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/LJKWFXUYHV� DQG� DPSOLWXGHV� IRU� WZR� XOWUD�IDVW� URWDWLQJ�

QHDU�(DUWK�DVWHURLGV�ZLWK�URWDWLRQ�SHULRGV������V�REVHUYHG�

IURP� *UHDW� 6KHIIRUG� 2EVHUYDWRU\� GXULQJ� FORVH�

DSSURDFKHV�LQ�$SULO������DUH�UHSRUWHG�������*4���DQG�

����� +1�� 7KH� LQWHUSUHWDWLRQ� RI� OLJKWFXUYHV� ZKHUH�

H[SRVXUH� OHQJWK� LV� OLNHO\� WR�EH� D� VL]DEOH� IUDFWLRQ� RI� WKH�

URWDWLRQ� SHULRG� LV� GLVFXVVHG�� 2EVHUYLQJ� VWUDWHJ\�

UHFRPPHQGDWLRQV�DUH�PDGH�WR�RSWLPL]H�H[SRVXUH�OHQJWK�

LQ� QHDU�UHDO� WLPH�� PD[LPL]LQJ� WKH� FKDQFH� RI� GHWHFWLQJ�

XOWUD�IDVW�URWDWLRQ�LQ�VPDOO�REMHFWV��

3KRWRPHWULF� REVHUYDWLRQV� RI� QHDU�(DUWK� DVWHURLGV� GXULQJ� FORVH�

DSSURDFKHV�WR�(DUWK�GXULQJ�$SULO������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�� 032� &DQRSXV� �:DUQHU�� ������� LQFRUSRUDWLQJ� WKH�

)RXULHU� DOJRULWKP� GHYHORSHG� E\�+DUULV� �+DUULV� HW� DO��� ������ ZDV�

XVHG�IRU�OLJKWFXUYH�DQDO\VLV��

1R�SUHYLRXV�UHVXOWV�IRU������*4���RU������+1�DUH�FRQWDLQHG�LQ�WKH�

/&'%��:DUQHU�HW�DO���������DQG�QR�SUHYLRXVO\�UHSRUWHG�UHVXOWV�KDYH�

EHHQ� IRXQG� LQ� VHDUFKHV� RI� WKH� $VWURSK\VLFV� 'DWD� 6\VWHP� �$'6��

������RU�IURP�ZLGHU�VHDUFKHV��

�����*4����'LVFRYHUHG�RQ������$SU����ZLWK�WKH������P�6FKPLGW�

DW� WKH�7RN\R�.LVR�VWDWLRQ����KRXUV�DIWHU�D�YHU\�FORVH�DSSURDFK� WR�

ZLWKLQ�����/XQDU�GLVWDQFHV��/'��RI�(DUWK��0HOQLNRY�HW�DO����������,W�

ZDV�REVHUYHG�IURP�*UHDW�6KHIIRUG�IRU�D�FRQWLQXRXV�SHULRG�RI�����K�

VWDUWLQJ� DW� ����� $SU� ������ 87&�� VN\� PRWLRQ� ZDV� KLJK� EXW�

GHFHOHUDWLQJ�� IURP� ��� WR� ��� DUFVHF�PLQ� E\� WKH� HQG�� 'XH� WR� WKH�

DSSDUHQW� VSHHG�� WKH� WHOHVFRSH�ZDV� UHSRVLWLRQHG� ��� WLPHV� DQG� IRU�

HDFK�QHZ� ILHOG�� WKH� H[SRVXUH� OHQJWK�ZDV� DGMXVWHG� LI� QHFHVVDU\� WR�

HQVXUH�WKH�REMHFW�WUDLOHG���SL[HOV��IRU�FRQVLVWHQF\�ZKHQ�PHDVXULQJ�

LQ�$VWURPHWULFD��7KLV�UHVXOWHG�LQ�H[SRVXUHV�EHLQJ�LQFUHDVHG�IURP�DQ�

LQLWLDO�����V�WR�����V�DW�WKH�HQG��7KH�DYHUDJH�JDS�EHWZHHQ�FRQVHFXWLYH�

LPDJHV�ZDV�����V��$QDO\VLV�RI�WKH������PHDVXUDEOH�LPDJHV�LQLWLDOO\�

LQGLFDWHG�OLWWOH�RU�QR�SHULRGLF�YDULDWLRQ�RYHU�D�UDQJH�RI������±���K��

$�UDZ�SORW�KDV�LQGLFDWLRQV�RI�VPDOO�YDULDWLRQV�EHWZHHQ�LQGLYLGXDO�

&DQRSXV� VHVVLRQV� EXW� DWWHPSWLQJ� D� VROXWLRQ� UHVXOWV� LQ� DQ�

XQVDWLVIDFWRU\�SHULRG������K���VLPLODU�WR�WKH�VSDQ�RI�REVHUYDWLRQV�DQG�

DQ� DPSOLWXGH� VPDOOHU� WKDQ� WKH� XQGHUO\LQJ� QRLVH� LQ� WKH�

PHDVXUHPHQWV��+RZHYHU��FKHFNLQJ�IRU�YHU\�VKRUW�SHULRGV�UHYHDOHG�

D�VHW�RI�VROXWLRQV�ZLWK�3������V��$V�GLVFXVVHG�LQ�%LUWZKLVWOH������E���

506�PLQLPD�DW�YHU\�VPDOO�3�DUH�YHU\�QDUURZ�DQG�QHHG�LQYHVWLJDWLQJ�

ZLWK� WKH� VWHS� VL]H� LQ� &DQRSXV� VHW� WR� WKH� KLJKHVW� UHVROXWLRQ� WR�

GHWHUPLQH�WKH�EHVW�ILW��7KH�SHULRG�VSHFWUXP�KHUH�KDV�D�OLQHDU�[�D[LV�

DQG�VKRZV���506�PLQLPD�EHWZHHQ����DQG����V��ZLWK�D�PRQRPRGDO�

VROXWLRQ�DW��������K��ELPRGDO�VROXWLRQ�DW��������K�DQG�TXDGULPRGDO�

DW� ������ K�� :KHQ� LQYHVWLJDWHG� LQGLYLGXDOO\� WKH� ELPRGDO� DQG�

TXDGULPRGDO� PLQLPD� KDYH� WKH� VWURQJHVW� VLJQDOV� DQG� PDWFK� HDFK�

RWKHU�WR���������PDJQLWXGHV��([DPLQLQJ�WKH�TXDGULPRGDO�VROXWLRQ�

ZLWK� WKH� &DQRSXV� 6SOLW� +DOYHV� IXQFWLRQ� VKRZV� WKH� WZR� KDOYHV�

PDWFKLQJ�WR�ZLWKLQ������PDJQLWXGHV�DQG�ZLWK�WKH�RYHUDOO�506�ILW�

RI�WKH�VROXWLRQ�EHLQJ������WKH�WZR�KDOYHV�DUH�HVVHQWLDOO\�WKH�VDPH�

DQG�WKH�ELPRGDO�VROXWLRQ�LV�WDNHQ�LQ�SUHIHUHQFH�KHUH��
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� ,QWHJUDWLRQ� 0D[�LQWJ��� 0LQ�

1XPEHU� 1DPH� WLPHV� 3HULRG� D�E� 3RLQWV� )LHOGV�

� � �����*4����������� ������ ����� ����� ���

� � �����+1� �������� ������ ���� ����� ���
�

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��
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,W� LV�SRVVLEOH�WKDW�H[SRVXUH�OHQJWK�RU�H[SRVXUH�FDGHQFH�FDQ�FDXVH�

DUWLILFLDO�SHULRGLF�HIIHFWV�LQ�D�VKRUW�SHULRG�OLJKWFXUYH��EXW�GXH�WR�WKH�

H[SRVXUH�OHQJWK�EHLQJ�FKDQJHG�WKURXJKRXW��WKHVH�HIIHFWV�DUH�OLNHO\�

WR� EH� PLQLPLVHG� LQ� WKLV� DQDO\VLV�� 'XULQJ� WKH� REVHUYLQJ� SHULRG��

H[SRVXUH� OHQJWK� ZDV� LQFUHDVHG� E\� ���� DQG� RYHUDOO� FDGHQFH�

�H[SRVXUH�OHQJWK���JDS�EHWZHHQ�FRQVHFXWLYH�H[SRVXUHV��FKDQJHG�E\�

�����ZLWK�WKH�ODUJHVW�QXPEHU�RI�H[SRVXUHV�XVLQJ�WKH�VDPH�VHWWLQJV�

EHLQJ� ���� RI� WKH� WRWDO�� 7KH� OLJKWFXUYH� LV� QRLV\�� ZLWK� D� VPDOO�

DPSOLWXGH�RI������DQG�DQ�XOWUD�IDVW�URWDWLRQ�SHULRG�RI������V��7KLV�LV�

GLVFXVVHG� ODWHU� GXH� WR� WKH� OLNHOLKRRG� RI� VLJQLILFDQW� OLJKWFXUYH�

VPRRWKLQJ�EHLQJ�SUHVHQW��'XULQJ�WKH�����K�RI�REVHUYDWLRQ�WKH������V�

SHULRG� LQGLFDWHV� WKDW������*4���FRPSOHWHG�����UHYROXWLRQV��7KH�

HVWLPDWHG�GLDPHWHU�LV�a���P�EDVHG�RQ�WKH�YDOXH�RI�+� ��������-3/��

������ DVVXPLQJ� WKH� 1(2� GHIDXOW� DOEHGR� YDOXH� RI� ����� �:DUQHU��

HW�DO����������

����� +1�� -3/� OLVWV� WKLV� $SROOR� ZLWK� +�  � ����� �-3/�� �������

VXJJHVWLQJ�DQ�DSSUR[LPDWH�GLDPHWHU�RI����P��,W�ZDV�GLVFRYHUHG�DW�

WKH�0W��/HPPRQ�VWDWLRQ�RI�WKH�&DWDOLQD�6N\�6XUYH\���GD\V�EHIRUH�

SDVVLQJ�(DUWK� DW� �����/'� �%DFFL� HW� DO��������� DQG� IROORZHG� IURP�

����� $SU� ������ 87&� IRU� ���� PLQ� GXULQJ� WKH� ODVW� SDUW� RI� LWV�

DSSURDFK��DW�D�UDQJH�RI�����/'��,WV�VN\�PRWLRQ�LQFUHDVHG�IURP�����

WR� ���� DUFVHF�PLQ� GXULQJ� WKDW� SHULRG�� $V� ZLWK� ����� *&����

H[SRVXUHV�ZHUH�DXWRPDWLFDOO\�DGMXVWHG� WR�NHHS� WKH� WUDLOLQJ�RI� WKH�

REMHFW���SL[HOV�ORQJ��GHFUHDVLQJ�IURP�����WR�����V�GXULQJ�WKH�SHULRG�

RI� REVHUYDWLRQ�� 7KH� WHOHVFRSH� ZDV� UHSRVLWLRQHG� ��� WLPHV� DQG�

H[SRVXUH�OHQJWKV�ZHUH�FKDQJHG����WLPHV��LQ�����V�GHFUHPHQWV��7KH�

DYHUDJH�JDS�EHWZHHQ�LPDJHV�ZDV�DJDLQ�����V��'XULQJ�LPDJH�FDSWXUH�

ODUJH� YDULDWLRQV� LQ�PDJQLWXGH�ZHUH� REYLRXV�EHWZHHQ� FRQVHFXWLYH�

H[SRVXUHV��ZLWK�WKH�REMHFW�EHLQJ�YLVLEOH�LQ�DOO�LPDJHV��WKRXJK�IDLQW�

DW�VRPH�PLQLPD��$�SHULRG�VHDUFK�UHYHDOHG���SRWHQWLDO�VROXWLRQV��DOO�

DW�YDOXHV�RI�3������V��6LPLODU�WR������*4����LQ�WKLV�OLQHDU�VFDOHG�

3HULRG�6SHFWUXP��WKH�PRQRPRGDO�VROXWLRQ�LV�RQ�WKH�OHIW�DW��������K��

ZLWK�ELPRGDO�DW��������K�DQG�WKH�DSSDUHQWO\�VWURQJHVW�VLJQDO�IURP�

WKH�TXDGULPRGDO�VROXWLRQ�DW�������K��+RZHYHU�� LQYHVWLJDWLQJ�HDFK�

PLQLPD�LQGLYLGXDOO\�ZLWK�WKH�KLJKHVW�UHVROXWLRQ��VPDOOHVW�VWHS�VL]H�

LQ�&DQRSXV�VKRZV�WKH�ELPRGDO�VROXWLRQ�DFWXDOO\�JLYHV�WKH�EHVW�ILW��

�

�����+1�KDV�DQ�XOWUD�IDVW�URWDWLRQ�SHULRG�RI������V�ZLWK�DPSOLWXGH�

RI������DQG�FRPSOHWHG�����URWDWLRQV�ZKLOH�XQGHU�REVHUYDWLRQ��

�

,QWHUSUHWLQJ�OLJKWFXUYHV�RI�XOWUD�IDVW�URWDWRUV��

7KH�RSWLPXP�H[SRVXUH�WLPH�'W�UHTXLUHG�WR�GHWHFW�WKH�VHFRQG��DQG�

QRUPDOO\� VWURQJHVW�� KDUPRQLF� LQ� D� OLJKWFXUYH� RI� SHULRG� 3� LV�

GHYHORSHG�LQ�3UDYHF�HW�DO����������H[DPLQLQJ�WKH�WUDGH�RII�EHWZHHQ�

D�ORQJHU�H[SRVXUH�JLYLQJ�EHWWHU�VLJQDO�WR�QRLVH�UDWLR�EXW�DOVR�FDXVLQJ�

LQFUHDVLQJ�VPRRWKLQJ�RI�WKH�OLJKWFXUYH�DV�'W�DSSURDFKHV�RU�H[FHHGV�

����3��7KH�RSWLPXP�LQWHJUDWLRQ�WLPH�IRU�D�GHWHFWLRQ�RI�WKH�VHFRQG�

KDUPRQLF�LV�GHWHUPLQHG�WKHUH�WR�EH�������3��)XUWKHU��WKH�DSSDUHQW�

OLJKWFXUYH��REVHUYHG�ZLWK�H[SRVXUH�OHQJWK�'W�LV�VKRZQ�WR�QRW�KDYH�

WKH� VDPH� VKDSH� DV� WKH� UHDO� OLJKWFXUYH�� LQVWHDG�� LWV� )RXULHU�

FRHIILFLHQWV� DUH� WKH� )RXULHU� FRHIILFLHQWV� RI� WKH� WUXH� OLJKWFXUYH�

PXOWLSOLHG�E\�IDFWRUV��
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ZKHUH�P�LV�WKH�KLJKHVW�VLJQLILFDQW�RUGHU�LQ�WKH�)RXULHU�VHULHV��

,W� FDQ� EH� VHHQ� WKDW� ZKHQ� IQ�  � �� WKHQ� WKH� FRQWULEXWLRQ� RI� WKH��

QWK� KDUPRQLF� WR� WKH� RYHUDOO� OLJKWFXUYH� ZLOO� EH� ]HUR�� L�H��� WKDW�

KDUPRQLF�LV�FRPSOHWHO\�VPRRWKHG�RXW��7KLV�RFFXUV�ZKHQ�J¿P�2�LV�

LQWHJHU�� WKHUHIRUH�LQ� WKH�LQWXLWLYHO\�REYLRXV�FDVH�ZKHUH�'W� �3�DOO�

KDUPRQLFV�DUH�VPRRWKHG�RXW�DQG�WKH�OLJKWFXUYH�EHFRPHV�D�VWUDLJKW�

OLQH��7KH�VHFRQG�KDUPRQLF�LV�VPRRWKHG�RXW�ZKHQ�'W� �3������WKH�WKLUG�

ZKHQ�'W� �3�����DQG���3�����DQG�VR�RQ��'HSHQGLQJ�RQ�WKH��XQNQRZQ��

DPSOLWXGH� RI� WKH� LQGLYLGXDO� KDUPRQLFV� LQ� WKH� UHDO� OLJKWFXUYH�� WKH�

REVHUYHG�OLJKWFXUYH�FDQ�UDGLFDOO\�FKDQJH�VKDSH�ZLWK�DQ�XQIRUWXQDWH�

FKRLFH�RI�'W��7R�H[DPLQH�WKLV�IXUWKHU��(T����LV�XVHG�WR�SORW�YDOXHV�RI�

IQ�IRU�WKH�ILUVW���KDUPRQLFV��IRU�'W���3�LQ�WKH�UDQJH�RI���WR����

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

� � �����*4��� ����������������� ���������� ���� ��� ���������� ���������� ����� ����� �����

� � �����+1� ����������������� ���������� ���� ��� ���������� ���������� ����� ����� �����
�

7DEOH�,,��2EVHUYLQJ�FLUFXPVWDQFHV�DQG�UHVXOWV��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����������+�LV�WKH�DEVROXWH�PDJQLWXGH�DW���DX�IURP�6XQ�DQG�(DUWK�WDNHQ�IURP�WKH�6PDOO�%RG\�'DWDEDVH�%URZVHU��-3/���������
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$V�¿P \ r�� DOO� WKH� IDFWRUV��BJ \ s�� WKH� UHVXOW�EHLQJ�DQ� REVHUYHG�

OLJKWFXUYH�ZLWK�QR�VPRRWKLQJ��PDWFKLQJ�WKH�UHDO� OLJKWFXUYH�RI�WKH�

REMHFW��EXW�RI�FRXUVH�DW�'W� ����QR�VLJQDO�ZRXOG�EH�UHFRUGHG��$V�'W�

LQFUHDVHV��HDFK�IDFWRU�LQ�WXUQ�UHGXFHV�WR���ZKHQ�J¿P�2� LV� LQWHJHU�

DQG� VRRQ� DIWHUZDUGV� UHDFKHV� D� VPDOO� QHJDWLYH� H[WUHPH�� EHIRUH�

RVFLOODWLQJ� EHWZHHQ� SRVLWLYH� DQG� QHJDWLYH� SHDNV� RI� GHFUHDVLQJ�

DPSOLWXGH��,Q�PRVW�OLJKWFXUYHV��ZKHUH�WKH�VHFRQG�KDUPRQLF�LV� WKH�

VWURQJHVW�� VHOHFWLQJ� H[SRVXUH� WLPH� 'W�  � ���� 3� ZLOO� FRPSOHWHO\�

UHPRYH� WKH� FRQWULEXWLRQ� RI� WKH� �QG� �DQG� DOVR� WKH� �WK�� KDUPRQLF��

'RLQJ�VR�ZLOO�DOVR�FDXVH�WKH�DPSOLWXGH�GXH�WR�WKH��VW�KDUPRQLF�WR�

UHGXFH� WR� ����� RI� LWV� UHDO� YDOXH� DQG� OLNHZLVH�� WKH� �UG� DQG� �WK�

KDUPRQLFV�UHGXFH�WR�������DQG������RI�WKHLU�UHDO�YDOXHV�UHVSHFWLYHO\��

$W�DQ\�YDOXH�RI�QRQ�LQWHJHU�'W���3��WKH�LQGLYLGXDO�KDUPRQLFV�ZLOO�EH�

XQHTXDOO\� DIIHFWHG�� 'HSHQGLQJ� RQ� WKH� YDOXHV� RI� WKH� UHDO� )RXULHU�

FRHIILFLHQWV� DQG� RI� 'W�� WKHVH� FKDQJLQJ� VWUHQJWKV� RI� LQGLYLGXDO�

KDUPRQLFV�FDQ�UHVXOW�LQ�WKH�REVHUYHG�OLJKWFXUYH�KDYLQJ�GUDVWLFDOO\�

UHGXFHG� DPSOLWXGH�� UHYHUVDO� RI� SKDVH� DQG� DSSDUHQW� FRUUXSWLRQ� RI�

VKDSH�� IRU� LQVWDQFH�� D� UHDO� ELPRGDO� OLJKWFXUYH� PD\� DSSHDU�

PRQRPRGDO�� WULPRGDO�RU�ZLWK�D�KLJKHU�RUGHU�VKDSH��7KH�REVHUYHG�

OLJKWFXUYH� RI� DQ\� REMHFW� ZLWK� D� VWURQJ� �QG� KDUPRQLF� LQ� LWV� UHDO�

OLJKWFXUYH��LI�REVHUYHG�ZLWK�D�YDOXH�RI�'W�DSSURDFKLQJ�RU�H[FHHGLQJ�

����3�LV�OLNHO\�WR�EH�VR�VHYHUHO\�GLVWRUWHG�DV�WR�PDNH�LQWHUSUHWDWLRQ�

RI�WKH�UHDO�FXUYH�GLIILFXOW�RU�LPSRVVLEOH��

7R� DVVHVV� WKH� HIIHFW� RI� VPRRWKLQJ� RQ� UHDO� OLJKWFXUYHV�� D� VHW� RI�

ELPRGDO�OLJKWFXUYHV�SUHYLRXVO\�UHSRUWHG��%LUWZKLVWOH������������D��

����F��DQG�OLVWHG�LQ�7DEOH�,,,�ZHUH�VHOHFWHG�WR�UHSUHVHQW�D�UDQJH�RI�

KDUPRQLF�VWUHQJWKV��,Q�DOO�FDVHV��GXULQJ�GDWD�FROOHFWLRQ��'W��������3�

DQG�WKHUHIRUH�VPRRWKLQJ�HIIHFWV�FDQ�EH�H[SHFWHG�WR�EH�PLQLPDO�LQ�

WKH� GRPLQDQW� ORZHU� RUGHU� KDUPRQLFV� �DW� 'W�  � ������ I��  � �������

I�� �������DQG�VR�DUH�UHIHUUHG�WR�KHUH�DV�WKHLU�³UHDO´�OLJKWFXUYHV��

7ZR� ILJXUHV�DUH�JLYHQ� IRU�HDFK�REMHFW�� ODEHOOHG�³'W�������3´�DQG��

³'W� !� ���� 3´�� ERWK� LQFOXGH� D� VROLG� OLQH� UHSUHVHQWLQJ� WKH� UHDO�

OLJKWFXUYH�� %URNHQ� OLQHV� DUH� JLYHQ� LQ� WKH� ILUVW� ILJXUH� IRU� WKH�

FDOFXODWHG�VPRRWKLQJ�HIIHFWV�RI�'W� ������������������DQG�����3��L�H���

PDWFKLQJ� WKH� �WK�� �WK�� �UG� DQG� �QG� KDUPRQLFV� UHVSHFWLYHO\� DQG� WKH�

VHFRQG� ILJXUH� IRU� WKH� HIIHFWV� RI�'W�  � ����� ������� ����� DQG� ���� 3�

PDWFKLQJ�WKH��WK���UG���WKDQG��WK�KDUPRQLFV� UHVSHFWLYHO\�� ,QVHW� LQWR�

HDFK� SORW� LV� D� VPDOO� ILJXUH� VKRZLQJ� WKH� UHODWLYH� VWUHQJWKV� RI�

KDUPRQLFV���WR���LQ�WKH�UHDO�OLJKWFXUYH��

)RU�DOO�REMHFWV��WKH�ILUVW�ILJXUH�VKRZV�WKDW�WKH�UHDO�FXUYHV�DUH�RQO\�

UHFRJQLVDEOH� IRU�'W� �� ������ 3��:LWK� LQFUHDVLQJ�'W� WKH� DPSOLWXGH�

GHFUHDVHV�DQG�LQ�DGGLWLRQ��VPDOO��KLJKHU�RUGHU�GHWDLO�LV�VPRRWKHG�RXW�

RFFDVLRQDOO\��H�J��������)+�EHWZHHQ��������3�������$JDLQ��IRU�DOO�

REMHFWV��DW�'W� �����3��ZKHUH�WKH�DPSOLWXGHV�GXH�WR�WKH��QG�DQG��WK�

KDUPRQLFV�DUH�UHGXFHG�WR�]HUR��VLJQLILFDQW�GLVWRUWLRQ�RFFXUV�DQG�WKH�

VWURQJHVW� UHPDLQLQJ� KDUPRQLFV� GRPLQDWH� WKH� OLJKWFXUYH�� ,Q� PRVW�

FDVHV� WKLV� LV� WKH� �VW� KDUPRQLF� DQG� UHVXOW� LQ� DSSDUHQW�PRQRPRGDO�

OLJKWFXUYHV�EXW�RFFDVLRQDOO\�WKH��UG�KDUPRQLF�LV�VWURQJ�HQRXJK� WR�

FDXVH�YLVLEOH�HIIHFWV��7KH�GLDJUDPV�DUH�VXPPDULVHG�EHORZ��

�QG�KDUPRQLF�GRPLQDQW���VW�KDUPRQLF�ZHDN��������..����$�VKDOORZ�

PRQRPRGDO� OLJKWFXUYH� UHVXOWV� DIWHU� UHPRYDO� RI� WKH� GRPLQDQW� �QG�

�DQG�WKH�ZHDNHU��WK��KDUPRQLF�FRQWULEXWLRQ�DW�'W� �����3��

�

9DOXHV�RI�'W�!�����3�DOO�VKRZ�ORZ�DPSOLWXGH�ELPRGDO�YDULDWLRQ�EXW�

ZLWK�WKH�RSSRVLWH�SKDVH�WR�WKH�UHDO�FXUYH��

�

� � � 'W�3�

1XPEHU� 1DPH� 2EV� 3�V�� $PSO�� +� 5HI��

� � �����;(��������� ������ ����� ����� �����

� � �����&%� ������ ������ ����� ����� ����D�

� � �����*(�� ����������� ����� ����� ����D�

� � �����..�� ������ ����� ����� ����� ����D�

� � �����)+� ������ ����� ����� ����� ����F�
�

7DEOH�,,,��1(2V�XVHG�LQ�OLJKWFXUYH�PRGHOOLQJ��OLVWLQJ�WKH�IUDFWLRQ�
RI�WKH�SHULRG�UHSUHVHQWHG�E\�WKH�ORQJHVW�LQWHJUDWLRQ�WLPH��3UDYHF�
HW� DO��� ������� URWDWLRQ� SHULRG� LQ� VHFRQGV�� DPSOLWXGH� LQ�
PDJQLWXGHV��WKH�DEVROXWH�PDJQLWXGH�DW���DX�IURP�6XQ�DQG�(DUWK�
WDNHQ�IURP�WKH�6PDOO�%RG\�'DWDEDVH�%URZVHU��-3/��������DQG�
WKH��%LUWZKLVWOH��UHIHUHQFH�WR�WKH�RULJLQDO�OLJKWFXUYH��
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�QG�KDUPRQLF�GRPLQDQW���VW�KDUPRQLF�ZHDN���UG�KDUPRQLF�ULYDOV��VW��

������*(����$W�'W� �����3��DJDLQ��D�YHU\�VKDOORZ�OLJKWFXUYH�DQG�

ZLWK�WKH��VW�DQG��UG�KDUPRQLFV�EHLQJ�RI�DOPRVW�HTXDO�VWUHQJWKV��WKLV�

VKRZV�XS�DV�VOLJKW�LUUHJXODULWLHV�LQ�WKH�RWKHUZLVH�PRQRPRGDO�FXUYH��

�

$JDLQ�� IRU�YDOXHV�RI�'W�!�����3��DOO� VKRZ�ORZ�DPSOLWXGH�ELPRGDO�

YDULDWLRQ�ZLWK�WKH�RSSRVLWH�SKDVH�WR�WKH�UHDO�FXUYH��

�

�QG�KDUPRQLF�GRPLQDQW���UG�KDUPRQLF�ZHDN�EXW� VWURQJHU�WKDQ��VW��

������)+���7KH��UG�KDUPRQLF�LV�UHYHDOHG�DV�D�YHU\�ORZ�DPSOLWXGH�

WULPRGDO�OLJKWFXUYH�DW�'W� �����3��

�

$OO� WKH� FXUYHV�RI�'W� !�����3� DUH� VLPLODU�� ELPRGDO��ZLWK�YHU\� ORZ�

DPSOLWXGHV�DQG�DJDLQ��ZLWK�WKH�RSSRVLWH�SKDVH�WR�WKH�UHDO�OLJKWFXUYH��

�

�QG� KDUPRQLF� GRPLQDQW�� �VW� KDUPRQLF� VWURQJ�� ������ ;(����� $�

UHODWLYHO\�VWURQJ��VW�KDUPRQLF�SURGXFHV�D�ZHOO�GHILQHG��DQG�UHJXODU�

PRQRPRGDO� FXUYH� DW� 'W�  � ���� 3� DQG� ZLWK� PRGHUDWH� DPSOLWXGH�

FRPSDUHG�WR�WKH�UHDO�OLJKWFXUYH��

�

)RU�YDOXHV�RI�'W�!�����3�� WKH� ORZ�DPSOLWXGH�ELPRGDO�FXUYHV�EHDU�

OLWWOH� UHVHPEODQFH� WR� WKH� UHDO� FXUYH�� EXW� DJDLQ� KDYH� WKH� RSSRVLWH�

SKDVH��

�
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�VW� KDUPRQLF� GRPLQDQW�� �QG� KDUPRQLF� VWURQJ�� ������ &%��� ,Q� WKLV�

XQFRPPRQ� VLWXDWLRQ�� WKH� UHVXOW� RI� WKH� �QG� KDUPRQLF� EHLQJ�

VXSSUHVVHG�ZKHQ�'W� �����3� OHDYHV� WKH�GRPLQDQW��VW�KDUPRQLF� WR�

SURGXFH�D�UHODWLYHO\�VWURQJ�PRQRPRGDO�FXUYH��ZLWK�WKH�DPSOLWXGH�

EHLQJ� a���� RI� WKH� UHDO� DPSOLWXGH�� 7KH� FXUYH� DW� 'W�  � ������ 3� LV�

VPRRWKHG�HQRXJK�WR�DOVR�EH�LQWHUSUHWHG�DV�PRQRPRGDO��

�

)RU�DOO�YDOXHV�RI�'W�!�����3��DOO�FXUYHV�DSSHDU�PRQRPRGDO�ZLWK�VWLOO�

PRGHUDWH�EXW�VXFFHVVLYHO\�GHFUHDVLQJ�DPSOLWXGHV��

�

2I�FRXUVH��ZKHQ�LPDJLQJ�D�PLQRU�SODQHW�ZLWK�XQNQRZQ�SHULRG��WKH�

REVHUYHU� LV� LQLWLDOO\�QRW�DEOH� WR�PDNH�WKH�FKRLFH�RI�'W� �������3��

KRZHYHU�IRU�DOO�EXW�WKH�IDVWHVW�URWDWRUV��H[SRVXUHV�ZLOO�SUREDEO\�EH�

VKRUWHU�WKDQ�WKLV�RSWLPXP�OHYHO�DQG�VPRRWKLQJ�ZLOO�QRW�EH�DQ�LVVXH��

%\�FKDQFH�������+1�ZDV�REVHUYHG�ZLWK�H[SRVXUH�OHQJWKV�VSDQQLQJ�

WKH�RSWLPDO�YDOXH�IRU�UHFRUGLQJ�WKH��QG�KDUPRQLF��ZLWK�'W�VSDQQLQJ�

��������������3�EXW�VWLOO��WKLV�UDQJH�ZLOO�KDYH�UHGXFHG�WKH�VWUHQJWK�

RI� WKH� �QG� KDUPRQLF� E\� XS� WR� ���� DQG� VLJQLILFDQWO\� GLVWRUWHG� WKH�

YDOXHV�RI�WKH�SRWHQWLDOO\�ZHDNHU��UG���WK�DQG��WK�KDUPRQLFV��VHH�7DEOH�

,9��

+RZHYHU�� WKH� H[SRVXUH� OHQJWKV� IRU� �����*4����ZLWK�'W� UDQJLQJ�

EHWZHHQ� ������ DQG� ������ 3�� ZLOO� KDYH� KDG� D� PRUH� GUDPDWLF�

FRQVHTXHQFH�� HIIHFWLYHO\� VXSSUHVVLQJ�PRVW� DQG� QHJDWLQJ� VRPH�RI�

WKH�DPSOLWXGH�GXH�WR�WKH��UG���WK�DQG��WK�KDUPRQLFV�DQG�UHGXFLQJ�WKH�

�QG�KDUPRQLF�WR������RI� LWV�UHDO�YDOXH��VLJQLILFDQWO\�PRUH�WKDQ�WKH�

UHGXFWLRQ�WR�WKH��VW�KDUPRQLF��WR������RI�LWV�UHDO�YDOXH��

,I�D�IDFWRU�IQ�LV�FORVH�WR�XQLW\�DQG�WKHUHIRUH�WKH�FRQWULEXWLRQ�IURP�

WKH�UHODWHG�KDUPRQLF�RQO\�PRGHUDWHO\�DIIHFWHG�E\�VPRRWKLQJ��WR�JHW�

D�ILUVW�RUGHU�DSSUR[LPDWLRQ�RI�WKH�UHDO�OLJKWFXUYH��WKH�IDFWRU�FDQ�EH�

XVHG� WR� UHPRYH� LWV� HIIHFW� IURP� WKH� )RXULHU� FRHIILFLHQWV� REWDLQHG�

IURP�WKH�REVHUYHG�OLJKWFXUYH��%XW�DV�WKH�IDFWRU�DSSURDFKHV���DW�'W� �

3� �� Q� DQG� EH\RQG�� WKH� FRQWULEXWLRQ� RI� WKDW� KDUPRQLF� WR� WKH� UHDO�

OLJKWFXUYH�FDQQRW�EH�UHFRQVWUXFWHG�VDIHO\�� ODFN�RI�SUHFLVLRQ�LQ�WKH�

REVHUYHG� )RXULHU� FRHIILFLHQWV� EHLQJ� FRPSRXQGHG� E\� QXPHULFDOO\�

VPDOO�YDOXHV�RI�IQ�ZLWK�D�GHSHQGHQF\�RQ�IQ����:LWK�WKH�DVVXPSWLRQ�

WKDW�WKH�FRQWULEXWLRQ�IURP�WKH��UG�DQG�KLJKHU�KDUPRQLFV�LQ�WKH�UHDO�

OLJKWFXUYHV�RI������*4���DQG������+1�DUH�UHODWLYHO\�PLQRU��RQO\�

WKH��VW�DQG��QG�KDUPRQLFV�IURP�WKH�REVHUYHG�OLJKWFXUYHV�KDYH�EHHQ�

DGMXVWHG� E\� IQ��� WR� UHFRQVWUXFW� D� ILUVW� RUGHU� HVWLPDWH� RI�ZKDW� WKH�

³UHDO´�OLJKWFXUYHV�PD\�KDYH�EHHQ��)LJXUHV�ODEHOOHG�³(VW��OLJKWFXUYH�

EHIRUH�VPRRWKLQJ´�LQFOXGH�D�VROLG�OLQH�IRU�WKH�OLJKWFXUYH�DV�GHULYHG�

IURP�REVHUYDWLRQV�DQG�EURNHQ�FXUYHV�HVWLPDWLQJ�WKH�UHDO�OLJKWFXUYH�

IRU�WKH�UDQJH�RI�'W�XVHG�LQ�WKH�REVHUYDWLRQV�RI�WKDW�REMHFW��$V�ZLWK�

WKH�RWKHU�ILJXUHV��WKH�LQVHW�SORWV�RI�UHODWLYH�KDUPRQLF�VWUHQJWKV�DUH�

IRU�WKH�REVHUYHG�OLJKWFXUYHV��

�

�

'W���3� I�� I�� I�� I�� I�� 5HODWHV�WR�

������ ����� ����� ����� ����� ����� �����+1�

������ ����� ����� ����� ����� ������ �����+1�

������ ����� ����� ����� ����� ������ �����*4���

������ ����� ����� ����� ������ ������ �����*4���
�

7DEOH� ,9�� )DFWRUV� IURP� (T�� �� UHGXFLQJ� WKH� UHDO� DPSOLWXGH� RI�
KDUPRQLFV�������IRU� WKH�H[SRVXUH�OHQJWKV�XVHG�IRU������*4���
DQG������+1��
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7KHVH� HVWLPDWHV� LPSO\� WKH� DPSOLWXGH� IRU� ����� *4��� PD\� KDYH�

UDQJHG� EHWZHHQ� ����� DQG� ����� LQ� WKH� DEVHQFH� RI� OLJKWFXUYH�

VPRRWKLQJ��UDWKHU�WKDQ�WKH�REVHUYHG������DPSOLWXGH��6LPLODUO\��IRU�

�����+1� WKH� UHDO�DPSOLWXGH� LV�HVWLPDWHG� WR�EH�EHWZHHQ������DQG�

������FRPSDUHG�WR�WKH�REVHUYHG�DPSOLWXGH�RI�������)RU�ERWK�REMHFWV��

WKH�UDQJH�RI�DPSOLWXGHV�GXH�WR�FKDQJLQJ�H[SRVXUH�OHQJWKV�ZLOO�KDYH�

FRQWULEXWHG�WR�WKH�DPRXQW�RI�VFDWWHU�LQ�WKH�SKDVHG�OLJKWFXUYH�SORWV��

7KH�REVHUYHG�OLJKWFXUYH�VKDSH�DQG�SHULRG�GHWHUPLQHG�IRU������+1�

LV�H[SHFWHG�WR�EH�FORVH�WR�UHDOLW\��WKH�ODUJH�REVHUYHG�DPSOLWXGH�DQG�

WKH� GRPLQDQFH� RI� WKH� �QG� KDUPRQLF� ERWK� LPSO\� RQO\� PRGHUDWH�

VPRRWKLQJ��DV�ZRXOG�DOVR�EH�H[SHFWHG�IURP�WKH�YDOXHV�RI�'W�XWLOLVHG��

+RZHYHU��WKH�VDPH�LV�QRW�WUXH�IRU������*4����ZKHUH�WKH�REVHUYHG�

DPSOLWXGH� LV� VPDOO� DQG� WKH� �VW� DQG� �QG� KDUPRQLFV� DUH� RI�

DSSUR[LPDWHO\�HTXDO�VWUHQJWK��,W�LV�RI�FRXUVH�SRVVLEOH�IRU�WKH�REMHFW�

WR� EH� UHODWLYHO\� VSKHULFDO� DQG� IRU� LW� WR� KDYH� EHHQ� SUHVHQWLQJ� DQ�

DSSUR[LPDWHO\�SROH�RQ�DVSHFW�WR�SURGXFH�WKH�REVHUYHG�OLJKWFXUYH���

%XW�FDQ�WKH�TXHVWLRQ�EH�DQVZHUHG�ZKHWKHU�VPRRWKLQJ�KDV�PRGLILHG�

WKH�UHDO�OLJKWFXUYH�WR�WKH�SRLQW�ZKHUH�WKH�SHULRG�DQG�VKDSH�DUH�EHLQJ�

PLVLQWHUSUHWHG"�)LUVWO\��LW�LV�QRWHG�WKDW�LQ�WKH�VHW�RI�UHDO�OLJKWFXUYHV�

SUHVHQWHG�HDUOLHU��HYHQ�LQ�WKH�UDQJH�������'W���3��ZLWK�VLJQLILFDQW�

VPRRWKLQJ� DQG� GUDVWLFDOO\� UHGXFHG� DPSOLWXGHV�� WKH\� VWLOO� UHYHDO�

SHULRGLFLW\� UHODWHG� WR� WKH� VWURQJHVW� UHPDLQLQJ� KDUPRQLFV�� VR� LQ�

SUDFWLFH��D�UHDO�ELPRGDO�OLJKWFXUYH�FRXOG�EH�LQWHUSUHWHG�DV�KDYLQJ�D�

SHULRG�����������RU�����RI� WKH�UHDO�SHULRG��DVVXPLQJ�WKH�HIIHFWV�RI�

KDUPRQLFV�KLJKHU� WKDQ� WKH��WK�ZLOO�EH� LQVLJQLILFDQW��7KH�REVHUYHG�

ELPRGDO� OLJKWFXUYH�IRU������*4���LV�GLVWLQFWO\�DV\PPHWULF��PRVW�

FOHDUO\� VHHQ� LQ� WKH� ³(VW�� OLJKWFXUYH� EHIRUH� VPRRWKLQJ´� ILJXUH��

VXJJHVWLQJ� WKDW� PRQRPRGDO� DQG� WULPRGDO� VROXWLRQV� DUH� XQOLNHO\��

7KH� SHULRG� VSHFWUXP� DOVR� LQGLFDWHV� D� ELPRGDO� RU� TXDGULPRGDO�

VROXWLRQ�LV�SUHIHUUHG��,I�TXDGULPRGDO��WKHQ�WKH�SHULRG�ZRXOG�EH������

V�DQG�WKH�ODUJHVW�'W���3�YDOXH�RI������������ �������ZRXOG�LPSO\�WKHUH�

ZRXOG� QRW� EH� HQRXJK� OLJKWFXUYH� VPRRWKLQJ� LQ� WKH� SULQFLSDO�

KDUPRQLFV�WR�UDGLFDOO\�FKDQJH�WKH�RYHUDOO�OLJKWFXUYH�VKDSH��ZKHUH�

I�� �������I�� �������I�� �������I�� ��������+RZHYHU��LQ�IRUFLQJ�WKH�

REVHUYHG�GDWD�SRLQWV�WR�D�TXDGULPRGDO�VROXWLRQ��WKH�YDOXHV�RI�I��DQG�

I��DSSOLHG�WR�WKH�DPSOLWXGH�RI�WKH��QG�DQG��WK�KDUPRQLFV�LPSO\�WKDW�

WKH� �WK� KDUPRQLF� LQ� WKH� UHDO� OLJKWFXUYH� ZRXOG� KDYH� WR� EH� DQ�

LPSODXVLEOH� ���� WLPHV� ODUJHU� WKDQ� WKH� �QG� KDUPRQLF�� 7KH� ILJXUH�

ODEHOOHG�³4XDGULPRGDO�DVVXPHG´�VKRZV�WKLV�VROXWLRQ��WRJHWKHU�ZLWK�

GDVKHG�OLQHV�IRU�WKH�HVWLPDWHG�OLJKWFXUYHV�EHIRUH�VPRRWKLQJ�DQG�DV�

ZLWK�WKH�RWKHU�ILJXUHV��WKH�LQVHW�SORW�RI�UHODWLYH�KDUPRQLF�VWUHQJWKV�

LV�IRU�WKH�REVHUYHG�OLJKWFXUYH��

�

:LWK� RWKHU� LQWHUSUHWDWLRQV� LPSUREDEOH�� LW� LV� FRQFOXGHG� WKDW� PRVW�

OLNHO\�������*4���GRHV�KDYH�DQ�XOWUD�IDVW�URWDWLRQ�SHULRG�RI������V�

DQG� D� ELPRGDO� OLJKWFXUYH� RI� REVHUYHG� DPSOLWXGH� ����� WKDW�� LI�

REVHUYHG� ZLWK� VKRUWHU� H[SRVXUH� WLPHV� ZRXOG� KDYH� EHHQ� a� ����

PDJQLWXGHV��

&RQFOXVLRQV�DQG�5HFRPPHQGDWLRQV��

%RWK������*4���DQG������+1�DUH�YHU\�VPDOO�REMHFWV�RI�HVWLPDWHG�

GLDPHWHU������P�DQG�ZHUH�PDNLQJ�YHU\�FORVH�DSSURDFKHV�WR�(DUWK��

FDXVLQJ�WKHP�WR�EH�EULJKW�HQRXJK����WK�PDJQLWXGH��WR�UHFRUG�ZLWK�

VKRUW�H[SRVXUHV�DQG�DOVR�PRYLQJ�IDVW�HQRXJK�WKDW�H[SRVXUHV�KDG�WR�

EH� NHSW� VKRUW� WR� VWRS� WKH� REMHFWV� WUDLOLQJ� H[FHVVLYHO\�� 7KLV�

FRPELQDWLRQ�ZDV�FRQGXFLYH�WR� UHYHDOLQJ� WKHLU�YHU\� VKRUW�SHULRGV��

+RZHYHU�� LQ� GLIIHUHQW� FLUFXPVWDQFHV�� IRU� VORZHU� PRYLQJ� VPDOO�

REMHFWV��VD\�+�!�a�����ZKHUH�URWDWLRQ�SHULRG�FRXOG�EH�H[SHFWHG�WR�

EH� DQ\ZKHUH� IURP� D� IHZ�KRXUV� WR� VXE�PLQXWH�� DQG�ZKHUH� ORQJHU�

H[SRVXUHV�FRXOG�EH�XVHG��D�YLVXDO�FKHFN�RI�WKH�LPDJHV�LQ�QHDU�UHDO�

WLPH�WR�ORRN�IRU�YDULDWLRQ�LV�ZRUWKZKLOH��

x� ,I�UHJXODU�YDULDWLRQ�LV�DSSDUHQW��WKHQ�PDNLQJ�DQ�HVWLPDWH�

RI� WKH� SHULRG�� WR� DOORZ� IRU� DQ� LQLWLDO� GHWHUPLQDWLRQ� RI�

������ 3� ZLOO� DOORZ� H[SRVXUH� OHQJWK� WR� EH� RSWLPLVHG�

DFFRUGLQJO\�LI�QHHGHG��

x� ,I�WKHUH�LV�QR�REYLRXV�YDULDWLRQ�XS�WR�VRPH�WHQV�RI�PLQXWHV�

LW� PD\� EH� ZRUWK� VDFULILFLQJ� VRPH� 6�1U� DQG� VKRUWHQLQJ�

H[SRVXUHV�WR�D�IHZ�VHFRQGV�WR�VHH�ZKHWKHU�DQ\�YHU\�VKRUW�

WHUP� PDJQLWXGH� YDULDWLRQ� FDQ� EH� GHWHFWHG�� EHIRUH�

UHYHUWLQJ�WR�ORQJHU�H[SRVXUHV�LI�QRWKLQJ�LV�DSSDUHQW��

x� ,I� VLJQLILFDQW� DPSOLWXGH� YDULDWLRQV� DUH� VHHQ� EHWZHHQ�

FRQVHFXWLYH�H[SRVXUHV��LW�LV�XQOLNHO\�WKH�WUXH�SHULRG�ZLOO�

EH�REYLRXV�GXULQJ�GDWD�FROOHFWLRQ��HVSHFLDOO\�LI�H[SRVXUH�

FDGHQFH�LV�D�VLJQLILFDQW�IUDFWLRQ��RU�ORQJHU�WKDQ�WKH�WUXH�

SHULRG��7KHUHIRUH��DFTXLULQJ�VHYHUDO�VHWV�RI�LPDJHV�ZLWK�

GLIIHULQJ�EXW� VKRUW�H[SRVXUH� OHQJWKV�PD\�DOORZ� WKH� WUXH�

SHULRG�WR�EH�UHVROYHG�PRUH�FOHDUO\�LQ�ODWHU�DQDO\VLV�WKDQ�

NHHSLQJ�WR�D�VLQJOH�H[SRVXUH�OHQJWK�IRU�WKH�HQWLUH�GXUDWLRQ�

RI�REVHUYDWLRQ��

$FNQRZOHGJHPHQWV�

7KH�DXWKRU�LV�YHU\�JUDWHIXO�IRU�WKH�KHOS�DQG�HQFRXUDJHPHQW�JLYHQ�

E\�3HWU�3UDYHF�GXULQJ�WKH�GUDIWLQJ�RI�WKLV�SDSHU���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��*���)RJOLD��6���*DOOL��

*���%UHVVL��7�+���3HWWDULQ��(���&KRL��3���6DLQL��1���=KDL��&���7UDKDQ��

5��� 6KDR�� 0��� *URHOOHU�� +��� &KULVWHQVHQ�� (�-�� DQG� ��� FROOHDJXHV�
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KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��+���KWPO�

%LUWZKLVWOH��3�� �������� ³/LJKWFXUYH�$QDO\VLV� IRU�7ZR�1HDU�(DUWK�

$VWHURLGV�(FOLSVHG�E\�WKH�(DUWK
V�6KDGRZ�´�0LQRU�3ODQHW�%XOO������

���������
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� 0LQRU�3ODQHW�%XOOHWLQ�����������

%LUWZKLVWOH��3�������D���³/LJKWFXUYH�$QDO\VLV�IRU�)RXU�1HDU�(DUWK�

$VWHURLGV�´�0LQRU�3ODQHW�%XOO�������������

%LUWZKLVWOH��3�� �����E���³/LJKWFXUYH�$QDO\VLV�IRU�7HQ�1HDU�(DUWK�

$VWHURLGV�´�0LQRU�3ODQHW�%XOO���������������

%LUWZKLVWOH��3�������F���³/LJKWFXUYH�$QDO\VLV�IRU�1LQH�1HDU�(DUWK�

$VWHURLGV�´�0LQRU�3ODQHW�%XOO���������������

+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������$����

0HOQLNRY�� 6���+RHJQHU��&��� /DX[��8��� /XGZLJ�� )��� 6WHFNOXP��%���

%HQL\DPD��-���'XSRX\��3���+ROPHV��5���)RJOLD��6���%X]]L��/���/LQGHU��

7��� /RVVH�� )��� %LUWZKLVWOH�� 3��� *HUKDUG�� &��� .RUOHYLF�� .�� 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���������������

5DDE�� +�� �������� $VWURPHWULFD� VRIWZDUH�� YHUVLRQ� ������������

KWWS���ZZZ�DVWURPHWULFD�DW��

:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�

/LJKWFXUYH�'DWDEDVH�´� ,FDUXV������ ���������8SGDWHG� ����� -XQH��

KWWSV���PLQSODQREV�RUJ�PSLQIR�SKS�OFGE�SKS�

:DUQHU�� %�'�� ��������032�6RIWZDUH�� &DQRSXV� YHUVLRQ� ����������

%GZ�3XEOLVKLQJ��&RORUDGR�6SULQJV��&2��
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$VWURQRPLFDO�2EVHUYDWRU\�,QVWLWXWH��)DFXOW\�RI�3K\VLFV��

$��0LFNLHZLF]�8QLYHUVLW\��6áRQHF]QD������������

3R]QD���32/$1'�
LJDPLH#VW�DPX�HGX�SO�

$QQD�0DUFLQLDN��5RPDQ�+LUVFK��.U]\V]WRI�.DPL�VNL��
�0RQLND�.��.DPL�VND��0DJGDOHQD�3ROL�VND���
'DJPDUD�2V]NLHZLF]��.U]\V]WRI�6RENRZLDN���

5DGRVáDZ�:UyEOHZVNL��.DPLO�)XNRZVNL�
$VWURQRPLFDO�2EVHUYDWRU\�,QVWLWXWH��)DFXOW\�RI�3K\VLFV���

$��0LFNLHZLF]�8QLYHUVLW\��6áRQHF]QD������������

3R]QD���32/$1'�

(ULND�3DNãWLHQ¡��
,QVWLWXWH�RI�7KHRUHWLFDO�3K\VLFV�DQG�$VWURQRP\��9LOQLXV�

8QLYHUVLW\��6DXO¡WHNLR�DO�����������9LOQLXV��/,7+8$1,$�

:DOGHPDU�2JáR]D��0DUHN�'Uy*G*�
0W��6XKRUD�2EVHUYDWRU\��3HGDJRJLFDO�8QLYHUVLW\��3RGFKRU�*\FK����

��������&UDFRZ��32/$1'�

�5HFHLYHG�������-XO\����

:H� SUHVHQW� KHUH� D� E\SURGXFW� RI� D� ODUJH� SKRWRPHWULF�

VXUYH\� RI� VORZ� URWDWRUV� OHG� VLQFH� WKH� \HDU� ������ 7KH�

REVHUYDWLRQV� ZLWKLQ� WKH� FDPSDLJQ� VRPHWLPHV�

VHUHQGLSLWRXVO\�UHJLVWHUHG�DGGLWLRQDO�DVWHURLGV�PRYLQJ�LQ�

WKH�VDPH�ILHOG�ZLWK�WKH�PDLQ�WDUJHW��+HUH�ZH�JDWKHU�DOO����

VXFK�DVWHURLGV��ZKLFK�KDG� VWURQJ�HQRXJK�6�1�� DQG�DOVR�

SUHVHQWHG� DQ\� WUDFHDEOH� EULJKWQHVV� YDULDWLRQV�� DQG� ZH�

HVWLPDWH� WKHLU� URWDWLRQ�SHULRGV�DQG�DPSOLWXGHV��)RU�EHVW�

FRYHUHG� OLJKWFXUYHV�ZH�DOVR�SUHVHQW� WKHLU�SORWV��)RU� WHQ�

DVWHURLGV� WKHUH� ZHUH� DSSDUHQWO\� QR� SUHYLRXV� SHULRG�

GHWHUPLQDWLRQV�� $OO� WKH� OLJKWFXUYH� GDWD� IRU� WKHVH�

VHUHQGLSLWRXV�DVWHURLGV�DUH�QRZ�XSORDGHG�WR�$/&'()�IRU�

WKH�XVH�LQ�IXWXUH�VSLQ�VKDSH�VWXGLHV��

6LQFH�WKH�\HDU������D�ZRUOGZLGH�SKRWRPHWULF�FDPSDLJQ�RI�VORZO\�

URWDWLQJ�DVWHURLGV�KDV�EHHQ�FRQGXFWHG�DW�$2,�$08��OHG�E\�FRDXWKRU�

$�� 0DUFLQLDN�� 7KH� FDPSDLJQ� LV� DLPHG� DW� UHGXFLQJ� WKH� VHOHFWLRQ�

HIIHFWV� DJDLQVW� VORZ� URWDWRUV� DQG� ORZ� DPSOLWXGH� WDUJHWV�� WR�

FRPSOHPHQW� WKH� VHW� RI� DVWHURLG� VSLQ� DQG� VKDSH�PRGHOV� IRU�PRUH�

UHDOLVWLF� SLFWXUH� RI� WKH� PDLQ�EHOW� DVWHURLGV�� DQG� DOVR� IRU�

GHWHUPLQDWLRQV�RI�WKHLU�VL]HV�DQG�WKHUPDO�SURSHUWLHV��VHH�0DUFLQLDN�

HW�DO�������IRU�WKH�FDPSDLJQ�GHVFULSWLRQ��DQG��H�J���0DUFLQLDN�HW�DO��

�����IRU�WKH�UHVXOWV���

$V� D�E\SURGXFW�� VRPHWLPHV� DGGLWLRQDO� DVWHURLGV� DUH�XQH[SHFWHGO\�

FDSWXUHG�LQ�WKH�VDPH�ILHOG�RI�YLHZ�ZLWK�WKH�PDLQ�WDUJHW��:KHQ�WKHLU�

VLJQDO�WR�QRLVH� UDWLR� LV�KLJK�HQRXJK� IRU�SKRWRPHWU\�RI�DFFHSWDEOH�

TXDOLW\�ZH�PHDVXUH�WKHP�DV�ZHOO�LQ�DQ�DGGLWLRQDO�FLUFXODU�DSHUWXUH��

0RUHRYHU��WKHUH�DUH�FDVHV�ZKHQ�WKH�RQ�VN\�PRYHPHQW�RI�WKH�PDLQ�

WDUJHW�LV�VLPLODU�WR�WKDW�RI�WKH�DGGLWLRQDO�DVWHURLG��7KHQ�WKH�RWKHU�FDQ�

DOVR�EH�FDSWXUHG�LQ�PRUH�WKDQ�RQH�QLJKW��HQDEOLQJ�WR�FRPSOHPHQW�LWV�

OLJKWFXUYH�DQG�WR�GHWHUPLQH�URWDWLRQ�SHULRG�ZLWK�JUHDWHU�SUHFLVLRQ��

6XFK� VHUHQGLSLWRXV� DVWHURLGV�ZLWK� VWURQJ� HQRXJK� VLJQDO�ZHUH� QRW�

IRXQG�RIWHQ�LQ�RXU�SURJUDPPH��GXH�WR�VPDOO�ILHOGV�RI�YLHZ�DQG�VPDOO�

VL]HV� RI� PRVW� RI� WKH� WHOHVFRSHV� XVHG�� 6WLOO�� RYHU� WKH� \HDUV� ZH�

JDWKHUHG� D� VXEVWDQWLDO� FROOHFWLRQ� FRQWDLQLQJ� ��� WDUJHWV�� WKDW� LV�

VXPPDULVHG�LQ�7DEOH����


