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FKDUDFWHULVWLFV�LQ�UHODWLRQ�WR�QHLJKERXULQJ�FHOOV��H�J��WKH�SUHVHQFH�RI�LQIUDVWUXFWXUH�DQG�WKHGHGXFHG�DFFHVVLELOLW\���,Q�SULQFLSOH�WKHUH�DUH���GLIIHUHQW�DSSURDFKHV�LQ�GHULYLQJ�WKH�VXLWDELOLW\PDSV��ERWK�DSSOLHG�LQ�WKLV�VWXG\��$�TXDQWLWDWLYH�DSSURDFK�LV�WR�PDS�KLVWRULF�ODQG�XVH�FKDQJHDQG�WR�ILQG�PDWKHPDWLFDO�UHODWLRQV�ZLWK�WKH�VHOHFWHG�GULYLQJ�IRUFHV�E\�PHDQV�RI�UHJUHVVLRQDQDO\VHV��$�PRUH�TXDOLWDWLYH�ZD\�LV�WR�XVH�H[SHUW�NQRZOHGJH�WR�VHOHFW��FRPELQH�DQG�DWWRFKZHLJKWV�WR�WKH�PDSV�WKDW�UHSUHVHQW�WKH�GULYLQJ�IRUFHV��7KH�TXDQWLWDWLYH�DSSURDFK�FDQ�EHDSSOLHG�WR�H[WUDSRODWH�KLVWRULF�WUHQGV�WR�WKH�IXWXUH��7KH�TXDOLWDWLYH�DSSURDFK�FDQ�EH�XVHG�WRPDS�WKH�HIIHFWV�RI�QHZ��RU�FKDQJHG��GULYLQJ�IRUFHV�RQ�UHVXOWLQJ�ODQG�XVH�SDWWHUQV��H�J��WKH�UROHRI�,&7�GHYHORSPHQW�RQ�WKH�ORFDWLRQ�RQ�RIILFHV��RU�WR�GHWHUPLQH�WKH�EHQHILFLDO�HIIHFWV�FDXVHGE\�DOWHUQDWLYH�LQYHVWPHQWV��GHFLVLRQV�RU�SROLFLHV�7R�VLPXODWH�IXWXUH�ODQG�XVH��PDSV�RI�FXUUHQW�ODQG�XVH��GHPDQGV�DQG�VXLWDELOLW\�PDSV�DUH�DOOIHG�LQWR�WKH�PRGHO�HQJLQH��$V�PHQWLRQHG�DW�WKH�EHJLQQLQJ�RI�WKLV�SDUDJUDSK��WKH�RXWFRPHH[LVWV�RI�UHODWLYH�SURSRUWLRQV�SHU�ODQG�XVH�W\SH�LQ�HDFK�JULG�FHOO�WKDW�FDQ�EH�LQWHUSUHWHG�DV�WKHH[SHFWHG�SURSRUWLRQV�
��� (XURSHDQ�FRYHUDJH�DQG�VLWH�VHOHFWLRQ)RU�WKH�VLPXODWLRQ�RI�ODQG�XVH�LQ�(XURSH�D�JULG�LV�GHILQHG�ZLWK�D�UHVROXWLRQ�RI���[��NLORPHWHUV��7KH�JULG�FRYHUV�WKH�ZKROH�ZHVWHUQ�SDUW�RI�(XURSH��,Q�WKH�ZHVW�LW�LV�GHOLPLWHG�E\WKH�,ULVK�6HD ZHVW�RI�*UHDW�%ULWDLQ��LQ�WKH�HDVW�E\�WKH�HDVWHUQ�ERXQGDU\�RI�$XVWULD��,Q�WKH�QRUWKWKH�ERXQGDU\�RI�WKH�JULG�UXQV�KDOI�ZD\�WKURXJK�1RUZD\�DQG�6ZHGHQ�DQG�LV�GHOLPLWHG�E\�WKH0HGLWHUUDQHDQ�VHD�LQ�WKH�6RXWK��,Q�$SSHQGL[�,�D�OLVW�RI�FRXQWULHV�LQFOXGHG�LQ�WKH�JULG�LV�JLYHQ�$SDUW�IURP�WKH�(XURSHDQ�OHYHO��ODQG�XVH�FDQ�EH�VLPXODWHG�RQ�D�UHJLRQDO�VFDOH�����P�FHOO�VL]H�IRU�WKH�WKUHH�WHVW�VLWHV��7KH�VL]H�RI�WKH�JULGV�IRU�WKH�LQGLYLGXDO�VLWHV�LV�GHWHUPLQHG�E\�WKH�VL]HRI�WKH�/DQGVDW�70�VFHQHV�XVHG�7KH�WHVW�VLWHV�RI�5RWWHUGDP���7KH�+DJXH��3DULV�DQG�/LVERQ�ZHUH�VHOHFWHG�RQ�WKH�FULWHULD�OLVWHGLQ�WDEOH�����
7DEOH������6HOHFWLRQ�FULWHULD�IRU�WKH�WHVW�VLWHV�&ULWHULD 5RWWHUGDP 3DULV /LVERQ&LW\�VWUXFWXUH 0XOWL�QXFOHDUDJJORPHUDWLRQ 0RQR�QXFOHDUDJJORPHUDWLRQ 0RQR�QXFOHDUDJJORPHUDWLRQ3ODQQLQJ�SROLF\ 6WURQJ�QDWLRQDOSODQQLQJ 6WURQJ�QDWLRQDOSODQQLQJ 2QO\�UHFHQWPXQLFLSDO�SODQQLQJSROLF\/DQG�XVH�G\QDPLFV 0RGHUDWH 0RGHUDWH +LJK'DWD�DYDLODELOLW\ +LJK /RZ +LJK
3DULV�FDQ�EH�FKDUDFWHULVHG DV�D�PRQRQXFOHDU PHWURSROLV�ZLWK�PRGHUDWH�ODQG�XVH�G\QDPLFV�DQGD�VWURQJ�QDWLRQDO�SODQQLQJ�SROLF\��/LVERQ�KDV�DOVR�D�PRQR�QXFOHDU�FLW\�VWUXFWXUH��KRZHYHU�WKHFLW\�LV�QRW�DV�H[WHQGHG�DV�3DULV��7KH�ODQG�XVH�LQ�/LVERQ�DQG�LWV�VXUURXQGLQJV�LV�KLJKO\G\QDPLF�DQG�RQO\�UHFHQWO\�WKHUH�LV�D�PXQLFLSDO�VSDWLDO�SODQQLQJ�SROLF\���5RWWHUGDP��DV�D�SDUWRI�5DQGVWDG�+ROODQG��LV�D�PXOWL�QXFOHDU�DJJORPHUDWLRQ�ZLWK�PRGHUDWH�ODQG�XVH�G\QDPLFV�DQGD�VWURQJ�QDWLRQDO�SODQQLQJ�SROLF\�WKDW�GDWHV�EDFN�VRPH�ILIW\�\HDUV�
� 7KH�ILUVW�PXQLFLSDOLW\�SODQV�ZHUH�VWDUWHG�LQ�WKH�HLJKWLHV�EXW�QRW�ILQLVKHG�DQG�DSSURYHG�EHIRUH�WKH�QLQHWLHV
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2QH�FDQ�GHILQH�LWV�RZQ�VFHQDULRV E\�����VHOHFWLQJ�ODQG�XVH�GHPDQGV�DQG�E\�����XVLQJLQFRUSRUDWHG�DQDO\WLFDO�IXQFWLRQV�WR�SHUIRUP�PDS�RSHUDWLRQV�LQ�RUGHU�WR�GHILQH�LWV�RZQ
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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�E JRHVWR�LQILQLWH��WKH�OLPLW�RI�SUREDELOLW\�WKDW�WKH�FDWHJRU\�ZLWK�WKH�KLJKHVW�VXLWDELOLW\ JHWV�WKH�FHOO�LVHTXDO�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�QHDU�WKHQDWLRQDO�ERUGHU��RU�FHOOV�EHLQJ�SDUWO\�ZDWHU��LI�D�WUDQVIHU�IURP�ZDWHU�WR�QRQ�ZDWHU�ODQG�XVH�LVQRW�DOORZHG���RU�FRQWDLQ�SUHVHW�ODQG�XVH�EDVHG�RQ�H[RJHQRXV�GDWD��VXFK�DV�LQIUDVWUXFWXUHGHYHORSPHQWV�7KH�PRGHO�DV�IRUPXODWHG�KHUH�GRHV�QRW�JXDUDQWHH�WKDW�WKH�DOORFDWLRQ�RI�VSDFH�DFURVV�SRVVLEOHODQG�XVHV�LV�LQ�DFFRUGDQFH�ZLWK�RYHUDOO�GHPDQG�FRQGLWLRQV��7KHUHIRUH��VLGH�FRQVWUDLQWV�KDYH�WREH�LPSRVHG�LQ�RUGHU�WR�HQVXUH�WKDW�DW�WKH�UHOHYDQW�OHYHOV�RI�DJJUHJDWLRQ�WRWDO�GHPDQG�LV�PHW�7KLV�OHDGV�WR�D�UHIRUPXODWLRQ�RI�WKH�PRGHO��/HW�'M EH�D�UHVWULFWLRQ�RQ�WRWDO�GHPDQG�IRU�ODQGXVH�FDWHJRU\�M��,Q�DGGLWLRQ��OHW�0FM GHQRWH�WKH�H[SHFWHG�DPRXQW�RI�ODQG�LQ�FHOO�F WKDW�ZLOO�EHXVHG�IRU�FDWHJRU\�M WDNLQJ�LQWR�DFFRXQW�WKH�VLGH�FRQVWUDLQWV��:H�WKHQ�DUULYH�DW�D�GRXEO\FRQVWUDLQHG�PRGHO�
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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�M HTXDOVWKH�LPSRVHG�DPRXQW�'M��,Q�DGGLWLRQ��HTXDWLRQ���LPSOLHV�WKDW�WKH�VXP�RI�WKH�H[SHFWHG�YROXPHVRI�WKH�YDULRXV�ODQG�XVH�W\SHV�SHU�FHOO�LV�HTXDO�WR�WKH�WRWDO�DUHD�RI�HDFK�FHOO��:H�XVH�WKHH[SUHVVLRQ��IRU�WKH�FRQVWUDLQHG�M��ZKHQ�DQ�DJJUHJDWH�FRQVWUDLQW�KDV�EHHQ�IRUPXODWHG�IRU�WKHSDUWLFXODU�ODQG�XVH�W\SH�M��,W�LV�FOHDU�WKDW�WKH�FRQVWUDLQWV�PD\�LPSO\�WKDW�QR�IHDVLEOH�VROXWLRQH[LVWV��7KLV�FDQ�EH�FKHFNHG�E\�VHHNLQJ�IRU�D�VWDUWLQJ�VROXWLRQ�RI�WKH�V\VWHP�LQ�D�OLQHDUSURJUDPPLQJ�FRQWH[W��:KHQ�QR�IHDVLEOH�VROXWLRQ�LV�IRXQG��WKH�DJJUHJDWH�FRQVWUDLQWV�KDYH�WREH�UHFRQVLGHUHG�EHIRUH�WKH�PRGHO�FDQ�EH�XVHG��)RU�WKRVH�ODQG�XVH�W\SHV�M�IRU�ZKLFK�QRDJJUHJDWH�FRQVWUDLQW DSSOLHV�ZH�DUULYH�DW�
0 E VFM F FM � �H[S E IRU�XQFRQVWUDLQHG�M DQG�DOO�F ��
�

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�FRQVWUDLQWV�
ZH�KDYH� 0 /FM FM IRU�DOO�F DQG�M��DQG� � �E / VF F

FMM
 �¦H[S 

 E IRU�DOO�F�

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�WR�GRXEO\FRQVWUDLQHG�VSDWLDO�LQWHUDFWLRQ�PRGHOV�XVHG�LQ�WUDQVSRUWDWLRQ�UHVHDUFK��VHH�IRU�H[DPSOH)RWKHULQJKDP�DQG�2
.HOO\����������:H�QRZ�WXUQ�WR�WKH�LQWHUSUHWDWLRQ�RI�WKH�EDODQFLQJIDFWRUV��)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�



SDJH��� RI���� �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�KLJK�FRQVWUDLQW�'MLV�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�IRU�ODQGXVH�LQ�FHOO�F��$�KLJK�YDOXH�RI�WKLV�H[SUHVVLRQ�PHDQV�WKDW�WKH�GHPDQG�IRU�WKH�ODQG�LQ�FHOO�F IRUWKH�YDULRXV�ODQG�XVH�W\SHV��WDNLQJ�LQWR�DFFRXQW�WKH�XUJHQF\�RI�WKH�ODQG�XVH�W\SHV�DV�UHSUHVHQ�WHG�E\� D M ��LV�UHODWLYHO\�KLJK��,W�OHDGV�WR�D�ORZ�YDOXH�RI�WKH�EDODQFLQJ�IDFWRU�EF��DQG�WKXVHQVXUHV�WKDW�LQ�HTXDWLRQ�����WKH�WRWDO�DPRXQW�RI�ODQG�ILQDOO\�DOORFDWHG�LQ�FHOO�F GRHV�QRW�H[FHHGWKH�VXSSO\�RI�DYDLODEOH�ODQG�/F��7KXV��WKH�VROXWLRQ�RI�WKH�GRXEO\�FRQVWUDLQHG�PRGHO�\LHOGV�DV�DVLGH�SURGXFW�WKH�VKDGRZ�SULFHV�RI�ODQG�LQ�WKH�FHOOV�$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�IRUODQG�XVH�W\SH�M LV�DFKLHYHG��7KH�UHYHUVH�FDVH�LV�D�VPDOO�YDOXH�IRU� D M ��WKLV�FDQ�EH�LQWHUSUHWHG�DVD�WD[�RQ�WKLV�ODQG�XVH�W\SH�WR�SUHYHQW�WKDW�H[FHVV�RI�WKH�UHODWHG�WDUJHW��1RWH�WKDW�WKH�FDVH�LQEHWZHHQ�RFFXUV�ZKHQ� D M HTXDOV����LPSO\LQJ�ORJ� D M � ��,Q�RUGHU�WR�FODULI\�WKH�UROH�RI�WKH�EDODQFLQJ�IDFWRUV��ZH�SHUIRUP�WKH�IROORZLQJ�WUDQVIRUPDWLRQRQ���

���'HILQH�ODQG�XVH�SULFH�SF LQ�FHOO�F DV������E��ORJ�EF��DQG�SULFH�OM IRU�FRQVWUDLQW�M DV����E��ORJ� D M ���QRZ�0FM�FDQ�EH�FRQVLGHUHG�DV�D�GHPDQG�IXQFWLRQ�RI�ODQG�XVH�SULFH�SF�

0FM��SF��� �H[S��E ��VFM ��OM ��SF � ��


�
7KLV�IRUPXODWLRQ�DOVR�VKHGV�OLJKW�RQ�WKH�EF IDFWRU��$�KLJK�YDOXH�RI�EF PHDQV�WKDW�XVH�RI�FHOO�FLV�GLVFRXUDJHG��,W�FDQ�WKHUHIRUH�EH�LQWHUSUHWHG�DV�DQ�LQGLFDWRU�RI�GHPDQG�VXSSO\�FRQGLWLRQV�LQHDFK�FHOO�$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 ��ZKLFK�ZLOOOHDG�WR�D�FRUUHVSRQGLQJ�LQFUHDVH�LQ�WKH�H[SHFWHG�ODQG�XVH�LQ�WKH�YDULRXV�JULGV�GHSHQGLQJ�RQWKH�UHODWLYH�VXLWDELOLW\�RI�WKH�JULGV�IRU�WKH�YDULRXV�W\SHV�RI�ODQG�XVH�
,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�



SDJH��� RI���
0 'FM MF t¦ ��
�
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��� $X[LOLDU\�GDWD�UHSUHVHQWLQJ�GULYLQJ�IRUFHV����� ,QWURGXFWLRQ,Q�RUGHU�WR�EH�DEOH�WR�VLPXODWH�IXWXUH�ODQG�XVH�IRU�(XURSH�DQG�WKH�WKUHH�WHVW�VLWHV�WKH�GULYLQJIRUFHV�WKDW�GHWHUPLQH�ODQG�XVH�FKDQJH�KDYH�WR�EH�NQRZQ��$�VHOHFWLRQ�RI�DYDLODEOH�DQFLOODU\GDWD�LV�PDGH�WKDW�UHSUHVHQW�WKH�GULYLQJ�IRUFHV��7KH�XVHG�DQFLOODU\�GDWD�FDQ�EH�JURXSHGWRJHWKHU�LQ�IRXU�W\SHV�RI�GDWD�WKDW�ZLOO�EH�GHVFULEHG�EHORZ�
����� 'DWD�GHVFULELQJ�DGPLQLVWUDWLYH�UHJLRQV�DQG�SROLWLFDO�UHJXODWLRQV
7KH�(XURSHDQ�1876�UHJLRQV�KDYH�EHHQ�XVHG�WR�VXEGLYLGH�(XURSH�DQG�WKH�UHVSHFWLYH�WHVW�VLWHVLQWR�VHSDUDWH�XQLWV�RI�LQWHUHVW��:KHUHDV��IRU�WKH�FRPSOHWH�(XURSHDQ�WHVW�VLWH�WKH�1876���OHYHOKDV�EHHQ�XVHG��1876���OHYHOV�KDYH�EHHQ�XVHG�IRU�WKH�WHVW�VLWHV��/LVERQ��3DULV�DQG�WKH5DQGVWDG��)RU�WKH�WHVW�VLWHV�UDQGVWDG�+ROODQG�DQG�/LVERQ�GDWD�UHJDUGLQJ�VSDWLDO�SROLF\�KDYH�EHHQ�XVHG�)RU�5DQGVWDG�+ROODQG�WKH�GDWD�FRPSULVHV�IXWXUH�EXLOGLQJ�ORFDWLRQV�DV�GHOLPLWHG�LQ�WKH�)RXUWK1DWLRQDO�3K\VLFDO�3ODQQLQJ�5HSRUW�([WUD��9,1(;���)RU�/LVERQ�D�GLJLWDO�YHUVLRQ�RI�WKH��ILUVW�5HJLRQDO�3ODQ�IRU�WKH�/LVERQ�0HWURSROLWDQ�$UHD��3527$/0��KDV�EHHQ�XVHG�
)LQDOO\�DQ�DWWHPSW�ZDV�PDGH�WR�WDNH�HFRORJLFDO�QHWZRUNV�LQWR�DFFRXQW��7KHUHIRUH��IRU�(XURSH�QDWXUDO�ODQG�FRYHU�ZDV�VHOHFWHG�IRU�FRQQHFWLYLW\�DQDO\VLV�IURP�WKH�DFWXDO�ODQG�FRYHU�GDWDEDVH�&RULQH���$FFRUGLQJ�WR�9HOGNDPS�HW�DO���������D�VXFFHVVLYH�PDS�ILOWHULQJ�PHWKRGRORJ\�ZDVXVHG�WR�LGHQWLI\�ORFDWLRQV�ZKLFK�DUH�WKUHDWHQHG�E\�IUDJPHQWDWLRQ��XVLQJ�D�VKULQN�GLODWHVXFFHVVLRQ���)RU�WKH�1HWKHUODQGV�WHVW�VLWH�GDWD�VKRZLQJ�WKH�(FRORJLFDO�)UDPHZRUN��(+6��KDVEHHQ�XVHG��:HUHDV�IRU�/LVERQ�DYDLODEOH�GDWD�VKRZLQJ�SURWHFWHG�DUHDV�DQG�WKH�&RULQH�%LRWRSHVKDV�EHHQ�XVHG�
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����� 'DWD�GHVFULELQJ�SK\VLFDO�SURSHUWLHV
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1H[W�WKH�VRLO�FRQGLWLRQV�KDYH�EHHQ XVHG�WR�H[SODLQ�UXUDO�ODQG�XVH�FKDQJHV��7KHUHIRUH� WKH)$2�81(6&2�6RLO�0DS�RI�WKH�ZRUOG��SXEOLVKHG�EHWZHHQ������DQG������DW������������VFDOH��)$2������� KDV�EHHQ�VHOHFWHG��7KH�OHJHQG�FRPSULVHV�DQ�HVWLPDWHG������GLIIHUHQW�PDSXQLWV��ZKLFK�FRQVLVW�RI�VRLO�XQLWV�RU�DVVRFLDWLRQV�RI�VRLO�XQLWV��7KH�VRLO�XQLWV������IURP�$I�WR=W��DUH�JURXSHG�LQ����PDMRU�VRLO�JURXSLQJV��)RU�WKH�1HWKHUODQGV�DJULFXOWXUDO�VRLO�UHGXFWLRQFRHIILFLHQWV��DYDLODEOH�IRU�FURSSLQJ�W\SH��ZHUH�XVHG�WR�H[SODLQ�ODQG�XVH�FKDQJH LQ�WKH�UXUDODUHDV�
����� 'DWD�GHVFULELQJ�LQIUDVWUXFWXUH
,QIUDVWUXFWXUH�KDV�EHHQ GHULYHG�HLWKHU�IURP�WKH�H[LVWLQJ�GDWD�IRU�WKH�WHVW�VLWHV��/LVERQ�DQG�WKH5DQGVWDG��RU�IURP�WKH�'LJLWDO�&KDUW�RI�WKH�:RUOG��'&:���IRU�3DULV���7KH�'&:�LV�DFRPSUHKHQVLYH�������������VFDOH�YHFWRU�EDVH�PDS�RI�WKH�ZRUOG��,W�FRQVLVWV�RI����WKHPDWLF�DQGWRSRJUDSKLF�OD\HUV�ZLWK����IHDWXUH�FODVVHV�RI�FDUWRJUDSKLF��DWWULEXWH�DQG�WH[WXDO�GDWD�VWRUHG�RQFRPSDFW�GLVFV��7KH�'&:�ZDV�GLJLWL]HG�XQGHU�FRQWUDFW�RI�WKH�86�'HIHQVH�0DSSLQJ�$JHQF\�'0$��IURP�WKHLU�2SHUDWLRQDO�1DYLJDWLRQ�&KDUW�VHULHV�LQ�WKH�9HFWRU�3URGXFW�)RUPDW�
��� &RQFOXVLRQV)RU�WKH�HVWDEOLVKPHQW�RI�D�JHRUHIHUHQFHG�FRQWLQHQWDO�ODQG�FRYHU�GDWDEDVH�WKDW�FDQ�EHFKDUDFWHULVHG DV�FRQVLVWHQW��GHWDLOHG��IL[HG�LQ�WLPH�DQG�WKDW�FDQ�EH�XSGDWHG�IUHTXHQWO\�WKH�XVHRI�UHPRWH�VHQVLQJ�GDWD�LV�HVVHQWLDO�



SDJH��� RI���
� /$1'�86(�&+$1*(�'(7(&7,21
��� ,QWURGXFWLRQ
7KH�XVH�RI�VDWHOOLWH�LPDJHU\�IRU�GHWHFWLQJ�ODQG�XVH�FKDQJHV7KH�XVH�RI�VDWHOOLWH�LPDJHU\�IRU�GHWHFWLQJ�ODQG�XVH�FKDQJHV�KDV�EHHQ�DSSOLHG�LQ�D�YDULHW\�RIVWXGLHV��H�J��%HUJ�HW�DO���������6WRUPYRJHO���������7KH�PDLQ�DGYDQWDJH�RI�XVLQJ�VDWHOOLWHLPDJHU\�LV�WKH�SRVVLELOLW\�WR�PDNH�XQLIRUP�FRPSDULVRQV�LQ�GLIIHUHQW�WLPH�VSDQV�DQG�EHWZHHQGLIIHUHQW�UHJLRQDO�]RQHV��(VSHFLDOO\�LQ�(XURSH�ZHUH�ODQG�XVH�FODVVLILFDWLRQV�WHQG�WR�GLIIHUHQRUPRXVO\�EHWZHHQ�WKH�GLIIHUHQW�FRXQWULHV��D�XQLIRUP�FODVVLILFDWLRQ�PHWKRG�SURYHV�WR�EHH[WUHPHO\�XVHIXO��%XW�DOVR�LQ�WKH�86�VDWHOOLWH�LPDJHU\�DUH�XVHG�IRU�GHWHFWLQJ�DQG�IRUHFDVWLQJODQG�XVH�FKDQJHV��$�UHFHQW�H[DPSOH�RI�WKH�XVH�RI�VDWHOOLWH�LPDJHU\�IRU�WKH�GHILQLWLRQ�RIJURZWK�SDWWHUQV�RI�XUEDQ�VSUDZO�LV�WKH�UHVHDUFK�E\�0DVHN�DQG�/LQGVH\��������IURP�WKH8QLYHUVLW\�RI�0DU\ODQG��7KH\�VWXGLHG�H[SDQVLRQ�RI�WKH�:DVKLQJWRQ�'�&��PHWURSROLWDQ�DUHDEHWZHHQ������DQG������E\�PXOWL�WHPSRUDO��HYHU\�WZR�\HDUV��/DQGVDW�LPDJHV�0HWKRGRORJLFDO�UHVHDUFK�RQ�WKH�XVH�RI�JHR�LQIRUPDWLRQ�IRU�PRQLWRULQJ�SXUSRVHV�KDV�VKRZQWKDW�VLPSOH�RYHUOD\�WHFKQLTXHV�DSSOLHG�WR�PXOWL�WHPSRUDO�GDWD�VHWV�JLYH�XQVDWLVIDFWRU\�UHVXOWV�GH�=HHXZ�HW�DO����������0RUH�VRSKLVWLFDWHG�REMHFW�RULHQWHG�WHFKQLTXHV�DQG�PRGLILHG�GDWDVWUXFWXUHV�RI�PXOWL�WHPSRUDO�GDWDEDVHV�DUH�UHTXLUHG�WR�UHIOHFW�WKH�ODQG�XVH�FKDQJHV�LQ�WKH�UHDOZRUOG�VLWXDWLRQ�VXIILFLHQWO\�
7KH�XVH�RI�VDWHOOLWH�LPDJHU\�IRU�IRUHFDVWLQJ�FKDQJHV�EHWZHHQ�UXUDO�DQG�XUEDQ�ODQG�XVH7KH�XVH�RI�VDWHOOLWH�LPDJHU\�ZLWK�WKH�SXUSRVH�RI�IRUHFDVWLQJ�FKDQJHV�LQ�ODQG�XVH�LV�IDLUO\�QHZ�%\�TXDQWLI\LQJ�WKH�WUHQG�LQ�ODQG�XVH�FKDQJHV�RYHU�D�KLVWRULF�SHULRG�LQ�D�FHUWDLQ�UHJLRQ��DVFHQDULR�IRU�WKH�IXWXUH�GHYHORSPHQWV�FDQ�EH�GHULYHG�LQ�RUGHU�WR�SUHGLFW�ODQG�XVH�FKDQJHV�LQODUJHU�RU�RWKHU�UHJLRQV�1HYHUWKHOHVV��WKHUH�DUH�VRPH�UHVWULFWLRQV�WR�WKH�PHWKRG��2QO\�FKDQJHV�UHOHYDQW�RQ�WKH�ORQJHUWHUP��H�J��ORQJHU�WKDQ����\HDUV��FDQ�EH�TXDOLILHG�DV�D�WUHQG��6KRUW�WHUP�F\FOLF�FKDQJHV��OLNHFURS�URWDWLRQV��DUH�OHVV�UHOHYDQW�DQG�KDUG�WR�H[SUHVV�DV�D�WUHQG��7KHUHIRUH��WKHSUHGLFWLRQ�VFHQDULR�WHFKQLTXH�LV�QRW�DSSOLFDEOH�WR�DOO�ODQG�XVH�FKDQJHV�WKDW�FDQ�EH�PRQLWRUHGIURP�VDWHOOLWH�LPDJHU\��EXW�PXVW�EH�UHVWULFWHG�WR�WKH�ORQJ�WHUP�QRQ�F\FOLF�FKDQJHV�OLNH�WKHSURFHVV�RI�XUEDQL]DWLRQ�
2EMHFWLYH�RI�WKH�DSSOLFDWLRQ�RI�VDWHOOLWH�LPDJHU\:LWKLQ�WKH�6,0,/25�SURMHFW�VDWHOOLWH�LPDJHU\�KDV�EHHQ�XVHG�WR�GHULYH�GLIIHUHQW�VFHQDULRV�IRUODQG�XVH�FKDQJHV��EDVHG�RQ�WUHQGV�LQ�XUEDQL]DWLRQ�DV�REVHUYHG�LQ�GLIIHUHQW�(XURSHDQPHWURSROLWDQ�UHJLRQV��7KUHH�ODUJH�(XURSHDQ�XUEDQ�DUHDV�ZHUH�VHOHFWHG�DV�WHVW�VLWHV��3DULV��)UDQFH��/LVERQ�3RUWXJDO�DQG�5DQGVWDG���WKH�1HWKHUODQGV��7KH�XUEDQL]DWLRQ�SURFHVVHV�LQ�WKHVHUHJLRQV�ZHUH�H[SHFWHG�WR�GLIIHU�VLJQLILFDQWO\�GXH�WR�GLIIHUHQW�SROLWLFDO�VWUDWHJLHV�DQG�SK\VLFDOHQYLURQPHQWV��1RW�RQO\�WKH�VFHQDULR�DV�VXFK��EXW�DOVR�WKH�GHYHORSPHQW�RI�SURSHU�GDWDKDQGOLQJ�WHFKQLTXHV�DQG�FODVVLILFDWLRQ�SURFHGXUHV�ZHUH�WR�EH�H[SORUHG�LQ�WKLV�SURMHFW�
��� 'DWD
7KUHH�(XURSHDQ�XUEDQ�UHJLRQV�KDYH�EHHQ�VHOHFWHG�DV�WHVW�VLWHV��UHSUHVHQWLQJ�GLIIHUHQW�IRUPV�RIXUEDQL]DWLRQ�DV�SUHVHQW�LQ�:HVWHUQ�(XURSH��/DQGVDW�70�LPDJHV�RI�3DULV��/LVERQ�DQG�WKH'XWFK�5DQGVWDG�KDYH�EHHQ�FKRVHQ�DV�GDWD�VRXUFH�IRU�FKDQJH�GHWHFWLRQ�LQ�WKH�WHVW�VLWHV��7ZR
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FORXG�IUHH�LPDJHV�ZLWKLQ�WKH�SHULRG������±������ZHUH�SXUFKDVHG�IRU�DOO�WKUHH�WHVW�VLWHV��7DEOH����VKRZV�GHWDLOV�RQ�WKH�XVHG�VDWHOOLWH�LPDJHV��,Q�DQQH[���KDUG�FRSLHV�RI�WKH�LPDJHV�DUH�JLYHQ�
7DEOH������&KDUDFWHULVWLFV�RI�/DQGVDW�70��LPDJHV�DV�XVHG�

3DULV /LVERQ 5DQGVWDG6HQVRU /DQGVDW�70 /DQGVDW�70 /DQGVDW�70'DWH�� ���������� ���������� ����������'DWH�� ���������� ���������� ����������3DWK���5RZ ������� ������ �������
��� 0HWKRGRORJ\
7UDQVLWLRQV�DQG�GULYLQJ�IDFWRUV�WHVW�VLWHV$V�H[SODLQHG�LQ�WKH�SUHYLRXV�FKDSWHU�ZH�IRFXV�RQ�WKH�SURFHVV�RI�ODQG�FRQYHUVLRQ�IURP�UXUDO�WRXUEDQ�DQG�WKH�UHVXOWLQJ�VSDWLDO�SDWWHUQV�LQ�XUEDQ�H[SDQVLRQ��,Q�WKH�XUEDQ�UXUDO�IULQJH�GLIIHUHQWW\SHV�RI�FRQYHUVLRQV�FDQ�EH�GLVWLQJXLVKHG��7XUNVWUD���������L�H��x UXUDO�QDWXUH���UHVLGHQWLDOx UXUDO�QDWXUH���RWKHU�XUEDQ��FRPPHUFLDO��UHFUHDWLRQDO��XUEDQ�JUHHQ��HWF��x YDFDQW���UHVLGHQWLDO��YDFDQW�DUHDV�DUH�ZLWKRXW�FRQVWUXFWLRQ�EXW�ZLWK�GHYHORSPHQWLQGLFDWLRQV�x YDFDQW���RWKHU�XUEDQx UHVLGHQWLDO���FRPPHUFLDOx FRPPHUFLDO���UHVLGHQWLDOx UHVLGHQWLDO�UHVLGHQWLDO��IURP�ORZ�WR�PHGLXP�WR�KLJK�GHQVLW\�
:LWK�WKH�DSSOLHG�FODVVLILFDWLRQ�PHWKRG�RI�WKH�VDWHOOLWH�LPDJHV�KRZHYHU��QR�GLVWLQFWLRQ�FDQ�EHPDGH�EHWZHHQ�H�J��XUEDQ�FRPPHUFLDO�RU�XUEDQ�UHVLGHQWLDO��2QO\�ODQG�FRYHU�FDQ�EH�LGHQWLILHGUDWKHU WKDQ�ODQG�IXQFWLRQV��:LWK�WKH�XQLIRUP�FODVVLILFDWLRQ�PHWKRG�IRU�WKH�VDWHOOLWH�LPDJHVZLWKLQ�WKH�SHULRG�������������RI�WKH�WKUHH�WHVW�VLWHV�WKH�IROORZLQJ�FODVVHV�FDQ�EHGLVWLQJXLVKHG�
7DEOH����'LVWLQJXLVKHG�FODVVHV�LQ�WKH�VDWHOOLWH�LPDJH� FODVVLILFDWLRQ SURFHGXUH�

&ODVV�QXPEHU &ODVV� ZDWHU� UXUDO�EDUH� UXUDO�YHJHWDWLRQ�ORZ� UXUDO�YHJHWDWLRQ�KLJK� XUEDQ�EDUH� XUEDQ�EXLOW�XS�RSHQ� XUEDQ�EXLOW�XS� XUEDQ�YHJHWDWLRQ�ORZ� XUEDQ�YHJHWDWLRQ�KLJK
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2Q�WKH�EDVLV�RI�WKLV�FODVVLILFDWLRQ�WKH�IROORZLQJ�WUDQVLWLRQV�FRXOG�EH�PHDVXUHG�E\�RYHUOD\LQJDQG�FURVV�WDEXODWH�WKH�PDSV�IURP������DQG������������DQG������IRU�WKH�5DQGVWDG��
����QR�FKDQJH����H[SDQVLRQ����GHQVLILFDWLRQ
7KH�IROORZLQJ�GHFLVLRQ�UXOHV�KDYH�EHHQ�DSSOLHG�
([SDQVLRQ�  �������FODVVHV������� �!�������FODVVHV�����������'HQVLILFDWLRQ�  �������FODVV���� �!�������FODVVHV�������
7UDQVLWLRQV�IURP�XUEDQ�EDUH�XUEDQ�JUHHQ�XUEDQ�EXLOW�XS�RSHQ�WR�XUEDQ�EXLOW�XS�DUH�DOVRFRQVLGHUHG�DV�GHQVLILFDWLRQ��+RZHYHU��EHWZHHQ������DQG������WKHVH�FKDQJHV�DSSHDUHG�WR�EHXQUHOLDEOH�LQ�WKH�PXOWL�WHPSRUDO�FODVVLILFDWLRQ�DQG�ZHUH�WKHUHIRUH�QHJOHFWHG�
$IWHU�GHILQLQJ�WKH�W\SH�DQG�PHDVXUH�WKH�DPRXQW�RI�ODQG�XVH�FKDQJHV�LQ�WKH�UXUDO�XUEDQ�IULQJH�RXU�QH[W�DLP�LV�WR�ILQG�WKH�GULYLQJ�IDFWRUV�EHKLQG�WKHVH�FKDQJHV�DQG�WR�TXDQWLI\�WKH�DPRXQW�LQZKLFK�WKHVH�IDFWRUV�H[SODLQ�WKH�PHDVXUHG�FKDQJHV��7KHQ��WKH�GHULYHG�UXOHV�FDQ�EH�XVHG�IRU�WKHSUHGLFWLRQ�RI�ODQG�XVH�FKDQJHV��%XW�ILUVW�ZH�KDYH�WR�GHILQH�FOHDUO\�WKH�W\SH�RI�FKDQJH�ZH�ZDQWWR�VWXG\�
/DQG�XVH�FKDQJHV�WR�H[SODLQ7KH�QLQH�GLVWLQJXLVKHG�FODVVHV�LQ�WKH�LPDJH�FODVVLILFDWLRQ�FRYHU�DOO�SRVVLEOH�ODQG�XVHV��7KLVLPSOLHV�WKDW�WKH�ILUVW�IRXU�FODVVHV�RI�ZDWHU�DQG�UXUDO�FODVVHV�DOVR�LQFOXGH�FRQVHUYDWLRQ�DUHDV�IRUHVWV��ZDVWHODQGV�HWF��7KH�ILYH�XUEDQ�FODVVHV�LQFOXGH��DSDUW�IURP�EXLOW�XS�DUHD�ZLWK�KRXVHVDQG�FRPPHUFLDO�DQG�LQGXVWULDO�XQLWV��DOVR�WKH�SDUNV��VSRUW�ILHOGV��OHLVXUH�DUHDV��XQGHYHORSHGEDUH�JURXQG��HWF��:LWK�WKH�FKRVHQ�FODVVLILFDWLRQ�DQG�VWUDWLILFDWLRQ�WHFKQLTXHV�RI�WKH�VDWHOOLWHLPDJHV�ZH�LPSOLFLWO\�KDYH�FKRVHQ�DOVR�WKH�GHILQLWLRQV�IRU�UXUDO�DQG�XUEDQ��2XU�FKRVHQGHILQLWLRQV�RI�UXUDO�DQG�XUEDQ�DUH�IDLUO\�VLPSOH�EHFDXVH�WKH\�KDG�WR�EH�EDVHG�RQ�WKH�OLPLWHGFDSDELOLW\�RI�FODVV�GLVWLQFWLRQ�LQ�WKH�LPDJH�FODVVLILFDWLRQ�PHWKRG��%XW�ZH�KDYH�RI�FRXUVH�WRUHDOLVH�WKDW�WKLV�GLVWLQFWLRQ�LV�QRW�VWUDLJKWIRUZDUG�DW�DOO��RU�OLNH�7DFROL��������VWDWHV��µ«SRSXODWLRQV�DQG�DFWLYLWLHV�GHVFULEHG�DV�HLWKHU�³UXUDO´�RU�³XUEDQ´�DUH�PRUH�FORVHO\�OLQNHGDFURVV�VSDFH�DQG�VHFWRUV�WKDQ�LV�XVXDOO\�WKRXJKW��DQG�WKDW�WKH�FDWHJRULVDWLRQV�DUH�RIWHQPLVOHDGLQJ¶�,W�LV�FOHDU�WKDW�WKH�GHILQLWLRQ�RI�µXUEDQ¶�LV�LQ�WKLV�FDVH�VR�JHQHUDO��WKDW�ZH�ZLOO�QRW�ILQG�JHQHUDOGULYLQJ�IDFWRUV�WKDW�ZLOO�H[SODLQ�WKH�ZKROH�VSHFWUXP�RI�FKDQJHV�LQWR�WKH�GLIIHUHQW�XUEDQFODVVHV��7KHUHIRUH�ZH�ZLOO�FRQFHQWUDWH�RQ�WKH�PRVW�LPSRUWDQW�FODVVHV�RI�WKH�XUEDQ�DUHDFRQVLGHULQJ�WKH�DPRXQW�RI�VXUIDFH�DQG�LPSRUWDQFH��L�H��KRXVHV�DQG�FRPPHUFLDO�LQGXVWULDOXQLWV��$QRWKHU�PRWLYDWLRQ�IRU�WKH�IRFXV�RQ�WKHVH�WZR�FODVVHV�LV�WKDW�LQ�FDVH�RI�GHQVLILFDWLRQ�WKHRWKHU�XUEDQ�FODVVHV�DUH�IROORZLQJ�RU�H[FKDQJDEOH�LQ�UHJDUG�WR�WKHVH�WZR�PDLQ�FODVVHV��)RUH[DPSOH�DQ�XQGHYHORSHG�XUEDQ�EDUH�DUHD�LV�WXUQHG�LQWR�D�UHVLGHQWLDO�DUHD�RU�D�EXVLQHVV�SDUNZLWK�DFFRPSDQ\LQJ�LQIUDVWUXFWXUH��XUEDQ�JUHHQ��VSRUW�ILHOGV�HWF���EXW�QHYHU��RU�VHOGRP��WKHRWKHU�ZD\�DURXQG��$QRWKHU�SRVVLELOLW\�LQ�FDVH�RI�GHQVLILFDWLRQ�LV�WKH�VDFULILFH�RI�XUEDQ�JUHHQ�RU�VSRUW�ILHOGV�LQWR�UHVLGHQWLDO�RU�FRPPHUFLDO�DUHDV��(YHQ�ODQG�XVHG�E\�PDLQ�LQIUDVWUXFWXUHOLNH�KLJKZD\V�DQG�UDLOZD\V�LQVLGH�WKH�FLW\�ERUGHUV��FDQ�EH�WUDQVIRUPHG�WKHVH�GD\V�LQWRFRPPHUFLDO�DQG�UHVLGHQWLDO�DUHD�E\�OD\HUHG�PXOWLSOH�ODQG�XVH��,Q�FDVH�RI�H[SDQVLRQ�RXWVLGHWKH�FLW\�RU�DORQJ�WKH�FLW\�HGJH�KRZHYHU��WKH�PDLQ�LQIUDVWUXFWXUH�LV�RIWHQ�WKH�GHWHUPLQLQJ�IDFWRULQ�ORFDWLRQ�DQG�VKDSH�RI�WKH�QHZ�FRPPHUFLDO�UHVLGHQWLDO�DUHDV�
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��� $SSURDFK
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/DQGVDW�70�������������

/DQGVDW�70������������
)LJXUH������/DQGVDW�70�LPDJH�RI�3DULV�ZLWK�HQODUJHG�WZR�GHWDLOV�IURP������DQG������
$�VPDOO�DUHD�IURP�WKH�VRXWKHUQ�SDUW�RI�3DULV��VHH�GHWDLO��LV�XVHG�WR�GHPRQVWUDWH�WKH�FUHDWLRQ�RIWKH�ODQG�XVH�GDWDEDVH��7KH�FODVVLILFDWLRQ�SURFHVV�FRQVLVWV�RI�WKUHH�SDUWV��)LUVW�D�YLVXDOLQWHUSUHWDWLRQ�RI�WKH�VDWHOOLWH�LPDJHV�WR�LQGLFDWH�WKH�XUEDQ�DUHD��6HFRQGO\��WKH�FODVVLILFDWLRQ�RIWKH�ODQG�FRYHU�LV�GRQH��)LQDOO\��WKH�ODQG�FRYHU�FODVVHV�DUH�DVVLJQHG�WR�ODQG�XVH�FODVVHV��)LJXUH����VKRZV�WKH�YLVXDO�LQWHUSUHWDWLRQ�UHVXOWV�RI�ERWK�LPDJHV�

���� ����
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)LJXUH�����9LVXDO�LQWHUSUHWDWLRQ�RI�/DQGVDW�70�LPDJHV�RI�3DULV�
)LUVW�WKH�XUEDQ�ERXQGDULHV�DUH�GLJLWL]HG�RQ�WKH������LPDJHV��EDVHG�RQ�FRORUV�DQG�SDWWHUQV�WKDWLGHQWLI\�WKH�XUEDQ�DUHD��7KHVH�ERXQGDULHV�WKHQ�DUH�VXSHULPSRVHG�RQ�WKH������LPDJH�$GGLWLRQDO�DUHDV�DUH�GLJLWL]HG��LQGLFDWHG�ZLWK�DQ�DUURZ�RQ�WKH������LPDJH�LQ�ILJXUH������

���� ���� ODQG�XVH�FODVVHV

)LJXUH������/DQG�8VH�FODVVLILFDWLRQ�UHVXOWV�

)LJXUH������3HUIRUPLQJ�FKDQJH�GHWHFWLRQ�XVLQJ�D�*,6�
)LJXUH�����RQ�WKH�SUHYLRXV�SDJH�VKRZV�WKH�UHVXOWV�RI�VWHSV���DQG����,Q�VWHS���WKH�LPDJHV�DUHFODVVLILHG�LQWR���ODQG�FRYHU�FODVVHV��ZDWHU��EDUH����EDUH����EDUH����YHJHWDWLRQ�ORZ��YHJHWDWLRQ



SDJH��� RI���
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��� 5HVXOWV��9LVXDO�DQDO\VLV�PDS�VHULHV����������
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&RPSDULQJ�WKH�H[SDQVLRQ�DQG�GHQVLILFDWLRQ�SDWWHUQV�LQ�WKH�GLIIHUHQW�PDSV�VRPH�LQWHUHVWLQJGLIIHUHQFHV�FDQ�EH�IRXQG�EHWZHHQ�WKH�WKUHH�UHJLRQV�
'HQVLILFDWLRQ�SDWWHUQV,Q�WKH�3DULV PDS�LW�FDQ�EH�VHHQ�WKDW�GHQVLILFDWLRQ�KDV�WDNHQ�SODFH�LQ�VRPH�FOHDU�GHILQHGUHJLRQV��PDLQO\�LQ�WKH�FLW\�HGJHV�LQ�WKH�VRXWKHUQ�SDUWV�RI�WKH�FLW\�DQG�ORFDOO\�LQ�WKH�QRUWK�RIWKH�FLW\��)URP�WKH�VXPPDU\�VWDWLVWLFV�WDEOH���� LW�FDQ�EH�GHULYHG�WKDW�IURP�WKH�WRWDO�XUEDQ�DUHDRI�WKH�3DULV�UHJLRQ�RI���������KD�LQ�������������������KD��KDV�EHHQ�GHQVLILHG�EHWZHHQ�����DQG������,Q�WKH�5DQGVWDG PDS�ZH�FDQ�VHH�PDQ\�ODUJH�DUHDV�ZKHUH�GHQVLILFDWLRQ�KDV�WDNHQ�SODFH�HVSHFLDOO\�LQ�WKH�RXWVNLUWV�RI�WKH�FLW\��)URP�WKH�VXPPDU\�VWDWLVWLFV�WDEOH���� LW�FDQ�EH�GHULYHGWKDW�IURP�DQ�XUEDQ�DUHD�RI��������KD�LQ�������������������KD��KDV�EHHQ�GHQVLILHG�EHWZHHQ�����DQG������,Q�WKH�/LVERQ PDS�ZH�FDQ�VHH�GHQVLILFDWLRQ�DOO�DURXQG�WKH�PDLQ�FLW\�EXW�DOVR�DORQJ�WKHXUEDQLVHG�FRDVWDO�]RQHV��)URP�WKH�VXPPDU\�VWDWLVWLFV�WDEOH���� LW�FDQ�EH�GHULYHG�WKDW�IURP�WKH
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'LVFXVVLRQ)URP�WKH�GHQVLILFDWLRQ�DQG�H[SDQVLRQ�SDWWHUQV�ZH�FDQ�DOUHDG\�FRQFOXGH�WKDW�WKH�SURFHVV�DQGVSHHG�RI�XUEDQLVDWLRQ�LQ�WKH�WKUHH�GLIIHUHQW�UHJLRQV�LV�TXLWH�GLIIHUHQW�7DEOH ����*URZWK�UDWHV�XUEDQ�H[SDQVLRQ�DQG�XUEDQLVDWLRQ8UEDQ�DUHD�LQ�KHFWDUH����������� ���� <HDUO\�XUEDQJURZWK�UDWH���� ([SDQVLRQ�KD� 'HQVLILFDWLRQ�KD� ([SDQVLRQ��GHQVLILFDWLRQ�UDWLR
5DQGVWDG��� ����� ����� ���� ���� ���� ����3DULV��� ������ ������ ���� ���� ���� ����/LVERQ��� ����� ����� ���� ����� ���� ����
,Q�WDEOH���� ZH�VHH�WKDW�WKH�\HDUO\�XUEDQ�JURZWK�UDWH�LV�ORZHVW�LQ�3DULV���������IROORZHG�E\WKH�5DQGVWDG�DUHD���������DQG�WKH�IDVW�JURZLQJ�DUHD�RI�/LVERQ����������7KH�FROXPQ�ZLWK�WKHH[SDQVLRQ�GHQVLILFDWLRQ�UDWLR�VKRZV�WKDW�LQ�3DULV�WKH�XUEDQ�JURZWK�LV�TXLWH�HYHQO\�GLYLGHGEHWZHHQ�H[SDQVLRQ�DQG�GHQVLILFDWLRQ��UDWLR������ZKLOH�LQ�WKH�5DQGVWDG�UHJLRQ�PRVW�RI�WKHJURZWK�LV�WKH�UHVXOW�RI�GHQVLILFDWLRQ��UDWLR�������$JDLQ�D�WRWDOO\�GLIIHUHQW�SLFWXUH�LV�IRXQG�LQ�WKH/LVERQ�DUHD�ZKHUH�WKH�XUEDQ�JURZWK�LV�E\�IDU�WKH�UHVXOW�RI�XUEDQ�H[SDQVLRQ��UDWLR�������7KHUHODWLYH�ORZ�GHQVLILFDWLRQ�LQ�WKH�3DULV�UHJLRQ�LV�QRW�YHU\�VXUSULVLQJ�ZKHQ�WKH�DOUHDG\�KLJKGHQVLW\�LQ�WKLV�FLW\�LV�WDNHQ�LQWR�DFFRXQW��$OVR�SRVVLELOLWLHV�IRU�IXUWKHU�H[SDQVLRQ�RI�WKH�PDLQFLW\�VHHP�WR�EH�OLPLWHG�FRQVLGHULQJ�WKH�IDFW�WKDW�WKH�H[SDQVLRQV�WDNH�SODFH�IDUWKHU�DZD\�IURPWKH�PDLQ�FLW\��+RZHYHU��WKH�UHDVRQ�IRU�WKLV�FRXOG�DOVR�EH�D�PRUH�DGPLQLVWUDWLYH�RQH��UHODWHG�WRWKH�ERUGHU�RI�3DULV�DQG�WKH�VXUURXQGLQJ�PXQLFLSDOLWLHV�7KH�KLJK�ILJXUHV�IRU�GHQVLILFDWLRQ�LQ�WKH�5DQGVWDG�DUHD�DORQJ�WKH�FLW\�ERUGHUV�DQG�WKH�UHODWLYHOLPLWHG�H[SDQVLRQ�FRQILUP�WKH�'XWFK�VSDWLDO�SROLFLHV�RI�WKH�HLJKWLHV�DQG�QLQHWLHV�RI�FRPSDFWEXLOGLQJ�DQG�OLPLWHG�H[SDQVLRQ�LQ�WKH�RSHQ�DUHDV��,Q�WKH�/LVERQ�DUHD�ZH�VHH�FRPSOHWHO\�WKHRSSRVLWH��D�ELJ�TXLWH�FKDRWLF�H[SDQVLRQ�LQ�WKH�RSHQ�DUHDV�ZHVW�DQG�VRXWK�RI�WKH�PDLQ�FLW\�DQGD�UHODWLYHO\�ORZ�GHQVLILFDWLRQ��7KLV�SDWWHUQ�VHHPV�D�FOHDU�H[SUHVVLRQ�RI�WKH�ODFN�RI�VSDWLDOSODQQLQJ�LQ�WKLV�DUHD�GXULQJ�WKH�ODVW�WZR�GHFDGHV�
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7DEOH������7KUHH�SRVVLEOH�VFHQDULRV�IRU�WKH�GHQVLILFDWLRQ�DQG�H[SDQVLRQ�RI�XUEDQ�DUHDV�LQ(XURSH��EDVHG�RQ�WKH�GHYHORSPHQWV�DV�GHULYHG�IURP�VDWHOOLWH�LPDJHU\�IRU�/LVERQ��3DULV�DQGWKH�5DQGVWDG�
6FHQDULR 'HQVLILFDWLRQ ([SDQVLRQ/LVERQ�������±������ ���� �����DQ\ZKHUH3DULV�������±������ ���� ������GHVLJQDWHG5DQGVWDG�������±������ ����� ������H[WHUQDO
7KH�DSSOLHG�DSSURDFK�FRQVLVWV�WR�D�ODUJH�H[WHQW�RI�D�YLVXDO�LQWHUSUHWDWLRQ�RI�VDWHOOLWH�LPDJHU\DQG�RQ�VFUHHQ�GLJLWL]LQJ��HVSHFLDOO\�ZLWK�UHJDUG�WR�H[WHQVLRQ�RI�XUEDQ�DUHDV��)XOO�DXWRPDWLFSURFHGXUHV�GLG�QRW�JLYH�DFFHSWDEOH�UHVXOWV��2QFH�D�PDQXDO�VWUDWLILFDWLRQ�KDV�EHHQ�DSSOLHG�VXSHUYLVHG�FODVVLILFDWLRQ�SURFHGXUHV�KDYH�EHHQ�DSSOLHG�WR�GHULYH�WKH�GHJUHH�RI�XUEDQGHQVLILFDWLRQ�
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� '5,9,1*�)$&7256�%(+,1'�85%$1���585$/�&+$1*(
��� ,QWURGXFWLRQ
8QGHUO\LQJ�IDFWRUV�IRU�WKH�DPRXQW�RI�UXUDO�±�XUEDQ�FKDQJH�DUH�EDVLFDOO\�SRSXODWLRQ�JURZWKDQG�HFRQRPLF�JURZWK��:H�ZLOO�KRZHYHU�QRW�FRQVLGHU�WKHVH�IDFWRUV�KHUH�EHFDXVH�ZH�WDNH�WKHDPRXQW�RI�ODQG�XVH�FKDQJH�DV�H[RJHQRXV�DQG�FRQFHQWUDWH�RQO\�RQ�WKH�GULYLQJ�IDFWRUV�EHKLQGWKH�GLVWULEXWLRQ�RI�WKLV�ODQG�XVH�FRQYHUVLRQ�)URP�WKH�WZR�PDLQ�XUEDQ�ODQG�XVH�W\SHV�UHVLGHQWLDO�DQG�FRPPHUFLDO�LQGXVWULDO��WKH�UHVLGHQWLDODUHD�VHHPV�WR�EH�WKH�PRVW�LPSRUWDQW�EHFDXVH�RI�LWV�VL]H�DQG�LQ�LW
V OHDGLQJ�UROH�LQ�H[SDQVLRQDQG�VXE�XUEDQLVDWLRQ��7KH�WLPHV�WKDW�KRXVHV�ZHUH�FRQVWUXFWHG�GLUHFWO\�DURXQG�LQGXVWULDO�DQGFRPPHUFLDO�DUHDV�DUH�ORQJ�SDVW��,Q�FRQWUDU\��ZH�FDQ�VHH�D�UHYHUVH�HIIHFW�RI�GHYHORSPHQW�RIFRPPHUFLDO�DUHDV�QHDU�QHZ�UHVLGHQWLDO�DUHDV��$QRWKHU�NQRZQ�VSDWLDO�GHYHORSPHQW�VWDUWLQJIURP�DSSUR[LPDWHO\�WKH�HLJKWLHV��LV�WKH�UHSODFHPHQW�RI�ROG�LQGXVWULDO�ODQG�E\�UHVLGHQWLDO�RUFRPPHUFLDO�DUHDV��IRU�H[DPSOH�LQ�VRPH�RI�WKH�ROG�KDUERXU�DUHDV�LQ�$PVWHUGDP�DQG�5RWWHUGDPDQG�WKH�'RFNODQGV�LQ�/RQGRQ�DQG�/LVERQ��7KH�RSSRVLWH��UHSODFHPHQW�RI�UHVLGHQWLDO�ODQG�XVHE\�RWKHU�ODQG�XVH�W\SHV�LV�D�SKHQRPHQRQ�WKDW�LV�VHHQ�OHVV�RIWHQ�LQ�(XURSH��7KH�IHZ�H[FHSWLRQVWKDW�FDQ�EH�IRXQG DUH�VPDOO�SDUWV�RI�UHVLGHQWLDO�DUHDV�ZKLFK�DUH�VDFULILFHG�IRU�LPSRUWDQWLQIUDVWUXFWXUDO�ZRUNV�OLNH�KLJKZD\V��KLJK�VSHHG UDLOZD\�FRQQHFWLRQV�OLNH�WKH�+6/�RU�QHZODQGLQJ�VWULSV�RI�DLUSRUWV��H�J��WKH�QHZ�ILIWK�UXQZD\�RI�6FKLSKRO��$V�%UXFNQHU��������DUJXHV�WKH�FRQYHUVLRQ�IURP�UXUDO�WR�XUEDQ�ODQG�XVH�GHSHQGV�VROHO\�RQ�WKHODQG¶V�SURGXFWLYLW\�LQ�XUEDQ�XVH��ZKLFK�GHSHQGV�RQ�WKH�YDOXH�RI�WKH�KRXVHV�EXLOW��UHODWLYH�WRWKH�ODQG¶V�SURGXFWLYLW\�LQ�DJULFXOWXUH��DV�UHIOHFWHG�LQ�WKH�YDOXH�RI�WKH�IDUP�RXWSXW��)RU�WKHVH�UHDVRQV�LW�VHHPV�ORJLFDO�WR�IRFXV�RQ�WKH�VRFLDO�DQG�HFRQRPLFDO�IRUFHV�EHKLQG�WKHFRQYHUVLRQ�WR�UHVLGHQWLDO�ODQG�XVH��$OVR�%LEE\��������PHQWLRQV�IRXU�UHDVRQV�WR�MXVWLI\�WKHDWWHQWLRQ�RQ�KRXVHEXLOGLQJ�DV�WKH�GULYLQJ�IRUFH�EHKLQG�WKH�RYHUDOO�UDWH�RI�ODQG�FRQYHUVLRQ�)LUVW�WKH�UHVLGHQWLDO�DUHD�RFFXSLHV�LQ�JHQHUDO�WKH�ODUJHVW�VKDUH�RI�WKH�WRWDO�EXLOW�XS�DUHD�$FFRUGLQJ�WR�%LEE\��������KRXVLQJ�DFFRXQWV�IRU�VHYHQ�WHQWKV�RI�ODQG�LQ�XUEDQ�XVH�LQ(QJODQG��7KLV�UDWLR�LV�KRZHYHU�GHSHQGHQW�RQ�WKH�ZD\�WKH�UHVLGHQWLDO�DUHD�LV�PHDVXUHG�LQUHODWLRQ�WR�WKH�XUEDQ�DUHD��,Q�WKH�1HWKHUODQGV�IRU�H[DPSOH�WKLV�UDWLR�LV�PXFK�ORZHU������RI�WKHWRWDO�EXLOW�XS�DUHD� LQ������LV�UHVLGHQWLDO��6HFRQGO\��OLNH�VWDWHG�EHIRUH��RWKHU�IRUPV�RI�ODQGXVHV��OLNH�UHWDLO��ZDUHKRXVHV��VFKRROV�DQG�OHLVXUH�IROORZ�WKH�UHVLGHQWLDO�GHYHORSPHQWV��7KLUGO\�LW�LV�JHQHUDOO\�DUJXHG�WKDW�LW�LV�WKH�GHFHQWUDOLVDWLRQ�RI�SRSXODWLRQ�UDWKHU�WKDQ�WKHGHFHQWUDOLVDWLRQ�RI�HPSOR\PHQW�WKDW LV�OHDGLQJ�WKH�HYROXWLRQ�RI�WKH�VHWWOHPHQW�SDWWHUQ��$QGODVW�EXW�QRW�OHDVW�WKH�VSDWLDO�SODQQLQJ�GHSDUWPHQWV�RI�WKH�GLIIHUHQW�(XURSHDQ�JRYHUQPHQWV�OD\SDUWLFXODU�HPSKDVLV�RQ�KRXVLQJ�DOORFDWLRQV�IURP�ZKLFK�IORZ�WKH�DVVHVVPHQW�DQG�DOORFDWLRQ�RIODQG�IRU�RWKHU�XVHV�
$OWKRXJK�LW�PLJKW�EH�D�JRRG�VWDUWLQJ�SRLQW��LW�GRHVQ¶W�VHHP�ORJLFDO�WR�IRFXV�VROHO\�RQ�WKHGULYLQJ�IDFWRUV�EHKLQG�UHVLGHQWLDO�GHYHORSPHQW��:H�FDQ�DGG�IRU�H[DPSOH�GULYLQJ�IDFWRUV�IRUWKH�RWKHU�PDLQ�XUEDQ�ODQG�XVH�W\SHV��LQIUDVWUXFWXUH�DQG�FRPPHUFLDO�DQG�LQGXVWULDO�DUHDV�7KHVH�XUEDQ�ODQG�XVH�W\SHV�FDQ�XVXDOO\�EH�FOHDUO\�GLVWLQJXLVKHG�VSDWLDOO\ DQG�KDYH�PRUH�RUOHVV�LQGHSHQGHQW�GULYLQJ�IDFWRUV�FRPSDUHG�WR�WKH�GULYLQJ�IDFWRUV�RI�UHVLGHQWLDO�GHYHORSPHQW�,Q�WKH�ILUVW�SODFH�ZH�WKLQN�IRU�LQVWDQFH�RI�VSDWLDO�SROLF\�SODQV�IRU�LQIUDVWUXFWXUH�DQG�EXVLQHVV
� 7KH�XUEDQ�DUHD�LQ�WKH�1HWKHUODQGV�ZDV�����RI�WKH�WRWDO�ODQG�XVH�LQ�����



SDJH��� RI���
SDUNV��EXW�DOVR�WKH�SUR[LPLW\�RI�H[LVWLQJ�FRPPHUFLDO�DQG�LQGXVWULDO�DUHDV�EHFDXVH�RIDGYDQWDJHV�LQ�WKH�HFRQRP\�RI�VFDOH��H�J��0LOOV�DQG�+DPLOWRQ��������
/DVW�EXW�QRW�OHDVW�ZH�KDYH�WR�FRQVLGHU�OLPLWLQJ�IDFWRUV�WR�UXUDO�±�XUEDQ�FKDQJH�DV�ZHOO��7KLVFDQ�EH�SK\VLFDO�WHUUDLQ�IDFWRUV�OLNH�VORSH�RU�VRLO�VWDELOLW\��DV�ZHOO�DV�HQYLURQPHQWDO�IDFWRUV�OLNHQRLVH�DQG�SROOXWLRQ�SUHYHQWLQJ�XUEDQ�GHYHORSPHQW��2WKHU�OLPLWLQJ�IDFWRUV�FDQ�EH�SROLF\UHVWULFWLRQV�IRU�EXLOGLQJ�LQ�RU�QHDU�FHUWDLQ�DUHDV�OLNH�FRQVHUYDWLRQ�DUHDV��RU�XUEDQ�JURZWKERXQGDULHV�WR�OLPLW�XUEDQ�VSUDZO�
5HVXPLQJ��ZH�FRQFHQWUDWH�RQ�WKH�GULYLQJ�IDFWRUV�EHKLQG�UHVLGHQWLDO�GHYHORSPHQW�DQGLQGHSHQGHQW���IURP�UHVLGHQWLDO�GHYHORSPHQW��GULYLQJ�IDFWRUV�EHKLQG�WKH�GHYHORSPHQW�RI�PDLQLQIUDVWUXFWXUH�DQG�FRPPHUFLDO�LQGXVWULDO�DUHDV�
��� ,GHQWLILFDWLRQ�RI�GULYLQJ�IDFWRUV�EHKLQG�UHVLGHQWLDO�GHYHORSPHQW
6WXG\LQJ�WKH�GULYLQJ�IDFWRUV�EHKLQG�UHVLGHQWLDO�GHYHORSPHQW�LPSOLHV�DQVZHULQJ�WKH�TXHVWLRQZKHUH�DUH�QHZ�KRXVHV�EXLOW�"�7KH�DQVZHU�LV�UHODWHG�WR�DYDLODEOH�VSDFH��VSDWLDO�SROLF\�DQGSHUVRQDO�SUHIHUHQFHV��RI�WKH�UHDO�HVWDWH�GHYHORSHU�DQG�KLV�WDUJHW�PDUNHW���$�JRRG�H[DPSOH�RI�DVWXG\�LQ�ZKLFK�WKH�GULYLQJ�IDFWRUV�EHKLQG�WKH�JURZWK�RI�WKH�UHVLGHQWLDO�DUHD�LQ�WKH�1HWKHUODQGVZDV�VWXGLHG�FDQ�EH�IRXQG�LQ�:DJWHQGRQN�DQG�5LHWYHOG���������,Q�WKLV�VWXG\�D�JHRVWDWLVWLFDODQDO\VLV�ZDV�FDUULHG�RXW�VKRZLQJ�WKH�UHODWLRQ�RI�WKH�GLVWULEXWLRQ�RI�QHZ�EXLOG�KRXVHV�EHWZHHQ�����DQG������DQG�D�QXPEHU�RI�ZHOO�GRFXPHQWHG�GULYLQJ�IRUFHV��$OWKRXJK�ZH�FDQ�H[SHFWUHJLRQDO�DQG�FXOWXUDO�GLIIHUHQFHV�LQ�WKH�LPSRUWDQFH�RI�FHUWDLQ�GULYLQJ�IRUFHV��ZH�DVVXPH�WKDWWKH�ORFDWLRQ�IDFWRUV�XVHG�LQ�WKH�VWXG\�RI�:DJWHQGRQN�DQG 5LHWYHOG��������DUH�DOVR�YDOLG�IRURWKHU�(XURSHDQ�UHJLRQV��7KHUHIRUH��ZH�GLVWLQJXLVK�WKH�IROORZLQJ�GULYLQJ�IDFWRUV�
3UR[LPLW\�DQG�FRQFHQWUDWLRQ�RI�H[LVWLQJ�UHVLGHQWLDO�DUHDV$OWKRXJK�WKH�VHDUFK�UDGLXV�RI�SHRSOH�LV�TXLWH�ELJ��*RHWJHOXN���������LQ�WKH�1HWKHUODQGV�WKHPDMRULW\�RI�SHRSOH�PRYH�LQVLGH�WKHLU�RZQ�QHLJKERXUKRRG�RU�PXQLFLSDOLW\��$FFHVVLELOLW\�WRIULHQGV�DQG�IDPLO\�DQG�DOUHDG\�DYDLODEOH�VHUYLFHV�OLNH�VFKRROV��VKRSV��KRVSLWDOV��UHVWDXUDQWV�EXW�DOVR�FXOWXUDO�VHUYLFHV�OLNH�FLQHPD¶V�DQG�WKHDWUHV�DQG�VR�RQ��IRUP�WKH�EDVLF�DGYDQWDJHV�RIOLYLQJ�LQ�H[LVWLQJ�UHVLGHQWLDO�DUHDV��1HDUE\�VLWXDWHG�UHVLGHQWLDO�DUHD�VKRXOG�WKHUHIRUH�EHZHLJKWHG�DV�DQ�LPSRUWDQW�IDFWRU�
3UR[LPLW\�DQG�FRQFHQWUDWLRQ�RI�HPSOR\PHQW3HRSOH�DWWDFK�YDOXH�WR�WKH�DPRXQW�DQG�WKH�DFFHVVLELOLW\�RI�ZRUN�LQ�WKHLU�VXUURXQGLQJV�DQG�LQUHYHUVH�WKH\�DFFHSW�WR�D�FHUWDLQ�H[WHQW�WKH�GLVDGYDQWDJH�RI�FRPPXWLQJ�EHFDXVH�RI�WKH�EHWWHUOLYLQJ�HQYLURQPHQW�DQG�FKHDSHU�KRXVLQJ�DW�WKH�KRPH�HQG�RI�WKH�FRPPXWH��0LOOV DQG+DPLOWRQ���������7KLV�LPSOLHV�WKDW�WKH�GLVWDQFH�WR�ZRUN�VKRXOG�EH�ZHLJKWHG�DFFRUGLQJ�WR�DFHUWDLQ�GLVWDQFH�GHFD\�IXQFWLRQ�DQG�GHSHQGLQJ�RQ�WKH�FRQFHQWUDWLRQ�RI�DYDLODEOH�ZRUN�'LIIHUHQW�LQYHVWLJDWLRQV�SRLQW�RXW�WKDW�WKH�PHDQ�PD[LPDO�DFFHSWHG�FRPPXWLQJ�GLVWDQFH�LQ�WKH1HWKHUODQGV�LV�EHWZHHQ����DQG����PLQXWHV��*HUULWVHQ���������7KLV�LV�DOVR�FRQILUPHG�E\�9DQ+DP��������ZKR�VKRZV�WKDW�WKH�PDMRULW\�RI�MREV�DUH�IRXQG�RQ�VKRUW�GLVWDQFH�IURP�KRPH�



SDJH��� RI���
3UR[LPLW\��TXDOLW\�DQG�VL]H�RI�QDWXUH�FRQVHUYDWLRQ��IRUHVW�DQG�UHFUHDWLRQ�DUHDV �LQFOXGLQJVXUIDFH�ZDWHU��DQG�GLVWDQFH�WR�FRDVW�5HVW��RSHQ�VSDFH��QDWXUH�DQG�UHFUHDWLRQDO�SRVVLELOLWLHV�DUH�LPSRUWDQW�ORFDWLRQ�IDFWRUV�ZKLFK�LVVKRZQ�E\�WKH�FRQVLGHUDEOH�SULFH�LQFUHDVHV�RI�GZHOOLQJV�QHDU�WKLV�NLQG�RI�DUHDV��(VSHFLDOO\�WKH/LVERQ�UHJLRQ�KDV�D�YHU\�DWWUDFWLYH�FRDVWOLQH�IRU�EHDFK�DQG�ZDWHU�UHFUHDWLRQ��ILVKLQJ�DQGWUDQVSRUW�RYHU�VHD��7KH�GLVWDQFH�WR�WKH�FRDVW�LV�WKHUHIRUH�UHJDUGHG�DV�DQ�LPSRUWDQW�GULYLQJIDFWRU�IRU�ERWK�UHVLGHQWLDO�DV�FRPPHUFLDO�GHYHORSPHQW��7KH�VDPH�DFFRXQWV��EXW�WR�D�OHVVHUH[WHQW�IRU�WKH�DWWUDFWLRQ�IRU�UHFUHDWLRQDO�SXUSRVHV��GXH�WR�OHVV�IDYRXUDEOH�FOLPDWLF�FRQGLWLRQV��WR�WKH�5DQGVWDG�
'LVWDQFHV�WR�UDLOZD\�VWDWLRQV�DQG�KLJKZD\�H[LWV$�VKRUW�WUDYHOOLQJ�GLVWDQFH�WR�ZRUN�DQG�UHFUHDWLRQ�LV�H[FHSW�IRU�ORFDO�IRUPV�RI�WUDQVSRUW��E\IRRW��ELF\FOH��WUDP��KHDYLO\�GHSHQGHQW�RQ�JRRG�FRQQHFWLRQV�WR�WKH�KLJKZD\�DQG�WKH�UDLOZD\QHW��7KHUHIRUH��ZH�FRQVLGHU�WKH�GLVWDQFH�WR�WKH�FORVHVW�FRQQHFWLRQ�SRLQW�DV�DQ�LPSRUWDQWIDFWRU��)XUWKHU�LW�VKRXOG�EH�FRQVLGHUHG�WR�GLVWLQJXLVK�QHZ�IURP�ROG�LQIUDVWUXFWXUH�EHFDXVH�QHZLQYHVWPHQWV�LQ�IUHHZD\V�DQG�RWKHU�WUDQVSRUWDWLRQ�LQIUDVWUXFWXUH�VSXUV�VXE�XUEDQLVDWLRQEHFDXVH�RI�UHGXFHG�FRVWV�IRU�FRPPXWLQJ�DQG�WUDQVSRUW�LQ�DUHDV�ZLWK�ORZ�JURXQGSULFHV�DQGFKHDS�KRXVLQJ��VHH�DOVR�%UXFNQHU��������
7KH�SUR[LPLW\�RI�UDLOZD\V��H[FHSW�VWDWLRQV���KLJKZD\V��H[FHSW�H[LWV���DLUSRUWV��LQGXVWULHV FDQEH�D�QHJDWLYH�IDFWRU�LQ�WKH�FDVH�RI�QRLVH��DLU�RU�YLVXDO�SROOXWLRQ�
/RFDWLRQ�LQ�QHZ��SODQQHG��WRZQV�RU�H[SDQGHG�WRZQV,Q�FRXQWULHV�RU�UHJLRQV�ZLWK�D�ORQJ�SODQQLQJ�KLVWRU\�D�ODUJH�SDUW�RI�WKH�VSDWLDO�GLVWULEXWLRQ�RIGZHOOLQJV�LV�H[SODLQHG�E\�WKH�VWRFN�FUHDWHG�RU�FR�RUGLQDWHG�E\�WKH�JRYHUQPHQW��)RU�H[DPSOHLQ�WKH�1HWKHUODQGV�WKH�ODUJHU�SDUW�RI�WKH�EXLOGLQJ�SURJUDP��LQ�WKH�SHULRG�IURP������WLOO������ZDV�FRQFHQWUDWHG�LQ�QHZ�WRZQV�DQG�H[SDQGHG�WRZQV��,Q�FRXQWULHV�RU�UHJLRQV�WKDW�ODFN�DVSDWLDO�SROLF\��OLNH�*UHHFH�DQG�XQWLO�UHFHQW�3RUWXJDO��WKH�ORFDWLRQ�RI�QHZ�UHVLGHQWLDO�DUHDV�LVVROHO\�GHWHUPLQHG�E\�WKH�DXWRQRPRXV�GULYLQJ�IRUFHV�PHQWLRQHG�DERYH�
'LVWDQFH�WR�H[LVWLQJ�XUEDQ�DUHD,Q�FRXQWULHV�OLNH�WKH�1HWKHUODQGV�VSDWLDO�SROLF\�VLQFH�WKH�VL[WLHV�KDV�SURPRWHG�WKH�FRQFHSW�RIFRPSDFW�FLWLHV�DQG�WKH�SUHYHQWLRQ�RI�XQFRQWUROOHG�XUEDQ�VSUDZO��,W�LV�WKHUHIRUH�H[SHFWHG�WKDWWKH�PDLQ�SDUW�RI�XUEDQ�H[SDQVLRQ�WDNHV�SODFH�DORQJ�WKH�ERUGHU�RU�QHDU�H[LVWLQJ�FLWLHV�6HFRQGO\�WKH�FRPELQDWLRQ�RI�WKH�DYDLODELOLW\�RI�ODQG�ZLWK�UHODWLYHO\�FKHDS�JURXQGSULFHV��WKHSUR[LPLW\�RI�WKH�FLW\�ZLWK�VRFLDO�DQG�FXOWXUDO�IDFLOLWLHV�DQG�SRVVLELOLWLHV�IRU�ZRUN�PDNHVSHRSOH�LQ�DQ�DXWRQRPRXV�ZD\�GHFLGH�WR�OLYH�DV�QHDUE\�WKH�FLW\�DV�SRVVLEOH��7KLV�WUHQG�LVYLVXDOO\�FRQILUPHG�E\�WKH�H[SDQVLRQ�SDWWHUQV�ODWHU�VKRZQ�LQ�FKDSWHU����0RUH�RU�OHVV�WKH�VDPHDFFRXQWV�IRU�WKH�3DULV�UHJLRQ��)RU�WKH�/LVERQ�DUHD�ZLWK�LWV�OHVV�FOHDUO\�GHILQHG�XUEDQH[SDQVLRQ�SUREDEO\�RQO\�WKH�VHFRQG��DXWRQRPRXV��PRWLYDWLRQ�LV�WUXH��)RU�WKHVH�UHDVRQV�LW�ZDVGHFLGHG�WR�DGG�D�ORFDWLRQ�IDFWRU�ZKLFK�H[SUHVVHV�WKH�GLVWDQFH�WR�WKH�HGJH�RI�WKH�H[LVWLQJ�XUEDQDUHD��WKH�FLW\�HGJH��
3K\VLFDO�WHUUDLQ�IDFWRUV$OWKRXJK�LQ�WKH�WHVW VLWHV�5DQGVWDG�DQG�3DULV�WKHUH�DUH�KDUGO\�DQ\�SK\VLFDO�UHVWULFWLRQV�IRUUHVLGHQWLDO�GHYHORSPHQW��IDFWRUV�OLNH�VORSH��VRLO�VWDELOLW\�DQG�]RQHV�ZLWK�QDWXUDO�ULVNV��H�J�ULVN]RQHV�IRU�IORRGLQJ��ODQG�VOLGHV��DYDODQJHV��HWF���FDQ�EH�VHULRXV�OLPLWLQJ�IDFWRUV�IRU�XUEDQ



SDJH��� RI���
GHYHORSPHQW�LQ�RWKHU�DUHDV��OLNH�VRPH�SDUWV�RI�/LVERQ��,Q�WKH�KLVWRULFDO�DQDO\VLV�WKHVH�IDFWRUVDUH�KRZHYHU�QRW�FRQVLGHUHG��)RU�WKH�WHVW�VLWH�/LVERQ�IRU�H[DPSOH�WKHVH�IDFWRUV�FDQ�HDVLO\�EHLQWHJUDWHG�LQ�WKH�IXWXUH�VLPXODWLRQV�E\�DGGLQJ�WKHP�DV�UHVWULFWLYH�]RQHV RQ�WKH�PDS�
��� ,GHQWLILFDWLRQ�RI�GULYLQJ�IDFWRUV�EHKLQG�LQGXVWULDO��FRPPHUFLDOGHYHORSPHQW
$OVR�IRU�WKH�VWXG\�RI�WKH�GULYLQJ�IDFWRUV�EHKLQG�WKH�GHYHORSPHQW�RI�LQGXVWULDO�DQG�FRPPHUFLDODUHDV�ZH�FDQ�DVN�WKH�TXHVWLRQ�ZKHUH�H[DFWO\�WKH�FRPPHUFLDO�DQG�LQGXVWULDO�DUHDV�DUHGHYHORSHG��$JDLQ�WKH�DQVZHU�LV�UHODWHG�WR�DYDLODEOH�VSDFH��VSDWLDO�SROLF\�DQG�SHUVRQDOSUHIHUHQFHV�RI�WKH�UHDO�HVWDWH�GHYHORSHU�DQG�KLV�WDUJHW�PDUNHW��'LIIHUHQW�IURP�WKH�UHVLGHQWLDOGHYHORSPHQW�WKH�VSDWLDO�GHYHORSPHQW�RI�FRPPHUFLDO�DQG�LQGXVWULDO�DUHDV�LV�KRZHYHU�D�PRUHG\QDPLF�RQH�LQ�WKH�VHQVH�WKDW�WKH�ORFDWLRQV�RI�WKHVH�DUHDV�DUH�PRUH�VKLIWLQJ�DV�D�UHVXOW�RI�SXOODQG�SXVK�IDFWRUV��$W�WKH�OHYHO�RI�LQGLYLGXDO�FLWLHV�IRU�H[DPSOH�LQ�WKH�ODVW����\HDUV�LQ�WKH1HWKHUODQGV�D�SURFHVV�KDV�WDNHQ�SODFH�RI�VXE�XUEDQLVDWLRQ�RI�HPSOR\PHQW�IURP�WKH�FHQWUH�WRWKH�HGJH�RI�WKH�FLWLHV��9DQ�+DP���������3XVK�IDFWRUV�DUH�WKH�KLJK�JURXQGSULFHV��WKHFRQJHVWLRQ�DQG�WKH�GHFUHDVHG�DFFHVVLELOLW\��HQYLURQPHQWDO�UHVWULFWLRQV�DQG�WKH�OLPLWHGSRVVLELOLWLHV�IRU�H[SDQVLRQ�LQ�WKH�LQQHU�FLW\��ZKLOH�WKH�PDLQ�SXOO�IDFWRUV�RI�WKH�FLW\�HGJH�DUHH[DFWO\�WKH�RSSRVLWH��7KHVH�GHFRQFHQWUDWLRQ�SURFHVVHV�FDQ�EH�IRXQG�LQ�DOPRVW�DOO�PDMRU(XURSHDQ�FLWLHV�DQG�DOVR�LQ�/LVERQ��6RDUHV���������$OVR�RQ�D�UHJLRQDO�VFDOH�FKDQJHV�DUH�WDNHQSODFH��)RU�LQVWDQFH�LQ�WKH�1HWKHUODQGV�D�UHODWLYH�HPSOR\PHQW�VKLIW�KDV�WDNHQ�SODFH�IURP�WKH5DQGVWDG�WR�DGMDFHQW�DUHDV��/RXWHU�HQ�GH�5XLMWHU��������9DQ�GHU�9HJW�DQG�0DQVKDQGHQ��������$OVR�LQ�3RUWXJDO�LW�VHHPV�WKDW�WKH�FRUH�DUHD�RI�/LVERQ�LV�VWDUWLQJ�WR�EHFRPH��UHODWLYHO\�OHVV�LPSRUWDQW�DV�DQ�HFRQRPLF�FHQWUH�FRPSDUHG�WR�WKH�DGMDFHQW�QHZ�GHYHORSLQJ�XUEDQ�DUHDV�7KLV�LV�KRZHYHU�D�TXLWH�UHFHQW�WUHQG�IRU�ZKLFK�OHVV�SK\VLFDO�HYLGHQFH�LV�DYDLODEOH�
3UR[LPLW\�DQG�FRQFHQWUDWLRQ�RI�H[LVWLQJ�FRPPHUFLDO�LQGXVWULDO�DUHDV5HJDUGLQJ�WKH�LPSRUWDQFH�RI�WKH�DERYH�GHVFULEHG�FRQFHQWUDWLRQ�SURFHVVHV�LQ�WKH�FLW\�HGJHVRQH�RI�WKH�PRVW�LPSRUWDQW�GULYLQJ�IDFWRUV�IRU�WKH�VSDWLDO�GLVWULEXWLRQ�RI�FRPPHUFLDO�DQGLQGXVWULDO�GHYHORSPHQW�LV�WKH�SUR[LPLW\�DQG�WKH�H[WHQVLRQ�RI�H[LVWLQJ�FRPPHUFLDO�LQGXVWULDODUHDV��)RU�PDQ\�FRPSDQLHV�LW�LV�LPSRUWDQW�WR�EH�LQ�D�FRQFHQWUDWHG�FRPPHUFLDO�DUHD�WR�EH�DWVKRUW�GLVWDQFH�RI�VXSSOLHUV�DQG�WKH�FXVWRPHUV�RI�JRRGV�DQG�VHUYLFHV��(VSHFLDOO\�ELJJHUFRPSDQLHV�WHQG�WKHUHIRUH�WR�FRQFHQWUDWH�DW�UHJLRQDO�HFRQRPLF�FHQWUHV�ORFDWHG�LQ�PL[HG�RUVHFWRU�VSHFLILF�EXVLQHVV�SDUNV PDLQO\�LQ�WKH�HGJH�RI�WKH�FLWLHV��$OVR�QHZ�RIILFHV�WHQG�WRFRQFHQWUDWH�PDLQO\�LQ�WKH�FLW\�HGJHV�DV�GHYHORSPHQW�SRVVLELOLWLHV�LQ�WKH�LQQHU�FLWLHV DUHXVXDOO\�TXLWH�OLPLWHG��,QGXVWULHV�DOVR�WHQG�WR�FOXVWHU��EXW�DUH�PRUH�RIWHQ�ORFDWHG�IDUWKHU�DZD\IURP�WKH�FLWLHV�FORVH�WR�ZDWHU��URDG�RU�UDLOLQIUDVWUXFWXUH�IRU�WKH�VXSSO\�RI�JURXQGPDWHULDOV�1HDUE\�VLWXDWHG�FRPPHUFLDO�LQGXVWULDO�DUHD�VKRXOG�WKHUHIRUH�EH�ZHLJKWHG�DV�DQ�LPSRUWDQWIDFWRU�
'LVWDQFH�WR�HPSOR\HHV�DQG�FXVWRPHUV��H[LVWLQJ�XUEDQ�DUHD�)RU�ODERXU�LQWHQVLYH�FRPSDQLHV�DQG�FRPSDQLHV�GHOLYHULQJ�JRRGV�DQG�VHUYLFHV�GLUHFWO\�DW�WKHLUFXVWRPHUV�LW�LV�LPSRUWDQW�WR�EH�DW�VKRUW�GLVWDQFH�RI�GHQVHO\�SRSXODWHG�DUHDV�ZKHUH�WKHLUFRQVXPHUV�OLYH�DQG�ZKHUH�WKH�FRPPXWLQJ�GLVWDQFHV�RI�WKHLU�HPSOR\HHV�DUH�VKRUW��7KH�EHVWORFDWLRQV�IRU�WKLV�W\SH RI�FRPSDQLHV�DUH�XVXDOO\�QHDU�WKH�FLW\�HGJHV�RI�PRGHUDWH�WR�ODUJH�FLWLHV�
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([SDQVLRQ&RPSDUHG�WR�WKH�RWKHU�WZR�WHVW�VLWHV�UHODWLYHO\�KLJK�FRUUHODWLRQV�DUH�IRXQG�IRU�WKH�JUDYLW\PDSV�WKDW�VKRZ�SUR[LPLW\�DQG�H[WHQVLRQ�RI�XUEDQ�FRQWLQXRXV�DUHD��U� �������DQG�HYHQ�KLJKHUIRU�JUDYLW\�PDSV�RI�XUEDQ�GLVFRQWLQXRXV�DUHDV��U� ��������$OVR�WKH�JUDYLW\�PDSV�RI�XUEDQFODVVHV�RI�/DQGVDW�FRUUHODWH�ZHOO��WKH�U�YDOXH�LV�UHVSHFWLYHO\������IRU�XUEDQ�EDUH�DQG������IRUWKH�XUEDQ�RSHQ�FODVV��XUEDQ�YHJHWDWLRQ�ORZ���$OVR�GLIIHUHQW�LV�WKH�UHPDUNDEOH�DEVHQFH�RIFRUUHODWLRQ�ZLWK�WKH�SUR[LPLW\�DQG�H[WHQVLRQ�RI�LQGXVWULDO�DQG�FRPPHUFLDO�DUHDV��2QO\�D�ORZSRVLWLYH�FRUUHODWLRQ�LV�IRXQG�ZLWK�WKH����NP�JUDYLW\�PDS�RI�WKHVH�DUHDV��U� ��������7KLV�UHVXOWFDQ�EH�H[SODLQHG�E\�ORRNLQJ�DW�WKH�&RULQH�PDS�ZKLFK�VKRZV�WKDW�RQO\�YHU\�VPDOO�DUHDV�RIFRPPHUFLDO�LQGXVWULDO�DUHDV�ZHUH�FODVVLILHG��ZKLFK�DXWRPDWLFDOO\�UHVXOWV�LQ�ORZ�FRUUHODWLRQV�6WURQJ�SRVLWLYH�FRUUHODWLRQV�KRZHYHU�DUH�IRXQG�IRU�WKH�����NP��SUR[LPLW\�DQG�H[WHQVLRQ�RISRUWV��U� �������DQG�DLUSRUWV��U� ��������$OVR�WKH����NP�JUDYLW\�PDS�RI�JUHHQ�XUEDQ�DUHDV�DQGDUHDV�ZLWK�OHLVXUH�IDFLOLWLHV�FRUUHODWH�VWURQJO\��U�YDOXHV RI�UHVSHFWLYHO\������DQG��������$�OHVVVWURQJ�EXW�VLJQLILFDQW�SRVLWLYH�FRUUHODWLRQ��U� �������LV�DOVR�IRXQG�ZLWK�WKH�����NP��SUR[LPLW\DQG�H[WHQVLRQ�RI�ZDWHU�DUHDV��)URP�WKHVH�VWURQJ�FRUUHODWLRQV�ZH�FDQ�DVVXPH�WKDW�WKH�ORFDWLRQFKRLFH�RI�QHZ�H[SDQGLQJ�DUHDV�LV�VWURQJO\�LQIOXHQFHG�E\�WKH�DFFHVVLELOLW\�WR�JUHHQ�DQG�QDWXUDODUHDV�DQG�DUHDV�ZLWK�OHLVXUH�IDFLOLWLHV��)LQDOO\�TXLWH�VWURQJ�FRUUHODWLRQV�DUH�DOVR�IRXQG�IRU�WKHWUDYHOWLPH DQG�GLVWDQFH WR�KLJKZD\�H[LWV��U� ����������������DQG�GLVWDQFH�WR�UDLOZD\ VWDWLRQV��U ���������WKH�WUDYHOWLPH�DQG�GLVWDQFH�WR�/LVERQ��U� ����������������DQG�WKH�WUDYHOWLPH�DQGGLVWDQFH�WR�WKH�FHQWHUV�RI�PXQLFLSDOLWLHV��U� �����������������$OVR�D�KLJK�FRUUHODWLRQ�LV�IRXQGIRU�WKH�GLVWDQFH�WR�WRZQ�HGJHV��U� ��������DQG�WR�FRDVW�UHFUHDWLRQ����������6LJQLILFDQWO\QHJDWLYH�FRUUHODWLRQV�ZHUH�RQO\�IRXQG�IRU�SUR[LPLW\�DQG�H[WHQVLRQ�RI�IRUHVW�DUHDV��2Q�WKHEDVLV�RI�WKLV�FRUUHODWLRQ�ZH�FRQFOXGH�WKDW�DXWRQRPRXV�IRUFHV�PDLQO\�GULYH�WKH�XUEDQH[SDQVLRQ�LQ�/LVERQ��ZKHUH�OLYLQJ�FORVH�WR�H[LVWLQJ�WRZQV��JUHHQ�XUEDQ�DUHDV��FRDVW��OHLVXUHIDFLOLWLHV�DQG�DFFHVV�WR�FDU�LQIUDVWUXFWXUH�LV�PRUH�LPSRUWDQW�WKDQ�WKH�SUR[LPLW\�DQG�H[WHQVLRQRI�ZRUN�DUHDV�
'HQVLILFDWLRQ5HODWLYHO\�KLJK�FRUUHODWLRQ�LV�IRXQG�IRU�WKH�JUDYLW\�PDS�VKRZLQJ�SUR[LPLW\�DQG�H[WHQVLRQ�RIXUEDQ�GLVFRQWLQXRXV�DUHDV��U� ��������7KLV�LV�OHVV�FOHDUO\�H[SUHVVHG�LQ�WKH�RSHQ�XUEDQ�FODVV�RI/DQGVDW��U ��������'HQVLILFDWLRQ�LV�DOVR�RQO\�ZHDNO\�UHODWHG�WR�WKH�JUDYLW\�PDS�LQGXVWULDO�DQGFRPPHUFLDO�DUHDV DQG�SUR[LPLW\�WR�SRUWV�DQG�DLUSRUWV��7KH����NP�JUDYLW\�PDSV�RI�ZHWODQGV��U �������DQG�ZDWHU�DUHDV��U� �������FRUUHODWH�UHDVRQDEO\�ZLWK�GHQVLILFDWLRQ��$OVR�WKHFRUUHODWLRQ�ZLWK�GLVWDQFH�WR�WKH�QHDUHVW�UDLOZD\ VWDWLRQV�LV�TXLWH�KLJK��U� ��������ZKLFK�LVFRQILUPHG�E\�SK\VLFDO�HYLGHQFH�RI�ODUJH�FRQFHQWUDWHG�EXLOGLQJ��KLJK�DSDUWPHQW EORFNV�GLUHFWO\�DURXQG�UDLOZD\ VWDWLRQV�QHDUE\�/LVERQ��IRU�LQVWDQFH�LQ�WKH�PXQLFLSDOLWLHV�RI%DUFDUHQD��&DFHP��HWF��1HJDWLYH�FRUUHODWLRQV�DUH�HVSHFLDOO\�IRXQG�IRU�WKH�ORFDWLRQ�LQ�IRUHVW��U ���������JUHHQ�XUEDQ�DUHDV��U� ��������DQG�SUR[LPLW\�DQG�H[WHQVLRQ�RI�DUHDV�ZLWK�OHLVXUHIDFLOLWLHV��U� ���������7KLV�VHHPV�WR�EH�FRLQFLGHQFH�UHODWHG�WR�WKH�FHQWUDO�ORFDWLRQ�IURP�IRUH[DPSOH�WKH�ODUJH�)RUHVW�3DUN�
'H 0RQVDQWR¶��7KH�FRUUHODWLRQV�IRXQG�IRU�WKH�WUDYHOWLPH�DQGGLVWDQFH�WR�KLJKZD\�H[LWV��������������DQG�PXQLFLSDOLW\�FHQWHUV�DUH�UDWKHU�ZHDN�DQG�LQ�WKHFDVH�RI�GLVWDQFH�WR�/LVERQ�HYHQ�QHJDWLYH��,W�LV�FOHDU�WKDW�WKH�UHODWLYH�GLIIHUHQFHV�LQ�WKHFRUUHODWLRQV�RI�WUDYHOWLPHV�DQG�(XFOLGHDQ�GLIIHUHQFHV�DUH�ELJJHU�KHUH�LQ�WKH�FHQWUDO�SDUW�RIWRZQ�



SDJH��� RI���

)LJXUH�����&RUUHODWLRQV�/LVERQ �RQO\�U�YDOXHV�OHVV�WKHQ�������DQG�PRUH�WKHQ������DUH�VKRZQ�
������� &RUUHODWLRQV�5DQGVWDG
([SDQVLRQ,Q�ILJXUH������WKH�UHVXOWV�RI�WKH�FRUUHODWLRQ�DQDO\VHV�IRU�H[SDQVLRQ LQ�5DQGVWDG�+ROODQG�DUHJLYHQ��7KH�KLJKHVW�FRUUHODWLRQ�YDOXHV�DUH�IRXQG�IRU�E\�SROLF\�UHJXODWLRQV�DSSRLQWHG�QHZWRZQV��DFFHVVLELOLW\�RI�ZRUN�DQG�WKH�GLVWDQFH�YDULDEOHV�WR�LQIUDVWUXFWXUH�DQG�ERUGHUV RI�WRZQV�$�FOHDU�SRVLWLYH�FRUUHODWLRQ�LV�IRXQG�IRU�WKH�SUR[LPLW\�DQG�WKH�H[WHQVLRQ�RI�WKH�H[LVWLQJ�XUEDQFRQWLQXRXV�DUHD�DFFRUGLQJ�WR�&RULQH���U  ��������$�FRQVLGHUDEO\�KLJKHU�FRUUHODWLRQ�LV�VKRZQE\�WKH�JUDYLW\PDS�RI�WKH�FRPELQHG�XUEDQ�EDUH�DQG�XUEDQ�EXLOW�XS�DUHD�IURP�WKH�/DQGVDWFODVVLILFDWLRQ��U� ��������7KLV�LV�DQ�H[SHFWHG�UHVXOW�DV�WKH�H[SDQVLRQ�LV�GLUHFWO\�GHULYHG�IURPWKH�/DQGVDW�FODVVLILFDWLRQ��$OVR�D�KLJK�FRUUHODWLRQ��U� ��������LV�IRXQG�IRU�H[SDQVLRQ�IRU�WKHGLVWDQFH�WR�WKH�WRZQ�ERUGHUV��WRZQV�!�����KD��RI�������7KLV�REVHUYDWLRQ�LV�FRQILUPHG�YLVXDOO\E\�WKH�GLVWULEXWLRQ�RI�H[SDQVLRQ�DUHDV�DQG�UHODWHV�DOVR�ZHOO�WR�WKH�VSDWLDO�SROLF\�RI�FRPSDFWFLWLHV�RI�WKH�ODVW�GHFDGHV�RI�WKH�'XWFK�JRYHUQPHQW��$OVR�UHODWLYHO\�KLJK�FRUUHODWLRQV�DUH�IRXQGLQ�WKH�QHZ�WRZQ�DUHDV��U� ��������$OVR�WKLV�LV�DQ�H[SHFWHG�RXWFRPH�EHFDXVH�LQ�WKH�SHULRG�IURP�����WLOO������WKH�ODUJHU�SDUW�RI�WKH�KRXVH�EXLOGLQJ�SURJUDP�ZDV�FRQFHQWUDWHG�LQ�QHZ�WRZQVDQG�H[SDQGHG�WRZQV�FKRVHQ�E\�WKH�JRYHUQPHQW��7KH�QH[W�FOHDUO\�FRUUHODWHG�ORFDWLRQ�IDFWRUIRXQG�LV�WKDW�RI�SUR[LPLW\�DQG�VL]H�RI�LQGXVWULDO�DQG�FRPPHUFLDO�DUHDV��U� ��������ZKLFK�VHHPVWR�EH�D�FOHDU�GULYLQJ�IDFWRU�IRU�XUEDQ�H[SDQVLRQ��3RVVLEO\�WKLV�HIIHFW�UHODWHV�PDLQO\�WR�WKHJURZWK�RI�H[LVWLQJ�LQGXVWULDO�FRPPHUFLDO�DUHDV�DQG�KDV�OLWWOH�WR�GR�ZLWK�UHVLGHQWLDO�H[SDQVLRQ�$OVR�FRQVWUXFWLRQ�VLWHV�FRUUHODWH�TXLWH�ZHOO��U �������ZKLFK�LV�D�ORJLFDO�RXWFRPH�ZKHUHDVDUHDV�LQ�FRQVWUXFWLRQ�DUH�RIWHQ�LQ�SUHSDUDWLRQ�WR�EH�FRQYHUWHG�LQWR�EXLOG�XS�DUHD��7KLV�IDFWRUFDQ�KRZHYHU�QRW�EH�FRQVLGHUHG�D�GULYLQJ�IDFWRU��EHFDXVH�WKH�ODQG�XVH�FKDQJH�WR�D�FRQVWUXFWLRQVLWH�LV�DOUHDG\�WKH�ILUVW�VWDJH�RI�XUEDQ�H[SDQVLRQ�DQG�WKH�UHVXOW�RI�D�GULYLQJ�IDFWRU�
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SDJH��� RI���
&RUUHODWLRQV�ZLWK�LQIUDVWUXFWXUH� DUH�HVSHFLDOO\�KLJK�IRU�ERWK�WKH�GLVWDQFH�WR�UDLOZD\V�DQGUDLOZD\�VWDWLRQV��U� ���������$OVR�WKH�FRUUHODWLRQ�ZLWK�WKH�GLVWDQFH�WR�KLJKZD\�H[LWV��U� ���������DQG�WKH�GLVWDQFH�WR�KLJKZD\V��U ��������DUH�FRQVLGHUDEO\�ORZHU��7KH�YDOXHV�IRUGLVWDQFH�WR�LQIUDVWUXFWXUH�DUH�FRPSDUDEOH�ZLWK�WKH�YDOXHV�IRXQG�LQ�WKH�FRUUHODWLRQ�DQDO\VLV�RI:DJWHQGRQN�DQG�5LHWYHOG�����������$OO�WKHVH�LQIUDVWUXFWXUH�YDULDEOHV�DUH�FRQVLGHUHGLQGHSHQGHQW� EHFDXVH�WKH\�KDYH�GLIIHUHQW�JHRJUDSKLF�ORFDWLRQV�RU�D�GLIIHUHQW�UHODWLRQ�ZLWKXUEDQL]DWLRQ����,W�FDQ�KRZHYHU�EH�GLVFXVVHG�LI�WKH�UDLOZD\V�DQG�KLJKZD\V�FDQ�EH�FRQVLGHUHGDV�GULYLQJ�IRUFHV�RU�VKRXOG�EH�FRQVLGHUHG�DV�OLPLWLQJ�IRUFHV�IRU�H[SDQVLRQ�GXH�WR�WKHLU�LPSDFWRQ�WKH�OLYLQJ�HQYLURQPHQW RI�PDQ�6PDOO�EXW�SRVLWLYH�FRUUHODWLRQV�DUH�IRXQG�IRU�SUR[LPLW\�DQG�FRQFHQWUDWLRQ�RI�JUHHQ�XUEDQ�DQGOHLVXUH�DUHDV��$JDLQ�D�KLJKHU�FRUUHODWLRQ�LV�IRXQG�IRU�WKH�JUDYLW\�PDS�RI�WKH�/DQGVLWH LPDJHIRU�KLJK�XUEDQ�YHJHWDWLRQ��U �������1HJDWLYH�FRUUHODWLRQV�DUH�IRXQG�KRZHYHU�IRU�ORFDWLRQV�QHDUWR�WKH�DLUSRUW��QDWXUH�DQG�ZDWHU��7KH�ILUVW�IDFWRU�LV�SUREDEO\�UHODWHG�WR�QRLVH�QXLVDQFH�DQG�WKHODWWHU�IDFWRUV�WR�EXLOGLQJ�OLPLWDWLRQV�QHDU�QDWXUDO�DUHDV��2Q�WKH�EDVLV�RI�WKHVH�FRUUHODWLRQV�ZHFRQFOXGH�WKDW�UHFHQW�XUEDQ�H[SDQVLRQ�LV�UHODWHG�KLJKO\�WR�WKH�VSDWLDO�SODQQLQJ�DFWLYLWLHV�RI�WKH'XWFK�JRYHUQPHQW�FORVH�WR�WKH�H[LVWLQJ�WRZQV��ZRUN�DUHDV�DQG�UDLOZD\�VWDWLRQV��8UEDQH[SDQVLRQ�LQ�WKH�5DQGVWDG�VHHPV�WKHUHIRUH�WR�EH�HVSHFLDOO\�UHVLGHQWLDO�H[SDQVLRQ�
'HQVLILFDWLRQ7KH�FRUUHODWLRQ�YDOXHV�IRU�GHQVLILFDWLRQ�DUH�FRPSDUDEOH�ZLWK�FRUUHODWLRQ�YDOXHV�IRU�UHVLGHQWLDOJURZWK�LQ�QXPEHU�RI�GZHOOLQJV�LQ�WKH�1HWKHUODQGV�EHWZHHQ������DQG������LQ�WKH�'XWFK�VWXG\RI�:DJWHQGRQN�DQG�5LHWYHOG��������+LJKHVW�SRVLWLYH�FRUUHODWLRQ�YDOXHV�DUH�IRXQG�IRU�WKH�GLVWDQFHV�WR�KLJKZD\�H[LWV��U� �������DQG�IUHHZD\V��U� ���������ZKLFK�LQGLFDWHV�D�KLJK�GHSHQGHQF\�RI�GHQVLILFDWLRQ�DUHDV�IRUDFFHVVLELOLW\�E\�FDU��$�TXLWH�ORZ�FRUUHODWLRQ�LV�IRXQG�ZLWK�WKH�����PHWHU�DQG����NLORPHWHUJUDYLW\�PDSV�WR�LQGXVWULDO�FRPPHUFLDO�DUHDV��U� �UHVSHFWLYHO\������DQG��������5HPDUNDEOHQHJDWLYH�FRUUHODWLRQV�DUH�KRZHYHU�IRXQG�IRU�SUR[LPLW\�DQG�H[WHQVLRQ�RI�IRUHVW��U� ��������DQGQDWXUH��U� ��������DUHDV��)LQDOO\�LW�LV�UHPDUNDEOH�WKDW�FRUUHODWLRQV�DUH�KLJKHU�IRU�WKH�XUEDQFRQWLQXRXV�DUHD�WKDQ�IRU�WKH�XUEDQ�GLVFRQWLQXRXV�DUHDV��7KLV�FRXOG�KRZHYHU�EH�UHODWHG�WR�WKHGLIIHUHQFHV�EHWZHHQ�WKH�&RULQH�DQG�/DQGVDW�FODVVLILFDWLRQV�RI�XUEDQ�DUHD��7KH�JUDYLW\�PDS�RIWKH�FRPELQHG�XUEDQ�/DQGVDW�FODVVHV�XUEDQ�EDUH�DQG�XUEDQ�EXLOW�XS�VKRZV�KRZHYHU�EHWWHUFRUUHODWLRQV��U ��������2Q�WKH�EDVLV�RI�WKHVH�FRUUHODWLRQV�ZH�FRQFOXGH�WKDW�WKH�UHFHQW�XUEDQGHQVLILFDWLRQ�LQ�WKH�5DQGVWDG�DUHD�LV�KLJKO\�UHODWHG�WR�WKH�DFFHVVLELOLW\�E\�FDU�RI�WKHLQIUDVWUXFWXUH�QHWZRUN�

� &RUUHODWLRQ�YDOXHV�UHODWHG�WR�WKH�GLVWDQFH�WR�WRZQV�DQG�LQIUDVWUXFWXUH�DUH�QHJDWLYH�EHFDXVH�LQ�WKHVH�FRUUHODWLRQVWKH�VKRUWHVW�GLVWDQFHV�DUH�UHSUHVHQWHG�E\�WKH�ORZHVW�ILJXUHV��7KHVH�QHJDWLYH�FRUUHODWLRQV�VKRXOG�WKHUHIRUH�EHLQWHUSUHWHG�DV�SRVLWLYH��� ,Q�WKLV�VWXG\�KRZHYHU��QRW�WKH�GLVWDQFH�WR�UDLOZD\V�ZDV�XVHG��EXW�D�ERROHDQ�PDS�LQGLFDWLQJ�WKH�SUHVHQFH�RIUDLOZD\V�LQ�HDFK�FHOO��� 5DLOZD\�VWDWLRQV�DQG�KLJKZD\�H[LWV�DUH�ORFDWHG�RQ�UHVSHFWLYHO\�UDLOZD\V�DQG�KLJKZD\V��EXW�DUH�FRQVLGHUHGVHSDUDWHO\�EHFDXVH�WKH\�IRUP�WKH�HQWUDQFH�WR�WKHVH�UDLOZD\�DQG�KLJKZD\�QHWZRUNV�DQG�KDYH�WKHUHIRUH�DQRWKHUW\SH�RI�UHODWLRQ��D�UDGLDO�VKDSHG�DFFHVV�UHODWLRQ��ZLWK�XUEDQLVDWLRQ��WKDQ�UDLOZD\V�DQG�KLJKZD\V��D�UHFWDQJXODULQIOXHQFH�]RQH�UHODWHG�WR�SK\VLFDO�ERUGHULQJ�RI�XUEDQLVDWLRQ��



SDJH��� RI���

)LJXUH���� &RUUHODWLRQV�5DQGVWDG��RQO\�U�YDOXHV�OHVV�WKHQ��������DQG�PRUH�WKHQ�������DUH�VKRZQ�
������� &RUUHODWLRQV�3DULV
([SDQVLRQ,Q�FRQWUDU\�WR�H[SDQVLRQ�LQ�WKH�'XWFK�GDWDVHW�ZKLFK�FRUUHODWHV�SRVLWLYHO\�WR�WKH�SUR[LPLW\�DQGH[WHQVLRQ�RI�WKH�XUEDQ�FRQWLQXRXV�DUHD��H[SDQVLRQ�LQ�WKH�3DULV�GDWDVHW�FRUUHODWHV�SRVLWLYH�WRWKH�SUR[LPLW\�DQG�H[WHQVLRQ�WR�WKH�XUEDQ�GLVFRQWLQXRXV�DUHD��7KLV�FDQ�EH�WKH�UHVXOW�RIGLIIHUHQFHV�LQ�WKH�FODVVLILFDWLRQ�RI�&RULQH�GDWD�EHWZHHQ�WKH�WZR�FRXQWULHV��0RUH�OLNHO\KRZHYHU�WKLV�GLIIHUHQFH�LV�UHODWHG�WR�WKH�GLIIHUHQFHV�LQ�WKH�VKDSH�RI�WKH�WZR�PHWURSROLWDQDUHDV��7KH�VKDSH�RI�3DULV�LV�KLJKO\�UDGLDO�DQG�WKH�XUEDQ�FRQWLQXRXV�LV�PDLQO\�IRXQG�LQ�WKHFHQWHU�ZKHUH�QR�H[SDQVLRQ�LV�SRVVLEOH��ZKHUH�DV�WKH�5DQGVWDG�DUHD�FRQVLVWV�RI�GLIIHUHQW�QXFOHLZKHUH�WKH�XUEDQ�FRQWLQXRXV�DUHDV�FDQ�DOVR�EH�IRXQG�FORVHU�WR�WKH�HGJHV�RI�WKH�XUEDQ�DUHDV�7KH�KLJKHVW�FRUUHODWLRQ�YDOXHV�DUH�IRXQG�IRU�WKH������P��SUR[LPLW\�DQG�H[WHQVLRQ�RI�LQGXVWULDODQG�FRPPHUFLDO�DUHDV��U� �������IROORZHG�E\�WKH�����NP��SUR[LPLW\�JUDYLW\�PDS�RI�DLUSRUWV��U ��������$OVR�WKH�IDFWRU�GLVWDQFH�WR�WRZQ�FRUUHODWHV�TXLWH�ZHOO��U� ���������ZKLFK�LV�FRQILUPHGE\�WKH�PDS�LQWHUSUHWDWLRQ��$�UHPDUNDEOH�KLJK�SRVLWLYH�FRUUHODWLRQ�LV�IRXQG�IRU�WKH�FRUUHODWLRQZLWK�WKH�����NP��SUR[LPLW\�DQG�H[WHQVLRQ�RI�QDWXUH��U� ��������EXW�RQ�WKH�FRQWUDU\�D�QHJDWLYHFRUUHODWLRQ�LV�IRXQG�IRU�WKH�SUR[LPLW\�DQG�H[WHQVLRQ�RI�IRUHVW�DUHDV��U� ���������$OVRUHDVRQDEOH�SRVLWLYH�FRUUHODWLRQV�DUH�IRXQG�IRU�WKH�����NP��SUR[LPLW\�DQG�H[WHQVLRQ�RI�JUHHQXUEDQ�DUHDV��U� ��������4XLWH�ORZ�FRUUHODWLRQV�DUH�IRXQG�IRU�GLVWDQFHV�WR�UDLOZD\VWDWLRQV��U� ���������KLJKZD\�H[LWV��U� ���������UDLOZD\V��U� ��������DQG�IUHHZD\V��U� ���������3RVVLEO\�WKLV�LVGXH�WR�WKH�XVH�RI�OHVV�DFFXUDWH�URDG�DQG�UDLOZD\�PDSV��GHULYHG�IURP�WKH�GLJLWDO�FKDUW�RI�WKH

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

'LVWDQF
H�WR�WRZ

QV�!���
��KD

'LVWDQF
H�WR�URD

G�H[LWV
'LVWDQF

H�WR�URD
GV�

:DWHU��
&RULQH�

��JUDYLW\
�PDS���

�NP
:DWHU��

&RULQH�

,QGXVWUL
DO�FRPP

HUFLDO��&
RULQH���

�JUDYLW\
�PDS��

�NP

$LUSRUWV
��&RULQH

���JUDYLW
\�PDS��

��NP

/HLVXUH
��&RULQH

���JUDYLW
\�PDS��

��NP

8UEDQ�F
RQWLQXR

XV��&RU
LQH�

8UEDQ�E
DUH��/D

QGVDW���
JUDYLW\�

PDS���
�P

,QGXVWUL
DO�FRPP

HUFLDO��&
RULQH�

8UEDQ�Y
HJHWDWLR

Q�KLJK��
/DQGVD

W��JUDYLW
\�PDS��

��NP

8UEDQ�F
RQWLQXR

XV��&RU
LQH���JU

DYLW\�P
DS����P

&RQWUXF
WLRQ�VLWH

V��&RULQ
H�

,QGXVWUL
DO�FRPP

HUFLDO��&
RULQH���

�JUDYLW\
�PDS���

�P

8UEDQ�E
XLOW�XS�E

DUH��/D
QGVDW���

JUDYLW\�
PDS���

�P

([SDQVLRQ'HQVLILFDWLRQ



SDJH��� RI���
ZRUOG���$QRWKHU�UHDVRQ�FRXOG�EH�WKH�LPSRUWDQFH�RI�WKH�PHWUR�QHW�WKDW LV�QRW�SDUW�RI�RXUGDWDVHW�2Q�WKH�EDVLV�RI�WKLV�FRUUHODWLRQ�ZH�FRQFOXGH�WKDW�XUEDQ�H[SDQVLRQ�LQ�3DULV�LQ�WKH�ODVW�ILIWHHQ\HDUV�LV�KLJKO\�UHODWHG�WR�WKH�DFFHVVLELOLW\�RI�ZRUN�DUHDV�DQG�LQ�JHQHUDO�WR�WKH�GLVWDQFH�WR�WKHWRZQ�HGJH��8QIRUWXQDWHO\�ZH�KDG�QR�VSDWLDO�SODQQLQJ�PDSV�IRU�UHVLGHQWLDO�DQG�FRPPHUFLDODUHDV�DYDLODEOH��IRU�ZKLFK�DOVR�KLJK�FRUUHODWLRQV�ZHUH�H[SHFWHG�
'HQVLILFDWLRQ)HZ�SRVLWLYH�FRUUHODWLRQV�DUH�IRXQG�IRU�GHQVLILFDWLRQ�LQ�3DULV��,Q�WKLV�FDVH�WKH�VWURQJHVWFRUUHODWLRQ�LV�IRXQG�IRU�XUEDQ�GLVFRQWLQXRXV�DUHD��U� ��������ZKLFK�LV�ORJLFDOO\�WKH�DUHD�ZLWKDYDLODEOH�VSDFH�IRU�IXUWKHU�GHQVLILFDWLRQ��7KLV�LV�DJDLQ�GLIIHUHQW�IURP�WKH�FRUUHODWLRQV�LQ�WKH5DQGVWDG�ZKHUH�WKHVH�FRUUHODWLRQV�DUH�QHJDWLYH��5HPDUNDEOH�QHJDWLYH�FRUUHODWLRQV�DUH�IRXQGIRU�JUHHQ�XUEDQ�DUHDV��U� ���������IRUHVW�DUHDV��U� ��������DQG�����NP��SUR[LPLW\�DQG�H[WHQVLRQRI�OHLVXUH��U� ��������DQG�ZDWHU�DUHDV��U� ���������ZKLFK�FRXOG�EH�WKH�UHVXOW�RI�EXLOGLQJUHVWULFWLRQV�LQ�RU�QHDU�WKHVH�DUHDV��$QRWKHU��EXW�OHVV�DVVXPDEOH��H[SODQDWLRQ�FRXOG�EH�WKDWIRUHVWV�ZHUH�IRU�H[DPSOH�FODVVLILFDWHG�DV�XUEDQ�YHJHWDWLRQ�ORZ��ZKLFK�FDQQRW�EH�GHQVLILHGDFFRUGLQJ�WR�WKH�XVHG�GHILQLWLRQ�IRU�GHQVLILFDWLRQ��)LQDOO\�D�UHPDUNDEOH�KLJK�QHJDWLYHFRUUHODWLRQ�LV�IRXQG�IRU�WKH�GLVWDQFH�WR�UDLOZD\ VWDWLRQV��U� ��������ZKLFK�FRXOG�EH�WKH�UHVXOW�RIWKH�DOUHDG\�KLJK�EXLOGLQJ�GHQVLWLHV�QHDU�WKHVH�VWDWLRQV��$OVR�WKH�FRUUHODWLRQV�IRU�URDGH[LWV�UDLOV�DQG�URDGV�DUH�QHJDWLYH��2Q�WKH�EDVLV�RI�WKHVH�FRUUHODWLRQ�UHVXOWV�ZH�FRQFOXGH�WKDWGHQVLILFDWLRQ�LQ�3DULV�LV�UHODWHG�WR�WKH�DYDLODEOH�VSDFH�LQ�WKH�XUEDQ�GLVFRQWLQXRXV�DUHD�DQG�LVOLPLWHG�E\�EXLOGLQJ�UHVWULFWLRQV�LQ�XUEDQ�JUHHQ�DQG�IRUHVW�DUHDV�

)LJXUH���� &RUUHODWLRQV�3DULV�RQO\�U�YDOXHV�OHVV�WKHQ��������DQG�PRUH�WKHQ�������DUH�VKRZQ�
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SDJH��� RI���
��� 6HOHFWHG�ORFDWLRQ�IDFWRUV
$OWKRXJK�WKH�GLIIHUHQW�WDEOHV�LQ�WKLV�FRUUHODWLRQ�DQDO\VLV�VKRZ�LQ�JHQHUDO�ORZ�FRUUHODWLRQYDOXHV��HVSHFLDOO\�3DULV�DQG�WKH�5DQGVWDG���WKH�GHVFULEHG�SDWWHUQV�YLVLEOH�LQ�WKHVH�YDOXHV�VHHPORJLFDO�DQG�FRQVLVWHQW�DQG�WKHUHIRUH�WKHVH�UHVXOWV�DUH�FRQVLGHUHG�XVHIXO��2Q�WKH�EDVLV�RI�WKHVLJQLILFDQFH�RI�WKH�DERYH�GHVFULEHG�UHODWLRQV�DQG�WKH�LQWHUSUHWDWLRQ�RI�WKH�PXWXDO�FRUUHODWLRQVZH�GHFLGHG�WR�VHOHFW�ORFDWLRQ�IDFWRUV�VKRZQ�LQ�WKH�IROORZLQJ�WDEOH�DV�WKH�EHJLQ�VHWV�IRU�WKHUHJUHVVLRQ�DQDO\VLV�,Q�RUGHU�WR�PDNH�FRPSDULVRQ�EHWZHHQ�WKH�ORFDWLRQ�IDFWRUV�EHWZHHQ�WKH�WHVW�VLWHV�SRVVLEOH�IDFWRUV�WKDW�DUH�UHOHYDQW�IRU�PRUH�WKHQ�RQH�WHVW�VLWH�DUH�OLVWHG�RQ�RQH�OLQH�LQ�WDEOH�����RQ�WKHQH[W�SDJH�



SDJH��� RI���
7DEOH������6HOHFWHG�ORFDWLRQ�IDFWRUV�IRU�WKH�WHVW�VLWHV/LVERQ 5DQGVWDG�+ROODQG 3DULV8UEDQ�EXLOW�XS�EDUH��/DQGVDW��JUDYLW\�PDS����P 8UEDQ�EXLOW�XS�EDUH��/DQGVDW��JUDYLW\�PDS����P8UEDQ�EDUH �/DQGVDW��JUDYLW\�PDS����P 8UEDQ�EDUH �/DQGVDW��JUDYLW\�PDS����P 8UEDQ�FRQWLQXRXV��&RULQH��JUDYLW\�PDS����P8UEDQ�GLVFRQWLQXRXV �&RULQH��JUDYLW\�PDS����P,QGXVWULDO�FRPPHUFLDO��&RULQH��JUDYLW\�PDS����P ,QGXVWULDO�FRPPHUFLDO �&RULQH� �JUDYLW\�PDS����P,QGXVWULDO�FRPPHUFLDO �&RULQH��JUDYLW\�PDS����NP
3RUWV �&RULQH��JUDYLW\�PDS����P 3RUWV �&RULQH��JUDYLW\�PDS����P 3RUWV �&RULQH�
�JUDYLW\�PDS����P$LUSRUWV �&RULQH��JUDYLW\�PDS����P $LUSRUWV �&RULQH��JUDYLW\�PDS����P $LUSRUWV �&RULQH��JUDYLW\�PDS����P&RQVWUXFWLRQ�VLWHV �&RULQH�� *UHHQ�XUEDQ DUHD��&RULQH�

*UHHQ�XUEDQ DUHD��&RULQH�
� JUDYLW\PDS����NP8UEDQ YHJHWDWLRQ�ORZ��/DQGVDW�JUDYLW\�PDS����NP8UEDQ YHJHWDWLRQ�KLJK�/DQGVDW��JUDYLW\�PDS����NP /DQGVDW�XUEDQ YHJHWDWLRQ�KLJK�JUDYLW\�PDS����P/HLVXUH �&RULQH��JUDYLW\�PDS����NP /HLVXUH �&RULQH��JUDYLW\�PDS����NP )RUHVW �&RULQH�

)RUHVW �&RULQH��JUDYLW\�PDS����NP )RUHVW �&RULQH��JUDYLW\�PDS����NP )RUHVW �&RULQH�
�JUDYLW\�PDS����NP1DWXUH �&RULQH�JUDYLW\�PDS����NP 1DWXUH �&RULQH�JUDYLW\�PDS����NP 1DWXUH �&RULQH�
�JUDYLW\�PDS����NP:HWODQGV�&RULQH��JUDYLW\�PDS����NP :HWODQGV�&RULQH��JUDYLW\�PDS����NP:DWHU �&RULQH��JUDYLW\�PDS����NP :DWHU �&RULQH��JUDYLW\�PDS����NP :DWHU �&RULQH�

�JUDYLW\�PDS����NP'LVWDQFH�WR�PXQLFLSDOLWLHV'LVWDQFH�WR�UDLOZD\�VWDWLRQV 'LVWDQFH�WR�UDLOZD\�VWDWLRQV 'LVWDQFH�WR�UDLOZD\�VWDWLRQV'LVWDQFH�WR�KLJKZD\�H[LWV 'LVWDQFH�WR�KLJKZD\�H[LWV 'LVWDQFH�WR�KLJKZD\�H[LWV'LVWDQFH�WR�UDLOZD\V 'LVWDQFH�WR�UDLOZD\V'LVWDQFH�WR�IUHHZD\V 'LVWDQFH�WR�IUHHZD\V'LVWDQFH�WR�WRZQV�!�����KD
 'LVWDQFH�WR�WRZQV�!�����KD
 'LVWDQFH�WR�WRZQV�!�����KD
'LVWDQFH�WR�/LVERQ'LVWDQFH�WR�FRDVW 1HZ�WRZQV
���2QO\�H[SDQVLRQ

�2QO\�GHQVLILFDWLRQ



SDJH��� RI���
��� 5HJUHVVLRQ�DQDO\VLV
7KH�VHFRQG�VWHS�RI�WKH�VWDWLVWLFDO�DQDO\VLV�LV�D�UHJUHVVLRQ�DQDO\VLV�LQ�ZKLFK�WKH�VWUHQJWK�DQGWKH�GLUHFWLRQ�RI�UHODWLRQV�EHWZHHQ�D�VHW�RI�H[SODQDWRU\�YDULDEOHV�DQG�WKH�GHSHQGHQW�YDULDEOHDUH�GHWHUPLQHG��$�ORJLVWLF�UHJUHVVLRQ�W\SH�LV�FKRVHQ��EHFDXVH�WKLV�W\SH�RI�UHJUHVVLRQ�LVHVSHFLDOO\�IHDVLEOH�ZKHQ�WKH�PHDVXULQJ�VFDOHV�RI�WKH�LQGHSHQGHQW�DQG�WKH�GHSHQGHQW�YDULDEOHVDUH�GLIIHUHQW��ZKLFK�LV�WKH�FDVH��$V�ZHOO��WKH�ORJLVWLF�UHJUHVVLRQ�FRUUHVSRQGV�ZHOO�ZLWK�WKH�ZD\WKH�VLPXODWLRQ�PRGHO�(XURVFDQQHU�DOORFDWHV�ODQG�XVH��LQ�WHUPV�RI�FKDQFHV�EHWZHHQ�RQH�DQG]HUR��)RU�HDFK�H[SODQDWRU\�YDULDEOH�WKH�VWUHQJWK�DQG�GLUHFWLRQ�RI�WKH�UHODWLRQ�LV�H[SUHVVHG�LQWKH�IRUP�RI�D�UHJUHVVLRQ�FRHIILFLHQW��EHWD���7KH�TXDOLW\�RI�WKH�EHWD�FRHIILFLHQW�LV�HVWLPDWHGZLWK�WKH�W�WHVW�RI�VWDWLVWLFDO�VLJQLILFDQFH��7KH�UHVXOWLQJ�EHWD�FRHIILFLHQWV�DUH�XVHG�ODWHU�RQ�LQWKH�H[WUDSRODWLRQ�RI�WKH�VWDWLVWLFDO�WUHQGV�LQ�WKH�VLPXODWLRQ�PRGHO�
7R� JHW� DQ� LQGLFDWLRQ� RI� WKH� H[SODLQLQJ� YDOXH� RI� WKH� GLIIHUHQW� YDULDEOHV�� ZH� FRQGXFWHG� DµVWHSZLVH�UHJUHVVLRQ�DQDO\VLV¶� LQ�ZKLFK�WKH�H[SODQDWRU\�YDOXH�RI�HDFK�YDULDEOH� LV� WHVWHG�LQ�DVWUXFWXUHG�ZD\��7KH�UHVXOWLQJ�VHW�RI�YDULDEOHV�RI�WKH�VWHSZLVH�UHJUHVVLRQ�DQDO\VLV�ZDV�XVHG�WRJHW�D�JHQHUDO�LPSUHVVLRQ�RI�WKH�PRVW�VLJQLILFDQW�YDULDEOHV��2Q�WKH�EDVLV�RI�H[SHFWHG�UHODWLRQVDQG� WKH� DFWXDO� UHJUHVVLRQ� YDOXHV�� YDULDEOHV� DUH� UHPRYHG� DQG� DGGHG�PDQXDOO\� XQWLO� WKH� EHVWH[SODQDWRU\� FRPELQDWLRQ� LV� IRXQG�� 7KH� H[SODQDWRU\� YDOXH� RI� HDFK� RI� WKH� WHVWHG� VHWV� ZDVHYDOXDWHG�E\�PHDQV�RI�WKH�UHVLGXDO�GHYLDQFH�
)RU�WKH�FDOFXODWLRQ�RI�WKH�GHSHQGHQW�YDULDEOHV�WKH�H[SDQGHG�DQG�GHQVLILHG�DUHDV�KDYH�EHHQWUDQVIRUPHG�WR�UHODWLYH�YDOXHV�E\�GLYLGLQJ�WKHP�E\�WKH�DUHD�DYDLODEOH�IRU�UHVSHFWLYHO\H[SDQVLRQ�DQG�GHQVLILFDWLRQ��)ROORZLQJ�WKH�DSSOLHG�GHILQLWLRQV�IRU�H[SDQVLRQ�DQGGHQVLILFDWLRQ�WKLV�PHDQV�WKDW�WKH�H[SDQGHG�DUHD�LV�SHU�FHOO�GLYLGHG�E\�WKH�UXUDO�DUHD�LQ��������SHU�FHOO�DQG�WKH�GHQVLILHG�DUHD�E\�WKH�XUEDQ�YHJHWDWLRQ�KLJK�DUHD�RI����������,Q�WKLV�ZD\�ZHJHW�D�YDOXH�EHWZHHQ�]HUR�DQG�RQH��LQ�ZKLFK�RQH�LPSOLHV�PD[LPDO�H[SDQVLRQ�
����� 5HJUHVVLRQ�UHVXOWV�/LVERQ
([SDQVLRQ7KH�UHVXOWLQJ�VHW�RI�YDULDEOHV�LQ�WKH�/LVERQ�DUHD�VKRZV�D�PRUH�GLYHUVH�PL[�RI�VLJQLILFDQWYDULDEOHV�WKDQ�WKH�RWKHU�WHVW�VLWHV�GR��%RWK�WKH�SUR[LPLW\�DQG�H[WHQVLRQ�RI�WKH�H[LVWLQJ�XUEDQDUHD��FRQFHQWUDWLRQ�IDFWRUV��DV�WKH�GLVWDQFH�WR�WKH�WRZQERUGHUV��UDLOZD\ VWDWLRQV�DQG�URDGH[LWVDUH�LPSRUWDQW�IDFWRUV��5HPDUNDEOH�KRZHYHU�LV�WKH�KLJK�QHJDWLYH�YDOXH�IRU�WKH����NP�SRUWVJUDYLW\�PDS��,Q�WKH�FRUUHFODWLRQ�DQDO\VHV�D�KLJKO\�SRVLWLYH�YDOXH�ZDV�IRXQG�IRU�WKLV�YDULDEOH�,Q�WKH�FRPELQDWLRQ�RI�YDULDEOHV�SRUWV�KDYH�D�UHODWLYH�QHJDWLYH�LQIOXHQFH�RQ�FLW\�H[SDQVLRQ�7KH�UHPRYDO�RI�WKH�µGLVWDQFH�WR�FHQWUDO�/LVERQ�YDULDEOH¶�LQGLFDWHV�WKDW�WKH�DFFHVVLELOLW\�WRORFDO�HFRQRPLFDO�DQG�VRFLDO�FHQWHUV�DQG�DFFHVVSRLQWV�WR�PDLQ�LQIUDVWUXFWXUH�LV�DSSDUHQWO\PRUH�LPSRUWDQW��$OVR�WKH�DFFHVVLELOLW\�RI�OHLVXUH��IRUHVW�DQG�ZDWHUERGLHV VHHPV�WR�KDYH�DVLJQLILFDQW�LQIOXHQFH�RQ�H[SDQVLRQ�LQ�/LVERQ�



SDJH��� RI���
7DEOH���� 2EWDLQHG�UHJUHVVLRQ�UHVXOWV�IRU�H[SDQVLRQ�LQ�WKH�/LVERQ�DUHD
9DULDEOH &RHIILFLHQWV� 6WG�(UURU W�YDOXH&RQVWDQW ������� ������� �������8UEDQ�EXLOW�XS�EDUH��/DQGVDW���JUDYLW\�PDS����P ������ ������� ������8UEDQ�EDUH��/DQGVDW���JUDYLW\�PDS����P ������ ������� ������3RUWV��&RULQH���JUDYLW\�PDS����NP �������� ������� �������$LUSRUWV��&RULQH���JUDYLW\�PDS����.P ������ ������� ������/HLVXUH��&RULQH���JUDYLW\�PDS����NP ������ ������� ������)RUHVW��&RULQH���JUDYLW\�PDS����NP ������ ������� ������:HWODQGV��&RULQH���JUDYLW\�PDS����NP ������� ������� �������:DWHU��&RULQH���JUDYLW\�PDS����NP ������ ������� ���������'LVWDQFH�WR�PXQLFLSDOLWLHV��LQ�.P� ������� ������ �������'LVWDQFH�WR�KLJKZD\�H[LWV��LQ�.P� ������� ������ �������'LVWDQFH�WR�UDLOZD\�VWDWLRQV��LQ�.P� ������� ������ �������'LVWDQFH�WR�WRZQV�!�����KD��LQ�.P� ������� ������ �������
'HQVLILFDWLRQ7KH�UHODWLRQ�RI�YDULDEOHV�ZLWK�WKH�JURZWK�RI�GHQVLILFDWLRQ�SDWWHUQV�KRZHYHU�LV�OHVV�FOHDU��7KLVLV�SUREDEO\�WKH�UHVXOW�RI�WKH�IHZ�GHQVLILFDWLRQ�SURFHVVHV�LQ�/LVERQ�FRPSDUHG�WR�WKH�ELJH[SDQVLRQ�SURFHVVHV�VWLOO�JRLQJ�RQ��5HODWLYHO\�VWURQJ�QHJDWLYH�UHODWLRQV�DUH�IRXQG�ZLWK�WKHGLVWDQFH�WR�WKH�FRDVW�DQG�WKH�GLVWDQFH�WR�WKH�FHQWHU�RI�/LVERQ��$�UHDVRQDEOH�SRVLWLYH�UHODWLRQ�LVIRXQG�ZLWK�WKH�GLVWDQFH�WR�KLJKZD\�H[LWV�DQG�WR�UDLOZD\ VWDWLRQV�
7DEOH���� 2EWDLQHG�UHJUHVVLRQ�UHVXOWV�IRU�GHQVLILFDWLRQ�LQ�WKH�/LVERQ�DUHD
9DULDEOH &RHIILFLHQWV� 6WG�(UURU W�YDOXH&RQVWDQW ������� ������ �������8UEDQ�EDUH��/DQGVDW���JUDYLW\�PDS����P ������ ������ ������+LJK�YHJHWDWHG�DUHDV��/DQGVDW���JUDYLW\�PDS����NP ������� ������ �������:HWODQGV��&RULQH���JUDYLW\�PDS����NP ������� ������ �������:DWHU��&RULQH���JUDYLW\�PDS����NP ������ ������ ������'LVWDQFH�WR�KLJKZD\�H[LWV��LQ�.P� ������� ������ �������'LVWDQFH�WR�UDLOZD\�VWDWLRQV��LQ�.P� ������� ������ �������'LVWDQFH�WR�/LVERQ��LQ�.P� ������ ������ ������'LVWDQFH�WR�WRZQV�!�����KD��LQ�.P� ������� ������ �������'LVWDQFH�WR�WKH�FRDVW��LQ�.P� ������ ������ ������
����� 5HJUHVVLRQ�UHVXOWV�5DQGVWDG
([SDQVLRQ,Q�JHQHUDO�WKH�UHVXOWV�RI�WKH�FRUUHODWLRQ�DQDO\VLV�DUH�FRQILUPHG��DOWKRXJK�WKH�W�YDOXHV�LQ�WKLVGDWD�VHW�FDQ�EH�FRQVLGHUHG�ORZ��$Q�LPSRUWDQW�IDFWRU�LQ�WKH�5RWWHUGDP�5DQGVWDG�DUHD�VHHPV�WREH�DJDLQ�WKH�GLVWDQFH�WR�H[LVWLQJ�WRZQERUGHUV�ZKLFK�UHIOHFWV�WKH�FRPSDFW�FLW\�SROLF\�DQG�WKHORFDWLRQ�LQ�D�QHZO\�SODQQHG�WRZQ��$OVR�WKH�GLVWDQFH�WR�UDLOZD\ VWDWLRQV�JLYHV�D�UHODWLYH�KLJKH[SODQDWRU\�YDOXH�LQ�WKLV�GDWDVHW��7KH�SUR[LPLW\�DQG�FRQFHQWUDWLRQ�RI�ZRUN��DLUSRUWV�DQG�WKHH[LVWLQJ�XUEDQ�DUHD�KDYH�TXLWH�ORZ�EXW�VLJQLILFDQW�YDOXHV�



SDJH��� RI���
7DEOH���� 2EWDLQHG�UHJUHVVLRQ�UHVXOWV�IRU�H[SDQVLRQ�LQ�WKH�5DQGVWDG�+ROODQG�DUHD
9DULDEOH &RHIILFLHQW 6WG�(UURU W�YDOXH&RQVWDQW ������� ������ ������8UEDQ�EXLOW�XS�EDUH��/DQGVDW���JUDYLW\�PDS����P ������ ������ ������,QGXVWULDO�FRPPHUFLDO��&RULQH���JUDYLW\�PDS����P ������ ������ ������$LUSRUWV��&RULQH���JUDYLW\�PDS����P ������ ������ ������&RQVWUXFWLRQ�VLWHV��&RULQH�� ������ ������ ������/DQGVDW�XUEDQ�YHJHWDWLRQ�KLJK��JUDYLW\�PDS����P ������� ������ �������1DWXUH��&RULQH���JUDYLW\�PDS����NP ������� ������ �������:HWODQGV�&RULQH���JUDYLW\�PDS����NP ������ ������ ������'LVWDQFH�WR�UDLOZD\�VWDWLRQV��LQ�.P� ������� ������ �������'LVWDQFH�WR�KLJKZD\�H[LWV��LQ�.P� ������� ������ �������'LVWDQFH�WR�WRZQV�!�����KD��LQ�.P� ������� ������ �������1HZ�WRZQV ������ ������ ������
'HQVLILFDWLRQ)RU�GHQVLILFDWLRQ�RQH�RI�WKH�PRVW�LPSRUWDQW�YDULDEOHV�LV�WKH�H[LVWLQJ�XUEDQ�DUHD��ZKLFK�LVORJLFDO�DFFRUGLQJ�WR�WKH�GHILQLWLRQ�RI�GHQVLILFDWLRQ��7KH�SUR[LPLW\�RI�XUEDQ�JUHHQ�DUHDV�IRUHVWV�DQG�ZHWODQGV�KRZHYHU�UHVSRQG�QHJDWLYHO\��FRPSDUHG�WR�WKH�RWKHU�IDFWRUV��WR�LQFUHDVHRI�GHQVLILFDWLRQ��(VSHFLDOO\�URDGH[LWV�DQG�IUHHZD\V�VHHP�WR�KDYH PHDQLQJIXO�UHODWLRQ�ZLWK�WKHLQFUHDVH�RI�GHQVLILFDWLRQ�
7DEOH���� 2EWDLQHG�UHJUHVVLRQ�UHVXOWV�IRU�GHQVLILFDWLRQ�LQ�WKH�5DQGVWDG�+ROODQG�DUHD
9DULDEOH &RHIILFLHQW 6WG�(UURU W�YDOXH&RQVWDQW ������ ������ ������8UEDQ�EXLOW�XS�EDUH��/DQGVDW���JUDYLW\�PDS����P ������ ������ ������8UEDQ�EDUH��/DQGVDW���JUDYLW\�PDS����P ������� ������ �������,QGXVWULDO�FRPPHUFLDO��&RULQH���JUDYLW\�PDS����P ������ ������ ������,QGXVWULDO�FRPPHUFLDO��&RULQH���JUDYLW\�PDS����NP ������� ������ �������/DQGVDW�XUEDQ�YHJHWDWLRQ�KLJK��JUDYLW\�PDS����P ������� ������ �������)RUHVW��&RULQH���JUDYLW\�PDS����NP ������� ������ �������:HWODQGV�&RULQH���JUDYLW\�PDS����NP ������� ������ �������:DWHU��&RULQH���JUDYLW\�PDS����NP ������ ������ ������'LVWDQFH�WR�KLJKZD\�H[LWV��LQ�.P� ������� ������ �������'LVWDQFH�WR�KLJKZD\V��LQ�NP� ������� ������ �������
����� 5HJUHVVLRQ�UHVXOWV�3DULV
([SDQVLRQ$FFRUGLQJ�WR�WKH�UHJUHVVLRQ�UHVXOWV�WKH�H[SDQGHG�DUHDV�DURXQG�3DULV�DUH�HVSHFLDOO\�VWURQJO\UHODWHG�WR�WKH�GLVWDQFH�WR�H[LVWLQJ�WRZQERUGHUV��WKH�SUR[LPLW\�RI�ZRUNDUHDV�DQG�WKH�GLVWDQFH�WRUDLOZD\ VWDWLRQV�
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7DEOH���� 2EWDLQHG�UHJUHVVLRQ�UHVXOWV�IRU�H[SDQVLRQ�LQ�WKH�3DULV�DUHD
9DULDEOH &RHIILFLHQW 6WG�(UURU W�WYDOXH&RQVWDQW ������� ������ ��������8UEDQ�GLVFRQWLQXRXV��&RULQH���JUDYLW\�PDS����P ������ ������ ������,QGXVWULDO�FRPPHUFLDO��&RULQH���JUDYLW\�PDS����P ������ ������ ������3RUWV��&RULQH���JUDYLW\�PDS����P ������� ������ �������$LUSRUWV��&RULQH���JUDYLW\�PDS����.P ������ ������ ������:HWODQGV�&RULQH���JUDYLW\�PDS����NP ������ ������ ������'LVWDQFH�WR�UDLOZD\�VWDWLRQV��LQ�.P� ������ ������ ������'LVWDQFH�WR�KLJKZD\�H[LWV��LQ�.P� ������ ������ ������'LVWDQFH�WR�WRZQV�!�����KD��LQ�.P� ������� ������ ��������
'HQVLILFDWLRQ$OVR�LQ�3DULV�WKH�GHQVLILFDWLRQ�LV�PDLQO\�UHODWHG�WR�WKH�H[LVWLQJ�XUEDQ�DUHD�DQG�WKH�GLVWDQFH�WRUDLOZD\VWDWLRQV��7KH�QHJDWLYH�YDOXHV�IRU�IRUHVW�DQG�ZDWHU�VHHP�WR�EH�FRLQFLGHQWDO��D�UHVXOW�RIWKH�VSDWLDO�GLVWULEXWLRQ�DW�ODUJHU�GLVWDQFH�IURP�WKH�GHQVLILFDWLRQ�SURFHVVHV�
7DEOH���� 2EWDLQHG�UHJUHVVLRQ�UHVXOWV�IRU�GHQVLILFDWLRQ�LQ�WKH�3DULV�DUHD
9DULDEOH &RHIILFLHQWV� 6WG�(UURU W�YDOXH&RQVWDQW ������� ������ �������8UEDQ�GLVFRQWLQXRXV��&RULQH���JUDYLW\�PDS����P ������ ������ ������,QGXVWULDO�FRPPHUFLDO��&RULQH���JUDYLW\�PDS����P ������ ������ ������8UEDQ�JUHHQ��&RULQH� ������� ������ �������)RUHVW��&RULQH� ������� ������ �������:DWHU��&RULQH���JUDYLW\�PDS����NP ������� ������ �������'LVWDQFH�WR�UDLOZD\�VWDWLRQV��LQ�.P� ������ ������ ������'LVWDQFH�WR�KLJKZD\�H[LWV��LQ�.P� ������ ������ ������
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� ,03/(0(17$7,21
��� ,QWURGXFWLRQ
$IWHU�GHWHUPLQLQJ�WKH�KLVWRULF�ODQG�XVH�FKDQJH�WKDW�KDV�RFFXUUHG�LQ�WKH�ODVW�GHFDGH�LQ�WKH�WHVWVLWHV��FKDSWHU�����HVWDEOLVKLQJ�WKH�GULYLQJ�IDFWRUV�EHKLQG�ODQG�XVH�FKDQJH��FKDSWHU����DQGGHULYLQJ�WKH�HTXDWLRQV�WKDW�JLYH�D�QXPHULF�GHVFULSWLRQ�RI�WKH�ORFDWLRQDO�WUHQGV�LQ�ODQG�XVHFKDQJH�RYHU�WKH�ODVW�GHFDGH��FKDSWHU����LW�LV�SRVVLEOH�WR�VLPXODWH�ODQG�XVH�LQ�WKH�WHVW�VLWHV�ZLWKWKH VLPXODWLRQ�PRGHO�(XURVFDQQHU�,Q�WKLV�FKDSWHU�VHYHUDO�NLQGV�RI�VLPXODWLRQV�DUH�GLVFXVVHG��)LUVW�WKH�UHJUHVVLRQ�HTXDWLRQ�LVILOOHG�ZLWK�WKH�VDPH�KLVWRULFDO�GDWD��YDULDEOHV��WKH�HTXDWLRQ�LV�GHULYHG�IURP��,Q�RWKHU�ZRUGV�ZH�WU\�WR�VLPXODWH�WKH�KLVWRULFDO�IRXQG�XUEDQ�H[SDQVLRQ�DQG�GHQVLILFDWLRQ�GHULYHG�IURP�WKHVDWHOOLWH�LPDJHV�IRU�WKH�SHULRG������������������������6HFRQGO\��WKH�YDULDEOHV�LQ�WKHUHJUHVVLRQ�HTXDWLRQ�DUH�XSGDWHG�ZLWK�UHFHQW�VSDWLDO�GDWD��,Q�WKLV�ZD\�WKH�VLPXODWLRQ�VKRZV�XVKRZ�WKH�ODQG�XVH�LQ�WKH�UXUDO�XUEDQ�IULQJH�ZLOO�FKDQJH�LQ�WKH�IXWXUH�LI�WKH�GULYLQJ�IRUFHV��DQGWKXV�WKH�ORFDWLRQ�SUHIHUHQFHV��UHPDLQ�YDOLG��7KLV�VLPXODWLRQ�FDQ�EH�FRQVLGHUHG�DV�D�WUHQGDQDO\VLV��,Q�WKH�WKLUG�NLQG�RI�VLPXODWLRQ�WKH�YDULDEOHV�GHULYHG�IURP�WKH�/LVERQ�DUHD�DUH�XVHG�WRVLPXODWH�ODQG�XVH�LQ�5DQGVWDG�+ROODQG�DQG�YLFH�YHUVD��7KHVH�VLPXODWLRQV�GHPRQVWUDWHV��KRZODQG�XVH�LQ�WKH�XUEDQ�UXUDO�IULQJH�ZLOO�FKDQJH�LI�DOWHUQDWLYH�GULYLQJ�IRUFHV�RU�SODQQLQJVFHQDULRV�DUH�LPSOHPHQWHG�
$V�GLVFXVVHG�LQ�FKDSWHU���VHYHUDO�LQSXWV�DUH�QHFHVVDU\�IRU�D�VLPXODWLRQ�/DQG�XVH�FODLPV)RU�DOO�VLPXODWLRQV�WKH�ODQG�XVH�FODLPV�DUH�GHULYHG�IURP�WKH�VDWHOOLWH�LPDJHV��)RU�DOO�WKUHH�WHVWVLWHV�WKH�DPRXQW�RI�ODQG�WKDW�ZDV�VXEMHFW�WR�H[SDQVLRQ�DQG�GHQVLILFDWLRQ�LQ�WKH�SDVW�LVGHWHUPLQHG��7KLV�DPRXQW�RI�ODQG�ZLOO�EH�DOORFDWHG��DOVR�IRU�WKH�VLPXODWLRQ�RI�WKH�IXWXUH�WUHQGDV�ZHOO�DV�IRU�WKH�DOWHUQDWLYH�VFHQDULRV��&RQVHTXHQWO\��WKH�DVVXPSWLRQ�LV�ZKHQ�WKH�IXWXUH�WUHQGLV�VLPXODWHG�ERWK�FODLPV�DQG�GULYLQJ�IRUFHV��EHKLQG�ODQG�XVH�FKDQJH��UHPDLQ�WKH�VDPH�:KHUHDV�LQ�DOWHUQDWLYH�VFHQDULRV�WKH�FODLPV�UHPDLQ�WKH�VDPH�EXW�WKH�GULYLQJ�IRUFHV�GLIIHU�6XLWDELOLW\�PDSV%HFDXVH�ERWK�H[SDQVLRQ�DQG�GHQVLILFDWLRQ�ZLOO�EH�VLPXODWHG�WZR�VXLWDELOLW\�PDSV�KDYH�WR�EHGHULYHG�WKDW�VKRZ�WKH�ORFDWLRQDO�SUHIHUHQFHV�RI�ERWK�XUEDQLVDWLRQ�SURFHVVHV��7KH�VXLWDELOLW\PDSV�XVHG�LQ�WKH�VLPXODWLRQV�DUH�GHULYHG�IURP�WKH�HTXDWLRQV�IRXQG�ZLWK�WKH�VWDWLVWLFDODQDO\VHV��$V�GLVFXVVHG�DERYH�WKH�VLPXODWLRQ�RI�WKH�KLVWRULF�H[SDQVLRQ�DQG�GHQVLILFDWLRQ�LVFDUULHG�RXW�ZLWK�WKH�VDPH�GDWD�DV�XVHG�WR�GHWHUPLQH�WKH�HTXDWLRQ��)RU�WKH�VLPXODWLRQ�RI�WKHIXWXUH�XUEDQLVDWLRQ�WUHQG�WKHVH�YDULDEOHV�DUH�XSGDWHG��)RU�DOWHUQDWLYH�VFHQDULRV�DGGLWLRQDO�GDWDLV�LQFRUSRUDWHG�LQ�WKH�VXLWDELOLW\�PDS�$GGLWLRQDO�FRQVWUDLQV6RPH�DGGLWLRQDO�FRQVWUDLQWV�DUH�XVHG�LQ�WKH�VLPXODWLRQV��$V�GHVFULEHG�LQ�FKDSWHU���WKHGHILQLWLRQ�RI�H[SDQVLRQ�DQG�GHQVLILFDWLRQ�LPSOLHV�WKDW�H[SDQVLRQ�RQO\�RFFXUV�LQ�DUHDV�WKDW�DUHFODVVLILHG�DV�UXUDO�LQ�WKH�VWDUW�VLWXDWLRQ��ZKLOH�GHQVLILFDWLRQ�LV�OLPLWHG�WR�YHJHWDWHG�XUEDQ�DUHDV�0RVW�GULYLQJ�IRUFHV�WHQG�WR�GLPLQLVK�JUDGXDOO\�LQ�VSDFH�DQG�DOVR�WKH�PDSV�WKDW�DUH�WKHRSHUDWLRQDOLVDWLRQ�RI�WKHVH�IRUFHV�GR�QRW�RIWHQ��KDYH�VKDUS�ERXQGDULHV��7KLV��LPSOLHV�WKDW�WRJHWKHU�ZLWK�WKH�SURSHUWLHV�RI�WKH�DOORFDWLRQ�DOJRULWKP�GHVFULEHG�LQ�FKDSWHU�����WKH�VLPXODWHGODQG�XVH�FKDQJHV�WHQG�WR�EOXU�RXW��,Q�RUGHU�WR�SUHYHQW�WKLV��WKH�PLQLPXP�DPRXQW�RI�DOORFDWHGODQG�LV�VHW�WR���KHFWDUH�RU����SHU�JULGFHOO��7KLV�LV�LQ�DFFRUGDQFH�ZLWK�WKH�PLQLPXP�DUHD
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H[SDQVLRQ�DQG�GHQVLILFDWLRQ�GHWHUPLQHG�IURP�WKH�VDWHOOLWH�LPDJHV��7KLV�WKUHVKROG�LVRSHUDWLRQDOLVHG�E\�UXQQLQJ�WKH�DOORFDWLRQ�DOJRULWKP�IRU�HDFK�VLPXODWLRQ�WZR�WLPHV��)LUVW�ZLWKDOO�ODQG�DYDLODEOH�IRU�H[SDQVLRQ�DQG�GHQVLILFDWLRQ��,Q�WKH�VHFRQG�VLPXODWLRQ�JULGFHOOV�LQ�ZKLFKOHVV�WKDQ����H[SDQVLRQ�RU�GHQVLILFDWLRQ�LV�DOORFDWHG�DUH�H[FOXGHG�$SSOLFDWLRQ�RI�DOWHUQDWLYH�SODQQLQJ�VFHQDULRV�LPSOLHV�WKH�XVH�RI�DGGLWLRQDO�GDWD��)RU�H[DPSOHD�VLPXODWLRQ�LV�FDUULHG�RXW�WKDW�LQFOXGHV�WKH�QHZ�DLUSRUW�WKDW�LV�IRUHVHHQ�LQ�WKH�/LVERQ�DUHD�7KH�JUDYLW\�PDS�WKDW�LV�WKH�RSHUDWLRQDOLVDWLRQ�RI�WKH�DWWUDFWLRQ�RI�WKLV�DLUSRUW�LV��LQFRUSRUDWHGLQ�WKH�VXLWDELOLW\�PDS�IRU�WKLV�DOWHUQDWLYH�VLPXODWLRQ�$OVR�WKH�ERXQGDULHV�RI�WKH�DLUSRUW�LWVHOIDUH�LQFOXGHG��LQ�RUGHU�WR�SUHYHQW�XUEDQ�H[SDQVLRQ�RQ�WKH�DLUSRUW�LWVHOI��LQ�WKLV�VLPXODWLRQ�$OWKRXJK�LW�PD\�HYHQ�EH�QHFHVVDU\�WR�H[FOXGH�FHUWDLQ�DUHDV�LQ�WKH�SUR[LPLW\�RI�WKH�DLUSRUW�DVEXLOGLQJ�JURXQG�GXH�WR�OHJDO�FRQVWUDLQWV�FRQFHUQLQJ�QRLVH�QXLVDQFH�RU�VDIHW\���WKLV�UHVWULFWLRQLV�QRW�LQFRUSRUDWHG�LQ�WKH�VLPXODWLRQ��$QRWKHU�NLQG�RI�DOWHUQDWLYH�VLPXODWLRQ�WKDW�LV�FDUULHG�RXWLV�WKH�LPSOHPHQWDWLRQ�RI�WKH�KLVWRULFDO�WUHQG�IRXQG�LQ�/LVERQ�DUHD�LQ�WKH�5DQGVWDG�+ROODQGDUHD�DQG�YLFH�YHUVD��)RU�WKHVH�VLPXODWLRQV�DGGLWLRQDO�PDSV�ZLWK�GULYLQJ�IRUFHV�DUH�XVHG�WRGHULYH�WKH�VXLWDELOLW\�PDS��,Q�WKH�IROORZLQJ�SDUDJUDSKV�WKH�VLPXODWLRQ�UHVXOWV�IRU�WKH�WKUHH�WHVWVLWHV�ZLOO�EH�VKRZQ�DQG�GLVFXVVHG�
��� 6LPXODWLRQ�UHVXOWV�/LVERQ
,Q�ILJXUH�����DQG�����WKH�VLPXODWHG�H[SDQVLRQ�DQG�GHQVLILFDWLRQ�SDWWHUQV�DUH�VKRZQ�WRJHWKHUZLWK�WKH�KLVWRULF�H[SDQVLRQ�DQG�GHQVLILFDWLRQ�IRU�WKH�/LVERQ�DUHD��7KH�VLPXODWHG�H[SDQVLRQDQG�GHQVLILFDWLRQ�ORRN�VLPLODU�WR�WKH�KLVWRULF�SDWWHUQV�IRXQG�EHWZHHQ������DQG������([SDQVLRQ�LV�JRRG�VLPXODWHG�DW�WKH�IULQJH�RI�/LVERQ�DQG�RQ�WKH�(DVW�VLWH�RI�WKH�ULYHU�7DJXV�DOWKRXJK�LW�WHQGV�WR�EOXU�RXW��7KLV�LV�GXH�WR�WKH�SURSHUWLHV�RI�WKH�VXLWDELOLW\�PDS�DV�GLVFXVVHGEHIRUH��+LJK�VXLWDELOLW\�YDOXHV�QHDU�/LVERQ�FDXVH�DQ�XQGHUHVWLPDWLRQ�RI�H[SDQVLRQ�LQ�YLOODJHVDW�D�JUHDWHU�GLVWDQFH�IURP�WKLV�PDMRU�FLW\�7KH�VLPXODWHG�GHQVLILFDWLRQ�LV�VLPLODU�WR�WKH�KLVWRULFDO�GHQVLILFDWLRQ��WKLV�DFFRXQWV�ERWK�IRU�WKHIRXQG�SDWWHUQV�DV�IRU�WKH�DPRXQW�SHU�FHOO��'LIIHUHQW�LQ�WKH�VLPXODWHG�GHQVLILFDWLRQ�DQG�WKHDFWXDO�IRXQG�GHQVLILFDWLRQ�LV�WKH�KLJK�GHQVLILFDWLRQ�YDOXHV�VLPXODWHG�QHDU�WKH�FRDVW�

)LJXUH�����+LVWRULFDO��OHIW��DQG�VLPXODWHG��ULJKW��H[SDQVLRQ�IRU�WKH�SHULRG������������
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)LJXUH�����+LVWRULFDO��OHIW��DQG�VLPXODWHG��ULJKW��GHQVLILFDWLRQ�IRU�WKH�SHULRG������������
,Q�ILJXUH�����WKH�VLPXODWHG�H[SDQVLRQ�DQG�GHQVLILFDWLRQ�IRU�WKH�SHULRG�������������FDQ�EHIRXQG��7KH�DPRXQW�RI�ODQG�VXEMHFW�WR�UXUDO�XUEDQ�FRQYHUVLRQ�LQ�WKLV�SHULRG�LV�DVVXPHG�WR�EHWKH�VDPH�DV�LQ�������������DQG�DOVR�WKH�ORFDWLRQDO�SUHIHUHQFHV�IRU�H[SDQVLRQ�DQGGHQVLILFDWLRQ�DUH�DVVXPHG�WR�UHPDLQ�WKH�VDPH��8SGDWHG�DUH�WKH�ERXQGDULHV�RI�UXUDO�DQG�XUEDQDUHDV��ZKHUH�UHVSHFWLYHO\�H[SDQVLRQ�DQG�GHQVLILFDWLRQ�FDQ�RFFXU��)URP�WKH�UHJUHVVLRQYDULDEOHV�OLVWHG�LQ�WDEOH�����DQG�����WKH�YDULDEOHV�GHULYHG�IURP�/DQGVDW�70������LPDJHV�DUHXSGDWHG�ZLWK�WKRVH�RI�������7KLV�DOVR�LQFOXGHV�WKH�GLVWDQFH�WR�WRZQV��LQ�ZKLFK�WKH�WRZQORFDWLRQV�DUH�GHULYHG�IURP�WKH�VDWHOOLWH�LPDJHV�
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)LJXUH�����6LPXODWHG�H[SDQVLRQ�IRU�WKH�SHULRG�������������ZLWK�WKH�HVWDEOLVKPHQW�RI�D�QHZDLUSRUW�LQ�WKH�/LVERQ�0HWURSROLWDQ�$UHD�
$V�FDQ�EH�H[SHFWHG�WKH�KLVWRULFDO�WUHQGV�DUH�LQ�JHQHUDO�FRQWLQXHG��+RZHYHU��IRU�H[SDQVLRQVRPH�GLIIHUHQFHV�FDQ�EH�REVHUYHG��7KH�H[SDQVLRQ�DW�WKH�1RUWKHUQ�IULQJH�RI�/LVERQ�LV�QRW�DVGLVWLQFW�DV�IRXQG�LQ�WKH�VLPXODWLRQ�IRU��������������)RU�WKH�DUHD�(DVW�RI�WKH�ULYHU�7DJXV�PRUHH[SDQVLRQ�LV�VLPXODWHG��DOVR�WKH�DPRXQW�DOORFDWHG�SHU�FHOO�LV�KLJKHU�LQ�WKLV�DUHD�)LJXUH�����VKRZV�WKH�HIIHFWV�RI�DQ�DOWHUQDWLYH�VFHQDULR�IRU�WKH�/LVERQ�DUHD��WKH�LPSDFW��RQO\H[SDQVLRQ��RI�WKH�QHZ�DLUSRUW�WKDW�LV�SODQQHG�1RUWK�RI�WKH�/LVERQ�0HWURSROLWDQ�DUHD��7KHFRHIILFLHQWV�XVHG�LQ�WKLV�VLPXODWLRQ�DUH�WKH�VDPH�DV�WKRVH�XVHG�IRU�WKH�WUHQG�VLPXODWLRQ��7KHRQO\�GLIIHUHQFH�LV��WKH�QHZ�DLUSRUW�ZKLFK�LV�DGGHG�DV�D�YDULDEOH��ZLWK�WKH�FRHIILFLHQW�IRXQG�IRUDLUSRUWV�LQ�WKH�/LVERQ�DUHD���'XH�WR�WKH�HQRUPRXV�VL]H�RI�WKH�QHZ�DLUSRUW��LW�ZDV�FKRVHQ�WRUHVFDOH�WKH�YDULDEOH�LQ�DFFRUGDQFH�ZLWK�WKH�YDOXHV�IRXQG�IRU�WKH�H[LVWLQJ�DLUSRUW��/RRNLQJ�DWILJXUH�����LW�FDQ�EH�REVHUYHG�WKDW�WKH�H[SDQVLRQ�QHDU�WKH�QHZ�DLUSRUW�WHQGV�WR�EOXU�RXW�DOWKRXJK�DOVR�VRPH�FHOOV�DW�WKH�VRXWK�RI�WKH�IRUHVHHQ�DLUSRUW�VKRZ�KLJK�H[SDQVLRQ�YDOXHV��$QH[SODQDWLRQ�IRU�WKLV�LV�WKDW�WKH�DLUSRUW�ZLOO�EH�EXLOG�LQ�D�UDWKHU�HPSW\�DUHD�ZKHUH�QR�RWKHUORFDWLRQDO�IHDWXUHV�DUH�SUHVHQW�\HW��&RPSDULVRQ�ZLWK�ILJXUH�����VKRZV�WKDW�WKH�LPSDFW�RI�WKHQHZ�DLUSRUW�ZLOO�EH�HQRUPRXV�DQG�ZLOO�OHDG�WR�D�GLYHUVLRQ�RI�XUEDQ�H[SDQVLRQ�IURP�FHQWUDO/LVERQ�WR�WKH�DUHD�QRUWK�RI�WKH�FDSLWDO�LQ�WKH�YLFLQLW\�RI�WKH�QHZ�DLUSRUW�
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$QRWKHU�DOWHUQDWLYH�SODQQLQJ�VFHQDULR�LV�WKH�LQFRUSRUDWLRQ�RI�WKH�IRU�WKH�5DQGVWDG�+ROODQGGHULYHG�YDULDEOHV�LQ�/LVERQ�UHJLRQ��7KLV�LOOXVWUDWHV�KRZ�WKH�H[SDQVLRQ�DQG�GHQVLILFDWLRQSDWWHUQ�LQ�WKH�/LVERQ�DUHD�ZRXOG�ORRN�OLNH�LI�WKH�GULYLQJ�IRUFHV�KDG�EHHQ�VLPLODU�WR�WKRVHIRXQG�LQ�5DQGVWDG�+ROODQG�,Q�FRPSDULVRQ�ZLWK�WKH�KLVWRULFDO�IRXQG�H[SDQVLRQ�DQG�GHQVLILFDWLRQ�WKH�VLPXODWLRQ�UHVXOWVVKRZQ�LQ�ILJXUH�����DUH�PRUH�FRPSDFWHG��6WULNLQJ�LV�WKDW�LQ�WKLV�VFHQDULR�H[SDQVLRQ�QHDU/LVERQ�LV�OLPLWHG�DQG�RFFXUV�IRU�D�ODUJH�SDUW�LQ�WKH�(DVW�EDQN�RI�WKH�ULYHU�7DJXV��ZKLOHGHQVLILFDWLRQ�RQO\�RFFXUV�LQ�/LVERQ��ZLWK�YHU\�KLJK�GHQVLWLHV�LQ�WKH�FHQWHU�RI�WRZQ�

)LJXUH�����6LPXODWHG�H[SDQVLRQ��OHIW��GHQVLILFDWLRQ��ULJKW��IRU�WKH�SHULRG�������������PDNLQJXVH�RI�WKH�GULYLQJ�IRUFHV��YDULDEOHV��GHWHUPLQHG�IRU�5DQGVWDG�+ROODQG�
��� 6LPXODWLRQ�UHVXOWV�5DQGVWDG
)LJXUH�����VKRZV�WKH�KLVWRULF�H[SDQVLRQ�LQ�5DQGVWDG�+ROODQG�IRU�WKH�SHULRG�������������DQGWKH�VLPXODWHG�H[SDQVLRQ�IRU�WKH�VDPH�SHULRG�

)LJXUH�����+LVWRULFDO��OHIW��DQG�VLPXODWHG��ULJKW��H[SDQVLRQ�IRU�WKH�SHULRG������������
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