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$EVWUDFW
$ VHULHV RI ELJ )RUEXVK HmHFWV LQ FRVPLF UD\ GDWD ZDV UHFRUGHG E\ WKH $WKHQV 1HX�
WURQ 0RQLWRU �10� VWDWLRQ IURP WKH VHFRQG SDUW RI 0DUFK WR WKH HQG RI $SULO �����
7KHVH HmHFWV DUH FDXVHG E\ DQ XQXVXDOO\ H[WUHPHO\ KLJK VRODU DFWLYLW\ GXULQJ WKHODVW IRUW\ \HDUV� ,Q WKLV UHSRUW WKH DOWLWXGH DQG ODWLWXGH GHSHQGHQFH RI WKHVH HYHQWV
LQ FRPSDULVRQ ZLWK RWKHU VWDWLRQV RI WKH :RUOGZLGH 1HXWURQ 0RQLWRU 1HWZRUN DUH
VWXGLHG� (VSHFLDOO\� WZR VWURQJ *URXQG /HYHO (QKDQFHPHQWV �*/(V� LQ $SULO ��
DQG ��� ���� DVVRFLDWHG ZLWK JUHDW SURWRQ HYHQWV VXFK DV WKRVH RI WKH \HDUV ����
DQG ���� DQG UHJLVWHUHG LQ 1HXWURQ 0RQLWRU VWDWLRQV ZLWK ORZ FXW�Rm ULJLGLWLHV DUH
PDLQO\ DQDO\]HG� ,Q WKLV FDVH WKH KLJK ODWLWXGH VWDWLRQV� DV WKH $WKHQV RQH� ZRXOGEH YHU\ XVHIXO LQ RUGHU WR HYDOXDWH WKH XSSHU OLPLW RI HQHUJ\ RI DFFHOHUDWHG SDUWLFOHV
GXULQJ WKHVH HYHQWV�

� ,QWURGXFWLRQ
,W LV NQRZQ WKDW ELJ )RUEXVK HmHFWV JLYH LPSRUWDQW LQIRUPDWLRQ RQ WKH PRYLQJ
IURP WKH 6XQ PDJQHWLF VWUXFWXUHV DQG VWURQJ LQWHUSODQHWDU\ VKRFN ZDYHV FRQQHFWHG
ZLWK JUHDW VRODU oDUHV DQG FRURQDO PDVV HMHFWLRQV �&DQH� ������ &KDUJHG SDUWLFOHVDFFHOHUDWHG WR KLJK VSHHGV E\ VRODU oDUHV FDQ EH GHWHFWHG RQ WKH (DUWK DW 1HXWURQ
PRQLWRU VWDWLRQV UHIHUUHG DV */(� 2Q WKH EDVLV RI 1HXWURQ 0RQLWRU �10� GDWD
IURP WKH ZRUOG ZLGH 10 1HWZRUN FKDUDFWHUL]HG E\ GLmHUHQW FXW�Rm ULJLGLWLHV DQG
DOWLWXGHV ZH FDQ GHWHUPLQH WKH HQHUJ\ VSHFWUXP RI SULPDU\ FRVPLF UD\ YDULDWLRQV
�%HORY HW DO�� ������ $WKHQV 1HXWURQ 0RQLWRU VWDWLRQ LV LPSRUWDQW IRU HVWLPDWLRQ
VRODU FRVPLF UD\ VSHFWUD VLQFH FXW�Rm ULJLGLW\ LV FORVHG WR WKH XSSHU HQHUJ\ OLPLWRI SDUWLFOHV GXULQJ WKH JUHDW SURWRQ oDUHV� )UHTXHQWO\ WKH XSSHU HQHUJ\ RI WKH
SDUWLFOHV DFFHOHUDWHG DW WKH VXQ LV UDQJHG ZLWKLQ ����*H9 WKDW LV YHU\ FORVH WR
PLQLPDO HQHUJ\ RI SDUWLFOHV UHFRUGHG LQ $WKHQV� ,Q WKLV ZRUN XVLQJ ��PLQ DQG
KRXUO\ FRUUHFWHG IRU SUHVVXUH GDWD IURP �� 1HXWURQ 0RQLWRU VWDWLRQV RI KLJK DQG
PLGGOH ODWLWXGH IURP WKH :RUOGZLGH QHWZRUN WKH VSHFWUXP RI FRVPLF UD\ YDULDWLRQV
RYHU D ZLGH UDQJH RI HQHUJ\ ���*9 IRU WKH */(V RI $SULO �� DQG $SULO ��� ���� LVGHULYHG FRQGXFWLQJ ODWLWXGH VXUYH\V

� 1HXWURQ 0RQLWRUV DQG 6RODU 2EVHUYDWLRQV
7ZR VWURQJ JURXQG�OHYHO HYHQWV RQ $SULO �� DW ����� 87 DQG $SULO �� DW ����
87 ZHUH UHJLVWHUHG DW 1HXWURQ 0RQLWRU HQHUJLHV� 7KH\ WRRN SODFH DIWHU D VWURQJ
)RUEXVK GHFUHDVH� LPSO\LQJ VLJQLnFDQWO\ GLVWXUEHG LQWHUSODQHWDU\ DQG JHRPDJQHWLF
FRQGLWLRQV� $ FODVV ;������% oDUH ZLWK KHOLRFRRUGLQDWHV 6�� :�� RQ $SULO ��� �����(DVWHU HmHFW� DW ����� 87 LQ DFWLYH UHJLRQ ����� WRJHWKHU ZLWK DQ DFFRPSDQ\LQJ
FRURQDO PDVV HMHFWLRQ �&0(� ZHUH IROORZHG E\ D ODUJH VRODU HQHUJHWLF SDUWLFOH HYHQW
UHFRUGHG E\ WKH /LRQ ,QVWUXPHQW RQ 62+2 DQG ODUJH JURXQG OHYHO HYHQWV VWDUWLQJ
DW �����87 ZKLFK ZHUH REVHUYHG E\ QHXWURQ PRQLWRUV ZRUOGZLGH� 7KH VWDUW RI



WKH W\SH ,, UDGLREXUVW ZDV UHFRUGHG DW ����� 87� $Q LQWHUSODQHWDU\ VKRFNZDYHUHDFKHG DW HDUWK DW �����87 RQ $SULO ��� VWLPXODWLQJ D KLJK YDOXH RI .S LQGH[� 7KH
SDUWLFOH VLJQDWXUHV H[KLELWHG D IUHVK LQMHFWLRQ IURP WKH VDPH DFWLYH UHJLRQ VWDUWLQJ
DW �����87 RQ $SULO �� �D &� oDUH DQG D &0(�� 7KHVH HYHQWV ZHUH IROORZHG
E\ D IXUWKHU VPDOOHU */( IURP �����87� 7LPH SURnOHV RI WKH */( RI $SULO ���
���� XVLQJ ��PLQ FRVPLF UD\ LQWHQVLW\ YDOXHV IRU D QXPEHU RI KLJK ODWLWXGH 1HXWURQ
0RQLWRUV �$SDWLW\ ���� *9� 2XOX ���� *9� 0RVFRZ ���� *9 DQG $WKHQV ���� *9�DUH SUHVHQWHG LQ )LJ��� 7KH HYHQW REYLRXVO\ KDV D VKRUW ULVH WLPH DQG H[SRQHQWLDO
GHFD\� ,W VWDUWHG DW DERXW �����87 WKDW PHDQV DW OHDVW ��PLQ DIWHU WKH W\SH
,, UDGLREXUVW WRRN SODFH� 7KH PD[LPDO HQKDQFHPHQW DW WKH QHXWURQ PRQLWRUV
ZDV UHDFKHG TXLFNO\ DQG WLPH SURnOH ZDV VLPSOH HQRXJK DQG KRW H[WHQGHG� $
UHPDUNDEOH GLmHUHQFH LQ WKH SURnOHV DW WKH WZR FORVHO\ ORFDWHG VWDWLRQV RI $SDWLW\
DQG 2XOX ZDV DWWULEXWHG WR VRPH PDJQHWRVSKHULF HmHFW XQGHU GLVWXUEHG FRQGLWLRQVLQ WKH �� 0/7 GD\VLGH VHFWRU ZKHUH 2XOX VWDWLRQ ZDV ORFDWHG GXULQJ WKH HYHQW�
DOORZLQJ D PRUH HDVLHU SHQHWUDWLRQ RI VRODU SURWRQV LQWR WKH LQQHU PDJQHWRVSKHUH
DQG WR WKH JURXQG WKDQ H[SHFWHG IURP FRPPRQO\ PDJQHWRVSKHULF PRGHOV XVLQJ
VWDWLVWLFDO DYHUDJHV RI WKH PDJQHWLF nHOG� $ VLPLODU IHDWXUH ZDV DSSHDUHG LQ WKH
*/(V RI -XO\ ��� ���� DQG 0D\ �� ���� � .RVORYVN\ DQG .DQ]DV� �����9DVKHQ\XN
HW DO� ������ 7KH ULJLGLW\ VSHFWUXP DQG WLPH�SURnOH RI LQWHQVLW\ GLVWULEXWLRQ RI VRODUSDUWLFOHV FDXVLQJ */( KDV YDULRXV LQIRUPDWLRQ DERXW WKH G\QDPLF VWUXFWXUH RI WKH
LQWHUSODQHWDU\ PDJQHWLF nHOG LQ WKH KHOLRVSKHUH �(O� %RULH DQG 6�6� $O�7KR\DLE�
����� 3DL]LV HW DO� ������ 7KH FRVPLF UD\ LQWHQVLW\ YDULDWLRQV IRU WKH WLPH LQWHUYDO
����� $SULO ���� LQFOXGLQJ WKH WZR */(V UHFRUGHG DW VHYHQ 10 VWDWLRQV ZLWK
GLmHUHQW FXW�Rm ULJLGLWLHV DUH LOOXVWUDWHG LQ )LJ �� 7KH KRXUO\ YDOXHV DUH QRUPDOL]HG
WR WKH PHDQ FRVPLF UD\ LQWHQVLW\ RI ���� $SULO� ����� 7KH nUVW HYHQW LV YHU\ VKDUSZLWK D PD[LPXP LQFUHDVH RI DERXW �� SHUFHQW IURP WKH ����� 87 OHYHO DW 7KXOH
10 VWDWLRQ� ZKLOH WKH VHFRQG RQH LV VPDOO �DERXW �� SHUFHQW IURP ����� 87 OHYHO�
�&RUGDUR HW DO� ������ ,Q WKLV FDVH WKXV ZH FDQ VD\ DERXW DFFHOHUDWLRQ XS WR ����
*H9 DW OHDVW� 'DWD IURP PDQ\ VWDWLRQV DW RQFH LQGLFDWH WKDW nUVW SDUWLFOHV FDPH WR
WKH (DUWK DW ����������� 87 DQG ZH FDQ QRW H[FOXGH WKDW VPDOO DPRXQW FDPH HYHQ
HDUOLHU� &KDUJHG SDUWLFOH RI VHYHUDO *H9 HQHUJ\ QHHGV QR OHVV WKDQ �� PLQ WR FRPH
LQ IURP WKH 6XQ� 7KH DQDO\VLV RI SUHYLRXV SURWRQ HYHQWV DW (DUWK �9DVKHQ\XN������ VKRZV WKDW */( RQVHW LV DOZD\V GHOD\HG UHODWLYHO\ WR UDGLR ,, UDGLR HPLVVLRQ
E\ QR OHVV WKDQ �� PLQ� 7KLV LQGLFDWHV WKH PRVW DPRXQW RI DUULYHG DW (DUWK KDUG
SDUWLFOHV WR EH DFFHOHUDWHG EHIRUH PD[LPXP RI WKH VRIW ;�UD\ HPLVVLRQ PHDVXUHG E\
*2(6 RU QHDUO\ WKLV WLPH� 7KH SHUFHQWDJH FRVPLF UD\ LQWHQVLW\ YDULDWLRQ UHFRUGHG
LQ GLmHUHQW 10 VWDWLRQV IRU WKH FRQVLGHUHG */(V ZLWK UHVSHFW WR WKH JHRPDJQHWLF
YHUWLFDO FXW�Rm ULJLGLW\ LV JLYHQ LQ )LJ� �� ,W QRWHZRUWK\ WKDW WKH ULJLGLW\ VSHFWUXPRI WKHVH HYHQWV LV H[SRQHWLDO DQG GRHV QRW VKRZ WKH H[LVWHQFH RI D EURDG PD[LPXP
DURXQG ��� *9� DV LQ WKH FDVH RI )RUEXVK GHFUHDVHV �3DL]LV HW DO� ������ ,Q WKH
VHFRQG */( RI $SULO �� WKH PD[LPXP HQKDQFHPHQW LV DSSHDUHG LQ $SDWLW\ VWDWLRQ
DQG QRW LQ 7KXOH VWDWLRQ� GXH WR WKH DV\PSWRWLF FRQHV� ,W LV FKDUDFWHULVWLF WKDW
VRODU SURWRQV KDYH DFFHOHUDWHG XS WR ��� *H9 DW OHDVW�

� &RQFOXVLRQV
$ SUHOLPLQDU\ DQDO\VLV RI */(V RQ �� DQG �� $SULO� ���� REVHUYHG E\ WKH ZRUOGZLGH
QHXWURQ PRQLWRU QHWZRUN ZDV FDUULHG RXW� 7KH ELJJHVW oDUH LQ FXUUHQW VRODU F\FOH �;
������%� DFFRPSDQ\LQJ ZLWK D FRURQDO PDVV HMHFWLRQ JDYH WZR VWURQJ */(V� 7KH
nUVW RQH LV WKH ODUJHVW SURWRQ HYHQW DERYH �� 0H9 VLQFH ����� 7KH WZR HYHQWV ZHUH
VXSHULPSRVHG RQ D GLVWXUEHG LQWHUSODQHWDU\ EDFNJURXQG� ZKHUH D VWURQJ )RUEXVK
GHFUHDVH ZDV LQ SURJUHVV ZKHQ WKH */(V WRRN SODFH� $ FRPSOH[ DQDO\VLV RI PDQ\UHOHYDQW GDWD VXSSRVH WKH SDUWLFOH DFFHOHUDWLRQ XS WR UHODWLYLVWLF HQHUJLHV WR EH
RFFXUUHG RQ WKH HDUO\ SKDVH RI WKH oDUH DQG WKH SURWRQ HQKDQFHPHQW KDG D UHODWLYHO\
VRIW HQHUJ\ VSHFWUXP� +RZHYHU LW FRQWDLQHG KLJK �HQHUJ\ SDUWLFOHV XS WR ��� *H9
DW OHDVW� 7LPLQJ RI */( RI �� $SULO� ���� DQG RWKHU FKDUDFWHULVWLFV RI WKH HYHQW



)LJXUH �� ,QWHQVLW\�7LPH SURnOHV RI WKH */( RI $SULO ��� ���� ZLWK ��PLQ FRVPLF UD\ LQWHQVLW\
GDWD IRU D QXPEHU RI KLJK ODWLWXGH 1HXWURQ 0RQLWRUV �$SDWLW\ ���� *9� 2XOX ���� *9� 0RVFRZ
���� *9 DQG $WKHQV ���� *9

OHDG WR FRQFOXVLRQ WKDW UHODWLYLVWLF SDUWLFOHV VXSSRVH WR EH DFFHOHUDWHG GXULQJ WKHnUVW �� PLQ DIWHU WKH W\SH ,, UDGLR EXUVW VWDUWHG� 6XPPDUL]LQJ ZH FDQ VD\ WKDW WKH
UHQHZHG ZLWK DOO WKH PRGHUQ UHTXLUHPHQWV RI GDWD SUHVHQWDWLRQ $WKHQV 10 VWDWLRQ
PDNHV DQ HVVHQWLDO FRQWULEXWLRQ WR WKH :RUOGZLGH 10 QHWZRUN� 7KH VWXG\ RI
*URXQG /HYHO 3URWRQ (YHQWV DQG WKH VHOHFWLRQ RI 6RODU 1HXWURQ (YHQWV LV SRVVLEOH
ZLWK WKLV VWDWLRQ� DV LW KDV WKH DGYDQWDJH RI D KLJK JHRPDJQHWLF FXW�Rm VWDWLRQ
ZKLFK DUH QRW VR PDQ\ LQ WKH :RUOGZLGH 1HWZRUN� 7KHVH VWDWLRQV DUH YHU\ XVHIXOWR WKH 6RODU 7HUUHVWULDO DQG 6SDFH :HDWKHU VWXGLHV�
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