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$%675$&7�$ VSDWLDO� SURELW�PRGHO� LV� HVWLPDWHG� WR� WHVW� WKH� LQIOXHQFH� RI� SXEOLF�VHUYLFHV� DQG� QHLJKERUKRRG� FKDUDFWHULVWLFV� RQ� UHORFDWLRQ� GHFLVLRQV� RI�KRPHEX\HUV� LQ� WKH�&ROXPEXV��2KLR� UHJLRQ�� �7KH�PRGHO� H[SOLFLWO\� DFFRXQWV�IRU�WKH�VSDWLDO�HUURU�DXWRFRUUHODWLRQ�WKDW�DULVHV�GXH�WR�XQREVHUYHG�VLPLODULWLHV�DFURVV� DOWHUQDWLYHV��ZKLFK�� LI� XQFRQWUROOHG�� UHVXOWV� LQ� LQFRQVLVWHQW� SDUDPHWHU�HVWLPDWHV���g=(7�.DPX� KL]PHWOHULQLQ� YH� PDKDOOH� |]HOOLNOHULQLQ�� &ROXPEXV�� 2KLR�E|OJHVLQGH�HY�VDWÕQDODQ�KDQHKDONODUÕ��]HULQGHNL�HWNLVLQL�RUWD\D�NR\PDN�DPDFÕ�LOH� VSDWLDO� SURELW� PRGHOL� WDKPLQ� HGLOPLúWLU�� .RQWURO� HGLOPHGL÷L� WDNGLUGH�VDSPDOÕ� WDKPLQ� HGLFLOHU� YHUHQ� YH� DOWHUQDWLIOHU� DUDVÕQGD� J|]OHQHPH\HQ�EHQ]HUOLNOHUGHQ� GROD\Õ� RUWD\D� oÕNDQ�� VSDWLDO� LoVHO� ED÷ODQWÕ� VRUXQX�PRGHOOHPHGH�J|]|Q�QGH�EXOXQGXUXOPXúWXU����
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7KH�RSHUDWLRQ�RI�D�PHWURSROLWDQ�DUHD¶V�KRXVLQJ�PDUNHW�LQIOXHQFHV�WKH�ZHOO�EHLQJ� RI� UHVLGHQWV� DQG� FRPPXQLWLHV� LQ� D� YDULHW\� RI� ZD\V�� %\�PRYLQJ�IURP�SODFH�WR�SODFH�ZLWKLQ�D�PHWURSROLWDQ�DUHD��KRXVHKROGV�PDNH�DGMXVWPHQWV�WKDW�PD\� UHVXOW� LQ�KRPH�RZQHUVKLS��D�EHWWHU� ORFDWLRQ��RU� VRPH�RWKHU�FKDQJH�WKDW�LQIOXHQFHV�RYHUDOO�KRXVHKROG�XWLOLW\���$OWKRXJK�PRYLQJ�GHFLVLRQV�DUH�WKH�UHVXOW�RI�SULYDWH�UHDVRQV��WKH�FROOHFWLYH�GHFLVLRQV�RI�LQGLYLGXDOV�WR�PRYH�KDYH�SXEOLF�HIIHFWV�RQ�ERWK�WKH�SODFHV�IURP�ZKHUH�SHRSOH�FRPH�DQG�RQ�WKH�SODFHV�WR�ZKLFK�WKH\�PRYH��2EYLRXV�H[DPSOHV�LQFOXGH�D�GHFOLQLQJ�WD[�EDVH�WR�IXQG�PLQLPDO�OHYHOV�RI�SXEOLF�VHUYLFHV�DQG�IDOOLQJ�SURSHUW\�YDOXHV�LQ�SODFHV�UDSLGO\�ORVLQJ�SRSXODWLRQ�� ,I�SHRSOH�PRYH�DZD\� IURP�DQ�DUHD�� ORFDO�EXVLQHVVHV�PD\�ORVH� PRQH\� DQG� PD\� EH� IRUFHG� WR� VKXW� GRZQ� WKHLU� RSHUDWLRQV� RU� PRYH�

�� 6�OH\PDQ�'HPLUHO�hQLYHUVLWHVL��ø�ø�%�)��g÷UHWLP�*|UHYOLVL��
�� 2KLR�6WDWH�hQLYHUVLWHVL�g÷UHWLP�h\HVL��



g=7h5.�� �����

HOVHZKHUH�� � $OWHUQDWLYHO\�� DUHDV� WR� ZKLFK� SHRSOH� PRYH� PD\� H[SHULHQFH�FRQJHVWLRQ�DQG�VWUXJJOH�WR�SURYLGH�DGHTXDWH�VXSSOLHV�RI�SXEOLF�LQIUDVWUXFWXUH�DQG�VHUYLFHV�� �/DVWO\��DOWKRXJK�WKH�HIIHFWV�RI�KRXVHKROG�PLJUDWLRQ�RQ�SODFHV�DUH� PRUH� VXEWOH�� WKH� LPSDFW� RI� UHVLGHQWLDO� PRELOLW\� RQ� WKH� VL]H� DQG�FRPSRVLWLRQ�RI�D�QHLJKERUKRRG�LV�D�SULPH�GHWHUPLQDQW�RI�DQ�DUHD¶V�HFRQRPLF�DQG�VRFLDO�ZHOO�EHLQJ���
+RXVLQJ�LV�D�VSHFLDO�NLQG�RI�FRPPRGLW\�IRU�VHYHUDO�UHDVRQV����)LUVW��KRXVLQJ� LV� VSDWLDOO\� LPPRELOH�� LWV� ORFDWLRQ� LV� DQ� LQWULQVLF� DWWULEXWH� RI� D�GZHOOLQJ��6R��RQH�FRPSRQHQW�RI�WKH�KRXVLQJ�EXQGOH�LV�WKH�UHVLGHQWLDO�ORFDWLRQ��7KLV�LPSOLHV�WKDW�WKH�KRXVLQJ�PDUNHW�LV�LQKHUHQWO\�DIIHFWHG�E\�QHLJKERUKRRG�H[WHUQDOLWLHV�� :LWK� DQ\� SXUFKDVH� RI� D� KRPH�� WKH� EX\HU� SXUFKDVHV� ERWK� D�GZHOOLQJ�DQG�D�VHW�RI�QHLJKERUKRRG�FKDUDFWHULVWLFV�VXFK�DV�DFFHVVLELOLW\��ORFDO�SXEOLF�VHUYLFHV��HQYLURQPHQWDO�TXDOLW\��DQG�DSSHDUDQFH�RI�WKH�QHLJKERUKRRG��$ VHFRQG�SDUWLFXODU�IHDWXUH�RI�KRXVLQJ�LV�WKDW�LW�LV�QRW�D�VLQJOH�FRPPRGLW\�EXW�D EXQGOH�RI�YDULRXVO\�UHODWHG�FRPPRGLWLHV� WKDW�DUH�KHWHURJHQHRXV�� �+RXVLQJ�XQLWV�GLIIHU�LQ�VWUXFWXUDO�FKDUDFWHULVWLFV�� ORW�IHDWXUHV��WKH�QHLJKERUKRRG��ORFDO�SXEOLF�VHUYLFHV��DQG�LQ�DFFHVVLELOLW\�WR�GHVLUHG�GHVWLQDWLRQV���'LIIHUHQFHV�LQ�DOO�WKHVH�IHDWXUHV�HIIHFW�WKH�ORFDWLRQ�GHFLVLRQ�RI�KRPHEX\HUV�DQG�PDNH�IRU�D�ZLGH�VSHFWUXP�RI�GHJUHHV�RI� VXEVWLWXWDELOLW\� DPRQJ�GZHOOLQJV��7KH� KHWHURJHQHLW\�RI�KRXVLQJ�DOVR�LQWURGXFHV�LPSRUWDQW�PHDVXUHPHQW�SUREOHPV��$�WKLUG�IHDWXUH�WKDW�GLVWLQJXLVKHV�KRXVLQJ�IURP�PRVW�RWKHU�JRRGV�LV�LWV�H[SHQVH����7KH�W\SLFDO�KRXVHKROG� PXVW� ERUURZ� D� ODUJH� VXP� RI� PRQH\� WR� DFTXLUH� D� KRXVH�� 6R�� WKH�RZQHUVKLS� RI� D� KRXVLQJ� DVVHW� UHSUHVHQWV� D� FRQVLGHUDEOH� SRUWIROLR�PDQDJHPHQW�� � 2WKHU� IHDWXUHV� WKDW� GLVWLQJXLVK� KRXVLQJ� DUH� GXUDELOLW\� DQG�WUDQVDFWLRQ� FRVWV�� � +RXVLQJ� LV� H[WUHPHO\� GXUDEOH�� EXW� H[LVWLQJ� KRXVHV� DUH�PRGLILDEOH�LQ�YDULRXV�ZD\V��7KH\�FDQ�EH�SK\VLFDOO\�FKDQJHG�LQ�WHUPV�RI�WKHLU�FRQGLWLRQ� RU� YDULRXV� VWUXFWXUDO� IHDWXUHV�� )LQDOO\�� FKDQJHV� LQ� RZQHUVKLS� DUH�YHU\� FRVWO\�� 7KH� FRVWV� RI� EX\LQJ� D� KRXVH� LQFOXGH� WKH� VHDUFK� FRVWV� LQFXUUHG�IURP� FKRRVLQJ� DPRQJ� KRXVHV� WKDW� DUH� LPPRELOH� DQG� SRWHQWLDOO\� TXLWH�KHWHURJHQHRXV�� WKH� FRPSOH[� OHJDO� DQG� WUDQVDFWLRQDO� VHUYLFHV� LQYROYHG� LQ�SXUFKDVLQJ�D�KRPH��DQG�WKH�WLPH�DQG�PRQH\�FRVWV�DVVRFLDWHG�ZLWK�PRYLQJ��
$OWKRXJK� KLVWRULFDOO\� QHDUO\� WZR�WKLUGV� RI� PRYHV� RFFXU� ZLWKLQ� WKH�VDPH� PHWURSROLWDQ� DUHD� �4XLJOH\� DQG� :HLQEHUJ�� ������ 6LPRQV�� �������HPSLULFDO� VWXGLHV� KDYH� ODUJHO\� IRFXVHG� RQ� LQWHUUHJLRQDO� PRYHPHQWV�� � 7KLV�VWXG\�WDNHV�DGYDQWDJH�RI�VXUYH\�GDWD�RQ�UHSHDW�KRPHEX\HUV�WR�XQGHUVWDQG�WKH�UHORFDWLRQ�GHFLVLRQ�RI�KRXVHKROGV� WKDW�PRYHG�ZLWKLQ� D� ORFDO� UHJLRQ��5HSHDW�KRPHEX\HUV�DUH�D�PDMRU�SDUW�RI�WKH�UHVLGHQWLDO�UHDO�HVWDWH�PDUNHW�LQ�WKH�8QLWHG�6WDWHV� �0RUURZ�-RQHV� DQG� /LSVHW]�� ������� +DYLQJ� RZQHG� D� KRPH� EHIRUH�JLYHV� WKHVH�EX\HUV� VRPH�H[SHULHQFH� DQG�EHWWHU� LGHD�RI�ZKDW� LV� LPSRUWDQW� WR�WKHP�� 7KH� EDVLF� K\SRWKHVLV� RI� WKLV� VWXG\� LV� WKDW� D� KRXVHKROG¶V� GHFLVLRQ� RI�ZKHUH�WR�PRYH�ZLOO�EH�LQIOXHQFHG�E\�D�YDULHW\�RI� IDFWRUV�WKDW�DUH�DVVRFLDWHG�ERWK�ZLWK�WKH�ORFDWLRQ�WKDW�WKH\�DUH�OHDYLQJ�DQG�WKH�ORFDWLRQ�WR�ZKLFK�WKH\�DUH�PRYLQJ��6RPH�RI� WKHVH� IDFWRUV�PD\� UHODWH� WR� WKH� KRXVH� LWVHOI� H�J�� VL]H�� DJH��DQG� \DUG� FKDUDFWHULVWLFV�� 2WKHU� IDFWRUV� UHODWH� WR� WKH� ORFDWLRQ� RI� WKH� KRXVH��LQFOXGLQJ�QHLJKERUKRRG�FKDUDFWHULVWLFV�DQG� WKH�VHUYLFHV� WKDW�DUH�DYDLODEOH�DW�WKDW� ORFDWLRQ�� 7KHVH� LQFOXGH� SXEOLF� VHUYLFHV� �H�J�� SROLFH� DQG� ILUH� SURWHFWLRQ�
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DQG�VFKRROV���SULYDWH�VHUYLFHV��H�J��UHWDLO�VKRSSLQJ�DQG�EXVLQHVV�VHUYLFHV���DQG�RWKHU�DPHQLWLHV��H�J��FXOWXUDO�DQG�UHFUHDWLRQDO�RSSRUWXQLWLHV����
:KDW� GLVWLQJXLVKHV� WKLV� UHVHDUFK� IURP� SUHYLRXV� DQDO\VHV� RI�UHVLGHQWLDO� ORFDWLRQ� FKRLFH� LV� WKH� H[SOLFLW� FRQVLGHUDWLRQ� RI� WKH� VSDWLDO�GLPHQVLRQ�RI�WKH�LQWUD�PHWURSROLWDQ�ORFDWLRQ�GHFLVLRQ�ZLWKLQ�D�GLVFUHWH�FKRLFH�IUDPHZRUN���%HFDXVH�RI�WKH�LPPRELOLW\�RI�KRXVLQJ�DQG�WKH�LPSRUWDQFH�RI�LWV�ORFDWLRQ� UHODWLYH� WR� RWKHU� IHDWXUHV� RI� D� PHWURSROLWDQ� DUHD�� WKH� VSDWLDO�GLPHQVLRQ� RI� KRXVHKROG� PRYHPHQWV� LV� LPSRUWDQW�� � )RU� H[DPSOH�� WR� ZKDW�H[WHQW�GRHV� WKH�JHRJUDSKLFDO� ORFDWLRQ�RI�D�KRXVH�PDWWHU�YV��RWKHU� ORFDWLRQDO�IHDWXUHV�VXFK�DV�TXDOLW\�RI�SXEOLF�JRRGV�DQG�HQYLURQPHQWDO�DPHQLWLHV"��)URP�D PHWKRGRORJLFDO� SHUVSHFWLYH�� WKLV� VWXG\� FRQVLGHUV� WKH� SRVVLELOLW\� WKDW�KRXVHKROGV� SHUFHLYH� VLPLODULWLHV� DPRQJ� DOWHUQDWLYH� ORFDWLRQ� FKRLFHV�� ZKLFK�LQYDOLGDWHV� WKH� DVVXPSWLRQ� RI� LQGHSHQGHQW� HUURUV� SUHYLRXVO\� PDLQWDLQHG� LQ�GLVFUHWH� FKRLFH� PRGHOV� RI� KRXVHKROG� PLJUDWLRQ�� � ,Q� UHDOLW\�� LW� LV� OLNHO\� WKDW�VLPLODULWLHV� DFURVV� QHLJKERULQJ� ORFDWLRQV� FUHDWH� D� VSDWLDOO\� GHSHQGHQW� HUURU�VWUXFWXUH��ZKLFK�� LI� LJQRUHG��ZLOO� OHDG� WR� LQFRQVLVWHQW�HVWLPDWHV� LQ�D�GLVFUHWH�FKRLFH� VHWWLQJ�� � 7R� DOORZ� IRU� WKLV� SRVVLELOLW\�� WKLV� VWXG\� HVWLPDWHV� D� VSDWLDO�ELQDU\� SURELW� PRGHO� RI� KRXVHKROG� UHORFDWLRQ� DPRQJ� VFKRRO� GLVWULFWV� LQ�)UDQNOLQ�&RXQW\��2KLR�WKDW�H[SOLFLWO\�LQFRUSRUDWHV�D�VSDWLDOO\�GHSHQGHQW�HUURU�VWUXFWXUH���6SHFLILFDOO\��ZH�PRGHO�WKH�FKRLFH�RI�D�KRXVHKROG�WR�VWD\�ZLWKLQ�RU�PRYH�RXWVLGH�RI�WKHLU�H[LVWLQJ�VFKRRO�GLVWULFW����
�
���'(7(50,1$176���2)���+286(+2/'���/2&$7,21��� '(&,6,216�
(DUOLHU� OLWHUDWXUH� RQ� ORFDO� UHVLGHQWLDO�PRELOLW\� KDV� HPSKDVL]HG� OLIH�F\FOH� IDFWRUV� DV� FULWLFDO� GHWHUPLQDQWV� RI� WKH� GHFLVLRQ� WR� PRYH�� )URP� WKLV�SHUVSHFWLYH�� OLIH�F\FOH� FKDQJHV� LQ� WKH� VL]H�� DJH� FRPSRVLWLRQ�� DQG�VRFLRHFRQRPLF�SRVLWLRQ�RI�KRXVHKROGV�FUHDWHV�GLVVDWLVIDFWLRQ�ZLWK�WKH�FXUUHQW�UHVLGHQFH�� ZKLFK� LQIOXHQFHV� WKH� GHPDQG� IRU� D� GLIIHUHQW� W\SH� RI� KRXVLQJ� RU�JHRJUDSKLF� ORFDWLRQ�DQG�XOWLPDWHO\�OHDGV�WR�GHFLVLRQ�WR�PRYH��$JH�KDV�EHHQ�IRXQG� WR� EH� RQH� RI� WKH� PRVW� LPSRUWDQW� RI� WKHVH� OLIH�F\FOH� YDULDEOHV�� 7KH�SUHVHQFH� RI� FKLOGUHQ� OLYLQJ� LQ� WKH� KRXVHKROG� KDV� EHHQ� IRXQG� WR� GHWHU�UHORFDWLRQ� ZKHUHDV� KRXVHKROG� FURZGLQJ�� LQ� FRQWUDVW�� KDV� EHHQ� IRXQG� WR�HQFRXUDJH�UHORFDWLRQ���6RFLRHFRQRPLF�FKDUDFWHULVWLFV�KDYH�DOVR�EHHQ�OLQNHG�WR�ORFDO� UHVLGHQWLDO� PRELOLW\�� DOWKRXJK� WKH� HYLGHQFH� LV� OHVV� FRQFOXVLYH�� H�J��HGXFDWLRQ�OHYHO�KDV�RQO\�PRGHUDWHO\�EHHQ�UHODWHG�WR�ORFDO�UHVLGHQWLDO�PRELOLW\���
7KH�VSDWLDO�GLPHQVLRQV�RI�WKH�KRXVLQJ�PDUNHW�KDYH�DOVR�SURYLGHG�DQ�LPSRUWDQW�WKHRUHWLFDO�WRRO�IRU�VWXG\LQJ�LQWHUDFWLRQV�EHWZHHQ�ORFDO�JRYHUQPHQW�DQG� KRXVHKROG� ORFDWLRQ� FKRLFH� GXULQJ� WKH� ODVW� GHFDGHV�� 7KH� HDUO\� ZRUN� RI�7LHERXW��������FRQWLQXHV�WR�SURPSW�UHVHDUFK�EDVHG�RQ�KLV�PDUNHW�PRGHO�IRU�H[SODLQLQJ� WKH� EHKDYLRU� RI� ERWK� LQGLYLGXDOV� DQG� ORFDO� JRYHUQPHQWDO� XQLWV�RSHUDWLQJ� ZLWKLQ� VSDWLDOO\� GHILQHG� SROLWLFDO� MXULVGLFWLRQV� ORFDWHG� LQ� XUEDQ�DUHDV���6LQFH�7LHERXW¶V�DUWLFOH��PDQ\�HFRQRPLVWV�KDYH�YLHZHG�WKH�GHFLVLRQ�RI�IDPLOLHV� WR� UHVLGH� LQ� D� SDUWLFXODU� FRPPXQLW\� DV� D� FRQVFLRXV� FKRLFH� RI� RQH�SDUWLFXODU� SDFNDJH� RI� ORFDO� SXEOLF� VHUYLFHV� RYHU� RWKHUV� �)ULHGPDQ�� �������
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7LHERXW�VXJJHVWHG�WKDW�XQGHU�FHUWDLQ�FRQGLWLRQV�FRQVXPHUV�PLJKW�UHYHDO�WKHLU�SUHIHUHQFHV� IRU� ORFDOO\� SURYLGHG� SXEOLF� JRRGV�� � 7LHERXW� SURSRVHG� WKDW� D�PDUNHW�OLNH� PHFKDQLVP� PLJKW� H[LVW� IRU� ORFDO� SXEOLF� JRRGV� EHFDXVH� ORFDO�SXEOLF�JRRGV�DQG� WKH� WD[HV�XVHG� WR�ILQDQFH� WKRVH�JRRGV�DUH�VSHFLILF� WR�HDFK�MXULVGLFWLRQ��+H�IXUWKHU�VXJJHVWHG�WKDW�KRXVHKROGV�ZRXOG�VRUW�WKHPVHOYHV�VXFK�WKDW� DOO� IDPLOLHV� LQ� D� JLYHQ� MXULVGLFWLRQ� ZRXOG� GHULYH� WKH� VDPH� PDUJLQDO�EHQHILW� IURP� WKH� ORFDO� SXEOLF� JRRGV�� DQG� PDUJLQDO� EHQHILW� ZRXOG� HTXDO� WR�PDUJLQDO�FRVW��
$Q�DOWHUQDWLYH�DSSURDFK�WR�PRGHOLQJ�KRXVHKROG�ORFDWLRQ�GHFLVLRQV�LV�E\� FRQVLGHULQJ� WKH� GLVFUHWH� VHW� RI� ORFDWLRQ� DOWHUQDWLYHV� IURP� ZKLFK� D�KRXVHKROG� FKRRVHV�� � 'LVFUHWH� FKRLFH� PRGHOV� RI� WKH� KRXVLQJ� GHFLVLRQ� ZHUH�ILUVW� HVWLPDWHG� E\�4XLJOH\� ������ DQG� ������� ZKR� ZDV� WKH� ILUVW� WR� FRPELQH�0F)DGGHQ¶V��������LQGLYLGXDO�GLVFUHWH�FKRLFH�PRGHO�DQG�WKH�VWUXFWXUH�RI�WKH�KRXVLQJ�PDUNHW�LQWR�RQH�DSSURDFK��+H�H[WHQGHG�WKH�WKHRUHWLFDO�DQDO\VLV�RI�WKH�GHPDQG� IRU�KRXVLQJ�ZLWK� WKH� FRQVWUXFWLRQ�RI� D�PXOWLQRPLDO� ORJLW�PRGHO� IRU�WKH� FRPELQHG� FKRLFH� RI� UHVLGHQWLDO� ORFDWLRQ� DQG� KRXVLQJ� W\SH�� � :LOOLDPV��������H[WHQGHG�4XLJOH\¶V�PRGHO�E\�FRQVLGHULQJ�QHLJKERUKRRG�TXDOLW\�DV�DQ�LPSRUWDQW�FRPSRQHQW�RI�WKH�KRXVLQJ�EXQGOH���$OWHUQDWLYHO\��)ULHGPDQ��������FRQVWUXFWHG�D�PRGHO�RI�UHVLGHQWLDO� ORFDWLRQ�FKRLFH� LQ�ZKLFK� WKH�REMHFWLYH�RI�FKRLFH� LV� D� FRPPXQLW\�� +RXVHKROGV� DUH� DVVXPHG� WR� VXUYH\� DOO� WKH�FRPPXQLWLHV� ZLWKLQ� WKHLU� IHDVLEOH� VHW� RI� FRPPXQLWLHV� DQG� WR� VHOHFW� WKH�FRPPXQLW\�WKDW�PD[LPL]HV�LQGLUHFW�XWLOLW\�IXQFWLRQ�WKDW�LQFOXGHV�ORFDO�SXEOLF�VHUYLFHV�� WKH� ORFDO� SURSHUW\� WD[�� QHLJKERUKRRG� FKDUDFWHULVWLFV�� FRPPXWLQJ�GLVWDQFH� DQG� KRXVLQJ� VHUYLFHV�� )ULHGPDQ� ILQGV� WKDW� WKH� KRXVLQJ� VHUYLFH�YDULDEOH� KDV� WKH� ODUJHVW� FRHIILFLHQW� RI� DQ\� RI� KLV� HVWLPDWHV�� ,Q� IDFW� RWKHU�H[SODQDWRU\�YDULDEOHV��LQFOXGLQJ�ORFDO�SXEOLF�VHUYLFHV��DSSHDU�WR�KDYH�OLWWOH�RU�QR�DIIHFW�RQ�FKRLFH�RI�FRPPXQLW\���2WKHU�PXOWLQRPLDO�HVWLPDWLRQV�RI�KRXVLQJ�GHFLVLRQV�LQFOXGH�/HUPDQ���������LQ�ZKLFK�KH�HVWLPDWHG�D�MRLQW�FKRLFH�PRGHO�RI�ORFDWLRQ��KRXVLQJ��DQG�PRGH�WR�ZRUN���,Q�WKLV�PRGHO��KRXVHKROGV�FKRRVH�D�KRXVLQJ�EXQGOH� VLPXOWDQHRXVO\�ZLWK� WKHLU�FKRLFH�RI� ORFDWLRQ��ZRUN� WULS��DQG�VSDWLDO�RSSRUWXQLWLHV��GHILQHG�DV�LQFOXGLQJ�DFFHVVLELOLW\�WR�VKRSSLQJ�DQG�RWKHU�QRQ�ZRUN� GHVWLQDWLRQV���7KHLU� FKRLFHV� DUH� DOVR� DOORZHG� WR� UHIOHFW� WKHLU� RZQ�FKDUDFWHULVWLFV�� LQFOXGLQJ� LQFRPH�� UDFH�� KRXVHKROG� VL]H�� DQG� QXPEHU� RI�GULYHUV���
,Q� D� UHFHQW� VWXG\�� 1HFK\ED� DQG� 6WUDXVV� ������� DSSO\� D� GLVFUHWH�FKRLFH�DSSURDFK�WR�HVWLPDWH�WKH�LPSDFW�RI�ORFDO�ILVFDO�DQG�RWKHU�YDULDEOHV�RQ�LQGLYLGXDO� FRPPXQLW\� FKRLFHV� XVLQJ� D� PLFUR� GDWD� VHW� RI� KRPHRZQHUV� DQG�LQIRUPDWLRQ� RQ� ORFDO� FRPPXQLW\� FKDUDFWHULVWLFV�� ,Q� WKHLU� PRGHO�� FRQVXPHUV�FKRRVH� DPRQJ� GLIIHUHQW� KRXVH� W\SHV� LQ� GLIIHUHQW� FRPPXQLWLHV�� WDNLQJ�FKDUDFWHULVWLFV� RI� WKH� FRPPXQLWLHV�� ORFDO� SXEOLF� JRRG� OHYHOV�� WD[� UDWHV� DQG�HTXLOLEULXP�KRXVH�SULFHV�LQWR�DFFRXQW��%DVHG�RQ�WKHLU�HVWLPDWLRQ�UHVXOWV��WKH\�FRQFOXGH�WKDW�LQIRUPDWLRQ�RQ�ORFDO�FRPPXQLW\�FKDUDFWHULVWLFV�SOD\�PDMRU�SDUW�LQ�H[SODLQLQJ�WKH�ORFDWLRQ�RI�LQGLYLGXDO�KRXVHKROGV��
�
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��� 63$7,$/� $872&255(/$7,21� ,1� 7+(� /2&$7,21��� 02'(/��
$XWRFRUUHODWLRQ�UHIHUV� WR� WKH�VLPLODULW\�RU�GLVVLPLODULW\�RI�YDOXHV�RI�WKH� VDPH� YDULDEOH� DVVRFLDWHG� LQ� GLIIHUHQW� LQWHUYDOV�� �$OWKRXJK� WKLV� QRWLRQ� LV�EHWWHU�NQRZQ�IURP�WKH�ILHOG�RI�WLPH�VHULHV��DQDO\VLV��WKH�LQWHUYDOV��ODJV� PD\�EH�RI�WHPSRUDO�RU�VSDWLDO�QDWXUH���,W�LV�YHU\�QDWXUDO�IRU�GDWD�REVHUYHG�LQ�VSDFH�WR�KDYH�VLPLODU�YDOXHV�IRU�DGMDFHQW�VSDWLDO�XQLWV��)RU�H[DPSOH��LI�WKH�ORFDWLRQ�RI�WKH�KRXVH�LQIOXHQFHV�LWV�SULFH��WKHQ�WKH�SRVVLELOLW\�DULVHV�WKDW�QHDUE\�KRXVHV�ZLOO�EH�DIIHFWHG�E\�WKH�VDPH�ORFDWLRQ�IDFWRUV��7KLV�FOXVWHULQJ�RI�VLPLODU�YDOXHV�LQ� JHRJUDSKLFDO� VSDFH� LV� D� IRUP� RI� VSDWLDO� GHSHQGHQFH� RU� VSDWLDO�DXWRFRUUHODWLRQ��&OLII�DQG�2UG�����������
7KHUH�DUH�VHYHUDO�UHDVRQV�WR�H[SHFW�VSDWLDO�GHSHQGHQFH�LQ�D�GLVFUHWH�FKRLFH� PRGHO� RI� KRXVHKROG� ORFDWLRQ�� � )LUVW�� LQ� DQ\� VLWXDWLRQ� ZLWK� D� ODUJH�QXPEHU�RI�DOWHUQDWLYHV��LW�VHHPV�FOHDU�WKDW�LQGLYLGXDOV�SDUWLWLRQ�WKH�FKRLFH�VHW�LQWR� FOXVWHUV� RI� DOWHUQDWLYHV�� ,W� LV� XVXDOO\� HDVLHU� WR� LGHQWLI\� FOXVWHUV� RI�DOWHUQDWLYHV� LQ� DVSDWLDO� FKRLFH�� VXFK� DV� EUDQGV� RI� SURGXFWV�� W\SHV� RI� WUDQVLW��HWF�� WKDQ� LW� LV� LQ� VSDWLDO� FKRLFH�� 7KH� GLIIHUHQFH� DULVHV� EHFDXVH�� ZKHUHDV� LQ�DVSDWLDO�FKRLFH�WKH�GLVFULPLQDWLQJ�IDFWRU�EHWZHHQ�DOWHUQDWLYHV�LV�GLVFUHWH��W\SH�RI�WUDQVLW�LV�HLWKHU�SULYDWH�RU�SXEOLF���WKH�GLVFULPLQDWLQJ�IDFWRU�EHWZHHQ�VSDWLDO�DOWHUQDWLYHV�LV�XVXDOO\�VSDFH�LWVHOI��ZKLFK�LV�FRQWLQXRXV���%RXQGDULHV�RI�VSDWLDO�FOXVWHUV�DUH�PRUH�OLNHO\� WR�EH�IX]]\�WKDQ�GLVFUHWH��ZKLFK�FDXVHV�SUREOHPV�LQ�WKH� DSSOLFDWLRQ� RI� FKRLFH� PRGHOV� WKDW� QHHG� DQ� D� SULRUL� GHILQLWLRQ� RI�DOWHUQDWLYHV���
6HFRQG��PDQ\�VSDWLDO�FKRLFH�SUREOHPV�FDQ�EH�FKDUDFWHUL]HG�DV�PXOWL�GLPHQVLRQDO�� )RU� H[DPSOH�� WKH� PLJUDWLRQ� GHFLVLRQ� SURFHVV� FDQ� EH� EURNHQ�GRZQ�LQWR�WKH�PRYH�VWD\�GHFLVLRQ�DQG��FRQGLWLRQDO�RQ�PRYLQJ��WKH�GHVWLQDWLRQ�FKRLFH�GHFLVLRQ��ZKLFK� LQYROYHV�ERWK� WKH� FKRLFH�RI� D�QHLJKERUKRRG�DQG� WKH�FKRLFH�RI�D�SDUWLFXODU�GZHOOLQJ�XQLW��,I�WKLV�QHVWHG�VWUXFWXUH�LV�LJQRUHG�RU�LI�DQ�LQFRUUHFW� QHVWLQJ� VWUXFWXUH� LV� DVVXPHG�� VSDWLDO� DXWRFRUUHODWLRQ� SUREOHPV� FDQ�DULVH�� )RU� H[DPSOH�� LQ� PRGHOLQJ� LQWUD�XUEDQ� UHVLGHQWLDO� PRELOLW\�� WKH� HUURU�WHUP�LV�OLNHO\�WR�LQFOXGH�XQPHDVXUHG�FKDUDFWHULVWLFV�RI�ERWK�QHLJKERUKRRG�DQG�GZHOOLQJ� W\SHV��+RXVLQJ�XQLWV�ZLWKLQ� WKH� VDPH� QHLJKERUKRRG�ZLOO� VKDUH� WKH�VRPH�VLPLODU�FKDUDFWHULVWLFV�� VXFK�DV�GLVWDQFH� WR� WKH�FHQWUDO�EXVLQHVV�GLVWULFW��&%'��� QXPEHU� RI� URRPV�� HWF�� 6R�� XQREVHUYHG� VLPLODU� FKDUDFWHULVWLFV� RI�KRXVLQJ�XQLWV�DFURVV�DOWHUQDWLYHV�ZLOO�DIIHFW�WKH�GLVWXUEDQFH�WHUPV��
7KLUG�� DYDLODELOLW\� RI� GDWD� DW� GLIIHUHQW� VSDWLDO� VFDOHV� DQG� GLIIHUHQW�VSDWLDO� GLVWULEXWLRQV� RI� GDWD� PD\� DOVR� FUHDWH� WKLV� NLQG� RI� FRUUHODWLRQ� DFURVV�DOWHUQDWLYHV�� � ,I� WKH�GDWD� IRU� GLIIHUHQW� YDULDEOHV� DUH�QRW�PHDVXUHG�ZLWKLQ� WKH�VDPH� ERXQGDU\�� WKHQ� WKHUH� ZLOO� EH� FRUUHODWLRQ� DFURVV� WKH� DOWHUQDWLYHV�� � )RU�H[DPSOH�LI�WKH�VFKRRO�GLVWULFW�ERXQGDULHV�DUH�FKRVHQ�WR�UHSUHVHQW�DOWHUQDWLYHV�ZLWKLQ�WKH�FKRLFH�VHW��RWKHU�ORFDWLRQDO�YDULDEOHV�WKDW�HQWHU�WKH�XWLOLW\�IXQFWLRQ��H�J�� GLVWDQFH� WR�&%'�� FULPH� UDWH�� QHHG� WR� EH� FDOFXODWHG� E\� VFKRRO� GLVWULFW���7KHVH� YDULDEOHV� DUH� JHQHUDWHG� E\� D� GLIIHUHQW� SURFHVV� WKDQ� WKH� SURFHVV� E\�ZKLFK� VFKRRO� GLVWULFW� ERXQGDULHV� DUH� GHWHUPLQHG� DQG� WKHUHIRUH� ZLOO� KDYH�KHWHURJHQHRXV� YDOXHV� ZLWKLQ� WKH� DUHDV� GHOLQHDWHG� E\� VFKRRO� GLVWULFWV�� �$V� D�
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UHVXOW��VSDWLDO�DVVRFLDWLRQ�ZLOO�H[LVW�DPRQJ�WKHVH�YDULDEOHV�DFURVV�QHLJKERULQJ�VFKRRO�GLVWULFWV���
�7KH� FRQVHTXHQFHV� RI� VSDWLDO� DXWRFRUUHODWLRQ� DUH� PRUH� VHYHUH� LQ�GLVFUHWH� FKRLFH�PRGHOV� WKDQ� LQ� OLQHDU� UHJUHVVLRQ��(VWLPDWLRQ� UHVXOWV�ZLWKRXW�LQFRUSRUDWLQJ� VSDWLDO� DXWRFRUUHODWLRQ� DUH� QRW� RQO\� LQHIILFLHQW�� EXW� DOVR�LQFRQVLVWHQW�EHFDXVH� WKH�PRGHO� LV� KHWHURVNHGDVWLF� DV�ZHOO� DV� DXWRFRUUHODWHG��7KH�KHWHURVNHGDVWLFLW\�SUREOHP�DULVHV�EHFDXVH�RI�WKH�QDWXUH�RI�VSDWLDO�GDWD�DV�ZHOO�DV�WKH�VSDWLDOO\�DXWRFRUUHODWHG�HUURU�VWUXFWXUH���%HFDXVH�HDFK�HUURU�ZLOO�EH�D IXQFWLRQ�RI�VXUURXQGLQJ�HUURUV��WKH�HUURU�YDULDQFH�ZLOO�EH�QRQ�FRQVWDQW����7R�LOOXVWUDWH�� DVVXPH� WKH� HUURUV� IROORZ� D� VLPXOWDQHRXV� DXWRUHJUHVVLYH� VSDWLDO�SURFHVV���
< ; XE �
X :X HO �

ZKHUH� <� LV� D� YHFWRU� RI� GHSHQGHQW� YDULDEOH�� ;� LV� D� YHFWRU� RI� H[SODQDWRU\�
YDULDEOHV��� E LV�YHFWRU�RI�PRGHO�SDUDPHWHUV�� O LV�WKH�VSDWLDO�DXWRFRUUHODWLRQ�
FRHIILFLHQW� WR� EH� HVWLPDWHG� DQG� :� � LV� DQ� 1[1� ZHLJKW� PDWUL[� GHWHUPLQHG�H[RJHQRXVO\��7KH�UHVHDUFKHU�WDNHV�:�DV�D SULRUL� DQG�WKHUHIRUH�DOO�UHVXOWV�DUH�FRQGLWLRQDO�XSRQ�WKH�VSHFLILFDWLRQ�RI�:��7KH�PDLQ�GLDJRQDO�RI�:�FRQVLVWV�RI�]HURV� DQG� WKH� RII�GLDJRQDO� HOHPHQWV�� ZLM� UHSUHVHQWV� WKH� UHVHDUFKHU¶V�PDLQWDLQHG�DVVXPSWLRQ�DERXW� WKH�VSDWLDO� UHODWLRQVKLS�EHWZHHQ�REVHUYDWLRQV� L�DQG�M���7KH�UHVXOWLQJ�HUURU�VWUXFWXUH�LQ�WKLV�PRGHO�LV��

HH O O �c c(  � � �> @ >� � � �@, : , : � ����
$V�D�FRQVHTXHQFH�RI�WKH�VSDWLDO�ZHLJKW�PDWUL[�LQ�WKH�DXWRUHJUHVVLYH�VSHFLILFDWLRQ�� WKH� UDQGRP� HUURU� DW� HDFK� ORFDWLRQ� EHFRPHV� D� IXQFWLRQ� RI� WKH�UDQGRP�HUURUV�DW�DOO�RWKHU� ORFDWLRQV�DV�ZHOO�� ,W� LV�GLVWULEXWLRQ� LV�PXOWLYDULDWH�QRUPDO� �IRU� WKH� SURELW� PRGHO�� ZLWK� DQ� 1[1� YDULDQFH� FRYDULDQFH� PDWUL[���%HVLGHV�EHLQJ�QRQ�GLDJRQDO��WKH�GLDJRQDO�HOHPHQWV�RI�WKH�YDULDQFH�FRYDULDQFH�PDWUL[� DUH� QRW� FRQVWDQW� DQG� WKHUHIRUH� WKH� PRGHO� LV� KHWHURVNHGDVWLF�� 7KH�SUREDELOLW\�RI�HDFK�DOWHUQDWLYH�FDQQRW�EH�GHULYHG�IURP�WKH�XQLYDULDWH�VWDQGDUG�QRUPDO�GLVWULEXWLRQ��EXW� UDWKHU�PXVW�EH� H[SUHVVHG�H[SOLFLWO\� DV� WKH�PDUJLQDO�GLVWULEXWLRQ�RI�DQ�1�GLPHQVLRQDO�PXOWLYDULDWH�QRUPDO�YHFWRU��ZKRVH�YDULDQFH�

FRYDULDQFH� PDWUL[� FRQWDLQV� WKH� DXWRUHJUHVVLYH� SDUDPHWHU� O � 7KLV� LV� QRQ�
VWDQGDUG� DQG� W\SLFDOO\� QRW� DQDO\WLFDOO\� WUDFWDEOH�� ZKLFK� JUHDWO\� FRPSOLFDWHV�HVWLPDWLRQ�DQG�VSHFLILFDWLRQ�WHVWLQJ��$QVHOLQ�������������

�
���(67,0$7,21�675$7(*,(6�
8QOLNH� WKH� OLQHDU� UHJUHVVLRQ� FDVH�� IRU� ZKLFK� ODUJH� ERG\� RI� UHVXOWV�DOUHDG\� H[LVWV�� VSDWLDO� GLVFUHWH� FKRLFH�PRGHOV� KDYH� DOVR� UHFHLYHG�PXFK� OHVV�DWWHQWLRQ� LQ� WKH� VSDWLDO� HFRQRPHWULF� OLWHUDWXUH�� ,Q� JHQHUDO�� WKHUH� KDYH� EHHQ�UHODWLYHO\�IHZ�DWWHPSWV�LQFRUSRUDWLQJ�D�IRUP�RI�VSDWLDO�GHSHQGHQFH�LQ�GLVFUHWH�FKRLFH�PRGHOV�ODUJHO\�GXH�WR� WKH�GLIILFXOW\�LQ�DGRSWLQJ�PD[LPXP�OLNHOLKRRG�
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HVWLPDWLRQ�WR�PRGHOV�ZLWK�OLPLWHG�GHSHQGHQW�REVHUYDWLRQV�� 0F0LOOHQ��������SURSRVHV�DQG� LOOXVWUDWHV�WKH�HVWLPDWLRQ�RI�D�VSDWLDO�SURELW�PRGHO�ZLWK�VSDWLDO�DXWRFRUUHODWLRQ� DQG� KHWHURVNHGDVWLFLW\� XVLQJ� WKH� ([SHFWDWLRQ��0D[LPLPL]DWLRQ� DOJRULWKP�� +H� DUJXHV� WKDW� VSDWLDO� DXWRFRUUHODWLRQ� PRGHOV�LPSO\� KHWHURVNHGDVWLF� HUURUV� DQG� WKDW� KHWHURVNHGDVWLFLW\� FDXVHV� WKH� VWDQGDUG�SURELW� PRGHO� WR� EH� LQFRQVLVWHQW�� � /H6DJH� ������� QRWHV� WKDW� 0F0LOOHQ¶V�HVWLPDWLRQ� SURFHGXUH� UHOLHV� RQ� DV\PSWRWLF� SURSHUWLHV� DQG� UHTXLUHV� ODUJH�VDPSOH�VL]HV�IRU�YDOLGLW\���+H�H[WHQGV�WKH�QRQ�VSDWLDO�SURELW�PRGHO�LQWURGXFHG�E\�$OEHUW�DQG�&KLE��������WR�D�VSDWLDO�SURELW�PRGHO�E\�DSSO\LQJ�WKH�0DUNRY�&KDLQ�0RQWH�&DUOR��0&0&��PHWKRG��+H�DUJXHV�WKDW�WKLV�%D\HVLDQ�PHWKRG�LV�PRUH� FRPSXWDWLRQDOO\� GHPDQGLQJ�� EXW� SURYLGHV� D� PRUH� IOH[LEOH� IUDPHZRUN�IRU�HVWLPDWLQJ�PRGHOV�ZLWK�VPDOO�VDPSOHV���6PLWK�DQG�/H6DJH��������H[WHQG�/H6DJH¶V� SUHYLRXV� VWXG\� E\� GHILQLQJ� DQ� DGGLWLYH� HUURU� VSHFLILFDWLRQ�� 7KH\�VKRZ� WKDW� GHILQLQJ� DQ� DGGLWLYH� HUURU� VWUXFWXUH� DOORZV� ERWK� VSDWLDO�GHSHQGHQFLHV� DQG� JHQHUDO� VSDWLDO� KHWHURVNHGDVWLFLW\� WR� EH� WUHDWHG�VLPXOWDQHRXVO\�� �/DVWO\��3LQNVH�DQG�6ODGH� �������GHYHORS�D� WHVW� IRU� VSDWLDO�HUURU�FRUUHODWLRQ�DQG�PHWKRGV�RI�HVWLPDWLRQ�LQ�WKH�SUHVHQFH�RI�FRUUHODWLRQ�IRU�GLVFUHWH�FKRLFH�PRGHOV�XVLQJ�D�JHQHUDOL]HG�PHWKRG�RI�PRPHQWV�HVWLPDWRU���
,Q� WKLV�SDSHU��ZH�XVH� WKH�0&0&�PHWKRG�DQG� WKH�PRGHO�GHYHORSHG�E\� 6PLWK� DQG� /H6DJH� WR� HVWLPDWH� D� ELQDU\� GLVFUHWH� FKRLFH� PRGHO� RI� D�KRXVHKROG¶V� GHFLVLRQ� WR� PRYH� ZLWKLQ� RU� RXWVLGH� RI� WKHLU� RULJLQDO� VFKRRO�GLVWULFW�� � 5HFHQW� GHYHORSPHQWV� RI� 0DUNRY� FKDLQ� 0RQWH� &DUOR� �0&0&��WHFKQLTXHV�DQG�*LEEV�VDPSOLQJ�KDYH�JUHDWO\�IDFLOLWDWHG�PDQ\�DSSOLFDWLRQV�RI�%D\HVLDQ� VWDWLVWLFDO� WHFKQLTXHV� �/H6DJH�� ������ %ROGXF�� )RUWLQ� DQG�*RUGRQ���������0&0&�PHWKRGV�DUH�RQH�VXFK�WHFKQLTXH�WKDW�KDYH�D�%D\HVLDQ�IRXQGDWLRQ� DQG� KDYH� SURYHQ� WR� EH� D� YHU\� XVHIXO� DSSURDFK� WR� REWDLQLQJ�SDUDPHWHU�HVWLPDWHV���&KLE�DQG�*UHHQEHUJ��������GHILQH�WKH�0&0&�PHWKRG�DV�D�VLPXODWLRQ�WHFKQLTXH�WKDW�JHQHUDWHV�D�VDPSOH�IURP�WKH�WDUJHW�GLVWULEXWLRQ�LQ� WKH� IROORZLQJ� ZD\�� WKH� WUDQVLWLRQ� SUREDELOLW\� RI� D� 0DUNRY� SURFHVV� LV�VSHFLILHG� ZLWK� WKH� SURSHUW\� WKDW� LWV� OLPLWLQJ� GLVWULEXWLRQ� LV� WKH� WDUJHW�GLVWULEXWLRQ��7KH�FKDLQ�LV�WKHQ�LWHUDWHG�D�ODUJH�QXPEHU�RI�WLPHV�LQ�D�FRPSXWHU�JHQHUDWHG�VLPXODWLRQ��DQG�WKH�RXWSXW�LV�D�VDPSOH�IURP�WKH�WDUJHW�GLVWULEXWLRQ��,Q� WKLV� VHQVH�� LQFOXVLRQ�RI� WKH�ZRUGV�0DUNRY�FKDLQ� LQGLFDWHV� WKDW� LQVWHDG�RI�JHQHUDWLQJ� D� ODUJH� VDPSOH� RI� LQGHSHQGHQW� GUDZV� IURP� WKH� SRVWHULRU�GLVWULEXWLRQ��HDFK�GUDZ�LV�UHODWHG�WR�WKH�SUHYLRXV�RQH���
�7KHUH� DUH� WKUHH� PDLQ� 0&0&� DOJRULWKPV�� 0HWURSROLV� DOJRULWKP��0HWURSROLV� HW�DO�������� +DVWLQJ� DOJRULWKP� �+DVWLQJ�� ������ DQG� *LEEV�VDPSOHU��*HPDQ�DQG�*HPDQ����������7KHVH�DOJRULWKPV�GLIIHU�DFFRUGLQJ�WR�WKH�GHILQLWLRQ� RI� DFFHSWDQFH� SUREDELOLW\� LQ� JHQHUDWHG� GUDZV�� %HFDXVH� RI� LWV�SRWHQWLDO� WR� ILW� D� OLPLWOHVV� UDQJH� RI� PRGHOV�� *LEEV� VDPSOLQJ� KDV� EHFRPH� D�ZLGHO\�HPSOR\HG�FRPSXWDWLRQDO�WRRO���7KH�LGHD�EHKLQG�*LEEV�VDPSOLQJ�LV�WR�JHQHUDWH�GUDZV�IURP�D�PXOWLYDULDWH�MRLQW�SUREDELOLW\�GLVWULEXWLRQ�E\�VHTXHQWLDO�VDPSOLQJ� IURP� D� VHULHV� RI� FRQGLWLRQDO� SUREDELOLW\� GLVWULEXWLRQV� RQ� ORZHU�GLPHQVLRQDO�VXEVHWV�RI�WKH�UDQGRP�YDULDEOHV��,Q�FDVHV�ZKHUH�LW�LV�GLIILFXOW�RU�

��� )RU�D�IXOO�UHYLHZ�RI�WKHVH�PRGHOV��VHH�)OHPLQJ���������
��� 'HWDLOHG�LQIRUPDWLRQ�DQG�FRPSDULVRQ�FDQ�EH�IRXQG�LQ�%HVDJ���������
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LPSRVVLEOH� WR� JHQHUDWH� UDQGRP� GUDZV� IURP� WKH� MRLQW� SRVWHULRU� GLVWULEXWLRQ�S� _\��;���*LEEV�VDPSOLQJ�WDNHV�DGYDQWDJH�RI�WKH�IDFW�WKDW�LW�LV�RIWHQ�SRVVLEOH�WR�JHQHUDWH�GUDZV�IURP�D�VHW�RI�FRQGLWLRQDO�SUREDELOLW\�GLVWULEXWLRQV�RQ�WKHVH�ORZHU�GLPHQVLRQDO� VXEVHWV� RI� UDQGRP� YDULDEOHV�� GXH� WR� VLPSOLILFDWLRQV� WKDW�RFFXU�LQ�WKH�IRUPV�RI�WKH�GLVWULEXWLRQV��'RUIPDQ���������7KH�VWHSV�WR�*LEEV�VDPSOLQJ��FDQ�EH�VXPPDUL]HG�DV��
��� %HJLQ�ZLWK� VRPH� LQLWLDO� YDOXHV� �JXHVVHV�� IRU� WKH� SDUDPHWHU� YHFWRUV�

� �� ��� NT T T ���'HQRWH�WKHVH�LQLWLDO�YDOXHV�E\� �
LT ��

��� *HQHUDWH� UDQGRP�GUDZV� LQ� VHTXHQFH� IURP� WKH�FRQGLWLRQDO�SRVWHULRU�GLVWULEXWLRQV��
�

� � �T T T T�� � � � � �a � � � ����� �M M M
NS \ ; �

� �
� � �T T T T� �� � � � � �a � � � ����� �M M M

NS \ ; �
� � �

� �T T T T� � �
�

� � � � � �a � � � ����� �M M M
N N NS \ ; �

��� 5HSHDW�VWHS���PDQ\�WLPHV��FRQGLWLRQLQJ�DW�HDFK�LWHUDWLRQ�RQ�WKH�PRVW�UHFHQWO\�JHQHUDWHG�YHFWRUV�IRU�WKH�RWKHU�SDUWLWLRQV��'LVFDUG�WKH�ILUVW�-�GUDZV�RI�SDUDPHWHUV�WR�DYRLG�GHSHQGHQFH�RQ�WKH�LQLWLDO�YDOXHV��7KHQ�VDYH�WKH�UHPDLQLQJ�GUDZV��
��� &KHFN� WKH� FKDLQ� IRU� FRQYHUJHQFH� WR� HQVXUH� LW� LV� VDIH� WR� VWRS�

JHQHUDWLQJ�HPSLULFDO�REVHUYDWLRQV�RQ�T �
/H6DJH��������DQG�6PLWK�DQG�/H6DJH��������GHPRQVWUDWH� WKDW� WKLV�DSSURDFK� SURYHV� XVHIXO� IRU� %D\HVLDQ� HVWLPDWLRQ� RI� VSDWLDO� DXWRUHJUHVVLYH�PRGHOV�� :KHQ� WKH� GDWD� H[KLELWV� KHWHURJHQHLW\� RYHU� VSDFH� DQG� VSDWLDO� GDWD�FRQWDLQV� RXWO\LQJ� REVHUYDWLRQV�� WKH� DVVXPSWLRQ� RI� QRUPDOLW\� DQG� WKH�DV\PSWRWLF� DUJXPHQWV� XVHG� WR�GHULYH�PD[LPXP� OLNHOLKRRG�HVWLPDWHV� IRU� WKH�SDUDPHWHUV�DUH�QRW�PHW��6LQFH�%D\HVLDQ�PHWKRGV�GR�QRW�UHTXLUH�D�QRUPDOLW\�DVVXPSWLRQ�� WKH\� KDYH� DQ� DGYDQWDJH� RYHU� RWKHU� HVWLPDWLRQ� PHWKRGV� WKDW�UHTXLUH�WKH�QRUPDOLW\�DVVXPSWLRQ��/HVDJH�DOVR�DUJXHV�WKDW�WKH�*LEEV�VDPSOHU�LV�HYHQ�PRUH�DWWUDFWLYH� IRU� WKH�FDVH�RI�SURELW�DQG� WRELW�PRGHOV� LQ�ZKLFK� WKH�OLNHOLKRRG� IXQFWLRQ� FRQWDLQV� D� QXPEHU� RI� LQWHJUDOV� HTXDO� WR� WKH� QXPEHU� RI�GDWD�REVHUYDWLRQV��SURGXFLQJ�DQ�LQWUDFWDEOH�VLWXDWLRQ��$OVR��KHWHURVNHGDVWLFLW\�DQG�RXWOLHUV�FDQ�EH�HDVLO\�DFFRPPRGDWHG�E\�DSSO\LQJ�WKH�*LEEV�VDPSOHU��
�
���(03,5,&$/�02'(/�$1'�'$7$�
)ROORZLQJ� 6PLWK� DQG� /H6DJH� �������� WKH� FKRLFH� PRGHO� LQYROYLQJ�VSDWLDO�DJHQWV� LV�FRQVWUXFWHG�DV�IROORZV�� � ,W� LV�DVVXPHG�WKDW�GHFLVLRQ�PDNHUV�DUH� GLVWULEXWHG� ZLWKLQ� D� V\VWHP� RI� VSDWLDO� UHJLRQV� �LQ� RXU� FDVH�� VFKRRO�

GLVWULFWV��� L� ���«�P���7KH�REVHUYHG�FKRLFH�IRU�HDFK�LQGLYLGXDO� ������ LN Q �
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LQ�UHJLRQ�L�LV�WKH�UHDOL]DWLRQ�RI�UDQGRP�FKRLFH�YDULDEOH�<LN� :H�GHILQH�<LN�DV�IROORZV��
<LN� ���LI�WKH�KRXVHKROG�PRYHV�RXW�RI�WKH�VFKRRO�GLVWULFW�DQG��
<LN� ����LI�WKH�KRXVHKROG�PRYH�ZLWKLQ�VDPH�VFKRRO�GLVWULFW��
,W�LV�DVVXPHG�WKDW�FKRLFHV�DUH�EDVHG�RQ�XWLOLW\�PD[LPL]LQJ�EHKDYLRU���'HFLVLRQ�PDNHU�N¶V�XWLOLW\�IRU�HDFK�RI�WKHVH�WZR�DOWHUQDWLYHV�LV�DVVXPHG�WR�EH�RI�WKH�IRUP��
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ZKHUH� LNDZ LV� YHFWRU� RI� REVHUYHG� DWWULEXWHV� RI� DOWHUQDWLYH� D DQG� FDQ� YDU\�
DFURVV�GHFLVLRQ�PDNHUV�DQG�[LN�LV�YHFWRU�RI�LQGLYLGXDO�VSHFLILF�YDULDEOHV��7KH�
WHUP� LD LNDT H� LV�WKH�HUURU�WHUP�DQG�UHSUHVHQWV�WKH�XQREVHUYHG�YDULDEOHV�WKDW�
DUH�QRW�LQFOXGHG�LQ�XWLOLW\�IXQFWLRQ��7KH�HUURU�WHUP�LV�VHSDUDWHG�LQWR�D�UHJLRQDO�
HIIHFW� LDT � DQG�DQ�LQGLYLGXDO�HIIHFW�� LNDH � 7KH�XWLOLW\�GLIIHUHQFH�IRU�LQGLYLGXDO�
N FDQ�EH�GHQRWHG�E\�
�
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ZKHUH� � �� � �LN LN LN LN[Z Zc c c<  � � E  �Jc� �D� � D��c�� DQG� � �L L LT T T � �

� �L L LH H H � � ,W�IROORZV�IURP�WKH�XWLOLW\�PD[LPL]DWLRQ�K\SRWKHVLV�WKDW�
�
3U�<LN� ���� �3U��8LN��! 8LN���� �3U��]LN�!�������������������������������������� �������

7KH�VSHFLILFDWLRQ�RI�WKH�HUURU�WHUP�LQ�����DVVXPHV�WKDW�WKH�HUURU�FDQ�
EH� GHFRPSRVHG� LQWR� D� UHJLRQDO�� T � DQG� LQGLYLGXDO�OHYHO�� H� HIIHFW�� � )RU�
UHDVRQV�RXWOLQHG�LQ�WKH�SUHFHGLQJ�VHFWLRQ��ZH�EHOLHYH�WKDW�VSDWLDO�GHSHQGHQFH�H[LVWV�DFURVV�QHLJKERULQJ�UHJLRQV�DQG�WKDW� WKH�FKRLFHV�DQG�FKDUDFWHULVWLFV�RI�LQGLYLGXDOV�PDNLQJ�KRXVLQJ�FKRLFHV�GR�QRW�H[KLELW�VSDWLDO�GHSHQGHQF\�� �)RU�WKHVH�UHDVRQV��ZH�PRGHO� WKH�VSDWLDO�GHSHQGHQF\�DPRQJ�QHLJKERULQJ�UHJLRQV�
E\�DVVXPLQJ�WKDW�T IROORZV�WKH�IROORZLQJ�VSDWLDO�DXWRUHJUHVVLYH�VWUXFWXUH��
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ZKHUH�:�LV�DQ�P[P�VSDWLDO�ZHLJKW�PDWUL[�DQG�,P LV�P�GLPHQVLRQDO� LGHQWLW\�
PDWUL[��)URP�(TXDWLRQ����T FDQ�EH�ZULWWHQ�DV�
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7KH� VSHFLILFDWLRQ� RI� WKH� VSDWLDO� ZHLJKWV� PDWUL[��:�� UHSUHVHQWV� WKH�UHVHDUFKHU¶V� PDLQWDLQHG� DVVXPSWLRQ� DERXW� WKH� VWUXFWXUH� RI� WKH� XQGHUO\LQJ�VSDWLDO� SURFHVV� WKDW� JHQHUDWHV� WKH� VSDWLDO� HUURU�� � ,Q� VSHFLI\LQJ� WKH� ZHLJKWV�PDWUL[�� ZH� UHDVRQHG� WKDW� WKH� VSDWLDO� HUURU� DXWRFRUUHODWLRQ� LV� PRVW� OLNHO\� WR�DULVH� EHWZHHQ� VFKRRO� GLVWULFWV� WKDW� VKDUH� D� FRPPRQ� ERUGHU� GXH� WR� GDWD�PHDVXUHPHQW�SUREOHPV�� �7KHUHIRUH��ZH�GHILQH�D�FRQWLJXLW\�ZHLJKW�PDWUL[�LQ�ZKLFK� ZLM�  � �� LI� L DQG� M DUH� QHDUHVW� QHLJKERUV� �L�H�� WKH\� VKDUH� D� FRPPRQ�ERUGHU��DQG�ZLM� ���RWKHUZLVH���)RU�FRPSXWDWLRQDO�UHDVRQV��WKH�PDWUL[�LV�WKHQ�URZ�VWDQGDUGL]HG��VR�WKDW� �LM
M
Z  ¦ �

7KH�PRGHO�LV�HVWLPDWHG�XVLQJ�VXUYH\�GDWD�RI�UHSHDW�KRPHEX\HUV�ZKR�ERXJKW� DQG� VROG� KRPHV� ZLWKLQ� )UDQNOLQ� &RXQW\�� 2KLR� LQ� ������ )UDQNOLQ�&RXQW\�LV�WKH�FHQWHU�RI�WKH�&ROXPEXV�PHWURSROLWDQ�DUHD�DQG�LQFOXGHV�DOPRVW�DOO� RI� WKH� &LW\� RI� &ROXPEXV� DV� ZHOO� DV� PDQ\� RI� LWV� VXEXUEV�� � 7KH� GDWDVHW�LQFOXGHV� LQIRUPDWLRQ� RQ� WKH� FKDUDFWHULVWLFV� RI� WKH� RULJLQ� DQG� GHVWLQDWLRQ� RI�LQGLYLGXDO� KRXVHKROG� PRYHV�� 6XUYH\� UHVXOWV� SURYLGH� LQIRUPDWLRQ� RQ�KRXVHKROG�GHPRJUDSKLFV�DQG�WKH�VWDWHG�UHDVRQV�RI�����KRXVHKROGV�IRU�VHOOLQJ�DQG�EX\LQJ�D�KRPH��,Q�WKLV�VXUYH\��RQO\�WKH�KRXVHKROGV�ZKR�VROG�DQG�ERXJKW�KRPHV� ZLWKLQ� )UDQNOLQ� &RXQW\� DUH� LQFOXGHG�� 7KH� KRXVHKROGV� ZKR� PRYHG�DFURVV� FRXQW\� OLQHV� RU� PRYHG� WR�� IURP�� RU� EHWZHHQ� UHQWDO� XQLWV� DUH� QRW�UHSUHVHQWHG�LQ�WKH�GDWD�VHW���
�$V�PHQWLRQHG� HDUOLHU�� WKH� GHFLVLRQ�PDNHUV� DUH� GLVWULEXWHG�ZLWKLQ� D�V\VWHP�RI�VSDWLDO�UHJLRQV��ZKHUH�ZH�GHILQH�D�UHJLRQ�DV�D�VFKRRO�GLVWULFW�ZLWKLQ�)UDQNOLQ�&RXQW\��7KH�RQO\�H[FHSWLRQ� WR� WKLV� UXOH� LV� WKDW� WKH�&ROXPEXV�&LW\�VFKRRO� GLVWULFW� LV� GLYLGHG� LQWR� VL[� VXE�UHJLRQV� EHFDXVH� RI� LW� LV� VL]H� DQG�KHWHURJHQHLW\� FRPSDUHG� WR� WKH� RWKHU� VFKRRO� GLVWULFWV�� ,Q� WRWDO�� WKHUH� DUH� ���UHJLRQV�WKDW�FRUUHVSRQG�WR�VFKRRO�GLVWULFWV�ZLWKLQ�WKH�FRXQW\���7KH�QXPEHU�RI�KRXVHKROGV�PRYHG�IURP�WR�HDFK�DOWHUQDWLYH�LV�JLYHQ�LQ�7DEOH����

��� 6XSSRUW�IRU�JDWKHULQJ�WKHVH�GDWD�ZDV�SURYLGHG�E\�7KH�2KLR�6WDWH�8QLYHUVLW\�8UEDQ�$IIDLUV�
&RPPLWWHH�� 7KH� 2KLR� +RXVLQJ� 5HVHDUFK� 1HWZRUN�� DQG� 7KH� 2KLR� &HQWHU� IRU� 5HDO� (VWDWH�
(GXFDWLRQ�DQG�5HVHDUFK�� �:H�DUH�JUDWHIXO� WR�+D]HO�0RUURZ�-RQHV�� WKH�RULJLQDO�3,�IRU�WKHVH�
JUDQWV��IRU�KHU�JHQHURVLW\�LQ�VKDULQJ�WKHVH�GDWD��
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6XUYH\� UHVXOWV� VKRZ� WKDW� RQH� RI� WKH�PRVW� LPSRUWDQW� VWDWHG� UHDVRQV�IRU� EX\LQJ� D� KRPH� LV� VFKRRO� TXDOLW\�� � 6FKRRO� TXDOLW\� FDQ� EH� PHDVXUHG� E\�GLIIHUHQW� LQVWUXPHQWV� LQFOXGLQJ� WHVW� VFRUHV�� WHDFKHUV¶� DYHUDJH� VDODU\��SHUFHQWDJH� RI� WHDFKHUV� ZLWK�PDVWHU� GHJUHH�� DQG� H[SHQGLWXUH� SHU� SXSLO�� ,Q� D�UHFHQW�VWXG\�E\�%UDVLQJWRQ���������GLIIHUHQW�LQVWUXPHQWV�DUH�H[SORUHG�WR�WHVW�WKH�HIIHFW�RI�VFKRRO�TXDOLW\�LQ�KRXVLQJ�VWXGLHV��+H�ILQGV�WKDW�SURILFLHQF\�WHVWV��H[SHQGLWXUH�SHU�SXSLO�DQG�SXSLO�WHDFKHU�UDWLR�DUH�FRQVLVWHQWO\�FDSLWDOL]HG�LQWR�KRXVLQJ�SULFHV��+H�DOVR�ILQGV�WKDW�YDULDEOHV�VXFK�DV�WHDFKHU�VDODU\�DQG�VWXGHQW�DWWHQGDQFH� UDWHV� DUH� DOVR� YDOXHG�� EXW� WKDW� WKHVH� UHVXOWV� DUH� VHQVLWLYH� WKH�HVWLPDWLRQ�WHFKQLTXH�HPSOR\HG��,Q�WKLV�VWXG\��VFKRRO�TXDOLW\�LV�DSSUR[LPDWHG�E\�H[SHQGLWXUH�SHU�SXSLO��67(;3���WKH�DYHUDJH�VFRUH�RI�QLQWK�JUDGHUV�ZLWKLQ�HDFK� VFKRRO� GLVWULFW� RQ� WKH� PDWKHPDWLFV� SURILFLHQF\� WHVW� �0$7+��� DQG� WKH�PHDQ�VDODU\�RI�WHDFKHUV�E\�VFKRRO�GLVWULFW��0($16$/���
,Q� DGGLWLRQ� WR� VFKRRO� TXDOLW\�� WKH� VDIHW\� RI� WKH� QHLJKERUKRRG� LV�DQRWKHU� PDLQ� FRQFHUQV� RI� KRXVHKROGV�� � ,Q� RUGHU� WR� FDSWXUH� WKLV�� WKH� WRWDO�HVWLPDWHG�FULPH�UDWH��&5,0(��ZLWKLQ�WKH�VFKRRO�GLVWULFW��DYDLODEOH�IRU�������LV� XVHG�DV� DQ� H[SODQDWRU\�YDULDEOH�� �:H�DOVR�XVH� WKH� IROORZLQJ�YDULDEOHV� DV�FRPPXQLW\� VSHFLILF� YDULDEOHV�� 7KH� SHUFHQWDJH� RI� KRPH� EXLOW� ZLWKLQ� WKH�SUHYLRXV�GHFDGH��<%����������������DV�D�SUR[\� IRU� WKH�UHODWLYH�QHZQHVV�RI�KRXVLQJ� VWRFN� ZLWKLQ� WKH� VFKRRO� GLVWULFW�� 3HUFHQWDJH� RI� DIULFDQ�DPHULFDQ�SHRSOH� ZLWKLQ� VFKRRO� GLVWULFW� �%/$&.��� 8QHPSOR\PHQW� UDWH� �81(03���$YHUDJH�KRXVH�YDOXH�ZLWKLQ�VFKRRO�GLVWULFW�DQG�SHUFHQWDJH�RI�KRXVHV�WKDW�DUH�QRW�RZQHU�RFFXSLHG��5(17���$OO�FRPPXQLW\�VSHFLILF�YDULDEOHV�DUH�GHILQHG�LQ�WHUPV�RI�WKH�KRXVHKROGV¶�SUHYLRXV�ORFDWLRQ��RULJLQ��LQ�RUGHU�WR�FDSWXUH�SXVK��)DFWRUV��
�,Q� DGGLWLRQ� WR� WKHVH� FRPPXQLW\� VSHFLILF� YDULDEOHV�� WKH� IROORZLQJ�YDULDEOHV� DUH� LQFOXGHG� DV� LQGLYLGXDO� VSHFLILF� YDULDEOHV�� DJH� RI� WKH� KHDG� RI�KRXVHKROG� �$*(��� DQG�D�GXPP\�YDULDEOH� WKDW� WDNHV�RQH� LI� KRXVHKROG�KDV� D�VFKRRO�DJH�FKLOG��.,'���
�
���(67,0$7,21�5(68/76�
:H�XVH� WKH�0&0&�PHWKRG� WR�HVWLPDWH� WKH�VSDWLDO�SURELW�PRGHO�RI�KRXVHKROG�ORFDWLRQ�VSHFLILHG�LQ�����WR�WHVW�WKH�LQIOXHQFH�RI�DOWHUQDWLYH�VSHFLILF�DQG� LQGLYLGXDO� VSHFLILF�YDULDEOHV�RQ� WKH�SUREDELOLW\� WKDW� D�KRXVHKROG�PRYHV�RXW�RI�WKHLU�VFKRRO�GLVWULFW���,Q�DGGLWLRQ��ZH�HVWLPDWH�D�WUDGLWLRQDO�SURELW�PRGHO�DQG� FRPSDUH� WKH� UHVXOWV� EHWZHHQ� WKH� VSDWLDO� DQG� QRQ�VSDWLDO� SURELW�PRGHOV���7DEOH���UHSRUWV�WKH�UHVXOWV�RI�ERWK�HVWLPDWLRQV��
7R� WKH� H[WHQW� WKDW� HUURUV� DUH� VSDWLDOO\� FRUUHODWHG�� WKH� QRQ�VSDWLDO�PRGHO�ZLOO�IDLO� WR�FRQWURO�IRU�WKLV�DXWRFRUUHODWLRQ�DQG�LQFRQVLVWHQW�SDUDPHWHU�

��� 7KH�GDWD�IRU�WKHVH�YDULDEOHV�DUH�REWDLQHG�IURP�2KLR�'HSDUWPHQW�RI�(GXFDWLRQ��
��� (VWLPDWHV� RQ� FULPH� DQG� GDWD� RQ� \HDU� EXLOWV� ZHUH� DYDLODEOH� WR� XV� DW� D� EORFN� JURXS� OHYHO���

%HFDXVH�EORFN�JURXS�ERXQGDULHV�GR�QRW�FRUUHVSRQG�ZLWK�WKH�ORFDWLRQ�FKRLFH�VHW�ERXQGDULHV��D�
*HRJUDSKLF�,QIRUPDWLRQ�6\VWHP��*,6��ZDV�XVHG�WR�FRQVWUXFW�ZHLJKWHG�YDOXHV�IRU�HDFK�RI�WKH�
WZHQW\�WZR�ORFDWLRQV�EDVHG�RQ�WKH�SHUFHQW�RI�WKH�DUHD�RI�HDFK�EORFN�JURXS�WKDW�IDOOV�ZLWKLQ�
HDFK�ORFDWLRQ����
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HVWLPDWHV�ZLOO�UHVXOW���,Q�DGGLWLRQ��WKH�HVWLPDWHV�ZLOO�EH�LQHIILFLHQW��$V�FDQ�EH�VHHQ� IURP� WKH� *UDSK� �� DQG� ��� ZKLOH� VSDWLDO� PRGHO� FRUUHFWO\� SUHGLFWV� WKH�SUREDELOLWLHV�� WUDGLWLRQDO�SURELW�PRGHO� IDLOV� WR�SUHGLFW� SUREDELOLW\�RI�PRYLQJ�RXW� RI� WKH� VFKRRO� GLVWULFWV��7KH� TXHVWLRQ� RI�ZKHWKHU� RU� QRW� WKH� GDWD� H[KLELW�VLJQLILFDQW�VSDWLDO�GHSHQGHQFH�RI�WKH�IRUP�VSHFLILHG�LQ�����LV�FRQILUPHG���7KH�VSDWLDO�HUURU�DXWRFRUUHODWLRQ�SDUDPHWHU�LV�HVWLPDWHG�WR�EH������DQG�LV�IRXQG�WR�EH�YHU\� VWDWLVWLFDOO\� VLJQLILFDQW��7KHUHIRUH� WKH�SDUDPHWHU� HVWLPDWHV� IURP� WKH�QRQ�VSDWLDO�PRGHO�ZLOO�EH�ERWK�LQFRQVLVWHQW�DQG�LQHIILFLHQW���,Q�FRPSDULQJ�WKH�HVWLPDWHV�DFURVV�WKH�WZR�PRGHOV��WKH�VLJQ�RI�WKH�FRHIILFLHQWV�DUH�VDPH�DFURVV�WKH� PRGHOV�� EXW� WKH� QRQ�VSDWLDO� SURELW� SURGXFHV� PRVWO\� VWDWLVWLFDOO\�LQVLJQLILFDQW� FRHIILFLHQWV�� �:KLOH� FRHIILFLHQWV� RI� � <%������ DQG�0$7+� DUH�VWDWLVWLFDOO\� VLJQLILFDQW� LQ� WKH� VSDWLDO� SURELW�PRGHO�� WKH\� DUH� LQVLJQLILFDQW� LQ�WUDGLWLRQDO� SURELW�� 6LJQLILFDQFH� RI� DOO� RWKHU� YDULDEOHV� LV� KLJKHU� LQ� VSDWLDO�PRGHO��
7KH�HVWLPDWHG�FRHIILFLHQWV�RQ�WKH�H[SODQDWRU\�YDULDEOHV�DUH�IRXQG�WR�EH� VLJQLILFDQW� DQG� DOO� DUH� IRXQG� WR� EH� RI� WKH� H[SHFWHG� VLJQ��7KH� FRHIILFLHQW�DVVRFLDWHG� ZLWK� &5,0(� LV� IRXQG� WR� EH� SRVLWLYH� DQG� VLJQLILFDQW�� VXJJHVWLQJ�WKDW� WKH� SUREDELOLW\� RI� PRYLQJ� RXW� RI� D� VFKRRO� GLVWULFW� LQFUHDVHV� ZLWK� KLJK�FULPH� UDWH� LQ� WKH� SUHYLRXV� VFKRRO� GLVWULFW�� 7KH� YDULDEOHV� WKDW� FDSWXUH� WKH�TXDOLW\� RI� VFKRRO� GLVWULFWV� DUH� 67'(;3�� 0$7+� DQG� 0($16$/�� $V�H[SHFWHG�� WKH�HVWLPDWHG�FRHIILFLHQWV� IRU�67'(;3��0$7+��DQG�0($16$/�DUH� IRXQG� WR�EH�QHJDWLYH� DQG� VLJQLILFDQW��7KH� FRPPXQLW\� VSHFLILF�YDULDEOHV�WKDW�FDSWXUH�WKH�XQDWWUDFWLYHQHVV�RI�WKH�ORFDWLRQ�KDYH�SRVLWLYH�DQG�VLJQLILFDQW�FRHIILFLHQW��5(17��&5,0(��81(03��DQG�%/$&.����/DVWO\��WKH�FRHIILFLHQWV�RI�LQGLYLGXDO�VSHFLILF�YDULDEOHV��$*(�DQG�.,'��KDYH�WKH�H[SHFWHG�VLJQV��7KH�H[LVWHQFH� RI� VFKRRO� DJH� FKLOGUHQ� LV� VLJQLILFDQW� DQG� QHJDWLYHO\� LQIOXHQFHV� D�KRXVHKROG¶V�SUREDELOLW\�RI�PRYLQJ�WR�D�GLIIHUHQW�VFKRRO�GLVWULFW����
*UDSK����3UHGLFWLRQ�SRZHU�RI�WKH�VSDWLDO�PRGHO��
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*UDSK����3UHGLFWLRQ�SRZHU�RI�WKH�WUDGLWLRQDO�SURELW�PRGHO���

$V�SDUW�RI�WKH�PRGHO�VSHFLILHG�LQ������WKH�UHJLRQDO�HIIHFW�FRPSRQHQW�RI� WKH� HUURU� VWUXFWXUH� LV� HVWLPDWHG� IRU� HDFK� UHJLRQ�� � 7KHVH� HVWLPDWHV� DUH�PDSSHG�LQ�)LJXUH����7KH�PDS�H[KLELWV�D�IDLU�DPRXQW�RI�VSDWLDO�FOXVWHULQJ��$V�SRLQWHG�RXW�E\�6PLWK�DQG�/H6DJH���������WKLV�LV�FRQVLVWHQW�ZLWK�WKH�SRVLWLYH�VSDWLDO�HUURU�GHSHQGHQFH�H[KLELWHG�E\�WKH�SRVLWLYH�DQG�VLJQLILFDQW�HVWLPDWH�RI�
WKH�VSDWLDO�DXWRFRUUHODWLRQ�SDUDPHWHU��U�

7DEOH����(VWLPDWLRQ�5HVXOWV�
� 6SDWLDO�3URELW�0RGHO� 3URELW�0RGHO�
9DULDEOH� &RHIILFLHQW

6WDQGDUG�'HYLDWLRQ
3�YDOXH� &RHIILFLHQW W�VWDWLVWLFV�

3�YDOXH
&RQVWDQW� ��������� �������� ����� ������������ ��������� �����
$*(� ���������� ��������� ����� ���������� ���������� �����
$*(�� ��������� ��������� ����� ��������� ��������� �����
.,'� ���������� ��������� ����� ���������� ���������� �����
<%����� ���������� ��������� ����� ���������� ���������� �����
0$7+� ���������� ��������� ����� ���������� ���������� �����
5(17� ��������� ��������� ����� ��������� ��������� �����
%/$&.� ��������� ��������� ����� ��������� ��������� �����
$9(6$/� ���������� ��������� ����� ���������� ���������� �����
81(03� ��������� ��������� ����� ���������� ���������� �����
&5,0(� ��������� ��������� ����� ��������� ��������� �����
67(;3� ���������� ��������� ����� ���������� ���������� �����
+9$/� ��������� ��������� ����� ��������� ��������� �����
5+2�� ��������� ��������� ����� �� �� ��
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���&21&/86,21�
�8VLQJ�VXUYH\�DQG�KRXVLQJ�GDWD�IURP�D�XQLTXH�GDWDVHW�RI�KRXVHKROG�PRYHV� ZLWKLQ� )UDQNOLQ� &RXQW\�� 2KLR�� ZH� HVWLPDWH� WKH� SUREDELOLW\� WKDW� D�KRXVHKROG� GHFLGHV� WR� VWD\� ZLWKLQ� RU� PRYH� RXWVLGH� RI� WKHLU� H[LVWLQJ� VFKRRO�GLVWULFW���,Q�GRLQJ�VR��ZH�XVH�%D\HVLDQ�WHFKQLTXHV�WR�HVWLPDWH�D�ELQDU\�SURELW�PRGHO� WKDW� DOORZV� VSDWLDO� GHSHQGHQFLHV� LQ� XQGHUO\LQJ� HUURU� VWUXFWXUH�� DV�GHYHORSHG� E\� 6PLWK� DQG� /H6DJH� �������� � :H� ILQG� WKDW� GDWD� H[KLELWV�VWDWLVWLFDOO\� VLJQLILFDQW� VSDWLDO� GHSHQGHQFH�� LPSO\LQJ� WKDW� HVWLPDWHV� IURP� D�QRQ�VSDWLDO�SURELW�PRGHO�DUH�LQFRQVLVWHQW�DQG�LQHIILFLHQW�DQG�WKHUHIRUH�LQYDOLG�IRU� K\SRWKHVLV� WHVWLQJ�� � ,Q� H[DPLQLQJ� WKH� PRVW� LQIOXHQWLDO� GHWHUPLQDQWV� RI�KRXVHKROG� ORFDWLRQ� GHFLVLRQV� LQ� RXU� PRGHO�� ZH� ILQG� WKDW� WKH� YDULDEOHV� WKDW�FDSWXUH� WKH� VFKRRO� TXDOLW\�� FULPH�� QHZQHVV� RI� KRXVLQJ� VWRFN� DUH� LPSRUWDQW�IDFWRUV� WKDW� GHWHUPLQH� ZKHWKHU� RU� QRW� WKH� KRXVHKROG� PRYHV� RXW� RI� WKHLU�H[LVWLQJ�VFKRRO�GLVWULFW�����
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��� $OED��5�'��� DQG� -�5�/RJDQ�������´�9DULDWLRQV� RQ�7ZR�7KHPHV�� 5DFLDO�DQG� (WKQLF� 3DWWHUQV� LQ� WKH� $WWDLQPHQW� RI� 6XEXUEDQ� 5HVLGHQFH´��'HPRJUDSK\������SS�����������
��� $OEHUW�� -DPHV� +�� DQG� 6LGGKDUWKD� &KLE� �������� ³%D\HVLDQ� $QDO\VLV� RI�%LQDU\� DQG� 3RO\FKRWRPRXV� 5HVSRQVH� 'DWD´�� -RXUQDO� RI� WKH� $PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��9ROXPH�����QXPEHU������SS�����������
��� $QVHOLQ��/����������6SDWLDO�(FRQRPHWULFV��0HWKRGV�DQG�0RGHOV��.OXZHU�$FDGHPLF��'RUGUHFKW��
��� $QVHOLQ�� /�� DQG� $�� %HUD� �������� 6SDWLDO� 'HSHQGHQFH� LQ� /LQHDU�5HJUHVVLRQ�0RGHOV�ZLWK�DQ�,QWURGXFWLRQ�WR�6SDWLDO�(FRQRPHWULFV��,Q��$��8OODK� DQG� '�� (�� $�� *LOHV�� (GV��� +DQGERRN� RI� $SSOLHG� (FRQRPLF�6WDWLVWLFV��SS�����±�����1HZ�<RUN��0DUFHO�'HNNHU��
��� $ULDV�� &DUORV� DQG� 7KRPDV� /�� &R[� �������� ³0D[LPXP� 6LPXODWHG�/LNHOLKRRG�� $� %ULHI� ,QWURGXFWLRQ� IRU� 3UDFWLWLRQHUV�� 6WDII� 3DSHU� 6HULHV��1R������XQLYHUVLW\�RI�:LVFRQVLQ�0DGLVRQ��
��� %HVDJ�� -XOLDQ� �������� ³$Q� LQWURGXFWLRQ� WR�0DUNRY�&KDLQ�0RQWH�&DUOR��:RUNLQJ�3DSHU��8QLYHUVLW\�RI�:DVKLQJWRQ��
��� %ROGXF�� 'HQLV�� %HUQDUG� )RUWLQ� DQG� 6WHSKHQ� *RUGRQ� ��������³0XOWLQRPLDO�3URELW�(VWLPDWLRQ�RI�6SDWLDOO\�,QWHUGHSHQGHQW�&KRLFHV��$Q�(PSLULFDO�&RPSDULVRQ�RI�WZR�1HZ�7HFKQLTXHV´��,QWHUQDWLRQDO�5HJLRQDO�6FLHQFH�5HYLHZ�������±�����
��� %UDVLQJWRQ��'�0���������³:KLFK�0HDVXUHV�RI�6FKRRO�4XDOLW\�'RHV� WKH�+RXVLQJ�0DUNHW�9DOXH"�6SDWLDO�DQG�1RQ�6SDWLDO�(YLGHQFH��'HSDUWPHQW�RI�(FRQRPLFV�:RUNLQJ�3DSHU�1R�����������7XODQH�8QLYHUVLW\��
��� &OLII��$��DQG�-��.��2UG���������6SDWLDO�$XWRFRUUHODWLRQ��/RQGRQ��3LRQ��



([SODLQLQJ�+RXVHKROG�/RFDWLRQ�&KRLFHV�8VLQJ�$�6SDWLDO�3URELW��&��� 6��

���� 'RUIPDQ�� -HIIUH\� +�� ������� %D\HVLDQ� (FRQRPLFV� 7KURXJK� 1XPHULFDO�0HWKRGV��1HZ�<RUN��6SULQJHU�9HUODJ��
���� 'RZGLQJ��.���3�� -RKQ��DQG�6��%LJJV� ��������³7LHERXW��$�6XUYH\�RI� WKH�(PSULFDO�/LWHUDWXUH´��8UEDQ�6WXGLHV��YRO���QXPEHU������SS����������
���� )OHPLQJ�� 0�� �������� ³� $� 5HYLHZ� RI� WKH� 7HFKQLTXHV� IRU� (VWLPDWLQJ�6SDWLDOO\� 'HSHQGHQW� 'LVFUHWH� &KRLFH�0RGHOV´��:RUNLQJ� 3DSHU�� )DQQLH�0DH��
���� )ULHGPDQ�� -�� �������´$�&RQGLWLRQDO� /RJLW�0RGHO� RI� WKH� 5ROH� RI� /RFDO�3XEOLF�6HUYLFHV�LQ�5HVLGHQWLDO�&KRLFHV´��8UEDQ�6WXGLHV������SS����������
���� *HPDQ�� 6��� DQG� '�� *HPDQ� �������� ³6WRFKDVWLF� 5HOD[DWLRQ�� *LEEV�'LVWULEXWLRQV� DQG� WKH� %D\HVLDQ� 5HVWRUDWLRQ� RI� ,PDJHV´�� ,(((�7UDQVDFWLRQV�RQ�3DWWHUQ�$QDO\VLV�DQG�0DFKLQH�,QWHOOLJHQFH������SS�����������
���� *RRGVSHHG�� 7�-��� ³� 2Q� WKH� ,PSRUWDQFH� RI� 3XEOLF� &KRLFH� ,Q� 0LJUDWLRQ�0RGHOV´��(FRQRPLFV�/HWWHUV������SS����������
���� *ROGVWHLQ��*�6���DQG�0�9��3DXO\��³7LHERXW�%LDV�RQ�WKH�'HPDQG�IRU�/RFDO�3XEOLF�*RRGV´��-RXUQDO�RI�3ROLWLFDO�(FRQRP\�������SS�����������
���� +DVWLQJ��:�.����������³0RQWH�&DUOR�6DPSOLQJ�0HWKRGV�8VLQJ�0DUNRY�&KDLQV�DQG�7KHLU�$SSOLFDWLRQV´��%LRPHWULND������SS����������
���� +R\W�� :�+��� DQG� 6�6�� 5RVHQWKDO� �������´+RXVHKROG� /RFDWLRQ� DQG�7LHERXW�� 'R� )DPLOLHV� 6RUW� $FFRUGLQJ� WR� 3UHIHUHQFH� IRU� /RFDWLRQDO�$PHQLWLHV"´�-RXUQDO�RI�8UEDQ�(FRQRPLFV������SS�����������
���� /H6DJH�� -DPHV� 3�� ������� ³%D\HVLDQ� (VWLPDWLRQ� RI� /LPLWHG� 'HSHQGHQW�YDULDEOH� 6SDWLDO� $XWRUHJUHVVLYH�0RGHOV´�� *HRJUDSKLFDO� $QDO\VLV�� �����9ROXPH�����QXPEHU����SS���������
���� /RJDQ�� -�5�� DQG� 5�'�� $OED��������´� /RFDWLRQDO� 5HWXUQV� WR� +XPDQ�&DSLWDO�� 0LQRULW\� $FFHVV� WR� 6XEXUEDQ� &RPPXQLW\� 5HVRXUFHV´��'HPRJUDSK\������SS����������
���� 0F)DGGHQ��'����������&RQGLWLRQDO�/RJLW�$QDO\VLV�RI�4XDOLWDWLYH�&KRLFH�%HKDYLRXU�� LQ� 3�=DUHPEND�� HG��� )URQWLHUV� RI� (FRQRPHWULFV�� $FDGHPLF�3UHVV��1HZ�<RUN��
���� 0F0LOOHQ�� 'DQLHO� 3�� �������� �3URELW� ZLWK� 6SDWLDO� $XWRFRUUHODWLRQ���-RXUQDO�RI�5HJLRQDO�6FLHQFH����������������
���� 0F0LOOHQ��'DQLHO�3�����������6SDWLDO�(IIHFWV�LQ�3URELW�0RGHOV��$�0RQWH�&DUOR�,QYHVWLJDWLRQ���,Q�/XF�$QVHOLQ�DQG�5D\PRQG�-�*�0��)ORUD[��HGV���1HZ�'LUHFWLRQV�LQ�6SDWLDO�(FRQRPHWULFV��+HLGHOEHUJ��6SULQJHU�����������
���� 0HWURSROLV��1���5RVHQEOXWK��$��:���5RVHQEOXWK��0��1���7HOOHU��$��+���DQG�7HOOHU�� (�� ������� ³(TXDWLRQV� RI� 6WDWH� &DOFXODWLRQV� E\� )DVW� &RPSXWLQJ�0DFKLQHV��-RXUQDO�RI�&KHPLFDO�3K\VLFV������SS�������������
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���� 0RUURZ�-RQHV��+�DQG�'��/LSVHW]��������´�&OLPELQJ�WKH�+RXVLQJ�/DGGHU��5HSHDW�+RPHEX\HUV�DQG�7KHLU�6DWLVIDFWLRQ��5HSRUW�WR�WKH�&HQWHU�IRU�5HDO�(VWDWH� (GXFDWLRQ� DQG� 5HVHDUFK´�� &HQWHU� IRU� 8UEDQ� DQG� 5HJLRQDO�$QDO\VLV�:RUNLQJ�3DSHU�QR��������7KH�2KLR�6WDWH�8QLYHUVLW\��
���� 1HFK\ED�� 7��� DQG� 5�3�� 6WUDXVV� �������� ³&RPPXQLW\� &KRLFH� DQG� /RFDO�3XEOLF� 6HUYLFHV�� $� 'LVFUHWH� &KRLFH� $SSURDFK´�� 5HJLRQDO� 6FLHQFH� DQG�8UEDQ�(FRQRPLFV������SS��������
���� 2DWHV�� :�(�� �������´7KH� (IIHFW� RI� 3URSHUW\� 7D[HV� DQG� /RFDO� 3XEOLF�6SHQGLQJ�RQ�3URSHUW\�9DOXHV��$Q�(PSULFDO�6WXG\�RI�7D[�&DSLWDOL]DWLRQ�DQG�WKH�7LHERXW�+\SRWKHVLV´��-RXUQDO�RI�3ROLWLFDO�(FRQRP\������SS�����������
���� 3LQNVH�� -RULV� DQG�0DUJDUHW� (�� 6ODGH� �������� ³&RQWUDFWLQJ� LQ� VSDFH�� DQ�DSSOLFDWLRQ� RI� VSDWLDO� VWDWLVWLFV� WR� GLVFUHWH�FKRLFH� PRGHOV´�� -RXUQDO� RI�(FRQRPHWULFV������SS����±����
���� 4XLJOH\�� -�0��� DQG� '�+�� :HLQEHUJ� �������� ³� ,QWUD�XUEDQ� 5HVLGHQWLDO�0RELOLW\�� $� 5HYLHZ� DQG� 6\QWKHVLV´�� ,QWHUQDWLRQDO� 5HJLRQDO� 6FLHQFH�5HYLHZ�����SS��������
���� 5DSDSRUW��&DUO� �������� ³+RXVLQJ�'HPDQG� DQG�&RPPXQLW\�&KRLFH��$Q�(PSULFDO�$QDO\VLV´��-RXUQDO�RI�8UEDQ�(FRQRPLFV������SS����������
���� 5XELQILHOG��'�/���3�6KDSLUR��DQG�-��5REHUWV���������³7LHERXW�%LDV�DQG�WKH�'HPDQG� IRU� /RFDO� 3XEOLF� 6FKRROLQJ´�� 7KH� 5HYLHZ� RI� (FRQRPLFV� DQG�6WDWLVWLFV��������SS�����������
���� 6PLWK�� 7�(��� DQG� -�3�� /H6DJH� �������� ³$� %D\HVLDQ� 3URELW� 0RGHO� ZLWK�6SDWLDO�'HSHQGHQFLHV´��:RUNLQJ�3DSHU��8QLYHUVLW\�RI�7ROHGR��
���� 6LPRQV�� -��� ³´&KDQJLQJ� 5HVLGHQFH� LQ� WKH� &LW\´�� LQ� *UHHQEXUJ�� 0�5��HG��5HDGLQJV�LQ�8UEDQ�(FRQRPLFV�DQG�6SDWLDO�3DWWHUQV��&HQWHU�IRU�8UEDQ�3ROLF\�5HVHDUFK��1HZ�%UXQVZLFN��������
���� 7LHERXW��&��0���������³$�3XUH�7KHRU\�RI�/RFDO�([SHQGLWXUHV´��-RXUQDO�RI�3ROLWLFDO�(FRQRP\������SS������������


