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%OwW|t s=Hv=

e = 1� v(H)
v(U)

(10)

|wiDQwB Tv=} Q=w v(U) w xOW xO=O VWwB |wiDQwB Tv=} Q=w Q@=Q@ v(H) xm} Qw]x@
Vy=m OYQO w |}=Q=O O@U Tv=} Q=w 7 pwOH "OW=@|t lU} Q VWwB uwO@

"OyO|t u=Wv EL@ OQwt hrDNt |=ypOt |=Q@ =Q Tv=} Q=w

"VECH-GARCHpOt R= xO=iDU= =@ xv}y@lU} QVWwBC@Uv Q}O=kt "2pmW

"BEEK-GARCHpOt R= xO=iDU= =@ xv}y@lU} QVWwBC@Uv Q}O=kt "3pmW

CUO@ lU} Q VWwB xv}y@ C@Uv q] xmU |D; xOR=@ |]QW Tv=} Q=w x@ q]
"OW=@|t xOy=Wt p@=k 4 =D 2 pmW QO xm O};|t

xOy=Wt p@=k '6 pwOH QO =} wB |=ypOt |=QH= R= pY=L G}=Dv |Ov@`tH
"OW=@|t

w =DU}= |=ypOt R= xO=iDU= =@ lU} Q VWwB xv}y@ C@Uv x@U=Lt R= TB
|@=} RQ= "CU= xOW xOt; CUOx@ |=yC@Uv T=U=Q@ |wiDQwB p}mWD x@ s=Ok= '=} wB
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Ovyt u=wva@ xO=O 34 |va} u; Qo}O 155 w |Q=PoxLY |=yxO=O u=wvax@ xO=O 34 O=OaD

"OW xDiQo Q_v QO CUD |=yxO=O
OOQo|t x�=Q= xm@W x@ VRwt; x@ \w@ Qt |=yxO=O =OD@= 'xm@W |Q}oO=} Ov}=Qi QO
w ?=NDv= xm@W \UwD |iO=YD CQwYx@ =yuwQv u}@=t Cq=YD= x}rw= |=yuRw w
R= xwQo u}rw= 'xm@W |=yuRw s}_vD w VRwt; xawtHt |=yxO=O |Q=PoQ=@ R= TB
xO=iDU= =@ xm@W |HwQN TBU "OwW|t p=ta= xm@W x@ |OwQw u=wvax@ =yxO=O
QO "OOQo|t xU}=kt ?wr]t |HwQN =@ w xOW x@U=Lt |Q}oO=} sD} Qwor= w `@=wD R=
OyO|t Q}}eD =Q xm@W |=yuRw 'xOW x@U=Lt T=}=@ R= xO=iDU= =@ xm@W Oa@ xrLQt
'|OwQw Qy p=ta= R= TB xm OOQo|t p=ta= VRwt; |=yxO=O pm |=Q@ C=}rta u}= w
Oa@ w OQ=O s=v Q=QmD l} jwi Ov};Qi Q=QmD Q=@ Qy "OvOQo|t s=ovyx@ xm@W |=yuRw
xU}=kt hOy Q=Okt =@ w (MSE) xOW x@U=Lt =]N C=a@ Qt u}ov=}t Q=QmD Qy R=
Qo}O pm}U l} xQ=@ wO OW=@ hOy |=]N R= QDoQR@ =]N xm|DQwY QO &OwW|t
x@ l}ORv |=]N u=}O=Qo x@ uO}UQ VRwt; hkwD \QW =Hv}= QO "OwW|t Q=QmD
u=Wv hrDNt |=y|SwrwB wD |=Q@ =Q hkwD x_Lr QO G}=Dv 8 pwOH "CU= QiY

"OyO|t
\w@ Qt '=]N C=a@ Qt u}ov=}t OQmrta `@=D T=U= Q@ |O=yvW}B xm@W u} QDy@
=@ Q@=Q@ |Q=Okt xm OW=@|t CUD |=yxO=O MSE u} QDtm =@ 2 xQ=tW |SwrwB wD x@
"OW=@|t =Q=O =Q CUD xrLQt x@ \w@ Qt 0 0491 w VRwt; xrLQt |=Q@ 0 0166
w 0 971 &OQ=O =Q 1 OOa x@ l}ORv Q=}U@ R 'pOt u}= |=y|HwQN u}vJty
"OW=@|t xm@W u}= CUD w VRwt; xrLQt x@ \w@ Qt R ?} Q[ ?}DQDx@ 0 8811
w =]N C=a@ Qt u}ov=}t |UQQ@ u=ty pY= QO '|@Ya |=yxm@W |Q=PoxLY
xOW VR=Q@ pOt xm |DQwYQO xm OW=@|t VRwt; Ov};Qi u}L QO =]N u=}O=Qo
Ov}=Qi 'OW=@ VR=Q@ ?U=vt |=yQ=}at x@ xHwD =@ |rw@k p@=k OQmrta K]U QO
|SwrwB wD xt=O= QO "OwW|t hkwDt pw@k p@=k pOt x@ |@=}CUO |=vatx@ VRwt;
6 pmW QO pOt CUD w |Q=PoxLY 'VRwt; pL=Qt w 5 pmW =@ j@=]t QDQ@
Q=@ 13 R= TB VRwt; Ov};Qi OwW|t xOy=Wt xmQw]v=ty "OW=@|t xOy=Wt p@=k
xO}UQ xm@W |=yT=}=@ w =yuRw Q}O=kt |=Q@ OwN Q=Okt u} QDy@ x@ =yxO=O Q=QmD

"CU=
w =yx}q O=OaD QO CUD w VRwt; |xrLQt QO hkwD x_Lr QO G}=Dv "8 pwOH

"=yxO=O QO Cw=iDt |=yC@Uv
CUD |=y xO=O VRwt; |=y xO=O
R MSE R MSE

x}q uwQv
#|iNt

0 5031 0 0701 0 943 0 0243 3 1
0 8811 0 0491 0 971 0 0166 4 2
0 7410 0 0930 0 980 0 0681 5 3
0 8511 0 06228 0 943 0 0257 6 4

l} w |v=}t x}q QO uwQv 4 pt=W |O=yvW}B uwQDBUQB xm@W |SwrwBwD "5 pmW
"|HwQN x}q QO uwQv

VAR 'OLS |=ypOt xty OQm u=wva xvwou}= u=wD|t 'pY=L G}=Dv T=U=Q@
Vy=m w xv}y@ lU} Q VWwB C@Uv u}}aD QO |v=Um} |}=Q=m |=Q=O VECM w
BEKK- 'VECH-GARCHIQ=o|=} wB pOtxUu}@ R= w OvDW=O|wiDQwBlU} Q
|SD=QDU= =@ xU}=kt QO VECH-GARCH pOt CCC-GARCH wGARCH

pOt wO xm CU= |r=LQO u}= w xDW=Ov |v=OvJ |}=Q=m Ow@y@ xO=U lU} Q VWwB
pOt w OvDW=O |}q=@ ,=D@Uv |}=Q=m CCC-GARCH w BEKK-GARCH

lU} Q Vy=m QO =ypOt Q}=U =@ xU}=kt QO =Q |}=Q=m u} QDy@ BEKK-GARCH

"CU= xDW=O |wiDQwB
OQwt |=ypOt w |=y|SD=QDU= u}@ R= xm p=wU u}= x@ MU=B |=Q@ C}=yv QO
u=wD|t 'OQ=O |QDq=@ |}=Q=m l}t=Om xv}y@ lU} Q VWwB C@Uv u}}aD QO xO=iDU=
u}}aD CyH pOt w |SD=QDU= u} QDy@ '|UQQ@ u}= G}=Dv T=U=Q@ xm OQm u=wva xvwou}=
pm QO "OW=@|t BEKK-GARCH |=} wB pOt 'lU} Q VWwB xv}y@ C@Uv
q] xmU |D; w QqO |Okv Ct}k u}@ xm OQm u=}@ u}vJu}= u=wD|t 'G}=Dv T=U=Q@
QqO Ct}k `]=kDt lU} Q VWwB u=mt= p}rO u}= x@ w OQ=O OwHw |Q=O|vat x]@=Q
=Q |wiDQwB lU} Q |yHwD p@=k u=R}tx@ |SD=QDU= u}= w xOw@ q] xmU |D; Ct}k =@

"OyO|t Vy=m
OwHw w u=tR |] QO C@Uv u}= Q=Okt QO C}a]k sOa OwHw R= |m =L G}=Dv
C@Uv |v=tR|QU QO |r@k |=yxQwO |=yxO=O x@ |oDU@=w R= Q=O|vat |=ywor=
xm@W p}@k R= l} QDt=Q=B=v |=yVwQ R= xO=iDU= |QDQ@ xm OW=@|t lU} Q VWwB
"O}=tv|t x}HwD |v=tR |QU u}= |D; Q}O=kt |v}@V}B |=Q@ =Q |awvYt |@Ya
xU}=kt� u=wva =@ Vv=Q=mty w |R=Q}W \UwD 2023 p=U QO xm |=xar=]t T=U=Q@
|QDQ@ 'OW s=Hv= �|awvYt |@Ya xm@W =D uw}UQoQ R= %|r=t |=ylU} Q wVWwB

[18]"O}OQo C=@F= OwHwt |=yVwQx@ C@Uv |@Ya xm@W OQm} wQ

xv}y@ C@Uv |v}@V}B CyHx@ |@Ya xm@W QO MLP pOt "6"4
lU} Q VWwB

Q=DN=U R= |awvYt Vwy |=yxN=W R= |m} u=wvax@ |awvYt |@Ya xm@W pOt
|=ypOt R= |=xawtHt 'pta QO =yv; "CU= xOW |Q=OQ@ wor= u=Uv= Ret |=yuwQv
w xOw@ =yxO=O QO OwHwt |=ywor= hWm x@ QO=k xm OvDUy Q}PBh=]av= |]NQ}e
x@ =Q =yxO=O QO u=yvB u}v=wk =} w C=aq]= '|@ QHD |=yxO=O VR=OQB pqN QO
QO xm |awvYt |@Ya xm@W |=ypOt R= |m} [19]"Ovvm|t pkDvt xm@W Q=DN=U
'xar=]t u}= QO xm OW=@|t uwQDBUQB |@Ya xm@W pOt 'OQ=O OQ@ Q=m |v}@V}B
|=} wB VwQ \UwD xOW x@U=Lt� lU} Q VWwB xv}y@ C@Uv |v}@V}B Qw_vtx@
<RH 'x}qOvJ uwQDBUQB |=yxm@W "OQ}o|tQ=Qk xO=iDU= OQwt �BEKK-GARCH

Q=tWx@ |]NQ}e |=ysDU}U |R=UpOt |=Q@ |@Ya xm@W |=ypOt u} QDOQ@ Q=mQB
u}tND x@ QO=k xm OvDUy |R=UpOt |=yVwQ xrtH R= =yxm@W ẁv u}= "Ov};|t
|=Q@ Q}PBh=]av= x@U=Lt ?wJQ=J l} w OvDUy =yxO=O QO OOaDt |]NQ}e OQ=wt

[20]"Ov}=tv|t x�=Q= |v=tR |=y} QU XwYNr=|ra |]NQ}e p�=Ut R= |a=wv=
p=U x=tO=OQt 8 =D 1396 p=U |=OD@= R= q] xmU |D; w QqO |Okv xOR=@
lU} Q VWwB xv}y@ Q=Okt w |O=yvW}B uwQDBUQB |OwQw |=yQ}eDt u=wvax@ '1400
xOt; CUOx@ Q}O=kt R= CU= QmPx@ sRq "OW xDiQo Q_vQO |HwQN Q}eDt u=wvax@
VWwB xv}y@ C@Uv |N} Q=D |=yxO=O u=wvax@ BEKK-GARCH |=} wB pOt R=
xm OW=@|t 227 =@ Q@=Q@ C=Oy=Wt O=OaD "OW xO=iDU= xR=@ u}= x@ \w@ Qt lU} Q
|va} u; �15 'VRwt; |=yxO=O u=wvax@ xO=O 159 |va} u; �70 O=OaD u}= R=
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Q=O=vat x]@=Q OwHw p}rOx@ 'u}=Q@=v@ "OQ=O OwHw |Q=O=vat x]@=Q q] xmU |D; Ct}k
|D; =@ QqO RQ= MQv lU} Q VWwB u=mt= Q@ |v@t swO x}[Qi '|}=Q=O wO u}= u}@
R= pY=L G}=Dv =@ |Q}oxH}Dv u}= xm OW xDiQ}PB w CiQo Q=Qk uwtR; OQwt q] xmU

[21]"OQ=O |v=wNty �1397� u=Q=mty w =Q;Qyt C=k}kLD
BEKK- |=} wB pOt 'hrDNt |=ypOt u}@ R= xm O=O u=Wv G}=Dv u}vJty
=@ xH}Dv u}= xm xOw@ |wiDQwB lU} Q Vy=m QO OQmrta u} QDy@ |=Q=O GARCH

|=yxO=O T=U= Q@ xm �2019� |q w �1398� u=Q=mty w |O=}Y C=k}kLD G}=Dv
R= 'u}vJty [10w7]"OQ=O |v=wNty 'CU= xOW s=Hv= s=N Civ |}=Q=O x@ \w@ Qt
VWwB xv}y@ |=} wB C@Uv |v}@V}B Qw_vtx@ uwQDBUQB |awvYt |@Ya pOt l}
p@=k |}=Q=m Qov=}@ G}=Dv xm O}OQo xO=iDU= =y|}=Q=O Ct}k xOR=@ T=U= Q@ lU} Q
|=Hx@ =y|}=Q=O xOR=@ R= xO=iDU= =@ |v}@V}B |}=Q=m V}=Ri= u}vJty w pOt u}= pw@k

"Ow@ =y|}=Q=O Ct}k
'|]}Lt |v=v}t]==v \}=QW QO lU} Q Vy=m |=Q@ =yQ=R@= u} QDxO=U R= |m}
=@ "OW=@|t lU} Q VWwB |=y|SD=QDU= |Q}oQ=mx@ w |D; |=yO=OQ=Qk R= xO=iDU=
\}=QW QOC}a]k sOa OwHw u}vJty w u=Q}= QO Q}N= |=yp=U QO 'q=@ sQwD x@C}=va
xHwD OQwt x}=tQU Q=R=@ QO |Q=Pox}=tQU lU} Q VWwB |=yQ=R@= R= xO=iDU= '|]}Lt
OQm} wQ |}=U=vW 'OwW|t |Q=PohOy xar=]t u}= QO xJv; [22]"Ov=xDiQo Q=Qk |QDW}@
=@ lU} Q VWwB xv}y@ C@Uv |v}@V}B w x@U=Lt QO OwHwt |=yOQm} wQ u}@ R= QDQ@
uwO@ "CU= |]}Lt |=y|v=v}t]==v u}vJty w C@Uv u}= |=} wB C}y=t x@ C}=va
uwJty |R=Ux}@W =} �l} QDt=Q=B� |R=UpOt Q@ |vD@t |=yOQm} wQ OQmrta lW
pmW |r@k C=aq]= u}vJty w |Q}oO=} T=U= Q@ xm |awvYt |@Ya |=yxm@W
=tQismL |=xat=H Q@ |a=tDH= w |O=YDk= '|U=}U C=QF= xm|]}=QW QO "OvQ}o|t
'OwW|t |Q=PohOy xar=]t u}= QO xJv; =t= "CiQo Oy=wN Q=Qk Q}F-=D CLD 'OW=@
C@Uv u}= u}tND |=Q@ QDQ@ OQm} wQ |Q}oQ=mx@ w OwHwt |=yOQm} wQ OQmrta xU}=kt
|v=v}t]==v \}=QW QO xm |OQm} wQ� CU= l} QDt=Q=B=v OQm} wQ l} =@ u; |v}@V}B w
xm@W l} QDt=Q=B=v OQm} wQ R= xO=iDU= OW=@|t QmP@ sRq "�Ovm|t pta QDy@ |]}Lt
u=wvax@ [23]"CU= xDi=} xaUwD 'xOvU} wv |r@k xar=]t QO xm |R=i |awvYt |@Ya
uOwtv ^=Lr w x@U=Lt 'xHwD p@=k C=aw[wt Qo}O R= "OOQo|t x}YwD |D; xar=]t
C} wkD w lU} Q VWwB |@=} RQ= lqt l} u=wvax@ Q]N ZQat QO VRQ= Q=Okt
QO Ov=wD|t 'lU} Q VWwB C@Uv Q=Okt u}}aD QO A}y p}rLD R= xO=iDU= =@ Q=m
QO |r@k C=ar=]t G}=Dv x@ C}=va =@ 'u}vJty "OQ}oQ=Qk xar=]t OQwt |D; C=ar=]t
u=Dre |awvYt |@Ya xm@W Ow@y@ |=aO= u=wD|t 'l} QDt=Q=B |=ypOt |Q}oQ=mx@

"O=OQ=Qk uwtR; OQwt w KQ]t =Q C@Uv u}= 'QDj}kO |v}@V}B |=Q@ �QwUQoQOwN�

"=yxO=O Q=QmD hrDNt pL=Qt QO CUD w |Q=PoxLY 'VRwt; |=yQ=Owtv "6 pmW
"QDQ@ xm@W R= xO=iDU= =@ |D; xQwO 5 |v}@ V}B "9 pwOH

xOW |v}@ V}B Q=Okt xQwO s=v
0 8511 pw= xQwO
0 9030 swO xQwO
1 104 swU xQwO
1 370 sQ=yJ xQwO
1 238 sHvB xQwO

VWwB xv}y@ |=yC@Uv '�2 xQ=tW |SwrwB wD� xOW ?=NDv= xm@W R= xO=iDU= =@
"O}OQo x@U=Lt 9 pwOH =@ j@=]t |D; |=yxDiy |=Q@ lU} Q

|Q}oxH}Dv w |Ov@ `tH "5
w C=v=Uwv Q=yt 'u=Q}= QO QqO RQ= MQv O}OW C=v=Uwv CyHx@ Q}N= |=yp=U QO
QO =Q=m |=yVwQ R= |m} "CU= xDiQo Q=Qk |Q=}U@ xHwD OQwt u; lU} Q VWwB
Vy=m CyH `]=kDt lU} Q VWwB w |D; O=OQ=Qk R= xO=iDU= lU} Q Vy=m CyH
`]=kDtlU} QVWwB u=mt=|UQQ@ 'VywSB u}= R= hOy "OW=@|t |wiDQwBlU} Q
p=@vOx@ VywSB u}= 'Qo}O CQ=@ax@ &CU= u=Q}= |r=t Q=R=@ QO q] xmU |D; =@ RQ= MQv
'q] xmU |D; w QqO pt=W |}=Q=O O@U l} p}mWD =@ xm CU= ẁ[wt u}= |UQQ@

"OyO Vy=m w xO=O VWwB u=mt= OL =D =Q QqO C=v=Uwv lU} Q
|oDU@tyu}vJty w q] xmU|D; w QqO |Q=t;C=YNWt =OD@= 'VywSBu}= QO

=yCWwv=B
1. Naive Approach
2. Hedger
3. Optimal Hedge Ratio
4. Arouri et al
5. Bonga-Bonga & Umoetok
6. Sadorsky & Sharma

7. Ordinary Least Square
8. Lai et al
9. Wang et al
10. Bai et al
11. Constant Conditional Correlation
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