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91 HolA) Ve 11del H4AF A-F, ok Tlelg, Sk 1de] 9FE ol
o e Ate] Fo) FolBS UEE A4oln e BiFo] o] Bkl 19)
ATEE FEUFOI 4 (29 3 WA P BP0l Rroz 24 ek
o5 WA gL BE FRow BENS ekt o)A 71z Solge] 7)Y

8) x| 5 7] HE £ E(1998.10~2008.8)°] 6.04% =4S 13t Ao|t},

9) ul=r o]9]e] ISl 3.29% % BAE A 7Aeket Aolt).

10) V7 RIZt= BA oA F29] g)lad Zejn|d S 4% Tl 472 5%, 6% = 743 =
k=g

1) BAdsAE & A4t 78 718 Bk 5o Rdydh A4s oy 2
Albrecht and Maurer(2002), Dus et al.(2005), Gerrard et al.(2006),
Khorasanee(1998), Milevsky and Robinson(2000)
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o] vl golis BT 34 et W, JRIAe] 43 A58 DOAEe) 719
33} DBAIEY A% 93 570 2 93 A7 o] F5402E Fol ¥
B ATAE 97 F5B U 55 2L 9 wFRAN 24 4%
F A2S ASIAAH . B Aol ek 2001~2007 A AF] B
}E}

SES 1.1%°1% A5 doES AFHEE AT 5 dSEC]
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(E)NE YA AE Y AT MEE
@9: 2149, %)
9% 2% 92 43 $E(2007 g des
(2001~2007)

0 93919, 19944 2 B 1172 8.
1 d27} 2,779 6.5
271=% 9 A 2,258 6.1
3 A $AA 2,108 8.8
4 A2 2 1,460 54
5 ol FAA 1,847 9.6
6 %%, 9% 9 olgi%d FA4 1685 6.8
771549 3 ¥ 7l T 1,906 6.8
8 A, 7IAZZ 2 29 TARE 1,759 6.0
9 EE=F FAAE 1,246 6.4
A AE 2,127 7.1

A8 A% DB(http://www.kosis.kr)

2 byt 09 e A%l el 44 65%. 5.
A A% L A% W 97 4LEE Al el BuIel 45 AFet
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o, A ek

B2 25kt 7] A B OA ARl SAl Wee ARk .
Fejuete] DCAZollA = @A digk 24 Fabe 6]-8-abA] ear thal TH
FA A o2 AYae] 40%7H] @At FAete S o)8ota Joh. & 1L
M HAdS 8l HAAE Ak A AR Q) Al 2ol ket
ol 7Py get(Haberman and Vigna, 2002: Vigna and Haberman, 2001).

@A DCAIZ] Ay Fol] gk A& 1415 Zetete] 2] £} vl 29|
< 40% 2 ARt 4 T4 H15(0%, 10%, 20%, 30%, 40%)°l wet oAl
7] ARl ekE areshet], AR AR ollA 2 Akl FAtE = H] Sl 2
Ha mjd Az EE Fed AR 7R 7RSS Al Adstelu A
T8, 248 1A Toll whet ARhliE S WEA17]7] wljitel A A A a2 B
A2 o7 e 2 Qv 18]y, Haberman et al.(2003)¢ 9)gbd o =-9]
A715& 713t At ARl - ARl A RS Bltka gtk el
Samuelson and Zeckhauser(1988)7} vl=r wA} 2 tfg} A hdEo] 7}4 e B2
A E(TIAA-CREF) 9] 2Rt 4 oS A8 A3 729 712t 4 7]
b &Rt At S 26k a1, 7FdAke] 50% Hew 10d sk WA &
o2 YEeRITH T3 Blake et al.(2001)2] ¥4 Ao A= HEZ Aih)
o] SE A AP TSR o vighAlg A o &2 el wheba] dedT

<

r\l

>_\|L

S ey
2
)

AT W et AN B4 S 4GS o 0e BAle 24 92 Ao
Ao
ARl uhe 7)Y )t )Y el MEYe (&

Ao FApslA] @Fa Pl APl g T A9 At TEZR (A
100%-2] 0%)°] 71t &2 7.38%°] 3L HE8-> 3.44%°|ch. whd, S18 7}
Akl H FH=el 40% 704 FAjell FARE A9 ARt ZEEL 2 (4 60254

14) 20084 2¢€ HAAF A5t 0] A= DBAIRS] 5 A At et FARg=
£ 70%= Zistsivt.

15) Teachers Insurance and Annuity Association-College Retirement Equities Fund
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40%)°] 71t 782 8.43% = =oAL S E 12.25% % okt whebA],
RE APTE A FASHE AR 100254 0%)& A91F-A5 A
olv, ApiIe] 40%8 FHe FASHE MR 60%-74 40%)€ 19182

]

2k
1
<) ol et B 4 ek,

(F 3) Ao

(911 %)
Zpak A4 100 90 80 70 60
Rl Z2 0 10 20 30 40
70 & 7.38 7.64 7.90 8.17 8.43
W54 (EFHA) 3.44 4.39 6.69 9.40 12.25

L A 60%-74 40% TEZE) 29| £l B3 WYL U3} Lo] 21EF
FIE = 0.6X4,+0.4x0;=0.6x7.3840.4%10.0=8.43
WMEA(F2AA) =40.6°X0’5+0.4°X 0%+ 2X 05X 0.6 X 0.4

= 40.6°x3.44°+0.4*x30.0°+2x 3.7815x0.6 X 0.4

= 4150.12=12.25

g, tp, opp © A4 AW FAE, T4 FHE, A T4 T 32 v

N

4. 2|lA3 EH X E

o] Ul gL 22AP DOB ARG S S 53 s B4 AANFS B
473 DB 914 Q43349 4] v »

& 10,0000 A1 Eelo)4 A3} 44

H@e 4 oleh AT 2E
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b e

16) dwta oz n= 8l o] HAAFelM = F4 el et £ vSol 50% T 33
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DB 82| QAFel g 35 A2 vg 728 oojgi, o

[e) “
T8+ H 1t (unconditional average loss) 7id o]t}
SE(x) =SP(x) XE[1-X | X(1)=E[max(1-X.0)) 4)

t}. VaR(Value-at-Risk)
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g}, TVaR(Tail VaR)

TVaRE VaRolA FAlslE fela(a
o' o7 E Fof HlE tigh Al EY 0] 2
s wf FEEEY a%7} He F9 Hl%ﬂ}ﬂﬂ Bg= gttt & TVaRe
S AR A Al A BER 71 i 7| Hgk Aol

E
ME
el
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ol
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TVaR,=E(X|X{g.(X)) (6)

V. Agelold 2 84 A

HAAGA =S AAste ol Adg WS SEA AlEd ol WA o delA
AtH(Blake et al., 2001, pp.189~190). Bacinello(1988)7} 3222 &4 A
EglolAd 7]‘jq < Ag3lo] BAAFAEE B89 2™, Ramsay(1993)2 W&
A WA o R A g ams 1o AHA Y AFEs gaTE BAEIT

Aledelde & HZW*‘”% 71d&, A= 29
718 el Al 54 Al e B2 AR 7H]
s},

B AFlM = ZHZERE Al ol WA S Bl dF o' ot AR
Akl th-gshe wol BlES AT 2227t ow g DCAl=

A

17) Artzner et al.(1999) = VaR ¥4l9] @ o2 wA) 352 WA gk S04 Allo] &
Aot E AF £ HEE 1A Zethe Y AR g2 g3 1 4 5 4l
e "E A3 Y. Dowd and Blake(2006) 9A] o] 9} fAFe 45 31t o] &
2 VaRE dolME me] ¥ HiS n2ldhes TVaR7} VaRoﬂ Hlgl| o viez] gk 2
23 2% Fdolgta Bt A 07 TVaRE B Ag] LEoA wf$ AR o g
A= delth, B glaa 9 21 gl uiAlg 24 iz Ao 542
g2 o] me] Kt gjaart Jay ] wizoltt ol @S v E 4 9l
T2 2 2 @ FRE HIl A] TVaR FAX S ALE-git), dubzog B Z]O-?Oﬂ*i%
CTE(Conditional Tail Expectation)gtar 3HH, f5 A& TVaRela gt}
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equi‘ty_O equit‘y_10 equit1y 20 equit‘y_SO equit‘y_40
% of equity
(I 4) A Mol M Z0{ HIZ
4 0% 4 10% 4 20% 21 30% 21 40%
Bt 1.18 1.23 1.28 1.34 1.40
FFat 0.14 0.18 0.29 0.44 0.62
T 1.17 1.21 1.25 1.27 1.27
H= 0.36 0.48 0.76 1.11 1.54
A= 3.13 3.30 3.90 5.06 7.00

= (G 5 Zo] yepdt}, F24] vlFo] S

Hol| wpe} 755 &3} F5 Folo] FAl] otk 7= 252 8.51(F4 0%)
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739 DC 7IIAE B2 A% 3 DB d-88hs H4 dAleS 534 &
50| 5% Tl 23%0l Gt AF g Aas Yttt B 5 9)
F2] 3o 40%%Y 7% Y 5% WMEYSFE 0.67°1H Y 5

2.55% Yehdt}, o]& Fof H|&o] 0.67S 3133 5L 5uold, 2555 23}
& g5o| 5%UE on|gitt. o] Ade L2A) DCE e 2§ vl
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g8 2l2=aE FEEE vt TVaR 7182 g
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SolA},

(I by A= &Ef e 2|A3 X|&#

4 0% 4 10% 4 20% 4 30% 4 40%
528 8.51 9.36 16.47 22.89 27.86
75 29 0.04 0.06 0.15 0.25 0.35
80%VaR 1.06 1.07 1.03 0.97 0.90
90%VaR 1.01 1.01 0.94 0.85 0.76
95%VaR 0.97 0.96 0.87 0.77 0.67
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WM 23 AEEE FYh 22A7E FF 304 B DO 749 E B A
ol she Al 100% FASH: AW 1 v st 2 5 gk

o|eIg FIE WBY FUAHE F4o] AW vlal) BHHOE AU U E

-53-



HE8YT M20d M2z
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= 1
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& A FAfetE Zolgta & 4 gl
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distribution function)& YePd Ao 2 7230 ol M2 T4
Folth, 7} & o] v &o] 5 7 ol E s1E 5—} =3 EO#—ZPE Aolt}, "41
£ 59, 74 HlFe] 40%%2 4
(F(x) =Pr(benefit ratio) < 0.76)=0.1)7}
of H]-g0] 0.762 273 Ao|gfa @t

ot :

B33 WA Bl A S-S vasl) BH o] $-5o AR dE 54 A
AR e ArhilEd ] Bla) HHARAM o 22 Fo1E A5+
ATtk 54 S27FoE B0 vl 5ol HlE 03} 1 Aol ZHakEA]
& A5, ol ARhl R g v Al el vie) MEAo] wutal &
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(B 7) dF ME5E 20| 2 2|A3 X3

F290% | #410% | 7420% | 2 30% | 74 40%

Rz 8 | 6517 52.36 47.07 45.99 46.73

HE Zo 0.21 0.22 0.29 0.37 0.45

80%VaR 0.87 0.88 0.85 0.80 0.74

e 90%VaR 0.83 0.83 0.77 0.71 0.63
Ne8 | 95%VaR 0.80 0.79 0.72 0.64 0.56
=S 99%VaR 0.75 0.72 0.63 0.54 0.45
(8.5%) | 80%TvVaR | 0.82 0.82 0.76 0.69 0.62
90%TVaR |  0.79 0.78 0.71 0.63 0.55
95%TVaR |  0.77 0.75 0.67 0.58 0.49
99%TVaR |  0.73 0.70 0.60 0.49 0.41

RE HE 2.20 3.29 10.01 16.98 22.89

RE Zo 0.01 0.02 0.09 0.20 0.31

80%VaR 1.14 1.15 1.10 1.04 0.96

o)z 90%VaR 1.08 1.08 1.00 0.91 0.81
55 | 95%VaR 1.04 1.02 0.93 0.82 0.71
7 99%VaR 0.97 0.93 0.81 0.68 0.56
(6.5%) | 80%TvaR | 1.07 1.06 0.98 0.89 0.79
90%TVaR | 1.03 1.01 0.91 0.80 0.69
95%TVaR |  1.00 0.97 0.86 0.73 0.62
99%TVaR |  0.93 0.89 0.76 0.62 0.50

HZ YE 0.04 0.26 2.57 7.84 14.16

RE Fo 0.00 0.00 0.02 0.09 0.22

80%VaR 1.31 1.33 1.27 1.19 1.10

SE! 90%VaR 1.25 1.24 1.15 1.04 0.92
Bes | 95%VaR 1.20 1.18 1.06 0.93 0.80
o 99%VaR 1.11 1.07 0.92 0.76 0.63
(5.5%) | 80%TVaR 1.23 1.22 1.13 1.02 0.90
90%TVaR | 1.18 1.16 1.05 0.91 0.78
95%TVaR | 1.14 111 0.98 0.83 0.70
99%TVaR |  1.07 1.02 0.86 0.70 0.56
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Abstract

In this paper, we investigate the pension risk in defined contribution pension
schemes in view of asset allocation strategy and wage growth rate. To measure the
downside risk faced by the retiring member of the DC schemes, we adopt the
(lump-sum) benefit ratio concept. Benefit ratio is defined as the ratio of the DC to a
hypothetical benchmark DB benefit which is equal to final monthly wage multiplied
by 30 years. We estimate various risk measures such as shortfall probability,
shortfall expectation, VaR, and TVaR and find some conclusions from our analysis.

First, the distribution of benefit ratio is very sensitive to the choice of investment
strategy. Investment strategy with a low equity weighting gives better results than
aggressive investment viewed from downside risk.

Second, the member of DC plans can be extremely risky relative to the DB
benchmark for the higher rate of wage increase i.e. 8.5%.

Third, the trade-off between probability of failing the target benefit ratio and
shortfall expectation is important factor when determining the choice of investment
strategies for the higher wage growth rate.

Fourth, we consider the sensitivity of the equity risk premium. When equity
returns are increased by 2 percentage points critical confidence level which accept
DC schemes is increased by 19 percentage points.

Finally, we adjust the contribution rate for the higher rate of wage increase
(8.5%) until we achieve the 95% VaR confidence. The aggressive equity-based
asset allocation strategies require substantially higher contribution rates than more

conservative bond-based strategies if the same pension benefit is to be achieved.

% Key Words: asset allocation strategy, benefit ratio, defined contribution

pension scheme, pension risk, risk measures
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