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%LUG�&RQVHUYDWLRQ�5HVHDUFK��,QF� 

���/LEHUW\�+LJKZD\ 
3XWQDP��&7�������86$ 

$EVWUDFW�� 7KLV� VWXG\� UHSRUWV� WKH� VXPPHU�GLVWULEXWLRQ�RI�PDUVK�ELUGV�RI� WKH� ORZHU�&RQQHFWLFXW�
5LYHU� IRU� WKH������EUHHGLQJ� VHDVRQ�� � ,W� FRPSDUHV� ILQGLQJV�ZLWK� VLPLODU� REVHUYDWLRQV�PDGH�EH�
WZHHQ������DQG�������DQG�VHUYHV�DV�D���-\HDU�XSGDWH�RQ�WKH�ILUVW������VXUYH\V���,Q�DGGLWLRQ��KDE�
LWDW�FKDQJH�RYHU�WKH���-\HDU�LQWHUYDO�LV�TXDOLWDWLYHO\�DVVHVVHG�DQG�SUHOLPLQDU\�GDWD�DUH�SUHVHQWHG�
WKDW� H[DPLQH� WKH� XVH� RI� FDWWDLO� DQG� LQYDVLYH� UHHG� KDELWDWV� E\� VHOHFWHG� PDUVK� ELUG� VSHFLHV�� � ,Q�
������ ,� IRXQG����PDUVK-EUHHGLQJ� VSHFLHV�DQG����PDUVK-XVLQJ� VSHFLHV�DW� WKH�&RQQHFWLFXW�5LYHU�
PDUVKHV��'XULQJ�WKH�VWXG\�SHULRG��SRSXODWLRQV�RI�WKH�$PHULFDQ�%ODFN�'XFN��6KDUS-WDLOHG�6SDU�
URZ��5HG-ZLQJHG�%ODFNELUG��+HUULQJ�*XOO�DQG�%DQN�6ZDOORZ�GHFOLQHG��ZKHUHDV�WKH�0XWH�6ZDQ��
&DQDGD�*RRVH��:LOOHW�� *UHDW� %OXH�+HURQ� DQG�2VSUH\� LQFUHDVHG�� �0RUHRYHU�� WKH� %OXH-ZLQJHG�
7HDO��&RPPRQ�0RRUKHQ�DQG�%ODFN-FURZQHG�1LJKW�+HURQ� WKDW�ZHUH� VXPPHU� UHVLGHQWV� LQ������
ZHUH�DEVHQW�LQ��������0RVW�QRWDEOH�DPRQJ�KDELWDW�FKDQJHV�WKDW�KDYH�RFFXUUHG�LQ�WKH�&RQQHFWLFXW�
5LYHU�PDUVKHV�ZHUH�WKH�FRQWUDFWLRQ�RI�VDOW�PHDGRZ�SDWFKHV�DW�WUDQVLWLRQDO�PDUVKHV��SURJUHVVLYH�
UHSODFHPHQW�RI�FDWWDLOV�E\�UHHGV�DW�*UHDW�,VODQG��8SSHU�,VODQG��5DJJHG�5RFN�&UHHN��$\HU
V�3RLQW�
DQG�/RUG
V�&RYH��G\LQJ�EDFN�RI�,YD�IUXWHVFHQV�DW�*UHDW�,VODQG�DQG�%ODFN�+DOO�5LYHU��D�VPDOO�LQ�
FUHDVH�LQ�FDWWDLO�FRYHU�DW�:HWKHUILHOG�0HDGRZV��H[SDQVLRQ�RI�FRYHU�E\�/\WKUXP�VDOLFDULD�DQG�ODWH�
JURZWK�RI�YHJHWDWLRQ�DW�IUHVKZDWHU�PDUVKHV�GXULQJ�\HDUV�RI�KHDY\�-XQH�IORRGLQJ����'DWD�RQ�XVH�RI�
FDWWDLO� DQG� LQYDVLYH� UHHG� KDELWDWV� VXJJHVWHG� WKDW� FHUWDLQ� VSHFLHV� OLNH� WKH� /HDVW� %LWWHUQ��0DUVK�
:UHQ�DQG�5HG-ZLQJHG�%ODFNELUG�XVHG�UHHGV�H[WHQVLYHO\��EXW�SDUWLFXODUO\�WKH�9LUJLQLD�5DLO�PRVW�
IUHTXHQWO\�RFFXSLHG�FDWWDLOV�� 

7KLV� VWXG\� UHSRUWV� WKH� VXPPHU� GLVWULEXWLRQ� RI�
PDUVK� ELUGV� RI� WKH� ORZHU� &RQQHFWLFXW� 5LYHU� IRU� WKH�
����� EUHHGLQJ� VHDVRQ�� � ,W� FRPSDUHV� ILQGLQJV� ZLWK�
VLPLODU� REVHUYDWLRQV� PDGH� EHWZHHQ� ����� DQG� ������
DQG�VHUYHV�DV�D���-\HDU�XSGDWH�RQ�WKH�ILUVW�VXUYH\V���,W�
H[DPLQHV�DOVR�FKDQJHV�LQ�KDELWDWV�WKDW�KDYH�RFFXUUHG�
GXULQJ� WKLV� SHULRG� DQG� SURYLGHV� SUHOLPLQDU\� GDWD� RQ�
XVH�E\�PDUVK�ELUGV�RI�FDWWDLO�KDELWDWV�YHUVXV�LQYDVLYH�
UHHG�FRPPXQLWLHV���7KH�GDWD�UHSRUWHG�KHUH�SURYLGH�D�
UDUH� ORRN� DW� ORQJ-WHUP� FKDQJHV� LQ� ELUG� SRSXODWLRQV�
DQG� GLVWULEXWLRQV�� � ([DPLQLQJ� FRPPXQLW\� FKDQJHV�
VXFK� DV� WKHVH� SURYLGH� LQVLJKWV� LQWR� WKH� G\QDPLFV� RI�
WKH�V\VWHP� 

3UHYLRXV� LQYHVWLJDWRUV� RI� WKH� &RQQHFWLFXW� 5LYHU�
DYLIDXQD� LQFOXGH�&ODUN� ��������������ZKR�GHVFULEHG�
WKH� QHVW� RI� WKH� %ODFN� 5DLO� �/DWHUDOOXV� MDPDLFHQVLV���
DQG� 3RXOVRQ� �������� ZKR� VWXGLHG� WKH� SK\VLRORJ\� RI�
WKH� 6HDVLGH� �$PPRGUDPXV� PDULWLPD�� DQG� 6KDUS-
WDLOHG� �$�� FDXGDFXWD�� VSDUURZV�� � $PHV� DQG�
0HUVHUHDX� �������� $PHV� �������� :LHPH\HU� HW� DO��
�������� 6SLW]HU� �������� 6SLW]HU� HW� DO�� ������� DQG�
6SLW]HU� DQG� 3RROH� ������� VWXGLHG� QHVWLQJ� 2VSUH\V�
�3DQGLRQ� KDOLDHWXV��� DQG� 3HWHUVRQ� ������� EULHIO\�

GLVFXVVHG� SRSXODWLRQ� FKDQJHV� RI� UDSWRULDO� DQG� ILVK-
HDWLQJ�ELUGV�RI�WKH�ULYHU���0RUH�UHFHQWO\��&UDLJ��������
GHVFULEHG�WKH�KLVWRULF�GLVWULEXWLRQV�RI�PDUVK�ELUGV�LQ�
WKLV�V\VWHP� 

7KH�PRVW�FRPSOHWH�DQDO\VLV�RI�DYLDQ�FRPPXQLW\�
HFRORJ\� LQ� WKH� &RQQHFWLFXW� 5LYHU� V\VWHP� LV� WKDW� E\�
&UDLJ� DQG�%HDO� �������� � ,Q� WKLV� VWXG\�� VSHFLHV� ULFK�
QHVV�RI�PDUVK�EUHHGHUV�ZDV�IRXQG�WR�EH�PRVW�FORVHO\�
DVVRFLDWHG� ZLWK� PDUVK� VL]H�� DOWKRXJK� ULFKQHVV� RI�
PDUVK-XVLQJ�VSHFLHV��VSHFLHV�WKDW�IHHG�LQ�PDUVKHV�EXW�
QHVW� HOVHZKHUH�� ZDV� PRVW� FORVHO\� DVVRFLDWHG� ZLWK�
SUR[LPLW\�WR�DGGLWLRQDO�PDUVK�KDELWDW���,Q�FRPSDULQJ�
VSHFLHV� ULFKQHVV�RI� VHULHV�RI� VPDOO�YV�� D� VLQJOH� ODUJH�
PDUVK�� VPDOO� PDUVKHV� ZHUH� IRXQG� WR� KROG� VLPLODU�
QXPEHUV� RI� VSHFLHV� WR� WKH� ODUJH� VLWH�� EXW� WKH� ODUJH�
PDUVK�DFFXPXODWHG�UDUHU�VSHFLHV� 
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6WXG\�DUHDV��7KH�JUDGLHQW�LQ�SK\VLFDO�DQG�YHJH�

WDWLYH� IHDWXUHV� RI� WKH� &RQQHFWLFXW� 5LYHU� V\VWHP� KDV�
EHHQ� GHVFULEHG� SUHYLRXVO\� �&UDLJ� ������� � %ULHIO\�� D�
YHJHWDWLRQ� JUDGLHQW� SDUDOOHOV� WKDW� RI� WLGDO� DPSOLWXGH�
DQG�VDOLQLW\���)URP�WKH�ULYHU�PRXWK�XSVWUHDP��SULQFL�
SDO� SODQW� DVVRFLDWLRQV� LQFOXGH� ��� UDQN� LQWHUWLGDO�
FRUGJUDVV�PDUVKHV�RI�6SDUWLQD�DOWHUQLIORUD�DQG�6FLU�
SXV� UREXVWXV� �ORZ� VDOW� PDUVK��� ��� VKRUWJUDVV� VDOW�

��&RUUHVSRQGLQJ�DXWKRU���(-PDLO�DGGUHVV��
PDLO#ELUGFRQVHUYDWLRQUHVHDUFK��RUJ� 
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PHDGRZV�FRPSRVHG�ODUJHO\�RI�6SDUWLQD�SDWHQV��'LV�
WLFKOLV�VSLFDWD�DQG�-XQFXV�JHUDUGL��RQO\�RFFDVLRQDOO\�
LQXQGDWHG� E\� WLGHV� �KLJK� VDOW� PDUVK��� ��� VWURQJ-
VWHPPHG� 1DUURZ-OHDYHG� &DWWDLO� DQG�RU� &RPPRQ�
5HHG� �7\SKD� DQJXVWLIROLD�� 3KUDJPLWHV� DXVWUDOLV�� UH�
VSHFWLYHO\��PDUVKHV�����UHODWLYHO\�VRIW-VWHPPHG�5LYHU�
%XOUXVK-7XFNDKRH-:DWHU�+RUVHWDLO� �6FLUSXV� IOXYLDWL�
OLV��3H�WDQGUD�YLUJLQLFD��(TXLVHWXP�IOXYLDWLOH��UHVSHF�
WLYHO\��PDUVKHV��DQG����IORDWLQJ-OHDYHG�3LFNHUHOZHHG-
%XOOKHDG�/LO\��3RQWHGHULD�FRUGDWD��1XSKDU�YDULHJD�
WXP�� UHVSHFWLYHO\�� DVVRFLDWLRQV�� � $GGLWLRQDO� PRUH�
VXEWOH�KDELWDW�VXEGLYLVLRQV�FDQ�EH�LGHQWLILHG��0HW]OHU�
DQG�'DPPDQ������� 

7KH� ���PDUVKHV� VWXGLHG� KHUH� UDQJHG� IURP� WLGDO�
VDOW�PDUVKHV� QHDU� WKH� ULYHU�PRXWK� WR� QRQWLGDO� IUHVK�
ZDWHU�PDUVKHV����NP�XSULYHU��)LJ�������)RXU�SULQFLSDO�
PDUVK� W\SHV� ZHUH� UHSUHVHQWHG� DPRQJ� WKHVH� ��� VDOW�
PDUVKHV��FRQWDLQLQJ�SUHGRPLQDQWO\�KLJK�DQG�ORZ�VDOW�
PDUVK�� ��� WUDQVLWLRQDO� PDUVKHV�� FRQWDLQLQJ� KLJK� DQG�
ORZ� VDOW�PDUVK� DQG� FDWWDLO-UHHG�KDELWDWV�� ��� EUDFNLVK�
FDWWDLO� PDUVKHV�� FRQWDLQLQJ� FDWWDLO-UHHG� DQG� ORZ� VDOW�
PDUVK�� DQG� ��� IUHVKZDWHU� PDUVKHV�� FRQWDLQLQJ�
VRIWVWHP� EXOUXVK� DQG� IORDWLQJ-OHDYHG� KDELWDWV��+DEL�
WDWV�RI�WKH�VLWHV�DUH�DV�IROORZV��7DEOH���� 

*UHDW�,VODQG-�0RVW�RI�WKLV�PDUVK�LV�GRPLQDWHG�E\�
VDOW� PHDGRZ� JUDVVHV�� ,Q� DUHDV� LQXQGDWHG� GDLO\� E\�
WLGHV�� WDOOHU� FRUG� JUDVVHV� �6SDUWLQD� DOWHUQLIORUD�� 6��
SHFWLQDWD��DQG�EXOUXVKHV��6FLUSXV�UREXVWXV��6��PDULWL�
PXV�� SUHGRPLQDWH�� ,Q� GULHU� DUHDV� DQG� SDUWLFXODUO\� DW�
WKH� LVODQG
V� XSULYHU� HQG�� D� PL[WXUH� RI� %ODFN� *UDVV�
�-XQFXV� JHUDUGL��� EXOUXVKHV� �6FLUSXV� SXQJHQV�� 6��
DPHULFDQXV��� UHHGV� DQG� FDWWDLOV� RFFXUV�� � +LJK� 7LGH�
%XVK� �,YD� IUXWHVFHQV�� LV� VFDWWHUHG� WKURXJKRXW�� EXW� LV�
SDUWLFXODUO\�FRPPRQ�DORQJ�PRVTXLWR�GLWFKHV� 

%ODFN� +DOO� 5LYHU-� 9HJHWDWLRQDOO\� VLPLODU� WR�
*UHDW� ,VODQG�� WKLV� PDUVK� GLIIHUV� SULPDULO\� LQ� KDYLQJ�
OLPLWHG�FRYHU�E\�UHHGV�DQG�FDWWDLOV�DQG�LQ�KDYLQJ�WZR�
VPDOO� LVODQGV� RI� ODUJHO\� SXUH� 6�� DOWHUQLIORUD�� �7KHVH�
ODWWHU� DUHDV� DUH� XQXVXDO� LQ� WKHLU� ODFN� RI� PRVTXLWR�
GLWFKHV� 

8SSHU� ,VODQG-� 7KH� YHJHWDWLRQ� RI� 8SSHU� ,VODQG�
FRQVLVWV� RI� SDWFKHV� RI� VDOW� PHDGRZ� JUDVV� DQG� EODFN�
JUDVV��6WDQGV�RI�FDWWDLOV�DQG�UHHGV�DUH�H[WHQVLYH�DQG��
LQ� DUHDV� LQXQGDWHG� GDLO\� E\� WLGHV�� FRUGJUDVVHV� DQG�
EXOUXVKHV� DUH� FRPPRQ�� � 7KH� YHJHWDWLRQ� PD\� EH�
WKRXJKW� RI� DV� WUDQVLWLRQDO� EHWZHHQ� VDOW�PHDGRZ� DQG�
FDWWDLO�PDUVKHV� 

5DJJHG�5RFN�&UHHN-�7KLV�PDUVK�LV�YHJHWDWLRQDO�
O\� VLPLODU� WR�8SSHU� ,VODQG�� �$V� DW�8SSHU� DQG�*UHDW�
,VODQG��VHYHUDO�VPDOO�RDN�FRSVHV�RFFXU�RQ�URFN\�RXW�
FURSV�� DQG� VLPLODUO\� WR� DOO� PDUVKHV� QHDU� WKH� ULYHU�
PRXWK��5DJJHG�5RFN�&UHHN�LV�ERUGHUHG�E\�H[WHQVLYH�
WLGDO�IODWV���,Q������D�ODQGILOO��QRZ�FORVHG��RSHUDWHG�DW�
WKH�VLWH
V�VRXWKHUQ�HQG�� 

$\HU¶V��)HUU\��3RLQW-�7KLV�PDUVK�ZDV�GRPLQDWHG�
E\� FDWWDLOV� HYHQ� LQWR� WKH� ����V�� DOWKRXJK� DW� SUHVHQW�
UHHGV�KDYH�HQFURDFKHG�RYHU�PXFK�RI�WKH�DUHD��$ORQJ�
ODUJH� FUHHNV�� FRUGJUDVVHV� IRUP� D� IULQJH� DQG� VPDOO�
SDWFKHV� RI� VKRUW� VHGJHV� �&DUH[� VSS��� (OHRFKDULV�
VPDOOLL��RFFXU�DORQJ�WKH�XSODQG�ERUGHU� 

/RUG¶V�&RYH-�7KLV�PDUVK�ZDV�RQFH�ODUJHO\�GRP�
LQDWHG� E\� FDWWDLOV� DOWKRXJK� DW� SUHVHQW� UHHGV� DUH� HQ�
FURDFKLQJ�RYHU�PXFK�RI�WKH�DUHD���$ORQJ�FUHHN�HGJHV��
FRUGJUDVVHV� SUHGRPLQDWH�� SDUWLFXODUO\� DW� *RRVH� ,V�
ODQG�� ZKLFK� LV� KHUH� FRQVLGHUHG� SDUW� RI� WKH� /RUG
V�
&RYH� FRPSOH[�� � ,Q� VKDOORZ� ZDWHU� QHDU� FUHHNV�� EXO�
UXVKHV��6FLUXV�IOXYLDWLOLV��6��YDOLGXV��RFFXU�DQG�DORQJ�
WKH� ZHVWHUQ� ERUGHU� FDWWDLOV� DQG� UHHGV� PHUJH� ZLWK� D�
GDPS� VZLWFKJUDVV-VHGJH� �3DQLFXP� YLUJDWXP�� (OHR�
FKDULV� VPDOOLL�� UHVSHFWLYHO\��PHDGRZ�� �$Q� H[WHQVLYH�
WLGDO� IODW� LV� SUHVHQW� DW� WKH� VRXWKHUQ� HQG� DQG�� DV� DOO�
VLWHV�GLVFXVVHG�WKXV�IDU��QXPHURXV�WLGDO�FUHHNV�GLVVHFW�
WKH�PDUVK� 

'HHS�5LYHU��3UDWW�	�3RVW�&RYHV�-�7KHVH�PDUVKHV�
DUH� HDFK� GLVVHFWHG� E\� PDMRU� FUHHNV� YHJHWDWHG� DORQJ�
WKHLU� GHHSZDWHU� SRUWLRQV� E\� 3LFNHUHOZHHG�� %XOOKHDG�
/LO\� DQG� :LOG� 5LFH� �=L]DQLD� DTXDWLFD��� � 6KDOORZHU�
DUHDV�DUH�YHJHWDWHG�E\�5LYHU�%XOUXVK� �6�� IOXYLDWLOLV���
7XFNDKRH�� &DODPXV� �$FRUXV� FDODPXV�� DQG� 7XVVRFN�
6HGJH��&DUH[�VWULFWD���FDWWDLO�DQG�UHHG���0XGIODWV�DUH�
H[SRVHG�DORQJ�WKH�FUHHN�ERUGHUV�DW�ORZ�WLGH� 

:KDOHERQH� &UHHN-� 0XFK� RI� WKLV� PDUVK� LV� VXE�
PHUJHG� RYHU� RQH� PHWHU� DW� KLJK� WLGH�� 3LFNHUHOZHHG��
%XOOKHDG�/LO\�DQG�:LOG�5LFH�FRYHU� WKHVH�GHHSZDWHU�
SRUWLRQV��EXW� VKDOORZHU�DUHDV�DUH�YHJHWDWHG�E\�5LYHU�
%XOUXVK�� 7XFNDKRH�� &DODPXV� DQG� VPDOO� SDWFKHV� RI�
FDWWDLO���&UHHNV�GLYLGH�WKH�PDUVK�DQG�H[WHQVLYH�PXG�
IODWV�DUH�H[SRVHG�DW�ORZ�WLGH� 

&KDSPDQ¶V� 3RQG-�0XFK� DV� DW� RWKHU� WLGDO� IUHVK�
ZDWHU� PDUVKHV�� 5LYHU� %XOUXVK�� 7XFNDKRH�� 7XVVRFN�
6HGJH��&DODPXV�� FDWWDLO� DQG� UHHG� DUH� FRPPRQ� SODQW�
VSHFLHV���$W�ORZ�WLGH��DUHDV�RI�PXGIODW�IULQJH�D�FHQWUDO�
SRQG�DQG�PDMRU�WLGDO�FUHHNV�� 

3HFDXVHWW�0HDGRZV-�7KLV� VLWH�KDV�3LFNHUHOZHHG�

),*�����6HOHFWHG�PDUVKHV�RI�WKH�&RQQHFWLFXW�5LYHU� 
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ERUGHULQJ�D�SRQG�WKDW�RFFXSLHV�WKH�PDUVK�FHQWHU��EXW�
LQ�VKDOORZHU�ZDWHU��XQGHU�RQH�PHWHU��FRYHULQJ�PXFK�
RI� WKH� PDUVK�� PL[WXUHV� RI� 5LYHU� %XOUXVK�� :DWHU�
+RUVHWDLO�� 7XVVRFN� 6HGJH�� &DODPXV� DQG� 7XFNDKRH�
RFFXU�� �$V� DW� DOO� IUHVKZDWHU�PDUVKHV��6HQVLWLYH�)HUQ�
�2QRFOHD�VHQVLELOLV�� LV�SDUWLFXODUO\�DEXQGDQW� LQ�GULHU�
DUHDV�� � 7KHUH� ZDV� IRUPHUO\� DQ� RSHUDWLQJ� ODQGILOO� RQ�
WKH�VLWH
V�QRUWKHUQ�ERUGHU� 

&URPZHOO�0HDGRZV-�.QRZQ�LQ�WKH���WK�FHQWXU\�
DV�WKH�/LWWOH�5LYHU�0DUVKHV��WKLV�VLWH�LV�YHJHWDWHG�E\�D�
PL[WXUH� RI� 5LYHU� %XOUXVK�� 7XFNDKRH�� &DODPXV� DQG�
:DWHU�+RUVHWDLO�� � �6PDOOHU�DUHDV�RI�FDWWDLO�RFFXU�� �,Q�
DUHDV�ERUGHULQJ�FUHHNV��3LFNHUHOZHHG��:LOG�5LFH�DQG�
%XOOKHDG�/LO\�SUHGRPLQDWH�� �0XFK�RI� WKH�PDUVK�KDV�
VWDQGLQJ�ZDWHU�DW�KLJK�WLGH��EXW�WKH�SRUWLRQ�NQRZQ�DV�
5RXQG� 0HDGRZ� LV� FRYHUHG� GDLO\� E\� DSSUR[LPDWHO\�
����WR���P�RI�ZDWHU�� �5RXQG�0HDGRZ�DOVR�GLIIHUV�LQ�
KDYLQJ�D�ERJJ\��TXDNLQJ�VXUIDFH�LQ�VSRWV���6RPH�PXG�
LV� H[SRVHG� DORQJ� FUHHNV� DW� ORZ� WLGH� DQG� D� ODQGILOO�
RQFH�RFFXSLHG�WKH�ZHVWHUQ�ERUGHU�RI�WKH�VLWH�� 

'HDG� 0DQ¶V� 6ZDPS-� (YHQ� WKRXJK� DGMDFHQW� WR�
WKH�&RQQHFWLFXW�5LYHU�� WKLV�PDUVK� LV� QRW� GLUHFWO\� LQ�
IOXHQFHG�E\�WLGHV���5LYHU�%XOUXVK��7XFNDKRH�DQG�:D�
WHU�+RUVHWDLO�GRPLQDWH�PXFK�RI�LW��EXW�VHYHUDO�H[WHQ�
VLYH� FDWWDLO� VWDQGV� DOVR� RFFXU�� � 7KH� ZDWHU� GHSWK� LV�
PRVWO\� RYHU� �� P� DQG� LW� KDV� D� TXDNLQJ� VXUIDFH� WKDW�
FDQQRW�EH�QHJRWLDWHG�RQ�IRRW� 

:DQJXQN� 0HDGRZV-� 0XFK� RI� WKLV� QRQWLGDO��
IUHVKZDWHU�PDUVK�KDV�ZDWHU�DYHUDJLQJ�!�����P�GHHS���
&RQVHTXHQWO\�� WKH� PRVW� FRPPRQ� SODQW� VSHFLHV� DUH�
WKRVH� WKDW� SUHIHU� GHHSHU�ZDWHU�� OLNH�7XFNDKRH��%XOO�
KHDG� /LO\�� 3LFNHUHOZHHG�� :DWHU� 6PDUWZHHG�
�3RO\JRQXP�VSS����0DQQDJUDVV��*�\FHULD�DFXWLIROLD��
DQG� %XUUHHG� �6SDUJDQLXP� VSS���� � :DWHU� +RUVHWDLO��
5LYHU� %XOUXVK� DQG� 5HHG� &DQDU\� *UDVV� �3KDODULV�
DUXQGLQDFHD��DUH�FRPPRQ�LQ�VKDOORZHU�DUHDV� 

:HWKHUVILHOG�0HDGRZV-�7KLV�VLWH��ZLWK�VWDQGLQJ�
ZDWHU� ���� WR� �� P� GHHS�� LV� QRW� LQIOXHQFHG� E\� WLGHV���
0RVW�RI�LW� LV�YHJHWDWHG�E\�5LYHU�%XOUXVK��7XFNDKRH��
&DODPXV�DQG�:DWHU�+RUVHWDLO���6HYHUDO�FDWWDLO�VWDQGV�

RFFXU�DQG�5HHG�&DQDU\�*UDVV�LV�DEXQGDQW�LQ�VKDOORZ�
ZDWHU�� 6HYHUDO� VPDOO� DUHDV� RI� RSHQ�ZDWHU� RFFXU� DQG�
%ODFN�:LOORZV��6DOL[�QLJUD��DUH�VFDWWHUHG�WKURXJK�WKH�
PDUVK� 

7HPSRUDO� KDELWDW� FKDQJH�� ,� TXDOLWDWLYHO\� DV�
VHVVHG� YHJHWDWLRQ� GLVWULEXWLRQ� LQ� PDUVK� KDELWDWV� RQ�
VXPPHU�DHULDO�SKRWRV�WDNHQ�LQ������DQG��������,�DOVR�
YLVXDOO\� FRPSDUHG� VLWHV� LQ� �����ZLWK� SKRWR� VWDWLRQV�
HVWDEOLVKHG�LQ��������)URP�WKHVH�REVHUYDWLRQV��,�GUHZ�
FRQFOXVLRQV�DERXW�JURVV�FKDQJHV�LQ�PDUVK�YHJHWDWLRQ�
RYHU�D���-\HDU�SHULRG� 

7KHVH� GHVFULSWLRQV� RI� KDELWDWV� DSSO\� WR� WKH�
PDUVKHV� RQO\� GXULQJ� WKH� QHVWLQJ� VHDVRQ�� � %\� ODWH�
VXPPHU��YHJHWDWLRQ�LV�WDOOHU�DQG�ZDWHU�OHYHOV�DUH�XVX�
DOO\�ORZHU�DW�IUHVKZDWHU�VLWHV�� �0RUHRYHU��:LOG�5LFH�
DQG� VHYHUDO� RWKHU� VSHFLHV� WKDW� DUH� LQFRQVSLFXRXV� LQ�
HDUO\�VXPPHU�DVVXPH�GRPLQDQFH�E\�ODWH�VXPPHU� 

%LUG�VXUYH\V��,�VWXGLHG�PDUVK�ELUG�GLVWULEXWLRQV�
IURP�PLG-0D\� WR�PLG--XO\�� ����� �WKH�EUHHGLQJ� VHD�
VRQ��� � ,� YLVLWHG� HDFK� VLWH� RQFH� DW� WKH� KHLJKW� RI� WKH�
EUHHGLQJ�VHDVRQ��WR�PLG--XQH��DQG�DJDLQ�EULHIO\�GXU�
LQJ� WKH� IOHGJLQJ� SHULRG� �-XO\��� �'XULQJ� HDFK� YLVLW�� ,�
UHFRUGHG� DOO� VSHFLHV� RI� ELUGV� HQFRXQWHUHG� ZKLOH� ,�
FURVVHG� WKH�PDUVK�RQ� IRRW� RU� E\�ERDW�� � ,� GLG�QRW� DW�
WHPSW�WR�TXDQWLI\�ULJRURXVO\�WKH�DEXQGDQFH�RI�VSHFLHV�
EXW�� VLPLODU� WR� &KULVWPDV� %LUG� &RXQW� SURFHGXUHV�
�'UHQQDQ�������� ,�FRXQWHG�DOO� LQGLYLGXDOV�RI�VSHFLHV�
HQFRXQWHUHG���$V�LQ�������GXULQJ�WKH�ILUVW�VHW�RI�VXU�
YH\V� ,� DOVR� FRXQWHG� DOO� LQGLYLGXDOV� RI� DEXQGDQW� VSH�
FLHV�GXULQJ�WZR�KRXUV��EHJLQQLQJ�EHWZHHQ�������DQG�
������('7�� �0DUVK� VSHFLHV�ZHUH�GLYLGHG� LQWR� WKRVH�
WKDW�ZHUH�����EUHHGHUV—VSHFLHV�WKDW�VSHQW�WKHLU�HQWLUH�
GD\�LQ�PDUVKHV��QHVWLQJ�WKHUH�DQG�XVLQJ�PDUVK�YHJH�
WDWLRQ��FUHHNV�RU�WLGDO�IODWV��DQG����XVHUV—VSHFLHV�WKDW�
XVHG�PDUVKHV�RU�DVVRFLDWHG�FUHHNV�DQG�IODWV�SULPDULO\�
IRU�IHHGLQJ�EXW�ZKLFK�QHVWHG�HOVHZKHUH� 

7R� JDLQ� VRPH� SHUVSHFWLYH� DERXW� SRSXODWLRQ�
WUHQGV�DQG�KDELWDW�DIILQLWLHV��,�H[DPLQHG�VWDQGDUGL]HG�
FRXQW� GDWD� XVLQJ� PHWKRGV� VLPLODU� WR� WKRVH� XVHG� IRU�
&KULVWPDV� %LUG� &RXQWV� �%RFN� DQG� 5RRW� ������� )RU�
UHODWLYHO\� FRPPRQ� VSHFLHV� ,� FRPSXWHG� ELUGV� RE�
VHUYHG�O��RU�����KU�DW�HDFK�VLWH���)RU�OHVV�FRPPRQ�RU�
VWURQJO\� IORFNLQJ� VSHFLHV�� ,� FRPSXWHG� ELUGV�\HDU��
ELUGV�VLWH�� ELUGV�PDUVK� W\SH� DQG� VLWHV� RFFXSLHG�
VSHFLHV���7R�JDLQ�LQVLJKWV�LQWR�SRSXODWLRQV�DQG�KDELWDW�
DIILQLWLHV�RI�DEXQGDQW�VSHFLHV��,�XVHG�GDWD�IURP�WZR-
KRXU�FRXQWV��,�DOVR�FRPSDUHG�FRXQWV�IURP������ZLWK�
WKRVH�IRU�������� 

)RU�VHOHFWHG�VSHFLHV��,�JDWKHUHG�SUHOLPLQDU\�GDWD�
RQ�XVH�RI�FDWWDLO�YV��LQYDVLYH�UHHG�KDELWDWV�E\�UHFRUG�
LQJ�DW�WUDQVLWLRQDO�DQG�EUDFNLVK�PDUVKHV�WKH�KDELWDW�,�
ILUVW� HQFRXQWHUHG�ELUGV�RFFXS\LQJ�� �$OWKRXJK�VXFK�D�
SURFHGXUH�GLG�QRW�SURYLGH�LQIRUPDWLRQ�RQ�KDELWDW�XVH�
YV��DYDLODELOLW\��LW�JDYH�DQ�LQLWLDO�LQGLFDWLRQ�RI�XVH�RI�
WKHVH�WZR�KDELWDWV� 

 
5(68/76�$1'�',6&866,21 

 
,Q�������,�IRXQG����PDUVK-EUHHGLQJ�VSHFLHV�DQG�

��� PDUVK-XVLQJ� VSHFLHV� DW� WKH� &RQQHFWLFXW� 5LYHU�

 

7$%/(����6XPPDU\�RI�KDELWDW�IHDWXUHV�RI�WKH�&RQ�
QHFWLFXW�5LYHU�PDUVKHV� 
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PDUVKHV� �7DEOH� ���� � 7KH� GLVWULEXWLRQV�� SRSXODWLRQV�
DQG� KDELWDW� DIILQLWLHV� RI� PDUVK� VSHFLHV� DUH� VXPPD�
UL]HG� EHORZ�� � 6HYHUDO� VSHFLHV� SUHVHQW� LQ� ����� ZHUH�
DEVHQW�LQ�������WKH�VWDWXV�RI�WKHVH�VSHFLHV�LV�DOVR�GLV�
FXVVHG� 

%UHHGHUV� 
3LHG-ELOOHG� *UHEH� �3RGLO\PEXV� � � SRGLFHSV�-� ,�

HQFRXQWHUHG� RQO\� RQH� LQGLYLGXDO� LQ� ������ D� FDOOLQJ�
ELUG� DW� 'HDG� 0DQ
V� 6ZDPS� �7DEOH� ���� � ,� KDYH� QRW�
HQFRXQWHUHG�LQGLYLGXDOV�VLQFH���7KH�VSHFLHV�LV�NQRZQ�
KLVWRULFDOO\�DV�D�UDUH�EUHHGHU��&UDLJ��������� 

$PHULFDQ� %LWWHUQ� �%RWDXUXV� � � OHQWLJLQRVXV�-� ,�
HQFRXQWHUHG� RQO\� RQH� LQGLYLGXDO� LQ� ������ D� FDOOLQJ�
ELUG�DW�'HDG�0DQ
V�6ZDPS��7DEOH�����ZKHUH�WKH�VSH�
FLHV�KDV�RFFXUUHG�FRQVLVWHQWO\�VLQFH��������,W�KDV�UH�
PDLQHG� D� UDUH� EUHHGHU� WKURXJKRXW� WKH� ��-\U� VWXG\�
SHULRG�DQG�KDV�VKRZQ�QR�FRQVLVWHQW�SRSXODWLRQ�WUHQG���
,�IRXQG�����ELUGV�����KU�LQ�������Q� �����KU�����������

KU� LQ� ����о����� �Q�  � ������ KU��� �������� KU� LQ�
����о������Q� �������KU���DQG���������K�LQ�������Q� �
����KU�� 

7DWH�DQG�7DWH���������DPRQJ�RWKHUV��KDYH�QRWHG�
WKDW� $PHULFDQ� %LWWHUQ� SRSXODWLRQV� ZHUH� GHFOLQLQJ���
3HWHUVRQ� ������� QRWHG� WKDW� WKH\� IRUPHUO\� EUHG� QHDU�
WKH� PRXWK� RI� WKH� &RQQHFWLFXW� 5LYHU� EXW� KDG� VLQFH�
GLVDSSHDUHG��SUREDEO\�EHFDXVH�RI�SHVWLFLGH�SROOXWLRQ��
7KH\�KDYH�GHFOLQHG�DV�EUHHGHUV�LQ�&RQQHFWLFXW��&UDLJ�
������ 

/HDVW�%LWWHUQ��,[REU\FKXV�H[LOLV�-�7KH�/HDVW�%LW�
WHUQ� ZDV� SUHVHQW� DW� DOO� PDUVK� W\SHV� EXW� VKRZHG� QR�
FOHDU�SRSXODWLRQ�WUHQG�VLQFH��������$V�QRWHG�E\�&UDLJ�
�������� LW� RFFXUUHG� PRVW� FRPPRQO\� LQ� EUDFNLVK�
PDUVKHV� �7DEOH� ���� �.QRZQ� KLVWRULFDOO\� DV� DQ� LQIUH�
TXHQW�&RQQHFWLFXW�UHVLGHQW��&UDLJ�������� LW�KDV�EHHQ�
GHVFULEHG� DV� D� UDUH� EUHHGHU� E\� =HUDQVNL� DQG�%DSWLVW�
��������� 

0XWH� 6ZDQ� �&\JQXV� RORU�-� )HUDO� ELUGV�� ODUJHO\�
FRQILQHG� WR� EUDFNLVK� SRUWLRQV� RI� WKH� ULYHU� LQ� ������
KDG� LQFUHDVHG� QXPEHUV� LQ� IUHVKZDWHU� PDUVKHV� E\�
������ +RZHYHU�� WKH� JUHDWHVW� GHQVLWLHV� UHPDLQHG� LQ�
VKHOWHUHG� FRYHV�QHDU�8SSHU� ,VODQG� DQG�/RUG
V�&RYH���
3RSXODWLRQV� LQFUHDVHG� DIWHU� ������ ZKHQ� ,� HVWLPDWHG�
���DGXOWV�WR�EH�SUHVHQW��FRPSDUHG�ZLWK�����WDOOLHG�LQ�
����о������ ���� LQ� ����о����� DQG� ���� LQ� �������
0XWH� 6ZDQV� KDYH� EHHQ� HVWDEOLVKHG� LQ� WKH�1RUWKHDVW�
SRVVLEO\�VLQFH�������DQG�VHYHUDO�GR]HQ�ZHUH�SUHVHQW�
LQ� &RQQHFWLFXW� E\� ����� �3DOPHU� ������� � 7KH\� H[�
SDQGHG� WKHLU� UDQJH� WKURXJKRXW� &RQQHFWLFXW� GXULQJ�
WKH���WK�FHQWXU\��=HUDQVNL�DQG�%DSWLVW������� 

&DQDGD�*RRVH� �%UDQWD� FDQDGHQVLV�-� )HUDO� ELUGV�
ZHUH� OHVV� UHVWULFWHG� WR�EUDFNLVK�SRUWLRQV�RI� WKH� ULYHU�
WKDQ� LQ� ������ DOWKRXJK� WKH� ODUJHVW� FRQFHQWUDWLRQ� UH�
PDLQHG� QHDU� /RUG
V� &RYH�� � 3RSXODWLRQ� VL]H� VKRZHG�
QR�FOHDU�WUHQG�XQWLO�WKH�SUHVHQW�VXUYH\��ZKHQ�,�FRXQW�
HG� ����� � 6RPH� RI� WKHVH� ELUGV� ZHUH� DSSDUHQWO\� IXOO-
JURZQ� MXYHQLOHV�� DOWKRXJK�QXPEHUV�RI�DGXOWV�FOHDUO\�
ZHUH� JUHDWHU� WKDQ� SUHYLRXVO\� UHFRUGHG�� � ,Q� ������ ,�
IRXQG� ��� DGXOWV�� LQ� ����о����� ��� DGXOWV�� DQG� LQ�
����о��������DGXOWV�� �&XUUHQW�QHVWHUV� KDYH�EHFRPH�
HVWDEOLVKHG� IURP� FDSWLYH� VWRFN� �%DJJ� DQG� (OLRW�
��������7KH�VSHFLHV�EHFDPH�LQFUHDVLQJO\�FRPPRQ�DV�
D� &RQQHFWLFXW� EUHHGHU� GXULQJ� WKH� ��WK� FHQWXU\�
�=HUDQVNL�DQG�%DSWLVW������� 

:RRG�'XFN��$L[�VSRQVD�-�$V�LQ�������WKH�:RRG�
'XFN�ZDV�SULPDULO\�UHVWULFWHG�WR�IUHVKZDWHU�PDUVKHV��
DOWKRXJK� LQ������ WZR�ELUGV�RFFXUUHG�DW� WKH�EUDFNLVK�
8SSHU�,VODQG�IRU�WKH�ILUVW�WLPH��7DEOH������3RSXODWLRQV�
DSSHDUHG�WR�LQFUHDVH�E\�������7DEOH�����EXW�PXFK�RI�
WKH� WUHQG� ZDV� D� FRQVHTXHQFH� RI� DGGLQJ� :DQJXQN�
0HDGRZV�DV�D�VWXG\�VLWH���7KH�VSHFLHV�KDV�EHHQ�DEXQ�
GDQW� DW� :DQJXQN� 0HDGRZV� VLQFH� ������ ZKHUH� LQ�
SUHYLRXV� \HDUV� ,� REVHUYHG������ DGXOWV����KU� �Q�  ����
KU��� � :RRG� 'XFNV� LQFUHDVHG� LQ� &RQQHFWLFXW� GXULQJ�
WKH���WK�FHQWXU\��=HUDQVNL�DQG�%DSWLVW�������� 

*UHHQ-ZLQJHG� 7HDO� �$QDV� FUHFFD�-� 6LQFH� ������
ZKHQ� ,� IRXQG� DW� OHDVW� WKUHH� LQGLYLGXDOV� DW� EUDFNLVK�
DQG�IUHVKZDWHU�PDUVKHV��,�KDYH�KDG�RQO\�RQH�SRVVLEOH�

7$%/(�����2FFXUUHQFH�RI�ELUGV�DW�WKH�&RQQHFWLFXW�
5LYHU�PDUVKHV�LQ������ 



%LUG�&RQVHUYDWLRQ�5HVHDUFK�&RQWULEXWLRQ���      ���� 
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VXPPHU�VLJKWLQJ�RI� WKLV�VSHFLHV� �������� �1RQH�ZHUH�
ORFDWHG� LQ� ������ 7KH� *UHHQ-ZLQJHG� 7HDO� KDV� LQ�
FUHDVHG�LQ�WKH�1RUWKHDVW�DQG�PD\�RFFDVLRQDOO\�EUHHG�
LQ�&RQQHFWLFXW��=HUDQVNL�DQG�%DSWLVW������� 

$PHULFDQ� %ODFN� 'XFN� �$�� UXEULSHV�-� 6LQFH�
������WKLV�VSHFLHV�KDV�VKRZQ�D�FODVVLF�H[WLQFWLRQ�SDW�
WHUQ� RI� GHFOLQLQJ� QXPEHUV� DQG� VKULQNLQJ� UDQJH�� � ,Q�
������LW�UDQJHG�IURP�VDOW�WR�IUHVKZDWHU�PDUVKHV��ZLWK�
QXPEHUV�JUHDWHVW�LQ�WKH�ODWWHU���3UHVHQWO\��SRSXODWLRQV�
DSSURDFK������OHYHOV�RQO\�LQ�VDOW�PDUVKHV��1XPEHUV�
ZHUH�GUDVWLFDOO\�ORZHU�LQ�XSULYHU�PDUVKHV�DQG�,�IRXQG�
QRQH� LQ� IUHVKZDWHU� PDUVKHV� �7DEOH� ���� � 3RSXODWLRQ�
GHFOLQHV� KDYH� EHHQ� QRWHG� WKURXJKRXW� WKH� (DVW� FRDVW�
�6WHLQHU������—D�WUHQG�WKDW�KDV�EHHQ�OLQNHG�WR�FRP�
SHWLWLYH� UHSODFHPHQW� RI� %ODFN� 'XFNV� E\� 0DOODUGV�
�+HXVPDQQ������������� 

0DOODUG� �$�� SODW\UK\QFRV�-� $V� LQ� ������ WKLV� LQ�
WURGXFHG�SUDLULH�VSHFLHV�ZDV�PRVW�FRPPRQ�LQ�VDOLQH�
SRUWLRQV� RI� WKH� ULYHU�� DOWKRXJK� LW� ZDV� IUHTXHQW�
WKURXJKRXW�� � ,W�RFFXUUHG�DERXW�DV�RIWHQ�DV� WKH�%ODFN�
'XFN� LQ� VDOW�PDUVKHV�EXW�JUHDWO\�RXWQXPEHUHG� WKHP�
LQ�RWKHU�PDUVK�W\SHV��3RSXODWLRQV�DSSHDUHG�WR�GHFOLQH�
DIWHU� ������ EXW� KDYH� VKRZQ� UHODWLYHO\� OLWWOH� FKDQJH�
VLQFH�����о������7DEOH����&UDLJ���������7KH�0DOODUG�
EHFDPH� D� FRPPRQ� &RQQHFWLFXW� EUHHGHU� GXULQJ� WKH�
��WK�FHQWXU\��=HUDQVNL�DQG�%DSWLVW������� 

%OXH-ZLQJHG� 7HDO� �$�� GLVFRUV�-� $OWKRXJK� DQ�

XQFRPPRQ�EXW�ZLGHVSUHDG�VXPPHU�UHVLGHQW�LQ�������
E\������WKH�VSHFLHV�ZDV�FRPSOHWHO\�DEVHQW���0\�ODVW�
GHILQLWH� REVHUYDWLRQ� RI� D� VXPPHULQJ� ELUG� ZDV� LQ�
������ ZKHQ� ,� IRXQG� RQH� ELUG� DW� *UHDW� ,VODQG�
�DOWKRXJK�VLQFH�WKLV�VWXG\�,�IRXQG�D�SDLU�DW�'HHS�5LY�
HU�LQ�������� �7KH�VSHFLHV�LV�D�UDUH��VSRUDGLF�VXPPHU�
UHVLGHQW�LQ�&RQQHFWLFXW��=HUDQVNL�DQG�%DSWLVW������� 

*DGZDOO��$��VWUHSHUD�-�,Q�������,�IRXQG�WKLV�VSH�
FLHV�RQO\�DW�VDOW�PDUVKHV��7DEOH�����DOWKRXJK�LW�SUHYL�
RXVO\� ZDV� SUHVHQW� IURP� VDOW� WR� EUDFNLVK� PDUVKHV�
�&UDLJ���������,�DOVR�IRXQG�ELUGV�LQ������DQG������DW�
WKH�IUHVKZDWHU�6RXWK�:LQGVRU�0HDGRZV��ZKHUH�WKH\�
KDYH� RFFXUUHG� VSRUDGLFDOO\� VLQFH� ����� �%DJJ� DQG�
(OLRW���������6LQFH�������SRSXODWLRQV�KDYH�DSSHDUHG�
WR�IOXFWXDWH�EXW�VKRZHG�QR�FRQVLVWHQW�WUHQG��7DEOH����
&UDLJ���������7KH�VSHFLHV�LQFUHDVHG�DV�D�&RQQHFWLFXW�
EUHHGHU�GXULQJ�WKH���WK�FHQWXU\��=HUDQVNL�DQG�%DSWLVW�
������� 

&RPPRQ�0HUJDQVHU� �0HUJXV�PHUJDQVHU�-� /LNH�
WKH�:RRG�'XFN��WKLV�VSHFLHV�LV�OLVWHG�KHUH�DV�D�PDUVK�
EUHHGHU� HYHQ� WKRXJK� LW� QHVWV� LQ� DGMDFHQW� WUHHV� �VHH�
&UDLJ������IRU�UDWLRQDOH����,Q�������,�REVHUYHG�D�VLQ�
JOH� DGXOW� DW� &URPZHOO� 0HDGRZV� �7DEOH� ���� ZKLFK�
ZDV� SRVVLEO\� D� EUHHGHU� DOWKRXJK�PRUH� OLNHO\� D� QRQ-
EUHHGLQJ� LQGLYLGXDO�� � ,Q� SUHYLRXV� \HDUV�� ,� KDYH� HQ�
FRXQWHUHG�DGGLWLRQDO�VXPPHULQJ�ELUGV�DORQJ�WKH�&RQ�
QHFWLFXW�5LYHU�DQG�WKH�VSHFLHV�PD\�RFFDVLRQDOO\�QHVW�

7$%/(����+DELWDW�DIILQLWLHV�DQG�SRSXODWLRQ�WUHQGV�RI�VHOHFWHG�VSHFLHV���&RXQWV�LQ�ELUGV����K��KRXUV�RI�REVHUYDWLRQ�
LQ�SDUHQWKHVHV� 
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LQ�WKH�DUHD���7KH�&RPPRQ�0HUJDQVHU�KDV�EHHQ�D�UDUH�
&RQQHFWLFXW�EUHHGHU�VLQFH�DW�OHDVW�������&UDLJ������� 

1RUWKHUQ� +DUULHU� �&LUFXV� F\DQHXV�-� $OWKRXJK�
SUHVHQW�VSRUDGLFDOO\�LQ�VXPPHU�VLQFH�������,�ORFDWHG�
QR� LQGLYLGXDOV� RI� WKLV� VSHFLHV� LQ� ������ � 3UHYLRXVO\��
WKH� 1RUWKHUQ� +DUULHU� KDV� EHHQ� SUHVHQW� SULPDULO\� LQ�
EUDFNLVK�SRUWLRQV�RI� WKH� ULYHU��7DWH� DQG�7DWH� �������
FRQVLGHUHG�1RUWKHDVWHUQ�SRSXODWLRQV�WKUHDWHQHG�� 

%ODFN� 5DLO� �/DWHUDOOXV� MDPDLFHQVLV�-� 'HVSLWH�
UHSHDWHG�VHDUFKHV��,�ZDV�XQDEOH�WR�ORFDWH�%ODFN�5DLOV�
LQ��������,�ORFDWHG�WKHP�RQO\�LQ�������ZKHQ�,�IRXQG�
FDOOLQJ� ELUGV� DW� 5DJJHG� 5RFN� &UHHN� DQG� &URPZHOO�
0HDGRZV���7KH�%ODFN�5DLO�LV�DW�WKH�QRUWKHUQ�SHULSK�
HU\� RI� LWV� UDQJH� LQ� &RQQHFWLFXW� DQG� PD\� QHVW� KHUH�
RQO\�VSRUDGLFDOO\��&UDLJ������� 

&ODSSHU�5DLO� �5DOOXV� ORQJLURVWULV�-�7KH�&ODSSHU�
5DLO�LQKDELWHG�VDOW�DQG�WUDQVLWLRQDO�PDUVKHV��ZKHUH�LW�
ZDV� SUHVHQW� XQFRPPRQO\�� � 6LQFH� ������ SRSXODWLRQV�
RI�WKLV�VSHFLHV�DQG�WKH�YRFDOO\�LQGLVWLQJXLVKDEOH�.LQJ�
5DLO�DSSHDU�WR�KDYH�GHFOLQHG��7DEOH������1RUWKHDVWHUQ�

SRSXODWLRQV�DOVR�PD\�KDYH�GHFOLQHG�VLQFH� WKH�����V�
�=HUDQVNL�DQG�%DSWLVW������� 

.LQJ�5DLO��5��HOHJDQV�-�,Q������,�FRQILUPHG�WKH�
SUHVHQFH� RI� WKH� .LQJ� 5DLO� RQO\� DW� 8SSHU� ,VODQG��
ZKHUH�D�SDLU� LQKDELWLQJ�UHHGV�UHVSRQGHG�WR�SOD\EDFN�
RI� WDSH� UHFRUGHG� FDOOV�� � 6LQFH� ������ WKH� VSHFLHV� KDV�
EHHQ� DQ� XQFRPPRQ� EXW� UHJXODUO\� RFFXUULQJ� LQKDELW�
DQW�RI�VDOW�DQG�EUDFNLVK�PDUVKHV���7KH�VSHFLHV�LV�QHDU�
WKH� QRUWKHUQ� SHULSKHU\� RI� LWV� UDQJH� LQ� &RQQHFWLFXW�
DQG� KLVWRULFDOO\� KDV� EHHQ� D� UDUH� EUHHGHU� KHUH� �&UDLJ�
������ 

9LUJLQLD� 5DLO� �5�� OLPLFROD�-� 8QOLNH� LQ� SUHYLRXV�
\HDUV� �&UDLJ� ������� WKH�9LUJLQLD�5DLO�ZDV� UHODWLYHO\�
XQFRPPRQ�DQG�GLIILFXOW�WR�ILQG�LQ�IUHVKZDWHU�PDUVK�
HV���$W�VLWHV�OLNH�&URPZHOO�0HDGRZV��ZKHUH�LQ�PRVW�
\HDUV�,�IRXQG�LW�HDVLO\��,�ORFDWHG�QRQH�LQ���������+RZ�
HYHU��LW�ZDV�UHODWLYHO\�PRUH�FRPPRQ�LQ�VDOW�DQG�WUDQ�
VLWLRQDO�PDUVKHV�WKDQ�SUHYLRXVO\��7DEOH����� �2YHUDOO��
SRSXODWLRQV� DSSHDUHG� GRZQ� IURP� ����о����� DQG�
KDYH�IOXFWXDWHG�VLQFH������ 

6RUD� �3RU]DQD� FDUROLQD�-� ,Q� ������ ,� IRXQG� QR�
6RUDV� RQ� WKH� &RQQHFWLFXW� 5LYHU� GHVSLWH� GDZQ� DQG�
GXVN� VHDUFKHV� DQG�PDNLQJ� XVH�RI� WDSHG� FDOOV�� �&RQ�
VLGHULQJ� WKDW� %LOODUG� ������� HVWLPDWHG� WZR� SDLUV� RI�
6RUDV�KD� DW�:HWKHUVILHOG� 0HDGRZV�� WKH� VSHFLHV� KDV�
FOHDUO\�GHFOLQHG�LQ�&RQQHFWLFXW�GXULQJ�WKLV�FHQWXU\�� 

&RPPRQ� 0RRUKHQ� �*DOOLQXOD� FKORURSXV�-� ,�
KDYH�QRW���IRXQG���D���VXPPHULQJ���&RPPRQ�0RRUKHQ�
DW� WKH� VWXG\� VLWHV� VLQFH�������ZKHQ� ,� IRXQG�D� VLQJOH�
ELUG�DW�/RUG
V�&RYH���2XWVLGH�WKLV�DUHD��LW�RFFXUV�VSR�
UDGLFDOO\� LQ� VXPPHU� DW� 6RXWK� :LQGVRU� 0HDGRZV���
+LVWRULFDOO\��LW�KDV�EHHQ�D�UDUH�EUHHGHU�LQ�&RQQHFWLFXW�
�&UDLJ������� 

&RPPRQ� 6QLSH� �*DOOLQDJR� � JDOOLQDJR�-� ,� KDYH�
QRW� IRXQG�D�VXPPHULQJ�&RPPRQ�6QLSH�DW� WKH� VWXG\�
VLWHV�VLQFH�������ZKHQ�,�REVHUYHG�D�SRWHQWLDO�EUHHGHU�
DW� :DQJXQN� 0HDGRZV�� � 2XWVLGH� WKH� VWXG\� DUHD�� ,�
RFFDVLRQDOO\� KDYH� IRXQG� LW� VXPPHULQJ� LQ� IUHVKZDWHU�
PDUVKHV� QHDU� WKH� &RQQHFWLFXW� 5LYHU�� � 7KH� VSHFLHV�
DSSHDUV� WR� KDYH� DOZD\V� EHHQ� D� UDUH� &RQQHFWLFXW�
EUHHGHU��&UDLJ������� 

:LOOHW� �&DWRSWURSKRUXV� VHPLSDOPDWXV�-� 2QO\� D�
VLQJOH� VXPPHULQJ� LQGLYLGXDO� RFFXUUHG� DW� *UHDW� ,V�
ODQG�� � ,Q������,� IRXQG�ELUGV�DW� WKUHH�PDUVKHV��7DEOH�
���DQG�� WKHUHIRUH�� WKH� VSHFLHV�DSSHDUV� WR�EH�FRQWLQX�
LQJ� LWV�VORZ�LQFUHDVH�� �$IWHU�GLVDSSHDULQJ� LQ� WKH���WK�
FHQWXU\��EUHHGHUV�GLG�QRW� UHWXUQ� WR�&RQQHFWLFXW�XQWLO�
������&UDLJ������� 

6SRWWHG� 6DQGSLSHU� �$FWLWXV� PDFXODULD�-� &RP�
SDUHG� ZLWK� ������ WKH� 6SRWWHG� 6DQGSLSHU� GHFOLQHG��
DOWKRXJK� LW� KDV� IOXFWXDWHG� LQ� DEXQGDQFH� VLQFH� �����
�&UDLJ���������,W�KDV�EHHQ�D�IDLUO\�FRPPRQ�&RQQHFWL�
FXW�EUHHGHU�VLQFH�WKH���WK�FHQWXU\��&UDLJ������� 

0DUVK�:UHQ��&LVWRWKRUXV�SDOXVWULV�-�7KH�0DUVK�
:UHQ� DSSHDUHG� DW� DOO�PDUVK� W\SHV�� EXW� DV� LQ������ LW�
ZDV�PRVW�DEXQGDQW�LQ�EUDFNLVK�SRUWLRQV�RI�WKH�ULYHU��
7KH�VSHFLHV�ZDV�DEXQGDQW�WKURXJKRXW�WKLV�VWXG\��DOW�
KRXJK�SHUKDSV�VOLJKWO\�OHVV�VR�LQ�������7DEOH����� �,W�
KDV� EHHQ� NQRZQ� DV� DQ� DEXQGDQW� UHVLGHQW� RI� WKHVH�
PDUVKHV�VLQFH�WKH���WK�FHQWXU\��6DJH�HW�DO�������� 

7$%/(����+DELWDW�DIILQLWLHV�DQG�SRSXODWLRQ�WUHQGV�RI�
VHOHFWHG�VSHFLHV���&RXQWV�LQ�ELUGV����KU��KRXUV�RI�
REVHUYDWLRQ�LQ�SDUHQWKHVHV� 
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7$%/(� ��� 6XPPDU\� RI� ����-����� SRSXODWLRQ�
WUHQGV� RI� PDUVK� ELUGV� RI� WKH� &RQQHFWLFXW�
5LYHU���+LVWRULF�WUHQGV�DUH�IURP�IURP�&UDLJ�
�������DQG�OLWHUDWXUH�UHSRUWHG�LQ�WKLV�VWXG\�� 

&RPPRQ�<HOORZWKURDW� �*HRWKO\SLV� WULFKDV�-�$V�
QRWHG�E\�&UDLJ��������� WKLV�VSHFLHV�ZDV�LQFUHDVLQJO\�
FRPPRQ� IURP� VDOW� WR� IUHVKZDWHU�PDUVKHV��+RZHYHU��
FRPSDUHG�ZLWK� ������ FRXQWV�ZHUH� IDU� KLJKHU� �7DEOH�
�����6RPH�RI�WKLV�DSSDUHQW�LQFUHDVH�PD\�EH�DWWULEXWHG�
WR�P\�PRUH�PHWLFXORXVO\������UHFRUGLQJ�RI�REVHUYD�
WLRQV�RI� WKLV� SULPDULO\�PDUVK� HGJH� VSHFLHV�� DOWKRXJK�
WKH�PDJQLWXGH�RI� WKH� FKDQJH� VWLOO� VXJJHVWV� DQ� DFWXDO�
SRSXODWLRQ� LQFUHDVH�� � 7KH� VSHFLHV� KDV� EHHQ� NQRZQ�
KLVWRULFDOO\�DV�D�FRPPRQ�&RQQHFWLFXW�EUHHGHU��&UDLJ�
������ 

6KDUS-WDLOHG�6SDUURZ��$PPRGUDPXV�FDXGDFXWD�
-� $OWKRXJK� ODUJHO\� UHVWULFWHG� LQ� KDELWDW� XVH� WR� VDOW�
PHDGRZ�JUDVVHV��WKLV�VSHFLHV�ZDV�DQ�DEXQGDQW�LQKDE�
LWDQW�RI�VDOW�PDUVKHV��7DEOH����� �+RZHYHU�� LW�DSSHDUV�
WR� KDYH� GHFOLQHG� LQ� WKHP� VLQFH� ����� �7DEOH� �����
0RUHRYHU�� QXPEHUV� GHFOLQHG� DW� WUDQVLWLRQDO� VLWHV��
ZLWK� FRXQWV� DYHUDJLQJ� �����ELUGV���� KU� LQ� ������ ����
ELUGV���� KU� LQ� ����о������ ���� ELUGV���� KU� LQ�
����о�����DQG�����ELUGV����KU�LQ��������7KH�6KDUS-
WDLOHG�6SDUURZ�ZDV�DQ�DEXQGDQW�FRDVWDO� VSHFLHV�KLV�
WRULFDOO\��&UDLJ������� 

6HDVLGH� 6SDUURZ� �$�� PDULWLPXV�-� 7KH� 6HDVLGH�
6SDUURZ� IROORZHG� WKH� FRUGJUDVV� IULQJH� XSULYHU� WR�
/RUG
V�&RYH��ZKHUH� ,� KDYH� IRXQG� LW� RQFH�SUHYLRXVO\�
�*RRVH�,VODQG��7DEOH������$OWKRXJK�OHVV�FRPPRQ�WKDQ�
WKH�6KDUS-WDLOHG�6SDUURZ�LQ�VDOW�PDUVKHV�� LW�ZDV�VWLOO�
DEXQGDQW��DQG�LWV�QXPEHUV�DSSHDUHG�WR�KDYH�FKDQJHG�
OLWWOH�RYHUDOO�VLQFH�������7DEOH������6LQFH�������LW�KDV�
GHFOLQHG�DW� WUDQVLWLRQDO�PDUVKHV��ZKHUH� ,� IRXQG������
ELUGV�O��KU�LQ�����������ELUGV����KU�LQ�����о����������
ELUGV�O�� KU� LQ� ����о����� DQG� ���� ELUGV�KU� LQ� �������
7KH� VSHFLHV� KDV� EHHQ� DQ� DEXQGDQW� FRDVWDO� VSHFLHV�
KLVWRULFDOO\��&UDLJ�������� 

6RQJ�6SDUURZ��0HORVSL]D�PHORGLD�-�$V�QRWHG�E\�
&UDLJ� �������� WKH� 6RQJ�6SDUURZ�ZDV�PRVW� FRPPRQ�
LQ�IUHVKZDWHU�PDUVKHV���&RPSDUHG�ZLWK�HDUOLHU�\HDUV��
SRSXODWLRQV� LQFUHDVHG� �7DEOH� ���� � 7KH� VSHFLHV� KDV�
EHHQ� NQRZQ� KLVWRULFDOO\� DV� D� FRPPRQ� &RQQHFWLFXW�
EUHHGHU��&UDLJ������� 

6ZDPS� 6SDUURZ� �0�� JHRUJLDQD�-� 7KLV� VSHFLHV�
RFFXUUHG�DW�DOO�PDUVK�W\SHV��DQG�DV�LQ������LW�UHDFKHG�
LWV�JUHDWHVW�GHQVLWLHV� LQ�FDWWDLO-UHHG�KDELWDWV��+RZHY�
HU�� LW� DSSHDUHG� WR� LQFUHDVH� DW� WUDQVLWLRQDO� PDUVKHV��
SUREDEO\� LQ� UHVSRQVH� WR� LQFUHDVLQJ� FRYHUDJH� E\� FDW�
WDLO-UHHG�YHJHWDWLRQ�DW�WKHVH�VLWHV���3ULPDULO\�DV�D�FRQ�
VHTXHQFH� RI� WKLV� WUDQVLWLRQDO�PDUVK� LQFUHDVH�� RYHUDOO�
SRSXODWLRQV� DOVR� VKRZHG� D� VPDOO� EXW� OLNHO\� UHDO� LQ�
FUHDVH� RYHU� ����� �7DEOH� ���� � 7KH� VSHFLHV� KDV� EHHQ�
NQRZQ�KLVWRULFDOO\�DV�D�FRPPRQ�&RQQHFWLFXW�EUHHGHU�
�&UDLJ������� 

5HG-ZLQJHG� %ODFNELUG� �$JHODLXV� SKRHQLFHXV�-�
$OWKRXJK� VWLOO� FRPPRQ� DQG� SUHVHQW� DW� DOO� PDUVK�
W\SHV�� WKH�5HG-ZLQJHG�%ODFNELUG� KDV� GHFOLQHG� VLQFH�
�����DV�D�EUHHGLQJ�ELUG��7DEOH������:KHUHDV�,�IRUPHU�
O\�KDG�GLIILFXOW\�HVWLPDWLQJ�QXPEHUV�RI�ELUGV�EHFDXVH�
RI� WKHLU� DEXQGDQFH�� FRPSDUDWLYHO\� IHZ� LQGLYLGXDOV�
ZHUH�SUHVHQW�LQ��������'HVSLWH�WKLV�UHFHQW�GHFOLQH��WKH�
VSHFLHV� KDV� EHHQ� NQRZQ� KLVWRULFDOO\� DV� D� FRPPRQ�
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&RQQHFWLFXW�EUHHGHU��&UDLJ������� 
8VHUV� 
�'RXEOH-FUHVWHG� &RUPRUDQW� �3KDODFURFRUD[� DX�

ULWXV�-� $OWKRXJK� RQO\� PDUJLQDOO\� D� PDUVK� ELUG�� WKLV�
LQKDELWDQW�RI�RSHQ�ZDWHU�RFFXUUHG�LQ�GHFUHDVLQJ�QXP�
EHUV� IURP� VDOLQH� WR� IUHVKZDWHU� SRUWLRQV� RI� WKH� ULYHU���
6LQFH�������LW�KDV�LQFUHDVHG�LQ�UDQJH�DQG�DEXQGDQFH�
LQ� WKH�HVWXDU\� �7DEOH����� �$IWHU� ODUJHO\�GLVDSSHDULQJ�
IURP� WKH�1RUWKHDVW� LQ� WKH� ��WK� FHQWXU\�� WKH�'RXEOH-
FUHVWHG�&RUPRUDQW� VWHDGLO\� LQFUHDVHG� LQ� SRSXODWLRQV�
GXULQJ�WKH���WK�FHQWXU\��=HUDQVNL�DQG�%DSWLVW�������� 

*UHDW�%OXH�+HURQ��$UGHD�KHURGLDV�-�$V�QRWHG�E\�
&UDLJ� �������� WKLV� VSHFLHV� ZDV� PRVW� FRPPRQ� LQ�
IUHVKZDWHU� PDUVKHV�� � &RXQWV� KDYH� FRQWLQXHG� WR� LQ�
FUHDVH� VLQFH� ����� �7DEOH� ���� FRLQFLGLQJ� ZLWK� D�
VWDWHZLGH�LQFUHDVH�LQ�QHVWLQJ�GXULQJ�WKH�VDPH�SHULRG�
�=HUDQVNL�DQG�%DSWLVW������� 

*UHDW�(JUHW� �&DVPHURGLXV�DOEXV�-�$OWKRXJK�DE�
VHQW� LQ� VXPPHU� GXULQJ� ������ WKH� *UHDW� (JUHW� KDG�
EHFRPH�DQ� LUUHJXODU� VXPPHU� UHVLGHQW�E\�����о�����
�&UDLJ� ������� � ,Q� ������ ,� PDGH� QLQH� REVHUYDWLRQV��
FRPSDUHG�ZLWK�HLJKW�VLJKWLQJV�PDGH�GXULQJ�SUHYLRXV�
\HDUV� �&UDLJ�������� �7KH� LQFUHDVH� LQ� VXPPHU�RFFXU�
UHQFH�ZDV� FRLQFLGHQW�ZLWK� DQ� LQFUHDVH� LQ�1RUWKHDVW�
HUQ�EUHHGLQJ�SRSXODWLRQV��(UZLQ��������� 

6QRZ\�(JUHW��(JUHWWD�WKXOD�-�$V�QRWHG�E\�&UDLJ�
�������� WKLV� VSHFLHV�ZDV�SUHVHQW� LQ�GHFUHDVLQJ�QXP�
EHUV� IURP� VDOW� WR� EUDFNLVK� PDUVKHV�� � $V� ZLWK� WKH�
*UHDW� (JUHW�� LW� KDV� LQFUHDVHG� VLQFH� ����� �7DEOH� �����
7KH� LQFUHDVH� LQ� VXPPHU� RFFXUUHQFH� ZDV� FRLQFLGHQW�
ZLWK� DQ� LQFUHDVH� LQ� 1RUWKHDVWHUQ� EUHHGLQJ� SRSXOD�
WLRQV��(UZLQ��������� 

/LWWOH�%OXH�+HURQ��(��FDHUXOHD�-�$V� LQ�SUHYLRXV�
\HDUV��P\�VROH�REVHUYDWLRQ�RI�WKLV�VSHFLHV�ZDV�WKDW�RI�
D�ZDQGHULQJ�-XO\�ELUG��7DEOH������1RQH�KDYH�RFFXUUHG�
GXULQJ� WKH� KHLJKW� RI� WKH� EUHHGLQJ� VHDVRQ� GXULQJ�P\�
VXUYH\V�� � +RZHYHU�� LI� WKH� VSHFLHV� FRQWLQXHV� WR� LQ�
FUHDVH�DV�D� VXPPHU� UHVLGHQW� �VHH�=HUDQVNL�DQG�%DS�
WLVW��������-XQH�REVHUYDWLRQV�DUH�OLNHO\� 

7ULFRORUHG�+HURQ��(��WULFRORU�-�7KLV�VSHFLHV�ILUVW�
DSSHDUHG� RQ� VXPPHU� FHQVXVHV� LQ� ������ � ,Q� ������ ,�
IRXQG� RQH� ELUG� DW� *UHDW� ,VODQG� �7DEOH� ���� � $V� ZLWK�

PDQ\� RWKHU� ZDGHUV�� 1RUWKHDVWHUQ� EUHHGLQJ� SRSXOD�
WLRQV�DUH�LQFUHDVLQJ��(UZLQ������� 

*UHHQ�+HURQ��%XWRULGHV�YLUHVFHQV�-�$V�QRWHG�E\�
&UDLJ���������WKH�*UHHQ�+HURQ�ZDV�OHDVW�FRPPRQ�DW�
EUDFNLVK� PDUVKHV�� � 3RSXODWLRQV� KDYH� FKDQJHG� OLWWOH�
GXULQJ�WKH�VWXG\�SHULRG��7DEOH�����$V�D�FRQVHTXHQFH�
RI� ZHWODQG� GHVWUXFWLRQ�� WKH� VSHFLHV� DSSHDUHG� WR� GH�
FOLQH�LQ�&RQQHFWLFXW�GXULQJ�WKH���WK�FHQWXU\��=HUDQVNL�
DQG�%DSWLVW������� 

%ODFN-FURZQHG� 1LJKW� +HURQ� �1\FWLFRUD[� Q\FWL�
FRUD[�-�&RQFOXGLQJ�D�WUHQG�QRWHG�E\�&UDLJ���������,�
IRXQG�QR�ELUGV�DORQJ�WKH�&RQQHFWLFXW�5LYHU�E\������
�DOWKRXJK�LQ������,�DJDLQ�IRXQG�VHYHUDO�LQGLYLGXDOV����
,W� ZDV� IRUPHUO\� SUHVHQW� FRPPRQO\�� ZLWK� ��� ELUGV�
VHHQ�IO\LQJ�RYHU�*UHDW�,VODQG�RQ���-XQH��������8QOLNH�
PDQ\�RWKHU�VSHFLHV�RI�ZDGHUV��1RUWKHDVWHUQ�EUHHGLQJ�
SRSXODWLRQV�GLG�QRW�FOHDUO\�LQFUHDVH�GXULQJ�WKH�����V�
�(UZLQ��������DQG�SRSXODWLRQV�KDYH�GHFOLQHG�LQ�&RQ�
QHFWLFXW�GXULQJ�WKH���WK�FHQWXU\��=HUDQVNL�DQG�%DSWLVW�
������ 

<HOORZ-FURZQHG� 1LJKW� +HURQ� �1�� YLRODFHXV�-�
2FFXUULQJ�RQO\�DV�D�SRVW-EUHHGLQJ�ZDQGHUHU�LQ�������
E\� ����� WKH� <HOORZ-FURZQHG� 1LJKW� +HURQ� ZDV� DQ�
LUUHJXODU�VXPPHU�UHVLGHQW���+RZHYHU��QRQH�DSSHDUHG�
GXULQJ��������/LNH�RWKHU�ZDGHUV��ORFDO�EUHHGLQJ�SRS�
XODWLRQV�KDYH� LQFUHDVHG��(UZLQ�������DQG�DGGLWLRQDO�
REVHUYDWLRQV�DUH�OLNHO\� 

*ORVV\� ,ELV� �3OHJDGLV� IDOFLQHOOXV�-� 7KH� *ORVV\�
,ELV� ZDV� OHVV� FRPPRQ� LQ� ����� WKDQ� LQ� ����� �7DEOH�
���� EXW� QXPEHUV� KDYH� IOXFWXDWHG� GXULQJ� WKLV� SHULRG�
�&UDLJ�������� �$V� LQ�SUHYLRXV� \HDUV�� LQGLYLGXDOV� DS�
SHDUHG� IDU� XSULYHU� IURP�PRUH� W\SLFDO� FRDVWDO� PDUVK�
KDELWDWV� �7DEOH� ���� � 3RSXODWLRQV� LQFUHDVHG� LQ� WKH�
1RUWKHDVW�GXULQJ�WKH���WK�FHQWXU\��(UZLQ������� 

2VSUH\� �3DQGLRQ� KDOLDHWXV�-� 2QO\� RQH� SDLU� RI�
2VSUH\V� UHPDLQHG� DW� *UHDW� ,VODQG� LQ� ������ GRZQ�
IURP� RYHU� ���� SDLUV� SUHVHQW� QHDU� WKH� &RQQHFWLFXW�
5LYHU�LQ�������$PHV�DQG�0HUVHUHDX��������%\�������
,�IRXQG�HLJKW�QHVWV�QHDU�VDOW�PDUVKHV�DQG�WZR�DW�WUDQ�
VLWLRQDO�PDUVKHV� DQG� LQ� ����� ,� IRXQG� WHQ� QHVWV� QHDU�
VDOW� PDUVKHV�� WKUHH� DW� WUDQVLWLRQDO� PDUVKHV� DQG� RQH�
EHLQJ�FRQVWUXFWHG�DW�D�EUDFNLVK�PDUVK��/RUG
V�&RYH����
,Q�������,�IRXQG����QHVWV�DW�VDOW�PDUVKHV��WZR�QHVWV�DW�
WUDQVLWLRQDO� PDUVKHV� DQG� WKUHH� DW� EUDFNLVK� PDUVKHV���
+HQFH��SRSXODWLRQV�KDYH�JURZQ�GXULQJ�WKH�VWXG\�SH�
ULRG�� � $PHV� DQG� 0HUVHUHDX� ������� GRFXPHQWHG� D�
����\U� GHFOLQH� LQ� 2VSUH\� SRSXODWLRQV� RI� WKH� &RQ�
QHFWLFXW�5LYHU��ZKLFK� WKH\� OLQNHG� WR�SHVWLFLGH�SROOX�
WLRQ���7R�RIIVHW�WKH�GHFOLQH��6SLW]HU�DQG�3RROH��������
WUDQVIHUUHG�HJJV�DQG�QHVWOLQJV�IURP�DUHDV�RI�ORZ�SHV�
WLFLGH�FRQWDPLQDWLRQ�WR�QHVWV�DORQJ�/RQJ�,VODQG� 

$PHULFDQ�2\VWHUFDWFKHU��+DHPDWRSXV�SDOOLDWXV�
-�0\�ILUVW�UHFRUG�IRU�WKLV�VSHFLHV�RQ�WKH�&RQQHFWLFXW�
5LYHU� ZDV� LQ� -XQH� ������ ZKHQ� ,� IRXQG� IRXU� ELUGV�
IHHGLQJ�LQ�WKH�PXGIODWV�DGMDFHQW�WR�%ODFN�+DOO�5LYHU���
7KH�VSHFLHV�ZDV�GHFLPDWHG�DV�D�1RUWKHDVWHUQ�EUHHGHU�
LQ�WKH���WK�FHQWXU\�DQG�EHJDQ�UHFRORQL]LQJ�WKH�UHJLRQ�
GXULQJ�WKH���WK�FHQWXU\��=HUDQVNL�DQG�%DSWLVW������� 

5LQJ-ELOOHG� *XOO� �/DUXV� GHODZDUHQVLV�-� 3ULQFL�
SDOO\� RFFXUULQJ� RQO\� DV� D�PLJUDQW� LQ�&RQQHFWLFXW� LQ�

7$%/(����3HUFHQW�RFFXUUHQFH�LQ�FDWWDLOV�DQG�UHHGV�RI�
VHOHFWHG� PDUVK� ELUG� VSHFLHV�� � 6DPSOH� VL]HV� �Q��
DUH�QXPEHUV�RI�LQGLYLGXDO�REVHUYDWLRQV� 
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WKH� HDUO\� ��WK� FHQWXU\� �6DJH� HW� DO�� ������� LQ� ����� ,�
IRXQG� RQO\� WZR� ELUGV� QHDU� PDUVKHV� �DW� GXPSV��� %\�
������ ,� QRWHG� D� ELUG� DZD\� IURP� D� GXPS� DW� /RUG
V�
&RYH��DQG�E\�����о�����DW� OHDVW�ILYH�ZHUH�QHDU�VDOW�
PDUVKHV��WZR�ZHUH�QHDU�WUDQVLWLRQDO�PDUVKHV�DQG�VHY�
HUDO�ZHUH�DW� WKH�GXPS�QHDU�&URPZHOO�0HDGRZV�� � ,Q�
������ ,� IRXQG� D� -XO\� IORFN�RI� ���ELUGV� DW� WKH� WUDQVL�
WLRQDO�8SSHU� ,VODQG�� RQH� DW� D� EUDFNLVK� FDWWDLO� PDUVK�
DQG� RQH� DW� D� IUHVKZDWHU�PDUVK�� WKXV� VXJJHVWLQJ� WKDW�
SRSXODWLRQV�FRQWLQXH�WR�LQFUHDVH� 

��+HUULQJ� *XOO� �/�� DUJHQWDWXV�-� $V� QRWHG� E\�
&UDLJ���������WKLV�VSHFLHV�JHQHUDOO\�GHFOLQHG�LQ�QXP�
EHUV� IURP� VDOW� WR� IUHVKZDWHU� PDUVKHV�� 3RSXODWLRQV�
KDYH�GHFOLQHG�JUHDWO\�VLQFH�������7DEOH�����DSSDUHQW�
O\� EHFDXVH� VHYHUDO� ODQGILOOV� DORQJ� WKH� ULYHU� KDYH�
FORVHG���7KH�+HUULQJ�*XOO�ZDV�SUHGRPLQDQWO\�D�ZLQ�
WHU�UHVLGHQW�LQ�&RQQHFWLFXW�LQWR�WKH�HDUO\���WK�FHQWXU\�
�6DJH�HW�DO��������� 

*UHDW�%ODFN-EDFNHG�*XOO��/��PDULQXV�-�$V�QRWHG�
E\� &UDLJ� �������� WKLV� VSHFLHV� GHFUHDVHG� LQ� QXPEHUV�
IURP�VDOW�WR�IUHVKZDWHU�PDUVKHV���0RUHRYHU��QXPEHUV�
GHFOLQHG� IURP� ����� WR� ����� �7DEOH� ���� PRVW� OLNHO\�
EHFDXVH�VHYHUDO�ODQGILOOV�DORQJ�WKH�&RQQHFWLFXW�5LYHU�
�5DJJHG�5RFN�&UHHN��3HFDXVHWW�0HDGRZV��&URPZHOO�
0HDGRZV�� KDYH� FORVHG�� � � %HIRUH� ������ WKH� *UHDW�
%ODFN-EDFNHG� *XOO� ZDV� ODUJHO\� DEVHQW� LQ� VXPPHU�
IURP�WKH�1RUWKHDVW��%XOO�������� 

&RPPRQ� 7HUQ� �6WHUQD� KLUXQGR�-� $OWKRXJK� WKH�
&RPPRQ� 7HUQ� ZDV� SUHVHQW� IURP� VDOW� WR� EUDFNLVK�
PDUVKHV� LQ������� LW�DSSHDUHG�RQO\�DW�VDOW�PDUVKHV� LQ�
������ � %\� ������ SRSXODWLRQV� KDG� UHERXQGHG� DQG� LW�
ZDV� DJDLQ� IRXQG� WR� EUDFNLVK� PDUVKHV�� � 0RUHRYHU��
RYHUDOO�QXPEHUV�DSSHDUHG�WR�EH�JUHDWHU�LQ������WKDQ�
LQ�������7DEOH������$IWHU�EHLQJ�GHFLPDWHG�LQ�WKH���WK�
FHQWXU\��WKH�VSHFLHV�LQFUHDVHG�DV�D�EUHHGHU�GXULQJ�WKH�
��WK�FHQWXU\��=HUDQVNL�DQG�%DSWLVW������� 

/HDVW�7HUQ� �6�� DOELIURQV�-�7KLV� VSHFLHV� GHFOLQHG�
LQ�DEXQGDQFH�IURP�VDOW�WR�EUDFNLVK�PDUVKHV���,�GHWHFW�
HG�QR� FKDQJH� LQ�RFFXUUHQFH�GXULQJ� WKH� VWXG\� �7DEOH�
���� D� WUHQG� VLPLODU� WR� WKDW� RI� &RQQHFWLFXW� EUHHGLQJ�
SRSXODWLRQV� �)�� 6LEOH\� SHUV�� FRPP���� � 3RSXODWLRQV�
ZHUH� JUHDWHVW� DW� WKH� ULYHU�PRXWK� �7DEOH� ����ZKHUH� D�
QHVWLQJ� FRORQ\� RFFXUUHG� DW� *ULVZROG
V� 3RLQW�� � 7KLV�
FRORQ\�ZDV� DEVHQW� LQ� ������ EXW� DQRWKHU� FRORQ\�ZDV�
SUHVHQW� DW�+DWFKHWW
V�3RLQW��2OG�/\PH�� �7HUQV�RI� DOO�
VSHFLHV�KDYH�UHERXQGHG�IURP�WKH�SOXPH�WUDGH�RI� WKH�
��WK�FHQWXU\��EXW�DUH�QRZ�QHJDWLYHO\�DIIHFWHG�E\�ORVV�
RI�QHVWLQJ�KDELWDW��%XOO�������&UDLJ������� 

%HOWHG� .LQJILVKHU� �0HJDFHU\OH� DOF\RQ�-� 3UHYL�
RXVO\�� ,� IRXQG� WKLV� VSHFLHV� WR� LQFUHDVH� LQ� DEXQGDQFH�
IURP� VDOW� WR� IUHVKZDWHU� PDUVKHV� �&UDLJ� ������� EXW�
GXULQJ� ����� ,� IRXQG� LW� PRVW� FRPPRQ� LQ� EUDFNLVK�
SRUWLRQV�RI�WKH�ULYHU�� �1XPEHUV�DSSHDUHG�WR�LQFUHDVH�
DIWHU�������7DEOH������3RSXODWLRQV�DUH�QRW�UHSRUWHG�WR�
KDYH� XQGHUJRQH� VLJQLILFDQW� KLVWRULFDO� FKDQJHV�
�=HUDQVNL�DQG�%DSWLVW������� 

(DVWHUQ�.LQJELUG� �7\UDQQXV� W\UDQQXV�-� 3DWWHUQV�
QRWHG�SUHYLRXVO\� IRU� WKLV�VSHFLHV�� WKDW�RI�EHLQJ�PRVW�
DEXQGDQW� DW� IUHVKZDWHU� PDUVKHV� �&UDLJ� ������� ZHUH�

QRW�UHSHDWHG�LQ��������,W�RFFXUUHG�LQ�VLPLODU�QXPEHUV�
DW�DOO�PDUVK�W\SHV�H[FHSW�WUDQVLWLRQDO�PDUVKHV��ZKHUH�
LW� ZDV� UHODWLYHO\� XQFRPPRQ� �7DEOH� ���� 0RUHRYHU��
DOWKRXJK� SRSXODWLRQV� KDG� SUHYLRXVO\� DSSHDUHG� WR�
GHFOLQH� �&UDLJ�������� LQ������QXPEHUV�ZHUH�JUHDWHU�
WKDQ�LQ�������7DEOH������3RSXODWLRQV�DUH�QRW�UHSRUWHG�
WR� KDYH� XQGHUJRQH� VLJQLILFDQW� KLVWRULFDO� FKDQJHV�
�=HUDQVNL�DQG�%DSWLVW������� 

3XUSOH�0DUWLQ� �3URJQH� VXELV�-�7KH�3XUSOH�0DU�
WLQ�RFFXUUHG�UDUHO\� WKURXJKRXW� WKLV� VWXG\�� � ,� IRXQG� LW�
PRVW�RIWHQ�DW�:KDOHERQH�&UHHN��ZKHUH�LW�ZDV�SUHVHQW�
GXULQJ�IRXU�RI�WKH�VL[�\HDUV�,�YLVLWHG�WKH�VLWH�� �2I����
ELUGV�VHHQ��ILYH�ZHUH�DW�WUDQVLWLRQDO�PDUVKHV��RQH�ZDV�
DW� D� EUDFNLVK� PDUVK� DQG� VL[� ZHUH� DW� WKH� IUHVKZDWHU�
:KDOHERQH�&UHHN���7KH�VSHFLHV�KDV�GHFOLQHG�LQ�DEXQ�
GDQFH� IURP� IRUPHU� \HDUV� DV� WKH� &RQQHFWLFXW� ODQG�
VFDSH�KDV�DOWHUHG��&UDLJ������� 

7UHH� 6ZDOORZ� �,ULGRSURFQH� ELFRORU�-� ,� IRXQG� LW�
GLIILFXOW� WR� HVWLPDWH� VZDOORZ� QXPEHUV� EHFDXVH� WKHLU�
DSSHDUDQFH�YDULHG� FRQVLGHUDEO\� DPRQJ�GD\V� HYHQ� DW�
WKH�VDPH�VLWH�� �7KH�VSHFLHV� � �ZDV� � �JHQHUDOO\� � �FRP�
PRQ�WKURXJKRXW� WKH�VWXG\��DOWKRXJK� LW�PD\�KDYH�GH�
FOLQHG� VOLJKWO\� LQ� ����� �7DEOH� ���� � 1RW� LQFOXGHG� LQ�
FRPSXWDWLRQV� RI� DEXQGDQFH� DUH� HDUO\� PLJUDWRU\�
IORFNV�UHFRUGHG� LQ�PLG--XO\�� �7KH�KLJKHVW�FRXQW� UHF�
RUGHG�GXULQJ�WKH����\HDUV�RI�WKH�VWXG\��������ZDV�DW�
/RUG
V�&RYH�RQ����-XO\��������3RSXODWLRQV�PD\�KDYH�
LQFUHDVHG� LQ� &RQQHFWLFXW� GXULQJ� WKH� ��WK� FHQWXU\�
�=HUDQVNL�DQG�%DSWLVW������� 

1RUWKHUQ� 5RXJK-ZLQJHG� 6ZDOORZ�
�6WHOJLGRSWHU\[� UXILFROOLV�-� 7KLV� VSHFLHV� ZDV� SUHYL�
RXVO\�LUUHJXODU�DW�PRVW�PDUVKHV��RFFXUULQJ�IUHTXHQWO\�
RQO\� DW� :KDOHERQH� &UHHN�� � ,� IRXQG� WKUHH� LQ� ������
VHYHQ�LQ�����о�����DQG�IRXU�LQ�����о�������+RZHY�
HU��LQ������,�IRXQG�����DOWKRXJK�VRPH�RI�WKHVH�ZHUH�
SUREDEO\�HDUO\�PLJUDQWV���ZKLFK�VXJJHVWHG�WKDW�SRSX�
ODWLRQV�KDG�LQFUHDVHG���7KH�VSHFLHV�LQFUHDVHG�LQ�&RQ�
QHFWLFXW�GXULQJ�WKH���WK�FHQWXU\��=HUDQVNL�DQG�%DSWLVW�
������ 

%DQN� 6ZDOORZ� �5LSDULD� ULSDULD�-� $OWKRXJK� ,�
IRUPHUO\� IRXQG� WKLV� VSHFLHV� UHJXODUO\� DW� DOO� PDUVK�
W\SHV��&UDLJ�������� LQ������,� IRXQG� LW�RQO\�DW� IUHVK�
ZDWHU� PDUVKHV�� � &RPSDUHG� ZLWK� SUHYLRXV� \HDUV�
�&UDLJ��������LW�KDG�GHFOLQHG�VKDUSO\��7DEOH������3RS�
XODWLRQV� DUH� RWKHUZLVH� QRW� UHSRUWHG� WR� KDYH� XQGHU�
JRQH� VLJQLILFDQW� KLVWRULFDO� FKDQJHV� �=HUDQVNL� DQG�
%DSWLVW�������� 

%DUQ� 6ZDOORZ� �+LUXQGR� UXVWLFD�-� $V� QRWHG� E\�
&UDLJ���������WKH�%DUQ�6ZDOORZ�DSSHDUHG�PRVW�FRP�
PRQ� LQ� EUDFNLVK� SRUWLRQV� RI� WKH� ULYHU� �7DEOH� �����
+RZHYHU��LW�ZDV�OHVV�FRPPRQ�LQ������WKDQ�LQ��������
3RSXODWLRQV�DUH�RWKHUZLVH�QRW�NQRZQ�WR�KDYH�XQGHU�
JRQH� VLJQLILFDQW� KLVWRULFDO� FKDQJHV� �=HUDQVNL� DQG�
%DSWLVW������� 

)LVK�&URZ��&RUYXV�RVVLIUDJXV�-�,Q�������,�IRXQG�
WKH� )LVK� &URZ� RQO\� LQ� VDOW� PDUVKHV�� EXW� E\� ����� LW�
RFFXUUHG�WR�EUDFNLVK�PDUVKHV���0RUHRYHU��E\������LW�
KDG� EHFRPH�PRUH� FRPPRQ� �7DEOH� ���� � 7KH� VSHFLHV�
LQFUHDVHG� LQ� &RQQHFWLFXW� GXULQJ� WKH� ��WK� FHQWXU\�
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�=HUDQVNL�DQG�%DSWLVW�������� 
&RPPRQ� *UDFNOH� �4XLVFDOXV� TXLVFXOD�-� 3UHYL�

RXVO\��,�KDYH�IRXQG�WKH�&RPPRQ�*UDFNOH�WR�EH�PRVW�
FRPPRQ�DW�IUHVKZDWHU�PDUVKHV��&UDLJ�������� �+RZ�
HYHU��LQ������LW�ZDV�YHU\�FRPPRQ�DW�DOO�PDUVK�W\SHV�
DQG� LW� KDG� LQFUHDVHG� JUHDWO\� VLQFH� ����� �7DEOH� �����
7KH�VSHFLHV�LQFUHDVHG�LQ�&RQQHFWLFXW�GXULQJ�WKH���WK�
FHQWXU\��=HUDQVNL�DQG�%DSWLVW���������&KDQJHV�LQ�WKH�
VWDWXV� RI� WKLV� DQG� RWKHU� PDUVK� VSHFLHV� DUH� VXPPD�
UL]HG�LQ�7DEOH��� 

+DELWDW� FKDQJH�� ([DPLQDWLRQ� RI� DHULDO� SKRWR�
JUDSKV�������SKRWR�VWDWLRQV�DQG�ILHOG�QRWHV�IURP�WKH�
����V�TXDOLWDWLYHO\�GHPRQVWUDWHG�WKDW�FHUWDLQ�W\SHV�RI�
KDELWDW�FKDQJH�KDG�RFFXUUHG�E\�������� �0RVW� ��QRWD�
EOH���DPRQJ���WKHVH���ZHUH�� 

���&RQWUDFWLRQ�RI�VDOW�PHDGRZ�SDWFKHV�DW� WUDQVL�
WLRQDO� PDUVKHV�� � 7KLV� FRQWUDFWLRQ� ZDV� GRFXPHQWHG�
IURP� DHULDO� SKRWRJUDSKV� DQG� UHSRUWHG� E\� &UDLJ� DQG�
%HDO�������� 

���3URJUHVVLYH�UHSODFHPHQW�RI�FDWWDLOV�E\�UHHGV�DW�
*UHDW� ,VODQG�� 8SSHU� ,VODQG�� 5DJJHG� 5RFN� &UHHN��
$\HU
V� 3RLQW� DQG� /RUG
V� &RYH�� � 7KH� H[WHQW� RI� VXFK�
UHSODFHPHQW� LV� LOOXVWUDWHG� IURP� ����� SKRWR� VWDWLRQV�
WDNHQ�DW�VHYHUDO�RI�WKH�DERYH�PDUVKHV� 

���'\LQJ�EDFN�RI� ,YD� IUXWHVFHQV� DW�*UHDW� ,VODQG�
DQG�%ODFN�+DOO�5LYHU�� � ,Q� ������PRVW� FRYHU� E\� WKLV�
VSHFLHV�ZDV�JRQH�DQG�GHDG�EXVKHV�ZHUH�SUHVHQW�FRP�
PRQO\� 

���6PDOO� LQFUHDVH� LQ�FDWWDLO�FRYHU�DW�:HWKHUILHOG�
0HDGRZV���7KLV�LQFUHDVH�ZDV�GRFXPHQWHG�IURP�DHUL�
DO� SKRWRJUDSKV� DQG� UHSRUWHG� E\� &UDLJ� DQG� %HDO�
������� 

��� ([SDQVLRQ� RI� FRYHU� E\� WKH� LQWURGXFHG� DQG�
LQYDVLYH�/\WKUXP�VDOLFDULD�LQ�IUHVKZDWHU�PDUVKHV� 

��� /DWH� JURZWK� E\� YHJHWDWLRQ� DW� IUHVKZDWHU�
PDUVKHV�GXULQJ�\HDUV�RI�KHDY\�-XQH� IORRGLQJ� �&UDLJ�
������ 

$YLDQ�XVH�RI�FDWWDLOV�YV��UHHGV��2I�VHYHQ�EUHHG�
LQJ�VSHFLHV� WKDW� ,� IRXQG� LQ�FDWWDLOV-UHHGV�KDELWDWV��DOO�
XVHG�UHHGV�EXW�WZR�ZHUH�QRW�SUHVHQW�LQ�FDWWDLOV��7DEOH�
���� � 5HODWLYH� WR� RWKHU� VSHFLHV�� WKH�9LUJLQLD� 5DLO� DS�
SHDUHG�PRUH� UHVWULFWHG� WR� FDWWDLOV�� WKH� 6ZDPS� 6SDU�
URZ� DSSHDUHG� XELTXLWRXV� DQG� RWKHU� VSHFLHV� ZHUH�
PRUH�IUHTXHQWO\�HQFRXQWHUHG�LQ�UHHGV��� 

7KHVH� DVVHVVPHQWV� DUH� EDVHG� RQ� VPDOO� VDPSOHV�
DQG�RIIHU�RQO\�SUHOLPLQDU\�LQGLFDWLRQV�RI�KDELWDW�XVH���
,Q�SUHYLRXV�\HDUV��,�KDYH�REVHUYHG�WKH�.LQJ�5DLO�DQG�
&RPPRQ�<HOORZWKURDW�LQ�FDWWDLO�KDELWDWV��DOWKRXJK�LQ�
�����,�IRXQG�ERWK�RQO\�LQ�UHHGV��7R�LQYHVWLJDWH�WKRU�
RXJKO\�KDELWDW�DVVRFLDWLRQV�RI�PDUVK-QHVWLQJ�VSHFLHV��
GDWD�DUH�QHHGHG�RQ�KDELWDW�XVH�YV��DYDLODELOLW\���7KH\�
DUH� QHHGHG� DV� ZHOO� RQ� WKH� FRPSDUDWLYH� YDOXH� �H�J���
IRRG� DYDLODELOLW\�� HIIHFWLYHQHVV� DV� QHVWLQJ� VXEVWUDWH�
DQG� FRYHU�� UHSURGXFWLYH� VXFFHVV�� RI� WKHVH� WZR� KDEL�
WDWV� 

,Q� DGGLWLRQ� WR� WKH� VSHFLHV� UHSRUWHG� LQ� 7DEOH� ���
RWKHUV�VXFK�DV�ZDWHUIRZO�DOVR�PD\�EH�H[SHFWHG�WR�XVH�
ERWK�RI�WKHVH�KDELWDWV�DQG�VZDOORZV�XVH�WKHP�DV�UHVW�
LQJ�SHUFKHV� 
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7KLV�VWXG\�ZDV�IXQGHG�WKURXJK�PHPEHU�FRQWUL�
EXWLRQV�DQG�JLIWV�WR�%LUG�&RQVHUYDWLRQ�5HVHDUFK��,QF��
DQG� JLIWV� IURP� WKH� 3IL]HU� DQG� 8QLWHG� 7HFKQRORJLHV�
)RXQGDWLRQV��� 
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$ආൾඌ��3�/��DQG�*�6��0ൾඋඌൾඋൾൺඎ�� ������� �6RPH� IDF�

WRUV�LQ�WKH�GHFOLQH�RI�WKH�2VSUH\�LQ�&RQQHFWLFXW��
$XN�������í���� 

$ආൾඌ��3�/�����������''7�UHVLGXHV�LQ�WKH�HJJV�RI�WKH�
2VSUH\� LQ� WKH� QRUWKHDVWHUQ� 8QLWHG� 6WDWHV� DQG�
WKHLU� UHODWLRQ� WR�QHVWLQJ� VXFFHVV�� -RXUQDO�RI�$S�
SOLHG�(FRORJ\�����о��� 

%ൺ��$�5�DQG�6�$��(අංඈඍ����������%LUGV�RI�WKH�&RQ�
QHFWLFXW� 9DOOH\� LQ� 0DVVDFKXVHWWV�� +DPSVKLUH�
%RRNVKRS��1RUWKDPSWRQ��0DVVDFKXVHWWV� 

%ංඅඅൺඋൽ��5�� ������� �$Q�HFRORJLFDO�VWXG\�RI�WKH�9LU�
JLQLD� 5DLO� �5D,OXV� OLPLFROD� OLPLFROD�� DQG� WKH�
6RUD� �3RU]DQD� FDUROLQD�� LQ� VRPH� &RQQHFWLFXW�
VZDPSV��0�6��7KHVLV�� ,RZD� 6WDWH�8QLY���$PHV��
,RZD� 

%ඈർ��&�(�� DQG� 7�/�� 5ඈඈඍ�� � ������ � 7KH�&KULVWPDV�
ELUG� FRXQW� DQG� DYLDQ� HFRORJ\�� 3DJHV� ��о���� ,Q�
(VWLPDWLQJ� QXPEHUV� RI� WHUUHVWULDO� ELUGV� �&�-��
5DOSK� DQG� -�0�� 6FRWW�� (GV���� 6WXGLHV� LQ� $YLDQ�
%LRORJ\��� 

%ඎඅඅ��-����������%LUGV�RI�WKH�1HZ�<RUN�DUHD��*DUGHQ�
&LW\��1HZ�<RUN� 

&අൺඋ��-�1����������1HVWLQJ�RI�WKH�/LWWOH�%ODFN�5DLO�
LQ�&RQQHFWLFXW��$XN�������о���� 

&අൺඋ��-�1����������7KH�/LWWOH�%ODFN�5DLO��1LGRORJLVW�
����о��� 

&උൺං��5�-����������7KH�UDUH�YHUWHEUDWHV�RI�&RQQHFWL�
FXW�� � 86'$� 6RLO� &RQVHUYDWLRQ� 6HUYLFH�� 6WRUUV��
&RQQHFWLFXW� 

&උൺං�� 5�-�� � ������ � +LVWRULF� WUHQGV� LQ� WKH� GLVWULEX�
WLRQV�DQG�SRSXODWLRQV�RI�HVWXDULQH�PDUVK�ELUGV�RI�
WKH�&RQQHFWLFXW�5LYHU��8QLYHUVLW\�RI�&RQQHFWLFXW�
$JULFXOWXUDO� ([SHULPHQW� 6WDWLRQ� 5HVHDUFK� 5H�
SRUW�������S� 

&උൺං��5�-���DQG�.�*��%ൾൺඅ����������7KH�LQIOXHQFH�RI�
KDELWDW� YDULDEOHV� RQ�PDUVK� ELUG� FRPPXQLWLHV� RI�
WKH� &RQQHFWLFXW� 5LYHU� HVWXDU\��:LOVRQ� %XOOHWLQ�
�������о���� 

'උൾඇඇൺඇ��6�5����������7KH�&KULVWPDV�ELUG�FRXQW��DQ�
RYHUORRNHG�DQG�XQGHUXVHG�VDPSOH��3DJHV���о����
,Q�(VWLPDWLQJ� QXPEHUV� RI� WHUUHVWULDO� ELUGV� �&�-��
5DOSK� DQG� -�0�� 6FRWW�� (GV���� 6WXGLHV� LQ� $YLDQ�
%LRORJ\��� 

(උඐංඇ�� 5�0�� � ������ � &RDVWDO� ZDWHUELUG� FRORQLHV��
&DSH� (OL]DEHWK�� 0DLQH� WR� 9LUJLQLD�� 8�6�� )LVK�
DQG�:LOGOLIH�6HUYLFH�):6�2%6������� 

+ൾඎඌආൺඇඇ�� -�:�� � ������ � 0DOODUG-%ODFN� GXFN� UHOD�
WLRQVKLSV� LQ� WKH�QRUWKHDVW��:LOGOLIH�6RFLHW\�%XO�
OHWLQ������о���� 

+ൾඎඌආൺඇඇ��-�:���������,QIOXHQFH�RI�ZLQWHULQJ�0DO�



%LUG�&RQVHUYDWLRQ�5HVHDUFK�&RQWULEXWLRQ���      ���� 

�� 

 

 

ODUGV�RQ�K\EULGL]DWLRQ�LQ�$PHULFDQ�%ODFN�'XFNV��
-RXUQDO�RI�)LHOG�2UQLWKRORJ\�������о���� 

0ൾඍඓඅൾඋ��.�-��DQG�$�:�+��'ൺආආൺඇ�� ������� �9HJH�
WDWLRQ� SDWWHUQV�&RQQHFWLFXW� 5LYHU� IORRG� SODLQ� LQ�
UHODWLRQ�WR�IUHTXHQF\�IORRGLQJ��1DWXUDOLVWH�&DQD�
GD��������о���� 

3ൺඅආൾඋ��5�6�� ������� �+DQGERRN�RI�1RUWK�$PHULFDQ�
ELUGV�� 9RO�� ��� <DOH� 8QLYHUVLW\� 3UHVV�� 1HZ� +D�
YHQ� 

3ൾඍൾඋඌඈඇ��5�7�� � ������ �*HQHUDO� GLVFXVVLRQ�� SRSXOD�
WLRQ� ELRORJ\� DQG� VLJQLILFDQFH� RI� WUHQGV�� 3DJHV�
���о����� ,Q�3HUHJULQH�)DOFRQ�SRSXODWLRQV�� WKHLU�
ELRORJ\�DQG�GHFOLQH��-�-��+LFNH\��(G����8QLYHUVL�
W\�RI�:LVFRQVLQ�3UHVV��0DGLVRQ��:LVFRQVLQ� 

3ඈඎඅඌඈඇ��7�&����������6DOW�DQG�ZDWHU�EDODQFH�LQ�6HD�
VLGH� DQG� 6KDUS-WDLOHG� 6SDUURZV�� $XN�
������о���� 

6ൺൾ�� -�+��� /�%�� %ංඌඁඈඉ� DQG� :�3�� %/අංඌඌ�� � �������
7KH�ELUGV�RI�&RQQHFWLFXW��&RQQHFWLFXW�*HRORJL�
FDO�DQG�1DWXUDO�+LVWRU\�6XUYH\�%XOOHWLQ���� 

6ඉංඍඓൾඋ��3�5����������2VSUH\�HJJ�DQG�QHVWOLQJ�WUDQV�
IHUV��WKHLU�YDOXH�DV�HFRORJLFDO�H[SHULPHQWV�DQG�DV�
PDQDJHPHQW�SURFHGXUHV��3DJHV����-����� ,Q�(Q�
GDQJHUHG�ELUGV��6�$��7HPSOH��(G����8QLYHUVLW\�RI�
:LVFRQVLQ�3UHVV��0DGLVRQ��:LVFRQVLQ� 

6ඉංඍඓൾඋ��3�5���5�:��5ංඌൾൻඋඈඎඁ��:��:ൺඅൾඋ�,,,��5��
+ൾඋඇൺඇൽൾඓ��$��3ඈඈඅൾ��'��3ඎඅൾඌඍඈඇ�DQG�,�&�7��
1LVEHW�� ������� �3URGXFWLYLW\�RI�2VSUH\V� LQ�&RQ�
QHFWLFXW��6FLHQFH��������-���� 

6ඉංඍඓൾඋ�� 3�5��� DQG� $�� 3ඈඈඅൾ�� � ������ � &RDVWDO� 2V�
SUH\V�EHWZHHQ�1HZ�<RUN�DQG�%RVWRQ��D�GHFDGH�
RI� UHSURGXFWLYH� UHFRYHU\�� $PHULFDQ� %LUGV�
������-����� 

6ඍൾංඇൾඋ��$�-����������0LGоZLQWHU�ZDWHUIRZO�LQYHQWR�
U\��$WODQWLF�)O\ZD\������о������ WUHQG�DQDO\VLV��
8�6��)LVK�DQG�:LOGOLIH�6HUYLFH�5HJLRQ���5HSRUW� 

7ൺඍൾ��-���-U��DQG�'�-��7ൺඍൾ�� ������� �7KH�EOXH�OLVW�IRU�
������$PHULFDQ�%LUGV�������о���� 

:ංൾආൾඒൾඋ��6�1���3�5��6ඉංඍඓൾඋ��:�&��.උൺඇඍඓ��*�&��
/ൺආඈඇඍ�� DQG� (�� &URPDUWLH�� ������ � (IIHFWV� RI�
HQYLURQPHQWDO� SROOXWDQWV� RQ� &RQQHFWLFXW� DQG�
0DU\ODQG�2VSUH\V��-RXUQDO�RI�:LOGOLIH��0DQDJH�
PHQW�������о���� 

=ൾඋൺඇඌං��-�'��ൺඇൽ�7�5��%ൺඉඍංඌඍ��������� �&RQQHFWL�
FXW� %LUGV�� 8QLYHUVLW\� 3UHVV� RI� 1HZ� (QJODQG��
+DQRYHU��1+� 


