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)LJXUH�$� 7LOH���RI���VRXWKZHVW�:DWHU�KHLJKW�DW�FRDVW�� UXQ�XS�KHLJKW��DQG�KLJK� WLGH� �RYHU�PHDQ�

WLGH�� LQ�PHWUHV� IRU� HDFK� FRDVWDO� GRPDLQ� XVHG� WR� JHQHUDWH� WKH� KHLJKW� DW� FRDVW� IRU� WKH�

<HOORZ�=RQH��ZDWHU�KHLJKWV�DQG�GRPDLQ�ERXQGDULHV�DIWHU�3RZHU���������0RGHOOHG�ULYHUV�

DUH�ODEHOOHG�LQ�EOXH�DQG�ORFDWLRQV�PRGHOOHG�DV�µKDUERXUV¶��7DEOH����DUH�VKRZQ�DV�SXUSOH�
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PHWUHV�IRU�HDFK�FRDVWDO�GRPDLQ�XVHG�WR�JHQHUDWH�WKH�KHLJKW�DW�FRDVW�IRU�WKH�<HOORZ�=RQH�

�ZDWHU�KHLJKWV�DQG�GRPDLQ�ERXQGDULHV�DIWHU�3RZHU���������0RGHOOHG�ULYHUV�DUH�ODEHOOHG�LQ�

EOXH�DQG�ORFDWLRQV�PRGHOOHG�DV�µKDUERXUV¶��7DEOH����DUH�VKRZQ�DV�SXUSOH�GRWV� ��������������������������
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WLGH�� LQ�PHWUHV� IRU� HDFK� FRDVWDO� GRPDLQ� XVHG� WR� JHQHUDWH� WKH� KHLJKW� DW� FRDVW� IRU� WKH�
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7KLV�SURMHFW�ZDV�GHYHORSHG�LQ�UHVSRQVH�WR�D�UHTXHVW�IURP�WKH�:HVW�&RDVW�5HJLRQDO�&RXQFLO�
�:&5&�� RQ� EHKDOI� RI� WKH� :HVW� &RDVW� &'(0� *URXS�� 7KLV� SURMHFW� LV� FRPSULVHG� RI� WKH�
IROORZLQJ�WDVNV�

�� 'HWHUPLQDWLRQ� RI� HOHYDWLRQ� WKUHVKROGV� DQG� GRPDLQ� ERXQGDULHV� UHOHYDQW� WR� WKH�:HVW�
&RDVW�5HJLRQ¶V�FRDVW�

�� 'HULYDWLRQ� RI� WRSRJUDSKLF� GDWDVHWV� �LQWHUSRODWHG���P� FRQWRXU� GDWD�� QHHGHG� WR�PRGHO�
HYDFXDWLRQ�]RQHV�

�� 3UHSDUDWLRQ�RI�DQ�HYDFXDWLRQ�]RQH�$UF*,6�VKDSHILOH�XVLQJ�D�*,6�FDOFXODWHG�DWWHQXDWLRQ�
UXOH�� EDVHG� RQ� LQWHUSRODWHG� ��P�HOHYDWLRQ� FRQWRXUV� DQG� ��������� VFDOH� WRSRJUDSKLF�
K\GURJUDSK\�IRU� WKH�ZKROH�UHJLRQ��VHSDUDWH�HYDFXDWLRQ�]RQH� ILOHV�IRU�VXUYH\HG�DUHDV��
DQG� VHSDUDWH� HYDFXDWLRQ� ]RQH� VKDSHILOHV� EDVHG� RQ� /LJKW� 'HWHFWLRQ� DQG� 5DQJLQJ�
�/L'$5��VXUYH\�GDWD�ZKHUH�SUHVHQW�

�� &RQVLGHUDWLRQ�RI�PDMRU�KDUERXUV�DQG�VLJQLILFDQW�ULYHUV�VHSDUDWHO\�WR�WKH�RXWHU�FRDVW�

=RQH�OD\HUV�DUH�VXSSOLHG�ZLWKLQ�DQ�$UF0DS�JHRGDWDEDVH��FRYHULQJ�

�� =RQHVB5HJLRQDO�± D�IXOO�UHJLRQDO�VFDOH�VHW�RI�]RQHV��VHH�7DEOH���EHORZ���

�� 5DZ� ]RQHV� EDVHG� RQ� HDFK� RI� WKH� WZR� /L'$5� DUHDV� �=RQHVB/L'$5B.DUDPHD� DQG�
=RQHV�/L'$5B:HVWSRUW��VHH�7DEOH����

�� 0RGLILHG�]RQHV�LQ�WKUHH�DUHDV�ZKHUH�WKH�/L'$5�DQG�RU�57.�VXUYH\�GDWD�FRXOG�EH�XVHG�
WR� LPSURYH� �6HFWLRQ� ����� WKH� ]RQH� ERXQGDULHV� �=RQHVB0RGLILHGB:HVWSRUW��
=RQHVB0RGLILHGB*UH\PRXWK��=RQHVB0RGLILHGB+RNLWLND��7DEOH����

7KH�]RQH�HGJHV�IRU���DQG���PD\�QRW�PDWFK�H[DFWO\�WKH�]RQHV�LQ�WKH�UHJLRQDO�PRGHO�GXH�WR�
GLIIHUHQFHV�LQ�DFFXUDFLHV�RI�WKH�HOHYDWLRQ�PRGHOV��/RFDO�NQRZOHGJH�E\�:&5&�ZLOO�EH�QHHGHG�
WR�MRLQ�WKH�]RQHV�LQ�WKH�PRVW�ORJLFDO�ZD\��6HFWLRQ������

7KH� 2UDQJH� DQG� <HOORZ� =RQHV� LQ� WKH� *,6� GDWDVHW� VXSSOLHG� DUH� WR� EH� XVHG� WR� GHYHORS�
HYDFXDWLRQ�PDSV�DV�SHU�0&'(0���������7KH ]RQH�OD\HUV�VKRXOG�EH�XVHG�DV�IROORZV��LQ�WKLV�
RUGHU�RI�GUDZLQJ�IURP�LQ�IURQW�WR�EHKLQG�LQ�*,6�

723�0267��
5HG�=RQH�GHULYHG�DV�VWDWHG�LQ�6HFWLRQ����

,1�)5217�
=RQHVB/L'$5B.DUDPHD
=RQHVB/L'$5B:HVWSRUW� ± QRWH� WKH� =RQHVB0RGLILHGB:HVWSRUW� OD\HU� PRVWO\� LQFOXGHV�
WKLV�OD\HU��EXW�LQ�RQH�VPDOO�DUHD�WKH�/L'$5�]RQH�JRHV�IXUWKHU�WKDQ�WKH�PRGLILHG�]RQH�
=RQHVB0RGLILHGB:HVWSRUW
=RQHVB0RGLILHGB*UH\PRXWK
=RQHVB0RGLILHGB+RNLWLND

%(+,1'�
=RQHVB5HJLRQDO
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7KLV�SURMHFW�ZDV�GHYHORSHG�LQ�UHVSRQVH�WR�D�UHTXHVW�IURP�WKH�:HVW�&RDVW�5HJLRQDO�&RXQFLO�
�:&5&�� RQ� EHKDOI� RI� WKH�:HVW�&RDVW�&'(0�*URXS��:&5&�ZHUH� VXFFHVVIXO� LQ� REWDLQLQJ�
�����5HVLOLHQFH�)XQGLQJ� IRU� WKLV�SURMHFW� IURP�WKH�0LQLVWU\�RI�&LYLO�'HIHQFH�DQG�(PHUJHQF\�
0DQDJHPHQW��0&'(0���7KLV�UHSRUW�DQG�WKH�DFFRPSDQ\LQJ�*,6�GDWDVHW�KDYH�EHHQ�SUHSDUHG�
ZLWK� FRQVLGHUDWLRQ� RI� GHWDLOV� VXSSOLHG� E\�:&5&� DQG� DUH� EDVHG� RQ� WKH�:&5&�5HVLOLHQFH�
)XQG�DSSOLFDWLRQ�

��� %$&.*5281'

7KH�:HVW�&RDVW�UHJLRQ�VWUHWFKHV�VRPH�����NP�IURP�QRUWK�WR�VRXWK��'XH�WR�WKH�JHRJUDSK\�RI�
WKH�UHJLRQ��WKH�PDMRULW\�RI�WKH�SRSXODWLRQ�OLYHV�DORQJ�WKH�FRDVW�ZLWKLQ�WKH�PDMRU�WRZQVKLSV�RI�
:HVWSRUW��*UH\PRXWK�DQG�+RNLWLND��7KHVH�WRZQV�DUH�DGMDFHQW�WR�PDMRU�ULYHU�PRXWKV��6PDOOHU�
FRPPXQLWLHV� DUH� DOVR� GLVSHUVHG� DORQJ� WKH� FRDVW�� ZKLFK� LV� DW� FRQVLGHUDEOH ULVN� IURP� ERWK�
HDUWKTXDNH�DQG�FRDVWDO�KD]DUGV��LQFOXGLQJ�WVXQDPL�

:KLOH�PXFK�ZRUN�KDV�EHHQ�XQGHUWDNHQ�WR�LPSURYH�WKH�UHVLOLHQFH�RI�:HVW�&RDVW�FRPPXQLWLHV�
WR� HDUWKTXDNHV�� YHU\� OLWWOH� LQIRUPDWLRQ� LV� KHOG� RQ� WKH� WKUHDW� IURP� WVXQDPL� DQG� WKH� UHVXOWLQJ�
LQXQGDWLRQ� DV� D� UHVXOW� RI� WKLV� KD]DUG�� ([HUFLVH� 7DQJDURD� LQ� ����� KLJKOLJKWHG� WKH�
LQDGHTXDFLHV� LQ� LQIRUPDWLRQ�DYDLODEOH� WR�DVVLVW�&RQWUROOHUV�DQG�&'(0�VWDII� WR�PDNH� UREXVW�
GHFLVLRQV� DURXQG�ZKLFK� DUHDV� WR� HYDFXDWH� SHRSOH� IURP�� )XUWKHUPRUH�� GXH� WR� WKH� OD\RXW� RI�
WKHVH� WRZQV� DQG� FRPPXQLWLHV� RQ� DQG� QHDU� ERWK� IODW� DQG� YDULDEO\� HOHYDWHG� ODQG�� IXUWKHU�
LQIRUPDWLRQ�LV�QHHGHG�WR�GHWHUPLQH�VDIH�URXWHV�DQG�GHVWLQDWLRQV�IRU�HYDFXHHV�

��� 7681$0,�%$6,&6

$�WVXQDPL�LV�D�QDWXUDO�SKHQRPHQRQ�FRQVLVWLQJ�RI�D�VHULHV�RI�ZDYHV�JHQHUDWHG�ZKHQ�D�ODUJH�
YROXPH�RI�ZDWHU� LQ� WKH�VHD��RU� LQ�D� ODNH�� LV� UDSLGO\�GLVSODFHG��7VXQDPL�DUH�NQRZQ� IRU� WKHLU�
FDSDFLW\�WR�YLROHQWO\�LQXQGDWH�FRDVWOLQHV��FDXVLQJ�GHYDVWDWLQJ�SURSHUW\�GDPDJH��LQMXULHV��DQG�
ORVV�RI�OLIH��7KH�SULQFLSDO�VRXUFHV�RI�WVXQDPL�DUH�

ODUJH�VXEPDULQH�RU�FRDVWDO�HDUWKTXDNHV��LQ�ZKLFK�VLJQLILFDQW�XSOLIW�RU�VXEVLGHQFH�RI�WKH�
VHDIORRU� RU� FRDVW� RFFXUV�� ± WKLV� LV� WKH�PDLQ� VRXUFH� RI� WVXQDPL� DQG� WKH� EDVLV� RI� WKH�
HYDFXDWLRQ�]RQHV�GHILQHG�KHUH�

XQGHUZDWHU�ODQGVOLGHV��ZKLFK�PD\�EH�WULJJHUHG�E\�DQ�HDUWKTXDNH��RU�YROFDQLF�DFWLYLW\��

ODUJH�ODQGVOLGHV�IURP�FRDVWDO�RU�ODNHVLGH�FOLIIV�

YROFDQLF� HUXSWLRQV� �H�J��� XQGHUZDWHU� H[SORVLRQV� RU� FDOGHUD� FROODSVH�� S\URFODVWLF� IORZV�
DQG�DWPRVSKHULF�SUHVVXUH�ZDYHV���DQG

PHWHRU��EROLGH��VSODVKGRZQ��RU�DQ�DWPRVSKHULF�DLU�EXUVW�RYHU�WKH�RFHDQ��

,Q� D� WVXQDPL�� WKH�ZKROH�ZDWHU� FROXPQ� IURP� WKH� RFHDQ� IORRU� WR� LWV� VXUIDFH� LV� DIIHFWHG�� DQG�
WVXQDPL�FDQ�KDYH�IUHTXHQFLHV�RI�PDQ\�PLQXWHV�WR�WHQV�RI�PLQXWHV�± LQ�VWDUN�FRQWUDVW�WR�ZLQG�
ZDYHV�ZKLFK�RQO\�GLVWXUE� WKH�VXUIDFH�RI� WKH�ZDWHU�DQG�KDYH�SHULRGV�RI�VHFRQGV� WR� WHQV RI�
VHFRQGV�XVXDOO\��)LJXUH����
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7KH� PD[LPXP� WVXQDPL� KHLJKWV� VKRZQ� LQ� 6HFWLRQ� ���� DUH� WKH� PD[LPXP� DPSOLWXGHV� RI�
PRGHOOHG�WVXQDPL�ZDYHV�EHIRUH�WKDW�ZDYH�UXQV�RQWR� ODQG��)LJXUH ����:KHQ�D�WVXQDPL�UXQV�
RQWR� ODQG� WKH� UXQ�XS� KHLJKW� DERYH� VHD� OHYHO� LW� UHDFKHV� FDQ� EH� XS� WR� GRXEOH� WKH� DW�VKRUH�
DPSOLWXGH�� EHFDXVH� WKH� ORQJ�ZDYH� OHQJWK� RI� WVXQDPL� SXVKHV�ZDWHU� XS� KLOO� �)LJXUH� ���� 7KH
ODUJHVW� UXQ�XSV� W\SLFDOO\�RFFXU�ZKHUH� WKHUH�DUH�QDUURZ�YDOOH\V�RQ�D�VWHHS�VORSH�� OHDGLQJ� WR�
IXQQHOOLQJ�RI�WKH�WVXQDPL�LQWR�D�VPDOO�DUHD�

��� 2%-(&7,9(6 $1'�0(7+2'6

7KLV�SURMHFW�KDV�EHHQ�GHVLJQHG�EDVHG�RQ� WKH� LQIRUPDWLRQ� WKDW� LV�FXUUHQWO\�DYDLODEOH� IRU WKH�
:HVW�&RDVW��:KLOH� WKHUH� LV� OLPLWHG�/L'$5� LQIRUPDWLRQ�DYDLODEOH� IRU�:HVWSRUW�DQG�.DUDPHD��
HOVHZKHUH�*HRJUDSK[�'(0�ZLOO�EH�WKH�SULPDU\�WRSRJUDSKLF�GDWDVHW��$GGLWLRQDO�*36�VXUYH\�
GDWD�ZHUH FROOHFWHG� WR� LPSURYH� WKH�PDSSLQJ�RI�*UH\PRXWK��+RNLWLND�DQG�&DUWHUV�%HDFK�� LQ�
RUGHU� WR SURYLGH� PRUH� UREXVW� WRSRJUDSKLF� LQIRUPDWLRQ� LQ� WKHVH� GHQVHO\� SRSXODWHG� DUHDV�
�6HFWLRQ����

7KLV�SURMHFW�LV�FRPSULVHG�RI�WKH�IROORZLQJ�WDVNV�

�� 'HWHUPLQDWLRQ�RI�HOHYDWLRQ� WKUHVKROGV�DQG�GRPDLQ�ERXQGDULHV�UHOHYDQW� WR�:HVW�&RDVW�
5HJLRQ¶V FRDVW�

�� 'HULYDWLRQ� RI� WRSRJUDSKLF� GDWDVHWV� �LQWHUSRODWHG���P� FRQWRXU� GDWD�� QHHGHG� WR�PRGHO�
HYDFXDWLRQ�]RQHV �*HRJUDSK[�'(0�DQG�/L'$5��

�� 3UHSDUDWLRQ�RI�DQ�HYDFXDWLRQ�]RQH�$UF*,6�VKDSHILOH�XVLQJ�D�*,6�FDOFXODWHG�DWWHQXDWLRQ�
UXOH��EDVHG�RQ�WKH�*HRJUDSK[�'(0 DQG�����N�WRSRJUDSKLF�K\GURJUDSK\�IRU�WKH�ZKROH�
UHJLRQ�� VHSDUDWH� HYDFXDWLRQ� ]RQH� VKDSHILOHV� IRU� VXUYH\HG� DUHDV�� DQG� VHSDUDWH�
HYDFXDWLRQ�]RQH�VKDSHILOHV�EDVHG�RQ�/L'$5�GDWD�ZKHUH�SUHVHQW�

�� &RQVLGHUDWLRQ�RI�PDMRU�KDUERXUV�DQG�VLJQLILFDQW�ULYHUV�VHSDUDWHO\�WR�WKH�RXWHU�FRDVW�

7KH�HYDFXDWLRQ�]RQHV�SUHSDUHG�KHUH�ZLOO�EHWWHU�LQIRUP�FRPPXQLWLHV�RI�WKH�KD]DUGV�WKH\�DUH�
WKUHDWHQHG�ZLWK�DQG�KRZ�WR�UHVSRQG�WKURXJK�XVLQJ�LQGLYLGXDO�FRPPXQLW\�UHVSRQVH�SODQV�

7KH� ]RQHV� ZHUH� SUHSDUHG� IROORZLQJ� WKH� 0&'(0� 7VXQDPL� (YDFXDWLRQ� =RQHV� JXLGHOLQH�
�0&'(0���������DQG�WKH�PHWKRG�LQ�/HRQDUG�HW�DO����������7KLV�KDV�EHHQ�IXUWKHU�GHWDLOHG�IRU�
KDUERXUV�DQG�YDOLGDWHG�DJDLQVW�WKH������7RKRNX�WVXQDPL�LQ�)UDVHU�HW�DO����������1HDU�VKRUH�
RIIVKRUH� PD[LPXP� ZDYH� KHLJKW µDPSOLWXGHV¶ IURP� DOO� WVXQDPL� VRXUFHV� DURXQG� WKH� 3DFLILF�
2FHDQ��3RZHU��������6HFWLRQ������ZHUH WKHQ GRXEOHG�WR�JLYH�WKH�FUHGLEOH�DW�VKRUH�RQ�VKRUH�
PD[LPXP� µUXQ�XS¶ KHLJKW� DERYH�KLJK� WLGH��'RXEOLQJ� WKH�RIIVKRUH�ZDYH�KHLJKW� WR�GHULYH� WKH�
HYDFXDWLRQ� ]RQHV� DOORZV� IRU� KLJKHU� UXQ�XS� RQ� ODQG� GXH� WR� WKH� QDWXUH� RI� WVXQDPL� �VHH
)LJXUH�����

+DUERXUV�DQG�5LYHUV�PRGHOOHG�DUH�JLYHQ�LQ�7DEOH�� DQG�7DEOH�� UHVSHFWLYHO\��DQG�VKRZQ�LQ
$SSHQGL[���
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��� +$=$5' '$7$

7KLV�UHSRUW�XVHV�WKH�PD[LPXP�ZDYH�KHLJKWV�SUHVHQWHG�LQ�3RZHU���������DV�VKRZQ�IRU����NP�
VHJPHQWV�RI� WKH�FRDVW�DW����������DQG������\HDU� UHWXUQ�SHULRGV� LQ�)LJXUH����)LJXUH�� DQG�
)LJXUH����UHVSHFWLYHO\��7KH�PD[LPXP�KHLJKW�DW�WKH�VKRUH�IRU�HDFK�SLHFH�RI�FRDVW�LV�IURP�DOO�RI�
WKH�PRGHOV� UXQ� IURP�DOO�NQRZQ�HDUWKTXDNH�VRXUFHV�DURXQG� WKH 3DFLILF�2FHDQ�DQG�FORVH� WR�
1HZ =HDODQG��7KH�UHSRUW DOVR�FRQVLGHUHG�WKH�PDQ\�XQFHUWDLQWLHV�UHJDUGLQJ�WKH�SRWHQWLDO�IRU�
WVXQDPL�JHQHUDWLRQ�E\�IDXOWV�DURXQG�1HZ�=HDODQG�DQG�WKH�3DFLILF 2FHDQ��7KLV�LV�SUHVHQWHG�
LQ�WHUPV�RI�WKH�µOHYHO�RI�FRQILGHQFH¶��,Q�VLPSOH�WHUPV� WKH�����FRQILGHQFH�UHVXOWV�DUH�D�EHVW�
HVWLPDWH� RI� WKH� WVXQDPL� KHLJKWV�� DQG� WKH� ���� FRQILGHQFH� UHVXOWV� VKRZ� HVWLPDWHV� WKDW�
DVVXPH�D�SHVVLPLVWLF�LQWHUSUHWDWLRQ�RI�WKH�XQFHUWDLQWLHV��VHH�3RZHU��������IRU�GHWDLOV�

��� 7+5($7�/(9(/6

7KH�IROORZLQJ�QDWLRQDO�ZDUQLQJ�WKUHDW�OHYHOV��0&'(0��������DUH�UHIHUUHG�WR�KHUH�

0D[LPXP�H[SHFWHG
DPSOLWXGH�DW�VKRUH��RIIVKRUH�� 7KUHDW�GHILQLWLRQ

���FP� 1R�WKUHDW
��FP±�P� 7KUHDW�WR�EHDFK��KDUERXUV��HVWXDULHV�DQG VPDOO�ERDWV
�P±�P� 0LQRU�ODQG�WKUHDW
�P±�P� 0RGHUDWH�ODQG�WKUHDW
�P±�P� +LJK�ODQG�WKUHDW
�P�� 6HYHUH�ODQG�WKUHDW

PXVW�EH�GRXEOHG�ZKHQ�GUDZLQJ�HYDFXDWLRQ�]RQHV�RQ�VKRUH�DV�SHU�H[SODQDWLRQ�LQ�)LJXUH�� ±
ZKLFK�KDV�EHHQ�GRQH�IRU�WKLV�SURMHFW�
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��� 6859(<,1*

5HDO� 7LPH� .LQHPDWLF� �57.�� *36� PHWKRGV� ZHUH� XVHG� WR� VXUYH\� SRLQW� HOHYDWLRQ� GDWD� RI�
JURXQG�OHYHOV�LQ�WKH�XUEDQ�DUHDV�VSHFLILHG�EHORZ��WR�EHWWHU�FRQWURO�IODW�ODQG�DQG�HVSHFLDOO\�WKH�
EUHDN�LQ�VORSH�EHWZHHQ�IODW� ODQG�DQG�QHDUE\�VWHHS�VORSHV�± WKHVH�IHDWXUHV�DUH�RIWHQ�SRRUO\�
UHVROYHG� IURP� ��������� /,1=� WRSRJUDSKLF� FRQWRXUV�� 7KH� GDWD� FROOHFWHG� ZHUH� XVHG� IRU� WKH�
SXUSRVH�RI�FRPSOHPHQWLQJ�DQG�LPSURYLQJ�H[LVWLQJ�GLJLWDO�HOHYDWLRQ�GDWD�LQ�WKH�FRPSOHWLRQ�RI�
WKH� HYDFXDWLRQ� ]RQHV�� $OO� VXUYH\HG� GDWD� ZHUH� UHIHUHQFHG� WR� ORFDO� /DQG� ,QIRUPDWLRQ� 1=�
EHQFKPDUNV�

/LQHV�RI�VSRW�KHLJKWV�ZHUH�FROOHFWHG�DORQJ�SXEOLF�URDGV�LQ�VXIILFLHQW�GHQVLW\�WR�JLYH��DV�FORVHO\�
DV�SRVVLEOH��D�JHQHUDO� LQGLFDWLRQ�RI� WKH�JURXQG�FRQWRXU�ZLWKLQ� WKH�DUHD�VXUYH\HG��3DUWLFXODU�
IRFXV�ZDV�JLYHQ�WR�DUHDV�RI�UDSLGO\�FKDQJLQJ�JUDGH�DQG�HOHYDWLRQ��

$UHDV�VXUYH\HG�

&DUWHUV� %HDFK�� :HVWSRUW� ± 7KH� UHVLGHQWLDO� DUHD� RI� &DUWHUV� %HDFK�� SOXV� VXIILFLHQW�
HOHYDWLRQV�ZLWKLQ� WKH�DUHD�RI�:HVWSRUW� WKDW� LV�FRYHUHG�E\�H[LVWLQJ�/L'$5�� WR�DOORZ� IRU�
FRQVLVWHQF\�EHWZHHQ�WKH�/L'$5�DQG 57.�GDWD�WR�EH�YHULILHG�

*UH\PRXWK� ± 5DSDKRH� WR� &DPHURQV�� EXW� ZLWK� PRVW� GDWD FROOHFWHG� LQ� WKH� FHQWUDO�
*UH\PRXWK�XUEDQ�DUHD�ZKHUH�PRVW�RI�WKH�SRSXODWLRQ�UHVLGHV��

+RNLWLND�± LQFOXGLQJ�FRQVLGHUDWLRQ�RI�RXWO\LQJ�FRPPXQLWLHV�IURP�$UDKXUD�WR�5XDWDSX�

'DWD�DFTXLUHG�DUH�SURYLGHG�DV� [�\�]�SRLQW� GDWD��+RUL]RQWDO� FRRUGLQDWHV�DUH� LQ� WHUPV�RI WKH�
1HZ� =HDODQG� 7UDQVYHUVH� 0HUFDWRU� SURMHFWLRQ� DQG� KHLJKWV� DUH� LQ� WHUPV� RI� WKH� /\WWHOWRQ�
9HUWLFDO�'DWXP�������:KHUH�VXIILFLHQW�LQIRUPDWLRQ�LV�DYDLODEOH��KHLJKWV�DUH�SURYLGHG�LQ�WHUPV�
RI�ORFDO�PHDQ�VHD�OHYHO��FXUUHQWO\�RQO\�:HVWSRUW�DQG�*UH\PRXWK��

��� /,0,7$7,216 $1'�86()8/1(66�2)�6859(<�'$7$

7KH� XVH� RI� VXUYH\� GDWD�ZDV� DQ� H[SHULPHQWDO� WHFKQLTXH� DQG� IRXQG� WR� EH� RI� OLPLWHG� XVH� WR�
LPSURYLQJ� WKH� DFFXUDF\� RI� HYDFXDWLRQ� ]RQHV�� 'XH� WR� IXQGHG� WLPH� UHVWULFWLRQV� GDWD� ZHUH�
SULPDULO\� FROOHFWHG� DORQJ� URDGV�� :KHUH� SRLQWV� FROOHFWHG� DORQJ� URDGV� DUH� QRW� VXIILFLHQW� WR�
DGHTXDWHO\� UHSUHVHQW� WKH� JURXQG� FRQWRXU� DQG� ZKHUH� SXEOLFO\� DFFHVVLEOH� RSHQ� JURXQG� LV�
DYDLODEOH�� DQ�DWWHPSW�ZDV�PDGH� WR� VXUYH\�DGGLWLRQDO� SRLQWV� LQ� WKH�DUHDV�EHWZHHQ� URDGV� WR�
LPSURYH� FRYHUDJH�� :KHUH� WKRVH� URDGV� WUDYHUVHG� VWHHS� FRDVWDO� ODQG� SHUSHQGLFXODU� WR� WKH�
VORSH� GLUHFWLRQ�� WKH� GDWD� ZHUH� XVHG� WR� PRGLI\� HOHYDWLRQ� PRGHOV� WR� EHWWHU� UHSUHVHQW� WKH�
WRSRJUDSK\��6HFWLRQ������



&RQILGHQWLDO�����

*16 6FLHQFH�&RQVXOWDQF\�5HSRUW��������� �

��� =21(6 $1'�(9$&8$7,21

7KH�5HG�=RQH LV�VLPSO\� WKH� WRSRJUDSKLF�PDS�FRDVW�OLQH�DQG� LV� WR�EH�XVXDOO\�HYDFXDWHG� LQ�
UHVSRQVH�WR�WKH����±�P�ZDYH�KHLJKW�WKUHDW�OHYHO� FDOOHG�µWKUHDW�WR�EHDFK��KDUERXUV��HVWXDULHV�
DQG VPDOO�ERDWV¶�

7KH� 2UDQJH� =RQH PDWFKHV� WKH� �±�P� ZDYH� KHLJKW� WKUHDW� OHYHO� FDOOHG� D� µPRGHUDWH� ODQG�
WKUHDW¶��DUULYLQJ�RQ�RU�EHORZ�KLJK� WLGH�� ,Q�RWKHU ZRUGV� LI�D�PRGHUDWH� ODQG� WKUHDW� OHYHO� �RU�D�
PLQRU�ODQG�WKUHDW�OHYHO� LV�GHWHUPLQHG� RQO\�WKH�5HG�DQG�2UDQJH�=RQHV�QHHG�EH�HYDFXDWHG�±
HYHQ�LI�WKH�ZDYH�DUULYHG DW KLJK�WLGH�

7KH� <HOORZ� =RQH PDWFKHV WKH� µPD[LPXP� FUHGLEOH� WVXQDPL� ZDYH� KHLJKW� IURP� DOO� VRXUFHV¶
WDNLQJ� LQWR�DFFRXQW�WKH�ZRUVW�FDVHV�IURP�ERWK�PRGHOOLQJ�DQG�NQRZQ�JHRORJLFDO�GHSRVLWV�� ,Q�
DQ�RIILFLDO�ZDUQLQJ� ODUJHU�WKDQ�WKH�PRGHUDWH� ODQG�WKUHDW� OHYHO��RU� LQ�WKH�FDVH�RI�D�QDWXUDO�RU�
LQIRUPDO�ZDUQLQJ�ZKHUH�WKH�SRWHQWLDO�ZDYH�KHLJKW�LV�XQNQRZQ��DOO�]RQHV�LQFOXGLQJ�WKH�<HOORZ�
=RQH VKRXOG�EH�HYDFXDWHG�

��� 25$1*(�$1' <(//2:�=21(�(/(9$7,216

2UDQJH�=RQH

7KH�2UDQJH�=RQH LV�LQWHQGHG�WR�EH�XVHG�IRU�RIILFLDO�ZDUQLQJ�DQG�HYDFXDWLRQ�LQ�WKH�HYHQW�RI�D�
GLVWDQW�VRXUFH� �PRUH� WKDQ���KRXUV� WUDYHO� WLPH� IURP� WKH�:HVW�&RDVW� WVXQDPL�� IRU�H[DPSOH�
IURP�6RXWK�$PHULFD��1RUWK�$PHULFD��-DSDQ�RU� WKH�6RORPRQ�,VODQGV��LQ� WHUPV�RI� WUDYHO� WLPH�
WKH� .HUPDGHF�7RQJD� 7UHQFK� LV� DOVR� D� GLVWDQW� VRXUFH� IRU� WKH� :HVW� &RDVW��� ,W� KDV� EHHQ�
FRQVWUXFWHG�VR� WKDW� LW� VKRXOG�HQFRPSDVV� WKH�DUHD� WKDW�PD\�EH LQXQGDWHG�E\�DQ\�SODXVLEOH�
WVXQDPL�WKDW�LV�IRUHFDVW�WR�KDYH�D�WVXQDPL�KHLJKW�RI�XS�WR���PHWUHV��DERYH�EDFNJURXQG�ZDWHU�
OHYHO��DW�WKH�VKRUH��

,Q�WHUPV�RI�WKH�WKUHDW�OHYHOV�XVHG�LQ�0&'(0�WVXQDPL�IRUHFDVWV��WKLV�]RQH�LV�GHVLJQHG�WR�EH�
HYDFXDWHG�LQ�WKH�HYHQW�RI�HLWKHU�WKH��±�P��RU��±�P�WKUHDW�OHYHO�EHLQJ�LVVXHG�IRU�WKH�UHOHYDQW�
VHFWLRQ�RI�FRDVW��

7ZR�IDFWRUV�DIIHFW�WKH�ILQDO�DW�FRDVW�HOHYDWLRQ�XVHG�IRU�PRGHOOLQJ�WKH�2UDQJH�=RQH��7DEOH����
µ=RQH�HOHYQ��DW�VKRUH¶�FROXPQ�� ZKLFK�LV�FDOFXODWHG�IURP�D�PD[LPXP��P�WVXQDPL�KHLJKW��WKH�
PD[LPXP�KHLJKW�IRU�WKH�µPRGHUDWH�ODQG�WKUHDW¶�LQ�QDWLRQDO�ZDUQLQJV��

7KH� ]RQH� ZDV� PRGHOOHG� DERYH� KLJK� WLGH� EHFDXVH� WKH� WLPLQJ� RI� WKH� ODUJHVW� ZDYHV¶�
DUULYDO�ZLOO� EH�KLJKO\�XQFHUWDLQ� LQ�DQ\�RQH�HYHQW��7KH�KLJK� WLGH�XVHG�FDQ�EH� IRXQG� LQ�
$SSHQGL[���DQG�7DEOH� � DV� WKH� µ+LJK�7LGH¶� YDOXH� IRU� D�JLYHQ� FRDVWDO� VHFWLRQ��7KLV� LV�
DGGHG�RQ�WR�WKH�GRXEOHG�UXQ�XS�YDOXH�WR�JLYH�µ=RQH�HOHYQ��DW�VKRUH¶�

$� WVXQDPL� FDQ� SRWHQWLDOO\� UXQ� XS� RQ� VWHHS� FRDVWDO� ODQG� WR� XS� WR� GRXEOH� WKH� WVXQDPL�
KHLJKW� DW� VKRUH�� 6R� IRU� DQ\� IRUHFDVW� WVXQDPL� KHLJKW� XS� WR� �P�� WKH� FRUUHVSRQGLQJ�
2UDQJH� =RQH� LV� EDVHG� RQ� D� PD[LPXP� SRVVLEOH� UXQ�XS� RI� ��P� DERYH� WKH� KLJK� WLGH�
YDOXH�

)LQDO�HOHYDWLRQV�DW�WKH�FRDVW�XVHG�IRU�PRGHOOLQJ�WKLV�]RQH�DUH�JLYHQ�LQ�7DEOH�� �µ=RQH�HOHYQ��
DW� VKRUH¶��� )RU� H[DPSOH�� IRU� WKH� FRDVWDO� VHFWLRQ� WKDW� HQFRPSDVVHV� +DDVW�� WKH� ]RQH� LV� DW�
���� P�DERYH�PHDQ�WLGH�����P�������P���
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<HOORZ�=RQH

7KH�<HOORZ�=RQH LV�GHVLJQHG�SULPDULO\�IRU�XVH�DV�D�VHOI�HYDFXDWLRQ�]RQH LQ�WKH�HYHQW�RI�D�
VWURQJO\� IHOW� �RU� ORQJ� GXUDWLRQ�� HDUWKTXDNH�� ,W� KDV� EHHQ� GHVLJQHG� WR� HQFRPSDVV� WKH� DUHD�
LQXQGDWHG�E\�WKH������\HDU�WVXQDPL�DW�WKH�����FRQILGHQFH�OHYHO �3RZHU��������

)LQDO�HOHYDWLRQV�DW�WKH�FRDVW�IRU�WKLV�]RQH�DUH�JLYHQ�LQ�7DEOH���

7KH�<HOORZ�=RQH PD\�DOVR�EH�XVHG�IRU�RIILFLDO�HYDFXDWLRQV�LQ�WKH�HYHQW�RI�D�WVXQDPL�IRUHFDVW�
WKDW� DQWLFLSDWHV� D� WVXQDPL� ZLWK� KHLJKW� RI� JUHDWHU� WKDQ� ��PHWUHV� �DERYH� EDFNJURXQG� ZDWHU�
OHYHO��DW�WKH�VKRUH �KLJK�DQG�VHYHUH�ODQG�WKUHDWV���

:KLOH�WKH�<HOORZ�=RQH *,6�OD\HU�HQFRPSDVVHV�WKH�2UDQJH�DQG�5HG�=RQHV��FDUH�VKRXOG�EH�
WDNHQ�ZKHQ�PDSV�VKRZ�WKHVH�OD\HUV�VXSHULPSRVHG��,Q�D VLWXDWLRQ�WKDW�UHTXLUHV�<HOORZ�=RQH�
HYDFXDWLRQ� LW� LV SUHIHUDEOH� WR� VD\� µ(YDFXDWH� $OO� =RQHV¶�� UDWKHU� WKDQ� µ(YDFXDWH� WKH�<HOORZ�
=RQH¶ LQ�RUGHU�WR�DYRLG�DPELJXLW\�

��� 5('�=21(

7KLV� LV� VLPSO\� WKH� FRDVWDO� IRUHVKRUH� DQG� FDQ� EH� GHULYHG� E\�:&5&¶V� *,6� VWDII� IURP� WKH�
WRSRJUDSKLF� GDWDVHW�� LQFOXGLQJ� WKH� µFRDVWOLQH¶� SRO\OLQH� DQG� DQ\� FRDVWDO� SRO\JRQV� IRU� URFNV��
EHDFK��PXGIODWV��VDQG�HWF��WKDW�FRQVWLWXWH�WKH�IRUHVKRUH�

��� $33/,&$7,21�2)�=21(6�72�(9$&8$7,21�0$33,1*

7KH� 2UDQJH� DQG� <HOORZ� =RQHV� LQ� WKH� *,6� GDWDVHW� VXSSOLHG� DUH� WR� EH� XVHG� WR� GHYHORS�
HYDFXDWLRQ�PDSV�DV�SHU�0&'(0���������7KH�]RQH�OD\HUV�VKRXOG�EH�XVHG�DV�IROORZV��LQ�WKLV�
RUGHU�RI�GUDZLQJ�IURP�LQ�IURQW�WR�EHKLQG�LQ�*,6�

723�0267��
5HG�=RQH�GHULYHG�DV�VWDWHG�LQ�6HFWLRQ����

,1�)5217�
=RQHVB/L'$5B.DUDPHD
=RQHVB/L'$5B:HVWSRUW� ± QRWH� WKH� =RQHVB0RGLILHGB:HVWSRUW� OD\HU� PRVWO\� LQFOXGHV�
WKLV�OD\HU��EXW�LQ�RQH�VPDOO�DUHD�WKH�/L'$5�]RQH�JRHV�IXUWKHU�WKDQ�WKH�PRGLILHG�]RQH�
=RQHVB0RGLILHGB:HVWSRUW
=RQHVB0RGLILHGB*UH\PRXWK
=RQHVB0RGLILHGB+RNLWLND

%(+,1'�
=RQHVB5HJLRQDO

7KHUH�ZLOO�EH�VRPH�RIIVHW�DW�WKH�HGJHV�RI�WKH�,1�)5217�OD\HUV¶�]RQHV ZKHUH�WKH\�PHHW�
WKH� %(+,1'� OD\HU¶V� ]RQHV� ± WKLV� LV� EHFDXVH� RI� WKH� GLIIHUHQFH� LQ� HOHYDWLRQ�PRGHO� XVHG� WR�
GHULYH�WKH�]RQHV��/L'$5�EDVHG�]RQHV�DUH�OLPLWHG�E\�WKH�H[WHQW�RI�WKH�GDWD�DQG�LQ�VRPH�DUHDV�
WKH\�ZRXOG�JR�IXUWKHU� LQODQG LI�HOHYDWLRQ�GDWD�ZKLFK�FRQQHFWV�WKHVH�DUHDV�ZLWK�WKH�VHD�ZDV�
DYDLODEOH� IRU�PRGHOOLQJ��6R LW� LV� LPSRUWDQW� WR� VKRZ� WKH� UHJLRQDO�PRGHO� �EDVHG� RQ� ����� ����
WRSR�GDWD��LQ�WKH�EDFNJURXQG�ZKHQ�FUHDWLQJ�WKH�ILQDO��FRPELQHG�HYDFXDWLRQ�]RQH�

,W� LV�XS�WR�WKH�:&5& RU�ORFDO�&'(0�RIILFH�WR�FKHFN�WKLV�RIIVHW�DQG�UHFRQFLOH�LW�XVLQJ�
ORFDO�NQRZOHGJH�RI� WKH� WRSRJUDSK\� $Q\�DWWHPSW� WR�PDNH� WKLV� MRLQ� UHPRWHO\�E\� WKH� WHDP�
GHYHORSLQJ�WKH�]RQHV�ZRXOG�VLPSO\�EH�D�JXHVV�
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��� )857+(5 '(7$,/6�$1'�'(/,9(5$%/(6

��� 7,'(6

,Q�GHWHUPLQLQJ�ZDUQLQJ�]RQHV�WKH�FKRVHQ�ZDYH�KHLJKW�KDV�EHHQ�DGGHG�WR�KLJK�WLGH��7KLV LV�
EHFDXVH� LW� LV� QRW� SRVVLEOH� WR� VWDWH� ZKHWKHU� WKH� ODUJHVW� WVXQDPL� ZDYHV� ZLOO� DUULYH� RQ� D�
SDUWLFXODU�WLGH��7KH�HOHYDWLRQ�RI�KLJK�WLGH�DERYH�PHDQ�WLGH�XVHG�IRU�PRGHOOLQJ�FDQ�EH�IRXQG�
DV� WKH� µ+LJK�7LGH�¶� YDOXH� IRU�HDFK�FRDVWDO� VHFWLRQ� LQ�$SSHQGL[����7KH�KLJK� WLGH�YDOXH�XVHG�
KHUH�LV�0HDQ�+LJK�:DWHU�6SULQJ��0+:6��

��� +$5%2856 $1'�5,9(56

$SSHQGL[�� VKRZV�WKH�ULYHUV��EOXH�OLQHV��QDPHG�LQ�EOXH��DQG�KDUERXUV �SXUSOH�GRWV��QDPHG�LQ�
SXUSOH�� WKDW�ZHUH�VHSDUDWHO\�PRGHOOHG��7KH� ILYH�KDUERXUV�DUH� OLVWHG� LQ�7DEOH����DQG� WKH����
ULYHUV�LQ�7DEOH����7KH�QDPHV�IRU�WKH�ULYHUV�KDYH�EHHQ�GRFXPHQWHG�YLVXDOO\�IURP�WKH�7RSR����
/,1=�WRSRJUDSKLF�PDS�GDWDVHW��5LYHU�PRGHOOLQJ�LV�GHWDLOHG�LQ�/HRQDUG�HW�DO����������KDUERXU�
PRGHOOLQJ�LQ�)UDVHU�HW�DO���������

��� =21(6�µ02',),('¶ 86,1*�6859(<�'$7$

µ0RGLILHG¶� ]RQHV� ZHUH� FUHDWHG� IRU� WKH�:HVWSRUW�� *UH\PRXWK� DQG� +RNLWLND� DUHDV�� WR� EHWWHU�
PDWFK� WKH� VXUYH\� SRLQW� GDWD� FROOHFWHG� �6HFWLRQ�������7KH�PRGLILHG� LQSXW�'(0�ZDV� GHULYHG�
IURP� ���P� FRQWRXUV� DQG� VXUYH\� GDWD� DQG� WKH�PRGHOOHG� ]RQHV�ZHUH� DOVR� VOLJKWO\�PDQXDOO\�
DOWHUHG� LQ� VRPH�DUHDV� EDVHG� RQ� WKH� VXUYH\HG� HOHYDWLRQV�� 7KLV�ZDV� GRQH� LQ� DQ� DWWHPSW� WR�
LPSURYH� WKH� DUHDV� EHORZ� ���P� HOHYDWLRQ� ZKHUH� LQXQGDWLRQ� ZDV� XQGHUHVWLPDWHG� ZKHQ� WKH�
UHJLRQDO�'(0�ZDV�XVHG��7KH�DFFXUDF\�RI�µPRGLILHG¶�]RQHV�LV�FORVHO\�UHODWHG�WR�WKH�DFFXUDF\�
RI�WKH�PRGLILHG�'(0�DQG�/,1=�7RSR���WRSRJUDSKLF�IHDWXUHV��FRDVWOLQH��KDUERXUV�DQG�ULYHUV��
XVHG� IRU� PRGHOOLQJ�� EXW� µPRGLILHG¶� ]RQHV� DUH� FRQVLGHUHG� WR� EH� DQ� LPSURYHPHQW� RYHU� WKH�
UHJLRQDO�]RQHV�DQG�VKRXOG�VXSHUVHGH�WKRVH�LQ�PRVW�DUHDV�

7KLV� LV� DFNQRZOHGJHG� WR� KDYH� EHHQ� D� PDQXDO� SURFHVV� ZLWK� VRPH� MXGJHPHQW� IURP� WKH�
VSHFLDOLVW�KDYLQJ�EHHQ�UHTXLUHG��7KH�]RQHV�ZHUH�DOZD\V�PRYHG�LQODQG��VR�ZHUH�PDGH�PRUH�
FRQVHUYDWLYH��VDIH��DQG�DUH�WKHUHIRUH�FRQVLGHUHG�WR�EH�DQ�LPSURYHPHQW�LQ�WHUPV�RI�WKH�OLIH�
VDIHW\�SXUSRVH�RI�WKLV�SURMHFW�

)RU�:HVWSRUW�WKH�/L'$5�GDWDVHW�ZDV�DOVR�XVHG�IRU�GHULYLQJ�WKH�µPRGLILHG¶�HOHYDWLRQ�PRGHO�

��� (/(9$7,21�'$7$�$1' /,'$5

)RU� WKH� UHJLRQ�ZLGH�'LJLWDO�(OHYDWLRQ�0RGHO� WKH�*HRJUDSK[�'(0�ZDV�XVHG�� ,W� LV�EDVHG�RQ�
�� P� WRSRJUDSKLF� PDSV� FRQWRXUV� DQG� LPSURYHG� E\� 6KXWWOH� 5DGDU� 7RSRJUDSK\� 0LVVLRQ
�6570�� GDWD�� :H� GHULYHG� QHZ� '(0� GDWDVHWV� RQO\� LQ� VXUYH\HG� DUHDV� �EDVHG� RQ� ��� P�
FRQWRXUV��VXUYH\�GDWD�DQG�/L'$5�LI�H[LVWLQJ LQ� WKDW�DUHD���7KH�DFFXUDF\�RI�]RQHV� LV�FORVHO\�
UHODWHG� WR� WKH� DFFXUDF\� RI� WKH� '(0� DQG� /,1=� 7RSR��� WRSRJUDSKLF� IHDWXUHV� �FRDVWOLQH��
KDUERXUV�DQG�ULYHUV��XVHG�IRU�PRGHOOLQJ�

/L'$5�GDWDVHWV ZHUH�VXSSOLHG�E\�WKH�&'(0�*URXS�DQG�XVHG�IRU�.DUDPHD�DQG�:HVWSRUW��

:&5&�VXSSOLHG WKHLU�/L'$5�FRYHUDJH�RI�WKH�UHJLRQ��7KH�/L'$5�GDWD�JULG IRU�:HVWSRUW�ZDV
XVHG�DV�VXSSOLHG��
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,Q�WKH�GDWDVHW VXSSOLHG IRU .DUDPHD�WKH�ILUVW�WZR�WLOHV�ZHUH�PRGHOOHG�LQWR�LQWHJHU�JULGV�ZKLOH�
WKH�UHVW�ZDV�GRQH�DV�IORDWLQJ�SRLQW JULGV��$V�D�FRQVHTXHQFH�WKHUH�ZDV�D�VWHS�LQ�WKH�UHVXOWLQJ�
FRPELQHG�JULG�DW�WKH�ERXQGDU\�EHWZHHQ�WKHVH�WZR�WLOHV�DQG�WKH�UHPDLQGHU RI�WKH�PRGHO��7KH�
GLIIHUHQFH� DW� WKH� ERXQGDU\� FDQ� EH� XS� WR� ����P� �IURP� URXQGLQJ� HUURU�� ,Q� FRQVXOWDWLRQ� ZLWK�
:&5& ZH�UHFUHDWHG WKH�JULG�XVLQJ�WKH /L'$5�SRLQW�FORXG�GDWD��DOVR�SURYLGHG���:H�XVHG WKH�
)OHGHUPDXV�VRIWZDUH�DQG�WKH�µ:HLJKWLQJ�PRYLQJ�DYHUDJH�LQWHUSRODWLRQ�DOJRULWKP¶��:H�FDQQRW�
KRZHYHU�JXDUDQWHH�WKDW�WKH�UHVXOWLQJ�JULG�ZLOO�EH�WKH�VDPH�DV�WKH�'(0�VXSSOLHG�E\�:&5&�LQ�
WKH�DUHDV�ZKLFK�ZHUH�FRUUHFW�

7KH� IROORZLQJ�H[WUD�QRWHV� LQ� WHUPV�RI�:&5&�DFWLRQV�QHHGHG�RQ� WKH�/L'$5�GDWDVHW�EHIRUH�
GHOLYHU\�ZHUH�DFNQRZOHGJHG�E\�ERWK�SDUWLHV��

(UURQHRXV�HOHYDWLRQ�SRLQWV�QHHG�WR�EH UHPRYHG��,I�LQWHUSRODWLRQ�KDV�EHHQ�GRQH�LQ�
DUHDV�ZKHUH�GDWD�DUH PLVVLQJ�PDNH�VXUH� WKH LQWHUSRODWHG�JULG�YDOXHV� UHSUHVHQW�
WKH� UHDO� JURXQG� VXUIDFH�� ,Q� DQ\� DUHDV� ZKHUH� /L'$5 GRHV� QRW� H[LVW� DQG�
LQWHUSRODWLRQ�RYHU�WKH�KROH�ZLOO�SURGXFH�DQ�HUURU��H�J�� VWHHS�KLOOV�LQ�WKH PLGGOH�RI�
IODW�ODQG��JULG�YDOXHV�PXVW�EH�VHW�DV�µQXOO¶��/DUJH�KROHV�RQ ORZ�JURXQG�ZLOO FDXVH�D�
SRRU�PRGHO�UHVXOW�LQODQG�RI�WKH�KROH��$OO�VSDWLDOO\�FRQQHFWHG�/L'$5�JULGV�QHHG WR�
EH�PHUJHG�LQWR�D�VLQJOH�JULG�DQG�RQO\�/L'$5�JULGV�FRQQHFWHG�WR�WKH�FRDVW�FDQ�EH
XVHG��:DWHU�ERGLHV PXVW�KDYH�DSSURSULDWH�HOHYDWLRQ�DVVLJQHG��L�H�� QRW�QXOO���7KH
/L'$5�GDWDVHW�SHULPHWHU�PXVW�EH�FOLSSHG� WR� WKH�H[DFW�GDWDVHW��7KH�GDWXP�DOVR�
QHHGV�WR�EH�VXSSOLHG� (YHU\WKLQJ�RIIVKRUH�RI�WKH�VXSSOLHG�FRDVWOLQH�ZLOO�EH�WUHDWHG�
DV� RFHDQ��$Q\� RQVKRUH HOHYDWLRQV� WKDW� DUH� VXSSOLHG� DV� QHJDWLYH YDOXHV ZLOO� EH�
WUHDWHG�DV�KDYLQJ ]HUR�HOHYDWLRQ�

:&5&�SURYLGHG� KHLJKW�PHDVXUHPHQWV� WDNHQ� WKURXJK� DQ DUHD� RI� VLJQLILFDQW UHFHQW HURVLRQ�
DORQJ WKH�+RNLWLND� IRUHVKRUH�DUHD�EXW� WKHVH�ZHUH�GHHPHG�QRW�XVDEOH�RU�QHFHVVDU\� IRU� WKH�
PRGHOOLQJ�

7KH� LQLWLDO�/L'$5�GDWDVHWV�ZHUH�UHVDPSOHG� WR��P�UHVROXWLRQ��WR�PDWFK�WKH�UHVROXWLRQ�RI� WKH�
UHJLRQDO�PRGHO���DQG�RIIVKRUH�DUHDV�GHILQHG�XVLQJ� WKH�/,1=�7RSR���FRDVWOLQH��$OO�QHJDWLYH�
HOHYDWLRQV�LQ�WKH�'(0�ZHUH�VHW�WR�]HUR�EHIRUH�WKH�]RQH�PRGHOOLQJ�ZDV�XQGHUWDNHQ�

��� '(/,9(5$%/(6 �$77$&+('�&'�

=RQH�OD\HUV DUH�VXSSOLHG�ZLWKLQ�DQ�$UF0DS�JHRGDWDEDVH��FRYHULQJ�

�� =RQHVB5HJLRQDO�± D�IXOO�UHJLRQDO�VFDOH�VHW�RI�]RQHV��VHH�7DEOH���EHORZ��

�� 5DZ� ]RQHV� EDVHG� RQ� HDFK� RI� WKH� WZR� /L'$5� DUHDV� �=RQHVB/L'$5B.DUDPHD� DQG�
=RQHV�/L'$5B:HVWSRUW��VHH�7DEOH����

�� 0RGLILHG�]RQHV�LQ�WKUHH DUHDV�ZKHUH�WKH�/L'$5�DQG�RU�57.�VXUYH\�GDWD�FRXOG�EH�XVHG�
WR� LPSURYH �6HFWLRQ� ����� WKH� ]RQH� ERXQGDULHV �=RQHVB0RGLILHGB:HVWSRUW�
=RQHVB0RGLILHGB*UH\PRXWK��=RQHVB0RGLILHGB+RNLWLND� 7DEOH����

7KH�]RQH�HGJHV� IRU� OD\HU� W\SHV���DQG���DERYH�PD\�QRW�PDWFK�H[DFWO\� WKH�]RQHV� IURP� WKH�
UHJLRQDO� PRGHO� ��� DERYH�� GXH� WR� GLIIHUHQFHV� LQ� DFFXUDFLHV� RI� WKH� HOHYDWLRQ�PRGHOV�� /RFDO�
NQRZOHGJH�ZLOO�EH�QHHGHG�WR�MRLQ�WKH�]RQHV�LQ�WKH�PRVW�ORJLFDO�ZD\�E\�:&5&��6HFWLRQ������
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2WKHU�NH\� OD\HUV�DUH�DOVR�VXSSOLHG� �VHH�7DEOH���DQG� WKH�0HWDGDWD�[OV� ILOH� IRU�D� IXOO� OLVW�DQG�
GHVFULSWLRQV���HVSHFLDOO\�

$�FRS\�RI�WKH�UDZ�VXUYH\HG�GDWD�DV�SHU�6HFWLRQ������6XUYH\3RLQWV�OD\HU��

$� µQRWHV¶� OD\HU�JLYLQJ�SRLQWV� LGHQWLI\LQJ�DUHDV�ZKHUH� LW�ZDV�QRWHG�WKDW�WKH�UHVXOWV�IURP�
PRGHOOLQJ�DUH�XQFHUWDLQ�GXH�WR�WKH�TXDOLW\�RU�H[WHQW�RI�WKH�XQGHUO\LQJ�'(0V��7KH\�ZHUH�
LGHQWLILHG�RQO\�LQ�DUHDV�FRYHUHG�E\�/L'$5�GDWD�RU�ZHUH�WKH�VXUYH\�ZDV�XQGHUWDNHQ��1RW�
DOO�DUHDV�ZKHUH�WKHVH�LVVXHV�RFFXU�KDYH�EHHQ�LGHQWLILHG�

��� 352-(&7,21

1HZ�=HDODQG 7UDQVYHUVH�0HUFDWRU� �1=70��� WR UH�SURMHFW� WKHVH� GDWD WR�1HZ�=HDODQG�0DS�
*ULG��1=0*��WKH WUDQVIRUPDWLRQ�ILOH�1HZB=HDODQGB����B7RB1=*'B����B�B17Y� PXVW�EH�
XVHG�
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��� $&.12:/('*(0(176

:H� DSSUHFLDWH� WKH� FRQVWUXFWLYH� SHHU� UHYLHZV� RI� .LP� :ULJKW� DQG� 'RXJDO� 7RZQVHQG� WKDW�
LPSURYHG�WKLV�UHSRUW�

��� 5()(5(1&(6

)UDVHU�� 6�$��� 3RZHU�� :�/�� ������� 9DOLGDWLRQ� RI� *,6�EDVHG� DWWHQXDWLRQ� UXOH� IRU� LQGLFDWLYH� WVXQDPL�

HYDFXDWLRQ�]RQH�PDSSLQJ��/RZHU�+XWW��*16�6FLHQFH��*16�6FLHQFH�UHSRUW�������������S�

/HRQDUG��*�6���3RZHU��:�/���/XNRYLF��%���6PLWK��:�'���/DQJULGJH��5�0���-RKQVWRQ��'�0���'RZQHV��*�/��

�������� ,QWHULP� WVXQDPL�HYDFXDWLRQ�SODQQLQJ�]RQH�ERXQGDU\�PDSSLQJ� IRU� WKH�:HOOLQJWRQ�DQG�

+RUL]RQV�UHJLRQV�GHILQHG�E\�D�*,6�FDOFXODWHG�DWWHQXDWLRQ�UXOH��*16�6FLHQFH�UHSRUW����������

/RZHU�+XWW�����S�

0LQLVWU\�RI�&LYLO�'HIHQFH�	�(PHUJHQF\�0DQDJHPHQW� �0&'(0�� ��������7VXQDPL�(YDFXDWLRQ�=RQHV��

'LUHFWRU¶V�*XLGHOLQH�IRU�&LYLO�'HIHQFH�(PHUJHQF\�0DQDJHPHQW�*URXSV�>'*/������@��0&'(0��

:HOOLQJWRQ����S�

0LQLVWU\� RI� &LYLO� 'HIHQFH� 	� (PHUJHQF\� 0DQDJHPHQW� �0&'(0�� �������� 7VXQDPL� $GYLVRU\� DQG�

:DUQLQJ�3ODQ��6XSSRUWLQJ�3ODQ�>63������UHYLVHG�0D\�����@��0&'(0��:HOOLQJWRQ����S�

3RZHU��:�� /�� �FRPSLOHU�� �������� 5HYLHZ� RI� 7VXQDPL� +D]DUG� LQ� 1HZ� =HDODQG� ������8SGDWH��� *16�

6FLHQFH�&RQVXOWDQF\�5HSRUW����������SURYLVLRQDO�������S�DSSUR[�
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7$%/(6

7DEOH�� 1DPHV�RI�IHDWXUHV�PRGHOOHG�DV�µKDUERXUV¶

2NDULWR�/DJRRQ

6DOWZDWHU�/DJRRQ

2NDUL�/DJRRQ

2URZDLWL�/DJRRQ�LQ�:HVWSRUW��QRW�ODEHOOHG�GXH�WR�VSDFH�LQ�$SSHQGL[���

%XOOHU�5LYHU�SRUW�DUHD

7DEOH�� 1DPHV�RI�IHDWXUHV�PRGHOOHG�DV�µULYHUV¶

595B,' 1DPH 595B,' 1DPH

� +HDSK\�5LYHU �� :DLWDQJLWDRQD�5LYHU

� .RKDLQDL�5LYHU �� 2WDWRNL�5LYHU

� 2SDUDUD�5LYHU �� 2NDULWR�5LYHU

� >QDPH�XQFHDU@ �� )LYH�0LOH�/DJRRQ

� .DUDPHD�5LYHU �� :DLKR�5LYHU

� *UDQLWH�&UHHN �� 2PRHURD�5LYHU

� /LWWOH�:DQJDQXL�5LYHU �� :DLNXNXSD�5LYHU

� *ODVVH\H�&UHHN �� :DLKDSL�&UHHN

� &RUE\YDOH �� :KHODQ�&UHHN

�� 0RNLKLQXL�5LYHU �� )R[�5LYHU

�� 1JDNDZDX�5LYHU �� &RRN�5LYHU

�� :DLPDQJDURD�5LYHU �� 2KLQHWDPDWHD�5LYHU

�� 2URZDLWL�5LYHU �� .DUDQJDUXD�5LYHU

�� %XOOHU�5LYHU �� 0DQDNDLDXD�5LYHU

�� 2UDNL�5LYHU �� 0DNDZKDLR�5LYHU

�� 7RWDUD�5LYHU �� 0DKLWDNL�5LYHU

�� :DLWDNHUH�5LYHU �� 2KLQHPDND�5LYHU

�� )R[�5LYHU �� 3DULQJD�5LYHU

�� 3RURUDUL�5LYHU �� 0RHUDNL�5LYHU

�� 3XQDNDLNL�5LYHU �� :KDNDSRKDL�5LYHU

�� 7HQ�0LOH�&UHHN �� 6KLS�&UHHN

�� *UH\�5LYHU �� :DLWD�5LYHU

�� 1HZ�5LYHU �� +DDVW�5LYHU

�� 7DUDPDNDX�5LYHU �� 7XUQEXOO�5LYHU

�� .XPDUD �� 2NXUX�5LYHU

�� :DLPHD�&UHHN �� :DLDWRWR�5LYHU

�� $UDKXUD�5LYHU �� $UDZKDWD�5LYHU
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595B,' 1DPH 595B,' 1DPH

�� +RNLWLND�5LYHU �� 6WDIIRUG�5LYHU

�� 7RWDUD�5LYHU �� 7HHU�&UHHN

�� 0LNRQXL�5LYHU �� &DVFDGH�5LYHU

�� :DLWDKD�5LYHU �� +RSH�5LYHU

�� 'XIIHUV�&UHHN �� 6SRRQ�5LYHU

�� :DQJDQXL�5LYHU �� *RUJH�5LYHU

�� 3RHUXD�5LYHU �� 5\DQV�&UHHN

�� :KDWDURD�5LYHU �� +DFNHW�5LYHU

7DEOH�� 2UDQJH�=RQH�KHLJKW�GHULYDWLRQ

&RDVWDO�6HFWLRQ�1DPH
=RQH&RGH

�3RZHU�������

/DUJHVW�WKUHDW�

OHYHO�LQFOXGHG

'RXEOHG�

IRU�UXQ�XS

+LJK�

7LGH

=RQH�HOHYQ��DW�

VKRUH

&KDUOHVWRQ ��� �±��P �� ���� �����

:DQJDQXL�5LYHU ��� �±��P �� ���� �����

*RUJH�5LYHU ��� �±��P �� ���� �����

2WXNRURLWL�3RLQW ��� �±��P �� ���� �����

:HNDNXUD�3RLQW ��� �±��P �� ���� �����

&DOGHUYDOH ��� �±��P �� ���� �����

.RQJDKX ��� �±��P �� ���� �����

0RNLKLQXL ��� �±��P �� ���� �����

:DLPDQJDURD�5LYHU ��� �±��P �� ���� �����

:HVWSRUW ��� �±��P �� ���� �����

3XQDNDLNL ��� �±��P �� ���� �����

3DNLURD�%HDFK ��� �±��P �� ���� �����

*UH\PRXWK ��� �±��P �� ���� �����

&DPHURQV ��� �±��P �� ���� �����

+RNLWLND ��� �±��P �� ���� �����

0LNRQXL�5LYHU ��� �±��P �� ���� �����

:DLWDKD�5LYHU ��� �±��P �� ���� �����

2NDULWR�5LYHU ��� �±��P �� ���� �����

:DLKR�5LYHU ��� �±��P �� ���� �����

*LOOHVSLHV�3RLQW�.RKDLKDL ��� �±��P �� ���� �����

0DNDZKLR�5LYHU��-DFREV�5LYHU� ��� �±��P �� ���� �����

3DULQJD�5LYHU ��� �±��P �� ���� �����

:DLWD�5LYHU ��� �±��P �� ���� �����

+DDVW�%HDFK ��� �±��P �� ���� �����

-DFNVRQ�%D\�2NDKX ��� �±��P �� ���� �����

6WDIIRUG�%D\ ��� �±��P �� ���� �����

+RSH�5LYHU ��� �±��P �� ���� �����
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7DEOH�� <HOORZ�=RQH�KHLJKW�GHULYDWLRQ

&RDVWDO�6HFWLRQ�1DPH
=RQH&RGH

�3RZHU�������

:DWHU�

+HLJKW

'RXEOHG�IRU�

UXQ�XS
+LJK�7LGH

=RQH�HOHYQ��

DW�VKRUH

&KDUOHVWRQ ��� ��� ���� ���� �����

:DQJDQXL�5LYHU ��� ��� ���� ���� �����

*RUJH�5LYHU ��� ��� ���� ���� �����

2WXNRURLWL�3RLQW ��� ��� ���� ���� �����

:HNDNXUD�3RLQW ��� ��� ���� ���� �����

&DOGHUYDOH ��� ��� ���� ���� �����

.RQJDKX ��� ��� ���� ���� �����

0RNLKLQXL ��� ��� ���� ���� �����

:DLPDQJDURD�5LYHU ��� ��� ���� ���� �����

:HVWSRUW ��� ��� ���� ���� �����

3XQDNDLNL ��� ��� ���� ���� �����

3DNLURD�%HDFK ��� ��� ���� ���� �����

*UH\PRXWK ��� ��� ���� ���� �����

&DPHURQV ��� ��� ���� ���� �����

+RNLWLND ��� ��� ���� ���� �����

0LNRQXL�5LYHU ��� ��� ���� ���� �����

:DLWDKD�5LYHU ��� ���� ���� ���� �����

2NDULWR�5LYHU ��� ��� ���� ���� �����

:DLKR�5LYHU ��� ��� ���� ���� �����

*LOOHVSLHV�3RLQW�.RKDLKDL ��� ��� ���� ���� �����

0DNDZKLR�5LYHU��-DFREV�5LYHU� ��� ��� ���� ���� �����

3DULQJD�5LYHU ��� ��� ���� ���� �����

:DLWD�5LYHU ��� ��� ���� ���� �����

+DDVW�%HDFK ��� ��� ���� ���� �����

-DFNVRQ�%D\�2NDKX ��� ��� ���� ���� �����

6WDIIRUG�%D\ ��� ��� ���� ���� �����

+RSH�5LYHU ��� ��� ���� ���� �����
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7DEOH�� 0HWDGDWD�IRU�WKH�OD\HUV�ZLWKLQ�WKH�*,6�GDWDVHW�GHOLYHUHG�DFFRPSDQ\LQJ�WKLV�UHSRUW

'DWDEDVH 7KH�UHVXOWV�DQG�LQSXWV�XVHG�LQ�GHYHORSPHQW�RI�,QWHULP�7VXQDPL�(YDFXDWLRQ�=RQHV�

IRU�WKH�:HVW�&RDVW�5HJLRQDO�&RXQFLO��7KH�]RQHV�ZHUH�GHILQHG�DV�D�FRQVHUYDWLYH�

HVWLPDWH�RI�WKH�SRVVLEOH�LQXQGDWHG�DUHD�XVLQJ�D�*,6�PHWKRG�EDVHG�RQ�WKH�

DWWHQXDWLRQ�UHODWLRQVKLS�EHWZHHQ�ZDWHU�KHLJKW�DW�WKH�FRDVW��GLVWDQFH�IURP�WKH�

FRDVW�DQG�HOHYDWLRQ� DQG�ZKLFK�DSSOLHV�GLIIHUHQW�UXOHV�IRU�ODQG��KDUERXUV�DQG�

ULYHUV�

=RQHVB5HJLRQDO ,QWHULP�7VXQDPL�(YDFXDWLRQ�=RQHV��UHJLRQDO�]RQHV��IRU�WKH�:HVW�&RDVW�EDVHG�RQ�

D�UHJLRQ�ZLGH�'(0�GHULYHG�IURP�*HRJUDSK[�1HZ�=HDODQG�'(0��YHUVLRQ�������

0RGHOOLQJ�GRQH�XVLQJ�D�*,6�PHWKRG�LPSOHPHQWLQJ�DWWHQXDWLRQ�UHODWLRQVKLSV�IRU�

ODQG��KDUERXUV�DQG�ULYHUV��7KH���P�UHVROXWLRQ�'(0�EDVHG�RQ�/,1=�7RSR���

WRSRJUDSKLF����P�FRQWRXUV��VSRW�KHLJKWV�DQG�6570�VDWHOOLWH�GDWD�ZDV�PRGLILHG�E\�

VHWWLQJ�VHD�DUHDV�DQG�QHJDWLYH�'(0�HOHYDWLRQV�WR�]HUR� 7KH�DFFXUDF\�RI�WKH�

]RQHV�LV�FORVHO\�UHODWHG�WR�WKH�DFFXUDF\�RI�WKH�'(0�DQG�WRSRJUDSKLF�IHDWXUHV�

�FRDVWOLQH��KDUERXUV�DQG�ULYHUV��XVHG�IRU�PRGHOOLQJ��%HFDXVH�RI�WKH�PLVPDWFK�

EHWZHHQ�WKH�'(0�DQG�ULYHU�ORFDWLRQ��WKH�'(0�ZDV�QRW�XVHG�ZKHQ�PRGHOOLQJ�ULYHU�

LQXQGDWLRQ�EXW�WKH�DSSUR[LPDWH�IDOO�RI�WKH�ULYHU�ZDV�HVWLPDWHG�IURP�WKH�GLVWDQFH�

DORQJ�WKH�ULYHU�IURP�WKH�FRDVWOLQH�WR�WKH����P�FRQWRXU��7KH�RXWSXW�ULYHU�LQXQGDWHG�

DUHDV�ZHUH�FOLSSHG�ZLWK��� P�HOHYDWLRQ�FRQWRXU�ZKLFK� LQ�PRVW�FDVHV�

RYHUHVWLPDWHV�WKH�LQXQGDWHG�DUHDV�DURXQG�ULYHUV�

=RQHVB/L'$5B.DUDPHD ,QWHULP�7VXQDPL�(YDFXDWLRQ�=RQHV�IRU�SDUW�RI�.DUDPHD�EDVHG�RQ�D�/L'$5�GHULYHG�

'(0�VXSSOLHG�E\�:&5&��0RGHOOLQJ�GRQH�XVLQJ�D�*,6�PHWKRG�LPSOHPHQWLQJ�

DWWHQXDWLRQ�UHODWLRQVKLSV�IRU�ODQG��KDUERXUV�DQG�ULYHUV��7KH�'(0�ZDV�UHVDPSOHG�

WR�� P�UHVROXWLRQ��DQG�RIIVKRUH�DUHDV�GHILQHG�XVLQJ�WKH�/,1=�7RSR���FRDVWOLQH�

DQG�QHJDWLYH�HOHYDWLRQV�LQ�'(0�ZHUH�VHW�WR�]HUR� 7KH�DFFXUDF\�RI�WKH�]RQHV�LV�

FORVHO\�UHODWHG�WR�WKH�DFFXUDF\�RI�WKH�'(0�DQG�/,1=�7RSR���WRSRJUDSKLF�IHDWXUHV�

�FRDVWOLQH��KDUERXUV�DQG�ULYHUV��XVHG�IRU�PRGHOOLQJ� EXW�LV�FRQVLGHUHG WR�EH�EHWWHU�

WKDQ�WKH�DFFXUDF\�RI�WKH�UHJLRQDO�]RQHV�DQG�VKRXOG�VXSHUVHGH�WKRVH�LQ�PRVW�

DUHDV�

=RQHVB/L'$5B:HVWSRUW ,QWHULP�7VXQDPL�(YDFXDWLRQ�=RQHV�IRU�SDUW�RI�:HVWSRUW�EDVHG�RQ�D�/L'$5�GHULYHG�

'(0�VXSSOLHG�E\�:&5&��0RGHOOLQJ�GRQH�XVLQJ�D�*,6�PHWKRG�LPSOHPHQWLQJ�

DWWHQXDWLRQ�UHODWLRQVKLSV�IRU�ODQG��KDUERXUV�DQG�ULYHUV��7KH�'(0�ZDV�UHVDPSOHG�

WR�� P�UHVROXWLRQ��DQG�RIIVKRUH�DUHDV�GHILQHG�XVLQJ�WKH�/,1=�7RSR���FRDVWOLQH�

DQG�QHJDWLYH�HOHYDWLRQV�LQ�'(0�ZHUH�VHW�WR�]HUR� 7KH�DFFXUDF\�RI�WKH�]RQHV�LV�

FORVHO\�UHODWHG�WR�WKH�DFFXUDF\�RI�WKH�'(0�DQG�/,1=�7RSR���WRSRJUDSKLF�IHDWXUHV�

�FRDVWOLQH��KDUERXUV�DQG�ULYHUV��XVHG�IRU�PRGHOOLQJ� EXW�LV�FRQVLGHUHG WR�EH�EHWWHU�

WKDQ�WKH�DFFXUDF\�RI�WKH�UHJLRQDO�]RQHV�DQG�VKRXOG�VXSHUVHGH�WKRVH�LQ�PRVW�

DUHDV�
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=RQHVB0RGLILHGB:HVWSRUW ,QWHULP�7VXQDPL�(YDFXDWLRQ�=RQHV�LQ�:HVWSRUW�LQ�WKH�DUHDV�ZHUH�WKH�57.�*36�

VXUYH\�ZDV�XQGHUWDNHQ��7KH�PRGHO�LV�EDVHG�RQ D�PRGLILHG�UHJLRQDO�'(0�DQG�WKH�

PRGHOOHG�]RQHV�ZHUH�DOVR�VOLJKWO\�DOWHUHG�LQ�VRPH�DUHDV�EDVHG�RQ�WKH�VXUYH\�

GDWD��0RGHOOLQJ�ZDV�GRQH�XVLQJ�D�*,6�PHWKRG�LPSOHPHQWLQJ�DWWHQXDWLRQ�

UHODWLRQVKLSV�IRU�ODQG��KDUERXUV�DQG�ULYHUV��7KH�LQSXW�'(0�ZDV�GHYHORSHG�IURP�

/,1=�7RSR���GDWD��57.�*36�VXUYH\�SRLQWV�FROOHFWHG�E\�*16�6FLHQFH�DQG�WKH�

/L'$5�'(0�VXSSOLHG�E\�:&5&��7KLV�ZDV�GRQH�LQ�DQ�DWWHPSW�WR�LPSURYH�WKH�

DUHDV�EHORZ����P�HOHYDWLRQ�ZKHUH�LQXQGDWLRQ�ZDV�XQGHUHVWLPDWHG�ZKHQ�WKH�

UHJLRQDO�'(0�ZDV�XVHG��7KH�DFFXUDF\�RI�WKH�]RQHV�LV�FORVHO\�UHODWHG�WR�WKH�

DFFXUDF\�RI�WKH�'(0�DQG�/,1=�7RSR���WRSRJUDSKLF�IHDWXUHV��FRDVWOLQH��KDUERXUV�

DQG�ULYHUV��XVHG�IRU�PRGHOOLQJ��EXW�LV�FRQVLGHUHG WR�EH�EHWWHU�WKDQ�WKH�DFFXUDF\�RI�

WKH�UHJLRQDO�]RQHV�DQG�VKRXOG�VXSHUVHGH�WKRVH�LQ�PRVW�DUHDV�

=RQHVB0RGLILHGB*UH\PRXWK ,QWHULP�7VXQDPL�(YDFXDWLRQ�=RQHV�LQ�*UH\PRXWK�LQ�WKH�DUHDV�ZHUH�WKH�57.�*36�

VXUYH\�ZDV�XQGHUWDNHQ��7KH�PRGHO�LV�EDVHG�RQ�D�PRGLILHG�UHJLRQDO�'(0�DQG�WKH�

PRGHOOHG�]RQHV�ZHUH�DOVR�VOLJKWO\�DOWHUHG�LQ�VRPH�DUHDV�EDVHG�RQ�WKH�VXUYH\

GDWD��0RGHOOLQJ�ZDV�GRQH�XVLQJ�D�*,6�PHWKRG�LPSOHPHQWLQJ�DWWHQXDWLRQ�

UHODWLRQVKLSV�IRU�ODQG��KDUERXUV�DQG�ULYHUV��7KH�LQSXW�'(0�ZDV�GHYHORSHG�IURP�

/,1=�7RSR���GDWD�DQG�57.�*36�VXUYH\�SRLQWV�FROOHFWHG�E\�*16�6FLHQFH��7KLV�

ZDV�GRQH�LQ�DQ�DWWHPSW�WR�LPSURYH�WKH�DUHDV�EHORZ����P�HOHYDWLRQ�ZKHUH�

LQXQGDWLRQ�ZDV�XQGHUHVWLPDWHG�ZKHQ�WKH�UHJLRQDO�'(0�ZDV�XVHG��7KH�DFFXUDF\�

RI�WKH�]RQHV�LV�FORVHO\�UHODWHG�WR�WKH�DFFXUDF\�RI�WKH�'(0�DQG�/,1=�7RSR���

WRSRJUDSKLF�IHDWXUHV��FRDVWOLQH��KDUERXUV�DQG�ULYHUV��XVHG�IRU�PRGHOOLQJ��EXW�LV�

FRQVLGHUHG WR�EH�EHWWHU�WKDQ�WKH�DFFXUDF\�RI�WKH�UHJLRQDO�]RQHV�DQG�VKRXOG�

VXSHUVHGH�WKRVH�LQ�PRVW�DUHDV�

=RQHVB0RGLILHGB+RNLWLND ,QWHULP�7VXQDPL�(YDFXDWLRQ�=RQHV�LQ�+RNLWLND�LQ�WKH�DUHDV�ZHUH�WKH�57.�*36�

VXUYH\�ZDV�XQGHUWDNHQ��7KH�PRGHO�LV�EDVHG�RQ�D�PRGLILHG�UHJLRQDO�'(0�DQG�WKH�

PRGHOOHG�]RQHV�ZHUH�DOVR�VOLJKWO\�DOWHUHG�LQ�VRPH�DUHDV�EDVHG�RQ�WKH�VXUYH\�

GDWD��0RGHOOLQJ�ZDV�GRQH�XVLQJ�D�*,6�PHWKRG�LPSOHPHQWLQJ�DWWHQXDWLRQ�

UHODWLRQVKLSV�IRU�ODQG��KDUERXUV�DQG�ULYHUV��7KH�LQSXW�'(0�ZDV�GHYHORSHG IURP�

/,1=�7RSR���GDWD�DQG�57.�*36�VXUYH\�SRLQWV�FROOHFWHG�E\�*16�6FLHQFH��7KLV�

ZDV�GRQH�LQ�DQ�DWWHPSW�WR�LPSURYH�WKH�DUHDV�EHORZ����P�HOHYDWLRQ�ZKHUH�

LQXQGDWLRQ�ZDV�XQGHUHVWLPDWHG�ZKHQ�WKH�UHJLRQDO�'(0�ZDV�XVHG��7KH�DFFXUDF\�

RI�WKH�]RQHV�LV�FORVHO\�UHODWHG�WR�WKH�DFFXUDF\�RI�WKH�'(0�DQG�/,1=�7RSR���

WRSRJUDSKLF�IHDWXUHV��FRDVWOLQH��KDUERXUV�DQG�ULYHUV��XVHG�IRU�PRGHOOLQJ��EXW�LV�

FRQVLGHUHG WR�EH�EHWWHU�WKDQ�WKH�DFFXUDF\�RI�WKH�UHJLRQDO�]RQHV�DQG�VKRXOG�

VXSHUVHGH�WKRVH�LQ�PRVW�DUHDV�

&RDVW=RQHV $SSUR[LPDWHO\����NP�ZLGH�:HVW�&RDVW�FRDVWDO�]RQHV�IRU�ZKLFK�WVXQDPL�ZDYH�

KHLJKWV�ZHUH�GHWHUPLQHG�WR�PDWFK�WKH������\HDU�WVXQDPL�DW�WKH�����FRQILGHQFH�

OHYHO��3RZHU� ������

+DUERXU 7RSRJUDSKLF�IHDWXUHV�ZKLFK�ZHUH�PRGHOOHG�DV�VKDOORZ�KDUERXUV��,W�LQFOXGHV���

ODJRRQV�IURP /,1=�7RSR���1=�0DLQODQG�/DJRRQ�3RO\JRQV�GDWDVHW�DQG�%XOOHU�

5LYHU�SRUW�DUHD�FOLSSHG�IURP�/,1=�7RSR���1=�0DLQODQG�5LYHU�3RO\JRQV�GDWDVHW�

5LYHU3RO\ 7RSRJUDSKLF�IHDWXUHV�IURP�/,1=�7RSR���1=�0DLQODQG�5LYHU�3RO\JRQV�GDWDVHW�

XVHG�WR�FUHDWH�ULYHU�OD\HU�XVHG�IRU PRGHOOLQJ�WVXQDPL�LQXQGDWLRQ�

5LYHU/LQH 7RSRJUDSKLF�IHDWXUHV�IURP�/,1=�7RSR���1=�0DLQODQG�5LYHU�&HQWUHOLQHV�GDWDVHW�

XVHG�WR�FUHDWH�ULYHU�OD\HU�XVHG�IRU�PRGHOOLQJ�WVXQDPL�LQXQGDWLRQ�

&RDVWOLQH &RDVWOLQH�IURP�/,1=�7RSR���1=�0DLQODQG�&RDVWOLQHV�GDWDVHW�
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6XUYH\3RLQWV 5HVXOWV�RI�57.�*36�VXUYH\V�FDUULHG�RXW�LQ�:HVWSRUW��+RNLWLND�DQG�*UH\PRXWK�

DUHDV�

VKDGHBUHJ +LOOVKDGH�PRGHO�FRYHULQJ�WKH�DUHDV�SURQH�WR�LQXQGDWLRQ�LQ�WKH�:HVW�&RDVW�5HJLRQ��

,W�ZDV�GHULYHG�IURP�*HRJUDSK[�1HZ�=HDODQG�'(0��YHUVLRQ������EDVHG�RQ�/,1=�

7RSR���WRSRJUDSKLF����P�FRQWRXUV��VSRW�KHLJKWV�DQG�6570�VDWHOOLWH�GDWD��7KH���

P�UHVROXWLRQ�'(0�ZDV�PRGLILHG�E\�VHWWLQJ�VHD�DUHDV�DQG�QHJDWLYH�'(0�

HOHYDWLRQV�WR�]HUR�EHIRUH�WKH�VKDGH�PRGHO�ZDV�FUHDWHG�

VKDGHBOLGDUBZHVWSRUW +LOOVKDGH�PRGHO�GHULYHG�IURP�:HVWSRUW�/L'$5�'(0�VXSSOLHG�E\�:&5&��7KH�

RULJLQDO�'(0�ZDV�UHVDPSOHG�WR�DQ ��P�UHVROXWLRQ�DQG�PRGLILHG�E\�VHWWLQJ�VHD�

DUHDV�DQG�QHJDWLYH�'(0�HOHYDWLRQV�WR�]HUR�EHIRUH�WKH�VKDGH�PRGHO�ZDV�FUHDWHG�

VKDGHBOLGDUBNDUDPHD +LOOVKDGH�PRGHO�GHULYHG�IURP�.DUDPHD�/L'$5�'(0�VXSSOLHG�E\�:&5&��7KH�

RULJLQDO�'(0�ZDV�UHVDPSOHG�WR�DQ ��P�UHVROXWLRQ�DQG�PRGLILHG�E\�VHWWLQJ�VHD�

DUHDV�DQG�QHJDWLYH�'(0�HOHYDWLRQV�WR�]HUR�EHIRUH�WKH�VKDGH�PRGHO�ZDV�FUHDWHG�

1RWHV 3RLQWV�LGHQWLI\LQJ�DUHDV�ZKHUH�LW�ZDV�QRWHG�WKDW�WKH�UHVXOWV�IURP�PRGHOOLQJ�DUH�

XQFHUWDLQ�GXH�WR�WKH�TXDOLW\�RU�H[WHQW�RI�WKH�XQGHUO\LQJ�'(0V��7KH\�ZHUH�LGHQWLILHG�

RQO\�LQ�DUHDV�FRYHUHG�E\�/L'$5�GDWD�RU�ZKHUH�WKH�VXUYH\�ZDV�XQGHUWDNHQ��1RW�DOO�

DUHDV�ZKHUH�WKHVH�LVVXHV�RFFXU�KDYH�EHHQ�LGHQWLILHG�
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),*85(6

)LJXUH�� 7KH�GLIIHUHQFH�EHWZHHQ�FRDVWDO�ZLQG�ZDYH�DQG�D�WVXQDPL�ZDYH�

)LJXUH�� 7KH�GLIIHUHQFH� LQ� UXQ�XS�KHLJKW�DQG� LQXQGDWLRQ�GLVWDQFH�RQ� UHODWLYHO\� IODW�FRDVW� ODQG�YHUVXV�VWHHS�
FRDVWDO�ODQG��IRU�D�WVXQDPL�RI�WKH�VDPH�ZDYH�DPSOLWXGH�DW�WKH�FRDVW��
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)LJXUH�� �3RZHU��������WKHLU�)LJXUH�������([SHFWHG�PD[LPXP�WVXQDPL�KHLJKW�LQ�PHWUHV�DW�����\HDU�UHWXUQ�
SHULRG��VKRZQ�DW�PHGLDQ����WK SHUFHQWLOH��DQG���WK SHUFHQWLOH�RI�HSLVWHPLF�XQFHUWDLQW\�
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)LJXUH�� �3RZHU��������WKHLU�)LJXUH ������([SHFWHG�PD[LPXP�WVXQDPL�KHLJKW�LQ�PHWUHV�DW�����\HDU�UHWXUQ�
SHULRG��VKRZQ�DW�PHGLDQ����WK SHUFHQWLOH��DQG���WK SHUFHQWLOH�RI�HSLVWHPLF�XQFHUWDLQW\�
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)LJXUH�� �3RZHU��������WKHLU�)LJXUH�������([SHFWHG�PD[LPXP�WVXQDPL�KHLJKW LQ�PHWUHV�DW������\HDU�UHWXUQ�
SHULRG��VKRZQ�DW�PHGLDQ����WK SHUFHQWLOH��DQG���WK SHUFHQWLOH�RI�HSLVWHPLF�XQFHUWDLQW\�



$33(1',&(6
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$33(1',;��� '$7$�86('�$/21*�7+(�&2$67

)LJXUH�$� 7LOH���RI���VRXWKZHVW�:DWHU�KHLJKW�DW�FRDVW�� UXQ�XS�KHLJKW��DQG�KLJK�WLGH��RYHU�PHDQ�WLGH�� LQ�
PHWUHV� IRU� HDFK� FRDVWDO� GRPDLQ� XVHG� WR� JHQHUDWH� WKH� KHLJKW� DW� FRDVW� IRU� WKH� <HOORZ� =RQH �ZDWHU� KHLJKWV� DQG�
GRPDLQ�ERXQGDULHV�DIWHU�3RZHU���������0RGHOOHG�ULYHUV�DUH�ODEHOOHG�LQ�EOXH�DQG�ORFDWLRQV�PRGHOOHG�DV�µKDUERXUV¶�
�7DEOH����DUH�VKRZQ�DV�SXUSOH�GRWV�



&RQILGHQWLDO�����

*16 6FLHQFH�&RQVXOWDQF\�5HSRUW��������� ��

)LJXUH�$� 7LOH� � RI� �� FHQWUDO :DWHU� KHLJKW� DW� FRDVW�� UXQ� XS� KHLJKW�� DQG� KLJK� WLGH� �RYHU�PHDQ� WLGH�� LQ�
PHWUHV� IRU� HDFK� FRDVWDO� GRPDLQ XVHG� WR� JHQHUDWH� WKH� KHLJKW� DW� FRDVW� IRU� WKH� <HOORZ� =RQH �ZDWHU� KHLJKWV� DQG�
GRPDLQ�ERXQGDULHV�DIWHU�3RZHU���������0RGHOOHG�ULYHUV�DUH�ODEHOOHG�LQ�EOXH�DQG�ORFDWLRQV�PRGHOOHG�DV�µKDUERXUV¶�
�7DEOH����DUH�VKRZQ�DV�SXUSOH�GRWV�
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)LJXUH�$� 7LOH�� RI���QRUWKHDVW :DWHU�KHLJKW�DW�FRDVW�� UXQ�XS�KHLJKW��DQG�KLJK� WLGH� �RYHU�PHDQ� WLGH�� LQ�
PHWUHV� IRU� HDFK� FRDVWDO� GRPDLQ� XVHG� WR� JHQHUDWH� WKH� KHLJKW� DW� FRDVW� IRU� WKH� <HOORZ� =RQH �ZDWHU� KHLJKWV� DQG�
GRPDLQ�ERXQGDULHV�DIWHU�3RZHU���������0RGHOOHG�ULYHUV�DUH�ODEHOOHG�LQ�EOXH�DQG�ORFDWLRQV�PRGHOOHG�DV�µKDUERXUV¶�
�7DEOH����DUH�VKRZQ�DV�SXUSOH�GRWV�




