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6XPPDU\

7KLV�SURMHFW�H[DPLQHG�JURXQGZDWHU�QXWULHQW�FRQFHQWUDWLRQV�LQ�RQH�UHVLGHQWLDO�FRPPXQLW\�
ZLWK�RQVLWH�VHZDJH�WUHDWPHQW�DQG�GLVSRVDO�V\VWHPV��VHSWLF�WDQNV���RQH�ZLWK�VHZHU�VHUYLFH��DQG�
RQH�ZLWK�VHZHU�VHUYLFH�WKDW�DOVR�UHFHLYHG�UHFODLPHG�ZDWHU�IRU�LUULJDWLRQ��*URXQGZDWHU�QLWURJHQ�
FRQFHQWUDWLRQV�LQ�WKH�WKUHH�FRPPXQLWLHV�ZHUH�FRPSDUHG�ZLWK�WKRVH�LQ�D�QDWXUDO�DUHD�WR�UHILQH�
PRGHOV�GHYHORSHG�WR�LGHQWLI\�DQG�DOORFDWH�QXWULHQW�VRXUFH�FRQWULEXWLRQV�WR�WKH�,QGLDQ�5LYHU�
/DJRRQ���:H�ZHUH�VXUSULVHG�WR�ILQG�WKDW�WKH�WKUHH�FRPPXQLWLHV�ZHUH�HTXDOO\�SROOXWLQJ���

5HVHDUFK�DFNQRZOHGJHV�WKH�FRQWULEXWLRQ�RI�VHSWLF�WDQN�OHDFKDWH�DQG�UHFODLPHG�ZDWHU�WR�
QXWULHQW�ORDGLQJV�WR�UHFHLYLQJ�ZDWHUV��%DGUX]]DPHQ�HW��DO���������EXW�WKHUH�LV�OLWWOH�VFLHQWLILF
HYLGHQFH�WKDW�VXSSRUWV�WKH�KLJK�JURXQGZDWHU�QLWURJHQ�FRQFHQWUDWLRQV�ZH�IRXQG�LQ�WKH�VHZHUHG�
FRPPXQLW\��7KLV�OHDGV�WR�D�QHHG�IRU�PRUH�UHVHDUFK�RQ�VHZHUHG�FRPPXQLWLHV�DQG�XOWLPDWHO\�
SUHVHQWV�D�PDQDJHPHQW�FKDOOHQJH��7R�HIIHFWLYHO\�DGGUHVV�QXWULHQW�SROOXWLRQ�LQ�RXU�VWXG\�DUHD��
SUDFWLWLRQHUV�ZRXOG�QHHG�WR�DGGUHVV�DOO�WKUHH�ZDVWHZDWHU�WUHDWPHQW�W\SHV��%HIRUH�KRRNLQJ�VHSWLF�
WDQNV�XS�WR�VHZHU�OLQHV��WKH�VHZHU�OLQHV�PXVW�EH�FKHFNHG�IRU�OHDNV�WR�HOLPLQDWH�WKDW�DV�D�SRVVLEOH�
VRXUFH�RI�FRQWDPLQDWLRQ��)XUWKHUPRUH��WKH�ZDVWHZDWHU�WUHDWPHQW�SODQW�WKDW�LV�WUHDWLQJ�WKH�VHZDJH�
PXVW�EH�XSGDWHG�WR�DGYDQFHG�WUHDWPHQW�WKDW�ZLOO�UHGXFH�WKH�QLWURJHQ�FRQFHQWUDWLRQV�LQ�WKH�
LUULJDWLRQ�ZDWHU��,I�ZKDW�ZH�IRXQG�LQ�WKLV�SLORW�VWXG\�LV�FRQVLVWHQW�WKURXJKRXW�%UHYDUG�&RXQW\��
DGGUHVVLQJ�MXVW�VHSWLF�WDQN�FRPPXQLWLHV ZRXOG�GR�OLWWOH�WR�UHGXFH�QXWULHQW SROOXWLRQ�WKDW�FDQ�
LPSDFW�WKH�ODJRRQ�� 5HSHDWLQJ�WKH�VWXG\�GHVLJQ�PXOWLSOH�WLPHV�LQ�GLIIHUHQW�DUHDV FDQ�LQFUHDVH�WKH�
FRQILGHQFH�RI�WKHVH�ILQGLQJV��

:DVWHZDWHU�FRQWULEXWHV WR�QXWULHQW SROOXWLRQ LQ�UHFHLYLQJ�JURXQG DQG�VXUIDFH�ZDWHUV
WKURXJK�VHYHUDO�GLIIHUHQW�PHDQV���,Q�WKLV�VWXG\��ZH�IRFXV�RQ�UHVLGHQWLDO�FRPPXQLWLHV�ZLWK�YDU\LQJ�
ZDVWHZDWHU�V\VWHPV�LQFOXGLQJ�VHSWLF�WDQNV��VHZHUHG�OLQHV� DQG�VHZHUHG�OLQHV�ZLWK�UHFODLPHG�
LUULJDWLRQ�ZDWHU��6HSWLF�WDQNV�GHVLJQHG�WR�WUHDW�EDFWHULD�GLVFKDUJH�QXWULHQW�ODGHQ�OHDFKDWH�LQWR�
GUDLQILHOGV���,I�WKH�GUDLQILHOGV�DUH�ORFDWHG�WRR�FORVH�WR�WKH�ZDWHU�WDEOH��QXWULHQW�ODGHQ�OHDFKDWH�
UHDFKHV JURXQGZDWHU��6HZHU�OLQHV�WKDW�WUDQVIHU�KRXVHKROG�ZDVWHZDWHU�WR�WKH�ZDVWHZDWHU�WUHDWPHQW�
SODQWV�FDQ�EHFRPH�FRPSURPLVHG�DQG�OHDN�RYHUWLPH��GLVFKDUJLQJ�XQWUHDWHG�VHZDJH�LQWR�
JURXQGZDWHU���5HFODLPHG�LUULJDWLRQ�ZDWHU�XVHG�WR�UHGXFH�)ORULGLDQ¶V�UHOLDQFH�RQ�SRWDEOH�ZDWHU�IRU�
LUULJDWLRQ�FDQ�EH�ULFK�LQ�QXWULHQWV��

1XWULHQWV�VXFK�DV�QLWURJHQ�DQG�SKRVSKRUXV�IXHO�DOJDO�EORRPV�WKDW�FDQ�OHDG�WR�WR[LF�
FRQGLWLRQV�DQG�FRQWULEXWH�WR�PXFN�IRUPDWLRQ��'XULQJ�DQ�DOJDO�EORRP� GLVVROYHG�QXWULHQWV�DUH�
UDSLGO\�WDNHQ�XS�DQG�UHOHDVHG�E\�ELOOLRQV�RI�DOJDH�FHOOV���:KHQ�WKH�DOJDH�GLH��EDFWHULDO�
GHFRPSRVLWLRQ�RI�WKRVH�FHOOV�XVHV�XS�WKH R[\JHQ�LQ�WKH�ZDWHU�FROXPQ��UHVXOWLQJ�LQ�DQR[LF�
FRQGLWLRQV�WKDW�OHDG�WR ILVK�NLOOV���7KRVH�ELOOLRQV�RI�GHFRPSRVLQJ�DOJDH�FHOOV�DORQJ�ZLWK�WKH�ILVK�
DQG�RWKHU�RUJDQLVPV�WKDW�GLH�IURP�DQR[LD��IDOO�WR�WKH�ERWWRP�DQG FRQWULEXWH WR�PXFN�
DFFXPXODWLRQ�
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6WRSSLQJ�WKH�F\FOH�RI�QXWULHQW�HQULFKPHQW��DOJDO�EORRPV��ILVK�NLOOV��DQG�PXFN�IRUPDWLRQ�
UHTXLUHV�DQ�XQGHUVWDQGLQJ�RI�SROOXWDQW�VRXUFHV�DQG�QXWULHQW�G\QDPLFV� $�EHWWHU�XQGHUVWDQGLQJ�RI�
VRXUFHV�RI�JURXQGZDWHU�FRQWDPLQDWLRQ�LV�QHHGHG�WR�SULRULWL]H�DUHDV�IRU�ZDVWHZDWHU XSJUDGHV��
LQIUDVWUXFWXUH�UHWURILWV��DQG�VHSWLF�WR�VHZHU�FRQYHUVLRQV���7KH�JRDO�RI�WKLV�SLORW�SURMHFW�ZDV�WR�
PHDVXUH�JURXQGZDWHU�QLWURJHQ�FRQFHQWUDWLRQV�LQ�UHVLGHQWLDO�DQG�QDWXUDO�DUHDV�WR�YHULI\�UHJLRQDO�
HIIRUWV�WR�DOORFDWH�VRXUFHV�RI�QLWURJHQ�HQWHULQJ�WKH�ODJRRQ�ZLWK�ILHOG�FROOHFWHG�GDWD���

0RGHOV�FXUUHQWO\�EHLQJ�XVHG�WR�HVWLPDWH�SROOXWDQW�ORDGV�WR�WKH�,QGLDQ�5LYHU�/DJRRQ�PD\�
EH�JURVVO\�XQGHUHVWLPDWLQJ�WKH�FRQWULEXWLRQ�RI�QXWULHQWV�IURP�JURXQGZDWHU�HQWHULQJ�WKH�ODJRRQ�
WKURXJK�EDVHIORZ��$�EHWWHU�XQGHUVWDQGLQJ�RI�JURXQGZDWHU�QXWULHQW�FRQFHQWUDWLRQV�DQG�SURFHVVHV
FDQ KHOS�UHILQH�ORDGLQJ�PRGHOV�DQG�FRQWULEXWH�WR�WKH�FUHDWLRQ�RI�D�PXFK�QHHGHG�ODJRRQ�QLWURJHQ�
EXGJHW��7KLV�SURMHFW�LQVWDOOHG�SHUPDQHQW�JURXQGZDWHU�PRQLWRULQJ�ZHOOV�DQG�FROOHFWHG�DQG�
DQDO\]HG����PRQWKO\�JURXQGZDWHU�VDPSOHV LQ�DFFRUGDQFH�ZLWK�ULJRURXV�GDWD�FROOHFWLRQ�SURWRFROV�
LQFOXGLQJ�)'(3�623���������)6�����*URXQGZDWHU�6DPSOLQJ��DQG�(3$�VWDQGDUG�ODERUDWRU\�
PHWKRGV�LQ�D�1(/$3�FHUWLILHG�ODE�

6WXG\�2EMHFWLYHV

7KH�JRDO�RI�WKH�VWXG\�ZDV�WR�PHDVXUH�JURXQGZDWHU�QLWURJHQ SROOXWLRQ�LQ�WKUHH�GLIIHUHQW�
FRPPXQLWLHV�WR�FRQILUP�PRGHO�HVWLPDWHV�DQG�FRPSDUH�GLIIHUHQFHV� 7KH�IROORZLQJ�VWXG\�
REMHFWLYHV�DFFRPSOLVKHG WKLV�JRDO��

&RQGXFW�DQ�H[WHQVLYH�OLWHUDWXUH�UHYLHZ�RQ�JURXQGZDWHU�QXWULHQW�VRXUFHV�DQG�UHJLRQDO�
VWXGLHV� ,GHQWLI\�VRXUFHV�RI�JURXQGZDWHU�GDWD�ZLWKLQ�WKH�,5/�ZDWHUVKHG��

&UHDWH�VSDWLDO�GDWD�OD\HUV�DQG�PDSV�RI�VRLOV��JURXQGZDWHU��ODQG�XVH��DQG�HOHYDWLRQ�GDWD��
SRWHQWLDO�VRXUFHV�RI�QXWULHQWV��DQG�K\GUDXOLF�IORZV�WR�WKH�,5/�

,QVWDOO�ZHOOV�WR�PHDVXUH�JURXQGZDWHU�OHYHOV DQG�FROOHFW�VDPSOHV��

&ROOHFW�������JURXQGZDWHU�VDPSOHV LQ�VXE�ZDWHUVKHG�EDVLQV�RI�7XUNH\�&UHHN�

$QDO\]H�JURXQGZDWHU�VDPSOHV�IRU�DPPRQLD��7RWDO�.MHOGDKO�1LWURJHQ��QLWUDWH�� ��1 DQG
��2�LQ�QLWUDWH��DQG�IHFDO�FROLIRUPV�

(YDOXDWH�WKH�H[WHQW�WKDW�UHVLGHQWLDO�ODQG�XVHV�DUH�FRQWULEXWLQJ�QXWULHQWV�DQG�EDFWHULD�WR�
JURXQGZDWHU�

6WXG\�5HVXOWV

7KHUH�LV�D�SHUFHSWLRQ�WKDW�VHSWLF�WDQN�FRPPXQLWLHV�DUH�FRQWULEXWLQJ�KLJK�FRQFHQWUDWLRQV�RI
QLWURJHQ�WR�JURXQGZDWHU��EHFDXVH�WKH\�DUH�GHVLJQHG�WR�WUHDW�EDFWHULD�DQG�GLVFKDUJH�QLWURJHQ�
QRUPDOO\�WKURXJK�WKH�GUDLQILHOG� ,Q�WKH�FDVH�RI�7XUNH\�&UHHN��WKHUH�LV�QR�VLQJOH�UHVLGHQWLDO�
FRPPXQLW\�WKDW�LV�PRUH�SROOXWLQJ�WKDQ�DQRWKHU��7KHUH�ZHUH�LQWHUHVWLQJ�GLIIHUHQFHV�LQ�QLWURJHQ�
VSHFLHV�DPRQJ�WKHP �7DEOH���� 7KH�KLJKHVW�7RWDO�1LWURJHQ�FRQFHQWUDWLRQ�������SSP��ZDV�LQ�WKH�
VHSWLF�WDQN�FRPPXQLW\��IROORZHG�E\�WKH�VHZHUHG�FRPPXQLW\�������SSP�� 7KH�KLJKHVW�RUJDQLF�
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QLWURJHQ�������SSP��DQG�DPPRQLD�������SSP��FRQFHQWUDWLRQV�ZHUH�LQ�WKH�VHZHUHG�FRPPXQLW\�
DQG�WKH�KLJKHVW�QLWUDWH�QLWULWH�FRQFHQWUDWLRQ������SSP��ZDV�LQ�WKH�UHXVH�FRPPXQLW\��7KH�WKUHH�
FRPPXQLWLHV KDG�VLJQLILFDQWO\�KLJKHU�JURXQGZDWHU�QLWURJHQ�FRQFHQWUDWLRQV�WKDQ�WKH�QDWXUDO�DUHD��
LQ IDFW DQ�RUGHU�RI�PDJQLWXGH�KLJKHU��EXW�WKH\�ZHUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�HDFK�RWKHU�

%DVHG�RQ�WKH�PHDVXUHG�GDWD��WRWDO�QLWURJHQ�ORDGLQJ�LQWR�WKH�7XUNH\�&UHHN�LV�OLNHO\�DW�OHDVW�
������OEV��\HDU�RU����OEV�\HDU�RI�WRWDO�1LWURJHQ�SHU�KRXVHKROG��)XUWKHUPRUH��ZH�IRXQG�WKDW�
QLWURJHQ�SOXPHV�H[WHQGHG�ZHOO�EH\RQG�WKH����WR����P�UHSRUWHG�LQ�WKH�OLWHUDWXUH��0LQJ HW�DO���
�������LQGLFDWLQJ�WKDW�GLVWDQFH�IURP�DQ�267'6�WR�WKH�UHFHLYLQJ�ZDWHUZD\�VKRXOGQ¶W�EH�WKH�RQO\�
LQGLFDWRU�XVHG�WR�SUHGLFW�ORDGLQJ�SRWHQWLDO�

$OWKRXJK�LQ�RXU�VWXG\�DOO�UHVLGHQWLDO�FRPPXQLWLHV�DUH�HTXDOO\�SROOXWLQJ��WKLV�FDQ�RQO\�EH�
FRQILUPHG�E\�UHSHDWLQJ�WKH�VWXG\�GHVLJQ�PXOWLSOH�WLPHV�LQ�GLIIHUHQW�DUHDV� :H�IRXQG�WUHPHQGRXV�
YDULDELOLW\�EHWZHHQ�DQG�ZLWKLQ�WUHDWPHQW�W\SHV�DQG�RYHU�WLPH�WKDW�UHTXLUHV�VWDWLVWLFDO�DQDO\VLV�WKDW�
WDNHV�WKLV�YDULDELOLW\�LQWR�DFFRXQW��

7DEOH����&RPSDULVRQ�RI�QLWURJHQ�DQG�EDFWHULD�PHGLDQ�FRQFHQWUDWLRQV�DFURVV�FRPPXQLWLHV�ZLWK�VHSWLF�WDQNV��
VHZHU�OLQHV��DQG�VHZHU�OLQHV�ZLWK�UHXVH�LUULJDWLRQ��

$QDO\WH 6HSWLF 6HZHU 5HXVH 1DWXUDO


1+� �PJ�/� �����DE �����D �����EF �����F


12;�1��PJ�/� �����D �����D �����E �����D


7.1��PJ�/� �����D �����E �����F �����F


71 �PJ�/� �����D �����D �����D �����E

)HFDO�&ROLIRUP��&)8V����P/� ����� ����� ����� �����

6LJQLILFDQWO\�GLIIHUHQW�PHGLDQ�DW�S �������XVLQJ�.UXVNDO�:DOOLV��3DLUZLVH�FRPSDULVRQ��0DQQ�:KLWQH\�WHVWV���'LIIHUHQW�
OHWWHUV�LQGLFDWH�VLJQLILFDQW GLIIHUHQFHV ZLWKLQ�URZV�DW�S�������+LJKHVW�YDOXH�LQ�EROG�
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7DEOH�RI�&RQWHQWV
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6WXG\�2EMHFWLYHV ������������������������������������������������������������������������������������������������������������������������� LL

6RXUFH�WR�6OLPH�6WXG\�LQ�WKH�,QGLDQ�5LYHU�/DJRRQ ������������������������������������������������������������������������ �

,QWURGXFWLRQ������������������������������������������������������������������������������������������������������������������������������������� �

$SSURDFK����������������������������������������������������������������������������������������������������������������������������������������� �

6LWH�6HOHFWLRQ������������������������������������������������������������������������������������������������������������������������������� �

3UHOLPLQDU\�*URXQGZDWHU�0RGHOLQJ�IRU�:HOO�6LWLQJ ������������������������������������������������������������������ �

:HOO�,QVWDOODWLRQ ������������������������������������������������������������������������������������������������������������������������ ��

6DPSOLQJ�0HWKRG ���������������������������������������������������������������������������������������������������������������������� ��

5HVXOWV������������������������������������������������������������������������������������������������������������������������������������������� ��

6DPSOLQJ�(YHQW�'DWD����������������������������������������������������������������������������������������������������������������� ��

$PPRQLD����������������������������������������������������������������������������������������������������������������������������������� ��

1LWULWH�1LWUDWH ���������������������������������������������������������������������������������������������������������������������������� ��

7RWDO�.MHOGDKO�1LWURJHQ��7.1�������������������������������������������������������������������������������������������������� ��

7RWDO�1LWURJHQ ��������������������������������������������������������������������������������������������������������������������������� ��

6LWH�&RPSDULVRQV����������������������������������������������������������������������������������������������������������������������� ��

)HFDO�&ROLIRUPV ������������������������������������������������������������������������������������������������������������������������� ��

,VRWRSH�5HVXOWV �������������������������������������������������������������������������������������������������������������������������� ��

3RVW�VDPSOLQJ�0RGHO�&DOLEUDWLRQ�DQG�5HVXOWV �������������������������������������������������������������������������� ��

&RQFOXVLRQ ������������������������������������������������������������������������������������������������������������������������������������ ��

5HIHUHQFHV������������������������������������������������������������������������������������������������������������������������������������� ��

$SSHQGLFHV«««««««««««««««««««««««««««««««««���



Y

/LVW�RI�)LJXUHV

)LJXUH�����D��3URMHFW�DUHD�ODQG�HOHYDWLRQ�DQG��E��/RFDWLRQ�RI�WKH�WKUHH�WUHDWPHQW�DUHDV�DQG�WKH�
FRQWURO�QDWXUDO�DUHD��3RO\JRQ�FRORUV�FRUUHVSRQG�ZLWK�WUHDWPHQW�FRORUV�LQ�7DEOH��� ����������������������� �

)LJXUH����7XUNH\�&UHHN�0RGHO�$UHD�RI�,QWHUHVW��$2,�W\SLFDOO\�LQFOXGHV��[�WKH�SURMHFW�DUHD�IRU�
PRGHOLQJ�LQSXW�SUHSDUDWLRQ�DQG�FDOLEUDWLRQ�SXUSRVHV���SURMHFW�DUHD��7XUNH\�&UHHN�4XDG�%DVLQ���
DQG�IRXU�VWXG\�DUHDV�GHOLQHDWHG�ZLWK�H[LVWLQJ�ZHOOV�SORWWHG� ���������������������������������������������������������� �

)LJXUH����0HGLDQ�GHSWK�WR�ZDWHU�EDVHG�RQ�WKH�SHULRG�RI�UHFRUG�IRU�H[LVWLQJ�ZHOOV�ZLWKLQ�WKH�
PRGHO�DUHD� ������������������������������������������������������������������������������������������������������������������������������������ ��

)LJXUH����0HGLDQ�QLWUDWH�QLWULWH�DQG�DPPRQLD�FRQFHQWUDWLRQ�IRU�H[LVWLQJ�ZHOOV�ZLWKLQ�WKH�PRGHO�
DUHD� ����������������������������������������������������������������������������������������������������������������������������������������������� ��

)LJXUH����$UF1/(7�SUHOLPLQDU\�PRGHO�RXWSXW��SULRU�WR�FDOLEUDWLRQ�ZLWK�VLWH�VSHFLILF�SURMHFW�
FROOHFWHG�JURXQGZDWHU�GDWD��RI�DPPRQLD�SOXPHV�LQ�WKH�VHSWLF�WDQN�DUHDV������������������������������������ ��

)LJXUH����$UF1/(7�PRGHOHG�DPPRQLD�SOXPHV�LQ�WKH�+LJKODQG�6KRUHV�VHSWLF�WDQN�VWXG\�DUHD�
VKRZLQJ�SOXPHV�H[WHQGLQJ�WR�7XUNH\�&UHHN�IURP�WKH�VHSWLF�WDQNV�ORFDWHG�LQ�WKH�IURQW�\DUGV� ���� ��

)LJXUH�����D��*HRSUREH�LQVWDOOLQJ�ZHOO���E��VRLO�FRUH��DQG��F��ILQLVKHG�ZHOO�SDG� �������������������������� ��

)LJXUH����0RQLWRULQJ�ZHOO�ORFDWLRQV� �������������������������������������������������������������������������������������������� ��

)LJXUH����7RWDO�PRQWKO\�UDLQIDOO��LQ��DW�WKH�UDLQIDOO�JDXJH�FORVHVW�WR�WKH�VWXG\�VLWHV��6-5:0'�
JDXJH����������WKURXJKRXW�WKH�GXUDWLRQ�RI�WKH�VWXG\� ����������������������������������������������������������������� ��

)LJXUH�����$YHUDJH�PRQWKO\�DPPRQLD�FRQFHQWUDWLRQV�E\�WUHDWPHQW�DUHD� ����������������������������������� ��

)LJXUH�����$YHUDJH�PRQWKO\�QLWUDWH�QLWULWH�FRQFHQWUDWLRQV�E\�WUHDWPHQW�W\SH� ����������������������������� ��

)LJXUH�����$YHUDJH�PRQWKO\�7.1�FRQFHQWUDWLRQV�E\�WUHDWPHQW�W\SH������������������������������������������� ��

)LJXUH�����7LPH�VHULHV�SORWV�RI�PHDVXUHG�71��PJ�/��DW�HDFK�ZHOO�ZLWKLQ�WKH�7XUNH\�&UHHN�VWXG\�
UHJLRQ� ������������������������������������������������������������������������������������������������������������������������������������������� ��

)LJXUH�����$YHUDJH�PRQWKO\�71�FRQFHQWUDWLRQV�E\�WUHDWPHQW�W\SH� �������������������������������������������� ��

)LJXUH�����0HGLDQ�7RWDO�1LWURJHQ�PHDVXUHG�LQ�PJ�/�DW�WKH����JURXQGZDWHU�VDPSOLQJ�VLWHV�LQ�
7XUNH\�&UHHN��)ORULGD��EDVHG�RQ�WHQ�VDPSOLQJ�HYHQWV�IRU�WKH�HLJKW�RULJLQDO�ZHOOV�DQG�IRXU�HYHQWV�
IRU�WKH�QHZ�ZHOOV��������������������������������������������������������������������������������������������������������������������������� ��

)LJXUH�����$YHUDJH�PRQWKO\�IHFDO�FROLIRUP�FRQFHQWUDWLRQV�E\�WUHDWPHQW�W\SH� ��������������������������� ��

)LJXUH���� 3ORW�RI� �� ��2 UHVXOWV�DGDSWHG�IURP�5RDGFDS�HW�DO������� ������������������������������� ��

)LJXUH�����6HSWLF�WDQNV�ZLWKLQ�WKH�7XUNH\�&UHHN�TXDG�EDVLQ�WKDW�ZHUH�XVHG�LQ�WKH�FDOLEUDWHG�UXQ�
RI�$UF1/(7� ��������������������������������������������������������������������������������������������������������������������������������� ��



YL

)LJXUH�����5HODWLRQVKLS EHWZHHQ�VPRRWKHG�'LJLWDO�(OHYDWLRQ�0RGHO��'(0��DQG�PHDVXUHG�
PHGLDQ�GHSWK�WR�ZDWHU�IRU�D�VPRRWKLQJ�IDFWRU�RI��� ���������������������������������������������������������������������� ��

)LJXUH�����7XUNH\�&UHHN�VWXG\�DUHD�$UF1/(7�SDUWLFOH�WUDFNLQJ��3DWKV�ZLWK�KLJKHU�YHORFLWLHV�DUH�
FKDUDFWHUL]HG�E\�UHG�RUDQJH�OLQHV�ZKLOH�VORZHU�YHORFLWLHV�DUH�FKDUDFWHUL]HG�E\�JUHHQ�OLQHV� ������� ��

)LJXUH�����$UF1/(7�WUDQVSRUW�FDOLEUDWLRQ�IRU�QLWUDWH������������������������������������������������������������������� ��

)LJXUH�����$UF1/(7�WUDQVSRUW�FDOLEUDWLRQ�IRU�DPPRQLD� ������������������������������������������������������������� ��

)LJXUH�����12��SOXPHV�IRU�WKH�7XUNH\�&UHHN�VWXG\�DUHD������������������������������������������������������������� ��

)LJXUH�����1+��SOXPHV�IRU�WKH�7XUNH\�&UHHN�VWXG\�DUHD������������������������������������������������������������� ��



YLL

/LVW�RI 7DEOHV

7DEOH����&RPSDULVRQ�RI�QLWURJHQ�DQG�EDFWHULD�PHGLDQ�FRQFHQWUDWLRQV�DFURVV�FRPPXQLWLHV�ZLWK�
VHSWLF�WDQNV��VHZHU�OLQHV��DQG�VHZHU�OLQHV�ZLWK�UHXVH�LUULJDWLRQ����������������������������������������������������� LLL

7DEOH����6WXG\�DUHD�FRPSDULVRQ�PDWUL[��$UHDV�FKRVHQ�IRU�WKLV�VWXG\�DUH�EROGHG�DQG�LWDOLFL]HG��$�
FRPELQDWLRQ�RI�3KDVHV���DQG���IRU�6DQG\�3LQHV�ZHUH�VHOHFWHG�IRU�WKH�UHFODLPHG�FRPPXQLW\��VLQFH�
WKHVH�ZHUH�KRPRJHQRXV�LQ�QDWXUH�DQG�DFFHVVLEOH�XVLQJ�RQH�FHQWUDO�JDWH� �������������������������������������� �

7DEOH����6XPPDU\�LQIRUPDWLRQ�IRU�WKH�QXWULHQW�LQIRUPDWLRQ�IRU�ZHOOV�ZLWKLQ�WKH�$UHD�RI�,QIOXHQFH�
�PJ�/�� 5HVXOWV�ZLWK�QR�GDWD�DYDLODEOH�DUH�GHQRWHG�ZLWK�³1'´�DQG�FRORUHG�ZLWK�JUD\�WH[W� ������� ��

7DEOH����6XPPDU\�LQIRUPDWLRQ�IRU�WKH�'7:�IRU�DOO�WKH�ZHOOV�ZLWKLQ�WKH�$UHD�RI�,QIOXHQFH������� ��

7DEOH����:HOO�ERULQJ�VRLO�FKDUDFWHUL]DWLRQ��������������������������������������������������������������������������������� ��

7DEOH����:HOO�LQVWDOODWLRQ�GHWDLOV� ������������������������������������������������������������������������������������������������� ��

7DEOH����/DERUDWRU\�VDPSOHV�DQG�DQDO\WLFDO�PHWKRGV������������������������������������������������������������������� ��

7DEOH����6LQJOH�PHDVXUHPHQWV�IURP�WKH�-XQH�������������VDPSOLQJ�HYHQW�SHU�ZHOO�������������������� ��

7DEOH����6LQJOH�PHDVXUHPHQWV�IURP�WKH�-XO\�������������VDPSOLQJ�HYHQW�SHU�ZHOO� ������������������� ��

7DEOH�����6LQJOH�PHDVXUHPHQWV�IURP�WKH�$XJXVW���	�����������VDPSOLQJ�HYHQW�SHU�ZHOO����������� ��

7DEOH�����6LQJOH�PHDVXUHPHQWV�IURP�WKH�6HSWHPEHU�������������VDPSOLQJ�HYHQW�SHU�ZHOO�������� ��

7DEOH�����6LQJOH�PHDVXUHPHQWV�IURP�WKH�2FWREHU�������������VDPSOLQJ�HYHQW�SHU�ZHOO� ����������� ��

7DEOH ����6LQJOH�PHDVXUHPHQWV�IURP�WKH�1RYHPEHU�������������VDPSOLQJ�HYHQW�SHU�ZHOO� ������� ��

7DEOH�����6LQJOH�PHDVXUHPHQWV�IURP�WKH�'HFHPEHU�������������VDPSOLQJ�HYHQW�SHU�ZHOO� ������� ��

7DEOH�����6LQJOH�PHDVXUHPHQWV�IURP�WKH�-DQXDU\�������������VDPSOLQJ�HYHQW�SHU�ZHOO� ����������� ��

7DEOH�����6LQJOH�PHDVXUHPHQWV�IURP�WKH�)HEUXDU\�������������VDPSOLQJ�HYHQW�SHU�ZHOO� ��������� ��

7DEOH�����6LQJOH�PHDVXUHPHQWV�IURP�WKH�0DUFK�������������VDPSOLQJ�HYHQW�SHU�ZHOO� ������������� ��

7DEOH�����$PPRQLD�VXPPDU\�VWDWLVWLFV�IRU�WHQ�HYHQWV��+LJKHVW�PHDQ�DQG�PHGLDQ�YDOXHV�EROGHG��
ORZHVW�PHDQ�DQG�PHGLDQ�YDOXHV�LWDOLFL]HG� ����������������������������������������������������������������������������������� ��

7DEOH�����1LWUDWH�1LWULWH�VXPPDU\�VWDWLVWLFV�IRU�WHQ�HYHQWV��+LJKHVW�PHDQ�DQG�PHGLDQ�YDOXHV�
EROGHG��ORZHVW�PHDQ�DQG�PHGLDQ�YDOXHV�LWDOLFL]HG� ���������������������������������������������������������������������� ��

7DEOH�����7.1�VXPPDU\�VWDWLVWLFV�IRU�WHQ�HYHQWV��+LJKHVW�PHDQ�DQG�PHGLDQ�YDOXHV�EROGHG��
ORZHVW�PHDQ�DQG�PHGLDQ�YDOXHV�LWDOLFL]HG� ����������������������������������������������������������������������������������� ��



YLLL

7DEOH�����71�VXPPDU\�VWDWLVWLFV�IRU�WHQ�HYHQWV��+LJKHVW�PHDQ�DQG�PHGLDQ�YDOXHV�EROGHG��ORZHVW�
PHDQ�DQG�PHGLDQ�YDOXHV�LWDOLFL]HG� ���������������������������������������������������������������������������������������������� ��

7DEOH�����3HUFHQWDJH�RI�FRPSRQHQWV�PDNLQJ�XS�WKH�DYHUDJH�WRWDO�QLWURJHQ��71��FDOFXODWLRQ��
6KDGHG�DUHDV�UHSUHVHQW�WKH�QLWURJHQ�SUHGRPLQDQW�FRQVWLWXHQW�DW�HDFK�VLWH� ���������������������������������� ��

7DEOH�����6WDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�LQ�FRQFHQWUDWLRQV��PHGLDQV�UHSRUWHG� ������������������� ��

7DEOH�����)HFDO�&ROLIRUP�VWDWLVWLFV�IRU�DOO�HYHQWV���
�VWDWLVWLFV�FDOFXODWHG�ZLWK�YDOXHV�WKDW�ZHUH�
FRQIOXHQW�DQG�717&��YDOXHV�ZHUH�HVWLPDWHG�DW�����&)8�P/� ���������������������������������������������������� ��

7DEOH�����3HUFHQWDJH�RI�VDPSOHV�WKDW�H[FHHG�(3$�VWDQGDUG�RI����&)8�P/�IRU�IHFDO�FROLIRUP� � ��

7DEOH���� �� ��2�UHVXOWV��PLQLPXP�QLWUDWH�FRQFHQWUDWLRQ�RI������PJ�/ QLWUDWH��������������� ��

7DEOH�����6XPPDU\�RI� �� ��2 UHVXOWV�E\�WUHDWPHQW�W\SH� ������������������������������������������������� ��

7DEOH�����&DOLEUDWLRQ�YDOXHV�IRU�HDFK�SDUDPHWHU�XVHG�LQ�WKH�$UF1/(7�PRGHO���������������������������� ��



L[

$FNQRZOHGJHPHQWV

)XQGLQJ�IRU�WKLV�SURMHFW�ZDV�SURYLGHG�E\�WKH�)ORULGD�6WDWH�/HJLVODWXUH�DV�SDUW�RI�WKH�
)ORULGD�'HSDUWPHQW�RI�(QYLURQPHQWDO�3URWHFWLRQ�*UDQW�$JUHHPHQW�1R��6�����± %UHYDUG�&RXQW\�
0XFN�'UHGJLQJ� 6SHFLDO�WKDQNV�WR�WKH�PHPEHUV�RI�WKH�)ORULGD�,QVWLWXWH�RI�7HFKQRORJ\�,QGLDQ�
5LYHU�/DJRRQ�5HVHDUFK�,QVWLWXWH�DQG�%UHYDUG�&RXQW\�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV�ZKR�
SURYLGHG YDOXDEOH�LQSXW�DQG�JXLGDQFH�WKURXJKRXW�WKLV�SURMHFW�



,PSDFW�RI�(QYLURQPHQWDO�0XFN�'UHGJLQJ�DW�)ORULGD�,QVWLWXWH�RI�7HFKQRORJ\������������0D\���������

�

6RXUFH�WR�6OLPH�6WXG\�LQ�WKH�,QGLDQ�5LYHU�/DJRRQ

3ULQFLSDO�,QYHVWLJDWRU &R�3ULQFLSDO�,QYHVWLJDWRU
/HHVD�6RXWR��3K�'� &ODXGLD�/LVWRSDG��3K�'���*,63
([HFXWLYH�'LUHFWRU 3UHVLGHQW
0DULQH�5HVRXUFHV�&RXQFLO RI (DVW�)ORULGD��,QF� $SSOLHG�(FRORJ\� ,QF�
�����'L[LH�+Z\��1( ����)RXUWK�$YHQXH��6XLWH����
3DOP�%D\��)/������ ,QGLDODQWLF��)/������
������������ ������������
/HHVD#PUFLUO�RUJ FOLVWRSDG#DSSOLHGHFRORJ\LQF�FRP

,QWURGXFWLRQ

1XWULHQWV�FRQWULEXWH WR ,QGLDQ�5LYHU�/DJRRQ��,5/� PXFN�DFFXPXODWLRQ�E\�IXHOLQJ�RUJDQLF�
PDWWHU�WKDW�KDVWHQV K\SHU�HXWURSKLFDWLRQ� 7KH�UDSLG�F\FOLQJ�RI�GLVVROYHG�QXWULHQWV�E\�DOJDH�WKDW�LV�
UHOHDVHG�ZLWK�DOJDO�GHDWK�FDQ�FDXVH�DQR[LF�FRQGLWLRQV�DQG�ILVK�NLOOV�WKDW�XOWLPDWHO\�FRQWULEXWH�WR�
WKH�RUJDQLF�ULFK�PDWHULDO�GHFRPSRVLQJ�LQWR ,5/�PXFN��$GGUHVVLQJ�VRXUFHV�RI�QXWULHQWV�WKDW�
FRQWULEXWH�WR�WKLV�F\FOH�RI�GHDWK��GHFD\ DQG�PXFN�DFFXPXODWLRQ�LV�LPSRUWDQW�WR�,5/�UHFRYHU\�
5HVHDUFK�WKDW�TXDQWLILHV�QXWULHQW�FRQWULEXWLRQV�IURP�JURXQGZDWHU�DQG�VXUIDFH�ZDWHU�VRXUFHV�FDQ�
DGYLVH��IRFXV�DQG�HYDOXDWH�SROOXWLRQ�SUHYHQWLRQ�HIIRUWV�

&DOFXODWLQJ�3ROOXWDQW�/RDGV

1XWULHQW�ORDGLQJ�WR�WKH�,QGLDQ�5LYHU�/DJRRQ�QHHGV WR�EH�DOORFDWHG�WR�VRXUFHV�LQ�RUGHU�WR�
PHHW�HVWDEOLVKHG�7RWDO�0D[LPXP�'DLO\�/RDGV��70'/� WKURXJK�WKH�LPSOHPHQWDWLRQ�RI�%DVLQ�
0DQDJHPHQW�$FWLRQ�3ODQV��%0$3����'XULQJ�%0$3�LPSOHPHQWDWLRQ��UHJLRQDO�SDUWQHUV�FRPSOHWH�
SURMHFWV�WR�UHGXFH�SROOXWDQWV�SULPDULO\�WKURXJK VWRUPZDWHU�%HVW�0DQDJHPHQW�3UDFWLFHV���$V�WKH�
SURFHVV�FRQWLQXHV�DQG�DGGLWLRQDO�GDWD�DUH�DYDLODEOH��SDUWQHUV�PD\�XSGDWH�DQG�UHILQH�WKH�70'/�WR�
IRFXV�HIIRUWV�DQG�HYDOXDWH�HIILFLHQFLHV���'XULQJ�UHILQHPHQW�RI�WKH�70'/�IRU�WKH�%DQDQD��1RUWK��
DQG�&HQWUDO�,QGLDQ�5LYHU�/DJRRQV��PRGHOLQJ�HVWLPDWHG�DERXW��������RI�WKH�WRWDO�YROXPH RI�
ZDWHU�UHDFKLQJ�WKH�ODJRRQ�ZDV�FRPLQJ�IURP�EDVHIORZ��ZKLFK�LV�D�JURXQGZDWHU�VRXUFH �$SSOLHG�
(FRORJ\��,QF�� ����� =DULOOR DQG /LVWRSDG� ������ 7KLV�ODUJH�FRQWULEXWLRQ�RI�ZDWHU�IURP�EDVH�
IORZ FDQ�EH�D�VXEVWDQWLDO�VRXUFH�RI�QXWULHQWV�HQWHULQJ�WKH�ODJRRQ�WKDW�LV�QRW�EHLQJ�DGGUHVVHG�
WKURXJK�WKH�LPSOHPHQWDWLRQ�RI�VWRUPZDWHU�SURMHFWV� 7R�SULRULWL]H�DQG�DGGUHVV�DOO�RI�WKH�VRXUFHV�
RI�QXWULHQWV�WR�WKH�ODJRRQ��LW�LV QHFHVVDU\�WR�XQGHUVWDQG�WKH�FRQWULEXWLRQ�RI�JURXQGZDWHU�QXWULHQWV
HQWHULQJ�WKH�ODJRRQ�WKURXJK�EDVHIORZ��

%DVHIORZ�FRQWULEXWLRQV�DUH�HVWLPDWHG�DV�WKH�UHPDLQLQJ�YROXPH�RI�ZDWHU�DIWHU�WDNLQJ�LQWR�
DFFRXQW�LQIORZV�IURP�SUHFLSLWDWLRQ�PLQXV�QDWXUDO�HYDSRWUDQVSLUDWLRQ�E\�SODQWV��DQG�FDOFXODWHG�
UXQ�RII�YROXPHV�HQWHULQJ�WKH�ODJRRQ�WKURXJK�WKH�VWRUPZDWHU�V\VWHP��,W�LV�EDVLFDOO\��WKH�UDLQZDWHU�



,PSDFW�RI�(QYLURQPHQWDO�0XFN�'UHGJLQJ�DW�)ORULGD�,QVWLWXWH�RI�7HFKQRORJ\������������0D\���������

�

WKDW�VRDNV�LQWR�WKH�JURXQG�WR�UHFKDUJH�JURXQGZDWHU���%DVHIORZ�HQWHUV�WKH�ODJRRQ�GLUHFWO\�WKURXJK�
JURXQGZDWHU�VHHSDJH�DQG�LQGLUHFWO\�WKURXJK�FDQDOV�DQG�RWKHU�WULEXWDULHV���'XULQJ�WKH�70'/�
SURFHVV��GLUHFW�UXQRII�ZDV�HVWLPDWHG�EDVHG�RQ�UDLQIDOO�DQG�IORZ�JDXJH�PHDVXUHPHQWV�ZLWKLQ�WKH�
ZDWHUVKHG �+DUSHU DQG %DNHU���������(YDSRWUDQVSLUDWLRQ�LV�FDOFXODWHG�IURP�PHDVXUHG�
DWPRVSKHULF�PRLVWXUH�GHULYHG�IURP�02'86��02'����VDWHOOLWH�GDWD��D�SURGXFW�GHYHORSHG�E\�
1$6$� 3UHFLSLWDWLRQ�LV�EDVHG�RQ�PHDVXUHG�UDLQIDOO�GDWD� 7KH�EDVHIORZ�FRQWULEXWLRQ�LV�HVWLPDWHG
E\�WKH�IROORZLQJ�ZDWHU�EXGJHW�HTXDWLRQ�

%DVHIORZ� �3UHFLSLWDWLRQ�± (YDSRWUDQVSLUDWLRQ�± 'LUHFW�5XQRII�

7KH�PRQWKO\�EDVHIORZ�YROXPH�LV�D�IXQFWLRQ�RI�JURXQGZDWHU�LQSXW�IRU�WKDW�VSHFLILF�PRQWK�
LQ�DGGLWLRQ�WR�WKH�JURXQGZDWHU�VWRUDJH�FDUULHG�RYHU�IURP�WKH�SUHYLRXV�PRQWK �+DUSHU�DQG %DNHU��
�������7R�EHWWHU�XQGHUVWDQG�VRXUFH�FRQWULEXWLRQV�DQG�JURXQG�WUXWK�PRGHOLQJ�HIIRUWV��ILHOG�
FROOHFWHG�JURXQGZDWHU�QXWULHQW�GDWD�DUH�QHHGHG� 7KLV�UHVHDUFK�FROOHFWHG JURXQGZDWHU�GDWD�WR
UHILQH�QLWURJHQ ORDG�HVWLPDWHV WR�7XUNH\�&UHHN��WKH�ODUJHVW WULEXWDU\�LQ�%UHYDUG�&RXQW\�WKDW�
DFFXPXODWHV�DQG�FRQWULEXWHV�,5/�PXFN�

1LWURJHQ�&\FOH

$VVHVVLQJ�QLWURJHQ�ORDGV�IURP�WKH�ZDWHUVKHG�FDQ�EH�YHU\�FKDOOHQJLQJ��EHFDXVH�WKH�HDUWK�LV�
OLWHUDOO\�DZDVK�LQ�QLWURJHQ��1LWURJHQ�LV�WKH�PRVW�SUHYDOHQW�JDV�LQ�(DUWK¶V�DWPRVSKHUH�DQG�IRUPV�
WKH�EXLOGLQJ�EORFNV�IRU�SURNDU\RWH��SODQW��DQG�DQLPDO�FHOOV��DPLQR�DFLGV���/LYLQJ�WKLQJV�LQJHVW�
QLWURJHQ�DQG�FDUERQ�WR�JURZ�DQG�UHOHDVH�RUJDQLF�QLWURJHQ��DPPRQLD��DQG�FDUERQ��&2���DV�ZDVWH�
GXULQJ�GLJHVWLRQ��$W�GHDWK�DQG�GHFD\�WKH�QLWURJHQ�LV�PLQHUDOL]HG�WR�EH�XVHG�E\�RWKHU�RUJDQLF�
SURFHVVHV��VWDUWLQJ�WKH�F\FOH�DJDLQ��'XULQJ�WKLV�F\FOH�RI�OLIH��GLJHVWLRQ��GHDWK�DQG�GHFD\��QLWURJHQ�
LV�QHLWKHU�FUHDWHG�RU�GHVWUR\HG��LW�VLPSO\�FKDQJHV�IRUP�

1LWULILFDWLRQ�RFFXUV�ZKHQ�RUJDQLF�QLWURJHQ��DPPRQLD��LV�R[LGL]HG�LQWR�LQRUJDQLF�IRUPV�RI�
QLWURJHQ��QLWUDWH�DQG�QLWULWH���7KH�UHDFWLRQ�LV�GULYHQ�E\�EDFWHULD�LQ�WKH�DHURELF�DUHDV�RI�WKH�VRLO�
ZDWHU�LQWHUIDFH��WKH�ZDWHU�FROXPQ��DQG�WKH�URRW�]RQH�RI�SODQWV��7KH�QLWULILHU�EDFWHULD�SUROLIHUDWH�LQ�
KLJKO\�SRURXV�DQG�DHUDWHG�VRLOV�WKDW�DUH�VOLJKWO\�DONDOLQH�DQG�KDYH�D�JRRG�EDODQFH�RI�DPPRQLXP
�1+���LQ�SRUH�VSDFH��,I�DPPRQLD��1+���FRQFHQWUDWLRQV�DUH�WRR�KLJK�LQ�SRUH�VSDFH��WKH�FRQGLWLRQV�
DFWXDOO\�EHFRPH�WR[LF�DQG�QLWULILFDWLRQ�VWRSV� 8QIRUWXQDWHO\��ODERUDWRU\�PHWKRGV�GR�QRW�
GLVWLQJXLVK�EHWZHHQ�1+� DQG�1+� DQG�UHFRUG�WKH�WRWDO�DV�³DPPRQLD�´�

'HQLWULILFDWLRQ�RFFXUV�ZKHQ�LQRUJDQLF�QLWURJHQ��QLWUDWH�DQG�QLWULWH��LV�UHGXFHG�LQWR�12��
1�2��RU�1� JDV� 7KLV�UHDFWLRQ�LV�DOVR�EDFWHULDOO\�GULYHQ�EXW�XQOLNH�QLWULILFDWLRQ��LW�UHTXLUHV�
DQDHURELF�FRQGLWLRQV��'HQLWULILFDWLRQ�W\SLFDOO\�RFFXUV�LQ�WLJKWO\�SDFNHG�VRLOV�ZLWK�OLWWOH�SRUH�VSDFH�
DQG�KLJK�OHYHOV�RI�FDUERQ� :HWODQGV�DUH�JRRG�SODFHV�IRU�GHQLWULILFDWLRQ�WR�RFFXU� 6DQG�ULGJHV�DUH�
QRW��

3ODQWV�DQG�RWKHU�RUJDQLVPV�SUHIHU�WR�XSWDNH�DPPRQLXP��1+���LQVWHDG�RI�QLWUDWH�DQG�
DVVLPLODWH�LW�LQWR�WKHLU�WLVVXHV��7KH�SURFHVV�RI�DPPRQLXP�DVVLPLODWLRQ�LPPRELOL]HV�WKH�QLWURJHQ�
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LQ�WKH�RUJDQLVP��UHVXOWLQJ�LQ�D�WHPSRUDU\�QLWURJHQ�VLQN�XQWLO�WKH�RUJDQLVP�GLHV�DQG�UHOHDVHV�WKH�
DPPRQLXP�EDFN�LQWR�WKH�VRLO��7KH�XSWDNH�RI�DPPRQLXP�E\�RUJDQLVPV�LV�GULYHQ�ODUJHO\�E\�WKH�
&�1�UDWLR�LQ�WKH VRLOV�DQG�WKH�SUHVHQFH�RU�DEVHQFH�RI�R[\JHQ��,Q�DHURELF�FRQGLWLRQV��ZKHQ�WKH�
&�1�UDWLR�LV�������DPPRQLILFDWLRQ�RFFXUV� DQG�DPPRQLXP��1+���DQG�DPPRQLD��1+���DQG�FDUERQ�
GLR[LGH��&2�� DUH�UHOHDVHG�LQWR�WKH�ZDWHU�FROXPQ��,I�WKH�&�1�UDWLR�LV�!����LPPRELOL]DWLRQ�RFFXUV�
DQG�1�LV�DVVLPLODWHG�LQWR�PLFUREHV�ZKHUH�LW�LV�PHDVXUHG�DV�SDUW�RI�WKH�WRWDO�RUJDQLF�QLWURJHQ� 7KLV�
UDWLR�FKDQJHV�WR�!����LQ�DQDHURELF�FRQGLWLRQV��

8VLQJ�,VRWRSHV�WR�8QGHUVWDQG�1LWURJHQ�'\QDPLFV

$�EHWWHU�XQGHUVWDQGLQJ�RI�QLWURJHQ�F\FOHV�DQG�VRXUFHV�FDQ�EH�DFFRPSOLVKHG�E\�H[DPLQLQJ�
QDWXUDOO\�RFFXUULQJ�VWDEOH�1�LVRWRSHV� 1LWURJHQ�RFFXUV�LQ�WZR�VWDEOH�LVRWRSHV���1�DQG�WKH�OHVV�
FRPPRQ���1�LVRWRSH��7KH�UDWLRV�RI�WKHVH�LVRWRSHV�KHOS�FODULI\�1�SURFHVVHV�DV�ZHOO�DV�IDWH�DQG�
WUDQVSRUW��,VRWRSLF�QLWURJHQ����1��LV�D�QDWXUDOO\�RFFXUULQJ�1�VWDEOH�LVRWRSH�WKDW�KDV�RQH�PRUH�
QHXWURQ�WKDQ�WKH�PRUH�FRPPRQ�IRUP�RI�1�����1�� 7KH�UDWLR�RI���1�WR�LWV�LVRWRSH���1�LV�������LQ�
WKH�DWPRVSKHULF�JDV�1���ZKLFK�LV�XVHG�DV�WKH�VWDQGDUG�IRU�FRPSDULVRQ��-XQN�DQG�6YHF��������
7KLV�UDWLR�RI���1���1�GLIIHUV�RQO\�VOLJKWO\�LQ�1�SRROV��W\SLFDOO\�IDOOLQJ�ZLWKLQ�WKH�UDQJH�RI���������
WR��������� ,VRWRSLF�VLJQDWXUHV�DUH�PHDVXUHG�DQG�GHVFULEHG�DV�GHOWD�YDOXHV�RI�WKH�LVRWRSH�UDWLR��
;��H[SUHVVHG�LQ�SDUWV�SHU�WKRXVDQG��������DV�FDOFXODWHG�ZLWK�(TXDWLRQ����ZKHUH�;�LV�WKH�LVRWRSH�
���1� ��2����&��HWF«��DQG�5�LV�WKH�UDWLR�RI�WKH�LVRWRSH�WR�LWV�OLJKWHU�IRUP����1���1����2� ��2��HWF����

Ͳ
ͲͲ ൌ ሾሺ ሻ ͳሿ ͳͲ ���

,QFUHDVLQJ� LQGLFDWHV�DQ�LQFUHDVH�LQ�WKH�KHDYLHU�LVRWRSH��3HWHUVRQ�DQG�)U\� ������

%HFDXVH�LVRWRSHV�KDYH�DQ�DGGLWLRQDO�QHXWURQ��WKH\�UHDFW�PRUH�VORZO\��UHTXLUH�PRUH�
HQHUJ\��DQG�DUH�WKHUHE\�QRW�DV�UHDFWLYH�DV�WKH�OLJKWHU�DQG�PRUH�FRPPRQ�IRUP��$V�D�UHVXOW��KHDYLHU�
LVRWRSHV�DFFXPXODWH�LQ�UHDFWLRQ�VXEVWUDWHV�DQG�VROXWLRQV� UHVXOWLQJ�LQ�RUJDQLFV�WKDW�WHQG�WR�EH�
HQULFKHG�LQ�WKH�KHDYLHU�LVRWRSH��KLJK� ��7KH�SRWHQWLDO�IRU�LVRWRSLF�HQULFKPHQW�IURP�
ELRJHRFKHPLFDO�SURFHVVHV�DUH�PHDVXUHG�XVLQJ�LVRWRSH�IUDFWLRQDWLRQ�YDOXHV��7KH�IROORZLQJ�
SDUDJUDSK�GHVFULEHV�IUDFWLRQDWLRQ�YDOXHV�IRU�YDU\LQJ�1�SURFHVVHV�WKDW�FDQ�LOOXPLQDWH�1�IDWH�DQG�
WUDQVSRUW�WKURXJK�HFRV\VWHPV�

7KH�SURFHVV�RI�GHQLWULILFDWLRQ�KDV�D�PHGLDQ�LVRWRSH�IUDFWLRQDWLRQ�RI���������PHDQLQJ�WKDW�
ZKHQ�12�

� FRQYHUWV�WR�1�2�RU�1� JDV� WKH�XQUHDFWHG�12�
� LQ�WKH�VXEVWUDWH�EHFRPHV�HQULF

��1�DQG�WKH�1�2�RU�1� JDV�SURGXFHG�LV�GHSOHWHG�E\���������� �%HGDUG�+DXJKQ�HW�DO�� ������
$PPRQLD��1+�

��1�PD\�EH�WKH�UHPDLQLQJ�XQUHDFWHG�VXEVWUDWH�IURP�HLWKHU�
QLWULILFDWLRQ�RI�1+� WR�12�

� ������������RU�LWV�YRODWL]DWLRQ�WR�1+�������������� ,Q�FRQWUDVW��WKH�
UHDFWLRQV�DVVRFLDWHG�ZLWK�1��IL[DWLRQ�WR�DPPRQLD������������RU�DPPRQLILFDWLRQ�RI�RUJDQLFV�WR�
DPPRQLD������������DUH�QHDU����UHVXOWLQJ�LQ�OLWWOH�HQULFKPHQW�RI�WKH�VXEVWUDWH� 7KHVH�QDWXUDOO\�
RFFXUULQJ�ELR� DQG�SK\VLR�FKHPLFDO�HQULFKPHQW�SURFHVVHV�GLVSOD\�GLVWLQFW�ODQGVFDSH�VFDOH�
SDWWHUQV�WKDW�YDU\�DFFRUGLQJ�WR�PLFUR�FOLPDWH��VRLO�PRLVWXUH��QXWULHQW�OHYHOV��DQG�VRLO�IRUPDWLRQ�
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�%HGDUG�+DXJKQ�HW�DO�� ������ ��1�EHFRPHV�LQFUHDVLQJO\�HQULFKHG�LQ�
RUJDQLF�PDWHULDOV�DQG�VXEVWUDWHV�ZLWK�DFWLYH�QLWULILFDWLRQ�RU�YRODWL]DWLRQ�SURFHVVHV� 7KLV�SDWWHUQ�LV�
WKH�RSSRVLWH�RI�ZKDW�ZH�ZRXOG�H[SHFW�LI�DUWLILFLDOO\�SURGXFHG�IHUWLOL]HUV�DUH�DSSOLHG��

$WPRVSKHULF�JDVHV�DQG�SURGXFWV�RI�DWPRVSKHULF�JDVHV�DUH�GHSOHWHG�UHODWLYH�WR�RUJDQLF�
ELRPDVV��ZDVWH�SURGXFWV��DQG�12�

� UHVXOWLQJ�IURP�GHQLWULILFDWLRQ� 9DU\LQJ�HQULFKPHQW�SDWWHUQV�
FDQ�EH�VHHQ�LQ�WKH�ILQGLQJV�RI�6KRZHUV�HW�DO���������ZKR�IRXQG�WKDW� ��1��12�

� YDULHG�EHWZHHQ�
QDWXUDO�VRLO�RUJDQLFV�����WR�����������FRPPHUFLDO�IHUWLOL]HUV��QHDU���������DQG�VHSWLF�ZDVWHV�����WR�
��� ������ 7KH�FKDOOHQJH�RI�XVLQJ�LVRWRSHV�WR�XQGHUVWDQG�QXWULHQW�G\QDPLFV�LV�WR�FRQVLGHU�WKH�
QDWXUDOO\�RFFXUULQJ�HQULFKPHQW�SDWWHUQV�DORQJ�ZLWK�WKH�LVRWRSLF�SDWWHUQV�H[SHFWHG�IURP�GLIIHUHQW�
KXPDQ�VRXUFHV�RI�QLWURJHQ� ([DPLQLQJ�WKH�SDWWHUQV�RI�HQULFKPHQW�DQG�GHSOHWLRQ�LQ�VXEVWUDWHV�DQG�
SURGXFWV�RYHU�WLPH�DQG�VSDFH�FDQ�EH�XVHG�WR�OLQN�QXWULHQW�VRXUFHV�DQG�VLQNV�WKURXJKRXW�WKH�
V\VWHP��

1LWURJHQ�VWDEOH�LVRWRSH�VWXGLHV�KDYH�EHHQ�XVHG�VXFFHVVIXOO\�WR�FODULI\�QLWULILFDWLRQ�
SURFHVVHV�LQ�IRUHVW�UHJURZWK�DIWHU�GLVWXUEDQFH�DQG�VRLO�ZDWHU�1�LQWHUDFWLRQV��&RPSWRQ�HW�DO��
�������WR�LGHQWLI\�JURXQGZDWHU�DQG�VXUIDFH�ZDWHU�1�VRXUFHV��0F&OHOODQG�HW�DO�������� 6KRZHUV�HW�
DO�������� %RZHQ�DQG�9DOLHOD���������DQG�WR�HVWLPDWH�DSSURSULDWH�IHUWLOL]HU�DSSOLFDWLRQ�UDWHV�
�4XLQRQHV�HW�DO�� �������6RPH�VWXGLHV�IRFXV�DW�WKH�ODUJH�VFDOH��H[DPLQLQJ�WKH�QDWXUDOO\�RFFXUULQJ�

��1� 7KLV�UHTXLUHV�D�WKRURXJK�XQGHUVWDQGLQJ�RI�WKH�LVRWRSLF�VLJQDWXUHV�RI�
1�LQSXW�DQG�RXWSXWV��WKH�HIIHFWV�RI�1�WUDQVIRUPDWLYH�SURFHVVHV��DQG�WKH�FRPSDUWPHQWDOL]DWLRQ�RI�
1�ZLWKLQ�WKH�V\VWHP��+RJEHUJ��������

6WXG\�'HVLJQ

7KLV�SURMHFW�WHVWV�D�PRGHOLQJ�DQG�ILHOG�UHVHDUFK�PHWKRG�WR�HYDOXDWH�WKH�H[WHQW�WKDW�KXPDQ�
ZDVWH�LV�FRQWULEXWLQJ�QLWURJHQ�DQG�RWKHU�FRQWDPLQDQWV�WR�JURXQGZDWHU��:H�XWLOL]H�DQ�H[LVWLQJ�
VLPSOLILHG JURXQGZDWHU�QXWULHQW�WUDQVSRUW�PRGHO��$UF*,6�%DVHG�1LWUDWH�/RDG�(VWLPDWLRQ�7RRONLW
RU�$UF1/(7� WR�SUHGLFW�WKH�SRWHQWLDO�FRQWULEXWLRQ�DQG�FROOHFW�ILHOG�JURXQGZDWHU�VDPSOHV�WR�
YHULI\�WKH�PRGHO�SUHGLFWLRQV�DQG�DQRPDOLHV� 7KH�JRDO�LV�WR�PHDVXUH�WKH�JURXQGZDWHU�FRQWULEXWLRQ�
RI�QXWULHQW�SROOXWDQW�ORDGV�WR�WKH�,QGLDQ�5LYHU�/DJRRQ�IURP�ZDVWHZDWHU�VRXUFHV�

:H�FROOHFW�PRQWKO\�JURXQGZDWHU�VDPSOHV�WR�PHDVXUH QLWURJHQ�FRQFHQWUDWLRQV�DQG�
FKDQJHV RYHU�WLPH�DQG�WR�ORRN�IRU�RWKHU�LQGLFDWRUV�RI�ZDVWHZDWHU�VXFK�DV�EDFWHULD�DQG�
SKRVSKRUXV��7R�XQGHUVWDQG�WKH�VRXUFH��RUJDQLF�QLWURJHQ�OLNH�DPPRQLD�RU�LQRUJDQLF�QLWUDWH�QLWULWH��
DQG�WKH�OLNHOLKRRG�IRU�QLWULILFDWLRQ�RU�GHQLWULILFDWLRQ��ZH�DUH�DOVR�H[DPLQLQJ�LVRWRSLF�VLJQDWXUHV�RI�
��1 DQG� ��2 LQ�QLWUDWH��:H�FROOHFWHG�VRLO�VDPSOHV�WR�DVVHVV�WKH�SRWHQWLDO�IRU�QLWURJHQ�
LPPRELOL]DWLRQ�YHUVXV�DPPRQLILFDWLRQ� 7KH�JURXQGZDWHU�QLWURJHQ�FRQFHQWUDWLRQV�ZHUH�XVHG�WR�
YHULI\�WKH�SUHGLFWLRQV�RI�WKH�$UF1/(7�PRGHO�WKDW�PD\�EH�LQWHJUDWHG�LQWR�D�ODJRRQ�ZLGH�ORDGLQJ�
PRGHO� (YHQ�WKRXJK�SUHYLRXV�EDVHIORZ�YROXPHV�ZHUH�HVWLPDWHG�DQG�FDOLEUDWHG�ZLWK�IORZ�GDWD��
YHU\�OLWWOH�JURXQGZDWHU�FRQFHQWUDWLRQV�GDWD�ZHUH�DYDLODEOH�WR�HVWLPDWH�ORDGLQJ�FRQFHQWUDWLRQV�
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2XU�VWXG\�WDNHV�SODFH�LQ�IRXU�VLWHV ORFDWHG�DORQJ�7XUNH\�&UHHN��D�WULEXWDU\�WKDW�OHDGV�WR�
WKH�,5/� 7KH�VWXG\�VLWHV�ZHUH�VHOHFWHG�EDVHG�RQ�WKHLU�HFRORJLFDO�DQG�ODQG�XVH�FKDUDFWHULVWLFV�WR�
KROG�FRQVWDQW�DV�PDQ\�FRQIRXQGLQJ LQIOXHQFHV�DV�SRVVLEOH� ([LVWLQJ�HQYLURQPHQWDO�GDWD�ZHUH�
FROOHFWHG�LQFOXGLQJ�VXUIDFH�DQG�JURXQGZDWHU�TXDOLW\��UDLQIDOO��JURXQGZDWHU�HOHYDWLRQV��VHSWLF�WDQN�
ORFDWLRQV��DQG�VRLO�GDWD��%DVHG�RQ�WKH�DQDO\VLV��IRXU�VWXG\�VLWHV�ZHUH VHOHFWHG��WKUHH WKDW�UHFHLYH
GLIIHUHQW�ZDVWHZDWHU�WUHDWPHQW�V\VWHPV��VHSWLF��VDQLWDU\�VHZHU��DQG�UHFODLPHG�ZDWHU��DQG�D
QDWXUDO�DUHD� 7KH�SURMHFW�LQVWDOOHG SHUPDQHQW�ZHOOV�WR�XQGHUVWDQG�JURXQGZDWHU�OHYHOV��IORZV��
K\GUDXOLF�KHDG��DQG�QLWURJHQ DQG�EDFWHULD FRQFHQWUDWLRQV�WR�LQIRUP�QLWURJHQ�ORDGLQJ�PRGHOV� 7KLV�
SURMHFW�LV�D�SLORW�VWXG\�WKDW�GRHV�QRW�UHSUHVHQW�DOO�WKH�SRVVLEOH�FRQGLWLRQV�IRU�ZDVWHZDWHU�DQG�
JURXQGZDWHU�LQWHUDFWLRQ�WKDW�FDQ�LQIOXHQFH�JURXQGZDWHU�FRQFHQWUDWLRQV� ,W�PXVW�EH�UHSOLFDWHG�
WKURXJKRXW�%UHYDUG�&RXQW\�LQ�D�YDULHW\�RI�VRLO��WRSRJUDSK\��DQG�JURXQGZDWHU�VFHQDULRV�WR�EHWWHU�
XQGHUVWDQG�SROOXWLQJ�SRWHQWLDO�

7KH�SURMHFW�ZDV�LQLWLDOO\�EXGJHWHG�IRU�RQH�\HDU�WR�FRQGXFW�VL[�VDPSOLQJ�HYHQWV�RI�HLJKW�
ZHOOV�����VDPSOHV��EXW ZDV�H[WHQGHG�ZLWK�DGGLWLRQDO�IXQGLQJ�DQG�WLPH�WR�LQVWDOO�WKUHH�PRUH�ZHOOV�
DQG�FRQGXFW�IRXU�PRUH�VDPSOLQJ�HYHQWV�����VDPSOHV��IRU�D�WRWDO�RI��� VDPSOHV�DQG�� EODQNV
FROOHFWHG�RYHU�WHQ�PRQWKO\�VDPSOLQJ�HYHQWV� $GGLWLRQDOO\��WKH�FRVW�IRU�VDPSOLQJ�DQG�DQDO\VLV�RI
IHFDO�FROLIRUPV�ZDV�DGGHG�WR�WKH�VFRSH��7KH����ZHOOV�LQVWDOOHG�WKURXJK�WKLV�SURMHFW�ZLOO�FRQWLQXH�
WR�EH�VDPSOHG�DQG�DQDO\]HG�IRU DQ�DGGLWLRQDO����PRQWKV�ZLWK�IXQGLQJ�IURP�RWKHU�VWDWH�DQG�ORFDO�
VRXUFHV��7KH�UHVXOWV ZLOO�KHOS�UHILQH�SROOXWDQW�ORDG�PRGHOV�XVHG�WR�SULRULWL]H�DQG�HYDOXDWH�SURMHFWV�
DQG�WR�XQGHUVWDQG�GLIIHUHQFHV�LQ�JURXQGZDWHU�SROOXWLRQ�LQ�GLIIHUHQW�UHVLGHQWLDO�FRPPXQLWLHV�

$SSURDFK

6LWH�6HOHFWLRQ

$YDLODEOH�VSDWLDO�GDWD�OD\HUV�IRU�VRLOV��ODQG HOHYDWLRQ��ODQG�XVH��DQG�LQIUDVWUXFWXUH�ZHUH
FROOHFWHG��PDSSHG� DQG DQDO\]HG DV�SDUW�RI�WKH�VLWH�VHOHFWLRQ�SURFHVV �)LJXUH��D�� 7KHUHDIWHU��
SRWHQWLDO�WUHDWPHQW�DUHDV�ZHUH�FRQVLGHUHG�EDVHG�RQ�WKHLU�SUR[LPLW\�WR�WKH�ODJRRQ�DQG�WKHLU�ODQG�
XVH��GDWH�RI�FRQVWUXFWLRQ��VRLO�W\SH��DQG�ZDVWHZDWHU�WUHDWPHQW�LQIUDVWUXFWXUH��)LJXUH��E���(DFK�RI�
WKH�UHVLGHQWLDO�FRPPXQLWLHV�KDG�D�GLIIHUHQW�ZDVWHZDWHU�WUHDWPHQW�PHWKRG��,Q�RQH�FRPPXQLW\��
KRXVHV ZHUH�XVLQJ�RQ�VLWH�VHZDJH�WUHDWPHQW�DQG�GLVSRVDO�V\VWHPV �VHSWLF�WDQNV��WR�WUHDW�
ZDVWHZDWHU��7KH�VHFRQG�FRPPXQLW\�KDG�VDQLWDU\�VHZHU�OLQHV�WR�WUDQVIHU�KRXVHKROG�ZDVWHZDWHU�
WKURXJK�WKH�VHZHU�V\VWHP�WR�D�ZDVWHZDWHU�WUHDWPHQW�SODQW �FHQWUDO�VHZHU���7KH�WKLUG�FRPPXQLW\�
KDG D�VLPLODU�VDQLWDU\�VHZHU�OLQH�DQG�DGGLWLRQDOO\�UHFHLYHG�UHFODLPHG��WUHDWHG�ZDVWHZDWHU�IRU�
LUULJDWLRQ� $�PDWUL[�RI�YDULDEOHV�ZDV�FUHDWHG�WR�FRPSDUH�WKH�SRWHQWLDO VWXG\�VLWHV �7DEOH����
'HYHORSPHQW�DJH�YDULHG�EHWZHHQ�WKH�UHXVH�FRPPXQLW\�DQG�WKH�RWKHU�WZR��D�PDQLIHVWDWLRQ�RI�
LPSURYHG�ZDVWHZDWHU�WUHDWPHQW�DQG�WKH�DGYDQFHPHQW�RI�UHXVH�OLQHV�WR�QHZ�FRPPXQLWLHV��7ZR�
VWXG\�VLWHV ZHUH�FRQVLGHUHG�IRU�HDFK�RI�WKH�WUHDWPHQWV DQG�D�QDWXUDO�DUHD�ZDV�LGHQWLILHG�WR�XVH�DV�
D�FRQWURO��2QH�VLWH�ZDV�VHOHFWHG�IRU�HDFK�WUHDWPHQW�DIWHU�PHHWLQJ�ZLWK�WKH�UHVLGHQWLDO�PDQDJHUV�
DQG�FRQGXFWLQJ�VLWH�YLVLWV�WR�DVVHVV�DFFHVV��WHUUDLQ� GHQVLW\� DQG�SDUWLFLSDWLRQ�SRWHQWLDO �)LJXUH�
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�E�� ,W�VKRXOG�EH�QRWHG�WKDW�ERWK�SKDVHV�RI�WKH�UHFODLPHG�FRPPXQLW\��6DQG\�3LQHV��ZHUH
VHOHFWHG��UHSUHVHQWLQJ�D�VLQJOH�VXEGLYLVLRQ WKDW�LV�KRPRJHQRXV�LQ�DJH��VRLO�W\SH�DQG�GHQVLW\�
7RJHWKHU��3KDVHV���DQG���RI�6DQG\�3LQHV�KDYH�D�VLPLODU�VL]H�WR�WKH�VHOHFWHG�VHZHUHG�DQG�VHSWLF�
FRPPXQLWLHV� 7KH�ILQDO�QHLJKERUKRRGV�OLVWHG�LQ�7DEOH�� LQFOXGH�7XUNH\�&UHHN�6DQFWXDU\��6DQG\�
3LQHV�3KDVH������3RUW�0DODEDU�8QLW�����DQG�7XUNH\�5LYHU�(VWDWHV�
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7DEOH��� 6WXG\�DUHD�FRPSDULVRQ�PDWUL[��$UHDV�FKRVHQ�IRU�WKLV�VWXG\�DUH�EROGHG�DQG�LWDOLFL]HG��$�FRPELQDWLRQ�RI�3KDVHV���DQG���IRU�6DQG
UHFODLPHG�FRPPXQLW\��VLQFH�WKHVH�ZHUH�KRPRJHQRXV�LQ�QDWXUH�DQG�DFFHVVLEOH�XVLQJ�RQH�FHQWUDO�JDWH��

7UHDWPHQW�7\SH &RQWURO 5HXVH�6HZHU 6HZHU

$UHD�1DPH
7XUNH\�&UHHN�
6DQFWXDU\

6DQG\�3LQHV�
3KDVH��

6DQG\�3LQHV�
3KDVH��

3W�0DODEDU
8QLW���

3W�0DODEDU
8QLW���������

7XUNH\�5LYHU�
(VWDWHV

&RPPXQLW\�$JH��UDQJH� 1�$ ������ ���� ������ ���� ������ ���� ������ ���� �����

&RPPXQLW\�$JH��PHDQ� 1�$ ���� ���� ���� ���� ����

7RWDO�$UHD��DFUHV� ���� ���� ���� ���� ����

1XPEHU�3DUFHOV 1�$ �� �� �� ���

'HQVLW\����DFUH� 1�$ ���� ���� ���� ���� ����

6RLO�W\SHV��GHVFULSWLRQ�
$QFORWH��6W��/XFLH��
3DROD��6DWHOOLWH

$QFORWH��3RPHOOR��
6W��/XFLH

$QFORWH��3RPHOOR��
6W��/XFLH��3DROD 3RPHOOR��3DROD

$QFORWH��0\DNND��
3RPHOOR

0\DNND
3RPHOOR

6RLO�W\SH��PHDQ���
RUJDQLF� ��� ��� ��� ��� ���
6RLO�W\SH��K\GURORJLF�
JURXS� $�'��$��$��$ $�'��$��$ $�'��$��$��$ $��$ $�'��%�'��$ %�'��$��$



,PSDFW�RI�(QYLURQPHQWDO�0XFN�'UHGJLQJ�DW�)ORULGD�,QVWLWXWH�RI�7HFKQRORJ\������������0D\���������

�

�D �E

)LJXUH�����D��3URMHFW�DUHD�ODQG�HOHYDWLRQ�DQG��E��/RFDWLRQ�RI�WKH�WKUHH�WUHDWPHQW�DUHDV�DQG�WKH�FRQWURO�QDWXUDO�DUHD��
3RO\JRQ�FRORUV�FRUUHVSRQG�ZLWK�WUHDWPHQW�FRORUV�LQ�7DEOH���
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�

3UHOLPLQDU\�*URXQGZDWHU�0RGHOLQJ�IRU�:HOO�6LWLQJ

2QFH�WKH�FRPPXQLWLHV�ZHUH�LGHQWLILHG��GDWD�IURP�H[LVWLQJ�PRQLWRULQJ�ZHOOV �PRVWO\ IURP�
WKH�)'(3�3HWUROHXP�&OHDQXS�3URJUDP� ZHUH�FROOHFWHG�DQG�PDSSHG�WR�YHULI\�JURXQGZDWHU�
HOHYDWLRQV�DQG�LQIRUP�KLVWRULFDO�JURXQGZDWHU�QXWULHQW�FRQFHQWUDWLRQV��)LJXUH���� +LVWRULF�
LQIRUPDWLRQ��ZKHQ�DYDLODEOH� SURYLGH�JXLGHOLQHV�WR�LQLWLDWH�JURXQGZDWHU�PRGHOLQJ IRU�VLWLQJ�ZHOO�
SODFHPHQW�

)LJXUH����7XUNH\�&UHHN�0RGHO�$UHD RI�,QWHUHVW��$2,�W\SLFDOO\�LQFOXGHV��[�WKH�SURMHFW�DUHD�
IRU�PRGHOLQJ�LQSXW�SUHSDUDWLRQ�DQG�FDOLEUDWLRQ�SXUSRVHV���SURMHFW�DUHD �7XUNH\�&UHHN�4XDG�
%DVLQ���DQG�IRXU�VWXG\�DUHDV GHOLQHDWHG�ZLWK�H[LVWLQJ�ZHOOV�SORWWHG �JUHHQ�VWDUV��
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7KH�$UF1/(7�PRGHO�ZDV XVHG�LQ�WKLV�VWXG\�WR�HVWLPDWH�QLWUDWH�DQG�DPPRQLD SOXPHV�LQ�
JURXQGZDWHU�IURP�WKH VHSWLF�WDQN�ORFDWLRQV�ZLWKLQ�WKH VWXG\�DUHD��$UF1/(7��$UF*,6�EDVHG�
1LWUDWH�/RDG�(VWLPDWLRQ�7RRONLW��LV�D VLPSOLILHG�FRQFHSWXDO�PRGHO�RI�JURXQGZDWHU�IORZ�DQG�
VROXWH�WUDQVSRUW�GHYHORSHG�E\�5LRV��<H��:DQG��DQG /HH������� ZLWK�MRLQW�VXSSRUW�IURP�WKH�
)ORULGD�'HSDUWPHQW�RI�(QYLURQPHQWDO�3URWHFWLRQ��)'(3��DQG�,QVWLWXWH�IRU�(QHUJ\�6\VWHPV��
(FRQRPLFV�DQG�6XVWDLQDELOLW\��,(6(6�� $UF1/(7�ZDV�RULJLQDOO\�GHVLJQHG WR�HVWLPDWH�QLWUDWH�
ORDGV�WR�VXUIDFH�ZDWHU�ERGLHV�IURP�RQVLWH�VHZDJH�GLVSRVDO�V\VWHPV� DQG�LW ZDV�XSGDWHG�WR�
VLPXODWH�DPPRQLD��FULWLFDO�WR�EHWWHU�XQGHUVWDQGLQJ WRWDO�QLWURJHQ�ORDGLQJ�WR�VXUIDFH�ZDWHU�ERGLHV�
�=KX�HW�DO�� �������SDUWLFXODUO\�LQ�DUHDV�VXFK�DV�WKH�7XUNH\�&UHHN�EDVLQ�ZLWK�D�VKDOORZ�ZDWHU�
WDEOH��$UF1/(7�ZDV�VHOHFWHG�GXH�WR�D�FRXSOH�RI�UHDVRQV�����LW�LV�D�UHODWLYHO\�VLPSOH PRGHO�WKDW�
UHTXLUHG�OLPLWHG�LQSXW�GDWD�EXW�VWLOO�LQFRUSRUDWHV NH\�K\GURJHRORJLFDO SURFHVVHV�RI�JURXQGZDWHU�
IORZ�DQG�QXWULHQW�WUDQVSRUW�DV�ZHOO�DV�VSDWLDO�YDULDELOLW\ DQG ���LW�LV�WKH�PRGHO�FXUUHQWO\�DFFHSWHG�
E\�WKH�)'(3�WR�UHFHLYH�%0$3�FUHGLW�IRU�UHPRYLQJ�RU�UHWURILWWLQJ�VHSWLF�WDQNV�ZLWKLQ�D�ZDWHUVKHG�
ZLWK�D�7RWDO�0D[LPXP�'DLO\�/RDG��70'/���7KLV�PRGHO�GRHV�KDYH�VHYHUDO�OLPLWDWLRQV�LQFOXGLQJ�
WUHDWLQJ�WKH�ZDWHU�WDEOH�DV�D�VXEGXHG�UHSOLFD�RI�WRSRJUDSK\�DQG�UHSUHVHQWLQJ�JURXQGZDWHU�IORZ�LQ�
��'�DQG�LQ�D�VWHDG\�VWDWH� 2WKHU�LPSRUWDQW�OLPLWDWLRQV�IRU�WKH�QXWULHQW�WUDQVSRUW�FRPSRQHQW�RI�WKLV�
PRGHO�LQFOXGH�WKH�QHHG�IRU�DQ�HPSLULFDO�RU�SUHIHUHQWLDOO\�D�FDOLEUDWHG�YDOXH�IRU�WKH�GHFD\�
FRHIILFLHQW��2YHUDOO��WKH�$UF1/(7�PRGHO�UHTXLUHV�VHYHUDO�PRGHO SDUDPHWHUV�WKDW�DUH�ODUJHO\�
XQNQRZQ��VHH�SDUDPHWHUV�EHORZ�ZLWK�DQ�DVWHULVN��DQG�OLNHO\�VLWH�VSHFLILF��0RGHO�FDOLEUDWLRQ�
XVLQJ�RQVLWH�YDOXHV�IRU�K\GUDXOLF�KHDG�DQG�QLWUDWH�DQG�DPPRQLXP�FRQFHQWUDWLRQV�DUH�NH\�WR�
SURYLGLQJ�UHDOLVWLF�UHVXOWV�

7\SLFDO�LQSXW�GDWDVHWV�IRU�WKH�$UF1/(7�PRGHO�LQFOXGH�WKH�IROORZLQJ��
�DUH�ODUJHO\�
XQNQRZQ�SDUDPHWHUV�WKDW�UHTXLUH�VLWH�VSHFLILF�GDWD�IRU�FDOLEUDWLRQ��

/RFDWLRQV�RI�ZDWHU�ERGLHV

/RFDWLRQV�RI�VHSWLF�WDQNV�

7RSRJUDSK\��W\SLFDOO\�DV�D�'LJLWDO�(OHYDWLRQ�0RGHO�RU�'(0��SURFHVVHG�WR�REWDLQ�
WKH�ZDWHU�WDEOH

+\GUDXOLF�FRQGXFWLYLW\��SURFHVVHG�IURP�WKH�6685*2�VRLOV�

3RURVLW\��SURFHVVHG�IURP�WKH�6685*2�VRLOV��±

'LVSHUVLYLW\


'HFD\�FRHIILFLHQW�RI�GHQLWULILFDWLRQ


6RXUFH�ORDG�DQG�FRQFHQWUDWLRQ
�

$UF1/(7�ZDV�DFWXDOO\�XVHG�DW�GLIIHUHQW�VWDJHV�GXULQJ�WKLV�SURMHFW��GXULQJ�ZHOO�VLWLQJ�
�SUHOLPLQDU\�UXQV��DQG�SRVW�GDWD�FROOHFWLRQ��ILQDO�SUH�DQG�SRVW�FDOLEUDWLRQ�UXQV���%HIRUH�DQ\�
JURXQGZDWHU�VDPSOLQJ�WRRN�SODFH��D VHULHV�RI�SUHOLPLQDU\�UXQV RI�WKH�$UF1/(7�PRGHO�ZHUH
FRQGXFWHG��XVLQJ�PLQLPDO�FDOLEUDWLRQ�GDWD�IURP�KLVWRULF�GDWD��ZLWK�WKH�JRDO�RI�JXLGLQJ�ZHOO�
SODFHPHQW�ZLWKLQ�WKH�VHOHFWHG�FRPPXQLWLHV��,QLWLDO�FDOLEUDWLRQ�RI�WKH�QXWULHQW�WUDQVSRUW�PRGHO�ZDV�
FKDOOHQJLQJ�GXH�WR�D�ODFN�RI�H[LVWLQJ�PRQLWRULQJ�ZHOOV�DQG�QXWULHQW�GDWD�LQ�WKH�PRGHO�DUHD��
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*URXQGZDWHU�SDWK�YHORFLW\�DQG�GLUHFWLRQ�DUH�HDV\�WR�LQWHUSUHW E\�YLVXDOL]LQJ�SUHGLFWHG�QXWULHQW�
SOXPHV SURYLGHG�DV�RXWSXW�E\�WKLV�PRGHO�

)RU�WKLV�SUHOLPLQDU\�PRGHOLQJ�HIIRUW��WKH�PRGHO�DUHD RI�LQWHUHVW �RU�$2,��ZDV�GHILQHG�DV�
GRXEOH�WKH�VL]H�RI�WKH�SURMHFW�DUHD �H[FOXGLQJ�WKH�EDUULHU�LVODQG��WR�HQVXUH�VHSWLF�WDQNV�RXWVLGH�RI�
WKH�FRPPXQLWLHV�RI�LQWHUHVW�ZRXOG�QRW�LQWHUIHUH�ZLWK�SODFHPHQW�RI�ZHOOV�RI�RWKHU�WUHDWPHQW�W\SHV��
([LVWLQJ�PRQLWRULQJ�ZHOOV�ZLWKLQ�WKH�GHILQHG�PRGHO�DUHD�ZHUH�LGHQWLILHG� DQG�GR]HQV�RI�
GRFXPHQWV�ZHUH�GRZQORDGHG��FDWDORJHG��DQG�DVVHVVHG WR�FRPSLOH�JURXQGZDWHU�HOHYDWLRQ�DQG�
QXWULHQW�FRQFHQWUDWLRQ�GDWD� $�WRWDO�RI����IDFLOLWLHV��ZLWK������ZHOOV�HDFK��ZHUH�GRFXPHQWHG��WKH�
PDMRULW\�RI�ZKLFK�KDG�LQIRUPDWLRQ�WKDW�FRXOG�EH�XVHG�WR�FDOLEUDWH�WKH�K\GUDXOLF�KHDG�HVWLPDWHV LQ�
WKH�PRGHO��9HU\�IHZ�ZHOOV�KDG�QXWULHQW�FRQFHQWUDWLRQ�LQIRUPDWLRQ�LQ�WKH�IRUP�RI�QLWUDWH�QLWULWH�RU�
DPPRQLD� 7DEOH�� LQFOXGHV�WKH�VXPPDU\�VWDWLVWLFV�IRU�WKH�OLPLWHG�ZHOOV�ZLWK�QXWULHQW�LQIRUPDWLRQ��
7DEOH�� LQFOXGHV�GHSWK�WR�ZDWHU�GDWD IRU�WKH�ZHOOV�LQ�WKH�PRGHO�DUHD�IRU�WKH�3HULRG�RI�5HFRUG�
�325�� 0DSV�RI�WKHVH�WZR�YDULDEOHV EDVHG�RQ�KLVWRULF�GDWD DFURVV�WKH�PRGHO�H[WHQW�DUH�SURYLGHG�
DV�)LJXUH�� �'HSWK�WR�:DWHU RU�'7:��DQG�)LJXUH�� �QLWUDWH�QLWUDWH�DQG�DPPRQLD�FRQFHQWUDWLRQV��



��

7DEOH����6XPPDU\�LQIRUPDWLRQ�IRU�WKH�QXWULHQW�LQIRUPDWLRQ�IRU�ZHOOV�ZLWKLQ�WKH�$UHD�RI�,QIOXHQFH��PJ�/���5HVXOWV�ZLWK�QR�GDWD�DYDLODEOH�DUH�GHQRWHG�ZLWK�³1'´�DQG�
FRORUHG�ZLWK�JUD\�WH[W��

DĞĂŶ DĞĚŝĂŶ ϮϱW ϳϱW DĞĂŶ DĞĚŝĂŶ ϮϱW ϳϱW DĞĂŶ

ϴϱϬϭϭϰϵ
ϵͬϲͬϵϭ�Ͳ�
ϲͬϮϭͬϭϲ Ϯ Ϭ͘ϴϮ Ϭ͘Ϭϯ Ϭ͘Ϭϯ ϭ͘Ϯϭ E� E� E� E� E�

ϴϱϭϴϰϳϯ
ϱͬϭϯͬϵϵ�Ͳ�
ϭϭͬϭϰͬϭϭ ϭϭ Ϭ͘ϰϭ Ϭ͘ϰϭ Ϭ͘ϯϴ Ϭ͘ϰϰ E� E� E� E� E�

ϴϱϮϭϬϲϵ
ϴͬϭϲͬϭϲ�Ͳ�
ϴͬϭϳͬϭϲ ϴ Ϭ͘ϲϴ Ϭ͘Ϭϱ Ϭ͘Ϭϰ Ϭ͘Ϯϲ E� E� E� E� E�

ϵϴϬϯϯϮϬ
ϮͬϭϵͬϬϴ�Ͳ�
ϵͬϵͬϭϱ ϱϴ Ϭ͘Ϯϲ Ϭ͘Ϭϵ Ϭ͘Ϭϰ Ϭ͘ϯϵ E� E� E� E� E�

ϴϱϬϭϯϰϰ
ϮͬϮϱͬϵϭ�Ͳ�
ϭϭͬϮϴͬϭϲ ϭϰ E� E� E� E� Ϭ͘ϵϳ Ϭ͘Ϯϵ Ϭ͘ϭϳ Ϭ͘Ϯϵ E�

ϴϲϮϳϳϯϲ ϭϬͬϮϳͬϮϬϭϱ ϭ ϭ͘Ϭϲ ϭ͘ϭϬ Ϭ͘ϭϲ Ϯ͘ϬϬ E� E� E� E� E�
�ZϬϳϳϬ ϭϮͬϭϭͬϮϬϭϰ ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ Ϭ͘ϬϬ Ϭ͘ϬϬ Ϭ͘ϲϬ Ϭ͘ϲϬ Ϭ͘ϲϬ Ϭ͘ϲϬ E�
�ZϬϳϳϰ ϵͬϮϴͬϮϬϭϭ ϭ Ϭ͘ϬϬ Ϭ͘ϬϬ Ϭ͘ϬϬ Ϭ͘ϬϬ Ϭ͘ϯϯ Ϭ͘ϯϯ Ϭ͘ϯϯ Ϭ͘ϯϯ Ϭ͘ϰϲ

EWKZ�ZĂŶŐĞ&ĂĐŝůŝƚǇ�/�
EKϯ E,ϯ



��

7DEOH����6XPPDU\�LQIRUPDWLRQ�IRU�WKH�GHSWK�WR�ZDWHU��'7:��IRU�DOO�WKH�ZHOOV�ZLWKLQ�WKH�$UHD�RI�
,QIOXHQFH

&ĂĐŝůŝƚǇ�/� WKZ�;�ƌŽĂĚĐĂƐƚ�ƌĂŶŐĞͿ DĂǆͺ�dt DŝŶŝŵƵŵͺ�dt DĞĂŶͺ�dt DĞĚŝĂŶͺ�dt ϮϱWͺ�dt ϳϱWͺ�dt
ϴϱϬϬϵϮϱ ϵͬϭͬϴϳ�Ͳ�ϳͬϭϯͬϭϭ ϵ͘ϭϱ ϭ͘ϭϱ ϱ͘ϭϱ
ϴϱϬϭϮϲϳ ϭϮͬϭϬͬϵϮ�Ͳ�ϵͬϮϵͬϭϲ ϵ͘ϵϳ Ϭ͘ϱϬ ϱ͘Ϯϰ
ϴϱϬϭϮϲϵ ϯͬϭϲͬϭϲ�Ͳ�ϭϮͬϭϮͬϭϲ ϵ͘ϲϰ ϴ͘ϭϵ ϴ͘ϵϮ
ϴϱϬϭϯϮϮ ϯͬϭͬϵϬ�Ͳ�ϰͬϭϳͬϭϯ ϭϬ͘ϰϱ Ϯ͘ϴϰ ϲ͘ϲϱ
ϴϱϬϭϬϱϵ ϱͬϭϲͬϵϰ�Ͳ�ϭϮͬϴͬϭϲ ϭϱ͘ϱϵ ϭϮ͘ϳϮ ϭϰ͘ϭϲ
ϴϱϬϭϭϭϬ ϱͬϮϱͬϵϯ�Ͳ�ϭϭͬϴͬϭϲ ϳ͘ϴϰ ϯ͘ϳϭ ϱ͘ϳϴ
ϴϱϬϭϭϳϲ ϰͬϯϬͬϵϯ�Ͳ�ϭͬϭϵͬϵϱ ϴ͘ϬϬ Ϯ͘ϯϰ ϱ͘ϭϳ
ϴϱϬϭϭϴϳ ϰͬϭϱͬϵϭ�Ͳ�ϵͬϮϰͬϵϯ ϲ͘ϯϮ ϰ͘ϰϬ ϱ͘ϯϲ
ϴϱϭϴϯϭϭ ϯͬϯϬͬϵϯ�Ͳ�ϭϮͬϮϲͬϭϲ ϵ͘ϬϬ Ϯ͘ϮϬ ϱ͘ϲϬ
ϴϱϭϴϰϬϳ ϳͬϮϮͬϵϯ�Ͳ�ϭϮͬϭϰͬϭϲ ϵ͘Ϭϵ ϭ͘ϰϭ ϱ͘Ϯϱ
ϴϱϭϴϯϴϳ ϭϭͬϰͬϵϰ�Ͳ�ϳͬϭϮͬϬϳ ϵ͘ϭϳ Ϯ͘ϴϱ ϲ͘Ϭϭ
ϴϱϬϭϯϰϰ ϮͬϮϱͬϵϭ�Ͳ�ϭϭͬϮϴͬϭϲ ϴ͘Ϭϲ Ϭ͘ϵϱ ϰ͘ϱϭ
ϴϱϬϭϯϴϴ ϱͬϴͬϬϯ�Ͳ�ϭͬϮϳͬϭϬ ϴ͘ϳϬ Ϯ͘ϲϲ ϱ͘ϲϴ
ϴϱϬϭϯϵϵ ϴͬϭϭͬϭϲ�Ͳ�ϭϭͬϮϮͬϭϲ Ϯ͘ϵϱ Ϯ͘Ϭϭ Ϯ͘ϰϴ
ϴϱϬϭϭϰϵ ϵͬϲͬϵϭ�Ͳ�ϳͬϭϵͬϭϲ ϲ͘ϵϱ ϭ͘ϳϱ ϰ͘ϯϱ
ϴϱϬϭϭϱϮ ϴͬϭϵͬϵϯ�Ͳ�ϳͬϭϲͬϭϯ ϳ͘Ϭϰ ϭ͘ϬϮ ϰ͘Ϭϯ
ϴϲϮϮϳϬϴ ϭϭͬϭϲͬϵϴ�Ͳ�ϱͬϮϱͬϭϮ ϱ͘Ϯϴ Ϯ͘ϬϬ ϯ͘ϲϰ
ϴϲϮϮϳϭϮ ϭϮͬϭϮͬϵϭ�Ͳ�ϮͬϭͬϬϵ ϭϯ͘ϳϰ Ϯ͘ϳϭ ϴ͘Ϯϯ
ϴϲϮϲϮϬϬ ϯͬϭͬϵϭ�Ͳ�ϯͬϭϲͬϭϭ ϯ͘ϳϳ Ϯ͘Ϯϰ ϯ͘Ϭϭ
ϴϱϭϴϰϳϯ ϱͬϮϮͬϵϮ�Ͳ�ϰͬϭϭͬϭϲ ϴ͘Ϯϰ Ϭ͘Ϭϴ ϰ͘ϭϲ
ϴϱϮϭϬϲϵ ϯͬϵͬϵϰ�Ͳ�ϲͬϯϬͬϭϲ ϭϬ͘ϰϱ Ϭ͘ϱϬ ϱ͘ϰϴ
ϴϳϯϱϮϱϬ ϰͬϮϭͬϵϴ�Ͳ�ϰͬϮϬͬϭϲ ϳ͘ϳϴ ϯ͘ϮϬ ϱ͘ϰϵ
ϴϴϯϴϭϬϵ ϭϭͬϴͬϵϯ�Ͳ�ϮͬϮϯͬϵϱ ϳ͘Ϭϭ ϭ͘ϲϱ ϰ͘ϯϯ
ϴϴϯϵϭϮϲ ϭϬͬϭϭͬϵϰ�Ͳ�ϭϮͬϱͬϭϲ ϱ͘ϯϳ Ϭ͘ϳϱ ϯ͘Ϭϲ
ϴϴϰϬϲϴϱ ϯͬϭϬͬϵϯ�Ͳ�ϭϭͬϮϭͬϭϲ ϭϬ͘ϬϬ ϯ͘ϲϰ ϲ͘ϴϮ
ϴϳϯϲϯϳϲ ϵͬϯϬͬϮϬϬϯ Ϯ͘Ϯϳ Ϯ͘ϱϰ Ϯ͘ϰϭ
ϵϭϬϭϱϵϱ ϰͬϯϬͬϵϮ�Ͳ�ϲͬϭϬͬϵϮ ϲ͘ϱϰ ϱ͘ϵϬ ϲ͘ϮϮ
ϵϯϬϬϮϰϯ ϳͬϮϮͬϬϰ�Ͳ�ϳͬϮϲͬϬϲ ϳ͘ϵϲ ϯ͘Ϯϭ ϱ͘ϱϵ
ϴϴϰϭϭϲϰ ϲͬϭϲͬϴϴ�Ͳ�ϱͬϭϭͬϵϭ ϱ͘ϬϬ Ϯ͘ϮϬ ϯ͘ϲϬ
ϴϵϰϰϳϭϳ ϰͬϰͬϬϳ�Ͳ�ϭͬϴͬϭϰ ϰ͘ϱϵ Ϭ͘ϭϭ Ϯ͘ϯϱ
ϵϬϰϲϳϮϵ ϭͬϮϱͬϵϲ�Ͳ�Ϯͬϴͬϵϲ ϵ͘Ϯϭ ϲ͘ϭϱ ϳ͘ϲϴ
ϵϴϬϰϭϵϮ ϮͬϭϱͬϬϴ�Ͳ�ϵͬϮϴͬϭϲ ϭϮ͘ϭϴ Ϯ͘ϰϰ ϳ͘ϯϭ
ϵϴϬϲϲϰϲ ϭϬͬϮͬϭϭ�Ͳ�ϰͬϭͬϭϲ ϵ͘ϬϮ ϯ͘Ϭϯ ϲ͘Ϭϯ
ϴϵϰϰϱϵϮ ϱͬϮϳͬϵϯ�Ͳ�ϭϭͬϮϲͬϬϳ ϳ͘ϲϴ ϭ͘Ϭϵ ϰ͘ϯϵ
ϵϱϬϮϵϵϲ ϯͬϯͬϬϰ�Ͳ�ϭͬϮϴͬϭϬ ϳ͘ϴϱ Ϯ͘ϰϰ ϱ͘ϭϱ
ϵϴϬϭϭϰϲ ϮͬϭϳͬϬϰ�Ͳ�Ϯͬϭͬϭϭ ϴ͘ϭϯ ϰ͘ϱϴ ϲ͘ϯϲ
ϵϴϬϭϱϲϭ ϵͬϵͬϮϬϭϬ ϲ͘ϳϬ ϲ͘ϳϬ ϲ͘ϳϬ
ϵϴϬϭϲϰϱ ϭͬϮϴͬϬϵ�Ͳ�ϰͬϳͬϭϬ ϲ͘ϴϴ Ϯ͘ϳϯ ϰ͘ϴϭ
ϵϴϬϯϯϮϬ ϭϬͬϰͬϬϳ�Ͳ�ϲͬϮϴͬϭϲ ϴ͘ϰϬ ϭ͘ϱϬ ϰ͘ϵϱ
ϴϱϬϭϬϮϯ ϱͬϮϴͬϵϮ�Ͳ�Ϯͬϭϴͬϭϲ ϭϮ͘Ϭϱ ϭϯ͘ϯϱ ϭϭ͘ϵϲ ϭϰ͘ϱϰ
ϴϱϬϭϭϰϭ ϭͬϴͬϵϮ�Ͳ�ϳͬϴͬϭϰ ϯ͘ϳϳ ϯ͘ϲϰ Ϯ͘ϳϴ ϰ͘ϳϰ
ϴϱϭϴϯϮϯ ϳͬϮϴͬϵϰ�Ͳ�ϭϮͬϮϵͬϬϱ ϮϬ͘Ϯϱ ϮϬ͘ϯϵ ϭϵ͘ϴϬ Ϯϭ͘ϭϰ
ϴϱϭϴϮϴϴ ϴͬϮϭͬϵϬ�Ͳ�ϮͬϭϳͬϬϵ ϱ͘Ϯϭ ϱ͘ϯϬ ϰ͘ϭϮ ϲ͘ϭϵ
ϴϱϭϴϰϭϯ ϴͬϭϱͬϮϬϭϲ ϮϮ͘ϲϱ Ϯϰ͘ϯϭ ϭϵ͘ϳϬ Ϯϱ͘ϯϮ
ϴϱϭϴϰϵϮ ϱͬϴͬϵϭ�Ͳ�ϭͬϭϯͬϭϲ ϰ͘ϱϲ ϰ͘ϯϮ ϯ͘ϳϯ ϱ͘ϭϲ
ϴϱϭϵϱϭϴ ϱͬϮϯͬϵϬ�Ͳ�ϲͬϮϲͬϵϬ Ϯ͘Ϯϯ Ϯ͘ϭϱ Ϯ͘Ϭϴ Ϯ͘ϯϬ
ϴϲϮϮϮϭϬ ϭϬͬϮϲͬϵϬ�Ͳ�ϭϭͬϮͬϵϬ Ϯ͘ϯϱ Ϯ͘ϯϴ Ϯ͘ϭϬ Ϯ͘ϲϬ
ϴϲϮϳϳϯϲ ϴͬϭϯͬϵϵ�Ͳ�ϭϬͬϮϱͬϭϲ ϰ͘ϲϭ ϰ͘ϰϴ ϯ͘ϵϰ ϱ͘Ϭϵ
ϴϵϰϯϭϯϯ ϴͬϮϬͬϵϭ�Ͳ�ϳͬϮϲͬϭϲ ϱ͘ϯϰ ϱ͘Ϯϰ ϰ͘ϴϱ ϱ͘ϱϱ
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)LJXUH����0HGLDQ�GHSWK�WR�ZDWHU�EDVHG�RQ�WKH�SHULRG�RI�UHFRUG�IRU�H[LVWLQJ�ZHOOV�ZLWKLQ�WKH�PRGHO�DUHD�
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)LJXUH����0HGLDQ�QLWUDWH�QLWULWH�DQG�DPPRQLD�FRQFHQWUDWLRQ�IRU�H[LVWLQJ�ZHOOV�ZLWKLQ�WKH�PRGHO�DUHD��:KLWH�ER[HV�
LQGLFDWH�DEVHQW�LPDJHU\�
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$V SDUW�RI�WKLV�LQLWLDO�PRGHOLQJ�HIIRUW��ORFDWLRQV�RI�RQVLWH�VHZDJH�WUHDWPHQW�DQG�GLVSRVDO�
V\VWHP��267'6� ZHUH�UHFHLYHG�IURP�%UHYDUG�&RXQW\ DQG�PDSSHG�IRU�WKH�&LW\�RI�0HOERXUQH�
DUHD�ZLWKLQ�WKH�H[SDQGHG�PRGHO�VWXG\�DUHD� :LWK�WKH�DGGLWLRQDO�GDWD��WKH�UHYLVHG�H[SDQGHG�PRGHO�
DUHD�LQFOXGHG�������VHSWLF�WDQNV� 7KH�$UF1/(7�PRGHO�ZDV�XQDEOH�WR�UXQ�WKH�WUDQVSRUW�PRGHO�
ZLWK�WKH�KLJK�QXPEHU�RI�VHSWLF�WDQNV� $IWHU�VHYHUDO�WHVWLQJ�SKDVHV��LW�DSSHDUHG�WKDW�WKH�$UF1/(7�
PD[LPXP�FDSDFLW\�LV�OHVV�WKDQ�������VHSWLF�WDQNV�SHU�UXQ��OLPLWDWLRQV�DUH�EDVHG�RQ�WKH�� *%�
PHPRU\�OLPLW RI�WKH�$UF*,6�'HVNWRS�VRIWZDUH���7KLV�OLPLWDWLRQ�ZDV�DGGUHVVHG�E\�SURJUDPPLQJ�
D FXVWRP�WRRO�WR�VXEVHW�WKH�GDWD��LQWHJUDWH�PRGHO�UXQV�LQ�SRUWLRQV�RI��������WDQNV�DUHD� DQG�
FRPELQH�WKH�UHVXOWV�LQWR�D�VHDPOHVV�RXWSXW� *URXQGZDWHU�IORZ�ZDV�FDOLEUDWHG�IRU�WKH�H[SDQGHG�
PRGHO�DUHD�XVLQJ�PHGLDQ�DQG�PHDQ�'7:�YDOXHV IURP����ZHOOV�DFURVV�WKH�H[SDQGHG�PRGHO�DUHD��
'LIIHUHQW�VPRRWKLQJ�IDFWRUV�ZHUH�WHVWHG�DQG�GDWD�FRPSDUHG�WR�WKH�PHGLDQ��PHDQ������DQG�����
SHUFHQWLOH�GLVWULEXWLRQ�LI�DYDLODEOH��7KH VPRRWKLQJ�IDFWRU�RI����ZDV�VHOHFWHG�DV�WKH�EHVW�ILW�IRU�WKH�
H[SDQGHG PRGHO�DUHD�

7\SLFDO�PRGHO�RXWSXWV�IURP�WKH $UF1/(7�PRGHO�LQFOXGH�WRWDO�QLWUDWH�DQG�DPPRQLD�
ORDGLQJ�WR�HDFK�VXUIDFH�ZDWHU�ERG\��DV�ZHOO�DV�D�JUDSKLFDO�UHSUHVHQWDWLRQ�RI�QXWULHQW�SOXPHV
�)LJXUH�� DQG )LJXUH����ZKLFK�SURYLGH�WKH�GLUHFWLRQDOLW\�RI�WKH�SOXPH�DQG�PDJQLWXGH�RI�SUHGLFWHG�
DPPRQLD�DQG�QLWUDWH�FRQFHQWUDWLRQV�IURP�WKH�VRXUFH��267'6��WR�WKH�UHFHLYLQJ�ZDWHUERG\� 7KH�
SUHOLPLQDU\�PRGHO�UXQ�SUHGLFWHG WKDW�����RI�WKH�QLWURJHQ�ORDGV�WR�7XUNH\�&UHHN�IURP�WKH�VHSWLF�
DUHDV�LV�LQ�WKH�IRUP�RI�DPPRQLD DQG�QRW�QLWUDWH�GXH�WR�WKH�VKDOORZ�ZDWHU�WDEOH�DQG�LQVXIILFLHQW�
WLPH�IRU�FRPSOHWH�QLWULILFDWLRQ WR�RFFXU��6XEVHTXHQW�PRGHO�UXQV�SRVW�FDOLEUDWLRQ�ZLWK�VLWH�VSHFLILF�
JURXQGZDWHU�PRQLWRULQJ�GDWDVHWV�GUDVWLFDOO\�FKDQJHG�WKH�UDWLR�DQG�WRWDO�PDJQLWXGH�RI�SUHGLFWHG�
QLWUDWH�DQG�DPPRQLD�WRWDO�ORDGLQJ�WR�7XUNH\�&UHHN�

$UHDV�ZLWK�JUHDWHVW�SRWHQWLDO�OLNHOLKRRG�RI�LQWHUFHSWLQJ�QXWULHQW�SOXPHV�GRZQVWUHDP�IURP�
WKH�VHSWLF�GUDLQILHOGV�ZHUH�VHOHFWHG�IRU�ZHOO�SODFHPHQWV��:HOO�SODFHPHQW�IRU�WKLV�VWXG\�ZDV�LQ�
OLQH�ZLWK�WKH�JRDO�RI SURYLGLQJ UHSUHVHQWDWLYH�JURXQGZDWHU�GDWDVHWV RI�WKH HQWLUH�FRPPXQLW\�DQG�
QRW�VLPSO\�KLJKOLJKW�WKH�LPSDFW�RI�RQH�267'6�WR�WKH�ORFDO�JURXQGZDWHU�TXDOLW\�DQG�VXEVHTXHQWO\�
7XUNH\�&UHHN��:HOO�LQVWDOODWLRQV�ZHUH�GHSHQGHQW�RQ�VXFFHVVIXO�UHFUXLWPHQW�RI SULYDWH�
KRPHRZQHUV�DQG�SUDFWLFDO�OLPLWDWLRQV�GXH�WR�DFFHVVLELOLW\��7KH�JUHHQ�FLUFOHV�LQ�)LJXUH�� UHSUHVHQW�
WKH�SURSRVHG�ORFDWLRQV�RI�WKH�JURXQGZDWHU�PRQLWRULQJ�ZHOOV RYHUODLG�RQ�WKH�LQLWLDO�SUHGLFWLRQ�RI�
DPPRQLD�SOXPHV�IURP�267'6�LQ�WKH�VHSWLF�FRPPXQLW\��



,PSDFW�RI�(QYLURQPHQWDO�0XFN�'UHGJLQJ�DW�)ORULGD�,QVWLWXWH�RI�7HFKQRORJ\������������0D\���������

��

)LJXUH����$UF1/(7�SUHOLPLQDU\�PRGHO�RXWSXW��SULRU�WR�FDOLEUDWLRQ�ZLWK�VLWH�VSHFLILF�SURMHFW�FROOHFWHG�
JURXQGZDWHU�GDWD��RI�DPPRQLD�SOXPHV�LQ�WKH�VHSWLF�WDQN�DUHDV�
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)LJXUH����$UF1/(7�PRGHOHG�DPPRQLD SOXPHV�LQ�WKH�+LJKODQG�6KRUHV�VHSWLF�WDQN VWXG\�DUHD�VKRZLQJ�
SOXPHV�H[WHQGLQJ�WR�7XUNH\�&UHHN�IURP�WKH�VHSWLF�WDQN�ORFDWLRQV�LQ�WKH�IURQW�\DUGV
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:HOO�,QVWDOODWLRQ

:HOO�LQVWDOODWLRQ�DQG�VDPSOLQJ�UHTXLUHG�DFFHVV�WR�SULYDWH�SURSHUW\� 3URSHUW\�RZQHUV�ZHUH�
UHFUXLWHG�WR�SDUWLFLSDWH�LQ�WKH�UHVHDUFK�WKURXJK�D�YDULHW\�RI�PHWKRGV��+XQGUHGV�RI�OHWWHUV�ZHUH
PDLOHG�WR�UHVLGHQWV�OLYLQJ�LQ�WKH�VHOHFW�VWXG\�FRPPXQLWLHV�DQQRXQFLQJ�WKH�VWXG\�REMHFWLYHV�DQG�
UHTXHVWLQJ�YROXQWHHUV� %DVHG�RQ�SUHYLRXVO\�GHVFULEHG�PRGHOLQJ�HIIRUWV��VRPH�KLJK�SULRULW\�VLWHV�
ZHUH LGHQWLILHG�DQG�IRFXVHG�RQ�IRU�UHFUXLWPHQW��,Q�WKHVH�FDVHV��UHVHDUFKHUV�ZHQW�GRRU�WR�GRRU�DW�
VHOHFW�KRXVHV�WR�UHFUXLW�WKHP�IRU�WKH�VWXG\ EDVHG�RQ�WKHLU�ORFDWLRQ DQG�VXLWDELOLW\��6LWH�YLVLWV�ZHUH�
FRQGXFWHG�WR�FRQILUP�HTXLSPHQW�DFFHVVLELOLW\�DQG�ZHOO�SODFHPHQW��3DUWLFLSDQWV�VLJQHG�DQ�$FFHVV�
$JUHHPHQW�DXWKRUL]LQJ UHVHDUFKHUV�WR XVH�WKHLU�SURSHUW\�IRU�WKH�UHVHDUFK��ZDLYLQJ�WKHLU�OLDELOLW\��
DQG�FODULI\LQJ�FRQWDFW�LQIRUPDWLRQ�DQG�VDPSOLQJ�FRPPXQLFDWLRQV �$SSHQGL[�$���7KH�UXOHV�RI�
KXPDQ�VXEMHFW�UHVHDUFK�UHTXLUH�WKDW�WKH SDUWLFLSDWLQJ SURSHUW\�RZQHUV UHPDLQ�DQRQ\PRXV�DQG�
WKDW�GDWD�FROOHFWHG�UHPDLQ�FRQILGHQWLDO�WR�WKH�JUHDWHVW�H[WHQW�SRVVLEOH� $V�VXFK��PRQLWRULQJ�VLWHV�
DUH UHIHUUHG�WR�E\�VLWH�,'��WKURXJKRXW�WKH�SURMHFW�

,QLWLDOO\� WZR�ZHOOV�ZHUH�LQVWDOOHG�LQ�HDFK�RI�WKH�IRXU�VWXG\�DUHDV RYHU�-XQH��������������
IRU�D�WRWDO�RI�HLJKW�ZHOOV��:LWK�D FRQWUDFW�DPHQGPHQW�DQG�DGGLWLRQDO�UHVRXUFHV��WKUHH�DGGLWLRQDO�
ZHOOV�ZHUH�LQVWDOOHG�RQ�'HFHPEHU�����������RQH�LQ�HDFK�WUHDWPHQW�DUHD� VHZHU��VHZHU�ZLWK�
UHFODLPHG �UHXVH���DQG�VHSWLF�DUHDV�IRU�D�WRWDO�RI�HOHYHQ�ZHOOV� &RPSOHWLRQ ORJV�IRU�LQVWDOODWLRQ�RI�
DOO ZHOOV�DUH�SURYLGHG�LQ�$SSHQGL[�%� $�K\GUDXOLF�JHRSUREH�ZDV�XVHG�IRU�LQVWDOODWLRQ �)LJXUH��D���

6RLO�FRUHV�ZHUH�FROOHFWHG�WR�FKDUDFWHUL]H�VRLO�W\SHV�DQG�HVWLPDWH�JURXQGZDWHU�GHSWKV�
�)LJXUH��E�� $�FRPSRVLWH�VDPSOH�RI�VRLOV�ZDV�FROOHFWHG�E\�JUDEELQJ�D�VSRRQ�IURP�HDFK�VRLO�W\SH�
ZLWKLQ�WKH�FRUH� 7KH�VRLOV�ZHUH�WKDQ�VLHYHG�DQG�FRPEXVWHG�WR�EHWWHU�XQGHUVWDQG�FDUERQ�FRQWHQW�
DQG�SRURVLW\� 5HVXOWV�SUHVHQWHG�LQ�7DEOH�� LQGLFDWH�WKDW�QRQH�RI�WKH�VRLOV�KDYH�PXFK�RUJDQLF�
FRQWHQW� 7KH�KLJKHVW�RUJDQLF�FRQWHQW�UHFRUGHG���������ZDV�LQ�WKH�FRQWURO�ZHOO��7&����IROORZHG�
E\�WKH�VHZHUHG�FRPPXQLW\���������DQG�������� $OO�UHPDLQLQJ�VRLO�ERUHV�FRQWDLQHG������
RUJDQLF�PDWWHU��VXJJHVWLQJ�WKDW�DPPRQLD�PLQHUDOL]DWLRQ�DQG�LPPRELOL]DWLRQ�LQWR�PLFUREHV�LV�
XQOLNHO\�WR�RFFXU�DQG�WKDW�IRU�WKH�PRVW�SDUW��RUJDQLF�GHFRPSRVLWLRQ�ZLOO�UHVXOW�LQ�WKH�HPLVVLRQ�RI�
1+� DQG�1+� DQG�&2���6RLO ODE UHVXOWV�DUH�LQFOXGHG�LQ�$SSHQGL[�&�

$IWHU�WKH�VRLOV�ZHUH�FROOHFWHG��D�KROORZ�FRUH�ZDV�SXVKHG�WR�D�GHSWK�WKDW�ZRXOG�DOORZ�DW�
OHDVW����IHHW�RI�ZHOO�VFUHHQ�WR�LQWHUFHSW�WKH�ZDWHU�WDEOH� 7KH�VFUHHQ�LQWHUYDO�UHSUHVHQWV�WKH�GHSWK�
EHORZ�VXUIDFH�WKDW�WKH�VFUHHQHG�SRUWLRQ�RI�WKH�ZHOO�LV�ORFDWHG� (DFK�ZHOO�FRQVLVWHG�RI�D����IW ORQJ�
����LQFK GLDPHWHU�SUH�VFUHHQHG�DQG�VDQG�SDFNHG�ZHOO�FDVLQJ��IROORZHG�E\�VROLG�ZHOO�ULVHU�WR�WKH�
VXUIDFH� 6DQG������� JUDLQ�VL]H��ZDV�XVHG�WR�EDFN�ILOO�WKH�ERUH�KROH�DURXQG�WKH�ZHOO� DQG�HDFK�
ZHOO�ZDV�JURXWHG�DQG�IOXVK�ILQLVKHG�ZLWK�D�ORFNLQJ�ZHOO�FDS�DQG�D�FRQFUHWH�SDG��)LJXUH��F�� $OO�
ZHOOV�ZHUH�SXPSHG�XQWLO�WKH�ZDWHU�UHDFKHG�FRQVLVWHQW�WHPSHUDWXUH��'2��DQG�WXUELGLW\�OHYHOV�
:HOO�FRQVWUXFWLRQ�GHWDLOV�DUH�VXPPDUL]HG�LQ�7DEOH�� DQG�D�PDS�RI�ZHOO�ORFDWLRQV�LV�LQ )LJXUH���
6FUHHQ�LQWHUYDO�DQG�GHSWK�WR�ZDWHU��'7:��DUH�PHDVXUHG�LQ�IHHW�ZKLFK LV�WKH�VWDQGDUG�XQLW�RI�
PHDVXUHPHQW�XVHG�LQ�WKH�ZHOO�LQVWDOODWLRQ�ORJV�
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7DEOH����:HOO�ERULQJ�VRLO�FKDUDFWHUL]DWLRQ����

/RFDWLRQ :HOO�,' &DUERQDWH 2UJDQLFV

5HXVH�� 0:�5(���� ���� ����

5HXVH�� 0:�5(& ���� ����

6HZHU�� 0:�6(��� ���� ����

6HZHU�� 6(���� ���� ����

6HSWLF�� 0:�63���� ���� ����

6HSWLF�� 0:�63���� ���� ����

1DWXUDO�� 0:�7&�� ���� ����

1DWXUDO�� 0:�7&� ���� ����

�D� �E�

�F�

)LJXUH��� �D��*HRSUREH�LQVWDOOLQJ�ZHOO���E��VRLO�FRUH��DQG��F��ILQLVKHG�ZHOO�SDG�
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7DEOH����:HOO�LQVWDOODWLRQ�GHWDLOV�

:HOO�,' 6FUHHQ�,QWHUYDO��IW� 'HSWK�WR�:DWHU��IW� ,QVWDOODWLRQ�'DWH

5(���� ���� ���� ���������

5(& ��������� ���� ���������

5(&�� ����� ���� ��������

6(��� ���� ���� ���������

6(���� ����� ���� ��������

6(��� �������� ���� ���������

63��� ���� ��� ��������

63���� ���� ���� ���������

63���� ���� ��� ���������

7&� ����� �� ���������

7&� ���� ���� ���������



��

)LJXUH����0RQLWRULQJ�ZHOO�ORFDWLRQV�



��

6DPSOLQJ�0HWKRG

$�WRWDO�RI �� VDPSOHV�ZDV�FROOHFWHG� (LJKW\�VDPSOHV�ZHUH�FROOHFWHG�RYHU�WHQ�PRQWKO\�
VDPSOLQJ�HYHQWV��-XQH������WKURXJK 0DUFK�������IURP WKH�HLJKW�RULJLQDOO\�LQVWDOOHG�ZHOOV�
7ZHOYH�PRUH�VDPSOHV�ZHUH�FROOHFWHG�IURP�WKH�WKUHH�QHZ�ZHOOV�RYHU�WKH�ODVW�IRXU�VDPSOLQJ�HYHQWV�
�'HFHPEHU����� WKURXJK 0DUFK��������$OO�VDPSOLQJ�ZDV�FRQGXFWHG�LQ�DFFRUGDQFH�ZLWK�)'(3�
623���������)6�����*URXQGZDWHU�6DPSOLQJ��6DPSOHV�ZHUH�FROOHFWHG�DIWHU ZHOO SXUJLQJ�ZDV�
FRPSOHWH DV�FRQILUPHG�E\ WKUHH�FRQVHFXWLYH�PHDVXUHPHQWV�ZLWKLQ�WKH�OLPLWV�VWDWHG�EHORZ�

7HPSHUDWXUH� �������&

S+� ������6WDQGDUG�8QLWV

6SHFLILF�&RQGXFWDQFH� �������RI�UHDGLQJ

'LVVROYHG�2[\JHQ�

7XUELGLW\�

*URXQGZDWHU�VDPSOHV�ZHUH�FROOHFWHG LPPHGLDWHO\�DIWHU�SXUJLQJ�ZDV FRPSOHWH��8VLQJ�D�
SHULVWDOWLF�SXPS��D�����P/ DOLTXRW�ZDV�FROOHFWHG�LQ�D�VDPSOLQJ�ERWWOH�FRQWDLQLQJ�VXOIXULF�DFLG�WR�
EULQJ�WKH�S+������$Q�DGGLWLRQDO�����P/ DOLTXRW ZDV�FROOHFWHG�IRU�FROLIRUP�DQDO\VLV��6DPSOHV�
ZHUH�SODFHG�RQ�LFH�DQG�GULYHQ GLUHFWO\�WR�D�1(/$&�FHUWLILHG�ODE�WR PHHW�WKH�FROLIRUP���KRXU�KROG�
WLPH��6DPSOHV ZHUH�DQDO\]HG�IRU�DPPRQLD�1��1+��1��PJ�/���1LWUDWH��1LWULWH�1��12;�1��PJ�/���
7RWDO�.MHOGDKO�1LWURJHQ��7.1� PJ�/��DQG�)HFDO�&ROLIRUPV��&)8�����P/�� 7RWDO�1LWURJHQ��71��
PJ�/��ZDV�FDOFXODWHG� $ ���P/ DOLTXRW�ZDV�ILHOG�ILOWHUHG�WKURXJK�D�����PLFURQ�ILOWHU DQG�IUR]HQ
LQ�SUHSDUDWLRQ�I �� ��2�DQDO\VHV� 6DPSOHV�ZLWK�D�PLQLPXP�QLWUDWH�FRQFHQWUDWLRQ�RI������
PJ�/ ZHUH�SDFNHG�LQ�GU\�LFH�DQG�VKLSSHG WR�WKH�8QLYHUVLW\�RI�&DOLIRUQLD�'DYLV�LVRWRSH�ODE�WR�EH�
DQDO\]HG�XVLQJ�WKH�6LJPDQ� �� ��2�LVRWRSLF�DQDO\VLV��6LJPDQ�HW
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0:�5(�& ����� ����� ����� ����� �����
0:�5(�&� ����� ����� ����� ����� �����

6HSWLF
0:�63����� ����� ����� ����� ����� �����
0:�63����� ����� ����� ����� ����� �����
0:�63���� ����� ����� ����� ����� �����

6HZHU
0:�6(���� ����� ����� ����� ����� �����
0:�6(���� ����� ����� ����� ����� �����

0:�6(���� ����� ����� ����� ����� �����



,PSDFW�RI�(QYLURQPHQWDO�0XFN�'UHGJLQJ�DW�)ORULGD�,QVWLWXWH�RI�7HFKQRORJ\������������0D\���������

��

7RWDO�.MHOGDKO�1LWURJHQ��7.1�

7RWDO�.MHOGDKO�1LWURJHQ��7.1��LV�D�PHDVXUH RI WKH�FRQFHQWUDWLRQ�RI�RUJDQLF�QLWURJHQ�SOXV
DPPRQLD� 6XPPDU\�VWDWLVWLFV�IRU�WKH�WHQ�VDPSOLQJ�HYHQWV�DUH�SURYLGHG�LQ�7DEOH��� DQG�D�JUDSK�RI�
PHDQ�FRQFHQWUDWLRQV�E\�WUHDWPHQW�DUHD�LV�LQ )LJXUH���� 7KH�7.1�FRQFHQWUDWLRQV�LQ�WKH�VHZHU
FRPPXQLW\�ZHOOV�ZHUH�FRQVLVWHQWO\�KLJKHU�WKDQ�RWKHU�WUHDWPHQW�W\SHV� DQG�WKH�UHXVH�
FRQFHQWUDWLRQV�ZHUH�FRQVLVWHQWO\�ORZHU��DQG�PRVWO\�VLPLODU�WR�WKRVH�PHDVXUHG�IRU�RXU�FRQWURO�
ZHOOV �)LJXUH����� $�ODUJH�SHUFHQWDJH�RI�WKH�PHDVXUHG�7.1�LQ�WKH�VHZHU�FRPPXQLW\�ZDV�
FRPSRVHG�RI�DPPRQLD� DQG�WKH�VDPH�LQWHUSUHWDWLRQ�FDQ�EH�DSSOLHG�WR�WKHVH�UHVXOWV��7KH�ORZHVW�
FRQFHQWUDWLRQV�RI�7.1�ZHUH�PHDVXUHG�IRU�WKH�QDWXUDO�DQG�UHXVH�ZHOOV��0RUH�GLVFXVVLRQ�RQ�WKH�
W\SH�RI�QLWURJHQ�VSHFLHV�E\�ZHOO�W\SH�DQG�FRPPXQLW\�LV�LQFOXGHG�EHORZ��7RWDO�1LWURJHQ�VHFWLRQ��
7DEOH������

)LJXUH�����0HDQ�PRQWKO\�QLWUDWH�QLWULWH�FRQFHQWUDWLRQV�E\�WUHDWPHQW�W\SH�



,PSDFW�RI�(QYLURQPHQWDO�0XFN�'UHGJLQJ�DW�)ORULGD�,QVWLWXWH�RI�7HFKQRORJ\������������0D\���������

��

7DEOH�����7.1��PJ�/��VXPPDU\�VWDWLVWLFV�IRU�WHQ�HYHQWV� +LJKHVW�PHDQ�DQG�PHGLDQ�YDOXHV�EROGHG��ORZHVW�PHDQ�
DQG�PHGLDQ�YDOXHV�LWDOLFL]HG�

7UHDWPHQ
W�$UHD 6LWH�,' 0HDQ 0HGLDQ 6WG 'HY 0LQ 0D[

1DWXUDO
0:�7&�� ����� ����� ����� ����� �����
0:�7&�� ����� ����� ����� ����� �����

5HXVH
0:�5(����� ����� ����� ����� ����� �����
0:�5(�& ����� ����� ����� ����� �����
0:�5(�&� ����� ����� ����� ����� �����

6HSWLF
0:�63����� ����� ����� ����� ����� �����
0:�63����� ����� ����� ����� ����� �����
0:�63���� ����� ����� ����� ����� �����

6HZHU
0:�6(���� ����� ����� ����� ����� �����
0:�6(���� ����� ����� ����� ����� �����
0:�6(���� ����� ����� ����� ����� �����

)LJXUH�����0HDQ PRQWKO\�7.1�FRQFHQWUDWLRQV�E\�WUHDWPHQW�W\SH�



,PSDFW�RI�(QYLURQPHQWDO�0XFN�'UHGJLQJ�DW�)ORULGD�,QVWLWXWH�RI�7HFKQRORJ\������������0D\���������

��

7RWDO�1LWURJHQ

7RWDO�QLWURJHQ�LV�D�FDOFXODWLRQ�RI�7.1���QLWUDWH�QLWULWH�DQG�LV�D�JHQHUDO�PHDVXUH�RI�WKH�
DPRXQW�RI�QLWURJHQ�WKDW�ZLOO�SRWHQWLDOO\�FRQWULEXWH�WR�QLWURJHQ�ORDGV�WR�WKH�ODJRRQ�WULEXWDULHV�IURP�
JURXQGZDWHU��)LJXUH��� GLVSOD\V�WKH�WLPH�VHULHV�SORWV�IRU�PHDVXUHG�71�DW�HDFK�ZHOO�E\�WUHDWPHQW�
W\SH�WKURXJKRXW�WKH�PRQLWRULQJ�SHULRG� 6XPPDU\�VWDWLVWLFV�IRU�WKH�WHQ VDPSOLQJ�HYHQWV�DUH�
SURYLGHG�LQ�7DEOH��� DQG�D�JUDSK�RI�PHDQ�FRQFHQWUDWLRQV�E\�WUHDWPHQW�DUHD�LV�LQ�)LJXUH����

)OXFWXDWLRQV�LQ�WKH�PHDVXUHG�FRQFHQWUDWLRQV�DUH�KLJKHVW�IRU�WKH�UHXVH DQG�VHSWLF�
FRPPXQLWLHV��ZKLOH�FRQFHQWUDWLRQ�YDOXHV�DUH�UHODWLYHO\�VWDEOH�IRU�WKH�VHZHU�DQG�QDWXUDO�
FRPPXQLWLHV��$Q�LQFUHDVH�LQ�71�FRQFHQWUDWLRQV�LV�HYLGHQW LQ WKH�VHSWLF�FRPPXQLW\�LQ�-XO\��DIWHU�
KHDY\�UDLQIDOO�RFFXUUHG�LQ�-XQH �)LJXUH���� ,QFUHDVHV�LQ�71�FRQFHQWUDWLRQV�DOVR�RFFXUUHG�LQ WKH�
UHXVH FRPPXQLW\�IURP�1RYHPEHU������0DUFK�������GXULQJ�D�YHU\�GU\�SHULRG��ZKHUH�UHFODLPHG�
LUULJDWLRQ�ZRXOG�OLNHO\�EH�XVHG�PRUH�IUHTXHQWO\ �)LJXUH��� DQG�)LJXUH������7KLV�FRPPXQLW\�
DSSHDUHG�WR�XVH�\HDU�URXQG�ODQGVFDSLQJ�PDLQWHQDQFH�VHUYLFHV� 7RWDO�PHDQ�QLWURJHQ�
FRQFHQWUDWLRQV�DUH�RYHUDOO�KLJKHU�IRU�WKH�UHXVH FRPPXQLW\�IRU�PRVW�RI�WKH�VDPSOLQJ�SHULRG��
GULYHQ�E\�WKH�KLJK�QLWUDWH�FRQFHQWUDWLRQV��FORVHO\�IROORZHG�E\�WKRVH�IRU�ERWK�WKH�VHZHU�DQG�VHSWLF�
FRPPXQLW\�DUHDV��71�PHDQ�FRQFHQWUDWLRQV�IRU�RXU�FRQWURO�DUHD�DUH�FRQVLVWHQWO\�EHORZ�DQ\�RI�WKH�
RWKHU�WUHDWPHQWV��

)LJXUH�����7LPH�VHULHV�SORWV�RI�PHDVXUHG�71��PJ�/��DW�HDFK�ZHOO�ZLWKLQ�WKH�7XUNH\�&UHHN�VWXG\�UHJLRQ�
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1DWXUDO�&RQWURO

6DPSOH 'DWH

71
�P

J�
/�

5HXVH

6HSWLF 6HZHU

0: 7& �
0: 7& �

0: 5( ����
0: 5( &
0: 5( &�
0: 6( ���
0: 6( ���
0: 6( ���
0: 63 ����
0: 63 ����
0: 63 ���

6LWH ,'

0HDVXUHG 71 �PJ�/� IRU (DFK :HOO SHU 7UHDWPHQW 7\SH
WKURXJKRXW WKH 0RQLWRULQJ 3HULRG



,PSDFW�RI�(QYLURQPHQWDO�0XFN�'UHGJLQJ�DW�)ORULGD�,QVWLWXWH�RI�7HFKQRORJ\������������0D\���������

��

7DEOH�����71��PJ�/��VXPPDU\�VWDWLVWLFV�IRU�WHQ�HYHQWV� +LJKHVW�PHDQ�DQG�PHGLDQ�YDOXHV�EROGHG��ORZHVW�PHDQ�
DQG�PHGLDQ�YDOXHV�LWDOLFL]HG�

7UHDWPHQ
W�$UHD 6LWH�,' 0HDQ 0HGLDQ 6WG 'HY 0LQ 0D[

1DWXUDO
0:�7&�� ����� ����� ����� ����� �����
0:�7&�� ����� ����� ����� ����� �����

5HXVH
0:�5(����� ����� ����� ����� ����� �����

0:�5(�& ������ ������ ����� ������ ������
0:�5(�&� ����� ����� ����� ����� �����

6HSWLF
0:�63����� ����� ����� ����� ����� �����
0:�63����� ����� ����� ����� ����� ������
0:�63���� ����� ����� ����� ����� �����

6HZHU
0:�6(���� ����� ����� ����� ����� �����
0:�6(���� ����� ����� ����� ����� �����

0:�6(���� ����� ����� ����� ����� �����

)LJXUH�����0HDQ�PRQWKO\�71�FRQFHQWUDWLRQV�E\�WUHDWPHQW�W\SH�



,PSDFW�RI�(QYLURQPHQWDO�0XFN�'UHGJLQJ�DW�)ORULGD�,QVWLWXWH�RI�7HFKQRORJ\������������0D\���������

��

6SDWLDO�YDULDELOLW\�RI�PHDVXUHG�FRQFHQWUDWLRQ�GDWD�LV�YHU\�KLJK��ZLWK�ZHOOV�ZLWKLQ�WKH�
VDPH�FRPPXQLW\�DQG�ORFDWHG�UHODWLYHO\�FORVH�WR�HDFK�RWKHU�SURYLGLQJ�GLIIHUHQW�UHVXOWV� 7KLV�LV
SDUWLFXODUO\�WUXH�IRU�WKH�UHFODLPHG�FRPPXQLW\� 0HGLDQ�71�YDOXHV�ZHUH�KLJKHVW�IRU�RQH�RI�WKH�
WKUHH�UHXVH ZHOOV��ZKLOH�WKH�RWKHU�WZR�ZHOOV�SURGXFHG�UHODWLYHO\�ORZ�PHGLXP�71�YDOXHV �)LJXUH
���� 5HORFDWLQJ�RQH�RI�WKH�ZHOOV�LQ�D�SRRU�UHFKDUJH�DUHD�KDV�SURYLGHG�PRUH�FRQVLVWHQW�KLJKHU�
FRQFHQWUDWLRQ�GDWD� 7KH�VHZHU�DQG�VHSWLF�FRPPXQLWLHV�KDG�ZHOOV�ZLWK�VLPLODU�UDQJHV�RI�71�
FRQFHQWUDWLRQV �DYHUDJHV�ZLWKLQ ��PJ�/ LQ�PRVW�FDVHV���ZLWK�JUHDWHU�VSDWLDO�YDULDELOLW\�REVHUYHG�
IRU�WKH�VHSWLF�FRPPXQLW\ �)LJXUH�����

6SDWLDO�YDULDELOLW\�RI�PHDVXUHG�71�FRQFHQWUDWLRQ�GDWD�LV�OLNHO\�GULYHQ�E\�HOHYDWLRQ��VRLO�
W\SH��GHSWK�WR�ZDWHU�WDEOH��DQG�DGMDFHQW�ODQG�XVH��,Q�VRPH�FDVHV��ZHOOV�LQVWDOOHG�DW�WKH�HGJH�RI�WKH�
FRPPXQLW\�FORVHU�WR�D�VHPL�QDWXUDO�ODQGVFDSH�PLJKW�EH�OHVV�UHSUHVHQWDWLYH�RI�WKH�FRPPXQLW\�
JURXQGZDWHU�TXDOLW\��:LWKLQ�WKH�VHSWLF�FRPPXQLWLHV��WKH�DJH�RI�WKH�267'6��WKH�GLVWDQFH�RI�WKH�
LQVWDOOHG�PRQLWRULQJ�ZHOO�WR�WKH�GUDLQILHOG��DQG�LQWHQVLW\�RI�XVH�RI�WKH�V\VWHP����SHUVRQ�YHUVXV���
LQ�WKH�KRXVHKROG���FDQ�DOVR�DGG�WR�WKH�PHDVXUHG�YDULDELOLW\��)RU�WKH�VHZHUHG�FRPPXQLWLHV��DQ\�
SRWHQWLDO�ODWHUDO�RU�FRQQHFWLRQ�OHDNDJHV�ZRXOG�LPSDFW�WKH�ZDWHU�TXDOLW\�ORFDOO\�DQG�FRXOG�DGG�WR�
WKH�PHDVXUHG�YDULDELOLW\��2YHUDOO��XQGHUVWDQGLQJ�VSDWLDO�YDULDELOLW\�DQG�KRZ�WR�EHVW�UHSUHVHQW�D�
FRPPXQLW\�ZRXOG�UHTXLUH�JUHDWHU�UHSOLFDWLRQ�RI�HIIRUW�ZLWKLQ�HDFK�FRPPXQLW\��:H�DUH�
DGGUHVVLQJ�VRPH�RI�WKHVH�TXHVWLRQV�LQ�D�VXEVHTXHQW�ODUJHU�VFDOH�VWXG\��XVLQJ�GLUHFW�SXVK�SRLQW�
WHFKQRORJ\�WR�LQFUHDVH�VDPSOLQJ�VL]H�LQ�D�IHZ�FRPPXQLWLHV�

6LQFH�71�LV�D�FDOFXODWLRQ�RI�DOO�IRUPV�RI�QLWURJHQ�PHDVXUHG��LW�LV�XVHIXO�WR�GHWHUPLQH�WKH�
H[WHQW�WKDW�71�LV�GRPLQDWHG�E\�D�VSHFLILF�QLWURJHQ�FRQVWLWXHQW��(YHQ�WKRXJK�QR�VWDWLVWLFDOO\�
VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WRWDO�QLWURJHQ FRQFHQWUDWLRQV�ZDV�IRXQG�EHWZHHQ�WKH�UHXVH�DQG�WKH�
VHZHUHG�RU�VHSWLF�FRPPXQLWLHV��WKHVH�DUH�GRPLQDWHG�E\�GLIIHUHQW�W\SHV�RI�QLWURJHQ�VSHFLHV��WKH�
UHXVH 71�LV�W\SLFDOO\�GRPLQDWHG�E\�KLJK�QLWUDWH�QLWULWH��ZKLOH�WKH�VHSWLF�FRPPXQLW\¶V�WRWDO�
QLWURJHQ�LV�FRPSRVHG�RI�KLJK�SHUFHQWDJHV�RI�DPPRQLD��7DEOH�����VKDGHG�FHOOV�SUHVHQW�WKH�PRVW�
LPSRUWDQW�71�FRQVWLWXHQW�E\�VLWH�� &RQWUDVWLQJ�ZLWK�WKH�WZR�RWKHU�VHSWLF�ZHOOV��63����� PHDVXUHG�
71�FRQFHQWUDWLRQV�DUH FRPSRVHG�RI�QLWUDWH ������DQG�RUJDQLF�QLWURJHQ��ZLWK�PLQLPDO�DPPRQLD�
�! ���� :KLOH LQLWLDOO\�VXUSULVLQJ�GXH�WR�WKH�VKDOORZ�ZDWHU�WDEOH�RQVLWH��WKH�SODFHPHQW�RI�WKH�ZHOO
LV�QRW�GLUHFWO\�GRZQVWUHDP�IURP�WKH�GUDLQILHOG��D�PRXQGHG�V\VWHP�OHDYLQJ�OLWWOH�URRP�
GRZQVWUHDP��DQG�WKH�QXWULHQW�SOXPHV�FDSWXUHG�PLJKW�FRUUHVSRQG�WR�WKRVH�IURP�XSVWUHDP�
V\VWHPV��7KLV�ZRXOG�KDYH�DOORZHG�HQRXJK�WUDQVSRUW�WLPH�IRU�QLWULILFDWLRQ�WR�KDYH�RFFXUUHG�SULRU�
WR�VDPSOLQJ��,Q�DGGLWLRQ��FRQIRXQGLQJ�YDULDEOHV�VXFK�DV�SRWHQWLDO�XVH�RI�IHUWLOL]HU�RQVLWH��
VXVSHFWHG�ZLWK�VXGGHQ�QLWUDWH�VSLNHV�GXULQJ�VSHFLILF�PRQWKV��PLJKW�KDYH�DOVR�VNHZHG�WKH�RYHUDOO�
SHUFHQWDJH�FRPSRVLWLRQ��



��

7DEOH�����3HUFHQWDJH�RI�FRPSRQHQWV�PDNLQJ�XS�WKH�0HDQ WRWDO�QLWURJHQ��71��FDOFXODWLRQ� 6KDGHG�DUHDV�
UHSUHVHQW�WKH QLWURJHQ�SUHGRPLQDQW�FRQVWLWXHQW�DW�HDFK�VLWH�

7UHDWPHQW�
$UHD 6LWH�,'

0HDQ 71�
�PJ�/� $PPRQLD�� 1LWUDWH���1LWULWH�� 7.1��

1DWXUDO
0:�7&�� ����� �� �� ��
0:�7&�� ����� �� �� ��

5HXVH
0:�5(����� ����� ��� �� ��
0:�5(�& ����� ��� �� ���
0:�5(�&� ����� ��� �� ��

6HSWLF
0:�63����� ����� �� ��� ��
0:�63����� ����� ��� �� ��

0:�63���� ����� �� ��� ��

6HZHU
0:�6(���� ����� �� ��� ��

0:�6(���� ����� �� ��� ��

0:�6(���� ����� �� ��� ��
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��

)LJXUH�����0HGLDQ�7RWDO�1LWURJHQ�PHDVXUHG�LQ�PJ�/�DW�WKH����JURXQGZDWHU�VDPSOLQJ�VLWHV�LQ�7XUNH\�&UHHN��
)ORULGD��EDVHG�RQ�WHQ�VDPSOLQJ�HYHQWV�IRU�WKH�HLJKW�RULJLQDO�ZHOOV�DQG�IRXU�HYHQWV�IRU�WKH�QHZ�ZHOOV��



,PSDFW�RI�(QYLURQPHQWDO�0XFN�'UHGJLQJ�DW�)ORULGD�,QVWLWXWH�RI�7HFKQRORJ\������������0D\���������

��

6LWH�&RPSDULVRQV

$�FRPSDULVRQ�RI�WKH�WKUHH�WUHDWPHQW�FRPPXQLWLHV�DQG�WKH�QDWXUDO�DUHD�ZDV�FRQGXFWHG�WR�
GHWHUPLQH�ZKLFK�FRPPXQLW\�W\SH�ZDV�SRWHQWLDOO\�SROOXWLQJ�JURXQGZDWHU�WKH�PRVW��'XH�WR�WKH�
YDULDELOLW\�RI�WKH�UHVXOWV��ERWK�VSDWLDO�DQG�WHPSRUDO���LW�LV�LPSRUWDQW�WR�KDYH�VWDWLVWLFDO�VLJQLILFDQFH�
DVVRFLDWHG�ZLWK�WKHVH�LQLWLDO�UHVXOWV�SULRU�WR�DQ\�SULRULWL]DWLRQ�HIIRUW�WR�UHGXFH�SROOXWLRQ�WR�WKH�
/DJRRQ��,W�LV�LPSRUWDQW�WR�QRWH�WKDW�VWDWLVWLFDO�SRZHU�LV�UHODWLYHO\�ORZ�ZLWK�RQO\����VDPSOLQJ�
HYHQWV�DQG�WKUHH�UHSOLFDWHV��ZHOOV��SHU�WUHDWPHQW�W\SH��DQG�DQ\�FRQFOXVLRQV�GHULYHG�EHORZ�VKRXOG�
EH�H[SDQGHG�DQG�FRQILUPHG�ZLWK�DGGLWLRQDO�GDWDVHWV�FXUUHQWO\�EHLQJ�FROOHFWHG�WKURXJKRXW�WKH�
&RXQW\��7KH�ODFN�RI�VWDWLVWLFDO�SRZHU�OLNHO\�UHVXOWHG�LQ�VHYHUDO�PDUJLQDOO\�QRQ�VLJQLILFDQW�UHVXOWV�
GLVFXVVHG�EHORZ��7KH�QRQ�SDUDPHWULF��.UXVNDO�:DOOLV�DQG�0DQQ�:KLWQH\ WHVW ZDV FRQGXFWHG�
EHWZHHQ�VLWHV�WR�DVVHVV�GLIIHUHQFHV�LQ�DPPRQLD��QLWUDWH�QLWULWH��7.1��DQG�71�FRQFHQWUDWLRQV��
0HGLDQ�YDOXHV�ZHUH�XVHG�DV�FHQWUDO�WHQGHQF\�GXH�WR�WKH�KHDYLO\�VNHZHG��QRQ�QRUPDO�GDWD�
GLVWULEXWLRQ��7DEOH��� EHORZ�VXPPDUL]HV�WKH�GLIIHUHQFHV��

7DEOH�����6WDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�LQ�FRQFHQWUDWLRQV��PHGLDQV�UHSRUWHG�

$QDO\WH 6HSWLF 6HZHU 5HXVH 1DWXUDO


1+� �PJ�/� �����DE �����D �����EF �����F


12;�1��PJ�/� �����D �����D �����E �����D


7.1��PJ�/� �����D �����E �����F �����F


71 �PJ�/� �����D �����D �����D �����E

)HFDO�&ROLIRUP �&)8V�����P/� ����� ����� ����� �����

6LJQLILFDQWO\�GLIIHUHQW�PHGLDQ�DW�S�������XVLQJ�.UXVNDO�:DOOLV��3DLUZLVH�FRPSDULVRQ��0DQQ�:KLWQH\�WHVWV���'LIIHUHQW�OHWWHUV�
DFURVV�URZV�LQGLFDWH�VLJQLILFDQW GLIIHUHQFHV LQ�WUHDWPHQW�W\SHV�DW�S�������+LJKHVW�YDOXH�LQ�EROG�

$PPRQLD FRQFHQWUDWLRQV�LQ�WKH�VHSWLF�FRPPXQLW\�ZHUH�VLJQLILFDQWO\�KLJKHU�WKDQ�WKRVH�LQ�
WKH�QDWXUDO�DUHD�DQG�DPPRQLD FRQFHQWUDWLRQV�LQ�WKH�VHZHU�DUHD�ZHUH�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�
UHXVH�DQG�QDWXUDO�DUHDV �S���������� $OWKRXJK�WKH�DPPRQLD PHGLDQ�FRQFHQWUDWLRQ�ZDV�KLJKHU�LQ�
WKH�VHZHU�DUHD�WKDQ�WKH�VHSWLF�DUHD��WKH�GLIIHUHQFH�ZDV�PDUJLQDOO\�QRQ�VLJQLILFDQW��S ������
$PPRQLD FRQFHQWUDWLRQV�LQ�WKH�UHXVH�DUHD�GLG�QRW�VLJQLILFDQWO\�GLIIHU�IURP�WKH�QDWXUDO�DUHD�

7KH�UHXVH�DUHD�KDG�VLJQLILFDQWO\�KLJKHU�QLWUDWH�QLWULWH FRQFHQWUDWLRQV�WKDQ�VHSWLF�
�S���������VHZHU��S�����������DQG�QDWXUDO�DUHDV��S���������� 6HSWLF��VHZHU�DQG�QDWXUDO�DUHD�
QLWUDWH�QLWULWH FRQFHQWUDWLRQV�GLG�QRW�VLJQLILFDQWO\�GLIIHU��DOWKRXJK�WKH�GLIIHUHQFH�EHWZHHQ�VHZHU�
DQG�QDWXUDO�QLWUDWH�QLWULWH FRQFHQWUDWLRQV�ZDV�DSSURDFKLQJ�VWDWLVWLFDO�VLJQLILFDQFH��S ������

7KH�VHZHU�DUHD�KDG�VLJQLILFDQWO\�KLJKHU�7.1�FRQFHQWUDWLRQV WKDQ�WKH�RWKHU�WKUHH�DUHDV�
�S�����������ZKLFK�LV�QRW�VXUSULVLQJ�FRQVLGHULQJ�WKH�KLJK�DPPRQLD FRQFHQWUDWLRQV��7KH�VHSWLF�



,PSDFW�RI�(QYLURQPHQWDO�0XFN�'UHGJLQJ�DW�)ORULGD�,QVWLWXWH�RI�7HFKQRORJ\������������0D\���������

��

DUHD�KDG�VLJQLILFDQWO\�KLJKHU�7.1�FRQFHQWUDWLRQV�WKDQ�WKH�UHXVH�DQG�QDWXUDO�DUHDV��5HXVH�DQG�
QDWXUDO�DUHDV�7.1�FRQFHQWUDWLRQV�GLG�QRW�VLJQLILFDQWO\�GLIIHU��

71�FRQFHQWUDWLRQV�ZHUH�KLJKHVW�LQ�WKH�VHSWLF�DUHD��IROORZHG�E\�WKH�VHZHU�DUHD��DQG�WKH�
UHXVH�DUHD�DOWKRXJK�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�WKUHH�ZHUH�QRW�IRXQG�WR�EH�VLJQLILFDQW��7KH�VHZHU
�S�����������VHSWLF �S�����������DQG�UHXVH �S������� DUHDV KDG VWDWLVWLFDOO\�KLJKHU�71�
FRQFHQWUDWLRQV�WKDQ�WKH�QDWXUDO�DUHD�

0HGLDQ�IHFDO�FROLIRUP�FRXQWV�DPRQJ�WUHDWPHQW�W\SHV�DUH�PDUJLQDOO\�QRQ�VLJQLILFDQW�
�S ������ZLWK�KLJK�YDULDELOLW\�PHDVXUHG�IRU�ERWK�WKH�VHSWLF�DQG�VHZHU�FRPPXQLWLHV��$�ODUJHU�
VDPSOH�VL]H�PLJKW�KDYH�DOORZHG�JUHDWHU�SRZHU�WR�GHWHFW�VLJQLILFDQW�GLIIHUHQFHV�

)HFDO�&ROLIRUPV

)HFDO�FROLIRUP�VXPPDU\�VWDWLVWLFV�IRU�WKH�WHQ�VDPSOLQJ�HYHQWV�DUH�SURYLGHG�LQ�7DEOH��� DQG�
D�JUDSK�RI�PHDQ�FRQFHQWUDWLRQV E\�WUHDWPHQW�DUHD�LV�LQ )LJXUH�����7KH�UHVXOWV�IRU�WKH�VHYHQWK�
VDPSOLQJ�HYHQW�ZHUH�WRR�QXPHURXV�WR�FRXQW�IRU�0:�6(�����DQG�FRQIOXHQW�IRU�0:�5(������DQG�
0:�5(�&���7KH�UHVXOWV�IRU�WKH�HLJKWK�VDPSOLQJ�HYHQW�ZHUH�FRQIOXHQW�IRU�0:�6(������7KHVH�
YDOXHV�ZHUH�DVVXPHG�WR�EH�����&)8�IRU )LJXUH���� 7KH�YDOXH�³WRR�QXPHURXV�WR�FRXQW´ �717&��
LQGLFDWHV�WKDW�WKHUH�ZHUH�WRR�PDQ\�IHFDO�&)8V�WR�DOORZ�DQ�LQGLYLGXDO�FRORQ\�FRXQW� DQG�WKH�
DQDO\VW�PXVW�UHSRUW�717&��7KH�YDOXHV�WKDW�DUH�FRQIOXHQW�LQGLFDWH�WKDW�RWKHU�EDFWHULDO�JURZWK�
REVFXUHG�WKH�DELOLW\�RI�IHFDO�FROLIRUP�FRORQLHV�WR�EH�YLVXDOL]HG�DQG�FRXQWHG��7KH ODE�SHUIRUPHG�
PXOWLSOH�GLOXWLRQV� LI�QHFHVVDU\� WR�EHWWHU�TXDQWLI\�WKH�KLJKHU�QXPEHU�RI�&)8V�LQ�WKHVH�717&�
FDVHV��

7KH�VHSWLF�ZHOO�0:�63������KDV�WKH�KLJKHVW�PD[LPXP�FRQFHQWUDWLRQ�RI�IHFDO�EDFWHULD�
�����&)8�P/��IROORZHG�E\�RQH�RI�WKH�VHZHUHG�ZHOOV������&)8�P/���7KH�JUDSK�RI�WUHDWPHQW�
DUHD�PHDQ�FRQFHQWUDWLRQV�RYHU�WLPH�VKRZV�D�ODUJH�LQFUHDVH�LQ�IHFDO�FROLIRUPV�LQ�VHSWLF�ZHOO�0:�
63������LQ�2FWREHU�DQG�1RYHPEHU�DQG�D�ODUJH�LQFUHDVH�IRU�UHXVH LQ�'HFHPEHU��)LJXUH������,W�LV�
LPSRUWDQW�WR�QRWH�WKDW�WKHVH�VSLNHV�RI�FRQWDPLQDWLRQ�DUH�VSRUDGLF�DQG�QRW�FRQVLVWHQW�WKURXJKRXW�
WKH�PRQLWRULQJ�HIIRUW� 7KLV�VXJJHVWV�WKDW�EDFWHULDO�FRQWDPLQDWLRQ�³EUHDN�WKURXJK´�LV�KDSSHQLQJ�
ZKHQ�FRQGLWLRQV�DUH�QRW�VXLWDEOH�IRU�DGHTXDWH�WUHDWPHQW��VXFK�DV�ZKHQ�JURXQGZDWHU�OHYHOV�
LQFUHDVH�RU�WKH�VHSWLF�V\VWHP�LV�RYHU�XVHG� ,W�DOVR�LV�DQ�LQGLFDWLRQ�WKDW�WKH�W\SLFDO�RQH�WLPH�
VDPSOLQJ�WR�FRQILUP�RU�GLVPLVV�EDFWHULDO�FRQWDPLQDWLRQ�PLJKW�EH�LQDGHTXDWH�WR�GHWHFW�
FRQWDPLQDWLRQ�RI�OHVV�WKDQ�FDWDVWURSKLF�QDWXUH�DQG�FRQWLQXRXV�PRQLWRULQJ�PLJKW�EH�QHFHVVDU\�
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7DEOH�����)HFDO�&ROLIRUP �&)8����P/� VXPPDU\�VWDWLVWLFV�IRU�DOO�HYHQWV���
�VWDWLVWLFV�FDOFXODWHG�ZLWK�YDOXHV�
WKDW�ZHUH�FRQIOXHQW�DQG�717&��YDOXHV�ZHUH�HVWLPDWHG�DW�����&)8�P/�

7UHDWPHQW�$UHD 6LWH�,' $YHUDJH 0HGLDQ 6WG 'HY 0LQ 0D[

&RQWURO
0:�7&�� ����� ����� ����� ����� �����

0:�7&�� ����� ����� ����� ����� �����

5HXVH
0:�5(�����
 ����� ����� ����� ����� �����

0:�5(�& ����� ����� ����� ����� �����
0:�5(�&�
 ����� ����� ����� ����� �����

6HSWLF
0:�63����� ����� ����� ����� ����� �����

0:�63����� ����� ����� ����� ����� �����
0:�63���� ����� ����� ����� ����� �����

6HZHU
0:�6(���� ����� ����� ����� ����� �����
0:�6(����
 ����� ����� ����� ����� �����
0:�6(���� ����� ����� ����� ����� �����

5HIHUHQFLQJ�D�UHJXODWRU\�WDUJHW�SURYLGHV�D�IUDPHZRUN�IRU�GLVFXVVLRQ��)HFDO�FROLIRUPV�DUH�
UHJXODWHG�E\�(3$�WKURXJK WKUHH�GLIIHUHQW�WDUJHW�FULWHULD �&KDSWHU���������6XUIDFH�:DWHU�4XDOLW\�
6WDQGDUGV��86(3$���������2QH�RI�WKH�WKUHH�VHWV�D�OLPLW�WR�WKH�QXPEHU�RI�VDPSOHV�FROOHFWHG�WKDW�
H[FHHG����&)8����P/��7KLV�VXUIDFH�ZDWHU�TXDOLW\�VWDQGDUG�LV�FRPPRQO\�UHIHUUHG�WR�DV�WKH�WHQ�
SHUFHQW�WKUHVKROG�YDOXH�WDUJHW DQG�GRHVQ¶W�DOORZ�PRUH�WKDQ�����RI�VDPSOHV�WR H[FHHG����
&)8����P/��,Q�WKLV�VWXG\��RQO\�WZR�ZHOOV��RQH VHSWLF�DQG�RQH�VHZHU��H[FHHGHG�WKH�����
WKUHVKROG�IRU�WKH����VDPSOLQJ�HYHQWV��7DEOH������6HYHQ�RI WKH�RWKHU�QLQH�ZHOOV�KDG�RQH�VDPSOLQJ�
HYHQW�RXW�RI����������H[FHHGLQJ�WKH�UHFRPPHQGHG����&)8����P/�

)LJXUH�����0HDQ�PRQWKO\�IHFDO�FROLIRUP�FRQFHQWUDWLRQV�E\�WUHDWPHQW�W\SH�



,PSDFW�RI�(QYLURQPHQWDO�0XFN�'UHGJLQJ�DW�)ORULGD�,QVWLWXWH�RI�7HFKQRORJ\������������0D\���������

��

7DEOH�����3HUFHQWDJH�RI�VDPSOHV�WKDW�H[FHHG�(3$�VWDQGDUG�RI����&)8�P/�IRU�IHFDO�FROLIRUP�

7UHDWPHQW�$UHD 6LWH�,' 3HUFHQW�([FHHGDQFH

&RQWURO
0:�7&�� �
0:�7&�� ��

5HXVH
0:�5(�����
 ��
0:�5(�& �
0:�5(�&�
 ��

6HSWLF
0:�63����� ��

0:�63����� ��
0:�63���� ��

6HZHU
0:�6(���� ��
0:�6(����
 ��
0:�6(���� ��

,VRWRSH�5HVXOWV

7KLUW\�ILYH������VDPSOHV�KDG�QLWUDWH�FRQFHQWUDWLRQV�RI������PJ�/ WKDW�FRXOG�EH�DQDO\]HG�
E\�WKH�6LJPDQ�EDFWHULDO�PHWKRG�IRU�WK �� ��2�LVRWRSLF DQDO\VLV��6LJPDQ�HW�DO�� ������
7KH�DFFXUDF\�DQG�SUHFLVLRQ�RI�WKH�PHDVXUHPHQWV�ZHUH�YHULILHG�WKURXJK�WKH�XVH�RI�NQRZQ�
VWDQGDUGV�LQ�WKH�ODE�

��1�VLJQDWXUHV�UDQJLQJ�IURP������WR�������
DQG� ��2�VLJQDWXUHV�UDQJLQJ�IURP������WR������� �7DEOH��� DQG�)LJXUH����� $ERXW KDOI������ RI�
WKH�VDPSOHV�GHPRQVWUDWHG�HQULFKHG� ��1�����WR �����VLJQDWXUHV WKDW�RQH�ZRXOG�H[SHFW�WR�VHH�LQ�
VHSWLF�ZDVWHV�ZLWK�WKH�RWKHUV�IDOOLQJ�LQWR�WKH�QDWXUDO�VRLO�LVRWRSH�UDQJH��6KRZHUV�HW DO�� ������

$�VWXG\�E\�5RDGFDS�HW DO� �������LQYHVWLJDWHG�WKH�HIIHFWLYHQHVV�DQG�DSSOLFDELOLW\�RI�XVLQJ�
WKH�QLWUDWH�R[\JHQ�LVRWRSH�UDWLR�WR�LGHQWLI\�VRXUFHV RI�QLWUDWH��12�

����7KH\�FKDUDFWHUL]HG WKH�
LVRWRSLF�VKLIW�WKDW�RFFXUUHG�GXULQJ�PLFURELDO�GHQLWULILFDWLRQ�WKDW�SUHIHUHQWLDOO\�VHOHFWV WKH�OLJKWHU�
��1�12�

���OHDYLQJ�EHKLQG HQULFKHG���1�12�
�� 7KHLU�UHVHDUFK�DQG�WKDW�RI�RWKHUV��%RWWFKHU�HW DO��

����� $UDYHQD�DQG�5REHUVWRQ� ������ GHWHUPLQHG�WKDW�DV�GHQLWULILFDWLRQ�RI�12� RFFXUV��WKH�
HQULFKPHQW�UDWLR�RI� ��2� ��1�LV����� :LWK�WKLV�XQGHUVWDQGLQJ��VRXUFH�FRQWULEXWLRQV�FDQ�EH�
FODULILHG�XVLQJ�D�PDWUL[ ZLWK�HQULFKPHQW�VLJQDWXUHV�H[SHFWHG�RI�V\QWKHWLF�IHUWLOL]HUV�DQG PDQXUH�
RU�VHSWLF�ZDVWHV �)LJXUH�����
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7DEOH���� �� ��2�UHVXOWV �PLQLPXP�QLWUDWH�FRQFHQWUDWLRQ�RI������PJ�/ QLWUDWH�QLWULWH��

6DPSOH (YHQW :HOO�,' 7UHDWPHQW
6DPSOH�
'DWH

��1$LU �Å�
��29602:

�Å�

1LWUDWH�1LWULWH�
DV�1��PJ�/�

� � 0:�7&�� 1DWXUDO ��������� ���� ���� ����

� � 0:�5(����� 5HXVH ��������� ���� ���� ����

� � 0:�5(& 5HXVH ��������� ���� ���� ���

� � 0:�63����� 6HSWLF ��������� ���� ���� ����

� � 0:�63����� 6HSWLF ��������� ���� ���� ����

� � 0:�5(& 5HXVH ��������� ���� ���� ����

� � 0:�63����� 6HSWLF ��������� ���� ���� ����

� � 0:�7&�� 1DWXUDO �������� ���� ���� ����

� � 0:�5(& 5HXVH �������� ���� ���� ����

�� � 0:�63����� 6HSWLF ��������� ���� ���� ����

�� � 0:�7&�� 1DWXUDO ��������� ���� ���� ����

�� � 0:�5(& 5HXVH ��������� ���� ���� ����

�� � 0:�63����� 6HSWLF ��������� ���� ���� ����

�� � 0:�6(���� 6HZHU ��������� ���� ���� ����

�� � 0:�7&�� 1DWXUDO ���������� ���� ���� ����

�� � 0:�5(& 5HXVH ���������� ���� ���� ����

�� � 0:�63����� 6HSWLF ���������� ���� ���� ����

�� � 0:�6(���� 6HZHU ���������� ���� ���� ����

�� � 0:�6(���� 6HZHU ���������� ���� ���� ����

�� � 0:�7&�� 1DWXUDO ���������� ���� ���� ����

�� � 0:�5(����� 5HXVH ���������� ���� ����� ����

�� � 0:�5(& 5HXVH ���������� ���� ���� ����

�� � 0:�5(& 5HXVH ���������� ���� ���� ����

�� � 0:�5(&�� 5HXVH ���������� ���� ���� ����

�� � 0:�5(����� 5HXVH ��������� ���� ����� ����

�� � 0:�5(& 5HXVH ��������� ���� ���� ����

�� � 0:�5(&�� 5HXVH ��������� ���� ���� ����

�� � 0:�5(����� 5HXVH ��������� ���� ����� ����

�� � 0:�5(& 5HXVH ��������� ���� ���� ����

�� � 0:�5(&� 5HXVH ��������� ���� ���� ����

�� � 0:�63����� 6HSWLF ��������� ���� ���� ����

�� �� 0:�5(����� 5HXVH ��������� ���� ����� ����

�� �� 0:�5(& 5HXVH ��������� ���� ���� ����

�� �� 0:�5(&���% 5HXVH ��������� ���� ���� ����

�� �� 0:�63����� 6HSWLF ��������� ���� ���� ����
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:H�FUHDWHG�D�VRXUFH�DOORFDWLRQ�PDWUL[�VLPLODU�WR�5RDGFDS�HW DO� ������ WR�EHWWHU�
XQGHUVWDQG�VRXUFH�DQG�GHQLWULILFDWLRQ�SURFHVVHV�LQ�WKH�VRLO�LQ�WKH�QDWXUDO�DUHDV�DQG�WUHDWPHQW�
FRPPXQLWLHV��)LJXUH������6RPH�LQWHUHVWLQJ�SDWWHUQV�HPHUJH�ZKHQ�SORWWHG�WKLV�ZD\� 7KH�UHXVH�
FRPPXQLW\�LVRWRSLF�VLJQDWXUHV�DUH�WKH�PRVW�FRQVLVWHQW��FOXVWHULQJ�WLJKWO\�WRJHWKHU�LQ WKH�UDQJH�RI�
����� ����WKDW�FRXOG�EH�LQGLFDWLRQ�RI�OLWWOH�GHQLWULILFDWLRQ�RU�RI�PL[LQJ�RI�ZDVWHZDWHU�ZLWK�PLQHUDO�
IHUWLOL]HU�QLWURJHQ�VRXUFHV� 7KH�VHSWLF�FRPPXQLW\�LVRWRSHV�DUH�LQGLFDWLYH�RI�HQULFKPHQW�WKDW�
RFFXUV�GXULQJ�GHQLWULILFDWLRQ�DFWLYLWLHV� 7KH� ��1 VLJQDWXUHV�ZHUH�DOO�ZLWKLQ�WKH�UDQJH�IRU�
ZDVWHZDWHU������ ����� ,Q�WKH�VHZHU�FRPPXQLW\��WKHUH�ZHUH�IHZ�VDPSOHV�ZLWK�KLJK�HQRXJK�
QLWUDWH�FRQFHQWUDWLRQ�WR�DQDO\]H EHFDXVH�PRVW�RI�WKH�QLWURJHQ�LQ�WKH VHZHU�FRPPXQLW\ ZDV LQ�WKH�
IRUP�RI�DPPRQLD� 7KH�WKUHH�VHZHU�VDPSOHV�WKDW�ZHUH�DQDO\]HG�IRU� ��2�DQG� ��1�KDG�KLJKO\�
HQULFKHG�VLJQDWXUHV��LQGLFDWLYH�RI�H[WUHPH�GHQLWULILFDWLRQ�WKDW�FRXOG�EH�DVVRFLDWHG�ZLWK�EDFWHULDO�
GHFRPSRVLWLRQ�RI�ZDVWHV�� ��1�VLJQDWXUHV YDULHG�IURP�����SSW�WR����SSW��WKH� ��2�
VLJQDWXUHV�YDULHG�OLWWOH�LQ�WKH�VHZHUHG�DUHD� ,W�ZLOO�EH�LQWHUHVWLQJ�WR�VHH�LI�WKLV�WHQGHQF\�FRQWLQXHV�
DV�ZH�H[SORUH�PRUH�VHZHUHG�FRPPXQLWLHV� 7KH�QDWXUDO�DUHD�ZHOO�WKDW�KDG�QLWUDWH�FRQFHQWUDWLRQV�
KLJK�HQRXJK�WR�DQDO\]H� ��1�
VLJQDWXUHV�LQ�WKLV�ZHOO�DUH�FRQVLVWHQW�ZLWK�WKDW�RI�ZDVWHZDWHU�

)LJXUH���� 3ORW�RI� �� ��2 UHVXOWV�DGDSWHG�IURP�.HQGDOO�HW�DO� �������
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7DEOH�����6XPPDU\�RI� �� ��2 UHVXOWV�E\�WUHDWPHQW�W\SH�

1DWXUDO��Q �� $YHUDJH 6WG 'HY 0LQ 0D[
��1$LU �Å�Q ����� ����� ���� �����

��29602: �Å�Q ���� ���� ���� �����

5HXVH��Q ���
��1$LU �Å�Q ���� ���� ���� ����

��29602: �Å�Q ���� ���� ����� ����

6HSWLF��Q ��
��1$LU �Å�Q ����� ���� ���� �����

��29602: �Å�Q ���� ���� ���� �����

6HZHU��Q ��
��1$LU �Å�Q ����� ����� ����� �����

��29602: �Å�Q ����� ���� ����� �����

3RVW�VDPSOLQJ�0RGHO�&DOLEUDWLRQ�DQG�5HVXOWV

7KH�RULJLQDO�XQFDOLEUDWHG�PRGHO�UXQ�XVHG�IRU�ZHOO�VLWLQJ ZDV�UHILQHG��UHGXFHG��DQG�
FDOLEUDWHG�XVLQJ�WKH�GDWD�REWDLQHG�IURP�WKH�WHQ�VDPSOLQJ�HYHQWV� 7KH�PRGHO�ERXQGDU\�ZDV�
UHGXFHG WR�WKH�7XUNH\�&UHHN�TXDG�EDVLQ IRU�WKLV�SRVW�VDPSOLQJ�PRGHO�UXQ��DOORZLQJ�FDOLEUDWLRQ�WR�
WDNH�SODFH�RQO\�LQ�WKH�DUHD�RI�LQWHUHVW� $V�SUHYLRXVO\�GHVFULEHG��WKH�UHTXLUHG�LQSXW�YDULDEOHV�ZHUH�
JHQHUDWHG�LQFOXGLQJ�WKH�GLJLWDO�HOHYDWLRQ�PRGHO��'(0��GDWD��ERWK�K\GUDXOLF�FRQGXFWLYLW\�DQG�
SRURVLW\�VRLO�GDWD�IURP�WKH�86'$�6RLO�6XUYH\�*HRJUDSKLF��6685*2��GDWDEDVH��DQG�VHSWLF�WDQN
DQG�GUDLQILHOG ORFDWLRQ�GDWD �5LRV HW�DO��������� 7KH�GUDLQILHOG�ORFDWLRQ�ZDV�VOLJKWO\�PRGLILHG�
IURP�WKH�LQLWLDO�PRGHO�UXQ�IRU�WKH�DUHDV�ZKHUH�ZH�KDG�DFFXUDWHO\�GHWHUPLQHG WKH�ORFDWLRQ�RI�WKH�
GUDLQILHOG��,Q�RWKHU�DUHDV��SDUFHO�FHQWURLGV�ZHUH�VWLOO�XVHG�DV�LQSXW�GUDLQILHOG�ORFDWLRQV��2QFH�VLWH�
VSHFLILF�GDWD�IRU�WHQ�VDPSOLQJ�HYHQWV�ZHUH�FROOHFWHG��WKH�$UF1/(7�IORZ�DQG�WUDQVSRUW�PRGXOHV
ZHUH�FDOLEUDWHG�LQGLYLGXDOO\� DQG�WKH�ORDG�HVWLPDWLRQ�PRGXOH�ZDV�SHUIRUPHG HVWLPDWH ORDGLQJ�
LQWR�7XUNH\�&UHHN��'DWD�IURP�WKH�FDOLEUDWLRQ�HIIRUWV�DQG�ILQDO�PRGHO�ORDGLQJ�RXWSXWV�DUH�
SURYLGHG�LQ�WKH�VXEVHFWLRQV�EHORZ� 7KHUH�ZHUH ����VHSWLF�WDQNV�XVHG�LQ�WKH�FDOLEUDWHG�PRGHO�
�)LJXUH����� 7KHVH�VHSWLF�WDQNV�DUH�UHSUHVHQWDWLYH�RI�WKH�PDMRULW\�RI�VHSWLF�WDQNV�LQ�WKH�7XUNH\�
&UHHN�4XDG�%DVLQ�FRQQHFWHG�WR�7XUNH\�&UHHN�
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��

)LJXUH�����6HSWLF�WDQNV�ZLWKLQ�WKH�7XUNH\�&UHHN�TXDG�EDVLQ�WKDW�ZHUH�XVHG�LQ�WKH�FDOLEUDWHG�UXQ�RI�$UF1/(7�
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��

7KH�ILUVW�VWHS�LQ�WKH�$UF1/(7�PRGHO�FDOLEUDWLRQ�LV�WR�SHUIRUP�WKH�*URXQGZDWHU )ORZ�
PRGXOH �5LRV�HW�DO����������7KLV�VWHS�RI�WKH�PRGHO�XWLOL]HV�D�'(0�DQG�D�VPRRWKLQJ�IDFWRU�DQG�
JHQHUDWHV�IRXU�RXWSXWV��YHORFLW\��PDJQLWXGH�	 GLUHFWLRQ���K\GUDXOLF�JUDGLHQW��DQG�WKH�VPRRWKHG�
'(0��VGHP� ZKLFK�LV�D�VXEGXHG�UHSOLFD�RI�WKH�ZDWHU�WDEOH��$OO�WKHVH�SURGXFWV�SUHGLFW�WKH�
JURXQGZDWHU�IORZ��GLUHFWLRQ�DQG�YHORFLW\��EDVHG�RQ�K\GUDXOLF�KHDG�H[FOXVLYHO\��7KH�VGHP�UDVWHU�
YDOXHV�DUH�XVHG�WR�FDOLEUDWH�WKH�JURXQGZDWHU�IORZ�LQ�WKH�PRGHO�E\�FRPSDULQJ�WKHP�WR�WKH�DFWXDO�
GHSWK�WR�ZDWHU�RI�WKH�PRQLWRULQJ�ZHOOV� 7KH�JURXQGZDWHU�IORZ�LV�FDOLEUDWHG�E\�DWWHPSWLQJ�WR�
PD[LPL]H�WKH�FRUUHODWLRQ�FRHIILFLHQW ZKLOH�PDLQWDLQLQJ�D�OLQHDU�����UHODWLRQVKLS EHWZHHQ�WKH�
PHDVXUHG�JURXQGZDWHU�ZDWHU�OHYHO��DW�RXU�ILYH�ZHOO�ORFDWLRQV��DQG�WKH�VPRRWKHG�'(0��2IWHQ�WKH�
IORZ�PRGXOH�LV�UXQ�LWHUDWLYHO\�XVLQJ�VHYHUDO�VPRRWKLQJ�IDFWRUV�WR�HVWDEOLVK�WKH�EHVW�SRVVLEOH�
DJUHHPHQW�EHWZHHQ�WKH�VPRRWKHU�'(0�DQG�WKH�PHDQ�REVHUYHG�K\GUDXOLF�KHDG� $ VPRRWKLQJ�
IDFWRU�RI���ZDV�FKRVHQ�WR�XVH�IRU�WKH�ILQDO�FDOLEUDWLRQ�RI�WKH�JURXQGZDWHU�IORZ�PRGHO�DV�LWV�VORSH�
ZDV�WKH�FORVHVW WR�D�RQH�WR�RQH�UHODWLRQVKLS �)LJXUH������$�RQH�WR�RQH�UHODWLRQVKLS�RI�VORSH�LV�
SUHIHUUHG�DV�LW�LV�LQGLFDWLYH�RI�DQ�HTXDO�UDWH�RI�FKDQJH�EHWZHHQ�WKH�PHGLDQ�K\GUDXOLF�KHDG�YDOXHV�
DQG�PRGHOOHG�VPRRWKHG�'(0��ZKLFK�LV�FRQVLVWHQW�ZLWK�WKH�PRGHO¶V�DVVXPSWLRQ�WKDW�WKH�ZDWHU�
WDEOH�LV�D�UHSOLFD�RI�WKH�'(0��
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)LJXUH���� 5HODWLRQVKLS�EHWZHHQ�VPRRWKHG�'LJLWDO�(OHYDWLRQ�0RGHO��'(0��DQG�PHDVXUHG�PHGLDQ�GHSWK�WR�
ZDWHU�IRU�D�VPRRWKLQJ�IDFWRU�RI���
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��

)LJXUH���� 7XUNH\�&UHHN�VWXG\�DUHD�$UF1/(7�SDUWLFOH�WUDFNLQJ��3DWKV�ZLWK�KLJKHU�YHORFLWLHV�DUH�
FKDUDFWHUL]HG�E\�UHG�RUDQJH�OLQHV�ZKLOH�VORZHU�YHORFLWLHV�DUH�FKDUDFWHUL]HG�E\�JUHHQ�OLQHV��
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��

7KH�VHFRQG�VWHS�LQ�WKH�$UF1/(7�PRGHO�FDOLEUDWLRQ�LV�WR�SHUIRUP�WKH�3DUWLFOH�7UDFNLQJ�
PRGXOH��7KLV�VWHS�XWLOL]HV�OD\HUV�FUHDWHG�LQ�WKH�JURXQGZDWHU�IORZ�VWHS�DQG�FUHDWHV�WKH�SDWK�DORQJ�
ZKLFK�WKH�QLWUDWH�DQG�RU�WKH�DPPRQLD PRYH�IURP�WKH�VHSWLF�WDQNV�WR�WKH�ZDWHUERGLHV�LQ�WKH�PRGHO�
DUHD �)LJXUH������7KH�GLUHFWLRQ�DQG�YHORFLW\�RI�WKH�SDWKV�LV�FULWLFDO�LQ�SUHGLFWLQJ�KRZ�PXFK�RI�WKH�
LQSXW�267'V�ORDGLQJ�UHDFKHG�WKH�VXUIDFH�ZDWHU��LQ�WKLV�FDVH��7XUNH\�&UHHN���KLJKHU�YHORFLWLHV�
SURYLGH�OLWWOH�WR�QR�WLPH�IRU�QLWULILFDWLRQ�DQG�VXEVHTXHQW�GHQLWULILFDWLRQ�WR�WDNH�SODFH��DQG�RIWHQ�
LQGLFDWH�JUHDWHU�LQSXW�ORDGLQJ�UHDFKLQJ�WKH�VXUIDFH�ZDWHU�

7KH�WKLUG�VWHS�LQ�WKH�$UF1/(7�PRGHO�FDOLEUDWLRQ�LV�WKH�7UDQVSRUW�PRGXOH��7KLV�VWHS�
UHTXLUHV�VHYHUDO�SDUDPHWHUV�WR�EH�DGMXVWHG�WR�IRUFH�EHVW�ILW�EHWZHHQ�WKH�PHDVXUHG�QLWUDWH�DQG�
DPPRQLD QXWULHQW�FRQFHQWUDWLRQV�DQG�WKH�SUHGLFWHG�PRGHOHG�SOXPH�YDOXHV�DW�WKH�LQVWDOOHG�ZHOO�
ORFDWLRQV��3DUDPHWHUV�WKDW�FDQ�EH�UHILQHG�WR�DOORZ�FDOLEUDWLRQ�RI�WKH�SUHGLFWHG�QXWULHQW�SOXPHV�
LQFOXGH�WKH�GHFD\�FRHIILFLHQW�RI�GHQLWULILFDWLRQ��.��XVHG�IRU�12���WKH�GHFD\�FRHIILFLHQW�RI�
QLWULILFDWLRQ��.��XVHG�IRU�1+���WKH�VRXUFH�ORDG�SODQ�FRQFHQWUDWLRQ��&2

�5LRV HW�DO����������$OO�WKHVH�LQSXW�SDUDPHWHUV�LQWHUDFW�ZLWK�
HDFK�RWKHU��DQG�RIWHQ�FDOLEUDWLRQ�UHTXLUHV�FKDQJHV�LQ�VHYHUDO�RI�WKHVH� 7KH�YDOXHV�XVHG�E\�WKH�
PRGLILHG�$UF1/(7�PRGHO�WR�\LHOG�WKH�EHVW�SUHGLFWLRQV�RI�WKH�PHDVXUHG�FRQFHQWUDWLRQV�RI�QLWUDWH�
DQG�DPPRQLD DUH�SURYLGHG�LQ�7DEOH����

7DEOH�����&DOLEUDWLRQ�YDOXHV�IRU�HDFK�SDUDPHWHU�XVHG�LQ�WKH�$UF1/(7�PRGHO�

3DUDPHWHU 0RGXOH 1LWUDWH $PPRQLD
6PRRWKLQJ�)DFWRU *:�)ORZ � �

&���PJ�/� *:�7UDQVSRUW �� �
/��P� *:�7UDQVSRUW ����� �����

�P� *:�7UDQVSRUW ����� �����
.����7� *:�7UDQVSRUW ������ ������

)LJXUH��� DQG�)LJXUH��� SURYLGH�D�YLVXDO�DVVHVVPHQW�RI�WKH�EHVW�ILW�EHWZHHQ�WKH�PRGHOHG�
QLWUDWH�DQG�DPPRQLD�FRQFHQWUDWLRQV��\HOORZ�SRLQWV���WKH�PHDVXUHG�PHGLDQ�FRQFHQWUDWLRQV��EOXH�
SRLQWV���DQG�WKH�GLVWULEXWLRQ�RI�WKH�ILHOG�PHDVXUHG�FRQFHQWUDWLRQ�GDWD��JUH\�ER[SORWV�� 7KH�JRDO�RI�
WKH�FDOLEUDWLRQ�LV�WR EH�DEOH�WR�KDYH�WKH�PRGHO�SUHGLFW�WKH�QXWULHQW�FRQFHQWUDWLRQV�DV�FORVHO\ DV�
SRVVLEOH�WR�WKH�PHDVXUHG�PHGLDQ�QXWULHQW�FRQFHQWUDWLRQV��,Q�PRVW�FDVHV��WKH�PRGHO�LV�VXFFHVVIXOO\�
FDOLEUDWHG�LI�PRVW�RI�WKH�SUHGLFWHG�GDWD�LV�ZLWKLQ�WKH������WK SHUFHQWLOH�RI�WKH�PHDVXUHG�
FRQFHQWUDWLRQ GDWD��L�H��WKH�\HOORZ�SRLQWV�ZRXOG�EH�ZLWKLQ�WKH�JUH\�ER[�RU�QHDU�WKH�EOXH�GRW���7KLV
ZDV�DFKLHYHG�IRU�DOO�ZHOO�ORFDWLRQV�XVLQJ�WKH�QLWUDWH�FRQFHQWUDWLRQ�GDWD��EXW�QRW�IRU�RQH�RI�WKH�
WKUHH�ZHOOV�ZKHQ�FDOLEUDWLQJ�IRU�DPPRQLD��2YHUDOO��FDOLEUDWLRQ�ZDV�SHUIRUPHG�WR�EHVW�ILW�PRVW�RI�
WKH�PHDVXUHG�ZHOO�FRQFHQWUDWLRQ�GDWD�WKURXJKRXW�WKH�DUHD�RI�LQWHUHVW�
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��

)LJXUH�����$UF1/(7�WUDQVSRUW�FDOLEUDWLRQ�IRU�QLWUDWH��7KH�JUH\�ER[�VKRZV�WKH��������RI�WKH�PHDVXUHG�GDWD��
7KH�EOXH�GRWV�UHSUHVHQW�WKH�PHGLDQ�PHDVXUHG�YDOXHV�DW�WKH�VDPSOH�ORFDWLRQ�DQG�WKH�\HOORZ�GRW�UHSUHVHQWV�WKH�
PRGHOHG�RXWSXW�IRU�WKDW�ORFDWLRQ��
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)LJXUH���� $UF1/(7�WUDQVSRUW�FDOLEUDWLRQ�IRU�DPPRQLD��7KH�JUH\�ER[�VKRZV�WKH��������RI�WKH�PHDVXUHG�
GDWD��7KH�EOXH�GRWV�UHSUHVHQW�WKH�PHGLDQ�PHDVXUHG�YDOXHV�DW�WKH�VDPSOH�ORFDWLRQ�DQG�WKH�\HOORZ�GRW�
UHSUHVHQWV�WKH�PRGHOHG�RXWSXW�IRU�WKDW�ORFDWLRQ
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��

2QFH�FDOLEUDWHG��WKH�SUHGLFWHG�PRGHOHG�SOXPHV�IRU�QLWUDWH�DQG�DPPRQLD�KDYH�JUHDWHU�
PDJQLWXGHV DW�JUHDWHU�GLVWDQFHV�IURP�WKH�VRXUFH�WKDQ�WKH�RULJLQDO�XQFDOLEUDWHG�PRGHO�UXQV��)LJXUH�
�� DQG )LJXUH����� :KLOH�OLWHUDWXUH�YDOXHV�RIWHQ�FLWH�W\SLFDO�SOXPH�OHQJWKV�UDQJLQJ�EHWZHHQ����
DQG��� P��0LQJ�HW�DO�� �������PDQ\�RI�WKH�SOXPH�OHQJWKV�PRGHOHG�IRU�WKH�7XUNH\�&UHHN
FRPPXQLW\�DUH�ZHOO�DERYH�WKLV�UDQJH��6LPXODWHG�SOXPH�OHQJWKV�DUH�RIWHQ�D�UHVXOW�RI�VRLO�W\SH��
SDUWLFXODUO\�K\GURFRQGXFWLYLW\�DQG�SRURVLW\�FKDUDFWHULVWLFV�ZKLFK�FDQ�YDU\�EHWZHHQ�ORFDWLRQV��
3ULRU�WR�FDOLEUDWLQJ�DQG�PRQLWRULQJ�WKH�FRQFHQWUDWLRQV�LQ�WKHVH�W\SHV RI�FRPPXQLWLHV��RQO\�
267'V�DGMDFHQW�WR�ZDWHUERGLHV�RI�FRQFHUQ�ZHUH�FRQVLGHUHG�WR�KDYH�DQ\�SROOXWLRQ�SRWHQWLDO�WR�WKH�
/DJRRQ��6WDWLF�GLVWDQFHV�RI�������P�ZHUH�KLVWRULFDOO\�XVHG�LQ�SULRULWL]LQJ�VHSWLF�WDQNV�IRU
XSJUDGH�RU�FRQQHFWLRQ�WR�VHZHU�OLQHV��+LJK�K\GUDXOLF�FRQGXFWDQFH��SDUWLFXODUO\�ZKHQ�FRXSOHG�
ZLWK�KLJK�K\GUDXOLF�KHDG� PLJKW�PHDQ�WKDW�VHSWLF�V\VWHPV�IXUWKHU�DZD\�IURP�WKH�/DJRRQ�KDYH�D�
VLJQLILFDQW�SROOXWLRQ�SRWHQWLDO�DQG�VKRXOG�QRW�EH�GLVPLVVHG��

2YHUDOO��HYHQWXDOO\��SOXPHV�GR�GHFUHDVH�LQ�SROOXWDQW�FRQFHQWUDWLRQ�LQWHQVLW\ ZLWK�GLVWDQFH�
IURP�WKH�VHSWLF�WDQN��ZLWK�PXFK�KLJKHU�SOXPHV�REVHUYHG�IRU�QLWUDWH�WKDQ�DPPRQLD��7KH�FDOLEUDWHG�
PRGHO��XQOLNH�WKH�XQFDOLEUDWHG�YHUVLRQ��SUHGLFWHG�WKDW D�JRRG�SRUWLRQ�RI�WKH�DPPRQLD SOXPHV�WR�
EH�QLWULILHG�WR�QLWUDWH��SDUWLFXODUO\�IRU�WKH�VHSWLF�WDQNV�ORFDWHG�XSJUDGLHQW�IURP�WKH�PRQLWRUHG�
ORFDWLRQ��+RZHYHU��IRU�WKH�SOXPHV�ORFDWHG�FORVHVW�WR�WKH�7XUNH\�&UHHN��WKH�DPPRQLD�SOXPHV�
KDYH�KLJKHU�FRQFHQWUDWLRQ�LQWHQVLWLHV��OLNHO\�GXH�WR�WKH�VKDOORZ�ZDWHU�WDEOHV�DQG�KLJK�YHORFLW\��
UHGXFLQJ�WKH�DELOLW\�IRU�QLWULILFDWLRQ�SURFHVVHV�WR�WDNH�SODFH� 0RVW�RI�WKH�VHSWLF�WDQNV�LQ�WKHVH�
FRPPXQLWLHV�DGMDFHQW�WR�7XUNH\�&UHHN�DUH�SUHGLFWHG�WR�KDYH�DQ�LPSDFW�RQ�WKH�ZDWHU�TXDOLW\��HYHQ�
WKRVH�ORFDWHG�ZHOO�EH\RQG�WKH����P�GLVWDQFH�WR�WKH�&UHHN�
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��

)LJXUH�����$UF1/(7�0RGHO�RXWSXW�DIWHU�FDOLEUDWLRQ�ZLWK�PHDVXUHG�GDWD�VKRZV�12� FRQWDPLQDQW�SOXPHV�WKDW�
UHDFK�7XUNH\�&UHHN��3OXPH�GLUHFWLRQ�DQG�LQWHQVLW\�LV�SURYLGHG�ZLWK�FRQFHQWUDWLRQV�UDQJLQJ�IURP���[����� PJ�/�
LQ�EOXH�WR������PJ�/�LQ�UHG��
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��

)LJXUH�����1+� SOXPHV�IRU�WKH�7XUNH\�&UHHN�VWXG\�DUHD��$UF1/(7�0RGHO�RXWSXW�DIWHU�FDOLEUDWLRQ�ZLWK�
PHDVXUHG�GDWD�VKRZV�1+� FRQWDPLQDQW�SOXPHV�WKDW�UHDFK�7XUNH\�&UHHN��3OXPH�GLUHFWLRQ�DQG�LQWHQVLW\�LV�
SURYLGHG�ZLWK�FRQFHQWUDWLRQV�UDQJLQJ�IURP���[����� PJ�/�LQ�EOXH�WR������PJ�/�LQ�UHG�



,PSDFW�RI�(QYLURQPHQWDO�0XFN�'UHGJLQJ�DW�)ORULGD�,QVWLWXWH�RI�7HFKQRORJ\������������0D\���������

��

7KH�ILQDO�VWHS�LQ�$UF1/(7�FDOLEUDWLRQ�LV�WR�UXQ�WKH�/RDG�(VWLPDWLRQ�PRGXOH�IRU�WKH�
7XUNH\�&UHHN�DUHD�RI�LQWHUHVW��7KH�PRGHO�ZDV�FDOLEUDWHG�XVLQJ�WKH�VDPSOHG�GDWD�IRU�GHSWK�WR�
ZDWHU�DQG�VRXUFH�ORDGLQJ��QLWUDWH�QLWULWH�DQG�DPPRQLD���7KH�RXWSXW�IURP�WKH�FDOLEUDWHG�$UF1/(7�
UXQ�\LHOGHG�D�WRWDO�GDLO\�RXWSXW�RI�QLWUDWH�LQWR�WKH�/DJRRQ�RI������ J�GD\��ZKLFK�FRUUHVSRQGV�WR�
���� OEV�GD\�RU������ OEV�RI�QLWUDWH�SHU�\HDU��,Q�DGGLWLRQ��WKH�PRGHO�HVWLPDWHG���� J�GD\�RI�
DPPRQLD�ZRXOG�UHDFK�WKH�/DJRRQ��ZKLFK�FRUUHVSRQGV�WR�D�WRWDO�RI���� OEV�RI�DPPRQLD�SHU�\HDU��
2YHUDOO��QLWURJHQ�ORDGLQJ��LQ�WKH�IRUP�RI�QLWUDWH�DQG�DPPRQLD�FRPELQHG��LV�SUHGLFWHG�WR�EH�D�
WRWDO�RI������ OEV�SHU�\HDU��7KLV�WRWDO�FRUUHVSRQGV�WR�DQ�HVWLPDWHG����� J�VHSWLF�WDQN�GD\�
+RZHYHU��WKH�$UF1/(7�PRGHO�GRHV QRW�LQFOXGH�RWKHU�RUJDQLF�QLWURJHQ�FRPSRXQGV�OLNH�XUHD�DQG�
RWKHU�ELRORJLFDO�DPLQHV� 0RUH�PRQLWRULQJ�ZRXOG�EH�QHHGHG�WR�FDOFXODWH�WKH�WRWDO�ORDGLQJ�

&RQFOXVLRQ

)LHOG�UHVHDUFK�FDQ�EH�YHU\�FKDOOHQJLQJ��HVSHFLDOO\�DW�WKH�ZDWHUVKHG�VFDOH EHFDXVH�WKHUH�
DUH�VR�PDQ\�FRQIRXQGLQJ�YDULDEOHV��H[WHQXDWLQJ�FLUFXPVWDQFHV��VHDVRQDO�YDULDWLRQV��DQG�ZHDWKHU�
H[WUHPHV�WR�WDNH�LQWR�DFFRXQW� 0RUH�WLPH�DQG�UHSOLFDWHV�ZRXOG�HQDEOH�JUHDWHU FRQILGHQFH WKDW�RXU�
ILQGLQJV�LQ�WKLV�VWXG\�DUH�UHOLDEOH�DQG�UHSUHVHQWDWLYH��7KH UHVHDUFK�GHPRQVWUDWHV D�PHWKRG�WKDW�LV�
EHLQJ�UHSOLFDWHG�WKURXJKRXW�%UHYDUG�&RXQW\�WR�LQIRUP�ZDWHUVKHG�PDQDJHPHQW�VWUDWHJLHV�

7KHUH�KDV�EHHQ�D�JUHDW�GHDO�RI�IRFXV�RQ�VHSWLF�WDQN�FRPPXQLWLHV��267'6V��DV�WKH�RQHV�
OLNHO\�WR�EH�SROOXWLQJ�WKH�PRVW� 7KH�6RXUFH�WR�6OLPH�6WXG\�GLG�QRW�ILQG�WKLV�WR�EH�FDVH� ,Q�7XUNH\�
&UHHN��DOO�WKUHH�UHVLGHQWLDO�FRPPXQLWLHV��VHSWLF��VHZHU��DQG�VHZHU�ZLWK�UHFODLPHG�LUULJDWLRQ��ZHUH�
SROOXWLQJ�DERXW�WKH�VDPH�DPRXQW�RI�7RWDO�1LWURJHQ�WR�WKH�DTXLIHU��:H�IRXQG�WKDW�QLWURJHQ�VSHFLHV�
�RUJDQLF�YV�LQRUJDQLF�QLWURJHQ��GLIIHUHG�VLJQLILFDQWO\�EHWZHHQ�FRPPXQLWLHV��EXW WKDW�WKH�WRWDO�
QLWURJHQ�GLG�QRW� :LWK�WKH�OLPLWHG�VDPSOLQJ�UHJLPH LQ�WKLV�SURMHFW��LW�LV�GLIILFXOW�WR�NQRZ�LI�WKLV�LV�
UHODWHG�WR�WKH�ZDVWHZDWHU�VRXUFH RU�SRVVLEOH�VWUXFWXUDO RU�HFRORJLFDO�YDULDWLRQV�

$�VHFRQG�LQWHUHVWLQJ�ILQGLQJ�ZDV�WKH�H[WUHPHO\�KLJK�OHYHOV�RI�QLWUDWH��12���IRXQG�LQ�WKH�
FRPPXQLW\ WKDW�KDG�UHFODLPHG LUULJDWLRQ�ZDWHU� ,W�DSSHDUV�WKDW�WKH�KLJK�FRQFHQWUDWLRQ�RI�QLWUDWH�LQ�
WKH�LUULJDWLRQ�ZDWHU�LV�SHUFRODWLQJ�WKURXJK�WKH�LQRUJDQLF��VDQG\�VRLOV�RI�WKDW�FRPPXQLW\�ZLWK�OLWWOH�
WR�QR�GHQLWULILFDWLRQ RFFXUULQJ� :DVWHZDWHU�PDQDJHUV�PD\�ZDQW�WR�FRQVLGHU�VRLO�W\SH�EHIRUH�
SHUPLWWLQJ�UHFODLPHG�ZDWHU�IRU�LUULJDWLRQ��RU�DW�OHDVW�FRQVLGHU�WKH�UHFHLYLQJ�ODQGVFDSH�VRLOV�ZKHQ�
GHFLGLQJ�WKH�GLVFKDUJH�QLWURJHQ�FRQFHQWUDWLRQV�WKDW�VKRXOG�EH�SHUPLWWHG��

7KH�KLJK�OHYHO�RI�RUJDQLF�QLWURJHQ��1+��DQG�7.1��ZDV VXUSULVLQJ�WR�ILQG�LQ�WKH�VHZHU�
FRPPXQLW\� &RQVLGHULQJ�WKH�EXLOGLQJ�PDWHULDOV�XVHG�DW�WKH�WLPH�WKH�FRPPXQLW\�ZDV�EXLOW�
�a����� ZDV�YLWULILHG�FOD\��LW�LV�KLJKO\�OLNHO\�WKDW�WKH�VHZHU OLQHV�DUH�FRPSURPLVHG�DQG�OHDNLQJ�
2WKHU�ODQG�XVHV�WKDW�FRXOG�FDXVH�KLJK�OHYHOV�RI�DPPRQLD�DQG�RUJDQLF�QLWURJHQ�LQ�WKH�JURXQGZDWHU�
VXFK�DV�IDUPLQJ�DFWLYLWLHV�DUH�QRW�WDNLQJ�SODFH�LQ�WKLV�FRPPXQLW\� 7KLV�LV�UHLQIRUFHG�E\�WKH�
H[WUDRUGLQDULO\�KLJK� ��1�YDOXHV�LQ�WKH�VHZHU�QLWUDWH������������������LQGLFDWLYH�RI�KLJK
GHQLWULILFDWLRQ� 2QH�ZRXOG�H[SHFW�KLJK�OHYHOV�RI�GHQLWULILFDWLRQ�WR�RFFXU�LQ�DJLQJ�ZDVWHZDWHU�
SLSHV��ZKHUH�\HDUV�RI�EDFWHULDO�JURZWK�DQG�FDUERQ�KDYH�SUROLIHUDWHG� 'HQLWULILFDWLRQ�ZRXOG�UHVXOW�
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LQ�WKH�HPLVVLRQ�RI�QLWURJHQ�JDVHV�DQG�WKH�FRQFHQWUDWLRQ�RI�KHDY\�QLWUDWH�EHLQJ�OHIW�LQ�VROXWLRQ�
:KHQ�FRQVLGHULQJ�QHZ�GHYHORSPHQW�RU�KRRNLQJ�H[LVWLQJ�VHSWLF�WDQNV�WR�VHZHU�OLQHV��LW�LV�
LPSRUWDQW�WR�FRQVLGHU�WKH�DJH�DQG�UHOLDELOLW\�RI�WKH�H[LVWLQJ�LQIUDVWUXFWXUH�WR�ZKLFK�WKRVH�KRPHV�
ZLOO�EH�FRQQHFWLQJ� /HDNLQJ�VHZHU�OLQHV�DUH�QR�EHWWHU�WKDQ�IDLOLQJ�VHSWLF�WDQNV��DQG�LQ�IDFW�PD\�EH�
ZRUVH�

,W�ZDV�LQWHUHVWLQJ�WKDW�QLWURJHQ�FRQFHQWUDWLRQV�GLIIHUHG�WHPSRUDOO\�E\�WUHDWPHQW�W\SH�
6HDVRQDO�YDULDELOLW\�ZDV�JUHDWHVW�LQ�WKH�UHXVH�DQG�WKH�VHSWLF�WDQN�FRPPXQLWLHV� 5HXVH�WUHDWPHQWV�
KDG WKH�JUHDWHVW�YDULDELOLW\�LQ�QLWURJHQ�FRQFHQWUDWLRQV��ZLWK�D�VWDQGDUG�GHYLDWLRQ�RI�����PJ�/
IROORZHG�E\�VHSWLF�WDQN�FRPPXQLWLHV WKDW�KDG�D�VWDQGDUG�GHYLDWLRQ�RI�����PJ�/� &DSWXULQJ�
WHPSRUDO�YDULDWLRQ�UHTXLUHV�ORQJ�WHUP�PRQLWRULQJ�WR�UHSUHVHQW�VHDVRQDO�IOXFWXDWLRQV� 7KH�QXPEHU�
DQG�SODFHPHQW�RI�WKH�ZHOOV�LQ�UHXVH�DQG�VHSWLF�FRPPXQLWLHV�LV�NH\�WR�FDSWXULQJ�WKH�FRQWDPLQDQW�
SOXPH�

/DVWO\��RXU�VWXG\�IRXQG�WKDW�VHSWLF�WDQNV�LQ�WKH�7XUNH\�&UHHN VWXG\�DUHD�DUH�FRQWULEXWLQJ�
������OEV��\HDU�RI�QLWUDWH�DQG�����OEV��\HDU�RI�DPPRQLD�WR�7XUNH\�&UHHN��%DVHG�RQ�WKH�
PRQLWRULQJ�GDWD��QLWUDWH�QLWULWH�DQG�DPPRQLD�DFFRXQW�IRU�DERXW�������RI�WRWDO�QLWURJHQ��6LQFH�WKH�
FXUUHQW�)'(3�DFFHSWHG�PRGHO�GRHVQ¶W�SUHGLFW XUHD��D�ELRUHDFWLYH�RUJDQLF�IRUP�RI�QLWURJHQ��WKH�
WRWDO�ORDGLQJ�IURP�VHSWLF�WDQNV�FRXOG�VLJQLILFDQWO\�EH�XQGHUSUHGLFWHG�E\�WKH�FDOLEUDWHG�PRGHO�UXQ��
%DVHG�RQ�WKH�PHDVXUHG�GDWD��WRWDO�QLWURJHQ�ORDGLQJ�LQWR�WKH�7XUNH\�&UHHN�LV�OLNHO\�DW�OHDVW�������
OEV��\HDU�RU����OEV�\HDU�RI�WRWDO�1LWURJHQ�SHU�KRXVHKROG��)XUWKHUPRUH��ZH�IRXQG�WKDW�QLWURJHQ�
SOXPHV�H[WHQGHG�ZHOO�EH\RQG�WKH����WR����P�UHSRUWHG�LQ�WKH�OLWHUDWXUH��0LQJ HW�DO����������
LQGLFDWLQJ�WKDW�GLVWDQFH�IURP�DQ�267'6�WR�WKH�UHFHLYLQJ�ZDWHUZD\�VKRXOGQ¶W�EH�WKH�RQO\�
LQGLFDWRU�XVHG�WR�SUHGLFW�ORDGLQJ�SRWHQWLDO�

$Q�H[SDQGHG�VWXG\�LV�EHLQJ�FRQGXFWHG WKDW�ZLOO�UHSOLFDWH�WKLV�GHVLJQ�LQ���PRUH�DUHDV�RI�
WKH�FRXQW\��SURYLGLQJ�PXFK�PRUH�GDWD�WR�FDOLEUDWH�WKH�ORDGLQJ�PRGHO�DQG�FRQILUP�WKH�ILQGLQJV�
)XWXUH�HIIRUWV�ZLOO�H[DPLQH�UHODWLRQVKLSV�EHWZHHQ�UDLQIDOO��JURXQGZDWHU�OHYHOV��DQG�QLWURJHQ�
FRQFHQWUDWLRQV��7KH�JURXQGZDWHU�VDPSOLQJ�DQG�LVRWRSHV�FRQWULEXWH�LPSRUWDQW�VRXUFH�
FKDUDFWHULVWLFV�WKDW�VKRXOG�EH�GXSOLFDWHG�LQ�RWKHU�VWXGLHV�WR�EHWWHU�XQGHUVWDQG�QLWURJHQ�G\QDPLFV�
LQ�WKH�ZDWHUVKHG� $GGLQJ�SKRVSKRUXV�WR�WKH�VDPSOLQJ�UHJLPH�ZLOO�DOVR�EH�FRQGXFWHG�WR�EHWWHU�
XQGHUVWDQG�VRXUFH�FRQWULEXWLRQV�

)XWXUH�UHVHDUFK�UHVXOWV�ZLOO�EH�DEOH�WR�KHOS�UHILQH�WKH�FXUUHQW�:DWHUVKHG�/RDGLQJ�0RGHO�
IRU�WKH�,QGLDQ�5LYHU�/DJRRQ��6:,/�PRGHO���SDUWLFXODUO\�WKH�EDVHIORZ�FRPSRQHQW��&XUUHQWO\��WKH�
6:,/�PRGHO�SUHGLFWV�EDVHIORZ�ORDGLQJ�EDVHG�RQ�³RQH�VL]H�ILWV�DOO´�HVWLPDWHG�71�DQG�73�
FRQFHQWUDWLRQV�IRU�DOO�ODQG�XVH�DQG�VRLO�W\SHV��([SORULQJ�UHVLGHQWLDO�FRPPXQLWLHV�DQG�FRPSDULQJ�
WKHVH�E\�WUHDWPHQW�W\SH��VHSWLF��VHZHU��UHFODLPHG��PLJKW�EH�WKH�ILUVW�FULWLFDO�VWHS�LQ�GHYHORSLQJ�
PRUH�UREXVW�JURXQGZDWHU�ORDGLQJ�HVWLPDWHV�IRU�WKH�/DJRRQ¶V�ZDWHUVKHG��,Q�DGGLWLRQ��H[SDQGLQJ�
WKH�H[WUHPHO\�OLPLWHG�JURXQGZDWHU�ZDWHU�TXDOLW\�GDWDEDVH�LQ�WKH�,5/�DUHD�DOVR�DOORZV�$UF1/(7
WR�EH�EHWWHU�FDOLEUDWHG�IRU�RWKHU�IXWXUH�SURMHFWV��%HLQJ�DEOH�WR�SULRULWL]H�VHSWLF�DUHDV�IRU�UHWURILW��RU�
HYHQ�LPSOHPHQWLQJ�SROLF\�RQ�267'6�QHHGV�WR�EH�MXVWLILHG�EDVHG�RQ�UHOHYDQW�ILHOG�FROOHFWHG�GDWD�
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KWWS���ZZZ�IORULGDKHDOWK�JRY�HQYLURQPHQWDO�KHDOWK�RQVLWH�
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YDULDWLRQ�RI�QLWURJHQ�FRQFHQWUDWLRQ�DQG�VSHFLDWLRQ�LQ�UXQRII�DQG�VWRUP�ZDWHU�LQ�WKH�,QGLDQ�
5LYHU�ZDWHUVKHG��6RXWK�)ORULGD��(QYLURQPHQWDO�6FLHQFH�3ROOXWLRQ�5HVHDUFK����������
�������������GRL� ��������V���������������]�

/LVWRSDG��&����������6SDWLDO�:DWHUVKHG�,WHUDWLYH�/RDGLQJ�0RGHO�0HWKRGRORJ\�5HSRUW�
,QGLDODQWLF��)/��$SSOLHG�(FRORJ\��,QF��IRU�%UHYDUG�&RXQW\�1DWXUDO�5HVRXUFHV�

0DULRWWL��$���*HUPRQ��-�&���+XEHUW� 3���.DLVHU��3���/HWROOH��5���7DUGLHX[��$�� 	�7DUGLHX[��3��
��������([SHULPHQWDO�GHWHUPLQDWLRQ�RI�QLWURJHQ�NLQHWLF�LVRWRSH�IUDFWLRQDWLRQ²6RPH�
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SULQFLSOHV��LOOXVWUDWLRQ�IRU�WKH�GHQLWULILFDWLRQ�DQG�QLWULILFDWLRQ�SURFHVVHV� 3ODQW�DQG�6RLO
����������±���� GRL����������%)��������

0F&OHOODQG��-�:�� 	 9DOLHOD� ,����������/LQNLQJ�QLWURJHQ�LQ�HVWXDULQH�SURGXFHUV�WR�ODQG�GHULYHG�
VRXUFHV��/LPQRORJ\�DQG�2FHDQRJUDSK\� ��������������� GRL����������OR���������������

2¶'ULVFROO��0�$���+XPSKUH\��&�3���'HDO��1�(���/LQGER��'�/���	�=DUDWH�%HUPXGH]��0�$����������
0HWHRURORJLFDO�LQIOXHQFHV�RQ�QLWURJHQ�G\QDPLFV�RI�FRDVWDO�RQVLWH�ZDVWHZDWHU�WUHDWPHQW�
V\VWHPV� -RXUQDO�RI�(QYLURQPHQWDO�4XDOLW\�������� ����±������
GRL���������MHT������������

3DHUO��+�:�� 	 )RJHO� 0�/��������� ,VRWRSLF�FKDUDFWHUL]DWLRQ�RI�DWPRVSKHULF�QLWURJHQ�LQSXWV�DV�
VRXUFHV�RI�HQKDQFHG�SULPDU\�SURGXFWLRQ�LQ�FRDVWDO�$WODQWLF�2FHDQ�ZDWHUV� 0DULQH�
%LRORJ\� ���������������� GRL� ��������%)���������

3HWHUVRQ��%�-�� 	 )U\��%����������6WDEOH�LVRWRSHV�LQ�HFRV\VWHP�VWXGLHV��$QQXDO�5HYLHZ�RI�
(FRORJLFDO�6\VWHPV� ������������ GRL� ��������DQQXUHY�HV�����������������

4XLQRQHV��$���0DUWLQH]�$OFDQWDUD��%���	�/HJD]��)����������,QIOXHQFH�RI�LUULJDWLRQ�V\VWHP�DQG�
IHUWLOL]DWLRQ�PDQDJHPHQW�RQ�VHDVRQDO�GLVWULEXWLRQ�RI�1�LQ�WKH�VRLO�SURILOH�DQG�RQ�1�XSWDNH�
E\�FLWUXV�WUHHV��$JULFXOWXUH��(FRV\VWHPV�	�(QYLURQPHQW�������������������GRL��
��������M�DJHH������������

5HLOO\��$���&KDQJ��1���	 :DQLHOLVWD��0����������&\FOLF�ELRJHRFKHPLFDO�SURFHVVHV�DQG�QLWURJHQ�
IDWH�EHQHDWK�D�VXEWURSLFDO�VWRUPZDWHU�LQILOWUDWLRQ�EDVLQ��-RXUQDO�RI�&RQWDPLQDQW�
+\GURORJ\������������� GRL����������M�MFRQK\G�������������

5LRV��-�)���<H��0���:DQG��/��	�/HH��3��������� $UF1/(7��$Q�$UF*,6�%DVHG�1LWUDWH�/RDG�
(VWLPDWLRQ�7RRONLW�8VHU¶V�0DQXDO��7DOODKDVVHH��)/��)ORULGD�'HSDUWPHQW�RI�
(QYLURQPHQWDO�3URWHFWLRQ� 5HWULHYHG�IURP
KWWSV���SHRSOH�VF�IVX�HGX�aP\H�$UF1/(7�XVHUVBPDQXDO�SGI

5LRV��-�)���<H��0�� :DQJ��/�� /HH��3�=���'DYLV��+���	 +LFNV��5�:��������� $UF1/(7��$�*,6�
EDVHG�VRIWZDUH�WR�VLPXODWH�JURXQGZDWHU�QLWUDWH�ORDG�IURP�VHSWLF�V\VWHPV�WR�VXUIDFH�ZDWHU�
ERGLHV� &RPSXWHUV�DQG�*HRVFLHQFHV���������������GRL� ��������M�FDJHR�������������

5RDGFDS��*�6���+DFNOH\��.�&���+ZDQJ��+���	 -RKQVRQ��7�0����������$SSOLFDWLRQ�RI�QLWURJHQ�DQG�
R[\JHQ�,VRWRSHV�WR�LGHQWLI\�VRXUFHV�RI�QLWUDWH� ,Q�3URFHHGLQJV����WK�$QQXDO�,OOLQRLV�
*URXQGZDWHU�&RQVRUWLXP�6\PSRVLXP��3UHVHQWHG�DW�,OOLQRLV�*URXQGZDWHU�&RQVRUWLXP�
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&RQIHUHQFH��5HVHDUFK�RQ�$JULFXOWXUDO�&KHPLFDOV�LQ�,OOLQRLV�*URXQGZDWHU�6WDWXV�DQG�
)XWXUH�'LUHFWLRQV� 0DNDQGD��,/����SS�� ,OOLQRLV�*URXQGZDWHU�&RQVRUWLXP�

6KRZHUV��:�-���0F&DGH��7���%ROLFK��5���	 )RXQWDLQ��-�&����������1LWUDWH�FRQWDPLQDWLRQ�LQ�
JURXQGZDWHU�RQ�DQ�XUEDQL]HG�GDLU\�IDUP��(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\���������
���������� GRL� ��������HV������W�

6LJPDQ��'�0���&DVFLRWWL��.�/���$QGUHDQL��0���%DUIRUG��&���*DODQWHU��0���	 %|KONH��-�.����������
$�EDFWHULDO�PHWKRG�IRU�WKH�QLWURJHQ�LVRWRSLF�DQDO\VLV�RI�QLWUDWH�LQ�VHDZDWHU�DQG�
IUHVKZDWHU��$QDO\WLFDO &KHPLVWU\� ������� ���������� GRL� ��������DF������H

6PLWK��(�/�� 	�.HOOPDQ��/�0����������1LWUDWH�ORDGLQJ�DQG�LVRWRSLF�VLJQDWXUHV�LQ�VXEVXUIDFH�
DJULFXOWXUDO�GUDLQDJH�V\VWHPV��-RXUQDO�RI�(QYLURQPHQWDO�4XDOLW\����� ����±������
GRL���������MHT����������

)ORULGD�'HSDUWPHQW�RI�(QYLURQPHQWDO�3URWHFWLRQ 'LYLVLRQV�RI�(QYLURQPHQWDO�$VVHVVPHQW�DQG�
5HVWRUDWLRQ���������6RXWK�)RUN�6W��/XFLH�(VWXDU\�DQG�5LYHU�0LFURELDO�6RXUFH�7UDFNLQJ�
6WXG\��7DOODKDVVHH��)/��$XWKRU��

7RZQVHQG��0�$���<RXQJ��'�3���	 0DFNR��6�$���������-XO\���8VH�RI�QLWURJHQ����QDWXUDO�
DEXQGDQFH�PHWKRG�WR�LGHQWLI\�QLWUDWH�VRXUFH�LQ�.DQVDV�JURXQGZDWHU��3DSHU�SUHVHQWHG�DW�
WKH������&RQIHUHQFH�RQ�$SSOLFDWLRQ�RI�:DVWH�5HPHGLDWLRQ�7HFKQRORJLHV�WR�$JULFXOWXUDO�
&RQWDPLQDWLRQ�RI�:DWHU�5HVRXUFHV��.DQVDV�&LW\��02� ����SS�� 0DQKDWWDQ��.6��7KH�
*UHDW�3ODLQV�5RFN\�0RXQWDLQ�+D]DUGRXV�6XEVWDQFH�5HVHDUFK�&HQWHU�

7UHIU\��-�+���0HW]��6���7URFLQH��5�3���,ULFDQLQ��1���%XUQVLGH��'���&KHQ��1���	 :HEE��%����������
'HVLJQ�DQG�RSHUDWLRQ�RI�D�PXFN�VHGLPHQW�VXUYH\ �6SHFLDO�3XEOLFDWLRQ�6-���63����
5HWULHYHG�IURP�IWS���VHFXUH�VMUZPG�FRP�WHFKQLFDOUHSRUWV�63�6-���63��SGI

7UHIU\��-�+���7URFLQH��5�3���	�:RRGDOO��'�:����������&RPSRVLWLRQ�DQG�VRXUFHV�RI�VXVSHQGHG�
PDWWHU�LQ�WKH ,QGLDQ�5LYHU�/DJRRQ��)ORULGD� )ORULGD�6FLHQWLVW� ����������������5HWULHYHG�
IURP�KWWSV���VHDUFK�SURTXHVW�FRP�SRUWDO�OLE�ILW�HGX�GRFYLHZ����������"DFFRXQWLG �����

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\����������2QVLWH�:DVWHZDWHU�7UHDWPHQW�6\VWHP�0DQXDO��
(3$�����5���������:DVKLQJWRQ��'&��86(3$��2IILFH�RI�:DWHU��

86��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\���������&KDSWHU���������6XUIDFH�ZDWHU�TXDOLW\�VWDQGDUGV��
5HWULHYHG�IURP�WKH�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�ZHEVLWH��
KWWSV���ZZZ�HSD�JRY�VLWHV�SURGXFWLRQ�ILOHV���������GRFXPHQWV�IOBVHFWLRQ�������SGI�
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<H��0���-�)��5LRV��	 6KL��/� ������� $�QHZ�$UF*,6�EDVHG�VRIWZDUH�RI�XQFHUWDLQW\�DQDO\VLV�IRU�
QLWUDWH�ORDG�HVWLPDWLRQ� *URXQGZDWHU�������� �������� GRL����������JZDW�������

<H��0���6XQ��+�� 	�+DOODV��.����������1XPHULFDO�HVWLPDWLRQ�RI�QLWURJHQ�ORDG�IURP�VHSWLF�V\VWHPV�
WR�VXUIDFH�ZDWHU�ERGLHV�LQ�6W��/XFLH�5LYHU�DQG�(VWXDU\�%DVLQ��)ORULGD��(QYLURQPHQWDO�
(DUWK�6FLHQFHV� ��������GRL����������V���������������\�

=DULOOR��*�� 	�/LVWRSDG��&����������,PSDFWV�RI�(QYLURQPHQWDO�0XFN�'UHGJLQJ�����������DW�
)ORULGD�,QVWLWXWH�RI�7HFKQRORJ\�4XDUWHUO\�3URJUHVV�5HSRUW��6XEWDVN��� +\GURORJLF�DQG�
:DWHU�4XDOLW\�0RGHO�IRU�0DQDJHPHQW�DQG�)RUHFDVWLQJ�ZLWKLQ�%UHYDUG�&RXQW\�:DWHUV�RI�
WKH�,QGLDQ�5LYHU�/DJRRQ� 0HOERXUQH��)/��)ORULGD�,QVWLWXWH�RI�7HFKQRORJ\�IRU�%UHYDUG�
&RXQW\�1DWXUDO�5HVRXUFH�0DQDJHPHQW�2IILFH��

=KX��:�;���'LOODUG��1��'���	�*ULPP��1��%����������8UEDQ�QLWURJHQ�ELRJHRFKHPLVWU\��VWDWXV�DQG�
SURFHVVHV�LQ�JUHHQ�UHWHQWLRQ�EDVLQV��%LRJHRFKHPLVWU\�������� ���������GRL��
��������V����������������`�

=KX��<�� <H��0���5RHGHU��(���+LFNV��5���6KL��/���	�<DQJ��-����������(VWLPDWLQJ�DPPRQLD DQG�
QLWUDWH�ORDG�IURP�VHSWLF�V\VWHPV�WR�VXUIDFH�ZDWHU�ERGLHV�ZLWKLQ�$UF*,6�HQYLURQPHQWV��
-RXUQDO�RI�+\GURORJ\������ ���������GRL� ��������M�MK\GURO�������������
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$SSHQGLFHV



$SSHQGL[�$

3URSHUW\�$FFHVV�$JUHHPHQW



� RI��

3523(57<�$&&(66�$*5((0(17

7KLV�&21',7,21$/�3523(57<�$&&(66�$*5((0(17��WKH�³$JUHHPHQW´��LV�PDGH�
DV� RI� WKH��!�GD\� RI �!�� E\� DQG� EHWZHHQ 3523(57<�2:1(5� KDYLQJ� DQ� DGGUHVV� RI �! DQG�
8QLYHUVDO�(QJLQHHULQJ 6FLHQFHV��,QF���D�)ORULGD�FRUSRUDWLRQ �³&RQVXOWDQW´��KDYLQJ�DQ�DGGUHVV�RI
����%UHYDUG�$YH��5RFNOHGJH��)/�������

5(&,7$/6

:+(5($6��2ZQHU RZQV�WKH FHUWDLQ�SDUFHOV�RI�UHDO�SURSHUW\�ORFDWHG�DW��!��3DOP�%D\��)/�
����� �WKH�³3URSHUW\´���GHSLFWHG�RQ�WKH�DWWDFKHG�OHJDO�GHVFULSWLRQ�DV�([KLELW�³$´��DQG

12:��7+(5()25(�� LQ FRQVLGHUDWLRQ�RI� WKH�PXWXDO� DJUHHPHQWV� FRQWDLQHG�KHUHLQ�� DQG�
RWKHU� YDOXDEOH� FRQVLGHUDWLRQ�� WKH� UHFHLSW� DQG� VXIILFLHQF\� RI� ZKLFK� LV� KHUHE\� DFNQRZOHGJHG��
2ZQHU DQG�&RQVXOWDQW�KHUHE\�DJUHH�DV�IROORZV�

�� *UDQW RI�$FFHVV�� �2ZQHU KHUHE\�FRQGLWLRQDOO\�JUDQWV� WR�&RQVXOWDQW�� LW¶V DJHQWV��
HPSOR\HHV�� FRQVXOWDQWV�� FRQWUDFWRUV�� DQG� VXEFRQWUDFWRUV� �FROOHFWLYHO\� ³&RQVXOWDQW¶V�$JHQWV´�� D�
OLPLWHG�ULJKW�RI�DFFHVV�WR�HQWHU�XSRQ�WKH�3URSHUW\�IRU�WKH�VROH�SXUSRVH�RI�LQVWDOOLQJ�JURXQGZDWHU�
PRQLWRULQJ� ZHOOV�� UHFRYHU\� ZHOOV�� SLSLQJ�� HWF�� �KHUHE\� FROOHFWLYHO\� UHIHUUHG� WR� DV� PRQLWRULQJ�
ZHOOV� EHORZ� WKH�JURXQG�VXUIDFH DQG�FROOHFWLQJ�JURXQGZDWHU� VDPSOHV� IURP� WKH�ZHOOV DQG�PDNH�
VRLO� ERULQJV DQG� WDNLQJ� VRLO� VDPSOHV� IURP� ERULQJV� �WKH� ³:RUN´�� &RQVXOWDQW� VKDOO� FDXVH� WKH�
SURSHU�DEDQGRQPHQW�RI� WKH�PRQLWRULQJ�ZHOOV�DQG� UHVWRUH� WKH�3URSHUW\� WR� WKH�FRQGLWLRQ�H[LVWLQJ�
LPPHGLDWHO\�SULRU�WR�WKH�FRPPHQFHPHQW�RI�WKH�:RUN� 6DLG�ZRUN�VKDOO�EH�DW�QR�FRVW�WR�2ZQHU�

�� 'XUDWLRQ�DQG�7HUPLQDWLRQ�RI�$FFHVV���&RQGLWLRQDO�DFFHVV�VKDOO�EH�DOORZHG�XSRQ�
WKH�H[HFXWLRQ RI�WKLV�$JUHHPHQW���7KLV�$JUHHPHQW�VKDOO�FRQWLQXH�IRU�WZHQW\�IRXU������PRQWKV�DW�
ZKLFK�WLPH�LW�ZLOO�H[SLUH�XQOHVV�H[WHQGHG�LQ�ZULWLQJ�E\�2ZQHU���,Q�WKH�HYHQW�&RQVXOWDQW�EUHDFKHV
DQ\�FRYHQDQW�RU�REOLJDWLRQ�XQGHU�WKLV�$JUHHPHQW�DQG�VXFK�EUHDFK�LV�QRW�FXUHG�WR�WKH�UHDVRQDEOH�
VDWLVIDFWLRQ�RI�2ZQHU�ZLWKLQ�ILYH�����GD\V�DIWHU�UHFHLSW�RI�QRWLFH�WKHUHRI��2ZQHU�PD\�WHUPLQDWH�
WKLV�$JUHHPHQW�DQG�UHYRNH�WKH�DFFHVV�JUDQWHG�KHUHLQ�XSRQ�GHOLYHU\�RI�QRWLFH�WR�&RQVXOWDQW��DQG�
WDNH�DOO�RWKHU�DFWLRQ�DXWKRUL]HG�E\�ODZ�RU�SXUVXDQW�WR�WKLV�$JUHHPHQW�WR�UHPHG\�VDLG�EUHDFK�

�� &RYHQDQWV�RI�&RQVXOWDQW�

D� 7KH�FRVW� RI� WKH�:RUN�DQG� UHODWHG� DFWLYLWLHV� VKDOO� QRW�EH�ERUQ�E\�2ZQHU��
&RQVXOWDQW VKDOO� REWDLQ� DOO� OLFHQVHV�� DSSURYDOV�� FHUWLILFDWHV� DQG� SHUPLWV� IRU� WKH�
SHUIRUPDQFH�RI� WKH�:RUN�� �7KH�:RUN�XQGHUWDNHQ�DW� WKH�3URSHUW\� VKDOO�EH�FRQGXFWHG� LQ�
DFFRUGDQFH�ZLWK� VWDQGDUGV�FXVWRPDULO\� HPSOR\HG� LQ� WKH� LQGXVWU\� DQG� LQ� DQ�H[SHGLWLRXV��
VDIH� DQG� GLOLJHQW� PDQQHU�� � 7KH� :RUN� VKDOO� EH� SHUIRUPHG� LQ� DFFRUGDQFH� ZLWK� DOO�
(QYLURQPHQWDO�/DZV��DV�GHILQHG�EHORZ��DQG�DOO�DSSOLFDEOH�IHGHUDO��VWDWH�DQG�ORFDO� ODZV��
RUGLQDQFHV��UXOHV�DQG�UHJXODWLRQV�QRZ�LQ�IRUFH�DQG�HIIHFW�GXULQJ�WKH�LPSOHPHQWDWLRQ�DQG�
FRPSOHWLRQ�RI� WKH�:RUN�� �%\�H[HFXWLRQ�RI� WKLV�$JUHHPHQW��2ZQHU� LV�QRW�SURYLGLQJ�DQ\�
FRQVHQW� RU� DJUHHPHQW� WR� WKH� &RQWDPLQDWLRQ� �DV� GHILQHG� EHORZ�� RU� FRQGLWLRQV DW� WKH�
3URSHUW\�� DQG� 2ZQHU� GRHV� QRW� ZDLYH� DQ\� ULJKWV� RU UHPHGLHV� LQ� FRQQHFWLRQ� ZLWK� DQ\�
&RQWDPLQDWLRQ�DW�WKH�3URSHUW\��



� RI��

E� &RQVXOWDQW�VKDOO�GHOLYHU�QRWLFH�WR�2ZQHU�DW� OHDVW�VHYHQW\�WZR������KRXUV¶�
SULRU�WR�HYHU\�HQWU\�RQWR�WKH�3URSHUW\��ZKLFK�QRWLFH�VKDOO�GHVFULEH�LQ�UHDVRQDEOH�GHWDLO�WKH�
:RUN�WR�EH�SHUIRUPHG��LWV�ORFDWLRQ�RQ�WKH�3URSHUW\��DQG�DQ�HVWLPDWH�RI�WKH�GXUDWLRQ�RI�WKH�
:RUN�� � � $FFHVV� VKDOO� EH� VFKHGXOHG� E\� 2ZQHU� DW� WLPHV� FRQYHQLHQW� WR� 2ZQHU¶V� DQG�
2ZQHU¶V� 7HQDQWV�� � 2ZQHU� VKDOO� KDYH� WKH� ULJKW� WR� KDYH� D� UHSUHVHQWDWLYH� SUHVHQW� DQG�
DFFRPSDQ\�&RQVXOWDQW�RQ�WKH�3URSHUW\�GXULQJ�DFFHVV�HYHQWV��

F� &RQVXOWDQW�VKDOO�FRQWURO�WKH�GXVW��QRLVH�DQG�RWKHU�HIIHFWV�RI�WKH�:RUN�DQG�
UHODWHG� DFWLYLWLHV�XVLQJ� DSSURSULDWH�PHWKRGV� FXVWRPDULO\� XWLOL]HG� LQ�RUGHU� WR� FRQWURO� WKH�
GHOHWHULRXV�HIIHFWV�WKHUHRI��WR�2ZQHU¶V�VDWLVIDFWLRQ�

G� &RQVXOWDQW�VKDOO�PLQLPL]H�DQ\�GLVUXSWLRQ�RU�LQFRQYHQLHQFH�FDXVHG�E\�WKH�
:RUN� DQG� UHODWHG� DFWLYLWLHV� WR�2ZQHU��2ZQHU¶V� EXVLQHVV� DQG� UHVLGHQWLDO� RSHUDWLRQV� DQG�
WHQDQWV�� LQFOXGLQJ� EXW� QRW� OLPLWHG� WR� ORFDWLRQ� RI� WKH� JURXQGZDWHU�PRQLWRULQJ�ZHOOV� DQG�
FROOHFWLRQ� RI� WKH� JURXQGZDWHU� DQG� VRLO� VDPSOHV�� � 7KH� :RUN� VKDOO� QRW� LQWHUIHUH� ZLWK�
2ZQHU¶V�RU�LWV�WHQDQWV�DFFHVV�WR�RU�HJUHVV�IURP�WKH�3URSHUW\�

H� &RQVXOWDQW�VKDOO�SHUIRUP�WKH�:RUN�DW�ORFDWLRQV�ZKLFK�GR�QRW�LQWHUIHUH�ZLWK�
EXVLQHVV� RU� UHVLGHQWLDO� DFWLYLWLHV� RI�2ZQHU�� LWV� 7HQDQWV�� YHQGRUV DQG HPSOR\HHV� GXULQJ�
ZRUNLQJ�KRXUV�

I� &RQVXOWDQW�VKDOO�DOORZ�2ZQHU�RU�LWV�UHSUHVHQWDWLYHV�WR�REVHUYH�DQG�PRQLWRU�
WKH�SHUIRUPDQFH�RI� WKH�:RUN� 2ZQHU�VKDOO�KDYH� WKH�ULJKW� WR�REWDLQ�VSOLW� VDPSOHV� WR�EH�
SURYLGHG�E\�&RQVXOWDQW���

J� &RQVXOWDQW� VKDOO� GLVSRVH� RI� VRLO� FXWWLQJV�� DQ\� ZRUN� PDWHULDOV� DQG� ZDWHU�
JHQHUDWHG� GXULQJ� WKH� :RUN� LQ� DFFRUGDQFH� ZLWK� (QYLURQPHQWDO� /DZV� DQG� VXFK� VRLO�
FXWWLQJV�DQG�ZDWHU�VKDOO�EH RZQHG�DQG�FRQWUROOHG�E\�&RQVXOWDQW�DV�WKH�JHQHUDWRU�RI�VXFK�
PDWHULDOV���$OO�VRLO�FXWWLQJV��ZDVWH�PDWHULDOV DQG�GHYHORSPHQW�ZDWHU�JHQHUDWHG�GXULQJ�WKH�
:RUN�VKDOO�EH�SURPSWO\�UHPRYHG�IURP�WKH�3URSHUW\���

K� &RQVXOWDQW�VKDOO�UHSDLU�DQ\�GDPDJH�FDXVHG�E\�WKH�:RUN XQGHUWDNHQ�RQ�WKH�
3URSHUW\�DQG�UHVWRUH�WKH�3URSHUW\�WR�WKH�FRQGLWLRQ�H[LVWLQJ�SULRU�WR�WKH�:RUN�

L� 3XUVXDQW�WR�WKH�SURYLVLRQV�RI�6HFWLRQ���RI�WKLV�$JUHHPHQW��&RQVXOWDQW�VKDOO�
SHUPDQHQWO\� DEDQGRQ� WKH� JURXQGZDWHU�PRQLWRULQJ�ZHOOV� LQVWDOOHG� E\�&RQVXOWDQW� RQ� WKH�
3URSHUW\� LQ� VWULFW� FRQIRUPDQFH� ZLWK� WKH� UHTXLUHPHQWV� RI� WKH� 6W�� -RKQV� 5LYHU� :DWHU�
0DQDJHPHQW�'LVWULFW���&RQVXOWDQW�VKDOO�SURYLGH�2ZQHU�D�FRS\�RI�WKH�:HOO�$EDQGRQPHQW�
5HSRUW�FRQILUPLQJ�WKH�SURSHU�DEDQGRQPHQW�RI�WKH�JURXQGZDWHU�PRQLWRULQJ�ZHOOV�

�� &RYHQDQWV� RI� WKH� 3URSHUW\� 2ZQHU�� � 2ZQHU� VKDOO� QRWLI\ WKH &RQWUDFWRU� LQ�
DFFRUGDQFH�ZLWK�6HFWLRQ���I��RI� WKLV�DJUHHPHQW�SULRU� WR�FRPPHQFHPHQW�RI�DQ\�FRQVWUXFWLRQ�RU�
RWKHU� VLWH�ZRUN� WKDW�PD\�GDPDJH�RU�GHVWUR\� DQ\�SDUW�RI� WKH�PRQLWRULQJ�ZHOO�V� LQVWDOOHG�DW WKH�
3URSHUW\ VR�WKDW�WKH�&RQWUDFWRU�KDV�DQ�RSSRUWXQLW\�WR�WDNH�QHFHVVDU\�DFWLRQV�WR�UHPRYH��SURWHFW��
SURSHUO\� DEDQGRQ DQG�RU� UHSDLU� RU� UHSODFH� WKH ZHOO�V��� DV� DSSOLFDEOH� DW� QR� FRVW� WR� WKH�2ZQHU�
6XFK�DFWLRQV�DUH�QHFHVVDU\� WR�HQVXUH� WKDW�GDPDJHG�ZHOOV RU�ERULQJV�DUH�QRW� OHIW� WR�DFW�DV�RSHQ�
FRQGXLWV�WKDW�PD\�VSUHDG�FRQWDPLQDWLRQ�IURP�DOO�VRXUFHV�DQG�YLRODWH�ZHOO�SHUPLWV�



� RI��

�� ,QIRUPDWLRQ�6KDULQJ���&RQVXOWDQW�VKDOO�SURYLGH�2ZQHU ZLWK�DOO�GDWD�FROOHFWHG�E\�
&RQVXOWDQW� DQG &RQVXOWDQW¶V�$JHQWV�� LQFOXGLQJ� EXW� QRW� OLPLWHG� WR� ODERUDWRU\� DQDO\VLV�� FKDLQ� RI�
FXVWRG\� UHFRUGV�� QRWHV�� DQG� UHSRUWV� UHIOHFWLQJ� VDPSOLQJ� DQG� DQDO\VLV� UHVXOWLQJ� IURP� WKH�:RUN���
&RQVXOWDQW� DQG &RQVXOWDQW¶V� $JHQWV� VKDOO� SURYLGH� VXFK� GDWD� WR� 2ZQHU E\� SURYLGLQJ�2ZQHU D�
FRS\�RI�WKH�ODERUDWRU\�WHVW�UHVXOWV�SURPSWO\�XSRQ�UHFHLSW�DQG�D�FRS\�RI�WKH�UHSRUW�VXEPLWWHG�WR�WKH�
$JHQF\��DW�QR�FRVW�WR�2ZQHU�

�� ,QVXUDQFH�� �3ULRU�WR�FRPPHQFLQJ�DQG�DW�DOO�WLPHV�GXULQJ�WKH�SHUIRUPDQFH�RI�WKH�
:RUN��&RQVXOWDQW VKDOO�PDLQWDLQ�LQVXUDQFH��DQG�VKDOO�FDXVH�WKHLU�VXEFRQWUDFWRUV�WR�PDLQWDLQ��WKH�
IROORZLQJ� LQVXUDQFH� FRYHUDJH�� �:RUNHU¶V�&RPSHQVDWLRQ� DQG�(PSOR\HU¶V�/LDELOLW\� ,QVXUDQFH� DW�
WKH� VWDWXWRU\� DPRXQW��&RPPHUFLDO�*HQHUDO� /LDELOLW\� �³&*/´�� ,QVXUDQFH�ZLWK� FRPELQHG� VLQJOH�
OLPLWV� RI� 2QH� 0LOOLRQ� 'ROODUV� ���������������� SHU� RFFXUUHQFH� DQG� 7ZR� 0LOOLRQ� 'ROODUV�
����������������LQ�WKH�DJJUHJDWH��&RPSUHKHQVLYH�$XWRPRELOH�/LDELOLW\�,QVXUDQFH��RZQHG��QRQ�
RZQHG� DQG� KLUHG�� ZLWK� D� FRPELQHG� VLQJOH� OLPLW� RI� )LYH� +XQGUHG� 7KRXVDQG� 'ROODUV�
��������������� DQG� 3URIHVVLRQDO� (UURUV� DQG� 2PLVVLRQV� ,QVXUDQFH� ZLWK� OLPLWV RI� 2QH� 0LOOLRQ�
'ROODUV�����������������SHU�LQFLGHQW�DQG�LQ�WKH�DJJUHJDWH���2ZQHU VKDOO�EH�DGGHG�DV�DQ�DGGLWLRQDO�
LQVXUHG� WR� WKH� &*/� SROLF\� DQG� VXFK� SROLF\� VKDOO� EH� FRQVLGHUHG� SULPDU\� LQVXUDQFH� ZLWKRXW�
UHFRXUVH� WR� RU� FRQWULEXWLRQ� IURP� DQ\� VLPLODU� LQVXUDQFH FDUULHG� E\� 2ZQHU�� � 7KH� LQVXUDQFH�
FHUWLILFDWH�VKDOO�FRQWDLQ�D�SURYLVLRQ� WKDW�FRYHUDJH�DIIRUGHG�XQGHU� WKH�SROLF\�HYLGHQFHG�E\�VXFK�
FHUWLILFDWH�ZLOO�QRW�EH�FDQFHOOHG�RU�FKDQJHG�ZLWKRXW�DW�OHDVW�WKLUW\������GD\V�SULRU�ZULWWHQ�QRWLFH�WR�
WKH�2ZQHU���&RQVXOWDQW�VKDOO�GHOLYHU�FHUWLILFDWHV�RI�LQVXUDQFH�WR�2ZQHU HYLGHQFLQJ�WKH�H[LVWHQFH�
RI�VXFK�SROLF\�SULRU�WR�WKH�FRPPHQFHPHQW�RI�DQ\�:RUN���

�� ,QGHPQLW\�� �&RQVXOWDQW�VKDOO� LQGHPQLI\��KROG�KDUPOHVV�DQG�GHIHQG�2ZQHU IURP�
DQG�DJDLQVW�DQ\�DQG�DOO�FODLPV��GHPDQGV��OLDELOLWLHV��FDXVHV�RI�DFWLRQ��ORVVHV��FRVWV��GDPDJHV�DQG�
H[SHQVHV� �LQFOXGLQJ� UHDVRQDEOH� DWWRUQH\¶V� IHHV� DQG� H[SHQVHV� DQG� FRXUW� FRVWV�� WKDW� PD\� EH�
DVVHUWHG�DJDLQVW�RU� LQFXUUHG�E\�2ZQHU LQ�DQ\�ZD\� UHODWHG� WR�� FDXVHG�E\�RU�DULVLQJ�RXW�RI�RU� LQ�
FRQQHFWLRQ� ZLWK� �L�� WKH DFWV� RU� RPLVVLRQV� RI� &RQVXOWDQW� RU� DQ\� DJHQWV� RI� HLWKHU� RI� WKHP� LQ�
FRQQHFWLRQ�ZLWK�WKH�:RUN�XQGHUWDNHQ�RQ�WKH�3URSHUW\�� �LL��YLRODWLRQV�RU� OLHQV�WKDW�PD\�EH�ILOHG�
DJDLQVW� WKH�3URSHUW\�DV�D�UHVXOW�RI� WKH�SHUIRUPDQFH�RI� WKH�:RUN���LLL��SHUVRQDO� LQMXU\��ZURQJIXO�
GHDWK�� FRVWV�� H[SHQVHV� RU� SURSHUW\� GDPDJH� UHVXOWLQJ� IURP� WKH� SHUIRUPDQFH� RI� WKH� :RUN RU�
&RQWDPLQDWLRQ� DW� WKH� 3URSHUW\�� DQG� �LY�� LQMXQFWLYH� UHOLHI� RU� RWKHU� FODLPV� VRXJKW� E\� DQ\�
JRYHUQPHQWDO� DXWKRULWLHV� RU� WKLUG� SDUWLHV� DV� D� UHVXOW� RI� WKH� :RUN RU� &RQWDPLQDWLRQ DW� WKH�
3URSHUW\���&RQVXOWDQW�VKDOO�QRW�EH�UHTXLUHG�WR�LQGHPQLI\�2ZQHU�IRU�FODLPV��OLDELOLWLHV��GDPDJHV��
ORVVHV� RU� H[SHQVHV� FDXVHG� E\� ZURQJIXO� DFWV� RU� RPLVVLRQ� RI� 2ZQHU�� � 7KH� SURYLVLRQV� RI� WKLV�
SDUDJUDSK�VKDOO�VXUYLYH�WKH WHUPLQDWLRQ�RI�WKLV�$JUHHPHQW�

�� 1R�$GPLVVLRQ� 7KH�JUDQWLQJ�RI�WKH�OLPLWHG�ULJKW�RI�DFFHVV�KHUHLQ�E\�2ZQHU LV�QRW�
LQWHQGHG�� DQG� VKDOO� QRW� EH� FRQVWUXHG�� DV� DQ� DGPLVVLRQ� RI� OLDELOLW\� RQ� WKH� SDUW� RI�2ZQHU RU� WKH�
2ZQHU¶V� VXFFHVVRUV� DQG� DVVLJQV� IRU� DQ\� &RQWDPLQDWLRQ� ZKLFK� PD\ EH� GLVFRYHUHG� RQ� WKH�
3URSHUW\�



� RI��

�� 0LVFHOODQHRXV���

�D� (QWLUH�$JUHHPHQW�� �7KLV�$JUHHPHQW� VKDOO� FRQVWLWXWH� WKH�HQWLUH�DJUHHPHQW�
EHWZHHQ� WKH� SDUWLHV� UHJDUGLQJ WKH� FRQGLWLRQDO� JUDQW� RI� DFFHVV� WR� &RQVXOWDQW� IRU� WKH�
SXUSRVHV�KHUHLQ���1R�PRGLILFDWLRQ��DPHQGPHQW�RU�ZDLYHU�RI�WKH�WHUPV�DQG�FRQGLWLRQV�RI�
WKLV�$JUHHPHQW�VKDOO�EH�ELQGLQJ�XSRQ�2ZQHU RU�&RQVXOWDQW�XQOHVV�DSSURYHG�LQ�ZULWLQJ�E\�
DQ�DXWKRUL]HG�UHSUHVHQWDWLYH�RI�2ZQHU DQG &RQVXOWDQW�

�E� *RYHUQLQJ� /DZ�� 9HQXH�� � 7KLV� $JUHHPHQW� VKDOO� EH� JRYHUQHG� E\� DQG�
FRQVWUXHG�LQ�DFFRUGDQFH�ZLWK�WKH�ODZV�RI� WKH�6WDWH�RI�)ORULGD�� �9HQXH�IRU�DQ\�DFWLRQ�RU�
SURFHHGLQJ�DULVLQJ�IURP�RU�UHODWLQJ�WR�WKLV�$JUHHPHQW�VKDOO�EH�LQ�WKH�DSSURSULDWH�)ORULGD�
FRXUW�KDYLQJ�MXULVGLFWLRQ�ORFDWHG�LQ�/HRQ�&RXQW\��)ORULGD�

�F� 6HYHUDELOLW\�� � $Q\� SURYLVLRQ� RI� WKLV� $JUHHPHQW� WKDW� LV� SURKLELWHG� RU�
XQHQIRUFHDEOH� VKDOO� EH� LQHIIHFWLYH� WR� WKH� H[WHQW� RI� VXFK� SURKLELWLRQ� RU� XQHQIRUFHDELOLW\�
ZLWKRXW�LQYDOLGDWLQJ�WKH�UHPDLQLQJ�SURYLVLRQV�KHUHRI�

�G� 1R�7KLUG�3DUW\�%HQHILFLDULHV���7KLV�$JUHHPHQW�LV�VROHO\�IRU�WKH�EHQHILW�RI�
WKH�SDUWLHV�KHUHWR�DQG�WKHLU�UHVSHFWLYH�VXFFHVVRUV�DQG�DVVLJQV�DQG�VKDOO�QRW�EH�GHHPHG�WR�
FRQIHU�XSRQ�WKLUG�SDUWLHV�DQ\�UHPHG\��FODLP��OLDELOLW\��RU�UHLPEXUVHPHQW��FODLP�RI�DFWLRQ�
RU�RWKHU�ULJKW�

�H� 5HSUHVHQWDWLRQV���(DFK�RI�WKH�SDUWLHV�KHUHWR�UHSUHVHQWV�DQG�ZDUUDQWV�WR�WKH�
RWKHU� WKDW� WKH� SDUW\� H[HFXWLQJ� WKLV�$JUHHPHQW� KDV� WKH� DXWKRULW\� WR� GR� VR� NQRZLQJ� WKDW�
HDFK� RI� WKH� RWKHU� SDUWLHV� WR� WKLV� $JUHHPHQW� DUH� DFWLQJ� LQ� UHOLDQFH� XSRQ� VXFK�
UHSUHVHQWDWLRQ�� � 7KH� SURYLVLRQV� RI� WKLV� 6HFWLRQ� VKDOO� VXUYLYH� WKH WHUPLQDWLRQ� RI� WKLV�
$JUHHPHQW�

�I� 1RWLFHV�� �$Q\�QRWLFH��GHPDQG�� UHTXHVW��SD\PHQW�RU�RWKHU�FRPPXQLFDWLRQ�
ZKLFK� DQ\� SDUW\� KHUHWR� PD\EH� UHTXLUHG� RU� PD\� GHVLUH� WR� JLYH� KHUHXQGHU� VKDOO� EH� LQ�
ZULWLQJ� DQG� VKDOO� EH� GHHPHG� WR� KDYH� EHHQ� SURSHUO\� JLYHQ� �D�� LI� KDQG UHFHLYHG�� �E�� LI�
UHFHLYHG�YLD 8QLWHG�6WDWHV�PDLO�VHUYLFH�RU�RWKHU�UHOLDEOH�H[SUHVV�FRXULHU�VHUYLFH� RU��F��LI�
VHQW�YLD�IDFVLPLOH�RU�H�PDLO�WR�WKH�DGGUHVVHV�VHW�IRUWK�EHORZ�

1RWLFH�WR�2ZQHU� BBBBBBBBBBBBBBBBBBBBBBBBB

:LWK�D�FRS\�WR� BBBBBBBBBBBBBBBBBBBBBBBBBB

1RWLFH�WR�&RQVXOWDQW� BBBBBBBBBBBBBBBBBBBBBBB
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,1�:,71(66�:+(5(2)�� WKH� SDUWLHV� KDYH� H[HFXWHG� WKLV� 3URSHUW\�$FFHVV�$JUHHPHQW�
XQGHU�WKH�VHDO�RI�WKH�GDWH�ILUVW�DERYH�ZULWWHQ�

³2:1(5´

%\�

3ULQW�1DPH�

$V�LWV� 0DQDJHU

³&2168/7$17´

%\� BBBBBBBBBBBBBBBBBBBBBBBBBBBB

3ULQW�1DPH�

$V�LWV���
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