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8QGHUZDWHU� QRLVH� SURGXFHG�GXULQJ� D�&ODVV� �� SRZHUERDW� UDFH�ZDV�PHDVXUHG� LQ� WKH� %D\� RI� 3LUDQ� �6ORYHQLD�� LQ
6HSWHPEHU�������7KH�FDOFXODWHG�//HT����VHF�RI�D�VLQJOH�SRZHUERDW�SDVVLQJ�����P�DZD\�IURP�WKH�K\GURSKRQH�ZDV�HTXDO
WR�����G%�UH����3D��H[FHHGLQJ�WKH�ORFDO�VHD�DPELHQW�QRLVH�E\�DQ�DYHUDJH�RI�����G%�ZLWKLQ�WKH�FRQVLGHUHG�IUHTXHQF\
UDQJH�����������+]���7KH�VDPH�SRZHUERDW��SDVVLQJ�����P�DZD\��DOORZHG�WKH�HVWLPDWLRQ�RI�WKH�VRXUFH�OHYHO��ZKLFK
LV�����G%�UH����3D�DW���P��&RPSDULVRQV�ZLWK�WKH�KHDULQJ�DELOLWLHV�RI�D�FUXVWDFHDQ��D�ILVK�VSHFLHV��D�PDULQH�PDPPDO�
DQG� LQGLFDWLRQV� IURP� SUHYLRXV� VWXGLHV� OHDG� XV� WR� FRQFOXGH� WKDW� QRLVH� RI� VXFK� LQWHQVLW\� FDQ� HOLFLW� EHKDYLRXUDO� UH�
VSRQVHV�DV�ZHOO�DV�PDVN�DQG�LPSDLU�DFRXVWLF�FRPPXQLFDWLRQ�LQ�WKH�FRQVLGHUHG�DQLPDOV��:H�DOVR�QRWLFHG�WKDW�VRPH
��������VSHFWDWRU¢V�ERDWV�PRYLQJ�DFURVV�WKH�UDFH�ILHOG�VLPXOWDQHRXVO\�DW�WKH�HQG�RI�WKH�UDFH�EURXJKW�DQ�LQFUHPHQW�LQ
WKH�VHD�DPELHQW�QRLVH�H[FHHGLQJ�WKH�SRZHUERDW�QRLVH�LQ�WKH�IUHTXHQF\�UDQJH�EHORZ�����+]�

.H\�ZRUGV��QRLVH�SROOXWLRQ��DQWKURSRJHQLF�LPSDFW��SRZHU�ERDW�UDFH��$GULDWLF�6HD
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,O�UXPRUH�VXEDFTXHR�SURGRWWR�GD�PRWRVFDIL�WLSR�RIIVKRUH�&ODVVH���o�VWDWR�PLVXUDWR�QHO�FRUVR�GL�XQ�*UDQ�3UHPLR
GHO�FDPSLRQDWR�PRQGLDOH�� WHQXWRVL�QHO�VHWWHPEUH������QHOOD�EDLD�GL�3LUDQR��6ORYHQLD���/¢//HT���� VHF�FDOFRODWR�SHU�XQ
VLQJROR�PRWRVFDIR�FKH�WUDQVLWDYD�D�����P�GL�GLVWDQ]D�GDOO¢LGURIRQR�HUD�XJXDOH�D�����G%�UH����3D��VXSHUDQGR�PHGLD�
PHQWH�LO�VHD�DPELHQW�QRLVH�ORFDOH�GL�����G%�QHO�UDQJH�GL�IUHTXHQ]H�FRQVLGHUDWR�����������+]���7HQXWR�FRQWR�GHO�OLY�
HOOR�GL�SUHVVLRQH�VRQRUD�JHQHUDWR�GDOOD�VWHVVD�LPEDUFD]LRQH�FKH�SDVVDYD�DG�XQD�GLVWDQ]D�GL�����P��VL�o�SRWXWR�VWL�
PDUH�LO�VRXUFH�OHYHO��FKH�o�GL�����G%�UH����3D�D���P��/D�FRPSDUD]LRQH�GHOOD�VHQVLELOLWi�DFXVWLFD�GL�GLYHUVH�VSHFLH
PDULQH���XQ�FURVWDFHR��XQ�SHVFH�HG�XQ�PDPPLIHUR���DVVLHPH�DG�LQGLFD]LRQL�WUDWWH�GD�VWXGL�SUHFHGHQWL��SHUPHWWH�GL
FRQFOXGHUH�FKH�UXPRUL�GL�WDOH�LQWHQVLWi�SRVVRQR�GHWHUPLQDUH�YDULD]LRQL�GL�WLSR�FRPSRUWDPHQWDOH��QRQFKn�PDVFKHUDUH
H�UHQGHUH�GLIILFROWRVD�OD�FRPXQLFD]LRQH�DFXVWLFD�QHJOL�DQLPDOL�FRQVLGHUDWL��,QROWUH��o�VWDWR�ULOHYDWR�FKH�FLUFD��������
EDUFKH�FRQ�D�ERUGR�VSHWWDWRUL��OH�TXDOL�VL�PXRYHYDQR�VLPXOWDQHDPHQWH�OXQJR�LO�FRQILQH�GHO�FDPSR�GL�JDUD�DOOD�ILQH
GHOOD�FRPSHWL]LRQH��SRUWDQR�DG�XQ�LQFUHPHQWR�GHO�UXPRUH�DPELHQWH�VXEDFTXHR�ORFDOH��VXSHUDQGR�LO�UXPRUH�SURGRWWR
GD�XQ�PRWRVFDIR�QHO�UDQJH�GL�IUHTXHQ]H�DO�GL�VRWWR�GHL�����+]�

3DUROH�FKLDYH��LQTXLQDPHQWR�DFXVWLFR��LPSDWWR�DQWURSLFR��JDUD�GL�PRWRVFDIL�WLSR�RIIVKRUH��PDUH�$GULDWLFR
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$�FRQVWDQW� LQFUHDVH�RI� WKH�KXPDQ�DFWLYLWLHV� LQ�PDQ\
GLYHUVH�QDWXUDO�HQYLURQPHQWV�KDV�SRLQWHG�RXW�WKH�QHFHV�
VLW\� RI� PRQLWRULQJ� DQG� HYDOXDWLQJ� WKH� SRWHQWLDO� HIIHFWV
WKDW� KXPDQ� SUHVHQFH�PD\� FDXVH�� $PRQJ� RWKHUV�� QRLVH
SROOXWLRQ� LV� D� VHULRXV� WKUHDW� WR� PDULQH� DQLPDOV� ZKRVH
HIIHFWV��FRPSDUHG�WR�PRUH�YLVLEOH�SROOXWDQWV�OLNH�RLO�VSLOOV
DQG�PDULQH�GHEULV��DUH�QRW�DV�HDV\�WR�QRWLFH��(YHQ�LI�WKH\
DUH�QRWLFHG��WKH\�FDQQRW�EH�HDVLO\�VWRSSHG�DQG�FRQILQHG
RXW� RI� VHQVLWLYH� RU� SURWHFWHG� DUHDV�� 1RLVH� SROOXWLRQ� LV
SDUWLFXODUO\� UHOHYDQW� LQ� FRDVWDO� DUHDV� GXH� WR� WKH� KLJK
QXPEHU� RI� DQWKURSRJHQLF� VRXUFHV� DV�� IRU� H[DPSOH�� WKH
PRWRULVHG�YHVVHOV��$OOHQ�	�5HDG��������%XFNVWDII��������
6HYHUDO� VWXGLHV� VKRZHG� WKDW� ERDW� QRLVH� HOLFLW� GLIIHUHQW
W\SHV�RI�DYRLGDQFH�EHKDYLRU�ERWK�LQ�VPDOO�FHWDFHDQV�DQG
LQ�ILVK��H�J���$YHFHGR��������1HVWOHU�HW�DO���������-DQLN�	
7KRPSVRQ��������*UHJRU\�	�5RZGHQ�� ������0LWVRQ�	
.QXGVHQ�� ������ 6DUj� HW� DO��� ������� 7HPSRUDU\� KHDULQJ
ORVV� �6FKROLN� 	� <DQ�� ������ $PRVHU� 	� /DGLFK�� �����
6PLWK�HW�DO����������LPSDLUHG�WHPSRUDO�UHVROXWLRQ�DELOLW\
�:\VRFNL�	�/DGLFK���������GDPDJHV�WR� WKH�VHQVRU\�HSL�
WKHOLD�RI� WKH� LQQHU�HDU� �+DVWLQJV�HW�DO���������0F&DXOH\
HW�DO���������DQG�HQGRFULQRORJLFDO�VWUHVV�UHVSRQVHV��6DQ�
WXOOL�HW�DO���������6PLWK�HW�DO���������FDXVHG�E\�H[SRVXUH
WR� GLIIHUHQW� DQWKURSRJHQLF� QRLVH� W\SHV� KDYH� EHHQ� DOVR
GHPRQVWUDWHG�LQ�WKHVH�WD[D�

$�&ODVV���3RZHUERDW�5DFH��SDUW�RI�WKH�ZRUOG�RIIVKRUH
FKDPSLRQVKLS�� WRRN� SODFH� RXW� RI� 3LUDQ� %D\� �6ORYHQLD�
EHWZHHQ��VW�DQG��UG�6HSWHPEHU�������$ERXW����RIIVKRUH
SRZHUERDWV� SDUWLFLSDWHG� LQ� WKH� FRPSHWLWLRQ�� WKHVH� DUH
ERDWV�ZLWK�D�KLJK�SRZHU�WR�ZHLJKW�UDWLR�DQG�D�KXOO�ZLWK
WZLQ� LQERDUG� HQJLQHV� GHVLJQHG� IRU� HDV\� SODQQLQJ�� KLJK
VSHHG� �XS� WR� ���� NP�K�� $PRVHU� HW� DO�� ������ DQG� LP�
SURYHG�KDQGOLQJ��$OWKRXJK�WKH�RIIVKRUH�FRPSHWLWLRQV�DUH
UDFHG�HYHU\�\HDU�RQ�WKUHH�GLIIHUHQW�FRQWLQHQWV��RQO\�IHZ
HQYLURQPHQWDO� LPSDFW� DVVHVVPHQWV� KDYH� EHHQ�PDGH� RQ
WKHP�� 'HVSLWH� EHLQJ� OLPLWHG� LQ� QXPEHU�� WKHVH� DVVHVV�
PHQWV�SRLQWHG�RXU�D�SDUWLFXODU�FRQFHUQ�DERXW�K\GURORJL�
FDO� IRUFHV� DQG� WXUELGLW\� LQ� YLHZ� RI� WKH� EOXH� PXVVHOV�
DERXW�SRWHQWLDO�FROOLVLRQV�EHWZHHQ�SRZHUERDWV�DQG�PD�
ULQH� PDPPDOV� DQG� DERXW� ILVK� GLVWXUEDQFH� GXH� WR� WKH
KLJK� QRLVH� OHYHOV� HPDQDWLQJ� IURP� WKH� YHVVHOV� �0RUJHQ�
URWK��������������$PRVHU�HW�DO���������

7KH�DLPV�RI� WKH�SUHVHQW� VWXG\�DUH� ���� WR�GHVFULEH�XQ�
GHUZDWHU�QRLVH� HPLVVLRQV�DQG�QRLVH� OHYHOV� SURGXFHG� E\
WKH�SRZHUERDWV�DQG� ���� WR�FRPSDUH� WKHP�ZLWK� WKH� ORFDO
VHD�DPELHQW�QRLVH�UHFRUGHG�ERWK�LQ�TXLHW�DQG�ERDW�WUDIILF
FRQGLWLRQ��7KH�KHDULQJ�DELOLWLHV�RI�D�FUXVWDFHDQ��D�ILVK�VSH�
FLHV�DQG�D�PDULQH�PDPPDO��ZKRVH�KRPH�UDQJHV�LQFOXGH
WKH�FRPSHWLWLRQ�DUHD��DUH� WDNHQ� LQWR�DFFRXQW� LQ�RUGHU� WR
GLVFXVV�WKH�SRWHQWLDO�LPSDFWV�RI�WKH�SRZHUERDW�QRLVH�

0$7(5,$/6�$1'�0(7+2'6

7KH� UDFH�ZDV� UXQ� LQ�6ORYHQLDQ�ZDWHUV�RI� WKH�7ULHVWH

*XOI� �1RUWK�$GULDWLF�6HD�����NP�RXWVLGH� WKH� WRZQ�RI�3L�
UDQ��'DWD�ZHUH�FROOHFWHG�IURP�D�UXEEHU�ERDW�IURP����WR
������ D�P�� RQ� �� 6HSWHPEHU� ����� �SROH� SRVLWLRQ�� DQG
IURP� ��� WR� ��� S�P�� RQ� �� 6HSWHPEHU� ����� �UDFH��� 7KH
UXEEHU�ERDW�ZDV�DQFKRUHG�GXULQJ�ERWK�GD\V�DW�D�GLVWDQFH
RI� DSSUR[LPDWHO\� ���� PHWHUV� IURP� WKH� ORQJHVW� VWUDLJKW
OHJ�RI�WKH�UDFH��)LJ����������
�����

�1�������
�����

�(��
ZKHUH�SRZHUERDWV�SDVVHG�DW�KLJKHVW�VSHHG��7KLV�ZDV�WKH
SODFH�FORVHVW�WR�WKH�UDFH��GXH�WR�DQ�RIILFLDO�VHFXULW\�]RQH�
7KH�ZHDWKHU�ZDV�VXQQ\�RQ�ERWK�GD\V��VHD�VWDWH�����ZLWK
ZDWHU�WHPSHUDWXUH�UDQJLQJ�IURP����&��VXUIDFH��WR����&��DW
���PHWHUV�GHSWK��

7KH�QRLVH�HPLVVLRQ�RI� WKH�SRZHUERDWV�ZDV�UHFRUGHG
DW�D�GHSWK�RI����P��PXGG\�ERWWRP��GHSWK����P��XVLQJ�D
FDOLEUDWHG�5HVRQ�7&�����K\GURSKRQH� �6ODQJHUXS��'HQ�
PDUN��VHQVLWLYLW\������G%�UH���9��3D��DQG�D�3LRQHHU�'�
&���'$7� UHFRUGHU� �3LRQHHU� (OHFWURQLFV��8�6�$��� VDPSOH
UDWH� ����� N+]�� ���ELW�� EDWWHU\� RSHUDWHG�� 7KHVH� VHWWLQJV
ZHUH�XVHG�DOVR� IRU� UHFRUGLQJ� WKH� VHD�DPELHQW�QRLVH�EH�
IRUH�WKH�SROH��ZKHQ�QR�SRZHUERDWV�ZHUH�UXQQLQJ�DQG�D
OLPLWHG�QXPEHU�RI�PRWRU�ERDWV��������ZHUH�YLVLEOH�LQ�3L�
UDQ�%D\��TXLHW�FRQGLWLRQ��4&���DQG�DIWHU� WKH�UDFH��ZKHQ
DERXW� �������� ERDWV� RI� SXEOLF� YLHZHUV� ZHUH� PRYLQJ
DORQJ�WKH�UDFH�FLUFXLW��WUDIILF�FRQGLWLRQ��7&��

$OO� WKH� UHFRUGLQJV�ZHUH�DQDO\VHG� LQ� WHUPV�RI� LQVWDQ�
WDQHRXV� VRXQG�SUHVVXUH� OHYHOV� �63/��/�ZHLJKWHG�� ���+]
WR� ��� N+]�� 506� IDVW�� XVLQJ� 6SHFWUD� 57$� �6RXQG� 7HFK�
QRORJ\��VSHFWUDO�DQDO\VHU�FDOLEUDWHG�ZLWK�D�VLJQDO�RI����
P9� UPV� #�� N+]� DQG� K\GURSKRQH� VHQVLWLYLW\�� )RU� WKH
DQDO\VLV��WHQ����VHF�VDPSOHV�ZHUH�FKRVHQ�IURP�WKH�UDFH
QRLVH� UHFRUGLQJV�� DOO� RI� WKHP� LQFOXGH� WKH� EDFNJURXQG
QRLVH�UHFRUGHG�ZKLOH�VLQJOH�SRZHUERDWV�ZHUH�SDVVLQJ�DW
WKH� PLQLPXP� GLVWDQFH� ����� ���� P�� SRZHUERDW� FORVH�
3&��RU�DW�WKH�PD[LPXP�GLVWDQFH����������P��SRZHUERDW
IDU��3)��IURP�WKH�K\GURSKRQH��'LVWDQFHV�ZHUH�PHDVXUHG
WURXJK�D�KDQG�KROG�*36�QDYLJDWRU��E\�FURVVLQJ�WKH�UDFH
JURXQG�ULJKW�DIWHU� WKH�FRPSHWLWLRQ��ZKLOH� WKH�EXR\V�VHW�
WLQJ� WKH� ODQHV�ZHUH� VWLOO� LQ� SODFH�� 7KHLU� //HT� YDOXHV� ���
VHF��ZHUH�FDOFXODWHG�DV�ZHOO�DV�WKHLU�SRZHU�VSHFWUD�DQG
WKH� ORXGHVW� DQG�ZHDNHVW� VDPSOHV� �FRUUHVSRQGLQJ� WR� WKH
PLQLPXP� DQG� PD[LPXP� GLVWDQFH� RI� WKH� SRZHUERDW�
ZHUH� FRQVLGHUHG� IRU� FRPSDUDWLYH� DQDO\VLV� ZLWK� WKH� VHD
DPELHQW� QRLVH�� ��� VHF�VDPSOHV� RI� DPELHQW� QRLVH� ZHUH
DOVR� UDQGRPO\� FKRVHQ� ERWK� IRU� TXLHW� DQG� WUDIILF� FRQGL�
WLRQ�DQG� WKHLU�//HT� ���� VHF��FDOFXODWHG��7KH� ORXGHVW�DQG
ZHDNHVW� VDPSOHV� ZHUH� FRQVLGHUHG� IRU� FRPSDUDWLYH
DQDO\VLV��WKH�LQVWDQWDQHRXV�VRXQG�SUHVVXUH�OHYHO��//63��/�
ZHLJKWHG�� ���+]� WR� ��� N+]�� 506� IDVW�� ZDV� FDOFXODWHG
RYHU�D����VHF�VDPSOH��Q ���IRU�HDFK�VDPSOH��SHU�HDFK�RI
WKH�IRXU�FRQGLWLRQV��3)��3&��4&��7&��DQG�D�PXOWLYDULDWH
$129$�EDVHG�RQ�WZR�ZLWKLQ�VXEMHFWV�IDFWRUV��IUHTXHQF\
DQG�FRQGLWLRQ��ZLWK�D�%RQIHUURQL� SRVW�KRF� WHVW�ZDV� DS�
SOLHG�RQ�WKH�GDWD�XVLQJ�WKH�FRPSXWHU�SDFNDJH�6WDWLVWLFD
����IRU�:LQGRZV��6WDW6RIW��,QF����$VVXPSWLRQV�RI�QRUPDO�
LW\� DQG�KRPRJHQHLW\� RI� YDULDQFHV�ZHUH�PHW�� 7KH� VRQR�
JUDP� DQG� WKH� ZDYHIRUP� RI� WKH� SRZHUERDW� QRLVH
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)LJ�����5DFH�WUDFN�RI�WKH�&ODVV���SRZHUERDW�UDFH�LQ�3LUDQ�%D\��7KH�EODFN�VTXDUH�LQGLFDWHV�WKH�UHFRUGLQJ�SRVLWLRQ�
6O�����7HNPRYDOQD�SURJD�]D�PRWRUQH�àROQH�UD]UHGD���Y�3LUDQVNHP�]DOLYX��ßUQL�NYDGUDW�R]QDàXMH�PHVWR�RSUDYOMHQLK
PHULWHY�

ZHUH� GLVSOD\HG� XVLQJ� $YLVRIW� 6DV/DE� 3UR� �$YLVRIW� %LR�
DFRXVWLFV�� %HUOLQ�� *HUPDQ\�� VLJQDO� SURFHVVLQJ� VRIWZDUH
�+DPPLQJ� ZLQGRZ�� IUHTXHQF\� EDQGZLGWK� RI� ��� +]�
�����SRLQW�))7��RYHUODS������IUDPH������

5(68/76

2QH� SRZHUERDW� SDVVLQJ� DERXW� ����P� IURP� WKH� K\�
GURSKRQH� �3&�� SURGXFHV� D� QRLVH� WKDW� LV� FRQFHQWUDWHG
PDLQO\� EHORZ� �� N+]� ZLWK� D� PD[LPXP� LQVWDQWDQHRXV
VRXQG�SUHVVXUH�OHYHO��63/��RI�����G%�UH����3D��)URP�WKH
VRQRJUDP� DQG� WKH� SRZHU� VSHFWUD� RI� WKH� QRLVH� �)LJ�� ��
WKUHH�KDUPRQLFV�DUH�HDVLO\�GHWHFWDEOH��7KH�PHDQ�IXQGD�
PHQWDO�IUHTXHQF\�LV�HTXDO�WR�����������+]��UDQJH�����
����+]��Q �����FRUUHVSRQGLQJ�WR�WKH�URWDWLRQDO�VSHHG�RI
WKH�SURSHOOHU�

)LJXUH� �� UHSUHVHQWV� WKH� SRZHU� VSHFWUD� RI� WKH� IRXU
FRQVLGHUHG�FRQGLWLRQV� �3)��3&��4&��7&���7KH�KDUPRQLF
SHDNV�DUH�HYLGHQW�LQ�WKH�VSHFWUD�RI� WKH�SRZHUERDW�QRLVH
UHFRUGHG�DW�����P� �3&��DQG�DW�����P� �3)��RI�GLVWDQFH�
3&�VSHFWUD� OHYHOV� UHPDLQ�PXFK�KLJKHU� LQ� WKH�XSSHU� IUH�
TXHQF\� UDQJH� WKDQ�DOO� WKH� RWKHU� FRQGLWLRQV�� 7KLV� LV� QRW
WKH� FDVH� RI� 3)� VSHFWUD� WKDW� VKRZ� D� GHFUHPHQW� DW� KLJK
IUHTXHQF\� VLPLODU� WR� 4&� DQG� 7&�� 7KLV� OLNHO\� RFFXUUHG
EHFDXVH� WKH� QRLVH� WUDQVPLVVLRQ� ORVV� LV� IUHTXHQF\� GH�
SHQGHQW��DQG�DWWHQXDWLRQ�RI�VRXQG�E\�VHDZDWHU�LQFUHDVHV
ZLWK�LQFUHDVLQJ�IUHTXHQF\��5RJHUV�	�&R[���������2Q�WKH
RSSRVLWH�� WKH�PDLQ� HQHUJ\� LQ� WKH� ORZ� IUHTXHQF\� UDQJH
������+]��LV�SURGXFHG�E\�WKH�ERDW�WUDIILF�SUHVHQW�LQ�WKH
DUHD�DIWHU�WKH�UDFH��7&���$V�SUHGLFWDEOH��4&�KDV�WKH�TXL�
HWHVW� VSHFWUD�� &RPSDUHG� WR� TXLHW� FRQGLWLRQV� �4&��� 3&
QRLVH�VKRZV�DQ�DOPRVW�FRQVWDQW� LQFUHPHQW�RI����������
G%�DORQJ�DOO�WKH�IUHTXHQFLHV��Q ����
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)LJ�����6RQRJUDP��SRZHU�VSHFWUD��RQ�WKH�OHIW��DQG�RVFLOORJUDP��DERYH��RI�WKH�QRLVH�SURGXFHG�E\�D�SRZHUERDW�SDVV�
LQJ�DW�����P�IURP�WKH�K\GURSKRQH��+DPPLQJ�ZLQGRZ��IUHTXHQF\�EDQGZLGWK�RI����+]�������SRLQW�))7��RYHUODS
�����IUDPH������
6O�����6RQRJUDP��VSHNWUL�PRàL��QD�OHYL��LQ�RVFLOORJUDP��]JRUDM��KUXSD��NL�JD�MH�SRY]URàLO�PRWRUQL�àROQ�QD�UD]GDOML����
P�RG�KLGURIRQD��+DPPLQJRYR�RNQR��ÉLULQD�IUHNYHQàQHJD�SDVX����+]�������WRàN�))7��SUHNULYDQMH������RNYLU������

7KH�FDOFXODWHG�//HT� ����VHF��IRU�HDFK�RI�WKH�IRXU�FRQ�
VLGHUHG�FRQGLWLRQV��3)��3&��4&��7&�� LV�HTXDO�WR�����G%
UH����3D��3&�������G%�UH����3D��3)���������G%�UH����3D
�4&��DQG�������G%�UH����3D��7&���$OWKRXJK�VRPH�YDOXHV
FDQ� EH� FRQVLGHUHG� VLPLODU�� D� PXOWLYDULDWH� $129$� UH�

YHDOHG�D�VLJQLILFDQW�HIIHFW�RI�WKH�IRXU�FRQGLWLRQV��3)��3&�
4&��7&��RQ� WKHLU�//63�FDOFXODWHG�RYHU����VHF� �) ������
3��������DQG�WKH�SRVW�KRF�%RQIHUURQL�WHVW�LQGLFDWHV�WKDW
HDFK� FRQGLWLRQ� GLIIHUV� VLJQLILFDQWO\� IURP� DOO� WKH� RWKHUV
�3��������

)LJ�����3RZHU�VSHFWUD�RI�WKH�GLIIHUHQW�UHFRUGHG�QRLVH��4&� �VHD�DPELHQW�QRLVH�LQ�TXLHW�FRQGLWLRQ��7&� �VHD�DPELHQW
QRLVH�LQ�WUDIILF�FRQGLWLRQ��3&� �QRLVH�SURGXFHG�E\�D�SRZHUERDW�SDVVLQJ�DW�D�GLVWDQFH�RI�����P�IURP�WKH�UHFRUGLQJ
SRLQW��3)� �QRLVH�SURGXFHG�E\�D�SRZHUERDW�SDVVLQJ�DW�����P�GLVWDQFH�IURP�WKH�UHFRUGLQJ�SRLQW��6HH�WH[W�IRU�GHWDLOV�
6O�����6SHNWUL�PRàL�UD]OLàQHJD�KUXSD��4&� �KUXS�ORNDOQHJD�PRUVNHJD�RNROMD�Y�PLUQLK�UD]PHUDK��7&� �KUXS�ORNDO�
QHJD�PRUVNHJD�RNROMD�Y�UD]PHUDK�SRYHàDQHJD�PRUVNHJD�SURPHWD��3&� �KUXS��NL�JD� MH�SRY]URàLO�PRWRUQL�àROQ�QD
UD]GDOML�����P�RG�WRàNH�PHUMHQMD��3)� �KUXS��NL�JD�MH�SRY]URàLO�PRWRUQL�àROQ�QD�UD]GDOML�����P�RG�WRàNH�PHUMHQMD�
3RGUREQRVWL�Y�EHVHGLOX�VDPHP�
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',6&866,21�$1'�&21&/86,216

%RDW�DQG�VKLSV�DUH�PDMRU�FRQWULEXWRUV� WR� WKH�RYHUDOO
PDQ�PDGH�QRLVH� LQ� WKH� VHD�� JLYHQ� WKHLU� ODUJH� QXPEHUV�
ZLGH�GLVWULEXWLRQ�DQG�PRELOLW\��6HD�WUDIILF�QRLVH�FKDUDF�
WHUL]HV�WKH�VHD�DPELHQW�QRLVH�RI�FRDVWDO�DUHDV�PDLQO\� LQ
WKH� UDQJH�EHORZ���N+]��QHYHUWKHOHVV�ERDW�QRLVH� VRXUFH
OHYHO� �L�H�� WKH� DPRXQW� RI� UDGLDWHG� VRXQG� DW� D� SDUWLFXODU
IUHTXHQF\� PHDVXUHG� DW� �P� IURP� WKH� VRXUFH�� DQG� IUH�
TXHQF\�FKDUDFWHULVWLFV�DUH�H[WUHPHO\�YDULDEOH�LQ�UHODWLRQ
WR� VSHHG�� ORDG�� SLWFK� DQJOH� RI� SURSHOOHU� DQG� DJH� RI� WKH
YHVVHO��0LWVRQ���������/HYHOV�DQG�IUHTXHQFLHV�RI�ERWK�WR�
QDO� DQG�EURDGEDQG� VRXQGV� WHQG� WR� EH� UHODWHG� WR� YHVVHO
VL]H��EXW�DUH�DOVR�VWURQJO\�DIIHFWHG�E\�YHVVHO�GHVLJQ�DQG
VSHHG��5LFKDUGVRQ�HW�DO����������,Q�JHQHUDO��VRXUFH�OHYHOV
RI� VPDOO� ERDWV� LQFUHDVHG� ZLWK� LQFUHDVLQJ� VSHHG� �(UEH�
������� ZKHUHDV� IRU� ODUJH� YHVVHOV� �PHUFKDQW� FDUJR� DQG
SDVVHQJHU� VKLSV��� WKH� UHODWLRQVKLS� LV� ORJDULWKPLF� �5RVV�
�������$W�KLJK�VSHHG��SURSHOOHU�FDYLWDWLRQ�SURGXFHV�PRVW
RI� WKH� EURDGEDQG� QRLVH�� ZLWK� GRPLQDQW� WRQHV� DULVLQJ
IURP� WKH� SURSHOOHU� EODGH� UDWH�� ZKHUHDV� DW� ORZ� VSHHGV�
ZDYH�VSODVKLQJ�DQG�HQJLQH�QRLVH�DUH�XVXDOO\�DXGLEOH�DV
WKH�SULPH�FRPSRQHQW�RI�WKH�QRLVH��5RVV��������

7KH�SUHVHQW�SDSHU�LQGLFDWHV�D�//HT� ����VHF��RI�����G%
UH� �� �3D� IRU� D� SRZHUERDW� SDVVLQJ� DW� ����PHWHU� RI� GLV�
WDQFH�DQG�D�PD[LPXP�LQVWDQWDQHRXV�63/�RI�����G%�UH��
�3D��DFFRUGLQJ� WR�$PRVHU�HW�DO�� �������� WKDW� UHSRUWHG�D
PD[LPXP�QRLVH�OHYHOV�RI�����G%�UH����3D��LQVWDQWDQHRXV
63/�� JHQHUDWHG� E\� SRZHUERDWV� UXQQLQJ� DW� D� GLVWDQFH� RI
����P��7KLV�QRLVH�OHYHO� LV�FRQVLGHUDEO\� ORXGHU� WKDQ�VHD
DPELHQW� QRLVH� UHFRUGHG� LQ� WKH� DUHD� LQ� TXLHW� FRQGLWLRQ
�������G%� UH����3D���RQ� WKH�RWKHU�KDQG�� LW� LV� VLPLODU� WR
WKH�EDFNJURXQG�QRLVH�PHDVXUHG�LQ�FRQFRPLWDQFH�RI�HOH�
YDWHG� ERDW� WUDIILF� ������� G%� UH� �� �3D��� 7KH� QRLVH� SUR�
GXFHG�E\�ERDW�WUDIILF�LV�PDLQO\�FRQFHQWUDWHG�EHORZ����
+]�� ZKHUHDV� WKH� SRZHUERDW� QRLVH� VKRZV� KDUPRQLF
SHDNV�DQG�D�KLJK�HQHUJ\�FRPSRQHQW�DW�KLJK� IUHTXHQF\�
$�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�DOO�WKH�FRQVLGHUHG�QRLVH
FRQGLWLRQV�LQ�WHUPV�RI�LQVWDQWDQHRXV�63/�LV�FRQILUPHG�E\
WKH�PXOWLYDULDWH� $129$�� 7KH� SRVW�KRF� %RQIHUURQL� WHVW
GHPRQVWUDWHV� IUHTXHQF\�GHSHQGHQW� YDULDWLRQ� RI� WKH
EDFNJURXQG�QRLVH�DFFRUGLQJ�WR�WKH�QXPEHU�DQG�W\SHV�RI
YHVVHOV�SUHVHQW�LQ�WKH�DUHD�

$PRVHU�HW� DO�� ������� LQGLFDWH� D� VRXUFH� OHYHO� �6/�� RI
WKH� SRZHUERDW� HTXDOV� WR� ���� G%� UH� �� �3D� DW� �� P� GLV�
WDQFH��DVVXPLQJ�D� VSKHULFDO� QRLVH� VSUHDGLQJ�PRGHO� ���
ORJ�5��ZKHUH�5�LV�WKH�GLVWDQFH�EHWZHHQ�QRLVH�VRXUFH�DQG
K\GURSKRQH���2Q� WKH� RWKHU� KDQG��ZH� FRQVLGHUHG� D�F\�
OLQGULFDO� VSUHDGLQJ� ���� ORJ� 5�� DV� WKH� EHVW� WUDQVPLVVLRQ
ORVV�PRGHO� LQ� VKDOORZ�ZDWHU� �5LFKDUGVRQ� HW� DO��� ������
REWDLQLQJ� D� VRXUFH� OHYHO� RI� DSSUR[LPDWHO\� ���� G%� DW� �
P��$OWKRXJK�LW�PXVW�EH�FRQVLGHUHG�DQ�HVWLPDWLRQ��GXH�WR
VHYHUDO� RWKHU� YDULDEOHV� DIIHFWLQJ� WKH� VRXQG� SURSDJDWLRQ
LQ� FRVWDO� DUHD� �L�H�� ERWWRP� PRUSKRORJ\�� DEVRUSWLRQ�
VKDGRZ� ]RQHV� GXH� WR� UHIUDFWLRQ�� VDOLQLW\�� WHPSHUDWXUH
FOLQHV�� HWF��� WKLV� 6/� GRHV� QRW� YDU\� D� ORW� IURP� RWKHU� UH�

SRUWHG�6/�YDOXHV� IRU�GLIIHUHQW�VKLSV��)ROORZLQJ�%RXVVDUG
��������FUXLVLQJ�EDUJHV�DQG�KLJK�VSHHG�ERDWV�GHWHUPLQH
���� RFWDYH� EDQG� OHYHOV� RI� XS� WR� ���� DQG� ���� G%�
9DVFRQFHORV�HW�DO���������LQGLFDWH�D�VRXUFH�OHYHO�DW��¬P
RI�DSSUR[����¬G%�EHLQJ�SURGXFHG�E\�D� IHUU\�ERDW��(UEH
������� UHSRUWHG�ERDW� VRXUFH� OHYHOV� UDQJLQJ� IURP����� WR
����G%�UH����3D�DW��P��DQ�DYHUDJH�RI�����G%�UH����3D�DW
�P� IRU� VSHHGV� RI� DURXQG� ��� NP�K���ZKHUHDV�*UHHQH�	
0RRUH� ������� UHFRUGHG� D� QRLVH� RI� ���¬G%� EHLQJ� SUR�
GXFHG�E\�D����KRUVHSRZHU�RXWERDUG�PRWRU�DW�D�GLVWDQFH
RI���¬P�

0RUHRYHU��ZH�FDOFXODWHG�WKDW�D�6/�RI�����G%�DW���P
DW�D�GLVWDQFH�RI�����P�JHQHUDWHV�D�VRXQG�SUHVVXUH�OHYHO
HTXDO� WR� ���� G%� UH� �� �3D� DFFRUGLQJ� WR� WKH� F\OLQGULFDO
PRGHO�� WKLV� YDOXH� ILWV� ZHOO� ZLWK� WKH� PHDVXUHG� //HT� ���
VHF�� RI� D� SRZHUERDW� SDVVLQJ� DW� ���� P� GLVWDQFH�� FRQ�
ILUPLQJ� WKH�YDOLGLW\�RI� WKH�PRGHO��7KLV� OHDGV�XV� WR� FRQ�
FOXGH� WKDW� WKH� SRZHUERDW� QRLVH� LV� WKHRUHWLFDOO\� GHWHFW�
DEOH�DERYH�WKH�ORFDO�VHD�DPELHQW�QRLVH��TXLHW�FRQGLWLRQ�
4&��//HT� ���� VHF�� �������G%� UH����3D�� IRU� DERXW� �� NP
IURP� WKH� VRXUFH�� XS� WR� WKLV� GLVWDQFH�� ZH� FDOFXODWHG� D
QRLVH�WR�DPELHQW�QRLVH�UDWLR�ODUJHU�WKDQ�RQH�

&\OLQGULFDO� VSUHDGLQJ� HTXDWLRQ�� KRZHYHU�� GRHV� QRW
DFFRXQW�IRU�YDULDEOHV�VXFK�DV�VRXUFH�DQG�UHFHLYHU�GHSWK
RU� FRPSOH[�ERWWRP� LQWHUDFWLRQV�� WKHUHIRUH�ZH�ZLOO� FRQ�
VLGHU�RQO\�WKH�QRLVH�YDOXHV�UHFRUGHG�LQ�WKH�ILHOG�IRU�GLV�
FXVVLQJ� WKH�SRWHQWLDO� LPSDFW�RI�SRZHUERDW�QRLVH�RQ� WKH
ORFDO� IDXQD�� 6LQFH� WKH� VRXUFH� OHYHO� RI� WKH� SRZHUERDW
QRLVH�LV�VXUHO\�KLJKHU�WKDQ�WKH�KHUH�FRQVLGHUHG�YDOXH�� LW
LV�OLNHO\�WKDW�WKH�LPSDFWV�DUH�JUHDWHU�WKDQ�WKRVH�GLVFXVVHG
KHUH�

)LJXUHV� �� DQG� �� FRPSDUH� WKH� VHD� DPELHQW� QRLVH� LQ
WKH� IRXU�FRQGLWLRQV�� L�H�� VHD�DPELHQW�QRLVH� LQ�TXLHW�DQG
WUDIILF� FRQGLWLRQV� �4&�� 7&�� DQG� QRLVH� SURGXFHG� E\� D
SRZHUERDW�ZKHQ�SDVVLQJ�FORVH�DQG� IDU� IURP� WKH�K\GUR�
SKRQH��DERXW�����DQG�����P�UHVSHFWLYHO\��3&��3)���ZLWK
WKH�DXGLRJUDPV�RI�D�WHOHRVW�ILVK��WKH�VHD�EDVV��'LFHQWUDU�
FKXV� ODEUD[��� D�FUXVWDFHDQ�� WKH�SUDZQ� �3DODHPRQ� VHUUD�
WXV�� DQG� D� PDULQH� PDPPDO�� WKH� ERWWOHQRVH� GROSKLQ
�7XUVLRSV�WUXQFDWXV���ZKLFK�DUH�SUHVHQW�LQ�WKH�DUHD�RI�LQ�
WHUHVW��*HQRY�	�)XUODQ���������7KH�VHD�EDVV�LV�D�KHDULQJ
JHQHUDOLVW� ILVK� �/RYHOO�� ������ /RYHOO� HW� DO��� ����D�� WKDW
ODFNV� DFFHVVRU\� KHDULQJ� VWUXFWXUHV� �DLU�ILOOHG� FDYLWLHV
FRQQHFWHG� WR� WKH� LQQHU� HDU�� DQG� LW� LV� WKHUHIRUH� PDLQO\
VHQVLWLYH� WR� SDUWLFOH� PRWLRQ� FRPSRQHQWV� RI� ORZ� IUH�
TXHQF\�VRXQGV�DW�UHODWLYHO\�KLJK�VRXQG�LQWHQVLWLHV��+DZ�
NLQV� 	� 0\UEHUJ�� ������ /DGLFK� 	� 3RSSHU�� ������� ,WV
VRXQG�SUHVVXUH�DXGLRJUDP�UHYHDOV�D�PD[LPXP�VHQVLWLY�
LW\� RI� ��� G%� UH� �� �3D� DURXQG� ���� +]� DQG� D� KHDULQJ
UDQJH�XS�WR�DERXW���N+]��7KH�FUXVWDFHDQ�3��VHUUDWXV�KDV
D�SHUFHSWLRQ�RI�VRXQG�VLPLODU� WR�KHDULQJ�JHQHUDOLVW� ILVK�
EHLQJ� UHVSRQVLYH� WR� VLJQDOV� UDQJLQJ� LQ� IUHTXHQF\� IURP
���� WR������+]�DQG�KDYLQJ�D�SHDN� VHQVLWLYLW\� DW�DERXW
���� +]� �/RYHOO� HW� DO��� ����E��� 7KH� FRPSDULVRQ� RI� WKH
KHDULQJ�VHQVLWLYLWLHV�RI�WKHVH�VSHFLHV�ZLWK�DEVROXWH�SRZ�
HUERDW� VSHFWUD� �)LJ�� ��� VKRZV� WKDW� WKH\� DUH� QRW� DIIHFWHG



$11$/(6�©�6HU��KLVW��QDW��©����©������©��

0DUWD�3,&&,8/,1�HW�DO���&+$5$&7(5,=$7,21�2)�7+(�12,6(�352'8&('�%<�&/$66���32:(5%2$7�5$&(�,1�3,5$1�%$<��6/29(1,$��������������

���

)LJ�����$XGLRJUDPV�RI�D�KHDULQJ�JHQHUDOLVW� ILVK�� WKH�VHD
EDVV� �'LFHQWUDUFKXV� ODEUD[�� IURP� /RYHOO�� ������� DQG� D
FUXVWDFHDQ�� WKH�SUDZQ� �3DODHPRQ� VHUUDWXV�� IURP�/RYHOO
HW� DO��� ����E��� FRPSDUHG�ZLWK� GLIIHUHQW� QRLVH� VSHFWUD�
4&� � VHD� DPELHQW� QRLVH� LQ� TXLHW� FRQGLWLRQ�� 7&�  � VHD
DPELHQW�QRLVH�LQ�WUDIILF�FRQGLWLRQ��3&� �QRLVH�SURGXFHG
E\�D�SRZHUERDW�SDVVLQJ�DW�����P�RI�GLVWDQFH�IURP�WKH
UHFRUGLQJ�SRLQW��6HH�WH[W�IRU�GHWDLOV�
)LJ�����$YGLRJUDPL�PRUVNLK�YUVW� �� VOXÉQLK�JHQHUDOLVWRY�
EUDQFLQD� �'LFHQWUDUFKXV� ODEUD[�� SR� /RYHOOX�� ������ LQ
ËDJDVWH� NR]LFH� �3DODHPRQ� VHUUDWXV�� SR� /RYHOOX� HW� DO��
����E��� SULPHUMDQL� ]� UD]OLàQLPL� VSHNWUL� KUXSD�� 4&�  
KUXS�ORNDOQHJD�PRUVNHJD�RNROMD�Y�PLUQLK�UD]PHUDK��7&
 � KUXS� ORNDOQHJD� PRUVNHJD� RNROMD� Y� UD]PHUDK� SR�
YHàDQHJD�PRUVNHJD� SURPHWD�� 3&�  � KUXS�� NL� JD� MH� SR�
Y]URàLO�PRWRUQL� àROQ�QD� UD]GDOML�����P�RG� WRàNH�PHU�
MHQMD��3RGUREQRVWL�Y�EHVHGLOX�VDPHP�

)LJ�����$XGLRJUDPV�RI� WKH�ERWWOHQRVH�GROSKLQ� �7XUVLRSV
WUXQFDWXV��IURP�-RKQVRQ��������FRPSDUHG�ZLWK�GLIIHUHQW
QRLVH� VSHFWUD� �[�D[HV� LQ� ORJDULWKPLF� VFDOH��� 4&�  � VHD
DPELHQW� QRLVH� LQ� TXLHW� FRQGLWLRQ�� 7&�  � VHD� DPELHQW
QRLVH� LQ� WUDIILF� FRQGLWLRQ�� 3&�  � QRLVH� SURGXFHG� E\� D
SRZHUERDW� SDVVLQJ� DW� ����P� RI� GLVWDQFH� IURP� WKH� UH�
FRUGLQJ�SRLQW��6HH�WH[W�IRU�GHWDLOV�
6O�� ��� $YGLRJUDPL� YHOLNH� SOLVNDYNH� �7XUVLRSV� WUXQFDWXV�
SR� -RKQVRQX�� ������� SULPHUMDQL� ]� UD]OLàQLPL� VSHNWUL
KUXSD��[�RVL�QD�ORJDULWPLàQL�OHVWYLFL���4&� �KUXS�ORNDO�
QHJD�PRUVNHJD�RNROMD�Y�PLUQLK�UD]PHUDK��7&� �KUXS�OR�
NDOQHJD�PRUVNHJD�RNROMD�Y� UD]PHUDK�SRYHàDQHJD�PRU�
VNHJD�SURPHWD�� 3&� �KUXS�� NL� JD� MH� SRY]URàLO�PRWRUQL
àROQ�QD�UD]GDOML�����P�RG�WRàNH�PHUMHQMD��3RGUREQRVWL
Y�EHVHGLOX�VDPHP�

E\� WKH�4&��2Q� WKH�RSSRVLWH�� WKH� LQFUHDVH� LQ�SUHYDLOLQJ
VHD�QRLVH�GXH�WR�D�SRZHUERDW�SDVVLQJ�DW�����P�GLVWDQFH
�3&�� UHVXOWV� LQ� WKH� VLJQDO� GHWHFWLRQ� EHLQJ� LPSDLUHG�� ,I
PDVNLQJ�LV�DVVXPHG�WR�RFFXU�ZKHQ�WKH�QRLVH�EDQG�OHYHOV
DUH�HTXDO� WR�RU�KLJKHU� WKDQ� WKH�EDQG� OHYHOV�RI�D� VLJQDO�
IROORZLQJ� )OHWFKHU
V� HTXDO�SRZHU�DVVXPSWLRQ� �)OHWFKHU�
������� WKH� VHD� EDVV� DQG� WKH� SUDZQ� DUH� OLNHO\� WR� EH
PDVNHG�PDLQO\�LQ�WKH�IUHTXHQFLHV�FRQFRPLWDQW�ZLWK�WKH
KDUPRQLFV��ZKLFK�FRQWDLQ� WKH�SHDN�HQHUJ\�RI� WKH�QRLVH
JHQHUDWHG� E\� SRZHUERDW�� 7KH� VDPH� HIIHFW� KDV� EHHQ
GHPRQVWUDWHG� LQ� RWKHU� JHQHUDOLVW� ILVK� E\� $PRVHU� HW� DO�
�������

$W� ORZ� IUHTXHQF\� UDQJH� �EHORZ� ���� +]��� KRZHYHU�
WKH�ERDW�WUDIILF�VHHPV�WR�KDYH�DQ�LPSDFW�RQ�WKH�ILVK�VSH�
FLHV��GXH� WR�DQ� LQFUHPHQW�RI� WKH�DPELHQW�QRLVH�XS� WR�D
PD[LPXP�RI�DERXW���G%�DERYH�WKHLU�KHDULQJ�WKUHVKROGV�
$�PDVNLQJ�HIIHFW�FDQ�EH�K\SRWKHVL]HG� LQ� WKH�EHVW�KHDU�
LQJ�UDQJH�RI�WKH�VHD�EDVV��ERDW�QRLVH�QHJDWLYH�LPSDFWV�RQ
KHDULQJ�DQG�DFRXVWLF�FRPPXQLFDWLRQ�KDYH�EHHQ�DOUHDG\
GHPRQVWUDWHG� LQ� WKH� /XVLWDQLDQ� WRDGILVK� �+DOREDWUDFKXV

GLGDFW\OXV���9DVFRQFHORV�HW�DO����������WKH�EURZQ�PHDJUH
�6FLDHQD� XPEUD�� DQG� WKH� 0HGLWHUUDQHDQ� GDPVHOILVK
�&KURPLV�FKURPLV��&RGDULQ�HW�DO���������

7KH�GROSKLQ¤V�DXGLRJUDP� �-RKQVRQ�������� VKRZHG�D
IUHTXHQF\� UDQJH� WKDW� H[WHQGV� IURP� ��� +]� WR� ���� N+]
ZLWK� KHDULQJ� VHQVLWLYLW\� LPSURYLQJ� JUDGXDOO\� ZLWK� IUH�
TXHQF\� XS� WR� D� PD[LPXP� VHQVLWLYLW\� LQ� WKH� UDQJH� EH�
WZHHQ����N+]�DQG�����N+]��ZKHUH�DFRXVWLF�FRPPXQL�
FDWLRQ�WDNHV�SODFH��$FFRUGLQJ�WR�ILJXUH����WKH�ERWWOHQRVH
GROSKLQ��7�� WUXQFDWXV��SHUFHLYHV�DOO� WKH�KHUH�FRQVLGHUHG
VHD�EDFNJURXQG�QRLVH�FRQGLWLRQV��4&��7&��3&��3)���(UEH
	� )DUPHU� ������� LQGLFDWHG� WKDW� D� SURSHOOHU� FDYLWDWLRQ
QRLVH� PD\� FRPSOHWHO\� PDVN� D� W\SLFDO� EHOXJD� �'HO�
SKLQDSWHUXV�OHXFDV��ORFDOL]DWLRQ�IRU�QRLVH�WR�VLJQDO�UDWLRV
JUHDWHU� WKDQ� ��� G%�� $OWKRXJK� LW� DSSHDUV� OLNHO\� WKDW� WKH
QRLVH�SURGXFHG�E\�D�SRZHUERDW�SDVVLQJ�DW�����DV�ZHOO
DV� ���� P� GLVWDQFH� FDQ� DIIHFW� WKH� ERWWOHQRVH� GROSKLQ
FRPPXQLFDWLRQ�DELOLW\��D�PRUH�DFFXUDWH�UHVHDUFK�VKRXOG
EH�GRQH��H[FHHGLQJ�WKH�DLP�RI�WKH�SUHVHQW�SDSHU��,W�PXVW
EH�FRQVLGHUHG��IRU�H[DPSOH�� WKDW�FRQWUDU\� WR� ILVKHV��PD�
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ULQH� PDPPDOV� DUH� DEOH� WR� SURGXFH� PRUH� FDOOV�� ORXGHU
FDOOV�DQG�VKLIWLQJ�WKH�IUHTXHQF\�RI�WKHLU�YRFDOL]DWLRQ�DV�D
FRQVHTXHQFH� RI� HOHYDWHG� EDFNJURXQG� QRLVH� �$X�� �����
)RRWH�HW�DO����������)URP�D�EHKDYLRXUDO�SRLQW�RI�YLHZ��D
EURDGEDQG�VRXQG�SUHVVXUH�OHYHO�RI�����G%�UH����3D��DV
WKH�RQH�SURGXFHG�E\�D�SRZHUERDW�SDVVLQJ�DW�D�GLVWDQFH
RI�����P��LV�XVHG�LQ�PDULQH�PDPPDOV�DV�D�WKUHVKROG�RI
UHVSRQVLYHQHVV� �5LFKDUGVRQ� HW� DO��� ������� )ROORZLQJ
(UEH¤V�PRGHOV��(UEH���������ERDW�VRXUFH�OHYHOV�WKDW�UDQJH
IURP�����WR�����G%�UH����3D�DW��P�DUH�DXGLEOH�WR�NLOOHU
ZKDOHV�RYHU����NP��PDVN�NLOOHU�ZKDOH�FDOOV�RYHU����NP�
HOLFLW� D� EHKDYLRUDO� UHVSRQVH� RYHU� ���� P�� DQG� FDXVH� D
WHPSRUDU\� WKUHVKROG� VKLIW� �776�� LQ�KHDULQJ�RI���G%�DIWHU
������PLQ�ZLWKLQ�����P��0RUH�LQ�GHWDLOV��WKH�SOD\EDFN
RI� VSHHGERDWV� QRLVH� RQ� ERWWOHQRVH� GROSKLQV� LQGXFHG
VKRUWHU� VXUIDFH� SHULRGV�� ORQJHU� GLYHV� DQG� PRYHPHQW
DZD\�IURP�YHVVHOV�DW�UDQJHV�RI���������P��(YDQV�HW�DO��
�������)ROORZLQJ�*HQRY���������QR�DSSDUHQW�FKDQJH� LQ
EHKDYLRXU� RI� ERWWOHQRVH� GROSKLQ� �HLWKHU� LQ� WHUPV� RI� EH�
KDYLRXUDO� VWDWH�� GLYH� WLPHV�� WUDYHO� GLUHFWLRQ� RU� VXGGHQ
VWDUWOH� UHDFWLRQ��ZDV�REVHUYHG�GXULQJ� WKH� WUDLQLQJ�SKDVH
RI�WKH�UDFH�LQ�3LUDQ�%D\��'HVSLWH�LW��SRVVLEOH�VXEWOH�UHDF�
WLRQV� PLJKW� QRW� EH� YLVLEOH� DW� WKH� VXUIDFH� DQG� QR� GDWD
ZHUH�DYDLODEOH�RQ� WKH�SRVVLEOH�FKDQJHV� LQ� WKH�DQLPDOV¤
DFRXVWLF� EHKDYLRXU� �*HQRY�� ������� ,I� ZH� FRQVLGHU� WKDW
WKH�SK\VLFDO�SUHVHQFH�RI�ERDWV�LPSDFW�WKH�PDULQH�PDP�
PDO�EHKDYLRXU��%ODQH�	�-DDNVRQ��������-DQLN�	�7KRPS�
VRQ��������1RZDFHN��������+DVWLH�HW�DO���������0DWWVRQ
HW� DO��� ������ 5LEHLUR� HW� DO��� ������� D� FRQFHUQ� RYHU� WKH
SRWHQWLDO� LPSDFWV�RI� WKH�SRZHUERDW� UDFH�RQ� WKLV�VSHFLHV
FDQ�EH�H[SUHVVHG�KHUH�

7KH� SUHVHQW� VWXG\� LQGLFDWHV� WKDW� SRZHUERDWV� JHQHU�
DWHG�QRLVH�OHYHOV�RI�D�PLQLPXP�RI�����G%�UH����3D�DW��
P�GLVWDQFH�GXULQJ�WKH�ILUVW�&ODVV���SRZHUERDW�UDFH�LQ�3L�
UDQ�%D\��ZKRVH�PDLQ�HQHUJLHV�DUH�ZLWKLQ� WKH�EHVW�KHDU�
LQJ�UDQJH�RI�ILVK�DQG�FUXVWDFHDQ�VSHFLHV�DQG�DUH�GHWHFW�
DEOH�E\� WKH�ERWWOHQRVH�GROSKLQ��9DULRXV� DXWKRUV� LQ� HDU�
OLHU� VWXGLHV� LQGLFDWH� D� EHKDYLRXUDO� UHVSRQVH� HOLFLWHG� E\
QRLVH� RI� VXFK� DQ� LQWHQVLW\� DV�ZHOO� DV� PDVNLQJ� DQG� LP�
SDLUHG� DFRXVWLF� FRPPXQLFDWLRQ��$�FXPXODWLYH�HIIHFW� RI
GLVWXUEDQFH� GXH� WR� WKH� VLPXOWDQHRXV� SDVVDJHV� RI�PDQ\
SRZHUERDWV� FDQ� DOVR� EH� K\SRWKHVL]HG�� ZKRVH� LPSOLFD�
WLRQV�DUH�GLIILFXOW�WR�SUHGLFW��:H�FRQFOXGH�WKDW�WKH�QRLVH
SURGXFHG�E\� WKHVH�YHVVHOV�GRHV�GLVWXUE� WKH� ORFDO� IDXQD�
7KH�H[WHQW�RI�WKLV�GLVWXUEDQFH�QHHGV�D�VHW�RI�EHKDYLRXUDO
H[SHULPHQWV�WR�EH�DVVHVVHG��$W�WKH�HQG��LW�KDV�WR�EH�QR�
WLFHG� WKDW� VRPH� �������� VSHFWDWRU¤V� ERDWV� PRYLQJ� VL�
PXOWDQHRXVO\�UDQGRPO\�DFURVV�WKH�UDFH�ILHOG�GHWHUPLQHG
DQ� LQFUHPHQW� LQ� WKH� VHD� DPELHQW� QRLVH� H[FHHGLQJ� WKH
SRZHUERDW�QRLVH�LQ�WKH�IUHTXHQF\�UDQJH�EHORZ�����+]�
7KH� LPSDFW� RI� WKLV� QRLVH� VKRXOG� DOVR� EH� WDNHQ� LQWR� DF�
FRXQW�ZKHQ� UXQQLQJ�HQYLURQPHQWDO� LPSDFW�DVVHVVPHQWV
RQ�SRZHUERDW�UDFHV�

$&.12:/('*0(176

:H�DUH�YHU\�JUDWHIXO� WR�/LQGD�6HEDVWLDQXWWR�DQG�(Q�
ULFR�)HUUHUR�IRU�KHOSIXO�FULWLFDO�FRPPHQWV�RQ� WKH�PDQX�
VFULSW��$�VSHFLDO�WKDQNV�WR�7LOHQ�*HQRY��5REHUW�7XUN�DQG
0LOHQD�7HPSHVWD�IRU�ORJLVWLFDO�VXSSRUW�DQG�FRRUGLQDWLRQ
GXULQJ� WKH� ILHOG� UHFRUGLQJV�� :H� DOVR� ZLVK� WR� WKDQN
/RYUHQF�/LSHM�IRU�SURPRWLQJ�WKH�SXEOLVKLQJ�RI�WKLV�LQIRU�
PDWLRQ�

2=1$à,7(9�+583$��.,�*$�329=52à$-2�7(.029$/1,�à2/1,�5$=5('$��
9�3,5$16.(0�=$/,98��,1�327(1&,$/1,�93/,9�+583$�1$�Ë,9/-(1-(�9�025-8

0DUWD�3,&&,8/,1
(WKR�HFRORJ\�0DULQH�/DERUDWRU\��1DWXUDO�0DULQH�5HVHUYH�RI�0LUDPDUH��,�������*ULJQDQR��76���9LDOH�0LUDPDUH������,WDO\

DQG
'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\�RI�7ULHVWH��,�������7ULHVWH��9LD�/��*LRUJLHUL����, WDO\

(�PDLO��PDUWD�SLFFLXOLQ#JPDLO�FRP

&DUOR�)5$1=26,1,�	�0DXUL]LR�63272
(WKR�HFRORJ\�0DULQH�/DERUDWRU\��1DWXUDO�0DULQH�5HVHUYH�RI�0LUDPDUH��,�������*ULJQDQR��76���9LDOH�0LUDPDUH������,WDO\

$QWRQLR�&2'$5,1
'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\�RI�7ULHVWH��,�������7ULHVWH��9LD�/��*LRUJLHUL����, WDO\

329=(7(.

9�]DßHWNX�VHSWHPEUD������VR�DYWRUML�ßODQND�RSUDYOMDOL�SRGYRGQH�PHULWYH�KUXSD��NL�VR�JD�SRY]URßDOL�ßROQL�UD]UHGD
��PHG�PRWRQDYWLßQR�GLUNR�Y�3LUDQVNHP�]DOLYX��1DPHQ�PHULWHY� MH�ELO�� ���RSLVDWL� SRGYRGQH�HPLVLMH�KUXSD� LQ� UDYQL
KUXSD��NL�JD�SRY]URßDMR�WHNPRYDOQL�ßROQL��LQ����SULPHUMDWL�HPLVLMH�KUXSD�V�KUXSRP�ORNDOQHJD�PRUVNHJD�RNROMD��NL�MH
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ELO�]DEHOHÊHQ�WDNR�Y�PLUQLK�UD]PHUDK�NRW�Y�UD]PHUDK�V�SRYHßDQLP�YRGQLP�SURPHWRP��+UXS�VR�PHULOL�]�EDWHULMVNR
QDSUDYR� 3LRQHHU�'�&��� '$7� LQ� KLGURIRQRP� 5HVRQ� 7&������ QDPHÈßHQLP� Y� JORELQL� ���P� �SUL� WDPNDMÈQML� JORELQL
PRUMD����P���'DQ�SUHG�WHNPR�MH�ELO�L]PHUMHQ�KUXS�ORNDOQHJD�PRUVNHJD�RNROMD�Y�PLUQLK�UD]PHUDK��SR�NRQFX�GLUNH�SD
Y�UD]PHUDK�V�SRYHßDQLP�YRGQLP�SURPHWRP��0HG�GLUNR�MH�ELO�L]UDßXQDQL�//HT����VHN�HQHJD�ßROQD�QD�UD]GDOML�����P�RG
KLGURIRQD�HQDN�����G%�UH����3D��NDU�SRPHQL��GD�MH�SUHVHJHO�KUXS� ORNDOQHJD�PRUVNHJD�RNROMD�Y�PLUQLK�UD]PHUDK�V
SRYSUHßQR� ���� G%� ]QRWUDM� IUHNYHQßQHJD� REPRßMD� ��������� +]�� +UXS� MH� VNRQFHQWULUDQ� SUHGYVHP� SRG� ����� +]�
VUHGQMD�YUHGQRVW�RVQRYQH�IUHNYHQFH�SD�MH�����������+]��NDU�VH�XMHPD�]�YUWLOQR�KLWURVWMR�YLMDND��+UXS�LVWHJD�WHNPR�
YDOQHJD�ßROQD�QD�UD]GDOML�����P�VH�MH�]PDQMÈDO�]D���G%��V�SUHFHMÈQMLP�XSDGRP�Y�YLVRNHP�IUHNYHQßQHP�REPRßMX�

,]UDßXQDQL�QLYR�YLUD�KUXSD�WHNPRYDOQHJD�ßROQD�MH�WRUHM�HQDN�����G%�UH����3D�SUL���P��3UL�WHP�ODKNR�GRPQHYDPR�
GD�MH�KUXS�WHNPRYDOQHJD�ßROQD�Y�SRGREQLK�RNROMVNLK�UD]PHUDK�WHRUHWLßQR�PRJRßH�]DEHOHÊLWL�QDG�KUXSRP�ORNDOQHJD
PRUVNHJD�RNROMD�]D�SULEOLÊQR���NP�RG�YLUD��7R�YUHGQRVW�PRUDPR�WX�XSRÈWHYDWL�NRW�PLQLPDOQR�UD]GDOMR��SUL�NDWHUL�MH
WUHED�YLU�QHPLUD�REGUÊDWL�SURß�RG�RNROMVNR�REßXWOMLYLK�ORNDOLWHW��QD�SULPHU�PRUVND�]DÈßLWHQD�REPRßMD��

3ULPHUMDYH�V�VOXÈQLPL�VSRVREQRVWPL�UDND��ÊDJDVWD�NR]LFH�3DODHPRQ�VHUUDWXV���ULEH��EUDQFLQD�'LFHQWUDUFKXV�ODEUD[�
LQ� PRUVNHJD� VHVDOFD� �YHOLNH� SOLVNDYNH� 7XUVLRSV� WUXQFDWXV��� VR� KNUDWL� ]� XJRWRYLWYDPL� L]� SUHMÈQMLK� ÈWXGLM� YRGLOH� GR
VNOHSD��GD�KUXS�WDNÈQH�MDNRVWL�ODKNR�L]VLOL�GRORßHQH�YHGHQMVNH�RG]LYH�SD�WXGL�]DVWUH�LQ�RVODEL�DNXVWLßQR�NRPXQLNDFLMR
SUL�WUHK�L]EUDQLK�ÊLYDOLK��=DUDGL�WDNR�YHOLNHJD�QHPLUD�EL�ELOR�WUHED�QXMQR�RSUDYLWL� LQ�RFHQLWL�QL]�YHGHQMVNLK�HNVSHUL�
PHQWRY�

1D�NRQFX� MH�ELOR�XJRWRYOMHQR��GD� MH�NDNLK�����DOL�����ßROQRY�]EUDQLK�JOHGDOFHY��NL� VR� VH� WDNRM�SR�GLUNL�KNUDWL
]DSHOMDOL�SUHN�WHNPRYDOQH�SURJH��SRY]URßLOR�KUXS�ORNDOQHJD�PRUVNHJD�RNROMD��NL�MH�Y�IUHNYHQßQHP�REPRßMX�SRG����
+]�SUHVHJDO�KUXS��SRY]URßHQ�PHG�GLUNR�� ,Q� WXGL� WD�KUXS�EL�ELOR� WUHED� XSRÈWHYDWL�PHG�RFHQMHYDQMHP�YSOLYD�PRWR�
QDYWLßQLK�GLUN�QD�RNROMH�

.OMXÞQH�EHVHGH��]YRáQR�RQHVQDÌHYDQMH��DQWURSRJHQL�YSOLY��GLUND�WHNPRYDOQLK�áROQRY��-DGUDQVNR�PRUMH

5()(5(1&(6

$OOHQ��0��&��	�$�� -�� 5HDG� �������� +DELWDW� VHOHFWLRQ� RI
IRUDJLQJ�ERWWOHQRVH�GROSKLQV� LQ� UHODWLRQ� WR� ERDW� GHQVLW\
QHDU� &OHDUZDWHU�� )ORULGD�� 0DU�� 0DPP�� 6FL��� ���� ����
����
$PRVHU�� 6�� 	� )�� /DGLFK� �������� 'LYHUVLW\� LQ� QRLVH�LQ�
GXFHG� WHPSRUDU\� KHDULQJ� ORVV� LQ� RWRSK\VLQH� ILVKHV�� -�
$FRXVW��6RF��$P���������������������
$PRVHU�� 6��� /�� (�� :\VRFNL� 	� )�� /DGLFK� �������� 1RLVH
HPLVVLRQ� GXULQJ� WKH� ILUVW� SRZHUERDW� UDFH� LQ� DQ� $OSLQH
ODNH� DQG� SRWHQWLDO� LPSDFW� RQ� ILVK� FRPPXQLWLHV�� -�
$FRXVW��6RF��$P���������������������
$X��:��:��/����������7KH�VRQDU�RI�GROSKLQV��1HZ�<RUN�
6SULQJHU�9HUODJ�
$YHFHGR�� $�� �������� ,QWHUDFWLRQV� EHWZHHQ� ERDWV� DQG
ERWWOHQRVH�GROSKLQV��7XUVLRSV� WUXQFDWXV�� LQ� WKH�HQWUDQFH
WR� (QVHQDGD� 'H� /D� 3D]�� 0H[LFR�� $TXDW�� 0DPP��� ���
��������
%ODQH�� -��0��	�5�� -DDNVRQ� �������� 7KH� LPSDFW� RI� HFRW�
RXULVP�ERDWV�RQ�WKH�6DLQW�/DZUHQFH�EHOXJD�ZKDOHV��(Q�
YLURQ��&RQVHUY������������������
%RXVVDUG��$����������7KH�UHDFWLRQV�RI�URDFK��5XWLOXV�UX�
WLOXV�� DQG� UXGG� �6FDUGLQLXV� HU\WKURSKWDOPXV�� WR� QRLVHV
SURGXFHG� E\� KLJK� VSHHG� ERDWLQJ�� 3URF�� �QG� %ULWLVK
)UHVKZDWHU�&RQIHUHQFH��6RXWKDPSWRQ��SS����������

%XFNVWDII��.��&����������(IIHFWV�RI�ZDWHUFUDIW�QRLVH�RQ�WKH
DFRXVWLF� EHKDYLRXU� RI� ERWWOHQRVH� GROSKLQV�� 7XUVLRSV
WUXQFDWXV�� LQ� 6DUDVRWD� %D\�� )ORULGD�� 0DU�� 0DPP�� 6FL��
������������
&RGDULQ�� $��� /�� (�� :\VRFNL�� )�� /DGLFK� 	� 0�� 3LFFLXOLQ
��������+HDULQJ�XQGHU�DPELHQW�DQG�VKLS�S�QRLVH�FRQGL�
WLRQV��$�FDVH�VWXG\�RQ�ILVKHV�IURP�D�SURWHFWHG�DUHD�LQ�WKH
$GULDWLF�6HD��%LRDFRXVWLFV��������������
(UEH�� &�� �������� 8QGHUZDWHU� QRLVH� RI� ZKDOH�ZDWFKLQJ
ERDWV� DQG� SRWHQWLDO� HIIHFWV� RQ� NLOOHU� ZKDOHV�� 2UFLQXV
RUFD��EDVHG�RQ�DQ�DFRXVWLF�LPSDFW�PRGHO��0DU��0DPP�
6FL���������������
(UEH��&��	�'��0��)DUPHU���������0DVNHG�KHDULQJ�WKUHV�
KROGV�RI�D�EHOXJD�ZKDOH��'HOSKLQDSWHUXV� OHXFDV�� LQ� LFH�
EUHDNHU�QRLVH��'HHS�6HD�5HV��3DUW�,,����������������
(YDQV��3��*��+���3��-��&DQZHOO�	�(��/HZLV���������$Q�H[�
SHULPHQWDO� VWXG\� RI� WKH� HIIHFWV� RI� SOHDVXUH� FUDIW� QRLVH
XSRQ�ERWWOHQRVH�GROSKLQV�LQ�&DUGLJDQ�%D\��ZHVW�:DOHV�
3URF���WK�$QQXDO�&RQIHUHQFH�RI� WKH� (XURSHDQ�&HWDFHDQ
6RFLHW\��������)HEUXDU\�������6DQ�5HPR��,WDO\��SS�����
���
)OHWFKHU��+����������$XGLWRU\�SDWWHUQV��5HY��0RG��3K\V�
����������
)RRWH�� $��'��� 5��:��2VERUQH�	� $�� 5��+RHO]HO� �������
(QYLURQPHQW��ZKDOH�FDOO� UHVSRQVH� WR�PDVNLQJ� ERDW� QRL�
VH��1DWXUH�������SS������
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*HQRY��7����������5HSRUW�RQ�WKH�PRQLWRULQJ�RI�WKH�&ODVV
�� UDFH� LQ� 6ORYHQLDQ� ZDWHUV�� 6HSWHPEHU� ������ (QYLURQ�
PHQWDO�$JHQF\�RI�WKH�5HSXEOLF�RI�6ORYHQLD�DQG�0LQLVWU\
RI�WKH�(QYLURQPHQW�DQG�6SDWLDO�3ODQQLQJ��/MXEOMDQD����S�
�LQ�6ORYHQH�
*HQRY��7��	�0��)XUODQ� ��������5HSRUW�RQ� WKH� VFLHQWLILF
UHVHDUFK� SURJUDPPH� RI� ERWWOHQRVH� GROSKLQV� �7XUVLRSV
WUXQFDWXV�� LQ� 6ORYHQLDQ� ZDWHUV� DQG� DGMDFHQW� DUHDV� LQ
������0LQLVWU\�RI�WKH�(QYLURQPHQW�DQG�6SDWLDO�3ODQQLQJ�
/MXEOMDQD�����S���LQ�6ORYHQH�
*UHHQH��&��5��	�6��(��0RRUH� ��������0DQ�PDGH�QRLVH�
,Q��5LFKDUGVRQ��:��-���&��5��-U��*UHHQH��&��,��0DOPH�	�'�
+�� 7KRPVRQ� �HGV���� 0DULQH�0DPPDOV� DQG� 1RLVH�� $FD�
GHPLF�3UHVV��6DQ�'LHJR��SS����������
*UHJRU\��3��5��	�$��$��5RZGHQ� ��������%HKDYLRXU�SDW�
WHUQV�RI�ERWWOHQRVH�GROSKLQV��7XUVLRSV�WUXQFDWXV��UHODWLYH
WR� WLGDO� VWDWH�� WLPH�RI�GD\�� DQG� ERDW� WUDIILF� LQ� &DUGLJDQ
%D\��:HVW�:DOHV��$TXDW��0DPP���������������
+DVWLH��*��'���%��:LOVRQ��/��+��7XIIW�	�3��0��7KRPSVRQ
�������� %RWWOHQRVH� GROSKLQV� LQFUHDVH� EUHDWKLQJ� V\Q�
FKURQ\�LQ�UHVSRQVH�WR�ERDW�WUDIILF��0DU��0DPP��6FL������
������
+DVWLQJV�� 0�� &��� $�� 1�� 3RSSHU�� -�� -�� )LQQHUDQ� 	� 3�� -�
/DQIRUG� �������� (IIHFWV� RI� ORZ�IUHTXHQF\� XQGHUZDWHU
VRXQG�RQ�KDLU�FHOOV�RI�WKH�LQQHU�HDU�DQG�ODWHUDO�OLQH�RI�WKH
WHOHRVW�ILVK�$VWURQRWXV�RFHOODWXV��-��$FRXVW��6RF��$P������
����������
+DZNLQV��$��'��	�$��$��0\UEHUJ� ��������+HDULQJ� DQG
VRXQG� FRPPXQLFDWLRQ� XQGHUZDWHU�� ,Q�� /HZLV�� %�� �HG���
%LRDFRXVWLF��D�&RPSDUDWLYH�$SSURDFK��$FDGHPLF�3UHVV�
/RQGRQ��SS����������
-DQLN��9��0��	�3��0��7KRPSVRQ���������&KDQJHV�LQ�VXU�
IDFLQJ� SDWWHUQV� RI� ERWWOHQRVH� GROSKLQV� LQ� UHVSRQVH� WR
ERDW�WUDIILF��0DU��0DPP��6FL���������������
-RKQVRQ�� &�� 6�� �������� 6RXQG� GHWHFWLRQ� WKUHVKROGV� LQ
PDULQH�PDPPDOV�� ,Q�� 7DYROJD��:�1�� �HG����0DULQH� ELR�
DFRXVWLFV�� 9RO�� ��� 3HUJDPRQ� 3UHVV�� 2[IRUG�� 8�.��� SS�
��������
/DGLFK��)��	�$��1��3RSSHU���������3DUDOOHO�HYROXWLRQ� LQ
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