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Markowitz(1952)¢] 177} 23EH ©]
HAgtE 712 A Qhe A4 S (Asset-class) AT
60 o] ZEAolal theket XEZYLE A5 ¢I%
o] 719 TS ARl FAAES
= AHds FAsL, oS Sstete
g FHU =2 Fojul7] fsiAe=
ARRAI}E e Ao R TEZE| 05 FA ok dit)

ey, A 1" Covid-19 H9) o] F-of o] gk APk 7wk 2R vE-& viElR = A
Zho] debh S ElEet FAAES AR thE Akrto] 24 A ] thts) o
= AsE ZEa UAARE, AAR HE AP HJAZ QA o]y g thzts)t o
H Atk Covid-19 sHu|=olet= A9 7IE Il 2 Apikel] WAld &8 913 2909 Az
g T&H w=Fo] Usha, I Ad 97] Aol EE Ao AddAlE Eobxl Zlojth
Kinlaw et al.(2021)e] Aol A+= “Diversification often disappears when it is most
needed.” 2kl A3 aL, o] oAl AREAQl Fydo] HArt 19} FAlol|, HTol= viARE
A ghe AEE 799 AAH 74 aa7F s o9k dEo] FAREe HE 7]
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gl gFs mA 4 e=d, olgt AEE FAste] 54 At glaa L2 ol
skal, o] 5 7Wtow YEELQES FATc RN BAHEA NS AaLstal o3t 9 T
5 M = e Bt

HZoll= HY o 7|k 24k vt o] AR A e M o &3] el
Fo] A7IFEAL AAR A dl9] AvIFolE olyd e 7Nk Ak wjiEs A
= gg3ta e, dF S Alvbtke] CPPIB(Canada Pension Plan Investment Board)2b
dinp=2] ATP(Danish Labour Market Supplementary Pension Scheme)®} 722 7] &FA}#}
Eo] HE 7|8k Akl RS EYstal vk B ofyel, AAIA ] Abe-EAF £
52 2Pk ddte] A & BAbE ZAE Hole B YEEZI UL AAEE 98 =&
Anke] AA FE38] BAE Y A g5 F Avkal Assi, ARbrke] AHES wiEske
A mjaz el 91de wiEgrems
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SHAl A oo} #HE A7 &s] e Foll AthBlyth et al, 2016; Greenberg et
al., 2016; Bass et al.,, 2017, Miles et al., 2015, o]&3, 27, 2018). 45 AFolA = I
719k ZRAE wfitolghs A2 A Walo] AEAR] ARk 71wk ARLE wlitol] BlE) FAbap
7F Rlel Ak HEef Aloks Bk s wkdste] o U2 A AAS vEe b =
o] ¥t FHska o™ (Asl and Etula, 2012; Lee and Salerno, 2021; Bass et al.
2017), 53] &2 vhzkst Aol wig- Awreild 2008 20099 =& 91719 22 7]
s Egeto] A A BN AAA] FEZEL dF5s o & oHfEd 3l
T 938t tHAs] and Etula, 2012). ¥H, 9% Aol ds= L EZe] o wejoA e 7]u
ARE w8 Fol HrkskAIRt L -9l tiE S deiM e FolE St
Fetth(Idzorek and Kowara, 2013).

oA e 7€ A7E 2 Covid-19 o1A3} o]F 7ztoz o] Aakat 7]
W ZAE wE ) SE 7)ek ZAE wlES ZH7E Rdste] A7 T AR uliE S v als)
A} 3k 53], Covid-19 o] @3} o]F Al7jof| we} FEZE e FA 2 9F wFo] oE
A Bsleh=A] BAskaal gk Covid-19 AuHe 22 F§ Al dAdd Bt e
ZH P, 54 F7F st HEAde Frhe AEAQ A AL wle dAlE =d
omn o] Q] FAAES ¥ &R 9F #e s ZASH HAE E AT
T8 Bx F sk olEe gHste o8 &40 Y 7k AR vjEe] TEEZ] Q9
F-919 Z2adS NAT 7 UdeAE welE 3ok

AT Ay vgd 2ok A AR, 24 713 e e wjas HY
oJgo] 9k AFuitt A7 HAAVde= 74, AE, 18 gAFA AR BE Az
g AaE Hola glom, AA FAv]d= tiite] Aol w22 FIES VS
sha oS FIs 4 otk 7 HAR, A o] AduaAle vlaz Ay 7he] g3
#AAE Covid-19 M= o]d# o]F g iro] Avinh #4443, v og Covid-19
ojFell = Ak FHBATE 5] AHAAE HolAY W AAAAE Hole FoFE
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)2 ZAE vt vlso] AR APitel] HFE = EA Sl (corer solution) EAI7F RIH
WA g oh= 2 o] tH(Chopra and Ziemba, 1993). <, MVO E&dl| 9|3t HAsl= 7|dj5olE
o] i, WEAo] W2 APkl et 7t A7F FojuE Zys) A4 dAsHA "k ol

47 FEECY FAHF el Bt ABFEe A olol MHA W
= mye] BAo] A webd, AekEag Adex gow LEEY ] AR

MVO ®3o] #857] ofgi7] it}

2.2 Mgl 7|db XA B 2 (factor-based asset allocation)

| whel, A= AE o] 7]ekek ZAE afiE i
b= F4o] A71E A HBlyth et al, 2016; Greenberg
et al, 2016; Bass et al, 2017; Miles et al, 2015, o]Z &, W7t 2018). o] AAke] 429
e AAde 359 gaa dHE AEsta ol wtew AhilEs st S 9
n gttt 53], 9150 Aoldk Ak ot Apike] ARl fS FEshe viaw
HE 59 03@5@‘% A F Aok dE o], T4 Al e BAAEE, AE =5, IE
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2 F49 ALbE AY gAY A= o]F i I X A(target factor exposure) 2}
Abrt v (mapping)©] A2 g2 o] §d Zolth F2 HAHE APk FolEY 3]
AAsHA wrdd 4 lojof gk ARl mAaR HE= 7:‘1%]
A, A8 ol o] 471 HEl= ] Aol 7 Hldst
A AHEE = FE HEo|tk(Blyth et al, 2016; Greenberg et al., 2016; Bass et al., 2017; ©|
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A HE iz AE FEA HxE AE AAIEAE AEshs Aol das)
£ "o = Blyth et al. (2016)]
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XY

, ol A Ah=d
WA HE iz = Y gt Z&AQ1 T A gtk S MVOE S8
HAste ARt v HlTE S FEE WA A iy ARG ¥ -d3 1 A s
EAE AbEdloF e, ol dAS WAl AY iz ol o] Fdsh Vv ES
H =2 45, B2 Vg Ee] sdshdt fde] ¥ w2 A5 wWiAviaR Aol %
AE JAxA S v
Aoz fjol A AtEHE Ex Y HFS @Asy] A FARE WSS 2As] 9
A 71 EdolA AREstaL e HAZE o &3k Blyth et al, 2016; Greenberg et

al., 2016; ol=3l, v7|d, 2018).

]Winw(l*A)(wTA*eT)(wTA*eT)TJrA(wTA*eT)Z(wTA*eT)TwLAwTQw (3)
A7, wi A Hed TUEY AE EEEE 0] FAuE W
A: AT e g
o B AE o 2EA W
s olaw WE PR 9

o vlAR AHER AYEA B AT i FEAYY



HE|H 917 AE HTS ofushs A= SR AR A YEEUes) HY yEZLQ
Atelé] miaw HY w=F zol2 Qe wAsks AE B 9 gk Y HFS st
=], Greenberg et al.(2016)] wz} HE]H = =
th e 7Nk 2k i 2y SA3e] A wA 32 B3 viaE Ay TEZE e A
d XEZYQ Aol mja® HH e Aolo] it sdEE =
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sk ma 20184 195 20234 9974 ¢F A 59 COVID-19 ol F |7ro2 4|3
=Y

FEZZQ TS $1% AHEF(Asset-based class)E $18l =rAlA, T4, d<
A, T2, APRFRY, FEah aEa QlEe T oS TS THA ARS8

stith olse] WiAmtA R ofE] wle] ArlgelM T2 ARgshs WAvEE A}%é]—‘}}
b A sAAe] B9, KIS S3AAAFE AR L, 5219 49 KOSPIL A+
ARt slelaldel A 7Hd 9] ARSE = Barclays Global Index& AHS-3F3om,
gje]F212] -9 MSCI World Index& AFH&3Ith AFRFRLS] 79 S&P Private Equity
IndexE AF&3FA A, 549 A9 FTSE EPRA/NAREIT IndexZ AFg3tglon, <z}
°] ¢ S&P Infra IndexE AHE3IATE <& 1>cl & AFolA AREE Aqkato] Wzt
=7F Axj =} Q)
- <& 1>& 7] -

1) COVID-199] A|&He 2020A¥EIROLE, 20208 &R 20234 997HAI9) AFaS ol §3lof B4
sp7lole 24 7I7k0] FRaIA| elot 7I7kg 20181 19 % E 2 Aetet

L L |



71E ATl = 8 7HA HEHES Ao $itH(As] and Etula, 2012; Podkaminer, 2013;
Greenberg et al., 2016; Bass et al, 2017; Bender and Sun, 2019, o], 27, 2018).2)
=& HEE= ALY FEe] dHo] He HYEA AFY oS AdetA vy

3+
oo Bl ARAAT} olok BTk B AT Az AL olge] A 497

A

FoAEAAM CPl dsEs #ad s ARSI &3 =l Sl wAntag=
CPl 4s&S, U Al&9 wxnta=z KIS 3JAM FelEolA KIS =i &8 A3t
Sk kS ARgSit) e wilaR Y T AAEEe] wixvia 2 MSCI World IndexE A
ShaL, A Fe] o] Wixvfa 2= Barclays Global Inflation-linked Bond IndexS Al-g-%kc}. 3
2] ol=yolAe] HWIXnl=E:= Barclays Global Treasury Index <¢]&9l4 Barclays
Global Inflation-linked Bond Index &5 *H3dh gt AREgth mix|eto = 3] A&
o] Wi X|v}=a 2= Barclays Global Corporate Bond 42 &9l 4 Barclays Global Treasury <~
JES A3 #e ALgIh vixwo® 3182 KRW/USD W8S ARg3ich
- <& 2>F 7]l -

2 AT AFEE 7IEEske dstoln ol& fs 'l VlEoE ATHE s Aike
FolE WA vt} ] miar HH S0 FolE> KRW/USD ¥Wshes
Zo] Ytz kst
(1+RKRW) = <1+RU5D)<1+EUSD) 4)
where Ripp 982 BAlE FYE
Rysp: B2 FAIHE 9%

Eysp: 9/2¢ & Wshs
32 7|= Hlolg HH

71 ARk vES Adsr] AsiM = A, SulsA, sl AE, s elS A, AR

A HA
2}, FEA Tela et 7 Adkde] mE AheelE R4e] Aesth B ArelAe

2) 7|EEHE HEE 22 e (Macro factor), 2~EtY HE](Style factor), Lg]iL 7]
i+ HE(Idiosyncratic factor)®2 T2stil Sh=dl, & AFolA= w2z JEd HF
sl AGE Wystaal gk



I FAE Wt MR oR 7] AN ARE utE o ddgs AR
g3taa) ek o]= 9EA Covid-19 o] d3} o]F zh 2Pkl Wix|wp=9] =985 A8 E H}
gow S ote] VU ER AR StaAl gt ok, ARbd wiAuiAe] o E
A5E o]&dte] 7 WEAd FHAAE FAZ

w3k 54 ARt tigh oo Apito]l wiiE e &% NS SAsh] fla, MVO W

He AR A 28 HE RES FE AR vl A A ARkl HA Es A oHS
Aoks Foslazp gty FA S FAS HA 20% o] H|FE HAAE I, H)
MFE mh Ake A ek SAD AN AN Ak 6 ool MFE AP,
Hol 30%E ZHsHA] e HlTe AAste] AT £F Jhsde SASIY B3, o
AT B9, 22 Ao 36 olgel MFS AP, Al 10% olBe zaeA e

41 XM FIET AR Y £UE 7=

3 ATl A= Covid-19 ol A} o] Fo] Apak 71wk A4k Wl A S]uk Ak w)Ee)

A%e A uaA ek ol B e WA, 7 /1] AT olEd AR Ay FoE

o oJste AmMunA Pk <; 3>l Covid-19 o] ol F 1w A FAl 3

4719k AATIe] 2k Aapd gl Aol ek WA BAEH
ol

A7) AANE R4, A, aem RATS AT BE ARG 4HE B
o]

9 553%, dMANAL 529%, AT 616%= YERRTE ALRFAR]
13.26%, H-&ikel A9 1036%, 13 dZete]l Ae 757%E uEsth tgow

= Ef‘f}‘& ANZrell= Hukd o s 744 BE Akt olgo] stete Ao e
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<Table 1> Asset Classes

This table shows the benchmark of asset classes used in this paper.
Assets Benchmark
KOSPI

Korean Bond
Korean Stock KIS all mats total return index
Barclays global aggregate total return index

World Bond
MSCI world index

World Stock
S&P listed private equity total return index

FTSE EPRA/NAREIT global total return index
S&P global infra index

Private Equity
Real Estates

Infrastructure
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<Table 2> Candidate Factors from Previous Literature

This table shows the benchmark of macro factors used in this paper.

Benchmark
K Growth KOSPI
K Interest KIS Corporate Bond Index- CPI
K Inflation CPI
K Credit KIS Corporate bond Index - KIS Treasury Bond Index
W Growth MSCI World Index
W Interest Barclays Global Inflation-linked Bond Index
W Inflation Barclays Global Treasury Bonc}l3 g;lgei(n(ie)]?arclays Global Inflation-linked
W Credit Barclays Global Corporate Bond 111111((11(2; - Barclays Global Treasury Bond
Fx ret KRW/USD rate of change (FX Appreciation)
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<Table 3> Asset Class Returns

This table shows the returns of the asset classes. We classify the period into economic expansion and contraction. This table shows the returns of asset
classes. We categorize periods as economic expansion and contraction.

Korean Bond Korean Stock World Bond World Stock Private Equity Real Estates Infrastructure

Expansions
2009.06 ~ 2020.02 4.15% 4.85% 5.27% 7.70% 15.19% 12.71% 9.17%
2010.06 ~ 2017.12 4.21% 5.53% 5.29% 6.16% 13.26% 10.36% 7.57%
Contractions
2020.03 ~ 2020.05 -3.55% -4.20% -0.51% -17.50% -86.46% -101.27% -81.88%
2018.01 ~ 2023.09 0.91% 1.90% 0.09% 9.84% 11.51% 1.87% 3.72%
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<Table 4> Macro Factor Returns

This table shows the returns of the macro factors. We classify the period into economic expansion and contraction. This table shows the returns of
asset classes. We categorize periods as economic expansion and contraction.

K Growth K Interest K Inflation K Credit W Growth ~ W Interest W Inflation W Credit Fx
Expansions
2009.06 ~ 2020.02 4.85% 3.04% 1.67% -0.63% 7.70% 3.68% -1.46% 2.68% -0.31%
2010.06 ~ 2017.12 5.53% 2.88% 1.80% -0.49% 6.16% 3.34% -1.72% 2.33% -0.66%
Contractions
2020.03 ~ 2020.05 -4.20% -4.60% -3.96% 5.46% -17.50% -5.84% 8.41% -17.16% 4.58%
2018.01 ~ 2023.09 1.90% -2.24% 2.54% 1.45% 9.84% -1.78% -1.04% 2.17% 4.30%
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<Table 5> Asset Classes Correlations

This table shows the correlation between asset classes. The diagonal left side of the matrix displays correlations between assets in 2010.06 ~ 2017.12,
while the right side displays correlations between assets in the 2018.01 ~ 2023.09.

Korean Bond Korean Stock World Bond World Stock Private Equity Real Estates Infrastructure

Korean Bond 1 0.1595 0.8024 0.1200 0.2535 0.3192 0.2100
Korean Stock -0.0334 1 0.3397 0.6924 0.7715 0.7076 0.7453
World Bond 0.5692 -0.0849 1 0.2701 0.4494 0.4930 0.3895
World Stock -0.1781 0.4018 -0.2391 1 0.8676 0.7513 0.7471
Private Equity -0.0751 0.5951 -0.1722 0.6513 1 0.8937 0.8717
Real Estates 0.2856 0.4631 0.2979 0.4243 0.7278 1 0.8816
Infrastructure 0.0855 0.574 0.1428 0.4967 0.7804 0.8064 1
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<Table 6> Macro Factor Correlations

This table shows the correlation between macro factors. The diagonal left side of the matrix displays correlations between assets in 2010.06 ~ 2017.12,
while the right side displays correlations between assets in the 2018.01 ~ 2023.09.

K Growth K Interest K Inflation K Credit W Growth W Interest W Inflation W Credit Fx
K Growth 1 0.168 -0.0758 -0.1196 0.6924 0.5337 -0.494 0.5341 -0.4717
K Interest -0.06646 1 -0.3672 -0.9539 0.124 0.6551 -0.2436 0.0563 -0.2565
K Inflation 0.00998 -0.27142 1 0.1811 -0.0351 -0.2637 0.0613 0.0057 0.1699
K Credit 0.10023 -0.87572 -0.08033 1 -0.1024 -0.6083 0.2626 -0.0464 0.188
W Growth 0.40179 -0.18335 -0.08592 0.26183 1 0.4664 -0.6736 0.7261 -0.0445
W Interest 0.4124 0.14999 0.16784 -0.16965 0.17052 1 -0.6891 0.2188 -0.473
W Inflation -0.33386 0.19926 0.08183 -0.32782 -0.49743 -0.40888 1 -0.4946 0.0773
W Credit 0.39493 -0.20951 -0.13499 0.3318 0.54063 0.06368 -0.74378 1 -0.0864

Fx -0.55254 -0.03867 -0.08897 0.03894 0.01047 -0.63649 0.19332 -0.19486 1
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<Table 7> Factor Loading Matrix

This table shows the sensitivity of factors estimated through regression analysis. The core of
the factor-based asset allocation is to analyze the source of return on assets and find inherent
risk factors. In other words, it is decomposed into factor exposure and factor return. This
paper employs regression analysis to estimate factor exposure, which is the sensitivity. The
dependent variable is each return of the asset i. The independent variable is the return of the
macro factor j.

Panel A: 2010.06 ~ 2017.12

Korean Korean World World Private Real Infrastruc
Bond Stock Bond Stock Equity Estates ture
K Growth -0.0013 1.0000 0 0 0 0 0
K Interest 0.8093 0 0 0 0 0 0
K Inflation 0.8461 0 0 0 0 0 0
K Credit 0.3113 0 0 0 0 0 0
W Growth 0 0 -0.0597 1.0000 1.0590 0.4421 0.4775
W Interest 0 0 0.6291 0 0.3540 0.4998 0.3576
W Inflation 0 0 0.5229 0 -0.3943 -0.7652 -0.2678
W Credit 0 0 0.3206 0 1.2188 1.2096 1.2879
Fx 0 0 0.1423 0 -0.9002 -0.5428 -0.6086
Panel B: 2018.01 ~ 2023.09
Korean Korean World World Private Real Infrastruc
Bond Stock Bond Stock Equity Estates ture
K Growth 0.0025 1.0000 0 0 0 0 0
K Interest 0.9044 0 0 0 0 0 0
K Inflation 0.9498 0 0 0 0 0 0
K Credit 0.3947 0 0 0 0 0 0
W Growth 0 0 -0.1100 1.0000 1.1044 0.5618 0.6466
W Interest 0 0 0.5068 0 0.1614 1.2969 0.9788
W Inflation 0 0 0.3874 0 0.2846 1.2974 0.7857
W Credit 0 0 0.3582 0 0.8079 1.0349 0.2934
Fx 0 0 0.1882 0 -1.1218 -0.4677 -0.5684
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<Table 8> Implied Factor Exposure

This table shows the implied factor exposure.

Exposure Weight

2010.06 ~ 2017.12 2018.01 ~ 2023.09
K Growth 13.50% 18.89%
K Interest 12.79% 2.29%
K Inflation 13.43% 2.40%
K Credit 5.58% 0.88%
W Growth 15.92% 66.85%
W Interest 15.16% 5.22%
W Inflation 12.61% -2.56%
W Credit 11.55% 11.44%
Fx ret -0.56% -5.41%
Macro Factor Mean and St. Dev
Macro Factor Mean 2.87% 6.91%
Macro Factor St. Dev 3.07% 13.53%
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<Table 9> Asset Allocation: 2010.06 ~ 2017.12

This table shows the result of asset allocation by using asset class based allocation and macro
factor based allocation.

Panel A: Asset Allocations

Asset Class Macro Factor
Korean Bond 21.00% 30.00%
Korean Stock 20.00% 20.02%
World Bond 30.00% 18.38%
World Stock 20.00% 22.61%
Private Equity 3.00% 3.00%
Real Estates 3.00% 3.00%
Infrastructure 3.00% 3.00%
Panel B: Portfolio Characteristics

Expected Mean 5.83% 5.75%
Expected St. Dev 4.61% 4.80%
Sharp ratio 1.05 0.99
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<Table 10> Asset Allocation: 2018.01 ~ 2023.09

This table shows the result of asset allocation by using asset class based allocation and macro
factor based allocation.

Panel A: Asset Allocations

Asset Class Macro Factor
Korean Bond 3.00% 9.14%
Korean Stock 20.00% 20.00%
World Bond 3.00% 11.96%
World Stock 65.00% 49.90%
Private Equity 3.00% 3.00%
Real Estates 3.00% 3.00%
Infrastructure 3.00% 3.00%
Panel B: Portfolio Characteristics

Expected Mean 7.26% 5.84%
Expected St. Dev 14.35% 12.38%
Sharp ratio 36.67% 31.03%
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<Table 11> Portfolio Performance: 2010.06 ~ 2017.12

This table shows the portfolio performance by using asset class based allocation and macro
factor based allocation.

Panel A: In-sample: 2010-2015 Out-of-Sample: 2016-2018
Buy and Hold

Portfolio Rebalancing
Asset Class Macro Factor

Asset Class Macro Factor
Mean 4.07% 4.32% 3.99% 4.22%
Volatility 8.17% 8.37% 7.69% 7.86%
Sharp Ratio 37.66% 39.64% 38.90% 40.99%

Panel B: In-sample: 2010-2017
Buy and Hold Portfolio Rebalancing

Asset Class Macro Factor Asset Class Macro Factor
Mean 4.60% 4.71% 4.63% 4.72%
Volatility 6.94% 7.15% 6.66% 6.84%
Sharp Ratio 51.88% 51.81% 54.44% 54.41%
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<Table 12> Portfolio Performance: 2018.01 ~ 2023.09

This table shows the portfolio performance by using asset class based allocation and macro
factor based allocation.

Panel A: In-sample: 2018-2020 Out-of-Sample: 2021-2023

Buy and Hold Portfolio Rebalancing
Asset Class Macro Factor Asset Class Macro Factor
Mean 0.03% 0.30% -0.12% 0.20%
Volatility 8.65% 9.23% 8.51% 9.09%
Sharp Ratio -11.20% -7.62% -13.19% -8.77%
Panel B: In-sample: 2010-2017 Out-of-Sample: 2018-2023
Buy and Hold Portfolio Rebalancing
Asset Class Macro Factor Asset Class Macro Factor
Mean 2.98% 3.32% 3.08% 3.41%
Volatility 8.70% 8.90% 8.78% 8.97%
Sharp Ratio 22.79% 26.06% 23.67% 26.83%
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<Figure 1> Asset Classes Correlations
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<Figure 2> Macro Factor Correlations
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Correlations

Correlations

<Figure 3> Behavior of correlations

Panel A: Behavior of Correlations of Asset Classes
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Correlations

Correlations

<Figure 4> Asset Classes versus Macro Factor correlations

Panel A: Asset Classes versus Macro Factor Correlation in Korea
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<Figure 5> Macro Factor Exposures of Asset Classes
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<Figure 7> Compare Asset Allocation between Asset Class vs. Macro Factor: 2010.06 ~ 2017.12
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<Figure 8> Compare Asset Allocation between Asset Class vs. Macro Factor: 2018.01 ~ 2023.09
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Cumulative return

Cumulative returm

<Figure 9> Portfolio Performance: 2010.06 ~ 2017.12

Panel A: In-sample: 2010-2015; Out-of-Sample: 2016-2017
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<Figure 10> Portfolio Performance: 2018.01 ~ 2023.09
Panel A: In-sample: 2018-2020 Out-of-Sample: 2021-2023
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