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0RLVWXUH�VRXUFHV�DQG�G\QDPLFV�RYHU�VRXWKHDVWHUQ�7LEHWDQ�3ODWHDX���

UHIOHFWHG�LQ�GXDO�ZDWHU�YDSRU�LVRWRSHV���

���

=KRQJ\LQ�&DL�
��5RQJ�/L���&KHQJ�:DQJ���4LXNDL�0DR���/LGH�7LDQ����

���

�,QVWLWXWH� RI� ,QWHUQDWLRQDO� 5LYHUV� DQG� (FR�VHFXULW\�� <XQQDQ� .H\� /DERUDWRU\� RI� ,QWHUQDWLRQDO� 5LYHUV� DQG���

7UDQVERXQGDU\�(FR�VHFXULW\��0LQLVWU\�RI�(GXFDWLRQ�.H\�/DERUDWRU\�IRU�(FRVHFXULW\�RI�6RXWKZHVW�&KLQD��<XQQDQ���

8QLYHUVLW\��.XQPLQJ��&KLQD���

���


&RUUHVSRQGLQJ�DXWKRU��=KRQJ\LQ�&DL��F]\SLO#JPDLO�FRP�DQG�]�FDL#\QX�HGX�FQ�� ����

����

$EVWUDFW����

7KH�VRXWKHDVWHUQ�7LEHWDQ�3ODWHDX��6(73��KDV�H[SHULHQFHG�D�VLJQLILFDQW�GU\LQJ�WUHQG�LQ�UHFHQW�GHFDGHV��OLNHO\����

OLQNHG�WR�FKDQJHV�LQ�PRLVWXUH�VRXUFHV��:DWHU�YDSRU�LVRWRSHV�DUH�YDOXDEOH�WUDFHUV�RI�WKH�DWPRVSKHULF�ZDWHU�F\FOH��\HW����

WKHLU� LQWHUSUHWDWLRQ� LV�KLQGHUHG�E\� DPELJXLWLHV� LQ� DWPRVSKHULF� FRQWUROV��7R� LQYHVWLJDWH� WKH� UROH�RI�RFHDQ� VXUIDFH����

HYDSRUDWLRQ��FRQWLQHQWDO�DLU�PDVV�LQWUXVLRQ��DQG�UDLQ�YDSRU�LQWHUDFWLRQ��ZH�SUHVHQW�D�WKUHH�\HDU�GDLO\�WLPH�VHULHV�RI����

QHDU�VXUIDFH�YDSRU�į��2�DQG�d�H[FHVV�IURP�WKH�6(73�VWDWLRQ��2XU�DQDO\VLV�UHYHDOV�WKDW�DSSDUHQW�QHJDWLYH�FRUUHODWLRQV����

EHWZHHQ�d�H[FHVV�DQG�UHODWLYH�KXPLGLW\�RYHU�WKH�,QGLDQ�2FHDQ�DUH�SULPDULO\�GULYHQ�E\�VLPLODU�VHDVRQDO�SDWWHUQV�����

ZKLFK�EHFRPH�LQVLJQLILFDQW�RU�PDUJLQDO�ZKHQ�H[DPLQHG�VHDVRQDOO\��7KLV�UHVXOW�XQGHUVFRUHV�WKH�QHHG�IRU�FDXWLRQ�LQ����

LQWHUSUHWLQJ�d�H[FHVV�DV�D�FRQVHUYDWLYH�WUDFHU�RI�RFHDQ�VXUIDFH�HYDSRUDWLRQ��,QVWHDG��ZH�LGHQWLI\�ORFDO�DQG�XSVWUHDP����

VSHFLILF� KXPLGLW\� DV� WKH� SULPDU\� GHWHUPLQDQW� RI� QRQ�PRQVRRQ� VHDVRQ� d�H[FHVV� YDULDELOLW\�� LQIOXHQFHG� E\� WKH����
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LQWUXVLRQ�RI�FROG�DQG�GU\�DLU�IURP�XSSHU�OHYHOV��'XULQJ�WKH�VXPPHU�PRQVRRQ�VHDVRQ��ERWK�d�H[FHVV�DQG�į��2�UHIOHFW����

WKH�HIIHFW�RI�UDLQGURS�HYDSRUDWLRQ�GXULQJ�WUDQVSRUW��ZKLFK�GHFUHDVHV�į��2�EXW�LQFUHDVHV�d�H[FHVV��7KHVH�ILQGLQJV����

SURYLGH� QHZ� LQVLJKWV� LQWR� WKH� XVH� RI� ZDWHU� LVRWRSHV� WR� WUDFN� PRLVWXUH� VRXUFHV� DQG� G\QDPLFV� RYHU� WKH� 6(73�����

SDUWLFXODUO\�XQGHU�YDU\LQJ�VHDVRQDO�FLUFXODWLRQ�V\VWHPV��3DUWLFXODUO\��WKH�ILQGLQJV�IRU�d�H[FHVV�ZLOO�FRQWULEXWH�WR�RXU����

XQGHUVWDQGLQJ� RI� GLIIHUHQW� PRLVWXUH� VRXUFHV� DQG� SURYLGH� D� IUDPHZRUN� IRU� LQWHUSUHWLQJ� d�H[FHVV� LQ� YDULRXV����

K\GURFOLPDWLF�DSSOLFDWLRQV��LQFOXGLQJ�LFH�FRUH�VWXGLHV�����

����

��,QWURGXFWLRQ����

7KH�7LEHWDQ�3ODWHDX��73��DQG�LWV�VXUURXQGLQJ�UHJLRQV��NQRZQ�DV�WKH�7KLUG�3ROH�DQG�WKH�$VLDQ�:DWHU�7RZHU�����

SOD\V�D�FUXFLDO� UROH� LQ�VXSSO\LQJ�ZDWHU� WR�PDMRU�$VLDQ� ULYHUV�� LQFOXGLQJ� WKH�0HNRQJ��6DOZHHQ��*DQJHV��<DUOXQJ����

=DQJER��DPRQJ�RWKHUV��VXVWDLQLQJ�HFRV\VWHPV�DQG�SRSXODWLRQV�DFURVV�WKH�FRQWLQHQW��,PPHU]HHO�HW�DO���������<DR�HW����

DO����������,Q�UHFHQW�GHFDGHV��WKH�ZDWHU�EDODQFH�RQ�WKH�73�KDV�XQGHUJRQH�VLJQLILFDQW�FKDQJHV�XQGHU�WKH�EDFNGURS�RI����

JOREDO�ZDUPLQJ��<DR�HW�DO����������1RWDEO\��WKH�VRXWKHDVWHUQ�73��6(73��LV�H[SHULHQFLQJ�D�GU\LQJ�WUHQG�ZKLOH�ZHWWLQJ����

LQ�WKH�QRUWK��-LDQJ�HW�DO���������=KDQJ�HW�DO���������<DR�HW�DO����������$WPRVSKHULF�ZDWHU�YDSRU�LV�WKH�SULPDU\�LQSXW����

WR�WKH�K\GURORJLFDO�V\VWHP��PDNLQJ�LW�HVVHQWLDO�WR�XQGHUVWDQG�LWV�VRXUFHV�DQG�G\QDPLFV�WR�GLDJQRVH�UHJLRQDO�ZDWHU����

LPEDODQFHV��8VLQJ� D�/DJUDQJLDQ�YDSRU� WUDFNLQJ�PHWKRG��=KDQJ� HW� DO�� ������� VXJJHVWHG� WKDW� WKH�GU\LQJ� WUHQG� LV����

DVVRFLDWHG�ZLWK�PHWHRURORJLFDO�GURXJKWV�SURSDJDWLQJ�IURP�PRLVWXUH�VRXUFH�UHJLRQV��+RZHYHU��WKHLU�FRQFOXVLRQV�DQG����

PHWKRGRORJ\�DUH�VXEMHFWV�RI�RQJRLQJ�GHEDWH��=KDQJ�HW�DO���������=KDR�HW�DO����������:DWHU�VWDEOH�LVRWRSHV�DUH�QDWXUDO����

WUDFHUV� RI� WKH�ZDWHU� F\FOH�� RIIHULQJ� YDOXDEOH� LQVLJKWV� LQWR�PRLVWXUH� VRXUFHV� DQG� G\QDPLFV� �%RZHQ� HW� DO��� ���������

*DOHZVN\�HW�DO����������7KHVH�LVRWRSHV�KDYH�EHHQ�LQWHQVLYHO\�VWXGLHG�RQ�WKH�73�LQ�SUHFLSLWDWLRQ��VXUIDFH�ZDWHU��DQG����

LFH�FRUHV��<DR�HW�DO���������7KRPSVRQ�HW�DO���������%HUVKDZ���������+RZHYHU��WKH�LQWHUSUHWDWLRQ�RI�WKHVH�LVRWRSLF����
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VLJQDOV� UHPDLQV� FKDOOHQJLQJ� GXH� WR� FRPSOH[� IUDFWLRQDWLRQ� SURFHVVHV� DQG� VKLIWLQJ� FLUFXODWLRQ� V\VWHPV� EHWZHHQ����

VXPPHU�PRQVRRQ�DQG�ZHVWHUOLHV�����

5HFHQW�VWXGLHV�KDYH�FRQILUPHG�WKDW�PRQVRRQ�FRQYHFWLRQ�DW�XSVWUHDP�DORQJ�PRLVWXUH�WUDQVSRUW�SDWKZD\V��UDWKHU����

WKDQ�ORFDO�SUHFLSLWDWLRQ�DPRXQW��FRQWUROV�VXPPHU�PRQVRRQ�VHDVRQ�SUHFLSLWDWLRQ�į��2�RYHU�VRXWKHUQ�73��&DL�HW�DO������

������+H�HW�DO����������7KLV�LV�UHODWHG�WR�WKH�³DPRXQW�HIIHFW´��'DQVJDDUG���������ZKHUH�KLJKHU�SUHFLSLWDWLRQ�OHDGV�WR����

ORZHU�į��2�YDOXHV�GXH�WR�FRQWLQXRXV�UDLQRXW�DVVRFLDWHG�ZLWK�VWURQJHU�FRQYHFWLRQ��IROORZLQJ�WKH�5D\OHLJK�GLVWLOODWLRQ����

�&DL�DQG�7LDQ��������6FKROO�HW�DO���������9XLOOH�HW�DO����������$GGLWLRQDOO\��LQWHUDFWLRQV�EHWZHHQ�UDLQ�DQG�ZDWHU�YDSRU����

SOD\�D�VLJQLILFDQW�UROH�LQ�GHSOHWLQJ�WKH�ORZHU�WURSRVSKHULF�YDSRU�LVRWRSHV��5LVL�HW�DO�������D��.XULWD�HW�DO���������&DL����

HW� DO��� ������/HH� DQG� )XQJ�� �������:KLOH� WKH� UHJLRQDO� DPRXQW� HIIHFW� SUHYDLOV� GXULQJ� WKH�PRQVRRQ� VHDVRQ�� WKLV����

UHODWLRQVKLS�ZHDNHQV�RU�UHYHUVHV�LQ�WKH�QRQ�PRQVRRQ�VHDVRQ�ZKHQ�LW�LV�GRPLQDWHG�E\�ZHVWHUOLHV��7KLV�YDULDELOLW\����

VXJJHVWV� DGGLWLRQDO� FRQWUROV� VXFK� DV� PRLVWXUH� VRXUFH� YDULDELOLW\�� NLQHWLF� IUDFWLRQDWLRQ�� RU� VKLIWV� LQ� DWPRVSKHULF����

FLUFXODWLRQ�SDWWHUQV��%UHLWHQEDFK�HW�DO���������&DL�DQG�7LDQ��������*XR�HW�DO���������<DR�HW�DO�������������

2EVHUYDWLRQV�RI�YDSRU�LVRWRSHV�FRXOG�KHOS�GLVHQWDQJOH�WKH�GLIIHUHQW�SURFHVVHV�LQYROYHG�LQ�WKH�DPRXQW�HIIHFW�����

SDUWLFXODUO\� WKURXJK�H[DPLQLQJ� WKH� VHFRQGDU\�SDUDPHWHU�GHXWHULXP�H[FHVV� �d�H[FHVV���7KH�d�H[FHVV�� GHILQHG�E\����

'DQVJDDUG� �������DV�į�+����į��2��SULPDULO\� UHIOHFWV� WKH�HIIHFWV�RI�NLQHWLF� IUDFWLRQDWLRQ��'XULQJ�UDLQRXW�SURFHVV�����

HTXLOLEULXP� IUDFWLRQDWLRQ� LV� WKH� GRPLQDQW� PHFKDQLVP�� ZKHUHDV� UDLQGURS� HYDSRUDWLRQ� LV� DVVRFLDWHG� ZLWK� NLQHWLF����

IUDFWLRQDWLRQ�� )XUWKHU�� OLPLWHG� SUHFLSLWDWLRQ� GXULQJ� QRQ�PRQVRRQ� VHDVRQV� PDNHV� LW� FKDOOHQJLQJ� WR� VWXG\� D� IXOO����

VHDVRQDO� F\FOH� RI� WKH� DWPRVSKHULF�ZDWHU� F\FOH��ZKLFK� FDQ� EH� FRPSHQVDWHG� E\� FRQWLQXRXV�PRQLWRULQJ� RI� YDSRU����

LVRWRSHV��:KLOH�D�IHZ�VWDWLRQV�RQ�WKH�73�KDYH�PRQLWRUHG�LVRWRSLF�FRPSRVLWLRQV�LQ�WKH�YDSRU�SKDVH��7LDQ�HW�DO������������

'DL�HW�DO���������&KHQ�HW�DO���������<X�HW�DO���������<X�HW�DO����������WKHUH�LV�OLPLWHG�NQRZOHGJH�DERXW�YDSRU�d�H[FHVV�� ����

%RWK�WKHRUHWLFDO�SUHGLFWLRQV�DQG�REVHUYDWLRQV�RYHU�RFHDQ�VXUIDFHV�LQGLFDWH�WKDW�d�H[FHVV�UHIOHFWV�RFHDQ�VXUIDFH����

HYDSRUDWLRQ�FRQGLWLRQV�VXFK�DV�VHD�VXUIDFH� WHPSHUDWXUH��667��DQG�UHODWLYH�KXPLGLW\�QRUPDOL]HG� WR�667��5+SST�����
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�0HUOLYDW�DQG�-RX]HO��������%RQQH�HW�DO���������/LX�HW�DO���������&UDLJ�DQG�*RUGRQ���������7KHVH�UHODWLRQVKLSV�DUH����

IUHTXHQWO\�LQYRNHG�LQ�LQWHUSUHWLQJ�d�H[FHVV�RYHU�WKH�73��=KDR�HW�DO���������6KDR�HW�DO���������&KHQ�HW�DO���������/LX����

HW�DO����������)RU�LQVWDQFH��6KDR�HW�DO���������VKRZHG�VLJQLILFDQW�FRUUHODWLRQV�EHWZHHQ�DQ�LFH�FRUH�d�H[FHVV�UHFRUG����

IURP� WKH� FHQWUDO�73� DQG� 5+SST� RYHU� WKH� QRUWKHUQ� %D\� RI� %HQJDO� �%2%�� DQG�$UDELDQ� 6HD� �$6��� +RZHYHU�� WKH����

FRUUHODWLRQ�FRHIILFLHQW�ZDV�RQO\�������ZLWK�D�VWHHS�VORSH�RI������Å������7KLV�FRQWUDVWV�ZLWK�RFHDQLF�UHJLRQV�ZKHUH����

WKH�VORSH�W\SLFDOO\�UDQJHV�IURP�����Å�����WR�����Å������%RQQH�HW�DO���������/LX�HW�DO���������%HQHWWL�HW�DO������������

8HPXUD� HW� DO��� ������� VXJJHVWLQJ� DGGLWLRQDO� FRPSOH[LWLHV� RYHU� WHUUHVWULDO� DUHDV�� 0RUHRYHU�� PDQ\� VWXGLHV� KDYH����

VXJJHVWHG�WKDW�d�H[FHVV�DW�WHUUHVWULDO�VLWHV�LV�QRW�D�FRQVHUYDWLYH�WUDFHU�RI�HYDSRUDWLRQ�FRQGLWLRQV�IURP�RFHDQLF�VRXUFH����

UHJLRQV��)LRUHOOD�HW�DO���������$HPLVHJJHU�HW�DO���������:HOS�HW�DO���������:HL�DQG�/HH��������6DPXHOVϋ&URZ�HW�DO������

�������,Q�DGGLWLRQ��LFH�FRUH�d�H[FHVV�YDOXHV�DW�KLJK�DOWLWXGHV�DUH�JHQHUDOO\�KLJKHU�WKDQ�WKRVH�REVHUYHG�LQ�SUHFLSLWDWLRQ����

DW�ORZHU�DOWLWXGHV�RQ�WKH�73��6KDR�HW�DO���������7LDQ�HW�DO���������=KDR�HW�DO���������-RVZLDN�HW�DO���������=KDR�HW�DO������

������7KRPSVRQ�HW�DO����������7KH�UHDVRQ�IRU�WKLV�GLVFUHSDQF\�UHPDLQV�XQFOHDU��KLJKOLJKWLQJ�WKH�QHHG�IRU�IXUWKHU����

UHVHDUFK�WR�XQGHUVWDQG�WKH�PHFKDQLVP�GULYLQJ�WKHVH�GLIIHUHQFHV�� ����

0RXQWDLQ�YDOOH\V�LQ�WKH�6(73�DUH�FRQVLGHUHG�VLJQLILFDQW�SDWKZD\V�IRU�WUDQVSRUWLQJ�ZDWHU�YDSRU�LQWR�WKH�73����

�$UDJXiV�$UDJXiV�HW�DO���������7LDQ�HW�DO���������<DR�HW�DO����������7R�LQYHVWLJDWH�WKHVH�SURFHVVHV��ZH�LQLWLDWHG�D����

ZDWHU�YDSRU�VDPSOLQJ�FDPSDLJQ�DW�WKH�6RXWK�(DVW�7LEHWDQ�3ODWHDX�6WDWLRQ�IRU�LQWHJUDWHG�REVHUYDWLRQ�DQG�UHVHDUFK����

RI�DOSLQH�HQYLURQPHQW��6(73�VWDWLRQ��LQ�-XQH�������:H�DLP�WR�VWXG\�WKH�PRLVWXUH�VRXUFHV�DQG�G\QDPLFV�DQG�WKHLU����

LQIOXHQFH� RQ� YDSRU� LVRWRSH� FRPSRVLWLRQV� DFURVV� GLIIHUHQW� VHDVRQV�� 7R� DFKLHYH� WKHVH� JRDOV�� ZH� H[SORUHG� WKH����

UHODWLRQVKLSV�EHWZHHQ�YDSRU�LVRWRSHV�DQG�RFHDQLF�HYDSRUDWLRQ�FRQGLWLRQV��FRQWLQHQWDO�DLU�PDVV�LQWUXVLRQV��DV�ZHOO�DV����

UDLQ�YDSRU�LQWHUDFWLRQV�GXULQJ�GLIIHUHQW�VHDVRQV��)LQDOO\��ZH�GLVFXVV�WKH�LPSOLFDWLRQV�RI�RXU�ILQGLQJV�IRU�LQWHUSUHWLQJ����

LFH�FRUH�UHFRUGV�� ����

=
Highlight
have been or are generally
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��'DWD�DQG�PHWKRGV����

����$WPRVSKHULF�ZDWHU�YDSRU�VDPSOLQJ����

9DSRU�VDPSOHV�ZHUH�FROOHFWHG�DW�WKH�6(73�VWDWLRQ�������
1�������
(�������P�DERYH�VHD�OHYHO��DQG�)LJ��6������

XVLQJ�D�FU\RJHQLF�WUDSSLQJ�PHWKRG��7KH�VDPSOLQJ�V\VWHP�LQFOXGHV�DQ�DLU�SXPS��D�OLQNHG�EDOO�VKDSHG�JODVV�FROG�WUDS�����

DQG�DQ�HOHFWULF�SRZHUHG�V\VWHP�WKDW�FUHDWHV�DQG�PDLQWDLQV�D�FROG�HQYLURQPHQW� ILOOHG�E\�����HWKDQRO�DV�FROG�DV����

EHORZ������&��$PELHQW�DLU�ZDV�SXPSHG�IURP�DQ�LQOHW�SRVLWLRQHG�DERXW���P�DERYH�JURXQG�OHYHO�WKURXJK�D�7HIORQ����

WXEH� WR� D�JODVV� WUDS�PDLQWDLQHG�DW� DQ�RSHUDWLRQDO� WHPSHUDWXUH�RI� ���� �&��7KH� DLUIORZ� UDWH�ZDV� VHW� WR�a��/�PLQ�����

DOORZLQJ� WKH� FROOHFWLRQ� RI� ������PO� RI�ZDWHU� VDPSOHV� GXULQJ� HDFK� VDPSOLQJ� VHVVLRQ�� 6DPSOLQJ� GXUDWLRQV�ZHUH����

DGMXVWHG�VHDVRQDOO\�����KRXUV�LQ�VXPPHU�DQG�H[WHQGHG�WR����KRXUV�LQ�ZLQWHU�ZKHQ�QHFHVVDU\�WR�HQVXUH�DGHTXDWH����

VDPSOH�YROXPH��6DPSOHV�ZHUH�FROOHFWHG�DW�������%HLMLQJ�6WDQGDUG�7LPH��������87&���7KH�HIILFLHQF\�RI�WKH�WUDSSLQJ����

PHWKRG�ZDV�YHULILHG�E\�FRQQHFWLQJ�DQ�DGGLWLRQDO�FROG�WUDS�WR�WKH�V\VWHP��ZKLFK�VKRZHG�QR�YLVLEOH�FRQGHQVDWLRQ�LQ����

WKH� DGGLWLRQDO� FROG� WUDS� �<X� HW� DO��� ������� )XUWKHU� YDOLGDWLRQ� ZDV� DFKLHYHG� WKURXJK� FRPSDULVRQV� ZLWK� GLUHFW����

PHDVXUHPHQWV�XVLQJ�D�3LFDUUR�/�����L�&DYLW\�5LQJ�'RZQ�6SHFWURVFRS\��&5'6��DW�/KDVD��VRXWKHUQ�73��FRQILUPLQJ����

WKH�UHOLDELOLW\�RI�WKLV�PHWKRG�IRU�DWPRVSKHULF�ZDWHU�YDSRU�VDPSOLQJ��7LDQ�HW�DO���������� ����

7KH�VDPSOLQJ�FDPSDLJQ�UDQ�IURP����-XQH������WR����-XQH�������\LHOGLQJ�D�WRWDO�RI�����VDPSOHV��7KHVH�VDPSOHV�����

ZHUH�VWRUHG�IUR]HQ�XQWLO�DQDO\VLV��6DPSOHV�FROOHFWHG�EHIRUH����-XQH������ZHUH�PHDVXUHG�DW�WKH�.H\�/DERUDWRU\�RI�����

7LEHWDQ�3ODWHDX�(DUWK�6\VWHP��(QYLURQPHQW�DQG�5HVRXUFHV��,QVWLWXWH�RI�7LEHWDQ�3ODWHDX�5HVHDUFK��&KLQHVH�$FDGHP\�����

RI�6FLHQFHV�E\�D�3LFDUUR�/�����L�DQDO\]HU��6DPSOHV�FROOHFWHG�DIWHU����-XQH������ZHUH�PHDVXUHG�DW�WKH�,QVWLWXWH�RI�����

,QWHUQDWLRQDO�5LYHU�DQG�(FR�VHFXULW\��<XQQDQ�8QLYHUVLW\�E\�D�3LFDUUR�/�����L�DQDO\]HU��7KH�LVRWRSLF�YDOXHV�ZHUH�����

FDOLEUDWHG�XVLQJ� WKUHH� VWDQGDUG�ZDWHUV��ZLWK�GHWDLOHG�FDOLEUDWLRQ�SURFHGXUHV�GHVFULEHG�E\�/LX�HW� DO�� ��������7KH�����

PHDVXUHPHQWV�DUH�H[SUHVVHG�UHODWLYH�WR�9LHQQD�6WDQGDUG�0HDQ�2FHDQ�:DWHU����9602:����ZLWK�SUHFLVLRQV�RI����Å�����

IRU�į��2�����Å�IRU�į�+��DQG����Å�IRU�d�H[FHVV�� �����
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����0HWHRURORJLFDO�GDWD�����

'DLO\�ORFDO�PHWHRURORJLFDO�GDWD�SULRU�WR�������LQFOXGLQJ�SUHFLSLWDWLRQ�DPRXQW��DLU�WHPSHUDWXUH��DLU�SUHVVXUH������

DQG�UHODWLYH�KXPLGLW\�DW�WKH�6(73�VWDWLRQ��ZHUH�REWDLQHG�IURP�WKH�1DWLRQDO�7LEHWDQ�3ODWHDX�7KLUG�3ROH�(QYLURQPHQW�����

'DWD�&HQWHU��/XR���������6SHFLILF�KXPLGLW\��q��DW�WKH�6(73�VWDWLRQ�ZDV�FDOFXODWHG�XVLQJ�DLU�WHPSHUDWXUH��DLU�SUHVVXUH������

DQG�UHODWLYH�KXPLGLW\�GDWD�IROORZLQJ�HVWDEOLVKHG�HTXDWLRQV�RXWOLQHG�LQ��+XDQJ���������&RQVLVWHQW�ZLWK�<DR�HW�DO������

��������ZH�GHILQHG�-XQH�6HSWHPEHU��--$6��DV�WKH�VXPPHU�PRQVRRQ�VHDVRQ��,Q�FRQWUDVW��1RYHPEHU�$SULO��1RY�$SU������

ZDV�GHVLJQDWHG�DV�WKH�QRQ�PRQVRRQ�VHDVRQ��ZLWK�0D\�DQG�2FWREHU�FRQVLGHUHG�WUDQVLWLRQ�SHULRGV�EHWZHHQ�WKH�WZR�����

VHDVRQV������

:H�IXUWKHU�REWDLQHG�PHWHRURORJLFDO�YDULDEOHV�VXFK�DV���PHWHU�DLU�WHPSHUDWXUH����PHWHU�GHZ�SRLQW�WHPSHUDWXUH������

667�� DQG� RWKHUV� DW� �����î������ DQG� KRXUO\� UHVROXWLRQ� IURP� WKH� (XURSHDQ� &HQWUH� IRU� 0HGLXP�5DQJH�:HDWKHU�����

)RUHFDVWV�ILIWK�JHQHUDWLRQ�UHDQDO\VLV��(5$����+HUVEDFK�HW�DO����������5+SST�LV�HVWLPDWHG�XVLQJ�(5$��GDWD�� ௌௌ்ܪܴ ൌ����

݁௔௜௥ ݁௦௔௧Τ ��� ZKHUH� ݁௔௜௥�� LV� YDSRU� SUHVVXUH� RI� DLU� DQG� ݁௦௔௧�� LV� VDWXUDWLRQ� YDSRU� SUHVVXUH� ZLWK� UHVSHFW� WR� 667������

$GGLWLRQDOO\��SUHFLSLWDWLRQ�GDWD�DW�����î�����DQG�KDOI�KRXUO\�UHVROXWLRQ�ZHUH�REWDLQHG�IURP�WKH�,QWHJUDWHG�0XOWL�����

VDWHOOLW(�5HWULHYDOV�IRU�*30��9����GDWDVHW��+XIIPDQ�HW�DO����������0RUHRYHU��PHWHRURORJLFDO�GDWD�DW���î���DQG�������

KRXUO\�UHVROXWLRQ�IURP�WKH�*OREDO�'DWD�$VVLPLODWLRQ�6\VWHP��*'$6��ZHUH�XVHG�WR�FDOFXODWH�EDFNZDUG�WUDMHFWRULHV�����

�VHH�6HFWLRQ�����IRU�GHWDLOV�������

6WDWLVWLFDO�DQDO\VHV�SULPDULO\�LQYROYHG�OLQHDU�FRUUHODWLRQV�DQG�UHJUHVVLRQV��ZLWK�WKH�FRHIILFLHQW�RI�GHWHUPLQDWLRQ�����

�5���XVHG�WR�TXDQWLI\�WKH�YDULDQFH�H[SODLQHG�E\�HDFK�YDULDEOH��,Q�DGGLWLRQ��ZH�DOVR�XVHG�FRPSRVLWH�DQDO\VLV�WR�UHYHDO�����

UHODWLRQVKLSV�EHWZHHQ�YDULDEOHV��)RU�H[DPSOH��WR�LGHQWLI\�JHQHUDO�SDWWHUQV�LQ�EDFNZDUG�WUDMHFWRULHV�DVVRFLDWHG�ZLWK�����

d�H[FHVV�H[FHHGLQJ���Å��DOO�WKH�GD\V�ZLWK�VXFK�KLJK�d�H[FHVV�ZHUH�FRPSLOHG�LQWR�D�FROOHFWLRQ��$�FRPSRVLWH�PDS�RI�����

WUDMHFWRULHV�IURP�WKLV�FROOHFWLRQ�ZDV�WKHQ�FRQVWUXFWHG�WR�UHYHDO�W\SLFDO�SDWKZD\V�XQGHU�WKHVH�FRQGLWLRQV�� �����



�

� �

����7KHRUHWLFDO�IUDPHZRUN�IRU�WKH�XQGHUVWDQGLQJ�RI�LVRWRSH�FRPSRVLWLRQV�DQG�KXPLGLW\�����

%HVLGHV�FRPSOH[�DWPRVSKHULF�FLUFXODWLRQ�PRGHOV��WKH�HYROXWLRQ�RI�YDSRU�LVRWRSH�FRPSRVLWLRQV�GXULQJ�GLIIHUHQW�����

PRLVWHQLQJ�DQG�GHK\GUDWLRQ�SURFHVVHV�FDQ�EH�SUHGLFWHG�WKURXJK�D�FRPSLODWLRQ�RI�DWPRVSKHULF�SURFHVVHV�VXFK�DV�����

FRQGHQVDWLRQ��PL[LQJ��DQG�UDLQGURS�HYDSRUDWLRQ��1RRQH��������:RUGHQ�HW�DO���������*DOHZVN\�HW�DO����������7KHVH�����

SURFHVV�VKDSH�GLVWLQFW�SDWKZD\V�RI�LVRWRSLF�HYROXWLRQ�LQ�UHODWLRQ�WR�DWPRVSKHULF�KXPLGLW\�� �����

7KH�5D\OHLJK�GLVWLOODWLRQ�PRGHO�GHVFULEHV�WKH�SURJUHVVLYH�FRQGHQVDWLRQ�RI�ZDWHU�YDSRU��'DQVJDDUG���������7KH�����

LVRWRSH�FRPSRVLWLRQ�RI�UHPDLQLQJ�YDSRU��GHQRWHG�DV� ���FDQ�EH�H[SUHVVHG�DVߜ ߜ ൌ ሺͳ ൅ ݍ଴ሻሺߜ ଴Τݍ ሻఈିଵ െ ͳ��ZKHUH� �����ݍ

LV�WKH�VSHFLILF�KXPLGLW\��DQG� �ߙ LV�WKH�IUDFWLRQDWLRQ�IDFWRU��$�VXEVFULSW�RI���UHIHUV�WR�WKH�LQLWLDO�FRQGLWLRQ�RI�WKH�DLU�����

PDVV��5DLQGURS�HYDSRUDWLRQ� LQWURGXFHV�IXUWKHU�FRPSOH[LW\��$V�UDLQGURSV�IRUP�DW�KLJKHU�DOWLWXGHV�ZKHUH�YDSRU� LV�����

GHSOHWHG�LQ�KHDY\�LVRWRSHV��WKHLU�SDUWLDO�HYDSRUDWLRQ�DIIHFWV�WKH�VXUURXQGLQJ�YDSRU��OHDGLQJ�WR�LVRWRSH�YDOXHV�ORZHU�����

WKDQ�WKRVH�SUHGLFWHG�E\�5D\OHLJK�PRGHOV��5LVL�HW�DO�������D��:RUGHQ�HW�DO����������7KLV�HIIHFW�JLYHV�ULVH�WR�³VXSHU�����

5D\OHLJK´�WUDMHFWRULHV��FKDUDFWHUL]HG�E\�DQ�LQIODWHG�HIIHFWLYH�IUDFWLRQDWLRQ�IDFWRU��ߙ௘���GHILQHG�DV� ௘ߙ ൌ ሺͳ ൅ ߶ሻߙ������

ZKHUH� ߶�� TXDQWLILHV� GHYLDWLRQV� IURP� HTXLOLEULXP��1RWDEO\��:RUGHQ� HW� DO�� ������� DQG�1RRQH� ������� KDYH� JLYHQ�����

GLIIHUHQW�HTXDWLRQV�IRU�VXFK�GHYLDWLRQV��DQG�WKLV�VWXG\�DOLJQV�ZLWK�WKH�IRUPXODWLRQV�E\�1RRQH��������� �����

$LU�PDVV�PL[LQJ�DOVR�LQIOXHQFHV�KXPLGLW\�DQG�LVRWRSLF�FRPSRVLWLRQV�WKURXJK�PDVV�EDODQFH�SULQFLSOHV��:KHQ�D�����

GU\�DLU�PDVV�PL[HV�ZLWK�D�PRLVW�RQH��WKH�VSHFLILF�KXPLGLW\�RI�WKH�PL[HG�DLU�FDQ�EH�GHVFULEHG�DV� ݍ ൌ ௗ݂௥௬ݍௗ௥௬ ൅����

௠݂௢௜௦௧ݍ௠௢௜௦௧��ZKHUH� ݂� UHSUHVHQWV�WKH�IUDFWLRQ�RI�HDFK�DLU�PDVV��ZLWK� ௗ݂௥௬ ൅ ௠݂௢௜௦௧ ൌ ͳ��,VRWRSLF�FRPSRVLWLRQV�DUH�����

VLPLODUO\�GHULYHG�E\� VROYLQJ�PDVV�EDODQFH� HTXDWLRQV� IRU� WKH� OLJKW� DQG�KHDY\� LVRWRSHV�� UHVXOWLQJ� LQ� D�K\SHUEROLF�����

UHODWLRQVKLS� EHWZHHQ� ��ߜ DQG� ���ݍ ,Q� RWKHU�ZRUGV�� ߜ ൈ ��ݍ DQG� ��ݍ VKRXOG� KDYH� D� OLQHDU� UHODWLRQVKLS� LQ� WKH�PL[LQJ�����

SURFHVV��)LRUHOOD�HW�DO����������7KH�LQWHUFHSW�RI� WKH�UHJUHVVLRQ�EHWZHHQ� �ߜ DQG� ͳ Τݍ � RU�WKH�VORSH�EHWZHHQ� ߜ ൈ �����ݍ

DQG� �ݍ SURYLGHV�DQ�HVWLPDWH�RI�WKH�PRLVW�HQG�PHPEHU¶V�LVRWRSH�FRPSRVLWLRQ��.HHOLQJ�������������

$VVXPLQJ�D�VXUIDFH�WHPSHUDWXUH�RI�����&�DQG�UHODWLYH�KXPLGLW\�RI������ZH�XWLOL]H�WKH�HYDSRUDWLRQ�PRGHO�E\�����

Cross-Out
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&UDLJ�DQG�*RUGRQ��������WR�GHWHUPLQH�WKH�LVRWRSLF�FRPSRVLWLRQ�RI�RFHDQ�HYDSRUDWLRQ��7KLV�UHVXOWV�LQ�į��2� ������Å������

į�+� ������Å��DQG�d�H[FHVV� �����Å��7KHVH�YDOXHV�VHUYH�DV�WKH�ZHW�HQG�PHPEHU�IRU�PRGHOLQJ�PRLVWHQLQJ�SURFHVV�����

WKURXJK�PL[LQJ�ZLWK�RFHDQ�HYDSRUDWLRQ��)RU� WKH�GU\� HQG�PHPEHU��ZH� FRQVLGHU� D�GHK\GUDWHG� DLU�PDVV� IURP� WKH�����

5D\OHLJK� FXUYH� DW� q�  � ���� J�NJ�� į��2�  � �����Å�� DQG� į�+�  � ������Å� �)LJ�� 6���� 7KH� GHK\GUDWLRQ� SURFHVV� YLD�����

FRQGHQVDWLRQ�LV�LQLWLDWHG�DW�D�UHODWLYH�KXPLGLW\�RI�����RQ�WKH�PL[LQJ�OLQH��6LPLODUO\��³VXSHU�5D\OHLJK´�GLVWLOODWLRQ�����

LQYROYLQJ�SDUWLDO�UDLQ�HYDSRUDWLRQ�DOVR�EHJLQV�IURP�WKLV�VWDUWLQJ�SRLQW��:H�H[SORUH�WZR�³VXSHU�5D\OHLJK´�VFHQDULRV������

5DLQBHYDSB$�DVVXPHV� ��� UDLQ� HYDSRUDWLRQ��ZKLOH�5DLQBHYDSB%�DVVXPHV� ���� EDVHG� RQ� HTXDWLRQV� IURP�1RRQH�����

��������$GGLWLRQDOO\��ZH�FRQVLGHU�WKH�LQIOXHQFH�RI�HYDSRWUDQVSLUDWLRQ�RYHU�VRXWK�$VLD�DQG�WKH�73�RQ�DWPRVSKHULF�����

KXPLGLW\� DQG� YDSRU� LVRWRSH� FRPSRVLWLRQV� RYHU� 6(73�� 4XDQWLI\LQJ� LVRWRSLF� FRPSRVLWLRQV� RI� ODQG� VXUIDFH�����

HYDSRWUDQVSLUDWLRQ�LV�FKDOOHQJLQJ��*LYHQ�SUHFLSLWDWLRQ�į��2�RYHU�VRXWK�$VLD�JHQHUDOO\�UDQJHV�IURP�����Å�WR�����Å�����

�%RZHQ�DQG�:LONLQVRQ��������7HU]HUဨ:DVVPXWK�HW�DO���������DQG�WUDQVSLUDWLRQ�FRQVWLWXWHV�WZR�WKLUGV�RU�PRUH�RI�����

HYDSRWUDQVSLUDWLRQ��&DR�HW�DO���������+DQ�HW�DO���������*RRG�HW�DO����������ZH�DVVXPH�D�į��2�YDOXH�RI�����Å�DV�DQ�����

XSSHU�ERXQG�IRU�ODQG�VXUIDFH�HYDSRWUDQVSLUDWLRQ��6LPLODUO\��ZH�DVVXPH�D�d�H[FHVV�RI�����Å�IRU�WKLV�ZHW�HQG�PHPEHU�� �����

����%DFNZDUG�WUDMHFWRU\�DQG�PRLVWXUH�VRXUFH�GLDJQRVWLF�����

7R�LQYHVWLJDWH�DLU�PDVV�WUDQVSRUW�DQG�GLDJQRVH�PRLVWXUH�VRXUFHV�DQG�SDWKZD\V�WRZDUG�6(73��ZH�FDOFXODWHG�����

EDFNZDUG�WUDMHFWRULHV�XVLQJ�WKH�+\EULG�6LQJOH�3DUWLFOH�/DJUDQJLDQ�,QWHJUDWHG�7UDMHFWRU\�PRGHO��+<63/,7���6WHLQ�����

HW�DO����������7UDMHFWRU\�FDOFXODWLRQV�ZHUH�GULYHQ�E\�PHWHRURORJLFDO�GDWD�IURP�WKH�*'$6��$LU�SDUFHOV�ZHUH�UHOHDVHG�����

IURP���ORFDWLRQV��WKH�VWXG\�VLWH�DQG�SRLQWV�GLVSODFHG������LQ�HDFK�FDUGLQDO�GLUHFWLRQ��7KHVH�UHOHDVHV�RFFXUUHG�DW�������

GLIIHUHQW�YHUWLFDO�OHYHOV������������������������������DQG�����P�DERYH�JURXQG�OHYHO��)RU�HDFK�GD\�GXULQJ�WKH�VDPSOLQJ�����

FDPSDLJQ�� WUDMHFWRULHV�ZHUH� LQLWLDWHG� HYHU\� �� KRXUV� WR� FDOFXODWH� ���GD\� EDFNZDUG� WUDMHFWRULHV�� UHVXOWLQJ� LQ� ��������

WUDMHFWRULHV�SHU�GD\��*HRJUDSKLFDO�DQG�PHWHRURORJLFDO�YDULDEOHV��LQFOXGLQJ�ORFDWLRQ��SUHVVXUH��WHPSHUDWXUH��VSHFLILF�����

KXPLGLW\��UDLQIDOO�DPRXQW��ERXQGDU\�OD\HU�KHLJKW��DQG�WHUUDLQ�KHLJKW�DORQJ�WKH�WUDMHFWRULHV��ZHUH�VWRUHG�DW�KRXUO\�����
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LQWHUYDOV�� �����

7R�TXDQWLI\�PRLVWXUH�FRQWULEXWLRQV�DORQJ�WUDMHFWRULHV�WR�6(73¶V�KXPLGLW\��ZH�DSSOLHG�WKH�/DJUDQJLDQ�PRLVWXUH�����

VRXUFH�GLDJQRVWLF�PHWKRG�GHYHORSHG�E\�6RGHPDQQ�HW�DO����������7KLV�PHWKRG�XVHV�PDVV�EDODQFH�SULQFLSOHV�DORQJ�����

WUDMHFWRULHV�� LQWHUSUHWLQJ� LQFUHDVHV� LQ� VSHFLILF� KXPLGLW\� �IRUZDUG� LQ� WLPH�� DV� PRLVWXUH� XSWDNH� DQG� GHFUHDVHV� DV�����

PRLVWXUH�ORVV�GXH�WR�SUHFLSLWDWLRQ��,W�DOVR�DFFRXQWV�IRU�WKH�UHGXFHG�FRQWULEXWLRQ�RI�HDUOLHU�PRLVWXUH�XSWDNH�GXH�WR�����

SUHFLSLWDWLRQ�HQ� URXWH��:H�SUHYLRXVO\�DGDSWHG� WKLV�PHWKRG� WR� LGHQWLI\�PRLVWXUH� VRXUFHV� IRU�SUHFLSLWDWLRQ� LQ� VXE�����

UHJLRQV�RI�6RXWK�$VLD�DQG�(DVW�$VLD��&DL�HW�DO���������&DL�DQG�7LDQ��������� �����

7KH�GLDJQRVWLF�UHVXOWV�LQGLFDWHG�WKDW�DSSUR[LPDWHO\����RI�WKH�PRLVWXUH�DUULYLQJ�DW�6(73�UHPDLQHG�XQDWWULEXWHG������

FRQILUPLQJ�WKDW����GD\�WUDMHFWRULHV�DUH�VXIILFLHQW�WR�GLDJQRVH�PRVW�PRLVWXUH�VRXUFHV��8QOLNH�SUHYLRXV�DSSOLFDWLRQV�����

IRFXVHG�RQ�LGHQWLI\LQJ�HYDSRUDWLYH�PRLVWXUH�VRXUFHV�IURP�WKH�(DUWK¶V�VXUIDFH��WKLV�VWXG\�HPSKDVL]HV�WKH�FRQWULEXWLRQ�����

RI�DLU�SDUFHOV�WKHPVHOYHV�WR�6(73¶V�KXPLGLW\��7KLV�YDULDEOH�LV�UHDGLO\�DYDLODEOH�IURP�WKH�GLDJQRVWLF�PHWKRG��ZKHUH�����

FKDQJHV�LQ�DLU�SDUFHO�FRQWULEXWLRQV�ZLWKLQ�WKH�ERXQGDU\�OD\HU�EHWZHHQ�WLPH�VWHSV�UHSUHVHQW�PRLVWXUH�XSWDNH�IURP�����

WKH�VXUIDFH�� �����

7KH�PRLVWXUH�FRQWULEXWLRQ�RI�DQ�DLU�SDUFHO�WR�6(73¶V�KXPLGLW\�LV�D�PHDVXUH�RI�WKH�LPSRUWDQFH�RI�XSVWUHDP�DLU������

:H�FDOFXODWHG�ZHLJKWHG�PHDQ�YDOXHV�IRU�NH\�YDULDEOHV�E\�XVLQJ�WKH�PRLVWXUH�FRQWULEXWLRQ�RI�WKH�DLU�SDUFHO�DORQJ�����

WUDMHFWRULHV� DV� WKH�ZHLJKW��:H� DOVR� DSSOLHG�.�PHDQV� FOXVWHULQJ� WR� JURXS� WUDMHFWRULHV�� KHOSLQJ� WR� LGHQWLI\�PDMRU�����

WUDQVSRUW�SDWKZD\V��:KHQ�FDOFXODWLQJ�WKH�PHDQ�WUDMHFWRU\�IRU�HDFK�FOXVWHU�DQG�PHWHRURORJLFDO�YDULDEOHV�DORQJ�HDFK�����

PHDQ�WUDMHFWRU\��WKH�PRLVWXUH�FRQWULEXWLRQ�RI�WKH�DLU�SDUFHO�LV�DOVR�FRQVLGHUHG�DV�WKH�ZHLJKW�WR�FDOFXODWH�ZHLJKWHG�����

PHDQV�� �����



�

� ��

��5HVXOWV� �����

����*HQHUDO�FKDUDFWHULVWLFV�RI�YDSRU�į��2��d�H[FHVV��DQG�ORFDO�PHWHRURORJLFDO�YDULDEOHV�����

,Q�JHQHUDO��į��2�YDOXHV�DUH�DW�ORZHU�OHYHOV�GXULQJ�WKH�VXPPHU�PRQVRRQ�VHDVRQ�DQG�KLJKHU�OHYHOV�GXULQJ�WKH�����

QRQ�PRQVRRQ�VHDVRQ��)LJ���D���0HDQ�į��2�YDOXHV�DUH������Å�IRU�WKH�QRQ�PRQVRRQ�VHDVRQ�������Å�IRU�WKH�VXPPHU�����

PRQVRRQ�VHDVRQ�������Å�IRU�0D\��DQG������Å�IRU�2FWREHU��į��2�VKRZV�D�GUDPDWLF�GHFUHDVH�DW� WKH�RQVHW�RI�WKH�����

VXPPHU�PRQVRRQ��&RQYHUVHO\�� IURP� WKH�HQG�RI� WKH� VXPPHU�PRQVRRQ� VHDVRQ� WR� VSULQJ�DQG�HDUO\� VXPPHU�� į��2�����

VKRZV� D� JUDGXDO� LQFUHDVH� WUHQG��$OWKRXJK� WKH� DPRXQW� HIIHFW� VLJQLILFDQWO\� LQIOXHQFHV� WKLV� UHJLRQ�� WKH� VHDVRQDO�����

YDULDWLRQ�RI�į��2�GRHV�QRW� VWULFWO\� DOLJQ�ZLWK� ORFDO�SUHFLSLWDWLRQ�SDWWHUQV��)RU� LQVWDQFH��ZKLOH� ORFDO�SUHFLSLWDWLRQ�����

FHDVHV�FOHDUO\�DIWHU�WKH�VXPPHU�PRQVRRQ��)LJ���H���į��2�UHPDLQV�DW�UHODWLYHO\�ORZ�OHYHOV��7KLV�EHKDYLRU�LV�FRQVLVWHQW�����

ZLWK�SUHFLSLWDWLRQ�į��2�LQ�6(73��QRUWKHDVW�,QGLD��DQG�%DQJODGHVK��<DR�HW�DO���������&DL�DQG�7LDQ��������<DQJ�HW�DO�������

������� �����

,Q�FRQWUDVW�WR�į��2��d�H[FHVV�GLVSOD\V�GLIIHUHQW�VHDVRQDO�G\QDPLFV��7KH�d�H[FHVV�YDOXHV�DUH�ORZHU�GXULQJ�WKH�����

VXPPHU�PRQVRRQ�VHDVRQ�DQG�KLJKHU�GXULQJ�QRQ�PRQVRRQ�SHULRGV��)LJ���E���0HDQ�d�H[FHVV�YDOXHV�DUH�����Å�IRU�����

WKH�QRQ�PRQVRRQ�VHDVRQ������Å�IRU�WKH�VXPPHU�PRQVRRQ�VHDVRQ������Å�IRU�0D\��DQG�����Å�IRU�2FWREHU��+RZHYHU������

WKH�WLPLQJ�RI�VHDVRQDO�WUDQVLWLRQV�LQ�d�H[FHVV�GLIIHUV�IURP�WKDW�RI�į��2��7KH�KLJKHVW�d�H[FHVV�YDOXHV�JHQHUDOO\�RFFXU�����

GXULQJ�ZLQWHU�PRQWKV�ZKHQ�DLU�WHPSHUDWXUH�DQG�UHODWLYH�KXPLGLW\��5+��DUH�DW�WKHLU�ORZHVW�OHYHOV��)LJ���F�DQG��G�������

)XUWKHUPRUH��d�H[FHVV�VWDUWV�WR�GHFUHDVH�LQ�VSULQJ��HDUOLHU�WKDQ�WKH�VKDUS�GURS�LQ�į��2�DW�WKH�RQVHW�RI�WKH�VXPPHU�����

PRQVRRQ�� �����

Highlight
why specifically point out isotopes of these two months?  I forgot to ask last time

Highlight
both d18O and d-excess are lower during monsoon and high during non-monsoon seasons, and only slightly different I think.  YOu somehow should rephrase this sentence.

Highlight
Somehow and somewhere you should provide a brief explanation of why you divide  or present the results in four periods, monsoon, non-monsoon, May and Oct.

riverhe
Inserted Text
;
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)LJXUH����7LPH�VHULHV�RI�REVHUYHG�YDSRU�į��2��d�H[FHVV��DQG�GDLO\�ORFDO�PHWHRURORJLFDO�YDULDEOHV�IURP�����

������������D��į��2���E��d�H[FHVV���F��DLU�WHPSHUDWXUH���G��UHODWLYH�KXPLGLW\��5+���DQG��H��SUHFLSLWDWLRQ�DPRXQW������

/LJKW�EOXH�VKDGLQJ�KLJKOLJKWV�WKH�VXPPHU�PRQVRRQ�VHDVRQ��ZKLOH�OLJKW�VWHHO�EOXH�VKDGLQJ�KLJKOLJKWV�WKH�QRQ�����

PRQVRRQ�VHDVRQ������

7KH�OLQHDU�UHODWLRQVKLS�EHWZHHQ�SDLUHG�į��2�DQG�į�+�YDOXHV��DORQJ�ZLWK�WKHLU�SRVLWLRQ�UHODWLYH�WR�WKH�JOREDO�����

PHWHRULF� ZDWHU� OLQH� �*0:/�� į�+�  � �į��2� �� ���� �&UDLJ�� ������� SURYLGHV� DGGLWLRQDO� LQVLJKWV� LQWR� LVRWRSLF�����

IUDFWLRQDWLRQ�SURFHVVHV��3XWPDQ�HW�DO����������7KH�ORFDO�YDSRU�OLQH��/9/���HVWLPDWHG�IURP�DOO�į�+�DQG�į��2�GDWD�����

SRLQWV��LV�į�+� �����į��2����������5�� ��������7KLV�/9/�SORWV�DERYH�EXW�DSSUR[LPDWHO\�SDUDOOHO�ZLWK�WKH�*0:/������

7KLV�UHODWLYHO\�KLJKHU�LQWHUFHSW�RI�/9/�UHIOHFWV�WKH�FRQWLQHQWDO�ORFDWLRQ�RI�WKH�VLWH�DQG�DGGLWLRQDO�NLQHWLF�IUDFWLRQDWLRQ�����

DIWHU�RFHDQ�HYDSRUDWLRQ��7KH�į�+�į��2�UHODWLRQVKLS�DOVR�YDULHG�VHDVRQDOO\��'XULQJ�WKH�QRQ�PRQVRRQ�VHDVRQ��WKH�/9/�����

Cross-Out

Highlight
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LV�į�+� �����į��2����������5�� ��������ZKLOH�GXULQJ�WKH�VXPPHU�PRQVRRQ�VHDVRQ��LW�VKLIWV�WR�į�+� �����į��2������������

�5��  � �������1RQ�PRQVRRQ� GDWD� SULPDULO\� SORW� DERYH� ERWK� WKH�*0:/� DQG� WKH� RYHUDOO� /9/��&RQYHUVHO\��PRVW�����

PRQVRRQ�VHDVRQ�LVRWRSH�GDWD�IDOO�EHORZ�WKH�RYHUDOO�/9/��WKRXJK�WKH�ORZHVW�į�YDOXH�SRLQWV�GXULQJ�WKLV�SHULRG�DUH�����

SRVLWLRQHG�DERYH�WKH�RYHUDOO�/9/��VXJJHVWLQJ�DGGLWLRQDO�NLQHWLF�IUDFWLRQDWLRQ�VXFK�DV�UDLQ�HYDSRUDWLRQ��+H�HW�DO�������

�������9DSRU�LVRWRSHV�IRU�0D\�UHVHPEOH� WKRVH�RI� WKH�QRQ�PRQVRRQ�VHDVRQ�EXW�DOLJQ�PRUH�FORVHO\�ZLWK�ERWK� WKH�����

*0:/�DQG�/9/��ZKHUHDV�GDWD�IRU�2FWREHU�H[KLELW�EHKDYLRUV�VLPLODU�WR�WKH�PRQVRRQ�VHDVRQ�REVHUYDWLRQV�� � �����

�����

)LJXUH����5HODWLRQVKLS�EHWZHHQ�YDSRU�į�+�DQG�į��2��7KH�GDWD�LV�SUHVHQWHG�IRU�GLIIHUHQW�VHDVRQV��QRQ�����

PRQVRRQ� �1RY�$SU�� DV� UHG�GRWV�� VXPPHU�PRQVRRQ� �--$6�� DV�QDY\�GLDPRQGV��0D\�DV� ROLYH� VTXDUHV�� DQG�����

2FWREHU� F\DQ� WUDQJOHV��7KH� VROLG� OLQH� LQGLFDWHV� WKH� JOREDO�PHWHRULF�ZDWHU� OLQH� �*0:/���7KH�GDVKHG� OLQH�����

LQGLFDWHV�WKH�ORFDO�YDSRU�OLQH��/9/��HVWLPDWHG�IURP�DOO�į�+�DQG�į��2�GDWD�SRLQWV������

7KH�UHODWLRQVKLSV�EHWZHHQ�į��2�DQG�VSHFLILF�KXPLGLW\��q��IXUWKHU�LQGLFDWH�GLVWLQFW�VHDVRQDO�SDWWHUQV�LQ�PRLVWXUH�����

G\QDPLFV� �)LJ�� �D��� 'XH� WR� XQDYLODELOLW\� RI� ORFDO� PHWHRURORJLFDO� GDWD� IRU� ������ RXU� DQDO\VHV� IRFXVHG� RQ� GDWD�����

FROOHFWHG�EHIRUH� WKLV�\HDU���'XULQJ� WKH�QRQ�PRQVRRQ�VHDVRQ��SDUWLFXODUO\� LQ�ZLQWHU�PRQWKV��PRVW�GDWD�SRLQWV�DUH�����

SRVLWLRQHG� DERYH� WKH� 5D\OHLJK� GLVWLOODWLRQ� OLQH� EXW� EHORZ� D� PL[LQJ� OLQH� WKDW� UHSUHVHQWV� DQ� XSSHU� ERXQG� RI�����
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K\SRWKHWLFDO�HYDSRWUDQVSLUDWLRQ�RYHU�6RXWK�$VLD��7KLV�VXJJHVWV�D�PL[�EHWZHHQ�D�GU\�HQG�PHPEHU�DQG�D�PRLVW�HQG�����

PHPEHU�� ,Q� FRQWUDVW�� GXULQJ� WKH� VXPPHU� PRQVRRQ� VHDVRQ�� GDWD� SUHGRPLQDWHO\� IDOO� EHORZ� WKH� 5D\OHLJK� OLQH������

LQIOXHQFHG�E\�³VXSHU�5D\OHLJK´�SURFHVVHV�OLQNHG�WR�UDLQ�HYDSRUDWLRQ�� �����

)XWKHU� LQVLJKWV� FRPH� IURP� H[DPLQJ� ߜ ൈ ��ݍ YHUVXV� ��ݍ UHODWLRQVKLSV�� ZKLFK� KLJKOLJKW� VHDVRQDO� FRQWUDVWV� LQ�����

PRLVWXUH�VRXUFH�VLJQDWXUHV��)LJ��6����)RU�WKH�QRQ�PRQVRRQ�VHDVRQ��D�VLPSOH�HVWLPDWLRQ�WKURXJK�WKH�OLQHDU�UHJUHVVLRQ�����

EHWZHHQ� ߜ ൈ �ݍ DQG� �ݍ VXJJHVWV�D�PRLVW�HQG�PHPEHU�ZLWK�DQ�į��2�RI������Å������Å��7KH�DPRXQW�ZHLJKWHG�DQQXDO�����

PHDQ�SUHFLSLWDWLRQ�į��2�DW�RXU�VLWH�ZDV�DERXW������Å��<DR�HW�DO����������+RZHYHU��GXULQJ�WKH�PRQVRRQ�VHDVRQ��WKH�����

RYHUDOO� HVWLPDWLRQ� RI� į��2� IRU� WKH� PRLVW� HQG� PHPEHU� WKURXJK� WKH� OLQHDU� UHJUHVVLRQ� EHWZHHQ� ߜ ൈ ��ݍ DQG� ��ݍ LV�����

VLJQLILFDQWO\�ORZHU�DW������Å������Å��SRLQWLQJ�WR�DQ�DGGLWLRQDO�PRLVWXUH�VRXUFH�IURP�UDLQ�HYDSRUDWLRQ�WKDW�LV�PRUH�����

GHSOHWHG�LQ�KHDY\�LVRWRSHV��7KHVH�UHVXOWV�DOLJQ�ZLWK�WKH�GLVWULEXWLRQ�RI�į��2�q�GDWD�EHORZ�WKH�5D\OHLJK�OLQH�GXULQJ�����

WKH�VXPPHU�PRQVRRQ�VHDVRQ��)LJ���D���XQGHUVFRULQJ�WKH�LQIOXHQFH�RI�GLIIHUHQW�PRLVWXUH�VRXUFHV�DQG�SURFHVVHV�DFURVV�����

VHDVRQV������

7KH�UHODWLRQVKLSV�EHWZHHQ�d�H[FHVV�DQG�q�DOVR�UHIOHFW�VHDVRQDO�FRQWUDVWV�LQ�PRLVWXUH�G\QDPLFV��)LJ���E���'XULQJ�����

QRQ�PRQVRRQ� VHDVRQ�PRQWKV�� D�QHJDWLYH� FRUUHODWLRQ� LV� REVHUYHG�ZKHUH� ORZHU�q� FRUUHVSRQGV� WR� KLJKHU�d�H[FHVV�����

YDOXHV��)LJV����DQG��E���7KLV� UHODWLRQVKLS� LV�SDUWLFXODUO\�SURQRXQFHG�XQGHU�GU\�DQG�FROG�FRQGLWLRQV�� ,Q�FRQWUDVW������

GXULQJ� WKH� VXPPHU� PRQVRRQ� VHDVRQ�� QR� FOHDU� UHODWLRQVKLS� EHWZHHQ� d�H[FHVV� DQG� q� LV� DSSDUHQW�� ZLWK� d�H[FHVV�����

VKRZLQJ�FRQVLGHUDEOH�YDULDELOLW\�RI�DSSUR[LPDWHO\���Å�DW�DQ\�JLYHQ�q��7KHVH�ILQGLQJV�VXJJHVW�WKDW�d�H[FHVV�LV�OHVV�����

SUHGLFWDEOH�XVLQJ�q�FRPSDUHG�WR�į��2��H[FHSW�XQGHU�ORZ�KXPLGLW\�OHYHOV������
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)LJXUH����5HODWLRQVKLSV�EHWZHHQ�YDSRU�LVRWRSHV��į��2�DQG d�H[FHVV��DQG�VSHFLILF�KXPLGLW\��q��IURP����������

�������D��VFDWWHU�SORW�RI�į��2�DJDLQVW�q���E��VFDWWHU�SORW�RI�d�H[FHVV�DJDLQVW�q��(DFK�GDWD�SRLQW�LV�FRORU�FRGHG�����

E\�PRQWK��5HIHUHQFH� OLQHV� FRUUHVSRQG� WR� WKRVH� LQ�)LJ��6��� WKHLU� LQWHUSUHWDWLRQV� LV�GHWDLOHG� LQ�)LJ��6��DQG�����

6HFWLRQ������1RWH�WKDW�RQO\�GDWD�EHIRUH������DUH�VKRZQ��VHH�WH[W�IRU�GHWDLOV�������

����6HDVRQDO�YDULDELOLW\�LQ�PRLVWXUH�VRXUFHV�DQG�WUDQVSRUW�SDWKZD\V�����

7R� XQGHUVWDQG� WKH� GULYHUV� EHKLQG� WKH� VHDVRQDO� YDULDWLRQV� LQ�PRLVWXUH� G\QDPLFV��ZH� DQDO\]HG� WKH�PRLVWXUH�����

VRXUFHV�DQG�WUDQVSRUW�SDWKZD\V�GXULQJ�GLIIHUHQW�VHDVRQV��)LJ������2XU�IRFXV�ZDV�RQ�WKH�FRQWULEXWLRQ�RI�PRLVWXUH�����

IURP�KLVWRULFDO�DLU�PDVVHV��ODVW����GD\V��WR�KXPLGLW\�DW�6(73�� �����

'XULQJ�WKH�QRQ�PRQVRRQ�VHDVRQ��PRLVWXUH�LV�PDLQO\�WUDQVSRUWHG�YLD�WZR�SDWKZD\V��RQH�RULJLQDWLQJ�IURP�WKH�����

ZHVW�RI�6(73��FDUULHG�E\�WKH�ZHVWHUOLHV��FOXVWHUV�1RY�$SU��DQG�1RY�$SU����DQG�DQRWKHU�IURP�WKH�VRXWK��VXFK�DV�WKH�����
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%2%��FOXVWHU�1RY�$SU����4XDQWLWDWLYHO\��WKH�FRQWULEXWLRQV�IUP�WKHVH�SDWKZD\V�DUH�FRPSDUDEOH��ZLWK�������IURP�����

WKH� VRXWKHUQ� SDWKZD\� DQG� ������ IURP� WKH� ZHVWHUQ� EUDQFKHV� FRPELQHG�� ,QWHUHVWLQJO\�� ZKHQ� FRQVLGHULQJ� RQO\�����

WUDMHFWRULHV�ZLWKRXW�DFFRXQWLQJ�IRU�PRLVWXUH�FRQWULEXWLRQV��DOO�WKUHH�FOXVWHUV�DSSHDU�WR�RULJLQDWH�IURP�WKH�ZHVW�RI�����

6(73��)LJ��6����7KLV�GLVFUHSDQF\�KLJKOLJKWV�WKH�LPSRUWDQFH�RI�GLVWLQJXLVKLQJ�EHWZHHQ�SXUH�DLU�PDVV�WUDQVSRUW�DQG�����

DFWXDO�PRLVWXUH�VRXUFHV�ZKHQ�LQWHUSUHWLQJ�WUDMHFWRU\�GDWD�� �����

,Q�FRQWUDVW��GXULQJ�WKH�VXPPHU�PRQVRRQ�VHDVRQ��PRLVWXUH�WUDQVSRUW�LV�SUHGRPLQDQWO\�IURP�WKH�VRXWK�RI�6(73������

GULYHQ�E\�WKH�VXPPHU�PRQVRRQ��7KH�SDWKZD\V�REVHUYHG�LQ�0D\�VKDUH�VLPLODULWLHV�ZLWK�WKRVH�RI�WKH�QRQ�PRQVRRQ�����

VHDVRQ��EXW�ZLWK�QRWDEOH�GLIIHUHQFHV��6SHFLILFDOO\��WKH�VHFRQG�SDWKZD\�GXULQJ�0D\��FOXVWHU�0D\���VKLIWV�VRXWKZDUG�����

WRZDUG�WKH�$6�FRPSDUHG�WR�LWV�FRXQWHUSDUW�GXULQJ�WKH�QRQ�PRQVRRQ��FOXVWHU�1RY�$SU����6LPLODUO\��ZKLOH�2FWREHU¶V�����

DLU�PDVV� WUDQVSRUW� GLUHFWLRQ�PLUURUV� WKDW� RI� WKH�QRQ�PRQVRRQ�� WKH�PRLVWXUH� VRXUFHV� DQG�SDWKZD\V� VKRZ�JUHDWHU�����

DOLJQPHQW�ZLWK�WKRVH�RI�WKH�VXPPHU�PRQVRRQ�VHDVRQ��DOEHLW�ZLWK�D�VOLJKW�HDVWZDUG�VKLIW��)LJV���G�DQG�6�G��� �����

$QRWKHU� QRWDEOH� DVSHFW� RI� WKH� PRLVWXUH� VRXUFH� GLVWULEXWLRQV� LV� WKH� GRPLQDQW� FRQWULEXWLRQ� IURP� SUR[LPDO�����

WHUUHVWULDO� UHJLRQV�� SDUWLFXODUO\� WKRVH� WR� WKH� VRXWK� RI� 6(73� �)LJ�� ���� )RU� H[DPSOH�� WKH� ��� FRQWRXU� UHSUHVHQWLQJ�����

PRLVWXUH�FRQWULEXWLRQV�IURP�DLU�SDUFHOV�RYHU�HDFK���î���JULG�ER[�GRHV�QRW�H[WHQG�LQWR�RFHDQLF�UHJLRQV�GXULQJ�DQ\�����

RI�WKH�IRXU�VHDVRQV��7KLV�LQGLFDWHV�WKDW�VXUIDFH�HYDSRUDWLRQ�IURP�RFHDQLF�UHJLRQV�VXFK�DV�WKH�%2%�DQG�$6�FRQWULEXWHV�����

PLQLPDOO\��,QVWHDG��PRVW�RI�WKH�PRLVWXUH�RULJLQDWLQJ�RYHU�WKHVH�RFHDQLF�UHJLRQV�LV�ORVW�WKURXJK�SUHFLSLWDWLRQ�EHIRUH�����

UHDFKLQJ�6(73��DQG�ZKDW�UHPDLQV�LV�UHSOHQLVKHG�E\�HYDSRWUDQVSLUDWLRQ�GXULQJ�WUDQVSRUW�RYHU�ODQG��7KLV�ILQGLQJ�UDLVHV�����

DQ�LPSRUWDQW�TXHVWLRQ��GR�WKH�YDSRU�LVRWRSHV�PHDVXUHG�DW�6(73�VWLOO�UHIOHFW�WKH�PHWHRURORJLFDO�FRQGLWLRQV�DW�WKHLU�����

RFHDQLF�VRXUFHV"� � � �����

Highlight
I think it is the first time you use BOB, and should define it.
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)LJXUH����0RLVWXUH�VRXUFHV�DQG�WUDQVSRUW�SDWKZD\V�GXULQJ�GLIIHUHQW�VHDVRQV�IURP�������������D��VSDWLDO�����

GLVWULEXWLRQ� RI� UHODWLYH� FRQWULEXWLRQV� RI� PRLVWXUH� IURP� DOO� DLU� SDUFHOV� RYHU� HDFK� ��î��� ER[� �VKDGLQJ�� WR�����

KXPLGLW\�DW�WKH�6(73�VWDWLRQ��DORQJ�ZLWK�VSHFLILF�KXPLGLW\��q��DORQJ�PHDQ�WUDMHFWRULHV��ZHLJKWHG�E\�PRLVWXUH�����

FRQWULEXWLRQV��IRU�WKH�QRQ�PRQVRRQ�VHDVRQ�RI�1RYHPEHU�$SULO��1RY�$SU����E�G��DUH�WKH�VDPH�DV��D���EXW�IRU�����

WKH�PRQVRRQ�VHDVRQ�RI�-XQH�6HSWHPEHU��--$6��E���0D\��F���DQG�2FWREHU��G���UHVSHFWLYOH\��7KH�GRWWHG�\HOORZ�����

DQG�GDVKHG� JUHHQ� FRQWRXUV� LQGLFDWH� WKH�PRLVWXUH� FRQWULEXWLRQ�DW� �����DQG� ���� UHVSHFWLYHO\��7KH�\HOORZ�����

FURVVHV�LQGLFDWH�WKH�ORFDWLRQ�RI�WKH�6(73�VWDWLRQ��7KH�EODFN�VROLG�OLQHV�GHQRWH�WKH�7LEHWDQ�3ODWHDX�ZLWK�DOWLWXGH�����

FRQWRXU�DW������P������

����5ROH�RI�RFHDQ�VXUIDFH�HYDSRUDWLRQ�FRQGLWLRQV�DW�VHDVRQDO�DQG�LQWUDVHDVRQDO�WLPH�VFDOHV�����

5HODWLRQVKLSV� EHWZHHQ� d�H[FHVV� DQG� RFHDQ� VXUIDFH� HYDSRUDWLRQ� FRQGLWLRQV�� VXFK� DV� 5+SST� DQG� 667�� ZHUH�����
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H[DPLQHG�XVLQJ�GDWD�IURP������������)LJ���D�DQG�)LJ��6�D���5HVXOWV�LQGHHG�VKRZ�QHJDWLYH�FRUUHODWLRQV�EHWZHHQ�d�����

H[FHVV� DQG� 5+SST� RYHU� QRUWKHUQ� ,QGLDQ� 2FHDQ�� SDUWLFXODUO\� LQ� WKH� QRUWKHUQ� SDUWV� RI�$6� DQG� %2%� �)LJ�� �D�������

6SHFLILFDOO\��WKH�UHJUHVVLRQ�VORSHV�IRU�WKLV�UHODWLRQVKLS�DFURVV�WKH�QRUWKHUQ�,QGLDQ�2FHDQ�YDU\�IURP�KLJKHU�WKDQ������

���Å�����WR�YDOXHV�EHORZ�����Å������ �����

)RFXVLQJ�RQ�VSHFLILF�UHJLRQV��WKH�QRUWKHUQ�%2%��������1�DQG�������(��DQG�WKH�HDVWHUQ�$6�������1�DQG��������

���(��)LJ���D��H[KLELWHG�UHJUHVVLRQ�VORSHV�ZLWKLQ� WKH�UDQJH��IURP�����Å����� WR�����Å������SUHYLRXVO\�UHSRUWHG�����

�8HPXUD�HW�DO���������%HQHWWL�HW�DO���������/LX�HW�DO���������%RQQH�HW�DO����������)RU�LQVWDQFH��WKH�UHJLRQDO�DYHUDJH�����

5+SST�LQ�WKH�HDVWHUQ�$6�VKRZV�DQ�RYHUDOO�UHJUHVVLRQ�VORSH�RI������Å������U� �������DQG�S����������)LJ���D���ZKLOH�����

WKH�QRUWKHUQ�%2%�KDV�D�VORSH�RI������Å������U� �������DQG�S����������)LJ���E���+RZHYHU��XSRQ�FORVHU�LQVSHFWLRQ�RI�����

WKH�d�H[FHVV��5+SST�SORWV� �)LJ������ LW� EHFRPHV�HYLGHQW� WKDW�GDWD�SRLQWV� FOXVWHUHG� DFFRUGLQJ� WR�GLIIHUHQW� VHDVRQV������

LPSO\LQJ�WKDW� WKH�DSSDUHQW�QHJDWLYH�FRUUHODWLRQV�PLJKW�SULPDULO\�VWHP�IURP�RSSRVLQJ�VHDVRQDO�WUHQGV��6LPLODUO\������

DSSDUHQW�QHJDWLYH�FRUUHODWLRQV�EHWZHHQ�d�H[FHVV�DQG�667�DOVR�HPHUJH�RYHU�WKH�QRUWKHUQ�,QGLDQ�2FHDQ��)LJ��6�D�������

<HW��ERWK�WKHRUHWLFDO�SUHGLFWLRQ��0HUOLYDW�DQG�-RX]HO��������DQG�LQ�VLWX�REVHUYDWLRQV�DERYH�WKH�RFHDQ�VXUIDFH��%RQQH�����

HW�DO���������/LX�HW�DO���������VXJJHVW�D�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�d�H[FHVV�DQG�667��7KHVH�GLVFUHSDQFLHV�OHDG�XV�����

WR�VSHFXODWH�WKDW�WKH�RYHUDOO�FRUUHODWLRQV�EHWZHHQ�6(73�YDSRU�d�H[FHVV�DQG�VXUIDFH�HYDSRUDWLRQ�FRQGLWLRQV�RYHU�WKH�����

QRUWKHUQ�,QGLDQ�2FHDQ�DUH�OLNHO\�GULYHQ�E\�VHDVRQDO�YDULDELOLW\�� �����

7KH� UHODWLRQVKLS�EHWZHHQ�d�H[FHVV� DQG�5+SST�ZDV� IXUWKHU�DQDO\]HG�E\�GLVWLQJXLVKLQJ�EHWZHHQ� WKH� VXPPHU�����

PRQVRRQ� DQG� QRQ�PRQVRRQ� VHDVRQV�� 'XULQJ� WKH� VXPPHU�PRQVRRQ� VHDVRQ�� WKH� QHJDWLYH� FRUUHODWLRQ� GLPLQLVKHV�����

VLJQLILFDQWO\��ZLWK�FRUUHODWLRQ�FRHIILFLHQWV�GURSSLQJ�EHORZ������)LJ���E���,Q�FRQWUDVW��VLJQLILFDQW�FRUUHODWLRQV�SUHVHQW�����

GXULQJ�WKH�QRQ�PRQVRRQ�VHDVRQ��)LJ���F���SRWHQWLDOO\�GXH�WR�LQWUDVHDVRQDO�YDULDWLRQV�ZKHUH�d�H[FHVV�SHDNV�LQ�ZLQWHU�����

DQG�GHFUHDVHV�DW�WKH�EHJLQQLQJ�DQG�HQGLQJ�RI�WKH�QRQ�PRQVRRQ�VHDVRQ��)LJ���E���SRVVLEO\�DFFRPSDQLHG�E\�RSSRVLQJ�����

5+SST�WUHQGV��+RZHYHU��HYHQ�GXULQJ�WKH�QRQ�PRQVRRQ�VHDVRQ��WKH�H[SODLQHG�YDULDQFH�LQ�d�H[FHVV�UHPDLQV�ORZ��DW�D�����
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the clustering of data point by season (Fig. 6) suggest that
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PD[LPXP�RI���������RYHU�WKH�QRUWKHUQ�%2%��6LPLODUO\��FRUUHODWLRQV�ZLWK�667�RYHU�WKH�QRUWKHUQ�,QGLDQ�2FHDQ�����

DOVR�EHFRPH�QHJOLJLEOH�ZKHQ�VHDVRQV�DUH�FRQVLGHUHG�VHSDUDWHO\��)LJ��6����,Q�VXPPDU\��YDSRU�d�H[FHVV�DW�6(73�LV�����

OHVV�OLNHO\�D�FRQVHUYDWLYH�WUDFHU�RI�VXUIDFH�HYDSRUDWLRQ�FRQGLWLRQV��QHLWKHU�5+SST�QRU�667��RYHU�WKH�QRUWKHUQ�,QGLDQ�����

2FHDQ��7KHUHIRUH��LQWHUSUHWLQJ�d�H[FHVV�LQ�PHWHRULF�ZDWHU�RU�SDOHR�DUFKLYHV�IURP�WKH�73�DV�D�SUR[\�IRU�,QGLDQ�2FHDQ�����

HYDSRUDWLRQ�FRQGLWLRQV�VKRXOG�EH�DSSURDFKHG�ZLWK�FDXWLRQ������

�����

)LJXUH����5HODWLRQVKLSV�EHWZHHQ�YDSRU�d�H[FHVV�DQG�UHODWLYH�KXPLGLW\�VFDOHG�WR�VHD�VXUIDFH�WHPSHUDWXUH�����

�5+SST����D��UHJUHVVLRQ�RI�d�H[FHVV�DJDLQVW�5+SST��VKDGLQJ�DQG�RQO\�YDOXHV�VLJQLILFDQW�DW�WKH�����VLJQLILFDQFH�����

OHYHO�DUH�VKRZQ��DQG�FRUUHODWLRQ�FRHIILFLHQWV�EHWZHHQ�WKHP��FRQWRXUV�DW�DQ�LQWHUYDO�RI�����DQG�RQO\�QHJDWLYH�����
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FRUUHODWLRQV�DUH�VKRZQ��IRU�DOO�WKH�GDWD�IURP�������������E��DQG��F��DUH�WKH�VDPH�DV��D��EXW�RQO\�IRU�WKH�GDWD�����

ZLWKLQ�WKH�VXPPHU�PRQVRRQ�VHDVRQ��--$6��RU�WKH�QRQ�PRQVRRQ�VHDVRQ��1RY�$SU���UHVSHFWLYHO\��7KH�EODFN�����

GRWV�LQGLFDWH�WKH�ORFDWLRQ�RI�WKH�6(73�VWDWLRQ��7KH�EODFN�VROLG�OLQHV�GHQRWH�WKH�7LEHWDQ�3ODWHDX�ZLWK�DOWLWXGH�����

FRQWRXU�DW������P������

�����

)LJXUH����5HODWLRQVKLSV�EHWZHHQ�6(73�YDSRU�d�H[FHVV�DQG�UHODWLYH�KXPLGLW\�QRUPDOL]HG�WR�VHD�VXUIDFH�����

WHPSHUDWXUH��5+SST��DYHUDJHG�RYHU��D��HDVWHUQ�$UDELDQ�6HD�������1�DQG�������(��DQG��E��%D\�RI�%HQJDO���������

���1�DQG�������(��IURP������������(DFK�GDWD�SRLQW�LV�FRORU�FRGHG�E\�PRQWK��6ROLG�EODFN�OLQHV�LQGLFDWH�WKH�����
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OLQHDU�UHJUHVVLRQ�EHWZHHQ�DOO�GDWD�SRLQWV��'DVKHG�RUDQJH�OLQHV�LQGLFDWH�OLQHDU�UHJUHVVLRQ�IRU�GDWD�GXULQJ�WKH�����

QRQ�PRQVRRQ�VHDVRQ��1RY�$SU��DQG�GDVKHG�GDUN�EOXH�OLQHV�IRU�GDWD�GXULQJ�WKH�VXPPHU�PRQVRRQ��--$6�������

7KH�VORSH��Å�������U��DQG�S�YDOXHV�IRU�WKH�WKUHH�GDWD�JURXSV�DUH�DOVR�VKRZQ������

����5ROH�RI�GU\�DQG�FROG�DLU�LQWUXVLRQ�GXULQJ�WKH�QRQ�PRQVRRQ�VHDVRQ�����

%RWK�WKHRUHWLFDO�SUHGLFWLRQV�IURP�WKH�5D\OHLJK�PRGHO�DQG�REVHUYDWLRQV�GXULQJ�WKH�QRQ�PRQVRRQ�VHDVRQ�VXJJHVW�����

WKDW�d�H[FHVV�LQFUHDVHV�DV�q�GHFUHDVHV�ZKHQ�q�UHDFKHV�H[WUHPHO\�ORZ�YDOXHV��)LJ������,Q�DGGLWLRQ��UHVXOWV�IRU�ERWK�DLU�����

PDVV�WUDQVSRUW�DQG�PRLVWXUH�WUDQVSRUW�VKRZ�WKH�GRPLQDQW�UROH�RI�WKH�ZHVWHUOLHV��)LJV��6�D�DQG��D���%DVHG�RQ�WKHVH�����

HYLGHQFHV��ZH�SURSRVH�WKDW�GXULQJ�WKH�QRQ�PRQVRRQ�VHDVRQ��YDSRU�LVRWRSHV�DUH�LQIOXHQFHG�E\�WKH�PL[LQJ�RI�FROG�����

DQG�GU\�DLU�WUDQVSRUWHG�E\�ZHVWHUOLHV�IURP�KLJKHU�DOWLWXGHV�ZLWK�VXUIDFH�YDSRU��)XUWKHUPRUH��VXUIDFH�YDSRU�LQIOXHQFHG�����

E\�UHF\FOHG�PRLVWXUH�IURP�WHUUHVWULDO�HYDSRWUDQVSLUDWLRQ�ZRXOG�IXUWKHU�HOHYDWH�d�H[FHVV�DW�D�JLYHQ�q �)LJ���E��� �����

:H�SHUIRUPHG�D�FRPSRVLWH�DQDO\VLV�RQ�PRLVWXUH�VRXUFHV�DQG�WUDQVSRUW�SDWKZD\V�IRU�WKH�KLJKHVW��KLJKHU�WKDQ�����

��Å��DQG�Q� �����DQG�ORZHVW��ORZHU�WKDQ���Å��DQG�Q� ����d�H[FHVV�REVHUYDWLRQV�GXULQJ�WKH�QRQ�PRQVRRQ�VHDVRQ�����

�)LJ������+LJK�d�H[FHVV�YDOXHV�DUH�SULPDULO\�DVVRFLDWHG�ZLWK�PRLVWXUH�WUDQVSRUWHG�E\�ZHVWHUOLHV�IURP�UHJLRQV�ZHVW�����

RI�6(73��VXFK�DV�RYHU�WKH�73�DQG�QRUWKZHVWHUQ�,QGLD��,Q�DGGLWLRQ��EDFNZDUG�WUDMHFWRULHV�IRU�WKHVH�FDVHV�VKRZ�DLU�����

PDVVHV�FKDUDFWHUL]HG�E\�H[WUHPHO\�ORZ�q��UHDFKLQJ�EHORZ���J�NJ���DORQJ�WKH�PHDQ�WUDMHFWRULHV��ZHLJKWHG�E\�PRLVWXUH�����

FRQWULEXWLRQ��RYHU�WKH�73��)LJ���D���&RQYHUVHO\��IRU�ORZ�d�H[FHVV�FDVHV��D�VLJQLILFDQW�SRUWLRQ�RI�PRLVWXUH�WUDQVSRUW�����

SDWKZD\V� VKLIWV� WRZDUG�PRUH� KXPLG� UHJLRQV�� LQFOXGLQJ�QRUWKHDVW� ,QGLD��%DQJODGHVK�� DQG� WKH�%2%��ZLWK� WKH�/������

FOXVWHU�DFFRXQWLQJ�IRU��������)LJ���E���7KLV�FRQWUDVWLQJ�PRLVWXUH�WUDQVSRUW�SDWWHUQ�EHWZHHQ�KLJK�DQG�ORZ�d�H[FHVV�����

FDVHV�DOLJQV�ZLWK�RXU�K\SRWKHVLV�WKDW�KLJK�d�H[FHVV�LV�DVVRFLDWHG�ZLWK�GU\�DQG�FROG�DLU�WUDQVSRUWHG�E\�ZHVWHUOLHV�� �����

Highlight
Most H1 is over continent and thus moisture recycling is more important!
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)LJXUH����&RPSRVLWH�RI�PRLVWXUH�VRXUFHV�DQG�WUDQVSRUW�SDWKZD\V�IRU�KLJK�DQG�ORZ�d�H[FHVV�GD\V�GXULQJ�����

WKH�QRQ�PRQVRRQ�VHDVRQ�RI�1RYHPEHU�$SULO���D��VSDWLDO�GLVWULEXWLRQ�RI�UHODWLYH�FRQWULEXWLRQ�RI�PRLVWXUH�IURP�����

DOO�DLU�SDUFHOV�RYHU�HDFK���î���ER[��VKDGLQJ��WR�KXPLGLW\�DW�WKH�6(73�VWDWLRQ��DORQJ�ZLWK�VSHFLILF�KXPLGLW\��q������

DORQJ�PHDQ�WUDMHFWRULHV��ZHLJKWHG�E\�PRLVWXUH�FRQWULEXWLRQV��IRU�d�H[FHVV�YDOXHV�KLJKHU�WKDQ���Å�GXULQJ�WKH�����

QRQ�PRQVRRQ�VHDVRQ��Q� �������E��LV�WKH�VDPH�DV��D��EXW�IRU�d�H[FHVV�ORZHU�WKDQ���Å��Q� �����7KH�\HOORZ�FURVVHV�����

LQGLFDWH� WKH� ORFDWLRQ� RI� WKH� 6(73� VWDWLRQ��7KH� EODFN� VROLG� OLQHV� GHQRWH� WKH�7LEHWDQ�3ODWHDX�ZLWK� DOWLWXGH�����

FRQWRXU�DW������P������

7KH� LQIOXHQFH� RI� FROG� DQG� GU\� DLU� LQWUXVLRQV�ZDV� IXUWKHU� LQYHVWLJDWHG� WKURXJK� DQ� DQDO\VLV� RI� UHODWLRQVKLSV�����

LQYROYLQJ�d�H[FHVV��ORFDO�q��ZHLJKWHG�PHDQ�XSVWUHDP�q��ZHLJKWHG�PHDQ�XSVWUHDP�DLU�WHPSHUDWXUH��DQG�ZHLJKWHG�����

PHDQ�XSVWUHDP�DLU�DOWLWXGH��)LJ������8SVWUHDP�YDULDEOHV�UHSUHVHQW�ZHLJKWHG�DYHUDJHV�DORQJ�WKH����GD\�EDFNZDUG�����

WUDMHFWRU\��ZKHUH�ZHLJKWV�FRUUHVSRQG�WR�WKH�PRLVWXUH�FRQWULEXWLRQ�DW�HDFK�WLPH�VWHS��6HFWLRQ�������7KH�QRQ�PRQVRRQ�����

Cross-Out

Cross-Out
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VHDVRQ�d�H[FHVV�VKRZV�UREXVW�QHJDWLYH�FRUUHODWLRQV�ZLWK�ERWK�ORFDO�q��U� ��������S���������DQG�XSVWUHDP�q��U� ������������

S����������)XUWKHUPRUH��ORZ�q�LV�DVVRFLDWHG�ZLWK�DLU�PDVVHV�FKDUDFWHUL]HG�E\�ORZ�WHPSHUDWXUHV�DQG�KLJK�DOWLWXGHV�����

�)LJV���F�DQG��G���ZKLFK�FRXOG�DOVR�LPSDFW�į��2��,QGHHG��į��2�GXULQJ�KLJK�d�H[FHVV�FDVHV�LV�ORZHU�WKDQ�GXULQJ�ORZ�����

d�H[FHVV�FDVHV��DW�D�VLJQLILFDQFH�OHYHO�RI���������7KH�RYHUDOO�FRUUHODWLRQ�FRHIILFLHQW�EHWZHHQ�į��2�DQG�d�H[FHVV�����

GXULQJ�WKH�QRQ�PRQVRRQ�VHDVRQ�LV��������S����������1RWDEO\��FRUUHODWLRQV�EHWZHHQ�į��2�DQG�q�DUH�ZHDNHU�FRPSDUHG�����

WR�WKRVH�REVHUYHG�IRU�d�H[FHVV��ZLWK�ORFDO�q�VKRZLQJ�U� �������S���������DQG�XSVWUHDP�q�VKRZLQJ�U� �������S��������������

7KH�UHODWLRQVKLS�EHWZHHQ�QRQ�PRQVRRQ�VHDVRQ�į��2�DQG�KXPLGLW\�LV�PDLQO\�H[SUHVVHG�DV�WKH�UHODWLRQVKLS�EHWZHHQ ����

ߜ ൈ �ݍ DQG� �ݍ �U� ������IRU�ORFDO�q�DQG�U� ������IRU�XSVWUHDP�q���6SDWLDO�FRUUHODWLRQV�EHWZHHQ�YDSRU�LVRWRSHV��į��2�����

DQG�d�H[FHVV��DQG���PHWHU�DLU�WHPSHUDWXUH�DV�ZHOO�DV�KXPLGLW\�PHDVXUHG�E\���PHWHU�GHZ�SRLQW�WHPSHUDWXUH�DOVR�����

VXSSRUW�WKHVH�ILQGLQJV��)LJ��6����6LJQLILFDQW�QHJDWLYH�FRUUHODWLRQV�EHWZHHQ�d�H[FHVV�DQG�GHZ�SRLQW�WHPSHUDWXUH�H[LVW�����

RYHU� VRXWKHDVWHUQ� 73�� QRUWKHDVW� ,QGLD�� DQG� QRUWKHUQ� %DQJODGHVK�� ,Q� FRQWUDVW�� į��2� VKRZV� VLJQLILFDQW� SRVLWLYH�����

FRUUHODWLRQV�ZLWK�DLU�WHPSHUDWXUH�RYHU�WKH�,QGLD�VXEFRQWLQHQW�DQG�QRUWKZHVWHUQ�6RXWKHDVW�$VLD�� �����

$V�VKRZQ�LQ�)LJ���E��H[WUHPHO\�KLJK�d�H[FHVV�YDOXHV�DUH�SUHGLFWHG�DW�YHU\�ORZ�q�OHYHOV��3UHYLRXV�VWXGLHV�KDYH�����

VKRZQ�WKDW�DV�q�DSSURDFKHV�]HUR��YDSRU�d�H[FHVV�FDQ�DSSURDFK�����Å�IROORZLQJ�WKH�5D\OHLJK�GLVWLOODWLRQ�WUDMHFWRU\�����

�%RQ\�HW�DO����������D�EHKDYLRU�LQKHUHQW�WR�WKH�GHILQLWLRQ�RI�d�H[FHVV��'�WVFK�HW�DO����������+LJK�d�H[FHVV�YDOXHV�����

KDYH�DOVR�EHHQ�REVHUYHG�LQ�ORZ�KXPLGLW\�HQYLURQPHQWV��VXFK�DV�SRODU�UHJLRQV��%RQQH�HW�DO���������6WHHQ�/DUVHQ�HW�����

DO��� ������ DQG�KLJK�DOWLWXGHV� �6DPXHOVϋ&URZ�HW� DO���������:HEVWHU�DQG�+H\PVILHOG��������6D\UHV� HW�DO�������������

6RGHPDQQ�HW�DO����������7KHUHIRUH��ZH�LQIHU�WKDW�WKH�LQFUHDVLQJ�WUHQG�RI�d�H[FHVV�ZLWK�GHFUHDVLQJ�ORFDO�q��XSVWUHDP�����

q, DQG�UHJLRQDO�GHZ�SRLQW�WHPSHUDWXUH�LV�GXH�WR�HQKDQFHG�PL[LQJ�ZLWK�GU\�DQG�FROG�VXEVLGLQJ�DLU�WUDQVSRUWHG�E\�����

ZHVWHUOLHV�IURP�KLJK�DOWLWXGHV��5HODWLRQVKLSV�EHWZHHQ�XSVWUHDP�q�DQG�XSVWUHDP�DLU�WHPSHUDWXUH�DV�ZHOO�DV�DOWLWXGH�����

IXUWKHU�VXSSRUW�WKLV�LQIHUHQFH��LQGLFDWLQJ�WKDW�ORZ�KXPLGLW\�FRQGLWLRQV�DUH�DVVRFLDWHG�ZLWK�WKH�SUHVHQFH�RI�VXEVLGLQJ�����

GU\�DQG�FROG�DLU�IURP�KLJK�DOWLWXGHV��)LJV���F�DQG��G���7KHUHIRUH��YDSRU�d�H[FHVV�GXULQJ�WKH�QRQ�PRQVRRQ�QRW�RQO\�����

Cross-Out

Inserted Text
like
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SURYLGHV�LQVLJKWV�LQWR�VSHFLILF�KXPLGLW\�OHYHOV�EXW�DOVR�LQGLFDWHV�WKH�VRXUFH�RI�KXPLGLW\������

�����

)LJXUH����5HODWLRQVKLSV�DPRQJ�YDSRU�d�H[FHVV��ORFDO�VSHFLILF�KXPLGLW\��q���ZHLJKWHG�PHDQ�XSVWUHDP�q������

ZHLJKWHG�PHDQ�XSVWUHDP�DLU� WHPSHUDWXUH� �7��� DQG�ZHLJKWHG�PHDQ�XSVWUHDP�DLU�DOWLWXGH�GXULQJ� WKH�QRQ�����

PRQVRRQ�VHDVRQ�RI�1RYHPEHU�$SULO���D��VFDWWHU�SORW�RI�d�H[FHVV�DJDLQVW�ORFDO�q�� �E��VFDWWHU�SORW�RI�d�H[FHVV�����

DJDLQVW�XSVWUHDP�ZHLJKWHG�PHDQ�q���F��VFDWWHU�SORW�RI�XSVWUHDP�q�DJDLQVW�XSVWUHDP�DLU�7���G��VFDWWHU�SORW�RI�����

XSVWUHDP� q� DJDLQVW� XSVWUHDP� DLU� DOWLWXGH��$OO� WKH� XSVWUHDP� YDULDEOHV� DUH�PHDQ� YDOXHV� DORQJ� EDFNZDUG�����

WUDMHFWRULHV�ZHLJKWHG�E\�WKH�PRLVWXUH�FRQWULEXWLRQ�RI�DLU�SDUFHOV��7KH�VROLG�FXUYHV�LQGLFDWH�WKH�ORJ�UHJUHVVLRQ�����

EHWZHHQ�WKH�UHVSHFWLYH�YDULDEOHV�ZLWK�WKH�FRUUHODWLRQ�FRHIILFLHQWV�LQGLFDWHG�E\�WKH�QXPEHUV������

����5ROH�RI�UDLQ�YDSRU�LQWHUDFWLRQ�GXULQJ�WKH�VXPPHU�PRQVRRQ�VHDVRQ�����

,Q�FRQWUDVW� WR� WKH�VLJQLILFDQW�GHSHQGHQFH�RI�d�H[FHVV�RQ�q�GXULQJ� WKH�QRQ�PRQVRRQ�VHDVRQ��YDSRU�d�H[FHVV�����

Cross-Out
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VKRZV�QR�FRUUHODWLRQ�ZLWK�q��U� �������S� �������GXULQJ�WKH�VXPPHU�PRQVRRQ�VHDVRQ��7KH�EHKDYLRU�RI�į��2�DOVR�����

GLIIHUV�EHWZHHQ�WKH�WZR�VHDVRQV��)LJ������'XULQJ�WKH�VXPPHU�PRQVRRQ�VHDVRQ��į��2�q�SORWV�EHORZ�WKH�5D\OHLJK�����

FXUYH��LQGLFDWLQJ�WKDW�WKH�YDSRU�KDV�XQGHUJRQH�D�GHJUHH�RI�UDLQ�YDSRU�LQWHUDFWLRQ�GXH�WR�HYDSRUDWLRQ��)LJ���D���3DUWLDO�����

UDLQ�HYDSRUDWLRQ�LQ�DQ�XQVDWXUDWHG�DWPRVSKHULF�HQYLURQPHQW�OHDGV�WR�NLQHWLF�IUDFWLRQDWLRQ��ZKLFK�GHFUHDVHV�d�H[FHVV�����

YDOXHV�LQ�UDLQGURSV�ZKLOH�LQFUHDVLQJ�d�H[FHVV�LQ�WKH�VXUURXQGLQJ�YDSRU��5LVL�HW�DO�������E���7KLV�HIIHFW�RI�UDLQ�YDSRU�����

LQWHUDFWLRQ�RQ�YDSRU� LVRWRSHV�KDV�EHHQ�VXJJHVWHG�DV�D�SULPDU\�PHFKDQLVP�GULYLQJ� WKH�DPRXQW�HIIHFW� LQ� WURSLFDO�����

UHJLRQV��5LVL�HW�DO�������D��.XULWD�HW�DO���������%RZHQ�HW�DO���������*DOHZVN\�HW�DO����������7KHUHIRUH��ZH�K\SRWKHVL]H�����

WKDW� YDSRU� LVRWRSHV� GXULQJ� WKH� VXPPHU� PRQVRRQ� VHDVRQ� DW� 6(73� DUH� LQIOXHQFHG� E\� WKH� GHJUHH� RI� UDLQ�YDSRU�����

LQWHUDFWLRQ�� �����

7KH�ILUVW�HYLGHQFH�VXSSRUWLQJ�WKLV�K\SRWKHVLV�LV�WKH�VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�į��2�DQG�d�H[FHVV�GXULQJ�����

WKH�VXPPHU�PRQVRRQ�VHDVRQ��U� ��������S���������)LJ���D���,Q�DGGLWLRQ��WKHUH�LV�D�WUHQG�ZKHUH�į��2�DQG�d�H[FHVV�����

H[KLELW�ZHDNHU�FRUUHODWLRQV�ZKHQ�į��2�OHYHOV�DUH�KLJK��DQG�VWURQJHU�FRUUHODWLRQV�ZKHQ�į��2�OHYHOV�DUH�ORZ��)LJV���D�����

DQG�6����7R�H[SORUH�WKLV�IXUWKHU��ZH�FDWHJRUL]HG�GD\V�ZLWK�GDLO\�SUHFLSLWDWLRQ�RI�DW�OHDVW���PP�DV�³UDLQ\�GD\V´�DQG�����

WKRVH�ZLWK�OHVV�WKDQ���PP�DV�³QRQ�UDLQ\�GD\V´��7KLV�GLVWLQFWLRQ�LV�EDVHG�RQ�WKH�SUHPLVH�WKDW�UDLQ�YDSRU�LQWHUDFWLRQ�����

FDQQRW�RFFXU�LQ�WKH�DEVHQFH�RI�UDLQIDOO��7KH�DQDO\VLV�UHYHDOV�WKDW�į��2�GXULQJ�UDLQ\�GD\V�LV�VLJQLILFDQWO\�ORZHU�WKDQ�����

WKDW�GXULQJ�QRQ�UDLQ\�GD\V��ZKLOH�d�H[FHVV�VKRZ�WKH�RSSRVLWH�WUHQG��S��������IRU�ERWK�į��2�DQG�d�H[FHVV��)LJV���E�����

DQG��F���)XUWKHUPRUH��WKH�FRUUHODWLRQ�EHWZHHQ�į��2�DQG�d�H[FHVV�EHFRPHV�VWURQJHU�RQ�UDLQ\�GD\V��U� ��������p�������

������� WKRXJK� D�ZHDNHU� QHJDWLYH� FRUUHODWLRQ� SHUVLVWV� HYHQ� RQ� QRQ�UDLQ\� GD\V� �U�  � �������p� �� �������(YHQ�ZKHQ�����

DSSO\LQJ�D�VWULFWHU�WKUHVKROG�RI���PP�IRU�QRQ�UDLQ\�GD\V��WKH�QHJDWLYH�FRUUHODWLRQ�EHWZHHQ�į��2�DQG�d�H[FHVV�UHPDLQV�����

VLJQLILFDQW��U� ��������S����������0RUHRYHU��FRUUHODWLRQV�ZLWK�ORFDO�SUHFLSLWDWLRQ�DPRXQW�DUH�ZHDN�IRU�ERWK�į��2��U� �����

�������S���������DQG�d�H[FHVV��U� �������S����������7KHVH�ILQGLQJV�OHDG�XV�WR�LQIHU�WKDW�YDSRU�LVRWRSHV�GXULQJ�WKH�����

VXPPHU�PRQVRRQ�VHDVRQ�DW�6(73�DUH�LQIOXHQFHG�QRW�RQO\�E\�ORFDO�UDLQ�YDSRU�LQWHUDFWLRQV�EXW�DOVR�E\�WKH�KLVWRU\�RI�����

Cross-Out

Cross-Out

Inserted Text
is observed

Cross-Out

Inserted Text
experiences vapor-rain interaction through rain evaporation

Cross-Out

Inserted Text
extent

Cross-Out

Inserted Text
δ¹⁸O and d-excess show a trend of weak correlation at high δ¹⁸O values, but a stronger correlation when δ¹⁸O values are low
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UDLQ�YDSRU�LQWHUDFWLRQV�WKDW�RFFXUUHG�EHIRUH�WKH�YDSRU�UHDFKHG�WKH�UHJLRQ�� �����

�����

)LJXUH����5HODWLRQVKLSV�EHWZHHQ�6(73�YDSRU�d�H[FHVV�DQG�į��2�GXULQJ�WKH�VXPPHU�PRQVRRQ�VHDVRQ���D������

VFDWWHU�SORW�RI�d�H[FHVV�DJDLQVW�į��2�DQG�OLQHDU�UHJUHVVLRQ�OLQHV�EHWZHHQ�WKHP���E��GLVWULEXWLRQ�RI�į��2�YDOXHV�����

ZLWK�WKH�GDVKHG�OLQHV�LQGLFDWH�YDOXHV�DW�WKH�ORZHU�DQG�XSSHU�TXDUWLOHV�DQG�WKH�VROLG�OLQHV�LQGLFDWH�WKH�PHDQ�����

YDOXHV���F��LV�WKH�VDPH�DV��E��EXW�IRU�d�H[FHVV��2UDQJH�FRORUV�LQGLFDWH�GDWD�REVHUYHG�GXULQJ�GDLO\�SUHFLSLWDWLRQ�����

DPRXQW�OHVV�WKDQ���PP�DQG�EOXH�FRORUV�LQGLFDWH�GDWD�REVHUYHG�GXULQJ�GD\V�ZLWK�SUHFLSLWDWLRQ�DPRXQW�QRW�����

OHVV�WKDQ���PP��7KH�U�YDOXHV�IRU�ERWK�OLQHV�DUH�LQGLFDWHG�LQ��D��DQG�ERWK�RI�WKHP�DUH�VLJQLILFDQW�DW�WKH����������

OHYHO������

7R�IXUWKHU�LQYHVWLJDWH�WKH�UROH�RI�UDLQ�YDSRU�LQWHUDFWLRQV��ZH�XVH�WRWDO�SUHFLSLWDWLRQ�DPRXQW��3acc��DV�DQ�LQGLFDWRU�����

RI� UDLQ�YDSRU� LQWHUDFWLRQ�� FRQVLGHULQJ� WKH�FXPXODWLYH�HIIHFW�RYHU� VHYHUDO�GD\V�SUHFHGLQJ� VDPSOLQJ��2XU�DQDO\VLV�����
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H[DPLQHG�FRUUHODWLRQV�EHWZHHQ�YDSRU�LVRWRSHV��į��2�DQG�d�H[FHVV��DQG�3acc�IRU�SHULRGV�UDQJLQJ�IURP������GD\V�SULRU�����

WR�VDPSOLQJ��)LJV��6��DQG�6����9DSRU�d�H[FHVV�UHDFKHV�DQ�RSWLPDO�FRUUHODWLRQ�ZLWK�3acc�ZKHQ�FRQVLGHULQJ���GD\V�����

EHIRUH�VDPSOLQJ��3acc_3d���9DSRU�į��2�VKRZV�D�VOLJKWO\�ORQJHU�PHPRU\�DQG�UHDFKHV�DQ�RSWLPDO�FRUUHODWLRQ�DURXQG�������

�� GD\V� EHIRUH� VDPSOLQJ�� )LJ�� ��� VKRZV� WKH� VSDWLDO� GLVWULEXWLRQ� RI� WKHVH� FRUUHODWLRQV��ZKHUH�d�H[FHVV� SRVLWLYHO\�����

FRUUHODWHV�ZLWK�3acc_3d�DFURVV�D�a��î���UHJLRQ�VXUURXQGLQJ�6(73�DQG�H[WHQGLQJ�VRXWKZHVWZDUG�WR�WKH�+LPDOD\DV�����

�)LJ����D���,Q�FRQWUDVW��į��2�VKRZV�VLJQLILFDQW�QHJDWLYH�FRUUHODWLRQV�LQ�VLPLODU�UHJLRQV��)LJ����E���,QWHUHVWLQJO\��HYHQ�����

RQ�QRQ�UDLQ\�GD\V��VLJQLILFDQW�UHJLRQDO�VFDOH�FRUUHODWLRQV�SHUVLVW��DOEHLW�ZHDNHU�DQG�ZLWK�D�VPDOOHU�VSDWLDO�H[WHQW�����

�)LJ��6����� �����

7KHVH� ILQGLQJV SURYLGH� IXUWKHU� HYLGHQFH� IRU� XQGHUVWDQGLQJ� WKH�PHFKDQLVPV�GULYLQJ� WKH� DPRXQW� HIIHFW��7KH�����

QHJDWLYH�FRUUHODWLRQ�EHWZHHQ�į��2�DQG�3acc KDV�DOVR�EHHQ�REVHUYHG�LQ�SUHFLSLWDWLRQ�DQG�FDQ�EH�DWWULEXWHG�WR�HLWKHU�����

FRQWLQXRXV�UDLQRXW��6FKROO�HW�DO���������9XLOOH�HW�DO���������5XDQ�HW�DO���������RU�UDLQ�YDSRU�LQWHUDFWLRQV��/DZUHQFH�����

HW�DO���������5LVL�HW�DO�������D��.XULWD�HW�DO���������:RUGHQ�HW�DO����������:KLOH�FRQWLQXRXV�UDLQRXW��H[SODLQHG�E\�WKH�����

5D\OHLJK�GLVWLOODWLRQ�PRGHO�� DFFRXQWV� IRU� WKH�GHFUHDVLQJ� WUHQG�RI�į��2�ZLWK� LQFUHDVHG� UDLQIDOO��d�H[FHVV� UHPDLQV�����

UHODWLYHO\�VWDEOH�XQOHVV�VSHFLILF�KXPLGLW\�GURSV�WR�YHU\�ORZ�OHYHOV��a��J�NJ���LQ�)LJ���E�IRU�H[DPSOH���7KH�SRVLWLYH�����

FRUUHODWLRQ�EHWZHHQ�YDSRU�d�H[FHVV�DQG�3acc_3d SURYLGHV�DQ�DGGLWLRQDO�FRQVWUDLQW��VXJJHVWLQJ�WKDW�WKH�DPRXQW�HIIHFW�����

LV�QRW�VROHO\�D�UHVXOW�RI�UDLQRXW�EXW�DOVR�LQYROYHV�UDLQ�YDSRU�LQWHUDFWLRQV��ZKLFK�VLJQLILFDQWO\�LQIOXHQFH�YDSRU�LVRWRSHV�����

LQ�WKH�ORZHU�WURSRVSKHUH�� �����

Highlight
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Highlight
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)LJXUH�����5HODWLRQVKLSV�EHWZHHQ�YDSRU�LVRWRSV�IRU�UDLQ\�GD\V��ORFDO�GDLO\�SUHFLSLWDWLRQ�DPRXQW�QRW�OHVV�����

WKDQ���PP��DQG� WRWDO�SUHFLSLWDWLRQ�DPRXQW�DW� WKH�UHJLRQDO� VFDOH�GXULQJ� WKH�VXPPHU�PRQVRRQ�VHDVRQ�� �D������

VSDWLDO�GLVWULEXWLRQ�RI�FRUUHODWLRQ�FRHIILFLHQWV�EHWZHHQ�d�H[FHVV�DQG�WRWDO�SUHFLSLWDWLRQ�DPRXQW�GXULQJ���GD\V�����

SULRU�VDPSOLQJ��3acc_3d����E��LV�WKH�VDPH�DV��D��EXW�IRU�į��2��2QO\�YDOXHV�VLJQLILFDQW�DW�WKH�����VLJQLILFDQFH�����

OHYHO�DUH�VKRZQ��7KH�EODFN�GRWV�LQGLFDWH�WKH�ORFDWLRQ�RI�WKH�6(73�VWDWLRQ��7KH�EODFN�VROLG�OLQHV�GHQRWH�WKH�����

7LEHWDQ�3ODWHDX�ZLWK�DOWLWXGH�FRQWRXU�DW������P������

��,PSOLFDWLRQV�IRU�LQWHUSUHWLQJ�73�LFH�FRUH�LVRWRSH�GDWD�����

,QWHUSUHWLQJ�d�H[FHVV�LQ�PHWHRULF�ZDWHU�DQG�LFH�FRUHV�RQ�WKH�73�LV�FRPSOLFDWHG�E\�HYDSRUDWLRQ�FRQGLWLRQV�RYHU�����

WKH�QRUWKHUQ�,QGLDQ�2FHDQ��5+SST�DQG�667��DQG�FRQWLQHQWDO�UHF\FOLQJ��6KDR�HW�DO���������=KDR�HW�DO���������-RVZLDN�����

HW�DO���������3DQJ�HW�DO���������$Q�HW�DO����������$WWHPSWV�KDYH�EHHQ�PDGH�WR�HVWDEOLVK�UHODWLRQVKLSV�EHWZHHQ�YDSRU�����

d�H[FHVV�DQG�5+STT��&KHQ�HW�DO���������/LX�HW�DO���������DV�ZHOO�DV�EHWZHHQ�LFH�FRUH�d�H[FHVV�DQG�5+STT��6KDR�HW�DO�������

������RU�667��=KDR�HW�DO����������%DVHG�RQ�UHVXOWV�LQ�6HFWLRQ������KRZHYHU��WKH�DSSDUHQW�UHODWLRQVKLSV�DUH�SULPDULO\�����

D�UHVXOW�RI�VLPLODULWLHV�LQ�WKH�VHDVRQDOLW\�RI�WKHVH�YDULDEOHV�� �����

Inserted Text
,
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our results (section 3.3)
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)XUWKHUPRUH��WKH�GLUHFW�FRQWULEXWLRQ�RI�RFHDQLF�YDSRU�WR�KXPLGLW\�DW�6(73�LV�YHU\�OLPLWHG��)LJ������LPSO\LQJ�DQ�����

HYHQ�VPDOOHU�FRQWULEXWLRQ�RYHU�WKH�73�VLQFH�6(73�LV�DW�WKH�IRUHIURQW�RI�PRLVWXUH�WUDQVSRUW�WRZDUG�73��)LJ��6����7KH�����

GRPLQDQW�WHUUHVWULDO�RULJLQ�LQGLFDWHV�VLJQLILFDQW�FRQWLQHQWDO�UHF\FOLQJ��7HUUHVWULDO�SURFHVVHV�VXFK�DV�WUDQVSLUDWLRQ�DQG�����

HYDSRUDWLRQ� LQWURGXFH� LVRWRSLFDOO\� HQULFKHG� PRLVWXUH� DQG� KLJK� d�H[FHVV� VLJQDWXUHV�� UHVSHFWLYHO\�� 0L[LQJ� ZLWK�����

WHUUHVWULDO�VRXUFHV�LV�DOVR�UHIOHFWHG�LQ�WKH�UHODWLRQVKLS�EHWZHHQ�YDSRU�LVRWRSHV�DQG�q��)LJ������6HDVRQDO�FKDQJHV�DQG�����

ORQJ�WHUP�YDULDWLRQV�LQ�SUHFLSLWDWLRQ�DQG�LFH�FRUH�LVRWRSHV�KDYH�EHHQ�LQWHUSUHWHG�DV�VKLIWV�LQ�PRLVWXUH�VRXUFH�EHWZHHQ�����

UHF\FOHG�WHUUHVWULDO�PRLVWXUH�DQG�RFHDQLF�VRXUFHV�RU�WKHLU�UHODWLYH�FRQWULEXWLRQV��$Q�HW�DO���������<DQJ�DQG�<DR�������������

2FHDQLF� PRLVWXUH� LV� W\SLFDOO\� DVVRFLDWHG� ZLWK� WKH� VXPPHU� PRQVRRQ�� ZKLOH� ZHVWHUOLHV� EULQJ� PRLVWXUH� IURP�����

FRQWLQHQWDO�UHF\FOLQJ�RU�HYHQ�WKH�0HGLWHUUDQHDQ�6HD��:DWHU�LVRWRSH�VLJQDWXUHV�RQ�WKH�73�ZHUH�WKRXJKW�WR�UHIOHFW�WKLV�����

LQWHUSOD\�EHWZHHQ�WKH�VXPPHU�PRQVRRQ�DQG�ZHVWHUOLHV��-RVZLDN�HW�DO���������3DQJ�HW�DO���������7LDQ�HW�DO��������������

'HVSLWH� VHDVRQDOO\� VKLIWLQJ� PRLVWXUH� VRXUFHV�� FRQWLQHQWDO� UHF\FOLQJ� SUHYDLOV� WKURXJKRXW� WKH� \HDU� �)LJ�� ���� 2XU�����

DOWHUQDWLYH�SHUVSHFWLYH�H[SODLQV�KLJK�d�H[FHVV�LQGXFHG�E\�ZHVWHUOLHV�DV�GU\�DQG�FROG�DLU�LQWUXVLRQV�UDWKHU�WKDQ�VXUIDFH�����

HYDSRUDWLRQ�RU�HYDSRWUDQVSLUDWLRQ��:KLOH�WKH�LQWHUSOD\�EHWZHHQ�WKH�VXPPHU�PRQVRRQ�DQG�ZHVWHUOLHV�UHPDLQV�YDOLG������

EXW�ZH�HPSKDVL]H�FKDQJHV�LQ�DLU�PDVV�SURSHUWLHV�GULYHQ�E\�GLIIHUHQW�FLUFXODWLRQ�V\VWHPV�� �����

7KH�SURSRVHG�DOWHUQDWLYH�LQWHUSUHWDWLRQ�FRXOG�DOVR�KHOS�H[SODLQ�WKH�DEQRUPDOO\�KLJK�d�H[FHVV�LQ�KLJK�DOWLWXGH�����

LFH�FRUHV�PHQWLRQHG�LQ�WKH�,QWURGXFWLRQ��7KLV�LV�EHFDXVH�VSHFLILF�KXPLGLW\�DW�WKHVH�LFH�FRUH�VLWHV�LV�H[WUHPHO\�ORZ������

DQG�SURORQJHG�LQWHUDFWLRQ�ZLWK�FROG�DQG�GU\�DLU�PD\�IXUWKHU�PRGLI\�VQRZ�LVRWRSH�FRPSRVLWLRQV��0D�HW�DO�������������

:DKO� HW� DO��� ������� ,Q� DGGLWLRQ�� LQWHQVH� UDLQ�YDSRU� LQWHUDFWLRQV� GXULQJ� WKH� VXPPHU� PRQVRRQ� UHSUHVHQW� DQRWKHU�����

SRWHQWLDO� VRXUFH� RI� HOHYDWHG� d�H[FHVV� �6HFWLRQ� ������:KHQ� WKLV� KLJK� d�H[FHVV� YDSRU� FRQWULEXWHV� WR� VXEVHTXHQW�����

SUHFLSLWDWLRQ�� LWV� VLJQDO� FDQ� EH� LQKHULWHG� LQ� WKH� UHVXOWLQJ� SUHFLSLWDWLRQ� �5LVL� HW� DO��� ����E��� +RZHYHU�� D� FOHDU�����

UHODWLRQVKLS�EHWZHHQ�73�SUHFLSLWDWLRQ�d�H[FHVV�DQG�PRQVRRQ�FRQYHFWLRQ�KDV�\HW� WR�EH�HVWDEOLVKHG��SDUWO\�GXH�WR�����

OLPLWHG�DWWHQWLRQ�SDLG�WR�d�H[FHVV�LQ�SUHYLRXV�VWXGLHV��2Q�WKH�RWKHU�KDQG��ORFDO�UDLQGURS�HYDSRUDWLRQ�PD\�FRXQWHUDFW�����
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This sentence sounds not alright, and what about non-monsoon seasons?
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WKLV�HIIHFW�E\�UHGXFLQJ�UDLQGURS�d�H[FHVV�YDOXHV��7KH�RYHUDOO�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�SUHFLSLWDWLRQ�d�H[FHVV�DQG�����

DOWLWXGH�DFURVV�$VLD�KDV�VRPHWLPHV�EHHQ�DWWULEXWHG�WR�VWURQJHU�HYDSRUDWLRQ�DW�ORZHU�DOWLWXGHV��%HUVKDZ���������)RU�����

VQRZIDOO�RQ�JODFLHUV��KRZHYHU��HYDSRUDWLRQ�IRU�IDOOLQJ�VQRZIODNHV�LV�OHVV�OLNHO\�GXH�WR�FROG�WHPSHUDWXUHV�DQG�WKH�����

VKRUW�GLVWDQFH�EHWZHHQ�WKH�FORXG�EDVH�DQG�WKH�JODFLHU�VXUIDFH��7KHUHIRUH��HOHYDWHG�YDSRU�d�H[FHVV�VLJQDOV�FDXVHG�E\�����

DFFXPXODWHG�UDLQ�YDSRU�LQWHUDFWLRQV�DW�XSVWUHDP�DVVRFLDWHG�ZLWK�PRQVRRQ�FRQYHFWLRQ�FRXOG�EH�D�SRVVLEOH�VRXUFH�RI�����

WKH�KLJK�d�H[FHVV�LQ�LFH�FRUHV�� � �����

��&RQFOXVLRQV�����

:H�SUHVHQW�D�WKUHH�\HDU�ORQJ�GDLO\�QHDU�VXUIDFH�YDSRU�LVRWRSH�GDWDVHW�REVHUYHG�DW�WKH�6(73�VWDWLRQ��ZKLFK�LV�����

DW�WKH�PDMRU�FKDQQHO�IRU�PRLVWXUH�HQWHULQJ�WKH�73��7KH�SDLUHG�PHDVXUHPHQWV�RI�YDSRU�LVRWRSHV�DQG�VSHFLILF�KXPLGLW\�����

UHYHDO�GLVWLQFW�PRLVWXUH�VRXUFHV�DQG�G\QDPLFV�EHWZHHQ�QRQ�PRQVRRQ�DQG�VXPPHU�PRQVRRQ�VHDVRQV��FRQVLVWHQW�����

ZLWK�ILQGLQJV�IURP�/DJUDQJLDQ�PRLVWXUH�GLDJQRVWLF��'HVSLWH�VLJQLILFDQW�QHJDWLYH�FRUUHODWLRQV�EHWZHHQ�d�H[FHVV�DQG�����

UHODWLYH�KXPLGLW\�VFDOHG�WR�VHD�VXUIDFH�WHPSHUDWXUH�RYHU�WKH�QRUWKHUQ�,QGLDQ�2FHDQ�ZKHQ�DOO�VHDVRQV�DUH�FRQVLGHUHG������

WKHVH�FRUUHODWLRQV�ZHDNHQ�RU�HYHQ�GLVDSSHDU�ZKHQ�DQDO\]HG�ZLWKLQ�LQGLYLGXDO�VHDVRQV��7KLV�ILQGLQJ�FKDOOHQJHV�WKH�����

HDUOLHU� LQWHUSUHWDWLRQ� RI� 73� d�H[FHVV� DV� LQGLFDWRU� RI� RFHDQLF� HYDSRUDWLRQ� FRQGLWLRQV� DQG� JXDUDQWHHV� QHZ�����

LQWHUSUHWDWLRQV�LQ�WKH�IXWXUH������

'XULQJ�WKH�QRQ�PRQVRRQ�VHDVRQ��YDSRU�d�H[FHVV�LV�SULPDULO\�LQIOXHQFHG�E\�VSHFLILF�KXPLGLW\�DW�ERWK�ORFDO�DQG�����

XSVWUHDP�VFDOHV��$LU�WKDW�KDV�XQGHUJRQH�VLJQLILFDQW�GHK\GUDWLRQ��VLWXDWHG�DW�WKH�ORZHU�HQG�RI�WKH�5D\OHLJK�GLVWLOODWLRQ������

LV�H[SHFWHG�WR�KDYH�H[WUHPHO\�KLJK�d�H[FHVV�YDOXHV��%DFNZDUG�WUDMHFWRU\�DQDO\VHV�DQG�PRLVWXUH�VRXUFH�GLDJQRVWLFV�����

UHYHDO� WKDW� WKH� LQWUXVLRQ� RI� FROG� DQG� GU\� DLU� GULYHQ� E\�ZHVWHUOLHV� GXULQJ� WKH� QRQ�PRQVRRQ� VHDVRQ� OHDGV� WR� WKH�����

LQFUHDVLQJ� WUHQG� LQ� d�H[FHVV� DV� VSHFLILF� KXPLGLW\� GHFUHDVHV�� 7KLV� SURFHVV� DOVR� FRQWULEXWHV� WR� D� ZHDN� QHJDWLYH�����

FRUUHODWLRQ�EHWZHHQ�d�H[FHVV�DQG�į��2��)XUWKHUPRUH��į��2�SULPDULO\�UHIOHFWV�PL[LQJ�SURFHVVHV�LQYROYLQJ�D�UHODWLYHO\�����
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I think you can simply call it "normalized RH", which is what people call in other papers.
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HQULFKHG�PRLVW�HQG�PHPEHU�FRPSDUHG� WR� WKH� VXPPHU�PRQVRRQ�VHDVRQ��7KHVH�QHZ� LQVLJKWV� LQWR�YDSRU�d�H[FHVV�����

GXULQJ�WKH�QRQ�PRQVRRQ�VHDVRQ�SURYLGH�DQ�DOWHUQDWLYH�IUDPHZRUN�IRU�LQWHUSUHWLQJ�WKH�KLJK�d�H[FHVV�LQ�KLJK�DOWLWXGH�����

73�LFH�FRUHV������

'XULQJ�WKH�VXPPHU�PRQVRRQ�VHDVRQ��UDLQ�HYDSRUDWLRQ�HPHUJHV�DV�WKH�GRPLQDQW�SURFHVV�VKDSLQJ�YDSRU�LVRWRSH�����

FRPSRVLWLRQV��)LUVW��į��2�V\VWHPDWLFDOO\�VKLIWV�EHORZ�WKH�5D\OHLJK�GLVWLOODWLRQ�FXUYH��DOLJQLQJ�ZLWK�SUHGLFWLRQV�RI�����

³VXSHU�5D\OHLJK´� GLVWLOODWLRQ� FDXVHG� E\� SDUWLDO� UDLQ� HYDSRUDWLRQ�� 6HFRQG�� į��2� LV� DQWL�FRUUHODWHG�ZLWK�d�H[FHVV������

SRLQWLQJ�WR�NLQHWLF�IUDFWLRQDWLRQ�DV�D�VRXUFH�RI�GHSOHWHG�YDSRU��ZKLFK�FDQQRW�EH�DWWULEXWHG�VROHO\�WR�UDLQRXW��7KLUG������

DW�WKH�UHJLRQDO�VFDOH��į��2�VKRZV�VLJQLILFDQW�QHJDWLYH�FRUUHODWLRQV�ZLWK�WRWDO�SUHFLSLWDWLRQ�DPRXQW��ZKLOH�d�H[FHVV�����

SRVLWLYHO\� FRUUHODWHV�ZLWK� WRWDO� SUHFLSLWDWLRQ� DPRXQW��7KHVH� ILQGLQJV� HQKDQFH�RXU� XQGHUVWDQGLQJ� RI� DWPRVSKHULF�����

KXPLGLW\�G\QDPLFV�DQG�KHOS�GLVHQWDQJOH�WKH�GLIIHUHQW�HIIHFWV�RI�UDLQRXW�DQG�UDLQ�YDSRU�LQWHUDFWLRQV�LQ�WKH�FRQWH[W�RI�����

WKH�DPRXQW�HIIHFW������

7KLV�VWXG\�UHYHDOV�GLVWLQFW�PRLVWXUH�VRXUFHV�DQG�G\QDPLFV�EHWZHHQ�QRQ�PRQVRRQ�DQG�PRQVRRQ�VHDVRQV�RYHU�����

WKH�VRXWKHDVWHUQ�7LEHWDQ�3ODWHDX��7KHVH�ILQGLQJV�ZLOO�DLG�LQ�LQWHUSUHWLQJ�į��2�DQG�d�H[FHVV�UHFRUGV�IURP�7LEHWDQ�����

3ODWHDX�JODFLHUV��RIIHULQJ�UHILQHG�LQVLJKWV�LQWR�SDVW�K\GURFOLPDWLF�FRQGLWLRQV�DQG�FKDOOHQJLQJ�DVVXPSWLRQV�OLQNLQJ�����

LFH�FRUH�LVRWRSHV�WR�RFHDQLF�HYDSRUDWLRQ�DORQH�� �����

&RPSHWLQJ�LQWHUHVWV�����

7KH�DXWKRUV�GHFODUH�WKDW�WKH\�KDYH�QR�FRQIOLFW�RI�LQWHUHVW������

$FNQRZOHGJHPHQWV�����

:H�WKDQN�WKH�HGLWRUV�DQG�WKH�UHIHUHHV�IRU�WKHLU�FRPPHQWV�DQG�VXJJHVHWLRQV��7KLV�UHVHDUFK�ZDV�VXSSRUWHG�E\�WKH�����

1DWLRQDO�.H\�5	'�3URJUDP�RI�&KLQD��*UDQW�����<))����������WKH�1DWLRQDO�1DWXUDO�6FLHQFH�)RXQGDWLRQ�RI�&KLQD�����

�*UDQW� ����������� WKH�<XQQDQ� )XQGDPHQWDO� 5HVHDUFK� 3URMHFWV� �*UDQW� ������$7��������� DQG� WKH� IXQGLQJ� RI�����

Highlight
You have an exact sentence in the first paragraph (sencond sentence) of Conclusion.
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'RQJOX�7DOHQW�<RXQJ�6FKRODU�IURP�WKH�<XQQDQ�8QLYHUVLW\�DQG�VXSSRUW�IRU�\RXQJ�VFKRODUV�IURP�WKH�'RXEOH�)LUVW�����

&ODVV�,QLWLDWLYH�IRU�(FRORJLFDO�'LVFLSOLQHV�RI�WKH�<XQQDQ�8QLYHUVLW\��:H�ZRXOG�OLNH�WR�WKDQN�WKH�VWDII�DW�WKH�6RXWK�����

(DVW�7LEHWDQ�3ODWHDX�6WDWLRQ�IRU�LQWHJUDWHG�REVHUYDWLRQ�DQG�UHVHDUFK�RI�DOSLQH�HQYLURQPHQW�IRU�WKHLU�KHOS�LQ�FROOHFWLQJ�����

ZDWHU�VDPSOHV�DQG�IRU�VKDULQJ�WKH�PHWHRURORJLFDO�GDWD�DW�WKH�VWDWLRQ������

'DWD�DYDLODELOLW\�����

7KH� 12$$� $5/� SURYLGHG� WKH� +<63/,7� PRGHO� DQG� WKH� *'$6� GDWD�����

�KWWSV���ZZZ�UHDG\�QRDD�JRY�+<63/,7�SKS���7KH�&RSHUQLFXV�&OLPDWH�&KDQJH� 6HUYLFH� SURYLGHG� WKH�(5$��GDWD�����

�KWWSV���GRL�RUJ����������FGV�DGEE�G���DQG�KWWSV���GRL�RUJ����������FGV�I�����G����7KH�*30�GDWD�DUH� DYDLODEOH�����

WKURXJK� *(6� ',6&� �KWWSV���GRL�RUJ���������*30�,0(5*��%�++������ /RFDO� PHWHRURORJLFDO� GDWD� DW� WKH� 6(73�����

VWDWLRQ� DUH� SURYLGHG� E\� 1DWLRQDO� 7LEHWDQ� 3ODWHDX� �� 7KLUG� 3ROH� (QYLURQPHQW� 'DWD� &HQWHU�����

�KWWSV���G[�GRL�RUJ����������$WPRVSKHULF3K\VLFV�WSH����GE���7KH�REVHUYDWLRQ�GDWD�DW� WKH�6(73�VWDWLRQ�KDYH�EHHQ�����

XSORDGHG�WR�)LJVKDUH�DQG�ZLOO�EH�PDGH�SXEOLFO\�DYDLODEOH�DIWHU�SXEOLFDWLRQ����������P��ILJVKDUH����������������

$XWKRU�FRQWULEXWLRQV�����

=KRQJ\LQ�&DL��&RQFHSWXDOL]DWLRQ��PHWKRGRORJ\��LQYHVWLJDWLRQ��IRUPDO�DQDO\VLV��IXQGLQJ�DFTXLVLWLRQ��ZULWLQJ�����

RULJLQDO�GUDIW��ZULWLQJ�UHYLHZ�	�HGLWLQJ��5RQJ�/L��,QYHVWLJDWLRQ��GDWD�FXUDWLRQ��ZULWLQJ�UHYLHZ�	�HGLWLQJ��&KHQJ�����

:DQJ��9DOLGDWLRQ��4LXNDL�0DR��,QYHVWLJDWLRQ��/LGH�7LDQ��5HVRXUFHV��SURMHFW�DGPLQLVWUDWLRQ��IXQGLQJ�DFTXLVLWLRQ�� �����
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