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(QHUJHWLF� SDUWLFOH� DQG� PDJQHWLF� ILHOG� PHDVXUHPHQWVGXULQJ�WKH�&55(6�����RUELW��$SULO����������DUH�VHOHFWHGIRU�WKH�VWXG\�RI�WKH�ILQH�VWUXFWXUH�RI�D�WUDSSLQJ�ERXQGDU\GXULQJ�PXOWLSOH�GURSRXW�HYHQW��ZKHQ�WKH�VDWHOOLWH�GHSDUWVIURP� WKH� WUDSSHG� SDUWLFOH� UHJLRQ� HQWHULQJ� WKHPDJQHWRWDLO� DQG� UHWXUQV� EDFN� GXULQJ� VXEVWRUPLQWHQVLILFDWLRQV�� ,W� LV� VKRZQ� WKDW� WKH� WUDSSLQJ� ERXQGDU\LV� D� FRPSOLFDWHG� G\QDPLF� VWUXFWXUH�� 6HYHUDO� GLIIHUHQWW\SHV�RI�ERXQGDU\�FURVVLQJ�DUH�GHVFULEHG�� LQFOXGLQJ� WKHHYHQWV�ZLWK�WKH�YHU\�IDVW��LQWHQVLW\�FKDQJHV��'7� � ���V��
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(QHUJHWLF� SDUWLFOH� GURSRXW� HIIHFW� �'(�� ZDV� ILUVWUHJLVWHUHG� RQ� WKH� JHRVWDWLRQDU\� RUELW� � >:DONHU� HW� DO������� 6DXYDXG� DQG�:LQFNOHU�� ������'DQGRXUDV� HW� DO�������%DNHU� DQG�0F3KHUURQ�� ����@�� � 'HFUHDVH� RI� WKHSDUWLFOH� IOX[� DW� WKH�EHJLQQLQJ� RI�'(� LV� DVVRFLDWHG�ZLWKHTXDWRUZDUG FRQWUDFWLRQ��RI��WKH���SODVPDVKHHW��DQG��WKH

HDUWKZDUG�PRWLRQ��RI��WKH��WUDSSLQJ�ERXQGDU\��GXULQJ�WKHVXEVWRUP� JURZWK� SKDVH�� 'HFUHDVH� RI� WKH� SDUWLFOH� IOX[�ERWK� HOHFWURQV� DQG� LRQV� LQ� ZLGH� HQHUJ\� UDQJH� LVDFFRPSDQLHG� E\� WKH� LQFUHDVH� RI� WKH� WDLOOLNH� PDJQHWLFILHOG�FRQILJXUDWLRQ��7KH�UHFRYHU\�IURP�GURSRXW�KDV�EHHQLGHQWLILHG� ZLWK� WKH� PRPHQWV� RI� WKH� VXEVWRUP� RQVHW� RULQWHQVLILFDWLRQV� >6DXYDXG� DQG :LQFNOHU� ������ /D]XWLQHW� DO�� ����@�� 7ZR� W\SHV� RI� WKH� UHFRYHU\� KDYH� EHHQUHFRJQL]HG�� LQ� WKH� ILUVW� W\SH�SDUWLFOH� IOX[� UHWXUQV� WR� WKHSUHYLRXV�YDOXH��ZKHUHDV�LQ�WKH�VHFRQG�W\SH�VKRUWO\�DIWHUUHFRYHU\�VWHS��DQ�DGGLWLRQDO�LQFUHDVH�RI�WKH�IOX[�SDUWLFOHLV�WDNLQJ�SODFH�VLPLODU� WR� WKH�VXEVWRUP�LQMHFWLRQ�HYHQWV�,W� LV� QRW� D� ERXQGDU\� SKHQRPHQD� EHFDXVH� VDWHOOLWHSHQHWUDWHV� LQVLGH� WKH� WUDSSLQJ� UHJLRQ� ZKHQ� WKLV� VHFRQGVWHS�ZHUH� UHJLVWHUHG��'HVFULEHG�EHORZ�HYHQWV�EHORQJ� WRWKH�ILUVW�W\SH�RI�'(��$OVR�LW�ZDV�DQ�HYHQW�ZLWK�PXOWLSOH'(� HIIHFWV� ZKHQ� VDWHOOLWH� VHYHUDO� WLPHV� HVFDSH� DQGUHHQWHU�WKH�WUDSSLQJ�UHJLRQ�
0RVW� RI� WKH� VWXGLHV� FLWHG� DERYH� XVH� ORZ� WHPSRUDOUHVROXWLRQ� GDWD�� ZKLFK� GR� QRW� DOORZ� WR� LQYHVWLJDWH� ILQHVWUXFWXUH� RI� WKLV� G\QDPLF� ERXQGDU\�� 0HDQZKLOH� WKLVUHJLRQ� LV� HVSHFLDOO\� LQWHUHVWLQJ� EHFDXVH� LW� LV� ORFDWHGFORVH� WR� �RU� FDQ� EH� GLUHFWO\� DVVRFLDWHG� ZLWK�� VXFKLPSRUWDQW�IRU�WKH�XQGHUVWDQGLQJ�RI�WKH�VXEVWRUP�SK\VLFVVWUXFWXUHV�� DV� WKH� SODVPD� VKHHW� ERXQGDU\� OD\HU� �36%/�DQG�DXURUDO�RYDO�ERXQGDU\� �SRODU�DUF���$V� WKH�VXEVWRUPRQVHW�KDV�WHPSRUDO�VWUXFWXUHV�RI�WKH�RUGHU�RI�ILUVW�WHQV�RIVHFRQG�� LW� ZLOO� EH� LQWHUHVWLQJ� WR� LQVSHFW� '(� ZLWK� VXFK

)LJXUH����0XOWLSOH�GURSRXW�HYHQW��$SULO����������WKH�&55(6RUELW� ����� 8SSHU� SDQHO�� PDJQHWLF� ILHOG� OLQH� LQFOLQDWLRQ�GHJUHHV�� PLGGOH� SDQHO�� ,RQ� LQWHQVLW\�� VHOHFWHG� GLIIHUHQWLDOFKDQQHOV��HQHUJLHV� IURP���NH9� WR�����PH9��%RWWRP� SDQHO�HOHFWURQ� LQWHQVLW\� GDWD�� ��� ±� ���� NH9�� 'URSRXW� HYHQWVODEHOHG�IURP�$�WR�(� DUH�GLVFXVVHG�LQ�WKH�WH[W�
IDVW�UHVROXWLRQ��,Q�SUHVHQW�ZRUN�ZH�ZLOO�GHVFULEH�WKH�ILQH

)LJXUH����0DJQHWLF�ILHOG�+�FRPSRQHQW�YDULDWLRQV�UHJLVWHUHG
E\�&ROOHJH��&02��DQG�%DUURZ��%5:��PDJQHWRPHWHUV�



WHPSRUDO� DQG� VSDWLDO� VWUXFWXUH� RI� WUDSSLQJ� ERXQGDU\FURVVLQJV� GXULQJ� PXOWLSOH� GURSRXW� HYHQW� XVLQJPHDVXUHPHQWV� RI� WKH� HQHUJHWLF� HOHFWURQV� DQG� SURWRQLQWHQVLW\�E\�WKH�&55(6�VDWHOOLWH�
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6HYHUDO�GURSRXW�HYHQWV�ZHUH�UHJLVWHUHG�DW�$SULO���������ZKHQ� &55(6�ZDV� LQ�PLGQLJKW� VHFWRU� DW� KLJK� PDJQHWLFODWLWXGH������q������q���)LJXUH���SUHVHQWV�GLIIHUHQWLDO�IOX[YDULDWLRQV� LQ� VHYHUDO� HOHFWURQ� DQG� LRQ� FKDQQHOV� DQGPDJQHWLF� ILHOG� OLQH� LQFOLQDWLRQ�� �'(�DUH�PDUNHG� IURP�$WR� )�� YHUWLFDO� GRWWHG� OLQHV� LQGLFDWH� WKH� PRPHQWV� RI� WKHH[LW�IURP�WKH�GURSRXW��7KHVH�PRPHQWV�FRLQFLGH�ZLWK�WKHEHJLQQLQJ�RI�WKH�QHJDWLYH�PDJQHWLF�ED\V�DW�WKH�PLGQLJKWVHFWRU�PDJQHWRPHWHUV�� DV� VKRZQ� E\� )LJXUH� ��� DQG�ZLWKSDUWLDO�GLSRODUL]DWLRQ�RI�WKH�PDJQHWLF�ILHOG�LQ�WKH�YLFLQLW\RI�WKH�&55(6�RUELW��)LJXUH����
7KH�HQWU\� LQWR�GURSRXW�PD\� EH�JUDGXDO� �$��'��� IDVW� �%�(��RU�JUDGXDO�ZLWK�VKDUS�HQGLQJ��&���7KH�UHFRYHULHV�DUHXVXDOO\�VKDUS�ZLWK� WKH�GXUDWLRQ� IURP�����PLQXWHV�GRZQWR� ���� VHFRQGV�� (OHFWURQV� DQG� LRQV� DUH� LQFUHDVLQJVLPXOWDQHRXVO\� LI�GDWD�DUH�DYHUDJHG�E\�����PLQXWHV��EXWEHWWHU� UHVROXWLRQ� VKRZV� GLIIHUHQW� EHKDYLRU� ZLWK� VHYHUDOW\SHV�RI�WKH�GURSRXW�UHFRYHU\�SURILOHV�VKRUWO\�GHVFULEHGEHORZ�DQG�LOOXVWUDWHG�E\�)LJXUHV���WR���

LQFUHDVH� ZDV� PRUH� H[WHQGHG� �G7 �PLQ�� DQG� EHWWHUFRUUHODWHG�ZLWK�WKH�PDJQHWLF�ILHOG�GLSRODUL]DWLRQ��:H�DUHXVLQJ� IDVW� UHVROXWLRQ� SDUWLFOH� GDWD� KHUH� ZLWKRXWFRUUHFWLRQ� WR� WKH� VDWHOOLWH� URWDWLRQ�� EHFDXVH� WKH� 3$'� LVQHDUO\�LVRWURSLF��ERWK�LQ�WKH�HOHFWURQV��DQG�WKH�LRQV�

6HFRQG�H[DPSOH���FRUUHODWHG�LQ�JHQHUDO�HOHFWURQ�DQG�LRQIOX[� YDULDWLRQV� ZLWK� D� GLIIHUHQFH� LQ� WKH� DFWLYDWLRQVWUXFWXUHV� )LJXUH���SUHVHQW�D�GHWDLOHG�WHPSRUDO�VWUXFWXUHRI�WKH�UHFRYHU\�IURP�WKH�ILUVW�GURSRXW�$��,W�ZDV�JUDGXDO�DERXW� WZR� PLQXWHV� LQ� WRWDO�� EXW� PRGXODWHG� E\� VHYHUDOVKRUW� EXUVWV�� 7KHUH� LV� UHDVRQDEO\� JRRG� FRUUHODWLRQEHWZHHQ� WKH� HOHFWURQ� DQG� SURWRQ� YDULDWLRQV� LQ� DVPRRWKHG� LQWHQVLW\� LQFUHDVH�� LQFOXGLQJ� KLJKHU� HQHUJ\FKDQQHOV��QRW�VKRZQ���EXW�GHWDLOHG��FRUUHODWLRQ��LV�DEVHQW

)LJXUH����)LQH�VWUXFWXUH�RI�WKH�GURSRXW�&�UHFRYHU\�
)LJXUH����)URP�WRS�WR�WKH�ERWWRP��PDJQHWLF�ILHOG�OLQHLQFOLQDWLRQ��WRWDO�%�PDJQLWXGH��7ZR�FKDQQHOV�ERWK�RI�WKH�LRQ

)LUVW�H[DPSOH��� �GLIIHUHQW� �EHKDYLRXU�� WKH�HOHFWURQV�DUHGHFUHDVLQJ� HDUOLHU� DQG� UHFRYHULQJ� ODWHU� WKDQ� WKHSURWRQV��)LJXUH���VKRZV�GURSRXW�&�ZLWK�VKDUS�HQGLQJ�RIWKH� HOHFWURQ� IOX[� GHFUHDVH� DW� �����87� DQG� GHOD\HG� RQVHYHUDO�PLQXWHV� LRQ� GHFUHDVH�� � )LJXUH� �� VKRZV� WKH� ILQHVWUXFWXUH�RI�WKH�GURSRXW�&�UHFRYHU\�DW������87���,W�ZDVVKRUW� ����V�� IRU� SURWRQV� DQG� FRLQFLGHV� ZLWK� WKHEHJLQQLQJ�RI�%W�GHFUHDVH��ZKHUHDV�WKH�HOHFWURQ�LQWHQVLW\

DQG�WKH�HOHFWURQ�GHWHFWRUV�GXULQJ�&��'�DQG�(�GURSRXW�HYHQWV�

)LJ
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LQ� D� VKRUW� VXEVWUXFWXUH�� )LUVW� WZR� SXOVHV� DUH� LQ� DQWL�FRUUHODWLRQ�� EXUVWV� QXPEHU� �� FRLQFLGH�� QXPEHU� �� LVGHOD\HG�LQ�WKH�LRQV�SURILOH�DQG�VR�RQ��7HPSRUDO�VWUXFWXUHRI� WKH� SDUWLFOH� IOX[� YDULDWLRQ� ZLWK� LUUHJXODU� �����VSHULRGLFLW\�LV�YHU\�VLPLODU�WR�WKH�PDJQHWLF�3L��SXOVDWLRQVDQG�DVVRFLDWHG�FKDLQV�RI� VXEVWRUP�DFWLYDWLRQV� �/D]XWLQ�������� 7KH� HOHFWURQ� LQWHQVLW\� PD[LPD� FRLQFLGH� ZLWK� DVHSDUDWH� VWHSV� RI� WKH� PDJQHWLF� ILHOG� GLSRODUL]DWLRQ�GHFUHDVHV� RI� WKH� %W� LQGLFDWHG� E\� WKH� YHUWLFDO� GRWWHGOLQHV� RQ� )LJXUH� ���� ZKHUHDV� VRPH� SURWRQ� DFWLYDWLRQVSURILOHV�DUH�VKLIWHG�LQ�WLPH�
7KLUG� H[DPSOH� �� GHWDLOHG� SDUWLFOH� DQG� PDJQHWLF� ILHOGFRUUHODWLRQ� )URP� ����� WR� ����� 87� WKH� VKRUW� SDUWLDOGURSRXW� KDV� EHHQ� UHJLVWHUHG�� DVVRFLDWHG� ZLWK� D� VXGGHQFKDQJHV�LQ�WKH�PDJQHWLF�ILHOG�WRSRORJ\��SRVVLEO\�UHODWHGWR� WKH� QHDU�E\� ILHOG�DOLJQHG� FXUUHQW� ZHGJH� RU� WR� WKHSURSDJDWLRQ� RI� VRPH� IROG±OLNH� VWUXFWXUH� DORQJ� WKHWUDSSLQJ� ERXQGDU\�� ,W� FUHDWHV� D� V\QFKURQL]HG� GURS� RISDUWLFOH�LQWHQVLW\��ZKLFK�LV�VHHQ�RQ�)LJXUH���DQG�LQ�PRUHGHWDLOV�RQ�)LJXUH��� 7KLV�GHFUHDVH�RU�GURS�LV�DQ�H[FHOOHQWH[DPSOH� RI� WKH� DOO� SDUWLFOHV� VSHFLHV�� DOO� HQHUJLHV� DQGSLWFK� DQJOHV� FRUUHODWLRQ� ZLWK� F DQG�%�� 6HYHUDO� VPDOOHUGHWDLOV�RI�SDUWLFOH�DQG�ILHOG�YDULDWLRQV�LQVLGH�WKH�GURS�DUHLQ�JRRG�DJUHHPHQW�DV�ZHOO��,W�LV�SRVVLEOH�WR�VXSSRVH�WKDWWKH�WUDSSLQJ�ERXQGDU\�UHPDLQV�UDWKHU�VKDUS�WKLV�WLPH�

)RXUWK� H[DPSOH� �� IDVW� FRUUHODWHG� H� DQG� S� YDULDWLRQV�7KH�VHFRQG�UHFRYHU\ IURP� WKH�GURSRXW��%�RQ�)LJ���DQG��� ZDV� YHU\� IDVW�� FKDQJH� RI� WKH� PDJQHWLF� ILHOGFRQILJXUDWLRQ� RFFXUV� LQ� ���� V� DQG� ZDV� FRUUHODWHG� ZLWKWKH�SDUWLFOH�LQWHQVLW\� LQFUHDVH��)LJXUH���VKRZV� WKDW�GDWDRI�WZR�LRQ�DQG�WZR�HOHFWURQ�HQHUJ\�FKDQQHOV�DQG�VHYHUDO

FKRVHQ�GHWHFWRUV�ZLWK�EHVW�SRVVLEOH�UHVROXWLRQ��)RU�HYHU\SRLQW� RI� WKH� PHDVXUHPHQWV� WKH� FXUUHQW� SLWFK� DQJOHV� RIWKH� GHWHFWRUV� DUH� VKRZQ� ZLWK� WKH� VDPH� V\PERO�� ,Q� WKHKLJK�HQHUJ\�HOHFWURQ�FKDQQHOV�DQ�LQWHQVLW\�LQFUHDVH�WDNHSODFH� LQ� RQH� VWHS� IURP� WKH� ]HUR� OHYHO� �EHORZ� WKHVHQVLWLYLW\�WUHVKROG��IRU�DOO�GHWHFWRUV��)LJXUH��J���/RZHUHQHUJ\�FKDQQHOV��ZKHUH�LQWHQVLW\�LQVLGH�WKH�GURSRXW�ZDVDERYH� WKH� WUHVFKROG� OLPLW�� VKRZ� WKH� GURSRXW� UHFRYHU\ZLWK� D� SLWFK� DQJOH� DQLVRWURS\�� 'HWHFWRUV� ZLWK� ILHOG� RIYLHZ� DORQJ� WKH� PDJQHWLF� ILHOG� OLQH� UHJLVWHUHG� WKH� ILUVWVWHS� RI� HOHFWURQV� LQFUHDVH� EHIRUH� WKH� LQFUHDVH� RI� WKHWUDSSHG� HOHFWURQV� DQG� EHIRUH� WKH� EHJLQQLQJ� RI� WKHPDJQHWLF��ILHOG��GLSRODUL]DWLRQ��)LJXUH��I�����7KH��LRQV�RI

)LJXUH��� 7KH�VKRUW�SDUWLDO�GURSRXW���HYHQW�'�

)LJXUH����)DVW�UHFRYHU\�IURP�WKH�GURSRXW��HYHQW�%���6SHFLDOSDQQHOV�ZLWK�GHWHFWRUV�SLWFK�DQJOH�ILHOG�RI�YLHZ�DUH�DGGHG��6ROLGDQG�GRWWHG�OLQHV�LQGLFDWH�WKH�WUDSSHG�DQG ILHOG�DOLJQHG��SDUWLFOHLQFUHDVHV�



DOO�HQHUJLHV�ZLWK�D�ORZ�SLWFK�DQJOHV�ZHUH�DUULYLQJ�EHIRUHWKH� WUDSSHG� SDUWLFOHV�� $V� VKRZQ� E\� )LJXUH� �F�� LRQLQWHQVLW\� LQFUHDVH�LQ�ORZHVW�FKDQQHO�3��ZDV� UHFRUGHG�LQWZR� VWHSV�� WKH� ILUVW� DW� �������� 87� DQG� WKH� VHFRQG� DW��������87�E\�GHWHFWRU�'���WULDQJOHV��3$�UDQJH�����q����q���6DPH�WZR�VWHSV�ZHUH�UHFRUGHG�E\�GHWHFWRU�'���[�FURVVHV�� 3$� UDQJH�� ���q����q�� ZLWK� � D� ���V� GHOD\�� ,QKLJKHU�HQHUJ\�FKDQQHOV�WKH�ILUVW�MXPS�VWDUWHG�����V�ODWHU�EXW� WKH� GHOD\� LQ� DUULYDO� RI� WKH� WUDSSHG� SURWRQV� DVFRPSDUHG� ZLWK� ILHOG�DOLJQHG� RQHV� LV� ZHOO� SURQRXQFHG�QRW� VKRZQ��� 7KHUH� DUH� VHYHUDO� RWKHU� H[DPSOHV� RI� WKHSLWFK� DQJOH� GHSHQGHQW� LQFUHDVHV� DQG� GHFUHDVHV� RI� WKHSDUWLFOH�LQWHQVLW\�GXULQJ�GURSRXW�ERXQGDU\�SDVVDJH�
2EVHUYHG� HIIHFWV� PD\� EH� WKH� FRQVHTXHQFH� RI� WKH� IDVWURWDU\�PRWLRQ� RI� WKH� ILHOG� OLQH� WXEH�� ,W� EHFDPH�RSHQ� WRWKH� WDLO� DQG� � SUHYLRXVO\� WUDSSHG� SDUWLFOHV� HVFDSHG� LQWRWKH� WDLO�ZLWK� WKH�SLWFK� DQJOH�GHSHQGHQW�YHORFLW\��$W� WKHRSSRVLWH�URWDWLRQ�VWHS�SUHYLRXVO\�HPSW\�ILHOG�WXEH�HQWHUVDW� WKH� HTXDWRU� LQWR� WKH� WUDSSLQJ� UHJLRQ� DQG�ZH� REVHUYHKRZ�WKH�WXEH�LV�ILOOLQJ�XS�E\�HQHUJHWLF�SDUWLFOHV�

6800$5<
7KH�GURSRXW� HIIHFW� WHOOV� XV� WKDW� WKH� XVXDO� IRU� WKH� TXLWHWLPH� VPRRWK� WUDQVLWLRQ� EHWZHHQ� GLSROOLNH� DQG� WDLOOLNHPDJQHWLF� ILHOG� OLQHV� GXULQJ� GLVWXUEDQFHV� EHFDPHWUDQVIRUPHG�LQWR�WKH�VKDUS�G\QDPLF�ERXQGDU\����6DWHOOLWHPD\� IRXQG�LWVHOI�SODFHG�RXWVLGH�WKH�WUDSSLQJ�UHJLRQ�DQGEDFN�VHYHUDO�WLPH�GXULQJ�WKH�FRPSRVLWH�GLVWXUEDQFH�GXHWR� WKH� VXEVWRUP� UHODWHG� GLSRODUL]DWLRQV� DQG� WDLOZDUGDFWLYLW\� � H[SDQVLRQV� DQG� QHZ� WDLOZDUG� H[WHQVLRQ� RI� WKHQLJKWVLGH�PDJQHWLF�ILHOG�
:H� SUHVHQWHG� KHUH� VHYHUDO� H[DPSOHV� RI� WKH� WHPSRUDO�VSDWLDO� VWUXFWXUH� RI� WKLV� ERXQGDU\� GXULQJ� WKH� GURSRXWUHFRYHULHV��,I�DQDO\]HG�ZLWK�D�JRRG�WLPH�UHVROXWLRQ��WKHPDJQHWLF� ILHOG� DQG� WKH� SDUWLFOH� LQWHQVLW\� FRQWDLQ� UHDFKYDULHW\� RI� GLIIHUHQW� VWUXFWXUHV�� :H� FDQ� LGHQWLI\� WKUHHFDWHJRULHV��ZLWK� GXUDWLRQ� RI� DERXW� VHYHUDO� VHFRQGV�� ������V�DQG�DERXW�����V��7KHVH�VWUXFWXUHV�PD\�EH�REVHUYHGERWK�LQ�WKH�HOHFWURQ�DQG�SURWRQ�LQWHQVLW\�SURILOHV�LQ�ZLGHHQHUJ\�UDQJH��EXW�DOVR�PD\�EH�GLIIHUHQW�IRU�HOHFWURQV�DQGLRQV��DQ�HQHUJ\�GHSHQGHQW��DQG�VRPHWLPHV�GLIIHUHQW� IRUWKH�GLIIHUHQW�SLWFK�DQJOHV�
6RPH�RI�WKH�HIIHFWV�GHVFULEHG�DERYH�PD\�EH�LQWHUSUHWHGDV� WKH� UHIOHFWLRQ� RI� WKH� JOREDO� RU� GLVWDQW� VXEVWRUPDFWLYLW\��RWKHU�DUH� WKH� ORFDO�ERXQGDU\�SKHQRPHQD�� � ,W� LVQDWXUDO� WR� DVVXPH� WKDW� VXFK� ERXQGDU\� FDQQRW� UHPDLQVPRRWK�DQG�VWDEOH��WKH�LQVWDELOLW\�RI�WKH��EDOORRQLQJ�W\SHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB3XEOLVKHG�LQ� 3URF���WK�,QWHUQDWLRQDO&RQIHUHQFH�RQ�6XEVWRUPV��6W��3HWHUVEXUJ�5XVVLD���� ����0D\���������(6$�63�����-XO\�������S��������

RU�DQG� FHUWDLQ� ZDYHV� DQG� SXOVHV� DQG� WZLVW� PRWLRQVSURSDJDWLQJ� DORQJ� WKH� ERXQGDU\� PD\� FUHDWH� REVHUYHGZDYH�OLNH� PRGXODWHG� VWUXFWXUHV�� 7KH� ORFDOL]HG� ILHOG�DOLJQHG� FXUUHQW� ZHGJH� GHVFULEHG� IRU� GURSRXW� HIIHFWV� DWWKH�PRUQLQJ� DQG� HYHQLQJ� VHFWRU� ��0RXNLV� HW� DO�� �����PD\�EH�DSSOLHG�DW�WKH�PLGQLJKW�VHFWRU�DV�ZHOO�
0RUH� H[WHQGHG� VWXG\� ZLWK� DGGLWLRQDO� H[DPSOHV� RI� WKHQLJKWVLGH� WUDSSLQJ�ERXQGDU\�VWUXFWXUH�ZLOO� EH�SUHVHQWHGHOVHZKHUH�
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%DNHU��'��1��DQG�0F3KHUURQ��5��/���([WUHPH�HQHUJHWLFSDUWLFOH� GHFUHDVHV� QHDU� JHRVWDWLRQDU\� RUELW�� $PDQLIHVWDWLRQ� RI� FXUUHQW� GLYHUVLRQ� ZLWKLQ� WKHLQQHU� SODVPD� VKHHW�� -�� *HRSK\VLFDO� 5HVHDUFK�9RO������SS�����������������'DQGRXUDV�� -��� 5HPH�� +��� 6DLQW�0DUF�� $��� HW� DO� $VWDWLVWLFDO� VWXG\� RI� SODVPD� VKHHW� G\QDPLFV� XVLQJ,6((� �� DQG� �� HQHUJHWLF� SDUWLFOH� IOX[� GDWD�� -�*HRSK\VLFDO�5HVHDUFK�9RO������S������������/D]XWLQ��/��/���*XVWDIVVRQ��*���.KUXVKFKLQVN\��$��$���HWDO��� 6$0%2�*(26�� 6XEVWRUP� WUDSSHG� SDUWLFOHERXQGDU\� PRYHPHQWV�� SDUWLFOH� SUHFLSLWDWLRQ� DQGDFFHOHUDWLRQ�� ,Q�� ,06�6\PSRVLXP�� $XVWLD��&263$5��*UD]��������/D]XWLQ��/��/���6XEVWRUP�DFWLYDWLRQV��FRPSDULVRQ�RI�ILQHVWUXFWXUHV��$GY��6SDFH�5HV��9RO������1R������SS����������������0RXLNLV��&��*��� $��.RUWK��5��+��:�� )ULHGHO�� DQG� -�� )�)HQQHO�� 'DZQ�GXVN� GURSRXWV� GXH� WRVWRUPV�VXEVWRUPV� QHDU� WKH� RXWKHU� UDGLDWLRQ� EHOW�REVHUYDWLRQV� IURP� &55(6�� 6XEVWRUP���� HGLWHGE\� 6�� .RNXEXQ� DQG� <�� .DPLGH�� 7HUUD� DQG.OXZHU�3XEO���7RNLR�� SS����������������6DXYDXG�� -�� $�� DQG� :LQFNOHU�� -�� 5��� '\QDPLFV� RISODVPD�� HQHUJHWLF� SDUWLFOHV� DQG� ILHOGV� QHDUV\QFKURQRXV�RUELW� LQ� WKH�QLJKWWLPH�VHFWRU� GXULQJPDJQHWRVSKHULF� VXEVWRUPV�� -�*HRSK\VLFDO5HVHDUFK� 9RO������SS�����������������:DONHU�� -��&��*���(ULFNVRQ��*��0���6ZDQVRQ��5��/�� DQG:LQFNOHU�� -�� 5��� 6XEVWRUP�DVVRFLDWHG� SDUWLFOHERXQGDU\� PRWLRQ� DW� V\QFKURQRXV� RUELW�� -�*HRSK\VLFDO� 5HVHDUFK� 9RO�� ���� SS����������������
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