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An Empirical Analysis of The Asset Allocation
Strategies of The Defined Benefit Pension Plans Based
on Surplus Risk Parity
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U B AE AEa 20209 H 71E 256% 9= 89.3%7} o- Aa, 54 &
o] dElg EAY JE SHCE 8FHL Utk 53] ERAEAE 5 M E HIS
(60.29%)2 AFAJ3IAL 9= FHa1B(DB)2] deie BAD 4F HIS0l 95.5%2 7V =
o}, o]t Aike-§ WS -T2 T4714 AT S oA ke 2 ¥
02 #o]1 ek ¥, =7PE A|wo] Zol= AN vl=, 9 5 8 A7=9]
DB A7eE2 A om 4], Ad 5 Tt Aol BA6ks A XEETRE
T3l -

A 19909 312] DB A7159] AHike-8542 7|t g2 SHisisiAY 34 o
7159 4HE 2ok A o E fI3l T2 4] 60%, A 40%E FAK= B
A9l 84S 2-85t3l=tl(0]7 3] - 5= 2008) ol =3k TaEA FAPTALRS AREA

| 28 A9= BEEFAES B0 Hl ofzol AR £ F9olle FAet
Aol EAR|7} 4lelE o] 29 rlgo] slsl= Aol a2 EHUH.

AAE 2007~2008E ZEH 2972 ALY 71X ZojE B 2] sj2to

& S7FIA, 71552 A-ES -] TSI o= ARARS] 7o FEo®
olojxltt. ol=fdt HAEZ Bl AVlEe FAE MEoks ARSI (Asset
Liability Management; ALM)2] 242 2AI5HA =ith. AE& 9l ALME 4=79]
Ak o 2 Fr Ak B39 A5552 iAok AHE-FAE] 24
k. 124 20004 °F AT 7t A&EE ARollA, B Ak 2afaeeliE
Haole A AASE A Liability Driven Investing; LDI)7} ALMS] ®Qto& F&
AT
2 A7olM= Y= AT (Surplus Risk) 2ol A8 713 5719 thrAQl ARt
s AAsto] ol&5 ASaAttt. RN Ao 84 Jolusad $4
TEEZY QA 271, Ao+ AT E](Risk Parity Portfolio; RP) 4 ZEEZZ]Q
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= wa% DBepmitEnol apete usey [EEEN
def 370t =,

© MVPZHER)

* MDPAZ)

* %52 RP(Classic RP, RP)HZH4)

* Al%4 RP(Hierarchical RP, HRP)ZZH)

* =AX% RP(Regime switching, RRP)Z=F

o}7]A] FHHG RPARL 7|20] HEZ4 RPN ASA RPHZRE FHEZ (1
SAEHT ARBAITT) Hejslo] AR o RPAZRE 285k= AL Uil

EA717ke 2 HFATAE =HAI7IR] 2005ERE AlFsie] 2019d71R]olH, &
AR ARSA], AZ=FA], US4, SREEAGEAE, S2Hslo| =AY,

SHAE & 65 5CE IR, o8t FAATE desto] FAAMIS] Aok
= 24,

B ATo] 1AL o 2k Aol LDIAERS 71eks] Aviskal thget RPA
Zko] o] 24 w4 L Al AFE A Ect A3FNE YolFHAIE FElshe 5719
ApAHEERS Aol vl BARh npx|eko 2 Aol AnE QoFelal T AR
I} 3 A-] FHAI | el A3t

I, S

£ A9 532 DB A7 AHik-gollA JoiF glAaE]eldere] Aads A
B350 9it}. S2)= 9 AATLEA DA ATl El(RP) A, RPE &-831
LDIZERS A2 Al 2t

2) MVP = Minimum Variance Portfolio, ®%5/3& FAslol= ZEZEQ

3) MDP = Maximum Diversification Portfolio, BAFEIE H3lsl= ZEED|Q
4) Mg T WsdS Y viEshs ZEERL

5) TS Z8slo] MEdS HEske REZR
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LDI®| HE7} E= ALMZ 197098 28Hs S40& desto] 1980d o=
A7Igoll FEE]UT 271 AIMS AHih} BAE v Al7 = 254 oM 85131
A9t 200049 golEol Agd, A, ARt ol SAEHA RAAATA
(Liability Driven Investing: LDI)2] FEjZ H3lsl3ic}.

o|2{gt LDIAZRE At} B0 EUX|RI Jolad]Aas FadlstiA A=40=
FAFe 2olS FAohe Aol o] HlH HEAR]] AF-== Sharpe and
Tint(1990), Amenc, Matellini, Goltz, and Milhu(2010)& 933 &= 3lt}, Sharpe
and Tint(1990)= FAE dA-ok= A=l FASI-ZH H(Liability Hedging Credit)
9] dE A EYsioirt. I52 FAslda g H o] Akt o] F54k 7159 A9
HIETE 4o] JHTAE Holal AREAR] 91 Aot 29] JHTAE Eol7] o
ol 71948 FH3SY] F24E& Aottt o]F Amenc, Matellini, Goltz, and
Milhu(2010)= LDIAERE -2l 5+t XEEH Q0} FAujA] ZEE Q9] 230 = Q14
Skl o5 A Skol= WS o224 02 AN, I52 75 ZEEY = A
x|l B EET] Q= FASA Ak, ARGAR] fId 3] A A7 7
tze]l LDI ZEEH 7} 75wttt 2l )7} Qletal 51Tt

Tha 0 & RPAZ0] 3t Al= 20050l H-5-2(5LH1S) RPAZ0] FHEHA A2
=T, ol A4 Risk Budget) 7HdS Eiste] A58 0= 2|ATE viEok=
Alojg}il & 4= 9t o] % Hojl= AE4 RPAZRS 74%H thafet RPA=RE ] AVl
Act. tHEHO=E TLopez de Prado(2016)= AR fARE AEE 43}
(clustering)sk= RPHHQI “AlS52] RPAZFS Aot ASEA 2yt 7129 MVPA
2, 254 RPAZEY ¥ e anyt S50t 202 Uelth 3HH Peters(2009)=
HE7do] AP aRgol wet Wtttk Aol &Rlsto] 1990~2008A7HA| 9] vl==Al A2
VIX(Volatility IndeX)2 1IHEd7H} AHE/d=HOE Liro] A8sh= “FHg
RPA" & ARtsIGirt. 41283 7129] 4] 60%, Ad 40%°] FAlH= ZESTQ Hr}
28l =2 AFER|4=0] S B YL} o]9of Raffinot(2018)= Lopez de Prado(2016)9]
TR0 HE2A RPHA Hrh 54 B4 S50 Hlso] #oMd 4= Sl BAIE 214
sk, olof tigt tieto g “AlEFH FAAYuE ZEZE| Q(Hierarchical Equal Risk
Contribution Portfolio; HERCO)ZE & AA[5to™ E3|, |2 ASHAEAS: 5
7HDoIA vl REEQ Wt At 0 & i} HoldZ Wt
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npREro 2 toRt R399 RPA] LDIMZeR 8T ry. IR AFE:=
Peters(2011), Qian(2012), 352 FEF(2015) 5= AT = Ut WA Peters(2011)
$01S S0l FAIE sl|Aloks F34%] LDl FARYH O R RPAHZRS E-85190tt. o]
sgmHolAE RISl woMAl AME == AdHEe] WolAls RP
Ao g2H 7129] A7l (Peters 2009)°l LDIE HESH AL} Qian(2012)2 AHR=
2 W0l A2 JoesvEee —_LEHQ}OPE efo s FHiA|(leverage) S B-87L

fr rlr

RPZIERS IDIXIZRC = ARISIAH. 1 452 F Y2015 =1 DBEIFAFAI=Cl
LDI® ‘ﬁ Yo ez W52 RPAUERe 28313t 452423} DI XE
E2 2= Bt 100% o] FgA<l 7‘4%31" om, A FellM HaxHued
80% oV FAIBITE 53] RPAIEo] 284 ojFt ZEZT|Q HIF0| HordaE 4

O
I

olF T3, LDI9| gt Zokz RPE &3t vt RHESo] AAEHAL a2

ASEAL 184 Jogeaa 4 REED 4= MVPA=E MDPARE & 271),
Yol ATl e 4 ZEEL QAZHHEH RPA, A54 RPA, W% RP

Ak, & 3 JoA=57He € W 121 APulE /A 59 TollA vlmgtt

A AR A=A, Ag=4], S, SREEASEAAClS AT
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A, A} 717 2005 EHE 20199714 & 15902 TEstglon, 7|25t
£ 717goto] AslehiA| R ASEAE AAlSIGT.
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1) RAHEEEY

g e SARAVIEY s E@ el o AkEEe dsgeiAT
(Projected Benefit Obligation; PBO)Z gttt 2+ |AIAE PBO= oF Al(1)of] <Jsf 4k
ZFIch o3} ZF ¥4r9] oA} 02 SIAAE & 18] FHAF 12 A AT TS ot

L(t) = Zlo(t:x)xPBOo(t:x) 6))
< 9 Bz+k+Bx+k+l

PBO(t: z) = E 2 XPy Xy 41 X 5
k=0

o714
Ly(t) 1 tSARE & ERFGOIRA(H, L, (¢ — 1)= Ly(t))
Iy(t:x) 1 tIAAE Z 2z Al ZEALQ] 71JARe] 4=
PBO,(t: z)  tIAAE 2 2z Al T2A2] PBO

b= ) BRIRA(G,E k7ol A8 F0A] 10W Al8)
k

WD, - o A9 FEAE A B9 AR 2E
Qo v o+ EA 222713 ojyjo] EEE SE(d, EE = 715 AR
B, iy, x+k Aol e] eFgE EAF (1 AeSE 1H9H)

NIAFAEEL BAFOI LES= FORITASE 1T Ag ST} HES 1
Ag3ton]

AEe
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(Table 1) Age, Service year and Salary Amount6)

Age 28 33 38 43
Active Members 1 1 1 1
Service year 0 5 10 15
Wage(KRW) 2,500,000 3,000,000 3,500,000 4,000,000

9] 7HS B9 AEE A9 2o == PBO ¥ 7 181 B
(Normal Cost; NC)2] AF=ZA= ol (Table 2)2} 2t}

(i

(Table 2) PBO and NC
(Unit: %, KRW)

Year Discount Wage growth PRO Ié'?:\:\l/':z NC
Rate Rate
Rate

2005 3.81 5.20 124,828,581 -3.95 11,544,295
2006 5.61 4.70 119,902,041 22.50 12,061,159
2007 5.04 4.80 146,877,837 9.14 13,434,643
2008 5.69 4.80 160,300,279 28.88 13,328,456
2009 4.24 490 206,587,580 -17.47 16,012,934
2010 5.39 1.70 170,503,952 45.38 11,811,640
2011 4.51 4.80 247,870,333 20.46 16,515,296
2012 3.78 5.10 298,592,816 13.11 18,790,763
2013 3.16 470 337,740,455 -0.48 19,993,532
2014 3.59 3.50 336,103,799 20.37 18,402,560
2015 2.61 4.10 404,584,768 9.89 21,210,502
2016 2.09 3.70 444,581,279 5.98 22,050,774
2017 2.09 3.30 471,158,138 7.38 22,016,888
2018 2.47 3.60 505,944,004 13.50 22,286,164
2019 1.96 420 574,249,565 7.71 24,295,240
2020 1.67 3.90 618,544,191

Notes: 1) The 10 year KTB(Korea Treasury Bond) yield is used for discount rate considering
expected service life in the model. Agreed wage growth rate at the company over 100
employees from Korea Statistical Information Services used for wage growth rate.

2) Projected Benefit Obligation(PBO) and Normal Cost(NC) are measured with
K-IFRS.

6) d¥¥E F5UHuniform population)”Fd2 LDIEEAS HAISoh= dEAQ Hx|ui=
FEOIHGFE-HEF 2015).



DBA 2 ofel AlF4(2)el 2sf 7Rt 7Rt

A (1) = [+7, @] <[4, (&) + G )] = B, (1)

o7,
Ay(t)  tFAAE 2 HYAK, 4, (t—1) = 4,(t))
Ay (t)  tIAAE I AR
Gy (t) : tIARE 2 FPE EEFEFHNO)
B (t) : tSAAE I EJRFo] AFH

r, (t) D tSAAE 717ke] BXelE

@

EATES QL ANFFA, AFFRA, TR, AT, soldeA, 2
PRI 5 65 AL THUTHORY (Table 3) R, o714 7|dhrolEat W54

(@EREDE 2GR 7Hge) 71t S U 200520198711
s APt E 4ZEAY thiel S HE9] LDIY 532 g
7NZARE AL B9 $7He HVUAS 754 (Table 494 2t

(Table 3) Empirical Investment Returns

APl U

Aap| Pk

(Unit: %)
Index Return  Volatility

Developed Equity(DE) MSCI World USD Index 6.18 12.13
Emerging Equity(EE) MSCI Emerging Market Index 8.33 24.53
Korea Equity(KE) KOSPI Index 8.88 24.59
Investment Grade Bond(IGB)  Barclays Global Aggregate Index  4.39 11.55
High Yield Bond(HYB) Barclays Global High Yield Index  8.54 12.30
Korea Bond(KB) KIS Composite Index 4.43 2.61
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(Table 4) Correlation of Assets and Liability

DE EE KE IGB HYB KB Liability

DE 1.00

EE 0.68 1.00

KE 0.57 0.90 1.00

IGB -0.56 -0.47 -0.57 1.00
HYB 0.51 0.68 0.50 -0.14 1.00

KB -0.44 -0.23 -0.29 0.61 0.09 1.00

Liability -0.52 -0.56 -0.55 -0.37 -0.50 0.47 1.00

thZO & (Table 3)9] 7It2lES 21(2)2] ARGl thdsto] FA RS2
AFofApt S7He2 b ol (Table 5)9F 2.

(Table 5) Asset Growth Rates

(Unit: %)
DE EE KE IGB HYB KB
Average 13.21 14.48 14.64 11.18 14.55 10.98
Volatility 13.17 27.14 27.51 12.89 13.89 3.31

3) YoIZ=H

£ dolMe JoieS HAFoA i B2 Fo A2 Aoz Aefsti o, 7] 4
(1), @)l 23f Jodg=2 oF=H 4(3)3 &t

Sy(t) = Ay(t)— Ly (t) 3)
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ol71M R, ()= nAo] EXA A0 2 AT LEZR] Q9] 97} ExG0lE-S on|3t
CHAEARARS] BRI EL R (1), FAHHIEL w,olTh).

7ol FETHE ElR(t)] 2 8B4 o° [Ry ()] off 4l(5)2h 2.

ElRg(t)l = ElR,(t)] — ElR, ()] = _Zn]E[Ri O)w; — EIR,(M)] ()

n

ol [RS(t)] = 2 wfoQ( t)+2 Ew )—Zwiau(t)]
o]71A,

ER, ()] : 71 8EA4 S7He

ER, (1)) : 71=23o 24 571

E[R(t)] : iBAAA 571

)
0% () : EHAFARA) Z7180] B
) 1 A&} ]X}/K} Z718.0] THA
%<t> ARk} B2 Fol R Z7Hgo) BEAk

2

th2-0 & 982 JodF8] AT (Risk Adjusted Surplus Risk; RASR)E o= 4(6)T}
Zo] H2J3HCheong and Sung 2018 F=).

©)

o1& 2005~2019919] 43 A==2 2|75k ol (Table 6)2+ At

7) AP 7 eiEs7RE A JoES7ee] FHeE, 7 JolaHEde A=l
Yolg57HeS BEEAR FRIth
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(Table 6) Surplus Growth Rate and RASR

(Unit: %)
DE EE KE IGB HYB KB
Average 1.05 2.32 2.48 -0.98 2.39 -1.18
Volatility 24.33 37.40 37.62 15.53 24.74 13.44
RASR®) 4.33 6.20 6.59 -0.15 9.67 -0.16

mpAEe 2 [DIXEEDRE Y] fside MEEARMEE FAUAER
(Liability Matching)® 95143 Return Seeking)2] AFAFO &2 JLES||o} 5l=t]] F
A SFSE 71d Jolgisidoz, $5744% RASRE ERIE & Sl ol&
(Table 60l A& EH = HAE, FAGEANES FAMAdTFS] Aoz, spojde
A, TR, AZ=TA], AT o930 Apito & B 4= it

o2k

Lt Yog 2238

AZEA tiio] EE JoiF gaadedsk 154 JoiFEad 4 TEZEQ
ek 270, YJoig 2T ERDP) S4 REED A 3712 F 570t A5 Yo
AT FA ZEZT| QMRS MVPAZ, MDPAHZFC 2 FHSIH 1,10 Jojd A
2E] 4 ZEZQRP)AMTS W54 RPAF, ASH RPAZ, FHHS RPAZC
2 Ul

iy

1) MVPZHE}

MVPAZRS: EEZ]00] Jolgel g (A5 4)E Haslshs Hekow o A7)

8 £ ﬁ?"ﬂ/‘i% ERM))7F |9 S Ze= Ao SHAEASe T2 w9l
Ry > oliy(0)] 2 AR,

9) FAARAL *é%h— HRoks 22 A7]gol digh 7199 FAVggke] ulet } 2, AExos
E5% S Qlok dusd LDIO] digh HEst Fort gl TAR g A7l digh A
/A9 4 do] oEsk= Ad3go] Aolr] wiEoel)

10) BHEARES ol8ste HBHQ gadFH EZEEFeZgolA= IUdf(corner

solution)ZAIE dasl7] i HAZTEFGA oY), WY Al FEFHAHF2(1% °]
) At



F| A4Sk
)] = Zw?a?(t) o2 (1) + 2D, (1)~ Do, (0) 7

i=1

MVPAZFS] AAHREL. A-=Z4] 1.00%, FASFAE 25.81%, WA 73.19%
o2 yepgtor oli= Bl FAjmf A Hero 2 Tt

2) MDPZ=f

MDP:= Yves and Yves(2008)0] 9J3ff A7lE BAM|E & ZEETQ QJojFHEA
o[Rg(t)] ol tigt ZF izpAF JodFHFA 0, [Rs(t)
SHmost-diversified)sh= 2120 24 A(8) JI=EsH= T EZZ| o]}

E
N
N
ok
s
o
o
S,
2
E
B
Hu)

sk
o lRg@)w
AekzA: iwi=1,wi>0

i=1

MDPZIEFe] ApAhE-2 MzI=4] 9.55%, ZFiF4] 23.89%, FAGFAE 66.56%
T LERT.

3) ™SX RPX2K(Classic RP, RP)
84 RPAES ZEEZ D] Q JNEAM 719 TR 5 3 B Yok viEsk= ol

t}. o]+ YoISFsHAIE] A T3 SMRC(Surplus Marginal Risk Contribution)& 3 &,
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Z oJoFE|A37F STRC(Surplus Total Risk Contribution)”} 7HEAHAIEZ S5
= FAHSS ZEZLQE ougit) of7|A] SMRC= ZF FARART H]5-9] wislo] of
St LEET Q9] JojFHzor =AuEch o] u (EXXAL] ZHYddEESTES

Ry(t)l, E[R(t)]], EEZ]Q0] JoiddE4eS

STRC= FARAMEE SMRCO] 2} FAPMISS et g2 off 4(10) 2= Wepd
AL

wbA 7354 RPAIER] A2 =4 14.17%, AS=54] 9.18%, =HF
21 9.56%, FAFsEAE 29.82%, StolYE=AH 13.25%, =X H 24.02%= Hoh

4) HEX RPTZHHierarchical RP, HRP)

AS# RPAHZ2 Lopez de Prado(2016)°l &J8f 27l ASATHSHIE B85 4

1) olRy(0)] =[St E RO+ 3 2l 2 RO B R,

i<j
12) $84 BFL Maillard er a/(2010) =317 vigich,
13) AlEHxA3Khierarchical clustering= A9 FAFE(E AoxE ATASE AME)
£ FHoZE S ERdsE WA AR F9 & o] gl «AFoZ st
< AgEoz R Y= ook
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AhiE ®HHo T} Lopez de Prado(2016)= MVPS}F 242 B Abalof 7Hke &= A
FAR AAETAS WHEE(n-Sample)e 7EkC R di&s] wige] QEE
(Out-of-Sampe)ollAli= 59 @47} WAgsto] a7t FXIskear seict. olof whgt
fiete g AZA 02 RPE L85k ASA RPAZE 2753t ol 3dAR Wirol
A e, 19A A= At AR E 7122 A (distance)E T3 T, 2
AoMs A=l 4= IS Fol ASeRith 3dA0A= &4 9
RP(naive risk parity)34]149 02 2}pAk] FEH|5E AHsIch A2 02 ApAbE ¢Jof
T5/FEE ol TS vt Zt
1Al M= 2 AR 219 ot JBAIGE Fokal(el (Table 7) IX), ol A%

A2AskE 21t {EHE AR (F (Table 8) F3)= A1,

(Table 7) Surplus Correlation

DE EE KE IGB HYB KB
DE 1.00
EE 0.86 1.00
KE 0.82 0.95 1.00
IGB 0.40 0.35 0.28 1.00
HYB 0.85 0.86 0.78 0.58 1.00
KB 0.84 0.79 0.77 0.71 0.90 1.00

(Table 8) Euclidean Distance!®

DE EE KE IGB HYB KB
DE 0.00
EE 0.27 0.00
KE 0.30 0.17 0.00
IGB 0.55 0.57 0.60 0.00
HYB 0.27 0.26 0.33 0.46 0.00
KB 0.28 0.33 0.34 0.38 0.23 0.00

d RP(naive risk parity) %42 ZpAke] ¥E/do] wH|Elsto] Zp4kS vijiEsh= 7]
RP ®4]o|t}.

15) AHE k9] R2EE Aele dlX, v, = /2 (1-p,) o Ao TRk oS Sof AE
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HARAE 19AII et ZHiE 7o) [REEEARE v eR ASETRst
(hierarchical clustering)E A13F4](bottom-up) 2. & AY3Ict. 47| (Table 8|4 X
A 2R 2] 7P 7R A= 01791 AZ=A -S4 (E6)0]aL TR & 0.23
QA sl YEAH-HAA(TEFT) ol T2 7Pk Aehs 1563 1157 Alel2] A
2= 0.26100]H o]i= T1F8Z PA3ItE oA WHEH o R ke AR9] 52 Zot
A AlSSFsHE of (Table 9)2F £,

(Table 9) Hierarchical Clustering

10 (0.38)
Group ID17) 9 (0.27)
(Euclidean 8 (0.26)
Distance) 6 (0.17) 7 (0.23)
3 0 1 2 4 5
IGB DE EE KE HYB KB

SEHARIAE 289 AZ RS ZUEAS A AT A ETTA- T
F4-SJol AEATA-THADE 14| (1op-down) O o] EIHB)30] ALY B]FEL
9. olu ¥ 5L 5 RPAZO] /8 SVRC ZIE 715 AKX, (Table 1002

IR HAFFYY RFUS A 027(= /S 0-086))0E F2H mFPe
Lopez de Prado(2016)5 #%3}7] Higitt.

16) Lopez de Prado(2016)= 159 AZE &4dl= HHoz Q49 A ziS &8
Sloith ERoA 0.262 1867 1879 84 7+ Af F Al AgRFA-5l0]
Y=AHL Aot 84| Ag: Ag=t54]-5lo] YEAH(0.26), Ag=5A]-=HA]d
(0.33), =UiF4]-51o| A=A H(0.33), FUFA]-=HAE(0.34)).

ol9] 1&F9 AZE FHGohks WHOoRE AT H(0.33=AZ=FA A H),
B A e (032 = L2TOBFOBAOM) oo g1
e ’ 4

17) 2FIDe Mt 2 O L}E}IHL FGHTE 007 AlFsto] Z7fels ko] Aol
ﬂé.ﬂmﬂﬂﬂokle Folotal(FojeAet oA S T= 5Y), 158t

S AAWA IEFIDE ‘?i%!%‘ﬂr T3k Are dAR OEID LEAeCE HEE

, O]& HiEA o7 L35la] AEAILANS ATt

Aol ASHEHs dieo= Z}*P" 2709 JFoE WRgler &4 o

ot O [FASEAE, A=A, Ag=54], FWiFa], slo|duad, =l

@ [[FASEAAE Az=54], ”—%TW,FMﬁﬁ,aﬂ%Eﬂﬂ =S -

[[(FASEAAE, (A=, Ag=F4], (Sl [Bleld=Ad, SWAaEl <=

o7 AYPIHAE WHEL Lopez de Prado 2016 FX).

18)

@lEMHm
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A WA A HiEg Aktsts IPgolrt. AlRA o A5 uFe F Wo] flE/d RP
PR o8 AntElzdl, WA s1E Wl /HEAMKE)], AdE W FASEAR, AAXEE4,

AZZZA) 710 WFS 31, 0 R IF ZHIEA IEB)9) 52 JuE4 RP
A o8 ARt 19) ofF R 0 & st A Al H EAAE] viFe TS of
2 (Table 112+ 2t

(Table 10) Example for Calculating Weights of Cluster1

Bisection Group A B
IGB DE EE KE HYB KB
(AsseD) SMRC* | 2.41%  5.92%  13.99% |14.15% 6.12%  1.81%
Reverse 1/SMRC* | 41.44 16.90 7.15 7.06 16.34 55.33
Volatility Weight | 63.28% 25.80% 10.92% | 8.97%  20.76%  70.27%
RPO Sum 100% 100%
(Group) Variance 2.74% 2.90%
Reverse | 1/Variance 36.45 34.46
Volatility Weight 51.40% 48.60%
RP® Sum 100%
Note: SMRC is the result of “Classic RP".
(Table 11) Group and Asset Weight
e | DE | EE KE HYB KB
Cluster0 100.00%
Clusterl 51.40% 48.60%
Cluster2 38.79% 12.61% 7.16% 41.44%
Cluster3 8.86% 3.75% 9.45% 31.99%
Asset 38.79% 8.86% 3.75% 7.16% 9.45% 31.99%

ASH RPAEO] APhiEe FAGIAY 38.79%, AATFA] 8.86%, A4
3.75%, =4 7.16%, 1ol AEAH 9.45%, =HAA 31.99%2 =t

I EA

10 O

ATFO B9 AL HF

19) RPE ZEEZFQ W /i8Rt “1/84F 9] v

41.44
<= 63.28%(= 41.444+16.90+7.15

5 Rt mEEe Qo
) o= 7% 4 9.
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5) 2HXSt RPEZHRegime switching RP, RRP)
ARG RPAZF Zp4ke] HgA]o] wel = H(regime)S J2olotal = HHE TR RP
AT ALl vpioa IO LEL Peters(2011)9] VIXE R85 LEHPH20S

(Table 12) Yearly Regime

2006 2007 2008 2009 2010 2011 2012

VIX 13 18 32 32 24 24 18
Regime Low Low High High High High Low
2013 2014 2015 2016 2017 2018 2019

VIX 15 15 18 15 11 17 15
Regime Low Low Low Low Low Low Low

Note: The Regime is divided into high-volatility and low-volatility based on VIX 20.

=0 Aot RPAERE WiAsl7] f1iA dotael 7127t He FAS7RE Aits
7 SHoE SHE S4S gRls) i vt Aot

A BAS7HS AwEECH] (Table 13) %), AHsd=HolM= Bt #A45
7h&o] 9.56%% AR B 7H(12.16%)°l & vIXEd], ol FAS7RE 29
FHBAE 2= ERIE Aart AHEsT HE| ALl O] JHRAE de dedsE
9] Sl &2 W] wizolth Hitz, IHE/g=HolA Bat FASTRES
19.31%2 A7 Bets7HeEn 24|, ols A= div] oz gle
Hart A, /S ES S0 YR U] miZelth

20) Peters(2011)= Z#:ebr|AolZ(fractal market hypothesis)7|HHe] WS4 283t
HE WS ARSSHIT ZHEARol R WEH tiekgt AR Fojxke] 7|97t +3
£ o|FE AP ATIFE A5, A7IFE slEYe] F¥E o|F = ADolE Al
9] Hed2 FgHolX|ut, Aol EgH4/do] FUIste] w0l o]FofX|A] Y= A7
e Blsdo]l AZIHL St Petersi= AFEA(1995~2009) 23, o] 7]&& VIX
20(97Eh) o2 gstlom, 71&e] webA Apikat 2] ARAES vlwgt 23 1
HEAH(high-volatility regime, VIX=>20)o4E 239] S71g0] M4k Z71gHTh
=91, AHSAEH(ow-volatility regime, VIX<20)olAs 9] S71g0] M4k =
7he Hrh Qoit} B AFoNE olE IHET 7EoR HESItHVIXY] AtEH4Al2
(Appendix Ay =)
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(Table 13) Changes of Liability, Discount Rate, and Wage Growth Rate

(Unit: %)
: Liability Growth Discount Wage Growth

Year Regime
Rate Rate % Chg Rate % Chg
2005 Low -3.95 5.61 47.24 4.70 -9.62
2006 Low 22.50 5.04 -10.16 4.80 2.13
2007 Low 9.14 5.69 12.90 4.80 0.00
2008 High 28.88 4.24 -25.48 4.90 2.08
2009 High -17.47 5.39 27.12 1.70 -65.31
2010 High 45.38 4.51 -16.33 4.80 182.35
2011 High 20.46 3.78 -16.19 5.10 6.25
2012 Low 13.11 3.16 -16.40 4.70 -7.84
2013 Low -0.48 3.59 13.45 3.50 -25.53
2014 Low 20.37 2.61 -27.34 4.10 17.14
2015 Low 9.89 2.09 -19.96 3.70 -9.76
2016 Low 5.98 2.09 0.34 3.30 -10.81
2017 Low 7.38 2.47 17.93 3.60 9.09
2018 Low 13.50 1.96 -20.71 4.20 16.67
2019 Low 7.7 1.67 -14.52 3.90 -7.14
’ Total 12.16 -3.21 6.65
iff;;;z Low 9.56 -1.57 -2.33
High 19.31 -7.72 31.35

TR0 = A7 oF (Table 14>k o] Uehdth. #¥E/d=HolA|

L AR A

LHT} =7 7HEX

_]

(Table 14) Asset Growth Rate in Regime

SR e 24 2] 57180] AP S71
SOl BRI, SloldsA, S 2 AU
Apate] B7hgo] FAYAALE] S7HE R ek A

% % 9ick.

(Unit: %)
Year Regime DE EE KE IGB HYB KB
2005 Low 13.71 37.75 68.20 0.97 9.50 9.97
2006 Low 17.80 27.25 9.97 7.55 13.89 15.17
2007 Low 16.40 45.74 39.95 21.07 12.75 11.59
2008 High -16.67 -36.14 -38.28 52.56 5.94 18.46
2009 High 28.93 73.94 61.67 5.14 59.99 12.33
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2010 High 11.96 1632 | 2635 6.68 15.48 12.79
2011 High 1.22 -15.28 | -7.37 14.48 10.61 12.09
2012 Low 13.48 12.73 14.83 2.58 16.61 12.53
2013 Low 3144 | -1.56 5.36 1.85 10.59 8.38
2014 Low 12.77 4.04 -0.92 10.49 8.06 12.09
2015 Low 9.26 -6.76 7.19 9.21 7.92 9.73
2016 Low 13.99 18.42 8.02 10.89 | 22.26 6.82
2017 Low 11.19 | 2498 | 2688 | -0.14 0.98 5.30
2018 Low -2.89 -9.63 | -14.51 8.08 3.15 9.37
2019 Low 35.60 | 25.37 12.28 16.25 20.53 8.11
. Total 13.21 14.48 14.64 11.18 14.55 10.98
ARfeg;;ngz Low 15.71 16.21 16.11 8.07 11.48 9.92
High 6.36 9.71 10.59 19.71 23.01 13.92

web] AREYFHAAL AR BAFTIE0] i FAFAe] F7H8e] &
ong £oETAUL UIF] 2L WEY RPHSGRT XES Q)L W2 WS
HFHANE FAZ7HEo] WERL} £OUR RPHY F R vF0] 2 A
54 RPN EEE210)S H8ole] FUHR RPULE 980t
upA]eo 2 94 OIRt S7HA1e] Yol el H=sh BPY| AR 23S aokt

o2}l (Table 15)<} Ztt.

=

(Table 15) Asset Allocation of Models

(Unit: %)
Strategy DE EE KE IGB HYB KB
Classic MVP .00 000 000 2581 000 73.19
Risk
Model MDP 956 0.00 23.89 0.00 6656  0.00
Claz_?;lf)RP 1417 918 956 2982 1325 24.02
Surplus ) .
RP Hierarchical RP 886 375 7.6 3879 945  31.99
(HRP)
Model

Regime switching RP Apply Classic RP to Low volatility regime and
(RRP) Hierarchical RP to High Volatility regime
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Ct. 2420

ol ol b ol 57HK] o] USHAANS v|wsti Febist RPAEE] )

A Az} oJoiF o] 710t 4 18-S WHE(In-Sample)y} FE(Out-of-Sample)
ojlA &It

1) WEE(In-Sample) £A1Z4}

=HAS RPAIER] 8-8492 wsh] AfsiA WEESIIA B4 29E A tha
I g A HAR 759 edS Yeidle doles7ee =9de RPEe] e
2ZE ] =UTHEEH (Table 16) F=).

(Table 16) Surplus Growth Rate of Models(In-Sample)21)

(Unit: %)
Classic Risk Model Surplus RP Model
MVP MDP RP HRP RRP
Average -1.15 -0.44 -0.02 -0.46 0.08
Volatility 13.18 17.29 18.57 16.09 16.72
RASR -0.15 -0.08 -0.00 -0.07 0.51

AL AT MVPHERS Jolds7hee] WA 13.18%: 71 v LrertAI,
R SRS ] AASEE T Qo] QJolEEThe Wil -1.15%2
7V JIokch MDPRIZES. BAlSA} Take Fejslsly] 919 EESe] 0 MVPIL o
AR Hlo] B9tk ol YoiFE7he WEAT Wit MVPHZ tH] ol
= ATE Hojglth the.0 2 WEH RPUS EAte] MEAo] EslA BE A
Aol Ex517] o] JolEEThe WEAe] /g A, AEA BlaaBy XE
Zelo HeFEHT} BL JolIE/HE WES Btk ASH RPUS Jue} uE
48 B sk Ao R QJolaE g WA BEo] MVPHEkT M54 RPA
2fo] Alojgrg Vehjich. thXjsto s SeUst RPHZEE %

o
W
rg
2,
o
I‘[l‘
>
19,
P
-

21) 28 Volatility(risk)2} Average(return) A= (Appendix B)& FZ517] vlgitt.
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ZESY QR IAFHIUME FAY EES| 02 WA FU5H] o
o1 35718 WS ephon, S@2g4uel RASR %A 71 Rkt

5 AR 7139) gAS ekl Agule TP SEAs RPAZe it
$2:519ITHON (Table 17) H).

(Table 17) Yearly Funding Ratio of Models(In-Sample)

(Unit: %)
Vear Classic Risk Model Surplus RP Model
MVP MDP RP HRP RRP
2004 100.00 100.00 100.00 100.00 100.00
2005 112.11 123.11 120.63 116.58 120.63
2006 103.63 109.31 111.82 106.85 111.82
2007 108.27 125.03 123.93 116.49 123.93
2008 106.58 119.54 106.65 109.17 115.68
2009 142.74 173.86 166.03 159.78 168.68
2010 109.14 133.31 128.44 122.46 129.00
2011 101.97 118.82 113.23 110.91 116.52
2012 99.09 111.36 110.12 106.84 113.16
2013 106.42 117.45 119.86 115.03 122.99
2014 98.70 104.89 108.35 104.75 111.07
2015 98.39 103.36 105.68 103.19 108.20
2016 100.17 107.36 111.63 107.84 114.17
2017 96.95 107.07 111.76 105.82 114.20
2018 93.01 95.47 100.52 97.44 102.64
2019 95.36 103.49 109.88 104.56 112.10
Average 104.84 116.89 116.57 112.51 118.99
Volatility] 11.50 18.66 15.57 14.38 15.48

ASEA A3 MVPHES AgelE BHaro] 104.84%= 7FY Wokal, AgRS17t
(100% B1gHo] HAZITHI57HAE)] 40%2) 67RAme] BAIst%IT. MDPAEES HEA
RPZ=kT} Al g Bl 116% S50 vl e, Axulg WEALS MDPHe;
o] o 3kom IVIAEQ0189)eNA] HYRET7I0] Uekith. AS4 RPAUSRS 4t
Jold57heat SUshA A& Hah WEAo] MVPHeT 154 R Alo]

ghe vepton] 1RAEQ0I8WOI AYFET Helck, npukoE SRUs RP
A BE 29 5 M 22 A6l B AL, ol MVPIE] 14.1%p %
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2 sA]olc}, Eak HYRETHE W= oAt ofzfal ATk @A Alw ologs
7129] 7j3lo] Arlo] FAIE G IH] Hiolet wekwrt. E Qbgael A
ulg0] 241 Be157] el Hu] 8ol Fololke (Figure 1) XS BFEE vla
s, AL RPAZS 2004~2007401 S0l FEE 0 (54 RPAHE
Al go] Z7FITh7t 2008~2011de] BATHH EEZe| (A5H RPHHZ WA
w4 Aeu) 8] sieto] ARkElgih. 20124 o) Tl T AREA FEST 0 (4EH

RPAEH=E He=HA ASEA7I7 57t 7H &2 AvleS RAIs

(Figure 1) Comparison of Funding Ratio Trend(In-Sample)
(Unit: %)
180
MVP
A MDP
160 N Classic RP(RP)
Hierarchical RP(HRP)

= = = Regime switching RP(RRP)

120

100

80
2004 2006 2008 2010 2012 2014 2016 2018

o3t e RPAS] A2 7IRPE & SEAE EF =2tk (Table
18)2 234, 54, 104, 158C3A71ZDe] 42g 8|t 23l

(Table 18) Period Performance of Models(In-Sample)

(Unit: %)
Classic Risk Model Surplus RP Model
MVP MDP RP HRP RRP
Surplus Average -1.77 -0.87 0.06 -0.71 0.06
Last Growth Volatility |  3.95 1072 | 1077 848 10.77
3 Years Rate RASR -0.07 -0.09 0.58 -0.06 0.58
Funding Ratio(Avg) |  94.96 95.57 97.06 95.74 97.06

22) HH BA7gl0] ojg WER ol2e EASHA oi}, mY 48e) wude Al
EERERLE G
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Surplus Average -0.81 0.00 0.75 0.21 0.75

Last Growth Volatility 3.23 7.95 8.28 6.57 8.28

5 Years 3 RASR -0.03 0.03 004  3.13 9.04
Funding Ratio(Avg) 97.89 99.14 100.59 99.65 100.59

Surplus Average -3.30 -3.63 -2.71 -3.02 -2.62

Last Growth Volatility| 11.19 1237 | 1279 1212 12.90
10 Years Rate  pagg -0.37 045 | 035  -037 -0.34
Funding Ratio(Avg)| 77.20 73.28 77.08 76.52 77.77

Surplus Average -1.15 -0.44 -0.02 -0.46 0.08

Total Growth Volatlity | 13.18 1729 | 1857  16.09 16.72
15 Years Rate RASR -0.15 -0.08 0.00 -0.07 0.51
Funding Ratio(Avg) | 104.84 116.57 116.89  112.51 118.99

83t 2 393 532 =] HMept gle AwE 71ike s 1549l RPA
IS RIS A7 FLsHARE 22 1090 So] s e 7|7k 235t
ol(arHEA = (2008~20114) YoIFE7Het Zu&SHol|A Ajzlos &
SR ATE B ole WA Aot FUtt AE, FHAe RPUH] S
AR It S & 5 Sk

R

e

i

2) QIE=2(Out-of-Sample) £ 21}

QIEslo) AFEAL (Table 2)9] PBOE €= F7g5t0] AT ol= DBAME:
A7t o HRReg AR FAjo] A8 7Rs3 i o, AgE]E] 7ge] whe 1310 87t
Z7|(A)E IHE Exof LR 1§75 (DR W] shA theat ol 7Pgsiich

[7}41] PRBOE 7HAF Ad& 11712 st AfH0] ZEE Q. rlgdolct,

7FE2] 98 5 1FeIRA(PBO,, ()= ABFALY] Flolid] w2 Fe] vdE £

AE A8l A11DE 789t

PBO, (t)= PBO,(t) x (14 (= Ar(t))) x D, ()23 (11

m

23) ABEAL] FHolHdE ¥yt FEE] e JFAMSHs AP= - MDx ArxP ot}
(Fabozzi 2013 &),
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oj71A,
PBO,(t) : t3Ad% %] PBO
Ar(t) : t3ARAE To] PBO TRle} tSAAE mY>e] T1& Ao
D, (t) : t3AA= 2] PBO o4} Falol A1l »&4d 717h

[7143] AP iy A HS-Z(Funding Ratio 100%)& 7135ttt 24)
[7H4] asT2 =9 A&9] a3E gRIsh] oA AHALY VIXE &8t
HPH(P:Last Year)d} WHEQ] 275 285 (P:100%)S v w3},

o2 uigos U JolFETee FHslel Amuo|Me] AFRAS AAlslsct A
Z40) A Pot357183% U1 @) (Table 19), (Table 2007} 2,

(Table 19) Surplus Growth Rate of Models(Out-of-Sample)25

(Unit: %)
Classic Risk Model Surplus RP Model
MVP MDP RP HRP RRP
P:Last Year  P:100%
Average | -2.03 -1.24 -0.68 -1.07 -1.02 -0.71
Volatility | 14.90 17.03 18.65 13.9326) 14.61 14.49
RASR -0.30 -0.21 -0.13 -0.15 -0.15 -0.10
(Table 20) Yearly Funding Ratio of Models(Out-of-Sample)
(Unit: %)
Vear Classic Risk Model Surplus RP Model
MVP MDP RP HRP RRP
P:Last Year P:100%
2005 100.00 100.00 100.00 100.00 100.00 100.00
2006 95.12 94.75 94.85 91.38 94.85 94.85
2007 101.92 108.81 104.96 97.17 104.96 104.96
2008 84.23 96.51 88.85 91.74 98.52 98.52

24) ¥4 O]Oq%"%—ﬂ‘% FAE AT 7o AFSEA APelgols FE HAA gt

25) B8 Average(return)¥t Volatility(risk)2] #A= (Appendix B)E #Zsl7] vt

20) 74127‘4 RPHEO] W52 qIE EAofA MVPEL @A YERE=T o= Lopez de
Prado(2016)9] $-+27}e} YA|3ich
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2009 116.38 148.56 142.67 128.69 137.45 137.45
2010 90.41 115.67 109.70 100.20 106.68 106.68
2011 87.13 104.49 97.84 93.44 95.30 99.10
2012 83.80 98.08 96.21 93.22 94.96 97.38
2013 98.19 107.50 107.75 101.84 106.44 108.99
2014 91.00 97.63 97.27 92.30 96.14 98.33
2015 83.82 89.69 92.39 91.43 91.37 93.34
2016 87.18 93.14 98.08 94.49 94.43 99.04
2017 87.14 94.47 101.35 94.63 97.74 102.30
2018 83.23 89.13 92.87 89.64 89.70 93.70
2019 84.06 92.19 99.31 95.88 95.95 100.16
Average | 91.57 102.04 101.61 97.07 100.30 102.32
Volatility]  9.30 14.90 12.69 9.46 11.45 10.70

(Table 1904 YJoAa57He2] At WEEIAS] 2aet AR e
RPZE2 A HAE2] VIXE E-8ohs Bl 4%, AE2 RP Mt Ad=x7gd5
7F Ha BASH HErgdt SHARE YRS st W e Wi o) A-folls Wi
HE 2N LS 7MY w2 ANE A0k E HadEvle aEk e 2
et fAFSHA UERHTH(Table 20) %), &, WHES] SHAWHENE RHget 534
& RPAIS] WA HulEo] 7Mg A UEhder, 717 Sol= (Figure 2)oxet 2
<= AYE B3tk ole FEE|A Q] e RPAUER| k= = oS0 wet g2t

A7) wzol] et = dlE2] F8/d8 AARSIAL .

{Figure 2) Comparison of Funding Ratio Trend(Out-of-Sample)
(Unit: %)

160
MVP

MDP
140 Classic RP(RP)
Hierarchical RP(HRP)
Regime switching RP(RRP, P:Last Year)
120 = = = Regime switching RP(RRP, P:100%)

100

80
2005 2007 2009 2011 2013 2015 2017 2019
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ASEA 2YE FEOEE, 284S Ao HAske = RPAEC] i

23 QEEoA JAFS7RE APrlE A B2 T S € A

A7 =] DBAIE= dela B4R R S49 2808 A7|H o s APHzo gt
TAIE WSl Qi) o & 7hAlsH ] fisiA Fafet AAIRE thRt ALMA o] a5k
F|olli= 71E9] FAi g ol A gks sk LDIA o] =51 ik

£ =olie JoiF @292 El(Surplus Risk Parity)g $4H2&, DBA=CIA &
& 7Fs3t AphiEERE ASEASIqI 3], #6524 RPAZ] ASH RPAZRE W
k= FHHS RPAZS A= ol VIXE 710 R s d5Hd} AW
S Lol e RPAERS A8k 7iidolrh ASEAS Wad) Qo &
Sto] AAJottt. WA Wi B4 27 =3 A% RPAZ2 MVPAHE, MDPAE, 184
RPAE, A54 RPAZFET =2 T XY IHRASR)S BRI §UTH ¥ Joa57t
& B, =2 eSS Btk ol JHAS RPAIEo] AWEd=tHolA Q5+t
FEEDQQl AEH RPHZE, THSAATHAAN = FAuA 2EED| 2]l A4 RP
ARS 2-8oto] AR F570ll= o]of Fofsta slet| o= &S Hojsh] HiE
o}, Q304 9] AutE WIS AXfe} FAHCE AHAAES] VIXE &85t =H
oY) 49, X164 RPAE Bt 92477 ohA BISHIANRE, R4 9]

FHBEANE NI P EES FUT AAE vl AT Hg Al

A70] FAHL TRt Tk, A, QIR A% A| ASSIRE L8 BRI
7Pgolet. £ Aol ERAS 4ok PHoR HULES Q0| Feolde
sl FeleE BANNS H8SIAOIEES] JoiFEig FEA) fERY)

AMCRZ tEA] oS ERlskiTt.27), ARl A8 Alol=

f&
oy
oN
N
o
ot
FE:
3
of

27) s&ite] F84E FRISkE Box's M Test 23 WREN HE] T4k S5



AoiZ 2AIMIEIS 25t DBERIHZHITO| XhhiEFiar A2y By
7198 el AT WE 2 PUACPE 713 BAANLE ATsle] Mg

=
H 52 Z8% £ k. A4, FHAS RPAFOIA 4HE 178T o, VIXE TR
ARSI A% AFolA= Peters(2009)2] A7-A41E =S 370 VIX, Credit
Spread, 229 S9Mg4, =Y A 55 LFoto] FEITHE Hrf T
49 WiRo] 2 Zlog didEn T & Aollde SR sfefRitke Ut V1%
o2 AZ3Ae, FARG et e 715 HHgcke B s AET 22
7F . ARl Ate] 2IE AA deAtt 2800 A8 the thaS Lssiof etk
2 A7 ol AR tVdes 57 FARd ] e Bl ol 2 717
E NS ZIRE YRE, QB EA0A SHAS RPAER] 7T 943k
A, ol ARl A2 o FARME, FAIZE 5ol mEbA EEbd o Qa2 7
Sfiof 2tk webk] A 7159 8242 ZRIFE IPSI)E 7122 FHARI T
HE7F 2 asitt

AEA oz Sl weh FAY ZEER] Q9 oliTt ZEER S Wtk IHd
& RPAZRZ LD 2840 5 Z210= wsn, 3% i Ao WiE 9 A=
Aee BT o] BRI} tiefRt LDIKEE 2] 7o Zio g 7.

ol

rulo
Aok
rO
o,
S

(Hy: Zygn = Zegu, chi-square: 590908, df: 21, p-value: 0.2099).
28) IPS = Investment Policy Statement, X532
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Appendices

Appendix A: VIX AHAH(Cboe(2019))

VIXE= 19939 Choe7t =QJsto] AF&6}al Q= ¥a7d A|5=oltt. VIX+= S&P500%]
£ 7Rto 2 E AEA o] OTM/ATME] &4(Call, Put)7F8S 2ot ol 4]0
2 AMESi

) AK 1 F 2
e X 2 = — —l RT . _ | ——
VIX = 0 X 100, o 7 % > e Q(K;) T[Kb 1]

K3

Appendix B: 28 Average(return)?t Volatility(risk) 2|

{Appendix Figure 1) In-sample (Appendix Figure 2) Out-of-Sample

(Unit: %) (Unit: %)

A A

‘‘‘‘‘‘

= oMVP AClassic RP(RP)
OMDP
ACI
XTHic

®Regime
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3735(2018), EXE7IE HUEE &4 =Y iRt W RAAAEA A et A, B
AT

(Translated in English) Sung, J. (2018). How to introduce default options
and implement Liability-driven Strategy for Korean retirement
pension plans, Korea Insurance Research Institute.

355 3=Y(2015), “H2adHE|Risk Parity)s E-83 £¥3013(DB) XA
Ao B AAFAHLD) AL, B¥et3i], 411014, pp. 1-32.

(Translated in English) Sung, J., and D., Cheong (2015). “Liability Driven
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Abstract

To manage the surplus risk of DB pension plan, this research compares and
analyzes asset management strategies available in the current DB pension plan
through a risk parity(RP) approach centered on surplus. In conclusion,
“Regime switching RP” is presented as an LDI strategy that combines “Classic
RP” with “Hierarchical RP". Empirical analysis implies that the Regime
switching RP shows a higher risk-adjusted return and stable funding ratio
trend than MVP, MDP, Classic RP, Hierarchical RP. In fact, Regime switching
RP implements a portfolio of liability matching in high-volatility regime and a
portfolio of return seeking in low-volatility regime.

The methodology and results of this study are expected to contribute to the

activation and stabilization of asset management of retirement pension funds.

Key words: Defined Benefit(DB) Plan, Liability Driven Investing(LDI), Risk
Parity(RP), Regime switching RP



