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7KH�VWXG\�RI�JHRPDJQHWLF�ILHOG�LV�RQH�RI�WKH�HDUOLHVW�VWXGLHV�LQ�WKH�ILHOG�RI�JHRVFLHQFHV��$W�SUHVHQW��PHDVXUHPHQW
RI� WKH� JHRPDJQHWLF� ILHOG� LV� FRQFHUQHG�ZLWK� DQVZHULQJ� WKH� IXQGDPHQWDO� TXHVWLRQV� DERXW� WKH� (DUWK
V� GHHS� LQWHULRU�
PDQWHO�FRQGXFWLYLW\��VWUXFWXUH�DQG�WKHUPR�PHFKDQLFDO�SURSHUWLHV�RI�WKH�FUXVW��LWV�OLWKRVSKHUH�DQG�WKH�QHDU�(DUWK�HQYL�
URQPHQW��7KLV�SDSHU�SUHVHQWV�D�PHWKRG�WKDW�DGGUHVVHV�D�SUREOHP�RI�VLWH�VHOHFWLRQ�IRU�D�QHZ�JHRPDJQHWLF�ILHOG�REVHU�
YDWRU\�LQ�WKH�5HSXEOLF�RI�6ORYHQLD��7KH�PHWKRG�UHOLHV�RQ�D�PXOWL�VWDJH�PXOWL�FULWHULD�GHFLVLRQ�PRGHO��*HRJUDSKLF�,Q�
IRUPDWLRQ�6\VWHP��*,6��ZDV�XVHG�DV�D�SODWIRUP�HQDEOLQJ�WKH�PDQDJHPHQW�RI�WKH�FULWHULRQ�GDWD��VSDWLDO�DQDO\VLV��FDUWR�
JUDSKLF�PRGHOLQJ�DQG�SURGXFWLRQ�RI�PDS�OD\HUV��)HDVLEOH�DUHDV�ZHUH�SURGXFHG�XVLQJ�%RROHDQ�RYHUOD\��IROORZHG�E\
WKH�DSSOLFDWLRQ�RI�PXOWL�FULWHULD�HYDOXDWLRQ��0&(��PHWKRG�RQ�IHDVLEOH�DUHDV�WR�VHOHFW�WKH�EHVW�DUHD��)XUWKHUPRUH��SUH�
OLPLQDU\�PHDVXUHPHQWV�RI�JHRPDJQHWLF�ILHOGV�ZHUH�REVHUYHG�LQFOXGLQJ�WKH�PHDVXUHPHQW�RI�WKH�WRWDO�LQWHQVLW\�JUDGL�
HQW�RI�WKH�PDJQHWLF�ILHOG�YHFWRU��WKH�PHDVXUHPHQW�RI� WKH�JHRPDJQHWLF�ILHOG�DW�D�EDVH�SRLQW��DV�ZHOO�DV�WKH�DEVROXWH
DQG�WKH�WKUHH�FRPSRQHQW�PHDVXUHPHQWV�RI�WKH�JHRPDJQHWLF�ILHOG�

.H\�ZRUGV��JHRSK\VLFV��JHRPDJQHWLVP��*HRJUDSKLF�,QIRUPDWLRQ�6\VWHPV��*,6���REVHUYDWRU\��VLWH�VHOHFWLRQ�
PXOWL�FULWHULD�HYDOXDWLRQ��0&(�
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6,17(6,
/R�VWXGLR�GHO�FDPSR�JHRPDJQHWLFR�o�XQR�GHL�SULPL�LQWUDSUHVL�QHOO¢DPELWR�GHOOH�JHRVFLHQ]H��/D�ULFHUFD�GHO�FDPSR

JHRPDJQHWLFR�o�GL� IRQGDPHQWDOH� LPSRUWDQ]D�SHU� OD�FRPSUHQVLRQH�GHL�SURFHVVL� LQ� FRUVR�QHJOL� VWUDWL� SURIRQGL�GHOOD
7HUUD��QHOOD�FURVWD�WHUUHVWUH�H�QHOO¢DPELHQWH�FLUFRVWDQWH�LO�SLDQHWD�7HUUD��/¢DUWLFROR�SUHVHQWD�XQ�PHWRGR�SHU�OD�VHOH]L�
RQH�GL�XQ�VLWR�SHU�XQ�QXRYR�RVVHUYDWRULR�JHRPDJQHWLFR�LQ�WHUULWRULR�VORYHQR��/D�VFHOWD�o�EDVDWD�VXO�PRGHOOR�GHFLVLRQ�
DOH�GHOOD�YDOXWD]LRQH�PXOWLFULWHULDOH�H�PXOWLJUDGXDOH��,O�6LVWHPD�,QIRUPDWLYR�7HUULWRULDOH��*,6��o�VWDWR�XVDWR�TXDOH�SLDW�
WDIRUPD�SHU�OD�GHILQL]LRQH�GHL�FULWHUL��O¢DQDOLVL�VSD]LDOH��OD�FUHD]LRQH�GL�PRGHOOL�FDUWRJUDILFL�H�OD�SURGX]LRQH�GL�PDSSH
SOXULVWUDWLILFDWH�� $UHH� SRWHQ]LDOPHQWH� DGDWWH� VRQR� VWDWH� HYLGHQ]LDWH� FRQ� O¢XVR� GHO� �%RROHDQ� RYHUOD\��� VHJXLWR
GDOO¢DSSOLFD]LRQH�GHO�PHWRGR�GHOOD�YDOXWD]LRQH�PXOWLFULWHULDOH��0&(���DO�ILQH�GL�VFHJOLHUH�O
DUHD�PLJOLRUH��,Q�WDOL�DUHH
VRQR�VWDWH�HVHJXLWH�PLVXUD]LRQL�SUHOLPLQDUL�GHL�FDPSL�JHRPDJQHWLFL��LQFOXVH�PLVXUD]LRQL�GHOO¢RPRJHQHLWi�GHO�JUDGL�
HQWH�GHOO¢LQWHQVLWi�WRWDOH�GHO�YHWWRUH�GHO�FDPSR�PDJQHWLFR��QRQFKn�PLVXUD]LRQL�DVVROXWH��GL�EDVH�H�WUL�FRPSRQHQ]LDOL
GHO�FDPSR�JHRPDJQHWLFR�

3DUROH�FKLDYH��JHRILVLFD��JHRPDJQHWLVPR��6LVWHPD�,QIRUPDWLYR�*HRJUDILFR��*,6���RVVHUYDWRULR��VHOH]LRQH�VLWR�
YDOXWD]LRQH�PXOWLFULWHULDOH��0&(�
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2QH�RI�WKH�HVVHQWLDO�WDVNV�RI� WKH�JHRPDJQHWLF�REVHU�
YDWRU\� LV� UHFRUGLQJ� WKH� VKRUW�WHUP� DQG� ORQJ�WHUP� JHR�
PDJQHWLF�ILHOG�YDULDWLRQV�LQ�VXFK�D�ZD\�WKDW�WKH�UHFRUGHG
LQIRUPDWLRQ� LV� UHSUHVHQWDWLYH� IRU� D� ODUJHU� DUHD� �:LHQHUW�
������� 7KH� XWLOLW\� RI� WKH� PDJQHWLF� REVHUYDWRU\� UHFRUGV
IRU� WKH� FRUUHFW� UHGXFWLRQ� RI� WKH� VXUYH\HG� GDWD� LV� UHLQ�
IRUFHG� LI�ERWK� VSDWLDO�KRPRJHQHLW\�RI� ORFDWLRQ�DQG�SDU�
WLFXODU� ORFDWLRQ� DQRPDOLHV� LQFOXGLQJ� PDQ�PDGH� DQG
QDWXUDO� QRLVHV� DUH� DVVHVVHG�� ,W� LV� LPSRUWDQW� WKDW� WKH� RE�
VHUYDWRU\�VLWH�LV�PDJQHWLFDOO\�UHSUHVHQWDWLYH�RI�LWV�UHJLRQ�
ERWK� IRU� WKH� VHFXODU� YDULDWLRQ� DQG� IRU� WKH� VKRUW�WHUP
YDULDWLRQV� �-DQNRZVNL� 	� 6XFNVGRUII�� ������� 7KLV� PHDQV
WKDW�LW�LV�DOZD\V�FRQYHQLHQW�WR�VHW�XS�D�JHRPDJQHWLF�RE�
VHUYDWRU\� LQ� WKH� HQYLURQPHQW� IUHH� RI� RU� ZLWK� OLPLWHG
HOHFWURPDJQHWLF�FRQWDPLQDWLRQ�

(OHFWURPDJQHWLF� UDGLDWLRQ��ZKLFK� LV� FRQVWDQWO\� SUHV�
HQW� LQ� WKH�HQYLURQPHQW��FDQ�EH�GHWHFWHG�GXULQJ� WKH�RE�
VHUYDWLRQ�RI�WKH�(DUWK¤V�PDJQHWLF�ILHOG�DV�HOHFWURPDJQHWLF
QRLVH�RU�LQWHUIHUHQFH��7KH�QRLVH�PD\�RFFXU�GXH�WR�QDWX�
UDO� RU� DUWLILFLDO� VRXUFHV�� 1DWXUDO� RULJLQV� RI� WKH� HOHFWUR�
PDJQHWLF� UDGLDWLRQV� DUH�PRVW� RIWHQ� DWWULEXWHG� WR� DWPRV�
SKHULF� SKHQRPHQD� DQG� SKHQRPHQD� RULJLQDWLQJ� LQ� WKH
8QLYHUVH��8QQDWXUDO�RU�DUWLILFLDO�HOHFWURPDJQHWLF�QRLVH�LV
PDQ�PDGH�� LW� RULJLQDWHV� LQ� WHFKQRORJLFDO� GHYHORSPHQW
DQG� WKH� HOHFWURPDJQHWLF� DSSOLFDWLRQV�� 'XH� WR� WHFKQR�
ORJLFDO� JURZWK�� PDQ�PDGH� HOHFWURPDJQHWLF� QRLVH� LV
QRZDGD\V�VXSHULPSRVHG�RQ�QDWXUDO�QRLVH�DOPRVW�HYHU\�
ZKHUH�RQ�WKH�(DUWK�

,Q� WKH� ODVW� GHFDGH� PDQ�PDGH� QRLVH� KDV� LQFUHDVHG
GUDPDWLFDOO\� RYHU� DQG� DERYH� WKH� QDWXUDO� QRLVH� LQ� UHVL�
GHQWLDO� DQG� EXVLQHVV� DUHDV� �%LDQFKL� 	� 0HORQL�� ������
7\SLFDO� HOHFWURPDJQHWLF� LQWHUIHUHQFHV� LQ� WKH� (DUWK¤V
PDJQHWLF� ILHOG� LQ� XUEDQ� HQYLURQPHQWV� DUH� FDXVHG� E\� D
QXPEHU� RI� VRXUFHV�� HOHFWULFLW\� JULGV� DQG� VZLWFKHV�
EXLOGLQJ� PDWHULDOV� �PRVWO\� IHUURFRQFUHWH� VWUXFWXUHV��
HOHFWURPDJQHWLF� ILHOGV� IURP� WHOHSKRQ\� DQG� RWKHU� WHOH�
FRPPXQLFDWLRQV�� HOHFWULF�PDLQV� DQG� WUDQVPLVVLRQ� OLQHV�
DQG� HOHFWULILHG� UDLOZD\V�� WUDQVSRUW� HWF�� 2I� WKHVH� PDQ�
PDGH� QRLVHV� WKH� HOHFWULF� PDLQV� DQG� WUDQVPLVVLRQ� OLQHV
DQG� GLUHFW� FXUUHQW� HOHFWULILHG� UDLOZD\V� KDYH� WKH� ELJJHVW
LQIOXHQFH� RQ� PHDVXUHPHQWV�� ,Q� WKH� KLVWRU\� RI� WKH� JHR�
PDJQHWLF� ILHOG� REVHUYDWLRQV� VRPH� REVHUYDWRULHV�� DERYH
DOO� EHFDXVH�RI� WKH�KLJK� OHYHO�RI�PDQ�PDGH� HOHFWURPDJ�
QHWLF� QRLVH�� ZHUH�PRYHG� IURP� XUEDQ� DUHDV� WR� FRXQWU\�
VLGH� ZLWK� D� ORZHU� OHYHO� RI� QRLVH� FDXVHG� E\� DUWLILFLDO
VRXUFHV� �7VXQRPXUD� 	� 7RNXPRWR�� ������� 7KH� LQWHUIHU�
HQFH�IURP�HOHFWULILHG�UDLOZD\V�LV�VR�VWURQJ�WKDW� WKH�HOHF�
WURPDJQHWLF� UDGLDWLRQ� VSUHDGV� WR� D� GLVWDQFH� RI� VHYHUDO
WHQV�RI� NP�� ,Q�FDVH�RI� HOHFWULF� UDLOZD\V�GULYHQ�E\�DOWHU�
QDWLRQ� FXUUHQW�� OHDNDJH�FXUUHQWV� GR� QRW� KDYH� VWURQJ� LQ�
WHUIHUHQFH� RQ� PHDVXUHPHQWV�� DV� LWV� IUHTXHQF\� UDQJH� LV
RXW� RI� REVHUYDWLRQ� SHULRG� UDQJH� RI� JHRPDJQHWLVP�� DQG
OHDNDJH� FXUUHQWV� PD\� QRW� IRUP� ODUJH� FXUUHQW� ORRSV� EH�
QHDWK�WKH�JURXQG�EHFDXVH�RI�WKH�VNLQ�HIIHFW��<DQDJLKDUD�

������� 1HYHUWKHOHVV�� $&�HOHFWULILHG� UDLOZD\V� VWLOO� UHSUH�
VHQW�D�VLJQLILFDQW�VRXUFH�RI�QRLVH��PDLQO\�EHFDXVH�RI�WKH
QDWXUH� RI� LWV� QRLVH� ZKLFK� KDV� H[WUHPHO\� FRPSOH[� YDUL�
DELOLW\� DQG� FRXOG� QRW� EH� HQWLUHO\� HOLPLQDWHG� HYHQ� ZLWK
WKH�PRGHUQ�WHFKQLTXHV�IRU�QRLVH�UHPRYDO��)RQWHV�������
(JEHUW�HW�DO���������3DGXD�HW�DO���������

*HQHUDOO\�� LW�FDQ�EH�VKRZQ�WKDW� WKH� OHYHO�RI�HOHFWUR�
PDJQHWLF� QRLVH� IURP� DUWLILFLDO� RULJLQV�� PHDVXUHG� DW� WKH
YDULRXV� ORFDWLRQV�� LV� KLJKO\� GHSHQGHQW� RQ� WKH� GLVWDQFH
IURP� WKH�RULJLQ�RI�QRLVH�� ,W�FDQ�DOVR�EH�SURYHG� WKDW� WKH
OHYHO� RI� HOHFWURPDJQHWLF� QRLVH� IURP� DUWLILFLDO� RULJLQV� LV
QRW� FRQVWDQW� LQ� WLPH� DQG� WKDW� ERWK�� LWV� IUHTXHQF\� DQG
SRZHU� DOVR� IOXFWXDWH�� )RU� WKDW� UHDVRQ�� WKH� DERYH�
PHQWLRQHG� HOHFWURPDJQHWLF� QRLVH� FDXVHV� D� ORW� RI� SURE�
OHPV�IRU�REVHUYLQJ�WKH�JHRPDJQHWLF�ILHOG��0DQ\�DXWKRUV
KDYH� SRLQWHG� WKLV� RXW�� TXRWLQJ� WKH� SUREOHPV� LQ� GLVFRY�
HULQJ�� TXDQWLI\LQJ� DQG� HOLPLQDWLQJ� WKH�PDQ�PDGH� HOHF�
WURPDJQHWLF� QRLVH� �+DUDGD� HW� DO��� ������ 9LOODQWH� HW� DO��
������0DVFL�HW�DO���������

$FFRUGLQJ� WR� WKH� UHVHDUFKHV� GHVFULEHG�� WKH� UHDVRQ�
DEOH� FKRLFH� IRU� D� VLWH� ORFDWLRQ� LV� D� �TXLHW�� UXUDO� DUHD
ZKLFK� KDV� D� ORZHU� OHYHO� RI�PDQ�PDGH� HOHFWURPDJQHWLF
QRLVH�� ,Q� VSLWH� RI� LWV� UHOHYDQFH�� PDQ�PDGH� QRLVH�� GH�
SHQGLQJ� RQ� IUHTXHQF\� EDQG�� LV� RQ� DYHUDJH� ������ G%
ORZHU�LQ��TXLHW��UXUDO�DUHDV�WKDQ�LQ�WKH�EXVLQHVV�DQG�UHVL�
GHQWLDO�DUHDV��2I�FRXUVH��VWDUWLQJ�IURP�WKH�����¤V��VDWHO�
OLWH� FRPPXQLFDWLRQ� V\VWHPV� DOVR� FRQWULEXWH� WR� PDQ�
PDGH� QRLVH�PHDVXUDEOH� RQ� WKH� (DUWK� �&&,5�,78�� �����
%LDQFKL� 	� 0HORQL�� ������� 0DQ�PDGH� QRLVH� FDQ� EH
PDLQO\� REVHUYHG� LQ� WKH� YHUWLFDO� FRPSRQHQW� RI� D� PDJ�
QHWLF�ILHOG�

'XULQJ�JHRPDJQHWLF�ILHOG�REVHUYDWLRQV��DQ\�FKDQJHV
LQ�HOHFWURPDJQHWLF� ILHOG�DV�D� UHVXOW�RI�VHLVPLF�SURFHVVHV
PXVW�QRW�EH�QHJOHFWHG��6RPH�UHVHDUFKHUV�DUH�LQFOLQHG�WR
EHOLHYH� WKDW� WKH� 6XQ�LQWHUSODQHWDU\� VSDFH�PDJQHWR�
VSKHUH�LRQRVSKHUH�DWPRVSKHUH�WHFWRQRVSKHUH� FKDLQ
VKRXOG�EH�FRQVLGHUHG�DV� D�YHU\�FRPSOH[��G\QDPLF�DQG
QRQ�OLQHDU� V\VWHP� LQ� ZKLFK� KLJK� HQHUJ\� SKHQRPHQD
FDXVH� YDULRXV� FRPSOH[� SURFHVVHV� RQ� WKH� (DUWK�� ,Q� WKLV
FRQWH[W��WKH�VHLVPLF�SURFHVVHV�LQ�WKH�(DUWK¤V�FUXVW�DQG�LWV
XSSHU�PDQWOH� VKRXOG� EH� WUHDWHG�DV� D� SDUW� RI� D� SK\VLFDO
SURFHVV�FRPPRQ�WR�WKH�6XQ�(DUWK�V\VWHP��%DNKPXWRY�HW
DO��� ������� $� QXPEHU� RI� UHVHDUFKHUV� KDYH� LQYHVWLJDWHG
WKH�UHODWLRQ�EHWZHHQ�WKH�V\VWHP¤V�SK\VLFDO�SURFHVVHV�DQG
VHLVPLF�DFWLYLWLHV��7KH�UHVXOWV�RI� WKHVH�VWXGLHV�DUH�GLIIHU�
HQW�IURP�RQH�UHVHDUFKHU�WR�WKH�RWKHU��,W�LV�QRW�SRVVLEOH�WR
JHW� XQLILHG� UHVXOWV� RQ� WKLV� PDWWHU� LQ� WKH� OLWHUDWXUH�� DQG
WKHUHIRUH�LW� LV�QRW�SRVVLEOH�WR�HVWDEOLVK�WKH�H[DFW�TXDQWL�
WDWLYH�FULWHULD� IRU� WKH�HYDOXDWLRQ�RI�SRWHQWLDOO\� DGHTXDWH
JHRPDJQHWLF� REVHUYDWRU\� ORFDWLRQV�� $OWKRXJK� WKH� UH�
VHDUFKHUV�DUH� QRW� XQDQLPRXV� UHJDUGLQJ� WKH� UHODWLRQ� EH�
WZHHQ� WKH�FKDQJH� LQ� WKH�JHRPDJQHWLF� ILHOG�DQG� WKH�RF�
FXUUHQFH�RI�VHLVPLF�DFWLYLWLHV�� WKH�UHVXOWV� WKH\�SUHVHQWHG
VXSSRUW� WKH� VWDWHPHQW� WKDW� VXFK� UHODWLRQ� H[LVWV� �5XOHY�
������ 6REROHY� HW� DO��� ������ =DNU]KHYVND\D� 	� 6REROHY�
������%DNKPXWRY�HW�DO���������
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7KH�DERYH�PHQWLRQHG�IDFWV�SURYH�WKDW�WKH�DUHD�VHOHF�
WLRQ�DQG�FKRLFH�RI�WKH�ILQDO�ORFDWLRQ�IRU�WKH�JHRPDJQHWLF
REVHUYDWRU\� LV�D�PXOWL�VWDJH�PXOWL�FULWHULD�GHFLVLRQ�SURF�
HVV��DV� WKH� ORFDWLRQ�PXVW�PHHW�D�QXPEHU�RI�FULWHULD� WKDW
DUH� UHODWHG� WR� LWV� VSDWLDO� DQG� IXQFWLRQDO� VSHFLILFDWLRQV�
JHRORJLFDO� FKDUDFWHULVWLFV�� WKH� OHYHO� RI� HOHFWURPDJQHWLF
QRLVH�� WRSRJUDSKLF� FKDUDFWHULVWLFV� DQG� RWKHU� WHFKQLFDO
FKDUDFWHULVWLFV�� 1HYHUWKHOHVV�� DQ� LPSRUWDQW� IDFWRU� LQ
EULQJLQJ� WKH� ILQDO�GHFLVLRQ� LV�DOVR� LWV� VRFLDO�DFFHSWDELOLW\
LQ� WKH�EURDGHU� VXUURXQGLQJV��ERWK�DW� ORFDO�DQG�SHUVRQDO
OHYHO�

8VXDOO\�WKH�REMHFWLYH�LQ�DSSOLFDWLRQV�LQYROYLQJ�FDUWR�
JUDSKLF�PRGHOOLQJ� LV� WR� ORFDWH� WKH� DUHD� RU� DUHDV�ZKHUH
WKH� JLYHQ� FULWHULD� DSSO\�� 7KXV��*,6�ZDV� XVHG� DV� D� SODW�
IRUP�HQDEOLQJ�WKH�PDQDJHPHQW�RI�WKH�FULWHULRQ�GDWD��WKH
SURGXFWLRQ� RI� FULWHULRQ� OD\HUV�� WKH� VSDWLDO� DQDO\VLV� DQG
SURGXFWLRQ�RI� WKH�PDSV�QHHGHG� LQ� WKH�HYDOXDWLRQ�SURF�
HVV�� :KHQ� ZH� DUH� ORRNLQJ� IRU� D� VXLWDEOH� ORFDWLRQ�� WKH
SURFHVV� DFWXDOO\� LQFOXGHV� WKH� VSDWLDO� HYDOXDWLRQV� DF�
FRUGLQJ� WR� GLIIHUHQW� GHFLVLRQ� FULWHULD�� ,Q� D� FODVVLILFDWLRQ
EDVHG� RQ� %RROHDQ� ORJLF�� DQ� DUHD� LV� HLWKHU� DFFHSWHG� RU
UHMHFWHG�EDVHG�RQ�D�JLYHQ�WKUHVKROG�YDOXH��7KH�ILQDO�RXW�
FRPH�RI� WKRVH�PRGHOV� LV�D�PDS�VKRZLQJ�DUHDV� VLPXOWD�
QHRXVO\� IXOILOOLQJ� DOO� WKH� GHFLVLRQ� FULWHULD�� +RZHYHU�
SUREOHPV� KDYH� EHHQ� QRWHG�ZLWK�PHWKRGV� WKDW� UHOD\� RQ

FODVVLFDO� %RROHDQ� ORJLF� �&DUYHU�� ������� ,Q� VLWXDWLRQV
ZKHUH� WKUHVKROG�YDOXH� LV�QRW�SUHFLVH�� ORVV�RI� LQIRUPDWLRQ
RU� HUURU� SURSDJDWLRQ� PD\� RFFXU�� $GGLWLRQDOO\�� WKH
PHWKRG� GRHV� QRW� RIIHU� DQ\� DQDO\WLFDO� SRVVLELOLW\� IRU� H[�
DPLQLQJ�ZKLFK�DUHDV�DUH� WKH�PRVW�DSSURSULDWH�RU�ZKLFK
DUHDV�DUH�WKH�EHVW�DPRQJ�WKH�IHDVLEOH�DUHDV��6WRQH��������

,Q� RXU� FDVH�� WKH� VLWH� HYDOXDWLRQ� SURFHVV�PD\� EH� GL�
YLGHG� LQWR� WKUHH� VWDJHV�� FROOHFWLQJ� WKH� QHFHVVDU\� GDWD�
FDUWRJUDSKLF� PRGHOOLQJ� LQFOXGLQJ� PXOWL�FULWHULD� PRGHO�
OLQJ��DQG�SUHOLPLQDU\�RQ�VLWH�JHRPDJQHWLF�ILHOG�REVHUYD�
WLRQV�

7KH� ILUVW� VWDJH� FRQVLVWV� SULPDULO\� RI� FROOHFWLQJ� DQG
SUHSDULQJ� GLJLWDO� GDWD� WKDW� LQFOXGHV� GLIIHUHQW� WKHPDWLF
OD\HUV��6LQFH�RXU�VWXG\�DUHD�UHSUHVHQWV�WKH�HQWLUH�WHUULWRU\
RI� WKH� 5HSXEOLF� RI� 6ORYHQLD�� PRVW� RI� WKH� YDULDEOHV
QHHGHG�LQ�WKH�HYDOXDWLQJ�SURFHVV�ZHUH�DOUHDG\�DYDLODEOH
LQ� GLJLWDO� IRUPDW�� 0DS� OD\HUV� GHVFULELQJ� WKHVH� IDFWRUV
ZHUH�REWDLQHG�IURP�6XUYH\LQJ�DQG�0DSSLQJ�$XWKRULW\�RI
WKH�5HSXEOLF�RI�6ORYHQLD��$OO�DYDLODEOH�PDS�OD\HUV�ZHUH
LQ�YHFWRU�GDWD� IRUPDW�� VR� WKH� DFFXUDF\�DQG� FRQVLVWHQF\
RI�WKH�GDWD�KDV�QRW�EHHQ�TXHVWLRQHG�

,Q� WKH� VHFRQG� VWDJH�� WKH�FDUWRJUDSKLF�PRGHOOLQJ�ZDV
DSSOLHG� LQ� SURGXFLQJ� DQG� FRPELQLQJ� VSDWLDO� GDWD� GH�
VFULELQJ�GHFLVLRQ�YDULDEOHV�� ,Q� WKLV�SURFHVV��FDUWRJUDSKLF
WRROV� LQFOXGLQJ�EXIIHULQJ�� ILOWHULQJ��GLVVROYLQJ� IHDWXUHV�� WR
RYHUODSSLQJ�DOO�PDS�OD\HUV�FRQVLGHULQJ�GHWHUPLQLVWLF�DUHD
IDFWRUV��7KH�DUHDV�QRW�LQFOXGHG�LQ�WKH�DUHD�GHWHUPLQHG�DV

)LJ�����0DS�GHSLFWLQJ�DUHDV�VLPXOWDQHRXVO\�IXOILOOLQJ�DOO�WKH�FRQGLWLRQV�VHW�LQ�VSDWLDO�FULWHULD�JURXS�
6O�����3ULND]�ORNDFLM��NL�XVWUH]DMR�YVHP�SRVWDYOMHQLP�SURVWRUVNLP�NULWHULMHP�
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JHWKHU� ZLWK� %RROHDQ� ORJLF� ZHUH� XVHG�� )HDVLEOH� DUHD� LV
SURGXFHG� XVLQJ� %RROHDQ� RYHUOD\�� L�H��� E\� QXPHULFDOO\
EHLQJ�VXLWDEOH�E\�DOO�GHWHUPLQLVWLF�FULWHULD�ZHUH�H[FOXGHG
IURP�IXUWKHU�FRQVLGHUDWLRQ��6LQFH�WKH�%RROHDQ�ORJLF�GRHV
QRW�RIIHU�DQ\�DQDO\WLFDO�SRVVLELOLW\� IRU� H[DPLQLQJ�ZKLFK
DUHDV� IXOILOOLQJ� WKH�GHWHUPLQLVWLF�FULWHULD�DUH� WKH�PRVW�DS�
SURSULDWH�� WKH� 0XOWL�&ULWHULD� (YDOXDWLRQ� �0&(�� PHWKRG
KDV�DOVR�EHHQ�DSSOLHG� LQ�GHFLVLRQ�SURFHVV��7KH�PRVW� IUH�
TXHQWO\�XVHG�0&(�SURFHGXUH�LQ�WKH�*,6�HQYLURQPHQW�ZDV
XVHG��L�H���WKH�ZHLJKWHG�OLQHDU�VXPPDWLRQ��7KLV�PHWKRG�LV
VXLWDEOH�IRU�ZKHQ�ZH�KDYH�WR�HYDOXDWH�VHYHUDO�FULWHULD�DQG
FRQVLGHU�WKHLU�GLIIHUHQW�OHYHOV�RI�LPSRUWDQFH�

7KH� ODVW� VWDJH� LQFOXGHV�PDJQHWLF� ILHOG� VXUYH\� DW� VH�
OHFWHG�VLWH��DFWLYLWLHV�ZLWK�WKH�SXUSRVH�RI�HQVXULQJ�VRFLDO
DFFHSWDELOLW\� LQ� EURDGHU� DQG� QDUURZHU� VXUURXQGLQJV�
VHDUFKLQJ�IRU�DQ�DSSURSULDWH�SORW��HWF�

(YDOXDWLRQ�FULWHULD

7KH�FULWHULD�IRU�VSDWLDO�HYDOXDWLRQ�ZHUH�FODVVLILHG�LQWR
WKUHH� JURXSV�� VSDWLDO� FKDUDFWHULVWLFV�� WHFKQLFDO�SUDFWLFDO
DVSHFWV�� DQG� VRFLDO�JOREDO� FKDUDFWHULVWLFV�� ,Q� WKH� VSDWLDO
FKDUDFWHULVWLFV�JURXS��DOO� WKH�GHFLVLRQ�FULWHULD� DUH�GHWHU�
PLQLVWLF��7KHLU� WKUHVKROG�YDOXHV�KDYH�EHHQ�GHILQHG�DV�D
UHVXOW� RI� OLWHUDWXUH� UHYLHZ� IURP� WKH� LQWURGXFWLRQ� RI� WKLV
SDSHU�� DQG� HYDOXDWHG� DFFRUGLQJ� WR� ILHOG� H[SHUW� VXJJHV�
WLRQV�� ,Q� WKH� WZR� RWKHU� JURXSV� ZH� FDQ� ILQG� DOO� RWKHU�
VXEMHFWLYH�GHFLVLRQ�FULWHULD��ZKLFK�DUH�DOVR�LPSRUWDQW� LQ
VHWWLQJ�XS�D�SHUPDQHQW�REVHUYDWRU\�RI�JHRPDJQHWLF�ILHOG
�:LHQHUW��������-��5DVVRQ��SHUV��FRPP���

,Q�WKH�ILUVW�VWDJH��FDUWRJUDSKLF�WRROV�LQFOXGLQJ�EXIIHU�
LQJ�� ILOWHULQJ��GLVVROYLQJ� IHDWXUHV�� WRJHWKHU�ZLWK�%RROHDQ
ORJLF�ZHUH�XVHG��7KH�PRGHO�ZDV�GHVLJQHG�XVLQJ�WKH�$U�
F0DS�����6RIWZDUH�3DFNDJH��7KH�DLP�RI� WKLV�SURFHGXUH
ZDV� WR� LGHQWLI\� SRWHQWLDOO\� DSSURSULDWH� VLWHV�� ZKLFK
ZRXOG�EH�DFFHSWDEOH�LQ�UHODWLRQ�WR�WKH�ILUVW�JURXS�RI�FUL�
WHULD��7KH�DUHDV�VLPXOWDQHRXVO\�IXOILOOLQJ�DOO�WKH�GHFLVLRQ

FULWHULD� IURP� WKH� ILUVW� JURXS� DUH� VKRZQ� RQ� WKH� PDS� DV
IHDVLEOH�DUHDV��)LJ�����

7KH�QH[W�VWHS�ZDV�WKH�HYDOXDWLRQ�RI�IRXU�SRWHQWLDO�VLWHV
DFFRUGLQJ�WR�GHFLVLRQ�FULWHULD�FODVVLILHG�LQ�WKH�VHFRQG�DQG
WKLUG� JURXS�� 6RPH� RI� WKH� VHOHFWHG� SDUDPHWHUV� IURP� WKH
VHFRQG�DQG� WKLUG�JURXS� DUH�QRW� DV� H[DFW� DQG� XQLTXH� DV
WKH� SDUDPHWHUV� IURP� WKH� ILUVW� JURXS�� )RU� VRPH� GHFLVLRQ
FULWHULD� WKH� DGMXVWPHQW� RI� LQWHUHVWV� RQ�VLWH� LV� RI� NH\� LP�
SRUWDQFH��DQG� WKHVH�FULWHULD�FRXOG�QRW�EH� WUHDWHG�HTXDOO\
RQ� HDFK� VLWH��$W� WKLV� SRLQW�� WKH�PXOWL�FULWHULD� HYDOXDWLRQ
PHWKRG�KDV�EHHQ�DSSOLHG�RQ�IHDVLEOH�DUHDV�VHOHFWHG�LQ�WKH
ILUVW� VWDJH�� 7KH�PHWKRG� UHTXLUHV� VHWWLQJ� D� GHJUHH� RI� DG�
YDQWDJH� �ZHLJKW� IDFWRUV�� IRU�HDFK�SDUDPHWHU��DQG�D� UHOD�
WLYH� VLJQLILFDQFH�RI�D� VLQJOH�SDUDPHWHU� LQ�FRPSDULVRQ� WR
RWKHU�SDUDPHWHUV�ZKLFK�DUH�XVHG�LQ�WKH�VHOHFWLRQ�SURFHVV�
(DFK�SDUDPHWHU�ZDV�HYDOXDWHG�LQ�UHODWLRQ�WR�LWV�GHJUHH�RI
DGYDQWDJH�ZLWK�UDQN�IURP���WR����ZKHUH�WKH�UDQN���PHDQV
D� YHU\� LQDSSURSULDWH� ORFDWLRQ� DQG� UDQN� ��PHDQV� D� YHU\
VXLWDEOH� ORFDWLRQ�� 7KLV� HQVXUHG� WKDW� WKH� LPSRUWDQW� SD�
UDPHWHUV�FRXOG�QRW�EH�ORVW�LQ�WKH�PHDQ�YDOXH�DQG�WKDW�WKH
VLJQLILFDQW�DGYDQWDJHV�RI�D�SRWHQWLDO� VLWH�ZLWK�KLJK�UDWHG
PDLQ�SDUDPHWHUV�ZRXOG�QRW�EH�FDQFHOOHG�RXW�E\�LWV�ORZHU
VFRUHV�IRU�VRPH�OHVV�LPSRUWDQW�SDUDPHWHUV��)RU�WKLV�PRGHO
WKH� LPSRUWDQFH�RI�D�SDUDPHWHU�ZDV�HYDOXDWHG�ZLWK� UDQN
IURP� �� WR� ���ZKHUH� WKH�PRVW� LPSRUWDQW� SDUDPHWHU�ZDV
JLYHQ�WKH�UDQN���DQG�D�SDUDPHWHU�RI�YHU\�ORZ�LPSRUWDQFH
ZDV�JLYHQ�WKH�UDQN����7DE�����

(YDOXDWLRQ� RI� WKH� VLWHV� XVLQJ� WKH� ZHLJKWHG� OLQHDU
VXPPDWLRQ� PHWKRG� VKRZHG� WKDW� WKH� PRVW� VXLWDEOH� VLWH
IRU� WKH� VHOHFWHG� SDUDPHWHUV�ZDV� 6LWH� ���ZKLFK� LV� LQ� WKH
YLFLQLW\�RI�3UHGPHMD�YLOODJH��6LWH���DQG�6LWH���ZHUH�OHVV�
VXLWDEOH� VLQFH� QHLWKHU� RI� WKHP� LV� HDVLO\� DFFHVVLEOH�� EXW
WKH�NH\�SDUDPHWHU�IRU�D�ORZ�VFRUH�LV�WKHLU�VPDOO�DUHD�VL]H�
7KH�GDWD�IRU� WKH�VLWH�HYDOXDWLRQ�LQ�UHODWLRQ�WR�SDUDPHWHU
��D� �VRFLDO� DFFHSWDELOLW\��ZHUH� QRW� DYDLODEOH� IRU� DOO� SR�
WHQWLDO�VLWHV�DQG�WKHUHIRUH�WKLV�ZDV�QRW�WDNHQ�LQWR�FRQVLG�
HUDWLRQ�DW�WKLV�VWDJH�RI�HYDOXDWLRQ��6LWH���DOVR�REWDLQHG�D

7DE�����'HILQLWLRQ�FULWHULD�SDUDPHWHUV�IRU�SRWHQWLDOO\�DSSURSULDWH�VLWHV�
7DE�����.ULWHULML�]D�YUHGQRWHQMH�SRWHQFLDOQR�SULPHUQLK�ORNDFLM�

'LVWDQFH�IURP�HOHFWULILHG�UDLOZD\V�����NP�DW�OHDVW

'LVWDQFH�IURP�QRQ�HOHFWULILHG�HOHFWULF�UDLOZD\V�����NP�DW�OHDVW

'LVWDQFH�IURP����������DQG�����N9�WUDQVPLVVLRQ�OLQHV�����NP

2XWVLGH�RI�DUHDV�ZLWK�KLJK�VHLVPLF�ULVN��JUHDWHU�WKDQ���DFFRUGLQJ�WR
06.����VHLVPLF�LQWHQVLW\�VFDOH�

63$7,$/�&5,7(5,$
�VSDWLDO�HYDOXDWLRQ�LQ�UHODWLRQ�WR�WKH�FULWHULD
WKDW�H[FOXGH�DQ\�VLWHV�ZLWK�D�SRWHQWLDOO\�KLJK
OHYHO�RI�DUWLILFLDO�HOHFWURPDJQHWLF�UDGLDWLRQ�

'LVWDQFH�IURP�WKH�ERUGHU�����NP�DW�OHDVW

9LFLQLW\�RI�D�VHWWOHPHQW��DYDLODELOLW\�RI�SRZHU�IRU�PHDVXULQJ�LQVWUX�
PHQWV�

*HRPHWULFDO�FHQWUDO�ORFDWLRQ
7(&+1,&$/�35$&7,&$/�&5,7(5,$

(DV\�DFFHVV�WR�WKH�ORFDWLRQ

6RFLDO�DFFHSWDELOLW\

,QFOXVLRQ�LQ�WKH�UHJLRQDO�REVHUYDWRU\�QHWZRUN

$SSURSULDWH�SORW��SORW�VL]H��SRVVLELOLW\�RI�DJUHHPHQW�ZLWK�WKH�RZQHU�
62&,$/�$1'�*/2%$/�$63(&76

3RVVLELOLW\�WR�VDIHJXDUG�WKH�VLWH
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7DE�����(YDOXDWLRQ�RI�VLWHV�E\�XVLQJ�WKH�ZHLJKWHG�OLQHDU�VXPPDWLRQ�PHWKRG�
7DE�����9UHGQRWHQMH�ORNDFLM�SR�PHWRGL�XWHËHQH�YVRWH�

3DUDPHWHU
��D

3DUDPHWHU
��E

3DUDPHWHU
��F

3DUDPHWHU
��E

3DUDPHWHU
��F

6FRUH�IRU�VLWH
VXLWDELOLW\

6LWH�� � � � � � ��

6LWH�� � � � � � ��

6LWH�� � � � � � ��

6LWH�� � � � � � ��

5DQN�RI�SDUDPHWHU�LPSRUWDQFH � � � � �

)LJ�����3ODFLQJ�WKH�REVHUYDWRU\�LQ�WKH�H[LVWLQJ�,17(50$*1(7�QHWZRUN�
6O�����8PHVWLWHY�REVHUYDWRULMD�Y�REVWRMHàR�PUHËR�REVHUYDWRULMHY�,17(50$*1(7�

KLJK�VFRUH��EXW�EHFDXVH�RI�WKH�ORZHU�VFRUH�LQ�UHODWLRQ�WR
SDUDPHWHU� ��E� �REVHUYDWRU\� LQ� WKH� WHUULWRU\� RI� WKH� 5H�
SXEOLF�RI�&URDWLD�LV�WRR�FORVH��LW�ZDV�WUHDWHG�DV�OHVV�VXLW�
DEOH�WKDQ�6LWH����)LJ�����

7KH� ODVW� VWDJH� RI� GHFLVLRQ�PDNLQJ� SURFHVV� LQFOXGHG
RQ�VLWH�ILHOG�REVHUYDWLRQV��DV�ZHOO�DV�LQIRUPLQJ�WKH�ORFDO
FRPPXQLW\��7KH�UHVSRQVH�RI�WKH�$GPLQLVWUDWLRQ�DQG�WKH
/RFDO�&RPPXQLW\�ZDV�SRVLWLYH��'XULQJ�ILHOG�ZRUN��D�PL�
FURORFDWLRQ� ZDV� VHOHFWHG� DQG� VDPSOH�PHDVXUHPHQWV� RI
JHRPDJQHWLF� ILHOG� HOHPHQWV� ZHUH� FDUULHG� RXW�� 'HWDLOHG
UHVXOWV�DUH�SUHVHQWHG�LQ�WKH�QH[W�FKDSWHU�

5(68/76

6DPSOH�PHDVXUHPHQWV�RI�WKH�JHRPDJQHWLF�ILHOG
HOHPHQWV�DW�WKH�VHOHFWHG�ORFDWLRQ

7KH� /DERUDWRU\� IRU� *HRPDJQHWLVP� DQG� $HURQRP\
WRJHWKHU� ZLWK� WKH� *HRPDJQHWLF� ,QVWLWXWH�� *HRPDJQHWLF
2EVHUYDWRU\�*URFND� �*&.��� 5HSXEOLF� RI� 6HUELD�� FDUULHG
RXW�D�SUHOLPLQDU\�ORFDO�VXUYH\�RI�WKH�KRPRJHQHLW\�RI�WKH
WRWDO�LQWHQVLW\� JUDGLHQW� RI� WKH� PDJQHWLF� ILHOG� YHFWRU�
PHDVXUHPHQWV�RI� WKH�JHRPDJQHWLF� ILHOG�DW�D�EDVH�SRLQW�
DEVROXWH� DQG� DOO� WKUHH� FRPSRQHQWV� �;�� <�� =�� PHDVXUH�

PHQWV�RI�WKH�JHRPDJQHWLF�ILHOG�DQG�PHDVXUHPHQWV�RI�WKH
GLXUQDO�YDULDWLRQV�LQ�HOHPHQWV�RI�WKH�JHRPDJQHWLF�ILHOG�
7KH�PHDVXUHPHQWV�ZHUH�FDUULHG�RXW�LQ�6HSWHPEHU�����
XVLQJ� WKH� IROORZLQJ� HTXLSPHQW�� 0$*621� ��� ��D[LV
0DJQHWRPHWHU� �DFFXUDF\� ���� Q7��� 2YHUKDXVHU� PDJQH�
WRPHWHU�*60�����3URWRQ�PDJQHWRPHWHU���DFFXUDF\�����
Q7�� DQG� %DUWLQJWRQ� ',� PDJQHWRPHWHU� 0DJ���+� �DFFX�
UDF\� ���� Q7��� 7KH�PHDVXUHPHQWV� VKRZHG� WKDW� WKH� JHR�
PDJQHWLF�ILHOG�LV�KRPRJHQRXV�LQ�WKH�VXUURXQGLQJV�RI�WKH
PLFURORFDWLRQ� ZKHUH� WKH� ��D[LV� PDJQHWRPHWHU� ZDV� LQ�
VWDOOHG�DQG� LQ� WKH� EURDGHU� VXUURXQGLQJV� RI� WKH� ORFDWLRQ
ZKHUH� WKH�PHDVXUHPHQWV�RI� WKH�DEVROXWH�YDOXHV�RI�JHR�
PDJQHWLF� ILHOG� HOHPHQWV�ZHUH� FDUULHG� RXW�� )URP� WKH� UH�
VXOWV�RI�WKH�PHDVXUHPHQWV�RI�WKH�
)
�JUDGLHQW�RI�WKH�PDJ�
QHWLF� ILHOG�� LW�PD\�EH�GHGXFHG� WKDW� WKH� VLWH� LV�QRW�PDJ�
QHWLFDOO\� FRQWDPLQDWHG� E\� PDQ�PDGH� HOHFWURPDJQHWLF
QRLVH�RU�E\�QRLVH�ZKLFK�PLJKW�RFFXU�EHFDXVH�RI�WKH�KHW�
HURJHQHLW\�RI�HOHFWULFDO�FRQGXFWLYLW\�LQ�WKH�(DUWK
V�XSSHU
PDQWOH��2QO\� WKH� UHPDLQV� RI� DQ� LURQ�ZLUH� LQ� WKH� VWRQH
ZDOO�RQ�WKH�ERXQGDU\�EHWZHHQ�WZR�SORWV� LQGXFHG�VRPH
GLVWLQFWLYH� FKDQJH� LQ� WKH� YHUWLFDO� FRPSRQHQW� RI� WKH
PDJQHWLF� ILHOG¤V� 
)
� JUDGLHQW�� 7KH� UHFRUGHG� PDJQHWLF
DQRPDO\�KDG�SHDN�WR�SHDN�PDJQLWXGH�YDOXHV�RI�XS�WR�±
���Q7��)LJ�����
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)LJ�����7KH�YHUWLFDO�KRPRJHQHLW\�RI�WKH�PDJQHWLF�ILHOG£V

)
�JUDGLHQW��G ����FP��H ��Q7��WKH�YLVLEOH�DQRPDORXV
VLJQDWXUH� DW� WKH� ULJKW� HGJH� ZHUH� LQGXFHG� E\� WKH� ZLUH
UHPDLQV��
6O�����9HUWLNDOQD�KRPRJHQRVW� JUDGLHQWD� 
)
� JHRPDJQHW�
QHJD�SROMD��G ����FP��H ��Q7��YLGQH�DQRPDOLMH�QD�GHV�
QHP�UREX�VR�SRVOHGLFD�RVWDQNRY�ËLFH��

7KH�PHDVXUHPHQWV�RI�WKH�JHRPDJQHWLF�ILHOG¤V�GLXUQDO
YDULDWLRQV�ZHUH�REVHUYHG�E\�WKH�0$*621����)OX[�JDWH
0DJQHWRPHWHU� DQG�3URWRQ�0DJQHWRPHWHU�*60����� 7KH
FRPSRQHQWV� G;�GW�� G<�GW�� G=�GW�� G)�GW� DUH� VKRZQ� DV
UHODWLYH� YDOXHV� PHDVXUHG� ZLWK� WKH�0$*621� ��� )OX[�
JDWH�0DJQHWRPHWHU�� 7KH� WRWDO� LQWHQVLW\� RI� WKH�PDJQHWLF
ILHOG� )S� ZDV�PHDVXUHG� E\� 3URWRQ�0DJQHWRPHWHU� *60�
����ZKLOH� WKH� FKDQJH� LQ� WRWDO� LQWHQVLW\� RI� WKH�PDJQHWLF
ILHOG� )P� ZDV� FDOFXODWHG� IURP� WKH� UHFRUGHG� PHDVXUH�

)LJ�� ��� 0DJQHWRJUDSK� RI� WKH� JHRPDJQHWLF� ILHOG� HOH�
PHQWV£�GLXUQDO�YDULDWLRQV�
6O�� ��� 0DJQHWRJUDP� GQHYQLK� YDULDFLM� NRPSRQHQW� JHR�
PDJQHWQHJD�SROMD�

PHQWV�PDGH�E\�WKH�0$*621������D[LV�0DJQHWRPHWHU�
7H�DQG�7V� VWDQG� IRU� WKH� WHPSHUDWXUHV� LQ� WKH� KRXVLQJ� RI
WKH�0$*621������D[LV�0DJQHWRPHWHU��)LJ�����

7KH� UHVXOWV� RI� PHDVXUHPHQWV� DW� WKH� VHOHFWHG� VLWH
VKRZHG�WKDW�WKH�JHRPDJQHWLF�ILHOG¤V�<�D[LV�YDULDWLRQ�KDV
D�KDUPRQLRXV� VLQXVRLGDO� IRUP��7KH�DPSOLWXGH� LQ� WKH�<�
D[LV� ZDV� DSSUR[LPDWHO\� ��� Q7�� 7KH� VLJQDWXUH� RI� WKH
JHRPDJQHWLF� ILHOG¤V� GLXUQDO� YDULDWLRQ� LQ� WKH�;�D[LV� ZDV
KDUPRQLRXV�ZLWK�WKH�DPSOLWXGH�RI����Q7��EXW�WKH�VLJQDO
KDG�YLVLEOH�VKRUW�WHUP�FKDQJHV�WKDW�VKRZ�WKH�SUHVHQFH�RI
PDJQHWLF� QRLVH�� $� VLPLODU� UHFRUG� IRU� WKH� JHRPDJQHWLF
ILHOG�FRXOG�EH�VHHQ�LQ�WKH�=�D[LV��7KLV�QRLVH�FRXOG�EH�DW�
WULEXWHG� WR� WKH�PRUSKRORJLFDO�DQG�JHRORJLFDO�FKDUDFWHU�
LVWLFV�RI�WKH�.DUVW�UHJLRQ�

$�FRPSDULVRQ�RI�WKH�JHRPDJQHWLF�ILHOG�HOHPHQWV¤�GL�
XUQDO� YDULDWLRQV� UHFRUGHG� GXULQJ� WKH� PHDVXUHPHQWV� DW
3UHGPHMD� VWDWLRQ� ZLWK� WKRVH� UHFRUGHG� DW� WKH� *HRPDJ�
QHWLF� 2EVHUYDWRU\� LQ� *URFND� �*&.�� VKRZHG� WKDW� WKH
OHYHO�RI�VKRUW�WHUP�QRLVH�ZDV�KLJKHU�DW�3UHGPHMD�VWDWLRQ�
7KLV� LV� HVSHFLDOO\� YLVLEOH� IURP� WKH� JHRPDJQHWLF� ILHOG¤V
VLJQDWXUH� LQ� WKH�;�D[LV�DQG� WKH�=�D[LV� �)LJ������7KH� WLPH
RI� REVHUYDWLRQ� RI� WKH� JHRPDJQHWLF� ILHOG� HOHPHQWV¤� GLXU�
QDO� YDULDWLRQV� DW� WKH� *HRPDJQHWLF� 2EVHUYDWRU\� LQ
*URFND� �*&.�� ZDV� LQGLFDWHG� DV� 
T
� �TXLHW� GD\V��� ZKLOH
WKH�FKDQJHV� LQ� WKH� JHRPDJQHWLF� ILHOG� HOHPHQWV¤� GLXUQDO
YDULDWLRQV� DW� 3UHGPHMD� VWDWLRQ� ZHUH� LQGLFDWHG� DV� ORFDO
FKDUDFWHULVWLFV�VLJQDO�

',6&866,21

7KH� PXOWL�VWDJH�� PXOWL�FULWHULD� GHFLVLRQ� SURFHVV� IRU
VHOHFWLQJ�D�IHDVLEOH�ORFDWLRQ�IRU�VHWWLQJ�XS�D�JHRPDJQHWLF
REVHUYDWRU\�LQ�WKH�5HSXEOLF�RI�6ORYHQLD�UHTXLUHG�D�ORW�RI
ZRUN�� ,QLWLDOO\� WKH� HIIRUWV� ZHUH� PRVWO\� IRFXVHG� RQ� DF�
TXLULQJ� QHFHVVDU\� GLJLWDO� GDWD�� DQG� D� FRPSUHKHQVLYH
ILHOG� ZRUN� RQ� VLWH� ZDV� FDUULHG� RXW� DIWHU� WKDW�� *,6� ZDV

)LJ�� ��� 0DJQHWRJUDSK� RI� WKH� GLIIHUHQFHV� EHWZHHQ� WKH
JHRPDJQHWLF�ILHOG�HOHPHQWV£�GLXUQDO�YDULDWLRQV�
6O�����0DJQHWRJUDP��UD]OLNH�Y�GQHYQLK�YDULDFLMDK�NRP�
SRQHQW�JHRPDJQHWQHJD�SROMD�
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XVHG�DV�D�SODWIRUP�HQDEOLQJ�WKH�PDQDJHPHQW�RI� WKH�FUL�
WHULRQ�GDWD��VSDWLDO�DQDO\VLV��FDUWRJUDSKLF�PRGHOOLQJ�DQG
SURGXFWLRQ�RI�PDS�OD\HUV�

7KH�PDMRU�DGYDQWDJH�RI�WKH�PHWKRG�SUHVHQWHG�LQ�WKH
DUWLFOH� LV� WKH� SRVVLELOLW\� RI� SUHGLFWLQJ� VXLWDELOLW\� LQGLFHV
IRU� ODUJH�DUHDV�ZLWKLQ�D� UHDVRQDEOH� SHULRG� RI� WLPH�� 7KH
PRVW�LPSRUWDQW�REMHFWLYH�LQ�WKH�GHFLVLRQ�SURFHVV�ZDV�WR
ILQG� D� ORFDWLRQ� ZLWK� ORZ� OHYHO� PDQ�PDGH� HOHFWURPDJ�
QHWLF� QRLVH�� 7KHUHIRUH� SRWHQWLDOO\� LQDSSURSULDWH� VLWHV
ZHUH�H[FOXGHG�IURP�WKH�HYDOXDWLRQ�SURFHVV�XVLQJ�FDUWR�
JUDSKLF�PRGHOOLQJ� LQFOXGLQJ�%RROHDQ� ORJLF��7KH�FULWHULD
DQG�JLYHQ�WKUHVKROG�YDOXHV�ZHUH�FDUHIXOO\�VHOHFWHG�ZLWK
SULRU� FRQVXOWDWLRQ�ZLWK�NQRZQ�H[SHUWV� IURP� WKH� ,17(5�
0$*1(7�$VVRFLDWLRQ� DQG�RQ� WKH� EDVLV� RI� OLWHUDWXUH� RQ
WKLV�PDWWHU�

([WHQVLYH� RQ�VLWH�PHDVXUHPHQWV�ZHUH�PDGH�� LQFOXG�
LQJ�PHDVXUHPHQWV�RI�DOO�JHRPDJQHWLF�ILHOG�HOHPHQWV��DQG
WKH� UHVXOWV� VKRZHG� WKDW� WKH� ORFDWLRQ� LV� LQ� PDJQHWLFDOO\
FDOP�DQG�KRPRJHQRXV�VXUURXQGLQJV��7KH� LQWHQVLW\�YHF�
WRU�RI� WKH�JHRPDJQHWLF�ILHOG�GLG�QRW�VKRZ�DQ\�SUHVHQFH
RI� PDJQHWLF� QRLVH� WKDW� PLJKW� EH� LQGXFHG� E\� WKH� QRQ�
KRPRJHQHLW\� RI� WKH�JHRSK\VLFDO� SDUDPHWHUV� RI� JHRORJL�
FDO� IRUPDWLRQV� RU� DUWLILFLDO� HOHFWURPDJQHWLF� UDGLDWLRQ�
7KH� UHVXOWV� RI� WKH� PHDVXUHPHQWV� RI� FKDQJH� LQ� WKH� 
)

JUDGLHQW� RI� WKH�PDJQHWLF� ILHOG� VKRZHG� VPDOOHU� FKDQJHV
ZLWK�YDOXHV�ZLWKLQ� WKH�SUHVFULEHG� OLPLWV� IRU�VHWWLQJ�XS�D
UHIHUHQFH�VWDWLRQ�

,I�LQ�WKH�FRQWLQXDWLRQ�RI�WKH�SURFHVV���LQVWDOODWLRQ�DQG
VDIHJXDUGLQJ� RI� WKH� EDVH�SRLQW� �� WKLV� ORFDWLRQ� DSSHDUV
LQDSSURSULDWH�� WKH� UHDVRQDEOH� VROXWLRQ� ZRXOG� EH� WR
VHDUFK� IRU� DQ� DOWHUQDWLYH� ORFDWLRQ� ZLWKLQ� WKH� SURSRVHG
VLWH�

,=%,5$�/2.$&,-(�=$�3267$9,7(9�129(*$�*(20$*1(71(*$�2%6(59$725,-$
=�8325$%2�08/7,.5,7(5,$/1(�$1$/,=(�9�*,6�2.2/-8

'HMDQ�3$/,6.$
8QLYHU]D�Y�/MXEOMDQL��)DNXOWHWD�]D�SRPRUVWYR�LQ�SURPHW��6,������3RUWRURÌ��3RW�SRPRUÊáDNRY��

LQ

9LVRNRÊROVNR�VUHGLÊáH�6HÌDQD��/DERUDWRULM�]D�JH RPDJQHWL]HP�LQ�DHURQRPLMR��6,������6HÌDQD��.UDÊND�XOLFD��

(�PDLO��GHMDQ�SDOLVND#ISS�XQL�OM�VL

5XGL�Þ23
9LVRNRÊROVNR�VUHGLÊáH�6HÌDQD��/DERUDWRULM�]D�JH RPDJQHWL]HP�LQ�DHURQRPLMR��6,������6HÌDQD��.UDÊND�XOLFD��

'DÈD�)$%-$1
8QLYHU]D�QD�3ULPRUVNHP��)DNXOWHWD�]D�WXULVWLáQH�ÊW XGLMH�3RUWRURÌ���7XULVWLFD��6,������3RUWRURÌ��2EDOD���D

329=(7(.

5D]LVNDYH�QD�SRGURßMX�JHRPDJQHWL]PD�ODKNR�R]QDßLPR�NRW�SUYH�UD]LVNDYH�QD�SRGURßMX�JHRIL]LNH��2SD]RYDQMH
JHRPDJQHWQHJD�SROMD�MH�ELVWYHQHJD�SRPHQD�]D�UD]XPHYDQMH�IXQGDPHQWDOQLK�SURFHVRY�Y�VUHGLÈßX�=HPOMH��QMHQL�VNRUML
LQ�EOLÊQML�RNROLFL�SODQHWD�=HPOMD��9�SULVSHYNX�MH�SUHGVWDYOMHQD�PHWRGRORJLMD�L]ELUH�ORNDFLMH�]D�SRVWDYLWHY�JHRPDJQHW�
QHJD�REVHUYDWRULMD�QD�R]HPOMX�5HSXEOLNH�6ORYHQLMH��,]ELUD�WHPHOML�QD�YHßVWRSHQMVNHP�PXOWL�NULWHULDOQHP�PRGHOX�RG�
ORßLWYH��3UYL�GHO�MH�]DVQRYDQ�Y�*,6�RNROMX�NRW�SRVWRSHN�DQDOL]H�LQ�YUHGQRWHQMD�SURVWRUD�WHU�RSUHGHOLWYH�ORNDFLMH�JOHGH
QD�SUHGKRGQR�SRVWDYOMHQD�PHULOD���1DGDOMQMD�DQDOL]D�WHPHOML�QD�PHWRGL�XWHÊQH�YVRWH��VDM�PRUDPR�XSRÈWHYDWL�UD]OLßQH
VNXSLQH�SDUDPHWURY��NL�Y�NRQßQL�RFHQL�SULPHUQRVWL� ORNDFLMH�QLPDMR�HQDNH� WHÊH��3UL�]DVQRYL�PRGHOD� MH�ELO�SRVHEHQ
SRXGDUHN� QD� L]ORßLWYL� REPRßLM�� NMHU� MH� PRJRßH� SULßDNRYDWL� YLÈMH� UDYQL� HOHNURPDJQHWQHJD� ÈXPD�� 1D� SRWHQFLDOQR
SULPHUQLK�REPRßMLK�VR�ELOL�RSUDYOMHQL� WHUHQVNL�RJOHGL� LQ�SUHOLPLQDUQH�PHULWYH�KRPRJHQRVWL�JUDGLHQWD� WRWDOQH� LQWHQ�
]LWHWH�PDJQHWQHJD�SROMD��DEVROXWQH��ED]QH�LQ�WURNRPSRQHQWQH�PHULWYH�JHRPDJQHWQHJD�SROMD�

.OMXÞQH�EHVHGH��JHRIL]LND��JHRPDJQHWL]HP��JHRJUDIVNL�LQIRUPDFLMVNL�VLVWHPL��*,6���REVHUYDWRULM��L]ELUD�ORNDFLMH�
PXOWL�NULWHULDOQL�PRGHO�RGORáLWYH



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

'HMDQ�3$/,6.$�HW�DO���7+(�86(�2)�*,6�%$6('�63$7,$/�08/7,�&5,7(5,$�(9$/8$7,21�,1�7+(�6(/(&7,21�352&(66�����������

��

5()(5(1&(6

%DNKPXWRY�� 9�� *��� )�� ,�� 6HGRYD� 	� 7�� $�� 0R]JRYD\D
�������� *HRPDJQHWLF� 'LVWXUEDQFHV� DQG� (DUWKTXDNHV� LQ
WKH� 9UDQFHD� =RQH�� ,]YHVWL\D� 3K\V�� 6ROLG� (DUWK�� �������
��������
%LDQFKL��&��	�$��0HORQL���������1DWXUDO�DQG�PDQ�PDGH
WHUUHVWULDO�HOHFWURPDJQHWLF�QRLVH��$Q�RXWORRN��$QQ��*HR�
SK\V������������������
&DUYHU�� 6�� �������� ,QWHJUDWLQJ� PXOWL�FULWHULD� HYDOXDWLRQ
ZLWK�*HRJUDSKLF�,QIRUPDWLRQ�6\VWHPV��,QW�� -��*HRJU�� ,QI�
6\VW��������������
&&,5�,78���������0DQ�PDGH� UDGLR�QRLVH��5HSRUW�� ����
��� ,QW�� 5DGLR� &RQVXOWDWLYH� &RPP��� ,QW�� 7HOHFRPPXQ�
8QLRQ��*HQHYD��6ZLW]HUODQG�
(JEHUW�� *��'���0�� (LVHO�� 2�� 6�� %R\G� 	�+�� )��0RUULVRQ
�������� '&� WUDLQV� DQG� 3F�V�� 6RXUFH� HIIHFWV� LQ� PLG�
ODWLWXGH� JHRPDJQHWLF� WUDQVIHU� IXQFWLRQV�� *HRSK\V�� 5HV�
/HWW�������������
)RQWHV�� 6�� /�� �������� (OHFWURPDJQHWLF� LQGXFWLRQ� VWXGLHV
LQ� WKH� ,WDOLDQ� $OSV�� 3K�'�� 7KHVLV�� 8QLYHUVLW\� RI� (GLQ�
EXUJK������S�
+DUDGD�� 0��� +�� +DWWRUL� 	� 1�� ,VH]DNL� �������� 7UDQVIHU
IXQFWLRQ�DSSURDFK� WR� VLJQDO�GLVFULPLQDWLRQ�RI�8/)�JHR�
PDJQHWLF�GDWD��3K\V��&KHP��(DUWK��������������
-DQNRZVNL�� -�� 	� &�� 6XFNVGRUII� �������� ,$*$� JXLGH� IRU
PDJQHWLF�PHDVXUHPHQWV�DQG�REVHUYDWRU\�SUDFWLFH��,$*$
3XEOLFDWLRQV������S�
0DVFL�� )��� 3�� 3DODQJLR��0�� 'L� 3HUVLR� 	� &�� 'L� /RUHQ]R
��������7KH�GHYHORSPHQW�RI� WKH� ,1*9�WHFWRQRPDJQHWLF
QHWZRUN�LQ�WKH�IUDPH�RI� WKH�0(0�SURMHFW��1DW��+D]DUGV
(DUWK�6\VW��6FL��������������

3DGXD�� %��0��� /�� 3DGLOKD�	� ,�� 9LWRUHOOR� �������� 'LVWXU�
EDQFHV� RQ� PDJQHWR�WHOOXULF� GDWD� GXH� WR� '&� HOHFWULILHG
UDLOZD\�� $� FDVH� VWXG\� IURP� VRXWK�HDVWHUQ� %UD]LO�� (DUWK
3ODQHWV�6SDFH��������������
5XOHY��%��*����������$QQXDO�3HULRGLFLW\�LQ� WKH�(PLVVLRQ
RI�0LFUR�HDUWKTXDNHV� DQG� WKH� ,UUHJXODULW\� RI� WKH� (DUWK¤V
5RWDWLRQ�� ,Q��(DUWKTXDNHV�DQG�SURFHVVHV�RI� WKHLU�QXFOHD�
WLRQ��1DXND��0RVFRZ��SS������������,Q�5XVVLDQ�
6WRQH��5��	� -�� .DQJDV� �������� ,QWHJUDWLQJ� VSDWLDO�PXOWL�
FULWHULD�HYDOXDWLRQ�DQG�H[SHUW�NQRZOHGJH� IRJ�*,6�EDVHG
KDELWDW� VXLWDELOLW\� PRGHOOLQJ�� /DQGVFDSH� 8UEDQ� 3ODQ��
����������
6REROHY�� *�� $��� 1�� $�� =DNU]KHYVND\D� 	� (�� 3�� .KDULQ
�������� 2Q� WKH� 5HODWLRQ� EHWZHHQ� 6HLVPLFLW\� DQG� 0DJ�
QHWLF�6WRUPV��,]YHVWL\D�3K\V��6ROLG�(DUWK��������������
7VXQRPXUD��6��	�7��7RNXPRWR���������0DQ�PDGH�HOHF�
WURPDJQHWLF�QRLVHV�FDXVLQJ�GLIILFXOW\�LQ�JHRPDJQHWLF�DQG
JHRHOHFWULF� REVHUYDWLRQV� LQ� FLW\� DUHD�� %LRPHGLFLQH� 	
3KDUPDFRWKHUDS\������6XSSO������6���6���
9LOODQWH��8���0��9HOODQWH��$�� 3LDQFDWHOOL��$��'L�&LHQ]R�
7�� /��=KDQJ��:��0DJQHV��9��:HV]WHUJRP�	�$��0HORQL
�������� 6RPH� DVSHFWV� RI� PDQ�PDGH� FRQWDPLQDWLRQ� RQ
8/)�PHDVXUHPHQWV��$QQ��*HRSK\V�����������������
:LHQHUW��.�$����������1RWHV�RQ�*HRPDJQHWLF�2EVHUYD�
WRU\�DQG�6XUYH\�3UDFWLFH��81(6&2��%UXVVHOV������S�
<DQDJLKDUD�� .�� ��������0DJQHWLF� ILHOG� GLVWXUEDQFH� SUR�
GXFHG�E\�HOHFWULF�UDLOZD\��0HP��.DNLRND�0DJ��2EV������
������
=DNU]KHYVND\D��1��$��	�*��$��6REROHY� ��������2Q� WKH
6HLVPLFLW\� (IIHFW� RI� 0DJQHWLF� 6WRUPV�� ,]YHVWL\D� 3K\V�
6ROLG�(DUWK��������������


