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EHHQ� HFRORJLFDOO\� XQVRXQG�� OHDGLQJ� WR� VXFK�GLVDGYDQWDJHV� DV� LQVHFW� SHVW� UHVLVWDQFH��RXWEUHDNV�RI�VHFRQGDU\�SHVWV��DGYHUVH�HIIHFWV�RQ� QRQ�WDUJHW� RUJDQLVPV�� REMHFWLRQDEOH�SHVWLFLGH� UHVLGXHV�� DQG�GLUHFW�KD]DUGV� WR� WKH�XVHU� �6PLWK�� ������� � 7KH� PLVXVH�� RYHUXVH��DQG� XQQHFHVVDU\� XVH� RI� LQVHFWLFLGHV� KDYH�EHHQ� WKH� PRVW� LPSRUWDQW� IDFWRUV� LQ� WKH�JURZWK� RI� LQWHUHVW� LQ� SHVW� PDQDJHPHQW��WKHUHIRUH�� ZH� QHHG� WR� PD[LPL]H� WKH�DGYDQWDJHV�RI� WKHLU�XVH�DQG�WR�PLQLPL]H�WKH�GLVDGYDQWDJHV�� � ,W� VKRXOG� DOZD\V� EH�UHPHPEHUHG� WKDW� WKH� DSSOLFDWLRQ� RI�LQVHFWLFLGHV� UHSUHVHQWV� HQYLURQPHQWDO�FRQWDPLQDWLRQ� DQG� FDQ� EH� MXVWLILHG� RQO\�ZKHUH�EHQHILW�ULVN� UDWLRV�DUH�FOHDUO\� WLOWHG�LQ�IDYRU�RI�LQVHFWLFLGH�XVH����0DQ\�IDFWRUV�LQIOXHQFH�WKH�GLVWULEXWLRQ�DQG�IDWH�RI�SHVWLFLGHV�LQ�VRLO���7KHVH�LQFOXGH�DGVRUSWLRQ� WR� FOD\� DQG� RUJDQLF� PDWWHU��OHDFKLQJ� DQG� ZDVKLQJ� RII� E\� ZDWHU��HYDSRUDWLRQ� LQWR� WKH� DLU�� XSWDNH� E\� VRLO�RUJDQLVPV� RU� SODQWV��PRYHPHQW�ZLWK� UXQRII�ZDWHU�RU�HURGHG�VRLO��PLFURELDO�GHJUDGDWLRQ��DQG� FKHPLFDO� GHJUDGDWLRQ�� � 2I� SULPDU\�LPSRUWDQFH� LV� WKH� FKHPLFDO� QDWXUH� RI� WKH�SHVWLFLGH� DQG� WKH� VRLO� W\SH�� � ,I� ZH� DUH� WR�SUHGLFW�SRVVLEOH�HQYLURQPHQWDO�HIIHFWV�GXH�WR�SHVWLFLGH� XVH� XQGHU� (PLUDWL� ZHDWKHU�FRQGLWLRQV��RU�WR�PD[LPL]H�WKH�HIIHFWLYHQHVV�RI� VRLO�DFWLYH� SHVWLFLGHV�� WKH� SK\VLFDO� DQG�ELRORJLFDO�SURFHVVHV� LQ�(PLUDWL� VRLO�PXVW�EH�XQGHUVWRRG�� � 1RW� HQRXJK� GDWD� LV� NQRZQ�DERXW� WKHVH�SRLQWV�� �)URP�DQ�HQYLURQPHQWDO�VWDQGSRLQW�� LW� LV� LPSRUWDQW� WR� XQGHUVWDQG�ZKDW� SUHGRPLQDQW� PHFKDQLVPV� DIIHFW� WKH�WUDQVSRUW�DQG�IDWH�RI�SHVWLFLGHV��)URP�D�SHVW�FRQWURO� VWDQGSRLQW�� WKH� HIIHFWLYHQHVV�� UDWHV��DQG� IUHTXHQF\� RI� SHVWLFLGH� DSSOLFDWLRQ� DUH�GHSHQGHQW�SULPDULO\�RQ�VRUSWLRQ�SKHQRPHQD�DQG� WKH� WHQGHQF\� RI� WKH� SHVWLFLGH� WR� EH�GHJUDGHG����7KH� JUHDWHVW� SRWHQWLDO� IRU� XQLQWHQGHG�DGYHUVH� HIIHFWV� RI� SHVWLFLGHV� LV� WKURXJK�FRQWDPLQDWLRQ� RI� WKH� K\GURORJLF� V\VWHP��VSHFLILFDOO\� ZDWHU� LQ� WKH� DTXLIHUV�� ,Q� IDFW��

ZDWHU� LV�RQH�RI� WKH�SULPDU\�PHGLD� LQ�ZKLFK�SHVWLFLGHV� DUH� WUDQVSRUWHG� IURP� DSSOLFDWLRQ�DUHDV� WR� RWKHU� ORFDWLRQV�� 3HVWLFLGH�FRQWDPLQDWLRQ� RI� JURXQGZDWHU� LV� D� JOREDO�LVVXH� EHFDXVH� JURXQGZDWHU� LV� XVHG� IRU�GULQNLQJ� SXUSRVHV� E\� DERXW� ���� RI� WKH�SRSXODWLRQ�LQ�WKH�8QLWHG�6WDWHV���,Q�WKH�8$(��DERXW�����RI�WKH�WRWDO�ZDWHU�FRQVXPHG�JRHV�IRU� LUULJDWLRQ�� ZLWK� PRVW� RI� WKLV� ZDWHU�FRPLQJ�IURP�XQGHUO\LQJ�DTXLIHUV���3ULRU� WR� WKH� ����
V�� LW� ZDV� JHQHUDOO\�DVVXPHG� WKDW� VRLO� SURYLGHG� D� SURWHFWLYH��ILOWHU��WKDW�VWRSSHG�LQILOWUDWLQJ�FRQWDPLQDQWV�EHIRUH� WKH\� UHDFKHG� JURXQGZDWHU�� 7KH�GHWHFWLRQ� RI� SHVWLFLGHV� DQG� RWKHU�FRQWDPLQDQWV� LQ� JURXQGZDWHU�� KRZHYHU�� KDV�GHPRQVWUDWHG�WKDW�WKLV�LV�QRW�DOZD\V�WKH�FDVH��2YHU�����VWXGLHV�RI�SHVWLFLGH�RFFXUUHQFHV�LQ�JURXQGZDWHU�DQG�VRLOV�KDYH�EHHQ�FDUULHG�RXW�GXULQJ� WKH� SDVW� ��� \HDUV� �86*6� ZHE� VLWH���5HVXOWV� RI� WKHVH� VWXGLHV� UHYHDOHG� WKH�SUHVHQFH� RI� DW� OHDVW� ���� SHVWLFLGHV� DQG� ���WUDQVIRUPDWLRQ� SURGXFWV� LQ� JURXQGZDWHU��LQFOXGLQJ� FRPSRXQGV� IURP� HYHU\� PDMRU�FKHPLFDO� FODVV�� +RZHYHU�� WKHVH� VWXGLHV�VKRZHG� WKDW� GHWHFWHG� SHVWLFLGHV� DUH�FRPPRQO\� SUHVHQW� DW� ORZ� FRQFHQWUDWLRQV� LQ�JURXQG�ZDWHU�EHQHDWK�DJULFXOWXUDO�DUHDV��DQG�VHOGRP� H[FHHGHG� ZDWHU�TXDOLW\� VWDQGDUGV��)RU� WZR� RI� WKH� PXOWLVWDWH� VWXGLHV�� WKH�1DWLRQDO� 3HVWLFLGH� 6XUYH\� �86� (3$�� �����DQG� ������ DQG� WKH� PLGFRQWLQHQW�LQYHVWLJDWLRQ�E\�.ROSLQ�HW�DO��������D�DQG�E���WKH� PRVW� IUHTXHQWO\� GHWHFWHG� SHVWLFLGHV� LQ�JURXQGZDWHU� ZHUH� WUDQVIRUPDWLRQ� SURGXFWV��UDWKHU� WKDQ� SDUHQW� FRPSRXQGV�� 3HVWLFLGHV�WKDW� KDYH� EHHQ� GHWHFWHG� PRUH� IUHTXHQWO\�LQFOXGH� WKRVH� WKDW� KDYH� EHHQ� H[WHQVLYHO\�XVHG�� VXFK� DV� WULD]LQH� DQG� DFHWDQLOLGH�KHUELFLGHV��DQG�WKRVH�IRU�ZKLFK�VDPSOLQJ�KDV�EHHQ� PRVW� H[WHQVLYH� EHFDXVH� RI�FRQWDPLQDWLRQ� SUREOHPV� �DOGLFDUE� DQG� LWV�WUDQVIRUPDWLRQ� SURGXFWV�� '%&3�� DQG�HWK\OHQH� GLEURPLGH��� $OO� WKHVH� UHVXOWV� KDYH�IRFXVHG�DWWHQWLRQ�RQ� WKH�TXHVWLRQ�RI�KRZ�WR�

:��.DDNHK�HW�DO��

��



FRQWURO� SHVWV� ZLWKRXW� FRQWDPLQDWLQJ�JURXQGZDWHU���7KH� H[WHQW� RI� VRLO� FRQWDPLQDWLRQ�SRWHQWLDO� IURP� SHVWLFLGHV�� DQG� WUDQVSRUW� RI�SHVWLFLGHV� LV� QRW� IXOO\� XQGHUVWRRG� LQ� WKH�8$(�� � 2ULJLQDOO\� LW� ZDV� EHOLHYHG� WKDW�SHVWLFLGHV� ZHUH� QRW� D� WKUHDW� WR� VRLO� DQG�JURXQGZDWHU� VLQFH� DYDLODEOH� WHVWLQJ�WHFKQLTXHV� GLG� QRW� GHWHFW� FRQWDPLQDWLRQ���6WXGLHV� VXJJHVWHG� WKDW� HIIHFW� RI�PLFURRUJDQLVPV�� HQYLURQPHQWDO� IDFWRUV�� DQG�VRLO� GHJUDGDWLRQ� RU� DGVRUSWLRQ� ZHUH� WKH�FRPPRQ� SKHQRPHQD� IRU� PRVW� SHVWLFLGHV�EHIRUH� WKH\� FRXOG� UHDFK� JURXQGZDWHU�VRXUFHV�� � 3HVWLFLGHV� WKDW� GLG� HQWHU�JURXQGZDWHU� ZHUH� EHOLHYHG� WR� EH� UDSLGO\�GHFRPSRVHG�� �0RUH� UHFHQWO\�� KRZHYHU�� QHZ�GHWHFWLRQ� PHWKRGV� KDYH� VKRZQ� WKDW� VPDOO�DPRXQWV�RI�DJURFKHPLFDOV��LQFOXGLQJ�FHUWDLQ�SHVWLFLGHV�� FDQ� EH� OHDFKHG� LQ� VRPH�JURXQGZDWHU�ORFDWLRQV��7KH�REMHFWLYHV�RI�WKLV�VWXG\�ZHUH�WR�����GHWHUPLQH�WKH�H[WHQW��RI�SHVWLFLGH�XVH�LQ�WKH�8$(�� DQG� WKH� OHYHO�RI� KXPDQ�H[SRVXUH�DQG�WR[LFLW\� RI� WKHVH� SHVWLFLGHV�� ���� GHWHUPLQH�SHVWLFLGH� WUDQVSRUW� PHFKDQLVPV�� ����GHWHUPLQH� WKH� SURSHUWLHV� RI� SHVWLFLGHV� XVHG�LQ� WKH� 8$(�� ���� GHVFULEH� WKH� FKDUDFWHULVWLF�VRLOV� LQ� WKH�8$(�DQG�RWKHU�IDFWRUV�DIIHFWLQJ�SHVWLFLGH� PRELOLW\�� DQG� ���� UHYLHZ�UHJLVWUDWLRQ� DQG� UHJXODWLRQ� SURFHGXUHV� DQG�ULVN� DVVHVVPHQW� SURFHGXUHV� IRU� UHJLVWHUHG�SHVWLFLGHV�ZLWK� UHVSHFW� WR�KXPDQ�KHDOWK�DQG�WKH� HQYLURQPHQW�� � 5HFRPPHQGDWLRQV� IRU�SUHYHQWDWLYH�PHDVXUHV�WKDW�ZRXOG�UHGXFH�WKH�SRWHQWLDOV� IRU� SHVWLFLGHV� WR� UHDFK�JURXQGZDWHU�DUH�JLYHQ����([WHQW�RI�SHVWLFLGHV�XVH�LQ�WKH�8$(�� %DVLFDOO\�� SHVWLFLGHV� XVHG� LQ�8$(� IDOO�XQGHU�RQH�RI�WKH�IROORZLQJ�FODVVHV�RU�JURXSV�DFFRUGLQJ� WR� WKHLU� XVH�� LQVHFWLFLGHV��IXQJLFLGHV�� QHPDWLFLGHV�� DFDULFLGHV��URGHQWLFLGHV�� GHIROLDQWV�� JURZWK� UHJXODWRUV��HWF�� � 7DEOH� �� VKRZV� WKH� EUHDNGRZQ� RI� DOO�

UHJLVWHUHG� DJURFKHPLFDOV� LQ� WKH� 8$(� DQG�RYHUDOO� TXDQWLWLHV� LPSRUWHG�GXULQJ� WKH� \HDUV����������� �0LQLVWU\� RI� $JULFXOWXUH� DQG�)LVKHULHV����������,Q�WKH�8$(��D�WRWDO�RI�����SHVWLFLGHV� ZHUH� LPSRUWHG� DQG� UHJLVWHUHG�GXULQJ� WKH� \HDUV� ����������� ZHLJKLQJ�DSSUR[LPDWHO\� ������ WRQ�� ������ RI� ZKLFK�ZHUH� LQVHFWLFLGHV� XVHG� IRU� ERWK� DJULFXOWXUDO�DQG� SXEOLF� KHDOWK� SXUSRVHV�� � )XQJLFLGHV�DFFRXQWHG�IRU������2WKHU�W\SHV�RI�SHVWLFLGHV�FRQVWLWXWHG� WKH� UHPDLQLQJ� SHUFHQWDJH���������� $SSUR[LPDWHO\� ������ WRQ� RI�SHVWLFLGHV�ZHUH�LPSRUWHG�WR�WKH�8$(�GXULQJ�WKH� SHULRG� ����������� � 7DEOH� �� VKRZV� WKH�DPRXQW� RI� HDFK� W\SH� RI� UHJLVWHUHG� SHVWLFLGH�LQ� WKH� 8$(�� � ,QVHFWLFLGHV� �IRU� DJULFXOWXUDO�DQG� SXEOLF� KHDOWK� XVH�� KDYH� WKH� JUHDWHVW�VKDUH� LQ� WRWDO� DPRXQW� RI� ������ WRQ� IRU� RQO\����� SURGXFWV� RXW� RI� ���� UHJLVWHUHG�LQVHFWLFLGHV�� � )XQJLFLGHV� DFFRXQWHG� IRU� WKH�VHFRQG� ODUJHVW� TXDQWLW\� RI� SHVWLFLGHV�LPSRUWHG� �L�H�� ���� WRQ� IRU� RQO\� ��� SURGXFWV�RXW�RI�����UHJLVWHUHG�IXQJLFLGHV���7KH� GLIIHUHQFHV� LQ� WKH� DPRXQW� RI�SHVWLFLGHV� LPSRUWHG� GXULQJ� WKLV� SHULRG� PD\�EH� DWWULEXWHG� WR� D� YDULHW\� RI� IDFWRUV��LQFOXGLQJ� ZHDWKHU� FRQGLWLRQV�� YDULDWLRQV� LQ�SODQWHG� DFUHDJH�� FURS� SODQWLQJV�� DQG� SHVW�LQIHVWDWLRQV���7KH� DYHUDJH� FXOWLYDWHG� DUHD� LQ� 8$(�ZDV� UHSRUWHG�E\� WKH�0LQLVWU\�RI�$JULFXOWXUH�DQG� )LVKHULHV� ������� DV� DSSUR[LPDWHO\�������� KD� SHU� \HDU�� EHWZHHQ� �����������7DEOH����� �0RVW�SHVWLFLGHV�ZHUH�EHLQJ�XVHG�WR� FRQWURO� SHVWV� RQ� IUXLWV� �PDLQO\�GDWH�SDOP�DQG� FLWUXV��� YHJHWDEOHV�� FURSV� DQG� IRGGHUV��DQG� RUQDPHQWDO� WUHHV� DQG� VKUXEV� LQ�FXOWLYDWHG� ODQGV� DQG� JUHHQKRXVHV�� � 7KH�DYHUDJH�DPRXQW�RI�SHVWLFLGHV������RXW�RI�WKH����� UHJLVWHUHG� SURGXFWV�� XVHG� RQO\� IRU�DJULFXOWXUDO� SXUSRVHV� �WKLV� PDLQO\� LQFOXGHG�DJULFXOWXUDO� LQVHFWLFLGHV�� DJULFXOWXUDO�DFDULFLGHV�� IXQJLFLGHV�� KHUELFLGHV�� DQG�QHPDWLFLGHV��UHDFKHG�����WRQ�RI�SURGXFWV�SHU�\HDU��D�WRWDO�RI�������WRQ�IRU�WKH�WKUHH�\HDUV�����
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7DEOH�����1XPEHU�RI�UHJLVWHUHG�SHVWLFLGHV�DQG�TXDQWLWLHV�LPSRUWHG�WR�8$(�GXULQJ�WKH�\HDUV��������������� 4XDQWLWLHV��NJ��,PSRUWHG�GXULQJ������������1R��3HVWLFLGHV��3HVWLFLGH�7\SH� 1R��RI�5HJLVWHUHG�3HVWLFLGHV� ����� ����� ����� 7RWDO�
$��,QVHFWLFLGHV��$JULFXOWXUDO� ���� �������� �������� �������� ����������������%��6RLO�,QVHFWLFLGHV���1HPDWLFLGHV� ��� �� �� �� ��&��$FDULFLGHV��$JULFXOWXUDO� ��� ������� ������� ������� ������������'��,QVHFWLFLGHV��3XEOLF�+HDOWK� ���� ������� �������� �������� �������������(��)XQJLFLGHV� ���� �������� �������� �������� �������������)��%DFWHULFLGHV� �� � � � ��*��+HUELFLGHV� ��� ���� ������ ������ ����������+��5RGHQWLFLGHV� ��� ������� ������� ������� �������������,��1HPDWLFLGHV� ��� ������� ������� ������� �����������-��0ROOXVFLFLGHV� �� �� �� �� ��.��,QVHFWLFLGHV�	�0LWLFLGHV��9HWHULQDU\�� �� �� �� �� �/��6RLO�6WHULODQWV� �� �� �� �� �0��3ODQW�+RUPRQHV��*URZWK�5HJXODWRUV��HWF�� ��� �� �� �� �
1��6SUHDGHUV��6WLFNHUV��%XIIHUV��HWF�� ��� �� �� �� ��2��,QVHFW�3KHURPRQH�/XUHV� ��� �� � �� ��3��$FWLYH�,QJUHGLHQWV��IRU�ORFDO�SHVWLFLGHV�IRUPXODWLRQ� � �� �� �� ��
4��,QVHFWLFLGHV��ORFDOO\�PDQXIDFWXUHG� ��� �� �� �� ��5��,QVHFWLFLGHV���)HUWLOL]HUV� �� �� �� �� ��6��'HRGRUL]HUV� �� �� �� �� ��7��/HDI�6KLQH��)UXLW�DQG�9HJ��:D[��'LVLQIHFWDQWV�� � �� �� �� ��
7RWDO� ���� � � � ���������������������\HDU��

6RXUFH�� 7KH�0LQLVWU\�RI�$JULFXOWXUH�DQG�)LVKHULHV���$JULFXOWXUDO�$IIDLUV�6HFWRU��8$(���������
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7DEOH�����&XOWLYDWHG�DUHDV�LQ�WKH�8QLWHG�$UDE�(PLUDWHV���
&XOWLYDWHG�$UHD��+HFWDUH��

<HDU� )UXLWV� &URSV�	�)RGGHU 9HJHWDEOHV� *UHHQKRXVHV� 7RWDO������ �������� �������� ��������� ������ �������������� �������� �������� ��������� ������ �������������� �������� �������� ��������� ������ ���������7RWDO� ��������� ��������� ��������� ������ ����������$YH����\HDU �������� �������� ��������� ������ ���������
6RXUFH��0LQLVWU\�RI�$JULFXOWXUH�DQG�)LVKHULHV��������� 7KHVH�VWDWLVWLFDO� LQIRUPDWLRQ� LQGLFDWH� WKDW� WKH�DYHUDJH� DPRXQW�RI� SHVWLFLGHV�SHU�KHFWDUH�SHU�\HDU� LV� ����� NJ�� � ,W� VKRXOG� EH� VWDWHG� WKDW� WKH�RYHUDOO� XVDJH� RI� SHVWLFLGHV� LV� ���� NJ�KD� LQ�,QGLD������NJ�KD�LQ�86$������NJ�KD�LQ�(XURSH��DQG����NJ�KD�LQ�-DSDQ��5DR����������7KH�KLJK�DPRXQW� RI� SHVWLFLGHV� XVHG� SHU� KHFWDUH��FRPSDUHG� WR� RWKHU� DJULFXOWXUDO� FRXQWULHV�� LV�EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� DOO� LPSRUWHG�SHVWLFLGHV� ZHUH� XVHG� GXULQJ� WKH� \HDUV� ����������RQ�WKH�VSHFLILHG�FXOWLYDWHG�DUHD�UHSRUWHG�E\� WKH�0LQLVWU\� RI�$JULFXOWXUH� DQG� )LVKHULHV���������

+XPDQ�H[SRVXUH�DQG�WR[LFLW\�RI�SHVWLFLGHV�� $ SURVSHFWLYH� VWXG\� RI� DFXWH� SHVWLFLGH�SRLVRQLQJ�ZDV�SHUIRUPHG�LQ�7DZDP�DQG�$O�$LQ�KRVSLWDOV��$O�$LQ�0HGLFDO�GLVWULFW�RI�WKH�8$(�� IURP� �VW� RI� -DQXDU\� WR� ��WK� RI�'HFHPEHU������� �7KH�UHFRUGV�RI�DOO�SDWLHQWV�DWWHQGLQJ�WKH�HPHUJHQF\�URRP�RU�DGPLWWHG�WR�WKH� KRVSLWDO� DQG� JLYHQ� WKH� GLDJQRVLV� RI�SRLVRQLQJ� E\� WKH� SK\VLFLDQ� ZHUH� DVVHVVHG��'LUHFW� LQWHUYLHZV� ZHUH� DUUDQJHG� ZLWK� WKH�SDWLHQWV�RU�WKH�SDUHQWV��LQ�FDVH�RI�FKLOGUHQ��LI�WKH� GDWD� ZHUH� LQFRPSOHWH� LQ� WKH� SDWLHQWV¶�ILOHV�� 7KH� IROORZLQJ� LQIRUPDWLRQ� ZHUH�REWDLQHG�� DJH�� VH[�� QDWLRQDOLW\�� W\SH� RI�SRLVRQLQJ�� W\SH� RI� IRUPXODWLRQ� DQG� URXWH� RI�H[SRVXUH�� FRQWDLQHU�GHWDLOV��KLVWRU\�RI�HYHQW��WLPH� RI� SRLVRQLQJ�� SODFH� RI� SRLVRQLQJ�� WLPH�EHIRUH� PHGLFDO� DWWHQWLRQ�� ILUVW� DLG� LI�SHUIRUPHG�� KRVSLWDO� PDQDJHPHQW�� RXWFRPH�DQG�PRUELGLW\��

7KH�GDWD�FROOHFWHG�KHUH�UHSUHVHQW�DFXWH�SRLVRQLQJ��������&KURQLF�SRLVRQLQJ�ZDV�OHVV�FRPPRQ�DQG�DFFRXQWHG�IRU����RI�WKH�FDVHV��&KURQLF� FDVHV� DUH� SRRUO\� GLDJQRVHG� DW� WKH�LQLWLDO�KRVSLWDO�DGPLVVLRQ�DQG�PD\�EH�SDUW�RI�D EURDG� GLIIHUHQWLDO� GLDJQRVLV� SLFWXUH�� 7KH�GLDJQRVLV� LV� XVXDOO\� FRQILUPHG� DQG�HVWDEOLVKHG�DW�D�ODWHU�WLPH��'XULQJ�WKH�SHULRG�RI� WKH� VWXG\� WKHUH� ZHUH� ���� FDVHV� RI� DGXOW�SRLVRQLQJ� DQG� ���� FDVHV� RI� FKLOGKRRG�SRLVRQLQJ�� 2XW� RI� ���� DGXOW� SRLVRQLQJ�� ���ZHUH� GXH� WR� SHVWLFLGHV� �RQO\� �� DGXOW�LQFLGHQFHV� ZHUH� LQWHQWLRQDO� DQG� WKH�UHPDLQLQJ� ��� FDVHV� ZHUH� DFFLGHQWDO� RU�XQLQWHQWLRQDO� H[SRVXUHV��� 2XW� RI� ����SRLVRQLQJV�LQ�FKLOGUHQ�WKHUH�ZHUH����FDVHV�RI�SHVWLFLGH� H[SRVXUH� �WKHVH� FDVHV� ZHUH� DOO�DFFLGHQWDO� DQG� QRQH� ZHUH� LQWHQWLRQDO���$PRQJ� WKH� DJHQWV� LPSOLFDWHG� LQ� SHVWLFLGH�SRLVRQLQJ� ZHUH� LQVHFWLFLGHV�� URGHQWLFLGHV��KHUELFLGHV�DV�ZHOO�DV�IHUWLOL]HUV��7KHUH�ZHUH���LQFLGHQFHV� RI� IHUWLOL]HU� H[SRVXUH�� WZR�LQFLGHQFHV� RI� URGHQWLFLGHV� SRLVRQLQJ� DQG�RQO\�RQH�FDVH�RI�SDUDTXDW�LQJHVWLRQ�LQ�DGXOWV��,QVHFWLFLGHV� DFFRXQWHG� IRU� WKH� RWKHU� ���LQFLGHQFHV� RI� DFXWH� SHVWLFLGH� SRLVRQLQJV� LQ�DGXOWV�� 2UJDQRSKRVSKDWH� FRPSRXQGV� ZHUH�DPRQJ� WKH�PRVW�FRPPRQ�DJHQWV� UHSRUWHG� LQ�WKH� FDVH� RI� DGXOW� SRLVRQLQJ�� ,Q� FKLOGUHQ��S\UHWKUXP� FRPSRXQGV� ZHUH� FRPPRQO\�LPSOLFDWHG�� � 0RVW� H[SRVXUHV� RFFXUUHG� YLD�WRSLFDO� DQG� LQKDODWLRQ� URXWHV�� IROORZHG� E\�LQJHVWLRQ���1RQH�RI�WKHVH�SHVWLFLGH�H[SRVXUHV�ZHUH�IDWDO��DQG�KRVSLWDOL]DWLRQ�ZDV�QHHGHG�LQ�OHVV�WKDQ�����RI�WKH�FDVHV���
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$OWKRXJK� SHVWLFLGH� SRLVRQLQJ� LV�FRPPRQO\� LPSOLFDWHG� LQ� DFFLGHQWDO�SRLVRQLQJ�� WKH� SUHYDOHQFH� LV� FRPSDUDEOH� WR�PDQ\� GHYHORSHG� FRXQWULHV�� 7KH� IDFW� WKDW�8$(�LV�OHVV�DJULFXOWXUDO�PD\�LQGLFDWH�WKDW�WKH�LQFLGHQFH� RI� SHVWLFLGH� SRLVRQLQJ� LV� VOLJKWO\�KLJKHU� WKDQ� RWKHU� SODFHV�� ,QWHQWLRQDO�LQJHVWLRQ� LV� PXFK� ORZHU� FRPSDUHG� WR� 86$�DQG� PDQ\� RWKHU� FRXQWULHV�� 0RVW� DFFLGHQWDO�DQG� XQLQWHQWLRQDO� SRLVRQLQJV� DUH� OHVV�FRPSOLFDWHG� WKDQ� LQWHQWLRQDO�� DQG� HGXFDWLRQ�PD\� KHOS� LQ� IXUWKHU� UHGXFLQJ� WKH� LQFLGHQFH��'HVSLWH� WKH� KLJKHU� UDWH� RI� DFFLGHQWDO� FDVHV��WKH�RXWFRPH�ZDV�QRW�VHYHUH���7KH�GDWD�VWDWHG�DERYH�UHSUHVHQW�DFXWH�H[SRVXUHV�DQG�FKURQLF�FDVHV� PD\� EH� XQGHUHVWLPDWHG�� � 0DQ\�SRLVRQLQJ� SUREOHPV� PD\� QRW� EH� UHSRUWHG� WR�WKH�KRVSLWDOV�DQG�WKH�GDWD�PD\�EH�VNHZHG��� 7UDQVSRUW�PHFKDQLVPV�� ,Q� DGGLWLRQ� WR� WKHLU� DSSOLFDWLRQ� WR�WDUJHWHG� DUHDV�� SHVWLFLGHV� DUH� GLVFKDUJHG� WR�WKH�HQYLURQPHQW�WKURXJK�DFFLGHQWDO�VSLOOV�DQG�OHDNV�� DQG� WKURXJK� LPSURSHU� GLVSRVDO�� 7KH\�PD\� WKHQ� UHDFK� JURXQGZDWHU� QRW� RQO\� E\�OHDFKLQJ� WKURXJK� VRLO�� EXW� E\� D� YDULHW\� RI�RWKHU� URXWHV� DV� ZHOO�� 6RPH� RI� WKHVH� URXWHV�LQFOXGH� VHHSDJH� RI� FRQWDPLQDWHG� VXUIDFH�ZDWHU�LQWR�XQGHUO\LQJ�JURXQGZDWHU�UHVHUYRLUV�RU� �DTXLIHUV��� WUDQVSRUW� GRZQ� DEDQGRQHG� RU�SRRUO\� VHDOHG� ZHOOV�� DQG� LQMHFWLRQ� WKURXJK�ZHOOV�XVHG�WR�GLVSRVH�RI�DJULFXOWXUDO�RU�XUEDQ�UXQRII��86*6�ZHE�VLWH�����2QFH� UHOHDVHG� LQWR� WKH� HQYLURQPHQW��SHVWLFLGHV� VWDUW� WKHLU� WUDQVSRUW� SURFHVVHV��7KHVH� SURFHVVHV� DUH� VRPHWLPHV� HVVHQWLDO� IRU�SHVW� FRQWURO� DV� LV� WKH� FDVH� IRU� FHUWDLQ� SUH�HPHUJHQFH�KHUELFLGHV�WKDW�PXVW�PRYH�ZLWKLQ�WKH�VRLO�WR�UHDFK�WKH�JHUPLQDWLQJ�ZHHG�VHHGV��:DOGURQ� ������� +RZHYHU�� SHVWLFLGHV� PD\�PRYH� DZD\� IURP� WKH� WDUJHW� SHVW�� OHDGLQJ� WR�UHGXFHG� SHVW� FRQWURO�� LQMXU\� RI� QRQ�WDUJHW�VSHFLHV�LQFOXGLQJ�KXPDQV��DQG�FRQWDPLQDWLRQ�RI�VXUIDFH�DQG�JURXQG�ZDWHU��5HVHDUFK� VXJJHVWV� WKDW� WKH� PRYHPHQW�RI�SHVWLFLGHV�LQ�WKH�HQYLURQPHQW�LV�FRPSOH[��ZLWK� WUDQVIHUV� RFFXUULQJ� FRQWLQXDOO\� DPRQJ�

GLIIHUHQW� HQYLURQPHQWDO� FRPSDUWPHQWV��1HYHUWKHOHVV�� ZH� H[SORUH� KHUH� VHYHUDO�PHFKDQLVPV� WKDW� DIIHFW� WKH� WUDQVSRUW� RI�SHVWLFLGHV� LQ� WKH� VXEVXUIDFH� HQYLURQPHQW��7KHVH� PHFKDQLVPV� �)LJXUH� ��� HLWKHU� DIIHFW�WKH� ORFDWLRQ� RI� WKH� FKHPLFDO� �WUDQVIHU�PHFKDQLVPV�� RU� WKH� VWUXFWXUH� RI� WKH�FRPSRXQG��WUDQVIRUP�PHFKDQLVPV���7UDQVIHU�PHFKDQLVPV� LQFOXGH� DGYHFWLRQ�� GLVSHUVLRQ��FKHPLFDO�LQWHUDFWLRQ�ZLWK�WKH�VRLO�DQG�SODQWV��DQG�YRODWLOL]DWLRQ����$GYHFWLRQ�FDXVHV�SHVWLFLGHV�WR�PRYH�DW�D�YHORFLW\� HTXDO� WR� WKH� DYHUDJH� SRUH�ZDWHU�YHORFLW\�� 'LVSHUVLRQ�� KRZHYHU�� LV� FDXVHG� E\�VHYHUDO� IDFWRUV� LQFOXGLQJ� GHYLDWLRQV� LQ� WKH�YHORFLW\� RI� ZDWHU� DPRQJ� GLIIHUHQW� IORZ�FKDQQHOV�� GHYLDWLRQV� LQ� WKH� ZDWHU� YHORFLW\�ZLWKLQ� D� IORZ� FKDQQHO�� FRQFHQWUDWLRQ�GLIIHUHQFHV� DW� DGMDFHQW� ORFDWLRQV�� DQG� WKH�H[LVWHQFH� RI� QRQHTXLOLEULXP� SURFHVVHV�� $V� D�UHVXOW�RI�GLVSHUVLRQ��VSUHDGLQJ�RI�WKH�FKHPLFDO�ZLOO�EH�HQKDQFHG�EXW�WKH�FHQWHU�RI�PDVV�RI�WKH�FRQWDPLQDQW�SOXPH�ZLOO� QRW� EH� DOWHUHG��6XFK�LPSDFW� LV� GLIIHUHQW� WKDQ� WKDW� FDXVHG� E\�VRUSWLRQ��ELQGLQJ��ZKLFK�FDXVHV�UHWDUGDWLRQ�RI�WKH�FKHPLFDO�DV�LWV�YHORFLW\�LV�UHGXFHG�UHODWLYH�WR�WKH�ZDWHU�YHORFLW\��7KH�H[WHQW�RI�VRUSWLRQ�LV�D IXQFWLRQ� RI� WKH� FKHPLFDO� SURSHUWLHV� RI� WKH�SHVWLFLGH��WKH�VRLO�W\SH��DQG�WKH�DPRXQW�RI�VRLO�RUJDQLF�PDWWHU�SUHVHQW��9RODWLOL]DWLRQ� RI� SHVWLFLGHV� LV� D� IXQFWLRQ�RI� WKHLU� YDSRU�SUHVVXUH� �WKH�KLJKHU� WKH�YDSRU�SUHVVXUH�RI�D�SHVWLFLGH�� WKH�IDVWHU� LW� LV� ORVW� WR�WKH� DWPRVSKHUH��� 7KLV� GRHV� QRW� QHFHVVDULO\�PHDQ�� KRZHYHU�� WKDW� SHVWLFLGHV� ZLWK� KLJK�YDSRU� SUHVVXUHV� SRVH� QR� WKUHDW� WR�JURXQGZDWHU�� )RU� H[DPSOH�� VRLO� IXPLJDQWV��VXFK�DV�('%�DQG�'%&3��ZKLFK�DUH�LQMHFWHG�LQWR� WKH� VRLO�� KDYH� OLPLWHG� H[SRVXUH� WR� WKH�DWPRVSKHUH�� � ,I� WKHVH� FRPSRXQGV� DUH� KLJKO\�VROXEOH�LQ�ZDWHU��WKH\�FDQ�OHDFK�WR�XQGHUO\LQJ�DTXLIHUV��%RWK�('%�DQG�'%&3��LQ�IDFW��KDYH�EHHQ� GHWHFWHG� LQ� JURXQGZDWHU� DW� VHYHUDO�ORFDWLRQV� LQ� WKH�8QLWHG�6WDWHV� �7UDXWPDQQ�HW�DO���������
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� )LJXUH����0HFKDQLVPV�DIIHFWLQJ�SHVWLFLGHV�WUDQVSRUW�LQ�WKH�VXEVXUIDFH�HQYLURQPHQW��� 7UDQVIRUPDWLRQ� PHFKDQLVPV� FDXVH�GHJUDGDWLRQ� RU� EUHDNGRZQ� RI� WKH� SHVWLFLGH��2QH� SURFHVV� WKURXJK� ZKLFK� SHVWLFLGHV�GHJUDGH� LV� SKRWRO\VLV�� RU� EUHDNGRZQ� FDXVHG�E\� H[SRVXUH� WR� VXQOLJKW�� $QRWKHU� LV�K\GURO\VLV�� WKH� UHDFWLRQ� RI� D� FKHPLFDO� ZLWK�ZDWHU�� 7KH� WKLUG� PDMRU� IRUP� RI� SHVWLFLGH�GHJUDGDWLRQ� LV� WKURXJK� R[LGDWLRQ� DQG� RWKHU�UHDFWLRQV�PHGLDWHG�E\�PLFURRUJDQLVPV�LQ�WKH�VRLO��� &RPPRQO\��D�ILHOG�GLVVLSDWLRQ�KDOI�OLIH�LV�HVWLPDWHG�IRU�HDFK�SHVWLFLGH�WKDW�WDNHV�LQWR�DFFRXQW� SK\VLFDO�� FKHPLFDO�� DQG� ELRORJLFDO�GHJUDGDWLRQ�� DQG� SODQW� XSWDNH�� 7KH� XVH� RI�KDOI�OLIH�� KRZHYHU�� UHTXLUHV� FDXWLRQ�� VLQFH�WKHVH� HVWLPDWHV� DUH� KLJKO\� GHSHQGHQW� RQ� WKH�FKHPLFDO��SK\VLFDO��DQG�ELRORJLFDO�SURSHUWLHV�RI� WKH� VRLO� EHLQJ� WHVWHG�� 7KHUHIRUH�� KDOI�OLIH�HVWLPDWHV� FDQQRW� EH� DFFXUDWHO\� H[WUDSRODWHG�WR� VRLOV� XQGHU� GLIIHUHQW� FRQGLWLRQV��)XUWKHUPRUH�� KDOI�OLYHV� LQ� VXEVRLOV� DUH�XVXDOO\�PXFK� ORQJHU� WKDQ� WKRVH� IRU� WKH� URRW�]RQH� EHFDXVH� RI� WKH� JUHDW� UHGXFWLRQ� LQ�PLFURELDO� SRSXODWLRQV� DQG� WKH� FKDQJHV� LQ�SK\VLFDO�DQG�FKHPLFDO�FRQGLWLRQV���)RXU�PDMRU�IDFWRUV�GHWHUPLQH�ZKHWKHU�D�SHVWLFLGH� LV� OLNHO\� WR� UHDFK� JURXQGZDWHU�

ZKLFK� LQFOXGH�� � ���� SURSHUWLHV� RI� WKH�SHVWLFLGH�� ���� SURSHUWLHV� RI� WKH� VRLO�� ���� VLWH�FRQGLWLRQV�� DQG� ���� PDQDJHPHQW� SUDFWLFHV��7KH�IRUPHU�WZR�IDFWRUV�KDYH�D�VLJQLILFDQW�DQG�LQGHSHQGHQW�HIIHFW�RQ�JURXQGZDWHU�SROOXWLRQ�E\� SHVWLFLGHV�� 1HYHUWKHOHVV�� LQWHUDFWLRQ�EHWZHHQ�VLWH�DQG�FKHPLFDO�IDFWRUV�UHSUHVHQWV�WKH�PRVW�LPSRUWDQW�FRQWURO�RQ�WKH�RFFXUUHQFH�RI� SHVWLFLGH� LQ� JURXQGZDWHU� �:RUUDOO� HW� DO����������:H�H[SORUH�LQ�VRPH�GHWDLO�WKH�LPSDFW�RI� WKH� ILUVW� WZR� IDFWRUV� DV� UHODWHG� WR�FRQGLWLRQV�LQ�WKH�8$(��7KH�RWKHU�WZR�IDFWRUV�DUH�GLVFXVVHG��KRZHYHU����3URSHUWLHV�RI�SHVWLFLGHV�XVHG�LQ�WKH�8$(�� ,Q�RUGHU�WR�FRQGXFW�WKH�DERYH�SURSRVHG�VWXG\�� ILIWHHQ� JUDQXODU� DQG� IROLDU� SHVWLFLGHV�ZHUH�VHOHFWHG��EDVHG�RQ�WKH�TXDQWLWLHV��XVDJH�DQG�SHUVLVWHQFH�� IURP� WKH�PDLQ�SHVWLFLGH� OLVW�UHSRUWHG� E\� WKH�0LQLVWU\� RI�$JULFXOWXUH� DQG�)LVKHULHV��������7DEOH������7KH�DPRXQW�RI�WKH���� VHOHFWHG� SHVWLFLGHV�� LPSRUWHG� GXULQJ� WKH�\HDUV� ���������� �7DEOH� ���� ZDV�DSSUR[LPDWHO\� ���� WRQ� RI� DJULFXOWXUDO�LQVHFWLFLGHV� DQG� ���� WRQ� RI� DJULFXOWXUDO�IXQJLFLGHV��

0HFKDQLVPV�DIIHFWLQJ�IDWH�RI�SHVWLFLGHV�

�
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�
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�
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7DEOH�����4XDQWLWLHV�RI�DJULFXOWXUDO�LQVHFWLFLGHV�DQG�IXQJLFLGHV��VHOHFWHG�IRU�WKH�VWXG\�RQ�WKH�IDWH�RI�SHVWLFLGHV�LQ�8$(�VXEVXUIDFH�(QYLURQPHQW��LPSRUWHG�WR�8$(�GXULQJ�WKH�\HDUV������������� 4XDQWLWLHV��NJ��,PSRUWHG�'XULQJ�3HVWLFLGH�7\SH� &RPPHUFLDO�1DPH� $FWLYH�,QJUHGLHQW�V��	�3HUFHQWDJH� 0DQXIDFWXULQJ��&R��VS�	��&RXQWU\��RI��2ULJLQ� ����� ����� ����� 7RWDO�
$JULFXOWXUDO�LQVHFWLFLGHV�� $FWHOOLF�����(&� 3LULPLSKRV�PHWK\O����� =HQHFD�$JURFKHPLFDOV���8�.�� ������ ������� ������� �������

$FWLRQ�����(&� 3KHQWKRDWH�������F\SHUPHWKULQ���� ,VDJUR���,WDO\� ������� ������� ������� ��������
� $IOL[� (QGRVXOIDQ����JP�O���GLPHWKRDWH����JP�O���(&� $JU(YR���*HUPDQ\� ������� ������� ������� �������
� 'HFLV�����(&� 'HOWDPHWKULQ���JP�O� $JU(YR���5RXVVHO�8FODI���)UDQFH ������ ������ ������ �������
� 'LPHFORU� 'LPHWKRDWH���������FKORUS\ULIRV������������(&� $JULGHV���6SDLQ� �� ������ ������ ������
� 'XUVEDQ��(� &KORUS\ULIRV�����(&� 'RZ�$JUR6FLHQFHV���8�.�� ������� ������� ������� �������
� +RVWDWKLRQ�����(&� 7ULD]RSKRV����� $JU(YR���*HUPDQ\� ������ ������� ������� �������
� .DUDWH������(&� /DPEGDF\KDORWKULQ������ =HQHFD��$JURFKHPLFDOV���8�.�� ������� ������� ������� �������
� 0DUVKDO������(&� &DUERVXOIDQ����� )�0�&���&RUSRUDWLRQ���8�6�$�� ������ ������� ������� �������
� 5RJRGLDO�����(&� 'LPHWKRDWH���������SKHQWKRDWH������� ,VDJUR���,WDO\� ������ ������ ������ �������
� 5ROIDQ������(&� 'LPHWKRDWH����JP�O���HQGRVXOIDQ����JP�O� ,VDJUR���,WDO\� ������� ������ ������� �������
� 7RWDO� � � � ��������
)XQJLFLGHV� 5HPLOWLQH������:3� &\PR[DQLO������PDQFR]HE������� 1RYDUWLV���6ZLW]HUODQG� ������� ������ ������� �������
� 5HGRPLO�0=����:3� 0HWDOD[\O������PDQFR]HE���� &LED�*HLJ\���6ZLW]HUODQG� ������ ������ ������� �������
� 7LFKLJDUHQ�����/� +\PH[D]RO����� 6DQN\R���-DSDQ� ������ ������� ������� �������
� 7RSVLQ���0����:3� 7KLRSKDQDWH�PHWK\O����� 1LSSRQ��6RGD���-DSDQ� ������ ������ ������ �������
� 7RWDO� � � � ��������
�6RXUFH��7KH�0LQLVWU\�RI�$JULFXOWXUH�DQG�)LVKHULHV��8$(��$SULO������� �
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$V�D�UHVXOW�RI�PDQ\�ILHOG�DQG�ODERUDWRU\�VWXGLHV�� WKH� 8�6�� (QYLURQPHQWDO� 3URWHFWLRQ�$JHQF\��FLWHG�IURP�:LOOLDPV�HW�DO��������KDV�FRPSLOHG�D�OLVW�RI�NH\�FKHPLFDO�DQG�SK\VLFDO�SURSHUWLHV� FDOOHG� WKUHVKROG� YDOXHV� �7DEOH�����$OWKRXJK�WKH�WKUHVKROG�YDOXHV�SURYLGH�RQO\�D�URXJK�JXLGH��FRPSRXQGV�ZLWK�SURSHUWLHV�WKDW�GR� QRW� VDWLVI\� WKHVH� OLPLWV� ZDUUDQW� H[WUD�DWWHQWLRQ� EHFDXVH� RI� WKHLU� UHODWLYHO\� KLJK�SRWHQWLDO�IRU�OHDFKLQJ�WR�JURXQGZDWHU���)LJXUH���VKRZV�VRPH�RI�WKH�SURSHUWLHV�RI�WKH�SHVWLFLGHV�XVHG� LQ� WKH�8$(�DV�FRPSDUHG�WR�WKH�WKUHVKROG�YDOXHV�LQ�7DEOH����3URSHUWLHV�RI�WKH�SHVWLFLGHV�SUHVHQWHG�KHUH�ZHUH�DGRSWHG�IURP� WKH�86'$� �������� � 7KH� YDOXHV� RI�.RF��RUJDQLF� FDUERQ� FRHIILFLHQW��� KRZHYHU�� ZHUH�HVWLPDWHG�XVLQJ�YDOXHV�RI�.RZ��RFWDQRO�ZDWHU�FRHIILFLHQW�� �86'$� ������ DQG� WKH�UHODWLRQVKLS�EHWZHHQ�.RF�DQG�.RZ�GHYHORSHG�E\� 5DR� DQG� 'DYLGVRQ� DV� FLWHG� E\� )HWWHU��������� �)LJXUH���VKRZV� WKDW� WKUHH�RXW�RI����VHOHFWHG�SHVWLFLGHV�KDYH�WKH�SRWHQWLDO�WR�OHDFK�WR�JURXQGZDWHU�GXH� WR� WKHLU� VROXELOLW\�ZKLFK�H[FHHGV� WKH� WKUHVKROG� YDOXH�� )LYH� SHVWLFLGHV�KDYH� WKH� SRWHQWLDO� IRU� OHDFKLQJ� GXH� WR� WKHLU�ORZ� YDSRU� SUHVVXUH� �ORZ� .+ YDOXH��� )RXU�SHVWLFLGHV�ZLOO�SRVVLEO\�OHDFK�WR�JURXQGZDWHU�GXH� WR� WKHLU� ZHDN� LQWHUDFWLRQ� ZLWK� WKH� VRLO��)LQDOO\��PRVW� RI� WKH�SHVWLFLGHV�XVHG� LQ�8$(�ZLOO� SUREDEO\� OHDFK� GXH� WR� WKHLU� UHODWLYHO\�KLJK�ILHOG�GLVVLSDWLRQ�KDOI�OLIH���$PRQJ� WKH� HOHYHQ� SHVWLFLGHV� VKRZQ� LQ�)LJXUH� ��� PHWDOD[\O� LV� WKH� VLQJOH� SHVWLFLGH�WKDW�H[FHHGHG�DOO�WKUHVKROG�YDOXHV��LQGLFDWLQJ�WKDW�WKLV�SHVWLFLGH�KDV�D�YHU\�KLJK�SRWHQWLDO�WR�OHDFK� WR� JURXQGZDWHU�� $OWKRXJK� F\PR[DQLO�KDV� WKUHH� SURSHUWLHV� �ZDWHU� VROXELOLW\�� YDSRU�SUHVVXUH�� DQG� VRLO� LQWHUDFWLRQ�� WKDW� IDYRU�OHDFKLQJ�WR�JURXQGZDWHU��LWV�ILHOG�GLVVLSDWLRQ�ZDV� ORZ� LQGLFDWLQJ� D� IDVW� GHJUDGDWLRQ� UDWH�WKDW� PD\� QRW� UHDFK� JURXQGZDWHU�� 7KLV� VDPH�DUJXPHQW� DSSOLHV� DV� ZHOO� IRU� GLPHWKRDWH���7KHVH�WKUHH�FRPSRXQGV�KDYH�EHHQ�FKRVHQ�LQ�DQ� RQJRLQJ� SURMHFW� WR� DVVHVV� WKHLU� PRELOLW\�

WKURXJK� VDQG� FROXPQV� �$WHHT�� XQSXEOLVKHG�GDWD��� ,Q� VXPPDU\��JUHDWHVW� FDUH�QHHGV� WR�EH�WDNHQ�ZLWK�SHVWLFLGHV� WKDW� DUH�KLJKO\� VROXEOH�LQ� ZDWHU�� GR� QRW� DGVRUE� VWURQJO\� WR� VRLO�SDUWLFOHV��DQG�SHUVLVW�IRU�D�ORQJ�WLPH�LQ�VRLO��� 7DEOH����7KUHVKROG�YDOXHV�RI�SRWHQWLDO�JURXQGZDWHU�FRQWDPLQDWLRQ�E\�SHVWLFLGHV���
&KHPLFDO�RU�SK\VLFDO�SURSHUW\� 7KUHVKROG�YDOXH�

:DWHU�6ROXELOLW\��6� ! ���SSP�
+HQU\¶V�/DZ�&RQVWDQW��.+� � �����DWP��PRO�P����
2UJDQLF�FDUERQ�EDVHG�FRHIILFLHQW��.RF�

�����
)LHOG�GLVVLSDWLRQ�KDOI�OLIH��W���� ! ��ZHHNV�

86�(3$��FLWHG�IURP�:LOOLDPV�HW�DO����������&KDUDFWHULVWLFV�RI�VRLO�LQ�WKH�8$(� �0DQ\�VRLO�FKDUDFWHULVWLFV�DIIHFW� OHDFKLQJ�RI� SHVWLFLGHV� WR� JURXQGZDWHU� LQFOXGLQJ� VRLO�WH[WXUH��FRQGXFWLYLW\��DQG�VRLO�RUJDQLF�PDWWHU�FRQWHQW�� 7R� DVVHVV� WKH� OHDFKLQJ� RI� WKH� ���VHOHFWHG� SHVWLFLGHV� WR� JURXQGZDWHU� LQ� WKH�8$(�� WKUHH� VRLO� VDPSOHV�ZHUH� FROOHFWHG� DQG�DQDO\]HG�� 7ZR� VDPSOHV� RI� $O�2KD� DQG� DOVR�$EX�6DPUD�ZHUH�FROOHFWHG�IURP�$O�$LQ�DUHD��ZKLOH� WKH�WKLUG�RQH�ZDV�FROOHFWHG�IURP�/LZD�DUHD�� 5HVXOWV� RI� VRLO� FKDUDFWHULVWLFV� DUH�SUHVHQWHG�LQ�7DEOH���� �$OO�VRLO�VDPSOHV�ZHUH�FODVVLILHG� DV� VDQG\� VRLO� ZLWK� D� S+� QHDU�QHXWUDO�� 7KH� RUJDQLF�PDWWHU� FRQWHQW� RI� WKHVH�VDPSOHV�YDULHG��SRVVLEO\�GXH�WR�WKH�QDWXUH�RI�WKH� VRLO�� %RWK� $O� 2KD� DQG� $EX� 6DPDUD�VDPSOHV� ZHUH� FROOHFWHG� IURP� IDUPV�� ZKLOH�/LZD� VRLO� ZDV� FROOHFWHG� IURP� D� QRQ��DJULFXOWXUDO� DUHD�� 7KHUHIRUH�� WKH� RUJDQLF�PDWWHU� FRQWHQW� IRXQG� LQ� /LZD� VRLO� ZRXOG�SUREDEO\� UHIOHFW� WKH� RUJDQLF� PDWWHU� IRU� VRLO�EHQHDWK�WKH�VXUIDFH�RI�DQ\�DJULFXOWXUDO�DUHD��

(PLU��-��$JULF��6FL�������������������������
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)LJXUH�����3URSHUWLHV�RI�SHVWLFLGHV�XVHG�LQ�WKH�8$(�LQ�FRPSDULVRQ�ZLWK�WKH�WKUHVKROG�YDOXHV��OLQHV�DQG�DUURZV��LQGLFDWLQJ�SRWHQWLDO�IRU�JURXQGZDWHU�FRQWDPLQDWLRQ��(3 �0HWK\O�SLULPLSKRV��3+ 3KHQWKRDWH��&< &\SHUPHWKULQ��(6 �(QGRVXOIDQ��'0 �'LPHWKRDWH��&3 �&KORUS\ULIRV���&+ &\KDORWKULQ���&0 �&\PR[DQLO���0& �0DQFR]HE��07 �0HWDOD[\O���73 �7KLRSKDQDWH�PHWK\O���
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6RLO� RUJDQLF� PDWWHU� KDV� HYROYHG� DV� DQ�LPSRUWDQW�SDUDPHWHU�DIIHFWLQJ�WKH�FDSDFLW\�RI�VRLO� WR� VRUE� RUJDQLF� FKHPLFDOV��7KH� VWUHQJWK�RI� VRUSWLRQ� LV� D� IXQFWLRQ� RI� WKH� FKHPLFDO�SURSHUWLHV�RI�WKH�SHVWLFLGH�DQG�WKH�DPRXQW�RI�VRLO� RUJDQLF� PDWWHU� SUHVHQW�� )LJXUH� �� VKRZV�WKH� OLQHDU� VRUSWLRQ� GLVWULEXWLRQ� FRHIILFLHQW��.G� IRU�WKH����SHVWLFLGHV�ZLGHO\�XVHG�LQ�WKH�8$(� RQ� VRLO� ZLWK� KLJK� DQG� ORZ� RUJDQLF�PDWWHU� FRQWHQWV�� � 7KH� YDOXH� RI� .G ZDV�FDOFXODWHG� IURP� WKH� YDOXH� RI� .RF� DQG� WKH�IUDFWLRQ� RUJDQLF� PDWWHU� �IRP� RI� WKH� VRLO��DFFRUGLQJ�WR�)HWWHU����������.G ������IRP� .RF�
7KH� IDFWRU������ZDV�XVHG� WR�FRQYHUW� WKH�IUDFWLRQ� RUJDQLF� PDWWHU� WR� RUJDQLF� FDUERQ���7KH�ILJXUH�VKRZV�WKDW��IURP�D�VRUSWLRQ�SRLQW�RI�YLHZ�� F\PR[DQLO� ZRXOG� EH� WKH� RQO\�SHVWLFLGH� WKDW� ZRXOG� SRWHQWLDOO\� OHDFK� XQGHU�$O�2KD�FRQGLWLRQV��+RZHYHU��IRXU�SHVWLFLGHV��F\PR[DQLO�� PDQFR]HE�� PHWDOD[\O�� DQG�WKLRSKDQDWH�PHWK\O��ZRXOG�SUREDEO\� OHDFK� LI�XVHG� RQ� DJULFXOWXUDO� ODQG� ZLWK� D� VRLO�FKDUDFWHUL]HG�DV�WKDW�RI�/LZD��6WURQJO\� VRUEHG� SHVWLFLGHV� RQ� VRLO� DUH�QRW�OLNHO\�WR�OHDFK�WR�JURXQGZDWHU��UHJDUGOHVV�RI� WKHLU� VROXELOLW\�� 7KH\� DUH� UHWDLQHG� LQ� WKH�URRW�]RQH�ZKHUH�WKH\�DUH�WDNHQ�XS�E\�SODQWV�RU�HYHQWXDOO\�GHJUDGHG��+RZHYHU��SHVWLFLGHV�WKDW�DUH�ZHDNO\�VRUEHG�ZLOO�OHDFK�LQ�YDU\LQJ�GHJUHHV� GHSHQGLQJ� RQ� WKHLU� VROXELOLW\�� ,W�VKRXOG� EH� HPSKDVL]HG� WKDW�PRVW� VXEVXUIDFH�VRLO� LQ� WKH� 8$(� KDV� ORZHU� RUJDQLF� PDWWHU�

WKDQ�WKDW�RI�$O�2KD�VRLO��,Q�IDFW��$O�2KD�DQG�$EX�6DPUD� VRLOV� UHSUHVHQW� D� WKLQ� OD\HU� RI� D�IHZ� FHQWLPHWHUV� FRPPRQO\� XVHG� RQ�DJULFXOWXUDO� ODQG��7KHUHIRUH��WKH�WHQGHQF\�RI�WKHVH� VRLOV� WR� UHWDLQ� SHVWLFLGHV� IURP�GRZQZDUG� PRYHPHQW� ZLOO� EH� UHVWULFWHG� E\�WKH� GHSWK� RI� WKLV� VRUSWLRQ� OD\HU�� � 6LQFH� VRLO�RUJDQLF� PDWWHU� LQIOXHQFHV� KRZ� ZHOO�SHVWLFLGHV�DUH�VRUEHG��LQFUHDVLQJ�WKH�RUJDQLF�FRQWHQW� RQ� WKH� VRLO�� E\� DSSO\LQJ�PDQXUH� IRU�H[DPSOH�� HQKDQFHV� WKH� VRLO
V� DELOLW\� WR� KROG�GLVVROYHG� SHVWLFLGHV� LQ� WKH� URRW� ]RQH�� 7KLV�WHFKQLTXH� PD\� QRW�� KRZHYHU�� SURWHFW�JURXQGZDWHU� FRQWDPLQDWLRQ� IURP� KLJKO\�VROXEOH�SHVWLFLGHV��:RUUDOO�HW�DO����������7H[WXUH�DIIHFWV�WKH�PRYHPHQW�RI�ZDWHU�
WKURXJK� VRLO� DQG�� FRQVHTXHQWO\�� WKH�
PRYHPHQW� RI� SHVWLFLGHV�� 7KH� FRDUVHU� WKH�
VRLO�� WKH� IDVWHU� WKH�PRYHPHQW�RI�SHUFRODWLQJ�
ZDWHU�DQG�WKH�OHVV�RSSRUWXQLW\�IRU�DGVRUSWLRQ�
RI�GLVVROYHG�FKHPLFDOV���6DQG\�VRLOV��W\SLFDO�
WR�WKRVH�LQ�8$(��DUH�PRUH�ZDWHU�FRQGXFWLYH�
WKDQ� VRLOV� ZLWK� ILQHU� WH[WXUH�� � )RU� VDWXUDWHG�
VRLO� ZLWK� VWDEOH� VWUXFWXUH�� WKH� K\GUDXOLF�
FRQGXFWLYLW\��.��LV�DERXW�����������FP�VHF�LQ�
VDQG� VRLOV�� FRPSDUHG� WR� ���������� FP�VHF� LQ�
FOD\� VRLO� �+LOOHO���������7KHUHIRUH�� LQ�KLJKO\�
SHUPHDEOH�VRLOV��W\SLFDO�WR�WKRVH�LQ�WKH�8$(��
WKH� WLPLQJ� DQG� PHWKRGV� RI� SHVWLFLGH�
DSSOLFDWLRQV�QHHG�WR�EH�FDUHIXOO\�GHVLJQHG�WR�
PLQLPL]H�OHDFKLQJ�ORVVHV��

�7DEOH����&KDUDFWHULVWLFV�RI�VHOHFWHG�VRLO�VDPSOHV� IURP�FHUWDLQ�UHJLRQV���
�/RFDWLRQ� 6DQG����� S+������ &(&�PHT����J� 2UJDQLF�PDWWHU����

$O�2KD� ����� ����� 1$� ������$EX�6DPUD� ����� ����� 1$� ������/LZD� !��� ����� ����� ������
� 6RLO�FKDUDFWHUL]DWLRQ�ZDV�FRQGXFWHG�DW�WKH�'HSDUWPHQW�RI�$ULGODQG�$JULFXOWXUH�DW�8$(�8QLYHUVLW\��1$� �QRW�DYDLODEOH��

(PLU��-��$JULF��6FL�������������������������
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)LJXUH�����6RUSWLRQ�GLVWULEXWLRQ�FRHIILFLHQW�IRU�WKH�SHVWLFLGHV�XVHG�LQ�8$(�RQ�WZR�VRLOV�ZLWK�GLIIHUHQW�RUJDQLF�PDWWHU�FRQWHQW���7KH�OLQH�UHSUHVHQWV�WKH�(3$�WKUHVKROG�YDOXH��6HH�)LJXUH�� IRU�H[SODQDWLRQ�RI�DEEUHYLDWLRQV����
2WKHU�IDFWRUV�DIIHFWLQJ�SHVWLFLGH�PRELOLW\��6LWH� FRQGLWLRQV� JUHDWO\� DIIHFW� OHDFKLQJ�RI� SHVWLFLGHV� WR� GHHSHU� DTXLIHUV�� &RQGLWLRQV�WKDW� FRXOG� EH� LPSRUWDQW� WR� 8$(� LQFOXGH�GHSWK� WR� JURXQGZDWHU� DQG� FOLPDWH�FRQGLWLRQV�� 0DQ\� DTXLIHUV� LQ� WKH� 8$(� DUH�GHHS�� H[FHHGLQJ� KXQGUHGV� RI� PHWHUV� LQ�FHUWDLQ� DUHDV��:LWK� VXFK� GHHS� JURXQGZDWHU��WKH�RSSRUWXQLWLHV�IRU�GHJUDGDWLRQ�RU�VRUSWLRQ�RI�SHVWLFLGHV�DUH�KLJK��-RKQVRQ�HW�DO���������VWXGLHG� WKH� SHUVLVWHQFH� DQG� SHQHWUDWLRQ� RI�WKH�KHUELFLGHV�LVRSURWXURQ�DQG�FKORURWROXURQ�LQ�DQ�XQFRQILQHG�FKDON�DTXLIHU�RYHU�D���\HDU�SHULRG��7KH\�FRQFOXGHG�WKDW�DW�UHJLRQV�ZKHUH�WKH�ZDWHU� WDEOH�ZDV�GHHSHVW� ��±���P�EHORZ�VXUIDFH�� OLWWOH� RU� QR� SRVLWLYH� KHUELFLGH�GHWHFWLRQV�ZHUH�PDGH��+RZHYHU��IRU�UHJLRQV�

ZKHUH� WKH� ZDWHU� WDEOH� ZDV� DW� RQO\� �±�� P�EHORZ�VXUIDFH��D�UHJXODU�SHVWLFLGH�VLJQDO�ZDV�GLVWLQJXLVKHG�� ,W� VKRXOG� EH� QRWHG�� KRZHYHU��WKDW�WKH�VRUSWLRQ�FDSDFLW\�RI�8$(�VRLO�ZRXOG�SRVVLEO\� EH� KLJKHU� LQ� WKH� URRW� ]RQH� DQG�GHFUHDVH� LQ� WKH� ORZHU� OD\HUV�� )XUWKHUPRUH��ELRGHJUDGDWLRQ� DQG� SKRWRO\VLV� RFFXU� DW� D�PXFK�KLJKHU�UDWH�QHDU�WKH�VXUIDFH�DV�RSSRVHG�WR�GHHSHU�OD\HUV���0HWHRURORJLFDO� IDFWRUV� LQFOXGLQJ�WHPSHUDWXUH��KXPLGLW\�DQG�ZLQG�VSHHG�DIIHFW�WKH�IDWH�RI�SHVWLFLGHV��+LJK�WHPSHUDWXUH��ORZ�KXPLGLW\� DQG� KLJK� ZLQG� VSHHG� WHQG� WR�LQFUHDVH� YRODWLOL]DWLRQ�� 7KLV� FDQ� UHVXOW� LQ�UHGXFHG� FRQWURO� RI� WKH� WDUJHW� SHVW� EHFDXVH�OHVV�SHVWLFLGH� UHPDLQV�DW� WKH� WDUJHW�VLWH��7KH�PRYHPHQW�RI�SHVWLFLGH�YDSRUV�RU�JDVHV�LQ�WKH�DWPRVSKHUH�� FDQ� OHDG� WR� LQMXU\� RI� QRQWDUJHW�
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VSHFLHV��2Q�WKH�RWKHU�KDQG��KLJK�WHPSHUDWXUH�DQG� LQWHQVLYH� VXQOLJKW� HQKDQFHV� WKH�EUHDNGRZQ�RI�SHVWLFLGHV�E\�SKRWRO\VLV���$QRWKHU� LPSRUWDQW� IDFWRU� WKDW� DIIHFWV�PRELOLW\� RI� SHVWLFLGH� WR� JURXQGZDWHU� LV�PDQDJHPHQW�SUDFWLFHV��L�H���WKH�ZD\�LQ�ZKLFK�D SHVWLFLGH� LV� DSSOLHG��� ,QMHFWLRQ� RU�LQFRUSRUDWLRQ� LQWR� WKH�VRLO��DV� LQ� WKH�FDVH�RI�QHPDWLFLGHV�� PDNHV� WKH� SHVWLFLGH� PRVW�UHDGLO\� DYDLODEOH� IRU� OHDFKLQJ�� 0RVW� RI� WKH�SHVWLFLGHV� WKDW� KDYH� EHHQ� GHWHFWHG� LQ�JURXQGZDWHU�KDYH�EHHQ�LQFRUSRUDWHG�LQWR�WKH�VRLO� UDWKHU� WKDQ� VSUD\HG�RQWR�JURZLQJ�FURSV��:DOGURQ� ������� 7KH� UDWH� DQG� WLPLQJ� RI� D�SHVWLFLGH
V� DSSOLFDWLRQ� DOVR� DUH� FULWLFDO� LQ�GHWHUPLQLQJ� ZKHWKHU� LW� ZLOO� OHDFK�� 2YHU�DSSOLFDWLRQ��E\�HLWKHU�KLJKHU�DSSOLFDWLRQ�UDWH�RU� KLJKHU� IUHTXHQF\� RI� DSSOLFDWLRQ�� WR� D�KHDY\� UDLQ� IDOO� RU� LUULJDWLRQ� LQFUHDVHV� WKH�RSSRUWXQLWLHV� IRU� WKH� SHVWLFLGHV� WR� OHDFK�GRZQ���� 5HJLVWUDWLRQ� DQG� OHJLVODWLRQ� SURFHGXUHV� IRU�SHVWLFLGHV���� 3HVWLFLGHV� VKRXOG� EH� RQH� RI� WKH� PRVW�UHJXODWHG� DJURFKHPLFDOV� LQ� WKH� 8$(���'HVSLWH� PDQ\� UHJXODWLRQV� �0LQLVWU\� RI�$JULFXOWXUH� DQG� )LVKHULHV� ����� DQG� �������SHVWLFLGH� UHVLGXHV� DV� D� UHVXOW� IURP� WKH�H[FHVVLYH�XVH�RI�SHVWLFLGHV�PD\�EH�IRXQG�LQ�VRLO�� JURXQGZDWHU�� RU� HYHQ� LQ� RXU� IRRG�VXSSO\�� � %HFDXVH� UHVLGXHV� DUH� DQ� LQHYLWDEOH�E\�SURGXFW� RI� SHVWLFLGH� XVH�� PDQ\� RI� WKH�FXUUHQW� UHJXODWLRQV� LQ� WKH�8$(�DUH� LQ�SODFH�WR� DGGUHVV� WKH� SXEOLF� KHDOWK� LPSOLFDWLRQV� RI�SHVWLFLGH�XVH��7KHUHIRUH��WKHUH�DUH�YHU\�VWULFW�OLPLWV�RQ� WKH�DPRXQW�RI�SHVWLFLGHV� LPSRUWHG�DQG�XVHG��DV�ZHOO�DV� WKH�DPRXQW�RI�UHVLGXHV�WKDW� DUH� DOORZHG� LQ� DOO� HQYLURQPHQWDO�FRPSDUWPHQWV�� � ,Q� DGGLWLRQ�� DOO� SHVWLFLGHV�WKDW�SRVH�KLJK�ULVNV�WR�KXPDQ�KHDOWK�DQG�WKH�HQYLURQPHQW� �L�H��� WKRVH� FDUU\LQJ� WKH� ZRUG�³'DQJHU´� RU� ³3RLVRQ´�� DQG� XVHG� LQ�

DJULFXOWXUH� DQG�SXEOLF� KHDOWK�� DUH�EDQQHG� LQ�WKH�8$(��2QH� VXFK� UHJXODWLRQ� FXUUHQWO\� LQ� SODFH�UHTXLUHV� WKDW� SHVWLFLGH� PDQXIDFWXUHUV�FRQGXFW� WR[LFLW\� WHVWLQJ� RQ� WKH� SHVWLFLGH�EHIRUH� LW� FDQ� EH� SHUPLWWHG� IRU� XVH� RQ�SURGXFWV�HLWKHU�GLUHFWO\�RU�LQGLUHFWO\�GHVWLQHG�IRU� KXPDQ� FRQVXPSWLRQ� �WKLV� DOVR� LQFOXGHV�DQLPDO� IHHG��� 7KLV� WR[LFLW\� WHVWLQJ� QRW� RQO\�GHWHUPLQHV� WKH� KHDOWK� HIIHFWV� RI� SHVWLFLGHV��EXW�DOVR�WKH�OHYHO�DW�ZKLFK�WKHUH�DUH�QR�WR[LF�HIIHFWV�RQ�WKH�PRVW�VHQVLWLYH�SRSXODWLRQ��� 5LVN�DVVHVVPHQW�SURFHGXUHV�� 7KH� 0LQLVWU\� RI� $JULFXOWXUH� DQG�)LVKHULHV� LQ� WKH� 8$(� LV� UHVSRQVLEOH� IRU�HYDOXDWLQJ�WKH�SRWHQWLDO�KHDOWK�ULVNV�SRVHG�E\�SHVWLFLGHV�WR�HQVXUH�WKDW�WKH\�PHHW�D�VSHFLILF�VWDQGDUG� RI� VDIHW\� ZLWK� UHVSHFW� WR� KXPDQ�KHDOWK�DQG�WKH�HQYLURQPHQW���,W�PXVW�PDNH�D�ILQGLQJ� RI� UHDVRQDEOH� FHUWDLQW\� RI� QR� KDUP�EHIRUH� LW� UHJLVWHUV� RU� UHUHJLVWHUV� D� SHVWLFLGH��DQG� EHIRUH� LW� HVWDEOLVKHV� RU� FRPSOHWHV� D�UHDVVHVVPHQW� RI� DQ� H[LVWLQJ� WROHUDQFH��SHVWLFLGH� UHVLGXH� OLPLW��� � %HFDXVH� ULVN� LV� D�IXQFWLRQ� RI� WR[LFLW\� DQG� H[SRVXUH��LQIRUPDWLRQ� DERXW� KRZ� SHVWLFLGHV� DUH� XVHG�DQG� WKHLU� IDWH� LQ� WKH�HQYLURQPHQW�DUH�JOREDO�SDUW� ZKHQ� GHYHORSLQJ� ULVN� DVVHVVPHQW�SURFHGXUHV���,Q�DGGLWLRQ��WKH�0LQLVWU\�VKRXOG�DVVHVV� WKH� SRWHQWLDO� ULVN� RI� FXPXODWLYH�H[SRVXUH� WR� SHVWLFLGHV� DQG� UHODWHG� WR[LFDQW�ZKLFK� VKDUH� D� FRPPRQ� PHFKDQLVP� RI�WR[LFLW\�� � 7R� DUULYH� DW� UHDOLVWLF� HVWLPDWHV� RI�FXPXODWLYH�ULVNV��ZH�ILUVW�QHHG�PRUH�UHDOLVWLF�HVWLPDWHV� RI� DFWXDO� SHVWLFLGH� XVDJH� RI� WKRVH�SHVWLFLGHV� LPSRUWHG� OHJDOO\�RU� LOOHJDOO\�� �:H�VLPSO\� FDQQRW� DVVXPH� WKDW� HYHU\� SHVWLFLGH�DSSURYHG� DQG� LPSRUWHG� IRU� XVH� LQ� WKH�8$(�RQ� D� SDUWLFXODU� FRPPRGLW\� ZLOO� DFWXDOO\� EH�XVHG�� DQG� WKDW� WKH� UHVXOWLQJ� UHVLGXHV�ZLOO�EH�DW� WKH� PD[LPXP� UHVLGXH� OHYHO�� � $OVR�� ZH�QHHG�LQIRUPDWLRQ��DERXW�UHJLRQDO�GLIIHUHQFHV�LQ�XVH�SDWWHUQV��
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3UHYHQWDWLYH�PHDVXUHV��)DUPHUV� LQ� WKH� 8$(� ZKR� DSSO\�SHVWLFLGHV� UDUHO\� KDYH� DGHTXDWH� NQRZOHGJH�RI� WKH� EDVLFV� RI� SHVWLFLGH� DSSOLFDWLRQ� DQG�WR[LFRORJ\� �L�H��� RI� WKH� SRVVLEOH� ULVNV� RI�SHVWLFLGH�XVH� DQG� KDQGOLQJ��� �&RQVHTXHQWO\��DOWKRXJK� SURWHFWLYH�SHUVRQDO� HTXLSPHQW� DQG�LQVWUXFWLRQV� RQ� SHVWLFLGH� XVH� PD\� EH�VXSSOLHG��WKH\�PD\�EH�JLYHQ�OLWWOH�DWWHQWLRQ��/HDFKLQJ�RI�SHVWLFLGHV� WR�JURXQGZDWHU�FDQ� EH� PLQLPL]HG� E\� IROORZLQJ� VSHFLILF�SURWRFROV� WKDW� ZRXOG� HYDOXDWH� WKH� W\SHV� RI�SHVWLFLGHV�XVHG��WKH�DPRXQW�DQG�UDWH�DSSOLHG��DQG� WKH� PHWKRG� SUDFWLFHG�� 6RPH� JXLGHOLQHV�WKDW�ZRXOG�UHGXFH�WKH�SRWHQWLDO�IRU�SHVWLFLGHV�WR�UHDFK�JURXQGZDWHU�DUH����� 'HWHUPLQH� WKH� VRLO� W\SH� DQG� LWV�VXVFHSWLELOLW\� WR� OHDFKLQJ� EHIRUH� XVLQJ�SHVWLFLGHV������ :KHUH� SRVVLEOH�� FKRRVH� SHVWLFLGHV� ZLWK�ORZ�VXVFHSWLELOLW\�WR�OHDFKLQJ������ :KHUH�SRVVLEOH��VHOHFW�SHVWLFLGHV�WKDW�DUH�OHVV�WR[LF�DQG�OHVV�SHUVLVWHQW������ 8VH� SHVWLFLGHV� RQO\� ZKHQ� QHFHVVDU\� DQG�LQ� WKH� PLQLPXP� GRVH� UHTXLUHG� IRU�FRQWUROOLQJ�SHVWV����� $SSO\�SHVWLFLGHV�VSHFLILFDOO\�WR�WKH�WDUJHW�VLWH������ $SSO\� SHVWLFLGHV� DW� WKH� UHFRPPHQGHG�GRVDJHV������ 5HDG� SHVWLFLGH� ODEHOV� WR� DYRLG� KXPDQ�KD]DUGV� DQG� JURXQGZDWHU� FRQWDPLQDWLRQ��DSSO\�SHVWLFLGHV�DW�WKH�DSSURSULDWH�WLPH����� $YRLG�WKH�WHPSWDWLRQ�WR�XVH�PRUH�SURGXFW�WKDQ� WKH� ODEHO� GLUHFWV� EHFDXVH� PRUH�SURGXFW� ZLOO� QRW� GR� D� EHWWHU� MRE� RI�FRQWUROOLQJ�SHVWV����� 3URSHUO\� FDOLEUDWH� DQG� PDLQWDLQ�DSSOLFDWLRQ�HTXLSPHQW�������3URSHUO\� GLVSRVH� RI� DQ\� OHIWRYHU�SHVWLFLGHV�� WDQN� PL[HV�� DQG� ULQVH� ZDWHU�DFFRUGLQJ�WR�ODEHO�LQVWUXFWLRQV������6WRUH� SHVWLFLGHV� VDIHO\�� LQ� WKH� RULJLQDO�ODEHOHG� FRQWDLQHU� DQG� LQ� D� FRRO�� ZHOO�

YHQWLODWHG� ORFDWLRQ� DZD\� IURP� ZHOOV��SXPSV��ZDWHU�VRXUFHV��DQG�UHVLGHQFHV�������'HOD\�LUULJDWLRQ�DW�OHDVW�RQH�RU�WZR�GD\V��LI� SRVVLEOH�� DIWHU� SHVWLFLGH� DSSOLFDWLRQV���5XQRII� VKRXOG� EH� DYRLGHG� E\� QRW�DSSO\LQJ�LPPHGLDWHO\�SULRU�WR�D�KHDY\�RU�VXVWDLQHG�UDLQ�DQG�QRW�XVLQJ�DQ�H[FHVVLYH�DPRXQW�RI�LUULJDWLRQ�ZDWHU������0DLQWDLQ�UHFRUGV�RI�SHVWLFLGH�XVH������,QWHJUDWH�SHVW�FRQWURO�WHFKQLTXHV��WKURXJK�DQ� ,QWHJUDWHG� 3HVW� 0DQDJHPHQW� �,30��SURJUDP� LQ� DQ� HFRQRPLFDOO\� DQG�HFRORJLFDOO\� VRXQG� PDQQHU� E\�UHFRPPHQGLQJ� DOWHUQDWLYHV� WR� SXUHO\�FKHPLFDO�SHVW�FRQWURO��� &RQFOXVLRQV�
,Q� RUGHU� WR� PLQLPL]H� WKH� SUREOHPV�DVVRFLDWHG�ZLWK�SHVWLFLGH�XVH� LQ� WKH�8$(��D�VROLG�SODQ�PXVW�EH�HVWDEOLVKHG�WR�FRQWURO�WKH�XVH�DQG�KDQGOLQJ�RI�SHVWLFLGHV�DW�HYHU\�VWDJH���7KLV� SKHQRPHQRQ�� FDOOHG� ³SHVWLFLGH�PDQDJHPHQW�´� VKRXOG�EH�DGDSWHG� WR�FRPEDW�SUREOHPV�SHVWLFLGHV�FDQ�FDXVH���7KH�FRQFHSW�RI� PDQDJLQJ� SHVWLFLGHV� LQ� WKH� 8$(� LV� WR�DVVHVV� WKH� VLWXDWLRQ�� WKHQ� FDUU\� RXW� YDULRXV�DFWLYLWLHV� WR� UHGXFH� WKH� ULVNV�SHVWLFLGHV�PD\�KDYH� RQ� WKH� KXPDQ� KHDOWK�� QRQ�WDUJHW�RUJDQLVPV�� DQG� DOO� HQYLURQPHQWDO�FRPSDUWPHQWV� LQFOXGLQJ� IRRG� FRPPRGLWLHV�DQG�GULQNLQJ�ZDWHU������'HYHORSLQJ� D� PDQDJHPHQW� SURJUDP�IRU� VRLO� SHVWLFLGHV� DQG� GHWHUPLQLQJ� DQG�DVVHVVLQJ� WKH� ULVNV� RI� SHVWLFLGH� DSSOLFDWLRQ�DQG�WUDQVIHU�VKRXOG�LPSURYH�WKH�KHDOWK�RI�WKH�UHVSHFWLYH� ZRUNHUV� �LQ� DJULFXOWXUH� DQG�IDFWRULHV�� DQG� WKH� SXEOLF�� SURYLGH�HQYLURQPHQWDO� SURWHFWLRQ�� PLQLPL]H�SHVWLFLGH� UHVLGXH� SUREOHPV�� IDFLOLWDWH�QDWLRQDO�GHFLVLRQV�UHJDUGLQJ�WKH�LPSRUWDWLRQ��GLVWULEXWLRQ�� XVH�� DQG�GLVSRVDO�RI�SHVWLFLGHV��DQG� FUHDWH� DZDUHQHVV� RI� SHVWLFLGH� ULVNV�DPRQJ� DJULFXOWXUDO� ZRUNHUV�� GHFLVLRQ�PDNHUV��DQG�WKH�SXEOLF��
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7KH�NQRZOHGJH�DQG�WHFKQLTXHV�JDLQHG�IURP� RXU� UHVHDUFK� DLG� LQ� JLYLQJ�UHFRPPHQGDWLRQV� ZLWKLQ� WKH� VFRSH� RI� D�PDQDJHPHQW� SURJUDP� IRU� SHVWLFLGH�DSSOLFDWLRQ�� �7KH�UHFRPPHQGDWLRQV��UHVXOWHG�IURP� WKH� PDQDJHPHQW� SURJUDP�� DUH�SUHVHQWHG�LQ�UHODWLRQ�WR�WKH�VHOHFWLYH�XVH�DQG�DSSOLFDWLRQ� RI� SHVWLFLGHV� WKDW�PD\� OHDG� WR� D�UHGXFWLRQ� LQ� SHVWLFLGH� XVH�� GHYHORSPHQW� RI�UHJLVWUDWLRQ� DQG� OHJLVODWLYH� SURFHGXUHV� IRU�SHVWLFLGHV� EDVHG� RQ� VXEMHFWLYH�� H[SHUW�RULHQWHG� DVVHVVPHQW�� ULVN� DVVHVVPHQW�SURFHGXUHV� IRU� SHVWLFLGH� HYDOXDWLRQ��HYDOXDWLRQ� RI� WKH� SRVVLEOH� ULVNV�RI� SHVWLFLGH�DSSOLFDWLRQ�� DQG� GHYHORSPHQW� RI� D�PRQLWRULQJ� SURJUDP� DIWHU� WKH�LPSOHPHQWDWLRQ� RI� SHVWLFLGH� DSSOLFDWLRQ���6SHFLILF� UHFRPPHQGDWLRQV� DUH� RXWOLQHG�EHORZ���� 5HFRPPHQGDWLRQV�� ��� 0RQLWRULQJ� SHVWLFLGH� OHYHOV� LQ� 8$(�JURXQGZDWHU� VKRXOG� EH� FRQGXFWHG�UHJXODUO\�� �6XFK�D�V\VWHP�VKRXOG�VWDUW�DW�ORFDWLRQV� ZKHUH� JURXQGZDWHU� LV� XVHG�GLUHFWO\� IRU� GULQNLQJ� SXUSRVHV� �LQ� WKH�FDVH� RI� UHPRWH� DUHDV�� RU� DW� ORFDWLRQV�ZKHUH� JURXQGZDWHU� LV� PL[HG� ZLWK�GHVDOLQDWHG� ZDWHU� EHIRUH� EHLQJ�GLVWULEXWHG�WR�WKH�SXEOLF������ 7KHUH� LV� D� QHHG� IRU� SURSHU� VHOHFWLRQ� RI�SHVWLFLGHV� XVHG� LQ� WKH� 8$(� EDVHG� RQ�FKDUDFWHULVWLFV� VXFK� DV� WR[LFLW\� DQG�SRWHQWLDO�OHDFKDELOLW\�WR�JURXQGZDWHU����� 7KHUH� LV� D� QHHG� WR� SURYLGH� WUDLQLQJ�SURJUDPV�WR�IDUPHUV�RQ�KRZ�DQG�ZKHQ�WR�DSSO\� SHVWLFLGHV�� 5HJXODU� LQVSHFWLRQV�VKRXOG� EH� FRQGXFWHG� E\� DXWKRUL]HG�SHUVRQQHO� WR� DVVXUH� FRPSOLDQFH� ZLWK�VXFK�HVWDEOLVKHG�SURWRFROV����� 7KHUH� LV� D� QHHG� WR� GHYHORS� D� FKHPLFDO�ZDVWH�PDQDJHPHQW�SURJUDP�LQ�WKH�8$(��DV� ZHOO� DV� RWKHU� $UDE� FRXQWULHV�� WKDW�UHYHDOV�WKH�DPRXQW�RI�REVROHWH�SHVWLFLGHV�

DQG� RWKHU� WR[LF� FKHPLFDOV� �RULJLQDWLQJ�IURP� VXEVWDQGDUG�� H[SLUHG�� RU� EDQQHG�VWRFNV�� DQG� HPSW\� FRQWDLQHUV�� WR� EH�GLVSRVHG�RI�VDIHO\����� 6DPSOHV� RI� GRPHVWLFDOO\� SURGXFHG� DQG�LPSRUWHG� IRRGV� VKRXOG� EH� FROOHFWHG� DQG�DQDO\]HG� IRU� SHVWLFLGH� UHVLGXHV� WR�HQIRUFH� WKH� WROHUDQFHV� VHW� E\� WKH�0LQLVWU\�� � 6SHFLDOLVWV� PD\� FRQFHQWUDWH�RQ� WKH� UDZ� DJULFXOWXUDO� SURGXFWV�� ZKLFK�FDQ�EH�DQDO\]HG�DV�WKH�XQZDVKHG��ZKROH��XQSHHOHG��� UDZ� FRPPRGLW\�� � ,I� LOOHJDO�UHVLGXHV� IRU� D� SDUWLFXODU� IRRG�SHVWLFLGH�FRPELQDWLRQ�DUH�IRXQG�LQ�WKH�VDPSOHV��DW�DQ\� HQWU\� SRLQW��� WKH� VKLSPHQW� PD\� EH�VWRSSHG� E\� WKH� 0LQLVWU\� RU� DQ\�DXWKRUL]HG� DJHQF\�� � 7KH� 0LQLVWU\� PD\�IROORZ�WKH�WROHUDQFHV��05/
V��ZKLFK�DUH��SXEOLVKHG� DQQXDOO\� E\� WKH� )$2�:+2�MRLQW�PHHWLQJ�������$FNQRZOHGJPHQWV�� 7KLV� UHVHDUFK� ZDV� VXSSRUWHG� E\� WKH�6FLHQWLILF�5HVHDUFK�&RXQFLO� DW�8QLWHG�$UDE�(PLUDWHV� 8QLYHUVLW\�� 7KH� DXWKRUV� DUH�JUDWHIXO� WR� +�� $WHHT� IRU� SURYLGLQJ� WKH� WZR�VRLO�VDPSOHV����� 5HIHUHQFHV��� $WHHT�� +��� ������ � 7UDQVSRUW� RI� SHVWLFLGHV�WKURXJK�VRLO�FROXPQV�IURP�$O�$LQ�$UHD��8$(��0DVWHUV�7KHVLV��,Q�SURJUHVV���)HWWHU��&���������&RQWDPLQDQW�+\GURJHRORJ\���QG�HGLWLRQ��3UHQWLFH�+DOO��1HZ�<RUN���+LOOHO��'���������,QWURGXFWLRQ�WR�6RLO�3K\VLFV��$FDGHPLF�3UHVV�,QF���&DOLIRUQLD���-RKQVRQ�� � $��� 7�� %HVLHQ�� &�� %KDUGZDM�� $��'L[RQ�� '�� *RRGG\�� $�� +DULD� � DQG� &��:KLWH�� � ������ �3HQHWUDWLRQ�RI�KHUELFLGHV�WR� JURXQGZDWHU� LQ� DQ� XQFRQILQHG� FKDON�
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DTXLIHU� IROORZLQJ� QRUPDO� VRLO�DSSOLFDWLRQV�� &RQW�� +\GURO�� ��� ������������������.ROSLQ� '��� '�� *RROVE\� DQG� (�� 7KXUPDQ�������D�� � 3HVWLFLGHV� LQ� QHDU�VXUIDFH�DTXLIHUV�� $Q� DVVHVVPHQW� XVLQJ� KLJKO\�VHQVLWLYH�DQDO\WLFDO�PHWKRGV�DQG� WULWLXP��-��(QYLURQ��4XDOLW\���������������������.ROSLQ� '��� '�� *RROVE\� DQG� (�� 7KXUPDQ�������E���3RVW�IORRG�RFFXUUHQFH�RI�VHOHFWHG�DJULFXOWXUDO� FKHPLFDOV� DQG� YRODWLOH�RUJDQLF� FRPSRXQGV� LQ� QHDU�VXUIDFH�XQFRQVROLGDWHG� DTXLIHUV� LQ� WKH� 8SSHU�0LVVLVVLSSL� 5LYHU� %DVLQ�� ������ 8�6��*HRORJLFDO� 6XUYH\� &LUFXODU� �����*�� ���S��0HWFDOI�� 5�� /�� ,QVHFWLFLGHV� LQ� SHVW�PDQDJHPHQW�� ,Q��5��/��0HWDFDOI� DQG�:��+�� /XFNPDQ� �(GV��� SS�� ���������,QWURGXFWLRQ� WR� ,QVHFW�3HVW�0DQDJHPHQW��-RKQ�:LOH\�	�6RQV��1HZ�<RUN��1<���0LQLVWU\�RI�$JULFXOWXUH�DQG�)LVKHULHV���������0LQLVWU\� 5HJXODWLRQ� 1R�� ��� IURP� WKH�8$(� )HGHUDO� /DZ� 1R�� ��� ������UHJDUGLQJ� WKH� XVH� RI� DJULFXOWXUDO�SHVWLFLGHV��8$(����0LQLVWU\�RI�$JULFXOWXUH�DQG�)LVKHULHV���������6WDWLVWLFDO�'DWD�<HDUERRN���8$(���0LQLVWU\�RI�$JULFXOWXUH�DQG�)LVKHULHV���������6WDWLVWLFDO�'DWD�<HDUERRN���8$(���0LQLVWU\�RI�$JULFXOWXUH�DQG�)LVKHULHV���������$SSHQGL[� 1R�� �� IRU� UHVWULFWLRQ� UXOHV� RQ�LPSRUWLQJ� DQG�KDQGOLQJ� VRPH�SHVWLFLGHV���8$(����5DR��%��1���������3HVWLFLGH�SUREOHPV�DQG�WKH�UROH� RI� LQWHJUDWHG� SHVW� PDQDJHPHQW���3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ� ,QWHJUDWHG� 3HVW�

0DQDJHPHQW���6XOWDQ�4DERXV�8QLYHUVLW\��2PDQ���)HEUXDU\����������������6PLWK��5��)���������3HVWLFLGHV��7KHLU�XVH�DQG�OLPLWDWLRQV�LQ�SHVW�PDQDJHPHQW��,Q��5��/��5DEE� DQG�)��(��*XWKULH� �(GV���� SS�� ��������� &RQFHSWV� RI� 3HVW� 0DQDJHPHQW��1RUWK�&DUROLQD�6WDWH�8QLYHUVLW\��5DOHLJK��1&��86$�����7UDXWPDQQ� 1��� .�� 3RUWHU� DQG� 5�� :DJHQHW�������� � 3HVWLFLGHV� DQG� *URXQGZDWHU�� $�*XLGH� IRU� WKH� 3HVWLFLGH� 8VHU�� � &RUQHOO�&RRSHUDWLYH� ([WHQVLRQ�� &RUQHOO�8QLYHUVLW\� KWWS���SPHS�FFH�FRUQHOO�� � �HGX��IDFWV�VOLGHV�VHOI�IDFWV�SHVW�JU�JXG�JUZ���KWPO��86'$� �8�6�� 'HSDUWPHQW� RI� $JULFXOWXUH����$OWHUQDWH� &URSV� 	� 6\VWHPV� /DE� �������KWWS���ZZZ�DUVXVGD�JRY�DFVO�SSGE����86*6� �8�6�� *HRORJLFDO� 6XUYH\�� )DFW� 6KHHW�)6�������� 3HVWLFLGHV� LQ� *URXQG� :DWHU��KWWS���FD�ZDWHU�XVJV�JRY�SQVS��JZ����86(3$� �8�6�� (QYLURQPHQWDO� 3URWHFWLRQ�$JHQF\��� ������ � 1DWLRQDO� VXUYH\� RI�SHVWLFLGHV�LQ�GULQNLQJ�ZDWHU�ZHOOV��3KDVH�, UHSRUW�� (QYLURQPHQWDO� 3URWHFWLRQ�$JHQF\�� 2IILFH� RI� 3HVWLFLGHV� DQG� 7R[LF�6XEVWDQFHV�5HSRUW�(3$����������������86(3$� �8�6�� (QYLURQPHQWDO� 3URWHFWLRQ�$JHQF\�������� 'DWDEDVH� GRFXPHQWDWLRQ�IRU� WKH� 1DWLRQDO� 3HVWLFLGH� 6XUYH\��6HFWLRQ�7KUHH�����S���:DOGURQ�� $�� ������ � 3HVWLFLGHV� DQG�*URXQGZDWHU� &RQWDPLQDWLRQ�� 2KLR�&RRSHUDWLYH� ([WHQVLRQ� 6HUYLFH�� %XOOHWLQ������ 2KLR� 6WDWH� 8QLYHUVLW\���KWWS���RKLROLQH��RVX�HGX�E�������
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:LOOLDPV�:���3��+ROGHQ��'��3DUVRQV�DQG�0��/RUEHU�� � ������ � 3HVWLFLGHV� LQ� *URXQG�:DWHU� 'DWD� %DVH�� ,QWHULP� 5HSRUW��:DVKLQJWRQ�� 8�6�� (QYLURQPHQWDO�3URWHFWLRQ� $JHQF\�� 2IILFH� RI� 3HVWLFLGH�3URJUDPV���:RUUDOO�)���0��)HUQDQGH]�3HUH]��$��-RKQVRQ��)�� )ORUHV�&HVSHUHGHV� DQG� (�� *RQ]DOH]�3UDGDV����������/LPLWDWLRQV�RQ�WKH�UROH�RI�
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