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,QWHUGHFDGDO�VHHVDZ�RI SUHFLSLWDWLRQ YDULDELOLW\ EHWZHHQ 1RUWK &KLQD�DQG�WKH��

6RXWKZHVW 86�

4LQJ�<DQJ���=KXJXR�0D�� ���3HLOL�:X���1LFKRODV�3��.OLQJDPDQ���/L[LD�=KDQJ��

�� .H\�/DERUDWRU\�RI�5HJLRQDO�&OLPDWH�(QYLURQPHQW�5HVHDUFK�IRU�7HPSHUDWH�(DVW�$VLD���

,QVWLWXWH�RI�$WPRVSKHULF�3K\VLFV��&KLQHVH�$FDGHP\�RI�6FLHQFHV��%HLMLQJ��&KLQD�

�� 8QLYHUVLW\�RI�&KLQHVH�$FDGHP\�RI�6FLHQFHV��%HLMLQJ��&KLQD�

�� 0HW�2IILFH�+DGOH\�&HQWUH��([HWHU�(;���3%��8.�

�� 1DWLRQDO�&HQWUH�IRU�$WPRVSKHULF�6FLHQFH��'HSDUWPHQW�RI�0HWHRURORJ\��8QLYHUVLW\�RI��

5HDGLQJ��5HDGLQJ��8.�

�� 7KH�6WDWH�.H\�/DERUDWRU\�RI�1XPHULFDO�0RGHOLQJ�IRU�$WPRVSKHULF�6FLHQFHV�DQG���
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$EVWUDFW��

7KLV�SDSHU�UHSRUWV�D�FRQVLVWHQW�VHHVDZ�UHODWLRQVKLS EHWZHHQ LQWHUGHFDGDO���

SUHFLSLWDWLRQ�YDULDELOLW\�RYHU 1RUWK�&KLQD�DQG WKH 6RXWKZHVW�8QLWHG�6WDWHV �86���ZKLFK���

FDQ�EH�IRXQG�LQ�REVHUYDWLRQV�DQG�VLPXODWLRQV ZLWK�VHYHUDO�PRGHOV��,GHDOL]HG�PRGHO���

VLPXODWLRQV VXJJHVW�WKH�VHHVDZ FRXOG�EH PDLQO\�GULYHQ�E\�WKH�,QWHUGHFDGDO�3DFLILF���

2VFLOODWLRQ��,32�� WKURXJK D�ODUJH�VFDOH�FLUFXODWLRQ�DQRPDO\�RFFXS\LQJ�WKH�HQWLUH���

QRUWKHUQ�1RUWK�3DFLILF��ZKLOH�WKH�$WODQWLF�0XOWLGHFDGDO�2VFLOODWLRQ��$02� FRQWULEXWHV���

RSSRVLWHO\�DQG�OHVV� 0RGXODWLRQ�RI SUHFLSLWDWLRQ�E\ WKH�,32�WHQGV�WR�EH�LQWHQVLILHG�ZKHQ���

WKH�$02�LV�LQ�WKH�RSSRVLWH�SKDVH��EXW�ZHDNHQHG�ZKHQ�WKH�$02�LV�LQ�WKH�VDPH�SKDVH����

7KH�ZDUP�,32�SKDVH�LV�DVVRFLDWHG�ZLWK DQ DQRPDORXV�F\FORQH�RYHU�WKH�QRUWKHUQ 1RUWK���

3DFLILF�DQG�FRQVHTXHQWO\��DQRPDORXV�VRXWKZHVWHUO\�ZLQGV�EULQJ�PRUH�PRLVWXUH�DQG���

UDLQIDOO�WR WKH�6RXWKZHVW 86��ZKLOH�QRUWKZHVWHUO\�ZLQG�DQRPDOLHV�SUHYDLO�RYHU�1RUWK���

&KLQD�ZLWK�QHJDWLYH�UDLQIDOO�DQRPDOLHV��7KH�HDVW�ZHVW�VHHVDZ�RI�UDLQIDOO�DQRPDOLHV���

UHYHUVHV�VLJQ�ZKHQ�WKH�FLUFXODWLRQ�DQRPDO\ EHFRPHV DQWLF\FORQLF�GXULQJ WKH�FROG�,32���

SKDVH� 7KH ,32�UHODWHG WURSLFDO�667�DQRPDOLHV�DIIHFW WKH PHULGLRQDO�WHPSHUDWXUH���

JUDGLHQW�RYHU�WKH�1RUWK�3DFLILF�DQG�DGMDFHQW�UHJLRQV�DQG�WKH�PHDQ�PHULGLRQDO���

FLUFXODWLRQ��,Q�WKH�QRUWKHUQ�1RUWK�3DFLILF��WKH�DWPRVSKHULF�UHVSRQVH�WR ,32�IRUFLQJ���

LPSRVHV DQ�HTXLYDOHQW�EDURWURSLF�VWUXFWXUH�WKURXJKRXW�WKH�WURSRVSKHUH��$Q�LPSRUWDQW���

LPSOLFDWLRQ�IURP�WKLV�VWXG\�LV�WKH�SRWHQWLDO�SUHGLFWDELOLW\�RI�GURXJKW�UHODWHG�ZDWHU���

VWUHVVHV RYHU�WKHVH�DULG�DQG�VHPLDULG�UHJLRQV� ZLWK�WKH�SURJUHVV�RI�RXU�XQGHUVWDQGLQJ���

DQG�SUHGLFWLRQ�RI�WKH�,32 DQG�$02���
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.H\�ZRUGV� SUHFLSLWDWLRQ YDULDELOLW\� LQWHUGHFDGDO�VHHVDZ��,QWHUGHFDGDO�3DFLILF���

2VFLOODWLRQ��GURXJKW��ZDWHU�UHVRXUFHV��

��

�� ,QWURGXFWLRQ��

3UHFLSLWDWLRQ�YDULDELOLW\�KDV�SURIRXQG�LPSDFWV�RQ�VRFLHW\�DQG�HFRV\VWHPV�EHFDXVH���

LW�LV�FORVHO\�UHODWHG�WR�GURXJKW��IORRGV�DQG�ZDWHU�UHVRXUFHV��$Q\�XVHIXO�SUHGLFWLRQ�VNLOOV���

RQ�SUHFLSLWDWLRQ�ZLOO�EH�JUHDWO\�EHQHILFLDO�DQG�QRUPDOO\�DVVRFLDWHG�ZLWK�FHUWDLQ�FOLPDWH���

PRGHV�ZLWKLQ�WKH�FRXSOHG�FOLPDWH�V\VWHP��VXFK�DV�WKH�,QWHUGHFDGDO�3DFLILF�2VFLOODWLRQ���

�,32��=KDQJ�HW�DO��������3RZHU�HW�DO��������DQG�WKH�$WODQWLF�0XOWLGHFDGDO�2VFLOODWLRQ���

�$02��.HUU��������7KH�$02��IRU�H[DPSOH��LV�IRXQG�WR�EH�VWURQJO\�FRXSOHG�ZLWK�WKH���

JOREDO�ZDWHU�F\FOH��9HOOLQJD�DQG�:X���������$QWKURSRJHQLF�FOLPDWH�FKDQJH�LV�DOVR���

DIIHFWLQJ�WKH�JOREDO�ZDWHU�F\FOH�ZLWK�UHJLRQDO�LPSDFWV��:X�HW�DO��������������=KDQJ�HW���

DO��������.DQJ DQG (OWDKLU���������7KHUH�DUH�FHUWDLQ�UHJLRQV�RYHU�WKH�ZRUOG��ZKLFK DUH���

SDUWLFXODUO\�VHQVLWLYH�WR�HSLVRGHV�RI�FOLPDWH�UHODWHG�SUHFLSLWDWLRQ�YDULDELOLW\�RQ�GHFDGDO���

RU�PXOWLGHFDGDO�WLPHVFDOHV��VXFK�DV�1RUWK�&KLQD�DQG�WKH�6RXWKZHVW�8QLWHG�6WDWHV��86�����

%RWK�1RUWK�&KLQD�DQG WKH 6RXWKZHVW�86�DUH�W\SLFDO�DULG�DQG�VHPL�DULG�UHJLRQV����

RIWHQ�KDUG�KLW�E\�VHULRXV�GURXJKWV��0DQ\�VWXGLHV�KDYH�DWWULEXWHG�WKHLU LQWHUGHFDGDO���

SUHFLSLWDWLRQ�YDULDELOLW\ WR�WKH�,32��DOWKRXJK�WKH�XQGHUO\LQJ�PHFKDQLVP�RI�ZKLFK�LV�VWLOO���

XQGHU�LQWHQVLYH�GHEDWH��)DUQHWL�HW�DO��������'L�/RUHQ]R�HW�DO��������1HZPDQ�HW�DO����������

6L�DQG�+X�������+HQOH\�������+HQOH\�HW�DO���������7KH�ZDUP�,32�SKDVH�FRUUHVSRQGV�WR���

EHORZ�QRUPDO�SUHFLSLWDWLRQ�RYHU�1RUWK�&KLQD��0D�DQG�6KDR�������0D�������=KRX�HW�DO����

������4LDQ�DQG�=KRX�������+XDQJ�HW�DO���������EXW�DERYH�QRUPDO�SUHFLSLWDWLRQ�RYHU�WKH���



� ����

6RXWKZHVW�86��0HHKO�DQG�+X�������'DL��������LPSO\LQJ�DQ�REYLRXV�RXW�RI�SKDVH��

UHODWLRQVKLS IRU�SUHFLSLWDWLRQ�UHJLPH�VKLIW��)ROORZLQJ WKH�,32�FROG�WR�ZDUP�SKDVH�VKLIW���

DURXQG�������WKHUH�LV�DQ�HYLGHQW�GU\LQJ WUHQG�RYHU�1RUWK�&KLQD��ZKHUHDV�D�VLJQLILFDQW���

ZHWWLQJ WUHQG�LV�VKRZQ�LQ�WKH�6RXWKZHVW�86 VLQFH�WKH�����V� LQFUHDVHG�SUHFLSLWDWLRQ�LQ���

WKH�+XDQJ�+XDL�5LYHU�UHJLRQ��VRXWKHUQ�1RUWK�&KLQD��DIWHU������ DQG�D�UREXVW�GU\LQJ��

WUHQG�RYHU�WKH�6RXWKZHVW�86�VLQFH�WKH�����V�DUH WKRXJKW�WR�EH�ODUJHO\�FDXVHG�E\�WKH���

,32�ZDUP�WR�FROG�SKDVH�WUDQVLWLRQ�DURXQG�������0D�������=KX�HW�DO��������������'DL���

������&K\OHN�HW�DO��������4LDQ�DQG�=KRX��������$GGLWLRQDOO\��WKH�$02 FRQWULEXWHV WR���

WKH�RXW�RI�SKDVH GHFDGDO�SUHFLSLWDWLRQ�SDWWHUQ��/L�DQG�%DWHV�������0R�HW�DO����������

6FKXEHUW�HW�DO��������)HQJ�HW�DO��������=KX�HW�DO��������6L�DQG�'LQJ��������7KH�ZDUP���

$02 SKDVH WHQGV�WR�LQGXFH�D�VWURQJHU (DVW�$VLD�6XPPHU�0RQVRRQ��($60���OHDGLQJ���

WR�PRUH QRUWKZDUG�WUDQVSRUW�RI�PRLVWXUH�DQG�HQKDQFHG�UDLQIDOO�RYHU�1RUWK�&KLQD��EXW��

GU\�FRQGLWLRQV LQ�WKH�6RXWKZHVW�86��/X�HW�DO��������6XWWRQ�DQG�+RGVRQ�������������+X���

HW�DO��������)HQJ�HW�DO�������� 7KH�FRPELQHG�HIIHFWV�RI�WKH�,32�DQG�$02�DUH���

FRPSOLFDWHG�DQG�LPSRUWDQW��6FKXEHUW�HW�DO��������=KX�HW�DO��������6L�DQG�+X�������<DQJ���

HW�DO���������)RU�LQVWDQFH��PRUH�WKDQ�KDOI�������RI�WKH�VSDWLDO�DQG�WHPSRUDO�YDULDQFH�LQ���

PXOWLGHFDGDO�GURXJKW�IUHTXHQF\�RYHU�WKH�86�LV�DWWULEXWDEOH�WR�WKH�$02�DQG�WKH�3DFLILF���

'HFDGDO�2VFLOODWLRQ��3'2��0DQWXD�HW�DO��������0DQWXD�DQG�+DUH��������ZKLFK�LV�WKH���

1RUWK�3DFLILF�FRPSRQHQW�RI�WKH�,32��0F&DEH�HW�DO����������

7KH�SXUSRVHV RI�WKLV�VWXG\�DUH WR�LGHQWLI\�WKH�LQWHUGHFDGDO�VHHVDZ�RI�SUHFLSLWDWLRQ���

YDULDELOLW\�EHWZHHQ�1RUWK�&KLQD�DQG�WKH�6RXWKZHVW�86��WR�IXUWKHU�XQGHUVWDQG WKH���

DVVRFLDWHG�IRUPDWLRQ PHFKDQLVP UHODWHG�WR�WKH�,32�DQG $02��DQG WR�DQVZHU�ZK\�WKHUH���
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LV DQ�RXW�RI�SKDVH�GHFDGDO�SUHFLSLWDWLRQ�SDWWHUQ�EHWZHHQ�1RUWK�&KLQD�DQG�WKH���

6RXWKZHVW�86 WKURXJK�DQDO\VLV RI�GHFDGDO�RFHDQ�IRUFLQJV���

$OWKRXJK�PDQ\�VWXGLHV�KDYH�LQYHVWLJDWHG WKH�FRQWUDVWLQJ UHODWLRQVKLS RI��

SUHFLSLWDWLRQ�YDULDELOLW\ EHWZHHQ�$VLD�DQG�1RUWK�$PHULFD �H�J���/DX�DQG�:HQJ��������

/DX�HW�DO��������/L�HW�DO������� 0D�DQG�)X������ +XD�HW�DO��������=KDR�HW�DO����������������

:DQJ�HW�DO��������)DQJ�HW�DO��������������<DQJ�DQG�)X�������=KX�DQG�/L��������WKH���

FLUFXODWLRQ�PHFKDQLVP�IRU�WKH�VHHVDZ�UHODWLRQVKLS�UHPDLQV�XQFOHDU��7KLV�LV�EHFDXVH�WKDW��

SUHYLRXV�UHVHDUFKHV KDYH IRFXVHG�RQ LQFRQVLVWHQW�VWXG\�DUHDV��=KDR�HW�DO����������������

)DQJ�HW�DO���������WLPH�VFDOHV��/DX�DQG�:HQJ�������/DX�HW�DO��������)DQJ�HW�DO����������

:DQJ�HW�DO���������DQG SUHFLSLWDWLRQ�UHODWHG YDULDEOHV �/L�HW�DO��������<DQJ�DQG�)X���

�������$GGLWLRQDOO\��IRU�DWWULEXWLRQ RI�SUHFLSLWDWLRQ�YDULDELOLW\��PRUH�DWWHQWLRQV KDYH��

EHHQ�SDLG�WR�WKH�$VLDQ�3DFLILF�2VFLOODWLRQ �=KDR�HW�DO��������)DQJ�HW�DO���������(DVW���

$VLDQ�VXEWURSLFDO�PRQVRRQ�KHDWLQJ��=KX�DQG�/L��������(XUDVLDQ�QRQ�PRQVRRQ�ODQG���

KHDWLQJ��=KDR�HW�DO���������DQG�1RUWK�3DFLILF�VHD�VXUIDFH�WHPSHUDWXUH��667��DQRPDO\����

�/DX�DQG�:HQJ�������/DX�HW�DO���������UDWKHU�WKDQ�WKH�,32�DQG�$02��:H�DLP�WR����

DGGUHVV�WKHVH�VKRUWFRPLQJV�LQ�WKLV VWXG\����

7KH�REVHUYHG�SUHFLSLWDWLRQ�UHFRUGV�DUH�VKRUWHU�WKDQ�����\HDUV�RYHU�WKH�86�DQG�WKH����

TXDOLW\�RI�WKH�UHFRUGV�GHFOLQH�VLJQLILFDQWO\�EDFNZDUG�LQ�WLPH��,Q�&KLQD��PRVW�RI����

PHWHRURORJLFDO�VWDWLRQV�ZHUH�HVWDEOLVKHG�DIWHU�����V�DQG�RQO\�IHZ�VWDWLRQV�ZHUH����

DYDLODEOH�EHIRUH�����V��UHVXOWLQJ�LQ�RQO\�DERXW����VWDWLRQV�ZLWK�DSSUR[LPDWHO\ �������

\HDUV�RI�SUHFLSLWDWLRQ�REVHUYDWLRQV��7KHVH�GDWDVHWV�DUH�MXVW�HQRXJK�WR�FRYHU�RQH��RU�WZR�����

IXOO�F\FOHV�RI�WKH�$02�DQG�WKH�,32��ZKLFK�OLPLWV�WKHLU�XWLOLW\�IRU�GLDJQRVLQJ�UREXVW����
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UHJLRQDO�FOLPDWH�LPSDFWV�OLQNHG�ZLWK�WKH�,32 DQG�$02� )RU�LQVWDQFH��1HZPDQ�HW�DO�����

�������LQGLFDWHG�WKDW�FOLPDWH�LPSDFWV�FRUUHODWHG�ZLWK�WKH�3'2�DUH�GLIIHUHQW�IURP����

FOLPDWH�LPSDFWV�WKDW�DUH�SUHGLFWHG�E\�WKH�3'2��EHFDXVH�WKDW�FOLPDWH�LPSDFWV�DQG�WKH����

3'2�PD\�EH�ERWK�GULYHQ�E\�D�FRPPRQ�IRUFLQJ�IXQFWLRQ��,W�LV�GLIILFXOW�WR�GLVWLQJXLVK����

WKHVH WZR�UHODWLRQVKLSV�LQ�REVHUYDWLRQ��$WPRVSKHULF�JHQHUDO�FLUFXODWLRQ�PRGHOV����

�$*&0V� ZLWK�SUHVFULEHG�REVHUYHG�RU�LGHDOL]HG�667�SDWWHUQV��H�J���/L�HW�DO��������+X�HW����

DO��������'DL�������6FKXEHUW�HW�DO��������DUH�HIIHFWLYH�WRROV�WR�FRQILUP�RU�UHMHFW����

FRQFOXVLRQV�UHDFKHG�IURP�REVHUYDWLRQDO�DQDO\VLV��7KXV��LQ�DGGLWLRQ�WR�REVHUYDWLRQDO DQG����

UHDQDO\VLV�GDWD��D�VHULHV�RI�$*&0�H[SHULPHQWV�GHVLJQHG�E\�WKH�86�&OLPDWH�9DULDELOLW\����

DQG�3UHGLFWDELOLW\��&/,9$5��'URXJKW�:RUNLQJ�*URXS��6FKXEHUW�HW�DO��������DUH�DOVR����

HPSOR\HG LQ�WKLV�VWXG\� $V�WKH\�DUH�QRW�IXOO\�FRXSOHG��WKHUH�H[SHULPHQWV�DUH�QRW�VXLWDEOH����

WR�GLVHQWDQJOH DLU�VHD�LQWHUDFWLRQ��'HWDLOHG�SK\VLFDO�PHFKDQLVPV�RI�WKH LQWHUGHFDGDO����

RFHDQLF�PRGHV DQG�WKHLU�SRWHQWLDO�LQIOXHQFH WR�WKH�VHHVDZ�UHODWLRQVKLS KDYH�QRW�EHHQ����

DGGUHVVHG�LQ�WKLV�VWXG\��DQG�IXUWKHU�IROORZ�XS�ZRUN�LV�QHHGHG����

7KH�UHVW�RI�WKH�SDSHU�LV�RUJDQL]HG�DV�IROORZV��,Q�VHFWLRQ����ZH�GHVFULEH�WKH�GDWD�����

$*&0�H[SHULPHQWV�DQG�PHWKRGV�XVHG�LQ�WKLV�VWXG\��7KH�REVHUYHG�VHHVDZ�SDWWHUQ�DQG����

DVVRFLDWHG�FLUFXODWLRQ�DUH SUHVHQWHG�LQ�VHFWLRQ����7KH�SRVVLEOH�PHFKDQLVPV�DUH�SURYLGHG����

LQ�VHFWLRQ����$�VXPPDU\ DQG�GLVFXVVLRQ�DUH JLYHQ LQ�VHFWLRQ������

���

�� 'DWD�DQG�PHWKRGV���

D� 'DWD���

7KH�IROORZLQJ�GDWDVHWV�DUH�XVHG�LQ�WKLV�VWXG\����
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���*OREDO�PHUJHG�PRQWKO\�SUHFLSLWDWLRQ��EDVHG�RQ�JDXJH�UHFRUGV��IRU�����������RQ�D����

���R ODWLWXGH�î����R ORQJLWXGH�JULG�REWDLQHG�IURP�'DL���������������:H�IRFXVHG�RQ�WKH����

SHULRG�����������EHFDXVH�SUHFLSLWDWLRQ�REVHUYDWLRQV�DUH�VSDUVH�RYHU�&KLQD�EHIRUH����

DURXQG����������

���*OREDO�ODQG�PRQWKO\�SUHFLSLWDWLRQ�IRU������������ZLWK�D�KLJK�UHVROXWLRQ�RI��������

ODWLWXGH î����� ORQJLWXGH� REWDLQHG�IURP�&58�76�����8QLYHUVLW\�RI�(DVW�$QJOLD����

&OLPDWLF�5HVHDUFK�8QLW�����������

���&KLQHVH�ORQJ�WHUP�JULGGHG�SUHFLSLWDWLRQ�GDWD�IRU ��������� REWDLQHG�IURP�WKH�&KLQD����

0HWHRURORJLFDO�$GPLQLVWUDWLRQ����

���*OREDO�DWPRVSKHULF�UHDQDO\VLV�PRQWKO\ GDWD�IRU�FLUFXODWLRQ�IRU�����������RQ�D����R���

ODWLWXGH�î����R ORQJLWXGH�JULG��IURP�WKH�8�6��1DWLRQDO�&HQWHUV�IRU�(QYLURQPHQWDO����

3UHGLFWLRQ�1DWLRQDO�&HQWHU�IRU�$WPRVSKHULF�5HVHDUFK��1&(3±1&$5��.DOQD\�HW�DO�����

���������

���*OREDO�JULGGHG�PRQWKO\�667�IRU�����������RQ D��R ODWLWXGH�î��R ORQJLWXGH�JULG��IURP����

WKH�1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ�([WHQGHG�5HFRQVWUXFWHG�667����

YHUVLRQ����(5667�Y���+XDQJ�HW�DO�����������

���7KH�DQQXDO�,32�LQGH[�IRU������������IURP�'DL���������ZKR�GHILQHG�WKH�VPRRWKHG����

�E\�DSSO\LQJ�D ��\HDU�PRYLQJ�DYHUDJH�WZLFH��DVVRFLDWHG�SULQFLSOH�FRPSRQHQW�RI�WKH����

VHFRQG�OHDGLQJ�HPSLULFDO�RUWKRJRQDO�IXQFWLRQ��(2)��RI�WKH���\HDU�PRYLQJ�DYHUDJHG����

667�IURP�WKH�+DGOH\�&HQWUH�6HD�,FH�DQG�6HD�6XUIDFH�7HPSHUDWXUH�GDWDVHW��+DG,667�����

5D\QHU�HW�DO���������XVLQJ GDWD�IRU�����������DQG���R6±��R1�� ����

���7KH�PRQWKO\�$02�LQGH[�IRU������������(QILHOG�HW�DO��������GRZQORDGHG�IURP����
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KWWSV���ZZZ�HVUO�QRDD�JRY�SVG�GDWD�WLPHVHULHV�$02�����

���

E��$*&0�H[SHULPHQWV���

7KH�86�&/,9$5�'URXJKW�:RUNLQJ�*URXS�LQLWLDWHG�D�VHULHV�RI�JOREDO�FOLPDWH����

PRGHO H[SHULPHQWV�WR�DGGUHVV�WKH�SK\VLFDO�PHFKDQLVPV�WKDW�OLQN�JOREDO�667�YDULDWLRQV����

WR�UHJLRQDO�GURXJKW�DQG�IORRG��6FKXEHUW�HW�DO���������$VVRFLDWHG�IRUFLQJ�667�ILHOGV IRU���

H[SHULPHQWV�ZHUH�SUHVFULEHG�DV�IROORZV����

�� 7KH�5RWDWHG�(PSLULFDO�2UWKRJRQDO�)XQFWLRQ��5(2)��PHWKRG�ZDV�DSSOLHG�WR�JOREDO����

DQQXDO�PHDQ�667�DQRPDOLHV��5D\QHU�HW�DO��������IURP����� WR������WR�REWDLQ�WKH����

OHDGLQJ�SDWWHUQV�RI�667�DQRPDOLHV����

�� 7KH�5(2)� �)LJ���D��ZDV�VFDOHG�E\���ı��ı�LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH����

DVVRFLDWHG�5RWDWHG�3ULQFLSDO�&RPSRQHQW �53&���)LJ���E���DQG�WKHQ VXSHULPSRVHG����

RQWR�WKH�����������PRQWKO\�FOLPDWRORJ\��IRUPLQJ�D IRUFLQJ�667 DQRPDO\ FDOOHG����

WKH�3DFLILF�SDWWHUQ����

�� $SSO\LQJ�WKH�PHWKRG�LQ�����WR�WKH�5(2)���)LJ���F��\LHOGV WKH�$WODQWLF�SDWWHUQ�����

$V�VKRZQ�LQ�)LJ� �D��WKH�3DFLILF�SDWWHUQ�LV�DQDORJRXV�WR�WKH�,32�DVVRFLDWHG�667����

DQRPDO\��DQG�53&��LV�VLJQLILFDQWO\�FRUUHODWHG ZLWK�WKH�,32�LQGH[� WKXV��WKH�3DFLILF����

SDWWHUQ�LV�GHHPHG WKH�,32�LQ�WKLV�VWXG\� /LNHZLVH��WKH�$WODQWLF�SDWWHUQ�LV�GHHPHG WKH����

$02��1RWH�WKDW�WKH�SUHVFULEHG�667�ILHOGV�YDU\�PRQWKO\ ZLWK�WKH�FOLPDWRORJLFDO����

������������VHDVRQDO�F\FOH��EXW�KDYH�QR�LQWHU�DQQXDO�RU�ORQJHU�WHUP�YDULDELOLW\����

:H�IRFXVHG�RQ�QLQH�EDVHOLQH�H[SHULPHQWV��ZKLFK�DUH�FRPELQDWLRQV�RI�WKH�3DFLILF����

�3��DQG�$WODQWLF��$��SDWWHUQV�RI�FROG �GHQRWHG�E\�F��VFDOHG E\ ��ı���QHXWUDO��Q��]HUR����
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DQRPDO\���DQG�ZDUP��Z��VFDOHG E\ ��ı��DQRPDOLHV��GHQRWHG�E\�3[$\ VKRZQ�LQ�7DEOH�������

KHUH�[��\ F��Q��Z�� 7KHVH�EDVHOLQH�H[SHULPHQWV�ZHUH�SHUIRUPHG�E\�ILYH�$*&0V� WKH����

1$6$�6HDVRQDO�WR�,QWHUDQQXDO�3UHGLFWLRQ�3URMHFW�$*&0��16,33���%DFPHLVWHU�HW�DO�����

�������WKH�*OREDO�)RUHFDVW�6\VWHP�$*&0��*)6��&DPSDQD�DQG�&DSODQ��������WKH����

*HRSK\VLFDO�)OXLG�'\QDPLFV�/DERUDWRU\�$*&0��*)'/��'HOZRUWK�HW�DO���������WKH����

&RPPXQLW\�$WPRVSKHULF�0RGHO��&$0�����&KHQ�HW�DO���������DQG�WKH�&RPPXQLW\����

&OLPDWH�0RGHO��&&0���.LHKO�HW�DO���������$OO�VLPXODWLRQV�UDQ�IRU����\HDUV��H[FHSW�WKH����

*)6�����\HDUV���$GGLWLRQDO�H[SHULPHQWV��SHUIRUPHG�E\�RQO\�*)'/�DQG�16,33������

IRUFHG�E\�WKH�WURSLFDO�667�FRPSRQHQW�RI�WKH�3DFLILF�SDWWHUQ��)LJ���D��EOXH�ER[��ZHUH����

DOVR�DQDO\]HG��)RU�PRUH�LQIRUPDWLRQ�DQG�DQ�RYHUYLHZ�RI�WKH�86 &/,9$5�'URXJKW����

:RUNLQJ�*URXS��SOHDVH�VHH�6FKXEHUW�HW�DO������������

���

F� 0HWKRGV���

:H�IRFXVHG RQ�LQWHUGHFDGDO SUHFLSLWDWLRQ�YDULDWLRQV�DQG�XVHG D���\HDU�PRYLQJ����

DYHUDJH WZLFH��ZKLFK�LV�HTXLYDOHQW�WR�D����\HDU�ORZ�SDVV�ILOWHU�ZLWK�XQHTXDO�ZHLJKWV����

WR UHPRYH VKRUW�WHUP�YDULDWLRQV��5HJUHVVLRQ�DQDO\VLV�DQG�HSRFK�FRPSRVLWHV�ZHUH����

HPSOR\HG�WR�GHSLFW�WKH�VSDWLDO�SDWWHUQV�RI�DQRPDORXV�667�DQG�DWPRVSKHULF�FLUFXODWLRQ����

DVVRFLDWHG�ZLWK�WKH�SUHFLSLWDWLRQ�DQG�WKH�,32��7KH WKUHVKROG�RI�����ı�RI�WKH�,32�LQGH[���

ZDV�XVHG�WR�GHILQH�WKH�,32�FROG�DQG�ZDUP�SKDVHV��7KH�ORQJ�WHUP�WUHQG�LQ�JOREDO 667����

ZDV�UHPRYHG�E\�UHJUHVVLQJ�WKH�667�ZLWK�WKH�WLPH�VHULHV�RI�JOREDO�DQQXDO�PHDQ�667�����

ZKLOH�WKH�ORQJ�WHUP�WUHQG�LQ�RWKHU�YDULDEOHV�ZDV�UHPRYHG�XVLQJ�D�OLQHDU�OHDVW�VTXDUH����

ILW��7KH�6WXGHQW¶V�W�WHVW��:LONV�������ZDV�XVHG�WR�WHVW�WKH�GLIIHUHQFH�RI�PHDQ�GXULQJ����
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GLIIHUHQW�FRPSRVLWH�SHULRGV��DQG�GHWHFW�WKH�VWDWLVWLFDO�VLJQLILFDQFH�RI�OLQHDU�UHJUHVVLRQ����

FRHIILFLHQWV�DQG�3HDUVRQ�FRUUHODWLRQ�FRHIILFLHQWV��DIWHU�DGMXVWLQJ�WKH�GHJUHHV�RI�IUHHGRP����

�LQ�VXSSOHPHQW���,Q�DGGLWLRQ��VLPXODWLRQV�IURP�DOO�ILYH�$*&0V�ZHUH�DYHUDJHG�WR�REWDLQ����

DQ�HQVHPEOH�PHDQ��ZKLFK�RIWHQ�UHGXFHV�PRGHO�XQFHUWDLQWLHV�LQWURGXFHG�E\�VXE�JULG����

VFDOH�SDUDPHWHUL]DWLRQV�DQG�SURGXFHV�VLJQDOV�FORVHU�WR�REVHUYDWLRQV��5RZHOO����������

:DQJ�HW�DO��������0R�HW�DO�����������

���

�� ,QWHUGHFDGDO�VHHVDZ�DQG�DVVRFLDWHG�FLUFXODWLRQV���

)LJXUH��D�VKRZV�GHWUHQGHG�DQG�VPRRWKHG�UHJLRQDO�DYHUDJH�SUHFLSLWDWLRQ����

DQRPDOLHV�RYHU�1RUWK�&KLQD�DQG�WKH�6RXWKZHVW�86��DV�ZHOO�DV�WKH�,32�DQG�$02����

LQGLFHV��3UHFLSLWDWLRQ�YDULDWLRQV�RYHU�1RUWK�&KLQD�DUH VLJQLILFDQWO\�QHJDWLYHO\����

FRUUHODWHG�ZLWK�WKRVH RYHU�WKH�6RXWKZHVW�86� ZLWK�ZHW��GU\��RYHU�1RUWK�&KLQD�DOLJQLQJ����

ZLWK�GU\��ZHW��RYHU�WKH�6RXWKZHVW�86��LPSO\LQJ�DQ�DSSDUHQW�LQWHUGHFDGDO�VHHVDZ����

SDWWHUQ�����

1RWH�WKDW�D�VLJQLILFDQW�SRVLWLYH�FRUUHODWLRQ�LV�IRXQG�EHWZHHQ 6RXWKZHVW�86����

SUHFLSLWDWLRQ�DQG�WKH�,32 LQGH[��ZLWK�WKH�PD[LPXP�FRUUHODWLRQ��U  �������DW�]HUR�ODJ�����

LPSO\LQJ�WKH\�YDU\�LQ�SKDVH� 1RUWK�&KLQD�SUHFLSLWDWLRQ�LV�VLJQLILFDQWO\�DQWL�FRUUHODWHG����

ZLWK�WKH�,32 LQGH[�DW�]HUR�ODJ��VXJJHVWLQJ�WKH\�YDU\�RXW�RI�SKDVH��7KLV�PHDQV�WKDW�WKH����

,32�PD\�EH DVVRFLDWHG�ZLWK�WKH�LQWHUGHFDGDO�VHHVDZ�SDWWHUQ��ZLWK�WKH�ZDUP�,32�SKDVH����

DOLJQHG ZLWK�EHORZ�QRUPDO�SUHFLSLWDWLRQ�RYHU�1RUWK�&KLQD�EXW�DERYH�QRUPDO����

SUHFLSLWDWLRQ�RYHU�WKH�6RXWKZHVW�86 DQG�WKH�FROG�,32�SKDVH�DOLJQHG ZLWK�ZHW�RYHU����

1RUWK�&KLQD�EXW�GU\�RYHU�WKH�6RXWKZHVW�86 �)LJ���E���,W�LV�DOVR�QRWHG�WKDW�WKH�PD[LPXP����
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QHJDWLYH�FRUUHODWLRQ��U  �ˉ������RFFXUV ZKHQ�WKH�,32�OHDGV�1RUWK�&KLQD�SUHFLSLWDWLRQ����

E\�DERXW���\HDUV �)LJ��6��LQ�VXSSOHPHQW�� 7KH���\HDU�ODJJHG�DQWL�FRUUHODWLRQ�FRXOG�EH����

RQH�UHDVRQ�ZK\�WKH�3'2�WUHQG�GXULQJ�����±�����LV�QHDUO\�]HUR��KRZHYHU��WKHUH�LV�D����

VLJQLILFDQW�GHFOLQH�LQ�1RUWK�&KLQD�SUHFLSLWDWLRQ�PHQWLRQHG�E\�=KRX�HW�DO������������

8QOLNH�WKH�,32��WKH�$02�KDV�DQ LQVLJQLILFDQW SRVLWLYH�FRUUHODWLRQ�ZLWK�1RUWK����

&KLQD SUHFLSLWDWLRQ DW�]HUR�ODJ��LPSO\LQJ�WKH�$02¶V�FRQWHPSRUDQHRXV LQIOXHQFH�RQ����

SUHFLSLWDWLRQ�LV�VPDOOHU�WKDQ�WKH�,32¶V��7KH�PD[LPXP�SRVLWLYH�FRUUHODWLRQ��U  �������LV����

IRXQG�ZKHQ�WKH�$02�OHDGV�SUHFLSLWDWLRQ�E\�DERXW����\HDUV��RU�DSSUR[LPDWHO\����

RQH�TXDUWHU�RI�DQ�$02�F\FOH� 7KH�$02�KDV�D�VLJQLILFDQW DQWL�FRUUHODWLRQ�ZLWK����

SUHFLSLWDWLRQ�RYHU�WKH�6RXWKZHVW�86��ZLWK�PD[LPXP�QHJDWLYH�FRUUHODWLRQ��U  �ˉ���������

ZKHQ�WKH�$02�OHDGV�SUHFLSLWDWLRQ�E\�DERXW����\HDUV��7KLV�LPSOLHV WKDW�WKH�$02�KDV����

RSSRVLWH�HIIHFW�RQ WKH�LQWHUGHFDGDO�VHHVDZ ZLWK�UHVSHFW�WR WKH�,32��$GGLWLRQDOO\��WKH����

$02�FDQ�RQO\�VWUHQJWKHQ��ZHDNHQ� WKH�PDJQLWXGH�RI�WKH�,32�LQGXFHG�SUHFLSLWDWLRQ����

DQRPDO\��ZKHQ�WKH�$02�LV�RXW�RI�SKDVH��LQ�SKDVH� ZLWK�WKH�,32 �)LJ���E���UHVSHFWLYHO\����

:H�DOVR�SHUIRUPHG WKH�VDPH�DQDO\VLV�XVLQJ WKH�&58�76��� SUHFLSLWDWLRQ GDWD��7KH����

UHVXOWV��)LJ��6��LQ�VXSSOHPHQW��DUH�DQDORJRXV�WR�WKRVH�VKRZQ�LQ�)LJ���D XVLQJ�WKH�'DL����

SUHFLSLWDWLRQ�GDWD��LQGLFDWLQJ�WKDW�WKH�UHODWLRQVKLSV�DUH�UREXVW�DQG�QRW�VHQVLWLYH�WR WKH����

FKRLFH�RI�GDWD����

*LYHQ�WKDW�WKH�,32�PD\�SOD\ D�GRPLQDQW�UROH�LQ�WKH�LQWHUGHFDGDO�VHHVDZ�SDWWHUQ�����

WKH�,32�SKDVH�FRPSRVLWH�DQRPDOLHV�RI�667�DQG SUHFLSLWDWLRQ�RYHU�1RUWK�&KLQD�DQG�WKH����

6RXWKZHVW�86�DUH�VKRZQ�LQ�)LJ���� 'XULQJ�WKH�ILUVW�FROG�,32�SKDVH�����������������

SUHFLSLWDWLRQ�VKRZV�D�QRUWK�VRXWK�GLSROH��ZLWK�DERYH�QRUPDO�SUHFLSLWDWLRQ�RYHU�1RUWK����
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&KLQD�EXW�EHORZ�QRUPDO�SUHFLSLWDWLRQ�RYHU�6RXWK�&KLQD��)LJ���D���0HDQZKLOH��PRVW�RI����

WKH�FRQWLJXRXV�86�UHFHLYHV�EHORZ�QRUPDO�SUHFLSLWDWLRQ H[FHSW�SDUWV�RI�WKH�QRUWKZHVW����

DQG�VRXWKHDVW��ZKHUH�SUHFLSLWDWLRQ�LQFUHDVHV��)LJ���E���'XULQJ�WKH�ZDUP�,32�SKDVH����

�������������WKH�VSDWLDO�SDWWHUQ�RI�SUHFLSLWDWLRQ�DQRPDOLHV�UHVHPEOHV WKDW�DVVRFLDWHG����

ZLWK�WKH�ILUVW�FROG�,32�SKDVH� EXW�ZLWK�RSSRVLWH�VLJQ��+RZHYHU��QRWH�WKDW�WKH�WZR�FROG����

,32�SKDVHV�KDYH�GLVWLQFW�SUHFLSLWDWLRQ�DQRPDOLHV� )RU�WKH�UHFHQW�FROG�SKDVH����

�������������DERYH� DQG�EHORZ�QRUPDO�SUHFLSLWDWLRQ�LV H[SHFWHG�RYHU�1RUWK�&KLQD�DQG����

WKH�6RXWKZHVW�86��UHVSHFWLYHO\��+RZHYHU��SUHFLSLWDWLRQ�GHFUHDVHV�LQ ERWK�UHJLRQV��$����

FRPSDULVRQ�RI�WKH�667�DQRPDOLHV�DVVRFLDWHG�ZLWK�WKH�WZR�FROG�,32�SKDVHV��)LJ���F�DQG����

�L���VKRZV RSSRVLWH�VLJQHG�667�DQRPDOLHV��H[FHSW�LQ�WKH�1RUWK�3DFLILF��7KLV�LPSOLHV����

WKDW�RWKHU�LQWHUGHFDGDO�667�PRGHV��H�J���$02��PD\�LQIOXHQFH�UHJLRQDO�SUHFLSLWDWLRQ����

DQRPDOLHV��RYHU�1RUWK�&KLQD��WKHLU�LQIOXHQFHV�WHQG�WR�EH�FRPSDUDEOH�WR�WKDW�RI�WKH�,32�����

EXW�RYHU�WKH�6RXWKZHVW�86�WKH\�DUH�UHODWLYHO\�VPDOOHU��,Q�DGGLWLRQ��WKH���\HDU�ODJ����

DQWL�FRUUHODWLRQ�EHWZHHQ�SUHFLSLWDWLRQ�RYHU�1RUWK�&KLQD�DQG�WKH�,32�IRU�����������LV����

VLPLODU�WR�WKDW�IRU������������)LJ��6� LQ�VXSSOHPHQW���VXJJHVWLQJ�WKDW�WKH�ODJ����

DQWL�FRUUHODWLRQ�LV�UREXVW��7KHUHIRUH��WKH���\HDUV¶�ODJ�FRXOG�EH�DQRWKHU�UHDVRQ�IRU�WKH����

QHJDWLYH�SUHFLSLWDWLRQ�DQRPDO\�LQ�1RUWK�&KLQD�GXULQJ�WKH�UHFHQW�,32�FROG�SKDVH��ZKLFK����

KDV�WKXV�IDU�H[LVWHG�IRU�RQO\�DSSUR[LPDWHO\�D�TXDUWHU�RI�D WUDGLWLRQDO�,32�F\FOH����

7R�H[SORUH�JOREDO�ODUJH�VFDOH�DWPRVSKHULF�FLUFXODWLRQ�DQRPDOLHV�DVVRFLDWHG�ZLWK����

LQFUHDVHG�SUHFLSLWDWLRQ�RYHU�1RUWK�&KLQD�DQG�WKH�6RXWKZHVW�86��VRPH�NH\�FLUFXODWLRQ����

YDULDEOHV�DV�ZHOO�DV�667�ZHUH�VHSDUDWHO\�UHJUHVVHG�RQWR�WKH�VPRRWKHG UHJLRQDO�PHDQ����

SUHFLSLWDWLRQ�DQRPDOLHV�RYHU�WKH�WZR�UHJLRQV��)LJ���������
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$VVRFLDWHG�ZLWK�LQFUHDVHG�SUHFLSLWDWLRQ�RYHU�1RUWK�&KLQD��WKH�SUHGRPLQDQW�667����

IHDWXUH�LV�D�EDVLQ�ZLGH�ZDUPLQJ�LQ�WKH�QRUWKHUQ�1RUWK�3DFLILF�DQG�FRROLQJ�LQ�WKH����

WURSLFDO�HDVWHUQ�3DFLILF��)LJ���D���ZKLFK�UHVHPEOHV�WKH�,32�FROG�SKDVH��)LJ���F���7KHUH����

LV�DQ�DQRPDORXVO\�ORZ�VHD�OHYHO�SUHVVXUH��6/3� RYHU�&KLQD�DQG�0RQJROLD��ZKLOH�DQ����

DQRPDORXVO\�KLJK�6/3�RFFXSLHV�WKH�HQWLUH�QRUWKHUQ�1RUWK�3DFLILF��$�SRVLWLYH�KHLJKW����

DQRPDO\�LQ�WKH�XSSHU�WURSRVSKHUH�LV�DOVR�IRXQG�RYHU�WKH�QRUWKHUQ�1RUWK�3DFLILF�����

VXJJHVWLQJ�WKH�DQRPDORXV�KLJK�SUHVVXUH�KDV�DQ�HTXLYDOHQW�EDURWURSLF�VWUXFWXUH��)LJ���F������

,W�LV�DVVRFLDWHG�ZLWK�DQ�DQRPDORXV�DQWLF\FORQH�H[WHQGLQJ�IURP�ZHVW�FRDVW�RI�1RUWK����

$PHULFD�WR�HDVW�FRDVW�RI�$VLD��7KH�ORZHU�WURSRVSKHULF�FLUFXODWLRQ�RYHU�(DVW�&KLQD����

IHDWXUHV�DQRPDORXV�VRXWKZHVWHUOLHV��LQGLFDWLQJ�DQ�HQKDQFHG�($60�FLUFXODWLRQ��7KHVH����

FLUFXODWLRQ�DQRPDOLHV�IDYRU�ZDWHU�YDSRU�WUDQVSRUW�IURP�WKH�WURSLFV�DQG�FRQYHUJHQFH����

LQWR�1RUWK�&KLQD��DVVRFLDWHG�ZLWK�LQFUHDVHG SUHFLSLWDWLRQ�RYHU�1RUWK�&KLQD�EXW�UHGXFHG����

SUHFLSLWDWLRQ�RYHU�6RXWK�&KLQD����

&RPSDUHG�ZLWK�1RUWK�&KLQD��LQFUHDVHG�SUHFLSLWDWLRQ�RYHU�WKH�6RXWKZHVW�86�LV����

DVVRFLDWHG�ZLWK�RSSRVLWH�VLJQHG�DQRPDOLHV�LQ�667�DQG�FLUFXODWLRQ��7KH�VSDWLDO�SDWWHUQ����

RI�667�DQRPDOLHV�LV�DQDORJRXV�WR�WKH�ZDUP ,32 SKDVH �)LJ���I���7KH�QRUWKHUQ�1RUWK����

3DFLILF�LV�DOVR�GRPLQDWHG�E\�DQ�HTXLYDOHQW�EDURWURSLF�VWUXFWXUH��EXW�LW�LV�DQ�DQRPDORXV����

ORZ��7KH�DVVRFLDWHG�DQRPDORXV�F\FORQH�LQGXFHV�DQRPDORXV�VRXWKZHVWHUOLHV�DQG����

LQFUHDVHG�SUHFLSLWDWLRQ�RYHU WKH�6RXWKZHVW�86��)LJ���G���0HDQZKLOH� DQRPDORXV����

QRUWKHUOLHV�DUH�IRXQG RYHU�(DVW�&KLQD��LPSO\LQJ�D�ZHDNHQHG�($60�DQG�UHGXFHG����

SUHFLSLWDWLRQ�RYHU�1RUWK�&KLQD����

���
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���3RVVLEOH�IRUPDWLRQ�PHFKDQLVP�RI�WKH�LQWHUGHFDGDO�VHHVDZ���

D��,PSDFW�RI�WKH�,32���

,OOXVWUDWHG�LQ�)LJ��� DUH�PXOWL�PRGHO�HQVHPEOH�PHDQ�DQRPDOLHV�RI�UHJLRQDO�PHDQ����

DQQXDO�DQG�VHDVRQDO�SUHFLSLWDWLRQ�UHVSRQVHV�LQ�WKH�HLJKW�$*&0�H[SHULPHQWV�RYHU����

1RUWK�&KLQD�DQG�WKH�6RXWKZHVW�86� ,Q�3Z$Q �WKH�3DFLILF�ZDUP�667�DQRPDO\�DQG����

$WODQWLF�667�LQ�QHXWUDO�FRQGLWLRQ���EHORZ�QRUPDO�SUHFLSLWDWLRQ�RFFXUV�RYHU�1RUWK����

&KLQD��ZKHUHDV�WKH�6RXWKZHVW�86�UHFHLYHV�DERYH�QRUPDO�SUHFLSLWDWLRQ��LPSO\LQJ�D����

VHHVDZ SDWWHUQ� 7KH�VHHVDZ�SDWWHUQ�UHYHUVHV�VLJQ�LQ�3F$Q��7KH�$02�DOVR�FRQWULEXWHV�WR����

WKH�VHHVDZ�SDWWHUQ� EXW�KDV�WKH�RSSRVLWH�LQIOXHQFH��ZLWK�ZHW��GU\� DQRPDOLHV RYHU�1RUWK����

&KLQD�DQG�GU\ �ZHW� DQRPDOLHV RYHU�WKH�6RXWKZHVW�86 DVVRFLDWHG�ZLWK�3Q$Z �3Q$F������

:LWK�UHVSHFW�WR�WKH�DQQXDO�PHDQ�SUHFLSLWDWLRQ�LQ�3Q$Q��WKH�,32�FDXVHV�SUHFLSLWDWLRQ����

YDULDWLRQV�RI DSSUR[LPDWHO\����� DQG������ RI�WKH�PHDQ RYHU�1RUWK�&KLQD�DQG�WKH����

6RXWKZHVW�86��UHVSHFWLYHO\��ZKLOH�WKH�$02�RQO\�LQGXFHV�YDULDWLRQV�RI�DSSUR[LPDWHO\����

�����DQG������ RI�WKH�PHDQ��7KHVH�UHVXOWV�VXJJHVW�WKDW�WKH�,32�LV�WKH�SULPDU\����

LQIOXHQFH�RQ�WKH�VHHVDZ�SDWWHUQ��LWV�PRGXODWLRQ�WHQGV�WR�EH�LQWHQVLILHG�ZKHQ�WKH�$02�LV����

LQ�WKH�RSSRVLWH�SKDVH��EXW�ZHDNHQHG�ZKHQ�WKH�$02�LV�LQ�WKH�VDPH�SKDVH� %HVLGHV� QRWH���

WKDW�WKH�LQWHUPRGHO�FRQVHQVXV�LV PXFK�VWURQJHU�IRU�WKH�SUHFLSLWDWLRQ UHVSRQVHV�RYHU�WKH����

6RXWKZHVW�86�WKDQ�WKDW�RYHU�1RUWK�&KLQD��LPSO\LQJ�WKDW WKH�OLQNDJH�EHWZHHQ�WKH�,32����

�$02��DQG�SUHFLSLWDWLRQ�YDULDWLRQV�LV�VWURQJHU RYHU�WKH�6RXWKZHVW�86��ZKHUHDV�WKHUH����

DUH�VRPH�XQFHUWDLQWLHV�RYHU�1RUWK�&KLQD����

*HQHUDOO\��WKH�$*&0V�LQ�WKLV�VWXG\�VLPXODWH�ZHOO�WKH�REVHUYHG�FRQWUDVWLQJ���

SUHFLSLWDWLRQ�YDULDELOLW\ EHWZHHQ�1RUWK�&KLQD�DQG�WKH�6RXWKZHVW�86��DV�ZHOO�DV�WKH����
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GRPLQDQW�UROH�RI�WKH ,32�LQ�GULYLQJ�WKLV FRQWUDVW��7KH SUHFLSLWDWLRQ�UHVSRQVH�RYHU�WKH����

6RXWKZHVW�86�WR�WKH�,32�LV�PXFK�ODUJHU�WKDQ�WKDW�RYHU�1RUWK�&KLQD��7KLV�LV�FRQVLVWHQW����

ZLWK�'RQJ�DQG�'DL���������ZKLFK�IRXQG�D�UREXVW�SUHFLSLWDWLRQ�UHVSRQVH�RYHU�WKH����

6RXWKZHVW�86�IRU�WZR�FROG�,32�SKDVHV�LQ�D�&DQ$0��VLPXODWLRQ�IRUFHG�E\�REVHUYHG����

667V�IURP������WR�������ZKHUHDV�WKH�SUHFLSLWDWLRQ�UHVSRQVH�ZDV�LQFRQVLVWHQW�RYHU����

1RUWK�&KLQD��$GGLWLRQDOO\��WKH�VLPLODULW\�EHWZHHQ�WKH�SUHFLSLWDWLRQ�UHVSRQVHV�LQ�WKH����

DQQXDO�DQG�VHDVRQDO�DYHUDJHV��HVSHFLDOO\�RYHU�WKH�6RXWKZHVW�86��PD\�EH UHODWHG�WR����

LPSRVLQJ�WKH�DQQXDO�PHDQ�,32�RU�$02�667�DQRPDO\�RQWR�WKH�PRQWKO\�FOLPDWRORJ\����

�6FKXEHUW�HW�DO�����������

7R�FODULI\�WKH�LPSDFW�RI�WKH�,32�RQ�WKH�VHHVDZ��)LJ��� VKRZV�WKH�DQQXDO�PHDQ����

DWPRVSKHULF�FLUFXODWLRQ�UHVSRQVH�WR 3Z$Q�DQG�3F$Q��,Q�3Z$Q��WKH�SUHGRPLQDQW����

IHDWXUH�RI�WKH�6/3��)LJ���D��DQG�KHLJKW�UHVSRQVHV�DW�����K3D��)LJ���F��LV�D�QHJDWLYH����

DQRPDO\�RFFXS\LQJ�WKH�HQWLUH�QRUWKHUQ�1RUWK�3DFLILF��LPSO\LQJ�D�GHHSHQHG�$OHXWLDQ����

ORZ��7KLV�LV�DFFRPSDQLHG�E\�D�ODUJH�VFDOH�F\FORQLF�DQRPDO\�H[WHQGLQJ�IURP�WKH�ZHVW����

FRDVW�RI�1RUWK�$PHULFD�WR�QRUWKHUQ�&KLQD��0HDQZKLOH��WKHUH�LV�DQ�DQWLF\FORQLF�DQRPDO\����

FHQWHUHG�RYHU�WKH�QRUWKZHVW�3DFLILF��&RPELQHG��WKHVH�FLUFXODWLRQV�LQGXFH�DQRPDORXV����

QRUWKZHVWHUOLHV�RYHU�1RUWK�&KLQD�DQG�VRXWKZHVWHUOLHV�RYHU�ERWK�WKH�6RXWKZHVW�86�DQG����

6RXWK�&KLQD��DQG�D�EHOW�RI�DQRPDORXV�PRLVWXUH�WUDQVSRUW�IURP�WKH�%D\�RI�%HQJDO��6RXWK����

&KLQD 6HD DQG�WKH�VXEWURSLFDO�3DFLILF�WR�WKH�ZHVW�FRDVW�RI�1RUWK�$PHULFD��)LJ���H���7KLV����

LQFUHDVHG�PRLVWXUH�WUDQVSRUW�LV�DVVRFLDWHG�ZLWK�D�EHOW�RI�LQFUHDVHG�SUHFLSLWDWLRQ�����

LQFOXGLQJ�WKH�6RXWKZHVW�86�DQG�6RXWK�&KLQD��)LJ���J���/HVV�SUHFLSLWDWLRQ�IDOOV�RYHU����

1RUWK�&KLQD� UHODWHG WR�WKH�LQFUHDVH�LQ PRLVWXUH�FRQYHUJHQFH�RYHU�6RXWK�&KLQD���
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DVVRFLDWHG�ZLWK�WKH ZHDNHQHG ($60 �<DQJ�HW�DO�������� 7KH�VLPXODWHG�FLUFXODWLRQ����

SDWWHUQV�UHVHPEOH�WKRVH�UHODWHG�WR�LQFUHDVHG�SUHFLSLWDWLRQ�RYHU�WKH�6RXWKZHVW�86�LQ����

REVHUYDWLRQV��)LJ���E�DQG��G�� ,Q�3F$Q��ULJKW�FROXPQ�LQ�)LJ������WKH�VSDWLDO�SDWWHUQV�RI����

WKH�FLUFXODWLRQ�UHVSRQVHV DUH�DQDORJRXV�WR�WKRVH�LQ�3Z$Q�EXW�ZLWK�RSSRVLWH�VLJQV� DV����

ZHOO�DV�WKRVH�UHODWHG�WR�LQFUHDVHG�SUHFLSLWDWLRQ�RYHU�1RUWK�&KLQD�LQ�REVHUYDWLRQV��)LJ�����

�D�DQG��F�����

%RWK�REVHUYDWLRQV�DQG�VLPXODWLRQV�VXJJHVW�WKH�,32�LQGXFHG�KHLJKW�DQRPDO\�RYHU����

WKH�QRUWKHUQ�1RUWK�3DFLILF LV�FULWLFDO�LQ�GULYLQJ�WKH VHHVDZ�SDWWHUQ��YLD�RSSRVLQJ ZLQG����

DQG�PRLVWXUH�DQRPDOLHV�RQ LWV�HDVWHUQ DQG�ZHVWHUQ VLGHV��1H[W��ZH�FRQVLGHU�WKH�SRVVLEOH����

PHFKDQLVPV�IRU�WKLV�KHLJKW�DQRPDO\����

,Q�3Z$Q��ZDUP�667�DQRPDOLHV�RYHU�WKH�HTXDWRULDO�FHQWUDO�HDVWHUQ�3DFLILF�ZDUP����

WKH�WURSLFDO�WURSRVSKHUH�WKURXJK�HQKDQFHG�VXUIDFH�KHDW�IOX[HV�IURP�WKH�RFHDQ�WR�WKH����

DWPRVSKHUH��)LJ���D���0HDQZKLOH��D�]RQDO�EHOW�RI�H[WHQVLYH�FRROLQJ H[LVWV�RYHU����

DSSUR[LPDWHO\���R1���R1��ZKLFK�PD\�EH DVVRFLDWHG�ZLWK FKDQJHV�LQ�WKH�HGG\�GULYHQ����

PHDQ�PHULGLRQDO�FLUFXODWLRQ��6HDJHU�HW�DO���������7KHQ��WKH�PHULGLRQDO�WHPSHUDWXUH����

JUDGLHQW��07*���FRPSXWHG DV�WKH�WHPSHUDWXUH�GLIIHUHQFH�IURP�VRXWK�WR�QRUWK�����

VWUHQJWKHQV�RYHU�WKH�UHJLRQ ��R1���R1��FROORFDWHG�ZLWK HQKDQFHG�ZHVWHUOLHV�LQ�WKH����

XSSHU�WURSRVSKHUH YLD�WKHUPDO�ZLQG�EDODQFH��,Q�WKH�WURSLFV�DQG�KLJK�ODWLWXGHV��WKH����

ZHDNHQHG�07*�LV�DVVRFLDWHG�ZLWK�DQRPDORXV�HDVWHUOLHV��$VVRFLDWHG�ZLWK�WKHVH�ZLQG����

DQRPDOLHV�LV�D�GLSROH�SDWWHUQ�RI�UHODWLYH�YRUWLFLW\�FKDQJHV�DW�����K3D�RYHU�WKH�1RUWK����

3DFLILF��ZLWK�D�F\FORQH RYHU�WKH�QRUWKHUQ�1RUWK�3DFLILF�DQG�DQ DQWLF\FORQH RYHU�WKH����

VRXWKHUQ�1RUWK�3DFLILF��ZLWK�D�GLYLGLQJ�OLQH�DW�DSSUR[LPDWHO\���R1��)LJ���F������
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&RQVHTXHQWO\��DQ�DQRPDORXV�XSSHU�WURSRVSKHUH ORZ�SUHVVXUH�FHQWHU�IRUPV�RYHU�WKH����

QRUWKHUQ�1RUWK�3DFLILF����

2Q�WKH�RWKHU�KDQG��WKH�PHDQ�PHULGLRQDO�FLUFXODWLRQ�RYHU�WKH�1RUWK�3DFLILF�FKDQJHV����

LQ�UHVSRQVH�WR�WKH LQFUHDVHG�DWPRVSKHULF�KHDWLQJ�RYHU WKH�WURSLFDO�RFHDQ��7KH�WKHUPDOO\����

GLUHFW�+DGOH\�FHOO�LV�VWUHQJWKHQHG�E\ HQKDQFHG�WURSLFDO�FRQYHFWLRQ��)LJ���J���LWVHOI�GXH����

WR�HQKDQFHG�VXUIDFH�HYDSRUDWLRQ�DQG�ORZ�OHYHO�PRLVWXUH�FRQYHUJHQFH��7KH����

VWUHQJWKHQHG�GHVFHQGLQJ�PRWLRQ�LQ�WKH�VXEVLGLQJ�EUDQFK�RI�WKH�+DGOH\�FHOO��FHQWHUHG�DW����

DSSUR[LPDWHO\���R1��DOLJQV�ZLWK�DQ�DQRPDORXV�DQWLF\FORQH DW�����K3D �)LJ���H���,Q�WKH����

ORZHU�WURSRVSKHUH��WKH�QRUWKZDUG�IORZ�IURP�WKH�VXEWURSLFDO DQRPDORXV DQWLF\FORQH���

FRQYHUJHV�LQ�WKH�PLG�ODWLWXGHV�DQG�HQKDQFHV�WKH�DVFHQGLQJ�EUDQFK�RI�WKH�)HUUHO�FHOO�����

IRUPLQJ�DQ�DQRPDORXV�F\FORQH�RYHU�WKH�QRUWKHUQ�1RUWK�3DFLILF��7KHUHIRUH��LQ�3Z$Q��D����

EDURWURSLF�ORZ�SUHVVXUH�DQRPDO\�H[WHQGV�DFURVV�WKH�QRUWKHUQ�1RUWK�3DFLILF��ZKLFK�LV����

FOHDUO\�UHODWHG�WR�WKH�SODQHWDU\�VFDOH�UHVSRQVH�RI�WKH�DWPRVSKHUH�WR�WKH�WURSLFDO�ZDUP���

667�DQRPDOLHV�����

&ROORFDWHG�ZLWK YHUWLFDO�YHORFLW\ DQRPDOLHV �XSZDUG�GRZQZDUG�XSZDUG IURP����

VRXWK�WR�QRUWK��)LJ���J��RYHU�WKH 1RUWK 3DFLILF��WKHUH�LV�DERYH�QRUPDO�SUHFLSLWDWLRQ�LQ����

WKH�WURSLFV����R6���R1���EHORZ�QRUPDO�SUHFLSLWDWLRQ�LQ�WKH�VXEWURSLFV����R1���R1���DQG����

DERYH�QRUPDO�SUHFLSLWDWLRQ�LQ�WKH�PLG�ODWLWXGHV����R1���R1��)LJ���L���1RWH�WKDW�WKH����

DERYH�QRUPDO�SUHFLSLWDWLRQ�RYHUOLHV�FROG�667�DQRPDOLHV�DFURVV WKH�QRUWKHUQ�1RUWK����

3DFLILF��7KH�RSSRVLQJ�VLJQV�RI�WKH�SUHFLSLWDWLRQ�DQG�667�DQRPDOLHV�VXJJHVWV�WKDW�WKH����

LQFUHDVHG�SUHFLSLWDWLRQ�LV�IRUFHG�UHPRWHO\��QRW�E\�ORFDO�667�DQRPDOLHV��:X�DQG����

.LUWPDQ��������VWUHQJWKHQLQJ�WKH�FRQFOXVLRQ�WKDW�WKH�QHJDWLYH�KHLJKW�DQRPDO\�RYHU�WKH����
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QRUWKHUQ�1RUWK�3DFLILF�LV�D�UHVSRQVH�WR�WKH�,32�DVVRFLDWHG�WURSLFDO�ZDUP�667����

DQRPDOLHV�YLD�WKH�DWPRVSKHULF�EULGJH����

7KHQ��D�TXHVWLRQ�QDWXUDOO\�DULVHV��'R�WKH�WURSLFDO�667�FRPSRQHQW�RI�WKH�,32����

LQGXFH�WKH�KHLJKW�DQRPDO\�RYHU�WKH�QRUWKHUQ�1RUWK�3DFLILF"�7R�DQVZHU�WKH�TXHVWLRQ�����

DGGLWLRQDO�H[SHULPHQWV �SHUIRUPHG�E\�RQO\�*)'/�DQG�16,33�� IRUFHG�E\�WKH�WURSLFDO����

667�FRPSRQHQW�RI�WKH�3DFLILF�SDWWHUQ�ZHUH�DOVR�DQDO\]HG�DQG�FRPSDUHG�ZLWK�WKH���

EDVHOLQH�H[SHULPHQWV�����

2YHUDOO��FLUFXODWLRQ�UHVSRQVHV�LQ�$*&0V�IRUFHG�E\�WKH�WURSLFDO�667�DQRPDO\�RQO\���

�73� VXSSRUW�WKH�DERYH�ILQGLQJ �)LJ������/LNH 3Z$Q��73Z$Q�DOVR�LQGXFHV�D�WULSROH����

SDWWHUQ�RI�WHPSHUDWXUH�DQRPDOLHV�RYHU�WKH�1RUWK�3DFLILF��ZDUP�FROG�ZDUP�IURP�VRXWK����

WR�QRUWK���ZKLFK�LV�DVVRFLDWHG�ZLWK�D�WULSROH�VWUXFWXUH�RI�]RQDO�ZLQG�DQRPDOLHV����

�HDVWHUOLHV�ZHVWHUOLHV�HDVWHUOLHV���GXH�WR�WKH�07*�FKDQJHV��7KHVH�IDYRU�D�GLSROH�SDWWHUQ����

RI�UHODWLYH�YRUWLFLW\�VKHDU�LQ�WKH�XSSHU�WURSRVSKHUH��ZLWK�SRVLWLYH�YRUWLFLW\�RYHU�WKH����

QRUWKHUQ�1RUWK�3DFLILF DQG�QHJDWLYH�YRUWLFLW\�RYHU�VRXWK�RI�LW��7KH�IRUPHU�LV�DVVRFLDWHG����

ZLWK�D EDURWURSLF ORZ�SUHVVXUH�DQRPDO\��DFFRPSDQLHG E\�D�ODUJH�VFDOH�F\FORQLF�IORZ���

RYHU�WKH�QRUWKHUQ�1RUWK�3DFLILF�DQG�DGMDFHQW�UHJLRQV�LQ�WKH�ORZHU�WURSRVSKHUH����

&RQVHTXHQWO\��WKH�VHHVDZ�SDWWHUQ�IRUPV �)LJ��� DQG�)LJ��6� LQ�VXSSOHPHQW������

FKDUDFWHUL]HG�E\�GU\�RYHU�1RUWK�&KLQD�DQG�ZHW�RYHU�WKH�6RXWKZHVW�86����

7KH�DWPRVSKHULF�SURFHVVHV�DVVRFLDWHG�ZLWK�3F$Q��ULJKW�FROXPQ�LQ�)LJ�����DQG���

73F$Q �)LJ��6� LQ�VXSSOHPHQW��UHVHPEOH WKRVH�DVVRFLDWHG�ZLWK�3Z$Q DQG�73Z$Q�����

UHVSHFWLYHO\��EXW�ZLWK�WKH�RSSRVLWH�VLJQ��$�EDURWURSLF�KLJK�SUHVVXUH�DQRPDO\�H[WHQGV����

DFURVV�WKH�QRUWKHUQ�1RUWK�3DFLILF�LQ�UHVSRQVH�WR�WKH�,32�DVVRFLDWHG�WURSLFDO�FROG�667����



�� ����

DQRPDOLHV����

���

E��,PSDFW RI�WKH�$02���

%RWK�REVHUYDWLRQV��)LJ���E��DQG�VLPXODWLRQV��)LJ�����VXJJHVW WKDW�FRPSDUHG�ZLWK����

WKH�,32��WKH�$02�SOD\V�DQ�RSSRVLWH�DQG�VHFRQGDU\�UROH�LQ WKH�FRQWUDVWLQJ�SUHFLSLWDWLRQ����

YDULDELOLW\�EHWZHHQ�1RUWK�&KLQD�DQG�WKH�6RXWKZHVW�86� 7KLV ILQGLQJ LV�DOVR�VXSSRUWHG����

E\�WKH�KHLJKW�UHVSRQVH�RYHU�WKH�QRUWKHUQ�1RUWK�3DFLILF��ZKLFK�LV�D�FULWLFDO�FLUFXODWLRQ����

V\VWHP�DVVRFLDWHG�ZLWK WKH�VHHVDZ�SDWWHUQ��$V�FOHDUO\�VKRZQ�LQ�)LJ������RSSRVLWH����

SUHVVXUH�DQRPDOLHV�DUH�DVVRFLDWHG�WR�WKH�,32�DQG�$02��,Q�DGGLWLRQ��WKH�PDJQLWXGH�RI����

WKH�$02�LQGXFHG�KHLJKW�DQRPDO\�LV�RQO\�DSSUR[LPDWHO\�RQH�WKLUG�WR�RQH�KDOI�WKDW����

LQGXFHG�E\�WKH�,32��VXJJHVWLQJ�WKH�,32�SOD\V�D�GRPLQDQW�UROH��7KH�,32�LQGXFHG�KHLJKW����

DQRPDO\�LV�LQWHQVLILHG�ZKHQ�WKH�$02�LQ�WKH�RSSRVLWH�SKDVH��3Z$F�DQG�3F$Z������

ZKHUHDV�LW�LV�VOLJKWO\�ZHDNHQHG�ZKHQ�WKH�$02�LQ�WKH�VDPH�SKDVH��3Z$Z�DQG�3F$F������

+RZ�GRHV�WKH�$02�DIIHFW�WKH�,32"�,W�KDV�EHHQ�VXJJHVWHG�WKDW�WKH�LPSDFW�RI�WKH����

$02�RQ WKH ,32�FRXOG�EH�WKURXJK�WZR SDWKZD\V�����WKH�PLG�ODWLWXGH�DWPRVSKHUH���

SURFHVV��WKH�$02�FRXOG�PRGLI\�WKH�DWPRVSKHULF�DQRPDOLHV�RYHU�(XUDVLD�DQG�IXUWKHU����

WKH�QRUWKHUQ�1RUWK�3DFLILF�YLD�GRZQVWUHDP�HQHUJ\�SURSDJDWLRQ�DW�WKH�PLG�KLJK����

ODWLWXGHV��H�J���6L�DQG�'LQJ����������� WKH�WURSLFDO�DWPRVSKHUH�SURFHVV��WKH�$02�FRXOG����

JHQHUDWH�D�WUDQV�EDVLQ�6/3�VHHVDZ��FKDUDFWHUL]HG�E\�RSSRVLWH�6/3�WUHQGV�LQ�WKH����

3DFLILF�DQG�WKH�,QGR�$WODQWLF�UHJLRQ��DQG�IXUWKHU�FKDQJH�667�RYHU�WKH�HDVWHUQ�WURSLFDO����

3DFLILF�YLD�D�PRGLILFDWLRQ�RI�WKH�:DONHU�FLUFXODWLRQ�LQYROYLQJ�ORZ�OHYHO�ZLQG����

DQRPDOLHV��H�J���0F*UHJRU�HW�DO���������1R�PDWWHU�WKURXJK�ZKLFK�SDWKZD\V��WKH�ZDUP����
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�FROG��$02�SKDVH�WHQGV�WR�LQGXFH�WKH�FROG��ZDUP��,32�SKDVH��7KLV�LV�VXSSRUWHG�WKDW����

WKHUH�H[LVWV�D�VLJQLILFDQW�ODJ�DQWL�FRUUHODWLRQ�EHWZHHQ�WKH�$02�DQG�WKH�,32�LQGLFHV����

ZLWK�WKH�$02�LQGH[�OHDGLQJ�E\�DSSUR[LPDWHO\���a���\HDUV��:X�HW�DO��������&K\OHN�HW����

DO������������

,Q�WKH�&/,9$5�$*&0V�H[SHULPHQWV��WKH�$02�PD\�DIIHFW�WKH�PRGXODWLRQ�RI�WKH����

,32�RQ�FLUFXODWLRQ�DQG�SUHFLSLWDWLRQ�WKURXJK�WKH�ILUVW�SDWKZD\��3Q$Z��3Q$F��GULYHV�DQ����

HDVWZDUG�SURSDJDWLQJ�ZDYH�WUDLQ RYHU�(XUDVLD DQG�WKHQ��LQGXFHV�D�EDURWURSLF�KLJK����

�ORZ��SUHVVXUH�DQRPDO\ RYHU�WKH�QRUWKHUQ�1RUWK�3DFLILF �)LJ� ��LQ�<DQJ�HW�DO�������������

DOVR�VHHQ�)LJ��6� LQ�VXSSOHPHQW���ZKLFK�LV�FRQVLVWHQW�ZLWK�WKH�KHLJKW�DQRPDO\���

DVVRFLDWHG�WR�3F$Q��3Z$Q���&RQVHTXHQWO\� FLUFXODWLRQ�DQG�SUHFLSLWDWLRQ�UHVSRQVHV�WR���

3Q$Z��3Q$F� FORVHO\�UHVHPEOH�WKRVH�DVVRFLDWHG�ZLWK�3F$Q��3Z$Q���DOWKRXJK�ZLWK����

VPDOOHU�PDJQLWXGH��:KHQ�WKH�$02�LQ�FRPELQDWLRQ�ZLWK�WKH�,32�LQ�WKH�RSSRVLWH�SKDVHV����

3Z$F�DQG�3F$Z �)LJ��6� LQ�VXSSOHPHQW���SUHFLSLWDWLRQ�DQG�FLUFXODWLRQ�UHVSRQVHV����

UHVHPEOH�WKRVH�LQ�3Z$Q�DQG�3F$Q��)LJ������UHVSHFWLYHO\��EXW�WKH�VWUHQJWKHQHG�KHLJKW����

DQRPDO\ RYHU�WKH�QRUWKHUQ�1RUWK�3DFLILF LV�DVVRFLDWHG�ZLWK�ODUJHU DQRPDOLHV�RI�ZLQG�����

PRLVWXUH�IOX[�DQG�SUHFLSLWDWLRQ �)LJ���� DQG�)LJ��6� LQ�VXSSOHPHQW�����

���

�� &RQFOXVLRQV DQG�GLVFXVVLRQ���

8VLQJ�GDWD�IURP�REVHUYDWLRQV��UHDQDO\VLV�DQG�D�VHW�RI�$*&0V�VLPXODWLRQV�IRUFHG����

E\ LGHDOL]HG�,32� DQG�$02�DVVRFLDWHG�667�DQRPDOLHV��ZH�FRPSDUHG WKH LQWHUGHFDGDO����

SUHFLSLWDWLRQ�YDULDWLRQV RYHU�1RUWK�&KLQD�DQG�WKH�6RXWKZHVW�86��DV�ZHOO�DV�WKH����

DVVRFLDWHG�FLUFXODWLRQV��2XU�PDLQ�ILQGLQJV�DUH�VXPPDUL]HG�DV�IROORZV����
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)LUVWO\��RQ�LQWHUGHFDGDO�VFDOHV��SUHFLSLWDWLRQ�YDULDWLRQV�RYHU�1RUWK�&KLQD�DQG�WKH����

6RXWKZHVW�86�DUH�DQWL�FRUUHODWHG��LPSO\LQJ�D�VHHVDZ�SDWWHUQ��7KH�,32�FRXOG�SOD\�D����

GRPLQDQW�UROH�LQ�GULYLQJ�WKH�VHHVDZ�SDWWHUQ��ZLWK�WKH�ZDUP�,32�SKDVH�DVVRFLDWHG�ZLWK���

OHVV�SUHFLSLWDWLRQ�RYHU�1RUWK�&KLQD�EXW�PRUH�RYHU�WKH�6RXWKZHVW�86��WKH�FROG�SKDVH�LV����

DVVRFLDWHG�ZLWK�WKH�RSSRVLWH�VLJQHG�SDWWHUQ��7KH�$02�FRQWULEXWHV RSSRVLWHO\�DQG�OHVV�����

7KH�,32�LQGXFHG�SUHFLSLWDWLRQ�DQRPDO\�LQWHQVLILHV�ZKHQ�WKH�$02�LV�LQ�WKH�RSSRVLWH����

SKDVH��ZKHUHDV�LW�LV�VOLJKWO\ ZHDNHQHG�ZKHQ�WKH�$02�LQ�WKH�VDPH�SKDVH��7KH�,32�KDV�D����

PXFK�VWURQJHU�LQIOXHQFH�RQ�SUHFLSLWDWLRQ�YDULDWLRQV�RYHU�WKH�6RXWKZHVW�86�WKDQ�WKDW����

RYHU�1RUWK�&KLQD��$*&0�VLPXODWLRQV IURP�WKH�86�&/,9$5�'URXJKW�:RUNLQJ�*URXS���

FDSWXUH�WKHVH�UHODWLRQVKLSV ZHOO����

6HFRQGO\��IRU�WKH�,32��WKH�ODUJH�VFDOH�ORZHU�WURSRVSKHULF�F\FORQLF�RU�DQWLF\FORQLF����

FLUFXODWLRQ�DQRPDO\�DFURVV�WKH�QRUWKHUQ�1RUWK�3DFLILF�LV�WKH�SUHGRPLQDQW�IDFWRU�LQ����

GULYLQJ�WKH�VHHVDZ�SDWWHUQ��'XULQJ�WKH�ZDUP�,32�SKDVH��1RUWK�&KLQD�DQG�WKH�6RXWKZHVW����
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0HWHRU��6RF���������������������

GRL���������������������������������$3,&2:!����&2������

0DQWXD��1��-��DQG�6��5��+DUH��������7KH�3DFLILF�GHFDGDO�RVFLOODWLRQ��-��2FHDQRJU����������

�������GRL����������$������������������

0HHKO��*��$���DQG�$��+X��������0HJDGURXJKWV�LQ�WKH�,QGLDQ�0RQVRRQ�5HJLRQ�DQG����

6RXWKZHVW�1RUWK�$PHULFD�DQG�D�0HFKDQLVP�IRU�$VVRFLDWHG�0XOWLGHFDGDO�3DFLILF����

6HD�6XUIDFH�7HPSHUDWXUH�$QRPDOLHV��-��&OLPDWH�������������������

0HHKO��*��$���$��+X��DQG�+��7HQJ��������,QLWLDOL]HG�GHFDGDO�SUHGLFWLRQ�IRU�WUDQVLWLRQ�WR����

SRVLWLYH�SKDVH�RI�WKH�,QWHUGHFDGDO�3DFLILF�2VFLOODWLRQ��1DW�&RPPXQ���� ���������

0R��.��&���-��.��(��6FKHPP�DQG�6��+��<RR��������,QIOXHQFH�RI�(162�DQG�WKH�$WODQWLF����

0XOWLGHFDGDO�2VFLOODWLRQ�RQ�'URXJKW�RYHU�WKH�8QLWHG�6WDWHV��-��&OLPDWH���������

�����������GRL�������������-&/,����������

1HZPDQ��0���DQG�&RDXWKRUV��������7KH�3DFLILF�'HFDGDO�2VFLOODWLRQ��5HYLVLWHG�����

-RXUQDO�RI�&OLPDWH����� �������������

3RZHU��6���7��&DVH\��&��)ROODQG��$��&ROPDQ��DQG�9��0HKWD��������,QWHU�GHFDGDO����

PRGXODWLRQ�RI�WKH�LPSDFW�RI�(162�RQ�$XVWUDOLD� &OLPDWH�'\Q����������������GRL�����

��������V����������������

4LDQ��&��DQG�7��=KRX��������0XOWLGHFDGDO�9DULDELOLW\�RI�1RUWK�&KLQD�$ULGLW\�DQG�,WV����

5HODWLRQVKLS�WR�3'2�GXULQJ�����±������-��&OLPDWH��������������������

GRL���������-&/,�'���������������

5D\QHU��1��$���'��(��3DUNHU��(��%��+RUWRQ��&��.��)ROODQG��/��9��$OH[DQGHU��'��3��5RZHOO�����

(��&��.HQW�DQG�$��.DSODQ��������*OREDO�DQDO\VHV�RI�VHD�VXUIDFH�WHPSHUDWXUH��VHD����
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LFH��DQG�QLJKW�PDULQH�DLU�WHPSHUDWXUH�VLQFH�WKH�ODWH�QLQHWHHQWK�FHQWXU\��-��*HRSK\V�����

5HV��$WPRV��������������GRL�������������-'����������

5RZHOO��'��3���������$VVHVVLQJ�SRWHQWLDO�VHDVRQDO�SUHGLFWDELOLW\�ZLWK�DQ�HQVHPEOH�RI����

PXOWLGHFDGDO�*&0�VLPXODWLRQV��-��&OLPDWH������������������

GRL���������������������������������$363:$!����&2������

6FKXEHUW��6���HW�DO���������$�86�&/,9$5�3URMHFW�WR�$VVHVV�DQG�&RPSDUH�WKH�5HVSRQVHV����

RI�*OREDO�&OLPDWH�0RGHOV�WR�'URXJKW�5HODWHG�667�)RUFLQJ�3DWWHUQV��2YHUYLHZ����

DQG�5HVXOWV��-��&OLPDWH�����������������GRL�������������-&/,����������

6HDJHU��5���+DUQLN��1��DQG�.XVKQLU��<���������0HFKDQLVPV�RI�+HPLVSKHULFDOO\����

6\PPHWULF�&OLPDWH�9DULDELOLW\��-��&OLPDWH�����������������GRL�����

��������������������������������02+6&9!����&2������

6L��'���DQG�<��'LQJ��������2FHDQLF�IRUFLQJV�RI�WKH�LQWHUGHFDGDO�YDULDELOLW\�LQ�(DVW�$VLDQ����

VXPPHU�UDLQIDOO� -��&OLPDWH����������±������GRL���������-&/,�'��������������

6L��'���DQG�$��+X��������,QWHUQDOO\�*HQHUDWHG�DQG�([WHUQDOO\�)RUFHG�0XOWLGHFDGDO����

2FHDQLF�0RGHV�DQG�7KHLU�,QIOXHQFH�RQ�WKH�6XPPHU�5DLQIDOO�RYHU�(DVW�$VLD�����

-RXUQDO�RI�&OLPDWH����� �������������

6PLWK��'��0���DQG�&RDXWKRUV��������5ROH�RI�YROFDQLF�DQG�DQWKURSRJHQLF�DHURVROV�LQ����

WKH�UHFHQW�JOREDO�VXUIDFH�ZDUPLQJ VORZGRZQ��1DWXUH�&OLPDWH�&KDQJH�������

�����������

6XWWRQ��5��7���DQG�'��/��+RGVRQ��������$WODQWLF�2FHDQ�IRUFLQJ�RI�1RUWK�$PHULFDQ�DQG����

(XURSHDQ�VXPPHU�FOLPDWH��6FLHQFH������������������

6XWWRQ��5��7���DQG�'��/��+RGVRQ��������&OLPDWH�5HVSRQVH�WR�%DVLQ�6FDOH�:DUPLQJ�DQG����
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&RROLQJ�RI�WKH�1RUWK�$WODQWLF�2FHDQ��-��&OLPDWH�����������������

8QLYHUVLW\�RI�(DVW�$QJOLD�&OLPDWLF�5HVHDUFK�8QLW��,��&��+DUULV��3��'��-RQHV��������&58����

76������&OLPDWLF�5HVHDUFK�8QLW��&58��7LPH�6HULHV��76��YHUVLRQ������RI�KLJK����

UHVROXWLRQ�JULGGHG�GDWD�RI�PRQWK�E\�PRQWK�YDULDWLRQ�LQ�FOLPDWH��-DQ������� 'HF�����

�������&HQWUH�IRU�(QYLURQPHQWDO�'DWD�$QDO\VLV�����$XJXVW���������

GRL���������HGI�IHEIGDDG��DEE�FEDI�G�H���D������

9HOOLQJD��0��DQG�3��:X��������/RZ�ODWLWXGH�IUHVKZDWHU�LQIOXHQFH�RQ�FHQWHQQLDO����

YDULDELOLW\�RI�WKH�WKHUPRKDOLQH�FLUFXODWLRQ��-��&OLPDWH�������������������

:DQJ��%���4��+��'LQJ��;��+��)X��,��6��.DQJ��.��-LQ��-��6KXNOD�DQG�)��'REODV�5H\HV�����������

)XQGDPHQWDO�FKDOOHQJH�LQ�VLPXODWLRQ�DQG�SUHGLFWLRQ�RI�VXPPHU�PRQVRRQ����

SUHFLSLWDWLRQ��*HRSK\V��5HV��/HWW�������/�������GRL�������������*/����������

:DQJ��)���6��<DQJ��:��+LJJLQV��4��/L��DQG�=��=XR��������/RQJ�WHUP�FKDQJHV�LQ�WRWDO����

DQG�H[WUHPH�SUHFLSLWDWLRQ�RYHU�&KLQD�DQG�WKH�8QLWHG�6WDWHV�DQG�WKHLU�OLQNV�WR����

RFHDQLF�DWPRVSKHULF�IHDWXUHV��,QWHUQDWLRQDO�-RXUQDO�RI�&OLPDWRORJ\�����������������

:X��3���1��&KULVWLGLV�DQG�3��6WRWW��������$QWKURSRJHQLF�LPSDFW�RQ�(DUWK
V�K\GURORJLFDO����

F\FOH��1DWXUH�&OLPDWH�&KDQJH����������������

:X��3���-��5LGOH\��$��3DUGDHQV��5��/HDYLQH�DQG�-��/RZH��������7KH�UHYHUVLELOLW\�RI�&2�����

LQGXFHG�FOLPDWH�FKDQJH��&OLP��'\Q�� ����SS�����������

:X��5��DQG�.LUWPDQ��%�3���������5HJLPHV�RI�VHDVRQDO�DLU±VHD�LQWHUDFWLRQ�DQG����

LPSOLFDWLRQV�IRU�SHUIRUPDQFH�RI�IRUFHG�VLPXODWLRQV��&OLPDWH�'\QDPLFV���������

�����������

:X��6���=��/LX��5��=KDQJ��DQG�7��/��'HOZRUWK��������2Q�WKH�REVHUYHG�UHODWLRQVKLS����
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EHWZHHQ�WKH�3DFLILF�'HFDGDO�2VFLOODWLRQ�DQG�WKH�$WODQWLF�0XOWL�GHFDGDO����

2VFLOODWLRQ��-RXUQDO�RI�2FHDQRJUDSK\����� ���������

:LONV��'�6���������6WDWLVWLFDO�PHWKRGV�LQ�WKH�DWPRVSKHULF�VFLHQFHV��VHFRQG�HGLWLRQ����

,QWHUQDWLRQDO�*HRSK\VLFV�6HULHV�������������

<DQJ��/���DQG�=��)X��������2XW�SKDVHG�GHFDGDO�SUHFLSLWDWLRQ�UHJLPH�VKLIW�LQ�&KLQD�DQG����

WKH�8QLWHG�6WDWHV��7KHRUHWLFDO�DQG�$SSOLHG�&OLPDWRORJ\������������������

<DQJ��4���=��0D��DQG�%��;X��������0RGXODWLRQ�RI�PRQWKO\�SUHFLSLWDWLRQ�SDWWHUQV�RYHU����

(DVW�&KLQD�E\�WKH�3DFLILF�'HFDGDO�2VFLOODWLRQ��&OLPDWLF�&KDQJH������ �����������

<DQJ��4���=��0D��;��)DQ��=��/��<DQJ��=��;X��DQG�3��:X��������'HFDGDO�0RGXODWLRQ�RI����

3UHFLSLWDWLRQ�3DWWHUQV�RYHU�(DVWHUQ�&KLQD�E\�6HD�6XUIDFH�7HPSHUDWXUH�$QRPDOLHV�����

-RXUQDO�RI�&OLPDWH����� �������������

=KDQJ��/���3��:X��7��=KRX�������$HURVRO�)RUFLQJ�RI�([WUHPH�6XPPHU�'URXJKW�RYHU����

1RUWK�&KLQD��(QYLURQ��5HV��/HWW����������������

=KDQJ��<���-��0��:DOODFH��DQG�'��6��%DWWLVWL��������(162�OLNH�LQWHUGHFDGDO�YDULDELOLW\�����

����±����-��&OLPDWH����������±���������

GRL���������������������������������(/,9�����&2������

=KDR��3���6��<DQJ��+��:DQJ��DQG�4��=KDQJ��������,QWHUGHFDGDO�5HODWLRQVKLSV�EHWZHHQ����

WKH�$VLDQ±3DFLILF�2VFLOODWLRQ�DQG�6XPPHU�&OLPDWH�$QRPDOLHV�RYHU�$VLD��1RUWK����

3DFLILF��DQG�1RUWK�$PHULFD�GXULQJ�D�5HFHQW�����<HDUV��-RXUQDO�RI�&OLPDWH���������

��������������
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=KDR��3���DQG�&RDXWKRUV��������6XPPHU�SUHFLSLWDWLRQ�DQRPDOLHV�LQ�$VLD�DQG�1RUWK����

$PHULFD�LQGXFHG�E\�(XUDVLDQ�QRQ�PRQVRRQ�ODQG�KHDWLQJ�YHUVXV�(162��6FL�5HS�������

���������

=KRX��7���)��6RQJ��5��/LQ��;��&KHQ�DQG�;��&KHQ��������7KH������1RUWK�&KLQD�IORRGV�����

H[SODLQLQJ�DQ�H[WUHPH�SUHFLSLWDWLRQ�HYHQW�LQ�WKH�FRQWH[W�RI�D�ORQJHU�WHUP�GU\LQJ����

WHQGHQF\�>LQ��([SODLQLQJ�([WUHPH�(YHQWV�RI������IURP�D�&OLPDWH�3HUVSHFWLYH�@�����

%XOO��$PHU��0HWHRU��6RF�������6���6����GRL���������%$06�'���������������

=KX��<���+��:DQJ��:��=KRX�DQG�-��0D��������5HFHQW�FKDQJHV�LQ�WKH�VXPPHU����

SUHFLSLWDWLRQ�SDWWHUQ�LQ�(DVW�&KLQD�DQG�WKH�EDFNJURXQG�FLUFXODWLRQ��&OLPDWH�'\Q������

���������������GRL����������V��������������������

=KX��<���+��:DQJ��-��0D��7��:DQJ��DQG�-��6XQ��������&RQWULEXWLRQ�RI�WKH�SKDVH����

WUDQVLWLRQ�RI�3DFLILF�'HFDGDO�2VFLOODWLRQ�WR�WKH�ODWH�����V
�VKLIW�LQ�(DVW�&KLQD����

VXPPHU�SUHFLSLWDWLRQ��-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK��$WPRVSKHUHV����������

�������������

=KX��<���7��:DQJ�DQG�-��0D��������,QIOXHQFH�RI�LQWHUQDO�GHFDGDO�YDULDELOLW\�RQ�WKH����

VXPPHU�SUHFLSLWDWLRQ�LQ�(DVWHUQ�&KLQD�DV�VLPXODWHG�E\�&&60���$GY��$WPRV��6FL������

�������������GRL����������V���������������[����

=KX��=���DQG�7��/L��������$�1HZ�3DUDGLJP�IRU�&RQWLQHQWDO�8�6� 6XPPHU�5DLQIDOO����

9DULDELOLW\��$VLD±1RUWK�$PHULFD�7HOHFRQQHFWLRQ��-RXUQDO�RI�&OLPDWH��������

�������������
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7DEOH &DSWLRQ�/LVW�

7DEOH����7KH�FRPELQDWLRQV�RI�3DFLILF�DQG�$WODQWLF�667�DQRPDO\�SDWWHUQV�XVHG�WR�IRUFH��

WKH�$*&0V��+HUH�Z UHIHUV�WR�WKH�ZDUP�SKDVH�RI�WKH�SDWWHUQ��VFDOHG E\ ��ı���Q�GHQRWHV��

QHXWUDO��]HUR�DQRPDO\���DQG�F�UHIHUV�WR�WKH�FROG�SKDVH��VFDOHG E\ ��ı���7KH�3Q$Q�

H[SHULPHQW�GHQRWHV�WKH�FRQWURO�UXQ�IRUFHG�ZLWK�WKH�DQQXDOO\�YDU\LQJ�FOLPDWRORJLFDO��

667��6FKXEHUW�HW�DO���������

�

)LJXUH�&DSWLRQ�/LVW�

)LJ����7KH�VHFRQG�DQG�WKLUG�OHDGLQJ�5(2)V��R&��DQG�DVVRFLDWHG�WLPH�VHULHV�53&V��R&���

RI�DQQXDO�PHDQ�667�IURP������WR�������6FKXEHUW�HW�DO����������D��7KH�3DFLILF���

(162�OLNH�667$�SDWWHUQ�RI�5(2)��DQG��E��DVVRFLDWHG�53&��DQG�WKH�,32�LQGH[���F����

7KH�$WODQWLF�$02�667$�SDWWHUQ�RI�5(2)��DQG��G��DVVRFLDWHG�53&��DQG�$02�LQGH[����

7KH�EOXH�FXUYHV��E�DQG�G��DUH�VPRRWKHG�WLPH�VHULHV�REWDLQHG�E\�DSSO\LQJ�D���\HDU���

PRYLQJ�DYHUDJH�WZLFH�WR�WKH�EDUV�WR�HPSKDVL]H�WKH�LQWHUGHFDGDO�YDULDWLRQV��7KH�VDPH���

PHWKRG�LV�DSSOLHG�WR�WKH�,32�DQG�$02�LQGLFHV��U DQG�S UHSUHVHQW�WKH�FRUUHODWLRQ���

FRHIILHQWV�EHWZHHQ�UHG�DQG�EOXH�FXUYHV��DQG�WKH�VWDWLVWLFDO�VLJQLILFDQFH�OHYHO����

UHVSHFWLYHO\��7KH�SHUFHQWDJHV�LQGLFDWH�WKH�FRUUHVSRQGLQJ�H[SODLQHG�YDULDQFHV���

��

)LJ�����D��'HWUHQGHG�PRQWKO\�SUHFLSLWDWLRQ�DQRPDOLHV�RYHU�1RUWK�&KLQD����� R(a���R(����

�� R1a����R1��DQG�WKH�6RXWKZHVW�86����� R:a���R:���� R1a��R1��DQG�WKH�,32�DQG���

$02�LQGLFHV��REWDLQHG�E\�DSSO\LQJ�D�����PRQWK�PRYLQJ�DYHUDJH�WZLFH��2EVHUYHG���

SUHFLSLWDWLRQ�DQRPDOLHV�RYHU�1RUWK�&KLQD DUH�UHIHUUHG�WR�DV�³1RUWK�&KLQDBVWDWLRQ´���
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%ODFN�GRWWHG�OLQHV�UHSUHVHQW�����ı�RI�WKH�,32�LQGH[���E��$QQXDO�PHDQ�SUHFLSLWDWLRQ���

DQRPDO\�SHUFHQWDJH ����RYHU�1RUWK�&KLQD�DQG�WKH�6RXWKZHVW�86�GXULQJ�GLIIHUHQW���

SHULRGV��FROG�,32��,32����FROG�,32�SOXV�ZDUP�$02��,32�$02����FROG�,32�SOXV�FROG���

$02��,32�$02����ZDUP�,32��,32����ZDUP�,32�SOXV�FROG�$02��,32�$02����DQG���

ZDUP�,32�SOXV�ZDUP�$02��,32�$02����ZLWK�UHVSHFW�WR�WKH�FOLPDWRORJ\�IURP��������

WR�������6WDWLVWLFDOO\�VLJQLILFDQW�DQRPDOLHV�DW�WKH����OHYHO�DUH�LQGLFDWHG�E\�EODFN���

WULDQJOHV���

��

)LJ��� 7KH�,32�SKDVH�FRPSRVLWH�DQRPDO\��UHODWLYH�WR������������PDSV�RI�WKH���

GHWUHQGHG�SUHFLSLWDWLRQ��PP�GD\����RYHU�1RUWK�&KLQD��OHIW�FROXPQ��DQG�WKH�6RXWKZHVW���

86��PLGGOH�FROXPQ���DQG�DQQXDO�PHDQ�667��R&��ULJKW�FROXPQ��IRU�WKH�FROG��D��E��DQG�F����

���������� J��K��DQG�L�������������DQG�ZDUP�HSRFKHV �G��H��DQG�I����������������

UHVSHFWLYHO\��7KH�ERXQGDULHV�RI�1RUWK�&KLQD�DQG�WKH�6RXWKZHVW�86�DUH�RXWOLQHG�LQ�EOXH���

ER[HV��7KH�GRWWHG�DUHDV�UHSUHVHQW�VWDWLVWLFDOO\�VLJQLILFDQW�DQRPDOLHV�DW�WKH����OHYHO���

��

)LJ��� 5HJUHVVLRQ�PDSV�RI�WKH�GHWUHQGHG�PRQWKO\��D���E� 667��R&��VKDGHG��DQG�6/3���

�K3D��FRQWRXUV����F���G������K3D�JHRSRWHQWLDO�KHLJKW��=��P��FRQWRXUV��DQG�����K3D���

ZLQG��89� P�V����YHFWRU��UHJUHVVHG�RQWR�WKH�GHWUHQGHG�PRQWKO\�SUHFLSLWDWLRQ�DQRPDOLHV���

RYHU�1RUWK�&KLQD�DQG�WKH�6RXWKZHVW�86��7KH�667��FLUFXODWLRQ�YDULDEOHV�DQG���

SUHFLSLWDWLRQ�DUH�VPRRWKHG�E\�DSSO\LQJ�D�����PRQWK�PRYLQJ�DYHUDJH�WZLFH��2QO\���

VWDWLVWLFDOO\�VLJQLILFDQW��S�������UHJUHVVLRQ�FRHIILFLHQWV�RI�����K3D ZLQG�DUH�LOOXVWUDWHG����

7KH�GRWWHG�DQG�VKDGHG�DUHDV�UHSUHVHQW�VLJQLILFDQW��S�������UHJUHVVLRQ�FRHIILFLHQWV�RI���
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667 DQG�����K3D�JHRSRWHQWLDO�KHLJKW��UHSHFWLYHO\���

��

)LJ���0XOWL�PRGHO�HQVHPEOH�PHDQ�DQRPDOLHV�RI�DQQXDO�DQG�VHDVRQDO�SUHFLSLWDWLRQ���

�PP�GD\����RYHU��D��1RUWK�&KLQD�DQG��E��WKH�6RXWKZHVW�86�UHODWLYH�WR�WKH�FRQWURO�UXQ���

�3Q$Q�� (UURU�EDUV�LQGLFDWH�WKH�LQWHUPRGHO UDQJH� +HUH��3�DQG�$�GHQRWH�WKH�3DFLILF���

�,32��DQG�$WODQWLF��$02��667�DQRPDO\�SDWWHUQV��Z��Q�DQG�F UHIHU�WR�WKH�ZDUP����

QHXWUDO�DQG�FROG�SKDVHV��UHVSHFWLYHO\��7DEOH������

��

)LJ���0XOWL�PRGHO�HQVHPEOH�PHDQ�DQRPDOLHV�RI�DQQXDO�PHDQ��D���E��6/3��K3D��VKDGHG����

DQG�LWV�FOLPDWRORJ\�LQ�3Q$Q��K3D��FRQWRXUV����F���G������K3D�JHRSRWHQWLDO�KHLJKW��=��P����

VKDGHG��DQG�����K3D�ZLQG��89��P�V����YHFWRUV����H���I��FROXPQ�LQWHJUDWHG�PRLVWXUH���

GLYHUJHQFH��PP�GD\����VKDGHG��DQG�PRLVWXUH�IOX[��J�FP�� V����YHFWRUV����J���K����

SUHFLSLWDWLRQ��3UH� PP�GD\����VKDGHG���IRU�3Z$Q��OHIW�FROXPQ��DQG�3F$Q��ULJKW�FROXPQ�����

1RWH�WKDW�DQ�XQHTXDO�FRQWRXU�LQWHUYDO�LV�XVHG�WR�KLJKOLJKW�WKH�UHVSRQVH�RYHU�ODQG���

6WLSSOLQJ LQGLFDWHV DUHDV�ZKHUH�PRUH�WKDQ�IRXU�RI�WKH�ILYH�$*&0V�DJUHH�RQ�WKH�VLJQ���

��

)LJ���0XOWL�PRGHO�HQVHPEOH�PHDQ�DQRPDOLHV�RI�DQQXDO�PHDQ��D���E��DLU�WHPSHUDWXUH��7����

IURP�VXUIDFH�WR�����K3D��FRQWRXUV��.��DQG�����K3D�]RQDO�ZLQG��8��VKDGHG��P�V�����ZLQG���

�89��P�V����YHFWRUV��DQG�UHODWLYH�YRUWLFLW\��VFDOHG�E\��H���V����VKDGHG��DW��F���G������K3D����

DQG��H���I������K3D���J���K��PHULGLRQDO��9��P�V����YHFWRUV��DQG�YHUWLFDO��:������ P�V������

VKDGHG��FLUFXODWLRQ� DQG��L���M��667��VFDOHG�E\����R&��DQG�SUHFLSLWDWLRQ��3UH��PP�GD\������

RYHU�WKH�3DFLILF��DYHUDJH����R(a���R:���IRU�3Z$Q��OHIW�FROXPQ��DQG�3F$Q��ULJKW���
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FROXPQ���)RU�FRQYHQLHQFH�LQ�FRPSDULQJ�TXDQWLWDWLYHO\�WKH�SUHFLSLWDWLRQ�UHVSRQVHV�LQ���

GLIIHUHQW�H[SHULPHQWV��WKH�]RQDO�PHDQ�SUHFLSLWDWLRQ�DQRPDOLHV�LQ�H[SHULPHQWV�ZLWK�WKH���

ZDUP��3Z��DQG�FROG�,32��3F���DV�ZHOO�DV�3Q$F�DQG�3Q$Z��DUH�LOOXVWUDWHG�LQ��L��DQG��M�����

UHVSHFWLYHO\���

��

)LJ��� $QRPDOLHV�RI�DQQXDO�PHDQ��D���E��DLU�WHPSHUDWXUH��7��IURP�VXUIDFH�WR�����K3D����

FRQWRXUV��.��DQG�����K3D�]RQDO�ZLQG��8��VKDGHG��P�V�����ZLQG��89��P�V����YHFWRUV��DQG���

UHODWLYH�YRUWLFLW\��VFDOHG�E\��H���V����VKDGHG��DW��F���G������K3D��DQG��H���I������K3D�IRU���

73Z$Q�LQ�*)'/��OHIW�FROXPQ� DQG�16,33���ULJKW�FROXPQ����

��

)LJ��� 5HVSRQVHV�RI�DQQXDO�PHDQ�SUHFLSLWDWLRQ��PP�GD\����VKDGHG��WR�WKH�3DFLILF�SDWWHUQ���

�3Z$Q�DQG�3F$Q��DQG�LWV�WURSLFDO�667�FRPSRQHQW��73Z$Q�DQG�73F$Q��LQ�*)'/��7KH���

GRWWHG�DUHDV�UHSUHVHQW�VWDWLVWLFDOO\�VLJQLILFDQW�DQRPDOLHV�DW�WKH����OHYHO���

��

)LJ����0XOWL�PRGHO�HQVHPEOH�PHDQ�DQRPDOLHV�RI�DQQXDO�PHDQ�JHRSRWHQWLDO�KHLJKW��P����

RYHU�WKH�QRUWKHUQ�1RUWK�3DFLILF����R���R1�����R(����R:��IURP�VXUIDFH�WR����K3D����

��

)LJ���� /HIW�FROXPQ��0XOWL�PRGHO�HQVHPEOH�PHDQ�GLIIHUHQFHV�EHWZHHQ�3Z$F�DQG���

3Z$Q���D��6/3��K3D��VKDGHG��DQG�6/3�FOLPDWRORJ\�LQ�3Z$Q��K3D��FRQWRXUV����F�������

K3D�JHRSRWHQWLDO�KHLJKW��=��P��VKDGHG��DQG�����K3D�ZLQG��89��P�V����YHFWRUV����H����

FROXPQ�LQWHJUDWHG�PRLVWXUH�GLYHUJHQFH��PP�GD\����VKDGHG��DQG�PRLVWXUH�IOX[��J�FP����

V����YHFWRUV����J��SUHFLSLWDWLRQ��3UH��PP�GD\����VKDGHG���5LJKW�FROXPQ�LV�WKH�VDPH�DV�OHIW���
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RQH��EXW�IRU�GLIIHUHQFHV�EHWZHHQ�3F$Z�DQG�3F$Q���

��

7DEOHV��

7DEOH����7KH FRPELQDWLRQV�RI�3DFLILF�DQG�$WODQWLF�667�DQRPDO\�SDWWHUQV�XVHG�WR�IRUFH���

WKH�$*&0V��+HUH�Z UHIHUV�WR�WKH�ZDUP�SKDVH�RI�WKH�SDWWHUQ��VFDOHG E\ ��ı���Q�GHQRWHV���

QHXWUDO��]HUR�DQRPDO\���DQG�F�UHIHUV�WR�WKH�FROG�SKDVH��VFDOHG E\ ��ı���7KH�3Q$Q��

H[SHULPHQW�GHQRWHV�WKH�FRQWURO�UXQ�IRUFHG�ZLWK�WKH�DQQXDOO\�YDU\LQJ�FOLPDWRORJLFDO���

667��6FKXEHUW�HW�DO����������

:DUP�

$WODQWLF

1HXWUDO�

$WODQWLF

&ROG�

$WODQWLF

:DUP�3DFLILF 3Z$Z 3Z$Q 3Z$F

1HXWUDO�3DFLILF 3Q$Z 3Q$Q 3Q$F

&ROG�3DFLILF 3F$Z 3F$Q 3F$F

:DUP�WURSLFDO�3DFLILF � 73Z$Q �

&ROG�WURSLFDO�3DFLILF � 73F$Q �

��
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)LJXUHV��

��
)LJ����7KH�VHFRQG�DQG�WKLUG�OHDGLQJ�5(2)V��R&��DQG�DVVRFLDWHG�WLPH�VHULHV�53&V��R&�����

RI�DQQXDO�PHDQ�667�IURP������WR�������6FKXEHUW�HW�DO����������D��7KH�3DFLILF����

(162�OLNH�667$�SDWWHUQ�RI�5(2)��DQG��E��DVVRFLDWHG�53&��DQG�WKH�,32�LQGH[���F�����

7KH�$WODQWLF�$02�667$�SDWWHUQ�RI�5(2)��DQG��G��DVVRFLDWHG�53&��DQG�$02�LQGH[�����

7KH�EOXH�FXUYHV��E�DQG�G��DUH�VPRRWKHG�WLPH�VHULHV�REWDLQHG�E\�DSSO\LQJ�D���\HDU����

PRYLQJ�DYHUDJH�WZLFH�WR�WKH�EDUV�WR�HPSKDVL]H�WKH�LQWHUGHFDGDO�YDULDWLRQV��7KH�VDPH����

PHWKRG�LV�DSSOLHG�WR�WKH�,32�DQG�$02�LQGLFHV��U DQG�S UHSUHVHQW�WKH�FRUUHODWLRQ����

FRHIILHQWV�EHWZHHQ�UHG�DQG�EOXH�FXUYHV��DQG�WKH�VWDWLVWLFDO�VLJQLILFDQFH�OHYHO�����

UHVSHFWLYHO\��7KH�SHUFHQWDJHV�LQGLFDWH�WKH�FRUUHVSRQGLQJ�H[SODLQHG�YDULDQFHV����
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���

)LJ�����D��'HWUHQGHG�PRQWKO\�SUHFLSLWDWLRQ�DQRPDOLHV�RYHU�1RUWK�&KLQD ���� R(a���R(�����

�� R1a����R1� DQG�WKH�6RXWKZHVW�86����� R:a���R:���� R1a��R1��DQG�WKH�,32�DQG����

$02�LQGLFHV��REWDLQHG�E\�DSSO\LQJ�D�����PRQWK�PRYLQJ�DYHUDJH�WZLFH��2EVHUYHG����

SUHFLSLWDWLRQ�DQRPDOLHV�RYHU�1RUWK�&KLQD DUH�UHIHUUHG�WR�DV�³1RUWK�&KLQDBVWDWLRQ´�����

%ODFN�GRWWHG�OLQHV�UHSUHVHQW ����ı RI�WKH�,32�LQGH[� �E� $QQXDO�PHDQ�SUHFLSLWDWLRQ����

DQRPDO\�SHUFHQWDJH ����RYHU�1RUWK�&KLQD�DQG�WKH�6RXWKZHVW�86�GXULQJ�GLIIHUHQW����

SHULRGV��FROG�,32��,32����FROG�,32�SOXV�ZDUP�$02��,32�$02����FROG�,32�SOXV�FROG����

$02��,32�$02����ZDUP�,32��,32����ZDUP�,32�SOXV�FROG�$02��,32�$02����DQG����

ZDUP�,32�SOXV�ZDUP�$02��,32�$02����ZLWK�UHVSHFW�WR�WKH�FOLPDWRORJ\�IURP���������

WR�������6WDWLVWLFDOO\�VLJQLILFDQW�DQRPDOLHV�DW�WKH����OHYHO�DUH�LQGLFDWHG�E\ EODFN���

WULDQJOHV����

���

���
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)LJ��� 7KH�,32�SKDVH�FRPSRVLWH�DQRPDO\��UHODWLYH�WR������������PDSV�RI�WKH����

GHWUHQGHG�SUHFLSLWDWLRQ��PP�GD\����RYHU�1RUWK�&KLQD��OHIW FROXPQ��DQG�WKH�6RXWKZHVW����

86��PLGGOH FROXPQ���DQG�DQQXDO�PHDQ�667��R&��ULJKW FROXPQ��IRU�WKH�FROG��D��E��DQG�F�����

�����������J��K��DQG�L�������������DQG�ZDUP�HSRFKHV �G��H��DQG�I�����������������

UHVSHFWLYHO\��7KH�ERXQGDULHV�RI�1RUWK�&KLQD DQG�WKH�6RXWKZHVW�86 DUH�RXWOLQHG�LQ�EOXH����

ER[HV��7KH�GRWWHG�DUHDV�UHSUHVHQW�VWDWLVWLFDOO\�VLJQLILFDQW�DQRPDOLHV�DW�WKH����OHYHO����

���
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)LJ��� 5HJUHVVLRQ�PDSV�RI�WKH�GHWUHQGHG�PRQWKO\��D���E� 667��R&��VKDGHG��DQG�6/3���

�K3D��FRQWRXUV����F� �G������K3D�JHRSRWHQWLDO�KHLJKW��=��P��FRQWRXUV��DQG�����K3D����

ZLQG��89� P�V����YHFWRU��UHJUHVVHG�RQWR�WKH�GHWUHQGHG�PRQWKO\�SUHFLSLWDWLRQ�DQRPDOLHV����

RYHU�1RUWK�&KLQD�DQG�WKH�6RXWKZHVW�86��7KH�667��FLUFXODWLRQ�YDULDEOHV�DQG����

SUHFLSLWDWLRQ�DUH�VPRRWKHG�E\�DSSO\LQJ�D�����PRQWK�PRYLQJ�DYHUDJH�WZLFH��2QO\����

VWDWLVWLFDOO\�VLJQLILFDQW �S������ UHJUHVVLRQ�FRHIILFLHQWV�RI�����K3D ZLQG�DUH�LOOXVWUDWHG�����

7KH�GRWWHG�DQG�VKDGHG�DUHDV�UHSUHVHQW�VLJQLILFDQW��S�������UHJUHVVLRQ�FRHIILFLHQWV�RI���

667�DQG�����K3D�JHRSRWHQWLDO�KHLJKW��UHSHFWLYHO\����
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���
)LJ���0XOWL�PRGHO�HQVHPEOH�PHDQ�DQRPDOLHV�RI�DQQXDO�DQG�VHDVRQDO�SUHFLSLWDWLRQ����

�PP�GD\����RYHU��D��1RUWK�&KLQD�DQG��E��WKH�6RXWKZHVW�86�UHODWLYH�WR�WKH FRQWURO�UXQ����

�3Q$Q�� (UURU�EDUV�LQGLFDWH�WKH�LQWHUPRGHO UDQJH��+HUH��3�DQG�$�GHQRWH�WKH�3DFLILF����

�,32��DQG�$WODQWLF��$02��667�DQRPDO\�SDWWHUQV��Z��Q�DQG�F UHIHU�WR�WKH�ZDUP�����

QHXWUDO�DQG�FROG�SKDVHV��UHVSHFWLYHO\��7DEOH�������

���
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���

)LJ���0XOWL�PRGHO�HQVHPEOH�PHDQ�DQRPDOLHV�RI�DQQXDO�PHDQ��D���E��6/3 �K3D��VKDGHG�����

DQG�LWV�FOLPDWRORJ\�LQ�3Q$Q��K3D��FRQWRXUV����F���G������K3D�JHRSRWHQWLDO�KHLJKW��=��P�����

VKDGHG��DQG�����K3D�ZLQG��89��P�V����YHFWRUV����H� �I��FROXPQ�LQWHJUDWHG�PRLVWXUH����

GLYHUJHQFH��PP�GD\����VKDGHG��DQG�PRLVWXUH�IOX[��J�FP�� V����YHFWRUV����J���K�����

SUHFLSLWDWLRQ��3UH��PP�GD\����VKDGHG���IRU 3Z$Q �OHIW�FROXPQ� DQG�3F$Q �ULJKW�FROXPQ������

1RWH�WKDW�DQ�XQHTXDO�FRQWRXU�LQWHUYDO�LV�XVHG�WR KLJKOLJKW WKH�UHVSRQVH�RYHU ODQG����

6WLSSOLQJ LQGLFDWHV�DUHDV�ZKHUH�PRUH�WKDQ�IRXU�RI�WKH�ILYH�$*&0V DJUHH�RQ�WKH�VLJQ����

���
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���
)LJ���0XOWL�PRGHO�HQVHPEOH�PHDQ�DQRPDOLHV�RI�DQQXDO�PHDQ �D���E��DLU�WHPSHUDWXUH��7�����

IURP�VXUIDFH�WR�����K3D��FRQWRXUV��.��DQG�����K3D�]RQDO�ZLQG��8��VKDGHG��P�V�����ZLQG����

�89��P�V����YHFWRUV��DQG�UHODWLYH�YRUWLFLW\��VFDOHG�E\��H���V����VKDGHG��DW��F���G������K3D�����

DQG��H���I������K3D���J���K��PHULGLRQDO��9��P�V����YHFWRUV��DQG�YHUWLFDO��:������ P�V�������

VKDGHG��FLUFXODWLRQ� DQG��L���M��667��VFDOHG�E\����R&��DQG�SUHFLSLWDWLRQ��3UH��PP�GD\�������

RYHU�WKH�3DFLILF��DYHUDJH����R(a���R:���IRU 3Z$Q��OHIW�FROXPQ��DQG�3F$Q �ULJKW����
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FROXPQ���)RU�FRQYHQLHQFH�LQ�FRPSDULQJ�TXDQWLWDWLYHO\�WKH�SUHFLSLWDWLRQ�UHVSRQVHV�LQ����

GLIIHUHQW�H[SHULPHQWV��WKH�]RQDO�PHDQ�SUHFLSLWDWLRQ�DQRPDOLHV�LQ�H[SHULPHQWV ZLWK�WKH����

ZDUP��3Z��DQG�FROG�,32��3F���DV�ZHOO�DV�3Q$F�DQG�3Q$Z��DUH�LOOXVWUDWHG�LQ��L��DQG��M������

UHVSHFWLYHO\����

���

���

)LJ��� $QRPDOLHV�RI�DQQXDO�PHDQ �D� �E��DLU�WHPSHUDWXUH��7��IURP�VXUIDFH�WR�����K3D�����

FRQWRXUV��.��DQG�����K3D�]RQDO�ZLQG��8��VKDGHG��P�V�����ZLQG��89��P�V����YHFWRUV��DQG����

UHODWLYH�YRUWLFLW\��VFDOHG�E\��H���V����VKDGHG��DW��F� �G������K3D��DQG��H� �I������K3D�IRU����

73Z$Q�LQ *)'/ �OHIW�FROXPQ� DQG 16,33� �ULJKW�FROXPQ�����
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)LJ��� 5HVSRQVHV RI�DQQXDO�PHDQ SUHFLSLWDWLRQ��PP�GD\����VKDGHG��WR WKH�3DFLILF�SDWWHUQ����

�3Z$Q�DQG�3F$Q��DQG�LWV�WURSLFDO�667�FRPSRQHQW��73Z$Q�DQG�73F$Q��LQ�*)'/� 7KH����

GRWWHG�DUHDV�UHSUHVHQW�VWDWLVWLFDOO\�VLJQLILFDQW�DQRPDOLHV�DW�WKH����OHYHO����

���

���

)LJ����0XOWL�PRGHO�HQVHPEOH�PHDQ�DQRPDOLHV�RI�DQQXDO�PHDQ�JHRSRWHQWLDO�KHLJKW��P�����

RYHU�WKH�QRUWKHUQ�1RUWK�3DFLILF����R���R1�����R(����R:��IURP�VXUIDFH�WR����K3D�����
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)LJ���� /HIW�FROXPQ� 0XOWL�PRGHO�HQVHPEOH�PHDQ�GLIIHUHQFHV�EHWZHHQ�3Z$F�DQG����

3Z$Q���D��6/3��K3D��VKDGHG��DQG�6/3�FOLPDWRORJ\�LQ�3Z$Q��K3D��FRQWRXUV����F�����

��� K3D�JHRSRWHQWLDO�KHLJKW��=��P��VKDGHG��DQG�����K3D�ZLQG��89��P�V����YHFWRUV������

�H��FROXPQ�LQWHJUDWHG�PRLVWXUH�GLYHUJHQFH��PP�GD\����VKDGHG��DQG�PRLVWXUH�IOX[����

�J�FP�� V����YHFWRUV����J��SUHFLSLWDWLRQ��3UH��PP�GD\����VKDGHG���5LJKW�FROXPQ�LV�WKH����

VDPH�DV�OHIW�RQH��EXW�IRU�GLIIHUHQFHV�EHWZHHQ�3F$Z�DQG�3F$Q����

���


