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6KSDW�3ROLV�PRXQWDLQRXV�UDQJH�OLHV�LQ�WKH�DYHUDJH�JHRJUDSKLF�ODWLWXGH��ZKLOH�WKH�KLJKHVW�IUDJPHQWV�RI�WKH�UHOLHI�
DUH� DOVR�PRGHOHG�E\� WKH�SHULJODFLDO� SURFHVVHV��)DFWRUV� VXFK� DV� OLWKRORJLFDO� FRQVWUXFWLRQ�� WHFWRQLF�� FOLPDWLF��
K\GURORJLFDO�� SODQW� DQG� SHGRJHQHWLF� HOHPHQWV� KDYH� LQIOXHQFHG� WR� WKH� DFWLYH� GHYHORSPHQW� RI� SHULJODFLDO�
SURFHVVHV��+XPDQ�LPSDFW�LV�DOVR�SUHVHQW�LQ�WKH�FXUUHQW�SHULRG��2Q�WKH�KLJKHVW�PRXQWDLQRXV�FUHVWV��LQ�SDUWLFXODU�
LQ�WKH�IUDJPHQWV�FUHDWHG�IURP�OLPHVWRQH�DQG�PDJPDWLF�URFNV�GXULQJ�WKH�PRUSKRORJLFDO�HYROXWLRQ�RI�WKH�UHOLHI��
SHULJODFLDO�SURFHVVHV�DUH�DOVR�SUHVHQW��'XH�WR�VSHFLDO�PLFURFOLPDWLF�FRQGLWLRQV��SDUWLFXODUO\�UHIOHFWHG�E\�WKH�
WHPSHUDWXUH�LQYHUVLRQ�SKHQRPHQD��WKH�SHULJODFLDO�SURFHVVHV�DSSHDU�LQ�WKH�TXRWDV�IURP�DSSUR[LPDWHO\������WR�
�����P�DERYH�WKH�VHD�OHYHO��&U\RJHQLF�SKHQRPHQD�KDYH�LQIOXHQFHG�WR�WKH�PRGHOLQJ�RI WKH�UHOLHI��DORQJ�WKH�
FHQWUDO� VHFWRU� RI� WKH� PRXQWDLQRXV� ULGJHV� RI� 6KSDW�� 3ROLV�� 6KLURN� DQG� *XUL� L� =L�� 'DWD� RI� PHWHRURORJLFDO�
SDUDPHWHUV��VXFK�DV�DLU�WHPSHUDWXUH��UDLQIDOO�DQG�ZLQG��KDYH�EHHQ�XVHG�IURP�WKH�+\GUR�0HWHRURORJLFDO�,QVWLWXWH�
IRU�WKH�SHULRG������������7KH�SHULJODFLDO�IRUPV�ZLWK�WKH�VPDOOHVW�GLPHQVLRQV�DUH�FUDFNV�FUHDWHG�E\�IURVW�DQG�
VROLIOXFWLRQ�SKHQRPHQD��ZKLFK�DUH�JHQHUDOO\�PRUH�YLVLEOH�LQ�WKH�HVFDUSPHQWV�RI�VORSHV��NDUVW�GROLQHV�DQG�FRYHV��
$IWHU�LQWHQVH�FDUYLQJV�� WKH�URFNV�DUH�GHVWUR\HG�LQ�VRPH�RI� WKHLU�IUDJPHQWV��SURGXFLQJ�PDVVLYH�IDOO�RI�WKHP��
FORVHO\�UHODWHG�WR�WKH�JUDYLW\�SKHQRPHQRQ��XQWLO�WKH\�DUH�DFFXPXODWHG�DW�WKH�ORZHVW�EDVH�RI�WKH�UHVWULFWHG�VORSHV�
IRRWV�RI�WKH�PRXQWDLQRXV�ULGJHV��WDNLQJ�RQ�IXOO�PRUSKRORJLFDO�IHDWXUHV�RI�VPDOO�VL]H�FRQHV�

.H\ZRUGV� UHOLHI��SHULJODFLDO�SURFHVVHV��IURVW��FOLPDWH��OLWKRORJ\��VQRZ�

���,QWURGXFWLRQ

,Q�VRPH�IUDJPHQWV�DW�KLJK�HOHYDWLRQ�HOVHZKHUH��SUHYDLOLQJ�WHPSHUDWXUHV�DUH�VR�ORZ�WKDW�WKH�JURXQG�UHPDLQV��IUR]HQ�
IRU�PXFK�RI�WKH�\HDU��,Q�VXFK�HQYLURQPHQWV�WKH�HIIHFWV�RI�UHSHDWHG�IUHH]LQJ�DQG�WKDZLQJ�DQG�WKH�JURZWK�RU�LFH�
PDVVHV�LQ�WKH�JURXQG�DUH�VR�SHUYDVLYH�WKH\�JLYH�ULVH�WR�D�FKDUDFWHULVWLF�UDQJH�RU�ODQGIRUPV�ZKLFK�PHULW�VSHFLDO�
FRQVLGHUDWLRQ�� 7KLV� LV� WKH� UHDOP� RU� SHULJODFLDO� SURFHVVHV� DQG� ODQGIRUPV�� $OWKRXJK� WKHLU� SUHVHQW� H[WHQW� LV�
LPSUHVVLYH�� WKH�3OHLVWRFHQH� VDZ� WKH�H[WHQVLRQ�RI�SHULJODFLDO� FRQGLWLRQV�ZHOO� LQWR�PLG�ODWLWXGHV�DV� WKH�JODFLHUV�
DGYDQFHG�VRXWKZDUGV��7KH�WHUP�³SHULJODFLDO´��GHVFULEH�WKH�ODQGIRUPV�DQG�SURFHVVHV�RFFXUULQJ�DURXQG�WKH�PDUJLQV�
RI� WKH� JUHDW� 3OHLVWRFHQH� LFH� VKHHWV�� 6XEVHTXHQWO\� LW� ZDV� DSOLHG� PRUH� EURDGO\� WR� HQFRPSDVV� WKRVH� SURFHVVHV�
ODQGIRUPV�^UHJDUGOHVV�RI�DJH��DVVRFLDWHG�ZLWK�YHU\�FROG�FOLPDWHV�LQ�DUHDV�SHUPDQHQWO\�FRYHUHG�ZLWK�VQRZ��

7KH� XSSHU� IUDJPHQWV� RI� WKH� PRXQWDLQRXV� UDQJH� 6KSDW�3ROLV� UHSUHVHQW� YHU\� SURPLQHQW� WUDLWV� RI� SHULJODFLDO�
PRUSKRORJ\��7KH�DSSHDUDQFH�RI�SHULJODFLDO�UHOLHI�IHDWXUHV�LV�D�UHVXOW�RI�WKH�PXWXDO�LQWHUGHSHQGHQFH�RI�JHRORJLFDO��
JHRPRUSKRORJLFDO��FOLPDWLF��YHJHWDWLRQDO�DQG�SHGRORJLFDO�IHDWXUHV��7KH�VWUXFWXUDO�DQG�OLWKRORJLFDO�IHDWXUHV�RI�WKH�
FRPSOH[�URFNV�DQG�WKH�LQFOLQDWLRQ�RI�WKH�VORSHV�SOD\�D�YHU\�LPSRUWDQW�UROH�LQ�WKH�PRGHOLQJ�RI�SHULJODFLDO�UHOLHI�
IHDWXUHV��&OLPDWLF�HOHPHQWV�DUH�DOVR�YHU\�LPSRUWDQW��EHFDXVH�WKH\�DIIHFW�WKH�LQWHQVLW\�DQG�GXUDWLRQ�RI�GHYHORSPHQW�
RI�SHULJODFLDO�SURFHVVHV��7KH�ORZ�YDOXHV�RI�WHPSHUDWXUH�DQG�WKH�UHODWLYHO\�KLJK�SUHFLSLWDWLRQ�OHYHOV�GXULQJ�WKH�ODVW�
LFH�DJH�� :�UP�VHUYHG�DV�IDFWRUV�WR�WKH�LQWHQVLI\�WKH�DFWLYLW\�RI�SHULJODFLDO�SURFHVVHV�DQG�PRGHOLQJ�RI�WKH�XSSHU�
IUDJPHQWV�RI�WKH�PRXQWDLQRXV�ULGJHV�%XNDQLN��=DYDOLQD��3ROLV��6KLURN��*XUL�L�=L��/XNRYD�HWF��7KH�LQWHUDFWLRQV�
DPRQJ� JURXQG� WHPSHUDWXUH�� WKH� VQRZ� FRYHU� DQG� WKH� ZLQG� SDUDPHWHUV� SOD\� DQ� LPSRUWDQW� UROH� RQ� SHULJODFLDO�
SURFHVVHV��,Q�DGGLWLRQ�WR�WKH�VORSHV�LQFOLQDWLRQ��WKH�SHQHWUDWLRQ�RI�ZDUP�ZLQGV��MXJR���DQG�WKH�HIIHFW�RI�WKH�VQRZ�
PHOWLQJ�SKHQRPHQRQ�RQ�WKH�QRUWK�HDVWHUQ�DQG�QRUWKHUQ�VORSHV��DUH�DOVR�YHU\�LPSRUWDQW�IDFWRUV�LQ�GHVWDELOL]LQJ�WKH�
VQRZ�FRYHU

� 6XPPHUILHOG�6���*OREDO�*HRPRUSKRORJ\��SS�����



-RXUQDO�RI�1DWXUDO�6FLHQFHV�DQG�0DWKHPDWLFV�RI�87��9RO�����1R� ���������

ϭϬϬ

DQG�WULJJHULQJ�DYDODQFKHV�

0DS�1R����6KSDW�3ROLV�PRXQWDLQRXV�UDQJH��

,Q�WKH�XSSHU�IUDJPHQWV�RI�WKH�PRXQWDLQRXV�UDQJH�6KSDW�3ROLV��ZLWK�DOWLWXGH�KLJKHU�WKDQ�����������P��EHVLGHV�
NDUVWLF�DQG�VORSH�SURFHVVHV�� WKH�SHULJODFLDO�SURFHVVHV�KDYH�SOD\HG�D�VLJQLILFDQW�UROH�LQ�VKDSLQJ�WKH��UHOLHI��7KH�
IRUPV�RI� UHOLHI�FUHDWHG�GXH� WR� WKH� LQIOXHQFH�RI�QLYDO�DQG�FU\RJHQLF�SURFHVVHV�KDYH�EHHQ� LGHQWLILHG�ZLWK�PRUH�
GLIILFXOW\�ZLWKLQ�WKH�PRXQWDLQRXV�UDQJH��
7KLV�SDSHU�LV�EDVHG�RQ�ILHOG�REVHUYDWLRQV��DFFRPSDQLHG�DOVR�E\�WKH�LPSOHPHQWDWLRQ�RI�JHRPRUSKRORJLF�PHWKRGV�
RI�TXDQWLWDWLYH�FKDUDFWHU��'XULQJ�ILHOGZRUN��VSHFLDO�HPSKDVLV�KDV�EHHQ�JLYHQ�WR�WKH�LPSDFW�RI�WKH�VQRZ�FRYHU��
PHOWLQJ�DQG� IUHH]LQJ�SKHQRPHQRQ�RI� VRPH�PLFURIUDJPHQWV�RI� WKH� UHOLHI� LQ� WKH�XSSHUPRVW�PRXQWDLQRXV�DUHDV��
ZLQG�DFWLYLW\�RQ�WKH�VORSHV�RI�GLIIHUHQW�H[SRVXUH�YDOXHV�DQG�WKH�UHOHYDQW�LQFOLQDWLRQ��DV�ZHOO�DV�WKH�GLIIHUHQFHV LQ�
WKH�PLFURIRUPV�FUHDWHG�DV� UHVXOW�RI� LQWHUGHSHQGHQFH�RI� WKH�DIRUHVDLG� IDFWRUV��0HWHRURORJLFDO�GDWD�� VXFK�DV�DLU�
WHPSHUDWXUH��SUHFLSLWDWLRQ�DQG�ZLQG� VSHHG�DQG�GLUHFWLRQ��DUH�SURYLGHG�E\� WKH� ,QVWLWXWH� RI�*HRVFLHQFHV� IRU� WKH�
SHULRG������������

���7KH�LQIOXHQFH�RI�SK\VLFDO�JHRJUDSKLF�FRQGLWLRQV�RQ�WKH�GHYHORSPHQW�RI�SHULJODFLDO�SURFHVVHV

7KH�SK\VLFDO� DQG� FKHPLFDO� SURSHUWLHV�RI� WKH�GLYHUVH� URFN� FRPSOH[�� WKHLU� GHQVLW\�� ILVVXUHV� DQG� FUDFNV�SOD\� DQ�
LPSRUWDQW�UROH�LQ�SHULJODFLDO�UHOLHI�PRGHOLQJ��$ORQJ�WKH�FDUERQDWHV�URFNV�� OLPHVWRQH��ZKLFK�DUH�DVVRFLDWHG�ZLWK�
WKH� URFNIDOO� WR� VRXWKHDVW�� WRZDUGV� WKH�XSSHU� VHFWLRQ�RI�6KNXPELQL� YDOOH\��7KH�SUHVHQFH�RI� ILVVXUHV�ZLWKLQ� WKH�
OLPHVWRQH�FOLII�RI�&UHWDFHRXV�DJH�DSSHDUV�WR�EH�TXLWH�GHQVH��HVSHFLDOO\�GXULQJ�WKH�GHSRVLWLRQ�RI�EUHFFKLHV�LQ�6RSRW��
*DIHU�DQG�6KLURN�� 7KH�IUHTXHQW�GHYHORSPHQW�RI�WKHVH�ILVVXUHV�KDV�KDG�D�FRQVLGHUDEOH�LPSDFW� WR�WKH�FU\RJHQLF�
DFWLYLW\�ZLWKLQ�WKH�FDUERQDWH�URFNV��XQWLO�WKHLU�FRQWLQXDO�GHVWUXFWLRQ��DW�WKH�XSSHU�IUDJPHQWV�RI�WKH�PRXQWDLQRXV�
ULGJHV��DV�ZHOO�DV�DW�WKH�ORZHVW�SDUWV�RI�WKHLU�UHVWULFWLYH�VORSHV��'XULQJ�WKH�FROGHVW�PRQWKV�RI�WKH�\HDU��FKDUDFWHUL]HG�
E\�WHPSHUDWXUH�EHORZ�WKH�IUHH]LQJ�SRLQW��WKH�PDVV�RI�WKH�LFH�FUHDWHG�XVHV�FUDFNV��SURYLGLQJ�IDYRUDEOH�RSSRUWXQLWLHV�
IRU�WKH�GHYHORSPHQW�RI�SK\VLFDO�ZHDWKHULQJ�
&OLPDWLF� HOHPHQWV� KDYH� D� JUHDW� LPSRUWDQFH� EHFDXVH� WKH\� DIIHFW� WKH� LQWHQVLW\� DQG� GXUDWLRQ� RI� WKH� SHULJODFLDO�
SURFHVVHV�DFWLYLW\��7KH�LQWHUPHGLDU\�SRVLWLRQ�RI�WKH�PRXQWDLQRXV�UDQJH�6KSDW�3ROLV��EHWZHHQ�WKH�FHQWUDO�SDUW�DQG�
VRXWKHDVWHUQ�SDUW�RI�WKH� WHUULWRU\�RI�$OEDQLD�� LV�UHIOHFWHG�LQ�WKH YDOXHV�RI�WKH�PHWHRURORJLFDO�SDUDPHWHUV�LQ�WKH�
KLJKHVW� PRXQWDLQRXV� VHJPHQWV�� 7KH� HQWLUH� QRUWKHUQ�� FHQWUDO� DQG� HDVWHUQ� SDUW� LV� LQWHQVLYHO\� LQIOXHQFHG� E\�
FRQWLQHQWDO�DLU�PDVVHV��FRQVHTXHQWO\�OHDGLQJ�WR�PDMRU�FKDQJHV�LQ�DLU�WHPSHUDWXUH��UHODWLYH�KXPLGLW\��ZLQG�VSHHG��
FORXG� FRYHUDJH� UDWH� DQG� SUHFLSLWDWLRQ�� $OPRVW� ���� RI� WKH� PRXQWDLQRXV� ULGJH� LV� FRYHUHG� E\� WKH� YHJHWDWLRQ�
UHSUHVHQWHG� E\� EURDGOHDYHV� DQG� FRQLIHURXV� IRUHVWV�� ZKLOH� WKH� XSSHU� IUDJPHQWV� DSSHDU� DOSLQH� SDVWXUHV�� ,Q�
SHULSKHUDO�ZHVWHUQ�DQG�QRUWKZHVWHUQ DUHDV� WKH�DYHUDJH�DQQXDO�DLU� WHPSHUDWXUH�YDOXH� LV���R&��ZKLOH� WKH�ZLQWHU�
VHDVRQ�LV�FKDUDFWHUL]HG�E\�WKH�FROGHVW�PRQWK��-DQXDU\�ZLWK�DYHUDJH�WHPSHUDWXUH�RI�DURXQG��R&�� 7KH�QXPEHU�RI�
GD\V�ZLWK�YHU\�ORZ�YDOXHV�RI�DLU�WHPSHUDWXUH�LV�DERXW����GD\V�DQG�WKDW�RI�GD\V�ZLWK�IURVW�LV����GD\V��ZKHUH�DV�D�
FRQVHTXHQFH�WKH�LQIOXHQFH�RI�FU\RJHQLF�SURFHVVHV�LV�FRQVLGHUDEOH�� ,Q�DGGLWLRQ��GD\V�ZLWK�FROG�ZHDWKHU�DQG�IURVW�

� &ROOHFWLYH�DXWKRU��3K\VLFDO�PDS�RI�5HSXEOLF�RI�$OEDQLD��7LUDQD������
� ,QVW�+LGUR��0HWHR�&ROOHFWLYH RI�DXWKRUV��0HWHRURORJLFDO�%XOOHWLQ��7LUDQD������
� &ROOHFWLYH�RI�DXWKRUV��$OEDQLD
V�JHRORJLF�PDS��6FDOH�������������7LUDQD������
� 0LWUXVKL��,�9HJHWDWLRQ�0DS�RI�5HSXEOLF�RI�$OEDQLD��6FDOH�������������7LUDQD������
� ,QVW�+LGUR��0HWHR�&ROOHFWLYH RI�DXWKRUV��0HWHRURORJLFDO�%XOOHWLQ��7LUDQD������
� ,QVW�+LGUR��0HWHR�&ROOHFWLYH DXWKRUV��0HWHRURORJLFDO�DQG�K\GURORJLFDO�GDWD�IRU�WKH�6KSDW�DQG�3ROLV��PRXQWDLQRXV��
UDQJH�VWDWLRQV�IRU�WKH�SHULRG������������+\GURPHWHRURORJLFDO�,QVWLWXWH�7LUDQD������
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JHQHUDOO\�DUH SUHVHQW�GXULQJ� WKH�FROG�ZLQGV�SHULRG�RFFXUUHG� LQ� WKH�HDVWHUQ�DQG�VRXWKHDVWHUQ�TXDGUDWHV��ZKLFK�
HQDEOH� WKH� FUHDWLRQ� RI� FRQGLWLRQV� IRU� GU\� ZHDWKHU� DQG� HYDSRUDWLRQ�� 7KHVH� FOLPDWLF� FRQGLWLRQV� HQFRXUDJH� WKH�
GHYHORSPHQW�RI� IURVW�SURFHVVHV�ZLWKLQ� WKH� OLPHVWRQH�DQG�PDJPDWLF� URFNV��SURPRWLQJ� WKH� LQWHQVLW\�RI�SK\VLFDO�
ZHDWKHULQJ��

)LJ���� )UHH]LQJ�RI�ZDWHU�LQ�6RSRW�/DNH

'XULQJ�WKH�FROGHVW�SHULRG�RI�WKH�\HDU��WKH�QXPEHU�RI�GD\V�ZLWK�FROG�ZHDWKHU�DQG�IURVW��HVSHFLDOO\�DERYH������P��
IUHH]LQJ�RI�ZDWHU�LQVLGH�URFNV�PDVV�LV�IUHTXHQWO\�SUHVHQW��7KH�DPRXQW�RI�SUHFLSLWDWLRQ�LQFUHDVHV�ZLWK�LQFUHDVLQJ�
DEVROXWH�DOWLWXGH��ZKLFK�DSSHDU�LQ�GLIIHUHQW�YDOXHV�DORQJ�WKH�ULGJHV�WKDW�FRQVWLWXWH�WKH�PRXQWDLQRXV�UDQJH��7KH�
ORZHVW�SUHFLSLWDWLRQ�RI������PP�RFFXUV�RQ�WKH�VRXWKHDVWHUQ�VORSHV��DW�DEVROXWH�DOWLWXGH������P� ,Q�WKH�FHQWUDO�SDUW�
RI� WKH� UDQJH�� WKH�DPRXQW�RI�SUHFLSLWDWLRQ� LV�PDUNHGO\� LQFUHDVHG��ZKHUH� LVRK\HWV� WKH� IURP������PP�JUDGXDOO\�
GHVFHQGV� WRZDUGV� WKH� PRXQWDLQRXV� DUHDV� ZLWK� DQ� DEVROXWH� ODWLWXGH� RI� DERXW� ����� P�� DORQJ� WKH� HDVWHUQ� DQG�
VRXWKHDVWHUQ�H[SRVXUH�VORSHV��7KH�KLJKHVW�SUHFLSLWDWLRQ�YDOXH�RI�PRUH�WKDQ������PP�KDV�EHHQ�UHFRUGHG�LQ�WKH�
PRXQWDLQRXV�FUHVW�RI�3ROLV��%XNDQLN��)DTH�H�0DGKH��*XUL�L�=L�DQG�/XNRYD�� ,Q�WKH�PRXQWDLQRXV�UDQJH��WKH�ODUJHVW�
DPRXQW�RI�SUHFLSLWDWLRQ�RFFXUV�GXULQJ�WKH�FROG�SHULRG�RI�WKH�\HDU��$OO�UDLQ�PHDVXUHPHQW�VWDWLRQV�KDYH�UHFRUGHG�
WKH�KLJKHVW�SUHFLSLWDWLRQ�LQ�WKH�IDOO�PRQWKV�RI�DXWXPQ��ZKLOH�WKH�VHFRQGDU\�PD[LPXP�RI�SUHFLSLWDWLRQ�RFFXUV�LQ�
WKH�VSULQJ�WLPH��:KLOH�WKH�GXUDWLRQ�RI�VQRZ�FRYHU�DW�DEVROXWH�DOWLWXGH�DERYH������P�UHDFKHV�XS�WR�����GD\V�D�
\HDU��$W�WKH�PHWHRURORJLFDO�VWDWLRQ�RI�6RSRW��WKH�VQRZ�OD\HU�RI����FP��ZDV�UHFRUGHG�IRU�D�SHULRG�RI����GD\V�� ,Q�
WKH�VLQNKROHV��DW�WKH�ERWWRP�RI�WKH�YDOOH\V�DQG�WKH�VPDOO�GHSUHVVLRQV�LQ�WKH�LQWHULRU�SDUW�RI�WKH�PRXQWDLQRXV�ULGJHV��
WKH�PDVVLYH�VQRZ�OD\HU� LV�FDUULHG�E\� WKH�ZLQG�DFWLYLW\��SURGXFLQJ� WKH�GHYHORSPHQW�RI�DYDODQFKHV��'XH� WR� WKH�
GLVWDQFHV�RI�DERXW����NP� IURP� WKH�$GULDWLF�6HD�DQG� WKH� LQIOXHQFH�RI� WKH�DLU�FXUUHQWV�� WKH�PRXQWDLQRXV� UDQJH�
HQVXUHG� D� VXIILFLHQW� DPRXQW� RI� SUHFLSLWDWLRQ� GXULQJ� :�UP� JODFLDWLRQ�� PDLQWDLQLQJ� JODFLHUV� DW� � WKH� KLJKHVW�
PRXQWDLQRXV� DUHDV� DQG� VQRZ� FRYHU� DW� ORZHU� KLOO\� DUHDV�� /RZ� DLU� WHPSHUDWXUH� YDOXHV� DQG� UHODWLYHO\� KLJK�
SUHFLSLWDWLRQ�TXDQWLWLHV�GXULQJ�:�UP�JODFLDWLRQ�ZHUH�VXLWDEOH�IRU�WKH�GXUDWLRQ�RI�JODFLHUV�DFWLYLW\��DV�ZHOO�DV�VQRZ�
FRYHU�DW�ORZHU�DOWLWXGHV��FUHDWLQJ�JRRG�RSSRUWXQLWLHV�IRU�GHYHORSLQJ�SHULJODFLDO�SURFHVVHV��� ,Q�PDQ\�IUDJPHQWV�RI�
WKH�PRXQWDLQRXV�ULGJHV�RI�3ROLV��*DIHU�DQG�/LVHF��WKH�LQWHQVLYH�SHULJODFLDO�SURFHVV�LV�SDUWLFXODUO\�HYLGHQW�LQ�WKH�
GHVWUXFWLRQ� RI� HDUO\� PRUSKRORJLFDO� IHDWXUHV� RI� NDUVW� IRUPV�� VXFK� DV� ODSLH]�� HVSHFLDOO\� DORQJ� QRUWKHUQ� DQG�
QRUWKHDVWHUQ�VORSHV��1LYDWLRQ�LV�ORFDOL]HG�GHQXGDWLRQ�E\�D�FRPELQDWLRQ�RI�IURVW�DFWLRQ��JHOLIOXFWLRQ��IURVW�FUHHS�
DQG�PHOWZDWHU� IORZ� LQ� DVVRFLDWLRQ�ZLWK� VQRZ�SDWFKHV�� ,W� LV�PRVW� DFWLYH� LQ� DOSLQH� HQYLURQPHQWV� DQG� LWV�PDMRU�
JHRPRUSKLF�HIIHFW�LV�WKH�GHYHORSPHQW�RI�QLYDWLRQ�KROORZV�E\�WKH�LQFLVLRQ�RI�VQRZ�SDWFKHV�LQWR�KLOOVLGHV��2QFH�
LQLWLDWHG�QRUPDOO\�LQ�VRPH�H[LVWLQJ�VOLJKW�GHSUHVVLRQ��D�QLYDWLRQ�KROORZ�LQFUHDVHV�LQ�VL]H�DV�LW�EHFRPHV�D�FROOHFWLQJ�
VLWH�IRU�VQRZ�LQ�VXEVHTXHQW�\HDUV��6QRZ�SURYLGHV�ERWK�PHOWZDWHU�DQG�DFWV�DV�D�JURXQG�LQVXODWLRQ��7KH�HURVLRQDO�
SRWHQWLDO�RI�QLYDWLRQ�LV�FRQWUROOHG�SULPDULO\�E\�VQRZ�WKLFNQHVV�RU�DEVHQFH�XQGHUO\LQJ�SHUPDIURVW��$Q�H[WHQVLYH�
DUHD�RI�IUHH]H�� WKDZ�SKHQRPHQRQ�FDQ�RFFXU�ERWK�EHQHDWK�WKH�VQRZ�DQG�DRUXQG�LWV�PDUJLQV��7KH�WKDZLQJ�DQG�
KHQFH�IURVW�DFWLRQ��JHOLIOXFWLRQ�DQG�IURVW�FUHHS��DUH�FRQILQHG�WR�WKH�SHULSKHU\�RI�WKH�VQRZ�SDWFK��$V�WKH�VQRZ�SDWFK�
JUDGXDOO\�WKDZV�WKH�]RQH�RI�PD[LPXP�QLYDWLRQ�ZLOO�IROORZ�LWV�FRQWUDFWLQJ�PDUJLQ��$�WKLFN�VQRZ�FRYHU�LQVXODWHV�
WKH� VXUIDFH�DQG� UHGXFHV�QLYDWLRQ�E\�SUHYHQWLQJ� IUHTXHQW� IUHH]H²WKDZ�F\FOHV��'DWD�RQ� UDWHV�RI�GHQXGDWLRQ�E\�
QLYDWLRQ�DUH�ODFNLQJ��EXW�LW�WKDW�IHDWXUHV�H[WHQGLQJ�VRPH�WHQV�RI�PHWHUV�DORQJ�VORSHV�ZLWK�D�ZLGWK�RI���PHWHU�PD\�
H[FHSWLRQDOO\� EH� SURGXFHG� LQ� RQH� ZLQWHU� VHDVRQ� LQ� DUHDV� RI� XQFRQVROLGDWHG� URFN��� $V� D� TXDQWLWDWLYH�
JHRPRUSKRORJLF� SDUDPHWHU�� WKH� VORSH� LQFOLQDWLRQ� KDV� DQ� LPSRUWDQW� UROH� LQ� WKH� SHULJODFLDO� IRUPDWLRQ� UHOLHI��
&KDUDFWHULVWLFV�RI�VORSH�LQFOLQDWLRQ�HQVXUH�HVWLPDWLRQ�RI�FKDUDFWHU��YROXPH�DQG�LQWHQVLW\�RI�SHULJODFLDO�SURFHVVHV��

� ,QVW�+LGUR��0HWHR��&ROOHFWLYH�RI�DXWKRUV��0HWHRURORJLFDO�%XOOHWLQ��7LUDQD������
�,QVW�+LGUR��0HWHR�&ROOHFWLYH DXWKRUV��0HWHRURORJLFDO�DQG�K\GURORJLFDO�GDWD�IRU�WKH�6KSDW�DQG�3ROLV�PRXQWDLQRXV�
UDQJH�VWDWLRQV�IRU�WKH�SHULRG������������+\GURPHWHRURORJLFDO�,QVWLWXWH�7LUDQD������
�� 6XPPHUILHOG�6��*OREDO�*HRPRUSKRORJ\��1HZ�<RUN�SS� ����
�� 6XPPHUILHOG�6��*OREDO���*HRPRUSKRORJ\�1HZ�<RUN�SS�����
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ϭϬϮ

:KLOH� RQ� VORSHV� ZLWK� LQFOLQDWLRQ� IURP� �����R�� WKH� VQRZ� FRYHU� JOLGH� DQG� IRUHVW� FRYHU�� SDUWO\� SUHYHQWV� WKH�
GHYHORSPHQW� RI� WKH� VQRZ� DYDODQFKH�� 6ORSHV� ZLWK� D� LQFOLQDWLRQ� RYHU� ���� FRPSULVH� D� VPDOO� SDUW� RI� WKH� ILHOG�
UHVHDUFKHV�IRU�WKH�DUHD�LQ�ZRUG��EXW�LQ�DOO�VORSHV�UHOHDVHG�IURP�WKH�VQRZ�FRYHU��WKH�GHYHORSPHQW�RI�SHULJODFLDO�RU�
FU\RJHQLF�SURFHVVH�LV�SRVVLEOH�GXH�WR�WKH�ODFN�RI�VQRZ��ZKLFK�VHUYHV�DV�D�WKHUPDO�LQVXODWRU��%XW�LQ�VRPH�FDVHV��
ZKHQ�WKH�VORSHV�KDYH�DQ�LQFOLQDWLRQ�OHVV�WKDQ������R��IUDJPHQWHG�PDWHULDOV�JHQHUDWHG�E\�WKH�QLYDO�SURFHVVHV�DQG�
SHULJODFLDO� �FU\RQLYDO�� RQHV� PRYH� PRUH� VORZO\�� (YHQ� JUDYLWDWLRQDO� FROODSVHV� DUH� VWLOO� LQWHQVH� RQ� VORSHV� ZLWK�
LQFOLQDWLRQ�RYHU���R��DV�LQ�WKH�XSSHU�VHFWLRQV�RI�*RVWLPD�DQG�5DGLFLQD�ULYHUV��0RVW�RI�WKH�GLIIHUHQW�W\SHV�RI�PDVV�
PRYHPHQW�DUH�DFWLYH�LQ�SHULJODFLDO�HQYLURQPHQWV�WR�VRPH�H[WHQW��EXW�PHFKDQLVPV�IURVW�FUHHS�DQG�VROLIOXFWLRQ�DUH�
RI� SDUWLFXODU� VLJQLILFDQFH�� ,Q� SHULJODFLDO� HQYLURQPHQWV�� VROLIOXFWLRQ� IUHTXHQWO\� RFFXUV� LQ� DVVRFLDWLRQ� ZLWK�
VHDVRQDOO\�IUR]HQ�JURXQG��DQG�XQGHU�WKHVH�FLUFXPVWDQFHV�LW�LV�PRUH�VSHFLILFDOO\�GHVFULEHG�DV�JHOLIOXFWLRQ� ,Q�UHDOLW\�
LW�RIWHQ�RSHUDWHV�LQ�FRQMXQFWLRQ�ZLWK�IURVW�FUHHS�WR�WKH�H[WHQW�WKDW�LW�LV�IUHTXHQWO\�GLIILFXOW�WR�GLVWLQJXLVK�EHWZHHQ�
WKH�DFWLRQ�RI�WKH�WZR�PHFKDQLVPV��

)LJ���� 6ROLIOXFWLRQ�OREHV�LQ 3ROLV�PRXQWDLQRXV�ULGJH

'RZQVORSH� PRYHPHQWV� PXVW� UHDOLVWLFDOO\� EH� DVVHVVHG� LQ� WHUPV� RU� WKHLU FRPELQHG� HIIHFW� DQG� WKH\� DUH� RIWHQ�
FRQVLGHUHG� WRJHWKHU� LQ� DVVHVVLQJ� UDWHV� RI�PRYHPHQW�� 5DWHV� RI�PRYHPHQW� IRU� JHOLIOXFWLRQ� DORQH� DUH� VWURQJO\�
GHSHQGHQW�RQ�PRLVWXUH��DQG�LWV�LPSRUWDQFH�LQ�SHULJODFLDO�HQYLURQPHQWV�EH�DVFULEHG�WZR�SULPDU\�IDFWRUV��VDWXUDWLRQ
RU� WKH� VRLO� GXH� WR� UHVWULFWHG�GUDLQDJH�SURPRWHG�E\� D� VHDVRQDOO\� IUR]HQ�ZDWHU� WDEOH�� DQG�PRLVWXUH�SURYLGHG�E\�
WKDZLQJ�VQRZ�DQG�LFH��DORQJ�ZLQWHU��

)LJ���� &ROOXYLDO�FRQHV�LQ�*DIHU

7KH�RYHUULGLQJ�LPSRUWDQFH�RI�VRLO�PRLVWXUH�ZLWK�WKH�LQIOXHQFH�RI�YHJHWDWLRQ�DQG�VORSH�DQJOH�LQ�FRQWUROOLQJ�UDWHV�
RI�JHOLIOXFWLRQ��+HUH��WKH�OHVV�VWHHS��EXW�EHWWHU�YHJHWDWHG�VORSHV�ZKLFK�WHQGHG�WR�UHWDLQ�H[SHULHQFHG�IDVWHU�UDWHV�RI�
PRYHPHQW�WKDQ�VWHHSHU�EXW�OHVV�ZHOO�YHJHWDWHG�DQG�GULHU�VORSHV��)UHH�GUDLQDJH�LQ�JUDYHOV�DQG�VDQGV�RQ�WKH�RQH�
KDQG�DQG�WKH�FRKHVLYH�SURSHUWLHV�RI�FOD\V�RQ�WKH�RWKHU��PHDQV�WKDW�VRLOV�GRPLQDWHG�E\�VLOW�VL]HG�SDUWLFOHV�DUH�PRVW�
VXVFHSWLEOH�WR�JHOLIOXFWLRQ���

�� 6XPPHUILHOG�6�*OREDO���*HRPRUSKRORJ\��1HZ�<RUN��SS�����
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���&RQFOXVLRQV

1LYDWLRQ�DQG�FU\RIUDFWLRQ�SKHQRPHQD�DUH� WKH�PDLQ�RQHV��ZKLFK�DUH� UHIOHFWHG� WKURXJK� WKH�DFWLYH�PRYHPHQW�RI�
DYDODQFKHV�DQG�VWRQH�VWUHDPV�DQG�WKH�PDVVLYH�FROODSVH�RI�WKH�EORFNV�DQG�IUDJPHQWHG�PDWHULDOV�
7KH�PRUSKRORJLFDO�IHDWXUHV�RI�WKH�PRXQWDLQRXV�UDQJH�DUH�FRQVHTXHQFH�RI�WKH�LQWHUGHSHQGHQFH�RI�WKH�JHRORJLFDO��
JHRPRUSKRORJLFDO� FOLPDWLF��YHJHWDWLRQDO�DQG�SHGRORJLFDO�FKDUDFWHULVWLFV��
'XH�WR�VSHFLILF�FRQGLWLRQV�RI�WKH�PLFURFOLPDWH�RI�WKH�WHUULWRU\��ZKLFK�LV�FKDUDFWHUL]HG�E\�WKH�SUHYDOHQFH�RI�WKHUPDO�
LQYHUVLRQ�SKHQRPHQRQ��SHULJODFLDO�SURFHVVHV�DUH�GHYHORSHG�LQ�D�IUDJPHQWDU\�IRUP�DW�DEVROXWH�DOWLWXGH�DERYH������
P�
'XULQJ�WKH�3OHLVWRFHQH�HSRFK��FU\RJHQLF�SKHQRPHQD�KDYH�VLJQLILFDQWO\�LQIOXHQFHG�WR�WKH�PRGHOLQJ�RI�WKH�PLGGOH�
DQG�ORZ�VHJPHQWV�RI�WKH�VORSHV�

���5HFRPPHQGDWLRQV

7KH�UHVHDUFKHV�WKDW�QHHG�WR�EH�FDUULHG�RXW�LQ�RUGHU�WR�LGHQWLI\�WUDFHV�RI�VKDSHV�FUHDWHG�E\�SHULJODFLDO�SURFHVVHV�
VKRXOG� EH� FRRUGLQDWHG� EHWZHHQ� GLVFLSOLQHV� DQG� YDULRXV� VFLHQWLILF� ILHOGV�� VXFK� DV� SHGRORJLFDO�� SODQW� DQG�
FOLPDWRORJLFDO� ILHOGV�� $� GHWDLOHG� DQDO\VLV� RI� FOLPDWLF� IHDWXUHV� ZLOO� SUHVHQW� DQ� LPSRUWDQW� LPSDFW� XQGHU� WKH�
FRQGLWLRQV�RI�SHULJODFLDO�UHOLHI�IRUPDWLRQ��,Q�VRPH�FDVHV��WKH�SHULJODFLDO�ODQGIRUPV�VKRXOG�EH�SURYLGHG�ZLWK�WKH�
VWDWXV�RI�SURWHFWLRQ�� LQFOXGLQJ� WKHP� LQ� WKH�PDQDJHG�DUHDV�RI� WKH�5HSXEOLF�RI�$OEDQLD�� ,Q� IXWXUH� VWXGLHV�� VXFK�
PHDVXUHV�VKRXOG�EH�WDNHQ�ZLWK�UHVSHFW�WR�WKH�PRUSKRPHWULFDO�HOHPHQWV��VXFK�DV�OHQJWK��ZLGWK�DQG�GHSWK�RI�WKHP��
DV�ZHOO�WKH�FODVVLILFDWLRQ�RI�WKHLU�GLPHQVLRQV��EDVHG�RQ�WKH�OHYHO�RI�WRSRJUDSKLF�FRQGLWLRQV�GHYHORSPHQW��SUHVHQFH�
RI�WHFWRQLF�IDXOWV�DQG�OLWKRORJLFDO�FRPSRVLWLRQ�DV�ZHOO��$V�SDUW�RI�WKH�QDWXUDO�KHULWDJH��DUWLILFLDO�SURWHFWLRQ�VKRXOG�
EH�SURYLGHG�WR�WKH�QLYDWLRQ�KROORZV�WKURXJK�YHJHWDWLRQ�FRYHUDJH��ZKLFK�LQ�WKH�IXWXUH�FDQ�EH�XVHG�DV�D�QDWXUDO�
SDVWXUH��VXFK�H[SHULHQFH�KDV�VWDUWHG�WR�EH�ZLGHO\�SUDFWLFHG�LQ�WKH�QRUGLF�FRXQWULHV�DQG�WKH�%ULWLVK�,VODQGV��7KH�
SURWHFWLRQ� RI� SHULJODFLDO� ODQGIRUPV� VKRXOG� DOVR� LQFOXGH� WKH� UHKDELOLWDWLRQ� RI� TXDOLW\�� VSHFLHV� GLYHUVLW\� YDOXHV��
KDELWDWV��ELRORJLFDO�FRPPXQLWLHV�
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