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7KH� SUREOHP� RI� DJJUHJDWLQJ� ODUJH� VDPSOHV� RI� FULPLQDO� GDWD� LQ� YLVXDO� UHSUHVHQWDWLRQV�� DV� RIWHQ�
REVHUYHG� LQ�PDQ\� VWXGLHV�XVLQJ�JHRJUDSKLF� LQIRUPDWLRQ� V\VWHPV� DQG�RSWLPL]DWLRQ� WRROV� WR�SHUIRUP�
VRFLDO�DVVHVVPHQWV�DQG�GHVLJQ�VSDWLDO�SDWWHUQV�� LV�GLVFXVVHG�LQ�WKLV�ZRUN��$� FRPSHQVDWLRQ�ELDV�LQ�WKH�
FRUUHODWLRQ�PHDVXUH�RI�WKH�VSDWLDO�DVVRFLDWLRQ�FDQ�EH�IRXQG�LQ�VXFK�W\SHV�RI�ELJ�GDWD�DJJUHJDWLRQV��ZKLFK�
PD\�MHRSDUGL]H�WKH�HQWLUH�DQDO\VLV�DQG�WKH�FRQFOXVLRQV�SXOOHG�IURP�WKH�UHVXOWV��,Q�WKLV�ZRUN��D�ELJ�GDWDVHW�
RI� UREEHU\� LQFLGHQWV� UHFRUGHG�IURP� WKH�\HDUV������ WKURXJK������ LQ�5HFLIH�� RQH�RI� WKH�PRVW� LPSRUWDQW�
%UD]LOLDQ� FDSLWDOV� LV� GHFRPSRVHG� LQWR� �� VPDOO� VHWV� RI� VSHFLILF� UREEHULHV�� QDPHO\�� /DUFHQ\�� $UPHG�
5REEHU\�� *URXS� 6WHDOLQJ� 7KHIWV� IURP�9HKLFOHV�� %XUJODU\�� &RPPHUFLDO� %XUJODU\�� 6DXF\� %DQN��0RWRU�
9HKLFOH�5REEHU\��&DUMDFNLQJ��DQG�)ODVK�5REEHULHV� 0RUH�DFFXUDWH�PHDVXUHV�RI�WKH�VSDWLDO�DXWRFRUUHODWLRQ�
FDQ� EH� GHULYHG� IURP� WKH� LQGLYLGXDO� LQFLGHQFHV� DV� SURSRVHG� KHUH� LQ� WKLV� ZRUN�� DQG� WKH� YLVXDOL]DWLRQ� RI�
RSWLPL]HG�KRW�VSRWV�DQG�FROG�VSRWV�RI�FULPH�EDVHG�RQ�WKRVH�DXWRFRUUHODWLRQ�PHDVXUHV�EHVLGHV�HQDEOH�UDSLG�
DFWLRQV�ZKHUH�FULPH�FRQFHQWUDWHV��WKH\�KDYH�WKH�SURSHUW\�WR�GHVLJQ�VSDWLDO�SDWWHUQV�WKDW�FDQ�EH�DVVRFLDWHG�
ZLWK� HQYLURQPHQWDO�� VRFLDO� DQG� HFRQRPLF IDFWRUV� WR� VXSSRUW�PRUH� HIILFLHQW� GHFLVLRQ�PDNLQJ� RQ� WKH�
DOORFDWLRQ�RI�SXEOLF�VDIHW\�UHVRXUFHV�

.H\ZRUGV� &ULPLQDO� %HKDYLRU�� 6SDWLDO� $QDO\VLV�� *HRJUDSKLF� ,QIRUPDWLRQ� 6\VWHP� �*,6��� 'DWD�
9LVXDOL]DWLRQ��'DWD�'LVDJJUHJDWLRQ��2SWLPL]HG�+RW�VSRWV
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'DWD�9LVXDOL]DWLRQV� RU� 9LVXDO� $QDO\WLFV� UHIHUV� WR� WKH� V\VWHPDWLF� FUHDWLRQ� DQG� XQGHUVWDQGLQJ� RI� WKH�
YLVXDO� UHSUHVHQWDWLRQ�RI�GDWD�� )XQFWLRQDO� DQG� DHVWKHWLF� YLVXDOL]DWLRQV� KHOS�XVHUV� WR DQDO\]H� DQG� DEVWUDFW�
HYLGHQFHV IURP�FRPSOH[�ELJ�GDWD�VHWV �.LP�HW�DO���������DQG�EHFDXVH� WKH\�DUH�PXFK�HDVLHU� WR� LQWHUSUHW��
EHWWHU�DQG�IDVWHU�GHFLVLRQV�FDQ�EH�REWDLQHG�WKDQ�QXPHULFDO�EDVHG�REVHUYDWLRQV��6WDWLVWLFDO�JUDSKLFV��SORWV��
PDSV��ODQGVFDSHV��GDVKERDUGV��FKDUWV��VFDWWHUSORWV�DQG�PDQ\�RWKHU�IRUPV�RI�LQWHUDFWLYH�YLVXDOL]DWLRQV�FDQ�
DFFXUDWH� WKH� VWDNHKROGHUV¶� SHUFHSWLRQ� WR� LQWXLWLYHO\� LGHQWLI\� DQG� H[SORUH� SDWWHUQV�� WUHQGV�� PDNH�
FRPSDULVRQV��GHWHUPLQH�FDXVDOLW\��ELDV�DQG�DVVRFLDWLRQV�WKDW�DUH�KDUGO\�GHWHFWHG�ZLWK�H\HV�RQ�ODUJH�WH[W�
EDVHG�GDWD� �.LP�HW�DO��������7KRPDV�DQG�&RRN������ 7XIWH������� �7XNH\������� 0RVWO\�� WKRVH� LPDJH�
UHSUHVHQWDWLRQV� DUH� SURGXFHG� E\� GHGLFDWHG� VRIWZDUH� SDFNDJHV� WKDW� GHVSLWH� WR� SURYLGH� UREXVW� FRXUVHV� RI�
FRQGXFWLQJ� HPSLULFDO� DVVHVVPHQWV�� PD\� LQFOXGH� LQWHUDFWLYH� WRROV� WR� HQDEOH� XVHUV� WR� FDSWXUH� H[RJHQRXV�
HIIHFWV�� WUHDW�� PLQH� DQG� PDQLSXODWH� GDWD�� LPSOHPHQW� DQG� GHVLJQ� SROLFHV� DQG� DQDO\]H� SDWWHUQV� DQG�
H[SODQDWRU\�GHWHUPLQDQWV�RI�WKH�VWXGLHG�EHKDYLRU�

$� VXEVWDQWLDO� QXPEHU� RI� GRPDLQV RI� WKRVH� UHSUHVHQWDWLRQV� EHORQJ� WR� WKH FODVV� RI� *HRJUDSKLF�
,QIRUPDWLRQ�6\VWHPV��*,6���GHILQHG�E\�%XUURXJK �������DQG�0DJXLUH �������DV�FRPSXWHU� WHFKQRORJLHV�
WKDW�FDQ�DVVHPEOH��VWRUH��PDQLSXODWH��GLVSOD\�DQG�LQWHJUDWH�JHR�UHIHUHQFHG�LQIRUPDWLRQ��L�H���GDWD�WKDW�FDQ�
EH�H[WUDFWHG�DQG�DVVRFLDWHG WKURXJK�WKHLU�ORFDWLRQV �1HOVRQ HW�DO�������� *,6�WHFKQRORJLHV�KDV�EHHQ�ZLGHO\�
XVHG�LQ�WKH�HQYLURQPHQW�VFLHQFHV�DQG�QDWXUDO�UHVRXUFHV�PDQDJHPHQW�IRU�PRQLWRULQJ�ULYHU�SROOXWLRQ��IRUHVW�
ILUH��VWRUP�UXQRII���$UDEDW]LV�DQG�0DQRV�������%HUU\�DQG�6DLORU ����� %XFFHOOD�HW�DO��������+DFKLN\DQ�HW�
DO������� .DORXGLV�HW�DO���������WR�GLDJQRVH IDUP¶V�ODUJH�VFDOH�HQHUJ\�FRQVXPSWLRQ �%LPRQWH�HW�DO���������
LQ�KHDOWK�VFLHQFH�WR�GHWHFW�DQG�SUHGLFW�HSLGHPLF�VSUHDG�DQG�GLVHDVH�RXWEUHDNV �)DWLPD�=RKUD�HW�DO�������
.LUN�HW�DO��������.XUVDK������ 5RGUtJXH]�*RQ]iOH]�HW�DO������� 6FKU|GHU�HW�DO������� DQG�WR�PLWLJDWH�ULVN
DQG�PDQDJH�FULVLV��ýHUED�HW�DO��������0DQIUp�HW�DO��������3RZHU�HW�DO���������0DQ\�RSHUDWLRQDO�SUREOHPV�
DSSURDFKLQJ� YHKLFOH� URXWLQJ� VWUDWHJLHV� KDV� DOVR� UHFHLYLQJ� FRQVLGHUDEOH� DWWHQWLRQ� E\ *,6� WRROV� DQG�
FDSDELOLWLHV��1LNRORSRXORX�HW�DO��������7DUDQWLOLV�DQG�.LUDQRXGLV������ 7OLOL�HW�DO��������=DFKDULDGLV�HW�DO��
����� DQG� LQ� WKH� ILHOG� RI� VRFLDO� VFLHQFHV�� YDOXDEOH� LQIRUPDWLRQ� WKDW� FRPELQHV� VRFLDO�� HFRQRPLF��
GHPRJUDSKLF� DQG� VSDWLDO FKDUDFWHULVWLFV FDQ� EH� SURGXFHG� WR� PHDVXUH� ZHOIDUH� �$QGUHRQL� DQG�*DOPDULQL�
����� XUEDQ� JURZWK DQG JHRJUDSKLF� VHJUHJDWLRQ �+RQJ� DQG� 6DGDKLUR� ������ 6XEDVLQJKH� HW� DO�� �����
DQDO\]H HPSOR\PHQW��PLJUDWLRQ�DQG�ODERU PRELOLW\��%RPDQ������ *REHU�0H\HUV�������7DWVLUDPRV ������
:HEEHU�DQG�3DFKHFR ����� DPRQJ RWKHUV�

7KH� VSDWLDO� LQFLGHQFH� RI� FULPH� RYHU� XUEDQ� DUHDV� LV� DQRWKHU� HPEUDFLQJ� VXEMHFW� WKDW� KDV� EHHQ�
H[KDXVWLYHO\�SXW�XQGHU�GLVFXVVLRQ�LQ�UHFHQW� WHFKQRORJLFDO�DGYDQFHV RQ�VRFLDO�HYDOXDWLRQV �%HUQDVFR DQG�
(OIIHUV�������&KDLQH\�HW�DO��������7DEDQJLQ��������7KH�KRW�VSRW�DQDO\VLV�RQ�WKH�LQFLGHQFH�RI�FULPH�ZLWK�
WKH�VXSSRUW�RI�*HRLIRUPDWLRQ�6\VWHPV�KDV�EHHQ�WUDGLWLRQDOO\�HPSOR\HG�WR�LGHQWLI\�VSDWLDO�SDWWHUQV�RI�WKH�
FULPLQDO�EHKDYLRU�WKDW� LV�QHLWKHU�HYHQO\�QRU UDQGRPO\�GLVWULEXWHG�DORQJ�WKH�VSDFH��6KHUPDQ�HW�DO�������
1DVDU DQG )LVKHU� ����� &KDLQH\� DQG� 5DWFOLIIH� ����� 0DOW] HW� DO�� ������� 7KH� VSDWLDO� FRQFHQWUDWLRQ� RI�
IHORQLHV� DQG�PLVGHPHDQRUV� UHFHLYHV� SDUWLFXODU DWWHQWLRQ� IRU� LWV� SURSHUW\� WR� SURYLGH� VWDWLVWLFDO�PHDVXUHV�
WKDW� VXSSRUW� SXEOLF� SROLF\� PDNHUV� WR� GHVLJQ� VWUDWHJLHV� EDVHG� RQ� DQ� HPSLULFDO� XQGHUVWDQGLQJ� RI� WKH�
HQYLURQPHQWDO� UHODWLRQV� WKDW� XQGHUJRHV� LQ� WKHLU� XUEDQ� VSDFH�� DQG�YDOXDEOH� LQIRUPDWLRQ� FDQ�EH� H[WUDFWHG�
IURP� FULPH� DVVRFLDWLRQV� ZLWK� H[RJHQRXV� GHWHUPLQDQWV� RI� FULPLQDOLW\� DPRQJ� GLIIHUHQW� JURXSV� RI�
LQGLYLGXDOV WR�VXSSRUW�GHFLVLRQ�PDNLQJ�

0RVW�RI�WUDGLWLRQDO�DQG�UHFHQW�VWXGLHV��KRZHYHU��IUDPH�VXFK�FOXVWHULQJ�EHKDYLRU�ZLWK�IHDWXUH�SODFLQJ�
EDVHG� RQ� DQ� DJJUHJDWHG� GDWDVHW� RI� SURSHUW\� RU� YLROHQW� FULPHV�� ZLWKRXW� D� PHWLFXORXV� GLVFULPLQDWLRQ� RI�
ZKLFK�VRUW�RI� IHORQ\� WKH�UHVXOWV�DUH� OLPLWHG� WR��)RU� LQVWDQFH��0RRQHQ�HW�DO�� ������ LQWURGXFH�GHVFULSWLYH�
PRGHOV� WR�FRQWURO�SROLFH�SDWURO�XQLWV� LQ� WKH�SURYLQFH�RI�:HVW�9ODDQGHUHQ��%HOJLXP��FRQVLGHULQJ����KRW�
VSRW� ORFDWLRQV�RI�YLROHQW�FULPH�YLFWLPV��%\�YLROHQW�FULPHV� WKH�DXWKRUV� UHIHU� WR� VRPH�VWDWLVWLFV�RQ�DUPHG�
UREEHULHV��UDP�UDLGV�DQG�VLPLODU�IHORQLHV��DLPLQJ�WR�PLQLPL]H�WKH�H[SHFWHG�DPRXQW�RI�WLPH�GHPDQGHG�WR�
DUULYH� LQ� WKH� ZRUVW� ORFDWHG� KRW� VSRW�� � $OWKRXJK� WKH� SUHVFULSWLYH PRGHOV� SURYLGHG� PD\� GHVLJQ� RSWLPDO�
SDWWHUQV� WR� GHSOR\� WKH� SDWURO� XQLWV� RYHU� VHFWRUV� DIWHU� WKH� LGHQWLILFDWLRQ� RI� PRVW� YLROHQW� KRW� VSRWV�� WKH�
HPSLULFDO�MXGJPHQW�WKDW�ODEHOV�WKH�ORFDOLWLHV�EDVHG�RQ�DQ�RYHUDOO�VWDWLVWLFV�LQVWHDG�RI�LQGLYLGXDO�PHDVXUHV�
RI�WKH�FULPHV�UHSRUWHG PD\�RYHUHVWLPDWH��RU XQGHUHVWLPDWH� WKH�SROLFH�DOORFDWLRQ�RI�UHVRXUFHV��*LYHQ�WKH�
DYDLODEOH� LQIRUPDWLRQ�� D� FRPPXQLW\� ZKHUH� OHVV� DJJUDYDWHG� DUPHG� UREEHULHV� DUH� FRQFHQWUDWHG� FDQ� EH�
FRQVLGHUHG� DV� EDG� DV� DQRWKHU� ZLWK� PRUH� VHYHUH� UDP� UDLGV�� DWWHPSWHG� UDSHV� DQG RWKHU� IRUPV� RI� YLROHQW�
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FULPHV� 7KLV� W\SH� RI� DVVHVVPHQW� UHYHDOV� WKDW� IODZV� PLJKW� EH� IRXQG� QRW� RQ� WKH� PHWKRGRORJLFDO�
FRQWULEXWLRQV��EXW�LQ�WKH�ZD\�WKH�ELJ�GDWD�KDV�EHHQ�FRQGLWLRQHG�

2QH�RI�WKH�PRVW�LPSRUWDQW�KLJK�FLWHG�VWXGLHV�RQ�WKH�VSDWLDO�SDWWHUQV�RI�FULPLQDO�EHKDYLRU�LV�SURYLGHG�
E\�6KHUPDQ�HW�DO����������ZKLFK�WUDFN���������FDOOV�WR�SROLFH�RYHU���������DGGUHVVHV�LQ�0LQQHDSROLV��86��
7KH�DXWKRUV�DJJUHJDWHV�DOO� LQVWDQFHV�RI�WKH�DQDO\]HG�FULPHV�LQWR���FDWHJRULHV��5REEHU\��ZKLFK�LQFOXGHV��
DPRQJ� RWKHUV�� VLPSOH� UREEHU\�� DUPHG� DQG� DJJUDYDWHG� UREEHULHV�� DWWHPSWV� DQG� DODUPV� IRU� VXVSLFLRXV�
SHRSOH���DXWR�WKHIW��DOVR�LQFOXGLQJ�DWWHPSWV�DQG�DODUPV��DQG�FULPLQDO�VH[XDO�FRQGXFW��UDSH��PROHVWLQJ�DQG�
H[SRVLQJ���'HVSLWH� WKH�YDOXDEOH� LQIRUPDWLRQ� LQ� UHJDUGV� WR� WKH�FULPLQDO� LQFLGHQFH�DQG�FRQFHQWUDWLRQ� �WKH�
DXWKRUV� UHSRUW� WKDW� DOO� ������ UREEHULHV�� ������ DXWR� WKHIWV� DQG� ������ VH[XDO� DEXVH� FDOOV� FOXVWHU� RQO\� RQ�
�����������DQG������RI�DOO� ORFDWLRQV�� UHVSHFWLYHO\��� WKH� VSDWLDO� LQIHUHQFH� WR� VXSSRUW�SROLFLQJ�VWUDWHJLHV�
PLJKW� EH� FRPSURPLVHG� E\� WKH� HIIHFW� WKDW� GLIIHUHQW� GHWHUPLQDQWV� KDYH� RQ� GLIIHUHQW� FULPLQDO� FRQGXFWV�
DJJUHJDWHG�LQWR�RQH�PHWULF��6LPSOH�VWUHHWV�UREEHULHV�FRPPLWWHG�LQ�FURZGHG�SODFHV�WR�UDQGRP�SHGHVWULDQV
PD\� SUHVHQW� GLIIHUHQW� PRWLYDWLRQV� DQG� EH� DVVRFLDWHG� ZLWK� GLIIHUHQW� HQYLURQPHQWDO� FKDUDFWHULVWLFV� WKDQ�
DUPHG�UREEHULHV�RI�ZKLFK�YLFWLPV�DUH�DSSURDFKHG�FORVHU�WR�WKHLU�UHVLGHQFHV��:KHUHDV�WKH�ILUVW� LV�VWULFWO\�
UHODWHG� WR� WKH� RSSRUWXQLW\� JUDQWHG� E\� WKH� YLFWLP¶V� SRVVLEOH� FDUHOHVV� EHKDYLRU� RU� E\� D� VHW� RI� IDYRUDEOH�
HQYLURQPHQWDO� IDFWRUV� REVHUYHG� LQ� WKH� H\HV� RI� WKH� SHUSHWUDWRU�� WKH� ODVW� PLJKW� EH� PRUH� FRQVLVWHQWO\�
DVVRFLDWHG�WR�D�SUHPHGLWDWHG�SURSHUW\�FULPH��OHVV�UHODWHG�WR�WKH�RSSRUWXQLW\�DQG�PRUH�UHODWHG�WR�VWUDWHJLHV�
DGRSWHG�E\�WKH�FULPLQDO�DQG�SULRU�NQRZOHGJH�RI�WKH�YLFWLP¶V�URXWLQH�DQG�UHVSRQVH��

'HVSLWH� WKH� LPSRUWDQFH� RI� IHORQLHV� GLVDJJUHJDWLRQ�� WKLV� NLQG� RI� HPSLULFDO� DVVHVVPHQW� LV� UDUH� WR� ILQG�
VLQFH� LW� UHTXLUHV� D� KLJK� OHYHO� RI� GHWDLOLQJ� WKDW� LV� KDUGO\� SURYLGHG� E\� SROLFH� GDWDVHWV�� VWDWLFV� RU� UHSRUWV��
ZKLFK� FDXVHV� YHU\� LQIOXHQWLDO� FRQWULEXWLRQV� WKDW� DJJUHJDWHV� VHYHUDO� IHORQLHV� LQWR� RQH� YDULDEOH� XVXDOO\�
FDOOHG�µSURSHUW\�FULPHV¶�RU�µYLROHQW�FULPHV¶�WKH�FRPPRQ�SUDFWLFH��,Q�WKLV�ZRUN�VXFK�VSDWLDO�HYDOXDWLRQ�LV�
REWDLQHG�UHVRUWLQJ�WR�DQ�RQOLQH�ELJ�GDWDVHW�RI�SURSHUW\�RIIHQVHV�UHFRUGHG�E\� WKH�YLFWLPV��7KH�FRQFHSW�RI�
SURSHUW\�UREEHU\ LV�GHFRPSRVHG�LQWR�VPDOO�VHWV�RI���IHORQLHV DQG�PLVGHPHDQRUV��7KH�PDLQ�JRDO�ZLWK�WKLV�
PHWKRGRORJ\� LV� WR� SURYLGH� VXEVWDQWLDO� LQIRUPDWLRQ� WKDW� VXSSRUWV� WKH� GHFLVLRQ� PDNLQJ� RI� SXEOLF� VDIHW\�
DXWKRULWLHV� E\� L�� D� UDSLG� YLVXDOL]DWLRQ� RI� PRUH� DSSURSULDWH� KRW� VSRWV� WKDW� LQGLFDWHV� QRW� RQO\� D� KLJKHU�
LQFLGHQFH�� EXW� D� FULPLQDO� SDWWHUQ� WKDW� PLJKW� DGYRFDWH� DQ� HIILFLHQW� DOORFDWLRQ� RI� VZRUQ� RIILFHUV�� DQG� LL��
FRUUHODWLQJ�WKLV�LQIRUPDWLRQ�RI�VSDWLDO�FRQFHQWUDWLRQ�ZLWK�HQYLURQPHQWDO GHWHUPLQDQWV�LQ�RUGHU�WR�PHDVXUH�
WKH�LPSDFW�RI�HDFK�SRWHQWLDO�IDFWRU�LQ�WKH�LQFLGHQFH�RI�FULPH��)RU�WKH�ILUVW�FRQVLGHUDWLRQ��WKH�RSWLPL]HG�KRW�
VSRW�DQDO\VLV� LV�HPSOR\HG� WR�YLVXDOL]H� WKH� VSDWLDO�FOXVWHUV� LQ� WKH�GHVHJUHJDWHG�GDWD� WKDW�SUHVHQW�VWURQJHU�
DVVRFLDWLRQV�ZLWK�WKH�HQYLURQPHQW�WKDQ�ODUJH�DJJUHJDWH GDWDVHWV��,Q�UHJDUGV�WR�WKH�SRWHQWLDO�HQYLURQPHQWDO�
GHWHUPLQDQWV�� VRPH� RI� WKH� H[RJHQRXV� IDFWRUV� WR� EH� FRQVLGHUHG� DUH� WKH� QHLJKERUKRRG� GHQVLW\�� SXEOLF�
LOOXPLQDWLRQ�� SDYLQJ�� SXEOLF� VSDFHV� �VTXDUHV�� ODNHV�� UHFUHDWLRQ� FHQWHUV��� XUEDQ� VSDFH�� LQFRPH� DQG� WKH�
SURSRUWLRQ�RI�UHQWHG�KRXVHV��

,W�LV�H[SHFWHG�D�KLJKHU�VHQVLELOLW\��UHVSRQVH��IURP�GHWDLOHG�IHORQLHV�ZLWK�UHJDUG�WKH�VSDWLDO�DVVRFLDWLRQ�
WKDQ� DJJUHJDWH� GDWD� RI� SURSHUW\� FULPHV�� ZKLFK� PXVW� FRQWULEXWH� WR� OHDG� GLIIHUHQW� XVHIXO� VWUDWHJLHV¶�
GHYHORSPHQW�DQG�WKH�FUHDWLRQ�RI�VSHFLILF�DSSURDFKHV�IRU�VSHFLILF�PLVGHPHDQRUV��2XU�UHVXOWV�LQGLFDWH�WKDW�
PRUH� DFFXUDWH� PHDVXUHV� RI� VSDWLDO� FRQFHQWUDWLRQ� FDQ� EH� LQIHUUHG� IURP� WKH� GLVDJJUHJDWH� VHWV� RI� GDWD� WR�
VXSSRUW� GHFLVLRQ� PDNLQJ� ,Q� DGGLWLRQ�� VRPH� RI� WKH� DQDO\]HG� FULPHV� VXFK� DV� DUUDVWmR �IODVKUREV�� DQG�
VDLGLQKD� GH� EDQFR �VDXF\� EDQN��� DUH� YHU\� VSHFLILF� LQ� %UD]LOLDQ� VRFLDO� FRQWH[W�� ZKLFK� PDNHV� WKLV�
DVVHVVPHQW� XQLTXH� GXH� WKH� GLIILFXOW� WR� ILQG� FRQVLGHUDEOH� LQFLGHQFH� RI� WKRVH� IHORQLHV� EHVLGHV� /DWLQ�
$PHULFDQ� FRXQWULHV�� 7KH� QH[W� VHFWLRQ� DGGUHVVHV� PHWKRGRORJLFDO� FRQFHUQV ZLWK� WKH� DXWRFRUUHODWLRQ�
PHDVXUH�RI�FRQFHQWUDWHG� LQFLGHQWV�ZKHQ�GDWD�DUH�DJJUHJDWHG��7KLV� LV�HVSHFLDOO\�UHOHYDQW� LQ� WKH�FULPLQDO�
EHKDYLRU� GHVLJQ�� VLQFH� PRVW� WKH� DQDO\VHV� DUH� PDGH� RQ� DJJUHJDWH� LQFLGHQFH�� $IWHU�� WKH GDWD�� FLW\ DQG�
PHWKRGRORJ\�RI�DQDO\VLV�ZLOO�EH�GHVFULEHG�� LQ�SDUDOOHO�ZLWK WKH�VSDWLDO�DVVHVVPHQW��DQG�VRPH GLVFXVVLRQ�
DQG�H[SHFWDWLRQ�IRU�IXWXUH�ZRUN�ZLOO�EH SURYLGHG�LQ�WKH�FRQFOXVLRQ�

7+(�352%/(0�:,7+�$**5(*$7(�9,68$/,=$7,21

6FKRODUV WKDW�DGGUHVV WKH�VRFLDO�LVVXH�RI�FULPLQDOLW\�ZLWK�JHRJUDSKLF�LQIRUPDWLRQ�GDWD�XVXDOO\�UHJDUGV
PLFUR� OHYHOV¶�FRQFHQWUDWLRQ�RI�FULPH� LQ�XUEDQ�]RQHV� �PRVWO\�FHQVXV� WUDFWV RU� VWUHHW� VHJPHQWV��� ,Q�PDQ\�
VWXGLHV��D�FRPPRQ�HVWLPDWLYH�RI�WKLV�FRQFHQWUDWLRQ�LV�WKDW�DURXQG����WR����RI�WKH�SODFHV�DUH�UHVSRQVLEOH�
IRU�DW�OHDVW�����RI�WKH�FULPLQDOLW\��H�J��6KHUPDQ�HW�DO���������SUHGDWRU\�FULPHV�LQ�0LQQHDSROLV� :HLVEXUG�
HW�DO���������VWXG\�LQ�6HDWWOH� %UDJD�HW�DO���������������ILUHDUPV�VKRRWLQJV�DQG�UREEHULHV�LQ�%RVWRQ� 0HOR�
HW� DO�� ������� UREEHULHV� DQG� WKHIWV� LQ &DPSLQDV��%UD]LO� DQG :HLVEXUG� DQG�$PUDP� ������ VWXG\ LQ�7HO�
$YLY�-DIID�� ,VUDHO�� 5HVSHFWLYHO\�� WKHVH� DXWKRUV� UHSRUW� SURSRUWLRQV� DERXW ���� ���� ���� ��� DQG� �����RI�
PLFUR�OHYHO� SODFHV� DFFRXQWLQJ� IRU� ���� RI� WKH� HQWLUH� QXPEHU� RI� FULPLQDO� LQFLGHQWV��� $OWKRXJK�
FRQFHQWUDWHG�� WKH� W\SHV� RI� FULPLQDO� EHKDYLRU� LV� IDU� IURP EHLQJ� HTXDOO\� GLVWULEXWHG� RQ� WKH� XUEDQ� VSDFH��
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$QGUHVHQ� DQG�0DOOHVRQ� ������� DQG� VLPLODU� UHVXOWV� LQ�$QGUHVHQ� HW� DO�� �����$� UHSRUW� WKDW�� IURP����RI�
VWUHHW� VHJPHQWV�ZKLFK�DFFRXQWHG� IRU�����RI� IHORQLHV� LQ�9DQFRXYHU��������FRUUHVSRQGHG� WKHIWV��������
DUH� DWWULEXWHG� WR� EXUJODU\�� ������DVVDXOW�� ������ UREEHULHV�� DERXW� ��� DUH� WKHIWV� RI� YHKLFOHV� DQG� ������
WKHIWV�IURP�YHKLFOHV�

$QGUHVHQ�HW�DO�������%� DUJXHV�WKDW�WKHVH�GLIIHUHQFHV�UHJDUGLQJ�WKH�YLVXDOL]DWLRQV�RI�LQGLYLGXDO�VSDWLDO�
FRQFHQWUDWLRQV�RQ�GLVDJJUHJDWHG�GDWD�RI�FULPHV�SUHVHQW�FRQVLGHUDEOH�UHOHYDQFH�WR�LGHQWLI\�VWDEOH�SDWWHUQV��
HVSHFLDOO\� ZKHQ� WKH� FULPLQDO� EHKDYLRU� LV� G\QDPLF� RYHU� WKH� WLPH�� DQG VKRXOG� EH� LQYHVWLJDWHG� LI� WKHVH�
SDWWHUQV�DUH� WR�EH�XQGHUVWRRG�DSSURSULDWHO\��7KH�DXWKRUV�UHSRUW� WKDW�ZKLOH�FULPHV LQ�9DQFRXYHU VXFK�DV�
DVVDXOW� EDUHO\� GHFUHDVHG� RYHU� WKH� ��� \HDUV�� RWKHUV� VXFK� DV� EXUJODU\� DQG� WKHIW� RI� YHKLFOH� KDV� GHFUHDVHG�
PRUH� WKDQ� ���� RYHU� WKH� WLPH�� :KHQ� DJJUHJDWHG�� WKH� YLVXDOL]DWLRQ� RI� FRQFHQWUDWLRQ� SDWWHUQV� FDQ� EH�
DIIHFWHG�FUHDWLQJ�D�VFHQDULR�ZKHUH�WKH�UHVXOWV�RI�SXEOLF�VDIHW\�SROLFLHV�ZRXOG�EH�FRPSURPLVHG��L�H���VLQFH�
WKH�GURS�LQ�EXUJODU\�ZHUH DERXW�VL[�WLPHV�DV�PXFK�WKH�GHFUHDVH�LQ�DVVDXOW�DQG�DERXW����WLPHV�WKH�GHFUHDVH�
LQ�RWKHU�FULPHV��SRWHQWLDO�IDLOXUHV�LQ�SROLFH�VWUDWHJLHV�FRXOG EH�GUDVWLFDOO\�RIIVHW�E\�WKH�SRVLWLYH�UHVXOWV�RI�
RQH�VSHFLILF�PLVGHPHDQRU�RYHU�WKH�SHULRG�FRQVLGHUHG�� 7KHVH�REVHUYDWLRQV�DUH�FRQVLVWHQW�ZLWK�$QGUHVHQ�
DQG�/LQQLQJ� ������ ZKLFK� SUHVHQW� YLVXDO� HYLGHQFHV� RI� WKH� GLIIHUHQFHV� DPRQJ� DJJUHJDWH� DQG� LQGLYLGXDO�
SURSHUW\� RIIHQVHV� �DVVDXOW�� EXUJODU\� DQG� WKHIWV��� 7KH� DXWKRUV� UHPDUN� WKDW� DJJUHJDWLQJ� GLIIHUHQW� VSDWLDO�
SRLQW� SDWWHUQV� LV� QRW� DSSURSULDWH� IRU� SRO\JRQ�EDVHG� DQDO\VHV� �FHQVXV� WUDFWV� DQG� QHLJKERUKRRGV�� VLQFH�
SURSRUWLRQ�RI�LQFLGHQWV�PD\�YDU\�FRQVLGHUDEO\�DW�WKH�PDFUR�ORFDO�OHYHOV WKDQ�LQ�VWUHHW�VHJPHQWV�

$QRWKHU� LPSRUWDQW� LVVXH� LQ� WKH� GLVFXVVLRQ� RI� DJJUHJDWH� YLVXDOL]DWLRQ� FRQFHUQV� WKH� DXWRFRUUHODWLRQ�
FOXVWHULQJ�RI� IHDWXUH�DORQJ� WKH� VSDFH��*HWLV�DQG�2UG� ������� VWDWLVWLF EDVHG�RQ� WKH�0RUDQ� ������ VSDWLDO�
FRUUHODWLRQ LV�WKH�PRVW�DFFHSWHG�PHDVXUH�RI VSDWLDO�FOXVWHULQJ�YLVXDOL]HG� E\�KRW�VSRWV�DQG�FROG�VSRWV�ZLWK�
GLIIHUHQW� VFDOHV�� :KHQ� ORFDOLWLHV� ZLWK� KLJK� LQFLGHQFH� �WKDQ� WKH� H[SHFWHG� YDOXH�� RI� WKH� REVHUYHG�
SKHQRPHQD�DUH VXUURXQGHG�E\�RWKHU� ORFDOLWLHV�ZLWK�KLJK� LQFLGHQFH��D� KRW�VSRW�ZLOO� UHSUHVHQW� WKH VSDWLDO�
DVVRFLDWLRQ��:KHQ�ORFDOLWLHV�ZLWK�ORZ�LQFLGHQFH��WKDQ�WKH�H[SHFWHG�YDOXH��RI�WKH�REVHUYHG�SKHQRPHQD�DUH
VXUURXQGHG�E\�RWKHU� ORFDOLWLHV�ZLWK� ORZ� LQFLGHQFH�� D� FROG� VSRW�ZLOO� UHSUHVHQW� WKLV� VSDWLDO� SDWWHUQ�� ,I� WKH�
SRO\JRQ� UHSUHVHQWLQJ� WKH� ORFDOLW\� KDV� KLJK� �RU� ORZ�� LQFLGHQFH� DQG� LV� VXUURXQGHG� E\� ORZ� �RU� KLJK��
SRO\JRQV�� D� UDGRQ�VSRW� ZLOO� UHSUHVHQW� WKLV� DVVRFLDWLRQ�� L�H��� QR� VWDWLVWLFDOO\� VSDWLDO� SDWWHUQ LV� REVHUYHG�
&RQVLGHU�WKH�DQDO\VLV�PDGH�E\�&RKHQ�DQG�*RUU ������ LQ�UHJDUGV�WR�WKH�SURSHUW\�IHORQLHV�FRPPLWWHG�LQ�
3LWWVEXUJK��3HQQV\OYDQLD�DQG�5RFKHVWHU��1HZ�<RUN��7KH�DXWKRUV�FROOHFWHG�����������RIIHQVH�UHSRUWV�IRU�
3LWWVEXUJK� DQG� �������� FULPLQDO� UHFRUGV� IRU� 5RFKHVWHU� IURP� WKH� \HDUV� ����� WKURXJK� ����� LQ� RUGHU� WR�
VXSSRUW� WDFWLFDO� GHSOR\PHQW� RI� SROLFH� UHVRXUFH� E\ FULPH� IRUHFDVWLQJ� LQ� WKH� PRVW� FRQFHQWUDWHG� FHQVXV�
WUDFWV��7KH�ILJXUHV���± ��DUH�GHVLJQHG�XVLQJ�WKH�VKDSHILOHV�DQG�GDWDVHW�SURYLGHG��E\�WKH�DXWKRUV��

)LJ���� &LW\�RI�5RFKHVWHU�± 5REEHU\�SDWWHUQV )LJ���� &LW\�RI�5RFKHVWHU�± $JJUHJDWH�SDWWHUQV

�D��&KDUORWWH���E��DQG��F��0DSOHZRRG���G����������H����WK :DUG��3O\PRXWK�([FKDQJH��&RUQ�+LOO��6RXWK�:HGJH��
:DGHVZRUWK�6TXDUH��0D\RU¶V�+HLJKWV���I��-RVDQD��%XOOV�+HDG��'XWFKWRZQ

ϭ KWWSV���GRL�RUJ���������,&365������Y�
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)LJ���� &LW\�RI�3LWWVEXUJK�± 5REEHU\�SDWWHUQV )LJ�����&LW\�RI�3LWWVEXUJK�± $JJUHJDWH�SDWWHUQV

�D��/LQFROQ�/HPLQJWRQ�%HOPDU��+RPHZRRG�1RUWK��+RPHZRRG�6RXWK���E��/DULPHU��+RPHZRRG�:HVW��6KDG\VLGH��
3RLQW�%UHH]H�1RUWK��6TXLUUHO�+LOO�1RUWK��3RLQW�%UHH]H���F��6TXLUUHO +LOO�1RUWK��6TXLUUHO�+LOO�6RXWK���G��/DULPHU��
+RPHZRRG�:HVW��3RLQW�%UHH]H�1RUWK��6TXLUUHO�+LOO�1RUWK��3RLQW�%UHH]H� 5HJHQW�6TXDUH���H��6WDQWRQ�+HLJKWV��
*DUILHOG��(DVW�/LEHUW\��%ORRPILHOG��)ULHQGVKLS��6KDG\VLGH��6TXLUUHO�+LOO�1RUWK��1RUWK�2DNODQG��:HVW�2DNODQG��

&HQWUDO�2DNODQG��6RXWK�2DNODQG

7KH� ILJXUHV� �� DQG� �� UHSUHVHQW� WKH� VSDWLDO� UHODWLRQ� RI� UREEHULHV� RYHU� WKH� \HDUV� LQ� WKH� VWXGLHG� FLWLHV��
)LJXUHV���DQG���GHVLJQ�WKH�DJJUHJDWH�UHODWLRQ�FRPSRVHG�E\�WKH�VXP�RI�UREEHU\��EXUJODU\��WKHIW�RI�YHKLFOH�
DQG�ODUFHQ\��7R�H[HPSOLI\�WKH�FRQWURYHUVLDO�HIIHFWV�RI�WKH�DJJUHJDWLRQ��VHH�WKH�QHLJKERUKRRG RI�&KDUORWWH�
�FOXVWHU��D� )LJXUH����FRPSRVHG�E\���FHQVXV�WUDFWV���GHSLFWHG�DV�D�FROG�VSRW�LQ WKLV�YLVXDO�UHSUHVHQWDWLRQ��
&KDUORWWH� LV�GHILQHG�DV�FROG� VSRW� IRU� LWV�SURSHUW\� WR�KDYH�D� ORZ� LQFLGHQFH�RI� UREEHULHV� VXUURXQGHG�E\���
FHQVXV� WUDFWV� ZLWK� VLPLODU� ORZ� LQFLGHQFH� �E�� F� DQG� G�� WKDW� EHORQJV� WKH� QHLJKERUKRRGV�0DSOHZRRG� DQG�
µ�����¶��:KHQ�DJJUHJDWHG� WKH�KLJKHU� LQFLGHQFH�RI�EXUJODU\� DQG� ODUFHQ\� LQ� WKH� �G�� FHQVXV� WUDFW��ZKLFK�
EHORQJV�WKH�QHLJKERUKRRG�µ�����¶��DQG�WKH�KLJKHU�LQFLGHQFH�RI�ODUFHQ\�DQG�YHKLFOH�WKHIWV�LQ�WKH��E��WUDFW�
EHORQJLQJ� WR�0DSOHZRRG�� LQFUHDVHV� WKH�RYHUDOO� LQFLGHQFH�RI�SURSHUW\�FULPH DERYH� WKH�DYHUDJH�H[SHFWHG�
RFFXUUHQFH��DQG�FKDQJH WKH�VSDWLDO�UHODWLRQVKLS�RQFH�PDLQWDLQHG�IRU�&KDUORWWH�IURP�)LJXUH���WR�D�UDQGRP�
SDWWHUQ�LQ�)LJXUH�� �UHSUHVHQWHG���:KLOH�WKH�ILUVW�YLVXDOL]DWLRQ�GHHPV�&KDUORWWH�DV�D�VDIH�]RQH��WKH�VHFRQG�
ZLOO�EH�LQFRQFOXVLYH��

7KLV� FRPSHQVDWLRQ� ELDV� LQ� WKH� DXWRFRUUHODWLRQ�PHDVXUH� RI� VSDWLDO� SDWWHUQV� GHULYHG� IURP� &RKHQ� DQG�
*RUU ������� GDWD� DQDO\VLV� KDSSHQV� EHFDXVH� &KDUORWWH� PDLQWDLQV D� ORZ� LQFLGHQFH� RI� SURSHUW\� IHORQLHV�
ZKHQ�UREEHULHV�DUH�DJJUHJDWHG�ZLWK�RWKHU�W\SHV�RI�FULPHV��EXW�WKH�VLPLODU SURSRUWLRQ�LV QRW VXVWDLQHG�IRU�
LWV�QHLJKERUV��ZKLFK�WXUQ�WR�KDYH�KLJKHU FRQFHQWUDWLRQ�RI�FULPHV�ZKHQ�DJJUHJDWHG��$�ZHOO�GHILQHG�SDWWHUQ�
�ORZ�VXUURXQGHG�E\� ORZ��GHVLJQHG� IURP�PLFUR�GDWD�EHFRPHV�D� UDQGRP� SDWWHUQ �ORZ�VXUURXQGHG�E\� ORZ�
DQG�KLJK��ZKHQ�GDWD�DUH�DJJUHJDWH�IURP�ODUJHU�VHWV��OHDGLQJ�WR�D�ODFN�RI�VWDWLVWLFDO VLJQLILFDQFH�WR VXSSRUW�
UHVRXUFH� DOORFDWLRQ DQG�SROLFH� VWUDWHJLHV VSDWLDOO\� 6LPLODUO\�� WDNLQJ� LQWR� DFFRXQW� WKH� KRW� VSRWV� WUDFWV� RI�
UREEHU\� LQ� 5RFKHVWHU� �FOXVWHUV� �H�� DQG� �I��� )LJ�� ��� LQFOXGLQJ� WKH� QHLJKERUKRRGV� ��WK�:DUG�� 3O\PRXWK�
([FKDQJH�� &RUQ� +LOO�� 6RXWK� :HGJH�� :DGHVZRUWK� 6TXDUH�� 0D\RU¶V� +HLJKWV�� -RVDQD�� %XOOV� +HDG� DQG�
'XWFKWRZQ���DQG�3LWWVEXUJK¶V��&OXVWHU��D���)LJ������FRPSRVHG�E\�WKH�QHLJKERUKRRGV�/LQFROQ�/HPLQJWRQ�
%HOPDU��+RPHZRRG�1RUWK DQG 6RXWK� ZKHQ�DJJUHJDWHG��WKH�VSDWLDO�DVVRFLDWLRQ�ORVHV�H[SODQDWRU\�SRZHU��
7KH� FRPSHQVDWLRQ� LQ� 3LWWVEXUJK� RFFXUV� QRW� RQO\� IRUZDUG� �VSDWLDO� FRUUHODWLRQV� WXUQLQJ� LQWR� UDQGRP�
SDWWHUQV�� EXW� EDFNZDUGV� �UDQGRP� SDWWHUQV� WXUQLQJ� WR� ZHOO�GHILQHG� VSDWLDO� FRUUHODWLRQV��� VLQFH� PDQ\�
QHLJKERUKRRGV�ZKLFK�GR�QRW�WDNH�SDUW�LQ�WKH�KRW�VSRW�FOXVWHU��E���H�J��*DUILHOG��(DVW�/LEHUW\��%ORRPILHOG��
1RUWK��:HVW��&HQWUDO�DQG�6RXWK�2DNODQG��DUH�SUHVHQW�LQ�WKH�DJJUHJDWH�YLVXDOL]DWLRQ��FOXVWHU��H���

7KH�PLVLQWHUSUHWDWLRQ�RI�UHVXOWV�FDQ�EH�DJJUDYDWHG�ZKHQ�KRW�VSRWV�EHFRPH�GLUHFWO\�FROG�VSRWV��RU�FROG�
VSRWV�WXUQ�VWUDLJKW�WR�KRW�VSRWV��(VSHFLDOO\�LQ�PDQ\�VWXGLHV�ZKLFK�UHJDUG WKH�VSDWLDO�DVVRFLDWLRQ�ZLWK�VRFLR�
DQG� HFRQRPLF� FKDUDFWHULVWLFV� RI� WKH� JHRJUDSKLF� FRYHUDJH�� VXFK� DV� SRSXODWLRQ� GHQVLW\�� OLWHUDF\�� KLJKHU�
HGXFDWLRQ�� SURSRUWLRQ� RI� ZRPHQ�� \RXQJ� DQG� EODFN� SHRSOH� DQG� LQFRPH�� GLUHFW� FRPSHQVDWLRQV� LQ� WKH�
DXWRFRUUHODWLRQ� PHDVXUHV� FDQ� EH� PRUH� HYLGHQW�� )RU� LQVWDQFH�� LQ� WKH� H[SORUDWLRQ� RI� WKH XQHPSOR\PHQW�
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FULPH�UHODWLRQVKLSV� IURP���������� DW�WKH�FRXQW\�OHYHO LQ�9LUJLQLD E\�6ULGKDUDQ�DQG 0H\HU��������� WKH�
HIIHFWV�RI�UHVRXUFH�GHSULYDWLRQ�LQ�WKH�LQGLYLGXDO�VWDWLVWLFV�RI�EXUJODU\��ODUFHQ\�DQG�WKHIWV�ZLOO�EH GUDVWLFDOO\�
FKDQJHG� LI� WKHVH� W\SLILFDWLRQV� DUH� DJJUHJDWHG WR� VHH� WKH� RYHUDOO� LPSDFW� RI� WKH� HFRQRP\� LQ� WKH� FULPLQDO�
EHKDYLRU��H�J��&DUROLQH�&RXQW\ LV�GLUHFWO\�UHPRGHOHG�IURP�D�UREEHU\ FROG�VSRW�DW�PLFUR�OHYHO�WR�D�KRW�VSRW�
LQ�WKH�DJJUHJDWH�PHDVXUH��7KHVH�FRQFHUQV UHYHDO�WKH�LPSRUWDQFH�RI�VXLWDEOH�GDWD�PLQLQJ�SURFHVV�DSSOLHG�WR
ELJ� GDWD� VHWV� RI� JHRJUDSKLF� LQIRUPDWLRQ� SULRU� WKH� VWDWLVWLFDO� DVVHVVPHQW� LQ� RUGHU� WR� LGHQWLI\� WKH� PRVW�
SUHFLVH�XQLWV DQG�IHDWXUHV�RI�DQDO\VLV� 7KH�QH[W�VHFWLRQ�LV�UHVHUYHG�IRU�WKH�GHVFULSWLRQ�RI�WKH�GDWD�PLQLQJ�
DQG�PHWKRG�UHVRUW�LQ�WKLV�ZRUN��7KH�PHWKRGRORJ\�RI�*HWLV�DQG�2UG��������VSDWLDO�DXWRFRUUHODWLRQ�DQG�LWV�
H[WHQVLRQ�WR�WKH�RSWLPL]HG�KRW�VSRWV�DUH�SXW�LQ�IRUPDO�GHWDLOV�JDWKHU�ZLWK�WKH�GHVFULSWLRQ�RI�WKH�SURSHUW\�
IHORQLHV�

'$7$�$1'�0(7+2'

7KH�JHR�UHIHUHQFHG�GDWD�FRQFHUQV�WKH�LQFLGHQWV�RI�SURSHUW\�UREEHULHV�LQ�5HFLIH H[WUDFWHG�IURP�*RRJOH�
0DSV ZHE� VHUYLFH� XVLQJ� D� -DYD� DOJRULWKP� IRU� UHILQHPHQW�� 7KH� GDWD� IHHG� LV� PDGH� E\� D� %UD]LOLDQ�
RUJDQL]DWLRQ� WKDW� FROOHFWV� UHSRUWV� IURP�SURSHUW\� FULPH¶V� YLFWLPV�RU�ZLWQHVVHV RI� WKH�GHOLQTXHQF\��8VHUV�
PD\�DFFHVV WKH�ZHEVLWH�KWWS���ZZZ�RQGHIXLURXEDGR�FRP�EU��DQG�SURYLGH�UHOHYDQW�LQIRUPDWLRQ�ZLWK�UHJDUG�
WKH�DGGUHVV�ZKHUH� WKH�FULPH�RFFXUUHG�� WKH� W\SH�RI� IHORQ\�� GDWH�DQG� WLPH�RI� WKH� LQFLGHQW�� VWROHQ�REMHFWV��
HVWLPDWHG� ORVV� LQ� 5�� �%UD]LOLDQ� 5HDO�� FXUUHQF\�� DQG� YLFWLP¶V� JHQUH�� $� WRWDO� RI� ���� LQFLGHQWV� ZHUH�
REWDLQHG�E\ GDWD�H[WUDFWLRQ��ZKLFK�FRQFHUQV�WKH�SHULRG�IURP�$XJXVW������WR�-XQH�������GLVWULEXWHG�DORQJ�
WKH� XUEDQ� VSDFH� ZLWK� SDUWLFXODU� FRQFHQWUDWLRQV� LQ� WKH� VRXWKHDVW� DQG� FHQWHU� HDVW� UHJLRQV�� ZKLFK� DOVR�
KDSSHQV�WR�EH WKH�ZHDOWKLHU�DQG�EXVWOLQJ�VSRWV�LQ�WKH�FLW\��DV�SUHVHQWHG�E\�WKH�GDUN�UHG�IHDWXUH�SRLQWV� LQ�
WKH )LJXUH���� $ERXW�����WKH�QXPEHU�RI�LQFLGHQWV�RFFXUUHG�GXULQJ�WKH�GD\OLJKW�DQG�DERXW�����DUH�IHPDOH�
YLFWLPV��EHLQJ�WKH�PRVW�VWROHQ�LWHPV��SXUVHV�RU�EDFNSDFNV��ZDOOHWV��DQG�FHOO�SKRQHV� :LWK�WKH�VXSSRUW�RI�
*RRJOH�0DSV�WRROV��WKH�HQYLURQPHQWDO�FRQGLWLRQV�DQG�VSDWLDO�VWUXFWXUH�ZKHUH�HDFK�IHDWXUH�SRLQW�LV�WUDFHG�
FDQ�EH�DFFHVVHG� �H�J��SDYHG� VWUHHWV��QHDUE\�DOOH\V��SXEOLF� LOOXPLQDWLRQ�� VWUHHW JUDIILWL���7KLV� LQIRUPDWLRQ�
FDQ�H[SRUWHG�DV�H[RJHQRXV�OD\HUV�LQ�WKH�*,6�WHFKQRORJ\ DQG�EH�DVVRFLDWHG�ZLWK�WKH�FRQFHQWUDWLRQ�SDWWHUQV�
RI�HDFK�PLVGHPHDQRUV��

)LJ� ���5HFLIH ±'LVWULEXWLRQ RI�5REEHULHV IURP������WR�����

5HFLIH� KDV� D� SRSXODWLRQ� RI� ���������� UHVLGHQWV� DQG� DERXW� �������� NPð� XUEDQ� DQG� UXUDO� DUHD
GHFRPSRVHG�LQWR������FHQVXV�WUDFWV WKDW�SXW�WRJHWKHU�UHJLRQV�ZLWK�VLPLODU�VRFLR�HFRQRPLF�FKDUDFWHULVWLFV��
7KH� SUREOHP� RI� XUEDQ� YLROHQFH� LQ� WKH� FLW\� KDV� EHHQ� DGGUHVVHG E\� VWXGLHV� RQ� WKH� KRROLJDQ� EHKDYLRU�
�1HSRPXFHQR� HW� DO�� ������� KRPLFLGHV� �0HQH]HV� HW� DO�� ������ 3HUHLUD HW� DO�� ������ ������� GUXJ� PDUNHW�
�'DXGHOLQ�DQG�5DWWRQ������ DQG�UREEHULHV�E\�PHDQV�RI�PXOWLFULWHULD�GHFLVLRQ�PRGHOLQJ��)LJXHLUHGR�DQG�
0RWD� ������� ,Q� WKLV� ZRUN�� IURP� WKH� JHRVSDWLDO� GDWDVHW�� � W\SHV� RI� UREEHULHV DUH� FRQVLGHUHG XVLQJ�
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JHRLQIRUPDWLRQ� DQDO\VLV�� /DUFHQ\�� $UPHG� 5REEHULHV�� *URXS� 6WHDOLQJ� 7KHIWV� IURP�9HKLFOHV�� %XUJODU\��
&RPPHUFLDO�%XUJODU\��6DXF\�%DQN��0RWRU�9HKLFOH�5REEHU\�DQG�)ODVK�5REEHULHV��)ODVKUREV�� ,Q�DGGLWLRQ��
WKH� DJJUHJDWH� GDWD� WKDW� UHSUHVHQWV� WKH� VXP� RI� WKH� GHVFULEHG� IHORQLHV LV� WDNHQ� LQWR� FRQVLGHUDWLRQ� IRU�
FRPSDULVRQ�SXUSRVHV��&RQVLGHULQJ�WKH�RFFXUUHQFHV��WKH�ODQGVFDSH�RI�WKH�FLW\�FDQ�EH�GLYLGHG�LQWR�WKUHH�ORWV�
ZKHUH� LQFLGHQWV� PD\� FRQFHQWUDWH�� WKH� QRUWK� VLGH� ZLWK� D� ORZ� LQFLGHQFH RI� UREEHULHV�� WKH� FHQWHU UHJLRQ�
FRPSRVHG�E\�D�PL[�RI�SRRU�DQG�ZHDOWK�QHLJKERUKRRGV�ZLWK�KLJKHU�LQFLGHQFH�RI�FULPHV��KLJKHU�SRSXODWLRQ�
GHQVLW\ DQG�JRRG OLWHUDF\�UDWH�PHDVXUHG�IURP�WKH SRSXODWLRQ�RYHU����\HDUV ROG��DQG�WKH�VRXWK�VLGH�RI�WKH�
FLW\�ZKLFK�LV�D KLJK�LQFRPH�UHJLRQ�ORFDWHG�RQ�WKH�VKRUHV�RI�IDPRXV�EHDFKHV�DQG�WRXULVW�VSRWV�ZKHUH�PRVW�
RI�WKH�EXUJODU\�DQG�PRWRU�YHKLFOH�WKHIWV�RFFXU�

7KH� 2SWLPL]HG� +RW� �DQG� &ROG�� 6SRWV� LGHQWLILFDWLRQ EDVHG� RQ� *HWLV� DQG� 2UG� ������� VSDWLDO�
DXWRFRUUHODWLRQ�VWDWLVWLFV� LV�DGRSWHG� DV� WKH�PHWKRG� WR� UHFRJQL]H�FULPLQDO� SDWWHUQV�DORQJ� WKH�XUEDQ� VSDFH�
ZKHUH�WKH�IHDWXUH�SRLQWV�WKDW�UHSUHVHQW�WKH� UREEHULHV DUH�GLVWULEXWHG� 7KH�YDOLGDWLRQ�RI�WKLV�PHWKRGRORJ\�
UHVXOWV� D� *L
 VWDWLVWLF� IRU� HDFK� IHDWXUH� SRLQW� WKDW� UHSUHVHQWV� D� ]�VFRUH� IRU� RQH� UREEHU\ LQGHQW� LQ� WKH�
DYDLODEOH� OD\HU�� DQG� DQ� DVVRFLDWHG� S�YDOXH� ZKLFK� ZLOO� GHILQH� WKH� JUDGH� RI� FOXVWHULQJ� DVVRFLDWLRQ� �L�H��
ZKHWKHU�LW�ZLOO�UHSUHVHQW�D�KRW�VSRW��FROG�VSRW��RU�UDGRQ�SDWWHUQ�XQGHILQHG�FOXVWHULQJ�� 7KH�2UG�DQG�*HWLV�
������ *L
�VWDWLVWLF�LV�JLYHQ�E\�WKH�*L�VWDWLVWLF�PLQXV�LWV�H[SHFWDWLRQ�GLYLGHG�E\�WKH�YDULDQFH�VTXDUH�URRW��
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:KHUH��୧ǡ୨ DQG��୨ DUH�WKH�VSDWLDO�ZHLJKW�EHWZHHQ�WKH�QHLJKERUKRRGV��FHQVXV� WUDFWV��L�DQG�M�DQG�WKH�
DWWULEXWH� IRU� IHDWXUH� M�� UHVSHFWLYHO\�� 7KH� *L
� VWDWLVWLF� SURYLGHV� WKH� LQIRUPDWLRQ� RI� ZKHUH�
QHLJKERUKRRGV�ZLWK�HLWKHU�KLJK��GHSLFWXUHG�E\�UHG�KRW�VSRWV��RU�ORZ��GHSLFWXUHG�E\� EOXH�FROG�VSRWV��
LQFLGHQWV� FOXVWHU� VSDWLDOO\�� 7R� EH� VWDWLVWLFDOO\� VLJQLILFDQW�� L�H�� WR� SUHVHQW� D� FRQVLGHUDEOH� VSDWLDO�
DVVRFLDWLRQ��WKH�VXP�RI�LQFLGHQWV�IURP�HDFK�FHQVXV� WUDFW L�DQG�LWV�QHLJKERULQJ� WUDFW M� LV�FRPSDUHG�WR�
ZKDW� VKRXOG� EH� DQ� H[SHFWHG� YDOXH� RI� LQFLGHQWV�� WDNLQJ� LQWR� FRQVLGHUDWLRQ� WKH� VXP� RI� DOO� FHQVXV�
VHFWRUV� �VHH�HTXDWLRQ�����:KHQ� WKH�GLIIHUHQFH� IURP� WKH� VXP�RI� LQFLGHQWV�RI� L� DQG� M�ZLWK� UHJDUG� WKH�
H[SHFWHG� YDOXH� RI� WKH� VXP� RI� LQFLGHQWV� LV� ODUJH� HQRXJK� WR� UHMHFW� WKH� K\SRWKHVLV� WKDW ERWK� DUH�
VWDWLVWLFDOO\�VLPLODU��WKHQ�D�KRW�VSRW��D�FHQVXV�WUDFW ZLWK�KLJK�RFFXUUHQFHV�VXUURXQGHG�E\�RWKHU�FHQVXV�
WUDFW ZLWK�KLJK�LQFLGHQFH��RU�FROG�VSRW��WUDFWV ZLWK�ORZ�LQFLGHQWV�VXUURXQGHG�E\�RWKHU�ORZ�LQFLGHQFH
WUDFWV��ZLOO�EH�GHVLJQHG� ,Q�WKLV�PHWKRGRORJ\��D�FRUH�KRW�VSRW��RU�FROG�VSRW��LV�GHILQHG�WR�KDYH�S�YDOXH�
HTXDO�RU�OHVV�WKDQ�������L�H��FRQILGHQFH�OHYHO�HTXDO�RU�JUHDWHU�������

7KH� LPSRUWDQFH� RI� WKLV� PHWKRGRORJ\� LQ� WKH� YLVXDOL]DWLRQ� RI� JHRUHIHUHQFHG� GDWD� OHDGV� WR�
DGGLWLRQDO� DUJXPHQWV� WR� VXSSRUW� EHWWHU� GHFLVLRQ� PDNLQJ� RI� SXEOLF� UHVRXUFHV� DOORFDWLRQ�� RQFH� WKH�
LQIHUHQFH�RI�SROLFLQJ�VWUDWHJLHV�LV�QRW�H[FOXVLYH�EDVHG�RQ�WKH�TXDQWLW\�RI�RFFXUUHQFHV��6RPH�DVVHVVHG�
UHJLRQV�ZLWK�D�ODUJH�DPRXQW�RI�SURSHUW\�FULPHV�LQFLGHQWV�PLJKW�QRW�EH�HQRXJK�WR�EH�FRQVLGHUHG�DV�D�
VWDWLVWLFDOO\� VLJQLILFDQW� KRW� VSRW�� )RU� WKLV� SXUSRVH�� EH\RQG� WKH� KLJK� YDOXH� RI� WKH� VHW� RI� LQFLGHQW�� LW�
UHPDLQV� QHFHVVDU\� WKDW� WKH� ORFDOLW\� ZLWK� KLJKHU� LQFLGHQFH EH� VXUURXQGHG� E\� RWKHU� KLJK� YDOXH�
ORFDOLWLHV�� ZKLFK� LQ� )LJXUH� �� LV� UHSUHVHQWHG� E\� WKH� GDUN�UHG� IHDWXUH� SRLQWV�� 7KHQ�� WKH� VSDWLDO�
DVVRFLDWLRQ�LV�FRUUHFWHG�IRU�IDOVH�SRVLWLYH�GLIIHUHQFHV�XVLQJ�&DOGDV�GH�&DVWUR�DQG 6LQJHU������� )DOVH�
'LVFRYHU\�5DWH�&RQWURO��ZKLFK�UHVXOWV�VWDWLVWLFDOO\�PRUH�VLJQLILFDQW ]�VFRUH�IRU�WKH�VSDWLDO�HYDOXDWLRQ�

63$7,$/�$66(660(17

7KH�VSDWLDO�SDWWHUQ�REVHUYHG�E\�WKH�UHG�WR�EOXH�VFDOH�IURP ILJXUHV�� WR��� PHDVXUHV�WKH�VWUHQJWK�
RI�WKH�FOXVWHULQJ�FRQFHQWUDWLRQ�DV�KLJK�DQG�ORZ�LQFLGHQFHV�RI�WKH�UHODWHG�IHORQ\�DUH�SODFHG�RQ�D�JLYHQ�
FHQVXV�UHJLRQ��7KH�IHDWXUH�SRLQWV�RI�SURSHUW\� UREEHULHV SUHVHQW�LQ�)LJXUH�� DUH DJJUHJDWHG�LQWR������
SRO\JRQV� WKDW� UHSUHVHQW� WKH� FHQVXV� VHFWRUV� RI� 5HFLIH� IRU� WKLV� DQDO\VLV�� +RW� DQG� FROG� FOXVWHUV� EULQJ�
VWDWLVWLFDO� HYLGHQFHV�RI� DQ� XQGHUO\LQJ� VSDWLDO� SDWWHUQ�EDVHG�RQ� WKH� DVVXPHG� FRQILGHQFH� OHYHO� WKH� ] �
VFRUH� LQIRUPDWLRQ� SURYLGHG� WR� HDFK� DJJUHJDWHG� IHDWXUH�� 3RVLWLYH� ]�VFRUHV� IRU� D� S�YDOXH� EHORZ� LWV�
DVVXPHG�FRQILGHQFH�OHYHO�EULQJV�HPSLULFDO�HYLGHQFHV�IRU�D�VLJQLILFDQW�KRW�VSRW ZKHUH�KLJK�LQFLGHQWV�RI�
WKH�UHODWHG�IHORQ\�FOXVWHU�WRJHWKHU� QHJDWLYH�]�VFRUHV�IRU�D�S�YDOXH�EHORZ�LWV�DVVXPHG�FRQILGHQFH� OHYHO�
LQGLFDWHV�D�VLJQLILFDQW�FROG�VSRW�ZKHUH�ORZ�LQFLGHQWV�RI�WKH�DQDO\]HG�IHORQ\�FOXVWHU�WRJHWKHU��)RU�WKH�
RSWLPL]HG� FOXVWHULQJ�� WKH� ,QYHUVH�'LVWDQFH� DSSURDFK� LV� DSSOLHG�ZKLFK� LPSOLHV� WKDW� FORVHU� IHDWXUHV� DUH�
ZHLJKHG�PRUH�KHDYLO\�WKDQ�IHDWXUHV�WKDW�DUH�GLVWDQW WR�HDFK�RWKHU�
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7KH�VFDOH�RI�DQDO\VLV�LV�GHILQHG�E\�LQFUHPHQWDO�VSDWLDO�DXWRFRUUHODWLRQ�SHUIRUPHG�ZLWK WKH�VXSSRUW�
RI�0RUDQ¶�,�VWDWLVWLF�0RUDQ�������� PHDVXULQJ�WKH�LQWHQVLW\�RI�VSDWLDO�FOXVWHULQJ�LQ�VHYHQ�GLPHQVLRQV��
�����������DQG����� FRQILGHQFH�OHYHOV�IRU�ERWK�KLJK�DQG�ORZ�FOXVWHUV�RI�LQFLGHQWV� $ QRQ�VLJQLILFDQW�
VFDOH� LV� GHILQHG� ZKHQHYHU� WKH� IHDWXUH� OD\HU� GRHV� QRW� SUHVHQW� HQRXJK� VWDWLVWLFDO� HYLGHQFH� IRU� DQ�
DFFXUDWH� UHODWLRQ� RI� WKH� VWXGLHG� IHORQ\� ZLWK� WKH� HQYLURQPHQW�� $� VKRUW� GHVFULSWLRQ� RI� WKH� PDLQ�
VWDWLVWLFV� LV� SURYLGHG� EHORZ� HDFK� YLVXDOL]DWLRQ�� ,QFLGHQW� SRO\JRQV� FRQFHUQV� WKH� QXPEHU� RI� FHQVXV�
WUDFWV� LQ� ZKLFK� DW� OHDVW� RQH� RFFXUUHQFH� RI� UREEHU\� LV� UHFRUGHG�� 7KLV� QXPEHU� YDULHV� DEUXSWO\� IURP�
FRPPRQ� IHORQLHV� ZLWK� KLJK� LQFLGHQFH� GLVWULEXWHG� RYHU� PDQ\� SHULPHWHUV� VXFK� DV� DUPHG� UREEHULHV�
�)LJXUH� ��� ���� ]RQHV� KDYH� UHJLVWHUHG� DW� OHDVW� RQH� LQFLGHQW�� WR� OHVV� LQFLGHQW� DQG� PRUH� FRQFHQWUDWH�
IHORQLHV�� VXFK� DV� VDXF\� EDQN� �)LJXUH� ���� ZKHUH� LQFLGHQWV� KDYH� EHHQ� UHJLVWHUHG� RQO\� RQ� �� FHQVXV�
]RQHV�� 7KH�FRPSRVLWLRQ�RI�WKHVH�UHJLRQV�LQ�QXPEHU�RI�KRW�DQG�FROG�VSRWV��DFFRUGLQJ�WKHLU�VWDWLVWLFDO�
VLJQLILFDQFH��LV�DOVR�SUHVHQW��)RU�LQVWDQFH��IURP�WKH�����]RQHV�WKDW�UHJLVWHUHG�DW�OHDVW�RQH�LQFLGHQW RI�
ODUFHQ\��)LJXUH������� DUH�FROG�VSRWV�ZLWK�����FRQILGHQFH�����ZLWK�����FRQILGHQFH� DQG�����WUDFWV�DUH�
FROG�VSRWV�ZLWK�����FRQILGHQFH��FRQVLGHULQJ�KRW�VSRWV� ���DUH�IUDPHG�ZLWK�����FRQILGHQFH�����ZLWK�����
FRQILGHQFH�DQG ����KDYH���� FRQILGHQFH WR�EH�FRQVLGHUHG DV YLROHQW�ORFDOLWLHV� ,Q�DGGLWLRQ��LQIRUPDWLRQ�
RQ�WKH�QXPEHU�RI�WUDFWV�ZLWK�QR�VSDWLDO�SDWWHUQV�DQG�WKH�DYHUDJH�RFFXUUHQFH��WDNHQ�LQWR�FRQVLGHUDWLRQ�
RQO\�LQFLGHQW�SRO\JRQV��LV�VWDWHG��H�J��ODUFHQ\���� DQG����� RFFXUUHQFH�SHU�ORFDOLW\� UHVSHFWLYHO\�

7KH�KDOI�GHJUHH�RI�FRQFHQWUDWLRQ �KGI���GHILQHG�DV�WKH�SHUFHQWDJH�RI�PLFUR�OHYHO�VSDFH�ZKHUH�����
RI� WKH�FULPH�KLWV� LV�D�ZHOO�HVWDEOLVKHG�DQG� ODUJHO\�XVHG�PHDVXUH�RI�VSDWLDO�FRQFHQWUDWLRQ� �$QGUHVHQ�
DQG�0DOOHVRQ�������$QGUHVHQ�HW�DO������$��%UDJD�HW�DO�� ������0HOR�HW� DO�� ������6KHUPDQ�HW�DO�� ������
:HLVEXUG�DQG�$PUDP�������:HLVEXUG�HW�DO��������IRU� LWV�SURSHUW\� WR�GLVFRXQW� WKH� GLYHUVLW\�RI� VPDOO�
LQFLGHQWV�RI�GDWD�RYHU�PDQ\�ORFDOLWLHV��(VSHFLDOO\�ZKHQ�ELJ�GDWD�DUH�GLVDJJUHJDWHG�LQWR�VPDOOHU�VHWV��
IHZ� ORFDOLWLHV� WXUQV� WR�FRQFHQWUDWH�PRVW� LQFLGHQWV�DQG�PRVW� ORFDOLWLHV�SUHVHQW���RU��� LQFLGHQWV�HDFK��
7KLV�VLWXDWLRQ�PDNHV�FULPH�VSUHDG�ZLGHO\�RYHU�WKH�ODQGVFDSH�RQ�PDQ\�PLFUR�OHYHO ORFDOLWLHV�ZLWK�IHZ�
LQFLGHQWV�� ZKLFK GR� QRW� UHSUHVHQW� WKH� UHDO� FRQFHQWUDWLRQ� )RU� WKLV� UHDVRQ�� ���� SURSRUWLRQ� RI� WKH
LQFLGHQWV�PD\� EH� PRUH� DFFXUDWH�PHDVXUH� RI� WKH� VSDWLDO� FRQFHQWUDWLRQ� WKDQ� WKH� HQWLUH� LQFLGHQFH�� $�
JRRG�H[DPSOH�FDQ�EH�REVHUYHG�LQ�WKH�DJJUHJDWH�YLVXDOL]DWLRQ�RI�UREEHULHV��)LJXUH������:KLOH� WKH�KDOI�
GHJUHH�RI� FRQFHQWUDWLRQ� H[KLELWV WKH�SURSRUWLRQ� ���� WR� �������� WKH RYHUDOO� FRQFHQWUDWLRQ LV� DERXW� ILYH�
WLPHV� DV� PXFK�� ZLWK� SURSRUWLRQ� ����� WR �������� )RUPDOO\�� WKH� KDOI� GHJUHH� RI� FRQFHQWUDWLRQ� LV� WKH
SHUFHQWDJH� RI� WKH PWK QXPEHU� RI� IHDWXUH� OD\HUV� �ORFDOLWLHV� M ZKLFK� WKH� XS�GRZQ� VXP� RI� WKH� DWWULEXWHV�
�FULPHV��UHDFKHV�����
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)LJ�����5HFLIH�± 3DWWHUQV�RI�/DUFHQ\ )LJ�����5HFLIH ± 3DWWHUQV�RI�$UPHG�5REEHU\

LQFLGHQW� SRO\JRQV�� ����� FROG� VSRWV�� ���� FRQILGHQFH��
���� ����� FRQILGHQFH�� ���� ����� FRQILGHQFH�� ����� KRW�
VSRWV�� ���� FRQILGHQFH�� ���� ����� FRQILGHQFH�� ���� �����
FRQILGHQFH�� ����� QRW� VLJQLILFDQW�� ����� DYHUDJH� FRXQW�
�LF���������KDOI�GHJUHH RI�FRQFHQWUDWLRQ������WR��������
RYHUDOO�FRQFHQWUDWLRQ���������

LQFLGHQW� SRO\JRQV�� ����� FROG� VSRWV�� ���� FRQILGHQFH��
���� ����� FRQILGHQFH�� ���� ����� FRQILGHQFH�� ����� KRW�
VSRWV������ FRQILGHQFH�����������FRQILGHQFH������������
FRQILGHQFH�� ����� QRW� VLJQLILFDQW�� ����� DYHUDJH� FRXQW�
�LF���������KDOI�GHJUHH�RI�FRQFHQWUDWLRQ������WR��������
RYHUDOO�FRQFHQWUDWLRQ���������

)LJ�����5HFLIH�± 3DWWHUQV�RI�*URXS�6WHDOLQJ )LJ�����5HFLIH ± 3DWWHUQV�RI�7KHIWV�IURP�9HKLFOHV

LQFLGHQW� SRO\JRQV�� ����� FROG� VSRWV�� ���� FRQILGHQFH��
����� ����� FRQILGHQFH�� ����� ����� FRQILGHQFH�� ����� KRW�
VSRWV�� ���� FRQILGHQFH�� ���� ����� FRQILGHQFH�� ���� �����
FRQILGHQFH�� ����� QRW� VLJQLILFDQW�� ����� DYHUDJH� FRXQW�
�LF���������KDOI�GHJUHH RI�FRQFHQWUDWLRQ������WR��������
RYHUDOO�FRQFHQWUDWLRQ��������

LQFLGHQW�SRO\JRQV������FROG�VSRWV������ FRQILGHQFH������
����� FRQILGHQFH�� ��� ����� FRQILGHQFH�� QXOO�� KRW� VSRWV��
���� FRQILGHQFH�� ���� ����� FRQILGHQFH�� ���� �����
FRQILGHQFH�� ����� QRW� VLJQLILFDQW�� ������ DYHUDJH� FRXQW�
�LF���������KDOI�GHJUHH�RI�FRQFHQWUDWLRQ������WR��������
RYHUDOO�FRQFHQWUDWLRQ��������
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)LJ������5HFLIH�± 3DWWHUQV�RI�%XUJODU\ )LJ������5HFLIH ± 3DWWHUQV�RI�&RPPHUFLDO %XUJODU\

LQFLGHQW� SRO\JRQV�� ���� FROG� VSRWV�� ���� FRQILGHQFH�� ���
�����FRQILGHQFH��QXOO�������FRQILGHQFH��QXOO��KRW�VSRWV��
���� FRQILGHQFH�� ���� ����� FRQILGHQFH�� ���� �����
FRQILGHQFH�� ���� QRW� VLJQLILFDQW�� ������ DYHUDJH� FRXQW�
�LF���������KDOI�GHJUHH RI�FRQFHQWUDWLRQ������WR��������
RYHUDOO�FRQFHQWUDWLRQ��������

LQFLGHQW�SRO\JRQV�����FROG�VSRWV������ FRQILGHQFH��QXOO��
�����FRQILGHQFH��QXOO�������FRQILGHQFH��QXOO��KRW�VSRWV��
���� FRQILGHQFH�� QXOO�� ����� FRQILGHQFH�� QXOO�� �����
FRQILGHQFH�� ����� QRW� VLJQLILFDQW�� ������ DYHUDJH� FRXQW�
�LF���������KDOI�GHJUHH�RI�FRQFHQWUDWLRQ������WR��������
RYHUDOO�FRQFHQWUDWLRQ��������

)LJ����� 5HFLIH�± 3DWWHUQV�RI�6DXF\�%DQN )LJ������5HFLIH ± 3DWWHUQV�RI�0RWRU�9HKLFOH�5REEHU\

LQFLGHQW�SRO\JRQV�����FROG�VSRWV������ FRQILGHQFH��QXOO��
�����FRQILGHQFH��QXOO�������FRQILGHQFH��QXOO��KRW�VSRWV��
���� FRQILGHQFH�� ����� ����� FRQILGHQFH�� ���� �����
FRQILGHQFH�� QXOO�� QRW� VLJQLILFDQW�� ������ DYHUDJH� FRXQW�
�LF���������KDOI�GHJUHH�RI�FRQFHQWUDWLRQ������WR��������
RYHUDOO�FRQFHQWUDWLRQ��������

LQFLGHQW� SRO\JRQV�� ���� FROG� VSRWV�� ���� FRQILGHQFH��
����� ����� FRQILGHQFH�� ����� ����� FRQILGHQFH�� ���� KRW�
VSRWV������ FRQILGHQFH�����������FRQILGHQFH������������
FRQILGHQFH�� ����� QRW� VLJQLILFDQW�� ����� DYHUDJH� FRXQW�
�LF�������� KDOI�GHJUHH RI�FRQFHQWUDWLRQ������WR��������
RYHUDOO�FRQFHQWUDWLRQ��������
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)LJ����� 5HFLIH�± 3DWWHUQV�RI�)ODVK�5REEHU\ )LJ������5HFLIH ± 3DWWHUQV�RI�$JJUHJDWH�5REEHULHV

LQFLGHQW�SRO\JRQV�����FROG�VSRWV������ FRQILGHQFH��QXOO��
�����FRQILGHQFH��QXOO�������FRQILGHQFH��QXOO��KRW�VSRWV��
���� FRQILGHQFH�� ���� ����� FRQILGHQFH�� ���� �����
FRQILGHQFH�� ���� QRW� VLJQLILFDQW�� ������ DYHUDJH� FRXQW�
�LF���������KDOI�GHJUHH�RI�FRQFHQWUDWLRQ������WR��������
RYHUDOO�FRQFHQWUDWLRQ��������

LQFLGHQW�SRO\JRQV�������FROG�VSRWV������ FRQILGHQFH������
�����FRQILGHQFH�����������FRQILGHQFH�������KRW�VSRWV� ����
FRQILGHQFH�� ���� ����� FRQILGHQFH�� ���� ����� FRQILGHQFH��
����� QRW� VLJQLILFDQW�� ����� DYHUDJH� FRXQW� �LF��� ������ KDOI�
GHJUHH� RI� FRQFHQWUDWLRQ�� ���� WR� �������� RYHUDOO�
FRQFHQWUDWLRQ���������

7KH�KRW�VSRW�PDSV�WKDW�FOXVWHUV�ODUFHQLHV��JURXS�VWHDOLQJ�DQG�WKHIWV�IURP�YHKLFOHV REVHUYHG�LQ�WKH�
FHQWHU�VLGH�RI )LJXUH������DQG�� KDYH�EDVLFDOO\� WKH�VDPH�KRW�VSRW�SDWWHUQV� FRPSRVHG�E\���� FHQVXV�
WUDFWV �SRO\JRQV�� ZKLFK� EHORQJ� WR� ��� PL[HG�XVH� LQWHQVLYH� QHLJKERUKRRGV�� L�H�� ]RQHV� WKDW� EOHQGV�
UHVLGHQWLDO��FRPPHUFLDO��FXOWXUDO��DQG LQGXVWULDO�XVHV��7KHVH�DUH�GHHPHG�DV�WKH�PRVW�FULWLFDO�UHJLRQV�
KDYLQJ� WKH� KLJKHVW� LQFLGHQFH� RI� DUPHG� UREEHULHV� IURP� DOO� W\SHV� RI� UREEHU\� IHORQLHV�� 7KLV� VSHFLILF
W\SH� RI� UREEHU\� SUHVHQW� VLPLODU� FRQFHQWUDWLRQ� RQ�PL[HG�XVH� ]RQLQJ� DV� ODUFHQ\� DQG� JURXS� VWHDOLQJ��
SOXV�����FHQVXV� WUDFWV� WKDW�FRUUHVSRQG� WR����PDLQ� VWUHHW� UHVLGHQWLDO�FRPPHUFLDO�QHLJKERUKRRGV� DQG�
UXUDO� DUHDV�� +RW� VSRWV� SDWWHUQV� RQ� %XUJODU\�� &RPPHUFLDO� %XUJODU\�� 6DXF\�%DQN��9HKLFOH� DQG� )ODVK�
5REEHULHV�KDYH�GLIIHUHQW�GUDZLQJV�WR�UHSUHVHQW�WKH�VSDWLDO�DVVRFLDWLRQ�RYHU�WKH�XUEDQ�SHULPHWHU��

%XUJODU\� �)LJXUH� ���� FRQFHQWUDWHV� LQ� ORZ� LQFRPH� LQIRUPDO� VHWWOHPHQWV� �IDYHODV�� VXUURXQGHG� E\�
PHGLXP� LQFRPH� FRPPXQLWLHV� LQ� WKH� QHLJKERUKRRGV� ,PELULEHLUD� DQG� ,SVHS�� 7KH� SHUFHQWDJH� RI� UHQWHG�
KRXVHV�LQ�WKHVH�ORFDOLWLHV�LV�QRW�SRVLWLYH�FRUUHODWHG�ZLWK�WKH�LQFLGHQWV��DV�VXJJHVWHG�E\�PDQ\�ZRUNV��$OED�
HW�DO��������*ODHVHU�DQG�6DFHUGRWH�������5HSKDQQ�������6SHOPDQ������ 7VHORQL�DQG�7KRPSVRQ��������
7KH� YLFWLPV¶� UHVLGHQFH� XVXDOO\� ORRNV� EHWWHU� WKDQ� VXUURXQGLQJ� QHLJKERUV�ZLWK� YLVLEOH� FDEOH� WY� DQWHQQDV��
SODVWHU�DQG�FHUDPLFV��DQG�VWUHHWV�VHJPHQWV�DUH�FKDUDFWHUL]HG�E\�SDYHG�DOOH\V�DQG�D�YDVW�QXPEHU�RI�JUDIILWL��
&RPPHUFLDO� %XUJODULHV� �)LJXUH� ����� RQ� WKH� RWKHU� KDQG�� RFFXUV� LQ� FRPPHUFLDO� XQLWV� RQ� WKH� FRUQHU� RI�
LPSRUWDQW� DYHQXHV� RI� %RD� 9LDJHP� �KLJK� LQFRPH� QHLJKERUKRRG� ZLWK� LPSRUWDQW� WRXULVWLF� VSRWV� DQG�
EHDFKHV���+DYLQJ�D�ILUVW�JODQFH�RQ�WKHVH�FRQFHQWUDWLRQ�SDWWHUQV��WKH�YLVXDOL]DWLRQ�VXJJHVWV�WKH�DFFHVVLELOLW\�
�LQ�WKH�FDVH�RI�KRXVH�EXUJODU\� DQG�WKH�IHZ�QXPEHU�RI�QHLJKERULQJ�XQLWV��VWRUHV��VKRSV�RU�UHVLGHQFHV� LQ�
WKH� FDVH�RI� FRPPHUFLDO� EXUJODU\ ORFDWHG�RQ� FRUQHU�KRXVHV� DV�GHWHUPLQDQWV� IRU� WKH� GHFLVLRQ�PDNLQJ�RI�
FULPLQDO�DQG�IRU�WKH�VSDWLDO�FRQFHQWUDWLRQ RI�WKH�VSHFLILF�IHORQLHV�

6DXF\�EDQN �)LJXUH���� LV�D�SDUWLFXODU�W\SH�RI�XUEDQ�UREEHU\ IRXQG�LQ�VRPH�/DWLQ�$PHULFD�FRXQWULHV��
HVSHFLDOO\ FRPPRQ� LQ� %UD]LOLDQ� FLWLHV E\� WKH� WHUP� ³VDLGLQKD� GH� EDQFR´�� ,W� KDSSHQV� ZKHQ� FULPLQDOV�
LPPHGLDWHO\�DSSURDFK�FXVWRPHUV�OHDYLQJ�EDQN�EUDQFKHV�DIWHU�ZLWKGUDZLQJ�PRQH\��7KH�VSDWLDO�DQDO\VLV�RQ�
WKLV� PLVGHPHDQRU� LV� OLPLWHG� WR� WZR� QHLJKERUKRRGV� DQG� ���� FHQVXV� WUDFWV ZLWK� QR� PRUH� WKDQ� ����
FRQILGHQFH� %RD�9LDJHP� LQ� WKH� VRXWKHDVW� VSRW� RI� WKH� YLVXDOL]DWLRQ�� DQG�'HUE\� LQ� WKH� FHQWHU�HDVW RI� WKH�
FLW\��D�PL[�XVHG�QHLJKERUKRRG�VKDUHG�E\�WKH�VHUYLFH�LQGXVWU\��EDQNV��KRVSLWDOV��UHVWDXUDQWV��SXEOLF�VSDFHV��
VTXDUHV�DQG�UHVLGHQWLDO�EXLOGLQJV� 7KH�UHJLRQV�DUH�FKDUDFWHUL]HG�E\�KLJK�LQFRPH� VPDOO�SRSXODWLRQ�GHQVLW\��
LQFUHDVHG� IORZ� RI� SHRSOH �FORVH� WR� VKRSSLQJ�PDOO�� VXSHUPDUNHW�� VWRUHV�� SDUNLQJ� ORW� DQG� EXV� VWRSV�� DQG�
FURVVURDGV RI�HDV\�DFFHVVLELOLW\��'XH�WKH�SDUWLFXODULW\�RI�WKH�IHORQ\�ZKLFK�FDQ�RFFXU�RQO\�LQ�YHU\�VSHFLILF�
VSRWV�� L�H�� QHDUE\� EDQNV� RU� ILQDQFLDO� LQVWLWXWLRQV� VHWWOHG� LQ� SUHGHILQHG� FRPPHUFLDO� SODFHV�� DQG� GXH� WKH�
OLPLWDWLRQ�RQ�GDWD��WKH�UHJLRQ�LV�GLVWLQJXLVKHG�H[WUHPHO\�FRQFHQWUDWHG�LQ�UHJDUGV�WR�WKLV�W\SH�RI�UREEHU\�DV�
LW� LV� FRPPHUFLDO� EXUJODU\ �DERXW� ������ RI� FHQVXV� WUDFWV� DFFRXQW� IRU� ���� VDXF\� EDQN� DQG� FRPPHUFLDO�
EXUJODU\�FULPHV���ZKLFK�FRPSURPLVH�DGGLWLRQDO�VWDWLVWLFDO�HYDOXDWLRQV�EHVLGHV�YLVXDOL]DWLRQ�LQIHUHQFH�

0RWRU� YHKLFOH� UREEHULHV� DUH� WKH� PRVW� KHWHURJHQHRXVO\� GLVWULEXWHG� W\SH� RI� UREEHU\�� 7KH� LQFLGHQFH�
FRUUHVSRQG����FHQVXV�WUDFWV�FRQFHQWUDWHG�LQWR���FRUHV��PRVWO\�IDU�IURP�HDFK�RWKHU ZKLFK�PD\�MHRSDUGL]H
WKH� LGHQWLILFDWLRQ� RI� VLJQLILFDQW� VSDWLDO�UHODWHG� FOXVWHUV� DQG� PDNHV� GLIILFXOW� WKH� DSSURSULDWH� XVH� RI�
UHVRXUFHV� )RU�WKLV�VSHFLILF�W\SH�RI�UREEHU\��ZH�KDYH�DQRWKHU�GHVHJUHJDWLRQ�RI�GDWD�IURP�WKH VPDOOHU�VHW�RI�
YHKLFOH�UREEHULHV�LQWR�PRUH�GHWDLOHG�UREEHULHV�DFFRUGLQJ� WKH�EXLOW�FKDUDFWHUL]DWLRQ��L�H� WKH�DGDSWDWLRQ�RI�
WKH�FULPLQDOV¶�PRWLYDWLRQ WR WKH�HQYLURQPHQW��)RXU� W\SHV�RI�YHKLFOH� UREEHULHV�FDQ�EH� LGHQWLILHG��YHKLFOH�
UREEHULHV� XSRQ� DUULYDO�� RQ� OHDYLQJ� RU� SDUNHG� QHDUE\� WKH� RZQHU
V� UHVLGHQFH� �������� YHKLFOH� UREEHULHV�
ZKLOH�SDUNLQJ�DW�ZRUN ���������YHKLFOH�UREEHULHV�ZKLOH�FRPPXWLQJ�EHWZHHQ�KRPH�DQG�ZRUN�RU�KRPH�DQG�
VFKRRO ��������DQG YHKLFOH�UREEHULHV ZKLOH�SDUNLQJ� LQ�RWKHU�SODFHV�H�J�� VKRSV��J\PV��JHQHUDO�VWUHHWV�RU�
DYHQXHV� �������� 7KH� ILUVW� W\SH� RI� YHKLFOH� UREEHU\� LV� VHOHFWHG� WR� SHUIRUP� DGGLWLRQDO� DQDO\VLV DQG WKH�
UHVXOWV� GHSLFWHG� LQ� WKH� )LJXUH ��� H[KLELW� OHVV� GLVSHUVH� SDWWHUQV LQ� WKH� XUEDQ� VHJPHQWV� WKDQ� EHIRUH� �VHH�
)LJXUH������
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ϭϭ

1DWXUDOO\��VPDOOHU�QXPEHU�RI�LQFLGHQWV�LPSOLHV�DQ�LQFUHDVH�LQ�WKH�KDOI�GHJUHH�DQG�RYHUDOO�FRQFHQWUDWLRQ�
SRZHU� �IURP� ������ WR� ������ DQG� ������� WR� �������� ZLWK� ��� OHVV� HQWULHV� �IURP� ��� WR� ��� LQFLGHQW�
ORFDOLWLHV���7KH�QHZ�GHVLJQ�SDWWHUQ�LV�QRW�VLPLODU�WR�DQ\�RWKHU�GDWD�YLVXDOL]DWLRQ��WKHUH�LV�RQO\�RQH�FRUH�KRW�
VSRW� FRPSRVH� E\� WKUHH QHLJKERUKRRGV� 6DQ� 0DUWLQ�� 0DQJXHLUD� DQG� -DUGLP� 6mR� 3DXOR�� DQG� PDQ\�
FRPPXQLWLHV� UHSUHVHQWHG� E\� WKHLU� WUDFWV� WKDW� ZRXOG� EH� FRQVLGHU� VDIH� RU� XQGHILQHG� VSRWV� LQ� WKH� YHKLFOH�
UREEHU\�DJJUHJDWH�YLVXDOL]DWLRQ��:KHQ�GRXEOH�GHVHJUHJDWHG��WKHVH�ORFDOLWLHV�KDYH�D�FRQVLGHUDEOH�QXPEHU�
RI�FDUMDFNLQJ�QHDUE\�KRPH�WKDW�FDQQRW�EH�GLVFULPLQDWHG�VWDWLVWLFDOO\�VLJQLILFDQW�LQ�WKH�EURDGHU�SDWWHUQV�RI�
YHKLFOH�UREEHULHV� DQG�SRWHQWLDO�H[RJHQRXV�GHWHUPLQDQWV�YHULILHG�WKDW RWKHUZLVH�ZRXOG�JR�XQQRWLFHG��

)LJ������5HFLIH�± 3DWWHUQV RI 0RWRU� 9HKLFOH�
5REEHU\ QHDUE\�5HVLGHQFHV

LQFLGHQW SRO\JRQV������FROG�VSRWV�������FRQILGHQFH������
����� FRQILGHQFH�� ��� ����� FRQILGHQFH�� QXOO�� KRW� VSRWV��
����� FRQILGHQFH�� ���� ����� FRQILGHQFH�� ���� �����
FRQILGHQFH�� ���� QRW� VLJQLILFDQW�� ������ DYHUDJH� FRXQW�
�LF���������KDOI�GHJUHH�RI�FRQFHQWUDWLRQ������WR��������
RYHUDOO�FRQFHQWUDWLRQ��������

:LWK�FRPELQHG�LQIRUPDWLRQ�IURP�WKH�*RRJOH�PDSV�SODWIRUP��DERXW��������RFFXUV�LQ�FRUQHU�KRXVHV�RU�
EXLOGLQJV� VLWXDWHG� LQ� EHWZHHQ� VWUHHW LQWHUVHFWLRQV�� )URP� WKLV� SHUFHQWDJH�� ���� DUH� FURVVURDGV� RI� KLJK�
PRELOLW\�� DQG� ����7�MXQFWLRQ� VHJPHQWV� �WKUHH�ZD\� LQWHUVHFWLRQV��� 2WKHU� SRWHQWLDO� GHWHUPLQDQWV� RI� WKLV�
W\SH�RI�GHOLQTXHQF\��VXFK�DV�SXEOLF�LOOXPLQDWLRQ��SURSHUW\�YDOXH��L�H��YLFWLPV
�UHVLGHQFH�LQ�WKH�RFFXUUHQFH���
ODFN�RI�FRPPHUFLDO�DFWLYLW\ �VWRUHV��JDV�VWDWLRQV��SKDUPDFLHV��VXSHUPDUNHWV��UHVWDXUDQWV� DQG�ZKHWKHU�WKH�
UHVLGHQWLDO�VSRW�LV�KLGGHQ�E\�WUHHV��EXLOGLQJV�RU�RWKHU�VWUXFWXUHV�GR QRW�VHHP�SRVLWLYHO\�DVVRFLDWHG�ZLWK�WKH�
LQFLGHQFH��0RVW�WKH�UHVLGHQFHV�RI�WKH�YLFWLPV�LQ�IURQW�RI��RU�FORVH WR��WKH�YHKLFOH�UREEHULHV�LQFLGHQWV�DUH�
ZLGH�YLVLEOH�IRU�D�SDVVHUE\��DERXW�������� DQG�RQO\�IHZ�LQFLGHQWV�RFFXUV�LQ�UHJLRQV�ZKHUH�RWKHU�VRUWV�RI�
UREEHULHV�DUH�FRQFHQWUDWHG��H�J���ODUFHQ\��DUPHG�UREEHU\��WKHIWV�IURP�YHKLFOH�DQG�FRPPHUFLDO�EXUJODU\��

0RVW� RI� WKH� LQFLGHQWV� KRZHYHU� RFFXUV LQ� SRRU� FRPPXQLWLHV� VXUURXQGHG� E\� PHGLXP� LQFRPH�
QHLJKERUKRRGV��DERXW������DQG�WKH�HDV\�ZD\�LQ�DQG�RXW� GHILQHG�E\�WKH�QXPEHU�RI�LQWHUVHFWLRQV��SDYHG�
VWUHHWV� DQG� GLYLGHG� KLJKZD\V� FORVH� WR� WKH� KRW� VSRW�� VHHPV� PRUH� FUXFLDO IRU� WKH FULPLQDOV� FDUMDFNLQJ�
GHFLVLRQ��DERXW�����RI� WKH� ORFDOLWLHV�KDYH� WKHVH�FKDUDFWHULVWLFV�� 7KHVH�ILQGLQJV�FRQWUDGLFW� WKH�FRPPRQ�
VHQVH� WKDW� XUEDQ�FULPLQDOV�DYRLG�PRWRU�YHKLFOHV SDUNHG� LQ� IURQW�RI�KRXVHV� RU GULYHZD\V� IRU�EHLQJ ZLGH�
RSHQ� DQG� YLVLEOH� 6RPH� RI� WKHP� DUH� PLQRU� DJH� MXYHQLOH� GHOLQTXHQWV� �DW� OHDVW� ������� RI� WKH� YHKLFOH�
UREEHULHV�QHDUE\�UHVLGHQFHV��DV�IDU�DV GDWD�GHVFULSWLRQV FDQ�WHOO� ZKLFK�UHFNOHVV�DQG�OHVV�UDWLRQDO�EHKDYLRU�
LV�H[SHFWHG��ZLWKRXW�FRQVLGHULQJ�DOO�WKH�DYDLODEOH�LQIRUPDWLRQ��
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ϭϮ

)ODVK� UREEHULHV�� SRSXODU� NQRZQ� DV� ³DUUDVWmR´� LV� D� W\SH� RI� XUEDQ� UDLG� FRPPLWWHG� E\� �� RU� PRUH�
LQGLYLGXDOV� WRJHWKHU� WR� WDNH� KROG� RI� SHUVRQDO� EHORQJV� IURP� RQH� SHUVRQ� RU� D� JURXS� RI� SHRSOH�� ,W�
FKDUDFWHUL]HG�E\�D� UDSLG�DFWLRQ�E\� WKH�SHUSHWUDWRUV� �XVXDOO\� UXQQLQJ� WR� DSSURDFK� WKH�YLFWLPV��DQG�PDQ\�
IRUPV�RI�YDQGDOLVP��([FHSWLQJ IHZ RFFXUUHQFHV�RXWVLGH� WKH�FRUH�KRW� VSRW FOXVWHU� LQ� WKH�HDVW�VLGH�RI� WKH�
YLVXDOL]DWLRQ�� WKLV� IHORQ\� FRQFHQWUDWHG� LQ� FURZGHG� VORZ�PRYLQJ� QHLJKERUKRRGV�ZLWK LQWHQVH� SHGHVWULDQ�
WUDIILF�GXULQJ�ZHHNHQGV�VXFK� DV�5HFLIH�$QWLJR��%RD�9LVWD�� DQG�3LQD��0RVW RI� WKHP�DVVRFLDWHG�ZLWK� WKH�
5HFLIH
V�PDLQ�KRROLJDQ�IDQ�EDVHV �VHH�WKH�GLVFXVVLRQ�SURYLGHG�E\�1HSRPXFHQR�HW�DO���������ZKLFK�EULQJV�
D�VWUDWHJLF�SRVLWLRQLQJ�IRU�SROLFLQJ�E\�SUHGLFWLQJ�ZKHUH�WKH�FULPH�WDNHV�SODFH��FHQWHU�HDVW�VSRW��ZKHQ�LW� LV�
RXJKW��OLNHO\��WR KDSSHQ��GXULQJ�ZHHNHQGV�EHIRUH�RU�DIWHU�VRFFHU�PDWFKHV��DQG�ZKR�FRPPLWV WKHP��PRVW�
RI�WKHP�FOXE�VXSSRUWHUV��

%OXH�FROG�VSRWV�GHWHUPLQH�WKH�VDIHU�UHJLRQV�LQ�WKH�FLW\�IRU�HDFK�LQGLYLGXDO�IHORQ\��$V�IRU�WKH�UHPDLQLQJ�
WUDFWV� ZLWKRXW� FRORUDWLRQ�� WKH� DQDO\VLV� FDQQRW� DIIRUG� FRQFOXVLYH� VWDWLVWLFDO� VXSSRUW� RQ� WKH� VSDWLDO�
DVVRFLDWLRQ��WKRXJK�FULPH�PD\�RFFXU��6LPLODU�FROG�VSRWV�IURP�VDIH�UHJLRQV�FDQ�EH�YLVXDOL]HG�LQ�WKH�QRUWK�
VLGH� SDWWHUQV� RI� ODUFHQ\� �)LJXUH� ���� DUPHG� UREEHU\� �)LJXUH� ���� JURXS� VWHDOLQJ� �)LJXUH� ��� DQG� LQ� WKH�
DJJUHJDWH� PHDVXUH� RI� UREEHULHV� �)LJXUH� ����� 7KHVH� SDWWHUQV� FRUUHVSRQGV PRVWO\� WR� KLJK� SRSXODWLRQ�
GHQVLW\�� KLJK� HGXFDWLRQ� DQG� LQFRPH� QHLJKERUKRRGV�� *UDoDV�� (VSLQKHLUR�� 7RUUH��0DGDOHQD�� 5RVDULQKR��
3DUQDPLULP�DQG�&DVD�)RUWH��DQG� WR�VRPH� ORZ�LQFRPH��EODFN PDMRULW\ DQG�KLJK�SRSXODWHG�FRPPXQLWLHV�
3HL[LQKRV��0RUUR� GD� &RQFHLomR�� $UUXGD�� 6DQWR� $PDUR�� ÈJXD� )ULD�� 'RLV� 8QLGRV� DQG�0DFD[HLUD�� 7KLV�
VSHFLILF� ILQGLQJ� EULQJV� HYLGHQFHV� WKDW� PRUH� KRPRJHQRXV� ORFDOLWLHV� L�H�� QHLJKERUKRRGV� FRPSRVHG� E\�
PDMRULW\�KLJK�LQFRPH�IDPLOLHV�RU��FRPPXQLWLHV�FRPSRVHG�E\�PDMRULW\�ORZ�LQFRPH�IDPLOLHV��DUH�VDIHU�WKDQ�
PRUH� LQFRPH� KHWHURJHQHRXV� ORFDOLWLHV�� L�H�� UHJLRQV� FRPSRVHG� E\� VLPLODU� UDWH� RI� KLJK� DQG� ORZ� LQFRPH�
IDPLOLHV�GLVWULEXWHG�DORQJ�WKH�VDPH�SHULPHWHU��

7KLV� LPSRUWDQW� UHPDUN� LV� VXSSRUWHG� E\� WKH� VSDWLDO� UHJUHVVLRQ� UHVXOWV� LQ� 7DEOH� �� DQG� �� ZKHUH� WKH�
H[SODQDWRU\�SRZHU�RI����VRFLR�HFRQRPLF�DQG�HQYLURQPHQWDO�SRWHQWLDO�GHWHUPLQDQWV�RI�ODUFHQ\�DQG�DUPHG�
UREEHULHV�LV�LQYHVWLJDWHG�� 7KH�VWDWLVWLFDO�VLJQLILFDQFH�RI�HDFK�YDULDEOH�DQG�WKH�SURSRUWLRQ�RI�QHJDWLYH�RU�
SRVLWLYH� DVVRFLDWLRQ ZLWK� WKH� GHVLJQHG� FULPH� DUH SUHVHQW�� ZKLFK� FDQ� EH� LQWHUSUHWHG� DV� WKH� PXWXDO�
UHODWLRQVKLS� EHWZHHQ WKH� HQYLURQPHQW� DQG� WKH� IHORQ\�� )RU� LQVWDQFH�� DOO� WUDFWV� ZKHUH� KLJK� LQFLGHQWV� RI�
ODUFHQ\� RFFXU� KDYH ORZ UHJLRQDO SRSXODWLRQ� GHQVLW\� �D� QHJDWLYH UHODWLRQ���$� UHJLRQ�ZLWK� KLJK� OHYHOV� RI�
HGXFDWLRQ� UHSUHVHQWHG�E\� OLWHUDF\� UDWH� LV DERXW���� DQG�����VLJQLILFDQW� WR�H[SODLQ� LQFLGHQFH�RI�DUPHG�
UREEHULHV�DQG�ODUFHQ\��UHVSHFWLYHO\��D�SRVLWLYH UHODWLRQ���2Q�WKH�RWKHU�KDQG��WKH�SURSRUWLRQ�RI�PDOH�\RXQJ�
SHRSOH��WKH�SRSXODWLRQ�GHQVLW\�DW�VWUHHW�OHYHO�DQG�WKH�QXPEHU�RI�UHVLGHQWV�LQ�JLYHQ�FRPPXQLW\�GR�QRW�VHHP�
WR� EH� LQWHUHVWLQJ� WR� H[SODLQ� WKH� EHKDYLRXU� RI� WKRVH� UREEHULHV� W\SHV�� $V� LW� FDQ� EH� REVHUYHG�� SRRU�
FRPPXQLWLHV��FKDUDFWHUL]HG�E\�WKH�SHUFHQWDJH�RI�IDPLOLHV�ZLWK�QR�LQFRPH RU�WKH�SHUFHQWDJH�RI�IDPLOLHV�XS�
WR���PLQLPXP�ZDJH��KDYH�D�QHJDWLYH�UHODWLRQVKLS�ZLWK�FULPH DQG�FDQ�EH�H[SODLQHG�E\�WKH�IDFW�WKDW�PDQ\�
FULPLQDOV� OLYH� LQ� WKRVH� SRRU� ORFDOLWLHV� DQG� FDQ� EH� HDVLO\� UHFRJQL]HG�� ZKLFK� SUHYHQW� WKHP� WR� FRPPLW�
XQODZIXO�DFWLYLWLHV�

/DVWO\��DQ�LPSRUWDQW�UHSUHVHQWDWLRQ�RI�WKH�GLUHFW�FRPSHQVDWLRQ�HIIHFW�LQ�WKH�DXWRFRUUHODWLRQ�PHDVXUH�RI�
5HFLIH¶V� UREEHULHV� FDQ� EH� LGHQWLILHG� RQ WKH� VRXWK� VLGH� RI� YLVXDOL]DWLRQV� ��� �SDWWHUQV� RI� PRWRU� YHKLFOH�
UREEHULHV��DQG�����SDWWHUQV�RI�DJJUHJDWH� UREEHULHV���GUDJJHG�RXW� LQWR� WKH�)LJXUHV����DQG����EHORZ�� 7KH�
ORZ� LQFLGHQFH� RI� ODUFHQ\� �)LJXUH� ��� DQG� JURXS� VWHDOLQJ� �)LJXUH� ��� RIIVHWV� WKH� KLJK� LQFLGHQFH� RI�PRWRU�
YHKLFOH� UREEHULHV� LQ� WKH� QHLJKERUKRRG� ,EXUD� DQG� PDNHV� LW� DSSHDUV� WR� EH� VDIHU� WKDQ� UHDOO\� LV�� 7KH�
GHYHORSPHQW� RI� QRQ�FRPSHQVDWRU\� PRGHOV� WR� DJJUHJDWH� JHR�VSDWLDO� GDWD� RI� WKH� FULPLQDO� EHKDYLRU� PD\�
EHFRPH�DQ�LQWHUHVWLQJ�DYHQXH�IRU�IXWXUH�DGYDQFHV�LQ�WKH�DQDO\VLV�RI�SXEOLF�VHFXULW\�

Ϯ tŚĞŶ�ĚŝƐĂŐŐƌĞŐĂƚĞĚ͕�ĚĂƚĂ�ŽŶ�ƚŚĞ�ŝŶĚŝǀŝĚƵĂů�ƚǇƉĞƐ�ŽĨ�ƚŚĞ�ƌĞŵĂŝŶŝŶŐ�ƌŽďďĞƌŝĞƐ͕�ďĞƐŝĚĞƐ�ůĂƌĐĞŶǇ�ĂŶĚ�
ĂƌŵĞĚ�ƌŽďďĞƌǇ͕�ďĞĐŽŵĞ�ŝŶƐƵĨĨŝĐŝĞŶƚ�ƚŽ�ĞǆƉůŽƌĞ�ĂĚĚŝƚŝŽŶĂů�ƐƉĂƚŝĂů�ƌĞŐƌĞƐƐŝŽŶƐ͘
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ϭϯ

)LJ������,EXUD��DV�FROG�VSRW�RI�5REEHU\����������� )LJ����� ,EXUD��DV�KRW�VSRW�RI�9HKLFOH�5REEHU\�

323'(16,7<� �3RSXODWLRQ�'HQVLW\��3B3$9,1*� �3HUFHQWDJH�RI�3DYHG�6WUHHWV��3B5(17('B+� �3HUFHQWDJH�RI�5HQWHG�+RXVHV��
3B%/$&.�  � 3HUFHQWDJH� RI� %ODFN� 3HRSOH�� /1B,1&20(B  � ,QFRPH� �ORJDULWKPL]HG��� 3B/,7(5$B��  � 3HUFHQWDJH� RI� /LWHUDF\�
�SRSXODWLRQ�RYHU����\HDUV�ROG���3B12B,1&20� �3HUFHQWDJH�RI�)DPLOLHV�ZLWK�QR�,QFRPH��3B,1&20(/(� �3HUFHQWDJH�RI�)DPLOLHV�
XS� WR� �� 0LQLPXP� :DJH�� 3B,1&20(02  3HUFHQWDJH� RI� )DPLOLHV� ZLWK� PRUH� WKDQ� �� 0LQLPXP� :DJHV�� 3B38%/,&B,�  �
3HUFHQWDJH�RI�3XEOLF�,OOXPLQDWLRQ��323'(16,B�� �3RSXODWLRQ�'HQVLW\�LQ�WKH�6WUHHWV��3B<281*� �3HUFHQWDJH�RI�<RXQJ�3HRSOH��
3B0$/(B<28� �3HUFHQWDJH�RI�0DOH�<RXQJ��1B5(6,'(17� �1XPEHU�RI�5HVLGHQWV

323'(16,7<� �3RSXODWLRQ�'HQVLW\��3B3$9,1*� �3HUFHQWDJH�RI�3DYHG�6WUHHWV��3B5(17('B+� �3HUFHQWDJH�RI�5HQWHG�+RXVHV��
3B%/$&.�  � 3HUFHQWDJH� RI� %ODFN� 3HRSOH�� /1B,1&20(B�  � ,QFRPH� �ORJDULWKPL]HG��� 3B/,7(5$B��  � 3HUFHQWDJH� RI� /LWHUDF\�
�SRSXODWLRQ�RYHU����\HDUV�ROG���3B12B,1&20� �3HUFHQWDJH�RI�)DPLOLHV�ZLWK�QR�,QFRPH��3B,1&20(/(� �3HUFHQWDJH�RI�)DPLOLHV�
XS� WR� �� 0LQLPXP� :DJH�� 3B,1&20(02  3HUFHQWDJH� RI� )DPLOLHV� ZLWK� PRUH� WKDQ� �� 0LQLPXP� :DJHV�� 3B38%/,&B,�  �

7DEOH����6XPPDU\�RI�9DULDEOH�6LJQLILFDQFH
'HSHQGHQW�9DULDEOH��/DUFHQ\

9DULDEOHV ��6LJQLILFDQW ��1HJDWLYH ��3RVLWLYH

323'(16,7< ��� ��� �

3B3$9,1* ���� � ���

3B5(17('B+ ����� � ���

3B%/$&. ����� ��� �

/1B,1&20(B ����� � ���

3B/,7(5$B� ����� � ���

3B12B,1&20 ����� ��� �

3B,1&20(/( ���� ����� ����

3B38%/,&B, ����� ����� �����

3B,1&20(02 ����� ����� �����

323'(16,B� ���� ����� �����

3B<281* ���� ����� �����

3B0$/(B<28 ���� ��� ����

1B5(6,'(17 ���� ����� �����

7DEOH����6XPPDU\�RI�9DULDEOH�6LJQLILFDQFH
'HSHQGHQW�9DULDEOH��$UPHG�5REEHU\

9DULDEOH ��6LJQLILFDQW ��1HJDWLYH ��3RVLWLYH

323'(16,7< ��� ��� �

3B/,7(5$B� ����� � ���

3B5(17('B+ �� � ���

3B12B,1&20 ����� ��� �

/1B,1&20(B ����� ���� �����

3B3$9,1* ����� � ���

3B,1&20(/( ����� ���� ���

3B,1&20(02 ���� ���� ����

3B38%/,&B, ����� ���� ����

3B%/$&. ����� ����� ����

3B<281* ���� ����� �����

3B0$/(B<28 ���� ����� �����

323'(16,B� ���� ����� ����

1B5(6,'(17 ���� ���� �����
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ϭϰ

3HUFHQWDJH�RI�3XEOLF�,OOXPLQDWLRQ��323'(16,B�� �3RSXODWLRQ�'HQVLW\�LQ�WKH�6WUHHWV��3B<281*� �3HUFHQWDJH�RI�<RXQJ�3HRSOH��
3B0$/(B<28� �3HUFHQWDJH�RI�0DOH�<RXQJ��1B5(6,'(17� �1XPEHU�RI�5HVLGHQWV

&21&/86,216

7KH�VSDWLDO�YLVXDOL]DWLRQ�RI�SURSHUW\�IHORQLHV�LQ�WKLV�ZRUN�IROORZHG ERWK�D�V\VWHPDWLF�DQG�D�VXEMHFWLYH�
GDWD�FXUDWLRQ�SURFHVV�WKDW�KDV�LPSOLFDWLRQ�RYHU�WKH�GHWHUPLQDWLRQ�RI�SXEOLF�VDIHW\�VWUDWHJLHV�WR LQYHVWLJDWH
WKH FULPLQDO� EHKDYLRU� GLVWULEXWHG� RQ� WKH� XUEDQ� VSDFH�� 7KH� V\VWHPDWLF� SURFHVV� LV� PDGH� ZLWK� WKH� GDWD�
FROOHFWLRQ DQG� KHXULVWLF� WR� RUJDQL]H� DQG� LQWHJUDWH� WKH� VSDWLDO� UHIHUHQFHV� SURYLGHG� E\� WKH� ZHE�VLWH�
UHSRVLWRU\� RI� SURSHUW\� RIIHQVHV�� 7KH� VXSSRUW� RI�*L
 VWDWLVWLFDO� WRRO� PDNHV� IHDVLEOH� WKH� FRQVWUXFWLRQ� RI�
RSWLPL]HG�FOXVWHUV��LQ�ZKLFK�VLJQLILFDQW�LQIRUPDWLRQ�UHJDUGLQJ�WKH�FRQFHQWUDWLRQ�DQG�GLVSHUVLYH�WHQGHQFLHV�
RYHU� WKH�DQDO\]HG�FHQVXV�VHFWRU�FDQ�EH�H[WUDFWHG�DQG�HYDOXDWHG�� ,W� LV� LQWHUHVWLQJ� WR�REVHUYH� WKDW� WR�EH�D�
VWDWLVWLFDOO\� VLJQLILFDQW� KRW� VSRW� WKH� ORFDOLW\�� LQ DGGLWLRQ� WR� KLJK� QXPEHU� RI� LQFLGHQWV��PXVW� EH� VSDWLDOO\�
DVVRFLDWHG�WR�KLJK�LQFLGHQFH�QHLJKERUV� RWKHUZLVH�LW�PD\�EH�GLVWLQJXLVKHG�DV�DQ�RXWOLHU��7KLV�LV�WKH�FDVH�RI�
WKH� VWDUWOLQJ� QXPEHU� RI� EXUJODU\� LQFLGHQWV� GHVFULEHG� E\� 2OLYHLUD� ������� WKDW� WRRN� SODFH� LQ WKH�
QHLJKERUKRRG�&DVD�$PDUHOD�GXULQJ�WKH�VSULQJ�������ZKHUH�PRVW�WKH�RFFXUUHQFHV�ZHUH�UHFRUGHG�IRU�WKH�
VDPH�VWUHHW�VHJPHQW��6LQFH� WKLV�LV�D�RQH�VKRW�HYHQW��VLPLODU�QXPEHU�LV�QRW�REVHUYHG�EHIRUH�RU�DIWHU��DQG�
VXUURXQG WUDFWV�GR�QRW�SUHVHQW�VLPLODU�WHQGHQFLHV��&DVD�$PDUHOD�LV�D�QDWXUDO�RXWOLHU��GRHV�QRW�DSSHDU LQ�WKH�
YLVXDOL]DWLRQ�SDWWHUQV�RI�)LJXUH �����7KXV��WKH�YLVXDOL]DWLRQ�DQDO\WLFV�VXJJHVW�WKDW SHUPDQHQW DOORFDWLRQ�RI�
VZRUQ�RIILFHUV�IRU�WKLV�FRPPXQLW\�ZRXOG�EH�D�ZDVWH�RI�UHVRXUFH�

7KH� VXEMHFWLYH� VLGH� RI� WKH� FXUDWLRQ� SURFHVV� UHTXLUHV� VXEVWDQWLDO� H[SHULHQFH� IURP� WKH� DQDO\VW� WR�
XQGHUVWDQG�WKH�JUDGH�RI�GLVFULPLQDWLRQ�LQ�ZKLFK�HDFK�IHORQ\�PLJKW�UHDFK�LQ�WKH�GLVDJJUHJDWLRQ�SURFHGXUH��
,Q� WKH� SUHVHQW�ZRUN�� WKLV� KDV� EHHQ� GRQH� E\� D�PHWLFXORXV� FKHFNLQJ� RQ� WKH�PRWLYDWLRQ� DQG� H[SHFWDWLRQV�
XQGHUOLQJ� HDFK� FULPLQDO� FRQGXFW� LQ� RXU� GDWD �H�J�� WKH� GRXEOH�GLVDJJUHJDWHG� PRWRU� YHKLFOH� UREEHULHV�
LQWURGXFHG� LQ� WKH� VSDWLDO� DVVHVVPHQW� RI� WKLV� ZRUN�� &HUWDLQO\�� WKH� VXEMHFWLYH� QDWXUH RI� RXU DVVHVVPHQW�
XQGHUJRHV� IRU� VHYHUDO� EDUULHUV�ZKHQ� WKH� DQDO\VW� MXGJPHQW� RYHU� WKH� FULPLQDO� SDWWHU� FDXVHV� D�PLVOHDGLQJ�
SHUFHSWLRQ�RI�WKH�REVHUYHG�UHDOLW\�E\�DQ�LQDSSURSULDWH�GLVFULPLQDWLRQ�RI VRPH�W\SHV�RI�IHORQLHV��RU�IRU�DQ�
LQDFFXUDWH� DJJUHJDWLRQ� RI� RWKHUV� 7KLV� LV� D� ILHOG� WKDW� UHTXLUHV� DQ� H[FHSWLRQDO� H[SHUWLVH E\� WKH� GHFLVLRQ�
PDNHU� �DQDO\VWV� RU� VWDNHKROGHUV�� WR� SURYLGH� DFFXUDWH� GLVFULPLQDQW� PHDVXUHV� WR� SHUIRUP� JHR�UHIHUHQFHG�
GDWD�GLYLVLRQV�LQ�WKH�EHVW�ZD\�SRVVLEOH�WR�UHSUHVHQW�WKH�VWXGLHG�ORFDO�FULPLQDO�EHKDYLRU�

7KH� UHVHDUFK� ILOOV� D� YRLG� LQ� WKH� FULPLQRORJ\� OLWHUDWXUH ZKLFK� FRQFHUQV� WKH� VWUXFWXUH� WKDW� WKH VSDWLDO�
UHODWLRQVKLS� RI� FULPH� YV�� HQYLURQPHQW� KDV� EHHQ FRQVWUXFWHG� IURP� WKH� JHRUHIHUHQFHG� GDWD� ,W� KDV� EHHQ�
VKRZQ� WKDW� HQYLURQPHQW� WHFKQLFDO� IHDWXUHV�� VRFLR�HFRQRPLF� DQG� GHPRJUDSKLF� FKDUDFWHULVWLFV RI� FHQVXV�
WUDFWV PD\�OHDG�WR�GLIIHUHQW�LQWHUSUHWDWLRQ�RI�UHVXOWV�XVLQJ�DXWRFRUUHODWLRQ�PHDVXUHV�RU�VSDWLDO�UHJUHVVLRQV�
WR� LQYHVWLJDWH WKH� H[SODQDWRU\� SRZHU� RI� WKRVH� SRWHQWLDO� GHWHUPLQDQWV� RI� FULPLQDOLW\�� 7KLV� GLIIHUHQFH� LV�
DWWULEXWHG� WR� D� FRPSHQVDWLRQ� ELDV�� RI�ZKLFK� GLVDJJUHJDWHG� ELJ� GDWD�PD\� FRSH�ZLWK�� � ,Q� DGGLWLRQ�� VRPH
SUDFWLFDO�LPSOLFDWLRQV�RI�WKLV�UHVHDUFK�PHWKRGRORJ\�FDQ REVHUYHG�IURP�WKH�WDEOH�UHVXOWV��)RU�LQVWDQFH KLJK�
SRSXODWHG� ORFDOLWLHV� ZLWK� ORZ� LQFRPH� DQG� FRQVLGHUDEOH� QXPEHU� RI� EODFN� SHRSOH� KDYH� IHZ� QXPEHU� RI�
LQFLGHQWV�FRPSHUHG�WR�PHGLXP�DQG�KLJK�LQFRPH�]RQHV�FRPSRVHG�E\�XQHTXDO�OHYHOV�RI�HGXFDWHG�IDPLOLHV�
DQG�FRQVLGHUDEOH�QXPEHU�RI�UHQWHG�KRXVHV��WKH�ODVW�LV�QRW�VLJQLILFDQW�LQ�WKH�FDVH�RI�UHVLGHQWLDO�EXUJODU\��DV�
WKH� DQDO\VLV� SURSRVHV��� 7KLV� UHVXOWV�� EHVLGHV� LQQRYDWLYH� IRU� WKH� FRUUHFW� XQGHUVWDQGLQJ� RI� WKH� FULPLQDO�
EHKDYLRU� LQ� UHJLRQV� ZLWK� VLPLODU� VRFLR�HFRQRPLF� FKDUDFWHULVWLFV� DV� _5HFLIH� KDV�� DOVR� PLJKW� VXSSRUW WKH�
EHWWHU�DOORFDWLRQ�RI�SXEOLF�UHVRXUFHV��WHFKQRORJLHV�DQG�SROLFLQJ�VWUDWHJLHV��

$ OLPLWDWLRQ�WKDW�FRQFHUQV�WKH�FRQFHSWXDOL]DWLRQ�RI�VSDWLDO�UHODWLRQVKLS�PDGH�RQ�IL[HG�GLVWDQFH�EDQGV�
DQG� GLVDJJUHJDWH� GDWD� UHVLGHV� RQ WKH� HIIHFW� RI� SRO\JRQV� ZLWK� QR� RFFXUUHQFH� RU� YHU\� VPDOO� QXPEHU� RI�
LQFLGHQWV��ZKLFK�SXOOV�GRZQ�WKH��PHDQ�LQFLGHQW� DQG PDNH�SRO\JRQV�ZLWK�IHZ RFFXUUHQFHV�WR�EHFRPH�KRW�
VSRWV� 7KLV�LV�D�FUXFLDO�LVVXH�IRU�WKLV�W\SH�RI�VSDWLDO�DVVHVVPHQWV�DQG�UHTXLUHV�FDXWLRQ�IURP�WKH�DQDO\VW�WR�
SHUFHLYH� ZKHUH� WKH� QXPEHU� RI� LQFLGHQWV� LV� WRR� VPDOO� WR� EH� DXWRFRUUHODWHG� ZLWK� VXUURXQG� IHDWXUHV�� DQG�
KHQFH�VKRXOG�EH�DJJUHJDWH�VRPHKRZ��1RQ�FRPSHQVDWRU\�PXOWLFULWHULD�GHFLVLRQ�PRGHOV�FDQ�EH�KHOSIXO�RQ�
WKLV�SXUSRVH��DQG� IXWXUH� UHVHDUFK�PD\�EH�H[SHFWHG�FRQVLGHULQJ� WKLV� OLQH� RI� WKRXJKW��$QRWKHU�FRQFHUQ� LV�
SUHVHQW�LQ WKH�TXDOLW\�RI�WKH�FROOHFWHG�GDWD��6LQFH�WKLV�DQDO\VLV�UHJDUGV�YLFWLPL]DWLRQ�GDWD��SURYLGHG�E\�DQ\�
LQGLYLGXDO� FRQQHFWHG� WR� WKH� ZHE� QHWZRUN�� WKH\� DUH VXEMHFWHG� WR� LQWHQWLRQDO� OLHV�� HUURUV� RU� ZURQJ� ELDV��
1HYHUWKHOHVV��WKLV�FRQFHUQ�GRHV�QRW�XQGHUPLQH�WKH�LPSRUWDQFH�RI�JHRLQIRUPDWLRQ�V\VWHPV�WR�VXSSRUW�WKH�
GHFLVLRQ�PDNLQJ�RI�SXEOLF�SROLF\�PDNHUV�DQG�WLJKW�GDWD�PLQLQJ�SURFHVVHV PLJKW�EH�DEOH�WR�PLQLPL]H�WKLV�
FRQFHUQ�
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7KH QH[W�VWHSV�IRU�IXWXUH�UHVHDUFK�FDQ UHO\�RQ�DGGLWLRQDO�H[SORUDWRU\�UHJUHVVLRQV�WR IXUWKHU�LQYHVWLJDWH
WKH�LQWHUDFWLRQ�WKDW�HDFK�GLVDJJUHJDWHG�FULPLQDO�FRQGXFW�GHVFULEHG�E\�WKH�FOXVWHU¶V� IHDWXUH�OD\HUV�KDV�RQ�
WKH� SRWHQWLDO� VSDWLDO�� GHPRJUDSKLF�� VRFLDO� DQG� HFRQRPLF� GHWHUPLQDQWV� RI� FULPLQDOLW\�� VXFK� DV� KRPH�
VHFXULW\� V\VWHPV�� LQFRPH� LQHTXDOLW\�� HFRQRPLF� FULVLV� DQG� WKH� LQIOXHQFH�RI� HQYLURQPHQWDO� FKDUDFWHULVWLFV�
VXFK�DV�SODFHPDNLQJ�OHYHOV��VWUXFWXUH�RI�SXEOLF�VSDFHV��FKXUFKHV� DQG SXEV� 6RPH�W\SHV�RI�SURSHUW\�FULPHV�
KDG�WR�EH�RPLWWHG�LQ�WKLV�UHVHDUFK�IRU�QRW�SUHVHQW�HQRXJK�HPSLULFDO�HYLGHQFH�IRU�VWDWLVWLFDO�DQDO\VLV��7KH�
FROOHFWLRQ� RI� WKRVH� GDWD� PD\� DGG� PXFK� PRUH� IRU� WKH ELJ� SLFWXUH VWLOO� XQGHU� FRQVWUXFWLRQ�� DQG� JRRG�
SURVSHFWV�IRU�WKH�SXEOLF�VDIHW\�GHFLVLRQ�PDNHUV�LV�H[SHFWHG�

5()(5(1&(6

$OED�5'��/RJDQ�-5�DQG�%HOODLU�3(����������/LYLQJ�ZLWK�FULPH��7KH�LPSOLFDWLRQV�RI�UDFLDO�HWKQLF�
GLIIHUHQFHV�LQ�VXEXUEDQ�ORFDWLRQ� 6RFLDO�)RUFHV� ���������������

$QGUHVHQ�0$��&XUPDQ�$6��/LQQLQJ�6-��������7KH�WUDMHFWRULHV�RI�FULPH�DW�SODFHV��XQGHUVWDQGLQJ�
WKH�SDWWHUQV�RI�GLVDJJUHJDWHG�FULPH�W\SHV� -RXUQDO�RI�4XDQWLWDWLYH�&ULPLQRORJ\�������� ���±���

$QGUHVHQ�0$��/LQQLQJ�6-��������7KH��LQ�DSSURSULDWHQHVV�RI�DJJUHJDWLQJ�DFURVV�FULPH�W\SHV��$SSO�
*HRJU ������±���

$QGUHVHQ��0$���/LQQLQJ��6-��DQG�0DOOHVRQ��1 �������&ULPH�DW�SODFHV�DQG�VSDWLDO�FRQFHQWUDWLRQV��
H[SORULQJ� WKH� VSDWLDO� VWDELOLW\� RI� SURSHUW\� FULPH� LQ� 9DQFRXYHU� %&�� ����±����� -RXUQDO� RI�
4XDQWLWDWLYH�&ULPLQRORJ\� ���������������

$QGUHVHQ�0$��0DOOHVRQ�1��������7HVWLQJ�WKH�VWDELOLW\�RI�FULPH�SDWWHUQV�� LPSOLFDWLRQV�IRU�WKHRU\�
DQG�SROLF\� -�5HV�&ULPH�'HOLQT������±��

$UDEDW]LV 6 DQG 0DQRV�%���������$Q�LQWHJUDWHG�V\VWHP�IRU�ZDWHU�UHVRXUFHV�PRQLWRULQJ��HFRQRPLF�
HYDOXDWLRQ�DQG�PDQDJHPHQW� 2SHUDWLRQDO�5HVHDUFK� ��������������

%HUQDVFR� :� (OIIHUV +� ������� 6WDWLVWLFDO� DQDO\VLV� RI� VSDWLDO� FULPH� GDWD�� ,Q +DQGERRN� RI�
TXDQWLWDWLYH�FULPLQRORJ\ �SS������������6SULQJHU�1HZ�<RUN�

%HUU\� -. DQG 6DLORU -.�� �������� 8VH� RI� D� JHRJUDSKLF� LQIRUPDWLRQ� V\VWHP� IRU� VWRUP� UXQRII�
SUHGLFWLRQ�IURP�VPDOO�XUEDQ�ZDWHUVKHGV� (QYLURQPHQWDO�0DQDJHPHQW� �������������

%LPRQWH�6��3UDGHO�0��%RIIHW\�'��7DLOOHXU�$��$QGUp�*��%]LNKD�5�DQG &KDQHW�-3���������$�1HZ�
VHQVRU�EDVHG� VSDWLDO� 2/$3� DUFKLWHFWXUH� FHQWHUHG� RQ� DQ� DJULFXOWXUDO� IDUP� HQHUJ\�XVH� GLDJQRVLV�
WRRO� ,QWHUQDWLRQDO�-RXUQDO�RI�'HFLVLRQ�6XSSRUW�6\VWHP�7HFKQRORJ\��,-'667�� �����������

%RPDQ�$���������'RHV�0LJUDWLRQ�3D\"�(DUQLQJV�HIIHFWV� IURP�JHRJUDSKLF�PRELOLW\�IROORZLQJ�MRE�
GLVSODFHPHQW� UDSSRUW�QU���:RUNLQJ�3DSHUV�LQ�(FRQRPLFV�����

%UDJD�$��+XUHDX�'0��3DSDFKULVWRV�$9��������7KH�FRQFHQWUDWLRQ�DQG�VWDELOLW\�RI�JXQ�YLROHQFH�DW�
PLFUR SODFHV�LQ�%RVWRQ������±������-�4XDQW�&ULPLQRO������±��

%UDJD�$��+XUHDX�'0��3DSDFKULVWRV�$9��������7KH�UHOHYDQFH�RI�PLFUR�SODFHV�WR�FLW\ZLGH�UREEHU\�
WUHQGV��D ORQJLWXGLQDO�DQDO\VLV�RI�UREEHU\�LQFLGHQWV�DW�VWUHHW�FRUQHUV�DQG�EORFN�IDFHV�LQ�%RVWRQ�� -�
5HV�&ULPH�'HOLQT�����±��

%XFFHOOD $�� &HFKLFK� $�� *HQGDUPL� '�� /DQXELOH� )�� 6HPHUDUR� *� DQG &RODJURVVL $�� ��������
*HR0HUJH3�� *HRJUDSKLF� LQIRUPDWLRQ� LQWHJUDWLRQ� WKURXJK� HQULFKHG� RQWRORJ\� PDWFKLQJ� 1HZ�
*HQHUDWLRQ &RPSXWLQJ� �������������

%XUURXJK�� 3$ ������ 3ULQFLSOHV� RI� *HRJUDSKLFDO� ,QIRUPDWLRQ� 6\VWHPV IRU� /DQG� 5HVRXUFHV�
$VVHVVPHQW��2[IRUG��(QJODQG��&ODUHQGRQ�3UHVV�

���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���



ϭϲ

&DOGDV�GH�&DVWUR�0��6LQJHU�%+���������&RQWUROOLQJ�WKH�)DOVH�'LVFRYHU\�5DWH��$�1HZ�$SSOLFDWLRQ�
WR $FFRXQW� IRU� 0XOWLSOH� DQG� 'HSHQGHQW� 7HVW� LQ� /RFDO� 6WDWLVWLFV� RI� 6SDWLDO�
$VVRFLDWLRQ� *HRJUDSKLFDO�$QDO\VLV ����SS���������

ýHUED�2��-HGOLþND�.���ýDGD�9�DQG�&KDUYiW�.����������&HQWUDOLW\�DV�D�0HWKRG�IRU�WKH�(YDOXDWLRQ�RI�
6HPDQWLF� 5HVRXUFHV� IRU� 'LVDVWHU� 5LVN� 5HGXFWLRQ� ,6356� ,QWHUQDWLRQDO� -RXUQDO� RI� *HR�
,QIRUPDWLRQ� ����������

&KDLQH\�6��5DWFOLIIH�-������� *,6�DQG�FULPH�PDSSLQJ��-RKQ�:LOH\�	�6RQV�

&KDLQH\ 6�� 7RPSVRQ� /�� 8KOLJ� 6� ������� 7KH� XWLOLW\� RI� KRWVSRW� PDSSLQJ� IRU� SUHGLFWLQJ� VSDWLDO�
SDWWHUQV�RI�FULPH� 6HFXULW\�-RXUQDO� ��������������

&RKHQ�-��*RUU :/�������� 'HYHORSPHQW�RI�&ULPH�)RUHFDVWLQJ�DQG�0DSSLQJ�6\VWHPV�IRU�8VH�E\�
3ROLFH�LQ�3LWWVEXUJK��3HQQV\OYDQLD��DQG�5RFKHVWHU��1HZ�<RUN�������������,&365������Y���$QQ�
$UERU��0,�� ,QWHU�XQLYHUVLW\�&RQVRUWLXP� IRU�3ROLWLFDO� DQG�6RFLDO�5HVHDUFK� >GLVWULEXWRU@�� ��������
����KWWSV���GRL�RUJ���������,&365������Y�

'DXGHOLQ� -� DQG 5DWWRQ� -/�� �������� 0HUFDGRV� GH� GURJDV�� JXHUUD� H� SD]� QR� 5HFLIH� 7HPSR�
6RFLDO� ����������������

)DWLPD�=RKUD�<��'MDPLOD�+�DQG�2PDU�%���������$�VXUYHLOODQFH�DQG�VSDWLRWHPSRUDO�YLVXDOL]DWLRQ�
PRGHO� IRU� LQIHFWLRXV� GLVHDVHV� XVLQJ� VRFLDO� QHWZRUN� ,QWHUQDWLRQDO� -RXUQDO� RI� 'HFLVLRQ� 6XSSRUW�
6\VWHP�7HFKQRORJ\��,-'667�� �����������

)LJXHLUHGR�&--'�DQG�0RWD�&0'0���������$�FODVVLILFDWLRQ�PRGHO�WR�HYDOXDWH�WKH�VHFXULW\�OHYHO�LQ�
D� FLW\� EDVHG� RQ� *,6�0&'$� 0DWKHPDWLFDO� 3UREOHPV� LQ� (QJLQHHULQJ�� YRO�� ������
GRL���������������������

*HWLV�$� DQG� -.�2UG� ������� 7KH�$QDO\VLV� RI� 6SDWLDO�$VVRFLDWLRQ� E\�8VH� RI�'LVWDQFH� 6WDWLVWLFV��
LQ *HRJUDSKLFDO�$QDO\VLV ������

*ODHVHU (/�� 6DFHUGRWHY� %� �������� :K\ LV� WKHUH� PRUH� FULPH� LQ� FLWLHV" -RXUQDO� RI� SROLWLFDO�
HFRQRP\� ����6����6����6����

*REHU�0H\HUV�3 ��������0LJUDWLRQ�DQDO\VLV��7KH�UROH�RI�JHRJUDSKLF�VFDOH� 7KH�$QQDOV�RI�UHJLRQDO�
VFLHQFH� �������������

+DFKLN\DQ $��6FKHUHU�5��$QJHORYD�0�DQG�/D]DURYD 0 ��������'HFLVLRQ�VXSSRUW�V\VWHP�IRU�D�ULYHU�
QHWZRUN� SROOXWLRQ� HVWLPDWLRQ� EDVHG� RQ� D� VWUXFWXUDO�OLQJXLVWLF� GDWD� PRGHO� 2SHUDWLRQDO�
5HVHDUFK� ��������������

+RQJ 6< DQG� 6DGDKLUR <� �������� 0HDVXULQJ� JHRJUDSKLF� VHJUHJDWLRQ�� D� JUDSK�EDVHG�
DSSURDFK� -RXUQDO�RI�*HRJUDSKLFDO�6\VWHPV� ����������������

.DORXGLV�67��/RUHQW]RV�1$��6LGHULGLV�$%�DQG�<LDORXULV�&3���������$�GHFLVLRQ�VXSSRUW�V\VWHP�IRU�
IRUHVW�ILUH�PDQDJHPHQW� 2SHUDWLRQDO�5HVHDUFK� ��������������

.LP�0&��=KX�<�DQG &KHQ�& ������� +RZ�DUH�WKH\�GLIIHUHQW"�$�TXDQWLWDWLYH�GRPDLQ�FRPSDULVRQ�
RI�LQIRUPDWLRQ�YLVXDOL]DWLRQ�DQG�GDWD�YLVXDOL]DWLRQ������±������ 6FLHQWRPHWULFV� ����������������

.LUN�.(��+DT�0=��$ODP�06�DQG�+DTXH�8����������*HRVSDWLDO�7HFKQRORJ\��D� WRRO� WR�DLG� LQ� WKH�
HOLPLQDWLRQ�RI�PDODULD� LQ�%DQJODGHVK� ,6356�,QWHUQDWLRQDO� -RXUQDO�RI�*HR�,QIRUPDWLRQ� ���������
���

.XUVDK� 0% �������� 0RGHOOLQJ� PDODULD� VXVFHSWLELOLW\� XVLQJ� JHRJUDSKLF� LQIRUPDWLRQ�
V\VWHP� *HR-RXUQDO�������
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ϭϳ

0DQIUp�/$��+LUDWD (��6LOYD -%��6KLQRKDUD (-���*LDQQRWWL 0$��/DURFFD $3& DQG 4XLQWDQLOKD -$��
��������$Q� DQDO\VLV� RI� JHRVSDWLDO� WHFKQRORJLHV� IRU� ULVN� DQG� QDWXUDO� GLVDVWHU�PDQDJHPHQW� ,6356�
,QWHUQDWLRQDO�-RXUQDO�RI�*HR�,QIRUPDWLRQ� ��������������

0DOW]� 0�� *RUGRQ� $&�� )ULHGPDQ� :� ������ 0DSSLQJ� FULPH� LQ� LWV� FRPPXQLW\� VHWWLQJ�� (YHQW�
JHRJUDSK\�DQDO\VLV��0LFKDHO�0DOW]�

0HOR�61��0DWLDV�/)��$QGUHVHQ�0$��������&ULPH�FRQFHQWUDWLRQV�DQG�VLPLODULWLHV�LQ�VSDWLDO�FULPH�
SDWWHUQV�LQ D�%UD]LOLDQ�FRQWH[W��$SSO�*HRJU�������±���

0HQH]HV 7�� 6LOYHLUD�1HWR 5�� 0RQWHLUR� & DQG 5DWWRQ -/�� �������� 6SDWLDO� FRUUHODWLRQ� EHWZHHQ�
KRPLFLGH� UDWHV� DQG� LQHTXDOLW\�� HYLGHQFH� IURP� XUEDQ� QHLJKERUKRRGV� (FRQRPLFV� /HWWHUV� ��������
������

0RRQHQ�0��&DWWU\VVH ' DQG 9DQ�2XGKHXVGHQ '�� ��������2UJDQLVLQJ�SDWURO� GHSOR\PHQW� DJDLQVW�
YLROHQW�FULPHV� 2SHUDWLRQDO�5HVHDUFK� ��������������

0RUDQ 3$3���������1RWHV�RQ�FRQWLQXRXV�VWRFKDVWLF�SKHQRPHQD��%LRPHWULND��������±���
1DVDU�-/��)LVKHU�%���������µ+RW�VSRWV¶�RI�IHDU�DQG�FULPH��$�PXOWL�PHWKRG�LQYHVWLJDWLRQ� -RXUQDO�RI�
HQYLURQPHQWDO�SV\FKRORJ\� ���������������

1HSRPXFHQR� 7&&�� GH� 0RXUD� -$�� H� 6LOYD� /&� DQG� &RVWD� $3&6� �������� $OFRKRO� DQG� YLROHQW�
EHKDYLRU� DPRQJ� IRRWEDOO� VSHFWDWRUV�� $Q� HPSLULFDO� DVVHVVPHQW� RI� %UD]LOLDQ
V�
FULPLQDOL]DWLRQ� ,QWHUQDWLRQDO� -RXUQDO� RI� /DZ�� &ULPH� DQG� -XVWLFH� ,661� �����������
KWWS���G[�GRL�RUJ���������M�LMOFM�������������

1LNRORSRXORX� $,�� 5HSRXVVLV� 33�� 7DUDQWLOLV� &'� DQG� =DFKDULDGLV� ((� �������� $GDSWLYH� PHPRU\�
SURJUDPPLQJ� IRU� WKH� PDQ\�WR�PDQ\� YHKLFOH� URXWLQJ� SUREOHP� ZLWK� FURVV�GRFNLQJ� 2SHUDWLRQDO�
5HVHDUFK�������

2OLYHLUD�:���������$UURPEDPHQWRV�GH�UHVLGrQFLDV�DVVXVWDP�PRUDGRUHV�GH�&DVD�$PDUHOD��'LiULR�
GH� 3HUQDPEXFR�� KWWS���EORJV�GLDULRGHSHUQDPEXFR�FRP�EU�VHJXUDQFDSXEOLFD�"S ������ $FFHVVHG�
$XJXVW���������

2UG -. DQG�$ *HWLV ������ /RFDO�6SDWLDO�$XWRFRUUHODWLRQ�6WDWLVWLFV� 'LVWULEXWLRQDO�,VVXHV�DQG�DQ�
$SSOLFDWLRQ� *HRJUDSKLFDO�$QDO\VLV ������

3HUHLUD�'9��0RWD�&0�DQG�$QGUHVHQ��0$���������6RFLDO�GLVRUJDQL]DWLRQ�DQG�KRPLFLGH�LQ�5HFLIH��
%UD]LO� ,QWHUQDWLRQDO� MRXUQDO� RI� RIIHQGHU� WKHUDS\� DQG� FRPSDUDWLYH� FULPLQRORJ\��
�������;���������

3HUHLUD�'9��0RWD�&0�DQG�$QGUHVHQ��0$���������7KH�KRPLFLGH�GURS�LQ�5HFLIH��%UD]LO� $�VWXG\�RI�
FULPH�FRQFHQWUDWLRQV�DQG�VSDWLDO�SDWWHUQV� +RPLFLGH�VWXGLHV� �������������

3RZHU�'-�� 5RWK 50 DQG�.DUVWHQ� 5 �������� 'HFLVLRQ� 6XSSRUW� IRU� &ULVLV� ,QFLGHQWV� (QJLQHHULQJ�
(IIHFWLYH� 'HFLVLRQ� 6XSSRUW� 7HFKQRORJLHV�� 1HZ� 0RGHOV� DQG� $SSOLFDWLRQV�� 1HZ� 0RGHOV� DQG�
$SSOLFDWLRQV������

5HSKDQQ�� 7-� �������� 5HQWDO� KRXVLQJ� DQG� FULPH�� WKH� UROH� RI� SURSHUW\� RZQHUVKLS� DQG�
PDQDJHPHQW� 7KH�$QQDOV�RI�5HJLRQDO�6FLHQFH� ���������������

5RGUtJXH]�*RQ]iOH]�$���$ORU�+HUQDQGH]�*���0D\HU�0$��&RUWHV�5REOHV�*��DQG�3HUH]�*DOODUGR�<�
�������� $SSOLFDWLRQ� RI� 3UREDELOLVWLF� 7HFKQLTXHV� IRU� WKH� 'HYHORSPHQW� RI� D� 3URJQRVLV� 0RGHO� RI�
6WURNH� 8VLQJ� (SLGHPLRORJLFDO� 6WXGLHV� ,QWHUQDWLRQDO� -RXUQDO� RI� 'HFLVLRQ� 6XSSRUW� 6\VWHP�
7HFKQRORJ\��,-'667�� ������������

6FKU|GHU :�� 6FKPLGW *�� %DVW +�� 3HVFK 5 DQG .LHO� (�� �������� 3LORW�VWXG\� RQ� *,6�EDVHG� ULVN�
PRGHOOLQJ� RI� D� FOLPDWH� ZDUPLQJ� LQGXFHG� WHUWLDQ� PDODULD� RXWEUHDN� LQ� /RZHU� 6D[RQ\�
�*HUPDQ\�� (QYLURQPHQWDO�PRQLWRULQJ�DQG�DVVHVVPHQW� ����������������
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ϭϴ

6KHUPDQ�/:��*DUWLQ�3��%XHUJHU��0(��������+RW�VSRWV�RI�SUHGDWRU\�FULPH��5RXWLQH�DFWLYLWLHV�DQG�
WKH�FULPLQRORJ\�RI�SODFH��&ULPLQRORJ\������������

6SHOPDQ�: ��������$EDQGRQHG�EXLOGLQJV��0DJQHWV�IRU�FULPH" -RXUQDO�RI�&ULPLQDO�-XVWLFH� �������
��������

6ULGKDUDQ� 6��0H\HU� -RQ
D� ������� ([SORUDWRU\� 6SDWLDO�'DWD�$SSURDFK� WR� ,GHQWLI\� WKH� &RQWH[W� RI�
8QHPSOR\PHQW�&ULPH�/LQNDJHV� LQ�9LUJLQLD������������� ,&365������Y���$QQ�$UERU��0,�� ,QWHU�
XQLYHUVLW\� &RQVRUWLXP� IRU� 3ROLWLFDO� DQG� 6RFLDO� 5HVHDUFK� >GLVWULEXWRU@�� ������������
KWWSV���GRL�RUJ���������,&365������Y�

7DEDQJLQ� '5�� )ORUHV� -&�� (PSHUDGRU� 1)� ������� ,QYHVWLJDWLQJ� FULPH� KRWVSRW� SODFHV� DQG� WKHLU�
LPSOLFDWLRQ� WR� XUEDQ� HQYLURQPHQWDO� GHVLJQ�� D� JHRJUDSKLF� YLVXDOL]DWLRQ� DQG� GDWD� PLQLQJ�
DSSURDFK� ,QWHUQDWLRQDO�-RXUQDO�RI�+XPDQ�DQG�6RFLDO�6FLHQFHV� ��������������

7DUDQWLOLV�&'�DQG�.LUDQRXGLV��&7���������8VLQJ�WKH�YHKLFOH�URXWLQJ�SUREOHP�IRU�WKH�WUDQVSRUWDWLRQ�
RI�KD]DUGRXV�PDWHULDOV� 2SHUDWLRQDO�5HVHDUFK� ������������

7DWVLUDPRV . ��������*HRJUDSKLF�ODERXU�PRELOLW\�DQG�XQHPSOR\PHQW�LQVXUDQFH�LQ�(XURSH� -RXUQDO�
RI�SRSXODWLRQ�(FRQRPLFV� ���������������

7KRPDV� -- DQG�&RRN�.$�� �������� ,OOXPLQDWLQJ� WKH� SDWK�� 7KH�5	'�DJHQGD� IRU� YLVXDO� DQDO\WLFV��
86$��1DWLRQDO�9LVXDOL]DWLRQ�DQG�$QDO\WLFV�&HQWHU��

7OLOL� 7�� .ULFKHQ 6 DQG )DL]� 6� �������� 7RZDUGV� D� 'HFLVLRQ� 0DNLQJ� 6XSSRUW� 6\VWHP� IRU� WKH�
&DSDFLWDWHG� 9HKLFOH� 5RXWLQJ� 3UREOHP� ,QWHUQDWLRQDO� -RXUQDO� RI� 'HFLVLRQ� 6XSSRUW� 6\VWHP�
7HFKQRORJ\��,-'667�� ������������

7VHORQL�$�DQG 7KRPSVRQ�5����������6HFXULQJ�WKH�SUHPLVHV� 6LJQLILFDQFH� �������������

7XIWH�( ��������7KH�YLVXDO� GLVSOD\�RI�TXDQWLWDWLYH� LQIRUPDWLRQ��&KHVKLUH��&RQQHFWLFXW��*UDSKLFV�
3UHVV

7XNH\�- ��������([SORUDWRU\�GDWD�DQDO\VLV��%RVWRQ��0$��$GGLVRQ�:HVOH\�

:HEEHU� ' DQG 3DFKHFR� *�� �������� &KDQJHV� LQ� LQWUD�FLW\� HPSOR\PHQW� SDWWHUQV�� D� VSDWLDO�
DQDO\VLV� ,QWHUQDWLRQDO�-RXUQDO�RI�6RFLDO�(FRQRPLFV� ���������������

:HLVEXUG�'��$PUDP�6��������7KH�ODZ�RI�FRQFHQWUDWLRQV�RI�FULPH�DW�SODFH��WKH�FDVH�RI�7HO�$YLY�
-DIID��3ROLFH 3UDFW�5HV�������±���

:HLVEXUG�'��%XVKZD\�6��/XP &��<DQJ�6�0��������7UDMHFWRULHV�RI�FULPH�DW�SODFHV��D�ORQJLWXGLQDO�
VWXG\�RI VWUHHW�VHJPHQWV�LQ�WKH�&LW\�RI�6HDWWOH��&ULPLQRORJ\�������±���

=DFKDULDGLV�((��7DUDQWLOLV &���DQG�.LUDQRXGLV��&7 ��������9HKLFOH� URXWLQJ�VWUDWHJLHV�IRU�SLFN�XS�
DQG�GHOLYHU\�VHUYLFH�XQGHU�WZR�GLPHQVLRQDO�ORDGLQJ�FRQVWUDLQWV� 2SHUDWLRQDO�5HVHDUFK� �����������
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