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,QWURGXFWLRQ7KH�1HWKHUODQGV� LV� RQH� RI� WKH�PRVW� GHQVHO\� SRSXODWHG� FRXQWULHV� LQ� WKH� ZRUOG�� 8UEDQODQG� XVH� KDV� PRUH� WKDQ� GRXEOHG� LQ� WKH� SDVW� ��� \HDUV� �9520� ������� $W� SUHVHQW�DSSUR[LPDWHO\����WR����SHUFHQW�RI�WKH�ODQG�FDQ�EH�FRQVLGHUHG�EXLOW�XS��GHSHQGLQJ�XSRQWKH� GHILQLWLRQ� XVHG� �VHH�9520� ������ 5,90� ����� DQG�2WWHQV� �������0RUHRYHU�� WKHFRPELQHG� DGGLWLRQDO� GHPDQG� IRU� VSDFH� IRU� OLYLQJ�� ZRUNLQJ� DQG� LQIUDVWUXFWXUH� LQ� WKHFRPLQJ����\HDUV�LV�H[SHFWHG�WR�EH�DW�OHDVW���������KHFWDUHV�ZKLFK�HTXDOV�DSSUR[LPDWHO\�����RI� WKH�WRWDO�DUHD�RI� WKH�1HWKHUODQGV��9520��������7KLV�FRQWLQXLQJ�XUEDQLVDWLRQKDV�OHG�WR�D�JURZLQJ�FRQFHUQ�IRU�WKH�SUHVHUYDWLRQ�RI�RSHQ�VSDFH��7KH�H[SDQVLRQ�RI�XUEDQODQG� XVH� IRU� H[DPSOH� SXWV� WKH� FRQVHUYDWLRQ� RI� QDWXUH� DUHDV� DQG� KLVWRULFDO� ODQGVFDSHVXQGHU�LQFUHDVLQJ�SUHVVXUH��0LOLHX��HQ�1DWXXUSODQEXUHDX�������$OWKRXJK�QRQ�XUEDQ�ODQG�XVH�IXQFWLRQV�DW�SUHVHQW�RFFXS\�PRUH�WKDQ�����RI�WKH�'XWFKVXUIDFH� DUHD�� ODUJH�XQEXLOW� DUHDV� DUH�EHFRPLQJ� VFDUFH�� ,Q� ����� RQO\� ��� SHUFHQW� RI� WKHODQG�FRQVLVWHG�RI�RSHQ�DUHDV�RI�PRUH� WKDQ������KHFWDUHV�� DV�RSSRVHG� WR����SHUFHQW� LQ����� �9520� ������� 7KLV� FOHDUO\� LQGLFDWHV� WKH� GLVSHUVHG� FKDUDFWHU� RI� WKH� 'XWFKXUEDQLVDWLRQ� DQG� LQIUDVWUXFWXUH� SDWWHUQ�� 7KH� ORVV� RI� RSHQ� VSDFH� GRHV� QRW� RQO\� SRVHSUREOHPV�RI�IUDJPHQWDWLRQ�IRU�HFRV\VWHPV�RU��SRWHQWLDO��DQLPDO�KDELWDW�EXW�LW�DOVR�DIIHFWVWKH�JHRJUDSKLFDO��KLVWRULFDO�DQG�FXOWXUDO�TXDOLWLHV�RI�WKH�ODQGVFDSH��(VSHFLDOO\�WKH�W\SLFDORSHQ�SROGHUV�DUH�FRQVLGHUHG�D�FUXFLDO�DVVHW�RI�WKH�'XWFK�FRXQWU\VLGH�7KH� SUHVHUYDWLRQ� RI� RSHQ� VSDFH� LV� DQ� LPSRUWDQW� WKHPH� LQ� WKH� VSDWLDO� SODQQLQJ� RI� WKH1HWKHUODQGV��&RQFHQWUDWHG�VXEXUEDQL]DWLRQ�DQG�D�FRPSDFW�WRZQ�SROLF\�KDYH�IRU�GHFDGHVEHHQ� FUXFLDO� LVVXHV� LQ� WKH� YDULRXV� SODQQLQJ� UHSRUWV� �5DQVLMQ� 	� 9UHHNHU� ������� 7KH0LQLVWU\�RI�+RXVLQJ��6SDWLDO�3ODQQLQJ�DQG�WKH�(QYLURQPHQW�KDV�WKH�SDVW�GHFDGH�WULHG�WRSUHYHQW� WKH� XUEDQL]DWLRQ� RI� FHUWDLQ� RSHQ� DUHDV� WKURXJK� D� UHVWULFWLYH� SROLF\��7KHLU� QHZ)LIWK�1DWLRQDO�3K\VLFDO�3ODQQLQJ�5HSRUW� KRZHYHU� VWDWHV� WKDW� WKLV�SROLF\�KDV�QRW� UHDOO\VXFFHHGHG� EHFDXVH� RI� GLIIHUHQW� LQWHUHVWV� DW� ORFDO� OHYHO� DQG� RXWGDWHG� ODQG� XVH� SODQV�9520��������7KH�QHZ�3ODQQLQJ�5HSRUW�WKHUHIRUH�GHVLJQDWHV�VHYHQ�UHJLRQV�DV�1DWLRQDO/DQGVFDSHV� WR� EH� SURWHFWHG�� 7KH� VHOHFWHG� UHJLRQV� KDYH� VSHFLDO� FXOWXUDO�� KLVWRULFDO�UHFUHDWLRQDO�DQG�ODQGVFDSH�YDOXHV�WKDW�DUH�QRZ�RU�LQ�WKH�QHDU�IXWXUH�LQ�GDQJHU�RI�EHLQJXUEDQL]HG��7KH�0LQLVWU\�RI�$JULFXOWXUH��1DWXUH�0DQDJHPHQW�DQG�)LVKHULHV�VWUHVVHV�WKDWSHDFH�� TXLHW� DQG� GDUNQHVV� DUH� LPSRUWDQW� WKHPHV� IRU� IXWXUH� QDWXUH�PDQDJHPHQW� �/19�������7KHVH�YDOXHV�DOVR�UHTXLUH�ODUJH�DUHDV�ZLWKRXW�KXPDQ�SUHVHQFH�RU�GLVWXUEDQFH�7KH�SUHVHQW� UHVHDUFK�GHDOV�ZLWK� WKH�PRGHOOLQJ�RI� IXWXUH� ODQG�XVH� DQG�ZLOO� IRFXV�PRUHVSHFLILFDOO\�RQ�WKH�IUDJPHQWDWLRQ�RI�RSHQ�VSDFH��$�*,6�RULHQWHG�ODQG�XVH�PRGHO��/DQG
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8VH�6FDQQHU��ZLOO�EH�XVHG�WR�VWXG\�WKLV�VXEMHFW��7KLV�SDSHU�GHVFULEHV�WKH�IUDPHZRUN�IRUWKH�RQJRLQJ�UHVHDUFK��,W�ZLOO�ILUVW�GZHOO�RQ�WKH�FRQFHSW�RI�RSHQ�VSDFH�DQG�WKHQ�SUHVHQWWZR�LQGLFDWRUV�IRU�RSHQ�VSDFH��:H�ZLOO�VXEVHTXHQWO\�IRFXV�RQ�*,6�DVVLVWHG�DWWHPSWV�WRPRGHO�HFRORJLFDO�DQG�JHRPRUSKRORJLF�IUDJPHQWDWLRQ�DQG�VXJJHVW�DQ�DGRSWHG�DSSURDFKIRU�DVVHVVLQJ�WKH�IUDJPHQWDWLRQ�RI�RSHQ�VSDFH�
'HILQLQJ�RSHQ�VSDFH$VVHVVLQJ� WKH� LPSDFW�RI� ODQG�XVH� FKDQJH�RQ�RSHQ� VSDFH� FDOOV� IRU� D� FOHDU�GHILQLWLRQ�RIRSHQ� VSDFH� WKDW� WDNHV� LQWR� DFFRXQW� VSHFLILF� ODQGVFDSH� FKDUDFWHULVWLFV�� 7KLV� GHILQLWLRQPXVW�EH�VWURQJO\�UHODWHG�WR�WKH�SROLF\�FRQWH[W�LQ�ZKLFK�ZH�ZDQW�WR�DSSO\�RXU�PRGHO�,Q� WKH�'XWFK�SODQQLQJ�SUDFWLFH�RSHQ�VSDFH� LV�XVXDOO\�GHILQHG�DV�D� ODUJH� DUHD�ZLWK� IHZYLVXDO�REVWDFOHV��2SHQ�VSDFH�HVVHQWLDOO\�JLYHV�SHRSOH�WKH�RSSRUWXQLW\�WR�KDYH�D�IUHH�YLHZRYHU� D� UHODWLYHO\� ODUJH� DUHD�� %XLOGLQJV�� KLJK� YHJHWDWLRQ� DQG� KHLJKW� GLIIHUHQFHV� PD\GLVWXUE�WKLV�SDQRUDPLF�YLHZ��6LQJOH�REMHFWV��KLJK�YROWDJH�RU� WHOHYLVLRQ�PDVWV��FDQ�DOVRVHYHUHO\�DIIHFW�WKH�H[SHULHQFH�RI�RSHQ�VSDFH�� ,QIUDVWUXFWXUH�LV� LQ� WKLV�YLVXDO�FRQFHSW�RIRSHQQHVV� QRW� FRQVLGHUHG� LPSRUWDQW�� (OHYDWHG� LQIUDVWUXFWXUH� RQ� WKH� RWKHU� KDQG�� IRUH[DPSOH�IO\RYHUV��EULGJHV�RU�D�URDG�RQ�D�GLNH��ZLOO�KDYH�D�VWURQJ�YLVXDO� LQIOXHQFH�DQGVKRXOG�WKHUHIRUH�EH�FRQVLGHUHG�DV�DQ�LQIOXHQFH�RQ�RSHQQHVV�7KH�FRQVHTXHQFHV�RI�D�VWURQJO\�YLVXDO� LQWHUSUHWDWLRQ�RI�RSHQQHVV�FDQ�EH�GHPRQVWUDWHGZLWK�WKH�ZRUN�RI�WKH�'XWFK�UHVHDUFK�LQVWLWXWH�$OWHUUD��7KH\�KDYH�GHYHORSHG�D�ODQGVFDSHFODVVLILFDWLRQ�EDVHG�RQ�WKH�KHLJKW�RI�ODQGVFDSH�HOHPHQWV��([SHUWLVHFHQWUXP�/19�������%\�XVLQJ�D�GHWDLOHG�JHRJUDSKLFDO�GDWDVHW�WKH\�DVVHVV�WKH�DPRXQW�RI�EXLOGLQJV�DQG�KLJK�ULVLQJ� YHJHWDWLRQ� SHU� JULGFHOO� RI� �� [� �� NP�� 7KHLU� VFDOH� UDQJHV� IURP� D� YHU\� RSHQODQGVFDSH� �WKH� W\SLFDO�'XWFK�SROGHUV�� WR�D�YHU\�FORVHG� ODQGVFDSH�FRQVLVWLQJ�RI� IRUHVWV�VHH� )LJXUH� ��� 9LOODJHV� DQG� FLWLHV� UDQN� LQ� EHWZHHQ�� EHLQJ� FODVVLILHG� UHVSHFWLYHO\� DVPRGHUDWHO\� RSHQ� DQG� FORVHG� ODQGVFDSH�� 7KLV� GHILQLWLRQ� FRUUHVSRQGV� ZLWK� WKH� VSDWLDOSODQQLQJ� SHUVSHFWLYH� RI� RSHQ� VSDFH� DV� D� FUXFLDO� HOHPHQW� RI� VSDWLDO� TXDOLW\� LQGLFDWRUVVXFK� DV� VSDWLDO� DQG� FXOWXUDO� GLYHUVLW\� �9520� ������� 7KHVH� LQGLFDWRUV� VWUHVV� WKHLPSRUWDQFH� RI� D� YLVXDOO\� RSHQ� ODQGVFDSH� WR� SUHVHUYH� WKH� FRQWUDVW� EHWZHHQ� UXUDO� DQGXUEDQ�DUHDV�DQG�WR�UHWDLQ�WKH�FXOWXUDO�DQG�KLVWRULFDO�YDOXHV�WKDW�DUH�DWWDFKHG�WR�LW�7KH�YLVXDO�FRQFHSW�RI�RSHQQHVV�KRZHYHU�SURGXFHV�WKH�UHPDUNDEOH�UHVXOW�WKDW�H[WHQVLYHZRRGODQGV�ZLWKRXW�PXFK�KXPDQ�SUHVHQFH�DUH�FRQVLGHUHG�WR�EH�PRUH�FORVHG�WKDQ�WKH�ELJ'XWFK� FLWLHV��:KHQ� WKLV�GHILQLWLRQ� LV�XVHG� WR� DVVHVV� WKH� LPSDFW�RI� ODQG�XVH� FKDQJH�RQRSHQ� VSDFH�� WKH� WUDQVLWLRQ� RI� ZRRGODQG� LQWR� XUEDQ� DUHDV� ZLOO� EH� FRQVLGHUHG� DV� DQ
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LPSURYHPHQW� RI� WKH� RSHQQHVV� RI� WKH� ODQGVFDSH�� :H� UHJDUG� WKLV� DV� DQ� XQGHVLUDEOHLPSOLFDWLRQ� DQG� ZLOO� WKHUHIRUH� H[SORUH� D� GLIIHUHQW� FRQFHSW� RI� RSHQ� VSDFH� WKDWFRUUHVSRQGV�EHWWHU�ZLWK�WKH�JHQHUDO�QRWLRQ�RI�RSHQQHVV�

)LJXUH�� 7KH�RSHQQHVV�RI�WKH�1HWKHUODQGV��OHIW��FRPSDUHG�WR�WKH�XUEDQ�DUHDV��ULJKW���7KH�RSHQQHVV�DW�OHIWLV�SUHVHQWHG�E\�XVLQJ�D�JUH\�VFDOH� LQ�ZKLFK�WKH�OLJKWHU�VKDGHV� LQGLFDWH�RSHQ�DUHDV� �VRXUFH�$OWHUUD��7KHGDUN�DUHDV�DW�ULJKW�VKRZ� WKH�XUEDQ�DUHDV�RI�������6RXUFH�53'���7KH� ILJXUHV�DUH�DGDSWHG� IURP�9520�������
$V�RSSRVHG�WR�WKH�DIRUHPHQWLRQHG�YLVXDO�LQWHUSUHWDWLRQ��RSHQ�VSDFH�FDQ�DOWHUQDWLYHO\�EHLQWHUSUHWHG�DV�D�ODUJH�DUHD�ZLWKRXW�KXPDQ�LQWHUIHUHQFH��7KLV�PRUH�SHUFHSWLRQDO�DSSURDFKFRQIURQWV�WKH�EXV\��XUEDQ�DUHDV�ZLWK�WKH�TXLHW��JUHHQ�FRXQWU\VLGH��2SHQ�VSDFH�FDQ�WKHQEH� GHILQHG� DV� EHLQJ� IUHH� RI� EXLOGLQJV� DQG� RWKHU� SURRIV� RI� KXPDQ� SUHVHQFH�� H�J�JUHHQKRXVHV�RU�LQIUDVWUXFWXUH��2QH�FRXOG�DOVR�FKRRVH�WR�LQFOXGH�KXPDQ�GLVWXUEDQFH��H�J�DLU�SROOXWLRQ�RU�OLJKW�SURGXFWLRQ��LQ�WKLV�GHILQLWLRQ��EXW�ZH�ZLOO�OLPLW�RXUVHOYHV�LQLWLDOO\�WRWKH� GLUHFW� LPSDFW� RI� ODQG� XVH� FKDQJH� RQ� RSHQ� VSDFH�� 7KLV� FRQFHSW� RI� RSHQQHVVFRUUHVSRQGV� URXJKO\� WR� WKH� LQYHUVH�RI�XUEDQLVDWLRQ�DQG� LV�GHPRQVWUDWHG� LQ�)LJXUH�� DWULJKW�� 7KH� QRQ�XUEDQ� DUHDV� LQ� WKLV� ILJXUH� FDQ� EH� FRQVLGHUHG� DV� RSHQ� VSDFHV�� 7KH� WZRSLFWXUHV� LQ� )LJXUH� � FOHDUO\� VKRZ� WKH� GLYHUJHQW� RXWFRPHV� RI� WKH� WZR� DOWHUQDWLYHLQWHUSUHWDWLRQV�RI�RSHQ�VSDFH�
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7KH� LQWHUSUHWDWLRQ� RI� RSHQ� VSDFH� DV� DQ� DUHD� WKDW� SURYLGHV� SHDFH� DQG� TXLHW� LQ� DQLQFUHDVLQJO\�PRUH�XUEDQ�HQYLURQPHQW� ILWV� LQ�ZHOO�ZLWK� WKH� VSDWLDO�TXDOLW\� LQGLFDWRUV�RIVXVWDLQDELOLW\� DQG�EHDXW\� WKDW�ZHUH� LQWURGXFHG�E\� WKH�'XWFK�SODQQLQJ�DJHQF\� �9520������� 6XVWDLQDELOLW\� GHDOV� LQ� WKHLU� LQWHUSUHWDWLRQ� DPRQJVW� RWKHUV� ZLWK� HFRORJLFDOTXDOLWLHV�DQG�WKHVH�DUH�RI�FRXUVH�PRVWO\�IRXQG�LQ�WKH�QRQ�XUEDQ�DUHDV��%HDXW\�LV�UHODWHGWR� WKH� SXEOLF� DSSUHFLDWLRQ� RI� ODQGVFDSH� DQG� QDWXUDO� DUHDV�� 1RQ�XUEDQ� DQG� HVSHFLDOO\ZRRGHG� DUHDV� DUH� JHQHUDOO\� KLJKO\� DSSUHFLDWHG�� ,W� LV� LQWHUHVWLQJ� WR� QRWH� WKDW� WKH� RSHQSROGHUV�LQ�WKH�ZHVWHUQ�DQG�QRUWKHUQ�SDUW�RI�WKH�FRXQWU\�DUH� OHDVW�YDOXHG�E\�WKH�JHQHUDOSXEOLF��LPSO\LQJ�WKDW�WKH�YLVXDO�FRQFHSW�RI�RSHQ�VSDFH�LV�QRW�ZHOO�VXLWHG�WR�LQFRUSRUDWHSXEOLF�SUHIHUHQFH�:H�ZLOO� DGRSW� ERWK� WKH� YLVXDO� DQG�SHUFHSWLRQDO� LQWHUSUHWDWLRQ� RI� RSHQ� VSDFH� KHUH� DQGGHYHORS�WZR�GLIIHUHQW�LQGLFDWRUV�IRU�WKH�GHVFULSWLRQ�RI�RSHQ�VSDFH�
,PSOHPHQWLQJ�LQGLFDWRUV�IRU�RSHQ�VSDFH)RU�RXU�UHVHDUFK�ZH�ZLOO�XVH�WKH�/DQG�8VH�6FDQQHU��DQ�LQWHJUDWHG�ODQG�XVH�PRGHO� WKDWKDV� EHHQ� XVHG� IRU� YDULRXV� SROLF\� UHODWHG� UHVHDUFK� SURMHFWV�� $SSOLFDWLRQV� LQFOXGH� WKHVLPXODWLRQ�RI�IXWXUH�ODQG�XVH�IROORZLQJ�GLIIHUHQW�VSDWLDO�SODQQLQJ�SHUVSHFWLYHV��6FKRWWHQHW� DO�� ������� WKH� HYDOXDWLRQ� RI� DOWHUQDWLYHV� IRU� D� QHZ� QDWLRQDO� DLUSRUW� �6FKROWHQ� HW� DO�������DQG�PRUH�UHFHQWO\�WKH�SUHSDUDWLRQ�RI�WKH�)LIWK�1DWLRQDO�3K\VLFDO�3ODQQLQJ�5HSRUW�6FKRWWHQ�HW�DO���������7KH�/DQG�8VH�6FDQQHU�LV�D�*,6�EDVHG�ORJLW�PRGHO�WKDW�VLPXODWHVIXWXUH� ODQG� XVH� DQG� RIIHUV� DQ� LQWHJUDWHG� YLHZ� RQ� DOO� W\SHV� RI� ODQG� XVH�� ,W� GHDOV� ZLWKXUEDQ��QDWXUDO�DQG�DJULFXOWXUDO�IXQFWLRQV��QRUPDOO\�GLVWLQJXLVKLQJ����GLIIHUHQW� ODQG�XVHFDWHJRULHV��7KH�PRGHO�LV�JULG�EDVHG�DQG�XVHV�DOPRVW���������FHOOV�RI�����E\�����PHWHUWR� FRYHU� WKH� 1HWKHUODQGV�� )RU� HYHU\� FHOO� WKH� QXPEHU� RI� KHFWDUHV� IRU� HDFK� RI� WKH� ��GLVWLQJXLVKHG� ODQG� XVH� W\SHV� LV� UHJLVWHUHG�� ,W� WKXV� SUHVHQWV� D� KLJKO\�GLVDJJUHJDWHGGHVFULSWLRQ�RI�WKH�ZKROH�FRXQWU\��$�IXOO�GHVFULSWLRQ�RI�WKH�PRGHO�LV�JLYHQ�E\�+LOIHULQNDQG�5LHWYHOG��������7KH�SRVVLELOLWLHV�IRU�FRQVWUXFWLQJ�LQGLFDWRUV�DUH�OLPLWHG�EHFDXVH�UHOHYDQW�LQIRUPDWLRQ�RQIRU� H[DPSOH� KHLJKW� GLIIHUHQFHV� RU� H\H�FDWFKLQJ� REMHFWV� LV� ODFNLQJ�� 7KH� GDWD� KRZHYHUDOORZ�IRU�WKH�FDOFXODWLRQ�RI�EDVLF�LQGLFDWRUV��)ROORZLQJ�WKH�WZR�FRQFHSWV�RI�RSHQ�VSDFHGHVFULEHG� EHIRUH�� ZH� ZLOO� LQWURGXFH� DQ� RSHQQHVV� DQG� DQ� XUEDQLVDWLRQ� LQGLFDWRU�� %RWKLQGLFDWRUV�SRLQW�LQ�IDFW�DW�WKH�LQYHUVH�RI�RSHQQHVV��6R�KLJK�YDOXHV�LQGLFDWH�D�ODFN�RI�RSHQVSDFH�
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/HG�EH� WKH�YLVXDO�FRQFHSW�RI�RSHQ�VSDFH�ZH�FDQ�GHILQH�RSHQQHVV�DV� WKH�SHUFHQWDJH�RIHDFK� FHOO� WKDW� LV� FRYHUHG� E\� WKH� WRWDO� RI� WKH� IROORZLQJ� ODQG� XVH� IXQFWLRQV�� KRXVLQJ�ZRUNLQJ�� DLUSRUWV�� JUHHQKRXVHV� DQG� ZRRGODQG�� &RUUHVSRQGLQJ� ZLWK� WKH�SHUFHSWLRQDOFRQFHSW�RI�RSHQ�VSDFH�ZH�FDQ�GHILQH�DQ�XUEDQLVDWLRQ�LQGLFDWRU�DV�WKH�SHUFHQWDJH�RI�WKHFHOO�WKDW�LV�FRYHUHG�E\�WKH�ODQG�XVH�IXQFWLRQV��KRXVLQJ��ZRUNLQJ��UDLOZD\V��URDGV��DLUSRUWVDQG�JUHHQKRXVHV�,QGLFDWRU�YDOXHV�FDQ�EH�FDOFXODWHG�IRU�WKH�EDVH�\HDU�VLWXDWLRQ�DQG�WKH�VLPXODWLRQ�UHVXOWV�%\�VXEVHTXHQWO\�FRPSDULQJ�WKHVH�WKH�ORVV�RI�RSHQ�VSDFH�FDQ�EH�REWDLQHG�LQ�WHUPV�RI�DWRWDO�RU�DYHUDJH�FKDQJH��7KLV�DSSURDFK� IRFXVHV�RQ� WKH�FKDQJHV� LQ� LQGLYLGXDO�FHOOV�DQGGRHV� QRW� WDNH� DQ\� UHJLRQDO� LPSDFWV� LQWR� DFFRXQW�� )UDJPHQWDWLRQ� LV� RQH� RI� WKH� PRVWREYLRXV�UHJLRQDO�LPSDFWV�DQG�GHVFULEHV�WKH�GLYLVLRQ�RI�D�ODUJH�DUHD�LQWR�VHYHUDO�VPDOOHUDUHDV��7KH�YDOXH�RI�WKH�VHSDUDWHG�DUHDV�LV�LQ�VRPH�FDVHV�FRQVLGHUHG�WR�EH�OHVV�WKDQ�WKHLURULJLQDO� YDOXH�� 7KLV� PD\� FHUWDLQO\� EH� WUXH� IRU� WKH� ORVV� RI� RSHQ� VSDFH�� &RQVLGHU� IRUH[DPSOH�WKH�VLPXODWLRQ�RI�IXWXUH�ODQG�XVH�IRU�D�UHFWDQJOH�RI���[���FHOOV��WKDW�LV�SUHVHQWHGLQ�)LJXUH����7KH�VLPXODWLRQ�UHVXOW�VKRZV�D�ORQJ�FRUULGRU�ZLWK�KLJK�XUEDQLVDWLRQ�YDOXHV�SRVVLEO\�FDXVHG�E\�D�QHZ�PRWRUZD\�DQG�UHODWHG�FRQVWUXFWLRQ�RI�KRXVHV�DQG�RIILFHV��2QHFRXOG�DUJXH�WKDW�WKH�VPDOO�VWUHWFK�ZLWK�ORZ�XUEDQLVDWLRQ�YDOXHV�LQ�WKH�XSSHU�SDUW�RI�WKHILJXUH� DW� ULJKW� GRHV� QRW� DQ\� ORQJHU� FRQWDLQ� WKH� RULJLQDO� YDOXHV� RI� RSHQ� VSDFH� VXFK� DVOLPLWHG�YLVXDO�GLVWXUEDQFH�RU�SHDFH�DQG�TXLHW�7KH�IROORZLQJ�VHFWLRQ�ZLOO�EULHIO\�LQWURGXFH�WKH�ZD\�IUDJPHQWDWLRQ�LV�KDQGOHG�LQ�VRPHHFRORJLFDO�DQG�JHRPRUSKRORJLF�VWXGLHV��%DVHG�RQ�WKHVH�LGHDV�ZH�ZLOO�GHYHORS�D�PHWKRGIRU�PRGHOOLQJ�WKH�IUDJPHQWDWLRQ�RI�RSHQ�VSDFH�
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EDVH�\HDU VLPXODWLRQ�UHVXOW)LJXUH�� ,QGLFDWLRQ�RI�XUEDQLVDWLRQ�YDOXHV�����LQ�D�ODQG�XVH�PRGHO��VKRZLQJ�WKH�LQLWLDO�VLWXDWLRQ��OHIW�DQG�WKH�UHVXOW�RI�WKH�VLPXODWLRQ
0RGHOOLQJ�)UDJPHQWDWLRQ)UDJPHQWDWLRQ�RI�KDELWDWV�KDV�EHHQ�D�VXEMHFW�RI�HFRORJLFDO�VWXG\�IRU�RYHU����\HDUV��VHHIRU� H[DPSOH�*HQHOHWWL� ������� IRU� DQ�RYHUYLHZ��0DQ\�RI� WKHVH� VWXGLHV�XVH�TXDQWLWDWLYHPRGHOV�DQG�JHRJUDSKLFDO�LQIRUPDWLRQ�V\VWHPV�WR�DVVHVV�KDELWDW�IUDJPHQWDWLRQ��$�KDELWDW
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LV�D�ORFDWLRQ�ZKHUH�D��JURXS�RI��DQLPDOV�RU�SODQWV�OLYHV��7KHVH�ORFDWLRQV�PD\�FRUUHVSRQGZLWK�ODQGVFDSH�W\SHV��)UDJPHQWDWLRQ�RI�KDELWDWV� OHDGV�WR�D�GHFUHDVH�LQ�KDELWDW�VL]H�DQGDQ� LQFUHDVH� LQ� LVRODWLRQ� DQG� H[SRVXUH� WR� H[WHUQDO� LQIOXHQFHV� �*HQHOHWWL� ������� 6PDOOHUKDELWDWV�SURYLGH�DQLPDOV�ZLWK�WRR�OLWWOH�VSDFH�WR�OLYH�LQ��,QFUHDVHG�LVRODWLRQ�DQG�H[SRVXUHQHJDWLYHO\�LQIOXHQFH�YXOQHUDELOLW\�DQG�OLYLQJ�FRQGLWLRQV��0DQ\�GLIIHUHQW�PHDVXUHV�H[LVWIRU�GHVFULELQJ� ODQGVFDSH�SDWWHUQV�DQG� IUDJPHQWDWLRQ� �%RJDHUW��������EXW�PRVW�KDYH� LQFRPPRQ� WKDW� WKH\� IRFXV� RQ� GLVFUHWH� ODQGVFDSH� XQLWV� FDOOHG� SDWFKHV�� )ROORZLQJ� WKHUHDVRQLQJ�EHKLQG�WKH�H[SHFWHG�LPSDFW�RI�IUDJPHQWDWLRQ�� WKHVH�SDWFKHV�DUH�GHVFULEHG� LQWHUPV� RI� DUHD�� LVRODWLRQ� DQG� VKDSH�� 6KDSH� FDQ� IRU� H[DPSOH� EH� FKDUDFWHULVHG� E\� EDVLFJHRPHWULFDO�GHVFULSWLRQV�DV� WRWDO� ERXQGDU\� OHQJWK�RU� D� SHULPHWHU�DUHD� UDWLR��$� VSHFLILFPHDVXUH� IRU� TXDQWLI\LQJ� WKH� SRWHQWLDO� GLVWXUEDQFH� LPSDFW� RQ� LVRODWHG� KDELWDWV� LV� WKHLQWHULRU�WR�HGJH� UDWLR� �%RJDHUW� HW� DO�� ������� 7KLV� PHWKRG� GLYLGHV� D� SDWFK� LQ� D� QRW� RUPDUJLQDOO\� LQIOXHQFHG� LQWHULRU� DQG� D� GLVWXUEHG� HGJH�� 7KH� GHWHUPLQDWLRQ� RI� WKH� UDWLRGHSHQGV� KHDYLO\� RQ� KDELWDW� DQG� GLVWXUEDQFH� FKDUDFWHULVWLFV� DQG� WKHLU� PXWXDO� UHODWLRQ�6SHFLILF� NQRZOHGJH� RQ� WKH� LPSDFW� UHODWLRQV� LV� WKXV� QHHGHG� WR� FDOFXODWH� WKLV� UDWLR�� %\XVLQJ�WKH�DIRUHPHQWLRQHG�FKDUDFWHULVWLFV�IUDJPHQWDWLRQ�FDQ�IRU�LQVWDQFH�EH�TXDQWLILHG�DVD� GHFUHDVH� LQ� SDWFK� DUHD� RU� LQWHULRU�WR�HGJH� UDWLR� RU� DQ� LQFUHDVHG� ERXQGDU\� OHQJWK� RUSHULPHWHU�DUHD�UDWLR�$�GLIIHUHQW�DSSURDFK�KDV�EHHQ�SURSRVHG�E\�/HHWHUV�HW�DO�� �������IRU� WKH�DVVHVVPHQW�RIIUDJPHQWDWLRQ�RI�JHRPRUSKRORJLF�ODQGVFDSH�IHDWXUHV�LQ�WKH�1HWKHUODQGV��7KH\�GHVFULEHWKH�XVH�RI�D�JHRJUDSKLFDO�LQWHUVHFWLRQ�DQDO\VLV�WR�VWXG\�WKH�LPSDFW�RI�QHZ�LQIUDVWUXFWXUHRQ�GLVFUHWH�PRUSKR�HOHPHQWV�LQ�WHUPV�RI�GLUHFW�GHVWUXFWLRQ��GLVDSSHDUDQFH��DQG�LQGLUHFWGHVWUXFWLRQ� �IUDJPHQWDWLRQ���7KH� VHYHULW\�RI� IUDJPHQWDWLRQ� LV� DVVHVVHG� WKURXJK� VHYHUDODUELWUDU\�FRPSXWDWLRQV�WKDW�UHODWH�WKH�VL]H�RI�WKH�UHPDLQLQJ�IUDJPHQWV�WR�WKH�VL]H�RI�WKHORVW�IUDJPHQW��VHH��)LJXUH���

)LJXUH�� $VVHVVLQJ�WKH�LPSDFW�RI�QHZ�LQIUDVWUXFWXUH��OLJKW�JUH\��RQ�D�JHRPRUSKRORJLF�ODQGVFDSH�IHDWXUH�)UDJPHQW�$��GDUN�JUH\��ZLOO�GLVDSSHDU��WKH�VHYHULW\�RI�WKH�LPSDFW�RQ�UHPDLQLQJ�IUDJPHQWV�%�DQG�&GHSHQGV�RQ�WKHLU�VL]H�LQ�UHODWLRQ�WR�IUDJPHQW�$��DIWHU�/HHWHUV�HW�DO��������
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7KH�SUHVHQWHG� UHVHDUFK�RQ� WKH�PRGHOOLQJ�RI� IUDJPHQWDWLRQ� FDQ�QRW�GLUHFWO\�EH�XVHG� WRGUDZ�XS�D�PRGHO�IRU�WKH�IUDJPHQWDWLRQ�RI�RSHQ�VSDFH�VLQFH�WKH�LPSDFW�UHODWLRQV�DUH�QRWQHFHVVDULO\� WKH� VDPH�� 7KH� KXPDQ� UHDFWLRQ� WR� WKH� IUDJPHQWDWLRQ� RI� RSHQ� VSDFH� FDQ� EHH[SHFWHG�WR�GLIIHU�VLJQLILFDQWO\�IURP�WKH�ZD\�DQLPDOV�UHDFW�RQ�WKH�GHWHULRUDWLRQ�RI�WKHLUKDELWDW��+XPDQV�DUH�IRU�H[DPSOH�QRW�GLUHFWO\�GHSHQGHG�RQ�WKH�VL]H�RI� WKHLU� OLYLQJ�DUHDIRU� IRRG� DQG� SRVVLEOH� SDUWQHUV��$� VHFRQG��PLQRU� OLPLWDWLRQ� LV� WKH� IDFW�ZH� DUH� GHDOLQJZLWK� UDVWHU� GDWD� DQG� FRQWLQXRXV� LQGLFDWRU� YDOXHV� LQVWHDG� RI� YHFWRU� GDWD� DQG� GLVFUHWHSDWFKHV�� 7KLV�PDNHV� LW�PRUH� GLIILFXOW� WR� GR� D� JHRJUDSKLFDO� DQDO\VLV� RI� IUDJPHQWDWLRQ�5DVWHU�GDWD�GR�QRW�DOORZ�IRU�VWDQGDUG�LQWHUVHFWLRQ�PHWKRGV�DQG�FRQWLQXRXV�YDOXHV�GR�QRWGLUHFWO\�SURYLGH�FOHDU�ERXQGDULHV�RI�RSHQ�DUHDV��:H�ZLOO�WKHUHIRUH�SURSRVH�DQ�DGMXVWHGPHWKRG�IRU�WKH�DVVHVVPHQW�RI�IUDJPHQWDWLRQ�LQ�WKH�IROORZLQJ�VHFWLRQ�
0RGHOOLQJ�WKH�IUDJPHQWDWLRQ�RI�RSHQ�VSDFH7ZR�VHSDUDWH�LPSDFWV�RI�ODQG�XVH�FKDQJH�DIIHFW�WKH�IUDJPHQWDWLRQ�RI�RSHQ�VSDFH�LQ�RXURSLQLRQ��:H�ILUVWO\�H[SHFW�D�FHUWDLQ�UDGLDWLRQ�RI�XUEDQ�LQIOXHQFH��7KH�YLVXDO�GLVWXUEDQFHRU� WKH� LQIOXHQFH� RQ� TXLHWQHVV� RI� DQ� XUEDQ�PDVV� VWUHWFKHV� IXUWKHU� WKDQ� LWV� H[DFW� OLPLWV�7KLV�LQIOXHQFH�FDQ�EH�DFFRXQWHG�IRU�LQ�RXU�PRGHO�WKURXJK�D�ZHLJKWHG�PRYLQJ�DYHUDJH�7KH� XVH� RI� WKLV� WHFKQLTXH� IRU� VSDWLDO� DQDO\VLV� KDV� DPRQJVW� RWKHUV� EHHQ� GHVFULEHG� E\%XUURXJK�DQG�0F'RQHOO���������7KLV�PHWKRG�FRPSXWHV�D�GLVWDQFH�ZHLJWKHG�DYHUDJH�IRUD�JURXS�RI�GDWD�SRLQWV��7KH�YDOXH�RI�D�FHOO�FDQ�IRU�H[DPSOH�EH�FDOFXODWHG�DV�WKH�DYHUDJHRI�LWV�LQLWLDO�YDOXH�DQG�WKH�YDOXHV�RI�WKH�HLJKW�QHLJKERXULQJ�FHOOV�LQ�ZKLFK�WKH�FHQWUDO�FHOOUHFHLYHV�D�ZHLJKW�YDOXH�RI���DQG�WKH�RWKHUV�D�VWDQGDUG�ZHLJKW�YDOXH�RI����7KH�RXWFRPHRI� WKLV� FDOFXODWLRQ� IRU� WKH�PRGHOUHVXOWV� LQWURGXFHG� LQ�)LJXUH� � LV� VKRZQ� LQ�)LJXUH� ��7KLV�PHWKRG�QRW�RQO\�H[SUHVVHV�WKH�LQIOXHQFH�RI�KLJK�XUEDQLVDWLRQ�YDOXHV�RQ�ORZHU�RQHV�EXW�DOVR�UHIOHFWV�WKH�RSSRVLWH��,PSO\LQJ�WKDW�DUHDV�ZLWK�ORZ�XUEDQLVDWLRQ�YDOXHV�PLWLJDWHWKH�XUEDQ�DSSHDUDQFH�RU�SHUFHSWLRQ�LQ�QHLJKERXULQJ�DUHDV�ZLWK�KLJK�XUEDQLVDWLRQ�YDOXHV�)XUWKHU� UHVHDUFK�ZLOO� IRFXV� RQ� WKH� RSWLPLVDWLRQ� RI� WKLV� IXQFWLRQ� DQG�PRVW� QRWDEO\� RQILQGLQJ� GLVWDQFH�ZHLJKWV� WKDW� DUH� UHOHYDQW� IRU� WKH� LQIOXHQFH� RI� HLWKHU� XUEDQ� RU� FORVHGDUHDV�RQ�RSHQQHVV�
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VLPXODWLRQ�UHVXOW ZHLJKWHG�PRYLQJ�DYHUDJH)LJXUH�� ,QGLFDWLRQ�RI�XUEDQLVDWLRQ�YDOXHV�����LQ�D�ODQG�XVH�PRGHO��VKRZLQJ�WKH�RULJLQDO�VLPXODWLRQUHVXOW�DQG�LWV�ZHLJKWHG�PRYLQJ�DYHUDJH�WR�H[SUHVV�WKH�XUEDQ�LQIOXHQFH�RQ�RSHQ�VSDFH�
:H�IXUWKHUPRUH� H[SHFW� D�PLQLPXP�GLPHQVLRQ� LQ�ZKLFK� RSHQQHVV� FDQ� EH� DSSUHFLDWHG�7KH�VL]H�RI�WKLV�PLQLPXP�DUHD�PD\�GLIIHU�IRU�WKH�YLVXDO�RU�WKH�SHUFHSWLRQDO�DSSURDFK�RIRSHQQHVV��7KH�PLQLPXP�GLPHQVLRQ�FULWHULRQ�FDQ�IRU�H[DPSOH�EH�LPSOHPHQWHG�WKURXJK�DVHDUFK� RSHUDWLRQ� LQ� ZKLFK� ZH� ORRN� IRU� DQ� DUHD� RI� DW� OHDVW� ��� NP� ZLWK� D� ZHLJKWHGPRYLQJ�DYHUDJH�LQGLFDWRU�YDOXH�RI����RU�OHVV��7R�LPSOHPHQW�WKLV�PLQLPXP�VL]H�ZH�FDQDOVR�PDNH�XVH�RI�WKH�NLQG�RI�PRYLQJ�ZLQGRZ�WHFKQLTXH�GHVFULEHG�DERYH��7KLV�KRZHYHUKDV� WKH� GUDZEDFN� RI� XVLQJ� D� SUHGHILQHG�� QRUPDOO\� UHFWDQJXODU� VKDSH� WKDW� PDNHV� LWGLIILFXOW�WR�GHWHFW�ODUJH�RSHQ�VSDFHV�ZLWK�DQ�LUUHJXODU�IRUP�
,VVXHV�IRU�IXUWKHU�UHVHDUFK7KLV� SDSHU� RIIHUV� RXU� ILUVW� WKRXJKWV� RQ� WKH� PRGHOOLQJ� RI� RSHQ� VSDFH� IUDJPHQWDWLRQ�)XUWKHU� UHVHDUFK� ZLOO� IRFXV� RQ� D� PHDQLQJIXO� DSSOLFDWLRQ� RI� WKH� RSHQQHVV� DQGXUEDQLVDWLRQ� LQGLFDWRU� ZH� GHVFULEHG�� $Q� LPSRUWDQW� LVVXH� LV� WR� VWUHQJWKHQ� WKH� UDWLRQDOIRXQGDWLRQ�RI�WKH�SURSRVHG�GLVWDQFH�ZHLJKWHG�DYHUDJH�IXQFWLRQ�DQG�LWV�ZHLJKW�YDOXHV�WRDFFRXQW� IRU� WKH� UDGLDWLRQ� RI� XUEDQ� LQIOXHQFH��:H� ZLOO� IXUWKHUPRUH� ORRN� IRU� DFFHSWHGYDOXHV�IRU�WKH�PLQLPXP�GLPHQVLRQV�RI�RSHQ�VSDFH�IURP�ERWK�D�YLVXDO�DQG�D�SHUFHSWLRQDOSHUVSHFWLYH��$� SUDFWLFDO� FRPSDULVRQ� RI� WKH�PRGHO� UHVXOWV�ZLWK� H[SHUW� RSLQLRQV� RQ� WKHIUDJPHQWDWLRQ�RI�RSHQ�VSDFH�PLJKW�SURYLGH�VRPH�JXLGHOLQHV�IRU� WKH�LPSOHPHQWDWLRQ�RIWKH�SUHVHQWHG�FULWHULD�DQG�JHQHUDO�XVDELOLW\�RI�RXU�DSSURDFK�LQ�D�SROLF\�FRQWH[W��$Q� LQWHUHVWLQJ� LVVXH�ZLWK� WKH� LPSOHPHQWDWLRQ�RI� WKH�SURSRVHG�PLQLPXP�DUHD� IRU�RSHQVSDFH�LV�KRZ�WR�DFFRXQW�IRU�LUUHJXODU�VKDSHV��7KH�VWXG\�FRXOG�DOVR�EH�H[WHQGHG�ZLWK�WKHXVH�RI�H[WUD�GDWD�WKDW�IRU�H[DPSOH�UHSUHVHQW�WKH�KHLJKW�RU�GLVWXUEDQFH�FKDUDFWHULVWLFV�RIFHUWDLQ�REMHFWV��7KLV�ZRXOG�DOORZ�IRU�PRUH�SUHFLVH�LQGLFDWRU�YDOXHV�EXW�ZRXOG�DOVR�PHDQD�FRQVLGHUDEOH�DGMXVWPHQW�RI�RXU�ODQG�XVH�PRGHO�
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6FKRWWHQ�� &�*�-��� 5�� *RHWJHOXN�� 0�� +LOIHULQN�� 3�� 5LHWYHOG� 	� +�-�� 6FKROWHQ� �������5HVLGHQWLDO� FRQVWUXFWLRQ�� ODQG� XVH� DQG� WKH� HQYLURQPHQW�� 6LPXODWLRQV� IRU� 7KH1HWKHUODQGV� XVLQJ� D� *,6�EDVHG� ODQG� XVH� PRGHO� (QYLURQPHQWDO� PRGHOLQJ� DQGDVVHVVPHQW������������
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