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���/DQGFDUH�5HVHDUFK�1HZ�=HDODQG�/WG�������
�
7KLV� LQIRUPDWLRQ� PD\� EH� FRSLHG� DQG� GLVWULEXWHG� WR� RWKHUV� ZLWKRXW� OLPLWDWLRQ�� SURYLGHG�
/DQGFDUH�5HVHDUFK�1HZ�=HDODQG�/LPLWHG�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�1HZ�=HDODQG�/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����������������������������������������������������������������������������������������������������������������������� ��
��� 2EMHFWLYH��������������������������������������������������������������������������������������������������������������������������� ��
��� 0HWKRGV ���������������������������������������������������������������������������������������������������������������������������� ��

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

��� 5HVXOWV����������������������������������������������������������������������������������������������������������������������������� ���
���� ,QYHUWHEUDWHV ���������������������������������������������������������������������������������������������������������� ���
���� )XQJL���������������������������������������������������������������������������������������������������������������������� ���
���� %DFWHULD������������������������������������������������������������������������������������������������������������������ ���

��� &RQFOXVLRQV��������������������������������������������������������������������������������������������������������������������� ���
���� ,QYHUWHEUDWHV ���������������������������������������������������������������������������������������������������������� ���
���� )XQJL���������������������������������������������������������������������������������������������������������������������� ���
���� %DFWHULD������������������������������������������������������������������������������������������������������������������ ���

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

$SSHQGL[��� ,QYHUWHEUDWHV� DVVRFLDWHG� ZLWK� ZLOG� JLQJHU��+HG\FKLXP� JDUGQHULDQXP�
DQG�+HG\FKLXP�IODYHVFHQV��DW����1HZ�=HDODQG�VLWHV������±����� ���������������������� ���

$SSHQGL[��� )XUWKHU�EDFNJURXQG�RQ�5DOVWRQLD�VRODQDFHDUXP���������������������������������� ���
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��

6XPPDU\�

�
3URMHFW�DQG�&OLHQW�
$� VXUYH\� RI� WKH� IXQJL�� EDFWHULD�� DQG� LQYHUWHEUDWH� IDXQD� DVVRFLDWHG� ZLWK� ZLOG� JLQJHU��
+HG\FKLXP� JDUGQHULDQXP� �NDKLOL� JLQJHU�� DQG� +HG\FKLXP� IODYHVFHQV� �\HOORZ� JLQJHU��
�=LQJLEHUDFHDH���LQ�1HZ�=HDODQG�ZDV�FDUULHG�RXW�EHWZHHQ�1RYHPEHU������DQG�0D\������E\�
/DQGFDUH� 5HVHDUFK� IRU� D� QDWLRQDO� FROOHFWLYH� RI� UHJLRQDO� FRXQFLOV� DQG� WKH� 'HSDUWPHQW� RI�
&RQVHUYDWLRQ��
�
2EMHFWLYH�
•� 7R� VXUYH\� WKH� IXQJL�� EDFWHULD�� DQG� LQYHUWHEUDWH� IDXQD� DVVRFLDWHG� ZLWK� ZLOG� JLQJHU��

+HG\FKLXP�JDUGQHULDQXP� DQG�+HG\FKLXP� IODYHVFHQV� �=LQJLEHUDFHDH��� LQ�1HZ�=HDODQG��
DQG� LGHQWLI\� WKH� KHUELYRUHV� �DQG� WKHLU� DVVRFLDWHG� SUHGDWRUV� DQG� SDUDVLWRLGV�� DQG� IXQJDO�
DQG�EDFWHULDO�SDWKRJHQV�DWWDFNLQJ�ZLOG�JLQJHU��

�
0HWKRGV�
•� $�VXUYH\�RI�WKH�IXQJL��EDFWHULD�DQG�LQYHUWHEUDWH�IDXQD�DVVRFLDWHG�ZLWK�ZLOG�JLQJHU�LQ�1HZ�

=HDODQG�ZDV�FDUULHG�RXW�EHWZHHQ�1RYHPEHU������DQG�0D\������E\�/DQGFDUH�5HVHDUFK��
7KLUW\� +HG\FKLXP� JDUGQHULDQXP� VLWHV� DQG� IRXU� +HG\FKLXP� IODYHVFHQV� VLWHV� ZHUH�
VXUYH\HG�WKURXJKRXW� WKH�UDQJH�RI� WKHVH�VSHFLHV��7R�DVVLVW�ZLWK�LGHQWLILFDWLRQ�RI�EDFWHULD�
IRXQG��FXOWXUHV�RI�5DOVWRQLD�VRODQDFHDUXP�ZHUH�VRXUFHG�IURP�+DZDL¶L�ZKHUH�LW�LV�EHLQJ�
XVHG�DV�D�ELRFRQWURO�DJHQW��

�
5HVXOWV�
•� 1R�VSHFLDOLVW�ZLOG�JLQJHU�LQYHUWHEUDWHV�ZHUH�IRXQG�GXULQJ�WKH�VXUYH\��
•� 7KH�RYHUDOO�GDPDJH�WKDW�FRXOG�EH�DWWULEXWHG�WR�LQYHUWHEUDWH�KHUELYRU\�ZDV�PLQLPDO��
•� 7KH�PRVW�REYLRXV�IROLDJH�GDPDJH�DSSHDUHG�WR�EH�FDXVHG�E\�WKH�ODUYDH�RI�D�UDQJH�RI�PRWK�

VSHFLHV��HVSHFLDOO\�OHDIUROOHUV��DQG�PROOXVFV��VOXJV�DQG�VQDLOV���
•� $�VDS�IHHGHU��6FRO\SRSD�DXVWUDOLV��SDVVLRQYLQH�KRSSHU���ZDV�WKH�RQO\�LQYHUWHEUDWH�VSHFLHV�

FODVVHG�DV�
DEXQGDQW
��
•� 7KULSV�RFFDVLRQDOO\�SURGXFH�VLOYHU\�FRORXUHG�SDWFKHV�RQ�ZLOG�JLQJHU�IROLDJH�EXW�SUREDEO\�

KDYH�OLWWOH�HIIHFW��
•� *HQHUDOLVW�SUHGDWRUV�IRXQG�RQ�ZLOG�JLQJHU�LQFOXGH�VSLGHUV��ODG\ELUGV��ODFHZLQJV��HDUZLJV��

DQWV��DQG�SUD\LQJ�PDQWLGV��
•� 1R�VSHFLDOLVW�ZLOG�JLQJHU�SDWKRJHQV�ZHUH�IRXQG�GXULQJ�WKH�VXUYH\��
•� 7KH�RYHUDOO�GDPDJH�DWWULEXWDEOH�WR�GLVHDVHV�ZDV�PLQLPDO��
•� $�GLVHDVH�FRPSOH[�FRPSULVHG�RI�SULPDU\�DQG�VHFRQGDU\�IXQJDO�SDWKRJHQV�ZDV�DVVRFLDWHG�

ZLWK�ORZ�WR�PRGHUDWH�OHDI�QHFURVHV�DQG�GDPDJH��
•� 7KH� JLQJHU� EDFWHULXP��5DOVWRQLD� VRODQDFHDUXP�� ZDV� QRW� LVRODWHG� IURP� SODQW� PDWHULDOV�

FROOHFWHG�GXULQJ�WKH�VXUYH\��
•� %DFWHULDO� LVRODWHV� VRXUFHG� IURP� +DZDL¶L� ZHUH� LGHQWLILHG� DV� (QWHUREDFWHU� DQG� QRW� 5��

VRODQDFHDQXP� DV� H[SHFWHG�� (QWHUREDFWHU� LV� NQRZQ� WR� VRPHWLPHV� RYHUJURZ� 5��
VRODQDFHDUXP� LQ� FXOWXUH� DQG� VKRZV�QR�SURPLVH� DV� D� SRWHQWLDO� ELRFRQWURO� DJHQW� RI�ZLOG�
JLQJHU��

�
�
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&RQFOXVLRQV�
•� :LOG�JLQJHU� LV�DWWDFNHG�E\�D�ZLGH� UDQJH�RI�QDWLYH�DQG� LQWURGXFHG� LQYHUWHEUDWHV� LQ�1HZ�

=HDODQG�EXW�RYHUDOO�GDPDJH�DSSHDUV�WR�EH�PLQLPDO�DQG�QRQH�RI�WKH�KHUELYRUH�QLFKHV�RQ�
ZLOG�JLQJHU�DUH�ZHOO�XWLOLVHG��

•� )ROLDJH�IHHGHUV��PRVW�QRWLFHDEO\�OHSLGRSWHUDQ�ODUYDH��PROOXVFV��DQG�WKULSV��DSSHDU�WR�EH�
WKH�PRVW�GDPDJLQJ�LQYHUWHEUDWHV�FXUUHQWO\�IHHGLQJ�RQ�ZLOG�JLQJHU�LQ�1HZ�=HDODQG��

•� 7KH�GLYHUVLW\�RI�JHQHUDOLVW�SDWKRJHQV�RQ�ZLOG�JLQJHU� LQ�1HZ�=HDODQG� LV� ORZ��DQG�DOO�RI�
WKHVH�SDWKRJHQV�ZHUH�DVVRFLDWHG�ZLWK�PLQRU�GLVHDVH�GDPDJH�WR�ERWK�JLQJHU�KRVWV��

•� $OWKRXJK�5DOVWRQLD�VRODQDFHDUXP�LV�UHFRUGHG�DV�SUHVHQW�LQ�1HZ�=HDODQG�RQ�RWKHU�KRVWV��
WKH�VWUDLQ�NQRZQ�WR�DWWDFN�JLQJHU�GRHV�QRW�DSSHDU�WR�EH�HVWDEOLVKHG�KHUH��

�
5HFRPPHQGDWLRQV�
•� *LYHQ�WKDW�LQYHUWHEUDWH�KHUELYRUH�GDPDJH�WR�ZLOG�JLQJHU�LQ�1HZ�=HDODQG�LV�PLQLPDO�DQG�

QR�VSHFLDOLVHG�SDWKRJHQLF�IXQJL�RU�EDFWHULD�DUH�NQRZQ�WR�EH�SUHVHQW�RQ�WKH�ZHHG�LQ�1HZ�
=HDODQG��ZH� UHFRPPHQG� WKDW� D� FODVVLFDO� ELRORJLFDO� FRQWURO� SURJUDPPH� IRU�ZLOG� JLQJHU�
VKRXOG�SURFHHG��

•� *LYHQ� WKDW� WKH�+DZDLLDQ�SURJUDPPH�XVLQJ�5�� VRODFHDUXP� LV� QR�ORQJHU� DFWLYH�� DQG� WKDW�
WKHUH�PD\�EH�EHWWHU�SRWHQWLDO�DJHQWV� LGHQWLILHG�GXULQJ�VXUYH\V�RI�ZLOG�JLQJHU�ZKLFK�DUH�
VFKHGXOHG� WR�EH�XQGHUWDNHQ� LQ� LWV�QDWLYH�UDQJH� LQ�FRPLQJ�\HDUV��ZH�UHFRPPHQG� WKDW�QR�
IXUWKHU�ZRUN�EH�XQGHUWDNHQ�RQ�5��VRODQDFHDUXP�LQ�WKH�PHDQWLPH��

�
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��

��� ,QWURGXFWLRQ�

�
$�VXUYH\�RI� WKH�IXQJL��EDFWHULD�DQG�LQYHUWHEUDWH�IDXQD�DVVRFLDWHG�ZLWK�WKH���VSHFLHV�RI�ZLOG�
JLQJHU�LQ�1HZ�=HDODQG��+HG\FKLXP�JDUGQHULDQXP��NDKLOL�JLQJHU��DQG�+HG\FKLXP�IODYHVFHQV�
�\HOORZ�JLQJHU���=LQJLEHUDFHDH���ZDV�FDUULHG�RXW�EHWZHHQ�1RYHPEHU������DQG�0D\������E\�
/DQGFDUH� 5HVHDUFK� IRU� D� QDWLRQDO� FROOHFWLYH� RI� UHJLRQDO� FRXQFLOV� DQG� WKH� 'HSDUWPHQW� RI�
&RQVHUYDWLRQ��)ROORZLQJ�D�UHFRPPHQGDWLRQ�RI�D�IHDVLELOLW\�VWXG\�LQYHVWLJDWLQJ�WKH�SURVSHFWV�
RI�ELRORJLFDO�FRQWURO�RI�ZLOG�JLQJHU�LQ�1HZ�=HDODQG��+DUULV�HW�DO������������NDKLOL�JLQJHU�VLWHV�
DQG���\HOORZ�JLQJHU�VLWHV�ZHUH�VXUYH\HG��
�

��� %DFNJURXQG�

�
:LOG�JLQJHU�LV�UHJDUGHG�DV�D�VHULRXV�ZHHG�LQ�1HZ�=HDODQG�DQG�D�PDMRU�WKUHDW�WR�QDWLYH�IRUHVWV�
�&UDZ� ������ 9HUYRRUW� ������� 7KHUH� DUH� �� VSHFLHV� RI� ZLOG� JLQJHU� LQ� 1HZ� =HDODQG�� NDKLOL�
JLQJHU��+HG\FKLXP�JDUGQHULDQXP��DQG�\HOORZ�JLQJHU��+HG\FKLXP�IODYHVFHQV���7KH���VSHFLHV�
DUH�VLPLODU��ZLWK�PDVVLYH�EUDQFKLQJ�VXUIDFH�UKL]RPHV�DQG�DHULDO�VWHPV�XS�WR���P�WDOO��/HDYHV�
RI�\HOORZ�JLQJHU�DUH�JHQHUDOO\�QDUURZHU�WKDQ�WKRVH�RI�NDKLOL�JLQJHU�DQG�LWV�IORZHUV�DUH�OLJKW�
FUHDP�LQ�FRORXU�ZKLOVW�NDKLOL�JLQJHU�IORZHUV�DUH�OHPRQ�\HOORZ�ZLWK�UHG�VWDPHQV��(QYLURQPHQW�
%D\�RI�3OHQW\��(%23����������
�
:LOG�JLQJHU�FDQ�IRUP�GHQVH�FRORQLHV�LQ�QDWLYH�IRUHVWV��ZLWK�EHGV�RI�UKL]RPHV�IRUPLQJ�D�GHQVH�
OD\HU� XS� WR� D� PHWUH� WKLFN� VPRWKHULQJ� \RXQJ� QDWLYH� SODQWV� DQG� SUHYHQWLQJ� QDWLYH� VHHGOLQJ�
HVWDEOLVKPHQW��1HZ�SODQWV�PD\�GHYHORS� IURP� UKL]RPH�SRUWLRQV� WKDW� KDYH�EHFRPH�GHWDFKHG�
IURP� WKH� SDUHQW� SODQW�� DQG� D�PDMRU� VRXUFH� RI� VSUHDG� LV� E\� SHRSOH� LOOHJDOO\� GXPSLQJ� JLQJHU�
UKL]RPHV�RQ� URDGVLGHV�RU� LQ� WKH�EXVK��.DKLOL�JLQJHU� LV�DOVR� VSUHDG�E\�ELUGV�VXFK�DV� WXL�DQG�
EODFNELUGV�� ZKLFK� GLVSHUVH� VHHGV�� <HOORZ� JLQJHU� GRHV� QRW� SURGXFH� VHHGV� LQ� 1HZ� =HDODQG��
:LOG�JLQJHU�SUHIHUV�RSHQ��OLJKW�ILOOHG�HQYLURQPHQWV�WKDW�DUH�ZDUP�DQG�PRLVW��EXW�ZLOO�UHDGLO\�
JURZ� LQ� SDUWLDO� RU� IXOO� VKDGH� EHQHDWK� WKH� IRUHVW� FDQRS\�� 0D[LPXP� JURZWK� RFFXUV� GXULQJ�
VSULQJ�DQG�VXPPHU�DQG�WKH�SODQW�EHFRPHV�VHPL�GRUPDQW�GXULQJ�ZLQWHU��$XFNODQG�5HJLRQDO�
&RXQFLO��$5&���������
�
.DKLOL�JLQJHU�LV�QDWLYH�WR�,QGLD��JURZLQJ�RQ�WKH�ORZHU�VORSHV�RI�WKH�+LPDOD\DV��ZKLOH�\HOORZ�
JLQJHU�RULJLQDWHV�LQ�(DVWHUQ�,QGLD�DQG�0DGDJDVFDU��(%23��������:LOG�JLQJHU�ZDV�LQWURGXFHG�
WR�1HZ�=HDODQG� DERXW� ���� \HDUV� DJR� �%\UQH� ������ DQG� RFFXUV�PDLQO\� LQ� WKH�1RUWK� ,VODQG�
ZLWK� VRPH� FRDVWDO� SDWFKHV� FHQWUHG� DURXQG� KXPDQ� VHWWOHPHQWV� LQ� WKH� 6RXWK� ,VODQG�� ,W� KDV�
VSUHDG�ZLGHO\�VLQFH�WKH�HDUO\�����V��2I�WKH���VSHFLHV��NDKLOL�JLQJHU�KDV�WKH�ZLGHVW�GLVWULEXWLRQ�
LQ�1HZ�=HDODQG�DQG�LV�RI�SULPDU\�FRQFHUQ��.DKLOL�JLQJHU�KDV�EHHQ�LQWURGXFHG�WKURXJKRXW�WKH�
WURSLFV� DQG� LV� QRZ� LQYDVLYH� LQ� PDQ\� IRUHVW� HFRV\VWHPV� �$QGHUVRQ� DQG� *DUGQHU� �������
LQFOXGLQJ� IRUHVWV� LQ� WKH� )HGHUDWHG� 6WDWHV� RI� 0LFURQHVLD�� &RRN� ,VODQGV�� )UHQFK� 3RO\QHVLD��
+DZDL¶L��1HZ�=HDODQG��/D�5HXQLRQ��6RXWK�$IULFD�DQG�-DPDLFD��,QYDVLYH�6SHFLHV�6SHFLDOLVW�
*URXS� �,66*�� ������� ,W� LV� UHJDUGHG� DV� D�ZHHG� LQ�%UD]LO� �5��%DUUHWR�� )HGHUDO�8QLYHUVLW\� RI�
9LFRVD��%UD]LO��SHUV��FRPP�����
�
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&KHPLFDO� DQG� PHFKDQLFDO� FRQWURO� RI� ZLOG� JLQJHU� LV� ODERXU� LQWHQVLYH�� H[SHQVLYH�� WLPH�
FRQVXPLQJ�� DQG� RIWHQ� LQHIIHFWLYH�� 7KHVH� IDFWRUV� FRPELQH� WR� PDNH� HUDGLFDWLRQ� XQOLNHO\��
%LRORJLFDO�FRQWURO�� LI�DW� OHDVW�SDUWO\�VXFFHVVIXO��RIIHUV�VRPH�DGYDQWDJHV�RYHU�FXUUHQW�FRQWURO�
PHWKRGV��8VH�RI�KRVW�VSHFLILF�ELRORJLFDO�FRQWURO�DJHQWV�ZRXOG�UHGXFH�WKH�HIIHFWV�RI�FKHPLFDO�
KHUELFLGHV�RQ�WKH�HQYLURQPHQW��DQG��XQOLNH�FXUUHQW�FRQWURO�PHWKRGV��ELRORJLFDO�FRQWURO�DJHQWV�
DFW� FRQWLQXRXVO\� DQG� DUH� VHOI�GLVSHUVLQJ�� 6HYHUDO� SRWHQWLDOO\� KRVW�VSHFLILF� SDWKRJHQV� KDYH�
EHHQ�GRFXPHQWHG�IURP�+HG\FKLXP�VSHFLHV��+DUULV�HW�DO��������DQG�D�WKRURXJK�VXUYH\�RI�WKH�
QDWLYH� UDQJH� ZRXOG� ILQG� PDQ\� PRUH� SRWHQWLDO� ELRORJLFDO� FRQWURO� DJHQWV�� 6XFK� D� VXUYH\� LV�
SODQQHG�WR�EH�FDUULHG�RXW� LQ������E\�&$%,�ZLWK� IXQGLQJ�IURP�DJHQFLHV� LQ�+DZDL¶L�DQG� WKH�
1DWLRQDO�%LRFRQWURO�&ROOHFWLYH�LQ�1HZ�=HDODQG��
�
+DUULV�HW�DO���������UHFRPPHQGHG�PRQLWRULQJ�WKH�SURJUHVV�RI�D�WULDO�RI�D�VRLOERUQH�EDFWHULXP�
3VHXGRPRQDV� VRODQDFHDUXP� �QRZ� FDOOHG� 5DOVWRQLD� VRODQDFHDUXP��� D� SRWHQWLDO� ELRFRQWURO�
DJHQW� EHLQJ� WHVWHG� LQ� DQ� LQXQGDWLYH� ELRORJLFDO� FRQWURO� SURJUDPPH� DJDLQVW� LQYDVLYH� NDKLOL�
JLQJHU� LQ� WKH� 9ROFDQRHV� 1DWLRQDO� 3DUN�� +DZDL¶L� �$QGHUVRQ� DQG� *DUGQHU� ������� 7KLV�
EDFWHULXP� LV� D� VRLO�ERUQH� SODQW� SDWKRJHQ� ZKLFK� KDG� EHHQ� LVRODWHG� IURP� WKUHH� RUQDPHQWDO�
JLQJHU� VSHFLHV�� NDKLOL�� \HOORZ�� DQG� ZKLWH� JLQJHU� �+HG\FKLXP� FRURQDULXP��� LQ� +DZDL¶L�� ,W�
FDXVHG�D�VLJQLILFDQW�EDFWHULDO�ZLOW�GLVHDVH�RQ�DOO� WKUHH�KRVWV��6\PSWRPV�LQFOXGHG�\HOORZLQJ��
ZLOWLQJ�� DQG� QHFURVLV� RI� SODQW� VKRRWV� DQG� URWWLQJ� RI� WKH� SHUHQQLDO� UKL]RPHV�� ERWK� RI�ZKLFK�
UHVXOWHG�LQ�SODQW�GHDWK��KHQFH�LWV�ELRFRQWURO�SRWHQWLDO��7KH�GLVHDVH�LV�VSUHDG�QDWXUDOO\�YLD�VRLO�
ZDWHU�DQG�URRW�WR�URRW�WUDQVPLVVLRQ��DQG�DUWLILFLDOO\�WKURXJK�ZRXQGV�DQG�DJULFXOWXUDO�SUDFWLFHV�
�H�J���LQIHFWHG�QXUVHU\�FXWWLQJV��LUULJDWLRQ��VRLO�FXOWLYDWLRQ��FRQWDPLQDWHG�HTXLSPHQW����
�
�'HVSLWH� JRRG� SURJUHVV� LPSOHPHQWLQJ�5�� VRODQDFHDUXP� DV� DQ� LQXQGDWLYH� ELRFRQWURO� DJHQW��
FXUUHQW� UHVHDUFK�DFWLYLW\� LQ� WKH�+DZDLLDQ�SURJUDPPH��RSHUDWHG�E\�5RE�$QGHUVRQ�DW�8QLWHG�
6WDWHV�*HRORJLFDO�6XUYH\��86*6��+DZDL¶L��KDV�FHDVHG�LQGHILQLWHO\��&RQVHTXHQWO\��WKHUH�DUH�
VHYHUDO� FULWLFDO�NQRZOHGJH�JDSV� UHOHYDQW� IRU� WKH�1HZ�=HDODQG�FRQWH[W��7KHVH�JDSV�PXVW�EH�
ILOOHG�WR�KHOS�GHWHUPLQH�LI�5��VRODQDFHDUXP�LV�D�VXLWDEOH�DJHQW�WR�UHOHDVH�DJDLQVW�NDKLOL�JLQJHU�
LQ�1HZ�=HDODQG��)XUWKHU�LQIRUPDWLRQ�UHTXLUHG�LQFOXGHV��
•� 'HWHUPLQLQJ�KRZ�ZHOO�WKLV�EDFWHULXP�ZRXOG�JURZ��VSUHDG��DQG�LQIHFW�NDKLOL�JLQJHU�LQ�WKH�

1HZ� =HDODQG� FOLPDWH�� LQ� SDUWLFXODU�� ZKHWKHU� WKLV� VWUDLQ� LV� VWLOO� SDWKRJHQLF� DW� ORZ� VRLO�
WHPSHUDWXUHV��1HZ�=HDODQG¶V�PHDQ�DQQXDO�DYHUDJH�VRLO�WHPSHUDWXUH�LV�OHVV�WKDQ���R&���

•� 'HWHUPLQLQJ� WKH� SDWKRJHQLFLW\� RI� WKH�+DZDLLDQ� VWUDLQ� DJDLQVW�1HZ�=HDODQG� IRUP�V�� RI�
ZLOG�JLQJHU��

•� 8QGHUWDNLQJ�WKH�JHQHWLF�FKDUDFWHULVDWLRQ�DQG�LGHQWLILFDWLRQ�RI�WKH�+DZDLLDQ�VWUDLQ�XVHG�E\�
5RE� $QGHUVRQ�� 6R� IDU�� LW� KDV� RQO\� EHHQ� LGHQWLILHG� XVLQJ� WUDGLWLRQDO� KRVW� UDQJH� DQG�
SKHQRW\SLQJ�PHWKRGV��

•� 'HWHUPLQLQJ� WKH�KRVW� VSHFLILFLW\� DQG�KRVW� UDQJH� VWDELOLW\� RI� WKLV� VWUDLQ� DJDLQVW� WKH�1HZ�
=HDODQG�QRQ�WDUJHW�WHVW�OLVW���

�
7KLV� LQIRUPDWLRQ�ZLOO� EH� UHTXLUHG� EHIRUH� WKLV� EDFWHULXP� FRXOG� EH� SULRULWLVHG� IRU� UHOHDVH� LQ�
1HZ�=HDODQG���5HIHU�WR�$SSHQGL[���IRU�DGGLWLRQDO�LQIRUPDWLRQ�RQ�WKLV�EDFWHULXP���
�
7KLV� UHSRUW� GHVFULEHV� WKH� UHVXOWV� RI� D� VXUYH\� RI� WKH� IXQJL�� EDFWHULD�� DQG� LQYHUWHEUDWHV�
DVVRFLDWHG�ZLWK�ZLOG�JLQJHU�LQ�1HZ�=HDODQG��7KH�PDLQ�DLPV�RI�WKH�VXUYH\�ZHUH�WR�GHWHUPLQH�
ZKHWKHU�DQ\�VSHFLDOLVW�ZLOG�JLQJHU�IXQJL��EDFWHULD��RU�LQYHUWHEUDWHV�DUH�DOUHDG\�SUHVHQW�LQ�1HZ�
=HDODQG�� WR� GHWHUPLQH� ZKHWKHU� DQ\� JHQHUDOLVW� SDWKRJHQV� RU� LQYHUWHEUDWH� KHUELYRUHV� DUH�
DGYHUVHO\� DIIHFWLQJ�ZLOG� JLQJHU� LQ�1HZ�=HDODQG�� DQG� WR� UHFRUG� WKH� LQYHUWHEUDWH� SDUDVLWRLGV�
DQG�SUHGDWRUV�DVVRFLDWHG�ZLWK�WKH�KHUELYRURXV�LQYHUWHEUDWHV�RQ�ZLOG�JLQJHU��
�
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��� 2EMHFWLYH�

�
7R�VXUYH\�WKH�IXQJL��EDFWHULD��DQG�LQYHUWHEUDWH�IDXQD�DVVRFLDWHG�ZLWK�ZLOG�JLQJHU��+HG\FKLXP�
JDUGQHULDQXP�DQG�+HG\FKLXP�IODYHVFHQV��=LQJLEHUDFHDH���LQ�1HZ�=HDODQG��DQG�LGHQWLI\�WKH�
KHUELYRUHV��DQG�WKHLU�DVVRFLDWHG�SUHGDWRUV�DQG�SDUDVLWRLGV��DQG�IXQJDO�DQG�EDFWHULDO�SDWKRJHQV�
DWWDFNLQJ�ZLOG�JLQJHU��
�

��� 0HWKRGV�

�
���� ,QYHUWHEUDWHV�
:H� VXUYH\HG� WKH� LQYHUWHEUDWH� IDXQD� RI�ZLOG� JLQJHU��+HG\FKLXP� IODYHVFHQV� �\HOORZ� JLQJHU��
DQG�+HG\FKLXP�JDUGQHULDQXP��NDKLOL�JLQJHU���DW����1HZ�=HDODQG�VLWHV��UDQJLQJ�IURP�.DHR�LQ�
WKH� QRUWK� WR�*UH\PRXWK� LQ� WKH� VRXWK�� EHWZHHQ�1RYHPEHU� ����� DQG�0D\� ����� �)LJ�� �� DQG�
)LJ������7KLUW\�NDKLOL�JLQJHU�VLWHV��)LJ�����DQG�IRXU�\HOORZ�JLQJHU�VLWHV��)LJ�����ZHUH�VXUYH\HG��
$W� HDFK� VLWH�� ��� FROOHFWLRQ� ORFDWLRQV�ZHUH� VHOHFWHG��$�FROOHFWLQJ� WUD\�� ��� FP�[����FP��ZDV�
SODFHG�XQGHU�VXLWDEOH�SDUWV�RI�VHOHFWHG�SODQWV��DQG�WKH�IROLDJH�DERYH�WKH�WUD\�ZDV�KLW�ILYH�WLPHV�
ZLWK�D�VROLG�VWLFN��0RVW�LQYHUWHEUDWHV�WKDW�IHOO�RQWR�WKH�WUD\�ZHUH�FROOHFWHG�ZLWK�DQ�DVSLUDWRU�
DQG�SUHVHUYHG�LQ�����DOFRKRO��&DWHUSLOODUV��/HSLGRSWHUD��ZHUH�FROOHFWHG�OLYH�DQG�SODFHG�ZLWK�
ZLOG�JLQJHU�IROLDJH�LQ�YHQWLODWHG�FRQWDLQHUV�WR�EH�UHDUHG�WR�WKH�DGXOW�VWDJH�IRU�LGHQWLILFDWLRQ�RU�
WR�LGHQWLI\�SDUDVLWRLGV�HPHUJLQJ�IURP�WKH�ODUYDH���
�
:H�PDGH�D�UDSLG�YLVXDO�LQVSHFWLRQ��JHQHUDOO\�OHVV�WKDQ���PLQXWH�IRU�HDFK�RI�WKH����FROOHFWLRQ�
ORFDWLRQV�DW�HDFK�VLWH��RI�IROLDJH��JURZLQJ�SRLQWV��DQG�VWHPV�IRU�VLJQV�RI�LQYHUWHEUDWHV�VXFK�DV�
JDOO�IRUPHUV��OHDI�PLQHUV��VWHP�ERUHUV��DQG�VFDOH�LQVHFWV��:H�GXJ�XS�WKH�WXEHURXV�URRW�V\VWHP�
RI���ZLOG�JLQJHU�SODQWV� WR� ORRN� IRU�VLJQV�RI� LQYHUWHEUDWHV�RU� WKHLU�GDPDJH��$W�HDFK�VLWH��ZH�
HVWLPDWHG�E\�H\H�WKH�DPRXQW�RI�KHUELYRUH�UHODWHG�IROLDJH�GDPDJH�DQG�QRWHG�WKH�OLNHO\�FDXVH�
RI�WKH�GDPDJH��H�J���DGXOW�EHHWOHV��OHDIUROOHU�FDWHUSLOODUV���
�
:KHUH� IHDVLEOH� LQYHUWHEUDWHV�ZHUH� LGHQWLILHG� WR� VSHFLHV� RU� JHQXV� OHYHO��:KHQ� WKLV�ZDV� QRW�
IHDVLEOH�WKH\�ZHUH�SODFHG�LQWR�JURXSV�RI�UHODWHG�VSHFLHV��H�J���$UDQHLGD��VSLGHUV���7KH\�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� DQG�ZHUH� FODVVHG� DV� UDUH�� RFFDVLRQDO��
FRPPRQ��RU�DEXQGDQW�DFFRUGLQJ�WR�WKH�GHILQLWLRQV�EHORZ���
�
UDUH��� � IHZHU�WKDQ���LQGLYLGXDOV�FROOHFWHG�
RFFDVLRQDO��� �±���LQGLYLGXDOV�FROOHFWHG��RU�SUHVHQW�DW�IHZHU�WKDQ�ILYH�VLWHV�
FRPPRQ�� ����LQGLYLGXDOV�FROOHFWHG�DQG�SUHVHQW�DW�ILYH�RU�PRUH�VLWHV�
DEXQGDQW��� �����LQGLYLGXDOV�FROOHFWHG�DQG�SUHVHQW�DW����RU�PRUH�VLWHV�
�
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)LJ������+HG\FKLXP�JDUGQHULDQXP�VLWHV�VDPSOHG�IRU�IXQJL��EDFWHULD��DQG�LQYHUWHEUDWHV��
�����±�����
�
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)LJ������+HG\FKLXP�IODYHVFHQV�VLWHV�VDPSOHG�IRU�IXQJL��EDFWHULD��DQG�LQYHUWHEUDWHV������±�����
�
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���� )XQJL�
)XQJL�DVVRFLDWHG�ZLWK�ZLOG�JLQJHU�ZHUH�VXUYH\HG�DW�WKH�VDPH����VLWHV��)LJ����DQG�)LJ�����IURP�
ZKLFK� LQYHUWHEUDWHV� ZHUH� FROOHFWHG�� $W� HDFK� VLWH�� SODQWV� DW� HDFK� RI� WKH� ��� LQYHUWHEUDWH�
FROOHFWLRQ�SRLQWV�ZHUH�LQVSHFWHG�FORVHO\�IRU�VLJQV�RI�SDWKRJHQ�GDPDJH�DQG�RWKHU�ZLOG�JLQJHU�
SODQWV�LQ�WKH�DUHD�ZHUH�H[DPLQHG�PRUH�VXSHUILFLDOO\�IRU�REYLRXV�GLVHDVH�V\PSWRPV��'LVHDVHG�
OHDYHV��OHDI�SHWLROHV��VWHPV��IORZHUV��IORZHU�SHWLROHV��EHUULHV��RU�UKL]RPHV�URRWV�ZHUH�SODFHG�LQ�
SDSHU� EDJV� DQG� NHSW� FRRO� LQ� WUDQVLW� EHIRUH� SURFHVVLQJ�� &ROOHFWHG� PDWHULDO� ZDV� H[DPLQHG�
ZLWKLQ���GD\V�RI�FROOHFWLRQ��
�
,Q�WKH�ODERUDWRU\��GLVHDVH�V\PSWRPV�ZHUH�UHFRUGHG�DQG�SKRWRJUDSKHG��6PDOO�SLHFHV�RI�WLVVXH�
�F����î���PP��ZHUH�FXW�IURP�WKH�HGJH�RI�GLVHDVHG�DUHDV�DQG�VXUIDFH�VWHULOLVHG�E\�LPPHUVLRQ�LQ�
���K\SRFKORULWH� IRU���PLQXWH� IROORZHG�E\� ULQVLQJ� LQ���EHDNHUV�RI� VWHULOH�ZDWHU��7KH� WLVVXH�
IUDJPHQWV�ZHUH�EORWWHG�GU\�ZLWK�VWHULOH�ILOWHU�SDSHU�DQG�SODFHG�RQ�SRWDWR�GH[WURVH�DJDU��'LIFR�
/DEV��'HWURLW��0,��86$��ZLWK�������VWUHSWRP\FLQ��6LJPD��6W�/RXLV��0,��86$���LQ���FP�3HWUL�
GLVKHV��3ODWHV�ZHUH�LQFXEDWHG�XQGHU�QHDU�XOWUDYLROHW�DQG�ZKLWH�OLJKW�����K�SKRWRSHULRG��DW����
�� �°&� �GD\�� DQG� ��� �� �°&� �QLJKW��� � $Q� DGGLWLRQDO� VXEVDPSOH� RI� H[FLVHG� IUDJPHQWV� RI�
V\PSWRPDWLF� WLVVXHV�� QRW� VXUIDFH� VWHULOLVHG��ZDV� SODFHG� RQ�PRLVW� EORWWLQJ� SDSHU� LQ� D� KXPLG�
FKDPEHU� IRU��±��GD\V� WKHQ�QHFURWLF� DUHDV�ZHUH� VHDUFKHG�XQGHU�D�GLVVHFWLQJ�PLFURVFRSH� IRU�
IXQJDO�UHSURGXFWLYH�VWUXFWXUHV��
�
)XQJDO�FRORQLHV�JURZLQJ�RXW�RI�WKH�WLVVXH�IUDJPHQWV�DQG�VSRUHV�SURGXFHG�ZHUH�LGHQWLILHG�WR�
JHQXV�RU�VSHFLHV�OHYHO�XVLQJ�WD[RQRPLF�OLWHUDWXUH��PRUSKRORJLFDO�DQG�FXOWXUDO�FKDUDFWHUV��DQG�
PROHFXODU�VHTXHQFLQJ�RI�IXQJDO�'1$��:KLWH�HW�DO���������
�

6XUYH\�RI�EDFWHULD�RQ�JLQJHU�LQ�1HZ�=HDODQG�
%DFWHULD� DVVRFLDWHG�ZLWK� GLVHDVH� V\PSWRPV� RQ� JLQJHU�ZHUH� DVVHVVHG� XVLQJ� D� VXEVDPSOH� RI�
SODQW�PDWHULDOV� FROOHFWHG� IURP� VHYHQ� VXUYH\HG� VLWHV� ��� NDKLOL� JLQJHU�� �� \HOORZ�JLQJHU��� �$V�
ZHOO�DV�VXUYH\LQJ�IRU�DQ\�SDWKRJHQLF�SODQW�EDFWHULD�RQ�JLQJHU��ZH�ZLVKHG�WR�GHWHUPLQH�LI�5��
VRODQDFHDUXP�� WKH� EDFWHULXP� VXFFHVVIXOO\� XVHG� IRU� LQXQGDWLYH� ELRORJLFDO� FRQWURO� RI� NDKLOL�
JLQJHU� LQ�+DZDL¶L��ZDV� DOUHDG\�SUHVHQW� RQ�JLQJHU� LQ�1HZ�=HDODQG�� �6\PSWRPDWLF� UKL]RPH��
URRW�� DQG� VKRRW� VDPSOHV� WKDW� UHVHPEOHG� WKH�GHVFULEHG� V\PSWRPV�RI�5�� LQIHFWLRQ� LQ�+DZDL¶L�
�L�H��XQKHDOWK\�DSSHDULQJ�SDWFKHV�RI�JLQJHU�ZKHUH�WKHUH�LV�JHQHUDO�GLHEDFN��ZLOW�RU�\HOORZLQJ�
RI� WKH� VKRRWV�� DQG�RU� VPDOO� ZDWHU�VRDNHG� OHDI� OHVLRQV� �5RE� $QGHUVRQ� ����� XQSXEO�� GDWD���
ZHUH� SURFHVVHG� WR� LVRODWH� EDFWHULD�� XVLQJ� VWDQGDUG� PLFURELRORJLFDO� SODWLQJ� PHWKRGV� �-DQVH�
�������
�
6PDOO�LQWHUQDO�VHFWLRQV�����PP��RI�V\PSWRPDWLF�WLVVXHV�ZHUH�H[FLVHG�DW�WKH�OHDGLQJ�HGJH�RI�
QHFURVHV��SODFHG�LQWR�D�GURS�RI�VWHULOH�ZDWHU��FUXVKHG�ZLWK�D�VWHULOH�VFDOSHO�XQWLO�WKH�WLVVXHV�DQG�
ZDWHU�ZHUH�ZHOO�PL[HG��DQG�OHIW�IRU�DW�OHDVW���PLQXWHV�WR�DOORZ�WKH�EDFWHULD�WR�GLIIXVH�LQWR�WKH�
ZDWHU�� � $� ORRSIXO� RI� WKH� PL[WXUH� ZDV� WKHQ� VWUHDNHG� RQWR� D� JHQHUDO� LVRODWLRQ� PHGLXP� IRU�
EDFWHULD� >.LQJ¶V� %�� 6LJPD@� DQG� D� VHPL�VHOHFWLYH�GLDJQRVWLF� PHGLXP� IRU� 5�� VRODQDFHDUXP�
>.HOPDQ¶V�PHGLXP��.HOPDQ������@���3ODWHV�ZHUH�LQFXEDWHG�DW���R&�IRU�XS�WR��������DQG����
KRXUV��
�

,GHQWLILFDWLRQ�RI�+DZDLLDQ�LVRODWHV�
7R�FRQILUP�WKH�JHQHWLF�LGHQWLW\�RI�WKH�5��VRODQDFHDUXP�VWUDLQ�XVHG�LQ�WKH�ELRORJLFDO�FRQWURO�
SURJUDPPH� DJDLQVW� NDKLOL� JLQJHU� LQ� +DZDL¶L�� �� LVRODWHV� VWRUHG� E\� 5RE� $QGHUVRQ� ZHUH�
LPSRUWHG� LQWR� /DQGFDUH� 5HVHDUFK¶V� ,&03� 4XDUDQWLQH� ODERUDWRULHV� LQ� $XFNODQG�� 7KLV�
EDFWHULXP� KDG� EHHQ� FKDUDFWHULVHG� SKHQRW\SLFDOO\� XVLQJ� ELRFKHPLFDO� DQG� PRUSKRORJLFDO�
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PHWKRGV� �$QGHUVRQ� 	� *DUGQHU� ������ ,VKL� 	� $UDJDNL� ������� KRZHYHU�� VLQFH� LWV� RULJLQDO�
LVRODWLRQ� DQG� GHVFULSWLRQ� LQ� WKH� ����V�� WKHVH� WUDGLWLRQDO�PHWKRGV� KDYH� EHHQ� VXSHUVHGHG� E\�
YDULRXV�PROHFXODU�PHWKRGV�ZKLFK�XVH�EDFWHULDO�'1$�WR�JHQRW\SH�DQG�LGHQWLI\�EDFWHULD��<X�HW�
DO��������6RXODQRXEDW�HW�DO���������2XU�JHQHWLF�LGHQWLILFDWLRQ�RI�WKH�LVRODWHV�XVHG�VWDQGDUGLVHG�
PROHFXODU�WHFKQLTXHV��-DQVH����������
�
5��VRODQDFHDUXP�KDV�EHHQ�GLYLGHG�LQWR�ILYH�UDFHV�EDVHG�RQ�YLUXOHQFH�DQG�KRVW�UDQJH��DQG�VL[�
ELRYDUV�EDVHG�RQ�WKHLU�ELRFKHPLFDO�SURSHUWLHV��+D\ZDUG�HW�DO���������3UHYLRXV�VWXGLHV�RQ�WKH�
PROHFXODU� GLYHUVLW\� RI�5�� VRODQDFHDUXP� LQ�+DZDL¶L� JHQHWLFDOO\� GLIIHUHQWLDWHG�SDWKRJHQLF�5��
VRODQDFHDUXP�VWUDLQV� IURP�HGLEOH�JLQJHU� �=LQJLEHU�RIILFLDQDOH�� IURP�RWKHU�SDWKRJHQLF� UDFHV�
�<X� HW� DO�� ������� 7KHUHIRUH�� JHQRW\SLQJ� WKH� NDKLOL� JLQJHU� VWUDLQ� RI�5�� VRODQDFHDUXP�PLJKW�
KHOS�GHWHUPLQH�LI�WKLV�VWUDLQ�LV�WD[RQRPLFDOO\�GLVWLQFW�ZLWKLQ�UDFH���RI�5��VRODQDFHDUXP��:KLOH�
EHWWHU�LQIRUPDWLRQ�DERXW�WKH�SK\ORJHQ\��UHODWHGQHVV��RI�WKH�JLQJHU�ELRFRQWURO�VWUDLQ�FRPSDUHG�
WR� WKH� VWUDLQV� ZKLFK� DWWDFN� QRQ�WDUJHW� FURSV� PD\� DOVR� DLG� WKH� DVVHVVPHQW� RI� LWV� VDIHW\� IRU�
UHOHDVH�LQWR�WKH�1HZ�=HDODQG�HQYLURQPHQW��
�

3DWKRJHQLFLW\�RI�1HZ�=HDODQG�DQG�+DZDLLDQ�LVRODWHV�
,Q� YLWUR� DVVD\V� ZHUH� XQGHUWDNHQ� LQ� WKH� TXDUDQWLQH� FRQWDLQPHQW� ODERUDWRU\� WR� DVVHVV� WKH�
SDWKRJHQLFLW\� RI� EDFWHULD� LVRODWHG� IURP� SODQW�PDWHULDOV� LQ�1HZ�=HDODQG�� +DZDLLDQ� LVRODWHV�
ZHUH� DOVR� LQFOXGHG� LQ� WKLV� DVVD\� WR� FRPSOHWH� WKH� LGHQWLILFDWLRQ� RI� WKLV� H[RWLF� VWUDLQ� �L�H�� WR�
FRQILUP� WKHVH� LVRODWHV� ZHUH� WKH� VDPH� SDWKRJHQLF� IRUPV� RULJLQDOO\� GHVFULEHG� IURP� JLQJHU����
6XUIDFH� VWHULOLVHG� VHFWLRQV�RI� UKL]RPH�ZHUH� H[FLVHG� IURP�ERWK� HGLEOH�DQG�NDKLOL� JLQJHU� DQG�
SODFHG�RQ�PRLVW�ILOWHU�SDSHU�LQVLGH�D�SHWUL�GLVK�RU�SODVWLF�VHDOHG�FRQWDLQHU��7KUHH�1HZ�=HDODQG�
LVRODWHV�DQG���+DZDLLDQ� LVRODWHV�ZHUH�FXOWXUHG�RQ�.HOPDQ¶V�PHGLXP� IRU����KRXUV�DW���R&��
WKHQ� LQRFXODWHG� RQWR� WKH� FOHDQ�� FXW� VXUIDFH� RI� WKH� H[FLVHG� UKL]RPH� WLVVXH� XVLQJ� D� VWHULOH�
VFDOSHO���,QRFXODWHG�SODQW�VHFWLRQV�ZHUH�WKHQ�SODFHG�LQVLGH�WHPSHUDWXUH�FRQWUROOHG�LQFXEDWRUV�
DQG�LQFXEDWHG�LQ�GDUNQHVV�DW���WHPSHUDWXUHV����������������������R&��� �(DFK�LQRFXODWLRQ�DQG�
WHPSHUDWXUH�WUHDWPHQW�ZDV�UHSOLFDWHG�WKUHH�WLPHV���'LVHDVH�V\PSWRPV�ZHUH�DVVHVVHG�DIWHU�������
��� DQG����GD\V¶� LQFXEDWLRQ��$V� D�SRVLWLYH�JURZWK�FRQWURO�� HDFK� LVRODWH�ZDV� LQRFXODWHG�RQWR�
.LQJ¶V�%�DJDU�SODWHV�DQG�LQFXEDWHG�DW�HDFK�WHPSHUDWXUH��
�
�

��� 5HVXOWV�

�
���� ,QYHUWHEUDWHV�
$� IXOO� OLVW� RI� LQYHUWHEUDWHV� DVVRFLDWHG� ZLWK� ZLOG� JLQJHU�� +HG\FKLXP� JDUGQHULDQXP� DQG�
+HG\FKLXP�IODYHVFHQV��GXULQJ�WKLV�VXUYH\�LV�SUHVHQWHG�LQ�$SSHQGL[����1RQH�DUH�VSHFLDOLVWV�RQ�
ZLOG�JLQJHU��
�

+HUELYRUHV�
$�WRWDO�RI����KHUELYRURXV�LQYHUWHEUDWH�VSHFLHV�ZDV�UHFRUGHG�IURP�WKH���VSHFLHV�RI�ZLOG�JLQJHU�
GXULQJ� WKLV� VXUYH\��$� IXUWKHU� ��� JURXSV� RI� WD[RQRPLFDOO\� UHODWHG� KHUELYRURXV� VSHFLHV�ZHUH�
UHFRUGHG��ZKHUH�LGHQWLILFDWLRQ�WR�VSHFLHV�OHYHO�ZDV�QRW�IHDVLEOH����
�
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,QYHUWHEUDWHV�ZHUH�FROOHFWHG�IURP����NDKLOL�JLQJHU�VLWHV�DQG���\HOORZ�JLQJHU�VLWHV��VR�LW�ZDV�
RQO\� SRVVLEOH� WR� FDOFXODWH� IUHTXHQF\� FDWHJRULHV� �DV� GHVFULEHG� LQ� WKH� 0HWKRGV� VHFWLRQ�� IRU�
NDKLOL�JLQJHU��
�
)RU�NDKLOL�JLQJHU�RQO\�RQH�KHUELYRURXV�VSHFLHV�� WKH�SDVVLRQYLQH�KRSSHU�6FRO\SRSD�DXVWUDOLV�
�+HPLSWHUD�� 5LFDQLLGDH�� ZDV� FODVVHG� DV� µDEXQGDQW¶�� $� IXUWKHU� �� KHUELYRURXV� VSHFLHV� RU�
WD[RQRPLF� JURXSLQJV�ZHUH� FODVVHG� DV� µFRPPRQ¶�� ���ZHUH� µRFFDVLRQDO¶�� DQG� ���ZHUH� µUDUH¶�
�$SSHQGL[�����7DEOH���OLVWV�WKH�DEXQGDQW��FRPPRQ��DQG�RFFDVLRQDO�KHUELYRURXV�LQYHUWHEUDWHV�
FROOHFWHG�IURP�NDKLOL�JLQJHU��
�
7ZHQW\�WZR�KHUELYRURXV�VSHFLHV�RU�WD[RQRPLF�JURXSLQJV�ZHUH�UHFRUGHG�IURP�\HOORZ�JLQJHU�
DW�WKH�IRXU�VXUYH\�VLWHV��6L[�RI�WKHVH�VSHFLHV�ZHUH�QRW�UHFRUGHG�IURP�NDKLOL�JLQJHU��7DEOH����
$SSHQGL[�����
�
)ROLDJH�IHHGHUV��)ROLDJH�GDPDJH�DWWULEXWDEOH�WR�LQYHUWHEUDWH�KHUELYRU\�ZDV�PLQLPDO��/HDYHV�
WKDW�ZHUH�PRUH�WKDQ����FRQVXPHG�ZHUH�UDUH��DQG�WKH�RYHUDOO�DPRXQW�RI�IROLDJH�FRQVXPHG�RU�
GDPDJHG�E\�KHUELYRUHV�ZDV�HVWLPDWHG�WR�EH�OHVV�WKDQ������
�
7KH� ODUYDH� RI� D� UDQJH� RI� PRWK� VSHFLHV�� HVSHFLDOO\� 7RUWULFLGDH� �OHDIUROOHUV�� DQG� WR� D� OHVVHU�
H[WHQW� 1RFWXLGDH�� RFFDVLRQDOO\� FDXVHG� REYLRXV� GDPDJH� WR� OHDYHV�� /HDIUROOHU� ODUYDH� ZHUH�
VRPHWLPHV� IRXQG� VWLOO� LQVLGH� µUROOHG¶� OHDYHV� RQ� WKH� SODQW�� EXW� PRUH� FRPPRQO\� WKH\� ZHUH�
FROOHFWHG�IURP�WKH�EHDWLQJ� WUD\�DIWHU�EHLQJ�GLVORGJHG��6HYHUDO�PRWK� ODUYDH�GLHG�ZKLOH�EHLQJ�
UHDUHG� WR� WKH� DGXOW� VWDJH�� SDUDVLWRLGV� HPHUJHG� IURP� VRPH� RI� WKHVH� �$SSHQGL[� ���� 9HU\�
GLVWLQFWLYH� IROLDJH� GDPDJH� �)LJ�� ��� FRQVLVWLQJ� RI� QHDW� URZV� RI� KROHV� DFURVV� D� OHDI� ZDV�
RFFDVLRQDOO\� REVHUYHG�� ,W� LV� WKRXJKW� WKDW� WKHVH� KROHV� IRUP� ZKHQ� D� KHUELYRUH� �SRVVLEO\� D�
FDWHUSLOODU��FKHZV�WKURXJK�VHYHUDO�OD\HUV�RI�D�WLJKWO\�UROOHG�QHZ�OHDI��
�

��
)LJ������:LOG�JLQJHU�OHDI�VKRZLQJ�URZV�RI�KROHV�WKRXJKW�WR�EH�FDXVHG�E\�GDPDJH�ZKLOH�WLJKWO\�
UROOHG��
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)ROLDJH�RFFDVLRQDOO\� VKRZHG� W\SLFDO� VOXJ�RU� VQDLO� GDPDJH� DQG� VOLPH� WUDLOV�ZHUH� VRPHWLPHV�
YLVLEOH���
�
)ROLDJH�IHHGLQJ� WKULSV�� EDQDQD� VLOYHULQJ� WKULSV� �+HUFLQRWKULSV� ELFLQFWXV��� DQG� JUHHQKRXVH�
WKULSV��+HOLRWKULSV�KDHPRUUKRLGDOLV��ZHUH�FROOHFWHG�IURP���VLWHV��DW�VRPH�RI�ZKLFK�WKH\�ZHUH�
QXPHURXV��SURGXFLQJ�GLVWLQFWLYH�VLOYHU\�FRORXUHG�SDWFKHV�RQ�WKH�IROLDJH���
�
7KLUW\�WKUHH�VSHFLHV�RU�UHODWHG�JURXSV�RI�KHUELYRURXV�DGXOW�EHHWOHV�ZHUH�FROOHFWHG�GXULQJ�WKH�
VXUYH\�EXW�IROLDJH�GDPDJH�DWWULEXWHG�WR�EHHWOHV�ZDV�PLQLPDO��0DQ\�RI�WKHVH�VSHFLHV�PLJKW�QRW�
KDYH�IHG�RQ�ZLOG�JLQJHU�EXW�XVHG�WKH�IROLDJH�DV�VKHOWHU��)RU�H[DPSOH��WKUHH�ZHHG�ELRFRQWURO�
DJHQWV��$JDVLFOHV�K\JURSKLOD� �DOOLJDWRU�ZHHG�EHHWOH���/HPD�F\DQHOOD� �&DOLIRUQLDQ�WKLVWOH� OHDI�
EHHWOH���DQG�/RQJLWDUVXV�MDFREDHDH��UDJZRUW�IOHD�EHHWOH��ZHUH�IRXQG�GXULQJ�WKH�VXUYH\�DQG�LW�
LV�KLJKO\�XQOLNHO\�WKDW�DQ\�RI�WKHVH�ZRXOG�HDW�ZLOG�JLQJHU���
�
)ORZHU� IHHGHUV��'DPDJH�DWWULEXWDEOH� WR� LQYHUWHEUDWHV�ZDV� UDUH�RQ�JLQJHU� IORZHUV��+RZHYHU��
7KULSV�REVFXUDWXV��1HZ�=HDODQG�IORZHU�WKULSV���ZDV�FRPPRQO\�IRXQG�GXULQJ�WKH�VXUYH\�DQG�
WKH\�DUH�FDXVH�FRQVLGHUDEOH�GDPDJH� WR� IORZHUV�RI�D�ZLGH� UDQJH�RI�SODQW� VSHFLHV� �0RXQG�	�
:DONHU��������0RWK�ODUYDH�DQG�)RUILFXOD�DXULFXODULD��(XURSHDQ�HDUZLJV���PD\�DOVR�FRQVXPH�
ZLOG�JLQJHU�IORZHUV��KWWS���ZZZ�H[WHQWR�KDZDLL�HGX�.EDVH�����&URS�7\SH�FKHOLVRF�KWP���
�
6DS�IHHGHUV��6FRO\SRSD�DXVWUDOLV��SDVVLRQYLQH�KRSSHU��ZDV�WKH�RQO\�VDS�IHHGLQJ�LQYHUWHEUDWH�
FODVVHG�DV� µDEXQGDQW¶��$�IXUWKHU����VSHFLHV�RU�JURXSV�RI�VDS�IHHGHUV�ZHUH�IRXQG�GXULQJ� WKH�
VXUYH\��$SSHQGL[�����'DPDJH�FDXVHG�E\�VDS�IHHGHUV��HLWKHU�GLUHFWO\�E\�UHPRYLQJ�QXWULHQWV�RU�
LQGLUHFWO\�E\�SXQFWXULQJ�WKH�SODQW�DQG�SRVVLEO\�DOORZLQJ�HQWU\�RI�SDWKRJHQV��LV�YHU\�GLIILFXOW�
WR�TXDQWLI\��
�
/HDI�PLQHUV��1R�OHDI�PLQLQJ�LQYHUWHEUDWHV�ZHUH�IRXQG�RQ�ZLOG�JLQJHU�GXULQJ�WKLV�VXUYH\��
�
6WHP�ERUHUV��1R�VWHP�ERULQJ�LQYHUWHEUDWHV�ZHUH�IRXQG�RQ�ZLOG�JLQJHU�GXULQJ�WKLV�VXUYH\���
�
5RRW�WXEHU� IHHGHUV�� 6HYHUDO� LQYHUWHEUDWH� JURXSV� �H�J��� DPSKLSRGV�� VODWHUV�� FROOHPEROD�� DQWV��
DQG�PROOXVFV��ZHUH�DVVRFLDWHG�ZLWK�ZLOG�JLQJHU�URRWV�DQG�WXEHUV�EXW�QRQH�ZHUH�FRQVLGHUHG�WR�
EH� FDXVLQJ� QRWLFHDEOH� GDPDJH� WR� OLYLQJ� WLVVXHV�� 0RVW� ZHUH� SUREDEO\� XVLQJ� WKH� WXEHUV� IRU�
VKHOWHU��
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7DEOH� �� � +HUELYRURXV� LQYHUWHEUDWHV� FROOHFWHG� IURP� ZLOG� JLQJHU� DW� ��� 1HZ� =HDODQG� VLWHV�
GXULQJ�����±������
�
1RWH�� )RU� NDKLOL� JLQJHU�� RQO\� ³DEXQGDQW´�� ³FRPPRQ´�� DQG� ³RFFDVLRQDO´� VSHFLHV� DUH� OLVWHG�
KHUH��H[FHSW�ZKHUH�WKH�VSHFLHV�ZDV�DOVR�IRXQG�RQ�\HOORZ�JLQJHU��$OO�VSHFLHV��LQFOXGLQJ�WKRVH�
FODVVHG�DV�³UDUH´��DUH�OLVWHG�LQ�$SSHQGL[����
�
7D[RQ� &RPPRQ�1DPH� )HHGLQJ�6LWH� +��JDUGQHULDQXP�

$EXQGDQFH�FODVV�
�1XPEHU�RI�
LQGLYLGXDOV��

+��IODYHVFHQV�
1XPEHU�RI�
LQGLYLGXDOV�

3K\OXP�0ROOXVFD� 0ROOXVFV� � � �
&ODVV�*DVWURSRGD� VOXJV�DQG�VQDLOV� � � �
��&DQWDUHXV�DVSHUVXV�
��0�OOHU�

EURZQ�JDUGHQ�VQDLO� IROLDJH� FRPPRQ�
�����

��
��XQLGHQWLILHG�PROOXVFV� � IROLDJH� FRPPRQ�

�����
��

3K\OXP�$UWKURSRGD� � � � �
&ODVV�,QVHFWD� ,QVHFWV� � � �
&ROHRSWHUD� EHHWOHV� � � �
&HUDPE\FLGDH� ORQJKRUQ�EHHWOHV� � � �
��3VLORFQDHLD�VS�� � DGXOWV��IROLDJH� UDUH�

����
��

��;\ORWROHV�VS�� � DGXOWV��IROLDJH� RFFDVLRQDO�
�����

��
&XUFXOLRQLGDH� ZHHYLOV� � � �
��+\OXUJXV�OLJQLSHUGD�
���)DEULFLXV��

� IROLDJH� QLO� ��
��0LFURFU\SWRUK\QFKXV�VS��
�

� IROLDJH� QLO� ��
��3HULVWRUHXV�VS�� � IROLDJH� RFFDVLRQDO�

����
�

��6FRORSWHUXV�SHQLFLOODWXV�
��:KLWH�

IRXU�VSLQHG�ZHHYLO� IROLDJH� RFFDVLRQDO�
����

�
��6HULFRWURJXV�
��VXEDHQHVFHQV�:ROODVWRQ�

� IROLDJH� QLO� ��
��6WHSKDQRUK\QFKXV�
��FXUYLSHV�:KLWH�

� IROLDJH� RFFDVLRQDO�
�����

�
� � � � �
(ODWHULGDH� FOLFN�EHHWOHV� � � �
��&RQRGHUXV�H[VXO��6KDUS�� SDVWXUH�ZLUHZRUP� DGXOWV��

IROLDJH�IORZHUV�
RFFDVLRQDO�
�����

�
��&RQRGHUXV�VS��
�

� DGXOWV��
IROLDJH�IORZHUV�

UDUH�
����

��
� � � � �
'HUPDSWHUD� HDUZLJV� � � �
��)RUILFXOD�DXULFXODULD�
��/LQQDHXV�

(XURSHDQ�HDUZLJ� OHDYHV�IORZHUV�IUXLW��
LQVHFWV�

RFFDVLRQDO�
�����

���
� � � � �
+HPLSWHUD� EXJV� � � �
$FDQWKRVRPDWLGDH� � � � �
��5KRSDOLPRUSKD�VS�� � VDS�IHHGHU� RFFDVLRQDO�

����
�

� � � � �
$SKLGLGDH� DSKLGV� � � �
��XQLGHQWLILHG�$SKLGLGDH� � VDS�IHHGHU� RFFDVLRQDO�

�����
�
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7D[RQ� &RPPRQ�1DPH� )HHGLQJ�6LWH� +��JDUGQHULDQXP�
$EXQGDQFH�FODVV�
�1XPEHU�RI�
LQGLYLGXDOV��

+��IODYHVFHQV�
1XPEHU�RI�
LQGLYLGXDOV�

� � � � �
$SKURSKRULGDH� VSLWWOH�EXJV� � � �
��&DU\VWRWHUSD�VS��
�

� VDS�IHHGHU� RFFDVLRQDO�
����

�
��3KLODHQXV�VSXPDULXV��
���/LQQDHXV��

PHDGRZ�VSLWWOH�EXJ� VDS�IHHGHU� RFFDVLRQDO�
����

��
� � � � �
&LFDGHOOLGDH� OHDIKRSSHUV� � � �
��XQLGHQWLILHG�&LFDGHOOLGDH� � VDS�IHHGHU� RFFDVLRQDO�

�����
�

� � � � �
&L[LLGDH� � � � �
��.RURDQD�VS�� � VDS�IHHGHU� RFFDVLRQDO�

�����
�

� � � � �
'HOSKDFLGDH� � � � �
��XQLGHQWLILHG�'HOSKDFLGDH� � VDS�IHHGHU� RFFDVLRQDO�

�����
�

� � � � �
)ODWLGDH� SODQWKRSSHUV� � � �
��6LSKDQWD�DFXWD��:DONHU�� JUHHQ�SODQWKRSSHU� VDS�IHHGHU� FRPPRQ�

������
���

��6LSKDQWD�DFXWD��:DONHU��
���HJJ�EDWFK��

JUHHQ�SODQWKRSSHU�
HJJV�

� UDUH�
����

��
� � � � �
/\JDHLGDH� VHHG�EXJV� � � �
��5K\SRGHV�VS�� � VDS�IHHGHU� RFFDVLRQDO�

����
�

� � � � �
0HPEUDFLGDH� � � � �
��$FDQWKXFXV�WULVSLQLIHU�
���)DLUPDLUH��

� VDS�IHHGHU� QLO� ��
� � � � �
0LULGDH� PLULG�EXJV� � � �
��6LGQLD�NLQEHUJL��6WnO�� $XVWUDOLDQ� FURS�

PLULG�
VDS�IHHGHU� QLO�

�
��

��XQLGHQWLILHG�0LULGDH� � VDS�IHHGHU� FRPPRQ�
�����

�
� � � � �
3HQWDWRPLGDH� VKLHOG�EXJV� � � �
��&XVSLFRQD�VLPSOH[��
��:DONHU�

JUHHQ�SRWDWR�EXJ� VDS�IHHGHU� RFFDVLRQDO�
����

�
��*ODXFLDV�DP\RWL��'DOODV�� 1HZ� =HDODQG�

YHJHWDEOH�EXJ�
VDS�IHHGHU� UDUH�

����
��

��1H]DUD�YLULGXOD��
���/LQQDHXV��

JUHHQ� YHJHWDEOH�
EXJ�

VDS�IHHGHU� FRPPRQ�
�����

��
��XQLGHQWLILHG�3HQWDWRPLGDH� � VDS�IHHGHU� RFFDVLRQDO�

����
��

� � � � �
5K\SDURFKURPLGDH� � � � �
��6WL]RFHSKDOXV�EUHYLURVWULV�
��(\OHV�

� VHHG�VDS�IHHGHU� QLO� ��
� � � � �
5LFDQLLGDH� SODQWKRSSHUV� � � �
��6FRO\SRSD�DXVWUDOLV�� SDVVLRQYLQH�KRSSHU� VDS�IHHGHU� DEXQGDQW� ���
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7D[RQ� &RPPRQ�1DPH� )HHGLQJ�6LWH� +��JDUGQHULDQXP�
$EXQGDQFH�FODVV�
�1XPEHU�RI�
LQGLYLGXDOV��

+��IODYHVFHQV�
1XPEHU�RI�
LQGLYLGXDOV�

���:DONHU�� �������
��XQLGHQWLILHG�+HPLSWHUD�
���Q\PSKV��

� � RFFDVLRQDO�
�����

�
� � � � �
/HSLGRSWHUD� PRWKV�DQG�EXWWHUIOLHV� � �
�FROOHFWHG�DV�ODUYDH�DQG�UHDUHG�WR�DGXOW�IRU��LGHQWLILFDWLRQ�� � �
7RUWULFLGDH� OHDI�UROOHUV� � � �
��&WHQRSVHXVWLV�REOLTXDQD�
���:DONHU��RU�&��KHUDQD�
���)HOGHU�DQG�5RJHQKRIHU��
�

���
�
�

IROLDJH� RFFDVLRQDO�
����

�

��XQLGHQWLILHG�7RUWULFLGDH� � IROLDJH� RFFDVLRQDO�
�����

��
� � � � �
2UWKRSWHUD� FULFNHWV��JUDVVKRSSHUV��ZHWD� � �
$QRVWRVWRPDWLGDH� � � � �
��+HPLGHLQD�WKRUDFLFD�
��:KLWH�

$XFNODQG�WUHH�ZHWD� IROLDJH� UDUH�
����

��
� � � � �
7HWWLJRQLLGDH� ORQJ�KRUQHG�JUDVVKRSSHUV� � �
��&DHGLFLD�VLPSOH[��
���:DONHU��

NDW\GLG� � RFFDVLRQDO�
����

�
� � � � �
7K\VDQRSWHUD� WKULSV� � � �
6XE�2UGHU�7HUHEUDQWLD� � � � �
7KULSLGDH� � � � �
��+HOLRWKULSV��
��KDHPRUUKRLGDOLV��%RXFKH����

JUHHQKRXVH�WKULSV� IROLDJH� RFFDVLRQDO�
�����

�
��+HUFLQRWKULSV�ELFLQFWXV�
���%DJQDOO��

EDQDQD� VLOYHULQJ�
WKULSV�

IROLDJH� FRPPRQ�
������

�
��7KULSV�REVFXUDWXV�
���&UDZIRUG��

1HZ� =HDODQG�
IORZHU�WKULSV�

IORZHUV� FRPPRQ�
������

��
�
�

3UHGDWRUV�DQG�SDUDVLWRLGV�
3UHGDWRU\�DQG�SDUDVLWLF�VSHFLHV�WKDW�PD\�LQKLELW�LQWURGXFHG�ELRORJLFDO�FRQWURO�DJHQWV�IRU�ZLOG�
JLQJHU�DUH�UHFRUGHG�LQ�$SSHQGL[����
�
���� )XQJL�
$W� DOO� VXUYH\HG� VLWHV�� DOO� SODQWV� RI� ERWK� JLQJHU� VSHFLHV� VDPSOHG� KDG� RQO\� ORZ� WR�PRGHUDWH�
OHYHOV�RI�GLVHDVH��,Q�WKH�ILHOG��V\PSWRPV�ZHUH�XVXDOO\�VSRUDGLF�DQG�FRPSULVHG�VXSHUILFLDO�OHDI�
QHFURVLV� �)LJ�� ��� WKDW� FDXVHG� PLQRU� RU� LQVLJQLILFDQW� GDPDJH� WR� WKH� ZHHG�� 0RVW� UKL]RPH�
PDWHULDOV� FROOHFWHG�ZHUH� DV\PSWRPDWLF� DSDUW� IURP�RFFDVLRQDO� QHFURWLF� URWV�ZKLFK�ZHUH� QRW�
FRQVLGHUHG� WR� EH� V\VWHPLF� �)LJ�� ���� 7ZHQW\�IRXU� IXQJDO� VSHFLHV�ZHUH� LGHQWLILHG� IURP� WKHVH�
PLOG� WR� PRGHUDWH� QHFURVHV�� 7KUHH� RI� WKHVH� IXQJL� ZHUH� LGHQWLILHG� GLUHFWO\� DQG� VROHO\� IURP�
V\PSWRPDWLF�SODQW�WLVVXHV�ZLWK�WKH�UHPDLQGHU�EHLQJ�LVRODWHG�IURP�WLVVXHV�LQWR�SXUH�FXOWXUH��
�
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��
)LJ������0RVW�FRPPRQO\�REVHUYHG�V\PSWRPV�RI�OHDI�GDPDJH�REVHUYHG�RQ�ZLOG�JLQJHU��,QLWLDO�
OHDI�VSRW�OHVLRQV��VKRZQ�RQ�WKH�OHIW��SURJUHVVHG�WR�WKH�ODUJHU��µVWUHDNHG¶�OHDI�OHVLRQV�VKRZQ�RQ�
WKH�ULJKW��
�

�
�
)LJ������5KL]RPH�URW�VDPSOHG�IURP�ZLOG�JLQJHU�
�
)URP� ���� SODQW� WLVVXH� VDPSOHV� SODWHG�� ZH� REWDLQHG� ���� IXQJDO� LVRODWHV� �7DEOH� ���� )XQJDO�
FRORQLVDWLRQ��>WRWDO�QXPEHU�RI�IXQJDO� LVRODWHV�QXPEHU�RI� WLVVXH�IUDJPHQWV@�î�������DYHUDJHG�
DFURVV� DOO� WLVVXH� W\SHV� �OHDI� IORZHU�� UKL]RPH��� ZDV� ���� DV� PDQ\� WLVVXHV� KDG� QR� FXOWXUDO�
LVRODWHV� SUHVHQW��0HDQ� IXQJDO� FRORQLVDWLRQ� IRU� ZLOG� JLQJHU� IHOO� LQ� WKH�PLGGOH� RI� WKH� UDQJH�
UHFRUGHG� LQ� SUHYLRXV� /DQGFDUH� 5HVHDUFK� IXQJDO� ZHHG� VXUYH\V�� $� IXUWKHU� QLQH� IXQJL� ZHUH�
LGHQWLILHG� IURP� WKH� DGGLWLRQDO� ��� WLVVXH� IUDJPHQWV� LQFXEDWHG� LQ� KXPLG� FKDPEHUV�� EXW�PRVW�
ZHUH� VDSURSK\WLF� VSHFLHV�� +RZHYHU�� D� VSHFLHV� RI�0\FRVSKDHUHOOD� DQG� D� &HUFRVSRUD�OLNH�
IXQJXV�ZHUH�REVHUYHG�GLUHFWO\� VSRUXODWLQJ�RQ� WKH� VXUIDFH�RI� V\PSWRPDWLF� OHDI� WLVVXHV��%RWK�
VSHFLHV�PD\�KDYH�EHHQ�SULPDU\�OHDI�SDWKRJHQV��KRZHYHU��KXPLG�FKDPEHU�VDPSOHV�ZHUH�RIWHQ�
RYHUJURZQ�ZLWK�WKH�VDSURSK\WLF�DQG�VHFRQGDU\�FRORQLVDWLRQ�RI�%RWU\WLV�DQG�$OWHUQDULD��
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7DEOH� �� �5HODWLYH� DEXQGDQFH� RI� IXQJL� FROOHFWHG� IURP�NDKLOL� DQG� \HOORZ� JLQJHU� DW� ���1HZ�
=HDODQG�VLWHV�GXULQJ�����±�������6LWHV �QXPEHU�RI�VLWHV�ZKHUH�HDFK�IXQJXV�SUHVHQW��,VRODWHV�
 �QXPEHU�RI�LVRODWHV��/ �UHFRUGHG�IURP�OHDI�VWHP�WLVVXH��) �UHFRUGHG�IURP�IORZHU�IUXLW�WLVVXH��
5� �UHFRUGHG�IURP�UKL]RPH�URRW�WLVVXH���
� �QRW�LVRODWHG���
�

.DKLOL�JLQJHU� <HOORZ�JLQJHU��
6SHFLHV��

�
6LWHV��

�
,VRODWHV� /� )� 5� /� )� 5�

$VFRP\FHWH�IXQJL�� � � � � � � � �
0\FRVSKDHUHOOD�VS
� �
� �
� �� �� �� �� �� ��
&RHORP\FHWH�IXQJL�� � � � � � � � �
&HUFRVSRUD��3VHXGRFHUFRVSRUD�OLNH
� �
� �
� �� �� �� �� �� ��
� � � � � � � � �
&ROOHWRWULFKXP�DFXWDWXP� �� �� �� �� �� �� �� ��
&ROOHWRWULFKXP�ERQLQHQVH� �� �� �� �� �� �� �� ��
&ROOHWRWULFKXP�JORHRVSRULRLGHV� �� ��� ��� �� �� �� �� ��
&RQLRWK\ULXP�VS�� �� �� �� �� �� �� �� ��
0LFURVSKDHURSVLV�VS���
�

�� �� �� �� �� �� �� ��

3HVWDORWLRSVLV�VS�� �� �� �� �� �� �� �� ��
3KRPD�VSS�������VSS�����
3��SLQRGHOOD�
3��JORPHUDWD�
3��H[LJXD��������
�

�� ��� ���� �� �� ��� �� ��

3KRPRSVLV�VS���
�

��� ��� ��� �� �� �� �� ��

XQLGHQWLILHG�VSHFLHV�RI�&RHORP\FHWHV� ��� ��� ��� �� �� �� �� ��
+\SKRP\FHWH�IXQJL�� � � � � � � � �
$FUHPRQLXP�VWULFWXP�
�

�� �� �� � �� �� � �

$OWHUQDULD�DOWHUQDWD��
��

��� ��� ���� �� �� ��� �� ��

%RWU\WLV�FLQHUHD� �� �� ��� �� �� �� �� ��
&ODGRVSRULXP�FODGRVSRULRLGHV��
�

�� ��� ��� �� �� �� �� ��

&XUYXODULD�VS�� �
� �
� �� �� �� �� �� ��
&\OLQGURFDUSRQ�GHVWUXFWDQV� �� �� �� �� �� �� �� ��
(SLFRFFXP�SXUSXUDVFHQV�� �� ��� ��� �� �� �� �� ��
)XVDULXP�VSS��� ��� ��� ��� �� �� �� �� ��
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.DKLOL�JLQJHU� <HOORZ�JLQJHU��
6SHFLHV��

�
6LWHV��

�
,VRODWHV� /� )� 5� /� )� 5�

)��DYHQDFHXP� �� ��� �� �� �� �� �� ��
)��FXOPRUXP� �� �� �� �� �� �� �� ��
)��ODWHULWLXP� �� �� �� �� �� �� �� ��
)��R[\VSRUXP� �� �� �� �� �� �� �� ��
)��VRODQL� �� �� �� �� �� �� �� ��
)��WULFLQFWXP� �� �� �� �� �� �� �� ��
1LJURVSRUD�RU\]DH� �� �� �� �� �� �� �� ��
3DHFLORP\FHV�VS�
� �
� �
� �� �� �� �� �� ��
3HQLFLOOLXP�VSS�� �� �� ��� �� �� ��� �� ��
6WHPSK\OLXP�VS�
� �
� �
� �� �� �� �� �� ��
2WKHU�IXQJL�� � � � � � � � �
$XUHREDVLGLXP�SXOOXODQV��
�

�� �� �� �� �� �� �� ��

6WHULOH�IXQJL��0\FHOLD�VWHULOLD�� ��� ��� ��� �� �� �� �� ��
;\ODULD�VSS��DQG�RWKHU�HQGRSK\WLF�W\SHV�
�

�� �� �� �� �� �� �� ��

<HDVWV� �� �� �� �� �� �� �� ��
� � 6XE�WRWDOV�� ���� ��� ��� ��� �� ��

2YHUDOO�7RWDOV�� ��� ���� ���� ���

� �IXQJL�LGHQWLILHG�GLUHFWO\�IURP�H[FLVHG�OHDI�WLVVXHV�LQ�KXPLG�FKDPEHU��DV�WKHVH�VSHFLHV�ZHUH�QRW�LVRODWHG�LQWR�
SXUH�FXOWXUH�WKH\�DUH�QRW�LQFOXGHG�LQ�WKH�QXPEHU�RI�LVRODWHV�WDOO\���
�� �IXQJL�DOVR�REVHUYHG�VSRUXODWLQJ�RQ�GLVHDVHG�WLVVXHV�LQ�KXPLG�FKDPEHUV��
�
�
2YHU� ��� UHFRJQLVDEOH� WD[RQRPLF� XQLWV� �578V�� ZHUH� DVVRFLDWHG�ZLWK� GLVHDVH� V\PSWRPV� RQ�
JLQJHU��PRVW� EHLQJ� DVVRFLDWHG�ZLWK� WKH� OHDI� QHFURVHV��2I� WKHVH� IXQJL�� ���ZHUH� LGHQWLILHG� WR�
JHQXV�DQG�RU�VSHFLHV�OHYHO��7DEOH�����0DQ\�LVRODWHV�ZHUH�FODVVLILHG�LQWR�578V�EHORQJLQJ�WR�
WKH� VWHULOH� IXQJL� FODVV� $JRQRP\FHWHV� �0\FHOLD� VWHULOLD�� RU� XQLGHQWLILHG� S\FQLGLDO� IXQJL�
�&RHORP\FHWHV�� ZKLFK� SURYHG� GLIILFXOW� WR� LGHQWLI\� EDVHG� RQ� FXOWXUDO� DQG� PRUSKRORJLFDO�
FKDUDFWHUV�DORQH��0DQ\�RI�WKH�S\FQLGLDO�IXQJL�SURGXFHG�IUXLWLQJ�ERGLHV�� �S\FQLGLD��LQ�FXOWXUH�
EXW�GLG�QRW�GHYHORS�IXUWKHU�WR�SURGXFH�GLDJQRVWLF�VSRUHV�LQVLGH�WKHLU�S\FQLGLD��DQG�WKH�VWHULOH�
IXQJL�GR�QRW�IRUP�UHSURGXFWLYH�VSRUHV�LQ�FXOWXUH��,GHQWLILFDWLRQ�RI�WKHVH�IXQJL�ZRXOG�UHTXLUH�
IXUWKHU�FXOWXUDO� WHFKQLTXHV�WR�LQGXFH�IHUWLOH�S\FQLGLD�DQG�RU�PROHFXODU�PHWKRGV�H�J���JHQHWLF�
,76�VHTXHQFH�GDWD��%RWK�DSSURDFKHV�ZHUH�EH\RQG�WKH�UHVRXUFHV�RI�WKLV�SURMHFW��+RZHYHU��DV�
RYHUDOO� GDPDJH� WR� ERWK� JLQJHU� VSHFLHV� ZDV� LQVLJQLILFDQW�� ZH� GR� QRW� UHFRPPHQG� IXUWKHU�
WD[RQRPLF�LQYHVWLJDWLRQ�RI�VXFK�LVRODWHV�IRU�ELRFRQWURO�SXUSRVHV��
�
7KH�PRVW�IUHTXHQWO\�HQFRXQWHUHG�JURXS�RI�IXQJL�LVRODWHG�IURP�GLVHDVHG�OHDI�WLVVXHV�ZHUH�WKH�
&RHORP\FHWRXV�IXQJL�ZKLFK�ZHUH�JHQHUDOO\�DVVRFLDWHG�ZLWK�PLQRU�DQG�VXSHUILFLDO�OHDI�OHVLRQV�
FROOHFWHG�IURP�DOO����VLWHV��,Q�SXUH�FXOWXUH������&RHORP\FHWH�LVRODWHV�ZHUH�REWDLQHG��7DEOH�����
WKHVH�ZHUH�&ROOHWRWULFKXP�VSS������LVRODWHV���0LFURVSKDHURSVLV�VS�����LVRODWHV���3HVWDORWLRSVLV�
VS�����LVRODWHV���3KRPD�VSS���DW�OHDVW���VSHFLHV�����LVRODWHV���DQG�3KRPRSVLV�VS������LVRODWHV���
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DV�ZHOO�DV�D�UDQJH�RI�XQLGHQWLILHG�&RHORP\FHWRXV�LVRODWHV��������6RPH�RI�WKHVH�LVRODWHV�PD\�
UHSUHVHQW� WKH� DVH[XDO� �DQDPRUSK�� VWDJH�RI� WKH�0\FRVSKDHUHOOD� IXQJXV�REVHUYHG� VSRUXODWLQJ�
GLUHFWO\�RQ�WKH�OHDI�WLVVXHV��DV�WKHVH�OHDI�V\PSWRPV�FORVHO\�UHVHPEOH�RWKHU�0\FRVSKDHUHOOD±
&HUFRVSRUD� W\SH� OHDI� GLVHDVHV� RQ� UHODWHG� =LQJLEHUDFHDH� KRVWV� VXFK� DV� ZKLWH� JLQJHU�
�+HG\FKLXP�FRURQDULXP��� �FXOWLYDWHG�JLQJHU��=LQJLEHU�RIILFLQDOH���EDQDQD��0XVD���DQG�ELUG�
RI�SDUDGLVH��6WUHOLW]LD�UHJLQDH���)LJ������
�
�

�

���
)LJ������'LVHDVH�V\PSWRPV�RI�0\FRVSKDHUHOOD�&HUFRVSRUD�LQIHFWLRQ�RQ�EDQDQD�OHDYHV���
6RXUFH��/LEHUWR�HW�DO��������
�
�
7KHUH� DUH� PDQ\� FDVH� VWXGLHV� RI� ZKHUH� SODQW� SDWKRJHQLF� VSHFLHV� RI� &ROOHWRWULFKXP��
0LFURVSKDHURSVLV�� 3KRPD� DQG� 3KRPRSVLV� KDYH� EHHQ� VXFFHVVIXOO\� H[SORUHG� IRU� ZHHG�
ELRFRQWURO���)RU�H[DPSOH�3KRPRSVLV�DQG�0LFURVSKDHURSVLV�KDYH�EHHQ�UHFHQWO\�WULDOOHG�DJDLQVW�
WKLVWOH� VSHFLHV� �0RUDQ� ������ $VK� HW� DO�� ������� DQG� 3KRPD� DJDLQVW� *DXOWKHULD� �=KDR� 	�
6KDPRXQ�������DQG�GDQGHOLRQ��6WHZDUW�:DGH�	�%RODQG���������,QWHUQDWLRQDOO\�KRVW�VSHFLILF�
VWUDLQV� RI�&ROOHWRWULFKXP� DUH� QRZ� URXWLQHO\� XVHG� IRU�ZHHG� ELRFRQWURO� ERWK� LQ� FODVVLFDO� DQG�
LQXQGDWLYH� �P\FRKHUELFLGH�� V\VWHPV�� � +RZHYHU�� DV� RYHUDOO� GDPDJH� FDXVHG� E\� WKHVH�
&RHORP\FHWRXV� IXQJL� WR� ZLOG� JLQJHU� ZDV� LQVLJQLILFDQW�� ZH� GR� QRW� UHFRPPHQG� IXUWKHU�
WD[RQRPLF�LQYHVWLJDWLRQ�RI�VXFK�LVRODWHV�IRU�ELRFRQWURO�SXUSRVHV���
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�
7KH� UHPDLQLQJ� OHDI� LVRODWHV� ZHUH� +\SKRP\FHWRXV� VSHFLHV� VXFK� DV� $FUHPRQLXP� VWULFWXP��
%RWU\WLV�FLQHUHD��DQG�)XVDULXP��WKH\�ZHUH�HLWKHU�ZHDN�RU�VHFRQGDU\�SDWKRJHQV��7DEOH�������
�
'LVHDVH�GDPDJH�RQ�IORZHU�DQG�IUXLW� WLVVXHV�ZDV�PLQLPDO��PDLQO\�FRPSULVLQJ�GLVFRORXUDWLRQ�
DQG� EURZQLQJ�� � %HFDXVH� RQO\� VDSURSK\WLF� IXQJL�� H�J��� (SLFRFFXP� SXUSXUDVFHQV�� ZHUH�
REWDLQHG�IURP�WKH�DIIHFWHG�WLVVXHV��V\PSWRPV�SUREDEO\�UHVXOWHG�IURP�QDWXUDO�VHQHVFHQFH���7KH�
PDLQ�V\PSWRP�RQ�IUXLW�ZDV�WKH�DSSHDUDQFH�RI�LUUHJXODU�VKDSHG�WLQ\�VSHFNOHG�OHVLRQV��!�PP�
GLDPHWHU���IURP�ZKLFK�&ROOHWRWULFKXP�FI�DFXWDWXP�ZDV�LVRODWHG��
�
$OWKRXJK� WKH� UKL]RPH� DQG� URRW� WLVVXHV�ZHUH� VXUYH\HG� SULPDULO\� IRU� WKH� SUHVHQFH� RI� WKH�5���
VRODQDFHDUXP� EDFWHULXP� LQ�1HZ�=HDODQG�� VRPH�PLQRU� IXQJDO� URWV�ZHUH� REVHUYHG� �)LJ�� ����
)XQJL� DVVRFLDWHG� ZLWK� WKHVH� V\PSWRPV� ZHUH� XELTXLWRXV�� VRLOERUQH� URRW� SDWKRJHQV� OLNH�
&\OLQGURFDUSRQ�GHVWUXFWDQV�DQG�$FUHPRQLXP�VWULFWXP��DOO�RI�ZKLFK�KDYH�EURDG�KRVW�UDQJHV�
DQG�RFFXU�ZRUOGZLGH��)DUU�HW�DO���������WKHUHIRUH��WKH\�DUH�RI�QR�SRWHQWLDO�XVH�IRU�ELRFRQWURO���
$�UDQJH�RI�FRPPRQ�VRLOERUQH�)XVDULXP�VSHFLHV�ZHUH�DOVR�LGHQWLILHG�IURP�WKH�UKL]RPH�URWV��
DQG�DOWKRXJK�D�)XVDULXP�URRW�URW�GLVHDVH�KDV�GHYDVWDWHG�FXOWLYDWHG�JLQJHU��7UXMLOOR��������WKH�
V\PSWRPV� DVVRFLDWHG� ZLWK� )XVDULXP� VSS�� LQ� 1HZ� =HDODQG� ZHUH� QRW� RI� WKH� VDPH� VHULRXV�
PDJQLWXGH��������
�
7KH� PRVW� FRPPRQ� OHDI� GDPDJH� RQ� ERWK� JLQJHU� VSHFLHV� ZDV� WKDW� DVVRFLDWHG� ZLWK� D�
&RHORP\FHWH� GLVHDVH� FRPSOH[� � � D� GLVHDVH� FDXVHG� E\� PRUH� WKDQ� �� VSHFLHV� DFWLQJ�
V\QHUJLVWLFDOO\���DV�WKLV�GDPDJH�ZDV�REVHUYHG�RQ�PRVW�OHDYHV�VDPSOHG�IURP����RI�WKH����VLWHV�
VXUYH\HG��,WV�LQLWLDO�V\PSWRPV�ZHUH�FKDUDFWHULVWLF�FKORURWLF�\HOORZ�FLUFXODU�VSRWV�RU�HORQJDWHG�
IOHFNV��XVXDOO\� ORFDWHG�DW�RU�QHDU� WKH� OHDI�HGJH�� �$V� WKH� OHVLRQV�HQODUJHG�� WKH�FHQWUDO� WLVVXHV�
GULHG�RXW��WXUQLQJ�WDQ�ZLWK�D�GDUNHU�EURZQ�UHG�ULP�DQG�EULJKW�\HOORZ�FKORURWLF�KDOR��)LJ������
$V� WKH� GLVHDVH� GHYHORSHG�� WKH� OHVLRQV� HQODUJHG�� VSUHDGLQJ� IURP� WKH� OHDI� PDUJLQV� LQZDUGV�
DORQJ�WKH�OHDI�YHLQV�WRZDUGV�WKH�OHDI�PLGULE��7KLV�SDWWHUQ�RI�VSUHDG�DORQJ�WKH�OHDI�YHLQV�PDGH�
WKH�RYHUDOO�OHDI�V\PSWRPV�DSSHDU�DV�ODUJH�FKORURWLF�\HOORZ�EURZQ�VWUHDNV��)LJ������7KH�HQWLUH�
DUHD� RI� LQIHFWHG� OHDI� WLVVXH� WXUQHG� WDQ�EURZQ�� ILQDOO\� EHFRPLQJ� GLVFRORXUHG� DQG� GU\�� ZLWK�
ODUJH�\HOORZ�WUDQVLWLRQ�]RQHV�EHWZHHQ�WKH�ERUGHUV�DQG�WKH�JUHHQ�OHDI�WLVVXH��$�UHSUHVHQWDWLYH�
VSHFLPHQ�H[KLELWLQJ�WKHVH�V\PSWRPV�ZDV�GHSRVLWHG�LQ�/DQGFDUH�5HVHDUFK¶V�3''�+HUEDULXP�
FROOHFWLRQ�DW�$XFNODQG��
�
���� %DFWHULD�

1HZ�=HDODQG�VXUYH\�
6HYHUDO�KXQGUHG�LVRODWHV�ZHUH�REWDLQHG�IURP�WKH�ORZHU�VWHP��UKL]RPH��DQG�URRW�RI�ERWK�JLQJHU�
VSHFLHV��$OO� WKH�EDFWHULDO�FRORQ\�IRUPLQJ�XQLWV��&)8V�� LVRODWHG�RQWR�.LQJV�%�PHGLXP�ZHUH�
GHWHUPLQHG� WR� EH� QDWXUDOO\� RFFXUULQJ� VDSURSK\WLF� VRLOERUQH� RU� SODQW� VXUIDFH� EDFWHULD��
+RZHYHU��RQ�WKH�VHPL�VHOHFWLYH�.HOPDQ¶V�PHGLXP����LVRODWHV�DSSHDUHG�WR�EH�SKHQRW\SLFDOO\�
VLPLODU�WR�WKH�QRQ�SDWKRJHQLF�IRUPV�RI�5��WKDW�RFFXU�LQ�+DZDL¶L��)LJ������0ROHFXODU�PHWKRGV�
�'1$� VHTXHQFLQJ��ZHUH� XVHG� WR� LGHQWLI\� WKHVH� EDFWHULD�ZKLFK� LQFOXGHG� VSHFLHV� RI�(UZLQLD�
�LVRODWH� $���� VHH� )LJ�� ���� 7ZR� RI� WKHVH� LVRODWHV� �$��� DQG� $���� ZHUH� VHOHFWHG� IRU�
SDWKRJHQLFLW\� WHVWLQJ�DJDLQVW�JLQJHU�DV� WKH\�ZHUH�RULJLQDOO\� LVRODWHG� IURP�D� VHYHUH� VWHP�URW�
�)LJ������
�
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��
)LJ�����+DZDLLDQ�LVRODWHV�FXOWXUHG�RQ�.HOPDQ¶V�PHGLXP�DW���R&�
�
�

,GHQWLILFDWLRQ�RI�+DZDLLDQ�LVRODWHV�
0ROHFXODU�FKDUDFWHULVDWLRQ�RI� WKH�+DZDLLDQ�LVRODWHV�GLG�QRW�FRQILUP�DQ\�RI� WKH���LVRODWHV�DV�
EHLQJ�5DOVWRQLD� VRODQDFHDUXP��6HYHQ�ZHUH� LGHQWLILHG�DV� WKH� VDPH� VSHFLHV�RI�(QWHUREDFWHU��
�)LJ�����ZKLFK�LV�WD[RQRPLFDOO\�GLVWDQW�IURP�5DOVWRQLD�DQG�LWV�UHODWLYHV��
�
$� SUHYLRXV� VWXG\� RI� WKH� EDFWHULD� DVVRFLDWHG�ZLWK� JLQJHU� ZLOW� LQ� +DZDL¶L� UHSRUWHG� WKDW� WZR�
VSHFLHV� RI�(QWHUREDFWHU� �(�� DVEXULDH� DQG�(�� FORDFHDH�� DUH� IUHTXHQWO\� LVRODWHG� IURP� JLQJHU�
UKL]RPHV��DQG�LQ�IDFW�RYHUJURZ�5��VRODQDFHDUXP�LQ�FXOWXUH��$OYDUH]�HW�DO���������7KHUHIRUH�LW�
DOVR� OLNHO\� WKDW� WKHVH� (QWHUREDFWHU� LVRODWHV� RYHUJUHZ� 5RE� $QGHUVRQ¶V� 5�� VRODQDFHDUXP�
LVRODWHV�DW�VRPH�SRLQW�LQ�WKH�LVRODWLRQ�DQG�FXOWXULQJ�SURFHVV�LQ�+DZDL¶L�������
�
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)LJ��� � �*HQHWLF�SKHQRJUDP�RI�EDFWHULDO� LVRODWHV�REWDLQHG� IURP�JLQJHU� LQ�1HZ�=HDODQG�DQG�
+DZDL¶L�� �$�����$�� �LVRODWHV�REWDLQHG�IURP�5RE�$QGHUVRQ�LGHQWLILHG�DV�(QWHUREDFWHU��1=�
JLQJHU�LVRODWHV�$���$����$�����
�
�

3DWKRJHQLFLW\�RI�1HZ�=HDODQG�DQG�+DZDLLDQ�LVRODWHV�
1RQH�RI�WKH�EDFWHULDO�LVRODWHV��(UZLQLD�IURP�1HZ�=HDODQG��DQG�(QWHUREDFWHU�IURP�+DZDL¶L��
SURGXFHG� FRQVLVWHQW� VLJQV� RI� GLVHDVH� RQ� HLWKHU� JLQJHU� VSHFLHV�� DW� DQ\� RI� WKH� LQFXEDWHG�
WHPSHUDWXUHV��3DWKRJHQLF�VWUDLQV�ZRXOG�KDYH�SURGXFHG�OHVLRQV�DFURVV�WKH�UHSOLFDWH�UKL]RPHV�
DQG� WHPSHUDWXUH� WUHDWPHQWV�� EXW� WKLV� FKDUDFWHULVWLF� ZDV� QRW� REVHUYHG� IRU� DQ\� EDFWHULXP�� $�



�

/DQGFDUH�5HVHDUFK�

��

YHU\� IHZ� LQRFXODWHG� UKL]RPHV� GLG� VKRZ� URW� OHVLRQV� DIWHU� �� GD\V¶� LQFXEDWLRQ� �)LJ�� ���� EXW�
EHFDXVH� IXQJDO� P\FHOLXP� ZDV� SUHVHQW� E\� GD\V� �� DQG� ���� WKHVH� V\PSWRPV� ZHUH� SUREDEO\�
FDXVHG� E\� ODWHQW� VHFRQGDU\� IXQJDO� SDWKRJHQV� DOUHDG\� SUHVHQW� LQ� WKH� WLVVXHV� DW� WKH� WLPH� RI�
FROOHFWLRQ�� �&RQWURO�JURZWK�SODWHV�FRQILUPHG�DOO�EDFWHULD�ZHUH�YLDEOH��$V�SDWKRJHQLFLW\�ZDV�
QRW� FRQILUPHG� IRU� DQ\� WHVWHG� EDFWHULDO� LVRODWH�� WKH� 1HZ� =HDODQG� LVRODWHV� KROG� QR� IXWXUH�
SRWHQWLDO�IRU�ELRFRQWURO�DQG�QRU�GR�DQ\�RI�WKH�H[RWLF�(QWHUREDFWHU�LVRODWHV��
�

��

��
)LJ������3DWKRJHQLFLW\�LQ�YLWUR�DVVD\�VKRZLQJ�H[FLVHG�.DKLOL�JLQJHU�VHFWLRQV�LQRFXODWHG�ZLWK�
EDFWHULDO�LVRODWHV���
�
7RS�� QR� V\PSWRPV� DIWHU� EHLQJ� LQRFXODWHG� ZLWK� 5�� VRODQDFHDUXP�� %RWWRP�� PLQRU� URW�
V\PSWRPV� DIWHU� EHLQJ� LQRFXODWHG�ZLWK� D�1=� LVRODWH� RI�(UZLQLD� �$����� EXW� WKHVH� V\PSWRPV�
FDXVHG�E\�ODWHQW�VHFRQGDU\�IXQJDO�SDWKRJHQ��)XVDULXP�R[\VSRUXP��
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��� &RQFOXVLRQV�

�
���� ,QYHUWHEUDWHV�
$�ZLGH� UDQJH�RI�QDWLYH�DQG� LQWURGXFHG� LQYHUWHEUDWHV� LV�DVVRFLDWHG�ZLWK�ZLOG�JLQJHU� LQ�1HZ�
=HDODQG�� KRZHYHU�� ZH� IRXQG� QR� VSHFLDOLVHG�� ZLOG� JLQJHU� IHHGLQJ� LQYHUWHEUDWHV� GXULQJ� WKLV�
VXUYH\��:KLOH�IROLDJH�IHHGHUV��SDUWLFXODUO\� OHSLGRSWHUDQ� ODUYDH��PROOXVFV��DQG�WKULSV��DSSHDU�
WR� EH� WKH� PRVW� GDPDJLQJ� LQYHUWHEUDWHV� FXUUHQWO\� IHHGLQJ� RQ� ZLOG� JLQJHU� LQ� 1HZ� =HDODQG��
GDPDJH� FDXVHG� E\� LQYHUWHEUDWH� KHUELYRU\� FRXOG� QRW� EH� FRQVLGHUHG� VLJQLILFDQW�� 7KH� RYHUDOO�
DPRXQW� RI� ZLOG� JLQJHU� IROLDJH� WKDW� DSSHDUHG� WR� KDYH� EHHQ� FRQVXPHG� RU� GDPDJHG� E\�
KHUELYRURXV�LQYHUWHEUDWHV�DW�RXU�VXUYH\�VLWHV�ZDV�HVWLPDWHG�WR�EH�OHVV�WKDQ������
�
7KH� FRPELQHG� HIIHFW� RI� JHQHUDOLVW� SUHGDWRUV� VXFK� DV� VSLGHUV�� HDUZLJV�� DQWV�� DQG� SUD\LQJ�
PDQWLGV� FRXOG� LQKLELW� WKH� HIIHFWLYHQHVV� RI� VRPH� SRWHQWLDO� LQYHUWHEUDWH� ELRORJLFDO� FRQWURO�
DJHQWV� IRU� ZLOG� JLQJHU�� LQ� SDUWLFXODU�� WKH� SDUDVLWRLGV� LGHQWLILHG� GXULQJ� WKLV� VXUYH\� ZRXOG�
SUREDEO\�DIIHFW�VRPH�SRWHQWLDO�OHSLGRSWHUDQ�ELRORJLFDO�FRQWURO�DJHQWV��)RU�H[DPSOH��0HWHRUXV�
SXOFKULFRUQLV� LV� NQRZQ� WR� KDYH� DQ� H[WUHPHO\� ODUJH� KRVW�UDQJH� �DWWDFNLQJ� KRVWV� IURP� HLJKW�
OHSLGRSWHUDQ�IDPLOLHV�LQ�1HZ�=HDODQG��%HUU\�	�:DONHU���������
�
6SHFLDOLVHG�ZLOG� JLQJHU� ELRFRQWURO� DJHQWV� DUH� XQOLNHO\� WR� HQFRXQWHU� VLJQLILFDQW� FRPSHWLWLRQ�
IURP�UHVLGHQW�KHUELYRUHV�DV�QRQH�RI� WKH�KHUELYRUH�QLFKHV�RQ�ZLOG�JLQJHU�DUH�ZHOO�XWLOLVHG�LQ�
1HZ�=HDODQG��LQGHHG��VRPH��H�J���OHDI�PLQLQJ�DQG�VWHP�PLQLQJ��GR�QRW�DSSHDU�WR�EH�XWLOLVHG�
DW�DOO��7KHUHIRUH��WKHUH�LV�FRQVLGHUDEOH�VFRSH�IRU�WKH�LQWURGXFWLRQ�RI�KRVW�VSHFLILF�LQYHUWHEUDWH�
ELRFRQWURO�DJHQWV�WKDW�FRXOG�PDUNHGO\�UHGXFH�WKH�YLJRXU�RI�ZLOG�JLQJHU�LQ�1HZ�=HDODQG��
�
���� )XQJL�
9HU\� IHZ� IXQJDO� SDWKRJHQV� KDYH� EHHQ� UHSRUWHG� RQ� HLWKHU� NDKLOL� JLQJHU� RU� \HOORZ�JLQJHU� LQ�
WKHLU�LQYDVLYH�UDQJHV�ZRUOGZLGH��)DUU�HW�DO����������2XU�1HZ�=HDODQG�VXUYH\�DOVR�IRXQG�IHZ�
SULPDU\�SDWKRJHQV�RQ�ERWK�KRVWV�� DQG�QRQH�RI� WKRVH� LGHQWLILHG� LV� OLNHO\� WR� EH� D� VSHFLDOLVHG�
JLQJHU�SDWKRJHQ��7KHUHIRUH��QR�VSHFLHV�LGHQWLILHG�KDV�PXFK�ELRFRQWURO�SRWHQWLDO��SDUWLFXODUO\�
EHFDXVH�FXPXODWLYH�GDPDJH�WR�ERWK�KRVWV�ZDV�ORZ�DQG�GLG�QRW�KDOW�WKH�LQYDVLRQ�DQG�VSUHDG�RI�
HLWKHU�JLQJHU�VSHFLHV��
�
���� %DFWHULD�
7KH� EDFWHULDO� VXUYH\� GLG� QRW� GHWHFW� DQ\� LVRODWHV� RI� 5�� VRODQDFHDUXP�� QRU� DQ\� RWKHU� SODQW�
EDFWHULXP� WKDW�ZDV� D�SULPDU\�GLVHDVH� DJHQW�RI�ZLOG�JLQJHU� LQ�1HZ�=HDODQG��7KH�+DZDLLDQ�
LVRODWHV� REWDLQHG� IURP�5RE�$QGHUVRQ�ZHUH� LGHQWLILHG� DV� DQ�(QWHUREDFWHU� VSHFLHV�� SUREDEO\�
RULJLQDWLQJ� DV� FXOWXUDO� FRQWDPLQDQW� RYHUJURZLQJ� 5�� VRODQDFHDUXP� DW� VRPH� SRLQW� LQ� WKH�
LVRODWLRQ� DQG� FXOWXULQJ� SURFHVV� LQ� +DZDLL�� 1R� IXUWKHU� DVVHVVPHQW� RI� 5�� VRODQDFHDUXP¶V�
ELRFRQWURO�SRWHQWLDO�LQ�1HZ�=HDODQG�FDQ�EH�XQGHUWDNHQ�XQOHVV�IUHVK�LVRODWHV�FDQ�EH�REWDLQHG�
IURP� LQIHFWHG� JLQJHU� SODQWV� DW� WKH� LQRFXODWHG� VLWHV� LQ� +DZDL¶L�� *LYHQ� WKDW� WKH� +DZDLLDQ�
SURJUDPPH�XVLQJ�5��VRODQDFHDUXP�LV�QR�ORQJHU�DFWLYH��DQG�WKDW�WKHUH�PD\�EH�EHWWHU�SRWHQWLDO�
DJHQWV� LGHQWLILHG�GXULQJ�VXUYH\V�RI�ZLOG�JLQJHU�ZKLFK�DUH�VFKHGXOHG� WR�EH�XQGHUWDNHQ�LQ� LWV�
QDWLYH� UDQJH� LQ� FRPLQJ� \HDUV�� ZH� UHFRPPHQG� WKDW� QR� IXUWKHU� ZRUN� EH� XQGHUWDNHQ� RQ�
5��VRODQDFHDUXP�LQ�WKH�PHDQWLPH��



�

/DQGFDUH�5HVHDUFK�

��

��� 5HFRPPHQGDWLRQV�

�
,Q�OLJKW�RI�RXU�FRQFOXVLRQV�WKDW�LQYHUWHEUDWH�KHUELYRUH�GDPDJH�WR�ZLOG�JLQJHU�LQ�1HZ�=HDODQG�
LV�QRW�VHULRXV��DQG�WKDW�QR�VSHFLDOLVHG�SDWKRJHQLF�IXQJL�RU�EDFWHULD�DUH�NQRZQ�RQ�WKH�ZHHG�LQ�
1HZ�=HDODQG��ZH�UHFRPPHQG�WKDW��

�
$�FODVVLFDO�ELRORJLFDO�FRQWURO�SURJUDPPH�IRU�ZLOG�JLQJHU�VKRXOG�SURFHHG�DV�IROORZV��
�D�� 6XUYH\�KHUELYRURXV�LQYHUWHEUDWHV�DQG�SDWKRJHQV�DVVRFLDWHG�ZLWK�ZLOG�JLQJHU�LQ�LWV�QDWLYH�
UDQJH��
�E�� 3ULRULWLVH�SRWHQWLDO�ELRFRQWURO�DJHQWV�DFFRUGLQJ�WR�WKHLU�SRWHQWLDO�WR�GDPDJH�ZLOG�JLQJHU�
DQG�WKH�OLNHOLKRRG�RI�DGHTXDWH�KRVW�VSHFLILFLW\��
�F�� 8QGHUWDNH�KRVW�UDQJH�WHVWV�ZLWK�VHOHFWHG�LQYHUWHEUDWHV�DQG�SDWKRJHQV�RQ�SODQW�VSHFLHV�RI�
LPSRUWDQFH�WR�1HZ�=HDODQG��
�G�� ,QWURGXFH�KRVW�VSHFLILF�LQYHUWHEUDWHV�DQG�SDWKRJHQV�WR�1HZ�=HDODQG�DV�FODVVLFDO�
ELRFRQWURO�DJHQWV�LI�DFFHSWDEO\�VDIH�FDQGLGDWHV�FDQ�EH�LGHQWLILHG��
�

��� $FNQRZOHGJHPHQWV�

�
:H�WKDQN�WKH�IROORZLQJ�SHRSOH�IRU�KHOSLQJ�WR�LGHQWLI\�LQYHUWHEUDWHV��5RVD�+HQGHUVRQ��PLWHV��
VFDOH� LQVHFWV���5REHUW�+RDUH��/HSLGRSWHUD���6WHSKHQ�7KRUSH��&ROHRSWHUD��+\PHQRSWHUD��DQG�
+HPLSWHUD��DQG�FKHFNLQJ�WKH�VSHOOLQJ�RI�WKH�LQYHUWHEUDWH�VSHFLHV�OLVW���DQG�=KL�4LDQJ�=KDQJ�
�PLWHV����
�
:H� WKDQN� 0DXUHHQ� )OHWFKHU� DQG� -L� /L� IRU� WHFKQLFDO� DVVLVWDQFH� LQ� WKH� PLFURELRORJ\�
ODERUDWRULHV��:H�WKDQN�'U�-RKQ�<RXQJ�IRU�KLV�KHOSIXO�DGYLFH�DQG�LQSXW�WR�WKH�EDFWHULD�VXUYH\V�
DQG� IRU� LGHQWLILFDWLRQ� DQG� SK\ORJHQHWLF� DQDO\VLV� RI� WKH� EDFWHULD� IURP� 1HZ� =HDODQG� DQG�
+DZDL¶L��
�
7KDQNV� WR� UHJLRQDO�FRXQFLO�VWDII� IRU� WKHLU�KHOS� LQ� ORFDWLQJ�VLWHV��4XHQWLQ�3D\QWHU�DQG�6KDXQ�
3HQQ\FRRN�SURYLGHG�KHOSIXO�FRPPHQWV�RQ�WKH�GUDIW�UHSRUW��7KDQNV�DOVR�WR�+DPLVK�+HNH�IRU�
DVVLVWDQFH�ZLWK�LOOXVWUDWLRQV��WR�3HWH�0F*UHJRU�IRU�HGLWRULDO�DVVLVWDQFH��DQG�:HQG\�:HOOHU�IRU�
ILQDO�ZRUG�SURFHVVLQJ��
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��� 5HIHUHQFHV�

�
$OYDUH]�$��7URWWHU�.��6ZDIIRUG�0��%HUHVWHFN\�-��<X�4��0LQJ�5��+HSSHUOH\�3��=HH�)����������

&KDUDFWHULVDWLRQ�DQG�GHWHFWLRQ�RI�5DOVWRQLD�VRODQDFHDUXP�VWUDLQV�FDXVLQJ�EDFWHULDO�ZLOW�
RI�JLQJHU� LQ�+DZDLL�� �3URFHHGLQJV�RI� WKH��UG� ,QWHUQDWLRQDO�%DFWHULDO�:LOW�6\PSRVLXP�
)HEUXDU\�������:KLWH�5LYHU��6RXWK�$IULFD���SS�����

$QGHUVRQ�5&��*DUGQHU�'(�������3UHOLPLQDU\�HYDOXDWLRQ�RI�3VHXGRPRQDV�VRODQDFHDUXP�DV�D�
SRWHQWLDO� ELRORJLFDO� FRQWURO� DJHQW� IRU� WKH� DOLHQ� ZHHG� NDKLOL� JLQJHU� �+HG\FKLXP�
JDUGQHULDQXP��LQ�+DZDLLDQ�IRUHVWV���1HZVOHWWHU�RI�WKH�+DZDLLDQ�%RWDQLFDO�6RFLHW\�����
�±���

$QGHUVRQ� 5&�� *DUGQHU� '(� ������ $Q� HYDOXDWLRQ� RI� WKH� ZLOW�FDXVLQJ� EDFWHULXP� 5DOVWRQLD�
VRODQDFHDUXP� DV� D� SRWHQWLDO� ELRORJLFDO� FRQWURO� DJHQW� IRU� WKH� DOLHQ� NDKLOL� JLQJHU�
�+HG\FKLXP�JDUGQHULDQXP��LQ�+DZDLLDQ�)RUHVWV��%LRORJLFDO�&RQWURO�������±����

$VK�*-���ZLWK���FR�DXWKRUV���������3KRPRSVLV�VSS��LVRODWHG�IURP�VDIIURQ�WKLVWOH���3URFHHGLQJV�
RI� WKH� ��WK� %LHQQLDO� $XVWUDODVLDQ� 3ODQW� 3DWKRORJ\� 6RFLHW\� &RQIHUHQFH�� �����WK�
6HSWHPEHU��$GHODLGH��$XVWUDOLD��$EVWUDFW�SS�������

$XFNODQG� 5HJLRQDO� &RXQFLO� ������ 3HVWIDFWV�� :LOG� JLQJHU�� +HG\FKLXP� JDUGQHULDQXP� DQG�
+HG\FKLXP�IODYHVFHQV���$XFNODQG��$XFNODQG�5HJLRQDO�&RXQFLO��

%HUU\��-$��:DONHU��*3�������0HWHRUXV�SXOFKULFRUQLV��:HVPDHO���+\PHQRSWHUD��%UDFRQLGDH��
(XSKRULQDH���DQ�H[RWLF�SRO\SKDJRXV�SDUDVLWRLG�LQ�1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�
RI�=RRORJ\�������±����

%\UQH�-+�������7KH�LQYDVLRQ�RI�ZLOG�JLQJHU��+HG\FKLXP�JDUGQHULDQXP��LQWR�QDWLYH�IRUHVW�LQ�
WKH�:DLWDNHUH�5DQJHV��06F�7KHVLV��8QLYHUVLW\�RI�$XFNODQG������S��

&UDZ� -� ������ *LQJHU� SUREOHP� DW� FULVLV� SRLQW�� &RQVHUYDWLRQ� 6XPPHU�� ��� 1RYHPEHU�� S�� ���
'HSDUWPHQW�RI�&RQVHUYDWLRQ��

(QYLURQPHQW� %D\� RI� 3OHQW\� ������ 3ODQW� 3HVW� )DFW� 6KHHW� ���� :LOG� JLQJHU� �+HG\FKLXP�
JDUGQHULDQXP�DQG�+HG\FKLXP�IODYHVFHQV���:KDNDWDQH��(QYLURQPHQW�%D\�RI�3OHQW\��

)DUU� ')�� 5RVVPDQ� $<�� 3DOP� 0(�� 0F&UD\� (%� ������ )XQJDO� 'DWDEDVHV�� 6\VWHPDWLF�
0\FRORJ\�DQG�0LFURELRORJ\�/DERUDWRU\��$56��86'$��5HWULHYHG���2FWREHU�������IURP�
KWWS���QW�DUV�JULQ�JRY�IXQJDOGDWDEDVHV��

+DUULV�5��6WHZDUW�&��6\UHWW�3�������:LOG�JLQJHU��+HG\FKLXP�VSS����SURVSHFWV�IRU�ELRORJLFDO�
FRQWURO��8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�����S��

+D\ZDUG� $&� � ������ %LRORJ\� DQG� HSLGHPLRORJ\� RI� EDFWHULDO� ZLOW� FDXVHG� E\� 3VHXGRPRQDV�
VRODQDFHDUXP��$QQXDO�5HYLHZ�RI�3K\WRSDWKRORJ\�������±����

+D\ZDUG�$&������� �6\VWHPDWLFV�DQG�SK\ORJHQ\�RI�3VHXGRPRQDV�VRODQDFHDUXP�DQG�UHODWHG�
EDFWHULD�� � ,Q�� +D\ZDUG� $&�� +DUWPDQ� */� �HGV��� %DFWHULDO� ZLOW�� 7KH� GLVHDVH� DQG� LWV�
FDXVDWLYH� DJHQW� 3VHXGRPRQDV� VRODQDFHDUXP��:DOOLQJIRUG�� 8.�� &$%� 3XEOLVKLQJ�� 3S��
���±�����

KWWS���ZZZ�H[WHQWR�KDZDLL�HGX�.EDVH�����&URS�7\SH�FKHOLVRF�KWP�
,VKL� 0�� $UDJDNL� 0� ������ *LQJHU� ZLOW� FDXVHG� E\� 3VHXGRPRQDV� VRODQDFHDUXP� (�)�� 6PLWK���

3ODQW�GLVHDVH�5HSRUWHU��������±�����
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��

,QYDVLYH� 6SHFLHV� 6SHFLDOLVW� *URXS� ������ +HG\FKLXP� JDUGQHULDQXP� �KHUE��� 5HWULHYHG� IURP�
KWWS���ZZZ�LVVJ�RUJ�GDWDEDVH�VSHFLHV�HFRORJ\�DVS"VL ��	IU �	VWV�

-DQVH� -'� ������ 3K\WREDFWHULRORJ\�� 3ULQFLSOH� DQG� SUDFWLFH�� � &$%,� 3XEOLVKLQJ�� &$%�
,QWHUQDWLRQDO��:DOOLQJIRUG��8.��3S���±����

.HOPDQ�$��������7KH�UHODWLRQVKLS�RI�SDWKRJHQLFLW\�LQ�3VHXGRPRQDV�VRODQDFHDUXP�WR�FRORQ\�
DSSHDUDQFH�RQ�D�WHWUD]ROLXP�PHGLXP���3K\WRSDWKRORJ\��������±�����

/LEHUDWR�-5��3HWHUVRQ�5$��*DVSDURWWR�/��)HUUDUL�-7��*ULFH�.��3RUFKXQ�6&��6KLYDV�5*�������
� %ODFN� VLJDWRND� RI� EDQDQD� �0\FRVSKDHUHOOD� ILMLHQVLV� �� 3HVW� DQG� 'LVHDVHV� ,PDJH�
/LEUDU\���5HWULHYHG�����6HSWHPEHU�������IURP�KWWS���ZZZ�SDGLO�JRY�DX��

0RUDQ� 3-� ������ 3KRPRSVLV� DPDUDQWKLFROD� DQG� 0LFURVSKDHURSVLV� DPDUDQWKL� V\PSWRPV� RQ�
$PDUDQWKXV�VSS�XQGHU�6RXWK�7H[DV�FRQGLWLRQV���3ODQW�'LVHDVH���������±������

0RXQG�/$��:DONHU�$.�������7HUHEUDQWLD� �,QVHFWD��7K\VDQRSWHUD���)DXQD�RI�1HZ�=HDODQG�
1R�����:HOOLQJWRQ��'6,5��6FLHQFH�,QIRUPDWLRQ�'LYLVLRQ������S��

3HQQ\FRRN� 65� ������ 3ODQW� GLVHDVHV� UHFRUGHG� LQ� 1HZ� =HDODQG� 9ROXPH� ��� $XFNODQG�� 1HZ�
=HDODQG��'6,5�3XEOLVKLQJ�����S��

6DODQRXEDW� 0� HW� DO� �ZLWK� ��� FR�DXWKRUV�� ������ *HQRPH� VHTXHQFH� RI� WKH� SODQW� SDWKRJHQ�
5DOVWRQLD�VRODQDFHDUXP���1DWXUH���������±�����

6WHZDUW�:DGH� 60�� %RODQG� *-� � ������ 6HOHFWHG� FXOWXUDO� DQG� HQYLURQPHQWDO� SDUDPHWHUV�
LQIOXHQFH� GLVHDVH� VHYHULW\� RI� GDQGHOLRQ� FDXVHG� E\� WKH� SRWHQWLDO� ELRKHUELFLGDO� IXQJL��
3KRPD�KHUEDUXP�DQG�3KRPD�H[LJXD���%LRFRQWURO�6FLHQFH�DQG�7HFKQRORJ\�������±�������

7UXMLOOR� ((� ������ )XVDULXP� \HOORZV� DQG� URRW� URW� RI� FRPPRQ� JLQJHU�� 3K\WRSDWKRORJ\� ����
����±�������

9HUYRRUW�/�������:LOG�*LQJHU�±�*D]HWWHG�DV�D�QR[LRXV�SODQW��8QSXEOLVKHG�UHSRUW��:DLWDNHUH�
&LW\�&RXQFLO��

:KLWH�7-��%UXQV�7��/HH�6��7D\ORU�-��������,Q��,QQLV�0$��*HOIDQG�'+��6QLQVN\�--��:KLWH�7-�
HGV��3&5�3URWRFROV��D�*XLGH�WR�0HWKRGV�DQG�$SSOLFDWLRQV���/RQGRQ��$FDGHPLF�3UHVV��
3S�����±�����

<X�4��$OYDUH]�$0��0RRUH�3+��=HH�)��.LP�06��GH�6LOYD�$��+HSSHUOH\�35��0LQJ�5���������
0ROHFXODU�GLYHUVLW\�RI�5DOVWRQLD�VRODQDFHDUXP�IURP�JLQJHU�LQ�+DZDLL��3K\WRSDWKRORJ\�
��������±������

=KDR�6*��6KDPRXQ�6)��������(IIHFWV�RI�FXOWXUH�PHGLD��WHPSHUDWXUH��S+��DQG�OLJKW�RQ�JURZWK��
VSRUXODWLRQ�� JHUPLQDWLRQ�� DQG� ELRKHUELFLGDO� HIILFDF\� RI� 3KRPD� H[LJXD�� D� SRWHQWLDO�
ELRORJLFDO� FRQWURO� DJHQW� IRU� VDODO� �*DXOWKHULD� VKDOORQ��� � %LRFRQWURO� 6FLHQFH� DQG�
7HFKQRORJ\���������±�������

�
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QXPEHU�RI�IUXLWLQJ�VWHPV��VHHGOLQJ�UHFUXLWPHQW��DQG�UKL]RPH�ELRPDVV��5RE�$QGHUVRQ��������XQSXEO��
GDWD���)RU�H[DPSOH�D�����UHGXFWLRQ� LQ� IORZHULQJ� VWHPV�ZDV�REVHUYHG� LQ� LQRFXODWHG� ILHOG�SORWV� LQ�
+DZDL¶L����
�
:KLOVW�GLVHDVH�VSUHDG�WR�GDWH�KDV�EHHQ�UHODWLYHO\�VORZ��HVWLPDWHG�DW���OLQHDU�PHWHU�SHU�\HDU�WKURXJK�
XQDVVLVWHG� VRLOERUQH� WUDQVPLVVLRQ��� WKH� EDFWHULXP� KDV� EHHQ� VXFFHVVIXOO\� IRUPXODWHG� LQWR� D� PDVV�
SURGXFHG� DOJLQDWH� EDVHG� LQRFXOXP� �5RE� $QGHUVRQ�� ������ XQSXEO�� GDWD��� 7KH� UDWH� RI� LQIHFWLRQ� LV�
YDVWO\�LPSURYHG�ZKHQ�WKLV�LQRFXOXP�LV�DSSOLHG�WR�ZRXQGHG�UKL]RPHV�ZKHUH�LW�FDQ�WKHQ�V\VWHPLFDOO\�
LQIHFW� WKH�SODQWV��2QFH�DSSOLHG�� WKH� IRUPXODWHG�EDFWHULXP�FDQ�DOVR�VXUYLYH� LQ�VRLO�DQG�FRQWLQXH� WR�
VSUHDG� DQG� FDXVH� GLVHDVH� LQ� VXEVHTXHQW� VHDVRQV� �DQ� LQKHUHQW� DGYDQWDJH� RYHU� FKHPLFDO� FRQWURO�
PHWKRGV�ZKLFK�KDYH�WR�EH�DSSOLHG�HDFK�VHDVRQ���5HFHQW�REVHUYDWLRQV�RI�IDVWHU�UDWHV�RI�VSUHDG�DQG�
LQIHFWLRQ��XS�WR����P�RXWVLGH�WKH�DSSOLFDWLRQ�]RQH��KDYH�OHG�WR�VSHFXODWLRQ�WKDW�WKH�EDFWHULXP�LV�DOVR�
VSUHDG�E\�LQVHFWV�H�J���'URVRSKLOD�VSS���ELUGV��DQG�PDPPDOV��5RE�$QGHUVRQ��������XQSXEO��GDWD�����
�
$OWKRXJK�FRQYHQWLRQDO�FRQWURO�PHDVXUHV�VXFK�DV�DSSOLFDWLRQ�RI�FKHPLFDO�KHUELFLGH�FDQ�HIIHFWLYHO\�
FRQWURO� NDKLOL� JLQJHU� �H�J��� (VFRUW��PHWVXOIXURQ�PHWK\O�� FDQ� GHOLYHU� �����PRUWDOLW\� �+DUULV� HW� DO��
��������5��VRODQDFHDUXP�ZDV�EHLQJ�GHYHORSHG�DV�DQ�DOWHUQDWLYH��VHOI�SHUSHWXDWLQJ�FRQWURO� WRRO� IRU�
UHPRWH�DUHDV�ZKHUH�LPSOHPHQWLQJ�FRQYHQWLRQDO�FRQWUROV�DQQXDOO\�LV�GLIILFXOW�DQG�ZKHUH�FKHPLFDOV�
FDQQRW�EH�XVHG�EHFDXVH�WKH\�GDPDJH�QRQ�WDUJHW�QDWLYH�SODQWV��


