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+ ൾඅඅඈ�–� LW¶V�PH�DJDLQ��–�EXW�RQO\� WHPSRUDULO\�
ZKLOVW�ZH� VRUW� RXUVHOYHV� RXW� DQG� ILQG� D� SUR�

VSHFWLYH� QHZ� &KDLUPDQ�� ZH¶YH� EHHQ� ZRUNLQJ� RQ�
WKLV�DQG�KRSHIXOO\�VRPHRQH�VKRXOG�DSSHDU� LQ� WLPH�
IRU�\RXU�FRQVLGHUDWLRQ�DW�RXU�QH[W�$*0�� 

0HDQZKLOH�� ,�NQRZ�\RX�ZLOO� MRLQ�PH�LQ�H[WHQGLQJ�
RXU� WKDQNV� DQG� DSSUHFLDWLRQ� WR� *HRII� 6WHHO� ZKR��
GXH�WR�SUHVVXUH�RI�ZRUN��UHJUHWIXOO\�IHOW�REOLJHG�WR�
VWDQG� GRZQ� WKLV� \HDU�� � *HRII� KDG� WKRURXJKO\� HQ�
MR\HG� KLV� WLPH� LQ� RIILFH� -� FRQGXFWHG� ZLWK� DOO� KLV�
FXVWRPDU\� HQWKXVLDVP�� -� EXW� KH� HYHQWXDOO\� IRXQG�
WKDW� WKH� XQXVXDO� DQG� RIWHQ� FKDOOHQJLQJ� WLPH-
VFKHGXOHV�FRQWLQJHQW�ZLWK�FRQVXOWDQF\�ZRUN�PDGH�
LW� DOPRVW� LPSRVVLEOH� WR�JXDUDQWHH� KLV� SUHVHQFH� LQ�
FRPPLWWHH�DQG�PHHWLQJ���,¶P�GHOLJKWHG�WR�DGG�WKDW�
*HRII�DVVXUHV�XV�RI�KLV�LQWHQWLRQ�WR�PHHW�XS�ZKHQ�
HYHU�DQG�ZKHUHYHU�SRVVLEOH� 

2XU�ZDUPHVW�WKDQNV�DUH�DOVR�GXH�WR�6XH�+D\�ZKR��
OLNHZLVH�� KDG� RSWHG� WR� FDOO� WLPH� RQ� KHU� GXWLHV� DV�
3URJUDPPH� 6HFUHWDU\� IROORZLQJ� DQ� LPSUHVVLYHO\�
ORQJ� DQG� UHPDUNDEO\� HIIHFWLYH� SHULRG� LQ� RIILFH���
6XH�OHDYHV�XV�ZLWK�DQ�LQFUHGLEO\�YDULHG�DQG�IDVFL�
QDWLQJ�UHFRUG�RI�ZRQGHUIXO� ILHOG�DQG� LQGRRU�PHHW�
LQJV� LQ� ZKLFK� VKH� VRPHKRZ� FRQVWDQWO\� FDPH� XS�
ZLWK�D�VHHPLQJO\�HQGOHVV�YDULHW\�RI�HQJURVVLQJ�DQG�
HQWHUWDLQLQJ�VSHDNHUV� 

$V�WR�WKH�SDVW�\HDU��RXU�LQGRRU�PHHWLQJV�KDYH�KDUG�
O\�EHHQ�URXWLQH�VLQFH�ORVLQJ�DOO�DFFHVV�WR�WKH�:RRO�
KRSH�5RRP��ZLWK� VHYHUDO� DOWHUQDWLYHV� WULHG�� DOEHLW�
HDFK�RQ�D�WHPSRUDU\�EDVLV���,W�DSSHDUV�WKDW�WKH�&OXE�
VHHPV�XQOLNHO\�WR�UHJDLQ�HDUO\�XVDJH��DQG�VR�ZH�DUH�
PLQGIXO� RI� WKH� ILQDQFLDO� LPSOLFDWLRQV�ZLWK� FRQWLQ�
XHG�URRP�KLUH�� 

)RUWXQDWHO\�� WKH� &RXQFLO� SHUSHWXDWHV� LWV� ORQJ-
VWDQGLQJ�DUUDQJHPHQW�ZLWK�WKH�:1)&�ZKHUHE\�ZH�
DUH�DIIRUGHG�IUHH�XVH�RI�WKH�6KLUH-KDOO�LQ�OLHX�RI�WKH�
:RROKRSH� 5RRP� DQG� VR� ZH� H[SHFW� PRVW� &OXE�
PHHWLQJV�WR�WDNH�SODFH� WKHUH�LQ�WKH� IRUHVHHDEOH� IX�
WXUH���,QFLGHQWDOO\��WKLV�LV�D�OHJDF\�IURP�PDQ\�\HDUV�
DJR�ZKHQ� WKH�)LUH�6HUYLFH� OLPLWHG� WKH�VHDWLQJ�DQG�
DOVR� FRQGHPQHG� WKH� �SRWHQWLDO�� EDOFRQ\� HVFDSH�
URXWH� 

*HUU\�&DOGHUEDQN��$FWLQJ�&KDLUPDQ 
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7 ඁൾ�+:�(ൺඋඍඁ�+ൾඋංඍൺൾ�7උඎඌඍ�KDV�D�FXUUHQW�SUR�
MHFW�WR�LQYHVWLJDWH�WKH�VRXUFHV�RI�EXLOGLQJ�VWRQHV�XVHG�

LQ�ERWK�+HUHIRUGVKLUH�DQG�:RUFHVWHUVKLUH��2QH�RI�LWV�ELJ�
FKDOOHQJHV�LV�LQ�GLUHFWO\�WUDFLQJ�WKH�RULJLQ�RI�D�VWRQH�LQ�D�
EXLOGLQJ�EDFN�WR�D�VSHFLILF�TXDUU\��'HWDLOHG�ILHOGZRUN�FDQ�
EH�UHDOO\�HIIHFWLYH�IRU�ZRUNLQJ�RXW�WKH�UDQJH�RI�URFN�W\SHV�
XVHG�DQG�WR�JLYH�VRPH�LGHD�RI� WKH�DUHDV� WKHVH�PD\�KDYH�
FRPH� IURP� EXW�� LQ� JHQHUDO�� IRU� RXU� SURMHFW�� WKLV�PHWKRG�
KDV� IDOOHQ� VKRUW� RI� SURYLGLQJ� D� VWURQJ� OLQN� WR� DQ\� RQH�
TXDUU\��0XFK�RI�WKLV�LV�GRZQ�WR�WKH�LQKHUHQW�YDULDELOLW\�RI�
WKH� W\SLFDO� URFNV� LQ� WKLV� DUHD�� %RWK� 2OG� 5HG� 6DQGVWRQH�
DQG� 6LOXULDQ� OLPHVWRQHV� -� ZKLFK� WRJHWKHU� FRQVWLWXWH� DO�
PRVW� DOO� RI� WKH�EXLOGLQJ� VWRQH� LQ�+HUHIRUGVKLUH� -� FDQ�EH�
KLJKO\� YDULDEOH� ZLWKLQ� D� VLQJOH� TXDUU\�� $Q� DGGLWLRQDO�
SUREOHP� LQ� EXLOGLQJV� LV� WKH� ODFN� RI� VWUDWLJUDSKLF� FRQWH[W�
RQFH�EORFNV�DUH�UHPRYHG� IURP�D�TXDUU\�DQG� MXPEOHG�XS�
LQ� D� EXLOGLQJ�� 7KLV� LV� SDUWLFXODUO\� WUXH� RI� WKH� 6LOXULDQ�
URFNV�RI� WKH�DUHD��:KLOH�D�YHU\�GHWDLOHG�VWUDWLJUDSK\�H[�
LVWV�� WKLV� LV� ODUJHO\� EDVHG� RQ� SDWWHUQ� UHFRJQLWLRQ� DQG�
VSDUVH�IRVVLO�HYLGHQFH��ERWK�RI�ZKLFK�DUH�XVXDOO\�ODFNLQJ�
LQ�EXLOGLQJV��/RRNLQJ�SXUHO\�DW�WKH�OLWKRORJ\�RI�D�URFN��LW�
LV� RIWHQ� QRW� FOHDU�ZKHWKHU� LW� LV� IURP�RQH� JHRORJLFDO� IRU�
PDWLRQ�RU� DQRWKHU��'LDJQRVWLF� UDQJH� IRVVLOV� DUH� UDUH�� WKH�
PDLQ� H[FHSWLRQ� EHLQJ� .LUNLGLXP� NQLJKWLL�� D� EUDFKLSRG�
XQLTXH�WR�WKH�$\PHVWU\�/LPHVWRQH�ZKLFK�KDV�EHHQ�XVHIXO�
LQ�FRQILUPLQJ� WKH�XVH�RI� WKLV� IRUPDWLRQ� LQ�VHYHUDO�EXLOG�
LQJV� 

%HFDXVH�RI�WKLV�SUREOHP��,�KDYH�EHHQ�LQWHUHVWHG�LQ�H[SORU�
LQJ�ZD\V�ZKLFK�PD\�DOORZ�XV�WR�µILQJHUSULQW¶�VWRQH�IURP�
D� JLYHQ� TXDUU\� RU� IRUPDWLRQ� PRUH� XQLTXHO\�� 2QH� VXFK�
WHFKQLTXH�LV�DQDO\VLV�RI�WKLQ�VHFWLRQV�RI�URFN��%\�VWXG\LQJ�
WKHVH�XQGHU�D�SRODULVHG�OLJKW�PLFURVFRSH�ZH�FDQ�JHW�XVH�
IXO�LQIRUPDWLRQ�VXFK�DV�WKH�SRURVLW\��FHPHQW�DQG�VHGLPHQW�
PLQHUDORJ\�� :H� KDYH� PDGH� TXLWH� H[WHQVLYH� XVH� RI� WKLV�
WHFKQLTXH� LQ� %URP\DUG� RQ� VDPSOHV� NLQGO\� GRQDWHG� E\�
KRPHRZQHUV� DQG� PRVWO\� GHULYHG� IURP� EXLOGLQJ� ZRUN��
7KLV� KDV� JLYHQ� XV� VRPH� LQGLFDWLRQ� WKDW� WKHUH� DUH� XVHIXO�
YDULDWLRQV� LQ�PLQHUDORJ\�ZKLFK�� LQ� VRPH� FDVHV�� VHHP� WR�
EH�XQLTXH�WR�D�VLQJOH�TXDUU\��+RZHYHU�� WKHUH�DUH�VLJQLIL�
FDQW�GUDZEDFNV��)LUVWO\�ZH�ULVN�LQDFFXUDFLHV�E\�FKDUDFWHU�
LVLQJ�D�TXDUU\�RU�EXLOGLQJ�RQ�WKH�EDVLV�RI�RQO\�D�IHZ�VDP�
SOHV��6HFRQGO\�DQ\�GLIIHUHQFHV�SUHVHQW�DUH�VXEWOH�DQG�VR��
WR�XQGHUVWDQG�WKHP�SURSHUO\�UHTXLUHV�µSRLQW�FRXQWLQJ¶��DQ�
H[WUHPHO\�ODERULRXV�SURFHVV�ZKHUHE\�WKH�PLQHUDO�SUHVHQW�
LV� LGHQWLILHG�DW�XS� WR�����SRLQWV�RQ�D�JULG� VXSHULPSRVHG�
RQ�WKH�PLFURVFRSH�LPDJH�DQG�WKH�UHVXOWV�WDOOLHG�WR�JLYH�D�
TXDQWLWDWLYH�EUHDNGRZQ�RI� WKH�PDNHXS�RI� WKH� URFN��7KLV�
WDNHV�XS�WR�WZR�GD\V�SHU�VHFWLRQ��/DVWO\�� LQKHUHQW�LQ�WKLV�
SURFHVV�LV�WKH�UHPRYDO�RI�VWRQH�IURP�D�EXLOGLQJ��7KLV�OLP�
LWV�WKH�VLWHV�ZH�FDQ�ORRN�DW��E\�DQG�ODUJH��WR�WKRVH�ZKLFK�
KDYH�FXUUHQW�RU�UHFHQW�EXLOGLQJ�ZRUNV� 

$V�D�UHVXOW��,�KDYH�EHHQ�H[SORULQJ�WKH�SRVVLELOLW\�RI�XVLQJ�
D� SRUWDEOH� ;-5D\� )OXRURVFRSH� �;5)�� WR� FKDUDFWHULVH�
VWRQH�EXLOGLQJV�DQG�TXDUULHV��,Q�FRQWUDVW�WR�WKH�PLQHUDORJ�
LFDO� LQIRUPDWLRQ� \LHOGHG� E\� WKLQ-VHFWLRQ� DQDO\VLV�� WKLV�
JLYHV� XV� LQIRUPDWLRQ� DERXW� WKH� FKHPLVWU\� RI� WKH� URFN�
ZKLFK�LV�XOWLPDWHO\�UHODWHG�WR�WKH�PLQHUDORJ\�DV�ZHOO�DV�WR�
WKH� GLDJHQHWLF� DQG� ZHDWKHULQJ� KLVWRU\� RI� WKH� URFN�� 7KH�

PDFKLQH� LV� D� KDQGKHOG� GHYLFH�ZLWK� VRPHWKLQJ� RI� D� 6WDU�
7UHN�SURSHUW\�DERXW�LW��$OWKRXJK�VXUSULVLQJO\�SRUWDEOH��LW�
LV�UDWKHU�KHDY\�WR�KROG�DW�DUP
V�OHQJWK�IRU�H[WHQGHG�SHUL�
RGV��DV�UHTXLUHG�LI�\RX�GRQ
W�ZDQW�WR�JLYH�\RXUVHOI�DQ�LP�
SUXGHQW� GRVH� RI� UDGLDWLRQ��� ,W� ZRUNV� E\� ILULQJ�;-UD\V� DW�
WKH�VDPSOH��7KHVH�H[FLWH�HOHFWURQV�ZLWKLQ�WKH�FRQVWLWXHQW�
DWRPV�ZKLFK��DV�WKH\�UHWXUQ�WR�WKHLU�QDWXUDO�HQHUJ\�VWDWH��
UHOHDVH�;-UD\V�RI�WKHLU�RZQ�RU��LQ�RWKHU�ZRUGV��WKH\�IOXR�
UHVFH�� 7KH� ZDYHOHQJWKV� RI� WKHVH� ;-UD\V� DUH� VSHFLILF� WR�
HDFK�HOHPHQW�DQG��E\�PHDVXULQJ� WKH� LQWHQVLW\�RI�HPLWWHG�
UD\V�DW�HDFK�ZDYHOHQJWK��WKH�LQVWUXPHQW�FDQ�GHWHUPLQH�WKH�
FRQFHQWUDWLRQ�RI�HDFK�HOHPHQW�LQ�WKH�VDPSOH�� 

:LWK�WKH�LQVWUXPHQW�KLUHG�IRU�D�ZHHN�,�VHW�DERXW�WZR�PDLQ�
FDVH�VWXGLHV��7KH�ILUVW�ZDV�LQ�%URP\DUG��ZKHUH�ZH�FRXOG�
FRPSDUH�WKH�UHVXOWV�RI�WKLQ�VHFWLRQ�DQDO\VLV�DQG�;5)�IRU�
WKH� VDPH� VDPSOHV�� 7KH� VHFRQG� ZDV� WKH� /XGORZ� %UHDG�
ZDON� DQG�0RUWLPHU� )RUHVW� VHFWLRQV� ZKLFK� JLYH� D� VWUDWL�
JUDSKLFDOO\�ZHOO-FRQVWUDLQHG�VHFWLRQ�WKURXJK�WKH�6LOXULDQ� 

7KH� UHVXOWV� WKXV� IDU� DUH�SURPLVLQJ��ZLWK� D� IHZ�SURYLVRV��
%RWK�%URP\DUG� DQG�/XGORZ� VHHP� WR� VKRZ� VRPH� VWURQJ�
GLVWLQJXLVKLQJ� IHDWXUHV�� LQ� %URP\DUG�� EHWZHHQ� VDPSOHV�
IURP�EXLOGLQJV�LQ�WKH�WRZQ�DQG�IURP�EXLOGLQJV�DQG�TXDU�

 

)LJXUH����7KH�KDQG-KHOG�;-UD\�IOXRURVFRSH�LQ�XVH 

E\�(OOLRW�&DUWHU��+	:�(DUWK�+HULWDJH�7UXVW 
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ULHV� RQ� WKH� %URP\DUG� 'RZQV�� 7KLV� LV� LQWHUHVWLQJ� DV� LW�
EDFNV�XS�WKH�K\SRWKHVLV��PDGH�RQ�WKH�EDVLV�RI�ILHOGZRUN��
WKDW�PXFK�RI�WKH�VWRQH�LQ�%URP\DUG�ZDV�TXDUULHG�ZLWKLQ�
WKH� WRZQ� IURP� VHYHUDO� �QRZ� ORVW�� TXDUULHV� DQG� SRVVLEO\�
IURP�WKH�H[FDYDWLRQ�RI�EHGURFN�FHOODUV�WRR�� 

$URXQG� /XGORZ�� VRPH� RI�P\� DWWHPSWV� WR� JHW� ILHOG� GDWD�
ZHUH�VW\PLHG�E\�SRRU�ZHDWKHU��$�ELJ�GUDZEDFN�ZLWK�WKH�
LQVWUXPHQW�LV�WKDW�LW�LV�VWURQJO\�DIIHFWHG�E\�DLU�DQG�VXUIDFH�
PRLVWXUH��+HDY\�UDLQ�DQG�IRJ�RQ�VHYHUDO�ILHOG�GD\V�DORQJ�
WKH� 0RUWLPHU� )RUHVW� WUDLO� UHQGHUHG� WKH� GDWD� HVVHQWLDOO\�
XVHOHVV�� 7KLV� ZDV� YHU\� GLVDSSRLQWLQJ�� 1RQHWKHOHVV�� ZH�
KDG� D� JRRG� FOHDU� GD\� WR� VDPSOH� WKH� %UHDGZDON� 6HFWLRQ�
ZKLFK� UXQV� DORQJ� WKH�ZHVW�EDQN�RI� WKH�7HPH� IURP�'LQ�
KDP�%ULGJH�WR�/XGIRUG�&RUQHU��,Q�DGGLWLRQ��
D�ODUJH�QXPEHU�RI�PHDVXUHPHQWV�ZHUH�PDGH�
RQ� WKH� FXUWDLQ� ZDOO� RI� /XGORZ� &DVWOH� LQ�
JRRG� FRQGLWLRQV�� 7KLV� SURYLGHV� VWURQJ� HYL�
GHQFH�WKDW�WKH�FDVWOH�LV�LQGHHG�EXLOW�IURP�WKH�
/RZHU� :KLWFOLIIH� %HGV� ZKLFK� IRUP� WKH�
EOXII� RQ� ZKLFK� LW� VWDQGV�� UDWKHU� WKDQ� RWKHU�
IRUPDWLRQV� ZKLFK� RXWFURS� LQ� YDULRXV� TXDU�
ULHV�DFURVV�WKH�ULYHU� 

$QRWKHU�H[FHSWLRQDOO\�XVHIXO�WRRO�LV�/L'$5�
GDWD�� 6WDQGLQJ� IRU� /LJKW� 'HWHFWLRQ� DQG�
5DQJLQJ�� /L'$5� LQYROYHV� ILULQJ� D� ODVHU�
IURP�DQ�DLUFUDIW�DQG�XVLQJ�LWV�UHIOHFWLRQ�WLPH�
WR�GHWHUPLQH� WKH�KHLJKW�RI� WKH� ODQG� VXUIDFH�
EHORZ��7KH�SDUWLFXODUO\�XVHIXO�IHDWXUH�IRU�XV�
LV� WKDW�� UHJDUGOHVV� RI� WKH� WKLFNQHVV� RI� WUHH�
FRYHU�� VRPH� RI� WKH� ODVHU� EHDP� SHQHWUDWHV�
WKURXJK� WKH� YHJHWDWLRQ� WR� UHDFK� WKH� ODQG�
VXUIDFH�EHORZ��DOORZLQJ�WKH�GDWD�WR�EH�SUR�
FHVVHG�WR�HIIHFWLYHO\�UHPRYH�WKH�YHJHWDWLRQ��
7KH�UHVXOWLQJ�'LJLWDO�7HUUDLQ�0RGHO�DOORZV�
REVHUYDWLRQ� WKURXJK� WKLFN� IRUHVW� RU� EUXVK�

DQG�ZDV�UHFHQWO\�LQ�WKH�QHZV�IROORZLQJ�WKH�GLV�
FRYHU\�RI�D�ODUJH�DQFLHQW�FLW\�QHDU�$QJNRU�:DW�
LQ�WKH�MXQJOHV�RI�&DPERGLD� 

)RU�RXU�SXUSRVHV��/L'$5�LV�H[FHOOHQW�IRU�ILQG�
LQJ� ORVW�TXDUULHV��2QH�DUHD�ZKHUH�ZH�KDYH�DS�
SOLHG�WKLV�LV�%ULQJVW\�&RPPRQ��$�FRDUVH��SHE�
EO\�VDQGVWRQH�LV�XVHG�WR�EXLOG�PRVW�RI� WKH�FRW�
WDJHV� RQ� WKH� FRPPRQ� DQG� LV� DOVR� WKH� PDLQ�
EXLOGLQJ� VWRQH� LQ� 6W� 3HWHU¶V� &KXUFK� LQ� QHDUE\�
%URP\DUG��+RZHYHU�� RWKHU� WKDQ� RQH�SLW�ZKLFK�
LV�PDSSHG�RQ�WKH�ILUVW�HGLWLRQ�2UGQDQFH�6XUYH\�
&RXQW\� 6HULHV�� WKHUH� DUH� IHZ� REYLRXV� TXDUU\�
VLWHV� WR� EH� IRXQG�� /L'$5� LPDJHU\�� KRZHYHU��
UHYHDOV�VHYHUDO� ODUJH�DUHDV�RI�GLVWXUEHG�JURXQG�
RQ� WKH�FRPPRQ��:KDW� LV�PRUH�� WKHUH� LV�D�FRQ�
VSLFXRXV� FRLQFLGHQFH� EHWZHHQ� WKHVH� DQG� WKH�
VDQGVWRQH�KRUL]RQV�PDSSHG�E\�WKH�%ULWLVK�*HR�
ORJLFDO�6XUYH\�RQ�WKH�FRPPRQ� 

7KHUH�DUH�QHYHU�DQ\�HDV\�DQVZHUV�ZKHQ�LQYHVWL�
JDWLQJ� WKH� RULJLQV� RI� ORFDO� EXLOGLQJ� VWRQH� EXW�
ZLWK�WKH�ZRQGHUV�RI�WHFKQRORJ\�ZH�DUH�PDNLQJ�
SURJUHVV� WRZDUGV� XQGHUVWDQGLQJ� VRPH� RI� WKH�
FRPSOH[LWLHV� RI� WKH�PRYHPHQW� RI� VWRQH� LQ� KLV�
WRULF�WLPHV��;5)�GRHV�VKRZ�D�ORW�RI�SURPLVH�DV�
D�FKHDS��TXLFN�DQG�QRQ-GHVWUXFWLYH�ZD\�RI�FRP�
SDULQJ�DQG� OLQNLQJ�VWRQHV�ZKLOH�/L'$5�GDWD�–�
QRZ� IUHHO\� DYDLODEOH� IURP�JRYHUQPHQW� VRXUFHV�
–� RIIHU� DQ� LQFRPSDUDEO\� GHWDLOHG� YLHZ� RI� WKH�

XQGHUO\LQJ�WRSRJUDSK\��D�JRGVHQG�IRU�DQ\�QXPEHU�RI�JHR�
ORJLFDO�DQG�DUFKDHRORJLFDO�SURMHFWV� 

)LJXUH�����/L'$5-JHQHUDWHG�PDS�RI�%ULQJVW\�&RPPRQ�FOHDUO\�VKRZLQJ�
DUHDV�RI�GLVWXUEHG�JURXQG� 

)LJXUH����6RPH�UHVXOWV�IURP�WKH�/XGORZ�PHDVXUHPHQWV��7KH�UDWLR�
RI� ]LUFRQLXP� �=U�� WR� VLOLFRQ� �6L�� LV� VKRZQ� IRU�PDQ\� VDPSOHV�� 7ZR�
JURXSV� RI� GDWD� DUH� DSSDUHQW� DQG� WKH� µEHVW¶� VWUDLJKW� OLQH� LV� GUDZQ�
WKRXJK� HDFK� RI� WKHP�� 7KH� URFNV� IURP� WKH� 8SSHU�:KLWFOLIIH� %HGV�
�JUHHQ�FURVVHV�� VKRZ�D� KLJKHU�=U�6L� UDWLR� H[FHSW� LQ� VDPSOHV�ZLWK�
ORZ�FRQFHQWUDWLRQV�RI�WKHVH�HOHPHQWV 
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 7 ඁංඌ�ඐൺඌ�ൺ�ඏංඌංඍ�MRLQWO\�ZLWK�WKH�:HVW�6XVVH[�*HRORJ�
LFDO� 6RFLHW\� DQG� RUJDQLVHG� E\� WKHP�� 2XU� H[FHOOHQW�

OHDGHU� ZDV� 'DYH� *UHHQ�� )LYH�:*6�PHPEHUV� WRRN� SDUW�
ZLWK�QLQH� IURP�6XVVH[��:H�YLVLWHG� IRXUWHHQ� ORFDWLRQV� LQ�
DOO��LQGLFDWHG�LQ�)LJ����6HYHQ�ZHUH�RQ�WKH�PDUJLQV�RI�WKH�
0HQDL�6WUDLW��IRXU�RQ�WKH�3DGDUQ�ULGJH�ZHVW�RI�/ODQEHULV�
DQG�WR�WKH�VRXWK�DQG�WKUHH�RQ�$QJOHVH\� 

'DYH�*UHHQ�JDYH�DQ�LQWURGXFWRU\�WDON�RQ�RXU�ILUVW�HYHQLQJ�
LQ�RXU�FRPIRUWDEOH�DFFRPPRGDWLRQ�DW�%DQJRU�8QLYHUVLW\��
+H� GHVFULEHG� KRZ� %DQJRU� OLHV� RQ� D� WHUUDQH� ERXQGDU\��
QRZ�UHSUHVHQWHG�E\�WKH�'LQRUZLF�)DXOW�ZKLFK�UXQV�DORQJ�
WKH�VRXWK�VLGH�RI�WKH�0HQDL�6WUDLW��7R�WKH�VRXWK�DQG�DGMD�
FHQW�WR�WKH�IDXOW�DUH�WKH�ROGHVW�ORFDO�URFNV��7ZW�+LOO�*UDQ�
LWH��3UHFDPEULDQ���7KLV�UHVWV�DJDLQVW�&DUERQLIHURXV�URFNV�
RQ�WKH�RWKHU�VLGH�RI�WKH�'LQRUZLF�)DXOW��$ERYH�WKH�JUDQLWH�
DUH�WZR�ULGJHV��WKH�HGJHV�RI�D�V\QFOLQH�LQ�WKH�3DGDUQ�7XII��
7KLV� LV� D� ����P-WKLFN� LJQLPEULWH� GHSRVLW� IURP� DQ� HQRU�
PRXV� YROFDQLF� HYHQW�� URXJKO\� HTXLYDOHQW� LQ� VL]H� WR� WKH�
UHODWLYHO\� UHFHQW� 7RED� HUXSWLRQ�� 7KH�
WXII¶V�DJH�LV�VWLOO�XQFHUWDLQ��GLIIHUHQW�LVR�
WRSH�GHFD\�PHWKRGV�JLYH�HLWKHU�3UHFDP�
EULDQ�RU�&DPEULDQ�GDWHV���$ERYH�WKH�7XII�
DQG�ZLWKLQ� WKH� V\QFOLQH� DUH� FKLHIO\� YRO�
FDQLFODVWLF� URFNV� DQG� FRQJORPHUDWHV�
�0LQIIRUGG� )RUPDWLRQ��� &DPEULDQ� VDQG�
VWRQHV�DQG�FRQJORPHUDWHV��)DFKZHQ�)RU�
PDWLRQ��DQG�WKHQ�&DPEULDQ�URFNV�LQFOXG�
LQJ�WKH�PXFK-TXDUULHG�VODWHV� 

'DYH� ZHQW� RQ� WR� GUDZ� RXU� DWWHQWLRQ� WR�
VRPH� RWKHU� HOHPHQWV� RI� WKH� JHRORJ\� --�
WKH�WZR�PDLQ�FXUUHQW�WKHRULHV�RQ�WKH�3UH�
FDPEULDQ�WHFWRQLFV�RI�WKH�DUHD��6HH�(DUWK�
0DWWHUV�IRU�������–� WKH�$FDGLDQ�IROGLQJ�
ZKLFK� JDYH� ULVH� WR� WKH� VODWHV�–� WKH� YHU\�
WKLFN�7HUWLDU\�GROHULWH�G\NHV�LQ�WKH�DUHD�–�
WKH�KXJH�GLIIHUHQFH�LQ�WRSRJUDSK\�DFURVV�
WKH�'LQRUZLF� )DXOW��ZKLFK� VXJJHVWV� WKDW�
WKH� HOHYDWLRQ�RI� WKH�JURXQG� VRXWK�RI� WKH�
IDXOW� RFFXUUHG� RQO\� DERXW��������� \HDUV�
DJR� 

2XU�ILUVW�GD\�RI�VLWH�YLVLWV�WRRN�
XV� WR� WHQ� VLWHV� FORVH� WR� WKH�'L�
QRUZLF� )DXOW�� 7KHVH� VWDUWHG�
ZLWK� WKH� VDQGVWRQH� LQ� WKH� FDU�
SDUN�DW�RXU�DFFRPPRGDWLRQ������
IROORZHG� E\� WKH� QHDUE\� EHDFK�
����� FORVH� WR� WKH� PDMRU� IDXOW��
:H� PRYHG� RQ� WR� D� VHULHV� RI�
H[SRVXUHV� ZKLFK� VKRZHG� XV�
H[DPSOHV� RI� WKH� PDLQ� ORFDO�
URFN�IRUPDWLRQV���7KRVH�RQ�WKH�
FRDVW� SURYHG� WR� EH� WKH� PRVW�
LOOXPLQDWLQJ� DQG� DOWKRXJK� D�
FOHDU� OLQH� IRU� WKH� 'LQRUZLF�
)DXOW� ZDV� QRW� VHHQ�� ZH� ZHUH�
FHUWDLQO\� LQ�D� IDXOW�]RQH�DW�VLWH�
���$W�VLWH���ZHUH�G\NHV�RI�7HU�
WLDU\� DJH� �)LJ����� �7ZW�+LOO�� LQ�
&DHUQDUIRQ�� VKRZHG� ILQH� FUDJV�
RI�SLQN�JUDQLWH� 

2XU�VHFRQG�GD\¶V� VWXGLHV�ZHUH�
IRFXVVHG� RQ� WKH� QRUWK-ZHVWHUQ�
SDUW�RI�/O\Q�3DGDUQ�� WR�WKH�ZHVW�
RI� /ODQEHULV�� ZLWKLQ� WKH� URFNV�

XQGHUO\LQJ� WKH�2UGRYLFLDQ�YROFDQLF�PDVV�RI�6QRZ�
GRQLD� 

7KH� SUH-2UGRYLFLDQ� VHTXHQFH� KDV� D� SURQRXQFHG�
1:-6(�WUHQG�ZLWK�IROGV�WKDW�DUH�XSULJKW�DQG�FOHDY�
DJH� WKDW� LV�YHUWLFDO��:KHUH� WKHVH�FRLQFLGH�H[FHOOHQW�
URRILQJ� VODWH� PDWHULDO� KDV� EHHQ� FUHDWHG�� DQG� WKH�
ZDVWH� WLSV� IURP� WKH� VODWH� TXDUULHV� OLWWHU� WKH� ODQG�
VFDSH��7KH� H[FDYDWLRQV� WKHPVHOYHV� DUH� QR� OHVV� LP�
SUHVVLYH��7KHVH�ROG�URFNV�DUH�FXW�E\�LQWUXVLYHV��IHO�
VLF�RQHV�EHLQJ�FRQFRUGDQW�ZKHUHDV�WKH�GROHULWH�RQHV�
DUH�GLVFRUGDQW�� 

/HDYLQJ�WKH�FDUV�DW�WKH�HGJH�RI�WKH�PRRUODQG��E\�WKH�
FDWWOH� JULG� 6(� RI� %U\Q�%UDV� &DVWOH� >6+� ���� ���@��
RXU�VWXGLHV�FRPPHQFHG�RQ�WKH�ROGHVW�URFNV��WKH�3D�
GDUQ�7XII�)RUPDWLRQ��)LJ�����6XSSRVHGO\� WKH�UHVXOW�
RI� D� JLJDQWLF� LVODQG� DUF� HUXSWLRQ� RQ� WKH� VFDOH� RI�
0RXQW�7RED�LQ�6XPDWUD�VRPH��������\HDUV�DJR��ZH�
ZHUH�DEOH�WR�GLVWLQJXLVK�WKH�GLIIHUHQW�SDUWV�RI�D�S\UR�

)LJXUH����$�G\NH�DFURVV�WKH�EHDFK 

)LJXUH� �� � � 7KH� JURXS� RQ� &DUERQLIHURXV� URFNV� E\� WKH� 0HQDL�
%ULGJH 

)LJXUH�����/RFDWLRQ�RI�YLVLWHG�VLWHV 
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FODVWLF�IORZ��ZLWK�WKH�IDOVH-EHGGHG�EDVDO�VXUJH�SDVVLQJ�XS�
LQWR�WKH�ZHOGHG�WXII��WKLV� LV� WKH�FODVVLF�µLJQLPEULWH¶�ZLWK�
IODPH-VKDSHG�IUDJPHQWV�RI�FROODSVHG�SXPLFH��RYHUODLQ�E\�
FRQVLGHUDEOH�WKLFNQHVVHV�RI�XQZHOGHG�WXII�ZKLFK��RQ�WKHLU�
RZQ�� FRXOG� HDVLO\� EH� FRQIXVHG� ZLWK� S\URFODVWLF� DLU� IDOO�
DVK�� 3UHVXPDEO\� KLJKHU� OHYHOV� RI� WKH� IORZ� ZLWK� DVK� UH�
ZRUNHG�E\�ZLQG�RU�ZDWHU�ZRXOG� DOVR�KDYH�EHHQ�SUHVHQW�
RULJLQDOO\�EXW�ZH�VDZ�QR�FOHDU�HYLGHQFH�KHUH��2YHUDOO�WKH�
VHTXHQFH� RI� YROFDQLFV� LV� SHUKDSV� DV� WKLFN� DV� �NP�� EXW�
VXUHO\�QRW�DOO�IURP�D�VLQJOH�HUXSWLRQ�� 

7KH� RXWFURS� RI� D� UXVW\-EURZQ� PDVVLYH� URFN� MXVW� EHORZ�
ZKHUH� WKH� FDUV� ZHUH� SDUNHG� >6+� ���� ���@� GUHZ� VRPH�
GHEDWH�ZKLFK�ZDV�UHVROYHG�ZKHQ�LW�ZDV�UHDOLVHG�ZH�ZHUH�
ORRNLQJ� DW� D� GROHULWH� G\NH�� 8QIRUWXQDWHO\� WKH� FRQWDFWV�
ZHUH� QRW� YLVLEOH� EXW� LW� ZDV� FOHDUO\� GLVFRUGDQW�� WUHQGLQJ�
WRZDUGV� WKH� PDLQ� LJQHRXV� PDVV� RI� 6QRZGRQLD�� DQG� VR�
OLNHO\�WR�KDYH�EHHQ�2UGRYLFLDQ�LQ�DJH� 

2XU�ZDON�IURP�KHUH��ODUJHO\�GRZQKLOO�WKDQNV�WR�WKH�OHDG�
HU¶V�SODQ�WR�OHDYH�D�FDU�IRU�WKH�GULYHUV�DW�WKH�IDU�HQG��WKHQ�
SDVVHG� LQWR� \RXQJHU� URFNV�� WKH� PHWDPRUSKRVHG� PXG�
VWRQHV� RI� WKH� )DFKZHQ� )RUPDWLRQ�� FRPPHQFLQJ� ZLWK� D�
FRQJORPHUDWH� DW� WKH� EDVH�� 6WULFWO\� WKLV� ZDV� D� PXGVWRQH�
ZLWK�SHEEOHV�VLQFH�LW�ZDV�PDWUL[�VXSSRUWHG�DQG�WKH�PXGV�
KDG�D�FOHDU�IROLDWLRQ�HPSKDVLVHG�E\�WKH�WUDQVIRUPDWLRQ�RI�
FOD\�PLQHUDOV� LQWR� FKORULWH� DQG�PLFD�� 7KH� SHEEOHV�ZHUH�
GHIRUPHG�WRR��LQWR�HORQJDWHG�VKDSHV� 

)XUWKHU�DORQJ�ZH�HQWHUHG�WKH�PXG-GRPLQDWHG�SDUW�RI� WKH�
VHTXHQFH��WKH�/ODQEHULV�6ODWHV�)RUPDWLRQ�DQG�WKH�PDVVLYH�
VODWH� TXDUULHV� WKDW� KDYH� EHHQ� H[FDYDWHG� WR� H[WUDFW� WKLV�
VWRQH� >6+� ���� ���@�� 7KH� TXDUULHV� DOVR� UHYHDOHG� KLJK�
ULGJHV� ZKHUH� WKH� VWRQH� KDG� EHHQ� OHIW� XQWRXFKHG�� HLWKHU�
EHFDXVH� RI� GROHULWH� G\NHV� �ZKLFK� ZRXOG� QRW� KDYH� EHHQ�
VXLWDEOH�IRU�VODWH�SURGXFWLRQ��RU�EHFDXVH�RI�ERXQGDULHV�WR�
WKH�OHDVH�DUHDV�IRU�H[WUDFWLRQ��7KH�XVH�RI�FUDQHV�WR�OLIW�WKH�
VWRQH�PHDQW�WKDW�YHU\�VWHHS�TXDUU\�VLGHV�FRXOG�EH�FUHDWHG�
DQG� QR� VWRQH� ZDV� ZDVWHG� XQGHU� KDXODJH� URDGV�� ,W� DOVR�
PHDQV�WKDW�VXFK�SODFHV�DUH�HVVHQWLDOO\�LQDFFHVVLEOH�WR�WR�
GD\¶V�YLVLWRUV� 

1HDULQJ� WKH� HQG� RI� RXU� ZDON�� RQ� WKH� HGJH� RI� /ODQEHULV�
YLOODJH��WKH�RYHUO\LQJ�%URQOOZ\G�*ULW�)RUPDWLRQ�FRXOG�EH�
VHHQ�LQ�VPDOO�URDGVLGH�H[SRVXUHV��7KHVH�ZHUH�QRW�VR�LP�
SUHVVLYH�DIWHU�ZKDW�ZH�KDG�VHHQ�HDUOLHU�LQ�WKH�GD\�DQG�WKH�
ORYHO\�ZHDWKHU�HQFRXUDJHG� WKH�SDUW\� WR�SURFHHG� LQWR� WKH�
YLOODJH�DQG�KHDG�IRU�WKH�/ODQEHULV�(OHFWULF�0RXQWDLQ�9LV�
LWRU�&HQWUH�IRU�LFH�FUHDPV�DQG�D�SRWWHU�DURXQG�WKH�GLVSOD\�

ERDUGV� H[SODLQLQJ� KRZ� WKLV� YDVW� XQGHUJURXQG� K\GUR-
HOHFWULF�VFKHPH�KDG�EHHQ�FRQVWUXFWHG�LQ�WKH�����V� 

7KLV� OHIW�D�FRXSOH�RI�KRXUV�EHIRUH�VXSSHU�DQG� LW�ZDV�GH�
FLGHG� WR� DGG� D� YLVLW� WR� D� ODUJH� EXW� UHODWLYHO\� DFFHVVLEOH�
H[SRVXUH�RI�WKH�/ODQEHULV�6ODWH�)RUPDWLRQ��LQ�WKH�$OH[DQ�
GUD�6ODWH�4XDUU\�QRW�IDU�IURP�&DHUQDUYRQ�>SDUNLQJ�DW�6+�
��������DQG�ZDONLQJ�WR�WKH�HGJH�RI�WKH�TXDUU\�DW�6+�����
���@��7KH�ODWH�DIWHUQRRQ�OLJKW�SURYLGHG�ZRQGHUIXO�YLHZV�
LQWR� WKH� KHDUW� RI� 6QRZGRQLD�� GRZQ� WKH� /OǔQ� 3HQLQVXOD��
DQG�RXW�DFURVV�$QJOHVH\�ZKLFK�ZRXOG�EH�YLVLWHG�WKH�IRO�
ORZLQJ�GD\��7KH�SHQHSODQDWLRQ�RI�WKH�FRDVW�RQ�WKH�PDLQ�
ODQG� DQG� DFURVV�$QJOHVH\� LV� UHPDUNDEOH� DQG� GHEDWH� HQ�
VXHG�DV�WR�LWV�RULJLQ��DQG�ZKHWKHU�RU�QRW�WKH�PDMRU�IDXOWV�
UXQQLQJ� GRZQ� WKH� VHDZD\� LQ-EHWZHHQ� PLJKW� KDYH� EHHQ�
UHVSRQVLEOH� 

7KH�VODWHV�ZHUH�FOHDUO\�WXUELGLWH�PXGV��IRUPHG�E\�D�VXF�
FHVVLRQ�RI�IORZV�GRZQ�WKH�VHD�IORRU��VHWWOLQJ�RXW�WR�FUHDWH�

FODVVLF�JUDGHG�EHGV��7KHUH�ZHUH�FRDUVHU�EHGV�WRR��RI�VLOW�
VWRQH�DQG�VDQGVWRQH��DQG�WKHLU�JUHHQLVK�FRORXU�VXJJHVWHG�
DOWHUDWLRQ�RI�RULJLQDOO\�YROFDQLF�DVK��WXII��7KH�SUHVHQFH�RI�
RFFDVLRQDO� FRQFHQWUDWLRQV� RI� RUJDQLF� PDWHULDO� KDG� LQ�
GXFHG�ODWHU�UHGXFWLRQ�RI�LURQ�PLQHUDOV��WXUQLQJ�WKH�SXUSOH�
FRORXU� WR� OLJKW� JUHHQ��6XFK�µUHGXFWLRQ� VSRWV¶� KDG� VXEVH�
TXHQWO\�EHHQ�GHIRUPHG�DQG�WKH�H[WHQW�RI�WKH�VTXHH]LQJ�RI�
WKLV� SLOH� RI� URFNV� FRXOG� EH� ZHOO� DSSUHFLDWHG�� &XULRXVO\�
VKDSHG��ZLVS-OLNH�]RQHV�ZLWK�UHGXFWLRQ�FRORXUV�ZHUH�VHHQ�
LQ�D�FRXSOH�RI�SODFHV�ZKLFK�VXJJHVWHG�WR�VRPH�WKDW�KLJK�
ZDWHU� SUHVVXUHV�PXVW� KDYH� DFFRPSDQLHG� WKH� URFN�GHIRU�
PDWLRQ�DQG�WKLV�KDG�VXEVHTXHQWO\�DOORZHG�UHGXFLQJ�FRQ�
GLWLRQV� WR�PLJUDWH� IXUWKHU� LQWR� WKH� VXUURXQGLQJ� URFN�� DQ�
HDUO\�� QDWXUDO� H[DPSOH� RI� K\GUDXOLF� IUDFWXULQJ�
�µIUDFNLQJ¶�� 

7KH�WKLUG�GD\�ZDV�VSHQW�RQ�$QJOHVH\��YLVLWLQJ�WZR�FRDVWDO�
VLWHV��6RXWK�6WDFN�RQ�+RO\� ,VODQG� LQ� WKH�QRUWK-ZHVW� DQG�
/ODQGZ\Q�,VODQG�LQ�WKH�VRXWK-ZHVW� 

7KH�6RXWK�6WDFN�IRUPDWLRQ��XS�WR�����PHWUHV�WKLFN��IRUPV�
WKH�ERWWRP�OHYHO�RI� WKH�+RO\�,VODQG�JURXS��ZKLFK�LV�SDUW�
RI� WKH�JUHDWHU�0RQLDQ�6XSHUJURXS��(DUOLHU� VXVSLFLRQV�RI�
WKH� SRVVLEOH� RFFXUUHQFH� RI� 6NROLWKRV-W\SH� EXUURZV� LQGL�
FDWLQJ�PLGGOH�&DPEULDQ�DJH�KDYH�EHHQ�FRQILUPHG�UHFHQW�
O\�E\�SUHFLVH�]LUFRQ�FU\VWDO�GDWLQJ�����0D�� 

7KLV�IRUPDWLRQ�VWDUWHG�DV�PXG�DQG�VDQG�WXUELGLWH�GHSRV�
LWV�RQ�WKH�IORRU�RI�D�VKDOORZ�VHD��ZKLFK�GHYHORSHG�ODWHU�WR�
D� SDVVLYH� WHFWRQLF� PDUJLQ� VLPLODU� WR� &DOLIRUQLD� WRGD\��

)LJXUH����7KH�3DGDUQ�7XII 

)LJXUH����(\H¶V�GRZQ��DOO�EXW�RQH 
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6WULNH� VOLS� IDXOW� PRYHPHQW� JHQHUDWHG� ORZ� JUDGH� PHWD�
PRUSKLVP�RI�VDQGVWRQH�DQG�PXGVWRQH�LQ�WKH�IRUP�RI�UHG�
EURZQ�TXDUW]LWH�DQG�JUHHQ�JUH\�VFKLVWV��7KHVH�KDYH�EHHQ�
FUXPSOHG�� IROGHG� DQG� IDXOWHG�� 6HFRQGDU\� IROGLQJ� DQG�
FOHDYLQJ� KDV� FUHDWHG� D� VSHFWDFXODU� JHRORJLFDO� VLWH� >6+�
�������@��/RFDWLRQ�����)LJ���� 

$FFHVV� WR� WKHVH� FOLII� VWUXFWXUHV� LV� GRZQ� D� VWHHS� VWRQH�
VWDLUFDVH� ZKLFK� SURYLGHV� D� VDIH� FRQQHFWLRQ� YLD� D� IRRW�
EULGJH� WR� WKH�6RXWK�6WDFN� OLJKWKRXVH�� ,Q� WKH� VSULQJ� DQG�
VXPPHU�WKH�FOLIIV�DUH�FRYHUHG�ZLWK�VHDELUG�FRORQLHV��LQ�

FOXGLQJ�UD]RUELOOV�DQG�JXLOOHPRWV��7KH�GHVFHQW�SURYLGHG��
QXPHURXV� RSSRUWXQLWLHV� WR� H[DPLQH� WKH� URFNV�� FORVH� XS�
DQG�LQ�GHWDLO��EHIRUH�D�VWUHQXRXV�FOLPE�EDFN�� 

7KH�VHFRQG�ORFDWLRQ�IRU�WKH�GD\��/ODQGZ\Q�,VODQG��OLHV�WR�
WKH�VRXWK�RI� WKH�%HUZ�IDXOW�DQG� LV�SDUW�RI�*HR0RQ�� WKH�
$QJOHVH\�*HR3DUN��,W� LV�FRQQHFWHG�GLUHFWO\�WR�WKH�PDLQ�
ODQG�DW�ORZ�WLGH�DQG�PHDVXUHV�DSSUR[LPDWHO\����P�ZLGH�
DQG�����P�ORQJ� 

$�*HRERDUG� LQIRUPDWLRQ� SRLQW� GHVFULEHV� WKH� JHRORJLFDO�
KLVWRU\� DQG� IHDWXUHV� RI� WKH� LVODQG� EDVHG� XSRQ� WKH� -DSD�
QHVH� WKHRU\�RI�2FHDQ�3ODWH�6WUDWLJUDSK\�DQG�$FFUHWLRQ�
DU\�3ULVPV� 

3LOORZ� ODYDV�ZHUH�H[DPLQHG�DW� WKH�PDLQODQG�HQG�RI� WKH�
FDXVHZD\� >6+� ���� ���@� �/RFDWLRQ� ���� )LJ����� 7KHVH�
ZHUH� IRUPHG� RQ� WKH� VHD� IORRU� DW� D� 3UHFDPEULDQ� PLG-
RFHDQ�ULGJH��5DSLG�FRROLQJ�UHVXOWHG�LQ�ZHOO�GHILQHG�FU\V�
WDOOLQH�PDUJLQV�� ZKLOVW� PDQ\� RI� WKH� FHQWUHV� DUH� FRDUVHU�
DQG�FRQWDLQ�YHVLFOHV�IURP�WUDSSHG�JDV��7KH�SLOORZ�ODYDV�
KDYH� EHHQ� WXUQHG� RQ� WKHLU� VLGHV� DV� WKH\� GHVFHQGHG� LQWR�
VWHHS�VXEGXFWLRQ�]RQH�DFFUHWLRQDU\�SULVP��6DQG�DQG�PXG�
WUDSSHG� E\� WKH� ODYDV� KDYH� EHHQ� WUDQVIRUPHG� E\� KHDW��
PROWHQ� LURQ-ULFK� VDQG� WR� UHG� MDVSHU�� DQG� PXG� WR� JUHHQ�
HSLGRWH�� $FURVV� WKH� FDXVHZD\� DUH� DJJORPHUDWH� ERP�
EURFNV��WKH�GHEULV�IURP�PRUH�H[SORVLYH��VXE-DHULDO�RFHDQ�
ULGJH�HYHQWV� 

2Q� WKH� QRUWKZHVW� RI� WKH� LVODQG�� YHUWLFDOO\� EHGGHG� UHG�
FKHUW� OLHV�VDQGZLFKHG�EHWZHHQ�IROGHG�EDVDOW��TXDUW]�DQG�
FDOFLWH�>6+��������@��/RFDWLRQ�����)LJ���� 

$W�WKH�6:�WLS��EHORZ�WKH�OLJKWKRXVH��DUH�PDVVLYH�H[SR�
VXUHV�RI�EDVDOW�DQG�OLPHVWRQH��WKH�UHVXOW��RI�PL[HG�DFFUH�
WLRQDU\�GHSRVLWV�� ����PHWUHV� HDVWZDUGV� DUH� H[DPSOHV�RI�
*UHHQOH\¶V�IDPRXV�*ZQD�PHODQJH��FRQVLVWLQJ�RI�D�MXP�
EOH� RI�PHWDPRUSKRVHG� EDVDOW� DQG�PXOWL-FRORXUHG� MDVSHU�
DQG�ZKLWH�FDOFLWH��7KH�PHODQJH�UHVXOWV�IURP�DFFUHWLRQDU\�
SULVP� FROODSVH� LQWR� D� GHHSHU�� KLJK-SUHVVXUH� VXEGXFWLRQ�
]RQH�� 7KHUH� DOVR� QXPHURXV� SRUSK\ULWLF� GROHULWH� G\NHV�
UXQQLQJ�1:-6(� 

7KH� LVODQG� UHWXUQ� SDWK� OHDGV� SDVW� WKH� UHPDLQV� RI� 6W�
'Z\QZHQV� &KXUFK� DQG�
WKH� 3LORWV� &RWWDJHV�� 3L�
ORWV� ZHUH� HPSOR\HG�
QDYLJDWLQJ� ERDWV� DORQJ�
WKH� 0HQDL� 6WUDLW�� 7KH�
SDUW\� OHIW� WKH� LVODQG� DW�
ORZ� WLGH� DQG�ZLOO� UHFDOO�
WKH� VORZ� SORG� RYHU� H[�
WHQVLYH�VRIW�ZHW� VDQG� WR�
WKH�GLVWDQW�FDU�SDUN� 

)LJXUH����%DVDOW�DQG�UHG�FKHUW 

)LJXUH����'DYH�H[SODLQV�WKH�URFNV�DW�6RXWK�
6WDFN 

)LJXUH����3LOORZ�ODYDV 
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0ਠਯਯਨਭਦ�ਲ਼ਧਤ�.ਭਨਦਧਲ਼ਮਭ�6ਧਤਤਲ਼ 
E\�0RLUD�-HQNLQV 

$ උඍඁඎඋ�7ංඇඅൾඒ��ZKR�KDV�UHWLUHG�IURP�VXUYH\LQJ�IRU�
WKH� ,*6� �WKH� SUHGHFHVVRU� RI� %*6�� KDV� RUJDQLVHG� D�

SURMHFW�WR�PDS�6KHHW������WKH�.QLJKWRQ�6KHHW��IRU�ZKLFK�
WKHUH� LV� QRW� \HW� D� %ULWLVK�*HRORJLFDO� 6XUYH\�PDS�� � 7KH�
PRVW� XS� WR� GDWH� JHRORJLFDO�PDS�GDWHV� EDFN� WR�9LFWRULDQ�
WLPHV�� � 6HYHUDO� YROXQWHHUV� DUH� SDUWLFLSDWLQJ� LQ� ILHOG� VXU�
YH\V�WR�UHFRUG�WKH�JHRORJ\� 

7KH�:RROKRSH�&OXE�*HRORJ\�6HFWLRQ�KDV�EHHQ�DVNHG� WR�
KHOS�WR�ILQG�IRVVLOV�WR�HQDEOH�GDWLQJ�RI�WKH�URFNV���*UDSWR�
OLWHV�HYROYHG�TXLFNO\�DQG�DUH�D�JUHDW�KHOS�LQ�HVWDEOLVKLQJ�
H[DFWO\� DW� ZKLFK� OHYHO� LQ� WKH� VWUDWLJUDSKLF� FROXPQ� WKH�
URFN�RXWFURSV�DUH�ORFDWHG��� 

7KH�FRXQWU\VLGH��LQ�WKH�5DGQRU�)RUHVW��LV�WKH�UROOLQJ�KLOOV�
RI� PLG-:DOHV� FXW� LQWR� E\� GHHS� YDOOH\V�� � 7KHUH� LV� VRPH�
IRUHVWU\�ODQG�DQG�D�IHZ�GLVXVHG�TXDUULHV� 

2XU�SDUW�LQ�WKH�SURMHFW�ZDV�WKH�FROOHFWLRQ�RI�IRVVLOV�VR�ZH�
GLG� QRW� UHFRUG� WKH� JHRGLYHUVLW\�� � 6RPH� LQWHUHVWLQJ� IHD�
WXUHV�� VXFK�DV� WKH�3RQWHVIRUG-/LQOH\�)DXOW�/LQH��SURGXFH�
VSHFWDFXODU� VFHQHU\�� � 1HDU� WKH� IDXOW� OLQH� WKH� URFNV� DUH�
VWHHSO\� GLSSLQJ� ZKHUHDV� HOVHZKHUH� WKH\� GLS� JHQWO\���
7KHUH� DUH� VWUHDPV�ZKLFK� KDYH� FXW� GHHS� VWHHS-VLGHG� YDO�
OH\V���)LJXUH���VKRZV�VRPH�RI�WKH�SDUW\�DW�D�EHDXWLIXO�ZD�
WHUIDOO�FDOOHG�:DWHU�%UHDN�,WV�1HFN� 

6R� IDU�ZH� KDYH� KHOG� VL[� IRVVLO� FROOHFWLQJ� H[SHGLWLRQV� WR�
GLIIHUHQW�SDUWV�RI�5DGQRU�)RUHVW�ZLWK�XS�WR�WZHOYH�YROXQ�
WHHUV�D�WLPH��PRVW�RI� WKHP�IURP�WKH�:RROKRSH�&OXE�� �$�
WRWDO�RI����SHRSOH�KDYH�EHHQ�LQYROYHG�LQ�WKHVH�WULSV���(YH�
U\RQH� LV� JHWWLQJ�PRUH� VNLOIXO� DW� VSRWWLQJ� WKH� JUDSWROLWHV��
ZKLFK�DUH�RIWHQ�KDUG�WR�VHH�� �7KH�URFNV�DSSHDU�VLPLODU�–�
PDLQO\�JUH\-FRORXUHG�VLOWVWRQHV�DQG�VDQGVWRQHV���*UDSWR�
OLWHV�FDQ�KHOS�WR�GLVWLQJXLVK�EHWZHHQ�WKHP���,Q�VRPH�KRUL�
]RQV� WKH\�DUH�TXLWH�SOHQWLIXO�� LQ�RWKHUV�DEVHQW�� �8QIRUWX�
QDWHO\�WKH\�DUH�SRRUO\�SUHVHUYHG���-RKQ�3D\QH�KDV�SKRWR�
JUDSKHG�PDQ\�RI�WKH�VSHFLPHQV�WKURXJK�WKH�PLFURVFRSH���
7KH�SKRWRV�DUH�WKHQ�VHQW�RII�HOHFWURQLFDOO\�WR�H[SHUWV�IRU�
LGHQWLILFDWLRQ��LQFOXGLQJ�SDODHRQWRORJLVWV�LQ�$EHU\VWZ\WK��
3RUWVPRXWK��3RODQG�DQG�&DQDGD�� �7KH�:KLQ\DUG�5RFNV��
�)LJXUH� ��� SURYHG� WR� EH� D�SURGXFWLYH� DUHD� IRU� FROOHFWLQJ�
IRVVLOV� 

$��JRRG��H[DPSOH�RI�WKH�JUDSWROLWH�IRVVLOV�IRXQG�LV�VKRZQ�
LQ�)LJXUH���� ,W�KDV�EHHQ� LGHQWLILHG�DV�6DHWRJUDSWXV� OHLQW�
ZDUGLQHQVLV��7KH�WKHFDH�RI�WKLV�VSHFLHV�KDYH�VSLQHV�ZKLFK�

KDYH� EHHQ� SUHVHUYHG� LQ� VRPH� VSHFLPHQV�� � 0DQ\� PRUH�
SKRWRJUDSKV�KDYH�\HW�WR�EH�H[DPLQHG�DQG�KRSHIXOO\�VRPH�
ZLOO�SURYLGH�PRUH�FOXHV�DV�WR�WKH�H[DFW�DJH�RI�WKH�URFNV�LQ�
RWKHU�SDUWV�RI�WKH�DUHD��� 

,Q�DUHDV�ZKHUH�JUDSWROLWHV�ZHUH�QRW�IRXQG��WKHUH�ZHUH�H[�
DPSOHV�RI�GLIIHUHQW�VSHFLHV�RI�QDXWLORLG�RUWKRFRQHV�ZKLFK�
ZH� KDYH� QRW� \HW� KDG� LGHQWLILHG�� � )LJXUH� �� VKRZV� RQH� RI�
WKHVH� 

:RUN�FRQWLQXHV�RQ�UHFRUGLQJ�WKH�JHRORJ\�RI�WKH�DUHD�DQG�
WKH� UHVXOW� ZLOO� FRPSOHWH� WKH� VHW� RI� PRGHUQ� JHRORJLFDO�
PDSV�RI�+HUHIRUGVKLUH� 

)LJXUH������6DHWRJUDSWXV�OHLQWZDUGLQHQVLV��D�JUDSWROLWH�
IURP�WKH�8SSHU�/XGORZ�EHGV���)UDPH�ZLGWK�LV����PP� 

)LJXUH�����$Q�RUWKRFRQH�VDPSOH� 

)LJXUH���7KH�:KLQ\DUG�5RFNV��D�JRRG�FROOHFWLQJ�VLWH� 

)LJXUH�����:DWHU�%UHDN�,WV�1HFN 
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 &ਠਵਤ�'ਤਯਮਲਨਲ਼ਲ��6ਯਤਫਤਮਲ਼ਧਤਬਲ��ਠਲ�$ਢਧਨਵਤਲ�ਮਥ�
3ਠਲਲ਼�(ਭਵਨਮਭਬਤਭਲ਼ਲ�ਠਭਣ�&ਫਨਬਠਲ਼ਤਲ 

E\�,DQ�)DLUFKLOG��8QLYHUVLW\�RI�%LUPLQJKDP� 

, �ඁൺൽ� ൺඅඋൾൺൽඒ� EHHQ� D� UHVHDUFKHU� IRU� WZHQW\�\HDUV�ZKHQ��GHVSLWH�QHYHU�KDYLQJ�EHHQ�D�UHFUHD�
WLRQDO�FDYHU��WKH�FDOO�FDPH�WR�JR�XQGHUJURXQG��7KH�
VXFFHHGLQJ�WZHQW\�\HDUV�VDZ�D�ZRQGHUIXO�VHTXHQFH�
RI�UHVHDUFK�SURMHFWV�LQ�ZKLFK��WRJHWKHU�ZLWK�FROODE�
RUDWRUV�IURP�HOVHZKHUH�LQ�WKH�8.�DQG�(XURSH��DQG�
IURP� $XVWUDOLD�� ,� XQUDYHOOHG� VRPH� RI� WKH� VHFUHWV�
DERXW�KRZ�FDYHV�ZRUN�DQG�KRZ�FOLPDWH�KLVWRU\� LV�
HQFRGHG� LQ� FDOFDUHRXV� GHSRVLWV�� 7KHVH�
µVSHOHRWKHPV¶� LQFOXGH� GRZQZDUG-JURZLQJ� VWDODF�
WLWHV� DQG� XSZDUG-DFFUHWLQJ� VWDODJPLWHV�� ERWK�
µGULSVWRQHV¶��DQG�IORZVWRQHV��ZKLFK�IRUP�IURP�ZD�
WHU�IORZLQJ�RYHU�WKH�ZDOOV�DQG�IORRU�RI�D�FDYH��1HDU�
WKH�HQG�RI� WKLV� WZHQW\-\HDU�SHULRG�� ,� DQG�P\�HUVW�

ZKLOH� %LUPLQJKDP� FROOHDJXH�� $QG\� %DNHU�� SXE�
OLVKHG� WKH� ILUVW� ERRN� �6SHOHRWKHP� 6FLHQFH��:LOH\��
������WR�H[SODLQ�DOO�WKHVH�SKHQRPHQD�DQG�WR�JXLGH�
WKH�QH[W�JHQHUDWLRQ�RI�UHVHDUFK�VWXGHQWV� 

7KH� XQGHUVWDQGLQJ� WKDW� ZH� UHDFKHG� LV� WKDW� ZH�
VKRXOG�UHJDUG�FDYHV�DV�SDUW�RI�D�V\VWHP�WKDW�WUDQV�
IHUV�D�ZHDWKHU�DQG�FOLPDWH�VLJQDO� IURP�WKH�DWPRV�
SKHUH�� WKURXJK� WKH� VRLO� DQG� WKH� FDYHUQRXV� OLPH�
VWRQH� EHGURFN� LQWR� WKH� FDYH�� &DUERQDWH� PLQHUDOV�
GLVVROYH�LQ�WKH�&2�-ULFK�VRLO�DQG�FDOFLXP�FDUERQDWH�
�OLPH�� &D&2��� UHSUHFLSLWDWHV� ZKHQ� H[FHVV� FDUERQ�
GLR[LGH� GHJDVVHV� IURP� WKH� GULSZDWHU�� +HQFH� WKH�
FDYH�LWVHOI�KDV�ZKDW�ZH�WHUP�D�SK\VLRORJ\�LQ�ZKLFK�

KHDW��ZDWHU�DQG�JDVHV�DUH�H[FKDQJHG� 

7KH� UHJXODWHG� FRQGLWLRQV� DOVR� VXJJHVWHG� WKH�
PHWDSKRU� RI� DQ� LQFXEDWRU�� ,Q� WKH� VSHOHRWKHP�
LQFXEDWRU�� FRQGLWLRQV�RI�FRQVWDQW� WHPSHUDWXUH�
DQG� VWHDGLO\� GULSSLQJ� ZDWHU� FDQ� PDLQWDLQ�
VWHDG\�JURZWK�RI�LQGLYLGXDO�VWDODJPLWHV�XS�WR�
����WKRXVDQG�\HDUV�RU�VR��)LJXUH���LOOXVWUDWHV�
DQ� H[DPSOH� RI� ZKDW� KDSSHQV� LI� WKHVH� FRQGL�
WLRQV�DUH�GLVWXUEHG�WRR�PXFK��1RZ�WKH�VWDODJ�
PLWH�LV�RQO\�JURZLQJ�LQ�D�VPDOO�DUHD�RQ�LWV�WRS�
VXUIDFH� EHFDXVH� WKH� GULS� EHFRPH� VORZHU�� LQ�
WKLV�FDVH�UHODWHG�WR�FOLPDWLF�GU\LQJ��7KH�FKHP�
LVWU\�RI� WKLV�GULSZDWHU� LV�DOPRVW�FHUWDLQO\�GLI�
IHUHQW� WRR�� EHLQJ�PRUH� HYROYHG� E\� GHJDVVLQJ�
RI� FDUERQ� GLR[LGH� DQG� SULRU� SUHFLSLWDWLRQ� RI�
FDOFLXP�FDUERQDWH� 

)LJXUH� �� JLYHV� DQ� H[DPSOH� RI� WKH� XVH� RI� VR�
SKLVWLFDWHG� PLFURDQDO\WLFDO� WHFKQLTXHV� WR� GH�
FRGH� WKH� VWDODJPLWH¶V� KLVWRU\�� 7KHVH� PDSV�
ZHUH�PDGH�E\�FKHPLFDOO\�VFDQQLQJ��XVLQJ�;-
UD\� IOXRUHVFHQFH�� WKH� FXW� VXUIDFH�RI� D� VWDODJ�
PLWH�XVLQJ� V\QFKURWURQ� UDGLDWLRQ��7KH\� VKRZ�
KRZ� WKH� FKHPLVWU\� RI� WKH� VWDODJPLWH� FKDQJHV�
WKURXJK� WKH� \HDU� DQG� LQGHHG� VXFK� DQQXDO�
JURZWK� EDQGV� FDQ� RIWHQ� DOVR� EH� VHHQ� LQ� FXW�
VXUIDFHV� RI� VWDODJPLWHV�� 7KLV� VHDVRQDOLW\� UH�

)LJXUH����+LJK�UHVROXWLRQ�FKHPLFDO�UHFRUGV�RI�WUDFH�HOHPHQW�YDULDWLRQ�LQ�D�VWDODJPLWH�IURP�$OSLQH�$XVWULD���*URZWK�LV�
ULJKW�WR�OHIW�DQG�VKRZV�WKH�\HDUV������WR�������WKH�LPDJHV�DUH�DERXW����PP�ORQJ����(DFK�DXWXPQ�VHDVRQ�PXOWLSOH�
UDLQIDOO�HYHQWV�OHDG�WR�WKH�SHDNV�LQ�]LQF�ZKLOVW�D�PRUH�JHQWOH�YDULDWLRQ�LQ�VXOSKXU�LV�FDXVHG�E\�VHDVRQDO�FKDQJHV�LQ�
WKH�S+�RI�GULSZDWHU�UHIOHFWLYH�RI�FKDQJLQJ�FDUERQ�GLR[LGH�FRQWHQW�RI�WKH�FDYH�DWPRVSKHUH���:\QQ�HW�DO�������� 

)LJXUH� ��� � 6WDODJPLWH� IURP� WKH� 0DUJDUHW� 5LYHU� DUHD� RI� 6:�
:HVWHUQ�$XVWUDOLD�� �5HGXFHG� UDLQIDOO� LQ� UHFHQW� \HDUV�KDV�KDG�
WKH�HIIHFW�RI�UHGXFLQJ�WKH�DPRXQW�RI�GULSZDWHU�DQG�WKH�VWDODJ�
PLWH�LV�QRZ�RQO\�JURZLQJ�LQ�WKH�FHQWUDO�DUHD� 

6XOSKXU 
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IOHFWV�WKH�VHDVRQDO�ZDWHU�F\FOH��DOWHULQJ�WKH�DPRXQW�
RI� GULSSLQJ� ZDWHU�� EXW� DOVR� WKH� VHDVRQDO� WHPSHUD�
WXUH�F\FOH�ZKLFK�DIIHFWV� WKH�ZD\�WKH�FDYH�LV�YHQWL�
ODWHG�� 7\SLFDOO\� LQ� WKH� ZLQWHU� LW� LV� HDVLHU� IRU� FROG�
RXWVLGH�DLU� WR�SHQHWUDWH� WKH�FDYH�DQG�LWV�FDUERQ�GL�
R[LGH� OHYHO�GURSV�� LQFUHDVLQJ� WKH�S+��UHGXFLQJ� WKH�
DFLGLW\��RI�GULSZDWHU�DQG�LQFUHDVLQJ�WKH�UDWH�RI�VSH�
OHRWKHP�IRUPDWLRQ� 

0DQ\� VSHOHRWKHP� UHVHDUFKHUV� LQ� FRQWUDVW� KDYH� IR�
FXVHG� WKHLU� DWWHQWLRQ� RQ� PXFK� ORQJHU� SHULRGV� RI�
WLPH�� VHHNLQJ� WR� EXLOG� XS� UHFRUGV� RI� WKH� LFH� DJHV���
7KLV�LV�SRVVLEOH�VLQFH�VSHOHRWKHPV��DV�ORQJ�DV�WKH\�
ODFN� D� ORW� RI� VXVSHQGHG� VHGLPHQW�� FDQ� EH� UHDGLO\�
GDWHG�XVLQJ�WKH�UHODWLYH�DPRXQWV�RI�GLIIHUHQW�XUDQL�
XP�DQG�WKRULXP�LVRWRSHV��,Q�IDFW�WKH\�FDQ�EH�PXFK�
EHWWHU� GDWHG� WKDQ� WUDGLWLRQDO� DUFKLYHV� RI� FOLPDWH�
GXULQJ� WKH� 4XDWHUQDU\� 3HULRG� �ZKHQ� WKH� LFH� DJHV�
RFFXUUHG��� 7KHVH� DUFKLYHV� DUH� SULPDULO\� PDULQH�
FRUHV�IURP�WKH�GHHS�VHD�DQG�FRUHV�WKURXJK�WKH�PD�
MRU�LFH�VKHHWV�VXFK�DV�LQ�$QWDUFWLFD� 

)LJXUH� �� LOOXVWUDWHV� WKH� YHU\� VXFFHVVIXO� VWXGLHV� RQ�
&KLQHVH� VWDODJPLWHV� IURP�PRQVRRQDOO\� LQIOXHQFHG�
UHJLRQV�� +HUH� WKH� GLIIHUHQW� LVRWRSHV� RI� R[\JHQ� LQ�
UDLQZDWHU�YDU\� WKURXJK� WKH�\HDU�DQG�GHSHQGLQJ�RQ�
WKH�LQWHQVLW\�RI�WKH�PRQVRRQ��7KLV�FRQWUROV�WKH�R[\�
JHQ� LVRWRSH� FRPSRVLWLRQ� RI� GULSZDWHU� DQG� LQ� WXUQ�
WKDW� RI� WKH� R[\JHQ� DWRPV� FRQWDLQHG� LQ� WKH�&D&2��
VSHOHRWKHP�� :H� NQRZ� WKDW� RYHU� ORQJ� SHULRGV� RI�
WLPH�WKHUH�DUH�FOLPDWLF�IOXFWXDWLRQV�ZKRVH�WLPLQJ�LV�

FRQWUROOHG�E\� WKH�VR
-FDOOHG� 0LODQ�
NRYLWFK� F\FOHV� –�
SHULRGLF� ZREEOHV� LQ�
WKH� (DUWK¶V� RUELW�
WKDW� LQIOXHQFH� WKH�
DPRXQW� RI� UDGLDWLRQ�
UHFHLYHG� IURP� WKH�
VXQ� LQ� GLIIHUHQW� UH�
JLRQV�� 7KHVH� DUH�
EHDXWLIXOO\� SUH�
VHUYHG� LQ� WKH� PRQ�
VRRQ-SUR[\� VSHOHR�
WKHPV�� $OVR� SUH�
VHUYHG� DW� WLPHV� LV� D�
KLJK-IUHTXHQF\� YDU�
LDWLRQ�ZKLFK� LV� DOVR�
VHHQ� LQ� VWXGLHV� LQ�
WKH� $WODQWLF� DUHD� –�
WKLV�UHIOHFWV�WKH�VWXW�
WHULQJ� *XOI� 6WUHDP�
FLUFXODWWLRQ� GXULQJ�
LFH�DJHV� 

6SHOHRWKHPV� DUH�
DOVR�D�JUHDW�FOLPDWH�
DUFKLYH� EHFDXVH�
WKH\� KDYH� VR� PDQ\�
SURSHUWLHV� WKDW� FDQ�
EH� FOLPDWLFDOO\� LQ�
IOXHQFHG�� 7KHVH�

LQFOXGH� WKH� JURZWK� UDWH� LWVHOI�� WKH� LVRWRSHV� RI� FDU�
ERQ�SUHVHUYHG��WKH�IOXRUHVFHQW�SURSHUWLHV�RI�WKH�RU�
JDQLF� PDWWHU�� WKH� DEXQGDQFH� RI� D� ZLGH� YDULHW\� RI�
WUDFH� HOHPHQWV�� DQG� WKH� FKHPLVWU\�RI�ZDWHU� LQ� WLQ\�
LQFOXVLRQV� LQ� WKH� FDOFLXP� FDUERQDWH�� 7KH� FDUERQ�
LVRWRSHV� IRU� H[DPSOHV� PD\� UHIOHFW� DEXQGDQFHV� RI�
SODQWV�ZLWK�GLIIHUHQW�SKRWRV\QWKHWLF�PRGHV��RU�WRWDO�
YHJHWDWLRQDO� DEXQGDQFH�� RU� UHODWLYH� LPSRUWDQFH� RI�
GHJDVVLQJ��ZKLFK�FDQ�EH�VHDVRQDOO\�PRGXODWHG���$�
QHZ� IURQWLHU� DUHD� LV� VXSSOLHG� E\� WKH� XVH� RI� EL�
RPDUNHUV�� 7KHVH� DUH� VSHFLILF� JURXSV� RI� RUJDQLF�
PROHFXOHV�H[WUDFWHG�IURP�WKH�VROLG�FDUERQDWH�VSHOH�
RWKHP�� ,W� WXUQV�RXW� WKDW� WKH\�RIWHQ� UHIOHFW� FRORQLHV�
RI�EDFWHULD�–�HLWKHU�LQ�WKH�VRLO�RU�HOVH�JURZLQJ�LQ�WKH�
FDYH�LWVHOI��1HZ�ZRUN�GRQH�E\�RWKHU�UHVHDUFKHUV�DW�
%LUPLQJKDP�LQ�FROODERUDWLRQ�ZLWK�&KLQHVH�ZRUNHUV�
LV� VKRZLQJ� WKDW� WKHVH� EDFWHULD� DUH� UHYHDOLQJ� QHZ�
SURSHUWLHV� LQFOXGLQJ� WKH� DELOLW\� WR� UHFRQVWUXFW�ERWK�
WHPSHUDWXUH�DQG�UDLQIDOO�YDULDWLRQ�LQ�WKH�SDVW� 

)LJXUH����&RPSDULVRQ�RI�PHDVXUHPHQW�RI�WKH�R[\JHQ�LVRWRSH�FRPSRVLWLRQ��G��2��RI�VWDODJ�
PLWHV�IURP�D�PRQVRRQDOO\� LQIOXHQFHG�DUHD�RI�&KLQD��JUHHQ�FRORXUV��ZLWK�WKDW�RI�RSHQ�PD�
ULQH�FDOFDUHRXV�RUJDQLVPV�IURP�WKH�VHD�IORRU��EOXH��DQG�FDUERQ�GLR[LGH�LQ�WKH�DWPRVSKHUH�
�UHG����9DULDWLRQV�DUH�FRQWUROOHG�E\�WKH�VWUHQJWK�RI�LQVRODWLRQ�IURP�WKH�VXQ��WRS�JUH\�FXUYHV��
DQG�WKHVH�VSHOHRWKHPV�FDSWXUH�DOO�WKH�PDMRU�JOREDO�FKDQJHV�LQ�FOLPDWH�RYHU�WKH�LFH�DJHV�RI�
WKH�ODVW�IHZ�KXQGUHG�WKRXVDQG�\HDUV���&KHQJ�HW�DO�������� 
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' ඎඋංඇ� WKH� WZR� DXWXPQ� DQG� ZLQWHU� VHDVRQV� RI�
����-���D�JURXS�RI�YROXQWHHUV�KDV�ZRUNHG�RQ�PDLQ�

WDLQLQJ�WKH�JRRG�FRQGLWLRQ�RI�LPSRUWDQW�JHRORJLFDO�VLWHV�

ZLWKLQ�WKH�0DOYHUQ�DUHD��7KH�ZRUN�ZDV�SHUIRUPHG�XQGHU�
WZR� FRQWLQXLQJ� FRQWUDFWV� EHWZHHQ� WKH� (DUWK� +HULWDJH�
7UXVW��(+7��DQG��UHVSHFWLYHO\��WKH�0DOYHUQ�+LOOV�$21%�
DQG�WKH�0DOYHUQ�+LOOV�&RQVHUYDWRUV��0+&��DQG�LV�PDQ�
DJHG�E\�(+7��7KH�VLWHV�DOO� OLH�ZLWKLQ�WKH�DUHDV�FRYHUHG�
E\� WKHVH� WZR� ERGLHV�� 6R� IDU�� ZRUN� KDV� EHHQ� GRQH� RQ�
IRXUWHHQ� VLWHV�� 7ZHQW\� LQGLYLGXDOV� WRRN� SDUW� DV� YROXQ�
WHHUV� IURP� D� WRWDO� SRRO� RI� WZHQW\-ILYH�� 7KH� YROXQWHHUV�
FDPH� IURP� D� QXPEHU� RI� RUJDQLVDWLRQV�� (+7�� 0DOYHUQ�
8�$��WKH�:RROKRSH�&OXE�DQG�WKH�7HPH�9DOOH\�*HRORJL�
FDO� 6RFLHW\��(+7� LV� QDWXUDOO\� YHU\� JUDWHIXO� WR� DOO� WKRVH�
ZKR� WRRN�SDUW� DV�ZHOO� DV� WR� WKH� ODQGRZQHUV�� WR�1DWXUDO�
(QJODQG�IRU�WKHLU�UHTXLUHG�SHUPLVVLRQ�LQ�VRPH�FDVHV��DQG�
WR�RXU�IXQGHUV��0+$21%�DQG�0+&� 
7KH� VLWHV� ZRUNHG� RQ� KDYH� D� ZLGH� UDQJH� RI� JHRORJLFDO�
VLJQLILFDQFH�DV�LQGLFDWHG�EHORZ� 
:KLWPDQV�+LOO�&RSSLFH 0XFK�:HQORFN�/LPHVWRQH 
:\FKH�&XWWLQJ�6RXWK 6KHDUHG�0DOYHUQV�&RPSOH[ 
(DUQVODZ�&DU�3DUN�4XDUU\ 
 8OWUDPDILF�LQWUXVLRQ�LQ�WKH�0DOYHUQV�&RPSOH[ 
5XVK\�9DOOH\ 4XDWHUQDU\ 
:LGH�9DOOH\� 4XDWHUQDU\ 
+LJK�:RRG�3OD\LQJ�)LHOG (DUO\�6LOXULDQ�JULWV 
6\FDPRUH�7UHH�4XDUU\ 6LOXULDQ�VKRUH 
1RUWK�0DOYHUQ�&DU�3DUN (DVW�0DOYHUQ�)DXOW 
*DUGLQHU¶V�4XDUU\ )DXOW�]RQH�LQ�0DOYHUQ�URFN 
:KLWHOHDYHG�2DN�4XDUU\  
 0DOYHUQLDQ�&DPEULDQ�XQFRQIRUPLW\ 
&KDQFHV�3LWFK�4XDUU\ 
 8SSHU�/XGORZ�6LOWVWRQH 
*XOOHW�3DVV�3LW &DPEULDQ�4XDUW]LWH 
3DUN�:RRG�4XDUU\ 0XFK�:HQORFN�/LPHVWRQH 
6XFNOH\�4XDUU\�� 0XFK�:HQORFN�/LPHVWRQH 
.QLJKW¶V�4XDUU\ :RROKRSH�/LPHVWRQH 

0RVW�RI�WKH�VLWHV�WDFNOHG� WR�GDWH�KDYH�EHHQ� LQ�WKH�VHGL�
PHQWDU\�URFNV�DURXQG�WKH�0DOYHUQV��IURP�WKH�&DPEULDQ�
WR�WKH�6LOXULDQ��IRXU�KDYH�EHHQ�LQ�WKH�0DOYHUQ�URFN�DQG�
WZR� KDYH� EHHQ� LQ� 4XDWHUQDU\� IHDWXUHV�� 6RPH�ZHUH� GH�
VFULEHG�YHU\�EULHIO\� LQ� WKH�6HFWLRQ� H[FXUVLRQ� UHSRUWV� LQ�

ODVW�\HDU¶V�(DUWK�0DWWHUV� 
7KH� 6LOXULDQ� 0XFK�:HQORFN� /LPHVWRQH� VLWHV� LQFOXGHG�
RQH�LQ�:KLWPDQV�+LOO�&RSSLFH��3LFWXUHV�EHIRUH�DQG�GXU�

LQJ�ZRUN�DW� WKLV�VLWH�DUH�VKRZQ�LQ�)LJ���DQG�DUH� W\SLFDO�
RI� RXU� ZRUN�� PXFK� RI� ZKLFK� LQYROYHV� WKH� UHPRYDO� RI�
PRVV�DQG�RWKHU�OLJKW�YHJHWDWLRQ��$Q�ROG�TXDUU\�VKRZV�D�
SDUW�RI�WKH�0XFK�:HQORFN�/LPHVWRQH�VXFFHVVLRQ��7KLV�LV�
UHYHDOHG� DOVR� LQ� WKH�QHDUE\�:KLWPDQ¶V�+LOO�4XDUU\�EXW�
LQ�WKH�&RSSLFH� WKH�TXDUU\�IDFH� LV�PXFK�ORZHU�DQG�VR� LV�
VDIHO\�DSSURDFKDEOH�IRU�HDV\�H[DPLQDWLRQ��$�FRUUHODWLRQ�
ZLWK�WKH�URFNV�RI�WKH�PDLQ�:KLWPDQ¶V�+LOO�4XDUU\�LV�RI�
LQWHUHVW� DQG� LW� LV� OLNHO\� WKDW� WKH� DSSDUHQW� IDFLHV� FKDQJH�
IURP�QRGXODU�WR�PDVVLYH�OLPHVWRQH�QRWHG�LQ�WKH�&RSSLFH�
VLWHV�FRUUHVSRQGV� WR� WKH�FKDQJH� IURP� WKH�1RGXODU�%HGV�
0HPEHU�WR�WKH�/RZHU�4XDUULHG�/LPHVWRQH�0HPEHU�VHHQ�
LQ� WKH�PDLQ�TXDUU\��7KH�VDPH�ERXQGDU\� LV�VHHQ�LQ�3DUN�
:RRG�4XDUU\�DQG�ZDV�WKH�VXEMHFW�RI�D�SDUW�RI�RXU�ZRUN�
WKHUH� 
7KH� WKLUG� 0XFK� :HQORFN� /LPHVWRQH� VLWH� ZDV� LQ� WKH�
6XFNOH\�+LOOV�DQG�LV�RZQHG�E\�WKH�:RUFHVWHUVKLUH�:LOG�
OLIH�7UXVW�� VRPH�RI�ZKRVH�PHPEHUV�JDYH�XV� VXEVWDQWLDO�
DLG��+HUH�DJDLQ�� WKH�H[SRVXUH�VKRZV�D�WUDQVLWLRQ�IURP�D�
PDVVLYH�URFN�EHORZ�WR�QRGXODU�EHGGLQJ�DERYH��1HDU�WKH�
WUDQVLWLRQ��D�EHGGLQJ�SODQH�VKRZV�DQ�XQXVXDO�DQG�XQH[�
SODLQHG�µZDY\¶�VWUXFWXUH� 
.QLJKW¶V� 4XDUU\�� DW� 6WRUULGJH�� ZDV� WKH� VLWH� IRU�:RRO�
KRSH�/LPHVWRQH��7KLV� URFN� LV� QRW� FRPPRQO\� VHHQ� QHDU�
0DOYHUQ��+HUH�LW�IRUPV�RQO\�D�WKLQ�EHG�LQ�FRQWUDVW�WR�LWV�
PDVVLYH�GHYHORSPHQW� LQ� WKH�:RROKRSH� DUHD��7KH� VPDOO�
TXDUU\�KDV�ORZ�IDFHV�DQG�LV�DGMDFHQW�WR�D�URDG�DQG�VR�KDV�
YLUWXHV� DV� D� VLWH� IRU� H[FXUVLRQV��7KH� YROXQWHHUV� FOHDUHG�
WKH�TXDUU\�IORRU�RI�IDOOHQ�EUDQFKHV��PDGH�DQ�DFFHVV�SDWK�
DQG�GLG�D�WKRURXJK�MRE�RI�FOHDQLQJ�WKH�H[SRVXUHV��)LJ�����
6RPH� ORFDWLRQV� VKRZLQJ� QXPHURXV� VPDOO� EUDFKLRSRGV�
ZHUH� UHYHDOHG� DQG� D� WKLQ� EDQG� RI� SDOH� FOD\�� SRVVLEO\� D�
EHQWRQLWH�OD\HU��ZDV�GLVFRYHUHG� 
7KH� WZR� VLWHV� RQ� WKH� 0DOYHUQ� +LOOV� SURYHG� WR� EH� WKH�
PRVW�LQWHUHVWLQJ�LQ�WKH�����-��SURJUDPPH��7KH�ILUVW�ZDV�
WKH�ZHOO-NQRZQ� H[SRVXUH�RI� XOWUDPDILF� URFNV� LQ�/RZHU�
7ROJDWH� 4XDUU\� �QRZ� UHQDPHG� DV� (DUQVODZ� 4XDUU\� E\�
WKH� &RQVHUYDWRUV��� 7KH� YHU\� XQFRPPRQ� URFNV� IRXQG�
KHUH�KDYH�EHHQ�WKH�VXEMHFW�RI�VHYHUDO�ODERUDWRU\�LQYHVWL�

6ਨਲ਼ਤ�0ਠਨਭਲ਼ਤਭਠਭਢਤ�ਨਭ�ਲ਼ਧਤ�0ਠਫਵਤਭ�$ਤਠ 
E\�-RKQ�3D\QH 

)LJXUH�����:KLWPDQ
V�+LOO�&RSSLFH 
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JDWLRQV�EXW�QR�VLWH�GHVFULSWLRQ�H[LVWV��7KH�DFFHVVLEOH�SDUW�
RI�WKH�H[SRVXUH�ZDV�FOHDUHG�DQG�WKH�VLWH�LV�UHDG\�IRU�IXU�
WKHU�VWXG\��)LJXUH���VKRZV�ZRUN�LQ�SURJUHVV�DW�WKH�QHDUO\
-FOHDUHG�VRXWK�HQG� 
7KH�ILQDO�RXWLQJ�WKLV�\HDU�ZDV�WR�D�VPDOO�URFN�IDFH�LPPH�
GLDWHO\� VRXWK-ZHVW� RI� WKH� :\FKH� FXWWLQJ� �EHKLQG� WKH�
VKHOWHU���7KLV�FOHDUO\�VKRZHG�WKH�IROLDWLRQ�LQGXFHG�E\�WKH�
VR-FDOOHG� µ&KHOWHQKDP� 'ULYH¶�� D� SKDVH� RI� VWURQJ� FRP�
SUHVVLRQ�IURP�WKH�VRXWK-HDVW��6RPH�VFKLVWRVH�DUHDV�ZHUH�
QRWHG�� ,Q�DGGLWLRQ��VHYHUDO� LQFOXVLRQV�RI�SHJPDWLWH�ZHUH�

XQFRYHUHG��VXIILFLHQW�WR�JLYH�DQ�RYHUDOO�SLQN�WLQJH�WR�WKH�
VXUIDFH�ZKHQ�ZHOO�OLW��)LJ����� 
2XU�4XDWHUQDU\�VLWHV�DUH�LQ�5XVK\�9DOOH\�DQG�:LGH�9DO�
OH\��ZKLFK�DUH�WZR�RI�D�QXPEHU�RI�YDOOH\V�HURGHG�RQ�WKH�
HDVW�VLGH�RI�WKH�:RUFHVWHUVKLUH�%HDFRQ��7KH�YDOOH\V�KDYH�
D�YDULHW\�RI�LQWHUHVWLQJ�JHRPRUSKRORJLFDO�DQG�SHULJODFLDO�
IHDWXUHV�EXW�KDUGO\�DQ\�VFLHQWLILF�ZRUN�RQ�WKHP�KDV�EHHQ�
IRUPDOO\�UHFRUGHG� 
/LNH�PRVW�RI�WKH�ORFDO�YDOOH\V��5XVK\�9DOOH\�KDV�D�EURDG��
EDVLQ-OLNH�DUHD�DW�WKH�WRS�DQG�D�YHU\�QDUURZ�VHFWLRQ�LQ�LWV�
ORZHU�KDOI��D�IRUP�FRPPRQO\�VHHQ�LQ�SHULJODFLDO�UHJLRQV��
7KH�XSSHU�SDUW�RI�VXFK�YDOOH\V�FROOHFWV�VQRZ�DQG�LV�VXE�
MHFW�WR�HURVLRQ�E\�IUHH]H�WKDZ�SURFHVVHV��7KH�GRZQZDUG�
PRWLRQ�RI�LFH��PHOWZDWHU�DQG�URFN�GHEULV�HURGHV�WKH�ORZ�
HU�VHFWLRQ�RI�WKH�YDOOH\��3RVVLEO\�WKH�SUHVHQW�IRUP�RI�WKH�
YDOOH\�GDWHV�IURP�WKH�,FH�$JH�DOWKRXJK�LW�PD\�EH�PXFK�
ROGHU� 
:LWK�WKH�HQG�RI�SHULJODFLDO�FRQGLWLRQV��WKH�LFH�DQG�PHOW�
ZDWHU�GLVDSSHDUHG��OHDYLQJ�URFN�GHEULV�GHHSO\�ILOOLQJ�WKH�
YDOOH\� IORRU��3DUWV�RI� VXFK� IRVVLOLVHG� VWRQH� UXQV�PD\�EH�

VHHQ� LQ� DOO� RI� WKH� ORFDO� YDOOH\V�� )RU� WKH� PRVW� SDUW� WKH�
ORRVH�URFNV�KDYH�EHHQ�ORVW�XQGHU�YHJHWDWLRQ��WKH�GHFD\HG�
UHPQDQWV�RI�ZKLFK�RYHU�PDQ\�\HDUV�KDYH�ILOOHG�WKH�LQWHU�
VWLFHV�RI�WKH�URFN�EHG�PDNLQJ�LW�ODUJHO\�LPPRELOLVHG��7KH�
IHZ� VPDOO� UHPDLQLQJ� DUHDV� VKRZLQJ� WKH� H[SRVHG� ORRVH�
URFNV� DUH� WKHUHIRUH� SDUWLFXODUO\� YDOXDEOH� DQG�ZRUWK\� RI�
SUHVHUYDWLRQ�LQ�WKLV�VWDWH��7KH\�DUH��RI�FRXUVH��ZLWKLQ�WKH�
666,�� EXW� WKH� PDMRU� RQHV� DUH� DOVR� GHVLJQDWHG� DV� /RFDO�
*HRORJLFDO�6LWHV��/*6���7KHVH�VPDOO�DUHDV�DUH�VWLOO�DFWLYH�
LQ� GRZQZDUG� PRWLRQ�� 8QGHU� SUHVHQW� FRQGLWLRQV� WKLV� LV�
YHU\�VORZ�GXH�WR�QDWXUDO�SURFHVVHV�EXW�LV�JUHDWO\�VSHHGHG�
E\� WKH� KXPDQ� DFWLRQ� RI� ZDONLQJ� RYHU� WKHP�� 7KLV� DOVR�
GLVWXUEV�WKH�QDWXUDO�VRUWLQJ�RI�WKH�URFNV�ZKLFK�LV�GXH�WR�
WKH�WHQGHQF\�RI�ODUJHU�IUDJPHQWV�WR�PRYH�GRZQKLOO�IDVWHU�
WKDQ�WKH�VPDOOHU�RQHV� 
:H�FOHDUHG�EUDPEOHV�DQG�EUDFNHQ�IURP�DQ�DUHD�RI�DERXW�
��P��RI�ORRVH�VWRQHV�LQ�WKH�EDVH�RI�WKH�YDOOH\��7KH�H[SR�
VXUH� ZDV� WKHUHE\� VLJQLILFDQWO\� HQODUJHG� EXW� ZLOO� QHHG�
UHSHDWHG�FOHDULQJ�HYHU\�IHZ�\HDUV� 
 

)LJXUH� �� � � � 9ROXQWHHUV� ZRUNLQJ� DW� /RZHU� 7ROJDWH�
4XDUU\� 

)LJXUH�����7KH�URFN�IDFH�QHDU�WKH�:\FKH�&XWWLQJ 

)LJXUH�����3DUW�RI�WKH�EDFN�ZDOO�RI�.QLJKW¶V�4XDUU\�EHIRUH�DQG�DIWHU�FOHDUDQFH 
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)ULGD\� ��WK� 1RYHPEHU� ������
0RURFFR 

6XH�+D\�JDYH�WKLV�WDON�DERXW�KHU�
UHFHQW� WULS� WR� 0RURFFR� RQ� DQ�
RUJDQLVHG�JHRORJLFDO�WRXU��0HHW�
LQJV� IRU� WKLV� DQG� WKH� QH[W� IHZ�
PRQWKV�ZHUH�KHOG�LQ�WKH�/HLVXUH�
&HQWUH� EHFDXVH� +HUHIRUG� /L�
EUDU\� KDG� EHHQ� FORVHG� IRU� UH�
PRYDO�RI�DVEHVWRV� 

6WDUWLQJ� LQ� WKH� QRUWK�� 6XH� GH�
VFULEHG� WKH� ODQG� DURXQG� )H]� DV�
IODW� DQG� IHUWLOH�� 6KH� WKHQ� WUDY�
HOOHG�VRXWK�E\�PLQLEXV�RQ�JRRG�
URDGV��7KH�0LGGOH�$WODV�PRXQ�
WDLQV� ULVH� TXLFNO\� WR� DERXW�
����P�DQG�KHUH� VKH�VWXGLHG� LJ�
QHRXV�URFNV�ZLWK�[HQROLWKV�IURP�
WKH�XQGHUO\LQJ�PDQWOH��,Q�D�VDP�
SOH�ZH�FRXOG�VHH�WKH�[HQROLWKV�DV�
ZKLWH� VSRWV� LQ� WKH� JUH\� EDVDOW��
7KH\�DUH�ZKLWH�EHFDXVH�WKH�RULJ�
LQDO� GDUN� PLQHUDOV� KDYH� EHHQ�
K\GUDWHG�� &RQWLQXLQJ� VRXWK� VKH�
UHDFKHG� WKH� +LJK� $WODV�� RYHU�
����P�KLJK��IRUPHG�E\�-XUDVVLF�
OLPHVWRQHV��,W�LV�FROG�HQRXJK�IRU�
VNLLQJ� LQ� WKH�ZLQWHU�DQG�SDWFKHV�
RI�VQRZ�UHPDLQ�XQWLO�0D\� 

-RXUQH\LQJ� VRXWK� DJDLQ� WRRN� XV�
VWHHSO\� GRZQ� WR� WKH� 6DKDUD�'HVHUW� LQ� D� UHJLRQ� FORVH� WR�
WKH�ERUGHU�ZLWK�$OJHULD��7KHUH�DUH�QR�URDGV�KHUH��7UDYHO�

ZDV� E\� /DQG� 5RYHU�� 6XH� GHVFULEHG� DQ� HQRUPRXV� VDQG�
GXQH�ZLWK�DQ�RDVLV�QHDUE\�ZKLFK�LV�D�SRSXODU�WRXULVW�GHV�
WLQDWLRQ��0RURFFR� LV� IDPRXV� IRU� LWV�'HYRQLDQ� WULORELWHV�
DQG�RWKHU�IRVVLOV�DV�ZHOO�DV�6LOXULDQ�FULQRLGV���)LJ����7KLV�

LV� WKHLU� VRXUFH�� 5RFNV� QHDU� WKH�
VXUIDFH�DUH�VRIW�DQG�FUXPEO\�VR�
WKH� ORFDOV� GLJ� PLQHV� WR� UHDFK�
WKH�EHVW�IRVVLOV��ZKLFK�WKH\�SUH�
SDUH�EHDXWLIXOO\��,W�LV�KDUG�ZRUN�
\HW� WKH\� VHOO� WKHP� IRU� DOPRVW�
QRWKLQJ� 

5HWXUQLQJ� QRUWKZHVW� WKH� SDUW\�
DJDLQ� FURVVHG� WKH� +LJK� $WODV�
PRXQWDLQV�� KHUH� ZLWK� -XUDVVLF�
OLPHVWRQHV� RQ� WRS� RI� 7ULDVVLF�
VHGLPHQWV��)DXOWV�DQG�IROGV�DUH�
FRPPRQ�EXW� WKHUH�DUH�QR� ODUJH�
QDSSHV� RU� WKUXVW� SODQHV� RI� WKH�
NLQG� QRUPDOO\� DVVRFLDWHG� ZLWK�
PRXQWDLQ-EXLOGLQJ�� $QG� VHLV�
PLF� GDWD� VKRZV� QR� GHHS� URRW�
XQGHUQHDWK�� 6R� KRZ� GLG� WKH�
$WODV� PRXQWDLQV� IRUP"� ,W� LV� D�
JHRORJLFDO� SX]]OH�� )LQDOO\� 6XH�
UHDFKHG� 0DUUDNHVK� ZKLFK� LV�
EDFN� RQ� WKH� ORZ� IODW� ODQG��'H�
VSLWH� D� ODFN� RI� ZDWHU� WKHUH� DUH�
JROI�FRXUVHV�DURXQG�LW� 

)ULGD\� ��WK� 'HFHPEHU� ������
6SHOHRWKHPV 

7KLV�WDON�LV�UHSRUWHG�PRUH�IXOO\�
LQ� 3URI� )DLUFKLOG¶V� DUWLFOH� HOVH�
ZKHUH�LQ�WKLV�LVVXH� 

6SHOHRWKHPV�DUH�FDYH�GHSRVLWV��7KH\�UHFRUG�4XDWHUQDU\�
HYHQWV�H[WHQGLQJ�EDFN�DERXW�WZR�PLOOLRQ�\HDUV��3URIHVVRU�
,DQ�)DLUFKLOG�RI�%LUPLQJKDP�8QLYHUVLW\�GHVFULEHG� WKHP�
LQ�WKLV�WDON� 

$�GHWDLOHG�SLFWXUH�RI�WKH�SDVW�UHTXLUHV�D�FRQWLQXRXV�UHF�
RUG�RI�WKH�FOLPDWH��)RU�WKH�ODVW������\HDUV��WUHH�ULQJV�SUR�
YLGH� WKLV�� ZKLOH� LFH� FRUHV� IURP� *UHHQODQG� JR� EDFN� WR�
�������� \HDUV� DQG� WKRVH� IURP� $QWDUFWLFD� WR� DERXW�
��������\HDUV��)LQDOO\�RFHDQ�VHGLPHQWV�FDQ�UHYHDO�XS�WR�
ILYH�PLOOLRQ�\HDUV�RI�FRQWLQXRXV�HYHQWV� 

0RVW�RI�WKH�DERYH�PHWKRGV�JLYH�D�JOREDO�SLFWXUH��D�NLQG�
RI�DYHUDJH�RI�WKH�FOLPDWH��%XW�VSHOHRWKHPV�DUH�OLNH�WUHH�
ULQJV��WKH\�JLYH�D�ORFDO�SLFWXUH��,DQ�GHVFULEHG�HDFK�LQGL�
YLGXDO� FDYH� DV� KDYLQJ� D� µSK\VLRORJ\¶�� OLNH� D� SHUVRQ��$�
FDYH�PDLQWDLQV�D�FRQVWDQW�WHPSHUDWXUH��H[FKDQJHV�ZDWHU�
DQG�&2��ZLWK�WKH�RXWVLGH�DWPRVSKHUH��DQG�HYHQ�EUHDWKHV�
DLU�LQ�DQG�RXW�GXH�WR�SUHVVXUH�FKDQJHV��7KHVH�DUH�VHDVRQ�
DO� SURFHVVHV� VR� VWDODFWLWHV� RIWHQ� KDYH� DQQXDO� ULQJV��'H�
WDLOHG� VWXGLHV� RI� FDYHV� LQ� 6FRWODQG� DQG� 0RURFFR� KDYH�
VKRZQ�WKDW�WKHLU�ORFDO�FRQGLWLRQV�DOWHUQDWH��RQH�LV�ZHWWHU�
ZKLOH�WKH�RWKHU�GULHU��GXH�WR�WKH�1RUWK�$WODQWLF�2VFLOOD�
WLRQ� 

&DOFLXP� DQG� PDJQHVLXP� FDUERQDWHV� IRUP� WKH� EXON� RI�
FDYH� GHSRVLWV� EXW� XUDQLXP� DOVR� SUHFLSLWDWHV� ZLWK� WKHP��
7KRULXP� GRHV� QRW�� +HQFH� WKH� GHFD\� RI� ���8� WR� ���7K�
JLYHV� DQ� DFFXUDWH� PHWKRG� RI� GDWLQJ�� �,WV� KDOI-OLIH� LV�
��������\HDUV�� 

*ਤਮਫਮਦਸ�6ਤਢਲ਼ਨਮਭ�0ਤਤਲ਼ਨਭਦ�5ਤਯਮਲ਼ਲ������-�� 
E\�*HRII�6WHHO��-RKQ�6WRFNV�DQG�0RLUD�-HQNLQV 

)LJXUH��� �(IRXG�4XDUU\��'HYRQLDQ�VHGLPHQWV�FRQWDLQ�
LQJ�VWUDLJKW-VKHOOHG�2UWKRFRQHV�DQG�FLUFXODU�*RQLDWHV 

)LJXUH� ���  7KH� 6DKDUD� 'HVHUW�� VKRZLQJ� &UHWD�
FHRXV� YHUWHEUDWH-ULFK� FKDQQHO� VHGLPHQWV� RI� D�
ODUJH�ULYHU�V\VWHP�IORZLQJ�QRUWK� WRZDUGV� WKH�7H�
WK\V�2FHDQ 
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&RPELQHG� UHFRUGV� VKRZ� WKDW� WKH�4XDWHUQDU\� KDV� EHHQ� D�
WLPH�RI�UDSLGO\�IOXFWXDWLQJ�FOLPDWH�DQG�KDV�LQFOXGHG�VHY�
HUDO� VHYHUH� LFH� DJHV�� :H� VHHP� REVHVVHG� ZLWK� FOLPDWH�
FKDQJH� DW� WKH� PRPHQW� EXW� FRPSDUHG� ZLWK� PRVW� RI� WKH�
4XDWHUQDU\�WKH�UHFHQW�VWDELOLW\�KDV�EHHQ�YHU\�XQXVXDO� 

)ULGD\���WK�-DQXDU\�������'ULOOLQJ�IRU�2LO�DQG�*DV 

&OLII�6SRRQHU¶V�ZRUN�LQ�RLO�DQG�JDV�KDV�WDNHQ�KLP�WR�1L�
JHULD�� *DERQ�� 7XUNH\� DQG� 7DQ]DQLD�� 1RZ� KH¶V� DW� 6WDJ�
*HRORJLFDO�6HUYLFHV�/WG��+H�EHJDQ�WKLV�WDON�E\�GHVFULELQJ�
WKH�KDUGZDUH�RQ�D�GULOOLQJ�ULJ��WKH�SXUSRVH�RI�ZKLFK�LV�WR�
µOLIW�� WXUQ�DQG�SXPS¶��5LJV�IRU�RIIVKRUH�XVH�FDQ�EH�HQRU�
PRXV�� 7KH\� IORDW� DQG� DUH� WRZHG� LQWR� SODFH� E\� HTXDOO\�
HQRUPRXV� VKLSV�� ,Q� VKDOORZ�ZDWHU� WKH\� KDYH� OHJV�ZKLFK�
DUH� ORZHUHG� WR� WKH� VHDEHG�� ZKLOH� LQ� GHHSHU� ZDWHU� WKH\�
PD\�EH�VHPL-VXEPHUVLEOH�DQG�WHWKHUHG� 

7KH�PHWKRG� RI� GULOOLQJ� LV�XVXDOO\� WR� WXUQ� WKH� HQWLUH�GULOO�
VWULQJ� IURP� WKH� WRS� XVLQJ� DQ� HOHFWULF� PRWRU�� $� KHDY\�
ZHLJKW�LV�ILWWHG�DERYH�WKH�GULOO-ELW�WR�SXOO�LW�GRZQ�E\�JUDY�
LW\�� &OLII� SDVVHG� DURXQG� VHYHUDO� H[DPSOHV� RI� GULOO-ELWV��
7KH\� KDYH� GLIIHUHQW� VKDSHV� GHSHQGLQJ� RQ� WKH� H[SHFWHG�
URFN�IRUPDWLRQ�DQG�DOO�DUH�ODUJHU�WKDQ�WKH�GLDPHWHU�RI�WKH�
SLSH�VR� WKDW�D�JDS� LV� OHIW�EHWZHHQ� WKH�SLSH�DQG� WKH�URFN��
)OXLG�LV�SXPSHG�GRZQ�WKH�LQVLGH�RI�WKH�SLSH�DQG�UHWXUQV�
XS�WKH�JDS��6HOHFWLRQ�RI�WKH�ULJKW�IOXLG�LV�FULWLFDO��LWV�GHQ�
VLW\�LV�FKRVHQ�WR�SUHYHQW�WKH�KROH�IURP�FROODSVLQJ�DQG�WR�
SUHYHQW�RLO�RU�JDV�IURP�EORZLQJ�RXW��7KH�IOXLG�EULQJV�DOO�
WKH�FXWWLQJV�XS�WR�WKH�VXUIDFH�ZKHUH�WKH\�DUH�DQDO\VHG�E\�
µPXG�ORJJHUV¶� 

7KH�PD[LPXP�OHQJWK�RI�D�ZHOO�LV�DERXW���NP�ZKLFK�W\SL�
FDOO\� WDNHV� D� IHZ�PRQWKV� WR� FRPSOHWH�� $W� D� ULJ� FRVW� RI�
���������SHU�GD\�WKLV�LV�D�KXJH�LQYHVWPHQW��$QG�WKH�VXF�
FHVV�UDWH��L�H��ILQGLQJ�DQ\�RLO��LV�PD\EH�RQH�LQ�WHQ��2OGHU�
ZHOOV� ZHQW� VWUDLJKW� GRZQ� EXW� PRGHUQ� µGLUHFWLRQDO� GULOO�
LQJ¶�DOORZV�DQ\�DQJOH��HYHQ�KRUL]RQWDO� 

,I� RLO� RU� JDV� LV� UHDFKHG� WKHQ� WKH�ZHOO� LV� FRPSOHWHG� E\� D�
OLQLQJ�RI�VWHHO�SLSHV�KHOG�LQ�SODFH�E\�FRQFUHWH��7KH�ULJ�KDV�
WKHQ� ILQLVKHG� LWV� MRE�� ,W� LV� UHSODFHG�E\�D�SURGXFWLRQ�SODW�
IRUP�� DQRWKHU� HQRUPRXV� VWUXFWXUH�� ZKRVH� SXUSRVH� LV� WR�
GLUHFW�RLO�RU�JDV�LQWR�D�WDQNHU�RU�LQWR�SLSHV�RQ�WKH�VHDEHG�� 

)ULGD\� ��WK�0DUFK� ������ 7KH� &DUERQLIHURXV� 6\VWHP�
XQGHU�WKH�VRXWKHUQ�1RUWK�6HD� 

7KLV�WDON�ZDV�JLYHQ�E\�'U�-RKQ�'�&ROOLQVRQ� 

7KH� &DUERQLIHURXV� IRUPDWLRQV� RI� 1RUWKHUQ� (QJODQG� GLS�
HDVWZDUGV�RII�VKRUH��)LJ����DQG�IRUP�VRXUFH�URFNV�IRU�WKH�
1RUWK�6HD�RLO�DQG�JDV�ILHOGV��2Q�VKRUH��WKHVH�&DUERQLIHU�
RXV�URFNV�KDYH�EHHQ�H[SORLWHG�IRU�FHQWXULHV�IRU�FRDO��ILUH�
FOD\� DQG� LURQVWRQH� DQG� WKXV� WKH� JHRORJ\� LV� ZHOO� XQGHU�
VWRRG�� 

([SORUDWLRQ�IRU�RLO�DQG�JDV�LQ�WKH�1RUWK�6HD�LV�EDVHG�SUL�
PDULO\� RQ� GULOOLQJ� DQG� VHLVPLF� WHFKQRORJ\�� 7KLV� LV� KLJK�
FRVW�DQG�LQLWLDO�H[SORUDWRU\�GULOOLQJ�LV�PDLQO\�E\�ZLUH�OLQH�
ORJJLQJ�ZLWK�D�ORZ�SHUFHQWDJH�RI�FRUHG�KROHV��8VHIXO�DQD�
ORJXHV�DUH�DYDLODEOH�IURP�RQ-VKRUH�URFN�V\VWHPV��'HWDLOHG�
VWXG\� RI� WKHLU� VWUXFWXUH� DQG� OLWKRORJ\� KDV� DVVLVWHG� LQWHU�
SUHWDWLRQ�RI�WKH�ERUHKROH�ORJV�LQ�WKH�6RXWKHUQ�1RUWK�6HD� 

$� NH\� VWUDWLJUDSKLF� IHDWXUH� HVWDEOLVKHG� LQ� WKH� RQ-VKRUH�
&DUERQLIHURXV�LV�WKH�LGHQWLILFDWLRQ�RI�ZHOO-GHILQHG�PXVVHO�
EDQGV��7KHVH�KDYH�EHHQ�FURVV-UHIHUHQFHG�WR�RII-VKRUH�GULOO�
ORJV�SURYLGLQJ�D�EHWWHU� FRQVWUDLQW�� IRU�H[DPSOH��RYHU� WKH�
LQWHUSUHWDWLRQ�RI�IDXOW�]RQHV� 

7KLV� IDVFLQDWLQJ�YLHZ� LQWR� WKH� VHDUFK� IRU�8.�HQHUJ\� UH�
VRXUFHV�ZDV�VXSSRUWHG�E\�LPSUHVVLYH�DQG�FRPSUHKHQVLYH�
JUDSKLFV� 

6DWXUGD\� ��WK� $XJXVW� ������ +XQWOH\� DQG� WKH� 6HYHUQ�
(VWXDU\� 

'U� 3DXO� 2OYHU� OHG� D� JURXS� RI� DERXW� WHQ� PHPEHUV� DQG�

WKUHH�YLVLWRUV�WR�YLVLW�WKUHH�VLWHV�LQ�*ORXFHVWHU�QRUWK�RI�WKH�
5LYHU�6HYHUQ���:H�ILUVW�ZHQW�WR�WKH�IRUHVKRUH�RI�WKH�6HY�
HUQ�(VWXDU\�DW�/\GQH\���:H�DOVR�YLVLWHG�%ODLVGRQ�4XDUU\��
ZKHUH�WKH�VWUDWD�DUH�VWHHSO\�GLSSLQJ�WRZDUGV�WKH�)RUHVW�RI�
'HDQ� 6\QFOLQH� DQG� +XQWOH\� 4XDUU\�� %RWK� RI� WKHVH� DUH�
DIIHFWHG� E\� IDXOWLQJ� RQ� WKH� FRQWLQXDWLRQ� RI� WKH�0DOYHUQ�
$[LV� DQG� DUH� VLWXDWHG� DORQJ� WKH� OLQH� RI� WKH� MXQFWLRQ� EH�
WZHHQ�KLJKODQG�DQG� ORZODQG�%ULWDLQ�� �+XQWOH\�4XDUU\� LV�
YHU\�FRPSOLFDWHG�VWUXFWXUDOO\��ZLWK�IDXOWLQJ��WKUXVWLQJ�DQG�
RYHUWXUQHG�EHGGLQJ� 

7KUHH� GLIIHUHQW� W\SHV� RI� EXLOGLQJ� VWRQHV� ZHUH� XVHG� LQ�
+XQWOH\�6FKRRO��)LJ������7KH�UHG�URFNV��VRPHWLPHV�ZLWK�
JUHHQLVK�UHGXFHG�VWUHDNV�DUH�RI�2OG�5HG�6DQGVWRQH���7KH�
JUH\�JUHHQ�URFNV�DUH�&DUERQLIHURXV�6DQGVWRQHV�IURP�WKH�
)RUHVW�RI�'HDQ���$W�WKH�FRUQHU�RI�WKH�EXLOGLQJ�DQG�DURXQG�
GRRUV� DQG� ZLQGRZV� WKHUH� LV� -XUDVVLF� RROLWLF� OLPHVWRQH�
IURP�WKH�&RWVZROGV� 

2Q�WKH�EDQNV�RI�WKH�5LYHU�6HYHUQ�DW�/\GQH\�DUH�H[FHOOHQW�
H[SRVXUHV� RI� WKH� 5DJODQ� 0XGVWRQH� )RUPDWLRQ� �)LJ������
7KLV�LV�WKH�XSSHUPRVW�6LOXULDQ��WKH�ORZHVW�RI�WKH�2OG�5HG�
6DQGVWRQH�URFNV�ODLG�GRZQ�E\�VHDVRQDO�VWUHDPV�RQ�DQ�DULG�
ODQG�� �7KH�VLOWVWRQHV�DQG�PXGVWRQHV�DUH�FRORXUHG� UHG�E\�
R[LGHV�RI�LURQ���:KHUH�ZDWHU�HQWHUHG�FUDFNV�DQG�MRLQWV�LQ�
WKH�URFN�� WKH� LURQ�ZDV�UHGXFHG�SURGXFLQJ� WKH�EOXH\�JUH\�
FRORXUV� VHHQ� LQ� WKH� SKRWR� �)LJ����� � 7KH� FLUFXODU� SDWFKHV�
VKRZ�ZKHUH�VRPH�RUJDQLF�GHEULV�DOVR�FDXVHG�UHGXFWLRQ�DV�
LW�GHFD\HG��� 
$ERYH� WKH�PXGVWRQHV� LV� DQ� LPPDWXUH� FDOFUHWH� �)LJ����� D�
FKHPLFDO�OLPHVWRQH��ZKLFK�IRUPHG�DW� WKH�EDVH�RI�D�IRVVLO�
VRLO��ZKHQ�FRQGLWLRQV�ZHUH�VWDEOH�IRU�D�ORQJ�SHULRG�ZLWK�
RXW�DGGLWLRQ�RI�VHGLPHQW�WR� WKH�DUHD�� �7KH�YHUWLFDO�DOLJQ�
PHQW�RI�WKH�QRGXOHV�VKRZV�WKH�OLQHV�DORQJ�ZKLFK�JURXQG�
ZDWHU�� VDWXUDWHG� LQ� OLPH�� ZDV� GUDZQ� WR� WKH� VXUIDFH� WR�
HYDSRUDWH� LQ� WKH� GU\� FRQGLWLRQV�� SUHFLSLWDWLQJ� FDOFLXP�
FDUERQDWH�ZKLFK�DFFXPXODWHG�DV�LUUHJXODU�QRGXOHV���,I�WKH�
SURFHVV�KDG�FRQWLQXHG�IRU�ORQJ�HQRXJK�WKH�QRGXOHV�ZRXOG�
KDYH�MRLQHG�WR�IRUP�D�VROLG�EDQG�RI�OLPHVWRQH���%HWZHHQ�

)LJXUH����&DUERQLIHURXV�URFNV�GLSSLQJ�WR�WKH�HDVW�XQGHU�
WKH�1RUWK�6HD�DW�+RZLFN�%D\��1RUWKXPEHUODQG 
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WKH�QRGXOHV� LV� WKH�UHPDLQLQJ� UHG�PXGVWRQH� �)LJ����� �$W�
WKH� YHU\� EDVH� RI� WKH� VHTXHQFH� WKHUH� LV� D� WKLQ� EDQG� RI�
DERXW���FP�RI�VROLG�PDWXUH�FDOFUHWH�ZKLFK�LV�UHVLVWDQW�WR�
HURVLRQ���7KHVH�URFNV�DUH�WKH�HTXLYDOHQW�RI�WKH�%LVKRS¶V�
)URPH� /LPHVWRQH� VHHQ�PRUH� IXOO\� GHYHORSHG� LQ� +HUH�
IRUGVKLUH� 
)XUWKHU�DORQJ�WKH�IRUHVKRUH�ZH�VDZ�/RZHU�'HYRQLDQ�6W�
0DXJKDQV�)RUPDWLRQ��PDVVLYH�VDQGVWRQHV�LQ�WKH�FOLII��DW�
WKH�EDVH�RI�ZKLFK�ZDV�D�FOHIW���7KLV�PD\�EH�GXH�WR�HUR�
VLRQ� FDXVHG� LQ� SDUW� E\� JHRORJLVWV� VHHNLQJ� SLHFHV� RI� DQ�
LQWUD-IRUPDWLRQDO� FRQJORPHUDWH�� 7KLV� FRDUVHU� PDWHULDO�
FROOHFWHG� ZKHQ� ZDWHU� FXUUHQWV� LQ� WKH� 'HYRQLDQ� VZHSW�
DZD\�ILQHU�PDWHULDO���7KLV�OD\HU�FRQWDLQV�ILVK�IRVVLO�IUDJ�
PHQWV� DQG�ZH�FROOHFWHG�D� IHZ�RI� WKHVH�� �2WKHU�EHGV� LQ�
WKH�VDQGVWRQH�VKRZHG�VRIW�VHGLPHQW�GHIRUPDWLRQ� 
:H�PRYHG�QRUWK�WR�%ODLVGRQ�4XDUU\��)LJ�����ZKHUH�8S�
SHU�/XGORZ�EHGV�GLS�VWHHSO\�WRZDUGV�WKH�)RUHVW�RI�'HDQ�
V\QFOLQH��7KH� URFNV� DUH�KLJKO\� IRVVLOLIHURXV�ZLWK�PDQ\�
EUDFKLRSRGV�DQG�DOVR�VRPH�FRUQXOLWHV� 

+XQWOH\�4XDUU\� H[SRVHV� KLJKO\� GHIRUPHG� URFNV� RQFH�
WKRXJKW� WR� EH� 3UHFDPEULDQ� EXW� GLVFRYHU\� RI� DFULWDUFKV�
DOORZV�WKHP�WR�EH�GDWHG�DV�XSSHU�2UGRYLFLDQ�RU�ORZHVW�
6LOXULDQ���7KH\�DUH�KLJKO\�GHIRUPHG�E\�QXPHURXV�VPDOO�
WKUXVWV� DGMDFHQW� WR� WKH�%ODLVGRQ�)DXOW�ZKLFK� LV� WKH� H[�
WHQVLRQ�RI�WKH�(DVW�0DOYHUQ�)DXOW�/LQH�� �'RZQ�WKURZQ�
WR�WKH�HDVW�DUH�7ULDVVLF�0HUFLD�0XGVWRQHV� 
6LWH� �� DW� +XQWOH\� 4XDUU\� �)LJ���� VKRZV� PDQ\� FXUYHG�
WKUXVW� SODQHV� VXFK� DV� WKH� RQH� DERYH� 3DXO¶V� KHDG�� �7KH�
PDLQ�OLQH�RI�WKH�%ODLVGRQ�)DXOW�UXQV�MXVW�WR�WKH�ULJKW�RI�
6XH�RQ�WKH�ULJKW�RI�WKH�SLFWXUH� 
1HDUE\�� $FNHUV� 4XDUU\� �)LJ���� OLHV� LQ� WKH� 7ULDVVLF�
%URPVJURYH� 6DQGVWRQH�� UHFHQWO\� UHQDPHG� DV� +HOVE\�
6DQGVWRQH�E\�WKH�%ULWLVK�*HRORJLFDO�6XUYH\� 

 
 

)LJXUH�����,PPDWXUH�FDOFUHWH 

)LJXUH�����%ODLVGRQ�4XDUU\ 

)LJXUH�����+XQWOH\�VFKRRO )LJXUH�����5DJODQ�0XGVWRQH 
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)LJXUH�����1HDUE\�$FNHUV�4XDUU\�LV�LQ�7ULDVVLF�%URPV�
JURYH�6DQGVWRQH� 

)LJXUH�����+XQWOH\�4XDUU\��VLWH�� 

 
:*6�3ਮਦਠਬਬਤ�ਥਮ�(ਠਫਸ����� 

/ (&785(6� DUH� KHOG� DW� WKH�6KLUH�+DOO� LQ�+HUHIRUG��VWDUWLQJ�DW�����SP�IRU��SP�XQOHVV�RWKHUZLVH�VWDWHG��
0HPEHUV� ZLOO� EH� QRWLILHG� RI� DQ\� FKDQJHV�� 1RQ-
PHPEHUV� VKRXOG� VHHN� FRQILUPDWLRQ� IURP�6XH�2OYHU��
VXVDQROYHU#KRWPDLO�FRP�������-������� 
)ULGD\���WK�-DQXDU\���µ$QFLHQW�,FH�$JHV�LQ�6FRWODQG¶� 
$�WDON�E\�3URI��,DQ�)DLUFKLOG� 
)ULGD\���WK�)HEUXDU\���6HFWLRQ�$*0�DQG�'LQQHU 
)ULGD\���WK�0DUFK���$�WDON�E\�3URI��'RQQ\�+XWWRQ� 
6DWXUGD\���QG�$SULO����)LHOG�WULS�WR�0RUWLPHU�)RUHVW 
/HDGHU�3DXO�2OYHU��MRLQWO\�ZLWK�%&*6��WKH�%ODFN�&RXQ�
WU\�*HRORJLFDO�6RFLHW\���'HWDLOV�WR�EH�FRQILUPHG� 
7KXUVGD\��WK�0D\���µ7KH�*HRORJ\�RI�0HUFXU\¶� 
$�WDON�E\�'U�'DYLG�5RWKHU\��2SHQ�8QLY����$�MRLQW�PHHW�
LQJ�ZLWK�+HUHIRUGVKLUH�$VWURQRPLFDO�6RF��DW�WKH�.LQGOH�
&HQWUH��$6'$��%HOPRQW�5G���+HUHIRUG 
6DWXUGD\���WK�0D\���)LHOG�WULS�WR�%U\PER�)RUHVW��
MRLQWO\�ZLWK�%&*6� 
)ULGD\��WK�WR�7XHVGD\���WK�-XQH����)LHOG�WULS�WR�WKH�
/DNH�'LVWULFW��MRLQWO\�ZLWK�:HVW�6XVVH[�*HRO��6RF� 
6DWXUGD\���WK�-XQH���9LVLW�WR�/DSZRUWK�0XVHXP��
%LUPLQJKDP�8QLY���MRLQWO\�ZLWK�%&*6� 
(ਣਨਲ਼ਮ¶ਲ�1ਮਲ਼ਤ 

7 +,6� WKLUWHHQWK� LVVXH� RI� (DUWK� 0DWWHUV� FRQWDLQV� D�
QXPEHU� RI� DUWLFOHV� RI� ORFDO� UHOHYDQFH�� LQFOXGLQJ�

VRPH� DVSHFWV� RI� (+7¶V� %XLOGLQJ� 6WRQHV� SURMHFW� �QRZ�
QHDULQJ� LWV�HQG���D�GHVFULSWLRQ�E\�0RLUD�-HQNLQV�RI� � WKH�
KXQW� IRU� JUDSWROLWHV� LQ� VXSSRUW� RI� WKH� FXUUHQW� HIIRUW� WR�
JHQHUDWH�D�JHRORJ\�PDS�RI�WKH�.QLJKWRQ�DUHD��DQG�D�UH�
SRUW� RQ�(+7¶V�VLWH� FOHDUDQFH�ZRUN� LQ� WKH�0DOYHUQ�DUHD�
RQ� EHKDOI� RI� WKH� 0DOYHUQ� +LOOV� &RQVHUYDWRUV� DQG� WKH�
0DOYHUQ�+LOOV�$21%��$GGLWLRQDO�WR�WKHVH�DUH�DQ�DFFRXQW�
RI� ,DQ� )DLUFKLOG¶V� OHFWXUH� RQ� KLV� VSHOHRWKHP� UHVHDUFKHV�
DQG��RI��FRXUVH��WKH�UHSRUWV�RI�WKH�6HFWLRQ¶V�ILHOG�WULSV� 
7R�DOO�WKH�FRQWULEXWRUV�,�PXVW�JLYH�P\�JUDWHIXO�WKDQNV�IRU�
WKHLU� WLPHO\� VXEPLVVLRQV� DQG� WKH� DFFXUDF\� ZLWK� ZKLFK�
WKH\�KDYH�DFKLHYHG�P\�UHTXHVWHG�ZRUG�FRXQWV� 
7KH�6HFWLRQ¶V�PDMRU�UHVHDUFK�WDVN�DW�WKH�0DUWOH\�5RFN�LV�
QRZ�DOPRVW�FRPSOHWH��$�SDSHU�RQ� WKH�ZRUN� LV�FXUUHQWO\�
LQ�GUDIW�IRUP�DQG�ZLOO�EH�VXEPLWWHG�IRU�SXEOLFDWLRQ�LQ�WKH�

3URFHHGLQJV�RI�WKH�*HRORJLVWV¶�$VVRFLDWLRQ���7KLV�LQYHV�
WLJDWLRQ�ZDV�GRQH�LQ�FRQMXQFWLRQ�ZLWK�WKH�(DUWK�+HULWDJH�
7UXVW�DQG� WKH�7HPH�9DOOH\�*HRORJLFDO�6RFLHW\��ZLWK�IL�
QDQFLDO�LQSXW�IURP�WKH�ODWWHU��7KH�ILQDO�SDUW�RI�WKH�VWXG\�
ZDV�6XH�+D\¶V�SHWURJUDSKLF�DQDO\VLV�RI�WKH�URFN�VDPSOHV�
WDNHQ�IURP�WKH�H[FDYDWLRQV��+HU�UHVXOWV�ZLOO�EH�LQFOXGHG�
ZLWK�%LOO�%DUFOD\¶V�LQWHUSUHWDWLRQ�RI�WKH�JHRORJLFDO�VWUXF�
WXUHV�RI�WKLV�VPDOO�EXW�IDVFLQDWLQJ�VLWH� 
5HDGHUV�ZLOO�EH�SOHDVHG�WR�OHDUQ�WKDW�WKH�&OXE¶V�ERRN�RQ�
+HUHIRUGVKLUH� JHRORJ\� LV� DOVR� DSSURDFKLQJ� SXEOLFDWLRQ��
E\�/RJDVWRQ� 3UHVV�� DQG� VKRXOG� EH� ODXQFKHG� LQ� WKH� ILUVW�
KDOI� RI� ������ 7KH� WHQ� FKDSWHUV� KDYH� EHHQ� ZULWWHQ� E\�
PHPEHUV� RI� WKH� 6HFWLRQ� DQG� WKH� LOOXVWUDWLRQV� DOVR�ZHUH�
JHQHUDWHG� DOPRVW� HQWLUHO\� E\� RXUVHOYHV�� )XQGLQJ� IRU�
:*6� ZRUN� RQ� WKH� ERRN� ZDV� JHQHURXVO\� SURYLGHG� E\�
/DZUHQFH�%DQNV�DQG�WKH�:RROKRSH�&OXE¶V�6PLWK�)XQG� 
6ਡਲਢਨਯਲ਼ਨਮਭਲ 

7 +(� $118$/� 68%6&5,37,21� WR� WKH� *HRORJ\�6HFWLRQ� LV�FXUUHQWO\��������7KLV� LV�GXH�RQ��VW�-DQX�
DU\� �DV� IRU� DOO� RWKHU�:1)&� VXEVFULSWLRQV��� 3OHDVH� SD\�
WKLV�GLUHFWO\��DQG�RQ�WLPH��WR�WKH�6HFWLRQ�7UHDVXUHU��%HU\O�
+DUGLQJ�� 
%UDPOH\
�� /XJZDUGLQH�� +HUHIRUG� +5�� �$(��
'R�QRW�VHQG�LW�WR�WKH�:1)&�6HFUHWDU\�ZLWK�\RXU�:1)&�
VXEVFULSWLRQ�� &KHTXHV� VKRXOG� EH� PDGH� SD\DEOH� WR�
µ*HRORJ\� 6HFWLRQ� �� :1)&¶�� 0HPEHUV� DUH� HQFRXUDJHG�
DOWHUQDWLYHO\�WR�SD\�E\�6WDQGLQJ�2UGHU��IRUPV�DUH�DYDLOD�
EOH�IURP�%HU\O� 
$ਭਭਠਫ�*ਤਭਤਠਫ�0ਤਤਲ਼ਨਭਦ 

0 (0%(56� DUH� DVNHG� WR� DFFHSW� WKLV� DV� QRWLILFDWLRQ�
RI�WKH�*HRORJ\�6HFWLRQ�$*0�WR�EH�KHOG�RQ�)ULGD\�

��WK� )HEUXDU\� ����� VWDUWLQJ� DW� ����SP� DW� WKH� *UHHQ�
'UDJRQ�+RWHO��+HUHIRUG��'LQQHU�� DOVR� DW� WKH� KRWHO��ZLOO�
IROORZ�WKH�$*0�DW�����SP��%RRNLQJ�IRUPV�IRU�WKH�GLQ�
QHU� ZLOO� EH� H-PDLOHG� WR�PHPEHUV� LQ� -DQXDU\�� 7KH� RIIL�
FLDOV�DQG�FRPPLWWHH�IRU�WKH�FRPLQJ�\HDU�ZLOO�EH�HOHFWHG�� 
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7KH� 7UXVW� KDV� KDG� D� VXFFHVVIXO� \HDU� LQ� WHUPV� RI� D� ZLGH�
YDULHW\� RI� SURMHFW� ZRUN� ZLWK� ERWK� ODUJH� DQG� VPDOO-VFDOH�
SURMHFWV� EHLQJ� VWDUWHG� RU� FORVH� WR� FRPSOHWLRQ��7KH�%RDUG�
KDV�EHHQ�FRQVLGHUDEO\�VWUHQJWKHQHG�E\�WKH�DSSRLQWPHQW�RI�
WZR�QHZ� WUXVWHHV�� ,DQ�)DLUFKLOG��3URIHVVRU�(PHULWXV� IURP�
WKH�8QLYHUVLW\�RI�%LUPLQJKDP��DQG�3HWHU�6WHYHQV�ZKR� LV�
FXUUHQWO\�WKH�PDQDJLQJ�GLUHFWRU�RI�DQ�HQJLQHHULQJ�JHRORJ\�
FRPSDQ\�ZRUNLQJ�LQ�WKH�8.�DQG�DEURDG�� 
7KH�PDLQ�SURJUDPPH�FRQWLQXHV�WR�EH�WKH�%XLOGLQJ�6WRQHV�
SURMHFW��7KLV�LV�QRZ�����FRPSOHWH�LQ�WHUPV�RI�LWV�RYHUDOO�
RXWFRPHV��$�NH\�FRPSRQHQW�RI�WKLV�SURMHFW�LV�LWV�'DWDEDVH�
ZKLFK� QRZ� OLVWV� ���� TXDUULHV� DQG� ����� EXLOGLQJV�� 7KLV�
GDWD� KDV� EHHQ� ODUJHO\� JDWKHUHG� WKURXJK� VHYHQWHHQ� DFWLYH�
µFOXVWHUVµ� DQG� WKHLU� HQWKXVLDVWLF� YROXQWHHUV�� 6RPH� DUHDV�
VXFK�DV�WKH�:RROKRSH�'RPH�DQG�+HUHIRUG��ERWK�RI�ZKLFK�
DUH� QRZ� LQFOXGHG� ZLWKLQ� WKH� SURSRVHG� H[SDQVLRQ� RI� WKH�
*HRSDUN�� KDYH� QR� FXUUHQW� YROXQWHHUV�� ,I� \RX� FDQ� KHOS� LQ�
WKLV�ILQDO�SKDVH�RI�D�YHU\�VXFFHVVIXO�SURMHFW�SOHDVH�FRQWDFW�
'U��3DXO�2OYHU��FRQWDFW�GHWDLOV�RQ�WKLV�SDJH�� 
7KH�ODWHVW�SURMHFW�LV�µ9R\DJHV�LQ�'HHS�7LPH¶�ZKLFK�DLPV�
WR�GHYHORS�DSSV�IRU�XVH�LQ�VFKRROV�IRU�WHDFKLQJ�JHRORJLFDO�
ILHOGZRUN��0LNH�%URRNV��WUXVWHH�� LV�FXUUHQWO\�ZRUNLQJ�RQ�
D�VHQLRU�DSS�ZLWK�JHRORJLVW�'DYH�*UHHQ�DQG�WUXVWHH�'LFN�
%U\DQW��7KH\�DUH�GHYHORSLQJ�D�VHULHV�RI�$-/HYHO�VWDQGDUG�
H[HUFLVHV� ZKLFK� ZLOO� EH� VXSSRUWHG� E\� SDODHRJHRJUDSKLF�
GLDJUDPV� SURGXFHG� E\� 1LFN� &KLGODZ�� )RU� VRPH� RI� WKH�
+HUHIRUGVKLUH� VLWHV� D� GURQH� RSHUDWRU� KDV� UHFHQWO\� EHHQ�
KLUHG�WR�SURYLGH����R�LPDJHU\� 
$� MXQLRU� DSS� LV� DOVR�EHLQJ�ZRUNHG�RQ� IRU�XVH�DW�SULPDU\�
VFKRRO�OHYHO�DQG�KDV�EHHQ�VXFFHVVIXOO\�WHVWHG�E\�WKH�&KDQ�
WU\�6FKRRO�DW�0DUWOH\��)RU�WKLV�DSS�VWXGHQWV�DW�WKH�8QLYHU�
VLW\� RI� *ORXFHVWHU� KDYH� GHVLJQHG� WKH� SDODHR-
HQYLURQPHQWDO� GLDJUDPV�� 7KLV� SURMHFW� ZLOO� KRSHIXOO\� HQ�
FRXUDJH�SXSLOV�WR�YLVLW�JHR-VLWHV�XVLQJ�WKH�ODWHVW�WHFKQROR�
J\�� -XOLH� +DUUDOG� �3URMHFW� 0DQDJHU�� JDYH� D� GHWDLOHG�
SUHVHQWDWLRQ�RQ� WKHVH� LQQRYDWLYH�GHYHORSPHQWV�DW� WKH�DX�
WXPQ�(67$�&RQIHUHQFH� 

$�SURMHFW� WKDW� LV�RIILFLDOO\�GUDZLQJ� WR�D�FORVH�RQ� WKH���VW�
0DUFK������LV�WKH�&KDPSLRQV�3URMHFW��7KLV�KDV�EHHQ�VXF�
FHVVIXO� LQ� SURPRWLQJ� NH\� JHR-VLWHV� DQG�GHYHORSLQJ� VPDOO�
WHDPV� RI� YROXQWHHUV� WR�PDLQWDLQ� DQG� SURPRWH� WKHP�� 7KH�
&URIW�&DVWOH�JURXS�ZLWK�5REHUW�:LOOLDPV�FRQWLQXHV� WR�EH�
YHU\�DFWLYH�DV�GRHV�WKH�JURXS�ORRNLQJ�DIWHU�/R[WHU�$VKEHG�
4XDUU\�DW�:HOOLQJWRQ�+HDWK��(OVHZKHUH��D�*$�5RFNZDWFK�
JURXS�RI�\RXQJ�JHRORJLVWV�DQG�WKHLU�SDUHQWV�YLVLWHG�:KLW�
PDQ¶V�+LOO�4XDUU\�RQ�WKH���WK�6HSWHPEHU�������+RZHYHU��
RWKHU� LGHQWLILHG� VLWHV� LQ� +HUHIRUGVKLUH� DUH� OHVV� IRUWXQDWH�
DQG�WKH�:RROKRSH�&OXE�FRXOG�KHOS�E\�µDGRSWLQJµ�WKHVH�DV�
SDUW�RI�D�SURJUDPPH�RI�VXSSRUW� 
7KH�NH\�RXWFRPH�RI� WKH�QRZ�FRPSOHWHG�(DUWKTXDNH�2E�
VHUYDWRU\�SURMHFW�ZDV� WKH�SURYLVLRQ�RI�KDQGV-RQ�FRQVROHV�
DW� ERWK� 7KH� +LYH� LQ� :RUFHVWHU� DQG� DW� WKH� :\UH� )RUHVW�
&HQWUH� �)RUHVWU\� &RPPLVVLRQ��� %RWK� KDYH� QRZ� PRYHG�
IURP�WKHVH�VLWHV�DQG�DUH�FXUUHQWO\�ORRNLQJ�IRU�QHZ�SHUPD�
QHQW�KRPHV� 
&OHDUDQFH� ZRUN� FRQWLQXHV� DW� VHYHUDO�0DOYHUQ�+LOOV� VLWHV�
XQGHU� WKH�VXSHUYLVLRQ�RI�-RKQ�3D\QH�DQG�ZLWK�YROXQWHHUV�
IURP�ERWK� WKH�7UXVW�DQG� WKH�0DOYHUQ�+LOOV�&RQVHUYDWRUV��
7ZR� QHZ�0XFK�:HQORFN� /LPHVWRQH� VLWHV� DQG� WKH� ZHOO-
NQRZQ� +ROO\EXVK� URDGVLGH� VLWH� DUH� WKH� ODWHVW� WDUJHWV� IRU�
FOHDUDQFH� 
)LQDOO\��D�QHZ�SURMHFW�ELG�WR�WKH�+HULWDJH�/RWWHU\�)XQG�LV�
EHLQJ�SUHSDUHG�LQYROYLQJ�WKH�JHRORJ\�DQG�ZLOGOLIH�DVVRFL�
DWHG� ZLWK� JODFLDO� NHWWOH� KROHV� �µLFH� SRQGVµ�� LQ� +HUHIRUG�
VKLUH��0RLUD�-HQNLQV�LV�OHDGLQJ�RQ�WKLV�ZRUN�DQG�LV�KDYLQJ�
LQLWLDO�PHHWLQJV�ZLWK�RWKHU�SDUWQHUV�LQ�WKH�ELG��VXFK�DV�WKH�
+HUHIRUGVKLUH�:LOGOLIH�7UXVW�� 

'U�3DXO�2OYHU��(+7�7UXVWHH 

$	0+�*HRSDUN�DQG�*HR)HVW 
,Q� ������ WKH� &OXE� RUJDQLVHG� DQG�RU� DVVLVWHG� ZLWK� HLJKW�
*HR)HVW�IL[WXUHV� 
,Q�UHFHQW�\HDUV��WKHUH¶V�EHHQ�VSDVPRGLF�PHQWLRQ�RI�LQFOXG�
LQJ�PRUH�+HUHIRUGVKLUH�JHRORJLFDO�VLWHV� LQ� WKH�$0+*��LW�
EHLQJ�PXWXDOO\�FRQVLGHUHG�WKDW�WKH�RULJLQDO�µPL[¶�ZDV�WHU�
ULWRULDOO\�XQEDODQFHG��:LWK�WKLV�LQ�PLQG��RXU�:1)&�6HF�
UHWDU\�FRQVLGHUHG�WKDW�WKH�:*6�PLJKW�SURFHHG�–�DQG�ZLWK�
SDUWLFXODU� UHIHUHQFH� WR� WKH� :RROKRSH�6KXFNQDOO� 6LOXULDQ�
GLVWULFW�� ,W�ZDV� VXJJHVWHG� WKDW� ,� FRQYHQH� D� VPDOO� VWHHULQJ�
JURXS� WR� QHJRWLDWH� ZLWK� WKH� UHOHYDQW� )RUXP� PHPEHUV��
ZKLFK�JURXS�KDV�UHFHQWO\�PHW�LQ�8SSHU�&ROZDOO� 
:H� TXLFNO\� DJUHHG� DQ� H[WHQVLRQ� WKDW� ZLOO� VWUHWFK� IURP�
%URP\DUG� WR� /XJJ� 0LOOV� DQG� WKHQ� IROORZ� WKH� /XJJ�
WKURXJK�0RUGLIRUG�WR�LWV�FRQIOXHQFH�ZLWK�WKH�:\H��7KHUH�
DIWHU��WKH�QHZ�ERXQGDU\�ZLOO�FRQWLQXH�DORQJ�WKH�ULYHU�VR�DV�
WR�LQFOXGH�5RVV-RQ-:\H��WKHQ�H[WHQG�EH\RQG�WKH�WRZQ�WR�
WKH�FRXQW\�ERXQGDU\�EHWZHHQ�%LVKRS¶V�:RRG�DQG�5XDUG�
HDQ��7KLV�VDPH�ERXQGDU\�ZLOO�QH[W�UHDFK�DV�IDU�DV�WKH�H[�
LVWLQJ�*ORXFHVWHUVKLUH�ERUGHUOLQH��EXW�ZLWK� LWV� IXUWKHU� GH�
OLPLWDWLRQ�\HW�WR�EH�GHFLGHG�E\�WKH�*ORXFHVWHUVKLUH�*HROR�
J\�7UXVW��+HUHIRUG�&LW\�ZLOO� WKXV�EHFRPH�D�QHZ�$0+*�
µ*DWHZD\� 7RZQ¶�� DV� LV� DOUHDG\� WKH� FDVH� ZLWK�:RUFHVWHU�
DQG� *ORXFHVWHU�� ZKLOVW� WKH� )URPH� YDOOH\�� :RROKRSH�
'RPH��6KXFNQDOO�+LOO��&KDVH�+LOO�DQG�3HQ\DUG�3DUN�ZLOO�
DOO�SURYLGH�DGGLWLRQDO�JHRORJLFDO�DQG�VFHQLF�HQKDQFHPHQW�
WR�WKH�*HRSDUN� 

*HUU\�&DOGHUEDQN��:*6�UHS��RQ�$0+*�)RUXP 

0HPEHUV�RI�WKH�:*6�&RPPLWWHH 
�'HFHPEHU������ 

*HUU\�&DOGHUEDQN��&KDLUPDQ�DQG�*HRSDUN�UHS� 
  
'U�&KULV�)OHWFKHU��9LFH-&KDLUPDQ 
  
'U�3DXO�2OYHU��6HFUHWDU\�DQG�(+7�UHS� 
  
%HU\O�+DUGLQJ��7UHDVXUHU�DQG�0HPEHUVKLS�6HFU� 
  
6XH�2OYHU��3URJUDPPH�6HFUHWDU\ 
  
0RLUD�-HQNLQV��6HFWLRQ�5HFRUGHU 
  
'U�-RKQ�3D\QH��µ(DUWK�0DWWHUV¶�(GLWRU 
  
&KDUOHV�+RSNLQVRQ��0LQXWHV�6HFUHWDU\ 
  
'U�7RQ\�*HHVRQ 
  
'RQ�(YDQV 
  


