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b (1) k(2)
B=| | K= (2.2.5)
b(w—1) E(n)
- 15 -
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elw—1,1) € (w—1,2) -~ elw—1,n—1) elw—1,n)

A9 Ae VIS Be GO AU At HES T shA Aok Fojwk,

w—1 n
. (2.2.6)

2) a(z)e FAHA 4=

of Aok HelA B FHPL Thet ol

2 EANSAT

i) = L3 10glale. ) = L1ogTTate. 1), w=0.1.2.-

t=1

ale)E WP AESH, 7] 4 F YA Yavt Bk

AN

3) =& Z9] SVDE3|

Al al@)ol &8l z(z,t) =

2(z,t) = loglq(z, t)) — alz) (2.2.8)

_16_
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olal, A z(z,t)HoE VE Z5 YEE B3 2o

2(0, 1) 2(0, 2) --2(0,n—=1)2z(0, n)

2(1, 1) 2(1,2) - 2(1,n—1)2(1, n)
= T _ O (2.3.9)

2 (w—1,1) 2(w—1,2) z(w—1,n—1) 2(w—1,n)

AE 7 =1og(Q) — A°lH, 3y&E Zo] th3+ SVDESNZS F35}4,

AN

Z=UDV" (2.2.10)

2 QA ®3, Us 227 (775 BE 7o ANWL)e THUEE DuEZ A
Pgolw, Ve 2779 THUEE AuEZ AfAE Pdolth mA U} vE 27t
ol EspulEisl AR EFUEG sHets Amddo]l Wk EF, DE 27 FL

7778 mHAe Fe| AFLE FUAAe o X wz@deld. 1w

48 79 Az Z(x, & T Zo] EEY & ek

Z(x,t) = 2 w; (2) M\, (t), (2.2.11)

A7 A= 48 E D iHA ghola, u(x)= Ay UL il WE S xHA

e
2
o
o
N
e
)

dao)al, ()= AuPE Vel iA e t
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4) b(x), k(t)e) 42 A=

Lee, Carter (1992)= =25 FA S HA3lA max())% \EHE ARESEATH 282

2 g v go| A EFY & gtk

Z(x,t) = uy (z)\v, (t)+ E w; (@) v, (t) =bx)k(®t)+ e, t). (2.2.12)

Z(x,t) = uy ()N, (t) =b(z)k(t). (2.2.13)
A AARESY AR NAEFAE UEe FE%S AEIT F FH o)

FEivete] SHAIE A FAFEAEE) 19973 ~20119(FAH, 13719 =
Ag)e] 2t A AEE B4 ARR AAR I, o] AEs 199893 2000

To] A5V FEHE oerm=E, 1998 d 7 200089 AMEEL PR 19 A, 1

_18_
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FAA A2 85419k 954 o] AMEES MEA Tkl LC E¥ e

sAth 18 Eg2 A7IA AR ¢l t)E ©=0,1,..,99, t=1,2,..,15¢) FHEC]

e <E 21> ol 83 i), bla), k) FHFHAT,

2-4>7HA] YER Hok

[3 [-1] life tables

male female
ase vear 1997 year 2008 year 2000 year 1997  year 2008 year 2009
0 0.00741 0.00397 0.00374 0.00689 0.00365 0.00339
5 0.00045 0.00016 0.00016 0.00033 0.00014 0.00012
10 0.00030 0.00012 0.00014 0.00020 0.00008 0.00009
5 0.00062 0.00026 0.00027 0.0003 0.00017 0.00017
20 000111 0.00047 0.00048 0.00049 0.00028 0.00030
% 0.00128 0.00070 0.00070 0.00054 0.00047 0.00061
30 0.00158 0.00073 0.00038 0.00067 0.00052 0.00059
%5 000212 000111 0.00110 0.00089 0.00061 0.00067
40 0.00350 0.00176 0.00181 000126 0.00085 0.000%5
5 0.00552 0.00293 0.00290 0.00182 000118 000115
50 0.00759 0.00463 0.00466 0.00266 0.00163 0.00163
5 001113 0.00689 0.00666 0.00393 0.00234 0.00228
60 001814 0.00990 0.0091 0.00659 0.00359 0.00341
65 0.02707 001543 0.01466 001154 0.00580 0.00555
70 004313 0.02606 0.02438 0.02082 0.01081 001030
75 0.06603 004338 0.04074 0.03750 002111 002027
80 0.10200 007617 007126 0.06513 004283 003971
& 0.14621 012370 011710 0.10693 0.08270 0.07639
90 0.21524 018774 0.17808 0.17710 0.14149 013143
% 0.31041 026074 025074 0.28526 021819 0.20465
9 0.40737 031814 031193 0.40485 0.28635 027122

Data source: Statistics Korea(http://kostat.go.kr/)
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. oalz) A

a(z)= oFefe] 2ol osfA qbEsholar, 1 A3 <3 2-2>9 BT

13 13
alz) = % Elog(q(w, t))= %log]:[q(a:, t), v=0,1,2,...,99,100. (2.2.14)

t=1 t=1

[ [-2] estimates of a(x)

age &(z) for male age &(z) for male age &(z) for male
0 -5.26977 35 -6.58747 70 -3.45557
5 -8.31537 40 -6.08005 75 -2.96527
10 -8.71347 45 -5.58285 80 -2.46474
15 -7.99853 50 -5.16194 8 -2.01137
20 -7.39583 55 -4.79181 90 -1.62435
25 -7.12702 60 -4.38591 9% -1.29339
30 -6.93942 65 -3.94753 9 -1.07587
0 H WD o D o~ W o 0 o WD o W o WD o W0 o WD o WD
SEEEFARBRFREEAEER AR 8 S

:5 / e 5 [ 3

-10

[29 [O-1] graph of a(x)
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A= L9 <F 23>, <iF 2-4>9F 7t}

[ II-3] estimates of l;(m)

age b(z) for male age b(z) for male age E(m) for male
0 0.010761 35 0.01184 70 0.009577
5 0.019587 40 0.012238 16 0.008321
10 0.014612 45 0.011066 80 0.006407
15 0.013188 50 0.009252 8 0.00431
0.013297 55 0.009389 90 0.003287
0.009926 60 0.011227 % 0.003817
0.009833 65 0.011047 9 0.004942
0.025
0.0z
0.015 /[\-\f/\
— )
001 V/‘,\\wﬁ\\
0.005 \_./
:J -
TP D iR MR T R AR R R EE TS

[29 T-2] graph of b(x)
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[3 4] estimates of l;(t)

t k(t) for male t k(t) for male
1(1997) 37.06494 9(2005) -7.897873
2(1998) 30.86485 10(2006) -14.81004
3(1999) 24.66475 11(2007) -16.16047
4(2000) 19.05747 12(2008) -20.15609
5(2001) 13.45018 13(2009) -20.8373
6(2002) 7.555531 14(2010) -24.5839
7(2003) 3.092771 15(2011) -28.87936
8(2004) -2.425468

50

40

30

N

20

e

e

10

e

— (]

-10

T T T T T T T T T T T T T 1
123455?N131111131415

-20

S

—

-30

-40

[z TO-3] graph of k(t)

_g]

/?_?‘\>
Ll
of
e
Y
o

72t A%l Frhsh Azke] Astol wet A

2=
T

= 95%°l A4 Box-Jenkins A|A|E &
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ARIMA(0, 1, 0)oll <3l %53
F FA AL 282 AdeA A& Wl wEt gEA FAs=E Lee,

Carter (1992)+= ARIMA(0,1,0) =+ ARIMA(1,0,0) E3o

Y
ot
rot
PO
o
fru
St
1%
ol
ok
R

3, AFE, A4 (2007)& ARIMA(1,0,1)°] 23 Aoz BX3les & g3 =
o] AHI Jom, doF FHH AFVF Hedith E ATNAE Lee,
Carter (1992)°141 f2l3tthal AAg ARIMA(O, 1, 0) =
FE AHEIEE ST oY o ARV BAHSE FojHo] JeAE A
A&t7] #18] Diebold-Mariano TestE 3FATE Ao -+ DM FA &l 4.494, loss
function power=2, p-value=0.0005052 ARIMA(1,2,0)°] ARIMA(0,1,0)X .t} A &3t
g 3= AoE UeEWy, oA A DM FAFC] 6.2559, loss function
power=2, p-value=0.000021Z ARIMA(1,1,0)°] ARIMA(0,1,0)X .t} A& =S 3}
t A2 2 Yelgth ofgf ol <E 25> 4729 ARIMA 28 o] &3 K(
NAEEA o g AAM S == Hamilton (1994)5 FH=3}e}

<E 2-5>9 AFFIHES o] &3] <3 24> JHMEAARS T AH, <% 2-5>9
2% npxH dollA FAT 4 50| 2006, 2008, 2009 =E A LJEta o g

o
=
K
QL
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[3 II-5] comparison of estimates of k(t) by formula and estimates of k(t) by ARIMA

year estimate of k(t) Stiﬁird lower bound  upper bound

1997 37.048364 37.06494

1998 30.928441 0.1964 27.85533 33.08592 30.86485 accept
199 24.664845 0.1964 22.3482777 26.93592 24.66475 accept
2000 18.464656 0.1964 16.69212 20.66136 19.05747 accept
2001 13.086817 0.1964 11.035235 14.45059 13.45018 accept
2002 7.842896 0.1964 6.142731 9.157256 7.555531 accept
2003 1.837021 0.1964 1.295869 4.01565 3.092771 accept
2004 —2.247675 0.1964 -4.336935 -1.79136 —2.425468 accept
2006 —7.296744 0.1964 -8.22689 -5.68182 -7.897873 accept
2006 -13.398372 0.1964 -13.101799 -10.4242 -14.81004 reject
2007 -20.839695 0.1964 -19.076716 -16.0715 -16.16047 accept
2008 -20.920005 0.1964 -26.451442 -22.8708 -20.15609 reject
2009 -22.530322 0.1964 -26.531416 -22.9438 -20.8373 reject
2010 -23.550101 0.1964 -28.136372 -24.4061 —-24.5839 accept
2011 -26.451548 0.1964 -29.154025 -25.3309 —-28.87936 accept

_24_
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[3 [O-6] mortality rates by LC model and Life Table

male female

age Life Table  estimated mortality of age 45 Life Table estimated mortality of age 45
(Year 2011) by LC model(from Year 2011) (Year 2011) by LC model(from Year 2011)

45 0.00267 0.00267 0.0011 0.0011

50 0.00435 0.003604 0.00156 0.001272
95 0.00622 0.004241 0.00206 0.00126
60 0.00903 0.004541 0.00315 0.00138
65 0.01295 0.005254 0.00509 0.001527
70 0.02300 0.008651 0.00921 0.002001
75 0.03910 0.014105 0.01804 0.003353
80 0.06670 0.02669 0.03715 0.007783
85 0.11579 0.057259 0.07341 0.021016
90 0.18005 0.098398 0.12918 0.042

9% 0.25684 0.117775 0.20356 0.05053
9 0.32071 0.107806 0.27051 0.048005

— 2 5 —
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A3d F ALES o83 BIAGE &4

% oA LC B S AHEste] 43 AMER FH HdoEe & 2 F
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ES
I
[S)

= ka (k:p.’l: - k:+1p:L') = E k Pz s

k=0 k=1

AN o (A ARBAT} K B AR FES oUety, g = (A TR
A7 kd Skl AR &S 9vEtH, Le.(me)e 0 HEFATE (xtk)Al
RS F (kDA H7] Aol A 82 vt FEHS T()S o] &F

r2
o,
=2

Y
ofo
ol
ok
£
e &
[

_"':
v Hare] A AHS A (232)F ol&dforstARl, e
UDD(uniform distribution of deaths) 7F4(2 (2.3.4))< 2 (2.3.2)9

B ZXgE S ES 3

= 6 = f 3 ><fT dt* fo t Pz dt . (2-3-2)
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UDD7}
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=
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=

S7} w5 & (uniform distribution)

M_wwo
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[3 O-7] complete-expectation—of-life

complete-expectation-of-life(UDD assumed)

(x):male (y):female Joint-Life Last-Survivor

age  Life Table LC Model Life Table LC Model Life Table LC Model Life Table LC Model
(Year2011) (Year2023) (Year2011) (Year2023) (Year2011) (Year2023) (Year2011) (Year2023)

40 38.9 42.5 45.3 48.9 35.5 39.5 48.7 55.7
45 34.3 37.7 40.5 44.0 31.0 34.8 43.8 50.7
50 29.8 33.1 35.7 39.2 26.7 30.3 38.9 45.7
95 25.5 28.6 31.0 34.4 22.5 259 34.0 40.7
60 214 24.2 26.4 29.6 185 216 29.2 35.8
65 174 19.8 21.8 24.9 14.7 17.3 24.5 30.8
70 13.7 15.7 174 20.2 111 13.4 20.0 25.9

059 <9 24>% 604 I EFAL disle] oz td Qo AL FES H]
A o]t}

El

rok

= 554 o= t1d bl AFERIT FHA S 7 fle2A <& 2-7>0A FRlT
A7}l YA LC RPL2ZRE FAS ALES ALPS A9l o @& Fhol
TASAT <19 24>025E IY F e E F e HAZAEAGE
gk AAFAAFT st e A IR

&M Ak T2 S A5 A Eu HFAEA
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o FARAR FAAE EF 189S AF o 7ML, AFAHE EskA %
A Aol AES 4% E THEsEAT
<E 2-8>% <19 2-5>% Ul e A (23.6)~(2313) A&t T3 Ao
o AEFA] 7Y AEol (Al & A 7 ARNA R SR 1Y
T84 A7} (Actuarial Present Value), A, & T3t 42 tad 2o RgEF
=1

Ariek Hds e da9 Uil did Haes onisid, AMEY

w—x—1 w—x—1
A:I::E[UI((.’IJ)+1]: kZO Uk+1><k\qz: kZO Uk-+1><(k+1qz_qu)’ (2.3.6)
v= o i A OlAE, w AEA 57} 02 BAEH

Ely Klay) “] (2.3.8)

min

k+1
’U k\qu EU kay k+1pzy)
0
in

=~
?H

k+ 1
VX (D XDy = ke 1Pe X ks 1Py)
0

k
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Var [UK(:I::U) ’ 1] = 2A.’I:y B AIQU (239)

min . 9 min 2
= Z(UkJrl) Xk\qu_ (kEOUkJrl quly) )

k=0 =

714 mine minjw—z—1,w—y—1]E 7|3}
Az Aoe SARYE tea g Py

T30 &, 7 JERAXY] AAREAET|L GE-ET K@) Ky)v 9A 535l

2 A

o7 By

Y

Ay, = B*E (2.3.10)
_mxk+1>< _nﬁ( L ( . )
T v k\fJ@—kZOU k+ 195, — kg,

&

I
w o

ma

_ k+1
= VX (1 G X 1y~ ke X 44y)s
k=0

Var [UK(E) 1= QAE —A2 (2.3.11)

zy
max (max

_ 2(vk+1>2xk‘qﬁ_ p)

k=0
714 maxT= maxjw—z—1,w—y—1]E &7 3T}
Bee A9 F angast Aze At A1 B¢ d & vh a9 198
o tisk do|ty. F4AAZFe B A dv), o, 9 B4R of
o] A& Agsl, F BRI A AES A= VI G A5 AFE e
AFANE FH Y SAATH HIFAESA AHG FAAFTS dolA A AR
k)

do 2 (23.8)~(2311)F ot AEF} fFAtEE AAE 282 Bowers T
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(2.3.12)

(2.3.13)

]2

K(z)+ 1]

|- Bla

K(z)+1l

Ella

K(z)+1l

Var|a

—

<
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[3 [-8] actuarial present value and standard deviation of insurance product (benefit=1)

mortality \ age (x) 40 45 50 55 60 65 70
Whole Lite Table APV 19742 18580 17206 15859 14243 12442  10.494
Life (Year0lD) o4 3655 3974 4208 4335 4395 4382 4286
Annuity LCaogl APV 20633 19501 18401 17.056 15496 13693 11690
male (Year2023) 4. 3131 3460 3722 3877 4009 4126 4167
Whole Lite Tubje APV 18919 17667 16270 14724 12993 11085 9060
ArI;rilfleity (Year01D) o4 3897 4152 4312 4356 4322 4193 3956
Joinfgufe LCModel APV 20014 18898 17627 16192 14528 12617 10510
(D=0) (Year2023) 4 3397 3666 389 3945 3999 4016 3397
Whale Lite Table APV 22057 21225 20227 19035 17618 15950 14027
ArI;rilfleity (Year2011) ¢4 1314 1540 1788 2055 2341 2632 2889
e LCModd APV 22560 21826 20940 19873 1858 17051 152%
(D=0) (Year2023) g 1022 1210 1422 1662 1937 2243 2556
Wi Life Tabe APV 0241 0285 0335 0390 0452 0521 059
Life (Year01) g4, 0141 0153 0162 0167 0169 0169  0.165

Insurance LC Model APV 0206 0246 0292 0344 0404 0473 0550
for male
(Year2023) g4, 0120 0133 0143 0149  0.154 0159  0.160

Whole Life Table APV 0272 0321 0374 0434 0500 0574 0652
Inslljfnce (Year01l) 54, 0150 0160 0166 0168 0166 0161 0152
Joinfgufe IC Model APV 0230 0273 0322 0377 0441 0515 0596

(D=0) (Year2023)  sq. 0131 0141 0148 0152 0154 0154  0.151

Whole Life Table APV 0152 0184 0222 0268 0322 0387 0460

Lif
merance (YeaDID T gq 0051 0059 0069 0079 0090 0101 0111
for APV 0132 0161 0195 0236 0285 0344 0414
Last-Survivor LC Model
(D=0) (Year2023)  sd. 0039 0047 0055 0064 0075 0086  0.098

<I9 2-5>9F <O¥ 2-6>2 <3 2-8>ZHE RPFd dA7E 5T FF
Z AE v golt AHIEE AMES B

) L=
— -
FAT ALEERE 42 B 7P ol AR HEA YEE ZAoE
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i

. .--"5""-&:‘ —— W holeLifeAnnuity_Male
1.08 — e W holeLife Annuity_Female

R - - aeawes WholeLifeAnnuity_JL

= == WholeLifeAnnuity_L5S

404 asAd soMd 53 e0AM 634 FoA

[2¥ II-5] ratios of APV(LC Model) to APV (Life Table) by age at inception: Life Annuities

1
a.85
- 4‘.“““
083 il i W holeLifelnsurance_Male
i\ haleLifelnsurance_Female
0.8
N S WholeLifelnsurance_JL
¥ -
0.75 e = == == WholeLifelnsurance_LS
*-’ -
oS
07 ——
0.65 T T T T T T 1
404 454 S0A| 55 A 604 654 704

[Z2¥ [O-6] ratios of APV(LC Model) to APV (Life Table) by age at inception: Life Insurances
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APVof Whole Life Annuity for Male aged (4
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03
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APVof Whole Lfe Insurancefor Male aged f+)

5 51 5 53 34 55 36 57 38 39 60 61 62 83 64 65 85 67 £8 69 70

APVof WholeLife Annuity for Joint-Life Status

APV of Whole Life Insurance for Joint-Life Status
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APV WholeLife Annuity for Last-Survivor Status APV WholeLife Insurance for Last-Survivor Status
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50 51 52 53 34 55 56 57 58 39 60 61 62 63 64 65 66 67 6B 69 70

==a gtburvivor LfeTable(fear201l) === Last-Survivor:LCModellVear2013)

[2¥ II-7] actuarial present values of life annuities and life insurances
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A27d A Z ¥ (Multiple Life Models)
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[3& TI-1] complete expectation of life by using Life Table

1% () R A
65 18.40 22.68
66 17.60 21.78
67 16.82 20.88
68 16.06 20.00
69 15.30 19.13
70 14.57 18.27
71 13.85 17.42
72 13.14 16.58
73 12.44 15.76
74 11.75 14.94
75 11.07 14.12

[3 MI-2] complete expectation of life for last-survivor status by using Life Table
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() owd) (e oWd) (@) ofwd)  (dE) ou)
65:65 25.38 67:65 24.80 69:65 24.32 65 22.68
66:66 24.44 68:66 23.87 70:66 23.39 66 21.78
67:67 23.51 69:67 22.94 71:67 22.47 67 20.88
68:68 22.59 70:68 22.02 72:68 21.55 68 20.00
69:69 21.67 71:69 21.10 73:69 20.64 69 19.13
70:70 20.76 72:70 20.20 74:70 19.74 70 18.27
71:71 19.86 7371 19.30 75:71 18.85 71 17.42
7272 18.97 1472 18.42 76:72 17.96 72 16.58
7373 18.09 7573 17.54 7773 17.09 73 15.76
7474 1721 76:74 16.66 78:74 16.22 74 14.94
7575 16.34 7775 15.80 7975 15.37 75 14.12
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[29 MM-1] comparison of complete expectations of life for male, female and last-survivor status
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40

35

30 = Female:Life Table(Year2011)
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male's age

[Z2¥ T-2] comparison of complete expectations of life for female and last-survivor status by age difference
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[Z2¥ M-5] assumptions for reverse mortgage

<HE 34>~<HE 3-6> % <I¥ 3-6>~<TY 3-8>2 FHAF

g Ao AEYN HFAZAY ARES AL HWdE7Hs = A (principal
limit) ¥} 589 Bt = 4] & (principal limit factor), 12|l
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[3& 4] comparison of principal limits for female

age at inception i S bl (Vear 2011 LC Modfeelrg?:;r 2013)  L.C Model(Year 2023)
60 126,785,094 108,108,317 103,706,693
62 133,633,729 115,237,161 110,441,057
64 140,776,685 122,780,643 117,573,554
66 148,208,304 130,741,883 125,112,909
68 155,920,130 139,116,528 133,064,179
70 163,899,428 147,805,689 141,429,457

[3 TI-5] comparison of principal limits for last-survivor(D=0)

last-survivor(D=0)

age at nception ——e o Near 2011)  LC Model(Year 2013)  LC Model(Year 2023)

60:60 121,681,022 106,346,249 102,672,591
62:62 128,368,597 113,316,728 109,272,239
64:64 135,464,051 120,706,140 116,277,727
66:66 142,866,580 128,520,362 123,700,733
68:68 150,560,544 136,750,069 131,642,926
70:70 158,626,099 146,925,530 139,801,498

[3 T-6] comparison of principal limits for last-survivor(D=4)

last-survivor(D=4)

age at nception —— e T Near 2011)  LC Model(Year 2013)  LC Model(Year 2023)

60:56 111,975,788 95,662,878 92,279,151

62:58 118,283,306 101,994,990 98,269,851

64:60 124,889,355 108,722,527 104,635,547

66:62 131,798,333 115,858,282 111,391,829

68:64 139,008,953 123,412,025 118,653,695

70:66 146,513,503 131,383,796 126,127,950
— 60 —
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[3& TMI-7] comparison of annuity payments for female

age at inception i S bl (Vear 2011 LC Modfeelrg?:;r 2013)  L.C Model(Year 2023)
60 711,668 606,832 582,125
62 759312 654,782 627,530
64 811,157 707,464 677,461
66 867,802 765,531 732,572
68 929,992 829,766 793,667
70 998 673 901,159 861,759

[3 TI-8] comparison of annuity payments for last-survivor(D=0)

last-survivor(D=0)

age at nception ——e T Near 2011)  LC Model(Year 2013)  LC Model(Year 2023)

60:60 682,457 596,941 576,320
62:62 729,395 643,870 620,889
64:64 780,546 695,511 669,994
66:66 836,524 752,523 724,303
68:68 898,025 815,652 784,593
70:70 965,933 895,248 851,840

[ TM-9] comparison of annuity payments for last-survivor(D=4)

last-survivor(D=4)

age at nception ——e T Near 2011)  LC Model(Year 2013)  LC Model(Year 2023)

60:56 616,115 526,357 507,739

62:58 656,912 566,452 545,763

64:60 701,027 610,280 587,339

66:62 748,883 658,311 632,932

68:64 800,972 711,102 683,108

70:66 857,878 769,289 738,515
— 6 1 —
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principal limit

170,000,000

160,000,000 //

150,000,000 .//_:f/l' = ==l Female:Life Table(Year2011)

——_— /n""- — = = Female:LC Model(Year2013)
// / @ | gst-Survivor(D=0):Life Table({¥ear2011)

130,000,000 / — =

- cwssss Last-Survivor(D=0):LC Model{Year2013)
-
F26 000000 - —|_get-SurvivoriD=4):Life Table(¥ear2011)
110,000,000 emnst’ - — — Last-Survivor(D=4):LC Model(Year2013)
e v o (-
100,000,000 =
-
90,000,000 .

[2¥ T-6] comparison of principal limits for female and last-survivor status

principal limit factor

Q.53
0.50
wefl= Female:Life Table(Year2011)
o = == = Female:LC Model(¥Yearz013)
s | Fet-Survivor{D=0):Life Table(Year2011)
+ Last-Survivor({D=0):LC Model(Year2013)
240 — L ast-Survivor{D=4):Life Table(Year2011)
== = Last-Survivor{D=4):LC Model(¥Year2013)
0.353
0.30 . - .

[2¥ M-7] comparison of principal limit factors for female and last-survivor status

monthly payments

1,000,000 /
950,000 /S///"
900,000 =7
,«-‘//‘ ,:*.1"' === Female:Life Table(Year2011)
850,000 o =
,Q‘//{ - '/ == = Female:LCModel{Year2013)
£00,000 ——
_‘.////'/ "‘:,/ g =@ | ast-Survivor(D=0):Life Table{Year2011)

750,000 >
=5 - «wsess Last-Survivor({D=0):LC Model{Year2013)
700,000 -
- s | @st-SUrvivor(D=4):Life Table(Year2011)
650,000
= m= | gst-Survivor(D=4):LC Model(Year2013)
600,000
550,000
500,000 s s s s . 3

[2¥ T-8] comparison of annuity payments for female and last-survivor status
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Ri:{Xla "'aXn,}O“/H X,-O’] {l\—‘ﬂ,

S, ={Yy, -, Y, }oNA v, &4 4.2.2)

N

2

S X YO AHAFE UYEdle SEE AT 5 At o]7l9]
Agolm 2 thg3 2t

2 AZoata, 4 @21)A X, v, thalel Zzte] =919 R, 55 WYsd SAF
O~

. XR-R)s-8)
C VX(R-RY(s-8)

(4.2.3)

At o 2 A o] B-¢-(Kendall's tau)oll thsie] oprat, xjojgl AFyA 4=}
Hl2gh o s AMEdE A5Y B AdAER HSs A5E o8& F W
= o] AT 2718 UE= #olth @ W= dojs AuAr, 299
T A FA BYSA -19A 0 1Akele]l EAET. gERE
(X1, Yy), 0 (X, Y, ol A, A ol ti 8o

X,— X% v,—v,° #57F ZoWH F3H(concordant),
X,—X,% v,-v,9 ¥37} h=29 1|2 (discordant) (4.2.4)
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X2 A, oA Ei Bele] A tpoli YR Fodte] JBENL sach

[3£ IV-1] summary of data set(X: male’x age at death, Y: female’s age at death)

no. of obs Mean Std. Dev. Min Max
X 19988 64.5043 10.79535 25 98
Y 19988 64.42335 8.545434 26 90

age at death-the spouse
60 80 100

40

20

20 80

40 60
age at death-the insured

[29 IV-1] scattergram of X and Y
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[3 IV-2] correlation coefficients of X and Y

Pearson Spearman Kendall’s Tau-b
(95% C. L) (95% C. 1) 95% C. 1)
Std. Err. Std. Err. Std. Err.
X aqd Y 0.5827"* 0.5330"" 0.3878™""
X: male’s age
at death, (0.5729, 0.5924) (0.5222, 0.5439) (0.3792, 0.3963)
Y: female’s age
at death 0.0050 0.0055 0.0043

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

AR <FE 42> FoA EAFHE ¥, =, e 474 mA8AF7 00lghe AR
of thated 5%, 1%, 0.1% FAFFANA FAHOE FoFg Ed)

FRAZe] FEAF HolHZRY FAWK] BPol A AU YRS

= M2 AL Yo Eugs 5210 BA0)7] " o3 HE HI=
AE A IHT eVt AN ts A REe ZEDHS B¥S o8t dade

A3 HolEIE o] gate] A4 Yo RARE AFek el tiE A ok
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(4.3.4)

C(Fr, (). Fr, (1))

Fr 7 (tots)

—2pzy + y2
3 dydx
2(1—p°)

2

T

|

p7F 0°]H Z}-9-A]

1
exp
2V 1—p?

& (Fy (1))

— o0

1(FTJ(t1>>\/‘

&
—oco

/

Kol
| .

FEshop & A

AT

2 yed 5

do] o wed At

-
At

HZ

[¢]

25 dRsl ool 7 ol

L E:

k<3l
=4

agolMe Al 73 7

Z (Gompertz distribution)2]

o

oy
o
Mo

4
oy
ol

s
o

)
.

o)
vz

il

=

o

ZO

-
il

R

i
il

N

o)
vz

il

=

EA
s
ol

i
i

o

ol
il
in
)

~
o)

o
il

ﬂ
22

o 7
Farset.

oo

G uhtol A

[e)

u

= (1997)

oo
B

1.00
0.80
0.60

Survival

Probability 9-40

0.20

0.00

100

120

80

60

20

o

Age

[Z2™ IV-2] comparison between male and female’s survival function

Wzt <1

e
Foiwo) wla) o Ao

o
=

o gAsh oge] WEGE

Aol

1l
=

ol

3

bz

A% A

_74_

Collection @ skku



}

9
pil

o] %

tol AgAIT

°

A+

=
=

“(Gompertz survival function)

[e13
=

A
ok
H
pi)

[0

dr

55t

i

ste] H3s

S

Al

=
—

3} A

ksil
=

I A E

Ql

oy
A

il

oM
N

e
go
fe

22
Bo

g
ﬁo

(4.3.5)

female
90.70
8.01

0.04608

(1—et/")}.

o

(.’l‘ - 77L>

0122 (a=0.10)
0.136 (a=0.05)

male
85.69
— 75 —

1— exp{e
9.57

0.09279

Frpy(t)

Value

IV-3] estimated parameters of Gompertz distribution
Critical

-
3t

[

Carriere (1994)7} #|

| —

) Y

(4.3.5)

Al
a

Collection @ skku

919



AEZE o KS testE AT A3 FAet Ao AA AT DEFS <3E 43>
I YA, FoFE 10%, 5%NA BEF Ad4HE X7 F43% X8 WE
L@ 4ot AWEe AEHY FHN FAZz AERSE UAY a4 7
ZF vlas)] B Ades <9 43> 2o
100 WWKM@WW’*WTE 100 '”“"W—w@mw*w“w&jymﬂ—”—"ﬁ’!‘f”}funw
080 \ 080 5\\
k\’z. ‘X““‘
L 060 A \
Prsobabiliiv “”g‘ —Man prs:brmv - ﬁ"@, —— woman
s ‘g\ ——Gompertz o \ ——Gompertz
020 L \
.& 020 a’x
0.00 ;&\(@ '\A’&%‘
0 b1} " 80 ) 100 120 M i & - o it e
Age Age

[Z29 IV-3] comparison of experience life table and estimated survival function

X
N
E
s
5=
=
Q
-
aq
5
o,
e
)
(=1
o
=
g
=
Ll
=)
il
rlr
e
¥
=
o=
o
i

o FHE2 Exo FHRIFTSF 24 (435)F °]&std 2
4.3.6)—% T g den, o] e yolrh xAld AR AE Ae UBle &
= ov 3o

_4

o
¥
noi'
:5
c
Q
5
=
o
-
2
5
&
o
E‘L

VaR( )= aln(l exp( @)ln(l—p)) (4.3.6)

_76_

Collection @ skku



IJHEE <9 44>

X
-
_

Y
W

of

Quantile Function (Woman)

120

100

0.8

0.6

T
0.4

0.2

Quantile Function (Man)

T
0.4

120

100

08

0.6

0.2

[29¥ IV-4] estimated quantile functions

47 A THEAl
(1998)2] =Fol T

_g]

t discussion paper©ll A]

S
yul

OE F I siFH, 1E

== R
2=

3

/1\_]__

1=}
L

Ho

_g]

o Aok ol

THEE

B

T A (correlation coefficient) 2} 3 4] o]

B

)

~
o)

—

el

5 maE dabe} ozt nY YE 7

X

il

il

_77_

Collection @ skku



o
i
=2

Edto] pE WHIANTIAA BYAZT. THeAIRE ZEGHE 0] &3 dEdA
gt Mg W82 Klugman 5 (2010)% Wang (1999)= #aLstet.

Toe & Ty plot with p=0 Kl Toe & Ty plot with p=0.5

Toe & Ty plot with p=0.9 Kl T & Ty plot with p=1
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[72%] IV-5] patterns of correlated random vectors (7, T,)
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T,,=Min(T, T, (4.3.7)

z,ty
2 A @ 5 odw, vhAe Aol S WA Aee Ake FEus

T, = Max(T,T,) (4.3.8)

z "y

2 Qo & Uk 1,9 1 BAE AWRY] et g B w4

zy

Max(T,, T,) = Min(T,, T,) +IT,— T, (4.3.9)
= Atk 4 (@3.9)9 HuAD ove mpA o] ARG Abgre] HE7IZ%
(max(7, 7)) 3 WAZ ARE Age] HE7)ZH(min(7, 7))o F B A7)
AT, -7/, time-lag)E TIsIFE A 2ohs Zolth &, 7.9 1,9 oAl
uebA 5 o] Ao AAE I WA HER, 1,9 1.0 Aol IF

& F& glolth
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[3& IV-4] mean and variance of T, and T,

T T

zy Ty

Corr(T,,T,) Sample Mean Sample Var. Sample Mean ~ Sample Var.

0 37.13131 113.0603 49.9914 49.80457
0.5 38.78795 134.4488 48.35825 73.75241
0.9 40.56953 140.7218 46.67337 104.7848
1 40.78768 131.1679 46.33843 101.4898
8 <Tﬂ_,T!r> plot with p=0 T, (ij_,T@}plot with p= 0.5
) o 10 70 T“ . 0 10 20 36 0 50 60 70 T“
rﬁ T (T,O,T,:r>plot with p=1
20 20 ‘./“",
& o 10 20 30 a0 50 50 70 T“ i o 10 20 30 40 50 60 70 T“
[71¥ V6] patterns of correlated random vectors: (T, T.)
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o2 yehd 4 Ja, 4 43129 wAT FE

2 (4.3.13)3 o] AT & U

=

P(T, <tNT,<t) ¢ (4.3.13)

/
oM Ao o2 wWAol Hit uEH w3} T

(1999), Klugman -5 (2010), Umberto & (2004)5<= F=3Ath. I8lal RFA 2 F
282 Bowers 5 (1997)% Dickson 5 (2009) &< sttt =3 R oig
F7HAR] = E olslshd sh= FAb= WA 5 (2013)= Falsheh

(4.3.1)
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A R o] dABHE olfre T tEAEe] A eV Aeldnd Ax 7

of At Al AFEE BEdew @k Fele o] g7 wWEelt &, 4 4.3.1)°l

El™ ]+ Elo™ |= E["| T, > 0|+ E[v"| T, > 0]. 4.3.2)

7,9 77F SRHolgtd, Hell & 2RI AebA 24 433)7F AYskA "k

A, +A_=A, +A4, (4.3.3)

FTARFY AAFEP S (net single premium) T B3 FElZ @7} (actuarial
present value)E 5:38lH, TAZXOCZE T3 o] W 1,4

ik @A 7hx o] Z1Hgkelskal sk

A, =Eel"]. 4.3.4)

At HIBEAH (last-survivor status)®] FA1E 3 (whole-life insurance)®] &~
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4, value ratio by p A, value ratio by p

-
]
o
|

ratio = —
110 A‘“‘ 1.10
100 y =-0.1391x + 1.0051 i y=0.2969x +0.9827
030 - 03055 ratio = Zﬁp
070 T T T P o o 02 0.4 05 08 1 P
[Z29 IV-9] ratio of life insurance by degree of correlation
[3& IV-5] ratio of life insurance by degree of correlation
P 0 0.2 04 06 0.8 1
Zwratio 1.00 0.98 0.95 0.93 0.89 0.86
A _ratio 1.00 1.04 1.09 115 122 128
[3 IV-6] linear regression result : insurance value ratio vs. coefficient of correlation
AL ALSO Coefficient se. t-test p-value
Intercept 1.008957 0.003131 322.2767 < 0.0001
Slope -(0.14732 0.005292 -27.8382 < (0.0001
A e/ A e’ Coefficient s.e. t—test p-value
Intercept 0.982736 0.00604 162.7056 < 0.0001
Slope 0.296919 0.010209 29.08287 < 0.0001
v 2 HSAAEAAH e SARYE] IS Ayud, A4S 71T By
g9 A7 5 74 StolA AS RE R 128%7HA] E71EHA Hoh oleh 2
of AFYEAFEN Y TR HPRIL F/HE olfE FL IS HET 4

S, WA A WA A7) 7o BETE FPAAE EIE ] Wz of
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a,, value ratio by p

y=0.0333x +0.998
Fid
g I
ratio= e
T T T T 1 p
o 02 04 0.6 08 1

130

120 A

110 A

080 +

080 A

a,, Value Ratio by p

y=-0.0292x + 1.0017

1E3S

ratio =

,j:‘%.

1.00 M

070

02

04

06 08

[Z29 IV-10] ratio of life annuity by degree of correlation

[3£ IV-7] ratio of life annuity by degree of correlation

p 0 0.2 04 06 038 1
a, ratio 1.00 1.00 1.01 1.02 1.03 1.03
E@ratio 1.00 1.00 0.99 0.9 0.98 097

[3£ IV-8] linear regression result : annuity value ratio vs. coefficient of correlation

al,/al ;" Coefficient s.e. t-test p-value
Intercept 0.997977 0.000707 1411.155 < 0.0001
Slope 0.033278 0.001195 27.83318 < 0.0001
at/al>" Coefficient se. t-test p-value
Intercept 1.001697 0.000594 1687.336 < 0.0001
Slope -0.02918 0.001003 -29.0829 < 0.0001
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Ak AFe HAT <E 41052 BW AUAES Yool He

[32 V9] premium of life insurance by multiple-insured’s age and degree of correlation

Aa:y(/):l].S) /Aa:y(/):l])

Aa:y(/): 0.9) /Aa:y(/): 0)

Y40 50 60 70 %0 Y40 50 60 70 %0

40 94%  94% 9%  99% 100% 40 8% 86% 93% W% 9%

50 97% 94% 94% 97%  99% 50  9%B% 8% 8% P%  ND%

60  99% 97% 94% P% 9I7% 60  99% 9% 8% 8% K%

70  100% 99% 97% 9% K% 70 999% 9% %% 9% R%

80 100% 100% 99%  98%  96% 80 100% 100% 99%  96%  92%

=3 HEAEALE APRP A9 w2 4Rgol A WA RE=

M Ao

1o

il

% 4wy B3 HH AYE & F Atk olg ge Ade BY At By

T b2 o] 3 & = Qle Mol divkst Hdol Thdske tiF

£ &

Last-survivorLife Insurance p=0.5 Last-survivor Life Insurance p=0.9

130% 71 130% 1
125%
Value 1ot
Ratio 115%

110%

Value
Ratio 115% +

Age of &80
Woman 40

[Z2" IV-12] premium of last-survivor status’s life insurance by age and degree of correlation
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[3£ IV-10] premium of last-survivor status’s life insurance by age and degree of correlation
/ Z / ZW/): 0
Vo4 50 60 0 & o4 50 60 0 8

X X
40 112% 112% 109% 104% 102% 127% 128% 115% 107% 103%
112%  125% 125% 112% 104%

50  108% 111% 111% 107% 103%

60  104% 107% 110% 109% 105% 105% 111% 121% 119% 108%
70  102% 103% 106% 108% 106% 102% 104% 109% 116% 113%
80 101% 101% 102% 104% 105% 100% 102% 103% 106% 111%

Aﬁp:nﬁ zyp=0 Aw,):n.g
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Al 404121 A p=05Y W 101%NA p=09Y W 103% = Z7}st+= whd, 7FA A
ARl L 80 Apoll= 22 FEAe WaE e W 112%0014 124% =
O WA wgetth @A ow iR By sde AlZI7E 904 o] d <l A
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Joint Life Annuity p=0.5

170%
160%

Ratio

150% 1 | |
Value 140%

Ageof gp
Woman

]
o [7=]

4

Age of
Wan

Joint Life Annuity p=0.9

0% i
180% |
150% |
Valug 149%:]
Ratio 13&%1 )
120% = & 1
110%*

Ageof gp ;
Woman

0
100

o
Ageof
Ian

[29 IV-13] premium of joint-life status’s life annuity by age difference and degree of correlation

[3 IV-11] premium of joint-life status’s life annuity by age difference and degree of correlation

Ary(p=0.5) /azy(p: 0)

Ary(p= 0.9)/azy(p:U)

N Y4 50 60 70 OB Yo g0 50 60 70 80
40 101% 102% 102% 101% 101% 40  103% 104% 103% 102% 101%
50 101% 102% 103% 103% 102% 50  102% 105% 107% 104% 102%
60 101% 102% 104% 106% 105% 60  101% 103% 109% 112% 107%
70 101%  101% 103% 107% 109% 70 101% 102% 105% 115% 117%
80 100% 101% 102% 106% 112% 80  100% 101% 103% 108% 124%
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Last-survivorLife Annuity p=0.5

Ageof
Han

Last-survivor Life Annuity p=0.9

100% 5y

95%

valie 90% “
Ratio
85% ~{

Ageof gp 5

2 o
Woman a0 iz 2 =
2 @
Age of
Man

[2™ IV-14] premium of last-survivor status’s life annuity
by age difference and degree of correlation

[3£ IV-12] premium of last-survivor status’s life annuity by age difference and degree of correlation

amp:o.s)/“@(p:m

a

Ty(p=09) /‘lm,):u)

y

< 40 50 60 70 80 < Y 40 50 60 70 80
40 9% W% 9% 9%  100% 40 9% 9% W%  P% 9%
50 9% W 9% B%  B9% 50 9% K% A% 9% 9%
60 9% 9%  97% 6%  B% 60 9% W%  9B% 2% 9%
70 100%  99%  98%  96%  B% 70 100% 9%  97% 0%  90%
80 100%  100% 9%  97% A% 80 100%  100% 9% %%  87%
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Premium Ratio

y =0.2598x + 0.9882

120% -

el vy =-0.172x + 1.0062

= Product 1
A Product 2

80% -
® Product 3

2% ¥ =-0.5754x + 1.0278

[(1¥ IV-15] product premium ratio by degree of correlation of 7T, and T,

[3 IV-13] premium(P,) and premium ratio(Pﬁ/ P,_y

p 0 0.2 04 0.6 08 1

Product
1

Ratio 100% 9% 94% 91% 87% 83%

00113 00110 00107 00103  0.0099  0.0094

Product 00055 00057 00050 00062 0.0066 00068

Ratio 100%  104% 109% 113% 120% 125%

Product 01167 01065 00953 00817 00658 00513

Ratio 100% 91% 82% 70% 56% 4%
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[3& IV-14] linear regression result : product premium ratio vs. coefficient of correlation

Product 1 Coefficient s.e. t-test p-value
Intercept 1.00622 0.003495 287.888 < 0.0001
Slope -0.17199 0.005908 -29.1111 < 0.0001
Product 2 Coefficient s.e. t-test p-value
Intercept 0.988221 0.00493 200.4602 < 0.0001
Slope 0.259839 0.008333 31.18255 < 0.0001
Product 3 Coefficient s.e. t-test p-value
Intercept 1.027766 0.010411 98.72353 < 0.0001
Slope -0.57538 0.017597 -32.6973 < 0.0001
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ABSTRACT

Mortality Risk and Dependency in Private Annuities,

Public Pension Plans and Reverse Mortgages

Baek, HyeYoun
Mathematics

Sungkyunkwan University

Insurance companies have sold lots of deferred annuities to insurance
customers for their retirement life. However, insurance companies are recently
facing mortality risk due to lower mortality trend. Actuaries usually calculate
premiums based on experience life table. If realized future mortality rates are
lower than the estimated mortality rates, the insurance companies may get
financially distressed. Therefore, this study discusses Lee-Carter model for
mortality trend and calculates premiums based on life table using the model. In
order to assess the impact of mortality risk on life insurance products, the study
examines two different approaches that are adopting the current mortality table
and using projected mortality applying Lee-Carter model. In conclusion, we
emphasize that insurance companies set up the pricing process using the
projected mortality which includes a forecast of the future trends in mortality
against the mortality risks.

Multiple life models are useful in multiple life insurance and multiple life

annuities when the payment times of benefits in these insurance products are
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contingent on the future life times of at least two people. A reverse mortgage is
an annuity whose monthly payments terminate at the death time of the last
survivor; however, actuaries have used female life table to calculate monthly
payments of a reverse mortgage. This approach may overestimate monthly
payments. This paper suggests a last-survivor life table rather than a female life
table to avoid the overestimation of monthly payments. Next, this paper derives
the distribution of the future life time of last survivor, and -calculates the
expected life times of male, female and last survivor. This study calculates
principal limits and monthly payments in cases of male life table, female life
table and last-survivor life table, respectively.

Life times of couple insureds can be thought as correlated random variables.
To calculate the premiums of these insurance products, joint survival function is
needed because the probability of the time of benefit plays a important role in
determining insurance premiums. Although there exists a correlation between
insured people, actuaries calculate the premium assuming that the insured
people’s lifetimes are independent. In this study, Gaussian copula is used to
reflect the correlation of the future life times. Using a Gaussian copula, this
study calculates the premiums of the multiple life insurance products under the
dependency assumption. Premiums based on assumption of dependent lifetimes
are quite different from those based on independence assumption as its
correlation is high. In this study, we shows that it is more rational to consider
the dependency of life times so as to calculate the premiums of multiple life
products.

Keywords : Lee-Carter model, mortality risk, multiple life insurance, copula,

correlation.
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