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,QWURGX
7KH�LQ� UXPLZRUN�Z'LJHVWLRPLFUREHKRVW� DQXQGHUVWDQHHG� WRLQWHUGHS

(PLU� -�KWWS���Z
 �$JULF��6FL�����������������������ZZ�FIV�XDHX�DF�DH�UHVHDUFK�HMDV�KWPO
���

,QFRUSRUDWLRQ�RI�LVRDFLGV��RLO��131�DQG�SURWHLQ�LQ�WKH�UDWLRQ�RI�VKHHS�DQG�WKHLU�HIIHFWV�RQ�SURWHDVH�DQG�DP\ODVH�LQ�WKH�UXPHQ�IOXLG�
�$��0RKDUUHU\���$QLPDO�6FLHQFH�'HSDUWPHQW��)DFXOW\�RI�$JULFXOWXUH��6KDKU�H�.RUG�8QLYHUVLW\��6KDKU�H��.RUG��,UDQ�DOLPRK#PDLOFLW\�FRP�

$EVWUDFW�� )LYH� WRWDO� PL[HG� UDWLRQV� ZHUH� SUHSDUHG� IURP� UDJL� >ILQJHU� PLOOHW� �(OHXVLQH�&RUDFDQD�@ VWUDZ�DV�D�URXJKDJH�������DQG�PL[HG�FRQFHQWUDWH��������VXSSOHPHQWHG�ZLWK����LVRDFLG��,�&�� ,�&�� &��DQG�SKHQ\ODFHWLF�DFLG�LQ�HTXDO�SURSRUWLRQV��RU�RLO��JURXQG�QXW�RLO�����PRUH� WKDQ� FRQWURO�� RU� XUHD� ����PRUH� FUXGH� SURWHLQ� WKDQ� FRQWURO��� DQG� SURWHLQ� �JURXQG� QXW�FDNH�� ��� FUXGH� SURWHLQ� PRUH� WKDQ� FRQWURO��� 'LHWV� ZHUH� IHG� WR� VKHHS� LQ� �î�� /DWLQ� VTXDUH�GHVLJQ�� %LRFKHPLFDO� DFWLYLWLHV� ZHUH� HVWLPDWHG� IRU� HQ]\PHV� H�J��� SURWHDVH� DQG� DP\ODVH� LQ�YDULRXV� IUDFWLRQV� RI� UXPHQ� IOXLG�� 5XPHQ� VDPSOHV� ZHUH� WDNHQ� ���� KRXUV� DIWHU� IHHGLQJ� DQG�PL[HG� UXPHQ�EDFWHULD�ZHUH� VHSDUDWHG�DV�D� VWUDLQHG�UXPHQ�IOXLG�ZLWKRXW�SURWR]RD��65):3���FHOO�IUHH�UXPHQ�IOXLG��&)5)��DQG�HQ]\PHV�DVVRFLDWHG�ZLWK�WKH�EDFWHULD�FHOO��($%&���6DPSOHV�RI�65):3�DQG�($&%�FRQWDLQHG�KLJKHU�HQ]\PH�DFWLYLW\�WKDQ�&)5)��EXW�LQGLYLGXDO�HQ]\PHV�LQ HDFK�IUDFWLRQ�VKRZHG�GLIIHUHQW�DFWLYLWLHV��([FHSW�IRU�SURWHLQ�GLHW�LQ�DP\ODVH�DFWLYLW\��($&%�IUDFWLRQ��RWKHU�IUDFWLRQV��1R�VLJQLILFDQW�GLIIHUHQFH�ZDV�REVHUYHG�EHWZHHQ�GLHWV���.H\�ZRUG��HQ]\PHV��UXPHQ��LVRDFLGV��XUHD��DQG�VKHHS��
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FWLRQ� �FRPSOH[LW\� RI� WKH�GLJHVWLYH�SURFHVV�QDQWV� LV�ZHOO� UHFRJQL]HG�E\�DOO�ZKR�LWK�UDWLRQ�EDODQFLQJ�LQ�WKRVH�VSHFLHV���Q� LV� D� WZR� VWHS� SURFHVV�� ILUVW� E\�V�LQ�WKH�UXPHQ��DQG�VHFRQGO\�E\�WKH�LPDO� LQ� WKH� ORZHU� JXW�� 7KHUHIRUH� WR�QG� WKH� XWLOL]DWLRQ� RI� IHHGVWXIIV��ZH�� FRQVLGHU� WZR� HQWLUHO\� VHSDUDWH� EXW�HQGHQW� HFRV\VWHPV�� 7KH� UXPHQ� LV�

WKH� ILUVW� DQG� ODUJHVW�FRPSDUWPHQW� LQKDELWHG�E\�PLFURIORUD�DQG�PLFURIDXQD���7KH�UXPLQDO�PLFUREHV� LQFOXGH� D� ODUJH� YDULHW\� RI�EDFWHULDO�� SURWR]RDO� DQG� IXQJDO� VSHFLHV�PDNLQJ� WKH� UXPHQ� KDELWDW� TXLWH� FRPSOH[��7KHVH� PLFUREHV� WKURXJK� WKHLU� HQ]\PHV��3DWKDN� HW DO��� ������ SOD\� WKH� UROHV� LQ�GLJHVWLYH� SURFHVVHV�� &RQVLGHUDEOH� SURJUHVV�KDV� EHHQ� PDGH� WRZDUG� GHYHORSPHQW� RI�TXDQWLWDWLYH� UHODWLRQVKLSV� DPRQJ� WKH�FKHPLFDO� FRPSRVLWLRQ� RI� UXPLQDQW� IHHGV��
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G\QDPLF�DVSHFWV�RI�GLJHVWLRQ� LQ� WKH�UXPHQ��SURGXFWV� RI� GLJHVWLRQ� DEVRUEHG� E\� WKH�UXPLQDQW�� DQG�� PRVW� LPSRUWDQW�� KRZ� WKHVH�FDQ� EH� PDQLSXODWHG� WR� LPSURYH� DQLPDO�SURGXFWLYLW\� �'HKRULW\� DQG� 2USLQ�� ������'HKRULW\����������7KH� VSHFLILF� DFWLYLW\� RI� WKH� EDFWHULDO�SURWHLQDVH�ZDV���WR����WLPHV�KLJKHU�WKDQ�WKDW�RI�VHSDUDWHG�SURWR]RD�ZKHQ�HLWKHU�ZKROH�FHOOV�RU� FHOO� H[WUDFWV� ZHUH� DVVD\HG� �%URFN� HW� DO��������� 1XJHQW� DQG� 0DQJDQ�� ������� KDYH�UHSRUWHG� WKDW� WKH� SURWR]RDO� SRSXODWLRQ� PDGH�XS�OHVV�WKDQ�����RI�WKH�SURWHRO\WLF�DFWLYLW\�RI�ZKROH� UXPHQ� IOXLG�� 0RVW� RI� WKH� SURWHDVH� LV�FHOO�ERXQG� �3ULQV� HW� DO��� ������ 1XJHQW� DQG�0DQJDQ�� ������� DQG� RQO\� D� VPDOO� SRUWLRQ� LV�H[WUDFHOOXODU� �$JDUZDO� HW� DO��� ������� 7KH�PDMRU� SURWHRO\WLF� EDFWHULD� LQ� WKH� UXPHQ� DUH�VWDUFK� DQG� KHPLFHOOXORVH� GHJUDGLQJ� EDFWHULD��+D]OHZRRG� HW� DO��� ������ :DOODFH� DQG�%UDPPDO���������$P\ORO\WLF� EDFWHULD� DUH� RQH� RI� WKH� PDMRU�JURXSV� RI� EDFWHULD� SUHVHQW� LQ� WKH� UXPHQ� RQ�DQ\� GLHW�� EXW� WKH� QXPEHU� PD\� LQFUHDVH� WHQ�IROG�RQ�KLJK�VWDUFK�GLHWV��.DPUD�DQG�3DWKDN��������� 7KH� TXDOLW\� RI� HQ]\PH� YDULHV�GHSHQGLQJ� XSRQ� WKH� VXEVWUDWH� SUHVHQW� �&RWWD�	:KLWHKHDG���������7KH�REMHFWLYHV�RI�WKH�SUHVHQW�H[SHULPHQW�ZHUH� WR� VWXG\� WKH� HIIHFWV� RI� LVRDFLGV�� RLO��XUHD� DQG� SURWHLQ� RQ� SURWHDVH� DQG� DP\ODVH�DFWLYLWLHV�LQ�UXPHQ�IOXLG���0DWHULDOV�DQG�PHWKRGV�
�$QLPDOV�� )LYH�UDPV�EHWZHHQ����DQG����PRQWKV�RI�DJH�DQG�ERG\�ZHLJKW� �EHWZHHQ����±����NJ�������������ZHUH�VHOHFWHG�IRU�WKH�H[SHULPHQW���)RGGHU�
� 6XQ�GULHG��JRRG�TXDOLW\� UDJL� >ILQJHU�PLOOHW��(OHXVLQH� &RUDFDQD�@� VWUDZ� ZDV� FKRSSHG�ZLWK� KHOS� RI� D� KDQGFKRSSHU� LQWR� D� VL]H� RI�DERXW�ILYH�WR�VL[�FHQWLPHWHUV��6WUDZ�IRUPHG�����RI�UDWLRQV��

)HHG�� 7KH� LQJUHGLHQWV�XVHG� LQ� WKH�SUHSDUDWLRQ�RI�WKH� WRWDO�PL[HG�UDWLRQV��705V��DUH�VKRZQ�LQ�7DEOH�����7KH�H[SHULPHQWDO�GLHWV�FRQVLVWHG�RI�D FRQWURO� GLHW�� FRQWURO� GLHW� SOXV� RQH� SHUFHQW�PL[HG� LVRDFLGV� �L�&�� L�&�� &�� � DQG�SKHQ\ODFHWLF� DFLG� LQ� HTXDO� SURSRUWLRQV��� RLO�GLHW� �JURXQGQXW� RLO�� ��� PRUH� HWKHU� H[WUDFW�WKDQ�FRQWURO�GLHW���D�XUHD�GLHW�����PRUH�FUXGH�SURWHLQ� IURP� XUHD� WKDQ� FRQWURO� GLHW�� DQG� D�SURWHLQ� GLHW� ���� PRUH� FUXGH� SURWHLQ� IURP�JURXQGQXW�FDNH�WKDQ�FRQWURO�GLHW����0DQDJHPHQW�RI�IHHGLQJ�DQG�GXUDWLRQ���� 7KH� DPRXQW� RI� IHHG� RIIHUHG� LQ� WKH�DGDSWDWLRQ� SHULRG� WR� HDFK� VKHHS� ZDV�FDOFXODWHG� DFFRUGLQJ� WR� LWV� OLYH� ZHLJKW� WR�JLYH� QHDU� PDLQWHQDQFH� OHYHO�� � ,Q� WKLV�PDQQHU��WKH�DPRXQW�RI�IHHG�RIIHUHG�ZDV�����J DLU� GULHG�705� �7RWDO�0L[HG�5DWLRQ��SHU�GD\� IRU� HDFK� VKHHS�� 7KH� GLHWV� ZHUH� IHG�WZLFH� GDLO\� DW� ����� DQG������KRXUV��&OHDQ�JRRG� ZDWHU� ZDV� JLYHQ� DG� OLELWXP� DIWHU�IHHGLQJ�IRU�ò�KRXU�DQG�DIWHU�WKLV�WLPH�ZDWHU�ZDV�UHPRYHG��'XUDWLRQ� RI� HDFK� SHULRG� ZDV� ��� GD\V��ZLWK� ��� GD\V� RI� DGDSWDWLRQ� DQG� �� GD\� RI�VDPSOLQJ��$IWHU�WKLV�WLPH�WKH�UDWLRQ�RI�HDFK�VKHHS� ZDV� FKDQJHG� XQWLO� HDFK� VKHHS� KDG�UHFHLYHG�DOO�ILYH�UDWLRQV���6DPSOLQJ�RI�UXPHQ�FRQWHQWV�� $W����GD\V� LQWHUYDOV��UXPHQ�VDPSOHV�IURP�HDFK� DQLPDO� ZHUH� UHPRYHG� YLD� D� VWRPDFK�WXEH�ZLWK� WKH�KHOS�RI�D�YDFXXP�SXPS���WR���KU� DIWHU� PRUQLQJ� IHHGLQJ�� &RQLFDO� IODVNV� IRU�FROOHFWLRQ� RI� VDPSOHV� ZHUH� NHSW� LQ� DQ� LFH�EDWK�� DQG� DSSUR[LPDWHO\� ���� PO� RI� DOO�VDPSOHV� ZHUH� WUDQVIHUUHG� LPPHGLDWHO\� WR� WKH�ODERUDWRU\�� 5XPHQ� IOXLG� DORQJ� ZLWK� VRPH�SDUWLFOHV� ZDV� VWUDLQHG� WKURXJK� FRWWRQ� JDX]H�
DQG�FHQWULIXJHG�DW������u J IRU����PLQ��
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7DEOH����&RPSRVLWLRQ���RI�H[SHULPHQWDO�WUHDWPHQW���
&RQWURO� ,VRDFLG 2LO� 8UHD� 3URWHLQ

,QJUHGLHQW�,WHP� �5DJL�VWUDZ� ������ ������ ������ ������ ������0DL]H� ������ ������ ������ ������ ������*URXQGQXW�&DNH� ������ ������ ������ ������ ������5LFH�EUDQ� ������ ������ ������ ������ ������6R\EHDQ�PHDO� ������ ������ ������ ������ ������2LO��*URXQGQXW�� �� �� ������ �� ��8UHD� �� �� �� ������ ��,VRDFLG��� �� ����� �� �� ��9LWDPLQ���0LQHUDO�VXSSOHPHQW ����� ����� ����� ����� �����&DOFLWH� ����� ����� ����� ����� �����6DOW� ����� �� ����� ����� �����'LFDOFLXP�SKRVSKDWH� ����� ����� ����� ����� ������&RPSRVLWLRQ��'0�EDVLV�� �'0���� ������ ������ ������ ������ ������0(��0FDO�NJ���� ������ ������ ������ ������ ������7'1����D� ������ ������ ������ ������ ������&3����� ������ ������ ������ ������ ������',3���D� ������ ������ ������ ������ ������8,3����D� ������ ������ ������ ������ ������((����� ������ ������ ������ ������ ������1)(����� ������ ������ ������ ������ ������$VK����� ������ ������ ������ ������ ������&)����� ������ ������ ������ ������ ������$')����� ������ ������ ������ ������ ������&HOOXORVH����� ������ ������ ������ ������ ������&D����D� ������ ������ ������ ������ ������3 ���D� ������ ������ ������ ������ ������
� ,VRDFLGV�LQFOXGHG�RI�,�&���,�&���&��DQG�SKHQ\ODFHWLF�DFLG�LQ�HTXDO�SURSRUWLRQV��
��)URP�QXWULHQW�UHTXLUHPHQWV�RI�VKHHS��15&���������2QO\�GDWD�UHODWHG�WR�UDJL�VWUDZ�KDV�EHHQ�WDNHQ�IURP�5DQMKDQ������������7KH� VXSHUQDWDQW� IOXLG� ZDV� FDUHIXOO\�GHFDQWHG�DQG�GLYLGHG�LQWR�WZR�SDUWV��2QH�SDUW�

ZDV� VWRUHG� LQ� ±���� q&� LQ� OLTXLG� QLWURJHQ� IRU�IXWXUH� DQDO\VLV� �0RKDUUHU\� DQG� 'DV�� ����D��DQG� ZDV� GHVLJQDWHG� VWUDLQHG� UXPHQ� IOXLG�ZLWKRXW� SURWR]RD� �65):3��� 7KH� RWKHU� SDUW�
����PO��ZDV�FHQWULIXJHG�DJDLQ��������u J�����PLQ�� DQG� VXSHUQDWDQW� IOXLG� ZDV� FDUHIXOO\�
GHFDQWHG� DQG� VWRUHG� LQ� ±���� q& DQG�GHVLJQDWHG�FHOO�IUHH�UXPHQ�IOXLG��&)5)���7KH�UHVXOWLQJ� SHOOHW� ZDV� UHVXVSHQGHG� LQ� EXIIHU�VROXWLRQ� �0RKDUUHU\�� ������ DQG� WKLV�

VXVSHQVLRQ� ZDV� FHQWULIXJHG� ������� u J�� ���PLQ��� $IWHU� GHFDQWLQJ� WKH� VXSHUQDWDQW� IOXLG��WKH�SHOOHW�ZDV�UHVXVSHQGHG�WR�RQH�ILIWK�RI�WKH�RULJLQDO� YROXPH� LQ� EXIIHU� VROXWLRQ� DQG� FHOOV�ZHUH� EURNHQ� E\� ILYH� ���VHFRQG� SHULRGV� RI�VRQLFDWLRQ�ZLWK� ���V� LQWHUYDOV� XQGHU� LFH� EDWK�FRQGLWLRQV�� � 6RQLFDOO\�GLVUXSWHG� FHOOV� ZHUH�
FHQWULIXJHG�DW�������uJ IRU����PLQ��7KH�FOHDU�VXSHUQDWDQW� ZDV� VWRUHG� DW� ±���� &R DQG�GHVLJQDWHG� HQ]\PH� DVVRFLDWHG� ZLWK� FHOO�HQYHORSH��($&%����

(PLU� -��$JULF��6FL�����������������������
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'HWHUPLQDWLRQ�RI�UXPHQ�HQ]\PHV�� 7KH� DVVD\� SURFHGXUH� IRU� SURWHDVH� ZDV�EDVHG� RQ� WKH�PHWKRG� RI�%ODFNEXUQ� ��������$ XQLW�RI�SURWHRO\WLF�DFWLYLW\�ZDV�GHILQHG�DV�WKH� DPRXQW� RI� HQ]\PH�� ZKLFK� ZRXOG�
VROXELOL]H� WKH�HTXLYDOHQW�RI�����PJ W\URVLQH�LQ ��PLQ��7KH� DVVD\� SURFHGXUH� IRU� DP\ODVH� ZDV�EDVHG�RQ�3DWKDN�HW�DO�� ��������7KH�HQ]\PH�DWWDFNV� � ����JOXFDQ�OLQNDJHV�RI�VWDUFK�DQG�JO\FRJHQ� DQG� UHOHDVHV�PDOWRVH�� LVRPDOWRVH��ODUJHU�ROLJRVDFFKDULGHV�DQG�JOXFRVH��7KH� �DP\ODVH� DFWLYLW\� LV� GHWHUPLQHG�FRORULPHWULFDOO\� E\� PHDVXULQJ� WKH� UDWH� RI�UHOHDVH� RI� UHGXFLQJ� VXJDU� GXULQJ� WKH�LQFXEDWLRQ� RI� HQ]\PH� ZLWK� VWDUFK� VROXWLRQ�
������(Q]\PH�DFWLYLW\�ZDV�H[SUHVVHG�DV�PJUHGXFLQJ� VXJDUV� �JOXFRVH�� UHOHDVHG� SHU�PLQ�SHU� PO� VDPSOH�� $OO� HQ]\PH� DFWLYLW\�PHDVXUHPHQWV� ZHUH� SHUIRUPHG� DW� OHDVW� LQ�GXSOLFDWH�� �6WDWLVWLFDO�DQDO\VLV��7KLV� H[SHULPHQW�ZDV� GHVLJQHG� DV� D� �î��/DWLQ� VTXDUH�� $OO� GDWD� IURP� HDFK� YDULDEOH�ZHUH�DQDO\]HG�ZLWK�WKH�*/0�SURFHGXUHV�RI�6$6� �������� :KHQ� VLJQLILFDQW� �3�� ������HIIHFWV�ZHUH�GHWHFWHG��PHDQV�ZHUH�VHSDUDWHG�E\�D�'XQFDQ�WHVW���

5HVXOWV��(VWLPDWLRQ�RI�HQ]\PH�DFWLYLW\�LQ�65):3�7KH�HIIHFW�RI� WKH�GLIIHUHQW� WUHDWPHQWV�RQ�HQ]\PH� DFWLYLW\� RQ� UXPHQ� KDV� EHHQ�SUHVHQWHG� LQ� 7DEOH� ��� 1R� VLJQLILFDQW�GLIIHUHQFH�ZDV�GHWHFWHG�EHWZHHQ�WUHDWPHQWV�IRU�SURWHDVH�DFWLYLWLHV��3�!�������$P\ORO\WLF�DFWLYLW\� LV�VKRZQ�LQ�7DEOH����+LJKHVW�YDOXH�ZDV� RQ� WKH� XUHD� WUHDWPHQW� DQG� WKH� ORZHVW�YDOXH� ZDV� RQ� WKH� SURWHLQ� GLHW�� 7KLV�GLIIHUHQFH� ZDV� VLJQLILFDQW� �3� �� ������� 7KH�RWKHU� WUHDWPHQWV� ZHUH� DOVR� VLJQLILFDQWO\�GLIIHUHQW� IURP� WKH� SURWHLQ� WUHDWPHQW� �3� ���������(QHUJ\�DOVR�LQ�WKH�IRUP�RI�RLO�GLG�QRW�DIIHFW�DP\ORO\WLF�DFWLYLW\����$VVD\�RI�HQ]\PH�DFWLYLW\�LQ�&)5)�
� $IWHU�WKDZLQJ�WKH�&)5)�VDPSOHV�IURP�±���� R& WR� URRP� WHPSHUDWXUH�� HVWLPDWLRQ� RI�HQ]\PH� DFWLYLW\� ZDV� SHUIRUPHG� �7DEOH� ���3URWHDVH�DFWLYLW\�LV�DVVRFLDWHG�ZLWK�FHOO�DQG�LQ WKH�&)5)��7KLV�DVVD\�HYDOXDWHG�QRQ�FHOO�DVVRFLDWHG� SURWHDVH�� ZKLFK� ZDV� VHFUHWHG�IURP�FHOOV��7KH�SURWHLQ�GLHW�VKRZHG�WKH�KLJKHVW�YDOXH�RI�SURWHRO\WLF� DFWLYLW\� FRPSDUHG� ZLWK� RWKHU�WUHDWPHQWV��3����������7DEOH�����&UXGH�SURWHLQ�LQ� WKH� IRUP� RI� XUHD� GLG� QRW� DIIHFW� SURWHRO\WLF�DFWLYLW\��3�!���������

� 7DEOH����,QIOXHQFH�RI�GLIIHUHQW�WUHDWPHQWV�RQ�HQ]\PH�DFWLYLW\�LQ�65):3�
�

7UHDWPHQW� 3URWHDVH��8QLW�PO��
$P\ODVH�

�PJ JOXF��PLQ��PO��
&RQWURO� ��������������� �����D���������,VRDFLG� ��������������� �����D���������2LO� ��������������� �����D���������8UHD� �������������� �����D���������3URWHLQ� ��������������� ����E���������6(� ������ �����

�� 0HDQV��VWDQGDUG�GHYLDWLRQ����
�� 6WUDLQHG�UXPHQ�IOXLG�ZLWKRXW�SURWR]RD��6(��6WDQGDUG�(UURU�D��E��0HDQV�ZLWK�VDPH�OHWWHU�LQ�HDFK�FROXPQ�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW��3���������
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,Q� JHQHUDO�� DP\ODVH� DFWLYLW\� LQ� &)5)� LV������� OHVV� WKDQ�65):3��7DEOH� �� KDV� VKRZQ�KLJKHVW� DP\ORO\WLF� DFWLYLW\� IRU� LVRDFLG� DQG�ORZHVW� YDOXH� IRU� RLO� WUHDWPHQW���3����������7KH�RLO�WUHDWPHQW�FDXVHG�DERXW�����GHSUHVVLRQ� LQ� &)5)� DP\ODVH� DFWLYLW\� �3� ���������&UXGH�SURWHLQ�LQ�WKH�IRUP�RI�JURXQGQXW�FDNH��DOVR�UHGXFHG�DP\ODVH�DV�PXFK�DV�������FRPSDUHG�ZLWK�FRQWURO��3����������8UHD�DOVR�GLG�QRW� FKDQJH� DP\ORO\WLF� DFWLYLW\� FRPSDUHG�ZLWK�FRQWURO��3�����������$VVD\�RI�HQ]\PH�DFWLYLW\�LQ�($&%��($&%�DV� D� SDUW� RI� UXPHQ� IUDFWLRQV�ZDV�IRXQG� WR� KDYH� JUHDWHU� K\GURO\WLF� DFWLYLW\�WKDQ� &)5)� �7DEOH� �� DQG� ���� � (Q]\PH�

DFWLYLW\� LQ� WKLV� IUDFWLRQ� ZDV� FRPSDWLEOH� WR�65):3�� WKRXJK� QR� OLYH� FHOOV� ZHUH� IRXQG�JHQHUDOO\��SURWHRO\WLF�DFWLYLW\�LQ�($&%�ZDV����� WLPH�PRUH� WKDQ� LQ�&)5)�� �7KH�JUHDWHVW�DFWLYLW\� ZDV� RQ� WKH� SURWHLQ� GLHW� DQG� WKH�ORZHVW� YDOXH� ZDV� RQ� WKH� LVRDFLG� GLHW���'LIIHUHQFH� EHWZHHQ� KLJKHVW� DQG� ORZHVW�YDOXHV� ZDV� ������� EXW� ZDV� QRW� VLJQLILFDQW��3!��������$P\ORO\WLF� DFWLYLW\� LQ�($&%� LV�SUHVHQWHG�LQ�7DEOH����$�VLJQLILFDQW�GLIIHUHQFH�ZDV�VHHQ�EHWZHHQ� WKH� LVRDFLG� DQG� SURWHLQ� GLHWV��3�������� 1XPHULFDO� GLIIHUHQFHV� EHWZHHQ�RWKHU� GLHWV� ZHUH� ODUJH�� EXW� GXH� WR� KLJK�YDULDELOLW\� LQ� WKH�GDWD�� WKHVH�GLIIHUHQFHV�ZHUH�QRW�VLJQLILFDQW��3!��������
� 7DEOH����,QIOXHQFH�RI�GLIIHUHQW�WUHDWPHQWV�RQ�HQ]\PH�DFWLYLW\�LQ�&)5)��

7UHDWPHQW� 3URWHDVH��8QLW�PO��
$P\ODVH�

�PJ JOXF��PLQ��PO��
&RQWURO� �����E���������� �����D����������,VRDFLG� �����E���������� �����D���������2LO �����E���������� �����E���������8UHD� �����E���������� �����D����������3URWHLQ� �����D���������� �����E����������6( ������ �����

0HDQV��VWDQGDUG�GHYLDWLRQ����6WUDLQHG�UXPHQ�IOXLG�ZLWKRXW�SURWR]RD��6(�� 6WDQGDUG� (UURU�� D�E��� 0HDQV� ZLWK� VDPH� OHWWHU� LQ� HDFK� FROXPQ� DUH� QRW�VLJQLILFDQWO\�GLIIHUHQW���
7DEOH����,QIOXHQFH�RI�GLIIHUHQW�WUHDWPHQWV��RQ�HQ]\PH�DFWLYLW\�LQ��($&%��

7UHDWPHQW� 3URWHDVH��8QLW���PO��
$P\ODVH�

�PJ JOXF��PLQ��PO��
&RQWURO ��������������� �����DE���������,VRDFLG� ��������������� �����E���������2LO ��������������� ������DE����������8UHD� ��������������� �����DE���������3URWHLQ� ��������������� �����D����������6( ������ ������

0HDQV��VWDQGDUG�GHYLDWLRQ���6WUDLQHG�UXPHQ�IOXLG�ZLWKRXW�SURWR]RD��6(��6WDQGDUG�(UURU��0HDQV�ZLWK�VDPH�OHWWHU�LQ�HDFK�FROXPQ�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW���
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'LVFXVVLRQ�� 0RVW�RI�WKH�SURWHDVH�LV�FHOO�ERXQG��3ULQV�HW�DO���������1XJHQW�	�0DQJDQ���������DQG�RQO\�D VPDOO�SRUWLRQ��DERXW���������LV�H[WUDFHOOXODU��$JUDZDO�HW�DO�����������,Q�WKLV�UHJDUG��SURWHDVH�DFWLYLW\�LQ�65):3�DQG�($&%�ZDV�KLJKHU�WKDQ�&)5)���3URWHDVH�DFWLYLW\�LQ�&)5)�ZDV�KDOI�RI�65):3��7KH�REVHUYDWLRQ�WKDW�WKH�65):3�DQG�($&%� KDYH� VLPLODU� DFWLYLW\� LV� LQ� DJUHHPHQW�ZLWK� UHVXOWV� RI� &RWWD� DQG� +HVSHOO�� ���������7KH\�UHSRUWHG�WKDW�ERWK�WKH�FHOO�DVVRFLDWHG�DQG�FXOWXUH� IOXLG� DFWLYLWLHV� KDG� VLPLODU� SURSHUWLHV�ZLWK� UHVSHFW� WR� WHPSHUDWXUH� VWDELOLW\� DQG�RSWLPDO�S+��+RZHYHU��%ODFNEXUQ�DQG�+REVRQ��������� UHSRUWHG� WKDW� WKH�SURWHRO\WLF�DFWLYLW\�RI�ZKROH�UXPHQ�IOXLG�RI�VKHHS�GLG�QRW�GHSHQG�RQ�WKH� GLHW� RI� WKH� DQLPDOV�� 3URWHRO\WLF� DFWLYLW\� LQ�&)5)�ZDV� OHVV� WKDQ�65):3�DQG�($&%��EXW�WKHUH� ZDV� D� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ�WUHDWPHQWV� LQ�&)5)��)LYH�SHUFHQW�PRUH� FUXGH�SURWHLQ� WKDQ� FRQWURO� LQ� WKH� IRUP�RI�JURXQGQXW�FDNH� UHVXOWHG� LQ� ������ PRUH� SURWHRO\WLF�DFWLYLW\� WKDQ� FRQWURO� �3�� ������ LQ� &)5)�IUDFWLRQ�� 7KLV� UHVXOW� VKRZHG� WKDW� LQFUHDVLQJ�SURWHLQ�FRXOG�EH�DQ�HQKDQFLQJ�IDFWRU�IRU�PRUH�SURWHDVH�DFWLYLW\� LQ�FHOO� IUHH� IUDFWLRQ� LQ� UXPHQ�OLTXRU��7KH�SURWHLQ� LQ�JURXQGQXW�FDNH�LV�PRUH�WKDQ� ���� UXPLQDOO\� GHJUDGDEOH��.ULVKQDPRRUWK\� HW� DO��� ������ DQG� DIWHU�FRQVXPSWLRQ� RI� JURXQGQXW� FDNH�� D� ORW� RI�SURWHLQ� ZLOO� EH� GLVVROYHG� LQ� UXPHQ� IOXLG�� DQG�SURWHRO\WLF� EDFWHULD� KDYH� DQ� RSSRUWXQLW\� WR�GHJUDGH�LW��,Q�WKLV�UHJDUG��PRUH�VROXEOH�SURWHLQ�FDQ� EH� DQ� HQKDQFLQJ� IDFWRU� IRU� SURWHRO\WLF�EDFWHULD�WR�SURGXFH�PRUH�H[WUDFHOOXODU�HQ]\PH��7KLV� HIIHFW� LV�QRW� UHODWHG� WR� WKH� DYDLODELOLW\�RI�UXPLQDO� DPPRQLD�� EHFDXVH� WKH� XUHD� GLHW� GLG�QRW� VKRZ� PRUH� SURWHRO\WLF� DFWLYLW\� WKDQ�FRQWURO�� 5HVXOWV� VKRZHG� WKDW� DERXW� ���� RI�SURWHDVH� ZHUH� H[WUDFHOOXODU� HQ]\PHV�� 7KLV�UHVXOW� LV� LQ� DJUHHPHQW� ZLWK� 3ROORFN� ��������%ODFNEXUQ� ������� VKRZHG� WKDW� H[WUDFHOOXODU�SURWHDVH� UHOHDVHG� WR� PHGLXP�ZDV� ����ZKLOH�$JUDZDO�HW�DO���������UHSRUWHG�WKDW�WKLV�DPRXQW�LV� �������� � :LWK� SURYLGLQJ� VXEVWUDWH� IRU�SURWHRO\WLF� EDFWHULD�� WKHLU� JURZWK� ZRXOG� EH�HQKDQFHG�DQG�WRWDO�PDVV�RI�WKHVH�W\SH�EDFWHULD�

FRXOG� EH� LQFUHDVHG�� 7KLV� ZDV� UHSRUWHG� HDUOLHU�E\�0RKDUUHU\� DQG�'DV� �����E���2Q� WKH� RWKHU�KDQG�� SURWHRO\WLF� EDFWHULD� KDYH� FHOO�DVVRFLDWHG�SURWHDVH� ZKLFK� LV� UHOHDVHG� WR� EXIIHU� DIWHU�VRQLFDWLRQ�� � )RU� WKLV� UHDVRQ�� PRUH� SURWHRO\WLF�DFWLYLW\� ZDV� VHHQ� LQ� SURWHLQ� GLHW� UDWKHU� WKDQ�RWKHU� WUHDWPHQWV� LQ� ($&%�� WKRXJK� WKLV�GLIIHUHQFH�ZDV�QRW�VLJQLILFDQW��3!��������5HVXOWV� IURP�7DEOH� �� DQG��� VKRZHG�PHDQ�YDOXHV� RI� DP\ORO\WLF� DFWLYLW\� LQ� DOO� GLHWV� LQ�&)5)� WKDW� ZHUH� DSSUR[LPDWHO\� ���� RI� WKH�DFWLYLW\� LQ� 65):3�� ,Q� 65):3�� ZLWK� WKH�H[FHSWLRQ�RI� WKH�SURWHLQ�GLHW�� RWKHU� WUHDWPHQWV�KDG� VLPLODU� YDOXHV� LQ� DP\ORO\WLF� DFWLYLW\��WKRXJK� XUHD� WUHDWPHQWV� ZHUH� KLJKHU� WKDQ� WKH�RWKHUV� ZHUH�� 7KHVH� UHVXOWV� DUH� LQ� DJUHHPHQW�ZLWK� 6O\WHU� HW� DO�� ������� ZKR� IRXQG� XUHD�IHG�VWHHUV� FRQWDLQHG� D� JUHDWHU� FRQFHQWUDWLRQ� RI�DP\ORO\WLF� EDFWHULD�� � +RZHYHU� LQ� WKH� SUHVHQW�H[SHULPHQW� WKH� SURWHLQ� GLHW� KDG� KDOI� WKH�DP\ORO\WLF� DFWLYLW\� RI� WKH� XUHD� WUHDWPHQW� DQG�WKLV�GLIIHUHQFH�ZDV�VLJQLILFDQW��3����������7KH�UHDVRQV�IRU� WKLV�ZHUH�QRW�FOHDU�DOWKRXJK�LQ�WKH�ODWWHU�FDVH��PDL]H�JUDLQ�ZKLFK�SURYLGHG�VWDUFK�LQ� WKH�UDWLRQV�� LQ�SURWHLQ�DQG�RLO�GLHWV�ZDV�����DQG�����OHVV�WKDQ�FRQWURO�LQ�WKH�SURWHLQ�DQG�RLO�GLHWV�� UHVSHFWLYHO\�� )RU� WKLV� UHDVRQ� VSHFLILF�DP\ORO\WLF� EDFWHULD� LQ� UXPHQ� IOXLG� RQ� WKH�SURWHLQ� GLHW� PD\� QRW� KDYH� KDG� HQRXJK�VXEVWUDWH�� DQG� WKLV� WUHDWPHQW� VKRZHG� ORZHVW�DFWLYLW\� DPRQJ� DOO� GLHWV�� � ,Q� WKLV� UHJDUG�DP\ORO\WLF� DFWLYLW\� LQ� &)5)� IRU� WKH� SURWHLQ�GLHWV�ZDV�DOVR�WKH�ORZHVW�RI�DOO�GLHWV���9DOXHV�LQ�&)5)� DUH� D� UHIOHFWLRQ� RI� H[WUDFHOOXODU�HQ]\PHV���:KHQ�VXEVWUDWH�IRU�DP\ODVH�DFWLYLW\�LV� OHVV� LQ� ZKROH� UXPHQ� IOXLG�� H[LVWHQFH� RI�H[WUDFHOOXODU� HQ]\PH� DOVR� UHPDLQHG� DW� D� ORZ�OHYHO�� WKHUHIRUH� WKH�QHW� UHVXOW�RI� WKLV� VHTXHQFH�JDYH�ORZHU�DFWLYLW\�LQ�FHOO�IUHH�IUDFWLRQ��,Q� WKH� ($&%� IUDFWLRQ� WKH� VLWXDWLRQ� ZDV�GLIIHUHQW�� *HQHUDOO\�� SURWHRO\WLF� EDFWHULD� VXFK�DV�%�� DP\ORSKLOXV� DQG�%�UXPLQLFROD� �+REVRQ�	 :DOODFH�� ������ DQG� 6�� ERYLV� �:DOODFH� 	�%UDPPDO�� ������ LQFOXGHG� VWDUFK� K\GURO\]LQJ�EDFWHULD��0RUH�WKDQ�����RI�DP\ORO\WLF�DFWLYLW\�LV� FHOO� ERXQG� LQ� 6�� ERYLV� ZKHQ� VWDUFK� LV� WKH�VXEVWUDWH��&RWWD���������2Q�WKH�RWKHU�KDQG��WKH�SURWHLQ�GLHW� LV� DQ� HQKDQFLQJ� IDFWRU� IRU�JURZWK�
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RI� WKHVH�W\SHV�RI�EDFWHULD��6LQFH�WKHVH�EDFWHULD�KDYH� DP\ORO\WLF� DQG� SURWHRO\WLF� DFWLYLWLHV�WRJHWKHU�� DIWHU� VRQLFDWLRQ�� HQ]\PH� ZLWK� FHOO�HQYHORSH�ZLOO� UHOHDVH� LQ� WKH�EXIIHU��7KHUHIRUH��DP\ODVH� DV� ZHOO� DV� SURWHDVH� ZLOO� UHOHDVH� LQ�PHGLXP� DQG� VKRZ� DFWLYLW\�� ,Q� WKH� SUHVHQW�VWXG\�� WKH� QHW� UHVXOW� RI� UHOHDVLQJ� RI� WKHVH�HQ]\PHV� LQGLFDWHV� WKH� KLJKHVW� DP\ODVH� DQG�SURWHDVH� DFWLYLWLHV� LQ� ($&%� IUDFWLRQ� RI� WKH�SURWHLQ� GLHW� �3�� ������� 7KH� KLJKO\� FRUUHODWLRQ�FRHIILFLHQW� EHWZHHQ� DP\ODVH� DQG� SURWHDVH�DFWLYLW\� UHSRUWHG� E\� 0RKDUUHU\� ������� LV� LQ�DJUHHPHQW�ZLWK�WKLV�UHVXOW���
&RQFOXVLRQ��� $Q\�DWWHPSW�WR�LPSURYH�UXPLQDQW�QXWULWLRQ�PXVW�WDNH�LQWR�DFFRXQW�WKH�IDFW�WKDW�DOWHUDWLRQ�LQ� IHHG� FRPSRVLWLRQ�ZLOO� OHDG� WR� D� FKDQJH� LQ�WKH� UXPLQDO� HFRV\VWHP�� DQG� WKLV� ZLOO�LQYDULDEO\� UHVXOW� LQ� DOWHUDWLRQ� RI� GLJHVWLELOLW\�RI�IHHG�PDWHULDO�LQ�ZKROH�WUDFW���,Q�WKLV�UHJDUG�RLO� RU� HWKHU� H[WUDFW� DW� D� OHYHO� RI� ��� RI� GU\�PDWWHU� DW� PDLQWHQDQFH� OHYHO� GLG� QRW� VKRZ�QHJDWLYH� HIIHFWV� RQ� DP\ODVH� DQG� SURWHDVH�DFWLYLWLHV��7KH�LVRDFLG�DW�WKH�OHYHO�XVHG�LQ�WKLV�VWXG\�FRXOG�QRW�VKRZ�LVRDFLG�DV�DQ�HQKDQFLQJ�IDFWRU� IRU� SURWHRO\WLF� RU� DP\ORO\WLF� EDFWHULD��&UXGH�SURWHLQ� IURP�XUHD�DQG�JURXQGQXW�FDNH�VKRZHG� WKDW� WKH\� KDYH� GLIIHUHQW� HIIHFWV� RQ�SURWHDVH� DQG� DP\ODVH� DFWLYLWLHV� LQ� YDULRXV�IUDFWLRQV�RI�UXPHQ�IOXLG���5HIHUHQFHV��$JDUZDO�� 1��� 1�� .HZDOUDPDQL�� '�1�� .DPUD��'�� .�� $JDUZDO�� DQG� .�� 1DWK�� ������+\GURO\WLF� HQ]\PHV� RI� EXIIDOR� UXPHQ��FRPSRVLWLRQ� RI� FHOO� IUHH� UXPHQ� IOXLG��EDFWHULDO� DQG� SURWR]RDO� IUDFWLRQV��%XIIDOR��-����������������%ODFNEXUQ��7��+��������3URWHDVH�SURGXFWLRQ�E\�%DFWHURLG� DP\ORSKLOXV� VWUDLQ� +���� -��*HQ��0LFURE��������������%ODFNEXUQ�� 7�� +�� DQG� 3�� 1�� +REVRQ�� ������,VRODWLRQ�RI�SURWHRO\WLF�EDFWHULD�IURP�WKH�

UXPHQ�RI�VKHHS��-��*HQ��0LFURE���������������%URFN�� 3�� 0��� &�� :�� )RUVEHUJ� DQG� -�� *��%XFKDQDQ�6PLWK�� ������ 3URWHRO\WLF�DFWLYLW\� RI� UXPHQ� PLFURRUJDQLVPV� DQG�HIIHFWV� RQ� SURWHLQDVH� LQKLELWRUHV��$SSO�(QYLU�0LFURE���������������&RWWD�� 0�$�� ������ $P\ORO\WLF� DFWLYLW\� RI�VHOHFWHG� VSHFLHV� RI� UXPLQDO� EDFWHULD���$SSO��(QYLU��0LFURE���������������&RWWD�� 0�$�� DQG� 5�� %�� +HVSHOO�� ������3URWHRO\WLF�DFWLYLW\�RI�UXPLQDO�EDFWHULXP�%XW\ULYLEULR� ILEULVROYHQV�� � $SSO�� (QYL��0LFURE�������������&RWWD�� 0�$��� DQG� 7�� 5�� :KLWHKHDG�� ������5HJXODWLRQ� DQG� FORQLQJ� RI� WKH� JHQH�HQFRGLQJ� DP\ODVH� DFWLYLW\� RI� UXPLQDO�EDFWHUXP� 6WUHSWRFRFXV� ERYLV�� $SSO��(QYL��0LFURE���������������'HKRULW\�� %�� $�� 	� &�� *�� 2USLQ�� �������'HYHORSPHQW�RI��DQG�QDWXUDO� IOXFWXDWLRQ�LQ��UXPHQ�PLFURELDO�SRSXODWLRQ��,Q��3�1��+REVRQ� �HG���� 3� ����� 7KH� UXPHQ�0LFURELDO� (FRV\VWHP�� (OVHYLHU� $SSOLHG�6FLHQFH��/RQGRQ���'HKRULW\�� %�$�� ����� 0LFURELDO� LQWHUDFWLRQ� LQ�WKH� UXPHQ�� 5HY�� )DF�� $JURQ�� �/8=��������������+D]OHZRRG�� � *�3��� *�� $�� -RQHV�� DQG� -�� /��0DQJDQ�� ������ +\GURO\VLV� RI� OHDI�IUDFWLRQ�� � ��� 3URWHLQ� E\� WKH� SURWHRO\WLF�UXPHQ� EDFWHULXP� � %DFWHURLGHV�UXPLQLFROD�5�������-��*HQ��0LFURE�����������������+REVRQ�� 3�1�� DQG� -�� 5�� :DOODFH�� ������0LFURELDO� HFRORJ\� DQG� DFWLYLWLHV� LQ� WKH�UXPHQ��SDUW�,��&ULW���5HY��0LFURE��������������.DPUD�� '�1�� DQG� 1�� 1�� 3DWKDN�� ������1XWULWLRQDO� 0LFURELRORJ\� RI� )DUP�
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$QLPDOV�� �9LNDV�3XEOLVKLQJ�+RXVH��3YW��/WG���,QGLD���.ULVKQDPRRUWK\�� 8��� +�� 6ROOHU�� +�� 6WHLQJDVV��DQG� .�� +�� 0HQNH�� ������ (QHUJ\� DQG�SURWHLQ�HYDOXDWLRQ�RI�WURSLFDO�IHHG�VWXIIV�IRU�ZKROH�WUDFW�DQG�UXPLQDO�GLJHVWLRQ�E\�FKHPLFDO� DQDO\VHV� DQG� UXPHQ� LQRFXOXP�VWXGLHV� LQ� YLWUR� $QLP�� )HHG� 6FL�� 7HFK����������������0RKDUUHU\��$��DQG�7��.��'DV������D��(IIHFW�RI�VORZ� � IUHH]LQJ� RQ� VROXELOLW\� RI� DQLPDO�SURWHLQ�� �9RO�� ,,��6FLHQWLILF�3URFHHGLQJV���6HFRQG� 3DQ� &RPPRQ� :HDOWK�9HWHULQDU\�&RQIHUHQFH��������)HEUXDU\���%DQJDORUH��,QGLD���0RKDUUHU\�� $�� DQG� 7�� .�� 'DV�����E��%LRWHFKQRORJLFDO� XWLOLW\� RI� LVRDFLGV� LQ�DQLPDO�IHHG�LQGXVWU\��3URFHHGLQJV�RI��WK�,QWHUQDWLRQDO� )RRG� &RQYHQWLRQ�� ������1RYHPEHU�������0\VRUH��,QGLD���0RKDUUHU\�� $�� ������ 6WXG\� RI� HQ]\PHV��XUHDVH��FHOOXODVH��SURWHDVH��DP\ODVH�DQG�OLSDVH�� DFWLYLW\� LQ� WKH� UXPHQ� DIWHU�LQFRUSRUDWLQJ� LVRDFLG�� RLO�� XUHD� DQG�SURWHLQ� VXSSOHPHQW� LQ� WKH� UXPHQ� RI�VKHHS�� 3K�'�� 7KHVLV�� 8QLYHUVLW\� RI�$JULFXOWXUDO�6FLHQFHV��%DQJDORUH��,QGLD���15&� ������ 1XWULHQW� 5HTXLUHPHQWV� RI� 6KHHS��6L[WK�UHYLVHG�HGLWLRQ��1DWLRQDO�$FDGHP\�3UHVV��:DVKLQJWRQ�'�&���1XJHQW�� -�� +�� $�� DQG� -�� /�� 0DQJDQ�� ������&KDUDFWHULVWLFV� RI� WKH� UXPHQ�SURWHRO\VLV�

RI� IUDFWLRQ� �� ���6�� OHDI� SURWHLQ� IURP�OXFHUQH� �0HGLFDJR� VDWLYD� /���%ULWLVK�� -��1XWU��������������3DWKDN�� 1�� 1��� '�� 1�� .DPUD�� DQG� 5�� &��-DNKRPROD�� ������$QDO\WLFDO� 7HFKQLTXHV�LQ� $QLPDO� 1XWULWLRQ� 5HVHDUFK��,QWHUQDWLRQDO�%RRN�'LVWULEXWLQJ�&R���,QGLD���3ROORFN��0�� 5�� ������ ([RHQ]\PHV�� � ,Q�� ,�� &��*XQVDOXV��	�5��<��6WDLQHU���(G���9RO�����S������ 7KH� %DFWHULD�� 1HZ� <RUN� DQG�/RQGRQ��$FDGHPLF�SUHVV��,QF���3ULQV�� 5�� $�� '�� /�� 9DQ� 5KHHQHQ�� DQG� $�� 7��9DQNORRVWHU�� ������ &KDUDFHUL]DWLRQ� RI�PLFURELDO� SURWHRO\WLF� HQ]\PHV� LQ� WKH�UXPHQ���$QW��9DQOHHZDQ��������������5DQMKDQ��6��.��������$QLPDO�1XWULWLRQ�LQ�7KH�7URSLFV�� 7KLUG� HG��� 9LNDV� 3XEOLVKLQJ�+RXVH��3YW��/WG��'HOKL��,QGLD���6$6�� ������6$6�XVHU¶V� JXLGH�� VWDWLVWLFV��6$6�,QVW���,QF���1��&��&DU\���6O\WHU��/�/���5��5��2OWLJHQ��'��/��.HUQ��DQG�-��0�� :HDYHU�� ������ 0LFURELDO� VSHFLHV�LQFORGLQJ�XUHRO\WLF�EDFWHULD� IURP� UXPHQ�RI� FDWWOH� IHG� SXULILHG� GLHWV�� -�� 1XWU���������������:DOODFH��5�-�� DQG�0��/��%UDPPDO��������7KH�UROH� RI� GLIIHUHQW� VSHFLHV� RI� EDFWHULD� LQ�WKH� K\GURO\VLV� RI� SURWHLQ� LQ� WKH� UXPHQ���-��*HQ��0LFURER���������������
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