
�

/ DQGFDUH�5HVHDUFK�1 HZ�=HDODQG�/ LPLWHG��

�
� �
�
�
�
�
$ Q�HOHFWURP DJQHWLF�LQGXFWLRQ�VXUYH\ �RI�VRLOV�LQ�WKH�0 RWXSLNR�

&DWFKP HQW�WR�LQWHUSUHW�H[ LVWLQJ�VRLO�P DSV�DQG�DVVHVV�GLIIHUHQFHV�

UHODWLQJ�WR�VXVWDLQDEOH�ODQG�XVH�FKDQJH�

�
�
�
&DURO\ Q�+HGOH\ � ��/ HV�%DVKHU� �DQG�+ D\ GHQ�/ DZUHQFH� �
�
�
� / DQGFDUH�5HVHDUFK�
�3ULYDWH�%DJ�� � � � � ��3DOPHUVWRQ�1 RUWK�
�1 HZ�=HDODQG�
�
� / DQGFDUH�5HVHDUFK�
�3ULYDWH�%DJ�� ��1 HOVRQ�
�1 HZ�=HDODQG�
�
� 6SDWLDO�6ROXWLRQV�/ WG�
� � D�0 DQDZDWX�6W���3DOPHUVWRQ�1 RUWK�
1 HZ�=HDODQG�
�
�
�
/ DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW��/ &� � � � �� � � �
�
) XQGHG�E\ ��( QYLUROLQN�0 HGLXP�$ GYLFH�* UDQWV�
�
35( 3$ 5( ' �) 2 5��
$ QGUHZ�%XUWRQ�
7DVPDQ�' LVWULFW�&RXQFLO�
3ULYDWH�%DJ�� ��5LFKPRQG��1 HOVRQ��1 =�
�
�
�
' $ 7( ��) HEUXDU\ �� � � � �
�



/ DQGFDUH�5HVHDUFK�1 HZ�=HDODQG�/ LPLWHG��

�
5HYLHZHG�E\ �� � � � � $ SSURYHG�IRU�UHOHDVH�E\ ��
�
�
�
�
�
�
7LP�' DYLH�� � � � � $ OLVRQ�&ROOLQV�
5HVHDUFK�/ HDGHU� � � � � 6FLHQFH�/ HDGHU�
/ DQGFDUH�5HVHDUFK� � � � / DQGFDUH�5HVHDUFK��
�
�
�
�
�
�
�
‹ �/ DQGFDUH�5HVHDUFK�1 HZ�=HDODQG�/ WG�� � � � �
�
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� �� ( 0 �VXUYH\ �EDFNJURXQG�LQIRUPDWLRQ��������������������������������������������������������������������������������������� � �
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� �� ( 0 �VXUYH\ �DQG�JURXQG�WUXWKLQJ �������������������������������������������������������������������������������������������� � � �

� �� ( [ WUDSRODWLRQ�RI�( 0 �VXUYH\ �UHVXOWV�WR�0 RWXSLNR�VRLO�PDS��������������������������������������������������� � � �
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) LJXUH�� ��7KH�0 RWXSLNR�ULYHU�YDOOH\ �±�D�IODW�DOOXYLDO�IORRGSODLQ�FRQILQHG�ZLWKLQ�WKH�
ILQHO\ �GLVVHFWHG�KLOOV�RI�WKH�0 RXWHUH�' HSUHVVLRQ��SKRWR��0 ROOR\ ��� � � � � �
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� �� ( [ HFXWLYH�6XP P DU\ �

7KLV�VWXG\ �ZDV�FDUULHG�RXW�E\ �/ DQGFDUH�5HVHDUFK�DQG�6SDWLDO�6ROXWLRQV�/ WG��IRU�7DVPDQ�
' LVWULFW�&RXQFLO�WR�DFTXLUH�VRPH�GHWDLOHG�VRLO�LQIRUPDWLRQ�IRU�WKH�0 RWXSLNR�FDWFKPHQW���

$ Q� HOHFWURPDJQHWLF� LQGXFWLRQ� �( 0 �� VXUYH\ � ZDV� XQGHUWDNHQ� RI� D� � � � �KD� DUHD� LQ� WKH�
0 RWXSLNR� 5LYHU� FDWFKPHQW� DQG� UHVXOWV� ZHUH� LQWHUSUHWHG� RQ� D� EDVLV� RI� VRLO� GLIIHUHQFHV�
UHODWLQJ�WR�SURMHFWHG�VXVWDLQDEOH�ODQG�XVH�FKDQJHV��

7KH�( 0 �VXUYH\ �ZDV�JURXQG�WUXWKHG�WR�LQWHUSUHW�VRLO�PDSSLQJ�XQLWV�RQ�DQ�XQSXEOLVKHG�VRLO�
PDS�� UHIHUUHG� WR� DV� WKH� 0 RWXSLNR� VRLO� PDS�� SURGXFHG� EHWZHHQ� � � � � � DQG� � � � � � E\ � WKH�
&DZWKURQ�,QVWLWXWH��IRU�ZKLFK�WKH�DFFRPSDQ\ LQJ�VRLO�OHJHQG�KDV�VXEVHTXHQWO\ �EHHQ�ORVW��

3RWHQWLDO� ODQG�XVH� FKDQJH� LQ� WKH� 0 RWXSLNR� FDWFKPHQW� LQ� UHVSRQVH� WR� ZDWHU� VXSSO\ �
DXJPHQWDWLRQ��) HQHPRU�HW�DO��� � � � � �UHTXLUHV�GHWDLOHG�LQIRUPDWLRQ�DERXW�VRLO�GLIIHUHQFHV�DW�
SURSHUW\ �VFDOH��DQG�WKLV�XQSXEOLVKHG�PDS��VFDOH�� �� � �� � � � �LV�WKH�RQO\ �VRLO�PDS�DYDLODEOH�DW�
D�VXLWDEOH�VFDOH�IRU�WKLV�SXUSRVH��7KH�SRWHQWLDO�XVH�RI�( 0 �VXUYH\ V�WR�LQWHUSUHW�H[ LVWLQJ�VRLO�
LQIRUPDWLRQ�LV�DVVHVVHG���

�

$ �VXP P DU\ �RI�WKH�ILQGLQJV�IURP �WKLV�SURMHFW�DUH��

· � 7KH� PDS�SURGXFHG� IURP�WKH� ( 0 �VXUYH\ �GHOLQHDWHV�VRLOV�RQ�WKH�EDVLV�RI�WH[ WXUDO�
GLIIHUHQFHV��ZKLFK�ZDV�FRQILUPHG�E\ �JURXQG�WUXWKLQJ��

· � 7KH�( 0 �VXUYH\ ��WRJHWKHU�ZLWK�H[ LVWLQJ�VRLO�DQG�JHRORJLFDO�LQIRUPDWLRQ��KDYH�EHHQ�
XVHG�WR�LQWHUSUHW�WKH�XQODEHOOHG�VRLO�XQLWV�RQ�WKH�XQSXEOLVKHG�0 RWXSLNR�VRLO�PDS�
DQG�D�PRGLILHG�YHUVLRQ�RI�WKLV�PDS�ZLWK�VXJJHVWHG�OHJHQG�LV�JLYHQ��

· � 7KH�( 0 �VXUYH\ �FDQQRW�EH�XVHG�WR�GLVWLQJXLVK�EHWZHHQ�GHJUHH�RI�VRLO�GHYHORSPHQW�
H[ KLELWHG�E\ �WKH�WZR�PDMRU�VRLO�JURXSV��%URZQ�6RLOV�DQG�5HFHQW�6RLOV��ZKLFK�H[ LVW�
LQ�WKLV�DUHD�DQG�ZKLFK�KDYH�VRPH�FRPPRQ�VRLO�WH[ WXUDO�FODVVHV��

· � $ � QXPEHU� RI� LQDFFXUDFLHV� ZHUH� GLVFRYHUHG� RQ� WKH� � � � � V� 0 RWXSLNR� VRLO� PDS��
ZKLFK� FDQ� SDUWO\ � EH� H[ SODLQHG� E\ � SRRU� UHJLVWUDWLRQ� RI� WKH� RULJLQDO� PDSV�� 6XFK�
PDSV�WKHUHIRUH�SURYLGH�D�VWDUWLQJ�SRLQW�IRU�LQIRUPDWLRQ�UHTXLUHG�WRGD\ �EXW�IXUWKHU�
VWXGLHV�DUH�UHTXLUHG�WR�YHULI\ �WKHLU�DFFXUDF\ �LQ�RWKHU�DUHDV��

· � 6RLO�WH[ WXUDO�GLIIHUHQFHV��LQIHUUHG�IURP�WKH�( 0 �VXUYH\ ��DUH�RI�PDMRU�LPSRUWDQFH�LQ�
VXVWDLQDEOH� ODQG� XVH� FKDQJH� GHFLVLRQV� EHFDXVH� WKH\ � DUH� LQKHUHQW�� SHUPDQHQW�
IHDWXUHV� RI� VRLOV� DIIHFWLQJ� ZDWHU� VWRUDJH� FDSDELOLW\ �� DQG� LUULJDWLRQ� UHTXLUHPHQWV��
) HUWLOLW\ � GLIIHUHQFHV� RFFXUULQJ� EHWZHHQ� WKH� WZR� PDMRU� VRLO� JURXSV� �H�J�� WUDFH�
HOHPHQW� GHILFLHQFLHV� LQ� WKH� \ RXQJHU� 0 RWXSLNR� VRLOV�� FDQ� EH� LGHQWLILHG� DQG�
PDQDJHG�E\ �FRUUHFW� IHUWLOLVHU�PDQDJHPHQW��7KH� ( 0 �VXUYH\ �KDV�SURYLGHG�FULWLFDO�
LQIRUPDWLRQ�DERXW�VSDWLDO�GLVWULEXWLRQ�RI�VRLO�WH[ WXUDO�JURXSV��ZKLFK�KDV�KHOSHG�WR�
LQWHUSUHW�VRLO�XQLWV�RQ�WKH�0 RWXSLNR�VRLO�PDS��

�
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�
) LJXUH�� ��$ HULDO�SKRWR�VKRZLQJ�WKH�H[ WHQW�RI�WKH�0 RWXSLNR�VRLO�P DS�DQG�WKH�WZR�( 0 �
VXUYH\ �DUHDV��� � �%DLJHQW�3URSHUW\ ��� � �&DUVRQ�+ \ DWW�3URSHUWLHV��
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� �� ,QWURGXFWLRQ�

&KDQJLQJ�GHPDQGV�RQ�VRLO�UHVRXUFHV��HVSHFLDOO\ �LQWHQVLILFDWLRQ�RI�ODQG�XVH��UHTXLUHV�EHWWHU�
VRLO�DQG�ODQG�LQIRUPDWLRQ�WR�HQVXUH�VXVWDLQDEOH�PDQDJHPHQW��7KLV�SURMHFW�DLPV�WR��
��

�L�� LGHQWLI\ �VRLO�GLIIHUHQFHV�ZLWKLQ�SDUW�RI�WKH�0 RWXSLNR�5LYHU�&DWFKPHQW��) LJ��� � �
XVLQJ�( 0 �PDSSLQJ�DQG�JURXQG�WUXWKLQJ��DQG�

�
�LL�� LQYHVWLJDWH� WKH� DELOLW\ � RI� WKH� ( 0 � DQG� JURXQG� WUXWKLQJ� VXUYH\ � WR� LQWHUSUHW�

H[ LVWLQJ�XQSXEOLVKHG�VRLO�PDSV��ZKHUH�VRLO�OHJHQGV�KDYH�EHHQ�ORVW���
�

8 QSXEOLVKHG�ILHOG�VRLO�PDSV�SURGXFHG�EHWZHHQ�� � � � �DQG�� � � � �E\ �WKH�&DZWKRUQ�,QVWLWXWH�
H[ LVW�IRU�PXFK�RI�WKH�ORZODQGV�RI�7DVPDQ�' LVWULFW��DQG�WKHVH�PDSV�ZHUH�XVHG�WR�GHYHORS�
WKH�SXEOLVKHG�PDSV�IRU�WKH�: DLPHD�&RXQW\ ��&KLWWHQGHQ�HW�DO��� � � � � ��: KLOH�WKH�SXEOLVKHG�
PDSV�DUH�RI�LQVXIILFLHQW�GHWDLO�IRU�PRGHUQ�XVH��WKH�RULJLQDO�PDSV�DW�DQ�DSSUR[ LPDWH�� �� � �
� � � �VFDOH�KDYH�GHWDLO�WKDW�LV�DSSURSULDWH� IRU�WRGD\ ¶V�QHHGV��+RZHYHU��VRLO�OHJHQGV�KDYH�
EHHQ�ORVW�DQG�ZLWKRXW�WKHP�WKHVH�ROG�XQSXEOLVKHG�PDSV�DUH�RI�OLPLWHG�XVH���

7KLV�VWXG\ �DVVHVVHV�WKH�PRVW�DSSURSULDWH�DQG�FRVW�HIIHFWLYH�PHWKRG�RI�UHSURGXFLQJ�WKH�ORVW�
VRLO� PDS� OHJHQGV�� $ VVXPLQJ� WKH� RULJLQDO� XQSXEOLVKHG� PDSV� DUH� DFFXUDWH�� EHLQJ� DEOH� WR�
HVWDEOLVK�GLIIHUHQFHV�EHWZHHQ�WKH�PDSSHG�VRLO�XQLWV�ZRXOG�KHOS�7DVPDQ�' LVWULFW�&RXQFLO�
�7' &�� SURYLGH� DGGLWLRQDO� VRLO� SURSHUW\ � LQIRUPDWLRQ� IRU� WKH� DUHD� FRYHUHG� E\ � WKH� PDSV��
ZKLFK� DGGUHVVHV� WKH� DLP� RI� 7' &� WR� SURYLGH� DGHTXDWH� GDWD� WR� DFKLHYH� LPSURYHG�
PDQDJHPHQW�RI�VRLO�DQG�ZDWHU�UHVRXUFHV��

7KLV�VWXG\ �WDUJHWV�D�� � � �KD�DUHD�LQ�WKH�0 RWXSLNR�YDOOH\ �ZKHUH�ODQG�XVH�LV�OLNHO\ �WR�FKDQJH�
DV� D� UHVXOW� RI� ZDWHU� DXJPHQWDWLRQ� �) HQHPRU� HW� DO�� � � � � � �� 7KH� DUHD� LV� DW� SUHVHQW� XVHG�
SULPDULO\ �IRU�VKHHS�DQG�EHHI�IDUPLQJ�EXW�ZLWK�LQFUHDVHG�XVH�RI�LUULJDWLRQ��WKH�SRVVLELOLW\ �
H[ LVWV�IRU�QHZ�GDLU\ �FRQYHUVLRQV�DQG�KRUWLFXOWXUDO�XVHV�ZKHUH�FOLPDWLF�DQG�VRLO�FRQGLWLRQV�
DUH� IDYRUDEOH�� 7' &� LV� DOVR� XVLQJ� WKH� YDOOH\ � DV� D� IRFXV� FDWFKPHQW� IRU� WULDOOLQJ� FOLPDWH�
LQIRUPDWLRQ� FDSWXUH�WR�GHWHUPLQH�RSWLPXP�ODQG�XVH�ZLWK� DQG�ZLWKRXW�DXJPHQWHG�ZDWHU�
VXSSOLHV���
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� �� ( 0 �VXUYH\ �EDFNJURXQG�LQIRUP DWLRQ�

( OHFWURPDJQHWLF�LQGXFWLRQ��( 0 ��VXUYH\ V�KDYH�EHHQ�VXFFHVVIXOO\ �XVHG�VLQFH�WKH�� � � � V�WR�
FKDUDFWHULVH� VRLOV� LQ� WHUPV� RI� WKHLU� HOHFWULFDO� FRQGXFWLYLW\ � �-D\ QHV� � � � � � �� 7KH� * HRQLFV�
( 0 � � �VHQVRU��GHYHORSHG�LQ�&DQDGD�LQ�WKH�� � � � V�DV�D�UDSLG�QRQ�LQYDVLYH�WRRO�WR�DVVHVV�VRLO�
VDOLQLW\ � SUREOHPV�� LV� RQH� H[ DPSOH� RI� DQ� ( 0 � VHQVRU�� 7KH� DELOLW\ � RI� D� VRLO� WR� FRQGXFW�
HOHFWULFDO� FKDUJHV� GHSHQGV� RQ� WKH� DPRXQW� RI� FKDUJHG� VXUIDFHV� LQ� WKDW� VRLO�� &KDUJHG�
VXUIDFHV� RFFXU� RQ� EURNHQ� FOD\ � SDUWLFOHV� DQG� LQ� WKH� VRLO� VROXWLRQ�� 6RLO� ( &� LV� WKHUHIRUH�
GHWHUPLQHG�E\ �D�FRPELQDWLRQ�RI�VRLO�ZDWHU�FRQWHQW��GLVVROYHG�VDOW�FRQWHQW��FOD\ �FRQWHQW��
PLQHUDORJ\ ��DQG�VRLO�WHPSHUDWXUH��0 F1 HLOO�� � � � � ��VR��ZKHUH�VDOLQLW\ �LV�QRW�SUHVHQW��LW�FDQ�
EH�XVHG�DV�D�VXUURJDWH�PHDVXUH�RI�RWKHU�VRLO�SURSHUWLHV��SULPDULO\ �VRLO�WH[ WXUH��( &�KDV�EHHQ�
VXFFHVVIXOO\ � XVHG� WR� HVWLPDWH� FOD\ � FRQWHQW� �+HGOH\ � HW� DO�� � � � � � �� VRLO� ZDWHU� FRQWHQW�
�. DFKDQRVNL� HW� DO�� � � � � �� +XWK� 	 � 3RXOWRQ� � � � � � � DQG� GHSWK� WR� FOD\ SDQ� � ' RROLWWOH� HW� DO��
� � � � � ��ZKHUH�WKHVH�SURSHUWLHV�DUH�WKH�PDMRU�( &�UHODWHG�YDULDEOH�LQ�WKH�VWXGLHG�DUHD��$ OVR��
LPSRUWDQWO\ ��( 0 �PDSV�DUH�LQFUHDVLQJO\ �EHLQJ�XVHG�IRU�VLWH�VSHFLILF�PDQDJHPHQW��%UDPOH\ �
HW�DO��� � � � � ���
�
( 0 �PDSV�GHOLQHDWH�] RQHV�RQ�D�EDVLV�RI�VRLO�WH[ WXUH��LQ�QRQ�VDOLQH�FRQGLWLRQV���EHFDXVH�VRLO�
WH[ WXUH�LV�QRUPDOO\ �WKH�RYHUULGLQJ�( &�UHODWHG�VRLO�YDULDEOH��DQG�VRLO�( &�LQFUHDVHV�ZLWK�VRLO�
WH[ WXUDO�ILQHQHVV��7KH�VRLO�SDWWHUQ�GHOLQHDWHG�E\ �WKH�( 0 �VXUYH\ �UHPDLQV�UHODWLYHO\ �FRQVWDQW�
EHWZHHQ�PXOWLSOH�VXUYH\ V�RI�WKH�VDPH�DUHD��LUUHVSHFWLYH�RI�PRLVWXUH�FRQWHQW��6RLO�( &�DOVR�
LQFUHDVHV� ZLWK� LQFUHDVLQJ� PRLVWXUH�� KRZHYHU� LQFUHDVLQJ� VRLO� PRLVWXUH� FRQWHQW� LV�
LQWULQVLFDOO\ � OLQNHG� WR� VRLO� WH[ WXUDO� ILQHQHVV�� &OD\ H\ � VRLOV� ZLOO� UHPDLQ� ZHWWHU� IRU� ORQJHU�
WKDQ� FRDUVHU� VDQG\ � VRLOV�� $ Q� ( 0 � VXUYH\ � FDQ� DOVR� EH� XVHG� WR� LQYHVWLJDWH� VRLO� PRLVWXUH�
FKDQJHV�� EXW� RQO\ � ZKHQ� VRLO� WH[ WXUH� UHPDLQV� FRQVWDQW�� +HGOH\ � HW� DO�� � � � � � � � KDYH�
LQYHVWLJDWHG�WKH�UDQJH�RI�VRLO�( &�YDOXHV�IRU�RQH�VRLO�WH[ WXUDO�FODVV�EHWZHHQ�ILHOG�FDSDFLW\ �
DQG�YHU\ �GU\ ��E\ �PHDVXULQJ�VRLO�( &�DW�WKH�VDPH�VLWH�DW�GLIIHUHQW�PRLVWXUH�FRQWHQWV��7KHLU�
UHVXOWV�VKRZHG�WKDW�D�7RNRPDUX�VLOW�ORDP�VRLO�KDG�( &�YDOXHV�UDQJLQJ�EHWZHHQ�� � �� � � � �� �
P6�P�DQG�D�0 DQDZDWX�ORDP\ �JUDYHO�KDG�( &�YDOXHV�UDQJLQJ�EHWZHHQ�� � �� � � � �� �IURP�YHU\ �
GU\ �WR�ILHOG�FDSDFLW\ ��UHVSHFWLYHO\ ��
�
7KH� * HRQLFV� ( 0 � � � VHQVRU� FRQWDLQV� D� VPDOO� WUDQVPLWWHU� FRLO� WKDW� HPLWV� DQ� DOWHUQDWLQJ�
FXUUHQW� JHQHUDWLQJ� D� SULPDU\ � WLPH�YDU\ LQJ� PDJQHWLF� ILHOG� LQ� WKH� JURXQG�� ZKLFK� LQ� WXUQ�
LQGXFHV�VPDOO�FXUUHQWV�WKDW�JHQHUDWH�WKHLU�RZQ�VHFRQGDU\ �PDJQHWLF�ILHOGV��$ �UHFHLYHU�FRLO�
ORFDWHG�QHDU�WKH�WUDQVPLWWHU�FRLO�UHVSRQGV�WR�ERWK�SULPDU\ �DQG�VHFRQGDU\ �PDJQHWLF�ILHOG��
' LUHFW� UHDGLQJV� RI� DSSDUHQW� VRLO� ( &� DUH� PDGH� E\ � PHDVXULQJ� WKH� UDWLR� RI� SULPDU\ � WR�
VHFRQGDU\ �ILHOG�VWUHQJWKV��0 F1 HLOO�� � � � � ��2 QH�VLQJOH�LQWHJUDWHG�( &�YDOXH�LV�REWDLQHG�IRU�
WKH�VRLO�SURILOH�WR�� �� �P�GHSWK��
�
7KH�( 0 �VHQVRU�FDQ�EH�XVHG�DV�D�KDQG�KHOG�LQVWUXPHQW��' RROLWWOH�HW�DO��� � � � � � �DVVHVVHG�D�
� � � � �KD�DUHD�LQ�9 LUJLQLD�� 8 6$ ��E\ �WDNLQJ�KDQG�KHOG� ( 0 � PHDVXUHPHQWV�DW� � � �VLWHV� DQG�
SURGXFLQJ�VRLO�( &�LVROLQH�PDSV�WR�KHOS�LQWHUSUHW�VRLO�SDWWHUQ��7KH\ �FRQFOXGHG�WKDW�WKHLU�
( 0 �VXUYH\ �SURYLGHG�D�UDSLG�PHDQV�WR�FRQGXFW�D�SUHOLPLQDU\ ��UHFRQQDLVVDQFH�VRLO�VXUYH\ ���
�
: LWKLQ�D�IHZ�\ HDUV�( 0 �VHQVRUV�KDG�EHHQ�PRELOL] HG��L�H��DWWDFKHG�WR�D�YHKLFOH�DQG�SXOOHG�
WKURXJK�WKH�ILHOG�FROOHFWLQJ�* 36�UHIHUHQFHG�GDWD��/ XQG�HW�DO��� � � � � ��%\ �WKLV�WLPH��8 6�VWDWH�
VRLO� VXUYH\ RUV� ZHUH� EHJLQQLQJ� WR� RYHUOD\ � ( &� PDSV� RYHU� VRLO� VXUYH\ � PDSV�� / XQG� HW� DO��
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� � � � � � � REVHUYH�WKDW� D� � �� � � � � � � VFDOH�VRLO� PDS�RI� ,RZD� FRXOG� EH� LPSURYHG�ZLWK� DQ� ( &�
OD\ HU��) LJ��� � ���
�

�
�
) LJXUH�� ��' LJLWLVHG�,RZD�VRLO�VXUYH\ V�RYHUODLG�RQ�VRLO�( &�P DS��/ XQG�HW�DO��� � � � � �
�
�
$ �PRELOH�PDSSLQJ�V\ VWHP�ZLWK�RQ�ERDUG�* 36��GDWDORJJHU�DQG�ILHOG�FRPSXWHU�FDQ�EH�XVHG�
WR�PDS�DSSUR[ LPDWHO\ �� � �KD�RI�UHODWLYHO\ �IODW�ODQG�LQ�� �GD\ ��) LJV��� �DQG�� � ���
�

�
�
) LJXUH�� ��7KH�P RELOH�( 0 �P DSSLQJ�V\ VWHP �XVHG�IRU�WKLV�SURMHFW�
�
�
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( &�PDSV�DUH�LQFUHDVLQJO\ �EHLQJ�XVHG�IRU�VLWH�VSHFLILF�PDQDJHPHQW�DV�WKH\ �FOHDUO\ �LGHQWLI\ �
YDULDEOH�VRLOV�DW�WKH�IDUP�VFDOH��H�J���+HGOH\ �HW�DO��� � � � ��%UDPOH\ �HW�DO��� � � � � ���
�

�
�

) LJXUH�� ��7KH�HOHFWURP DJQHWLF��( 0 ��VHQVRU�LV�VKRZQ�LQ�LWV�RSHQHG�SURWHFWLYH�FDVH��DQG�LV�
FRQQHFWHG�WR�DQ�5 7. � ' * 36��GDWDORJJHU�DQG�ILHOG�FRP SXWHU�RQ�WKH�IDUP �ELNH�

�
�
7R� VXPPDULVH�� ( 0 � VXUYH\ V� GHOLQHDWH� VRLO� XQLWV� RQ� D� EDVLV� RI� YDU\ LQJ� VRLO� ( &�� 7KLV�
SURYLGHV�YDOXDEOH��TXDQWLWDWLYH�VSDWLDO�LQIRUPDWLRQ�DERXW�VRLO�YDULDELOLW\ ��6RLO�( &�FDQ�DOVR�
EH� XVHG� DV� D� VXUURJDWH� PHDVXUH� RI� D� VSHFLILF� VRLO� SURSHUW\ � VXFK� DV� VRLO� WH[ WXUH� DQG�RU�
GUDLQDJH�FODVV��ZKLFK�LQ�WXUQ�FDQ�EH�UHODWHG�WR�D�VRLO�W\ SH�DQG�RU�D�ODQG�PDQDJHPHQW�XQLW��
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� �� 0 HWKRGV�

$ Q�DUHD�RI�� � � �KHFWDUHV�ZDV�VHOHFWHG�WR�LQYHVWLJDWH��

· � WKH�UDQJH�RI�VRLOV�RFFXULQJ�LQ�H[ LVWLQJ�PDSSHG�XQLWV�

· � WKH�DFFXUDF\ �RI�H[ LVWLQJ�PDSSHG�VRLO�ERXQGDULHV�

· � WKH� HIILFLHQF\ � DQG� HIIHFWLYHQHVV� RI� WKH� ( 0 � VXUYH\ � WHFKQLTXH� WR� FDSWXUH� VRLO�
LQIRUPDWLRQ��

�

,QIRUPDWLRQ� JDLQHG� IURP� WKLV� VWXG\ � ZLOO� EH� XVHG� WR� JXLGH� 7' &� RQ� WKH� PRVW� HIILFLHQW�
PHWKRG�IRU�GHDOLQJ�ZLWK�WKH�RWKHU�DUHDV�RI�WKH�GLVWULFW�ZKHUH�XQSXEOLVKHG�VRLO�PDSV�H[ LVW��
7KH�DUHD�FRYHUHG�E\ �WKHVH�XQSXEOLVKHG�PDSV�LV�DSSUR[ LPDWHO\ �DQRWKHU�� � �� � � �KHFWDUHV���
�

6LWH�VHOHFWLRQ�

7ZR� VLWHV� ZHUH� VHOHFWHG� WR� LQYHVWLJDWH� VRLO� GLIIHUHQFHV� EHWZHHQ� PDSSHG� XQLWV� RQ� WKH�
0 RWXSLNR�VRLO�PDS��) LJ��� � ��6LWH�2 QH�LV�WKH�%DLJHQW�3URSHUW\ �DW�0 RWXSLNR��� � �� �KD���6LWH�
7ZR�ZDV�VHOHFWHG�WRZDUG�WKH�ORZHU�HQG�RI�WKH�0 RWXSLNR�VRLO�PDS�DQG�LQFOXGHV�WKH�&DUVRQ�
DQG� + \ DWW� 3URSHUWLHV� �� � �� � KD��� 7KHVH� SURSHUWLHV� LQFOXGH� DOO� 0 RWXSLNR� PDSSLQJ� XQLWV��
H[ FHSW�8 QLW� � � ��8 QLW�� � �LV�RI�YHU\ �OLPLWHG�H[ WHQW��RFFXUULQJ�RQO\ �LQ�RQH�ORFDWLRQ�RQ�WKH�
0 RWXSLNR� VRLO� PDS�� ) XUWKHU� LQIRUPDWLRQ� DERXW� WKH� 0 RWXSLNR� VRLO� PDS� LV� VXSSOLHG� LQ�
6HFWLRQ�� �� ��
�

( 0 �VXUYH\ �

7KH� ( 0 � VXUYH\ � ZDV� FRQGXFWHG� XVLQJ� DQ� HOHFWURPDJQHWLF� LQGXFWLRQ� VHQVRU� �* HRQLFV�
( 0 � � � ��ZLWK�ILHOG�FRPSXWHU��GDWDORJJHU��DQG�57. � ' * 36�DWWDFKHG�WR�DQ�$ 79 �ELNH��DQG�
ZLWK�WKH�( 0 �VHQVRU�WRZHG�EHKLQG�WKH�ELNH�RQ�D�UXEEHU�PDW��) LJ��� ��� � ��6XUYH\ �GDWD�SRLQWV�
ZHUH� FROOHFWHG� DW� RQH� VHFRQG� LQWHUYDOV�� DW� DQ� DYHUDJH� $ 79 � VSHHG� RI� � � � NSK�� ZLWK� D�
PHDVXUHPHQW�UHFRUGHG�DSSUR[ LPDWHO\ �HYHU\ � � �P�DORQJ�WUDQVHFWV�� � �P�DSDUW��7KH�VHQVRU�
PHDVXUHG� PHDQ� VRLO� HOHFWULFDO� FRQGXFWLYLW\ � WR� D� GHSWK� RI� � �� � P�� $ V� VRLO� HOHFWULFDO�
FRQGXFWLYLW\ �LV�SULPDULO\ �GHWHUPLQHG�E\ �VRLO�WH[ WXUH�DQG�PRLVWXUH�LQ�QRQ�VDOLQH�VRLOV��WKH�
PHWKRG�SURYLGHG�D�UDSLG�PHDQV�RI�VRLO�PDSSLQJ��' XH�WR�WKH�FRQILQLQJ�QDWXUH�RI�WKH�VWHHS�
YDOOH\ �VLGHV�RQ�HLWKHU�VLGH�RI�WKH�VWXG\ �DUHD� �) LJ�� � � �� LQDGHTXDWH�VDWHOOLWH�FRYHUDJH�ZDV�
REWDLQHG�IRU�KLJK�DFFXUDF\ �* 36�FR�RUGLQDWHV�VR�WKDW�RQO\ �ORZ�DFFXUDF\ �* 36�FR�RUGLQDWHV�
ZHUH�ORJJHG� �KRUL] RQWDO�DFFXUDF\ � � � P��YHUWLFDO�DFFXUDF\ � � � P��� $ Q\ � IXWXUH� ( 0 �VXUYH\ �
VKRXOG�LQYHVWLJDWH�D�KLJKHU�VLWH�IRU�WKH�EDVH�VWDWLRQ��H�J���RQ�LQWHUPHGLDWH�WR�KLJK�ULGJHV�
SHUKDSV� ! � � � � P� DERYH� WKH� YDOOH\ � IORRU�� VR� WKDW� KLJK� UHVROXWLRQ� 57. �* 36� �KRUL] RQWDO�
DFFXUDF\ �“ � � PP��YHUWLFDO�DFFXUDF\ �“ � � PP��LV�SRVVLEOH��

�
* URXQG�WUXWKLQJ�

7KH�( 0 �PDSV�SURGXFHG�LQ�WKLV�VWXG\ �ZHUH�LQWHUSUHWHG�RQ�WKH�EDVLV�RI�VRLO�( &�GLIIHUHQFHV��
7KH�JUHDWHVW�UDQJH�RI�VRLOV��RQ�WKLV�EDVLV��ZDV�WKHQ�VHOHFWHG�WR�H[ DPLQH�VRLO�GLIIHUHQFHV�E\ �
GLJJLQJ�VPDOO�LQYHVWLJDWLRQ�SLWV��HQVXULQJ�WKDW�DW�OHDVW�RQH�SLW�ZDV�GXJ�ZLWKLQ�HDFK�VRLO�
PDS� XQLW�� 2 QH� GD\ � ZDV� VSHQW� DW� HDFK� SURSHUW\ �� ZLWK� � � � SLWV� H[ DPLQHG� DW� WKH� %DLJHQW�
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SURSHUW\ � DQG� � � � SLWV� DW� WKH� &DUVRQ�+ \ DWW� SURSHUW\ �� $ W� HDFK� SLW� WKH� IROORZLQJ� ZHUH�
DVVHVVHG��LI�SRVVLEOH��
�

‡� GHSWK�RI�WRSVRLO�
‡� ILHOG�HVWLPDWLRQ�RI�WRSVRLO�DQG�VXEVRLO�V�WH[ WXUHV�
‡� GHJUHH� RI� GHYHORSPHQW� RI� WKH� VXEVRLO� �RQ� D� EDVLV� RI� FRORXU� DQG� VWUXFWXUH�

GHYHORSPHQW��
‡� GHSWK�WR�JUDYHOV�

�
�

� �� 6LWH�GHVFULSWLRQ�

�
3K\ VLRJUDSK\ ��ODQG�XVH�DQG�FOLP DWH�

7KH�IODW�DOOXYLDO�SODLQV�RI�WKH�0 RWXSLNR�5LYHU�FDWFKPHQW�DUH�VXUURXQGHG�E\ �UROOLQJ��KLOO\ �
DQG� VWHHS� ODQG� RQ� 3OHLVWRFHQH� JUDYHOV�� NQRZQ� DV� WKH� 0 RXWHUH� * UDYHOV� �) LJ�� � � �� 0 LQRU�
DUHDV�RI�ROGHU�IDQV�DQG�GLVVHFWHG�WHUUDFHV�RFFXU�DORQJ�WKH�YDOOH\ �PDUJLQV��
�
$ W�SUHVHQW��WKH�YDOOH\ �IORRUV��DW�DQ�HOHYDWLRQ�RI�DURXQG�� � � ±� � � �P��DUH�SULPDULO\ �XVHG�IRU�
SDVWRUDO� IDUPLQJ� �VKHHS�EHHI� DQG� GDLU\ LQJ��� ZLWK� VRPH� EHUU\ IUXLW� SURGXFWLRQ�� DQG� WKH�
VXUURXQGLQJ�KLOOV�DUH�SODQWHG�LQ�JUDVVODQG�DQG�H[ RWLF�SLQHV��
�
7KH�PHDQ�DQQXDO�UHFRUGHG�UDLQIDOO�DW�* ROGHQ� ' RZQV�LV� � � � � �PP��DQG�WKH�PHDQ�DQQXDO�
WHPSHUDWXUH�LV�� � �� °&��+LJKHVW�DQG�ORZHVW�WHPSHUDWXUHV�UHFRUGHG�DUH�� � �� °&�DQG�±� �� °&�
UHVSHFWLYHO\ � �1 =� 0 HW� 6HUYLFH� � � � � � �� 0 HDQ� DQQXDO� UDLQIDOO� LVRK\ HWV� IRU� WKLV� DUHD� DUH�
SURYLGHG�LQ�) LJ��� ���
�
* URZLQJ� GHJUHH� GD\ V� IRU� PXFK� RI� WKLV� VWXG\ � DUHD� DUH� ! � � � � � SHU� \ HDU� �) HQHPRU� HW� DO��
� � � � � ��PDNLQJ�LW�SRVVLEOH�IRU�FURSV�VXFK�DV�PDL] H�WR�EH�JURZQ��+RUWLFXOWXUDO�FURSV�VXFK�DV�
EHUULHV�JURZ�YHU\ � �VXFFHVVIXOO\ �LQ�WKLV� PLOG�FOLPDWH��SURYLGHG�WKDW�QXWULHQW�GHILFLHQFLHV�
�ERURQ�DQG�PDJQHVLXP��DUH�FRUUHFWHG�LQ�WKH�\ RXQJHU�0 RWXSLNR�VRLOV��0 ROOR\ �� � � � � ���
�
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�
�
�
�
) LJXUH�� ��0 RWXHND�FDWFKP HQW�DQQXDO�UDLQIDOO�LVRK\ HWV��P P ���WDNHQ�IURP �%DVKHU�
� � � � � ��7KH�SUHVHQW�VWXG\ �DUHD�LV�GHOLQHDWHG�LQ�SXUSOH��
�
�
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* HRORJ\ ��

7DNHQ�IURP�-RKQVWRQ�0 5�� � � � � �� * HRORJLFDO�0 DS�RI�1HZ�=HDODQG��6KHHW�1� � �$�&��0 RWXSLNR��VFDOH�� �� � �
� � � � ��1HZ�=HDODQG�* HRORJLFDO�6XUYH\ ���
�
7KH� JHRORJ\ � RI� WKH� VWXG\ � DUHD� �) LJ�� � � � SURYLGHV� WKH� SDUHQW� PDWHULDOV� IRU� WKH� VRLOV�� 7KH�
VWXG\ � DUHD� OLHV� LQ� WKH� 0 RXWHUH� ' HSUHVVLRQ� ZKHUH� ORZ�O\ LQJ�� HYHQ�WRSSHG� DQG� ILQHO\ �
GLVVHFWHG�KLOOV�RFFXU��7KH�0 RWXSLNR�5LYHU�GLVVHFWV�WKH�0 RXWHUH�* UDYHOV��� � � �P�WKLFN�DW�
7DSDZHUD���ZKLFK�RYHUOLH�SRRUO\ �NQRZQ�EDVHPHQW�URFNV�� ( [ WHQVLYH�DJJUDGDWLRQ�JUDYHOV�
DUH� SUHVHUYHG� DV� WHUUDFH� UHPQDQWV� DW� KHLJKWV� XS� WR� � � � � P� DERYH� WKH� YDOOH\ � IORRU��
6ROLIOX[ LRQ� �VRLO�DQG�URFN�SDUWLFOHV�GXH�WR�VOLSSDJH�FDXVHG�E\ � IUHH] LQJ�DQG�WKDZLQJ��L�H��
PDVV� PRYHPHQW� RI� VRLO� DQG� VHGLPHQW� XSRQ� WKDZLQJ� RI� ZDWHU�ODGHQ� JURXQG�� DQG� VFUHH�
GHSRVLWV�DUH�ZLGHVSUHDG��SDUWLFXODUO\ �DW�WKH�WRHV�RI�VORSHV�DQG�WKH\ �WHQG�WR�ILOO�JXOOLHV���
�
7KH�0 RXWHUH�* UDYHOV�FRQVLVW�RI�URXQGHG�FODVWV�XS�WR� � �� �P�EXW�PRVWO\ �OHVV�WKDQ� � �� �P�
DFURVV��LQ�D�\ HOORZLVK�EURZQ�VLOW\ �FOD\ �PDWUL[ ��/ HQVHV�RI�VLOW\ �FOD\ �XS�WR�� �� �P�WKLFN�DUH�
ZLGHVSUHDG��7KLV�WH[ WXUDO�UDQJH�LV�UHIOHFWHG�LQ�WKH�\ RXQJHU�DOOXYLDO�GHSRVLWV�GHULYHG�IURP�
WKHVH�JUDYHOV��LQ�ZKLFK�WKH�VRLOV�RI�WKLV�VWXG\ �KDYH�ODUJHO\ �GHYHORSHG��
�

�
7DEOH�� ��* HRORJLFDO�) RUP DWLRQV�RI�WKH�0 RWXSLNR�$ UHD��- RKQVWRQ�� � � � � �
�

) RUP DWLRQ� 0 DS�
V\ P ERO�

* HRORJLFDO�
DJH�

' HVFULSWLRQ�

) DQ�DQG�
\ RXQJ�
WHUUDFH�
VXUIDFHV�

ID� +RORFHQH�
�� � �� � �PD��

XQGLIIHUHQWLDWHG�DOOXYLXP�LQFOXGLQJ�JUDYHO�
XQGHUO\ LQJ��IORRG�SODLQV�DQG�UHFHQW�IDQV�

6SHDUJUDVV� VJ�
�

/ DWH�
3OHLVWRFHQH���

GHJUDGDWLRQ� VXUIDFH� DQG� PLQRU� IDQV� RI�
6SHDUJUDVV�IRUPDWLRQ�

6SHDUJUDVV� VJ� / DWH�
3OHLVWRFHQH�

VOLJKWO\ � ZHDWKHUHG�� ODUJHO\ � JUH\ ZDFNH�
GHULYHG� JUDYHO� XQGHUO\ LQJ� ORZ� �FD� � P�
DERYH�ULYHU�OHYHO��DJJUDGDWLRQ�VXUIDFHV�

7RSKRXVH��� WR��� 0 LG�
3OHLVWRFHQH�

SDUWO\ � ZHDWKHUHG�� ODUJHO\ � JUH\ ZDFNH�
GHULYHG�JUDYHO�XQGHUO\ LQJ�LQWHUPHGLDWH��FD�
� � � DQG� � � � P� DERYH� ULYHU� OHYHO��
DJJUDGDWLRQ�VXUIDFHV��SDUWO\ �RYHUWRSSHG�E\ �
IDQ�JUDYHOV�DQG�FRYHUHG�ZLWK�ORHVV�

0 DQXND� PD� ( DUO\ �
3OHLVWRFHQH�

ZHDWKHUHG� JUH\ ZDFNH� GHULYHG� JUDYHO�
XQGHUO\ LQJ� KLJK� �FD� � � � P� DERYH� ULYHU�
OHYHO��DJJUDGDWLRQ�VXUIDFHV�RYHUWRSSHG�E\ �
IDQV�DQG�FRYHUHG�E\ �XS�WR�� ±� �P�RI�ORHVV�

0 RXWHUH�
* UDYHOV�

WP� 3OLRFHQH�
�! � �� � PD��

&OD\ �ERXQG� JUDYHO� FRQWDLQLQJ� SDUWO\ �
ZHDWKHUHG�GRPLQDQWO\ �JUH\ ZDFNH�SHEEOHV��
FREEOHV�DQG�VFDWWHUHG�ERXOGHUV��! � � � �P��
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�
�

�
) LJXUH�� ��* HRORJ\ �RI�WKH�0 RWXSLNR�FDWFKP HQW��- RKQVWRQ�� � � � � ��VHH�S��� � �IRU�OHJHQG��
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: KHUH� 0 RXWHUH� * UDYHOV� DUH� UHGHSRVLWHG� LQ� WKH� YDOOH\ � ERWWRPV� WKH\ � DUH� PDSSHG� DV�
0 DQXND��7RSKRXVH�DQG�6SHDUJUDVV�IRUPDWLRQV���
�
7KH� 6SHDUJUDVV� ) RUPDWLRQ� IRUPV� WKH� ORZHVW� DJJUDGDWLRQDO� VXUIDFH� DW� DERXW� � � P� DERYH�
ULYHU�OHYHO��7KH�VXUIDFH�IRUPV�WKH�JHRORJ\ �RI�WKH�YDOOH\ �ERWWRP�LQ�WKH�VWXG\ �DUHD�DQG�LV�
PDSSHG� DV� VJ� �6SHDUJUDVV� ) RUPDWLRQ�� RU� VJ�6SHDUJUDVV� GHJUDGDWLRQDO� VXUIDFHV��� ,W� LV�
WKHUHIRUH� WKH� FRPPRQ� SDUHQW� PDWHULDO� IRU� WKH� VRLOV� LQ� WKLV� VWXG\ � DUHD�� : KHUH� WKH�
GHJUDGDWLRQDO�VXUIDFHV�DUH�DOPRVW�DW�WKH�VDPH�OHYHO�DV�SUHVHQW�GD\ � IORRGSODLQV��WKH\ �DUH�
GLIILFXOW�WR�GLVWLQJXLVK�IURP�WKH�\ RXQJHU�+RORFHQH�JUDYHOV��7KH�6SHDUJUDVV�) RUPDWLRQ�LV�
QRW�DV�ZHDWKHUHG�DV�JUDYHO�IRUPLQJ�WKH�KLJKHU�VXUIDFHV��DQG�ORHVV�LV�UHSRUWHG�WR�EH�ODUJHO\ �
DEVHQW�RQ�WKLV�DJJUDGDWLRQDO�VXUIDFH��7KH�6SHDUJUDVV�) RUPDWLRQ��VXUIDFH�LV�FKDUDFWHULVHG�
E\ � %URZQ� 6RLOV�� PDSSHG� DV� $ WDSR� DQG� . LNLZD� VRLOV�� DQG� WKH� 6SHDUJUDVV� GHJUDGDWLRQDO�
VXUIDFHV�DUH�FKDUDFWHULVHG�E\ �%URZQ�VRLOV�LQWHUJUDGLQJ�WR�5HFHQW�6RLOV�RI�YDU\ LQJ�WH[ WXUHV��
PDSSHG�DV�0 RWXSLNR�VRLOV��
�
$ VVRFLDWHG�ZLWK�WKLV�) RUPDWLRQ�DUH�VRPH�IDQ�VXUIDFHV�RFFXUULQJ�DW�WKH�PRXWKV�RI�JXOOLHV�
HQWHULQJ�WKLV�YDOOH\ ��DQG�D�IHZ�UHPQDQW�GLVVHFWHG�KLJKHU�WHUUDFH�VXUIDFHV�ZKLFK�RFFXU�DW�
KLJKHU�HOHYDWLRQV�WR�WKH�6SHDUJUDVV�) RUPDWLRQ��7KHVH�VXUIDFHV�DUH�FKDUDFWHULVHG�E\ �. LNLZD�
VRLOV���
�
7KLQ� JUDYHO� GHSRVLWV� RI� + RORFHQH� DJH� �ID�� IRUP� WKH� PRVW� UHFHQW� IORRGSODLQV� RI� WKH�
0 RWXSLNR�5LYHU��DV�D�WKLQ�YHQHHU�FRYHULQJ�VRPH�RI�WKH�6SHDUJUDVV�) RUPDWLRQ��7KH\ �DUH�
QRW�DOZD\ V�GLIIHUHQWLDWHG�RQ�WKH�JHRORJLFDO�PDS��7KH�JUDYHO�LV�VLPLODU�WR�WKH�6SHDUJUDVV��
7RSKRXVH�DQG�0 DQXND�) RUPDWLRQ��EXW�GLIIHUV�LQ�WKDW�LV�LV�FRPPRQO\ �EHWWHU�VRUWHG�DQG�WKH�
PDWUL[ �WHQGV�WR�ODFN�FOD\ ��3RRUO\ �GHYHORSHG��VWRQ\ ��5HFHQW�6RLOV�RFFXU�RQ�WKHVH�VXUIDFHV��
�
( [ LVWLQJ�6RLO�,QIRUP DWLRQ�

&KLWWHQGHQ�( 7��+RGJVRQ�/ �� ' RGVRQ�. - �� � � � ��6RLOV�DQG�$JULFXOWXUH�RI�: DLPHD�&RXQW\ �1HZ�=HDODQG��6RLO�
%XUHDX�%XOOHWLQ�� � ��' 6,5�6RLO�%XUHDX���6FDOH�� �� � � �� � � � �� �PLOHV�WR�RQH�LQFK���
5LJJ�7��� � � � ��7KH�VRLOV�DQG�DJULFXOWXUH�RI�WKH�: DLPHD�&RXQW\ ��1HOVRQ��1 �=��5HS��$XVW��1 �=��$GY��6FL��� � ��
� � � ±� � ��
5LJJ� 7�� &KLWWHQGHQ� ( 7� � � � � ±� � � � � 0 RWXSLNR� 6RLO� 0 DS� 1R�� � �� . H\ � PLVVLQJ�� 8 QSXEOLVKHG�� &DZWKURQ�
,QVWLWXWH���� �� � �� � � � �� � �FKDLQV�WR�RQH�LQFK���
5LJJ� 7�� &KLWWHQGHQ� ( 7� � � � � �� &ODVVLILFDWLRQ� RI� / DQG� LQ� WKH� : DLPHD� &RXQW\ �� 1HOVRQ�� IRU� ) OXH� &XUHG�
7REDFFR��1 �=��- ��6FL��7HFK��$� � � �� � ±� ��
�
$ V�HDUO\ �DV�� � � � �VRLO�VXUYH\ RUV�IURP�WKH�&DZWKURQ�,QVWLWXWH��7�5LJJ�DQG�-$ �%UXFH��ZHUH�
PDSSLQJ�VRLOV�LQ�: DLPHD�&RXQW\ ��DQG�DQ�DEULGJHG�PDS�ZDV�SXEOLVKHG�LQ�� � � � ��,Q�� � � � ��D�
IXUWKHU�UHSRUW�ZDV�SXEOLVKHG��LQFOXGLQJ�PDSV�DGGUHVVLQJ�VXLWDELOLW\ �IRU�WREDFFR�JURZLQJ��
ZKLFK�ZDV�EDVHG�RQ�D�PRUH�GHWDLOHG�VXUYH\ �RI�IORRG�SODLQV�DQG�ORZ�WHUUDFHV��1 R�VRLO�PDSV�
DFFRPSDQLHG�WKLV�UHSRUW��+RZHYHU��DQ�XQSXEOLVKHG�PDS�IURP�WKLV�VXUYH\ ��0 RWXSLNR�VRLO�
PDS��� �� � � � � � � � �) LJ�� � � �KDV�EHHQ�GLJLWLVHG�IRU�WKLV�SUHVHQW�VWXG\ ��DOWKRXJK�XQIRUWXQDWHO\ �
WKH�OHJHQG�KDV�EHHQ�ORVW��
��
7KH�� �� � � � � � � � : DLPHD�&RXQW\ �PDS�VKRZV�VRLOV�LQ�WKH�VWXG\ �DUHD�ZLWKLQ�WKH�0 RWXSLNR�
5LYHU�YDOOH\ �DV�0 RWXSLNR��0 R���$ WDSR��$ S��DQG�. LNLZD�UROOLQJ�SKDVH��. DU��VRLOV��) LJ��� � ��
7KH�PDS�GHVFULEHV�0 RWXSLNR�ORDPV�RFFXULQJ�RQ� IORRG�SODLQV�DQG�ORZ�WHUUDFHV��DQG�WKH�
$ WDSR� VWRQ\ � VLOW� ORDPV� DQG� . LNLZD� VLOW� ORDP� �UROOLQJ� SKDVH�� VRLOV� RFFXULQJ� RQ� KLJKHU�
WHUUDFHV���
�
�
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�
) LJXUH�� ��0 RWXSLNR�6RLO�0 DS�� � ������) LJXUH�� ��: DLP HD�&RXQW\ �6RLO�0 DS�
�8 QSXEOLVKHG�� � � � ±� � � � � � �������&KLWWHQGHQ�HW�DO��� � � � � �
�
�
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7KH�0 RWXSLNR�ORDPV��VLOW�ORDP��VDQG\ �ORDP�DQG�JUDYHOO\ �ORDP��DUH�GHVFULEHG�DV�IRUPHG�LQ�
DOOXYLXP�GHULYHG�IURP�0 RXWHUH�* UDYHOV��JUH\ ZDFNH��DUJLOOLWH�DQG�VDQGVWRQH��SUHVXPDEO\ �
WKH�6SHDUJUDVV�) RUPDWLRQ��7RSVRLOV�DUH�GHVFULEHG�DV� IULDEOH�VLOW�RU�VDQG\ �ORDPV��JUH\ LVK�
EURZQ�LQ�FRORXU�WR�DERXW�� � �FP�RQ�\ HOORZLVK�EURZQ�VXEVRLOV�RI�YDU\ LQJ�GHSWKV�WR�JUDYHOV��
,Q� SODFHV� WKH� VRLOV� DUH� UHSRUWHG� WR� EH� JUDYHOO\ � WR� WKH� VXUIDFH�� 7KH\ � ZHUH� FODVVLILHG� DV�
FHQWUDO�\ HOORZ�EURZQ�HDUWKV�LQWHUJUDGLQJ�WR�UHFHQW��VRLOV�DQG�DUH�QRZ�FODVVLILHG�DV�%URZQ�
( DUWKV�LQWHUJUDGLQJ�WR�$ FLGLF�ZHDWKHUHG�) OXYLDO�5HFHQW�VRLOV��+HZLWW�� � � � � ��
�
$ WDSR�DQG�. LNLZD�VRLOV�ZHUH�FODVVLILHG�DV�FHQWUDO�\ HOORZ�EURZQ�HDUWKV�IURP�DOOXYLXP��DQG�
DUH� QRZ� JURXSHG� ZLWK� 7\ SLF� 2 UWKLF� %URZQ� �$ WDSR�� RU� $ FLGLF� 2 UWKLF� %URZQ� 6RLOV�
�. LNLZD���
�
$ WDSR�VWRQ\ �VLOW�ORDPV�DUH�GHVFULEHG�DV�IRUPHG�LQ�JUH\ ZDFNH�DOOXYLXP�GHSRVLWHG�RQ�WKH�
LQWHUPHGLDWH�WHUUDFHV�DERYH�WKH�YDOOH\ �IORRU��7KH�VRLO�LV�GHVFULEHG�DV�W\ SLFDOO\ � � � �FP�RI�
GXOO�EURZQ��IULDEOH��VWRQ\ �VLOW�ORDP�RYHU�� � �FP�RI�SDOH�EURZQ�VWRQ\ �VLOW�ORDP�RYHU�JUDYHOV�
DQG� VLOW�� 6RLOV� DUH� SUHGRPLQDQWO\ � VWRQ\ � RU� JUDYHOO\ � EXW� DUHDV� ZLWKRXW� JUDYHOV� RFFXU� DV�
QDUURZ� EDQGV�� + RZHYHU�� KDYLQJ� ORZ� ZDWHU� VWRUDJH� FDSDFLW\ �� WKH� VRLOV� W\ SLFDOO\ � GU\ � RXW�
TXLFNO\ ��
�
7KH�. LNLZD�VLOW�ORDPV��UROOLQJ�SKDVH��RFFXU�RQ�IODW�WR�JHQWO\ �XQGXODWLQJ�WHUUDFHV�RI�� � ±� � ž�
VORSHV�DW�OHYHOV�UDQJLQJ�EHWZHHQ�� � �DQG�� � � � IW��� � ±� � �P��DERYH�ULYHU�OHYHO��7KHVH�VRLOV�
KDYH�IRUPHG�LQ�UHVRUWHG�DOOXYLXP�PDLQO\ �RXWZDVK�IURP�WKH�0 RXWHUH�* UDYHOV��&KLWWHQGHQ�
HW�DO��� � � � � ��$ �W\ SLFDO�VRLO�SURILOH�GHVFULEHG�LQ�&KLWWHQGHQ�HW�DO��� � � � � � �LV��
�

· � � � �FP�JUH\ LVK�EURZQ�VLOW�ORDP��IULDEOH��ZHDN�VWUXFWXUH�
· � � � �FP�RI�SDOH�JUH\ �FOD\ �ORDP��ZLWK�YHLQV�RI�WRSVRLO��YHU\ �ILUP��VWURQJ�VWUXFWXUH�
· � � � �FP�SDOH�EURZQ�VLOW�ORDP��ILUP��ZHDN�VWUXFWXUH�
· � RYHU�VLOW�DQG�JUDYHOV��

�
�

7KH�PRUH�GHWDLOHG�0 RWXSLNR�PDS�DW�D�VFDOH�RI� � �� � � � � � ��ZLWK�QR�OHJHQG��SURYLGHV�WZR�
EURDG�JURXSLQJV�RI�VRLO�XQLWV�RQ�D�EDVLV�RI�FRORXU��VHH�) LJ�� � � ��7KH�\ HOORZ�FRORXUHG�VRLO�
PDSSLQJ� XQLWV� EURDGO\ � FRUUHVSRQG� WR� WKH� ROGHU� $ WDSR� DQG� . LNLZD� �%URZQ� 6RLOV�� VRLOV�
GHVFULEHG�E\ �&KLWWHQGHQ�HW�DO��� � � � � � �DQG�WKH�EURZQ�FRORXUHG�VRLO�PDSSLQJ�XQLWV�EURDGO\ �
FRUUHVSRQG� WR� \ RXQJHU�0 RWXSLNR� VRLOV�� RFFXULQJ� FORVHU� WR� WKH� ULYHU�� 7KH� 0 RWXSLNR� VRLO�
PDS�SURYLGHV�IXUWKHU�GLIIHUHQWLDWLRQ�RI�WKHVH�WZR�PDMRU�VRLO�JURXSLQJV��GLVWLQJXLVKLQJ�XS�
WR�� � �VRLO�XQLWV���
�
,Q� WKH� SUHVHQW� VWXG\ �� DQ� ( 0 � VXUYH\ � ZDV� FRQGXFWHG� WR� LQYHVWLJDWH� WH[ WXUDO� GLIIHUHQFHV�
EHWZHHQ�WKHVH� � � �XQLWV��DQG�D�VXEVHTXHQW� � �GD\ � ILHOG�H[ DPLQDWLRQ�RI�VRLOV�ZDV�XVHG�WR�
JURXQG�WUXWK�WKH�( 0 �PDS��
�

�
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�
) LJXUH�� � D��( 0 �P DS�RI�WKH�%DLJHQW�3URSHUW\ ��
�
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� �� ( 0 �VXUYH\ �DQG�JURXQG�WUXWKLQJ�

7KH�( 0 �PDSV�IRU�WKH�WZR�VWXG\ �DUHDV��) LJV�� � D�DQG�� � D��KDYH�D�VLPLODU�UDQJH�RI�VRLO�( &V�
�� � ±� � �P6�P��VXJJHVWLQJ�D�VLPLODU�UDQJH�RI�VRLO�WH[ WXUHV�H[ LVW�DW�ERWK�VLWHV��7KH�ORZHU�( &�
VRLOV��GHSLFWHG�DV�EURZQ±\ HOORZ�] RQHV��VXJJHVW�FRDUVHU�WH[ WXUHG�VRLOV��DQG�WKH�KLJKHU�( &�
VRLOV��GHSLFWHG�DV�EOXH�] RQHV��VXJJHVW�ILQHU�WH[ WXUHG�VRLOV��7KLV�ZDV�FRQILUPHG�E\ �JURXQG�
WUXWKLQJ� �VHH� $ SSHQGL[ �� DQG� EHORZ��� &RPPRQO\ �� VRLOV� KDYH� GHYHORSHG� RYHU� D� JUDYHO�
SDUHQW�PDWHULDO�WKDW�RFFXUV�DW�OHVV�WKDQ�RQH�PHWUH��EXW�D�IHZ�GHHSHU�� ILQHU�WH[ WXUHG�VRLOV�
ZHUH�H[ FDYDWHG�KDYLQJ�GHYHORSHG�LQ�VLOW\ ��FOD\ H\ ��DQG�VDQG\ �SDUHQW�PDWHULDOV��WKHVH�EHLQJ�
ILQHU�WH[ WXUHG�OHQVHV��SRVVLEO\ �ORHVV��RFFXUULQJ�LQ�WKH�6SHDUJUDVV�JUDYHOV��DV�GHVFULEHG�E\ �
-RKQVWRQ� �� � � � � �� 6XFK� VRLOV� DUH� PRUH� GHVLUDEOH� VRLOV� IRU� FXOWLYDWLRQ� EXW� GR� QRW� RFFXU�
H[ WHQVLYHO\ �� ( &�YDOXHV�WHQG�WR�LQFUHDVH�ZLWK�LQFUHDVLQJ�GHSWK�WR�JUDYHOV��DV�ZHOO�DV�VRLO�
WH[ WXUH�ILQHQHVV��$ W�WKH�&DUVRQ�+ \ DWW�SURSHUW\ ��( &�JLYHV�D�IDLUO\ �JRRG�SUHGLFWLRQ�RI�GHSWK�
WR�JUDYHOV��) LJ��� � � ���
�

5 � � �� ��
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) LJXUH�� � ��5 HODWLRQVKLS�RI�VRLO�HOHFWULFDO�FRQGXFWLYLW\ �WR�GHSWK�RI�JUDYHOV�DW�WKH�&DUVRQ�+ \ DWW�
SURSHUW\ �

�
�
7KH�( 0 �PDSV�KDYH�EHHQ�RYHUODLG�RYHU�WKH�0 RWXSLNR�VRLO�PDS�WR�LQYHVWLJDWH�GLIIHUHQFHV�
EHWZHHQ�WKH�VRLO�PDSSLQJ�XQLWV�RQ�WKH�0 RWXSLNR�PDS��6XPPDU\ �VWDWLVWLFV�RI�ORJJHG�VRLO�
HOHFWULFDO�FRQGXFWLYLW\ �GDWD�DUH�SUHVHQWHG�IRU�HDFK�PDSSLQJ�XQLW�IURP�WKH�0 RWXSLNR�6RLO�
0 DS�LQ�7DEOH�� ��7KLV�WDEOH�VKRZV�WKDW��DW�WKH�%DLJHQW�3URSHUW\ ��8 QLWV�� �DQG� � �KDYH�WKH�
ORZHVW� PHDQ� ( &� YDOXH�� VXJJHVWLQJ� WKHVH� PDSSLQJ� XQLWV� UHSUHVHQW� WKH� FRDUVHVW� WH[ WXUHG�
VRLOV��7KLV�ZDV�FRQILUPHG�E\ �H[ DPLQDWLRQ�RI�VRLOV��VHH�$ SSHQGL[ � � ��DQG�EHORZ���GHVSLWH�
GLIIHUHQFHV�EHLQJ�QRQ�VLJQLILFDQW��7DEOH�� � ��$ W�WKH�&DUVRQ�+ \ DWW�3URSHUW\ �WZR�RWKHU�XQLWV��
� �DQG� � � �� ZKLFK�GR�QRW�RFFXU�DW�WKH�%DLJHQW�SURSHUW\ ��KDYH�WKH�ORZHVW� ( &�YDOXHV��DQG�
WKHVH�YDOXHV�DUH�VLJQLILFDQWO\ �ORZHU�WKDQ�IRU�DOO�RWKHU�VRLO�XQLWV�DW�WKLV�SURSHUW\ ��ZLWK�WKH�
H[ FHSWLRQ�RI�8 QLW�� ��7DEOH�� � ��8 QLW�� �ZDV�HDVLO\ �LGHQWLILHG�LQ�WKH�ILHOG�DV�D�KLJKHU��GULHU��
YHU\ � VWRQ\ � WHUUDFH� VXUIDFH� DQG� 8 QLW� � � � RFFXUV� RQ� D� \ RXQJHU�� YHU\ � VWRQ\ �� IDQ� VXUIDFH��
LGHQWLILDEOH�LQ�WKH�ILHOG�DQG�VKRZQ�RQ�WKH�JHRORJLFDO�PDS��VHH�$ SSHQGL[ �DQG�EHORZ���7KH�
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VXPPDU\ � VWDWLVWLFV� LQGLFDWH� WKDW� 8 QLW� � � LV� FKDUDFWHUL] HG� E\ � FRDUVHU� VRLOV� DW� WKH�
&DUVRQ�+ \ DWW�SURSHUW\ �DV�ZHOO�DV�DW�WKH�%DLJHQW�3URSHUW\ ���
�
�
7DEOH�� ��6XP P DU\ �VWDWLVWLFV�RI�VRLO�HOHFWULFDO�FRQGXFWLYLW\ �GDWD�IRU�HDFK�VRLO�P DSSLQJ�
XQLW� RQ� WKH� %DLJHQW� DQG� &DUVRQ�+ \ DWW� 3URSHUWLHV� �1 RWH�� WKLV� DQDO\ VLV� DVVXP HV� WKH�
P DSV�DUH�FRUUHFWO\ �UHJLVWHUHG��ZKLFK�P D\ �QRW�EH�WKH�FDVH��
�

P HDQ P LQLP XP P D[ LP XP UDQJH
VWDQGDUG�
GHYLDWLRQ

FRXQW

%DLJHQW � � � �� � � �� � � � �� � � � �� � � �� � � � � � � � �
%DLJHQW � � � �� � � � �� � � � �� � � �� � � �� � � � � � � � �
%DLJHQW � � � �� � � � �� � � � �� � � �� � � �� � � � � � �
%DLJHQW � � � �� � � �� � � � �� � � � �� � � �� � � � � � � �
%DLJHQW � � � �� � � � �� � � � �� � � � �� � � �� � � � � � � �
%DLJHQW � � � �� � � � �� � � � �� � � �� � � �� � � � � � � �
%DLJHQW � � � �� � � �� � � � �� � � �� � � �� � � � � � �

&DUVRQ�+ \ DWW � � � �� � � � �� � � � �� � � �� � � �� � � � � � � � �
&DUVRQ�+ \ DWW � � � �� � � � �� � � � �� � � �� � � �� � � � � � �
&DUVRQ�+ \ DWW � � � �� � � � �� � � � �� � � �� � � �� � � � � � � � �
&DUVRQ�+ \ DWW � � � �� � � � �� � � � �� � � �� � � �� � � � � � � � �
&DUVRQ�+ \ DWW � � � �� � � � �� � � � �� � � �� � � �� � � � � � � � �
&DUVRQ�+ \ DWW � � � �� � � � �� � � � �� � � �� � � �� � � � � � � � �
&DUVRQ�+ \ DWW � � � �� � � � �� � � � �� � � �� � � �� � � � � � �
&DUVRQ�+ \ DWW � � � � �� � � � �� � � � �� � � �� � � �� � � � � � �
&DUVRQ�+ \ DWW � ZHW � � �� � � � �� � � � �� � � �� � � �� � � � � � �
&DUVRQ�+ \ DWW � ZHW � � �� � � � �� � � � �� � � �� � � �� � � � � � �

3URSHUW\
6RLO�( OHFWULFDO�&RQGXFWLYLW\ ��( &���P 6�P �

$5 ( $��������������
� � �RI�SURSHUW\ �

0 DS�
6\ P ERO

�
�

�
,W�VKRXOG�EH�QRWHG�WKDW�WKHVH�PHDQ�GLIIHUHQFHV�LQ�VRLO�( &�IRU�HDFK�PDSSHG�XQLW�DUH�VPDOO�
�� � � P6�P��� KRZHYHU�� ILHOG� H[ DPLQDWLRQ� RI� WKH� VRLOV� IRXQG� LPSRUWDQW� VRLO� GLIIHUHQFHV��
SULPDULO\ �RQ�D�EDVLV�RI�VRLO�WH[ WXUH��VWRQLQHVV�DQG�GHSWK�WR�JUDYHOV��$ OVR��LQ�7DEOH�� ��WKH�
VRLO�( &�UDQJH�LQGLFDWHV�DPRXQW�RI�YDULDELOLW\ �ZLWKLQ�HDFK�VRLO�XQLW��
�

%DLJHQW�3URSHUW\ �

) LJXUH�� � D�VKRZV�WKDW�ZKHUH�8 QLW�� �LV�PDSSHG�IXUWKHVW�IURP�WKH�ULYHU�LQ�WKH�XSSHUPRVW�
1 : �FRUQHU�RI�WKH�SURSHUW\ ��ZKLWH�RXWOLQHG�] RQH��WKHUH�LV�D�EDQG�RI�VRLOV�ZLWK�KLJKHU�( &�
YDOXHV�VWUHWFKLQJ�DFURVV�WKLV�PDSSHG�XQLW��LQGLFDWHG�E\ �WKH�EOXH�FRORXU�� ( [ DPLQDWLRQ�RI�
WKH� VRLO� LQ� WKLV� ] RQH� �%* � � � VKRZV� D� ZHOO�GHYHORSHG� VRLO�� ZLWK� D� ILQHU� WH[ WXUHG� \ HOORZ�
EURZQ� VXEVRLO� FRPSDUHG� ZLWK� =RQH� � � �%* � � � �VHH� $ SSHQGL[ ��� 7KH� ( 0 � PDS� WKHUHIRUH�
SURYLGHV� MXVWLILFDWLRQ� IRU� WKH� VRLO� ERXQGDULHV� RI� 8 QLW� � � LQ� WKLV� SDUW� RI� WKH� PDS� �ZKLWH�
RXWOLQHG�] RQH��) LJ��� � D���2 WKHU�VRLO�ERXQGDULHV�GR�QRW�DJUHH�DV�ZHOO�ZLWK�WKH�( 0 �PDS��DQG�
WKHVH�GLIIHUHQFHV�ZHUH�LQYHVWLJDWHG�E\ �VRLO�SLW�H[ DPLQDWLRQ����
�
6RLO�XQLWV�� ��� ��� ��� ��DQG�� ��LQGLFDWHG�E\ �EURZQ�FRORXUV�RQ�WKH�ROG�VRLO�PDS��) LJ��� � E��DUH�
FKDUDFWHULVHG�E\ �ZHDNHU�GHYHORSHG�VRLO�SURILOHV�ZLWKRXW�WKH�FKDUDFWHULVWLF� \ HOORZ�EURZQ�
FRORXU�GHYHORSPHQW�RI�8 QLWV�� �DQG�� ��7KLV�FKDQJH�LQ�VRLO�GHYHORSPHQW�URXJKO\ �FRLQFLGHV�
ZLWK�D�FKDQJH�LQ�OLWKRORJ\ �IURP�6SHDUJUDVV�) RUPDWLRQ��VJ��WR�GHJUDGDWLRQ�VXUIDFH�RI�WKH�
6SHDUJUDVV�) RUPDWLRQ�� VJ� ��) LJ��� � F���7RSVRLOV�RI�WKH�PRUH�ZHDNO\ �GHYHORSHG�VRLOV��8 QLWV�
� �� � �� � �� � �� DQG� � � � WHQG� WR� EH� JUH\ � EURZQ� UDWKHU� WKDQ� EURZQ�� 7KHVH� \ RXQJHU� VRLOV� DUH�
PDSSHG�DV�0 RWXSLNR�VRLOV��DQG�WKH�ROGHU�VRLOV�DV�$ WDSR�VRLOV�E\ �&KLWWHQGHQ�HW�DO��� � � � � � ��
�
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�
�

�
�

) LJXUH�� � E��0 RWXSLNR�VRLO�P DS�IRU�WKH�
%DLJHQW�3URSHUW\ �

�

�
�

) LJXUH�� � F��* HRORJ\ �RI�WKH�%DLJHQW�
3URSHUW\ ��- RKQVWRQ�� � � � � �

�

�
�
7KH� ( 0 � PDS� VKRZV� WKDW� DOWKRXJK� WKH� 0 RWXSLNR� VRLOV� KDYH� PRUH� ZHDNO\ � GHYHORSHG�
SURILOHV�WKH\ �DUH�WH[ WXUDOO\ �YHU\ �VLPLODU�WR�WKH�ROGHU�%URZQ�VRLOV��PDSSHG�DV�$ WDSR�VRLOV��
* URXQG�WUXWKLQJ�VKRZHG�WKDW�WKHUH�ZDV�QR�FOHDU�JHRPRUSKLF�GHOLQHDWLRQ�EHWZHHQ�WKH�ROGHU�
DQG� \ RXQJHU� VRLOV� DQG� LQ� SODFHV� WKH� 6SHDUJUDVV� WHUUDFH� WHQGHG� WR� PHUJH� ZLWK� \ RXQJHU�
WHUUDFHV���
�
7KH�( 0 �PDS�VXJJHVWV�WKDW�VXEGLYLVLRQ�RI�WKH�0 RWXSLNR�VRLOV�LQ�WKH�ROG�VRLO�PDS�LV�ODUJHO\ �
E\ �WH[ WXUDO�GLIIHUHQFHV��8 QLW� � �KDV�WKH�ORZHVW�PHDQ�( &� �7DEOH� � � �DQG�LQYHVWLJDWLRQ�VLWH�
%* � � �VKRZV�D�YHU\ �VWRQ\ �VRLO�ZLWK�VWRQHV�WR�WKH�VXUIDFH��DQG�D�GHSWK�WR�JUDYHOV�RI�DERXW�
� � �FP��$ �GLVWLQFW�DUHD�RI�FRPSDUDWLYHO\ �ORZ� ( &� �GHHS�RUDQJH�FRORXU��RFFXUULQJ�ZLWKLQ�
8 QLW�� ��%* � � �ZDV�DOVR�IRXQG�WR�EH�D�SDUWLFXODUO\ �VKDOORZ�VWRQ\ �VRLO��ZKLFK�RFFXUV�DV�SDUW�
RI�8 QLW�� ��VHH�$ SSHQGL[ ���7KH�( 0 �PDS�VKRZV�VLJQLILFDQW�YDULDELOLW\ �RI�VRLOV�LQ�8 QLW�� ��
�
=RQH�( &�VWDWLVWLFV��7DEOH�� � �VKRZV�WKDW�8 QLW�� �KDV�KLJKHU�( &�YDOXHV��DQG�JURXQG�WUXWKLQJ�
FRQILUPV�WKDW�VRLOV�LQ�WKLV� ] RQH�WHQG�WR�EH� ILQHU�WH[ WXUHG�� ,QYHVWLJDWLRQ�SLWV� �%* � ��%* � ��
%* � ��%* � � �DQG�%* � � � �DOO�KDG�JUDYHOV�DW�JUHDWHU�WKDQ�� � �FP��DQG�JUHDWHU�WKDQ�� � � �FP�DW�
WZR�RI�WKH�VLWHV��%* � � ��DQ�DUHD�RI�ORZ�( &��ZDV�LQYHVWLJDWHG�DQG�IRXQG�WR�FRQWDLQ�UXEEOH�
DQG�EULFNV��VXJJHVWLQJ�D�EXLOGLQJ�RQFH�H[ LVWHG�DW�WKLV�VLWH���
�
8 QLW� � �� � � DQG� � � ZHUH� QRW� FOHDUO\ � GLIIHUHQWLDWHG� E\ � WKH� ( 0 � PDS� ZKLFK� PD\ � EH� GXH� WR�
LQDFFXUDWH�VRLO�ERXQGDULHV�RU�VRLO�XQLWV�QRW�GHILQHG�E\ �WH[ WXUH�RQ�WKH�ROG�PDS��$ OVR�SRRU�
UHJLVWUDWLRQ�RI�WKH�ROG�PDS�PD\ �FRQWULEXWH�WR�WKHVH�GLIIHUHQFHV��8 QLW�� �GHOLQHDWHV�DQ�DUHD�
RI�YDULDEOH�VRLOV�RQ�D�EDVLV�RI�WKHLU�( &�YDOXHV���
�
�
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&DUVRQ�+ \ DWW�3URSHUWLHV�

$ W� WKLV� SURSHUW\ � WKH� VRLOV� ZHUH� GULHU�� ZLWK� OLWWOH� RU� QR� LUULJDWLRQ� RFFXUULQJ�� VR� WKDW� VRLO�
FRORXUV��ZKLFK�ZHUH�UHFRUGHG�DW�ILHOG�PRLVWXUH��FRXOG�QRW�EH�GLUHFWO\ �FRPSDUHG�ZLWK�WKH�
%DLJHQW�SURSHUW\ ��VHH�$ SSHQGL[ �����
�
�

�
�
) LJXUH�� � E��0 RWXSLNR�VRLO�P DS�IRU�WKH�
&DUVRQ�+ \ DWW�3URSHUW\ �

�
�
) LJXUH�� � F��* HRORJ\ �RI�WKH�
&DUVRQ�+ \ DWW�3URSHUW\ ��- RKQVWRQ�
� � � � � �

�
�
&KLWWHQGHQ�HW�DO��� � � � � � �PDS�VRLOV�RQ�WKHVH�SURSHUWLHV�DV�WKH�\ RXQJHU�0 RWXSLNR�VRLOV�ZLWK�
D�VPDOO�H[ WHQW�RI�. LNLZD�KLOO�VRLOV�LQ�WKH�QRUWK�ZHVW�FRUQHU�RI�WKH�SURSHUWLHV��) LJ��� � ��7KH�
JHRORJ\ � RI� WKH� DUHD� �) LJ�� � � F�� LV� DOVR� SUHGRPLQDQWO\ � GHJUDGDWLRQ� JUDYHOV� IURP� WKH�
6SHDUJUDVV� IRUPDWLRQ�� ZLWK� D� \ RXQJHU� IDQ� LQ� WKH� QRUWK� HDVW�� 6KDGLQJ� XVHG� RQ� WKH� ROG�
0 RWXSLNR�VRLO�PDS��) LJ��� � E��VXJJHVWV�WKDW�8 QLWV�� ��� �DQG�� ��\ HOORZ�FRORXU��DUH�GLIIHUHQW��
SUHVXPDEO\ � ROGHU�� FRPSDUHG� ZLWK� VRLO� XQLWV� � �� � �� � �� � � �EURZQ� FRORXU�� DQG� � � � �JUHHQ�
FRORXU��� ZKLFK� DUH� \ RXQJHU� VRLOV� DQG� FORVHU� WR� WKH� ULYHU�� 7KH� ( 0 � PDS� DQG� VRLO�
H[ DPLQDWLRQ�SLWV�ZHUH�XVHG�WR�LQYHVWLJDWH�ZKHWKHU�8 QLWV�� ��� �DQG�� �ZHUH�FKDUDFWHULVHG�E\ �
ROGHU�%URZQ�VRLOV��$ WDSR��. LNLZD���DV�ZDV�IRXQG�DW�WKH�%DLJHQW�3URSHUW\ ��8 QLWV�� �DQG�� � ��
RU�E\ � \ RXQJHU�0 RWXSLNR�VRLOV��7KH�( &�PDS�GLG�QRW�LQGLFDWH�DQ\ �VLJQLILFDQW�GLIIHUHQFHV�
EHWZHHQ� WKHVH� WZR� SURSRVHG� PDMRU� VRLO� JURXSV�� LQGLFDWLQJ� WKDW� HYHQ� LI� GHJUHH� RI� VRLO�
GHYHORSPHQW�YDULHG�WKH�WH[ WXUDO�UDQJH�ZDV�VLPLODU���
�
$ W�WKH�VRXWK�HQG�RI�WKH�SURSHUW\ �D�VWRQ\ �VRLO�H[ LVWV�ZLWK�VRPH�FRORXU�GHYHORSPHQW�RI�WKH�
VXEVRLO��L�H��%Z�KRUL] RQ���&+ � �DQG�&+ � ���7KLV�VRLO�LV�VKRZQ�LQ�) LJXUH�� � �DQG�LV�SUREDEO\ �
D�%URZQ�6RLO��
�
&+ � �RFFXUV�RQ�D�KLJKHU�VXUIDFH�PDSSHG�DV�8 QLW� � ��7KLV�VRLO�LV� � � �FP�GHHS��ZLWK�JRRG�
FRORXU�GHYHORSPHQW�LQ�WKH�%�KRUL] RQ�SURYLGLQJ�VRPH�HYLGHQFH�IRU�LW�EHLQJ�DQ�ROGHU�%URZQ�
VRLO��6RLO�H[ DPLQDWLRQ�SLWV�&+ � ��8 QLW�� � ��&+ � ��8 QLW�� � ��&+ � ��8 QLW�� � ��&+ � ��8 QLW�� � ��DQG�
&+ � � ��8 QLW�� � �VKRZ�SUHGRPLQDQWO\ �VLOW�ORDP�WH[ WXUHG�VRLOV��ZLWK�YDU\ LQJ�DPRXQWV�RI�
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�

�
) LJXUH�� � D��( 0 �P DS�RI�WKH�&DUVRQ�+ \ DWW�3URSHUWLHV��

FK� � �
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VWRQHV��7KHUH�LV�VRPH�%�KRUL] RQ�FRORXU�DQG�VWUXFWXUH�GHYHORSPHQW��DOVR�SURYLGLQJ�VRPH�
HYLGHQFH�IRU�WKHVH�VRLOV�WR�EH�FODVVLILHG�DV�ROGHU�%URZQ�6RLOV��
�
�

�
�

) LJXUH�� � ��6RLO�SURILOH��&+ � � �RI�D�VWRQ\ �VRLO�SURILOH�DW�WKH�VRXWK�HQG�RI�WKH�&DUVRQ�+ \ DWW�
3URSHUW\ ��VKRZLQJ�FRORXU�GHYHORSP HQW�RI�WKH�VXEVRLO��
�
�
6RLO� H[ DPLQDWLRQ� SLW� &+ � � �� LQ� 8 QLW� � ZHW�� KDV� D� ZHOO�GHYHORSHG� %Z� KRUL] RQV� DOVR�
VXJJHVWLQJ�LW�LV�DQ�ROGHU�%URZQ�6RLO��3URILOH�&+ � � �RQ�8 QLW�� �LQ�WKH�WRS�QRUWK�ZHVW�FRUQHU�
LV� VLPLODU� WR� WKRVH� IRXQG� DW� &+ � � DQG� &+ � �� 7KLV� LV� D� KLJKHU� VXUIDFH� DQG� PRUH� FOHDUO\ �
UHODWHV� WR� WKH� 6SHDUJUDVV� ) RUPDWLRQ� �) LJ�� � � F��� ,W� LV� PDSSHG� DV� D� . LNLZD� VRLO� E\ �
&KLWWHQGHQ�HW�DO��� � � � � � ��
�
6RLO�H[ DPLQDWLRQ�SLWV�&+ � �DQG�&+ � ��IRXQG�LQ�8 QLW�� �DQG�� �UHVSHFWLYHO\ ��FRUUHVSRQG�ZHOO�
ZLWK�VRLO�GHVFULSWLRQV�IRU�8 QLW�� �DQG�� �IRXQG�DW�WKH�%DLJHQW�3URSHUW\ ��DQG�DUH�WKXV�\ RXQJHU�
0 RWXSLNR�VRLOV��VHH�$ SSHQGL[ ���
�
6RLO�H[ DPLQDWLRQ�SLWV�WKHUHIRUH�SURYLGH�VRPH�HYLGHQFH�IRU�VRLOV�LQ�8 QLWV�� ��� �DQG�� �EHLQJ�
ROGHU��PRUH�GHYHORSHG�VRLOV��ZLWK�VRLO�WH[ WXUHV�EHLQJ�SUHGRPLQDQWO\ �VLOW�ORDP��DQG�VXEVRLOV�
OLJKW�\ HOORZ�EURZQ±\ HOORZ�� ,Q�FRQWUDVW��VRLO�H[ DPLQDWLRQ�SLWV�FORVHU�WR�WKH�ULYHU� �&+ � � ��
&+ � � �� &+ � � �� &+ � � � � KDYH� FRDUVHU� VDQG\ � ORDP� JUH\ � EURZQ� WRSVRLOV� RYHUO\ LQJ� SRRUO\ �
GLIIHUHQWLDWHG�ROLYH�EURZQ�VXEVRLOV�RU�%&�KRUL] RQV��VKRZLQJ�WKDW�WKHVH�DUH�\ RXQJHU�VRLOV���
�
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$ UHDV�ZLWK�ORZHVW��H�J���&+ � ��DQG�KLJKHVW�( &��&+ � � � �YDOXHV�ZHUH�FRQILUPHG�E\ �JURXQG�
WUXWKLQJ� WR� KDYH� WKH� FRDUVHVW� DQG� ILQHVW� WH[ WXUHG� SURILOHV� UHVSHFWLYHO\ �� RI� WKH� VLWHV�
H[ DPLQHG��
�
7KH�ZKLWH�RXWOLQHG�DUHD�LQ�) LJXUH�� � D�VKRZV�D�EDQG�RI�VRLOV�ZLWK�KLJKHU�( &��LQGLFDWHG�E\ �
D�EOXH�FRORXU��FRLQFLGLQJ�ZLWK�8 QLW�� ZHW�RQ�WKH�ROG�VRLO�PDS��7KH�( 0 �PDS�VXJJHVWV�WKDW�
WKLV�PDSSLQJ�XQLW�VKRXOG�EH�FRQWLQXHG�IXUWKHU�WR�WKH�QRUWK��DQG�WKDW�UHJLVWUDWLRQ�RI�8 QLW�� �
LQ�WKLV�DUHD�PD\ �EH�LQDFFXUDWH��
�

�
�
) LJXUH�� � ��6SHDUJUDVV�VXUIDFH�DQG�6SHDUJUDVV�GHJUDGDWLRQ�VXUIDFH�DW�WKH�&DUVRQ�+ \ DWW�
SURSHUW\ �
�
�
: KLOH� WKH� ROG� VRLO� PDS� WKHUHIRUH� VKRZV� UHDO� GLIIHUHQFHV� LQ� VRLO� GHYHORSPHQW�� VRLO�
ERXQGDULHV�DUH�DSSDUHQWO\ �QRW�DFFXUDWH�LQ�DOO�SODFHV��7KLV�LQDFFXUDF\ �LV�SRVVLEO\ �SDUWO\ �GXH�
WR�SRRU�UHJLVWUDWLRQ�RI�WKLV�PDS��SURGXFHG�LQ�WKH�ODWH�� � � � V��
�
�

� �� ( [ WUDSRODWLRQ�RI�( 0 �VXUYH\ �UHVXOWV�WR�0 RWXSLNR�VRLO�P DS�

7KHVH� ( 0 � VXUYH\ � UHVXOWV� FDQ� EH� XVHG� WR� SUHGLFW� GLIIHUHQFHV� EHWZHHQ� WKH� XQODEHOOHG�
PDSSLQJ�XQLWV�RQ�WKH�0 RWXSLNR�PDS� �) LJ�� � � � ��RQ�WKH�EDVLV�RI�VRLO�WH[ WXUDO�GLIIHUHQFHV��
+RZHYHU��H[ WHQVLRQ�RI�WKHVH�UHVXOWV�WR�RWKHU�DUHDV��DV�JLYHQ�LQ�) LJXUH� � � ��PXVW�EH�XVHG�
ZLWK�FDXWLRQ�DQG�VKRXOG�EH�FRQILUPHG�E\ �IXUWKHU�VXUYH\ LQJ�WR�DVVHVV�DQ\ �SRRU�UHJLVWUDWLRQ�
RU�LQDFFXUDWH�VRLO�ERXQGDULHV�ZKLFK�PLJKW�RFFXU�RQ�WKH�ROG�VRLO�PDS��) RU�H[ DPSOH��WKH�( 0 �
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PDS�VXJJHVWV�LQDFFXUDWH�VRLO�ERXQGDULHV�EHWZHHQ�8 QLW�� ��LQFOXGLQJ�8 QLW�� ZHW� �DQG�8 QLW�� �
RQ�WKH�&DUVRQ�+ \ DWW�3URSHUW\ �LQ�WKH�1 : �FRUQHU�RI�WKH�SURSHUW\ ��

$ �VXPPDU\ �WDEOH�WR�DFFRPSDQ\ �WKH�PRGLILHG�0 RWXSLNR�VRLO�PDS� �) LJ�� � � � � LV�SUHVHQWHG�
EHORZ��

�

7DEOH�� ��6XJJHVWHG�OHJHQG�IRU�WKH�0 RWXSLNR�VRLO�P DS�

0 RWXSLNR�
6RLO�8 QLW�

6RLO�' HVFULSWLRQ� / DQG�6XUIDFH� ( TXLYDOHQW�
6RLO� RQ� WKH�
: DLP HD� 6RLO�
0 DS�

0 DMRU� 6RLO�
* URXS�

� �

� �

� � 
 �

� �

6RLO� WH[ WXUHV� EHFRPH�
FRDUVHU��

6RLOV� RI� WKH�
LQWHUPHGLDWH�
WHUUDFHV� �FD� � �
P� DERYH� ULYHU�
OHYHO��

$ WDSR��. LNLZD� %URZQ�6RLO�

� �

� �

7HQG� WR� EH� ILQHU�
WH[ WXUHG�� ZLWK� GHSWK�
WR�JUDYHOV�! �� � �FP�

� � 6RPH�GHHS�VRLOV�ZLWK�
JUDYHOV� ! � � � � FP�� EXW�
YDULDEOH�XQLW��

� � 7HQG� WR� EH� FRDUVHU�
WH[ WXUHG��YDULDEOH�

� � 7HQG� WR� EH� FRDUVHU�
WH[ WXUHG��YDULDEOH�

6RLOV� RI� WKH�
IORRGSODLQV�DQG�
ORZ�WHUUDFHV�

0 RWXSLNR� %URZQ� 6RLO�
LQWHUJUDGLQJ� WR�
5HFHQW�6RLO�

� � � 6WRQ\ �±�YHU\ �VWRQ\ � +RORFHQH� IDQ�
DQG� WHUUDFH�
VXUIDFHV�

0 RWXSLNR� 5HFHQW�6RLO�

�


 �8 QLW�� � �ZDV�QRW�LQYHVWLJDWHG�GXULQJ�WKLV�VXUYH\ ��DQG�LWV�FODVVLILFDWLRQ�LQ�WKLV�WDEOH�LV�DVVXPHG�IURP�LWV�SRVLWLRQ�RQ�WKH�PDS�DGMDFHQW�WR�
8 QLW�� ��+RZHYHU��LW�FRXOG�EH�VLPLODU�WR�8 QLW�� � ��L�H��D�UHFHQW�VWRQ\ �VRLO�GHYHORSHG�RQ�D�+RORFHQH�IDQ�GHSRVLW��) XUWKHU�VXUYH\ �ZRUN�LV�
UHTXLUHG�WR�LQYHVWLJDWH�WKLV��
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�

�

6RLOV�RI�,QWHUP HGLDWH�7HUUDFHV�

6RLOV�RI�) ORRG�3ODLQV�DQG�/ RZ�7HUUDFHV�

%URZQ�VRLOV�
�$WDSR��. LNLZD��

6RLO�
WH[ WXUHV�
EHFRP H�
FRDUVHU�

%URZQ�VRLOV�
LQWHUJUDGLQJ�WR�
5 HFHQW�VRLOV�
�0 RWXSLNR��

6RLO�
WH[ WXUHV�
EHFRP H�
FRDUVHU�

5 HFHQW�VRLOV�
6RLOV�RI�5 HFHQW�) DQV�DQG�7HUUDFHV�

VWRQ\ �

�
) LJXUH�� � ��0 RGLILHG�0 RWXSLNR�VRLO�P DS�ZLWK�VXJJHVWHG�VRLO�OHJHQG�XVLQJ�LQIRUP DWLRQ�
JDLQHG�IURP �WKH�SUHVHQW�VXUYH\ ��
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� ��&RQFOXVLRQV�

6RLOV� UDQJH� IURP� 5HFHQW� VRLOV� RQ� \ RXQJHVW� IDQ� DQG� WHUUDFH� VXUIDFHV� WR� %URZQ� VRLOV�
LQWHUJUDGLQJ� WR� 5HFHQW� VRLOV� �0 RWXSLNR� VRLOV�� RQ� WKH� IORRG� SODLQV� DQG� ORZ� WHUUDFHV� WR�
%URZQ�VRLOV��$ WDSR�DQG�. LNLZD�VRLOV��RQ�VOLJKWO\ �KLJKHU�WHUUDFH�VXUIDFHV���

7KH� ( 0 �VXUYH\ �SURYLGHV�YDOXDEOH�LQIRUPDWLRQ�DERXW� WH[ WXUDO�GLIIHUHQFHV�EHWZHHQ�WKHVH�
VRLOV� DQG� FDQ� EH� XVHG� WR� LQWHUSUHW� GLIIHUHQFHV� EHWZHHQ� WKH� PDSSHG� VRLO� XQLWV� RQ� WKH�
0 RWXSLNR� VRLO� PDS�� 7KLV� VWXG\ � VKRZV� WKDW� WKH� ( 0 � VXUYH\ � LV� D� SRZHUIXO� WRRO� IRU�
LGHQWLI\ LQJ�] RQHV�RI�FRQWUDVWLQJ�VRLOV��ZKLFK�FDQ�WKHQ�EH�IXUWKHU�LQYHVWLJDWHG�LQ�WKH�ILHOG�
E\ �VRLO�SLW�H[ DPLQDWLRQ��( 0 �PDSV�ZHUH�SURGXFHG�IRU�WZR�DUHDV�WRWDOOLQJ�� � � �KD�LQ�� �GD\ V��
0 DSV�ZHUH� WKHQ�XVHG�WR�WDUJHW�WKH�JUHDWHVW�UDQJH�RI�VRLOV� IRU�VRLO�SLW�H[ DPLQDWLRQ��7KH�
VXUYH\ �DOVR�VKRZV�WKDW�FHUWDLQ�XQLWV�RQ�WKH�0 RWXSLNR�VRLO�PDS�KDYH�YDULDEOH�VRLOV�DQG�VRLO�
GHSWKV�� ) RU� H[ DPSOH�� 8 QLW� � � LV� FKDUDFWHULVHG� E\ � GHHSHU�� ILQHU� 0 RWXSLNR� VRLOV� RQ� ERWK�
SURSHUWLHV��EXW�D�SRUWLRQ�RI�8 QLW�� �DW�WKH�%DLJHQW�3URSHUW\ �KDV�YHU\ �ORZ�( &�YDOXHV��LV�YHU\ �
VWRQ\ �WR�WKH�VXUIDFH��DQG�LV�SUREDEO\ �PDSSHG�LQFRUUHFWO\ �DV�8 QLW�� ��EHLQJ�PRUH�VLPLODU�WR�
RWKHU�VRLOV�GHVFULEHG�LQ�8 QLWV�� �DQG�� ��7KH�VXUYH\ �WKHUHIRUH�KLJKOLJKWV�VRPH�LQDFFXUDFLHV�
ERWK�LQ�UHJLVWUDWLRQ�DQG�SRVLWLRQLQJ�RI�VRLO�ERXQGDULHV�RQ�WKH�ROG�0 RWXSLNR�VRLO�PDS��VR�
WKDW�DQ\ �H[ WUDSRODWLRQ�RI�UHVXOWV�IURP�WKLV�VWXG\ �WR�DQRWKHU�DUHD�VKRXOG�EH�DFFRPSDQLHG�E\ �
IXUWKHU�VXUYH\ �ZRUN���

,QIRUPDWLRQ� SURYLGHG� DERXW� GHSWK� WR� JUDYHOV� DQG� VRLO� WH[ WXUH� LV� XVHIXO� WR� DQ\ � IXWXUH�
GHFLVLRQV�DERXW�ODQG�XVH�FKDQJH�LQ�WKLV�DUHD��) RU�H[ DPSOH��VKDOORZ�VWRQ\ �VRLOV�ZLOO�KDYH�
OHVV�DELOLW\ �WR�VWRUH�ZDWHU�DQG�ZRXOG�WKHUHIRUH�UHTXLUH�PRUH�IUHTXHQW�DQG�VPDOOHU�GHSWKV�RI�
LUULJDWLRQ�ZDWHU�DSSOLHG���

&OLPDWLFDOO\ �� WKH� JURZLQJ� GHJUHHV� GD\ V� �! � � � � � � SHU� \ HDU�� PDNH� LW� SRVVLEOH� IRU� D� ZLGH�
UDQJH� RI� FURSV� �H�J��� PDL] H�� WR� EH� JURZQ�� + RUWLFXOWXUDO� FURSV� �H�J��� EHUULHV�� KDYH� EHHQ�
JURZQ�YHU\ �VXFFHVVIXOO\ �RQ�0 RWXSLNR�VRLOV��SURYLGHG�ERURQ�DQG�PDJQHVLXP�GHILFLHQFLHV�
DUH�UHFWLILHG��0 ROOR\ �� � � � � ��

: KHUH�GHHSHU�ORDP\ �VRLOV�RFFXU�WKHUH�DUH�WKHUHIRUH�RSSRUWXQLWLHV�IRU�FKDQJHV�LQ�ODQG�XVH�
IURP�SDVWXUH�WR�FURSSLQJ�DQG�KRUWLFXOWXUH��+RZHYHU��WKLV�VXUYH\ �VKRZV�WKDW�VXFK�VRLOV�DUH�
LQWLPDWHO\ �DVVRFLDWHG�ZLWK�PRUH�VWRQ\ �VRLOV��) HUWLOLW\ �GLIIHUHQFHV�EHWZHHQ�WKH�\ RXQJHU�DQG�
ROGHU�VRLOV�FDQ�EH�DGGUHVVHG�E\ �VXLWDEOH�XVH�RI�IHUWLOLVHU�DQG�WUDFH�HOHPHQWV���

/ LPLWDWLRQV� WR� FKDQJH� IURP� H[ LVWLQJ� VKHHS� DQG� EHHI� SDVWRUDO� XVH� WR� IXWXUH� GDLU\ LQJ��
FURSSLQJ� DQG� KRUWLFXOWXUDO� FURSSLQJ� LQFOXGH� H[ LVWLQJ� IXOO� DOORFDWLRQ� RI� IUHVKZDWHUV� IRU�
LUULJDWLRQ�DQG�WKH�YDULDEOH�QDWXUH�RI�WKH�VRLOV��ZKHUH�VRPH�KLJK�TXDOLW\ ��GHHS�JUDYHO�IUHH�
ORDP\ � VRLOV� H[ LVW� DGMDFHQW� WR� YHU\ � VWRQ\ � VRLOV�� 7KH� EHVW� FKRLFH� RI� ODQG� XVH� WKHUHIRUH�
UHTXLUHV�DFFXUDWH�LQIRUPDWLRQ�DERXW�VRLO�SDWWHUQV�DW�WKH�SURSHUW\ �VFDOH��

�

� �� $ FNQRZOHGJHP HQWV�

: H�ZRXOG�OLNH�WR�DFNQRZOHGJH�WKH�DVVLVWDQFH�DQG�SHUPLVVLRQ�RI�SURSHUW\ �RZQHUV�� ( YDQ�
%DLJHQW��7RP�&DUVRQ�DQG�-RKQ�+ \ DWW��WR�FRQGXFW�WKLV�VWXG\ �RQ�WKHLU�IDUPV���

7KH�VWXG\ �ZDV�SUHSDUHG�IRU�7DVPDQ�' LVWULFW�&RXQFLO��ZLWK�WKH�KHOS�RI�( QYLUROLQN�IXQGLQJ�
XQGHU�* UDQW�� � � �76' &� � ��
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/ DQGFDUH�5HVHDUFK�1 HZ�=HDODQG�/ LPLWHG��

� � �� 5 HIHUHQFHV������

%DVKHU� / 5 � �FRPSLOHU�� � � � � �� 7KH� 0 RWXHND� DQG� 5LZDND� FDWFKPHQWV�� D� WHFKQLFDO� UHSRUW�
VXPPDULVLQJ�WKH�SUHVHQW�VWDWH�RI�NQRZOHGJH�RI�WKH�FDWFKPHQWV��PDQDJHPHQW�LVVXHV�DQG�
UHVHDUFK� QHHGV� IRU� LQWHJUDWHG� FDWFKPHQW� PDQDJHPHQW�� / DQGFDUH� 5HVHDUFK�� / LQFROQ��
&DQWHUEXU\ ��� � � �SS��
�
%UDPOH\ �5 ��3DQWHQ�. ��* REEHWW�' �� � � � ��2 SWLPLVLQJ�YLQH\ DUG�PDQDJHPHQW�WKURXJK�ZKROH�
RI�EORFN�H[ SHULPHQWDWLRQ��3URFHHGLQJV�RI�WKH�� � WK�$ XVWUDODVLDQ�6\ PSRVLXP�RQ�3UHFLVLRQ�
$ JULFXOWXUH��� � �6HSWHPEHU�� � � � ��3DOPHUVWRQ�1 RUWK��1 HZ�=HDODQG��3S��� � ±� � ��
�
&KLWWHQGHQ�( 7��+ RGJVRQ�/ �� ' RGVRQ�. -� � � � � ��6RLOV�DQG�DJULFXOWXUH�RI� : DLPHD�&RXQW\ ��
1 HZ�=HDODQG��6RLO�%XUHDX�%XOOHWLQ� � � �� ' 6,5 �6RL�%XUHDX�� �6FDOH� � �� � � � � � � �� � �PLOHV�WR�
RQH�LQFK��
�
' RROLWWOH�-��( DO\ �( ��6HFULVW�* ��5HFWRU�' ��&URXFK�0 �� � � � ��5HFRQQDLVVDQFH�VRLO�PDSSLQJ�RI�
D� VPDOO� ZDWHUVKHG� XVLQJ� HOHFWURPDJQHWLF� LQGXFWLRQ� DQG� JOREDO� SRVLWLRQLQJ� V\ VWHP�
WHFKQLTXHV��6RLO�6XUYH\ �+RUL] RQV�� � ��� � ±� � ��
�
) HQHPRU� $ �� 3LFNHQV�� $ �� ' DYLH� 7�� ' DZVRQ� 0 �� %DVKHU� / �� %DUULQJHU� -� � � � � �� : DWHU�
DXJPHQWDWLRQ� RSWLRQV� IRU� LUULJDWLRQ� LQ� WKH� 0 RWXSLNR� FDWFKPHQW�� / DQGFDUH� 5HVHDUFK�
&RQWUDFW�5HSRUW�/ &� � � � �� � � �SUHSDUHG�IRU�7DVPDQ�' LVWULFW�&RXQFLO��
�
+HGOH\ �&%��<XOH�,-��( DVWZRRG�&5��6KHSKHUG�7* ��$ UQROG�* �� � � � ��5DSLG�,GHQWLILFDWLRQ�RI�
6RLO�7H[ WXUDO�DQG�0 DQDJHPHQW�=RQHV�XVLQJ�( OHFWURPDJQHWLF�,QGXFWLRQ�6HQVLQJ�RI�6RLOV��
$ XVWUDOLDQ�-RXUQDO�RI�6RLO�5HVHDUFK�� � ��� � � ±� � � ��
�
+HGOH\ � &%�� <XOH� ,-�� %UDGEXU\ � 6� � � � � �� 8 VLQJ� HOHFWURPDJQHWLF� PDSSLQJ� WR� RSWLPLVH�
LUULJDWLRQ� ZDWHU� XVH� E\ � SDVWRUDO� VRLOV�� ,Q�� $ FZRUWK� 5,�� 0 DFN\ � * �� 0 HUULFN� 1 3� HGV�
3URFHHGLQJV� RI� WKH� 1 =+ 6�,$ + �1 =666� &RQIHUHQFH�� � � � 1 RYHPEHU� ±� � � ' HFHPEHU��
$ XFNODQG��&' 5RP��
�
+HZLWW� $ ( � � � � � �� 1 HZ� =HDODQG� VRLO� FODVVLILFDWLRQ�� � QG� HG��� / LQFROQ�� 1 HZ� =HDODQG��
0 DQDDNL�: KHQXD�3UHVV��
�
+XWK�1 ,��3RXOWRQ�3/ �� � � � ��$ Q�HOHFWURPDJQHWLF�LQGXFWLRQ�PHWKRG�IRU�PRQLWRULQJ�YDULDWLRQ�
LQ�VRLO�PRLVWXUH�LQ�DJURIRUHVWU\ �V\ VWHPV��$ XVWUDOLDQ�-RXUQDO�RI�6RLO�5HVHDUFK�� � ��� � ±� � ��
�
-D\ QHV� ' %� � � � � �� ,PSURYHG� VRLO� PDSSLQJ� XVLQJ� HOHFWURPDJQHWLF� LQGXFWLRQ� VXUYH\ V�� ,Q��
5REHUWV�3&��5XVW�5+ ��/ DUVRQ�: ( �HGV�3URFHHGLQJV�RI�WKH�� UG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�
3UHFLVLRQ�$ JULFXOWXUH��� � ±� � �-XQH�� � � � ��0 LQQHDSROLV��0 LQQHVRWD��3S��� � � ±� � � �
�
-RKQVWRQ�0 5� � � � � �� * HRORJLFDO�0 DS�RI�1 HZ�=HDODQG��6KHHW�1 � � �$ �&��0 RWXSLNR��1 HZ�
=HDODQG�* HRORJLFDO�6XUYH\ ���VFDOH�� �� � �� � � � ��
�
. DFKDQRVNL�5* ��* UHJRULFK�( * ��YDQ�: HVHQEHHFN�,-�� � � � ��( VWLPDWLQJ�VSDWLDO�YDULDWLRQV�RI�
VRLO� ZDWHU� FRQWHQW� XVLQJ� QRQ�FRQWDFWLQJ� HOHFWURPDJQHWLF� LQGXFWLYH� PHWKRGV�� &DQDGLDQ�
-RXUQDO�RI�6RLO�6FLHQFH�� � ��� � � ±� � � ��
�



� � �

/ DQGFDUH�5HVHDUFK�1 HZ�=HDODQG�/ LPLWHG��

/ XQG� ( ' �� &KULVW\ � &' �� ' UXPPRQG� 3( � � � � � �� 3UDFWLFDO� DSSOLFDWLRQV� RI� VRLO� HOHFWULFDO�
FRQGXFWLYLW\ �PDSSLQJ��,Q��6WDIIRUG�-9 �HG��3URFHHGLQJV�RI�WKH�� QG�( XURSHDQ�&RQIHUHQFH�RQ�
3UHFLVLRQ� $ JULFXOWXUH�� � � ±� � � -XO\ � � � � � �� 2 GHQVH� &RQJUHVV� &HQWUH�� ' HQPDUN�� 6KHIILHOG��
6&,��3S��� � � ±� � � ��
�
0 F1 HLOO� -' � � � � � �� ( OHFWULFDO� FRQGXFWLYLW\ � RI� VRLO� DQG� URFNV�� * HRQLFV� / WG�� 0 LVVLVVDXJD��
&DQDGD��7HFKQLFDO�1 RWH�71 �� ��
�
0 ROOR\ � / � � � � � �� 6RLOV� RI� WKH� 1 HZ� =HDODQG� ODQGVFDSH�� WKH� OLYLQJ� PDQWOH�� : HOOLQJWRQ��
0 DOOLQVRQ�5HQGHO��
�
1 HZ�=HDODQG�0 HWHRURORJLFDO�6HUYLFH� � � � � �� 6XPPDU\ �RI�FOLPDWRORJLFDO�REVHUYDWLRQV�WR�
� � � � ��0 LVFHOODQHRXV�3XEOLFDWLRQ�� � � ��: HOOLQJWRQ��1 HZ�=HDODQG�0 HWHRURORJLFDO�6HUYLFH��
�
5LJJ� 7� � � � � �� 7KH� VRLOV� DQG� DJULFXOWXUH� RI� WKH� : DLPHD� &RXQW\ �� 1 HOVRQ�� 1 HZ� =HDODQG��
5HSRUW�WR�$ XVWUDOLDQ�DQG�1 HZ�=HDODQG�$ GYDQFHV�LQ�6FLHQFH�� � ��� � � ±� � � ��
�
5LJJ�7��&KLWWHQGHQ�( 7� � � � � ±� � � � ��0 RWXSLNR�VRLO�PDS� � � �� � � �� � � � � � �� � � �FKDLQV�WR�RQH�
LQFK��. H\ �PLVVLQJ��8 QSXEOLVKHG��1 HOVRQ��&DZWKURQ�,QVWLWXWH���
�
5LJJ�7��&KLWWHQGHQ�( 7� � � � � ��&ODVVLILFDWLRQ�RI�ODQG�LQ�WKH� : DLPHD�&RXQW\ ��1 HOVRQ�� IRU�
IOXH�FXUHG�WREDFFR��1 HZ�=HDODQG�-RXUQDO�RI�6FLHQFH�7HFKQRORJ\ �$ � � ��� � ±� � ��
�
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