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1R�SDUW�RI� WKLV�ZRUN�FRYHUHG�E\�FRS\ULJKW�PD\�EH�UHSURGXFHG�RU�FRSLHG� LQ�DQ\�IRUP�RU�E\�
DQ\� PHDQV� �JUDSKLF�� HOHFWURQLF� RU� PHFKDQLFDO�� LQFOXGLQJ� SKRWRFRS\LQJ�� UHFRUGLQJ�� WDSLQJ��
LQIRUPDWLRQ�UHWULHYDO�V\VWHPV��RU�RWKHUZLVH��ZLWKRXW�WKH�ZULWWHQ�SHUPLVVLRQ�RI�WKH�SXEOLVKHU��
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�
6XPPDU\ ������������������������������������������������������������������������������������������������������������������������������������ ��
��� ,QWURGXFWLRQ����������������������������������������������������������������������������������������������������������������������� ��
��� %DFNJURXQG����������������������������������������������������������������������������������������������������������������������� ��

���� *OREDO�'LVWULEXWLRQ�������������������������������������������������������������������������������������������������� ��
���� /RQLFHUD�MDSRQLFD�LQ�1HZ�=HDODQG������������������������������������������������������������������������� ��
���� &XUUHQW�FRQWURO�PHWKRGV������������������������������������������������������������������������������������������ ��
���� $GYDQWDJHV�RI�ELRORJLFDO�FRQWURO �������������������������������������������������������������������������� ���

��� 2EMHFWLYHV ����������������������������������������������������������������������������������������������������������������������� ���
��� 0HWKRGV �������������������������������������������������������������������������������������������������������������������������� ���
��� 5HVXOWV����������������������������������������������������������������������������������������������������������������������������� ���

���� 3RWHQWLDO�FRQIOLFWV�RI�LQWHUHVW��������������������������������������������������������������������������������� ���
���� 3RWHQWLDO�DJHQWV�IRU�ELRORJLFDO�FRQWURO�RI�/RQLFHUD�MDSRQLFD�������������������������������� ���
���� 3URVSHFWV�IRU�DFKLHYLQJ�ELRORJLFDO�FRQWURO�RI�/RQLFHUD�MDSRQLFD ������������������������� ���

��� &RQFOXVLRQV�DQG�5HFRPPHQGDWLRQV ������������������������������������������������������������������������������� ���
��� $FNQRZOHGJHPHQWV��������������������������������������������������������������������������������������������������������� ���
��� 5HIHUHQFHV����������������������������������������������������������������������������������������������������������������������� ���
�
�
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6XPPDU\�

�
3URMHFW�DQG�&OLHQW�
7KH� IHDVLELOLW\� RI� ELRORJLFDO� FRQWURO� RI� -DSDQHVH� KRQH\VXFNOH�� /RQLFHUD� MDSRQLFD�� LQ� 1HZ�
=HDODQG�KDV�EHHQ�LQYHVWLJDWHG�IRU�VHYHUDO�5HJLRQDO�&RXQFLOV��
�
2EMHFWLYHV�
•� ,GHQWLI\�SRWHQWLDO�FRQIOLFWV�RI�LQWHUHVW�UHJDUGLQJ�D�ELRORJLFDO�FRQWURO�SURJUDPPH�DJDLQVW�

/��MDSRQLFD�� LQFOXGLQJ�WKH�PHPEHUV�RI�WKH�&DSULIROLDFHDH�DQG�UHODWHG�IDPLOLHV�WKDW�PD\�
EH�DIIHFWHG����

•� 6XPPDULVH�WKH�OLWHUDWXUH�DQG�FXUUHQW� LQIRUPDWLRQ�DYDLODEOH�IURP�UHVHDUFKHUV�ZRUOGZLGH�
RQ�WKH�SRWHQWLDO�IRU�ELRORJLFDO�FRQWURO�RI�/��MDSRQLFD��

•� $VVHVV� WKH� OLNHOLKRRG�RI� VXFFHVV� RI� D� ELRORJLFDO� FRQWURO� SURJUDPPH� IRU�/�� MDSRQLFD� LQ�
1HZ�=HDODQG��DQG�UHYLHZ�WKH�VWHSV�DQG�FRVWV�DVVRFLDWHG�ZLWK�VXFK�D�SURJUDPPH��

�
0HWKRGV�
•� ,QIRUPDWLRQ� IRU� WKLV� UHSRUW� ZDV� REWDLQHG� E\� VHDUFKLQJ� FRPSXWHU� GDWDEDVHV� �&$%�

DEVWUDFWV�� &XUUHQW� &RQWHQWV�� DQG� ,QWHUQHW� VLWHV�� FURVV�UHIHUHQFLQJ�� DQG� FRQWDFW� ZLWK�
DFDGHPLFV��FRQVHUYDWLRQ�ZRUNHUV��ZHHG�FRQWUROOHUV�DQG�5HJLRQDO�&RXQFLO�VWDII��

�
5HVXOWV�
•� +RVW� UDQJH� WHVWLQJ� VKRXOG� LQFOXGH�$OVHXRVPLD� �RQO\� JHQXV� LQ� WKH� $OVHXRVPLDFHDH��� D�

UDQJH� RI� QDWLYH� 5XELDFHDH� DQG� &RUQDFHDH�� DQG� SHUKDSV� QDWLYH� UHSUHVHQWDWLYHV� RI� WKH�
$UDOLDFHDH��LQ�DGGLWLRQ�WR�KRUWLFXOWXUDOO\�LPSRUWDQW�PHPEHUV�RI�WKH�&DSULIROLDFHDH����

•� 7KHUH�PD\�EH�VRPH�REMHFWLRQ�E\�KRUWLFXOWXULVWV�DQG�DSLFXOWXULVWV�WR�WKH�LQWURGXFWLRQ�RI�D�
ELRORJLFDO� FRQWURO� DJHQW� IRU�/�� MDSRQLFD�� DV� WKH� SODQW� SOD\V� D�PLQRU� UROH� LQ� ERWK� WKHVH�
LQGXVWULHV��

•� 7KHUH� DUH� ��� IXQJDO� SDWKRJHQV� RI� /�� MDSRQLFD� RYHUVHDV� WKDW� DUH� SRWHQWLDO� ELRORJLFDO�
FRQWURO�DJHQWV����

•� :KLOH� WKHUH� DUH�QR�REYLRXV� LQVHFW� FDQGLGDWHV� IRU�ELRORJLFDO� FRQWURO�� D� VXUYH\�RI� LQVHFW�
SHVWV� RI�/�� MDSRQLFD�ZLWKLQ� LWV� QDWLYH� UDQJH�ZRXOG� EH�ZRUWKZKLOH�� � &DQGLGDWHV� VKRXOG�
KDYH� WKH� DELOLW\� WR� GDPDJH� WKH� YHJHWDWLYH� PDVV� UDWKHU� WKDQ� WKH� UHSURGXFWLYH� SDUWV�� DV�
VSUHDG�ZLWKLQ�1HZ�=HDODQG�LV�PDLQO\�YHJHWDWLYH���'DPDJH�VKRXOG�EH�VLJQLILFDQW�VR�DV�WR�
RYHUFRPH�WKH�ZHHG¶V�FRPSHQVDWRU\�UHVSRQVH�WR�LQVHFW�KHUELYRU\��

•� 7KHUH� DUH� QR� RYHUVHDV� ELRORJLFDO� FRQWURO� SURJUDPPHV� IRU� /�� MDSRQLFD�� � 3HRSOH� DQG�
DJHQFLHV�LQ�WKH�8QLWHG�6WDWHV�RI�$PHULFD�DQG�VRXWK�HDVWHUQ�$XVWUDOLD�PD\�EH�LQWHUHVWHG�
LQ�FROODERUDWLRQ�ZLWK�1HZ�=HDODQG����

�
&RQFOXVLRQV�
•� /RQLFHUD�MDSRQLFD�LV�D�VXLWDEOH�FDQGLGDWH�IRU�ELRORJLFDO�FRQWURO�EHFDXVH�LW�LV�ZLGHVSUHDG���

+RZHYHU�� H[WHQVLYH� KRVW� UDQJH� WHVWLQJ� LV� UHTXLUHG� WR� HOLPLQDWH� WKH� ULVN� RI� QRQ�WDUJHW�
HIIHFWV����

•� :KLOH�ELRORJLFDO�FRQWURO�PD\�FRQWURO�/�� MDSRQLFD�� LW�ZLOO�QRW�SUHYHQW� LQYDVLRQ�RI�RWKHU�
ZHHGV�WKDW�PD\�RFFXU�ZLWK�D�UHGXFWLRQ�RI�/��MDSRQLFD����
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•� 7KH�GLUHFW� EHQHILW� RI� D� FRVWO\� ELRORJLFDO� FRQWURO� SURJUDPPH� LV�PRVWO\� UHVWULFWHG� WR� WKH�
FRQVHUYDWLRQ� RI� QDWLYH� V\VWHPV�ZLWKLQ� WKH� ORZHU� KDOI� RI� WKH�1RUWK� ,VODQG� DQG�1HOVRQ��
0DUOERURXJK�ZKHUH� LWV� LPSDFWV� DUH� SHUFHLYHG� WR� EH� JUHDWHVW�� WKRXJK� LWV� GLVWULEXWLRQ� LV�
WKURXJKRXW�1HZ�=HDODQG����

�
5HFRPPHQGDWLRQV�
•� 'HWHUPLQH� WKH� LPSDFW�RI�/�� MDSRQLFD� DQG� LWV� UHPRYDO�RQ� WKH�FRPPXQLWLHV� LW� LQYDGHV� WR�

DOORZ�D�EHWWHU�DVVHVVPHQW�RI�WKH�EHQHILWV�RI�D�ELRORJLFDO�FRQWURO�SURJUDPPH�DJDLQVW�WKLV�
ZHHG�LQ�1HZ�=HDODQG��

•� 6XUYH\� WKH� LQYHUWHEUDWH� IDXQD� DQG� SDWKRJHQV� DVVRFLDWHG� ZLWK� /�� MDSRQLFD� LQ� 1HZ�
=HDODQG��DQG�UHFRUG�DQ\�GDPDJH�WR�WKH�SODQW�UHVXOWLQJ�IURP�WKHVH�DVVRFLDWLRQV���+\HRQ�
'RQJ�6KLQ��3URIHVVRU�RI�3ODQW�3DWKRORJ\�	�0\FRORJ\�DW�.RUHD�8QLYHUVLW\��KDV�LQGLFDWHG�
KLV�DYDLODELOLW\�WR�FRPSOHWH�WKLV�WDVN�GXULQJ�D�SURSRVHG�YLVLW�WR�1HZ�=HDODQG�LQ�-DQXDU\��
)HEUXDU\�������VXEMHFW�WR�.RUHD�6FLHQFH�	�(QJLQHHULQJ�)RXQGDWLRQ��.26()��IXQGLQJ��

•� $VVHVV�WKH�SRWHQWLDO�RI�FDQGLGDWH�ELRORJLFDO�FRQWURO�DJHQWV�LGHQWLILHG�ZLWKLQ�DUHDV�RI�WKH�
QDWLYH� UDQJH� RI� /�� MDSRQLFD� WKDW� DUH� FOLPDWLFDOO\� VLPLODU� WR� FHQWUDO� DQG� QRUWKHUQ� 1HZ�
=HDODQG��

�
�
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��� ,QWURGXFWLRQ�

�
/RQLFHUD� MDSRQLFD� 7KXQE�� �&DSULIROLDFHDH�� LV� DQ� LQYDVLYH� FOLPELQJ� ZHHG� RI� QDWLYH� IRUHVW�
UHPQDQWV�DQG�VKUXEODQGV� WKURXJKRXW�PRVW�RI� WKH�1RUWK�,VODQG�DQG�QRUWKHUQ�6RXWK�,VODQG�RI�
1HZ�=HDODQG���6\QRQ\PV�LQFOXGH��/��MDSRQLFD�YDU��FKLQHQVLV��3�:��:DWV��%DNHU��/��MDSRQLFD�
YDU�� KDOOLDQD� �DIWHU�'U��*HRUJH�+DOO�� �������/��DXUHRUHWLFXODWD�7��0RRUH��1LQWRRD� MDSRQLFD�
�7KXQE��� 6ZHHW�� � 7KH� IHDVLELOLW\� RI� ELRORJLFDO� FRQWURO� RI�/�� MDSRQLFD� LQ�1HZ�=HDODQG�ZDV�
LQYHVWLJDWHG�IRU�VHYHUDO�5HJLRQDO�&RXQFLOV��
�

��� %DFNJURXQG�

�
���� *OREDO�'LVWULEXWLRQ�
�
/RQLFHUD� MDSRQLFD� LV� QDWLYH� WR� WHPSHUDWH� HDVWHUQ�$VLD� DQG� KDV� QDWXUDOLVHG� LQ�1HZ�=HDODQG�
�*XQQLQJ� ������� $XVWUDOLD�� 1RUWK�$PHULFD�� +DZDLL�� VRXWKZHVW� %ULWDLQ�� VRXWKHUQ�&KLOH� DQG�
$UJHQWLQD� �:LOOLDPV� HW� DO�� ������� VRXWKHUQ� %UD]LO� �5�� %DUUHWR�� 8QLYHUVLGDGH� )HGHUDO� GH�
9LFRVD��%UD]LO��SHUV��FRPP���DQG�SDUWV�RI�(XURSH��%D\�RI�3OHQW\�5HJLRQDO�&RXQFLO��������
�
���� /RQLFHUD�MDSRQLFD�LQ�1HZ�=HDODQG�
�
/RQLFHUD� MDSRQLFD� ZDV� DYDLODEOH� IRU� SXUFKDVH� LQ� ������ DQG� LV� DVVXPHG� WR� KDYH� EHFRPH�
QDWXUDOLVHG� LQ� $XFNODQG� EHWZHHQ� ����� DQG� ������ RU� HDUOLHU� �(VOHU� ������� � 7KH� SODQW� KDV�
VSUHDG�SULPDULO\�YLD�VWHP�IUDJPHQWV�GXPSHG�LQ�JDUGHQ�UHIXVH��'HSDUWPHQW�RI�&RQVHUYDWLRQ�
������� DQG� WR� D� OHVVHU� GHJUHH� E\� URDG� DQG� KHGJH�FXWWLQJ� PDFKLQHU\�� GHOLEHUDWH� SODQWLQJV�
�$XFNODQG�5HJLRQDO�&RXQFLO�������DQG�JUD]LQJ�PDPPDOV��:LOOLDPV�HW�DO����������6HHGV�DUH�
GLVSHUVHG�E\�EODFNELUGV��VRQJ�WKUXVKHV��VLOYHUH\HV�DQG�RWKHU�ELUGV��WKRXJK�VHHGOLQJV�DUH�UDUH�
�:LOOLDPV�HW�DO����������&RQVHTXHQWO\��WKH�UDWH�RI�VSUHDG�ZLWKLQ�1HZ�=HDODQG�KDV�EHHQ�VORZ�
UHODWLYH�WR�WKDW�RI�RWKHU�LQYDVLYH�ZHHGV�ZLWK�HIIHFWLYH�PHDQV�RI�VHHGOLQJ�UHJHQHUDWLRQ��VXFK�DV�
ROG� PDQ¶V� EHDUG� �:LOOLDPV� 	� 7LPPLQV� ������� EXW� LW� LV� QHYHUWKHOHVV� ZLGHVSUHDG� �FI��
7UDGHVFDQWLD� IOXPLQHQVLV� WKDW� LV� DOVR� UHOLDQW� RQ� YHJHWDWLYH� UHSURGXFWLRQ� DQG� ZLGHVSUHDG����
2QFH�LQWURGXFHG�WR�D�VLWH��/��MDSRQLFD�TXLFNO\�EXLOGV�XS�D�PDVV�RI�YHJHWDWLYH�PDWHULDO�XVLQJ�
KRVW�SODQWV�DQG�LWV�RZQ�VWHPV�IRU�VXSSRUW��:LOOLDPV�	�7LPPLQV��������
�
7KH�GLVWULEXWLRQ�RI�/��MDSRQLFD�ZLWKLQ�1HZ�=HDODQG�LV�UHVWULFWHG�SULQFLSDOO\�E\�LWV�UHOLDQFH�RQ�
KXPDQV�IRU�SULPDU\�GLVSHUVDO���$FWXDO�GLVWULEXWLRQ�LV�WKHUHIRUH�OHVV�WKDQ�SRWHQWLDO�GLVWULEXWLRQ�
EDVHG�RQ�KDELWDW�VXLWDELOLW\��:LOOLDPV�	�7LPPLQV���������'LVWULEXWLRQ�LV�UHVWULFWHG�WR�D�OHVVHU�
H[WHQW�E\�LWV�LQDELOLW\�WR�ZLWKVWDQG�GU\�FRQGLWLRQV��VXFK�DV�WKRVH�LQ�WKH�LQODQG�UHJLRQV�RI�WKH�
6RXWK�,VODQG��DOWKRXJK�LW�FDQ�WROHUDWH�VHDVRQDO�GURXJKW�LQ�LQODQG�+DZNH¶V�%D\��:LOOLDPV�HW�DO��
��������2WKHUZLVH��LW�LV�D�KDUG\�SODQW�WROHUDQW�RI�FROG�ZLQWHU�WHPSHUDWXUHV��LW�KDV�EHHQ�QRWHG�
DV� JURZLQJ� XQWLO� WKH� ILUVW� IURVWV��� D�ZLGH� UDQJH� RI� VRLO� VXEVWUDWHV� LQFOXGLQJ� SRRUO\� GUDLQLQJ�
VRLOV��DQG�WKRVH�KLJK�LQ�VDOW�DQG�KHDY\�PHWDOV��:LOOLDPV�HW�DO����������,WV�IDLOXUH�WR�HVWDEOLVK�LQ�
WKH�VRXWKHUQ�6RXWK�,VODQG�LV�SUREDEO\�EHFDXVH�RI�ORZ�VXPPHU�WHPSHUDWXUHV��:LOOLDPV�HW�DO��
������� �/RQLFHUD� MDSRQLFD� VSDQV� DOO� ���'HSDUWPHQW� RI� &RQVHUYDWLRQ� �'2&�� FRQVHUYDQFLHV�
DQG� LV� UHJDUGHG� DV� D� WKUHDW� WR� FRQVHUYDWLRQ� LQ� DOO� EXW� &DQWHUEXU\�� 2WDJR� DQG� 6RXWKODQG�



�

/DQGFDUH�5HVHDUFK�

�

FRQVHUYDQFLHV��)LJ�����VXUYH\�RI�'2&�VWDII����,WV�JUHDWHVW�LPSDFW�LV�SUREDEO\�LQ�WKH�ORZHU�KDOI�
RI� WKH� 1RUWK� ,VODQG� DQG� 1HOVRQ��0DUOERURXJK�� ZLWK� OHVVHU� LPSDFW� LQ� WKH� UHPDLQGHU� RI� WKH�
FRXQWU\��:LOOLDPV�HW�DO����������,W�LV�VSUHDGLQJ�LQ�1HOVRQ��'��1HZWRQ��1HO0DF��1HOVRQ��SHUV��
FRPP����*ROGHQ�%D\��'��)R[ZHOO��'2&��7DNDND��SHUV��FRPP����%D\�RI�3OHQW\��%D\�RI�3OHQW\�
5HJLRQDO�&RXQFLO� ������� DQG�ZLWKLQ� WKH�7RQJDULUR�� 7DXSR� FRQVHUYDQF\� �1�� 6LQJHUV��'2&��
7XUDQJL��SHUV��FRPP����
�
�
�

�
)LJ�� �� 'LVWULEXWLRQ� RI� /RQLFHUD� MDSRQLFD� RQ� FRQVHUYDWLRQ� ODQGV�� � 'DWD� VXSSOLHG� E\� WKH�
'HSDUWPHQW�RI�&RQVHUYDWLRQ��������
�
�
(VWLPDWHV�RI�QDWLRQDO�/��MDSRQLFD�LPSDFW��:LOOLDPV�HW�DO��������DUH�JHQHUDOO\�UHIOHFWHG�LQ�WKH�
SODQW�SHVW�VWUDWHJLHV�DGRSWHG�E\�WKH�YDULRXV�5HJLRQDO�&RXQFLOV��ZLWK�WKH�H[FHSWLRQ�RI�7DVPDQ�
�LQFOXGHV� 1HOVRQ�� DQG� 0DUOERURXJK� 'LVWULFW� &RXQFLOV�� � ,Q� +DZNH¶V� %D\� /�� MDSRQLFD� LV� D�
µ7RWDO� &RQWURO� 3ODQW� 3HVW¶� DQG� LWV� HUDGLFDWLRQ� IURP� GHVLJQDWHG� DUHDV� KDV� EHHQ� LQLWLDWHG�
�+DZNH¶V�%D\�5HJLRQDO�&RXQFLO���������,Q�%D\�RI�3OHQW\�/��MDSRQLFD�LV�D�µ+LJK�5LVN�3ODQW�
3HVW¶� DQG� LQIRUPDWLRQ� LV� EHLQJ� JDWKHUHG� IRU� XVH� LQ� FRQWURO� SURJUDPPHV� �%D\� RI� 3OHQW\�
5HJLRQDO� &RXQFLO� ������� � 7KH� :HOOLQJWRQ� 5HJLRQDO� &RXQFLO� SODQV� WR� FRQWURO� /�� MDSRQLFD�
FKHPLFDOO\� ZKHUH� LW� RFFXUV� LQ� µ.H\� 1DWLYH� (FRV\VWHPV¶� ZLWKLQ� WKH� UHJLRQ� �.�� :RUVOH\��
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:HOOLQJWRQ� 5HJLRQDO� &RXQFLO�� :HOOLQJWRQ�� SHUV�� FRPP���� � ,W� LV� OLVWHG� DV� D� µ5HJLRQDO�
6XUYHLOODQFH� 3ODQW� 3HVW¶�� µ&RPPXQLW\� ,QLWLDWLYH� 3ODQW� 3HVW¶� RU� DQ� HTXLYDOHQW� E\� 5HJLRQDO�
&RXQFLOV� LQ� 1RUWKODQG�� $XFNODQG�� :DLNDWR�� 0DQDZDWX� DQG� :DQJDQXL� �KRUL]RQV�PZ���
7DVPDQ�� 0DUOERURXJK� DQG� &DQWHUEXU\�� � 3ODQWV� LQ� WKHVH� FDWHJRULHV� DUH� EDQQHG� IURP� VDOH��
SURSDJDWLRQ�DQG�GLVWULEXWLRQ���5HJLRQDO�&RXQFLO�REMHFWLYHV�IRU�VXUYHLOODQFH�SHVWV�DUH�JHQHUDOO\�
WR�PRQLWRU�WKHLU�GLVWULEXWLRQ�DQG�LPSDFW��DQG�SURPRWH�WKHLU�YROXQWDU\�FRQWURO��
�
1DWLRQDOO\�� /�� MDSRQLFD� KDV� D� ZHHG� UDQNLQJ� RI� ��� ��� LQGLFDWHV� PLQLPDO� LPSDFW� DQG� ���
LQGLFDWHV�PD[LPDO�LPSDFW���EDVHG�RQ�LWV�µHIIHFWV�RQ�QDWXUDO�V\VWHPV¶�DQG�µELRORJLFDO�VXFFHVV¶��
FRPSDUHG� ZLWK� VFRUHV� RI� ��� IRU�&OHPDWLV� YLWDOED� DQG� ��� IRU� 3DVVLIORUD� PROOLVVLPD�� RWKHU�
ZHHG\� YLQHV� ZLWK� D� GLVWULEXWLRQ� RYHUODSSLQJ� WKDW� RI� /�� MDSRQLFD� �2ZHQ� ������� � /RQLFHUD�
MDSRQLFD� DIIHFWV� KHGJHV�� URDGVLGHV�� ZDVWHODQGV�� RSHQ� VFUXE�� VKUXEODQGV�� ZRRGODQGV�� WKH�
PDUJLQV�RI�IRUHVWV��LQFOXGLQJ�SLQH�SODQWDWLRQV��$XFNODQG�5HJLRQDO�&RXQFLO��������ZHWODQGV��
DQG� ULSDULDQ� ]RQHV� �:LOOLDPV� HW� DO�� ������� � ,W� JURZV�RQ� D�ZLGH� UDQJH�RI� VRLO� VXEVWUDWHV� EXW�
PRVW�YLJRURXVO\�RQ�IULDEOH��PRLVW�VRLOV��SDUWLFXODUO\�DOOXYLXP�DQG�UHFHQW�FROOXYLXP��:LOOLDPV�
HW�DO��������� � ,W�FDQ�GRPLQDWH� WKH�XQGHUVWRUH\�DQG�DQ\�FDQRS\�RSHQLQJV�ZKHUH� WKH�IRUHVW�RU�
VFUXE�LV�VXIILFLHQWO\�RSHQ��WKRXJK�LW�ZLOO�QRW�FOLPE�WUHHV�JUHDWHU�WKDQ����P�LQ�KHLJKW�RU�!���FP�
LQ�GLDPHWHU��:LOOLDPV�HW�DO��������� �,W�FDQ�FRQWLQXH�WR�WKULYH�RQFH�LWV�VXSSRUWLQJ�SODQW��H�J���
KHGJH��KDV�GLHG��3��:LOOLDPV��/DQGFDUH�5HVHDUFK��1HOVRQ��SHUV��FRPP�����/RQLFHUD�MDSRQLFD�
LV�PRVWO\� UHVWULFWHG� WR� WKH� RXWVLGH�PDUJLQV� RI� GHQVH� IRUHVW� RU� VFUXE� �:LOOLDPV� HW� DO�� ������
GHVSLWH�EHLQJ�UHODWLYHO\�VKDGH�WROHUDQW��%DDUV�	�.HOO\���������,W�VPRWKHUV�UHJHQHUDWLQJ�IRUHVW�
DQG�VFUXE�DW�VLWHV�RQ�WKH�:HVW�&RDVW��7��%HOWRQ��'2&��+RNLWLND��SHUV��FRPP����DQG�YHJHWDWLRQ�
LQ� WKH� UHODWLYHO\� GULHU� DUHDV� RI� ZHWODQGV� LQ� WKH�:DLNDWR� &RQVHUYDQF\� �'�� 6WHSKHQV�� '2&��
+DPLOWRQ�� SHUV�� FRPP���� � 7KHUH� LV� DQ� DVVRFLDWLRQ� RI� /�� MDSRQLFD� ZLWK� HDUO\� VHFRQGDU\�
YHJHWDWLRQ�RQ�PRLVW��IHUWLOH�VLWHV�LQ�WKH�FHQWUDO�DQG�HDVWHUQ�1RUWK�,VODQG��:LOOLDPV�HW�DO��������
IURP�ZKLFK�LW�PD\�EH�ORVW�DV�VXFFHVVLRQ�SURFHHGV��:LOOLDPV�	�7LPPLQV���������,Q�FRQWUDVW��
WKH� SHUVLVWHQFH� RI� /�� MDSRQLFD� LQ� RWKHU� FRPPXQLWLHV� VXFK� DV� ZHWODQGV� FRXOG� EH� ORQJHU�
�:LOOLDPV�	�7LPPLQV���������+RZHYHU��WKHVH�WZR�VWDWHPHQWV�DUH�µEHVW�JXHVVHV¶�UHJDUGLQJ�WKH�
SHUVLVWHQFH�DQG�ODVWLQJ�LPSDFWV�RI�/��MDSRQLFD�LQYDVLRQ��ZKLFK�IRU�DQ\�RI�WKH�FRPPXQLWLHV�LW�
LQYDGHV�UHPDLQ�ODUJHO\�XQNQRZQ��3��:LOOLDPV��/DQGFDUH�5HVHDUFK��1HOVRQ��SHUV��FRPP����
�
���� &XUUHQW�FRQWURO�PHWKRGV�
�
,Q�1HZ�=HDODQG��KHUELFLGHV�DUH�PRVW�FRPPRQO\�XVHG�WR�FRQWURO�/��MDSRQLFD��HLWKHU�VSUD\HG�
RQWR�VWDQGLQJ�IROLDJH�LQ�WKH�FDVH�RI�VPDOO�VWDWXUHG�LQIHVWDWLRQV�RU�IROLDJH�UHJURZWK�DIWHU�YLQH�
FXWWLQJ�� RU� DSSOLHG�GLUHFWO\� RQWR� FXW� VWHP� VWXPSV�� �$�ZLGH� UDQJH�RI� KHUELFLGHV� LV� LQ� XVH�RU�
UHFRPPHQGHG� IRU�XVH� �7DEOH����� �7KHUH� LV� VRPH�SUHIHUHQFH� IRU�9HUVDWLO�� �7DEOH����� D� UDWH�
VHOHFWLYH� KHUELFLGH� �L�H�� DSSOLFDWLRQ� UDWH� FDQ� GHWHUPLQH� SODQW� VXVFHSWLELOLW\�� ZLWK� EURDGOHDI�
SODQWV�EHFRPLQJ�VXVFHSWLEOH�DW�KLJK�UDWHV��WKDW�FDQ�SHUVLVW�LQ�WKH�WRS���FP�RI�VRLO�IRU�XS�WR�D�
\HDU�DIWHU�EURDGFDVW�DSSOLFDWLRQ��5LFH�HW�DO��������DQG�VR�DIIHFW�QDWLYH�VHHGOLQJ�UHJHQHUDWLRQ���
.RSXWDURD�6FLHQWLILF�5HVHUYH� KDV� EHHQ� DOPRVW� HQWLUHO\� FOHDUHG� RI� D� KHDY\� LQIHVWDWLRQ� RI�/��
MDSRQLFD�XVLQJ�9HUVDWLO��KHUELFLGH�ZLWK�PLQLPDO�LPSDFW�RQ�UDXSR�DQG�RWKHU�QDWLYH�SODQWV��%��
(GZDUGV��'2&��:DLNDQDH��SHUV��FRPP�����5RXQGXS��LV�DOVR�D�SRSXODU�FKRLFH�EXW�FDQ�UHTXLUH�
VHYHUDO� IROORZ�XS� WUHDWPHQWV� �.�� *ULIILWKV�� '2&�� 1DSLHU�� SHUV�� FRPP��� .�� +RJDQ�� '2&��
*LVERUQH�� SHUV�� FRPP���� � 3LFORUDP� LV� WKH� KHUELFLGH� PRVW� OLNHO\� WR� KDYH� DQ� LPSDFW� RQ� WKH�
UHFRYHU\�RI�WKH�QDWLYH�SODQW�FRPPXQLW\�DV�LW�LV�UDWH�VHOHFWLYH�DQG�OHDFKHV�DQG�SHUVLVWV�LQ�VRLO�
�5LFH�HW�DO���������
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7DEOH��� �+HUELFLGHV�LQ�XVH�RU�UHFRPPHQGHG�IRU�XVH�RQ�/RQLFHUD�MDSRQLFD� LQ�1HZ�=HDODQG���
3HUVRQDO�FRPPXQLFDWLRQV�IURP�D�VXUYH\�FRQGXFWHG�GXULQJ�-DQXDU\�WR�0DUFK�������
�
5HJLVWHUHG�SURGXFW� $FWLYH�LQJUHGLHQW� 5HIHUHQFH�
5RXQGXS��
����SXOVH�

*O\FRSKRVSKDWH�
PRGLILHG�
SRO\GLPHWK\OVLOR[DQH�

'HSDUWPHQW�RI�&RQVHUYDWLRQ�������.��0DVVH\��1RUWKODQG�
5HJLRQDO�&RXQFLO��SHUV��FRPP���5��3DFNH��+DZNH¶V�%D\�
5HJLRQDO�&RXQFLO��SHUV��FRPP���%��(GZDUGV��'2&��
:DLNDQDH��SHUV��FRPP���.��*ULIILWKV��'2&��1DSLHU��SHUV��
FRPP���3��%UDG\��'2&��3LFWRQ��SHUV��FRPP���.��+RJDQ��
'2&��*LVERUQH��SHUV��FRPP���&��:RROGULGJHZD\��'2&��
.HULNHUL��SHUV��FRPP��

*UD]RQ� 7ULFORS\U� '��1HZWRQ��1HOPDF��1HOVRQ��SHUV��FRPP���'HSDUWPHQW�RI�
&RQVHUYDWLRQ�������1��6LQJHUV��'2&��7XUDQJL��SHUV��
FRPP��

5HQRYDWH� 7ULFORS\U� .��0DVVH\��1RUWKODQG�5HJLRQDO�&RXQFLO��SHUV��FRPP��
7RUGRQ�%UXVKNLOOHU�
1)�

3LFORUDP��WULFORS\U�	�HWK\O�
GLJRO�

0��1LHXZHQKX\VH��'2&��,QYHUFDUJLOO��SHUV��FRPP���
$XFNODQG�5HJLRQDO�&RXQFLO�������7��%LUFK��'2&��
:DLSRXD��SHUV��FRPP���:��&RRSHU��'2&��,QYHUFDUJLOO��
SHUV��FRPP��

9LJLODQW��JHO�� 3LFORUDP� 'HSDUWPHQW�RI�&RQVHUYDWLRQ�������1��6LQJHUV��'2&��
7XUDQJL��SHUV��FRPP���:��&RRSHU��'2&��,QYHUFDUJLOO��
SHUV��FRPP��

9HUVDWLO� &ORS\UDOLG� %D\�RI�3OHQW\�5HJLRQDO�&RXQFLO�������5��YDQ�=RHOHQ��
7DVPDQ�'LVWULFW�&RXQFLO��SHUV��FRPP���5��3DFNH��
+DZNH¶V�%D\�5HJLRQDO�&RXQFLO��SHUV��FRPP���%��
(GZDUGV��'2&��:DLNDQDH��SHUV��FRPP���1��6LQJHUV��
'2&��7XUDQJL��SHUV��FRPP���'��)R[ZHOO��'2&��7DNDND��
SHUV��FRPP���'��6WHSKHQV��'2&��+DPLOWRQ��SHUV��FRPP���
)��%XFKDQDQ��'2&��7KDPHV��SHUV��FRPP���:��7H�$UH��
'2&��:DLNDUHPRDQD��SHUV��FRPP���+��-RQDV��'2&��
:DLURD��SHUV��FRPP��

(VFRUW� 0HWVXOIXURQ������� 'HSDUWPHQW�RI�&RQVHUYDWLRQ�������$XFNODQG�5HJLRQDO�
&RXQFLO�������1��6LQJHUV��'2&��7XUDQJL��SHUV��FRPP���-��
:RWKHUVSRRQ��'2&��$XFNODQG��SHUV��FRPP��

$QVZHU� 0HWVXOIXURQ������� (��9DQGHUVSHN��'2&��7RQJDULUR��SHUV��FRPP��
$PLWUROH����� $PLWUROH� 1RUWKODQG�5HJLRQDO�&RXQFLO��.��0DVVH\��SHUV��FRPP��
�
�
0DQXDO�FRQWURO�LV�VXLWDEOH�IRU�VPDOO�LQIHVWDWLRQV��DQG�LV�DFKLHYHG�E\�UHPRYLQJ�WKH�VWHPV�DQG�
GLJJLQJ�RXW�WKH�URRWV��'HSDUWPHQW�RI�&RQVHUYDWLRQ���������&DUH�PXVW�EH�WDNHQ�LQ�WKH�GLVSRVDO�
RI� WKH� SODQW� DV� VWHP� IUDJPHQWV� DQG� VWXPSV� FDQ� UHJHQHUDWH� �H�J��� FRPSRVWLQJ� DQG� EXULDO� DUH�
VXLWDEOH�� ZKHUHDV� PXOFKLQJ� LV� QRW��� � 5HJURZWK� RI� /�� MDSRQLFD� IURP� VWHP� IUDJPHQWV� FDQ�
KDPSHU�PDQXDO�FRQWURO�HIIRUWV��:LOOLDPV�HW�DO����������*UD]LQJ�FDQ�EH�DQ�HIIHFWLYH�PHDQV�RI�
FRQWURO� �$XFNODQG�5HJLRQDO� &RXQFLO� ������ EXW�ZLOO� QRW� HUDGLFDWH� HVWDEOLVKHG�ZHHG� VWDQGV���
)LUH�KDV�EHHQ�XVHG�HOVHZKHUH�WR�FRQWURO�/��MDSRQLFD��:LOOLDPV�HW�DO��������EXW�KDV�QRW�EHHQ�
WULDOOHG�LQ�1HZ�=HDODQG�DQG�LV�XQVXLWDEOH�IRU�XVH�LQ�/��MDSRQLFD�DIIHFWHG�DUHDV�RI�LPSRUWDQFH�
WR�FRQVHUYDWLRQ��
�
/RQLFHUD�MDSRQLFD�LV�JHQHUDOO\�UHJDUGHG�DV�D�ZHHG�GLIILFXOW�WR�HUDGLFDWH��:LOOLDPV�HW�DO��������
'HSDUWPHQW�RI�&RQVHUYDWLRQ�������.��*ULIILWKV��'2&��1DSLHU��SHUV��FRPP���UHTXLULQJ�IROORZ�
XS� WUHDWPHQW� LQ� PRVW� FDVHV�� WKRXJK� VRPH� GLVDJUHH� �'�� 1HZWRQ�� 1HOPDF�� SHUV�� FRPP���
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1��6LQJHUV��'2&��7XUDQJL��SHUV��FRPP����,W�LV�FU\SWLF�LQ�PRVW�KDELWDWV��3��:LOOLDPV��/DQGFDUH�
5HVHDUFK��1HOVRQ��SHUV��FRPP����SDUWLFXODUO\�LQ�VFUXE�ZKHUH�LW�LV�GLIILFXOW�WR�ORFDWH�DQG�WUHDW�
WKH�QDUURZ��DQG�VRPHWLPHV�QXPHURXV��VWHPV��0��1HZILHOG��'2&��1HOVRQ��SHUV��FRPP���7��
%HOWRQ��'2&��+RNLWLND��SHUV��FRPP����
�
���� $GYDQWDJHV�RI�ELRORJLFDO�FRQWURO�
�
%LRORJLFDO� FRQWURO� FRXOG� RIIHU� VRPH� DGYDQWDJHV� RYHU� FXUUHQW� FRQWURO� PHWKRGV� IRU� WKH�
PDQDJHPHQW� RI� /�� MDSRQLFD� �)RZOHU� HW� DO�� ������� � )LUVW�� XVH� RI� D� KRVW�VSHFLILF� ELRORJLFDO�
FRQWURO�DJHQW�ZRXOG�UHGXFH�LPSDFWV�RQ�QDWLYH�IORUD��FRPSDUHG�ZLWK�WKH�GHWULPHQWDO�LPSDFWV�RI�
FKHPLFDO�KHUELFLGHV���6HFRQGO\��ELRORJLFDO�FRQWURO�RIIHUV�FRQWLQXRXV�DFWLRQ�DQG�VHOI�GLVSHUVDO�
WKDW�FXUUHQW�FRQWURO�PHWKRGV�GR�QRW�RIIHU�� �$�ZLGHVSUHDG�ELRORJLFDO�FRQWURO�DJHQW�ZRXOG�EH�
XVHIXO�IRU�WKH�FRQWURO�RI�/��MDSRQLFD�RQ�URDGVLGHV�DQG�ZDVWHODQGV��DUHDV�WKDW�DUH�QRW�OLNHO\�WR�
EH� WDUJHWHG�E\�RWKHU�FRQWURO�SURJUDPPHV�DV� WKH\�SRVH�QR�LPPHGLDWH� WKUHDW� WR�FRQVHUYDWLRQ��
QHYHUWKHOHVV�PDWHULDO�IURP�WKHVH�VLWHV�FRXOG�GLVSHUVH�WR�DUHDV�RI�FRQVHUYDWLRQ�FRQFHUQ��
�
�

��� 2EMHFWLYHV�

�
•� ,GHQWLI\�SRWHQWLDO�FRQIOLFWV�RI�LQWHUHVW�UHJDUGLQJ�D�ELRORJLFDO�FRQWURO�SURJUDPPH�DJDLQVW�

/��MDSRQLFD�� LQFOXGLQJ�WKH�PHPEHUV�RI�WKH�&DSULIROLDFHDH�DQG�UHODWHG�IDPLOLHV�WKDW�PD\�
EH�DIIHFWHG����

�
•� 6XPPDULVH�WKH�OLWHUDWXUH�DQG�FXUUHQW� LQIRUPDWLRQ�DYDLODEOH�IURP�UHVHDUFKHUV�ZRUOGZLGH�

RQ�WKH�SRWHQWLDO�IRU�ELRORJLFDO�FRQWURO�RI�/��MDSRQLFD��
�
•� $VVHVV� WKH� OLNHOLKRRG�RI� VXFFHVV� RI� D� ELRORJLFDO� FRQWURO� SURJUDPPH� IRU�/�� MDSRQLFD� LQ�

1HZ�=HDODQG��DQG�UHYLHZ�WKH�VWHSV�DQG�FRVWV�DVVRFLDWHG�ZLWK�VXFK�D�SURJUDPPH��
�
�

��� 0HWKRGV�

�
,QIRUPDWLRQ� IRU� WKLV� UHSRUW�ZDV� REWDLQHG� E\� VHDUFKLQJ� FRPSXWHU� GDWDEDVHV� �&$%� DEVWUDFWV��
&XUUHQW�&RQWHQWV��DQG�,QWHUQHW�VLWHV��FURVV�UHIHUHQFLQJ��DQG�FRQWDFW�ZLWK��
�
'U� 5REHUW� :�� %DUUHWR�� 'HSDUWDPHQWR� GH� )LWRSDWRORJLD�� 8QLYHUVLGDGH� )HGHUDO� GH� 9LFRVD��

%UD]LO�
3KLOOLS�%URZQ��:DLNDWR�5HJLRQDO�&RXQFLO��+DPLOWRQ�
3URI��5DJKDYDQ�&KDUXGDWWDQ��3ODQW�3DWKRORJ\�'HSDUWPHQW��8QLYHUVLW\�RI�)ORULGD��86$�
'2&�VWDII�OLVWHG�LQ�7DEOH���
0DUN�'RXJODV��&RQWUDFWRU�WR�1RUWK�6KRUH�&LW\�&RXQFLO��7DNDSXQD�
'U�0DUN�*RRGZLQ��+RUW5HVHDUFK��5XDNXUD�5HVHDUFK�&HQWUH��+DPLOWRQ�
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3DXO� +DWWRQ�� KRUL]RQV�PZ� �FRQWUDFWHG� E\� 5HJLRQDO� &RXQFLOV� IRU� SHVW� SODQW� FRQWURO� LQ�
0DQDZDWX�	�:DQJDQXL�UHJLRQV���:DQJDQXL�

3URIHVVRU�+\HRQ�'RQJ�6KLQ��'LYLVLRQ�RI�(QYLURQPHQWDO�6FLHQFH�	�(FRORJLFDO�(QJLQHHULQJ��
.RUHD�8QLYHUVLW\��6HRXO��.RUHD�

'U�-DPHV�/XNHQ��'HSDUWPHQW�RI�%LRORJLFDO�6FLHQFHV��1RUWK�.HQWXFN\�8QLYHUVLW\��+LJKODQG�
+HLJKWV��.<��86$�

.HQ�0DVVH\��1RUWKODQG�5HJLRQDO�&RXQFLO��:KDQJDUHL�
1HLO�0LFNOHVRQ��KRUL]RQV�PZ��3DOPHUVWRQ�1RUWK��
0HODQLH�1HZILHOG��'HSDUWPHQW�RI�&RQVHUYDWLRQ��1HOVRQ�
5RELQ�3DFNH��+DZNH¶V�%D\�5HJLRQDO�&RXQFLO��1DSLHU�
'U�6DP�3DLU��8QLWHG�6WDWHV�'HSDUWPHQW�RI�$JULFXOWXUH��2.��86$�
$VVRFLDWH� 3URIHVVRU� .ULVWLQD� 6FKLHUHQEHFN�� 'HSDUWPHQW� RI� %LRORJLFDO� 6FLHQFHV�� &DOLIRUQLD�

6WDWH�8QLYHUVLW\��&KLFR��&$��86$�
6XVDQ�7LPPLQV��6FLHQFH�DQG�5HVHDUFK��'HSDUWPHQW�RI�&RQVHUYDWLRQ��:HOOLQJWRQ�
5RELQ�YDQ�=RHOHQ��7DVPDQ�'LVWULFW�&RXQFLO��5LFKPRQG��1HOVRQ�
'U�3HWHU�$��:LOOLDPV��/DQGFDUH�5HVHDUFK��1HOVRQ�
.HYLQ�:RUVOH\��:HOOLQJWRQ�5HJLRQDO�&RXQFLO��:HOOLQJWRQ�
'U�*UHJRU�<HDWHV��/DQGFDUH�5HVHDUFK��3DOPHUVWRQ�1RUWK��
�
�

��� 5HVXOWV�

�
���� 3RWHQWLDO�FRQIOLFWV�RI�LQWHUHVW�
�

5HODWLYHV�RI�/RQLFHUD�MDSRQLFD�LQ�1HZ�=HDODQG�
7KHUH� KDV� EHHQ� PXFK� GHEDWH� FRQFHUQLQJ� WKH� WD[RQRP\� RI� WKH� &DSULIROLDFHDH�� ERWK� LQ�
FLUFXPVFULELQJ� WKH� IDPLO\� DQG� DVFHUWDLQLQJ� LWV� SK\ORJHQHWLF� SRVLWLRQ� �=RPOHIHU� ������� 7KH�
PRVW� UHFHQW� WUHDWPHQWV� SODFH� WKH� &DSULIROLDFHDH� LQ� WKH� 2UGHU� 'LSVDFDOHV� �&URQTXLVW� ������
.XELW]NL�����±�FLWHG�E\�0DEEHUOH\�������� �7KH�2UGHU�'LSVDFDOHV� LV�QRW� UHSUHVHQWHG� LQ� WKH�
1HZ�=HDODQG� IORUD�� WKRXJK� WKH�HQGHPLF�JHQXV�$OVHXRVPLD�ZDV� IRUPHUO\�FRQVLGHUHG�SDUW�RI�
WKH� &DSULIROLDFHDH� �$OODQ� ������� � &XUUHQWO\�� $OVHXRVPLD� LV� WKH� RQO\� JHQXV� LQ� WKH� )DPLO\�
$OVHXRVPLDFHDH��/DQGFDUH�5HVHDUFK�+HUEDULXP��������
�
7KHUH� DUH� DW� OHDVW� WZR� RWKHU� V\VWHPV� RI� FODVVLILFDWLRQ� WKDW� GLIIHU� LQ� WKHLU� SODFHPHQW� RI� WKH�
&DSULIROLDFHDH�� � $OODQ� �������� XVLQJ�+XWFKLQVRQ� ������� DV� D� JXLGH�� SODFHG� LW� LQ� WKH�2UGHU�
5XELDOHV� DORQJ� ZLWK� WKH� 5XELDFHDH�� ZKLFK� LQFOXGH� QDWLYH� UHSUHVHQWDWLYHV� LQ� WKH� JHQHUD�
&RSURVPD�� *DOLXP� DQG� 1HUWHUD� DQG� WKH� H[RWLF� &RIIHD� DUDELFD� �/DQGFDUH� 5HVHDUFK�
+HUEDULXP�������� �+XWFKLQVRQ� �������SODFHG� WKH�&DSULIROLDFHDH�ZLWKLQ� WKH�2UGHU�$UDOLDOHV�
DORQJ�ZLWK�ILYH�RWKHU�IDPLOLHV���7ZR�RI�WKHVH�IDPLOLHV�KDYH�QDWLYH�UHSUHVHQWDWLYHV��&RUQDFHDH�
�&RURNLD�� *ULVHOLQLD�� DQG� $UDOLDFHDH� �.LUNRSK\WXP�� 0HU\WD�� 1HRSDQD[�� 3VHXGRSDQD[��
6FKHIIOHUD�� 6WLOERFDUSD�� �$OODQ� ������� � 7KHUH� LV� VRPH� UHFHQW� VXSSRUW� IRU� DQ� DOOLDQFH� RI�
&DSULIROLDFHDH�ZLWK�5XELDFHDH� �&URQTXLVW� ������ =RPOHIHU� ������ DQG�&RUQDFHDH� �=RPOHIHU�
�������EXW�,�FDQ�ILQG�QR�VXSSRUW�IRU�DQ�DOOLDQFH�ZLWK�$UDOLDFHDH����
�
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7KHUH�DUH�DQ�DGGLWLRQDO����H[RWLF�VSHFLHV�EHORQJLQJ�WR�VHYHQ�JHQHUD�ZLWKLQ�WKH�&DSULIROLDFHDH�
LQ� 1HZ� =HDODQG�� PRVW� DUH� IXOO\� QDWXUDOLVHG� LQFOXGLQJ� +LPDOD\DQ� KRQH\VXFNOH� /H\FHVWHULD�
IRUPRVD� �/DQGFDUH� 5HVHDUFK� +HUEDULXP� ������� ZKLFK�� OLNH� -DSDQHVH� KRQH\VXFNOH�� LV� D�
1DWLRQDO�6XUYHLOODQFH�3ODQW�3HVW� �5R\�HW� DO�� ������� �6DPEXFXV� VSS�� DQG�9LEXUQXP� VSS�� DUH�
LQFOXGHG� RQ� WKLV� OLVW�� WKRXJK� WKHVH� JHQHUD� KDYH� EHHQ� UHPRYHG� IURP� WKH� &DSULIROLDFHDH� E\�
:DWVRQ� 	� 'DOOZLW]� ������ RQZDUGV�� DQG� =RPOHIHU� ������� RQ� WKH� EDVLV� RI� WKH� PROHFXODU�
VHTXHQFH� GDWD� RI� %DFNOXQG� 	� %UHPHU� ������� DQG� 'RQRJKXH� HW� DO�� ������� UHVSHFWLYHO\���
'HWDLOHG�PRUSKRORJLFDO� DQDO\VHV� VXSSRUW� WKLV� GLYLVLRQ� �-XGG� HW� DO�� ����� FLWHG� E\�=RPOHIHU�
������� � $� EURDGO\� GHILQHG� &DSULIROLDFHDH� LQFOXGHV� WKH� 'LSVDFDFHDH� DQG� 9DOHULDQFDFHDH�
IDPLOLHV��=RPOHIHU�������0DEEHUOH\��������ZKLFK�KDYH�HLJKW�H[RWLF�UHSUHVHQWDWLYHV�LQ�1HZ�
=HDODQG� LQFOXGLQJ� VSXU� YDOHULDQ�� &HQWUDQWKXV� UXEHU�� DQG� ZLOG� WHDVHO�� 'LSVDFXV� V\OYHVWULV�
�/DQGFDUH�5HVHDUFK�+HUEDULXP��������ZKLFK�DUH�FRPPRQ��5R\�HW�DO���������
�
([FOXGLQJ�/RQLFHUD�� WKHUH� DUH� VL[� RWKHU� JHQHUD�EHORQJLQJ� WR� WKH�&DSULIROLDFHDH� �:DWVRQ�	�
'DOOZLW]� ����� RQZDUGV�� DYDLODEOH� IRU� SXUFKDVH� LQ� 1HZ� =HDODQG�� $EHOLD�� 'LHUYLOOD��
+HSWDFRGLXP��.RONZLW]LD��6\PSKRULFDUSRV�DQG�:HLJHOD��*DGGXP���������6DPEXFXV�VSS��DQG�
9LEXUQXP�VSS��DUH�DOVR�DYDLODEOH��DV�ZHOO�DV�JHQHUD�EHORQJLQJ�WR�WKH�'LSVDFDFHDH��.QDXWLD��
6FDELRVD�� 'LSVDFXV�� DQG� 9DOHULDQDFHDH� �&HQWUDQWKXV�� 3DWULQLD�� 9DOHULDQD�� 9DOHULDQHOOD��
�*DGGXP��������
�
7KUHH�RWKHU�/RQLFHUD�VSS��DUH�QDWXUDOLVHG�LQ�1HZ�=HDODQG��/RQLFHUD�î�DPHULFDQD��0LOO���.��
.RFK��/��QLWLGD�(�+��:LOVRQ��DQG�/��SHULFO\PHQXP�/���/DQGFDUH�5HVHDUFK�+HUEDULXP���������
,Q� DGGLWLRQ�� DQ� ³DJJUHVVLYH´� FXOWLYDU��/�� MDSRQLFD� ³3XUSXUHD´�� KDV� UHFHQWO\� QDWXUDOLVHG� QHDU�
0LUDQGD��QRUWK�HDVW�RI�0DQXNDX��1RUWK�,VODQG��'��6WHSKHQV��'2&��+DPLOWRQ��SHUV��FRPP�����
7KHUH� DUH� ��� FXOWLYDUV� RI� /RQLFHUD� IRU� VDOH� LQ� QXUVHULHV� LQ� 1HZ� =HDODQG�� LQFOXGLQJ� /��
FDSULIROLXP��/��IUDJUDQWLVVLPD��/��KHFNURWWL��/��KHQU\L��/��KLOGHEUDQGWLDQD��/��LQYROXFUDWD��/��
NRURONRZLL�� /�� PDDFNLL�� /�� QLWLGD�� /�� SHULFO\PHQXP�� /�� SLOHDWD�� /�� UXSLFROD�� /�� VLPLOLV�� /��
WDWDULFD��/��WUDJRSK\OOD�DQG�WKHLU�YDULHWLHV��*DGGXP���������2I�WKHVH��/RQLFHUD�QLWLGD�LV�WKH�
SODQW�PRVW�FRPPRQO\�DYDLODEOH��*DGGXP���������2UQDPHQWDO�/RQLFHUD�MDSRQLFD�YDULHWLHV�DUH�
DYDLODEOH�IURP�VL[�UHWDLO�RXWOHWV�ZLWKLQ�1HZ�=HDODQG��*DGGXP����������
�
7KH�&DSULIROLDFHDH�DUH�DQ�LPSRUWDQW�KRUWLFXOWXUDO�IDPLO\���3ODQW�WUDGHUV�DUH�OLNHO\�WR�REMHFW�WR�
WKH� LQWURGXFWLRQ� RI� D� ELRORJLFDO� FRQWURO� DJHQW� WKDW� LV� QRW� KRVW� VSHFLILF�� � )XUWKHUPRUH�� WKH�
WD[RQRPLF� KLVWRU\� RI� WKH� IDPLO\� DQG� WKH� UHVXOWLQJ� QXPEHU� RI� FORVH� DOOLDQFHV� QHFHVVLWDWHV� D�
FDXWLRQDU\� DSSURDFK� WR� WKH� LQWURGXFWLRQ� RI� D� ELRORJLFDO� FRQWURO� DJHQW�� � +RVW� UDQJH� WHVWLQJ�
VKRXOG� LQFOXGH�$OVHXRVPLD��D�UDQJH�RI�QDWLYH�5XELDFHDH�DQG�&RUQDFHDH��DQG�SHUKDSV�QDWLYH�
UHSUHVHQWDWLYHV� RI� WKH� $UDOLDFHDH�� LQ� DGGLWLRQ� WR� KRUWLFXOWXUDOO\� LPSRUWDQW� PHPEHUV� RI� WKH�
&DSULIROLDFHDH���7DNHQ�WRJHWKHU��WKHVH�UHVXOWV�VXJJHVW�WKDW�RQO\�ELRORJLFDO�FRQWURO�DJHQWV�ZLWK�
D� QDUURZ�KRVW� UDQJH� VKRXOG� EH� FRQVLGHUHG� DV� SRWHQWLDO� FDQGLGDWHV� IRU�/�� MDSRQLFD�� DQG� DQ\�
SRWHQWLDO�FDQGLGDWH�PXVW�EH�VXEMHFW�WR�WKRURXJK�KRVW�UDQJH�WHVWLQJ�EHIRUH�UHOHDVH��
�

,PSRUWDQFH�RI�/RQLFHUD�MDSRQLFD�WR�DSLFXOWXUH�
,Q�DGGLWLRQ�WR�SRVVLEOH�REMHFWLRQ�IURP�KRUWLFXOWXULVWV��DSLFXOWXULVWV�PD\�REMHFW�WR�WKH�UHOHDVH�RI�
D�ELRORJLFDO�FRQWURO�DJHQW�DJDLQVW�/�� MDSRQLFD� �0��*RRGZLQ��+RUW5HVHDUFK��+DPLOWRQ��SHUV��
FRPP���� �:KLOH�/�� MDSRQLFD� LV� QRW� OLVWHG� DV� DQ� LPSRUWDQW� KRQH\� VRXUFH� LQ� WKH� EHHNHHSLQJ�
OLWHUDWXUH��$SLV�PHOOLIHUD�KDV�EHHQ�REVHUYHG�WR�FROOHFW�SROOHQ�IURP�LW�GXULQJ�1RYHPEHU�LQ�WKH�
1RUWK�,VODQG��0��*RRGZLQ��+RUW5HVHDUFK��+DPLOWRQ��SHUV��FRPP����
�
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���� 3RWHQWLDO�DJHQWV�IRU�ELRORJLFDO�FRQWURO�RI�/RQLFHUD�MDSRQLFD�
�

9HUWHEUDWHV�
:KLWH�WDLOHG� GHHU� �2GRFRLOHXV� YLUJLQLDQXV�� EURZVH�/�� MDSRQLFD� LQ� $UNDQVDV� �5RJHUV� HW� DO��
������DQG�$ODEDPD��'\HVV�HW�DO���������86$���6WRFN�JUD]LQJ�RI�/��MDSRQLFD�LQ�1HZ�=HDODQG�
KDV�EHHQ�PHQWLRQHG��6HFWLRQ��������+RZHYHU��JUD]LQJ�LV�XQOLNHO\�WR�HUDGLFDWH�/��MDSRQLFD�DV�LW�
KDV�UHPDLQHG�GRPLQDQW�LQ�FRPPXQLWLHV�WKURXJKRXW�WKH�VRXWK�HDVW�8QLWHG�6WDWHV�GHVSLWH�KHDY\�
FDWWOH�DQG�GHHU�JUD]LQJ��6FKLHUHQEHFN�HW�DO����������7KLV�LV�SDUWO\�GXH�WR�LWV�DELOLW\�WR�UHFRYHU�
IURP�GHIROLDWLRQ� E\� LQFUHDVLQJ� ELRPDVV� DOORFDWLRQ� WR� VWHPV� DQG� OHDYHV� �6FKLHUHQEHFN� HW� DO��
���������
�

3DUDVLWLF�QHPDWRGHV�
0HORLGRJ\QH� VS�� �7\OHQFKLGD�� 7\OHQFKLQD�� LV� D� URRW�NQRW� QHPDWRGH� DVVRFLDWHG� ZLWK� /��
MDSRQLFD��*RRGH\�HW�DO���������ZKLFK�FRXOG�FDXVH�GDPDJH�WR�WKH�SODQW�LI�LW�ZHUH�VWUHVVHG��*��
<HDWHV��/DQGFDUH�5HVHDUFK��SHUV��FRPP�����1R�RWKHU�UHFRUGV�ZHUH�IRXQG��
�

,QVHFWV��SHVWV�DQG�YLUXV�YHFWRUV�
'DPDJH� WR� /�� MDSRQLFD� ZRXOG� QHHG� WR� EH� VLJQLILFDQW� IRU� ELRORJLFDO� FRQWURO� XVLQJ� LQVHFW�
KHUELYRUHV�EHFDXVH� WKH�SODQW�VKRZV�D�FRPSHQVDWRU\�UHVSRQVH� WR�KHUELYRU\��6FKLHUHQEHFN�HW�
DO����������7KH�µLQGLJHQRXV�VSHFLHV¶�OLVWHG�LQ�7DEOH���GR�QRW�DSSHDU�WR�H[HUW�VXIILFLHQW�GDPDJH�
WR� EH� FRQVLGHUHG� DV� SRWHQWLDO� ELRORJLFDO� FRQWURO� DJHQWV� �6FKLHUHQEHFN� HW� DO�� ������� � ,W� LV�
GLIILFXOW� WR� DVVHVV� WKH�SRWHQWLDO� RI�3KHQDFRFFXV�SHULOOXVWULV� DQG�3URFLSKLOXV� WULQXV� GXH� WR� D�
ODFN�RI�GDWD�RQ� WKHLU� LPSDFWV� DQG� UHVSHFWLYH�KRVW� UDQJHV�� �3KHQDFRFFXV�SHULOOXVWULV�PD\�EH�
FOLPDWLFDOO\�VXLWHG�WR�1HZ�=HDODQG�LI�LW�RFFXUV�LQ�WKH�FHQWUDO�HDVWHUQ�UHJLRQ�RI�&KLQD��WKRXJK�
PHDQ�VXPPHU�WHPSHUDWXUHV�LQ�WKLV�UHJLRQ�DUH�KLJKHU��)XOODUG�	�'DUE\���������;LQMLDQJ�KDV�
KLJKHU�PHDQ� VXPPHU� WHPSHUDWXUHV� DQG� GULHU� ZLQWHUV� WKDQ�1HZ� =HDODQG� �)XOODUG�	�'DUE\�
������� VR�3URFLSKLOXV� WULQXV� PD\� QRW� WKULYH� LQ�1HZ� =HDODQG�� � 7KH� UHPDLQLQJ� LQVHFW� SHVWV�
�7DEOH����DUH�QRW�VXLWDEOH�SRWHQWLDO�ELRORJLFDO�FRQWURO�DJHQWV�RU�YLUXV�YHFWRUV�EHFDXVH�RI�WKHLU�
H[WHQGHG�KRVW�UDQJHV���$OVR�QRWH�WKDW�/��MDSRQLFD�LV�QRW�D�PHPEHU�RI�WKH�/��WDWDULFD�FRPSOH[�
�*UHHQ�������WKDW�LV�KRVW�WR�+\DGDSKLV�WDWDULFDH��+RPRSWHUD��$SKLGLGDH��LQ�1RUWK�$PHULFD�
�9RHJWOLQ�	�6WRHW]HO����������
��
,Q�DGGLWLRQ�WR�WKH�LQVHFW�SHVWV�OLVWHG�LQ�7DEOH����7HWUDQ\FKXV�XUWLFDH��$FDULQD��7HWUDQ\FKLGDH���
D�SHVW�RI� FRUQ�DQG�SHDQXW� LQ�1RUWK�&DUROLQD��RYHU�ZLQWHUV�RQ�/�� MDSRQLFD� JURZLQJ�RQ� ILHOG�
PDUJLQV� �0DUJROLHV� DQG� .HQQHG\� ������� � +RZHYHU�� LW� LV� D� FRPPRQ� SHVW� LQ� 1HZ� =HDODQG�
RUFKDUGV��/��+D\HV��/DQGFDUH�5HVHDUFK��/LQFROQ��SHUV��FRPP����ZKLFK�PDNHV�LW�DQ�XQVXLWDEOH�
FDQGLGDWH�IRU�ELRORJLFDO�FRQWURO�RI�/��MDSRQLFD��
�
/RQLFHUD�MDSRQLFD�FRQWDLQV�VHYHUDO�FKHPLFDO�FRPSRXQGV��9DQ�*DOHQ��������VRPH�RI�ZKLFK�
H�J��� IODYRQRLGV�� PD\� GHWHU� JHQHUDOLVW� LQVHFW� KHUELYRUHV� �+DUERUQH� 	� :LOOLDPV� ������� � $�
VXUYH\� RI� LQVHFWV� DVVRFLDWHG�ZLWK�/�� MDSRQLFD� LQ� LWV� QDWLYH� UDQJH�PD\� \LHOG�PRUH� SRWHQWLDO�
ELRORJLFDO� FRQWURO� DJHQWV�� DV� VRPH� RI� WKH� UHFRUGV� IURP� WKLV� UHJLRQ� DUH� FRLQFLGHQWDO� �L�H��
UHFRUGV�RI�FURS�SHVWV�����
�

3DWKRJHQV�
/RQLFHUD�MDSRQLFD�LV�KRVW�WR�D�YDULHW\�RI�IXQJL��7DEOH������)RXUWHHQ�RI�WKHVH�RIIHU�SRWHQWLDO�DV�
ELRORJLFDO� FRQWURO� DJHQWV� RI�/�� MDSRQLFD� LQ�1HZ�=HDODQG�� EDVHG� RQ� WKHLU� VXSSRVHG� FOLPDWLF�
UHTXLUHPHQWV�DQG�NQRZQ�KRVW�UDQJHV���0RVW�RI�WKH����DIIHFW�RWKHU�/RQLFHUD�VSS���$SORVSRUHOOD�
SXQFWXP�� $VFRFK\WD� WHQHUULPD�� &HUFRVSRUD� ORQLFHUDH�� &�� SHULFO\PHQL�� .DEDWLD� ORQLFHUDH��
3KDHRUDPXODULD� DQWLSXV�� 3KRPD� PDULDH�� 5KDEGRVSRUD� ORQLFHUDH�� 5K\WLVPD� ORQLFHULFROD���
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ZKLOH� WKUHH� KDYH� EHHQ� UHFRUGHG� RQO\� RQ�/�� MDSRQLFD� �$SSHQGLFXOHOOD� ORQLFHUDH��'LDWU\SHOOD�
UDPXODULV��6DUFRSRGLXP�SLURQLL��DQG�WZR�DUH�SRVVLEO\�VSHFLILF� WR�/�� MDSRQLFD��0LFURVSKDHUD�
HUODQJVKDQHQVLV��0��SHQLFLOODWD��7DEOH������,Q�DGGLWLRQ��LI�&ROOHWRWULFKXP�JORHRVSRULRLGHV�WKDW�
DIIHFWV� /�� MDSRQLFD� LV� D� KRVW�VSHFLILF� VSHFLDO� IRUP� �7DEOH� ���� WKHQ� LW� RIIHUV� SRWHQWLDO� DV� D�
ELRORJLFDO� FRQWURO� DJHQW�� � 6SHFLDO� IRUPV� �I�� VS��� DUH� SDWKRJHQ�SRSXODWLRQV� WKDW� RIWHQ�KDYH� D�
GLIIHUHQW�� QDUURZHU� KRVW� UDQJH� WKDQ� WKH� IXOO� VSHFLHV� SRSXODWLRQ� �-�� )UgKOLFK�� /DQGFDUH�
5HVHDUFK��SHUV��FRPP���� �)RU�H[DPSOH��&ROOHWRWULFKXP�JORHRVSRULRLGHV�I��VS��DHVFK\QRPHQH�
KDV� EHHQ� GHYHORSHG� DV� D� FRPPHUFLDOO\� SURGXFHG� ELRKHUELFLGH� DJDLQVW� $HVFK\QRPHQH�
YLUJLQLFD��/HJXPLQRVDH��LQ�WKH�86$��DQG�ILHOG�WULDOV�DUH�XQGHUZD\�ZLWK�RWKHU�VSHFLDO�IRUPV�RI�
WKLV�VSHFLHV�IRU�ELRORJLFDO�FRQWURO�RI�DW�OHDVW�WKUHH�RWKHU�ZHHGV��+DVDQ����������
��
7KH� WZR� 0LFURVSKDHUD� VSHFLHV� DUH� SRWHQWLDO� ELRORJLFDO� FRQWURO� DJHQWV� EHFDXVH� WKH\� PD\�
SRVVLEO\� EH� VSHFLHV� VSHFLILF�� RU� LQ� WKH� FDVH� RI�0�� SHQLFLOODWD� UHVWULFWHG� WR� /�� MDSRQLFD� DQG�
SHUKDSV�RWKHU�/RQLFHUD�VSHFLHV�QRW�VROG�DV�QXUVHU\�SODQWV�LQ�1HZ�=HDODQG���7KH�GLVWULEXWLRQ�
RI� 0�� SHQLFLOODWD� VXJJHVWV� FOLPDWH� VXLWDELOLW\� WR� 1HZ� =HDODQG� �)XOODUG� 	� 'DUE\� �������
ZKHUHDV� WKH�FOLPDWLF� UHTXLUHPHQWV�RI�0��HUODQJVKDQHQVLV�FDQQRW�EH�GHGXFHG� IURP�WKH�KRVW�
UHFRUG�� � ,I� LWV� GLVWULEXWLRQ� LQFOXGHV� ERWK� QRUWKHUQ� DQG� VRXWKHUQ� .RUHD�� WKHQ� FOLPDWLF�
UHTXLUHPHQWV�DUH�OLNHO\�WR�EH�PHW�LQ�1HZ�=HDODQG��6NDUUDWW�HW�DO���������
�
)XQJL� WKDW� DIIHFW� RWKHU� /RQLFHUD� QHHG� QRW� EH� H[FOXGHG� IURP� D� OLVW� RI� SRWHQWLDO� ELRORJLFDO�
FRQWURO�DJHQWV�LI�WKH\�GR�QRW�DIIHFW�/RQLFHUD�VSHFLHV�WUDGHG�LQ�1HZ�=HDODQG���)RXU�RI�WKH�QLQH�
IXQJDO� VSHFLHV� OLVWHG� LQ� WKH� ILUVW� SDUDJUDSK�RI� WKLV� VHFWLRQ�GR�QRW� DIIHFW� FXOWLYDWHG�/RQLFHUD�
VSHFLHV���0RUHRYHU��JLYHQ�WKDW�WKHUH�DUH�OHVV�WKDQ�ILYH�QXUVHULHV�VHOOLQJ�/RQLFHUD�VSHFLHV�WKDW�
FRXOG� EH� DIIHFWHG� E\� WKHVH� IXQJL� �*DGGXP�������� D� FDVH� FRXOG� EH� DUJXHG� IRU� WKH� XVH� RI� D�
ELRORJLFDO� FRQWURO� DJHQW� ZLWK� D� KRVW� UDQJH� WKDW� LQFOXGHG� RQH� RU� PRUH� RI� WKH� FXOWLYDWHG�
/RQLFHUD� VSS�� �0RUH�GLIILFXOW� DUH� WKH�KRVW� UHFRUGV� IRU�/RQLFHUD� VS�� �7DEOH�����ZKLFK�ZRXOG�
UHTXLUH�WHVWLQJ�RI�DOO����/RQLFHUD�VSHFLHV��RU�DOO����YDULHWLHV"��DYDLODEOH�DV�QXUVHU\�SODQWV�WR�
H[FOXGH�WKHP�DV�KRVWV�LI�VXFK�DQ�H[HUFLVH�ZDV�GHHPHG�QHFHVVDU\����
�
0\FRKHUELFLGHV�DUH�KLJKO\�FRQFHQWUDWHG� LQRFXOXPV�RI� IXQJDO�SDWKRJHQV�XVHG�DJDLQVW�ZHHGV�
LQ� D� VLPLODU� PDQQHU� WR� FKHPLFDO� KHUELFLGHV� �+DVDQ� ������� � $� IXQJXV� WKDW� GRHV� QRW� RIIHU�
SRWHQWLDO�DV�D�FODVVLFDO�ELRORJLFDO�FRQWURO�DJHQW��EHFDXVH�LW�VSUHDGV�VORZO\�RU�LV�RQO\�HIIHFWLYH�
XQGHU�D�QDUURZ�UDQJH�RI�HQYLURQPHQWDO�FRQGLWLRQV��PD\�RIIHU�SRWHQWLDO�DV�D�P\FRKHUELFLGH���
$�P\FRKHUELFLGH�FDQ�EH�DSSOLHG�ZKHUH�LW�LV�QHHGHG�DQG�LW�PD\�EH�SRVVLEOH�WR�IRUPXODWH�WKH�
IXQJXV� WR� SHUVLVW� LQ� WKH� HQYLURQPHQW� XQWLO� FRQGLWLRQV� EHFRPH� VXLWDEOH� IRU� LQIHFWLRQ� DQG�
GLVHDVH� GHYHORSPHQW�� � 7KH� 'HXWHURP\FRWLQD� �H�J��� $SORVSRUHOOD� SXQFWXP�� $VFRFK\WD�
WHQHUULPD�� &HUFRVSRUD� ORQLFHUDH�� &�� SHULFO\PHQL�� &ROOHWRWULFKXP� JORHRVSRULRLGHV�� .DEDWLD�
ORQLFHUDH�� 3KDHRUDPXODULD� DQWLSXV�� 3KRPD� PDULDH�� 5KDEGRVSRUD� ORQLFHUDH�� 6DUFRSRGLXP�
SLURQLL�� DUH� SDUWLFXODUO\� DPHQDEOH� WR� GHYHORSPHQW� DV� P\FRKHUELFLGHV� DV� WKH\� DUH� PRVWO\�
IDFXOWDWLYH�SDUDVLWHV�WKDW�FDQ�EH�JURZQ�HDVLO\�RQ�DUWLILFLDO�PHGLD��IRU�WKH�PDVV�SURGXFWLRQ�RI�
WKH�LQIHFWLYH�VWDJH�RI�WKH�IXQJXV��+DVDQ���������
�
1RQH� RI� WKH� YLUXVHV� UHSRUWHG� RQ� /�� MDSRQLFD� RIIHU� SRWHQWLDO� DV� ELRORJLFDO� FRQWURO� DJHQWV�
�7DEOH������7REDFFR�OHDI�FXUO�YLUXV�DQG�WRPDWR�VSRWWHG�ZLOW�YLUXV�KDYH�DQ�H[WHQGHG�KRVW�UDQJH��
ZKLOH�HJJSODQW�PRWWOHG�GZDUI�YLUXV�DQG�KRQH\VXFNOH�ODWHQW�YLUXV�GR�QRW�FDXVH�HQRXJK�GDPDJH�
WR� WKH� SODQW� WR� EH� XVHIXO�� � ,Q� DGGLWLRQ�� WKHUH� LV� QR� VSHFLILF� YHFWRU� IRU� WUDQVPLVVLRQ� RI� WKH�
YLUXVHV�DIIHFWLQJ�/��MDSRQLFD��7DEOH�����
�



�

/DQGFDUH�5HVHDUFK�

��

���� 3URVSHFWV�IRU�DFKLHYLQJ�ELRORJLFDO�FRQWURO�RI�/RQLFHUD�MDSRQLFD�
�
7KHUH� DUH� PDQ\� SURVSHFWV� DYDLODEOH� WKDW� UHTXLUH� IXUWKHU� UHVHDUFK� IRU� GHYHORSPHQW� DV�
ELRORJLFDO� FRQWURO� DJHQWV� DJDLQVW� /�� MDSRQLFD� LQ� 1HZ� =HDODQG�� � 7KH� PRVW� SURPLVLQJ�
FDQGLGDWHV�����LQ�WRWDO��DUH�DPRQJ�WKH�IXQJDO�SDWKRJHQV�DVVRFLDWHG�ZLWK�/��MDSRQLFD�RYHUVHDV���
,W� LV� GLIILFXOW� WR� FKRRVH� RQH� RU� PRUH� LGHDO� FDQGLGDWH�V� IURP� WKLV� VHOHFWLRQ� ZLWKRXW� IXUWKHU�
LQIRUPDWLRQ� UHJDUGLQJ� DVSHFWV� RI� WKHLU� FOLPDWH� VXLWDELOLW\�� KRVW� UDQJH� DQG� GDPDJH� WR� /��
MDSRQLFD���:KLOH�WKHUH�DUH�QR�REYLRXV�FDQGLGDWHV�IRU�ELRORJLFDO�FRQWURO�DPRQJ�WKH�LQVHFW�SHVWV�
�ZLWK�WKH�SRVVLEOH�H[FHSWLRQ�RI�3KHQDFRFFXV�SHULOOXVWULV�DQG�3URFLSKLOXV�WULQXV���D�VXUYH\�RI�
LQVHFW�SHVWV�RI�/��MDSRQLFD�ZLWKLQ�LWV�QDWLYH�UDQJH�ZRXOG�EH�ZRUWKZKLOH�� �&DQGLGDWHV�VKRXOG�
KDYH�WKH�DELOLW\�WR�GDPDJH�WKH�YHJHWDWLYH�PDVV�UDWKHU�WKDQ�UHSURGXFWLYH�SDUWV��H�J���VHHG��DV�
VSUHDG�ZLWKLQ�1HZ�=HDODQG�LV�PDLQO\�YHJHWDWLYH��DQG�GDPDJH�VKRXOG�EH�VLJQLILFDQW�VR�DV�WR�
RYHUFRPH� WKH� ZHHG¶V� FRPSHQVDWRU\� UHVSRQVH� WR� LQVHFW� KHUELYRU\�� � /DVW�� WKHUH� DUH� QR�
ELRORJLFDO�FRQWURO�SURJUDPPHV� IRU�/�� MDSRQLFD�RYHUVHDV�� WKRXJK�SHRSOH�DQG�DJHQFLHV� LQ� WKH�
8QLWHG� 6WDWHV� DQG� VRXWK�HDVWHUQ� $XVWUDOLD� PD\� EH� LQWHUHVWHG� LQ� FROODERUDWLRQ� ZLWK� 1HZ�
=HDODQG��
�
�

��� &RQFOXVLRQV�DQG�5HFRPPHQGDWLRQV�

�
7KH� QH[W� VWHS� LQ� DVVHVVLQJ� WKH� SRWHQWLDO� IRU� ELRFRQWURO� RI� /�� MDSRQLFD� ZRXOG� EH� WR�
V\VWHPDWLFDOO\�VXUYH\�WKH�LQYHUWHEUDWH�IDXQD�DQG�SDWKRJHQV�DVVRFLDWHG�ZLWK�WKH�ZHHG�LQ�1HZ�
=HDODQG��DQG�WR�UHFRUG�DQ\�GDPDJH�WR�WKH�SODQW�UHVXOWLQJ�IURP�WKHVH�DVVRFLDWLRQV���3URIHVVRU�
+\HRQ�'RQJ� 6KLQ�� 3ODQW� 3DWKRORJ\� 	� 0\FRORJ\� DW� .RUHD� 8QLYHUVLW\�� KDV� LQGLFDWHG� KLV�
DYDLODELOLW\� WR� FRQGXFW� D� ��ZHHN� VXUYH\� RI� WKH� IXQJDO� SDWKRJHQV� RI� /�� MDSRQLFD� GXULQJ� D�
SURSRVHG� YLVLW� WR� 1HZ� =HDODQG� LQ� -DQXDU\�� )HEUXDU\� ������ VXEMHFW� WR� .RUHD� 6FLHQFH� 	�
(QJLQHHULQJ�)RXQGDWLRQ� �.26()�� IXQGLQJ�� � 3URIHVVRU�6KLQ¶V� UHVHDUFK� LQWHUHVWV� LQFOXGH� WKH�
PRUSKRORJLFDO�WD[RQRP\�RI�SK\WRSDWKRJHQLF�IXQJL�ZLWK�VSHFLDO�LQWHUHVW�LQ�SRZGHU\�PLOGHZV�
�H�J���0LFURVSKDHUD���GRZQ\�PLOGHZV��6HSWRULD��&HUFRVSRUD�DQG�DOOLHG�JHQHUD���+LV�H[SHUWLVH�
ZRXOG�JUHDWO\�DVVLVW�D�ELRORJLFDO�FRQWURO�SURJUDPPH�IRU�/��MDSRQLFD�LQ�1HZ�=HDODQG��
�
)ROORZLQJ�D�VXUYH\�RI�LQYHUWHEUDWHV�DVVRFLDWHG�ZLWK�/��MDSRQLFD�LQ�1HZ�=HDODQG��WKH�QH[W�VWHS�
ZRXOG� EH� WR� VXUYH\�/�� MDSRQLFD� ZLWKLQ� LWV� QDWLYH� UDQJH�� DQG� WR� UHFRUG� DQ\� GDPDJH� WR� WKH�
VSHFLHV�UHVXOWLQJ�IURP�LQVHFWV�DQG�SDWKRJHQV���*HQHUDOO\��6RXWK�.RUHD��FHQWUDO�HDVWHUQ�&KLQD��
1RUWKHUQ�7DLZDQ� DQG� WKH� VRXWKHUQ� WKUHH� LVODQGV� RI� -DSDQ� DUH� WKH� UHJLRQV�ZLWKLQ� WKH� QDWLYH�
UDQJH�RI�/��MDSRQLFD�PRVW�VLPLODU�LQ�FOLPDWH�WR�1HZ�=HDODQG��)XOODUG�	�'DUE\���������0RUH�
VSHFLILFDOO\�� WKH� FOLPDWH� �L�H�� WRWDO� UDLQIDOO�� UDLQ� SDWWHUQ�� PD[LPXP�� PLQLPXP� DQG� PHDQ�
WHPSHUDWXUH��RI�2VDND�DQG�1LLJDWD��-DSDQ�DQG�*XL\DQJ���VRXWK��&KLQD�PRVW�FORVHO\�UHVHPEOHV�
WKDW�RI�$XFNODQG��6NDUUDWW�HW�DO����������6LPLODUO\��WKH�EDQG�RI�&KLQD�WKDW�H[WHQGV�GLDJRQDOO\�
IURP� LWV� ERUGHU� ZLWK�0\DQPDU� HDVWZDUGV� WR� WKH� <HOORZ� 6HD� LV� PRVW� VLPLODU� LQ� FOLPDWH� WR�
&KULVWFKXUFK� �6NDUUDWW� HW� DO�� ������� � 7KHVH� UHJLRQV� JHQHUDOO\� H[SHULHQFH� ZHWWHU�
VSULQJ�VXPPHUV�DQG�GULHU�DXWXPQ�ZLQWHUV�DQG�PRUH�H[WUHPH�DQQXDO�PLQLPXP�DQG�PD[LPXP�
WHPSHUDWXUHV�WKDQ�1HZ�=HDODQG��
�
2QH� RSWLRQ�ZRXOG� EH� WR� FRQGXFW� D� VXUYH\� RI� LQVHFW� SHVWV� DQG� SDWKRJHQV� RI�/�� MDSRQLFD� LQ�
VRXWKHUQ�.RUHD�� �3URIHVVRU�6KLQ�PD\�DJUHH� WR�KRVWLQJ�VXFK�D�VXUYH\� IURP�KLV� ODERUDWRU\� LQ�
6HRXO��.RUHD��RU�SHUKDSV�VXSHUYLVLQJ�RQH�E\�D�.RUHDQ�EDVHG�VWXGHQW�RU�VWXGHQWV���2QH�DLP�RI�
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WKH� VXUYH\� ZRXOG� EH� WR� GHWHUPLQH� ZKHWKHU� 0LFURVSKDHUD� HUODQJVKDQHQVLV� RFFXUV� RQ� /��
MDSRQLFD�LQ�6RXWK�.RUHD�DQG�WR�GHVFULEH�LWV�V\PSWRPV���$QRWKHU�DLP�ZRXOG�EH�WR�DVVHVV�WKH�
SRWHQWLDO�RI�5K\WLVPD� ORQLFHULFROD� DV�D�ELRORJLFDO�FRQWURO�DJHQW�� UHFRUGHG�RQ�/�� MDSRQLFD� DW�
.DQJQXQJ�� 6RXWK� .RUHD� �7DEOH� ��� 6KLQ� ������� � 7KH� FRVW� RI� WKLV� RSWLRQ�� UHTXLULQJ� DQ�
HQWRPRORJLVW�DQG�D�SODQW�SDWKRORJLVW��ZRXOG�EH�DSSUR[LPDWHO\��������±���������RU�OHVV�LI�D�
VWXGHQW�SURMHFW�ZDV�IXQGHG�RQ�VLWH��
�
$OWHUQDWLYHO\��RU�LQ�DGGLWLRQ��WKH�VXUYH\�RI�/��MDSRQLFD�ZLWKLQ�LWV�QDWLYH�UDQJH�FRXOG�IRFXV�RQ�
&KLQD�� � 7KHUH� DUH� VHYHUDO� KRVW� UHFRUGV� IRU�&KLQD� �7DEOH� ��� ���� �2QH� DLP� RI� VXFK� D� VXUYH\�
ZRXOG� EH� WR� GHWHUPLQH� LI� WKH� KRPRSWHUDQV� UHFRUGHG� RQ�/�� MDSRQLFD� LQ�&KLQD� �7DEOH� ��� DUH�
OLNHO\� WR� EH� FOLPDWLFDOO\� VXLWHG� WR�1HZ�=HDODQG� DQG� WR� DVVHVV� WKHLU� GDPDJH� WR�/�� MDSRQLFD���
$QRWKHU� DLP� ZRXOG� EH� WR� GHVFULEH� WKH� V\PSWRPV� RI� WKH� IXQJL� UHFRUGHG� RQ�/�� MDSRQLFD� LQ�
&KLQD�� LQFOXGLQJ� $SSHQGLFXOHOOD� ORQLFHUDH�� $VFRFK\WD� WHQHUULPD��&HUFRVSRUD� SHULFO\PHQL��
5K\WLVPD� ORQLFHULFROD�� DQG� SDUWLFXODUO\� &ROOHWRWULFKXP� JORHRVSRULRLGHV� �7DEOH� ���� � 7KLV�
RSWLRQ� ZRXOG� FRVW� DSSUR[LPDWHO\� �������±��������� RU� OHVV� LI� FRPELQHG� ZLWK� WKH� .RUHDQ�
EDVHG�VXUYH\��
�
$�WKLUG��PRUH�FRVWO\�RSWLRQ�ZRXOG�EH�WR�FRQGXFW�D�VXUYH\�RI�WKH�SDWKRJHQV�DQG�LQVHFW�SHVWV�RI�
/��MDSRQLFD�LQ�WKH�8QLWHG�6WDWHV��ZKHUH�VHYHUDO�RI�WKH�IXQJDO�KRVW�UHFRUGV�RULJLQDWH�LQFOXGLQJ�
HLJKW�RI�WKH����KLJKOLJKWHG�LQ�VHFWLRQ������7DEOH������7KH�VXUYH\�FRXOG�IRFXV�RQ�HDVWHUQ�86$��
IURP�1HZ�<RUN�6WDWH� VRXWK� WR�1RUWK�&DUROLQD�� DV� WKLV� UHJLRQ� LV�PRUH� VLPLODU� LQ� FOLPDWH� WR�
$XFNODQG� DQG� &KULVWFKXUFK� WKDQ� WKH� RWKHU� UHJLRQV� RI� WKH� FRXQWU\� �6NDUUDWW� HW� DO�� ��������
)XQJDO�SDWKRJHQV�ZLWK�NQRZQ�GLVWULEXWLRQV�UHVWULFWHG�WR�VWDWHV�IXUWKHU�VRXWK��H�J���&HUFRVSRUD�
ORQLFHUDH��'LDWU\SHOOD�UDPXODULV��6DUFRSRGLXP�SLURQLL��7DEOH����DUH�OLNHO\�WR�VXUYLYH�LQ�SDUWV�
RI� QRUWKHUQ� 1HZ� =HDODQG� WKDW� DUH� VLPLODU� LQ� FOLPDWH� WR� $XFNODQG� EXW� PD\� QRW� VXUYLYH� LQ�
VRXWKHUQ�1HZ�=HDODQG� �6NDUUDWW� HW� DO�� ������� � 7KH� FRVW� RI� WKLV� RSWLRQ� ���������±���������
FRXOG�EH�UHGXFHG�LI�DQ�$PHULFDQ�EDVHG�VWXGHQW�ZDV�WR�FRPSOHWH�WKH�WDVN��
�
)RU� WKH� RYHUVHDV� ELRORJLFDO� FRQWURO� FDQGLGDWHV�� DQ� DVVHVVPHQW� RI� WKHLU� HIILFDF\� DV� SRWHQWLDO�
ELRFRQWURO�DJHQWV� LQ�VLWX�VKRXOG�DOORZ�IDLUO\�DFFXUDWH�SUHGLFWLRQV�WR�EH�PDGH�UHJDUGLQJ�WKHLU�
OLNHO\�VXFFHVV�LQ�1HZ�=HDODQG��+DVDQ���������6XFK�DVVHVVPHQWV�ZRXOG�HOLPLQDWH�DOO�EXW�WKH�
PRVW�OLNHO\�FDQGLGDWH�V�DQG�VR�UHGXFH�WKH�QXPEHU�RI�SRWHQWLDO�LPSRUWV�WR�1HZ�=HDODQG���7KLV�
SURFHVV�RI�HOLPLQDWLRQ� LV�QHFHVVDU\�EHFDXVH�RI� WKH� ODUJH�QXPEHU�RI�SRWHQWLDO�DJHQWV�DQG�WKH�
H[WHQVLYH� KRVW� WHVWLQJ� UHFRPPHQGHG� IRU� HDFK� LPSRUW�� � 7KH� GHYHORSPHQW� DQG� XVH� RI� D�
FRPPHUFLDO� VWDQGDUG�P\FRKHUELFLGH� LV� OLNHO\� WR� FRVW�PRUH� WKDQ� GHYHORSPHQW� DQG� XVH� RI� D�
FODVVLFDO� ELRORJLFDO� FRQWURO� DJHQW�� � 3HUKDSV� ZLWK� VR� PDQ\� FDQGLGDWHV� WR� FKRRVH� IURP�� DQ�
HIIHFWLYH�FODVVLFDO�ELRORJLFDO�FRQWURO�DJHQW�ZLOO�EHFRPH�DSSDUHQW�DQG�P\FRKHUELFLGHV�FDQ�EH�
DYRLGHG���
�
7KHUH�DUH�WKUHH�PDWWHUV�WR�FRQVLGHU�UHJDUGLQJ�WKH�SURVSHFWV�IRU�VXFFHVVIXO�ELRORJLFDO�FRQWURO�
RI�/�� MDSRQLFD�� �)LUVW�� OLNH�FKHPLFDO�DQG�PDQXDO�FRQWURO�PHWKRGV��ELRORJLFDO�FRQWURO� WDUJHWV�
WKH� LQYDVLYH� VSHFLHV� UDWKHU� WKDQ� WKH� DWWULEXWHV� RI� V\VWHPV� WKDW�PDNH� WKHP� LQYDVLEOH��ZKLFK�
FRQWUDGLFWV� FXUUHQW� WKHRU\� UHJDUGLQJ� PDQDJHPHQW� RI� ZHHG� LQYDVLRQ� �+REEV� 	� +XPSKULHV�
������/XNHQ�������0DFN�HW�DO��������� �7KHUHIRUH��ZKLOH�ELRORJLFDO�FRQWURO�PD\�HIIHFWLYHO\�
PDQDJH� /�� MDSRQLFD�� LW� ZLOO� QRW� SUHYHQW� LQYDVLRQ� RI� RWKHU� ZHHGV� WKDW� PD\� RFFXU� ZLWK� D�
UHGXFWLRQ�RI�/��MDSRQLFD��H�J���H[RWLF�JUDVVHV��&LUVLXP�YXOJDUH��6RODQXP�QLJUXP��:LOOLDPV�	�
7LPPLQV�������� �6HFRQG��D�EHWWHU�XQGHUVWDQGLQJ�RI� WKH� ORQJ�WHUP� LPSDFW�RI�/�� MDSRQLFD�RQ�
QDWLYH� V\VWHPV� LQ� 1HZ� =HDODQG� ZRXOG� HQDEOH� D� PRUH� HIIHFWLYH� DVVHVVPHQW� RI� WKH� OLNHO\�
EHQHILWV�RI�D�ELRORJLFDO�FRQWURO�SURJUDPPH�WDUJHWLQJ�WKLV�ZHHG��SDUWLFXODUO\�ZKHWKHU�RU�QRW�/��
MDSRQLFD� SHUVLVWV��RU� DW� OHDVW�SHUVLVWV� ORQJ�HQRXJK� WR�DOWHU� WKH� VXFFHVVLRQDO� WUDMHFWRU\�RI� WKH�
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FRPPXQLWLHV�LW�LQYDGHV��/DVW��IRU�HDFK�RI�WKHVH�FRPPXQLWLHV��LW�LV�HVVHQWLDO�WR�NQRZ�WKH�HIIHFW�
RI� UHPRYLQJ�/�� MDSRQLFD�� DQG� LW�ZRXOG� EH� XVHIXO� WR� NQRZ� WKH� OHYHO� RI� FRQWURO� UHTXLUHG� IRU�
SURWHFWLRQ�RI�VHOHFWHG�QDWLYH�VSHFLHV�� �7KH�RQO\�VWXG\�RI� WKH�UHVSRQVH�RI�D�FRPPXQLW\�WR�/��
MDSRQLFD�UHPRYDO��E\�KHUELFLGH�VSUD\��LQ�1HZ�=HDODQG�LV�IRU�D�VPDOO�������KD��VSHFLHV�SRRU�
URDGVLGH�VFUXE�FRPPXQLW\��ZKHUH�QDWLYH�UHJHQHUDWLRQ���\HDU�ODWHU�ZDV�PLQLPDO��:LOOLDPV�	�
7LPPLQV��������
�
,Q� FRQFOXVLRQ�� WKHUH� DUH� PDQ\� SURVSHFWV� DYDLODEOH� WKDW� UHTXLUH� IXUWKHU� UHVHDUFK� IRU�
GHYHORSPHQW�DV�ELRORJLFDO�FRQWURO�DJHQWV�DJDLQVW�/��MDSRQLFD�LQ�1HZ�=HDODQG���,W�LV�D�VXLWDEOH�
FDQGLGDWH�IRU�ELRORJLFDO�FRQWURO�EHFDXVH�LW�LV�ZLGHVSUHDG��WKRXJK�H[WHQVLYH�KRVW�UDQJH�WHVWLQJ�
LV�UHTXLUHG�WR�HOLPLQDWH�WKH�ULVN�RI�QRQ�WDUJHW�HIIHFWV���7KH�GLUHFW�EHQHILW�RI�D�FRVWO\�ELRORJLFDO�
FRQWURO�SURJUDPPH�LV�PRVWO\�UHVWULFWHG�WR�WKH�FRQVHUYDWLRQ�RI�QDWLYH�V\VWHPV�ZLWKLQ�WKH�ORZHU�
KDOI� RI� WKH� 1RUWK� ,VODQG� DQG� 1HOVRQ��0DUOERURXJK�� ZKHUH� LWV� LPSDFWV� DUH� SHUFHLYHG� WR� EH�
JUHDWHVW�� �$Q�DVVHVVPHQW�RI� WKH�EHQHILWV�RI�D�ELRORJLFDO�FRQWURO�SURJUDPPH�LQ�1HZ�=HDODQG�
ZRXOG�EH�HQKDQFHG�ZLWK�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�LPSDFW�RI�/��MDSRQLFD��DQG�LWV�UHPRYDO��
RQ�WKH�FRPPXQLWLHV�LW�LQYDGHV��
�
�

��� $FNQRZOHGJHPHQWV�

�
,� ZRXOG� OLNH� WR� WKDQN� DOO� WKH� SHRSOH� ZKR� UHVSRQGHG� WR� P\� UHTXHVWV� IRU� LQIRUPDWLRQ��
SDUWLFXODUO\�3URIHVVRU�+�'��6KLQ�IRU�WUDQVODWLQJ�&KLQHVH�WH[W���7KDQNV�DOVR�WR�5LFKDUG�+DUULV�
IRU�SURYLGLQJ�WKH�&/,0(;�GDWD��DQG�WR�(ULF�0F.HQ]LH�DQG�3HWHU�:LOOLDPV�IRU�FRPPHQWLQJ�
RQ�GUDIW�YHUVLRQV�RI�WKLV�UHSRUW��
�

��� 5HIHUHQFHV�

�
$OODQ��+�+��������)ORUD�RI�1HZ�=HDODQG��,���:HOOLQJWRQ��*RYHUQPHQW�3ULQWHU��������S��
$PDQR�� .�� ������ +RVW� UDQJH� DQG� JHRJUDSKLFDO� GLVWULEXWLRQ� RI� WKH� SRZGHU\�PLOGHZ� IXQJL���

7RN\R��-DSDQ�6FLHQWLILF�6RFLHW\�3UHVV�������S��
$QRQ\PRXV� ������ /LVW� RI� SODQW� GLVHDVHV� LQ� 7DLZDQ�� � 5HSXEOLF� RI� &KLQD�� 3ODQW� 3URWHFWLRQ�

6RFLHW\��FLWHG�E\�)DUU�HW�DO���������
$XFNODQG�5HJLRQDO�&RXQFLO��������3HVW� IDFWV� VKHHW�1R������ -DSDQHVH�KRQH\VXFNOH�/RQLFHUD�

MDSRQLFD���$XFNODQG��$XFNODQG�5HJLRQDO�&RXQFLO��
%DDUV��5���.HOO\��'��������6XUYLYDO�DQG�JURZWK�UHVSRQVHV�RI�QDWLYH�DQG�LQWURGXFHG�YLQHV�LQ�

1HZ�=HDODQG�WR�OLJKW�DYDLODELOLW\���1HZ�=HDODQG�-RXUQDO�RI�%RWDQ\��������±�����
%DFNOXQG��$���%UHPHU��%��������3K\ORJHQ\�RI�$VWHULGDH�V��VWU��EDVHG�RQ�UEF/�VHTXHQFHV��ZLWK�

SDUWLFXODU�UHIHUHQFH�WR�'LSVDFDOHV���3ODQW�6\VWHPDWLFV�DQG�(YROXWLRQ���������±�����
%D\�RI�3OHQW\�5HJLRQDO�&RXQFLO��������3ODQW�SHVW�PDQDJHPHQW�VWUDWHJ\�IRU�WKH�%D\�RI�3OHQW\�

5HJLRQ���:KDNDWDQH��%D\�RI�3OHQW\�5HJLRQDO�&RXQFLO������S��
%D\� RI� 3OHQW\� 5HJLRQDO� &RXQFLO�� ������ :HHG� ���� /RQLFHUD� MDSRQLFD�� � $YDLODEOH�

KWWS���ZZZ�ERSUF�JRYW�Q]��DFFHVVHG����-DQXDU\���������
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%HGIRUG�� ,�'��� %ULGGRQ�� 5�:��� 0DUNKDP�� 3�*��� %URZQ�� -�.��� 5RVHOO�� 5�&�� ������ %HPLVLD�
WDEDFL�±�ELRW\SH�FKDUDFWHULVDWLRQ�DQG�WKH�WKUHDW�RI� WKLV�ZKLWHIO\�VSHFLHV� WR�DJULFXOWXUH���
3URFHHGLQJV� RI� WKH� %ULJKWRQ� &URS� 3URWHFWLRQ� &RQIHUHQFH�� 3HVWV� DQG� 'LVHDVHV���
)DUQKDP��8.��%ULWLVK�&URS�3URWHFWLRQ�&RXQFLO���3S������±������

%HQVRQ�� '�0�� ������ 3RZGHU\� PLOGHZ�� � ,Q�� -RQHV�� 5�.��� %HQVRQ�� '�0�� HGV�� � 'LVHDVHV� RI�
ZRRG\�RUQDPHQWDOV�DQG�WUHHV�LQ�QXUVHULHV���6W�3DXO��0LQQHVRWD��86$��$36�3UHVV���3S��
��±����

%UDXQ�� 8�� ������ 7KH� SRZGHU\� PLOGHZV� �(U\VLSKDOHV�� RI� (XURSH�� � *HUPDQ\�� *�� )LVFKHU�
3XEOLVKHUV�������S��

%URZQ�� /�*��� %OLVV��:�� ������ 9LUXVHV�� � ,Q�� -RQHV�� 5�.��� %HQVRQ�� '�0�� HGV�� � 'LVHDVHV� RI�
ZRRG\�RUQDPHQWDOV�DQG�WUHHV�LQ�QXUVHULHV���6W�3DXO��0LQQHVRWD��86$��$36�3UHVV���3S��
��±����

%URZQ�5\WOHZVNL�� '�(��� 0F0DQXV�� 3�6�� ������ 9LUXOHQFH� RI� %RWU\RVSKDHULD� GRWKLGHD� DQG�
%RWU\RVSKDHULD� REWXVD� RQ� DSSOH� DQG� PDQDJHPHQW� RI� VWHP� FDQNHUV� ZLWK� IXQJLFLGHV���
3ODQW�'LVHDVH���������±������

%XQWLQ�� *�'��� /HH�� 5�'���:LOVRQ�� '�0���0F3KHUVRQ�� 5�0�� ������ (YDOXDWLRQ� RI�<LHOG*DUG�
WUDQVJHQLF� UHVLVWDQFH� IRU� FRQWURO� RI� IDOO� DUP\ZRUP� DQG� FRUQ� HDUZRUP� �/HSLGRSWHUD��
1RFWXLGDH��RQ�FRUQ���)ORULGD�(QWRPRORJLVW�������±����DEVWUDFW�RQO\���

%XUJHVV�� (�3�-��� .RKD�� (�0�:�7��� +XWFKLQV�� 5�)�1��� 'RXJODV�� /�� ������ 7R[LFLW\� RI� OHDYHV�
IURP� WKH� FDVWRU� RLO� SODQW��5LFLQXV� FRPPXQLV� /�� �(XSKRUELDFHDH��� WR� DGXOW� JUDVV� JUXE��
&RVWHO\WUD� ]HDODQGLFD� �:KLWH�� �&ROHRSWHUD�� 6FDUDEDHLGDH��� �1HZ� =HDODQG� -RXUQDO� RI�
([SHULPHQWDO�$JULFXOWXUH�������±����DEVWUDFW�RQO\���

&DVK�� (�.�� ������ $� UHFRUG� RI� WKH� IXQJL� QDPHG� E\� -�%�� (OOLV� �3DUW� ���� 86'$� 6SHFLDO�
3XEOLFDWLRQ�������±�����FLWHG�E\�)DUU�HW�DO���������

&DVWLOOR�3DQGR�� 0��� 6RPHUV�� $��� *UHHQ�� &�'��� 3ULHVW�� 0��� 6ULVNDQWKDGHV�� 0�� ������ )XQJL�
DVVRFLDWHG�ZLWK� GLHEDFN� RI� 6HPLOORQ� JUDSHYLQHV� LQ� WKH� +XQWHU� 9DOOH\� RI� 1HZ� 6RXWK�
:DOHV���$XVWUDODVLDQ�3ODQW�3DWKRORJ\�������±����DEVWUDFW�RQO\���

&KHQ��<�1���=KRQJ��%�=���=KRX��.�-��������$�SUHOLPLQDU\�VWXG\�RQ�WKH�VRXUFHV�RI�(PSRDVFD�
ELJXWWXOD�6KLUDNL�LQ�+XQDQ�3URYLQFH�� �,QVHFW�.QRZOHGJH��������±�����FLWHG�E\�1X]]R�
�������

&RFKUDQ�� .�'��� (OOHWW�� &�:�� ������ (YDOXDWLRQ� RI� SRZGHU\� PLOGHZ� VHYHULW\� RQ� GHFLGXRXV�
D]DOHDV� DW� WKH� 6HFUHVW� $UERUHWXP�� � 2KLR� $JULFXOWXUDO� 5HVHDUFK� DQG� 'HYHORSPHQW�
&HQWHU�6SHFLDO�&LUFXODU�1R���������±����DEVWUDFW�RQO\���

&URQTXLVW��$��������7KH�HYROXWLRQ�DQG�FODVVLILFDWLRQ�RI�IORZHULQJ�SODQWV���%URQ[��1HZ�<RUN�
%RWDQLFDO�*DUGHQ��

'H� %DUUR�� 3�-�� ������ %HPLVLD� WDEDFL� ELRW\SH� %�� D� UHYLHZ� RI� LWV� ELRORJ\�� GLVWULEXWLRQ� DQG�
FRQWURO�� �7HFKQLFDO�3DSHU�1R������ �&DQEHUUD��$XVWUDOLD��&RPPRQZHDOWK�6FLHQWLILF�DQG�
,QGXVWULDO�5HVHDUFK�2UJDQLVDWLRQ�'LYLVLRQ�RI�(QWRPRORJ\������S��

'HSDUWPHQW� RI� &RQVHUYDWLRQ�� ������ )DFW� VKHHW� ����� -DSDQHVH� KRQH\VXFNOH�� � 1HOVRQ��
0DUOERURXJK��'HSDUWPHQW�RI�&RQVHUYDWLRQ�����S��

'RQRJKXH��0�-���2OPVWHDG��5�*���6PLWK��-�)���3DOPHU��-�'��������3K\ORJHQWLF�UHODWLRQVKLSV�RI�
'LSVDFDOHV� EDVHG� RQ� UEF/� VHTXHQFHV�� � $QQDOV� RI� WKH� 0LVVRXUL� %RWDQLF� *DUGHQV� ����
���±�����

'6,5�������&RQWURO�RI�VZHHW�SRWDWR�ZKLWHIO\��%HPLVLD� WDEDFL��RQ�RUQDPHQWDO�SODQWV�� �'6,5�
3ODQW�3URWHFWLRQ�/HDIOHW�1R�������� � �$XFNODQG��3ODQW�3URWHFWLRQ��'6,5�� ���S� �DEVWUDFW�
RQO\���
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'\HVV�� -�*���&DXVH\��0�.���6WULEOLQJ��+�/���/RFNDE\��%�*��������(IIHFWV�RI� IHUWLOL]DWLRQ�RQ�
SURGXFWLRQ�DQG�TXDOLW\�RI�-DSDQHVH�KRQH\VXFNOH���6RXWKHUQ�-RXUQDO�RI�$SSOLHG�)RUHVWU\�
������±����DEVWUDFW�RQO\���

(VOHU�� $�(�� ������ 7KH� QDWXUDOLVDWLRQ� RI� SODQWV� LQ� XUEDQ� $XFNODQG�� 1HZ� =HDODQG�� ��� $OLHQ�
SODQWV�DV�ZHHGV���1HZ�=HDODQG�-RXUQDO�RI�%RWDQ\��������±������

)DUU�� '�)��� %LOOV�� *�)��� &KDPXULV�� *�3��� 5RVVPDQ�� $�<�� ������ )XQJL� RQ� SODQWV� DQG� SODQW�
SURGXFWV�LQ�WKH�8QLWHG�6WDWHV���6W�3DXO��0LQQHVRWD��86$��$36�3UHVV��

)DUU��'�)���%LOOV��*�)���&KDPXULV��*�3���5RVVPDQ��$�<��������)XQJDO�'DWDEDVHV��6\VWHPDWLF�
%RWDQ\�	�0\FRORJ\� /DERUDWRU\��$JULFXOWXUDO� 5HVHDUFK� 6HUYLFH�� 8�6�� 'HSDUWPHQW� RI�
$JULFXOWXUH���KWWS���QW�DUV�JULQ�JRY�IXQJDOGDWDEDVHV�!��DFFHVVHG���0DUFK��������

)RZOHU�� 6�9��� 6\UHWW�� 3��� +LOO�� 5�/�� ������ 6XFFHVV� DQG� VDIHW\� LQ� WKH� ELRORJLFDO� FRQWURO� RI�
HQYLURQPHQWDO�ZHHGV�LQ�1HZ�=HDODQG���$XVWUDO�(FRORJ\��������±�����

)XOODUG��+���'DUE\��+�&��������1HZ�=HDODQG�&RQFLVH�5HIHUHQFH�:RUOG�$WODV���/RQGRQ��8.��
*HRUJH�3KLOLS�	�6RQ�/WG��

*DGGXP��0��������*DGGXP¶V�SODQW�ILQGHU��������*LVERUQH��1HZ�=HDODQG�3ODQW�)LQGHU��
*RRGH\�� -�%��� )UDQNOLQ�� 0�7��� +RRSHU�� '�-�� ������ 7KH� QHPDWRGH� SDUDVLWHV� RI� SODQWV�

FDWDORJXHG� XQGHU� WKHLU� KRVWV� �WKLUG� HGLWLRQ��� � (QJODQG�� &RPPRQZHDOWK� $JULFXOWXUDO�
%XUHDX[��

*UHHQ��3�6��������,GHQWLILFDWLRQ�RI�WKH�VSHFLHV�DQG�K\EULGV�LQ�WKH�/RQLFHUD�WDWDULFD�FRPSOH[���
-RXUQDO�RI�WKH�$UQROG�$UERUHWXP�������±����

*XQQLQJ�� %�$�� ������ &RQWUROOLQJ� KRQH\VXFNOH� LQ� KHGJHV�� � 1HZ� =HDODQG� -RXUQDO� RI�
$JULFXOWXUH�����������

+DQOLQ�� 5�7�� ������ $� UHYLVLRQ� RI� WKH� $VFRP\FHWHV� RI� *HRUJLD�� � *HRUJLD� $JULFXOWXUDO�
([SHULPHQWDO�6WDWLRQ�0LPHR�6HULHV�������±����FLWHG�E\�)DUU�HW�DO���������

+DUERUQH��-�%���:LOOLDPV��&�$��������$GYDQFHV�LQ�IODYRQRLG�UHVHDUFK�VLQFH��������$�UHYLHZ���
3K\WRFKHPLVWU\��������±�����

+DVDQ�� 6�� ������ %LRFRQWURO� RI� ZHHGV� ZLWK� PLFUREHV�� � ,Q�� 0XNHUML�� .�*��� *DUJ�� .�/�� HGV�
%LRFRQWURO�RI�SODQW�GLVHDVHV��9ROXPH�����)ORULGD��86$��&5&�3UHVV���3S�����±�����

+DZNH¶V� %D\� 5HJLRQDO� &RXQFLO� ������ 5HJLRQDO� SODQW� SHVW� DQG� DQLPDO� SHVW� PDQDJHPHQW�
VWUDWHJ\���1DSLHU��+DZNH¶V�%D\�5HJLRQDO�&RXQFLO��

+REEV��5�-���+XPSKULHV��6�(��������$Q�LQWHJUDWHG�DSSURDFK�WR�WKH�HFRORJ\�DQG�PDQDJHPHQW�
RI�SODQW�LQYDVLRQV���&RQVHUYDWLRQ�%LRORJ\�������±�����

+XWFKLQVRQ��-��������7KH�IDPLOLHV�RI�IORZHULQJ�SODQWV������2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV��
+XWFKLQVRQ��-��������7KH�IDPLOLHV�RI�IORZHULQJ�SODQWV������2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV��
-DFNVRQ�� 7��� 7RZQVHQG�� 5��� %DUORZ�� 1�� ������ 3UHGLFWLQJ� JUDVV� JUXE� SRSXODWLRQ� FKDQJH� LQ�

&DQWHUEXU\���,Q��0DWWKLHVVHQ��-�1��HG��3URFHHGLQJV�RI�WKH��WK�$XVWUDODVLDQ�&RQIHUHQFH�
RQ� *UDVVODQG� ,QYHUWHEUDWH� (FRORJ\�� :HPEOH\�� $XVWUDOLD�� &6,52� &HQWUH� IRU�
0HGLWHUUDQHDQ�$JULFXOWXUDO�5HVHDUFK���3S����±����DEVWUDFW�RQO\����

-LPHQH]�)RQVHFD�� (���0HQGR]D�=DPRUD�� &�� ������ (WLRORJ\� RI� DLU�ERUQH� IXQJDO� GLVHDVHV� LQ�
+XD\DFRFRWOD��9HU���5HYLVWD�0H[LFDQD�GH�)LWRSDWRORJLD������±����DEVWUDFW�RQO\���

-RKQVRQ�� '�5��� /RUHQ]�� *�0��� +RSNLQV�� -�'��� 3DJH�� /�0�� ������ 6XPPDU\� RI� WUDFHU�
SHUIRUPDQFH� IRU� EROOZRUP� �+HOLFRYHUSD� ]HD�� DQG� WREDFFR� EXGZRUP� �+HOLRWKLV�
YLUHVFHQV�� FRQWURO� LQ� $UNDQVDV� FRWWRQ�� ����±������ � 6SHFLDO� 5HSRUW� $UNDQVDV�
$JULFXOWXUDO�([SHULPHQWDO�6WDWLRQ�1R����������±�����DEVWUDFW�RQO\���

-RUGDR�� $�/��� 1DNDQR�� 2�� ������ &RQWURO� RI� /HSLGRSWHURXV� ODUYDH� RQ� WRPDWR� E\� PHDQV� RI�
EDJJLQJ���$QDLV�GD�6RFLHGDGH�(QWRPRORJLFD�GR�%UDVLO��������±�����DEVWUDFW�RQO\���
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.RQJ��-���=KDQJ��*�)���6KHQ��;�&���:DQJ��:�;���:DQJ��$�&���;LQJ��0�-���)HQJ��)�5��������
&RQWURO�RI�DSSOH�FDQNHU��9DOVD�FHUDWRVSHUPD��ZLWK�ELR�IXQJLFLGHV���&KLQHVH�-RXUQDO�RI�
%LRORJLFDO�&RQWURO������±����

/DQGFDUH�5HVHDUFK�+HUEDULXP��&+5��������1HZ�=HDODQG�3ODQW�1DPHV�'DWDEDVH���$YDLODEOH�
KWWS���Q]IORUD�ODQGFDUH�FUL�Q]�SODQWQDPHV��DFFHVVHG����'HFHPEHU��������

/DQGFDUH� 5HVHDUFK� ������ 1HZ� =HDODQG� 3ODQW� 'LVHDVHV� 'DWDEDVH�� � $YDLODEOH�
KWWS���ZZZ�ODQGFDUH�FUL�Q]����VFLHQFH�Q]SGGE��DFFHVVHG����)HEUXDU\��������

/HH�� 0�/��� $KQ�� 6�%��� &KR�� :�6�� ������ 0RUSKRORJLFDO� FKDUDFWHULVWLFV� RI� %HPLVLD� WDEDFL�
�*HQQDGLXV�� �+RPRSWHUD��$OH\URGLGDH�� DQG� GLVFULPLQDWLRQ�RI� WKHLU� ELRW\SHV� LQ�.RUHD�
E\�'1$�PDUNHUV���.RUHDQ�-RXUQDO�RI�$SSOLHG�(QWRPRORJ\������±����DEVWUDFW�RQO\���

/L��4�)���:HQ��4��������2EVHUYDWLRQV�RQ� WKH�UHODWLRQVKLS�EHWZHHQ�DSKLGV�DQG�EUDFRQLGV�RQ�
HDUO\�VSULQJ�KRVWV�DQG�FRWWRQ��,QVHFW�.QRZOHGJH��������±�����FLWHG�E\�1X]]R��������

/XNHQ�� -�2�� ������0DQDJHPHQW� RI� SODQW� LQYDVLRQV�� ,PSOLFDWLQJ� HFRORJLFDO� VXFFHVVLRQ�� � ,Q��
/XNHQ��-�2���7KLHUHW��-�:��HGV��$VVHVVPHQW�DQG�PDQDJHPHQW�RI�SODQW� LQYDVLRQV�� �1<��
6SULQJHU�9HUODJ���3S�����±�������

0DEEHUOH\��'�-��������7KH�3ODQW�%RRN���&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV��
0DF,QWRVK��6���5RELQVRQ��'�-���+DUULVRQ��%�'��������'HWHFWLRQ�RI�WKUHH�ZKLWHIO\�WUDQVPLWWHG�

JHPLQLYLUXVHV�RFFXUULQJ� LQ�(XURSH�E\� WHVWV�ZLWK�KHWHURORJRXV�PRQRFORQDO� DQWLERGLHV���
$QQDOV�RI�$SSOLHG�%LRORJ\���������±�����

0DFN�� 5�1��� 6LPEHUORII�� '��� /RQVGDOH�� :�0��� (YDQV�� +��� &ORXW�� 0��� %D]]D]�� )�$�� ������
%LRWLF�LQYDVLRQV��FDXVHV��HSLGHPLRORJ\��JOREDO�FRQVHTXHQFHV��DQG�FRQWURO�� �(FRORJLFDO�
$SSOLFDWLRQV��������±�����

0DUJROLHV��'�&���.HQQHG\��*�*��������0RYHPHQW�RI�WKH�WZRVSRWWHG�VSLGHU�PLWH�7HWUDQ\FKXV�
XUWLFDH��DPRQJ�KRVWV�LQ�D�FRUQ��=HD�PD\V��DQG�SHDQXW��$UDFKLV�K\SRJDHD��HFRV\VWHP��
(QWRPRORJLD�([SHULPHQWDOLV�HW�$SSOLFDWD�������±����FLWHG�E\�1X]]R��������

0DUWLQ��1�$��������*UHHQKRXVH�WRPDWRHV���$�VXUYH\�RI�SHVW�DQG�GLVHDVH�FRQWURO���'6,5�3ODQW�
3URWHFWLRQ�5HSRUW�1R������$XFNODQG��3ODQW�3URWHFWLRQ��'6,5������SS��

0F.HQ]LH��(�+�&��������1HZ�SODQW�GLVHDVH� UHFRUGV� LQ�1HZ�=HDODQG��PLVFHOODQHRXV� IXQJDO�
SDWKRJHQV�,,���1HZ�=HDODQG�-RXUQDO�RI�&URS�DQG�+RUWLFXOWXUDO�6FLHQFH�������±����

0F.HQ]LH��(�+�&��������5XVW�IXQJL�RI�1HZ�=HDODQG�±�$Q�LQWURGXFWLRQ��DQG�OLVW�RI�UHFRUGHG�
VSHFLHV���1HZ�=HDODQG�-RXUQDO�RI�%RWDQ\��������±�����

0HUWHOLN�� -���*RW]RYD��%���0RNUD��9��������(SLGHPLRORJLFDO� DVSHFWV�RI� WRPDWR� VSRWWHG�ZLOW�
YLUXV�LQIHFWLRQ�LQ�WKH�&]HFK�5HSXEOLF���$FWD�+RUWLFXOWXUDH���������±�����

0LOOHU��-�:��������%XUHDX�RI�3ODQW�3DWKRORJ\���7UL�RORJ\�7HFKQLFDO�5HSRUW������±����)ORULGD��
'LYLVLRQ�RI�3ODQW�,QGXVWU\��

0XHOOHU�� (�� ������ 2Q� WKH� JHRJUDSKLFDO� GLVWULEXWLRQ� RI� VRPH� SDUDVLWLF� DVFRP\FHWHV� RQ�
/RQLFHUD�� � ,Q�� %LOJUDPL�� .�6���0LVUD�� 5�6���0LVUD�� 3�&�� HGV�� $GYDQFLQJ� )URQWLHUV� RI�
0\FRORJ\� DQG� 3ODQW� 3DWKRORJ\�� � 1HZ� 'HOKL�� 7RGD\� 	� 7RPRUURZ
V� 3ULQWHUV� DQG�
3XEOLVKHUV���3S����±����

1X]]R�� 9�� ������ (OHPHQW� VWHZDUGVKLS� DEVWUDFW� IRU� /RQLFHUD� MDSRQLFD�� � 8QLYHUVLW\� RI�
&DOLIRUQLD�� 'DYLV�� 7KH� 1DWXUH� &RQVHUYDQF\�� � $YDLODEOH�
KWWS���WQFZHHGV�XFGDYLV�HGX�HVDGRFV�GRFXPQWV�ORQLMDS�KWPO��DFFHVVHG���$SULO��������

2¶0DUD�� -���+XGJLQV�� (�� ������/RQLFHUD� �KRQH\VXFNOH�� GLVHDVHV�� � ,Q�� -RQHV��5�.���%HQVRQ��
'�0��HGV���'LVHDVHV�RI�ZRRG\�RUQDPHQWDOV�DQG�WUHHV�LQ�QXUVHULHV���6W�3DXO��0LQQHVRWD��
86$��$36�3UHVV���3S�����±�����
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2ZHQ�� 6�-�� ������ (FRORJLFDO� ZHHGV� RQ� FRQVHUYDWLRQ� ODQG� LQ� 1HZ� =HDODQG�� D� GDWDEDVH���
:HOOLQJWRQ��'HSDUWPHQW�RI�&RQVHUYDWLRQ��

3DLU��6�'��������-DSDQHVH�KRQH\VXFNOH��&DSULIROLDFHDH���QHZO\�GLVFRYHUHG�KRVW�RI�+HOLRWKLV�
YLUHVFHQV� DQG�+HOLFRYHUSD�]HD� �/HSLGRSWHUD��1RFWXLGDH��� �(QYLURQPHQWDO�(QWRPRORJ\�
�������±������

3DQWLGRX�� 0�(�� ������ )XQJXV�KRVW� LQGH[� IRU� *UHHFH�� � .LSKLVVLD�� $WKHQV�� %HQDNL�
3K\WRSDWKRORJ\�,QVWLWXWH��FLWHG�E\�)DUU�HW�DO���������

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

3HUHLUD��5��GH�&�$���/HGR��)�-��GD�6��� �%HUJR��&�/���6LYLHUR��$��������(YDOXDWLRQ�RI�DUDELFD�
DQG� UREXVWD� FRIIHH� JHQRW\SHV� LQ� ZHVWHUQ� $PD]RQLD�� � $FWD� $PD]RQLFD� ���� ���±����
�DEVWUDFW�RQO\���

5LFH��3�0���7RQH\��-�&���%HGXQDK��'�-���&DUOVRQ��&�(��������3ODQW�FRPPXQLW\�GLYHUVLW\�DQG�
JURZWK� IRUP� UHVSRQVHV� WR� KHUELFLGH� DSSOLFDWLRQV� IRU� FRQWURO� RI�&HQWDXUHD�PDFXORVD���
-RXUQDO�RI�$SSOLHG�(FRORJ\���������±������

5RJHUV��0�-���+DOOV��/�.���'LFNVRQ��-�*��������'HHU�KDELWDW�LQ�WKH�2]DUN�IRUHVWV�RI�$UNDQVDV���
86'$�)RUHVW�6HUYLFH�1R��62�������86'$�)RUHVW�6HUYLFH��$UNDQVDV��86$������S��

5R\�� %��� 3RSD\�� ,��� &KDPSLRQ�� 3�� -DPHV�� 7��� 5DKPDQ�� $�� ������ $Q� LOOXVWUDWHG� JXLGH� WR�
FRPPRQ�ZHHGV� RI�1HZ�=HDODQG�� �9LFWRULD��$XVWUDOLD��1HZ�=HDODQG� 3ODQW� 3URWHFWLRQ�
6RFLHW\��

6FKLHUHQEHFN�� .�$���0DFN�� 5�1��� 6KDULW]�� 5�5�� ������ (IIHFWV� RI� KHUELYRU\� RQ� JURZWK� DQG�
ELRPDVV� DOORFDWLRQ� LQ�QDWLYH� DQG� LQWURGXFHG� VSHFLHV�RI�/RQLFHUD�� �(FRORJ\����� ����±
������

6KDUPD�� $�� 0XUD\DPD�� $�� 2VDNL�� 7�� 2RL�� .�� <DKDUD�� 7��� ,NHJDPL�� 0�� ������ *HQRW\SLF�
YDULDELOLW\�LQ�$&��25)�UHJLRQ�RI�WREDFFR�OHDI�FXUO�JHPLQLYLUXV�IURP�QDWXUDOO\�LQIHFWHG�
ZLOG�SODQWV���$QQXDOV�RI�WKH�3K\WRSDWKRORJLFDO�6RFLHW\�RI�-DSDQ��������±�����

6KHFN�� $�/��� *RXOG�� )�� ������ 7KH� JHQHWLF� EDVLV� RI� GLIIHUHQFHV� LQ� JURZWK� DQG� EHKDYLRU� RI�
VSHFLDOLVW�DQG�JHQHUDOLVW�KHUELYRUH�VSHFLHV��VHOHFWLRQ�RQ�K\EULGV�RI�+HOLRWKLV�YLUHVFHQV�
DQG�+HOLRWKLV�VXEIOH[D��/HSLGRSWHUD����(YROXWLRQ��������±�����DEVWUDFW�RQO\���

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

6KLQ��+�'��������1HZ�IXQJDO�GLVHDVHV�RI�HFRQRPLF�UHVRXUFH�SODQWV� LQ�.RUHD��9,��� �.RUHDQ�
-RXUQDO�RI�3ODQW�3DWKRORJ\��������±�����

6KLQ��+�'���%UDXQ��8��������1RWHV�RQ�.RUHDQ�&HUFRVSRUDH�DQG�DOOLHG�JHQHUD������0\FRWD[RQ�
�������±�����

6LOYD��:�3�.���'HYHUDOO�� %�-��� /\RQ��%�5�� ������0ROHFXODU�� SK\VLRORJLFDO� DQG� SDWKRORJLFDO�
FKDUDFWHULVDWLRQ�RI�&RU\QHVSRUD� OHDI� VSRW� IXQJL� IURP�UXEEHU�SODQWDWLRQV� LQ�6UL�/DQND��
3ODQW�3DWKRORJ\��������±�����DEVWUDFW�RQO\���

6NDUUDWW�� '�%��� 6XWKHUVW�� 5�:���0D\ZDOG�� *�)�� ������ &/,0(;� IRU�:LQGRZV�9HUVLRQ� ������
%ULVEDQH��$XVWUDOLD��&6,52�DQG�&5&�IRU�7URSLFDO�3HVW�0DQDJHPHQW��

7DL��)�/���������6\OORJH�)XQJRUXP�6LQLFRUXP���3HNLQJ��6FLHQWLILF�3UHVV��FLWHG�E\�)DUU�HW�DO��
�������

9DQ�*DOHQ��5��������/RQLFHUD�MDSRQLFD��KRQH\VXFNOH���$XVWUDOLDQ�-RXUQDO�RI�+HUEDOLVP������±
�����
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9RHJWOLQ��'��� 6WRHW]HO��0�%�� ������+\DGDSKLV� WDWDULFDH� �+RPRSWHUD��$SKLGLGDH��� ��� \HDUV�
DIWHU�LWV�LQWURGXFWLRQ�LQWR�1RUWK�$PHULFD���3URFHHGLQJV�RI�WKH�(QWRPRORJLFDO�6RFLHW\�RI�
:DVKLQJWRQ��������±�����

:DWVRQ��/���'DOOZLW]��0��-�������RQZDUGV��7KH�IDPLOLHV�RI�IORZHULQJ�SODQWV��GHVFULSWLRQV��
LOOXVWUDWLRQV�� LGHQWLILFDWLRQ�� DQG� LQIRUPDWLRQ� UHWULHYDO�� 9HUVLRQ�� ��WK� 'HFHPEHU� ������

KWWS���ELRGLYHUVLW\�XQR�HGX�GHOWD��DFFHVVHG����)HEUXDU\��������
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