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1R�SDUW�RI�WKLV�ZRUN�FRYHUHG�E\�FRS\ULJKW�PD\�EH�UHSURGXFHG�RU�FRSLHG�LQ�DQ\�IRUP�RU�E\�
DQ\�PHDQV��JUDSKLF��HOHFWURQLF�RU�PHFKDQLFDO��LQFOXGLQJ�SKRWRFRS\LQJ��UHFRUGLQJ��WDSLQJ��
LQIRUPDWLRQ�UHWULHYDO�V\VWHPV��RU�RWKHUZLVH��ZLWKRXW�WKH�ZULWWHQ�SHUPLVVLRQ�RI�WKH�SXEOLVKHU��
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�� ,QWURGXFWLRQ ����������������������������������������������������������������������������������������������������������������������� ��
�� 2EMHFWLYHV�������������������������������������������������������������������������������������������������������������������������� ��
�� 0HWKRGV�DQG�'DWD�6RXUFHV������������������������������������������������������������������������������������������������ ��
�� 0DLQ�)LQGLQJV ������������������������������������������������������������������������������������������������������������������� ��
���� &KHPLFDO�DQG�PHFKDQLFDO�FRQWURO������������������������������������������������������������������������������� ��
���� %LRORJLFDO�FRQWURO ����������������������������������������������������������������������������������������������������� ���
���� 5LVNV ������������������������������������������������������������������������������������������������������������������������� ���

�� 5HFRPPHQGDWLRQV ����������������������������������������������������������������������������������������������������������� ���
���� &KHPLFDO�FRQWURO������������������������������������������������������������������������������������������������������� ���
���� ,QWHJUDWHG�PDQDJHPHQW��������������������������������������������������������������������������������������������� ���
���� %LRORJLFDO�FRQWURO ����������������������������������������������������������������������������������������������������� ���

�� $FNQRZOHGJHPHQWV ��������������������������������������������������������������������������������������������������������� ���
�� 5HIHUHQFHV ����������������������������������������������������������������������������������������������������������������������� ���
$SSHQGL[��� &DO\VWHJLD�VLOYDWLFD�±�V\QRQ\PV���������������������������������������������������������������� ���
$SSHQGL[��� 8VHIXO�UHIHUHQFHV�WR�FRQWURO�RI�&DO\VWHJLD�VLOYDWLFD ���������������������������������� ���
$SSHQGL[��� 8VHIXO�UHIHUHQFHV�WR�FRQWURO�RI�&DO\VWHJLD�VHSLXP�LQ�RUFKDUGV��YLQH\DUGV��
� IRUHVWV��������������������������������������������������������������������������������������������������������� ���
$SSHQGL[��� 2WKHU�JHQHUDO�UHIHUHQFHV ���������������������������������������������������������������������������� ���
$SSHQGL[��� &RQWURO�RI�LQYDVLYH�YLQHV��H[FO��&DO\VWHJLD�VSS�� �������������������������������������� ���
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/DQGFDUH�5HVHDUFK�

6XPPDU\�

�
3URMHFW�DQG�&OLHQW�
*LVERUQH�'LVWULFW�&RXQFLO�DVNHG�/DQGFDUH�5HVHDUFK�WR�LQYHVWLJDWH�WKH�PHWKRGV�XVHG�WR�
FRQWURO�JUHDWHU�ELQGZHHG��&DO\VWHJLD�V\OYDWLFD��IURP�WKH�OLWHUDWXUH�DQG�PDNH�VXJJHVWLRQV�IRU�
LWV�FRQWURO�DQG�SRVVLEOH�IXWXUH�UHVHDUFK�WR�LPSURYH�FRQWURO�PHWKRGV��*UHDWHU�ELQGZHHG��DOVR�
FDOOHG�FRQYROYXOXV��LV�D�VLJQLILFDQW�WKUHDW�WR�WKH�VXFFHVVIXO�HVWDEOLVKPHQW�DQG�VXUYLYDO�RI�
QDWLYH�SODQWV�LQ�ULSDULDQ�PDUJLQV�LQ�SDUWV�RI�WKH�1RUWK�,VODQG��$J5HVHDUFK�KDYH�SURYLGHG�DOO�
WKH�LQIRUPDWLRQ�LQ�WKLV�UHSRUW�RQ�FRQYHQWLRQDO�FRQWURO�PHWKRGV��7KLV�ZRUN�ZDV�FDUULHG�RXW�LQ�
�����ZLWK�DQ�(QYLUROLQN�0HGLXP�$GYLFH�*UDQW�IURP�WKH�)RXQGDWLRQ�IRU�5HVHDUFK��6FLHQFH�
DQG�7HFKQRORJ\���
2EMHFWLYHV�
•� &DUU\�RXW�D�OLWHUDWXUH�UHYLHZ�RQ�UHVHDUFK�XQGHUWDNHQ�QDWLRQDOO\�RU�LQWHUQDWLRQDOO\�RQ�

FRQWURO�DQG�PDQDJHPHQW�RSWLRQV�IRU�JUHDWHU�ELQGZHHG��
•� &DUU\�RXW�D�OLWHUDWXUH�UHYLHZ�RQ�FRQWURO�RSWLRQV�IRU�UHODWHG�SODQW�VSHFLHV��VXFK�DV�SLQN�

ELQGZHHG��ROG�PDQ¶V�EHDUG�DQG�PXHKOHQEHFNLD��
•� 3URYLGH�DQ�RYHUYLHZ�RI�FRQWURO�RSWLRQV��SDUWLFXODUO\�LQ�ZHWODQGV�RU�QHZO\�SODQWHG�ULSDULDQ�

PDUJLQV��
•� 2XWOLQH�ULVNV�RI�ELQGZHHG�FRQWURO�WR�DVVRFLDWHG�QDWLYH�SODQW�VSHFLHV�DQG�WKH�VSHFLHV�

FXUUHQWO\�EHLQJ�SURPRWHG�IRU�ULSDULDQ�SODQWLQJ��
•� 3URYLGH�UHFRPPHQGDWLRQV�IRU�ILHOG�WULDOV�DQG�IXUWKHU�UHVHDUFK�LQWR�FRQWURO�RSWLRQV��
5HFRPPHQGDWLRQV�
•� %DVHG�RQ�WKH�UHVHDUFK�DOUHDG\�FRQGXFWHG�LQ�1HZ�=HDODQG�DQG�RWKHU�FRXQWULHV�RQ�

&DO\VWHJLD�VSS��DQG�VLPLODU�SUREOHP�SHUHQQLDO�ZHHGV��EHORZ�DUH�VRPH�VXJJHVWLRQV�IRU�
UHVHDUFK�LQWR�FRQWUROOLQJ�PDQDJLQJ�WKLV�ZHHG�LQ�ULSDULDQ�PDUJLQV��

�
&KHPLFDO�FRQWURO�

•� *O\SKRVDWH�LV�D�SRWHQWLDO�KHUELFLGH�WRRO�DYDLODEOH�IRU�XVH�LQ�ULSDULDQ�PDUJLQV��+RZHYHU��
GXH�WR�WKH�ULVNV�LQYROYHG�ZLWK�WKLV�FKHPLFDO��VSHFLILF�UHVHDUFK�LV�UHTXLUHG�UHJDUGLQJ�
DSSURSULDWH�UDWHV��WLPLQJ��PHWKRGV�RI�DSSOLFDWLRQ��DGMXYDQWV��DQG�IRUPXODWLRQ��'HWDLOHG�
LQYHVWLJDWLRQV�VKRXOG�EH�XQGHUWDNHQ�RQ�PLWLJDWLQJ�GDPDJH�ULVNV�WR�ULSDULDQ�VSHFLHV�DQG�
DVVRFLDWHG�QDWLYH�SODQWV���

•� 7KH�KRUPRQH�KHUELFLGHV��LQFOXGLQJ�0&3%��0&3$������'��GLFDPED��WULFORS\U�DQG�WKH�
QHZ�KHUELFLGH�DPLQRS\UDOLG��DUH�SRWHQWLDO�RSWLRQV�DV�PRVW�RI�WKH�ULSDULDQ�PDUJLQV�DUH�
DVVRFLDWHG�ZLWK�FRPPRQ�SDVWXUH�VSHFLHV��JUDVVHV�DQG�OHJXPHV���$J5HVHDUFK�KDV�
FRQVLGHUDEOH�LQIRUPDWLRQ�RQ�XVH�RI�WKHVH�PDWHULDOV�LQ�SDVWXUH��5HVHDUFK�TXHVWLRQV�ZRXOG�
UHODWH�WR�KRZ�WKHVH�FKHPLFDOV�FRXOG�EH�ILWWHG�LQWR�WKH�ULSDULDQ�PDUJLQV�DQG�LQ�SDUWLFXODU�
WKH�VDIHW\�RI�DPLQRS\UDOLG�RQ�QDWLYH�VSHFLHV��

•� )OXUR[\S\U�DSSHDUHG�XVHIXO�RQ�VRPH�RWKHU�LQYDVLYH�YLQHV�WKDW�ODFNHG�KDUG��ZRRG\�VWHPV��
,W�FRXOG�EH�ZRUWK�HYDOXDWLQJ�RQ�\RXQJ�&��VLOYDWLFD�HVSHFLDOO\�DV�GDPDJH�WR�QRQ�WDUJHW�
VSHFLHV�FRXOG�EH�OHVV�FRPSDUHG�ZLWK�RWKHU�KHUELFLGH�RSWLRQV��

•� $PLWUROH�PD\�KDYH�D�SODFH�LQ�OLPLWHG�VLWXDWLRQV�DQG�FRXOG�EH�ZRUWK�LQYHVWLJDWLQJ�ZKHUH�
ULSDULDQ�VSHFLHV�XVHG�PD\�KDYH�VRPH�WROHUDQFH�WR�WKLV�KHUELFLGH��



��

/DQGFDUH�5HVHDUFK�

•� 0HWVXOIXURQ�PHWK\O�LV�OLNHO\�WR�DOVR�EH�HIIHFWLYH�RQ�&��VLOYDWLFD�EXW�ZRXOG�DOVR�VHYHUHO\�
GDPDJH�QRQ�WDUJHW�ZRRG\�VSHFLHV�DQG�WKHUHIRUH�QRW�EH�UHFRPPHQGHG��

•� ,QYHVWLJDWLRQV�RQ�PLQLPLVLQJ�PLWLJDWLQJ�SRWHQWLDO�ULVNV�WR�QRQ�WDUJHW�VSHFLHV�VKRXOG�EH�
XQGHUWDNHQ��

�
,QWHJUDWHG�PDQDJHPHQW�

•� )URP�WKH�OLWHUDWXUH�DQG�$J5HVHDUFK¶V�UHVHDUFK�RQ�PDQDJLQJ�ZHHGV�LQ�RUFKDUGV��WKHUH�
DSSHDUV�WR�EH�DQ�RSSRUWXQLW\�WR�H[SORLW�WKH�VXSSUHVVLYH�HIIHFW�RI�VXLWDEOH�JURXQG�FRYHU�
VSHFLHV��'HQVH�JURZLQJ�QDWLYH�VSHFLHV��VXFK�DV�ULFH�JUDVV��0LFURODHQD�VWLSRLGHV��DQG�
WRHWRH��&RUWDGHULD�VSS����ZRXOG�EH�EHVW�EXW�YLJRURXVO\�JURZLQJ�KHUEV�VXFK�DV�/RWXV�
SHGXQFXODWXV�DQG�FUHHSLQJ�EXWWHUFXS��5DQXQFXOXV�UHSHQV��PD\�EH�DEOH�WR�SURYLGH�VRPH�
VXSSUHVVLRQ�LQ�WKH�VKRUW�WHUP��,W�FRXOG�DOVR�EH�ZRUWK�LQYHVWLJDWLQJ�ZD\V�RI�HQKDQFLQJ�WKH�
VXSSUHVVLQJ�DELOLW\�RI�<RUNVKLUH�IRJ��+ROFXV�ODQDWXV��DV�LW�LV�GHQVHO\�JURZLQJ�DQG�YHU\�
FRPPRQ�LQ�ULSDULDQ�VLWXDWLRQV��7KH�FRPSHWLWLYH�DELOLW\�RI�WKH�JURXQG�FRYHU�VSHFLHV�FDQ�EH�
VXSSOHPHQWHG�ZLWK�ORZ�UDWHV�RI�0&3%��JO\SKRVDWH�RU�SDUDTXDW��

�
%LRORJLFDO�FRQWURO�

•� &DO\VWHJLD�VLOYDWLFD��JUHDWHU�ELQGZHHG��LV�OLNHO\�WR�EH�D�GLIILFXOW�WDUJHW�IRU�ELRFRQWURO�LQ�
1HZ�=HDODQG��7KH�QDWXUDO�HQHPLHV�RI�WKLV�VSHFLHV�KDYH�QRW�EHHQ�VSHFLILFDOO\�VWXGLHG��
6XFK�VXUYH\V�DUH�OLNHO\�WR�FRVW���������±���������DQG�PD\�QRW�UHYHDO�DQ\�VXLWDEOH�
SRWHQWLDO�ELRFRQWURO�DJHQWV��7KH�QDWXUDO�HQHPLHV�RI�FORVH�UHODWLYHV��WKDW�KDYH�EHHQ�ZHOO�
VWXGLHG��WHQG�WR�EH�ROLJRSKDJRXV��IHHG�RQ�VHYHUDO�KRVWV���$�ELRFRQWURO�DJHQW�IRU�
&��VLOYDWLFD�LQ�1HZ�=HDODQG�ZRXOG�QHHG�WR�EH�KLJKO\�VSHFLILF�DV�DWWDFN�RQ�QDWLYH�
&DO\VWHJLD�DQG�&RQYROYXOXV�VSHFLHV�ZRXOG�EH�XQDFFHSWDEOH��

•� 0\FRKHUELFLGHV�FRXOG�SRWHQWLDOO\�EH�XVHG�WR�FRQWURO�&��VLOYDWLFD�LQ�1HZ�=HDODQG�EXW�PD\�
QRW�EH�SUDFWLFDO�IRU�VHYHUDO�UHDVRQV��1RQH�RI�WKH�WKUHH�IXQJL�WKDW�KDYH�EHHQ�GHYHORSHG�DV�
P\FRKHUELFLGHV�RYHUVHDV�RFFXU�LQ�1HZ�=HDODQG��$V�WKH\�ZRXOG�EH�QHZ�RUJDQLVPV�XQGHU�
WKH�+D]DUGRXV�6XEVWDQFHV�DQG�1HZ�2UJDQLVPV��+612��$FW�������SHUPLVVLRQ�ZRXOG�
QHHG�WR�EH�JDLQHG�IURP�WKH�(QYLURQPHQWDO�5LVN�0DQDJHPHQW�$XWKRULW\��(50$���7ULDOV�
ZRXOG�QHHG�WR�EH�XQGHUWDNHQ�EHIRUH�VXFK�DQ�DSSOLFDWLRQ�FRXOG�EH�PDGH�WR�DVVHVV�WKH�
VXLWDELOLW\�RI�LQWURGXFLQJ�WKHVH�IXQJL�LQWR�1HZ�=HDODQG��7KH�FRVW�RI�WKLV�UHVHDUFK�DQG�
REWDLQLQJ�(50$�DSSURYDO��LI�WKH\�ZHUH�LQ�IDFW�VXLWDEOH��LV�OLNHO\�WR�EH���������±
����������$�VRXUFH�RI�WKH�IXQJDO�VSHFLHV�ZRXOG�QHHG�WR�EH�LGHQWLILHG��DQG�LI�LW�LV�QRW�
DYDLODEOH�LQ�P\FRKHUELFLGH�IRUP�WKHUH�LV�WKH�DGGHG�ZRUN�DQG�FRVW�WR�SURGXFH�LW��2YHUDOO�
WKLV�ZRXOG�QRW�EH�D�FKHDS�RSWLRQ��



��

/DQGFDUH�5HVHDUFK�

�� ,QWURGXFWLRQ�

�
/DQG�GHYHORSPHQW�DQG�DVVRFLDWHG�YHJHWDWLRQ�FOHDUDQFH�KDV�UHVXOWHG�LQ�WKH�WUDQVIRUPDWLRQ�RI�
QDWXUDO�HFRV\VWHPV�DORQJ�ULSDULDQ�PDUJLQV�WR�SUHGRPLQDQWO\�SDVWXUH��5LSDULDQ�PDUJLQV�DQG�
WKHLU�YHJHWDWLRQ�SHUIRUP�DQ�LPSRUWDQW�UROH�LQ�PDLQWDLQLQJ�DQG�HQKDQFLQJ�ZDWHU�TXDOLW\�DQG�
SURYLGLQJ�KDELWDW�LQ�WKHVH�HFRV\VWHPV��7KH\�DUH�LPSRUWDQW�IRU�SUHYHQWLQJ�VWUHDPEDQN�HURVLRQ��
UHGXFLQJ�IORRG�IORZV��UHPRYLQJ�QXWULHQWV�DQG�VHGLPHQW��DQG�IRU�WHUUHVWULDO�DQG�DTXDWLF�IDXQD��
&RQVHTXHQWO\��UHJLRQDO�FRXQFLOV�KDYH�LQYHVWHG�VLJQLILFDQW�UHVRXUFHV�LQWR�ULSDULDQ�UHYHJHWDWLRQ�
SURJUDPPHV�WR�KHOS�ODQGRZQHUV�PLWLJDWH�WKH�HIIHFWV�RI�LQWHQVLYH�ODQG�XVH�RQ�ZDWHU�TXDOLW\�
DQG�ORVV�RI�LQGLJHQRXV�YHJHWDWLRQ��
�
1HZ�=HDODQG¶�V�1DWLRQDO�%LRGLYHUVLW\�6WUDWHJ\�LGHQWLILHV�/DQG�(QYLURQPHQWV�RI�
1HZ�=HDODQG�DW�/HYHO�,9�WKDW�KDYH�����RU�OHVV�UHPDLQLQJ�LQ�LQGLJHQRXV�FRYHU�DV�D�QDWLRQDO�
SULRULW\��$OVR��LPSURYLQJ�ZDWHU�TXDOLW\�IURP�WKH�HIIHFWV�RI�GDLU\�IDUPLQJ�E\�LPSOHPHQWLQJ�
JRRG�ULSDULDQ�PDQDJHPHQW�KDV�EHHQ�JLYHQ�QDWLRQDO�LPSRUWDQFH�WKURXJK�WKH�'DLU\LQJ�DQG�
&OHDQ�6WUHDPV�$FFRUG��7KHVH�FRPELQHG�EHQHILWV�RI�LPSURYLQJ�ZDWHU�TXDOLW\�DQG�HQKDQFLQJ�
ELRGLYHUVLW\�KDYH�EHHQ�XVHG�WR�HQFRXUDJH�ODQGRZQHUV�WR�LPSOHPHQW�ULSDULDQ�PDQDJHPHQW�DQG�
UHVWRUDWLRQ��
�
&DO\VWHJLD�VLOYDWLFD�RU�JUHDWHU�ELQGZHHG��DOVR�FDOOHG�FRQYROYXOXV��LV�D�VLJQLILFDQW�WKUHDW�WR�WKH�
VXFFHVVIXO�HVWDEOLVKPHQW�DQG�VXUYLYDO�RI�QDWLYH�SODQWV�LQ�ULSDULDQ�PDUJLQV��)HQFHG�RII�ULSDULDQ�
PDUJLQV�FDQ�SURYLGH�FRUULGRUV�IRU�JUHDWHU�ELQGZHHG�WR�VSUHDG��VPRWKHU��DQG�NLOO�QHZO\�
HVWDEOLVKHG�SODQWLQJV�ZLWKLQ��±��\HDUV��,W�LV�ZHOO�HVWDEOLVKHG�DQG�ZLGHVSUHDG�WKURXJKRXW�
1HZ�=HDODQG�DQG�LV�PRVW�FRPPRQO\�IRXQG�JURZLQJ�LQ�IDUP�KHGJHV��LQ�ZHWODQGV��LQ�ULSDULDQ�
VLWHV�QH[W�WR�ZDWHUZD\V��DQG�LV�SUHYDOHQW�DORQJ�WKH�UDLOZD\�FRUULGRUV��
�
/DQGRZQHUV�ZLOO�EH�UHTXLUHG�WR�FRPPLW�VLJQLILFDQW�ILQDQFLDO�UHVRXUFHV�WR�LPSOHPHQW�ULSDULDQ�
IHQFLQJ�DURXQG�SODQWLQJV�RYHU�WKH�QH[W�IHZ�\HDUV�WR�PHHW�WKH�WDUJHWV�XQGHU�WKH�&OHDQ�6WUHDPV�
$FFRUG��6RPH�LQGLYLGXDO�IDUPV�KDYH�XS�WR����NP�RI�ZDWHUZD\V�WR�IHQFH�DQG�SODQW��ZKLFK�
FRXOG�FRVW�XS�WR����������,I�JUHDWHU�ELQGZHHG�VSUHDGV�LQWR�ULSDULDQ�PDUJLQV��LQGLYLGXDO�
ODQGRZQHUV�GR�QRW�KDYH�WKH�NQRZOHGJH�RU�FDSDFLW\�WR�FRQWURO�RU�PDQDJH�ODUJH�LQIHVWDWLRQV�
GXULQJ�WKH�HVWDEOLVKPHQW�SKDVH��
�
*UHDWHU�ELQGZHHG�KDV�DQ�H[WHQVLYH�XQGHUJURXQG�UKL]RPH�WKDW�FDQ�H[WHQG�VHYHUDO�PHWUHV�DQG�
KDV�WKH�FDSDFLW\�WR�UHVSURXW�DQG�UHLQYDGH�VLWHV�ZKHQ�WKH�IROLDJH�LV�UHPRYHG��,W�LV�DOVR�D�VHULRXV�
WKUHDW�WR�WKH�UHYHJHWDWLRQ�RI�ZHWODQGV�RU�EXVK�UHPQDQWV�WKDW�LV�EHLQJ�SURPRWHG�E\�PRVW�
UHJLRQDO�FRXQFLOV��7KHUH�KDV�EHHQ�OLWWOH�LQYHVWLJDWLRQ�LQ�1HZ�=HDODQG�RQ�FRQWURO�DQG�
PDQDJHPHQW�RSWLRQV�RI�WKLV�ZHHG��
�
*LVERUQH�'LVWULFW�&RXQFLO�DVNHG�/DQGFDUH�5HVHDUFK�WR�LQYHVWLJDWH�WKH�PHWKRGV�XVHG�WR�
FRQWURO�JUHDWHU�ELQGZHHG�IURP�WKH�OLWHUDWXUH�DQG�PDNH�VXJJHVWLRQV�IRU�LWV�FRQWURO�DQG�SRVVLEOH�
IXWXUH�UHVHDUFK�WR�LPSURYH�FRQWURO�PHWKRGV��$J5HVHDUFK�KDYH�SURYLGHG�DOO�WKH�LQIRUPDWLRQ�LQ�
WKLV�UHSRUW�RQ�FRQYHQWLRQDO�FRQWURO�PHWKRGV��7KLV�ZRUN�ZDV�FDUULHG�RXW�LQ������ZLWK�DQ�
(QYLUROLQN�0HGLXP�$GYLFH�*UDQW�IURP�WKH�)RXQGDWLRQ�IRU�5HVHDUFK��6FLHQFH�DQG�
7HFKQRORJ\��
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�� 2EMHFWLYHV�

�
•� &DUU\�RXW�D�OLWHUDWXUH�UHYLHZ�RQ�UHVHDUFK�XQGHUWDNHQ�QDWLRQDOO\�RU�LQWHUQDWLRQDOO\�RQ�

FRQWURO�DQG�PDQDJHPHQW�RSWLRQV�IRU�JUHDWHU�ELQGZHHG��
•� &DUU\�RXW�D�OLWHUDWXUH�UHYLHZ�RQ�FRQWURO�RSWLRQV�IRU�UHODWHG�SODQW�VSHFLHV��VXFK�DV�SLQN�

ELQGZHHG��ROG�PDQ¶V�EHDUG�DQG�PXHKOHQEHFNLD��
•� 3URYLGH�DQ�RYHUYLHZ�RI�FRQWURO�RSWLRQV��SDUWLFXODUO\�LQ�ZHWODQGV�RU�QHZO\�SODQWHG�ULSDULDQ�

PDUJLQV��
•� 2XWOLQH�ULVNV�RI�ELQGZHHG�FRQWURO�WR�DVVRFLDWHG�QDWLYH�SODQW�VSHFLHV�DQG�WKH�VSHFLHV�

FXUUHQWO\�EHLQJ�SURPRWHG�IRU�ULSDULDQ�SODQWLQJ��
•� 3URYLGH�UHFRPPHQGDWLRQV�IRU�ILHOG�WULDOV�DQG�IXUWKHU�UHVHDUFK�LQWR�FRQWURO�RSWLRQV��
�

�� 0HWKRGV�DQG�'DWD�6RXUFHV�

�
/LWHUDWXUH�VHDUFKHV�IRU�LQIRUPDWLRQ�DERXW�FKHPLFDO�DQG�PHFKDQLFDO�PHWKRGV�RI�FRQWURO�ZHUH�
FRQGXFWHG�RI�SULPDU\�GDWDEDVHV��QDPHO\�&$%��%,26,6��,QGH[�1HZ�=HDODQG�DQG�7H�3XQD�
�1DWLRQDO�%LEOLRJUDSKLF�'DWDEDVH���$�VHDUFK�RI�WKH�JHQHUDO�:HE�ZDV�DOVR�PDGH��DQG�D�
QXPEHU�RI�JRYHUQPHQW�DQG�UHVHDUFK�ZHEVLWHV�ZHUH�XVHG�WR�UHWULHYH�VWDWLVWLFDO�GDWD��7KHVH�
LQFOXGHG�:HHGV�$XVWUDOLD�GDWDEDVH��1R[LRXV�:HHGV�OLVW��
KWWS���ZZZ�ZHHGV�RUJ�DX�QR[LRXV�KWP��%LRVHFXULW\�1=�UHJLRQDO�SHVW�PDQDJHPHQW�
KWWS���ZZZ�ELRVHFXULW\SHUIRUPDQFH�PDI�JRYW�Q]�SXEOLF�7DEOH5HSRUW�DVS[��DQG�,QYDVLYH�
SODQWV�RI�WKH�8QLWHG�6WDWHV�KWWS����ZZZ�LQYDVLYH�RUJ�ZHHGHG�LQGH[�KWP��6HDUFK�WHUPV�FRYHUHG�
WKH�FKHPLFDO�RU�PHFKDQLFDO�FRQWURO�RI�&DO\VWHJLD�VLOYDWLFD�SOXV�V\QRQ\PV�DQG�FRPPRQ�
QDPHV��$SSHQGL[�����&DO\VWHJLD�VHSLXP�ZDV�DOVR�XVHG�DV�D�VHDUFK�WHUP�EXW�UHVXOWV�ZHUH�
UHVWULFWHG�WR�LWV�RFFXUUHQFH�LQ�RUFKDUGV��YLQH\DUGV�DQG�IRUHVWV��$�IXUWKHU����LQYDVLYH�YLQHV�SOXV�
FRPPRQ�QDPHV�ZHUH�LGHQWLILHG�IRU�DQ�DGGLWLRQDO�VHDUFK��7KUHH�1HZ�=HDODQG�SODQWV�
�&DO\VWHJLD�VROGDQHOOD��&DO\VWHJLD�WXJXULRUXP�DQG�0XHKOHQEHFNLD�DXVWUDOLV��ZHUH�FKHFNHG�LQ�
WKH�OLWHUDWXUH�GDWDEDVHV�DQG�RQ�1HZ�=HDODQG�JRYHUQPHQW�DQG�ORFDO�JRYHUQPHQW�ZHEVLWHV��
�
/LWHUDWXUH�VHDUFKHV�IRU�LQIRUPDWLRQ�RQ�ELRORJLFDO�FRQWURO�ZHUH�FRQGXFWHG�RI�HOHFWURQLF�
GDWDEDVHV�&$%�$EVWUDFWV��&XUUHQW�&RQWHQWV��,6,�3URFHHGLQJV��DQG�:HE�RI�6FLHQFH��,QLWLDO�
VHDUFK�WHUPV�LQFOXGHG�&DO\VWHJLD�VLOYDWLFD��&DO\VWHJLD��JUHDWHU�ELQGZHHG��ELQGZHHG�V��DQG�
ELRORJLFDO�FRQWURO���ELRFRQWURO��$GGLWLRQDO�VHDUFK�WHUPV�LQFOXGHG�&DO\VWHJLD�VHSLXP��
&RQYROYXOXV�DUYHQVLV��DQG�&RQYROYXOXV��$�VHDUFK�RI�WKH�JHQHUDO�:HE�XVLQJ�*RRJOH¶V�VHDUFK�
HQJLQH�ZDV�DOVR�PDGH��)XUWKHU�OLWHUDWXUH�ZDV�IRXQG�E\�VHDUFKLQJ�WKH�UHIHUHQFHV�OLVWHG�LQ�WKH�
UHOHYDQW�SDSHUV�VRXUFHG��
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�� 0DLQ�)LQGLQJV�

�
���� &KHPLFDO�DQG�PHFKDQLFDO�FRQWURO�

5HVXOWV�RI�VHDUFK�RQ�&DO\VWHJLD�VLOYDWLFD�
9HU\�OLWWOH�ZRUN�KDV�EHHQ�GRQH�RQ�FRQWURO�RSWLRQV�IRU�&DO\VWHJLD�VLOYDWLFD�DV�WKLV�VSHFLHV�GRHV�
QRW�DSSHDU�WR�KDYH�ZLGH�GLVWULEXWLRQ�RQ�DQ�LQWHUQDWLRQDO�VFDOH��2I�WKH�WKUHH�UHIHUHQFHV�IRXQG�
�6HH�$SSHQGL[�����RQH�LV�DQ�$J5HVHDUFK�VWXG\�FRQGXFWHG�LQ�:DLNDWR�LQ�WKH�����V��7KH�RWKHU�
WZR�UHSRUWV�DUH�IURP�8.�UHVHDUFK�FRQGXFWHG�LQ�WKH�����V�DQG�LQFOXGH�KHUELFLGHV�WKDW�DUH�QR�
ORQJHU�DYDLODEOH��7DEOH�����
�
,Q�WKH�8.�VWXGLHV�UHJXODU�FXOWLYDWLRQ�ZDV�UHSRUWHG�WR�SUHYHQW�VHHGLQJ�DQG�LQ�WLPH�ZHDNHQ�WKH�
SODQW��EXW�GLG�QRW�SURYLGH�VXVWDLQDEOH�ORQJ�WHUP�FRQWURO��7UHDWPHQW�ZLWK�����'�RQ�WKH�\RXQJ�
UHJURZWK�UHVXOWHG�LQ�VKRUW�WHUP�GDPDJH��6LPLODUO\�LQ�$J5HVHDUFK¶V�H[SHULPHQWV��WULFORS\U��
GLFDPED��JO\SKRVDWH��FKORUVXOIXURQ�DQG�DPLWUROH�DOO�SURYLGHG�JRRG�ZHHG�NQRFNGRZQ��EXW�
UHJURZWK�VRRQ�RFFXUUHG��&ORS\UDOLG�ZDV�LQHIIHFWLYH��7KH�RQO\�KHUELFLGH�WKDW�VKRZHG�ORQJ�
WHUP�HIILFDF\��ZLWK�HIIHFWV�ODVWLQJ�WKURXJK�WR�WKH�IROORZLQJ�VHDVRQ��ZDV�WKH�SHUVLVWHQW�
KHUELFLGH�LPD]DS\U�DW�UDWHV�RI����±��NJ�KD��
�
7DEOH���&KHPLFDO�FRQWURO�RSWLRQV�IRU�&DO\VWHJLD�VLOYDWLFD��VXPPDU\�RI�OLWHUDWXUH�UHYLHZ��
+HUELFLGH�DFWLYH�
LQJUHGLHQW�

5DWH�NJ�KD� /HYHO�RI�FRQWURO� 5HIHUHQFH��

����'�DPLQH� ���±���� 6KRUW�WHUP�FRQWURO�RI�\RXQJ�UHJURZWK� ��
����'�HVWHU� ���±���� 6KRUW�WHUP�FRQWURO�RI�\RXQJ�UHJURZWK� ��
����'� �����SSP� 3DUWLDO�FRQWURO��§�����OHVV�UHJURZWK�� ��
7ULFORS\U� ���� *RRG�NQRFNGRZQ��FRQVLGHUDEOH�UHJURZWK� ��
'LFDPED� ���� *RRG�NQRFNGRZQ��FRQVLGHUDEOH�UHJURZWK� ��
*O\SKRVDWH� ����� *RRG�NQRFNGRZQ��FRQVLGHUDEOH�UHJURZWK� ��
&KORUVXOIXURQ� ������ *RRG�NQRFNGRZQ��FRQVLGHUDEOH�UHJURZWK� ��
$PLWUROH� ���� *RRG�NQRFNGRZQ��FRQVLGHUDEOH�UHJURZWK� ��
,PD]DS\U� ���±���� *RRG�NQRFNGRZQ��FRQVLGHUDEOH�VXSSUHVVLRQ�

RI�UHJURZWK�LQ�WKH�QH[W�VHDVRQ�
��

������7� 1R�ORQJHU�DYDLODEOH� ��
�5HIHU�WR�ELEOLRJUDSK\�LQ�$SSHQGL[����
�

5HVXOWV�RI�VHDUFK�RQ�&DO\VWHJLD�VHSLXP�
&DO\VWHJLD�VHSLXP��D�FORVHO\�UHODWHG�VSHFLHV�WR�&��VLOYDWLFD��LV�PRUH�SUHYDOHQW�DURXQG�WKH�
ZRUOG�DQG�FRQVLGHUDEO\�PRUH�UHVHDUFK�KDV�EHHQ�GRQH�RQ�FKHPLFDO�FRQWURO�RI�WKLV�VSHFLHV��
7KHUH�LV�DOVR�VRPH�LQIRUPDWLRQ�RQ�QRQ�FKHPLFDO�FRQWURO�RSWLRQV��LQFOXGLQJ�FXOWLYDWLRQ��ZKLFK�
ZRXOG�QRW�EH�SUDFWLFDO�LQ�WKH�ULSDULDQ�PDUJLQV��
�
7KH�LQIRUPDWLRQ�VXPPDULVHG�LQ�7DEOH���JLYHV�WKH�PDLQ�FKHPLFDO�RSWLRQV�DQG�FDQ�EH�
VXPPDULVHG�DV�IROORZV��
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*O\SKRVDWH�
•� 2QO\�RQH�UHSRUW�VXJJHVWHG�H[FHOOHQW�FRQWURO�IURP�DSSOLFDWLRQ�UDWH�RI�����NJ�KD��
•� $�FRXSOH�RI�UHSRUWV�VKRZHG�JRRG�FRQWURO�LI�DSSOLHG�DW�EXGGLQJ�RU�IORZHULQJ�VWDJH��EXW�

PRVWO\�RQO\�GXULQJ�WKH�\HDU�XVHG��
•� 6HYHUDO�UHSRUWV�VKRZHG�JRRG�FRQWURO�LI�XVHG�MXVW�EHIRUH�IORZHULQJ�RI�WKH�ZHHG��EXW�RQO\�DW�

UDWHV�DURXQG����±����NJ�KD��
•� 6RPH�UHSRUWV�VWLOO�VKRZHG�RQO\�PRGHUDWH�FRQWURO�HYHQ�DW�WKHVH�KLJK�UDWHV��ZLWK�UHJURZWK�

RFFXUULQJ�GXULQJ�WKH�VDPH�VHDVRQ��
•� 6RPH�UHVHDUFKHUV�UHSRUWHG�JRRG�FRQWURO�IURP�WKH�KLJK�UDWHV������NJ�KD��EXW�RQO\�LI�DSSOLHG�

IRU��±��VXFFHVVLYH�\HDUV��
•� ,Q�VXPPDU\��JO\SKRVDWH�GRHV�KDYH�UHDVRQDEOH�HIILFDF\�RQ�WKLV�ZHHG�EXW�WKH�UDWHV�

LQYHVWLJDWHG�LQ�WKH�����±��V����NJ�DQG�DERYH��DUH�UDUHO\�XVHG�WRGD\��,I�ORZHU�UDWHV�DUH�WR�
EH�LQYHVWLJDWHG��UHSHDW�DSSOLFDWLRQV�ZRXOG�EH�WKH�RQO\�RSWLRQ��

�
+RUPRQH�KHUELFLGHV�

•� 7KH�SKHQR[\�KHUELFLGHV�0&3%��0&3$������'�DQG�������7�KDYH�EHHQ�ZLGHO\�HYDOXDWHG�
IRU�FRQWURO�RI�&��VHSLXP�LQ�PDQ\�DUDEOH�DQG�KRUWLFXOWXUDO�FURSV�ZKHUH�LW�LV�RIWHQ�D�VHULRXV�
SUREOHP��

•� 0&3%�DW�UDWHV�EHWZHHQ�����DQG�����NJ�KD�KDV�EHHQ�UHSRUWHG�E\�VHYHUDO�ZRUNHUV�WR�SURYLGH�
JRRG�FRQWURO�LQ�WKH�\HDU�RI�WUHDWPHQW��ZKHQ�DSSOLHG�ODWH�LQ�WKH�VHDVRQ�DIWHU�DFWLYH�JURZWK�
KDV�FHDVHG��

•� 0&3$�DW�UDWHV�RI����±����NJ�KD�SURYLGHG�PRGHUDWH�FRQWURO�LI�XVHG�DW�WKH�IORZHULQJ�VWDJH�
RI�WKH�ZHHG��

•� ����'�DW�UDWHV�EHWZHHQ�����DQG�����NJ�KD�KDV�EHHQ�IRXQG�WR�SURYLGH�JRRG�FRQWURO�E\�PDQ\�
UHVHDUFKHUV�ZKHQ�XVHG�DW�IORZHULQJ�VWDJH�RI�WKH�ZHHG��7KH�FRQWURO�ODVWHG�PRVWO\�RQH�
JURZLQJ�VHDVRQ�RQO\��

•� 6SRW�VSUD\LQJ�ZLWK�GLFDPED�SURYLGHG�JRRG�FRQWURO�LQ�VSULQJ�WR�HDUO\�VXPPHU�ZKHQ�WKH�
ZHHG�LV�LQ�IXOO�OHDI��

�
2WKHU�KHUELFLGH�RSWLRQV�

•� $PLWUROH�KDV�EHHQ�XVHG�ZLWK�VRPH�VXFFHVV�LQ�PDQ\�KRUWLFXOWXUDO�VLWXDWLRQV��
•� $�QXPEHU�RI�RWKHU�UHVLGXDO�KHUELFLGHV�DUH�UHSRUWHG�WR�KDYH�YDU\LQJ�OHYHOV�RI�HIILFDF\�RQ�

&��VHSLXP��7KHVH�DUH�DOO�XVHG�LQ�KRUWLFXOWXUDO�RU�QRQ�FURS�VLWXDWLRQV�DQG�ZRXOG�QRW�VXLW�WKH�
ULSDULDQ�PDUJLQV��

•� 6RPH�RI�WKH�KHUELFLGHV�UHSRUWHG�WR�SURYLGH�JRRG�FRQWURO�RI�WKLV�ZHHG�DUH�QR�ORQJHU�
DYDLODEOH�LQ�1HZ�=HDODQG�RU�LQWHUQDWLRQDOO\��

�
1RQ�KHUELFLGH�RSWLRQV�

•� 0RVW�RI�WKH�UHVHDUFK�VKRZV�WKDW�&DO\VWHJLD�VSS��SODQWV�DUH�GLIILFXOW�WR�HOLPLQDWH�VROHO\�E\�
KHUELFLGHV��

•� 2QH�RSWLRQ�LV�WR�XVH�FRPSHWLWRUV��SUHIHUDEO\�GHVLUHG�QDWLYH�VSHFLHV�OLNH�WRHWRH��&RUWDGHULD�
VSS����WR�HVWDEOLVK�D�GHQVH�FRYHU�RI�PRGHUDWH�KHLJKW��$�GHQVH�FRYHU�RI�ORZ�JURZLQJ�KHUEV�
VXFK�DV�ORWXV��/RWXV�VSS���DQG�FUHHSLQJ�EXWWHUFXS��5DQXQFXOXV�UHSHQV��PLJKW�DOVR�LQKLELW�
&DO\VWHJLD�VSS��VSUHDG�EXW�RQO\�LQ�WKH�VKRUW�WHUP��3��:LOOLDPV�SHUV��FRPP����,W�FRXOG�DOVR�
EH�ZRUWK�LQYHVWLJDWLQJ�ZD\V�RI�HQKDQFLQJ�WKH�VXSSUHVVLQJ�DELOLW\�RI�<RUNVKLUH�IRJ�
�+ROFXV�ODQDWXV��DV�LW�LV�GHQVHO\�JURZLQJ�DQG�YHU\�FRPPRQ�LQ�ULSDULDQ�VLWXDWLRQV��7KH�
FRPSHWLWLYH�DELOLW\�RI�WKH�JURXQG�FRYHU�VSHFLHV�FDQ�EH�VXSSOHPHQWHG�ZLWK�ORZ�UDWHV�RI�
0&3%��JO\SKRVDWH�RU�SDUDTXDW��
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•� $QRWKHU�RSWLRQ�XVHG�LQFOXGHV�UHJXODU�FXOWLYDWLRQ�WR�VWRS�WKH�HVWDEOLVKPHQW�RI�WKH�ZHHG�LQ�
DUDEOH�DQG�KRUWLFXOWXUDO�VLWXDWLRQV��+RZHYHU��WKLV�LV�QRW�D�SUDFWLFDO�RU�YLDEOH�DOWHUQDWLYH�IRU�
ULSDULDQ�PDUJLQV�EHFDXVH�RI�REVWDFOHV�VXFK�DV�SODQWLQJV�DQG�IHQFHV��

�
�
7DEOH���&KHPLFDO�FRQWURO�RSWLRQV�IRU�&DO\VWHJLD�VHSLXP��VXPPDU\�RI�OLWHUDWXUH�UHYLHZ��
+HUELFLGH�
DFWLYH�
LQJUHGLHQW�

5DWH�NJ�KD� /HYHO�RI�FRQWURO� 5HIHUHQFH��

*O\SKRVDWH� ���±���� 3RRU� ��
*O\SKRVDWH� ���±���� *RRG�LQLWLDO�FRQWURO��EXW�FRQVLGHUDEOH�

UHJURZWK�ZLWKLQ��±��ZHHNV�
�����

*O\SKRVDWH� ���� 0RGHUDWH�FRQWURO� ���
*O\SKRVDWH� ���� *RRG�FRQWURO�LI�DSSOLHG�MXVW�EHIRUH�IORZHULQJ�

RI�WKH�ZHHG�
���������������

*O\SKRVDWH� ����
���±����
�
����

*RRG�FRQWURO�
*RRG�FRQWURO�ZLWK�DSSOLFDWLRQ�LQ���VXFFHVVLYH�
\HDUV�EHIRUH�LW�FOLPEHG�LQWR�WUHHV�
*RRG�FRQWURO�ZLWK�WKUHH�DSSOLFDWLRQV�

������
���
�
��

*O\SKRVDWH� ���� *RRG�FRQWURO�±�PRVW�HIIHFWLYH�ZKHQ�DSSOLHG�DW�
EXGGLQJ�RU�IORZHULQJ�VWDJH�

���

*O\SKRVDWH� ���� *RRG�FRQWURO�GXULQJ�WKH�\HDU�XVHG� ���
*O\SKRVDWH� ���� 2QH�DSSOLFDWLRQ�JDYH�H[FHOOHQW�FRQWURO� ���
0&3%� ���� *RRG�FRQWURO�LI�DSSOLHG�ODWH�� ������
0&3%� ���±���� *RRG�FRQWURO�LI�XVHG�ODWH�ZKHQ�DFWLYH�JURZWK�

KDV�FHDVHG�
���

0&3%� ���±���� *RRG�FRQWURO�LQ�WKH�\HDU�RI�WUHDWPHQW� ������
0&3$� ���� *RRG�FRQWURO� �����������
0&3$� ���� 0RGHUDWHO\�VXVFHSWLEOH�LI�XVHG�DW�IORZHULQJ�

VWDJH�
���

����'�DPLQH� ���� *RRG�FRQWURO�LI�XVHG�DV�IORZHULQJ�HQGV� ���
����'�DPLQH� �� *RRG�FRQWURO��FKHDSHVW�FKHPLFDO�RSWLRQ� ���
����'�DPLQH� ���� 6RPH�FRQWURO� �������
����'�� ���� 0RGHUDWHO\�VXVFHSWLEOH�LI�XVHG�DW�IORZHULQJ�

VWDJH�
���

����'�� ���±���� *RRG�FRQWURO�LQ�WKH�\HDU�RI�WUHDWPHQW� �������
����'���
'DODSRQ�

������������ *RRG�FRQWURO�ZLWK�WZR�DSSOLFDWLRQV� ��

'LFDPED� 6SRW�VSUD\� *RRG�FRQWURO�LI�XVHG�LQ�VSULQJ�±�HDUO\�VXPPHU�
ZKHQ�LQ�IXOO�OHDI�

���

$PLWUROH� ���� 6WXQWLQJ�RQO\� ���
$PLWUROH���
VLPD]LQH�

������
�����

*RRG�FRQWURO� �������

�5HIHU�WR�ELEOLRJUDSK\�LQ�$SSHQGL[����
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5HVXOWV�RI�VHDUFK�RQ�UHODWHG�SODQW�VSHFLHV�
/LWHUDWXUH�VHDUFKHV�ZHUH�FRQGXFWHG�DOVR�RQ����SODQW�VSHFLHV��LQFOXGLQJ�ZHHGV�FORVHO\�UHODWHG�
WR�&��VLOYDWLFD�DV�ZHOO�DV�XQUHODWHG�LQYDVLYH�YLQHV��5HVXOWV�RI�WKHVH�VHDUFKHV�RQ�VSHFLHV�RI�
SDUWLFXODU�UHOHYDQFH�WR�1HZ�=HDODQG�DUH�SUHVHQWHG�LQ�7DEOH����
�
7DEOH���&KHPLFDO�FRQWURO�RSWLRQV�IRU�RWKHU�ZHHG\�YLQHV��VXPPDU\�RI�OLWHUDWXUH�UHYLHZ��
3ODQW�VSHFLHV� &RPPRQ�

QDPH�
&RQWURO�RSWLRQV�
$FWLYH�LQJUHGLHQW��7UDGH�QDPH��

5HIHUHQFH�

$FWLQLGLD�VSS�� .LZLIUXLW� 7ULFORS\U�SLFORUDP��7RUGRQ�%UXVKNLOOHU��
7ULFORS\U��*UD]RQ��
3LFORUDP�JHO��9LJLODQW��

���

$QUHGHUD�
FRUGLIROLD�

0DGHLUD�
YLQH�

0HWVXOIXURQ�PHWK\O��YDULRXV��
7ULFORS\U�SLFORUDP��7RUGRQ�%UXVKNLOOHU��
*O\SKRVDWH��YDULRXV��
$PLWUROH��YDULRXV��
)OXUR[\S\U��6WDUDQH��
*O\SKRVDWH�±�UHSHDWHG�HYHU\���PRQWKV�

���
�
�
�
�
������

$UDXMLD�
VHULFLIHUD�

0RWK�SODQW� *O\SKRVDWH��YDULRXV��
*OXIRVLQDWH��%XVWHU��

�������

$VSDUDJXV�
DVSDUDJRLGHV�

%ULGDO�
FUHHSHU�

*O\SKRVDWH��YDULRXV��
*O\SKRVDWH�±�UHSHDW�DSSOLFDWLRQV�
0HWVXOIXURQ�PHWK\O��0D\�±-XO\���
0HWVXOIXURQ�PHWK\O��$XJXVW�±�DW�IORZHULQJ��
0HWVXOIXURQ�PHWK\O��ORZ�UDWHV�EXW�UHSHDW�
DSSOLFDWLRQV��
7ULFORS\U�SLFORUDP��
�
1RWH��0RVW�UHVHDUFKHUV�VWDWHG�WKDW�GDPDJH�WR�
QDWLYH�SODQWV�LV�PLQLPLVHG�GXH�WR�WKH�FDQRS\�
HIIHFW�RI�WKH�ZHHG��

�����������
���
�����������
�����������
���
���

$VSDUDJXV�
DIULFDQXV�

&OLPELQJ�
DVSDUDJXV�

7ULFORS\U��*UD]RQ��
)OXUR[\S\U��6WDUDQH���
*O\SKRVDWH�

���

&DUGLRVSHUPXP�
JUDQGLIORUXP�

%DOORRQ�YLQH� 1R�UHIHUHQFHV� �

&HODVWUXV�
RUELFXODWXV�

&OLPELQJ�
VSLQGOH�EHUU\�

3LFORUDP�JHO��9LJLODQW��
7ULFORS\U��*UD]RQ��

���
���

&OHPDWLV�
YLWDOED�

2OG�PDQ¶V�
EHDUG�

$WUD]LQH���F\DQD]LQH�
,PD]DS\U��$UVHQDO��
*O\SKRVDWH��YDULRXV��
3LFORUDP�JHO��9LJLODQW��
7ULFORS\U���SLFORUDP�
&ORS\UDOLG��YDULRXV��

���
�������
�������������������
�������
���
���
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�
3ODQW�VSHFLHV� &RPPRQ�

QDPH�
&RQWURO�RSWLRQV� 5HIHUHQFH�

+HGHUD�KHOL[� (QJOLVK�LY\� *O\SKRVDWH��YDULRXV��
*O\SKRVDWH�±�FRQVLGHUDEOH�UHJURZWK�
����'�DPLQH�±�WZR�DSSOLFDWLRQV�
*URZWK�UHJXODWRUV�

���
���
���
���

/RQLFHUD�
MDSRQLFD�

-DSDQHVH�
KRQH\VXFNOH�

&XWWLQJ���JO\SKRVDWH�
*O\SKRVDWH�
*O\SKRVDWH��PLQLPXP���DSSOLFDWLRQV��
7ULFORS\U��
0HWVXOIXURQ�±�PHWK\O�
$PLWUROH�
�
1RWH��JRRG�UHFRYHU\�RI�QDWLYH�VSHFLHV�QRWHG�
DIWHU�JO\SKRVDWH�WUHDWPHQW��
*RRG�UHVXOWV�IURP�FKHPLFDO���ELRORJLFDO�
FRQWURO��

���
�����������������������
���
���
�����������
�������
�
�
���
���

0DFIDG\HQD�
XQJXLV�FDWL�

&DW¶V�FODZ� *O\SKRVDWH��UHSHDW�VSUD\�RI�UHJURZWK��
*O\SKRVDWH�±�VLQJOH�DSSOLFDWLRQ�QRW�HIIHFWLYH�

���
���

0XHKOHQEHFNLD�
DXVWUDOLV�

3RKXHKXH� 'HIROLDWHG�E\�JO\SKRVDWH��WULFORS\U��FORS\UDOLG�
DQG�PHWVXOIXURQ��EXW�RIWHQ�UHJHQHUDWHG�
UHDVRQDEO\�ZHOO�DIWHU�WKH�GHDWK�RI�FOLPELQJ�GRFN�
DQG�-DSDQHVH�KRQH\VXFNOH��

���

�
�

*O\SKRVDWH�
•� *O\SKRVDWH�LV�WKH�PRVW�ZLGHO\�UHVHDUFKHG�DQG�UHFRPPHQGHG�KHUELFLGH�SURGXFW�IRU�

FRQWUROOLQJ�DQG�PDQDJLQJ�LQYDVLYH�YLQHV��
•� ,Q�PRVW�FDVHV��UHSHDW�DSSOLFDWLRQV��DW�OHDVW����RI�JO\SKRVDWH�DUH�QHHGHG�IRU�VDWLVIDFWRU\�

FRQWURO��
•� /DWHU�DSSOLFDWLRQV��DW�IORZHULQJ�RU�VXEVHTXHQW�WR�IORZHULQJ��KDYH�RIWHQ�SURYLGHG�EHWWHU�

UHVXOWV��
•� 'DPDJH�IURP�JO\SKRVDWH�WR�QDWLYH�SODQW�VSHFLHV�LV�PLQLPLVHG�LQ�WKH�FDVH�RI�LQYDVLYH�YLQHV�

WKDW�KDYH�DPSOH�FDQRS\�JURZWK��
•� 6RPH�UHVHDUFKHUV�QRWHG�JRRG�UHFRYHU\�RI�QDWLYH�VSHFLHV�DIWHU�JO\SKRVDWH�WUHDWPHQW��

DOWKRXJK�LW�UHTXLUHG�FRQVLGHUDEOH�WLPH�LQ�PDQ\�FDVHV��
�

+RUPRQH�KHUELFLGHV�
•� 3KHQR[\�KHUELFLGHV��0&3$��0&3%������'��UDUHO\�SURYHG�XVHIXO�IRU�FRQWURO�RI�LQYDVLYH�

YLQHV��ZLWK�WKH�H[FHSWLRQ�RI�����'���SLFORUDP��
•� 3LFORUDP�DQG�LWV�FRPELQDWLRQV�ZLWK�WULFORS\U�KDYH�EHHQ�ZLGHO\�HYDOXDWHG�DQG�RIWHQ�

SURYLGHG�JRRG�FRQWURO�RI�PRVW�LQYDVLYH�YLQHV��%HLQJ�VHOHFWLYH�WR�*UDPLQDH�VSHFLHV��
SLFORUDP�GRHV�RIIHU�WKH�DGYDQWDJH�RI�OHDYLQJ�EHKLQG�VRPH�YHJHWDWLRQ�FRYHU��ZKLFK�KHOSV�
DUUHVW�LPPHGLDWH�ZHHG�UHLQYDVLRQ��+RZHYHU��LW�GRHV�SRVH�SRWHQWLDO�GDPDJH�ULVNV�WR�RWKHU�
GHVLUHG�YHJHWDWLRQ��GXH�WR�LWV�H[FHOOHQW�WUDQVORFDWLRQ�DQG�PRYHPHQW�FKDUDFWHULVWLFV��DQG�
VHULRXV�HQYLURQPHQWDO�ULVNV�GXH�WR�LWV�ORQJ�SHUVLVWHQFH�DQG�KLJK�PRELOLW\�LQ�WKH�VRLO��7KHVH�
ULVNV�QHHG�WR�EH�PDQDJHG�FDUHIXOO\��
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•� 7KH�SLFORUDP�JHO�IRUPXODWLRQ��9LJLODQW��GHYHORSHG�E\�+RUW5HVHDUFK�KDV�EHHQ�
VXFFHVVIXOO\�XVHG�IRU�FRQWURO�RI�PDQ\�ZRRG\�YLQH�VSHFLHV��7KLV�IRUPXODWLRQ�VLJQLILFDQWO\�
UHGXFHV�WKH�HQYLURQPHQWDO�ULVNV�DVVRFLDWHG�ZLWK�WKLV�FKHPLFDO�DV�ZHOO�DV�WKH�SRWHQWLDO�IRU�
GDPDJH�WR�QRQ�WDUJHW�VSHFLHV��

•� 7ULFORS\U�DORQH�RU�LQ�FRPELQDWLRQ�ZLWK�SLFORUDP�KDV�EHHQ�WKH�PRVW�VXFFHVVIXO�SURGXFW��
DIWHU�JO\SKRVDWH��IRU�FRQWURO�RI�WKHVH�LQYDVLYH�YLQHV��

•� $PLWUROH�DQG�IOXUR[\S\U�DUH�WKH�RWKHU�SURGXFWV�IRXQG�XVHIXO�E\�VRPH�UHVHDUFKHUV��
�

$GGLWLRQDO�SRWHQWLDO�RSWLRQV�IRU�&DO\VWHJLD�VLOYDWLFD�EDVHG�RQ�VHDUFKHV�RQ�UHODWHG�
LQYDVLYH�YLQHV�

•� 7KH�SRWHQWLDO�KHUELFLGH�RSWLRQV��LQ�DGGLWLRQ�WR�WKRVH�OLVWHG�LQ�7DEOH����ZRXOG�LQFOXGH�
PHWVXOIXURQ�PHWK\O�DQG�SRVVLEO\�IOXUR[\S\U��

�
���� %LRORJLFDO�FRQWURO�
%LRORJLFDO�FRQWURO��ELRFRQWURO��LV�D�PHWKRG�RI�FRQWURO�ZKHUH�WKH�QDWXUDO�HQHPLHV�RI�DQ�
RUJDQLVP�DUH�XVHG�WR�FRQWURO�LW��3DUW�RI�WKH�SURFHVV�LQ�FKRRVLQJ�D�VXLWDEOH�ELRFRQWURO�DJHQW�LV�
WR�LGHQWLI\�KRZ�VSHFLILF�LW�LV�WR�WKH�WDUJHW�VSHFLHV��,Q�PRVW�FDVHV�D�QDWXUDO�HQHP\�LV�FKRVHQ�WKDW�
ZLOO�RQO\�DWWDFN�WKH�WDUJHW�VSHFLHV�DQG�WKLV�VSHFLILFLW\�LV�RQH�RI�WKH�DGYDQWDJHV�RI�XVLQJ�
ELRFRQWURO��$QRWKHU�LV�WKH�RQJRLQJ�SUHVVXUH�WKH�ELRFRQWURO�DJHQW�ZLOO�H[HUW�RQ�WKH�WDUJHW�
VSHFLHV�RQFH�LW�LV�HVWDEOLVKHG��,Q�WKH�FDVH�RI�ZHHGV��LQVHFW��PLWH�DQG�SDWKRJHQ�VSHFLHV�KDYH�
EHHQ�XVHG�DV�ELRFRQWURO�DJHQWV��
�

*UHDWHU�ELQGZHHG��&DO\VWHJLD�VLOYDWLFD��
7KHUH�KDYH�QRW�EHHQ�DQ\�DWWHPSWV�WR�XQGHUWDNH�ELRFRQWURO�RI�&��VLOYDWLFD�DQ\ZKHUH�LQ�WKH�
ZRUOG�RU�DQ\�VWXGLHV�LQWR�LWV�QDWXUDO�HQHPLHV��$V�QR�VSHFLILF�LQIRUPDWLRQ�ZDV�IRXQG��WKH�
VHDUFK�ZDV�EURDGHQHG�WR�LQFOXGH�LQIRUPDWLRQ�DERXW�WKH�ELRFRQWURO�RI�FORVH�SODQW�UHODWLYHV�DQG�
D�VWXG\�RI�WKH�UHODWHGQHVV�RI�WKHVH�SODQWV�ZDV�DOVR�XQGHUWDNHQ�DQG�LV�GHVFULEHG�EHORZ��
�

&DO\VWHJLD�WD[RQRPLF�UHODWLRQVKLSV�±�&RQYROYXODFHDH�
7KH�JHQXV�&DO\VWHJLD�EHORQJV�WR�WKH�IDPLO\�&RQYROYXODFHDH��7KH�IDPLO\�LV�GRPLQDWHG�E\�
VSHFLHV�LQ�WKH�FORVHO\�UHODWHG�JHQXV�&RQYROYXOXV�DQG�LQ�,SRPRHD��ZKLFK�LQFOXGHV�PRUQLQJ�
JORULHV�DQG�,��EDWDWDV��NXPDUD�RU�VZHHW�SRWDWR��&URQTXLVW��������0ROHFXODU�SK\ORJHQHWLF�
ZRUN�RQ�&RQYROYXODFHDH�VKRZV�&DO\VWHJLD�QHVWHG�ZLWKLQ�&RQYROYXOXV��6WHIDQRYLü�HW�DO��
�������%HFDXVH�RI�WKH�FORVHQHVV�RI�WKH�SK\ORJHQWLF�UHODWLRQVKLS�LW�LV�SURSRVHG�WKDW�&DO\VWHJLD�
VSHFLHV�VKRXOG�EH�SXW�LQ�&RQYROYXOXV��EXW�DV�D�GLVWLQFW�VXEJHQXV��6WHIDQRYLü�HW�DO��������
6��:DJVWDII�SHUV��FRPP����+RZHYHU��WKHUH�KDV�QRW�EHHQ�DQ\�SK\ORJHQHWLF�ZRUN�GRQH�RQ�WKHVH�
WZR�JHQHUD�DQG�VR�WKH�GHWDLOV�RI�KRZ�&DO\VWHJLD�VSHFLHV�ILW�DPRQJVW�&RQYROYXOXV�VSHFLHV�DUH�
QRW�\HW�NQRZQ��7KH�FORVH�UHODWLRQVKLS�EHWZHHQ�WKH�WZR�JHQHUD�LV�DOVR�UHIOHFWHG�E\�&DO\VWHJLD�
EHLQJ�FRQVLGHUHG�V\QRQ\PRXV�ZLWK�&RQYROYXOXV�LQ�WKH�SDVW��/HZLV�	�2OLYHU��������7KH�
/DQGFDUH�5HVHDUFK�1HZ�=HDODQG�3ODQW�1DPHV�'DWDEDVH��1J �7LSX�R�$RWHDURD�±�
1HZ�=HDODQG�3ODQWV��KWWS���Q]IORUD�ODQGFDUHUHVHDUFK�FR�Q]���DFFHVVHG����1RYHPEHU�������
DOVR�OLVWV�&RQYROYXOXV�V\QRQ\PV�IRU�VHYHUDO�&DO\VWHJLD�VSHFLHV��H�J��&��VLOYDWLFD�DQG�
&��VHSLXP��
�

&DO\VWHJLD�DQG�&RQYROYXOXV�LQ�1HZ�=HDODQG�
1HZ�=HDODQG�KDV�WKUHH�QDWLYH�DQG�WZR�LQWURGXFHG�VSHFLHV�RI�&DO\VWHJLD��:HEE�HW�DO���������
2I�WKH�QDWLYH�VSHFLHV��VKRUH�ELQGZHHG��&��VROGDQHOOD��DQG�&��WXJXULRUXP�DUH�ZLGHVSUHDG�EXW�
&��PDUJLQDWD�LV�UDUH��2JGHQ�������:HEE�HW�DO���������7KH�WZR�LQWURGXFHG�VSHFLHV�DUH�JUHDWHU�
ELQGZHHG��&��VLOYDWLFD��DQG�KHGJH�ELQGZHHG��&��VHSLXP���&��VHSLXP�LV�DQ�LPSRUWDQW�ZHHG�LQ�
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HDVWHUQ�1RUWK�$PHULFD��5RVHQWKDO�������5RVHQWKDO�	�%XFNLQJKDP��������7KHUH�DUH�WZR�
UHFRJQLVDEOH�IRUPV�RI�&��VHSLXP�LQ�1HZ�=HDODQG��RQH�RI�ZKLFK�LV�SUREDEO\�QDWLYH��µSLQN�
ELQGZHHG¶���7R�FRPSOLFDWH�WKLQJV�2JGHQ��������IRXQG�HYLGHQFH�RI�K\EULGLVDWLRQ�EHWZHHQ�
&��VHSLXP�DQG�&��VLOYDWLFD��DQG�VXJJHVWHG�WKDW�K\EULGLVDWLRQ�PD\�DOVR�RFFXU�EHWZHHQ�WKH�
QDWLYH�&DO\VWHJLD�VSHFLHV�DQG�EHWZHHQ�WKHP�DQG�&��VLOYDWLFD��+\EULGLVDWLRQ�RI�&��VLOYDWLFD�
DQG�&��VHSLXP�KDV�DOVR�EHHQ�UHSRUWHG�LQ�(XURSH�DQG�VRPH�DXWKRUV�WKHUH�UHJDUG�WKHP�DV�
VXEVSHFLHV��:LOOLDPV��������
�
1HZ�=HDODQG�KDV�WZR�HQGHPLF�DQG�WZR�LQWURGXFHG�VSHFLHV�RI�&RQYROYXOXV��:HEE�HW�DO��
�������7KH�QDWLYH�VSHFLHV��&��IUDFWRVD[RVD�DQG�&��YHUHFXQGXV��KDYH�UHVWULFWHG�GLVWULEXWLRQV�
�:HEE�HW�DO���������2QH�RI�WKH�LQWURGXFHG�VSHFLHV��ILHOG�ELQGZHHG��&��DUYHQVLV���LV�D�
VLJQLILFDQW�DJULFXOWXUDO�ZHHG�LQ�PDQ\�FRXQWULHV�DQG�LV�FRQVLGHUHG�WR�EH�WKH���WK�PRVW�
LPSRUWDQW�ZHHG�LQ�WKH�ZRUOG��+ROP�HW�DO���������7KH�RWKHU��&��VDEDWLXV��LV�DQ�RUQDPHQWDO�
SODQW�ZKLFK�RQO\�RFFDVLRQDOO\�HVFDSHV�IURP�WKH�JDUGHQ��:HEE�HW�DO���������
�

%LRORJLFDO�FRQWURO�RI�RWKHU�ELQGZHHGV�
5HVHDUFK�LQWR�QDWXUDO�HQHPLHV�

&RQYROYXOXV�DUYHQVLV�LV�QRWRULRXVO\�GLIILFXOW�WR�FRQWURO�E\�PHFKDQLFDO�DQG�FKHPLFDO�PHWKRGV�
DQG�WKH�SRWHQWLDO�RI�ELRFRQWURO�KDV�EHHQ�RI�LQWHUHVW�WR�UHVHDUFKHUV�VLQFH�WKH�ODWH�����V��7KH�
IDXQD�DVVRFLDWHG�ZLWK�&��DUYHQVLV�DQG�FORVHO\�UHODWHG�&RQYROYXOXV�DQG�&DO\VWHJLD�VSHFLHV��
VXFK�DV�&��VHSLXP��KDV�EHHQ�IDLUO\�ZHOO�GRFXPHQWHG�ZLWK�VWXGLHV�LQ�&DQDGD��0RK\XGGLQ�
�������0HGLWHUUDQHDQ�(XURSH��5RVHQWKDO�������5RVHQWKDO�	�%XFNLQJKDP��������3DNLVWDQ�
�%DORFK��������������DQG�PRUH�UHFHQWO\�6ORYDNLD��7 WK�HW�DO��������7 WK���������
�
7KH�VXUYH\V�VKRZ�WKDW�WKHUH�DUH�DW�OHDVW�����KHUELYRURXV�LQVHFWV�DQG�PLWHV�WKDW�DWWDFN�
&RQYROYXOXV�DUYHQVLV��DQG�FORVHO\�UHODWHG�&RQYROYXOXV�DQG�&DO\VWHJLD�VSHFLHV��ERWK�LQ�WKH�
SODQWV�QDWLYH�DQG�LQWURGXFHG�UDQJHV��0RK\XGGLQ�������%DORFK�������5RVHQWKDO�������
5RVHQWKDO�	�%XFNLQJKDP�������7 WK��������+RZHYHU��QRQH�RI�WKH�VSHFLHV�IRXQG�DWWDFNLQJ�
&��DUYHQVLV�DUH�VWULFWO\�PRQRSKDJRXV��IHHG�RQ�D�VLQJOH�KRVW���0DQ\�DOVR�GDPDJHG�,SRPRHD�
VSHFLHV��VZHHW�SRWDWR��PRUQLQJ�JORULHV��DQG�WKRVH�ZLWK�WKH�QDUURZHVW�KRVW�UDQJH�IHG�RQ�ERWK�
&RQYROYXOXV�DQG�&DO\VWHJLD�VSHFLHV��%DORFK�������3DUUHOOD�	�.RN�������5RVHQWKDO�������
5RVHQWKDO�	�%XFNLQJKDP��������
�

3RWHQWLDO�ELRFRQWURO�DJHQWV�
,Q������WKH�ILUVW�ELRFRQWURO�SURJUDPPH�IRU�D�ELQGZHHG�ZDV�LQLWLDWHG�ZKHQ�WKH�8QLYHUVLW\�RI�
&DOLIRUQLD�DQG�WKH�8QLWHG�6WDWHV�'HSDUWPHQW�RI�$JULFXOWXUH��86'$��EHJDQ�WKHLU�VHDUFK�IRU�
ELRFRQWURO�DJHQWV�IRU�&RQYROYXOXV�DUYHQVLV��5RVHQWKDO��������$IWHU�PXFK�UHVHDUFK�DQG�WHVWLQJ�
SHUPLVVLRQ�ZDV�JLYHQ�WR�UHOHDVH�WZR�LQVHFWV��D�PRWK��7\WD�OXFWXRVD��'HQLV�	�6FKLIIHUP�OOHU���
DQG�D�PLWH��$FHULD��(ULRSK\HV��PDOKHUEDH��1DOHSD����5RVHQWKDO�HW�DO��������5RVHQWKDO�	�
3ODWWV��������
�

7\WD�OXFWXRVD�
7\WD�OXFWXRVD�LV�D�OHDI�HDWLQJ�QRFWXLG�PRWK��$GXOW�PRWKV�OD\�HJJV�RQ�&RQYROYXOXV�DUYHQVLV�
VWHPV�DQG�IORZHU�EXGV�DQG�WKH�ODUYDH�IHHG�DW�QLJKW�RQ�OHDYHV�DQG�IORZHUV��5RVHQWKDO�HW�DO��
�������,Q�ODERUDWRU\�WHVWV�ODUYDH�IHG�RQ�DQG�FRPSOHWHG�GHYHORSPHQW�RQ�&RQYROYXOXV�DQG�
&DO\VWHJLD�VSHFLHV��LQFOXGLQJ�&DO\VWHJLD�VHSLXP�DQG�VHYHUDO�QDWLYH�1RUWK�$PHULFDQ�VSHFLHV�
�5RVHQWKDO�������&OHPHQW�HW�DO���������)XUWKHU�WHVWLQJ�VKRZHG�WKDW�WKH�ODUYDH�KDG�QR�REYLRXV�
SUHIHUHQFH�EHWZHHQ�&RQYROYXOXV�DUYHQVLV�DQG�&DO\VWHJLD�VHSLXP��&KHVVPDQ�HW�DO����������
�
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'HVSLWH�FRQFHUQV�UDLVHG�DERXW�QRQ�WDUJHW�DWWDFN�RQ�QDWLYH�VSHFLHV�SHUPLVVLRQ�ZDV�JLYHQ�WR�
UHOHDVH�7\WD�OXFWXRVD�LQ�WKH�8QLWHG�6WDWHV�LQ�������&OHPHQW�HW�DO��������5RVHQWKDO�HW�DO��
�������$�SRSXODWLRQ�ZDV�VRXUFHG�IURP�,WDO\�DQG�WKH�ILUVW�UHOHDVHV�ZHUH�PDGH�LQ������LQ�
$UL]RQD��,RZD��0LVVRXUL��2NODKRPD�DQG�7H[DV��/DWHU�UHOHDVHV�ZHUH�DOVR�PDGH�LQ�&DQDGD�
�-XOLHQ�	�*ULIILWKV�������/LWWOHILHOG���������
�
7KHUH�KDV�EHHQ�OLWWOH�VXFFHVV�HVWDEOLVKLQJ�7\WD�OXFWXRVD�LQ�WKH�ILHOG��7R�GDWH�WKH�PRWK�DSSHDUV�
WR�KDYH�RQO\�HVWDEOLVKHG�LQ�ZHVWHUQ�&RORUDGR�DQG�GRHV�QRW�VHHP�WR�EH�KDYLQJ�PXFK�LPSDFW�
�-��/LWWOHILHOG�SHUV��FRPP����7KH�ELRFRQWURO�SURJUDPPH�KDV�EHHQ�IXUWKHU�KDPSHUHG�E\�
GLIILFXOWLHV�LQ�PDVV�UHDULQJ�WKH�PRWK�EHFDXVH�RI�KLJK�ODUYDO�PRUWDOLW\��SRVVLEO\�GXH�WR�
QXWULWLRQDO�SUREOHPV��/LWWOHILHOG�������-��/LWWOHILHOG�SHUV��FRPP����$�VWXG\�RQ�WKH�LPSDFW�RI�
7\WD�OXFWXRVD�RQ�&DO\VWHJLD�VHSLXP�LQ�FRUQILHOGV�VKRZHG�WKDW�LW�GLG�QRW�PDNH�D�VLJQLILFDQW�
GLIIHUHQFH�WR�WKH�GDPDJH�DOUHDG\�FDXVHG�E\�H[LVWLQJ�QDWLYH�KHUELYRUHV��7LSSLQJ�	�
&DPSREDVVR��������$�IDFWRU�WKDW�PD\�DIIHFW�WKH�LPSDFW�WKH�PRWK�KDV�RQ�&RQYROYXOXV�
DUYHQVLV�LV�WKDW�WKH�PDMRULW\�RI�WKH�SRSXODWLRQ�JRHV�LQWR�GLDSDXVH�LQ�ODWH�VXPPHU��0LOOHU�HW�DO��
�������:LWK�IHZ�ODUYDH�VWLOO�IHHGLQJ�DW�WKLV�WLPH��WKH�ZHHG�ZRXOG�EH�UHOHDVHG�IURP�KHUELYRU\��
+RZHYHU��WKLV�FRXOG�SURYLGH�DQ�RSSRUWXQLW\�WR�DSSO\�IROLDU�KHUELFLGHV�DV�WKH�PRWK�ZRXOG�EH�
GLDSDXVLQJ�LQ�FRFRRQV�LQ�WKH�VRLO��0LOOHU�HW�DO���������
�

$FHULD�PDOKHUEDH�
$FHULD�PDOKHUEDH�LV�D�PLWH�WKDW�JDOOV�WKH�OHDYHV��VWHP�WLSV�DQG�SHWLROHV�RI�&RQYROYXOXV�
DUYHQVLV��5RVHQWKDO�	�%XFNLQJKDP��������7KH�JDOO�PLWH�LV�WLQ\�DQG�ZRUP�OLNH�LQ�VKDSH��%RWK�
DGXOWV�DQG�Q\PSKV�IHHG�RQ�DFWLYHO\�JURZLQJ�OHDYHV�DQG�VWHP�EXGV�WKXV�FUHDWLQJ�JDOOV��/HDYHV�
EHFRPH�IROGHG�DQG�WZLVWHG�DQG�WKH�ORZHU�VXUIDFH�EHFRPHV�URXJKHQHG�ZLWK�VPDOO�SDSLOODH�
�/LWWOHILHOG��������+RVW�VSHFLILFLW\�WHVWLQJ�LQ�WKH�ODERUDWRU\�VKRZHG�WKDW�$��PDOKHUEDH�IHG�DQG�
UHSURGXFHG�RQO\�RQ�&RQYROYXOXV�DQG�&DO\VWHJLD�VSHFLHV��7KLV�LQFOXGHG�QLQH�QDWLYH�1RUWK�
$PHULFDQ�&DO\VWHJLD�VSHFLHV��VRPH�RI�ZKLFK�DUH�FRQVLGHUHG�UDUH�RU�HQGDQJHUHG��DQG�
&��VHSLXP��5RVHQWKDO�	�3ODWWV��������)XUWKHU�LQYHVWLJDWLRQ�RI�WKH�ULVNV�RI�QRQ�WDUJHW�DWWDFN�
KDV�EHHQ�LQFRQFOXVLYH��+RZHYHU��VR�IDU�WKHUH�KDYH�EHHQ�QR�UHSRUWV�RI�QDWLYH�SODQWV�EHLQJ�
DWWDFNHG�E\�WKH�PLWH�XQGHU�QDWXUDO�ILHOG�FRQGLWLRQV��-��/LWWOHILHOG�SHUV�FRPP����
�
3HUPLVVLRQ�WR�UHOHDVH�$��PDOKHUEDH�LQ�WKH�8QLWHG�6WDWHV�ZDV�JLYHQ�LQ�������5RVHQWKDO�	�
3ODWWV��������$�SRSXODWLRQ�RI�WKH�PLWH�ZDV�LPSRUWHG�IURP�*UHHFH�DQG�WKH�ILUVW�UHOHDVHV�ZHUH�
PDGH�LQ�7H[DV�LQ�������%ROGW�	�6REKLDQ��������7KHUH�KDV�EHHQ�LQWHUHVW�LQ�$��PDOKHUEDH�
IURP�RWKHU�FRXQWULHV�DQG��DIWHU�DGGLWLRQDO�WHVWLQJ��LW�ZDV�UHOHDVHG�LQ�&DQDGD�LQ�������6RXWK�
$IULFD�LQ������DQG�UHFRPPHQGHG�IRU�UHOHDVH�LQ�0H[LFR�LQ�������&UDHPHU�������0F&OD\�
HW�DO��������5RGUtJXH]��1DYDUUR�HW�DO��������5RGUtJXH]�1DYDUUR�HW�DO���������
�
$FHULD�PDOKHUEDH�KDV�HVWDEOLVKHG�LQ�IRXU�VWDWHV�DQG�EHHQ�UHFRYHUHG�IURP�WKUHH�PRUH�
�/LWWOHILHOG��������,W�KDV�DOVR�HVWDEOLVKHG�LQ�$OEHUWD��&DQDGD��0F&OD\�HW�DO���������,W�LV�
XQNQRZQ�ZKHWKHU�WKH�PLWH�HVWDEOLVKHG�LQ�6RXWK�$IULFD�DV�WKH�UHOHDVH�VLWH�ZDV�DFFLGHQWDOO\�
GHVWUR\HG��
�
$FHULD�PDOKHUEDH�HVWDEOLVKPHQW�DQG�WKH�GDPDJH�LW�FDXVHV�WR�&RQYROYXOXV�DUYHQVLV�KDYH�EHHQ�
YDULDEOH�LQ�1RUWK�$PHULFD��0F&OD\�HW�DO���������'DPDJH�LQ�SDUWLFXODU�LV�TXLWH�SDWFK\�ZLWK�
VRPH�SODQWV�H[KLELWLQJ�D�IHZ�VOLJKWO\�JDOOHG�OHDYHV�DQG�RWKHUV�VHYHUHO\�VWXQWHG�WR��±��FP�
ORQJ��GHVSLWH�JURZLQJ�LQ�IDLUO\�FORVH�SUR[LPLW\��0F&OD\�HW�DO��������-��/LWWOHILHOG�SHUV��
FRPP����0RQLWRULQJ�RI�D�UHOHDVH�VLWH�LQ�7H[DV�VKRZHG�$��PDOKHUEDH�PRYLQJ�����P�LQ���\HDUV��
WR�FRYHU�D�WRWDO�DUHD�RI�DERXW�����Pð��DQG�D�SHDN�RI�����LQIHVWHG�&��DUYHQVLV�FURZQV�SHU�VTXDUH�
PHWUH��%ROGW�	�6REKLDQ��������+RZHYHU��QR�SODQW�PRUWDOLW\�KDV�EHHQ�REVHUYHG�DW�DQ\�UHOHDVH�
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VLWHV��7KH�PLWH�PD\�EH�PRUH�HIIHFWLYH�LQ�ZDUPHU�GULHU�FOLPDWHV��$�VLWH�WKDW�KDV�EHHQ�
PRQLWRUHG�IRU����\HDUV�LQ�0RQWDQD�KDV�QRW�VKRZQ�D�VLJQLILFDQW�UHGXFWLRQ�LQ�SODQW�VWHP�
GHQVLW\�RYHU�WKDW�WLPH��ZKHUHDV�UHSRUWV�IURP�VRXWKHUQ�&RORUDGR�DQG�7H[DV�LQGLFDWH�WKH�PLWH�
PD\�EH�FDXVLQJ�D�GHFUHDVH�LQ�&��DUYHQVLV�SRSXODWLRQV�WKHUH��-��/LWWOHILHOG�SHUV��FRPP����
$��PDOKHUEDH�KDV�EHHQ�UHOHDVHG�RQ�&DO\VWHJLD�VHSLXP�EXW�LW�DSSHDUV�WR�EH�D�SRRU�KRVW�DQG�OHVV�
GDPDJH�LV�FDXVHG�WR�LW�WKDQ�FDXVHG�WR�&RQYROYXOXV�DUYHQVLV��/LWWOHILHOG�������-��/LWWOHILHOG�
SHUV��FRPP����
�

)XQJDO�SDWKRJHQV�
7KUHH�IXQJDO�VSHFLHV�KDYH�EHHQ�SXUVXHG�DV�SRWHQWLDO�ELRFRQWURO�DJHQWV�IRU�&RQYROYXOXV�
DUYHQVLV�LQ�WKH�IRUP�RI�P\FRKHUELFLGHV��2UPHQR�1XxH]�HW�DO��������+HLQ\�������3ILUWHU�	�
'pIDJR��������$OO�WKUHH�FDXVH�OHVLRQV�RQ�WKH�SODQWV�OHDYHV��0RULQ�HW�DO��������+HLQ\�������
*XQWOL�HW�DO���������3KRPRSVLV�FRQYROYXOXV��2UPHQR��DQG�3KRPD�SURERVFLV��+HLQ\��DUH�
HIIHFWLYH�DW�UHGXFLQJ�OHDI�ELRPDVV�DQG�FDXVH�KLJK�VHHGOLQJ�PRUWDOLW\��0RULQ�HW�DO��������
+HLQ\��������$�86�SDWHQW�ZDV�WDNHQ�RXW�IRU�D�P\FRKHUELFLGH�XVLQJ�3��FRQYROYXOXV�LQ������
�:DWVRQ�HW�DO���������6WDJRQRVSRUD�FRQYROYXOL��'HDUQHVV�	�+RXVH��VWUDLQ�/$���GDPDJHV�
ERWK�&RQYROYXOXV�DUYHQVLV�DQG�&DO\VWHJLD�VHSLXP��DOWKRXJK�V\PSWRPV�DUH�OHVV�VHYHUH�LQ�WKH�
ODWWHU��*XQWOL�HW�DO��������3ILUWHU�	�'pIDJR��������7HVWV�ZLWK�SRWWHG�&��VHSLXP�SODQWV�GLG�QRW�
VKRZ�D�FKDQJH�LQ�WRWDO�SODQW�ELRPDVV�EXW�D�UHGXFWLRQ�LQ�OHDI�QXPEHU�DQG�UKL]RPH�
FDUERK\GUDWH�UHVHUYHV�VXJJHVWV�D�VLJQLILFDQW�HIIHFW�ORQJ�WHUP�E\�GUDLQLQJ�WKH�SODQWV¶�IRRG�
UHVHUYHV��*XQWOL�HW�DO���������
�
���� 5LVNV�

+HUELFLGH�RSWLRQV�
•� 0RVW�KHUELFLGH�RSWLRQV�KDYH�VRPH�ULVNV�DVVRFLDWHG�ZLWK�WKHP�DQG�ZKLFK�QHHG�WR�EH�

PDQDJHG��
•� *O\SKRVDWH�LV�D�QRQ�UHVLGXDO�EXW�QRQ�VHOHFWLYH�DQG�V\VWHPLF�KHUELFLGH��,W�LV�OLNHO\�WR�

GDPDJH�PRVW�RI�WKH�GHVLUHG�YHJHWDWLRQ��LQFOXGLQJ�PRVW�QDWLYH�SODQW�VSHFLHV��LI�LW�FRPHV�
LQWR�GLUHFW�FRQWDFW�ZLWK�WKHP��HVSHFLDOO\�DW�UDWHV�UHTXLUHG�WR�FDXVH�VLJQLILFDQW�LQMXU\�WR�
&DO\VWHJLD�VHSLXP��+RZHYHU��LW�KDV�EHHQ�VXFFHVVIXOO\�XVHG�LQ�DUDEOH�DQG�KRUWLFXOWXUDO�
VLWXDWLRQV�WKURXJK�XVH�RI�VKLHOGHG�VSUD\HUV��VSHFLDOLVHG�QR]]OHV��ORZ�VSUD\�YROXPHV�DQG�
SUHVVXUHV��HWF��,W�ZRXOG�EH�SRVVLEOH�WR�GHYHORS�JXLGHOLQHV�IRU�LWV�XVH�WKDW�ZLOO�PLQLPLVH�
GDPDJH�WR�QRQ�WDUJHW�VSHFLHV��

•� +RUPRQH�KHUELFLGHV�DUH�YHU\�GDPDJLQJ�WR�PRVW�EURDGOHDYHG�VSHFLHV��HYHQ�DW�YHU\�ORZ�
FRQFHQWUDWLRQV��WKURXJK�GULIW��YRODWLOLW\�DQG�GLUHFW�FRQWDFW��7KHVH�ULVNV�FDQ�EH�PLQLPLVHG�
WKURXJK�DSSOLFDWLRQ�WLPLQJV�DQG�DSSOLFDWLRQ�WHFKQRORJ\��

•� $OO�KHUELFLGH�RSWLRQV�DUH�DOVR�NQRZQ�WR�KDYH�HQYLURQPHQWDO�ULVNV��SDUWLFXODUO\�WR�VRLO��
VXUIDFH�ZDWHU�DQG�JURXQGZDWHU�DQG�WR�YDULRXV�FRPSRQHQWV�RI�WKH�QDWXUDO�HFRV\VWHP��DV�
ZHOO�DV�KXPDQV��7KHUH�DUH�UHFRPPHQGHG�VWUDWHJLHV�WR�PDQDJH�PRVW�RI�WKH�ULVNV��

�
1RQ�KHUELFLGH�RSWLRQV�

•� 5HJXODU�FXOWLYDWLRQ�KDV�PDQ\�ULVNV�DVVRFLDWHG�ZLWK�VRLO�ORVV�DQG�HURVLRQ��ORVV�RI�VRLO�
WH[WXUH�HWF��0RUHRYHU��FXOWLYDWLRQ�LV�QRW�D�VXLWDEOH�RSWLRQ�IRU�ULSDULDQ�PDUJLQV�LQ�PRVW�
VLWXDWLRQV��

•� 7KH�ULVN�RI�XVLQJ�JURXQG�FRYHUV�LV�WKDW�WKH\�PLJKW�DW�EHVW�RQO\�EH�DEOH�WR�VXSSUHVV�JUHDWHU�
ELQGZHHG�IRU�D�VKRUW�SHULRG�RI�WLPH��2Q�WKH�SRVLWLYH�VLGH�WKHVH�JURXQG�FRYHUV�DUH�HDV\�WR�
PDQDJH�ZLWK�ORZ�UDWHV�RI�KHUELFLGH�VKRXOG�LW�SURYH�QHFHVVDU\�WR�GR�VR��

�
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5LVNV�RI�ELRORJLFDO�FRQWURO�WR�QDWLYH�VSHFLHV�
•� 7KH�RQO\�QDWLYH�SODQWV�DW�ULVN�RI�DWWDFN�E\�WKH�DUWKURSRG�ELRFRQWURO�DJHQWV�UHOHDVHG�IRU�WKH�

FRQWURO�RI�ELQGZHHGV�RYHUVHDV�DUH�&RQYROYXOXV�DQG�&DO\VWHJLD�VSHFLHV��+RVW�WHVWLQJ�
VKRZHG�WKDW�QHLWKHU�7\WD�OXFWXRVD�QRU�$FHULD�PDOKHUEDH�DUH�VSHFLILF�HQRXJK�WR�QRW�DWWDFN�
RWKHU�&RQYROYXOXV�DQG�&DO\VWHJLD�VSHFLHV��5RVHQWKDO�������&OHPHQW�HW�DO��������
5RVHQWKDO�	�3ODWWV��������,Q�1HZ�=HDODQG�DOO�QDWLYH�&DO\VWHJLD�DQG�&RQYROYXOXV�VSHFLHV�
FRXOG�EH�H[SHFWHG�WR�EH�DWWDFNHG�WR�VRPH�GHJUHH��.XPDUD��,SRPRHD�EDWDWDV���ZKLFK�LV�LQ�
WKH�VDPH�IDPLO\�DQG�LV�RI�KLJK�FXOWXUDO�DV�ZHOO�DV�HFRQRPLF�LPSRUWDQFH�LQ�1HZ�=HDODQG��
ZRXOG�QRW�EH�DWWDFNHG��

•� 1RQH�RI�WKH�IXQJDO�VSHFLHV�XVHG�DV�P\FRKHUELFLGHV�DUH�NQRZQ�WR�EH�SUHVHQW�LQ�
1HZ�=HDODQG��VR�WULDOV�WR�GHWHUPLQH�WKHLU�KRVW�UDQJH�DQG�ULVNV�WR�QRQ�WDUJHW�VSHFLHV�ZRXOG�
QHHG�WR�EH�XQGHUWDNHQ��)URP�GDWD�FXUUHQWO\�DYDLODEOH�LW�LV�FOHDU�WKDW�6WDJRQRVSRUD�VS��
LVRODWH�/$���ZRXOG�SUREDEO\�GDPDJH�WKH�QDWLYH�IRUP�RI�&DO\VWHJLD�VHSLXP��3ILUWHU�	�
'pIDJR��������

�

�� 5HFRPPHQGDWLRQV�

�
%DVHG�RQ�WKH�UHVHDUFK�DOUHDG\�FRQGXFWHG�LQ�1HZ�=HDODQG�DQG�RWKHU�FRXQWULHV�RQ�&DO\VWHJLD�
VSS��DQG�VLPLODU�SUREOHP�SHUHQQLDO�ZHHGV��EHORZ�DUH�VRPH�VXJJHVWLRQV�IRU�UHVHDUFK�LQWR�
FRQWUROOLQJ�PDQDJLQJ�WKLV�ZHHG�LQ�ULSDULDQ�PDUJLQV��
�
���� &KHPLFDO�FRQWURO�
•� *O\SKRVDWH�LV�D�SRWHQWLDO�KHUELFLGH�WRRO�DYDLODEOH�IRU�XVH�LQ�ULSDULDQ�PDUJLQV��+RZHYHU��

GXH�WR�WKH�ULVNV�LQYROYHG�ZLWK�WKLV�FKHPLFDO��VSHFLILF�UHVHDUFK�LV�UHTXLUHG�UHJDUGLQJ�
DSSURSULDWH�UDWHV��WLPLQJ��PHWKRGV�RI�DSSOLFDWLRQ��DGMXYDQWV��DQG�IRUPXODWLRQ��'HWDLOHG�
LQYHVWLJDWLRQV�VKRXOG�EH�XQGHUWDNHQ�RQ�PLWLJDWLQJ�GDPDJH�ULVNV�WR�ULSDULDQ�VSHFLHV�DQG�
DVVRFLDWHG�QDWLYH�SODQWV��

•� 7KH�KRUPRQH�KHUELFLGHV��LQFOXGLQJ�0&3%��0&3$������'��GLFDPED��WULFORS\U�DQG�WKH�
QHZ�KHUELFLGH�DPLQRS\UDOLG��DUH�SRWHQWLDO�RSWLRQV�DV�PRVW�RI�WKH�ULSDULDQ�PDUJLQV�DUH�
DVVRFLDWHG�ZLWK�FRPPRQ�SDVWXUH�VSHFLHV��JUDVVHV�DQG�OHJXPHV���$J5HVHDUFK�KDV�
FRQVLGHUDEOH�LQIRUPDWLRQ�RQ�XVH�RI�WKHVH�PDWHULDOV�LQ�SDVWXUH��5HVHDUFK�TXHVWLRQV�ZRXOG�
UHODWH�WR�KRZ�WKHVH�FKHPLFDOV�FRXOG�EH�ILWWHG�LQWR�WKH�ULSDULDQ�PDUJLQV�DQG�LQ�SDUWLFXODU�
WKH�VDIHW\�RI�DPLQRS\UDOLG�RQ�QDWLYH�VSHFLHV��

•� )OXUR[\S\U�DSSHDUHG�XVHIXO�RQ�VRPH�RWKHU�LQYDVLYH�YLQHV�WKDW�ODFNHG�KDUG��ZRRG\�VWHPV��
,W�FRXOG�EH�ZRUWK�HYDOXDWLQJ�RQ�\RXQJ�&��VLOYDWLFD�HVSHFLDOO\�DV�GDPDJH�WR�QRQ�WDUJHW�
VSHFLHV�FRXOG�EH�OHVV�FRPSDUHG�ZLWK�RWKHU�KHUELFLGH�RSWLRQV��

•� $PLWUROH�PD\�KDYH�D�SODFH�LQ�OLPLWHG�VLWXDWLRQV�DQG�FRXOG�EH�ZRUWK�LQYHVWLJDWLQJ�ZKHUH�
ULSDULDQ�VSHFLHV�XVHG�PD\�KDYH�VRPH�WROHUDQFH�WR�WKLV�KHUELFLGH��

•� 0HWVXOIXURQ�PHWK\O�LV�OLNHO\�WR�DOVR�EH�HIIHFWLYH�RQ�&��VLOYDWLFD�EXW�ZRXOG�DOVR�VHYHUHO\�
GDPDJH�QRQ�WDUJHW�ZRRG\�VSHFLHV�DQG�WKHUHIRUH�QRW�EH�UHFRPPHQGHG��

•� ,QYHVWLJDWLRQV�RQ�PLQLPLVLQJ�PLWLJDWLQJ�SRWHQWLDO�ULVNV�WR�QRQ�WDUJHW�VSHFLHV�VKRXOG�EH�
XQGHUWDNHQ��

�
���� ,QWHJUDWHG�PDQDJHPHQW�
•� )URP�WKH�OLWHUDWXUH�DQG�$J5HVHDUFK¶V�UHVHDUFK�RQ�PDQDJLQJ�ZHHGV�LQ�RUFKDUGV��WKHUH�

DSSHDUV�WR�EH�DQ�RSSRUWXQLW\�WR�H[SORLW�WKH�VXSSUHVVLYH�HIIHFW�RI�VXLWDEOH�JURXQG�FRYHU�



���

/DQGFDUH�5HVHDUFK�

VSHFLHV��'HQVH�JURZLQJ�QDWLYH�VSHFLHV��VXFK�DV�ULFH�JUDVV��0LFURODHQD�VWLSRLGHV��DQG�
WRHWRH��&RUWDGHULD�VSS����ZRXOG�EH�EHVW�EXW�YLJRURXVO\�JURZLQJ�KHUEV�VXFK�DV�/RWXV�
SHGXQFXODWXV�DQG�FUHHSLQJ�EXWWHUFXS��5DQXQFXOXV�UHSHQV��PD\�EH�DEOH�WR�SURYLGH�VRPH�
VXSSUHVVLRQ�LQ�WKH�VKRUW�WHUP��,W�FRXOG�DOVR�EH�ZRUWK�LQYHVWLJDWLQJ�ZD\V�RI�HQKDQFLQJ�WKH�
VXSSUHVVLQJ�DELOLW\�RI�<RUNVKLUH�IRJ��+ROFXV�ODQDWXV��DV�LW�LV�GHQVHO\�JURZLQJ�DQG�YHU\�
FRPPRQ�LQ�ULSDULDQ�VLWXDWLRQV��7KH�FRPSHWLWLYH�DELOLW\�RI�WKH�JURXQG�FRYHU�VSHFLHV�FDQ�EH�
VXSSOHPHQWHG�ZLWK�ORZ�UDWHV�RI�0&3%��JO\SKRVDWH�RU�SDUDTXDW��

�
���� %LRORJLFDO�FRQWURO�
•� &DO\VWHJLD�VLOYDWLFD��JUHDWHU�ELQGZHHG��LV�OLNHO\�WR�EH�D�GLIILFXOW�FDQGLGDWH�IRU�ELRFRQWURO�

LQ�1HZ�=HDODQG��7KH�QDWXUDO�HQHPLHV�RI�WKLV�VSHFLHV�KDYH�QRW�EHHQ�VSHFLILFDOO\�VWXGLHG��
6XFK�VXUYH\V�DUH�OLNHO\�WR�FRVW���������±���������DQG�PD\�QRW�UHYHDO�DQ\�VXLWDEOH�
SRWHQWLDO�ELRFRQWURO�DJHQWV��7KH�QDWXUDO�HQHPLHV�RI�FORVH�UHODWLYHV��WKDW�KDYH�EHHQ�ZHOO�
VWXGLHG��WHQG�WR�EH�ROLJRSKDJRXV��IHHG�RQ�VHYHUDO�KRVWV���%DORFK�������3DUUHOOD�	�.RN�
������5RVHQWKDO�������5RVHQWKDO�	�%XFNLQJKDP��������$�ELRFRQWURO�DJHQW�IRU�
&��VLOYDWLFD�LQ�1HZ�=HDODQG�ZRXOG�QHHG�WR�EH�KLJKO\�VSHFLILF�DV�DWWDFN�RQ�QDWLYH�
&DO\VWHJLD�DQG�&RQYROYXOXV�VSHFLHV�ZRXOG�EH�XQDFFHSWDEOH��

•� 0\FRKHUELFLGHV�FRXOG�SRWHQWLDOO\�EH�XVHG�WR�FRQWURO�&��VLOYDWLFD�LQ�1HZ�=HDODQG�EXW�PD\�
QRW�EH�SUDFWLFDO�IRU�VHYHUDO�UHDVRQV��1RQH�RI�WKH�WKUHH�IXQJL�WKDW�KDYH�EHHQ�GHYHORSHG�DV�
P\FRKHUELFLGHV�RYHUVHDV�RFFXU�LQ�1HZ�=HDODQG��/DQGFDUH�5HVHDUFK�1HZ�=HDODQG�)XQJL�
'DWDEDVH��1=)81*,�±�1HZ�=HDODQG�)XQJL��DQG�%DFWHULD���
KWWS���Q]IXQJL�ODQGFDUHUHVHDUFK�FR�Q]�KWPO�P\FRORJ\�DVS��DFFHVVHG���1RYHPEHU��������
$V�WKH\�ZRXOG�EH�QHZ�RUJDQLVPV�XQGHU�WKH�+D]DUGRXV�6XEVWDQFHV�DQG�1HZ�2UJDQLVPV�
�+612��$FW������SHUPLVVLRQ�ZRXOG�QHHG�WR�EH�JDLQHG�IURP�WKH�(QYLURQPHQWDO�5LVN�
0DQDJHPHQW�$XWKRULW\��(50$���7ULDOV�ZRXOG�QHHG�WR�EH�XQGHUWDNHQ�EHIRUH�VXFK�DQ�
DSSOLFDWLRQ�ZDV�PDGH�WR�DVVHVV�WKH�VXLWDELOLW\�RI�LQWURGXFLQJ�WKHVH�IXQJL�LQWR�
1HZ�=HDODQG��7KH�FRVW�RI�WKLV�UHVHDUFK�DQG�REWDLQLQJ�(50$�DSSURYDO��LI�WKH\�ZHUH�LQ�
IDFW�VXLWDEOH��LV�OLNHO\�WR�EH���������±����������$�VRXUFH�RI�WKH�IXQJDO�VSHFLHV�ZRXOG�
QHHG�WR�EH�LGHQWLILHG��DQG�LI�LW�LV�QRW�DYDLODEOH�LQ�P\FRKHUELFLGH�IRUP�WKHUH�LV�WKH�DGGHG�
ZRUN�DQG�FRVW�WR�SURGXFH�LW��2YHUDOO�WKLV�ZRXOG�QRW�EH�D�FKHDS�RSWLRQ��

�

�� $FNQRZOHGJHPHQWV�

�
7KLV�UHSRUW�ZDV�IXQGHG�E\�D�)RXQGDWLRQ�IRU�5HVHDUFK��6FLHQFH�	�7HFKQRORJ\��)567��
(QYLUROLQN�0HGLXP�$GYLFH�*UDQW������*6'&�����$J5HVHDUFK�ZRXOG�OLNH�WR�VSHFLDOO\�
DFNQRZOHGJH�WKH�DVVLVWDQFH�RI�$J5HVHDUFK�.QRZOHGJH�$GYLVHU�9DO�+HFWRU�ZLWK�WKH�OLWHUDWXUH�
VHDUFK��
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�� 5HIHUHQFHV�

�
%DORFK�*0�������3K\WRSKDJRXV�RUJDQLVPV�DVVRFLDWHG�ZLWK�ELQGZHHGV��&RQYROYXOXV�VSS���LQ�
3DNLVWDQ��&RPPRQZHDOWK�,QVWLWXWH�RI�%LRORJLFDO�&RQWURO�7HFKQLFDO�%XOOHWLQ�������±����
�
%DORFK�*0�������,QVHFWV�DV�ELRORJLFDO�FRQWURO�DJHQWV�RI�ILHOG�ELQGZHHG��&RQYROYXOXV�
DUYHQVLV��3$16����������±����
�
%ROGW�3(��6REKLDQ��5�������5HOHDVH�DQG�HVWDEOLVKPHQW�RI�$FHULD�PDOKHUEDH��$FDUL��
(ULRSK\LGDH��IRU�FRQWURO�RI�ILHOG�ELQGZHHG�LQ�7H[DV��(QYLURQPHQWDO�(QWRPRORJ\��������±
�����
�
&KHVVPDQ�'-��+RUDN�0-��1HFKROV�-5�������+RVW�SODQW�SUHIHUHQFH��FRQVXPSWLRQ��JURZWK��
GHYHORSPHQW��DQG�VXUYLYDO�RI�7\WD�OXFWXRVD��/HSLGRSWHUD��1RFWXLGDH��RQ�ELRW\SHV�RI�ILHOG�
ELQGZHHG�DQG�KHGJH�ELQGZHHG��(QYLURQPHQWDO�(QWRPRORJ\��������±�����
�
&OHPHQW�6/��5RVHQWKDO�66��0LPPRFFKL�7��&ULVWRIDUR�0�������&RQFHUQ�IRU�8�6��QDWLYH�SODQWV�
DIIHFWV�ELRORJLFDO�FRQWURO�RI�ILHOG�ELQGZHHG��,Q��3ODQW�SURWHFWLRQ�IRU�KXPDQ�ZHOIDUH����WK�
,QWHUQDWLRQDO�&RQJUHVV�RI�3ODQW�3URWHFWLRQ��3URFHHGLQJV�RI�&RQIHUHQFH�KHOG�DW�%ULJKWRQ��
(QJODQG����±���1RYHPEHU�������3�������
�
&UDHPHU�&�������+RVW�VSHFLILFLW\��DQG�UHOHDVH�LQ�6RXWK�$IULFD��RI�$FHULD�PDOEHUEDH�1X]]DFL�
�$FDUL��(ULRSK\RLGHD���D�QDWXUDO�HQHP\�RI�&RQYROYXOXV�DUYHQVLV�/���&RQYROYXODFHDH���
$IULFDQ�(QWRPRORJ\�������±����
�
&URQTXLVW�$�������7KH�HYROXWLRQ�DQG�FODVVLILFDWLRQ�RI�IORZHULQJ�SODQWV��7KH�%URQ[��1HZ�
<RUN��7KH�1HZ�<RUN�%RWDQLFDO�*DUGHQ��
�
*XQWOL�'��3ILUWHU�+$��0RsQQH�/RFFR]�<��'pIDJR�*�������6WDJRQRVSRUD�FRQYROYXOL�/$���IRU�
ELRFRQWURO�RI�ILHOG�ELQGZHHG�LQIHVWLQJ�FRWRQHDWHU�LQ�D�FHPHWU\��+RUW6FLHQFH��������±�����
�
+HLQ\�'.�������3KRPD�SURERVFLV�VS��QRY��SDWKRJHQLF�RQ�&RQYROYXOXV�DUYHQVLV��0\FRWD[RQ�
�������±�����
�
+HLQ\�'.�������)LHOG�VXUYLYDO�RI�3KRPD�SURERVFLV�DQG�V\QHUJLVP�ZLWK�KHUELFLGHV�IRU�
FRQWURO�RI�ILHOG�ELQGZHHG��3ODQW�'LVHDVH���������±������
�
+ROP�/*��3OXFNQHWW�'/��3DQFKR�-9��+HUQHUJHU�-3�������7KH�:RUOG¶V�ZRUVW�ZHHGV��
+RQROXOX��8QLYHUVLW\�3UHVV�RI�+DZDLL��3�������
�
-XOLHQ�0+��*ULIILWKV�0:�HGV�������%LRORJLFDO�FRQWURO�RI�ZHHGV��D�ZRUOG�FDWDORJXH�RI�DJHQWV�
DQG�WKHLU�WDUJHW�ZHHGV���WK�HGQ��:DOOLQJIRUG��2[IRUG��&$%�,QWHUQDWLRQDO������S��
�
/HZLV�:+��2OLYHU�5/�������5HDOLJQPHQW�RI�&DO\VWHJLD�DQG�&RQYROYXOXV��&RQYROYXODFHDH���
$QQDOV�RI�WKH�0LVVRXUL�%RWDQLFDO�*DUGHQ��������±�����
�



���

/DQGFDUH�5HVHDUFK�

/LWWOHILHOG�-/�������%LQGZHHGV��,Q��&RRPEV�(0��&ODUN�-.��3LSHU�*/��&RIUDQFHVFR�$)�-U�HGV�
%LRORJLFDO�FRQWURO�RI�LQYDVLYH�SODQWV�LQ�WKH�8QLWHG�6WDWHV��25��86$��:HVWHUQ�6RFLHW\�RI�
:HHG�6FLHQFH�DQG�2UHJRQ�6WDWH�8QLYHUVLW\�3UHVV��3S�����±�����
�
0F&OD\�$6��/LWWOHILHOG�-/��.DVKHIL�-�������(VWDEOLVKPHQW�RI�$FHULD�PDOKHUEDH��$FDUL��
(ULRSK\LGDH��DV�D�ELRORJLFDO�FRQWURO�DJHQW�IRU�ILHOG�ELQGZHHG��&RQYROYXODFHDH��LQ�WKH�
1RUWKHUQ�*UHDW�3ODLQV��7KH�&DQDGLDQ�(QWRPRORJLVW���������±�����
�
0LOOHU�1:��1HFKROV�-5��+RUDN�0-��/RXJKLQ�70�������3KRWRSHULRGLF�UHJXODWLRQ�RI�VHDVRQDO�
GLDSDXVH�LQGXFWLRQ�LQ�WKH�ILHOG�ELQGZHHG�PRWK��7\WD�OXFWXRVD��/HSLGRSWHUD��1RFWXLGDH���
%LRORJLFDO�&RQWURO��������±�����
�
0RK\XGGLQ�$,�������,QVHFWV�IURP�&DO\VWHJLD�VSS��DQG�&RQYROYXOXV�VSS��&RPPRQZHDOWK�
,QVWLWXWH�RI�%LRORJLFDO�&RQWURO�7HFKQLFDO�%XOOHWLQ�������±�����
�
0RULQ�/��:DWVRQ�$.��5HHOHGHU�5'�������(IILFDF\�RI�3KRPRSVLV�FRQYROYXOXV�IRU�FRQWURO�RI�
ILHOG�ELQGZHHG��&RQYROYXOXV�DUYHQVLV���:HHG�6FLHQFH��������±�����
�
0RULQ�/��:DWVRQ�$.��5HHOHGHU�5'�������(IIHFW�RI�GHZ��DQG�VSUD\�DGGLWLYHV�RQ�LQIHFWLRQ�RI�
ILHOG�ELQGZHHG�E\�3KRPRSVLV�FRQYROYXOXV��&DQDGLDQ�-RXUQDO�RI�3ODQW�3DWKRORJ\�������±����
�
2JGHQ�-�������9DULDWLRQ�LQ�&DO\VWHJLD�5�%U���&RQYROYXODFHDH��LQ�1HZ�=HDODQG��
1HZ�=HDODQG�-RXUQDO�RI�%RWDQ\��������±�����
�
2UPHQR�1XxH]�-��5HHOHGHU�5'��:DWVRQ�$.�������$�IROLDU�GLVHDVH�RI�ILHOG�ELQGZHHG�
�&RQYROYXOXV�DUYHQVLV�/���FDXVHG�E\�3KRPRSVLV�FRQYROYXOXV��3ODQW�'LVHDVH��������±�����
�
3DUUHOOD�03��.RN�/7�������2LGDHPDWRSKRUXV�PRQRGDFW\OXV��2YLSRVLWLRQ�DQG�GHYHORSPHQW�
RQ�VZHHW�SRWDWR�DQG�LQXQGDWLYH�UHOHDVHV�RQ�KHGJH�ELQGZHHG��(QYLURQPHQWDO�(QWRPRORJ\����
���±�����
�
3ILUWHU�+$��'pIDJR�*�������7KH�SRWHQWLDO�RI�6WDJRQRVSRUD�VS��DV�D�P\FRKHUELFLGH�IRU�ILHOG�
ELQGZHHG��%LRFRQWURO�6FLHQFH�DQG�7HFKQRORJ\������±�����
�
5RGUtJXH]�1DYDUUR�6��7RUUHV�0DUWtQH]�*��2OLYDUHV�2UR]FR�-�������%LRORJLFDO�FRQWURO�RI�ILHOG�
ELQGZHHG��&RQYROYXOXV�DUYHQVLV�/���XVLQJ�$FHULD�PDOKHUEDH��$FDUL��(ULRSK\LGDH��LQ�0H[LFR��
,QWHUQDWLRQDO�-RXUQDO�RI�$FDURORJ\��������±�����
�
5RGUtJXH]�1DYDUUR�6��)ORUHV�0DFtDV�$��7RUUHV�0DUWtQH]�*�������(YDOXDWLRQ�RI�LQIHVWLQJ�
ILHOG�ELQGZHHG��&RQYROYXOXV�DUYHQVLV�/���ZLWK�$FHULD�PDOKHUEDH�1X]]DFL��$FDUL��
(ULRSK\LGDH��XQGHU�JODVVKRXVH�FRQGLWLRQV��,QWHUQDWLRQDO�-RXUQDO�RI�$FDURORJ\��������±�����
�
5RVHQWKDO�66�������+RVW�VSHFLILFLW\�RI�7\WD�OXFWXRVD�>/HS���1RFWXLGDH@��DQ�LQVHFW�DVVRFLDWHG�
ZLWK�&RQYROYXOXV�DUYHQVLV�>&RQYROYXODFHDH@��(QWRPRSKDJD��������±�����
�
5RVHQWKDO�66�������(XURSHDQ�RUJDQLVPV�RI�LQWHUHVW�IRU�WKH�ELRORJLFDO�FRQWURO�RI�&RQYROYXOXV�
DUYHQVLV�LQ�WKH�8QLWHG�6WDWHV��3URFHHGLQJV�RI�WKH�9�,QWHUQDWLRQDO�6\PSRVLXP�RQ�%LRORJLFDO�
&RQWURO�RI�:HHGV��%ULVEDQH��$XVWUDOLD��3S�����±�����
�



���

/DQGFDUH�5HVHDUFK�

5RVHQWKDO�66��%XFNLQJKDP�*5�������1DWXUDO�HQHPLHV�RI�&RQYROYXOXV�DUYHQVLV�LQ�:HVWHUQ�
0HGLWHUUDQHDQ�(XURSH��+LOJDUGLD���������±����
�
5RVHQWKDO��66��3ODWWV��%(�������+RVW�VSHFLILFLW\�RI�$FHULD��(ULRSK\HV��PDOKHUEDH��>$FDUL��
(ULRSK\LGDH@��D�ELRORJLFDO�FRQWURO�DJHQW�IRU�WKH�ZHHG��&RQYROYXOXV�DUYHQVLV�
>&RQYROYXODFHDH@��(QWRPRSKDJD����������������
�
5RVHQWKDO�66��&OHPHQW�6/��+RVWHWWOHU�1��0LPPRFFKL�7�������%LRORJ\�RI�7\WD�OXFWXRVD�
>/HS���1RFWXLGDH@�DQG�LWV�SRWHQWLDO�YDOXHV�DV�D�ELRFRQWURO�DJHQW�IRU�WKH�ZHHG�&RQYROYXOXV�
DUYHQVLV��(QWRPRSKDJD��������±�����
�
6WHIDQRYLü�6��.UXHJHU�/��2OPVWHDG�5*�������0RQRSK\O\�RI�WKH�&RQYROYXODFHDH�DQG�
FLUFXPVFULSWLRQ�RI�WKHLU�PDMRU�OLQHDJHV�EDVHG�RQ�'1$�VHTXHQFHV�RI�PXOWLSOH�FKORURSODVW�ORFL��
$PHULFDQ�-RXUQDO�RI�%RWDQ\���������±������
�
7LSSLQJ�3:��&DPSREDVVR�*�������,PSDFW�RI�7\WD�OXFWXRVD��/HSLGRSWHUD��1RFWXLGDH��RQ�
KHGJH�ELQGZHHG��&DO\VWHJLD�VHSLXP��LQ�FRUQ��=HD�PD\V���:HHG�7HFKQRORJ\��������±�����
�
7 WK�3�������,QVHFWV�±�D�IUHVK�SHUVSHFWLYH�LQ�WKH�ELRORJLFDO�FRQWURO�RI�ILHOG�ELQGZHHG�
�&RQYROYXOXV�DUYHQVLV�/����3K'�GLVVHUWDWLRQ��6ORYDN�$JULFXOWXUDO�8QLYHUVLW\��1LWUD��6ORYDNLD��
����S��
�
7 WK�3��9UiEORYi�0��&DJiQ�/�������)LUVW�UHFRUG�RI�0HODQDJURP\]D�DOERFLOLD��$JURP\]LGDH��
'LSWHUD��IURP�6ORYDNLD��%LRORJLD����������
�
:DWVRQ�$.��5HHOHGHU�5'��2UPHQR�1XxH]�-�������8QLWHG�6WDWHV�3DWHQW�1XPEHU������������
���0D\�������
�
:HEE�&-��6\NHV�:5��*DUQRFN�-RQHV�3-�������)ORUD�RI�1HZ�=HDODQG�,9��1DWXUDOLVHG�
SWHULGRSK\WHV��J\PQRVSHUPV��GLFRW\OHGRQV��&KULVWFKXUFK��%RWDQ\�'LYLVLRQ��'HSDUWPHQW�RI�
6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�������S��
�
:LOOLDPV�3$�������%LRORJLFDO�VXPPDULHV�RI�ELQGZHHGV��&DO\VWHJLD��DQG�RWKHU�FOLPEHUV��
/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&�������������S��
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$SSHQGL[��� &DO\VWHJLD�VLOYDWLFD�±�V\QRQ\PV�
�
7KHVH�ZHUH�OLVWHG�DV�V\QRQ\PV�LQ�YDULRXV�ZHEVLWHV��,Q�VRPH�FDVHV�WKH\�DUH�GLIIHUHQW�VSHFLHV�
UDWKHU�WKDQ�V\QRQ\PV��EXW�DOO�ZHUH�LQYHVWLJDWHG��
�
6FLHQWLILF�QDPH�
&DO\VWHJLD�EDUEDUD�
&DO\VWHJLD�LQIODWD�
&DO\VWHJLD�SK\VRLGHV�
&DO\VWHJLD�VLOYDWLFD�VLOYDWLFXP�V\OYDWLFD�V\OYDWLFXV�
&DO\VWHJLD�VHSLXP�VVS��VLOYDWLFD�VLOYDWLFXV�
&DO\VWHJLD�VHSLXP�YDU��V\OYHVWULV�
&DO\VWHJLD�V\OYHVWULV�
&RQYROYXOXV�
&RQYROYXOXV�LQIODWXV�
&RQYROYXOXV�VHSLXP�YDU��V\OYHVWULV�
&RQYROYXOXV�VLOYDWLFXV�
&RQYROYXOXV�V\OYHVWULV�
9ROYXOXV�V\OYHVWULV�
�
&RPPRQ�QDPH�
)LHOG�ELQGZHHG�
*LDQW�ELQGZHHG�
*UHDW�ELQGZHHG�
*UHDWHU�ELQGZHHG�
/DUJH�ELQGZHHG�
6KRUWVWDON�ELQGZHHG�
6KRUWVWDON�IDOVH�ELQGZHHG�
0RUQLQJ�JORU\�
/LVHURQ�GHV�ERLV��)UHQFK��
/LVHURQ�GHV�IRUHWV��)UHQFK��
*HVWUHHSWH�ZLQGH��'XWFK��
:DOG]DXQZLQGH��*HUPDQ��
9LOXFFKLR�PDJJLRUH��,WDOLDQ��
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$SSHQGL[��� 8VHIXO�UHIHUHQFHV�WR�FRQWURO�RI�&DO\VWHJLD�VLOYDWLFD�
�
���5DKPDQ�$��6DQGHUV�3�������+HUELFLGHV�IRU�FRQWURO�RI�WZR�ELQGZHHG�VSHFLHV�

�&DO\VWHJLD�VLOYDWLFD�DQG�&RQYROYXOXV�DUYHQVLV��LQ�DVSDUDJXV��3URFHHGLQJV�RI�WKH�
IRUW\�ILIWK�1HZ�=HDODQG�3ODQW�3URWHFWLRQ�&RQIHUHQFH����±����

6HYHUDO�KHUELFLGHV�ZHUH�HYDOXDWHG�IRU�WKHLU�KDUYHVW�WLPH�FRQWURO�RI�&��VLOYDWLFD�LQ����\HDU�ROG�
DVSDUDJXV�FY��1HZ�=HDODQG�%HDFRQ�DW�+RURWLX�LQ�����±���DQG�RI�&��DUYHQVLV�LQ�FY��0DU\�
:DVKLQJWRQ�DW�+RUDKRUD�LQ�������0RVW�WUHDWPHQWV�SURYLGHG�JRRG�FRQWURO�RI�VSUD\HG�WRS�
JURZWK��EXW�FRQVLGHUDEOH�HPHUJHQFH�RI�QHZ�ZHHG�YLQHV�IURP�WKH�H[WHQVLYH�URRW�V\VWHPV�
FRQWLQXHG��,PD]DS\U�DW�UDWHV�RI����±��NJ�KD�JDYH�WKH�EHVW�FRQWURO�RI�ERWK�VSHFLHV��ZLWK�HIIHFWV�
ODVWLQJ�WKURXJK�WR�WKH�IROORZLQJ�JURZLQJ�VHDVRQ��7ULFORS\U������NJ�KD���GLFDPED������NJ�KD���
JO\SKRVDWH�������NJ�KD���FKORUVXOIXURQ��������NJ�KD��DQG�DPLWUROH����NJ�KD��JHQHUDOO\�JDYH�
JRRG�ZHHG�NQRFNGRZQ��EXW�UHJURZWK�VRRQ�RFFXUUHG��&ORS\UDOLG��WHVWHG�RQO\�RQ�&��VLOYDWLFD��
GLG�QRW�SURYLGH�HIIHFWLYH�FRQWURO��
�
���5HSRUW�RI�WKH�$JULFXOWXUDO�DQG�+RUWLFXOWXUDO�5HVHDUFK�6WDWLRQ��%ULVWRO���������
3������6HQVLWLYLW\�RI�&ROHXV�SODQWV�WR�������7�ZDV�IRXQG�WR�EH�IDYRXUHG�E\�ORZ�OLJKW�LQWHQVLW\�
DQG�VKRUW�GD\V��DSSUR[LPDWHO\�IRXU�WLPHV�DV�PXFK�������7�EHLQJ�UHTXLUHG�WR�SURGXFH�WKH�VDPH�
UHVSRQVH�RQ�&ROHXV�SODQWV�JURZQ�XQGHU�ORQJ�GD\�KLJK�OLJKW�FRQGLWLRQV�DV�RQ�VKRUW�GD\�ORZ�
OLJKW�SODQWV��5HJHQHUDWLRQ�RI�&RQYROYXOXV�DUYHQVLV�IURP�KHDYLO\�LQIHVWHG�SORWV�VSUD\HG�LQ�
�����ZLWK�������7%����±�����SSP�ZDV�QHJOLJLEOH��6LPD]LQH�DW���SRXQGV�SHU�DFUH��IDLOHG�WR�
FRQWURO�FRXFK�JUDVV�>$JURS\URQ�UHSHQV@�EXW�GDODSRQ�DW���SRXQGV�SHU�DFUH�DQG�SDUWLFXODUO\�DW�
���SRXQGV�SHU�DFUH�HIIHFWLYHO\�FKHFNHG�LW�ZLWKRXW�LQMXULQJ�FRUGRQ�DSSOH�WUHHV��3������:LOORZV��
2Q�SORWV�WKDW�UHFHLYHG�LQWHU�URZ�JURXQG�VSUD\V�RI�����'������SSP�DQG�������7%������SSP�LQ�
������WKH�JURXQG�FRYHU�LQ������FRQVLVWHG�HQWLUHO\�RI�JUHDWHU�ELQGZHHG�>&DO\VWHJLD�V\OYHVWULV@��
����'�JDYH�EHWWHU�FRQWURO�WKDQ�������7%��WKH�UHODWLYH�VXUIDFH�FRYHUDJH�RQ���-XQH�EHLQJ�����
IRU�����'�DQG�����IRU�������7%�DJDLQVW�����IRU�WKH�FRQWURO��DQG�RQ����-XO\�����������DQG�
�����UHVSHFWLYHO\��2Q�SORWV�WKDW�KDG�UHFHLYHG�IROLDU�VSUD\V�RI�������7%��ELQGZHHG�ZDV�
FRPSOHWHO\�FRQWUROOHG�E\������DQG������SSP�EXW�QRW�E\�����SSP��1R�ZLOORZ�VWRROV�ZHUH�
NLOOHG�E\�WKHVH�WUHDWPHQWV�EXW�WKH�YLJRXU�RI������JURZWK�ZDV�UHGXFHG���
�
���0$))�������%LQGZHHGV��$GYLVRU\�/HDIOHW������0LQLVWU\�RI�$JULFXOWXUH��)LVKHULHV�DQG�

)RRG��*UHDW�%ULWDLQ����S��
$�µQHZ¶�OHDIOHW�WKDW�GHVFULEHV�ELQGZHHGV��&RQYROYXOXV�DUYHQVLV��&DO\VWHJLD�VHSLXP�DQG�
&��V\OYHVWULV���&RPSOHWH�FRQWURO�RI�&RQYROYXOXV�DUYHQVLV�E\�FXOWLYDWLRQ�LV�GLIILFXOW��DOWKRXJK�
WKRURXJK�FXOWLYDWLRQ�RI�EDUH�DQG�KDOI�IDOORZV�DQG�UHJXODU�KRHLQJ�RI�URZ�FURSV�ZLOO�SUHYHQW�
VHHGLQJ�DQG�LQ�WLPH�ZHDNHQ�WKH�SODQW������'�LV�SURPLVLQJ�IRU�FRQWURO�ZKHQ�DSSOLHG�DW��DPLQH��
���±��OE�DQG��HVWHU���±����OE�DFUH�WR�FHUHDO�VWXEEOH��±��ZHHNV�DIWHU�KDUYHVW��SURYLGHG�WKH�
ZHHG�KDV�PDGH�VRPH�QHZ�JURZWK�DQG�WKH�ODQG�ZLOO�QRW�EH�FXOWLYDWHG�IRU���ZHHNV�DIWHU�
VSUD\LQJ��&DO\VWHJLD�VHSLXP�FDQ�EH�FRQWUROOHG�E\�FXOWLYDWLRQ�LQ�WKH�VDPH�ZD\�DQG�LQ�VRPH�
VLWXDWLRQV�VSRW�WUHDWPHQW�ZLWK�����'�RU�0&3$�PD\�SURYH�XVHIXO��

�������������������������������������������������
����DFUH� �������KHFWDUH�DQG���OE� ��������NJ��
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$SSHQGL[��� 8VHIXO�UHIHUHQFHV� WR�FRQWURO�RI�&DO\VWHJLD� VHSLXP� LQ�RUFKDUGV��YLQH\DUGV��
IRUHVWV�
�
���7URXVODUG�%�������6XOIRVDWH��1RQ�VHOHFWLYH�V\VWHPLF�KHUELFLGHV��3K\WRPD��������±����
7KH�SK\VLRFKHPLFDO�SURSHUWLHV��WR[LFRORJ\��VRLO�EHKDYLRXU��PRGH�RI�DFWLRQ�DQG�VSHFWUXP�RI�
DFWLYLW\�RI�VXOIRVDWH��JO\SKRVDWH�WULPHVLXP��DUH�QRWHG�EULHIO\��,Q�ZLGHVSUHDG�WULDOV�LQ�
YLQH\DUGV�DQG�RUFKDUGV��VXOIRVDWH�DW����/�KD�JDYH�H[FHOOHQW�FRQWURO�RI�&\QRGRQ�GDFW\ORQ��
&RQYROYXOXV�DUYHQVLV��&DO\VWHJLD�VHSLXP�DQG�$JURS\URQ�>(O\PXV@�UHSHQV��,Q�RWKHU�WULDOV��WKLV�
UDWH�DOVR�JDYH�DW�OHDVW�����FRQWURO�RI�/ROLXP�PXOWLIORUXP��6HQHFLR�YXOJDULV��(URGLXP�
FLFXWDULXP��$JURVWLV�VWRORQLIHUD��6RUJKXP�KDOHSHQVH�DQG�$ULVWRORFKLD�FOHPDWLWLV��
�
���)UDQN�-5��6LPRQ�-$�������*O\SKRVDWH�DQG�SDUDTXDW�HIIHFWLYHQHVV�LQ�ZRRG\�QXUVHU\�

VWRFN��:HHG�6FLHQFH��������±�����
7ZR��DQG�WKUHH�\HDU�ROG�SODQWV�RI�VL[�ZRRG\�RUQDPHQWDOV�ZHUH�SODQWHG�LQ�WKH�ILHOG�LQ�0D\�
�����DQG�WUHDWHG�ZLWK������RU���DQQXDO�GLUHFWHG�DSSOLFDWLRQV�RI�JO\SKRVDWH�DW�����DQG�����NJ�KD�
DQG�SDUDTXDW�DW�����DQG�����NJ�KD��7KUHH�DSSOLFDWLRQV�RI�JO\SKRVDWH�RU�SDUDTXDW�ZHUH�UHTXLUHG�
WR�FRQWURO�ZHHGV�IRU�WKH�HQWLUH�JURZLQJ�VHDVRQ��/DWH�VHDVRQ�DSSOLFDWLRQV�RI�JO\SKRVDWH�LQ�
�����FRQWUROOHG�ZHHGV�LQ�HDUO\�������*O\SKRVDWH�DW�����NJ�KD�DSSOLHG�WZLFH�D�\HDU�IRU���\HDUV�
FRQWUROOHG�7DUD[DFXP�RIILFLQDOH��3ODQWDJR�ODQFHRODWD��5XPH[�REWXVLIROLXV�DQG�5��DFHWRVHOOD��
7KUHH�DQQXDO�DSSOLFDWLRQV�JDYH������FRQWURO�RI�&DO\VWHJLD�VHSLXP��&LUVLXP�DUYHQVH��
3RO\JRQXP�SHQV\OYDQLFXP�DQG�$PDUDQWKXV�DOEXV��&URS�VL]H��FURS�TXDOLW\�DQG�PDUNHWDELOLW\�
RI�WKH�VL[�RUQDPHQWDOV�ZHUH�QRW�DGYHUVHO\�DIIHFWHG�E\�HLWKHU�KHUELFLGH��7ZR�RU�WKUHH�
DSSOLFDWLRQV�RI�JO\SKRVDWH�DW�����NJ�KD�RU�WZR�WUHDWPHQWV�DW�����NJ�KD�LQFUHDVHG�SODQW�VL]H�RI�
DQGRUUD�MXQLSHUV��-XQLSHUXV�KRUL]RQWDOLV���7KUHH�WUHDWPHQWV�RI�JO\SKRVDWH�DW�����NJ�KD�DOVR�
LQFUHDVHG�WKH�VL]H�RI�GZDUI�-DSDQHVH�\HZV��7D[XV�FXVSLGDWD��DQG�WZR�WUHDWPHQWV�DW�����NJ�KD�
LQFUHDVHG�WKH�VL]H�RI�ER[OHDI�-DSDQHVH�KROO\��,OH[�FUHQDWD���
�
���6FDODEUHOOL�*�������7ZR�\HDUV
�UHVXOWV�RI�FKHPLFDO�ZHHG�FRQWURO�RQ�DSSOH�KLJK�GHQVLW\�

SODQWLQJ��0HGHGHOLQJHQ�YDQ�GH�)DFXOWHLW�/DQGERXZZHWHQVFKDSSHQ��
5LMNVXQLYHUVLWHLW�*HQW��������±�����

,Q�DQ�DSSOH�RUFKDUG�LQ�7XVFDQ\��GRPLQDWHG�E\�SHUHQQLDO�ZHHGV�VXFK�DV�&RQYROYXOXV�DUYHQVLV��
&��>&DO\VWHJLD@�VHSLXP��3DVSDOXP�GLVWLFKXP��&\QRGRQ�GDFW\ORQ�DQG�5XPH[�VSS���JO\SKRVDWH�
DW�UDWHV�IURP������NJ�WR������NJ�KD�RU�GDODSRQ�������'�DW�UDWHV�IURP������������NJ�KD�WR�������
������NJ�KD�ZHUH�DSSOLHG�LQ�ODWH�0D\�DQG�DJDLQ�LQ�HDUO\�-XO\��$W�VXLWDEOH�UDWHV�RI�DSSOLFDWLRQ��
WKH�0D\�WUHDWPHQWV�FRQWUROOHG�PRVW�ZHHGV�IRU�DSSUR[LPDWHO\���ZHHNV�DQG�WKH�-XO\�IROORZ�XS�
WUHDWPHQWV�PDLQWDLQHG�FRQWURO�IRU�D�IXUWKHU���PRQWKV��1R�V\PSWRPV�RI�WR[LFLW\�ZHUH�REVHUYHG�
RQ�WKH�DSSOH�WUHHV��5HVXOWV�FRQILUP�WKH�SRVVLELOLW\�RI�XVLQJ�WKHVH�KHUELFLGHV�WR�FRQWURO�ZHHGV�
LQ�D�]HUR�WLOODJH�V\VWHP��WKH�KHUELFLGH�UDWHV�EHLQJ�GHWHUPLQHG�E\�WKH�W\SH�RI�LQIHVWDWLRQ�DQG�
WLPH�RI�WUHDWPHQW��
�
���%LQJ�$�������*O\SKRVDWH�WR�FRQWURO�SHUHQQLDO�ZHHGV�LQ�ODQGVFDSH�SODQWLQJV��

3URFHHGLQJV�RI�WKH�1RUWKHDVWHUQ�:HHG�6FLHQFH�6RFLHW\��%DOWLPRUH����������
$UWHPLVLD�YXOJDULV��5KXV�UDGLFDQV�DQG�$JURS\URQ�UHSHQV�ZHUH�HDVLO\�FRQWUROOHG�E\�VSUD\LQJ�
ZLWK�JO\SKRVDWH�DW��±����OE�DFUH��7KH�ODUJHU�JURZLQJ�-DSDQHVH�NQRWZHHG��3RO\JRQXP�
FXVSLGDWXP��LV�FRQWUROOHG�ZLWK�JO\SKRVDWH�DW��±��OE�DFUH�EXW�LW�LV�GLIILFXOW�WR�VSUD\�ZLWKRXW�
DOVR�VSUD\LQJ�GHVLUDEOH�SODQWV��&RQYROYXOXV�DUYHQVLV�UHTXLUHG�UHSHDWHG�DSSOLFDWLRQV�RI��±��
OE�DFUH�IRU�FRQWURO�DQG�&RQYROYXOXV�> �&DO\VWHJLD@�VHSLXP�ZDV�HYHQ�PRUH�GLIILFXOW�WR�FRQWURO��
$V�QHZ�WXEHUV�RI�&\SHUXV�HVFXOHQWXV�VWDUWHG�JURZLQJ��UHSHDW�DSSOLFDWLRQV�ZHUH�
QHFHVVDU\�&RQLIHUV�VXFK�DV�MXQLSHU��-XQLSHUXV��DQG�\HZ��7D[XV��DUH�IDLUO\�WROHUDQW�WR�
JO\SKRVDWH��$�UDWH�RI��±��OE�DFUH�NLOOV�WKH�WLSV�RI�WKH�EUDQFKHV�EXW�WKH�SODQWV�VRRQ�SXW�RQ�QHZ�
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JURZWK�WKDW�FRYHUV�WKH�GDPDJH��&DQDGLDQ�KHPORFN��7VXJD�FDQDGHQVLV��VFRUFKHV�HDVLO\�EXW�
DOVR�JURZV�QHZ�IROLDJH�DQG�EUDQFKHV��7KH�JURXQG�FRYHUV�(QJOLVK�LY\��+HGHUD�KHOL[��DQG�
-DSDQHVH�VSXUJH��3DFK\VDQGUD�WHUPLQDOLV��WROHUDWH�JO\SKRVDWH�DW����±����OE�DFUH�DQG�WKLV�
WUHDWPHQW�PD\�SURYLGH�D�QHZ�DSSURDFK�WR�ZHHG�FRQWURO�LQ�JURXQG�FRYHU�SODQWLQJV��
�
���.DIDGDURII�*��%UXQHW�<��HW�DO��������2XWFRPH�RI���\HDUV
�H[SHULPHQWDWLRQ�ZLWK�

JO\SKRVDWH�LQ�WUHH�IUXLWV��&RPSWH�5HQGX�GH�OD��H�&RQIpUHQFH�GX�&2/80$��&RPLWp�
IUDQoDLV�GH�OXWWH�FRQWUH�OHV�PDXYDLVHV�KHUEHV������±�����

&RQWURO�RI�ZHHGV�LQ�WUHH�IUXLWV�LV�VXEVWDQWLDOO\�VLPLODU�WR�WKDW�UHSRUWHG�IRU�YLQHV��+RZHYHU��
&\QRGRQ�GDFW\ORQ�JURZV�PRUH�YLJRURXVO\�LQ�RUFKDUGV�GXH�WR�IHUWLOLVDWLRQ�DQG�LUULJDWLRQ��
UHLQIHVWDWLRQ�LV�WKHUHIRUH�PRUH�UDSLG�WKDQ�LQ�YLQH\DUGV��&RQYROYXOXV�> �&DO\VWHJLD@�VHSLXP�LV�
ZHOO�FRQWUROOHG�ZLWK�JO\SKRVDWH�DW�����NJ�KD��EXW�UHJURZWK�LV�FRQVLGHUDEOH��$V�LQ�YLQH\DUGV�
(TXLVHWXP�DUYHQVH��+HGHUD�KHOL[�DQG�5XELD�SHUHJULQD�DUH�UHVLVWDQW�WR�JO\SKRVDWH��7KH�EHVW�
WUHDWPHQW�WLPHV�IRU�YDULRXV�ZHHGV�DUH�OLVWHG��WRJHWKHU�ZLWK�KHUELFLGH�UDWHV�UHTXLUHG��)RU�PL[HG�
LQIHVWDWLRQV�RI�DQQXDO�DQG�EURDG�OHDYHG�ZHHGV��JO\SKRVDWH�DW������NJ�KD�VKRXOG�EH�DSSOLHG���
VLPD]LQH��WKH�UDWH�VKRXOG�EH�LQFUHDVHG�WR������NJ�KD�LI�&��GDFW\ORQ�LV�SUHVHQW��,Q�������
HYDOXDWLRQ�WULDOV�ZHUH�FDUULHG�RXW�ZLWK�JO\SKRVDWH�LQ�\RXQJ�IUXLW�WUHHV��V\PSWRPV�RI�WR[LFLW\�
DV�D�UHVXOW�RI�DFFLGHQWDO�FRQWDFW�RI�WKH�WUHH�OHDYHV�ZLWK�JO\SKRVDWH�DUH�OLVWHG��$SSOLFDWLRQV�WR�
WKH�EDVH�RI�IUXLW�WUHHV��RU�RQ�URRWVWRFN�VKRRWV��RQO\�FDXVH�LQMXU\�LI�WKH�WUHHV�KDYH�ZRXQGV�GXH�
WR�UHFHQW�SUXQLQJ�RU�GH�EXGGLQJ��&RQWURO�RI�URRWVWRFN�VKRRWV�ZLWK�D�VROXWLRQ�RI����������RU�
���RI�WKH�IRUPXODWHG�SURGXFW�LV�YHU\�JRRG��
�
���.OLQH�:/��6HOOHFN�*:�������(IIHFW�RI�JO\SKRVDWH�DSSOLFDWLRQV�RQ�KHGJH�ELQGZHHG��

3URFHHGLQJV�RI�WKH�1RUWKHDVWHUQ�:HHG�6FLHQFH�6RFLHW\��%DOWLPRUH���������
*O\SKRVDWH�DW���OE�DFUH�ZDV�DSSOLHG�WR�KHGJH�ELQGZHHG��&RQYROYXOXV�> �&DO\VWHJLD@�VHSLXP��
DW�GLIIHUHQW�VWDJHV�RI�SODQW�JURZWK��/HDI�FKORURVLV�ZDV�YLVLEOH���GD\V�DIWHU�DSSOLFDWLRQ�DQG�
ZLWKLQ����GD\V���±����FRQWURO�ZDV�DFKLHYHG��$IWHU���ZHHNV��UHJURZWK�IURP�XQGHUJURXQG�
SDUWV�UHGXFHG�FRQWURO�WR��������±����DQG���±����ZLWK�DSSOLFDWLRQ�EHIRUH��DW��DQG�DIWHU�
IORZHULQJ��UHVSHFWLYHO\��7KHUH�ZDV�QR�YLVLEOH�GLIIHUHQFH�EHWZHHQ�JO\SKRVDWH�DORQH�RU�ZLWK�
DGGLWLYHV��HLWKHU�LQ�LQLWLDO�DFWLYLW\�RU�WKH�H[WHQW�RI�UHJURZWK��$OO�SORWV�ZHUH�UH�WUHDWHG�WZLFH�DW�
YDULRXV�VWDJHV�RI�SODQW�JURZWK��7KH�ILUVW�UH�WUHDWPHQW�FRQWUROOHG�UHJURZWK�IRU�D�PRQWK�DW�
GHILQHG�JURZWK�VWDJHV�����������DQG����LQFKHV��WDOO�DQG�IORZHULQJ��6XEVHTXHQW�UHJURZWK�IURP�
WKHVH�WUHDWPHQWV�GLIIHUHG�OLWWOH�LQ�GHQVLW\��7KH�VHFRQG�UH�WUHDWPHQW�JDYH���±����FRQWURO�RI�
IROLDJH��EXW�WKH�UKL]RPHV�UHYHDOHG�RQO\�VXSHUILFLDO�URRW�QHFURVLV��-DFN�SLQH��3LQXV�ULJLGD���
ZKLFK�ZDV�SUHVHQW�LQ�VRPH�RI�WKH�SORWV��VKRZHG�RQO\�VXSHUILFLDO�QHHGOH�VFRUFK�ZLWK�RQH�
DSSOLFDWLRQ�RI�JO\SKRVDWH��
�
����6WDOGHU�/��3RWWHU�&$��HW�DO��������5HFHQW�H[SHULHQFHV�ZLWK�LQWHJUDWHG�PHDVXUHV�IRU�

WKH�FRQWURO�RI�ILHOG�DQG�KHGJH�ELQGZHHG��&RQYROYXOXV�DUYHQVLV��&��VHSLXP�> �
&DO\VWHJLD�VHSLXP@��LQ�YLQH\DUGV��,Q��3URFHHGLQJV�RI�WKH�(:56�6\PSRVLXP�RQ�
'LIIHUHQW�0HWKRGV�RI�:HHG�&RQWURO�DQG�WKHLU�,QWHJUDWLRQ��8SSVDOD��3S�����±�����

&RQYROYXOXV�DUYHQVLV�DQG�&��VHSLXP�> �&DO\VWHJLD�VHSLXP@�KDYH�EHFRPH�D�SUREOHP�LQ�
YLQH\DUGV�LQ�6ZLW]HUODQG��EXW�SURPLVLQJ�UHVXOWV�KDYH�EHHQ�REWDLQHG�E\�H[SORLWLQJ�WKH�
VXSSUHVVLYH�HIIHFW�RI�VPDOO�DQQXDO�ZHHGV�VXFK�DV�6WHOODULD�PHGLD��/DPLXP�SXUSXUHXP�DQG�
9HURQLFD�SHUVLFD�WR�VXSSOHPHQW�WUHDWPHQWV�ZLWK�0&3%��JO\SKRVDWH�RU�SDUDTXDW��

�������������������������������������������������
����LQFK� ������FHQWLPHWUHV�
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����'DYLVRQ�-*�������&RQWURO�RI�WKH�ELQGZHHGV�&RQYROYXOXV�DUYHQVLV�DQG�&DO\VWHJLD�
VHSLXP�LQ�IUXLW�FURSV��3HVWLFLGH�6FLHQFH�������±�����

&RQYROYXOXV�DUYHQVLV�LV�WKH�PRVW�LPSRUWDQW�VSHFLHV�RI�ELQGZHHG�LQ�%ULWDLQ��(VWDEOLVKHG�SODQWV�
VSUHDG�E\�PHDQV�RI�ODWHUDO�URRWV��HVWDEOLVKPHQW�IURP�VHHG�DQG�IUDJPHQWV�RI�WKH�XQGHUJURXQG�
JURZWK�LV�QRW�LPSRUWDQW��*URZWK�UHJXODWRU�KHUELFLGHV�VXFK�DV�����'�DQG�0&3$�JLYH�JRRG�
FRQWURO�LQ�WKH�\HDU�RI�WUHDWPHQW��:LWK�WKH�FRUUHFW�UDWH�DQG�WLPLQJ�WKHUH�LV�DOVR�JRRG�FRQWURO�LQ�
WKH�\HDU�DIWHU�WUHDWPHQW��$GGLQJ�SDUDTXDW�WR�����'�UHGXFHV�WKH�HIIHFW�LQ�WKH�\HDU�DIWHU�
WUHDWPHQW��5HSHDWHG�DQQXDO�WUHDWPHQW�ZLWK�KLJK�UDWHV�RI�FKORUWKLDPLG�WKDW�SUHYHQW�VKRRW�
JURZWK�IRU�WKH�HQWLUH�VHDVRQ�DUH�QR�PRUH�HIIHFWLYH�DJDLQVW�WKH�XQGHUJURXQG�JURZWK�WKDQ�WKH�
VWDQGDUG�UDWH�RI�����'��&DO\VWHJLD�VHSLXP�VSUHDGV�UDSLGO\�E\�UKL]RPHV�DQG�VWRORQV��,W�LV�PRUH�
VXVFHSWLEOH�WKDQ�&��DUYHQVLV�WR�0&3%��>)URP�VXPPDU\@�
�
����$JXOKRQ�5��'XPDUWLQ�3��HW�DO��������/DWHVW�UHVXOWV�RI�WULDOV�IRU�FRQWURO�RI�SHUHQQLDO�

ZHHGV�LQ�YLQH\DUGV��&RPSWH�5HQGX�GH�OD��H�&RQIpUHQFH�GX�&2/80$��&RPLWp�
IUDQoDLV�GH�OXWWH�FRQWUH�OHV�PDXYDLVHV�KHUEHV������±�����

7ULDOV�LQ������DQG�
���FRQILUPHG�WKH�UHOLDEOH�FRQWURO�RI�&RQYROYXOXV�DUYHQVLV��&DO\VWHJLD�
VHSLXP��&\QRGRQ�GDFW\ORQ�DQG�RWKHU�SHUHQQLDO�ZHHGV�LQ�YLQH\DUGV�REWDLQHG�ZLWK�JO\SKRVDWH�
DW�����NJ�KD��DOWKRXJK�LQ�HDVWHUQ�)UDQFH�FRQWURO�ZDV�PRUH�YDULDEOH��2[DGLD]RQ�DW���RU���NJ�KD�
JDYH�JRRG�LQLWLDO�ZHHG�FRQWURO�EXW�ZDV�QRW�VXIILFLHQWO\�SHUVLVWHQW��WKH�DGGLWLRQ�RI�
DPLQRWULD]ROH�GLG�QRW�LPSURYH�FRQWURO��,Q�&KDPSDJQH��KRZHYHU��R[DGLD]RQ�HOLPLQDWHG�
&RQYROYXOXV�DUYHQVLV�DQG�&DO\VWHJLD�VHSLXP�ZKHQ�DSSOLHG�DIWHU�WKH�IORZHULQJ�RI�WKH�YLQHV��
7HUEXWK\OD]LQH���WHUEXPHWRQ�DW�����������NJ�KD�LQ�WKH�ILUVW�\HDU�DQG������������NJ�KD�LQ�
VXEVHTXHQW�\HDUV�JHQHUDOO\�FRQWUROOHG�ZHHGV�ZHOO��EXW�GURXJKW�UHGXFHG�WKHLU�HIIHFWLYHQHVV��
%HVW�FRQWURO�RI�&\QRGRQ�GDFW\ORQ�ZDV�REWDLQHG�ZLWK�GDODSRQ���NJ���DPLQRWULD]ROH���NJ�KD�DW�
YLQH�IORZHULQJ��DOWKRXJK�WKH�ULVN�WR�YLQHV�ZDV�FRQVLGHUDEOH��
�
����%DUUDOLV�*��%RLGURQ�5��HW�DO��������7ULDOV�IRU�FRQWURO�RI�SHUHQQLDO�ZHHGV�LQ�YLQHV�RI�

%XUJXQG\�DQG�)UDQFKH�&RPWH��&RPSWH�5HQGX�GH�OD��H�&RQIpUHQFH�GX�&2/80$�
�&RPLWp�IUDQoDLV�GH�OXWWH�FRQWUH�OHV�PDXYDLVHV�KHUEHV������±�����

(YDOXDWLRQ�WULDOV�LQ�HDVWHUQ�)UDQFH�LQ������DQG�
���FRQILUPHG�WKH�YDOXH�RI�JO\SKRVDWH�DW������
NJ�SURGXFW�KD�SRVW�HPHUJHQFH�RI�WKH�ZHHG�LQ�FRQWUROOLQJ�&RQYROYXOXV�DUYHQVLV�LQ�YLQH\DUGV��
&��> �&DO\VWHJLD@�VHSLXP��&LUVLXP�DUYHQVH�DQG�5DQXQFXOXV�UHSHQV�SURYHG�UHVLVWDQW�DOWKRXJK�
&��VHSLXP�PLJKW�EH�FRQWUROOHG�E\�HLWKHU�GHOD\LQJ�RU�UHSHDWLQJ�WKH�WUHDWPHQW��&RQWURO�RI�5XEXV�
VSS��ZDV�SDUWLDO�RQO\��7HUEXWK\OD]LQH���WHUEXPHWRQ��DOWKRXJK�VORZ�DFWLQJ��FRQWUROOHG�DQQXDO�
ZHHGV�ZHOO��EXW�&��DUYHQVLV�ZDV�QRW�ZKROO\�FRQWUROOHG�E\�SURGXFW�DW�D�UDWH�RI����NJ�KD�LQ�WKH�
ILUVW�DQG����NJ�KD�LQ�WKH�VHFRQG�\HDU��$JDLQ�5��UHSHQV�ZDV�UHVLVWDQW��&\DQDWU\Q�ZDV�DSSOLHG�
DV�D�VSOLW�WUHDWPHQW����NJ�KD�RQ�����WR����FP�VKRRWV�RI�&��DUYHQVLV�DQG���NJ�KD�ZKHQ�UHJURZWK�
KDG�UHDFKHG�WKH�VDPH�VWDJH��FRQWURO�ZDV�RQO\�PRGHUDWH��$QQXDO�ZHHGV�ZHUH�ZHOO�FRQWUROOHG�
ZLWK�WHUEXWK\OD]LQH���NJ���DPLQRWULD]ROH���NJ�KD�SUH��RU�SRVW�HPHUJHQFH�DQG�ZLWK�GLXURQ�����
��OLQXURQ���������WHUEDFLO�������NJ�KD�SUH��RU�HDUO\�SRVW�HPHUJHQFH�RI�ZHHGV��DOWKRXJK�WKHUH�
ZDV�VRPH�ODWH�UHJURZWK�ZLWK�WKH�ODWWHU�PL[WXUH��<LHOG�WULDOV�VKRZHG�QR�DGYHUVH�HIIHFW�RQ�YLQHV�
DIWHU�HLJKW�FRQVHFXWLYH�\HDUV�RI�]HUR�WLOODJH��
�
����.DIGDURI�*��5RJQRQ�-�������7KH�XVH�RI�JO\SKRVDWH�WR�FRQWURO�ZHHGV�LQ�RUFKDUGV��

&RPSWH�5HQGX�GH�OD��H�&RQIpUHQFH�GX�&2/80$��&RPLWp�IUDQoDLV�GH�OXWWH�FRQWUH�
OHV�PDXYDLVHV�KHUEHV������±�����

5HVXOWV�DUH�JLYHQ�RI�D�VHULHV�RI�WULDOV�EHJXQ�LQ������LQ�ZKLFK��DIWHU�D�ZLQWHU�WUHDWPHQW�ZLWK�
VLPD]LQH�DW���NJ�KD�RU�GLXURQ�����NJ�KD��LQ�DSSOHV�DQG�SHDUV��RU�EURPDFLO�����NJ�KD��LQ�
SHDFKHV���JO\SKRVDWH�ZDV�DSSOLHG�LQ�VSULQJ�DQG�RU�VXPPHU��RU�DXWXPQ��&\QRGRQ�GDFW\ORQ�ZDV�
FRQWUROOHG�IRU�DW�OHDVW����PRQWKV�E\�ODWH�VSULQJ�DSSOLFDWLRQV�RI�����RU�����NJ�KD��D�VHFRQG�
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DSSOLFDWLRQ�EHWZHHQ���DQG���\HDUV�DIWHU�WKH�ILUVW�WRWDOO\�GHVWUR\HG�&��GDFW\ORQ�LQ�PRVW�FDVHV��
&RQYROYXOXV�DUYHQVLV�LQ�DSSOH�DQG�SHDU�RUFKDUGV�ZDV�VSUD\HG�ZLWK�JO\SKRVDWH�DW���������������
DQG�����NJ�KD�DIWHU�IUXLW�VHW��PRVWO\�LQ�ODWH�0D\�RU�HDUO\�-XQH��HLWKHU�EHIRUH�IORZHULQJ��VKRRW�
OHQJWK���±���FP��RU�ZKHQ�LQ�IXOO�IORZHU��VKRRW�OHQJWK���±���FP���(YHQ�DW�WKH�ORZHVW�UDWH�
UHJURZWK�ZDV�VFDQW�DQG�VKULYHOOHG�DQG�ZLWK�DOO�RWKHU�UDWHV�QR�IXUWKHU�WUHDWPHQW�ZDV�UHTXLUHG�
���PRQWKV�ODWHU��&RQYROYXOXV�> �&DO\VWHJLD@�VHSLXP��RQ�WKH�RWKHU�KDQG��UHTXLUHG�WUHDWPHQW�
ZLWK�����RU�����NJ�KD�LQ�WZR�VXFFHVVLYH�\HDUV��WKH�PRVW�VXFFHVVIXO�WUHDWPHQWV�ZHUH�PDGH�MXVW�
EHIRUH�&��VHSLXP�FOLPEHG�LQWR�WKH�WUHHV��2WKHU�SHUHQQLDO�ZHHGV�FRQWUROOHG�LQFOXGHG�
$JURS\URQ�UHSHQV��DW����±����NJ�KD��DQG�3KUDJPLWHV�FRPPXQLV��DXWXPQ�WUHDWPHQWV�PRVW�
HIIHFWLYH���ZKLOH�0DOYD�URWXQGLIROLD�DQG�3RWHQWLOOD�UHSWDQV�UHTXLUHG�UHSHDWHG�DSSOLFDWLRQV�RI�
����NJ�KD��(TXLVHWXP�DUYHQVH�DQG�5XEXV�VS��ZHUH�JHQHUDOO\�UHVLVWDQW��DOWKRXJK�5XEXV�VS��
VKRZHG�PRUH�VHQVLWLYLW\�WR�DXWXPQ�WUHDWPHQWV��,Q�IXUWKHU�WULDOV�JO\SKRVDWH�DW�����±����NJ�KD�
JDYH�JRRG�FRQWURO�RI�ODWH�ZLQWHU�ZHHGV��6HOHFWLYLW\�WHVWV�VKRZHG�WKDW�WKHUH�ZDV�QR�URRW�XSWDNH�
RI�JO\SKRVDWH�E\�IUXLW�WUHHV�HYHQ�DIWHU�UHSHDWHG�DSSOLFDWLRQV�GXULQJ���\HDUV��7UHHV�GHOLEHUDWHO\�
VSUD\HG�ZLWK�JO\SKRVDWH�VKRZHG�V\PSWRPV�RI�WR[LFLW\�RQO\�FORVH�WR�WKH�FRQWDFW�SRLQWV��
6SUD\LQJ�WKH�EDVH�RI�WKH�WUXQN�ZLWK�XS�WR���NJ�KD�FDXVHG�QR�LQMXU\�WR�\RXQJ�DSSOH�WUHHV��
�
����.DIGDURI�*��5RJQRQ�-�������8VHV�RI�JO\SKRVDWH�IRU�ZHHG�FRQWURO�LQ�YLQH\DUGV��

&RPSWH�5HQGX�GH�OD��H�&RQIpUHQFH�GX�&2/80$��&RPLWp�IUDQoDLV�GH�OXWWH�FRQWUH�
OHV�PDXYDLVHV�KHUEHV������±�����

*RRG�FRQWURO�RI�&\QRGRQ�GDFW\ORQ�ZDV�REWDLQHG�LQ�)UHQFK�YLQH\DUGV�ZLWK�JO\SKRVDWH�DW�����
RU�����NJ�KD�DSSOLHG�LQ�WKH�VHFRQG�KDOI�RI�-XQH��7KLUWHHQ�PRQWKV�ODWHU�UHJURZWK�ZDV�
QHJOLJLEOH��DQG���\HDUV�DIWHU�DSSOLFDWLRQ�UHJURZWK�ZDV�IRXQG�RQO\�ZKHUH�LQIHVWDWLRQ�KDG�EHHQ�
YHU\�KHDY\�RU�ZHOO�HVWDEOLVKHG��7KH�ZHHG�ZDV�DOPRVW�WRWDOO\�HOLPLQDWHG�E\�D�UHSHDW�
DSSOLFDWLRQ�LQ�WKH�VHFRQG�\HDU��&RQWURO�RI�&RQYROYXOXV�DUYHQVLV�ZDV�EHVW�ZKHQ�DSSOLFDWLRQV�
ZHUH�PDGH�WR�YLJRURXV�SODQWV�GXULQJ�IORZHULQJ��WUHDWPHQWV�VKRXOG�QRW�EH�PDGH�WRR�HDUO\��,Q�
WKH�IROORZLQJ�\HDU�D�UHSHDW�DSSOLFDWLRQ�XVXDOO\�HOLPLQDWHG�WKH�ZHHG��$�UDWH�RI�����NJ�KD�ZDV�
UHTXLUHG�WR�FRQWURO�&��> �&DO\VWHJLD@�VHSLXP��0DQ\�RWKHU�SHUHQQLDO�ZHHGV�ZHUH�FRQWUROOHG�DW�
UDWHV�IURP�����WR�����NJ�KD��ZKLOH�PL[HG�ODWH�ZLQWHU�LQIHVWDWLRQV�ZHUH�FRQWUROOHG�DW�UDWHV�IURP�
�����WR�����NJ�KD��
�
����6HOOHFN�*:��=DEDGDO�7��HW�DO��������*O\SKRVDWH�IRU�ZHHG�FRQWURO�LQ�YLQH\DUGV��

3URFHHGLQJV�RI�WKH�1RUWKHDVWHUQ�:HHG�6FLHQFH�6RFLHW\��1HZ�<RUN�&LW\�����±�����
7UHDWPHQWV�ZHUH�DSSOLHG�DV�GLUHFWHG�VSUD\V�WR�&RQYROYXOXV�DUYHQVLV�DQG�&��> �&DO\VWHJLD@�
VHSLXP�LQ�1HZ�<RUN�JUDSHYLQHV�DW����ORFDWLRQV�LQ�����±����GLXURQ�KDG�EHHQ�DSSOLHG�DQQXDOO\�
IRU�VHYHUDO�\HDUV��7UHDWPHQWV�ZHUH�PRVW�HIIHFWLYH�DW�WKH�EXGGLQJ�DQG�IORZHULQJ�VWDJH�RI�
ELQGZHHG��(FRQRPLF�FRQWURO�ZDV�SURYLGHG�E\�JO\SKRVDWH�DW���OE�DFUH�EXW�FRQWURO�ZDV�UHGXFHG�
E\���±����E\�ELQGZHHG�JURZWK�RYHU�WKH����PRQWKV�DIWHU�WUHDWPHQW��FRPSOHWH�FRQWURO�ZDV�
REWDLQHG�LQ�2FWREHU������IURP���OE�DFUH�DSSOLHG�LQ�-XQH������DQG�������&DPSVLV�UDGLFDQV��
$VFOHSLDV�VSS��DQG�+HOLDQWKXV�WXEHURVXV�VKRZHG�VLPLODU�WROHUDQFH�WR�ELQGZHHGV��ZKHUHDV�
JO\SKRVDWH�DW���OE�DFUH�JDYH�����FRQWURO�RI�7XVVLODJR�IDUIDUD�DQG�&LFXWD�PDFXODWD��
�
����:XUJOHU�:��1HXU\�*�������7UDQVSRUW�RI�JO\SKRVDWH�LQ�YLQHV��UDVSEHUU\�SODQWV�DQG�

ELQGZHHG��ZLWK�VRPH�PRUSKRORJLFDO�HIIHFWV��&RPSWH�7HQGX�GH�OD��H�&RQIpUHQFH�GX�
&2/80$��&RPLWp�IUDQoDLV�GH�OXWWH�FRQWUH�OHV�PDXYDLVHV�KHUEHV������±�����6HH�DOVR�
:HHG�$EVWUDFWV����������

,Q�H[SHULPHQWV�LQ�6ZLW]HUODQG�RQ�YLQHV��UDVSEHUULHV�DQG�ELQGZHHG��&RQYROYXOXV�DUYHQVLV�DQG�
&DO\VWHJLD�VHSLXP���JO\SKRVDWH�ZDV�WUDQVSRUWHG�ZLWKLQ�WKH�SODQW�WRZDUGV�WKH�H[WUHPLWLHV��
FDXVLQJ�FKDQJHV�LQ�OHDI�VKDSH�DQG�VWXQWLQJ�RI�SODQW�RUJDQV��6PDOO�TXDQWLWLHV�DSSOLHG�WR�WKH�
XSSHU�VLGH�RI�D�OHDI�ZHUH�QRW�DSSDUHQWO\�WUDQVSRUWHG�WRZDUGV�WKH�VWHP��,Q�JHQHUDO�OHDI�LQMXU\�LQ�
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YLQHV�DSSHDUHG�ILUVW�DW�WKH�WLSV�RI�DIIHFWHG�EUDQFKHV�DQG�PRYHG�LQZDUGV�WRZDUGV�WKH�EDVH��
6RPH�WUDQVSRUW�DOVR�VHHPHG�WR�RFFXU�WKURXJK�WKH�ROG�ZRRG�VXSSRUWLQJ�WKH�DIIHFWHG�EUDQFKHV�
DQG�LQWR�RWKHU�EUDQFKHV��*O\SKRVDWH�ZDV�DSSOLHG�WR�LQWHU�URZ�WXULRQV�LQ�UDVSEHUULHV�WR�SUHYHQW�
QHZ�FDQH�GHYHORSPHQW��+RZHYHU��VRPH�WUDQVSRUW�WRRN�SODFH�WKURXJK�WKH�VWHPV�WR�\RXQJ�
XQWUHDWHG�WXULRQV��ZKLFK�WKHQ�ERUH�PLVVKDSHQ�OHDYHV�DQG�ORVW�WKHLU�DSLFDO�GRPLQDQFH��)UXLW�
EHDULQJ�FDQHV�DSSHDUHG�XQDIIHFWHG��
�
����%DLUG�''��6KDXOLV�1-��HW�DO��������*O\SKRVDWH�IRU�KHUEDFHRXV�SHUHQQLDO�ZHHG�FRQWURO�

LQ�QRUWKHDVWHUQ�DSSOH�RUFKDUGV�DQG�YLQH\DUGV��3URFHHGLQJV�RI�WKH�1RUWKHDVWHUQ�
:HHG�6FLHQFH�6RFLHW\��3KLODGHOSKLD��������±�����6HH�DOVR�:HHG�$EVWUDFWV�����������

*O\SKRVDWH�DW�����NJ�KD��DSSOLHG�RQ����0D\�DQG�UHSHDWHG�RQ����-XQH��RU�JO\SKRVDWH�����NJ���
WHUEDFLO��RU�VLPD]LQH������NJ�KD��DSSOLHG�LQ�0D\��JDYH�DGHTXDWH�FRQWURO�RI�WKH�FRPPRQ�
KHUEDFHRXV�SHUHQQLDOV�RI�HVWDEOLVKHG�1HZ�<RUN�DSSOH�RUFKDUGV�VXFK�DV�$JURS\URQ�UHSHQV��
RUFKDUG�JUDVV�>'DFW\OLV�JORPHUDWD@��FRPPRQ�PLONZHHG�>$VFOHSLDV�V\ULDFD@�DQG�GDQGHOLRQ�
>7DUD[DFXP�RIILFLQDOH@��*UDSHYLQHV�ZHUH�QRW�LQMXUHG�E\�JO\SKRVDWH�VSUD\V�DSSOLHG�WR�WKH�YLQH�
WUXQN�RU�WR�WKH�VRLO�EXW�FRQWDFW�RI�IROLDJH�ZDV�LQMXULRXV��JO\SKRVDWH�KDV�SURYLGHG�H[FHOOHQW�
FRQWURO�RI�KHUEDFHRXV�SHUHQQLDO�ZHHGV�LQ�YLQH\DUGV�WKURXJKRXW�WKH�1(��6PDOO�VLQJOH�
DSSOLFDWLRQ�SORWV�VKRZHG�WKDW�ILHOG�ELQGZHHG�>&RQYROYXOXV�DUYHQVLV@�FRXOG�EH�FRQWUROOHG�ZLWK�
���±����NJ��KHGJH�ELQGZHHG�>&RQYROYXOXV�> �&DO\VWHJLD@�VHSLXP@�ZLWK�����NJ��9LUJLQLD�
FUHHSHU�>3DUWKHQRFLVVXV�TXLQTXHIROLD@�ZLWK�����NJ�DQG�$JURS\URQ�UHSHQV�ZLWK����±����NJ�
D�H��KD��,Q�2QWDULR��JO\SKRVDWH�DW����±����NJ���VLPD]LQH�����NJ��WHUEDFLO�����NJ�RU�PHWULEX]LQ�
����NJ�KD��DSSOLHG�GXULQJ������DQG������LQ�\RXQJ�QRQ�EHDULQJ�DSSOH�WUHHV��GLG�QRW�LQMXUH�RU�
LQKLELW�WKH�JURZWK�RI�FY��,GDUHG��FY��6SDUWDQ�RU�FY��5HG�'HOLFLRXV��DQQXDO�ZHHGV��$JURS\URQ�
UHSHQV�DQG�9HURQLFD�VSS��ZHUH�FRQWUROOHG��*O\SKRVDWH�FDXVHG�QR�LQMXU\�WR�DQ\�JUDSH�FY��LQ�
2QWDULR��$�UDWH�RI�����NJ�KD���GD\V�DIWHU�EORRP�ZDV�QHFHVVDU\�IRU�WKH�FRQWURO�RI�&RQYROYXOXV�
DUYHQVLV�EXW�WKHUH�ZDV�VRPH�UHJURZWK�RQ�SORWV�ZKLFK�UHFHLYHG�RQO\�RQH�WUHDWPHQW��7KH������
WUHDWPHQWV�RI�JO\SKRVDWH�GLG�QRW�KDYH�DQ\�DGYHUVH�HIIHFW�RQ�WKH�TXDOLW\�RU�TXDQWLW\�RI�WKH�
�����FURSV�RI�JUDSHV�RU�DSSOHV��
�
����6WDOGHU�/��3RWWHU�&$��HW�DO��������1HZ�DVSHFWV�RI�ZHHG�FRQWURO�LQ�YLWLFXOWXUH��

HOLPLQDWLRQ�RU�PDQDJHPHQW�RI�ZHHGV"�6FKZHL]HULVFKH�=HLWVFKULIW�IXU�2EVW��XQG�
:HLQEDX���������±�����

$Q�LQWHJUDWHG�PHWKRG�RI�FRQWUROOLQJ�ELQGZHHG��&RQYROYXOXV�DUYHQVLV�DQG�&��VHSLXP��LQ�
YLQH\DUGV�LV�GHVFULEHG��7KHVH�ZHHGV�DUH�GLIILFXOW�WR�HOLPLQDWH�VROHO\�E\�KHUELFLGHV��WKH\�FDQ�
EH�NHSW�LQ�FKHFN�E\�FRPSHWLWLRQ�ZLWK�RWKHU�SODQWV��FRPELQHG�ZLWK�WKH�DSSOLFDWLRQ�RI�ORZ�UDWHV�
RI�0&3%��6XLWDEOH�JURXQG�FRYHULQJ�FRPSHWLWRUV�LQFOXGH�JUDVVHV��KHUEV�RU��PRVW�VXFFHVVIXO��
VHOHFWHG�KDUPOHVV�ZHHGV�VXFK�DV�6WHOODULD�PHGLD�DQG�3RD�DQQXD��
�
����$JXOKRQ�5��'XPDUWLQ�3��HW�DO��������&RQWURO�RI�SHUHQQLDO�ZHHGV�LQ�YLQH\DUGV�LQ�

GLIIHUHQW�UHJLRQV��&RPSWH�5HQGX�GH�OD��H�&RQIpUHQFH�GX�&2/80$��&RPLWp�
IUDQoDLV�GH�OXWWH�FRQWUH�OHV�PDXYDLVHV�KHUEHV������±�����6HH�DOVR�:HHG�$EVWUDFWV�����
������

7ULDOV�LQ�$OVDFH��/DQJXHGRF��3URYHQFH�DQG�WKH�%RUGHDX[�DQG�0DFRQ�UHJLRQV�LQ������DQG�
���
VKRZHG�SURJUHVV�LQ�WKH�FRQWURO�RI�SHUHQQLDO�ZHHGV�LQ�YLQH\DUGV��%LQGZHHG��&RQYROYXOXV�
DUYHQVLV�DQG�&��> �&DO\VWHJLD@�VHSLXP��FDQ�XVXDOO\�EH�FRQWUROOHG�E\�WHUEXWK\OD]LQH���
WHUEXPHWRQ�DIWHU�VHYHUDO�\HDUV�RI�WUHDWPHQW�DW�UDWHV�YDU\LQJ�IURP�������������NJ�WR�����������
NJ�KD�DFFRUGLQJ�WR�VRLO�DQG�FOLPDWLF�FRQGLWLRQV��7KLV�PL[WXUH�JDYH�YDULDEOH�UHVXOWV�EXW�LW�DOVR�
FRQWUROOHG�PXFK�RI�WKH�DQQXDO�ZHHG�LQIHVWDWLRQ��2[DGLD]RQ�DW���RU�����NJ�KD�FDXVHG�UDSLG�
ZLWKHULQJ�RI�WKH�DHULDO�SDUWV�EXW�UHJURZWK�ZDV�JHQHUDOO\�YLJRURXV��WUHDWPHQW�RQ�ZHHG�JURZWK�
���FP�KLJK�SURYHG�PRVW�HIIHFWLYH�DURXQG�%RUGHDX[��FRQWDFW�RI�VSUD\�RQ�YLQH�OHDYHV�FDXVHG�
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VRPH�GDPDJH������'�DPLQH�DW���NJ�KD�SURYHG�WKH�FKHDSHVW�PHDQV�RI�FRQWUROOLQJ�ELQGZHHG�EXW�
FDUH�LV�QHHGHG�WR�DYRLG�FURS�GDPDJH��WUHDWPHQW�VKRXOG�EH�PDGH�IURP�IORZHULQJ�XS�WR�WKH�WLPH�
ZKHQ�WKH�JUDSHV�DUH�EHJLQQLQJ�WR�ULSHQ��0RQROLQXURQ�������NJ���OLQXURQ�������NJ���
PHFRSURS�������NJ���������7������NJ�KD�FRQWUROOHG�ELQGZHHG�ZHOO�LQ�/DQJXHGRF�DQG�0DFRQ��
*O\SKRVDWH�DW�����NJ�KD�JDYH�JRRG�UHVXOWV�LQ�DOO�UHJLRQV��WUHDWPHQWV�VKRXOG�EH�PDGH�DW�WKH�
ODWHVW�MXVW�EHIRUH�IORZHULQJ�RI�WKH�ZHHG��QR�GDPDJH�ZDV�FDXVHG�WR�YLQHV�SURYLGHG�VSUD\�GLG�
QRW�WRXFK�WKH�OHDYHV��*O\SKRVDWH�DOVR�JDYH�WKH�EHVW�NLOO�RI�&\QRGRQ�GDFW\ORQ��GDODSRQ�DW���NJ�
��DPLQRWULD]ROH�DW�����NJ�KD�FRQWUROOHG�&��GDFW\ORQ�EXW�LV�QRW�UHFRPPHQGHG�EHFDXVH�RI�WKH�
KLJK�ULVN�WR�YLQHV��*O\SKRVDWH�DOVR�FRQWUROOHG�$JURS\URQ�UHSHQV��$UWHPLVLD�YXOJDULV�DQG�
6RUJKXP�KDOHSHQVH��
�
����)RUW�*�������9LQH\DUG�PDQDJHPHQW�XQGHU�PLQLPXP�FXOWLYDWLRQ�DQG�FRQWURO�RI�

ELQGZHHG��&RPSWH�5HQGX�GH�OD��H�&RQIpUHQFH�GX�&2/80$��&RPLWp�IUDQoDLV�GH�
OXWWH�FRQWUH�OHV�PDXYDLVHV�KHUEHV������±�����6HH�DOVR�:HHG�$EVWUDFWV�����������

&RQWLQXDWLRQ�RI�WHVWV�LQ�6DYR\�KDV�VKRZQ�WKDW�PLQLPXP�FXOWLYDWLRQ�LQ�YLQH\DUGV�UHTXLUHV�WZR�
VHSDUDWH�KHUELFLGH�WUHDWPHQWV�DW�SUHFLVH�GDWHV��7KH�ILUVW�WUHDWPHQW�ZLWK�����NJ�KD�RI�VLPD]LQH�
PXVW�EH�PDGH�LQ�ODWH�)HEUXDU\�RU�HDUO\�0DUFK�WR�FRQWURO�DQQXDO�ZHHGV��7KH�VHFRQG�VKRXOG�EH�
PDGH�LQ�ODWH�-XQH��$�QXPEHU�RI�KHUELFLGHV�JLYH�JRRG�FRQWURO�RI�ELQGZHHG�>&RQYROYXOXV�
DUYHQVLV�DQG�&DO\VWHJLD�VHSLXP@��LW�PD\�EH�EHVW�WR�YDU\�WKH�SURGXFW�IURP�\HDU�WR�\HDU��
$PLQRWULD]ROH�DW�����NJ�KD�FRQWUROV�PDQ\�EURDGOHDYHG�ZHHGV��OHDYLQJ�VWXQWHG�ELQGZHHG�
ZKLFK��RQ�D�VORSLQJ�VLWH��FRXQWHUDFWV�HURVLRQ������'�DPLQH�DW�����NJ�KD��WKRXJK�QRW�DSSURYHG�
IRU�YLQH\DUGV��JLYHV�JRRG�FRQWURO�LI�DSSOLHG�DV�ZHHG�IORZHULQJ�HQGV��EXW�GDQGHOLRQV�
>7DUD[DFXP�RIILFLQDOH@�DUH�D�SUREOHP��R[DGLD]RQ�DW���NJ�KD�GHVWUR\V�DOO�ELQGZHHG��EXW�GRHV�
QRW�FRQWURO�WKLVWOHV�DQG�3RWHQWLOOD�VSS���WHUEXWK\OD]LQH�DW���NJ���WHUEXPHWRQ�DW�����NJ�KD�VWDUWV�
VORZO\�DQG�UHVXOWV�PD\�EH�LQFRQVLVWHQW��EXW�DIWHU���\HDU
V�XVH�ZHHG�FRQWURO�LV�VR�JRRG�WKDW�WKH�
ODWH�ZLQWHU�WUHDWPHQW�PD\�EH�RPLWWHG��
�
����.DIDGDURI�*��3RLVVRQ�-&�������*O\SKRVDWH��D�QHZ�KHUELFLGH�IRU�WKH�FRQWURO�RI�

SHUHQQLDO�ZHHGV��&RPSWH�5HQGX�GH�OD��H�&RQIpUHQFH�GX�&2/80$��&RPLWp�IUDQoDLV�
GH�OXWWH�FRQWUH�OHV�PDXYDLVHV�KHUEHV����±����6HH�DOVR�:HHG�$EVWUDFWV���������������
������������

7KH�SURSHUWLHV��WR[LFRORJ\��DQG�PRGH�RI�DFWLRQ�RI�JO\SKRVDWH�DUH�EULHIO\�GLVFXVVHG��$Q�
DFFRXQW�LV�JLYHQ�RI�WHVWV�FDUULHG�RXW�LQ�)UDQFH�GXULQJ�WZR�\HDUV�RQ�WKH�HIIHFWLYHQHVV�RI�
JO\SKRVDWH�LVRSURS\ODPLQH��,Q�YLQH\DUGV�UDWHV�RI����±��NJ�KD�ZHUH�HIIHFWLYH�DJDLQVW�&\QRGRQ�
GDFW\ORQ���±���FP�KLJK����PRQWKV�DIWHU�DSSOLFDWLRQ�JO\SKRVDWH�KDG�GHVWUR\HG���±����RI�WKH�
ZHHG�FRPSDUHG�ZLWK�D�����NLOO�JLYHQ�E\�DPLQRWULD]ROH���DPPRQLXP�WKLRF\DQDWH���NJ�KD�DQG�
����NLOO�ZLWK�DPLQRWULD]ROH���DPPRQLXP�WKLRF\DQDWH���NJ���GDODSRQ���NJ�KD��&RQYROYXOXV�
VS��ZDV�FRQWUROOHG�EHVW�E\�DSSOLFDWLRQ�LPPHGLDWHO\�EHIRUH�IORZHULQJ��7KHUH�ZDV�VRPH�
SK\WRWR[LFLW\�ZKHUH�WKH�VSUD\�FRQWDFWHG�WKH�YLQH�VKRRWV�RU�OHDYHV�DQG�LW�LV�UHFRPPHQGHG�WKDW�
VSUD\HUV�HTXLSSHG�ZLWK�IDQ�RU�GHIOHFWRU�QR]]OHV�EH�XVHG�WR�DYRLG�GULIW��,Q�PDL]H�VWXEEOH�
JO\SKRVDWH�DW�����NJ�KD�FRQWUROOHG�$JURS\URQ�UHSHQV����±����NLOO��PRUH�HIIHFWLYHO\�WKDQ�GLG�
DPLQRWULD]ROH���DPPRQLXP�WKLRF\DQDWH�DW���NJ�KD����±����NLOO���6RUJKXP�KDOHSHQVH�DOVR�
VKRZHG�JUHDWHU�VXVFHSWLELOLW\�WR�JO\SKRVDWH�����NJ�KD�WKDQ�WR�DPLQRWULD]ROH���GDODSRQ��
*O\SKRVDWH��DSSOLHG�HLWKHU�EHIRUH�RU�DIWHU�WXUQLQJ�WKH�VWXEEOH��GLG�QRW�DIIHFW�FURS�\LHOGV�DW�
UDWHV�XS�WR�������NJ�KD�H[FHSW�ZKHQ�DSSOLHG�WR�D�SUHSDUHG�VHHGEHG�RQH�ZHHN�EHIRUH�VRZLQJ�
EDUOH\��:LWK�������NJ�KD�WKHUH�ZDV�\HOORZLQJ�DQG�WKLQQLQJ�RI�WKH�FURS�DQG�D�PDUNHGO\�
UHGXFHG�\LHOG��,W�LV�UHFRPPHQGHG�WKDW�JO\SKRVDWH�DW��±��NJ�KD��IRU�$��UHSHQV��DQG����±����
NJ�KD��IRU�&��GDFW\ORQ��EH�DSSOLHG�WR�WKH�UHJURZWK�DIWHU�EXUQLQJ�RU�FUXVKLQJ�WKH�VWXEEOH��6RLO�
VKRXOG�WKHQ�EH�OHIW�XQGLVWXUEHG�IRU���ZHHNV��7DEOHV�DUH�JLYHQ�RI�WKH�UHVXOWV�RI�VHOHFWLYLW\�WHVWV�
LQ�YLQH\DUGV��RUFKDUGV�DQG�FHUHDOV��
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����6WDOGHU�/��3RWWHU�&$��HW�DO��������1HZ�KHUERORJLFDO�DVSHFWV�LQ�YLWLFXOWXUH��ZHHG�
FRQWURO�RU�PDQDJHPHQW"�6FKZHL]HULVFKH�=HLWVFKULIW�IXU�2EVW�XQG�:HLQEDX������
���±�����

([SHULPHQWV�LQ�HDVWHUQ�6ZLW]HUODQG�LQ�YLQHV�WUDLQHG�XS�ZLUHV�VKRZHG�WKDW�GHQVH�LQIHVWDWLRQV�
RI�&RQYROYXOXV�DUYHQVLV�DQG�&��> �&DO\VWHJLD@�VHSLXP�FRXOG�EH�VXSSUHVVHG�E\�D�JURXQG�FRYHU�
FRPSRVHG�RI�JUDVVHV�DQG�OHJXPHV�DQG�RI�ZHHGV�XQOLNHO\�WR�EHFRPH�D�SUREOHP��VXFK�DV�
6WHOODULD�PHGLD�DQG�3RD�DQQXD��DQG�FRXOG�EH�HOLPLQDWHG�E\�WKH�DGGLWLRQDO�XVH�RI�VPDOO�
DPRXQWV�RI�0&3%�VDOW��
�
����)RUW�*�������:HHG�FRQWURO�LQ�YLQH\DUGV�LQ�6DYR\��&RPSWH�5HQGX��H�&RQIpUHQFH�GX�

&2/80$��&RPLWp�IUDQoDLV�GH�OXWWH�FRQWUH�OHV�PDXYDLVHV�KHUEHV������±�����6HH�DOVR�
:HHG�$EVWUDFWV�����������

6L[�\HDUV¶�WULDOV�KDYH�VKRZQ�QRQ�FXOWLYDWLRQ�WR�EH�EHQHILFLDO�WR�JUDSHYLQHV��&KORUWKLDPLG�DW�
�����NJ�KD�FRQWUROOHG�D�UDQJH�RI�EURDG�OHDYHG�ZHHGV��EXW�5DQXQFXOXV�VSS��ZHUH�UHVLVWDQW�DQG�
VRPH�UHJURZWK�ZDV�QRWHG�LQ�&RQYROYXOXV�DUYHQVLV��6LPD]LQH�DW����������RU�����NJ���
DPLQRWULD]ROH�DW�����NJ�KD�DIIRUGHG�JRRG�ZHHG�FRQWURO��H[FHSW�IRU�&RQYROYXOXV�DUYHQVLV�DQG�
&RQYROYXOXV�> �&DO\VWHJLD@�VHSLXP��EXW�DIWHU���\HDUV
�DSSOLFDWLRQ�WKH�FURS�VKRZHG�V\PSWRPV�
RI�WR[LFLW\��$�V\VWHP�LQ�ZKLFK�VLPD]LQH��XVHG�IRU�WKH�FRQWURO�RI�DQQXDO�ZHHGV��ZDV�IROORZHG���
PRQWKV�ODWHU�ZLWK�DPLQRWULD]ROH�IRU�WKH�FRQWURO�RI�&��FRQYROYXOXV�DQG�&��VHSLXP��SURYHG�
HIIHFWLYH��WKH�UDWH�RI�VLPD]LQH�FRXOG�EH�UHGXFHG�SURJUHVVLYHO\��$WUD]LQH�DW�����DPLQRWULD]ROH�
DW�����NJ�KD�JDYH�EHWWHU�FRQWURO�RI�&��FRQYROYXOXV�DQG�&��VHSLXP�WKDQ�GLG�VLPD]LQH���
DPLQRWULD]ROH��$WUD]LQH�DORQH�ZDV�QRW�ZHOO�WROHUDWHG�E\�WKH�FURS��53��������>�������GLFKORUR�
��LVRSURSR[\SKHQ\O����W�EXW\O�������R[DGLD]ROLQ���RQH@�DW�������VLPD]LQH�DW�����NJ�KD�
DSSOLHG�LQ�0DUFK�JDYH�JRRG�FRQWURO�RI�EURDGOHDYHG�ZHHGV�LQFOXGLQJ�&��DUYHQVLV�DQG�
&��VHSLXP������'�DPLQH�DW�����NJ�KD�DSSOLHG�DIWHU�IORZHULQJ�JDYH�DOPRVW�FRPSOHWH�FRQWURO�RI�
WKHVH�WZR�VSHFLHV�EXW�WKH�ULVN�RI�FURS�GDPDJH�IURP�WKLV�FRPSRXQG�LV�KLJK��
�
����'DYLVRQ�-*�������([SHULPHQWV�ZLWK�GLFKOREHQLO��FKORUWKLDPLG�DQG�0&3%�IRU�WKH�

FRQWURO�RI�&RQYROYXOXV�DUYHQVLV�DQG�&DO\VWHJLD�VHSLXP�LQ�JRRVHEHUULHV��3URFHHGLQJV�
RI�WKH���WK�%ULWLVK�:HHG�&RQWURO�&RQIHUHQFH�����±�����

'LFKOREHQLO�DQG�FKORUWKLDPLG�ZHUH�DSSOLHG�DW����DQG����OE�DFUH�LQ�0DUFK�$SULO�DQG�0D\�LQ�
WZR�VXFFHVVLYH�\HDUV��,Q�JHQHUDO��FKORUWKLDPLG�ZDV�PRUH�HIIHFWLYH�WKDQ�GLFKOREHQLO��DQG�WKH�
UDWH�ZDV�PRUH�LPSRUWDQW�WKDQ�WKH�WLPH�RI�DSSOLFDWLRQ��0DUJLQDO�FKORURVLV�RI�FURS�OHDYHV�
RFFXUUHG�LQ�ERWK�\HDUV�DW�DOO�WKUHH�VLWHV�XVHG��'LFKOREHQLO�DW����OE�DFUH�DSSOLHG�DV�WKH�IUXLWV�
ZHUH�VZHOOLQJ�FDXVHG�D�VLJQLILFDQW�LQFUHDVH�LQ�IUXLW�GURS�DW�RQH�VLWH�EXW�\LHOGV�ZHUH�QRW�
DIIHFWHG��'LFKOREHQLO�DQG�FKORUWKLDPLG�JDYH�EHWWHU�FRQWURO�RI�&��DUYHQVLV�LQ�WKH�\HDU�RI�
WUHDWPHQW�WKDQ�GLG�0&3%�DW�����OE�DFUH�DSSOLHG�WKH�SUHYLRXV�$XJXVW�RU�6HSWHPEHU��0&3%�LQ�
ODWH�$XJXVW�ZDV�PRUH�HIIHFWLYH�LQ�FRQWUROOLQJ�&��VHSLXP�WKDQ�ZDV�GLFKOREHQLO�RU�FKORUWKLDPLG�
DW����OE�DFUH�DSSOLHG�LQ�WKH�IROORZLQJ�VSULQJ��&RQWURO�RI�ERWK�ZHHGV�ZLWK�GLFKOREHQLO�DQG�
FKORUWKLDPLG�ZDV�JHQHUDOO\�EHWWHU�ZKHQ�0&3%�ZDV�DSSOLHG�LQ�WKH�SUHYLRXV�VHDVRQ��
�
����3RUWHU�/$�������:HHG�FRQWURO�LQ�FDQH�DQG�EXVK�IUXLWV��3URFHHGLQJV�RI�WKH���VW�

1HZ�=HDODQG�:HHG�DQG�3HVW�&RQWURO�&RQIHUHQFH����±����
3DUDTXDW�DQG�GLTXDW����OE�DL�JDO���LQ�DTXHRXV�GLOXWLRQV�RI��������RU���������GLUHFWHG��PD\�EH�
DSSOLHG�LQ�WKH�GRUPDQW�VHDVRQ�RI�HVWDEOLVKHG�UDVSEHUU\��EUDPEOH��EODFNFXUUDQW�DQG�JRRVHEHUU\�
SODQWDWLRQV�WR�SURYLGH�D�ZHHG�IUHH�VRLO�IRU�WKH�DSSOLFDWLRQ�RI�VLPD]LQH�DW��±��SRXQGV�SHU�DFUH�
DW�WKH�VWDUW�RI�WKH�JURZLQJ�VHDVRQ��%ODFN�SRO\WKHQH�VKHHW�������LQ��WKLFN�FRVWLQJ������DFUH�DQG�

�������������������������������������������������
����JDOORQ� �������OLWUHV�
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ODVWLQJ���\HDUV�PD\�EH�ODLG�LQ���IW�ZLGH��VWULSV�DQG�WKH�FURS�SODQWHG�WKURXJK�LW��6KHHS�PD\�EH�
JUD]HG�LQ�DOO�WKH�FURSV��DQG�JHHVH�XQWLO�ODWH�GRUPDQF\�LQ�UDVSEHUULHV�RU�JRRVHEHUULHV�RU�XQWLO�D�
PRQWK�EHIRUH�KDUYHVW�LQ�EODFNFXUUDQWV��0HWK\O�EURPLGH�FDQ�EH�XVHG�WR�VWHULOLVH�VRLO���PRQWK�
EHIRUH�SODQWLQJ�EODFNFXUUDQWV��:KLWH�FORYHU�LV�VXJJHVWHG�IRU�D�QRQ�DJJUHVVLYH�VZDUG�FRYHU�
EHWZHHQ�FURS�URZV��$JURS\URQ�UHSHQV�FDQ�EH�FRQWUROOHG�EHIRUH�SODQWLQJ�E\�PHWK\O�EURPLGH�
RU�DPLQRWULD]ROH�DPPRQLXP�WKLRF\DQDWH�FRPELQHG�ZLWK�FXOWLYDWLRQV��SDUDTXDW�FDQ�EH�XVHG�
WR�UHWDUG�JURZWK�LQ�HVWDEOLVKHG�FURSV������'�DPLQH�RU�����'�SRO\HWK\OHQH�JO\FRO�HVWHU�DW���
SRXQGV�SHU�DFUH��DSSOLHG�DW�HDUO\�GRUPDQF\�RI�WKH�FURS��ZLOO�JLYH�D�GHJUHH�RI�FRQWURO�RI�
5XPH[�VSS���DVXODP�DW�����SRXQGV�SHU�DFUH�VKRZV�SURPLVH�DQG�UHSHDWHG�DSSOLFDWLRQV�RI�GLTXDW�
GXULQJ�WKH�GRUPDQW�VHDVRQ�FKHFN�UHJURZWK�LQ�VSULQJ��7ULIROLXP�UHSHQV�FDQ�EH�HUDGLFDWHG�E\�
GLUHFWHG�DSSOLFDWLRQV�RI�������7�DW�����SRXQGV�SHU�DFUH������'�DPLQH�DW���OE�LQ�����JDOORQV�RI��
ZDWHU��DSSOLHG�WR�UXQ�RII��FDQ�EH�XVHG�DJDLQVW�&DO\VWHJLD�VHSLXP��7KHUH�DSSHDUV�WR�EH�QR�
WUHDWPHQW�FDSDEOH�RI�HUDGLFDWLQJ�DQ�LQIHVWDWLRQ�RI�2[DOLV�ODWL�IROLD�IURP�D�FURS��EXW�QRQ�
FXOWLYDWLRQ�PD\�UHVWULFW�LWV�VSUHDG��
�
����0$))�������%XVK�IUXLWV��%XOOHWLQ�RI�WKH�0LQLVWU\�RI�$JULFXOWXUH��)LVKHULHV�DQG�

)RRG��*UHDW�%ULWDLQ�����S��
3S����±����%ODFNFXUUDQWV��,Q�QXUVHU\�EHGV��VLPD]LQH�DW���SRXQG�SHU�DFUH�FDQ�EH�DSSOLHG�
GXULQJ�DXWXPQ�RU�ZLQWHU�IROORZLQJ�WKH�SODQWLQJ�RI�FXWWLQJV��SURYLGHG�WKDW�WKH�VRLO�LV�DOORZHG�
WR�VHWWOH�EHIRUH�VSUD\LQJ�WR�UHGXFH�WKH�ULVN�RI�WKH�FKHPLFDO�EHLQJ�FDUULHG�GRZQ�WR�WKH�URRW�
]RQH��,Q�PDWXUH�EXVKHV��VLPD]LQH�DW��±��SRXQGV�SHU�DFUH�DSSOLHG�WR�FOHDQ�JURXQG�ZLOO�FRQWURO�
PRVW�DQQXDO�ZHHGV�IRU�WKH�VHDVRQ��$���SRXQGV�SHU�DFUH�UDWH�ZLOO�JLYH�VRPH�FRQWURO�RI�
FKLFNZHHG��6WHOODULD�PHGLD��DQG�FUHHSLQJ�EHQW��$JURVWLV�VWRORQLIHUD���EXW�LW�LV�LQDGYLVDEOH�WR�
XVH�KLJK�UDWHV�RI�VLPD]LQH�IRU�WZR�FRQVHFXWLYH�\HDUV��HVSHFLDOO\�RQ�OLJKW�VDQG\�VRLOV��'DODSRQ�
DW���SRXQGV�SHU�DFUH�FDQ�EH�VDIHO\�XVHG�LQ�DXWXPQ�WR�FRQWURO�HVWDEOLVKHG�SHUHQQLDO�JUDVVHV��
LQFOXGLQJ�$JURS\URQ�UHSHQV�>(O\PXV�UHSHQV@��)RU�VHHGOLQJ�JUDVVHV�D���SRXQGV�SHU�DFUH�UDWH�
FDQ�EH�DSSOLHG�DQ\�WLPH�EHIRUH�EXG�EXUVW��0&3%�DW��±��SRXQGV�SHU�DFUH�FDQ�EH�DSSOLHG�DV�D�
GLUHFWHG�VSUD\�LQ�WKH�DXWXPQ�WR�FRQWURO�5DQXQFXOXV�UHSHQV�RU�6RQFKXV�VSS��DQG�&DUGXXV�VSS��
:KHQ�DSSOLHG�LQ�ODWH�$XJXVW�RU�HDUO\�6HSWHPEHU��0&3%�DW��±��SRXQGV�SHU�DFUH�KDV�DOVR�
JLYHQ�HIIHFWLYH�FRQWURO�RI�ELQGZHHGV��&RQYROYXOXV�DUYHQVLV�DQG�&DO\VWHJLD�VHSLXP��ZLWK�RQO\�
VOLJKW�GDPDJH�WR�WKH�FURS��������7%�DW��±��SRXQGV�SHU�DFUH�FDQ�EH�VDIHO\�XVHG�WKURXJKRXW�WKH�
VHDVRQ�WR�FRQWURO�ELQGZHHGV��EXW�LV�OHVV�HIIHFWLYH�WKDQ�0&3%�DJDLQVW�RWKHU�EURDGOHDYHG�
ZHHGV��&KORUSURSKDP�DW��±��SRXQGV�SHU�DFUH�PD\�EH�VDIHO\�XVHG�DV�D�GLUHFWHG�VSUD\�IRU�WKH�
FRQWURO�RI�FKLFNZHHG��3DUDTXDW�DQG�GLTXDW�DW��±��SRXQGV�SHU�DFUH�KDYH�VKRZQ�SURPLVH�IRU�
FOHDULQJ�WKH�JURXQG�FRYHU�HLWKHU�EHIRUH�RU�ZLWK�D�VLPD]LQH�WUHDWPHQW��3������*RRVHEHUULHV��
0RVW�RI�WKH�UHFRPPHQGDWLRQV�IRU�EODFNFXUUDQWV�DSSO\�DOVR�WR�JRRVHEHUULHV��H[FHSW�WKDW�
GDODSRQ�VKRXOG�EH�XVHG�RQO\�LQ�HVWDEOLVKHG�EXVKHV��'DODSRQ�DW���SRXQGV�SHU�DFUH�FDQ�EH�
DSSOLHG�GXULQJ�1RYHPEHU�RU�'HFHPEHU�WR�FRQWURO�JUDVV�VHHGOLQJV��EXW�WKH�KLJKHU�UDWHV�
QHFHVVDU\�IRU�WKH�FRQWURO�RI�HVWDEOLVKHG�JUDVVHV�PD\�FDXVH�WHPSRUDU\�LQMXU\�WR�WKH�FURS��)RU�
VKRUW�WHUP�FRQWURO�RI�ZHHGV������'(6�DW��±��SRXQGV�SHU�DFUH�ZLOO�FRQWURO�JHUPLQDWLQJ�ZHHGV�
IRU�DERXW�RQH�PRQWK��3������5HGFXUUDQWV��1R�UHFRPPHQGDWLRQV�FDQ�EH�JLYHQ��DV�LQVXIILFLHQW�
LQIRUPDWLRQ�LV�DYDLODEOH��6LPD]LQH�DW���SRXQGV�SHU�DFUH�DSSOLHG�WR�FOHDQ�ODQG�KDV�NHSW�
SODQWDWLRQV�IUHH�IURP�VHHGOLQJ�ZHHGV�IRU�PRVW�RI�WKH�VHDVRQ��0&3%�DW��±��SRXQGV�SHU�DFUH�
KDV�EHHQ�XVHG�LQ�ODWH�VXPPHU�DIWHU�DFWLYH�JURZWK�KDV�FHDVHG�IRU�WKH�FRQWURO�RI�ELQGZHHGV�DQG�
LW�DSSHDUV�WKDW�UHGFXUUDQWV�DUH�DV�WROHUDQW�DV�EODFNFXUUDQWV�WR�WKLV�WUHDWPHQW��
�

�������������������������������������������������
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����-XOOLDUG�%�������7KH�GHVWUXFWLRQ�RI�SHUHQQLDO�ZHHGV��HVSHFLDOO\�ELQGZHHGV��LQ�
YLQH\DUGV��3DSHU�UHDG�DW��H�&RQIpUHQFH�GX�&2/80$��&RPLWp�IUDQoDLV�GH�OXWWH�
FRQWUH�OHV�PDXYDLVHV�KHUEHV������S��

9DULRXV�IROLDU�DSSOLHG��WUDQVORFDWHG�KHUELFLGHV�ZHUH�H[DPLQHG�IRU�WKHLU�DFWLYLW\�DJDLQVW�ILYH�
WURXEOHVRPH�SHUHQQLDO�ZHHGV�RI�YLQH\DUGV��7KH�WUHDWPHQWV�ZHUH�LQWHQGHG�WR�FRPSOHPHQW�WKH�
VRLO�DFWLQJ�FRPSRXQGV��WKH�FRQWLQXHG�XVH�RI�ZKLFK�KDV�OHG�WR�WKH�UHSODFHPHQW�RI�DQQXDO�
ZHHGV�E\�D�UHVLVWDQW�SHUHQQLDO�IORUD��$PLWUROH�7��DPLWUROH�DW���NJ���1+���6&1�DW����NJ����
����'�DW�����NJ�KD�LQ�-XO\������OLPLWHG�WKH�UHJURZWK�RI�$ULVWRORFKLD�FOHPDWLWLV�LQ�-XQH������
WR�D�IHZ�FKORURWLF�VKRRWV��$PLWUROH�7�LQ�-XQH�NLOOHG�����RI�SODQWV�RI�&LUVLXP�DUYHQVH��EXW�
DPLWUROH�DW���NJ��DWUD]LQH�DW���NJ�KD�NLOOHG�RQO\������7KH�VXVFHSWLELOLW\�RI�WKLV�VSHFLHV�WR�����
'�DPLQH�LQ�����±���ZDV�JUHDWHVW�GXULQJ�ODWH�$XJXVW�±�HDUO\�6HSWHPEHU��$PLWUROH�7��DPLWUROH�
DW���NJ��1+���6&1�DW���NJ����DWUD]LQH�DW���NJ�KD�JDYH�WKH�EHVW�������NLOO�RI�$JURS\URQ�
UHSHQV�>(O\PXV�UHSHQV@�ZKHQ�WUHDWPHQW�ZDV�GHOD\HG�WLOO���PRQWK�DIWHU�VKRRW�HPHUJHQFH��LW�
ZDV�PRUH�HIIHFWLYH�WKDQ�PL[WXUHV�LQ�ZKLFK�WKH�DWUD]LQH�ZDV�UHSODFHG�E\�VLPD]LQH��GLXURQ�RU�
OLQXURQ�DQG�PXFK�PRUH�HIIHFWLYH�WKDQ�GDODSRQ�DW���NJ�KD�RU�DPLWUROH�7�DORQH��$SSO\LQJ�
SDUDTXDW�DW�WKH�HQG�RI�6HSWHPEHU�DOVR�JDYH�YHU\�JRRG�FRQWURO�RI�$��UHSHQV��$QQXDO�
DSSOLFDWLRQV�RI�DPLWUROH�7���HLWKHU�VLPD]LQH��DWUD]LQH�RU�GLXURQ�>VHH�SUHFHGLQJ�DEVWUDFW@�
FRQWUROOHG�&RQYROYXOXV�DUYHQVLV�DQG�&DO\VWHJLD�VHSLXP��,Q�WKH�JRRG�JURZLQJ�FRQGLWLRQV�RI�
�����DSSO\LQJ�����'�DPLQH�DW���NJ�KD�LQ�ODWH�$XJXVW�±�HDUO\�6HSWHPEHU��WR�FRLQFLGH�ZLWK�WKH�
SHULRG�RI�PD[LPXP�WUDQVORFDWLRQ�RI�SKRWRV\QWKDWH�LQWR�WKH�UKL]RPHV��JDYH�����NLOO�DQG�DQ�
LQFUHDVHG�JUDSH�\LHOG�YDOXHG�DW�������)�KD��2Q�WKH�DERYH�VKRZLQJ��WKH�XVH�RI�DPLWUROH�7���D�
VRLO�DFWLQJ�FRPSRXQG�RU�DSSO\LQJ�D�VRLO�DFWLQJ�FRPSRXQG�LQ�VSULQJ��IROORZHG�E\�����'�LQ�
DXWXPQ��ZRXOG�DSSHDU�WR�EH�IHDVLEOH�DOWHUQDWLYHV�WR�FXOWLYDWLRQV�IRU�FUHDWLQJ�DQG�PDLQWDLQLQJ�
ZHHG�IUHH�FRQGLWLRQV�LQ�YLQH\DUGV��
�
����-XOOLDUG�%�������7KH�XVH�RI�KHUELFLGH�PL[WXUHV�EDVHG�RQ�DPLWUROH�LQ�YLQH\DUGV��

&RPSWH�UHQGX��H�&RQIpUHQFH�GX�&2/80$��&RPLWp�IUDQoDLV�GH�OXWWH�FRQWUH�OHV�
PDXYDLVHV�KHUEHV����

(OHYHQ�\HDUV
�WULDOV�LQ�YLQH\DUGV�LQ�$OVDFH�KDYH�VKRZQ�WKDW�WKH�FRQVWDQW�XVH�RI�VRLO�DFWLQJ�
FRPSRXQGV�OHDGV�WR�WKH�JUDGXDO�UHSODFHPHQW�RI�VXVFHSWLEOH�DQQXDO�ZHHGV�E\�UHVLVWDQW�
SHUHQQLDOV��EXW�WKDW�WKHVH�FDQ�WR�VRPH�H[WHQW�EH�FRQWUROOHG�E\�DPLWUROH�7��7KH�WULDOV�KHUH�
UHSRUWHG�ZHUH�GHVLJQHG�WR�VWXG\�WKH�WLPLQJ�RI�D�GXDO�SXUSRVH�WUHDWPHQW�LQWHQGHG�WR�FRQWURO�
ERWK��$�WULDO�LQ������HVWDEOLVKHG�WKDW�PL[WXUHV�LQ�ZKLFK�DPLWUROH�7�ZDV�FRPELQHG�ZLWK�
VLPD]LQH�RU�GLXURQ�ZHUH�PRUH�HIIHFWLYH�ZKHQ�DSSOLHG�SUH��WKDQ�SRVW�HPHUJHQFH��RI�WKLVWOHV�
>&LUVLXP�DUYHQVH@�DQG�ELQGZHHGV�>&RQYROYXOXV�DUYHQVLV�DQG�&DO\VWHJLD�VHSLXP@��$PLWUROH�
7�DWUD]LQH�ZDV�EHWWHU�VWLOO�DQG�LQ�WKLV�FDVH�DSSOLFDWLRQ�PDGH�SUH��RU�HDUO\�SRVW�HPHUJHQFH��
ZDV�HTXDOO\�HIIHFWLYH��,QWHULP�REVHUYDWLRQ�RI�D�ORQJ�WHUP�H[SHULPHQW�VKRZHG�WKDW�
DSSOLFDWLRQV�RI�DPLWUROH�7��DPLWUROH�����NJ�KD���1+���6&1�����NJ����DWUD]LQH���NJ�PDGH�
DQQXDOO\�VLQFH������DW�D�WLPH�ZKHQ�WKH�ILUVW�SHUHQQLDO�ZHHGV�KDG�MXVW�HPHUJHG��EHIRUH�EXG�
EXUVW�RI�WKH�FY��5LHVOLQJ��KDG�E\������UHGXFHG�ELQGZHHG�SRSXODWLRQV�E\�QHDUO\������
0L[WXUHV�FRQWDLQLQJ�VLPD]LQH�RU�GLXURQ�ZHUH�OHVV�HIIHFWLYH��0RQXURQ�DW���NJ�KD�LQ�VSULQJ��
ZLWK�IROORZ�XS�DSSOLFDWLRQ�RI�����'���NJ�LQ�DXWXPQ��ZDV�HYHQ�EHWWHU�WKDQ�DPLWUROH�7���
DWUD]LQH��EXW�RFFDVLRQDO�WR[LFLW\�WR�WKH�FURS�FDXVHG�LW�WR�EH�UHSODFHG�LQ������E\�OLQXURQ��
�
����6WRWW�.*�������7KH�HIIHFW�RI�WLPH�RI�DSSOLFDWLRQ�RI�VRPH�KHUELFLGHV�RQ�WKH�FRQWURO�RI�

ZHHGV�LQ�PDWXUH�ZLOORZ�EHGV��5HSRUW�RI�WKH�$JULF��+RUW��5HVHDUFK�6WDWLRQ��%ULVWRO��
������3S�����±�����
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:KHUH�KHUELFLGHV�ZHUH�DSSOLHG�LQ�����JDOORQ��VSUD\��JRRG�FRQWURO�RI�&LUVLXP�VSS��LQ�ZLOORZ�
�6DOL[�WULDQGUD��EHGV�ZDV�DFKLHYHG�ZLWK�DPLWUROH�DW���DQG���SRXQGV�SHU�DFUH�DQG�IDLU�FRQWURO�
ZLWK�0+�>PDOHLF�K\GUD]LGH@�DW����SRXQGV�SHU�DFUH��EXW�QRW�DW���SRXQGV�SHU�DFUH��$W�WKH�KLJKHU�
UDWH��ERWK�KHUELFLGHV�FRQWUROOHG�3RD�DQQXD�LQ�D���\HDU�ROG�EHG��EXW�ZHUH�LQHIIHFWLYH�DJDLQVW�D�
GHQVH�VZDUG�FRQVLVWLQJ�PDLQO\�RI�+ROFXV�ODQDWXV�DQG�$JURVWLV�VSS��LQ�D�PDWXUH�EHG��%RWK�
FKHPLFDOV�ZHUH�WR[LF�WR�ZLOORZV�LI�DSSOLHG�RYHUDOO�WR�VWRROV�LQ�0D\��'DPDJH�WR�JUD]HG�VWRROV�
�VKRRW�OHQJWK���LQ���ZDV�JUHDWHU�WKDQ�DW�EXG�EUHDN��VKRRW�OHQJWK�����LQ����7KH�GDPDJH�FDXVHG�
E\�0+�ZDV�SHUPDQHQW��ZKHUHDV�WKHUH�DSSHDUHG�WR�EH�FRPSOHWH�UHFRYHU\�IURP�DPLWUROH�DW���
SRXQGV�SHU�DFUH�DSSOLHG�DW�EXG�EUHDN�DQG�DW���SRXQGV�SHU�DFUH�DSSOLHG�WR�JUD]HG�VWRROV��1R�
GDPDJH�RFFXUUHG�IURP�HLWKHU�KHUELFLGH�DSSOLHG�EHWZHHQ�WKH�URZV�LQ�-XQH��DQG�QRQH�LV�
FRQVLGHUHG�OLNHO\�WR�RFFXU�IURP�WKH�WUHDWPHQW�RI�GRUPDQW�VWRROV�LQ�0DUFK������'�DW������
SRXQGV�SHU�DFUH�LQ�����JDOORQ�VSUD\�FDXVHG�H[WHQVLYH�GDPDJH�DW�EXG�EUHDN�WR�VWRROV�ZLWK�
PRUH�WKDQ�WZR�EURNHQ�EXGV��EXW�VKRZHG�SURPLVH�LQ�FRQWUROOLQJ�&DO\VWHJLD�VHSLXP�ZKHQ�
FDUHIXOO\�GLUHFWHG�EHWZHHQ�WKH�URZV���
�
����*RGGULH�3'�������%LQG�ZHHG�FRQWURO�LQ�FXUUDQWV��)UXLWWHHOW����������
0&3$�DW���NJ�DFWLYH�LQJUHGLHQW�SHU�KHFWDUH�HIIHFWLYHO\�FRQWUROOHG�&DO\VWHJLD�VHSLXP��
&RQYROYXOXV�DUYHQVLV�ZDV�FRQWUROOHG�E\�����0&3%�DW���ò�NJ�KD��6SUD\V�DUH�EHVW�DSSOLHG�
EHWZHHQ�KDUYHVWLQJ�DQG�WKH�EHJLQQLQJ�RI�2FWREHU���
�
����-XOOLDUG�%�������1HZ�ZHHG�FRQWURO�WULDOV�LQ�YLQH\DUGV��&RPSWH�UHQGX�&RQIpUHQFH�GX�

&2/80$��&RPLWp�IUDQoDLV�GH�OXWWH�FRQWUH�OHV�PDXYDLVHV�KHUEHV������
7KH�VRLO�DQG�UDLQIDOO�LQ�WKH�$OVDWLDQ�YLQH�JURZLQJ�UHJLRQ�LV�GHVFULEHG��7KH�SUHVHQFH�RI�ZHHGV�
DW�EXGGLQJ�LQFUHDVHV�WKH�ULVN�RI�IURVW�DQG�LQ�VXPPHU�LQFUHDVHV�WKH�ULVN�RI�PLOGHZ��2LGLXP�DQG�
%RWU\WLV�LQIHFWLRQ��7KH�HIIHFW�RQ�ZHHGV�LQ�WULDOV�LQ�$OVDFH�ZLWK�PRQXURQ��VLPD]LQH��GLXURQ��
GDODSRQ�������GLFKORUREHQ]RQLWULOH��'%1���DPLWUROH�DQG�DWUD]LQH�LV�EULHIO\�GHVFULEHG��DOVR�WKH�
HIIHFWV�RQ�WKH�YLQH�RI�DPLWUROH��GDODSRQ��'%1�DQG�(37&�LQ�SRW�WULDOV��DQG�RI�IROLDJH�VSUD\V�RI�
VLPD]LQH��PRQXURQ�DQG�GLXURQ��,Q�D�ILHOG�WULDO�RQ�D�FOD\�VRLO��QR�DGYHUVH�HIIHFWV�ZHUH�REVHUYHG�
LQ�WKH�\HDU�RI�DSSOLFDWLRQ�RU�LQ�WKH�IROORZLQJ�\HDUV�DIWHU�DSSO\LQJ�PRQXURQ����NJ�KD��VLPD]LQH�
���NJ�KD�RU�DPLWUROH����NJ�KD�DOWKRXJK�LQ�������PRQXURQ����NJ�KD�KDG�NLOOHG�WKH�YLQH�LQ�D�
SHUPHDEOH�VRLO��,Q�DQRWKHU�WULDO��PRQXURQ�DW���NJ�KD�DSSOLHG���\HDUV�UXQQLQJ�FDXVHG�D�\LHOG�
UHGXFWLRQ�RI�������LQ�WKH�WKLUG�\HDU��ZKHUHDV�VLPD]LQH�DW���NJ�KD�DSSOLHG�VLPLODUO\�KDG�QR�
DGYHUVH�HIIHFW�RQ�\LHOG��,Q�D���\HDU�WULDO�WKHUH�ZDV�QR�GLIIHUHQFH�LQ�JURZWK��\LHOG�RU�VXJDU�
FRQWHQW�RI�JUDSHV�IURP�SORWV�JLYHQ�QRUPDO�FXOWLYDWLRQ�DQG�WKRVH�JLYHQ�UHGXFHG�RU�QR�
FXOWLYDWLRQ�LQ�FRPELQDWLRQ�ZLWK�KHUELFLGH�WUHDWPHQW��,Q�WKH�ODWWHU�FDVH�WKH�VRLO�GHQVLW\�ZDV�
LQFUHDVHG�DQG�WKH�VRLO�PRLVWXUH�VWDWXV�QRW�VLJQLILFDQWO\�DIIHFWHG��7KH�OLPLWHG�HIIHFW�RI�UHVLGXDO�
KHUELFLGHV�RQ�SHUHQQLDO�ZHHGV�OHG�WR�WULDOV�ZLWK�����'��VRGLXP�RU�DPLQH���������7��PHFRSURS��
DQG�0&3%�DSSOLHG�LQ�$XJXVW�ZKHQ�YLQH�OHDYHV�ZHUH�IXOO\�JURZQ�DQG�EXGV�GRUPDQW��1R�
LQMXU\�RU�\LHOG�UHGXFWLRQ�KDV�EHHQ�FDXVHG�LQ���\HDUV
�WULDOV��DQG�DIWHU���\HDU������'�����NJ�KD�
UHVXOWHG�LQ�����UHGXFWLRQ�RI�&LUVLXP�DUYHQVH����±����RI�&RQYROYXOXV�DUYHQVLV�DQG�
&RQYROYXOXV�> �&DO\VWHJLD@�VHSLXP�DQG������RI�5DQXQFXOXV�DFULV���
�
����0XOGHU�$�������7KH�FRQWURO�RI�ELQGZHHG�LQ�FXUUDQWV��)UXLWWHHOW�����������
%LQGZHHG��&RQYROYXOXV�> �&DO\VWHJLD@�VHSLXP��LQ�FXUUDQWV�ZDV�VXFFHVVIXOO\�FRQWUROOHG�E\�
VSUD\V�RI�HLWKHU�0&3$��D�L����NJ�KD��RU�0&3%������RU�����RI�D�����PDWHULDO�SHU�KHFWDUH����

�������������������������������������������������
����JDOORQ� �������OLWUHV�
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$SSHQGL[��� 2WKHU�JHQHUDO�UHIHUHQFHV�
�
����5DVN�$0��$QGUHDVHQ�&�������,QIOXHQFH�RI�PHFKDQLFDO�UKL]RPH�FXWWLQJ��UKL]RPH�

GU\LQJ�DQG�EXULDO�DW�GLIIHUHQW�GHYHORSPHQWDO�VWDJHV�RQ�WKH�UHJURZWK�RI�&DO\VWHJLD�
VHSLXP��:HHG�5HVHDUFK��2[IRUG��������±����

7KH�UHJURZWK�RI�&DO\VWHJLD�VHSLXP�ZDV�VWXGLHG�LQ�WKUHH�W\SHV�RI�H[SHULPHQWV�GXULQJ�VSULQJ�
�����DQG�VSULQJ�������,Q�RQH�JODVVKRXVH�H[SHULPHQW��UKL]RPH�IUDJPHQWV�ZHUH�SODQWHG�LQ�SRWV�
DQG�HLWKHU�KDUYHVWHG�DW�VL[�GLIIHUHQW�GHYHORSPHQWDO�VWDJHV�WR�DVVHVV�WKHLU�XQGLVWXUEHG�
GHYHORSPHQW�DQG�JURZWK�RU�KDUYHVWHG�DW�����GD\�GHJUHHV�DIWHU�EXULDO�WR�PHDVXUH�WKHLU�
UHJHQHUDWLYH�FDSDFLW\��5HJURZWK�JUDGXDOO\�GHFOLQHG�DV�WKH�SODQWV�KDG�PRUH�H[SDQGHG�OHDYHV�
DW�WKH�WLPH�RI�EXULDO��0LQLPXP�UHJHQHUDWLYH�FDSDFLW\�ZDV�IRXQG�ZKHQ�SODQWV�KDG��±��IXOO\�
H[SDQGHG�OHDYHV�DQG�WKLV�FRLQFLGHG�ZLWK�WKH�JURZWK�VWDJH�RI�PLQLPXP�GU\�ZHLJKW�RI�
XQGHUJURXQG�UHJHQHUDWLYH�RUJDQV��7KH�HIIHFWV�RI�EXULDO�GHSWK�DQG�UKL]RPH�IUDJPHQW�OHQJWK�
ZHUH�VWXGLHG�LQ�RXWGRRU�FRQWDLQHU�H[SHULPHQWV��%XULDO�DW����RU����FP�UHGXFHG�DERYH��DQG�
EHORZ�JURXQG�ELRPDVV�LQ�������ZKLOH����FP�GHHS�EXULDO�ZDV�QHFHVVDU\�WR�UHGXFH�UHJURZWK�LQ�
������)UDJPHQWDWLRQ�KDG�JHQHUDOO\�OLWWOH�HIIHFW�RQ�SURGXFWLRQ�RI�DERYH��DQG�EHORZ�JURXQG�
ELRPDVV��ZKHUHDV�EXULDO�DQG�IUDJPHQWDWLRQ�GHOD\HG�HPHUJHQFH�WLPH��6HQVLWLYLW\�RI�UKL]RPHV�
WR�GU\LQJ�ZDV�VWXGLHG�LQ�D�JURZWK�FKDPEHU��'U\LQJ�SHULRGV�RI����RU����K�GLG�QRW�KDYH�DQ�
LQIOXHQFH�RQ�WKH�SURGXFWLRQ�RI�DHULDO�VKRRWV��ZKHUHDV����RU����K�UHGXFHG�SURGXFWLRQ�RI�DERYH�
JURXQG�ELRPDVV�VLJQLILFDQWO\��7KH�H[SHULPHQWV�LQGLFDWHG�WKDW�WKH�PLQLPXP�UHJHQHUDWLYH�
FDSDFLW\�ZRXOG�EH�DW�DERXW��±��OHDI�VWDJH�DQG�WKDW�PHFKDQLFDO�GLVWXUEDQFH�DW�WKLV�VWDJH�ZRXOG�
RSWLPLVH�ZHHG�FRQWURO��
�
����'L[RQ�)/��&OD\�'9�������&RQWURO�RI�&DO\VWHJLD�VHSLXP��KHGJH�ELQGZHHG��DQG�

6RQFKXV�DUYHQVLV��SHUHQQLDO�VRZ�WKLVWOH��LQ�SRSODU�VKRUW�URWDWLRQ�FRSSLFH��$VSHFWV�RI�
$SSOLHG�%LRORJ\�������±����

7ZR�H[SHULPHQWV�ZHUH�FDUULHG�RXW�DW�+XQVWUHWH��QHDU�%ULVWRO��8.��WR�WHVW�WKH�HIILFDF\�DQG�
VHOHFWLYLW\�RI�SRWHQWLDO�WUHDWPHQWV�IRU�WKH�FRQWURO�RI�&��VHSLXP�LQ�SRSODU�>3RSXOXV@�FY��
7ULFKREHO�DQG�RI�6��DUYHQVLV�LQ�SRSODU�FY��%RHODUH��:LWK�&��VHSLXP��R[DGLD]RQ�DSSOLHG�EHIRUH�
ZHHG�HPHUJHQFH�LQ�0DUFK�RU�WR�\RXQJ�VKRRWV�LQ�0D\�JDYH�HIIHFWLYH�FRQWURO�IRU���\HDU�
ZLWKRXW�FURS�GDPDJH��$PLWUROH��JOXIRVLQDWH��JO\SKRVDWH�DQG�SDUDTXDW�DSSOLHG�LQ�0D\�JDYH�
VKRUW�WHUP�FRQWURO�EXW�GLG�QRW�VXSSUHVV�JURZWK�RI�WKH�ZHHG�ODWHU�LQ�VXPPHU��:LWK�6��DUYHQVLV��
WKH�UHFRPPHQGHG�WUHDWPHQW�RI�FORS\UDOLG�DW�����NJ�KD�D�L��IROORZHG�E\�����NJ�KD�D�L��DIWHU���
ZHHNV�ZDV�PRUH�HIIHFWLYH�WKDQ�VLQJOH�DSSOLFDWLRQV��EXW�UH�WUHDWPHQW�ZDV�UHTXLUHG�LQ�WKH�
VHFRQG�\HDU��6LQJOH�DSSOLFDWLRQV�RI�FORS\UDOLG�DW�WKH�KLJKHU�UDWH�ZHUH�PRUH�HIIHFWLYH�RQ�
6��DUYHQVLV�DW�WKH�IORZHULQJ�EXG�VWDJH�WKDQ�DW�WKH�HDUOLHU�OHDI�URVHWWH�VWDJH��7ZR�DSSOLFDWLRQV�
RI�JOXIRVLQDWH�GLUHFWHG�WR�PLQLPLVH�FURS�FRQWDFW�JDYH�ODUJHO\�FRPSOHWH�FRQWURO�LQ�WKH�\HDU�RI�
WUHDWPHQW��EXW�JO\SKRVDWH�DSSOLHG�DW�WKH�OHDI�URVHWWH�VWDJH�ZDV�OHVV�HIIHFWLYH��7KHUH�ZDV�OLWWOH�
FURS�GDPDJH�IURP�DQ\�WUHDWPHQW��&RPSDUHG�ZLWK�WKH�ZHHG\�FRQWURO��SRSODU�JURZWK�ZDV�
JUHDWO\�LQFUHDVHG�E\�WKH�JOXIRVLQDWH�WUHDWPHQW�EXW�QRW�JHQHUDOO\�E\�FORS\UDOLG��
�
����$VW�$�Y��-0�Y�*URHQHQGDHO�������7KH�SRSXODWLRQ�G\QDPLFV�RI�WKH�SVHXGR�DQQXDO�

&DO\VWHJLD�VHSLXP��ELQGZHHG���D�WURXEOHVRPH�ZHHG�LQ�WKH�1HWKHUODQGV��
0HGHGHOLQJHQ�YDQ�GH�)DFXOWHLW�/DQGERXZZHWHQVFKDSSHQ��8QLYHUVLWHLW�*HQW�����$���
���±�����

)LHOG�WULDOV�DQG�JUHHQKRXVH�H[SHULPHQWV�ZHUH�FRQGXFWHG�WR�LQYHVWLJDWH�WKH�SRSXODWLRQ�
G\QDPLFV�RI�&DO\VWHJLD�VHSLXP��D�SODQW�DEOH�WR�SURSDJDWH�E\�VHHGV�DV�ZHOO�DV�UKL]RPH�
IUDJPHQWV���7ZR�H[SHULPHQWV�ZHUH�FRQGXFWHG��LQ�WKH�ILUVW�WKH�HIIHFW�RI�GHSWK�RI�EXULDO�����������
���RU����FP�GHHS��XSRQ�WKH�VSURXWLQJ�RI�UKL]RPH�IUDJPHQWV�SRVVHVVLQJ������RU���LQWDFW�QRGHV�
ZDV�LQYHVWLJDWHG��DQG�LQ�WKH�VHFRQG�WKH�JURZWK�DQG�GHYHORSPHQW�RI�UKL]RPHV�ZLWK���QRGH�
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XQGHU�YDU\LQJ�OLJKW�FRQGLWLRQV�ZDV�VWXGLHG��([SHULPHQW���LOOXVWUDWHG�WKH�HQRUPRXV�SRWHQWLDO�
IRU�YHJHWDWLYH�UHSURGXFWLRQ�SRVVHVVHG�E\�&��VHSLXP��LQ�DOO�FDVHV�VSURXWV�HPHUJHG�DQG�
UKL]RPHV�ZLWK�PRUH�QRGHV�SURGXFHG�PRUH�VSURXWV��,W�ZDV�WKHUHIRUH�FRQFOXGHG�WKDW�WKH�
OLPLWLQJ�GHSWK�IRU�&��VHSLXP�WR�SURGXFH�DERYH�JURXQG�VSURXWV�ZDV�!���FP��7KH�UHVXOWV�
SURGXFHG�E\�H[SHULPHQW���LQGLFDWHG�WKDW�OLJKW�UHGXFWLRQ�KDV�D�YHU\�QHJDWLYH�HIIHFW�RQ�WKH�'0�
SURGXFWLRQ�RI�&��VHSLXP��ZLWK�RQO\�����RI�WKH�'0�SURGXFWLRQ�XQGHU�QRUPDO�GD\OLJKW�EHLQJ�
SURGXFHG�XQGHU�VKDGHG�FRQGLWLRQ��WKH�VDPH�QHJDWLYH�HIIHFW�LV�IRXQG�ZLWK�WKH�SURGXFWLRQ�RI�
UKL]RPHV�DQG�EXGV��,W�ZDV�FRQFOXGHG�WKDW�&��VHSLXP�LV�D�YHU\�OLJKW�VHQVLWLYH�VSHFLHV�WKDW�LV�
DEOH�WR�SURGXFH�VHYHUDO�VSURXWV�RYHU�D�SURORQJHG�SHULRG�IURP�RQH�QRGH�RQ�D�UKL]RPH�
IUDJPHQW��6RLO�WLOODJH�W\SH�KDV�D�VLJQLILFDQW�LQIOXHQFH�XSRQ�&��VHSLXP��ZLWK�GHHS�WLOODJH�
�ZKLFK�EXULHV�WKH�IUDJPHQWV�GHHS�EHORZ�WKH�VXUIDFH��KHOSLQJ�WR�FRQWURO�WKLV�ZHHG��HVSHFLDOO\�
LI�LW�LV�QRW�JUHDWO\�IUDJPHQWHG��
�
����+LPPH�0�Y��6WU\FNHUV�-��HW�DO��������$�VWXG\�RI�SHUHQQLDO�ZHHGV��ELQGZHHGV��

0HGHGHOLQJHQ�YDQ�KHW�&HQWUXP�YRRU�2QNUXLGRQGHU]RHN��������±�����
([SHULPHQWV�ZLWK�&RQYROYXOXV�DUYHQVLV�VKRZHG�WKDW�VKRRW�YLJRXU�GHSHQGHG�PRUH�RQ�UKL]RPH�
OHQJWK�WKDQ�RQ�GHSWK�RI�EXULDO��7KH�DYHUDJH�QXPEHU�RI�VKRRWV�IHOO�RQO\�ZKHQ�UKL]RPHV�ZHUH�
PRUH�WKDQ����FP�GHHS��,Q�SODQWV�JURZQ�IURP�UKL]RPHV�FROOHFWHG�LQ�YDULRXV�SDUWV�RI�HDVWHUQ�
DQG�ZHVWHUQ�)ODQGHUV��FRQVLGHUDEOH�YDULDWLRQ�ZDV�REVHUYHG�LQ�OHDI�VKDSH��HYHQ�LQ�WKRVH�IURP�
WKH�VDPH�RULJLQDO�VLWH��$�VLPLODU�H[SHULPHQW�ZLWK�&DO\VWHJLD�VHSLXP�UHYHDOHG�PXFK�OHVV�
YDULDWLRQ��)ORZHUV�RI�&RQYROYXOXV�DUYHQVLV�YDULHG�LQ�FRORXU�DFFRUGLQJ�WR�HQYLURQPHQWDO�
YDULDWLRQV��ZKLOH�WKRVH�RI�&DO\VWHJLD�VHSLXP�ZHUH�XQLIRUPO\�ZKLWH��7KUHH�WR�IRXU�ZHHNV�DIWHU�
DSSOLFDWLRQ�RI�����NJ�����'�WULHWKDQRO�DPLQH��������NJ�����'���������NJ�0&3$�GLPHWK\O�
DPLQH��������NJ�GLFDPED�'0$�KD�RU�����NJ�JO\SKRVDWH�KD��DOO�&��VHSLXP�SODQWV�ZHUH�GHDG��
LQ�WKH�QH[W�\HDUU�FRQWURO�ZDV�VWLOO�JRRG�DQG����PRQWKV�DIWHU�WUHDWPHQW�JO\SKRVDWH�SORWV�KDG�WKH�
OHDVW�UHJURZWK��
�
����.OLQH�:/��6HOOHFN�*:�������)DFWRUV�DIIHFWLQJ�KHGJH�ELQGZHHG�FRQWURO�ZLWK�

JO\SKRVDWH��SURFHHGLQJV�RI�WKH�1RUWKHDVWHUQ�:HHG�6FLHQFH�6RFLHW\����������
5RXQGXS��JO\SKRVDWH��DSSOLHG�DW������DQG������NJ�KD�RQ�D�PRLVW�ZDWHUZD\�DQG�D�GU\�
DEDQGRQHG�SRWDWR�ILHOG�JDYH�VDWLVIDFWRU\�FRQWURO�RI�KHGJH�ELQGZHHG�>&DO\VWHJLD�VHSLXP@�IRU�
���PRQWKV��-XO\�DSSOLFDWLRQV�SURYLGHG���±����FRQWURO�LQ�WKH�PRLVW�DUHD��/DWH�VXPPHU�RU�
DXWXPQ�DSSOLFDWLRQV�RI�5RXQGXS�ZHUH�PRUH�UHOLDEOH��$SSOLFDWLRQV�RI������NJ�KD�LQ�-XO\�
PDLQWDLQHG���±����FRQWURO�IRU�RQH�\HDU�ZKLOH�D�6HSWHPEHU�WUHDWPHQW�JDYH�����FRQWURO��DQ�
DGGLWLRQDO�WUHDWPHQW�ZDV�UHTXLUHG�DW�WKH�HQG�RI����PRQWKV��7UHDWPHQWV�ZHUH�DSSOLHG�LQ�-XQH�WR�
WLOOHG�DQG�XQWLOOHG�VRLO��5RXQGXS�DW������NJ�KD�RQ�WLOOHG�VRLO�WRRN�WKUHH�WUHDWPHQWV�WR�PDLQWDLQ�
����FRQWURO�DQG�RQH�IHZHU�RQ�XQWLOOHG�SORWV��WZR�DGGLWLRQDO�DSSOLFDWLRQV�ZHUH�QHHGHG�WKH�
IROORZLQJ�\HDU�WR�PDLQWDLQ�����FRQWURO��'LUHFWHG�WUHDWPHQWV�KDG�QR�HIIHFW�RQ�D�UDQJH�RI�
ZRRG\�RUQDPHQWDOV�XQOHVV�DFFLGHQWDO�ZHWWLQJ�RFFXUUHG��5RXQGXS�DW������NJ�KD�DSSOLHG�LQ�
DXWXPQ������ZDV�IROORZHG�E\�D�QDWXUDO�VXFFHVVLRQ�RI�6ROLGDJR�VS���$VWHU�HULFRLGHV�DQG�
$PEURVLD�DUWHPLVLLIROLD�LQ�WKH�IROORZLQJ�VSULQJ��EXW�PDLQWDLQHG�D�����FRQWURO�RI�KHGJH�
ELQGZHHG�WKURXJKRXW�������2EVHUYDWLRQV�DW�DQRWKHU�ORFDWLRQ�SRLQWHG�WR�ELRORJLFDO�FRQWURO�E\�
WKH�DJXV�WRUWRLVH�EHHWOH��0HWULRQD�ELFRORU���
�
����6DQGEHUJ�&/��0HJJLWW�:)��HW�DO��������&DQ�JO\SKRVDWH�FRQWURO�ILHOG�ELQGZHHG"�

3URFHHGLQJV�1RUWK�&HQWUDO�:HHG�&RQWURO�&RQIHUHQFH���������
*O\SKRVDWH�DW�!�����NJ�KD�JDYH�H[FHOOHQW�FRQWURO��DW�OHDVW������RI�ILHOG�ELQGZHHG�
>&RQYROYXOXV�DUYHQVLV@�ZKHQ�VSUD\HG�IURP�-XQH�WR�2FWREHU��SURYLGHG�WKH�ZHHG�ZDV�
GHYHORSHG�WR�WKH�SRVW�EXG�VWDJH��7LOODJH�EHIRUH�DSSOLFDWLRQ�UHGXFHG�FRQWURO�WR�QLO�DIWHU����
PRQWKV��ZKLOH�WLOODJH���ZHHNV�DIWHU�DSSOLFDWLRQ�KDG�QR�HIIHFW�RQ�FRQWURO�DIWHU����PRQWKV�EXW�
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UHGXFHG�FRQWURO�IURP�����WR�����DIWHU����PRQWKV��,Q�PRVW�FDVHV�UH�WUHDWPHQW�ZDV�QHFHVVDU\�
DIWHU�RQH�RU�WZR�JURZLQJ�VHDVRQV�WR�PDLQWDLQ�FRQWURO��7KH�VWXGLHV�ZHUH�FDUULHG�RXW�RQ�ERWK�
PXFN�DQG�PLQHUDO�VRLOV��+HGJH�ELQGZHHG�>&DO\VWHJLD�VHSLXP@�ZDV�YHU\�VXVFHSWLEOH�WR�
JO\SKRVDWH�DQG�H[FHOOHQW�FRQWURO�ZDV�REWDLQHG�ZLWK������NJ�KD�DQG�DERYH�ZLWK�QR�QHHG�IRU�UH�
WUHDWPHQW�D�\HDU�ODWHU��
�
����,YRQ�:DWNLQV�����±����&RQYROYXOXV�RU�PRUQLQJ�JORU\�RU�ELQGZHHG�RU�FRUQELQG�DQG�

FDSH�LY\�DQG�VRUUHO�DQG�SHULZLQNOH�FDQ�QRZ�EH�FRQWUROOHG�LQ�JDUGHQ�DQG�ILHOG��
6HUYLFH��SS����±����

%ULHI�UHFRPPHQGDWLRQV�DUH�JLYHQ�IRU�WKH�FRQWURO�RI�&RQYROYXOXV�VSS���LQFOXGLQJ�&��> �
&DO\VWHJLD@�VHSLXP��ZLWK�%DQYLQH�������'�%DQYHO�'�>GLFDPED�GLPHWK\ODPLQH@���%HVW�UHVXOWV�
DUH�REWDLQHG�E\�VSUD\LQJ�LQ�WKH�VSULQJ�WR�HDUO\�VXPPHU�ZKHQ�WKH�ZHHG�LV�LQ�IXOO�OHDI�DQG�
DFWLYHO\�JURZLQJ��6XJJHVWHG�UDWHV�DUH���R]��JDOORQ�ZDWHU�RU��IRU�ODUJHU�DUHDV����TXDUW�����
JDOORQ�ZDWHU��%DQYLQH�DOVR�FRQWUROV�FRUQELQG�>3RO\JRQXP�FRQYROYXOXV�>)DOORSLD�
FRQYROYXOXV@@��FDSH�LY\�>6HQHFLR�PLNDQLRLGHV@��VRUUHO�>5XPH[�VS�@��SHULZLQNOH�>9LQFD�PDMRU@�
DQG�ZDQGHULQJ�-HZ�>7UDGHVFDQWLD�DOELIORUD@���
�
�����0$))�������3HUHQQLDO�ELQGZHHGV��$GYLVRU\�/HDIOHW������0LQLVWU\�RI�$JULFXOWXUH��

)LVKHULHV�DQG�)RRG��*UHDW�%ULWDLQ����S��
1RWHV�DUH�JLYHQ�IRU�WKH�LGHQWLILFDWLRQ�RI�ILHOG�ELQGZHHG��&RQYROYXOXV�DUYHQVLV��DQG�EHOOELQH�
�&DO\VWHJLD�VHSLXP���*RRG�FRQWURO�RI�&��DUYHQVLV�RQ�XQFURSSHG�ODQG�LV�REWDLQHG�ZLWK�0&3$��
0&3%��������7%�DQG�����'�VSUD\HG�ZKHQ�WKH�ZHHG�LV�DSSURDFKLQJ�WKH�IORZHULQJ�VWDJH��
IROORZHG�E\�FXOWLYDWLRQ�WR�GLVFRXUDJH�UH�HVWDEOLVKPHQW��&RQYROYXOXV�DUYHQVLV�LV�DOVR�
FRQWUROOHG�ZLWK�0&3$�DSSOLHG�DV�VSRW�WUHDWPHQWV�LQ�DVSDUDJXV�DIWHU�FXWWLQJ��ZLWK�GLUHFWHG�
VSUD\V�RI�0&3%�DQG�������7%�XQGHU�EODFNFXUUDQWV�DIWHU�KDUYHVWLQJ��RQ�VWXEEOH�ZLWK�����'��
SURYLGLQJ�QR�FXOWLYDWLRQ�LV�FDUULHG�RXW�IRU��±��ZHHNV�DIWHU�WUHDWPHQW��DQG�ZLWK�����'�RU�
0&3$���PRQWKV�RU�PRUH�DIWHU�VRZLQJ�RU�OD\LQJ�WXUI��/RZ�UDWHV�RI�0&3$�PD\�EH�XVHG�WR�
FRQWURO�&��DUYHQVLV�LQ�SRWDWRHV�GXULQJ�DFWLYH�JURZWK��EXW�VRPH�UHGXFWLRQ�LQ�\LHOG�PD\�UHVXOW��
&DO\VWHJLD�VHSLXP�LV�PRGHUDWHO\�VXVFHSWLEOH�WR�ERWK�0&3$�DQG�����'��

�������������������������������������������������
����RXQFH� �������J�
����TXDUW� �������OLWUHV�
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$SSHQGL[��� &RQWURO�RI�LQYDVLYH�YLQHV��H[FO�&DO\VWHJLD�VSS���
�

$FWLQLGLD�GHOLFLRVD�
�
����6XOOLYDQ�--��0DWKHU�-��HW�DO��������&RQWURO�RI�ZLOG�NLZLIUXLW��$FWLQLGLD�VSHFLHV��LQ�%D\�

RI�3OHQW\��1HZ�=HDODQG��$FWD�+RUWLFXOWXUDH������9RO��������±�����
$�ODUJH�SRSXODWLRQ�RI�ZLOG�NLZLIUXLW��PRVWO\�$FWLQLGLD�GHOLFLRVD��KDV�JURZQ�LQ�WKH�%D\�RI�
3OHQW\�UHJLRQ�RI�1HZ�=HDODQG�RYHU�WKH�SDVW����\HDUV��IXHOHG�E\�WKH�LQFUHDVLQJ�FRPPHUFLDO�
VXFFHVV�RI�NLZLIUXLW�SURGXFWLRQ��7KLV�IDVW�JURZLQJ�QRQ�QDWLYH�ZRRG\�YLQH�KDV�LQYDGHG�QDWLYH�
IRUHVW�DQG�VFUXE�DQG�FRPPHUFLDO�3LQXV�UDGLDWD�SODQWDWLRQV��7KH�HQYLURQPHQWDO�LPSDFWV�RI�
ZLOG�$FWLQLGLD�KDYH�OHG�LW�WR�EH�OLVWHG�DV�D�7RWDO�&RQWURO�3HVW�3ODQW�LQ�WKH�(QYLURQPHQW�%D\�RI�
3OHQW\�5HJLRQDO�3HVW�0DQDJHPHQW�6WUDWHJ\��:LOG�YLQHV�FDQ�EH�UHOLDEO\�NLOOHG�ZLWK�DQ\�RI�
VSUD\HG�7RUGRQ��%UXVKNLOOHU��SLFORUDP�WULFORS\U���*UD]RQ���WULFORS\U��DQG�VWXPS�WUHDWPHQW�
ZLWK�9LJLODQW70�JHO��SLFORUDP���6RPH��1=��������ZDV�VSHQW�IURP������WR������RQ�
FRQWUROOLQJ�ZLOG�$FWLQLGLD�LQ�WKH�%D\�RI�3OHQW\��IXQGHG�E\�SDUWQHUVKLSV�EHWZHHQ�WKH�NLZLIUXLW�
LQGXVWU\�DQG�(QYLURQPHQW�%D\�RI�3OHQW\��,Q�WKH�IRXU�FRQWURO�VHDVRQV�RI���������WKURXJK�WR�
��������PRUH�WKDQ��������YLQHV�KDYH�EHHQ�NLOOHG��6LPLODU�FRQWURO�HIIRUWV�HDFK�VHDVRQ�KDYH�
IRXQG�SURJUHVVLYHO\�IHZHU�YLQHV��DOPRVW������IHZHU�YLQHV�LQ���������WKDQ�����������
LQGLFDWLQJ�WKDW�WKH�SRSXODWLRQ�LV�EHLQJ�VXFFHVVIXOO\�UHGXFHG��%HWZHHQ�����DQG�����RI�WKH�
SUH�FRQWURO�SRSXODWLRQ�RI�HVWDEOLVKHG�ZLOG�YLQHV�DUH�HVWLPDWHG�WR�KDYH�EHHQ�UHPRYHG��
6XVWDLQHG�FRQWURO�RYHU�VHYHUDO�PRUH�\HDUV�ZLOO�EH�UHTXLUHG�WR�UHGXFH�WKLV�SRSXODWLRQ�WR�DQ�
HDVLO\�PDQDJHDEOH�VL]H��7KLV�LV�FRPSOLFDWHG�E\�FRQWLQXHG�UHFUXLWPHQW�LQWR�WKH�ZLOG�
SRSXODWLRQ�IURP�FRPPHUFLDO�FURSV��SULQFLSDOO\�YLD�ELUGV�IHHGLQJ�RQ�UHMHFW�NLZLIUXLW�IHG�RXW�WR�
IDUP�VWRFN��:H�VXJJHVW�WKDW�RWKHU�FRXQWULHV�WKDW�FRPPHUFLDOO\�SURSDJDWH�ZLOG�NLZLIUXLW�
RXWVLGH�RI�LWV�QDWLYH�UDQJH�WDNH�FDUH�WR�SUHYHQW�ZLOG�SRSXODWLRQV�IURP�HVWDEOLVKLQJ�LQ�
VXUURXQGLQJ�YHJHWDWLRQ��
�

$QUHGHUD�FRUGLIROLD�
�
����9LYLDQ�6PLWK�*��/DZVRQ�%(��HW�DO��������7KH�ELRORJ\�RI�$XVWUDOLDQ�ZHHGV�$QUHGHUD�

FRUGLIROLD��7HQ���6WHHQLV��3ODQW�3URWHFWLRQ�4XDUWHUO\���������±����
7KLV�UHYLHZ�SURYLGHV�LQIRUPDWLRQ�RQ�WKH�PRUSKRORJ\��KLVWRU\��JHRJUDSKLFDO�GLVWULEXWLRQ��
KDELWDW��UHODWLRQVKLSV�ZLWK�RWKHU�VSHFLHV��JURZWK�DQG�GHYHORSPHQW��UHSURGXFWLRQ��GLVSHUVDO��
SRSXODWLRQ�G\QDPLFV��LPSRUWDQFH��WR[LFLW\�DQG�PDQDJHPHQW��XVLQJ�KHUELFLGHV��PHFKDQLFDO�
DQG�FXOWXUDO�PHWKRGV�DV�ZHOO�DV�ELRORJLFDO�FRQWURO�DJHQWV��RI�$��FRUGLIROLD��
�
����:HEE�+-��+DUULQJWRQ�.&�������&RQWURO�VWUDWHJLHV�IRU�0DGHLUD�YLQH��$QUHGHUD�

FRUGLIROLD���1HZ�=HDODQG�3ODQW�3URWHFWLRQ��������±�����
0DGHLUD�YLQH�LV�DQ�HQYLURQPHQWDO�ZHHG�ZLWK�ERWK�DHULDO�DQG�VXEWHUUDQHDQ�WXEHUV��DQG�LV�OLVWHG�
DV�D�6XUYHLOODQFH�3ODQW�3HVW�E\�0DQDZDWX�:DQJDQXL�5HJLRQDO�&RXQFLO��$�ILHOG�WULDO�
FRQGXFWHG�LQ�YDULRXV�ORFDWLRQV�DURXQG�:DQJDQXL��1HZ�=HDODQG��VKRZHG�PDWXUH�YLQHV�DQG�
WKHLU�DWWDFKHG�WXEHUV�ZHUH�EHVW�FRQWUROOHG�XVLQJ�PHWVXOIXURQ�PHWK\O��DOWKRXJK�UHDVRQDEOH�
FRQWURO�ZDV�DOVR�SURYLGHG�E\�D�WULFORS\U�SLFORUDP�PL[WXUH�DQG�E\�JO\SKRVDWH��7KH�FRQWURO�RI�
UHJURZWK�IURP�EXULHG�WXEHUV�ZDV�LQYHVWLJDWHG�LQ�D�JODVVKRXVH�WULDO��+HUELFLGHV�WKDW�JDYH�JRRG�
FRQWURO�RI���PRQWK�ROG�SODQWV�LQFOXGHG�WKH�DERYH�KHUELFLGHV�DQG�DOVR�WULEHQXURQ�PHWK\O��
IOXUR[\S\U�DQG�DPLWUROH��)RU�HUDGLFDWLRQ�SXUSRVHV��WUHDWPHQWV�ZHUH�DVVHVVHG�IRU�GHVWUR\LQJ�
DHULDO�WXEHUV�FROOHFWHG�IURP�LVRODWHG�SODQWV��7XEHUV�ZHUH�NLOOHG�E\�IUHH]LQJ��E\�KHDWLQJ�WR�
WHPSHUDWXUHV�RI����&�RU�DERYH�IRU����K�RU�E\�ERLOLQJ�IRU�D�IHZ�PLQXWHV��EXW�DQ\�SXOYHULVDWLRQ�
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WHFKQLTXHV�QHHGHG�WR�EH�WKRURXJK��7XEHUV�LPPHUVHG�PRPHQWDULO\�LQ�KLJK�FRQFHQWUDWLRQV�RI�
SLFORUDP��WULFORS\U�RU�IOXUR[\S\U�GLG�QRW�UHJURZ�DIWHU�EXULDO��
�
����3ULRU�6/��$UPVWURQJ�75�������$�FRPSDULVRQ�RI�WKH�HIIHFWV�RI�IROLDU�DSSOLFDWLRQV�RI�

JO\SKRVDWH�DQG�IOXUR[\S\U�RQ�0DGHLUD�YLQH��$QUHGHUD�FRUGLIROLD��7HQ���YDQ�6WHHQLV��
3ODQW�3URWHFWLRQ�4XDUWHUO\����������±����

$�VWXG\�ZDV�FRQGXFWHG�DW�%HHFKPRQW�LQ�4XHHQVODQG��$XVWUDOLD��IURP�0DUFK�WR�1RYHPEHU�
�����WR�FRPSDUH�WKH�HIILFDF\�RI�RQH��WZR�DQG�WKUHH�IROLDU�DSSOLFDWLRQV�RI�YDULRXV�
FRQFHQWUDWLRQV�RI�JO\SKRVDWH�DQG�IOXUR[\S\U�HVWHU�RQ�0DGHLUD�YLQH��$QUHGHUD�FRUGLIROLD���
5HSHDW�DSSOLFDWLRQV�ZHUH�PDGH�DW���PRQWKO\�LQWHUYDOV��&RXQWV�RI�0DGHLUD�YLQH�GHQVLW\�ZLWKLQ�
H[SHULPHQWDO�TXDGUDWV�ZHUH�PDGH�IROORZLQJ�WUHDWPHQW�DSSOLFDWLRQV�LQ�DXWXPQ��ZLQWHU�DQG�
VSULQJ�������)OXUR[\S\U�DSSOLHG�DW���DQG���J�/�ZDWHU�DQG�*O\SKRVDWH�����DSSOLHG�DW�����DQG�
����J�/�ZHUH�HTXDOO\�HIIHFWLYH�LQ�FRQWUROOLQJ�DOO�YLQH�VWHPV�SUHVHQW�DW�DSSOLFDWLRQ��)OXUR[\S\U�
DW���DQG���J�/�ZDWHU�ZHUH�WKH�RQO\�WUHDWPHQWV�WKDW�VLJQLILFDQWO\�UHGXFHG�WKH�QXPEHU�RI�QHZ�
VWHPV�RI�WKH�SODQW�LQ�WKH�PRQWKV�EHWZHHQ�DSSOLFDWLRQV��4XDGUDWV�WUHDWHG�ZLWK�IOXUR[\S\U�DW�LWV�
ORZHVW�HIIHFWLYH�FRQFHQWUDWLRQ����J�/��KDG�OHVV�0DGHLUD�YLQH�DQG�RWKHU�EURDGOHDYHG�ZHHGV��
EXW�FRQWDLQHG�FRPSHWLWLYH�JUDVV�VSHFLHV�VXFK�DV�NLNX\X�>3HQQLVHWXP�FODQGHVWLQXP@��ZKLFK��
IURP�D�PDQDJHPHQW�SHUVSHFWLYH��PD\�EH�EHQHILFLDO�E\�SURYLGLQJ�FRPSHWLWLRQ��&DQRS\�
HVWDEOLVKPHQW�FDQ�HYHQWXDOO\�VKDGH�VXFK�VSHFLHV�RXW��5HPRYDO�RI�FRPSHWLWLRQ�WKURXJK�WKH�XVH�
RI�WKH�QRQ�VHOHFWLYH�KHUELFLGH�JO\SKRVDWH�PD\�IDYRXU�UHLQYDVLRQ�IURP�0DGHLUD�YLQH�
VXEWHUUDQHDQ�WXEHUV��HVSHFLDOO\�LI�DSSOLHG�DW�D�WLPH�RI�\HDU�ZKHUH�WUDQVORFDWLRQ�DFWLYLW\�LV�QRW�
KLJK��7KRXJK�WKH�SRROHG�SRSXODWLRQ�GHQVLW\�ZDV�VLJQLILFDQWO\�ORZHU�IURP�$SULO�WR�-XO\�������
WKHUH�ZHUH�QR�VLJQLILFDQW�FKDQJHV�ZLWKLQ�WKH�SRSXODWLRQ�WUDMHFWRULHV�LQ�TXDGUDWV�WUHDWHG�ZLWK�
IOXUR[\S\U�DW���J�/��LQGLFDWLQJ�QR�SUHIHUHQWLDO�WLPH�IRU�VSUD\LQJ��0RGHO�SUHGLFWLRQV�LQGLFDWHG�
WKDW�PRQWKO\�DSSOLFDWLRQV�RI�IOXUR[\S\U�DW���J�/�DW�WKLV�SDUWLFXODU�VLWH�ZRXOG�EH�UHTXLUHG�WR�
VWDELOLVH�WKH�SRSXODWLRQ��LQ�WKH�DEVHQFH�RI�UHFUXLWPHQW�RI�QHZ�LQGLYLGXDOV���DQG�VXEVHTXHQWO\�
UHGXFH�LW�DW�D�UDWH�GHSHQGHQW�XSRQ�WKH�PRUWDOLW\�RI�WKH�VXEWHUUDQHDQ�WXEHU�µEDQN¶��7KH�OHQJWK�
RI�WLPH�RYHU�ZKLFK�KHUELFLGH�DSSOLFDWLRQV�ZRXOG�EH�UHTXLUHG�ZRXOG�KDYH�WR�EH�GHWHUPLQHG�
HPSLULFDOO\��
�

$UDXMLD�VHULFLIHUD�
�
����*RPH]�GH�%DUUHGD�'��%XVWR�$�G��HW�DO��������$UDXMLD�VHULFRIHUD�%URW��±�D�QHZ�ZHHG�LQ�

FLWUXV�RUFKDUGV��3URFHHGLQJV��,;H�&ROORTXH�LQWHUQDWLRQDO�VXU�OD�ELRORJLH�GHV�
PDXYDLVHV�KHUEHV����±���6HSWHPEHU�������'LMRQ��)UDQFH��3S����±�����

)ROORZLQJ�D�GHVFULSWLRQ�RI�$UDXMLD�VHULFRIHUD�DQG�D�GLVFXVVLRQ�RI�LWV�VSUHDG�IURP�LWV�QDWLYH�
6RXWK�$PHULFD��WKH�UHVXOWV�RI�UHVHDUFK�FRQGXFWHG�E\�,9,$�RQ�YDULRXV�DVSHFWV�RI�WKH�ZHHG�DUH�
UHSRUWHG��%LRPDVV�SURGXFWLRQ�ZDV�VKRZQ�WR�EH�GHSHQGHQW�RQ�ZHHG�VSDFLQJ��):�RI��������
DQG��������NJ�KD�EHLQJ�SURGXFHG����PRQWKV�DIWHU�VRZLQJ�DW����î����DQG����î�����FP�
VSDFLQJ��UHVSHFWLYHO\��DQG�ZDWHU�DYDLODELOLW\��):�RI������DQG��������NJ�UHVXOWLQJ�IURP�
LUULJDWLRQ�ZLWK�����DQG������/�ZDWHU�SHU�SODQW��UHVSHFWLYHO\���([WUDFWV�RI�GLEURPRHWKDQH�DQG�
JHUPDQLFRO�IURP�$��VHULFRIHUD�VHHGV�ZHUH�VKRZQ�WR�EH�WR[LF�WR�2QFRSHOWXV�IDVFLDWXV��,Q�ILHOG�
DQG�JUHHQKRXVH�WULDOV��JRRG�FRQWURO�RI�$��VHULFRIHUD�ZDV�DFKLHYHG�ZLWK���NJ�KD�HDFK�RI�
EURPDFLO��GLXURQ��VLPD]LQH�DQG�����WHUEXWK\OD]LQH�������WHUEXPHWRQ�������WHUEXWU\Q��ZLWK�
����±����NJ�JO\SKRVDWH��DQG�ZLWK������NJ�VXOIRVDWH�>WULPHWK\OVXOIRQLXP�
FDUER[\PHWK\ODPLQRPHWK\O�SKRVSKRQDWH@�DQG�JOXIRVLQDWH��SURVSHFWV�IRU�WKH�FRQWURO�RI�WKLV�
ZHHG�LQ�6SDQLVK�&LWUXV�VSS��RUFKDUGV�DUH�GLVFXVVHG�LQ�WKH�OLJKW�RI�WKHVH�ILQGLQJV��
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����*RPH]�GH�%DUUHGD�'��/RUHQ]R�(�������6RPH�GDWD�RQ�WKH�FRPSDUDWLYH�DFWLYLW\�RI�
JO\SKRVDWH��JOXIRVLQDWH�DQG�VXOIRVDWH��3URFHHGLQJV�RI�WKH��WK�(:56�V\PSRVLXP�RQ�
ZHHG�SUREOHPV�LQ�0HGLWHUUDQHDQ�FOLPDWHV��9RO�����3UREOHPV�RI�ZHHG�FRQWURO�LQ�IUXLW��
KRUWLFXOWXUDO�FURSV�DQG�ULFH��3S�����±�����

,Q�WULDOV�WR�FRPSDUH�WKH�DFWLYLWLHV�RI�JO\SKRVDWH��JOXIRVLQDWH�DQG�VXOIRVDWH��WULPHWK\OVXOIRQLXP�
FDUER[\PHWK\ODPLQRPHWK\O�SKRVSKRQDWH��DJDLQVW�$UDXMD�VHULFRIHUD�DQG�XVLQJ�RDW�ELRDVVD\V��
IHZ�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�FRPSRXQGV�ZHUH�HYLGHQW��'URSOHW�VSHFWUD�RI�
FRQWUROOHG�GURSOHW�DSSOLFDWLRQ�VSUD\V�RI�WKHVH�KHUELFLGHV�ZHUH�PDUNHGO\�GLIIHUHQW��
�

$VSDUDJXV�DVSDUDJRLGHV�
�
����7XUQHU�3-��9LUWXH�-*�������7HQ�\HDU�SRVW�ILUH�UHVSRQVH�RI�D�QDWLYH�HFRV\VWHP�LQ�WKH�

SUHVHQFH�RI�KLJK�RU�ORZ�GHQVLWLHV�RI�WKH�LQYDVLYH�ZHHG��$VSDUDJXV�DVSDUDJRLGHV��3ODQW�
3URWHFWLRQ�4XDUWHUO\����������±����

%ULGDO�FUHHSHU��$VSDUDJXV�DVSDUDJRLGHV��/���'UXFH��LV�D�PDMRU�HQYLURQPHQWDO�ZHHG�LQ�
VRXWKHUQ�$XVWUDOLD��%HLQJ�D�JHRSK\WH��LW�KDV�DQQXDO�VKRRW�JURZWK�ZLWK�D�ODUJH�WXEHURXV�URRW�
PDW�EHORZ�JURXQG��,W�LV�FDSDEOH�RI�GLVSODFLQJ�QDWLYH�YHJHWDWLRQ�DQG�KDV�EHHQ�WDUJHWHG�IRU�
FRQWURO�LQ�$XVWUDOLD��HVSHFLDOO\�XVLQJ�ELRORJLFDO�FRQWURO��3UHYLRXV�VWXGLHV�RQ�WKH�LPSDFW�RI�WKLV�
HQYLURQPHQWDO�ZHHG�KDYH�VXJJHVWHG�WKDW��ZLWKRXW�IXUWKHU�UHVWRUDWLRQ��LQYDGHG�DUHDV�FRXOG�
WDNH�PDQ\�\HDUV�WR�UHFRYHU��$V�ILUH�FDQ�EH�XVHG�DV�D�UHVWRUDWLRQ�WRRO��JLYHQ�LW�FDQ�VWLPXODWH�WKH�
UHJHQHUDWLRQ�RI�VRPH�QDWLYH�$XVWUDOLDQ�SODQWV��WKLV�VWXG\�DLPHG�WR�GHWHUPLQH�WKH�UHVSRQVH�RI�D�
QDWLYH�SODQW�FRPPXQLW\�IRU�WKH�ILUVW����\HDUV�IROORZLQJ�D�ILUH��ZLWK�DQG�ZLWKRXW�WKH�SUHVHQFH�
RI�EULGDO�FUHHSHU��)ROORZLQJ�D�ZLOGILUH�LQ�0DUFK�������SORWV�ZHUH�HVWDEOLVKHG�LQ�D�PDOOHH�
UHPQDQW�LQ�6RXWK�$XVWUDOLD��,Q�2FWREHU�������EULGDO�FUHHSHU�ZDV�FRQWUROOHG�LQ�KDOI�WKH�SORWV�
XVLQJ�JO\SKRVDWH��,Q�������WKHUH�ZDV�VWLOO�D�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�GHQVLW\�RI�EULGDO�
FUHHSHU��ZLWK�������������PHDQ���6(��HPHUJLQJ�VKRRWV�P��LQ�WKH�XQWUHDWHG�SORWV�FRPSDUHG�
ZLWK�����������VKRRWV�P��LQ�WKH�FRQWUROOHG�SORWV��+RZHYHU��DW�WKH�VDPH�WLPH��WKHUH�ZDV�QR�
VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�QDWLYH�SODQW�DVVHPEODJHV�RU�ZLWK�WKH�QXPEHU�RI�QDWLYH�SODQW�
VSHFLHV�EHWZHHQ�SORWV�ZLWK�KLJK�RU�ORZ�GHQVLW\�RI�EULGDO�FUHHSHU��H[FHSW�IRU�VPDOO�VKUXEV��
FUHHSHUV�DQG�FOLPEHUV��ZKLFK�KDG�KLJKHU�FRYHU�LQ�WKH�XQWUHDWHG�SORWV��$�GLIIHUHQFH�LQ�VRLO�
QXWULHQWV�ZDV�DOVR�HYLGHQW��7KH�VRLO�ZKHUH�EULGDO�FUHHSHU�ZDV�QRW�FRQWUROOHG�KDG�VLJQLILFDQWO\�
KLJKHU�DPPRQLXP��SRWDVVLXP�DQG�RUJDQLF�FDUERQ��FRPSDUHG�ZLWK�ZKHUH�EULGDO�FUHHSHU�ZDV�
FRQWUROOHG��7KLV�VWXG\�VLWH��LQ�WKH�HDUO\�VWDJHV�RI�SRVW�ILUH�VXFFHVVLRQ��DSSHDUV�WR�EH�UHVLOLHQW�WR�
WKH�LPSDFWV�RI�EULGDO�FUHHSHU�DQG�RWKHU�ZHHG�VSHFLHV��ZLWK�DFDFLDV�DQG�RWKHU�QDWLYH�WUHHV�DQG�
VKUXEV�GRPLQDWLQJ�WKH�VLWH��,W�LV�WKHUHIRUH�FRQFOXGHG�WKDW�ILUH�FDQ�EH�DQ�LPSRUWDQW�UHVWRUDWLRQ�
WRRO�WR�VWLPXODWH�WKH�UHJHQHUDWLRQ�RI�VRPH�QDWLYH�$XVWUDOLDQ�SODQWV�DQG�VSHHG�XS�WKH�UHFRYHU\�
RI�EULGDO�FUHHSHU�LQYDGHG�HFRV\VWHPV��SURYLGHG�WKDW�EULGDO�FUHHSHU�DQG�RWKHU�ZHHGV�DUH�NHSW�
DW�D�ORZ�SRVW�ILUH�GHQVLW\��QDWXUDOO\�RU�WKURXJK�WDUJHWHG�FRQWURO��
�
����7XUQHU�3-��9LUWXH�-*�������$Q�HLJKW�\HDU�UHPRYDO�H[SHULPHQW�PHDVXULQJ�WKH�

LPSDFW�RI�EULGDO�FUHHSHU��$VSDUDJXV�DVSDUDJRLGHV��/���'UXFH��DQG�WKH�SRWHQWLDO�
EHQHILW�IURP�LWV�FRQWURO��3ODQW�3URWHFWLRQ�4XDUWHUO\����������±����

%ULGDO�FUHHSHU��$VSDUDJXV�DVSDUDJRLGHV��/���'UXFH��LV�D�ZHHG�ZLWK�FOLPELQJ�DQQXDO�VKRRW�
JURZWK�DQG�H[WHQVLYH��XQGHUJURXQG�VWRUDJH�WXEHUV��DQG�LV�FDSDEOH�RI�GRPLQDWLQJ�QDWLYH�
YHJHWDWLRQ��:KLOH�LWV�LPSDFWV�DSSHDU�REYLRXV��WKLV�KDV�EHHQ�PHDVXUHG�LQ�IHZ�TXDQWLWDWLYH�
VWXGLHV��,Q������������î���P�SORWV�ZHUH�HVWDEOLVKHG�LQ�D�PDOOHH�UHPQDQW�QRUWK�RI�$GHODLGH��
6RXWK�$XVWUDOLD��WR�LQYHVWLJDWH�WKLV�LVVXH��8VLQJ�JO\SKRVDWH��EULGDO�FUHHSHU�ZDV�UHPRYHG�IURP�
KDOI�WKH�SORWV�LQ�������ZLWK�IROORZ�XS�WUHDWPHQW�IRU�WKH�VDPH�SORWV�LQ�������,Q������WKHUH�ZDV�
VWLOO�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�QXPEHU�RI�QDWLYH�SODQW�VSHFLHV�EHWZHHQ�SORWV�ZLWK�RU�
ZLWKRXW�EULGDO�FUHHSHU��7KHUH�ZDV�DOVR�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�DEXQGDQFH�RI�LQGLYLGXDO�
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QDWLYH�VSHFLHV��H[FHSW�IRU�WKH�VDOWEXVK�(QFK\ODHQD�WRPHQWRVD��3����������+RZHYHU��WKHUH�
ZHUH�FRQVLVWHQW�LQFUHDVHV�LQ�FRYHU�RI�WKH�FKHQRSRG�DQG�QDWLYH�JUDVV�XQGHUVWRUH\�LQ�WKH�EULGDO�
FUHHSHU�UHPRYHG�SORWV��HYHQ�LI�QRW�VLJQLILFDQW�IRU�VRPH�VSHFLHV��7KH�FRPPRQ�FKHQRSRGV�
(��WRPHQWRVD�DQG�D�FRPELQHG�GDWDVHW�IRU�5KDJRGLD�SDUDEROLFD�DQG�5��FDQGROOHDQD�KDG�
JUHDWHU�VKRRW�ELRPDVV�ZKHUH�EULGDO�FUHHSHU�KDG�EHHQ�FRQWUROOHG��3��������DQG�3��������
UHVSHFWLYHO\���$Q�H[RWLF�SODQW��2[DOLV�SHV�FDSUDH��DOVR�KDG�KLJKHU�FRYHU�LQ�SORWV�ZLWKRXW�
EULGDO�FUHHSHU�FRPSDUHG�ZLWK�XQWUHDWHG�SORWV��3����������7KLV�VWXG\�KDV�VKRZQ�WKDW�LW�PD\�
WDNH�PDQ\�\HDUV�IRU�UHFRYHU\�IROORZLQJ�ZHHG�FRQWURO�DQG�DGGLWLRQDO�UHVWRUDWLRQ�ZRUN�PD\�EH�
QHFHVVDU\��'HDG�WXEHUV�ZHUH�VWLOO�LQWDFW�EHORZ�WKH�VXUIDFH�LQ�WKH�UHPRYDO�SORWV�DQG�WKHLU�
SUHVHQFH�PD\�EH�DIIHFWLQJ�VHHGOLQJ�HVWDEOLVKPHQW��5HFRYHU\�PD\�DOVR�KDYH�EHHQ�KLQGHUHG�E\�
KLJKHU�2��SHV�FDSUDH�GHQVLW\��$�WKLUG�SRVVLELOLW\�LV�D�ODFN�RI�VXLWDEOH�HQYLURQPHQWDO�
FRQGLWLRQV�LQ�WKH���\HDU�SHULRG�IRU�JHUPLQDWLRQ�DQG�HVWDEOLVKPHQW�RI�LQGLJHQRXV�VSHFLHV��
�
����0HQH\�.��'L[RQ�%��HW�DO��������&RQWURO�RI�EULGDO�FUHHSHU�$VSDUDJXV�DVSDUDJRLGHV�RQ�

.LQJV�3DUN�6FDUS�DQG�OLPLWLQJ�IDFWRUV�RQ�LWV�JURZWK�DQG�VSUHDG��,Q��-DFRE�+6��'RGG�
-��0RRUH�-+�HGV���WK�$XVWUDOLDQ�:HHGV�&RQIHUHQFH��3ODQW�3URWHFWLRQ�6RFLHW\�RI�
:HVWHUQ�$XVWUDOLD�,QF��3S�����±�����

7KH�GRPLQDQW�ZHHG�DORQJ�WKH�.LQJV�3DUN�OLPHVWRQH�HVFDUSPHQW�LQ�3HUWK��:HVWHUQ�$XVWUDOLD��
LV�$��DVSDUDJRLGHV��D�6RXWK�$IULFDQ�UKL]RPDWRXV�JHRSK\WH��$���\HDU������±������UHVHDUFK�
SURJUDPPH�ZDV�LQLWLDWHG�WR�HVWDEOLVK�OLPLWLQJ�IDFWRUV�DIIHFWLQJ�LWV�JURZWK�DQG�VSUHDG��DQG�WR�
GHWHUPLQH�FRQWURO�PHDVXUHV��5HVHDUFK�LQGLFDWHG�WKDW�WKH�SUHIHUUHG�KDELWDW�RI�EULGDO�FUHHSHU�LV�
FKDUDFWHULVHG�E\�KLJK�VRLO�DQG�OLWWHU�PRLVWXUH�FRQWHQW�DQG�ORZ�OLJKW�LQWHQVLW\��ZKLFK�HTXDWHV�WR�
D�ORQJHU�JURZLQJ�DQG�UHSURGXFWLYH�VHDVRQ��'LVWXUEHG�DQG�QDWLYH�KDELWDWV�ZLWK�KLJK�VKDGH�
IDFWRUV�DUH�LGHDO�IRU�HVWDEOLVKLQJ�QHZ�SRSXODWLRQV�DQG�VXEVHTXHQW�VSUHDG��2SHQLQJ�XS�WKH�
FDQRS\�WR�LQFUHDVH�OLJKW�OHYHOV�DERYH������PLFUR�PRO�V�P��VLJQLILFDQWO\�UHGXFHV�LWV�LQYDVLYH�
FDSDFLW\�DQG�DVVLVWV�WKH�HVWDEOLVKPHQW�RI�QDWLYH�XQGHUVWRUH\�VSHFLHV��6RPH�NQRZOHGJH�RQ�WKH�
FRQWURO�RI�EULGDO�FUHHSHU�LQ�.LQJV�3DUN�EXVKODQG�KDG�EHHQ�HVWDEOLVKHG�DV�HDUO\�DV�������
)XUWKHU�WULDOV�FRQGXFWHG�LQ������LQ�ODWH�DXWXPQ��ZLQWHU�DQG�HDUO\�VSULQJ�ZHUH�GHVLJQHG�WR�
HVWDEOLVK�LI�D�UDQJH�RI�QRQ�VHOHFWLYH�KHUELFLGHV�DW�ORZ�UDWHV�ZRXOG�NLOO�EULGDO�FUHHSHU�ZLWKRXW�
WRR�PXFK�RII�WDUJHW�GDPDJH�WR�LQGLJHQRXV�VSHFLHV��%UXVKRII������J�NJ�PHWVXOIXURQ�PHWK\O�
>PHWVXOIXURQ@��DFKLHYHG�WKH�EHVW�UHVXOWV�RYHUDOO��:KHQ�VSUD\HG�LQ�-XO\�DW�D�UDWH�RI���RU�����
J�KD�XS�WR�D������UHGXFWLRQ�LQ�DERYH�JURXQG�ELRPDVV�RI�EULGDO�FUHHSHU�ZDV�UHFRUGHG�ZLWK�
OLWWOH�RII�WDUJHW�GDPDJH��7KH�UHVXOWV�DOVR�LQGLFDWHG�D�PXFK�ODUJHU�ZLQGRZ�RI�RSSRUWXQLW\�
�0D\±-XO\��ZKHQ�VSUD\LQJ�DW�WKH�KLJKHU�UDWH�RI�����J�KD��,PSOHPHQWLQJ�WKHVH�UHVXOWV�RQ�DQ�
RSHUDWLRQDO�VFDOH�KDV�UHVXOWHG�LQ�KLJK�GHDWK�UDWHV�DQG�UHGXFHG�WKH�HVWLPDWHG�DERYH�JURXQG�
ELRPDVV�RI�EULGDO�FUHHSHU�RQ�WKH�VFDUS�E\������
�
����3ULWFKDUG�*+�������(YDOXDWLRQ�RI�KHUELFLGHV�IRU�WKH�FRQWURO�RI�WKH�HQYLURQPHQWDO�

ZHHG�EULGDO�FUHHSHU��$VSDUDJXV�DVSDUDJRLGHV���3ODQW�3URWHFWLRQ�4XDUWHUO\����������±
����

)LYH�KHUELFLGH�WULDOV�ZHUH�FRQGXFWHG�RQ�WKH�HQYLURQPHQWDO�ZHHG�EULGDO�FUHHSHU��$VSDUDJXV�
DVSDUDJRLGHV��JURZLQJ�LQ�QDWLYH�YHJHWDWLRQ�LQ�VRXWKHUQ�9LFWRULD��$XVWUDOLD��*O\SKRVDWH�DW�
����J�DQG�����J�����/�DQG�PHWVXOIXURQ�PHWK\O�>PHWVXOIXURQ@�DW��±��J�����/�DSSOLHG�LQ�
ZLQWHU±VSULQJ�JDYH���±������FRQWURO�RI�DERYH�JURXQG�JURZWK�DIWHU���\HDU�DQG���±����
FRQWURO���\HDUV�DIWHU�DSSOLFDWLRQ��5H�DSSOLFDWLRQ���RU���\HDUV�DIWHU�DQ�LQLWLDO�DSSOLFDWLRQ�
LQFUHDVHG�WKLV�FRQWURO�WR���±�����&RQWURO�RI�DERYH�JURXQG�JURZWK�ZLWK�HLWKHU�KHUELFLGH�ZDV�
OLWWOH�DIIHFWHG�E\�FRQFHQWUDWLRQ��*O\SKRVDWH�KDG�PRUH�HIIHFW�RQ�WKH�URRW�V\VWHP�WKDQ�
PHWVXOIXURQ�PHWK\O��$�VLQJOH�DSSOLFDWLRQ�RI�JO\SKRVDWH�DW�����J�����/�UHGXFHG�WKH�URRW�
V\VWHP�E\������ZKLOH���\HDU�DIWHU�D�UHSHDW�DSSOLFDWLRQ��WKLV�FRQFHQWUDWLRQ�UHGXFHG�WKH�URRW�
V\VWHP�E\���±�����*O\SKRVDWH�DW�����J�����/�UHGXFHG�WKH�URRW�V\VWHP�E\�����DIWHU�D�VLQJOH�
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DSSOLFDWLRQ�DQG�WZR�DSSOLFDWLRQV�GLG�QRW�LPSURYH�RQ�WKLV�UHVXOW��$�VLQJOH�DSSOLFDWLRQ�RI�
PHWVXOIXURQ�PHWK\O�DW�����J�����/�UHGXFHG�WKH�URRW�V\VWHP�E\�����EXW���J�����/�JDYH�QR�
UHGXFWLRQ��2QH�\HDU�DIWHU�D�UHSHDW�DSSOLFDWLRQ�DW��������DQG���J�����/��URRW�UHGXFWLRQV�ZHUH�
��±�������±����DQG�����UHVSHFWLYHO\��&RQWURO�ZLWK�ERWK�KHUELFLGHV�ZDV�EHWWHU�ZLWK�$XJXVW�
DSSOLFDWLRQ��IORZHULQJ��WKDQ�ZLWK�-XO\��IORZHU�EXG��RU�2FWREHU��JUHHQ�EHUULHV��DSSOLFDWLRQ��
&KORUVXOIXURQ�DQG�D�FRPPHUFLDO�PL[�RI�WKLIHQVXOIXURQ�PHWK\O���PHWVXOIXURQ�PHWK\O�JDYH�
HIIHFWLYH�IROLDJH�FRQWURO�EXW�RIIHUHG�QR�LPSURYHPHQW�RYHU�PHWVXOIXURQ�PHWK\O�LQ�URRW�FRQWURO��
7ULEHQXURQ�PHWK\O�JDYH�OHVV�IROLDJH�FRQWURO�WKDQ�WKH�RWKHU�KHUELFLGHV��
�
����'L[RQ�,5�������&RQWURO�RI�EULGDO�FUHHSHU��$VSDUDJXV�DVSDUDJRLGHV��DQG�WKH�

GLVWULEXWLRQ�RI�$VSDUDJXV�GHFOLQDWXV�LQ�.LQJV�3DUN�EXVKODQG������±������3ODQW�
3URWHFWLRQ�4XDUWHUO\����������±����

7KH�UHVXOWV�DUH�SUHVHQWHG�RI�WULDOV�VWXG\LQJ�WKH�FRQWURO�RI�EULGDO�FUHHSHU��$VSDUDJXV�
DVSDUDJRLGHV��ZLWK�JO\SKRVDWH��5RXQGXS����PHWVXOIXURQ�PHWK\O��%UXVKRII���DQG�
VXOIRPHWXURQ�PHWK\O��2XVW���DORQH�RU�LQ�FRPELQDWLRQ��JO\SKRVDWH���RU�í�SHQHWUDQW��3XOVH���
RU�ZHWWLQJ�DJHQW��'&�7UDWH����DQG�PHWVXOIXURQ�PHWK\O��$OO\�����3XOVH�RU�ZHWWLQJ�DJHQW��%6�
��������$�GLVWULEXWLRQ�PDS�LV�SURYLGHG�IRU�$��GHFOLQDWXV��DQG�LWV�VSUHDG�ZLWKLQ�.LQJV�3DUN�
DQG�WKH�%RWDQLFDO�*DUGHQ�LV�RXWOLQHG��
�
����3ULWFKDUG�*+�������%ULGDO�FUHHSHU�FRQWURO�ZLWK�KHUELFLGHV��,Q��6KHSKHUG�5&+�HG��

3URFHHGLQJV�RI�WKH���WK�$XVWUDOLDQ�:HHGV�&RQIHUHQFH��0HOERXUQH��$XVWUDOLD�����
6HSWHPEHU�±���2FWREHU�������3S�����±������

%ULGDO�FUHHSHU��$VSDUDJXV�DVSDUDJRLGHV��/���:��:LJKW���QDWLYH�WR�VRXWKHUQ�$IULFD��LV�D�
JDUGHQ�HVFDSH�WKDW�LV�LQYDGLQJ�EXVKODQG�LQ�VRXWKHUQ�$XVWUDOLD��7ZR�WULDOV�RQ�EULGDO�FUHHSHU�
JURZLQJ�LQ�EXVKODQG�LQ�VRXWKHUQ�9LFWRULD�FRPPHQFHG�LQ�2FWREHU�������7KH�EULGDO�FUHHSHU�
KDG�ILQLVKHG�IORZHULQJ�DQG�ZDV�FRYHULQJ�WKH�JURXQG�DQG�FOLPELQJ�RQ�WUHHV�DQG�VKUXEV�WR�D�
KHLJKW�RI����±��P��7KH�VSUD\�YROXPH�ZDV������/�KD�LQ�7ULDO����DQG�����/�KD�LQ�7ULDO����2QH�
\HDU�DIWHU�DSSOLFDWLRQ�LQ�7ULDO����JO\SKRVDWH�DW�����J�����/��FKORUVXOIXURQ�DW�����J�����/��
PHWVXOIXURQ�PHWK\O�DW�����J�����/��WKLIHQVXOIXURQ�PHWK\O�PHWVXOIXURQ�PHWK\O�DW��������
J�����/��DQG�D�WDQNPL[�RI�JO\SKRVDWH���PHWVXOIXURQ�PHWK\O�DW����J�������J�����/�JDYH�
�������FRQWURO��+LJKHU�UDWHV�RI�JO\SKRVDWH������J�����/���PHWVXOIXURQ�PHWK\O����J�����/��RU�
JO\SKRVDWH���PHWVXOIXURQ�PHWK\O������J�����J�����/��GLG�QRW�LPSURYH�RQ�WKHVH�UHVXOWV��,Q�
7ULDO����JO\SKRVDWH�DW�����J�����/��PHWVXOIXURQ�PHWK\O�DW�����J�����/��WKLIHQVXOIXURQ�
PHWK\O�PHWVXOIXURQ�PHWK\O�DW��������J�����/��DQG�JO\SKRVDWH���PHWVXOIXURQ�PHWK\O�DW����J���
����J�����/�JDYH��������FRQWURO���\HDU�DIWHU�DSSOLFDWLRQ��7ULEHQXURQ�PHWK\O�DW����J�����/�
JDYH�RQO\�����FRQWURO��1R�VLJQLILFDQW�LQFUHDVH�LQ�FRQWURO�ZDV�REWDLQHG�E\�DSSO\LQJ�KLJKHU�
UDWHV�RI�JO\SKRVDWH������J�����/��RU�PHWVXOIXURQ�PHWK\O����J�����/���RU�E\�DSSO\LQJ�
PHWVXOIXURQ�PHWK\O�DW�����J�����/�LQ�D�KLJKHU�VSUD\�YROXPH�RI������/�KD��
�
����(DUO�-�������%RQHVHHG�DQG�EULGDO�FUHHSHU�FRQWURO�LQ�QDWLYH�YHJHWDWLRQ��,Q��&DUWHU�5-�

HG��0DQDJLQJ�ZHHGV�IRU�ODQGFDUH�������6$�$QLPDO�DQG�3ODQW�&RQWURO�&RPPLVVLRQ��
3�����

,Q�ILHOG�WULDOV�FRQGXFWHG�E\�WKH�'HSDUWPHQW�RI�(QYLURQPHQW�DQG�1DWXUDO�5HVRXUFHV��
FRPPHQFLQJ�LQ�WKH�PLG�����V��WKH�HIIHFWV�ZHUH�HYDOXDWHG�RI�YDULRXV�KHUELFLGHV�IRU�WKH�
FRQWURO�RI�ERQHVHHG��&KU\VDQWKHPRLGHV�PRQLOLIHUD�VXEVS��PRQLOLIHUD�>&��PRQLOLIHUXP�"@��DQG�
EULGDO�FUHHSHU�>0\UVLSK\OOXP�DVSDUDJRLGHV@�SODQWV��*O\SKRVDWH������J�/���XVHG�DV�D�IROLDU�
VSUD\�DW�VWUHQJWKV�UDQJLQJ�IURP�������WR��������FRQWUROOHG�ERQHVHHG�SODQWV�WR�YDU\LQJ�GHJUHHV�
GHSHQGLQJ�RQ�WKH�FRQFHQWUDWLRQ�XVHG��+LJKHU�FRQFHQWUDWLRQV�ZHUH�UHTXLUHG�WR�FRQWURO�ODUJHU�
ERQHVHHG�SODQWV��'DPDJH�WR�QDWLYH�YHJHWDWLRQ�YDULHG�DFFRUGLQJ�WR�WKH�PL[WXUH�VWUHQJWK�DQG�
GHQVLW\�RI�ERQHVHHG�SODQWV��WKH�KLJKHU�FRQFHQWUDWLRQ�GDPDJHG�PRUH�QDWLYH�SODQWV��ZKLOH�KLJK�
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ERQHVHHG�SODQW�GHQVLWLHV�UHGXFHG�QDWLYH�SODQW�GDPDJH��0HWVXOIXURQ�PHWK\O�DW����J�����/�
UHVXOWHG�LQ�WKH�JUHDWHVW�FRQWURO�RI�EULGDO�FUHHSHU��'DPDJH�WR�WKH�QDWLYH�YHJHWDWLRQ�ZDV�
PLQLPLVHG�GXH�WR�WKH�FDQRS\�HIIHFW�FUHDWHG�E\�KHDY\�LQIHVWDWLRQV�RI�EULGDO�FUHHSHU��7KH�NLOO�
UDWH�RQ�EULGDO�FUHHSHU�ZDV��LQ�PRVW�FDVHV��!�����
�
����0F4XLQQ�'-�������&KHPLFDO�FRQWURO�RI�EULGDO�FUHHSHU�LQ�6RXWK�$XVWUDOLD��5HVXOWV�RI�

ILHOG�WULDOV�RQ�<RUNH�3HQLQVXOD�DQG�XSSHU�6�(��,Q��&DUWHU�5-�HG��0DQDJLQJ�ZHHGV�
IRU�ODQGFDUH�������6$�$QLPDO�DQG�3ODQW�&RQWURO�&RPPLVVLRQ��3�����

,Q�ILHOG�WULDOV�FRQGXFWHG�DW�0LQODWRQ��6RXWK�$XVWUDOLD��GXULQJ�����±����WKH�HIIHFWV�ZHUH�
HYDOXDWHG�RI�%UXVKRII��PHWVXOIXURQ�PHWK\O��DW���J�����/�IRU�WKH�FRQWURO�RI�EULGDO�FUHHSHU�
>0\UVLSK\OOXP�DVSDUDJRLGHV@��%UXVKRII�UHVXOWHG�LQ���±����FRQWURO�RI�0��DVSDUDJRLGHV����
PRQWKV�DIWHU�VSUD\LQJ��LUUHVSHFWLYH�RI�VSUD\�WLPLQJ��+RZHYHU��DIWHU�WKLV�SHULRG��%UXVKRII�
WUHDWHG�DUHDV�EHFDPH�LQIHVWHG�ZLWK�VHHGOLQJ�0��DVSDUDJRLGHV�SODQWV��,W�ZDV�VXJJHVWHG�WKDW�D�
IROORZ�XS�WUHDWPHQW�LV�QHHGHG��1R�EHQHILW�ZDV�REWDLQHG�IURP�VSUD\LQJ�DW�KLJKHU�
FRQFHQWUDWLRQV�WKDQ���J��%UXVKRII�KDG�VRPH�VRLO�UHVLGXDO�DFWLYLW\��ZLWK�LWV�GHJUDGDWLRQ�EHLQJ�
GHSHQGHQW�RQ�WKH�FRQFHQWUDWLRQ�DSSOLHG��VRLO�S+��DQG�UDLQIDOO��7KH�VWDQGDUG�VXUIDFWDQW�%6�����
DW�����PO�����/�ZDV�UHFRPPHQGHG�IRU�XVH�ZLWK�%UXVKRII��
�
����3LWFKDUG�*+�������&RQWURO�RI�EULGDO�FUHHSHU�ZLWK�KHUELFLGHV��3ODQW�3URWHFWLRQ�

4XDUWHUO\������������
,Q�ILHOG�WULDOV�DW�:DLO�6WDWH�)RUHVW�LQ������ZLWK�6HSWHPEHU�VSUD\LQJ�RI�KHUELFLGHV�RQWR�EULGDO�
FUHHSHU��0\UVLSK\OOXP�DVSDUDJRLGHV���WKH�PRVW�HIIHFWLYH�FRQWURO����±�����ZDV�REWDLQHG�ZLWK�
PHWVXOIXURQ�PHWK\O���$JUDO�����DW��±���J�����/������Y�Y��JO\SKRVDWH���3XOVH�DW�����J���
������JO\SKRVDWH���PHWVXOIXURQ�DW���������J��UHVSHFWLYHO\��DQG�WULFORS\U�SLFORUDP�DW�������J��
/HVV�FRQWURO�������ZDV�REWDLQHG�ZLWK�����'�SLFORUDP�DW��������J�DQG�DPLWUROH�DW�����J��
$GGLWLRQ�RI�WKH�VXUIDFWDQWV�3XOVH��7UHJVSUD\�DQG�:HWWHU�7;�KDG�QR�VLJQLILFDQW�HIIHFWV��
)OXUR[\S\U�DW�����J�DORQH�RU������FURS�RLO�DQG�0&3$�GLIOXIHQLFDQ�DW��������J�ZHUH�
LQHIIHFWLYH��,Q�IXUWKHU�WULDOV�LQ������DW�3RLQW�1HSHDQ��2FWREHU�DSSOLFDWLRQ�RI�����J�RI�
JO\SKRVDWH�ZDV�DV�HIIHFWLYH�DV�����J�DW�FRQWUROOLQJ�0��DVSDUDJRLGHV�DQG�DGGLWLRQ�RI�3XOVH�GLG�
QRW�LPSURYH�WKH�FRQWURO��*O\SKRVDWH�JDYH�PRUH�HIIHFWLYH�FRQWURO�WKDQ�WULFORS\U�DW�����J�RU��±�
PHWVXOIXURQ���3XOVH�RU�%6����DW���J������DQG�DW���J������JDYH���±����DQG���±����
FRQWURO��UHVSHFWLYHO\��RI�0��DVSDUDJRLGHV���\HDU�DIWHU�WUHDWPHQW��*O\SKRVDWH���3XOVH�DW�����J�
�������UHVXOWHG�LQ���±����FRQWURO��&KHPLFDO�FRQWURO�RI�0��DVSDUDJRLGHV�ZDV�DOVR�HYDOXDWHG�
LQ�SRW�WULDOV��WKH�UHVXOWV�LQGLFDWHG�WKDW�WKH�ZHHG�ZDV�PRUH�VHQVLWLYH�WR�VXOIRQ\OXUHD�KHUELFLGHV�
WKDQ�WR�JO\SKRVDWH�DOWKRXJK�HIILFDF\�RI�WKH�ODWWHU�ZDV�LQFUHDVHG�E\�DGGLWLRQ�RI�3XOVH��
�

&HODVWUXV�RUELFXODWXV�
�
����:DUG�%��+HQ]HOO�5�������$�QRYHO�KHUELFLGDO�JHO�WHFKQLTXH�IRU�FRQWUROOLQJ�WKH�YLQH�

&HODVWUXV�RUELFXODWXV��FOLPELQJ�VSLQGOHEHUU\���,Q��&KLOG�/��%URFN�-+��%UXQGXHW�*��
HW�DO��HGV�3ODQW�LQYDVLRQV��%DFNKX\V��3S�����±�����

,QYDVLYH�ZHHG�YLQHV�VXFK�DV�&HODVWUXV�RUELFXODWXV�/DP���FOLPELQJ�VSLQGOHEHUU\���&OHPDWLV�
YLWDOED�/���ROG�PDQ
V�EHDUG��DQG�/RQLFHUD�MDSRQLFD�7KXQE���-DSDQHVH�KRQH\VXFNOH��DUH�PDMRU�
WKUHDWV�WR�ELRGLYHUVLW\�DQG�HFRORJLFDO�SURFHVVHV�LQ�1HZ�=HDODQG�QDWLYH�SDUNV�DQG�UHVHUYHV��
7KHVH�YLJRURXV�ZHHGV�DUH�VPRWKHULQJ�RU�SUHYHQWLQJ�WKH�HVWDEOLVKPHQW�DQG�JURZWK�RI�QDWLYH�
IORUD��7UDGLWLRQDO�ZHHG�PDQDJHPHQW�VWUDWHJLHV�IRU�WKHVH�ZHHGV�KDYH�GHSHQGHG�RQ�IROLDU�
DSSOLFDWLRQ�RI�KHUELFLGHV��PDQXDO�SUXQLQJ��RU�SODQW�UHPRYDO��7KHVH�WHFKQLTXHV�DUH�HLWKHU�QRW�
FRPSOHWHO\�HIIHFWLYH�RU�KDYH�RII�WDUJHW�HIIHFWV�RQ�DGMDFHQW�QDWLYH�SODQW�VSHFLHV��+RUW5HVHDUFK�
KDV�GHYHORSHG�KHUELFLGDO�JHO�WHFKQLTXHV�IRU�WKH�VHOHFWLYH�HUDGLFDWLRQ�RI�WKHVH�LQYDVLYH�ZHHGV��
7KLV�SDSHU�RXWOLQHV�WKH�VXFFHVVIXO�FXW�VWHP�WUHDWPHQW�DQG�HIILFDF\�RI�WKH�KHUELFLGDO�JHO�
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9LJLODQW��IRU�HUDGLFDWLQJ�ZHHG�YLQHV�VXFK�DV�&��RUELFXODWXV�JURZLQJ�DPRQJ�QDWLYH�EXVK�
FDQRSLHV�ZLWKRXW�DIIHFWLQJ�QHLJKERXULQJ�VSHFLHV��,Q�DUHDV�ZKHUH�WLOH�YLQH�LV�JURZLQJ�WKURXJK�
RU�LV�FRYHUHG�E\�VFUXE�OLNH�5XEXV�IUXWLFRVXV�/���EODFNEHUU\��RU�3WHULGLXP�HVFXOHQWXP�
&RFND\QH��EUDFNHQ��LW�LV�PRUH�SUDFWLFDO�WR�VSUD\�WKHVH�DUHDV�ILUVW�ZLWK�D�IROLDU�DSSOLFDWLRQ�RI�
KHUELFLGH�DQG�WKHQ�IROORZ�XS�DQQXDOO\�ZLWK�FXW�VWHP�WUHDWPHQWV�ZLWK�9LJLODQW�JHO�WR�DQ\�ZHHG�
VHHGOLQJ�JURZLQJ�XS�WKURXJK�WKH�GHDG�VFUXE��
�
����'UH\HU�*'�������(IILFDF\�RI�WULFORS\U�LQ�URRWNLOOLQJ�RULHQWDO�ELWWHUVZHHW��&HODVWUXV�

RUELFXODWXV�7KXQE���DQG�FHUWDLQ�RWKHU�ZRRG\�ZHHGV��3URFHHGLQJV����QG�DQQXDO�
PHHWLQJ�RI�WKH�1RUWKHDVWHUQ�:HHG�6FLHQFH�6RFLHW\�����±�����

7ULFORS\U�HYDOXDWHG�DV�D�VDOW�DQG�HVWHU�IRUPXODWLRQ����DQG���OE�JDOORQ��UHVSHFWLYHO\��DQG�DV�DQ�
HVWHU���OE�JDOORQ�������'���OE�JDOORQ�FRQWUROOHG�&��RUELFXODWXV���\HDU�DIWHU�WUHDWPHQW��EXW�
IDLOHG�WR�FRQWURO�/RQLFHUD�MDSRQLFD�DQG�(XRQ\PXV�DODWXV��6XEVHTXHQW�XVH�RI�WULFORS\U�HVWHU�
DQG�VDOW�IRUPXODWLRQV�LQ�DUERUHWXP�ODQGVFDSH�UHQRYDWLRQV�FRQILUPHG�WKHLU�HIIHFWLYHQHVV�
DJDLQVW�&��RUELFXODWXV��7ULFORS\U�DOVR�FRQWUROOHG�5XEXV�KLVSLGXV�DQG�3DUWKHQRFLVVXV�
TXLQTXHIROLD��
�

&OHPDWLV�YLWDOED�
�
����'L[RQ�)/��&OD\�'9��HW�DO��������7KH�HIILFDF\�RI�SUH�HPHUJHQFH�KHUELFLGHV�RQ�

SUREOHP�ZHHGV�LQ�ZRRGODQG�UHJHQHUDWLRQ��&URS�3URWHFWLRQ��������±�����
:HHGV�JHUPLQDWLQJ�IURP�VHHG�DUH�VHULRXV�FRPSHWLWRUV�IRU�UHVRXUFHV�ZLWK�\RXQJ�WUHHV�DQG�FDQ�
GHOD\�RU�SUHYHQW�ZRRGODQG�HVWDEOLVKPHQW�DQG�UHJHQHUDWLRQ��+RZHYHU��WKHUH�LV�RQO\�OLPLWHG�
LQIRUPDWLRQ�DYDLODEOH�RQ�ZKLFK�SUH�HPHUJHQFH�KHUELFLGHV�DUH�HIIHFWLYH�RQ�SUREOHP�ZHHGV�
WKDW�FRPPRQO\�RFFXU�LQ�WKHVH�VLWXDWLRQV��LQ�SDUWLFXODU�IRU�SHUHQQLDO�VSHFLHV�JHUPLQDWLQJ�RQ�
IHUWLOH�H[�DJULFXOWXUDO�VLWHV��)ROORZLQJ�SUHYLRXVO\�UHSRUWHG�JODVVKRXVH�VFUHHQLQJ�H[SHULPHQWV�
IRU�SRWHQWLDOO\�XVHIXO�KHUELFLGH�WUHDWPHQWV�����UHVLGXDO�KHUELFLGH�WUHDWPHQWV�ZHUH�WHVWHG�RQ����
SUREOHP�ZHHG�VSHFLHV�LQ�WKH�ILHOG��7KH�UHVXOWV�VKRZHG�FRQVLGHUDEOH�YDULDWLRQV�LQ�WKH�
VXVFHSWLELOLWLHV�RI�ZHHG�VSHFLHV�WR�WKH�GLIIHUHQW�KHUELFLGH�WUHDWPHQWV��7KH�FRPELQDWLRQ�RI�
DWUD]LQH���F\DQD]LQH��LQFOXGHG�DV�D�VWDQGDUG�KHUELFLGH�PL[�WKDW�LV�FRPPRQO\�XVHG�LQ�IRUHVWU\�
VLWXDWLRQV��ZDV�WKH�PRVW�HIIHFWLYH�WUHDWPHQW�RYHUDOO��ZLWK�PRVW�ZHHG�VSHFLHV�DSSHDULQJ�WR�EH�
VXVFHSWLEOH�RU�PRGHUDWHO\�VXVFHSWLEOH��&KDPHULRQ�DQJXVWLIROLXP��URVHED\�ZLOORZKHUE��ZDV�
WKH�PRVW�VHQVLWLYH�VSHFLHV�WHVWHG��EHLQJ�ZHOO�FRQWUROOHG�E\�WKH�PL[WXUH�RI�DWUD]LQH���
F\DQD]LQH��PHWD]DFKORU��WKH�KLJKHU�GRVHV�RI�QDSURSDPLGH��DQG�WKH�PL[WXUH�RI�PHWD]DFKORU���
SHQGLPHWKDOLQ��&LUVLXP�DUYHQVH��FUHHSLQJ�WKLVWOH��ZDV�VXVFHSWLEOH�WR�LVR[DEHQ��DQG�DWUD]LQH���
F\DQD]LQH��&OHPDWLV�YLWDOED��ROG�PDQ
V�EHDUG��ZDV�VXVFHSWLEOH�WR�LVR[DEHQ��6HQHFLR�YXOJDULV�
�JURXQGVHO��ZDV�ZHOO�FRQWUROOHG�E\�DWUD]LQH���F\DQD]LQH��DQG�PHWD]DFKORU��5DQXQFXOXV�
UHSHQV��FUHHSLQJ�EXWWHUFXS��RQO\�DSSHDUHG�WR�EH�FRQWUROOHG�E\�QDSURSDPLGH��5XPH[�
REWXVLIROLXV��EURDGOHDYHG�GRFN��DQG�8UWLFD�GLRLFD��FRPPRQ�QHWWOH��ZHUH�VXVFHSWLEOH�WR�
SHQGLPHWKDOLQ��5XEXV�IUXWLFRVXV�DJJ���EUDPEOH���&LUVLXP�YXOJDUH��VSHDU�WKLVWOH���6HQHFLR�
MDFREHD��FRPPRQ�UDJZRUW��DQG�7ULIROLXP�UHSHQV��ZKLWH�FORYHU��ZHUH�RQO\�VXVFHSWLEOH�WR�WKH�
PL[WXUH�RI�DWUD]LQH���F\DQD]LQH��%UDVVLFD�QDSXV�VVS��ROHLIHUD��YROXQWHHU�RLOVHHG�UDSH��ZDV�QRW�
FRPSOHWHO\�FRQWUROOHG�E\�DQ\�RI�WKH�WUHDWPHQWV��DOWKRXJK�DWUD]LQH���F\DQD]LQH�GLG�JLYH�
VLJQLILFDQW�JURZWK�UHGXFWLRQV��$�FRPSDULVRQ�RI�WKH�VXVFHSWLELOLW\�LPSOLHG�E\�H[LVWLQJ�
OLWHUDWXUH��JODVVKRXVH�SRW�H[SHULPHQWV��DQG�WKH�ILHOG�WULDOV�UHSRUWHG�KHUH�VKRZV�WKH�LPSRUWDQFH�
RI�FRQILUPLQJ�UHVXOWV�REWDLQHG�LQ�SRW�WULDOV�ZLWK�ILHOG�WHVWLQJ�DQG�SURYLGHV�YDOXDEOH�
LQIRUPDWLRQ�RQ�HIILFDF\��ZKLFK�ZLOO�EH�XVHIXO�LQ�DVVLVWLQJ�KHUELFLGH�VHOHFWLRQ�LQ�WKH�IXWXUH��
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����&OD\�'9��'L[RQ�)/�������)XUWKHU�LQYHVWLJDWLRQV�RQ�WKH�FRQWURO�RI�&OHPDWLV�YLWDOED�
�ROG�PDQ
V�EHDUG���$VSHFWV�RI�$SSOLHG�%LRORJ\�������±����

&OHPDWLV�YLWDOED�FKHPLFDO�FRQWURO�ZDV�LQYHVWLJDWHG�LQ�ILHOG�H[SHULPHQWV�KHOG�EHWZHHQ������
DQG������LQ�+DPSVKLUH��8.��7KH�HIIHFWV�RI�WKH�KHUELFLGH�WUHDWPHQWV�LQ�VL[�VHSDUDWH�
H[SHULPHQWV�RQ�&��YLWDOED�JUHHQ�FRYHU�DUH�WDEXODWHG��,PD]DS\U�DV�D�VXPPHU�VSUD\�WR�IROLDJH�
RQ�IHQFH�OLQHV��RU�DV�D�ODWH�ZLQWHU�VSUD\�RQ�FOHDUHG�DUHDV�JDYH�FRPSOHWH�ORQJ�WHUP�FRQWURO�RI�
&��YLWDOED��*O\SKRVDWH�DQG�PHWVXOIXURQ�PHWK\O�>PHWVXOIXURQ@�DSSOLHG�WR�IROLDJH�LQ�VXPPHU�
ZHUH�OHVV�HIIHFWLYH��$SSOLFDWLRQ�RI�FORS\UDOLG�RU�WULEHQXURQ�PHWK\O�>WULEHQXURQ@���VXUIDFWDQW�
DV�VHOHFWLYH�WUHDWPHQWV�IRU�&��YLWDOED�FRQWURO�LQ�KHGJHV�LQ�VXPPHU�UHGXFHG�JURZWK�LQ�WKH�\HDU�
RI�DSSOLFDWLRQ��EXW�KDG�QR�ORQJ�WHUP�HIIHFW��6SUD\LQJ�RI�LPD]DS\U�RQ�VPDOO�DUHDV�RI�&��YLWDOED�
DW�WKH�FHQWUH�RI�LQIHVWDWLRQV�NLOOHG�WUHDWHG�VKRRWV��JURZWK�ZDV�UHGXFHG�XS�WR���P�DZD\�WKH�
IROORZLQJ�\HDU�DQG�VWHPV�QHDU�WKH�VSUD\HG�DUHD�ZHUH�NLOOHG��+RZHYHU��WKH�FOHDUHG�DUHD�ZDV�
FRPSOHWHO\�UHFRORQLVHG�IURP�DGMDFHQW�SODQWV�WKH�IROORZLQJ�\HDU��1R�DGYHUVH�HIIHFWV�ZHUH�
REVHUYHG�RQ�DQ\�ZRRG\�KHGJHURZ�VSHFLHV�SUHVHQW��LQFOXGLQJ�5XEXV�IUXWLFRVXV��5RVD�FDQLQD�
DQG�&UDWDHJXV�R[\FDQWKRLGHV��IURP�DQ\�RI�WKH�WUHDWPHQWV�WHVWHG�IRU�VHOHFWLYH�FRQWURO��
�
����:DUG�%*��+HQ]HOO�5)�������+HUELFLGH�JHOV�IRU�FRQWUROOLQJ�ROG�PDQ
V�EHDUG�

�&OHPDWLV�YLWDOED��LQ�HFRORJLFDOO\�VHQVLWLYH�DUHDV��,Q��=\GHQERV�60�HG��3URFHHGLQJV�RI�
D�FRQIHUHQFH��&RPPRGRUH�+RWHO��&KULVWFKXUFK��1HZ�=HDODQG���±���$XJXVW�������
1HZ�=HDODQG�3ODQW�3URWHFWLRQ��������±�����

2OG�PDQ
V�EHDUG��&��YLWDOED��LV�D�VLJQLILFDQW�HQYLURQPHQWDO�ZHHG�DQG�FDQ�FRPSOHWHO\�VPRWKHU�
WKH�JURZWK�RI�QDWLYH�YHJHWDWLRQ�LQ�PDQ\�1HZ�=HDODQG�SDUNV�DQG�UHVHUYHV��&XUUHQW�KHUELFLGH�
DSSOLFDWLRQ�WHFKQLTXHV�DUH�HLWKHU�QRW�HIIHFWLYH�RQ�WKH�ZHHG�RU�FDQ�KDYH�QRQ�WDUJHW�HIIHFWV�RQ�
WKH�DGMDFHQW�QDWLYH�SODQW�VSHFLHV��+RUW5HVHDUFK�KDV�GHYHORSHG�KHUELFLGDO�JHOV�IRU�WKH�GLUHFW�
DSSOLFDWLRQ�WR�FXW�VWHPV�WR�VHOHFWLYHO\�NLOO�WDUJHW�SODQWV��7KH�JHOV�ZHUH�IRUPXODWHG�ZLWK�D�
UDQJH�RI�DFWLYH�LQJUHGLHQWV��7KH�HIILFDF\�RI�WKH�JHO�IRUPXODWLRQ�RI�WKH�KHUELFLGHV�SLFORUDP��
7RUGRQ����'����WULFORS\U��PHWVXOIXURQ��VRGLXP�FKORUDWH�DQG�SKRVSKRURXV�DFLG�ZDV�WHVWHG�LQ�
ILHOG�H[SHULPHQWV�FRQGXFWHG�LQ�7DLKDSH�6FHQLF�5HVHUYH�LQ�1HZ�=HDODQG�RQ����DQG����
1RYHPEHU������DQG����$XJXVW�������3LFORUDP�EDVHG�JHOV�ZHUH�WKH�PRVW�HIIHFWLYH�WUHDWPHQWV�
RQ�ROG�PDQ
V�EHDUG�ZLWKRXW�FDXVLQJ�DQ\�QRQ�WDUJHW�HIIHFWV��
�
����&OD\�'9��'L[RQ�)/�������,QYHVWLJDWLRQV�RI�FRQWURO�PHWKRGV�IRU�&OHPDWLV�YLWDOED��ROG�

PDQ
V�EHDUG���$VSHFWV�RI�$SSOLHG�%LRORJ\��������±�����
&OHPDWLV�YLWDOED�RFFXUV�RQ�EDVH�ULFK�VRLOV�LQ�FHQWUDO�DQG�VRXWKHUQ�(QJODQG�DQG�FDQ�VHULRXVO\�
GDPDJH�JURZWK�RI�KHGJHV�DQG�VPDOO�WUHHV��5HSHDWHG�FXWWLQJ�GRHV�QRW�HUDGLFDWH�LW�DQG�WKHUH�DUH�
QR�UHFRPPHQGDWLRQV�IRU�LWV�FRQWURO�E\�KHUELFLGHV��,Q�SRW�H[SHULPHQWV�JO\SKRVDWH�DQG�
LPD]DS\U�ZHUH�WKH�PRVW�HIIHFWLYH�RI����KHUELFLGHV�DSSOLHG�WR�JURZLQJ�SODQWV��,Q�ILHOG�
H[SHULPHQWV�DW�'DPHUKDP��+DPSVKLUH��LQ�ZKLFK�KHUELFLGHV�ZHUH�DSSOLHG�WR�&��YLWDOED�RQ�D�
IHQFH�OLQH�LQ�VXPPHU��LPD]DS\U�HUDGLFDWHG�DOO�SODQWV��PHWVXOIXURQ�PHWK\O�ZDV�PRUH�HIIHFWLYH�
WKDQ�JO\SKRVDWH�RU�WULFORS\U��$SSOLFDWLRQV�RI�LPD]DS\U�WR�FXW�VWXPSV�LQ�ODWHU�ZLQWHU�SUHYHQWHG�
DQ\�UHJURZWK��WULFORS\U�ZDV�OHVV�HIIHFWLYH��DQG�PHWVXOIXURQ�PHWK\O�KDG�QR�HIIHFW��7KHUH�LV�D�
QHHG�IRU�IXUWKHU�UHVHDUFK�WR�GHYHORS�DSSURSULDWH�FRQWURO�PHDVXUHV�IRU�WKLV�LQYDVLYH�SODQW�LQ�WKH�
YDULHW\�RI�KDELWDWV�ZKHUH�LW�LV�D�SUREOHP��
�
����%ULWW�&3�������&OHPDWLV�YLWDOED��ROG�PDQ
V�EHDUG��DV�D�FRPSHWLWLYH��ZHHG��LQ�

KHGJHURZV�DQG�WKH�HIIHFWV�RI�KHGJH�FXWWLQJ�UHJLPHV�RQ�LWV�GHYHORSPHQW��,Q��%RDWPDQ�
1�HG��)LHOG�PDUJLQV��3URFHHGLQJV�RI�D�V\PSRVLXP�KHOG�DW�&RYHQWU\��8.����±���$SULO�
������%ULWLVK�&URS�3URWHFWLRQ�&RXQFLO��%&3&���3S�����±�����

&OHPDWLV�YLWDOED�LV�D�ZRRG\��FOLPELQJ�SODQW�FRPPRQO\�IRXQG�RQ�FDOFDUHRXV�VRLOV�LQ�WKH�
0LGODQGV�DQG�VRXWK�RI�(QJODQG��8QOHVV�LW�LV�FRQWUROOHG�E\�PDQDJHPHQW�SUDFWLFHV��LW�LV�FDSDEOH�
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RI�VPRWKHULQJ�KHGJHV��$Q�H[SHULPHQW�DW�6WUDWIRUG�XSRQ�$YRQ��:DUZLFNVKLUH��H[DPLQHG�WKH�
HIIHFWV�RI�IRXU�KHGJH�PDQDJHPHQW�WHFKQLTXHV��FXWWLQJ�ERWK�VLGHV�DQG�WKH�WRS�RI�WKH�KHGJH�
DQQXDOO\�WR�IRUP�D�UHFWDQJXODU�VKDSH�ZLWK�D�KHLJKW�RI�����P�ZLWK��RU�ZLWKRXW��KDQG�FXWWLQJ�
&��YLWDOED�VWHPV�DQG�WUHDWLQJ�WKH�VWXPSV�ZLWK�JO\SKRVDWH��FXWWLQJ�DOWHUQDWH�VLGHV�DQG�WRS�RI�
WKH�KHGJH�DQQXDOO\�WR�IRUP�D�UHFWDQJXODU�VKDSH�ZLWK�D�KHLJKW�RI�����P��DQG�FXWWLQJ�ERWK�VLGHV�
DQQXDOO\�WR�IURP�D�$�VKDSH�ZLWK�D�KHLJKW�RI�����P��IRU�WKH�FRQWURO�RI�&��YLWDOED�LQ�D�KDZWKRUQ�
>&UDWDHJXV�ODHYLJDWD@�KHGJH��&XWWLQJ�&��YLWDOED�VWHPV�DW�WKHLU�EDVH�DQG�WUHDWLQJ�WKH�VWXPSV�
ZLWK�JO\SKRVDWH�UHVXOWHG�LQ�HIIHFWLYH�FRQWURO�RI�WKLV�VSHFLHV��ZLWK�D�FRQVHTXHQW�LPSURYHPHQW�
LQ�KHGJH�GHQVLW\�DQG�KHLJKW��7KH�PHWKRG�RI�PHFKDQLFDO�KHGJH�WULPPLQJ�KDG�QR�FOHDU�VKRUW�
WHUP�HIIHFW�RQ�&��YLWDOED�DEXQGDQFH��
�
����'RZQDUG�3�������+HUELFLGHV�IRU�FRQWURO�RI�ROG�PDQ
V�EHDUG��3URFHHGLQJV�RI�WKH�

WKLUW\�QLQWK�1HZ�=HDODQG�:HHG�DQG�3HVW�&RQWURO�&RQIHUHQFH�����±�����
,Q�WULDOV�LQ�&DQWHUEXU\��1HOVRQ�DQG�0DQDZDWX�����J�SLFORUDP������J�������7�RU�WULFORS\U����/�
VSUD\�DSSOLHG�E\�NQDSVDFN�VSUD\HU�WR�WKH�ORZHU���P�RI�WUHH�VWHPV�JDYH�FRPSOHWH�FRQWURO�RI�
&OHPDWLV�YLWDOED��HIIHFWLYHO\�UHOHDVLQJ�WUHHV�IURP�FRPSHWLWLRQ��([FHOOHQW�FRQWURO�ZDV�DOVR�
SURYLGHG�E\�SLFORUDP���������7�DW���������J�DQG���������J������DQG�����J�FORS\UDOLG�DQG������
����DQG�����J�JO\SKRVDWH�DOO�LQ�����/�RI�VSUD\�DQG�DSSOLHG�WR�UXQ�RII�DW������/�KD�XS�WR���P�
KLJK��,Q�WZR�WULDOV�LQ�ZKLFK�KHUELFLGHV�ZHUH�DSSOLHG�E\�KHOLFRSWHU�XVLQJ�VWDQGDUG�GLVF�DQG�
FRUH�QR]]OHV�DQG�WKH�KDOI�RYHUODSSLQJ�GRXEOH�SDVV�WHFKQLTXH��SLFORUDP���������7�DW�����������
NJ�RU���������NJ�DQG�����RU�����NJ�FORS\UDOLG��DOO�LQ�����DQG�����/�KD��JDYH���±����DQG���±
����FRQWURO��UHVSHFWLYHO\�,W�LV�VXJJHVWHG�WKDW�FORS\UDOLG��VLQFH�LW�LV�WROHUDWHG�E\�D�ODUJH�
QXPEHU�RI�LQWURGXFHG�WUHHV�DQG�VKUXEV��ZRXOG�EH�VXLWDEOH�IRU�XVH�LQ�DPHQLW\�DUHDV��ZKLOH�
ZKHUH�GLUHFWHG�EDVDO�DSSOLFDWLRQ�LV�IHDVLEOH��SLFORUDP���������7�RU���JO\SKRVDWH�FRXOG�EH�XVHG�
DURXQG�WKRVH�ZRRG\�VSHFLHV�WKDW�ZRXOG�QRW�WROHUDWH�RYHUDOO�VSUD\V��
�
����5\DQ�&�������3HVWV�DQG�SUREOHPV�±�ROG�PDQ
V�EHDUG��6RLO�	�:DWHU����������±����
3UREOHPV�RI�LQIHVWDWLRQV�RI�&OHPDWLV�YLWDOED�LQ�IRUHVWV��DORQJ�ULYHUV�DQG�LQ�XUEDQ�DUHDV�RI�
1HZ�=HDODQG�DQG�PHWKRGV�RI�FRQWURO��LQFOXGLQJ�WKH�XVH�RI�JO\SKRVDWH��DUH�GLVFXVVHG��
�

+HGHUD�KHOL[�
�
����'HUU�-)�������(QJOLVK�LY\��+HGHUD�KHOL[��UHVSRQVH�WR�SRVWHPHUJHQFH�KHUELFLGHV��

-RXUQDO�RI�(QYLURQPHQWDO�+RUWLFXOWXUH����������±����
2QH�DSSOLFDWLRQ�RI�5RXQGXS�DW�����RU�����NJ�DL�KD������RU�����OE�DFUH��ZLWK�RU�ZLWKRXW�
VXUIDFWDQW��:HHGDU���������'�DPLQH��DW�����NJ�KD�DH������OE�DFUH���%DQYHO�DW�����NJ�KD�DH������
OE�DFUH���RU�*DUORQ��$�DW�����NJ�KD�DH������OE�DFUH��UHGXFHG�QHZ�VKRRW�JURZWK�RI�(QJOLVK�LY\�
���ZHHNV�DIWHU�WUHDWPHQW�E\���±�����5RXQGXS�DW�����NJ�KD���QRQ�LRQLF�VXUIDFWDQW�ZDV�WKH�
RQO\�VLQJOH�DSSOLFDWLRQ�WUHDWPHQW�WKDW�UHGXFHG�ROGHU�VKRRW�JURZWK�RI�(QJOLVK�LY\������
UHGXFWLRQ�����ZHHNV�DIWHU�WUHDWPHQW��(QJOLVK�LY\�RXWJUHZ�LQMXU\�IURP�DOO�RWKHU�VLQJOH�
DSSOLFDWLRQ�WUHDWPHQWV��7ZR�DSSOLFDWLRQV�RI�:HHGDU����FRPSOHWHO\�FRQWUROOHG�(QJOLVK�LY\��
7ZR�DSSOLFDWLRQV�RI�5RXQGXS�DW�����NJ�KD������OE�DFUH���ZLWK�RU�ZLWKRXW�VXUIDFWDQW��HOLPLQDWHG�
QHZ�VKRRW�JURZWK����ZHHNV�DIWHU�WUHDWPHQW��DQG�UHGXFHG�WRWDO�VKRRW�ZHLJKW�E\�DSSUR[LPDWHO\�
�������ZHHNV�DIWHU�WUHDWPHQW��(QJOLVK�LY\�VKRRW�ZHLJKW�GHFUHDVHG�ZKHQ�WKH�UDWH�RI�5RXQGXS�
ZDV�LQFUHDVHG�IURP�����WR�����NJ�KD������YHUVXV�����UHGXFWLRQ����ZHHNV�DIWHU�WUHDWPHQW��EXW�
DGGLQJ�D�QRQ�LRQLF�VXUIDFWDQW�GLG�QRW�IXUWKHU�UHGXFH�VKRRW�ZHLJKW��7ZR�DSSOLFDWLRQV�RI�%DQYHO�
RU�*DUORQ������DQG�����UHGXFWLRQ��UHVSHFWLYHO\����ZHHNV�DIWHU�WUHDWPHQW��ZHUH�OHVV�HIIHFWLYH�
WKDQ�WZR�DSSOLFDWLRQV�RI�5RXQGXS�DW�����NJ�KD������OE�DFUH��LQ�UHGXFLQJ�(QJOLVK�LY\�VKRRW�
JURZWK��
�
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����+LHOG�+�������3*5�SURGXFW�FRPSDULVRQV�IRU�HIIHFWLYHQHVV�RQ�LY\��ROHDQGHU�DQG�
SULYHW��3ODQW�*URZWK�5HJXODWRU�%XOOHWLQ���������±���

,Q�WULDOV�DW�YDULRXV�VLWHV��HVWDEOLVKHG�KHGJHV�RI�+HGHUD�KHOL[��1HULXP�ROHDQGHU�DQG�/LJXVWUXP�
MDSRQLFXP�ZHUH�VSUD\HG�WR�UXQ�RII�ZLWK�PDOHLF�K\GUD]LGH��0+���FKORUIOXUHQRO�>FKORUIOXUHFRO@��
IOXUSULPLGRO��GLNHJXODF��SDFOREXWUD]RO�RU�PHIOXLGLGH��7KH�UDWHV�DQG�FRPSRXQGV�XVHG�YDULHG�
ZLWK�WKH�WULDOV��:LWK�+HGHUD�KHOL[��JURZWK�FRQWURO�ZLWK�GLNHJXODF���������IOXUSULPLGRO������RU�
�������SDFOREXWUD]RO��������DQG�FKORUIOXUHQRO���������ODVWHG�IRU�DERXW���PRQWKV��:LWK�0+�
�������DQG�PHIOXLGLGH���������WKH�QXPEHU�RI�QHZ�VKRRW�EUHDNV�ZDV�UHGXFHG�IRU�XS�WR���
PRQWKV�DQG�VKRRW�OHQJWK�ZDV�UHGXFHG�IRU�D�PRQWK��FRPSDUHG�ZLWK�XQVSUD\HG�FRQWUROV��,Q�D�
FRPPHUFLDO�W\SH�WULDO��FKHPLFDO�FRQWURO�RI�JURZWK�IRU�D�\HDU�UHTXLUHG�RQO\�����K�ODERXU�DQG���
TXDUWV�RI�0DLQWDLQ�&)�����������FKORUIOXUHQRO���ZKHUHDV�PDQXDO�FRQWURO�UHTXLUHG������K�
ODERXU��:LWK�1HULXP�ROHDQGHU��IOXUSULPLGRO��������DQG�GLNHJXODF��������ZHUH�WKH�PRVW�
HIIHFWLYH��XS�WR�D�\HDU�LQ�VRPH�WULDOV���ZLWK�0+��������DQG�FKORUIOXUHQRO���������JLYLQJ�
FRQWURO�IRU�DW�OHDVW���PRQWKV��0+�JDYH�EHWWHU�FRQWURO�WKDQ�GLNHJXODF�LQ�RQH�WULDO��WKH�
IRUPXODWLRQ�XVHG�DIIHFWHG�UHVXOWV��DQG�VRPH�VKRRW�WLS�LQMXU\�DQG�FKORURVLV�UHVXOWHG�IURP�RQH�
W\SH��SRVVLEO\�GXH�WR�WKH�FDUULHU��:LWK�/LJXVWUXP�MDSRQLFXP��IOXUSULPLGRO��������JDYH�D�����
UHGXFWLRQ�LQ�VKRRW�OHQJWK�DQG�����UHGXFWLRQ�LQ�ZHLJKW�RI�SUXQLQJV�PRUH�WKDQ�D�\HDU�DIWHU�
WUHDWPHQW��(YHQ�DIWHU���\HDUV��JURZWK�ZDV�PDUNHGO\�LQKLELWHG��0HIOXLGLGH�FKHFNHG�JURZWK�IRU�
���GD\V�ZKHQ�DSSOLHG�DW�������DQG�IRU�����GD\V�DW��������&KORUIOXUHQRO���������DQG�
SDFOREXWUD]RO��������JDYH�VRPH�FRQWURO��EXW�0+�ZDV�QRW�HIIHFWLYH��
�
����.DIDGDURII�*��%UXQHW�<��HW�DO��������2XWFRPH�RI���\HDUV
�H[SHULPHQWDWLRQ�ZLWK�

JO\SKRVDWH�LQ�WUHH�IUXLWV��&RPSWH�5HQGX�GH�OD��H�&RQIpUHQFH�GX�&2/80$��&RPLWp�
IUDQoDLV�GH�OXWWH�FRQWUH�OHV�PDXYDLVHV�KHUEHV������±�����

&RQWURO�RI�ZHHGV�LQ�WUHH�IUXLWV�LV�VXEVWDQWLDOO\�VLPLODU�WR�WKDW�UHSRUWHG�IRU�YLQHV��+RZHYHU��
&\QRGRQ�GDFW\ORQ�JURZV�PRUH�YLJRURXVO\�LQ�RUFKDUGV�GXH�WR�IHUWLOLVDWLRQ�DQG�LUULJDWLRQ��
UHLQIHVWDWLRQ�LV�WKHUHIRUH�PRUH�UDSLG�WKDQ�LQ�YLQH\DUGV��&RQYROYXOXV�> �&DO\VWHJLD@�VHSLXP�LV�
ZHOO�FRQWUROOHG�ZLWK�JO\SKRVDWH�DW�����NJ�KD��EXW�UHJURZWK�LV�FRQVLGHUDEOH��$V�LQ�YLQH\DUGV�
(TXLVHWXP�DUYHQVH��+HGHUD�KHOL[�DQG�5XELD�SHUHJULQD�DUH�UHVLVWDQW�WR�JO\SKRVDWH��7KH�EHVW�
WUHDWPHQW�WLPHV�IRU�YDULRXV�ZHHGV�DUH�OLVWHG��WRJHWKHU�ZLWK�KHUELFLGH�UDWHV�UHTXLUHG��)RU�PL[HG�
LQIHVWDWLRQV�RI�DQQXDO�DQG�EURDGOHDYHG�ZHHGV�JO\SKRVDWH�DW������NJ�KD�VKRXOG�EH�DSSOLHG���
VLPD]LQH��WKH�UDWH�VKRXOG�EH�LQFUHDVHG�WR������NJ�KD�LI�&\QRGRQ�GDFW\ORQ�LV�SUHVHQW��,Q�������
HYDOXDWLRQ�WULDOV�ZHUH�FDUULHG�RXW�ZLWK�JO\SKRVDWH�LQ�\RXQJ�IUXLW�WUHHV��V\PSWRPV�RI�WR[LFLW\�
DV�D�UHVXOW�RI�DFFLGHQWDO�FRQWDFW�RI�WKH�WUHH�OHDYHV�ZLWK�JO\SKRVDWH�DUH�OLVWHG��$SSOLFDWLRQV�WR�
WKH�EDVH�RI�IUXLW�WUHHV��RU�RQ�URRWVWRFN�VKRRWV��RQO\�FDXVH�LQMXU\�LI�WKH�WUHHV�KDYH�ZRXQGV�GXH�
WR�UHFHQW�SUXQLQJ�RU�GHEXGGLQJ��&RQWURO�RI�URRWVWRFN�VKRRWV�ZLWK�D�VROXWLRQ�RI����������RU�
���RI�WKH�IRUPXODWHG�SURGXFW�LV�YHU\�JRRG��
�

/RQLFHUD�MDSRQLFD�
�
����/DUVRQ�%0+��&DWOLQJ�30��HW�DO��������7KH�ELRORJ\�RI�&DQDGLDQ�ZHHGV�������/RQLFHUD�

MDSRQLFD�7KXQE��&DQDGLDQ�-RXUQDO�RI�3ODQW�6FLHQFH��������±�����
-DSDQHVH�KRQH\VXFNOH��/RQLFHUD�MDSRQLFD�7KXQE���LV�D�WZLQLQJ�VHPL�HYHUJUHHQ�YLQH�QDWLYH�WR�
-DSDQ��.RUHD�DQG�HDVWHUQ�&KLQD��2YHU�WKH�SDVW�����\HDUV�LW�KDV�EHHQ�LQWURGXFHG�DV�DQ�
RUQDPHQWDO�DQG�EHFRPH�HVWDEOLVKHG�LQ�WHPSHUDWH�DQG�WURSLFDO�UHJLRQV�ZRUOGZLGH��,W�ZDV�ILUVW�
GLVFRYHUHG�LQ�&DQDGD�LQ������LQ�VRXWK�ZHVWHUQ�2QWDULR�ZRRGODQGV�DQG�KDV�VLQFH�EHHQ�IRXQG�
JURZLQJ�ZLWKRXW�FXOWLYDWLRQ�LQ����ORFDOLWLHV��:KLOH�/��MDSRQLFD�GRHV�QRW�RFFXU�YHU\�IUHTXHQWO\�
LQ�VRXWKHUQ�2QWDULR��FOLPDWH�FKDQJH�PRGHOV�VXJJHVW�WKDW�LW�PD\�EHFRPH�PRUH�DEXQGDQW�LQ�WKLV�
UHJLRQ��,WV�SUHGRPLQDQFH�HOVHZKHUH�GHULYHV�IURP�PRUSKRORJLFDO�DQG�SK\VLRORJLFDO�
FKDUDFWHULVWLFV�WKDW�DOORZ�LW�WR�EH�SDUWLFXODUO\�VXFFHVVIXO�LQ�WKH�HGJH�KDELWDWV�RI�IUDJPHQWHG�
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ODQGVFDSHV��7KURXJK�H[WHQVLYH�YHJHWDWLYH�SURSDJDWLRQ�DQG�FRPSHWLWLYH�DELOLW\�LW�RFFXSLHV�
VSDFH�WKDW�PD\�RWKHUZLVH�KRVW�D�GLYHUVH�QDWLYH�IORUD��7KH�SODQW�KDV�PDQ\�XVHV�LQ�$VLDQ�
PHGLFLQH�DQG�LV�D�SRSXODU�RUQDPHQWDO��EXW�KDV�EHHQ�SURKLELWHG�LQ�VRPH�UHJLRQV�GXH�WR�LWV�
GLVSODFHPHQW�RI�RWKHU�VSHFLHV��$�FRPELQDWLRQ�RI�FXWWLQJ�DQG�IROLDU�DSSOLFDWLRQ�RI�JO\SKRVDWH�
KDV�SURYHQ�WR�EH�DQ�HIIHFWLYH�FRQWURO�PHWKRG�LQ�VRPH�FLUFXPVWDQFHV��3ODQWLQJ�RI�/��MDSRQLFD�
VKRXOG�EH�GLVFRXUDJHG�DQG�KRUWLFXOWXUDOLVWV�VKRXOG�FRQVLGHU�DOWHUQDWLYH�DWWUDFWLYH�YLQHV��7KH�
VSUHDG�RI�/��MDSRQLFD�VKRXOG�EH�PRQLWRUHG�LQ�2QWDULR�DQG�FRQWURO�RI�QHZO\�HVWDEOLVKHG�
SRSXODWLRQV�VKRXOG�EH�FRQVLGHUHG�WR�DYRLG�FRVWO\�ODUJH�VFDOH�FRQWURO�LQ�WKH�IXWXUH��
�
����:LOOLDPV�3$��7LPPLQV�60��HW�DO��������&RQWURO�RI�-DSDQHVH�KRQH\VXFNOH��/RQLFHUD�

MDSRQLFD���FOLPELQJ�GRFN��5XPH[�VDJLWWDWXV���DQG�ERQH�VHHG��&KU\VDQWKHPRLGHV�
PRQLOLIHUD���6FLHQFH�IRU�&RQVHUYDWLRQ������:HOOLQJWRQ��'HSDUWPHQW�RI�&RQVHUYDWLRQ��
���S���

7KUHH�ZHHGV�RI�KLJK�FRQVHUYDWLRQ�FRQFHUQ�±�/RQLFHUD�MDSRQLFD��5XPH[�VDJLWWDWXV�DQG�
&KU\VDQWKHPRLGHV�PRQLOLIHUD�±�ZHUH�VSUD\HG�ZLWK�D�UDQJH�RI�KHUELFLGHV�DW�VLWHV�LQ�
1HZ�=HDODQG��/��MDSRQLFD�ZDV�WUHDWHG�ZLWK�JO\SKRVDWH����/�����/�ZDWHU���WULFORS\U������
PO�����/���FORS\UDOLG������PO�����/��DQG�PHWDVXOSKXURQ�>PHWVXOIXURQ@�����J�����/���
5��VDJLWWDWXV�ZDV�VSUD\HG�ZLWK�PHWVXOIXURQ�����J�����/���DQG�&��PRQLOLIHUD�ZDV�WUHDWHG�ZLWK�
WULFORS\U����PO�����/���7KH�WKUHH�ZHHGV��DQG�WKHLU�DVVRFLDWHG�QDWLYH�YHJHWDWLRQ��ZHUH�
PRQLWRUHG�WR�GHWHUPLQH�WKHLU�UHVSRQVH�DIWHU�FRQWURO��/��MDSRQLFD�ZDV�LQLWLDOO\�FRQWUROOHG��EXW�
VRPH�SODQWV�VKRZHG�VLJQV�RI�UHFRYHU\�IURP�YHJHWDWLYH�SDUWV��1R�/��MDSRQLFD�VHHGOLQJV�
HPHUJHG�DQG�QDWLYH�VSHFLHV�UHFRYHUHG�E\�YHJHWDWLYH�PHDQV��0RVW�5��VDJLWWDWXV�ZDV�NLOOHG�E\�
VSUD\LQJ��DV�ZHOO�DV�D�VPDOO�SURSRUWLRQ�RI�WKH�DVVRFLDWHG�QDWLYH�YHJHWDWLRQ��6SUD\HG�
5��VDJLWWDWXV�SODQWV�IDLOHG�WR�UHJHQHUDWH��EXW�QHZ�SODQWV�HPHUJHG�IURP�VHHG��7KH�QDWLYH�
YHJHWDWLRQ�VKRZHG�VLJQV�RI�UHFRYHU\��6SUD\HG�&��PRQLOLIHUD�SODQWV�ZHUH�NLOOHG��DV�ZHUH�D�IHZ�
QDWLYH�SODQWV�WKDW�ZHUH�LQDGYHUWHQWO\�VSUD\HG��+RZHYHU��E\�WKH�VSULQJ�IROORZLQJ�WKH�VSUD\LQJ��
&��PRQLOLIHUD�VHHGOLQJV�ZHUH�FRPPRQ��%\�WKH�IROORZLQJ�ZLQWHU��&��PRQLOLIHUD�VHHGOLQJV�DQG�
VPDOO�SODQWV�ZHUH�DEXQGDQW��PDQ\�RI�WKHP�IORZHULQJ��7KHUH�ZDV�QR�VLPLODU�IOXVK�RI�VHHGOLQJV�
RI�QDWLYH�VSHFLHV��
�
����<HLVHU�-/��+RZHOO�5.�������+RQH\VXFNOH�FRQWURO�LQ�D�PLQRU�KDUGZRRG�ERWWRP�RI�

VRXWKZHVW�$UNDQVDV��,Q��'XVN\�-$�HG��)LIW\�\HDUV�RI�ZHHG�VFLHQFH��6RXWKHUQ�:HHG�
6FLHQFH�6RFLHW\��3URFHHGLQJV�6RXWKHUQ�:HHG�6FLHQFH�6RFLHW\����WK�DQQXDO�PHHWLQJ��
+RXVWRQ��7H[DV��86$����±����-DQXDU\�������3S�����±�����

)LHOG�WULDOV�ZHUH�FRQGXFWHG�LQ�VRXWK�ZHVW�$UNDQVDV�WR�DVVHVV�WKH�HIILFDF\�RI�IROLDU�
DSSOLFDWLRQV�RI����±����RXQFHV�DFUH�(VFRUW��PHWVXOIXURQ�������SLQWV��7RUGRQ�.��SLFORUDP����
���±����SLQWV�*DUORQ��$��WULFORS\U�������SLQWV�7UDQVOLQH�>FORS\UDOLG�������'@�DQG������Y�Y�
$FFRUG��JO\SKRVDWH��DSSOLHG�LQ�-XQH�IRU�FRQWURO�RI�/RQLFHUD�MDSRQLFD�LQ�D���\HDU�ROG�4XHUFXV�
VSS��FOHDUFXW�VWDQG�DQG�LQ�D�PL[HG�4XHUFXV��&DU\D�DQG�)UD[LQXV�VWDQG�RI�����WR����\HDU�ROG�
WUHHV��5HVXOWV�LQGLFDWHG�WKDW�EHVW�FRQWURO�RI�/��MDSRQLFD�ZLWK�PLQLPXP�GDPDJH�WR�4XHUFXV�
ZDV�DFKLHYHG�ZLWK�����RXQFHV�(VFRUW�LQ�WKH�\RXQJ�VWDQG��ZKLOH������$FFRUG�DQG����±����
RXQFHV�(VFRUW�JDYH�EHVW�UHVXOWV�LQ�WKH�PDWXUH�VWDQG��
�
����0LOOHU�-+�������([RWLF�SODQWV�LQ�VRXWKHUQ�IRUHVWV��WKHLU�QDWXUH�DQG�FRQWURO��,Q��

6WUHHW�-(�HG��+HUELFLGH�UHVLVWDQW�FURSV��6RXWKHUQ�:HHG�6FLHQFH�6RFLHW\��3S�����±
�����

7KH�QDWXUH�DQG�FRQWURO�RI�H[RWLF�VSHFLHV�LQ�IRUHVWV�RI�WKH�VRXWKHUQ�86$�DUH�UHYLHZHG��9DULRXV�
DVSHFWV�RI�WKH�SUREOHP�DUH�UHYLHZHG��LQFOXGLQJ�WKH�HFRORJ\��RULJLQ��UDQJH��XVHV�DQG�KHUELFLGDO�
�������������������������������������������������
����SLQW� �������OLWUH�
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FRQWURO�RI����RI�WKH�PRVW�SUHYDOHQW�H[RWLF�WUHHV��VKUXEV��YLQHV�DQG�JUDVVHV��$OEL]LD�MXOLEULVVLQ��
0HOLD�D]HGDUDFK��6DSLXP�VHELIHUXP��/HVSHGH]D�ELFRORU��/LJXVWUXP�MDSRQLFXP��/��VLQHQVH��
5RVD�PXOWLIORUD��/RQLFHUD�MDSRQLFD��/\JRGLXP�MDSRQLFXP��3XHUDULD�OREDWD��:LVWHULD�VLQHQVLV��
&\QRGRQ�GDFW\ORQ��'LJLWDULD�VSS���,PSHUDWD�F\OLQGULFD�DQG�6RUJKXP�KDOHSHQVH���,QWHJUDWHG�
ZHHG�FRQWURO�LV�UHFRPPHQGHG��ZLWK�D�ELRORJLFDO�FRQWURO�FRPSRQHQW��
�
����<RQFH�0+��6NURFK�:$�������&RQWURO�RI�VHOHFWHG�SHUHQQLDO�ZHHGV�ZLWK�JO\SKRVDWH��

:HHG�6FLHQFH��������±�����
7KH�HIILFDF\�RI�JO\SKRVDWH�DV�DIIHFWHG�E\�UDWH��WLPH�RI�DSSOLFDWLRQ��DQG�DGGLWLRQ�RI�VXUIDFWDQW�
ZDV�HYDOXDWHG�RQ�EODFNEHUU\��-DSDQHVH�KRQH\VXFNOH��SRLVRQ�LY\��6HULFHD�OHVSHGH]D��DQG�
WUXPSHWFUHHSHU��7KH�DGGLWLRQ�RI�VXUIDFWDQW�������Y�Y��WR�JO\SKRVDWH�KDG�QR�HIIHFW�RQ�WKH�
FRQWURO�RI�WKH�ZHHGV�VWXGLHG��*O\SKRVDWH�DSSOLHG�LQ�PLG�-XQH�WR�6HSWHPEHU�DW�����RU�����NJ�KD�
FRQWUROOHG�EODFNEHUU\��0LG�$XJXVW�JO\SKRVDWH�DSSOLFDWLRQV�RI�����NJ�KD�FRQWUROOHG�����RI�
DFWLYHO\�JURZLQJ�-DSDQHVH�KRQH\VXFNOH��WKHUH�ZDV�OHVV�WKDQ�����DW�RQH�VLWH�GXH�WR�PRLVWXUH�
VWUHVV��8VH�RI�����NJ�KD�RI�JO\SKRVDWH�IURP�PLG�-XQH�WKURXJK�PLG�$XJXVW�FRQWUROOHG�����RI�
SRLVRQ�LY\��&RQVLVWHQW�FRPPHUFLDOO\�DFFHSWDEOH�FRQWURO�RI�6HULFHD�OHVSHGH]D�ZDV�REWDLQHG�
ZKHQ�JO\SKRVDWH�ZDV�DSSOLHG�DW�����RU�����NJ�KD�DW�WKH�WLPH�RI�IORZHULQJ��$SSO\LQJ�
JO\SKRVDWH�DW�����RU�����NJ�KD�IURP�ODWH�-XO\�WKURXJK�HDUO\�2FWREHU�FRQWUROOHG�����RU�PRUH�RI�
WKH�WUXPSHWFUHHSHU��
�
����5HJHKU�'/��)UH\�'5�������6HOHFWLYH�FRQWURO�RI�-DSDQHVH�KRQH\VXFNOH�/RQLFHUD�

-DSRQLFD��:HHG�7HFKQRORJ\�������±�����
-DSDQHVH�KRQH\VXFNOH��/RQLFHUD�MDSRQLFD�7KXQE�����/21-$��YLQHV�FDQ�VPRWKHU�\RXQJ�WUHHV��
SUHVHQWLQJ�SUREOHPV�LQ�QXUVHU\��SDUNODQG��DQG�ZRRGORW�PDQDJHPHQW��7KH�WDUG\�GHFLGXRXV�
QDWXUH�RI�KRQH\VXFNOH�SURYLGHV�DQ�DSSOLFDWLRQ�ZLQGRZ�IRU�LWV�VHOHFWLYH�FRQWURO�ZLWK�
JO\SKRVDWH�>1��SKRVSKRQRPHWK\O��JO\FLQH@�RU�GLFKORUSURS�>�����������
GLFKORURSKHQR[\�SURSDQRLF�DFLG@�������'�>�����GLFKORURSKHQR[\�DFHWLF�DFLG@�LPPHGLDWHO\�
DIWHU�IDOO�GHIROLDWLRQ�RI�KDUGZRRG�VSHFLHV��*O\SKRVDWH�DW������Y�Y��DH�DW�����J��/��DSSOLHG�LQ�
'HFHPEHU�NLOOHG�PDWXUH��ZRRG\�KRQH\VXFNOH�YLQHV�DQG�HOLPLQDWHG�PRVW�UHJURZWK�IURP�EDVDO�
DQG�VXEWHUUDQHDQ�EXGV����PRQWKV�DIWHU�WUHDWPHQW��'LFKORUSURS�������'�DW������Y�Y��DH�DW�����
J��/�RI�HDFK�KHUELFLGH���ZKHQ�DSSOLHG�VKRUWO\�DIWHU�WKH�ILUVW�IUHH]LQJ�WHPSHUDWXUHV�LQ�2FWREHU��
ZDV�DV�HIIHFWLYH�DV�JO\SKRVSKDWH�EXW�ZDV�OHVV�HIIHFWLYH�ZKHQ�DSSOLHG�LQ�'HFHPEHU��7XOLSWUHH�
�/LULRGHQGURQ�WXOLSLIHUD�/����$PHULFDQ�EHHFK��)DJXV�JUDQGLIROLD�(KUK����DQG�6FRWFK�SLQH�
�3LQXV�V\OYHVWULV�/���VXIIHUHG�PLQLPDO�DQG�WHPSRUDU\�LQMXU\�IURP�WKHVH�KHUELFLGHV��
�
����(GZDUGV�0%��*RQ]DOH]�)(�������)RUHVWU\�KHUELFLGH�FRQWURO�RI�NXG]X�DQG�-DSDQHVH�

KRQH\VXFNOH�LQ�OREOROO\�SLQH�VLWHV�LQ�FHQWUDO�*HRUJLD��3URFHHGLQJV��6RXWKHUQ�:HHG�
6FLHQFH�6RFLHW\����WK�DQQXDO�PHHWLQJ�����±�����

&RQWURO�RI�NXG]X��3XHUDULD�OREDWD��ZDV�����ZLWK����±��OE�PHWVXOIXURQ�PHWK\O�DFUH���������
VXUIDFWDQW��DSSOLHG�LQ�0D\��VLPLODU�FRQWURO�RI�-DSDQHVH�KRQH\VXFNOH��/RQLFHUD�MDSRQLFD��ZDV�
REWDLQHG�ZLWK���R]�PHWVXOIXURQ�PHWK\O���������VXUIDFWDQW��%RWK�\RXQJ�DQG�PDWXUH�3LQXV�
WDHGD�WROHUDWHG�WKHVH�WUHDWPHQWV��
�
����$KUHQV�:+��3LOO�:*�������*HO�LQFRUSRUDWHG�JO\SKRVDWH�IRU�SHUHQQLDO�ZHHG�FRQWURO��

+RUWVFLHQFH�������±����
+HUELFLGDO�HIILFDF\�RI������������DQG�����5RXQGXS�LQFRUSRUDWHG�LQ�FDUER[\PHWK\O�FHOOXORVH�
�&0&��DQG�VWDUFK�JUDIWHG�SRO\PHU��6*3��JHOV�ZDV�HYDOXDWHG�DIWHU�WRSLFDO�DSSOLFDWLRQ����PO�
JHO�SODQW��WR�OHDYHV�RI�&DQDGD�WKLVWOH�>&LUVLXP�DUYHQVH@��ILHOG�ELQGZHHG�>&RQYROYXOXV�
DUYHQVLV@�DQG�-DSDQHVH�KRQH\VXFNOH�>/RQLFHUD�MDSRQLFD@��,QFUHDVLQJ�5RXQGXS�FRQFHQWUDWLRQ�
FDXVHG�D�TXDGUDWLF�LQMXU\�UDWLQJ�UHVSRQVH�LQ�&DQDGD�WKLVWOH��ZLWK����5RXQGXS�JLYLQJ�
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PD[LPDO�LQMXU\��&RPSOHWH�VKRRW�QHFURVLV�DQG�PLQLPDO�UHJURZWK�RI�ILHOG�ELQGZHHG�UHVXOWHG�
IURP�������RU�����5RXQGXS��,QMXU\�UDWLQJV�LQ�-DSDQHVH�KRQH\VXFNOH�LQFUHDVHG�OLQHDUO\�ZLWK�
LQFUHDVLQJ�5RXQGXS�FRQFHQWUDWLRQ��DOWKRXJK�QR�FRQFHQWUDWLRQ�JDYH�FRPSOHWH�FRQWURO�ZLWK�RQH�
DSSOLFDWLRQ��$IWHU�D�VHFRQG�DSSOLFDWLRQ��FRPSOHWH�VKRRW�QHFURVLV�RFFXUUHG�LQ�RQO\�����RI�WKH�
SODQWV�WUHDWHG�ZLWK�����5RXQGXS��$OWKRXJK�HIILFDF\�RI�JHO�LQFRUSRUDWHG�5RXQGXS�ZDV�QRW�
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