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*� �� 3HUFKH &� �� .RQWRJHRUJRV $� �� DQG 7VLWVLSLV 3� �

�'HSW� RI ,QIRUPDWLFV� 8QLYHUVLW\ RI $WKHQV� 3DQHSLVWLPLRSROLV =RJUDIRV�
*5������� $WKHQV� *UHHFH

�6HFWLRQ RI $VWURSK\VLFV� $VWURQRP\ DQG 0HFKDQLFV� 'HSW� RI 3K\VLFV� 8QLYHUVLW\
RI $WKHQV� 3DQHSLVWLPLRSROLV =RJUDIRV� *5������� $WKHQV� *UHHFH

�1XFOHDU DQG 3DUWLFOH 3K\VLFV 6HFWLRQ� 'HSW� RI 3K\VLFV� 8QLYHUVLW\ RI $WKHQV�
3DQHSLVWLPLRSROLV =RJUDIRV� *5������ � $WKHQV� *UHHFH

�6HFWLRQ RI $VWUR�*HRSK\VLFV� 8QLYHUVLW\ RI ,RDQQLQD� *5������� ,RDQQLQD�
*UHHFH

�2EVHUYDWRLUH GH 3DULV� 'HSW� 'H 5HFKHUFKH 6SDWLDO� &156 8$ ���� )������
0HXGRQ &HGH[� )UDQFH

�'HSW� RI (OHFWULFDO (QJLQHHULQJ � 7HFKQRQRJLFDO (GXFDWLRQ ,QVWLWXWH RI /DPLD�
/DPLD� *UHHFH

$EVWUDFW

7KH WUDQVLHQW DFWLYLW\ DW WKH 6XQ FDXVHV LQWHUSODQHWDU\ DQG JHRPDJQHWLF SKHQRP�
HQD� FRVPLF UD\ VWRUPV DQG SHUWXEHG VSDFH ZHDWKHU� WKH VWXG\ RI ZKLFK UHTXLUHV
MRLQW REVHUYDWLRQV RI GLmHUHQW SDUDPHWHUV� ,Q WKLV UHSRUW ZH SUHVHQW REVHUYDWLRQV RI
VHTXHQFHV RI VRODU WUDQVLHQWV� FRQVLVWLQJ RI VWURQJ oDUHV� W\SH ,, DQG ,9 UDGLR EXUVWV
DQG &0(V� DV ZHOO DV VXEVHTXHQW &RVPLF UD\ HmHFWV� �D� 6RODU UDGLR EXUVWV DUH
UHFRUGHG E\ $57(0,6 ,9 PXOWLFKDQQHO UDGLR VSHFWURJUDSK RI $WKHQV 8QLYHUVLW\�
RSHUDWLQJ DW 7KHUPRS\ODH� *UHHFH� �E� 7KH KDGURQLF FRPSRQHQW LQ DWPRVSKHULF
VHFRQGDU\ UDGLDWLRQ� UHODWHG WR SULPDU\ FRVPLF UD\V� LV FRQWLQRXVO\ UHFRUGHG E\ WKH
JURXQG EDVHG $WKHQV 1HXWURQ 0RQLWRU �10� VWDWLRQ �$WKHQV 8QLYHUVLW\�� EHLQJ
YHU\ LQWHUHVWLQJ IRU WKH VWXG\ RI FRVPLF UD\ DQLVRWURSLHV� SRZHU VSHFWUD HWF� ,W LV
WKH nUVW ODWLWXGLQDO 10 VWDWLRQ RI WKH :RUOGZLGH 10 1HWZRUN ZKLFK SURYLGHV FRU�
UHFWHG FRVPLF UD\ GDWD RI � DQG � PLQ LQ UHDO WLPH� 6XFK FRQFXUUHQW REVHUYDWLRQV
SURYLGH WKH DELOLW\ RI FRQQHFWLQJ WUDQVLHQW VRODU DFWLYLW\ ZLWK WKH FRUUHVSRQGLQJ
VSDFH ZHDWKHU HmHFWV RQ WKH (DUWK PDJQHWRVSKHUH�

� ,QWURGXFWLRQ

7\SH ,, EXUVWV WUDFH WKH SDVVDJH RI DQ 0+' VKRFN ZDYH WKURXJK WKH VRODU FRURQD�
WKHLU UDGLR HPLVVLRQ LV GXH HLWKHU WR HQHUJHWLF HOHFWURQV DFFHOHUDWHG DW WKH VKRFN
IURQW RU SODVPD WXUEXOHQFH H[FLWHG E\ WKH VKRFN� WKH\ RULJLQDWH HLWKHU E\ D oDUH
EODVW ZDYH RU E\ D &0( IRUZDUG VKRFN �0DLD ����� $XUDVV ������ 7KH FRQWLQXD
REVHUYHG GXULQJ SHULRGV RI DFWLYLW\� RQ WKH RWKHU KDQG� UHSUHVHQW WKH UDGLDWLRQ RI
HQHUJHWLF HOHFWURQV WUDSSHG ZLWKLQ PDJQHWLF FORXGV� &0(V DQG SODVPRLGV DQG WKH\
DSSHDU XQGHU WKH QDPH W\SH ,9 EXUVWV� 6RPH RI WKHP IROORZ W\SH ,, EXUVWV DQG DUH
SRVVLEO\ FDXVHG E\ HQHUJHWLF HOHFWURQV SURGXFHG LQ WKH ZDNH RI WKH W\SH ,, VKRFN�

&0(
V DUH SODVPD HMHFWLRQV IURP WKH VRODU DWPRVSKHUH LQYROYLQJ LQLWLDOO\ FORVHG
nHOG UHJLRQV ZKLFK DUH H[SHOOHG LQWR WKH LQWHUSODQHWDU\ PHGLXP� 6XFK WUDQVLHQWV
KDYH SURQRXQFHG HmHFWV RQ WKH ORFDO DQG HYHQ JOREDO FRVPLF UD\ �&5� LQWHQVLW\�
:KHQ ERWK WKH &0(
V DQG VKRFN HmHFWV DUH SUHVHQW� WKH UHVXOWLQJ &5 HYHQW LV



)LJXUH �� ,QWHQVLW\ DQG GLmHUHQWLDO G\QDPLF VSHFWUD RI WKH 1RYHPEHU ��� ���� HYHQW �W\SH ,,�
REWDLQHG E\ WKH $57(0,6 ,9 VRODU UDGLRVSHFWURJUDSK ������������ 87�� $6* ��������0+]��
6$2 ��������0+]��

FDOOHG )RUEXVK GHFUHDVH �)'�� 7KHVH HmHFWV DUH UHFRUGHG E\ 10 VWDWLRQV RI WKH
:RUOGZLGH 1HWZRUN� 7KH QHFHVVLW\ WR FRPSDUH D QXPEHU RI KLJK ULJLGLW\ VWDWLRQV
LQ D JRRG TXDOLW\ GDWD LV UHTXLUHG IRU D GHWDLOHG VWXG\ RI VRPH NLQG FRVPLF UD\
YDULDWLRQV DQG VSDFH ZHDWKHU FRQGLWLRQV�

,Q WKLV SDSHU ZH SUHVHQW FRPELQHG REVHUYDWLRQV RI VHTXHQFHV RI VRODU HQHUJHWLF
HYHQWV� FRQVLVWLQJ RI VWURQJ oDUHV� W\SH ,, UDGLR EXUVWV DQG &0(V� DQG VXEVHTXHQW
&5 GHFUHDVHV IRU WKH WLPH SHULRG RI ��������������

� &RPELQHG REVHUYDWLRQV

5DGLR EXUVW REVHUYDWLRQV ZHUH REWDLQHG ZLWK WKH $57(0,6�,9 VRODU UDGLRVSHFWUR�
JUDSK� �&DURXEDORV HW DO� ������ 7KLV LQVWUXPHQW FRYHUV WKH IUHTXHQF\ UDQJH RI ���
WR ��� 0+]� XVLQJ WZR UHFHLYHUV RSHUDWLQJ LQ SDUDOOHO �*OREDO 6SHFWUDO $QDO\VHU �
$6*� DQG $FRXVWR�2SWLFDO 6SHFWURJUDSK � 6$2� IURP VXQULVH WR VXQVHW RQ D GDLO\
EDVLV�

7KH $WKHQV 10 �6XSHU �10����� WKDQNV WR MRLQW HmRUWV RI &RVPLF 5D\ JURXSV
RI $WKHQV 8QLYHUVLW\ �*UHHFH� DQG ,=0,5$1 �5XVVLD�� FRQQHFWHG ZLWK WKH IDPLO\
RI WKH :RUOGZLGH 1HWZRUN RI 10V VLQFH 1RYHPEHU ��� ����� ,W PHHWV DOO PRG�
HUQ UHTXLUHPHQWV IRU GDWD SUHVHQWDWLRQ �KWWS���FRVUD\�SK\V�XRD�JU�� XVHIXO WR VSDFH
ZHDWKHU VWXGLHV �0DYURPLFKDODNL HW DO�� ������ 7KLV VWDWLRQ LV XQLTXH LQ WKH %DONDQ
DUHD DQG WKH HDVW SDUW RI WKH 0HGLWHUUDQHDQ 6HD DW DQ DOWLWXGH RI ���P DERYH VHD
OHYHO DQG YHUWLFDO FXW�Rm ULJLGLW\ RI ���� *9 7KH V\VWHP FRQVLVWV RI VL[ %)� JDV SUR�
SRUWLRQDO FRXQWHUV ZLWK WKH HQULFKHG LVRWRSH %�� W\SH %3�� &KDON 5LYHU &DQDGD
�6LPSVRQ� ������

7KH G\QDPLF VSHFWUXP RI D W\SH ,, UDGLR EXUVW� UHFRUGHG E\ WKH $UWHPLV ,9
�$6* DQG 6$2� RQ ���������� EHWZHHQ ����������� 87 LV VKRZQ LQ nJ� �� &RQ�
FXUUHQWO\� D oDUH LQLWLDWLQJ IURP $5 ���� �1��(��� DW ����������� 87 DV UHFRUGHG
E\ *2(6� DQG D ODUJH UDJJHG ORRS IURQW &0( IURP 1( ������ 87�� ZHUH UHFRUGHG�
7KLV &0( ZLWK YHORFLW\ ��� NP�VHF �KWWS���FGDZ�JVIF�QDVD�JRY�&0( OLVW� � FRP�
SLOHG E\ 6HLML <DVKLUR DQG *U]HJRU] 0LFKDOHN XQGHU WKH JXLGDQFH RI 1DW *RSDO�



)LJXUH �� &RVPLF UD\ GDWD FRUUHFWHG IRU SUHVVXUH IURP WKH $WKHQV VWDWLRQ� IRU WKH ODUJH )RUEXVK
HYHQW RI 1RYHPEHU ��� ����� ,W ZDV WKH nUVW HYHQW UHFRUGHG DIWHU VWDWLRQ UHQHZDO�

)LJXUH �� $V\PSWRWLF GLUHFWLRQV RI WKH $WKHQV 10 DQG VRPH RWKHU VWDWLRQV RI KLJK ULJLGLW\
FDOFXODWHG IRU WKH VWDUW RI WKH HYHQW ������ 87�� 7KH VLPLODU DV\PSWRWLF GLUHFWLRQV IRU VWDWLRQV RI
GLmHUHQW FXWRm ULJLGLW\ �5F� �5RPH� $WKHQV� (VRL� JLYH DQ RSRUWXQLW\ WR VWXG\ UHDOO\ DQLVRWURSLF
HmHFWV LQ &5 DW WKLV WLPH�



VZDP\� DSSDUHQWO\ UHDFKHG WKH (DUWK� FDXVLQJ WKH )' RQ ����������� DV UHFRUGHG
E\ WKH :RUOG :LGH 1HWZRUN� )XUWKHUPRUH WKHUH ZDV QR RWKHU W\SH ,, RU ,9 UDGLR
EXUVW UHFRUGHG LQ WKH WLPH SHULRG IURP ��������������

7KH nUVW VLJQLnFDQW )'� UHFRUGHG E\ $WKHQV 10 RQ ���������� ������ 87� LV
VKRZQ LQ nJ� �� 7KH &5 LQWHQVLW\ GHFUHDVH ZDV �� UHODWLYH WR WKH ��WK 1RYHPEHU
OHYHO� 7KH DV\PSWRWLF GLUHFWLRQV RI $WKHQV 10 VWDWLRQ DORQJ ZLWK VRPH RWKHU
VWDWLRQV RI KLJK ULJLGLW\� IRU WKH WLPH SHULRG RI WKH FRQVLGHUHG HYHQW DUH JLYHQ LQ
nJ� �� 7KH VHTXHQFH RI WKH PRVW LPSRUWDQW VRODU HYHQWV� FRQVLVWLQJ RI D VWURQJ
oDUH� D W\SH ,, UDGLR EXUVW DQG D &0( �6RODU *HRSK\VLFDO 'DWD�� IRU WKH WLPH
SHULRG SUHFHGLQJ WKH )'� DQG SUREDEO\ FDXVLQJ LW� DUH JLYHQ LQ 7DEOH ,� 7KH oDUH
HUXSWLRQ WLPH LV JLYHQ E\ *2(6 GDWD� :H QRWH WKDW WKHUH ZDV RQO\ RQH W\SH ,,
EXUVW IROORZHG E\ D W\SH ,9 EXUVW ����������� ����������� 87��

7DEOH �� 0DMRU VRODU HYHQWV SUHFHGLQJ )' RI ����������

'DWH $FWLYH UHJLRQ 3RVLWLRQ )ODUHV ,PSRUWDQFH 7\SH ,, EXUVWV &0(
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� &RQFOXVLRQV

$ SUHOLPLQDU\ DQDO\VLV RI D VHTXHQFH RI VWURQJ VRODU HYHQWV VXFK DV oDUHV� W\SH ,,
DQG ,9 UDGLR EXUVWV DQG &0(
V� DV ZHOO DV )RUEXVK HmHFWV UHFRUGHG ZLWKLQ WKH
10 HQHUJ\ UDQJH� UHODWHG WR JHRPDJQHWLF VWRUPV LQ WKH WLPH SHULRG IURP �� WR ��
1RYHPEHU� ����� KDV EHHQ FDUULHG RXW� 7KH REVHUYHG WLPH VHTXHQFH RI HYHQWV RI
WKLV WLPH SHULRG LQGLFDWHV WKDW WKH LQLWLDWLRQ RI &0(
V LV FORVHO\ UHODWHG WR W\SH
,, UDGLR EXUVWV DQG VWURQJ VRODU oDUHV� WKXV SURPLVLQJ WKH DELOLW\ RI VSDFH ZHDWKHU
SUHGLFWLRQ� DV VRRQ DV SUHFXUVRU\ HmHFWV DUH UHFRUGHG E\ VRODU REVHUYDWRULHV�

$FNQRZOHGJPHQWV

7KH $WKHQV 10 VWDWLRQ LV VXSSRUWHG E\ WKH 6SHFLDO 5HVHDUFK $FFRXQW RI WKH $WKHQV
8QLYHUVLW\�

5HIHUHQFHV

$XUDVV� +�� ���� &RURQDO 3K\VLFV IURP 5DGLR DQG 6SDFH 2EVHUYDWLRQV� 3URFHHGLQJV
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