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���/DQGFDUH�5HVHDUFK�1HZ�=HDODQG�/WG������
�
7KLV� LQIRUPDWLRQ� PD\� EH� FRSLHG� DQG� GLVWULEXWHG� WR� RWKHUV� ZLWKRXW� OLPLWDWLRQ�� SURYLGHG� /DQGFDUH�
5HVHDUFK� /WG� DQG� WKH� VRXUFH� RI� WKH� LQIRUPDWLRQ� LV� DFNQRZOHGJHG�� 8QGHU� QR� FLUFXPVWDQFHV� PD\� D�
FKDUJH�EH�PDGH�IRU�WKLV�LQIRUPDWLRQ�ZLWKRXW�WKH�H[SUHVVHG�SHUPLVVLRQ�RI�/DQGFDUH�5HVHDUFK�/WG��
�
�
'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����������������������������������������������������������������������������������������������������������������������������������������
��� 2EMHFWLYHV������������������������������������������������������������������������������������������������������������������������������������������
��� 0HWKRG�����������������������������������������������������������������������������������������������������������������������������������������������

���� )XQJL���������������������������������������������������������������������������������������������������������������������������������������
���� ,QYHUWHEUDWHV���������������������������������������������������������������������������������������������������������������������������

��� 5HVXOWV�DQG�'LVFXVVLRQ���������������������������������������������������������������������������������������������������������������������
���� )XQJL���������������������������������������������������������������������������������������������������������������������������������������
���� ,QYHUWHEUDWHV���������������������������������������������������������������������������������������������������������������������������

��� &RQFOXVLRQV���������������������������������������������������������������������������������������������������������������������������������������
���� )XQJL���������������������������������������������������������������������������������������������������������������������������������������
���� ,QYHUWHEUDWHV���������������������������������������������������������������������������������������������������������������������������

��� 5HFRPPHQGDWLRQV�����������������������������������������������������������������������������������������������������������������������������
��� $FNQRZOHGJHPHQWV���������������������������������������������������������������������������������������������������������������������������
��� 5HIHUHQFHV�����������������������������������������������������������������������������������������������������������������������������������������
���� $SSHQGLFHV����������������������������������������������������������������������������������������������������������������������������������������

$SSHQGL[��� )XQJDO�VSHFLPHQ�VLWH�QXPEHUV�IRU�%HUEHULV�VSHFLHV���������������������������������������������
$SSHQGL[���� 1RQ�KHUELYRURXV� LQYHUWHEUDWHV� DVVRFLDWHG� ZLWK� %HUEHULV� VSHFLHV� FROOHFWHG�

IURP�VLWHV�WKURXJKRXW�1HZ�=HDODQG�GXULQJ�����±�������������������������������������������
�
�
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6XPPDU\�

�
3URMHFW�DQG�&OLHQW�
$� VXUYH\� RI� WKH� LQYHUWHEUDWH� IDXQD� DQG� IXQJL� DVVRFLDWHG� ZLWK� EDUEHUU\� �%HUEHULV�JODXFRFDUSD���
'DUZLQ¶V� EDUEHUU\� �%�� GDUZLQLL��� DQG� (XURSHDQ� EDUEHUU\� �%�� YXOJDULV�� ZDV� FDUULHG� RXW� EHWZHHQ�
2FWREHU� ����� DQG�0DUFK� ����� E\�/DQGFDUH�5HVHDUFK� IRU� UHJLRQDO� FRXQFLOV� DQG� WKH�'HSDUWPHQW� RI�
&RQVHUYDWLRQ�� 7KLV� ZDV� D� UHFRPPHQGDWLRQ� RI� WKH� IHDVLELOLW\� VWXG\� LQYHVWLJDWLQJ� WKH� SURVSHFWV� IRU�
ELRORJLFDO�FRQWURO�RI�EDUEHUU\��%HUEHULV�VSS���LQ�1HZ�=HDODQG��0F*UHJRU��������
�
2EMHFWLYHV�
x� 7R�VXUYH\�IXQJL�DQG�LQYHUWHEUDWHV�DVVRFLDWHG�ZLWK�EDUEHUU\��%��JODXFRFDUSD���'DUZLQ¶V�EDUEHUU\�

�%�� GDUZLQLL�� DQG�(XURSHDQ� EDUEHUU\� �%�� YXOJDULV�� LQ�1HZ�=HDODQG� DQG� LGHQWLI\� WKH� KHUELYRUHV�
�DQG�WKHLU�DVVRFLDWHG�SUHGDWRUV�DQG�SDUDVLWRLGV��DQG�SDWKRJHQV�SUHVHQW��

x� %DVHG� RQ� WKHVH� ILQGLQJV� WR� UHFRPPHQG� IXUWKHU� DFWLRQ� WR� EH� WDNHQ� LQ� WKH� ELRORJLFDO� FRQWURO� RI�
EDUEHUU\�SURJUDPPH��

�
0HWKRG�
%DUEHUU\� �%HUEHULV� JODXFRFDUSD��� 'DUZLQ¶V� EDUEHUU\� �%�� GDUZLQLL�� DQG� (XURSHDQ� EDUEHUU\� �%��
YXOJDULV��VLWHV�ZHUH�YLVLWHG�WKURXJKRXW�1HZ�=HDODQG��,QYHUWHEUDWH�IDXQD�ZHUH�VDPSOHG�IURP�EDUEHUU\�
EXVKHV�� FROOHFWHG�� SUHVHUYHG� DQG� LGHQWLILHG�� )XQJL� ZHUH� DOVR� VDPSOHG� DW� WKHVH� VLWHV�� FXOWXUHG� DQG�
LGHQWLILHG��
�
5HVXOWV�
x� )XQJL� DQG� LQYHUWHEUDWHV�ZHUH� UHFRYHUHG� IURP����EDUEHUU\� �%HUEHULV�JODXFRFDUSD������'DUZLQ¶V�

EDUEHUU\��%��GDUZLQLL���DQG���(XURSHDQ�EDUEHUU\��%��YXOJDULV��VLWHV�WKURXJKRXW�1HZ�=HDODQG����
x� ����KHUELYRURXV�LQYHUWHEUDWH�VSHFLHV�ZHUH�UHFRUGHG�IURP�DOO�EDUEHUU\�VSHFLHV�±�����VSHFLHV�IURP�

%��JODXFRFDUSD�����VSHFLHV�IURP�%��GDUZLQLL��DQG���VSHFLHV�IURP�%��YXOJDULV��
x� 7KH�EDUEHUU\� DSKLG�/LRVRPDSKLV�EHUEHULGLV� �.DOWHQEDFK�� �+HPLSWHUD��$SKLGLGHD��ZDV� WKH�RQO\�

KHUELYRURXV�LQYHUWHEUDWH�VSHFLHV�IRXQG�WR�EH�VSHFLILF�WR�WKH�EDUEHUU\�IDPLO\�%HUEHULGDFHDH���
x� 7KH� EDUEHUU\� DSKLG� /�� EHUEHULGLV� ZDV� WKH� RQO\� KHUELYRURXV� LQYHUWHEUDWH� WR� EH� FODVVHG� DV�

³DEXQGDQW´��RQO\�RQ�%��JODXFRFDUSD����
x� 7KH�RYHUDOO�GDPDJH�WKDW�FRXOG�EH�DWWULEXWHG�WR�LQYHUWHEUDWH�KHUELYRU\�ZDV�PLQLPDO��
x� *HQHUDOLVW�SUHGDWRUV�IRXQG�RQ�EDUEHUU\�LQFOXGHG�VSLGHUV��ODG\ELUGV��ODFHZLQJV��HDUZLJV��DQWV�DQG�D�

SUD\LQJ�PDQWLV��
x� $�WRWDO�RI�����IXQJDO�LVRODWHV�ZHUH�REWDLQHG�IURP�D�WRWDO�����EDUEHUU\�WLVVXHV�SODWHG��
x� $�KLJK�IUHTXHQF\�RI�IXQJDO�FRORQLVDWLRQ�RI�EDUEHUU\�ZDV�REVHUYHG�ZLWK�����RI�WLVVXH�IUDJPHQWV�

FRORQLVHG���
x� $W�OHDVW����IXQJDO�VSHFLHV�ZHUH�LGHQWLILHG�IURP�WKH�WKUHH�EDUEHUU\�VSHFLHV��
x� 7KUHH�IXQJDO�VSHFLHV�DUH�SRWHQWLDO�SULPDU\�SDWKRJHQV�RI�%��JODXFRFDUSD��
x� )RXU�IXQJDO�VSHFLHV�DUH�SRWHQWLDO�SULPDU\�SDWKRJHQV�RI�%��GDUZLQLL��
x� 1R�SRWHQWLDO�SULPDU\�SDWKRJHQV�ZHUH�LVRODWHG�IURP�%��YXOJDULV��
x� $� EDUEHUU\� UXVW�� 3XFFLQLD� JUDPLQLV�� ZDV� UHFRUGHG� IURP� %�� JODXFRFDUSD� DW� RQH� VLWH� �%UDQFRWW�

6WDWLRQ���ZKLFK�LV�D�QHZ�KRVW�UHFRUG�IRU�1HZ�=HDODQG��
�
&RQFOXVLRQV�
x� $� UDQJH� RI� QDWLYH� DQG� H[RWLF� LQYHUWHEUDWH� VSHFLHV� LQ�1HZ�=HDODQG� DWWDFNV� EDUEHUU\� EXW� RYHUDOO�

GDPDJH�LV�PLQLPDO��
x� 6DS�IHHGHUV�� H�J��� WKH� EDUEHUU\� DSKLG�/LRVRPDSKLV� EHUEHULGLV�� DSSHDU� WR� EH� WKH�PRVW� GDPDJLQJ�

LQYHUWHEUDWHV�FXUUHQWO\�IHHGLQJ�RQ�EDUEHUU\�LQ�1HZ�=HDODQG�
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x� 1RQH� RI� WKH� KHUELYRUH� QLFKHV� RQ� EDUEHUU\� DUH� ZHOO� XWLOLVHG� LQ� 1HZ� =HDODQG�� HVSHFLDOO\� RQ�%��
GDUZLQLL��

x� 6SHFLDOLVHG�EDUEHUU\� IHHGLQJ�ELRORJLFDO�FRQWURO�DJHQWV�DUH�XQOLNHO\� WR�PHHW�ZLWK�DQ\�VLJQLILFDQW�
FRPSHWLWLRQ�IURP�UHVLGHQW�KHUELYRUHV�LQ�1HZ�=HDODQG��

x� 7KHUH�LV�VFRSH�IRU�WKH�LQWURGXFWLRQ�RI�KRVW�VSHFLILF�ELRORJLFDO�FRQWURO�DJHQWV�LQ�1HZ�=HDODQG��
x� )LYH�SULPDU\�SODQW�SDWKRJHQLF�IXQJL�ZHUH�LVRODWHG�IURP�GLVHDVHG�EDUEHUU\�WLVVXHV��WKUHH�RI�ZKLFK�

KDYH�EHHQ�WKH�VXEMHFW�RI�YDULRXV�PLFURELDO�ZHHG�ELRFRQWURO�SURMHFWV�HOVHZKHUH��7KHVH�IXQJL�FRXOG�
SRWHQWLDOO\�EH�LQYHVWLJDWHG�IXUWKHU�IRU�ELRFRQWURO�SRWHQWLDO�DJDLQVW�%HUEHULV�VSS��LQ�1HZ�=HDODQG��

�
5HFRPPHQGDWLRQV�
,Q� WKH� OLJKW� RI� RXU� FRQFOXVLRQV� WKDW� RQO\� RQH� KRVW�VSHFLILF� LQYHUWHEUDWH� KHUELYRUH� �/LRVRPDSKLV�
EHUEHULGLV��FRQWULEXWHV�PLQLPDO�GDPDJH�WR�%HUEHULV�VSHFLHV�LQ�1HZ�=HDODQG��DQG�ZLWK�QR�VSHFLDOLVHG�
SDWKRJHQLF�IXQJL�NQRZQ�WR�EH�SUHVHQW�RQ�WKHVH�ZHHGV�LQ�1HZ�=HDODQG��ZH�UHFRPPHQG��

�
����$�FODVVLFDO�ELRFRQWURO�SURJUDP�IRU�EDUEHUU\�VKRXOG�SURFHHG�DORQJ�WKH�IROORZLQJ�OLQHV��
x� 6XUYH\�%�� GDUZLQLL� DQG� RWKHU�%HUEHULV� VSHFLHV� LQ� &KLOH� DQG� $UJHQWLQD� WR� LGHQWLI\� SURVSHFWLYH�

LQYHUWHEUDWH�DQG�IXQJDO�ELRORJLFDO�FRQWURO�DJHQWV��
x� 6XUYH\� %�� JODXFRFDUSD� DQG� RWKHU� %HUEHULV� VSHFLHV� LQ� WKH� ZHVWHUQ� +LPDOD\D� WR� LGHQWLI\�

SURVSHFWLYH�LQYHUWHEUDWH�DQG�IXQJDO�ELRORJLFDO�FRQWURO�DJHQWV��
x� 8QGHUWDNH�KRVW�UDQJH�WHVWV�RQ�SODQW�VSHFLHV�RI�LPSRUWDQFH�WR�1HZ�=HDODQG�IRU�WKH�PRVW�SURPLVLQJ�

SURVSHFWLYH�LQYHUWHEUDWHV�DQG�IXQJDO�ELRORJLFDO�FRQWURO�DJHQWV��
x� ,QWURGXFH�KRVW�VSHFLILF�LQYHUWHEUDWHV�DQG�SDWKRJHQLF�IXQJL�WR�1HZ�=HDODQG�DV�FODVVLFDO�ELRFRQWURO�

DJHQWV���
�
��� � 7KH� LQXQGDWLYH� ELRFRQWURO� SRWHQWLDO� RI� WKH�&ROOHWRWULFKXP� JORHRVSRULRLGHV��3KRPRSVLV� VS�� DQG�
6FOHURWLQLD� VFOHURWLRUXP� LVRODWHV� DVVRFLDWHG�ZLWK� OHDI�� IORZHU� DQG� IUXLW� GLVHDVH� V\PSWRPV� VKRXOG�EH�
GHWHUPLQHG�XVLQJ�LQRFXODWLRQ�WULDOV�WR�HOXFLGDWH�WKHLU�WD[RQRP\��HSLGHPLRORJ\�DQG�SDWKRJHQLFLW\����
�
��� �7KH�SRVVLEOH�SUHVHQFH�RI�EDFWHULDO�RU�YLUDO�SDWKRJHQV�DVVRFLDWHG�ZLWK�OHDI�GLVHDVH�V\PSWRPV�WKDW�
ZHUH�QRW�DVVRFLDWHG�ZLWK�FXOWXUDEOH�IXQJDO�SDWKRJHQV�VKRXOG�EH�GHWHUPLQHG��
�
�
�
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��� ,QWURGXFWLRQ�

�
7ZR� RI� WKH� ILYH� DGYHQWLYH� VSHFLHV� RI� EDUEHUU\� �%HUEHULV� VSS��� LQ� 1HZ� =HDODQG� DUH� LPSRUWDQW�
HQYLURQPHQWDO� ZHHGV�� IRU� ZKLFK� FXUUHQW� FRQWURO� RSWLRQV� DUH� QRW� DGHTXDWH�� $V� SDUW� RI� D� ELRORJLFDO�
FRQWURO�SURJUDPPH��VDPSOLQJ�RI�LQYHUWHEUDWH�DQG�IXQJDO�IDXQD�DVVRFLDWHG�ZLWK���EDUEHUU\�VSHFLHV�LQ�
1HZ� =HDODQG� ±� EDUEHUU\� �%HUEHULV� JODXFRFDUSD��� 'DUZLQ¶V� EDUEHUU\� �%�� GDUZLQLL��� DQG� (XURSHDQ�
EDUEHUU\� �%�� YXOJDULV�� ±� ZDV� FDUULHG� RXW� EHWZHHQ� 1RYHPEHU� ����� DQG� 0DUFK� ����� E\� /DQGFDUH�
5HVHDUFK�IRU�UHJLRQDO�FRXQFLOV�DQG�WKH�'HSDUWPHQW�RI�&RQVHUYDWLRQ��
�

��� %DFNJURXQG�

�
)LYH�VSHFLHV�RI�%HUEHULV�KDYH�QDWXUDOLVHG�LQ�1HZ�=HDODQG��%HUEHULV�GDUZLQLL��'DUZLQ¶V�EDUEHUU\��DQG�
%��JODXFRFDUSD� �EDUEHUU\�� KDYH� EHHQ� ZLGHO\� GLVSHUVHG� WKURXJKRXW� 1HZ� =HDODQG� DQG� KDYH� EHFRPH��
VHULRXV�HQYLURQPHQWDO�ZHHGV��,Q�WKLV�VXUYH\�ZH�KDYH�IRFXVHG�RQ�WKHVH�WZR�VSHFLHV��$�WKLUG�EDUEHUU\�
VSHFLHV��%��YXOJDULV��(XURSHDQ�EDUEHUU\���DOWKRXJK�ZLGHVSUHDG�LQ�&DQWHUEXU\�DQG�2WDJR��:HEE�HW�DO��
������ ZRXOG� QRW� DSSHDU� WR� EH� DV� SUREOHPDWLF�� 7KH� UHPDLQLQJ� WZR� VSHFLHV� �%�� VRXOLHDQD� DQG� %��
ZLOVRQLDH��KDYH�YHU\�OLPLWHG�GLVWULEXWLRQV��:HEE�HW�DO���������
�
%HUEHULV�GDUZLQLL� LV�HQGHPLF� WR�&KLOH�DQG�3DWDJRQLD��:HEE�HW�DO���������)LUVW� LQWURGXFHG� LQWR�1HZ�
=HDODQG� LQ������ WKLV�VSHFLHV� LV�QRZ�ZLGHO\�GLVWULEXWHG�IURP�WKH�(DVW�&DSH�UHJLRQ�VRXWKZDUGV��ZLWK�
PDMRU�VWDQGV�RFFXUULQJ�LQ�6RXWKODQG��$Q�HYHUJUHHQ�VKUXE�JURZLQJ�WR�F����P�WDOO�DQG�IRXQG�SDUWLFXODUO\�
LQ�KLJKHU�UDLQIDOO�DUHDV��WKLV�VSHFLHV�LV�DV�KDSS\�JURZLQJ�XQGHU�D�QDWLYH�IRUHVW�RU�SODQWDWLRQ�SLQH��3LQXV�
UDGLDWD��FDQRS\�DV� LW� LV� LQIHVWLQJ�RSHQ�KLOO� VORSHV��)DUPHUV� �0DUWLQ�6WRWW�SHUV��FRPP���DQG�UHJLRQDO�
FRXQFLO� VWDII� �5DQGDOO�0LOQH�SHUV�� FRPP��� YLHZ�%�� GDUZLQLL� DV� DQ� H[SDQGLQJ� WKUHDW� WR� SDVWRUDO� DQG�
FRQVHUYDWLRQ�YDOXHV��DQG�DV�D� UHFHQW� LPPLJUDQW� LW�ZLOO� OLNHO\�FRQWLQXH� WR�PRYH� LQWR�VXLWDEOH�KDELWDW��
)XUWKHU�ODUJH�LQIHVWDWLRQV�DUH�OLNHO\�WR�EH�LGHQWLILHG��0F*UHJRU��������
�
%��JODXFRFDUSD�� IURP� WKH�ZHVWHUQ�+LPDOD\D�� LV�FRPPRQ� WKURXJKRXW� ORZODQG�DUHDV�RI�1HZ�=HDODQG�
�:HEE�HW�DO���������([WHQVLYHO\�XVHG�DV�KHGJLQJ��WKLV�VSHFLHV�RI�EDUEHUU\��OLNH�%��GDUZLQLL��LV�HTXDOO\�
DW�KRPH�LQ�D�ZLGH�UDQJH�RI�KDELWDWV�ZLWK�VWDQGV�RFFXUULQJ� LQ�FRDVWDO� UHVHUYHV��JUD]HG�GDLU\�SDVWXUHV�
DQG�GULHU�VKHHS�JUD]HG�VORSHV�IURP�1RUWKODQG�WR�6RXWKODQG��)LUVW�UHFRUGHG�LQ�������LW�DUULYHG�LQ�1HZ�
=HDODQG�HDUOLHU�WKDQ�%��GDUZLQLL��DQG�KDV�KDG�ORQJHU�WR�LQYDGH�DQG�RFFXS\�LWV�SRWHQWLDO�UDQJH��/DUJH�
VWDQGV�� DV� VHHQ�ZLWK� JRUVH� �8OH[� HXURSDHXV�� DQG� EURRP� �&\WLVXV� VFRSDULXV��� RFFXU� EXW� DUH� QRW� \HW�
FRPPRQ���
�
$FFRUGLQJ� WR� D� IHDVLELOLW\� VWXG\� �0F*UHJRU� ������ ERWK� VSHFLHV� DUH� VHULRXV� WKUHDWV� SULPDULO\� WR�
VSDUVHO\�YHJHWDWHG�DUHDV�RI�EXVK�DQG�VFUXE��7KH�LQYDVLYHQHVV�RI�WKHVH�VSHFLHV�DULVHV�PDLQO\�IURP�WKHLU�
SURGXFWLRQ� RI� ODUJH� TXDQWLWLHV� RI� IUXLWV�� ZKLFK� DUH� HDWHQ� DQG� VXEVHTXHQWO\� GLVSHUVHG� E\� ELUGV� DQG�
SRVVXPV��$OOHQ�	�:LOVRQ�������:LOOLDPV�	�.DUO�������:LOOLDPV�HW�DO���������
�
%��YXOJDULV�KDV�D�PRUH�UHVWULFWHG�GLVWULEXWLRQ�WKDQ�HLWKHU�%��GDUZLQLL�RU�%��JODXFRFDUSD��EHLQJ�IRXQG�
SUHGRPLQDQWO\�LQ�LQODQG�DUHDV�RI�&DQWHUEXU\�DQG�2WDJR��$OWKRXJK�ILUVW�UHFRUGHG�LQ�WKH�ZLOG�LQ�1HZ�
=HDODQG� VRPH� ��� \HDUV� EHIRUH� DQ\� RWKHU� VSHFLHV� RI� EDUEHUU\�� LW� DSSHDUV� IDU� OHVV� LQYDVLYH� WKDQ� %��
GDUZLQLL�DQG�%��JODXFRFDUSD�� LWV�SURSHQVLW\� WR�GLVSHUVH�VHHPV� WR�EH�PRUH� OLPLWHG� WKDQ� WKDW�RI� WKRVH�
VSHFLHV��0F*UHJRU��������
�



�

/DQGFDUH�5HVHDUFK�

�

��� 2EMHFWLYHV�

�
x� 6DPSOH� DQG� LGHQWLI\� WKH� IXQJL�� SDWKRJHQV� DQG� LQYHUWHEUDWHV� DVVRFLDWHG� ZLWK� EDUEHUU\�

�%HUEHULV�JODXFRFDUSD��� 'DUZLQ¶V� EDUEHUU\� �%�� GDUZLQLL�� DQG� (XURSHDQ� EDUEHUU\� �%�� YXOJDULV��
IURP�VLWHV�WKURXJKRXW�1HZ�=HDODQG��

x� %DVHG� RQ� WKHVH� ILQGLQJV�� UHFRPPHQG� IXUWKHU� DFWLRQ� WR� EH� WDNHQ� LQ� WKH� ELRORJLFDO� FRQWURO� RI�
EDUEHUU\�SURJUDPPH��

�
�

��� 0HWKRG�

�
,Q�FRQVXOWDWLRQ�ZLWK�WKH�'HSDUWPHQW�RI�&RQVHUYDWLRQ��UHJLRQDO�FRXQFLOV�DQG�/DQGFDUH�5HVHDUFK�VWDII��
EDUEHUU\� LQIHVWDWLRQV� WKURXJKRXW� 1HZ� =HDODQG� ZHUH� LGHQWLILHG� DQG� D� VDPSOLQJ� SURJUDPPH� ZDV�
XQGHUWDNHQ� WR� GHWHUPLQH� LI� DQ\� GDPDJLQJ� SDWKRJHQV� RU� LQYHUWHEUDWHV� ZHUH� SUHVHQW�� 6XFK� D� VXUYH\�
UHSUHVHQWV�6WHS���LQ�D�FODVVLFDO�ELRORJLFDO�FRQWURO�SURJUDPPH��+DUOH\�	�)RUQR����������
�
%HUEHULV�JODXFRFDUSD��%��GDUZLQLL�DQG�%��YXOJDULV�ZHUH�VDPSOHG�IURP�D�WRWDO�RI����VLWHV�DFURVV�ERWK�
WKH� 1RUWK� DQG� 6RXWK� ,VODQGV� EHWZHHQ� 1RYHPEHU� ����� DQG� 0DUFK� ������ (DFK� RI� WKHVH� VLWHV� ZDV�
DOORFDWHG� D� XQLTXH� VLWH� VSHFLPHQ� QXPEHU� �$SSHQGL[� ���� 7KH� LQYHUWHEUDWH� IDXQD� DQG� SDWKRJHQV� RI�
EDUEHUU\��%��JODXFRFDUSD���'DUZLQ¶V�EDUEHUU\��%��GDUZLQLL��DQG�(XURSHDQ�EDUEHUU\��%��YXOJDULV��ZHUH�
VDPSOHG�DW��������DQG���VLWHV��UHVSHFWLYHO\��)LJV����DQG�����6L[�%��JODXFRFDUSD�VLWHV��6WRQHKXUVW�)DUP��
'HDGPDQ¶V�,VODQG��%UDQFRWW�6WDWLRQ��.RZKDL�5LYHU��&KHYLRW��DQG�.XURZ��ZHUH�YLVLWHG�D�VHFRQG�WLPH�
GXULQJ�)HEUXDU\� RU�0DUFK� ����� WR�PRQLWRU� DQ\� VHDVRQDO� GLIIHUHQFHV� LQ� WKH� IXQJL� DQG� LQYHUWHEUDWHV�
SUHVHQW���
�
3ODQW� VSHFLPHQV� IURP� ��� VLWHV� ZHUH� FROOHFWHG� DQG� ORGJHG� ZLWK� WKH� $OOHQ� +HUEDULXP� �&+5�� DW�
/DQGFDUH�5HVHDUFK��/LQFROQ��DV�YRXFKHU� UHFRUGV�RI�SODQW�VSHFLHV� IURP�ZKLFK�ERWK� LQYHUWHEUDWHV�DQG�
IXQJL�ZHUH�VDPSOHG��
�
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�
)LJ������%DUEHUU\��%HUEHULV�JODXFRFDUSD��VLWHV�VDPSOHG�IRU�IXQJL�DQG�LQYHUWHEUDWHV����������
�
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��

�
)LJ������'DUZLQ¶V�EDUEHUU\��%HUEHULV�GDUZLQLL��DQG�(XURSHDQ�EDUEHUU\��%��YXOJDULV��VLWHV�VDPSOHG�IRU�
IXQJL�DQG�LQYHUWHEUDWHV����������
�
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���

���� )XQJL�
$W� HDFK� VLWH�� ��� SODQWV� VHOHFWHG� IRU� WKH� LQYHUWHEUDWH� VXUYH\� ZHUH� LQVSHFWHG� FORVHO\� IRU� VLJQV� RI�
SDWKRJHQ� GDPDJH��2WKHU� EDUEHUU\� SODQWV� LQ� WKH� DUHD�ZHUH� H[DPLQHG�PRUH� VXSHUILFLDOO\� IRU� REYLRXV�
GLVHDVH�V\PSWRPV��$Q\�GLVHDVHG�OHDYHV��OHDI�SHWLROHV��VWHPV��IORZHU�EXGV��IORZHUV��IORZHU�SHWLROHV�RU�
IUXLW�IRXQG�ZHUH�SODFHG�LQ�SDSHU�EDJV��NHSW�FRRO�DQG�VHQW�WR�/DQGFDUH�5HVHDUFK¶V�ODERUDWRU\�LQ�7DPDNL�
IRU�FXOWXULQJ��&ROOHFWRUV�NHSW�D�VSHFLDO�ORRNRXW�IRU�ZLOWLQJ�SODQWV��ZKLFK�PLJKW�KDYH�EHHQ�DVVRFLDWHG�
ZLWK�D�URRW�GLVHDVH�SUHYLRXVO\�UHFRUGHG�RQ�EDUEHUU\�LQ�1HZ�=HDODQG��DQG�V\PSWRPV�RI�UXVW�LQIHFWLRQ�
DV�VHYHUDO�UXVW�VSHFLHV�KDYH�EHHQ�UHFRUGHG�RQ�%HUEHULV�VSHFLHV�RYHUVHDV��0F*UHJRU��������0DWHULDO�
ZDV�H[DPLQHG�ZLWKLQ���GD\V�RI�FROOHFWLRQ��
�
,Q�WKH�ODERUDWRU\��GLVHDVH�V\PSWRPV�ZHUH�UHFRUGHG�DQG�SKRWRJUDSKHG��1HFURWLF�DUHDV�ZHUH�VHDUFKHG�
IRU� IXQJDO� UHSURGXFWLYH� VWUXFWXUHV� XVLQJ� D� GLVVHFWLQJ� PLFURVFRSH�� 2Q� PLFURVFRSLF� H[DPLQDWLRQ�� D�
QXPEHU�RI�VDPSOHV�H[KLELWLQJ�VXVSHFWHG�IXQJDO�LQIHFWLRQ�DQG�GLVHDVH�V\PSWRPV�ZHUH�WKHQ�VHOHFWHG�IRU�
LVRODWLRQ�RQWR�PLFURELRORJLFDO�PHGLD��7DEOH������6PDOO�SLHFHV�RI�WLVVXH��F����PP���ZHUH�FXW�IURP�WKH�
HGJH�RI�GLVHDVHG�DUHDV�DQG�VXUIDFH�VWHULOLVHG��6WHULOLVDWLRQ�ZDV�XVXDOO\�E\�LPPHUVLRQ�LQ�����HWKDQRO�
IRU��±��VHFRQGV�� WKHQ� LQ����+\SRFKORULWH� IRU���PLQXWHV�� IROORZHG�E\�ULQVLQJ� WZLFH� LQ�VWHULOH�ZDWHU��
7KH�GXUDWLRQ�LQ�K\SRFKORULWH�ZDV�VRPHWLPHV���RU���PLQXWHV��GHSHQGLQJ�RQ�WKH�WRXJKQHVV�RI�WKH�WLVVXH��
DQG�LPPHUVLRQ�LQ�HWKDQRO�ZDV�RPLWWHG�RQ�VRPH�RFFDVLRQV�IRU�WHQGHU�\RXQJ�OHDYHV�RU�EXGV��7KH�WLVVXH�
IUDJPHQWV�ZHUH�EORWWHG�GU\�ZLWK�VWHULOH�ILOWHU�SDSHU�DQG�SODFHG�RQ�SRWDWR�GH[WURVH�DJDU��'LIFR�/DEV��
'HWURLW��0,��86$��ZLWK� ������ VWUHSWRP\FLQ� �6LJPD�� 6W� /RXLV��0,�� 86$�� FRQWDLQHG� LQ� ��FP� SHWUL�
GLVKHV��3ODWHV�ZHUH�LQFXEDWHG�XQGHU�QHDU�XOWUDYLROHW�DQG�ZKLWH�OLJKW�����K�SKRWRSHULRG��DW�WHPSHUDWXUHV�
RI�������q&��GD\��DQG��������q&��QLJKW���
�
7DEOH����1XPEHU�RI�IXQJL�LVRODWLRQV�IURP�EDUEHUU\�VDPSOHV�RQWR�PHGLD��
+RVW� 6DPSOH�W\SH� 7RWDO�
� /HDI� )ORZHU� )UXLW� �
%��JODXFRFDUSD� ��� �� ��� ���
%��GDUZLQLL� �� �� �� ���
%��YXOJDULV� �� �� �� ��
7RWDO� ��� �� ��� ���

�
)XQJDO� FRORQLHV� WKDW� JUHZ� RXW� RI� WKH� WLVVXH� IUDJPHQWV� DQG� SURGXFHG� VSRUHV� ZHUH� LGHQWLILHG� WR� WKH�
VSHFLHV� OHYHO� ZKHUH� SRVVLEOH�� 7D[RQRPLF� OLWHUDWXUH� DQG� IXQJDO� V\VWHPDWLVWV� ZHUH� FRQVXOWHG� WR�
GHWHUPLQH�ZKLFK�RI�WKH�LGHQWLILHG�IXQJL�ZHUH�OLNHO\�WR�EH�FDXVLQJ�WKH�GDPDJH�ZLWK�ZKLFK�WKH\�ZHUH�
DVVRFLDWHG��(DFK�LGHQWLILHG�LVRODWH�ZDV�JLYHQ�D�XQLTXH�QXPEHU���
�
5HSUHVHQWDWLYH� SRUWLRQV� RI� OHDI�� IORZHU� DQG� IUXLW� VDPSOHV� WKDW� H[KLELWHG� OHDI� VSRW� RU� EURZQ� OHVLRQV�
ZHUH� DOVR� SODFHG� RQ� PRLVW� EORWWLQJ� SDSHU� LQVLGH� D� VHDODEOH� SODVWLF� WUD\� � � D� KXPLGLW\� FKDPEHU���
6DPSOHV�ZHUH�LQFXEDWHG�DW�URRP�WHPSHUDWXUH�DQG�ZHUH�PLVWHG�ZLWK�GLVWLOOHG�ZDWHU�ZKHQ�UHTXLUHG�WR�
PDLQWDLQ�HOHYDWHG�KXPLGLW\�IRU��±���GD\V�RU�XQWLO�DQ\�IXQJDO�VSRUXODWLRQ�GHYHORSHG�IURP�WKH�GLVHDVHG�
WLVVXHV�� 7KLV� PHWKRG� LV� RIWHQ� SDUWLFXODUO\� XVHIXO� WR� REVHUYH� DQ\� ODWHQW� %RWU\WLV� FLQHUHD� RU�
&ROOHWRWULFKXP� LQIHFWLRQ� SUHVHQW� RQ� WKH� VDPSOHV�� )XQJDO� LGHQWLILFDWLRQ� ZDV� XQGHUWDNHQ� E\� GLUHFW�
H[DPLQDWLRQ�XQGHU�WKH�OLJKW�PLFURVFRSH����
�
$�UXVW�IXQJXV�IRXQG�DW�%UDQFRWW�6WDWLRQ�ZDV�LQLWLDOO\�JLYHQ�WR�'U�(ULF�0F.HQ]LH��/DQGFDUH�5HVHDUFK��
IRU�LGHQWLILFDWLRQ�XVLQJ�WUDGLWLRQDO�P\FRORJLFDO�WHFKQLTXHV��$V�WKHVH�ZHUH�QRW�DGHTXDWH�WR�LGHQWLI\�WKH�
UXVW��D�VSHFLPHQ�ZDV�VHQW�WR�'U�&DWKHULQH�$LPH��86'$�$56�6\VWHPDWLF�%RWDQ\�DQG�0\FRORJ\�/DE��
%HOWVYLOOH��0'��86$��IRU�'1$�VHTXHQFLQJ��$�GULHG�VSHFLPHQ�RI� WKH�UXVW�KDV�EHHQ�GHSRVLWHG�LQ� WKH�
1HZ�=HDODQG�)XQJDO�+HUEDULXP��3''���7DPDNL��$XFNODQG��DV�3''��������
�
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��

���� ,QYHUWHEUDWHV�
$W� HDFK� VLWH� ��� EDUEHUU\� EXVKHV�ZHUH� UDQGRPO\� VHOHFWHG� IURP�ZKLFK� LQVHFWV�ZHUH� ERWK� EHDWHQ� DQG�
KDQG�FROOHFWHG��$�FROOHFWLQJ�WUD\�����FP�VTXDUH��ZDV�SODFHG�XQGHU�VXLWDEOH�SDUWV�RI�HDFK�VHOHFWHG�SODQW��
DQG�WKH�IROLDJH�DERYH�WKH�WUD\�ZDV�KLW�ILYH�WLPHV�ZLWK�D�VROLG�VWLFN��0RVW�LQYHUWHEUDWHV�WKDW�IHOO�RQWR�
WKH�WUD\�ZHUH�FROOHFWHG�ZLWK�D�SRRWHU��DVSLUDWRU��DQG�SUHVHUYHG�LQ�����DOFRKRO��,PPDWXUH�OLIH�VWDJHV��
H�J���FDWHUSLOODUV��/HSLGRSWHUD��ZHUH�FROOHFWHG�OLYH�DQG�SODFHG��DORQJ�ZLWK�VRPH�IROLDJH��LQ�YHQWLODWHG�
FRQWDLQHUV� WR� UHDU� WKURXJK� WR� DGXOW� VWDJH� LQ� WKH� ODERUDWRU\� IRU� SRVLWLYH� LGHQWLILFDWLRQ�� 3DUDVLWRLGV�
HPHUJLQJ�IURP�WKHVH�ODUYDH�RU�Q\PSKV�ZHUH�DOVR�FROOHFWHG�DQG�LGHQWLILHG��$�UDSLG�YLVXDO�LQVSHFWLRQ��
DSSUR[LPDWHO\� �� PLQXWH� SHU� SODQW�� ZDV� PDGH� RI� IROLDJH�� JURZLQJ� SRLQWV�� DQG� VWHPV�� IRU� VLJQV� RI�
LQYHUWHEUDWHV�VXFK�DV�JDOO�IRUPHUV�� OHDI�PLQHUV��VWHP�ERUHUV��DQG�VFDOH�LQVHFWV��6HFWLRQV�RI�WKH�VWHPV�
ZHUH� FXW� WR� ORRN� IRU� VLJQV� RI� LQYHUWHEUDWHV� RU� WKHLU� GDPDJH�� ,QYHUWHEUDWHV� IRXQG� GXULQJ� WKH� YLVXDO�
LQVSHFWLRQV�ZHUH�FROOHFWHG�OLYH��DORQJ�ZLWK�WKH�SODQW�PDWHULDO�WKH\�ZHUH�RQ��IRU�LGHQWLILFDWLRQ��$�YLVXDO�
HVWLPDWH�ZDV�PDGH�RI�WKH�DPRXQW�RI�KHUELYRUH�GDPDJH��DQG�WKH�OLNHO\�FDXVH�RI�WKH�GDPDJH�ZDV�QRWHG�
�H�J���DGXOW�EHHWOHV��OHDI�UROOHU�FDWHUSLOODUV�����
�
3ODQWV� DW� WKUHH� VLWHV� HDFK� IRU� %�� JODXFRFDUSD� �.XPDUD�� .RZKDL� DQG�:RRGVWRFN�� DQG� %�� GDUZLQLL�
�0RXDWV�6DGGOH��&DWOLQV�9DOOH\�5RDG�DQG�3XNHKLKL��ZHUH�QRW�EHDWHQ�IRU�LQYHUWHEUDWH�VSHFLPHQV�DV�DW�
WKH�WLPH�RI�YLVLWLQJ�UDLQ�SUHFOXGHG�WKH�XVH�RI�DQ�DVSLUDWRU��7KH�SODQWV�DW�WKHVH�VLWHV�ZHUH�VWLOO�YLVXDOO\�
LQVSHFWHG�DQG�LQVHFWV�FROOHFWHG����
�
7R� LGHQWLI\� VHHG�IHHGLQJ� LQVHFWV�� IUXLWV� DQG�RU� VHHGV� ZHUH� VDPSOHG� E\� UDQGRPO\� FROOHFWLQJ� ��±���
VWHPV�EHDULQJ�IUXLW�RU�VHHG��7KHVH�ZHUH�UHWXUQHG�WR�UHDULQJ�IDFLOLWLHV�DQG�KHOG�LQ�YHQWLODWHG�FRQWDLQHUV�
IRU���ZHHNV��$Q\�LQVHFWV�HPHUJLQJ�IURP�WKHVH�VDPSOHV�ZHUH�FROOHFWHG�DQG�LGHQWLILHG��
�
0RVW�LQYHUWHEUDWHV�FROOHFWHG�ZHUH�LGHQWLILHG�WR�VSHFLHV�RU�JHQXV�OHYHO�ZKHUH�IHDVLEOH�EXW�VRPH�FRXOG�
RQO\�EH�DOORFDWHG�WR�D�EURDGHU�JURXS��H�J���µVSLGHUV¶���$OO�LQYHUWHEUDWHV�ZHUH�WKHQ�UDQNHG�RQ�D�VFDOH�RI�
DEXQGDQFH�DFFRUGLQJ� WR� WKH� WRWDO�QXPEHU�RI� LQGLYLGXDOV�FROOHFWHG��DQG� WKH�QXPEHU�RI�VLWHV�DW�ZKLFK�
WKH\� ZHUH� SUHVHQW�� 7KH\� ZHUH� FODVVHG� DV� UDUH�� RFFDVLRQDO�� FRPPRQ� RU� DEXQGDQW� DFFRUGLQJ� WR� WKH�
GHILQLWLRQV�EHORZ��
x� UDUH��� � IHZHU�WKDQ���LQGLYLGXDOV�FROOHFWHG��
x� RFFDVLRQDO��� �±���LQGLYLGXDOV�FROOHFWHG���
� � � RU�!���LQGLYLGXDOV�EXW�SUHVHQW�DW�IHZHU�WKDQ�ILYH�VLWHV��
x� FRPPRQ��� � ����LQGLYLGXDOV�FROOHFWHG�DQG�RU�SUHVHQW�DW�ILYH�RU�PRUH�VLWHV��
x� DEXQGDQW���� �����LQGLYLGXDOV�FROOHFWHG�DQG�SUHVHQW�DW����RU�PRUH�VLWHV��
�
6SHFLPHQV� RI� DOO� LQYHUWHEUDWHV� LGHQWLILHG�ZHUH� ORGJHG�ZLWK� WKH�1HZ�=HDODQG�$UWKURSRG�&ROOHFWLRQ�
�1=$&���7DPDNL��$XFNODQG��
�
�
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���

��� 5HVXOWV�DQG�'LVFXVVLRQ�

�
���� )XQJL�

0DQ\� GLVHDVHG� SODQWV� ZHUH� REVHUYHG� DW� VLWHV� ZKHUH� WKH\� ZHUH� VHHPLQJO\� PRLVWXUH� VWUHVVHG� �H�J���
ZHWWHU�DUHDV�±�&KHYLRW��GULHU�DUHDV�±�%UDQFRWW�6WDWLRQ���%��JODXFRFDUSD�DSSHDUHG�WR�EH�PRUH�GLVHDVHG�
WKDQ�%��GDUZLQLL��
)XQJDO� FRORQLVDWLRQ� �>WRWDO� QXPEHU� RI� IXQJDO� LVRODWHV� GLYLGHG�E\� WKH�QXPEHU� RI� WLVVXH� IUDJPHQWV@� [�
�����RI�%��JODXFRFDUSD��%��GDUZLQLL�DQG�%��YXOJDULV�DYHUDJHG�DFURVV�DOO�WLVVXH�W\SHV�FROOHFWHG�GXULQJ�
RXU�VXUYH\�ZDV�IRXQG� WR�EH������������DQG��������UHVSHFWLYHO\��7DEOH�����7KHUH�ZDV�VLPLODUO\�KLJK�
FRORQLVDWLRQ� RI� IUXLW� IUDJPHQWV� RQ� ERWK� %�� JODXFRFDUSD� DQG� %�� GDUZLQLL�� ZLWK� VHYHUDO� WLVVXHV��
SDUWLFXODUO\�WKH�EHUU\�IUXLW��RIWHQ�KDYLQJ�PRUH�WKDQ�RQH�IXQJXV�SUHVHQW��)XQJDO�FRORQLVDWLRQ�ZDV�DOVR�
KLJKHU�LQ�WKH�OHDI�DQG�IORZHU�WLVVXHV�RI�%��GDUZLQLL�WKDQ�LQ�%��JODXFRFDUSD��7DEOH�����$OWKRXJK�D�ORZ�
FRORQLVDWLRQ�ZDV�REVHUYHG� IRU�%�� YXOJDULV� RQO\�RQH� VDPSOH�RI� OHDYHV�ZDV�SODWHG�� VR� IXUWKHU� SODWLQJ�
ZRXOG� EH� UHTXLUHG� WR� GHWHUPLQH� D�PRUH� UHSUHVHQWDWLYH� VDPSOH� RI� WKH� IXQJL� SUHVHQW� RQ� WKLV� VSHFLHV��
$FURVV�DOO�EDUEHUU\�WLVVXHV�SODWHG��WKH�PHDQ�IXQJDO�FRORQLVDWLRQ�ZDV��������ZKLFK�LV�UHODWLYHO\�KLJKHU�
WKDQ�WKDW�UHFRUGHG�IURP�WZR�SUHYLRXV�ZHHG�VXUYH\V��PRWK�SODQW��$UDXMLD�VHULFLIHUD�������WUDGHVFDQWLD��
7UDGHVFDQWLD� IOXPLQHQVLV�� ����� EXW� LV� VLPLODU� WR� WKDW� REVHUYHG� IRU� ZRROO\� QLJKWVKDGH�� 6RODQXP�
PDXULWLDQXP��������QDVVHOOD�WXVVRFN��1DVVHOOD�WULFKRWRPD��������DQG�&KLOHDQ�QHHGOH�JUDVV��1DVVHOOD�
QHHVLDQD��������:LQNV�HW�DO�����������
�
7DEOH���0HDQ�IXQJDO�FRORQLVDWLRQ�����RI�GLVHDVHG�EDUEHUU\�WLVVXH�IUDJPHQWV���
+RVW� 0HDQ�IXQJDO�FRORQLVDWLRQ� 7RWDO�
� /HDI� )ORZHU� )UXLW� �
%��JODXFRFDUSD� ����� ����� ������ �����
%��GDUZLQLL� ����� ������ ������ �����
%��YXOJDULV� ����� �� �� �����
7RWDO� ����� ����� ������ �����

�
$�WRWDO�RI�����IXQJDO�LVRODWHV�ZHUH�REWDLQHG�IURP�D�WRWDO�RI�����EDUEHUU\�WLVVXHV�SODWHG��7DEOH�����$V�
PRVW�RI�WKH�WLVVXHV�SODWHG�ZHUH�IURP�OHDI�VSRWV�RQ�%��JODXFRFDUSD������SLHFHV���WKH�JUHDWHVW�QXPEHUV�
RI� IXQJL� ZHUH� FRUUHVSRQGLQJO\� DOVR� IURP�%�� JODXFRFDUSD�� $� WRWDO� RI� ��� IXQJL� ZHUH� REWDLQHG� IURP�
IORZHU� WLVVXHV�DQG����� IXQJL� IURP�EDUEHUU\� IUXLW� �7DEOH�����0RVW� IXQJL� ������ZHUH� LVRODWHG� IURP�%��
JODXFRFDUSD��UHIOHFWLQJ�WKH�KLJKHU�QXPEHU�RI�VDPSOHV�FROOHFWHG�IRU�WKDW�KRVW��%��JODXFRFDUSD�WLVVXHV�
DOVR�DSSHDUHG�WR�EH�PRUH�VXVFHSWLEOH�WR�LQIHFWLRQ�E\�IXQJL�WKDQ�%��GDUZLQLL��D�UHVXOW�WKDW�ZDV�VXSSRUWHG�
E\�ILHOG�REVHUYDWLRQV��
�
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7DEOH� ��0HDQ� IXQJDO� FRORQLVDWLRQ� ���� RI� GLVHDVHG� EDUEHUU\� WLVVXH� IUDJPHQWV� ZLWK� WKH� QXPEHU� RI�
IUDJPHQWV�SODWHG�LQ�SDUHQWKHVHV��
+RVW� 7RWDO�IXQJL�LVRODWHG� 7RWDO�
� /HDI� )ORZHU� )UXLW� �
%��JODXFRFDUSD� ���������� �������� ��������� ����������
%��GDUZLQLL� �������� �������� �������� ����������
%��YXOJDULV� ������� �� �� �������
7RWDO� ���������� �������� ���������� ����������
7RWDO�PHDQ���
FRORQLVDWLRQ��

����� ����� ������ �����

�
$� WRWDO� RI���� IXQJDO� VSHFLHV�ZHUH� LGHQWLILHG�RQ� LVRODWLRQ�SODWHV� IURP� WKH� WKUHH� EDUEHUU\� VSHFLHV�� ���
IURP�%�� JODXFRFDUSD�� ��� IURP�%�� GDUZLQLL�� DQG� �� IURP�%�� YXOJDULV�� $� IXUWKHU� WKUHH� VSHFLHV� ZHUH�
LGHQWLILHG� VHSDUDWHO\� IURP� SODQW� WLVVXHV�� � D� EDUEHUU\� UXVW�� 3XFFLQLD� JUDPLQLV� ZDV� IRXQG� RQ� %��
JODXFRFDUSD� IORZHUV�� DQG� $VSHUJLOOXV� QLJHU� DQG� D� VSHFLHV� RI� 5KL]RSXV� ZHUH� GLUHFWO\� REVHUYHG�
VSRUXODWLQJ�RQ�ZL]HQHG�%��JODXFRFDUSD�EHUULHV��2I�WKH����VSHFLHV�LQ�WRWDO��RQO\�ILYH�VSHFLHV�DUH�OLNHO\�
WR�EH�SRWHQWLDO�SDWKRJHQV�RI�%HUEHULV�VSS��&ROOHWRWULFKXP�DFXWDWXP��&ROOHWRWULFKXP�JORHRVSRULRLGHV��
3HVWDORWLRSVLV�VS���3KRPRSVLV�VS���DQG�6FOHURWLQLD�VFOHURWLRUXP��7DEOH�����7KH�UHPDLQLQJ�VSHFLHV�DUH�
SUHGRPLQDQWO\� VDSURSK\WLF� RU� VHFRQGDU\�RSSRUWXQLVWLF� SDWKRJHQV�� SUREDEO\� LQIHFWLQJ� WKH� KRVW� DIWHU�
GDPDJH�� LQVHFW� IHHGLQJ� RU� LQIHFWLRQ� E\� D� SULPDU\� SDWKRJHQ�� DQG� DUH� WKHUHIRUH� XQOLNHO\� WR� EH�
VXIILFLHQWO\�YLUXOHQW� DQG�RU�KRVW� VSHFLILF� WR�EH�XVHIXO� DV�ELRFRQWURO� DJHQWV� �7DEOH�����6RPH�RI� WKHVH�
VSHFLHV�DUH�DOVR�NQRZQ�WR�SURGXFH�P\FRWR[LQV��7DEOH�����IXUWKHU�UHGXFLQJ�WKHLU�SRWHQWLDO�DV�ELRFRQWURO�
DJHQWV��
�
7DEOH� �� 5HODWLYH� DEXQGDQFH� RI� SDWKRJHQV� FROOHFWHG� IURP� WKUHH� %HUEHULV� VSHFLHV� WKURXJKRXW� 1HZ�
=HDODQG�����±���
6SHFLHV��� 6SHFLPHQ�

QR�����
7RWDO�QR��
VLWHV�
�LVRODWHV��

$IIHFWHG�WLVVXHV��GLVHDVH�V\PSWRPV�	�SUHYLRXV�KRVW�
UHFRUGV�

&ROOHWRWULFKXP�
JORHRVSRULRLGHV��

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

��������� <RXQJ�/HDYHV��,VRODWHG�IURP�EODFN�OHVLRQV�WKDW�ZHUH�
YDULDEOH�LQ�VKDSH�DQG�VL]H��7RJHWKHU��PDQ\�RI�WKHVH�OHVLRQV�
RIWHQ�DSSHDUHG�DV�D�EODFN�UHG�IUHFNOHG�PRWWOH�RQ�WKH�OHDYHV��
0DWXUH�/HDYHV��,VRODWHG�IURP�PDQ\�GLIIHUHQW�LUUHJXODU�
VKDSHG�EORWFKHV�DQG�OHVLRQV�YDULDEOH�LQ�VL]H�DQG�FRORXU��2Q�
%��JODXFRFDUSD�WKH�OHVLRQV�ZHUH�EULJKW�UHG�ZLQH�UHG�EURZQ�
LQ�FRORXU��2Q�%��GDUZLQLL�WKH�OHVLRQV�FRXOG�EH�UHG�LQ�FRORXU�
ZLWK�D�\HOORZLVK�PDUJLQ��
2FFXUUHG�RQ�OHDYHV�RI�ERWK�VSHFLHV�DW�PRVW�RI�WKH�FROOHFWLRQ�
VLWHV�
)ORZHUV��,VRODWHG�IURP�EODFN�EURZQ�GLHEDFN�RQ�SHWLROHV�RI�
WKH�IORZHU�LQIORUHVFHQFH��$OVR�LVRODWHG�IURP�EODFN�SHWLROHV�
DQG�EXGV�RI�WKH�IORZHU�LQIORUHVFHQFH�ZKHUH�RUDQJH�VSRUH�
PDVVHV�ZHUH�REVHUYHG�ZLWKLQ�VRPH�OHVLRQV��
)UXLW��,VRODWHG�IURP�VKULYHOHG�EODFNHQHG�EHUULHV��$OVR�IURP�
GLVFRORXUHG�JUH\�OHVLRQV�RQ�WKH�EHUU\�VWDONV��

&ROOHWRWULFKXP�
DFXWDWXP��
�

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

������� /HDYHV��,VRODWHG�IURP�OHVLRQV�WKDW�ZHUH�YDULDEOH�LQ�FRORXU��
VKDSH�DQG�VL]H��%ODFN±GDUN�EURZQ±�SXUSOH±UHG�OHVLRQV�RI�
FLUFXODU�WR�LUUHJXODU�VKDSH�DQG�VL]H��/HVLRQV�ZHUH�DOVR�YLVLEOH�
RQ�WKH�XQGHUVLGH�RI�WKH�OHDI���
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6SHFLHV��� 6SHFLPHQ�
QR�����

7RWDO�QR��
VLWHV�
�LVRODWHV��

$IIHFWHG�WLVVXHV��GLVHDVH�V\PSWRPV�	�SUHYLRXV�KRVW�
UHFRUGV�

� )UXLW���,VRODWHG�IURP�EODFNLVK�WLVVXHV�RQ�ULSH�IUXLW��
%RWK�WKHVH�&ROOHWRWULFKXP�VSHFLHV�FDQ�FDXVH�VHULRXV�
µDQWKUDFQRVH¶�GLVHDVHV�RQ�QXPHURXV�SODQW�VSHFLHV�LQ�1=�
�<RXQJ�	�)OHWFKHU�������3HQQ\FRRN��������EXW�FDQ�DOVR�EH�
VDSURSK\WLF�RQ�WKH�SODQW�WLVVXHV�RI�PDQ\�KRVWV��3DWKRJHQLF�
&ROOHWRWULFKXP�LVRODWHV�KDYH�VXFFHVVIXOO\�EHHQ�XVHG�DV�
ELRFRQWURO�DJHQWV�DJDLQVW�D�YDULHW\�RI�HQYLURQPHQWDO�DQG�
DJULFXOWXUDO�ZHHG\�WDUJHWV��

3HVWDORWLRSVLV�VS���
�LVRODWHG�IURP�%��
GDUZLQLL�RQO\�

��������������
����������

������� /HDYHV��,VRODWHG�IURP�UHGGLVK�EURZQ�OHVLRQV�RQ�WKH�OHDI�
HGJH��7KH�OHVLRQV�ZHUH�VXUURXQGHG�E\�D�\HOORZLVK�FKORURWLF�
WLVVXH�WKDW�VSUHDG�IURP�WKH�OHDI�HGJH�LQWR�WKH�PLGGOH�RI�WKH�
OHDI��
'LIIHUHQW�VSHFLHV�LQ�WKH�JHQXV�3HVWDORWLRSVLV�DUH�VLJQLILFDQW�
DQG�SULPDU\�SDWKRJHQV�WKDW�FDXVH�D�UDQJH�RI�VHULRXV�GLVHDVHV�
RI�D�QXPEHU�RI�FURS��RUQDPHQWDO�DQG�WUHH�VSHFLHV��)DUU�HW�DO��
�������,Q�1HZ�=HDODQG��WKLV�JHQXV�KDV�EHHQ�LVRODWHG�IURP�
PDQ\�GLIIHUHQW�LQWURGXFHG�DQG�QDWLYH�SODQW�VSHFLHV�
�3HQQ\FRRN��������

6FOHURWLQLD�
VFOHURWLRUXP�
LVRODWHG�IURP�%��
GDUZLQLL�RQO\�

���� ������ 6\PSWRPV�DSSHDUHG�DV�VPDOO�FLUFXODU�EODFN�OHVLRQV���±��
PP��RQ�XQULSH�DQG�ULSHQLQJ�EHUULHV��
6FOHURWLQLD�VFOHURWLRUXP��DOVR�NQRZQ�DV�ZKLWH�VRIW�URW�RU�
ZKLWH�PRXOG��LV�D�YLUXOHQW�SULPDU\�SDWKRJHQ�RI�PDQ\�
KRUWLFXOWXUDO�FURS�VSHFLHV�ZLWK�D�YHU\�ZLGH�KRVW�UDQJH�LQ�1=�
�3HQQ\FRRN�������DQG�DQ�HYHQ�ZLGHU�UDQJH�ZRUOGZLGH��)DUU�
HW�DO���������$�PDMRU�UHVHDUFK�LQLWLDWLYH�LV�FXUUHQWO\�
XQGHUZD\�WR�GHYHORS�WKLV�SDWKRJHQ�DV�D�P\FRKHUELFLGH�
DJDLQVW�D�QXPEHU�RI�DJULFXOWXUDO�DQG�HQYLURQPHQWDO�ZHHGV�LQ�
1HZ�=HDODQG��

3KRPRSVLV�VS��
�����VSHFLHV�
LVRODWHG���

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

�������� /HDYHV��,VRODWHG�OHVLRQV�ZHUH�YDULDEOH�LQ�FRORXU��VKDSH�DQG�
VL]H��'DUN�EURZQ±ZLQH�UHG±SXUSOH±EULJKW�UHG�OHVLRQV�RI�
FLUFXODU�WR�LUUHJXODU�VKDSH�DQG�VL]H���±���PP���/HVLRQV�ZHUH�
DOVR�VRPHWLPHV�YLVLEOH�RQ�WKH�XQGHUVLGH�RI�WKH�OHDI��
)ORZHU��$SSHDUHG�DV�EODFNHQHG�WLVVXH�LQ�IORZHU�EXGV�DQG�
IORZHU�SHWLROHV��
)UXLW���,VRODWHG�IURP�ULSHQLQJ�DQG�ULSH�IUXLW�WKDW�KDG�
EODFNHQHG�DQG�KDG�D�ZLWKHUHG�DSSHDUDQFH��$OVR�LVRODWHG�
IURP�SXUSOLVK�OHVLRQV�RQ�WKH�IUXLW�RI�%��GDUZLQLL��
3KRPRSVLV�VSHFLHV�DUH�ZLGHVSUHDG�VDSURSK\WHV�RQ�SODQW�
WLVVXHV�EXW�VRPH�VSHFLHV�FDQ�DOVR�EH�ZLGHO\�GLVWULEXWHG�
SULPDU\�SDWKRJHQV�RI�VRPH�SODQW�VSHFLHV��<RXQJ�	�)OHWFKHU�
������3HQQ\FRRN�������)DUU�HW�DO��������)DUU�HW�DO���������

�6SHFLPHQ�QXPEHUV�UHODWH�WR�VLWHV�OLVWHG�LQ�$SSHQGL[���
�
&ROOHWRWULFKXP� VSS�� ZHUH� DOVR� WKH� PRVW� FRPPRQO\� LVRODWHG� IXQJL� DFURVV� DOO� WLVVXHV�� ZLWK� &��
JORHRVSRULRLGHV� EHLQJ� WKH� PRVW� IUHTXHQWO\� LVRODWHG� VSHFLHV� ����� LVRODWHV�� �7DEOH� ���� 3KRPD��
3KRPRSVLV� DQG� RWKHU� XQLGHQWLILHG� &RHORP\FHWH� IXQJL� ZHUH� DOVR� IUHTXHQWO\� LVRODWHG� LQ� WKH� VXUYH\�
�7DEOH�����$OWHUQDULD�DOWHUQDWD�ZDV�WKH�FRPPRQHVW�VHFRQGDU\�SDWKRJHQ�LVRODWHG�LQ�WKH�VXUYH\�ZLWK����
LVRODWHV�EHLQJ� UHFRYHUHG��PDLQO\� IURP� OHDI� WLVVXHV��7KH� UHPDLQLQJ�VSHFLHV�ZHUH� UDUH�RU�RFFDVLRQDOO\�
LVRODWHG��ZLWK�ORZ�IUHTXHQF\���
�
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7DEOH���1XPEHU�RI� IXQJDO� LVRODWHV� IURP�%HUEHULV�VSHFLHV�FROOHFWHG�DW����1HZ�=HDODQG�VLWHV�GXULQJ�
�����������
� %��JODXFRFDUSD� %��GDUZLQLL� %��YXOJDULV� �
)XQJL� /HDI� )ORZHU� )UXLW� 7RWDO� /HDI� )ORZHU� )UXLW� 7RWDO� /HDI� 7RWDO�
$FUHPRQLXP�VSS��
�Q� ���� �� �� �� �� �� �� �� �� �� ��
$OWHUQDULD�
DOWHUQDWD�� ��� �� �� ��� �� �� �� ��� �� ���
$XUHREDVLGLXP�
SXOOXODQV� �� �� �� ��� �� �� �� �� �� ���
%RWU\WLV�FLQHUHD� �� �� �� �� �� �� �� �� �� ���
&ODGRVSRULXP�
VSS������ �� �� �� �� �� �� �� �� �� ���
&RHORP\FHWH�
VSS���!��� ��� �� �� ��� �� �� �� �� �� ���
&ROOHWRWULFKXP�
FI��DFXWDWXP� ��� �� ��� ��� �� �� �� �� �� ���
&ROOHWRWULFKXP�
JORHRVSRULRLGHV� ��� ��� ��� ���� �� �� �� �� �� ����
'LDSRUWKH�VS�� �� �� �� �� �� �� �� �� �� ��
(SLFRFFXP�
SXUSXUDVFHQV� �� �� �� �� �� �� �� �� �� ��
)XVDULXP�VSS�����
���� �� �� �� ��� �� �� �� ��� �� ���
)XVLFRFFXP�VS�� �� �� �� �� �� �� �� �� �� ��
3HQLFLOOLXP�VS�� �� �� �� �� �� �� �� �� �� ��
3HVWDORWLRSVLV�VS�� �� �� �� �� ��� �� �� ��� �� ���
3KRPD�VSS���!��� ��� �� �� ��� ��� �� �� ��� �� ���
3KRPRSVLV�VS�� ��� �� ��� ��� ��� �� �� ��� �� ���
6FOHURWLQLD�
VFOHURWLRUXP� �� �� �� �� �� �� �� �� �� ��
6WHPSK\OLXP�VS�� �� �� �� �� �� �� �� �� �� ��
6WHULOH�'DUN� �� �� �� �� �� �� �� �� �� ��
6WHULOH�+\DOLQH� �� �� �� �� �� �� �� �� �� ��
8QLGHQWLILHG� �� �� �� �� �� �� �� �� �� ��
<HDVW�VSS������ �� �� �� �� �� �� �� �� �� ��
7RWDO�IXQJL� ���� ��� ���� ���� ��� ��� ��� ���� �� ����
��Q�� �QXPEHU�RI�GLIIHUHQW�VSHFLHV�LVRODWHG�
�
([FLVHG� SODQW� WLVVXHV� LQFXEDWHG� LQ� KXPLGLW\� FKDPEHUV� GHPRQVWUDWHG� WKDW�%RWU\WLV� LQIHFWLRQ� FDXVHG�
VLJQLILFDQW�GLVHDVH�RI�EDUEHUU\�SODQW� WLVVXHV� �7DEOH���� DQG�ZDV�DEOH� WR�FDXVH�FRPSOHWH�EXQFK� URW�RI�
IUXLW� DQG� IORZHU� LQIORUHVFHQFHV�� $OWKRXJK�%RWU\WLV� ZDV� REVHUYHG� WR� EH� XQFRPPRQ� XVLQJ� FXOWXULQJ�
PHWKRGV� �7DEOH����� UHVXOWV� IURP� WKH�KXPLGLW\�FKDPEHUV� VKRZHG� WKH� IXQJXV�ZDV�SUHVHQW�DQG�DEOH� WR�
FDXVH�ODWHQW�LQIHFWLRQV�RI�DOO�EDUEHUU\�WLVVXHV��7DEOH�������
�
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7DEOH� �� 1XPEHU� RI� VDPSOHV� ZLWK� %RWU\WLV�	� &ROOHWRWULFKXP� VSRUXODWLRQ� SUHVHQW� IURP� GLVHDVHG�
%DUEHUU\�WLVVXHV���
� %RWU\WLV�	�&ROOHWRWULFKXP�VSRUXODWLRQ� 7RWDO�
� /HDI� )ORZHU� )UXLW� �
+RVW�� %RW� &RO� %RW� &RO� %RW� &RO� %RW� &RO�
%��JODXFRFDUSD�� ��$�� �� �� �� ��$�� �� ��� ��
%��GDUZLQLL� ��� �� �� �� �� �� �� ��
7RWDO� ��� �� �� �� �� �� ��� ��
%RW� �%RWU\WLV�FLQHUHD���&� �&ROOHWRWULFKXP��$� �$OWHUQDULD�VSRUXODWLRQ�DOVR�REVHUYHG��Q� �QXPEHU�RI�VDPSOHV�ZLWK�$OWHUQDULD��
�

%DUEHUU\�5XVW�
2UDQJH� SXVWXOHV� RI� D� UXVW� IXQJXV� ZHUH� IRXQG� RQ� D� IHZ� IORZHUV� RI�%�� JODXFRFDUSD� FROOHFWHG� IURP�
%UDQFRWW�6WDWLRQ�LQ�1RYHPEHU�������)LJ������7KH�UXVW�ZDV�LGHQWLILHG�DV�3XFFLQLD�JUDPLQLV�XVLQJ�'1$�
VHTXHQFLQJ�WHFKQLTXHV��
�
�

�
)LJ������3XFFLQLD�JUDPLQLV�SXVWXOHV�RQ�IORZHU�SHWLROHV�RI�%��JODXFRFDUSD�
�
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7KH� UHFRUG� RI� 3�� JUDPLQLV� RQ� WKH� IORZHUV� RI� %�� JODXFRFDUSD�LQ� 1HZ� =HDODQG� LV� YHU\� LQWHUHVWLQJ�
VFLHQWLILFDOO\��,W�UHSUHVHQWV�D�QHZ�KRVW�SDWKRJHQ�UHFRUG�IRU�WKLV�FRXQWU\�DQG�PD\�DOVR�EH�WKH�ILUVW�WLPH�
WKDW� WKH� UXVW�KDV�EHHQ� IRXQG�RQ� WKH� IORZHUV� �QRUPDOO\� IRXQG�RQ� OHDYHV��RI�DQ\�%HUEHULV� VSHFLHV� �&��
$LPH�SHUV��FRPP������
�
7KH�KRVW�VSHFLILFLW\�RI�PRVW�UXVWV�PHDQ�WKH\�DUH�RIWHQ�UHJDUGHG�DV�JRRG�FDQGLGDWHV�IRU�XVH�LQ�FODVVLFDO�
ELRFRQWURO�SURMHFWV��+RZHYHU��IRU�D�YDULHW\�RI�UHDVRQV��LW�ZLOO�QRW�EH�VHQVLEOH�WR�LQYHVWLJDWH�XVLQJ�WKLV�
UXVW�DV�D�ELRFRQWURO�DJHQW�IRU�EDUEHUU\�LQ�1HZ�=HDODQG��7KH�UXVW�KDV�D�FRPSOLFDWHG�OLIH�F\FOH��UHIHUUHG�
WR�DV�KHWHURHFLRXV���ZKLFK�PHDQV�GLIIHUHQW� OLIH� VWDJHV�RI� WKH� UXVW� RFFXU�RQ�GLIIHUHQW� �DQG�XQUHODWHG��
KRVW�SODQWV��7ZR�RI�WKH�OLIH�VWDJHV��XUHGLQLDO�DQG�WHOLDO��RI�3��JUDPLQLV�DUH�FRPPRQ�LQ�1HZ�=HDODQG�RQ�
D�EURDG�UDQJH�RI�JUDVVHV�DQG�FHUHDOV�RI�HFRQRPLF�LPSRUWDQFH��3HQQ\FRRN��������7KLV�LV�WKH�ILUVW�WLPH�
WKH�DGGLWLRQDO�OLIH�VWDJH��DHFLDO��KDV�EHHQ�IRXQG�LQ�1HZ�=HDODQG��7KLV�LV�VLJQLILFDQW�EHFDXVH�WKH�DHFLDO�
VWDJH� LV� FRPPRQ� RYHUVHDV� RQ� %HUEHULV� VSHFLHV�� DQG� LV� DQ� LQWHJUDO� SDUW� RI� WKH� OLIHF\FOH� LQ� 1RUWK�
$PHULFD�DQG�(XURSH��0F*UHJRU��������7KXV��%HUEHULV�VSHFLHV�DUH�WKH�DOWHUQDWH�KRVWV�IRU�3��JUDPLQLV�
DQG�SURYLGH�DQ�RYHU�ZLQWHULQJ�UHVHUYRLU�IRU�LQIHFWLRQ�RI�FHUHDOV�DQG�JUDVVHV�LQ�WKH�HQVXLQJ�VSULQJ���WKLV�
PD\�EH�DQRWKHU�JRRG�UHDVRQ�IRU�FRQWUROOLQJ�%HUEHULV� VSHFLHV�� � ,Q�DGGLWLRQ��DHFLD�DUH�QRW�D�UHSHDWLQJ�
VWDJH�LQ�WKH�OLIH�F\FOH��7KLV�PHDQV�WKDW�DHFLRVSRUHV�IURP�WKH�SXVWXOHV�IRXQG�RQ�%��JODXFRFDUSD�FRXOG�
RQO\�LQIHFW�D�FHUHDO�RU�JUDVV�KRVW�DQG�ZRXOG�QRW�VSUHDG�GLUHFWO\�WR�RWKHU�%��JODXFRFDUSD�SODQWV��,Q�1HZ�
=HDODQG��WKH�UXVW�DOVR�DSSHDUV�WR�EH�UDUH�RQ�%HUEHULV�VSS��DQG�FDXVHV�OLPLWHG�GLVHDVH�V\PSWRPV�RQ�WKLV�
KRVW��,Q�RXU�QDWLRQZLGH�VXUYH\�WKLV�ZDV�WKH�RQO\�VSHFLPHQ�FROOHFWHG��DQG�LW�ZDV�QRW�UHFRYHUHG�IURP�WKH�
VDPH�VLWH�ZKHQ�LW�ZDV�UHYLVLWHG���PRQWKV�ODWHU��
�

(SLSK\WLF�FRORQLVDWLRQ�RQ�'DUZLQ¶V�EDUEHUU\�
2UDQJH�UHG�FLUFXODU�JURZWKV�ZHUH�REVHUYHG�RQ�OHDYHV�RI���VDPSOHV�RI�'DUZLQ¶V�EDUEHUU\��)LJXUH�����LQ�
WZR�ORFDWLRQV��%DUEHUU\�5G�DQG�0RXDWV�6DGGOH��&DWOLQV����$OO�OHDYHV�FROOHFWHG�ZHUH�FRYHUHG�LQ�WKHVH�
JURZWKV��PRVW� SUREDEO\� FDXVHG� E\� D� YHU\� FRPPRQ� DOJD��&HSKDOHXURV�� JURZLQJ� RQ� WKH� OHDI� VXUIDFH�
�6KDXQ�3HQQ\FRRN��SHUV�FRPP����$�OHDI�VSHFLPHQ�ZDV�QRW�DYDLODEOH�DW� WKH�WLPH�RI�LGHQWLILFDWLRQ��VR�
WKLV�FRQFOXVLRQ�LV�EDVHG�RQ�SKRWRJUDSKLF�HYLGHQFH���
�
2Q� IXUWKHU� H[DPLQDWLRQ� DIWHU� VFUDSLQJ� WKH� RUDQJH�UHG� VSRWV� IURP� WKH� OHDI� VXUIDFH�� LW�ZDV� IRXQG� WKH�
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FROOHFWLRQV�� ZLWK� ��� KHUELYRURXV� VSHFLHV� RI� EHHWOHV�� ��� RI� ZKLFK� ZHUH� ZHHYLOV�� FROOHFWHG� IURP� %��
JODXFRFDUSD�VLWHV��PRVW�ZLWK�EURDG�KRVW� UDQJHV��2QO\���FROHRSWHUDQ�VSHFLHV�ZHUH�FROOHFWHG� IURP�%��
GDUZLQLL�� -XGJLQJ�E\� WKH� WRWDO�QXPEHU�RI�KHUELYRURXV�EHHWOHV�FROOHFWHG�DW�HDFK�VLWH�DQG� WKH�IDFW� WKDW�
PDQ\� RI� WKHP� ZHUH� YHU\� VPDOO�� WKH� FRPELQHG� HIIHFW� RI� KHUELYRURXV� EHHWOHV� ZRXOG� SUREDEO\� EH�
PLQLPDO� DW� PRVW� VLWHV�� +RZHYHU�� DW� WKUHH�%�� JODXFRFDUSD� VLWHV� �0DUDPDUXD�� 6WRQHKXUVW� )DUP�� DQG�
7XNLWXNL� 5G�� WKH� UHODWLYHO\� ODUJH� )XOOHU¶V� URVH�ZHHYLO��$V\QRQ\FKXV� FHUYLQXV�� DSSHDUHG� WR� EH� TXLWH�
QXPHURXV� �FODVVLILHG�DV�³FRPPRQ´��DQG�PD\�KDYH�EHHQ�FRQVXPLQJ�DSSUHFLDEOH�DPRXQWV�RI� IROLDJH��
7KLV� LQWURGXFHG�ZHHYLO�KDV�D�ZLGH�KRVW� UDQJH��DWWDFNLQJ�FLWUXV��NLZLIUXLW�� URVHV�DQG�PDQ\�IORZHULQJ�
SODQWV�WKURXJK�RXW�1HZ�=HDODQG��6FRWW���������
�
6DS� IHHGHUV�� 7KH� VDS�IHHGLQJ� EDUEHUU\� DSKLG�� /LRVRPDSKLV� EHUEHULGLV� �$SKLGLGDH��� ZDV� WKH� RQO\�
LQYHUWHEUDWH� IRXQG�GXULQJ� WKH� VXUYH\� WR�EH�FODVVHG�DV� µDEXQGDQW¶��7KH�QXPEHUV�RI� WKLV�DSKLG�YDULHG�
JUHDWO\� EHWZHHQ� VLWHV� EXW� LW� ZDV� ZLGHVSUHDG� RQ� ERWK�%�� GDUZLQLL� DQG�%�� JODXFRFDUSD� HYHQ� WKRXJK�
SUHYLRXVO\�RQO\�EHLQJ�UHFRUGHG�IURP�%��JODXFRFDUSD��'DOH�	�0DGGLVRQ��������6RPH�VLWHV�KDG�YHU\�
KHDY\� LQIHVWDWLRQV�ZLWK�QRWLFHDEOH�DPRXQWV�RI� VWLFN\�³KRQH\GHZ´�EHLQJ�SURGXFHG��ZKHUHDV�DW�RWKHU�
VLWHV� IHZ�RU� QRQH�ZHUH� FROOHFWHG��7KLV� FRXOG� EH� UHODWHG� WR� SDUDVLWLVP� DQG� SUHGDWLRQ�ZLWK� RXWEUHDNV�
RFFXUULQJ�GXULQJ�D�WHPSRUDU\�HVFDSH�IURP�SDUDVLWHV�DQG�SUHGDWRUV��7KH�EDUEHUU\�DSKLG�LV�DOVR�IRXQG�
RQ�0DKRQLD�VSHFLHV��H�J���2UHJRQ�JUDSH���DQRWKHU�JHQXV�LQ�WKH�IDPLO\�%HUEHULGDFHDH��$OWKRXJK�RWKHU�
$SKLV�VSHFLHV�ZHUH�SUHVHQW��RIWHQ�LQ�KLJK�QXPEHUV��H�J���'UHSDQRVLSKXP�SODWDQRLGLV�ZDV�FODVVHG�DV�
µRFFDVLRQDO¶� RQ� %�� JODXFRFDUSD��� WKLV� PD\� QRW� EH� LQGLFDWLYH� RI� SRWHQWLDO� GDPDJH� FDXVHG� E\� VXFK�
VSHFLHV� DV� PDQ\� DUH� NQRZQ� WR� EH� KRVW� VSHFLILF� RQ� RWKHU� SODQW� VSHFLHV�� '�� SODWDQRLGLV� IHHGV� RQ�
V\FDPRUH��VR�WKHVH�DSKLGV�DUH�RQO\�SUHVHQW�RQ�%HUEHULV�VS��GXH�WR�ORFDOO\�VSHFLILF�FRQGLWLRQV��L�H��RYHU�
KDQJLQJ�V\FDPRUH�WUHHV��
�
7KH�SDVVLRQ�YLQH�KRSSHU��6FRO\SRSD�DXVWUDOLV� �5LFDQLLGDH���ZDV� FRPPRQ�RQ�%��JODXFRFDUSD� LQ� WKH�
1RUWK�,VODQG�DQG�QRUWKHUQ�6RXWK�,VODQG��)RU�FOLPDWLF�UHDVRQV�WKLV�DFFLGHQWDOO\�LQWURGXFHG�$XVWUDOLDQ�
VSHFLHV�GRHV�QRW�RFFXU�IXUWKHU�VRXWK��$�WRWDO�RI����VSHFLHV�RI�VDS�IHHGHUV�ZHUH�IRXQG�GXULQJ�WKH�VXUYH\�
RQ�DOO�%HUEHULV�VSHFLHV��7KH�GDPDJH�FDXVHG�E\�VDS�IHHGHUV��HLWKHU�GLUHFWO\�E\�WKH�UHPRYDO�RI�QXWULHQWV��
RU� LQGLUHFWO\� E\� SXQFWXULQJ� WKH� SODQW� DQG� SRVVLEO\� DOORZLQJ� HQWU\� RI� SDWKRJHQV�� LV� YHU\� GLIILFXOW� WR�
TXDQWLI\��
�
6WHP�ERUHUV��/RQJKRUQ�EHHWOH��&HUDPE\FLGDH��DGXOWV�RI�D�QXPEHU�RI�VSHFLHV�ZHUH�FRPPRQO\�IRXQG�
RQ�EDUEHUU\��ZLWK���VSHFLHV�RQ�%��JODXFRFDUSD�DQG���VSHFLHV�RQ�%��GDUZLQLL��/RQJKRUQ�EHHWOH�ODUYDH�
DUH�ZRRGERUHUV��RIWHQ�LQWR�GHDG�ZRRG��DQG�WKHLU�WXQQHOV�ZHUH�FRPPRQO\�IRXQG�LQ�EDUEHUU\�EUDQFKHV�
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�H�J���3VLORFQDHLD�VS����HVSHFLDOO\�LQ�ROGHU�SODQWV��2WKHU�LQYHUWHEUDWHV��LQFOXGLQJ�ZHWD��HDUZLJV��VODWHUV�
DQG�FRFNURDFKHV��DOVR�LQKDELWHG�PDQ\�RI�WKH�WXQQHOV�FUHDWHG�E\�WKHVH�EHHWOHV��
�
6HHG�IHHGHUV��)UXLW�RU�VHHG�ZDV�FROOHFWHG�IURP�%��GDUZLQLL�DW���VLWHV��5RWRUXD��&DWOLQV�9DOOH\�5RDG��
7KRPSVRQ¶V�%XVK��0DQDSRXUL��.DLWDQJDWD��0RXDWV�6DGGOH��7DKDNRSD���DQG� IURP�%��JODXFRFDUSD� DW�
��VLWHV� �/DNH�5HUHZKDNDDLWX��5DQJLULUL��0DUDPDUXD��3XKRL��.DZDNDZD�%D\��)HDWKHUVWRQH��7XNLWXNL�
5RDG��'HDGPDQ¶V�,VODQG��%UDQFRWW�6WDWLRQ��6WRQHKXUVW�)DUP��.XURZ���1R�GHGLFDWHG�VHHG�IHHGHUV�ZHUH�
UHDUHG�IURP�WKH�VHHG�FROOHFWLRQV�PDGH��$OO� LQYHUWHEUDWHV� WKDW�HPHUJHG�ZHUH�JHQHUDOLVW�SODQW�IHHGHUV��
IHHGLQJ� RQ� WKH� IUXLW� DQG� RQO\� RFFDVLRQDOO\� IHHGLQJ�RQ� WKH� VHHG�� IURP�%�� JODXFRFDUSD� DW� 6WRQHKXUVW�
)DUP�RQH�OHDIUROOHU��7RUWULFLGDH��ODUYD�ZDV�FROOHFWHG�DQG���NDW\GLG�Q\PSK��&DHGLFLD�VLPSOH[���IURP�
'HDGPDQ¶V�,VODQG�DQG�.XURZ�RQH�OHDIUROOHU��7RUWULFLGDH��ODUYD�ZDV�FROOHFWHG�IURP�HDFK�VLWH��)URP�%��
GDUZLQLL�DW�.DLWDQJDWD����VKLHOG�EXJ��3HQWDWRPLGDH��Q\PSKV�HPHUJHG�IURP�DQ�HJJ�FOXVWHU�DPRQJVW�
WKH� VHHGV��$OO�RWKHU� VLWHV� VDPSOHG�\LHOGHG�RQO\�VPDOO�QXPEHUV�RI�/DWKULGLLGDH� �PLOGHZ�EHHWOHV��DQG�
3VRFRSWHUD��ERRN�OLFH���ERWK�IXQJDO�IHHGHUV��RU�QR�LQVHFWV�DW�DOO����
�
/LWWOH�RU�QR�VHHG�IUXLW�GDPDJH�ZDV�REVHUYHG�DW�ILHOG�VLWHV�DOVR��6RPH�OHDIUROOHU��7RUWULFLGDH��IHHGLQJ�
GDPDJH�WR�IUXLWV�ZDV�REVHUYHG�DW�VRPH�VLWHV��H�J���'HDGPDQ¶V�,VODQG�DQG�.XURZ��EXW�WKLV�ZDV�PLQRU���
6RPH� H[WHUQDO� GDPDJH� WR� WKH� IOHVK\� IUXLWV� ZDV� REVHUYHG� DW� .DLWDQJDWD� EXW� WKLV� ZDV� SUREDEO\�
DWWULEXWDEOH� WR� VPDOO� ELUG� �H�J��� ZD[� H\H�� IHHGLQJ� GDPDJH�� +RZHYHU�� WKH�PRVW� LPSRUWDQW� PHDQV� RI�
GLVSHUVDO�RI�%HUEHULV�VSHFLHV�LV�SUREDEO\�WKURXJK�ELUG�IHHGLQJ��
�

1RQ�KHUELYRURXV�LQYHUWHEUDWHV�
3UHGDWRU\��SDUDVLWLF��VDSURSK\WLF�DQG�IXQJLYRURXV�VSHFLHV��$SSHQGL[����PD\�LQKLELW�WKH�HVWDEOLVKPHQW�
DQG� GLVSHUVDO� RI� DQ\� ELRORJLFDO� FRQWURO� DJHQWV� WKDW� PD\� EH� LQWURGXFHG� DQG� VR� SURYLGHV� D� YDOXDEOH�
UHIHUHQFH�OLVW�ZKHQ�SULRULWLVLQJ�SRVVLEOH�ELRORJLFDO�FRQWURO�DJHQWV��,Q�WRWDO�����QRQ�KHUELYRURXV�VSHFLHV�
DQG����ODUJHU� WD[RQRPLF�JURXSV�ZHUH�FROOHFWHG�IURP�WKH���EDUEHUU\�VSHFLHV��7KHVH�ZHUH�VXEGLYLGHG�
LQWR�IHHGLQJ�JURXSV��IXQJLYRURXV�������SUHGDWRU\�������SDUDVLWRLG�������RPQLYRURXV�DOJDO�IHHGHUV������
DQG�VDSURSK\WLF������%\�IDU�WKH�ODUJHVW�JURXS�ZDV�WKH�VSLGHUV��$UDQHLGD���SRVVLEO\�WKH�PRVW�QXPHURXV�
JURXS� DW� DOO� VLWHV�� DQG� ZDV� FODVVHG� DV� µDEXQGDQW¶� RQ� ERWK� %�� JODXFRFDUSD� DQG� %�� GDUZLQLL�� � 7KH�
SROOHQ�IXQJXV�IHHGLQJ�EHHWOHV�LQ�WKH�IDPLO\�&U\SWRSKDJLGDH�ZHUH�WKH�RQO\�RWKHU�µDEXQGDQW¶�JURXS�ZLWK�
���RWKHU�VSHFLHV�JURXSV�FODVVHG�DV�µFRPPRQ¶��
�
�

��� &RQFOXVLRQV�

�
%DUEHUU\� ZDV� ORFDOO\� ZLGHVSUHDG� DQG� RXW� RI� FRQWURO� DW� RQO\� D� IHZ� RI� WKH� VLWHV� YLVLWHG�� 6LWHV� LQ� RU�
QHLJKERXULQJ�H[WHQVLYH�QDWLYH�EXVK��H�J���0DQDSRXUL�DQG�:KLVN\�*XOO\��RIIHU�WKH�JUHDWHVW�LPPHGLDWH�
WKUHDW� FRPSDUHG� ZLWK� PDQLFXUHG� KHGJHURZV� ERUGHULQJ� H[WHQVLYH� JUD]HG� SDVWXUH�� +HGJHG� EDUEHUU\�
UHPDLQV�FRQWUROOHG�LQ�VL]H�DQG�VSUHDG�ZLWK�UHJXODU�WULPPLQJ��ZLWK�ERWK�EUDQFKLQJ�DQG�VHHG�SURGXFWLRQ�
EHLQJ�OLPLWHG��+RZHYHU��WKHVH�VSHFLHV��RQFH�IHUDO��DUH�FDSDEOH�RI�PRYLQJ�LQWR�QHZ�WHUULWRU\��DQG�ZLWK�
WKHLU�WROHUDQFH�RI�JURZLQJ�XQGHU�FDQRS\��ERWK�H[RWLF�DQG�QDWLYH��WKH\�UHSUHVHQW�D�VLJQLILFDQW�WKUHDW�WR�
EXVK�DQG�SDVWXUH�DOLNH��HVSHFLDOO\�ZKHUH�JUD]LQJ�SUHVVXUH�LV�ORZ�����
�
3URVSHFWV�DSSHDU�JRRG�IRU�D�ELRORJLFDO�FRQWURO�SURJUDPPH�GLUHFWHG�DW�%��GDUZLQLL�DQG�%��JODXFRFDUSD��
6HYHUDO� IXQJL� DQG� LQYHUWHEUDWH� VSHFLHV� DUH� NQRZQ� WR� DWWDFN� %HUEHULV� VSHFLHV� LQ� WKHLU� QDWLYH� UDQJH�
�0F*UHJRU�������DQG�VRPH�RI�WKHVH�FDXVH�VLJQLILFDQW�GDPDJH�WR�WKH�SODQW��$OVR��VLQFH�%HUEHULV�LV�D�
ODUJH�JHQXV��WKH�SURVSHFWV�IRU�ORFDWLQJ�IXUWKHU�SRWHQWLDO�ELRORJLFDO�FRQWURO�DJHQWV�DUH�JRRG��2YHUVHDV��
/DQ]LD� SDUDVLWLFD� KDV� FDXVHG� VLJQLILFDQW� GDPDJH� WR� %�� YXOJDULV�� ZKLOH� WKH� FHFLGRP\LLG� PLGJH�
/DVLRSWHUD�VS��DQG�WKH�VDZIO\�$UJH�EHUEHULGLV�GDPDJH�VRPH�%HUEHULV�VSS��7KLV�VXJJHVWV�WKH�SRWHQWLDO�
IRU�LQWURGXFLQJ�DJHQWV�WKDW�ZRXOG�UHGXFH�WKH�YLJRXU�DQG�SURGXFWLRQ�RI�YLDEOH�VHHGV�RI�EDUEHUU\�VSHFLHV�
LQ�1HZ�=HDODQG�LV�JRRG��2WKHU�IXQJL�DQG�LQYHUWHEUDWHV�DOVR�DWWDFN�WKH�SODQW��EXW�WKH�H[WHQW�RI�GDPDJH�



�

/DQGFDUH�5HVHDUFK�

���

WKH\�FDXVH�LV�QRW�FOHDU��QHYHUWKHOHVV��WKH�SRRO�RI�SRWHQWLDO�DJHQWV�LV�OLNHO\�WR�EH�ODUJH��SDUWLFXODUO\�LQ�
OLJKW�RI�WKH�JHQXV¶�ZLGH�GLVWULEXWLRQ��
�
7KHUH� DUH� QR� LQGLJHQRXV� %HUEHULGDFHDH� LQ� 1HZ� =HDODQG� DQG� QR� FRPPHUFLDOO\� LPSRUWDQW� H[RWLF�
PHPEHUV� RI� WKH� IDPLO\�� ZLWK� RQO\� D� VPDOO� QXPEHU� RI� RUQDPHQWDOV� LQ� WKH� JHQXV� 0DKRQLD�� VR�
SURVSHFWLYH�DJHQWV�QHHG�QRW�EH�UHVWULFWHG�WR�DWWDFNLQJ�RQO\�WKH�DGYHQWLYH�VSHFLHV�RI�%HUEHULV��6HYHUDO�
IXQJL� DQG� LQYHUWHEUDWH� VSHFLHV� DUH� NQRZQ� WR� VSHFLILFDOO\� DWWDFN�%HUEHULV� VSHFLHV� DQG� VRPH�RI� WKHVH�
FDXVH�VLJQLILFDQW�GDPDJH�WR�WKH�SODQW��
�
���� )XQJL�
$�KLJK� OHYHO�RI� IXQJDO� FRORQLVDWLRQ�ZDV�REVHUYHG�RQ�ERWK�%��JODXFRFDUSD� DQG�%��GDUZLQLL�� DV�ERWK�
VSHFLHV�H[KLELWHG�D�ZLGH�UDQJH�RI�GLVHDVH�V\PSWRPV�RQ�OHDI��IORZHU�DQG�IUXLW�WLVVXHV��'LVHDVH�GDPDJH�
RQ�%��JODXFRFDUSD�ZDV�RIWHQ�ZLGHVSUHDG��SDUWLFXODUO\�LQ�DUHDV�ZKHUH�WKH�SODQW�ZDV�DOVR�H[SHULHQFLQJ�
ZDWHU�VWUHVV��$V�WKH�GLVHDVH�V\PSWRPV�ZHUH�REVHUYHG�RQ�ERWK�\RXQJ�OHDYHV�DQG�UHSURGXFWLYH�WLVVXHV�
�IORZHUV�DQG� IUXLW��� WKHVH�SDWKRJHQV�FRXOG�VLJQLILFDQWO\�DIIHFW� WKH�JURZWK�DQG�VSUHDG�RI� WKH�ZHHG� LQ�
VRPH�DUHDV��$SSUR[LPDWHO\����GLIIHUHQW� IXQJDO�VSHFLHV�ZHUH� UHFRYHUHG�RQ�SODWHV�DQG�D� IXUWKHU���E\�
GLUHFW� PHWKRGV�� $� QXPEHU� RI� IXQJDO� LVRODWHV� ZHUH� FRVPRSROLWDQ� VDSURSK\WHV� RU� VHFRQGDU\�ZHDN�
SDWKRJHQV� DQG� WKHUHIRUH� DUH� XQOLNHO\� WR� KDYH� SRWHQWLDO� DV� HLWKHU� FODVVLFDO� ELRFRQWURO� DJHQWV� RU�
LQXQGDWLYH�P\FRKHUELFLGHV�DV�WKH\�ODFN�WKH�UHTXLUHG�YLUXOHQFH�WR�EH�FRQVLGHUHG�DV�DJHQWV��+RZHYHU��
ILYH� VSHFLHV�RI�SULPDU\�SODQW�SDWKRJHQV�DVVRFLDWHG�ZLWK� OHDI�� IORZHU�DQG�RU� IUXLW�GLVHDVH� V\PSWRPV��
&ROOHWRWULFKXP� JORHRVSRULRLGHV�� &�� DFXWDWXP�� 3HVWDORWLRSVLV� VS��� 3KRPRSVLV� VS��� DQG� 6FOHURWLQLD�
VFOHURWLRUXP��PD\�ZDUUDQW�IXUWKHU�LQYHVWLJDWLRQ��
�
&ROOHWRWULFKXP�JORHRVSRULRLGHV�ZDV�WKH�SUHGRPLQDQW�SODQW�SDWKRJHQ�UHFRUGHG�LQ�WKH�VXUYH\�DQG�ZDV�
DOVR� IRXQG� FRQVLVWHQWO\� DVVRFLDWHG�ZLWK� WKH�PRVW� VHYHUH� V\PSWRPV� UHFRUGHG� RQ� EDUEHUU\� WLVVXHV�� ,Q�
1HZ� =HDODQG�� &ROOHWRWULFKXP� JORHRVSRULRLGHV� LV� D� FRPPRQ� LQKDELWDQW� RI� PDQ\� SODQW� VSHFLHV� �GL�
0HQQD� 	� 3DUOH� ������ 3HQQ\FRRN� ������ <RXQJ� 	� )OHWFKHU� ������� :KLOH� &�� JORHRVSRULRLGHV� LV�
ZLGHVSUHDG� DQG� UHFRUGHG� IURP�PDQ\� GLIIHUHQW� KRVWV�� KRVW� VSHFLILF� VWUDLQV� KDYH� EHHQ� LGHQWLILHG� DQG�
GHYHORSHG�DV�ERWK�FODVVLFDO�DQG�LQXQGDWLYH�ELRFRQWURO�DJHQWV�DJDLQVW�D�QXPEHU�RI�HQYLURQPHQWDO�DQG�
DJULFXOWXUDO�ZHHG�VSHFLHV��7KH� ILUVW�SODQW�SDWKRJHQ� WR�EH� UHJLVWHUHG�DV�D�ELRKHUELFLGH�ZDV�D�YLUXOHQW�
VWUDLQ� RI�&�� JORHRVSRULRLGHV� �I�� VS��PDOYDH�� IRU� FRQWURO� RI�0DOYDFHDH�ZHHG� VSHFLHV� VXFK� DV� URXQG�
OHDYHG� PDOORZ� �0DOYD� SXVLOOD�� �0RULQ� HW� DO�� ������ 0RUWHQVHQ� 	� 0DNRZVNL� ������� ,Q� &DQDGD��
&ROOHWRWULFKXP�JORHRVSRULRLGHV� �I�� VS��K\SHULFXP�� LV� D� KLJKO\�YLUXOHQW� GLVHDVH� WKDW� LQIHFWV� DOO� DHULDO�
SDUWV�RI�6W�-RKQ¶V�:RUW��+\SHULFXP�SHUIRUDWXP���FDXVLQJ�OHWKDO�VWHP�JLUGOLQJ�OHVLRQV�RQ�VHHGOLQJV�DQG�
RQ� VWHPV� RI� WKH� EDVDO� URVHWWH� �0RUULVRQ� HW� DO�� ������� +DZDLLDQ� UHVHDUFKHUV� KDYH� DOVR� LQWURGXFHG� D�
VWUDLQ�RI�WKH�IXQJXV�WR�+DZDL¶L�DQG�)UHQFK�3RO\QHVLD��UHVXOWLQJ�LQ�WKH�VXFFHVVIXO�ELRFRQWURO�RI�0LFRQLD�
FDOYHVFHQV� LQ� ERWK� SODFHV� �.LOOJRUH� HW� DO�� ������ .LOOJRUH� ����� SHUV�� FRPP���� $GGLWLRQDO� ZHHG�
ELRFRQWURO� SURJUDPPHV� XVLQJ� VXFK� &�� JORHRVSRULRLGHV� VWUDLQV� DUH� XQGHUZD\� FXUUHQWO\� IRU� GRGGHU�
�&XVFXWD� DXVWUDOLV��� QRUWKHUQ� MRLQWYHWFK� �$HVFK\QRPHQH� YLUJLQLFD��� GZDUI� PLVWOHWRH� �$UFHXWKRELXP�
WVXJHQVH���DQG�+DNHD�VHULFHD��9DQ�5RRM�	�:RRG��������
�
6FOHURWLQLD�VFOHURWLRUXP��DOWKRXJK�UHSRUWHG�WR�FDXVH�PDQ\�HFRQRPLFDOO\�VLJQLILFDQW�GLVHDVH�ORVVHV�WR�
FURSV�� KDV� DOVR� EHHQ� IRUPXODWHG� DV� DQ� LQXQGDWLYH�P\FRKHUELFLGH� IRU� WKH� FRQWURO� RI� JLDQW� EXWWHUFXS��
5DQXQFXOXV�DFULV��9HUNDDLN�HW�DO��������DQG�&DOLIRUQLDQ�WKLVWOH��&LUVLXP�DUYHQVH��+XUUHOO�HW�DO��������
+DUYH\�HW�DO�������� LQ�1HZ�=HDODQG��7KLV�IXQJXV�LV�DOVR�FDSDEOH�RI�FDXVLQJ�GLVHDVH� WR�D�QXPEHU�RI�
RWKHU� ZHHG� VSHFLHV� VXFK� DV� UDJZRUW�� 6HQHFLR� MDFREDHD�� LQ� 1HZ� =HDODQG� �:DLSDUD� HW� DO�� �������
$OWKRXJK� WKLV� IXQJXV� LV� SOXULYRURXV� �XQVSHFLDOLVHG� SDWKRJHQ�ZLWK� D� YHU\�ZLGH� KRVW� UDQJH��� WKHUH� LV�
RIWHQ�PLQLPDO� ULVN� WR� QRQ�WDUJHW� KRVWV� ZKHQ� XVLQJ� WKLV� DV� P\FRKHUELFLGH� LQ� QRQ�FURSSLQJ� V\VWHPV�
�%RXUGRW�HW�DO����������*LYHQ�UHFHQW�GHYHORSPHQWV�LQ�WKH�IRUPXODWLRQ�WHFKQRORJ\�DQG�ULVN�DVVHVVPHQWV�
RI� XVLQJ� WKLV� IXQJXV� IRU�ZHHG�ELRFRQWURO�� WKH� SURVSHFWV� RI� XVLQJ�6FOHURWLQLD� EDVHG�SURGXFWV� DJDLQVW�
EDUEHUU\�PD\�EH�ZDUUDQWHG�LI�SULPDU\�SDWKRJHQLFLW\�LV�FRQILUPHG�DW�D�ODWHU�VWDJH�LQ�WKH�SURMHFW���
�
3KRPRSVLV�VSHFLHV�ZHUH�DOVR�DVVRFLDWHG�ZLWK�PLQRU�VKRRW�GDPDJH�RQ�JRUVH�DQG�EURRP��-RKQVWRQ�HW�DO��
�������KRZHYHU��QR�ELRFRQWURO�SRWHQWLDO�IRU�WKHVH�LVRODWHV�ZDV�REVHUYHG�GXULQJ�JODVVKRXVH�LQRFXODWLRQ�
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��

WULDOV��-RKQVWRQ�	�3DUNHV��������3KRPRSVLV�VSHFLHV�KDYH�D�ZLGH�KRVW�UDQJH�DFURVV�RWKHU�SODQW�VSHFLHV�
�3HQQ\FRRN�������<RXQJ�	�)OHWFKHU��������ZLWK�PDQ\�DVVRFLDWHG�ZLWK�SUH��DQG�SRVW�KDUYHVW�GLVHDVHV�
RQ�D�YDULHW\�RI�FURSV�VXFK�DV�FXUFXELWV��JUDSHV�DQG�VWUDZEHUULHV��3HQQ\FRRN�������)DUU�HW�DO����������
�
7R�GDWH�WKHUH�DUH�QR�RU�IHZ�H[DPSOHV�RI�XVLQJ�VWUDLQV�RU�VSHFLHV�RI�HLWKHU�&��DFXWDWXP��3HVWDORWLRSVLV�
RU�3KRPRSVLV� IRU� ZHHG� ELRFRQWURO�� DOWKRXJK�3KRPRSVLV� DPDUDQWKLFROD� LV� XQGHU� GHYHORSPHQW� DV� D�
SRVW�HPHUJHQFH�ELRKHUELFLGH�DJDLQVW�SLJZHHGV��$PDUDQWKXV�VSS���LQ�)ORULGD��86$��0RUDOHV�3D\DQ�HW�
DO���������)XUWKHU�UHVHDUFK�LV�QHHGHG�WR�HOXFLGDWH�WKH�SURVSHFWV�RI�&��DFXWDWXP�RU�3HVWDORWLRSVLV��DV�QR�
VXFFHVVIXO�RYHUVHDV�H[DPSOHV�FXUUHQWO\�H[LVW�IRU�GHYHORSLQJ�WKHVH�IXQJL�DV�ELRFRQWURO�DJHQWV��
�
7KH�PRVW�SURPLVLQJ� VSHFLHV� LVRODWHG�ZHUH�&ROOHWRWULFKXP�JORHRVSRULRLGHV��6FOHURWLQLD� VFOHURWLRUXP�
DQG�3KRPRSVLV�VS��$V�SDWKRJHQLF�KRVW�VSHFLDOLVHG�VWUDLQV�RI�WKHVH�IXQJL�KDYH�EHHQ�UHSRUWHG�LQ�RWKHU�
ZHHG� ELRFRQWURO� SURMHFWV� RYHUVHDV�� WKH� IHDVLELOLW\� RI� XVLQJ� WKHP� DV� LQXQGDWLYH� DJHQWV� VKRXOG� EH�
DVVHVVHG� E\� XQGHUWDNLQJ� H[SHULPHQWDO� µ.RFK
V� SRVWXODWHV¶� SDWKRJHQLFLW\� WULDOV� WR� GHWHUPLQH� WKHLU�
YLUXOHQFH�DV�SULPDU\�SDWKRJHQV��
�

3URVSHFWV�DQG�FRQFOXVLRQV�IRU�EDUEHUU\�UXVW��3XFFLQLD�JUDPLQLV�
2XU�ILQGLQJ�RI�3XFFLQLD�JUDPLQLV�RQ�WKH�IORZHUV�RI�%��JODXFRFDUSD�LQ�1HZ�=HDODQG�UHSUHVHQWV�D�QHZ�
KRVW�SDWKRJHQ�UHFRUG� IRU� WKLV�FRXQWU\�DQG�PD\�DOVR�EH� WKH� ILUVW� WLPH� WKH� UXVW�KDV�EHHQ� IRXQG�RQ� WKH�
IORZHUV�RI�DQ\�%HUEHULV�VSHFLHV��
�
$V�WKH�UXVW�KDV�D�FRPSOLFDWHG�OLIHF\FOH�LQYROYLQJ�HFRQRPLFDOO\�LPSRUWDQW�JUDVVHV�DQG�FHUHDOV��VKRZV�
OLPLWHG�SRWHQWLDO�WR�LQIHFW�DQG�GDPDJH�EDUEHUU\��DQG�LV�UDUH��LW�ZLOO�QRW�EH�VHQVLEOH�WR�LQYHVWLJDWH�XVLQJ�
WKLV�UXVW�DV�D�ELRFRQWURO�DJHQW�IRU�EDUEHUU\�LQ�1HZ�=HDODQG��
�

3URVSHFWV�DQG�FRQFOXVLRQV�IRU�$VSHUJLOOXV�QLJHU�DQG�5KL]RSXV�VS��
$OWKRXJK� $VSHUJLOOXV� QLJHU� DQG� 5KL]RSXV� ZHUH� DVVRFLDWHG� ZLWK� VHULRXV� EHUU\� IUXLW� GHFD\� RI�
%��JODXFRFDUSD��ERWK�DUH�FRVPRSROLWDQ�DQG�ZLGHVSUHDG�VSRLODJH�IXQJL�WKDW�DUH�XQOLNHO\�WR�EH�XVHIXO�DV�
LQXQGDWLYH�ELRFRQWURO�DJHQWV��
�
���� ,QYHUWHEUDWHV�
:LWK�RQO\�RQH�VSHFLDOLVW�LQYHUWHEUDWH��/LRVRPDSKLV�EHUEHULGLV��$SKLGLGDH���IRXQG�WR�EH�XVLQJ�%HUEHULV�
VSHFLHV� LQ�1HZ�=HDODQG�WKHUH�UHPDLQV�D�YHU\�UHDO�RSSRUWXQLW\� WR�VXFFHVVIXOO\� LQWURGXFH�LQYHUWHEUDWH�
ELRFRQWURO�DJHQWV�WR�XVH�WKH�XQWDSSHG�IHHGLQJ�QLFKHV�FUHDWHG�E\�WKHVH�SODQWV����
�
0F*UHJRU� ������� UHSRUWV� KHDY\� LQIHVWDWLRQV� RI� WKH� DSKLG� /�� EHUEHULGLV� RQ� %�� YXOJDULV� LQ� 3RODQG�
UHVXOWHG� LQ� GLVFRORUDWLRQ�� FXUOLQJ� DQG� SUHPDWXUH� IDOO� RI� OHDYHV�� DV� ZHOO� DV� KDUPIXO� DQG� GLVILJXULQJ�
IXQJDO� DWWDFN� GXH� WR� KRQH\GHZ� HPLVVLRQV� �-DVNLHZLF]� ������ ������� ,W� DOVR� DWWDFNV� %�� WKXQEHUJLL�
�/DEDQRZVNL��������/��EHUEHULGLV�KDV�EHHQ�UHFRUGHG�LQ�1HZ�=HDODQG�RQO\�IURP�%��JODXFRFDUSD��'DOH�
	�0DGGLVRQ��������EXW�LQ�WKLV�VXUYH\�ZDV�DOVR�IRXQG�WR�EH�SUHVHQW�RQ�%�GDUZLQLL����
�
(IIHFWLYH� VHHG� GLVSHUVDO� E\� WKHVH� %HUEHULV� VSHFLHV� LV� D� PDMRU� UHDVRQ� IRU� WKHLU� LQYDVLYHQHVV�� VR�
SDUWLFXODU�� EXW� QRW� H[FOXVLYH�� HIIRUW� VKRXOG� EH� JLYHQ� WR� LGHQWLI\LQJ� ELRFRQWURO� DJHQWV� WKDW� DWWDFN�
IORZHUV��IUXLWV�DQG�VHHGV���
�
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��� 5HFRPPHQGDWLRQV�

�
,Q� WKH� OLJKW� RI� RXU� FRQFOXVLRQV� WKDW� RQO\� RQH� KRVW�VSHFLILF� LQYHUWHEUDWH� KHUELYRUH� �/LRVRPDSKLV�
EHUEHULGLV��FRQWULEXWHV�PLQLPDO�GDPDJH�WR�%HUEHULV�VSHFLHV�LQ�1HZ�=HDODQG��DQG�ZLWK�QR�VSHFLDOLVHG�
SDWKRJHQLF�IXQJL�NQRZQ�WR�EH�SUHVHQW�RQ�WKHVH�ZHHGV�LQ�1HZ�=HDODQG��ZH�UHFRPPHQG��

�
���$�FODVVLFDO�ELRFRQWURO�SURJUDPPH�IRU�EDUEHUU\�VKRXOG�SURFHHG�DORQJ�WKH�IROORZLQJ�OLQHV��
x� 6XUYH\�%�� GDUZLQLL� DQG� RWKHU�%HUEHULV� VSHFLHV� LQ� &KLOH� DQG� $UJHQWLQD� WR� LGHQWLI\� SURVSHFWLYH�

LQYHUWHEUDWH�DQG�IXQJDO�ELRORJLFDO�FRQWURO�DJHQWV��
x� 6XUYH\� %�� JODXFRFDUSD� DQG� RWKHU� %HUEHULV� VSHFLHV� LQ� WKH� ZHVWHUQ� +LPDOD\D� WR� LGHQWLI\�

SURVSHFWLYH�LQYHUWHEUDWH�DQG�IXQJDO�ELRORJLFDO�FRQWURO�DJHQWV��
x� 8QGHUWDNH�KRVW�UDQJH�WHVWV�RQ�SODQW�VSHFLHV�RI�LPSRUWDQFH�WR�1HZ�=HDODQG�IRU�WKH�PRVW�SURPLVLQJ�

SURVSHFWLYH�LQYHUWHEUDWHV�DQG�IXQJDO�ELRORJLFDO�FRQWURO�DJHQWV��
x� +RVW�VSHFLILF� LQYHUWHEUDWHV� DQG� SDWKRJHQLF� IXQJL� VKRXOG� EH� LQWURGXFHG� WR� 1HZ� =HDODQG� DV�

FODVVLFDO�ELRFRQWURO�DJHQWV���
�
��� 7KH� LQXQGDWLYH� ELRFRQWURO� SRWHQWLDO� RI� WKH� &ROOHWRWULFKXP� JORHRVSRULRLGHV�� 3KRPRSVLV� VS�� DQG�
6FOHURWLQLD� VFOHURWLRUXP� LVRODWHV� DVVRFLDWHG�ZLWK� OHDI�� IORZHU� DQG� IUXLW� GLVHDVH� V\PSWRPV� VKRXOG�EH�
GHWHUPLQHG�XVLQJ�LQRFXODWLRQ�WULDOV�WR�HOXFLGDWH�WKHLU�WD[RQRP\��HSLGHPLRORJ\�DQG�SDWKRJHQLFLW\����
�
���7KH�SRVVLEOH�SUHVHQFH�RI�EDFWHULDO�RU�YLUDO�SDWKRJHQV�DVVRFLDWHG�ZLWK� OHDI�GLVHDVH� V\PSWRPV� WKDW�
ZHUH�QRW�DVVRFLDWHG�ZLWK�FXOWXUDEOH�IXQJDO�SDWKRJHQV�VKRXOG�EH�GHWHUPLQHG��
�
7KLV�IROORZV�WKH�UHFRPPHQGDWLRQV�DV�PDGH�E\�0F*UHJRU���������
�
�

��� $FNQRZOHGJHPHQWV�

�
:H�ZRXOG�OLNH�WR�WKDQN�WKH�PDQ\�'2&�DQG�UHJLRQDO�FRXQFLO�VWDII�IRU�VXJJHVWLQJ�VDPSOLQJ�VLWHV��DQG�
RQ�RFFDVLRQ�KHOSLQJ�WR�VDPSOH��DQG�WKH�PDQ\�ODQG�RZQHUV�IRU�DOORZLQJ�DFFHVV�DFURVV�WKHLU�ODQG��
�
:H� DOVR� WKDQN� WKH� IROORZLQJ� SHRSOH� IRU� KHOSLQJ� WR� LGHQWLI\� LQYHUWHEUDWH� PDWHULDO�� -�$�� %HUU\�
�+\PHQRSWHUD���5��+HQGHUVRQ� �PLWHV�� VFDOH� LQVHFWV� DQG�PHDO\�EXJV���5��+RDUH� �/HSLGRSWHUD���0�&��
/DULYLqUH� �+HPLSWHUD��� 5�� /HVFKHQ� �&ROHRSWHUD��� 0�� 6WXINHQV� �DSKLGV� DQG� WKULSV��� 6�� 7KRUSH�
�&ROHRSWHUD�DQG�+HPLSWHUD��DQG�FKHFNLQJ�WKH�VSHOOLQJ�RI�WKH�LQYHUWHEUDWH�VSHFLHV�OLVW���DQG�=�4��=KDQJ�
�PLWHV���
�
:H�DUH�JUDWHIXO�WR�'U�&DWKHULQH�$LPH��86'$�$56�6\VWHPDWLF�%RWDQ\�DQG�0\FRORJ\�/DE��%HOWVYLOOH��
0'��86$��IRU�'1$�VHTXHQFLQJ�ZRUN��
�
:H�ZRXOG�DOVR�OLNH�WR�WKDQN�3DXOLQH�6\UHWW�DQG�6KDXQ�3HQQ\FRRN�IRU�WKHLU�YDOXHG�FRPPHQWV�RQ�GUDIW�
FRSLHV�RI�WKLV�UHSRUW�DQG�WR�&KULVWLQH�%H]DU�IRU�KHU�HIIRUWV�LQ�HGLWLQJ���
�
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��� 5HIHUHQFHV�

�
$OOHQ��5�%���:LOVRQ��-�%��������)UXLW�DQG�VHHG�SURGXFWLRQ�LQ�%HUEHULV�GDUZLQLL�+RRN��D�VKUXE�UHFHQWO\�

QDWXUDOLVHG�LQ�1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�%RWDQ\�������±����
%RXUGRW��*�:���+XUUHOO��*�$���6DYLOOH��'�-���HW�DO��������5LVN�DQDO\VLV�RI�6FOHURWLQLD�VFOHURWLRUXP�IRU�

ELRORJLFDO� FRQWURO� RI� &LUVLXP� DUYHQVH� LQ� SDVWXUH�� DVFRVSRUH� GLVSHUVDO��
%LRFRQWURO�6FLHQFH�DQG�7HFKQRORJ\�����������±�����

'DOH�� 3�6���0DGGLVRQ�� 3�$�� ������ 1HZ� =HDODQG� LQVHFWV� DQG� WKHLU� KRVW� SODQWV�� 6SLOOHU� '�0���:LVH��
.�$�-���FRPSV��:HOOLQJWRQ��'6,5�6FLHQFH�,QIRUPDWLRQ�'LYLVLRQ������S��

GL�0HQQD��0�(��� 3DUOH�� -�1�� ������0RXOGV� RQ� OHDYHV� RI� SHUHQQLDO� U\HJUDVV� DQG�ZKLWH� FORYHU��1HZ�
=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK�������±����

)DUU��'�)���%LOOV�*�)���&KDPXULV�*�3���5RVVPDQ�$�<��������)XQJL�RQ�SODQWV�DQG�SODQW�SURGXFWV�LQ�WKH�
8QLWHG�6WDWHV��6W�3DXO��$36�������S��

)DUU��'�)���5RVVPDQ��$�<���3DOP��0�(���0F&UD\��(�%���Q�G���)XQJDO�'DWDEDVHV��6\VWHPDWLF�%RWDQ\�	�
0\FRORJ\� /DERUDWRU\�� $56�� 86'$�� 5HWULHYHG� $XJXVW� ���� ������ IURP� KWWS���QW�DUV�
JULQ�JRY�IXQJDOGDWDEDVHV��

+DUOH\�� .�/�6��� )RUQR�� ,�:�� ������ %LRORJLFDO� FRQWURO� RI� ZHHGV�� D� KDQGERRN� IRU� SUDFWLWLRQHUV� DQG�
VWXGHQWV��0HOERXUQH�	�6\GQH\��,QNDWD�3UHVV�����S��

+DUYH\��,�&���$OH[DQGHU��5�$���:DLSDUD��1�:��������7KH�HIIHFW�RI�LQRFXOXP�VXEVWUDWH�DQG�GHZ�SHULRG�
RQ� WKH� SDWKRJHQLFLW\� RI� 6FOHURWLQLD� VFOHURWLRUXP� ZKHQ� DSSOLHG� DV� D� P\FRKHUELFLGH� WR�
&DOLIRUQLDQ�WKLVWOH��&LUVLXP�DUYHQVH���$XVWUDODVLDQ�3ODQW�3DWKRORJ\����������±�����

+XUUHOO�� *�$��� %RXUGRW�� *�:��� 6DYLOOH�� '�-�� ������ (IIHFW� RI� DSSOLFDWLRQ� WLPH� RQ� WKH� HIILFDF\� RI�
6FOHURWLQLD�VFOHURWLRUXP�DV�D�P\FRKHUELFLGH�IRU�&LUVLXP�DUYHQVH�FRQWURO�LQ�SDVWXUH��%LRFRQWURO�
6FLHQFH�DQG�7HFKQRORJ\�����������±�����

-RKQVWRQ��3�5���3DUNHV��6�/��������(YDOXDWLRQ�RI�WKH�P\FRKHUELFLGH�SRWHQWLDO�RI�IXQJL�IRXQG�RQ�EURRP�
DQG�JRUVH�LQ�1HZ�=HDODQG��3URFHHGLQJV�RI�WKH���WK�1=�3ODQW�3URWHFWLRQ�&RQIHUHQFH��3S�����±
�����

-RKQVWRQ��3�5���3DUNHV��6�/���%URDGKXUVW��3�*���������)XQJL�DVVRFLDWHG�ZLWK�JRUVH�DQG�EURRP�LQ�1HZ�
=HDODQG��$XVWUDODVLDQ�3ODQW�3DWKRORJ\��������±�����

-DVNLHZLF]��%��������2EVHUZDFMH�QDG�OLF]HEQRVFLD�/LRVRPDSKLV�EHUEHULGLV�.DOW��QD�%HUEHULV�YXOJDULV�
/��Z�ODWDFK�����±������$QQDOHV�8QLYHUVLWDWLV�0DULDH�&XULH�6NORGRZVND�������±�����

-DVNLHZLF]��%��������0V]\FD�NZDVQLFRZD�±�V]NRGQLN�EHUEHU\VX�]Z\F]DMQHJR��2FKURQD�5RVOLQ��������
.LOOJRUH�� (�0��� 6XJL\DPD�� /�� 6��� %DUUHWR�� 5�� ������ � 3URVSHFWLYH� ELRORJLFDO� FRQWURO� RI� 0LFRQLD�

FDOYHVFHQV� LQ� +DZDLL� ZLWK� D� QRQ�LQGLJHQRXV� IXQJXV�&ROOHWRWULFKXP� JORHRVSRULRLGHV� �3(1=��
6$&&��)�VS��0LFRQLDH��3URFHHGLQJV�RI�WKH�)LUVW�5HJLRQDO�&RQIHUHQFH�RQ�0LFRQLD�FRQWURO��3S��
��±����

/DEDQRZVNL�� *�� ������ 6]NRGQLNL� URVOLQ� R]GREQ\FK�� PV]\FD� NZDVQLFRZD� /LRVRPDSKLV� EHUEHULGLV�
�.DOWHQEDFK��V\Q��$SKLV�EHUEHULGLV�.DOW��2FKURQD�5RVOLQ���������

0F*UHJRU�� 3�*�� ������ 3URVSHFWV� IRU�%LRORJLFDO�&RQWURO� RI�%DUEHUU\�%HUEHULV� VSS�� �%HUEHULGDFHDH���
/DQGFDUH�5HVHDUFK�FRQWUDFW�UHSRUW�/&����������

0RUDOHV�3D\DQ��-�%���&KDUXGDWWDQ�5���6WDOO��:�0���'H�9DOHULR��-�7��������3KRPRSVLV�DPDUDQWKLFROD�
DV�D�SRVW�HPHUJHQFH�ELRKHUELFLGH�LQ�SHSSHU��&DSVLFXP�DQQXP�DQG�&��IUXWHVFHQV��DQG�HJJSODQW�
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�6RODQXP� PHORQJHQD��� 3URFHHGLQJV� RI� WKH� ;,� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� WKH� %LRORJLFDO�
&RQWURO�2I�:HHGV��&DQEHUUD��$XVWUDOLD��&6,52��

0RULQ�� /��� 'HUE\�� -�$�/��� .RNNR�� (�*�� ������ ,QIHFWLRQ� SURFHVV� RI�&ROOHWRWULFKXP� JORHRVSRULRLGHV�
I�VS��PDODYDH� RQ�0DOYDFHDH� ZHHGV�� 3URFHHGLQJV� RI� WKH� ;,� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� WKH�
%LRORJLFDO�&RQWURO�RI�:HHGV��3�������

0RUULVRQ�� .�'��� 5HHNLH�� (�*��� -HQVHQ�� .�,�1�� ������ %LRFRQWURO� RI� FRPPRQ� 6W�� -RKQ
V� ZRUW�
�+\SHULFXP� SHUIRUDWXP�� ZLWK� &KU\VROLQD� K\SHULFL� DQG� D� KRVW�VSHFLILF� &ROOHWRWULFKXP�
JORHRVSRULRLGHV��:HHG�7HFKQRORJ\��������±�����

0RUWHQVHQ��.���0DNRZVNL��5�0�'��������)LHOG�HIILFDF\�DW�GLIIHUHQW�FRQFHQWUDWLRQV�RI�&ROOHWRWULFKXP�
JORHRVSRULRLGHV� I�� VS�� PDOYDH� DV� D� ELRKHUELFLGH� IRU� URXQG�OHDYHG� PDOORZ� �0DOYD� SXVLOOD���
3URFHHGLQJV� RI�9,,,� ,QWHUQDWLRQDO� 6\PSRVLXP�RQ� WKH�%LRORJLFDO�&RQWURO� RI�:HHGV�� 3S�� ���±
�����

3HQQ\FRRN��6�5��������3ODQW�GLVHDVHV�UHFRUGHG�LQ�1HZ�=HDODQG��9ROV��±���$XFNODQG��3ODQW�'LVHDVHV�
'LYLVLRQ��'6,5��

6FRWW�� 5�5�� HG�� ������ 1HZ� =HDODQG� SHVWV� DQG� EHQHILFLDO� LQVHFWV�� &DQWHUEXU\�� /LQFROQ� 8QLYHUVLW\�
&ROOHJH�RI�$JULFXOWXUH��

9DQ� 5RRM�� &��� :RRG� $�5�� ������ (IILFDF\� DQG� HSLGHPLRORJ\� RI� DQ� RLO�EDVHG� IRUPXODWLRQ� RI�
&ROOHWRWULFKXP�JORHRVSRULRLGHV�XVHG�DV�D�ELRKHUELFLGH�DJDLQVW�+DNHD�VHULFHD��3URFHHGLQJV�RI�
WKH� ;,� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� WKH� %LRORJLFDO� &RQWURO� 2I� :HHGV�� &DQEHUUD�� $XVWUDOLD�
&6,52��

9HUNDDLN�� 0�/��� +XUUHOO�� *�$��� %RXUGRW�� *�:��� 6DYLOOH�� '�-�� ������ (YDOXDWLRQ� RI� 6FOHURWLQLD�
VFOHURWLRUXP�IRU�JLDQW�EXWWHUFXS�LQ�GDLU\�SDVWXUHV��1HZ�=HDODQG�3ODQW�3URWHFWLRQ��������±�����

:DLSDUD�� 1�:��� +DUYH\�� ,�&��� %RXUGRW�� *�:�� ������ 3DWKRJHQLFLW\� RI� 6FOHURWLQLD� VFOHURWLRUXP� RQ�
FRPPRQ�WKLVWOH�VSHFLHV�DQG�RWKHU�SDVWXUH�ZHHGV��3URFHHGLQJV�RI�WKH�)RUW\�6L[WK�1HZ�=HDODQG�
3ODQW�3URWHFWLRQ�&RQIHUHQFH��&KULVWFKXUFK��1HZ�=HDODQG����±���$XJXVW��������3S�����±������

:DSVKLUH��$�-��������$�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�,9��1DWXUDOLVHG�
3WHULGRSK\WHV�� *\PQRVSHUPV�� 'LFRW\OHGRQV�� &KULVWFKXUFK�� 'HSDUWPHQW� RI� 6FLHQWLILF� DQG�
,QGXVWULDO�5HVHDUFK�

:LOOLDPV��3�$���.DUO��%�-��������)OHVK\�IUXLWV�RI�LQGLJHQRXV�DQG�DGYHQWLYH�SODQWV�LQ�WKH�GLHW�RI�ELUGV�LQ�
IRUHVW�UHPQDQWV��1HOVRQ��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\��������������

:LQNV��&�-���:DLSDUD��1�:���*LDQRWWL��$�)��������,QYHUWHEUDWHV�DQG�IXQJL�DVVRFLDWHG�ZLWK�PRWK�SODQW��
$UDXMLD�VHULFLIHUD��LQ�1HZ�=HDODQG��/DQGFDUH�5HVHDUFK�FRQWUDFW�UHSRUW��/&�������������S��

<RXQJ��-�0���)OHWFKHU��0�-��������,QWHUQDWLRQDO�FROOHFWLRQ�RI�PLFUR�RUJDQLVPV�IURP�SODQWV�FDWDORJXH���
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