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(Figure 1) Types of termination by stage after subscribing of Korean home

pension
uarantee > icati >
g. . guarantee loan application contract
application and ) and .
form issue maintenance
agreement arrangement
{
) mi death
unexecuted withdrawal of 'd. i
L termin termin
termination agreement . .
—ation —ation

Note: Unexecuted termination refers to the status in which the loan has not been executed
within a certain period of time after issuance of the guarantee certificate and is
terminated, and agreement withdrawal means termination within 30 days of the initial
loan execution.
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(Figure 2) Yearly trend for death and mid termination of Korean home pension

Source: Korea Housing Finance Corporation
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T4 44 7Hs4 =01 0|2 QIR ST F gAY HSEARE o]ojd & lthrks:
F- 4152 2009). wWeEbA FEIAF pE|a] ot BEEA 7] tiHIE Sls A9
glofEjof 7IRket PR -89 Fado] A|7|=o] AT 2015; uksE-Atigh
2017). ol2f3k SHollA AP dolelo] 7IRIRt BB R A8 FHAFTY A
of] Aoz FeAFO] AP T E Ax] A&7hs/d Sk 7o 4
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stog FHAFGAE o &-8E 4 Slrh
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Z-1q7] 2013; 1AM -A159 2014; AHS 2020; o085t 2020; F71 9
2020).

TP FEAFO] SR QRlof Hlsh AFgERA| Qelof gt BARe HERE o]
ok oheh AFgSiA] 891 BALS 9fof el AR FHAFS TE 3 A AT A k=
27 201649 3€HE FH o] 714S 183tk Aolth. RRIIQIARS] A e R nE

AP 7ol AFSSiAZE HEE FAT ZHIARet B 714k 7 AEdt ApgeliA] 91 ]
WE oAl 7HIAE 5 WSS 708 RASH= Zlo] Blgsitial & 4= Qlck

olo] & = FEdwo] &9t 2007 dHE 20209 129 31974 F+24A12F A
of tisf FEAF 71AA B TEFR] 7% APl 89S 22 EAsk T AAR
< AAlskarat gk

oo

I, 02X iz U Matoin 2

Pitacco(2019)%= 7H<lo] Amwst 913 3 91EA(risk factors)e] Atolo]l oJaf AFGECS] o]
A/d(Heterogeneity in mortality)°] SAZL FF50e}. E3F, = APFES] o]d
gZ ok 7IE YRS WEo] 7% 8913 o] E71ET 89lew +
S1905. olg Sof Talo] kst el aclost A, 4, Ao, Ay, 29l
e, &5 9 AHE, 15 5 5ol TEo] E71sRt Al afloss Aol tigt Hix
of o] 7le] ARl 74 B 44, AH B4, BT 5ol

Ciee] BRI A o 4o] J8S vlAle B 7l dEaslon 45
J3 29 2004; 358 2011; Deaton and Paxson 1999; Martikainen et al. 2001;
Chetty et al. 2016), AFHAttanasio and Hoynes 2000), &2AE(Gove 1973;
Johnson et al. 2000; Brown and McDaid 2003; Manzoli et al. 2007), 853

o

o,

(Kitagawa and Hauser 1968; Deaton and Paxson 1999; Brown and McDaid

3) e 1 Y A FAEEEARRd wag g e duisked Skl
< 7}l umzomrq RRAIA0] A9 HEEelT} 1 Hexe TAE
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2003) 5= AT 7] AFT £39 352 2t

onl HieAPE EAshs AFESE AFFREC]l Wob Z|dioiEe EUTh EIL

Bowling(1987)#} Sullivan and Fenelon(2014)= EH I} APESH o 4E9] AFYEC] &
HRRIET 2 U102 o]50] A AA|1F o= Fofgt fiA]of| 97| Wiz o= Htth

S, Vaupel et al.(1979)= 71 AFgol WzdsHA| d3kS miAl= #E 7R3 9
H8R1E Sohe HH(frailty)olghs 8018 A= ARSSINTE HH 2lS AwEH, &
Zo] 57k 18221 JA] 71t S50l 75t FF= mIxItk= Aol 5= AT
(Manton et al. 1986; Congdon 1994; Su and Sherris 2012).

o] 271 f19 89 T 234 540 719 Aol vlAle 3t Tt A+
& olH2002)= AlRE E4do] AiR19] kA A7 el J3ke wIRIths e Wl
1k ESE Takano et al.(2002)¢} ]3] -F93H(2012)E AFA| FHo| B3k
o] FLt A Hof| AF5h= AR AFFES RolAl= A o= et 1 2Hgo] AFYE
of X &S AstaL AUk

AFGES] oA TRt Yol FF= mIE = /e E3], 7]l AE7 It wet
BAA 717 dEAlE Aol 8% 9 iRt dikEoR AFAE Als7]
T2 7IdA] gt AE By o g Qls) AF 9 A AFGEY 22 AT AEEE

Balol AFATARS AP, Wik, AFYE AF717o] AV AYE o)L 3]

ol

A, AH, BESEO] &

(Rothschild and Stiglitz 1976). AFAC] & Agjo 2 Qlg] HytHt

FE 7R Aol FAEH AldET A FojAEe] EoluA EHol A7|HoR

FE AlB7IEe A7 sl o]od 4= Q. wief, A

9lel AFr8AE tdor HaAQl AIAHES 283t A Ad(EdET W

A7) 714A] e AdE RIS B Eojy o MElo] Aok g5Ao®
A e o2 fAls degte g ool 4= QItK(Su and Sherris 2012). °1&
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ok 19 Y 8OISS TR AP AYRFL TR 4 glovt fEdos

Meyricke and Sherris(2013)= ¥ = = 8903 I50] E7F63 890 S0

1S AWts) A &3 2 ¥(generalized linear mixed models)s -85
1) B8 7S o) | AEES ool FaAT AIAAE 288 4 3
< Z0= dyfHrt. olof] B A= FEAT 7HIA F mESRAY AFTSA] fel &

[©)

3 G VA R HEE PSR S

EE

. SEn FAUE

3golde FHAT 7HIAE ElolE 9] S Hcensored) 542 HHgsto] FEA=
7R H5D Y AFgafiAlof fofet FF mlAle 800 AT 4 Qe AT
2 Cox9| H[EI A2 H ] 7l'dS Alekara} gtk

RYEEL 0| A AEAI K survival time)> oH FolE AHFEH E7%H ARd(event)©]
=2 g7 ARRE 9ulsh, BEARIS HF= 42 AERA(survival
analysis)°|e} gttt AEAZE Hlo[&7} thE To]E|et o] Hi= & olf= S =dTAt
E(censored data)& Egolal Q7] flEo|th. EAH o2 ASE = e ST
(HE E= RAPIRE 20| e AEr} tiRE
TATS AlQlotal AEFE HJgt FHTE JR O] £ FASkel= ETR] S
7go] Hrt gejZlolt}. webA & Ao ZATVIRI el EsaAte] A =
4 71 A HolE ke SEsiAARE AgR 7R FERL FAARRY 2 S
WAES 26l Qlof AHHARl ARtk AERA 2Yo] ¢ ergsitt &
oJc}.
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St)=P(T>t)=1-P(T<t)=1—F(t) 1

ESE 1F 7 Y9I =9 vlwE= Ygr(hazard function) h(t)9E o] 4= Qi
h(t)= tAR7FA] Apgo] HAYSEA] k2 Alto] t A HER & 3ol 27F& 0 = Apgo] '
AT g2 A== A(t)E Ao Dol W =702 3718t Abdo] gl o
£ 00] =7] wjgol Au=HE 2 St |= ofdrth. 12U h(t) Y ARel +4
A¥F(cumulative hazard function) H(t)E B3l h(t)E ALK 4= ot

. Pt=sT<t+adlT=t) .. Pt<T<t+dt)/dt  f(t)
A() = lim i R ) R () @

olx H(t)= foth(x)dx =—1nS(t)7F AEEt.

Cox9] vHYE R H(Cox proportional hazard model, ©l5} Cox-PH Model)}-=
A1) BEAIZ] GRS A= F¥HFH covariate) 50| AT W], A} ST
o] FAE S 55 EAoks AZ Tt 2011; Cox and Oakes
1984; Therneau and Grambsch 2000). Cox2] HIF| YT L F HEAIH] B2 E 7t
oA = Erad HHO R Cox-PH Model?] AET: A1) 4 )3 Zo] Hd
Foth

h(t) = ho(t)exp(Byz) +++ Biy.) 3)

AZIA 2y, sz 2 AEARIO 9F= F= k7S] SHZOIH By, fe 3T 24
7ol avs 43t Sl AAS, h (1) 714 (baseline hazard function)2A] 5
Fe| g0 0 < mf 13 1 (2) 2 FhE SJmRie.

l:[_
2l(3)ollA & 4= =] Cox-PH Model:> T S#Ho| I8 o), ST =, 7}

ot
i

4) B3gE|oAE A9 S22 A Al=l(force of mortality) 2 & HFHTIC}
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9] 2712 1), QIRBL exp(5)E Z7HITE L 9 sk A k) 91
S vl 735 ool Zo] AR} S 7he] Afolo] olERte & = Tk
h(t)  hy(t)exp(Byz;, + -+ Biziy)

h(6) Byt exp(Bya, + -+ fery) = exp (B oy =) et Byl =) @

(Figure 3) Research mode

factor ]

demographics characters

gender, age, region,
single/spouse, income etc. Cox-PH Model

death
(hazard rate)

house characters

housetype, areq, price,
price change rate,
monthly payment,
etc.
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(Table 1) Demographic characteristics of Korean home pension warrantee

variable MU ZST G ratio(%) death rate
persons
4 male 32,945 42.36 3.27
gender female 44,821 57.64 4.16
(65 8,384 10.78 0.67
age at the time of <70 13,462 17.31 1.01
enrollment {75 19,376 24.92 2.02
{80 19,347 24.88 4.08
> 80 17,197 22.11 9.70
Seoul 22,141 28.47 3.87
) Gyeonggi-do 25,855 33.25 3.58
region
Metropolitan area 19,259 24.77 3.80
local city/province 10,511 13.52 4.08
. single male 5,724 7.36 11.36
single/couple single female 27,675 35.59 6.02
status
couple 44,367 57.05 1.41
Whether living together yes 12,626 16.24 8.48
(except spouse) no 65,140 83.76 2.87
total 77,766 100.00 3.78

N

Jole A2, A71Ee] 71]] A4 Hlo] A 62%S AAska ARk X Al
o e 9 Bl Azt A A E AR Agulgo] tha: %7 ek
2 7449 HE7 et Beislol M9t RS A m Bl £4] of
J, 541 TA0] AR ekt e, ARl 541 WA, B4 o}, 3vire) &
Az LR 54 A%0] Al go] Siio] vl 88 o 4 9lct
cheog WeAt ojglo] BA7E §50) A9 A 5 uj9A} ol9] FAEo] gl H]
0] 83%E AA5l0] Sl i 1ol MuslT0) ulo] ojuh gl Asld @At
o] WIAE|T UG & 4 Ik B9} 0]9lo] FA7IE S50l whE Au] S-S whoA}
ol9]o] FA7IEo] Qe A% AthE o R vehie.

o
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(Table 2) Housing characteristics of Korean home pension warrantee

variable n:gzz;:f ratio(%) | death rate

number one 71,268 91.64 4.04

of houses owned more than two 6,498 8.36 1.00

detached house 5,597 7.20 5.90

house type  |multiplex house/multi-family house 7,564 9.73 4.59

apartment 64,605 83.08 3.51

< 60mt 29,908 38.46 4.67

house area < 85nf 32,639 41.97 3.14

(m) < 102w 3,350 4.31 4.09

< 135’ 7,773 10.00 3.04

> 135 4,096 5.27 3.54

< 20,000 25,525 32.82 5.77

house price { 40,000 33,364 42.90 3.19

at the time of { 60,000 11,825 | 15.21 231
enrollment

(unit: 10,000 won) < 80,000 4,566 5.87 2.19

= 80,000 2,486 3.20 1.33

<50 15,172 19.51 3.74

< 100 31,567 40.59 3.56

momhivﬁ‘ymem (150 16120 | 20.73 3.59

(unit: 10,000 won) { 200 7,583 9.75 4.07

> 200 7,324 9.42 4.96

total 77,766 100.00 3.78

(Table 2)= FH T 7HAA T ESQD ] G+ Bl YAF= T EA4olnh ©A,
HHE T 5442 159 B, 49 9 ofst9] 85mf oFtE At BlFo] HivkrE
AL ik, FEFE E44E AFHIES 158 A, B|GF oltE AFAL R
714 9l WAo] 255w YEiue FdE Bt tel® dAETe] B¢ 1508
o meke] vjFo] A 7h4Re] oF 80%E AHAISHAL 3lom 2008t A oV 7R A
HlEo] 7P A UErdt:. i o s dAEES FHH, At Ve F, A
S84 el w249 dAET Hgel 93 viAle 8 T FE T dEe

ARl G HA = Al 8RICIEE o] 891 AT AJHiollA €xg=ol A
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FofAlel vl aE AT 87T .

(Table 3)< FEdT 7IAe] S=dT 5442 Uehd oot BAHWS Al 77,766
2 S ARl AIRRS 2,94274(3.78%)°13L A & < Ste S de] sidthe S5l
A ek FEAF FAAIR s 42 11,523(14.82%)717 63,301(81.40%) 0= 1t
ERTE.

(Table 3) Characteristics of censoring

status number of contracts ratio(%)
death termination 2,942 3.78
mid-termination 11,523 14.82
censored
contract maintenance 63,301 81.40
total 77,766 100.00

(Table & 757 % guzes ez e RASS PUSE 83

Cox-PH Model & AIC®} BIC7} 71 Wot 25 Aeje o] A3t BARFo|ct.

(Table 4) Goodness of fit statistics of Cox—PH model

statistics df Value p-value

Log Likelihood Ratio 15 4,321.5 <.0001
AIC 55,348.1
BIC 55,437.9

2% A=E Cox-PH Model2 53] 121802 Alga} B (Table 1)9] FAF
TEZ19] QIFEA B4 W49l (Table 2)9] FeiAdF WEZIS] HHFH E4
g 52 e SAIARS E83t] BA1A FolaE 0.0551014 AeE ¥
© & 87lolth. AdEiE 871 Mare FEAT 71 Al A%, SAl ofRHEA /541 o
[5), FANNEEAL AR 7, TR, dAET, TE AT 71 A gESE 7T

Z, O ofi £A 2 YEPGTHEILE p-value®t Wald-chisq/dfoll 9J3] 3.

S

o,



BN =sagen mssa mus

(Table 5) Significant variable and impotance of Cox—PH model

Wald order of
factor df . p-value .
~chisq importance
age at the time of enrollment 1 1624.1 <.0001 1
single/couple status 2 1025.8 <.0001 2
whether or not family living 1 15.9 0001 3
together(except spouse)
house type 2 23.9 <.0001 4
monthly payment level 4 18.2 0.0011 5
house price
at time of enrollment 4 1.1 0.0257 6
number of houses owned 1 4.5 0.0330 7

g

ot} FHAF 7FIRHI EFDY APgoll 7FE & = = 2209 FEAF 71 Al
A9 AFLSiA] Y E|hazard ratio)s HH FEAT 71 Al Aol 14| S71E5
APgsiA] 918 0] exp(0.1353)=1.1541 S7}5F3AT

T HAR FoRt I = =4l o9 B RV tiv] 54 o4 AFSiAl
A3H](hazard ratio)”} exp(1.1051)=3.0281, A1 Y32 exp(1.8170)=6.158 =A|
YER} 55271 3 o8 Hlls B2 AFSSIA] #18E Wi S8 8R0S Ho
oh. BRI SA7RO) Hlsh AFgsiA] f1o] B2 ol vsihut A7t A
2 ZHol A AuEH, WA, REINLE SA7) Hls) 21401l QFg Al sy
£ ZF=t{Gove 1973; Trovato and Lauris 1989). T3t <o) A& A2 QI
$-EF5 ol FAEEe] HAE A7 ST Wilson and Oswald 2005). £3],
d = HgERe] et S8% A gAA| vl A B W oF Wt 2 o
o & 9 ofyzt EHchl Rt ofF S8 9 deo] A4 ke &
(Simeonova 2013; Schultz et al. 2017). ¥-ALS] AA|A HA1A A7 vjX= 24
A9l FFe 1T 0|, FEAT FEIE D230 AFSRIE o] F4l oSl
Hsl) WA et 202 Helrh E3QL oL ol Bls Ahd s E &5 ek Hd

7ol o] ]3] e ApALERE ofet 7o) 7o THet Welo] & EAo] EAet

AN

P

2

o
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o 2=, i AR Sl oAET 9] AAIA gala Al 3H 9= mIRH
(Umberson 1992). oJ2fet Hof| v|FolE o, FHAT2] A= F4l 94 EIA2 =
A1 o /go]] vlal] ARZaA] f1Fo] exp(1.8170-1.1051)=2.04H} ot 22 HAIY - o

Zgoll vial g/ 2] AFgsiA] fge] wee & 5 AT

(Table 6) Estimate of Cox-PH Model

A hazard
factor parameter df 16 s.e. p—value catio
age at the time of enrollment 1 0.1353 0.0034 <.0001 1.15
single male 1 1.8170 0.0573 <.0001 6.15
Smgifé tcl‘l’suple single female 1 | 1.1051 | 0.0479 | <0001 | 3.02
couple 0 0.0000 - - 1.00
whether or not yes 1 | 01639 | 0.0411 | <0001 | 1.18
family living
together(except o 0 0.0000 ~ _ 1.00
spouse) ’ ’
detached house 1 0.2918 | 0.0597 <.0001 1.34
multiplex
house type house/multi-family | 1 0.0292 | 0.0587 0.6190 1.03
house
apartment 0 0.0000 - - 1.00
<50 1 0.1136 | 0.1074 0.2903 0.89
monthly payment < 100 1 -0.2486 0.0920 0.0089 0.79
level {150 1 -0.2464 0.0726 0.0007 0.78
(unit: 10,000 won) ( 200 1 |-0.1925 | 0.0544 | 0.0004 | 0.83
> 200 0 0.0000 - - 1.00
< 20,000 1 0.3522 0.1967 0.0733 1.42
house price < 40,000 1 0.2519 0.1882 0.1807 1.29
at time of ¢ 60,000 1 | 00620 | 0.1867 | 07397 | 1.06
enrollment
(unit: 10,000 won) { 80,000 1 0.0421 0.2009 0.8341 1.04
> 80,000 0 0.0000 - - 1.00
number Of houses one 1 02696 01265 00330 131
owned more than two 0 0.0000 - - -
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Abstract

This study analyzed the factors affecting the death termination of Korean
Home Pension subscribers using the Cox-PH model. As a result of the analysis,
Korean Home Pension subscribers(reverse mortgage with public guarantee)
had a higher risk of death when they were aged, single, and had family
members living with them other than spouses. On the other hand, the higher
the housing price, the lower the risk of death for apartment residents,
multi-home owners, and subscribers who belong to monthly payment range
with a high proportion of mixed life. Based on the results of the analysis of the
death termination factors of them, it is necessary to come up with a measure
to reduce the death risk gap among Korean Home Pension subscriber groups.
In addition, if the death termination factors presented in this study are used to
manage the longevity risk of the Korean Home Pension, it will improve the

financial soundness of it's system.

% Key words: Death Termination, Korean home pension, Warrantee,

Cox proportional hazard model





