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�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����
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7KH�PDLQ�LQVWUXPHQW�XVHG�LQ�RXU�FDPSDLJQ�LV�D����FP�1HZWRQLDQ�

ZLWK�6%,*�67��&&'�FDPHUD�ORFDWHG�LQ�WKH�%RURZLHF�VWDWLRQ�QHDU�

3R]QD���3RODQG��)RU�PRVW�RI�WKH�REVHUYDWLRQV�D�FOHDU��&��ILOWHU�ZDV�
XVHG��

$QRWKHU�LQVWUXPHQW�LV�D����FP�'DOO�.LUNKDP�WHOHVFRSH�ORFDWHG�LQ�

:LQHU�2EVHUYDWRU\�QHDU�6RQRLWD��$UL]RQD��DQG�UHPRWHO\�RSHUDWHG�

IURP�$2,�8$0�LQVWLWXWH�LQ�3RODQG��,Q�LV�HTXLSSHG�ZLWK�$QGRU�L;RQ�

&&'�ZLWK�D�EURDG�³/XPLQDQFH´��/�� ILOWHU��DQG�D�VHW�RI�-RKQVRQ
V�

ILOWHUV��IURP�ZKLFK�5�ILOWHU�ZDV�XVHG�IRU�EULJKWHU�WDUJHWV��RWKHUZLVH�

ZH�REVHUYHG�LQ�DIRUHPHQWLRQHG�/�ILOWHU��

$Q�DGGLWLRQDO�WHOHVFRSH�WKDW�ZDV�H[WHQVLYHO\�XVHG�LQ�WKH�FDPSDLJQ�

LV�D�URERWLF����FP�7-2�WHOHVFRSH�DW�0RQWVHF�2EVHUYDWRU\��2$G0���

&DWDORQLD��6SHFLILF��VHPL�VSDUVH�REVHUYLQJ�FDGHQFH�ZDV�XVHG�WKHUH��

UHJLVWHULQJ� RQH� IUDPH� SHU� ���� KRXU�� 0(,$� DQG� 0(,$��� &&'�

FDPHUDV�ZHUH�XVHG�WKHUH�IRU�REVHUYDWLRQV�LQ�5�ILOWHU��

7KDQNV� WR� FROODERUDWLRQ�ZLWK� 3HGDJRJLFDO�8QLYHUVLW\� LQ� &UDFRZ��

3RODQG��ZH�DOVR�REWDLQHG�GDWD�IURP����FP�&DVVHJUDLQ�WHOHVFRSH�DW�

6XKRUD�2EVHUYDWRU\��7KH�FDPHUD�XVHG�WKHUH�LV�$SRJHH�$VSHQ���P��

DQG�REVHUYDWLRQV�ZHUH�GRQH�LQ�5�ILOWHU��

:H�DOVR�XVHG�WKH�,$&���WHOHVFRSH�ORFDWHG�LQ�2EVHUYDWRULR�GHO�7HLGH�

RQ�7HQHULIH��7KLV� LV� DQ� ���FP� LQVWUXPHQW�ZLWK�&$0(/27�&&'�

FDPHUD��2XU�REVHUYDWLRQV�WKHUH�ZHUH�GRQH�ZLWK�-RKQVRQ¶V�5�ILOWHU��

:LWKLQ� RXU� FDPSDLJQ� ZH� ZHUH� DOVR� JUDQWHG� D� ��QLJKWV� UXQ� DW��

����FP�0HUFDWRU� WHOHVFRSH� EDVHG� RQ�2EVHUYDWRULR� 5RTXH� GH� ORV�

0XFKDFKRV��RQ�/D�3DOPD��7KH�0$,$�FDPHUD��5DVNLQ�HW�DO���������

VSOLWV�WKH�OLJKW�LQWR�WKUHH�SDVVEDQGV��5��*��DQG�%��ZKHUH�5�EDQG�JDYH�

WKH�EHVW�6�1��WKXV�LW�ZDV�XVHG�KHUH��

'DWD� FDPH� DOVR� IURP� ��� FP� WHOHVFRSH� DW� 6RXWK� $IULFDQ�

$VWURQRPLFDO�2EVHUYDWRU\�HTXLSSHG�ZLWK�����0�:57��&&'�DQG�

5�ILOWHU��

/DVWO\�� WKDQNV�WR�D�QHZ�FROODERUDWLRQ�ZLWK�9LOQLXV�8QLYHUVLW\�RXU�

WDUJHWV�KDYH�DOVR�EHHQ�REVHUYHG�DW�0ROHWDL�2EVHUYDWRU\��/LWKXDQLD��

DW� ������FP� 0DNVXWRY� WHOHVFRSH� ZLWK� $SRJHH� $OWD� 8���%%�

FDPHUD��8QILOWHUHG�RU�5�ILOWHU�H[SRVXUHV�ZHUH�DFTXLUHG�WKHUH��

$OO�WKH�UDZ�GDWD��DIWHU�VWDQGDUG�ELDV��GDUN�DQG�IODWILHOG�FRUUHFWLRQV�

ZHUH� DSSOLHG�� ZHUH� VHPL�DXWRPDWLFDOO\� SURFHVVHG� XVLQJ� DSHUWXUH�

SKRWRPHWU\� SURFHGXUHV� RI� WKH� &/5� 6WDUOLQN� SDFNDJH�� 7KUHH�

FRPSDULVRQ� VWDUV�ZHUH� XVHG��ZKHUH� WKH� UHODWLYH�PDJQLWXGHV�ZHUH�

XVXDOO\� REWDLQHG� E\� FRPSDULVRQ� ZLWK� WKH� EULJKWHVW� IURP� WKH�

FRPSDULVRQ� VWDUV�� SURYLGHG� LWV� EULJKWQHVV�ZDV� VWDEOH��%HIRUH� WKDW�

VWHS�� DGGLWLRQDO� DVWHURLGV� ZHUH� VHDUFKHG� IRU� YLD� EOLQN��

FRPSDULVRQ� SURFHGXUH�� DQG� LGHQWLILHG� XVLQJ� ;(SKHP� VRIWZDUH�

�KWWSV���JLWKXE�FRP�;(SKHP�;(SKHP��ZLWK� DQ�XS�WR�GDWH� DVWHURLG�

RUELW� GDWDEDVH� IURP� 0LQRU� 3ODQHW� &HQWHU�

�KWWSV���ZZZ�PLQRUSODQHWFHQWHU�QHW�LDX�PSF�KWPO��� $OO� WKH� IUDPHV�

ZHUH�FKHFNHG�IRU�VWDU�SDVVDJHV�DQG�UHPRYHG�LQ�VXFK�DQ�LQVWDQFH��

%HORZ�ZH�GHVFULEH� WDUJHWV�ZLWK�EHVW�FRYHUHG� OLJKWFXUYHV� LQ�PRUH�

GHWDLO��)RU�RWKHU�WDUJHWV��ZKHUH�RQO\�D�IUDJPHQW�RI�D�OLJKWFXUYH�ZDV�

FDSWXUHG��ZH�FRXOG�RQO\�HVWLPDWH�D�ORZHU�OLPLW�IRU�LWV�SHULRG�DQG�WKH�

DPSOLWXGH��VHH�7DEOH�����

��� &LUFH�� 7KLV� ODUJH�� PLGGOH� PDLQ�EHOW� DVWHURLG�� ZDV� SUHYLRXVO\�

REVHUYHG�IRU�OLJKWFXUYH�E\�0DJQXVVRQ�DQG�/DJHUNYLVW���������DQG�

3LOFKHU� �������� ,W� GLVSOD\HG� D� ������ �� ������KRXU� SHULRG� DQG��

������������PDJ�DPSOLWXGHV��:H�VHUHQGLSLWRXVO\�FDSWXUHG�LW�RQ�WKUHH�

QLJKWV� LQ� ����� 6HSWHPEHU� GXULQJ� DQ� REVHUYLQJ� UXQ� DW� ���FP�

WHOHVFRSH� DW�0ROHWDL� 2EVHUYDWRU\�� /LWKXDQLD�� ,Q� VSLWH� RI� LWV� ORQJ�

SHULRG��ZKLFK�LV�FRPPHQVXUDWH�ZLWK�DQ�(DUWK�GD\��ZH�PDQDJHG�WR�

FDSWXUH� ERWK� SHDNV� RI� LWV� OLJKWFXUYH��2XU� UHVXOW� �3�  ������ K� DQG��

$� �����PDJ��LV�LQ�OLQH�ZLWK�SUHYLRXV�GHWHUPLQDWLRQV��

�

�����)DQDOH��7KLV�DVWHURLG�EHORQJLQJ�WR�)ORUD�IDPLO\�ZDV�FDSWXUHG�

RQH�WLPH�LQ������-XO\�DW����FP�WHOHVFRSH�DW�0W��6XKRUD��3RODQG��:H�

REWDLQHG� D� GRXEOH�SHDNHG� OLJKWFXUYH� WKDW� FOHDUO\� FRYHUHG� IXOO�

URWDWLRQ��)DQDOH�ZDV�SUHYLRXVO\�REVHUYHG�E\�6WHSKHQV��������DQG�

2ZLQJV���������,W�WKHQ�GLVSOD\HG�D�������KRXU�SHULRG�DQG�����������

PDJ�DPSOLWXGH��2XU�UHVXOW�IRU�WKH�SHULRG��3� ������K��LV�FRQVLVWHQW�

ZLWK�WKRVH�GHWHUPLQDWLRQV��DQG�YDULRXV�DPSOLWXGHV�UHJLVWHUHG��KHUH�

$� ������PDJ��DUH�LQGLFDWLYH�RI�YDULDEOH�YLHZLQJ�DVSHFWV�RI�WKH�VSLQ�

D[LV��

�
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�����%UXFNQHU��7KLV�PLQRU�ERG\�EHORQJLQJ�WR�WKH�(RV�IDPLO\�ZDV�

SUHYLRXVO\�REVHUYHG�E\�%HKUHQG�HW�DO�������ZHE��DQG�GLVSOD\HG�D�

�������KRXU� SHULRG�ZLWK� �����PDJ� DPSOLWXGH�� $OVR� REVHUYHG� E\�

3RODNLV� �������� LW� GLVSOD\HG� D� ������KRXU� SHULRG� DQG� ����� PDJ�

DPSOLWXGH�� :H� FDSWXUHG� LW� RQFH� LQ� ����� 0D\� XVLQJ� WKH� ���FP�

WHOHVFRSH� DW� :LQHU� 2EVHUYDWRU\�� 'XH� WR� FRYHULQJ� RQO\� D� VKRUW�

VHJPHQW�RI�WKH�FRPSOHWH�OLJKWFXUYH��ZH�FDQ�RQO\�HVWLPDWH�WKH�SHULRG�

DV�EHLQJ�DURXQG�����KRXUV�DQG�DPSOLWXGH�RI�DW�OHDVW�����PDJQLWXGHV��

�

�����0DVO\DNRY�� 7KLV� )ORUD� IDPLO\� DVWHURLG�ZDV� VHUHQGLSLWRXVO\�

FDSWXUHG�RQ�RQH�QLJKW�LQ������'HFHPEHU�GXULQJ�DQ�REVHUYLQJ�UXQ�DW�

WKH� URERWLF� ���FP� WHOHVFRSH� LQ� 0RQWHF� 2EVHUYDWRU\�� 3UHYLRXVO\�

REVHUYHG�E\�%HKUHQG�HW�DO�������ZHE���0DVO\DNRY�GLVSOD\HG�D������

KRXU�SHULRG�DQG������PDJ�DPSOLWXGH��2XU� UHVXOW� �3� ������K�DQG��

$� ������PDJ��LV�YHU\�FORVH�WR�HDUOLHU�ZRUN��

�
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�������0RQWDJXH� ����������� ����� ���� �� !����� � !����� � 0%�,�

�������%DNHU� ����������� ���� ���� �� !���� � !����� � 7+0

� �

�������/DJHUNYLVW� ����������� ����� ���� ��� !��� � !���� � 0%�2�

�������)DQDOH� ����������� ���� ���� �� ����� ����� ����� ����� )/25�

�������%UXFNQHU� ����������� ����� ���� �� !���� � !���� �� (26

� �

�������/LVW¶HY� ����������������� �������� ���� �� !���� � !����� � 0%�2�

�������0DVO\DNRY� ����������� ���� ���� ��� ����� ���� ����� ����� )/25�

�������6HPSHU� ����������� ���� ���� ��� !��� � !���� � 7+0�

�������6XJDZD� ����������� ���� ���� �� !��� � !����� � )/25�

�������4ZHUW\� ����������� ���� ���� �� !���� � !���� � 0%�,

� �

�������2FWDYLDEXWOHU� ����������� ����� ��� ��� ���� ���� ����� ����� 0%�2�

�������&UDZIRUG� ����������� ����� ��� ���� ���� ���� ����� ����� 0%�,�

������������-1�� ����������� ����� ��� �� !��� � !������ � (81�

������������97��� ����������������� ���������� ���� ��� ������ ������ ����� ����� )/25�

������������&(� ����������� ����� ���� ��� ���� ���� ���� ���� %$3�

�������&OHUDPEDXOW� ������������ ���� ���� ��� ����� ����� ���� ���� %$3�

�������/DHWLWLDIRJOLD� ����������� ���� ���� �� ���� ���� ���� ���� )/25�

�������6DLQWH�&RORPEH� ����������� ����� ��� �� !��� � !���� � 0%�,�

������������89�� ����������� ����� ��� �� !��� � !���� � 1<6�
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