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SHWHU#ELUWZKLVWOH�RUJ�XN�

�5HFHLYHG�������0DUFK�����

/LJKWFXUYHV� DQG� DPSOLWXGHV� IRU� �� VPDOO� QHDU�(DUWK�
DVWHURLGV� REVHUYHG� IURP� *UHDW� 6KHIIRUG� 2EVHUYDWRU\�
GXULQJ� FORVH� DSSURDFKHV� LQ� -DQXDU\� ����� DUH� UHSRUWHG��
%RWK� DUH� VXSHUIDVW� URWDWRUV� ZLWK� SHULRGV� VKRUWHU� WKDQ� ��
PLQXWHV��RQH�ZLWK�UHOLDEO\�GHWHFWHG�WXPEOLQJ�URWDWLRQ��

3KRWRPHWULF� REVHUYDWLRQV� RI� QHDU�(DUWK� DVWHURLGV� GXULQJ� FORVH�
DSSURDFKHV�WR�(DUWK�LQ�-DQXDU\������ZHUH�PDGH�DW�*UHDW�6KHIIRUG�
2EVHUYDWRU\�XVLQJ�D������P�6FKPLGW�&DVVHJUDLQ�DQG�$SRJHH�$OWD�
8����&&'�FDPHUD��$OO�REVHUYDWLRQV�ZHUH�PDGH�XQILOWHUHG�DQG�ZLWK�
WKH� WHOHVFRSH� RSHUDWLQJ�ZLWK� D� IRFDO� UHGXFHU� DW� I���� 7KH� �.î�.���
���PLFURQ�&&'�ZDV�ELQQHG��î��UHVXOWLQJ�LQ�DQ�LPDJH�VFDOH�RI������
DUF�VHFRQGV�SL[HO��$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��=DFKDULDV�HW�DO���������LQ�032�&DQRSXV��:DUQHU���������
LQFRUSRUDWLQJ� WKH� )RXULHU� DOJRULWKP� GHYHORSHG� E\� +DUULV� �+DUULV��
HW�DO���������ZDV�XVHG�IRU�OLJKWFXUYH�DQDO\VLV��

1R� SUHYLRXVO\� UHSRUWHG� UHVXOWV� KDYH� EHHQ� IRXQG� LQ� WKH� $VWHURLG�
/LJKWFXUYH�'DWDEDVH��/&'%���:DUQHU�HW�DO����������IURP�VHDUFKHV�
YLD� WKH� $VWURSK\VLFV� 'DWD� 6\VWHP� �$'6�� ������ RU� IURP� ZLGHU�
VHDUFKHV�XQOHVV�RWKHUZLVH�QRWHG��$OO�VL]H�HVWLPDWHV�DUH�FDOFXODWHG�
XVLQJ�+�YDOXHV�IURP�WKH�6PDOO�%RG\�'DWDEDVH�/RRNXS��-3/���������
XVLQJ�DQ�DVVXPHG�DOEHGR�IRU�1($V�RI������/&'%�UHDGPH�SGI�ILOH��
DQG� DUH� WKHUHIRUH� XQFHUWDLQ� DQG� RIIHUHG� IRU� UHODWLYH� FRPSDULVRQ�
RQO\��

�����$4��7KLV�$SROOR�ZDV�GLVFRYHUHG�E\�WKH�0W��/HPPRQ�6XUYH\�
RQ������-DQ�������87&�DQG�PDGH�LWV�FORVHVW�DSSURDFK�����GD\V�ODWHU�
DW����/XQDU�'LVWDQFHV��/'��IURP�(DUWK��0HOQLNRY�HW�DO����������,W�
ZDV�REVHUYHG�RYHU�D�SHULRG�RI�����K�VWDUWLQJ������-DQ�������87&�
ZKHQ�LW�ZDV���WK�PDJ�DQG�GXH�WR�LWV�DSSDUHQW�VSHHG�RI����DUFVHF�PLQ��
H[SRVXUHV�ZHUH�OLPLWHG�WR����VHFRQGV�WR�NHHS�WUDLOLQJ�RI�WKH�WDUJHW�
ZLWKLQ� WKH�PHDVXUHPHQW� DSHUWXUH� RI�$VWURPHWULFD�� $QDO\VLV� ZLWK�
032� &DQRSXV� UHYHDOV� D� UHODWLYHO\� VKRUW�� ������ VHFRQG� URWDWLRQ�
SHULRG� IRU� DQ� REMHFW� ZLWK� +�  � ������ �HVW�� GLD�� a��� P�� DQG� DQ�
DPSOLWXGH�RI������

�

$V�ZHOO�DV�WKH�VWURQJ�VLJQDOV�UHODWHG�WR�WKH�GHULYHG�SHULRG�WKH�SHULRG�
VSHFWUXP�LQFOXGHV�D�QXPEHU�RI�ZHDNHU�506�PLQLPD�ZKLFK�DUH�DOO�
PXOWLSOHV� RI� HLWKHU� ������ RU� ������ VHFRQGV� DQG� KDYH� VLPLODU�
VWUHQJWKV��7KHVH�DUH�VXJJHVWLYH�RI�ORZ�DPSOLWXGH�WXPEOLQJ�PRWLRQ�
EXW�DUH�GLVFRXQWHG�KHUH�DV�SRVVLEOH�DUWLIDFWV�RI�WKH�FDGHQFH�RI�WKH�
H[SRVXUHV�WDNHQ�EXW�DOVR�EHFDXVH�DQ\�VLJQDO�IURP�UHDO�SHULRGLFLW\�
ZRXOG� EH� H[SHFWHG� WR� EH� GUDVWLFDOO\� GHJUDGHG� RU� FRPSOHWHO\�
REVFXUHG�GXH�WR�OLJKWFXUYH�VPRRWKLQJ�IRU�SHULRGV�EHORZ�a�������K��
ZKHUH�WKH�H[SRVXUH�OHQJWK�LV�SRWHQWLDOO\�����RU�PRUH�RI�WKH�LQGLFDWHG�
SHULRGV��3UDYHF�HW�DO����������

�

�����%8��'LVFRYHUHG�E\�*��%RULVRY�DW�0$5*2��1DXFKQLM��&ULPHD�
��GD\V�EHIRUH�DQ�H[FHSWLRQDOO\�FORVH�DSSURDFK�WR�������NP�DERYH�
WKH�(DUWK¶V�VXUIDFH�RQ������-DQ�������87&��=ROWRZVNL�HW�DO����������
:LWK�+� ������LW�KDV�DQ�HVWLPDWHG�GLD��RI�a��P�DQG�ZDV���WK�PDJ�
ZKHQ�REVHUYHG�RYHU�D�SHULRG�RI���K�VWDUWLQJ������-DQ�������87&�
DQG� DV� EULJKW� DV� ��WK� PDJ� WKH� QH[W� QLJKW�� WKH� QLJKW� RI� FORVHVW�
DSSURDFK��ZKHQ� LW�ZDV� IROORZHG� IRU� ���PLQ� VWDUWLQJ� DW� ����� -DQ�
������87&��([SRVXUHV�ZHUH����DQG����V�RQ�WKH�ILUVW�QLJKW�ZKHQ�WKH�
DSSDUHQW�VSHHG�UHDFKHG����DUFVHF�PLQ��EXW�ZLWK�WKH�VSHHG�UHDFKLQJ�
�����DUFVHF�PLQ�RQ�WKH�VHFRQG�QLJKW�H[SRVXUHV�RI������UHGXFLQJ�WR�
���� V� ZHUH� XWLOLVHG�� ����� %8� WUDLOHG� QR� PRUH� WKDQ� ��� DUFVHFV��
DOORZLQJ� DOO� WKH� LPDJHV� RQ� ERWK� QLJKWV� WR� EH� PHDVXUHG� ZLWK� D�
VWDQGDUG� DSHUWXUH� LQ� $VWURPHWULFD�� 7KH� WHOHVFRSH� QHHGHG�
UHSRVLWLRQLQJ���WLPHV�RQ�WKH�ILUVW�QLJKW�DQG����WLPHV�RQ�WKH�VHFRQG��
7KH�UHGXFWLRQ�LQ�032�&DQRSXV�IURP�����PHDVXUHPHQWV�RQ�WKH�ILUVW�
QLJKW�UHYHDOV�D�GRPLQDQW�SHULRG�RI�������V�EXW�ZLWK�ODUJH�V\VWHPDWLF�
WUHQGV��WKH�EHVW�ILW�OLJKWFXUYH�KHUH�ODEHOOHG�3$5�IRU�-DQ������87&��

�
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�
7KLV�FXUYH�LV�VWURQJO\�VXJJHVWLYH�RI�WXPEOLQJ�RU�QRQ�SULQFLSDO�D[LV�
�13$�� URWDWLRQ� DQG� D� SHULRG� VSHFWUXP� FRYHULQJ� VROXWLRQV� IURP��
���������V�DQG� ODEHOOHG�-DQ������87&�VKRZV�WZR�VHWV�RI� OLQHDUO\�
VSDFHG� PLQLPD�� LQ� PXOWLSOHV� RI� ������ DQG� ������ V�� 7KH� 032�
&DQRSXV�'XDO�3HULRG�$QDO\VLV�IXQFWLRQ�ZDV�XVHG�WR�WU\�DQG�UHVROYH�
SHULRGV�GXH�WR�WKH�HIIHFWV�RI�13$�URWDWLRQ�DQG�WKH�UHVXOWLQJ�EHVW�ILW�
SHULRGV�DUH�D�ELPRGDO�SHULRG�RI�������V�� ���î��������RI�DPSOLWXGH�
����DQG�D�PRQRPRGDO�SHULRG�RI�������V�ZLWK�DPSOLWXGH������7KHVH�
OLJKWFXUYHV�DUH�ODEHOOHG�3��DQG�3��IRU�-DQ������87&��

�

�

,W�LV�QRWHG�WKDW�WKH�ORQJHVW�H[SRVXUHV�XVHG��RI����V�GXUDWLRQ�DUH�������
3�� DQG� ������ 3��� /LJKWFXUYH� VPRRWKLQJ� QHHGV� WR� EH� FRQVLGHUHG��
ZKHUH�WKH�RSWLPDO�H[SRVXUH�OHQJWK�WR�PD[LPLVH�VLJQDO�VWUHQJWK�ZLWK�
PLQLPDO� VPRRWKLQJ� IRU� D� ELPRGDO� OLJKWFXUYH� RI� SHULRG� 3� LV�
GHWHUPLQHG�WR�EH�������3�DQG�ZKHUH�H[SRVXUHV�ORQJHU�WKDQ�������3�
ZRXOG� VWDUW� WR� VPRRWK� DQG� GLVWRUW� WKH� OLJKWFXUYH� �3UDYHF� HW� DO���
������� 7KH� IDFWRU� RI� ������ IRU� WKH� 3�� FXUYH� LV� VDIHO\� EHORZ� WKH�
RSWLPDO�YDOXH�DQG� LV�HVWLPDWHG� WR� UHGXFH� WKH�DPSOLWXGH�RI� WKH�3��
FXUYH� WR�a����RI� LWV�DFWXDO�YDOXH��7KH�YDOXH�RI������� IRU� WKH�3��
SHULRG�LV�DOVR�QRW�H[SHFWHG�WR�FDXVH�VHULRXV�OLJKWFXUYH�VPRRWKLQJ��
DV� WKH�VWUHQJWK�RI�WKH�GRPLQDQW��VW�KDUPRQLF�IRU�WKLV�PRQRPRGDO�
FXUYH�LV�HVWLPDWHG�WR�RQO\�EH�UHGXFHG�WR�a����RI�LWV�DFWXDO�YDOXH��
OHVV�DIIHFWHG�E\�OLJKWFXUYH�VPRRWKLQJ�WKDQ�WKH�3��FXUYH��

7KH�DQDO\VLV�RI�����PHDVXUHPHQWV� IURP�WKH�VHFRQG�QLJKW��GXULQJ�
WKH�FORVH�DSSURDFK��ZDV�QRW�VWUDLJKWIRUZDUG��,Q�WKH����PLQXWHV������
%8�ZDV�XQGHU�REVHUYDWLRQ� WKH�SKDVH�DQJOH�GRXEOHG� IURP������ WR�
������ DV� WKH� GLVWDQFH� UHGXFHG� IURP� ������ WR� ������ /'�� 7KH�
HSKHPHULV� PDJQLWXGH�� XVLQJ� WKH� 6%'%� YDOXHV� RI� + ������ DQG�
* �����GRHV�QRW�UHSUHVHQW�WKH�REVHUYHG�PDJQLWXGH�RU�WKH�FKDQJH�LQ�
PDJQLWXGH�ZHOO��LQGHHG�WKH�+�*�V\VWHP�LV�QRW�DEOH�WR�UHSURGXFH�WKH�
REVHUYHG� FKDQJHV��7KH� GLDJUDP� ODEHOOHG�5DZ�SORWV� WKH� REVHUYHG�
PDJQLWXGHV� XQFRUUHFWHG� IRU� SKDVH� DQG� GLVWDQFH� �EODFN� GRWV���
WRJHWKHU�ZLWK�WKH�6%'%�PDJQLWXGH�IRUPXOD��VROLG�OLQH��DQG�DOVR�D�
VROXWLRQ�DVVXPLQJ�*� �����DQG�ILWWLQJ�+� �������E\�OHDVW�VTXDUHV�
�GDVKHG�OLQH���1HLWKHU�PDJQLWXGH�IRUPXOD�UHSUHVHQWV� WKH�REVHUYHG�
EULJKWHQLQJ�ZHOO��

�

7R�DQDO\VH�WKH�OLJKWFXUYH��WKH����VHSDUDWH�VHVVLRQV�ZHUH�OHYHOOHG�E\�
DGMXVWLQJ� WKH� ]HUR�SRLQWV�RI� HDFK� VHVVLRQ� WR�PLQLPLVH� WKH�RYHUDOO�
506� ILW�� WKLV� OLJKWFXUYH� LV� ODEHOOHG� 3$5� IRU� -DQ� ����� 87&� DQG�
UHVXOWV� LQ� D�SHULRG� RI������� V�ZLWK� DPSOLWXGH������ 7KH�GHJUHH� RI�
VFDWWHU�GXH�WR�WXPEOLQJ�YLVLEOH�LQ�WKH�ILUVW�QLJKW�DSSHDUV�WR�EH�PXFK�
UHGXFHG�DQG�DGGLWLRQDOO\��D�SHULRG�VSHFWUXP�IURP�WKH�VHFRQG�QLJKW��
ODEHOOHG� 3$5� IRU� -DQ� ����� 87&� VKRZV� OLWWOH� HYLGHQFH� RI� WKH�
VHFRQGDU\�VLJQDOV�GHWHFWHG�WKH�QLJKW�EHIRUH��7R�IXUWKHU�LQYHVWLJDWH��
WKH�'XDO�3HULRG�$QDO\VLV�IXQFWLRQ�ZDV�DJDLQ�XVHG��WR�VXEWUDFW�WKH�
HIIHFW�RI�WKH�GRPLQDQW�������V�SHULRG�IURP�WKH�VHFRQG�QLJKW�DQG�WKLV�
SURGXFHG�D�SHULRG�VSHFWUXP�ODEHOOHG�3��VXEWUDFWHG��VKRZLQJ�506�
PLQLPD�DW�PXOWLSOHV�RI�������V��$Q�13$�VROXWLRQ� IRU� WKH� VHFRQG�
QLJKW�SURGXFHV� OLJKWFXUYHV�ODEHOOHG�3��DQG�3��IRU�-DQ������87&��
JLYLQJ�WKH�GRPLQDQW�SHULRG�DW�������V�ZLWK�DPSOLWXGH�RI�����DQG�D�
ZHDNHU�VHFRQGDU\��ELPRGDO�OLJKWFXUYH�ZLWK�DPSOLWXGH�RI�����DQG�D�
SHULRG�RI������� V�� YHU\� VLPLODU� WR� WKH������� V�PRQRPRGDO�SHULRG�
GHWHUPLQHG�IURP�WKH�PHDVXUHPHQWV�REWDLQHG�IRU�WKH�SUHYLRXV�QLJKW��
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/LJKWFXUYHV� IRU� ����� %8� KDYH� DSSHDUHG� RQ� 7ZLWWHU� IURP� 6DQ�
0DUFHOOR�3LVWRLHVH�2EVHUYDWRU\��,$8�FRGH������%DFFL������ZHE��
DQG� 1RUWKROW� %UDQFK� 2EVHUYDWRU\�� ,$8� FRGH� =��� �:HOOV� DQG�
%DPEHUJHU������ZHE���ERWK�IURP�REVHUYDWLRQV�PDGH�DURXQG������
-DQ������ �� ����� DQG�ERWK� LQGLFDWLQJ�SULQFLSDO�D[LV� URWDWLRQ�ZLWK�D�
SHULRG�RI�����������������K��ZLWK�����JLYLQJ�DQ�DPSOLWXGH�RI������
DQG� =��� DQ� DPSOLWXGH� RI� ������ 7KHVH� 3$5� UHVXOWV� DUH� LQ� JRRG�
DJUHHPHQW�ZLWK�WKH�3��13$5�UHVXOWV�LQ�WKLV�SDSHU�IRU�-DQ������87&�
RI�SHULRG���������������������K��DPSOLWXGH�����DQG�IRU�-DQ������
87&�RI�SHULRG���������������������K�DQG�DPSOLWXGH������

�

�

,W�LV�FRQFOXGHG�WKDW������%8�LV�WXPEOLQJ�DQG�WKDW�WKH�PDLQ�SHULRG�
RI� ������ V� LV� ZHOO� HVWDEOLVKHG�� EXW� WKH� RWKHU� DSSDUHQW� SHULRG�� RI��
������V�LV�DFWXDOO\�RQH�RI�D�IHZ�SRVVLEOH�VROXWLRQV�IRU� WKH�VHFRQG�
SHULRG��7KH�DPSOLWXGHV�RI� WKH�KDUPRQLFV� UHODWHG� WR�WKH�IUHTXHQF\�
�������� V� FKDQJH� GUDPDWLFDOO\� EHWZHHQ� WKH� WZR� QLJKWV� �LW� LV�
SUHGRPLQDWHG�E\�WKH��VW�KDUPRQLF�RQ�WKH�ILUVW�QLJKW��EXW�E\�WKH��QG�
KDUPRQLF�RQ� WKH� VHFRQG�QLJKW�� VXJJHVWV� WKDW� LW�PD\�EH�DFWXDOO\�D�
OLQHDU�FRPELQDWLRQ�RI�WKH�WZR�UHDO�IUHTXHQFLHV�UDWKHU�WKDQ�WKH�RWKHU�
UHDO�IUHTXHQF\��EXW�WKLV� LV�XQVXUH�ZLWKRXW�IXOO�SK\VLFDO�PRGHOOLQJ��
+RZHYHU��RQ�WKH�VFDOH�GHILQHG�LQ�3UDYHF�HW�DO���������LW�VWLOO�ZDUUDQWV�
D�FRGLQJ�RI�3$5� �����L�H���³13$�URWDWLRQ�UHOLDEO\�GHWHFWHG�ZLWK�WKH�
WZR�SHULRGV�UHVROYHG��$Q�DPELJXLW\�RI�WKH�SHULRGV�VROXWLRQ�PD\�EH�
WROHUDWHG� SURYLGHG� WKH� UHVXOWLQJ� VSHFWUXP� RI� IUHTXHQFLHV� ZLWK�
VLJQLILFDQW� VLJQDO� LV� WKH� VDPH� IRU� WKH� GLIIHUHQW� VROXWLRQV�´��
�3HWU�3UDYHF��SHUVRQDO�FRPPXQLFDWLRQ���
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$FNQRZOHGJHPHQWV�

7KH�DXWKRU�LV�LQGHEWHG�WR�3HWU�3UDYHF�IRU�KLV�KHOS�ZLWK�WXPEOHU������
%8���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�������ZHE���#EDFNPDQB%���RQ�7ZLWWHU���
KWWSV���WZLWWHU�FRP�EDFNPDQB%���VWDWXV���������������������

+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�/RRNXS�� �
KWWSV���VVG�MSO�QDVD�JRY�WRROV�VEGEBORRNXS�KWPO�

0HOQLNRY��6���+RHJQHU��&���/XGZLJ��)���6WHFNOXP��%���)RJOLD��6���
*DOOL�� *��� %X]]L�� /��� 3HWWDULQ�� (��� =ROWRZVNL�� )�%��� +RJDQ�� -�.���
&KULVWHQVHQ��(�-���)D\��'���)D]HNDV��-�%���)XOV��'�&���*LEEV��$�5��
DQG� ��� FROOHDJXHV� �������� ³����� $4´� 03(&� �����$����
KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��$���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���������������

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

:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�
/LJKWFXUYH� 'DWDEDVH�´� ,FDUXV� ����� ��������� 8SGDWHG� ����� )HE��
KWWSV���ZZZ�PLQRUSODQHW�LQIR�SKS�OFGE�SKS�

:DUQHU��%�'����������032�6RIWZDUH��&DQRSXV�YHUVLRQ������������
%GZ�3XEOLVKLQJ��&RORUDGR�6SULQJV��&2��

:HOOV�� *��� %DPEHUJHU�� '�� �����ZHE��� #1%2EVHUYDWRULHV� RQ�
7ZLWWHU�� �
KWWSV���WZLWWHU�FRP�1%2EVHUYDWRULHV�VWDWXV���������������������

=DFKDULDV��1���)LQFK��&�7���*LUDUG��7�0���+HQGHQ��$���%DUWOHWW��-�/���
0RQHW�� '�*��� =DFKDULDV�� 0�,�� �������� ³7KH� )RXUWK� 86� 1DYDO�
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