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¶ ª©ª¶x EI e @^EKDCGI@ JC'@A@IDCKL@ LCI@KA@ = ¸AG]KIJG uLC D@AC J@L QGLCIGF CG BKAKHH@AC?HCBG üè ° ¼r GHHC@IC Bc@ LK ?GLEDCGI@¥ ® ­Ç¯ ° ��(]Ã æ �è(Ã r BGI »® ° ½��(]Ã æ �è (Ã = SFQGI@IJG CL JKHG CICDCKL@ t¼ ° �� æ �è½¼ ° ½�� æ �è ºJEI^E@ �� ° ¼r �è ° ¾ @ CL F GHG ¥ ® ­Ç¯ ° (]Ã = SL H@FQG Q@A AKuuCEIu@A@ ¾ ¥ CIyICHG = P@ HAKC@HHGAC@ BGI ® ­Ç¯ � ¾?GIG HEHH@ @ ?GL@ ^E@LL@ BGI �è ° ¾ v @??@ ?GIG KIBc@ HEHH@ @ ?GL@ L@ HAKC@HHGAC@ BGI »® ­Ç¯ � ¾ = \EI^E@ C JKHC CI CDCKLCACBcC@?HC ?GIG ­®¹ º »®¹ ¯ ° ­� º ½�¯ r BGI � Ý Þ =
¶ ª©ªÈ ÉÊ ËÌÍÍÎÊ ÏÐÑÊ ËÎ ÍÌÒÓÔÕÎÊÖÓ
SL ]KLGA@ F CICF G J@LL e@I@AuCK ¥ ½ �å = bJ @??G BGAAC?QGIJGIG JE@ QG?CDCGIC JC @^ECLCRACG ® ° � ¼= ¤GIG ?HKRCLC Q @ABc¥?GIG QEIHC JC F CICF G J@LL e@I@AuCK QGH@IDCKL@ = ß@A ½ �å � Û � ¾ @?C?HGIG JE@ GARCH@ Q@ACGJCBc@ = ß@A Û ° ¾ r cKC HA@GAR CH@ r LK ?GLEDCGI@ JC @^ECLCRACG ® ° ¾ r Bc@ ¥ CI?HKRCL@ @@?@IJG EI FK???CF G LG BKL@ J@LL e@I@AuCK QGH@IDCKL@ r @ JE@GAR CH@ K F @HK K?CIHGHCBK = ß@A Û ú

¾ cKC EI eGARCHK Q@ACGJCBK =\KL ACHAKHHG JC aK?@ ?C J@JEB@ aKBCLF @IH@ Bc@ LK HAKC@HHGACK JC JKHG CICDCKL@ ­®¹ º »®¹ ¯ ° ­½¼º Ü ¯ QK??K Q @A ® ° ¼ ?@ @?GLG ?@ L e@I@AuCK HGHKL@ ¥ F KuuCGA@ JC ¾ r Bc@ ¥ CL ]KLGA@ J@L F K??CFG LG BKL@ JC ¬ = \EI^E@ �è Ü è ½ �å ú ¾ r BCG ¥ ±Ü ±
ú ��è =SL ]KLGA@ JC ¬ CI ® ° ½¼ @ ® ° ¼ ¥ CJ@IHCBG v JEI^E@ Q@A LK BGI?@A]KDCGI@ J@LL e@I@AuCK r KIBc@ CL ]KLGA@ JC ± »® ¥ CJ@IHCBG =ûECIJC r KL QACF G QK??KuuCG Q@A ® ° ¼r LK ]@LG BCHÚ ¥ »® ° ±Ü ±=q@L ACHAKHHG J@LL eGARCHK I@LLG ?QKDCG J@LL@ aK?C r LK BEA]K JC @I@AuCK Û ° ¾ ¥ J@?BACHHK JK »® ° � �µ ­ ãçè ½ ãäå ¯ = PKHKIu@IH@ J@LL eKIuGLG ACBc C@?HG ¥

ÀÁÂ ® � ¾Å \\® �µ ­®èµ ½ ®åp ¯ ° ¼ �
P eKIuGLG ¥ �å =
¶ ª©ªà ÉÊ ËÌÍÍÎÊ ÏÐÑÊ ÍÊáÒÓ ââ
SL uAKyBG J@LL e@I@AuCK QGH@IDCKL@ ¥ ^EKLCHKHC]KF @IH@ JC]@A?G I@C BK?C ³ � ¾ @ ³ ´ ¾ =ß@A ³ � ¾ r CL F GHG ¥ ^EKLCHKHC]KF @IH@ EuEKL@ KL BK?G ³ ° ½¼r J@?BACHHG I@LL e@?@ABCDCG QA@B@J@IH@ =ß@A ³ ´ ¾ r L e@I@AuCK QGH@IDCKL@ ¥ ?HA@HHKF @IH@ BGI]@??K v L eEICBK QG?CDCGI@ JC @^ECLCRACG ¥ ® ° ¾ r @J ¥ ?HKRCL@ = SIQKAHCBGLKA@ Q@A ³ ú

¾ @?C?H@ LK aA@^E@IDK J@LL@ QCBBGL@ G?BCLLKDCGIC r Q@A ³ ° ¾ IGI @?C?H@ g]@JC @?@ABCDCG <=< =<h =q@LLK yuEAK r CI K?BC??K B¥ C ]KLGA@ JC ³ r L@ BEA]@ AG??@ @ RLE ?GIG L@ K?BC??@ J@LL@ QG?CDCGI C JC @^ECLCRACG r CI AG??G?@ L e@^ECLCRACG ¥ CI ?HKRCL@ r CI R LE ?@ ¥ ?HKRCL@ = PK QG?DCGI@ ® ° ¾ ¥ ?HKRCL@ Q@A ³ ´ ¾ r CI ?HKRCL@ Q@A ³ � ¾ = P@ KLHA@QG?CDCGIC JC @^ECLCRACG @?C?HGIG ?GLG Q @A ³ � ¾ @ ?GIG ?HKRCLC =
¶ ª©ªé
ß@A ³ ú

¾ L e@I@AuCK QGH@IDCKL@ ¥ FGIGHGIK ?HA@HHKF @IH@ BA@?B@IH@ = qGI @?C?HGIG QG?CDCGIC JC @^ECLCRACG r L@ GARCH@?GIG HEHH@ CLLCF CHKH@ r ß@A HEHHC C JKHC CI CDCKLC ® ­Ç¯ H@IJ@ K ½� = SL H@FQG Bc@ CFQC@uK LK QKAHCB@LLK Q @A AKuuCEIu@A@
½� ¥ ~4210 r CIaKHHC [ ã]Æ �ã� �µ ­Û ½ ®Ù ½ ³®¯ � � =ß@A ³ ° ¾ B¥ LK QG?CDCGI@ JC @^ECLCRACG ® ° ¾ = ¸EHH@ L@ KLHA@ GARCH@ ?GIG CLLCF CHKH@ BGF @ I@L BK?G QA@B@J@IH@ = PKQG?CDCGI@ JC @^ECLCRACG ¥ CI?HKRCL@ r @??@IJG EI QEIHG JC �@??G =ß@A ³ � ¾ BC ?GIG JE@ QG?CDCGIC JC @^ECLCRACG t ®� ° � �½ ²Ù = PK QG?CGDCGI@ ®] ¥ CI?HKRCL@ gF K??CFG LG BKL@ JC¬ h r LK QG?CDCGI@ ®Å ¥ ?HKR CL@ gF CICIG LG BKL@ JC ¬ h = SL ]KLGA@ JC ¬ I@C QEIHC JC @^ECLCRACG ¥   Û̂ °   èÙ ³�½ ²Ù = ß@A
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Û � ½Û̂ B¥ ?GLG EI e GARCHK CLLCF CHKHK = ß@A Û ° ½Û̂ EI eGARCHK CLLCF CHK @ ® ° ®Å @^ECLCRACG ?HKRCL@ = ß@A ½Û̂ � Û � Û̂EI eGAR CHK CLLCF CHKHK @ EIK Q@ACGJCBK = ß@A Û ° Û̂ LK QG?CDCGI@ JC @^ECLCRACG CI?HKR CL@ ® ° ®] r EI eGARCHK LCF CHKHK KF @HK K?CIHGHCBK I@LLK A@uCGI@ ®
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®] r EI eGARCHK CLLCF CHKHK K F @HK K?CIHGHCBK I@L QK??KHG I@LLK A@uCGI@ ® � ®] r »® � ¾ rEI eGAR CHK CLLCF CHKHK K F @HK K?CIHGHCBK I@L aEHEAG I@LLK A@uCGI@ ® � ®] r »® ú ¾ =
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¶ ª©ªë ìÊáÎÊÔÒÓ ËÓÖÖÊ ËÌÍÍÎÊ ÏÐÑÊ
P e@I@AuCK QGH@IDCKL@ ]K K æ� ?@ ±® ± � æ� = \EI^E@ HEHH@ L@ GARCH@ ?GIG LCF CHKH@ = bIKLCDDG C BK?C r KL ]KACKA@ JC ³ =PK J@AC]KHK ¥ ® ­®å ½ µ³®è æ ³ = \EI^E@ ® ° ®¹ ° ¾ ¥ ?GLEDCGI@ JC @^E CLCRACG Q@A HEHHC C ]KLGAC JC ³ = P@KLHA@ @]@IHEKLC QG?CDCGI C JC @^ECLCRACG ]@ACyBKIG ®è ° ³ � �³ ­³ ½ ¼¯ = «GIJCDCGI@ I@B@??KACK Kx IBcz @?C?HKIG ¥ Bc@³ ­³ ½ ¼¯ ´ ¾ BCG¥ ³ ´ ¼ G ³ 
 ¾ = ß@A ³

ú ¼r �³è ½ ³ � ³ r JEI^E@ @?C?HGIG ^EKHHAG QG?CDCGIC JC @^E CLCRACG t
® � ° ½�³ æ �³è ½ ³®è ° ½�³ ½ �³è ½ ³®Ù ° æ�³ ½ �³è ½ ³®å ° æ�³ æ �³è ½ ³ �
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¾ = \EI^E@ @?C?HGIG ?GLG L@ QG?CDCGIC ® � @ ®å =SI ?CIH@?C t³ � ¾ t JE@ QG?CDCGIC JC @^ECLCRACG ?HKRCLC ® � @ ®å r @J EIK CI?HKRCL@ ®¹ v¾ 
 ³ 
 ¼t EIK ?GLK QG?CDCGI@ JC @^ECLCRACG ®¹ ?HKRCL@ =³ ú ¼t HA@ QG?CDCGIC JC @^ECLCRACG ?HKRCLC ® � r ®å @ ®¹ r @ JE@ CI?HKRCLC ®è @ ®Ù =
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¶ ª©ªï âÖ Í ÓÔËÌÖÌ ðÐ ÐÔ Í ÎÊÔÌ áÐÌÒÊÔÒÓ
fIK QACF CHC]K CI ó J@LLK aGADK K??@uIKHK ¥ t ¬ ­ó ¯ ° ½

òñô øùõ ó æ
ñ þçÿçè øùõè ó =

¬ ¡ ­ó ¯ ° õÁö ó ­òñô ½
ñòè÷è øùõ ó ¯ °

ñòè÷è ­ü ½ øùõ ó ¯ �
>]CJ@IH@F @IH@ r L e@?C?H@IDK JC KLBEI@ QG?CDCGIC JC @^ECLCRACG JCQ @IJ@ JKL aKHHG Bc@ ü ?CK F CIGA@ G FKuuCGA@ JC ¼= SLQKAKF @HAG ü ¥ KJCF @I?CGIKL@ = ß@A ü ô ( ¼ BC ?GIG ?GLG LK QG?CDCGI@ JC @^ECLCRACG ?HKRCL@ ó ° ¾ @ ^E@LLK CI?HKRCL@ ó ° � =ß@A ü � ¼r Bc@ BGAAC?QGI@ KL BK?G JC J@RGL@ uAK]CHÚ r G JC uAKIJ@ ]@LG BCHÚ KIuGLKA@ J@L QCKIG r BGFQKCGIG KLHA@ JE@QG?CDCGIC JC @^ECLCRACG t ó� ° � ,-øøùõ ü = > ??@ ?GIG ?HKR CLC r F @IHA@ ó ° ¾ ¥ CI?HKRCL@ r BGF @ ?C J@JEB@ JC?@uIKIJG CLuAKyBG JC ¬ =SL JKHG CICDCKL@ ­ó¹ º »ó¹ ¯ ° ­½ �è º ¾¯ cK @I@AuCK HGHKL@ ¾ = S LC]@LLC BACHCBC J@LL e@I@AuCK ?GIG tQ@A ü ´ ¼t Û � ° ½

ñòè÷è �ü ½ �è � gLC]@LLG JC F CICF G r ó ° ¾h @ Û è °
ñòè÷è �ü æ �è � gLC]@LLG JC F K??CF G r ó ° � h =Q@A ü � ¼t Û � JC]@IHK EI LC]@LLG JC F K??CF G LGBKL@ r CL LC]@LLG JC F CI CF G ¥ ÛÙ ° ½

ñòè÷è ¢çè r Bc@ BGAAC?QGIJ@ KLL@JE@ ?GLEDCGIC ?HKDCGIKAC@ ó� =\EI^£@ Û ° ¾ ¥ EI LC]@LLG BACHCBG ?GLG ?@ BGCIBCJ@ BGI Û � r CL Bc@ KBBKJ@ ?@ ü °̀ �è v CI HKL BK?G r @??@IJG ¾ � Ûè rL eGARCHK ¥ Q@ACGJCBK = SL Q @ACGJG ¥ t R ° p � ¤ç¹ \ó� è{þç ­½¬ ­ó ¯¯ º?@ ü ú �è r R ° µ � ¥¦§§¨) !è¢"] ¤ç \ó� è{þç ­½¬ ­ó ¯¯ º?@ ü � �è =PK QG?CDCGI@ ó ° �è ¥ AKuuCEIHK ?GLG ?@ ü ú �è v CL H@FQG¥ t
Ç ° � ¤ç] ¤ç \ó� è{þç ­½¬ ­ó ¯¯ �
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SL ]KLGA@ JC »ó ¥ JKHG JKLLK BGI?@A]KDCGI@ J@LL e@I@AuCK = > ??@IJG ¬ ­ �è ¯ ° ¬ ­½ �è ¯ r »ó J@]@ BGCIBCJ@A@ BGI CL ]KLGA@CICDCKL@ r BCG ¥ »ó ° ¾ =¤@FQA@ Q @A LK BGI?@A]KDCGI@ J@LL e@I@AuCK r »ó ° � � è{þç ­½¬ ­ó ¯¯ r JEI^E@ ^EKIJG ó ° ¾ r »ó ° � �½ è{þç Û � °�÷� µü ½ ¼=SL ]KLGA@ J@L F K??CF G »ó ¥ AKuuCEIHG ^EKIJG r LEIuG L eGARCHK r ¬ ­ó ¯ ¥ F CICF G = ¤@ ü ´ ¼ CL F CICFG ¥ AKuuCEIHG CI ó ° ¾ v?@ ü � ¼r CL F CI CF G ¥ AKuuCEIHG CI ó ° ó] =SL JKHG CICDCKL@ ­ó¹ º »ó¹ ¯ ° ­½ �è º ©ñ (ô �¯ cK @I@AuCK HGHKL@ �è ñòè� è v Q@A � uAKIJ@ r L eGAR CHK ¥ Q @ACGJCBK Q@ABcz LK]KACKRCL@ ¥ EI KIuGLG = SL F GHG ¥ LK AGHKDCGI@ BGFQL@HK = SL Q @ACGJG ¥R ° � �]� \ó� è{þç ­ �è ñò è� è ½ ¬ ­ó ¯¯ º
Bc@ Q@A � uAKIJ@ r KL QACF G GAJCI@ CI �S r ]KL@ è�S =q @LL@ QG?CDCGIC JC @^ECLCRACG ó ° ¾ @ ó ° � r L eKBB@L@AKDCGI@ ¥ IELLK ·ó ° ¾ r JEI^E@ Q@A � uAKIJ@ LK ]K BGF @ � CI ó ° ¾@ ½� CI ó ° � =ß@A ó ° �è r CL BG?@IG ¥ IELLG r @ JKLL e@^EKDCGI@ J@L FGHG ACBK]G ñòè ·ó ° ½

òñô r BCG ¥ ·ó ° ½ { ýþ = q@ ?@uE@ Bc@ LKBGFQGI@IH@ ]@AHCBKL@ J@LLK A@KDCGI@ ¥ IELLK =
¶ ª©ª�
¤HKIJKAJ =
¶ ª©ª�
¤HKIJKAJ =
¶ ª©ª©�
¤HKIJKAJ =
¶ ª©ª©©
P@ GARCH@ ?GIG HEHH@ LCF CHKH@ Q @A � ú ¾ = P eGACuCI@ ¥ ?HKRCL@ ?@ @ ?GLG ?@ � ú �è =
¶ ª©ª©¶
SL F K??CF G J@LL e@I@AuCK QGH@IDCKL@ ¥ ½¼= SL JKHG CICDCKL@ cK @I@AuCK ½ �è = \EI^E@ CL F GHG ¥ CLLCF CHKHG r @ »®

ú
¾ Q@AHEHHC C H@FQC QG?CHC]C = SL H@FQG Q@A AKuuCEIu@A@ æ� ¥ JKHG JKR ° � ÅÆ

¹ \®�µ ­� ¼ æ ®è ½ �è ¯ º
Bc@ ¥ CIyICHG = ûEKIJG Ç ]K KJ CIyICHG r ® ]K KJ CIyICHG r @ L eKBB@L@AKDCGI@ H@IJ@ KL LCF CH@ JC ã��Åãç Bc@ ¥ ¼= x
AKuCGI@]GL@ K?Q@HHKA?C Bc@ ^EKIJG Ç ¥ uAKIJ@ r CL FGHG ?CK ]CBCIG KL F GHG EICaGAF @F@IH@ KBB@L@AKHG �® æ �Ü Ç æ Ãçè =SI QKAHCBGLKA@ BC ?C K?Q@HHK Bc@ »® ?CK ]CBCIG K �Ü æ Ç = ß@A BKQCA@ ?@ EI HKL@ �Ü @?C?H@ ¥ ?Ex BC@IH@ BKLBGLKA@ CL LCF CH@ÀÁÂ ÃÄÅÆ ­ »® ½ Ç¯ = ¤CK »® Bc@ Ç ?C QG??GIG @?QACF @A@ CI aEIDCGI@ J@LLK ª t�Ü ° ÀÁÂãÄÅÆ «¬�µ ­� ¼ æ ®è ½ ¼µ ¯ ½ � ã¹ \u�µ ­� ¼ æ u è ½ �è ¯­® �
¦AK QG??G ?BAC]@A@ »® BGF@ L eCIH@uAKL@ J@LLK ?EK J@AC]KHK CI ® t�µ ­� ¼ æ ®è ½ ¼µ ¯ ° ¼ æ � ã¹ \u�µ ­� ¼ æ u è ½ �è ¯ u� ¼ æ u è �
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¤G?HCHE@IJG @ AKBBGuLC@IJG t �Ü ° ¼ ½ � Æ
¹ \u ¼�µ ­� ¼ æ u è ½ �è ¯ ¼u è æ u � ¼ æ u è æ ¼ º

Bc@ ¥ yICHG = ß@A LK J@H@AF CIKDCGI@ JC �® r JG]A? BKLBGLKA@ ÀÁÂ ÃÄÅÆ ­® ­Ç¯ ½ �Ü Ç ½ �è Çè ¯ = ¤C QE? QAGB@J@A@ BGF@ ?GQAKKIBc@ ?@ ¥ Q C¯ BGFQLCBKHG =
¶ ª©ª©È
SL F GHG ¥ Q @ACGJCBG Q @A HEHHC C JKHC CI CDCKLC BGI @I@AuCK I@uKHC]K r IGI ¥ Q@ACGJCBG r @J ¥ CLLCF CHKHG r Q @A C JKHC CI CDCKLCBGI @I@AuCK F KuuCGA@ G EuEKL@ K ¾ = « e¥ EIK ?GLK ?GLEDCGI@ ?HKDCGIKACK r CI ® ° ¼=ß@A ®¹ ° �è @ »®¹ ° ¼ L e@I@AuCK ]KL@ �è = Bc@ ¥ QG?CHC]K = \EI^E@ ® � � = SL ]KLGA@ K?CIHGHCBG J@LLK ]@LG BCHÚ ¥�µ ­ �è ¯ ° ¼=ß@A ®¹ ° �è @ »®¹ ° ½¼r CL QEIHG ?C FEG]@ ]@A?G ?CI C?HAK JCF CIE@IJG CL ]KLGA@ K??GLEHG J@LLK ?EK ]@LGBCHÚ =¤EBB@??C]KF @IH@ CI]@AH@ LK ]@LG BCHÚ = \EI^E@ CL F CICFG J@LLK ]@LG BCHÚ ¥ ½¼r ^E@LLK J@L JKHG CICDCKL@ = SL F K??CF G ¥AKuuCEIHG CI ® ° ¼ gBc@ ¥ CL F CICF G J@LL e@I@AuCK QGH@IDCKL@ h r @ ]KL@ �µ ­ �è æ ¼ ½ �è ¯ ° � µ =
¶ ª©ª©à
qGI JC?QGI CRCL@
¶ ª©ª©é
qGI JC?QGI CRCL@
¶ ª©ª©ë
qGI JC?QGI CRCL@
¶ ª©ª©ï
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§<¨ V = S = bAIGLJ à 53áâÎ à Ì35ã Ì3ÎäÎ â5Ò ÒÌ à 5ääÌåÎäÌ æÒÌÐÐÎäÌ >JCHGAC � CEICHC
§N¨ V = S = bAIGLJ ç è4Ìé ÎáåÎ ê Îë 5Í5åé ÎÌÒÎ ìÍÎâÎåÌÍÎ5 >JCHGAC � CEICHC
§O¨ U = �KFQC r ` = �@IKHC r b = `GAAG í ÍáÑÒ5ã Î âÎ à 5ääÌåÎäÌ îÌé ÎáåÌÒ5 >«SN
§M¨ N = \@LL ebIHGICG ç Ò5ã 5å3Î âÎ à 5ääÌåÎäÌï à 5ääÌåÎäÌ æÒÌÐÐÎäÌ PCuEGAC >JCHGA@
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§T¨ N = \@LL ebIHGICG r > = ¦ALKIJC r b = ¸@HK çÐ5ÍäÎé Î âÎ à 5ääÌåÎäÌ î Ìé ÎáåÌÒ5 \C?Q@I?@
§U¨ N = NKLLK]GHHC à 5ääÌåÎäÌ ç Ò5ã 5å3ÌÍ5 �GACIucC@AC
§W¨ U = � = NKIHF KBc@A ð5é ÎáåÎ âÎ à 5ääÌåÎäÌ ñåÌÒÎ3ÎäÌ >JCHGAC � CEI CHC
§X¨ s = NGLJ?H@CI à 5ääÌåÎäÌ æÒÌÐÐÎäÌ òKICBc@LLC
§Y¨ P = \ = PKIJKE r > = ` = PCaóCH? à 5ääÌåÎäÌ >JCHGAC � CEICHC
§<Z¨ > = ¦LC]C@AC
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