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lU} Q VHvU QO xm CU= |OQ=wt u} QDsyt xrtH R= lU} Q ZQat QO VRQ=
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|=Q@ xYqN w xO=U |Q=t; VHvU Q=}at l} lU} Q ZQat QO VRQ= "OwW u=} R
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Q=R=@ |=yMQv =} =yCt}k ?wr]t=v C=Q}}eD Cra x@ |wiDQB =} =y|}=Q=O VRQ= Vy=m

[16]"CU=
u; QO w Ovm x�=Q= Qop}rLD x@ u}at |OOa Oy=wN|t lU} Q ZQat QO VRQ=
QWDvt xYqN w xOQWi Qw]x@ =y|Q=Pox}=tQU O@U lU} Q OQwt QO C=aq]= OOa
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45 R= V}@ |v=} R w QQ[ CU= umtt xv=RwQ |xrt=at 100 R= OQwt l} QO =yvD

[17]%CU= Q} R CQwYx@ u; |xrO=at xm OyO@ MQ QqO uw}r}t
Pr[Q � �VaR(p)] = P (1)

P =
Z �VaR(p)

�1
fq(x)dx (2)

|wQ}B Q} R |x]@=Q R= lU} Q ZQat QO VRQ= |RmQt OL |x}[k x@ xHwD=@ u}vJty
[18]%Ovm|t

VaRt = �Pt�1(�t � �tZ�) (3)

't |xQwO QO xOR=@ u}ov=}t �t 't � 1 |xQwO QO syU Ct}k Pt�1 u; QO xm
QO OQ=Ov=DU= p=tQv Q}eDt Q=Okt Z� C}=yv QO w 't |xQwO QO Q=}at h=QLv= �t
|}=Q=O xOR=@ `} RwD |oO}Wm uO=Ou=Wv |=Q@ x=Q l} "CU= 1� � u=v}t]= K]U
CUOx@ Q} R |x]@=Q R= xm CU= p=tQv `} RwD |=H x@ CvOwDU= -t `} RwD R= uDiQoxQy@

%O};|t

VaRt = �Pt�1(�t �
r
� � 2
�

�tt�;�) (4)
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* * * * *

Volatility

VQ=t w uwUt}O
"OvDW=O |QDy@ G}=Dv |vw}UQoQ

forecasting

�1990�without data-

snooping

Q@ |}=tv lQLDt u}ov=}t pOt
* *

Forecasting

nvwy w um
"OQ=O |QDQ@ IQ; pOt

volatility in the

�1992�Singapore stock

market

QO u} QiVRQ= |x} Q_v VwQ

* * *

Extreme value

u=Q=mty w |Hvo|v}@V}B QDq=@ |=ylOvJ theory and Value-

�2004�|=yVwQ x@ C@Uv |QDj}kO at-Risk: Relative

� Tv=} Q=w VwQ w |N} Q=D |R=Ux}@W performance in

"OyO|t Tv=} Q=wwm emerging markets

|=Q=O l}DUqB w l}DUq CavY

*

Estimating the

Q̀=R w |r}rNw lU} Q ZQat QO VRQ= u} QDtm risk of stock

�2011�p}=Uw w =yx=oDUO CN=U `}=vY market industary

QO VRQ= u} QDW}@ |=Q=O |]=@DQ= in Tehran based

"OvDUy lU} Q ZQat on the Value at

Risk

uDiQoQ_vQO =@ u} QiVRQ= |x} Q_v
* Value at Risk

u=Q=mty w xO=R|ivLR= |QDy@ G}=Dv |]QW |=yCr=L �2014�"CU= xO=O x�=Q= OwN
w lU} Q ZQat QO VRQ= OQw;Q@

*

GARCH models

u=Q=mty w =}O=
QO |]QW lU} Q ZQat QO VRQ= for daily stock

�2014�
xy=txU w xv=y=t |v=tR ji= returns: Impact of

ji= x@ C@Uv |QDj}kO |v}@V}B estimation

"OyO|t |oDiy w xv=RwQ |v=tR frequency on

Value-at-Risk and

Expected

Shortfall forecasts

'Tv=} Q=w |v=Uty=v pOt xU u=}t R=

* * *

Estimating the

u=Q=mty w QwBKqiVRQ= x@ \w@ Qt OQw;Q@ u} QDQ@Dat

conditional value

�2015�TGARCH(1; 1) pOt =@ |OQw;Q@

at risk

"CU= CvOwDU= -t `} RwD QO

Conditional

Volatility Models

with symmetric

and asymmetric

in the gold and oil

markets
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* *

Value-at-risk

u}@nvwH w wU
x@ RQ= Q=R=@ R= |yHwD p@=k |ivt

estimates of the

�2015�
|=yQ=R=@ QO s=yU XN=W

stock indices in

Qwy_ p=L QO w xDi=}xaUwD
developed and

"OQ=Po|t
emerging markets

including the

spillover e�ects

of currency

market

K} QYD |]N Q}e uw}UQoQ pOt
*

Nonlinear

|r w s}mw xO=O u=Wv OwN R= |k}kO
expectile

�2016�"CU=mD= p@=k
regression with

application to

Value-at-Risk and

expected shortfall

estimation

%|w=Ut u=Rw= =@

�t =

vuut 1
T

TX
t=1

(rt � r)2 (6)

%|}=tv u=Rw= =@
�t+1 =

q
��2

t + (1� �)r2
t (7)

IQ=o VwQ �G
�1986� wrUQrw@\UwD xDi=}s}taDTv=} Q=w|v=Uty=v Q@ \wQWt|vw}UQoQOwN pOt
pwyHt QDt=Q=B u=wvax@ =Q Tv=} Q=w |x@U=Lt QO OwHwt u=Rw= 'pOt u}= "OW O=yvW}B
u} QDy@ =yxO=O x@xHwD=@ xm OyO|t xR=H= w OR=OQB|t =yu; OQw;Q@ x@ w OQ}o|t Q_vQO
|v=Uty=v Q@ \wQWt |vw}UQoQOwN pOt "OwW OQw;Q@ Tv=} Q=w |v}@V}B |=Q@ u=Rw=

[20]%Ovm|t |wQ}B Q} R |x]@=Q R= xDi=}s}taD Tv=} Q=w
�2
t = ! + � "2

t�1 +� �2
t�1 !�0; �+ ��1; �; ��0

(8)

|=Q@ Tv=} Q=w |v}@V}B �2
t�1 't |xQwO |=Q@ Tv=} Q=w |v}@V}B �2

t u; QO xm
|xQwO Tv=} Q=w |v}@V}B |=Q@ xm OvDUy pOt |=yQDt=Q=B !; �; � w t�1 |xQwO

xOR=@ C=v=Uwv |v}@V}B |=ypOt "3
xm Ov=xOw@ |m} QDt=Q=B |=ypOt =yvD xr=kt u}= QO xO=iDU= OQwt |v}@V}B |=ypOt
lQLDt u}ov=}t |=yVwQ R= 'wQu}=R= "Ovvm|t xO=iDU= xOR=@ |N} Q=D C=aq]= R=
xO=iDU= =QB}m Q=wDU= VwQ ,=D}=yv w 'IQ=o '7|}=tv lQLDt uwRwt u}ov=}t '6xO=U

"CU= xOW

xO=U lQLDt u}ov=}t VwQ �hr=
|xQwO C=v=Uwv |v}@V}B u=wvax@ p@k |xQwO OvJ C=v=Uwv u}ov=}t VwQ u}= QO
|xQwO |=[=kD =yv; u}ov=}t xm |}=yxQwO O=OaD u}}aD "OwW|t xDiQo Q_v QO Oa@

[19]"OQ=O xDWPo |=yxQwO C=aq]= VRQ= x@ |oDU@ 'OyO|t pmW =Q Oa@

�2
t;f =

kP
i=1

�2
t�i

k
(5)

|}=tv lQLDt uwRwt u}ov=}t VwQ �?
^iL =Q C=v=Uwv |}=} wB xmu; p}rOx@ |}=tv lQLDt uwRwt u}ov=}t R= xO=iDU=
Q=R=@ |=ylwW w C=v=Uwv x@ C@Uv 'OyO|t |QDW}@ uRw Q}N= |=yxO=O x@ w Ovm|t

[19]%CU= Q} RCQwYx@ u; CqO=at xm OQ=O |QD`} QU ptar=Tma
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u=DU
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h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt R= j}kLD u}= QO 'wQ u}= R= "OQ@@ q=@ =Q |v}@V}B w OQw;Q@ |}=Q=m w CQOk xm OQm

x�=Q= Q} R CQwYx@ xm CU= xOW xO=iDU= C=v=Uwv |v}@V}B |=Q@ =QB}m Q=wDU= VwQ
%OwW|t

�t = 1 25��jrtj+ (1� ��)�t�1 (15)

w Ovm|t Q=}DN= =Q l} w QiY u}@ |Q=Okt xm CU= R=UQ=wty QDt=Q=B �� u; QO xm
[22]%OwW|t x@U=Lt Q} R |x]@=Q T=U= Q@ u; |xv}y@ Q=Okt

�opt� = arg min
nX
t=1

(Yt � Ŷtjt�1 )2 (16)

QDl}ORv|v}@V}B w Ovm|thQ]Q@ =Qu}W}Bl}Uqm|=yVwQha[\=kvVwQu}=
"OyO|t x�=Q= C}ak=w x@

8lU} Q ZQat QO VRQ= |}=tR;TB |=yOQm}wQ "4
u}vJty w 10RB wr u=} R `@=D u}twO w 9RB wr u=} R `@=D u}rw= R= VywSB u}= QO
ZQat QO VRQ= |v}@V}B CkO |UQQ@ |=Q@ 11py}= w wmvq@ |}=tR;TB uwtR;
=@ |}=tR;TB |=yuwtR; |xawtHtQ} R uwtR; xU u}= "CU= xOW xO=iDU= lU} Q
hrDNt |=yVwQ |Ov@x@DQ w xU}=kt =yuwtR; u}= hOy xm OvDUy|}xU}=kt OQm} wQ
x@ |}=yxQtv 'u=} R `@=D l} T=U=Q@ =yVwQ u}= "CU= lU} Q ZQat QO VRQ=
QU}t =Q |Ov@x@DQ |xv}tR C=Qtv u}= xm OyO|t X=YDN= =yVwQ R= s=Om Qy

"OR=U|t

RBwr u=} R `@=D u}rw= �hr=
ZQat QO VRQ= Q=Okt R= V}@ u; Q=Okt xm u=} R Qy |=R=x@ RB wr l} w QiY u=} R `@=D
w OyO|t X=YDN= l} OOa u; x@ w Ovm|t ZQi |]ND l} 'OW=@ lU} Q
p=tDL= |xQtv `@=D l} TBU "Ovm|t P=ND= QiY Q=Okt `@=D u}= 'CQwYu}= Q}eQO
[23]"OQ}PB|t CQwY |Ov@x@DQ Ov}=Qi w OQ}o|t Q_vQO xQtv `@=D u=wvax@ swO xHQO

Ct =

8<:1 if Lt > VaRt

0 if Lt < VaRt

(17)

RBwr u=} R `@=D u}twO �?
|=yu=} R xm |rOt x@ w OQ=O OwHw =yu=} R |xR=Ov= |x@U=Lt u=mt= 'u=} R `@=D u}= QO

[23]"CU= Q} RCQwYx@ u; |xrO=at w OyO|t |QDW}@ Q=Okt 'OW=@ QDq=@ u;

Ct =

8<:1 + (Lt �VaRt)2 if Lt > VaRt

0 if Lt < VaRt

(18)

py}= w wmvq@ u=} R `@=D �G
Q@ xr=@vO |=yu=} R s}UkD =@ Q@=Q@ |vRw 'xr=@vO QO xOy=Wt Qy |=R=x@ u=} R `@=D u}=

[24]"OyO|t X=YDN= lU} Q ZQat QO VRQ=

Ct =

8<: (Lt�VaRt)
VaRt

if Lt > VaRt

0 if Lt < VaRt

(19)

|}=tvCUQO |xv}W}@ VwQ R= IQ=o pOt |=yQDt=Q=B OQw;Q@ |=Q@ "OwW OQw;Q@ O}=@ t
%Ovm|t |wQ}B Q} R |x]@=Q R= xm OwW|t xO=iDU=

"t = zt �t (9)

zt =
"t
�t

=
rt�E(rt)q

! + � "2
t�1 +��2

t�1
(10)

pOt |=yQDt=Q=B pt=W u; GQNt w CU= OQ=Ov=DU= p=tQv `} RwD |=Q=O C@Uv u}=
%OQ}o|t CQwY |}=tvCUQO |xv}W}@ VwQ =@ =yQDt=Q=B u}tND xm CU=

maxL = max
TY
t=1

't(zt j�t; �t ) = max
TY
t=1

� 1p2� exp
�� z2

t

2
��

(11)

l} p=tDL= sD} Q=or `@=D "CU= QDxO=U |tD} Q=or `@=D |R=Uxv}W}@ 'OQ=wt ?re= QO
lnL uOW xv}W}@ Ea=@ Ovm xv}W}@ =Q L xm |QDt=Q=B Qy TB &CU= |W}=Ri= `@=D

[20]%s}vm|t xv}W}@ =Q p=tDL= sD} Q=or `@=D wQ u}ty R= "OwW|t R}v
max lnL = max ln

TY
t=1

't(zt j�t; �t )

= max ln
TY
t=1

� 1p2� exp
�� z2

t

2
��

= max
XT

t=1

�
ln 1p2� �

z2
t

2
�

(12)

max lnL = max ln
TY
t=1

't(zt j�t; �t )

= max ln
TY
t=1

� 1p2� exp
�� z2

t

2
��

= max
XT

t=1

�
ln 1p2� �

z2
t

2
�

(13)

=QB}m Q=wDU= VwQ �O
CU= umtt 'OW=@ uyBsO =yxO=O `} RwD xm |v=tR |}=tv |R=UQ=wty |=yVwQ QO
C=v=Uwv |v}@V}B |=Q@ x]@=Q l} �1992� =QB}m "OQ}ov CQwY |@U=vt |v}@V}B
"Ovm|t `iQ xrwkt u}= QO =Q xO=U |}=tv |R=UQ=wty VwQ ha[ xm OQm x�=Q=
xm OQ}o|t CQwY |rwRv |UOvy Oa=YD T=U=Q@ |yOuRw |}=tv |R=UQ=wty QO
jraD QD|t}Ok C=aq]= x@ C@Uv QDO}OH C=aq]= x@ |QDW}@ uRw 'u; T=U= Q@
Q=Okt ẁtHt =@ Q@=Q@ p=U Qy |=Q@ xOWOQw;Q@ C=v=Uwv x]@=Q u}= j@] "OQ}o|t
p=U Ct}k |ak=w Q=Okt =@ u; hqDN= R= |@} Q[ w p@k p=U |=Q@ xOW|v}@V}B

[21]"CU= p@k
Ŷt+1 = Ŷt + � � (Yt+1 � Ŷt) (14)

|xQwO |=Q@ |v}@V}B Q=Okt Ŷt 't+1 |xQwO |=Q@ |v}@V}B Q=Okt Ŷt+1 u; QO xm
|v}@V}B |=]N x@ xOWxO=O uRw u=R}t � w t+ 1 |xQwO |ak=w Q=Okt Yt+1 't
Q}e w |v=yo =v `}=kw |vwvm |r=t |=}vO QO xm CW=O xHwD O}=@ =t= "CU= p@k |xQwO
hQY u; R= u=wD|tv w CU= QF-wt xOv}; C=v=Uwv |v}@V}B Q@ lOv= OvJQy xQ_Dvt
xO=iDU= |Q=wDU= pOt R= O}=@ C=v=Uwv pQDvm w |v}@V}B |=Q@ xH}Dv QO "OQm Q_v
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Qw;Q@

|=Q@
O}OH

|O
Qm}w

Q|
x�=Q=u=v}t]= Kw]U QO lU} Q ZQat QO VRQ= |x@U=Lt hrDNt |=yVwQ |]ND

wQOwN CavY |Okv xOR=@ w Ct}k XN=W |tD} Q=or xOR=@ `} RwD |=Q@ hrDNt
"CU=

,=twRr QDtm |]ND O=OaD T=U= Q@ xOR=@ C=v=Uwv |v}@V}B |=ypOt |Ov@x@DQ
|rOt R= O}=@ =ypOt |Ov@x@DQ |=Q@ wQ u}= R= "OQ=Ov x=Qty x@ |@ wr]t |xH}Dv
xm OW=@ Q=_Dv= OQwt |=y|]ND O=OaD Q@=Q@ u; |=y|]ND O=OaD xm OwW xO=iDU=
|QwO x@ |oDU@ =ypOt |x@DQ "OwW|t O=} |Ov@x@DQ Q=}at pOt u=wvax@ u; R=
hqDN= |xv}tm xm CU= |WwQ 'QDQ@ VwQ w OQ=O x}=B pOt =@ u=v; |m}ORv w
X = nP |x]@=Q R= Q=_Dv= OQwt |=y|]ND O=OaD "OW=@ xDW=O x}=B pOt =@ =Q
Ct Q=_Dv= OQwt VRQ= =@ Q@=Q@ P w C=Oy=Wt O=OaD n u; QO xm Ovm|t |wQ}B
Q@ =yVwQ R= l} Qy u=} R `@=D |xQtv O}=@ =ypOt |Ov@x@DQ |=QH= |=Q@ "CU=
Oy=wN x@U=Lt p@=k Q} R |x]@=Q R= xm OwW u}at |}=tR;TB |=yuwtR; |=v@t

[18]%Ow@
QPS = 2

n

nX
i=1

(Ct � P )2 (21)

sQ=yJ VN@ QO xm CU= |}=tR;TB uwtR; Qy u=} R `@=D u=ty Ct u; QO xm
u}vJty "CU= xOW xQ=W= u; x@ �lU} Q ZQat QO VRQ= |}=tR;TB |=yOQm} wQ�

"OvDUy Ct Q=_Dv= OQwt VRQ= w C=Oy=Wt O=OaD ?}DQDx@ P w n
VwQ u; OW=@ QDtm 3 pwOH QO Q=}at pOt =@ u=} R `@=D |xQtv hqDN= xJQy
Qw_vtu}tyx@ "Ovm|t ?Um =yVwQ Q}=U x@ C@Uv |QDq=@ |x@DQ w CU= QDj}kO
R= l} Qy x@ '3 pwOH Q=}at pOt =@ hqDN= uwDU x@ xHwD=@ 4 pwOH QO
w �97 5 '�95 K]U xU QO CvOwDU= -t w p=tQv |=y`} RwD |=R=x@ =yVwQ
xU |=yx@DQ u}ov=}t T=U=Q@ `} RwD Qy |=Q@ x@DQ TBU "OW P=ND= |}x@DQ �99
|x@DQ u}ov=}t T=U= Q@ VwQ |rm |x@DQ C}=yv QO w x@U=Lt |}=tR;TB uwtR;
xOy=Wt 4 pwOH QO xm xvwou=ty "OW x@U=Lt CvOwDU= -t w p=tQv `} RwD wO
uwRwt u}ov=}t VwQ 'swO |x@DQ IQ=o VwQ 'pw= |x@DQ =QB}m Q=wDU= VwQ OwW|t
?Um =Q sQ=yJ |x@DQ xO=U lQLDt u}ov=}t VwQ w 'swU |x@DQ |}=tv lQLDt

"OvOQm

|Q}oxH}Dv "6
|=yCUmW p=tDL= Ov=wD|t lU} Q ZQat QO VRQ= Q=R@= =@ lU} Q C} Q}Ot
OQw;Q@ OQ=O wrH x@ wQ |y=ov xmu; p}rOx@ w OyO Vy=m =Q `}Uw O=a@= QO |r=t
|v}@V}B hrDNt |=ypOt |UQQ@=@ xr=kt u}= QO "OyO|t x�=Q= lU} Q R= |QDj}kO
lU} Q ZQat QO VRQ= |v}@V}B |=Q@ pOt u} QDy@CU= xOW |aU xOR=@ C=v=Uwv
ZQat QO VRQ= OQw;Q@ |=Q@ =QB}m Q=wDU= VwQ R= wQu}=R= "OwW XNWt l} QDt=Q=B
xOR=@ C=v=Uwv |v}@V}B pOt xU =@ w OW xO=iDU= wQOwN CavY XN=W lU} Q
"Ot; ptax@ xU}=kt hrDNt u=v}t]= K]U xU QO |}=tR;TB uwtR; xU |xr}Uwx@
�99 w �97 5 '�95 u=v}t]= Kw]U =@ p=tQv `} RwD QO xm OyO|t u=Wv G}=Dv

|Q=t; p}rLD w =yxO=O "5
=yxO=O "1"5

|=OD@= R= wQOwN CavY XN=W |xv=RwQ |tD} Q=or xOR=@ xO=iDU= OQwt |=yxO=O
xm Ovm|t |wQ}B 19 |x]@=Q R= w CU= 1394 x=t Qw} QyW |=yDv= =D 1390 p=U
QO wQOwN XN=W Q=Okt ?}DQDx@ Pt�1 w Pt 't |v=tR |xQwO QO xOR=@ Rt u; QO

"CU= t� 1 w t u=tR
Rt = Log( Pt

Pt�1
) (20)

C=v=Uwv xar=]t OQwt |xR=@ QO wQOwN XN=W |tD} Q=or xOR=@ 1 pmW x@xHwD=@
=yu; R= u=wD|t xm CU= xO=O MQ lwW =yRwQ R= |[a@ QO w xDW=O |O=} R
K} QYD x@ =Q =t Ov=wD|t CQB |=yxO=O uDiQovQ_vQO "OQm O=} CQB |=yxO=O u=wvax@
|tD} Q=or xOR=@ |Q=t; |=y|oS} w u}vJty "Ov=UQ@ |v}@V}B |=ypOt R= |DUQO=v
xOt; 2 pwOH QO QwmPt |v=tR |xR=@ QO wQOwN |Okv xOR=@ w Ct}k XN=W

"CU=
|=Q=O wQOwN XN=W |tD} Q=or xOR=@ xm Ci=} QO u=wD|t 2 pwOH x@ xHwD=@
OOa =@ Q@=Q@ =yxO=O |oO}Wm xm|}=Hv; R= w CU= C@Ft |orwJ =@ uQ=kDt=v `} RwD
p=tQv `} RwD R= ,=@} QkD =yxO=O xm OQm Q_v Q=y_= Qw]u}= u=wD|t CU= xOW 2 3918
xDi=}s}taD Qrwi|m}O uwtR; R= xr=kt |=yxO=O |}=v=t uwtR; |=Q@ "Ovvm|t |wQ}B
w CU=v=t xar=]t OQwt |v=tR |QU OyO|t u=Wv G}=Dv xm CU= xOW xO=iDU=

"CU= R=Ht uw}UQoQOwN |=ypOt R= xO=iDU=

xOR=@ C=v=Uwv |v}@V}B |=ypOt |xU}=kt "2"5
lQLDtu}ov=}tVwQ R=pmWDtlU} QZQat QOVRQ= |x@U=Lt swUQtVwQ xU
u}= QO xm '=QB}m Q=wDU= VwQ =@ IQ=o VwQ '|}=tv lQLDt uwRwt u}ov=}t VwQ 'xO=U
|=yuwtR; R= |Q}oxQy@ =@ ?wr]t VwQ w Ov=xOW xU}=kt sy=@ 'CU= xOW x�=Q= xr=kt
O=OaD |xOvyOu=Wv 3 pwOH "CU= xOW XNWt |}xU}=kt OQm} wQ =@ |}=tR;TB

"wQOwN CavY XN=W |Okv xOR=@ w Ct}k XN=W |tD} Q=or xOR=@ "1 pmW
"wQOwN CavY |Okv xOR=@ w Ct}k XN=W |tD} Q=or xOR=@ |Q=t; C=YNWt "2 pwOH

=Q@ � lQ=H |oO}Wm |orwJ h=QLv= xv}W}@ xv}tm u}ov=}t O=OaD
Q=}at xvwtv

400 60 2 3918 0 6887 0 01875 0 1351 �0 0755 0 0009 1262
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|U
Ovyt "wQOwN CavY |Okv xOR=@ w Ct}k XN=W |tD} Q=or xOR=@ |=Q@ Q=}at pOt =@ u=v; hqDN= w |v}@V}B |=ypOt u=} R `@=wD |xQtv "3 pwOH

u=v}t]= Kw]U

|}=tR;TB uwtR; ẁv `} RwD ẁv pOt ẁv�99 �97 5 �95
|v}@V}B=@ hqDN= `@=D |xQtv =@ hqDN= `@=D |xQtv =@ hqDN= `@=D |xQtv

Q=}at pOt u=} R Q=}at pOt u=} R Q=}at pOt u=} R
0 8921 0 9119 0 8483 0 8971 0 7729 0 8679 RB wr u=} R `@=D u}rw=

p=tQv `} RwD
u}ov=}t VwQ

0 8925 0 9123 0 8487 0 8975 0 7733 0 8683 RB wr u=} R `@=D u}twO

xO=U lQLDt
96 5543 96 5741 724 6156 724 5669 80 9428 80 8478 py}= w wmvq@ u=} R `@=D

0 8921 0 9119 0 7629 0 8579 0 7743 0 8693 RB wr u=} R `@=D u}rw= `} RwD
0 8925 0 9123 0 7633 0 8583 0 7747 0 8697 RB wr u=} R `@=D u}twO CvOwDU= -t
98 7957 98 8155 195 4331 195 3381 57 8961 57 8011 py}= w wmvq@ u=} R `@=D
0 8796 0 8994 0 8348 0 8835 0 7529 0 8479 RB wr u=} R `@=D u}rw=

p=tQv `} RwD u}ov=}t VwQ0 8800 0 8998 0 8351 0 8839 0 7533 0 8483 RB wr u=} R `@=D u}twO
lQLDt uwRwt10 1025 10 0827 10 7377 10 7864 13 4670 13 3720 py}= w wmvq@ u=} R `@=D

|}=tv
0 8734 0 8932 0 7458 0 8408 0 7529 0 8479 RB wr u=} R `@=D u}rw= `} RwD
0 8738 0 8936 0 7462 0 8412 0 7533 0 8483 RB wr u=} R `@=D u}twO CvOwDU= -t

146 5294 146 5096 10 1205 10 2155 48 5990 48 6940 py}= w wmvq@ u=} R `@=D
0 0180 0 0018 0 0445 0 0043 0 0871 0 0079 RB wr u=} R `@=D u}rw=

p=tQv `} RwD

IQ=o VwQ

0 0180 0 0018 0 0445 0 0043 0 0871 0 0079 RB wr u=} R `@=D u}twO
0 0303 0 0501 0 0257 0 0744 0 0276 0 1226 py}= w wmvq@ u=} R `@=D

0 0068 0 0266 0 0400 0 0549 0 0241 0 1191 RB wr u=} R `@=D u}rw= `} RwD
0 0068 0 0266 0 0401 0 0550 0 0241 0 1191 RB wr u=} R `@=D u}twO CvOwDU= -t
0 0651 0 0849 0 0519 0 1469 0 2017 0 2967 py}= w wmvq@ u=} R `@=D
0 0056 0 0142 0 0264 0 0223 0 0658 0 0292 RB wr u=} R `@=D u}rw=

p=tQv `} RwD

=QB}m VwQ

0 0056 0 0142 0 0264 0 0223 0 0658 0 0292 RB wr u=} R `@=D u}twO
0 0655 0 0457 0 0261 0 0749 0 0516 0 1466 py}= w wmvq@ u=} R `@=D

0 0041 0 0041 0 0234 0 0253 0 0615 0 0335 RB wr u=} R `@=D u}rw= `} RwD
0 0041 0 0041 0 0234 0 0253 0 0615 0 0335 RB wr u=} R `@=D u}twO CvOwDU= -t
0 0523 0 0325 0 0300 0 0787 0 2677 0 3627 py}= w wmvq@ u=} R `@=D

OwW|t O=yvW}B "OyO|t Qo}O pOt xU x@ C@Uv |QDj}kO |=yOQw;Q@ Q=wDU= Cr=L
|=Q=O xm '|v=tR |QU |R=UpOt w u}tND |=yVwQ Q}=U R= |D; |=yVywSB QO
w OwW xO=iDU= lU} Q ZQat QO VRQ= OQw;Q@ |=Q@ 'OvDUy |Q=wDU= C}Y=N
CU= QDy@ C}=yvQO "OwW |UQQ@ pOt Q=@Da= |awvx@ swUQt |=ypOt =@xU}=kt =@
OQw;Q@ |=yVwQ |xty Q@ |@Uv Qw]x@ xm OQm x�=Q= |rOt u=wD@ xm Ow@ |y=Q OOYQO
|QDQ@ l} QDt=Q=B=v w 'l} QDt=Q=Bxt}v 'l} QDt=Q=B Cq=L QO lU} Q ZQat QO VRQ=

"OW=@ xDW=O

Q=wDU= VwQ �99 w �97 5 u=v}t]= Kw]U =@ CvOwDU= -t `} RwD QO u}vJty
'|}=tv lQLDt uwRwt u}ov=}t 'IQ=o |=yVwQ w OvOQm ?Um =Q pw= |x@DQ =QB}m
?Um =Q sQ=yJ w 'swU 'swO |=yx@DQ ?}DQD x@ xO=U lQLDt u}ov=}t VwQ w
=QB}m VwQ p@=ktQO IQ=o VwQ �95 K]U QO CvOwDU= -t `} RwD QO =yvD "OvOQm
VwQ u=v}t]= Kw]U |xty =@ `} RwD wO Qy QO "CU= xDW=O |QDxDU}=W OQmrta
Ov=xO=O u=Wv OwN R= |QDy@ OQmrta Qo}O pOt wO R= IQ=o VwQ w =QB}m Q=wDU=
uDiQoQ_vQO p}rOx@ =QB}m Q=wDU= pOt "Ov=xDW=O |m}ORv ,=D@Uv u=} R `@=D |xQtv w

9



"""O
Qw;Q@

|=Q@
O}OH

|O
Qm}w

Q|
x�=Q="u=v}t]= K]U Qy |=R=x@ wQOwN CavY |Okv xOR=@ w Ct}k XN=W |tD} Q=or xOR=@ |=Q@ |v}@V}B |=ypOt |x@DQ "4 pwOH

|x@DQ u=v}t]= Kw]U
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1. Robust Cipra method
2. value at risk (VaR)
3. generalized auto regressive conditional heteroskedasticity
4. exponentail generalized auto regressive conditional het-

eroskedasticity
5. threshold generalized auto regressive conditional heteroskedas-

ticity
6. simple moving average
7. weighted moving average
8. value at risk backtesting
9. lopez I loss function

10. lopez II loss function
11. blanco and Ihle loss function
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