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9DOXDEOH�ZHWODQG�HFRV\VWHPV�DUH�IUHTXHQWO\�GHJUDGHG�E\�YDULRXV�GLVWXUEDQFHV��RQH�RI�ZKLFK�
LV�LQYDVLYH�ZHHGV���0HODOHXFD�TXLQTXHQHUYLD��&DY���6��7��%ODNH��WKRXJK�H[SHULHQFLQJ�GHFOLQHV�
LQ�$XVWUDOLD��LV�QDWXUDOL]HG�DQG�KLJKO\�LQYDVLYH�LQ�ZHWODQG�KDELWDWV�RI�VRXWK�)ORULGD�ZKHUH�LW�
LQIHVWV�DERXW���������KD���0DQ\�VHGJH�GRPLQDWHG�ZHWODQGV���LQFOXGLQJ�VXFK�UHQRZQHG�DUHDV�
DV�WKH�(YHUJODGHV��DUH�UDSLGO\�EHFRPLQJ�0��TXLQTXHQHUYLD�VZDPS�IRUHVWV��ZLWK�PDMRU�HQYL�
URQPHQWDO� DQG� HFRQRPLF� LPSDFWV�� � &XUUHQW�PDQDJHPHQW�PHWKRGV� LQFOXGH� KHUELFLGHV��PH�
FKDQLFDO�RU�KDQG�UHPRYDO��IORRGLQJ��DQG�SUHVFULEHG�EXUQLQJ�� �,QVXIILFLHQW� LQIRUPDWLRQ��KLJK�
FRVWV��QRQ�WDUJHW�LPSDFWV��DQG�WKH�UHVLOLHQFH�RI�0��TXLQTXHQHUYLD�FRQVWUDLQ�WKH�HIIHFWLYHQHVV�
RI� WKHVH�PHWKRGV�� �%LRORJLFDO�FRQWURO�RIIHUV�VXVWDLQDEOH�PDQDJHPHQW�SRWHQWLDO�E\� OHVVHQLQJ�
WKH�VSUHDG�DQG�E\�UHGXFLQJ�SODQW�YLWDOLW\�DQG�JURZWK�UDWHV��UHQGHULQJ�WKHP�PRUH�YXOQHUDEOH�
WR�RWKHU�HQYLURQPHQWDO�VWUHVVHV�DQG�FRQYHQWLRQDO�FRQWURO�PHWKRGV���7KH�VQRXW�EHHWOH�2[\RSV�
YLWLRVD�3DVFRH��D�QDWXUDO�HQHP\�RI�0��TXLQTXHQHUYLD�LQ�$XVWUDOLD��ZDV�UHOHDVHG�LQ�VRXWK�)ORU�
LGD�GXULQJ�VSULQJ��������0DUNHG�DGXOWV�ZHUH�UHOHDVHG�WR�HQDEOH�UHFRJQLWLRQ�RI�ILHOG�SURGXFHG�
RIIVSULQJ���8QPDUNHG�DGXOWV�ZHUH�IRXQG�DIWHU�DERXW���PRQWKV��VLJQDOLQJ�WKH�VXFFHVVIXO�FRP�
SOHWLRQ�RI� D� IXOO�JHQHUDWLRQ� LQ� WKH� ILHOG�� �5HOHDVHV�FRQWLQXHG�DW�RWKHU� ORFDWLRQV� DQG�� GXULQJ�
������QHDUO\������DGXOWV�DQG������ODUYDH�KDG�EHHQ�OLEHUDWHG�DW����ORFDWLRQV���3RSXODWLRQV�KDYH�
HVWDEOLVKHG� LQ�%URZDUG��/HH��&ROOLHU��3DOP�%HDFK��DQG�*ODGHV�FRXQWLHV�� DQG�D�PDMRU� HIIRUW�
KDV�EHHQ�LQLWLDWHG�WR�HVWDEOLVK�SRSXODWLRQV�LQ�0LDPL�'DGH�&RXQW\��SDUWLFXODUO\�ZLWKLQ�(YHU�
JODGHV�1DWLRQDO�3DUN���6KRUW�K\GURSHULRG�KDELWDWV�ZLWK�LQWHUPHGLDWH�VWDJHV�RI�PHODOHXFD�LQ�
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YDVLRQ� VHHPHG� PRVW� VXLWDEOH� DQG� PRVW� OLNHO\� WR� VXSSRUW� YLJRURXV�2�� YLWLRVD� SRSXODWLRQV��
ZKHUHDV�SRSXODWLRQV�KDYH�JHQHUDOO\� IDLOHG� WR�HVWDEOLVK�DW�SHUPDQHQWO\� LQXQGDWHG� VLWHV�� � ,W·V�
SUHPDWXUH�WR�FRQFOXGH��KRZHYHU��WKDW�SHUPDQHQWO\�ZHW�VLWHV�DUH�XQVXLWDEOH���7KH�TXDQWLW\�RI�
LQVHFWV�QHHGHG�WR�FRPSHQVDWH�IRU�KLJK�ODUYDO�PRUWDOLW\�DW� WKHVH�VLWHV�FRXOG�EH�PXFK�JUHDWHU�
WKDQ�WKH�DPRXQWV�SUHVHQWO\�DYDLODEOH���5HOHDVHV�RI�ODUJHU�TXDQWLWLHV�DQG�GLIIHUHQW�VWDJHV��L�H���
DGXOWV�YV��ODUYDH��PD\�EH�PRUH�VXFFHVVIXO�LQ�WKH�IXWXUH��EXW�WKH�DFTXLVLWLRQ�RI�VXIILFLHQW�VWRFN�
ZLOO�EH�FRQWLQJHQW�XSRQ�UHGLVWULEXWLRQ�IURP�HVWDEOLVKHG�SRSXODWLRQV�DIWHU�ILHOG�FRORQLHV�KDYH�
KDG� WLPH� WR�DWWDLQ�DGHTXDWH� OHYHOV�� �&RQWUDU\� WR�ZLGHVSUHDG� UXPRUV�� WKHVH�ZHHYLOV� KDYH� UH�
WDLQHG�WKHLU�KRVW�ILGHOLW\�LQ�WKH�ILHOG�DQG�KDYH�QRW�DWWDFNHG�QDWLYH�SODQW�VSHFLHV��
�
�
�
,QWURGXFWLRQ�
�
0HODOHXFD�TXLQTXHQHUYLD� �&DY��� 6�� 7�� %ODNH� �EURDG�OHDYHG� SDSHUEDUN� RU� PHODOHXFD��
0\UWDFHDH�� LV� D� ODUJH� WUHH� �������P� WDOO�� QDWLYH� WR� $XVWUDOLD�� � ,W� QDWXUDOO\� RFFXUV�
ZLWKLQ�D�]RQH�DERXW����NP�ZLGH�DORQJ�WKH�HDVWHUQ�FRDVW�RI��4XHHQVODQG�DQG�QRUWK�
HUQ�1HZ�6RXWK�:DOHV���������VRXWK�ODWLWXGH����,W� LV�WKH�VRXWKHUQPRVW�UHSUHVHQWD�
WLYH�RI�WKH�0��OHXFDGHQGUD�FRPSOH[��D�JURXS�RI�������FORVHO\�UHODWHG�VSHFLHV�ZLWK�D�
FHQWHU�RI�GLYHUVLW\�LQ�WURSLFDO�QRUWKHUQ�4XHHQVODQG���,W�RFFXUV�LQ�FRDVWDO�ZHWODQGV�
WKDW�DUH�DW� OHDVW�VHDVRQDOO\� LQXQGDWHG��W\SLFDOO\� LQ� IUHVKZDWHU��SDSHUEDUN�VZDPSV��
ZKLFK� RIWHQ� RFFXU� RQ� QXWULHQW�SRRU� VDQG\� VRLOV� EHKLQG� KHDWK�GRPLQDWHG� KHDG�
ODQGV�� � ,W�DOVR�RFFXUV�RQ�VWUHDP�VLGHV�DQG� LQ�EUDFNLVK�ZDWHU� DW� WKH�EDFN�RI�PDQ�
JURYH�VZDPSV���0RVW�PHODOHXFD�KDELWDWV�DUH�WKUHDWHQHG�E\�GHYHORSPHQW�LQ�$XVWUD�
OLD��EHLQJ�ORFDWHG�LQ�KLJKO\�GHVLUDEOH�FRDVWDO�DUHDV�RI�ORZ�WRSRJUDSK\��KLJK�UDLQIDOO��
DQG�PLOG�FOLPDWH��7XUQHU�HW�DO���������
�
,Q�FRQWUDVW��0��TXLQTXHQHUYLD� LV�D�VHULRXV�ZHHG�LQ�VRXWKHUQ�)ORULGD�ZKHUH�LW� LV�UDS�
LGO\�LQFUHDVLQJ�LQ�DEXQGDQFH��/DURFKH�DQG�)HUULWHU���������,W�ZDV�LQWURGXFHG�GXULQJ�
WKH�SRVW�&LYLO�:DU�HUD��$��'UD\��XQSXEO��GDWD���EXW�DSSDUHQWO\�GLGQ·W�QDWXUDOL]H�XQ�
WLO�WKH�����V���7KH�ILUVW�0��TXLQTXHQHUYLD�WR�HVWDEOLVK�LQ�VRXWKHDVWHUQ�)ORULGD�SURED�
EO\�RULJLQDWHG�IURP�VHHGOLQJV�SODQWHG�DORQJ�%LVFD\QH�%D\� LQ�������*LIIRUG��������
������0HVNLPHQ�� ������� DOWKRXJK� LW�ZDV� DSSDUHQWO\�EHLQJ� LQWURGXFHG�PDQ\� \HDUV�
HDUOLHU��$��'UD\��SHUV��FRPP�����������,W�ZDV�ZLGHO\�XVHG�LQ�RUQDPHQWDO�ODQGVFDSHV�
IRU�PDQ\�\HDUV�DQG�HYHQWXDOO\�EHJDQ�WR�LQYDGH�IRUHVWHG�DQG�QRQ�IRUHVWHG�ZHWODQG�
V\VWHPV��PRVW�QRWDEO\�WKH�VDZJUDVV�PDUVKHV�FRPSULVLQJ�WKH�)ORULGD�(YHUJODGHV��%\�
������ LW�KDG� LQIHVWHG�DSSUR[LPDWHO\���������KD� �$��)HUULWHU�� SHUV�� FRPP��� ��������
,QYDVLRQ� E\� PHODOHXFD� KDV� WUDQVIRUPHG� JUDPLQRLG�KHUEDFHRXV� ZHWODQGV� LQWR�
FORVHG�FDQRS\� VZDPS� IRUHVWV�� � 7KHVH� PHODOHXFD� VZDPS� IRUHVWV� W\SLFDOO\� IRUP�
GHQVH�PRQRFXOWXUHV�FKDUDFWHUL]HG�E\�D�VSDUVH�XQGHUVWRU\�� �,QWHUPHGLDWH�VWDJHV� LQ�
WKLV�WUDQVIRUPDWLRQ�LQFOXGH�VDYDQQDKV�ZLWK�VFDWWHUHG�� LQGLYLGXDO� WUHHV�DQG�PDWXUH�
GHQVH�PHODOHXFD�KHDGV�VXUURXQGHG�E\�UHODWLYHO\�SULVWLQH�PDUVKHV�WKDW�FRQWDLQ�PRG�
HUDWH� WR� ORZ� OHYHOV� RI� PHODOHXFD� �2·+DUH� DQG� 'DOU\PSOH� ������� � 7KH� LQFUHDVHG�
VWUXFWXUDO� GLYHUVLW\� DVVRFLDWHG� ZLWK� WKHVH� PHODOHXFD� VDYDQQDKV� DFWXDOO\� UHVXOWV� LQ�
LQFUHDVHG�VSHFLHV�GLYHUVLW\��EXW�GLYHUVLW\�LV�GUDVWLFDOO\�UHGXFHG�GXULQJ�ODWHU�VWDJHV�RI�
LQYDVLRQ��2·+DUH�DQG�'DOU\PSOH���������&XUUHQWO\��DQ�LQDGHTXDWH������PLOOLRQ�DUH�
VSHQW�DQQXDOO\�WR�FRQWURO�WKLV�WUHH��HVWLPDWHV�RI�ORVVHV�WR�WKH�ORFDO�HFRQRP\�UDQJH�
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DV�KLJK�DV��������PLOOLRQ�\U��'LDPRQG�HW�DO����������
�
5HFHQWO\�� D� JURXS�RI� HFRQRPLVWV� DQG� HFRORJLVWV�� LQ� D� FRPELQHG� HIIRUW�� HVWLPDWHG�
WKH�YDOXH�RI�VHUYLFHV�SURYLGHG� WR�KXPDQV�E\�YDULRXV�HFRV\VWHPV� �&RVWDQ]D�HW� DO��
������� � :HWODQG� V\VWHPV� ZHUH� GHHPHG� WKH� PRVW� YDOXDEOH� E\� SURYLGLQJ� VHUYLFHV�
ZRUWK� ���� ���� KD��� \U���� � $VVXPLQJ� WKDW� FXUUHQW�PHODOHXFD� LQIHVWDWLRQV� UHVXOW� LQ�
PLQLPDO� ORVVHV� FRPSULVLQJ� RQO\� ���RI� WKHVH� VHUYLFHV�� WKH� ORVW� YDOXH�ZRXOG� WRWDO�
QHDUO\� ����PLOOLRQ�SHU�\HDU�� � )XUWKHUPRUH�� PHODOHXFD� LV� FRQWLQXLQJ� WR� LQYDGH� QHZ�
DUHDV� FDXVLQJ� DFFHOHUDWHG�GHJUDGDWLRQ�RI�ZHWODQGV�� � ,QIHVWDWLRQ� OHYHOV� UHSRUWHG� LQ�
�����ZHUH�DWWDLQHG�LQ�OHVV�WKDQ����\HDUV��VR�PHODOHXFD�LQFUHDVHG�DW�DQ�DYHUDJH�UDWH�
RI������KD�\U�RU�DSSUR[LPDWHO\�����KD�G�� �$VVXPLQJ�D�FRQWLQXRXV� OLQHDU� UDWH�RI�
FKDQJH� DQG� ����� GHFUHPHQW� RI� ZHWODQG� IXQFWLRQV� GXH� WR� LQIHVWDWLRQ�� SRWHQWLDO�
DGGHG�ORVVHV�FRXOG�EH�DV�KLJK�DV�������PLOOLRQ�\U�RU���������SHU�GD\���,W� LV�REYL�
RXVO\�YHU\� LPSRUWDQW� WR�UHGXFH� WKH� LQYDVLYH�QDWXUH�RI�PHODOHXFD�ZKLOH�VLPXOWDQH�
RXVO\� HOLPLQDWLQJ� H[LVWLQJ� VWDQGV�� � 7KLV� UHTXLUHV� DQ� LQWHJUDWHG� PDQDJHPHQW� DS�
SURDFK�XVLQJ�ELRORJLFDO��KHUELFLGDO��DQG�PHFKDQLFDO�PHWKRGV��VHH�/DURFKH��������
�
5HPRYDO�RI�H[LVWLQJ�SDSHUEDUN�VWDQGV� LV�FRQWLQJHQW�XSRQ�IHOOLQJ�RI�PDWXUH� WUHHV��
KDQG�UHPRYDO�RI�VDSOLQJV��SUHVFULEHG�EXUQLQJ��DQG�KHUELFLGDO� WUHDWPHQW�� �:LWKRXW�
IXUWKHU�LPSHGLPHQWV��KRZHYHU��FOHDUHG�DUHDV�DUH�OLNHO\�WR�EH�UHLQYDGHG�DQG�VSUHDG�
LV� OLNHO\� WR� FRQWLQXH�� �+HQFH��PHDVXUHV� DUH� QHHGHG� WR�PLQLPL]H� VHHG� SURGXFWLRQ�
DQG�WKH�UHVXOWDQW�VXUYLYDO�RI�VHHGOLQJV�DQG�VDSOLQJV�LQ�RUGHU�WR�SURYLGH�VXVWDLQDEOH�
PDQDJHPHQW�� � %LRORJLFDO� FRQWURO� RIIHUV� WKH� EHVW� KRSH� IRU� WKLV�� � 7KH� PHODOHXFD�
VQRXW�EHHWOH��2[\RSV�YLWLRVD� �3DVFRH���GDPDJHV�\RXQJ� WLVVXH�JURZLQJ�DW� WKH� WLSV�RI�
EUDQFKHV��3XUFHOO�DQG�%DOFLXQDV���������7KLV�GDPDJH�GLVUXSWV�WKH�SURFHVV�RI�VKRRW�
HORQJDWLRQ�DQG�FDXVHV�JQDUOHG��GHIRUPHG�JURZWK�� �7KLV�GLVDEOHV� IORZHU� DQG� VHHG�
SURGXFWLRQ�DQG�UHGXFHV�VXUYLYDO�RI�VDSOLQJV�� �7KLV� LQVHFW�ZDV�SURYHQ�WR�EH�KRVW�
VSHFLILF�DIWHU�SURORQJHG�VWXG\��%DOFLXQDV�HW�DO��������*��%XFNLQJKDP��SHUV��FRPP���
DQG�ZDV�ILQDOO\�UHOHDVHG�LQ�)ORULGD�GXULQJ�VSULQJ������DW�D�VLWH�QHDU�:DWHU�&RQVHU�
YDWLRQ�$UHD��%�LQ�%URZDUG�&RXQW\���5HOHDVHV�FRQWLQXHG�WKHUHDIWHU�LQ�DQ�DWWHPSW�WR�
FRORQL]H�WKLV�LQVHFW�WKURXJKRXW�WKH�VRXWK�)ORULGD�UDQJH�RI�PHODOHXFD���7KLV�UHSRUW�
VXPPDUL]HV�WKRVH�UHOHDVHV�DQG�WKH�UHVXOWV�WR�GDWH��
�
�
0HWKRGV��
�
,QVHFW�LGHQWLILFDWLRQ�
�
2[\RSV�YLWLRVD�ZDV�LGHQWLILHG�DW�WKH�EHJLQQLQJ�RI�WKH�TXDUDQWLQH�SKDVH�RI�WKH�SURMHFW�
DQG�FRQILUPHG�GXULQJ�WKH�FRXUVH�RI�TXDUDQWLQH�VWXGLHV��$OO�RI�WKH�ZHHYLOV�WKDW�ZHUH�
WUDQVIHUUHG�IURP�TXDUDQWLQH�WR�)RUW�/DXGHUGDOH�RQ����0DUFK������ZHUH�H[DPLQHG���
$OO�ZHHYLOV�WKDW�ZHUH�ILHOG�FROOHFWHG�LQ�$XVWUDOLD�ZHUH�H[DPLQHG��SULRU�WR�WUDQVIHUDO�
IURP�TXDUDQWLQH�WR�WKH�)RUW�/DXGHUGDOH�IDFLOLWLHV�WR�VDIH�JXDUG�DJDLQVW�WKH�LQDGYHU�
WHQW�UHOHDVH�RI�DQ�LQDSSURSULDWH�VSHFLHV��
�

&HQWHU��9DQ��5D\DFKKHWU\��%XFNLQJKDP��:LQHULWHU��DQG�3XUFHOO�
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3DWKRJHQ�H[DPLQDWLRQV�
�
$OO�ILHOG�FROOHFWHG�ZHHYLOV�ZHUH�GLSSHG�LQ�D�%HQRP\O�VROXWLRQ�ZLWKLQ�D�GD\�RU�WZR�
DIWHU�DUULYDO�LQWR�TXDUDQWLQH�IURP�$XVWUDOLD�WR�SUHYHQW�JHUPLQDWLRQ�RI�H[WHUQDO�IXQ�
JDO�VSRUHV��SDUWLFXODUO\�%HDXYHULD�EDVVLDQD����$�VDPSOH�RI�ZHHYLOV��DERXW�����RI�HDFK�
VH[��ZDV�WDNHQ�D�GD\�RU�WZR�SULRU�WR�WKHLU�UHOHDVH�IURP�TXDUDQWLQH�DQG�H[DPLQHG�E\�
LQVHFW�SDWKRORJLVWV�RI� WKH�8�6��'HSDUWPHQW�RI�$JULFXOWXUH��$JULFXOWXUDO�5HVHDUFK�
6HUYLFH� �86'$�$56��� 6SHFLPHQV� ZHUH� DOVR� H[DPLQHG� SHULRGLFDOO\� GXULQJ� WKH�
FRXUVH� RI� TXDUDQWLQH� WHVWLQJ�� �$� WRWDO� RI� ��� ILHOG�FROOHFWHG� DGXOWV�� ��� ODERUDWRU\�
UHDUHG�DGXOWV��DQG����ODERUDWRU\�SURGXFHG�ODUYDH�ZHUH�H[DPLQHG�GXULQJ�WKH�SHULRG�
ZKHQ�ZHHYLOV�ZHUH�EHLQJ�WUDQVIHUUHG�WR�)RUW�/DXGHUGDOH���1R�SDWKRJHQV�ZHUH�HYHU�
IRXQG��
�
5HOHDVH�SURFHGXUHV�
�
,QVHFWV�ZHUH�HLWKHU�UHOHDVHG�GLUHFWO\�DW�ILHOG�VLWHV�DIWHU�WKHLU�UHFHLSW�LQ�)RUW�/DXGHU�
GDOH�RU�UHOHDVHG�LQWR�D�VFUHHQ�KRXVH�RQWR�FRQWDLQHU�JURZQ�PHODOHXFD�SODQWV���)LJ�
XUH���VKRZV�WKH�ORFDWLRQ�RI�WKH�UHOHDVH�VLWHV�LQ�VRXWK�)ORULGD�LQ�UHODWLRQ�WR�WKH�GLV�
WULEXWLRQ�RI�PHODOHXFD�DQG�WR�SULPDU\�QDWXUDO�DUHDV���$�VXPPDU\�RI�UHOHDVH�LQIRU�
PDWLRQ�LV�SURYLGHG�LQ�7DEOH����7DEOH���VXPPDUL]HV�UHOHDVH�VLWH�FKDUDFWHULVWLFV��
�
�
5HVXOWV�
�
(YHUJODGHV�%XIIHU�6WULS��6LWHV������	����
�
6LWH���ZDV�ILUVW�H[DPLQHG�RQ����0DUFK�������WKH�GD\�DIWHU�WKH�ILUVW�UHOHDVH���$GXOWV�
ZHUH�IRXQG�IHHGLQJ�RQ�\RXQJ�WLSV��VRPH�KDG�DOUHDG\�ODLG�HJJV���/DUYDH�KDG�PRYHG�
WR�QHZ� IROLDJH�DW� WKH� WLSV�RI� WKH� VDSOLQJV� LQ� WKH� ILUVW� VHFWLRQ�� �%\����$SULO� ������
\RXQJ�ODUYDH�ZHUH�SUHVHQW�LQ�WKH�VHFRQG�VHFWLRQ��LQ�WKH�PLGGOH�RI�WKH�$79�WUDLO���
ZKHUH�RQO\�DGXOWV�KDG�EHHQ�UHOHDVHG���0DUNHG�DGXOWV�ZHUH�FRQVLVWHQWO\�IRXQG�GXU�
LQJ�WKH�HQVXLQJ�ZHHNV�EXW�WKH�ILUVW�XQPDUNHG�DGXOW�ZDV�QRW�IRXQG�XQWLO����0D\�����
GD\V� DIWHU� WKH� ILUVW� UHOHDVH�� � ,W�ZDV�XQFOHDU�ZKHWKHU� WKLV� UHSUHVHQWHG� WKH� SDUHQWDO�
VWRFN�RU� WKH�)��JHQHUDWLRQ��DV� LW�FRXOG�KDYH�EHHQ�SURGXFHG� IURP�UHOHDVHG� ODUYDH���
+RZHYHU��WKH�WLPH�LQWHUYDO�ZDV�VXIILFLHQW�IRU�WKH�SURGXFWLRQ�RI�D�QHZ�JHQHUDWLRQ��
1RQHWKHOHVV��WKH�SUHVHQFH�RI�WKLV�LQGLYLGXDO�SURYHG�WKDW�WKH�SXSDH�FRXOG�VXUYLYH�DW�
WKLV�VLWH��GHVSLWH�WKH�UHODWLYHO\�VDWXUDWHG�VRLO�FRQGLWLRQV���$V�QHZ�DGXOWV�ZHUH�IRXQG�
WKH\�ZHUH�PDUNHG�DQG�UHOHDVHG���8QPDUNHG�DGXOWV�FRQWLQXHG�WR�DSSHDU�GXULQJ�WKH�
QH[W� IHZ�ZHHNV��E\����$XJXVW�� D� WRWDO�RI����KDG�EHHQ� IRXQG�� �$GXOWV� DQG� ODUYDH�
FRQWLQXHG�WR�EH�SUHVHQW�DW�WKH�VLWH�GXULQJ�WKH�UHPDLQGHU�RI�WKH�\HDU���/DUYDH�ZHUH�
VXIILFLHQWO\�DEXQGDQW�GXULQJ� ODWH�)HEUXDU\������WR�DOORZ�IRU�UHGLVWULEXWLRQ� WR�DQ�
RWKHU�VLWH��6LWH������7KH�VLWH�ZDV�H[DPLQHG�DERXW�RQH�\HDU�DIWHU�WKH�ILUVW�UHOHDVH��RQ�
���0DUFK��������/DUYDH�ZHUH�IRXQG�����P�WR�WKH�QRUWK�DQG�DW�WKH�ZHVWHUQ�OLPLW�RI�
WKH�VWDQG�����P�IURP�WKH�QHDUHVW�UHOHDVH�SRLQW���6HYHQ�DGXOWV�ZHUH�DOVR�QRWHG��HYHQ�
WKRXJK�ZH�GLG�QRW�LQWHQVLYHO\�VHDUFK�IRU�WKHP���7KH�VLWH�ZDV�ODVW�H[DPLQHG�RQ����
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0D\������ZKHQ�YHU\�IHZ�ODUYDH�ZHUH�QRWHG��KRZHYHU��GDPDJH�SURGXFHG�E\�DGXOW�
IHHGLQJ�ZDV�DEXQGDQW�DQG��LQ�VRPH�FDVHV��VHYHUH�RQ�VPDOO�SODQWV���7ZR�REVHUYHUV�
ZHUH�DEOH�WR�ILQG����DGXOWV�ZHUH�IRXQG�ZLWKLQ����PLQXWHV���0RVW�RI�WKH�WUHHV�LQ�WKH�
FOXPS� ZLWKLQ� WKH� PLGGOH� RI� WKH� URDG� KDG� EHHQ� NQRFNHG� RYHU�� SUHVXPDEO\� E\�
$79V��EXW� VL[� ODUYDH� �PLG�LQVWDUV��ZHUH� IRXQG�RQ�RQH�RI� WKH� IHZ� WKDW� UHPDLQHG���
7KHVH�ZHUH�WKH�RQO\�ODUYDH�IRXQG�DW�DQ\�RI�WKH�VLWHV�GXULQJ�0D\��
�
$OO�RI�WKH�DGXOWV�WKDW�FRXOG�EH�IRXQG�DW�6LWH���ZHUH�FROOHFWHG�DQG�PRYHG�WR�RWKHU�
VLWHV���7KH�DUHD�ZDV�FKHFNHG�SHULRGLFDOO\�GXULQJ�WKH�HQVXLQJ�PRQWKV�EXW�QR�DGGL�
WLRQDO�LQVHFWV�ZHUH�IRXQG���7KLV�OHG�XV�WR�EHOLHYH�WKDW�WKH�FRPELQDWLRQ�RI�YDQGDO�
LVP�DQG�KLJK�ZDWHU� OHYHOV�KDG� UHVXOWHG� LQ� WKH� IDLOXUH� WR� HVWDEOLVK� D�SRSXODWLRQ� DW�
WKLV� ORFDWLRQ�� �7KHQ��GXULQJ�0DUFK� DQG� DJDLQ� LQ�$SULO� ������ RQH� ODWH� LQVWDU� ODUYD�
ZDV�IRXQG��VXJJHVWLQJ�WKDW�D�VPDOO�SRSXODWLRQ�KDG�SHUVLVWHG��
�

)LJXUH�����7KH�GLVWULEXWLRQ�RI�2[\RSV�YLWLRVD�UHOHDVH�VLWHV�LQ�)ORULGD��
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(YLGHQFH�RI�DGXOW�IHHGLQJ�ZDV�REVHUYHG�RQ�WUHHV�ZLWKLQ�DQG�DGMDFHQW�WR�WKH�SORWV�
DW�6LWH���GXULQJ�WKH�ILUVW�PRQWK��WKHQ�GLVDSSHDUHG���1R�DGGLWLRQDO�GDPDJH�ZDV�RE�
VHUYHG�XQWLO�ODWH�$XJXVW���7KHQ��RQ����$XJXVW�������RYHU�����ODUYDH�DQG�PDQ\�HJJV�
ZHUH�REVHUYHG�RQ�WUHHV�DV�IDU�DZD\�DV����P�VRXWK�RI� WKH�UHOHDVH�DUHD�� �7KLV�DUHD�
KDG� D� IHZ�PHODOHXFD� WUHHV� VFDWWHUHG� DPRQJVW� VDZJUDVV� DQG�ZD[�P\UWOH�� � 7KH� UH�
OHDVHG�DGXOWV�DSSDUHQWO\�KDG�PRYHG�IURP�WKH�SORWV�LQWR�WKLV�PRUH�RSHQ�DUHD�WR�OD\�
HJJV�DV�HYLGHQFHG�E\�WKH�KLJK�QXPEHUV�RI�ODUYDH�RQ�VPDOO�WUHHV�ZHVW�RI�WKH�SORWV���
$� VLQJOH� XQPDUNHG� DGXOW�ZDV� ODWHU� IRXQG�GXULQJ� ILUVW�ZHHN� RI� 6HSWHPEHU� LQ� WKH�
RSHQ�DUHD���7KHQ��LQ�2FWREHU��ZH�REVHUYHG�PDQ\�HJJV�DQG�PRUH�WKDQ�����QHZ�ODU�
YDH�RQ�ERWK�SUHYLRXVO\�LQIHVWHG�DV�ZHOO�DV�QHZ�WUHHV���/DUYDH�ZHUH�IRXQG�WKURXJK�
RXW�DQ�DUHD�H[WHQGLQJ�DERXW�����P�VRXWK�DQG�VRXWKZHVW�RI�WKH�SORWV���)HZHU�HJJV�
DQG� ODUYDH�ZHUH�REVHUYHG�GXULQJ� WKH� ODVW�ZHHN�RI�'HFHPEHU�DV� FRPSDUHG� WR� WKH�
QXPEHUV�SUHVHQW�GXULQJ�6HSWHPEHU�WKURXJK�1RYHPEHU���7KH�ORZ�QXPEHUV�FRQWLQ�
XHG�LQWR�-DQXDU\�DQG�)HEUXDU\��������+RZHYHU��GXULQJ�)HEUXDU\�� ODUYDH�DQG�HJJV�
ZHUH�UHFRUGHG�RQ����RI���� WUHHV�H[DPLQHG�� �$V�RI�$SULO�������2��YLWLRVD�ZDV�ZHOO�
HVWDEOLVKHG�EXW�WKH�SRSXODWLRQ�UHPDLQHG�ORZ�DQG�QRQH�ZHUH�HYLGHQW�LQ�WKH�SORWV��
�
:DWHU�&RQVHUYDWLRQ�$UHD��%��6LWH����
�
$V�DW�VLWH�����VRPH�DGXOW�GDPDJH�ZDV�REVHUYHG�RQ�WKH�WUHHV�ZLWKLQ�WKH�SORWV�GXULQJ�
WKH�ILUVW�PRQWK���$IWHUZDUGV��WKH�GDPDJH�VXEVLGHG�DQG�QR�IXUWKHU�HYLGHQFH�RI�WKHLU�
SUHVHQFH� ZDV� IRXQG�� � 7KH� WUHHV� WKDW� WKH� DGXOWV� KDG� EHHQ� SODFHG� RQ� ODFNHG� WKH�
\RXQJ�SODQW�WLVVXH�QHHGHG�WR�SURYLGH�RYLSRVLWLRQ�VLWHV���7KHUHIRUH��ZH�DVVXPH�WKDW�
UHOHDVHG�DGXOWV�GLVSHUVHG�DZD\�IURP�WKH�VLWH�SUREDEO\� LQ�VHDUFK�RI�\RXQJ�IROLDJH���
1R�LQVHFWV�RU�IXUWKHU�VLJQV�RI�GDPDJH�KDG�EHHQ�VHHQ�DV�RI�WKH�ODVW�ZHHN�RI�$SULO�
������DOPRVW�RQH�\HDU�DIWHU�WKH�UHOHDVH��
�
.URPH�$YHQXH�VWXG\�DUHD��6LWH����
�
$GXOW�GDPDJH�ZDV�REVHUYHG�RQ�WUHHV�LQ�WKH�SORWV�GXULQJ�WKH�ILUVW�PRQWK��EXW�QRQH�
WKHUHDIWHU�� �7KH�DGXOWV�DSSDUHQWO\�GLVSHUVHG� WR�RWKHU�DUHDV�� �$V�D� UHVXOW��QR� VLJQV�
WKDW�D�SRSXODWLRQ�KDG�SHUVLVWHG�ZHUH�HYLGHQW�DV�RI�WKH�ODVW�ZHHN�RI�$SULO��������:H�
DVVXPH�WKDW�2��YLWLRVD�KDV�QRW�HVWDEOLVKHG�DW�WKLV�VLWH��
�
/R[DKDWFKHH�6ORXJK��:HVW�3DOP�%HDFK�&DWFKPHQW�$UHD��6LWH����
�
$�IHZ�UHOHDVHG�DGXOWV�UHPDLQHG�RQ�WUHHV�RQ�ZKLFK�WKH\�KDG�EHHQ�SODFHG�GXULQJ�WKH�
ILUVW�PRQWK�ZKHUH� WKHLU�GDPDJH�ZDV� UHDGLO\� DSSDUHQW�� �/DWHU��KRZHYHU��QR�DGXOWV�
FRXOG�EH�IRXQG�DQG�WKH� IHHGLQJ�GDPDJH�JUDGXDOO\�GLPLQLVKHG�VXJJHVWLQJ� WKDW� WKH�
DGXOWV�KDG�OHIW�WKH�VLWH�ZLWKRXW�OD\LQJ�HJJV���1R�DGGLWLRQDO�LQVHFWV�ZHUH�UHOHDVHG�XQ�
WLO���1RYHPEHU������ZKHQ�ODUYDH�ZHUH�SODFHG�RQ�WUHHV�JURZLQJ�RQ�WKH�EHUP�RI�D�
GLUW� URDG� DW� WKH�ZHVWHUQ� HGJH�RI� WKH� RULJLQDO� VWDQG�� �7KH� VLWH�ZDV� H[DPLQHG� RQH�
PRQWK�ODWHU�ZLWK�QHJDWLYH�UHVXOWV�EXW�WZR�XQPDUNHG�DGXOWV�ZHUH�IRXQG�DW�WKH�URDG�
EHUP�ORFDWLRQ�RQ����-DQXDU\����������GD\V�DIWHU�WKH�ODVW�UHOHDVH���1XPHURXV�ODUYDH��
UDQJLQJ�IURP�HDUO\�WR�ODWH�LQVWDUV��ZHUH�RQ�WKH�VDPH�WUHHV�VXJJHVWLQJ�WKDW�DGXOWV�KDG�
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EHHQ�SUHVHQW�DQG�OD\LQJ�HJJV���WR���ZHHNV�HDUOLHU���7KHQ��RQ����$SULO�������D�WRWDO�
RI����ODUYDH�ZHUH�IRXQG�ZKLOH�H[DPLQLQJ����WUHHV���$ERXW�����RI�WKH�WUHHV�H[DP�
LQHG� VKRZHG� HYLGHQFH�RI�SUHVHQW�RU�SDVW� IHHGLQJ� GDPDJH�� �2QH� XQPDUNHG� DGXOW�
ZDV� IRXQG� DV�ZHUH� HJJV�� � /DUYDH�ZHUH� SUHGRPLQDWHO\� ODWH� LQVWDUV� DOWKRXJK� VRPH�
HDUO\�LQVWDUV�ZHUH�SUHVHQW���+HQFH��D�ZHOO�VWUXFWXUHG�SRSXODWLRQ�VHHPHG�WR�EH�SUHV�
HQW�DW�WKH�VLWH�E\�VSULQJ��������0RUH�HYLGHQFH�RI�HVWDEOLVKPHQW�ZDV�REWDLQHG�RQ����
$SULO� ZKHQ�PRUH� DGXOWV� ZHUH� IRXQG� DQG� DERXW� ���� RI� WKH� WUHHV� LQVSHFWHG� KDG�
GDPDJH���)HHGLQJ�DFWLYLW\�ZDV�REVHUYHG�����P�WR�WKH�HDVW�DQG�����P�WR�WKH�ZHVW�RI�
WKH�UHOHDVH�DUHD��
�
&RUNVFUHZ�:HOO�)LHOG��6LWH����
�
7KH� ILUVW� DGXOWV�ZHUH� IRXQG� LQ�PLG�2FWREHU� ����� LQ� WKH� DUHD�ZKHUH� RQO\� ODUYDH�
ZHUH�UHOHDVHG��7KH�VLWH�ZDV�DJDLQ�H[DPLQHG�RQ���1RYHPEHU������DQG�TXLWH�D�ELW�RI�
ODUYDO�GDPDJH�ZDV�HYLGHQW�ZLWKLQ�WKH�SORWV���+RZHYHU��WKLV�GDPDJH�ZDV�ROG�DQG�QR�
DVVRFLDWHG�ODUYDH�ZHUH�IRXQG���/DUYDH�ZHUH�IRXQG�RXWVLGH�RI�WKH�SORWV�RQ�URDGVLGH�
WUHHV���$W�OHDVW���ODUYDH�ZHUH�IRXQG�RQ�RQH�WUHH�QRUWK�RI�WKH�SORWV���7KLV�VDPH�WUHH�
DOVR�VKRZHG�HYLGHQFH�RI�DGXOW�IHHGLQJ���$QRWKHU�ODWH�VWDJH�ODUYD�ZDV�IRXQG�LQ�WKH�
VDPH�DUHD�EXW�RYHUDOO��GDPDJH�ZDV�VSDUVH���$�IHZ�DGGLWLRQDO�ODUYDH�ZHUH�IRXQG�RQ�
WKH�HDVW�VLGH�RI�WKH�URDG��EXW� WKH�JUHDWHVW�FRQFHQWUDWLRQ�DSSHDUHG� WR�EH�QRUWK�RI�
WKH�SORWV�QHDU�WKH� LQWHUVHFWLRQ�RI�WKH�WZR�URDGV�� �1RWKLQJ�ZDV� IRXQG� LQ� WKH�DUHD�
ZKHUH� ODUYDH�ZHUH� UHOHDVHG�� GHVSLWH� WKH� IDFW� WKDW� DQ� DGXOW� KDG� EHHQ� IRXQG� D� IHZ�
ZHHNV�HDUOLHU��EXW�WKHUH�ZDV�DEXQGDQW�HYLGHQFH�RI�SDVW�ODUYDO�DFWLYLW\���
��
7KH�SRSXODWLRQ�VHHPHG�WR�KDYH�HVWDEOLVKHG�D�WHQXRXV�IRRWKROG�LQ�WKH�DUHD�E\�HDUO\�
1RYHPEHU�DQG�DERXW�����RI�WKH�WUHHV�DORQJ�WKH�URDGVLGHV�H[KLELWHG�UHFHQWO\�LQLWL�
DWHG��ZLWKLQ���ZHHNV��QHZ�JURZWK�WKDW�DSSHDUHG�VXLWDEOH�IRU�WKH� LQVHFWV�� �:H�GH�
FLGHG� WR�PDNH�DGGLWLRQDO� UHOHDVHV� WR�VXSSOHPHQW� WKH�H[LVWLQJ�SRSXODWLRQ�� �:H�UH�
WXUQHG� WR� WKH� VLWH�RQ����1RYHPEHU� ����� DQG� UHOHDVHG����� ODUYDH�� �7KH� VLWH�ZDV�
DJDLQ�FKHFNHG�SULRU�WR�PDNLQJ�WKH�UHOHDVH��KRZHYHU��DQG�DPSOH�HYLGHQFH�RI�DGXOW�
DFWLYLW\��DGXOW�IHHGLQJ�GDPDJH�DQG�HJJV��ZDV�IRXQG�LQ�RQH�RI�WKH�SORWV��SORW������DV�
ZHUH� VHYHUDO� ODUYDH�� � $GXOW� GDPDJH�� HJJV�� DQG� DQ� VHFRQG� LQVWDU� ODUYD� ZHUH� DOVR�
IRXQG�LQ�WKH�ODUYDO�UHOHDVH�DUHD���/DUYDH�ZHUH�DJDLQ�UHOHDVHG�RQ���'HFHPEHU������
ZKHQ�D�FXUVRU\�FKHFN�UHYHDOHG�WKH�SUHVHQFH�RI�VHYHUDO�WKLUG�DQG�IRXUWK�LQVWDU�ODU�
YDH��
�
7KH� SORWV� ZHUH� DJDLQ� FKHFNHG� RQ� ��� 'HFHPEHU� ����� ZKHQ� ODUYDO� GDPDJH� ZDV�
IRXQG�RQ����WUHHV�ZLWKLQ�WKH�SORWV�LQ�WKH�DGXOW�UHOHDVH�DUHD�DQG�ODUYDH�ZHUH�IRXQG�
RQ����WUHHV���/DUYDH�FRQWLQXHG�WR�EH�SUHVHQW�RQ�WUHHV�OLQLQJ�WKH�URDG�QHDU�WKH�ODUYDO�
UHOHDVH�DUHD�RQ����'HFHPEHU��������7KH�VLWH�ZDV�QRW�FKHFNHG�DJDLQ�XQWLO����)HEUX�
DU\������ZKHQ�VHYHUDO�ODUYDH�ZHUH�IRXQG�HDVW�RI�WKH�ODUYDO�UHOHDVH�DUHD�RQ�URDGVLGH�
WUHHV� QHDU� WKH� LQWHUVHFWLRQ� RI� WKH� WZR� GLUW� URDGV�� � 1XPHURXV� ODUYDH� ZHUH� DJDLQ�
IRXQG�RQ����0DUFK������RQ�URDGVLGH� WUHHV� LQ� WKH�SUR[LPLW\�RI� WKH� ODUYDO� UHOHDVH�
DUHD�WKUHH�DGXOWV�ZHUH�IRXQG�DW�WKH�HGJH�RI�WKH�IRUHVW�QHDU�WKH�SORWV���:H�FRQFOXGH�
WKDW�2��YLWLRVD�KDV�HVWDEOLVKHG�D�SHUPDQHQW�SRSXODWLRQ�DW�WKH�&RUNVFUHZ�:HOO�)LHOG���



���������

2Q����$SULO����������DGXOWV�ZHUH�IRXQG�DORQJ�WKH�URDGVLGH�QHDU�WKH�DGXOW�UHOHDVH�
DUHD� DQG��� DGXOWV�ZHUH� IRXQG�QHDU� WKH� ODUYDO� UHOHDVH� DUHD��2QO\� ODWH� LQVWDU� ODUYDH�
ZHUH�IRXQG��QRQH�LQ�WKH�ODUYDO�UHOHDVH�DUHD�DQG����LQ�WKH�DGXOW�UHOHDVH�DUHD���
��
$QG\WRZQ�6XEVWDWLRQ��6LWH������
�
7KH�VLWH�ZDV�FKHFNHG�RQ����-XQH���������GD\V�DIWHU�UHOHDVLQJ����ZHHYLOV�LQWR�SORW�
�����2QO\���DGXOWV�ZHUH�IRXQG�LQ�WKH�SORW��EXW���ZHUH�IRXQG�EHWZHHQ�SORW����DQG�
SORW�����DQG�RQH�ZDV�IRXQG�LQ�D�FRQWURO�SORW��SORW�������/DUYDO�SUHVHQFH�ZDV�GH�
WHFWHG�RQ���-XO\������ZKHQ�DERXW����GDPDJHG�SODQWV�ZHUH�IRXQG���0RVW�RI�WKHVH�
ZHUH�QRW�LQ�WKH�SORWV���7UHHV�WKDW�KDG�EHHQ�GDPDJHG�E\�ODUYDH�ZHUH�QRWLFHG�LQ�WZR�
FRQWURO�SORWV�����DQG�����RQ����-XO\��WKH�GD\�DIWHU�WKH�VHFRQG�UHOHDVH���7KHVH�ZHUH�
REYLRXVO\�SURJHQ\�RI�WKH�DGXOWV�UHOHDVHG�D�PRQWK�HDUOLHU���2Q����-XO\��DGXOWV�ZHUH�
IRXQG� RXWVLGH� RI� WKH� SORWV� DQG� LQ� WKH� FRQWURO� SORWV�� � 7KH\� VHHPHG� TXLWH� DFWLYH��
UHDGLO\�PRYLQJ�DERXW�ZLWKLQ�WKH�VWDQG���)RU�H[DPSOH��RQH�ZHHYLO�IRXQG�DERXW����P�
HDVW�RI�SORW����TXLFNO\�WRRN�IOLJKW�ZKHQ�GLVWXUEHG���7ZR�DGXOWV�ZHUH�IRXQG�RQ�RQH�
VPDOO�IORZHU�LQ�SORW�����D�FRQWURO�SORW����7KHVH��WRR��TXLFNO\�IOHZ�ZKHQ�GLVWXUEHG���
$W� OHDVW���� ODUYDH�ZHUH�SUHVHQW�RQ�RQH� VPDOO� FRSSLFH�RI� ��� VWHPV� ORFDWHG� DW� WKH�
VRXWKHUQ� HGJH� RI� WKH� VWDQG�� RXWVLGH� RI� WKH� SORWV�� �1RQHWKHOHVV��PDQ\� DGXOWV� UH�
PDLQHG�SUHVHQW�LQ�WKH�SORWV�VR�ZH�FRQWLQXHG�WKH�H[SHULPHQW�E\�SHULRGLFDOO\�FKHFN�
LQJ�WKH�FRQWUROV�WKHQ�WUDQVIHUULQJ�DQ\�LQVHFWV�IRXQG�WR�WKH�UHOHDVH�SORWV���1R�DGXOWV�
ZHUH�IRXQG�LQ�WKH�FRQWURO�SORWV�RQ���$XJXVW�������EXW�RQ���6HSWHPEHU����GD\V�EH�
IRUH� WKH� ODVW� UHOHDVH������RI� WKH� WUHHV� LQ� D� FRQWURO�SORW� �SORW�����ZHUH�GDPDJHG��
ZKHUHDV�RQO\����ZHUH�GDPDJHG�LQ�WKH�ILUVW�UHOHDVH�SORW��SORW��������$ERXW�����RI�
WKH�WUHHV�ZHUH�GDPDJHG�LQ�RQH�UHOHDVH�SORW��SORW�����EXW�QR�GDPDJH�ZDV�HYLGHQW�LQ�
WKH�RWKHU��SORW�������6L[�XQPDUNHG�DGXOWV�ZHUH�IRXQG�D�IHZ�GD\V�ODWHU����6HSWHP�
EHU��RQ�WKH�DIRUHPHQWLRQHG�FOXPS�RI����VWHPV���7KHVH�ZHUH�SUREDEO\�SURJHQ\�RI�
DGXOWV� UHOHDVHG� LQ� -XQH�DQG� -XO\�� �$GGLWLRQDO� FOXPSV� DW� WKH� VRXWKHUQ� HGJH�RI� WKH�
VWDQG�ZHUH�FKHFNHG�RQ����6HSWHPEHU�DQG�QXPHURXV�ODUYDH�ZHUH�IRXQG�DV�ZHOO�DV�
VHYHUDO�PDUNHG�DQG�D�IHZ�XQPDUNHG�DGXOWV���:H�HVWLPDWHG�WKDW�����RI�WKH�DSLFHV�
ZHUH� GDPDJHG� RQ� WKH� FOXPS� ZLWK� ��� VWHPV� E\� ���2FWREHU� DQG� ��� ODUYDH� ZHUH�
IRXQG�RQ�DQRWKHU�FOXPS�QHDU�WKH�VRXWKHDVWHUQ�FRUQHU�RI�WKH�VLWH���$W�WKLV�SRLQW��LW�
VHHPHG�DSSDUHQW�WKDW�D�YLJRURXV�SRSXODWLRQ�KDG�EHFRPH�HVWDEOLVKHG�DW�WKH�VLWH�EXW�
KDG�VKLIWHG�IURP�WKH�UHOHDVH�SORWV�LQ�WKH�PLGGOH�RI�WKH�VWDQG�WR�WKH�VRXWKHUQ�HGJH���
7KXV�� GHVSLWH� HDUOLHU� REVHUYDWLRQV� WR� WKH� FRQWUDU\�� LW� EHFDPH� HYLGHQW� WKDW� WKH\�
ZRXOG�QRW�UHPDLQ� LQ�WKH�SORWV�� WKXV�UHQGHULQJ� WKLV�PHWKRG�RI�HYDOXDWLRQ�XQVDWLV�
IDFWRU\�� �1RQHWKHOHVV�� D�SRSXODWLRQ� UHPDLQHG�DW� WKH� VLWH�RQ����$SULO������� �7KLV�
VLWH�ZDV�ODVW�REVHUYHG�RQ����0D\��������1R�ODUYDH�ZHUH�VHHQ�DQG�PRVW�RI�WKH�GDP�
DJH�ZDV�ROG��KRZHYHU����DGXOWV�ZHUH�IRXQG��PRVW�RI�ZKLFK�ZHUH�LQ�WKH�LQWHULRU�SRU�
WLRQ�RI�WKH�VWDQG��
�
%LJ�&\SUHVV�1DWLRQDO�3UHVHUYH��6LWH����
�
7KH�VLWH�ZDV�ILUVW�FKHFNHG�RQ����6HSWHPEHU�������DERXW�WZR�PRQWKV�DIWHU�WKH�ILUVW�
UHOHDVH���$�WRWDO�RI����WUHHV�ZHUH�VHOHFWLYHO\��QRQ�UDQGRPO\��H[DPLQHG�����H[KLELWHG�

&HQWHU��9DQ��5D\DFKKHWU\��%XFNLQJKDP��:LQHULWHU��DQG�3XUFHOO�
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2��YLWLRVD�GDPDJH���7ZR�DGXOWV�ZHUH�IRXQG��RQH�ZDV�XQPDUNHG�� �7KH�WUHH�WKDW�WKH�
XQPDUNHG�ZHHYLO�ZDV�RQ�ZDV�KHDYLO\�GDPDJHG�ZLWK�DOO�RI� WKH� WLSV�GHVWUR\HG�� � ,Q�
FRQWUDVW�� OHVV� WKDQ� ����RI� WKH� WLSV�ZHUH� GHVWUR\HG� RQ� WKH� RWKHU� GDPDJHG� WUHHV���
7KH�VLWH�ZDV�QH[W�YLVLWHG�DERXW���PRQWKV�ODWHU�����1RYHPEHU��ZKHQ����DGXOW�ZHH�
YLOV�DQG�����ODUYDH�ZHUH�UHOHDVHG���7KLV�ZDV�PHUHO\�D�VXSSOHPHQWDO�UHOHDVH��DV�LW�ZDV�
DSSDUHQW�WKDW�D�SRSXODWLRQ�ZDV�DOUHDG\�HVWDEOLVKHG�E\�WKLV�WLPH���7KLUW\�WUHHV�ZHUH�
H[DPLQHG� RQ� WKH�ZHVW� VLGH� RI� WKH� VLWH�� � $ERXW� KDOI� H[KLELWHG� GDPDJH� ZLWK� HJJV�
DQG�RU� ODUYDH�RQ�DERXW������ �$OO� VWDJHV�ZHUH�SUHVHQW�EXW� HJJV� DQG� HDUO\� LQVWDUV�
ZHUH� SUHGRPLQDQW�� � %LRORJLVWV� DW� WKH� UHIXJH� H[DPLQHG� WKH� VLWH� DJDLQ� GXULQJ� ODWH�
-DQXDU\�DQG�FRXQWHG�RYHU�����SODQWV�ZLWK�GDPDJH��7��3HUQDV��SHUV��FRPP�����������
7KH\�QRWHG� WKDW� VRPH�SODQWV�ZHUH� VHYHUHO\�GHIROLDWHG� DQG� WKDW� ODUYDH� �DOO� VWDJHV��
ZHUH�DEXQGDQW���7KHVH�REVHUYDWLRQV�SURPSWHG�XV�WR�FRQGXFW�D�WKRURXJK�VHDUFK�RI�
WKH�VLWH�RQ����)HEUXDU\��������:H�IRXQG�WKDW�PRVW�RI�LQVHFWV�ZHUH�FRQFHQWUDWHG�LQ�
WKH�VRXWKHDVWHUQ�FRUQHU�RI�WKH�VLWH�����WUHHV�GDPDJHG�RI�����H[DPLQHG���QHDU�RQH�
RI�WKH�UHOHDVH�DUHDV��3ORW������EXW�ODUYDH�FRXOG�EH�IRXQG�WKURXJKRXW�WKH�VLWH�DOO�WKH�
ZD\� WR� WKH�QRUWKHDVWHUQ�FRUQHU�RI� WKH� LVODQG�� �$QRWKHU� VXSSOHPHQWDO� UHOHDVH�ZDV�
PDGH�FRQVLVWLQJ�RI����� ODUYDH�� �7KLV� LQFOXGHG���� ODUYDH�PRYHG� IURP�6LWH����� DV�
ZHOO�DV����ODUYDH�UHDUHG�LQ�VFUHHQKRXVHV���$ERXW���ZHHNV�ODWHU�����0DUFK��������DQ�
XQPDUNHG�DGXOW�ZDV�IRXQG�ZKHUH�VRPH�RI�WKHVH�ODUYDH�KDG�EHHQ�SODFHG���7KLV�ZDV�
VRPH�GLVWDQFH��FD������P��IURP�WKH�PDLQ�SRSXODWLRQ��VR�ZH�VXVSHFW�WKDW�LW�ZDV�GH�
ULYHG�IURP�WKRVH�ODUYDH���,Q�DGGLWLRQ��QXPHURXV�HJJV�DQG�HDUO\�LQVWDUV�ZHUH�IRXQG�
RQ�D�VPDOO�DGMDFHQW� WUHH�� VXJJHVWLQJ� WKDW�QRW�RQO\�KDG�DGXOWV� HPHUJHG�EXW� UHSUR�
GXFWLRQ�KDG�RFFXUUHG�ZLWKLQ�DQ�XQH[SHFWHGO\�VKRUW�SHULRG�RI�WLPH����
�
/DNH�2NHHFKREHH��0RRUHKDYHQ��6LWH�����
�
2QO\�RQH�UHOHDVH�FRQVLVWLQJ�RI�����DGXOW�ZHHYLOV�ZDV�PDGH�DW�WKLV�VLWH���7KLV�UHOHDVH�
ZDV�PDGH�LQ�HDUO\�$XJXVW�������DQG�E\�ODWH�2FWREHU�PDQ\�ODUYDH��DOO�VWDJHV��ZHUH�
SUHVHQW� DV�ZHOO� DV� VHYHUDO� XQPDUNHG� DGXOW�ZHHYLOV�� � /DUYDO� IHHGLQJ�ZDV� REVHUYHG�
ZLWKLQ�WKH�UHOHDVH�DUHD�H[WHQGLQJ�WR�WKH�HGJH�RI�WKH�GLNH��WKHQ�DERXW����P�VRXWK�
ZDUG�� �7ZHQW\�ILYH�WUHHV�ZHUH�H[DPLQHG�RQ����'HFHPEHU������DQG�2��YLWLRVD�ZDV�
IRXQG�RQ����RI�WKHP���$OO�LQVWDUV�ZHUH�SUHVHQW��LQFOXGLQJ�HJJV���7KXV��D�SRSXODWLRQ�
DSSHDUHG�WR�EH�ZHOO�HVWDEOLVKHG�E\�WKH�HQG�RI�WKH�\HDU���7KLV�ZDV�GHVSLWH�WKH�IDFW�
WKDW� ULVLQJ�ZDWHU� OHYHOV� LQ� /DNH�2NHHFKREHH� KDG� IORRGHG� WKH� VLWH� WR� D� GHSWK� RI�
DERXW����FP�DQG�WKH�ODNH�KDG�ULVHQ�WR�DQ�HOHYDWLRQ�RI������IW�DERYH�PHDQ�VHD�OHYHO�
�PVO��E\�WKLV�WLPH���$Q�XQPDUNHG�DGXOW�ZDV�DJDLQ�IRXQG�RQ����-DQXDU\�������DQG�
ODUYDH� ZHUH� SUHVHQW� RQ� �� RI� ��� WUHHV� H[DPLQHG�� �:DWHU� GHSWK� KDG� LQFUHDVHG� WR�
DERXW����FP��������IW�PVO����1RQHWKHOHVV��DOO�LQVWDUV�ZHUH�IRXQG�DORQJ�ZLWK�QXPHU�
RXV�HJJV���/DNH�OHYHOV�FRQWLQXHG�WR�LQFUHDVH�GXULQJ�WKH�UHPDLQGHU�RI�WKH�ZLQWHU�DQG�
UHDFKHG�PD[LPDO�OHYHOV�GXULQJ�ODWH�)HEUXDU\�WR�PLG�0DUFK��SHDNLQJ�DW�������IW�PVO�
RQ����)HEUXDU\���������7KH�VLWH�ZDV�H[DPLQHG�DJDLQ�RQ����$SULO������DQG�RQO\�ROG�
GDPDJH�ZDV�IRXQG���1R�DGXOWV�RU�ODUYDH�ZHUH�IRXQG���%\�WKLV�WLPH��WKH� ODNH� OHYHO�
KDG�UHFHGHG�WR�������IW�PVO��EXW�WKH�VLWH�UHPDLQHG�IORRGHG�WR�D��GHSWK�RI�DERXW����
FP���:KHQ�ODVW�H[DPLQHG�����0D\��������WKH�ODNH�OHYHO�KDG�UHFHGHG�WR�DERXW������
IW�PVO�DQG�WKH�VLWH�ZDV�GU\���1RQHWKHOHVV��QR�LQVHFWV�ZHUH�IRXQG���:H·YH�FRQFOXGHG�
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WKDW�WKH�SURORQJHG�SUHVHQFH�RI�GHHS�VWDQGLQJ�ZDWHU�DW� WKH�VLWH�FDXVHG�WKH� ORVV�RI�
WKH�SRSXODWLRQ�DIWHU�LW�KDG�VXFFHVVIXOO\�HVWDEOLVKHG��
�
/R[DKDWFKHH�1DWLRQDO�:LOGOLIH�5HIXJH��6LWH�����
�
,QLWLDOO\��RQO\�ODUYDH�ZHUH�SODFHG�DW�WKLV�VLWH�WR�GHWHUPLQH�LI�WKH\�FRXOG�VXUYLYH�SHU�
PDQHQWO\�ZHW�FRQGLWLRQV���6RPH�GDPDJH�ZDV�REVHUYHG�VRRQ�DIWHU�UHOHDVH��DOWKRXJK�
QR� LQVHFWV�ZHUH� IRXQG� �1R�DGXOW�RU� ODUYDO�GDPDJH�ZDV�REVHUYHG�DV�RI� �)HEUXDU\�
�������7ZHOYH�PDUNHG�DGXOWV�ZHUH�UHOHDVHG�RQ����)HEUXDU\��������7KH�VLWH�ZDV�YLV�
LWHG�RQ����0D\������ZKHQ�ROG�GDPDJH�FDXVHG�E\�DGXOW� IHHGLQJ�ZDV� IRXQG�RQ���
WUHHV� LQVLGH� WKH�SORW�ZKHUH� DGXOWV�KDG�EHHQ� UHOHDVHG�� �+RZHYHU�� QR� LQVHFWV�ZHUH�
IRXQG���,W�LV�GRXEWIXO�WKDW�D�SRSXODWLRQ�KDV�HVWDEOLVKHG�DW�WKLV�VLWH��
�
(VWHUR��6LWH�����
�
7ZHQW\�ODUYDH�ZHUH�SODFHG�RQ�WKH�ILYH�PDUNHG�VDSOLQJV�LQ�HDFK�RI�WKH�WKUHH�SORW�LQ�
WKH� UHOHDVH� DUHD� DW�ZHHNO\� LQWHUYDOV� IURP���2FWREHU� ����� WR� ���'HFHPEHU� ������
WKHQ�RQ����)HEUXDU\�DQG����0DUFK��������7KLV�ZDV�E\�IDU�WKH� ODUJHVW�QXPEHU�RI�
LQVHFWV�UHOHDVHG�DW�DQ\�RQH�VLWH���%\�FRQWLQXDOO\�UHOHDVLQJ�LQVHFWV�RQ�WKH�VDPH�SODQWV��
ZH�KDG�KRSHG�WR�FRQVWDQWO\�VWUHVV�WKHP�DQG�WKHUHE\�LQGXFH�DQ�HDUO\�LPSDFW���7KLV�
ZRXOG�DOORZ�XV�WR�VXEVHTXHQWO\�UHFRJQL]H�V\PSWRPV�RI�VWUHVV�ZKHQ�LW�RFFXUUHG�LQ�
PRUH� QDWXUDO� VLWXDWLRQV�� � 8QIRUWXQDWHO\�� MXVW� DV� ZH� ZHUH� EHJLQQLQJ� WR� VHH� VRPH�
VOLJKW�GLIIHUHQFHV�EHWZHHQ�WKHVH�WUHHV�DQG�WKRVH�LQ�WKH�FRQWURO�SORWV��RXU�VXSSO\�RI�
ODUYDH�GZLQGOHG�DQG�ZH�ZHUH�IRUFHG�WR�GLVFRQWLQXH�WKH�UHOHDVH�SDWWHUQ���$OVR��GXU�
LQJ�WKH�VSULQJ�DOO�RI�WKH�ODUJHU�SODQWV�DW�WKH�VLWH�EHFDPH�LQIHVWHG�ZLWK�D�UXVW�IXQJXV�
UHQGHULQJ� WKH� QHZ� JURZWK� XQVXLWDEOH� IRU� WKH� ODUYDH�� VR� WKH\� IDLOHG� WR� SHUVLVW� RQ�
WKRVH� SODQWV�� � ,QVWHDG�� WKH� SRSXODWLRQ� VKLIWHG� IURP� WKH� WDOO�� XQFXW� SODQWV� LQ� RXU�
VWXG\�DUHD�WR�WKH�VXUURXQGLQJ�SODQWV�WKDW�KDG�EHHQ�FXW�D�IHZ�PRQWKV�HDUOLHU���7KH\��
LQ� IDFW�� VHHPHG� WR� WKULYH�RQ� WKH� DEXQGDQW�QHZ� IROLDJH� WKDW� WKH� FXW� VWXPSV�ZHUH�
SURGXFLQJ��
�
7KH�ILUVW�HYLGHQFH�RI�WKH�SUHVHQFH�RI�DGXOWV�ZDV�IRXQG�LQ�PLG�1RYHPEHU�����GD\V�
DIWHU�WKH�LQLWLDO�UHOHDVH�� �$�VPDOO�DPRXQW�RI�FKDUDFWHULVWLF� OHDI�GDPDJH�ZDV�IRXQG��
EXW�QR�DGXOW�ZHHYLOV�ZHUH�GHWHFWHG�RQ�PRUH� WKDQ����� WUHHV� H[DPLQHG�� �7KH� ILUVW�
ZHHYLOV�ZHUH�IRXQG�DERXW����GD\V�ODWHU����'HFHPEHU��������ZKHQ�����WUHHV�ZHUH�
H[DPLQHG�DQG���DGXOWV�ZHUH�IRXQG���)RXU�DGXOWV�ZHUH�DOVR�IRXQG���ZHHNV�ODWHU�����
'HFHPEHU��������GHVSLWH�WKH�IDFW�WKDW�KHDY\�UDLQV�KDG�LQXQGDWHG�WKH�VXUURXQGLQJ�
DUHD�WR�D�GHSWK�RI�DERXW����FP�� �)RUWXQDWHO\��EHFDXVH� WKH�SORWV�ZHUH�RQ�D� ULGJH��
WKH\�UHPDLQHG�DERYH�ZDWHU�DOWKRXJK�WKH�VRLO�ZDV�TXLWH�ZHW���%\����)HEUXDU\�������
YHU\� OLWWOH� LQVHFW�DFWLYLW\�ZDV�HYLGHQW�ZLWKLQ� WKH� WDOOHU� WUHHV�RI� WKH� VWXG\�DUHD��EXW�
QXPHURXV�ODUYDH�ZHUH�IRXQG�RQ�WUHHV�DW�WKH�HGJH�RI�WKH�´LVODQGµ�DQG�RQ�WKH�VPDOO�
FOXPSV�RI�UHJURZWK��VRPH�DV�IDU�DV����P�IURP�WKH�QHDUHVW�SRLQW�RI�UHOHDVH���7KHVH�
VHHPHG�UHVWULFWHG�WR�WKH�HDVW�DQG�VRXWKHDVW�VLGH�RI�WKH�XQFXW�WUHH�LVODQG�DQG�ZHUH�
RQ� VKRRWV� WKDW� UDQJHG� IURP���� WR����FP� WDOO�� �$� WRWDO� RI� ��� ODUYDH�ZHUH�RQ� MXVW�
WKUHH�RI� WKHVH� FOXPSV�� DQG� OHVVHU� DPRXQWV�RFFXUUHG�RQ�PDQ\�RWKHUV�� �2QO\� RQH�
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ODUYDH�ZDV�IRXQG�LQ�WKH�SORWV�RQ����)HEUXDU\�SULRU�WR�D�UHOHDVH��DQG�WKH�UXVW�IXQJXV�
KDG�LQIHVWHG�PDQ\�RI�WKH�WLSV�RI�WKH�WDOOHU�SODQWV���:DWHU�OHYHOV�ZHUH�KLJK�DQG�RQH�
SORW�ZDV�SDUWLDOO\�LQXQGDWHG��DOWKRXJK�WKH�RWKHU�WZR�UHPDLQHG�GU\���%\����0DUFK��
WKH�GDPDJH�WR�WKH�WRSV�RI�WKH�XQFXW�WUHHV�LQ�WKH�LVODQG�FDXVHG�E\�WKH�UXVW�ZDV�VH�
YHUH�� DQG� QR� LQVHFWV� ZHUH� IRXQG� ZLWKLQ� WKH� VWXG\� DUHD�� � +RZHYHU�� PDQ\� VPDOO�
VKRRWV�UHJURZLQJ�IURP�WKH�FXW�VWXPSV�ZHUH�VHYHUHO\�GDPDJHG��DQG�ODUYDH�ZHUH�VWLOO�
SUHVHQW�WR�WKH�HDVW�DQG�VRXWKHDVW�RI�WKH�LVODQG���,Q�IDFW��RQH�SODQW�ZLWK�REYLRXV�ODU�
YDO�GDPDJH�ZDV�IRXQG�����P�HDVW�RI�WKH�QHDUHVW�UHOHDVH�SRLQW��VR�WKH�SRSXODWLRQ�
DSSHDUHG�WR�EH�VSUHDGLQJ� LQ� WKDW�GLUHFWLRQ�� �7KH�GLVWULEXWLRQ�DOVR�DSSHDUHG� WR�EH�
H[SDQGLQJ�WR�WKH�VRXWK��WRZDUGV�WKH�FRQWURO�SORWV��DOWKRXJK�IHZHU�ODUYDH�ZHUH�DS�
SDUHQW���7ZHQW\�ILYH�ODUYDH�ZHUH�IRXQG��PRVWO\� ODWH� LQVWDUV��DQG�QR�DGXOWV�� �7KXV��
ZH�VXVSHFWHG�WKDW�WKHVH�ZHUH�EHWZHHQ�JHQHUDWLRQV��ZLWK�PRVW�RI��WKH�ODUYDH�IRXQG�
HDUOLHU�KDYLQJ�SXSDWHG�� �2Q����$SULO������� ��� DGXOWV�ZHUH� IRXQG�QHDU� WKH� VRXWK�
HQG�RI�WKH�UHOHDVH�DUHD�DQG�ODUYDH�ZHUH�IRXQG�DW�WKH�QRUWK�HQG�RI�WKH�FRQWURO�VLWH��
DERXW�����P�IURP�WKH�QHDUHVW�SRLQW�RI�UHOHDVH��
�
(YHUJODGHV�1DWLRQDO�3DUN��6LWH�����
�
(JJV�ZHUH�IRXQG�RQH�ZHHN�����'HFHPEHU�������DIWHU�WKH�ILUVW�UHOHDVH�DW�WKLV�VLWH�
HYHQ�WKRXJK�RQO\�WZR�DGXOWV�ZHUH�LQFOXGHG�LQ�WKH�UHOHDVH���$GGLWLRQDO�ODUYDH�ZHUH�
UHOHDVHG�DW�WKDW�WLPH���7KH�VLWH�ZDV�QRW�FKHFNHG�DJDLQ�XQWLO����)HEUXDU\������ZKHQ�
DERXW�����WUHHV�ZHUH�H[DPLQHG���6RPH�ROG�GDPDJH�ZDV�QRWLFHDEOH�RQ����RI�WKHVH�
WUHHV�EXW�QR�ODUYDH�RU�DGXOWV�ZHUH�GHWHFWHG���$Q�DGGLWLRQDO����DGXOWV�ZHUH�WKHQ�UH�
OHDVHG���7KH�VLWH�ZDV�FKHFNHG�DJDLQ�RQ���0DUFK��������$ERXW�����RI�����WUHHV�H[�
DPLQHG�VKRZHG�FKDUDFWHULVWLF�VLJQV�RI�2��YLWLRVD�GDPDJH�� �0RVW�ZDV� ODUYDO�GDPDJH�
EXW�IHHGLQJ�VFDUV�RI�DGXOWV�ZHUH�IRXQG�RQ����WUHHV���������1XPHURXV�ODUYDH�ZHUH�
SUHVHQW��PRVWO\�\RXQJ�LQVWDUV��PDLQO\�ILUVW�LQVWDUV�ZLWK�D�IHZ�VHFRQG�LQVWDUV����(JJV�
ZHUH�IRXQG�RQ�DW� OHDVW� WZR�RI� WKH� WUHHV�H[DPLQHG�� �3DUN�ELRORJLVWV�H[DPLQHG� WKH�
VLWH�WZR�ZHHNV�ODWHU�����0DUFK��DQG�UHSRUWHG�WKDW�����RI�WKH����WUHHV�WKH\�H[DP�
LQHG�H[KLELWHG�GDPDJH��DQG�ODUYDH�ZHUH�IRXQG�RQ���WUHHV���������7KH\�QRWHG�WKDW�
PRVW�RI� WKH� ODUYDH�ZHUH�\RXQJ��EXW� WKH\� IRXQG�DW� OHDVW� �� ODWH� LQVWDUV�� �+RZHYHU��
WKH\�GLGQ·W�ILQG�DQ\�DGXOWV�RU�ODUYDH���:H�H[DPLQHG�WKH�VLWH�RQ����$SULO������ZKHQ�
ZH�LQVSHFWHG�����WUHHV���2QO\����RI�WKHVH�������DSSHDUHG�WR�EH�GDPDJHG�DQG�OLYH�
ODUYDH�ZHUH�IRXQG�RQO\�RQ�WZR�RI�WKHP���1RQH�RI�WKH�ODUYDH�ZHUH�\RXQJ��PRVW�DS�
SHDUHG� WR� EH� IRXUWK� � LQVWDUV�� �$V� RI� WKDW� GDWH�� SRSXODWLRQ� HVWDEOLVKPHQW� VHHPHG�
WHQWDWLYH�� �$Q�DGGLWLRQDO���� DGXOWV�ZHUH�� WKHUHIRUH�� UHOHDVHG�� �:H� FROOHFWHG����RI�
WKHVH�IURP�WUHHV�JURZLQJ�RQ�WKH�JURXQGV�RI�RXU�UHVHDUFK�FHQWHU���7KHVH�ZHUH�DS�
SDUHQWO\�SURJHQ\�RI�ZHHYLOV�WKDW�KDG�HVFDSHG�IURP�RXU�FXOWXUHV�DQG�KDG�QDWXUDOO\�
FRORQL]HG� WKHVH� WUHHV�� �:H� ODVW� YLVLWHG� WKH� VLWH� RQ� ���0D\� ����� DQG� IRXQG� IRXU�
DGXOWV� RQ� VPDOOHU� WUHHV� �XS� WR� ��P�� DQG� ��� WUHHV� GDPDJHG� RXW� RI� ���� LQVSHFWHG�
������� �7ZR�PLG�LQVWDU� ODUYDH�ZHUH�DOVR� IRXQG� DQG� HJJV�ZHUH�SUHVHQW�RQ� LQ� WKH�
JHQHUDO�DUHD�RI�WKH�SUHYLRXV�UHOHDVH��
�
�
'LVFXVVLRQ��



���������

2XU� SULPDU\� REMHFWLYH� IRU� WKLV� ILUVW� \HDU� ZDV� WR� HVWDEOLVK� VHOI�SHUSHWXDWLQJ� ILHOG�
SRSXODWLRQV�RI�WKH�PHODOHXFD�VQRXW�EHHWOH��2��YLWLRVD��7KLV�KDV�EHHQ�DFFRPSOLVKHG���
$OWKRXJK�ZH�ZRXOG��QRUPDOO\�ZDLW�DERXW�WZR�\HDUV�EHIRUH�PDNLQJ�VXFK�D�SURFOD�
PDWLRQ��WKH�SRSXODWLRQV�VHHP�ILUPO\�HQWUHQFKHG�DQG��EDUULQJ�DQ\�XQIRUHVHHQ�FDWDV�
WURSKHV��VKRXOG�SHUVLVW�LQGHILQLWHO\����2[\RSV�YLWLRVD�SURYHG�UHODWLYHO\�HDV\�WR�HVWDE�
OLVK�ZLWK� VXFFHVV�XVXDOO\� DSSDUHQW� DW� D� JLYHQ� VLWH�ZLWKLQ� ������ GD\V� DIWHU� UHOHDVH��
SURYLGHG�WKDW�WKH�VLWH�ZDV�VDWLVIDFWRU\���:H�KDG�DOVR�KRSHG�WR�VWUDWHJLFDOO\�HVWDEOLVK�
SRSXODWLRQV�WR�LQLWLDWH�FRORQLHV�LQ�DOO�RI�WKH�PDMRU�PHODOHXFD�LQIHVWDWLRQV�LQ�VRXWK�
HUQ�)ORULGD�� DQG� WKHUHE\� IDFLOLWDWH�GLVSHUVDO� RI�2��YLWLRVD� WKURXJKRXW� WKHVH� LQIHVWD�
WLRQV���7KLV��WRR��KDV�ODUJHO\�EHHQ�DFFRPSOLVKHG���3RSXODWLRQV�DUH�QRZ�HVWDEOLVKHG�
LQ�%URZDUG��/HH��&ROOLHU��3DOP�%HDFK��DQG�*ODGHV�FRXQWLHV��DQG�D�PDMRU�HIIRUW�KDV�
EHHQ� LQLWLDWHG� WR� HVWDEOLVK� SRSXODWLRQV� LQ�0LDPL�'DGH�&RXQW\�� SDUWLFXODUO\� DORQJ�
WKH�HDVWHUQ�HGJH�RI�(YHUJODGHV�1DWLRQDO�3DUN����
�
3RSXODWLRQ�HVWDEOLVKPHQW�ZDV�H[WUHPHO\�GHSHQGHQW�XSRQ�VLWH�FRQGLWLRQV���)RU�H[�
DPSOH��WKH�LQVHFWV�VHHPHG�WR�SUHIHU�RSHQ�JURZQ�WUHHV��WKRVH�W\SLFDO�RI�LQWHUPHGLDWH�
VWDJHV�RI�LQYDVLRQ��VHH�2·+DUH�DQG�'DO\UPSOH���������7UHHV�WKDW�ZHUH�JURZLQJ�LQ�
WKH�RSHQ�RU�DW�WKH�HGJH�RI�D�KHDG�WHQGHG�WR�EH�VPDOOHU�DQG�EXVKLHU�ZLWK�PRUH�VWHP�
DSLFHV�� �$V�D� UHVXOW�� WKH\�SURYLGHG�PRUH� VLWHV� IRU� HJJ�GHSRVLWLRQ� DQG�ZHUH�PRUH�
OLNHO\�WR�SURYLGH�\RXQJ�IROLDJH�IRU�ODUYDO�GHYHORSPHQW���5HVXOWV�DW�VRPH�VLWHV��H�J���
$QG\WRZQ��DOVR�VHHPHG�WR�VXJJHVW�WKDW�WKH\�IDYRUHG�D�VRXWKHUQ�H[SRVXUH���3HUKDSV�
SODQWV�DW�WKH�VRXWKHUQ�HGJH�RI�H[WHQVLYH�VWDQGV�UHFHLYHG�PRUH�GLUHFW�VXQOLJKW�DQG�
SURGXFHG�PRUH�QHZ�JURZWK�� �$OWKRXJK� WKH�ZHHYLOV� VHHP� WR� � VKXQ�GHQVH� VWDQGV�����
L�H��� �������� PDWXUH� DQG� VDSOLQJ� GHQVH� PHODOHXFD� FRYHUDJH� FODVVHV� XVHG� E\��
2·+DUH�DQG�'DO\UPSOH���������WKLV�PLJKW�EH�D�ELDVHG�REVHUYDWLRQ���:H�ZHUH�DEOH�
WR�HDVLO\�LQVSHFW�VPDOOHU�WUHHV�ZKHUHDV�WKH�FDQRSLHV�RI�ODUJH�WUHHV�ZHUH�YLUWXDOO\�LQ�
DFFHVVLEOH�� �1RQHWKHOHVV�� DW� ERWK� $QG\WRZQ� DQG� (VWHUR� ZKHUH� DOO� RI� WKH� SODQWV�
ZHUH� VPDOO� HQRXJK� WR� EH� HDVLO\� LQVSHFWHG�� WKH� LQVHFWV�PRYHG� DZD\� IURP� UHOHDVH�
VLWHV�ZLWKLQ�WKH�VWDQGV�WR�WKH�VRXWKHUQ�SHULSKHULHV�DQG��RQWR�PRUH�LVRODWHG�WUHHV��
�
2XU� LQLWLDO� DVVXPSWLRQ�� EDVHG� XSRQ� RXU� NQRZOHGJH� RI� WKH� ELRORJ\� RI� 2��YLWLRVD�
�3XUFHOO�DQG�%DOFLXQDV��������ZDV�WKDW�LW�ZRXOG�EH�UHVWULFWHG�WR�WKH�GULHVW�VLWHV�GXH�
WR�LWV�UHTXLUHPHQW�WR�SXSDWH�LQ�WKH�VRLO���+RZHYHU��LW�SURYHG�WR�EH�PRUH�WROHUDQW�RI�
ZHW�FRQGLWLRQV�WKDQ�ZH�SUHVXPHG���6DWXUDWHG�VRLO�FRQGLWLRQV�SUHYDLOHG�DW�PDQ\�RI�
WKH�VLWHV�IRU�SURORQJHG�SHULRGV��\HW�WKH�ZHHYLOV�HVWDEOLVKHG�DQG�SHUVLVWHG�DW�WKRVH�
VLWHV�� � ,UUHJXODULWLHV�RI� WKH� JURXQG� � VXUIDFH� DW� VLWHV� LQXQGDWHG�ZLWK� VKDOORZ�ZDWHU�
SHUKDSV�SURYLGHG� VXIILFLHQW� HPHUJHQW� JURXQG� IRU� SXSDWLRQ�� WKHUHE\� HQDEOLQJ� WKH�
SRSXODWLRQV�WR�SHUVLVW���2U��SHUKDSV��DOWHUQDWH�SXSDWLRQ�VLWHV�DUH�XVHG��H�J���HOHYDWHG�
EROHV�RI�WKH�WUHHV��VWXPSV��EUDQFK�FURWFKHV�FRQWDLQLQJ�DFFXPXODWHG�OLWWHU��H[IROLDW�
LQJ�ELWV�RI�EDUN��HWF���DQG�WKH\�GRQ·W�QHHG�WR�EXUURZ�LQWR�WKH�VRLO�DW�DOO���$V�SRSXOD�
WLRQV� EHFRPH� ODUJHU� DQG�SXSDH� HDVLHU� WR� ILQG��ZH
OO� EH�PRUH� DEOH� WR� DQVZHU� WKLV�
TXHVWLRQ����
�
:HHYLOV� IDLOHG� WR�HVWDEOLVK�RQO\�DW� � ORQJ�K\GURSHULRG�VLWHV�ZKHUH� WKH�JURXQG�VXU�
IDFH�DQG�WKH�EDVHV�RI�WKH�WUHHV�ZHUH�FRPSOHWHO\�VXEPHUJHG�XQGHU�GHHS�ZDWHU���:H�
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FDQ·W�\HW�VDIHO\�GHHP�HYHQ�WKRVH�VLWHV�XQVXLWDEOH��WKRXJK��EHFDXVH�RI�RXU�KHVLWDQF\�
WR�FRPPLW�ODUJH�TXDQWLWLHV�RI�LQVHFWV�WR�OHVV�WKDQ�LGHDO�ORFDWLRQV���6XUYLYDO�LV�SURED�
EO\�ORZHU�DW�VXFK�VLWHV�DQG�ZH�PLJKW�FRPSHQVDWH�IRU�ORZ�VXUYLYDO�E\�UHOHDVLQJ�ODUJH�
QXPEHUV�RI� LQVHFWV�� �+RZHYHU��DW� WKLV�HDUO\�VWDJH�� WKH�VXSSO\�RI� LQVHFWV�KDV�EHHQ�
WRR�OLPLWHG�WR�ULVN�ZDVWLQJ�WKHP�LQ�WKLV�PDQQHU�� �:H�KRSH�WR�PRUH�IXOO\�DGGUHVV�
WKLV� TXHVWLRQ� DIWHU� ODUJH� ILHOG� SRSXODWLRQV� EHFRPH� DYDLODEOH� IRU� UHGLVWULEXWLRQ� WR�
WKHVH�PRUH�PDUJLQDO�ORFDWLRQV��
�
:LWK�WKH�SRVVLEOH�H[FHSWLRQ�RI�WKH�FDVHV�PHQWLRQHG�DERYH��WKH�QXPEHUV�RI�LQVHFWV�
UHOHDVHG�RU�WKH�IUHTXHQF\�RI�UHOHDVH�VHHPHG�WR�KDYH� OLWWOH�EHDULQJ�RQ�WKH�XOWLPDWH�
RXWFRPH�� � $� YLJRURXV� SRSXODWLRQ� HVWDEOLVKHG� IURP� D� VLQJOH� UHOHDVH� RI� RQO\� ���
DGXOWV�DW�6LWH����LQ�WKH�(YHUJODGHV�EXIIHU�VWULS�DQG�WKH�LQLWLDO�HVWDEOLVKPHQW�DW�%LJ�
&\SUHVV�DOVR�UHVXOWHG�IURP����DGXOWV���7KH�VWDJH�UHOHDVHG�DOVR�GLGQ·W�VHHP�WR�PDW�
WHU��DOWKRXJK�HJJ�OD\LQJ�DGXOWV�VHHPHG�WR�EH�EHVW���1RQHWKHOHVV�� WKH� LQLWLDO�UHOHDVH�
RI�DGXOWV�DW�WKH�-RJ�5RDG�&DWFKPHQW�IDLOHG��ZKHUHDV�WKH� ODWHU�UHOHDVH�RI�RQO\�����
ODUYDH�VXFFHHGHG���$JDLQ��WKH�FKRLFH�RI�ZKHUH�DQG�ZKHQ�WR�UHOHDVH�VHHPHG�WR�PDNH�
WKH�GLIIHUHQFH��UDWKHU�WKDQ�WKH�VWDJH�UHOHDVHG���
�
7KH�GDWH�RI�UHOHDVH�DOVR�VHHPHG�XQLPSRUWDQW��DOWKRXJK�SODQW�SKHQRORJ\�DQG�IROL�
DJH�TXDOLW\�ZKLFK�PD\�EH�XQGHU� VHDVRQDO� LQIOXHQFH��ZHUH� FOHDUO\� LPSRUWDQW�� �7KH�
GU\� SHULRG� H[SHULHQFHG� LQ� VRXWK� )ORULGD� GXULQJ� $SULO� DQG�0D\� ����� ZRXOG� QRW�
KDYH�EHHQ�IDYRUDEOH�IRU�WKH�VXUYLYDO�RI�ODUYDH�GXH�WR�WKH�SDXFLW\�RI�\RXQJ�IROLDJH���
,Q�IDFW��GXULQJ�WKLV�SHULRG��WKHUH�ZHUH�YLUWXDOO\�QR�ODUYDH�SUHVHQW�LQ�WKH�ILHOG�HYHQ�
WKRXJK�DGXOWV�ZHUH�DEXQGDQW�� �7KXV��UHOHDVHV�GXULQJ�GURXJKW�SHULRGV� �RU�SHULRGV�
RI� ORZ�VKRRW� JURZWK�� VKRXOG�SUREDEO\�EH� UHVWULFWHG� WR� DGXOWV�� �5HOHDVH�RI� ODUYDH�
ZDV�HIIHFWLYH�SURYLGHG�WKDW�DSSURSULDWH�IRRG�VRXUFHV�ZHUH�DYDLODEOH��L�H���GXULQJ�IDOO�
WKURXJK�HDUO\�ZLQWHU��EXW�JHQHUDOO\�ODUJHU�QXPEHUV�DQG�PXOWLSOH�UHOHDVHV�ZHUH�QHF�
HVVDU\�� �'DWD� IURP�$XVWUDOLD� UHYHDOHG� WKDW� ODUYDH� DUH�SUHVHQW� WKHUH�PDLQO\�GXULQJ�
WKH�ZLQWHU��0D\�6HSWHPEHU���ZKLFK�FRLQFLGHV�ZLWK�WKH�DYDLODELOLW\�RI�\RXQJ�IROLDJH�
WKDW�LV�SURGXFHG�DIWHU�WKH�IORZHULQJ�SHULRG��'HFHPEHU�-XQH���0��3XUFHOO�DQG�*DO�
ZD\�� SHUV�� FRPP���� � $OWKRXJK� DGXOWV� DUH� SUHVHQW� DOO� \HD� URXQG�� WKH\� WHQG� WR� EH�
PRVW�DEXQGDQW�LQ�$XVWUDOLD�GXULQJ�WKH�ZDUPHU�PRQWKV��2FWREHU�0DUFK����,W�LV�XQ�
FOHDU�ZKHWKHU�WKLV�SDWWHUQ�ZLOO�EH�VLPLODU�LQ�)ORULGD�VLQFH�PHODOHXFD�WHQGV�WR�IORZHU�
PRUH�IUHTXHQWO\�KHUH�DQG��ZH�WKLQN��SURGXFHV�QHZ�JURZWK�PRUH�RU� OHVV�FRQWLQX�
RXVO\���:H�DUH�SUHVHQWO\�VWXG\LQJ�VHYHUDO�PHODOHXFD�SRSXODWLRQV�WR�DFTXLUH�D�EHWWHU�
XQGHUVWDQGLQJ�RI�WKHVH�SKHQRORJLFDO�SDWWHUQV��
�
$OWKRXJK�VRLOV�KDYH�QRW�\HW�EHHQ�IXOO\�DQDO\]HG��VRLO�W\SH�GLGQ·W�VHHP�WR�SUHFOXGH�
HVWDEOLVKPHQW���:HHYLO�SRSXODWLRQV�DUH�QRZ�GRLQJ�ZHOO�DW�VLWHV�ZLWK�ERWK�VDQG\�DQG�
PXFN\�VRLOV���+RZHYHU��WKH�EHVW�UHVXOWV�WR�GDWH�VHHP�WR�EH�DW�VLWHV�ZLWK�VDQG\�VRLOV��
L�H��� KLVWRULFDOO\�SLQH�SDOPHWWR� KDELWDWV� VXFK� DV� -RJ�5RDG�&DWFKPHQW�$UHD��&RUN�
VFUHZ�:HOO�)LHOG��DQG�%LJ�&\SUHVV�1DWLRQDO�3UHVHUYH��
�
%LRORJLFDO�FRQWURO�SURMHFWV�DUH�RIWHQ�FULWLFL]HG�ZKHQ�WKH�HIIHFWLYHQHVV�RI�WKH�DJHQWV�
LV� QRW� HYDOXDWHG�� �:H� KDYH� WKHUHIRUH�PDGH� D� VWURQJ� FRPPLWPHQW� WR� WKRURXJKO\�



���������

HYDOXDWH� � WKH�PHODOHXFD� SURMHFW�� �2XU� HDUO\� DWWHPSWV�� KRZHYHU�� KDYH� EHHQ� IXWLOH���
:H
YH�VHW�XS�ORQJ�WHUP�VWXGLHV�DW�SDLUHG�VLWHV�LQ�WKUHH�GLIIHUHQW�KDELWDW�W\SHV�DQG�
UHOHDVHG�ZHHYLOV�LQWR�RQH�RI�HDFK�SDLU�RI�VLWHV�ZLWKLQ�HDFK�KDELWDW��RQO\�WR�KDYH�WKH�
LQVHFWV�PRYH�RXWVLGH�RI�WKH�VWXG\�DUHDV���:H�HVWDEOLVKHG�SORWV�DW�(VWHUR�LQ�WZR�DU�
HDV�RI�D�SDVWXUH�WKDW�ZDV�FRPSOHWHO\�FRYHUHG�ZLWK�VPDOO�PHODOHXFD�WUHHV�� �2QH�RI�
WKH�DUHDV�ZDV�GHVLJQDWHG�D�ZHHYLO�UHOHDVH�DUHD�ZKLOH�DQ�DUHD�DERXW�����P�WKH�VRXWK�
RI�WKH�ILUVW�DUHD�ZDV�WR�VHUYH�DV�D�FRQWURO�� �7KH� ODQG�RZQHU�VXEVHTXHQWO\�PRZHG�
WKH�SDVWXUH��EXW�KH�OHIW�WKH�WUHHV�VXUURXQGLQJ�RXU�SORWV���:H�FRXQWHG�DQG�PHDVXUHG�
HYHU\�WUHH�LQ�WKUHH���P��SORWV�LQ�HDFK�DUHD��WKHQ�PHDVXUHG�WKH�OHQJWK�DQG�SRVLWLRQ�
RI�HYHU\�EUDQFK��DQG�FRXQWHG�DOO�RI�WKH�OHDYHV�RQ�ILYH�WUHHV�LQ�HDFK�SORW���7KHVH�ILYH�
WUHHV�ZHUH�PDUNHG�DQG����ODUYDH�ZHUH�SODFHG�RQ�HDFK�RQH�HYHU\�ZHHN�IRU����ZHHNV���
$OWKRXJK�ZH�NQHZ�WKDW�WKH�ZHHYLOV�ZRXOG�QRW�VWD\�SXW��ZH�IHOW� WKDW�ZH�FRXOG� LQ�
GXFH�DQ�HIIHFW�E\�FRQWLQXRXVO\� ORDGLQJ�HQRXJK�QHZ� LQVHFWV�RQWR� WKH� WUHHV� WR�GH�
VWUR\�DQ\�QHZ�JURZWK�DV�LW�ZDV�EHLQJ�SURGXFHG���:H��LQ�IDFW��EHJDQ�WR�VHH�DQ�HIIHFW�
E\�PLG�'HFHPEHU�ZKHQ�FRORQ\�SURGXFWLRQ�GURSSHG�PDNLQJ�LW�LPSRVVLEOH�WR�PDLQ�
WDLQ� WKH� UHOHDVH� VFKHGXOH�� �6XEVHTXHQWO\�� WKH� LQVHFWV�PRYHG�RXW�RI�RXU�SORWV� DQG�
RQWR�WKH�QHZ�VSURXWV�RQ�FXW�VWXPSV�LQ�WKH�VXUURXQGLQJ�SDVWXUH��VHHPLQJO\�SUHIHU�
ULQJ�WKLV�PRZHG�DUHD�WR�WKH�WDOOHU�WUHHV�LQ�RXU�H[SHULPHQWDO�DUHD���$V�WKH\�EXLOW�XS�
RQ�WKH�VRXWK�VLGH�RI�WKH�UHOHDVH�SORWV��WKH\�EHJLQ�WR�GLVSHUVH�WRZDUGV�WKH�FRQWURO�
SORWV�� �%\�$SULO������� ODUYDH�RFFXUUHG�PRUH�RU� OHVV�FRQWLQXRXVO\�EHWZHHQ�WKH�UH�
OHDVH� DQG� WKH� FRQWURO� DUHDV�� � $� VLPLODU� DWWHPSW� ZDV�PDGH� DW� WKH� $QG\WRZQ� VLWH�
ZKHUH�ZH�UHOHDVHG�DGXOW�ZHHYLOV�LQWR�WKUHH�RI�VL[�SORWV�LQ�HDFK�RI�WZR�DUHDV���7KH�
ZHHYLOV�UDSLGO\�PRYHG�WR�WKH�VRXWKHUQ�HGJH�RI�WKH�VWDQG��ZKHUH�WKH\�VHYHUHO\�GDP�
DJHG�PDQ\�RI�WKH�WUHHV��EXW�WKH�WUHHV�LQ�WKH�SORWV�UHPDLQHG�XQVFDWKHG���:H�LQWHQG�
WR�FRQWLQXH�WR�WU\�WR�HYDOXDWH�WKH�SHUIRUPDQFH�RI�2��YLWLRVD��EXW�DV�WKH�DERYH�H[DP�
SOHV�LOOXVWUDWH��D�SURSHU�ILHOG�H[SHULPHQW�ZLWK�DSSURSULDWH�FRQWUROV�ZLOO�EH�GLIILFXOW�
WR�VHW�XS���$V�ZH�OHDUQ�PRUH�DERXW�WKH�ELRORJ\�DQG�EHKDYLRU�RI�WKHVH�LQVHFWV��ZH�
ZLOO�EH�EHWWHU�DEOH�WR�GHVLJQ�DSSURSULDWH�VWXGLHV�EXW��DV�WKH�ZHHYLOV�EHFRPH�PRUH�
ZLGHVSUHDG��WUXH�FRQWUROV�PD\�EH�XQDWWDLQDEOH�VR�ZH�PD\�KDYH�WR�UHO\�RQ�FRUUHOD�
WLRQDO�REVHUYDWLRQV���
�
4XDUDQWLQH�VWXGLHV�SURYHG�2��YLWLRVD�WR�EH�TXLWH�VSHFLILF�WR�PHODOHXFD��EXW�VRPH�UH�
VXOWV� LQGLFDWHG� WKDW� LW� FRXOG� IHHG� DQG� SHUKDSV� SDUWLDOO\� GHYHORS� RQ� ZD[� P\UWOH�
�0\ULFD�FHULIHUD�/�����7KLV�UHTXLUHG�DQ�DEXQGDQFH�RI�\RXQJ�IROLDJH��KRZHYHU��DQG�VXI�
ILFLHQW�TXDQWLWLHV�ZHUH�VHOGRP�DYDLODEOH�RQ�D�VLQJOH�SODQW�WR�VXVWDLQ�ODUYDO�GHYHORS�
PHQW��VR�WKH�ULVN�WR�ZD[�P\UWOH�VHHPHG�VPDOO���:H�FRQILUPHG�WKLV�DIWHU�TXDUDQWLQH���
/DUYDH�ZHUH�UHDUHG�DW�)RUW�/DXGHUGDOH�RQ�ZD[�P\UWOH�IDLUO\�UHDGLO\��EXW�DOO�GLHG�EH�
IRUH�WKH\�FRXOG�SXSDWH��HYHQ�WKRXJK�WKH\�ZHUH�SURYLVLRQHG�ZLWK�WKH�EHVW�SODQW�PD�
WHULDO�REWDLQDEOH��L�H���VRIW��\RXQJ�VKRRWV���1RQHWKHOHVV��ZH�UHPDLQ�FRJQL]DQW�RI�WKH�
SRWHQWLDO�IRU�FROODWHUDO�GDPDJH�WR�ZD[�P\UWOH�DQG�ZLOO�EH�YLJLODQW�GXULQJ�WKH�FRXUVH�
RI�VLWH�H[DPLQDWLRQV���1H[W�WR�PHODOHXFD��LQ�IDFW��ZD[�P\UWOH�LV�WKH�PRVW�DEXQGDQW�
SODQW�VSHFLHV�DW�PDQ\�RI�RXU�VLWHV��VR�DPSOH�RSSRUWXQLW\�H[LVWV�IRU�WKHP�WR�PRYH�
WR�LW����
�
'HVSLWH� ODUJH�2��YLWLRVD� LQIHVWDWLRQV� RQ�PHODOHXFD�� VRPHWLPHV� DGMDFHQW� WR� RU� HYHQ�

&HQWHU��9DQ��5D\DFKKHWU\��%XFNLQJKDP��:LQHULWHU��DQG�3XUFHOO�
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ZLWK�EUDQFKHV�LQWHUPLQJOHG�ZLWK�ZD[�P\UWOH��ZH�QHYHU�IRXQG�DQ\�HYLGHQFH�WKDW�2��
YLWLRVD�ZRXOG� HDW� LW� XQWLO� UHFHQWO\�� �:KLOH� YLVLWLQJ�6LWH����RQ� ���0D\� ������ZKHQ�
DGXOW� ZHHYLOV� ZHUH� DEXQGDQW� DQG� DGXOW� IHHGLQJ� GDPDJH� ZDV� SUROLILF� DQG� ZLGH�
VSUHDG�� ZH� QRWLFHG� H[WHQVLYH� LQVHFW� GDPDJH� WR� VRPH� RI� WKH� ZD[�P\UWOH� EXVKHV���
8SRQ� FKHFNLQJ� RQH�� ZH� IRXQG� D� VLQJOH� DGXOW�2��YLWLRVD� RQ� D� OHDI�� � +RZHYHU�� ZH�
FKHFNHG�PRUH�FORVHO\� DQG�QRWLFHG� WKDW� D�KHDYLO\�GDPDJHG�PHODOHXFD�EUDQFK�SUR�
WUXGHG� LQWR� WKH�ZD[�P\UWOH� YHU\� QHDU� WR� WKH�ZHHYLO�� �&ORVHU� LQVSHFWLRQ� LQGLFDWHG�
WKDW�WKH�ZHHYLO�SUREDEO\�KDG��LQ�IDFW��JRXJHG�WKH�ZD[�P\UWOH�OHDYHV��DV�WKH�W\SLFDO�
IHHGLQJ� SDWWHUQ� ZDV� SUHVHQW� RQ� WZR� RU� WKUHH� OHDYHV� QHDU� WKH� ZHHYLO�� � +RZHYHU��
WKHVH� JRXJHV�ZHUH� VKRUWHU� WKDQ� QRUPDO� DQG� DW\SLFDOO\� VHUSHQWLQH� LQ� VKDSH� UDWKHU�
WKDQ�OLQHDU���7KH�RWKHU�GDPDJH�ZDV�TXLWH�GLIIHUHQW��FRQVLVWLQJ�RI�QRWFKHV�LQ�WKH�OHDI�
HGJHV� RU� FORVH� FURSSLQJ� RI� WKH� QHZ� JURZWK�� � &ORVHU� VFUXWLQ\� UHYHDOHG� WKDW� WKH�
QRWFKLQJ�ZDV�FDXVHG�E\�DQRWKHU�ZHHYLO��'LDSUHSHV�DEEUHYLDWXV��ZKLFK�IHHGV�RQ�D�ZLGH�
YDULHW\�RI�SODQW�VSHFLHV��LQFOXGLQJ�PHODOHXFD��� �:H�DOVR�IRXQG�VHYHUDO� OHDI�EHHWOHV�
�&KU\VRPHOLGDH��DV�\HW�XQLGHQWLILHG�EXW�DSSDUHQWO\�WZR�VSHFLHV��WKDW�ZHUH��FOLSSLQJ�
WKH�QHZ�JURZWK���6R��HYHQ�WKRXJK�2[\RSV�KDG�QLEEOHG�ZD[�P\UWOH��WKH�GDPDJH�ZDV�
LQVLJQLILFDQW��HVSHFLDOO\�ZKHQ�FRPSDUHG�WR�WKH�DPRXQW�RI�2[\RSV�GDPDJH�RQ�PH�
ODOHXFD�RU�WKH�GDPDJH�FDXVHG�E\�WKH�RWKHU�LQVHFWV�WR�ZD[�P\UWOH���7KH�2[\RSV�ZHH�
YLO�KDG�DSSDUHQWO\�EHHQ�IHHGLQJ�RQ�WKH�PHODOHXFD�OHDYHV�ZKHQ�LW�ZDQGHUHG�RQWR�WKH�
LQWHUWZLQHG� ZD[� P\UWOH� IROLDJH�� � ,W� SUREDEO\� WKHQ� �WHVWHG�� WKH� ZD[� P\UWOH� DQG�
IRXQG� LW� WR� EH� XQVXLWDEOH�� EHFDXVH� LW� ZDVQ
W� SUHVHQW� WKH� QH[W� PRUQLQJ� DQG� WKH�
DPRXQW� RI� IHHGLQJ� KDGQ
W� LQFUHDVHG�� �1RUPDOO\��ZKHQ� WKHVH�ZHHYLOV� HQFRXQWHU� D�
JRRG�IRRG�VRXUFH��WKH\
OO�UHPDLQ�RQ�LW��VRPHWLPHV�IRU�VHYHUDO�GD\V���7KH�IDFW�WKDW�
WKLV�RQH�GLGQ
W�VWD\�LQGLFDWHV�WKDW�WKH�ZD[�P\UWOH�ZDVQ
W�DFFHSWDEOH���1RQHWKHOHVV��LW�
LV� SRVVLEOH� WKDW� VRPH� VSLOORYHU� WR� ZD[�P\UWOH� ZLOO� RFFXU�� DV� ZDV� SUHGLFWHG� IURP�
TXDUDQWLQH� VWXGLHV�� HVSHFLDOO\�ZKHQ� LW� RFFXUV� DPRQJVW�2[\RSV�LQIHVWHG�PHODOHXFD���
,W�LV�GRXEWIXO�WKRXJK��WKDW�2��YLWLRVD�ZLOO�HYHU��VZLWFK��WR�ZD[�P\UWOH�DQG�ZH�KDYH�
QHYHU�IRXQG�DQ\�HYLGHQFH�RI�ODUYDH�XWLOL]DWLRQ�RU�RYLSRVLWLRQ�RQ�LW�� �:H�LQWHQG�WR�
FRQWLQXH� WR� LQWHQVLYHO\� FKHFN� ZD[� P\UWOH� DV� ZHHYLOV� EHFRPH� PRUH� DEXQGDQW���
0HDQZKLOH��ZH�DUH�FRQFHUQHG�WKDW�WKH�REYLRXV� LQVHFW� IHHGLQJ�GDPDJH�HYLGHQW�RQ�
ZD[�P\UWOH�FRXOG�EH�PLVWDNHQO\�DWWULEXWHG�WR�2��YLWLRVD�E\�SHUVRQV�OHVV�IDPLOLDU�ZLWK�
WKHVH�YDULRXV�KHUELYRURXV�LQVHFWV�����
�
�
/LWHUDWXUH�&LWHG�
�
$EUDKDPVRQ��:�*���DQG�'�&��+DUWQHWW����������3LQH�IODWZRRGV�DQG�GU\�SUDLULHV��,Q�5�/��0\HUV�DQG�-�-��

(ZHO��HGV����(FRV\VWHPV�RI�)ORULGD��2UODQGR��8QLYHUVLW\�RI�6RXWK�)ORULGD�3UHVV���
%DOFLXQDV��-��.���'��:��%XUURZV��DQG�0��)��3XUFHOO�� ������� �)LHOG�DQG� ODERUDWRU\�KRVW� UDQJHV�RI� WKH�

$XVWUDOLDQ� ZHHYLO�2[\RSV�YLWLRVD� �&ROHRSWHUD�� &XUFXOLRQLGDH��� D� SRWHQWLDO� ELRORJLFDO� FRQWURO�
DJHQW�IRU�WKH�SDSHUEDUN�WUHH��0HODOHXFD�TXLQTXHQHUYLD���%LRORJLFDO�&RQWURO������������

%URZQ��5�%����������6RLOV��,Q�5�/��0\HUV�DQG�-�-��(ZHO��HGV����(FRV\VWHPV�RI�)ORULGD��2UODQGR��8QLYHUVLW\�
RI�6RXWK�)ORULGD�3UHVV���

&RVWDQ]D��5���5��G·$UJH��5��GH�*URRW��6��)DUEHU��0��*UDVVR��%��+DQQRQ��.��/LPEXUJ��6��1DHHP��5�9��
2·1HLOO�� -��3DUXHOR��5�*��5DVNLQ��3��6XWWRQ�� DQG�0��YDQ�GHQ�%HOW�� ������7KH�YDOXH�RI� WKH�
ZRUOGV�HFRV\VWHP�VHUYLFHV�DQG�QDWXUDO�FDSLWDO��1DWXUH��������������

�
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'DYLV��6�0���/�+��*XQGHUVRQ��:�$��3DUN��-�5��5LFKDUGVRQ��DQG�-�(��0DWVRQ����������/DQGVFDSH�GLPHQ�
VLRQ��FRPSRVLWLRQ��FRPSRVLWLRQ��DQG�IXQFWLRQ�LQ�D�FKDQJLQJ�(YHUJODGHV�HFRV\VWHP���,Q�6�0��
'DYLV� DQG� -�&��2JGHQ� �HGV����(YHUJODGHV��7KH�(RV\VWHP�DQG�,WV�5HVWRUDWLRQ���'HOUD\�%HDFK�� )OD���
6W��/XFLH�3UHVV���

'LDPRQG��&���'��'DYLV��DQG�'�&��6FKPLW]��������(FRQRPLF� LPSDFW�VWDWHPHQW��7KH�DGGLWLRQ�RI�0H�
ODOHXFD�TXLQTXHQHUYLD�WR� WKH� )ORULGD� 3URKLELWHG� $TXDWLF� 3ODQW� /LVW�� ,Q� 7�'�� &HQWHU�� 5�)��
'RUHQ��5�/��+RIVWHWWHU��5�/��0\HUV��DQG�/�'��:KLWHDNHU��HGV����3URFHHGLQJV�RI�WKH�6\PSRVLXP�RQ�
([RWLF� 3HVW�3ODQWV�� 7HFKQLFDO� 5HSRUW� 136�15(9(5�1575�������� :DVKLQJWRQ�� '�&���
1DWLRQDO�3DUN�6HUYLFH��

*LIIRUG��-�&��������7KH�FDMHSXW�WUHH�LQ�)ORULGD��7KH�$PHULFDQ�(DJOH�������
³³³³����������/LYLQJ�E\�WKH�/DQG��&RUDO�*DEOHV��)OD���*ODGH�+RXVH�3XEOLVKHUV��
/DURFKH��)��%���HG�� �������0HODOHXFD�0DQDJHPHQW�3ODQ�IRU�)ORULGD���G�HG��)ORULGD�([RWLF�3HVW�3ODQW�&RXQ�

FLO��
/DURFKH��)��%���DQG�$��3��)HUULWHU����������7KH�UDWH�RI�H[SDQVLRQ�RI�PHODOHXFD�LQ�VRXWK�)ORULGD���-RXUQDO�

RI�$TXDWLF�3ODQW�0DQDJHPHQW�����������
0HVNLPHQ��*�)�� ������$�6LOYLFDO�6WXG\�RI�WKH�0HODOHXFD�7UHH�LQ�6RXWK�)ORULGD��0DVWHU·V� WKHVLV��8QLYHUVLW\� RI�

)ORULGD��
2·+DUH��1��.���DQG�*��+��'DOU\PSOH�� ������� �:LOGOLIH� LQ� VRXWKHUQ�(YHUJODGHV�ZHWODQGV� LQYDGHG�E\�

PHODOHXFD��0HODOHXFD�TXLQTXHQHUYLD����%XOOHWLQ�RI�WKH�)ORULGD�0XVHXP�RI�1DWXUDO�+LVWRU\�������������
3XUFHOO��0��)���DQG�-��.��%DOFLXQDV����������/LIH�KLVWRU\�DQG�GLVWULEXWLRQ�RI�WKH�$XVWUDOLDQ�ZHHYLO�2[\�

RSV�YLWLRVD��&ROHRSWHUD��&XUFXOLRQLGDH���D�SRWHQWLDO�ELRORJLFDO�FRQWURO�DJHQW�IRU�0HODOHXFD�TXLQ�
TXHQHUYLD��0\UWDFHDH����$QQDOV�RI�WKH�(QWRPRORJLFDO�6RFLHW\�RI�$PHULFD��������������

7XUQHU��&�(���7�'��&HQWHU��'�:��%XUURZV��DQG�*�5��%XFNLQJKDP��������(FRORJ\�DQG�PDQDJHPHQW�RI�
0HODOHXFD�TXLQTXHQHUYLD��DQ�LQYDGHU�RI�ZHWODQGV�LQ�)ORULGD��8�6�$��:HWODQGV�(FRORJ\�DQG�0DQDJH�
PHQW�������������

�
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