Journal of the Korean Data &
Information Science Society
2015, 26(4), 931-946

5] Aw

ZHda dlolg]

2R EE S e

WA EA TR
12 913 slojeel A
& @ ol A # A5 g A7k Ab
ARl el PARES Qe QXH
Zel g8l Zxﬂsm el 289 AL 1; °l

Testel HY 4R AXNE B R0l o
A ATen AT AFYEA TEYLILe

ERE e 2AE AN LA B

AT

Jo
>~
2

mlo n>4 rl; ofN 2 i

Ll

A
o

s

of, i

e 4
o
o
o
)

re ot S
32’

%%}04 5 ‘:'4
AR 7}%%1»%-‘4 AR
(1996)= A A B do]Efd

=

T =

slojute] @A

Zle 2 dheFet
1(339-007) NE5¥
n]a]]zq El:o:] ZA oﬂ:’-o:}?-kﬂ]—}]
2 (561-350) ?qa}

I 3}

a-r,

2} A A]fgrni 370 ( A &=

FATAL.

W),

3 WAIA AL (110-745) ASE5EA S22 AFHE 25-2, A7dd

E-mail: hangsuck@skku.edu

.3_7] 7]-‘,] =

A7) 2R, WA YA S AL
B7ehn WY ARl A4 BY A2 /N2
719 X]»% 7o)

msm a9 =
= sart.
T2 IEH R

(Spearman’s correlation coefficient) & 7]
Youn3 Shemyakin (1999), Youn¥} Shemyakin (2001),
AAFLEA] AL A

= AFA HIAF 71AZ 180, U AFATH A

http://dx.doi.org/10.7465/jkdi.2015.26.4.931
EEEPERIELEE

558 24

g o8 A7-

ox
o

R
oy 1o ox x B HooHe e

) 5 vlolElg o] g3to] Yk
S AN B Ew
s}oq B2 A A
P Re e w
Voo g A%
.2 A7E B
3ol AAHY

i

R
> r\I
o i

o
e o
Ao

B
2y

=z

o/\g

]
ko]l

==
=2

o] B 7MY AFEEC] #F

_ug

L2 FHolzt A
49 sl whe] A%
F7tehs el ¢ E}%@

o] o= R e}

e

g
=
OoF 049 AX°
A5

fas
<1,

Rl



932 HyeYoun Baek - Jeonglim Han - Hangsuck Lee

Luciano 5 (2008)+ Frees 5 (1996)°] ARg-3F Ho]E] 5 ©]83}o] Archimedean copulas & 233k
FEeHE Adgste] A4 B3 g KR 2 FHlES AEsH] S8 AdEE o ZEe Y3
) i BLES ARG o sttt kgl ek RS AET|ZE Tl ABAdE B43H] 93l
Spreeuw 2} Owadally (2012)+= A4 $5F (broken-heart syndrome)o]2tal &3 vf--x}2] Aol

2 9|2 = of 7] X += ol tste] E4J3} ). Spreeuw 2} Owadally (2012) £} Holden et al.
(2010)2 AA) dlolE & o]&sto] wi--Ake] A A5 G2 w92k AbG EE o] F7Fetthrh Alzkel] ut
2} AR ashe A4S DdEsinh o9} o] BE F gk Arghe] ALY o] F HF AR BE7| T
it AE ARG THE Hdo R AR A& AR et ATET o]ojd 4 Sl AR
24 ol th3t 7= Ryuet Kim (2013), Ryu 5 (2014), Klugman 5 (2010)S Zushd =t

Hougaard (2000)& F8] A=717F bl 434 B 3545 344 3534 (instantaneous
dependence), ©7] %37 (short-term dependence), Z18]3 7] $437A (long-term depen-
donce) 2 el BT, FAAY FERAT Pl AL g ) T A S B
o TS e ASE LIh B FE5IA = w9k Abdo] HFTAERS] Abgel JFE FAIT
A7l Wt 2 G3FH o] Fadls Aol QS ALE H=51 Parkes 5 (1969)3 Jagger?} Sutton
(1991)°] A3t A4 537 (broken-heart syndrome)& tEZ S o2 & 4= Q). npx|gtoz 77
TEAAE FR7E 71T S5E AR 84 e B =5 AW ’\}Q BAEA Aol Y
St AL 5 WA AP R Qe HF LAY A o] dAsAY /\]7}01] w2} bk -2k 3o
33ttt Hougaard (2000)& FHo] AE717 7] $454E& 53 l TEHBA AT 5 ok A
=3I tE Parkes 5 (1969)3} Jagger®} Sutton (1991)2] Ao o2 FAAGE ZAZA AP
3 ok 670 bl HFAEATL APYee AFo] oS Bk °]H§i AP AT} FAFHA B A+
M= AbE & HF ALY Aol A wfj7hA] 717he AR 7 Ho]ElE o]§5te] ERlsh= W
o7 HE A 7kl M2 TS 712tk AL Ho|EF 39t

M

OH

BRSS9 FABAE A WA fAS] WG 25 AE 717 el 4Bl 2T
e e AR S ST wE Aol 530 0 A HoHE olgslel 434 4
27, AT YIS AP UG NU L 2UF 28 9 HEU 4 4% A= AN 2
WA % A5 AEAL] Aol BAE wrbAs] dele A7l e 5k Bew YA
£ WA RAHLLA Dok HAATE B AT AALL $elrl *‘Xﬂ A ElolE S o) %

Shol ABAE BAT AATE TEU, T A F ASBEAS BELE BAT AT EE
W Aol M BA drke Folth £ A7E Tt o] ootk 2™ A: FRAAT EA5)
<= SAA 7Yl tsf dHstar, 3FolAE = _Lu«l %’:03% tﬂ 1E1E ol-& }04 —‘:H:'—° &7
ol 4R0] AA R AT ABASE A :
He B 5 B, npxjato g 4doas 2 9 4 W@é Eh‘l JE}.

2 FEHTE0 AY FAE Rk 7Hdo] AAE wf 9n)7) Qloh. bk @A (multivariate
correlation) w42 Al o]} o] FERTE 1o AAFEE FAS] A 2ot v|RE4A vy
RPN

=
= AFA S (Spearman rank correlation coefficient) 2}

o2 Bl AgEE B4 e Avlojue)
Ao BHe (Kendalls tan) & ol &8 ol Qiek. 2izkel 24 o) thste] 2AA O gvinw
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o=t % LD}

v]oj&e] 4 A (Pearson’s correlation) rol& & SEHMSE 719 T4 BAAS Jdoz AAs
I s ’?: % | o] AdegfE dupt 7h7ko] 2ol A Uehle A¥34 A= (linear
intensity) & A1 2}5F Pearson®] o]5< @ 4 # ol th&at o] A4kt

r= (2.1)
VE - %) (- vy’

ol Al AF e Tojd] AAASTE FEHTEC BT AR Y uf ARSske Aotk 28y EE
HEEo] A4S0l AL (ordinal scale)?l Af-ol= A~ ojute] =A< (Spearman rank
correlation coefficient) r, & AMESIth Azolgh AAASE vlojs AdAFdE tE2A AFHA A
FAAAE UepA] D] 3 AT S7HE o] thE wgTt STbskeA] dasheR o tigk 3
S Vel 740; A JadATEt A EAJA v E,A AddAolth A (2.1)004] AMSH

X Yo £9& 47
Ry ={X1, -, Xn} oA X:9 <4,

S ={Y1,---, Y, } oA Vi <4
2 Ao, A (2.1)0A X;, YithAlell Zhzhe] 911 Ri, SiE Y3t BARS X9 Yo A3A
TE Ul SE& AT 5 Ut oA o] Ajojute] A goln A2 thE3} .

S (R-R)(5-9)
/S (RS (5 - 9)
npxato 2 ko] B9 (Kendall’s tau)ol thate] Qobiiw thaw} 2ok Aujojuh AaASe} %

(2.2)

@ WHoz HAUE it o AG4E UDY ASE 0|89 T USE 09 4BA%e 2]
2 Ueilhe gholth. gkl WSl slole A%, 230l ARASs A SYatA 1014 14}l
of 2Agtt FEEE (X1, Y1), , (Xn, Ya) W i, A 2ol vste]
X, — X;9 Y, —Y;9 257 2o B3 (concordant),
X — X;9 Y, —Y; 9 571 th= v 73} (discordant)
ozt Bh1, Rtz ulRgAe) GBS 27t
7o = Pr[(Xs — X;) (Y — Y;) > 0],
ma =Pr[(X; — X;)(V; = Y;) <0] (2.3)
012} el o] BEES ol g ool AW Sl AW B 7
T =T — T4 (2.4)

oF o] Axtddt. © AR AaAs A& W2 Lee®t Ahn (2013) Z28]32 Song} Huh (2002),
Song7} Kim (2012) #aapd At}

BE FAR BHL BRAHS TRRL 9o FHRAE It ohith. FAA B4
S e FAA9) B (B AERA)0NY o 089 470 52 drhz pck g o)
| 2o e B4 B AREE Bo1 o) o2ld ASS RS Ak
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3. RO AEIIZ 2 FBA B A A%

3.1. A8 49
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B Ao M R AgA A e AdAA et Az Aoz Qe A&V AF ARE o
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EE e¥dEE T %l% A7 A S 73T FEelA Xl%ﬂ%
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5 PPIEE B 98 Rom §5L

4 9leh e Shin (200002 FRNAF dA AR B ANSA HEAF 57 A B9 wﬂ

A B 60%, 594 A9 0T%E frFo] WA HEol B L Woleh AFek ATk wWetd B

QoA WA FEAF FRAL LT Teiste] HlolEE At A FUAF o
o

st Aukd ol w2 Jung (2013), Han3} Lee (2013a), Han3} Lee (2013b), Shin 5 (2014)& #1138}
W =31, Table 3.12 #5AF] v 274 9 d5He] 270 e 2t Aol

Table 3.1 The qualifying conditions for the benefits of the NSP

Insured From 10 to less

. Less than 10 years 20 years or longer
Benefit period than 20 years
level Benefit Basic Pension Amount Basic Pension Amount Basic Pension Amount
eve ene
x40%-+Dependents’ x50%-+Dependents’ X 60%+Dependents’
amount . . .
Pension Amount Pension Amount Pension Amount
o In the event of the death of the following persons:
- old-age pension beneficiary
- insured person
Benefit ! P . § . Lo
iteri - a formerly insured person whose insured period is ten years or more
criteria

- disability pension beneficiary with the 1st or 2nd degree of disability
o In the event that a person who was an insured person for less than ten years dies due to a
disease, wound or disease from the wound originating during the insured period

Source: www.nps.or.kr

oF Ao dFeAAsel FUAZ RIS AFWA HE §HL BE, A, KB 5 P73
3 ThSh B AL ALEA EGF MSAT 55D 599 HolHBE Attt 5
3] 1986 dFE 2013 742 HRAFY FFAFE AT AFES2REH FHE7F 25 AFEE vlolH
19,98872 o] &ato] RABYTE THe] Table 3.2 2 Aol A A& A2 i3t Aoz
3 WA AU AFES A, AYEE TES Aotk
Table 3.2 Dataset description
group \ age 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-99 total
Male=the 1st death 62 581 2,268 5,365 5,373 1,558 38 0 15,245
Female=the 1st death 0 3 23 102 1,726 2,262 616 11 4,743
total 62 584 2,291 5,467 7,099 3,820 654 11 10,988
Table 3. 3JJr Zo] ko FHY APy A8 X2 Aofstar, Rl Ay A¥L YE Aoz g
th BE BT APTEE 19,988719] E5AF dlolE oA Y H AP AR 64.54 011, £l F
o AP A2 644400tk 2012 BAA Azl wEd P £l 8144 o)A % Table 3.33} 2

o] B 9] tlo|g Ae] B APY dFo] oF 64N Z mlf e e B 04:,L01]/\1 A ApE 7L BE
7} 25 AP glolE el 5= A ALE (censored data)©]”] wjEolgl B 4 9t} ulelbA] 64|t
= 3 /\P“‘ AL FHRIF BF Apgsiitks M stell ted 2% ‘oil%}/l Aol 7)o 1 A}
7b g @2 Hojpar A B 4 Uty el oy HolA ahEdiA E dAAS = RV RE
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ARt 7P o] 2AF= Aed ZAaeke 2ol el oF shlth

Table 3.3 Description of the dataset by age at death

no. of obs. mean std. dev. min max
X: male’s age at death 19,988 64.5043 10.7954 25 98
Y: female’s age at death 19,988 64.4234 8.5454 26 90

Table 3.4% Hlo|El& R2o| to] oMz T3] A 58 el Aoz 5 19,9834 2
FE e s HokZ uf FF vho] Aol 3.87A ©I1aL, oA D Eie] deolollA #lof volE
Wl o) vo] xpe] gro® Fojgirt.

Table 3.4 Description of the dataset by age difference (D)

D >4 D=4 D=3 D=2 D=1 D=0
age difference, 8,364 2,024 2,092 1,908 1,772 1,442
D=husband’s age- wife’s age D=-1 D=-2 D=-3 D=-4 D <-4 Total
1,010 601 331 163 281 19,988
3.2. ABTA BN
3.2.1. ¥4 #Awe 54
WE ARdont Rue) FEY solz AHUe 150 2 AR/ AT E Aclehs WL
el & 4 ok ol A AFe A 2ol i (g A AR X2, J8|a £ (4#h)e] A
o g Y2 gelstel ¥ BT AR vole 1098870 25 Sre) Ay A gle] AR
g E Y Figure 3.13} o] A2 AP A7 Zhol| Ad3A 7 St A4S ddstA &9 &
ololth
DA AN
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Figure 3.1 Scattergram of X (husband’s age at death) and Y (wife’s age at death)

3.2.2. R3e] JE7|7 2 FBY £
Seutelel AR B A HolEE ol §3te] £43 A3, Frees 5 (1006)0] $5.8 AE717E 7ho]

5
AT o] aujojute] AFAAS (Spearman’s correlation coefficient) S 7]F 2.2 0.49 AT o] AAAHS
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vehditka Aget 21 fARE A5 Adth Table 3.5004 &1 4 glxo] Ko HE7]7F 11
FAATE Lot AT 71ELR 0.530]8 o= A& o] EAHA & & Qo

Table 3.5 Correlation coefficients of X and Y

Pearson Spearman Kendall’s Tau-b
(95% C.1.) (95% C.1.) (95% C.1.)
Std. Err. Std. Err. Std. Err.
0.5827%%F 0.53307%+ 0.3878%%*

X and Y (X: husband’s t

de::;l v ( .fe,suz :nat iiszhz; (0.5729, 0.5924)  (0.5222, 0.5439)  (0.3792, 0.3963)

WL
: & 0.0050 0.0055 0.0043

*p <0.05, **p <0.01, ***p <0.001

A BAEE K, e 4y BARAS7L 00l2ke TR 7Rl thsto]

Table 3.59} T2 & Aol
A BAACE FolhE Sedith T8 Table 3.59F ko2 AJAASE vt
o

5%, 1%, 0.1% ==

Jol 4 1A H EEL A FEE 1,0008 A R2E (bootstrap) S o &3fo] 2k A
o]rq SAEgl t oled Ane 9 2 o1 ol Qlsaialc)
Teoms HHo o] HolE melste] Lol Al A e 4BASE AsRh Table
368 Vo] Ao|% ZAVE £ AT HBALol] WEol BE el A p(X,V)50H 2 e
23 glom, ve] Ae)7k AA| Y4 i) 4E717 el B e] L Holgir)

Table 3.6 Correlation coefficients of X and Y given D=d*

Pearson Spearman Kendall’s Tau-b
p(X,Y|D =4) 0.7592 0.7045 0.5400
p(X,Y|D = 3) 0.7542 0.7059 0.5399
p(X,Y|D =2) 0.7734 0.5620 0.5620
p(X,Y|D =1) 0.8015 0.7438 0.5838
p(X,Y|D =0) 0.8116 0.7550 0.5921
p(X,Y|D = -1) 0.8112 0.7486 0.5859
p(X,Y|D = -2) 0.8063 0.7438 0.5809
p(X,Y|D = =3) 0.8035 0.7403 0.5771
p(X,Y|D = —4) 0.7993 0.7335 0.5707

* X: husband’s age at death, Y: wife’s age at death, D: husband’s age-wife’s age

L BRo) A A} B4

ol Ao & Ho|A AHEHE Al AHEE ;1'“]041-/] T5AF tlole 19,9887 ©|-&31
FEo AL A 7H] AIZE Aol E BRASRESE gt 9] AP AT EE Martikainen} Valkonen
(1996a), Martikainen 5 (2005), Spreeuwﬂ- Owadally (2012) %0] glom F&Z APE T HEZ A=A}
ol wj- 2ol AMEES BEAS L £33 B =82 Spreeuw®} Owadally (2012)7} wl--2F2] Aldo]
FAAERE] Al 7 A= e 'E"@; St W FARSHA HlolEE A 1A AFEAY AFAES) F
HA A2 APz e Z]'O] o wel E&3}
e=00]gts AL 22 do] £E7F BT AFY

o] WS 1d & A HH-,—Z]J]— APge

Table 3.7 Summary statistics of the time-lag between the spouses’ deaths

31 AolE ezka gelsigtt. I8 o) Table 3.72)
ALE T, e=lolehe AL $¥ 3 A 0A A

T=
£ =,

}_‘

o [U]O

[e]
T

no. of obs. mean std. dev. min max

ime-1
time-lag, e 19,988 6.2018 1.7428 0 24

nye) A A Alele] AAE BAT A3} FEACE 6.2040]00h
F A%l FRAOE dHo] AU F Relo] AT w7k Bl AL Relo] A T

_I

T
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AR w7 BEls A7 Bk o 1L69W 6 1 Aolgith BE Aol 714+ chFe G
esto] Anke AAsIok AW AR ATS Aol T T A% 4§ 2AZo|
Astol AN LA dA7} ok o] Aol AT o WE 5 Yt Aol Frha 2 4

= gk,

Table 3.8 Summary statistics of the time-lag(e) between the spouses’ deaths

The time-lag(e) between the 1st and 2nd death The time-lag(e) between the 1st and 2nd death
(male=1st death, female=2nd death) (female=1st death, male=2nd death)
Percentiles Percentiles
1% 0 75% 10 1% 0 5% 7
5% 1 90% 14 5% 0 90% 10
10% 1 95% 16 10% 1 95% 12
25% 3 99% 21 25% 2 99% 16
50% 6 50% 4
no. of obs. 15,245 no. of obs. 4,743
mean 6.69 std. dev. 4.94 mean 5.00 std. dev. 3.78
skewness 0.80 kurtosis 3.08 skewness 0.91 kurtosis 3.49

Table 3.9 AA| 19,988% F72] At Al Atole] AR} (e) 2712 HolHE £/ Zlolth o
714 9% 25 A WA AR EAS v S AASAH o AFgEHA] 9 w22 delE 7
TOE 20tHRE 90th7HA] /e Aojth. HFAEAS] dPe] FAEFE B ko] Abg Aol A
s AA FoAle @l Jdon, o] A HFAEA 29 Ao me ad a= Jlon FA
of wll--x1e] Aol PAd == 9t} wabA Martikainen¥} Valkonen (1996b), Christakis®} Allison
(2006) Rolden 5 (2014), Elwert2} Christakis (2008)2] 91722} Zro] T d#A &= 7919 A7 JE)

T AFEAIAR QS 71E 5 e 8QdEel WiE F o AlEe 89 E40] B AT T FF AT
AN FAAA 0% v $AT B e

Table 3.9 Description of dataset for time-lag(e) between the spouses’ deaths

time-lag 20-20%  30-39  40-49  50-59  60-69  70-79  80-80  90-99 Total
=0 3 1 a1 167 304 258 71 3 861
e=1 3 20 149 454 765 630 163 6 2,190
e=2 0 29 130 430 757 597 132 2 2,077
e=3 0 26 157 405 672 497 96 0 1,853
e=4 1 24 176 409 690 393 61 0 1,754
e=5 7 25 179 380 643 342 53 0 1,629
e=6 0 34 153 374 562 271 26 0 1,420
e=7 3 33 147 359 515 223 19 0 1,299
e=8 4 31 134 331 438 183 9 0 1,130
e=9 2 35 128 335 378 121 12 0 1,011
e=10 1 27 136 311 337 108 4 0 924
e=11 1 47 118 304 277 82 1 0 830
e=12 5 29 119 226 242 49 2 0 672
e=13 3 32 87 264 173 32 1 0 592
e=14 4 27 87 179 151 21 1 0 470
e=15 2 30 68 142 88 6 0 0 336
e=16 6 19 61 93 52 5 0 0 236
e=17 2 25 44 79 25 2 0 0 177
e=18 4 13 51 78 11 0 0 0 157
e=19 3 18 32 55 7 0 0 0 115
e=20 4 11 31 39 5 0 0 0 90
e=21 1 16 30 24 4 0 0 0 75
e=22 1 14 18 21 2 0 0 0 56
e=23 2 7 10 6 1 0 0 0 26
e=24 0 1 5 2 0 0 0 0 8
Total 62 584 2,201 5,467 7,000 3,820 654 11 19,088
mean (years) 12.05 10.46 8.45 7.49 5.77 1.14 2.75 0.91 6.29

* husband (wife)’s age when wife (husband) died
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r£3} Table 3.9 w}A| ek 319 HFZHE A A Apgo] BHAHL w] Aot wlex} 7)1FE AEAYZY)
e e Aoz S 25el B BEAE/T £79 Table 3,109 FUABE o] Az
7ol e A vlas) Hd O %) Z}Olﬂ - Fn G A el 2eety] A4 Hol| &2 wf
SAE ARehe A0 YETh #3547 SRR @88 AoVl A AaA B 5
the e 4SS RAS §5 (%% ASANE ) Apsted A Al Ae] Abe] e
RAE710 o= A= S T2 IS 7S & AAERE A48 & + Ao

Table 3.10 Life table (2013)

age life expectancy (total) life expectancy (male) life expectancy (female)
20 62.39 58.99 65.46
25 57.50 54.13 60.54
30 52.64 49.29 55.64
35 47.80 44.48 50.77
40 43.01 39.73 45.92
45 38.28 35.07 41.11
50 33.67 30.57 36.34
55 29.16 26.22 31.63
60 24.76 22.03 26.96
65 20.51 18.00 22.39
70 16.43 14.19 17.98
75 12.74 10.83 13.89
80 9.53 8.00 10.26
85 6.92 5.78 7.33
90 4.95 4.18 5.14
95 3.53 3.08 3.63

Source: www.kosis.kr

RAA vlolElE ol-g3te] AFYEAe] A W R APANE BAT A3 HAFAEA) AR}
B & (AR A APgAL 4 /s A a5 27) AEAL 42)0] Figure 3.29} Zo] Wl$A7} ApgE &
drA oz ZIC} daske Al Aglon, 53 WAzt e F 19 ol Algak ulgol
7V =7 GeRt) ohal Zadle Ee Bela grk

0.3

e=0 e=1 e=2 e=3 e=4 e=5 e=6 e=7 e=8 e=0 e=10e=1le=1Ze=13e=14e=15e=16e=17e=18e=10e=20e=21e=22e=23e=24

Figure 3.2 Death rate by time-lag between the spouses’ deaths and last-survivor’s age group

BE A AYOR AW GPUL WA AT A B2H L& 4US| A R AF42A
el7t nQYY £2 R APAAI A hebgek B 5 9AW, Figure 32004 28 5 9%
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Table 3.11 Dataset by last-survivor (male)’s age group and time-lag between the spouses’ deaths

age group (male) 30-39 40-49 50-59 60-69 70-79 80-89 Total
e=0 - - 7 63 110 67 250
e=1 1 7 18 178 296 149 655
e=2 1 4 21 165 299 124 616
e=3 4 16 140 273 89 522
e=4 2 14 163 229 61 470
e=5 - 4 8 156 205 52 425
e=6 - - 2 150 183 25 360
e=T7 - - 4 116 173 19 312
e=8 - - 3 115 138 9 265
e=9 - 1 2 98 99 12 212
e>10 - 1 7 382 257 9 656
Total 3 24 108 2,018 2,430 621 5,215
mean (years) 2.33 3.39 3.72 6.15 4.82 2.82 5.00

Table 3.113} Figure 3.3-& ¢1o] WA Abdslal, HFHEA7 G819 492 24 23] o] 2

7} Table 3.129] #4 23 Hr} thidA7h A2 olf+= that 2o] 58 & &+ ok & 7=

SRAFY] F5AF HolEE o837] wh2el A HA AFGAL, = 4R EAiel

owrt o Bl Aol uiadg aura} 2 4 9. Faw a‘#ﬂ dEEee Fuds SAE 49ad
A
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Figure 3.3 Male’s death rate by time-lag between the spouses’ deaths and male’s age group

ul2bA Figure 3.2¢} ¥ a3t Figure 3.39] Iajz=
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Table 3.12 Data set by last-survivor (female)’s age group and time-lag between the spouses’ deaths

age group (female) 30-39 40-49 50-59 60-69 70-79 80-89 Total
e=0 11 41 160 241 148 7 611
e=1 19 142 436 587 334 14 1,535
e=2 28 126 409 592 298 8 1,461
e=3 26 153 389 532 224 7 1,331
e=4 23 174 395 527 164 - 1,284
e=5 25 175 372 487 137 1 1,204
e=6 34 153 372 412 88 1 1,060
e=T 33 147 355 399 50 - 987
e=8 31 134 328 323 45 - 865
e=9 35 127 333 280 22 - 799
e>10 316 896 1,816 993 48 - 4,108
Total 870 3,028 6,871 6,119 1,587 38 18,613

mean (years) 10.50 8.50 7.56 5.66 3.15 1.63 6.69
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Table 3.12+& @ o] WA AFS uff 2] Apdo] WAE w72 2] 717HE 8 9kst Ao]al, Figure
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Figure 3.4 Female’s death rate by time-lag between the spouses’ deaths and female’s age group
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Figure 3.5 Death rate by time-lag between the spouses’ deaths and age difference of
last-survivor age group 30-39
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Figure 3.6 Death rate by time-lag between the spouses’ deaths and age difference of
last-survivor age group 60-69
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Table 3.13 Decomposition of time-lag(e) between the spouses’ deaths: Male=1%" death

wife’s age when her husband was dead (case 1: male=1st death )

mean (unit: years)

40-49 50-59 60-69 70-79 Total
time-lag 8.50 7.56 5.65 3.15 6.69
(Std. Dev.) (5.47) (5.05) (4.00) (2.59) (4.94)

difference btw expected and real
age at death of the 1st death 28.16 19.81 12.47 5.43 17.73
(Std. Dev.) (4.57) (3.95) (4.05) (3.69) (8.86)
dependent effect 31.14 22.53 15.39 9.31 20.60
(Std. Dev.) (5.99) (5.56) (4.49) (3.07) (9.07)
age difference btw couple 4.92 3.73 2.03 0.48 3.02
(Std. Dev.) (3.75) (3.36) (3.29) (3.41) (3.71)
frequency 2268 5365 5373 1558 15245

Table 3.14 Decomposition of time-lag(e) between the spouses’ deaths: Female=1%" death

husband’s age when his wife was dead (case 2: female=1st death)

mean (unit: years)

40-49 50-59 60-69 70-79 Total

time-lag 3.39 3.72 6.15 4.82 5.00

(Std. Dev.) (3.04) (3.42) (4.22) (3.43) (3.78)

difference btw expected and real 40.84 39.99 95.40 18.65 20.74
age at death of the 1st death

(Std. Dev.) (5.00) (3.55) (4.14) (4.51) (6.56)

dependent effect 28.64 19.50 7.10 -0.48 2.05

(Std. Dev.) (4.33) (4.28) (4.93) (3.98) (7.17)

age difference btw couple 2.26 3.16 5.60 7.76 7.14

(Std. Dev.) (3.58) (3.24) (3.70) (3.99) (4.22)

frequency 23 102 1726 2262 4743

I FRE AR AT Sl Erke ¥
A WARte AL v AATE AdEste] 2l _}‘ﬁ‘jr- a2 2 AFelA Ad=d *WrﬂlT~
FER7E B AT 7H stell Aed Zlew S Add AR (censored data)E A&t A=
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Abstract

Many multiple life insurance products consider benefits that are contingent on the
combined survival status of two lives. To value premiums of the insurance products
accurately, we need to consider the impact of the survivorship of one life on another.
To show a dependence relation between married couple, we calculate correlation coef-
ficients by using married couples data from National Pension Service and the results
show some positive dependence between them. Moreover, by analyzing the death af-
ter bereavement, we find a evidence that mortality rates increase after the death of a
spouse and, in addition, that this phenomenon, the broken-heart syndrome, diminishes
over time. The results of this study can support the method to calculate the premium

of multiple life insurance reflecting more realistic joint mortality rates.

Keywords: Death after bereavement, dependence, married couple, multiple life insur-

ance.

1 Associate research fellow, Future Strategies Research Division, Research Center for Pension, Korea
Institute for Health and Social Affairs, Sejong 339-007, Korea.

2 Associate research fellow, National Pension Research Institute, Jeonju 561-350, Korea.

3 Corresponding author: Associate professor, Department of Actuarial Science/Mathematics,
Sungkyunkwan University, Seoul 110-745, Korea. E-mail : hangsuck@skku.edu



