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� 'LYLGHG�(XURSH��'(���SURWHFWLRQLVWLF�WHQGHQFLHV�LQ�WKH�GLIIHUHQW�(XURSHDQ�FRXQWULHVDUH�VWURQJ��(FRQRPLF�JURZWK�LV�ORZ�ZLWK�DQ�DQQXDO�ULVH�LQ�%13�RI�DSSUR[�����SHUFHQW��7KH�SRSXODWLRQ�JURZV�WR������PLOOLRQ�ZKLOH�WKH�QXPEHU�RI�GZHOOLQJV�ULVHV�WR����PLOOLRQ��FXUUHQWO\����DQG�����PLOOLRQ��UHVSHFWLYHO\���7KH�&RPPRQ�$JULFXOWXUDO3ROLF\��&$3��LV�FRQWLQXHG�� (XURSHDQ�&R�RUGLQDWLRQ��(&���7KH�ZRUOG�HFRQRP\�LV�GRPLQDWHG�E\�WUDGHRUJDQLVDWLRQV�UHVXOWLQJ�LQ�DQ�DFFHOHUDWHG�LQWHJUDWLRQ�RI�WKH�(XURSHDQ�FRXQWULHV��7KHDQQXDO�HFRQRPLF�JURZWK�LV�PRGHUDWH���������EXW�WKH�JURZWK�LQ�SRSXODWLRQ�WR�D�WRWDO�RI�����PLOOLRQ�LV�WKH�KLJKHVW�RI�DOO�VFHQDULRV��7KH�QXPEHU�RI�GZHOOLQJV�JURZV�WR����PLOOLRQ��$�XQLILHG�(XURSHDQ�SROLF\�LV�LPSOHPHQWHG�LPSO\LQJ�D�FHUWDLQ�OHYHO�RISURWHFWLRQ�RI�DJULFXOWXUH�LQ�WKH�FRPPRQ�PDUNHW�� *OREDO�&RPSHWLWLRQ��*&���0DUNHW�IRUFHV�GRPLQDWH�WKH�ZRUOG�HFRQRP\�DQG�WKHHFRQRPLF�JURZWK�LV�KLJK����������7KH�QXPEHU�RI�LQKDELWDQWV�ULVHV�WR������PLOOLRQ�+RZHYHU��GXH�WR�D�PRUH�LQGLYLGXDOLVWLF�OLIH�VW\OH�WKH�QXPEHU�RI�GZHOOLQJV�JURZV�WR����PLOOLRQ��IDVWHU�WKDQ�LQ�WKH�(&�VFHQDULR��7KH�&$3�LV�DEDQGRQHG�IRUFLQJ�WKHDJULFXOWXUDO�VHFWRU�WR�FRPSHWH�RQ�WKH�ZRUOG�PDUNHW�
7DNLQJ�WKH�GHYHORSPHQWV�GHVFULEHG�LQ�WKH�&3%�VFHQDULRV�DV�D�VWDUWLQJ�SRLQW�GLIIHUHQWVHFWRU�VSHFLILF�PRGHOV�DUH�XVHG�WR�FDOFXODWH�WKH�DPRXQW�RI�ODQG�QHHGHG�IRU�DJULFXOWXUH�KRXVLQJ��LQGXVWULDO�DQG�FRPPHUFLDO�DUHDV�LQ�HDFK�RI�WKH�VFHQDULRV��7KH�UHVXOWV�DUH�VKRZQLQ�)LJXUH���
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���7KH�/$1'�86(�6&$11(5�PRGHO�
����*HQHUDO�IHDWXUHV�
:H�VWDUW�ZLWK�D�VKRUW�FKDUDFWHULVDWLRQ�RI�WKH�SURSHUWLHV�RI�WKH�/$1'�86(�6&$11(5�6RPH�FKDUDFWHULVWLF�IHDWXUHV�RI�WKH�PRGHO�DUH�*ULG�EDVHG 7KH�PRGHO�GHVFULEHV�IRU�DOO�JULGV�LQ�D�V\VWHP�WKH�UHODWLYH�SURSRUWLRQV�RIODQG�WR�EH�XVHG�IRU�D�QXPEHU�RI�ODQG�XVH�W\SHV��0RGHO�VSHFLILFDWLRQ�DQGVRIWZDUH�DOORZ�ODUJH�QXPEHUV�RI�JULGV��7KH�SUHVHQW�YHUVLRQ�FRYHUV��������JULG�FHOOV�RI�����E\�����PHWHUV�HDFK��FRYHULQJ�DOO�RI�WKH1HWKHUODQGV�,QWHJUDWHG 7KH�PRGHO�SURYLGHV�DQ�LQWHJUDWLRQ�IUDPHZRUN�IRU�VHFWRUDO�GDWD�EDVHVDQG�VHFWRUDO�SROLF\�SURSRVDOV�E\�FRQIURQWLQJ�WKHVH�LQSXWV�LQ�D�VSDWLDO�

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

'( (& *&

5HVLGHQWLDO�DUHDV,QGXVWU\�DQG�FRPPHUFH1DWXUH,QIUDVWUXFWXUH$JULFXOWXUH7RWDO�GHPDQG
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DQDO\WLFDO�FRQWH[W�([KDXVWLYH 7KH�PRGHO�LV�H[KDXVWLYH�LQ�WKH�VHQVH�WKDW�DOO�JULGV�LQ�D�VSDWLDO�XQLW��LQRXU�FDVH�D�FRXQWU\��DUH�FRQVLGHUHG��$OO�W\SHV�RI�ODQG�XVH�DUH�H[SOLFLWO\FRQVLGHUHG��WKXV�WKHUH�DUH�QR�
UHVW
�FDWHJRULHV�OHIW�XQWUHDWHG��7KH�PRGHOFDQ�EH�IRUPXODWHG�LQ�VXFK�D�ZD\�WKDW�WUDQVIHUV�RI�ZHW�JULGV��VHD��ODNHV�LQWR�ODQG�DUH�DOORZHG�'\QDPLF 7KH�PRGHO�GHDOV�ZLWK�FKDQJHV�LQ�ODQG�XVH�WDNLQJ�LQWR�DFFRXQW�SUHVHQWODQG�XVH�SDWWHUQV��7KH�VXLWDELOLWLHV�RI�WKH�JULGV�IRU�FHUWDLQ�W\SHV�RI�ODQGXVH�DUH�QRW�DVVXPHG�FRQVWDQW��EXW�PD\�FKDQJH�DV�WKH�UHVXOW�RI�FKDQJHV�LQODQG�XVH�LQ�WKH�FRXUVH�RI�WLPH�6DWHOOLWHVWUXFWXUH 7KH�PRGHO�LV�GULYHQ�E\�IRUHFDVWV�DW�D�QDWLRQDO�RU�UHJLRQDO�OHYHO�LQ�WHUPVRI�YDULDEOHV�VXFK�DV�SRSXODWLRQ��DJULFXOWXUDO�SURGXFWLRQ��LQIUDVWUXFWXUH�HWF�6WRFKDVWLF 7KH�RXWFRPHV�RI�WKH�PRGHO�DUH�WR�EH�LQWHUSUHWHG�DV�H[SHFWHG�SURSRUWLRQVRI�ODQG�WR�EH�XVHG�IRU�YDULRXV�W\SHV�RI�ODQG�XVH�FDWHJRULHV��7KH�XVH�RIWKH�PRGHO�LV�QRW�WKDW�LW�SUHGLFWV�ODQG�XVH�LQ�SDUWLFXODU�VPDOO�JULGV�LQ�WKHIXWXUH��7KH�PDLQ�XVH�RI�WKH�PRGHO�LV�WKDW�LW�JLYHV�WKH�LPSOLFDWLRQV�IRU�WKHVSDWLDO�SDWWHUQV�RI�ODQG�XVH�RI�SURFHVVHV�VXFK�DV�SRSXODWLRQ�JURZWK�SURGXFWLRQ��PDQXIDFWXULQJ��DJULFXOWXUH��HWF����DQG�QDWXUDO�FRQVHUYDWLRQ�3ROLF\RULHQWHG 6HYHUDO�W\SHV�RI�VHFWRUDO�SROLFLHV�KDYH�VWURQJ�VSDWLDO�LPSOLFDWLRQV�/$1'�86(�6&$11(5�PDNHV�WKHVH�LPSOLFDWLRQV�H[SOLFLW��7KH�PRGHOKHOSV�VROYLQJ�TXHVWLRQV�UHIHUULQJ�WR�WKH�W\SHV�RI�JULGV�LQ�ZKLFK�PDMRUSROLF\�FRQIOLFWV�FDQ�EH�H[SHFWHG�WR�HPHUJH��,W�FDQ�DOVR�EH�XVHG�WRLQYHVWLJDWH�WKH�LPSOLFDWLRQV�RI�VHFWRUDO�DQG�PDFUR�SROLFLHV�IRU�KXPDQVHWWOHPHQW�DQG�ODQG�XVH�SDWWHUQV�7KH�SURSHUW\�RI�LQWHJUDWLRQ�PHDQV�WKDW�WKH�/$1'�86(�6&$11(5�FDQ�IXQFWLRQ�DV�D�WRROWR�LPSURYH�FRPPXQLFDWLRQ�EHWZHHQ�DQDO\VWV�ZRUNLQJ�LQ�YDULRXV�ILHOGV�RI�ODQG XVH��IRUH[DPSOH�XUEDQ�IXQFWLRQV�YHUVXV�DJULFXOWXUH�YHUVXV�QDWXUDO�ODQG�XVH���7KH�PRGHO�DOVRKHOSV�WR�LPSURYH�FRQVLVWHQF\�EHWZHHQ�SURMHFWLRQV�PDGH�LQ�WKHVH�ILHOGV��7KXV�D�SRWHQWLDOXVH�RI�WKH�/$1'�86(�6&$11(5�LV�WKDW�LV�GRHV�QRW�RQO\�IXQFWLRQ�DV�D�PRGHOOLQJ�WRRO�EXW�DOVR�DV�D�FRPPXQLFDWLRQ�WRRO�EHWZHHQ�DQDO\VWV�LQ�YDULRXV�SROLF\�ILHOGV�
7KH�IROORZLQJ�W\SHV�RI�ODQG�XVH�DUH�GLVWLQJXLVKHG�LQ�WKH�SUHVHQW�YHUVLRQ�RI�WKH�PRGHO��� 8UEDQ��UHVLGHQWLDO��LQGXVWULDO��URDGV��UDLOZD\V��DQG�DLUSRUWV��� $JULFXOWXUH��SDVWXUH��FRUQ��DUDEOH�ODQG��SRWDWRHV��EHHWV��FHUHDOV��� IORZHU�EXOEV��RUFKDUGV�FXOWLYDWLRQ�XQGHU�JODVV��DQG�RWKHU�DJULFXOWXUH��� 1DWXUDO�DUHDV��ZRRG��QDWXUH��� :DWHU�:H�DUULYH�DW����GLIIHUHQW�ODQG�XVH�W\SHV��7KLV�QXPEHU�RI�ODQG�XVH�W\SHV�FDQ�EH�H[WHQGHG�'DWD�DUH�DYDLODEOH�IRU�PRUH�ILQHO\�PHVKHG�GLVWLQFWLRQV��WKXV�OHDGLQJ�WR�XS�WR����ODQG�XVHFDWHJRULHV�
�����5HJLRQDO�FRQVWUDLQWV��VXLWDELOLW\�PDSV�DQG�JRYHUQPHQW�LQWHUYHQWLRQV�
7KH�/$1'�86(�6&$11(5�PRGHO�LV�GULYHQ�E\�RXWFRPHV�RI�RWKHU�VHFWRU�VSHFLILF�PRGHOVZKLFK�JHQHUDWH�UHVXOWV�DW�D�PXFK�ORZHU�VSDWLDO�GHWDLO��7KH�RXWFRPHV�UHODWH�WR�WKH�\HDU



�

������7KH�SURMHFWLRQV�IRU�DJULFXOWXUDO�ODQG�XVH�DQG�XUEDQ�IXQFWLRQV�KDYH�EHHQ�PDGH�IRUWKH�YDULRXV�VFHQDULRV�PHQWLRQHG�LQ�WKH�SUHFHGLQJ�VHFWLRQ��7KXV��D�FKHFN�KDV�WR�EHFRQGXFWHG�WR�HQVXUH�FRQVLVWHQF\�RI�LQSXWV��VHH�EHORZ��
3URMHFWLRQV�RI�GHPDQG�IRU�ODQG�DW�WKH�UHJLRQDO�OHYHO�DUH�DYDLODEOH�DPRQJ�RWKHUV�IRUYDULRXV�W\SHV�RI�DJULFXOWXUH�DUH�DYDLODEOH�IRU�DJULFXOWXUDO�UHJLRQV��RI�ZKLFK�WKHUH�DUH����LQ7KH�1HWKHUODQGV��)RU�UHVLGHQWLDO�DQG�LQGXVWULDO�DUHDV�SURMHFWLRQV�DUH�JLYHQ�DW�WKH�OHYHO�RIVR�FDOOHG�&2523�UHJLRQV��7KHUH�DUH����&2523�UHJLRQV�LQ�7KH�1HWKHUODQGV��)RU�QDWXUDODUHDV�UHJLRQDO�FRQVWUDLQWV�DUH�LQFOXGHG�IRU����UHJLRQV��7KH�FRQVWUDLQWV�LPSO\�WKDW�WKH�WRWDODPRXQW�RI�ODQG�XVHG�E\�QDWXUH�PXVW�EH�DW�OHDVW�WKH�DPRXQW�ZKLFK�LV�VHW�DV�D�PLQLPXPDPRXQW�IRU�HDFK�UHJLRQ�LQ�JRYHUQPHQW�SODQV�
7KH�GHPDQG�VLGH�RI�WKH�ODQG�PDUNHW�LV�UHSUHVHQWHG�E\�VXLWDELOLW\�PDSV��$�VXLWDELOLW\�PDSLV�JHQHUDWHG�IRU�HDFK�ODQG�XVH�W\SH�WR�LQGLFDWH�WKH�VXLWDELOLW\�RI�HDFK�JULG�FHOO�IRU�WKDWW\SH��7KHVH�VXLWDELOLW\�PDSV�FDQ�EH�LQWHUSUHWHG�DV�ELG�SULFHV��7KH�VXLWDELOLWLHV�GHSHQG�RQIDFWRUV�VXFK�DV�x VRLO�TXDOLW\x WUDQVLWLRQ�FRVWV��JLYHQ�SUHYLRXV�ODQG�XVHx DFFHVVLELOLW\�RI�IDFLOLWLHV�DQG�LQIUDVWUXFWXUHx DPRXQW�RI�VLPLODU�ODQG�XVH�LQ�WKH�QHLJKERXUKRRG�,Q�+LOIHULQN�DQG�5LHWYHOG��������PRUH�GHWDLOV�DUH�JLYHQ�DERXW�WKH�FRPSXWDWLRQ�RIVXLWDELOLW\�PDSV�
,Q�DGGLWLRQ�WR�VXLWDELOLWLHV�H[SUHVVLQJ�ELG�SULFHV�RI�PDUNHW�DFWRUV��JRYHUQPHQWDO�SODQQLQJUHJXODWLRQV�KDYH�DQ�LPSDFW�RQ�ODQG�XVH�GHYHORSPHQWV��7KHVH�LQFOXGH�x SROLFLHV�WRZDUGV�EXLOGLQJ�SHUPLWV�IRU�UHVLGHQWLDO�DQG�LQGXVWULDO�ODQG�XVH�x SROLFLHV�UHJDUGLQJ�WKH�SUHVHUYDWLRQ�DQG�GHYHORSPHQW�RI�QDWXUDO�DUHDV�7KHVH�SROLF\�LQWHUYHQWLRQV�FDQ�EH�LQWHUSUHWHG�DV�VXEVLGLHV�DQG�WD[HV�IRU�FHUWDLQ�W\SHV�RIODQG�XVH�VR�WKDW�WKH�ILQDO�PDUNHW�RXWFRPH�GRHV�QRW�PHUHO\�UHIOHFW�WKH�ZLOOLQJQHVV�WR�SD\�RIDFWRUV�DW�WKH�PDUNHW��$OVR�WKH�LQWHQWLRQV�RI�WKH�SXEOLF�VHFWRU�WR�VWLPXODWH�RU�GLVFRXUDJHODQG�XVH�RI�SDUWLFXODU�W\SHV�DUH�WR�VRPH�H[WHQW�UHIOHFWHG�E\�WKH�UHVXOWLQJ�ODQG�XVH�SDWWHUQV�
������0DWKHPDWLFDO�IRUPXODWLRQ�
$�FRUH�YDULDEOH�RI�WKH�PRGHO�LV�WKH�VXLWDELOLW\�VFM IRU�ODQG�XVH�RI�W\SH�M LQ�JULG�FHOO�F��7KLVVXLWDELOLW\�UHSUHVHQWV�WKH�QHW�EHQHILWV��EHQHILWV�PLQXV�FRVWV��RI�ODQG�XVH�W\SH�M LQ�FHOO�F�7KH�KLJKHU�WKH�VXLWDELOLW\�IRU�ODQG�XVH�W\SH�M��WKH�KLJKHU�WKH�SUREDELOLW\�[FM WKDW�WKH�FHOOZLOO�EH�XVHG�IRU�WKLV�W\SH��,Q�WKH�VLPSOHVW�YHUVLRQ�RI�RXU�PRGHO�ZH�XVH�D�ORJLW�W\SHDSSURDFK�WR�GHWHUPLQH�WKLV�SUREDELOLW\�� �� �[ V VFM FM

FMM
 � �¦H[SH[S 



EE IRU�DOO�F DQG�M ���



�

7KXV��ZKHQ�E LV�]HUR��DOO�W\SHV�RI�ODQG�XVH�KDYH�WKH�VDPH�SUREDELOLW\��L�H��WKH�VXLWDELOLW\IDFWRUV�VFM GR�QRW�SOD\�DQ\�UROH�LQ�GHWHUPLQLQJ�WKHVH�VKDUHV��2Q�WKH�RWKHU�KDQG��ZKHQ�EJRHV�WR�LQILQLWH��WKH�OLPLW�RI�SUREDELOLW\�WKDW�WKH�FDWHJRU\�ZLWK�WKH�KLJKHVW�VXLWDELOLW\ JHWVWKH�FHOO�LV�HTXDO�WR���,Q�WHUPV�RI�H[SHFWHG�YDOXHV��WKH�H[SHFWHG�YROXPH�RI�ODQG�XVH�/FM IRU�FDWHJRU\�M LQ�FHOO�FHTXDOV�
/ [ /FM FM F � IRU�DOO�F DQG�M ���

ZKHUH�/F GHQRWHV�WKH�WRWDO�YROXPH�RI�ODQG�LQ�FHOO�F��:LWK�HTXDOO\�VL]HG�FHOOV�/F ZRXOG�RIFRXUVH�EH�HTXDO�IRU�DOO�F��8QHTXDOO\�VL]HG�FHOOV�PD\�RFFXU�LQ�WKH�FDVH�RI�FHOOV�ORFDWHG�QHDUWKH�QDWLRQDO�ERUGHU��RU�FHOOV�EHLQJ�SDUWO\�ZDWHU��LI�D�WUDQVIHU�IURP�ZDWHU�WR�QRQ�ZDWHU�ODQGXVH�LV�QRW�DOORZHG���RU�FRQWDLQ�SUHVHW�ODQG�XVH�EDVHG�RQ�H[RJHQRXV�GDWD��VXFK�DVLQIUDVWUXFWXUH�GHYHORSPHQWV�7KH�PRGHO�DV�IRUPXODWHG�KHUH�GRHV�QRW�JXDUDQWHH�WKDW�WKH�DOORFDWLRQ�RI�VSDFH�DFURVVSRVVLEOH�ODQG�XVHV�LV�LQ�DFFRUGDQFH�ZLWK�RYHUDOO�GHPDQG�FRQGLWLRQV��7KHUHIRUH��VLGHFRQVWUDLQWV�KDYH�WR�EH�LPSRVHG�LQ�RUGHU�WR�HQVXUH�WKDW�DW�WKH�UHOHYDQW�OHYHOV�RI�DJJUHJDWLRQWRWDO�GHPDQG�LV�PHW�7KLV�OHDGV�WR�D�UHIRUPXODWLRQ�RI�WKH�PRGHO��/HW�'M EH�D�UHVWULFWLRQ�RQ�WRWDO�GHPDQG�IRUODQG�XVH�FDWHJRU\�M��,Q�DGGLWLRQ��OHW�0FM GHQRWH�WKH�H[SHFWHG�DPRXQW�RI�ODQG�LQ�FHOO�F WKDWZLOO�EH�XVHG�IRU�FDWHJRU\�M WDNLQJ�LQWR�DFFRXQW�WKH�VLGH�FRQVWUDLQWV��:H�WKHQ�DUULYH�DW�DGRXEO\�FRQVWUDLQHG�PRGHO�
0 D E VFM M F FM � � �H[SE IRU�WKH�FRQVWUDLQHG�M DQG�DOO�F ���

ZKHUH�DM DQG�EF DUH�EDODQFLQJ�IDFWRUV�VXFK�WKDW�WKH�IROORZLQJ�FRQVWUDLQWV�DUH�VDWLVILHG�
0 'FM MF  ¦ IRU�WKH�FRQVWUDLQHG�M ���
0 /FM FM  ¦ IRU�DOO�F ���

(TXDWLRQ���JXDUDQWHHV�WKDW�WKH�H[SHFWHG�DPRXQW�RI�ODQG�DOORFDWHG�IRU�ODQG�XVH�W\SH�MHTXDOV�WKH�LPSRVHG�DPRXQW�'M��,Q�DGGLWLRQ��HTXDWLRQ���LPSOLHV�WKDW�WKH�VXP�RI�WKHH[SHFWHG�YROXPHV�RI�WKH�YDULRXV�ODQG�XVH�W\SHV�SHU�FHOO�LV�HTXDO�WR�WKH�WRWDO�DUHD�RI�HDFKFHOO��:H�XVH�WKH�H[SUHVVLRQ��IRU�WKH�FRQVWUDLQHG�M��ZKHQ�DQ�DJJUHJDWH�FRQVWUDLQW KDV�EHHQIRUPXODWHG�IRU�WKH�SDUWLFXODU�ODQG�XVH�W\SH�M��,W�LV�FOHDU�WKDW�WKH�FRQVWUDLQWV�PD\�LPSO\�WKDWQR�IHDVLEOH�VROXWLRQ�H[LVWV��7KLV�FDQ�EH�FKHFNHG�E\�VHHNLQJ�IRU�D�VWDUWLQJ�VROXWLRQ�RI�WKHV\VWHP�LQ�D�OLQHDU�SURJUDPPLQJ�FRQWH[W��:KHQ�QR�IHDVLEOH�VROXWLRQ�LV�IRXQG��WKHDJJUHJDWH�FRQVWUDLQWV�KDYH�WR�EH�UHFRQVLGHUHG�EHIRUH�WKH�PRGHO�FDQ�EH�XVHG��)RU�WKRVHODQG�XVH�W\SHV�M IRU�ZKLFK�QR DJJUHJDWH�FRQVWUDLQW DSSOLHV�ZH�DUULYH�DW�
0 E VFM F FM � �H[SE IRU�XQFRQVWUDLQHG�M DQG�DOO�F ��
�
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XQGHU�FRQVWUDLQW�����VR�WKDW�ZH�PD\�FRQFOXGH�WKDW�LQ�WKLV�FDVH� D M KDV�EHHQ�VHW�HTXDO�WR���1RWH�WKDW�LQ�WKH�H[WUHPH�FDVH�WKDW�QRQH�RI�WKH�ODQG�XVH�W\SHV�KDV�DQ\�DJJUHJDWH�FRQ�VWUDLQWV��ZH�KDYH� 0 /FM FM IRU�DOO�F DQG�M��DQG� � �E / VF F
FMM

 �¦H[S 

 E IRU�DOO�F�
�����%DODQFLQJ�IDFWRUV�7KH�DERYH�UHIRUPXODWLRQ�DV�D�GRXEO\�FRQVWUDLQHG�ODQG�XVH�PRGHO�LV�KHOSIXO�IRU�DQ�XQGHU�VWDQGLQJ�RI�WKH�VWUXFWXUH�RI�WKH�PRGHO��7KH�VWUXFWXUH�RI�WKH�PRGHO�LV�TXLWH�VLPLODU�WRGRXEO\�FRQVWUDLQHG�VSDWLDO�LQWHUDFWLRQ�PRGHOV�XVHG�LQ�WUDQVSRUWDWLRQ�UHVHDUFK��VHH�IRUH[DPSOH�)RWKHULQJKDP�DQG�2
.HOO\���������:H�QRZ�WXUQ�WR�WKH�LQWHUSUHWDWLRQ�RI�WKHEDODQFLQJ�IDFWRUV��)URP�HTXDWLRQV���������LW�IROORZV�WKDW�� �E /D VF F

M FMM
 � �¦ H[S E IRU�DOO�F ��D�

� �D 'E VM M
F FMF

 � �¦ H[S E IRU�WKH�FRQVWUDLQHG�M ��E�
D M  �� IRU�WKH�RWKHU�M ��F�� �E VF FMF � �¦ H[S E FDQ�EH�LQWHUSUHWHG�DV�WKH�DJJUHJDWH�VXLWDELOLW\�RI�ODQG�IRU�ODQG�XVH�W\SH�M�ZKHQ�WKH�VXLWDELOLW\�RI�ODQG�XVH�W\SH�M ZRXOG�EH�ORZ�LQ�WHUPV�RI�VFM��WKH�YDOXH�RI�WKHGHQRPLQDWRU�LQ���E��LV�ORZ�DV�ZHOO��7KH�EDODQFLQJ�IDFWRU� D M LV�KLJK�ZKHQ�D�KLJKFRQVWUDLQW�'M LV�FRPELQHG�ZLWK�D�ORZ�DJJUHJDWH�VXLWDELOLW\�

,Q�D�VLPLODU�ZD\� � �D VM FMM � �¦ H[S E LQ���D��FDQ�EH�LQWHUSUHWHG�DV�D�PHDVXUH�RI�GHPDQG�IRUODQG�XVH�LQ�FHOO�F��$�KLJK�YDOXH�RI�WKLV�H[SUHVVLRQ�PHDQV�WKDW�WKH�GHPDQG�IRU�WKH�ODQG�LQFHOO�F IRU�WKH�YDULRXV�ODQG�XVH�W\SHV��WDNLQJ�LQWR�DFFRXQW�WKH�XUJHQF\�RI�WKH�ODQG�XVH�W\SHVDV�UHSUHVHQWHG�E\� D M ��LV�UHODWLYHO\�KLJK��,W�OHDGV�WR�D�ORZ�YDOXH�RI�WKH�EDODQFLQJ�IDFWRU�EF�DQG�WKXV�HQVXUHV�WKDW�LQ�HTXDWLRQ�����WKH�WRWDO�DPRXQW�RI�ODQG�ILQDOO\�DOORFDWHG�LQ�FHOO�FGRHV�QRW�H[FHHG�WKH�VXSSO\�RI�DYDLODEOH�ODQG�/F��7KXV��WKH�VROXWLRQ�RI�WKH�GRXEO\FRQVWUDLQHG�PRGHO�\LHOGV�DV�D�VLGH�SURGXFW�WKH�VKDGRZ�SULFHV�RI�ODQG�LQ�WKH�FHOOV�$QRWKHU�ZD\�WR�LQWHUSUHW�WKH�EDODQFLQJ�IDFWRUV�LV�WR�UHZULWH�HTXDWLRQ�����DV�> @� �0 V D EFM FM M F � � � � �� �H[S ORJ� � ORJ� �E E E� �IRU�WKH�FRQVWUDLQHG�M DQG�DOO�F ��

�
$�ODUJH�YDOXH�RI� D M LPSOLHV�D�VWURQJ�SUHVVXUH�RQ�ODQG�XVH�W\SH�M��,W�FDQ�EH�LQWHUSUHWHG�DV�DVXEVLG\�WR�WKLV�W\SH�RI�ODQG�XVH��WKH�VXEVLG\�LV�JLYHQ�WR�HQVXUH�WKDW�WKH�DJJUHJDWH�WDUJHW



��

IRU�ODQG�XVH�W\SH�M LV�DFKLHYHG��7KH�UHYHUVH�FDVH�LV�D�VPDOO�YDOXH�IRU� D M ��WKLV�FDQ�EHLQWHUSUHWHG�DV�D�WD[�RQ�WKLV�ODQG�XVH�W\SH�WR�SUHYHQW�WKDW�H[FHVV�RI�WKH�UHODWHG�WDUJHW��1RWHWKDW�WKH�FDVH�LQ�EHWZHHQ�RFFXUV�ZKHQ� D M HTXDOV����LPSO\LQJ�ORJ� D M � ��,Q�RUGHU�WR�FODULI\�WKH�UROH�RI�WKH�EDODQFLQJ�IDFWRUV��ZH�SHUIRUP�WKH�IROORZLQJWUDQVIRUPDWLRQ�RQ���

���'HILQH�ODQG�XVH�SULFH�SF LQ�FHOO�F DV������E��ORJ�EF��DQG�SULFH�OM IRUFRQVWUDLQW�M DV�����E��ORJ� D M ���QRZ�0FM FDQ�EH�FRQVLGHUHG�DV�D�GHPDQG�IXQFWLRQ�RI�ODQGXVH�SULFH�SF�
0FM��SF �� �H[S��E ��VFM ��OM ��SF � ��


�

7KLV�IRUPXODWLRQ�DOVR�VKHGV�OLJKW�RQ�WKH�EF IDFWRU��$�KLJK�YDOXH�RI�EF PHDQV�WKDW�XVH�RIFHOO�F LV�GLVFRXUDJHG��,W�FDQ�WKHUHIRUH�EH�LQWHUSUHWHG�DV�DQ�LQGLFDWRU�RI�GHPDQG�VXSSO\FRQGLWLRQV�LQ�HDFK�FHOO�$Q�LQFUHDVH�LQ�WKH�DJJUHJDWH�GHPDQG�RI�FDWHJRU\�M ZLOO�OHDG�WR�D�VKLIW�LQ�ODQG�XVH�LQ�WKHIROORZLQJ�ZD\��7KH�KLJKHU�YDOXH�RI�'M ZLOO�OHDG�WR�D�KLJKHU�EDODQFLQJ�IDFWRU� D M ��ZKLFKZLOO�OHDG�WR�D�FRUUHVSRQGLQJ�LQFUHDVH�LQ�WKH�H[SHFWHG�ODQG�XVH�LQ�WKH�YDULRXV�JULGVGHSHQGLQJ�RQ�WKH�UHODWLYH�VXLWDELOLW\�RI�WKH�JULGV�IRU�WKH�YDULRXV�W\SHV�RI�ODQG�XVH�
�����([WHQVLRQV�WR�WKH�GRXEO\�FRQVWUDLQHG�ODQG�XVH�PRGHO
,Q�UHDOLW\�WKH�PRGHO�LV�PRUH�FRPSOH[�WKDQ�SUHVHQWHG�KHUH��2QH�FRPSOLFDWLRQ�LV�WKDW�WKHFRQVWUDLQWV�DUH�QRW�DOZD\V�LQ�WHUPV�RI�HTXDOLWLHV��EXW�LQ�WHUPV�RI�LQHTXDOLWLHV��&RQVLGHU�WKHFRQVWUDLQW�WKDW�

0 'FM MF t¦ ��
�
7KHQ�LQ�WKH�FDVH�ZKHQ�WKH�FRQVWUDLQW�LV�QRW�ELQGLQJ��ZH�KDYH� D M  ���DQG�ZKHQ�WKHFRQVWUDLQW�LV�ELQGLQJ�ZH�KDYH� D M DV�GHILQHG�LQ���E���7KXV��LQ�WKLV�FDVH�ZH�DUULYH�DW�

� �D 'E VM M
F FMF

 � �
­®°°̄

½¾°¿°¦PD[ � H[S� E IRU�DOO�ORZHU�ERXQGHG�M ���
,Q�WKH�FDVH�RI�DQ�d FRQVWUDLQW�ZH�DUULYH�DW�� �D 'E VM M

F FMF
 � �

­®°°̄
½¾°¿°¦PLQ � H[S� E IRU�DOO�XSSHU�ERXQGHG�M ���

$QRWKHU�FRPSOLFDWLRQ�LV�WKDW�WKH�DJJUHJDWH�FRQVWUDLQWV�QRW�RQO\�IXQFWLRQ�DW�WKH�OHYHO�RI�WKHFRXQWU\��EXW�DOVR�DW�YDULRXV�UHJLRQDO�OHYHOV��7KLV�PHDQV�IRU�H[DPSOH�WKDW�SRSXODWLRQSUHGLFWLRQV�KDYH�EHHQ�PDGH�IRU�ODERXU�PDUNHW�UHJLRQV��RU�WKDW�DJULFXOWXUDO�SURGXFWLRQ�KDVEHHQ�SUHGLFWHG�DW�WKH�OHYHO�RI�DJULFXOWXUDO�DUHDV��7KLV�OHDGV�WR�DQ�H[WHQGHG�YHUVLRQ�RI�WKHPRGHO�ZKHUH�WKH�EDODQFLQJ�IDFWRU� D M EHFRPHV�VSHFLILF�IRU�HDFK�UHJLRQ�IRU�ZKLFK�DFRQVWUDLQW�KDV�EHHQ�IRUPXODWHG�
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6ROXWLRQ�RI�WKH�PRGHO�LV�GRQH�LQ�DQ�LWHUDWLYH�ZD\��,Q�WKH�FDVH�RI�HTXDOLW\�FRQVWUDLQWV��LWRQO\�ERLOV�GRZQ�WR�ILQGLQJ�WKH�YDOXHV�RI� D M DQG�EF LQ�HTXDWLRQV���D�F��%HJLQQLQJ�ZLWK�DUELWUDU\�YDOXHV�IRU�WKH� D M ��RQH�FDQ�FRPSXWH�WKH�UHVXOWLQJ�YDOXHV�IRU�EFE\�PHDQV�RI���D���7KHQ�WKHVH�EF YDOXHV�DUH�IHG�LQWR�HTXDWLRQ���E��OHDGLQJ�WR�UHYLVHGYDOXHV�IRU� D M �,Q�WKH�FDVH�ZKHUH�VRPH�RI�WKH�FRQVWUDLQWV�DUH�LQ�WHUPV�RI�LQHTXDOLWLHV��RQH�VKRXOG�XVHHTXDWLRQV�����DQG�����LQVWHDG�RI���E���2QFH�WKHVH�IDFWRUV�KDYH�EHHQ�GHWHUPLQHG��WKHLPSOLHG�ODQG�XVH�SDWWHUQ�FDQ�HDVLO\�EH�IRXQG�E\�PHDQV�RI�HTXDWLRQ�����
����,QWHUSUHWDWLRQ�LQ�WHUPV�RI�PDUNHW�HTXLOLEULD�
,Q�VHFWLRQ���ZH�LQGLFDWHG�WKDW�WKH�ODQG�XVH�VFDQQHU�PRGHO�EHORQJV�WR�WKH�FODVV�RIHTXLOLEULXP�PRGHOV��(TXLOLEULXP�WDNHV�SODFH�DW�WKH�PDFUR�OHYHO��DJJUHJDWH�VXSSO\�IRU�ODQGLV�JLYHQ��LW�LV�DVVXPHG�WR�EH�LQHODVWLF��DQG�DJJUHJDWH�GHPDQG�IRU�ODQG�IRU�YDULRXV�ODQG�XVHW\SHV�LV�DOVR�JLYHQ�DW�WKH�OHYHO�RI�UHJLRQV��,QHTXDOLW\�FRQVWUDLQWV��VHH�HTXDWLRQ��¶��HQVXUHWKDW�DJJUHJDWH�GHPDQG�GRHV�QRW�H[FHHG�DJJUHJDWH�VXSSO\��3ULFHV�GR�QRW�SOD\�D�UROH�DW�WKHDJJUHJDWH�OHYHO�LQ�WKH�SUHVHQW�YHUVLRQ�RI�WKH�PRGHO�VLQFH�ERWK�GHPDQG�DQG�VXSSO\�DUHSULFH�LQHODVWLF�DW�WKLV�OHYHO��)XWXUH�GHYHORSPHQW�RI�WKH�PRGHO�PD\�OHDG�WR�WKHVSHFLILFDWLRQ�RI�HODVWLF�GHPDQG�IXQFWLRQV�DW�WKH�DJJUHJDWH�OHYHO�
$OVR�DW�WKH�OHYHO�RI�LQGLYLGXDO�FHOOV�GHPDQG�DQG�VXSSO\�RI�ODQG�DUH�LQ�HTXLOLEULXP��VHHHTXDWLRQ�����%DODQFLQJ�IDFWRUV�DUH�XVHG�WR�DFKLHYH�WKLV��7KHVH�EDODQFLQJ�IDFWRUV�FDQ�EHLQWHUSUHWHG�LQ�WHUPV�RI�VKDGRZ�SULFHV��VHH��¶¶¶���&HOOV�ZLWK�KLJK�VXLWDELOLW\�IRU�YDULRXVW\SHV�RI�ODQG�XVH�ZLOO�KDYH�D�KLJK�VKDGRZ�SULFH�WR�HQVXUH�WKDW�GHPDQG�GRHV�QRW�H[FHHGVXSSO\��1RWH�IRU�H[DPSOH�WKDW�LQ��¶¶¶�WKH�VKDGRZ�SULFH�SF IXQFWLRQV�DV�D�FRUUHFWLRQ�IDFWRUIRU�D�KLJK�OHYHO�RI�VXLWDELOLW\�VFM�
���$Q�DQDO\VLV�RI�FKDQJHV�LQ�UHVLGHQWLDO�ODQG�XVH����������
,Q�WKLV�VHFWLRQ�ZH�GLVFXVV�WKH�HVWLPDWLRQ�RI�VXLWDELOLW\�LQGLFDWRUV�IRU�KRXVLQJ��7KLV�ZLOO�EHGRQH�IRU�WKH�SHULRG������������,Q�WKH�QH[W�VHFWLRQ�WKH�RXWFRPHV�RI�WKLV�HVWLPDWLRQ�ZLOO�EHXVHG�IRU�D�VLPXODWLRQ�GXULQJ�WKH�SHULRG������������5HVLGHQWLDO�FRQVWUXFWLRQ�LQ�7KH1HWKHUODQGV�LV�VXEMHFW�WR�WZR�PDLQ�IRUFHV��WKH�SUHIHUHQFHV�RI�WKH�UHVLGHQWV�DQG�WKHGLUHFWLRQV�RI�WKH�QDWLRQDO�DQG�UHJLRQDO�JRYHUQPHQWV��(VSHFLDOO\�LQ�WKH�:HVWHUQ�SDUW�RI�WKHFRXQWU\�WKH�JRYHUQPHQW�SOD\V�DQ�LPSRUWDQW�UROH�E\�FRPPDQGLQJ�UHVLGHQWLDO�FRQVWUXFWLRQDW�FHUWDLQ�QHZ�WRZQV�DQG�E\�GLVFRXUDJLQJ�XUEDQ�VSUDZO��,W�LV�LPSRVVLEOH�WR�VHSDUDWH�WKHWZR�GULYLQJ�IRUFHV��7KLV�PHDQV�WKDW�WKH�HVWLPDWLRQV�RI�GHWHUPLQDQWV�RI�UHVLGHQWLDOFRQVWUXFWLRQ�UHIOHFW�D�PL[WXUH�RI�SULYDWH�VHFWRU�SUHIHUHQFHV�DQG�SXEOLF�VHFWRU�REMHFWLYHV�
7KH�GDWD�RQ�ZKLFK�WKH�HVWLPDWLRQV�DUH�EDVHG�UHODWH�WR�WKH�JURZWK�RI�WKH�KRXVLQJ�VWRFN�LQJULGV��:H�FRQVLGHU�WKH�VSDFH�DYDLODEOH�IRU�UHVLGHQWLDO�FRQVWUXFWLRQ�LQ������LQ�HDFK�JULGFHOO�DV�D�VWDUWLQJ�SRLQW��6LQFH�ZH�FRQVLGHU�RQO\�RSHQ�VSDFH�WKH�SRVVLELOLWLHV�IRU�UHVLGHQWLDOFRQVWUXFWLRQ�ZLWKLQ�XUEDQ�DUHDV�DUH�ORZ��7KH�GHSHQGHQW�YDULDEOH�LQ�WKH�DQDO\VLV�LV�WKHVKDUH�RI�DYDLODEOH�ODQG�LQ�HDFK�WKDW�LV�XOWLPDWHO\�XVHG�IRU�UHVLGHQWLDO�FRQVWUXFWLRQ��)RU
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GHWDLOV�RQ�WKH�HVWLPDWLRQ�SURFHGXUH�ZH�UHIHU�WR�:DJWHQGRQN�DQG�5LHWYHOG���������7KHIROORZLQJ�W\SHV�RI�IDFWRUV�DUH�DVVXPHG�WR�SOD\�D�UROH�LQ�WKH�DWWUDFWLYHQHVV�RI�UHVLGHQWLDOORFDWLRQ�x DFFHVVLELOLW\�RI�ZRUN�ORFDWLRQVx SUR[LPLW\�RI��RWKHU�UHVLGHQWLDO�DUHDVx DFFHVVLELOLW\�RI�QDWXUDO�DUHDVx GLVWDQFH�WR�KLJKZD\�DFFHVV�SRLQWV�DQG�WR�UDLOZD\�VWDWLRQVx SUHVHQFH�RI�KLJKZD\V�DQG�UDLOZD\�OLQHV�LQ�D�JULG�
7KH�DFFHVVLELOLW\�RI�ZRUN�ORFDWLRQV LV�WDNHQ�LQWR�DFFRXQW�E\�FRPSXWLQJ�IRU�HDFK�JULG�FHOOWKH�ZHLJKHG�VXP�RI�WKH�QXPEHU�RI�MREV�LQ�WKH�JULGV�XQWLO�D�GLVWDQFH�RI����NP��)RU�WKHZHLJKWV�GLVWDQFH�GHFD\�IDFWRUV�DUH�XVHG�WKDW�KDYH�EHHQ�FDOLEUDWHG�IRU�FRPPXWLQJ�WULSV�$FFHVVLELOLW\�LQGLFDWRUV�KDYH�EHHQ�FRPSXWHG�IRU�YDULRXV�W\SHV�RI�MREV��,W�DSSHDUV�WKDWWKHVH�DUH�KLJKO\�FRUUHODWHG��LPSO\LQJ�D�PXOWL�FROOLQHDULW\�SUREOHP��7KHUHIRUH�LW�GRHV�QRWPDNH�VHQVH�WR�LQFOXGH�DFFHVVLELOLW\�IRU�VHYHUDO�W\SHV�RI�MREV�LQ�WKH�VDPH�UHJUHVVLRQ�
3UR[LPLW\�WR�RWKHU�UHVLGHQWLDO�DUHDV LV�XVHG�WR�UHIOHFW�SUHIHUHQFHV�RI�UHVLGHQWV�WR�OLYH�LQSODFHV�ZKHUH�WKHUH�LV�VXIILFLHQW�VXSSO\�RI�XUEDQ�IDFLOLWLHV�DQG�WKH�SXEOLF�VHFWRU�REMHFWLYHWR�SUHYHQW�XUEDQ�VSUDZO��7KH�ODWWHU�PHDQV�WKDW�UHVLGHQWLDO�FRQVWUXFWLRQ�LV�VWLPXODWHG�WRWDNH�SODFH�LQ�D�VSDWLDOO\�FRQFHQWUDWHG�IRUP��LQ�RSHQ�VSDFHV�ZLWKLQ�XUEDQ�DUHDV�DQG�QHDUH[LVWLQJ�UHVLGHQWLDO�DUHDV��7KLV�YDULDEOH�LV�PHDVXUHG�E\�FRPSXWLQJ�IRU�HDFK�JULG�FHOO�WKHWRWDO�DUHD�XVHG�IRU�UHVLGHQWLDO�SXUSRVHV�LQ�WKH���FRQWLJXRXV�JULGV��$�UHODWHG�LQGLFDWRU�LV�WKHLQWURGXFWLRQ�RI�D�GXPP\�IRU�QHZ�WRZQV�LQ�WKRVH�JULGV�ZKHUH�WKH�QDWLRQDO�JRYHUQPHQW�KDVSODQQHG�WKH�ORFDWLRQ�RI�D�QHZ�WRZQ�
$FFHVVLELOLW\�RI�QDWXUDO�DUHDV LV�LQFOXGHG�WR�WDNH�LQWR�DFFRXQW�WKH�QDWXUDO�YDOXHV�LQ�WKHVXUURXQGLQJV�RI�JULGV��)RU�HDFK�JULG�FHOO�WKH�VXUIDFHV�RI�IRUHVW�DUHDV�DQG�ZHWODQGV�ZLWKLQ�DFLUFOH�RI����NPV�DUH�FRPSXWHG��7KHVH�VXUIDFHV�DUH�ZHLJKWHG�E\�PHDQV�RI�GLVWDQFH�GHFD\IDFWRUV�LQ�D�VLPLODU�ZD\�DV�ZLWK�WKH�DFFHVVLELOLW\�RI�MREV�$V�D�QHJDWLYH�LQGLFDWRU�RI�WKH�TXDOLW\�RI�WKH�QDWXUDO�HQYLURQPHQW�LQ�D�JULG�FHOO�ZHLQWURGXFH�WKH�SUHVHQFH�RI�LQIUDVWUXFWXUH �KLJKZD\V�DQG�UDLOZD\�OLQHV���:H�H[SHFW�WKDW�WKHQRLVH�SUREOHPV�LQYROYHG�ZLOO�GLVFRXUDJH�GHYHORSHUV�WR�EXLOG�UHVLGHQFHV�LQ�VXFK�D�JULG��2IFRXUVH�LQIUDVWUXFWXUH�DOVR�\LHOGV�DFFHVVLELOLW\��EXW�WKLV�LV�QRW�QHFHVVDULO\�FRUUHODWHG�ZLWKWKH�SUHVHQFH�RI�WKHVH�LQIUDVWUXFWXUHV�LQ�D�JULG��EHFDXVH�WKH\�GHSHQG�PRUH�LQ�SDUWLFXODU�RQWKH�ORFDWLRQ�RI�KLJKZD\�DFFHVV�SRLQWV�DQG�UDLOZD\�VWDWLRQV��7KLV�LV�UHIOHFWHG�E\�WKH�QH[WLQGLFDWRU�
'LVWDQFH�WR�KLJKZD\�DFFHVV�SRLQWV�DQG�WR�UDLOZD\�VWDWLRQV� 7KHVH�YDULDEOHV�DUH�PHDVXUHGYLD�WKH�GLVWDQFH�WR�WKH�QHDUHVW�KLJKZD\�DFFHVV�SRLQW�DQG�WKH�QHDUHVW�UDLOZD\�VWDWLRQ��7KH\DUH�JHQHUDO�LQGLFDWRUV�RI�WKH�DSSUHFLDWLRQ�RI�FRQVXPHUV�WR�OLYH�DW�ORFDWLRQV�WKDW�RIIHU�WKHPHDV\�DFFHVV�WR�KLJK�TXDOLW\�WUDQVSRUW�QHWZRUNV�
7KH�DQDO\VLV�KDV�EHHQ�FDUULHG�RXW�IRU�WZR�W\SHV�RI�GZHOOLQJV��RQH�GZHOOLQJ�KRXVHV�DQGPXOWLSOH�GZHOOLQJ�KRXVHV���7KH�PXOWLSOH�GZHOOLQJ�KRXVHV�DUH�PDLQO\�IRXQG�LQ�XUEDQ�DUHDV�$QRWKHU�GLVWLQFWLRQ�XVHG�LV�WKH�RQH�EHWZHHQ�WKH�PRVW�XUEDQLVHG�DUHD��5DQGVWDG�+ROODQG
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DQG�WKH�UHVW�RI�WKH�FRXQWU\��7KH�UHDVRQ�LV�WKDW�LQ�WKH�IRUPHU�SDUW�WKH�GHJUHH�RI�JRYHUQPHQWLQWHUYHQWLRQ�LV�PXFK�KLJKHU��7KXV�ZH�DUULYH�DW�IRXU�GLIIHUHQW�VHJPHQWV�IRU�ZKLFKHVWLPDWLRQV�KDYH�EHHQ�FDUULHG�RXW��7KH�UHVXOWV�DUH�VXPPDULVHG�LQ�7DEOH���
:H�ILQG�WKDW�LQ�5DQGVWDG�DFFHVVLELOLW\�RI�MREV�GLG�QRW�SOD\�D�UROH�IRU�RQH�GZHOOLQJ�KRXVHV�$�SRVVLEOH�H[SODQDWLRQ�LV�WKDW�ZLWKLQ�WKLV�KLJKO\�XUEDQLVHG�DUHD�DFFHVVLELOLW\�RI�MREV�LVKLJK�DQ\ZKHUH�VR�WKDW�D�QHJOLJLEOH�LPSDFW�UHVXOWV��)RU�WKH�RWKHU�WKUHH�PDUNHW�VHJPHQWVFRQVLGHUHG�WKH�DFFHVVLELOLW\�RI�MREV�GLG�SOD\�D�UROH�LQ�UHVLGHQWLDO�FRQVWUXFWLRQ�GXULQJ�WKHSHULRG�FRQVLGHUHG��$FFHVVLELOLW\�RI�ZHWODQGV�DQG�IRUHVW�DUHDV�DSSHDUV�WR�SOD\�D�UROH�LQ�DOOPDUNHW�VHJPHQWV��ZLWK�RQH�H[FHSWLRQ�ZH�ILQG�WKDW�UHVLGHQWLDO�FRQVWUXFWLRQ�LV�VWLPXODWHGE\�WKH�SUHVHQFH�RI�QDWXUDO�DUHDV�LQ�WKH�UHJLRQ��$OVR�WKH�RWKHU�HQYLURQPHQWDO�LQGLFDWRUV�SUHVHQFH�RI�KLJKZD\V�DQG�UDLOZD\V��KDYH�WKH�H[SHFWHG�VLJQV��,Q�JULG�FHOOV�ZKHUH�WKHVHLQIUDVWUXFWXUHV�DUH�SUHVHQW�WKH�SUREDELOLW\�WKDW�RSHQ�ODQG�ZLOO�EH�FRQYHUWHG�LQWR�UHVLGHQWLDOXVH�LV�VPDOOHU�WKDQ�LQ�RWKHU�UHJLRQV��'LVWDQFHV�WR�UDLOZD\�VWDWLRQV�WHQG�WR�KDYH�D�QHJDWLYHLPSDFW�RQ�WKH�SUREDELOLW\�RI�UHVLGHQWLDO�FRQVWUXFWLRQ�LQ�D�]RQH��7KLV�FDQ�SDUWO\�EHH[SODLQHG�E\�JRYHUQPHQWDO�SROLFLHV�WR�VWLPXODWH�UHVLGHQWLDO�FRQVWUXFWLRQ�QHDU�UDLOZD\VWDWLRQV��$V�LQGLFDWHG�E\�5LHWYHOG��������VXFK�D�SROLF\�RI�EXLOGLQJ�QHDU�UDLOZD\�VWDWLRQVFHUWDLQO\�PDNHV�VHQVH�JLYHQ�WKH�LPSRUWDQFH�RI�QRQ�PRWRULVHG�WUDQVSRUW�PRGHV�DV�DFFHVVPRGHV�WR�WKH�UDLOZD\�QHWZRUN��)RU�KLJKZD\V�GLVWDQFH�GRHV�QRW�SOD\�VXFK�D�FOHDU�UROH�DV�DGHWHUPLQDQW�RI�UHVLGHQWLDO�FRQVWUXFWLRQ�
6SDWLDO�SDWWHUQV�RI�H[LVWLQJ�GZHOOLQJV�KDYH�D�YHU\�VWURQJ�LPSDFW�RQ�UHVLGHQWLDOFRQVWUXFWLRQ��7DEOH���VKRZV�IRU�DOO�PDUNHW�VHJPHQWV�WKDW�QHZ�UHVLGHQFHV�WHQG�WR�EH�EXLOWLQ�WKH�LPPHGLDWH�QHLJKERXUKRRG�RI�H[LVWLQJ�UHVLGHQWLDO�DUHDV��,Q�DGGLWLRQ�WR�H[LVWLQJUHVLGHQWLDO�DUHDV�QHZ�WRZQV�DSSHDU�WR�SOD\�DQ�LPSRUWDQW�UROH�LQ�UHVLGHQWLDO�FRQVWUXFWLRQEHWZHHQ������DQG�������)RU�DOO�PDUNHW�VHJPHQWV�WKH�DVVLJQPHQW�RI�D�QHZ�WRZQ��RUJURZWK�FHQWUH��VWDWXV�KDV�OHG�WR�D�VWURQJ�LQFUHDVH�LQ�UHVLGHQWLDO�FRQVWUXFWLRQ�LQ�WKH�JULGFHOOV�FRQFHUQHG�
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2QH�GZHOOLQJ�KRXVH 0XOWLSOH�GZHOOLQJ�KRXVH5DQGVWDG+ROODQG 2WKHU�UHJLRQV 5DQGVWDG+ROODQG 2WKHU�UHJLRQV
% 7�YDOXH % 7�YDOXH % 7�YDOXH % 7�YDOXH

,QWHUFHSW ����� ������ ������ ������ ������ ������ ������ ������,QGXVWU\ QRW�DSSOLFDEOH QRW�DSSOLFDEOH ���� ����� QRW�DSSOLFDEOH.QRZOHGJHVHUYLFHV QRW�DSSOLFDEOH ���� ����� QRW�DSSOLFDEOH ���� ����
)RUHVW�IRU�OHLVXUHSXUSRVHV ����� ����� ���� ���� ���� ���� QRW�DSSOLFDEOH
:HWODQGV QRW�DSSOLFDEOH QRW�DSSOLFDEOH ���� ���� ���� ����+LJKZD\V ����� ����� ����� ����� ����� ����� ����� �����5DLOZD\V ����� ����� ���� ��� ����� ����� ����� �����+LJKZD\DFFHVVHV ���� ���� ���� ���� ����� ������ QRW�DSSOLFDEOH
5DLOZD\�VWDWLRQV ����� ������ ����� ����� ���� ���� ����� ������*URZWK�FHQWHUV ���� ����� ���� ����� ���� ����� ��� �����2QH�IDPLO\GZHOOLQJV ���� ����� ���� ����� ���� ����� ���� �����
0XOWLSOH�IDPLO\GZHOOLQJV ���� ���� ���� ����� ���� ����� ���� �����3VHXGR�5� ���� ���� ���� ����
7DEOH����3DUDPHWHUV�RI�WKH�IRXU�UHJUHVVLRQ�HTXDWLRQV�WKDW�H[SODLQ�WKH�ORFDWLRQ�RI�QHZUHVLGHQWLDO�DUHDV�RYHU�WKH�SHULRG�������������
�� 6LPXODWLRQ�RI�IXWXUH�ODQG�XVH
%DVHG�RQ�HVWLPDWHV�RI�VXLWDELOLWLHV�IRU�YDULRXV�W\SHV�RI�ODQG�XVH�DQG�RQ�QDWLRQDO�DQGUHJLRQDO�WRWDOV�IRU�FHUWDLQ�W\SHV�RI�ODQG�ZH�KDYH�VLPXODWHG�WKH�GHYHORSPHQWV�RI�IXWXUHODQG�XVH��:H�VWDUW�ZLWK�D�GLVFXVVLRQ�RI�ODQG�IRU�UHVLGHQWLDO�SXUSRVHV������5HVLGHQWLDO�ODQG�XVH
7KH�SDWWHUQ�LOOXVWUDWHG�E\�)LJXUH���XQGHUOLQHV�WKH�VWURQJ�SRVLWLRQ�RI�WKH�FXUUHQW�ODUJHFLWLHV�LQ�7KH�1HWKHUODQGV���$PVWHUGDP��5RWWHUGDP��7KH�+DJXH�DQG�8WUHFKW��LQ�WKH&HQWUDO�DQG�:HVWHUQ�SDUW�RI�WKH�FRXQWU\��*LYHQ�WKH�FRQFHQWUDWLRQ�RI�ZRUN�ORFDWLRQV�LQWKHVH�DUHDV�LW�LV�KHUH�ZKHUH�WKH�KLJKHVW�SUREDELOLWLHV�FDQ�EH�IRXQG�WKDW�RSHQ�VSDFH�LV�XVHGIRU�WKH�FRQVWUXFWLRQ�RI�QHZ�KRXVLQJ��,Q�DGGLWLRQ��WKHUH�LV�D�FRQVLGHUDEOH�QXPEHU�RIPHGLXP�VL]HG�FLWLHV�WKDW�DSSHDU�WR�EH�DWWUDFWLYH�ORFDWLRQV�IRU�UHVLGHQWLDO�DFWLYLWLHV��$GLIIHUHQFH�EHWZHHQ�VLQJOH�DQG�PXOWLSOH�IDPLO\�GZHOOLQJV�LV�WKDW�WKH�ODWWHU�DUH�H[SHFWHG�WREH�PXFK�PRUH�FRQFHQWUDWHG�LQ�WKH�XUEDQ�DUHDV��7KLV�PDNHV�VHQVH�JLYHQ�WKH�KLJKHU�ODQGSULFHV��WKH�VPDOOHU�KRXVHKROG�VL]H�DQG�WKH�ORZHU�LQFRPH�OHYHOV�XVXDOO\�REVHUYHG�LQ�XUEDQDUHDV�LQ�7KH�1HWKHUODQGV�3DUW�RI�)LJXUH���LV�EDVHG�RQ�JRYHUQPHQW�SODQV�LQ�SK\VLFDO�SODQQLQJ�WKDW�KDYH�EHHQIRUPXODWHG�LQ�HDUOLHU�VWDJHV�DQG�WKDW�KDYH�QRW�\HW�EHHQ�LPSOHPHQWHG��EXW�ZKHUH�WKH
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UHDOLVDWLRQ�LV��DOPRVW��VXUH���$QRWKHU�SDUW�RI�)LJXUH���LV�EDVHG�RQ�WKH�PRGHO�SDUDPHWHUVHVWLPDWHG�LQ�7DEOH����7KLV�PHDQV�WKDW�ZH�DVVXPH�WKDW�WKH�SDUDPHWHUV�HVWLPDWHG�IRU�WKHSHULRG�EHWZHHQ������DQG������DOVR�KROG�IRU�WKH�SHULRG�DIWHU�LW��)RU�H[DPSOH��ZH�DVVXPHWKDW�WKH�UROH�RI�WKH�DWWUDFWLRQ�RI�SUR[LPLW\�WR�ZRUN�ORFDWLRQV�LQ�UHVLGHQWLDO�FRQVWUXFWLRQUHPDLQV�XQFKDQJHG�GXULQJ�WKH�SHULRGV�FRQVLGHUHG��2WKHU�DVVXPSWLRQV�FRXOG�RI�FRXUVHKDYH�EHHQ�IRUPXODWHG��)RU�H[DPSOH��RQH�PLJKW�FRQMHFWXUH�WKDW�SUR[LPLW\�WR�ZRUNORFDWLRQV�EHFRPHV�OHVV�LPSRUWDQW�LQ�YLHZ�RI�WKH�SRWHQWLDO�RI�,&7�LQGXFHG�WHOHFRPPXWLQJ�:H�KDYH�DEVWDLQHG�IURP�VXFK�D�EURDG�DQDO\VLV�RI�SRVVLEOH�IXWXUHV��7KXV�WKH�UHVXOWVSUHVHQWHG�KHUH�DUH�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�SUHIHUHQFHV�RI�SK\VLFDO�SODQQHUV��UHDOHVWDWH�GHYHORSHUV�DQG�SXEOLF�VHFWRU�UHPDLQ�XQFKDQJHG��7KH�RQO\�XQFHUWDLQWLHV�FRQVLGHUHGLQ�WKH�SUHVHQW�SDSHU�UHODWH�WR�WKH�HOHPHQWV�RI�WKH�VFHQDULRV��VHH�VHFWLRQ����

)LJXUH����5HJUHVVLRQ�EDVHG�SUREDELOLWLHV�RI�WKH�DOORFDWLRQ�RI�RQH�DQG�PRUH�IDPLO\GZHOOLQJV�IRU�WKH�SHULRG�������������
2Q�WKH�EDVLV�RI�)LJXUH���RQH�FDQ�GHULYH�SUHGLFWLRQV�RI�WKH�H[WHQW�WR�ZKLFK�]RQHV�ZLOOH[SHULHQFH�D�FKDQJH�LQWR�ODQG�XVH�IRU�UHVLGHQWLDO�SXUSRVHV��7KH�UHVXOWV�DUH�SUHVHQWHG�LQ)LJXUH���IRU�WKH�&(�VFHQDULR��7KLV�PHDQV�WKDW�SRSXODWLRQ�LV�DVVXPHG�WR�LQFUHDVH�IURP�����PLOOLRQ�LQ������WR������PLOOLRQ�LQ�������$OO�SURYLQFHV�H[FHSW�IRU�WKH�SURYLQFH�RI=HDODQG��ORFDWHG�LQ�WKH�6RXWK�:HVW��DUH�H[SHFWHG�WR�H[SHULHQFH�PDMRU�H[SDQVLRQ�RIUHVLGHQWLDO�DUHDV��0RVW�H[SDQVLRQ�LV�H[SHFWHG�WR�WDNH�SODFH�LQ�WKH�YLFLQLW\�RI�WKH�SUHVHQWFLWLHV�SOXV�LQ�D�YHU\�OLPLWHG�QXPEHU�RI�QHZ�WRZQV��)RU�WKH�RWKHU�VFHQDULRV�PDSV�ZLWKVLPLODU�SDWWHUQV�UHVXOW��7KH�VFHQDULRV�GR�QRW�VR�PXFK�GLIIHU�LQ�WHUPV�RI�VSDWLDO



��

GHYHORSPHQW�SDWWHUQV�EXW�PRUH�LQ�WHUPV�RI�VSHHG�RI�H[SDQVLRQ�RI�WKH�DUHD�XVHG�IRUUHVLGHQWLDO�SXUSRVHV�
$�VWULNLQJ�GLIIHUHQFH�EHWZHHQ�)LJXUHV���DQG���LV�WKDW�LQ�)LJXUH���WKH�H[LVWLQJ�PDMRU�XUEDQDUHDV�FDQ�HDVLO\�EH�LGHQWLILHG��ZKHUHDV�WKH\�UHPDLQ�LQYLVLEOH�LQ�)LJXUH����7KH�UHDVRQ�LVWKDW�)LJXUH���GHPRQVWUDWHV�WKH�SUREDELOLW\�WKDW�ODQG�FDQ�EH�XVHG�IRU�UHVLGHQWLDOFRQVWUXFWLRQ�DVVXPLQJ�WKDW�LW�LV�RSHQ�ODQG��6LQFH�PRVW�RI�WKH�ODQG�LQ�WKH�XUEDQ�DUHDV�LVDOUHDG\�XVHG�IRU�XUEDQ�DFWLYLWLHV�LW�SOD\V�RQO\�D�VPDOO�UROH�LQ�WKH�UHDOORFDWLRQ�RI�ODQG�IRUUHVLGHQWLDO�XVH�DV�VKRZQ�LQ�)LJXUH����)LJXUH���VKRZV�WKDW�RSHQ�DUHDV�UDWKHU�FORVH�WR�WKHH[LVWLQJ�FLWLHV�DUH�H[SHFWHG�WR�GRPLQDWH�UHVLGHQWLDO�FRQVWUXFWLRQ��

)LJXUH����/RFDWLRQ�RI�WKH�QHZ�UHVLGHQWLDO�DUHDV�VLPXODWHG�IRU�WKH�SHULRG�������������DQG�����±������DFFRUGLQJ�WR�WKH�(&�VFHQDULR�

� 7KXV��)LJ���LV�PRVW�UHOHYDQW�ZKHQ�RQH�LV�LQWHUHVWHG�LQ�DEVROXWH�FKDQJHV�LQ�ODQG�XVH�ZKHUHDV�)LJ���UHSUHVHQWV�UHODWLYH FKDQJHV�LQ�ODQG�XVH�
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����,QWHJUDWHG�ODQG�XVH�PDS
,Q�WKH�DERYH�DQDO\VLV�ZH�KDYH�IRFXVVHG�RQ�FKDQJHV�LQ�ODQG�XVH�LQ�YLHZ�RI�VKLIWV�WRZDUGVUHVLGHQWLDO�SXUSRVHV��,Q�RUGHU�WR�SUHVHQW�D�PRUH�FRPSOHWH�SLFWXUH�RQ�FKDQJHV�LQ�ODQG�XVHZH�EULHIO\�GLVFXVV�WKH�ZD\�WKHVH�ODQG�XVH�W\SHV�KDYH�EHHQ�WDNHQ�LQWR�DFFRXQW�LQ�WKH�/DQG8VH�6FDQQHU��7KH�ODQG�XVH�W\SHV�GLVWLQJXLVKHG�KDYH�DOUHDG\�EHHQ�PHQWLRQHG�LQ�VHFWLRQ���
,Q�WKH�VHFWLRQV�DERYH�ZH�KDYH�DOUHDG\�GLVFXVVHG�WKH�FODLPV�IRU�UHVLGHQWLDO�ODQG�XVH�EDVHGRQ�WKH�VXLWDELOLWLHV�HVWLPDWHG�LQ�VHFWLRQ����DQG�GULYHQ�E\�WKH�SURMHFWHG�QDWLRQDO�SRSXODWLRQWRWDO�DFFRUGLQJ�WR�WKH�YDULRXV�VFHQDULRV��,Q�DGGLWLRQ�WR�WKHVH�FODLPV�IRU�UHVLGHQWLDO�ODQGXVH�YDULRXV�SURMHFWLRQV�KDYH�EHHQ�XVHG�IRU�RWKHU�ODQG�XVH�W\SHV�VXFK�DV�LQGXVWULDO�DQGFRPPHUFLDO�DUHDV��LQIUDVWUXFWXUH��OHLVXUH�DUHDV��ZDWHU�DQG�QDWXUDO�DUHDV��HDFK�GULYHQ�E\WKHLU�RZQ�QDWLRQDO�RU�UHJLRQDO�FRQVWUDLQWV��$JULFXOWXUH�DSSHDUV�WKH�PDLQ�ODQG�XVH�W\SH�WKDWLV�ORRVLQJ�DUHD��7KH�LQWHJUDWHG�ODQG�XVH�PDS�IRU������WKDW�LV�WKH�UHVXOW�RI�DSSO\LQJ�WKHDERYH�SURFHGXUH�LV�SUHVHQWHG�LQ�)LJXUH���IRU�WKH�(&�VFHQDULR�

)LJXUH����,QWHJUDWHG�ODQG�XVH�PDS������IRU�WKH�(FRQRPLF�&R�RUGLQDWLRQ�VFHQDULR�H[LVWLQJ�VSDWLDO�SODQQLQJ�SROLFLHV�DQG�DXWRQRPRXV�GHYHORSPHQWV�
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���(QYLURQPHQWDO�LPSDFW�DVVHVVPHQW
7KH�UHVXOWV�GHULYHG�DERYH�KDYH�EHHQ�XVHG�WR�GHWHUPLQH�WKH�HIIHFWV�RI�ODQG�XVH�FKDQJH�RQWKH�HQYLURQPHQW�E\�PHDQV�RI�D�VHW�RI�LQGLFDWRUV��7KH�LQGLFDWRUV�KDYH�EHHQ�VHOHFWHG�RQ�WKHEDVLV� RI� SROLWLFDO� UHOHYDQFH�� VHQVLWLYLW\� IRU� ODQG� XVH� FKDQJH�� WKH� EURDG� FRYHUDJH� RIHQYLURQPHQWDO�WKHPHV�DQG�WKH�DYDLODELOLW\�RI�RSHUDWLRQDO�PRGHOV��6RPH�RI�WKH�LQGLFDWRUVFDQ�EH�GLUHFWO\�FRPSXWHG�E\�PHDQV�RI� WKH�/DQG�8VH�6FDQQHU�PRGHO��+RZHYHU�� LQ�PRVWFDVHV�ODQG�XVH�DV�SUHGLFWHG�IRU�������JHQHUDWHG�ZLWK�WKH�/DQG�8VH�6FDQQHU�PRGHO��LV�MXVWRQO\� RQH� RI� WKH� HVVHQWLDO� LQSXWV� WR� FRPSXWH� WKH� UHOHYDQW� LQGLFDWRUV�� 'XH� WR� WKH� EURDGFRYHUDJH� RI� WKH� HQYLURQPHQWDO� WKHPHV� WKHVH� LQGLFDWRUV� DUH� FDOFXODWHG� XVLQJ� NQRZOHGJHDQG�D�ZLGH�UDQJH�RI�PRGHOV�DYDLODEOH�DW� WKH�5,90�DQG�RWKHU� LQVWLWXWHV���:H�JLYH�VRPHGHWDLOV�IRU�D�VHOHFWLRQ�RI�LQGLFDWRUV�
7KH�H[SDQVLRQ�RI�QDWXUH�DV�GHOLPLWHG�E\�WKH�SURYLQFHV�ZLOO�LQFUHDVH�WKH�DUHD�RI�QDWXUH�LQ7KH�1HWKHUODQGV�VLJQLILFDQWO\��+RZHYHU��VSDWLDO�DQDO\VLV�VKRZV�WKDW�WKH�ORFDWLRQV�RI�QHZQDWXUDO� DUHDV� DUH� VR� VFDWWHUHG� WKDW� WKH� FRKHVLRQ� RI� QDWXUDO� DUHDV� GHYHORSV� LQ� D� OHVVIDYRXUDEOH� ZD\� WKDQ� WKH� LQFUHDVH� LQ� QDWXUDO� DUHD�� 7KH� TXDOLW\� RI� WKH� IORUD� LQ� 7KH1HWKHUODQGV�LV�FDOFXODWHG�ZLWK�WKH�1DWXUH�SODQQHU�PRGHO��7KH�YDOXH�RI�WKH�LQGLFDWRU�LV�DSURGXFW�RI�QDWXUH�TXDQWLW\�DQG�WKH�QDWXUH�TXDOLW\�H[SUHVVHG�DV�WKH�RFFXUUHQFH�RI�VHOHFWHGSODQW� VSHFLHV� �YDQ� GH� +RHN� HW� DO��� ������� � 7KH� LQFUHDVH� LQ� QDWXUH� TXDOLW\� FDQ� EHSUHOLPLQDU\� FRQWULEXWHG� WR� WKH� UHVWRUDWLRQ� RI� WKH� JURXQG� ZDWHU� OHYHOV�� 5HGXFWLRQ� LQDFLGLILFDWLRQ�DQG�IHUWLOLVDWLRQ�DUH�WRR�VPDOO�WR�KDYH�D�VLJQLILFDQW�LQIOXHQFH�
6SDWLDO� DQDO\VHV� UHJDUGLQJ� VDIHW\� VKRZ� WKDW� QHZ� EXLOW� XS� DUHDV� DUH� ORFDWHG� LQ� DUHDV� LQGDQJHU� RI� IORRGLQJ� DQG� ZDWHU� H[FHVV�� WDNLQJ� LQWR� DFFRXQW� WKH� ZDWHU� GUDLQDJH� LQ� �����:KLOH�RWKHU�ODQG�XVH�W\SHV�OLNH�QDWXUDO�DUHDV�DUH�DOVR�QRW�SODQQHG�DW�ORFDWLRQV�ZHUH�WKH\FDQ�KDYH�D�UHGXFLQJ�HIIHFW�RQ�IORRGLQJ�DQG�ZDWHU�H[FHVV�
7KH�PRGHO�)$&76��$*9��������LV�XVHG�WR�FDOFXODWH�WKH�RZQHUVKLS��IXHO�FRVW�DQG�HQHUJ\XVH�RI�SDVVHQJHU�FDUV� LQ�������&DU�RZQHUVKLS�DQG�IXHO�FRVW�DUH�� LQ�FRQMXQFWLRQ�ZLWK�WKH/DQG�8VH�6FDQQHU� UHVXOWV��XVHG� WR�FDOFXODWH� WKH�XVH�RI� FDUV�RQ�DQ�DYHUDJH�ZRUNLQJ�GD\PDNLQJ�XVH�RI�WKH�/06�0RGHO��+&*���������7KH�RXWSXWV�RI�WKH�/06�PRGHO�DUH�RQ�WKHLUSDUW� DJDLQ� XVHG� WR� FDOFXODWH� WKH� QRLVH� QXLVDQFH� �PDNLQJ� XVH� RI� WKH�PRGHO� GHVFULEHG� LQ9520��������DQG� WKH�DFFHVVLELOLW\�RI� MREV�E\� WKH� ODERXU� IRUFH�ZLWK�D�FRPPXWLQJ� WLPHORZHU�WKDQ����PLQXWHV��*HXUWV�DQG�5LWVHPD�YDQ�(FN��������
7KH� RYHUDOO� FRQFOXVLRQ� RI� WKH� FRPSDULVRQ� EHWZHHQ� WKH� SUHVHQW� VLWXDWLRQ� DQG� WKHVLPXODWLRQ�IRU������ LV� WKDW� WKH�HQYLURQPHQWDO�TXDOLW\� LV� LPSURYLQJ��DOWKRXJK�RQH�KDV� WRNHHS� LQ� PLQG� WKDW� FXUUHQWO\� LPSOHPHQWHG� SROLFLHV� ZLWKRXW� VSDWLDO� DVSHFWV� DOVR� KDYHSRVLWLYH�LPSDFWV�RQ�WKH�HQYLURQPHQWDO�TXDOLW\�LQ�WKH�\HDU�������(VSHFLDOO\�WKH�LQGLFDWRUVGHDOLQJ�ZLWK�QDWXUH�DUH�SRVLWLYH�RZLQJ�WR�WKH�UHDOLVDWLRQ�RI�PRUH�WKDQ���������KHFWDUHV�RIQHZ�QDWXUH��7KLV�LV�DERXW�����RI�WKH�WRWDO�DUHD�RI�WKH�FRXQWU\�DQG�LPSOLHV�D�FRQVLGHUDEOHVKLIW�LQ�ODQG�XVH��7KH�EDFNJURXQG�RI�WKLV�LQFUHDVH�LV�WKDW�DJULFXOWXUDO�DUHDV�DUH�UHSODFHG�E\QDWXUDO�DUHDV��1RW�RQO\�WKH�WRWDO�VL]H�RI�QDWXUDO�DUHDV� LV� LPSURYLQJ��DOVR� WKH�FRKHVLRQ�RI
� ,PSRUWDQW�FRQWULEXWLRQV�ZHUH�PDGH�E\�$OWHUUD�DQG�$99�
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QDWXUDO�DUHDV�LV�JHWWLQJ�EHWWHU��&RKHVLRQ�LV�PHDVXUHG�LQ�WHUPV�RI�WKH�GHJUHH�WR�ZKLFK�WKHFXWWLQJ�XS�RI�QDWXUDO�DUHDV�KDV�EHHQ�DYRLGHG��,W�LV�DQ�LPSRUWDQW�TXDOLWDWLYH�DVSHFW�RI�QDWXUHVLQFH�LQ�DGGLWLRQ�WR�WRWDO�DUHD�DOVR�WKH�H[LVWHQFH�RI�EDUULHUV�EHWZHHQ�QDWXUDO�DUHDV�KDV�DQLPSDFW�RQ�HFRV\VWHPV�
7KH�HQYLURQPHQWDO�LQGLFDWRUV�VKRZ�WKDW�DQ�LQFUHDVH�LQ�&2� HPLVVLRQV�LV�H[SHFWHG��7KHLPSURYHPHQW�RI�HQHUJ\�HIILFLHQF\�RI�FDUV�LV�PRUH�WKDQ�RII�VHW�E\�DQ�LQFUHDVH�LQ�FDU�XVHDQG�DQ�LQFUHDVH�LQ�WKH�ZHLJKW�RI�FDUV��7KH�DPRXQW�RI�QLWUDWH�WKDW�OHDFKHV�WR�JURXQGZDWHU�DQG�WKUHDWHQV�LWV�XVH�IRU�GULQNLQJ�ZDWHU��GHFUHDVHV�
7KH�QHZ�KRXVLQJ�GHYHORSPHQWV�KDYH�D�QHJDWLYH�LPSDFW�RQ�WKH�ODQGVFDSH�LQGLFDWRUV��(YHQWKRXJK�QHZ�UHVLGHQWLDO�DUHDV�WHQG�WR�EH�EXLOW�QHDU�WR�H[LVWLQJ�UHVLGHQWLDO�DUHDV�WKHUH�LV�DWHQGHQF\�WKDW�WKH�RSHQQHVV�RI�ODQGVFDSHV��PHDVXUHG�YLD�WKH�H[WHQW�WR�ZKLFK�EXLOW�DUHDVLQWHUIHUH�ZLWK�RSHQ�VSDFH��GHWHULRUDWHV��$QRWKHU�DVSHFW�RI�WKH�H[SHFWHG�UHVLGHQWLDOFRQVWUXFWLRQ�DFWLYLWLHV�LV�WKDW�LQ�YXOQHUDEOH�UHJLRQV�LQ�WKH�1HWKHUODQGV�WKH�IORRGLQJ�KD]DUGDQG�WKH�FKDQFH�RQ�ZDWHU�H[FHVV�LQFUHDVHV�PRGHUDWHO\�
���&RQFOXGLQJ�UHPDUNV
7KH�DQDO\WLFDO�SRVVLELOLWLHV�RI�JHRJUDSKLFDO�LQIRUPDWLRQ�V\VWHPV�KDYH�EHHQ�LPSURYHGVXEVWDQWLDOO\�E\�OLQNLQJ�WKHP�WR�ODQG�XVH�PRGHOV��7KLV�HQDEOHV�SODQQHUV�WR�DVVHVV�WKHSUR¶V�DQG�FRQ¶V�RI�YDULRXV�VSDWLDO�SULQFLSOHV�RU�WR�YDOXH�WKH�HIIHFWV�RI�VSDWLDO�VWUDWHJLHV�RQSROLF\�WDUJHWV�RU�VRFLHWDO�DLPV���0RUHRYHU��LW�RSHQV�WKH�ZD\�WR�D�PXFK�PRUH�TXDQWLWDWLYHDSSURDFK�WR�SODQQLQJ�WKDW�FDQ�FRPSOHPHQW�WKH�SUHVHQW�PRUH�TXDOLWDWLYH�SODQQLQJ�SUDFWLFH�
7KLV�VWXG\�VKRZV�WKDW�LW�LV�SRVVLEOH�WR�DQWLFLSDWH�FRPSOH[�ODQG�XVH�G\QDPLFV�DQG�WKHLUHQYLURQPHQWDO�LPSDFWV��'XH�WR�WKH�GHYHORSPHQWV�LQ�WKH�,7�ZRUOG�LQ�JHQHUDO�DQG�WKH�ZRUOGRI�*HRJUDSKLF�,QIRUPDWLRQ�6\VWHPV�LQ�SDUWLFXODU�WKH�SUREOHPV�HQFRXQWHUHG�DUH�QR�ORQJHUWHFKQRORJLFDO��:KHQ�WKH�FHQWUDO�REMHFWLYH�LV�WR�VXSSRUW�GHFLVLRQ�PDNHUV�WKH�PDLQFRQFHUQV�DUH�WR�HQVXUH�WKDW�WKH�QXPHURXV�GLIIHUHQW�PRGHOV�LQYROYHG�PDNH�XVH�RI�WKH�VDPHYDOLGDWHG�GDWD�DQG�WKDW�WKH�TXDOLW\�DQG�OLPLWDWLRQV�RI�LQWHUPHGLDWH�UHVXOWV�DUH�NQRZQ�WRWKRVH�UHVHDUFKHUV�WKDW�XVH�WKHP�IRU�IXUWKHU�SURFHVVLQJ�
7KH�VLPXODWHG�ODQG�XVH�G\QDPLFV��ZKLFK�IRUP�WKH�ILQDO�UHVXOW�RI�D�FRPSOH[�DOORFDWLRQPHWKRGRORJ\��JLYH�DQ�H[SODQDWRU\�RYHUYLHZ�RI�WKH�ORFDWLRQDO�SUHIHUHQFHV�RI�WKH�VHOHFWHGODQG�XVH�W\SHV�DQG�WKHLU�PXWXDO�LQWHUDFWLRQV��,W�LV�UHFRPPHQGHG�WKDW�DX[LOLDU\�LQIRUPDWLRQUHJDUGLQJ�GHPDQG�IRU�ODQG��VXLWDELOLW\�PDSV��HWF��LV�DOVR�PDGH�DYDLODEOH�WR�WKH�GHFLVLRQPDNHU�V��LQYROYHG�LQ�VWUDWHJLF�SODQQLQJ��7KLV�GRHV�QRW�RQO\�KHOS�WR�JDLQ�LQVLJKW�LQ�WKHGULYLQJ�IRUFHV�WKDW�DIIHFW�ODQG�XVH�EXW�PD\�DOVR�VXSSRUW�WKH�IRUPXODWLRQ�RI�DOWHUQDWLYHVSDWLDO�VWUDWHJLHV�
$Q�LQWHUHVWLQJ�FRQFOXVLRQ�IURP�6HFWLRQ���LV�WKDW�GXULQJ�WKH�SHULRG�IURP������WR�����WKHUH�LV�VXEVWDQWLDO�VFRSH�IRU�LPSURYHPHQW�IRU�WKH�VL]H�RI�QDWXUDO�DUHDV�LQ�WKH�1HWKHUODQGV�HYHQ�WKRXJK�WKH�SRSXODWLRQ�LV�H[SHFWHG�WR�LQFUHDVH�ZLWK�DERXW�����DQG�WRWDO�DUHD�FODLPHGIRU�XUEDQ�DFWLYLWLHV�LQFUHDVHV�VXEVWDQWLDOO\��7KH�UHDVRQ�LV�WKDW�WKHUH�LV�VWLOO�VXIILFLHQW�DUHDIURP�DJULFXOWXUH�WKDW�FDQ�EH�FRQYHUWHG�LQWR�QDWXUDO�DUHDV�RU�LQWR�XUEDQ�DUHD��7KH�UHVXOWV
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IRU�WKH�TXDOLW\�RI�WKH�ORFDO�HQYLURQPHQW�DUH�PL[HG��2Q�WKH�RQH�KDQG�SROOXWLRQ�RI�JURXQGZDWHU�DQG�DPPRQLD�GHSRVLWLRQ�DUH�H[SHFWHG�WR�LPSURYH��+RZHYHU��DFFRUGLQJ�WRLQGLFDWRUV�UHODWHG�WR�TXLHWLQJ�RI�ODQGVFDSH��RSHQQHVV�RI�ODQGVFDSH�DQG�KLVWRULFDO�YDOXHV�RIODQGVFDSH�ZLOO�GHWHULRUDWH��7KHUHIRUH�D�FKDOOHQJLQJ�WKHPH�IRU�IXWXUH�UHVHDUFK�DQG�SROLF\LV�WR�EURDGHQ�WKH�LVVXH�RI�FRQVHUYDWLRQ�RU�H[SDQVLRQ�RI�QDWXUDO�DUHDV�WR�WKH�PRUH�JHQHUDOWKHPH�RI�WKH�LPSURYHPHQW�RI�TXDOLWLHV�RI�ODQGVFDSHV�7KH�DXWKRUV�WKDQN�WKH�IROORZLQJ�FROOHDJXHV��:LGHNH %RHUVPD �*HRGDQ��DQG�&DPLHO+HXQNV �5,90��IRU�WKHLU�KHOS�UXQQLQJ�WKH�/DQG�8VH�6FDQQHU�0RGHO��-RKQ�+HOPLQJ �/(,�IRU�WKH�FDOFXODWLRQV�RI�WKH�DJULFXOWXUDO�GHPDQGV�ZLWK�WKH�'5$0�PRGHO��$OIUHG:DJWHQGRQN �98��IRU�KLV�ZRUN�RQ�WKH�KRXVLQJ�GHPDQG�HTXDWLRQ��DQG�.DUVW *HXUWV DVZHOO�DV�5RE�$ONHPDGH �5,90��IRU�WKHLU�ZRUN�RQ�WKH�LPSDFW�DVVHVVPHQWV�
5HIHUHQFHV
$*9�� )$&76����� )RUHFDVWLQJ� $LUSROOXWLRQ� E\� &DU� 7UDIILF� 6LPXODWLRQ�� $*9$GYLHVJURHS�9HUNHHU�HQ�9HUYRHU��1LHXZHJHLQ�������
$QDV��$���5HVLGHQWLDO�ORFDWLRQ�PRGHOV�DQG�XUEDQ�WUDQVSRUWDWLRQ��$FDGHPLF�3UHVV��1HZ<RUN�������
&HQWUDO�3ODQQLQJ�%XUHDX���(FRQRPLH�HQ�I\VLHNH�RPJHYLQJ��6GX�3XEOLVKHUV��7KH�+DJXH������
&KXYLHFR��(���,QWHJUDWLRQ�RI�OLQHDU�SURJUDPPLQJ�DQG�*,6�IRU�ODQG�XVH�PRGHOOLQJ�,QWHUQDWLRQDO�-RXUQDO�RI�*HRJUDSKLFDO�,QIRUPDWLRQ�6\VWHPV� ������YRO�����SS�������
&URPOH\��5�*��DQG�'�0��+DQLQN��&RXSOLQJ�ODQG�XVH�DOORFDWLRQ�PRGHOV�ZLWK�UDVWHU�*,6�,QWHUQDWLRQDO�-RXUQDO�RI�*HRJUDSKLFDO�,QIRUPDWLRQ�6\VWHPV��������YRO�����SS����±����
)DOXGL��$��DQG�$�YDQ�GHU�9DON��5XOH�DQG�RUGHU��'XWFK�SODQQLQJ�GRFWULQH�LQ�WKH�WZHQWLHWKFHQWXU\��.OXZHU��'RUGUHFKW�������
*HXUWV .�7� DQG�5LWVHPD YDQ�(FN -�5���(IIHFWHQ YDQ�HHQ FRPSDFWH YHUVWHGHOLMNLQJVYDULDQWRS� PRELOLWHLW�� EHUHLNEDDUKHLG HQ� JHOXLG�� $QDO\VHV� YRRU GH� 9LMIGH 1RWD 5XLPWHOLMNH2UGHQLQJ��5,90�UHSRUW�������������5,90��%LOWKRYHQ�������
*URWKH��0���.HX]H YRRU UXLPWH��UXLPWH YRRU NHX]HQ��'H�RQWZLNNHOLQJ YDQ�*,6 DSSOLFDWLHVYRRU ORFDWLHSODQQLQJ��HHQ REMHFWJHRULsQWHHUGH DQDO\VH� 3KG�GLVVHUWDWLRQ��9ULMH8QLYHUVLWHLW��$PVWHUGDP�������
+D\DVKL��<��DQG�-��5R\��7UDQVSRUW��/DQG�8VH�DQG�WKH�(QYLURQPHQW��.OXZHU��'RUGUHFKW������
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