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1A E
T EAHSE KA A A, Fsah oy A, R1zet 5 F-53te] FHo] FE o gk,
ARbaE} TEZ Q. kAl &8 e thAlFA o 18 tpdaisinh dnksow
WAAES F21 7] Aol Qo] AR 7PH A Aol 917] wiiell ZEZE] L FAjo|
w2 A gl 71ojd g dvk tsEA o8 Fshke QR E AEAel ] AgE
A= TS FxolHA F8EAY AZH o)A A 7eS AL Qi B AU A
TR0 AEAQ T A AR ofy et Sg Aol e S HAAL Atk whebA
WAALEE ] A 74 vlacel] FA S wAs A A de ARdedlA] At
Hdsere B ade] e FAA Aol M= FAAS B84 do] il u, A7}
vk Az e X EEE 0 E Y bk 9 A (safe haven)E 7IHE 4 2
71FWs) 274, ol U A] bR, A7 F-2hE WA ey Aol gk 228 Fxte
T84 g oS xEe 7k, S A A Ao A 7] 7 (International Renewable Energy

g
12 879 &8 S71e Aoz Uestth vi=e] 45 g, =, 38 5 tiAldAL
AAH 71¢)9] FAd FA e HANYA AHEA 4 H = (Exchange Traded Fund; ©]3}
ARAGA A B FA; w Rkl AE A Aol
,]

olgfgh w7 atol| & Aol A= SA(F-FAt - A - JEAF A - Qlaze} - F2]) ETF9
HEHog HodZAAHS BXMsE & M& Y& ETF 7+ AIZH7PA A (time varying)
AAAE FET RN HA AN & LEZY
T7F AEE, A A G dE dEE S
#2493k} Diebold and Yilmaz(2012)7} A|€tslal, Antonakakis et al.(2020)¢] &gk
Time-Varying Parameter VAR(Vector Autoregressive) 28-S o]83] ETF 749 %

(dynamic) 1445 spetstet. 2Rt 7F Al = Al whel W] wfiEol] 2Rk

>~

L rQ o
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- rﬂ

¢
081_“ O}ﬂ Of
Xoflo ox 2

) A WlFAYES Time-Varying Parameter VAR 28 0 2 7 53k= Alolt) o] &
Alrte] vl A FAEHA E rolling windowe] 7], AWIE 2p59] A8 7k, o
(outlier)oll Wk FoFwg Qo)A oz Heatr] ol ¥ Fxo] glry wd MEA
% ETF9 £ ETFE 788 F o, AAA Eeha B3] nxH= ¥ (ex
FZUH9, FHAR 7], obgte] Hyol| A ETF 7] B4 AaAS seteted 86ttt
o| M WEA Holay BAE T3l dA 713 EAlE F el Ager HA 9

AU &S gobdd = gk thgezE 7 WA gAY A& DCC(Dynamic Conditional
Correlation)-Copula GARCH 28 ¢ & ETF 7+¢] A7 7HH AR AdAaAA S =43}



ETFE A8k Ate] 54 2 Algeide] ue) JadAE watn, o]k g2 o]
TEZD QO AT Bl A= G ne Ak FAAGNA ETFO] Aol
7kt A4S ne @ o, AR AFS FEEL o Asiehs AgelA AL 3t
=& Wwdste A2 v T8, 53] Copula 71¥He] DCC GARCH 2% & ©] &3
A DA e A g 2 59T 5 ol XEZE S T A3 AEE
710 4= Qdek AF el 71xd A5 FEZE]Q M HAAA 3] AAelnt
dAS 7] wel FHAAN7], Z2vutele s Sk o] IR AdoA £7]7}
A 49 BAE I 7)dehy] ook e Az Aaas TEZE Q9 7))
ZHolA §A 7Fsd S stetehsdl $a3 JRE AFIt F ETFS vid o) 2Aeh
A slxsk7] f8l o' ETEZF 4 - ©7] x40 A3AE ddd &+ vk
T4, A, A5E 58 Wdes Wed doladel 4s AZduAE BAY Add =

I EAFH(Yilmaz, 2010; Kumar, 2013; Duncan and Kabundi, 2013; Cronin, 2014; Balcilar
et al., 2018, 2021; Caloia et al., 2018; Ji et al, 2019; Balcilar and Bekun, 2020; Akhtaruzzaman
et al., 2021a; Akhtaruzzaman et al, 2021b; Akhtaruzzaman et al., 2021c). dtA|RF &
Aol = e AR AR FAg0] oA fsidol & AAME ETFE ol o=

i, 82k AAAANIA, Aze} 5 ZF Fopell M e TS Eis seH,

i

ro
[k

T, [¢)

TEZYL 93E =Y & kS &8 918 Time-Varying Parameter VAR 2.3 0.2
4 A4S ot HEA R AFdee] 28 A v & B FEZYQ FAb
HT& FAYTH: Aol A7) 3d=s B/ 5 vk =, FHA8917] e 221499
AIAA EAE Aol A Wi E= ETF (F 95 559 Solda 205 A (o=
FAETE AP S o] &9t 54 ETFY] v A4 AFS 242 5 s Alolth
A FAANGI AXNBA B FEAE 1] #AlE g ARRYE S S8 BA L
1Tl VAR 2 o]83F A2 4] Henriques and Sadorsky(2008)= 9-f 7141t} 7|&
714 F77F diAl A 7194 Frbel frad @S v vhal $iEstdal, Kumar
et al.(012)2 8N =] 7]l gk A 7HAH 7= 719 F71e) GeFo] A= el o]
Z-a3itt . B skl the- 2 & Managi and Okimoto(2013)= %2 W3}l vt
2¥9E 1983 Markov Switching VAR 28| 71%8) A 7)19 #2243} o]& A5 7129

=

7F FA3 S whA skl el 28] 12 Sadorsky(2012)& thA % GARCH 28-S o] HEA

dolg¥E deotatlal, A7 FRAUA 719 F4 BHuhes e 7199 FAs

A8kt g olek= AMES AAIEFATE B Ahmad et al.(2018)2 ¥4 % 5~(VIX)7F

A B AR 71 T4 A gt s x|l gkl 43819 21, Dutta(2019)=
WS AAAFOVX)7E iAol U A] 719 F2]ol dde] w2 AEs daditta B



=

=

=

3 oA Aol 714

& ©°

WAREA A4E o€

i

T

Markov =

o

F921t}. Nikkien and Rothovius(2019)

72 BRCEFE A23W AlS (2024. 3)
[¢)

Dutta et al.(2020a)

| ol

ZA}H

el ]

el

X

El

)

ko)
pil

+ Antonakakis

Q

o

39 o]

K

HolUA ETF

J

78

0

}7] DCC Copula GARCH &

S

]

671 =

&

ol sl 84937k

i

o]
o

]

I
R

1

XY

[e]

(VXXLE)<}

o172}

<
T

a3t

2

A]

S
s

AT

et al.(2020)2 A&

i<

A2 AN

Aol F48kA T Saeed et al (20202 2k ETF, =224 (green bond)< ©]-&

AnES A

)
=

(OVX)7} wl=

2~
T

]

zel
Yo
gl
o

o

A

=
E

=)

AL
fn B

shoick. ol

o

o) Wato] e}

=
=]

[¢)

iS4 ozt 7P svhal B

o

Aol WAH-Eol o

-
fu

AR Ak

A =(VIX)

™
=]

X
E

d

ME

P, A= T2 TR duA] BArY

[e}
AA TH (clusters)o] TATE = A5

A}

[e]

=t 183 Fuentes and Herrera(2020)& W A)
r

Ao Fe7t

il

[
R4

<

/g—

Al A, <2

p

Diebold-Yilmaz®] 45 A2

oA E714d Tell=

(2017)

™
=]

HEA Aol x|4=¢ DCC Copula GARCH E&<&

s

7K

b}z,

o
pu

Il Diebold and Yilmaz(2012)7} Al

S

a7 9

o)
l

3}

=
=

o W Aol

L

fu

A -0 4]

Ry

E_O



ETFE &8 22

e
=
o
)
N

>
il
1o,
offl
2
re
i
oX
B
!
ud
i
Ac)
to
B
)
oty
=2
r <
et
re
-4
3

Antonakakis et al.(2020)¢] 2g3st WHES AF8-3} T} Antonakakis et al.(2020)<]
Time-Varying Parameter VAR(Vector Autoregressive) 282 2] (1)~4] (2)l 7] %3t}

y, =A,Z_,+e, ¢elohm, , ~ N0, t (1)

vec(A4,) =vec(4,_,)+¢,  Elohm, | ~ N(0,5,) )
Yi—1

AW~ @Az, =", 4, = (A Ay - A,) 013, ohm, & t—1 AN &
Y-

T A= ARG} 283 vec(4,) & AP7HESE AlTE AR NX N, ol
o9 ¢ eAFoR TR Nx1wEolth T Y 9 5,5 77 9 ¢ o] AzbaAd

-5 E S oulsi), gA dutkslE o 2@ 24t 13 (forecast error variance
T
-

i Ewm
eijﬁt(K) =N (3)
EZW

i=1t=1

1/2

LJt EAkteut’ Eeut Eetjtv

ij,t i,j=1

21 (3ol A ¥

aglar F AAR Age A DE T AYE 5+ dx
N
D2 0,1(K)
CHK) =11 X 100 (4
;ai;g(f()

EA A A e BE G jRY F U dANY g2 BE AW oA 54
A iR & W AAES 742 4 5) B A (6)F 2ol ST o, & I
AAEL A B)A A (6)S AFztal AL (EE E, 2023)
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() = ———100 6

ETF 1+e] Aa33AIE F43817] Y8l A7 (time varying) copulafd &S =4 g}
Copula 7|92 2GA] HtAl oz ofEA BEPst oA At sHAREE Felshe
g ol

nzx-4 9] copula Cluy --,u,) & oD ANEE (uniform margins)E 2= hypercube T
0,1]"cl o] EXE <onslH, Sklar(1959)= EE ZF EX Fo Fzh¢ Ay X7}
A 3= (margins) FS 714 o,

F(‘T17xn):C(F1($1)a7Fn(x )) (7)

A (D3 2ol 28 & A= At A (NellA C= AEFALE 3 Fol

el A (o]l AAEH, 4 @A"H vepd 5 Sk

C(ul, 7un) :F(-F'lil(ul)’7F71(u )) (8)

n n

a8 YE8H(density function)= Jo& AXE 4 9t
f(zl,"wﬂcn):C(F1(Il)f",Fn(wn))Hfi(xJ )

21 QoA £, A E= 3 (marginal densities)©]l, ¢i= 4 (10)2} 2 copula & €] <]
UEgE ou|sit)

(10)

2 (10 lA F1e SHAE 2 2] 29184 (quantile function)©]t}. copula®] 572 X2



ETFE 283 224 dAFA A 54 9243 2EZeQ A A3 A7

FamEol Waltieh A4 $1e 3gse] gk Aolek el nAhele] 49
WE] Xo el ATEE copula®l WESFE 4 (1) 2k

— e 2 (11)

2 ADAA w, (i=1,n)F & (F(bfz,)) ol o8] AxE= X && 2% 3 (Pro-
bability Integral Transformed) #ol™, I+ 5 dE& Yl AFEEE o|F+=
copulat 2] o]FE4 AHstA Kstr] witel F§AHe] 4% student copula’l &
o 3 REHA &8 vk nxbd o] 729 ¥WE X©| student copula®] W =30t
HE] 2 9=(shape parameter) vi= Tha-2F 2o] vebd 4= Qth

F( V—;—n )(F(%))"(l+V—1u/R—1u)—(7/+n)/2

c(w;Rv) = (12)

n 2

V2 (YR yyn Uiy wr1)/2
|R"2 (I(—— 5 ) F(2);:[1(1+ V)
2 (1214w, =t, ' (Flzw)) 013, 'S FYET vE o EHgroltk
g 2 Ao A= ETF 7] AJ7H7Hd o] &4 (dependence)% x2317] 918l Engle
(2009) 2] DCC(Dynamic Conditional Correlation) 2= Sl A A& A#AAFE student-t
copula® thA|gtc}, o] A A 215 gE g S 2ol xdE 5 9t

ﬂlﬂl
rfr
&
o,
g

O

fl

1 1
K = d«mg{@? }@d«mg{cgf} (13)
Q=0+ae_ e, +8Q_, (14)
2 (14914 25 1—a—p)K o], o} g P FolH, a+3 <19 2& w53sich
I3l ¢, AW 780 GIR-GARCH(1,D) E&olA spde WMEsAS on]sch ez,
2019). 9 W GARCH 23] h, =w+ale, )2 +ph,_, < o, DCC Copula GARCH

= 3 LA
Yo iy 4% 205 B4 2 FEARS o] &d) A &S At 4 k.

2 (15)elA hyy, S by 22 it jo 2N A R o] 205 BAkoln, 2%

t
TR AQEE Wl £AM AN §L& ST,
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ohS- 2 & Kroner and Ng(1999)9l] w2} DCC Copula GARCH 23 S 2 HE FAHE A5
B2k FEAS ol &3 HA XEZEQ HTE AT 4+ Jth

his —huy 0, If wy,<o
Wia = —oph W) Wi 4 0= wi <1 (16)
it ijt it 17 [f wﬁ.t > 1

npA ko 2 Ederington(1979)0] Altgt o= &4 &4 HE)S ALt

HE, =1—(VAR,/ VAR, (a7
A (AN VAR, VAR, = 247) 814 £A A v £ Bakely) 8
AR HA A u Lo A HAE TEZEQ AL dusy, dx LS
AR Fe TEZF 0 g o] Auh} Pashi=AE 243, AN F&A o
o2 9)Fo] o Wol 7hadth
. 254
1. A&

Ao A= 2011 1€ 29 HH 202393 99 304714, wl=o A A= A= 5712
ETF(Yd 7}A)& A8t on, Z2F ETFY ol&, FAAF, 4492 <& 1>3
EAOEE 72 EoR A, F-at, 1zZe), X3 oy A, 7249 ETF ol Al At
2 ARFS ) AAsAT

UCO* Bloomberg Commodity Balanced WTI Crude Oil IndexZ 324 3}H, o] A4+
NYMEX (7842357 e 2)ell A A el =)= WTI Crude Oil A&l sk /i Al oke] Aotz
ZbEEh VNQE vt gl2(F-s4t T e 2 99 ETFo|a, -8t 127} 7H
2 <1, MSCI US Investable Market Real Estate Index] 421 48155 47w o]
Atk veo® ICLNS AA A rxe] Aol A] ETFeIH, =23 &9 10074
AAANIA 71HERE TAH S&P Global Clean Energy IndexZ 54 8l= ETFo|t}l. 1] a1
GII& A=A 5ol T4 757] 1=zt #aA 7ol AHFAF8kE S&P Global
Infrastructure Index& F4st=], A5l HYH 7] $JaiA= dGTFE o] A7t
2 A F 27108 FF8oF gk VOO= 229 FAAIS sk S&P 500 Index &

FAShe ETFO|x, #4% A4S A48 LEE 0.9 542 setet] s E2el

_C‘>l_"
“
xe rr
)



ETFE 249 228 AT AEe] 4 d243% LEZD e AX s ag A+ 77

<3 2>F ETF 7} ¥34&(%)9] 7125435 YeRd Al £E7]7F 5 o]
7V & ETFE VOOe| i, 714 2+& ETFE UCOZ uehyttl E583ke] 4$- UCO7t

P 2A A= AL, YA ETFE F7H55 F4 8= VOO vl =gl th& o =2
JEE EE ETF/F S()ollx, ¥% k2 25 3Rt} F oW, Jarque-Bera %

= HA
5% frolgEdld AT 712k,

N

<E 1> BMO4 ETF 4

AR I = ETF Name R
(Ticker) F A A 4(Index Tracked By ETF) cee
Proshares Ultra Bloomberg Crude Oil ETF
uco Bloomberg Commodity Balanced WTI Crude Oil Index 11/24/2008
Vanguard Real Estate ETF
vNQ MSCI US Investable Market Real Estate Index 09/23/2004
ICLN iShares Global Clean Energy ETF 06/24/2008

S&P Global Clean Energy Index
SPDR S&P Global Infrastructure ETF
Gl S&P Global Infrastructure Index 01/25/2007

Vanguard 500 Index ETF

VOO &b 200 e 09/07/2010
<¥ 2> ETF 714 H=t29| 7| Z8AY
20119 1€ 295 20284 99 0L ETF 744 W00 /125028 AE 23]
i UCO VNQ ICLN GII VOO

it ~0.1401 0.0248 0.0059 0.0187 0.0454
EFA% 47159 1.2955 17120 11061 11064
Sk 28,620 8.7130 10.799 10.771 9.1087
Az ~84.002 -19514 -13.709 -14979 ~12.487

15 ~3.2052 ~1.3983 ~0.4018 ~1.6254 ~0.7526
A% 52.254 26.769 8.8076 32.239 17.048
Jarque-Bera 320558.8 765195 4591.74 115620.0 26666.3
(Probability) (0.000) (0.000) (0.000) (0.000) (0.000)

[29 1]& ETF9 714 Fol& vehd A =
=8 UCOE Al&jsta FsFAE Kol Al7|Ho R sxstyE 7|te 21
t}, 283l COVID-197}F &2ksl 2020 3 = <
EHoR B 4 94w VNQ9} G drdow
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2 uco vnQ 2 e
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A g VN
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> Oy B0 DD > N KA TV o SN SD PR DI N A Sh o Do e

SESTRASES ST SE3F R R SESTESTES ST STR3E

FRERRETLTLIRRLLSLSRS FRLRTLLLTLRREHETSSRS AR LR AL AL A A LA AL L L L

wwwwwww

SESTESTESE TN ITSTE SESTES SIS
FELRRREREERRERSSRRS FELRERERLLLLRERESRRS
9 a2y 2011d 1€ 2¢

<¥ 3>© ETFe| ®54$ ARQ)-GARCH(LD® 8 0 2 343 t& Time-Varying
Parameter VAR(Vector Autoregressive) 28 ¢l 71 %3] WA do|Z 343§ Azfolt}
571 ETF9] & A7/ o] 36.8%¢t= HellA] ETF tholl des= HeAd dolayes F3t
Aoz ek /i ETF #3olA BH, VNQ(F-54F ETF)dl| that GI(Ql =&}

559)
ETF)®] W84 7)ol 586%2 493l 37 459, Gl olA) ETFe thshi =
WEY fE0] 2 ACE eItk 3, R4 - 9% - B 287 oUA Agel wEAe)
Qe Aol WBHe] v B ool Stk ohg e GIel A5 AT
FAA e AR A} B 71919 Gl Sla) X7 A7) we] D)
Qo] gl oux] - A - fEelE Foke] MEAE GE A & gtk Ho]
WHdE Ao ®Helth 12]al VNQ 2 ICIN(ZIEH olv#] ETF) VOO(F2A17 ETF)%
QAN A 5900 2R FAHLh

¥ 3> HSH To[X|+ FYE

<
UCO(L), VNQ(F-54), ICLN(RI g v A)), GI(LZ2}), VOO(F7HA)ol tiE s doldee 47 A3tq.

uco VNQ ICLN GII VOO From
uco - 0.0 0.8 16.9 1.0 18.8
VNQ 0.1 - 1.3 58.6 47 64.6
ICLN 0.0 0.1 - 37.0 2.7 39.9
GII 0.2 0.0 0.2 - 3.0 34
VOO 0.2 4.1 49 48.3 - 574
To 0.5 4.3 7.2 160.8 11.4 184.2

NET -18.3 -60.3 -32.7 1574 -452 36.8
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Aol VAL WEY GFS ZAT Zolth F IUS W, BIHNOR 43} e
W al g29lo] B L) ETF $7UR 452 Aol Aw sete Avdon
AAA AL FA F5T o F Feshe Aol 4 wolglth B3] ;i) vholel 2
§A22 Ao FAMA FEAL A5 Aol B} AAFE A0 Yobf A2 B
%4 9le] AL 55 UCO, VNQ, GIIe| 4§ =zuh 34k 27]3welA vl
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A8 sA vE 2 XEZES JhEA At 2ad FE4HS DCC-Copula GARCH

REgor FAs oW, <3 4>+ DCC-Copula GARCH %% 9| A F}oltt
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,,]T]]‘cﬂ—
UCO/VNQ UCO/ICLN UCO/GII UCoO/vVOO

a 0.0303(4.632) 0.0198(4.417) 0.0275(4.036) 0.0365(4.083)

38 0.9519(79.34) 0.9716(136.6) 0.9424(54.52) 0.9427(52.99)

v 19.972(3.319) 17.672(2.908) 13.415(4.087) 14.183(3.869)

p 0.218 0.289 0.360 0.333
VNQ/UCO VNQ/ICLN VNQ/GII VNQ/VOO

a 0.0303(4.632) 0.0436(6.144) 0.0375(5.002) 0.0464(5.199)

3 0.9519(79.34) 0.9401(85.89) 0.9407(69.41) 0.9391(70.32)

v 19.972(3.319) 12.223(4.676) 12.730(4.903) 11.214(5.644)

P 0.218 0.436 0.604 0.605
ICLN/UCO ICLN/VNQ ICLN/GIL ICLN/VOO

a 0.0198(4.417) 0.0436(6.144) 0.0344(5.025) 0.0466(5.078)

B 0.9716(136.6) 0.9401(85.89) 0.9452(73.83) 0.9239(53.46)

v 17.672(2.908) 12.223(4.676) 8.4326(6.063) 7.7717(7.025)

P 0.289 0.436 0.587 0.649
GII/UCO GII/VNQ GIV/ICLN GII/VOO

a 0.0275(4.036) 0.0375(5.002) 0.0344(5.025) 0.0449(6.584)

8 0.9424(54.52) 0.9407(69.41) 0.9452(73.83) 0.9207(72.51)

v 13.415(4.087) 12.730(4.903) 8.4326(6.063) 10.091(5.459)

P 0.360 0.604 0.587 0.712
VOO/UCO VOO/VNQ VOO/ICLN VOO/GII

a 0.0365(4.083) 0.0464(5.199) 0.0466(5.078) 0.0449(6.584)

B 0.9427(52.99) 0.9391(70.32) 0.9239(53.46) 0.9207(72.51)

v 14.183(3.869) 11.214(5.644) 7.7717(7.025) 10.091(5.459)

P 0.333 0.605 0.649 0.712
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HR Mean  Std.Dev. 5% 95%  Hedeg Ratio HE p-value
UCO/VNQ 0.62 0.55 -0.25 154 0.06 0.00
UCO/ICLN 0.78 0.48 0.14 1.69 0.12 0.00
UCO/GII 161 0.61 0.75 2.80 0.13 0.00
UCO/VOO 1.50 0.80 0.30 2.89 0.13 0.00
VNQ/UCO 0.05 0.06 -0.01 0.16 0.12 0.06
VNQ/ICLN 0.31 0.16 0.10 0.61 0.43 0.00
VNQ/GII 0.75 0.21 0.43 1.13 0.57 0.00
VNQ/VOO 0.74 0.23 0.38 1.15 0.58 0.00
ICLN/UCO 0.12 0.08 0.02 0.26 0.13 0.00
ICLN/VNQ 0.63 0.24 0.27 1.05 0.32 0.00
ICLN/GII 1.01 0.26 0.62 1.45 0.41 0.00
ICLN/VOO 113 0.31 0.68 1.66 0.48 0.00
GII/UCO 0.09 0.04 0.04 0.16 0.18 0.00
GI/VNQ 0.53 0.13 0.34 0.74 0.57 0.00
GII/ICLN 0.35 0.11 0.17 0.54 0.54 0.00
GII/VOO 0.72 0.18 0.46 1.04 0.65 0.00
VOO/UCO 0.08 0.06 0.01 0.20 0.18 0.00
VOO/VNQ 0.55 0.20 0.23 0.88 0.60 0.00
VOO/ICLN 0.40 0.16 0.20 0.69 0.57 0.00

VOO/GII 0.74 0.24 0.42 1.20 0.65 0.00
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<¥ 6> 38 ZEEZ[2 FHH|IE
Mean Std.Dev. 5% 95%  Portfolio Weight HE  p-value
UCO/VNQ 0.04 0.04 0.00 0.12 0.92 0.00
UCO/ICLN 0.08 0.09 0.00 0.26 0.87 0.00
UCO/GII 0.00 0.01 0.00 0.02 0.94 0.00
UCo/vVOO 0.01 0.03 0.00 0.07 0.94 0.00
VNQ/UCO 0.96 0.04 0.88 1.00 0.00 0.90
VNQ/ICLN 0.77 0.17 0.46 1.00 0.06 0.07
VNQ/GII 0.30 0.23 0.00 0.70 0.28 0.00
VNQ/VOO 0.32 0.27 0.00 0.85 0.27 0.00
ICLN/UCO 0.92 0.09 0.74 1.00 0.05 0.16
ICLN/VNQ 0.23 0.17 0.00 0.54 0.46 0.00
ICLN/GII 0.06 0.10 0.00 0.26 0.58 0.00
ICLN/VOO 0.07 0.17 0.00 0.42 0.56 0.00
GII/UCO 1.00 0.01 0.98 1.00 0.00 0.99
GI/VNQ 0.70 0.23 0.30 1.00 0.02 0.60
GI/ICLN 0.94 0.10 0.74 1.00 0.00 0.94
GII/VOO 0.50 0.34 0.00 1.00 0.13 0.00
VOO/UCO 0.99 0.03 0.93 1.00 0.00 0.98
VOO/VNQ 0.68 0.27 0.15 1.00 0.00 0.89
VOO/ICLN 0.93 0.17 0.58 1.00 -0.05 0.17
VOO/GIL 0.50 0.34 0.00 1.00 0.13 0.00
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Abstract

A Study on the Dynamic Connectedness and Portfolio
Optimization of Global Alternative Investment Assets
Using ETFs"

Byung Jo Yoon™*

This paper investigated dynamic connectedness based on volatility spillover for five ETFs
(crude oil, real estate, infrastructure, eco—friendly energy, and stocks), and estimated the
optimal hedge ratio and portfolio weight using daily data for the period from January 2, 2011
to September 30, 2023.

The results of empirical analysis during the sample period are as follows. First, the total
connectedness between ETFs analyzed was estimated to be 36.8%, which is a relatively
intermediate level, and the infrastructure market contributed the most to the volatility of
crude oil, real estate, clean energy, and stock markets. In addition, net outflow was dominant
in the infrastructure market, and net inflow was dominant in the stock market. Second, hedge
costs were the highest when using infrastructure ETFs for crude oil, real estate, and stock
ETF, and stock ETF cause high hedge costs. In addition, stock ETF were suitable for crude
oll ETFs and infrastructure ETFs for stock ETFs to increase the portfolio diversification
effect based on dynamic connectedness. Third, the dynamic hedging strategy was estimated
to be more efficient than the portfolio weighting strategy, and according to the portfolio weighting
strategy, statistically significant results were obtained only when the crude oil ETF and

stock ETF were organized with 509 investment weight, respectively.

Key words: Alternative Investment, Time-Varying Parameter VAR, Volatility Spillover,
Hedging Effectiveness, ETF

* This paper was supported by Konkuk University in 2022.
#*% Professor, College of Business Administration, Konkuk University, +82-2-2049-6040,
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