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< Abstract >

The shortfall risk and investment risk of systematic
withdrawal

The Korean retirement pensions are not required to pay
retirement benefit as an annuity. It is up to the retiree's
decision to withdraw retirement asset as a lump sum, or as
an annuity. Therefore, retirement assets may be used for
other purposes than retirement income. This is a critical
limitation on the role of retirement pensions as the main

source of retirement income.

The percentage of people choosing a life annuity is not
high due to various factors. This study focuses on the
absolute size and the relative size of retirement pension
assets. In other words, retirement pension assets up to now
are small and relatively small compared to pension assets
already held as the national pension. The small size of
retirement pension assets may reduce the possibility to
choose the annuity. Using the analysis of the Annuity
Equivalent Wealth(AEW), this study shows that as the
proportion of life annuities other than retirement pensions
such as the national pension increases, the AEW becomes
relatively small. Thus, as retirement wealth increases, the

percentage of retirees who choose annuity will increase. On
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the other hand, as the retirement age increases, the AEW
increases. The higher the actual retirement age of the

workers, the higher the rate of selecting annuity.

When retirees withdraw retirement pension assets, they
can choose various withdrawal rates, that is, withdrawal
amounts. Using the Stochastic Present Value model, this
study compares the shortfall probability of various withdrawal
methods with different amounts of withdrawal and risky
assets. Generally, the lower withdrawal amount, the higher
rate of returns of retirement assets, the lower return
volatility leads to the lower the shortfall probability. Active
asset management plays an important role in reducing the
shortfall probability. In other words, the shortfall probability
drops when investing a certain percentage of retirement
assets in risky assets, though the size of reduction will
depend on the difference between the return on risky assets
and the return on risk—free assets. On the other hand,
retirees can purchase a life annuity to eliminate the shortfall
risk, that is, to eliminate the risk of longevity. In this case,

the withdrawal amount becomes smaller.

The ultimate goal of retirement plans is to secure
retirement income. As retirement pension assets gradually
increase, the rate of selecting annuity will increase. In order
to encourage systematic partial withdrawal, it is necessary to

restrain the withdrawal before retirement. Taxing the lump




sum at the same way as the general income can also
increase the systematic withdrawal. On the other hand, the
sustainability of partial withdrawals largely depends on the
risk and return of investment. Therefore, retirees need to
find a balance between risk and return. The role of financial
investment companies 1s to provide products that can help
these retirees' efforts. In addition, reliable investment
advisers should be nurtured to help retirees manage

retirement assets and select products.
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H(Brown, 2001)
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T T
SPV= /0 CR ™ 'dt= / 0 1., GR 'dt (8)
T: 35H Al AFH, Cp &Hle FASFlE TRA 2 Ry FARAL
o FAHFE TRAXA
1o, 7> ¢ w1 3& 2+= % A8 (indicator function)

dR, = uR,dt +oRdB; By =1 9)
dC, =—aCdt +8CdZ; G, =1
d<B Z>,=pdt

p: AwSt FAe] gphAS

4 @9 e et 2

R, Zexp((u—%UQ)t-i—aBt) (10)
G =expl— o+ P+ 62) (1)

—expl—(a+ 5 )i+ piB, + V1= 7 65)

Eti B9} A3A7F $l+ Brownian motion
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=
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A FAFIRE AR FAUFW Fooln, HES Avsehs

APl oG HA FANFE Pohn, o] FSeks $EAES T

T 4 ek AuHon HARe HAS AR AAG Gl 647

ol WolA5=, AFole] BeHE, FAL o] %5 A A A&
A

o
2 AHe] g dg AakS mlasksd 488 = gl ov B4 AlH
A EHAAT A A7)E & 7 JoERE 30d AH 7R FEAF
DBE EAAwe 714, A9 5 3

3081 (Aol 2,59 et
gkl 2717 B8 A0 dFS T AL o) wg
A z2piko] 19 2,0009Helg} hH, 4% Q1E9] o= o] ZLE2Apr}
z7] A ALY 4%el dldehs w (A 480%HY, ¥ 407eD)S wid 2l
3 9fmjolt).

o] Byl AHEH = 72 <

el
o
<
R4
L
kv)

# |l-1> 28X ®A7IAl g2l mjis{olg

715 -8 of
wo | Az HAA 100
r T At s 2.5%
u AdA2HR)S drift term(H =2 &) 5.0%
0 A ALHR)S diffusion(H-54) 20%
a Z2H(0)9] drift term(B #571HE) 1.0%
B AH1(0)9] diffusion(F54) 10.0%
D Ceol RO A+ 0.3

T By AAe 93] o g2 vl BAE guTH(A 1) Fx)
Z}#&: Robinson & Tahani(2010)



SPV RYE AHEal7] AsiA= HA4AF 7ldiolgel digh Jr7F o
shdl, 7M1= 20139 HYIAEE AEE ARSI FAbe} ofzle]
71 Apg AR g < M-2>9F 2t

<E lll-2> Aleizel =93t
(&9 AD
e A o7
50 82.1 87.7
55 82.4 87.7
60 82.8 87.9
65 83.4 88.0
70 84.1 88.3
75 85.4 88.9
FERETE
<3 lI-1> F4] 087} HEMO| ¥s}
(&2 %)
o -
50 — HE (o)

=B
a0

30

20

10

e
"W -

o r—
BB B B B OB B B2 9B 2 235 83
S = = = ] o w = = = & &
=10 =3 | = —_ b= = = [ oy =1 =t = -
2 £E & B B E =® B 2 E 8 B
2 B2 5 8 82 R R EBE B 5 8 8
1 KOSPI 479} &3 W54(20061d 79~2015\7H4 5W3F o]53 & AHE)

29) &A% (http://kostat.go.kr/portal/korea/index.action)
> Aad > BEAR > QI 7 > AWE
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20~25%2] =TS ARSI THKE TI-1> #X).

kA Milevsky & Robinson(2005)2] R ES- ALg3sle] B85S AL

733)(2009)= F2 Fo)Ee] Hy i xEAAE 15. 71% 30.13%= At
atolnk Al - AR Q01D T4 FolEe] W AZF 11.35%, F
T E] WEA2 23.59%5 AFESISIT ko] = 723 A
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A QA7
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+ Milevsky & Robinson(2005)¥} Robinson & Tahani(2010)<}
T2 FoES fgARte] FoER Ha, T fEat
o] %S F3l FAYEY] Ay REHAE 25k WS osith

WA AR ARE PP FAR A9 AR TUg
Abe] golgRi 20124 1/4%71914 201549 /4871744 14 7] A7)
2 01/4%01 102-1.78%9) ole AL eldlel, 25%sk 15w 4
BT Fo wx Fo) shths Rea S8aa
e B0 BEane grolt aad wAuAe fogol
| oldr). olu) 1Al tE FAE AU

A EolA FE= FAFANY] FAER FR 2505 AT

o] 2.5%, E‘i%* o] 0%¢<] xwoﬂ BE g HAARS

1

e B = 9t} 5543 FHAdAdF 4%01] sﬁﬂoh FN(5541/4%)
il Ftol W BESLFo] 21.6%0|1, 65MFE A=(654/4%)38k

30) 20129 1/4E71°14 20159 1/42717b4] =28 7% == 3.25~1.50%°
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o BFH8kgo] 12.4%2 Yol 554158 3% AEG5A/3%)S 75
BE550] 94%2 A3 Golt} 55415FH CEs= 49 7Y oH
wofo] F-8hgol wX= anrt Al Avk 1%, 2% <
=5 7hsAdol flth E ARt
AE3toE A {47} ks

& o
jE =
shthdl, HAAste] 2184 3 fAoR ¥ F e e

<E I1-3> EXXA BEEsts: ZAEHXIMERL (1)
(R9): Al %)

. Hzx A=E0]5(%)
a8 | T 1 2 3 4 5 6 7
55 | 82.4 0 0 94 | 216 | 366 | 51.8 | 65.2
60 | 82.8 0 0 73 116.9 | 293 | 427 | 555
65 | 83.4 0 0 5.3 | 12.4 | 220 | 32.9 | 44.2
70 | 84.1 0 0 3.5 8.1 | 147 | 22.7 | 315
75 | 85.4 0 0 2.0 4.7 87 | 139 | 19.9
F D) T FAE = 25%, HEA = 0%, FAIA vF = 100%
2) dHE &S AFeE A, FHe JUFEe] 93

CE M-4>E o8] 15% FAGAN] BE HA4E 45
9o m A% AUz ge] e HARNY REFEL wolETh (55
A AZ) A PEREL 35002 F48) FolAn, (G5H/3%)

1% AEAL FANI] olPh AL &+ Atk FFo| opAw
Z3tgo] FolAa, 50 Fo] FoldW BEAFo] Yol 3P



 I-4> B &AL RS FAHALMFRL (2)

2 3
6.2 186 | 352 | 51.9 | 66.4 | 77.6
4.5 14.0 | 27.3 | 42.0 | 559 | 67.8

1 5 6 7
0
0

65 83.4 0 3.1 9.7 | 19.7 | 31.5 | 43.7 | 55.2
0
0
B

1.9 6.0 | 12.5 | 209 | 30.3 | 40.0
1.0 3.2 7.0 | 121 | 184 | 25.3

1) ¥ VE = 1.5%, W54 = 0%, T4 HF = 100%
2) AHELE AFS AFEE AF, e Vel S5k

= AEAE A A™Fgol ZAH 1%01H, & AZ AI7IE 704, T5HE
=% 49 292 =9 & Iy

FolEo] 5%, ME/do] 25%% FAAMIA W FAstE FA A9
& F5gE5s SFAE X3 g s A9E vhA2Th o]
A&t st Ffol] vlE| WsAdo] AUAA & Aot kA A&
Hl&o] ALGTH,

B R SPVY HHe (u-o*+ N2 ZAIT Qi) ek

e} go] olAW SPV Hitglo] AobAa, upebd] ¥E R shopich.
S ool MEACl AW A4S A% SPVE AXY, meba] P23
so] sopart,



# 1I-5> E|& XA EXREE: /HAMEAR (1)
(291 Al %)
Hz &0 & (%)
OL:IEﬂ Z=~1r
S 1 2 3 4 5 6 7

55 82.4 | 11.2 | 24.3 36.5 | 47.2 | 56.3 | 64.1 70.5
60 | 828 | 86 | 19.8 | 309 | 41.2 | 503 | 58.2 | 65.0
65 83.4 5.9 15.0 246 | 339 | 426 | 50.5 | 57.5
70 | 841 | 35 | 98 | 173 | 25.1 | 32.8 | 40.1 | 47.0
75 85.4 1.7 5.5 10.5 16.2 | 22.2 | 28.4 | 344
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# 11-6> E|& XA &8 /HAMFEAE (2)
(&9 Al %)
Hz A=92(%)
o] & 2=
e | e 1 2 3 4 5 6 7

55 82.4 3.2 11.2 21.4 | 32.2 42.8 | 52.4 | 60.9

60 82.8 2.4 8.8 17.6 27.3 37.0 | 46.3 54.8

65 83.4 1.6 6.5 13.5 | 21.7 30.3 | 38.8 | 47.0

70 84.1 1.0 4.1 9.1 15.3 22.3 | 29.6 | 36.8

75 85.4 0.5 2.3 5.4 9.5 14.5 | 20.0 | 25.7
F D) AN A FolE = 5%, AT FoE WEA = 20%, JFA

H|5 = 100%
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< FARGlE o & gl wE HHAte] R54ES HolEth 55
AFE EAAT] 4% s wos mid ol Enu, R85
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o= 2=11
o | e 1 2 3 4 5 6 7

55 | 824 | 08 | 35 | 80 | 139 | 205 | 27.6 | 348
60 82.8 0.6 2.9 6.8 12.0 | 18.0 24.5 | 31.2
65 | 834 | 05 | 23 | 55 | 9.8 | 150 | 208 | 26.8
70 84.1 0.3 1.6 4.0 7.3 11.5 16.2 | 21.3
75 | 854 | 02 | 10 | 26 | 49 | 7.9 | 114 | 154
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E III-8> E|XA SRS A& #H3 (1)
(91 Al %)

55 82.4 3.2 11.2 | 214 | 32.2 | 42.8 | 52.4 | 60.9
60 82.8 2.4 8.8 176 | 27.3 | 37.0 | 46.3 | 54.8

55 82.4 6.2 175 | 29.9 | 41.8 | 525 | 61.7 | 69.5
60 82.8 4.5 13.7 | 24.6 | 35.6 | 459 | 55.1 | 63.1

ol
55 82.4 0.8 4.2 | 10.0 177 | 26.3 | 35.2 | 43.9
60 82.8 0.6 3.4 8.3 14.9 | 22.6 | 30.8 | 39.0
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PN
A5 1

Ll 2] 3 |

A& A4: a=0, =0, p=0

55 82.4 3.2 11.2 | 21.4 | 32.2 | 42.8 | 524 | 60.9

60 82.8 2.4 8.8 | 176 | 27.3 | 37.0 | 46.3 | 54.8

olE M 352 WHE: =0, B=10%, p=0

55 82.4 3.4 11.0 | 20.5 | 30.5 | 40.3 | 49.3 | 574

60 82.8 2.6 89 | 17.1 | 26.1 | 352 | 43.8 | 51.8

1= FE4 W a=0, B=10%, p=0.2

55 82.4 2.5 9.3 18.4 | 28.5 | 38.6 | 48.1 | 56.7

60 82.8 1.9 7.4 15.2 | 24.2 | 33.5 | 42.5 | 50.9

= FE54 W a=0, B=10%, p=0.3

55 82.4 2.1 8.4 17.3 | 275 | 37.7 | 475 | 56.4

60 82.8 1.6 6.6 14.2 | 23.1 | 32.5 | 41.7 | 50.4

olZ N 7k a=+2%, B=10%, p=0

55 82.4 1.0 4.5 10.2 174 | 255 | 33.7 | 41.8

60 82.8 0.8 3.7 8.6 | 149 | 22.1 | 29.7 | 37.3

A= A a=+2%, B=10%, p=0.2

595 82.4 0.6 3.4 8.6 15.5 | 23,5 | 31.9 | 404

60 82.8 0.5 2.8 7.1 13.1 | 20.2 | 279 | 35.8

ANENM ZF: a=+2%, B=10%, p=0.3

55 82.4 0.5 2.9 7.7 14.4 | 224 | 31.0 | 39.6

60 82.8 0.4 2.4 6.4 12.2 | 19.2 | 27.0 | 35.0

55 82.4 1.6 6.2 12.6 | 20.1 | 28.1 | 36.0 | 43.6

60 82.8 1.3 5.1 10.7 | 174 | 24.6 | 32.1 | 39.3
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1 2 3 4 5 6 7

55 82.38 | 3.2 11.2 | 214 | 32.2 | 428 | 52.4 | 60.9
60 82.79 | 2.4 8.8 | 176 | 273 | 37.0 | 46.3 | 54.8
83.35| 1.6 6.5 | 13.5 | 21.7 | 30.3 | 38.8 | 47.0
70 84.15 | 1.0 4.1 9.1 | 1563 | 22.3 | 29.6 | 36.8
75 85.41 | 0.5 2.3 5.4 9.5 145 | 20.0 | 25.7
55 87.74 | 4.1 136 | 25.2 | 37.0 | 48.0 | 57.8 | 66.1
60 87.86 | 3.3 114 | 21.7 | 32.7 | 43.3 | 52.9 | 614
o 65 88.04 | 2.4 9.0 | 178 | 276 | 374 | 46.7 | 55.1
70 88.34 | 1.6 6.4 | 134 | 21.6 | 30.2 | 38.7 | 46.8
75 88.89 | 1.1 46 | 10.0 | 16.7 | 24.1 | 31.7 | 39.2
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