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3UHOLPLQDU\ DQDO\VLV RI WKH � 1RYHPEHU ����

*URXQG /HYHO (QKDQFHPHQW

0�/� 'XOGLJ� DQG -�(� +XPEOH�

�$XVWUDOLDQ $QWDUFWLF 'LYLVLRQ� .LQJVWRQ� 7DV ����� $XVWUDOLD
�8QLYHUVLW\ RI 7DVPDQLD� +REDUW� 7DV ����� $XVWUDOLD

$EVWUDFW

7KH ILUVW VLJQLILFDQW */( RI WKH SUHVHQW 6RODU &\FOH RFFXUUHG RQ � 1RYHPEHU ����� (DUOLHVW RQVHW ZDV

REVHUYHG DURXQG ���� 87 EXW XS WR �� PLQXWHV ODWHU DW RWKHU QHXWURQ PRQLWRU ORFDWLRQV� 7KH WLPHV RI SHDN

LQWHQVLW\ DOVR YDULHG ZLGHO\ DW WKHVH ORFDWLRQV� 7KH VSHFWUXP� SLWFK DQJOH GLVWULEXWLRQ DQG DUULYDO GLUHFWLRQV

DUH SUHVHQWHG� EDVHG RQ DQ DQDO\VLV RI GDWD DYDLODEOH LQ WKH */( GDWDEDVH DQG IURP RWKHU VRXUFHV�

� ,QWURGXFWLRQ�
7KH JURXQG OHYHO HQKDQFHPHQW �*/(� RI � 1RYHPEHU ���� ZDV WKH ILUVW RI WKH SUHVHQW ���UG� VRODU F\FOH�

7KLV HQKDQFHPHQW ZDV REVHUYHG E\ DW OHDVW �� QHXWURQ PRQLWRUV ZLWKLQ WKH ZRUOGZLGH QHWZRUN ZLWK D

PD[LPXP JHRPDJQHWLF FXWRII RI a��� *9� 7KH HDUOLHVW RQVHW DSSHDUV WR EH LQ WKH LQWHUYDO ����¤���� 87 DW

*RRVH %D\� 7KH PD[LPXP LQFUHDVH RI ����� ZDV REVHUYHG DW 6RXWK 3ROH LQ WKH LQWHUYDO ����¤���� 87 DQG

DJDLQ LQ WKH LQWHUYDO ����¤����� ,W VKRXOG EH QRWHG WKDW WKH 6RXWK 3ROH LQFUHDVH UHPDLQHG DERYH ��� IURP

���� XQWLO ���� 87�

$ �%�;��� VRODU IODUH DW KHOLRFHQWULF FRRUGLQDWHV ��� 6� ��� : LQ UHJLRQ ���� KDV EHHQ DVVRFLDWHG ZLWK

WKLV VRODU SDUWLFOH HYHQW �/RYHOO HW DO� ������ +D HPLVVLRQ FRPPHQFHG DW ���� 87 DQG SHDNHG DW ���� 87�

7\SH ,, DQG 7\SH ,9 UDGLR HPLVVLRQ ZDV DOVR UHFRUGHG FRQFXUUHQWO\ �6RODU�*HRSK\VLFV 'DWD ����������� $

FRLQFLGHQW IDVW FRURQDO PDVV HMHFWLRQ �&0(� ZDV LGHQWLILHG E\ WKH /$6&2 LQVWUXPHQW RQ WKH 62+2

VSDFHFUDIW�

7KH WHFKQLTXH ZH HPSOR\ IRU DQDO\VLQJ D */( KDV EHHQ IXOO\ GHVFULEHG LQ &UDPS HW DO� ������� 7KH

7V\JDQHQNR ������ JHRPDJQHWLF ILHOG PRGHO LV XVHG WR GHWHUPLQH WKH DV\PSWRWLF YLHZLQJ GLUHFWLRQV RI HDFK

JURXQG EDVHG QHXWURQ PRQLWRU �)O�FNLJHU 	 .REHO� ����� IRU YHUWLFDO DQG FDUGLQDO GLUHFWLRQV DW ]HQLWK

DQJOHV RI ��� DQG ��� �D WRWDO RI � DUULYDO GLUHFWLRQV IRU HDFK PRQLWRU�� $ OHDVW VTXDUH WHFKQLTXH LV WKHQ XVHG

WR GHULYH WKH DSSDUHQW SDUWLFOH DUULYDO GLUHFWLRQ� SLWFK DQJOH GLVWULEXWLRQ DQG ULJLGLW\ VSHFWUXP� 7KH PRGHO

PXVW DFFXUDWHO\ UHSURGXFH WKH REVHUYHG LQFUHDVHV LQFOXGLQJ QXOO UHVSRQVHV IRU WKRVH PRQLWRUV WKDW GLG QRW

REVHUYH DQ LQFUHDVH� ,W LV LPSRUWDQW WR LQFOXGH GDWD IURP DV ZLGH D UDQJH RI JHRJUDSKLF ORFDWLRQV DV SRVVLEOH

WR JLYH WKH EHVW SRVVLEOH JOREDO FRYHUDJH RI YLHZLQJ FRQHV DQG FXWRII ULJLGLWLHV�

7KLV DQDO\VLV LV DQ H[WHQVLRQ RI WKH /RYHOO HW DO� ������ VWXG\ DQG LQFOXGHG ILYH�PLQXWH DYHUDJHV IURP ��

QHXWURQ PRQLWRUV� 2EVHUYHG LQFUHDVHV ZHUH FRUUHFWHG WR VHD OHYHO DWPRVSKHULF SUHVVXUH XVLQJ WKH WZR�

DWWHQXDWLRQ OHQJWK PHWKRG �0F&UDFNHQ� ����� DQG DQ DWWHQXDWLRQ OHQJWK RI ��� J FP��� 6SHFWUD ZHUH

PRGHOOHG DV SRZHU ODZV LQ ULJLGLW\ DQG DQ H[SRQHQWLDO IRUP RI WKH SLWFK DQJOH GLVWULEXWLRQ ZDV HPSOR\HG�

� 5HVXOWV�
1HXWURQ PRQLWRU UHVSRQVHV ZHUH PRGHOHG IRU �� ILYH�PLQXWH LQWHUYDOV EHWZHHQ ����� 87 DQG ����� 87

FRPPHQFLQJ RQ HDFK TXDUWHU KRXU DQG IRU WKH ILYH�PLQXWH LQWHUYDOV FRPPHQFLQJ DW ������ ����� DQG �����

87� )LJXUH � VKRZV REVHUYHG LQFUHDVHV DQG �V HUURU EDUV IRU DOO WKH PRQLWRUV DQG WLPHV FRQVLGHUHG� $OVR

VKRZQ E\ WKH RSHQ GLDPRQG V\PEROV DUH WKH ILW UHVSRQVHV� 7KUHH PRQLWRUV� %ULVEDQH� 'DUZLQ DQG 0H[LFR

&LW\ DUH QRW VKRZQ DV WKH\ GLG QRW REVHUYH VLJQLILFDQW LQFUHDVHV� EXW WKH\ ZHUH LQFOXGHG LQ WKH DQDO\VLV�
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)LJXUH �� )LYH�PLQXWH DYHUDJH QHXWURQ PRQLWRU GDWD FRUUHFWHG WR VHD OHYHO ZLWK �V HUURUV DQG WKH ILW WR WKH

REVHUYDWLRQV �GLDPRQGV�� 7LPHV DUH 87� � 1RYHPEHU ���� DQG WKH YHUWLFDO VFDOHV DUH LQ SHUFHQW�



7KH PRGHOLQJ WHFKQLTXH UHTXLUHV RQH VWDWLRQ WR EH XVHG IRU QRUPDOL]DWLRQ WR GHWHUPLQH WKH VSHFWUDO

LQWHQVLW\ DW � *9� 7KH FKRVHQ VWDWLRQ ZDV ,QXYLN IRU DOO WLPH LQWHUYDOV� &OHDUO\ SDUWLFOHV RI ULJLGLWLHV XS WR

a� *9 ZHUH SUHVHQW GXULQJ WKH HQKDQFHPHQW� )LJXUH � SUHVHQWV WKH GHULYHG SLWFK DQJOH GLVWULEXWLRQV IRU WKH

HQKDQFHPHQW� 7KHUH ZDV VOLJKW DQLVRWURS\ HDUO\ LQ WKH HQKDQFHPHQW� 7KH LVRWURSLF FRPSRQHQW ZDV

VLJQLILFDQW WKURXJKRXW WKH HQKDQFHPHQW DQG LQFUHDVHG ODWHU LQ WKH HYHQW�
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)LJXUH �� 'HULYHG SLWFK DQJOH GLVWULEXWLRQV IRU WKH � 1RYHPEHU ���� */(� 7LPHV VKRZQ DUH 87�

7KH GLIIHUHQWLDO ULJLGLW\ VSHFWUXP ZDV ZHOO ILW E\ D SXUH SRZHU ODZ� ,QLWLDOO\ WKH VSHFWUXP KDG D VSHFWUDO

LQGH[ RI a ¤� DQG WKLV VRIWHQHG SURJUHVVLYHO\ WR D VSHFWUDO LQGH[ RI a ¤��� E\ ����� 87� 7KH VSHFWUDO

SDUDPHWHUV DUH JLYHQ LQ 7DEOH � EHORZ�

87 ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

)OX[ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

J ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

7DEOH �� 'HULYHG VSHFWUD IRU WKH � 1RYHPEHU ���� */(� 7KH IOX[ DW �*9 LV LQ XQLWV RI �FP� V *9����

� 'LVFXVVLRQ�
7KH LQWHUSODQHWDU\ PDJQHWLF ILHOG �,0)� GXULQJ WKH HQKDQFHPHQW ZDV KLJKO\ YDULDEOH� ,Q ILJXUH �� ,03��

REVHUYDWLRQV RI WKH ,0) GLUHFWLRQ DUH VKRZQ DV GDUN JUD\ GLDPRQGV DQG WKH DQWL�ILHOG GLUHFWLRQV DUH VKRZQ

DV OLJKW JUD\ GLDPRQGV� 7KH EODFN VTXDUHV VKRZ WKH GHULYHG SLWFK DQJOH D[LV RI V\PPHWU\ �RU SDUWLFOH DUULYDO

GLUHFWLRQ� RI WKH VRODU SDUWLFOHV� 7KH ILW IRU SDUWLFOH DUULYDO GLUHFWLRQ KDG ODUJH XQFHUWDLQWLHV GXH WR WKH

VXEVWDQWLDO LVRWURSLF FRPSRQHQW LQ WKH SLWFK DQJOH GLVWULEXWLRQV� ,W ZDV SRVVLEOH WR REWDLQ VDWLVIDFWRU\ ILWV

RYHU H[WHQGHG UDQJHV RI DUULYDO GLUHFWLRQ ZLWK VPDOO FKDQJHV LQ WKH SLWFK DQJOH GLVWULEXWLRQV� 7KH DGGLWLRQDO

GDWD LQFOXGHG LQ WKLV DQDO\VLV KDYH UHVXOWHG LQ D VPDOOHU DQLVRWURSLF FRPSRQHQW WR WKH SLWFK DQJOH

GLVWULEXWLRQ DQG WKXV JUHDWHU XQFHUWDLQW\ UHJDUGLQJ WKH SDUWLFOH DUULYDO GLUHFWLRQ WKDQ ZDV SUHVHQWHG E\

/RYHOO HW DO� ������� 9DULDWLRQV RI DUULYDO GLUHFWLRQ RI ���¤��� LQ ODWLWXGH DQG ORQJLWXGH ZHUH IRXQG WR JLYH

DFFHSWDEOH ILWV DW VRPH PRGHOHG WLPHV� &RQYHUVHO\� WKH GHULYHG VSHFWUDO SDUDPHWHUV ZHUH TXLWH UREXVW DQG

KDYH DQ HVWLPDWHG XQFHUWDLQW\ RI r���� )RU WKH HDUOLHU WLPHV� WKH GHULYHG VSHFWUD ZHUH VRIWHU WKDQ WKRVH IRXQG

E\ /RYHOO HW DO� ������ EXW WKH\ DUH VLPLODU ODWH LQ WKH HYHQW�

7KHUH GRHV QRW DSSHDU WR EH DQ\ FRQVLVWHQF\ EHWZHHQ WKH ILHOG GLUHFWLRQ DQG WKH SDUWLFOH DUULYDO GLUHFWLRQ�

/DWH LQ WKH HYHQW WKH VPDOO DQLVRWURS\ DSSHDUV WR EH DOLJQHG ZLWK WKH DQWL�ILHOG GLUHFWLRQ� 7KH ILHOG OLQHV

REVHUYHG E\ ,03�� IRU WKH SHULRG RI WKH HQKDQFHPHQW DUH RULHQWHG IURP WKH HDVW RI WKH 6XQ�(DUWK OLQH� 7KLV

LV QRW WKH W\SLFDO ,0) JHRPHWU\� ZKHUH WKH ILHOG ZRXOG QRUPDOO\ LQWHUVHFW WKH (DUWK IURP a��� :� 7KH



GHULYHG DUULYDO GLUHFWLRQV EHWZHHQ ����� DQG ����� 87 ZHUH EH\RQG ��� : RI WKH 6XQ�(DUWK OLQH LQGLFDWLQJ

SDUWLFOH SURSDJDWLRQ WRZDUG WKH 6XQ� 7KH DUULYDO GLUHFWLRQV DW ����� DQG ����� 87 ZHUH IURP HDVW RI WKH

6XQ�(DUWK OLQH� RSSRVLWH IURP WKH HDUOLHU WLPHV�
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)LJXUH �� ,QWHUSODQHWDU\ PDJQHWLF ILHOG GLUHFWLRQ �GDUN JUD\ GLDPRQGV� DQG DQWL�ILHOG GLUHFWLRQ �OLJKW JUD\

GLDPRQGV� DV REVHUYHG E\ ,03�� IRU � 1RYHPEHU ����� %ODFN VTXDUHV VKRZ WKH GHULYHG */( SDUWLFOH

DUULYDO GLUHFWLRQ� 7LPHV DUH LQ 87�

$ FRURQDO PDVV HMHFWLRQ �&0(� WKDW OHIW WKH 6XQ RQ � 1RYHPEHU ���� ZDV DSSURDFKLQJ WKH (DUWK GXULQJ

WKH HQKDQFHPHQW� ,W SDVVHG WKH (DUWK DW DERXW ����� 87 RQ � 1RYHPEHU ����� ,W LV SRVVLEOH WKDW D ORRSHG

ILHOG VWUXFWXUH H[LVWHG� 6RODU SDUWLFOHV PD\ WKHQ KDYH SURSDJDWHG IURP WKH IODUH VLWH RQ WKH ZHVWHUQ VRODU

VHFWRU DURXQG WKH &0( IROORZLQJ WKH ILHOG OLQHV� 7KH ORRS LQ WKH ILHOG ZRXOG WKHQ DOORZ SDUWLFOH DUULYDO IURP

WKH UHYHUVH GLUHFWLRQ� 7KH DUULYDO RI VRODU SDUWLFOHV IURP HDVW RI WKH 6XQ�(DUWK OLQH ODWH LQ WKH HYHQW FRXOG EH

GXH WR SURSDJDWLRQ DORQJ RWKHU DUP RI WKH ORRS� 6XFK DQ LQWHUSUHWDWLRQ PXVW UHPDLQ VSHFXODWLYH DW WKLV WLPH

GXH WR WKH ODUJH UDQJH RI SRVVLEOH DUULYDO GLUHFWLRQV JLYLQJ DQ DFFHSWDEOH ILW WR WKH REVHUYDWLRQV�

$Q DWWHPSW ZDV PDGH WR PRGHO SRVVLEOH EL�GLUHFWLRQDO SDUWLFOH IORZ DQG VRPH JUHDWO\ LPSURYHG ILWV ZHUH

REWDLQHG �DGGLWLRQDO SDUDPHWHUV LPSURYH WKH ILW� RI FRXUVH�� +RZHYHU� DW VRPH WLPHV QR SK\VLFDOO\ UHDOLVWLF

EL�GLUHFWLRQDO VROXWLRQ FRXOG EH IRXQG� &OHDUO\ IXUWKHU DQDO\VLV LV UHTXLUHG ZLWK REVHUYDWLRQV IURP D JUHDWHU

QXPEHU RI QHXWURQ PRQLWRU VWDWLRQV ZLWK EHWWHU YLHZLQJ FRQH FRYHUDJH� 1XOO REVHUYDWLRQV ZRXOG DOVR SURYH

YDOXDEOH�

� $FNQRZOHGJPHQWV�
7KH DXWKRUV DFNQRZOHGJH XVHIXO GLVFXVVLRQV ZLWK -�/� /RYHOO� 7KH\ DOVR WKDQN DOO SULQFLSDO LQYHVWLJDWRUV

DQG WKHLU LQVWLWXWLRQV IRU PDNLQJ WKHLU GDWD DYDLODEOH� 1HXWURQ PRQLWRUV RI WKH %DUWRO 5HVHDUFK ,QVWLWXWH DUH

VXSSRUWHG E\ 16) JUDQWV 233��������� $70�������� DQG 233��������� 8QLYHUVLW\ RI &KLFDJR PRQLWRUV

DUH VXSSRUWHG E\ 16) JUDQW $70���������

5HIHUHQFHV

&UDPS -�/� HW DO� ����� -*5 ���� �����

)O�FNLJHU� (�2� 	 .REHO (� ����� -� *HRPDJ� *HRHOHFW� ��� ����

/RYHOO� -�/�� HW DO� ����� $GY� 6SDFH 5HV� �LQ SUHVV�

0F&UDFNHQ� .�*� ����� -*5 ��� ���

6RODU�*HRSK\VLFDO 'DWD ����� 1R� ���� �1DWLRQDO *HRSK\VLFDO 'DWD &HQWHU�

6RODU�*HRSK\VLFDO 'DWD ����� 1R� ���� �1DWLRQDO *HRSK\VLFDO 'DWD &HQWHU�

7V\JDQHQNR� 1�$� ����� 3ODQHW� 6S� 6FL� ��� �


