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RI�GHEULV��L�H��WR�FDOFXODWH�LQ�DGYDQFH�WKH�WLPHV�DQG�GDWHV�RI�WKHVH�HYHQWV��VR�WKDWWLPH� LVQ¶W�GHYRWHG� WR� LQFUHPHQWLQJ� WKH�GHEULV� WKURXJK�SHULRGV�ZKHQ� LW� LV� EHORZWKH�KRUL]RQ�DQG�DOO�RWKHU�YLVLELOLW\�FRQGLWLRQV�DUH�LPPDWHULDO��ZRXOG�EH�XVHIXO�,W�ZRXOG� EH� LQWHUHVWLQJ� WR� LPSURYH� RQ� WKH� GHEULV�PRGHO� LWVHOI� E\� WDNLQJ� LQWRDFFRXQW�WKH�FKDUDFWHULVWLFV�RI�FHUWDLQ�W\SHV�RI�GHEULV�NQRZQ�WR�H[LVW��DQ�DQDO\VLVRI�WKH�1D�.�UHDFWRU�5256$7�FRRODQW�GURSOHW�SRSXODWLRQ�ZRXOG�EH�LQWHUHVWLQJ�5DWKHU� WKDQ� XVLQJ� HYHQW� SORWV� �³GRW� SORWV´�� WR� PDUN� WKH� DOW�D]� SRVLWLRQV� RIYLVLELOLW\� IODJ� FKDQJHV�� FRQWLQXRXV� FRORXU�FRGHG� WUDMHFWRU\� SORWV� PD\� EH� EHWWHUVXLWHG�WR�DQDO\VLV�RI�WKH�FDXVHV�RI�WKH�VN\SORW�SDWWHUQV�,QFOXGLQJ� SHULRGV� RI� WZLOLJKW� DQG� WKRVH� ZKHQ� WKH� PRRQ� LV� LQ� WKH� VN\�LPSURYLQJ� WKH� ODWLWXGH� FDSDELOLW\� RI� WKH�PRGHO� WR� LQFRUSRUDWH� VLWHV� XS� WR� �����LQFRUSRUDWLQJ� EDVLF�ZHDWKHU� FRQGLWLRQV� IRU� HDFK� VLWH� DQG� DGGLQJ� OLJKW� SROOXWLRQHIIHFWV�DQG�WKRVH�GXH�WR�DXURUD�ZRXOG�DOO�H[WHQG�WKH�FDSDELOLW\�RI�WKH�PRGHO�7KH� QXPEHU� RI� SDUWLFOHV� XVHG� WR� SRSXODWH� WKH� RUELW� FRXOG� EH� LQFUHDVHG�� WRSURGXFH� D� PRUH� FRQWLQXRXV� IORZ� RI� SDUWLFOHV� SHU� RUELW�� 2QH� KXQGUHG� SDUWLFOHVZHUH�XVHG�LQ�FKDSWHU���LQ�RUGHU�WR�NHHS�UXQ�WLPH�RYHUKHDGV�ORZ�RQ�WKH�FRPSXWLQJV\VWHP�,Q� DGGLWLRQ� WR� REVHUYDWRULHV�� VN\SORWV� FRXOG� EH� PDGH� IRU� D� JOREDO� JULG� RIWKHRUHWLFDO� VLWHV�� LQ� WLPH� LQFUHPHQWV� RI� RQH� PRQWK� RU� VKRUWHU�� WR� SURGXFH� DQ³(DUWK3ORW´�FRQWRXU�PDS�VKRZLQJ�WKH�EHVW�VLWHV�IRU�REVHUYLQJ�FHUWDLQ�RUELWV�
��� 'HEULV�'HWHFWLRQ��''7��3URJUDP
'XH�WR�WKH�ODFN�RI�VXLWDEOH�UHDO�LPDJHV�WR�UXQ�WKH�''7�SURJUDP�RQ��WKH�UHVXOWVDUH�IRU�WKH�SHUIRUPDQFH�FKDUDFWHULVWLFV�RI�WKH�''7�SURJUDP�LWVHOI��UDWKHU�WKDQ�IRUUHVXOWV�SHUWDLQLQJ�WR�GHEULV�LPDJHU\�5HVXOWV� VKRZ� WKDW� WKH� ''7� SURJUDP� ZRUNV� EHWWHU� IRU� VORZHU� DQG� WKHUHIRUHKLJKHU� GHEULV�� L�H�� QRW� IRU� /(2�� &HQWLPHWULF� GHEULV� GHWHFWLRQ� E\� UDGDU� LV� ZHOOXQGHUZD\�IRU�REMHFWV� LQ�/(2�KRZHYHU��VR�ZKHUH� UDGDU�VHQVLWLYLW\�EHJLQV� WR� IDOORII��WKLV�GHWHFWLRQ�SURJUDP�PD\�KDYH�VRPH�XWLOLW\��*LYHQ�D�IDVW�UHDGRXW�&&'�ZLWKORZ� QRLVH� FKDUDFWHULVWLFV� DQG� D� ZLGH� )29� RSWLFDO� V\VWHP�� GHEULV� LQ� KLJK� /(2�a����NP��FRXOG�EH�GHWHFWHG�
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7KH�''7�SURJUDP�FRXOG�EH� LPSURYHG�E\�FKDQJLQJ� WKH�PDQQHU� LQ�ZKLFK� WKHFXUUHQWO\� XVHG� SURJUDP� GHOLQHDWHV� LWV� VHDUFK� DUHDV� DQG� SUHGLFWHG� SRVLWLRQV� WRPDWFK� WKH� H[DFW� VKDSHV� GHVFULEHG� LQ� FKDSWHU� ��� 7KH� FXUUHQW� V\VWHP� LV� DQDSSUR[LPDWLRQ� WKDW� XVHV� UHFWDQJXODU� VKDSHV� WKDW� HUUV� RQ� WKH� VLGH� RI� FRPSXWLQJVSHHG�DQG�RYHUVHQVLWLYLW\� �� L�H�� WKH�V\VWHP�ZRXOG�VSRW�DOO�GHEULV�EXW�ZRXOG�DOVRFDXVH�VRPH�HUURQHRXV�QRLVH�LQGXFHG�WUDFNV�WR�EH�³GHWHFWHG´��,W�ZDV�WKRXJKW�WKLVVROXWLRQ� ZDV� SUHIHUDEOH� WR� XQGHUSUHGLFWLQJ� DQG� PLVVLQJ� VRPH� GHEULV�� RUFDOFXODWLQJ�H[DFW�VHDUFK�DUHD�ERXQGV�DQG�LQFUHDVLQJ�UXQ�WLPH��WKXV�PLVVLQJ�VRPHRI�WKH�IDVWHU�GHEULV�5DWKHU�WKDQ�FDOFXODWLQJ�VXFK�LQYROYHG�VKDSHV�IRU�WKH�VHDUFK�DUHD�WR�HQVXUH�WKHGHEULV� WUDFN� GRHV� QRW� ILQLVK� RXWVLGH� WKH� )29�� WKH� LQLWLDO� SDLU� SURGXFHG� IURPIUDPHV� �� DQG� �� FRXOG� MXVW� EH� H[WUDSRODWHG� DKHDG� E\� 1� IUDPHV� �1�  � OHQJWK� RIPRYLQJ�EUDFNHW��WR�VHH�LI�LW�ILQLVKHV�RXWVLGH�WKH�)29��$�WHVW�WR�VHH�LI�WKLV�PHWKRGZRXOG�EH�TXLFNHU�WKDQ�FDOFXODWLQJ�WKH�H[SOLFLW�VHDUFK�DUHD�VKDSHV�FRXOG�EH�PDGH�7KH�UDVWHUVFDQ�DSSURDFK�LV�MXVW�RQH�ZD\�WR�LQWHUURJDWH�WKH�GRWV�LQ�WKH�IUDPH��VHDUFK� DUHD� WR� GHWHUPLQH� WKRVH� WKDW� FRXOG� SRVVLEO\� EH� SDUW� RI� D� GHEULV� WUDFN�$QRWKHU�PHWKRG�VXJJHVWHG�E\�-DPHV�'LFN�RI�WKH�5*2�LV�WR�XWLOLVH�WKH�UXQ�OHQJWK�HQFRGHG�QDWXUH�RI�WKH�RXWSXW�IURP�WKH�IURQW�HQG�DQG�XVH�LQGH[LQJ�DQG�KDVK�WDEOHVDV�D�PHDQV�RI�VHDUFKLQJ�WKRVH�GRWV�ZLWKLQ�WKH�VHDUFK�DUHD��ZKRVH�ERXQGV�DUH�VWLOOFDOFXODWHG� IROORZLQJ� WKH� VDPH� WHFKQLTXH���$� WHVW� WR�REVHUYH� VSHHG�RI� H[HFXWLRQXQGHU�ERWK�PHWKRGV�VKRXOG�EH�XQGHUWDNHQ�7KH� UDVWHUVFDQ� PHWKRG� FRXOG� EH� DFFHOHUDWHG� KRZHYHU� E\� LPSOHPHQWLQJ� DGLIIHUHQW� QXPEHULQJ� UHJLPH� ZKHQ� ZULWLQJ� WKH� LQSXW� SLFWXUH� ILOHV� WR� WKH� YLUWXDOIUDPHV�RI�WKH�PRYLQJ�EUDFNHW��,QVWHDG�RI�ZULWLQJ�D���RU���WR�GHQRWH�WKH�SUHVHQFHRI�D�GRW��D�QXPEHU�UHSUHVHQWLQJ�WKH�FXUUHQW�SLFWXUH�ILOH�QXPEHU�FRXOG�EH�ZULWWHQLQVWHDG��DQG�WKH�''7�SURJUDP�LQVWUXFWHG�WR�VHDUFK�IRU�WKDW�QXPEHU�RQO\��LJQRULQJDOO�RWKHUV��,Q�WKLV�ZD\�WKH�XVHG�IUDPHV�LQ�WKH�EUDFNHW�QHHG�QRW�EH�IOXVKHG�WR�PDNHZD\�IRU�QHZ�SLFWXUHV��DV�WKH\�FXUUHQWO\�DUH�QRZ��WKXV�LPSURYLQJ�VSHHG�)LQDOO\�� DQ� LQWHUHVWLQJ� DSSURDFK� ZRXOG� EH� WR� LQFOXGH� DOO� GHWHFWLRQFKDUDFWHULVWLFV�RI� WKH�''7�SURJUDP� LQWR� WKH�6N\3ORW� SURJUDP�� L�H�� DGDSWLQJ� WKH615�FDOFXODWLRQ�RI�WKH�ODWWHU�WR�UHIOHFW�WKH�VHQVLWLYLW\�RI�WKH�IRUPHU�
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������� $VWHURLG�GHWHFWLRQ�ZLWK�WKH�''7
*LYHQ�WKDW� WKH�''7�LV�EHVW�VXLWHG�IRU�SLFNLQJ�RXW�VORZ�PRYLQJ�REMHFWV� IURPQRLV\�EDFNJURXQGV��DQ�LQWHUHVWLQJ�DUHD�RI�LQYHVWLJDWLRQ�ZRXOG�EH�WR�DWWHPSW�WR�XVHLW� IRU� WKH� GHWHFWLRQ� RI� DVWHURLGV�� 7KH� WLPLQJ� FRQVLGHUDWLRQV� DUH� OHVV� VWULFW�LQWHJUDWLRQ�WLPHV�DUH�ORQJHU��DQG�UHDGRXW� WLPHV�FRXOG�EH�PXFK�ORQJHU��VDIHO\�RQWKH� RUGHU� RI� PDQ\� VHFRQGV� RU� PLQXWHV�� ZHOO� ZLWKLQ� WKH� FDSDELOLWLHV� RIDVWURQRPLFDO�HTXLSPHQW�WRGD\�7KH�''7� SURJUDP� FRXOG� RSHUDWH� LQ� WKUHH�PRGHV�� WR� GHWHFW� VSDFH� GHEULV�� WRGHWHFW� IDVW�1HDU�(DUWK�DVWHURLGV� �1($V���DQG� WR�GHWHFW� WKH�PXFK� VORZHU�.XLSHU%HOW�REMHFWV�1($V�� DV� WKH�QDPH� VXJJHVWV�� DUH� DVWHURLGV�ZKRVH�RUELWV� EULQJ� WKHP�FORVH� WRWKH� (DUWK�� 7KH\� DUH� JHQHUDOO\� GLYLGHG� LQWR� WKUHH� VRPHZKDW� DUELWUDU\� IDPLOLHV�$SROOR��$PRU� DQG�$WHQ�REMHFWV��7KH�$SROOR� DQG�$WHQ�RUELWV� DFWXDOO\� FURVV� WKH(DUWK¶V� RUELW�� ZKLOH� $PRUV� KDYH� SHULKHOLRQV� MXVW� RXWVLGH� WKH� (DUWK¶V� DSKHOLRQ�.XLSHU�EHOW�REMHFWV�DUH�D�UHODWLYHO\�UHFHQW�GLVFRYHU\��ZKRVH�RUELWV�OLH�EH\RQG�WKDWRI�1HSWXQH��L�H��!�a��$8��.RZDO��������7KH� GHWHFWLRQ� VWUDWHJ\� E\� ZKLFK� WKH� ''7� SURJUDP� PXVW� RSHUDWH� WR� GHWHFW1($V�GHSHQGV�RQ�WKH�W\SLFDO�UDQJH�RI�WRSRFHQWULF�DQJXODU�YHORFLWLHV�WKH\�ZRXOGH[KLELW�� &RQVLGHULQJ� D� YHU\� FORVH� IO\E\� RI� D� W\SLFDO�1($�� VD\� DW� D� GLVWDQFH� RI*62��a�����NP���DQG�DW�D�UHODWLYH�YHORFLW\�RI���NP�V����WKH�YDOXH�RI�ZWRS LV�|���DUFVHF� V���� FRPSDUDEOH� WR�D�GHEULV�RUELW�RI����������NP��7KLV� LV�ZHOO� LQVLGH� WKHGHWHFWLRQ�OLPLW�FDXVHG�E\�WLPLQJ�FRQVWUDLQWV��VHH�VHFWLRQ��������DQG�VR�ZRXOG�EHDFKLHYDEOH�E\�WKH�''7�UXQQLQJ�RQ�D����0+]�3HQWLXP��6XFK�D�IO\E\�ZRXOG�EH�DUDUH�HQFRXQWHU�KRZHYHU�±�RI�WKH����FORVHVW�DSSURDFKHV�FDWDORJXHG�VR�IDU��RQO\��KDYH�FRPH�ZLWKLQ�WKH�RUELW�RI�WKH�0RRQ��7KH�FORVHVW�ZDV�E\������;0���ZKLFKSDVVHG� E\� DW� ������� $8� ��������� NP��� ZKHUHDV� WKH� PHDQ� GLVWDQFH� IURP� WKLVVDPSOH�LV��������$8����������NP���:LOOLDPV��������7KH�GLUHFWLRQ�RI�WKH�DVWHURLG¶V�YHORFLW\�YHFWRU�WKURXJK�WKH�)29�ZRXOG�QRW�EHNQRZQ�LQ�DGYDQFH�WR�D�JUHDW�GHJUHH��EHFDXVH�DOWKRXJK�LWV�RUELWDO�LQFOLQDWLRQ�PD\
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EH� FORVH� WR� WKH� HFOLSWLF�� WKH� SUR[LPLW\� RI� D� FORVH� DSSURDFK� ZRXOG� PDNH� WKHUHODWLYH�SRVLWLRQ�DQG�YHORFLW\�YHFWRUV�GHSDUW�JUHDWO\�IURP�WKH�SODQH�RI�WKH�HFOLSWLF�)RU� WKHVH� UHDVRQV� D� FLUFXODU� VHDUFK� DUHD� DURXQG� WKH� SUHFXUVRU� RU� ³IUDPH� �´FHQWURLG� LQ� WKH� VHDUFK� DOJRULWKP�� ZRXOG� EH� UHWDLQHG�� OHDGLQJ� WR� HVVHQWLDOO\� WKHVDPH�VHWXS�IRU�REVHUYLQJ�1($V�DV�IRU�VSDFH�GHEULV�,I� RQH� GRHV� QRW� ZDQW� WR� VHDUFK� IRU� 1($V� DW� YHU\� FORVH� DSSURDFK�� WKHQ� WKHDQJXODU�YHORFLW\�ZRXOG�EH�PXFK�VPDOOHU��,Q�WKLV�FDVH�DQ\�DVWHURLGV�QHDU�WKH�FHQWUHRI�WKH�)29�DW�WKH�VWDUW�RI�WKH�REVHUYLQJ�UXQ�ZRXOG�UHPDLQ�LQ�WKH�)29�IRU�PDQ\IUDPHV�EHIRUH�GULIWLQJ�RXW�RI� WKH�)29��)RU� WKLV� UHDVRQ� DOO� FHQWURLGV� LQ� IUDPH��FRXOG� EH� YLDEOH� SUHFXUVRUV� WR� DQ� DVWHURLG� WUDFN�� VR� WKH� SURJUDP� FRXOG� VWDUW� E\FRQVLGHULQJ� DOO� SRLQWV� LQ� WKH� ILUVW� IUDPH� RI� WKH�PRYLQJ� EUDFNHW�� WKHQ�ZLWK� HDFKEUDFNHW�DQDO\VLV��FUHDWH�DQG�JUDGXDOO\�H[SDQG�D�³GHDG�]RQH´�LQ�WKH�FHQWUH�RI�WKH)29� �WKXV� FUHDWLQJ� DQ� DFWLYH� ERUGHU��� IROORZLQJ� WKH� OLNHOLKRRG� RI� DVWHURLGVKDYLQJ�GULIWHG�DZD\�IURP�WKH�FHQWUH�RI�WKH�)29��)LJXUH������
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)LJXUH������6FKHPDWLF�VKRZLQJ�WKH�FUHDWLRQ�RI�DQ�DFWLYH�ERUGHU�LQ�VXFFHVVLYH�³IUDPH��´�SRVLWLRQVLQ�WKH�DQDO\VLV�PRYLQJ�EUDFNHW��7KH�GDUN�EOXH�DUHD�GHQRWHV�WKH�SDUW�RI�WKH�IUDPH�WKDW�LV�VFDQQHGIRU�SRVVLEOH�DVWHURLG�WUDFN�SUHFXUVRUV��ZKHUHDV�WKH�SDOH�EOXH�UHJLRQ�PDUNV�WKH�DUHD�WKDW�LV�LJQRUHG�$W�WKH�EHJLQQLQJ�RI�DQ�REVHUYLQJ�UXQ�WKHUHIRUH��DOO�RI�WKH�ILUVW�IUDPH�LV�FRQVLGHUHG�YLDEOH�
)RU� .XLSHU� %HOW� REMHFWV� WKH� VLWXDWLRQ� LV� GLIIHUHQW� LQ� WHUPV� RI� WKH� DQJXODUYHORFLWLHV� OLNHO\� WR� EH� HQFRXQWHUHG�� 'XH� WR� WKH� JUHDW� GLVWDQFH� RI� ��� $8�� WKHDQJXODU� VSHHG� LV� �� DUFVHF� KRXU�� �5DELQRZLW]�� ������� DQG� WKH� GLUHFWLRQ� RI� WKHYHORFLW\�YHFWRU�ZRXOG�EH�FRQVWUDLQHG�WR�D�QDUURZ�UDQJH�RI�DQJOHV�FHQWHUHG�RQ�WKHHFOLSWLF��,Q�WKLV�FDVH��DV�WKH�YHORFLW\�YHFWRU�LQ�WKH�)29�LV�ZHOO�NQRZQ��WKH�VHDUFKDUHD�PD\�EH� � FRQVWUDLQHG�DQG� WDNH�RQ�D�GLIIHUHQW� VKDSH� WR� WKRVH�XVHG� IRU� VSDFHGHEULV�DQG�1($V��L�H��LW�FRXOG�EH�D�VPDOO�QDUURZ�³IDQ´�VKDSH�LQVWHDG��)LJXUH������
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VSUHDG�GXH�WRUDQJH�RISRVVLEOH�VSHHGV

UDQJH�RISRVVLEOHDQJOHV
SUHFXUVRUFHQWURLG VHDUFKDUHD

)LJXUH������,OOXVWUDWLRQ�RI�VPDOOHU�DQG�QDUURZHU�VHDUFK�DUHD�WKDW�ZRXOG�EH�HPSOR\HG�LQ�WKH�VHDUFKIRU�VORZ�PRYLQJ�DVWHURLGV�IRU�ZKLFK�WKH�UDQJH�RI�SUREDEOH�WUDMHFWRULHV�ZDV�EHWWHU�NQRZQ�
,Q�WKLV�FDVH�WKH�DQJXODU�VSHHG�RI�WKH�DVWHURLGV�LV�RI�WKH�RUGHU�RI���DUFVHF�SHU�KRXU�VR� DVWHURLGV� LQ� DQG� QHDU� WKH� FHQWUH� RI� WKH� )29�ZRXOG� QRW� PRYH� IDU� IURP� WKHFHQWUH� HYHQ� GXULQJ� WKH� FRXUVH� RI� WKH�ZKROH� QLJKW� �a� ��� KRXUV��� $OVR�� WKH� WLPHEHWZHHQ�IUDPHV�ZRXOG�DOVR�EH�RI� WKH�RUGHU�RI�DQ�KRXU�RU�PRUH��SOXV�FRPSXWLQJRYHUKHDGV�DUH�IXUWKHU�UHGXFHG�EHFDXVH�RI� WKH�PXFK�VPDOOHU�VHDUFK�DUHDV��)LJXUH������6SHHG� LV� WKHUHIRUH�QRW�DV� LPSRUWDQW�DV� LW� LV� LQ� WKH�FDVH�RI�GHEULV�DQG�1($VHDUFKHV��DQG�IRU�WKLV�UHDVRQ�WKH�DFWLYH�ERUGHU�VWUDWHJ\�FRXOG�EH�GLVSHQVHG�ZLWK�,Q�WKH�HYHQW� WKDW� WKH�VHDUFK�SDWWHUQ�DGRSWHG�E\� WKH�REVHUYHU�SURGXFHV� IUDPHVWDNHQ�DW�LUUHJXODU�LQWHUYDOV�IRU�ZKDWHYHU�UHDVRQ��WKH�''7�FRGH�FRXOG�EH�PRGLILHGE\�WDJJLQJ�WKH�WLPH�RQWR�HDFK�IUDPH�� L�H��SDVVLQJ�D�³WLPHVWDPS´�IRU�HDFK�IUDPHWKURXJK� WR� WKH�''7� SURJUDP� DV� LW� UXQV��$V� WKH� IUDPH� LQWHUYDO� IRU�.XLSHU� %HOWREMHFWV� ZRXOG� EH� RI� WKH� RUGHU� RI� PDQ\� PLQXWHV� WR� DQ� KRXU� RU� PRUH�� DQG� WKHDQJXODU�VSHHG�LQ�WKH�LPDJH�SODQH�ZRXOG�EH�LQWR�WKH�VXE�SL[HO�SHU�VHFRQG�UDQJH��DWLPHVWDPS� DFFXUDWH� WR� WKH� QHDUHVW� VHFRQG� ZRXOG� EH� DGHTXDWH�� DQG� FDQ� EHJHQHUDWHG� HDVLO\� E\� HLWKHU� WKH� WHOHVFRSH� RU�''7� VRIWZDUH� XVLQJ� WKH� FRPSXWLQJV\VWHP�FORFN�$V�HDFK�QHZ�SLFWXUH�LV�UHDG�LQWR�WKH�DQDO\VLV�EUDFNHW��LWV�WLPHVWDPS�ZRXOG�EHUHDG�LQWR�D�VHSDUDWH�³WLPHVWDPS�EUDFNHW´�RU�DUUD\��WR�EH�DFFHVVHG�LQ�WDQGHP�ODWHUXVLQJ� WKH� VDPH� F\FOLF� FRXQWHU� SRLQWHU� GULYHU� LQ� WKH� FRGH�ZKLFK� LV� XVHG� IRU� WKHLPDJH�DQDO\VLV�
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