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$��2JEDPLNKXPL��DQG�.�8��8GHK�� 
����&HQWHU�RI�([FHOOHQFH�LQ�*HRVFLHQFHV�DQG�3HWUROHXP�(QJLQHHULQJ��8QLYHUVLW\�RI�%HQLQ� 

�'HSDUWPHQW�RI�*HRORJ\��8QLYHUVLW\�RI�%HQLQ 

&RUUHVSRQGLQJ�DXWKRU���DOH[DQGHU�RJEDPLNKXPL#XQLEHQ�HGX 

,1752'8&7,21 
:LWK� WKH� SURJUHVVLYH� FUHDPLQJ� RI� WKH� VKDOORZ�
DQG� LQWHUPHGLDWH� GHSWK�REMHFWLYHV� LQ� WKH�1LJHU�
'HOWD�%DVLQ�� WKH� GHHS� SOD\� �ROGHU� VWUDWLJUDSKLF�
VHTXHQFHV�� FRQVWLWXWHV� WKH� QH[W� H[SORUDWLRQ�
IURQWLHU�EHQHDWK�H[LVWLQJ�ILHOGV��7KHVH�SOD\V�DUH�
PRVWO\�XQGULOOHG�DQG�XQGHUH[SORLWHG�LQ�WHUPV�RI�
SURVSHFWV�LGHQWLILHG�PDLQO\�GXH�WR�VHLVPLF�GDWD�
TXDOLW\�EHORZ�WKUHH�VHFRQGV�DQG�VRPHWLPHV�GXH�

WR� RYHUSUHVVXUHV� OLPLWLQJ� ZHOO� WRWDO� GHSWK��
:HOOV�HW�DO���������RULJLQDOO\�GHILQHG�WKH�1LJHU�
'HOWD� 'HHS� 3OD\� DV� WKH� FRPELQDWLRQ� RI� SUR�
VSHFWV� DQG� OHDGV� ZLWK� XQWHVWHG� VWUXFWXUDO� FOR�
VXUHV� LQ� SURVSHFWLYH� VHGLPHQWDU\� VHTXHQFHV�
EHQHDWK� WKH� SUHVHQWO\� SHQHWUDWHG� OHYHOV�� 7KH�
PDMRU� FKDOOHQJHV� DVVRFLDWHG� ZLWK� GHHS� VWUDWL�
JUDSKLF�SOD\V�DUH�UHVHUYRLU�SUHVHQFH��SUHGLFWLRQ�
DQG� GLVWULEXWLRQV� �ERWK� RQ� D� UHJLRQDO� DQG� SUR�
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KWWS���G[�GRL�RUJ���������MXVW�Y��L��� 

.H\ZRUGV��'HHS-SOD\��VHTXHQFH-VWUDWLJUDSK\��H[SORUDWLRQ��8-)LHOG��1LJHU-'HOWD� 

$%675$&7 
7KLV� VWXG\� ,QWHJUDWHG� VWUXFWXUDO� LQWHUSUHWDWLRQ�ZLWK� VRPH�DVSHFWV�RI� UHJLRQDO� VWUDWLJUDSK\�FRQ�
FHSWV�WKDW�DOORZHG�IRU�WKH�SUHGLFWLRQ�RI�VDQG�IDLUZD\V�DQG�WKHLU�JURVV�GHSRVLWLRQDO�HQYLURQPHQW�
WR�HYDOXDWH� WKH�XQSHQHWUDWHG�GHHS�SURVSHFW�RI� WKH�8-)LHOG�RQVKRUH�1LJHU�'HOWD��*URVV�'HSRVL�
WLRQDO�(QYLURQPHQW�PRGHO�ZDV� HVWDEOLVKHG�EDVHG�RQ�DQ� LQWHJUDWLRQ�RI� HYLGHQFHV� IURP� VHLVPLF��
ZHOO�GDWD�DQG�SDOHR-EDWK\PHWULF�SURILOH�RI�ZHOOV�ZLWKLQ�WKH�DUHD��6HTXHQFH�VWUDWLJUDSKLF�DQDO\VLV�
GHULYHG�IURP�DQ�LQWHJUDWLRQ�RI�ERWK�ELRVWUDWLJUDSKLF�GDWD�DQG�FKURQRVWUDLJUDSKLF�FKDUW��HQDEOHG�
WKH�GHILQLWLRQ�RI�DQ�REMHFWLYH�LQWHUYDO�ERWK�RQ�WKH�VWULNH�DQG�GLS�GLUHFWLRQV�EHWZHHQ������0D�0)6�
DQG������0D�0)6��7KLV� LQWHUYDO� IHOO�ZLWKLQ� WKH�6KHOI�0DUJLQ�*URVV�GHSRVLWLRQDO� HQYLURQPHQW�
ZLWK�FKDUDFWHULVWLF�ZHGJH-OLNH�JHQWO\�GLSSLQJ�VHLVPLF�IDFLHV�JHRPHWU\�RQ�VHLVPLF��7KH�WDUJHW�UHV�
HUYRLUV�DUH�VHTXHQFHV�RI�SRWHQWLDO�/67�767�VKHOI�PDUJLQ�VDQG�SDFNDJHV�ZKLFK�KDYH�D�SRWHQWLDO�
DQDORJXH�DORQJ� WKH� VWULNH�GLUHFWLRQ��7KH�SURVSHFW� WUDS� FRQVLVWV� RI� D� IRXU-ZD\�GLS� FORVXUH�ZLWK�
ERWK�D�WKUHH�ZD\�DQG�WZR�ZD\�FRPSRQHQWV��7KH�PDLQ�ULVNV�LGHQWLILHG�IRU�WKLV�SURVSHFW�DUH�UHVHU�
YRLU�SUHVHQFH�DQG�VHDO�LQWHJULW\��7KH�JHRORJLF�ULVN�DVVHVVPHQW�UHVXOW�SHUIRUPHG�JDYH�D�SRVVLELOLW\�
RI�VXFFHVV�YDOXH�RI������ZKLFK�LV�FRQVLGHUHG�DFFHSWDEOH�DW�WKH�H[SORUDWLRQ�VWDJH�� 
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 EDVH� OHYHO� FKDQJHV�� 7KH� ORZ� DQG� +LJK� VWDQG�
VDQGV� VKRZ� JRRG� UHVHUYRLU� TXDOLWLHV� ZKLOH� WKH�
VKDOHV� RI� WKH� 7UDQVJUHVVLYH� V\VWHP� WUDFW� FRXOG�
VHUYH� DV� SRWHQWLDO� UHVHUYRLU� VHDOV� LQ� WKH� ILHOG��
7KHVH�GHOLQHDWHG�VHTXHQFHV�ZHUH�GLVFRYHUHG�WR�
EH�GHSRVLWHG�ZLWKLQ�WKH�1HULWLF�WR�%DWK\DO�SDOH�
RHQYLURQPHQWV� DQG� DUH� GDWHG� PLG-0LRFHQH�
������-������0D��LQ�DJH� 
 
7KLV� SUHVHQW� VWXG\� DSSOLHG� DQ� ,QWHJUDWLRQ� RI�
ZHOO� EDVHG� VHTXHQFH� VWUDWLJUDSK\� HYDOXDWLRQ�
DQG�VHLVPLF�GDWD�IRU�JURVV�GHSRVLWLRQDO�HQYLURQ�
PHQW��*'(��VWXG\�DQG�VXPPDUL]HV�WKH�JHRORJL�
FDO�FRQFHSWV��UHVXOWV�DQG�FRQFOXVLRQV�RI�D�GHHS�
SOD\�H[SORUDWLRQ� WDUJHW�EHQHDWK� WKH�H[LVWLQJ�8-�
ILHOGV� LQ� WKH� 1LJHU� GHOWD�� 7KH� VWXG\� ILHOG� LV� D�
3DUWLDOO\�$SSUDLVHG�)LHOG�DQG� WKH�HQWLUH� UHJLRQ�
KRVW� VHYHUDO� SURYHQ� SURGXFLQJ� RLO� DQG� JDV�
ILHOGV��+\GURFDUERQV�KDYH�EHHQ�HQFRXQWHUHG�LQ�
WKH� ILHOG�� EHWZHHQ� ����IW� DQG� �����IW�� 2QO\�
RQH�ZHOO�LQ�WKH�ILHOG�UHDFKHG�D�WRWDO�GHSWK��7'��
RI�������IW� DQG�HQFRXQWHUHG� WKH�����0$�0)6�
UHJLRQDO� VWUDWLJUDSKLF� PDUNHU�� $� ZHOO� LQ� WKH�
DGMDFHQW� ILHOGV� LGHQWLILHG� K\GURFDUERQ� LQ� WKH�
VHTXHQFH�EHORZ�����0)6�DQG� WKLV�RIIHUHG�IXU�
WKHU� PRWLYDWLRQ� WRZDUGV� H[SORULQJ� IRU� GHHSHU�
SURVSHFWLYLW\�LQ�WKH�8-)LHOG� 
 
0$7(5,$/6�$1'�0(7+2'6 
$FFRUGLQJ� WR� &DWXQHDQX� HW� DO��� �������� VH�
TXHQFH� VWUDWLJUDSK\� FRQFHSW� LV� XQLTXHO\� IR�
FXVHG�RQ�XQGHUVWDQGLQJ�WKH�VXEVXUIDFH�JHRORJ\��
DQDO\]LQJ�FKDQJHV�LQ� IDFLHV��JHRPHWU\�DQG�GLV�
WULEXWLRQ� DQG� XOWLPDWHO\� GHWHUPLQLQJ� SRVVLEOH�
UHVHUYRLU�SURSHUWLHV�FKDUDFWHU�RI�VWUDWD�DQG�SUH�
GLFWLQJ� WKHVH� FKDQJHV� DFURVV� ILHOG�� $SSO\LQJ�
WKLV� FRQFHSW�� D� VHTXHQFH� VWUDWLJUDSKLF� IUDPH�
ZRUN�ZDV�EXLOW� IRU�GHSRVLWLRQDO�VHTXHQFH�LGHQ�
WLILFDWLRQ� DQG� UHJLRQDO� ZHOO� FRUUHODWLRQ�� (QYL�
URQPHQW� RI� GHSRVLWLRQ� DQG� NH\� VWUDWLJUDSKLF�
VXUIDFHV� �0D[LPXP� )ORRGLQJ� 6XUIDFHV� DQG�
6HTXHQFH� %RXQGDULHV�� ZHUH� LQWHUSUHWHG� XVLQJ�
ELRVWUDWLJUDSKLF�GDWD��ELRIDFLHV��3-]RQHV�DQG�)-
]RQHV��� SDUDVHTXHQFH� VWDFNLQJ� SDWWHUQ�� SDOHR�
EDWK\PHWU\� GDWD�� 7KHVH� GDWD� WRJHWKHU� ZLWK� WKH�
1LJHU� GHOWD� &KURQRVWUDWLJUDSKLF� �6WDFKHU��
�������ZHUH�XVHG� WR�FRQVWUDLQ�PDUNHUV� LQ� WLPH��
7KH� *URVV� 'HSRVLWLRQDO� (QYLURQPHQW� �*'(��
PRGHO� IRU�WKH�VWXG\�ZDV�GHILQHG�XVLQJ�DQ�LQWH�
JUDWLRQ� RI� HYLGHQFHV� IURP� SDOHREDWK\PHWULF�
SURILOH��ORJ�PRWLI�DQG�VHLVPLF�IDFLH�DQDO\VLV�� 

2JEDPLNKXPL�DQG�8GHK� � 

VSHFW� VFDOH��� GHJUHH� RI� RYHUSUHVVXUH�� VHLVPLF�
LPDJLQJ� DQG� WUDS� LQWHJULW\�� 6HYHUDO� ZRUNHUV�
KDYH�DGRSWHG�GLIIHUHQW�WHFKQLTXH�WR�LGHQWLI\�DQG�
HYDOXDWH� GHHS� SURVSHFW� LQ� WKH�1LJHU�'HOWD� %D�
VLQ��%HND�DQG�2WL���������XWLOL]HG�6HULHV�RI�VXU�
IDFH� � DQG� YROXPH� DWWULEXWHV� VXFK� DV� YDULDQFH�
HGJH�DQG�VZHHWQHVV�DWWULEXWHV�UDQ�RQ�D��'�VHLV�
PLF�YROXPH�GDWD� WR� LQYHVWLJDWH�SRWHQWLDO� VWUXF�
WXUDO�DQG�VWUDWLJUDSKLF�FRQWUROV�LQ�RUGHU�WR�JDLQ�
XQGHUVWDQGLQJ�RI�VRPH�WDUJHWHG�IHDWXUHV�VXFK�DV�
SRURVLW\�� SHUPHDELOLW\� DQG� GLUHFW� K\GURFDUERQ�
LQGLFDWRUV��'+,��IRU�K\GURFDUERQ�H[SORUDWLRQ�LQ�
WKH�DUHD��� 
 
0DJRRQ� ������� FDUULHG� RXW� RLO-DQG-JDV-UHODWHG�
LQYHVWLJDWLRQV� LQ� D� SHWUROHXP� SURYLQFH� ZLWKLQ�
WKH� 1LJHU� GHOWD� WR� ORFDWH� GHHS� XQGLVFRYHUHG�
FRPPHUFLDO� TXDQWLWLHV� RI� SHWUROHXP�DQG� WR�GH�
WHUPLQH�WKH�UHODWHG�ULVN��E\�XVLQJ�WKH�SHWUROHXP
-V\VWHP� FRQFHSW� WR� SUHVHQW� NQRZQ� LQIRUPDWLRQ�
DQG�WKH�FRPSOHPHQWDU\-SOD\�FRQFHSW�WR�SUHVHQW�
XQNQRZQ� LQIRUPDWLRQ�� +H� FRQFOXGHG� WKDW� H[�
SORUDWLRQ� ULVN� FDQ� EH� PRUH� REMHFWLYHO\� GHWHU�
PLQHG�ZLWK�DQ�LQWHJUDWLRQ�RI�WKH�SOD\��SURVSHFW��
SHWUROHXP�V\VWHP��DQG�WKH�FRPSOHPHQWDU\�SOD\�
FRQFHSWV���2ODOH\H�DQG�%DVRUXQ�������� DSSOLHG�
KLJK�UHVROXWLRQ� VHTXHQFH�DQG�VHLVPLF�VWUDWLJUD�
SK\� IRU� WKH� SUHGLFWLRQ� RI� VDQG� IDLUZD\V� DQG�
WKHLU� HQYLURQPHQWV� RI� GHSRVLWLRQ� LQ� D� ILHOG� LQ�
WKH� 1LJHU� 'HOWD� %DVLQ�� 7KH\� DFKLHYHG� WKLV� E\�
XWLOL]LQJ� SHWUR-DFRXVWLF� DQDO\VLV� DQG� PXOWL-
DWWULEXWHV� LQYHUVLRQ� LQ� VHLVPLF� VWUDWLJUDSK\� WR�
SUHGLFW� ZLWK� JRRG� SUREDELOLW\�� UHVHUYRLU� TXDOL�
WLHV�DQG�SHWURSK\VLFDO�SDUDPHWHUV�DQG�WKHLU�GLV�
WULEXWLRQ� ZLWKLQ� WKH� DUHD�YROXPH� RI� LQWHUHVW���
*UDQW�HW�DO����������DGRSWHG�D�PXOWLGLVFLSOLQDU\�
GDWD�DSSURDFK�WKDW� LQFOXGH�:HOO� ORJV��ELRVWUDWL�
JUDSKLF� GDWD�� VHLVPLF� GDWD� DQG� VHPEODQFH�PDS�
LQ� WKH� JHRORJLFDO� HYDOXDWLRQ� RI� GHHS� K\GURFDU�
ERQ� SURVSHFW� )2%-)LHOG�� RQVKRUH� &RDVWDO�
6ZDPS� 'HSREHOW� LQ� WKH� 1LJHU� 'HOWD� %DVLQ��
7KH\� ZHUH� DEOH� WR� &RUUHODWLRQ� DQG� HVWDEOLVK���
WKH� HTXLYDOHQW� VDQGV� DQG� FRQWLQXLW\� OLWKRORJLF�
XQLWV�IRU�WKH�WDUJHWHG�UHVHUYRLU�VDQGV�DW�WKH�GHHS�
SURVSHFWLYH� DUHD� RI� WKH� ILHOG�� �2Q\HNXUX� HW� DO��
������� �ZRUNLQJ� LQ� ³;%�)LHOG´�� RI� � WKH�1LJHU�
'HOWD�%DVLQ�� LQWHJUDWHG�ZHOO� ORJV�DQG�ELRVWUDWL�
JUDSKLF� GDWD� WR� FDUU\� RXW� D� VHTXHQFH� VWUDWL�
JUDSKLF�DQDO\VLV�RI�GHSRVLWLRQDO� V\VWHPV� LQ� WKH�
ILHOG�� 7KH\� GHOLQHDWHG� DQG� FRUUHODWHG� JRRG�
TXDOLW\� UHVHUYRLU�VDQGV� WKDW� UHIOHFW�GHSRVLWLRQDO�
V\VWHPV� GHSRVLWHG� GXULQJ� GLIIHUHQW� SKDVHV� RI�
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7KH� PDMRU� SDUW� RI� WKH� REMHFWLYH� UHVHUYRLU� VH�
TXHQFH� LQ� WKH� SURVSHFW� DUHD� OLHV� LQ� WKH� 8SSHU�
2OLJRFHQH� -� /RZHU�0LRFHQH� �)LJ�� ��� EHWZHHQ�
����� 0D� 0D[LPXP� )ORRGLQJ� 6XUIDFH� �0)6��
DQG������0D�0)6�ZKLFK�KDV�EHHQ�SHQHWUDWHG�LQ�
WKH�9-ILHOG��6WUXFWXUDO�IUDPHZRUN�DQG�WRS�VWUXF�
WXUHG� PDSV� ZHUH� EXLOW� IRU� WKH� LGHQWLILHG� SUR�
VSHFW�IURP�LQWHUSUHWHG�IDXOWV�DQG�KRUL]RQV��7KH�
VWUXFWXUHG�PDS�SURGXFHG�DLGHG�ZLWK�SURVSHFW�RI�
LQWHUHVW�LGHQWLILFDWLRQ�DQG�YROXPHWULF�HVWLPDWLRQ�
DQG�HYDOXDWLRQ��$Q�DSSURSULDWH�YHORFLW\�PRGHO��
IXQFWLRQ�EXLOW�IURP�WKH�DYDLODEOH�FKHFNVKRW�GDWD�
LQ� WKH� ILHOG� ZDV� DSSOLHG� WR� WKH� LGHQWLILHG� SUR�
VSHFW� WR� GHSWK� FRQYHUW� WKH� WLPH� VXUIDFH� WR� D�
GHSWK�� 
 
7KH� GDWD� VHW� DYDLODEOH� IRU� WKH� VWXG\� LQFOXGH�
ELRVWUDWLJUDSK\�GDWD��:HOO� ORJ�GDWD��FKHFN�VKRW�
GDWD���'�VHLVPLF�GDWD�� 
 
5(68/76�$1'�',6&866,21 
$V� REVHUYHG� LQ� )LJ���� EHWZHHQ� 0)6� ����0D� 

6HTXHQFH�VWUDWLJUDSK\�DV�DQ�H[SORUDWLRQ�WRRO�LQ�GHHS�JHRORJLFDO�VHWWLQJV���� � 

 DQG�0)6�����0D� �VHTXHQFH�RI� LQWHUHVW��� WKHUH�
H[LVW�DQ�DOWHUQDWLRQ�RI�WUDQVJUHVVLYH�DQG�UHJUHV�
VLYH� SDUDVHTXHQFHV�� EXW� WKURXJK� WLPH�� LW¶V� DQ�
RYHUDOO�SURJUDGDWLRQDO�SDWWHUQ�IURP�WKH�UHJLRQDO�
ZHOO� FRUUHODWLRQ�� ,W� LV� REVHUYHG� WKDW� IURP� WKH�
GLS� VHFWLRQ� WKHUH� LV� IDFLHV� SURJUDGDWLRQ�� 7\SL�
FDOO\�� LQ� =-������ WKH� FKDQQHO� VDQGV� GRZQ� GLS�
WRZDUGV� 8-����� GXH� WR� IDFLH� SURJUDGDWLRQ�� ZH�
H[SHFW�WR�ILQG�WKLQQHU�FKDQQHO�DQG�VKHOI�VDQGV��
)URP�WKH�VWULNH�FRUUHODWLRQ��)LJ������ZH�REVHUYH�
WKH� FRQWLQXLW\� RI� VDQGV� DW� ERWK� VKDOORZHU� DQG�
GHHSHU� VHFWLRQV� ZLWKLQ� WKH� LQWHUYDO� RI� LQWHUHVW���
$OWKRXJK�WKHUH�LV�D�GHFUHDVH�LQ�WKLFNQHVV�LQ�WKH�
K\GURFDUERQ� EHDULQJ� VDQGV� IURP� 1(� WRZDUGV�
6:��WKH�VDQGV�DUH�ODWHUDOO\�FRQWLQXRXV�DQG�DUH�
H[SHFWHG�WR�RFFXU�ZLWKLQ�WKH�SURVSHFWLYH�LQWHU�
YDO�� 
 
)LYH�PDMRU�GRZQ� WR�EDVLQ� IDXOWV�ZHUH�PDSSHG�
ZLWK� �DQG� �� EHLQJ� RXU� IDXOWV� RI� LQWHUHVW� VLQFH�
WKH\�ERXQG�WKH�VWUXFWXUH�RI�WKH�VWXG\�ILHOG��7KH�
GRPLQDQW� IDXOWV� WUHQG� HDVW-ZHVW�� ZLWK� VLJQLI- 

)LJ�����'LS�VHFWLRQ�FRUUHODWLRQ� IURP�1RUWK� WR�6RXWK�ZLWKLQ� WKH� VWXG\�DUHD�VKRZLQJ�WKH�FRQ�
VLVWHQW�RYHUDOO�GHHSHQLQJ�DQG�VXEVHTXHQW�GHFUHDVH�LQ�QHW-WR-JURVV 
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7KH�VHFRQG�HYLGHQFH�VWHPV�IURP�6HLVPLF�IDFLHV�
VWXGLHV�FRQGXFWHG�ZLWKLQ�DQG�EHORZ� WKH�REMHF�
WLYH� LQWHUYDO� VKRZHG� F\FOLF� FOHDU� FOLQRIRUPV�
ZLWK�ERWK�GRZQ-ODSSLQJ�DQG�WRS-ODSSLQJ�VWUDWDO�
SDWWHUQV��LQWHUSUHWHG�WR�UHSUHVHQW�VDQG�ULFK�VKHOI�
HGJH� GHOWDLF� VHTXHQFHV�� FKDUDFWHULVWLF� RI� ERWK�
+67� DQG� /67� UHVHUYRLU� VDQGV� �)LJ�� ���� 7KH�
GHSRVLWLRQDO� SDWWHUQ� ZLWKLQ� WKH� REMHFWLYH� LQWHU�
YDOV� FRQWDLQV� D� VHULHV� RI� UHSHWLWLYH� F\FOHV�� 7KH�
ZHGJHV�ZLWKLQ�WKLV�F\FOH�DUH�LQWHUSUHWHG�DV�VDQG�
SURQH�XQLWV�RI�VKHOI�HGJH�GHOWDV��GHSRVLWHG�GXU�
LQJ�SHULRGV�RI� UHODWLYH� VHDO� OHYHO� IDOO�ZKLOH� WKH�
FRQWLQXRXV� UHIOHFWRUV� DUH� WKRXJKW� WR� EH� VKDOH-
SURQH�SDFNDJHV�UHSUHVHQWLQJ�HSLVRGLF�WUDQVJUHV�
VLRQ�RI�SDOHR�VKHOI�HGJH� 
 
7KH�WKLUG�HYLGHQFH�ZDV�REVHUYHG�LQ�WKH�6HLVPLF�
UHIOHFWLYLW\� FKDUDFWHU� WKURXJK� D� UHJLRQDO� GLS�
WUDQVHFW� RI� WKH��'� VHLVPLF� IURP�$-���ZHOO� RQ�
WKH� QRUWK� WR�(-���ZHOO� UHYHDOHG� GLIIHUHQW� VHLV�
PLF� IDFLHV� FKDUDFWHUV� LQGLFDWLYH� RI� VHSDUDWH�
JURVV�GHSRVLWLRQDO�HQYLURQPHQWV��)LJV���DQG�����
7KH�VHLVPLF�IDFLHV�LQWHUSUHWDWLRQ�DQG�WKH�VXEVH�
TXHQW� GHSRVLWLRQDO� HQYLURQPHQWV� DUH� JLYHQ� EH�
ORZ�EHWZHHQ� �-����PV� VKRZV� D� GLVFRQWLQXRXV�
ORZ� DPSOLWXGH� VRPHZKDW� FKDRWLF� UHIOHFWLRQ� 

FDQW�JURZWK�REVHUYDEOH�RQ� WKH�IDXOWV�ERXQGLQJ�
WKH�PDMRU� ILHOGV��=-)LHOG��8-)LHOG��(-ILHOG� DQG�
*-)LHOG�� 7KH�PDLQ� REMHFWLYH� KRUL]RQV� DQG� WKH�
YDULRXV�0)6�IURP�����0D�0)6��VKDOORZHVW��–�
����0)6�0D�ZHUH� LQWHUSUHWHG�EDVHG�RQ� LQIRU�
PDWLRQ�IURP�UHVXOWV�RI�ZHOO-WR-VHLVPLF�WLH��2QH�
WDUJHW� UHVHUYRLU� OHYHO� �563��� ZDV� LQWHUSUHWHG�
ZLWKLQ�WKH�LQWHUYDO�RI�LQWHUHVW�DV�D�QHDU�WRS�DQG�
LW� OLHV�FRQIRUPDEO\�EHWZHHQ� WKH� UHJLRQDO� VKDOH�
�����0D�0)6�DQG������0D�0)6��)LJ����� 
 
6HYHUDO� HYLGHQFHV� ZHUH� REWDLQHG� IURP� ZHOO��
SDOHR-EDWK\PHWULF�� DQG� VHLVPLF� GDWD� WR� HVWDE�
OLVK�WKH�*URVV�GHSRVLWLRQDO�HQYLURQPHQW��7KHVH�
HYLGHQFHV�ZHUH�IXUWKHU�LQWHJUDWHG�� 
 
)RU� WKH� ILUVW� HYLGHQFH�� LQ� WKH�SDOHREDWK\PHWULF�
LQIRUPDWLRQ�VKRZ�LQ�)LJ�����WKH�SUR[LPDO�ZHOOV�
$-���DQG� $-����� ERWK� KDYH� SDOHREDWK\PHWULF�
SURILOH� UDQJH� ZLWKLQ� 0LGGOH� 1HULWLF� –� 2XWHU�
1HULWLF�� ZKLOH� WKH� GLVWDO� ZHOOV� 2-����� 9-����
DQG�=-�����KDYH�SURILOH�ZLWKLQ�WKH�2XWHU�1HULW�
LF-�%DWK\DO�=RQH��7KXV�RXU�DUHD�RI�LQWHUHVW��WKH�
8-���� ZLOO� PRVW� OLNHO\� IDOO� ZLWKLQ� WKH� 2XWHU�
1HULWLF� –� %DWK\DO� =RQH� �2XWHU� VKHOI� -� VKHOI�
HGJH��� 

 

)LJ�� ���1(-6:� �VWULNH�� FRUUHODWLRQ�ZLWKLQ� DUHD� RI� LQWHUHVW� VKRZLQJ� VDQG� FRQWLQXLW\� DW� ERWK�
VKDOORZHU�DQG�GHHSHU�VHFWLRQV�ZLWKLQ�WKH�LQWHUYDO�RI�LQWHUHVW 
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)LJ�����5HJLRQDO�LQWHUSUHWHG�UHSUHVHQWDWLYH�VHLVPLF�GLS�OLQH�DFURVV�WKH�SURVSHFWLYH�LQWHUYDO 

)LJ�����3DOHREDWK\PHWULF�LQIRUPDWLRQ�RI�NH\�ZHOOV 
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� 2JEDPLNKXPL�DQG�8GHK� 

 

 

)LJ�����6HLVPLF�IDFLHV�DQDO\VLV�RI�ZHGJH�OLNH�JHRPHWU\�DQG�GRZQODSSLQJ�FOLQRIRUP�VXJJHVWLQJ�
VKHOI-HGJH�JHRPHWU\� 

 

)LJ�����*'(�VHLVPLF�IDFLHV�DQDO\VLV�RI�LQWHUDFWLRQ�EHWZHHQ�UHIOHFWLYLW\�DQG�VWUDWLJUDSK\ 
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FKDUDFWHU� SXQFWXDWHG� E\� GLVFRQWLQXRXV� KLJK�
DPSOLWXGH�HYHQWV��)URP�WKH�VXSHULPSRVHG�ORJV��
D� KLJK� QHW� WR� JURVV� ZKLFK� FRQIRUPV� WR� QR�
FKDQJH�LQ�DFRXVWLF�LPSHGDQFH�LV�REVHUYHG��7KLV�
VHLVPLF� UHIOHFWLRQ� FKDUDFWHU� LV� FKDUDFWHULVWLF� RI�
WKH� FRQWLQHQWDO-WUDQVLWLRQDO� HQYLURQPHQWV�
�%HQLQ�)RUPDWLRQ���%HWZHHQ�����PV� -����PV��
D�KLJK�–�PHGLXP�DPSOLWXGH�SDUDOOHO�FRQWLQXRXV�
KLJK�IUHTXHQF\�UHIOHFWLRQV�� WKH�GHFUHDVH�LQ�QHW�
JURVV� IURP� WKH� VXSHULPSRVHG� ORJV�FRQIRUPV� WR�
KLJK� DFRXVWLF� LPSHGDQFH� FRQWUDVW�� 7KHUH� H[LVW�
QR� LQFOLQDWLRQV� RI� UHIOHFWLRQ� RU� GLYHUJHQFH��
7KHVH� DUH� FKDUDFWHULVWLF� RI� WKH� LQQHU� WR� PLG�
VKHOI��6KRUHIDFH��HQYLURQPHQW��%HORZ�����PV��
D� UHODWLYHO\� ORZ� DPSOLWXGH� GLVFRQWLQXRXV� DQG�
FRQWLQXRXV� HYHQWV� ZLWK� WKH� SUHVHQFH� RI� GLYHU�
JHQW� LQFOLQHG� UHIOHFWLRQV�� ORZ-PHGLXP�DFRXVWLF�
LPSHGDQFH�FRQWUDVW��ZKLFK�DUH�FKDUDFWHULVWLF�RI�
RXWHU� VKHOI� PDUJLQ� HQYLURQPHQW� �6KHOI� (GJH�
'HOWD¶V���7KH�GLVFRQWLQXRXV�ORZ�IUHTXHQF\�GLS�
SLQJ� VHLVPLF� UHIOHFWLRQV� FKDUDFWHULVWLF� RI� VORSH�
HQYLURQPHQWV�� 7KXV�� LQWHJUDWLQJ� DOO� WKHVH� HYL�
GHQFHV�� LW� LV� LQIHUUHG� WKDW� WKH� VWXG\� DUHD� OLHV�
ZLWKLQ� WKH�2XWHU�6KHOI� -�6KHOI�PDUJLQ�HQYLURQ�
PHQW� 

 

)LJ�����*'(�VHLVPLF�IDFLHV�PRGHO�IRU�WKH�VWXG\�DUHD 

'HSWK�VXUIDFH�ZDV�JHQHUDWHG�IURP�WKH�LQWHUSUHW�
HG�KRUL]RQ�RI�563��SURVSHFWLYH�UHVHUYRLU��)LJ��
���� 7KH� SURVSHFW� VWUXFWXUH� FORVHV� DJDLQVW� WKH�
KDQJLQJ�ZDOO�RI�WKH�=-)LHOG�-�8-ILHOG�ERXQGDU\�
IDXOW� ZKLFK� UXQV� DSSUR[LPDWHO\� HDVW-ZHVW� MXVW�
QRUWK� RI� WKH� 8-ILHOG� DQG� DOVR� DJDLQVW� WKH� 8-(�
)LHOG� ERXQGLQJ� IDXOW�� 7KH� SURVSHFW� LV� D� IRXU�
ZD\�GLS�FORVXUH�ZLWK�ERWK�D�WKUHH�ZD\�DQG�WZR�
ZD\� FRPSRQHQWV� GHILQLQJ� WKH� ORZ� �3����� EDVH�
�3����DQG�KLJK�FDVH��3����UHVSHFWLYHO\��)LJ������
7KH� SURVSHFWLYH� UHVHUYRLU� LV� D� VHLVPLFDOO\� GH�
ILQHG�ORZVWDQG�ZHGJHV�ZHGJHV�EHOLHYHG�WR�KDYH�
EHHQ� GHSRVLWHG� LQ� D� VKHOI� PDUJLQ� VHWWLQJ� ZLWK�
PDUNHG� GRZQ-ODSSLQJ� FOLQRIRUPV��7KH�ZHGJHV�
FRQVLVWV� RI� PHGLXP� DPSOLWXGH� VHLVPLF� UHIOHF�
WRUV�� WKHVH� WKLFNHQV� DJDLQVW� WKH�PDLQ�ERXQGLQJ�
IDXOW� DQG� WDSHUV� RXW� WR� WKH� VRXWK� �ERXQGHG� WRS�
DQG�EHORZ�E\�D�VHW�RI�FRQWLQXRXV�EULJKW�DPSOL�
WXGH�UHIOHFWRUV� 
 
&KDQFH� IDFWRU� DVVHVVPHQW� �*HRORJLFDO� ULVN�
DQDO\VLV�� ZDV� FDUULHG� RXW� IRU� WKH� YDULRXV� SOD\�
HOHPHQWV��FKDUJH��UHVHUYRLU�SUHVFHQFH��VWUXFWXUH�
DQG� VHDO�� WR� HVWLPDWH� WKH�JHRORJLFDO� SRVVLELOLW\�
RI�VXFFHVV�DWWDFKHG�WR�WKH�563��GHHS�SURVSHFW�� 
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)LJ�����'HSWK�VWUXFWXUH�PDS�IRU�563���VKRZLQJ�ORZ��EDVH�DQG�KLJK�FDVH�SURVSHFW�FORVXUH� 

7KH� FKDUJH� SRWHQWLDO� IRU� WKH� 7HUWLDU\� 1LJHU�
'HOWD� LV� JHQHUDOO\� FRQVLGHUHG� D� µJLYHQ¶� ZLWK�
ZLGH�YDULHW\�RI�SRVVLEOH�VRXUFH�URFNV�IURP�WKH�
3DOHRFHQH�WR�0LRFHQH�PDULQH�$NDWD�VKDOH��0L�
JUDWLRQ�RU�UH-PLJUDWLRQ�LV�KRZHYHU�D�VLJQLILFDQW�
ULVN�ZRUWK�FRQVLGHULQJ��)RU�WKH�LGHQWLILHG�UHVHU�
YRLU�VHDO�SDLUV��WKH�3RVVLELOLW\�RI�6XFFHVV��326��
IRU� D� PDWXUH� VRXUFH� LV� SODFHG� DV� ����� �������
7KLV�LV�PDLQO\�EHFDXVH�WKH�8-)LHOG�DUHD�LV�VXU�
URXQGHG� E\� SURYHQ� ILHOGV� DQG� GLVFRYHULHV� �$-
)LHOG��=-)LHOG� DQG�(-)LHOG�� DQG� WKH� OLNHOLKRRG�
RI�YHUWLFDO�PLJUDWLRQ�XS�WKH�GRZQ-WR-EDVLQ�IDXOW�
H[LVW�� 
 
7RS�VHDO�IRU�WKH�SURVSHFWLYH�DUHD�ZDV�SURYLGHG�
E\�UHJLRQDOO\�PDSSHG�FRQWLQXRXV�VKDOHV�UHSUH�
VHQWLQJ� SHULRGV� RI� PDULQH� WUDQVJUHVVLRQ�
�PD[LPXP� IORRGLQJ� VXUIDFHV��� 7KH� ����� 0D�
HYHQW�VHDOV�WKH�RYHUDOO�ORZVWDQG�ZHGJH�V\VWHPV�
EHLQJ� D�PDMRU� JHRORJLFDO� IORRGLQJ� HYHQW�ZKHQ�
ODUJH�TXDQWLWLHV�RI�YHU\�ILQH�PDULQH�VKDOH�SDFN�
DJHV�ZHUH�GHSRVLWHG��7KH�3RVVLELOLW\�RI�VXFFHVV�
IRU� VHDO� HIIHFWLYHQHVV� LV� SODFHG� DW� ����� ������
IRU� 563� ���7KLV� LV� EHFDXVH� LW� LV� H[SHFWHG� WKDW�
WKH�RXWHU�QHULWLF�HQYLURQPHQW�SRVHV�D�ORZ�QHW�WR� 

JURVV�ZKHQ�FRPSDUHG� WR�VHDO�SUHVHQFH�DQG� WKLV�
FRXOG�OHDG�WR�JRRG�WRS�VHDO�� 
 
.H\� REVHUYDWLRQV� RI� VHLVPLFDOO\� ZHOO-GHILQHG�
ZHGJH�JHRPHWULHV�GXH�WR�UDSLG�WKLFNQHVV�FKDQJ�
HV�DORQJ�WKH�PDLQ�JURZWK�IDXOWV�LQ�WKH�REMHFWLYH�
LQWHUYDO�� FRXSOHG� ZLWK� DQ� RYHUDOO� EDVLQZDUG�
WKLQQLQJ�RI� JURVV� LQWHUYDO� VXJJHVW� WKDW� WKH�SUR�
VSHFW�LV�FORVH�WR�WKH�3DOHR�VKHOI�HGJH��7KH�3RV�
VLELOLW\�RI�6XFFHVV�IRU�UHVHUYRLU�SUHVHQFH�RI�WKH�
563� �� KHUH� PDSSHG� LV� SODFHG� DW� ����� �������
EHFDXVH�DOWKRXJK�IDYRUDEOH�VHLVPLF�IDFLHV�FKDU�
DFWHU� DQG� *'(� VXJJHVWV� SRWHQWLDO� /67�767�
VKHOI� PDUJLQ� VDQG� VHTXHQFHV�� GLVWDQFH� WR� WKH�
DQDORJXH�XVHG��9-���	�����LV�RYHU������P�� 
7KH� SRVVLELOLW\� IRU� D� VWUXFWXUH� ZDV� JLYHQ� DQG�
SODFHG�DW�������������WKLV�VWHPV�IURP�WKH�SUHV�
HQFH� RI� D� YDOLG� VWUXFWXUH� LQ� WKH� WRS� VWUXFWXUHG�
PDS��)LJ���� 
 
*HRORJLF�3RVVLELOW\�RI�VXFFHVV� IRU� WKH�SURVSHFW�
ZDV� HVWLPDWHG� E\� PXOWLSO\LQJ� WKH� GHILQHG�
FKDQFH� IDFWRUV� IRU� HDFK� SOD\� HOHPHQWV� VXPPD�
UL]HG� LQ� 7DEOH� ��� 7KH� JHRORJLFDO� SRVVLELOLW\� RI�
VXFFHVV� ZDV� HVWLPDWHG� WR� EH� ����� 7KLV� YDOXH� 
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H[FHHGV� WKH� WKUHVKROG� YDOXH� RI� ���� WKDW� LV� DF�
FHSWDEOH�DW�H[SORUDWLRQ�VWDJH�ZKHUH�QR�ZHOO�KDV�
EHHQ�GULOOHG�IRU�IXUWKHU�DSSUDLVDO�VWXG\� 
 
7KH� NH\� XQFHUWDLQWLHV� LGHQWLILHG� IRU� DQ\� ILUVW�
SDVV�YROXPHWULF�HVWLPDWLRQ�ZLOO�LQFOXGH�+\GUR�
FDUERQ�&ROXPQ�+HLJKW�DQG�1HW�WR�*URVV�5DWLR��
8QFHUWDLQW\� DVVRFLDWHG� ZLWK� K\GURFDUERQ� FRO�
XPQ�KHLJKW�UHVXOWHG�IURP�WKH�IDFW�WKDW�WKH�VWUXF�
WXUH�LV�SDUWLDOO\�IDXOW�GHSHQGHQW��%DVHG�RQ�VKDO�
ORZ� K\GURFDUERQ� GLVFRYHU\� VWXGLHV� ZLWKLQ� WKH�
DUHD�� WKH� K\GURFDUERQ� FROXPQ� KHLJKW� RI� EH�
WZHHQ����IW� DQG�����IW� FDQ�EH�DGRSWHG��*LYHQ�
WKDW�WKH�REMHFWLYH�UHVHUYRLU�XQLWV�DUH�ODUJHO\�XQ-
SHQHWUDWHG�� WKHUH� H[LVW� VRPH� XQFHUWDLQWLHV� RQ�
WKH� SURSHUWLHV� DQG� TXDOLW\� RI� WKHVH� UHVHUYRLU�
XQLWV�� 7KH� 9-ILHOG� FRQWDLQLQJ� 9-���	� ����
ZKLFK� SHQHWUDWHG� 6KHOI� 0DUJLQ� GHOWDV� FDQ� EH�
XVHG�DV�DQDORJXH�WR�FRQVWUDLQ�WKH�17*�GLVWULEX�
WLRQV�DQG�PHDQ�YDOXHV� 
 
&21&/86,216� 
7KLV� VWXG\� KDV� KLJKOLJKWHG� WKH� LPSRUWDQFH� RI�
VHTXHQFH� VWUDWLJUDSK\�DV�DQ�H[SORUDWLRQ� WRRO� LQ�
GHHS�JHRORJLFDO�VHWWLQJV��7KH�VWUDWLJUDSKLF�FRU�
UHODWLRQ�DORQJ�WKH�GHSRVLWLRQDO�VWULNH�ZDV�XVHIXO�
IRU�LGHQWLI\LQJ�D�UHJLRQDO�DQDORJXH�IRU�WKH�GHHS�
UHVHUYRLU� URFN� XQLWV� EHQHDWK� WKH� ILHOG� LQ� WKH�
VWXG\�DUHD��ZKLFK�DUH�XQ-SHQHWUDWHG�� 
 
7KH� LPSRUWDQFH� RI� GHILQLQJ� WKH�*URVV�'HSRVL�
WLRQDO� (QYLURQPHQW� �*'(�� IRU� DQ\� REMHFWLYH�
GHSRVLWLRQDO�VHTXHQFH�ZDV�DOVR�KLJKOLJKWHG�DV�LW�
LV�D�VLJQLILFDQW�ZD\�RI�GH-ULVNLQJ�D�SURVSHFW� LQ�
WHUPV� RI� UHVHUYRLU� SURSHUWLHV� ZKLFK� FRXOG�
VWURQJO\�DIIHFW�SURVSHFW�YROXPHV��$IWHU�HYDOXDW�
LQJ�WKH�FKDQFH�IDFWRU�RI�HDFK�SOD\�HOHPHQW��WKH�
LQWHJUDWHG�VWXG\�DWWDFKHG�D�JHRORJLFDO�SRVVLELO�
LW\� RI� VXFFHVV� RI� ���� WR� WKH� 563�� SURVSHFW��
ZKLFK�H[FHHG�WKH�����WKUHVKROG�IRU�DQ�XQGULOOHG�
SURVSHFW�� 
 
5()(5(1&(6 
%HND�� )�7� DQG� 2WL�� 0�1�� �������� 7KH� GLVWDO�
RIIVKRUH�1LJHU�'HOWD��)URQWLHU�SURVSHFWV�RI�D�
PDWXUH� SHWUROHXP� SURYLQFH� LQ� 2WL��0�1� DQG�
3RVWPD�� *�� HGV��� *HRORJ\� RI� 'HOWDV�� 5RWWHU�
GDP��$$�%DONHPD�����-����� 

2JEDPLNKXPL�DQG�8GHK� �� 

&DWXQHDQX�� 2��� $EUHX�� 9��� %KDWWDFKDU\D�� -�3��� 
%OXP�� 0�'��� 'DOU\PSOH�� 5�:��� (ULNVVRQ�� 
3�*���)LHOGLQJ��&�5���)LVKHU��:�/���*DOORZD\�� 
:�(���*LEOLQJ��0�5���*LOHV��.�$���+ROEURRN��
-�0���-RUGDQ��5���.HQGDOO��&�*���0DUFXGD��%���
0DUWLQVHQ�� 2�-��� 0LDOO�� $�'��� 1HDO�� -�(���
1XPPHGDO�� '��� 3RPDU�� /��� 3RVDPHQWLHU��
+�:���3UDWW��%�5���6DUJ��-�)���6KDQOH\��.�:���
6WHHO�� 5�-��� 6WUDVVHU�� $��� 7XFNHU�� 0�(�� DQG�
:LQNHU��&����������7RZDUGV�WKH�6WDQGDUGL]D�
WLRQ� RI� VHTXHQFH� VWUDWLJUDSK\��(DUWK� 6FLHQFH�
5HYLHZV�������-��� 

  
*UDQW�� &�-��� (WKHULQJWRQ�� 5��� 0DUFKH�� /�� DQG�
.LQJ��5����������1LJHU�GHOWD�SRUWIROLR�UHMXYH�
QDWLRQ��� *URVV� GHSRVLWLRQDO� HQYLURQPHQWV� RI�
WKH�(DVWHUQ�1LJHU�'HOWD�DQG�WKHLU�VLJQLILFDQFH�
WR�OHDG�DQG�SURVSHFW�DSSUDLVDO��6KHOO�,QWHUQD�
WLRQDO�([SORUDWLRQ�DQG�3URGXFWLRQ�%�9��� 

 
0DJRRQ�� %�/�� �������� 7KH� 3OD\� WKDW� FRPSOL�
PHQWV�WKH�3HWUROHXP�6\VWHP-�D�QHZ�H[SORUD�
WLRQ� HTXDWLRQ��2LO� DQG� *DV� -RXUQDO�� ��������
��-��� 
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