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F7PgE BARS Y 7|E 02 (6.046%, 12.788%) .

(G 6) oA & = Q520 GLWB H]g-2 F718] g0 ol et



HAA A 281

oake)
=2 A=

Ko

#pe)
ATAFEE 7RI Aol et oz el Ao e W

ar
o

GLWB A

of B
=
o

L
fu

R

9|

Al

=
—

A "k, waha 717 2E s ALe] o

ToPA| = oL H 2] AL

34

17 ek, WA GLWE A

I3

s

sjet. ol
A5

{

Lee - Carter &

-
L

s 45 913l gk uhehy

—
Ile]

xr
it
i

1lof
Tl

0f0

£ GLWB H|

toil ek

o
El
g0
<+

(B 7) 7Ich

H7|&E GLWB 7+

2,313%
2.319%
2.324%
2.329%

7t

s

ro

=)

22,579,192
21,224,238
19,773,133

18,208,431

™
ol
|3
o
Kl
%0

77,420,808
78,775,762

80,226,867
81,791,569

0%
-10%
-20%
-30%

0% 7} 3

&2

2 604 7H1A), FA1EA v

TEl

|7 ek, WA A

X

APES GLWB 7149 9lojA] thie =

P ol ZReixte]

pal

B
B2 et "

23) o]y



HHISHT FP4A HPS

To] 2 ol FolE A FO|FE AU vh APt FRE AR o] A
©.8 A FE DR AYE steo] AEFE A5 vk G ApgERe] )X
= gapct Ak 1 An AR 512 GLWB B §-8 A Al71ERD

rlo
24
o
2
©
2

o}, slA Rt o1 B glo] FA7E

T A 3L oF&shs GLWBZE ArETh BRSNS (70 0] Aulnct &
& g% 9ol wBEA Hus woh Aok AU 240 Wasit oo
QLA ALe] 42018 Aok S X829 T12] 3 Bl & So] GLWE H]8o] Fe u]H

Atk SHAIRE 718 Ma5S F7ke g T1E]al AEEo] v Gl sl

ﬂﬁ

= Ol &S 7% GLWB A& A1 & fd o] 433 &2 oItk wEhA A<
3

W DARNA AE HARE 7 HSAES A 28U . RS

a3 & 5 Uk AAE GLWBE AlEdhs B IAH= GLWB Algof wf
F2 S vk 7h AR ZEED] 29 A AR H[EE ARSh= Alo] YUt
2

ott. FAHE Y H]Eol w2 GLWB B|-§- W oh= U (3 8) oA & == Ut

™
*
1o
i
~{
ik
4
H=)
N
>
e
1A
E
o
o,
o,
o>
ook
i)
L
o
%
N
iy
Mo
ru
1
lo
u

24) o= Bt ABLE o] WE GLWB Aol AgHAHel o]f= GLwB Fit
TERAA FE = Sk F, GLWBE AEA YT 9% HER AAET] g
AFEo] slegtom *ﬁéX}iﬂ 71 A5l =W GLwB H]-8-9] AYo] ASsinE
GLWB H]&o] Wolx]= Zlolt},

25) A& A AFLEY ” =1 FARE G vk sixE 10% 7Y Al GLWBE
2.05%2 3}2ksict,



(E 8) FAIEXt H|20] 2 GLWB H|E 23}

FAMEXL HIE | ME S89 37t A =5 87t GLWB
60A]| 85,278,738 14,721,262 5.3%
654 81,038,081 18,961,919 5.2%
100%
704 75,313,100 24,686,900 4.8%
754 68,574,685 31,425,315 4.4%
60A| 82,766,881 17,233,119 4.2%
- 65A 78,469,751 21,530,249 4.1%
704 72,737,045 27,262,955 3.9%
754 66,119,931 33,880,069 3.6%
60A 79,435,575 20,564,425 2.9%
o 65A 75,254,691 24,745,309 2.9%
70A]] 69,676,658 30,323,342 2.8%
754 63,350,935 36,649,065 2.6%
6OA 75,239,385 24,760,615 1.7%
0% 65A 71,176,216 28,823,784 1.7%
704 65,980,039 34,019,961 1.7%
754 60,211,355 39,788,645 1.6%
60A| 70,571,031 29,428,969 0.6%
- 65A]] 66,562,874 33,437,126 0.6%
704 61,845,581 38,154,419 0.5%
754 56,774,586 43,225 414 0.4%

- 4 B2 8E 20% A Al 9 7] GLWB 7+
1% ol A5 ke AE & 4 v Wt GLWBE Al gk SAks GLWBS] 4

Y TS I AP SO AR A A& FAIT DRt ek



(7 9) g3 XIZ 7122 My 7ol e GLWB HI

3= (3R 9) 9F AT

o T o WO T
— le|el]e - X5 X ok
SIZEE| 2R bEa v
L PN (R ﬂw_n OE N CE JH =~y ol
7 o WX %H o
- 5 E P o=
ol f = ®m X T
Q_o _Ir” I ] ,.__‘_
< < < T UAI_O Z.L _l_U < O_E o
= |22 T No BT M0
SAHEE © o m MR s
RINZE g @ w o Bog
A ) i
O = o L w2
) ~ . of o s r
= lslsls| =5 B ® B2 o
s |Rlela] o 2T o o T
. N — N
© ||| R D
o oo x Pmoa
1ﬁr_. To o E X ) _.7_Au
Now o N
of o fn B X
= |s|s=| 2 WPom oo, P oA
< — | | K o C._ = _u‘_ r
o ol = | O\ TO = o —_ N \q
© |||~ OB o WX =
T omow e 4T
= xX =
X B g T CHEEG
g oy wr ) ow <>
= _,_U e V 1 o T =)
o N e
ro N Mo s o) T o
Loy NK R S ow
RO| ) | 1 | ! N
mal|~| = & o o = B gy @
K = X o & o= T oM
o o % ®omp ¥ Y
&l T oEm W N T g
X H " N T T

=]

LN

7hpel

L=

o

)

o

AAFER T

=
T

o A AAIAIH Aok}

A\ gg7t
WEAFES AR AA Tl

=

o

= 5

ok AEL @A el 1) B At o3

= ool A

=
o = 51

26) A& ut



(7 10y A=0f w2} SLAFXEES Helsl=s 49 GLWB HI

Z7IX|SHIE 1/2 B0A| 65X 70M| 75M|
2% / 3% 2.14% 2.26% 2.27% 2.31%
2% / 4% 2.39% 2.46% 2.44% 2.47%
2% / 5% 2.63% 2.59% 2.59% 2.62%

FBZ A FEL 60A~1.75%, 65M1~2.25%, 70A|~2.50%, 75A 2.75%E 7+ ¢,

=z
L [

VI. 22

GLWBS] 7§ A B2 1gol 27] WRo] Wk M APgRt 7ha Ak )
W2 2 G5H 91 2US B Ao] )9 Fastel, mebA] o] Ao] 4
92 Mok A US| 28 /L ol 43 GLWB 7122 B7IBkeLh. GLWB 714
A& 7P F0T 7| 2R FA5 I HEROIT 53] GLWBS] 7] 7]
B M AT BEEH u]s] 7]o]7] o] ANHA O R ALGEE BT
Wit AAAEEES ASY A9 CLWB ATA] 919 A st 2
S olek mhebd et md AP BAL B Setee) g7) g S
k2 W 4 ekl BEHE RSIN2 BEL o g3 Mo B 25

_5'<_
ouf YEEC] A5 Fol S WHEl] s R AYE 2 BE S SRl
A

A
Lee - Carter 2HZ o]-§-38f) A5 AMTE=S 433



[=I=]

o
[

H
o
2
ot
>
]
N
©
X
IS
fa

=

rr
N
pe
rE
&

o WHE GLWB H]-§ MBS BA sl RSBl MEAo] &

oba%% GLWB ul-go] T3 A5 AFo] 10048 B AFHER
BEgo] uAL JFL ourt Art AL WA E3F Selt GLWBY]
A5 9170l 7] TR A7) AAR okl 4F AL GANA BFS)
Folt Zlo] Fasht Besto] 7HAe] EES 0B AFAL AF AF
o YU AL 2Y P T2 AF7IEFo] ofd FA AFES 24
sfo] Gl eo]] A12E whfshi Wy

0
y
2 AEstn 917 7 PES A ngich
%

S
K
um
H1
rl
2
Q
<
)
17
(e
ot
(i
=
A
1o

o}
N,
m
B
ox,
ot
filo
H
(o]
rlr
&
\l
N
1A
By
1o
o
J&
rlo
o
oo
2,
o
Do
)
ol
o,
N,
(o]
I
flo

[e]
o
7} A 2hE o] MAAFL M AT 7] e AulEo] Mgl

o]

o] ol vlaH AlRtE gl ot FAA| A== GLWBE| 4% AMgE F74 0]
[ex]
-



pp. 3-34.
_THER W) ol i W Age) elaa B, | srRaetele
elamkelets) T55A shA s &S], 2012,
JEs, (FAAFT AR A Bl a3 o EES o Akl Bt AT

TRATE AT, A21E A23, 2010, pp. 3-36.

RS AN, TAEeAne) QWY AT A 91T AEee ] B
Ay, FRETFS] 2] 4787, 2007, pp. 197-217.

HFE - 7)ok, TEHAE AR AREAA Ao Bk AL, TREsE A,
A| 7374, 2006, pp. 77-100,

galla, Al AFE Y o] YEFHEZ(GLB)ZA gt Ak, TejA~aaed
T, Al214E #2355, 2010, pp. 31-65.

AL, TStudy on Target-Volatility Fund Performance and Its impact on
GLWB/DB's Hedge Cost and Reserve Amounty, f&] A 332 5L, #1228
A3, 2011, pp. 155-179.

Bacinello, A.R,, P. Millossovich,A, Olivieri, and E. Potacco, “Variable annuities: A
Unifying Valuation Approach”, Insurance: Mathmatics and Economics Vol
49, 1993, pp. 285-297.

Bacinello, G., and F, Ortu, “Pricing Equity-Linked Life Insurance with Endogenous



HHISHT FP4A HPS

Minimum Guarantees”, Insurance: Mathmatics and Economics Vol 12, 2011,
pp. 245-257.

Bauer, D,, A Kling, and J. Russ, “A Universal Pricing Framework for Guaranteed
Minimum Benefits in Variable Annuities”, ASTIN Bulletin Vol 38, 2008, pp.
621-651,

Brennan, M.J., and E.S. Schwartz, “The Pricing of Equity-Linked Life Insurance
Policies with an Asset Value Guarantee”, 7he Journal of Financial Economics
Vol 3, 1976, pp. 195-213,

Brown, J.R., Casey, M, and Mitchell, O.S., “Who Values the Social Security
Annuity? Evidence from the Health and Retirement Study”, Working Paper,
2000.

Hardy, M., “A Regime-Switching Model of Long Term Stock Returns’, North
American Actuarial Journal Vol. 5, 2001, pp. 41-53.

Holz, D., A.Kling, and J.Russ, “GWLB for Life: An Analysis of Lifelong Withdrawal
Guarantees”, Working paper, Ulm University, 2007,

Hu, W.Y. and Scott, J.S., “Behavioral Obstacles to the Annuity Market”, Financial
Analyst_Journal Vol, 63, 2007, pp. 71-82,

Milevsky M., and Salisbury, T.S., “Financial Valuation of Guaranteed Minimum
Withdrawal Benefit,”, Insurance: Mathmatics and Economics Vol, 38, 2000,
pp. 21-38.

Mitchall,O.S., Poterba,J.M., Warshawsky M, and Brown, JR., “New Evidence on
the Money's Worth of Individual Annuities.”, American Economic Review
Vol. 89, 2007, pp. 1299-1318,

Persson, S.A.,, and K. Aase, “Valuation of the Minimum Guaranteed Return
Embedded in Life Insurance Products’, The journal of Risk and Insurance
Vol, 64, 1994, pp. 599-617.

Piscopo, G., “Withdrawal Strategy for Guaranteed Lifelong Withdrawal Benefit



oS0l RubE F|AAXHiEHAZNH HEZMol| o

ol

aael 171

Option”, Perspective of Innovations, Economics and Business Vo.1 5, 2010,
pp. 47-49.

Piscopo, G. and S, Haberman, “The Valuation of Guaranteed Lifelong Withdrawal
Benefit Options in Variable Annuity Contracts and the Impact of Mortality
Risk”, North American Actuarial JournalVol, 15, 2011, pp. 59-76.

Shah, P, and D, Bertsimas,, “An Analysis of the Guaranteed Withdrawal Benefits
for Life Option”, Working paper, Sloan School of Management, MIT, 2008,

Tiong, S., “Valuing Equity-Indexed Annuities”, North American Actuarial Journal
Vol. 4, 2001, pp. 149-170.

Windcliffe, H,, M, Le Roux, P, Forsythe, and K. Vertzal, “Understanding the
Behavior and Hedging of Segregated Funds Offering the Reset Feature”,
North American Actuarial Journal Vol, 6, 2002, pp. 107-124,



HSTSoT K24 K2E
Abstract

The Guaranteed Lifetime Withdrawal Benefit (GLWB) allows minimum

withdrawals from an invested amount in an annuity without having to
annuitize the investment. The amount that can be withdrawn is based
on a percentage of the total amount invested in the annuity. In
addition, the GLWB is valuable in that it can induce consumers to
purchase a variable annuity to provide for old age by providing death
benefits and flexible liquidity.
However, GLWB providers are exposed to high risk since they have
liability to provide the annuity even after the annuity holders’ reserves
become exhausted. Therefore, the appropriate pricing of GLWBs is
crucial.

In this study, we projected stock returns using the regime switching
log normal model (RSLN) in consideration of the long maturity of the
GLWB and estimated the survival rate using the Lee-Carter model to
reflect the high longevity risk of option providers. After setting the
assumptions, we priced the GLWB option price according to the
formula. Moreover, we analyzed the effect of major assumptions such as
stock volatility and survival rate on the guarantee risk of GLWB

providers and proposed a product design to reduce the guarantee risk.

% Key words: GLWB, Lee - Carter model, rachet, regime switching model,
step-up, variable annuity



