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DEDQGRQHG� LQ� ������ 7KH� PRRULQJ� VLWHV� DQG� WKH� DFFHVV� FKDQQHO��ZKLFK� FRPPXQLFDWH� WKLV� KDUERXU WR� WKH� 3ULQFLSDO� &KDQQHO�� DUH�ORFDWHG� RQ� WKH� HDVW� VLGH� RI� D� �� NP� OHQJWK� 1�6 VWRQH� VKRUH�FRQQHFWHG� EUHDNZDWHU�� (DVWZDUG� WKH� EUHDNZDWHU� WKHUH� LV� DQ�H[WHQVLYH�LQWHUWLGDO�]RQH����NP�ORQJ DSSUR[LPDWHO\��FRQIRUPHG�E\�PXGG\�WLGDO�IODWV��PHDQZKLOH�ZHVWZDUG�D�FRQWUDVWLQJ�VXEWLGDO�DUHD�LV�ORFDWHG �)LJXUH ����7KH�5RVDOHV�+DUERXU� ORFDWLRQ�KDV� WKH�DGYDQWDJH�WKDW�HQDEOHV�YHVVHOV�WR�VDYH����NP�ZKHQ�HQWHULQJ�WKH�V\VWHP�KDUERXU DQG�WKDW��FRQWUDU\� WR� ZKDW� RFFXUV� DW� WKH� LQWHUQDO� HVWXDU\� SRUWV�� WKH�QHLJKERULQJ� SRUWLRQ� RI� 3ULQFLSDO� &KDQQHO� UHDFKHV� QDWXUDO� GHSWKV�JUHDWHU�WKDQ����P��'XH�WR�LWV�H[WHUQDO�ORFDWLRQ��WKH�KDUERXU DUHD�LV�VLPXOWDQHRXVO\� DIIHFWHG� E\� LQWHUQDO� HVWXDULQH� SURFHVVHV� DV� WLGDO�FXUUHQWV��DQG�E\�IUHTXHQW�VRXWKHDVWHUQ�VWRUP�ZDYHV���,Q�GHVSLWH�WKH�QDWXUDO� DGYDQWDJHV� 5RVDOHV� +DUERXU� KDV�ZKHQ� LV� FRPSDUHG� ZLWK�WKRVH� PRUH� LQWHUQDOO\� ORFDWHG�� KLVWRULFDOO\� UHPDLQHG� PRVW� RI� WKH�WLPH�QRW�RSHUDWLYH�GXH�WR�DQ�H[FHVVLYHO\�KLJK�VLOWDWLRQ�UDWH��0(/2��HW� DO��� ������� SURYLGLQJ� RQO\� VHUYLFHV� IRU� VPDOO� ILVKLQJ� ERDWV� DW�SUHVHQW��1RW�EDVHG�RQ� DQ\�SUHYLRXV� VWXGLHV� DQG�ZLWK� WKH�REMHFWLYH�RI�GLPLQLVKLQJ� WKH�KDUERXU VLOWDWLRQ�UDWH��VRPH�PRGLILFDWLRQV�RQ� WKH�HDVWZDUG� LQWHUWLGDO� DUHD� ZHUH� LQWURGXFHG� LQWR� WKH� HQYLURQPHQW�GXULQJ�WKH����� GUHGJLQJ��:LWK� WKH�LGHD�RI�EORFNLQJ�WKH�VHGLPHQW�SDVVDJH� WR� WKH� KDUERXU�� WZR� YHVVHOV� DQG� WKH� GUHGJHG� PDWHULDOV�ZHUH�ORFDWHG�DV�D�GLVFRQWLQXH�EDUULHU�DW�WKH�PLG�DQG�WKH�PLG�XSSHU�
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6ROXWLRQ�WR�([FHVVLYH�6LOWDWLRQ�5DWH

SRUWLRQ� RI� WKH� WLGDO� IODW�� UHVSHFWLYHO\�� 7KH� FRKHVLYH� GUHGJHG�PDWHULDOV�ZHUH�RULJLQDOO\�GDPPHG�E\�FORWK�KRVHV�ILOOHG�ZLWK�VDQG��ZKLFK�IDLOHG� LQ� D� VKRUW� WLPH� OHDGLQJ� WR� WKH� UHPRELOL]DWLRQ�RI� WKH�FRQWDLQHG�FRKHVLYH�PDWHULDOV��,Q� WKH�SUHVHQW�VWXG\ WKH�ZD\� LQ�ZKLFK�WKH LQWHUDFWLRQ�DPRQJ�FRDVWDO�FRQVWUXFWLRQV DQG QDWXUDO�RFFXUULQJ�SURFHVVHV� DQG�KRZ�WKH�IDFLOLWLHV�RI�5RVDOHV +DUERXU�DUH�VHULRXVO\�DIIHFWHG� LV�DQDO\]HG��,W�LV�DOVR�VKRZQ�KRZ�PRGLILFDWLRQV�LQWURGXFHG�LQWR� WKH�HQYLURQPHQW�LJQRULQJ WKH�LQYROYHG�SURFHVVHV�OHG�WR�D�VHULRXV�ZRUVHQLQJ�RI�WKH�SUREOHP��2QFH�WKH�FRQFHUQHG�SURFHVVHV�DUH�VWXGLHG�DQG�DQDO\]HG��D�VROXWLRQ�HYDOXDWHG�WKURXJK�D�K\GURG\QDPLF�PDWKHPDWLFDO�PRGHO�LV� SURSRVHG�� HYHQWXDOO\� WHVWLQJ� ZKLFK� DOWHUQDWLYH� ZRXOG� EHWWHU�EHKDYH� 0(7+2'2/2*<,Q WKH� ILHOG� ZRUNV� GRQH� LQ� WKH� SUHVHQW� VWXG\�� D� ��� P� ORQJ�YHVVHO� DQG�D�=RGLDF� W\SH�ERDW�SRVLWLRQHG�ZLWK�D�GLIIHUHQWLDO�*36�6DWORF� RSHUDWLQJ� LQ� UHDO� WLPH� ��� P� HUURU�� ZHUH� HPSOR\HG�� 7KH�EDWK\PHWULF� VXUYH\� RI� WKH� HQWLUH� ]RQH� ZDV� GRQH� E\�PHDQV� RI� DQ�HFKRVRXQGHU� %DWK\� ���� 0)� SHUIRUPLQJ� WKH� EDWK\PHWULF� WUDFNV�WUDQVYHUVDOO\� WR� WKH� GRPLQDQW�PRUSKRORJ\� ��������� P� VSDFLQJ���DQG�UHGXFLQJ�WR�D��������P�LQWHUYDO�DW�VRPH�SDUWLFXODU�SODFHV��$OO�PDSV� ZHUH� PDGH� XVLQJ� D� *DXVV�.U�JHU� SURMHFWLRQ�� 'HSWK�LQIRUPDWLRQ�ZDV�UHIHUUHG�WR�WKH�ORFDO�'DWXP�3ODQH�E\�PHDQV�RI�WKH�WLGDO� UHFRUGV� IURP� WKH� WLGDO� JDXJHV� RI� 5RVDOHV� DQG� %HOJUDQR�KDUERXUV�� ,Q� RUGHU� WR� UHFRJQL]H� DQG� GHILQH� VHD� ERWWRP� IHDWXUHV�FKDUDFWHULVWLFV�DQG�VHGLPHQW�FKDQJHV�RQ�WKH�3ULQFLSDO�&KDQQHO��DQ��(*	*� 606� ���� VLGH� VFDQ� VRQDU� RSHUDWLQJ DW� ���� DQG� ���� P�

UDQJH� ZDV� HPSOR\HG�� 6XSHUILFLDO� ERWWRP� VDPSOHV� IURP� WKH�KDUERXU�� VXUURXQGLQJ� DUHDV� DQG� 3ULQFLSDO� &KDQQHO� ZHUH� DOVR�REWDLQHG�DQG�DQDO\]HG�E\ VWDQGDUG�SURFHGXUHV�$W� WKH� QRUWKHUQ� 3ULQFLSDO� &KDQQHO� IODQN�� WLGDO� FXUUHQWV� ZHUH�FRQWLQXRXVO\� UHFRUGHG� DW� D� IUHTXHQF\� RI� ���� +]� GXULQJ� WZR�FRPSOHWH�WLGDO� F\FOHV� E\�GHSOR\LQJ� WZR� ,QWHURFHDQ� FXUUHQWPHWHUV��PRGHO������DW���P�GHSWK�DQG�DW�ERWK�VLGHV�RI�WKH�5RVDOHV�+DUERXU�DFFHVV� FKDQQHO� HQWUDQFH�� 7KH� FXUUHQWPHWHUV� ZHUH� ORFDWHG� � P�DERYH� WKH� ERWWRP� LQ� RUGHU� WR� FRPSXWH� WKH� FXUUHQWV� DELOLW\� WR�WUDQVSRUW�VHGLPHQW�DV�EHG�ORDG��$Q�KRXUO\�SURILOLQJ�RI�VXVSHQGHG�VHGLPHQW� FRQFHQWUDWLRQ� �66&��� E\� PHDQV� RI� DQ� 2%6� �2SWLFDO�%DFNVFDWWHU� 6HQVRU��� DQG� WLGDO� FXUUHQWV� �ZLWK� D� 9DOHSRUW� FXUUHQW�PHWHU��DW� ILYH�YHUWLFDO� OHYHOV�ZHUH�FDUULHG�RXW� GXULQJ� D� FRPSOHWH�WLGDO� F\FOH� DW� WZR� VWDWLRQV� ORFDWHG� ���� P� DSDUW� DW� WKH�PRRULQJ�VLWHV�DQG�LQ�WKH DFFHVV�FKDQQHO��$IWHU�SURILOLQJ��66&�LQ�PJ�O�� ZHUH�REWDLQHG� LQ� ODERUDWRU\� FDOLEUDWLQJ� WKH� 2%6� OHFWXUHV� DJDLQVW�GLIIHUHQW�FRQFHQWUDWLRQV�DWWDLQHG�ZLWK�ORFDO�VHGLPHQWV��7KH� VLOWDWLRQ� UDWH� RI� 5RVDOHV� +DUERXU� DQG� WKH HYROXWLRQ�WKURXJK� WLPH� DIWHU� KDUERXU GUHGJLQJ ZHUH� REWDLQHG� E\�FRPSDULVRQV� RI� VXFFHVVLYH� EDWK\PHWULF� FKDUWV� IURP� WKH� ���������������������DQG���������� SHULRGV��/RFDO�ZLQG�DQDO\VLV�ZDV�FDUULHG� RXW� RYHU� D� RQH� \HDU� SHULRG�UHFRUGHG�E\� D�PHWHRURORJLFDO�DXWRPDWLF�VWDWLRQ�ORFDWHG�DW�5RVDOHV�+DUERXU�IDFLOLWLHV��$W� 5RVDOHV� +DUERXU� DQG� WKH� QHLJKERULQJ� SRUWLRQ� RI� WKH�3ULQFLSDO� &KDQQHO� DUHD�� D� ILQLWH�GLIIHUHQFHV� K\GURG\QDPLF�QXPHULFDO� PRGHO� VROYLQJ� WKH� GHHS�LQWHJUDWHG� VKDOORZ� ZDWHU�HTXDWLRQV�ZLWK� PRELOH� ERXQGDU\� FRQGLWLRQV� �3,(5,1, DQG�3HULOOR��������ZDV�ILQDOO\�HPSOR\HG��$W�WKH�PRPHQW��DIWHU�VHYHUDO�UHVHDUFK�FRQWULEXWLRQV��5(,' DQG�%2',1(�� ������ /((1'(576( �� ������ ������ %(148( HW� DO�� ������67(//,1*�� ������ 67(//,1*�� HW� DO��� ������ )$/&21(5 �� ������)$/&21(5 DQG� 2:(16�� ������ )$/&21(5 DQG� &+(1�� ������&$68//, DQG�&+(1*��������%$/=$12���������RQO\�PHWKRGV�EDVHG�RQ�WKH�(XOHULDQ�GLVFUHWL]DWLRQ�DSSURDFK�VHHP�WR�KDYH�EHHQ�XVHG�LQ�LQGXVWULDO� QXPHULFDO�PRGHOV� IRU� VLPXODWLRQ� RI� VXFK� SURFHVVHV� LQ�UHDO�ZRUOG�DSSOLFDWLRQV��7KH�QXPHULFDO�PRGHO�XVHG�LQ�WKLV�VWXG\�LV�EDVHG�RQ� WKH�GHSWK� LQWHJUDWHG� VKDOORZ�ZDWHU� HTXDWLRQV ZLWK� WLGDO�IODWV�ERXQGDU\�FRQGLWLRQV��%$/=$12�������,Q� RUGHU� WR� VWDELOL]H� WKH� PRGHO� VROXWLRQ�� LW� ZDV� UXQ� RYHU ��GD\V�� 6PDOO� YDOXHV� RI� WKH�PHDQ�TXDGUDWLF� UHODWLYH� HUURU�EHWZHHQ�SUHGLFWHG�DQG�REVHUYHG�YHORFLW\�YHFWRUV�DQG�WLGDO�KHLJKW�PHDVXUHG�DW� WKH� ILHOG� ZHUH� REWDLQHG�� LQGLFDWLQJ� WKH� JRRG� TXDOLW\� RI� WKH�UHVXOWV�� 5(68/76�$1'�',6&866,217KH� VLGH� VFDQ� VRQDU� VXUYH\� FDUULHG� RXW� RQ� WKH� QRUWKHUQ�3ULQFLSDO�&KDQQHO�IODQN�VKRZHG�WKH�SUHVHQFH�RI�����P�KHLJKW� ������ P� ZDYHOHQJWK�� IORRG�RULHQWHG� �'� GXQHV� ILHOG� DW� DQ� DYHUDJH�GHSWK� RI� �� P�� LQGLFDWLQJ� D� QHW� VHGLPHQW� WUDQVSRUW� DV� EHG� ORDG�LQZDUG WKH�HVWXDU\��:HVWZDUG�RI�WKH�EUHDNZDWHU�WKLV�GXQH ILHOG�LV�DEUXSWO\�LQWHUUXSWHG �)LJXUH ����$OO� WLGDO� FXUUHQW� GHSOR\PHQWV� VKRZHG� D� UHYHUVLQJ� GLUHFWLRQ�SDUDOOHO� WR� WKH� LVREDWKV� DQG� DQ� HEE� FXUUHQW� QHW� GRPLQDQFH��:HVWZDUG� WR� WKH�EUHDNZDWHU�PD[LPXP�ZDWHU� VSHHGV�ZHUH� LQ WKH�RUGHU RI �� P V���� ZKLOH� RQ� WKH� HDVWHUQ� VLGH� PD[LPXP� YDOXHV�UHDFKHG� �� P V���� :LWK� WKLV� LQIRUPDWLRQ�� FRPSXWDWLRQ� RI� WKH�SRWHQWLDO�QHW�VDQG�WUDQVSRUW�RI�WLGDO�FXUUHQWV�ZHUH�REWDLQHG�WURXJK�WKH� *$''� HW� DO� ������� UHIRUPXODWLRQ� RI� %$*12/' ������HTXDWLRQ��DFFRUGLQJ� WR� VXJJHVWLRQV JLYHQ E\� $026 HW DO���������$�SRWHQWLDO�QHW EHG WUDQVSRUW�RI� VDQG�RI� ������P� P�� \U�� LQ�WKH�1����� HEE�GLUHFWLRQ RQ� WKH�ZHVWHUQ� VLGH�RI� WKH�EUHDNZDWHU LW�ZDV�REWDLQHG��ZKLOH�D ������P� P�� \U�� YDOXH�ZDV�FRPSXWHG�LQ�WKH�1������HEE GLUHFWLRQ RQ�WKH�HDVWHUQ�VLGH�

)LJXUH� ��� 6WXG\� ]RQH� VKRZLQJ� WKH� PRGLILFDWLRQV� PDGH� LQ� WKH�VXUURXQGLQJV� RI� 3XHUWR� 5RVDOHV�� /LWWRUDO� GULIW� DQG� FXUUHQWPHWHU�VWDWLRQV� DUH� DOVR� VKRZQ�� 7KH� FRRUGLQDWHV� DUH� LQ� *DXVV� .U�JHU�SURMHFWLRQ�
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&XDGUDGR�DW�DO�

7KH�FRPSXWHG�SRWHQWLDO�QHW�VDQG� WUDQVSRUW�GLUHFWLRQ �RXWZDUGWKH�HVWXDU\��ZDV�RSSRVLWH�WR�WKDW�H[KLELWHG�E\�WKH�EHG�IRUPV�RQ�WKH��'�GXQHV�ILHOG��LQZDUG WKH�HVWXDU\��� LQGLFDWLQJ�WKDW WKH�GXQH ILHOG�LV� QRW� EHLQJ� JHQHUDWHG� E\� WLGDO� FXUUHQWV�� 7KH� OLWWRUDO� GULIW��FRPSXWHG�WKURXJK�WKH�86$&(��������PHWKRG IURP�WKH�ORFDO�ZLQG�LQIRUPDWLRQ�� WKH� DYDLODEOH� IHWFK� DQG�EDWK\PHWU\� JDYH� DQ� LQZDUG�SRWHQWLDO�VDQG� WUDQVSRUW� RI� ����������P� P�� \U����ZKLFK�LV�PXFK�JUHDWHU� WKDQ� WKH� DELOLW\� RI� WLGDO� FXUUHQWV� WR� WUDQVSRUW� VDQG��+RZHYHU�� WKH�ZHVWZDUG� LQWHUUXSWLRQ�RI� WKH��'�GXQHV� ILHOG� DW� WKH�EUHDNZDWHU�YLFLQLW\� LQGLFDWHV WKDW�WKH�DPRXQW�RI�VDQG�DYDLODEOH�WR�EH� WUDQVSRUWHG�E\� WKH�OLWWRUDO�GULIW� LV�VPDOOHU��RU�DW� OHDVW� HTXDO�� WR�WKH�SRWHQWLDO�QHW�VDQG�WUDQVSRUW�RI�WKH�WLGDO�FXUUHQWV�RQ�WKH�ZHVWHUQ�VLGH�� DV� RQFH� WKH� WUDQVSRUWHG� VDQG� RYHUSDVVHV� WKH� EUHDNZDWHU� LV�ZDVKHG�DZD\ E\�WKH�VWURQJ�HEE�FXUUHQWV�RFFXUULQJ�KHUH��7KH� PHDQ�DYHUDJHG� GHSWK� ZLWKLQ� 5RVDOHV� +DUERXU� IRU� WKH����������� SHULRG� VKRZHG� DQ H[SRQHQWLDO� GHFD\� ZLWK� WLPH�EHJLQQLQJ� DW� ��� P� LPPHGLDWHO\� DIWHU� WKH� KDUERXU GUHGJLQJ�UHDFKLQJ� DQ� DOPRVW� FRQVWDQW� YDOXH� RI� ����� P� EHORZ� WKH� 'DWXP�3ODQH� DIWHU����\HDUV �&8$'5$'2 HW� DO��� �������'XULQJ� WKH����������� SHULRG�� WKH� PHDQ�DYHUDJHG� GHSWK� DIWHU� D� �� P� GUHGJLQJ�IROORZHG� WKH� VDPH� IRUP� RI� GHFD\� EXW� DW� D� QRWLFHDEOH� LQFUHDVHG�VSHHG�DV�D� ������P�GHSWK�ZDV�UHDFKHG�DIWHU�RQO\� ���PRQWKV��7KH�VDPH�LQFUHDVHG�WHQGHQF\�ZDV�DOVR�PDQLIHVWHG�DIWHU�D���P�GUHGJLQJ�GXULQJ�WKH������ �����SHULRG��:KHQ�GDWD�IURP�WKH�WKUHH�DQDO\]HG�SHULRGV�DUH�FRPSDUHG�RQ�WKH�EDVHV�RI�D�FRPPRQ�GHSWK�UDQJH�����������P���LW�LV�QRWHG�WKDW�WKH VLOWDWLRQ�ODVWHG �����\HDUV�����PRQWKV�DQG� �� PRQWKV� IRU� WKH� ����������� ���������� DQG� ����������SHULRGV�� UHVSHFWLYHO\� 7KLV� LQIRUPDWLRQ HYLGHQFHV� WKDW�� XQOLNHH[SHFWHG UHVXOWV� WKH� FKDQJHV� LQWURGXFHG� LQWR� WKH� HQYLURQPHQW�GXULQJ� WKH� ����� GUHGJLQJ� KDYH� KDG� D� QHJDWLYH� DQG� GUDPDWLF�LPSDFW�RQ�WKH�KDUERXU LQWHUHVWV��$V� ZHOO� DV� LQ� DQ\� HQFORVHG� GRFN�� VHGLPHQW� VHWWOLQJ� LV�SURPRWHG� ZLWKLQ� 5RVDOHV� +DUERXU� EHFDXVH� WKH� DUHD� LV� SURWHFWHG�IURP�WKH�ZDYH DFWLRQ�DQG�VPDOO�WLGDO�FXUUHQW�VSHHG�RFFXUV��6R��WKH�H[FHVV� RQ� WKH� VLOWDWLRQ� UDWH� REVHUYHG� DW� WKLV� KDUERXU ZKHQ� LW� LV�FRPSDUHG� ZLWK� RWKHU� HQFORVHG� RU� VHPL�HQFORVHG� GRFNV� RI� WKH�KDUERXU V\VWHP�VKRXOG�EH�DWWULEXWHG�WR�WKH 66&�VRXUFH��,W�LV�ZHOO�NQRZQ� WKDW� WKH�K\GURG\QDPLF� RI� LQWHUWLGDO� IODWV� UHVXOWV IURP� WKH�FRPELQDWLRQ� RI� VHYHUDO� IRUFLQJV�� PDLQO\� WKH� WLGDO� FXUUHQWV�� WKH�ZDYHV� DQG� DVVRFLDWHG�ZLQGV� DQG� GUDLQDJH� �/(� +,5 HW� DO��� ������(,60$�� ������� 1DWXUDOO\�� ORFDO� ZLQGV� JHQHUDWH� ZDYHV� WKDW� DUH�

OLNHO\� WR� UHVXVSHQG�VHGLPHQW�� VR� WKDW� WKH� FRUUHODWLRQ�EHWZHHQ� WKH�ZLQG�DQG�ZDYH�HSLVRGHV�VKRXOG�EH�DFFRXQWHG�IRU��7KH�UHVXOWV�IURP�WKH�66&�SURILOLQJ� LQ�ERWK� VWDWLRQ�LQVLGH�WKH�KDUERXU��VKRZHG� WKDW�GXULQJ� WKH� IORRG�� WKH� ERWWRP�FRQFHQWUDWLRQ� LQFUHDVHG� IURP� ��� WR�����PJ�O����6XFK�66&�JURZWK�ZDV�RQO\ UHODWHG� WR� WKH�LQFUHDVH� RI�WLGDO�FXUUHQW�YHORFLWLHV�� DV�WKH�1�1:�ORFDO�ZLQGV EORZLQJ GXULQJ�VXFK� SHULRG� GLG� QRW� DIIHFWHG� WKH� KDUERXU DUHD��+RZHYHU�� LW� ZDV�REVHUYHG�WKDW�ZKHQ�ZLQG�GLUHFWLRQ�FKDQJHG�WR�WKH�PD[LPXP�IHWFK�GLUHFWLRQ��6(��DW���� P�V����WKH�GLVWULEXWLRQ�DQG�WKH�PDJQLWXGH�RI�WKH�66&�ZDV�VWURQJO\�PRGLILHG�� UHDFKLQJ�YDOXHV�XS�WR�����PJ�O���)('(5,&, HW�DO��������������� 6XFK�LPSRUWDQW 66&�LQFUHDVH�VKRXOG�EH�DWWULEXWHG�WR�WKH�HURVLYH�DFWLRQ�RI�ORFDOO\ JHQHUDWHG�ZDYHV�WKDW�UHVXVSHQGV FRKHVLYH�PDWHULDOV� �VLOW� DQG� FOD\�� IURP� WKH� H[WHQVLYHWLGDO� IODWV� QHLJKERULQJ� WKH� 5RVDOHV� +DUERXU� DUHD�� 7KH� REVHUYHG�UHPDUNDEOH LQFUHDVH� LQ� WKH� KDUERXU VLOWDWLRQ� UDWH� DIWHU� WKH�HQYLURQPHQW� PRGLILFDWLRQV� LQWURGXFHG� GXULQJ� WKH� ����� GUHGJLQJ�DJUHH�ZLWK� WKH� H[SODQDWLRQ� SURSRVHG� DERYH�� %\� UHIOHFWLRQ�RI� WKH�LQFRPLQJ� ZDYHV�� WKH� SUHVHQFH� RI� WKH� ZUHFNHG� YHVVHOV� DOPRVW�GRXEOH� WKH�ZDYHV� KHLJKW�� LQFUHDVLQJ� WLGDO� IODW� HURVLRQ�DQG� VR� WKH�66&� RI� WKH�ZDWHU� HQWHULQJ� WR� WKH� KDUERXU��7KH UHPRELOL]DWLRQ�RI�WKH�GUHGJHG�FRKHVLYH�PDWHULDOV�GXH�WR�WKH�IDLOXUH�RI�LWV�FRQWHQWLRQ�VKRXOG�DOVR�KDYH�FRQWULEXWHG�WR�D�VLJQLILFDQW�66&�LQFUHPHQW��
7KHUHIRUH�� DV� WKH� VRXUFH� RI� H[FHVVLYH� 66&� HQWHULQJ� WR� WKH�

)LJXUH� ��� D��(FKR� HFKR� VRXQGHU� UHFRUG� DQG E�� WKH FRUUHVSRQGLQJ� VLGH�VFDQ� VRQDU� VRQRJUDSK DORQJ� WKH�QRUWKHUQ�PDUJLQ� RI� WKH�3ULQFLSDO�&KDQQHO� FORVH�WR�WKH�EUHDNZDWHU�RI�5RVDOHV�+DUERXU��7KH�OLWWRUDO�GULIW�VKRZHG�LQ�)LJXUH ��FDQ�EH�VHHQ�DV�WKH��'�GXQH�RQ�WKH�ULJKW�VLGH RI�WKH�VRQRJUDSK�

)LJXUH����=RQH�ZKHUH�WKH�K\GURG\QDPLF�PRGHO�ZDV�DSSOLHG�RQ�D����P�VLGH�JULG�
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6ROXWLRQ�WR�([FHVVLYH�6LOWDWLRQ�5DWH

KDUERXU ZDV� LGHQWLILHG��WKH�SRVVLEOH�ZD\ WR�GLPLQLVK WKH�5RVDOHV�+DUERXU�VLOWDWLRQ�UDWH�ZRXOG�EH�WR�DYRLG�WKH�HURVLRQ�RI�WKH� QHLJKERXULQJ WLGDO�IODWV�RU�SUHYHQW�WKH�SDVVDJH�LQWR�WKH�KDUERXUDUHD�RI�ZDWHU� IURP�ZKHUH� WKH�H[FHVVLYH�66&�LV JHQHUDWHG��*LYHQ�WKH�H[WHQVLRQ�RI� WKH�WLGDO�IODWV��WKH�ODWHU�RSWLRQ�VHHPV�WR�EH�PRUH�

)LJXUH��� 0RGHO�UHVXOWV�ZLWK�GLIIHUHQW�OHQJWKV�RI�EDUULHUV��D��2SWLRQ�,��6KRUW�EDUULHU�GXULQJ�WKH�PLG�HEE�WLGH�ZLWK�6(�ZLQG��E���2SWLRQ�,,��/DUJH�EDUULHU�GXULQJ�WKH�PLG�IORRG�WLGH��F���2SWLRQ�,,,��,QWHUPHGLDWH�EDUULHU�GXULQJ�WKH�PLG�IORRG�WLGH�ZLWK�6(�ZLQG��G��=RRP DUHD�RI��D���H��=RRP�DUHD�RI��E���I��=RRP�DUHD�RI��F��
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&XDGUDGR�DW�DO�
IHDVLEOH�DQG�HFRQRPLFDOO\�VRXQGLQJ��DQG� LW�VKRXOG�EH�DWWDLQHG�E\�PHDQV� RI� WKH� FRQVWUXFWLRQ� RI� DQ� DGHTXDWH� HDVWZDUGV� FRQWLQXRXV�IHQFH� WKURXJK�WKH�HQWLUH� LQWHUWLGDO�DUHD��+RZHYHU�� WKH�GHVLJQ�DQG�H[WHQVLRQ� RI� VXFK� EDUULHU� ZRXOG� LQWHUDFW� QHJDWLYHO\ ZLWK� WLGDO�FXUUHQWV� DQG� WKH� VDQG� WUDQVSRUWHG� E\� OLWWRUDO� GULIW� DW� WKH� KDUERXUHQWUDQFH� JHQHUDWLQJ�IXUWKHU�SUREOHPV��6R� LQ�RUGHU�WR�HYDOXDWH�DQG�DYRLG� RU� GLPLQLVK� VXFK� SRWHQWLDO� QHJDWLYH� LQWHUDFWLRQV�� WKH�EHKDYLRXU� RI� GLIIHUHQW EDUULHU� H[WHQVLRQV� ZHUH� WHVWHG� E\� D�K\GURG\QDPLF�PDWKHPDWLFDO�PRGHO��,Q� VKDOORZ� FRDVWDO� ZDWHU� ERGLHV� OLNH� KDUERXUV�� HVWXDULHV��ODJRRQV��DQG�VXFK�H[SHULHQFLQJ�WLGDO�RVFLOODWLRQ�RI�WKH�IUHH�VXUIDFH��WKH�H[WHQW�RI�DUHDV�VXEMHFWHG�WR�DOWHUQDWLQJ�ZHWWLQJ�DQG�GU\LQJ��WKH�WLGDO� IODW�� FDQ� EH� RI� WKH� VDPH� RUGHU� RI� PDJQLWXGH� DV� WKH�SHUPDQHQWO\� VXEPHUJHG� DUHDV� �)$/&21(5 �� ������ &$68//, DQG�&+(1*�� ������ 80*,(66(5 �� HW� DO��� ������ %$/=$12�� ������� 7KXV��WKH�UHSURGXFWLRQ�RI�WKH�FRYHULQJ�XQFRYHULQJ�RI�WKH�WLGDO�IODWV�LV�DQ�LPSRUWDQW�IHDWXUH�RI�QXPHULFDO�WLGDO�IORZ�PRGHOV�EDVHG�RQ�VKDOORZ�ZDWHU� HTXDWLRQV�� $FFXUDWH� VLPXODWLRQ� RI� IUHH� VXUIDFH� IORZV� RQ�GRPDLQV�ZLWK�PRYLQJ�ERXQGDULHV�LV�QHHGHG�LQ�VHYHUDO�HQJLQHHULQJ�DSSOLFDWLRQV��LQFOXGLQJ�WLGDO�IODW�SUHGLFWLRQV�7KLV PRGHO� ZDV� DSSOLHG� RQ� WKH DUHD� VKRZHG� LQ� )LJXUH� �FRYHULQJ� �[��� NP� ZLWK� D� JULG RI ��[��� P� FRQVLGHULQJ WKUHHGLIIHUHQW EDUULHU OHQJWKV�� 7KH VKRUWHU� EDUULHU �2SWLRQ� ,� H[WHQW� WRWKH�'DWXP�3ODQH� ���P��� WKH� ORQJHVW RQH �2SWLRQ� ,,�� UHDFKHV � P�GHSWK� DQG� WKH� WKLUG RQH� �2SWLRQ� ,,,�� UHDFKHV � P� GHSWK��0RGHO�UHVXOWV IRU�PLG� IORRG� RU HEE� WLGDO� FRQGLWLRQV� IRU� WKH� WKUHH� WHVWHG�RSWLRQV� DUH� VKRZQ� LQ�)LJXUH����7KH PRVW� HFRQRPLFDOO\�2SWLRQ� ,GRHV� QRW� LQWHUDFW� ZLWK� WLGDO� FXUUHQWV� �)LJXUH �D� DQG� G�� EXW� DQ�LQFRPH�WR�WKH�KDUERXU HQWUDQFH�RI�ZDWHU�IURP�WKH�LQWHUWLGDO�DUHDV�LW�LV REVHUYHG�GXULQJ�HEE��7KHUHIRUH��2SWLRQ�, ZRXOG�SUHYHQW�PRVW�RI�WKH�SDVVDJH�RI�ZDWHU� LQWR� WKH�KDUERXU DUHD� IURP� WKH�QHLJKERULQJ�WLGDO�IODWV�EXW�LW�ZRXOG�QRW�WRWDOO\�EH�DYRLGHG��SDUWLFXODUO\�ZKHQ�6�6(� ZLQGV� DUH� EORZLQJ� �PD[LPXP� 66&� JHQHUDWLRQ��� 2SWLRQ� ,,��)LJXUH �E�� WRWDOO\� LPSHGHV WKH� SDVVDJH� RI� ZDWHU� IURP� WKH�LQWHUWLGDO�DUHDV�EXW�LW�VWURQJO\�LQWHUDFWV�ZLWK�WLGDO�FXUUHQWV��'XULQJ�HEE��WKHUH�LV�QR�FKDQJH�LQ�WKH�FXUUHQW�YHORFLWLHV�DW�WKH�EUHDNZDWHUH[WUHPH�� +RZHYHU�� IORRG� FXUUHQWV� VXIIHU� DFFHOHUDWLRQ� DQG�GHFHOHUDWLRQ�EHIRUH� DQG� DIWHU�SDVVLQJ� WKH�EUHDNZDWHU �)LJXUH��H���7KLV�IDFW�PD\�HURGH�WKH�VDQG�WUDQVSRUWHG�E\�OLWWRUDO�GULIW�HDVWZDUGV�WKH� IHQFH� GHSRVLWLQJ LW� DW� WKH� KDUERXU HQWUDQFH�� 7KLV ZRXOG�SURPRWH DQ� HPEDQNPHQW ZLWK� D� SRWHQWLDO� LQIOX[�RI� VDQG� LQWR WKH�KDUERXU DUHD��:LWK� 2SWLRQ� ,,, �)LJXUH� �F��� WKH�SDVVDJH�RI�ZDWHU�WKURXJK� WKH� KDUERXU HQWUDQFH� IURP� WKH� LQWHUWLGDO� ]RQH� LV� WRWDOO\�LPSHGHG�� ZKLOH� LQWHUDFWLRQV� EHWZHHQ� WKH� SURSRVHG� IHQFH� OHQJWK�DQG�WLGDO�FXUUHQWV�DUH�PLQLPL]HG��HYHQ�ZKHQ�ZLQG�EORZV IURP�WKH�6(��)LJXUH �F DQG�I���7KXV��2SWLRQ�,,, VHHPV�WR�EH�WKH�PRVW�OLNHO\�FKRLFH�� &21&/86,2167KH� KLJK� VXVSHQGHG� VHGLPHQW� FRQFHQWUDWLRQ� RI� WKH� ZDWHU�LQFRPLQJ� LQWR� WKH� KDUERXU DUHD� LV� WKH� UHVSRQVLEOH� IRU� WKH�DEQRUPDOO\� KLJK� VLOWDWLRQ� UDWH� KLVWRULFDOO\� RFFXUULQJ� DW� 5RVDOHV+DUERXU��7KHVH�FRQFHQWUDWLRQV�DUH�RULJLQDWHG�ZKHQ�ZLQG EORZLQJ�IURP� 6(� SURPRWHV WKH� HURVLRQ� RI� WKH� LQWHUWLGDO� DUHDV� E\� ORFDOO\�JHQHUDWHG� ZDYHV�� )DU� IURP� UHGXFLQJ� WKH� SUREOHP�� WKH�PRGLILFDWLRQV� LQWURGXFHG� LQWR� WKH�HQYLURQPHQW� LQ� ����� LQFUHDVHGWKH�VHGLPHQW�DYDLODELOLW\��UDLVLQJ GUDPDWLFDOO\�WKH�KDUERXU VLOWDWLRQ�UDWH��,Q� RUGHU� WR� DYRLG� WKH� LQFRPH� RI� ZDWHU� ZLWK� KLJK� VXVSHQGHG�VHGLPHQW� FRQFHQWUDWLRQ LQWR� WKH� KDUERXU DUHD� IURP� ZKHUH� LW� LV�JHQHUDWHG�� WKH� FRQVWUXFWLRQ� RI� D� FRQWLQXRXV� EDUULHU� WKURXJK� WKH�HQWLUH� LQWHUWLGDO� DUHD� LV� SURSRVHG�� 7KLV� EDUULHU� VKRXOG� EH�FRQVWUXFWHG� XS� WR� WKH� � P GHSWK�� DV� D� VKRUWHU� H[WHQVLRQ� ZRXOG�DOORZ�WKH�SDVVDJH�RI�ZDWHU� IURP�WKH�ZHVWZDUG� WLGDO�IODWV� WKURXJK�

WKH�KDUERXU HQWUDQFH��ZKLOH D�ORQJHU�RQH�PD\�SURPRWH�D�VDQG�EDQN�JHQHUDWLRQ� DW� WKH� KDUERXU HQWUDQFH� E\� WKH� LQWHUDFWLRQ� ZLWK� WKH�OLWWRUDO�GULIW��� $&.12:/('*(0(176)XQGV�WR�FDUU\�RXW�WKLV�UHVHDUFK�ZHUH�SURYLGHG E\ WKH�1DWLRQDO�5HVHDUFK�&RXQVLO�RI�$UJHQWLQD��&21,&(7���WKH�1DWLRQDO�$JHQF\�IRU� WKH� 3URPRWLRQ� RI� 6FLHQFH� DQG� 7HFKQRORJ\� RI� $UJHQWLQD��$13&\7���*UDQW������������DQG�3*,����=+���6*&7 816��/,7(5$785(�&,7('$026�� &�/�� *20(=�� (�$�� DQG /,�� 0�=��� ������ 6DQG�7UDQVSRUW�0HDVXUHPHQWV� DQG� 3UHGLFWLRQV�� ,Q� %(5/2*<��0���5��'��5$-$21$ DQG�-��)��$�6/($7+ �HGV���6HGLPHQW�7UDQVSRUW�0HFKDQLVPV�LQ�&RDVWDO�(QYLURQPHQWV�DQG�5LYHUV��(XURPHFK� ������������%$*12/'��5�$���������0HFKDQLFV�RI�PDULQH�VHGLPHQWDWLRQ��,Q�0��1��+,//��HG����7KH�6HD��7KH�(DUWK�%HQHDWK�WKH�6HD� 1HZ�<RUN� :LOH\�,QWHUVFLHQFH� 3S� �������%$/=$12�� $��� ������ (YDOXDWLRQ� RI� PHWKRGV� IRU� QXPHULFDO�VLPXODWLRQ� RI� ZHWWLQJ� DQG� GU\LQJ� LQ� VKDOORZ� ZDWHU� IORZ�PRGHOV��&RDVWDO�(QJLQHHULQJ� �����������%(148(�� -�3��� &81*(� -�$��� )(8,//(7�� -�� +$8*8(/�� $���DQG�+2//<�� )�0�� -U��� ������1HZ�PHWKRG� IRU� WLGDO� FXUUHQW�FRPSXWDWLRQ�� -RXUQDO� RI� :DWHUZD\V�� 3RUW�� &RDVWDO� DQG�2FHDQ�'LYLVLRQ��$6&(���������±����%/$&.��.�6�� 3$7(5621��'�0�� DQG &5$03��$���HGV���������6HGLPHQWDU\� SURFHVVHV� LQ� WKH� LQWHUWLGDO� ]RQH�� *HRORJLFDO�6RFLHW\�RI�/RQGRQ��6SHFLDO�3XEOLFDWLRQV� ���������S��&$68//,�� 9��� DQG &+(1*�� 5�7��� ������ 6HPL�LPSOLFLW� ILQLWH�GLIIHUHQFH�PHWKRGV�IRU�WKUHH�GLPHQVLRQDO�VKDOORZ�ZDWHU�IORZ��,QWHUQDWLRQDO� -RXUQDO� 1XPHULFDO�0HWKRGV� )OXLGV� ���� ���±����&8$'5$'2�� '�*�� 0(/2�� :�'�� DQG� *Ï0(=�� (�$��� ������(YROXFLyQ� GH� OD� WDVD� GH� VHGLPHQWDFLyQ� HQ� 3XHUWR� 5RVDOHV��(VWXDULR�GH�%DKtD�%ODQFD��3URFHHGLQJV�9,�5HXQLyQ�$UJHQWLQD�GH�6HGLPHQWRORJtD� �%DKtD�%ODQFD��$UJHQWLQD���SS����������(,60$��'���������,QWHUWLGDO�GHSRVLWV��5LYHU�PRXWKV��WLGDO�IODWV�DQG�FRDVWDO� ODJRRQV�� 0DULQH� 6FLHQFH� 6HULHV�� &5&� 3UHVV�� %RFD�5DWRQ�����S�)$/&21(5��5�$���������$�ZDWHU� TXDOLW\� VLPXODWLRQ�VWXG\� RI� D�QDWXUDO� KDUERU�� -RXUQDO� RI� :DWHUZD\V�� 3RUW�� &RDVWDO� DQG�2FHDQ�'LYLVLRQ� $6&(����������±���)$/&21(5�� 5�$�� DQG 2:(16�� 3�+��� ������ 1XPHULFDO�VLPXODWLRQ�RI� IORRGLQJ� DQG� GU\LQJ� LQ� D� GHSWK�DYHUDJHG� WLGDO�IORZ�PRGHO��3URFHHGLQJ�,QVWLWXWLRQ�RI�&LYLO�(QJLQHHUV��3DUW����5HVHDUFK�DQG�7KHRU\��9RO��������±����)$/&21(5�� 5�$�� DQG &+(1�� <��� ����� $Q� LPSURYHG�UHSUHVHQWDWLRQ�RI�IORRGLQJ�DQG�GU\LQJ�DQG�ZLQG�VWUHVV�HIIHFWV�LQ� D� WZR�GLPHQVLRQDO� WLGDO� QXPHULFDO� PRGHO�� 3URFHHGLQJ�,QVWLWXWLRQ�RI�&LYLO� (QJLQHHUV�� 3DUW� ���5HVHDUFK�DQG�7KHRU\��9R���������������)('(5,&,� *�$��� &8$'5$'2� '�*�� *Ï0(=� (�$�� DQG1$7$/, 0���������,QIOXHQFLD�GH�OD�$OWHUDFLyQ�$PELHQWDO�HQ�OD� 7DVD� GH� 6HGLPHQWDFLyQ� HQ� 3XHUWR� 5RVDOHV�� (VWXDULR� GH�%DKtD�%ODQFD��,9�-RUQDGDV�1DFLRQDOHV�GH�&LHQFLDV�GHO�0DU���3XHUWR�0DGU\Q��$UJHQWLQD���SS�����)('(5,&,� *�$�� *20(=� (�$�� &8$'5$'2� '�*�� DQG1$7$/, 0��� ������$FFLyQ�GH� ODV�RODV� HQ� OD� VHGLPHQWDFLyQ�GH� 3XHUWR� 5RVDOHV�� $UJHQWLQD�� 3URFHHGLQJV� ,;� &RQJUHVR�/DWLQRDPHULFDQR� GH� &LHQFLDV� GHO� 0DU�� �6DQ� $QGUpV��&RORPELD���� S�
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6ROXWLRQ�WR�([FHVVLYH�6LOWDWLRQ�5DWH
)/(00,1*� %��:�� DQG %$57+2/20b��$�� �HGV��������7LGDO�VLJQDWXUHV� LQ� PRGHUQ� DQG� DQFLHQW� VHGLPHQWV�� %ODFNZHOO��2[IRUG��,$6�6SHF�3XE����������S�*$''�� 3�(�� /$9(//(�� -�:�� DQG� 6:,)7�� '�-�3�� ������(VWLPDWHV� RI� 6DQG� 7UDQVSRUW� RQ� WKH�1HZ�<RUN� 6KHOI� XVLQJ�1HDU�ERWWRP� &XUUHQW� 0HWHU� 2EVHUYDWLRQV�� -RXUQDO� RI�6HGLPHQWDU\�3HWURORJ\����������������/((1'(576(��-�-���������$�:DWHU�TXDOLW\�6LPXODWLRQ�0RGHO�IRU�:HOO�PL[HG�(VWXDULHV�DQG�&RDVWDO�6HDV� 9RO�����3ULQFLSOHV�RI�&RPSXWDWLRQ�� 5DQG� &RUSRUDWLRQ�� 6DQWD� 0RQLFD�� 50������5&�����SS�/((1'(576(��-�-���������$VSHFWV�RI�6,06<6��$�6\VWHP�IRU�7ZR�'LPHQVLRQDO� )ORZ� &RPSXWDWLRQV�� 5$1'� &RUSRUDWLRQ� 5������86*6�����SS�/(�+,5��3��� 52%(576� :��� &$=$,//(7� 2��� &+5,67,(� 0���%$6628//(7� 3�� DQG� %$&+(5� &��� ������&KDUDFWHUL]DWLRQ�RI�LQWHUWLGDO�IODW�K\GURG\QDPLFV��&RQWLQHQWDO�6KHOI�5HVHDUFK� ��������������0(/2��:�'�� &8$'5$'2�� '�*��� DQG *Ï0(=�� (� $��� ������,PSRUWDQFLD� GH� ODV� FRQGLFLRQHV� DPELHQWDOHV� HQ� OD�SODQLILFDFLyQ� WHUULWRULDO� GHO� iUHD� GH� 3XHUWR� 5RVDOHV��3URFHHGLQJV� ��� -RUQDGDV� 1DFLRQDOHV� GH� *HRJUDItD� )tVLFD���%DKtD�%ODQFD��$UJHQWLQD���SS����������
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