vs. Panel Tobit

Variables REM Panel Tobit
Dummy for householder (dhead) 0.203™** 0.203™**
Dummy for gender (dsex) 0.002 0.002
Dummy for elderly (dold) -0.153™* -0.151%
Dummy for labor force (dwork) -0.007 -0.007
Dummy for marrage (dwed) 0.209"* 0.209™*
Dummy for education (dedu) 0.174% 0.174**
Dummy for disability (ddisab) -0.105™ -0.104™*
Dummy for chronic disease (dake) -0.014 -0.014
Lnmmedi 0.004* 0.004*
Lnmincom 0.076™** 0.075***
Constant 3.800™* 3.804™
Number of observations 23,126

Note: This analysis compares the results analyzed by the panel tobit with the REM in (Table 4.

(Appendix table 2) Determinants of Private Health Insurance Demand (lII) :
REM vs. Panel Tobit

Variables REM Panel Tobit
Dummy for householder (dhead) 0.310™* 0.310%*
Dummy for gender (dsex) -0.029* -0.029*
Dummy for labor force (dwork) 0.059%** 0.058***
Non- Over median income 0.150™** 0.146™*
In;c;)r:e elderly Under median income 0.101%** 0.098™**
Under median income for elderly -0.037* -0.036*
Dummy for marrage (dwed) 0.371%* 0.370%***
Dummy for education (dedu) 0.240%** 0.239%**
Dummy for disability (ddisab) -0.140™* -0.139%**
Dummy for chronic disease (dake) -0.003 -0.003
Ln(medical expense): Inmmedi 0.005™** 0.005™**
Constant 3.856*** 3.860***
Number of observations 47,436

Note: This analysis compares the results analyzed by the panel tobit with the REM in {(Table 5.



(Appendix table 3) Characteristics of Economic Variables by Age Group
(unit: %, 1,000 won per month)

Age | Under " 5 5 ~ - 80 &
Year/Classification 30 30~39 | 40~49 | 50~59 | 60~69 | 70~79 over Total

Coverage
rate”

72.6 | 81.0 | 77.8 | 748 | 50.3 | 158 | 0.5 | 685

Premium? 76 160 | 175 | 159 | 104 58 22 | 126

2011 Labor
income

5 | 1,324 | 2,133 | 2,444 | 2,185 | 1,166 | 670 | 274 | 1,977

Medical4) 21 24 30 55 73 76 67 36
expenses
Ci;fg%ge 726 | 81.0 | 77.8 | 748 | 503 | 158 | 05 | 685

Premium? 76 160 | 175 | 159 | 104 58 22 | 126

2012 Labor
income

5 | 1324 | 2,133 | 2,444 | 2,185 | 1,166 | 670 | 274 | 1,977

Medical4) 2 24 30 55 73 76 67 36
expenses
Cor\;i;%ge 74.7 | 80.8 | 789 | 77.0 | 579 | 188 | 2.7 | 69.9

Premium? 76 158 | 178 | 169 | 122 63 40 | 130

2013 Labor
income

3) 1,445 | 2,216 | 2,599 | 2,258 | 1,297 | 662 | 558 | 2,065

Medical4) 23 32 34 54 82 84 71 41
expenses
Coversge 1 749 | 792 | 790 | 775 | 590 | 195 | 29 | 697

Premium? 75 156 | 181 169 | 130 69 38 | 130

2014 Labor
income

3 1,425 | 2,303 | 2,711 | 2,355 | 1.396 | 644 | 755 | 2.135

Medical o3 | 31 | 35 | s2 | 78 | 83 | 83 | 41
expenses
Cor;f;%ge 789 | 81.0 | 81.2 | 793 | 628 | 228 | 32 | 72.8

Premium? 79 158 | 183 | 185 | 137 73 35 | 136

2015 Labor
income

5 | 1.380 | 2,375 | 2,881 | 2,548 | 1,450 | 684 | 335 | 2,254

Medical
expenses”

22 29 34 53 84 89 89 42

Coverage
D
rate

total 75.0 | 805 | 79.1 | 77.2 | 57.1 19.0 | 2.5 | 70.1
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Premium? 76 158 | 179 | 171 124 66 35 | 130
inL;b;;y 1387 | 2,240 | 2,634 | 2330 | 1,317 | 656 | 512 | 2,004
Medical © 10y 1 o9 | 33 | 53 | 79 | 83 | 77 | 40
expenses

Notes: 1) Proportion covered by private health insurance.
2) Private health insurance premium.

3) Labor income before tax.

4) Medical expenses from emergency, hospitalization, outpatient, prescription drugs

only.

{Appendix table 4) Determinants of Private Health Insurance Demand () :
Heckman Model

Variables Select model Outcome model
(step 1) (step 2)
Dummy for householder (dhead) 0.204** 0.199%**
Dummy for gender (dsex) -0.424™ -0.074*
Dummy for elderly (dold) -0.869™** -0.518™*
Dummy for labor force (dwork) -0.036 -0.054**
Dummy for marrage (dwed) 0.254* 0.176™*
Dummy for education (dedu) 0.212%* 0.037**
Dummy for disability (ddisab) -0.264* -0.138™*
Dummy for chronic disease (dake) -0.130%*** -0.021
Lnmmedi 0.015%** 0.013%**
Lnmincom 0.239%** 0.189***
Constant -1.002%** 3.218%*
Athrho cons 0.055
Lnsigma cons -0.229***
Number of observations 31,586
Wald chi2(10)

1615.81***




(Appendix table 5) Determinants of private health insurance demand (Il) :
Heckman Model

Variables Select model Outcome model
(step 1) (step 2)
Dummy for householder (dhead) -0.016 0.268***
Dummy for gender (dsex) -0.044™* -0.055™*
Dummy for labor force (dwork) 0.003 0.184***
on vagczl;iia“ 0.931% 0.540%*
Income elderly Und.er median 0,703 0.390"*
type income
Under median income for 0,683 0,130
elderly
Dummy for marrage (dwed) 0.114%* 0.362%*
Dummy for education (dedu) 0.041%* 0.209***
Dummy for disability(ddisab) -0.504™** -0.203"*
Dummy for chronic disease (dake) -0.178™ -0.001
Ln(medical expense): Inmmedi 0.026™** 0.032%*
Constant 0.003 3.487%*
Athrho cons 0.004
Lnsigma cons -0.259%**
Number of observations 71,325
Wald chi2(11) 12264.52%**
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Abstract

The purpose of this study is to estimate the determinants of private health
insurance (PHI) demand and potential demand for the elderly. The main
determinants are found to be income and age, and the potential demand of
PHI was estimated as KRW116,000 per month. Only 6.1% of the elderly meet
this level.

Comparing the unfulfilled gap rates of the unfulfilled persons only, 67.1%
of the non-elderly and 91.7% of the elderly showed very weak demand. This
result shows that the higher the age of the elderly, the higher the unfulfilled
rate of PHI premiums, suggesting the need for policy measures such as aging

reserve.

% Key words: private health insurance, determinants of demand, potential

demand, aging population, aging reserve
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