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�5HFHLYHG�������$SU�����

/LJKWFXUYHV�DQG�DPSOLWXGHV�IRU�QLQH�QHDU�(DUWK�DVWHURLGV�
REVHUYHG�IURP�*UHDW�6KHIIRUG�2EVHUYDWRU\�GXULQJ�FORVH�
DSSURDFKHV�LQ������DUH�UHSRUWHG�������7%���������<(���
�����$8�� ����� &2�� �����'3�� �����';��� ����� (%���
�����(;��DQG������)+��$OO�KDYH�URWDWLRQ�SHULRGV�IDVWHU�
WKDQ�WKH����K�VSLQ�EDUULHU�DQG�ILYH�DSSHDU�WR�VKRZ�VLJQV�
RI�WXPEOLQJ��

3KRWRPHWULF� REVHUYDWLRQV� RI� QHDU�(DUWK� DVWHURLGV� GXULQJ� FORVH�
DSSURDFKHV� WR�(DUWK� GXULQJ� -DQXDU\� ��0DUFK� �����ZHUH�PDGH� DW�
*UHDW� 6KHIIRUG� 2EVHUYDWRU\� XVLQJ� D� �����P� 6FKPLGW�&DVVHJUDLQ�
DQG�$SRJHH�$OWD�8����&&'�FDPHUD��$OO�REVHUYDWLRQV�ZHUH�PDGH�
XQILOWHUHG�DQG�ZLWK�WKH�WHOHVFRSH�RSHUDWLQJ�ZLWK�D�IRFDO�UHGXFHU�DW�
I����7KH��.î�.�����PLFURQ�&&'�ZDV�ELQQHG��î��UHVXOWLQJ�LQ�DQ�
LPDJH� VFDOH� RI� ����� DUFVHF�SL[HO�� $OO� WKH� LPDJHV�ZHUH� FDOLEUDWHG�
ZLWK�GDUN�DQG�IODW�IUDPHV�DQG�$VWURPHWULFD��5DDE��������ZDV�XVHG�
WR�PHDVXUH�SKRWRPHWU\�XVLQJ�$3$66�-RKQVRQ�9�EDQG�GDWD�IURP�WKH�
8&$&��FDWDORJXH��032�&DQRSXV� �:DUQHU��������� LQFRUSRUDWLQJ�
WKH�)RXULHU�DOJRULWKP�GHYHORSHG�E\�+DUULV��+DUULV�HW�DO���������ZDV�
XVHG�IRU�OLJKWFXUYH�DQDO\VLV��

$OO�WKH�REMHFWV�ZHUH�GLVFRYHUHG�RQ�RU�DIWHU�WKH�ODVW�DYDLODEOH�XSGDWH�
RI�WKH�/&'%��:DUQHU�HW�DO���������DQG�WKHUHIRUH�QR�SUHYLRXV�UHVXOWV�
IRU� DQ\� RI� WKH� REMHFWV� DUH� FRQWDLQHG� WKHUHLQ�� 6HDUFKHV� RI� WKH�
$VWURSK\VLFV�'DWD�6\VWHP� �$'6�������� KDYH� DOVR�QRW� IRXQG�DQ\�
SUHYLRXVO\�UHSRUWHG�UHVXOWV�IRU�DQ\�RI�WKH�QLQH�REMHFWV��2WKHU�VRXUFHV�
RI�LQIRUPDWLRQ�IRU�SUHYLRXVO\�UHSRUWHG�UHVXOWV�DUH�OLVWHG�DJDLQVW�HDFK�
REMHFW�ZKHUH�DSSURSULDWH��

����� 7%���� 'LVFRYHUHG� RQ� ����� 2FW� ��� E\� 3DQ�67$556��
�0DVWDOHU�HW�DO����������WKLV�$SROOR�PDGH�DQ�DSSURDFK�WR�ZLWKLQ���
/XQDU�'LVWDQFHV��/'��RQ������)HE���DQG�ZDV�REVHUYHG�RQ������)HE�
��IRU���KRXU�DW�D�UDQJH�RI���/'�DQG�DW�D�SKDVH�DQJOH�RI�!�����,W�LV�
FODVVHG�DV�D�3RWHQWLDOO\�+D]DUGRXV�$VWHURLG� �3+$��E\�WKH�0LQRU�
3ODQHW�&HQWHU��03&������D���3+$V�GHILQHG�DV�KDYLQJ�D�0LQLPXP�
2UELW�,QWHUVHFWLRQ�'LVWDQFH��02,'���������$8�DQG�+���������7KH�
03&�OLVWV������7%���ZLWK�02,'� �������DQG�+� �������WKRXJK�
-3/��������OLVWV�+�DV��������MXVW�RXWVLGH�WKH�3+$�OLPLW�DQG�WKH�-3/�
YDOXH�LPSOLHV�D�GLDPHWHU�RI�a����P�DVVXPLQJ�D�GHIDXOW�1(2�DOEHGR�
RI�SY� �������:DUQHU�HW�DO����������

����XVDEOH�LPDJHV�ZHUH�FROOHFWHG�ZLWK�H[SRVXUHV�OLPLWHG�WR���V�GXH�
WR� WKH� VN\� PRWLRQ� RI� ��� DUFVHF�PLQXWH�� /DUJH� YDULDWLRQV� LQ�
PDJQLWXGH� ZHUH� REYLRXV� RYHU� D� SHULRG� QR� VKRUWHU� WKDQ� VHYHUDO�
PLQXWHV��VR�WKH�LQGLYLGXDO�LPDJHV�ZHUH�VWDFNHG�XVLQJ�$VWURPHWULFD�
LQWR� ��� JURXSV� FRPSULVLQJ� D�PD[LPXP� RI� ��� LPDJHV� LQ� HDFK� WR�
HQKDQFH� WKH� VLJQDO� WR� QRLVH� UDWLR�� ,QGLYLGXDO� VWDFNV� FRQWDLQHG�
H[SRVXUHV�RYHU�D�WLPH�VSDQ�RI�QR�PRUH�WKDQ����V��,W�LV�DSSDUHQW�IURP�
WKH� UDZ� SORW� WKDW� WKHUH� DUH� �� XQHTXDO� PD[LPD� DQG� �� PLQLPD��
&DQRSXV� PDQDJHV� WR� UHSUHVHQW� WKH� SRLQWV� ZHOO� ZLWK� D� SHULRG� RI��
������ �� ������ K� EXW� WKH� FXUYH� VXJJHVWV� WKH� OLNHOLKRRG� RI� VRPH��
�

WXPEOLQJ� EHLQJ� SUHVHQW�� ZLWK� QRQH� RI� WKH� PD[LPD� RU� PLQLPD�
UHSHDWLQJ��)URP�WKLV�UHGXFWLRQ�LW�LV�WKHUHIRUH�H[SHFWHG�WR�EH�UDWHG�DV�
3$5�  � ��� �1RQ�3ULQFLSDO� $[LV� URWDWLRQ� SRVVLEOH�� EXW� QRW�
FRQFOXVLYHO\�� RQ� WKH� VFDOH� RI� 3UDYHF� HW�� DO�� �������� 7KH� RQO\�
SUHYLRXVO\� UHSRUWHG� UHVXOW� ORFDWHG� IRU� �����7%��� �3UDYHF�� ������
OLVWV�LW�ZLWK�D�UDWLQJ�RI�3$5� �����13$�URWDWLRQ�GHWHFWHG�EDVHG�RQ�
GHYLDWLRQV� IURP� D� VLQJOH� SHULRG� EXW� WKH� VHFRQG� SHULRG� LV� QRW�
UHVROYHG�� IURP� REVHUYDWLRQV�PDGH� EHWZHHQ� ����� -DQ� �� �� ��� DQG�
JLYHV� 3��  � ������� �� ������� K� ZLWK� D� VHFRQG� SHULRG��
3��  � �������� �� �������� K�� 7KH� FXUUHQW� DQDO\VLV� LV� WKHUHIRUH� LQ�
UHDVRQDEOH� DJUHHPHQW� ZLWK� WKH� SULPDU\� SHULRG� IURP� WKH� HDUOLHU�
VWXG\��

�

�

����� <(��� 7KLV� VPDOO�� a��� P� GLDPHWHU�� $SROOR� REMHFW� ZDV�
GLVFRYHUHG�ZLWK�WKH�����P�UHIOHFWRU�DW�/DV�&DPSDQDV�2EVHUYDWRU\�
RQ� �����'HF���� �6KHSSDUG� HW� DO��� ������ DW�PDJ�����DQG�PDGH�D�
FORVH�DSSURDFK�WR�����/'�RQ������-DQ������87&��,W�ZDV�IROORZHG�
GXULQJ�LWV�DSSURDFK��VWDUWLQJ�DW������-DQ�������87&�IRU�����KRXUV��
'XULQJ�WKLV�LQWHUYDO�LWV�GLVWDQFH�IURP�(DUWK�UDQJHG�IURP�����WR�����
/'�DQG� WKH�DSSDUHQW� VSHHG� LQFUHDVHG� IURP���� WR�����DUFVHF�PLQ��
([SRVXUHV�ZHUH�OLPLWHG�WR�D�PD[LPXP�RI�����V�WR�NHHS�WUDLOLQJ�RI�
WKH�1(2�ZLWKLQ�D���SL[HO�UDGLXV�DQQXOXV�LQ�$VWURPHWULFD�DQG�D�WRWDO�
RI� ����� PHDVXUHPHQWV� ZHUH� PDGH�� 7KH� OLJKWFXUYH� LV� RI� ORZ�
DPSOLWXGH�� LPSO\LQJ� D� UHODWLYHO\� VSKHULFDO� REMHFW� RU� SRVVLEO\��
SROH�RQ�DVSHFW��3KDVH�DQJOH�LQFUHDVHG�IURP�����WR�����GXULQJ�WKH�
SHULRG�REVHUYHG��
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�����$8��$QRWKHU�VPDOO� �a���P�GLDPHWHU��$SROOR��GLVFRYHUHG�DW�
��WK�PDJ�E\�WKH�$7/$6�����P�UHIOHFWRU�RQ�0DXQD�/RD��*URHOOHU�
HW� DO��� ������ RQ� ����� -DQ� �� DQG� UHDFKHG� ��WK� PDJ� GXULQJ� DQ�
DSSURDFK�WR�����/'�RQ������-DQ������87&��,W�ZDV�REVHUYHG�IRU���K�
DW�WKH�SRLQW�RI�FORVHVW�DSSURDFK��ZKHQ�WKH�DSSDUHQW�VSHHG�ZDV�����
DUFVHF�PLQ� DQG� H[SRVXUHV� ZHUH� OLPLWHG� WR� ���� V� WR� NHHS� WUDLOLQJ�
VKRUW��

7KH�UDZ�SORW�IURP�032�&DQRSXV�VKRZV�����PDJ�YDULDWLRQV�SHDNLQJ�
HYHU\�a���PLQXWHV�DQG�VXJJHVWLYH�RI�D�ELPRGDO�VROXWLRQ��+RZHYHU��
WKH� VHFRQGDU\�PD[LPD� VKRZ� VLJQLILFDQW� GLIIHUHQFHV� LQ� DPSOLWXGH�
DQG�VKDSH�RI�FXUYH��HVSHFLDOO\�RQ�WKH�GHVFHQGLQJ�VORSH��LQGLFDWLQJ�
WKDW�WKH�ERG\�PD\�EH�WXPEOLQJ��$�SKDVHG�ELPRGDO�VROXWLRQ�JLYHV�D�
SHULRG�RI����PLQ��LPSO\LQJ�OHVV�WKDQ�WZR�URWDWLRQV�ZHUH�REVHUYHG��
LQVXIILFLHQW�WR�UHVROYH�13$�URWDWLRQ�DQG�VR�LW�LV�H[SHFWHG�WR�EH�UDWHG�
DV�3$5� �����

�

�

�

�����&2��7KLV�ZDV�D�GLVFRYHU\�E\�WKH�&DWDOLQD�6N\�6XUYH\�RQ������
)HE����:LHU]FKRV�HW�DO���������DQG�PDGH�D�FORVH�DSSURDFK�WR������
/'�RQ������)HE�������87&��7KH�6%'%��-3/��������OLVWV�LW�ZLWK��
+� �������LPSO\LQJ�D�VL]H�RI�a���P��,W�ZDV�REVHUYHG�IRU�����K�IURP�
����� )HE� ������ 87&� ZKHQ� LW� ZDV� ��WK� PDJ� DQG� PRYLQJ� DW��
�����DUFVHF�PLQ��ZLWK�H[SRVXUHV�NHSW�WR�D�PD[LPXP�OHQJWK�RI�����
V��

�
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6WURQJ�YDULDWLRQV�DUH�VKRZQ�RQ�WKH�UDZ�SORW��EXW�VLPLODUO\�WR������
7%��� DQG� ����� $8�� DOWKRXJK� D� GRPLQDQW� SHULRGLF� YDULDWLRQ� LV�
HYLGHQW�� WKHUH� DUH� VLJQLILFDQW� GHYLDWLRQV� IURP� ZKDW� ZRXOG� EH�
H[SHFWHG�LI�LW�ZHUH�LQ�VLPSOH�SULQFLSDO�D[LV�URWDWLRQ��7KH�SHULRG�RI�
REVHUYDWLRQ�FRYHUV���PD[LPD�DQG�PLQLPD��QRW�HQRXJK�WR�SURSHUO\�
FKDUDFWHULVH�WKH�YDULDWLRQV��WKHUHIRUH�WKLV�LV�H[SHFWHG�WR�EH�DQRWKHU�
FDQGLGDWH�IRU�UDWLQJ�DV�3$5� �����

�����'3�� $� =7)� WHDP� GLVFRYHU\� IURP� 3DORPDU� �'XSRX\� HW� DO���
�������WKLV�VPDOO�a���P�VL]HG�$SROOR�KDG�SDVVHG�(DUWK�DW�����/'�
DERXW� �� KRXUV� EHIRUH� GLVFRYHU\� RQ� ����� )HE� ���� ,W� ZDV� XQGHU�
REVHUYDWLRQ�IURP�*UHDW�6KHIIRUG�IRU����PLQXWHV�WKDW�VDPH�GD\��WKH�
WHOHVFRSH�EHLQJ�UHSRVLWLRQHG�ILYH�WLPHV�GXH�WR�WKH�VN\�PRWLRQ�RI����
DUFVHF�PLQ��7ZR�KRXUV�ODWHU�LW�ZDV�REVHUYHG�DJDLQ�IRU�D�SHULRG�RI�
���PLQXWHV��/DUJH�UHJXODU�YDULDWLRQV�LQ�EULJKWQHVV�DUH�HYLGHQW�LQ�WKH�
UDZ�SORWV�IURP�ERWK�SHULRGV�RI�REVHUYDWLRQ��

+RZHYHU��WKH�KHLJKW�RI�PD[LPD�DSSHDUV�WR�YDU\�VHPL�UHJXODUO\�DQG�
VXJJHVWV� WKH� SRVVLELOLW\� RI� VRPH� QRQ�SULQFLSDO� D[LV� URWDWLRQ�� 7KH�
SHULRG� VSHFWUXP� LQGLFDWHV� WKH�GRPLQDQW�YDULDWLRQ� KDV� D�SHULRG�RI�
��������K�DQG�D�SKDVHG�SORW�ODEHOOHG�³3$�URW��DVVXPHG´�VKRZV�WKH�
UHVXOWLQJ�ELPRGDO�OLJKWFXUYH�DVVXPLQJ�SULQFLSDO�D[LV�URWDWLRQ��ZLWK�
VLJQLILFDQWO\�PRUH�VFDWWHU�WKDQ�WKH�LQGLYLGXDO�GDWD�SRLQW�HUURU�EDUV�
ZRXOG�LPSO\��

�

�

�

�

7KH�'XDO�3HULRG�6HDUFK�IXQFWLRQ�ZLWKLQ�032�&DQRSXV�ZDV�XVHG�
WR� VHH� LI� UHPRYLQJ� WKH� HIIHFW� RI� WKH� GRPLQDQW� OLJKWFXUYH� ZRXOG�
UHYHDO� DQ\� UHVLGXDO� 13$5� SHULRGLFLW\�� $IWHU� VHYHUDO� LWHUDWLRQV��
WKH�GRPLQDQW�YDULDWLRQ�ZDV� UHILQHG� WR� ���������� ��������K�ZLWK��
DQ� DPSOLWXGH� RI� ����� PDJV�� DQG� D� VHFRQG� SHULRG� UHYHDOHG� ZLWK��
DQ� DOPRVW� VLQXVRLGDO� ELPRGDO� OLJKWFXUYH� ZLWK� SHULRG��
������������������K�DQG�DPSOLWXGH������PDJV��3KDVHG�OLJKWFXUYHV�
DUH�JLYHQ�IRU�WKHVH��ODEHOOHG�3��DQG�3���
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$OWKRXJK�WKHUH�LV�VWLOO�D�ODUJH�DPRXQW�RI�QRLVH�LQ�WKH�GDWD�SRLQWV�ERWK�
SHULRGV� DUH� ZHOO� UHVROYHG�� KHOSHG� E\� WKH� ODUJH� DPSOLWXGHV� DQG�
QXPEHU� RI� URWDWLRQV� FRYHUHG�� 7KH� 032� &DQRSXV� 'XDO� 3HULRG�
6HDUFK� LV� GHVLJQHG� WR� ILQG� PXOWLSOH� SHULRGV� LQ� ELQDU\� DVWHURLG�
V\VWHPV�� QRW� WR� GHWHUPLQH� OLJKWFXUYH� SDUDPHWHUV� IRU� WXPEOLQJ�
DVWHURLGV� DQG� WKH� IUHTXHQFLHV� GHULYHG� KHUH� PD\� EH� OLQHDU�
FRPELQDWLRQV�RI�WKH�UHDO�IUHTXHQFLHV��ZKLFK�ZRXOG�QHHG�D�SK\VLFDO�
PRGHO�RI� WKH�13$�URWDWLRQ� WR�EH�FRQVWUXFWHG� WR�SURSHUO\� UHVROYH��
+RZHYHU��WKLV�LV�H[SHFWHG�WR�EH�UDWHG�DV�3$5� �����L�H���13$�URWDWLRQ�
UHOLDEO\�GHWHFWHG�ZLWK�WKH�WZR�SHULRGV�UHVROYHG��7KHUH�PD\�EH�VRPH�
DPELJXLWLHV� LQ� RQH� RU� ERWK� SHULRGV�� �3HWU� 3UDYHF�� SHUVRQDO�
FRPPXQLFDWLRQ���

����� ';��� 7KLV� ZDV� D� ��WK� PDJ� GLVFRYHU\� E\� WKH� &DWDOLQD� 6N\�
6XUYH\�RQ������)HE���� �%DFFL�HW� DO���������ZKLFK� UHPDLQHG�DW�D�
VLPLODU�EULJKWQHVV�IRU�QHDUO\�WZR�ZHHNV�IROORZLQJ��:LWK�+� ������LW�
KDV�DQ�HVWLPDWHG�GLDPHWHU�RI�a���P�������';��ZDV�REVHUYHG�IRU�
����K�VWDUWLQJ������)HE������87&�DQG���������V�H[SRVXUHV�ZHUH�
REWDLQHG��&RQGLWLRQV�ZHUH�SRRU��ZLWK� WKH����� LOOXPLQDWHG�0RRQ�
RQO\�����DZD\��KRZHYHU��ODUJH�DPSOLWXGH�YDULDWLRQV�RYHU�D�SHULRG�
RI�WHQV�RI�PLQXWHV�ZHUH�REYLRXV�GXULQJ�GDWD�FROOHFWLRQ��7KH�UDZ�SORW�
VKRZV� UHJXODU� YDULDWLRQV� EXW� ZLWK� VLJQLILFDQW� GLIIHUHQFHV� LQ� WKH�
VKDSH�RI�WKH�FXUYH�DQG�YDU\LQJ�KHLJKWV�RI�PD[LPD�LQGLFDWLQJ�QRQ�
SULQFLSDO�D[LV�URWDWLRQ�LV�OLNHO\��

�

$VVXPLQJ�MXVW�SULQFLSDO�D[LV�URWDWLRQ�LV�SUHVHQW�UHVXOWV�LQ�D�SHULRG�
VSHFWUXP� LQGLFDWLQJ� D� EHVW� ILW� SHULRG� RI� ������ K� DQG� D� ELPRGDO�
SKDVHG�OLJKWFXUYH��ODEHOOHG�µ3$�URW��DVVXPHG¶��

�

�

8VLQJ�WKH�032�&DQRSXV�'XDO�SHULRG�VHDUFK�IXQFWLRQ�GHVLJQHG�IRU�
ELQDU\�DVWHURLGV��WR�ILQG�RQH�SHULRG��VXEWUDFWLQJ�LWV�HIIHFW�WR�ILQG�D�
VHFRQG� SHULRG�� WKHQ� XVLQJ� WKDW� WR� UHILQH� WKH� ILUVW� SHULRG� DQG�
UHSHDWLQJ��WKH�GRPLQDQW���PDJ�DPSOLWXGH�SHULRG�ZDV�VKDUSHQHG�XS�
WR�������K�DQG�D�VHFRQG�SHULRG�RI�������K�UHYHDOHG��ZLWK�D�����PDJ�
DPSOLWXGH��WKHVH�OLJKWFXUYHV�ODEHOOHG�µ3�¶�DQG�µ3�¶��
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7KH� UDZ� OLJKWFXUYH� DQG� µ3$� URW�� DVVXPHG¶� SKDVHG� FXUYH� VKRZ�
HYLGHQFH�RI�13$�URWDWLRQ�DQG�WKH�µ3�¶�SKDVHG�FXUYH�LPSURYHV�WKH�
ILW�RI�WKH�GDWD��+RZHYHU��WKH��QG�SHULRG�LV�OHVV�ZHOO�GHILQHG�DQG�LW�LV�
H[SHFWHG� WKDW� WKLV�ZLOO� EH� UDWHG� DV� 3$5� � ���� L�H��� 13$� URWDWLRQ�
GHWHFWHG�EDVHG�RQ�GHYLDWLRQV�IURP�D�VLQJOH�SHULRG�EXW� WKH�VHFRQG�
SHULRG�LV�QRW�UHVROYHG���3HWU�3UDYHF��SHUVRQDO�FRPPXQLFDWLRQ���

7KH�VDPH�LVVXHV�ZLWK�LQWHUSUHWLQJ�WKH�032�&DQRSXV�'XDO�SHULRG�
VHDUFK�IXQFWLRQ�IRU�WXPEOHUV�GLVFXVVHG�IRU������'3�DOVR�DSSO\�KHUH��
,W�LV�DOVR�QRWHG�WKDW�LW�LV�OLNHO\�WKH�HUURUV�GHULYHG�IRU�WKH�LQGLYLGXDO�
SHULRGV�LQ�D�GXDO�SHULRG�VHDUFK�DUH�XQGHUVWDWHG�IRU�WXPEOLQJ�REMHFWV�
DV� WKH�SHULRGV�DUH�GHULYHG�VHSDUDWHO\�DQG�VHTXHQWLDOO\��UDWKHU�WKDQ�
WKH�WZR�EHLQJ�GHULYHG�VLPXOWDQHRXVO\�ZLWKLQ�WKH�VDPH�UHGXFWLRQ��

:LWK�WKH�ODUJH�DPRXQW�RI�QRLVH�SUHVHQW��HVSHFLDOO\�LQ�WKH�3��FXUYH��
DV�DQ�H[HUFLVH��D�VHSDUDWH�GHWHUPLQDWLRQ�ZDV�PDGH�E\�VWDFNLQJ�WKH�
�����LPDJHV�WR�LPSURYH�WKH�VLJQDO�WR�QRLVH�UDWLR��:LWK�ERWK�SHULRGV�
EHLQJ�!���K��D�PD[LPXP�RI����FRQWLJXRXV�LPDJHV�ZHUH�FRPELQHG��
UHVXOWLQJ�LQ�WKH�ORQJHVW�HIIHFWLYH�HODSVHG�WLPH�LQ�D�VLQJOH�GDWD�SRLQW�
EHLQJ� QR� JUHDWHU� WKDQ� ���� PLQXWHV�� 7KHUHIRUH�� ,QWHJUDWLRQ� WLPH� ��
3HULRG� �������OHVV�WKDQ�WKH�������YDOXH�EH\RQG�ZKLFK�VPHDULQJ�RI�
WKH�OLJKWFXUYH�ZRXOG�EH�H[SHFWHG�WR�RFFXU��VHH�7DEOH�,�DQG�3UDYHF�
HW�DO����������7KH�VWDFNLQJ�UHVXOWHG�LQ�D�WRWDO�RI�����GDWD�SRLQWV�DQG�
WKHVH� ZHUH� XVHG� WR� JHQHUDWH� HTXLYDOHQW� SORWV� WR� WKH� XQVWDFNHG��

UHGXFWLRQ� �UDZ�� 3$� URW�� DVVXPHG�� 3�� DQG� 3���� JLYHQ� KHUH� WR�
GHPRQVWUDWH�WKDW�DOWKRXJK�WKH�XQGHUO\LQJ�FXUYHV�DUH�HDVLHU�WR�VHH�LQ�
WKH� VWDFNHG� YHUVLRQV�� WKHUH� LV� QR� SUDFWLFDO� FKDQJH� WR� WKH� UHVXOWV��
GLIIHUHQFHV� EHWZHHQ� WKH� EHVW�ILW� SHULRGV� LQ� WKH� VWDFNHG� DQG�
XQVWDFNHG�UHVXOWV�DUH�LQVLJQLILFDQW��
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����� ';�� LV� OLVWHG� E\� 3UDYHF� �3UDYHF�� ������ ZLWK� D� UDWLQJ� RI��
3$5�  � ��� �13$� URWDWLRQ� UHOLDEO\� GHWHFWHG� ZLWK� WKH� WZR� SHULRGV�
UHVROYHG��DQG�JLYHV�3�� �������������������K�DQG�3�� ����������
�������K��IURP�REVHUYDWLRQV�REWDLQHG�EHWZHHQ������0DU�������WKHVH�
SHULRGV�EHLQJ�LQ�JRRG�DJUHHPHQW�ZLWK�WKH�UHVXOWV�LQ�WKLV�SDSHU��

����� (%��� 7KLV� $SROOR� REMHFW�� HVWLPDWHG� GLDPHWHU� a��� P� ZDV�
GLVFRYHUHG�E\�WKH�&DWDOLQD�6N\�6XUYH\�DW���WK�PDJ�RQ������0DU���
DQG�DQQRXQFHG�ZLWK�SUH�GLVFRYHU\�SRVLWLRQV�IURP�3DQ�67$556��
DQG���GDWLQJ�EDFN�WR������)HE�����0HOQLNRY�HW�DO����������,W�SDVVHG�
(DUWK�DW�����/'�RQ������0DU������87&�EXW�GXH�WR�LQFUHDVLQJ�SKDVH�
DQJOH�ZDV�SUHGLFWHG�WR�EH�EULJKWHVW���GD\V�EHIRUHKDQG�DW�PDJ�������
�03&������F���

�

�

:KHQ� REVHUYHG� RQ� ����� 0DU� ����� 87&� LW� ZDV� VKRZLQJ� ODUJH�
YDULDWLRQV�LQ�PDJQLWXGH��WDNLQJ�DERXW���PLQXWHV�WR�YDU\�IURP�SHDN�
WR�SHDN�DQG�DW�EULJKWHVW�ZDV�DERXW���PDJ�EULJKWHU�WKDQ�WKH�HSKHPHULV�
SUHGLFWLRQ�� ,W� ZDV� IROORZHG� IRU� ��� PLQXWHV� DQG� ZDV� YLVLEOH�
WKURXJKRXW�RQ�LQGLYLGXDO����V�H[SRVXUHV��WKRXJK�IDLQW�DW�PLQLPXP��
7KH�UHVXOWLQJ�SKDVHG�OLJKWFXUYH�LV�QRLV\�EXW�VKRZV�D�ELPRGDO�FXUYH�
ZLWK�D�SHULRG�RI�����PLQXWHV��,W�FRPSOHWHG����UHYROXWLRQV�GXULQJ�WKH�
SHULRG�RI�REVHUYDWLRQ��

�����(;���$���WK�PDJ�GLVFRYHU\�IURP�WKH�3LV]NpV�WHW��0RXQWDLQ�
6WDWLRQ�RI� WKH�.RQNRO\�2EVHUYDWRU\�LQ�+XQJDU\�RQ������0DU�����
87&� �)RJOLD� HW� DO��� ������� ���KRXUV� DIWHU�SDVVLQJ�(DUWK� DW� ��/'��
7KDQNV� WR� WKH� VSHHG� ZLWK� ZKLFK� WKH� REVHUYHUV� LGHQWLILHG� DQG�
UHSRUWHG�WKHLU�GLVFRYHU\�DQG�WKH�HIIHFWLYHQHVV�RI�WKH�1(2&3�V\VWHP�
DW�WKH�0LQRU�3ODQHW�&HQWHU��03&������E���WKH�ILUVW�LPDJHV�DW�*UHDW�
6KHIIRUG�ZHUH�REWDLQHG�OHVV� WKDQ����PLQXWHV�DIWHU�WKH�WLPH�RI�WKH�
ILUVW� UHSRUWHG� GLVFRYHU\� SRVLWLRQ�� 8QIRUWXQDWHO\�� FRQGLWLRQV� VRRQ�
GHWHULRUDWHG� DQG� D� VSDQ� RI� RQO\� ��� PLQXWHV� RI� SKRWRPHWU\� ZDV�
SRVVLEOH��ZLWK� FORXG� LQWHUUXSWLRQV��7KH�QH[W� QLJKW������(;��KDG�
IDGHG�DERXW���PDJ�� EXW� D�PRUH� H[WHQVLYH� VHW� RI� LPDJHV� LQ�EHWWHU�
FRQGLWLRQV�ZDV�REWDLQHG��6ROYLQJ� WKH� OLJKWFXUYH�XVLQJ� MXVW� WKH����
PHDVXUHPHQWV� REWDLQHG� RQ� WKH� ILUVW� QLJKW� UHVXOWV� LQ� D� SHULRG� RI�
��������� �������K� DQG� VROYLQJ�XVLQJ� WKH�����PHDVXUHV� IURP� WKH�
VHFRQG� QLJKW� JLYHV� D� SHULRG� RI� ������� �� ������� K�� 7KH� SKDVHG�
OLJKWFXUYH�LV�WKH�UHVXOW�RI�XVLQJ�DOO�PHDVXUHV�IURP�ERWK�QLJKWV�DIWHU�
PDNLQJ�VPDOO�DGMXVWPHQWV�WR�WKH�]HUR�SRLQWV�RI�WKH�VHVVLRQV�RYHU�WKH�
WZR�QLJKWV��ZLWK�WKH�506�RI�WKRVH�FRUUHFWLRQV�EHLQJ�������PDJ��
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�����)+��$QRWKHU� VPDOO� �a���P�GLDPHWHU��$SROOR��GLVFRYHUHG�DW�
0W�� /HPPRQ� RQ� �����0DU� ��� �%UXFNHU� HW� DO��� ������� ����� )+�
SDVVHG� (DUWK� DW� ���� /'� RQ� �����0DU� ����� 87&� DQG� ZDV� XQGHU�
REVHUYDWLRQ� IURP�*UHDW� 6KHIIRUG� IRU� ���PLQXWHV� VWDUWLQJ� DW� �����
0DU�������87&�ZKHQ�LW�ZDV�ZLWKLQ���/'��LWV�VN\�PRWLRQ�LQFUHDVHG�
IURP� ��� WR� ��� DUFVHF� �� PLQ� GXULQJ� WKH� SHULRG�� ,Q� FDVH� VXSHUIDVW�
URWDWLRQ�ZDV�SUHVHQW�H[SRVXUHV�ZHUH�NHSW�VKRUW��UHGXFLQJ�IURP�����
WR�����V�GXULQJ�WKH�VHVVLRQ��ZKLFK�DOVR�DOORZHG�IRU� WUDLOLQJ�RI� WKH�
WDUJHW� WR�EH�NHSW�FRQVWDQW�DQG�ZLWKLQ�WKH�PHDVXUHPHQW�DQQXOXV�LQ�
$VWURPHWULFD��$�VPDOO�DPSOLWXGH��ELPRGDO�VXSHUIDVW�URWDWLRQ�SHULRG�
RI������V�LV�HYLGHQW�DQG�LQGLFDWHV�WKDW����UHYROXWLRQV�RFFXUUHG�GXULQJ�
WKH�SHULRG�RI�REVHUYDWLRQ��

�

�

$FNQRZOHGJHPHQWV�

7KH�DXWKRU�ZRXOG�OLNH�WR�WKDQN�3HWU�3UDYHF�IRU�KLV�JUHDW�KHOS�DQG�
PXFK�DSSUHFLDWHG�DGYLFH�RQ�WKH�DQDO\VLV�RI�WXPEOLQJ�DVWHURLGV�DQG�
WR�%ULDQ�:DUQHU�IRU�KLV�FRQWLQXHG�KHOS�DQG�VXSSRUW��

7KH�DXWKRU�DOVR�JUDWHIXOO\�DFNQRZOHGJHV�D�*HQH�6KRHPDNHU�1(2�
*UDQW�IURP�WKH�3ODQHWDU\�6RFLHW\��������DQG�D�5LGOH\�*UDQW�IURP�
WKH� %ULWLVK� $VWURQRPLFDO� $VVRFLDWLRQ� ������� ERWK� RI� ZKLFK�
IDFLOLWDWHG�XSJUDGHV�WR�REVHUYDWRU\�HTXLSPHQW�XVHG�LQ�WKLV�VWXG\��

5HIHUHQFHV�

$'6���������$VWURSK\VLFV�'DWD�6\VWHP��� �
KWWSV���XL�DGVDEV�KDUYDUG�HGX��

%DFFL�� 3��� 0DHVWULSLHUL�� 0��� 7HVL�� /��� )DJLROL�� *��� *URHOOHU�� +���
&KULVWHQVHQ��(�-���)DUQHWK��*�$���)XOV��'�&���*LEEV��$�5���*UDXHU��
$�'���.RZDOVNL��5�$���/DUVRQ��6�0���/HRQDUG��*�-���3UX\QH��7�$���
5DQNLQ��'���DQG����FROOHDJXHV���������³�����';��´�03(&������
'����KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��'���KWPO�

%UXFNHU�� 0�-��� %XOJHU�� -��� /RZH�� 7��� 6FKXOW]�� $��� :LOOPDQ�� 0���
&KDPEHUV��.���&KDVWHO��6���GH�%RHU��7���'HQQHDX��/���)DLUODPE��-���
)OHZHOOLQJ��+���+XEHU��0���/LQ��&��&���0DJQLHU��(���5DPDQMRRORR��
<��� DQG� ��� FROOHDJXHV� �������� ³����� )+�´� 03(&� �����)����
KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��)���KWPO�

'XSRX\�� 3��� %ROLQ�� %�7��� %KDOHUDR�� 9��� &RSSHUZKHDW�� &�0���
'HVKPXNK�� .�3��� +VX�� &��<��� /LQ�� =��<��� 3XUGXP�� -��� 5R\OH�� 6���
6KDUPD�� .��� =KDL�� &��� 'XHY�� '�$��� /LQ�� +��:��� 0DVFL�� )�-���
%LUWZKLVWOH��3���DQG���FROOHDJXHV���������³�����'3�´�03(&������
'����KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��'���KWPO�

)RJOLD��6���*DOOL��*���%X]]L��/���7LFK\��0���7LFKD��-���+RQNRYD��0���
3HWWDULQ�� (��� 5REVRQ��0��� &ORXWLHU��:��� /HRQDUG�� *�-��� *UD\�� %���
5DQNLQ��'���6KHOO\��)�&���+ROPHV��5���/LQGHU��7���DQG����FROOHDJXHV�
��������³�����(;��´�03(&������(�����
KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��(���KWPO�

*URHOOHU��+���&KULVWHQVHQ��(�-���)DUQHWK��*�$���)XOV��'�&���*LEEV��
$�5���*UDXHU��$�'���.RZDOVNL��5�$���/DUVRQ��6�0���/HRQDUG��*�-���
3UX\QH��7�$���5DQNLQ��'���6HDPDQ��5�/���6KHOO\��)�&���:LHU]FKRV��
.�:��� %XOJHU�� -��� DQG� ��� FROOHDJXHV� �������� ³�����$8�´�03(&�
�����$����KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��$���KWPO�

+DUULV�� $�:��� <RXQJ�� -�:��� 6FDOWULWL�� )��� =DSSDOD�� 9�� ��������
³/LJKWFXUYHV�DQG�SKDVH�UHODWLRQV�RI�WKH�DVWHURLGV����$ONPHQH�DQG�
����*\SWLV�´�,FDUXV��������������

+DUULV��$�:���<RXQJ��-�:���%RZHOO��(���0DUWLQ��/�-���0LOOLV��5�/���
3RXWDQHQ��0���6FDOWULWL��)���=DSSDOD��9���6FKREHU��+�-���'HEHKRJQH��
+���=HLJOHU��.����������³3KRWRHOHFWULF�2EVHUYDWLRQV�RI�$VWHURLGV����
�������������DQG�����´�,FDUXV��������������

-3/���������6PDOO�%RG\�'DWDEDVH�%URZVHU�� �
KWWSV���VVG�MSO�QDVD�JRY�VEGE�FJL�

.ZLDWNRZVNL��7���%XFNOH\��'�$�+���2
'RQRJKXH��'���&UDXVH��/���
&UDZIRUG�� 6���+DVKLPRWR��<���.QLD]HY��$��� /RDULQJ��1���5RPHUR�
&ROPHQHUR�� (��� 6HIDNR�� 5��� 6WLOO�� 0��� 9DLVDQHQ�� 3�� ��������
³3KRWRPHWULF�VXUYH\�RI�WKH�YHU\�VPDOO�QHDU�(DUWK�DVWHURLGV�ZLWK�WKH�
6$/7� WHOHVFRSH� �� ,�� /LJKWFXUYHV� DQG� SHULRGV� IRU� ��� REMHFWV�´�
$VWURQRP\�	�$VWURSK\VLFV������$����

0DVWDOHU�� 5�$��� /LQGHU�� 7��� +ROPHV�� 5��� %XOJHU�� -��� /RZH�� 7���
6FKXOW]��$���:LOOPDQ��0���&KDPEHUV��.���&KDVWHO��6���GH�%RHU��7���
'HQQHDX��/���)DLUODPE��-���)OHZHOOLQJ��+���+XEHU��0���/LQ��&��&���
DQG� ��� FROOHDJXHV� �������� ³����� 7%���´� 03(&� �����:������
KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��:$��KWPO�
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0HOQLNRY�� 6���+RHJQHU��&��� /DX[��8��� /XGZLJ�� )��� 6WHFNOXP��%���
7LFK\�� 0��� 7LFKD�� -��� +RQNRYD�� 0��� $VFKL�� 6��� 3HWWDULQ�� (���
:LHU]FKRV�� .�:��� &KULVWHQVHQ�� (�-��� )DUQHWK�� *�$��� )XOV�� '�&���
*LEEV��$�5���DQG����FROOHDJXHV���������³�����(%��´�03(&������
(����KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��(���KWPO�

03&������D���03&�'DWDEDVH�6HDUFK�� �
KWWSV���PLQRUSODQHWFHQWHU�QHW�GEBVHDUFK�

03&� �����E��� 0LQRU� 3ODQHW� &HQWHU� 1(2� &RQILUPDWLRQ� 3DJH�
KWWSV���ZZZ�PLQRUSODQHWFHQWHU�QHW�LDX�1(2��

WRFRQILUPBWDEXODU�KWPO�

03&� �����F��� 0LQRU� 3ODQHW� &HQWHU� 0LQRU� 3ODQHW� (SKHPHULV�
6HUYLFH��KWWSV���PLQRUSODQHWFHQWHU�QHW�LDX�03(SK�03(SK�KWPO�

3UDYHF�� 3��� +HUJHQURWKHU�� &��� :KLWHOH\�� 5��� 6DURXQRYD�� /���
.XVQLUDN��3���:ROI��0����������³)DVW�5RWDWLQJ�$VWHURLGV������7<���
�����6)����DQG������:%��´�,FDUXV��������������

3UDYHF��3���+DUULV��$�:���6FKHLULFK��3���.XãQLUiN��3���âDURXQRYi��/���
+HUJHQURWKHU��&�:���0RWWROD��6���+LFNV��0�'���0DVL��*���.UXJO\��
<X�1���6KHYFKHQNR��9�*���1RODQ��0�&���+RZHOO��(�6���.DDVDODLQHQ��
0��� *DOiG�� $��� DQG� �� FROOHDJXHV�� �������� ³7XPEOLQJ�$VWHURLGV�´�
,FDUXV���������������

3UDYHF��3����������³3UHSXEOLVKHG�SHULRGV�RI�DVWHURLGV�´� �
KWWS���ZZZ�DVX�FDV�F]�aSSUDYHF�QHZUHV�KWP�

5DDE�� +�� �������� $VWURPHWULFD� VRIWZDUH�� YHUVLRQ� ������������
KWWS���ZZZ�DVWURPHWULFD�DW��

6KHSSDUG�� 6�6��� 7KROHQ�� '�-��� 0DVWDOHU�� 5�$��� :HOOV�� /�� ��������
³�����<(��´�03(&������$���� �
KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��$���KWPO�

:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�
/LJKWFXUYH� 'DWDEDVH�´� ,FDUXV� ����� ��������� 8SGDWHG� ����� 2FW��
KWWS���ZZZ�0LQRU3ODQHW�LQIR�OLJKWFXUYHGDWDEDVH�KWPO�

:DUQHU��%�'����������032�6RIWZDUH��032�&DQRSXV��Y������������
%GZ�3XEOLVKLQJ��(DWRQ��&2��KWWS���PLQRUSODQHWREVHUYHU�FRP�

:LHU]FKRV�� .�:��� &KULVWHQVHQ�� (�-��� )DUQHWK�� *�$��� )XOV�� '�&���
*LEEV��$�5���*UDXHU��$�'���*URHOOHU��+���.RZDOVNL��5�$���/DUVRQ��
6�0��� /HRQDUG�� *�-��� 3UX\QH�� 7�$��� 5DQNLQ�� '��� 6HDPDQ�� 5�/���
6KHOO\�� )�&��� -DPHV�� 1��� DQG� ��� FROOHDJXHV� �������� ³����� &2�´�
03(&������&���� �
KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��&���KWPO�

�

,QWHJUDWLRQ� 0D[�LQWJ��� 0LQ�

1DPH� 7LPHV� 3HULRG� D�E� 3RLQWV� )LHOGV�

�����7%��� ���� ����� ���� ��� ��

�����<(�� ������ ������ ���� ����� ���

�����$8� �������� ������ ���� ����� ���

�����&2� �������� ������ ���� ����� ���

�����'3� �������� ����� ���� ���� ��

�����';�� ��� ������ ���� ����� ���
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�����(;�� ������ ����� ���� ���� ��
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7DEOH� ,��$QFLOODU\� LQIRUPDWLRQ�� OLVWLQJ� WKH� LQWHJUDWLRQ� WLPHV�XVHG�
�VHFRQGV���WKH�IUDFWLRQ�RI�WKH�SHULRG�UHSUHVHQWHG�E\�WKH�ORQJHVW�
LQWHJUDWLRQ� WLPH� �3UDYHF�HW� DO��� ������� WKH� FDOFXODWHG�PLQLPXP�
HORQJDWLRQ�RI�WKH�DVWHURLG��.ZLDWNRZVNL�HW�DO����������WKH�QXPEHU�
RI�GDWD�SRLQWV�XVHG�LQ�WKH�DQDO\VLV�DQG�WKH�QXPEHU�RI�WLPHV�WKH�
WHOHVFRSH�ZDV�UHSRVLWLRQHG�WR�GLIIHUHQW�ILHOGV�� �
1RWH���� �/RQJHVW�HODSVHG�LQWHJUDWLRQ�WLPH�IRU�VWDFNHG�LPDJHV�
�VWDUW�RI�ILUVW�WR�HQG�RI�ODVW�H[SRVXUH�XVHG���

� 1DPH� \\\\�PP��GG� 3KDVH� /3$%� %3$%� 3HULRG�K�� 3�(�� $PS� $�(� 3$5� +�

�����7%��� ����������������� ���������� ���� ��� ������ ������ ���� ���� ��� �����
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7DEOH�,,��2EVHUYLQJ�FLUFXPVWDQFHV�DQG�UHVXOWV��:KHUH�WZR�OLQHV�DUH�JLYHQ��WKHVH�LQFOXGH�WZR�SHULRGV�GHWHUPLQHG�IRU�13$�URWDWLRQ��7KH�
SKDVH�DQJOH�LV�JLYHQ�IRU�WKH�ILUVW�DQG�ODVW�GDWH��,I�SUHFHGHG�E\�DQ�DVWHULVN��WKH�SKDVH�DQJOH�UHDFKHG�DQ�H[WUHPD�GXULQJ�WKH�SHULRG��/3$%�
DQG�%3$%�DUH�WKH�DSSUR[LPDWH�SKDVH�DQJOH�ELVHFWRU�ORQJLWXGH�ODWLWXGH�DW�PLG�GDWH�UDQJH��VHH�+DUULV�HW�DO����������3$5�LV�WKH�H[SHFWHG�
3ULQFLSDO�$[LV�5RWDWLRQ�TXDOLW\�GHWHFWLRQ�FRGH��3UDYHF�HW�DO���������DQG�+�LV�WKH�DEVROXWH�PDJQLWXGH�DW���DX�IURP�6XQ�DQG�(DUWK�WDNHQ�
IURP�WKH�6PDOO�%RG\�'DWDEDVH�%URZVHU��-3/���������
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