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7KLV�LQIRUPDWLRQ�PD\�EH�FRSLHG�DQG�GLVWULEXWHG�WR�RWKHUV�ZLWKRXW�OLPLWDWLRQ�SURYLGHG�
/DQGFDUH� 5HVHDUFK� /LPLWHG� DQG� WKH� VRXUFH� RI� WKH� LQIRUPDWLRQ� DUH� DFNQRZOHGJHG��
8QGHU�QR�FLUFXPVWDQFHV�PD\�D�FKDUJH�EH�PDGH�WR�WKLV�LQIRUPDWLRQ�ZLWKRXW�WKH�ZULWWHQ�
SHUPLVVLRQ�RI�/DQGFDUH�5HVHDUFK�/LPLWHG��

'LVFODLPHU�
7KH�ILQGLQJV�LQ�WKLV�UHSRUW�DUH�VSHFLILF� WR�WKLV�SURMHFW��/DQGFDUH�5HVHDUFK�DFFHSWV�QR�
UHVSRQVLELOLW\�ZKHUH�LQIRUPDWLRQ�LQ�WKH�UHSRUW�LV�XVHG�IRU�DQ\�RWKHU�SXUSRVH��DQG�ZLOO�
QRW�EH�OLDEOH�IRU�DQ\�ORVV�RU�GDPDJH�VXIIHUHG�DV�D�UHVXOW�RI�VXFK�RWKHU�XVH��
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&RQWHQWV�
�
6XPPDU\���������������������������������������������������������������������������������������������������������������������������

��� ,QWURGXFWLRQ ����������������������������������������������������������������������������������������������������������������������
��� %DFNJURXQG�����������������������������������������������������������������������������������������������������������������������

*OREDO�GLVWULEXWLRQ�DQG�ELRORJ\�RI�ILHOG�KRUVHWDLO ������������������������������������������������������������
'LVWULEXWLRQ�DQG�VWDWXV�RI�ILHOG�KRUVHWDLO�LQ�1HZ�=HDODQG ������������������������������������������������
&XUUHQW�FRQWURO�PHWKRGV ���������������������������������������������������������������������������������������������������
3RWHQWLDO�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�ELRORJLFDO�FRQWURO �����������������������������������������
3UHGLFWLQJ�HVWDEOLVKPHQW�RI�ELRFRQWURO�DJHQWV������������������������������������������������������������������
3UHGLFWLQJ�LPSDFW�RI�ELRFRQWURO�DJHQWV����������������������������������������������������������������������������

��� 2EMHFWLYHV ������������������������������������������������������������������������������������������������������������������������
��� 0HWKRGV ���������������������������������������������������������������������������������������������������������������������������

6HOHFWLQJ�D�WHVW�SODQW�OLVW�IRU�KRVW�UDQJH�WHVWLQJ�RI�ELRORJLFDO�FRQWURO�DJHQWV������������������
,GHQWLI\LQJ�IXQJDO�SDWKRJHQV�RI�ILHOG�KRUVHWDLO����������������������������������������������������������������
,GHQWLI\LQJ�DUWKURSRG�ELRFRQWURO�DJHQWV�RI�ILHOG�KRUVHWDLO�����������������������������������������������

��� 5HVXOWV �����������������������������������������������������������������������������������������������������������������������������
7KH�WD[RQRP\�RI�ILHOG�KRUVHWDLO���������������������������������������������������������������������������������������
)XQJL��������������������������������������������������������������������������������������������������������������������������������
1HPDWRGHV �����������������������������������������������������������������������������������������������������������������������
$UWKURSRGV �����������������������������������������������������������������������������������������������������������������������

��� &RQFOXVLRQV�DQG�UHFRPPHQGDWLRQV ���������������������������������������������������������������������������������
3URVSHFWV�IRU�DFKLHYLQJ�ELRORJLFDO�FRQWURO�RI�(��DUYHQVH�LQ�1HZ�=HDODQG����������������������

��� $FNQRZOHGJHPHQWV ���������������������������������������������������������������������������������������������������������
��� 5HIHUHQFHV �����������������������������������������������������������������������������������������������������������������������

$SSHQGLFHV ����������������������������������������������������������������������������������������������������������������������
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/DQGFDUH�5HVHDUFK�

6XPPDU\�
�
3URMHFW�DQG�&OLHQW�
•� 7KH�SURVSHFWV�IRU�ELRORJLFDO�FRQWURO�RI�ILHOG�KRUVHWDLO�(TXLVHWXP�DUYHQVH�LQ�1HZ�=HDODQG�

ZHUH� LQYHVWLJDWHG� E\� /DQGFDUH� 5HVHDUFK� DQG� -DQH� %DUWRQ�� RQ� EHKDOI� RI� /DQGFDUH�
5HVHDUFK��IRU�+RUL]RQV�5HJLRQDO�&RXQFLO��IXQGHG�E\�DQ�(QYLUROLQN�0HGLXP�$GYLFH�*UDQW�
�+=/&�����

2EMHFWLYHV�
•� 5HYLHZ�WKH�OLWHUDWXUH�WR�LGHQWLI\�SRWHQWLDO�ELRORJLFDO�FRQWURO�DJHQWV�IRU�ILHOG�KRUVHWDLO�DQG�

WR�DVVHVV�WKH�IHDVLELOLW\�RI�WKHLU�UHOHDVH�LQ�1HZ�=HDODQG��
•� $VVHVV�WKH�SURVSHFWV�RI�DFKLHYLQJ�VXFFHVVIXO�ELRFRQWURO�RI�ILHOG�KRUVHWDLO�LQ�1HZ�=HDODQG���
•� (VWLPDWH�WKH�WRWDO�FRVW�RI�WKH�SURJUDPPH�IRU�WKH�UHOHDVH�RI�WKH�DJHQWV��
�
5HVXOWV�
•� 1R�KRUVHWDLO��(TXLVHWXP��VSHFLHV�DUH�QDWLYH�WR�1HZ�=HDODQG���
•� 5HFHQW�PROHFXODU�DQDO\VHV�SODFH�WKH�KRUVHWDLOV�ZLWKLQ��EXW�RQO\�GLVWDQWO\�UHODWHG�WR��RWKHU�

IHUQV� �3WHULGRSK\WD��� KDYLQJ� GLYHUJHG� E\� WKH� HQG� RI� WKH� 'HYRQLDQ� �a���� PLOOLRQ� \HDUV�
DJR���7KH�PRVW�FORVHO\�UHODWHG�1HZ�=HDODQG�QDWLYH�SODQWV�WR�(TXLVHWXP�DUH�EHOLHYHG�WR�EH�
WKH�0DUDWWRLG� IHUQV�� RI�ZKLFK� WKHUH� LV� RQH� VSHFLHV��0DUDWWLD� VDOLFLQD� �3DUD��.LQJ�)HUQ���
0RUH�GLVWDQWO\�UHODWHG�QDWLYH�IHUQ�JURXSV�DUH�WKH�2SKLRJORVVRLG����VSHFLHV�LQ�WZR�JHQHUD���
:KLVN����VSHFLHV�LQ���JHQHUD���DQG�2VPXQGDFHRXV�IHUQV����VSHFLHV�LQ���JHQHUD����

•� 1HZ� =HDODQG� 3ODQWILQGHU� �KWWS���ZZZ�SODQWILQGHU�FR�Q]��� DFFHVVHG� ������������ OLVWHG� QR�
DGGLWLRQDO�H[RWLF�+RUVHWDLO��0DUDWWRLG��2SKLRJORVVRLG��:KLVN�RU�2VPXQGDFHRXV�IHUQV�WKDW�
DUH� VROG� FRPPHUFLDOO\� LQ�1HZ�=HDODQG��$OO�(TXLVHWXP� VSHFLHV� KDYH� EHHQ� EDQQHG� IURP�
VDOH�QRZ�LQ�1HZ�=HDODQG��

•� 7D[RQRPLF� LVRODWLRQ�RI�(TXLVHWXP� IURP�QDWLYH�RU�YDOXHG�H[RWLF�VSHFLHV� LQ�1HZ�=HDODQG�
LQGLFDWHV�WKDW�UHODWLYHO\�IHZ�WHVW�SODQW�VSHFLHV�VKRXOG�EH�UHTXLUHG�WR�GHPRQVWUDWH�WKH�KRVW�
UDQJH�DQG�HQYLURQPHQWDO�VDIHW\�RI�FDQGLGDWH�DJHQWV��

•� 1XPHURXV�DUWKURSRG�DQG�SDWKRJHQV�RI�ILHOG�KRUVHWDLO�DUH�SUHVHQW�LQ�WKH�QDWLYH�UDQJH�DQG�
PDQ\� DUH� DSSDUHQWO\� VSHFLILF� WR�(TXLVHWXP�� VXFK� WKDW� WKHUH� LV� D� ODUJH� SRRO� RI� FDQGLGDWH�
DJHQWV�OLNHO\�WR�EH�VXLWDEOH�IRU�XVH�DJDLQVW�ILHOG�KRUVHWDLO�LQ�1HZ�=HDODQG��LQFOXGLQJ�D�IOHD�
EHHWOH�+LSSXULSKLOD� PRGHHUL�� D� ZHHYLO�*U\SXV� HTXLVHWL�� QXPHURXV� VDZIOLHV� DQG� VHYHUDO�
IXQJDO�SODQW�SDWKRJHQV��VXFK�DV�6WDPQDULD�SHUVRRQLL�DQG�$VFRFK\WD�HTXLVHWL��

•� %LRORJLFDO�FRQWURO�SURJUDPPHV�KDYH�QRW�EHHQ�FRQGXFWHG�DJDLQVW�ILHOG�KRUVHWDLO�RYHUVHDV��
DQG�OLWWOH�LQIRUPDWLRQ�H[LVWV�RQ�WKH�LPSDFW�RI�WKHVH�QDWXUDO�HQHPLHV�RQ�ILHOG�KRUVHWDLO�LQ�LWV�
QDWLYH�UDQJH���

�
&RQFOXVLRQV�DQG�5HFRPPHQGDWLRQV�
•� $� ELRFRQWURO� SURJUDPPH� LV� SURSRVHG� EDVHG� RQ� WKH� SUHPLVH� WKDW� WKH� SURMHFW� VKRXOG� EH�

DSSURDFKHG�IURP�ILUVW�SULQFLSOHV��$�VXUYH\�VKRXOG�EH�XQGHUWDNHQ�WR�FODULI\�ZKDW�RUJDQLVPV�
DUH�DOUHDG\�SUHVHQW�RQ� ILHOG�KRUVHWDLO� LQ�1HZ�=HDODQG� �HVWLPDWHG�FRVW�a�������±��������
GHSHQGLQJ�RQ�KRZ�FRPSUHKHQVLYH���,I�QRWKLQJ�RI�VLJQLILFDQFH�LV�IRXQG��WKH�FRQWURO�DJHQWV�
DYDLODEOH�LQ�WKH�QDWLYH�UDQJH�RI�ILHOG�KRUVHWDLO�VKRXOG�EH�DVVHVVHG�WR�GHYHORS�D�SULRULWLVHG�
VKRUWOLVW� RI� DJHQWV� IRU� KRVW�UDQJH� WHVWLQJ�� 6HYHUDO� WDVNV� KDYH� EHHQ� LGHQWLILHG� WKDW�ZRXOG�
QDUURZ� WKH� VHDUFK� IRU� HIIHFWLYH� FRQWURO� DJHQWV�� DQG� FODULI\� WKH� SURVSHFWV� IRU� HIIHFWLYH�
ELRORJLFDO�FRQWURO�RI�ILHOG�KRUVHWDLO�LQ�1HZ�=HDODQG��
-� &RQWDFW� ZHHG� UHVHDUFK� RUJDQLVDWLRQV� LQ� RWKHU� FRXQWULHV� ZKHUH� ILHOG� KRUVHWDLO� LV�

LQYDVLYH� �H�J���$XVWUDOLD��6RXWK�$IULFD�� WR� LQYHVWLJDWH� WKH�SRVVLELOLW\�RI� FROODERUDWLRQ�
RQ�ELRORJLFDO�FRQWURO�RI�ILHOG�KRUVHWDLO��

-� 6XUYH\�DUHDV�ZLWKLQ�WKH�QDWXUDO�UDQJH�RI�ILHOG�KRUVHWDLO�WKDW�FOLPDWLFDOO\�PRVW�UHVHPEOH�
1HZ�=HDODQG�DQG�ZKHUH�FDQGLGDWH�DJHQWV�WKDW�DSSHDU�WR�KDYH�ELRFRQWURO�SRWHQWLDO�DUH�
NQRZQ�WR�RFFXU� �H�J���:HVWHUQ�(XURSH�DQG� WKH�86$���7KH�HVWLPDWHG�FRVW�RI� WKUHH���
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ZHHN� VXUYH\V� �VSULQJ�� VXPPHU� DQG� DXWXPQ�� LQ� (XURSH� UDQJH� IURP� a�������� �IRU� D�
OLPLWHG�VXUYH\�LQ�VRXWKHUQ�(QJODQG��&$%,�(XURSH�8.��WR����������&6,52�(XURSHDQ�
/DERUDWRU\��)UDQFH���%RWK�HVWLPDWHV�DVVXPH�VDPSOHV�ZRXOG�EH� VHQW� WR�1HZ�=HDODQG�
IRU�LGHQWLILFDWLRQ��ZKLFK�ZRXOG�EH�DQ�DGGLWLRQDO�FRVW���

-� 6KLS�WKH�PRVW�SURPLVLQJ�DUWKURSRG�DJHQWV�LQWR�1HZ�=HDODQG�TXDUDQWLQH�IRU�KRVW�UDQJH�
WHVWLQJ�	�RU�VXE�FRQWUDFW�DQ�RYHUVHDV�DJHQF\��H�J���&6,52�RU�&$%,��WR�FRQGXFW�KRVW�
UDQJH� WHVWLQJ�RQ�PRVW�SURPLVLQJ�SDWKRJHQV��RU�VHQG�D�SDWKRORJLVW�RYHUVHDV� WR� WHVW� LQ�
86$��RU�$XVWUDOLD��RU�6RXWK�$IULFD���

•� 7KH�FRVWV�RI�KRVW�UDQJH�WHVWLQJ�DQG�SUHSDULQJ�DQ�DSSOLFDWLRQ�WR�(50$�IRU�WKH�UHOHDVH�RI�D�
ELRFRQWURO� DJHQW� �LQFOXGLQJ� (50$� IHHV� WKDW� DUH� FXUUHQWO\� ���������DUH� HVWLPDWHG� DW�
a��������±��������SHU� DJHQW� �WKH� FRVW� RI� WHVWLQJ� SDWKRJHQV� LV� OLNHO\� WR� EH� JUHDWHU� WKDQ�
DUWKURSRGV��EHFDXVH�KRVW�UDQJH� WHVWLQJ�ZRXOG�KDYH� WR�EH�FRQGXFWHG�RYHUVHDV���1RWH�� WKLV�
ILJXUH�GRHV�QRW� LQFOXGH� WKH�FRVW�RI�PDVV�UHDULQJ�DQG�UHOHDVH�RI�DJHQWV�DQG� LV�EDVHG�RQ�D�
SXUHO\�RSHUDWLRQDO�SURJUDPPH��L�H��LW�GRHV�QRW�LQFOXGH�XQGHUSLQQLQJ�VFLHQFH��IRU�H[DPSOH��
WR�SUHGLFW�WKH�LPSDFWV�RI�ELRFRQWURO�DJHQWV�RU�WR�PRQLWRU�DJHQW�HVWDEOLVKPHQW�DQG�LPSDFW��
SRVW�UHOHDVH���7KH�FRVW�RI�WKH�SURJUDPPH�ZLOO�DOVR�EH�JUHDWHU�LI�PROHFXODU�WHFKQLTXHV�DUH�
UHTXLUHG� WR� GHWHUPLQH� WKH� RULJLQ� RI� ILHOG� KRUVHWDLO� LQ� 1HZ� =HDODQG� RU� LI� LW� EHFRPHV�
QHFHVVDU\� WR� SODQW� RXW� µWUDS� SODQWV¶� LQ� WKH� QDWLYH� UDQJH�� WR� HQVXUH� WKDW� SRSXODWLRQV� RI�
QDWXUDO� HQHPLHV� WKDW� DUH� FDSDEOH� RI� DWWDFNLQJ� ILHOG� KRUVHWDLO� SODQWV� JURZLQJ� LQ� 1HZ�
=HDODQG�DUH�LGHQWLILHG��,W�LV�XQXVXDO�IRU�D�VLQJOH�DJHQW�WR�SURYLGH�VXIILFLHQW�FRQWURO�DQG�LW�LV�
OLNHO\�WKDW�VHYHUDO�ZRXOG�EH�UHTXLUHG���

�
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��� ,QWURGXFWLRQ�

)LHOG�KRUVHWDLO�(TXLVHWXP�DUYHQVH�/��LV�D�YDVFXODU�SODQW�WKDW�UHSURGXFHV�E\�VSRUHV�UDWKHU�WKDQ�
VHHGV�� 7KH� JHQXV� (TXLVHWXP� LQFOXGHV� a��� VSHFLHV�� FRPPRQO\� NQRZQ� DV� KRUVHWDLOV� DQG�
VFRXULQJ�UXVKHV��ZKLFK�DUH�IRXQG�WKURXJKRXW�PRVW�RI�WKH�ZRUOG��EXW�DUH�QRW�QDWLYH�WR�$XVWUDOLD�
DQG� 1HZ� =HDODQG� �:HEE� HW� DO�� ������� 7UDGLWLRQDOO\�� WKH� KRUVHWDLOV� DQG� VFRXULQJ� UXVKHV�
FRPSRVH� WKH� HQWLUH� FODVV� (TXLVHWRSVLGD�� WKH� VROH� PHPEHU� RI� WKH� GLYLVLRQ� (TXLVHWRSK\WD�
�$UWKURSK\WD�LQ�ROGHU�ZRUNV���WKRXJK�D�UHFHQW�PROHFXODU�DQDO\VLV�SODFHV�WKH�JHQXV�ZLWKLQ�WKH�
IHUQV��3WHULGRSK\WD���UHODWHG�WR�0DUDWWLDOHV��3U\HU�HW�DO����������
�
7KUHH�LQWURGXFHG�(TXLVHWXP�VSHFLHV�EHFDPH�QDWXUDOLVHG�LQ�1HZ�=HDODQG��$FFRUGLQJ�WR�:HEE�
HW�DO���������WZR�RI�WKHVH��(TXLVHWXP�IOXYLDWLOH�/��DQG�(TXLVHWXP�K\HPDOH�/���ZHUH�HOLPLQDWHG�
EHIRUH�WKH\�FRXOG�EHFRPH�ZLGHO\�HVWDEOLVKHG��KRZHYHU��(��K\HPDOH�LV�VWLOO�SUHVHQW��EXW�UDUH�LQ�
1HZ� =HDODQG� �KWWS���ZZZ�UQ]LK�RUJ�Q]�SDJHV�QSSDB����SGI��� ,Q� FRQWUDVW�� ILHOG� KRUVHWDLO��
ZKLFK�LV�D�+RODUFWLF��L�H��QDWLYH�WR�WHPSHUDWH�UHJLRQV�RI�(XUDVLD�DQG�1RUWK�$PHULFD��VSHFLHV��
KDV�EHFRPH�DQ� DJJUHVVLYH�ZHHG� LQ�1HZ�=HDODQG��SDUWLFXODUO\�ZKHUH� UDLQIDOO� LV�PRGHUDWH� WR�
KLJK�RU�LQ�ULSDULDQ�VLWHV���
�
)LHOG�KRUVHWDLO�GHYHORSV�H[WHQVLYH�XQGHUJURXQG�UKL]RPHV�ZKLFK�DUH�UHVLVWDQW�WR�KHUELFLGHV�VR�
WKDW��RQFH�HVWDEOLVKHG�� LW� LV�H[WUHPHO\�GLIILFXOW�DQG�H[SHQVLYH� WR�FRQWURO� �:HEE�HW�DO���������
%LRORJLFDO�FRQWURO�VKRXOG�� WKHUHIRUH��EH�D�GHVLUDEOH�FRQWURO�RSWLRQ��7KLV�UHSRUW�PDNHV�XVH�RI�
SXEOLVKHG�OLWHUDWXUH�UHYLHZV��LQWHUQHW�ZHE�SDJHV��DQG�FRUUHVSRQGHQFH�ZLWK�ERWDQLFDO�H[SHUWV�WR�
SURYLGH� LQIRUPDWLRQ� WR� DOORZ� GHFLVLRQ�PDNHUV� WR� GHFLGH� LI� D� ELRORJLFDO� FRQWURO� SURJUDPPH�
DJDLQVW� ILHOG� KRUVHWDLO� LV� IHDVLEOH� DQG� VKRXOG� SURFHHG�� DQG� WR� XQGHUVWDQG� ZKDW� VXFK� D�
SURJUDPPH�ZRXOG�LQYROYH��

��� %DFNJURXQG�

*OREDO�GLVWULEXWLRQ�DQG�ELRORJ\�RI�ILHOG�KRUVHWDLO�
)LHOG� KRUVHWDLO� LV� QDWLYH� WR� (XURSH�� $VLD�� DQG� 1RUWK� $PHULFD� DQG� KDV� QDWXUDOLVHG� LQ�
0DGDJDVFDU��6RXWK�$IULFD��6RXWK�$PHULFD��$XVWUDOLD��DQG�1HZ�=HDODQG��/DUJH�HW�DO���������
�
$FFRUGLQJ�WR�'ROO���������ILHOG�KRUVHWDLO�LV�D�SHUHQQLDO�ZLWK�D�VSUHDGLQJ�UKL]RPH�V\VWHP�WKDW�
SURGXFHV�QXPHURXV�VKRRWV�DQG�WXEHUV��7KH�UKL]RPHV�DUH�GDUN�EURZQ�RU�EODFNLVK���±��PP�LQ�
GLDPHWHU��FRYHUHG�ZLWK�EURZQLVK�KDLUV� WKDW�JLYH� WKHP�D�IHOW�OLNH�IHHO��DQG�JURZ�YHUWLFDOO\� WR�
���� P� GHHS� DQG� KRUL]RQWDOO\� WR� OHQJWKV� RI� ��±��� FP�� 7KH� KRUL]RQWDO� UKL]RPHV� SURGXFH�
QXPHURXV�VKRRWV�DQG�IRUP�URXQGHG�WXEHUV�DERXW����PP�LQ�GLDPHWHU�HLWKHU�VLQJO\�RU�LQ�SDLUV��
�
3ODQWV�SURGXFH� WZR� W\SHV�RI� VWHPV��)HUWLOH� �UHSURGXFWLYH�� VWHPV� �)LJ����� DSSHDU� LQ� WKH�HDUO\�
VSULQJ�DQG�DUH�ZKLWLVK�WR�OLJKW�EURZQ��XQEUDQFKHG��KROORZ��F����PP�LQ�GLDPHWHU��F\OLQGULFDO��
OHDIOHVV��MRLQWHG��DQG���±���FP�ORQJ��7KH�WLSV�RI�IHUWLOH�VWHPV�HQG�LQ�D�\HOORZLVK�WR�EURZQLVK�
VSRUH�SURGXFLQJ�FRQH��FDOOHG�D�VWURELOXV�������±���PP�ORQJ��)HUWLOH�VWHPV�ZLWKHU�DQG�GLH�RQFH�
VSRUHV�KDYH�EHHQ�SURGXFHG��XVXDOO\�E\�HDUO\�VXPPHU��
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�

)LJ�����6WHULOH� �OHIW�� DQG� IHUWLOH� �ULJKW�� VWHPV�RI�
(TXLWHVXP�DUYHQVH�
,PDJH��7KH�8QL3URW�&RQVRUWLXP�
7KH�8QLYHUVDO�3URWHLQ�5HVRXUFH��8QL3URW��
1XFOHLF�$FLGV�5HV�����'����'�����������
KWWS���EHWD�XQLSURW�RUJ�WD[RQRP\��������
�

6WHULOH��YHJHWDWLYH��VWHPV��)LJ�����HPHUJH�ODWHU�WKDQ�WKH�IHUWLOH�VWHPV�DQG�ORRN�OLNH�PLQLDWXUH�
SLQH�WUHHV�ZLWK�WKHLU�SOXPH�OLNH�EUDQFKHV��7KLV�DSSHDUDQFH�DOVR�H[SODLQV�WKH�SODQW¶V�FRPPRQ�
QDPH��KRUVHWDLO��6WHULOH�VWHPV�DUH�JUHHQ��HLWKHU�HUHFW�RU�VRPHZKDW�SURVWUDWH����±���FP�WDOO�DQG�
FRPSRVHG�RI�VOHQGHU��JURRYHG��KROORZ�MRLQWV���±����PP�LQ�GLDPHWHU��
�
)LHOG� KRUVHWDLO� WKULYHV� LQ�PDQ\� KDELWDWV�� DQG� LV� DV� DW� KRPH� LQ�ZHW�� SRRUO\� GUDLQHG� DUHDV� RI�
ILHOGV�DQG�JUDVVODQGV��ZHW�PHDGRZV��VWUHDPV�DQG�RWKHU�VLWHV�ZLWK�KLJK�ZDWHU�WDEOHV�DV�LW�LV�LQ�
ZHOO�GUDLQHG�VLWHV� LQ�IDUP�ILHOGV��RUFKDUGV�DQG�QXUVHU\�FURSV��DQG�VLWHV�ZLWK�VDQG\�RU�JUDYHO�
VRLO� VXFK�DV� DORQJ� URDGVLGHV�� UDLOZD\� WUDFNV� DQG�EHDFKHV�� ,Q�JHQHUDO�� ILHOG�KRUVHWDLO� DSSHDUV�
PRVW�FRPPRQO\�LQ�DFLGLF�DQG�ZHW�VRLO�FRQGLWLRQV���
�
,Q� LWV� QDWLYH� UDQJH�� ILHOG� KRUVHWDLO� FDQ� EHFRPH� D� ZHHG� RI� ILHOG� DQG� YHJHWDEOH� FURSV� �H�J���
&ORXWLHU� 	� :DWVRQ� ������� 0RYHPHQW� RI� UKL]RPHV� RU� WXEHUV� RQ� WLOODJH� LPSOHPHQWV� LV� D�
FRPPRQ�PHDQV�RI� VWDUWLQJ�QHZ�SRSXODWLRQV��6LPXODWLRQV�GRQH� WR� SUHGLFW� WKH� UDWH� RI� VSUHDG�
HVWLPDWHG� WKDW� VL[� \HDUV� DIWHU� LQWURGXFLQJ� KRUVHWDLO� LQWR� DQ� DJULFXOWXUDO� ILHOG�� WKH�ZHHG�ZLOO�
LQIHVW�����DFUHV��&ORXWLHU�	�:DWVRQ���������
�
6LQFH� WKH� WLPH� RI� DQFLHQW� 5RPH�� ILHOG� KRUVHWDLO� KDV� EHHQ� XVHG� LQ� WUDGLWLRQDO� PHGLFLQH� LQ�
(XURSH�� ,WV� PDLQ� XVHV� DUH� DV� D� GLXUHWLF� �VRPHWKLQJ� WKDW� LQFUHDVHV� XULQH� RXWSXW��� IRU�
RVWHRSRURVLV��LW�FRQWDLQV�VLOLFD�GHSRVLWV��ZKLFK�PD\�EH�EHQHILFLDO�IRU�ERQH�WKLFNHQLQJ���DQG�IRU�
ZRXQG�KHDOLQJ��KWWS���ZZZ�QOP�QLK�JRY�PHGOLQHSOXV����0RGHUQ�VWXGLHV�KDYH�VKRZQ�WKDW�ILHOG�
KRUVHWDLO� SURGXFHV� FRPSRXQGV� ZLWK� DQWLPLFURELDO� DFWLYLW\�� DQG� WKDW� WKHVH� FRPSRXQGV� DUH�
DFWLYH�DJDLQVW�D�ZLGH�UDQJH�RI�RUJDQLVPV�LQFOXGLQJ�EDFWHULD�DQG�IXQJL��5DGXORYLF�HW�DO����������
�
:KLOH� WKH� ZHHG� PD\� EH� XVHIXO� LQ� VPDOO� GRVHV�� LQ� ODUJHU� TXDQWLWLHV� LW� FDQ� EH� WR[LF�
�KWWS���ZZZ�QOP�QLK�JRY�PHGOLQHSOXV����7KH�FRDUVH�VWHPV�DUH�QRW�RIWHQ�HDWHQ�E\�PDPPDOLDQ�
KHUELYRUHV� EHFDXVH� RI� WKHLU� VLOLFD� GHSRVLWV� �WKH� RULJLQ� RI� WKH� DOWHUQDWLYH� QDPH� RI� ³VFRXULQJ�
UXVK´� LV� GXH� WR� WKH� DEUDVLYHQHVV� RI� WKHVH� VLOLFD� GHSRVLWV��� ,I� WKH\� DUH� HDWHQ�� DFXWH� WKLDPLQH�
GHILFLHQF\�FDQ�UHVXOW�LQ�³HTXLVHWRVLV´��+RUVHV�DUH�SULPDULO\�DIIHFWHG��VKHHS�WR�D�OHVVHU�GHJUHH��
DQG�HTXLVHWRVLV�LV�UDUHO\�IDWDO�IRU�FDWWOH��+RUVHV�FDQ�EH�NLOOHG�LI�ODUJH�DPRXQWV�RI�KRUVHWDLO�DUH�
FRQVXPHG��+D\�FRQWDLQLQJ�����RU�PRUH�KRUVHWDLO�SURGXFHV�V\PSWRPV�LQ�KRUVHV�LQ��±��ZHHNV��
6\PSWRPV�LQFOXGH�XQWKULIWLQHVV�IROORZHG�E\�ZHDNQHVV��³VWDJJHUV´��QHUYRXVQHVV��IDXOW\�YLVLRQ��
DQG�GLIILFXOW\�LQ�WXUQLQJ��,Q�DGYDQFHG�VWDJHV��KRUVHV�PD\�³JR�GRZQ´�DQG�QRW�EH�DEOH�WR�ULVH��
6XFK� DQLPDOV� DUH� QHUYRXV� DQG� PDNH� IUDQWLF� HIIRUWV� WR� VWDQG� �+LOO� 	� )RODQG� ������� ,Q� ODWH�
VWDJHV��PXVFXODU�ULJLGLW\�DQG�FRQVWLSDWLRQ�PD\�EH�REVHUYHG��,Q�IDWDO�FDVHV��GHDWK�LV�SUHFHGHG�
E\�TXLHVFHQFH�DQG�FRPD���
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'LVWULEXWLRQ�DQG�VWDWXV�RI�ILHOG�KRUVHWDLO�LQ�1HZ�=HDODQG�
)LHOG�KRUVHWDLO�ZDV�ILUVW�UHFRUGHG�LQ�1HZ�=HDODQG�LQ�������:HEE�HW�DO���������+HDO\��������
VWDWHG�WKDW�ILHOG�KRUVHWDLO�VWHP�IUDJPHQWV�ZHUH�XQLQWHQWLRQDOO\�LPSRUWHG�LQWR�1HZ�=HDODQG�DV�D�
FRQWDPLQDQW� LQ�WKH�URRWV�RI�,ULV�VS�� LPSRUWHG�IURP�-DSDQ��DOWKRXJK�QHLWKHU�5R\�HW�DO���������
QRU�:HEE�HW�DO���������LGHQWLI\�WKH�RULJLQ�RI�1HZ�=HDODQG�ILHOG�KRUVHWDLO�SRSXODWLRQV��,W�PD\�
EH�WKDW�WKH�PDWHULDO�IURP�-DSDQ�ZDV�GHWHFWHG�VXEVHTXHQW�WR�DQ�HDUOLHU�LQWURGXFWLRQ�RI�XQNQRZQ�
RULJLQ���
�
:HEE� HW� DO�� ������� GHVFULEHG� ILHOG� KRUVHWDLO� DV� DQ� DJJUHVVLYH� ZHHG� WKDW� LV� EHFRPLQJ� ZHOO�
HVWDEOLVKHG�LQ�VRPH�DUHDV��SDUWLFXODUO\�ZKHUH�UDLQIDOO�LV�PRGHUDWH�WR�KLJK�RU�ZKHUH�LW�FDQ�JURZ�
LQ� ULSDULDQ� VLWHV��$FFRUGLQJ� WR�5R\�HW� DO�� �������� ILHOG� KRUVHWDLO� LV� RI� OLPLWHG�GLVWULEXWLRQ� LQ�
1HZ�=HDODQG�� EXW� KDV� WKH� SRWHQWLDO� WR� EHFRPH�PRUH�ZLGHVSUHDG��1HYHUWKHOHVV�� LQIHVWDWLRQV�
KDYH� EHHQ� UHFRUGHG� IURP�.DZKLD��+DYHORFN�1RUWK��1HZ�3O\PRXWK��:DQJDQXL�� DQG�/RZHU�
5DQJLWLNHL�LQ�WKH�1RUWK�,VODQG�DQG�IURP�0DUOERURXJK��1HOVRQ��LQFOXGLQJ�D�����KD�LQIHVWDWLRQ�
QHDU� .DUDPHD��� WKH� :HVW� &RDVW�� &KULVWFKXUFK�� DQG� 'XQHGLQ� LQ� WKH� 6RXWK� ,VODQG�� ,Q� 1HZ�
=HDODQG��ILHOG�KRUVHWDLO�QRZ�IRUPV�SXUH�VWDQGV�LQ�D�ZLGH�UDQJH�RI�GDPS�KDELWDWV��SUHYHQWLQJ�
WKH� VHHGOLQJV� RI� QDWLYH� VSHFLHV� IURP� HVWDEOLVKLQJ� DQG� LQ� VRPH� DUHDV� EORFNLQJ� DQG� DOWHULQJ�
ZDWHUFRXUVHV��FDXVLQJ�IORRGLQJ���
�
,Q�WKH�0DQDZDWX�:DQJDQXL�5HJLRQ��ILHOG�KRUVHWDLO�LV�FRPPRQO\�VSUHDG�E\�UKL]RPH�DQG�URRW�
IUDJPHQWV��IUDJPHQWV�DV�VPDOO�DV��±��PP�DUH�YLDEOH��LQ�JUDYHO�DQG�VDQG�XVHG�LQ�ODQGVFDSLQJ�
DQG� URDG� ZRUNV� �&UDLJ� 'DYH\�� +RUL]RQV� 5HJLRQDO� &RXQFLO�� SHUV�� FRPP���� )XUWKHUPRUH��
UDQGRP�GLVFRYHULHV�IURP�DUHDV�ZKHUH�QR�EXLOGLQJ�PL[�KDV�EHHQ�GHSRVLWHG��H�J���IURP�WKH�WRSV�
RI� VRPH� FDWFKPHQWV�� LPSOLHV� ORQJ�GLVWDQFH� VSRUH� GLVSHUVDO� LV� DOVR� RFFXUULQJ�� ,QGHHG�� WKH�
UHFHQW�UDWH�RI�ILHOG�KRUVHWDLO�VSUHDG�KDV�EHHQ�GHVFULEHG�DV�³SKHQRPHQDO�DQG�XQVWRSSDEOH´�DQG�
VRPH�YHU\�ODUJH�LQIHVWDWLRQV�DOUHDG\�RFFXU�RQ�WKH�:DQJDQXL�5LYHU�V\VWHP��ZLWK�WKH�SRWHQWLDO�
IRU� IXUWKHU� VSUHDG� FRQVLGHUHG� WR� EH� ³YDVW´� �&UDLJ�'DYH\��+RUL]RQV�5HJLRQDO�&RXQFLO�� SHUV��
FRPP����
�
)LHOG� KRUVHWDLO� LV� GHVLJQDWHG� DQ� 8QZDQWHG� 2UJDQLVP� LQ� 1HZ� =HDODQG� DQG� DOO� (TXLVHWXP�
VSHFLHV� DUH� OLVWHG� XQGHU� WKH� 1DWLRQDO� 3HVW� 3ODQW� $FFRUG�� ,W� LV� WKHUHIRUH� DQ� RIIHQFH� XQGHU�
6HFWLRQV� ��� DQG� ��� RI� WKH�%LRVHFXULW\�$FW� WR� NQRZLQJO\� SURSDJDWH�� GLVWULEXWH�� VSUHDG�� VHOO��
RIIHU� IRU�VDOH�RU�GLVSOD\� �LQ�D�SODFH�ZKHUH�RUJDQLVPV�DUH�RIIHUHG� IRU�VDOH�RU�H[KLELWHG�� ILHOG�
KRUVHWDLO� LQ� 1HZ� =HDODQG� �KWWS���ZZZ�ELRVHFXULW\�JRYW�Q]�SHVW�DQG�GLVHDVH�UHVSRQVH�SHVWV�
DQG�GLVHDVHV�ZDWFKOLVW�ILHOG�KRUVHWDLO�����
&XUUHQW�FRQWURO�PHWKRGV�
)LHOG�KRUVHWDLO¶V�H[WHQVLYH�DQG�GHHS�UKL]RPH�V\VWHP�PHDQV�WKDW�WLOODJH�DQG�FXOWLYDWLRQ�DORQH�
RQO\� GHVWUR\� WKH� WRS� JURZWK� DQG� GHOD\� UHHVWDEOLVKPHQW�� :HHG� VFLHQWLVWV� LQ� &DQDGD� KDQG�
ZHHGHG�DQ�DUHD�ZLWK�KRUVHWDLO���� WLPHV�GXULQJ�RQH�VXPPHU��7KH� IROORZLQJ�\HDU� WKHVH�SORWV�
ORRNHG� LGHQWLFDO� WR� WKH� FRQWURO� SORW� �&ORXWLHU�	�:DWVRQ� ������� )XUWKHUPRUH�� WKH� H[WHQVLYH�
XQGHUJURXQG�UKL]RPHV�DUH�UHVLVWDQW�WR�KHUELFLGHV��PDNLQJ�ILHOG�KRUVHWDLO�H[WUHPHO\�GLIILFXOW�WR�
FRQWURO� �:HEE� HW� DO���������)LHOG�KRUVHWDLO� VXSSUHVVLRQ� �DQG�SRVVLEO\� HUDGLFDWLRQ��ZLOO� RQO\�
UHVXOW�LI�WKH�DSSURSULDWH�PL[�RI�SUDFWLFHV�LV�GRQH�DV�D�VXVWDLQHG�HIIRUW�IRU�VHYHUDO�VHDVRQV��
�
7KH� EHVW� PHDQV� RI� FRQWUROOLQJ� WKLV� ZHHG� ZKLOH� LW� LQIHVWV� RQO\� VPDOO� DUHDV� DUH� WKURXJK�
TXDUDQWLQH�DQG�PHFKDQLFDO�DQG�FXOWXUDO�PHWKRGV��,Q�1HZ�=HDODQG��WKH�UHFRPPHQGHG�FRQWURO�
PHWKRGV�
�KWWS���ZZZ�ZHHGEXVWHUV�FR�Q]�ZHHGBLQIR�GHWDLO�DVS":HHG,' ����� DFFHVVHG� �� 1RYHPEHU�
������DUH��
�

��� 'LJ�RXW�DQG�LQFLQHUDWH�DOO�SDUWV�DQG�FRQWDPLQDWHG�VRLO��
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��� 6SUD\� �VXPPHU��� PHWVXOIXURQ�PHWK\O� ���J�NJ� ��J���/�� RU� 7RUGRQ� %UXVKNLOOHU�
���PO���/���$GG�SHQHWUDQW���

�
2YHUVHDV�� LW� KDV�EHHQ�QRWHG� WKDW� FXOWXUDO� SUDFWLFHV� VXFK�DV� LPSURYHG�GUDLQDJH� DQG�DGHTXDWH�
OLPH�DQG�IHUWLOL]DWLRQ�SURJUDPPHV�ZLOO�KHOS�VXSSUHVV�KRUVHWDLO�LQIHVWDWLRQV��$SSO\LQJ�QLWURJHQ�
IHUWLOL]HU� WR� JUDVV� FURSV� LV� KHOSIXO� EHFDXVH� KRUVHWDLO� UHVSRQGV� PLQLPDOO\� WR� QLWURJHQ� ZKLOH�
JUDVV� FURSV� UHVSRQG� TXLFNO\� DQG� VLJQLILFDQWO\�� JDLQLQJ� D� FRPSHWLWLYH� DGYDQWDJH� RYHU� ILHOG�
KRUVHWDLO�EHFDXVH�WKH�ZHHG�LV�VKDGH�VHQVLWLYH��$QGHUVVRQ�	�/XGHJDUGK��������
3RWHQWLDO�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�ELRORJLFDO�FRQWURO�
%LRORJLFDO� FRQWURO� FRXOG� RIIHU� PDQ\� DGYDQWDJHV� RYHU� FXUUHQW� FRQWURO� PHWKRGV� IRU� WKH�
PDQDJHPHQW�RI�ILHOG�KRUVHWDLO��DQG�PD\�EH�WKH�RQO\�UHDOLVWLF�RSWLRQ�IRU�ODUJH�LQIHVWDWLRQV�JLYHQ�
WKH�GLIILFXOW\�RI�FRQWUROOLQJ�WKLV�ZHHG�E\�FRQYHQWLRQDO�PHDQV��&ODVVLFDO�ELRORJLFDO�FRQWURO��LI�
VXFFHVVIXO��LV�PRUH�FRVW�HIIHFWLYH�WKDQ�RWKHU�IRUPV�RI�FRQWURO�DV�LW�RIIHUV�FRQWLQXRXV�DFWLRQ�DQG�
VHOI�GLVSHUVDO�WR�DUHDV�WKDW�DUH�QRW�OLNHO\�WR�EH�WDUJHWHG�E\�RWKHU�FRQWURO�SURJUDPPHV��
�
'HVSLWH� LWV� DGYDQWDJHV�� ELRORJLFDO� FRQWURO� PD\� QRW� EH� D� ³VLOYHU� EXOOHW´�� DOWKRXJK� UHFHQW�
DQDO\VHV�KDYH�LQGLFDWHG�WKH�VXFFHVV�UDWH�RI�ZHHG�ELRFRQWURO�SURJUDPPHV�KDV�EHHQ�JUHDWHU�WKDQ�
SUHYLRXVO\� VXSSRVHG� �+RIIPDQQ� ������0F)DG\HQ� ������ )RZOHU� HW� DO�� ������ %ULHVH� �������
FRPSOHWH�VXFFHVVHV��ZKHUH�ELRORJLFDO�FRQWURO�LV�VR�GUDPDWLF�WKDW�QR�RWKHU�FRQWURO�PHWKRGV�DUH�
UHTXLUHG�� RQO\� DFFRXQW� IRU� DSSUR[LPDWHO\� RQH�WKLUG� RI� DOO� FRPSOHWHG� SURJUDPV� �0F)DG\HQ�
������� )XUWKHUPRUH�� DOWKRXJK� ELRORJLFDO� FRQWURO� LV� RIWHQ� SHUFHLYHG� DV� DQ� HQYLURQPHQWDOO\�
EHQLJQ�DOWHUQDWLYH� WR� FKHPLFDOV�� WKHUH�KDYH�EHHQ� UHFHQWO\� UHSRUWHG� FDVHV�RI�GDPDJH� WR�QRQ�
WDUJHW�SODQWV��H�J���/RXGD�HW�DO���������1HYHUWKHOHVV��WKH�ULVN�RI�IDLOXUH�DQG�WKH�LPSDFWV�RI�QRQ�
WDUJHW� DWWDFN� DUH� OLNHO\� WR� EH� PLQRU�� FRPSDUHG� ZLWK� WKH� SRWHQWLDO� EHQHILWV�� )RU� H[DPSOH��
3D\QWHU� DQG�)ODQDJDQ� ������� VKRZHG� WKDW�� RI� WKH�ZHHG�ELRFRQWURO�SURJUDPPHV� WKDW�GLG�QRW�
GHOLYHU� µFRPSOHWH¶� FRQWURO�� PRVW� UHVXOWHG� LQ� µVXEVWDQWLDO¶� RU� µSDUWLDO¶� FRQWURO� �L�H�� ZKHUH�
ELRORJLFDO�FRQWURO�FRQWULEXWHV�WR�PDQDJHPHQW��EXW�RWKHU�FRQWURO�PHWKRGV�DUH�VWLOO�UHTXLUHG�WR�
DFKLHYH�DGHTXDWH�FRQWURO���([DPSOHV�RI�µSDUWLDO�FRQWURO¶�LQ�1HZ�=HDODQG��OLVWHG�E\�)RZOHU�HW�
DO�������� LQFOXGH� DOOLJDWRU�ZHHG� �ZKHUH� ELRFRQWURO� RI� IORDWLQJ�ZHHG�PDWV� LV� VXFFHVVIXO�� EXW�
DJHQWV�GR�QRW�DWWDFN� WHUUHVWULDO� LQIHVWDWLRQV��DQG� UDJZRUW� �H[FHOOHQW�FRQWURO� LQ�PDQ\� UHJLRQV��
EXW� QRW� LQ� KLJK� UDLQIDOO� DUHDV� VXFK� DV� WKH�ZHVW� FRDVW� RI� WKH�6RXWK� ,VODQG��� µ)DLOXUH¶� �L�H�� DQ�
LQDELOLW\� WR� ILQG� RU� HVWDEOLVK� FRQWURO� RUJDQLVPV�� RU� DQ� DEVHQFH� RI� DJHQW� LPSDFW�� LV� D� UDUH�
RXWFRPH�RI�ZHHG�ELRFRQWURO�SURJUDPPHV��3D\QWHU�	�)ODQDJDQ���������
�
)XUWKHUPRUH��GDWD�RQ�KRVW�XVH�RI�����LQVHFWV��WKUHH�IXQJL��DQG�RQH�PLWH�LQGLFDWHG�WKDW�YLUWXDOO\�
DOO�ULVN�RI�QRQ�WDUJHW�DWWDFN�LV�ERUQH�E\�QDWLYH�SODQW�VSHFLHV�FORVHO\�UHODWHG�WR�WKH�WDUJHW�ZHHGV�
DQG�WKDW�WKH�ULVN�WR�QDWLYH�IORUD�FDQ�EH�MXGJHG�UHOLDEO\�EHIRUH�LQWURGXFWLRQ��3HPEHUWRQ��������
6LPLODUO\��D�VXUYH\�LQ�1HZ�=HDODQG�LQGLFDWHG�WKDW�WKH�RYHUDOO�UHOLDELOLW\�RI�KRVW�UDQJH�WHVWLQJ�
LQ� SDVW� ZHHG� ELRFRQWURO� SURJUDPPHV� ZDV� KLJK�� 2QO\� WZR� FDVHV� RI� QRQ�WDUJHW� DWWDFN� ZHUH�
UHFRUGHG� RQ� QDWLYH� SODQW� VSHFLHV�� ERWK� H[DPSOHV�ZHUH� RI� SODQWV� YHU\� FORVHO\� UHODWHG� WR� WKH�
WDUJHW�ZHHGV��ERWK�H[DPSOHV�ZHUH�SUHGLFWDEOH� IURP�KRVW�UDQJH� WHVWLQJ�DQG� LQ�ERWK�FDVHV� WKH�
LPSDFWV�RI�QRQ�WDUJHW�DWWDFN�ZHUH�PLQRU��3D\QWHU�HW�DO����������������
�
0RUHRYHU�� D� UHFHQW� HFRQRPLF� DQDO\VLV� LQGLFDWHG� WKDW� WKH� RYHUDOO� ZHHG� ELRFRQWURO� HIIRUW�
SURYLGHG� D� VWURQJO\� SRVLWLYH� UHWXUQ� RQ� LQYHVWPHQW�� ZLWK� EHQHILWV� SURYLGHG� E\� VXFFHVVIXO�
SURJUDPPHV� IDU�RXWZHLJKLQJ� WKH� WRWDO�FRVWV�� IRU�HYHU\�GROODU� LQYHVWHG� LQ�ZHHG�ELRFRQWURO� LQ�
$XVWUDOLD��D�EHQHILW�RI��������LV�JHQHUDWHG��3DJH�	�/DFH\�������
3UHGLFWLQJ�HVWDEOLVKPHQW�RI�ELRFRQWURO�DJHQWV�
5HOLDEO\�SUHGLFWLQJ�WKH�OLNHOLKRRG�RI�HVWDEOLVKPHQW�DQG�LPSDFWV�RI�LQWURGXFHG�DUWKURSRGV�DQG�
SDWKRJHQV�RQ�SODQW�SRSXODWLRQV�KDV�ORQJ�EHHQ�D�JRDO�RI�ZHHG�ELRORJLFDO�FRQWURO�SURJUDPPHV�
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DQG� UHVHDUFK� KDV� EHHQ� FRQGXFWHG� WR� GHWHUPLQH� WKH� LPSRUWDQFH� RI� ERWK� UHOHDVH� VL]H� �H�J���
0HPPRWW�HW�DO��������������DQG�FOLPDWH�PDWFKLQJ��H�J���YDQ�.OLQNHQ�HW�DO��������LQ�UHODWLRQ�WR�
ELRORJLFDO�FRQWURO�DJHQW�VXFFHVV���
�
7KH� EHVW� SUHGLFWRU� RI� HVWDEOLVKPHQW� VXFFHVV� RI� QHZ� RUJDQLVPV� LV� WKH� QXPEHU� DQG� VL]H� RI�
UHOHDVHV�� ,Q� 1HZ� =HDODQG�� ZHHG� ELRORJLFDO� FRQWURO� DJHQW� HVWDEOLVKPHQW� UDWHV� DUH� QRZ� YHU\�
KLJK��ODUJHO\�GXH�WR�WKH�LQFUHDVHG�HIIRUW�SXW�LQWR�PXOWLSOLFDWLRQ��UHOHDVH�DQG�PRQLWRULQJ�LQ�WKH�
H[WHQVLYH� WHFKQRORJ\� WUDQVIHU� SURJUDPPH� WKDW� /DQGFDUH� 5HVHDUFK� RSHUDWHV� ZLWK� UHJLRQDO�
FRXQFLOV��/DQGFDUH�JURXSV��/DQGFRUS��ORFDO�IDUPHUV¶�JURXSV��WKH�'HSDUWPHQW�RI�&RQVHUYDWLRQ��
DQG�IRUHVWU\�FRPSDQLHV��)RZOHU�HW�DO����������
�
)XUWKHUPRUH�� LQ� D� EURDG� VHQVH�� FOLPDWH�PDWFKLQJ� VKRXOG� UDUHO\� EH� SUREOHPDWLF� EHFDXVH� FR�
HYROYHG�ZHHG� ELRORJLFDO� FRQWURO� DJHQWV� VKRXOG�� JHQHUDOO\�� EH� DGDSWHG� WR� WKH� VDPH� FOLPDWLF�
FRQGLWLRQV�DV�WKRVH�WR�ZKLFK�WKHLU�KRVW�SODQWV�DUH�DGDSWHG��+RZHYHU��YDQ�.OLQNHQ�HW�DO���������
QRWHG�WKDW�FOLPDWH�EHFDPH�DQ� LVVXH�ZKHQ�DJHQWV�ZHUH�FROOHFWHG�IURP�D�UHVWULFWHG�SDUW�RI� WKH�
UDQJH� RI� D� SODQW� VSHFLHV� WKDW� HVWDEOLVKHG� RYHU� D� ZLGH� UDQJH� RI� FOLPDWLF� DQG� HFRORJLFDO�
FRQGLWLRQV� �D� VLPLODU� VFHQDULR� FRXOG� DOVR� RFFXU� LI� WKH� QDWLYH� GLVWULEXWLRQ� RI� D� SODQW� ZDV�
UHVWULFWHG��FRPSDUHG�ZLWK�LWV�LQWURGXFHG�UDQJH���3UREOHPV�PD\�DOVR�DULVH�LI�WKH�WDUJHW�FRXQWU\�
KDV�DQ�XQXVXDO�FOLPDWH�WKDW�WKH�SODQW�FDQ�WROHUDWH�EXW�LQ�ZKLFK�WKH�DJHQW�VWUXJJOHV��*LYHQ�WKH�
YDVW�QDWLYH�UDQJH�RI�ILHOG�KRUVHWDLO��LW�VKRXOG�EH�SUXGHQW�WR�FKRRVH�DJHQWV�WKDW�DUH�DGDSWHG�WR�
UHJLRQV�ZKHUH� WKH�FOLPDWH� LV�PRVW�VLPLODU� WR�1HZ�=HDODQG��7KHUHIRUH�� IRU�ERWK�FOLPDWLF�DQG�
ORJLVWLFDO�UHDVRQV��WKH�UHODWLYHO\�PLOG�FOLPDWLF�UHJLRQV�RI�:HVWHUQ�(XURSH�ZRXOG�DSSHDU�WR�EH�D�
PRUH� SURPLVLQJ� DUHD� LQ� ZKLFK� WR� FRQGXFW� QDWLYH� UDQJH� VXUYH\V� WKDQ�� IRU� H[DPSOH��
6FDQGLQDYLD��6LEHULD�RU�&DQDGD��&OLPDWLF�PDWFKLQJ�FRXOG�EH�IXUWKHU�UHILQHG�E\��IRU�H[DPSOH��
XVLQJ� FOLPDWH� PDWFKLQJ� VRIWZDUH� �H�J��� &/,0(;��� EXW� WKLV� PD\� VWLOO� UHTXLUH� D� GHWDLOHG�
XQGHUVWDQGLQJ�RI�DJHQW�ELRORJ\�WR�EH�DEOH�WR�FOLPDWH�PDWFK�LQ�GHWDLO��
3UHGLFWLQJ�LPSDFW�RI�ELRFRQWURO�DJHQWV�
(VWLPDWLQJ�WKH�OLNHO\�LPSDFW�RI�DQ�H[RWLF�KHUELYRURXV�RUJDQLVP�LQ�D�QHZ�HQYLURQPHQW�LV�PRUH�
FKDOOHQJLQJ�WKDQ�SUHGLFWLQJ�WKH�OLNHOLKRRG�RI�HVWDEOLVKPHQW��,Q�DGGLWLRQ�WR�FOLPDWLF�PDWFKLQJ��
DQ�RUJDQLVP�ZLOO�IDFH�D�KRVW�RI�RWKHU�IDFWRUV��VXFK�DV�SUHGDWLRQ��SDUDVLWLVP�DQG�FRPSHWLWLRQ��
WKDW�PLJKW�DIIHFW� LWV�DELOLW\� WR� WKULYH� LQ�D�QHZ�HQYLURQPHQW��DV�ZHOO�DV� WKH�DELOLW\�RI� LWV�KRVW�
SODQW� WR� FRPSHQVDWH� IRU� DWWDFN�� )XUWKHUPRUH�� LQIRUPDWLRQ� UHJDUGLQJ� WKH� JURZWK� RI� ILHOG�
KRUVHWDLO� LQ� 1HZ� =HDODQG� FRPSDUHG� ZLWK� WKH� QDWLYH� UDQJH� LV� ODFNLQJ�� DV� LV� LQIRUPDWLRQ�
UHJDUGLQJ�WKH�LPSDFW�RI�SDWKRJHQV�DQG�LQYHUWHEUDWH�KHUELYRU\�RQ�ILHOG�KRUVHWDLO�LQ�WKH�QDWLYH�
UDQJH�� 1RWH�� KRZHYHU�� WKDW� WKLV� LV� QRW� XQXVXDO� EHIRUH� EHJLQQLQJ� D� ZHHG� ELRORJLFDO� FRQWURO�
SURJUDPPH���
�
'HQRWK�HW�DO���������IRXQG�WKDW�WKH�VXFFHVV�RI�ELRORJLFDO�FRQWURO�DJDLQVW�ZHHGV�LQFUHDVHG�ZLWK�
WKH�QXPEHU�RI�DJHQWV�UHOHDVHG��DOWKRXJK�WKH\�DUJXHG�WKDW�WKLV�UHVXOW�PLJKW�EH�EHFDXVH�RI�WKH�
OLNHOLKRRG� WKDW� WKH� ULJKW� FRQWURO� VSHFLHV� LV� UHOHDVHG� LQFUHDVHV� ZLWK� WKH� QXPEHU� RI� DJHQWV�
UHOHDVHG� �ORWWHU\� PRGHO��� UDWKHU� WKDQ� EHFDXVH� RI� WKH� FXPXODWLYH� LPSDFW� RI� PXOWLSOH� QDWXUDO�
HQHPLHV��&HUWDLQO\��VSHFWDFXODU�ELRFRQWURO�VXFFHVVHV�KDYH�EHHQ�DFKLHYHG�ZLWK�RQO\�RQH�DJHQW�
�'HQRWK�HW�DO��������DQG�D�FKDOOHQJH�IRU�ELRFRQWURO�SUDFWLWLRQHUV�LV�WR�LGHQWLI\�WKH�DJHQW�V��WKDW�
DUH�PRVW�OLNHO\�WR�LPSDFW�RQ�ZHHG�SRSXODWLRQV��
�
&UDZOH\� ������� DQG�&KDUXGDWWDQ� ������� UHYLHZHG�� UHVSHFWLYHO\�� WKH� XVH� RI� LQVHFW� DQG� SODQW�
SDWKRJHQLF� IXQJL� LQ� ZHHG� ELRORJLFDO� FRQWURO�� &UDZOH\� ������� VKRZHG� WKDW� FHUWDLQ� LQVHFW�
JURXSV� KDYH� SURYHG� PRUH� VXFFHVVIXO� DW� UHGXFLQJ� KRVW� SODQW� DEXQGDQFH� WKDQ� RWKHUV�� IRU�
H[DPSOH��a����RI�UHOHDVHV�RI�LQVHFWV�LQ�WKH�'DFW\ORSLLGDH��FRFKLQHDO�LQVHFWV���&XUFXOLRQLGDH�
�ZHHYLOV�� DQG�&KU\VRPHOLGDH� �OHDI�EHHWOHV�� WKDW� HVWDEOLVKHG� UHVXOWHG� LQ�PDUNHG� RU� FRPSOHWH�
FRQWURO�RI�WKH�WDUJHW�ZHHG��ZKHUHDV�DOO�WKH�SURJUDPPHV�WKDW�VXFFHVVIXOO\�HVWDEOLVKHG�LQVHFWV�LQ�
WKH�&HUDPE\FLGDH��ORQJKRUQ�EHHWOHV�����H[DPSOHV���&RUHLGDH��OHDI�IRRWHG�EXJV����H[DPSOHV��



���

/DQGFDUH�5HVHDUFK�

DQG�&DUSRVLQLGDH��IUXLWZRUP�PRWKV����H[DPSOHV��IDLOHG�WR�FRQWURO�WKHLU�WDUJHW�SODQWV��WDEOH����
&UDZOH\� ������� &KDUXGDWWDQ� ������� QRWHG� WKDW� ZHHGV� ZLWK� UREXVW� FDSDFLW\� IRU� YHJHWDWLYH�
UHJHQHUDWLRQ��VXFK�DV�ILHOG�KRUVHWDLO��DUH�PRUH�GLIILFXOW�WR�FRQWURO�WKDQ�WKRVH�WKDW�ODFN�WKLV�WUDLW��
,QGHHG��ILHOG�KRUVHWDLO�SURGXFHV�VKRRWV�GXULQJ�WKH�HQWLUH�VXPPHU��&ORXWLHU�	�:DWVRQ��������
ZKLFK� LPSOLHV� WKDW� HLWKHU� D� PXOWLYROWLQH� �PXOWLSOH� JHQHUDWLRQ�� DJHQW� RU� D� FRPELQDWLRQ� RI�
DJHQWV�� DFWLQJ� LQ� VXFFHVVLRQ�� ZLOO� EH� UHTXLUHG� WR� LQIOLFW� VXVWDLQHG� GDPDJH� WKURXJKRXW� WKH�
JURZLQJ�VHDVRQ��)XUWKHUPRUH�� LQ� LWV�QDWLYH� UDQJH�� ILHOG�KRUVHWDLO� FDQ�EH�D�ZHHG�RI� ILHOG�DQG�
YHJHWDEOH� FURSV� �H�J��� &ORXWLHU� 	� :DWVRQ� ������� 2QH� PLJKW� VSHFXODWH�� WKDW� UHGXFHG� SODQW�
FRPSHWLWLRQ��RU�HOLPLQDWLRQ�RI�QDWXUDO�HQHPLHV�E\�SHVWLFLGH�XVH�PLJKW�FRQWULEXWH�WR�DQ�DEVHQFH�
RI�UHJXODWLRQ�RI�ILHOG�KRUVHWDLO�LQ�VXFK�KDELWDWV��,I�VR��LW�IROORZV�WKDW�ZKLOH�ELRFRQWURO�PD\�EH�
OLNHO\� WR� VXFFHHG� LQ� D� UDQJH� RI� KDELWDWV�� DGGLWLRQDO� FRQWURO� PHWKRGV� PD\� VWLOO� EH� UHTXLUHG�
VKRXOG�ILHOG�KRUVHWDLO�EHFRPH�DQ�LQYDVLYH�ZHHG�RI�FURSSLQJ�V\VWHPV�LQ�1HZ�=HDODQG���
�
:HHG� ELRORJLFDO� FRQWURO� DJHQWV�� HVSHFLDOO\� UXVW� IXQJL�� FDQ� EH� VR� VSHFLDOLVHG� WKDW� WKH\� VKRZ�
KRVW�VSHFLILFLW\�ZLWKLQ�D�JLYHQ�SODQW�VSHFLHV��0DWFKLQJ�WKH�WDUJHW�KRVW¶V�VXVFHSWLELOLW\�ZLWK�WKH�
FDQGLGDWH� SDWKRJHQ¶V� YLUXOHQFH� LV� RI� XWPRVW� LPSRUWDQFH� IRU� ELRFRQWURO� VXFFHVV� ZLWK� VRPH�
DJHQWV�VLQFH��IRU�H[DPSOH��KRVW±SDWKRJHQ�LQWHUDFWLRQV�DW�WKH�VSHFLHV�DQG�VXEVSHFLHV�OHYHOV�DUH�
RIWHQ� JRYHUQHG� E\� VLQJOH�JHQH� GLIIHUHQFHV� LQ� UXVWV� �H�J��� YDULHWDO� VSHFLILFLW\�� &KDUXGDWWDQ�
������� )RU� H[DPSOH�� HIILFDF\� RI� WKH� VNHOHWRQZHHG� UXVW� IXQJXV�3XFFLQLD� FKRQGULOOLQD�YDULHV�
IURP�ORZ�WR�KLJK��GHSHQGLQJ�RQ�ZHHG�IRUPV��%XUGRQ�HW�DO���������(ULRSK\LG�PLWHV�FDQ�VKRZ�
VLPLODU� OHYHOV� RI� VSHFLILFLW\�� DW� OHDVW� RQH� ELRW\SH� RI� 6W� -RKQ¶V� ZRUW�+\SHULFXP� SHUIRUDWXP�
DSSHDUV� WR� EH� UHVLVWDQW� WR� WKH� HULRSK\LG�PLWH�$FXOXV� K\SHULFL� LQ�$XVWUDOLD� �0D\R�	�5RXVK�
������� )RU� FHUWDLQ� FDQGLGDWH� DJHQWV�� WR� IDFLOLWDWH� VHDUFKLQJ� IRU� QDWXUDO� HQHPLHV� IURP� WKH�
FRUUHFW�ELRW\SH�V��LW�ZRXOG�EH�SUXGHQW�WR�GHWHUPLQH�ZKLFK�VXEVSHFLHV�DQG�IRUPV�RI�D�ZHHG�DUH�
SUHVHQW�LQ�WKH�LQWURGXFHG�UDQJH��WKHUHE\�UHGXFLQJ�WKH�SRWHQWLDO�IRU�KRVW�SODQW�UHVLVWDQFH��7KLV�
FDQ�LQYROYH�WKH�XVH�RI�PROHFXODU�WHFKQLTXHV�WR�GHWHUPLQH�WKH�RULJLQ�RI�D�ZHHG��6RPH�VWXGLHV�
KDYH� XWLOLVHG� D� FKHDSHU�PHWKRG�RI� GLUHFWO\� WHVWLQJ� WKH� VXVFHSWLELOLW\� RI� D�ZHHG� WR� FDQGLGDWH�
DJHQW� VSHFLHV� E\� SODQWLQJ� RXW� µWUDS� SODQWV¶� FROOHFWHG� LQ� WKH� ZHHGV¶� LQWURGXFHG� UDQJH� DQG�
PRQLWRULQJ�GDPDJH�WR�WKHP�LQ�WKH�QDWLYH�UDQJH���
�
)LQDOO\�� &KDUXGDWWDQ� ������� DOVR� FRQFOXGHG� WKDW� WKH� VWDNHKROGHUV¶� SHUFHSWLRQV� RI� WKH�
HIIHFWLYHQHVV�RI�D�ELRFRQWURO�SURJUDPPH�FDQ�EH�XQSUHGLFWDEOH��OHDGLQJ�WR�FRQIOLFWLQJ�YLHZV�RI�
µVXFFHVV¶��:H� EHOLHYH� WKH� DLPV� RI� DQ\� ELRFRQWURO� SURJUDPPH� DJDLQVW� ILHOG� KRUVHWDLO� VKRXOG�
WKHUHIRUH� EH� FOHDUO\� GHILQHG� IURP� WKH� RXWVHW�� VR� WKDW� VXFFHVV� RU� IDLOXUH� FDQ� EH� DVVHVVHG�
REMHFWLYHO\�DJDLQVW�D�ZHOO�GHILQHG�JRDO��

��� 2EMHFWLYHV�

•� 5HYLHZ� WKH� WD[RQRP\� RI� ILHOG� KRUVHWDLO� LQ� UHODWLRQ� WR� QDWLYH� SODQW� VSHFLHV� DQG�
HFRQRPLFDOO\� LPSRUWDQW� H[RWLF� SODQW� VSHFLHV� SUHVHQW� LQ�1HZ�=HDODQG�� WR� GHYHORS� D� WHVW�
SODQW� OLVW� IRU�KRVW�UDQJH� WHVWLQJ�RI�ELRORJLFDO�FRQWURO�DJHQWV�DQG� WR� LGHQWLI\�DQ\�SRWHQWLDO�
EDUULHUV� WR� WKH� XVH� RI� D� ELRORJLFDO� FRQWURO� SURJUDPPH� DJDLQVW� ILHOG� KRUVHWDLO� LQ� 1HZ�
=HDODQG��

�
•� 5HYLHZ�H[LVWLQJ�OLWHUDWXUH�RQ�WKH�QDWXUDO�HQHPLHV�RI�ILHOG�KRUVHWDLO���
�
•� 6XPPDULVH�WKH�OLWHUDWXUH�DQG�FXUUHQW�LQIRUPDWLRQ�DYDLODEOH�IURP�UHVHDUFKHUV�ZRUOGZLGH�RQ�

WKH�SRWHQWLDO�IRU�ELRORJLFDO�FRQWURO�RI�ILHOG�KRUVHWDLO��
�
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��� 0HWKRGV�

6HOHFWLQJ�D�WHVW�SODQW�OLVW�IRU�KRVW�UDQJH�WHVWLQJ�RI�ELRORJLFDO�FRQWURO�DJHQWV�
+RVW�VSHFLILFLW\� WHVWLQJ� LV� XVHG� WR� GLVFDUG� SRWHQWLDO� ZHHG� ELRORJLFDO� FRQWURO� DJHQWV� WKDW� DUH�
OLNHO\� WR� FDXVH� VLJQLILFDQW� XQGHVLUDEOH� QRQ�WDUJHW� GDPDJH� WR� HLWKHU� QDWLYH� RU� YDOXHG� H[RWLF�
SODQWV�� 7KH� VLPSOHVW� WHVWV� DUH� H[WUHPHO\� UREXVW� µQR�FKRLFH¶� WHVWV� ZKHUH� DUWKURSRGV� DUH�
FRQILQHG� RQ� D� SDUWLFXODU� WHVW� SODQW� DQG� HLWKHU� IHHG� RU� GLH�� RU�� IRU� SDWKRJHQV�� LQRFXODWLRQ� LV�
DWWHPSWHG�WR�VHH�LI�LQIHFWLRQ�FDQ�UHVXOW��1R�FKRLFH�WHVWV�GHILQH�WKH�IXQGDPHQWDO�KRVW�UDQJH�RI�D�
SDUWLFXODU�VSHFLHV��DOO�WKH�SODQW�VSHFLHV�LW�FDQ�VXUYLYH�FRPSOHWH�GHYHORSPHQW�RQ��YDQ�.OLQNHQ�
	� +HDUG� ������� +RZHYHU�� IRU� PDQ\� KHUELYRURXV� LQVHFWV� WKLV� IXQGDPHQWDO� KRVW� UDQJH� LV�
EURDGHU�WKDQ�WKH�UHDOLVHG�KRVW�UDQJH�XQGHU�ILHOG�FRQGLWLRQV��VR�PRUH�FRPSOH[�DQG�FRVWO\�WHVWV��
VXFK�DV�ILHOG�FDJH�RYLSRVLWLRQ�WHVWV��PD\�EH�UHTXLUHG���
�
$� FHQWULIXJDO� SK\ORJHQHWLF� PHWKRG� �:DSVKHUH� ������ KDV� ORQJ� EHHQ� XVHG� WR� GHWHUPLQH� WKH�
KRVW�UDQJH� RI� D� SRWHQWLDO� ELRORJLFDO� FRQWURO� DJHQW� E\� VHTXHQWLDOO\� WHVWLQJ� SODQW� WD[D� PRVW�
FORVHO\�UHODWHG�WR�WKH�WDUJHW�ZHHG�IROORZHG�E\�LQFUHDVLQJO\�GLVWDQWO\�UHODWHG�WD[D�XQWLO�WKH�KRVW�
UDQJH�KDV� EHHQ� FLUFXPVFULEHG��7KLV� DSSURDFK� LV� VXSSRUWHG�E\� UHFHQW� DGYDQFHV� LQ�PROHFXODU�
WHFKQLTXHV��KRVW�VKLIWV�LQ�OLQHDJHV�RI�VSHFLDOLVW�SK\WRSKDJRXV�LQVHFWV�DUH�VWURQJO\�OLQNHG�WR�WKH�
HYROXWLRQ�RI�KRVW�SODQW�OLQHDJHV��DQG�LQ�SDUWLFXODU�SODQW�FKHPLVWU\��6XFK�LQVHFWV�VKRZ�D�VWURQJ�
SK\ORJHQHWLF� FRQVHUYDWLVP� RI� KRVW� DVVRFLDWLRQV� �VHH� %ULHVH� ������ %ULHVH� 	�:DONHU� �������
7KLV� SDWWHUQ� RI� VWURQJ� SK\ORJHQHWLF� FRQVHUYDWLVP� LQ� GLHW� VXJJHVWV� WKH� QRQ�WDUJHW� SODQWV� RI�
JUHDWHVW� ULVN� DUH� WKRVH� FORVHO\� UHODWHG� WR� NQRZQ� KRVWV� �)XWX\PD� ������� DQG� WKLV� KDV� EHHQ�
YDOLGDWHG�E\�UHFHQW�UHYLHZV�RI�QRQ�WDUJHW�DWWDFN�E\�LQVHFW��3HPEHUWRQ�������%ULHVH�	�:DONHU�
������/RXGD�HW�DO��������3D\QWHU�HW�DO���������DQG�IXQJDO��%DUWRQ��QpH�)U|KOLFK��������ZHHG�
ELRORJLFDO�FRQWURO�DJHQWV���
�
:H��WKHUHIRUH��FRQVXOWHG�WKH�VFLHQWLILF�OLWHUDWXUH�WR�GHWHUPLQH�WKH�WD[RQRPLF�SRVLWLRQ�RI�ILHOG�
KRUVHWDLO�WR�LGHQWLI\�WKH�PRVW�FORVHO\�UHODWHG�SODQW�VSHFLHV�SUHVHQW�LQ�1HZ�=HDODQG�WKDW�VKRXOG�
EH�XVHG�WR�DVVHVV�WKH�ULVN�RI�QRQ�WDUJHW�DWWDFN�ZKHQ�FRQGXFWLQJ�KRVW�UDQJH�WHVWV��7R�GR�WKLV�ZH�
VHDUFKHG�WKH�:HE�RI�6FLHQFH��GDWDEDVH�IRU�UHFHQW�SXEOLFDWLRQV�UHJDUGLQJ�WKH�SK\ORJHQ\�RI�WKH�
JHQXV�(TXLVHWXP��:H�WKHQ�UHIHUUHG�WR�WKH�PRVW�UHFHQW�FKHFNOLVW�RI�QDWLYH�1HZ�=HDODQG�SODQWV�
�GH�/DQJH�HW�DO��������WR�LGHQWLI\�WKH�1HZ�=HDODQG�SODQW�VSHFLHV�WKDW�DUH�PRVW�FORVHO\�UHODWHG�
WR�ILHOG�KRUVHWDLO��
,GHQWLI\LQJ�IXQJDO�SDWKRJHQV�RI�ILHOG�KRUVHWDLO�
$� WDEOH�ZDV� FRPSLOHG� RI� WKH� IXQJL� WKDW� KDYH� EHHQ� UHSRUWHG� DVVRFLDWHG�ZLWK� ILHOG� KRUVHWDLO��
,QIRUPDWLRQ� IRU� WKLV� ZDV� REWDLQHG� E\� VHDUFKLQJ� FRPSXWHU� GDWDEDVHV� DQG� ,QWHUQHW� VLWHV�� 7KH�
PRVW� XVHIXO� VRXUFHV� IRU� WKLV� WDEOH�ZHUH� WKH�86'$� )XQJXV�KRVW� GDWDEDVH� RU� )'60� �ZKLFK�
LQFOXGHV� PRVW� 1HZ� =HDODQG� SODQW� GLVHDVH� UHFRUGV�� DW� KWWS���QW�DUV�
JULQ�JRY�IXQJDOGDWDEDVHV�IXQJXVKRVW�)XQJXV+RVW�FIP� DQG� WKH� )XQJDO� 5HFRUGV� 'DWDEDVH� RI�
%ULWDLQ� DQG� ,UHODQG� �)5'%,�� DW� KWWS�����������������ILHOGP\FRORJ\�)5'%,�)5'%,�DVS�� 7KH�
,0,�IXQJDO�KHUEDULXP�ZDV�DOVR�VHDUFKHG�RQOLQH��DW�KWWS�����������������KHUE,0,�LQGH[�KWP���
EXW�LW�OLVWHG�QR�RUJDQLVPV�DVVRFLDWHG�ZLWK�ILHOG�KRUVHWDLO��:H�DOVR�XQGHUWRRN�*RRJOH�VHDUFKHV�
XVLQJ�WKH�NH\�ZRUGV�µ(TXLVHWXP�DUYHQVH¶�DQG�µSDWKRJHQ¶�RU�µIXQJL¶�RU�µHTXLVHWL¶��WKH�VSHFLHV�
QDPH� IRU�PDQ\� IXQJL� IRXQG�DVVRFLDWHG�ZLWK�(TXLVHWXP�KRVWV���2QFH�D� OLVW�KDG�EHHQ�FUHDWHG�
IURP� LQWHUQHW� VRXUFHV�� IXUWKHU� LQIRUPDWLRQ� DERXW� HDFK� IXQJXV� ZDV� VRXJKW� LQ� WKH� SXEOLVKHG�
OLWHUDWXUH�� 7KH� 1=)81*,� GDWDEDVH� �DW� KWWS���Q]IXQJL�ODQGFDUHUHVHDUFK�FR�Q]�� ZDV� XVHG� WR�
GHWHUPLQH� ZKLFK� VSHFLHV� ZHUH� DOUHDG\� SUHVHQW� LQ� 1HZ� =HDODQG�� (DFK� IXQJXV� ZDV� WKHQ�
DVVHVVHG�WR�GHWHUPLQH�ZKHWKHU�LW�LV�OLNHO\�WR�EH�GDPDJLQJ�WR�ILHOG�KRUVHWDLO�DQG�ZKHWKHU�LW�LV�
OLNHO\� WR� EH� VXIILFLHQWO\� VSHFLILF� IRU� XVH� DV� D� FODVVLFDO� ELRORJLFDO� FRQWURO� DJHQW�� 1RWH� WKDW�
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YLUXVHV�DQG�EDFWHULD�DUH�QRW� LQFOXGHG� LQ� WKLV�VXUYH\�EHFDXVH�VXFK�RUJDQLVPV�ZRXOG�EH�PRUH�
FKDOOHQJLQJ��DQG�PRUH�H[SHQVLYH��WR�XVH�IRU�ELRFRQWURO�WKDQ�IXQJL��
,GHQWLI\LQJ�DUWKURSRG�ELRFRQWURO�DJHQWV�RI�ILHOG�KRUVHWDLO�
,GHQWLI\LQJ� FDQGLGDWH� DUWKURSRG� ELRFRQWURO� DJHQWV� RI� ILHOG� KRUVHWDLO�ZDV�PRUH� GLIILFXOW� WKDQ�
LGHQWLI\LQJ�SDWKRJHQV�EHFDXVH�WKHUH�LV�QR�HTXLYDOHQW�RI�WKH�)'60�RU�)5'%,�GDWDEDVHV�IRU�DOO�
DUWKURSRG� KHUELYRUHV�� +RZHYHU�� D� OLVW� RI� OHSLGRSWHUD� UHFRUGHG� IURP� ILHOG� KRUVHWDLO� ZDV�
REWDLQHG� IURP� WKH�1DWXUDO�+LVWRU\�0XVHXP¶V�ZRUOG� OLVWLQJ� �KWWS���ZZZ�QKP�DF�XN�UHVHDUFK�
FXUDWLRQ�SURMHFWV�KRVWSODQWV����:H�DOVR�VHDUFKHG�&$%�$EVWUDFWV�DQG�*RRJOH�6FKRODU�IRU�ILHOG�
KRUVHWDLO� DQG� VXE�VHDUFKLQJ�� ILUVW� ZLWK� WKH� NH\ZRUG� ³LQYHUWHEUDWH
´�� DQG� WKHQ� ZLWK� WKH�
NH\ZRUG�³KHUELYRUH´��7KH�DEVWUDFWV�ZHUH�WKHQ�H[DPLQHG�DQG�UHOHYDQW�SHVWV�DGGHG�WR�WKH�OLVW��
8VHIXO�LQIRUPDWLRQ�ZDV�IRXQG�LQ�WKH�+DQGERRNV�IRU�WKH�,GHQWLILFDWLRQ�RI�%ULWLVK�,QVHFWV�VHULHV�
�PDQ\�RI�ZKLFK�FRQWDLQ�DSSHQGLFHV�ZLWK�KRVW�UHFRUGV���ZKLFK� OLVWHG�VSHFLHV�DVVRFLDWHG�ZLWK�
ILHOG�KRUVHWDLO�LQ�%ULWDLQ�DQG�,UHODQG��
�
:H�UHIHUUHG�WR�FKHFNOLVWV�RI�1HZ�=HDODQG�IDXQD�WR�GHWHUPLQH�ZKHWKHU�DQ\�RI�WKH�SHVW�VSHFLHV�
UHFRUGHG�IHHGLQJ�RQ�LQIHFWLQJ�ILHOG�KRUVHWDLO�DOUHDG\�RFFXU�LQ�1HZ�=HDODQG���
�
��� 5HVXOWV�

7KH�WD[RQRP\�RI�ILHOG�KRUVHWDLO�
(TXLVHWXP� LV� WKH� VROH� VXUYLYLQJ�JHQXV� �ZLWK� WZR� VXEJHQHUD�(TXLVHWXP� DQG�+LSSRFKDHWH�� LQ�
WKH� µKRUVHWDLOV� DQG� VFRXULQJ� UXVKHV¶�� 7KH� KRUVHWDLOV� ZHUH� WUDGLWLRQDOO\� UHJDUGHG� DV� FODVV�
(TXLVHWRSVLGD��ZKLFK�ZHUH�FRQVLGHUHG�WR�EH�µIHUQ�DOOLHV¶��UDWKHU�WKDQ�WUXH�IHUQV��DV�EHORZ����
�
•� .LQJGRP��3ODQWDH��

o� 'LYLVLRQ�7UDFKHRSK\WD��YDVFXODU�SODQWV���
�� &ODVV�/\FRSVLGD���IHUQ�DOOLHV��WKH�FOXEPRVVHV�DQG�UHODWHG�SODQWV��
�� &ODVV�(TXLVHWRSVLGD���IHUQ�DOOLHV��WKH�KRUVHWDLOV�DQG�VFRXULQJ�UXVKHV��
�� &ODVV�3VLORSVLGD���IHUQ�DOOLHV��WKH�ZKLVN�IHUQV��
�� &ODVV�)LOLFHV��WKH�WUXH�IHUQV��
�� &ODVV�6SHUPDWRSVLGD��VRPHWLPHV�DV�VHYHUDO�GLIIHUHQW�FODVVHV�RI�VHHG�SODQWV���

�
5HFHQW�PROHFXODU�DQDO\VHV��KRZHYHU��SODFH�WKH�KRUVHWDLOV�ZLWKLQ�WKH�IHUQV��3WHULGRSK\WD���ZLWK�
WKH�PRVW�FORVHO\�UHODWHG�1HZ�=HDODQG�QDWLYH�SODQWV�WR�(TXLVHWXP�FXUUHQWO\�EHOLHYHG�WR�EH�WKH�
0DUDWWRLG� IHUQV� �3U\HU� HW� DO�� ������ :LNVWU|P� 	� 3U\HU� ������ 6FKXHWWSHO]� HW� DO�� �������
8QFHUWDLQW\� UHPDLQV� UHJDUGLQJ� WKH� H[DFW� UHODWLRQVKLSV� DPRQJ� KRUVHWDLO�� PDUDWWLRLG�� DQG�
OHSWRVSRUDQJLDWH�IHUQV��)LJ������+RZHYHU��WKH�KRUVHWDLOV�DUH�XQGRXEWHGO\�RQO\�GLVWDQWO\�UHODWHG�
WR�RWKHU�IHUQV��XVLQJ�PROHFXODU�WHFKQLTXHV��3U\HU�HW�DO���������HVWLPDWHG�WKDW�WKH\�GLYHUJHG�E\�
WKH�HQG�RI�WKH�'HYRQLDQ��a����PLOOLRQ�\HDUV�DJR���DQ�HVWLPDWH�VXSSRUWHG�E\�WKH�SUHVHQFH�RI�
IRVVLO�UHODWLYHV�RI�KRUVHWDLOV�GDWLQJ�EDFN�WR�WKH�ODWH�'HYRQLDQ��
�
1R� (TXLVHWXP� VSHFLHV� DUH� QDWLYH� WR� 1HZ� =HDODQG� DQG� QRQH� DUH� FRPPHUFLDOO\� LPSRUWDQW�
RUQDPHQWDO�SODQWV�RU�FURSV� LQ�1HZ�=HDODQG��'XH� WR� WKLV� WD[RQRPLF� LVRODWLRQ� IURP�QDWLYH�RU�
YDOXHG� H[RWLFV� LQ� 1HZ� =HDODQG� D� UHODWLYHO\� VKRUW� WHVW� SODQW� OLVW� VKRXOG� EH� VXIILFLHQW� WR�
GHPRQVWUDWH� WKH� KRVW�UDQJH� DQG�� WKHUHIRUH�� HQYLURQPHQWDO� VDIHW\� RI� FDQGLGDWH� ELRFRQWURO�
DJHQWV��:H�SURSRVH�WKDW�D�WHVW�SODQW�OLVW�VKRXOG�LQFOXGH�D�QDWLYH�1HZ�=HDODQG�UHSUHVHQWDWLYH�
IURP�HDFK�JHQXV�RI�WKH�IROORZLQJ�PDMRU�IHUQ�JURXSV��
�
•� 0DUDWWRLG�IHUQV��7KHUH�LV�RQH�QDWLYH�VSHFLHV�RI�0DUDWWRLG�IHUQ�LQ�1HZ�=HDODQG��GH�/DQJH�

HW� DO�� ������� 0DUDWWLD� VDOLFLQD� �3DUD�� .LQJ� )HUQ��� $Q� KLVWRULFDO� UHFRUG� RI� DQRWKHU�
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0DUDWWRLG� IHUQ� $QJLRSWHULV� DXUDWD� LQ� 1HZ� =HDODQG� LV� FRQVLGHUHG� WR� EH� WKH� UHVXOW� RI� D�
PLVODEHOOHG�VSHFLPHQ��%URZQOLH��������

•� 2SKLRJORVVRLG� IHUQV�� 7ZR� JHQHUD� RI� 2SKLRJORVVRLG� IHUQV� DUH� SUHVHQW� LQ� 1HZ� =HDODQG�
�$OOHQ� �������%RWU\FKLXP�� UHSUHVHQWHG� E\�%RWU\FKLXP� OXQDULD� �0RRQZRUW���%�� ELIRUPH�
DQG� %�� DXVWUDOH� �3DUVOH\� IHUQ�� DQG� 2SKLRJORVVXP�� UHSUHVHQWHG� E\� 2SKLRJORVVXP�
FRULDFHXP�DQG�2��SHWLRODWXP��GH�/DQJH�HW�DO����������

•� :KLVN� IHUQV�� 7ZR� JHQHUD� RI�ZKLVN� IHUQV� DUH� SUHVHQW� LQ�1HZ�=HDODQG� �GH�/DQJH� HW� DO��
�������7PHVLSWHULV�� UHSUHVHQWHG� E\�7PHVLSWHULV� HORQJDWD�� 7�� ODQFHRODWD�� 7�� VLJPDWLIROLD��
DQG�7��WDQQHQVLV�DQG�3VLORWXP��UHSUHVHQWHG�E\�3VLORWXP�QXGXP��

•� 2VPXQGDFHRXV�IHUQV��2QH�VSHFLHV�RI�7RGHD��7��EDUEDUD��DQG�WZR�VSHFLHV�RI�/HSWRSWHULV�
�/��K\PHQRSK\OORLGHV�DQG�/��VXSHUED��DUH�QDWLYH�WR�1HZ�=HDODQG��GH�/DQJH�HW�DO����������

�
:H� DOVR� VHDUFKHG� 1HZ� =HDODQG� 3ODQWILQGHU� �KWWS���ZZZ�SODQWILQGHU�FR�Q]��� DFFHVVHG�
������������ ZKLFK� LQGLFDWHG� WKDW� QR� DGGLWLRQDO� H[RWLF� 0DUDWWRLG�� 2SKLRJORVVRLG�� :KLVN� RU�
2VPXQGDFHRXV�IHUQV�DUH�VROG�FRPPHUFLDOO\�LQ�1HZ�=HDODQG��
�

�
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�
)LJXUH� ��� )HUQ� SK\ORJHQ\� UHVXOWLQJ� IURP� %D\HVLDQ� DQDO\VLV� RI� FRPELQHG� ��JHQH� GDWDVHW�
�UHSULQWHG� ZLWK� DXWKRUV
� SHUPLVVLRQ� IURP� 6FKXHWWSHO]� HW� DO�� ������� )�  � IHUQV�� /�  �
OHSWRVSRUDQJLDWH�IHUQV��&� �FRUH�OHSWRVSRUDQJLDWHV��PDMRU�IHUQ�JURXSV�DUH�DOVR�LQGLFDWHG�ZLWK�
EUDFNHWV� DW� ULJKW�� )LOOHG� QXPEHUHG� FLUFOHV� LQGLFDWH� QRGHV� UHFHLYLQJ� ERWK� JRRG� SRVWHULRU�
SUREDELOLW\���������DQG�JRRG�PD[LPXP�OLNHOLKRRG�ERRWVWUDS�������VXSSRUW��QRGHV�ZLWK�RSHQ�
FLUFOHV�GLG�QRW�UHFHLYH�JRRG�VXSSRUW�IURP�ERWK�PHDVXUHV���
�
3RWHQWLDO�DJHQWV�IRU�WKH�ELRORJLFDO�FRQWURO�RI�ILHOG�KRUVHWDLO�LQ�WKH�1HZ�=HDODQG�
)XQJL�
&ODVVLFDO�ELRFRQWURO�
7KLUW\�VHYHQ�VSHFLHV�RI� IXQJL�ZHUH�IRXQG�DVVRFLDWHG�ZLWK� ILHOG�KRUVHWDLO� �OLVWHG� LQ�$SSHQGL[�
���� 7KLV� VXEVWDQWLDO� QXPEHU� SUREDEO\� UHIOHFWV� WKH� IDFW� WKDW� ILHOG� KRUVHWDLO� KDV� EHHQ� XVHG� LQ�
WUDGLWLRQDO�PHGLFLQH�IRU�FHQWXULHV�DQG�KDV��WKHUHIRUH��EHHQ�UHODWLYHO\�ZHOO�VWXGLHG��2I�WKHVH�����
KDYH�QR�SRWHQWLDO�DV�FODVVLFDO�ELRORJLFDO�FRQWURO�DJHQWV�HLWKHU�EHFDXVH�WKH\�DUH�XQOLNHO\�WR�EH�
VXIILFLHQWO\�GDPDJLQJ�WR�EH�XVHIXO��RU�EHFDXVH�WKH\�KDYH�D�YHU\�EURDG�KRVW�UDQJH��RU�ERWK��VHH�
$SSHQGL[�����7KHUH�DUH����IXQJL�OLVWHG�LQ�$SSHQGL[���IRU�ZKLFK�ZH�NQRZ�WRR�OLWWOH�WR�GHFLGH�
ZKHWKHU�RU�QRW�WKH\�FRXOG�EH�XVHIXO�IRU�ELRFRQWURO��,I�DQ\�RI�WKHVH�IXQJL�ZHUH�IRXQG�GXULQJ�D�
SDWKRJHQ�VXUYH\�RI�ILHOG�KRUVHWDLO��LW�ZRXOG�EH�ZRUWK�WHVWLQJ�WKHLU�YLUXOHQFH�DQG�RU�KRVW�UDQJH�
EHIRUH� UHMHFWLQJ� WKHP�DV� SRVVLEOH� DJHQWV��7KH� UHPDLQLQJ� VL[� IXQJL�ZLWK� ELRFRQWURO� SRWHQWLDO�
WKDW� DUH� ZRUWK\� RI� IXUWKHU� GLVFXVVLRQ� DUH�� 6WDPQDULD� SHUVRRQLL� �0RXJ��� )XFNHO��$VFRFK\WD�
HTXLVHWL� �'HVP��� *URYH�� &\OLQGURVSRULXP� HTXLVHWL� :�&�� OLX� HW� 5�/�� %DL��0RQRGLG\PDULD�
HTXLVHWL��'REUR]UDNRYD��8��%UDXQ��+HWHURVSRULXP�HTXLVHWL�+�&��*UHHQH��DQG��0\FRVSKDHUHOOD�
DOWHUD��3DVV���+RXVH��7KHVH�IXQJL�DUH�DOO�HLWKHU�$VFRP\FHWHV��6WDPQDULD�DQG�0\FRVSKDHUHOOD��
RU� WKH� DVH[XDO� VWDJHV� �DQDPRUSKV�� RI� $VFRP\FHWHV� �WKH� RWKHU� IRXU� WD[D��� 7KH� 3K\OXP�
$VFRP\FRWD�LV�WKH�ODUJHVW�JURXS�RI�IXQJL�DQG�LQFOXGHV�VDSUREHV��ZKLFK�OLYH�RQ�GHDG�RUJDQLF�
PDWHULDO��SDUDVLWHV��HVS��RI�SODQWV���ZKLFK�REWDLQ�QXWULHQWV�IURP�OLYLQJ�RUJDQLVPV��DQG��PRVW�RI�
WKH� IXQJL� LQYROYHG� LQ� IRUPLQJ� OLFKHQV� �D� IXQJXV�DOJDH� V\PELRVLV���0RVW� IXQJL� FDQ� SURGXFH�
VSRUHV�ERWK�VH[XDOO\��WKURXJK�PHLRVLV��DQG�DVH[XDOO\��WKURXJK�PLWRVLV���7KH�FKDUDFWHULVWLF�WKDW�
OLQNV� DOO� $VFRP\FHWHV� LV� WKDW� ZKHQ� WKH\� SURGXFH� VSRUHV� VH[XDOO\�� WKH\� SURGXFH� WKHP� LQ� D�
PLFURVFRSLF� VDFN� FDOOHG� DQ� DVFXV�� 7KH� JHQXV� QDPHV� $VFRFK\WD�� &\OLQGURVSRULXP��
0RQRGLG\PDULD� DQG� +HWHURVSRULXP� DUH� DOO� DSSOLHG� WR� IXQJL� UHSURGXFLQJ� DVH[XDOO\�
�DQDPRUSKV���+RZHYHU��WKHUH�LV�JRRG�HYLGHQFH�OLQNLQJ�WKHVH�JHQHUD�WR�WKH�$VFRP\FHWHV��IRU�
H[DPSOH��VRPH�+HWHURVSRULXP��&ODGRVSRULXP��VSHFLHV�DOVR�SURGXFH�DVFRVSRUHV�FKDUDFWHULVWLF�
RI�$VFRP\FHWHV�LQ�WKH�JHQXV�0\FRVSKDHUHOOD��.LUN�HW�DO���������7KH�IRXU�DQDPRUSK�VSHFLHV�
RI�LQWHUHVW�WR�XV�HLWKHU�GR�QRW�SURGXFH�DVFRVSRUHV�RQ�ILHOG�KRUVHWDLO��RU�WKH\�GR��EXW�QR�RQH�KDV�
\HW� OLQNHG�WKHLU�DQDPRUSK�DQG�WHOHRPRUSK�QDPHV��D�FRPPRQ�VLWXDWLRQ�DV�VXFK�SDLUV�XVXDOO\�
ORRN�FRPSOHWHO\�GLIIHUHQW�IURP�HDFK�RWKHU���
�
7KHUH� KDYH� EHHQ� PRUH� WKDQ� ���� UHFRUGV� RI� 6WDPQDULD� SHUVRRQLL� DQG� LWV� DVH[XDO� VWDWH�
7LWDHRVSRUD� HTXLVHWL� �'HVP��� 9DVVLOMHYVN\� JURZLQJ� LQ� DVVRFLDWLRQ� ZLWK� (TXLVHWXP� VSHFLHV�
�&RRSHU�	�.LUN�������)DUU�HW�DO���������:KLOH� WKHUH�DUH�DOVR� WZR�UHFRUGV�RI� WKLV� IXQJXV�RQ�
XQUHODWHG� KRVWV� �,OH[� FRUQXWD� DQG�/DJHUVWURHPLD� LQGLFD�� LQ�)ORULGD� �VHH�$SSHQGL[� ���� WKHVH�
UHFRUGV�VWDQG�RXW��DQG�LW�ZRXOG�EH�ZRUWK�FRQILUPLQJ�WKHLU�YDOLGLW\��:KLOH�KRVW�UDQJH� WHVWLQJ�
ZRXOG�EH�QHFHVVDU\�EHIRUH�DQ\�IXQJXV�ZDV�FRQVLGHUHG�IRU�LPSRUWDWLRQ�LQWR�1HZ�=HDODQG�DV�D�
ELRFRQWURO�DJHQW��LW�ZRXOG�DSSHDU�WKDW�6��SHUVRRQLL�LV�PRVWO\��LI�QRW�HQWLUHO\��UHVWULFWHG�WR�KRVWV�
LQ� WKH� JHQXV� (TXLVHWXP� DQG� ZRXOG� EH� VXIILFLHQWO\� KRVW�VSHFLILF� WR� EH� XVHG� VDIHO\� KHUH��
:KHWKHU�RU�QRW� WKH� IXQJXV� LV�FDSDEOH�RI� LQIOLFWLQJ�VXIILFLHQW�GDPDJH� WR� ILHOG�KRUVHWDLO� WR�EH�
XVHIXO�IRU� LWV�FRQWURO� LV�D�PDWWHU� WKDW�ZRXOG�UHTXLUH�IXUWKHU�LQYHVWLJDWLRQ��3URPLVLQJO\�� LW�KDV�
EHHQ�UHSRUWHG�WKDW�6��SHUVRRQLL�FDXVHG�D�OHDI�VSRW�DQG�OHDI�EOLJKW�RQ�ILHOG�KRUVHWDLO�LQ�.RUHD��
ZKHUH� WKH� SODQW� LV� YDOXHG� IRU� LWV� PHGLFDO� SURSHUWLHV� �6KLQ� ������� 'U� 6KLQ� UHSRUWHG� WKDW�
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LQIHFWLRQ� ZDV� KHDY\�� HVSHFLDOO\� LQ� ZHW� SODFHV�� DQG� ZDV� VRPHWLPHV� DVVRFLDWHG� ZLWK� LQVHFW�
GDPDJH� DQG�RU� LQIHFWLRQ�ZLWK� DQRWKHU� IXQJXV� �D�*ORHRVSRULXP� VSHFLHV�� +\HRQ�'RQJ� 6KLQ��
.RUHD�� SHUV�� FRPP����+H� VDLG� WKDW� DIIHFWHG� SODQWV� ³ORRNHG� OLNH� WKH\� KDG� EHHQ� VSUD\HG�ZLWK�
KHUELFLGH´��*LYHQ�WKDW�WKH�GDPDJH�UHSRUWHG�E\�'U�6KLQ�VRXQGV�TXLWH�REYLRXV��LW�LV�VXUSULVLQJ�
WKDW�PRVW�RWKHU�UHFRUGV�LQ�WKH�OLWHUDWXUH�GR�QRW�FOHDUO\�VWDWH�WKDW�WKH�IXQJXV�LV�DVVRFLDWHG�ZLWK�
GLVHDVH� V\PSWRPV�� ,W� LV� SRVVLEOH� WKDW� WKH� .RUHDQ� IXQJXV� LV� D� GLIIHUHQW� VWUDLQ� WR� WKH�
(XURSHDQ�1RUWK�$PHULFDQ�RQH��DQG�WKLV�ZRXOG�QHHG�WR�EH�LQYHVWLJDWHG���
�
7KHUH�DUH�DW�OHDVW�HLJKW�FROOHFWLRQV�RI�WKLV�IXQJXV�VWRUHG�LQ�WKH�/DQGFDUH�5HVHDUFK�+HUEDULXP�
DW� 7DPDNL� �3''��� WKUHH� XQGHU� WKH� QDPH� 6�� SHUVRRQLL�� RQH� XQGHU� 7�� HTXLVHWL�� WZR� XQGHU�
7LWDHRVSRUD�GHWRVSRUD��6DFF���%XEiN�DQG�WZR�XQGHU�&\OLQGURVSRULXP�HTXLVHWL��'HVP���'LHG�
�6KDXQ� 3HQQ\FRRN�� /DQGFDUH� 5HVHDUFK�� SHUV�� FRPP���� $OO� ZHUH� FROOHFWHG� LQ� (XURSH��
8QIRUWXQDWHO\��WKHVH�FROOHFWLRQV�DUH�QR�ORQJHU�YLDEOH��VR�WKLV�IXQJXV�FRXOG�RQO\�EH�WHVWHG�IRU�
1HZ�=HDODQG�LI�D�OLYLQJ�FXOWXUH�VSHFLPHQ�FRXOG�EH�IRXQG��1R�IXQJL�LQ�WKLV�JHQXV�KDYH�EHHQ�
XVHG�SUHYLRXVO\�DV�FODVVLFDO�ELRFRQWURO�DJHQWV��%DUWRQ��QpH�)U|KOLFK���������
�
$VFRFK\WD�HTXLVHWL�LV�WKH�QH[W�PRVW�FRPPRQ�IXQJXV�ZLWK�ELRFRQWURO�SRWHQWLDO��ZLWK�DERXW����
NQRZQ�UHFRUGV��DOO�IURP�(TXLVHWXP�VSHFLHV��5HIHUHQFHV�FRQVLVWHQWO\�UHSRUW�WKDW�WKH�RUJDQLVP�
LV� DVVRFLDWHG� ZLWK� GLVHDVH� V\PSWRPV� �6HH� $SSHQGL[� ����:KLOH� QR�$VFRFK\WD� VSHFLHV� KDYH�
EHHQ�XVHG�DV�FODVVLFDO�ELRFRQWURO�DJHQWV�SUHYLRXVO\��%DUWRQ��QpH�)U|KOLFK���������WKH�JHQXV�LV�
ELRORJLFDOO\�DQG�PRUSKRORJLFDOO\�YHU\�VLPLODU�WR�WKH�JHQXV�3KRPD��$Q�H[RWLF�VWUDLQ�RI�3KRPD�
FOHPDWLGLQD�KDV�EHHQ�UHOHDVHG�LQ�1HZ�=HDODQG�IRU�WKH�ELRORJLFDO�FRQWURO�RI�ROG�PDQ¶V�EHDUG�
&OHPDWLV�YLWDOED�EXW�LW�GRHV�QRW�DSSHDU�WR�KDYH�SHUVLVWHG�KHUH�DQG�LV�EHOLHYHG�LW�PD\�KDYH�EHHQ�
RXW�FRPSHWHG�E\�RWKHU�SDWKRJHQV�DOUHDG\�SUHVHQW�LQ�ROG�PDQ¶V�EHDUG�SODQW�WLVVXHV��$VFRFK\WD�
VSRUHV�DUH�JHQHUDOO\�VPDOO�DQG�PRLVW�DQG�VR�WHQG�WR�GLVSHUVH�VPDOO�GLVWDQFHV��XQOLNH�WKH�GU\��
ZLQG�GLVSHUVHG� VSRUHV� RI� UXVWV�� 7KHUHIRUH�� LI� $�� HTXLVHWL� ZHUH� WR� EH� XVHG� DV� D� FODVVLFDO�
ELRFRQWURO� DJHQW� LQ�1HZ�=HDODQG�� LW�PLJKW�EH�QHFHVVDU\� WR�PDNH�PDQ\� UHOHDVHV�� RU� HYHQ� WR�
DSSO\�LQRFXOXP�DV�LI�LW�ZHUH�D�P\FRKHUELFLGH��WR�DLG�LWV�VSUHDG��
�
&\OLQGURVSRULXP� HTXLVHWL� ZDV� RQO\� µGLVFRYHUHG¶� IDLUO\� UHFHQWO\� �/XL� 	� %DL� ������� /LWWOH�
LQIRUPDWLRQ�LV�DYDLODEOH��EXW�LW�LV�VDLG�WR�EH�DVVRFLDWHG�ZLWK�VPDOO�OHDI�VSRWV��7KH�OLPLWHG�KRVW�
UDQJH�UHSRUWHG� LQ� WKH� OLWHUDWXUH�ZRXOG�QHHG� WR�EH�FKHFNHG��DV� LW�PD\�EH�DQ�DUWHIDFW�RI�EHLQJ�
OLWWOH�VWXGLHG��
�
7KHUH� LV�DOVR� OLWWOH� LQIRUPDWLRQ�DYDLODEOH�DERXW� WKH� ODVW� WKUHH� IXQJL�0RQRGLG\PDULD�HTXLVHWL��
+HWHURVSRULXP� HTXLVHWL� DQG�0\FRVSKDHUHOOD� DOWHUD� �VHH� $SSHQGL[� ���� 7KH\� KDYH� DOO� EHHQ�
UHSRUWHG�DVVRFLDWHG�ZLWK�GLVHDVH�V\PSWRPV��DQG�RQO\�RQ�(TXLVHWXP�VSHFLHV��EXW�ZLWK�VR�IHZ�
UHFRUGV� LQ� WKH� OLWHUDWXUH�� IXUWKHU� WHVWLQJ� ZRXOG� EH� YLWDO�� 1R� IXQJL� LQ� WKH� JHQHUD�
&\OLQGURVSRULXP�� 0RQRGLG\PDULD�� +HWHURVSRULXQ� RU� 0\FRVSKDHUHOOD� KDYH� EHHQ� XVHG�
SUHYLRXVO\�DV�FODVVLFDO�ELRFRQWURO�DJHQWV��%DUWRQ��QpH�)U|KOLFK���������+RZHYHU��WKDW�GRHV�QRW�
PHDQ�WKH\�FRXOG�QRW�EH�XVHIXO��:KLOH�PRVW�RI�WKH�IXQJL�XVHG�IRU�FODVVLFDO�ELRFRQWURO�WR�GDWH�
KDYH�EHHQ�UXVWV��%DVLGLRP\FRWD��8UHGLQDOHV���WKH�UHPDLQGHU�KDYH�PRVWO\�EHHQ��OLNH�DOO�VL[�RI�
WKHVH�IXQJL��$VFRP\FHWHV�DQG�WKHLU�DQDPRUSKV��5XVWV�GR�PDNH�YHU\�JRRG�FODVVLFDO�ELRFRQWURO�
DJHQWV�� VR� LW� LV� XQIRUWXQDWH� QR� UXVWV� KDYH� EHHQ� UHSRUWHG� DVVRFLDWHG� ZLWK� ILHOG� KRUVHWDLO��
8QIRUWXQDWH�� EXW� QRW� XQH[SHFWHG�� UXVWV� DUH� XVXDOO\� DVVRFLDWHG� ZLWK� VHHG�SODQWV�� DQG� �OHVV�
IUHTXHQWO\�� WUXH� IHUQV� �%DXHU� HW� DO�� ������ .LUN� HW� DO�� � ������� 7KDW� VDLG�� D� UXVW� KDV� EHHQ�
GLVFRYHUHG� DVVRFLDWHG� ZLWK� D� 6HODJLQHOOD� VSHFLHV� �%DXHU� HW� DO�� ������� DQG� DV� WKH�
6HODJLQHOODFHDH�LV�DQ�HYHQ�PRUH�SULPLWLYH�SODQW�JURXS�WKDQ�WKH�(TXLVHWDFHDH�
�KWWS���SODQWSK\ORJHQ\�ODQGFDUHUHVHDUFK�FR�Q]����LW�LV�SRVVLEOH�WKHUH�LV�D�UXVW�RQ�ILHOG�KRUVHWDLO�
WKDW�KDV�\HW�WR�EH�GLVFRYHUHG��
�
7R�VXPPDULVH��WKHUH�DUH�DW�OHDVW�VL[�SDWKRJHQLF�IXQJL�WKDW�FRXOG�EH�XVHIXO�FODVVLFDO�ELRFRQWURO�
DJHQWV�IRU�ILHOG�KRUVHWDLO�LQ�1HZ�=HDODQG��HLWKHU�DORQH�RU�DV�SDUW�RI�D�VXLWH�RI�DJHQWV��)RXU�RI�
WKHVH�RFFXU�LQ�WKH�86$��WKUHH�LQ�*HUPDQ\�DQG�WKH�8.��)UDQFH�DQG�,WDO\�DUH�HDFK�KRPH�WR�WZR�
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WD[D��7KXV��VXUYH\V� IRU�SDWKRJHQV�ZLWK�ELRFRQWURO�SRWHQWLDO�DJDLQVW� ILHOG�KRUVHWDLO�VKRXOG�EH�
FRQGXFWHG�LQ�WKH�86��DQG�RU�:HVWHUQ�(XURSH��
�
,QXQGDWLYH�ELRORJLFDO�FRQWURO��GHYHORSLQJ�D�P\FRKHUELFLGH�
7KH�GHYHORSPHQW�RI�D�P\FRKHUELFLGH��DV�RXWOLQHG�RQ�WKH�ILQDO�SDJH�RI�WKLV�GRFXPHQW��UHTXLUHV�
FRQVLGHUDEOH�ILHOG�WHVWLQJ�DQG�RWKHU�UHVHDUFK��&RQVHTXHQWO\��WKLV�WHFKQLTXH�LV�XVXDOO\�OLPLWHG�
WR� WDUJHWV� WKDW� FDXVH� D� VXIILFLHQWO\� ODUJH� SUREOHP� WR� MXVWLI\� WKH� KLJK� GHYHORSPHQWDO� FRVWV��
)XUWKHUPRUH��P\FRKHUELFLGHV� DUH� QRUPDOO\� GHYHORSHG� XVLQJ� IXQJL� WKDW� DOUHDG\� RFFXU� LQ� WKH�
FRXQWU\� ZKHUH� WKH\� ZLOO� EH� XVHG�� 7KH� H[FHSWLRQ� WR� WKLV� UXOH� LV� WKDW� VRPHWLPHV� D� IXQJXV�
LQWURGXFHG� DV� D� FODVVLFDO� DJHQW� FDQ� KDYH� LWV� GLVSHUVDO� DQG� HIILFDF\� HQKDQFHG� E\� EHLQJ�
IRUPXODWHG� DQG� DSSOLHG� DV� D� P\FRKHUELFLGH� DIWHU� LW� KDV� EHHQ� LQWURGXFHG�� )RU� H[DPSOH��
�+HQQHFNH�������SURSRVHG�WKDW�LQRFXOXP�RI�WKH�IXQJXV�3KORHRVSRUD�PLPRVDH�SLJUDH�VKRXOG�
EH�DSSOLHG�DV�D�VSUD\�DJDLQVW�WKH�ZHHG�0LPRVD�SLJUD��DIWHU�LW�ZDV�LQWURGXFHG�WR�$XVWUDOLD��DV�
XQDVVLVWHG�LW�ZDV�VWUXJJOLQJ�WR�NHHS�XS�ZLWK�WKH�UDSLG�JURZWK�RI�WKH�ZHHG��
)RU�D�P\FRKHUELFLGH�WR�EH�GHYHORSHG�DJDLQVW�ILHOG�KRUVHWDLO�LQ�1HZ�=HDODQG�HLWKHU�D�VXLWDEOH�
IXQJXV�ZRXOG�DOUHDG\�QHHG�WR�EH�KHUH�RU�RQH�RI�WKH�SRWHQWLDO�FODVVLFDO�DJHQWV�GLVFXVVHG�DERYH�
ZRXOG� QHHG� WR� EH� LQWURGXFHG� DQG� D� GHFLVLRQ�PDGH� WR� HQKDQFH� LW�� 2I� WKH� ��� IXQJL� OLVWHG� LQ�
$SSHQGL[����WHQ�DOUHDG\�RFFXU�LQ�1HZ�=HDODQG��+RZHYHU��QRQH�RI�WKHVH�KDYH�SRWHQWLDO�DV�WKH�
DFWLYH� LQJUHGLHQW� RI� D�P\FRKHUELFLGH� EHFDXVH� WKH\� DUH� DOO� HLWKHU� VDSUREHV� WKDW�ZRXOG� FDXVH�
OLWWOH�GDPDJH�WR�WKH�ZHHG��H�J���/DFKQHOOD�YLOORVD�DQG�/DFKQXP�YLUJLQHXP���RU�KDYH�YHU\�ZLGH�
KRVW�UDQJHV�WKDW�ZRXOG�PDNH�LW�XQGHVLUDEOH�WR�EURDGFDVW�WKHLU�LQRFXOXP�RYHU�ODUJH�DUHDV��H�J���
9HUWLFLOOLXP�GDKOLDH���:KLOH�LW�KDV�EHHQ�DUJXHG�WKDW�SDWKRJHQV�ZLWK�EURDG�KRVW�UDQJHV�FDQ�EH�
XVHG�LQ�P\FRKHUELFLGHV�DV�ORQJ�DV�WKH�ULVNV�WR�QRQ�WDUJHW�SODQWV�DUH�XQGHUVWRRG��%RXUG{W�HW�DO��
�������WKLV�LV�PRUH�DSSURSULDWH�IRU�ZHHGV�WKDW�DUH�SUREOHPDWLF�LQ�DJULFXOWXUDO�DUHDV��ZKHUH�WKH�
GLYHUVLW\�RI�RWKHU�VSHFLHV�LV�OLPLWHG��WKDQ�IRU�HQYLURQPHQWDO�ZHHGV�VXFK�DV�ILHOG�KRUVHWDLO��$�
ELRKHUELFLGH� WKDW� FRXOG� GDPDJH�1HZ�=HDODQG� QDWLYH� VSHFLHV�ZRXOG� EH� RI� OLWWOH� XVH� DJDLQVW�
ILHOG�KRUVHWDLO���
1HPDWRGHV�
$�SODQW�SDWKRJHQLF�QHPDWRGH��3UDW\OHQFKXV�SHQHWUDQV��KDV�EHHQ�UHFRUGHG�IURP�ILHOG�KRUVHWDLO��
,W�LV�DOUHDG\�SUHVHQW�LQ�1HZ�=HDODQG�DQG�KDV�D�KXJH�KRVW�UDQJH��LQFOXGLQJ�WKH�SDVWXUH�JUDVVHV�
WKDW� FRPSHWH� ZLWK� ILHOG� KRUVHWDLO�� DQG� LV� QRW�� WKHUHIRUH�� D� VXLWDEOH� FRQWURO� DJHQW� IRU� ILHOG�
KRUVHWDLO��
$UWKURSRGV�
:H� IRXQG� UHFRUGV� RI� ��� DUWKURSRG� VSHFLHV� WKDW� IHHG� RQ� ILHOG� KRUVHWDLO�� RI� ZKLFK� VRPH� DUH�
FOHDUO\� XQVXLWDEOH� IRU� XVH� DV� ELRORJLFDO� FRQWURO� DJHQWV� RQ� WKH� EDVLV� RI� LQDGHTXDWH� KRVW�
VSHFLILFLW\� �$SSHQGL[� ���� +RZHYHU�� DFFRUGLQJ� WR� OLWHUDWXUH� KRVW�UHFRUGV�� ��� VSHFLHV� DUH�
DSSDUHQWO\� VXIILFLHQWO\� KRVW�VSHFLILF� WR� EH� FRQVLGHUHG� IRU� XVH� DJDLQVW� ILHOG� KRUVHWDLO� LQ�1HZ�
=HDODQG�� :H� H[DPLQH�� EHORZ�� ZKHWKHU� WKLV� VKRUWOLVW� FDQ� EH� IXUWKHU� UHILQHG�� EDVHG� RQ� WKH�
OLNHOLKRRG�WKDW�DQ�DJHQW�ZLOO�EH�VXIILFLHQWO\�VSHFLILF�DQG�GDPDJLQJ��
�
0LWHV��7KH�HULRSK\LG�PLWH�(ULRSK\HV�HTXLVHWL�LV�OLNHO\�WR�EH�D�VXLWDEOH�ELRORJLFDO�FRQWURO�DJHQW�
IRU�ILHOG�KRUVHWDLO��(ULRSK\LGV�KDYH�EHHQ�FRQVLGHUHG�WR�EH�LGHDO�ELRORJLFDO�FRQWURO�DJHQWV�GXH�
WR� WKH�GHELOLWDWLQJ�GDPDJH� WKH\�FDXVH� WR� SODQWV� DQG� WKHLU� ODUJHO\� VSHFLDOL]HG� IHHGLQJ�KDELWV��
RYHU�����RI�HULRSK\LGV�IRXQG�RQ�ZHHGV�DUH�PRQRSKDJRXV��IHHG�RQ�D�VLQJOH�KRVW���5RVHQWKDO�
�������7ZR�HULRSK\LGV�KDYH�EHHQ�XVHG�VXFFHVVIXOO\�DV�ELRORJLFDO�FRQWURO�DJHQWV�DJDLQVW�ZHHGV�
�$FHULD�FKRQGULOODH�DJDLQVW�VNHOHWRQ�ZHHG�&KRQGULOOD�MXQFHD�LQ�$XVWUDOLD�DQG�WKH�86$�DQG�$��
PDOKHUEDH� DJDLQVW� ILHOG� ELQGZHHG� &RQYROYXOXV� DUYHQVLV� LQ� WKH� 86$�� &XOOHQ� HW� DO�� ������
5RVHQWKDO��������$QRWKHU��$FHULD�JHQLVWHDH��ZDV� UHFHQWO\� �)HEUXDU\������� UHOHDVHG� LQ�1HZ�
=HDODQG� IRU� ELRORJLFDO� FRQWURO� RI� 6FRWFK� EURRP� &\WLVXV� VFRSDULXV�� $OWKRXJK� (ULRSK\HV�
HTXLVHWL�KDV�RQO\�EHHQ�UHFRUGHG�IURP�+XQJDU\��)DUNDV��������WKLV�SHUKDSV�LQGLFDWHV�WKDW�IHZ�
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DFDURORJLVWV� KDYH� VHDUFKHG� IRU� WKLV� VSHFLHV� �HULRSK\LGV� DUH� PLFURVFRSLF� DQG� XQOLNHO\� WR� EH�
LGHQWLILHG� E\� FDVXDO� REVHUYDWLRQ���:H� KDYH� QRW� EHHQ� DEOH� WR� DVFHUWDLQ� WKH� NLQG� RI� GDPDJH�
FDXVHG�E\�WKLV�PLWH�EXW�PDQ\�HULRSK\LGV�FDXVH�SODQW�GHIRUPLWLHV��VXFK�DV�JDOOV��7KH�UHPDLQLQJ�
FDQGLGDWH�DJHQWV�FDQ�EH�FDWHJRULVHG�DFFRUGLQJ�WR�WKH�GDPDJH�WKH\�FDXVH��VHH�EHORZ���
�
6DS�VXFNHUV�� $Q� DSKLG�� WZR� FLFDGHOOLG� OHDIKRSSHUV� DQG� WZR� GHOSKDFLG� SODQWKRSSHUV� DUH�
DSSDUHQWO\� VSHFLILF� WR�(TXLVHWXP� �$SSHQGL[� ����2QH� DSKLG� VSHFLHV��$SKLV� FKORULV�� KDV� EHHQ�
XVHG� DV� D� ZHHG� ELRORJLFDO� FRQWURO� DJHQW� LQ� $XVWUDOLD�� EXW� GLG� QRW� PDNH� DQ� LPSRUWDQW�
FRQWULEXWLRQ�WR�6W�-RKQ¶V�:RUW�+\SHULFXP�SHUIRUDWXP�FRQWURO��%ULHVH�	�-XSS��������$SKLGV�
DUH� WKH� PRVW� LPSRUWDQW� YHFWRUV� RI� SODQW� YLUXVHV� �%XUQHWW� 	� .DZFKXN� ������ DQG� FRXOG�
FRQFHLYDEO\�WUDQVPLW�YLUDO�GLVHDVHV�WR�QRQ�KRVW�SODQWV�GXULQJ�H[SORUDWRU\�IHHGLQJ�DQG�WKLV�ULVN�
RI� QRQ�WDUJHW� GDPDJH� PLJKW� EH� H[SHQVLYH� WR� UHVHDUFK�� )XUWKHUPRUH�� DSKLGV� �RU� RWKHU�
VDSVXFNHUV� WKDW� VHFUHWH� KRQH\GHZ�� PD\� DWWUDFW� DQWV� ZKLFK� PD\� WKHQ� SUHGDWH� RWKHU� LQVHFWV�
SUHVHQW�RQ�WKH�SODQW��SRWHQWLDOO\�UHGXFLQJ�WKH�HIIHFWLYHQHVV�RI�RWKHU�DJHQWV��7KXP�HW�DO���������
7KHUHIRUH�� FDUHIXO� FRQVLGHUDWLRQ� VKRXOG� EH� JLYHQ� EHIRUH� VDS�VXFNHUV� DUH� XVHG� DV� ZHHG�
ELRORJLFDO� FRQWURO� DJHQWV��1HYHUWKHOHVV�� IHZ�FLFDGHOOLGV� DQG�GHOSKDFLGV�DUH�DWWHQGHG�E\�DQWV�
�'HODELH�������� LQGLFDWLQJ� WKH\�PD\�EH�PRUH� VXLWDEOH� WKDQ� WKH�DSKLG�0DFURVLSKXP�HTXLVHWL�
IRU� ELRORJLFDO� FRQWURO� RI� ILHOG� KRUVHWDLO�� $� FLFDGHOOLG� =\JLQD� VS��ZDV� LQWURGXFHG� WR� FRQWURO�
EULGDO�FUHHSHU�$VSDUDJXV�DVSDUDJRLGHV� LQ�$XVWUDOLD�� ,Q�FRPELQDWLRQ�ZLWK�DQ� LQWURGXFHG�UXVW�
IXQJXV� LW� FDXVHG�PDMRU UHGXFWLRQV� RI� DERYH�� DQG� EHORZ�JURXQG� ELRPDVV� RI� WKH� WDUJHW�ZHHG�
�0RULQ�	�(GZDUGV���������
�
/HDI�EUDQFK�PLQHUV�� 6HYHUDO� DJURP\]LG� IOLHV� LQ� WKH� JHQXV� /\ULRP\]D� PLQH� WKH� QDUURZ�
EUDQFKHV� �$SSHQGL[����RI� ILHOG�KRUVHWDLO��$JURP\]LGV�DUH�XVXDOO\�HDV\� WR� UHDU�DQG�HVWDEOLVK�
EXW�WKH\�UDQN�DPRQJ�WKH�OHDVW�VXFFHVVIXO�RI�ZHHG�ELRFRQWURO�DJHQWV��&UDZOH\��������IRXQG�QR�
H[DPSOHV�ZKHUH�WKH\�UHVXOWHG�LQ�PDUNHG�FRQWURO�RI�WKH�WDUJHW�ZHHG��7KH�(XURSHDQ�DJURP\]LG�
3K\WRP\]D� YLWDOEDH�KDV� RQO\� D�PLQRU� LPSDFW� RQ� ROG�PDQ¶V� EHDUG�&OHPDWLV� YLWDOED� LQ�1HZ�
=HDODQG��3D\QWHU�HW�DO���������ZKHUH� LW� LV�SDUDVLWL]HG�E\�DW� OHDVW�HLJKW�QDWLYH�DQG�LQWURGXFHG�
SDUDVLWRLGV� �3D\QWHU� HW� DO�� ������� $JURP\]LGV� VKRXOG� WKHUHIRUH� EH� JLYHQ� D� ORZ� SULRULW\� IRU�
ELRORJLFDO� FRQWURO� RI� ILHOG� KRUVHWDLO� LQ� 1HZ� =HDODQG�� XQOHVV� VXUYH\V� GHPRQVWUDWH� WKH\� DUH�
XQXVXDOO\�GDPDJLQJ�RU�LI�WKHLU�LPSDFW�LV�OLNHO\�WR�FRPSOHPHQW�WKH�DFWLRQ�RI�DQRWKHU�DJHQW��IRU�
H[DPSOH��LQ�FRPELQDWLRQ�ZLWK�D�VWHP�PLQHU����
�
6WHP�DQG�URRW�PLQHUV��7KH�IOHD�EHHWOH�+LSSXULSKLOD�PRGHHUL�DQG�ZHHYLO�*U\SXV�HTXLVHWL�DUH�
ERWK� DSSDUHQWO\� VSHFLILF� WR� (TXLVHWXP�� WKHLU� ODUYDH� PLQLQJ� WKH� PDLQ� VWHPV�� +LSSXULSKLOD�
PRGHHUL�ODUYDH�³HDW�PXFK�SLWK��WXUQLQJ�WKH�RXWHU�VXUIDFH�RI�WKH�VWHP�EODFN´��5REELQV��������
7KH� PRWK� /R[RWHUPD� WLHGHPDQQLDQD� DOVR� PLQHV� ILHOG� KRUVHWDLO� VWHPV�� +RZHYHU�� JLYHQ� LWV�
GLVWULEXWLRQ��$SSHQGL[����� LW�FRXOG�EH�D�GLIILFXOW�DQG�H[SHQVLYH� WR�FROOHFW�DQG� LW�PD\�QRW�EH�
ZHOO�PDWFKHG�� FOLPDWLFDOO\�� WR� WKH� DUHDV�ZKHUH� ILHOG� KRUVHWDLO� LV� D�ZHHG� LQ�1HZ�=HDODQG��$�
UHYLHZ� RI� VXFFHVVIXO� DQG� XQVXFFHVVIXO� ZHHG� ELRFRQWURO� DJHQWV� LQGLFDWHG� WKDW� WKH�
&KU\VRPHOLGDH��&UDZOH\�������VHH�DOVR�6\UHWW�HW�DO���������DQG�ZHHYLOV��&UDZOH\�������KDYH�
H[FHSWLRQDOO\� JRRG� UHFRUGV� RI� VXFFHVV� LQ� ELRFRQWURO� SURJUDPPHV�� 0RUHRYHU�� DPRQJ� WKH�
&KU\VRPHOLGDH�� YDULRXV� VSHFLHV� RI� VWHP� IOHD� EHHWOHV� KDYH� EHHQ� H[WUHPHO\� VXFFHVVIXO�� IRU�
H[DPSOH��$JDVLFOHV�K\JURSKLOD�RQ�DOOLJDWRU�ZHHG��6WHZDUW�HW�DO���������/RQJLWDUVXV�MDFREDHDH�
RQ�UDJZRUW�6HQHFLR�MDFREDHD��0F(YR\�HW�DO���������$SWKRQD�VSS��RQ�OHDI\�VSXUJH�(XSKRUELD�
HVXOD� �H�J���.LUE\� HW� DO�� ������ ±� WKH� ODWWHU� WZR� EHLQJ� VWHP�� DQG� URRW�PLQHUV� DV� ODUYDH��7KLV�
VXFFHVV� LPSOLHV� WKDW� ERWK� WKH� KRUVHWDLO� IOHD� EHHWOH�+LSSXULSKLOD� PRGHHUL� DQG� WKH� KRUVHWDLO�
ZHHYLO�*U\SXV�HTXLVHWL�VKRXOG�EH�KLJK�SULRULW\�VSHFLHV�IRU�FRQVLGHUDWLRQ�DV�ELRORJLFDO�FRQWURO�
DJHQWV�RI�ILHOG�KRUVHWDLO�LQ�1HZ�=HDODQG��
�
'HIROLDWRUV��$FFRUGLQJ�WR�KRVW�UHFRUGV��DSSUR[LPDWHO\����VSHFLHV�RI�VDZIO\�JUD]H�WKH�IURQGV�
RI�� DQG� DUH� DSSDUHQWO\� VSHFLILF� WR�� (TXLVHWXP� �$SSHQGL[� ���� 6RPH�� VXFK� DV� 'ROHUXV�
ELPDFXODWXV� DUH� UHVWULFWHG� WR� UHODWLYHO\� FROG�� QRUWKHUQ� ORFDOLWLHV� DQG� VRPH�� VXFK� DV� '��
SUDWRUXP� DUH� UDUH� RU� ORFDO� LQ� %ULWDLQ� �%HQVRQ� �������'ROHUXV� SUDWHQVLV� DQG�'�� DHULFHSV��
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KRZHYHU��KDYH�EHHQ�GHVFULEHG��UHVSHFWLYHO\��DV�DEXQGDQW�LQ�*UHDW�%ULWDLQ�DQG�YHU\�FRPPRQ�LQ�
(QJODQG� �%HQVRQ�������� LQGLFDWLQJ� WKH\�PXVW� EH� VLJQLILFDQW� GHIROLDWRUV� LQ� WKH�QDWLYH� UDQJH��
6RPH� DGXOW� VDZIOLHV� DUH� FDUQLYRURXV� �-HUYLV� 	� 9LOKHOPVHQ� ������� DOWKRXJK� WKH� 'ROHUXV�
VSHFLHV�OLVWHG�E\�-HUYLV�	�9LOKHOPVHQ��������ZHUH�VDLG�WR�IHHG�RQ�SROOHQ��QHFWDU��KRQH\GHZ�
DQG� WKH� VXJDU�FRQWDLQLQJ� VSHUPDWLDO� IOXLG� RI� UXVW� IXQJL�� LW�ZRXOG� EH� SUXGHQW� WR� FRQILUP� WKH�
DGXOW�IHHGLQJ�SUHIHUHQFHV�RI�DQ\�'ROHUXV�VSHFLHV�EHLQJ�FRQVLGHUHG�IRU�LQWURGXFWLRQ�WR�FRQWURO�
ILHOG�KRUVHWDLO��
�
)LYH� H[RWLF� VDZIO\� VSHFLHV� LQ� WKH� VXSHUIDPLO\� 7HQWKUHGLQRLGHD� KDYH� EHHQ� DFFLGHQWDOO\�
LQWURGXFHG� LQWR� 1HZ� =HDODQG� DQG� EHFRPH� DEXQGDQW�� 3RQWDQLD� SUR[LPD� DQG� 1HPDWXV�
ROLJRVSLOXV��ZKLFK� DWWDFN�ZLOORZV��&DOLURD� FHUDVL��ZKLFK� DWWDFNV�SHDU�� FKHUU\� DQG�KDZWKRUQ�
WUHHV��DQG�WKH�UDVSEHUU\�VDZIO\�3ULRSKRUXV�PRULR��DQG�DQ�$XVWUDOLDQ�VSHFLHV�3K\ODFWHRSKDJD�
IURJJDWWL� PLQHV� HXFDO\SWXV� OHDYHV�� 7KHUHIRUH�� VDZIO\� GHIROLDWRUV� VKRXOG� EH� YHU\� SURPLVLQJ�
FDQGLGDWH�DJHQWV� IRU� WKH�ELRORJLFDO�FRQWURO�RI� ILHOG�KRUVHWDLO� LQ�1HZ�=HDODQG��+RZHYHU��RQH�
VDZIO\�0RQRSKDGQXV� VSLQRODH� KDV� EHHQ� XVHG� IRU� ELRFRQWURO� RI� DQ� H[RWLF� ZHHG� �ROG�PDQ¶V�
EHDUG�&OHPDWLV�YLWDOED�� LQ�1HZ�=HDODQG�DQG�LWV�HVWDEOLVKPHQW�KDV�QRW�EHHQ�FRQILUPHG��HYHQ�
WKRXJK�WKH�ILUVW�UHOHDVH�RI�WKLV�DJHQW�ZDV�SHUIRUPHG�LQ�������0DVV�UHDULQJ�RI�WKH�VDZIO\�ZDV�
GLIILFXOW� GXH� WR� D� ������ PDOH�� IHPDOH� VH[� UDWLR�� DV\QFKURQRXV� HPHUJHQFH�� DQG� SRRU� ODUYDO�
VXUYLYDO��*RXUOD\�HW�DO���������
��
��� &RQFOXVLRQV�DQG�UHFRPPHQGDWLRQV�

3URVSHFWV�IRU�DFKLHYLQJ�ELRORJLFDO�FRQWURO�RI�ILHOG�KRUVHWDLO�LQ�1HZ�=HDODQG�
:H� FRQFOXGH� WKDW� WKH� SURVSHFWV� RI� ILQGLQJ� VXIILFLHQWO\� VSHFLILF� FODVVLFDO� ELRORJLFDO� FRQWURO�
DJHQWV�IRU�LQWURGXFWLRQ�LQWR�1HZ�=HDODQG�DUH�H[WUHPHO\�JRRG��+RZHYHU��DV�ILHOG�KRUVHWDLO�KDV�
QRW�EHHQ�WDUJHWHG�IRU�ELRORJLFDO�FRQWURO�RYHUVHDV��D�ELRORJLFDO�FRQWURO�SURJUDPPH�ZRXOG�KDYH�
WR� VWDUW� IURP� VFUDWFK�� 1HYHUWKHOHVV�� ILHOG� KRUVHWDLO� KDV� WKH� SRWHQWLDO� WR� EH� D� UHODWLYHO\�
LQH[SHQVLYH�WDUJHW�IRU�ELRORJLFDO�FRQWURO�EHFDXVH��
�
•� $V�ILHOG�KRUVHWDLO�LV�WD[RQRPLFDOO\�GLVWDQW�IURP�1HZ�=HDODQG�QDWLYH�SODQWV��DQ�H[WHQVLYH�

WHVW�SODQW� OLVW� LV� QRW� UHTXLUHG� DQG� UHODWLYHO\� VLPSOH� ODERUDWRU\� QR�FKRLFH� H[SHULPHQWV� WR�
GHWHUPLQH�WKH�IXQGDPHQWDO�KRVW�UDQJH�DUH�OLNHO\�VKRZ�WKDW�WKH�FDQGLGDWH�ELRFRQWURO�DJHQW�
LV� VXIILFLHQWO\� VDIH� IRU� UHOHDVH� LQ� 1HZ� =HDODQG�� 7KLV� PHDQV� FRVWO\� �DQG� VRPHWLPHV�
ORJLVWLFDOO\� GLIILFXOW�� RU� HYHQ� LPSRVVLEOH�� ILHOG� KRVW�UDQJH� WHVWV� DUH� XQOLNHO\� WR� EH�
QHFHVVDU\��)RU�DUWKURSRGV��WKHVH�WHVWV�FRXOG�EH�FDUULHG�RXW�LQ�TXDUDQWLQH�LQ�1HZ�=HDODQG��
)RU�SODQW�SDWKRJHQV�� KRVW�UDQJH� WHVWLQJ�ZRXOG�KDYH� WR�EH� FRQGXFHG�RYHUVHDV� DV� WKHUH� LV�
FXUUHQWO\�QR�SDWKRJHQ�SURRI�TXDUDQWLQH�IDFLOLW\�LQ�1HZ�=HDODQG��

•� ([WHQVLYH�OLWHUDWXUH�UHFRUGV�LQGLFDWH�WKDW�D�ODUJH�QXPEHU�RI�DSSDUHQWO\�VSHFLILF�DUWKURSRGV�
DQG� SODQW� SDWKRJHQV� KDYH� DOUHDG\� EHHQ� UHFRUGHG� DWWDFNLQJ� ILHOG� KRUVHWDLO�� VR� H[WHQVLYH�
VXUYH\V� LQ� WKH� QDWLYH� UDQJH� VKRXOG� QRW� EH� UHTXLUHG�� 1HYHUWKHOHVV�� VRPH� VXUYH\V� LQ� WKH�
QDWLYH� UDQJH� �HVSHFLDOO\� LQ� :HVWHUQ� (XURSH� DQG�RU� WKH� 86$�� ZRXOG� EH� SUXGHQW� WR�
GHWHUPLQH�ZKLFK�DJHQWV�DSSHDU�WR�EH�WKH�PRVW�GDPDJLQJ�DQG�ZLGHVSUHDG�DQG�WR�LQYHVWLJDWH�
ZKHWKHU� DJHQWV� DUH� OLNHO\� WR� FRPSOHPHQW� RQH� DQRWKHU� E\� DWWDFNLQJ� GLIIHUHQW� SODQW� SDUWV�
DQG�RU�E\�DWWDFNLQJ�SODQWV�DW�GLIIHUHQW�WLPHV�RI�WKH�\HDU���

•� 6LJQLILFDQW� RSSRVLWLRQ� WR� ELRORJLFDO� FRQWURO� LV� KLJKO\� XQOLNHO\� EHFDXVH�� ZKLOH� ILHOG�
KRUVHWDLO� LV�XVHG� LQ�KRPHRSDWKLF�SUHSDUDWLRQV� �5R\�HW� DO��������� LW� LV�QRW�JURZQ� IRU� WKLV�
SXUSRVH�LQ�1HZ�=HDODQG��LQGHHG�LW�ZRXOG�EH�LOOHJDO�WR�GR�VR��DQG�LW�LV�QRW�YDOXHG�E\�RWKHU�
VHFWRUV�LQ�1HZ�=HDODQG��H�J���DV�D�IRGGHU�FURS�RU�D�QHFWDU�VRXUFH�IRU�EHHNHHSLQJ���:KLOH��
KRUVHWDLOV� DUH� VWLOO� JURZQ� DV� RUQDPHQWDOV� LQ� VRPH� JDUGHQV� WKLV� LV� XQOLNHO\� WR� SUHVHQW� D�
PDMRU�VWXPEOLQJ�EORFN�VLQFH�WKH\�FDQ�QR�ORQJHU�EH�VROG�RU�SURSDJDWHG��

�
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7ZR�SRWHQWLDO�FRPSOLFDWLRQV�FRXOG�DULVH�EHFDXVH�ILHOG�KRUVHWDLO�KDV�D�KXJH�QDWLYH�UDQJH��RYHU�
ZKLFK� WZR� VXEVSHFLHV� �VVS�� DUYHQVH� DQG� VVS�� ERUHDOH�� DQG� QXPHURXV� QDPHG� IRUPV� DQG�
YDULHWLHV� RFFXU� �KWWS���GDWD�JELI�RUJ�VHDUFK�WD[D�(TXLVHWXP���DUYHQVH��� ���� HQVXULQJ� D� JRRG�
FOLPDWH�PDWFK�EHWZHHQ�1HZ�=HDODQG�DQG�WKH�DUHD�LQ�ZKLFK�WR�VHDUFK�IRU�SRWHQWLDO�DJHQWV�DQG��
����WKH�SRWHQWLDO�IRU�KRVW�SODQW�UHVLVWDQFH���
�
7R�HQVXUH�JRRG�FOLPDWH�PDWFKLQJ��LW�VKRXOG�EH�XVHIXO�WR�GHWHUPLQH�WKH�DUHDV�ZLWKLQ�WKH�QDWXUDO�
UDQJH�RI�ILHOG�KRUVHWDLO�WKDW��FOLPDWLFDOO\��PRVW�UHVHPEOH�1HZ�=HDODQG��7KLV�FRXOG�EH�DFKLHYHG�
XVLQJ�&/,0(;�VRIWZDUH��+RZHYHU��JLYHQ�WKDW�PRVW�ZHHG�ELRORJLFDO�FRQWURO�DJHQWV�KDYH�EHHQ�
VXFFHVVIXOO\� LQWURGXFHG� LQWR� 1HZ� =HDODQG� �GLUHFWO\� RU� LQGLUHFWO\�� IURP� :HVWHUQ� (XURSH�
�+D\HV��������ZKHUH�ILHOG�KRUVHWDLO� LV�QDWLYH��VHDUFKLQJ�IRU�DJHQWV� LQ� WKLV� UHJLRQ� LV� OLNHO\� WR�
UHVXOW�LQ�DQ�DGHTXDWH�FOLPDWH�PDWFK��
�
$V�QRWHG� LQ�VHFWLRQ����DERYH��ZHHG�ELRORJLFDO�FRQWURO�DJHQWV��HVSHFLDOO\� UXVWV�DQG�HULRSK\LG�
PLWHV�� FDQ� EH� VR� VSHFLDOLVHG� WKDW� WKH\� VKRZ� KRVW� VSHFLILFLW\� ZLWKLQ� D� JLYHQ� SODQW� VSHFLHV��
+RZHYHU��QR�UXVWV�KDYH�EHHQ�UHFRUGHG�DWWDFNLQJ�ILHOG�KRUVHWDLO��$SSHQGL[�����LQGHHG�PDQ\�RI�
WKH� PRVW� SURPLVLQJ� SDWKRJHQV� DQG� LQVHFWV� DWWDFN� PRUH� WKDQ� RQH� (TXLVHWXP� VSHFLHV�
�$SSHQGLFHV��������:H�WKHUHIRUH�SUHGLFW�WKDW�KRVW�SODQW�UHVLVWDQW�JHQRW\SHV�DUH�XQOLNHO\�WR�EH�
DQ�LVVXH�H[FHSW��SHUKDSV��IRU�WKH�HULRSK\LG�PLWH�(ULRSK\HV�HTXLVHWL���
�
5HFRPPHQGDWLRQV�
•� 6XUYH\�WKH�LQYHUWHEUDWH�IDXQD�DQG�SDWKRJHQV�RI�ILHOG�KRUVHWDLO�LQ�1HZ�=HDODQG��(VWLPDWHG�

FRVW�LV��������±��������
•� &RQWDFW�ZHHG� UHVHDUFK� RUJDQLVDWLRQV� LQ� RWKHU� FRXQWULHV�ZKHUH� ILHOG� KRUVHWDLO� LV� LQYDVLYH�

�H�J���$XVWUDOLD��6RXWK�$IULFD��WR�LQYHVWLJDWH�WKH�SRVVLELOLW\�RI�FROODERUDWLRQ�RQ�ELRORJLFDO�
FRQWURO�RI�ILHOG�KRUVHWDLO��

•� 6XUYH\�ILHOG�KRUVHWDLO�ORFDOLWLHV�LQ�%ULWDLQ�DQG�RU�)UDQFH�DQG�*HUPDQ\�DQG�RU�WKH�86$�DQG�
SULRULWLVH� D� VKRUWOLVW� RI� DJHQWV� IRU� KRVW�UDQJH� WHVWLQJ��$SSUR[LPDWH� FRVW� RI� WKUHH� ��ZHHN�
VXUYH\V� �6SULQJ�� 6XPPHU� DQG� $XWXPQ�� �������� �&$%,� (XURSH�8.�±�������� �&6,52�
(XURSHDQ�/DERUDWRU\���%RWK�HVWLPDWHV�DVVXPH�VDPSOHV�ZRXOG�EH�VHQW�WR�1HZ�=HDODQG�IRU�
LGHQWLILFDWLRQ��ZKLFK�ZRXOG�EH�DQ�DGGLWLRQDO�FRVW��

•� 6KLS�PRVW�SURPLVLQJ�DUWKURSRG�DJHQWV�LQWR�1HZ�=HDODQG�TXDUDQWLQH�IRU�KRVW�UDQJH�WHVWLQJ�
	�RU� VXE�FRQWUDFW� DQ� RYHUVHDV� DJHQF\� �H�J��� &6,52� RU� &$%,�� WR� FRQGXFW� KRVW�UDQJH�
WHVWLQJ�RQ�PRVW�SURPLVLQJ�SDWKRJHQV��RU�VHQG�D�SDWKRORJLVW�RYHUVHDV�WR�FDUU\�RXW�WHVWLQJ�LQ�
86$��RU�$XVWUDOLD��RU�6RXWK�$IULFD���

�
��� $FNQRZOHGJHPHQWV�
:H�WKDQN�6KDXQ�3HQQ\FRRN�IRU�KHOSIXO�DVVLVWDQFH��6LPRQ�)RZOHU�DQG�6WDQ�%HOOJDUG�UHIHUHHG�
DQ�HDUOLHU�GUDIW�RI�WKLV�UHSRUW��7KLV�UHSRUW�ZDV�IXQGHG�E\�D�)RXQGDWLRQ�IRU�5HVHDUFK��6FLHQFH�	�
7HFKQRORJ\��)567��(QYLUROLQN�0HGLXP�$GYLFH�*UDQW��+=/&�����
�
��� 5HIHUHQFHV�
�
$OOHQ�++�������)ORUD�RI�1HZ�=HDODQG��9ROXPH����:HOOLQJWRQ��*RYHUQPHQW�3ULQWHU��
$QGHUVVRQ�71��/XGHJDUGK�%�������*URZWK�RI�ILHOG�KRUVHWDLO��(TXLVHWXP�DUYHQVH��XQGHU�ORZ�

OLJKW�DQG�ORZ�QLWURJHQ�FRQGLWLRQV��:HHG�6FLHQFH�������±����
$XFHMR�6��)RR�0��*LPHQR�(��*RPH]�&DGHQDV�$��0RQIRUW�5��2ELRO�)��3UDGHV�(��5DPLV�0��

5LSROOHV�-/��7LUDGR�9��=DUDJR]D�/��-DFDV�-$��0DUWLQH]�)HUUHU�07�������0DQDJHPHQW�RI�
7HWUDQ\FKXV� XUWLFDH� LQ� FLWUXV� LQ� 6SDLQ�� DFDURIDXQD� DVVRFLDWHG� WR� ZHHGV�� %XOOHWLQ�
2,/%�6523�������������±������
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%DUWRQ��QpH�)U|KOLFK���-��������+RZ�JRRG�DUH�ZH�DW�SUHGLFWLQJ�WKH�ILHOG�KRVW�UDQJH�RI�IXQJDO�
SDWKRJHQV�XVHG�IRU�FODVVLFDO�ELRORJLFDO�FRQWURO�RI�ZHHGV"�%LRORJLFDO�&RQWURO�����������±
�����

%DXHU� 5�� 9iQN\� .�� %HJHURZ� '�� 2EHUZLQNOHU� )� ������ 8VWLODJLQRP\FHWHV� RQ� 6HODJLQHOOD��
0\FRORJLD������������±�����

%HQVRQ� 5%� ������ +\PHQRSWHUD�� ��� 6\PSK\WD�� 6HFWLRQ� �E��� )DPLO\� 7HQWKUHGLQLGDH��
+DQGERRNV� IRU� WKH� LGHQWLILFDWLRQ� RI� %ULWLVK� LQVHFWV�� 5R\DO� (QWRPRORJLFDO� 6RFLHW\� RI�
/RQGRQ��3S����±������

%RXUG{W�*:��+XUUHOO�*$��GH�-RQJ�0'�������'HILQLQJ�VDIHW\�]RQHV�IRU�ELRKHUELFLGHV�EDVHG�
RQ� SOXULYRURXV� SDWKRJHQV� XVLQJ�PRGHOV� RI� VSRUH� HVFDSH� DQG� GLVSHUVLRQ�� 3DSHU� UHDG� DW�
%LRFRQWURO� RI� ZHHGV� ZLWK� SDWKRJHQV��:RUNVKRS� EHIRUH� �WK� ,QWHUQDWLRQDO� &RQJUHVV� RI�
3ODQW�3DWKRORJ\����)HEUXDU\�������/LQFROQ��&KULVWFKXUFK��1HZ�=HDODQG��

%UDXQ�8�������0LVFHOODQHRXV�QRWHV�RQ�SK\WRSDWKRJHQLF�K\SKRP\FHWHV��0\FRWD[RQ�������±
����

%ULHVH� '7� ������ 3K\ORJHQ\�� FDQ� LW� KHOS� XV� WR� XQGHUVWDQG� KRVW� FKRLFH� E\� ELRORJLFDO� ZHHG�
FRQWURO�DJHQWV"� ,Q��0RUDQ�9&��+RIIPDQ�-+�HGV�3URFHHGLQJV�RI� WKH� ,;�V\PSRVLXP�RQ�
ELRORJLFDO�FRQWURO�RI�ZHHGV��6RXWK�$IULFD��8QLYHUVLW\�RI�&DSH�7RZQ��3S����±����

%ULHVH�'7�������&ODVVLFDO�ELRORJLFDO�FRQWURO��,Q��6LQGHO�%0�HG��$XVWUDOLDQ�ZHHG�PDQDJHPHQW�
V\VWHPV��0HUHGLWK��$XVWUDOLD��5*�	�)-�5LFKDUGVRQ���

%ULHVH�'7�� -XSS�3:�������(VWDEOLVKPHQW�� VSUHDG� DQG� LQLWLDO� LPSDFW� RI�$SKLV� FKORULV�.RFK�
�+HPLSWHUD��$SKLGLGDH���LQWURGXFHG�LQWR�$XVWUDOLD�IRU�WKH�ELRORJLFDO�FRQWURO�RI�6W�-RKQ
V�
:RUW��%LRFRQWURO�6FLHQFH�DQG�7HFKQRORJ\�������±�����

%ULHVH�'7��:DONHU�$�������$�QHZ�SHUVSHFWLYH�RQ�WKH�VHOHFWLRQ�RI� WHVW�SODQWV�IRU�HYDOXDWLQJ�
WKH� KRVW�VSHFLILFLW\� RI� ZHHG� ELRORJLFDO� FRQWURO� DJHQWV�� WKH� FDVH� RI� 'HXWHURFDPSWD�
TXDGULMXJD�� D� SRWHQWLDO� LQVHFW� FRQWURO� DJHQW� RI�+HOLRWURSLXP� DPSOH[LFDXOH�� %LRORJLFDO�
&RQWURO��������±�����

%URZQOLH�*� ������ 6RPH� SUREOHPV� LQ�1HZ�=HDODQG� IHUQ� QRPHQFODWXUH�� 7UDQVDFWLRQV� RI� WKH��
5R\DO�6RFLHW\�RI�1HZ�=HDODQG��������±�����

%XOORFN�� -$�������+RVW�SODQWV�RI�%ULWLVK�EHHWOHV��D� OLVW�RI� UHFRUGHG�DVVRFLDWLRQV��%UHQWZRRG�
8.��&UDYLW]�3XEOLVKLQJ�&RPSDQ\��

%XUGRQ�--�*URYHV�5+��&XOOHQ�-0�������7KH�LPSDFW�RI�ELRORJLFDO�FRQWURO�RQ�WKH�GLVWULEXWLRQ�
DQG� DEXQGDQFH� RI� &KRQGULOOD� MXQFHD� LQ� VRXWK�HDVWHUQ� $XVWUDOLD�� -RXUQDO� RI� $SSOLHG�
(FRORJ\�������±�����

%XUQHW� 3$�� .DZFKXN� /$� ������ ,QVHFW�YHFWRUHG� FURS� GLVHDVHV�� ,Q�� 3LPHQWHO� '� HG��
(QF\FORSHGLD�RI�SHVW�PDQDJHPHQW��1HZ�<RUN�%DVHO��0��'HNNHU��3S�����±�����

dDOPDúXU�g��g]EHN�+�������$�FRQWULEXWLRQ� WR� WKH�NQRZOHGJH�RI�7HQWKUHGLQLGD� �6\PSK\WD��
+\PHQRSWHUD�� IDXQD� RI� 7XUNH\� 3DUW� ,,�� VXEIDPLOLHV� %OHQQRFDPSLQDH�� 'ROHULQDH��
1HPDWLQDH�DQG�6HODQGULQDH��7XUNLVK�-RXUQDO�RI�=RRORJ\�������±����

&DPDUD� 036�� 3DOP� 0(�� YDQ� %HUNXP� 3�� 2¶1HLOO� 15� ������ 0ROHFXODU� SK\ORJHQ\� RI�
/HSWRVSKDHULD�DQG�3KDHRVSKDHULD��0\FRORJLD��������±�����

&KDUXGDWWDQ�5�������(FRORJLFDO��SUDFWLFDO��DQG�SROLWLFDO�LQSXWV�LQWR�VHOHFWLRQ�RI�ZHHG�WDUJHWV��
:KDW�PDNHV�D�JRRG�ELRORJLFDO�FRQWURO�WDUJHW"�%LRORJLFDO�&RQWURO��������±�����

&ORXWLHU�'��:DWVRQ�$�������*URZWK�DQG�UHJHQHUDWLRQ�RI�ILHOG�KRUVHWDLO��(TXLVHWXP�DUYHQVH���
:HHG�6FLHQFH��������±������

&RRSHU� -�� .LUN� 30� ������ 7KH� IXQJDO� UHFRUGV� GDWDEDVH� RI� %ULWDLQ� DQG� ,UHODQG� �)5'%,���
KWWS�����������������ILHOGP\FRORJ\�)5'%,�)5'%,�DVS�>DFFHVVHG����)HEUXDU\�����@��

&UDZOH\�0-�������7KH� VXFFHVVHV� DQG� IDLOXUHV� RI�ZHHG� ELRFRQWURO� XVLQJ� LQVHFWV��%LRFRQWURO�
1HZV�	�,QIRUPDWLRQ��������±�����

&XOOHQ�-0��*URYHV�5+�$OH[�-)�������7KH�LQIOXHQFH�RI�$FHULD�FKRQGULOODH�RQ�WKH�JURZWK�DQG�
UHSURGXFWLRQ�FDSDFLW\�RI�&KRQGULOOD�MXQFHD��-RXUQDO�RI�$SSOLHG�(FRORJ\��������±�����

GH�/DQJH�3-��6DZ\HU�-:'��5ROIH�-5�������1HZ�=HDODQG�LQGLJHQRXV�YDVFXODU�SODQW�FKHFNOLVW��
:HOOLQJWRQ��1HZ�=HDODQG�3ODQW�&RQVHUYDWLRQ�1HWZRUN��

'HODELH� -+&� ������ 7URSKRELRVLV� EHWZHHQ� )RUPLFLGDH� DQG� +HPLSWHUD� �6WHUQRUUK\QFKD� DQG�
$XFKHQRUUK\QFKD���DQ�RYHUYLHZ��1HRWURSLFDO�(QWRPRORJ\��������±�����
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'HQQLV�5:*�������)XQJL�RI�WKH�+HEULGHV��.HZ��8.��5R\DO�%RWDQLF�*DUGHQV��
'HQRWK�0��)ULG�/��0\HUV�-+�������0XOWLSOH�DJHQWV�LQ�ELRORJLFDO�FRQWURO��LPSURYLQJ�WKH�RGGV"�

%LRORJLFDO�&RQWURO�������±���
'ROO�-�������%LRORJ\�DQG�FRQWURO�RI�ILHOG�KRUVHWDLO��(TXLVHWXP�DUYHQVH�/���+RUVHWDLO�)DPLO\���

KWWS�����������������XZBZHHGV�H[WHQVLRQ�DUWLFOHV�FRQKRUVHWDLO�KWP�>DFFHVVHG�ZKHQ"@�
(OOLV� 0%� ������ 'HPDWLDFHRXV� +\SKRP\FHWHV�� .HZ�� 8.�� &�$�%��� &RPPRQZHDOWK�

0\FRORJLFDO�,QVWLWXWH��
)DUNDV� +.� ������ hEHU� GLH� (ULRSK\LGHQ� �$FDULQD�� 8QJDUQV� ,�� $FWD� =RRORJLFD� $FDGHPLDH�

6FLHQWDULXP�+XQJDULFDH�������±�����
)DUU�')��5RVVPDQ�$<��3DOP�0(��0F&UD\�(%�������)XQJDO�'DWDEDVHV��6\VWHPDWLF�0\FRORJ\�

DQG�0LFURELRORJ\�/DERUDWRU\��$56��86'$��KWWS��QW�DUV�JULQ�JRY�IXQJDOGDWDEDVHV�������
>DFFHVVHG�'$7(�)HEUXDU\�������FLWHG�)HEUXDU\�0DUFK�����@��

)RZOHU� 69�� 6\UHWW� 3�� +LOO� 5/� ������ 6XFFHVV� DQG� VDIHW\� LQ� WKH� ELRORJLFDO� FRQWURO� RI�
HQYLURQPHQWDO�ZHHGV�LQ�1HZ�=HDODQG��$XVWUDO�(FRORJ\��������±�����

)XWX\PD�'-�������3RWHQWLDO�HYROXWLRQ�RI�KRVW�UDQJH�LQ�KHUELYRURXV�LQVHFWV��,Q��YDQ�'ULHVFKH�
5��+HDUG�7$��0F&OD\�$6��5HDUGRQ�5�HGV�+RVW�VSHFLILFLW\� WHVWLQJ�RI�H[RWLF�DUWKURSRG�
ELRORJLFDO�FRQWURO�DJHQWV��WKH�ELRORJLFDO�EDVLV�IRU�LPSURYHPHQW�LQ�VDIHW\��0RUJDQWRZQ��
:9��86'$�)RUHVWU\�6HUYLFH�3XEOLFDWLRQ�)+7(7�������3S���±����

*RXUOD\� $+��:LWWHQEHUJ� 5�� +LOO� 5/�� 6SLHUV� $*�� )ROZHU� 69� ������ 7KH� ELRORJLFDO� FRQWURO�
SURJUDPPH�DJDLQVW�FOHPDWLV�YLWDOED�LQ�1HZ�=HDODQG��,Q��6SHQFHU�15�HG��3URFHHGLQJV�RI�
WKH� ;� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� %LRORJLFDO� &RQWURO� RI� :HHGV�� 0RQWDQD� 6WDWH�
8QLYHUVLW\��%R]HPDQ��0RQWDQD��86$��3S�����������

*UHHQH�+&�������1RWHV�RQ�:LVFRQVLQ�SDUDVLWLF�IXQJL��;,,��7KH�$PHULFDQ�0LGODQG�1DWXUDOLVW�
�������±�����

*UHHQH�+&�������1RWHV�RQ�:LVFRQVLQ�SDUDVLWLF�IXQJL��;,9��7KH�$PHULFDQ�0LGODQG�1DWXUDOLVW�
�������±�����

*UHHQH�+&�������1RWHV�RQ�:LVFRQVLQ�SDUDVLWLF�IXQJL��;9,,,��7UDQVDFWLRQV�RI�WKH�:LVFRQVLQ�
$FDGHP\�RI�6FLHQFHV��$UWV�DQG�/HWWHUV�������±����

*UHKDQ� -5� ������/DUYDO� IHHGLQJ� KDELWV� RI� WKH�+HSLDOLGDH� �/HSLGRSWHUD��� -RXUQDO� RI�1DWXUDO�
+LVWRU\��������±����

*UHVVLWW� -/�� .LPRWR� 6� ������ 7KH� &KU\VRPHOLGDH� �&ROHRSWHUD�� RI� &KLQD� DQG� .RUHD�� 3W����
3DFLILF�,QVHFWV�0RQRJUDSK��%�����±������

+DPLOWRQ�.*$� ������ /HDIKRSSHUV� �+RPRSWHUD�� &LFDGHOOLGDH�� RI� WKH� <XNRQ�� GLVSHUVDO� DQG�
HQGHPLVP�� ,Q��'DQNV�+9��'RZQHV� -$�(GV� ,QVHFWV� RI� WKH�<XNRQ��2WWDZD�� %LRORJLFDO�
6XUYH\�RI�&DQDGD��7HUUHVWULDO�$UWKURSRGV���3S�����±�����

+D\HV� /� ������:HHG� ELRFRQWURO� DJHQWV� IRU�ZHHGV� LQ�1HZ�=HDODQG�� D� ILHOG� JXLGH�� /LQFROQ��
1HZ�=HDODQG��/DQGFDUH�5HVHDUFK��

+HDO\�$-�������)ORUD��DGYHQWLYH��,Q��0F/LQWRFN�$+�HG��$Q�HQF\FORSDHGLD�RI�1HZ�=HDODQG����
8SGDWHG����6HS������7H�$UD��WKH�HQF\FORSHGLD�RI�1HZ�=HDODQG���
KWWS���ZZZ�7H$UD�JRYW�Q]������)�)ORUD$GYHQWLYH�HQ��

+HQQHFNH�%�������7KH�SURVSHFW�RI�ELRORJLFDO�FRQWURO�RI�0LPRVD�SLJUD�ZLWK�IXQJDO�SDWKRJHQV�
LQ�$XVWUDOLD�,Q��-XOLHQ�0��)ODQDJDQ�*��+HDUG�7��+HQQHFNH�%��3D\QWHU�4��:LOVRQ�&�HGV�
5HVHDUFK�DQG�PDQDJHPHQW�RI�0LPRVD�SLJUD��&DQEHUUD��$XVWUDOLD��&6,52�(QWRPRORJ\��
3S�����±�����

+HUEDULXP3''�������1=)81*,�'DWDEDVH�RI�1HZ�=HDODQG�)XQJL��/DQGFDUH�5HVHDUFK��1HZ�
=HDODQG�>:HE�VLWH@��/DQGFDUH�5HVHDUFK��$XJXVW����������������>FLWHG�)HEUXDU\�0DUFK�
����@��$YDLODEOH�IURP�KWWS���Q]IXQJL�ODQGFDUHUHVHDUFK�FR�Q]��

+LOO� 5-�� )RODQG� '� ������ (TXLVHWXP�� 3RLVRQRXV� SODQWV� RI� 3HQQV\OYDQLD�� +DUULVEXUJ�� 3$��
'HSDUWPHQW�RI�$JULFXOWXUH��%XUHDX�RI�3ODQW�,QGXVWU\��3S����±�����

+RIIPDQQ� -+� ������ %LRORJLFDO� FRQWURO� RI� ZHHGV�� WKH� ZD\� IRUZDUG�� D� 6RXWK� $IULFDQ�
SHUVSHFWLYH��,Q��:DDJH�-.�HG��:HHGV�LQ�D�FKDQJLQJ�ZRUOG��3URFHHGLQJV�RI�%ULWLVK�&URS�
3URWHFWLRQ�&RXQFLO�6\PSRVLXP�������±�����
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-HQVHQ� $6�� +ROPDQ� -� ������ 0DUFURVLSKXP� RQ� IHUQV�� WD[RQRP\�� ELRORJ\� DQG� HYROXWLRQ��
LQFOXGLQJ� WKH� GHVFULSWLRQ� RI� WKUHH� QHZ� VSHFLHV� �+HPLSWHUD�� $SKLGLGDH��� 6\VWHPDWLF�
(QWRPRORJ\��������±�����

-HUYLV� 0�� 9LOKHOPVHQ� /� ������ 0RXWKSDUW� HYROXWLRQ� LQ� DGXOWV� RI� WKH� EDVDO�� µV\PSK\WDQ¶��
K\PHQRSWHUDQ�OLQHDJHV��%LRORJLFDO�-RXUQDO�RI�WKH�/LQQHDQ�6RFLHW\��������±�����

.LUE\�'5��&DUOVRQ�5%��.UDEEHQKRIW�.'��0XQGDO�'��.LUE\�00�������%LRORJLFDO�FRQWURO�RI�
OHDI\� VSXUJH� ZLWK� LQWURGXFHG� IOHD� EHHWOHV� �$SKWKRQD� VSS���� -RXUQDO� RI� 5DQJH�
0DQDJHPHQW��������±�����

.LUN�30��&DQQRQ�3)��'DYLG�-&��6WDOSHUV�-$�HGV��������'LFWLRQDU\�RI�WKH�)XQJL��:DOOLQJIRUG��
8.��&$%�,QWHUQDWLRQDO��

/HEODQF� /�� *RXOHW� +� ������ 'HVFULSWLRQV� RI� ODUYDH� RI� �� 1HDUFWLF� VSHFLHV� RI� 'ROHUXV�
�+\PHQRSWHUD�� 7HQWKUHGLQLGDH�� ZLWK� IRFXV� RQ� �� (TXLVHWXP�IHHGLQJ� VSHFLHV� IURP� WKH�
2WWDZD�UHJLRQ��&DQDGLDQ�(QWRPRORJLVW���������±������

/DFRXUW� 3-� ������ 5HSHUWRLUH� GHV� 7HQWKUHGLQLGDH� 2XHVW�3DOHDUFWLTXHV� �+\PHQRSWHUD��
6\PSK\WD���0HPRULHV�GH�OD�6()��1R�����3DULV�6RFLHWp�(QWRPRORJLTXH�GH�)UDQFH��

/DUJH�0)�� %ODQFKRQ�'-�$QJXV�0/� ������'HYLWDOLVDWLRQ� RI� LPSRUWHG� KRUVHWDLO� �(TXLVHWXP�
K\HPDOH���1HZ�=HDODQG�-RXUQDO�RI�&URS�DQG�+RUWLFXOWXUDO�6FLHQFH��������±�����

/LVWRQ�$'�������&RPSHQGLXP�RI�(XURSHDQ�VDZIOLHV��'DLEHUVGRUI����*RWWIULHGLQJ��*HUPDQ\��
&KDODVWRV�)RUHVWU\��

/LX�:�&��%DL�5,�������$�QHZ�VSHFLHV�RI�WKH�JHQXV�&\OLQGURVSRULXP��0\FRV\VWHPD�������±
����

/RXGD�60��3HPEHUWRQ�5:�� -RKQVRQ�07��)ROOHWW�3$�������1RQ�WDUJHW�HIIHFWV�� WKH�$FKLOOHV�
KHHO� RI� ELRORJLFDO� FRQWURO"� 5HWURVSHFWLYH� DQDO\VHV� WR� UHGXFH� ULVN� DVVRFLDWHG� ZLWK�
ELRFRQWURO�LQWURGXFWLRQV��$QQXDO�5HYLHZ�RI�(QWRPRORJ\��������±�����

0D\R�*0��5RXVK�57�������*HQHWLF�YDULDELOLW\�RI�+\SHULFXP�SHUIRUDWXP�/���&OXVLDFHDH��DQG�
WKH� GHWHFWLRQ� RI� UHVLVWDQFH� WR� WKH� ELRORJLFDO� FRQWURO� DJHQW� $FXOXV� K\SHULFL� /LUR�
�(ULRSK\LGDH���3ODQW�3URWHFWLRQ�4XDUWHUO\�������±����

0F(YR\� 3�� &R[� &�� &RRPEV� (� ������ 6XFFHVVIXO� ELRORJLFDO� FRQWURO� RI� UDJZRUW�� 6HQHFLR�
MDFREDHD��E\�LQWURGXFHG�LQVHFWV�LQ�2UHJRQ��(FRORJLFDO�$SSOLFDWLRQV�������±�����

0F)DG\HQ�5(&�������%LRORJLFDO�FRQWURO�RI�ZHHGV��$QQXDO�5HYLHZ�RI�(QWRPRORJ\��������±
�����

0HGYHGHY� /1�� 5RJLQVNDMD� (-� ������ &DWDORJXH� RI� KRVW� SODQWV� RI� OHDI�EHHWOHV� RI� 8665��
0RVFRZ������SS��^,Q�5XVVLDQ`�

0HO
QLN� 9$� ������ .H\� WR� WKH� IXQJL� RI� WKH� JHQXV� $VFRFK\WD� /LE�� �&RHORP\FHWHV��� �QG� HG��
%HUOLQ��%LRORJLVFKHQ�%XQGHVDQVWDOW�I�U�/DQG��XQG�)RUVWZLUWVFKDIW��

0HPPRWW� -�� )RZOHU� 69�� +LOO� 5/� ������ 7KH� HIIHFW� RI� UHOHDVH� VL]H� RQ� WKH� SUREDELOLW\� RI�
HVWDEOLVKPHQW� RI� ELRORJLFDO� FRQWURO� DJHQWV�� JRUVH� WKULSV� �6HULFRWKULSV� VWDSK\OLQXV��
UHOHDVHG� DJDLQVW� JRUVH� �8OH[� HXURSDHXV�� LQ� 1HZ� =HDODQG�� %LRFRQWURO� 6FLHQFH� DQG�
7HFKQRORJ\�������±�����

0HPPRWW�-��&UD]H�3*��+DUPDQ�+0��6\UHWW�3��)RZOHU�69�������7KH�HIIHFW�RI�SURSDJXOH�VL]H�
RQ�WKH�LQYDVLRQ�RI�DQ�DOLHQ�LQVHFW��-RXUQDO�RI�$QLPDO�(FRORJ\�������±����

0RULQ� /�� (GZDUGV� 3%� ������ 6HOHFWLRQ� RI� ELRORJLFDO� FRQWURO� DJHQWV� IRU� EULGDO� FUHHSHU�� D�
UHWURVSHFWLYH�UHYLHZ��$XVWUDOLDQ�-RXUQDO�RI�(QWRPRORJ\��������±�����

0RUULV� 0*� ������ 7UXH� ZHHYLOV� �3DUW� ��� &ROHRSWHUD�� &XUFXOLRQLGDH� �VXEIDPLOLHV�
5D\PRQGLRQ\PLQDH� WR� 6PLFURQ\FKLQDH��� +DQGERRNV� IRU� WKH� LGHQWLILFDWLRQ� RI� %ULWLVK�
LQVHFWV������E���3S���±�����

1LFNHO� +�� 5HPDQH� 5� ������ $UWHQOLVWH� GHU� =LNDGHQ� 'HXWVFKODQGV�� PLW� $QJDEH� YRQ�
1lKUSIODQ]HQ�� 1DKUXQJVEUHLWH�� /HEHQV]\NOXV�� $UHDO� XQG� *HIlKUGXQJ� �+HPLSWHUD��
)XOJRURPRUSKD� HW� &LFDGRPRUSKD��� %HLWUlJH� ]XU� =LNDGHQNXQGH� ��� ������� 7UDQVODWLRQ�
DYDLODEOH�DV�SGI�DW��KWWS���ZZZ�JZGJ�GH�aKQLFNHO���

3DJH� $5�� /DFH\� ./� ������ (FRQRPLF� ,PSDFW� $VVHVVPHQW� RI� $XVWUDOLDQ� :HHG� %LRORJLFDO�
&RQWURO�� �7HFKQLFDO� 6HULHV� ������ &RRSHUDWLYH� 5HVHDUFK� &HQWUH� IRU� $XVWUDOLDQ� :HHG�
0DQDJHPHQW��$GHODLGH��$XVWUDOLD��
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3D\QWHU�4��)ODQDJDQ�*-������� ,QWHJUDWLQJ�KHUELFLGH�DQG�PHFKDQLFDO�FRQWURO� WUHDWPHQWV�ZLWK�
ILUH�DQG�ELRORJLFDO�FRQWURO�WR�PDQDJH�DQ�LQYDVLYH�ZHWODQG�VKUXE��0LPRVD�SLJUD��-RXUQDO�
RI�$SSOLHG�(FRORJ\��������±�����

3D\QWHU� 4(�� )RZOHU� 69�� *RXUOD\� $+�� +DLQHV�0/�� +DUPDQ� +0�� +RQD� 65�� 3HWHUVRQ� 3*��
6PLWK�/$��:LOVRQ�'DYH\� -5$��:LQNV�&-��:LWKHUV�70�������6DIHW\� LQ�1HZ�=HDODQG�
ZHHG� ELRFRQWURO�� D� QDWLRQZLGH� VXUYH\� IRU� LPSDFWV� RQ� QRQ�WDUJHW� SODQWV��1HZ�=HDODQG�
3ODQW�3URWHFWLRQ��������±�����

3D\QWHU�4��:DLSDUD�1��3HWHUVRQ�3��+RQD�6��)RZOHU�6��*LDQRWWL�$��:LONLH�3�������7KH�LPSDFW�
RI� WZR� LQWURGXFHG� ELRFRQWURO� DJHQWV��3K\WRP\]D� YLWDOEDH� DQG�3KRPD� FOHPDWLGLQD�� RQ�
&OHPDWLV�YLWDOED�LQ�1HZ�=HDODQG��%LRORJLFDO�&RQWURO��������±�����

3D\QWHU�4��0DUWLQ�1��%HUU\�-��+RQD�6��3HWHUVRQ�3��*RXUOD\�$+��:LOVRQ�'DYH\�-��6PLWK�/��
:LQNV� &�� )RZOHU� 69� ������ 1RQ�WDUJHW� LPSDFWV� RI� 3K\WRP\]D� YLWDOEDH� D� ELRORJLFDO�
FRQWURO� DJHQW� RI� WKH� (XURSHDQ� ZHHG� &OHPDWLV� YLWDOED� LQ� 1HZ� =HDODQG�� %LRORJLFDO�
&RQWURO��������±�����

3HPEHUWRQ�5:�������3UHGLFWDEOH�ULVN�WR�QDWLYH�SODQWV�LQ�ZHHG�ELRORJLFDO�FRQWURO��2HFRORJLD�
��������±�����

3U\HU�.0��6FKXHWWSHO]�(��:ROI�3*��6FKQHLGHU�+��6PLWK�$5��&UDQILOO�5�������3K\ORJHQ\�DQG�
HYROXWLRQ� RI� IHUQV� �PRQLORSK\WHV�� ZLWK� D� IRFXV� RQ� WKH� HDUO\� OHSWRVSRUDQJLDWH�
GLYHUJHQFHV��$PHULFDQ�-RXUQDO�RI�%RWDQ\���������±������

3XQLWKDOLQJDP� (� ������ $VFRFK\WD� ,,�� 6SHFLHV� RQ� PRQRFRW\OHGRQV� �H[FOXGLQJ� JUDVVHV���
FU\SWRJDPV�DQG�J\PQRVSHUPV��0\FRORJLFDO�3DSHUV�������±�����

5DGXORYLF� 1�� 6WRMDQRYLF� *�� 3DOLF� 5��� ������ &RPSRVLWLRQ� DQG� DQWLPLFURELDO� DFWLYLW\� RI�
(TXLVHWXP�DUYHQVH�/��HVVHQWLDO�RLO��3K\WRWKHUDS\�5HVHDUFK����������±����

5DL� 0.� ������ 1HZ� UHFRUGV� RI� IXQJL� IURP� ,QGLD�� ,QGLDQ� -RXUQDO� RI� 0\FRORJ\� 	� 3ODQW�
3DWKRORJ\��������±�����

5REELQV�5�������3URYLVLRQDO�DWODV�RI�WKH�OHDI�PLQHUV�RI�:DUZLFNVKLUH��$��ZLWK�QRWHV�RQ�RWKHUV�
RFFXUULQJ�LQ�WKH�PLGODQGV��:DUZLFN�8.��:DUZLFNVKLUH�0XVHXP�6HUYLFH���

5RVHQWKDO� 66� ������ &KDSWHU� ������ $FHULD�� (SLWULPHUXV� DQG� $FXOXV� VSHFLHV� DQG� ELRORJLFDO�
FRQWURO�RI�ZHHGV��,Q��/LQGTXLVW�((��6DEHOLV�0:��%UXLQ�-�HGV�:RUOG�FURS�SHVWV��9RO�����
(ULRSK\RLG� PLWHV�� WKHLU� ELRORJ\�� QDWXUDO� HQHPLHV� DQG� FRQWURO�� $PVWHUGDP�� (OVHYLHU�
6FLHQFH�%9��3S�����±�����

5R\�%�� 3RSD\� ,��&KDPSLRQ� 3�� -DPHV�7��5DKPDQ�$� ������$Q� LOOXVWUDWHG� JXLGH� WR� FRPPRQ�
ZHHGV� RI� 1HZ� =HDODQG�� 0HUHGLWK�� $XVWUDOLDQ� 3ULQW� *URXS�� 1HZ� =HDODQG� 3ODQW�
3URWHFWLRQ�6RFLHW\��

6FKXHWWSHO]�(��.RUDOO�3��3U\HU�.0�������3ODVWLG�DWS$�GDWD�SURYLGH�LPSURYHG�VXSSRUW�IRU�GHHS�
UHODWLRQVKLSV�DPRQJ�IHUQV��7D[RQ��������±�����

6KLQ� +'� ������ 1HZ� IXQJDO� GLVHDVHV� RI� HFRQRPLF� UHVRXUFH� SODQWV� LQ� .RUHD� ����� 7KH� 3ODQW�
3DWKRORJ\�-RXUQDO�������±�����

6KRHPDNHU�5$��%DEFRFN�&(� ������ 3KDHRVSKDHULD�� &DQDGLDQ� -RXUQDO� RI� %RWDQ\� ���� ����±
������

6|GHUPDQ� *� ������ 7D[RQRP\�� GLVWULEXWLRQ�� ELRORJ\� DQG� FRQVHUYDWLRQ� VWDWXV� RI� )LQQLVK�
$XFKHQRUUK\QFKD� �+HPLSWHUD�� )XOJRURPRUSKD� HW� &LFDGRPRUSKD��� 7KH� )LQQLVK�
(QYLURQPHQW����+HOVLQNL��)LQQLVK�(QYLURQPHQW�,QVWLWXWH��

6SHQFHU�.$�������'LSWHUD��$JURP\]LGDH��+DQGERRNV�IRU�WKH�LGHQWLILFDWLRQ�RI�%ULWLVK�,QVHFWV��
YRO�;�SDUW���J���5R\DO�(QWRPRORJLFDO�6RFLHW\�RI�/RQGRQ���

6WHZDUW�&$��&KDSPDQ�5%��)UDPSWRQ�&0$�������*URZWK�RI� DOOLJDWRU�ZHHG� �$OWHUQDQWKHUD�
SKLOR[HURLGHV� �0DUW��� *ULVHE�� �$PDUDQWKDFHDH��� DQG� SRSXODWLRQ� GHYHORSPHQW� RI�
$JDVLFOHV� K\JURSKLOD� 6HOPDQ� 	� 9RJW� �&ROHRSWHUD�� &KU\VRPHOLGDH�� LQ� QRUWKHUQ� 1HZ�
=HDODQG��3ODQW�3URWHFWLRQ�4XDUWHUO\�������±�����

6\UHWW� 3�� )RZOHU� 69�� (PEHUVRQ� 50� ������ $UH� FKU\VRPHOLG� EHHWOHV� HIIHFWLYH� DJHQWV� IRU�
ELRORJLFDO� FRQWURO� RI�ZHHGV"� ,Q��0RUDQ�9&��+RIIPDQQ� -+� HGV�3URFHHGLQJV� RI� WKH� ,;�
,QWHUQDWLRQDO� 6\PSRVLXP� RQ� %LRFRQWURO� RI� :HHGV�� 6WHOOHQERVFK�� 6RXWK� $IULFD��
8QLYHUVLW\�RI�&DSH�7RZQ��3S�����±������
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7DHJHU� $�� %ODQN� 60� ������ 3IODQ]HQZHVSHQ� 'HXWVFKODQGV� �+\PHQRSWHUD�� 6\PSK\WD���
.HOWHUQ��*RHFNH�XQG�(YHUV��

7KXP� 5�� 3D\QWHU� 4�� 9|ONO� :�� +RIIPDQQ� .+� ������ $QW�+RPRSWHUD�3K\WRSKDJH�SODQW�
LQWHUDFWLRQ�� DUH� DQW�WHQGHG� +RPRSWHUD� JRRG� IRU� ELRORJLFDO� FRQWURO"� 0LWWHLOXQJ�
'HXWVFKHQ�*HVHOOVFKDIW�I�U�DOOJHPHLQH�XQG�DQJHZDQGWH�(QWRPRORJLH��������±��������������
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YDQ� .OLQNHQ� 5'�� )LFKHUD� *�� &RUGR� +�� ������ 7DUJHWLQJ� ELRORJLFDO� FRQWURO� DFURVV� GLYHUVH�
ODQGVFDSHV�� WKH� UHOHDVH�� HVWDEOLVKPHQW�� DQG� HDUO\� VXFFHVV� RI� WZR� LQVHFWV� RQ� PHVTXLWH�
�3URVRSLV�VSS���LQVHFWV�LQ�$XVWUDOLDQ�UDQJHODQGV��%LRORJLFDO�&RQWURO������±����

:DSVKHUH� $-� ������ $� VWUDWHJ\� IRU� HYDOXDWLQJ� WKH� VDIHW\� RI� RUJDQLVPV� IRU� ELRORJLFDO� ZHHG�
FRQWURO��$QQDOV�RI�$SSOLHG�%LRORJ\��������±�����

:HEE�&-��6\NHV�:5��*DUQRFN�-RQHV��3-��������)ORUD�RI�1HZ�=HDODQG�9ROXPH����QDWXUDOLVHG�
3WHULGRSK\WHV�� *\PQRVSHUPV�� 'LFRW\OHGRQV�� &KULVWFKXUFK�� %RWDQ\� 'LYLVLRQ��
'HSDUWPHQW�RI�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK��

:HEE� &-�� 6\NHV� :5�� *DUQRFN�-RQHV� 3-�� %URZQVH\� 3-� ������ &KHFNOLVW� RI� GLFRW\OHGRQV��
J\PQRVSHUPV�� DQG� SWHULGRSK\WHV� QDWXUDOLVHG� RU� FDVXDO� LQ� 1HZ� =HDODQG�� DGGLWLRQDO�
UHFRUGV������������1HZ�=HDODQG�-RXUQDO�RI�%RWDQ\��������±�����

:HLIIHQEDFK� +� ������ 6\PSK\WD� �+\PHQRSWHUD�� YRQ� 6�G�1LHGHUVDFKVHQ�� 1RUG�� XQG�
0LWWHOKHVVHQ��0LWWHLOXQJHQ�GHU�0�QFKHQHU�(QWRPRORJLVFKHQ�*HVHOOVFKDIW������±����

:LOVRQ�6:��0LWWHU�&��'HQQR�5)��:LOVRQ�05�������(YROXWLRQDU\�SDWWHUQV�RI�KRVW�SODQW�XVH�
E\� GHOSKDFLG� SODQWKRSSHUV� DQG� WKHLU� UHODWLYHV�� ,Q�� 'HQQR� 5)�� 3HUIHFW� 7-� HGV�
3ODQWKRSSHUV�� WKHLU� HFRORJ\� DQG�PDQDJHPHQW�� 1HZ�<RUN�� &KDSPDQ� DQG�+DOO�� 3S�� �±
�����

:LNVWURP� 1�� 3U\HU� .0� ������ ,QFRQJUXHQFH� EHWZHHQ� SULPDU\� VHTXHQFH� GDWD� DQG� WKH�
GLVWULEXWLRQ� RI� D� PLWRFKRQGULDO� DWS�� JURXS� ,,� LQWURQ� DPRQJ� IHUQV� DQG� KRUVHWDLOV��
0ROHFXODU�3K\ORJHQHWLFV�DQG�(YROXWLRQ��������±�����
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