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%LDV�$WWULEXWLRQ�RI�WKH�'LXUQDO�9DULDWLRQ�RI�5HJLRQDO�3UHFLSLWDWLRQ���

(YHQWV�RYHU�WKH�0LGGOH�DQG�/RZHU�<DQJW]H�5LYHU�%DVLQ�LQ�6XPPHU���

3UHGLFWHG�E\�WKH�6KDQJKDL�5HJLRQDO�'\QDPLFDO�)RUHFDVW�6\VWHP���

=LTL�/L�����$QQLQJ�+XDQJ���
��*XDQJWDR�'RQJ�����&KXQOHL�*X���5RQJFKDQJ�:X����

���6FKRRO�RI�$WPRVSKHULF�6FLHQFHV��1DQMLQJ�8QLYHUVLW\��1DQMLQJ���������&KLQD���

���6KDQJKDL� &OLPDWH� &HQWHU�� 6KDQJKDL� 0HWHRURORJLFDO� 6HUYLFH�� 6KDQJKDL� ����������

&KLQD���

���.H\�/DERUDWRU\�RI�&LWLHV¶�0LWLJDWLRQ�DQG�$GDSWDWLRQ�WR�&OLPDWH�&KDQJH�LQ�6KDQJKDL����

&KLQD�0HWHRURORJLFDO�$GPLQLVWUDWLRQ��6KDQJKDL���������&KLQD���

���4LQJKDL�/DNH�&RPSUHKHQVLYH�2EVHUYDWLRQ�5HVHDUFK�6WDWLRQ��&KLQHVH�$FDGHP\�RI����

6FLHQFHV��*DQJFKD���������&KLQD����

&RUUHVSRQGLQJ�DXWKRUV��3URI��$QQLQJ�+XDQJ�DQKXDQJ#QMX�HGX�FQ�� ����

3URI��*XDQJWDR�'RQJ�JWGRQJ#����FRP����

����

� ����
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$EVWUDFW����

8VLQJ�KRXUO\�UDLQ�JDXJH�REVHUYDWLRQV�DQG�(5$��UHDQDO\VLV��WKLV�VWXG\�HYDOXDWHV����

WKH�SHUIRUPDQFH�RI�WKH�6KDQJKDL�5HJLRQDO�'\QDPLFDO�)RUHFDVW�6\VWHP��:5)B&)6Y������

DW� OHDG� WLPHV� RI� ��±��� K� LQ� IRUHFDVWLQJ� WKH� GLXUQDO� YDULDWLRQ� RI� VXPPHU� UHJLRQDO����

SUHFLSLWDWLRQ�HYHQWV��53(V��RYHU�WKH�PLGGOH�DQG�ORZHU�<DQJW]H�5LYHU�%DVLQ��0/<5%�����

DQG�LQYHVWLJDWHV�WKH�SRVVLEOH�FDXVHV�UHODWHG�WR�PRGHO�ELDVHV��7KH�UHVXOWV�LQGLFDWH�WKDW����

:5)B&)6Y��FDQ�ZHOO� UHSURGXFH�WKH�GLXUQDO�SKDVH�RI�SUHFLSLWDWLRQ�DPRXQW�RI�53(V����

GHVSLWH�WKH�PDJQLWXGH�RYHUHVWLPDWLRQ�WKURXJKRXW�WKH�GD\��7KH�REVHUYHG�RFFXUUHQFH�RI����

53(V� DQG� FRUUHVSRQGLQJ� DWPRVSKHULF� FLUFXODWLRQ� FDQ� DOVR� EH� UHDVRQDEO\� FDSWXUHG�����

+RZHYHU�� WKH� :5)B&)6Y�� H[KLELWV� D� V\VWHPDWLF� RYHUHVWLPDWLRQ� RI� WKH� LQWHQVLW\�����

RFFXUUHQFH�� DQG� VSDWLDO� FRYHUDJH� RI� 53(V�� )XUWKHU� DQDO\VLV� DWWULEXWHV� WKHVH� ELDVHV����

SULPDULO\� WR� WKH� RYHUHVWLPDWLRQ� RI� G\QDPLF� IDFWRUV�� ZLWK� WKHUPDO� IDFWRUV� SOD\LQJ� D����

VHFRQGDU\�UROH��'\QDPLFDOO\��WKH�:5)B&)6Y��SURGXFHV�D�SHUVLVWHQW�DQRPDORXV�ORZ����

OHYHO� F\FORQH� RYHU� WKH�0/<5%�ZKLFK� OHDGV� WR� WKH� RYHUHVWLPDWLRQ� RI� WKH� ORZ�OHYHO����

VRXWKZHVWHUO\� ZLQGV� DQG� ZDWHU� YDSRXU� IOX[� FRQYHUJHQFH� �:9)&��� DFWLQJ� DV� WKH����

GRPLQDQW�GULYHU�IRU�WKH�RYHUHVWLPDWHG�QRFWXUQDO�53(V��7KHUPDOO\��D�ZDUP�ELDV�LQ�WKH����

SUHGLFWHG�GD\WLPH�VXUIDFH�FRQGLWLRQV�OHDGV�WR�D�PRUH�XQVWDEOH�ORZHU�WURSRVSKHUH�DQG����

VWUHQJWKHQHG� FRQYHFWLYH� DYDLODEOH� SRWHQWLDO� HQHUJ\� �&$3(��� 5DWKHU� WKDQ� DFWLQJ����

LQGHSHQGHQWO\��WKLV�RYHUHVWLPDWHG�GD\WLPH�LQVWDELOLW\�FRPELQHV�ZLWK�VWURQJ�:9)&�DQG����

HYDSRUDWLRQ�� IXQFWLRQLQJ�DV� D� V\QHUJLVWLF� IDFWRU� WKDW� FXOPLQDWHV� LQ� WKH�RYHUHVWLPDWHG����

GD\WLPH�53(V��%\� HYDOXDWLQJ� WKH� FDSDELOLW\� LQ� SUHGLFWLQJ�53(V� DQG� HOXFLGDWLQJ� WKH����
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VRXUFHV� RI� PRGHO� ELDVHV�� WKLV� VWXG\� SURYLGHV� D� VFLHQWLILF� EDVLV� IRU� RSWLPL]LQJ� DQG����

PRGLI\LQJ�WKH�SK\VLFDO�SDUDPHWHUL]DWLRQ�VFKHPHV�RI�:5)B&)6Y��LQ�IXWXUH�����

.H\� ZRUGV�� WKH� PLGGOH� DQG� ORZHU� <DQJW]H� 5LYHU� EDVLQ�� GLXUQDO� YDULDWLRQ� RI����

SUHFLSLWDWLRQ��VXPPHU��UHJLRQDO�SUHFLSLWDWLRQ�HYHQWV��SUHGLFWLRQ��ELDV�DWWULEXWLRQ� ����

KWWSV���GRL�RUJ���������V��������������������

$UWLFOH�+LJKOLJKWV�����

z� 7KH�:5)B&)6Y��FDQ�ZHOO�FDSWXUH�WKH�VSDWLDO�GLVWULEXWLRQ�RI�VXPPHU�SUHFLSLWDWLRQ����

LQ�0/<5%��DOWKRXJK�LW�WHQGV�WR�RYHUHVWLPDWH�WKH�PDJQLWXGH�����

z� 7KH�GLXUQDO�F\FOH�SDWWHUQ�RI�WKH�UHJLRQDO�SUHFLSLWDWLRQ�DPRXQW�LQ�0/<5%�FDQ�EH����

ZHOO�UHSURGXFHG�E\�WKH�:5)B&)6Y������

z� 7KH� RYHUHVWLPDWLRQ� RI� SUHFLSLWDWLRQ� LV� PDLQO\� DWWULEXWHG� WR� WKH� RYHUHVWLPDWHG����

DWPRVSKHULF�G\QDPLFDO�IDFWRUV�����

���
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���,QWURGXFWLRQ����

7KH� GLXUQDO� F\FOH� RI� SUHFLSLWDWLRQ� LV� D� IXQGDPHQWDO� FRPSRQHQW� RI� WKH� (DUWK
V����

FOLPDWH�V\VWHP��SULPDULO\�GULYHQ�E\�VRODU�UDGLDWLRQ�DQG�LQIOXHQFHG�E\�ERWK�UHJLRQDO�DQG����

V\QRSWLF�VFDOH�G\QDPLF�DQG�WKHUPDO�FRQGLWLRQV��'DL�HW�DO���������6RURRVKLDQ�HW�DO������������

'DL�DQG�7UHQEHUWK���������([WHQVLYH�UHVHDUFK�KDV�EHHQ�GHGLFDWHG�WR�XQGHUVWDQGLQJ�WKH����

FKDUDFWHULVWLFV��PHFKDQLVPV��DQG�SURSDJDWLRQ�RI�WKH�GLXUQDO�YDULDWLRQ�RI�SUHFLSLWDWLRQ����

�=KRX�HW�DO���������&KHQ�HW�DO���������&KHQ�HW�DO���������*XR�HW�DO���������:X�HW�DO������

������;XH� HW� DO��� ������=KX� HW� DO��� ������ )X� HW� DO��� ������=KDQJ� HW� DO��� ������� ,W� LV����

JHQHUDOO\�FKDUDFWHUL]HG�E\�D�SUHFLSLWDWLRQ�GLXUQDO�SHDN�LQ�WKH�ODWH�DIWHUQRRQ�RYHU�ODQG����

DQG�LQ�WKH�HDUO\�PRUQLQJ�RYHU�WKH�RFHDQ�����

7KH�PLGGOH�DQG�ORZHU�<DQJW]H�5LYHU�%DVLQ��0/<5%��OLHV�ZLWKLQ�WKH�(DVW�$VLDQ����

PRQVRRQ�UHJLRQ�DQG�FRQVWLWXWHV�D�FRUH�DUHD�RI�WKH�<DQJW]H�5LYHU�(FRQRPLF�%HOW��ZKHUH����

SRSXODWLRQ� DQG� LQGXVWU\� DUH� KLJKO\� FRQFHQWUDWHG�� ,WV� GHQVH� XUEDQ� DJJORPHUDWLRQV�����

DJULFXOWXUDO� SURGXFWLRQ� DUHDV�� DQG� WUDQVSRUWDWLRQ� LQIUDVWUXFWXUH� PDNH� WKH� UHJLRQ����

SDUWLFXODUO\�YXOQHUDEOH�WR�SHUVLVWHQW�KHDY\�UDLQIDOO��3HUVLVWHQW�KHDY\�UDLQIDOO�LV�D�SULPDU\����

FDXVH� RI� VHFRQGDU\� PHWHRURORJLFDO� GLVDVWHUV� VXFK� DV� VXPPHU� IORRGV�� XUEDQ����

ZDWHUORJJLQJ�� DQG� ODQGVOLGHV�� SRVLQJ� VLJQLILFDQW� FKDOOHQJHV� WR� VRFLRHFRQRPLF����

GHYHORSPHQW��+X�HW�DO���������7DQJ�HW�DO���������=HQJ�HW�DO���������:X�HW�DO����������7KH����

GLXUQDO�F\FOH�RI�VXPPHU�SUHFLSLWDWLRQ�LQ�WKH�0/<5%�H[KLELWV�XQLTXH�IHDWXUHV�DULVLQJ����

IURP�FRPSOH[�LQWHUDFWLRQV�DPRQJ�VXUIDFH�KHDWLQJ��RURJUDSK\��DQG�WKH�PRQVRRQ�IORZ����

�<X�HW�DO�������D��<X�HW�DO�������E���6SHFLILFDOO\��LW�GLVSOD\V�D�ELPRGDO�SKDVH�ZLWK�RQH����

GLXUQDO�SHDN�DW�������%HLMLQJ�WLPH��%-7��DQG�WKH�RWKHU�DW�������%-7��;X�HW�DO������������
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:HL� HW� DO��� ������� 7KH� PRUQLQJ� SHDN� LV� SUHGRPLQDQWO\� DVVRFLDWHG� ZLWK� VWUDWLIRUP����

SUHFLSLWDWLRQ�� ZKHUHDV� WKH� ODWH� DIWHUQRRQ� SHDN� LV� OLQNHG� WR� FRQYHFWLYH� SUHFLSLWDWLRQ����

�&KHQ�HW�DO���������:X�HW�DO����������)XUWKHUPRUH��WKH�JHRJUDSKLFDO�GLVWULEXWLRQ�RI�WKH����

SUHFLSLWDWLRQ� GLXUQDO� YDULDWLRQ� DORQJ� WKH� <DQJW]H� 5LYHU� YDOOH\� H[KLELWV� D� GLVWLQFW����

HDVWZDUG�SURSDJDWLQJ� SKDVH� GHOD\� LQ� WKH� WLPLQJ� RI� WKH� SUHFLSLWDWLRQ� GLXUQDO� SHDN�����

1RWDEO\��RYHU�����RI�WKH�VXPPHU�SUHFLSLWDWLRQ�LQ�WKH�0/<5%�LV�FRQWULEXWHG�E\�WKH����

53(V�FKDUDFWHUL]HG�E\�ODUJH�VSDWLDO�FRYHUDJH�DQG�ORQJ�GXUDWLRQ��:X�HW�DO����������*LYHQ����

WKDW�53(V� DUH� WKH� SULPDU\� GULYHUV� RI� VHYHUH� UHJLRQDO� IORRGLQJ� DQG� LQYROYH� FRPSOH[����

LQWHUDFWLRQV�EHWZHHQ�V\QRSWLF�IRUFLQJ�DQG�PHVRVFDOH�V\VWHPV��LPSURYLQJ�WKH�IRUHFDVW����

VNLOO�RI�WKH�53(V�LV�RI�KLJK�SULRULW\�IRU�GLVDVWHU�SUHYHQWLRQ�DQG�PLWLJDWLRQ�� ����

7KH�DFFXUDWH�VLPXODWLRQ�RI�WKH�GLXUQDO�YDULDWLRQ�RI�SUHFLSLWDWLRQ�VHUYHV�DV�D�FULWLFDO����

EHQFKPDUN�IRU�HYDOXDWLQJ�WKH�SHUIRUPDQFH�RI�QXPHULFDO�ZHDWKHU�DQG�FOLPDWH�PRGHOV����

�'DL�� ������� 7KH� DELOLW\� RI� D� QXPHULFDO� PRGHO� WR� SUHFLVHO\� FDSWXUH� WKH� SKDVH� DQG����

DPSOLWXGH� RI� WKH� SUHFLSLWDWLRQ� GLXUQDO� F\FOH� SUHVHQWV� D� VWULQJHQW� WHVW� RI� LWV� LQWHUQDO����

SK\VLFDO�SDUDPHWHUL]DWLRQ�VFKHPHV��LQFOXGLQJ�WKRVH�IRU�FRQYHFWLRQ��SODQHWDU\�ERXQGDU\����

OD\HU��3%/��HYROXWLRQ��DQG�ODQG�VXUIDFH�SURFHVVHV��4LDR�DQG�/LDQJ��������<DQJ�HW�DO������

������ =KDR� HW� DO��� ������� ([LVWLQJ� PRGHO� HYDOXDWLRQV� VXJJHVW� WKDW� FRQYHFWLRQ����

SDUDPHWHUL]HG� VLPXODWLRQV� WHQG� WR� SURGXFH� UDLQIDOO� WRR� IUHTXHQWO\�� XQGHUHVWLPDWH����

UDLQIDOO� LQWHQVLW\�� DQG� VKLIW� WKH�GLXUQDO�SHDN� WRR�HDUO\�RYHU� WKH� ORZHU�<DQJW]H�5LYHU�����

ZKHUHDV� FRQYHFWLRQ�SHUPLWWLQJ� VLPXODWLRQV� LPSURYH� WKH� SKDVH� DQG� GXUDWLRQ� RI����

SUHFLSLWDWLRQ�EXW�RIWHQ�UHPDLQ�WRR�ZHW�DQG�PD\�RYHU�DPSOLI\�HDUO\�PRUQLQJ�UDLQIDOO�RU����

HDVWZDUG�SURSDJDWLQJ�SUHFLSLWDWLRQ�VLJQDOV� OLQNHG� WR�DQ�RYHUO\�VWURQJ�QRFWXUQDO� ORZ����
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OHYHO�MHW��*XR�HW�DO���������/L�HW�DO�������E��'RQJ�HW�DO�������������

:KLOH�SUHYLRXV�VWXGLHV�KDYH�H[WHQVLYHO\�HYDOXDWHG�WKHVH�ELDVHV��PRVW�KDYH�UHOLHG����

RQ� VLQJOH�VLWH� RU� JULG�SRLQW� EDVHG� DVVHVVPHQWV�� 7KLV� WUDGLWLRQDO� DSSURDFK� WUHDWV����

SUHFLSLWDWLRQ�DV�LVRODWHG�RFFXUUHQFHV�LQ�VSDFH��QHJOHFWLQJ�WKH�VSDWLRWHPSRUDO�HYROXWLRQ����

RI�SUHFLSLWDWLRQ�V\VWHPV��*XR�HW�DO���������+X�DQG�<XDQ���������$FWXDO�SUHFLSLWDWLRQ����

V\VWHPV��HVSHFLDOO\�53(V��SRVVHVV�VSHFLILF�OLIH�F\FOHV��PRYLQJ�WUDMHFWRULHV��DQG�VSDWLDO����

H[WHQWV��7KHUHIRUH��WR�HIIHFWLYHO\�GLDJQRVH�WKH�NH\�SK\VLFDO�GHILFLHQFLHV�LQ�PRGHOV��LW�LV�����

LPSHUDWLYH� WR� VKLIW� IURP� VLQJOH�SRLQW� VWDWLVWLFV� WR� DQ�53(� HYDOXDWLRQ� IRFXVHG� RQ� WKH�����

HQWLUH�OLIHF\FOH�RI�SUHFLSLWDWLRQ�HYHQWV������

7R�DGGUHVV�WKHVH�OLPLWDWLRQV�DQG�GHHSHQ�WKH�XQGHUVWDQGLQJ�RI�PRGHO�EHKDYLRUV��WKLV�����

VWXG\� XWLOL]HV� KLJK�UHVROXWLRQ� REVHUYDWLRQDO� GDWD� DQG� WKH� IRUHFDVW� UHVXOWV� RI�����

:5)B&)6Y��WR�V\VWHPDWLFDOO\�LQYHVWLJDWH�WKH�DELOLW\�RI�:5)B&)6Y��LQ�SUHGLFWLQJ�WKH�����

GLXUQDO�YDULDWLRQ�RI�53(V�RYHU�WKH�0/<5%�LQ�VXPPHU�DQG�SRVVLEOH�FDXVHV�UHODWHG�WR�����

WKH�PRGHO�ELDVHV��7KLV�VWXG\�DLPV�WR�DGGUHVV�WKH�IROORZLQJ�TXHVWLRQV������+RZ�LV�WKH�����

DELOLW\�RI�WKH�:5)B&)6Y��LQ�SUHGLFWLQJ�WKH�GLXUQDO�YDULDWLRQ�RI�53(V�LQ�VXPPHU�RYHU�����

WKH�0/<5%"�����:KDW�DUH�WKH�PDLQ�VRXUFHV�RI�WKH�PRGHO�HUURUV"�����

7KH�UHPDLQGHU�RI�WKLV�VWXG\�LV�RUJDQL]HG�DV�IROORZV��6HFWLRQ���GHVFULEHV�WKH�GDWD�����

VHWV�DQG�PHWKRGV�XVHG�LQ�WKLV�VWXG\��,Q�6HFWLRQ����WKH�SHUIRUPDQFH�RI�:5)B&)6Y��LQ�����

SUHGLFWLQJ�WKH�GLXUQDO�F\FOH�RI�53(V�RYHU�WKH�0/<5%�LQ�VXPPHU�DQG�SRVVLEOH�FDXVHV�����

UHODWHG� WR�PRGHO�ELDVHV�DUH�DGGUHVVHG��7KH�VXPPDU\�DQG�GLVFXVVLRQ�DUH�SURYLGHG� LQ�����

6HFWLRQ��������
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���'DWD�DQG�0HWKRGV�����

����'DWD�����

7KH�GDWDVHWV�XVHG�LQ�WKLV�VWXG\�DUH�GHVFULEHG�EHORZ�� �����

7KH�VWXG\�DUHD�DQG�UDLQ�JDXJH�GDWD��7KH�0/<5%�LV�GHILQHG�DV�WKH�UHJLRQ�ZLWKLQ�����

���±���1�DQG�����±����(��7KH�KRXUO\�REVHUYHG� UDLQ�JDXJH�SUHFLSLWDWLRQ�GDWD� IURP�����

�����VWDWLRQV�RYHU�WKH�0/<5%��)LJ���E��LQ�WKH�VXPPHUV��-XQH±$XJXVW��RI������WR����������

DUH� SURYLGHG�E\� WKH�&KLQD�0HWHRURORJLFDO�$GPLQLVWUDWLRQ� �&0$���ZKLFK�KDYH�EHHQ�����

TXDOLW\�FRQWUROOHG�E\�1DWLRQDO�0HWHRURORJLFDO�,QIRUPDWLRQ�&HQWHU�RI�&0$��=KDQJ�HW�����

DO���������� �����

�����

)LJ�� ��� �D�� 6SDWLDO� GLVWULEXWLRQ� RI� WHUUDLQ� KHLJKW� RYHU� WKH� VLPXODWLRQ� UHJLRQ� LQ� WKH�����

:5)B&)6Y���7KH�DUHD�HQFORVHG�E\�WKH�GDVKHG�OLQH�LV�WKH�0/<5%�UHJLRQ��E�����±���1������

����±����(��VWXGLHG�LQ�WKLV�SDSHU������

7KLV� VWXG\� XWLOL]HG� WKH� (5$�� UHDQDO\VLV� GDWDVHW� IURP� WKH� (XURSHDQ� &HQWUH� IRU�����

0HGLXP�5DQJH�:HDWKHU� )RUHFDVWV� �(&0:)�� �+HUVEDFK� HW� DO��� ������� ZKLFK� KDV� D�����
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WHPSRUDO�UHVROXWLRQ�RI�RQH�KRXU��VSDWLDO�UHVROXWLRQ�RI�������î�������DW����SUHVVXUH�OHYHOV������

3UHVVXUH�OHYHO�YDULDEOHV�XVHG�LQ�WKLV�VWXG\�LQFOXGH�WKH�X��DQG�Y�FRPSRQHQWV�RI�ZLQG������

JHRSRWHQWLDO�KHLJKW��DLU� WHPSHUDWXUH��YHUWLFDO�YHORFLW\��DQG�VSHFLILF�KXPLGLW\��6LQJOH�����

OHYHO�YDULDEOHV�LQFOXGH�WRWDO�FROXPQ�ZDWHU�YDSRXU��HYDSRUDWLRQ��WRWDO�SUHFLSLWDWLRQ��DQG�����

&$3(��,Q�DGGLWLRQ��WKH��P�DLU�WHPSHUDWXUH��VXUIDFH�ODWHQW�DQG�VHQVLEOH�KHDW�IOX[HV�GDWD�����

IURP� WKH�(5$��/DQG� UHDQDO\VLV�GDWDVHW�ZLWK�D� VSDWLDO� UHVROXWLRQ�RI������î������DQG�����

WHPSRUDO�UHVROXWLRQ�RI���KRXU�DUH�DOVR�XVHG�LQ�WKLV�VWXG\������

7KH� JOREDO� WHUUDLQ� GDWD� XVHG� LQ� WKLV� VWXG\� LV� GHULYHG� IURP� WKH� ����� *HQHUDO�����

%DWK\PHWULF� &KDUW� RI� WKH� 2FHDQV� �*(%&2B������� 7KLV� GDWDVHW� SURYLGHV� JOREDO�����

FRYHUDJH�RI�ODQG�HOHYDWLRQ�DQG�RFHDQ�EDWK\PHWU\�GDWD�LQ�PHWHUV��P��ZLWK�D�KRUL]RQWDO�����

VSDWLDO�UHVROXWLRQ�RI����DUF�VHFRQGV��*(%&2�%DWK\PHWULF�&RPSLODWLRQ�*URXS�����������

�����������

7KH� IRUHFDVW� GDWD� XVHG� LQ� WKLV� VWXG\�ZHUH� JHQHUDWHG� E\� WKH�6KDQJKDL�5HJLRQDO�����

'\QDPLFDO�)RUHFDVW�6\VWHP��:5)B&)6Y���� ,QLWLDWHG� LQ������DQG�GHYHORSHG�E\� WKH�����

6KDQJKDL�&OLPDWH�&HQWHU�EDVHG�RQ�WKH�:5)�$5:�PRGHO�YHUVLRQ��������6NDPDURFN�HW�����

DO��� ������� WKH� V\VWHP� KDV� EHHQ� RSHUDWLRQDO� VLQFH� -XO\� ������ 7KH� RSHUDWLRQDO�����

:5)B&)6Y�� LV� D� VLQJOH�PHPEHU� GHWHUPLQLVWLF� IRUHFDVWLQJ� V\VWHP� FDSDEOH� RI�����

SURGXFLQJ�IRUHFDVWV�ZLWK�OHDG�WLPHV�RI�XS�WR����GD\V��+RZHYHU��WKH�DUFKLYHG����GD\�����

RSHUDWLRQDO�SURGXFWV�GR�QRW� FRQWDLQ� WKH� FRQWLQXRXV�KRXUO\�PRGHO�RXWSXW� UHTXLUHG� WR�����

DQDO\]H� WKH�SUHFLSLWDWLRQ�GLXUQDO� F\FOH��7KHUHIRUH�� WKLV� VWXG\�XVHV�D�GHGLFDWHG� VHW�RI�����

UHWURVSHFWLYH�IRUHFDVWV�IRU�WKH�VXPPHUV�RI�����±������7KH�UHWURVSHFWLYH�IRUHFDVWV�ZHUH�����

SURGXFHG� RQ� WKH� QDWLYH���NP�:5)B&)6Y��JULG��7KH�PRGHO� GRPDLQ� FRYHUV�(DVWHUQ�����
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&KLQD� �)LJ�� �D�� ZLWK� ���� î� ���� KRUL]RQWDO� JULG� SRLQWV� DQG� ��� YHUWLFDO� OHYHOV�� 7KH�����

SK\VLFDO� SDUDPHWHUL]DWLRQ� VFKHPHV� XVHG� LQFOXGH� WKH� :60�� PLFURSK\VLFV� VFKHPH�����

�+RQJ� HW� DO��� ������� WKH�<RQVHL�8QLYHUVLW\� �<68�� SODQHWDU\� ERXQGDU\� OD\HU� VFKHPH�����

�+RQJ�HW�DO����������WKH�1RDK�ODQG�VXUIDFH�PRGHO��&KHQ�DQG�'XGKLD���������WKH�5570*�����

VFKHPHV�IRU�VKRUW��DQG�ORQJ�ZDYH�UDGLDWLRQ��,DFRQR�HW�DO����������DQG�WKH�*UHOO�)UHLWDV�����

�*)��FXPXOXV�SDUDPHWHUL]DWLRQ�VFKHPH��*UHOO�DQG�)UHLWDV���������7KH�LQLWLDO�DQG�ODWHUDO�����

ERXQGDU\� FRQGLWLRQV� IRU� WKH� :5)B&)6Y�� ZHUH� GHULYHG� IURP� WKH� ��KRXUO\� 1&(3�����

&OLPDWH�)RUHFDVW�6\VWHP�9HUVLRQ����&)6Y���IRUHFDVWV�DW�D�KRUL]RQWDO�UHVROXWLRQ�RI����������

î������ � �6DKD�HW�DO����������7KH�UHWURVSHFWLYH�IRUHFDVW�LQLWLDOL]HG�DW�������87&�RI�HDFK�����

GD\�LQ�VXPPHU�ZDV�UXQ�ZLWK�D�UROOLQJ�IRUHFDVW�RI�IXWXUH����KRXUV��)ROORZLQJ�&DL�HW�DO������

��������WR�DYRLG�WKH�LPSDFW�RI�WKH�LQLWLDO�VSLQ�XS�SHULRG��ZH�XWLOL]HG�WKH�UHVXOWV�GXULQJ�����

WKH�IRUHFDVW�SHULRG�RI�������K�IRU�DQDO\VLV�� �����

����0HWKRGV�����

,Q�WKLV�VWXG\��D�WKUHVKROG�RI�����PP�Kqï�LV�DSSOLHG�WR�GHILQH�YDOLG�SUHFLSLWDWLRQ�IRU�����

HDFK� KRXU�� )ROORZLQJ� =KRX� HW� DO�� ������� DQG�:X� HW� DO�� �������� WKH� FOLPDWLF� PHDQ�����

SUHFLSLWDWLRQ�DPRXQW�LV�FDOFXODWHG�DV�WKH�DFFXPXODWHG�YDOLG�SUHFLSLWDWLRQ�GLYLGHG�E\�WKH�����

WRWDO� KRXUV� GXULQJ� WKH� VXPPHUV� RI� ����±������ WKH� FOLPDWLF� PHDQ� SUHFLSLWDWLRQ�����

IUHTXHQF\�LV�WKH�SHUFHQWDJH�RI�WKH�WRWDO�SUHFLSLWDWLQJ�KRXUV�WR�WKH�WRWDO�KRXUV�RI�WKH�������

VXPPHUV�� DQG� WKH� FOLPDWLF� PHDQ� SUHFLSLWDWLRQ� LQWHQVLW\� HTXDOV� WKH� FOLPDWLF� PHDQ�����

SUHFLSLWDWLRQ� DPRXQW� GLYLGHG� E\� WKH� FOLPDWLF�PHDQ� SUHFLSLWDWLRQ� IUHTXHQF\��:H� XVH�����

%HLMLQJ�WLPH��%-7��WR�UHYHDO�WKH�GLXUQDO�YDULDWLRQ�RI�SUHFLSLWDWLRQ�FKDUDFWHULVWLFV�DQG�����

ODUJH�VFDOH�DWPRVSKHULF�FLUFXODWLRQ�LQ�RXU�DQDO\VLV������
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,Q�WKLV�VWXG\��WR�GLUHFWO\�HYDOXDWH�WKH�PRGHO
V�SHUIRUPDQFH�DW�VWDWLRQ�ORFDWLRQV�ZKLOH�����

DYRLGLQJ�VSDWLDO�VPRRWKLQJ��ZH�XVHG�WKH�QHDUHVW�QHLJKERU�PHWKRG�WR�PDWFK�WKH�PRGHO�����

JULG�SRLQW�YDOXHV� WR� VWDWLRQ�FRRUGLQDWHV� IRU� DQDO\]LQJ� WKH�SUHFLSLWDWLRQ��$WPRVSKHULF�����

FLUFXODWLRQ�DQG�PRLVWXUH�YDULDEOHV�RQ�SUHVVXUH�OHYHOV�ZHUH�ELOLQHDUO\�LQWHUSRODWHG�RQWR�����

WKH� ������ î� ������ (5$�� JULG�� ZKHUHDV� QHDU�VXUIDFH� YDULDEOHV�� LQFOXGLQJ� ��P� DLU�����

WHPSHUDWXUH� DQG� VXUIDFH� VHQVLEOH� DQG� ODWHQW�KHDW� IOX[HV��ZHUH�ELOLQHDUO\� LQWHUSRODWHG�����

RQWR�WKH�FRUUHVSRQGLQJ������î������(5$��/DQG�JULG�� �����

$Q�53(�LV�GHILQHG�DV�WKH�SHUVLVWHQW�RFFXUUHQFH�RI�ZLGHVSUHDG�SUHFLSLWDWLRQ�ZLWKLQ�����

D�JLYHQ�UHJLRQ��/L�HW�DO�������D��+X�DQG�<XDQ���������)RU�REVHUYDWLRQDO�GDWD��ZH�ILUVW�����

FUHDWHG�D�WLPH�VHULHV�RI�WKH�QXPEHU�RI�VWDWLRQV�ZLWK�VLPXOWDQHRXV�SUHFLSLWDWLRQ�����������

PP�Kqï��IRU�HDFK�KRXU�GXULQJ�WKH�VXPPHUV�RI�����±������)ROORZLQJ�WKH�DSSURDFK�RI�����

*XR� HW� DO�� �������� DQ� KRXU� LV� FODVVLILHG� DV� DQ� 53(� KRXU� LI� WKH� SUHFLSLWDWLRQ� VSDWLDO�����

FRYHUDJH�HTXDOV�RU�H[FHHGV�����RI� WKH� WRWDO�QXPEHU�RI�VWDWLRQV�LQ� WKH�0/<5%��1R�����

DGGLWLRQDO�PLQLPXP�GXUDWLRQ�FULWHULRQ�LV�LPSRVHG��FRQVHFXWLYH�53(�KRXUV�FRQVWLWXWH�D�����

VLQJOH�53(��ZKHUHDV� WZR�53(� SHULRGV� VHSDUDWHG� E\� DW� OHDVW� RQH� QRQ�53(� KRXU� DUH�����

WUHDWHG�DV�WZR�LQGHSHQGHQW�HYHQWV��$Q�KRXU�WKDW�PHHWV�WKH�YDOLG�SUHFLSLWDWLRQ�WKUHVKROG�����

EXW�KDV�D�VSDWLDO�FRYHUDJH�EHORZ�����LV�GHILQHG�DV�DQ�/3(�KRXU��7DEOH���VXPPDUL]HV�����

WKH�GLIIHUHQFHV�EHWZHHQ�53(V�DQG�/3(V������

�����

7DEOH����'HILQLWLRQV�RI�UHJLRQDO�SUHFLSLWDWLRQ�HYHQWV��53(V��DQG�ORFDO�SUHFLSLWDWLRQ�����

HYHQWV��/3(V������

Page 10 of 43

https://mc03.manuscriptcentral.com/aasiap

Advances in Atmospheric Sciences

in 
pre

ss



For Review Only

���

(YHQW�

W\SH�

9DOLG�

SUHFLSLWDWLRQ�

WKUHVKROG�

6SDWLDO�

FRYHUDJH�

FULWHULRQ�

7HPSRUDO�FULWHULRQ�DQG�HYHQW�

VHSDUDWLRQ�

53(�

+RXUO\�VWDWLRQ�

SUHFLSLWDWLRQ���

����PP�K�ï�

3HUFHQWDJH�RI�

VWDWLRQV�ZLWK�

YDOLG�

SUHFLSLWDWLRQ���

����

&RQVHFXWLYH�53(�KRXUV�FRQVWLWXWH�D�

VLQJOH�HYHQW��7ZR�53(�SHULRGV�

VHSDUDWHG�E\�DW�OHDVW�RQH�QRQ�53(�

KRXU�DUH�WUHDWHG�DV�WZR�HYHQWV��1R�

PLQLPXP�GXUDWLRQ�LV�LPSRVHG��

/3(�

+RXUO\�VWDWLRQ�

SUHFLSLWDWLRQ���

����PP�K�ï�

���

�3HUFHQWDJH�RI�

VWDWLRQV�ZLWK�

YDOLG�

SUHFLSLWDWLRQ���

����

$�YDOLG�SUHFLSLWDWLRQ�KRXU�WKDW�GRHV�

QRW�PHHW�WKH�VSDWLDO�FRYHUDJH�

FULWHULRQ�IRU�DQ�53(��

%DVHG�RQ�WKLV�FULWHULRQ��ZH�GHWHFWHG������53(�RFFXUUHQFH�KRXUV�LQ�WKH�VXPPHUV�����

RI������������$Q�LQGLYLGXDO�53(�LV�GHILQHG�E\�D�SHULRG�RI�FRQWLQXRXV�53(�KRXUV��D�����

WRWDO�RI�����53(V�DUH�REWDLQHG��)RU�HYDOXDWLQJ�WKH�:5)B&)6Y�
V�DELOLW\�WR�UHSURGXFH�����

WKH� GLXUQDO� FKDUDFWHULVWLFV� RI� REVHUYHG� 53(V�� WKH� DQDO\VLV� RI� SUHFLSLWDWLRQ� DPRXQW������

LQWHQVLW\�� DQG� VSDWLDO� FRYHUDJH� UDWH� �WKH� UDWLR� RI� WKH� QXPEHU� RI� VWDWLRQV� ZLWK� YDOLG�����

SUHFLSLWDWLRQ� WR� WKH� WRWDO�QXPEHU�RI�VWDWLRQV� LQ� WKH�0/<5%�GXULQJ� WKH�53(V��RI� WKH�����

53(V�IRFXVHV�RQ�WKH�WLPH�SHULRGV�FRUUHVSRQGLQJ�WR�WKHVH�REVHUYHG�����53(V������

)ROORZLQJ�:X�HW�DO����������IRU�HDFK�53(�KRXU��ZH�GHILQH�WKH�QXPEHU�RI�VWDWLRQV�����

ZLWK�YDOLG�SUHFLSLWDWLRQ�DV� N��ZKLOH�WKH�WRWDO�QXPEHU�RI�REVHUYHG�VWDWLRQV�LV�������DQG�����

WKH�UDLQIDOO�DW� WKH� i� VWDWLRQ�DPRQJ�WKH� N� SUHFLSLWDWLRQ�VWDWLRQV�DV� ri��7KH�UHJLRQDOO\�����

PHDQ�SUHFLSLWDWLRQ�DPRXQW��LQWHQVLW\�DQG�WKH�VSDWLDO�FRYHUDJH�UDWH�DW�HDFK�53(�KRXU�FDQ�����

EH�JLYHQ�E\������

� 3UHFLSLWDWLRQ DPRXQW  

N

i

i=1

r

1329

¦
� � � � � � � � � � � � � � � � � � � ��������
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� 3UHFLSLWDWLRQ LQWHQVLW\  

N

i

i=1

r

N

¦
� � � � � � � � � � � � � � � � � � � ��������

� &RYHUDJH UDWH  
N

×100%
1329

� � � � � � � � � � � � � � � � � � � ��������

8VLQJ�WKHVH�HTXDWLRQV��WLPH�VHULHV�IRU�SUHFLSLWDWLRQ�DPRXQW��LQWHQVLW\��DQG�FRYHUDJH�����

UDWH�DUH�REWDLQHG�IRU�HDFK�53(�KRXU��7R�HYDOXDWH�WKH�:5)B&)6Y�
V�IRUHFDVWLQJ�VNLOO������

ZH�LGHQWLILHG�SUHGLFWHG�53(�KRXUV�XVLQJ�WKH�VDPH�REVHUYDWLRQDO�WKUHVKROG��FRYHUDJH�����

UDWH�N� ������7KH�KLW�UDWH�LV�GHILQHG�DV�WKH�QXPEHU�RI�KRXUV�LGHQWLILHG�DV�53(�KRXUV�����

E\�ERWK�WKH�:5)B&)6Y��DQG�WKH�REVHUYDWLRQV�GLYLGHG�E\�WKH�WRWDO�QXPEHU�RI�REVHUYHG�����

53(�KRXUV��7KH�GLXUQDO� F\FOH�RI� WKH�KLW� UDWH� LV� FDOFXODWHG�E\� VHSDUDWHO\� WDOO\LQJ� WKH�����

QXPHUDWRU�DQG�GHQRPLQDWRU�IRU�HDFK�%-7�KRXU�� �����

([WHQVLYH� UHVHDUFK� KDV� XWLOL]HG� FOXVWHU� DQDO\VLV� WR� FODVVLI\� WKH� GLXUQDO� F\FOH� RI�����

SUHFLSLWDWLRQ� DQG� WR� DVVHVV� PRGHO� SHUIRUPDQFH� LQ� UHSURGXFLQJ� REVHUYHG� SDWWHUQV�����

�9LJDXG�HW�DO���������:X�HW�DO���������=KX�HW�DO���������5REHUWVRQ�HW�DO���������/LX�HW�DO�������

������/DL�HW�DO����������:H�IROORZ�WKH�PHWKRGRORJ\�RI�9LJDXG�HW�DO����������5REHUWVRQ�����

HW�DO����������DQG�/LX�HW�DO����������7KH�PXOWL�\HDU�PHDQ�KRXUO\�SUHFLSLWDWLRQ�RI�53(V�����

GXULQJ�VXPPHU��ZKLFK�UHSUHVHQWV�WKH�GLXUQDO�F\FOH��LV�RUJDQL]HG�LQWR�D����GLPHQVLRQDO�����

YHFWRU�IRU�HDFK�JULG�SRLQW��7KLV�YHFWRU�LV�WKHQ�QRUPDOL]HG�XVLQJ�WKH�IRUPXOD������

� � � �

� �
��

�

�
�

��

a

a

a

i

R h
D h

R i
 

ª º
« »
« » �
« »
« »¬ ¼

¦
� � � � � � � � � � � � � � � � � � � � � � � ��������

:KHUH� � �aD h �LV� WKH� QRUPDOL]HG� SUHFLSLWDWLRQ� RI� 53(V� DW� KRXU� D�� DQG� � �aR h �LV� WKH�����
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RULJLQDO�SUHFLSLWDWLRQ�RI�53(V�DW�KRXU D��7KH�.�PHDQV�DOJRULWKP� LV� WKHQ�DSSOLHG� WR�����

WKHVH�QRUPDOL]HG�YHFWRUV�WR�LGHQWLI\�WKH�GRPLQDQW�VSDWLDO�SDWWHUQV�RI�WKH�GLXUQDO�F\FOH������

)LQDOO\��WKH�QRUPDOL]HG����GLPHQVLRQDO�YHFWRUV�IURP�WKH�PRGHO�VLPXODWLRQ�DUH�SURMHFWHG�����

RQWR�WKH�GLXUQDO�SDWWHUQV�RI�WKH�.�PHDQV�UHJLPHV�GHULYHG�IURP�WKH�REVHUYDWLRQ�GDWD������

(DFK�PRGHO�VLPXODWHG�VWDWLRQ�SRLQW�LV�WKHQ�DVVLJQHG�WR�WKH�FORVHVW�UHJLPH�EDVHG�RQ�WKH�����

VPDOOHVW�(XFOLGHDQ�GLVWDQFH������

:H�SHUIRUP�D�PRLVWXUH�EXGJHW�DQDO\VLV�IROORZLQJ�SUHYLRXV�VWXGLHV��6HDJHU�HW�DO�������

������&KRX�DQG�/DQ��������/L��������/L�HW�DO�������E��&KHQ�HW�DO����������7KH�PRLVWXUH�����

EXGJHW�HTXDWLRQ�LV�JLYHQ�E\�XQGHU�WKH�S�FRRUGLQDWH�V\VWHP������

� �
� �

h h

q q
P qV E

t p

Z
G

w w
 � � � � � �

w w

&
� � � � � � � � � � � � � � � ��������

/HW���!�HTXDO�WR�WKH
� t

s

P

P
d p

g
� ³ �� P

s
DQGP

t
UHSUHVHQW�WKH�VXUIDFH�DQG�WRS�OD\HU�SUHVVXUH������

UHVSHFWLYHO\��3�DQG�(�GHQRWH�SUHFLSLWDWLRQ�DQG�HYDSRUDWLRQ��
q

t

w
¢ ²
w

� VLJQLILHV�WKH�FKDQJHV�����

LQ� ORFDO� ZDWHU� YDSRXU� ZLWK� WLPH�� � �h hqV¢� � ²
&

�LV� WKH� KRUL]RQWDO� :9)&� �ZKHUH�����

h
x y

w w
�  �

w w
���� DQG�

� �q

p

Zw
¢ ²
w

�� GHVFULEHV� WKH� ZDWHU� YDSRXU� IOX[� LQ� YHUWLFDO� WUDQVSRUW������

(DFK�WHUP�RQ�WKH�ULJKW�VLGH�RI�(T������GXULQJ�WKH�53(V�LV�FDOFXODWHG�E\�XVLQJ�WKH�KRXUO\�����

:5)B&)6Y��SUHGLFWLRQV�DQG�(5$��UHDQDO\VLV�GDWD������

7R�UHYHDO�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�VSDWLDO�GLVWULEXWLRQ�RI�WKH�YDULDEOHV��ZLQG�����

DQG�VHQVLEOH�KHDW�IOX[��DQG�VXE�JULG�WHUUDLQ�IOXFWXDWLRQV��WKLV�VWXG\�LQWURGXFHV�WKH�VXE�����

JULG�WRSRJUDSK\�VWDQGDUG�GHYLDWLRQ��67'��WR�TXDQWLI\�ORFDO�WHUUDLQ�YDULDWLRQV��6LQFH�WKH�����

WDUJHW�YDULDEOHV��ZLQG�DQG�VHQVLEOH�KHDW�IOX[��KDYH�VSDWLDO�UHVROXWLRQV�RI�������DQG����������
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UHVSHFWLYHO\�� WKH� ��� DUF�VHFRQG� UHVROXWLRQ� *(%&2B����� HOHYDWLRQ� GDWD� �*(%&2�����

%DWK\PHWULF�&RPSLODWLRQ�*URXS�������������PXVW�EH�PDSSHG�RQWR� WKHVH� WZR� WDUJHW�����

JULGV�IRU�FDOFXODWLRQ��)RU�DQ\�JLYHQ�WDUJHW�JULG��L��M���WKH�VXE�JULG�WRSRJUDSK\�VWDQGDUG�����

GHYLDWLRQ� �i jSTD � LV�FDOFXODWHG�DV�IROORZV������

� �
� �

�

� � � �

� �

�
�

n n

i j i j

i j

STD h i j h
N   

ª º �¬ ¼¦¦ � � � � � � � � � � � � � � � ��������

:KHUH� � �� ��h i j � UHSUHVHQWV�WKH�HOHYDWLRQ�YDOXH�RI�WKH�*(%&2B�����GDWD�DW�WKH�����

ZHVW�HDVW� LQGH[�
�i � DQG�VRXWK�QRUWK�LQGH[� �j � ZLWKLQ�WKH�WDUJHW�JULG��L�� M��� �i jh � LV� WKH�����

UHJLRQDO�PHDQ�WHUUDLQ�HOHYDWLRQ�ZLWKLQ�WKDW�VSHFLILF�WDUJHW�JULG��N�LV�WKH�WRWDO�QXPEHU�RI�����

RULJLQDO� *(%&2B����� HOHYDWLRQ� GDWD� SRLQWV� FRQWDLQHG� ZLWKLQ� WKH� WDUJHW� JULG�����

�N n n u ���)RU�WKH�VHQVLEOH�KHDW�IOX[�GDWD�RQ�WKH������(5$��/DQG�JULG�DQG�WKH���������

K3D�ZLQG�GDWD�RQ�WKH�������(5$��JULG��n�LV�VHW�WR����DQG�����UHVSHFWLYHO\������

���5HVXOWV�����

����&KDUDFWHULVWLFV�RI�7RWDO�DQG�53(�5DLQIDOO�RYHU�WKH�0/<5%�LQ�6XPPHU�����

)LJXUH���VKRZV�WKH�VXPPHU�PHDQ�SUHFLSLWDWLRQ�DPRXQW��IUHTXHQF\��DQG�LQWHQVLW\�����

IRU� WKH� WRWDO� UDLQIDOO� RYHU� WKH�0/<5%� IURP� WKH� REVHUYDWLRQV� DQG� WKH�:5)B&)6Y������

RXWSXWV��7KH�REVHUYHG�SUHFLSLWDWLRQ�DPRXQW�H[KLELWV�D�SDWWHUQ�ZLWK�KLJKHU�YDOXHV�LQ�WKH�����

HDVW� DQG� ORZHU� YDOXHV� LQ� WKH� ZHVW� �)LJ�� �D�� ZLWK� KLJK�YDOXH� FHQWHUV� ORFDWHG� LQ� WKH�����

+XDQJVKDQ�0RXQWDLQV��QHDU�����(�������1���'DELH�0RXQWDLQV��QHDU�����(�����1���WKH�����

PRXQWDLQRXV�UHJLRQ�RI�+XQDQ�DQG�+XEHL��QHDU�����(�����1���DQG�WKH�FRDVWDO�DUHD�RI�����

=KHMLDQJ�3URYLQFH��QHDU�����(�������1���7KH�:5)B&)6Y��VXFFHVVIXOO\�FDSWXUHV�WKLV�����
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RYHUDOO�VSDWLDO�SDWWHUQ��)LJ���E��ZLWK�D�VSDWLDO�FRUUHODWLRQ�FRHIILFLHQW�RI������EHWZHHQ�����

WKH�:5)B&)6Y��SUHGLFWLRQV�DQG�REVHUYDWLRQV�� LQGLFDWLQJ� WKDW� WKH�:5)B&)6Y��FDQ�����

UHDVRQDEO\� UHSURGXFH� WKH� ORFDWLRQV� RI� WKH�PDLQ� SUHFLSLWDWLRQ� FHQWHUV�� +RZHYHU�� WKH�����

:5)B&)6Y��WHQGV�WR�RYHUHVWLPDWH�WKH�VXPPHU�SUHFLSLWDWLRQ�DPRXQW�RYHU�PRVW�RI�WKH�����

0/<5%��HVSHFLDOO\�RYHU�WKH�PRXQWDLQRXV�DUHDV������

�����

)LJ�����7KH�VSDWLDO�GLVWULEXWLRQ�RI�WKH�VXPPHU�PHDQ�SUHFLSLWDWLRQ�DPRXQW��IUHTXHQF\������

DQG�LQWHQVLW\�DYHUDJHG�RYHU�����������IURP�WKH�REVHUYDWLRQ��:5)B&)6Y��SUHGLFWLRQ�����

DQG�(5$��UHDQDO\VLV������

7KH�REVHUYHG�VXPPHU�PHDQ�SUHFLSLWDWLRQ�IUHTXHQF\�VKRZV�D�ODUJH�VFDOH�SDWWHUQ�����

VLPLODU� WR� SUHFLSLWDWLRQ� DPRXQW� �)LJV�� �D�� G��� ,Q� WKH� +XDQJVKDQ� 0RXQWDLQV�� 'DELH�����

0RXQWDLQV��=KHMLDQJ�3URYLQFH��DQG�ZHVWHUQ�+XEHL�PRXQWDLQRXV�DUHDV��WKH�SUHFLSLWDWLRQ�����

IUHTXHQF\�LV�DERXW������ZKLOH�LW�LV�DERXW�����LQ�WKH�RWKHU�DUHDV��7KH�:5)B&)6Y��FDQ�����

UHSURGXFH� WKH� VSDWLDO� GLVWULEXWLRQ� RI� SUHFLSLWDWLRQ� IUHTXHQF\� WR� VRPH� H[WHQW� �VSDWLDO�����
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FRUUHODWLRQ�FRHIILFLHQW�RI�������EXW�H[KLELWV�D�V\VWHPDWLF�RYHUHVWLPDWLRQ��)LJ���H��� �����

7KH�REVHUYHG�SUHFLSLWDWLRQ�LQWHQVLW\�LV�UHODWLYHO\�KLJKHU�LQ�WKH�FHQWUDO�0/<5%�DQG�����

VRXWKHUQ�-LDQJVX�SURYLQFH�FRPSDUHG�WR�WKH�RWKHU�UHJLRQV��)LJ���J���7KH�:5)B&)6Y������

FDQ�ZHOO�SURGXFH�D�VLPLODU�PDJQLWXGH�RI�SUHFLSLWDWLRQ�LQWHQVLW\��EXW�LW�VKRZV�UHODWLYHO\�����

ORZHU�VNLOO�IRU�SURGXFLQJ�WKH�VSDWLDO�SDWWHUQ�RI�SUHFLSLWDWLRQ�LQWHQVLW\��VSDWLDO�FRUUHODWLRQ�����

FRHIILFLHQW�RI��������)LJ���K��UHODWLYH�WR�WKH�SUHFLSLWDWLRQ�DPRXQW��)LJ���E��DQG�IUHTXHQF\�����

�)LJ�� �H��� (5$�� UHSURGXFHV� WKH� REVHUYHG� PDJQLWXGH� DQG� VSDWLDO� GLVWULEXWLRQ� RI�����

SUHFLSLWDWLRQ� DPRXQW� UHDVRQDEO\� ZHOO� �)LJ�� �F�� EXW� RYHUHVWLPDWHV� SUHFLSLWDWLRQ�����

IUHTXHQF\�DQG�XQGHUHVWLPDWHV�SUHFLSLWDWLRQ�LQWHQVLW\��)LJV���I��L�������

$FFRXQWLQJ� IRU� WKH� PDMRULW\� RI� WRWDO� VXPPHU� SUHFLSLWDWLRQ�� WKH� FOLPDWLF� PHDQ�����

UDLQIDOO� RI�53(V� H[FHHGV� ����PP�DFURVV�PRVW� RI� WKH�0/<5%� �)LJ�� �E��� ,WV� VSDWLDO�����

GLVWULEXWLRQ� FORVHO\� PLUURUV� WKDW� RI� 53(� KRXUV� �)LJ�� �N��� ,Q� FRPSDULVRQ� ZLWK� WKH�����

REVHUYDWLRQV��WKH�:5)B&)6Y��JHQHUDOO\�UHSURGXFHV�WKH�VSDWLDO�GLVWULEXWLRQ�RI�ERWK�WKH�����

WRWDO�DQG�53(�UDLQIDOO��)LJV���D��E��G�DQG�H���DOEHLW�ZLWK�D�QRWLFHDEOH�ZHW�ELDV��)LJV���J������

K���6SHFLILFDOO\�� WKH�WRWDO�UDLQIDOO� LV�VLJQLILFDQWO\�RYHUHVWLPDWHG�LQ�WKH�VRXWKHDVW��)LJ������

�J���ZKLOH�WKH�FHQWHUV�RI�SRVLWLYH�ELDV�IRU�53(�H[KLELW�D�VRXWKZHVW�QRUWKHDVW�RULHQWDWLRQ�����

�)LJ�� �K��� 5HJDUGLQJ� WKH� 53(� KRXUV�� WKH� :5)B&)6Y�� H[KLELWV� D� ZLGHVSUHDG�����

RYHUHVWLPDWLRQ�DFURVV�WKH�0/<5%��ZKLFK�LV�SDUWLFXODUO\�SURQRXQFHG�LQ�WKH�VRXWK��)LJ������

�T���,Q�FRQWUDVW��ERWK�WKH�SUHFLSLWDWLRQ�DPRXQW�DQG�UDLQ\�KRXUV�RI�WKH�SUHGLFWHG�ORFDO�����

SUHFLSLWDWLRQ�HYHQWV��/3(V��DUH�FRPSDUDEOH�WR�WKH�REVHUYDWLRQV��)LJV���F��I��O�DQG�R�������

0HDQZKLOH�� WKH�ELDVHV�RI�SUHGLFWHG�/3(V��)LJV���L��U��DUH�PXFK�ORZHU�UHODWLYH�WR�WKH�����

53(V��)LJV���K��T���LQGLFDWLQJ�WKDW�WKH�ELDVHV�RI�WKH�SUHGLFWHG�WRWDO�UDLQIDOO��)LJV���J��S������
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DUH�PDLQO\�FRQWULEXWHG�E\�WKRVH�RI�WKH�SUHGLFWHG�53(V������

�����

)LJ�����6SDWLDO�GLVWULEXWLRQV�RI�VXPPHU�PHDQ�DFFXPXODWHG�SUHFLSLWDWLRQ��D±L��XQLW��PP������

DQG�SUHFLSLWDWLRQ�KRXUV��M±U��XQLW��K��IRU�WRWDO�SUHFLSLWDWLRQ��53(V��DQG�/3(V��DYHUDJHG�����

RYHU� WKH� VXPPHUV� RI� ����±������ 7KH� FROXPQV� IURP� OHIW� WR� ULJKW� UHSUHVHQW� WRWDO�����

SUHFLSLWDWLRQ��53(V��DQG�/3(V��UHVSHFWLYHO\��2EVHUYDWLRQV�DUH�VKRZQ�LQ��D±F��DQG��M±O�������

:5)B&)6Y�� SUHGLFWLRQV� DUH� VKRZQ� LQ� �G±I�� DQG� �P±R��� DQG� WKH� FRUUHVSRQGLQJ�����

GLIIHUHQFHV�DUH�VKRZQ�LQ��J±L��DQG��S±U���$OO�GLIIHUHQFHV�DUH�FDOFXODWHG�DV�:5)B&)6Y������

SUHGLFWLRQV�PLQXV�REVHUYDWLRQV������

����'LXUQDO�&\FOH�RI�53(V�����

$V�GHPRQVWUDWHG�LQ�WKH�SUHYLRXV�VHFWLRQ��WKH�53(V�GRPLQDWH�ERWK�WKH�RFFXUUHQFH�����
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DQG�DPRXQW�RI�VXPPHU�UDLQIDOO�LQ�WKH�0/<5%��DQG�WKDW�WKH�SUHFLSLWDWLRQ�ELDV�SUHGLFWHG�����

E\� WKH�:5)B&)6Y�� LV� SULPDULO\� GRPLQDWHG� E\� WKH�53(V��&RQVHTXHQWO\�� WKLV� VWXG\�����

SULRULWL]HV�WKH�DQDO\VLV�RI�53(V��+RZHYHU��GXH�WR�WKH�LQKHUHQW�
GUL]]OH�ELDV
�LQ�WKH�PRGHO������

WKH� :5)B&)6Y�� VLJQLILFDQWO\� LGHQWLILHV� PRUH� 53(� LQVWDQFHV� WKDQ� DUH� REVHUYHG������

7KHUHIRUH��WR�HYDOXDWH�WKH�:5)B&)6Y�
V�FDSDELOLW\�LQ�IRUHFDVWLQJ�HYHQWV�RI�UHDO�ZRUOG�����

VLJQLILFDQFH��WKLV�VWXG\�VSHFLILFDOO\�DVVHVVHV�WKH�SHUIRUPDQFH�RI�:5)B&)6Y��GXULQJ�����

WKH�REVHUYHG�53(V������

7R�LQYHVWLJDWH�WKH�FKDUDFWHULVWLFV�RI� WKH�GLXUQDO�SUHFLSLWDWLRQ�F\FOH�RI�53(V��ZH�����

HPSOR\HG�.�0HDQV�FOXVWHULQJ�WR�FODVVLI\�WKH�GLXUQDO�YDULDWLRQV�RI�UHJLRQDO�SUHFLSLWDWLRQ�����

LQWR�WKUHH�GLVWLQFW�W\SHV��DV�LOOXVWUDWHG�LQ�)LJXUH����)URP�WKH�REVHUYDWLRQV��)LJV���D��F�������

WKH�ILUVW�W\SH��EOXH��H[KLELWV�D�ELPRGDO�VWUXFWXUH�ZLWK�D�SULPDU\�SHDN�LQ�WKH�DIWHUQRRQ������

ORFDWHG�SULPDULO\�LQ�ZHVWHUQ�+XEHL�3URYLQFH�DQG�VRXWKHDVWHUQ�=KHMLDQJ�3URYLQFH��7KH�����

VHFRQG� W\SH� �UHG�� LV� FKDUDFWHUL]HG� E\� GD\WLPH�GRPLQDQW� SUHFLSLWDWLRQ� DQG� KLJKHU�����

SUHFLSLWDWLRQ�DPRXQWV��PDLQO\�GLVWULEXWHG�DFURVV�FRPSOH[� WHUUDLQ�UHJLRQV�VXFK�DV� WKH�����

+XDQJVKDQ��'DELH��DQG�0XIX�0RXQWDLQV��7KH�WKLUG�W\SH��RUDQJH��GLVSOD\V�D�ELPRGDO�����

SDWWHUQ�IHDWXULQJ�D�SULPDU\�HDUO\�PRUQLQJ�SHDN��WKLV�W\SH�VXUURXQGV�WKH�VHFRQG�W\SH�LQ�����

D� VRXWKZHVW�QRUWKHDVW� RULHQWDWLRQ�� )URP� WKH� SUHGLFWLRQV� �)LJV�� �E�� G��� WKH� VSDWLDO�����

GLVWULEXWLRQ�RI�WKH�GLXUQDO�F\FOH�RI�UHJLRQDO�SUHFLSLWDWLRQ�SUHGLFWHG�E\�WKH�:5)B&)6Y������

LV�JHQHUDOO\�FRQVLVWHQW�ZLWK�WKH�REVHUYDWLRQV��+RZHYHU��WKH�SUHGLFWHG�GLVWULEXWLRQV�IRU�����

WKH�VHFRQG�DQG�WKLUG�W\SHV�H[KLELW�D�VRXWKHDVWZDUG�VKLIW��7KLV�GLVSODFHPHQW�LV�FRQVLVWHQW�����

ZLWK�WKH�VRXWKHUQ�ELDV�RI�WKH�SUHGLFWHG�53(V�SUHVHQWHG�LQ�)LJXUHV��Q�DQG�T��)XUWKHUPRUH������

WKH� :5)B&)6Y�� RYHUHVWLPDWHV� WKH� SUHFLSLWDWLRQ� DPRXQWV� DFURVV� DOO� W\SHV�� ,W� DOVR�����
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H[DJJHUDWHV� WKH� DIWHUQRRQ� SUHFLSLWDWLRQ� SHDNV� IRU� WKH� VHFRQG� DQG� WKLUG� W\SHV��ZKLOH�����

VKLIWLQJ�WKHLU�HDUO\�PRUQLQJ�SHDNV�RQH�KRXU�HDUOLHU������

�����

)LJ�� ��� 6SDWLDO� GLVWULEXWLRQ� RI� SUHFLSLWDWLRQ� DPRXQW� SDWWHUQV� IRU� WKH� 53(V� DQG�����

FRUUHVSRQGLQJ�GLXUQDO�F\FOHV�LQ�WKH�0/<5%�DYHUDJHG�RYHU�WKH�VXPPHUV�RI���������������

IURP�WKH�REVHUYDWLRQV��D��F��DQG�SUHGLFWLRQV��E��G���'LIIHUHQW�FRORUV�UHSUHVHQW�GLIIHUHQW�����

W\SHV�RI�GLXUQDO�F\FOHV��7KH�FXUYHV� LQ�F� DQG�G� UHSUHVHQW� WKH�SUHFLSLWDWLRQ�DPRXQW�RI�����

53(V�UHJLRQDOO\�DYHUDJHG�RYHU�WKH�VWDWLRQV�EHORQJLQJ�WR�D�JLYHQ�W\SH��7KH�PDUNHUV�RI�����

SDWWHUQV� .� LQ� D� �E�� DUH� ODEHOHG� DW� F� �G��� DFFRPSDQLHG� E\� WKH� UDWLR� RI� WKH� VWDWLRQV�����

EHORQJLQJ�WR�D�JLYHQ�W\SH�WR�WKH�WRWDO�VWDWLRQV�LQ�WKH�0/<5%��6KDGLQJV�LQ�F�DQG�G�VKRZ�����

WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�SUHFLSLWDWLRQ�DPRXQW�DPRQJ�WKH�VWDWLRQV�EHORQJLQJ�WR�D�����

JLYHQ�W\SH������

$V�VKRZQ� LQ�)LJXUH��D�� WKH�:5)B&)6Y��FDQ� UHDVRQDEO\� UHSURGXFH� WKH�GLXUQDO�����

F\FOH�SKDVH�RI�WKH�UHJLRQDO�SUHFLSLWDWLRQ�DPRXQW�ZLWK�ELPRGDO�VWUXFWXUH�IHDWXUHG�E\�RQH�����

GRPLQDQW� PRUQLQJ� SHDN� DQG� D� VHFRQGDU\� DIWHUQRRQ� SHDN�� EXW� LW� RYHUHVWLPDWHV� WKH�����
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SUHFLSLWDWLRQ� DPRXQW� WKURXJKRXW� D� GD\� DQG� WKH� SUHGLFWHG�PRUQLQJ� SHDN� LV� RQH� KRXU�����

HDUOLHU�WKDQ�WKH�REVHUYDWLRQ��,Q�DGGLWLRQ��WKH�:5)B&)6Y��JHQHUDOO\�RYHUHVWLPDWHV�WKH�����

FRYHUDJH�UDWH�RI�53(V�WKURXJKRXW�D�GD\�ZLWK�WKH�PDJQLWXGHV�UDQJLQJ�IURP�a���WR�a��������

�)LJ���E���7KH�REVHUYHG�LQWHQVLW\�RI�53(V�VKRZV�WZR�GLXUQDO�SHDNV�ZLWK�RQH�DW�����������

%-7� DQG� WKH� RWKHU� DW� ������ %-7�� 7KH� :5)B&)6Y�� FDQ� SURGXFH� WZR� GLXUQDO�����

SUHFLSLWDWLRQ�LQWHQVLW\�SHDNV�RI�53(V��EXW�WKH�SUHGLFWHG�SHDNLQJ�WLPH�LV�����KRXUV�HDUOLHU�����

WKDQ�WKH�REVHUYDWLRQ�DQG�WKH�SUHFLSLWDWLRQ�LQWHQVLW\�RI�53(V�DW�PRVW�KRXUV�RI�D�GD\�LV�����

RYHUHVWLPDWHG��)LJ���F���2YHUDOO��ERWK�WKH�RYHUHVWLPDWHG�FRYHUDJH�UDWH�DQG�SUHFLSLWDWLRQ�����

LQWHQVLW\� FRQWULEXWH� WR� WKH� RYHUHVWLPDWLRQ� RI� WKH� UDLQIDOO� DPRXQW� RI� WKH� 53(V������

)XUWKHUPRUH��WKH�KLW�UDWH�RI�WKH�53(V�UHPDLQV�PRUH�WKDQ�����DW�DOPRVW�DOO�KRXUV�RI�D�����

GD\��LQGLFDWLQJ�WKDW�WKH�:5)B&)6Y��FDQ�ZHOO�FDSWXUH�WKH�REVHUYHG�53(V��)LJ���G���7KH�����

PRGHO
V�SHUIRUPDQFH�LQ�VLPXODWLQJ�WKHVH�SUHFLSLWDWLRQ�FKDUDFWHULVWLFV�LV�FORVHO\�WLHG�WR�����

LWV� UHSUHVHQWDWLRQ� RI� PRLVWXUH� VXSSO\� DQG� WKHUPRG\QDPLF� LQVWDELOLW\�� 5HJDUGLQJ�����

PRLVWXUH� VXSSO\�� WKH� GLXUQDO� SHDN� RI� FROXPQ�LQWHJUDWHG� �IURP� VXUIDFH� WR� ���� K3D������

:9)&� RI� (5$�� RFFXUV� DW� ������ %-7� �)LJ�� �H��� ZKLOH� WKH�:5)B&)6Y�� JHQHUDOO\�����

UHSURGXFHV�WKLV�GLXUQDO�F\FOH��D�GLVWLQFW�SKDVH�VKLIW�LV�HYLGHQW��WKH�SUHGLFWHG�SHDN�RFFXUV�����

DW�������%-7��IRXU�KRXUV�HDUOLHU�WKDQ�LQ�(5$���7KLV�IRXU�KRXU�SKDVH�OHDG�DOLJQV�FORVHO\�����

ZLWK�WKH�SKDVH�OHDG�RI�WKH�PRUQLQJ�SUHFLSLWDWLRQ�SHDN�SUHGLFWHG�E\�WKH�:5)B&)6Y�������

,Q�WHUPV�RI�WKHUPRG\QDPLF�LQVWDELOLW\��)LJ���I���WKH�&$3(�LQ�ERWK�:5)B&)6Y��DQG�����

(5$��UHDFKHV�LWV�GDLO\�PD[LPXP�DURXQG�������%-7��LQGLFDWLQJ�WKDW�WKH�:5)B&)6Y������

FDQ�DOVR�UHDVRQDEO\�FDSWXUH�WKH�GLXUQDO�YDULDWLRQ�RI�DWPRVSKHULF�LQVWDELOLW\��8OWLPDWHO\������

WKH�:5)B&)6Y�
V� DELOLW\� WR� EURDGO\� UHSURGXFH� WKH� GLXUQDO� FKDUDFWHULVWLFV� RI� ERWK�����
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:9)&� DQG� &$3(� H[SODLQV� ZK\� WKH�:5)B&)6Y�� FDQ� VXFFHVVIXOO\� UHSURGXFH� WKH�����

REVHUYHG�GLXUQDO�SKDVH�RI�53(V��7KH�GLVFRQWLQXLW\�DURXQG������±������%-7�FRLQFLGHV�����

ZLWK�WKH�WUDQVLWLRQ�IURP�WKH����K�IRUHFDVW�RI�RQH�F\FOH�WR�WKH����K�IRUHFDVW�RI�WKH�QH[W������

�����

)LJ�� ��� 'LXUQDO� YDULDWLRQ� RI� SUHFLSLWDWLRQ� DPRXQW� �D��� DUHD� FRYHUDJH� UDWH� �E�������

SUHFLSLWDWLRQ� LQWHQVLW\� �F�� RI� WKH� 53(V� LQ� WKH� 0/<5%� IURP� WKH� REVHUYDWLRQV� DQG�����

SUHGLFWLRQV�DYHUDJHG�RYHU�VXPPHUV�RI������������DQG�WKH�KLW�UDWHV�RI�:5)B&)6Y��IRU�����

53(V��G���7KH�GLXUQDO�YDULDWLRQV�RI�WKH�YHUWLFDOO\�LQWHJUDWHG��VXUIDFH�WR����K3D��:9)&�����
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�H��DQG�&$3(��I��GXULQJ�WKH�53(V�UHJLRQDOO\�DYHUDJHG�RYHU�WKH�0/<5%�LQ�WKH�VXPPHUV�����

RI����������������

����3RVVLEOH�&DXVHV�5HODWHG�WR�WKH�3UHGLFWLRQ�%LDVHV�RI�53(V� �����

3RVVLEOH�FDXVHV�UHODWHG�WR�WKH�DWPRVSKHULF�FLUFXODWLRQ�ELDVHV�WKDW�OHDG�WR�WKH�HUURUV�����

LQ�WKH�SUHGLFWHG�UDLQIDOO�RYHU�WKH�0/<5%�GXULQJ�WKH�REVHUYHG�53(V�DUH�GLVFXVVHG�LQ�����

WKH�IROORZLQJ�VHFWLRQV��$V�SRLQWHG�RXW�E\�SUHYLRXV�VWXGLHV��;XH�HW�DO���������)X�HW�DO�������

�������WKH�PRUQLQJ�SUHFLSLWDWLRQ�SHDN�LQ�WKH�FHQWUDO�HDVWHUQ�&KLQD�GXULQJ�WKH�W\SLFDO�����

0HL\X�VHDVRQ�LV�UHODWHG�WR�WKH�QRFWXUQDO�DFFHOHUDWLRQ�RI�WKH�VRXWKZHVWHUO\�IORZ��ZKLFK�����

PD\�EH�GXH� WR� WKH� LQHUWLDO� RVFLOODWLRQV� LQ� WKH�ERXQGDU\� OD\HU�� L�H��� WKH�ZHDNHQLQJ�RI�����

WXUEXOHQW�IULFWLRQ�DIWHU�VXQVHW�OHDGV�WR�DQ�LPEDODQFH�EHWZHHQ�WKH�&RULROLV�IRUFH�DQG�WKH�����

SUHVVXUH�JUDGLHQW�IRUFH������

$V�VKRZQ�LQ�)LJXUH����WKH�����K3D�ZLQGV�RI�(5$��RYHU�WKH�UHJLRQV�VRXWK�RI����1�����

DUH�VWURQJHU�DW�QLJKW�DQG�ZHDNHU� LQ� WKH�DIWHUQRRQ��7KH�:5)B&)6Y��UHSURGXFHV�WKLV�����

FKDUDFWHULVWLF�ZHOO�EXW�RYHUHVWLPDWHV�WKH�ZLQG�VSHHG�DOPRVW�WKURXJKRXW�WKH�GD\��ZKLFK�����

OLNHO\� FRQWULEXWHV� WR� WKH� RYHUHVWLPDWLRQ� RI� SUHFLSLWDWLRQ� E\� HQKDQFLQJ�ZDWHU� YDSRXU�����

WUDQVSRUW�� )XUWKHU� DQDO\VLV� RI� WKH� DQRPDORXV�ZLQG� ILHOG� UHYHDOV� WKDW� WKH�0/<5%� LV�����

GRPLQDWHG�E\�DQ�DQRPDORXV�F\FORQLF�FLUFXODWLRQ�WKURXJKRXW�PRVW�RI�WKH�GLXUQDO�F\FOH������

ZKLFK� LV� DVVRFLDWHG� ZLWK� WKH� RYHUHVWLPDWLRQ� RI�:9)&� �)LJV�� �J�� K��� 1RWDEO\�� WKH�����

DQRPDORXV� F\FORQLF� FLUFXODWLRQ� H[KLELWV� VLJQLILFDQW� VWUHQJWKHQLQJ� DQG� HQKDQFHG�����

RUJDQL]DWLRQ� DW� QLJKW�� VXJJHVWLQJ� WKDW� WKH� QRFWXUQDO� SUHFLSLWDWLRQ� RYHUHVWLPDWLRQ� LV�����

DVVRFLDWHG� ZLWK� PRUH� IDYRUDEOH� G\QDPLFDO� FRQGLWLRQV� FRPSDUHG� WR� WKH� GD\WLPH������
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)XUWKHUPRUH��WKH�RYHUHVWLPDWLRQ�RI�QRFWXUQDO�DQG�HDUO\�PRUQLQJ�����K3D�ZLQG�VSHHGV�����

LQWHQVLILHV� ZLWK� VXE�JULG� WHUUDLQ� FRPSOH[LW\� �)LJ�� �H��� LQGLFDWLQJ� WKH� LPSRUWDQFH� RI�����

LPSURYLQJ�WKH�UHSUHVHQWDWLRQ�RI�VXE�JULG�WRSRJUDSKLF�G\QDPLFDO�HIIHFWV��VXFK�DV�VXE�����

JULG� WXUEXOHQW� RURJUDSKLF� IRUP� GUDJ� �*X� HW� DO��� �������$V� VKRZQ� LQ� )LJXUH� ��� WKH�����

:5)B&)6Y��FRQVLVWHQWO\�RYHUHVWLPDWHV�WKH�]RQDO�ZLQG��8��WKURXJKRXW�D�GD\��)LJ���D�������

ZKHUHDV� WKH� PHULGLRQDO� ZLQG� �9�� UHPDLQV� FRPSDUDEOH� WR� WKH� (5$�� �)LJ�� �E��� 7KH�����

SRVLWLYH� ELDVHV� RI� WKH� SUHGLFWHG� 8� FRPSRQHQW� DUH� SULPDULO\� DWWULEXWHG� WR� WKH�����

RYHUHVWLPDWHG�JHRVWURSKLF�ZLQG�FRPSRQHQW��)LJ���D���7KH�:5)B&)6Y��FDQ�UHSURGXFH�����

WKH� GLXUQDO� F\FOH� RI� WKH� DJHRVWURSKLF� ZLQG� LQ� WKH� (5$��� VXJJHVWLQJ� WKDW� WKH�����

:5)B&)6Y��FDQ�HIIHFWLYHO\�FDSWXUH�WKH�LQHUWLDO�RVFLOODWLRQV��,W�LV�ZRUWK�QRWLQJ�WKDW�WKH�����

(5$�� GDWD� H[KLELWV� WZR� VKDUS� FKDQJHV� DW� �����±������ DQG� �����±������ %-7������

UHVSHFWLYHO\��WKHVH�DUH�NQRZQ�DUWLIDFWV�FDXVHG�E\�WKH�GDWD�DVVLPLODWLRQ�PHWKRG�UHSRUWHG�����

LQ� SUHYLRXV� VWXGLHV� �&KHQ� HW� DO��� ������� 3UHYLRXV� FRPSDULVRQV� ZLWK� LQGHSHQGHQW�����

REVHUYDWLRQV�DQG�RWKHU�UHDQDO\VLV�GDWDVHWV�KDYH�GHPRQVWUDWHG�WKDW�(5$��FDQ�UHOLDEO\�����

UHSURGXFH�WKH�RYHUDOO�GLXUQDO�HYROXWLRQ�RI�UHJLRQDO�ZLQGV��&XL�HW�DO���������:X�HW�DO�������

������� 0RUHRYHU�� WKH� SUHVHQW� FRQFOXVLRQV� DUH� EDVHG� RQ� WKH� FRKHUHQW�� PXOWL�KRXU�����

QRFWXUQDO�HQKDQFHPHQW�RI�DJHRVWURSKLF�ZLQGV�DQG�PRLVWXUH�FRQYHUJHQFH�UDWKHU�WKDQ�RQ�����

LVRODWHG� YDOXHV� DW� WKH� DVVLPLODWLRQ�WUDQVLWLRQ� KRXUV�� 7KHUHIRUH�� DOWKRXJK� WKHVH�����

GLVFRQWLQXLWLHV�PD\�DIIHFW�WKH�H[DFW�DPSOLWXGHV�DW�LQGLYLGXDO�KRXUV��WKH\�DUH�XQOLNHO\�WR�����

DOWHU�WKH�PDLQ�SK\VLFDO� LQWHUSUHWDWLRQ�RU�WKH�RYHUDOO�FRQFOXVLRQV��+RZHYHU��UHJDUGLQJ�����

WKH�8�FRPSRQHQW�� WKH�:5)B&)6Y��RYHUHVWLPDWHV�WKH�DPSOLWXGH�RI� WKH�DJHRVWURSKLF�����

ZLQG��ZKLFK�IXUWKHU�LQWHQVLILHV�WKH�]RQDO�ZLQG�VSHHG�LQ�WKH�HDUO\�PRUQLQJ��$GGLWLRQDOO\������
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WKH�SUHGLFWHG�9�FRPSRQHQW�SHDNV�HDUOLHU�WKDQ�REVHUYDWLRQ��ZKLFK�LV�FRUUHVSRQGLQJ�WR�����

WKH�VOLJKW�WHPSRUDO�DGYDQFH�RI�WKH�HDUO\�PRUQLQJ�SUHFLSLWDWLRQ�SHDN�LQ�WKH�:5)B&)6Y�������

�����

)LJ�����7KH�PHDQ�����K3D�ZLQG�YHFWRUV�DQG�ZLQG�VSHHG��VKDGLQJV��GXULQJ�WKH�53(V�DW�����

����� %-7�� ����� %-7�� ����� %-7�� DQG� ����� %-7� IURP� (5$�� �D�G��� :5)B&)6Y������

SUHGLFWLRQV��H�K��DQG�WKH�GLIIHUHQFH�EHWZHHQ�WKH�:5)B&)6Y��DQG�(5$���L�O�� LQ�WKH�����

VXPPHUV� RI� ��������������
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)LJ�����'LXUQDO�YDULDWLRQV�RI��D��]RQDO��8��DQG��E��PHULGLRQDO��9��ZLQGV��LQFOXGLQJ�WKHLU�����

JHRVWURSKLF�DQG�DJHRVWURSKLF�FRPSRQHQWV�UHJLRQDOO\�DYHUDJHG�RYHU�WKH�UHJLRQ�ERXQGHG�����

E\�����(±����(�DQG����1±���1�GXULQJ�WKH�53(V�LQ�WKH�VXPPHUV�RI�����������IURP�����

WKH�(5$��DQG�:5)B&)6Y��SUHGLFWLRQV������

7R�LQYHVWLJDWH�WKH�PRLVWXUH�VXSSO\�GXULQJ�53(V��ZH�FRQGXFWHG�D�PRLVWXUH�EXGJHW�����

DQDO\VLV� �)LJ�� �D���ZLWK� HYDSRUDWLRQ� LQ� WKH�:5)B&)6Y�� HVWLPDWHG� IURP� WKH� VXUIDFH�����

ODWHQW�KHDW�IOX[��2EVHUYHG�SUHFLSLWDWLRQ�ZDV� LQFOXGHG�DV�DQ� LQGHSHQGHQW�UHIHUHQFH� WR�����

DVVHVV�WKH�UHOLDELOLW\�RI�(5$��SUHFLSLWDWLRQ��7KH�(5$��SUHFLSLWDWLRQ�UDWH�������PP�Kqï������

DJUHHV� FORVHO\� ZLWK� WKH� REVHUYHG� YDOXH� ������PP� Kqï��� VXSSRUWLQJ� LWV� UHOLDELOLW\�� ,Q�����

FRQWUDVW��WKH�:5)B&)6Y��SURGXFHV�D�SUHFLSLWDWLRQ�UDWH�RI������PP�Kqï��DSSUR[LPDWHO\�����

����KLJKHU�WKDQ�(5$��DQG�����KLJKHU�WKDQ�WKH�REVHUYDWLRQV��,Q�WKH�(5$��UHDQDO\VLV������

WKH�:9)&�LQWR�WKH�0/<5%�LV������PP�Kqï��VLJQLILFDQWO\�H[FHHGLQJ�WKH�HYDSRUDWLRQ�����

WHUP�������PP�Kqï���LQGLFDWLQJ�WKDW�53(V�LQ�WKLV�UHJLRQ�DUH�GRPLQDWHG�E\�ODUJH�VFDOH�����

FRQYHUJHQFH�� ,Q� WKH� :5)B&)6Y��� ODUJH�VFDOH� FRQYHUJHQFH� UHPDLQV� WKH� ODUJHVW�����

FRQWULEXWRU�������PP�Kqï��DQG�LV�WKH�SULPDU\�VRXUFH�RI�HUURU�ZLWK�WKH�GHYLDWLRQV�RI����������

PP�Kqï� UHODWLYH� WR� WKH�(5$���7KH�HYDSRUDWLRQ�RYHUHVWLPDWHG�E\������PP�Kqï� LV� WKH�����
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VHFRQG�ODUJHVW�FRPSRQHQW��ZKHUHDV�WKH�YHUWLFDO�WUDQVSRUW�DQG�ORFDO�VWRUDJH�WHUPV�DUH�����

FRPSDUDWLYHO\�ORZHU��7KHUHIRUH��WKH�GLXUQDO�YDULDWLRQV�LQ�WKHVH�WZR�PLQRU�WHUPV�DUH�QRW�����

GLVFXVVHG� IXUWKHU��2YHUDOO�� WKH� RYHUHVWLPDWLRQ� RI�53(�SUHFLSLWDWLRQ� SUHGLFWHG� E\� WKH�����

:5)B&)6Y��LV�SULPDULO\�DWWULEXWDEOH�WR�H[FHVVLYH�G\QDPLFDO�PRLVWXUH�FRQYHUJHQFH������

7KH�UHVLGXDO�PD\�UHIOHFW�V\VWHPDWLF�GLIIHUHQFHV�EHWZHHQ�WKH�(5$��DQG�:5)B&)6Y������

GDWD� V\VWHPV�� DV� ZHOO� DV� LQFRPSOHWH� FORVXUH� DULVLQJ� IURP� WKH� RIIOLQH� SUHVVXUH�OHYHO�����

GLDJQRVLV��7KH�RPLVVLRQ�RI�FRQGHQVDWH�WHQGHQF\�WHUPV�PD\�DOVR�FRQWULEXWH��WKHUHIRUH������

WKH�UHVLGXDO�LV�UHWDLQHG�H[SOLFLWO\�EXW�LV�QRW�DWWULEXWHG�WR�D�VSHFLILF�SK\VLFDO�SURFHVV������

�����
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)LJ�� ���&RPSDULVRQ� RI� PRLVWXUH� EXGJHW� FRPSRQHQWV� IURP� (5$�� DQG�:5)B&)6Y������

SUHGLFWLRQV�UHJLRQDOO\�DYHUDJHG�RYHU�WKH�0/<5%�GXULQJ�WKH�53(V�LQ�VXPPHUV�RI����������

������IRU� WKH�SUHFLSLWDWLRQ�FRPSRQHQW�� WKH�REVHUYDWLRQV�DUH�LQFOXGHG�IRU�FRPSDULVRQ�����

ZLWK�(5$��DQG�:5)B&)6Y���D���7KH�GLXUQDO�YDULDWLRQV�RI�WKH���FRPSRQHQWV�LQ�D�DUH�����

VKRZQ�LQ�E�F��7KH�PHDQ�SUHGLFWLRQ�ELDVHV�RI�WKH�SUHGLFWHG�VHQVLEOH�KHDW�IOX[������K3D�����

ZLQG�VSHHG��GXULQJ�WKH�53(V�UHJLRQDOO\�DYHUDJHG�RYHU�WKH�JULGV�ZLWK�GLIIHUHQW�67'V�LQ�����

WKH�0/<5%��WKH�UHJLRQ�RI�����(±����(�����1±���1���G�H��� �����

7R�IXUWKHU�LQYHVWLJDWH�WKH�VRXUFHV�RI�WKH�SUHGLFWLRQ�ELDV�RI�UHJLRQDO�SUHFLSLWDWLRQ�����

DPRXQW��ZH�VHSDUDWHO\�DQDO\]HG�WKH�GULYLQJ�IDFWRUV�GXULQJ�WKH�GD\WLPH�DQG�QLJKWWLPH������

$W�QLJKW��WKH�RYHUHVWLPDWHG�SUHFLSLWDWLRQ�LV�FHQWHUHG�RYHU�QRUWKHUQ�-LDQJ[L�3URYLQFH�DQG�����

WKH�+XDQJVKDQ�0RXQWDLQV��)LJ���D���7KH�:5)B&)6Y��SURGXFHV�D�SHUVLVWHQW�DQRPDORXV�����

ORZ�OHYHO�F\FORQLF�FLUFXODWLRQ��ZLWK�H[FHVVLYHO\�VWURQJ�VRXWKZHVWHUO\�IORZ�RYHU�DQG�WR�����

WKH� VRXWK� RI� WKH�0/<5%� �)LJV�� �L�� M���7KLV� DQRPDORXV� IORZ� VWUHQJWKHQV� QRUWKZDUG�����

PRLVWXUH�WUDQVSRUW�DQG�SURGXFHV�H[FHVVLYH�:9)&�RYHU�PRVW�RI�WKH�EDVLQ��)LJ���J���7KH�����

:9)&�ELDV�VSDWLDOO\�RYHUODSV�WKH�SRVLWLYH�SUHFLSLWDWLRQ�ELDV�DQG�FRLQFLGHV�ZLWK�RYHUO\�����

VWURQJ� ORZ�OHYHO� FRQYHUJHQFH� DQG� ODUJH�VFDOH� DVFHQW� �)LJV�� �D�� J�� L� DQG� ��J���7KHVH�����

G\QDPLFDO�ELDVHV�DUH�DOVR�FRKHUHQW�LQ�WLPH��VKRZLQJ�SURQRXQFHG�QRFWXUQDO�DQG�HDUO\�����

PRUQLQJ�HQKDQFHPHQW��%\�FRQWUDVW��WKH�&$3(�DQG���P�DLU�WHPSHUDWXUH�ELDVHV�DUH�PXFK�����

ZHDNHU� GXULQJ� QLJKWWLPH� WKDQ� GXULQJ� GD\WLPH� �)LJV�� �F�� H��� LQGLFDWLQJ� D� OLPLWHG�����

WKHUPRG\QDPLF� FRQWULEXWLRQ�� 7KH� PRLVWXUH�EXGJHW� DQDO\VLV� IXUWKHU� LQGLFDWHV� WKDW�����

:9)&�H[KLELWV�WKH�ODUJHVW�SRVLWLYH�ELDV�DPRQJ�WKH�GLDJQRVHG�PRLVWXUH�VRXUFH�WHUPV�����

�)LJ���D���7KH�FLUFXODWLRQ��PRLVWXUH�FRQYHUJHQFH��DQG�SUHFLSLWDWLRQ�ELDVHV�VKRZ�EURDGO\�����
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FRQVLVWHQW�VSDWLDO�DQG�WHPSRUDO�YDULDWLRQV��VXJJHVWLQJ�D�OLQN�EHWZHHQ�WKH�RYHUO\�VWURQJ�����

QRFWXUQDO�V\QRSWLF�FLUFXODWLRQ�DQG�WKH�RYHUHVWLPDWLRQ�RI�QLJKWWLPH�DQG�HDUO\�PRUQLQJ�����

SUHFLSLWDWLRQ������

�����

����

)LJ�����6SDWLDO�GLVWULEXWLRQ�RI�WKH�GLIIHUHQFHV�RI�SUHFLSLWDWLRQ��D��E���&$3(��F��G����P�DLU�����

WHPSHUDWXUH� �H�� I��� WKH� YHUWLFDOO\� LQWHJUDWHG� �IURP� VXUIDFH� WR� ���� K3D��ZDWHU� YDSRXU�����

WUDQVSRUW� IOX[� DQG� LWV� FRQYHUJHQFH� �J�� K��� WKH� SUHVVXUHÀORQJLWXGH� FURVV� VHFWLRQV� RI�����

HTXLYDOHQW�SRWHQWLDO�WHPSHUDWXUH��VKDGHG��DQG�DWPRVSKHULF�FLUFXODWLRQ��YHFWRU��YHUWLFDO�����
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YHORFLW\� LV� PDJQLILHG� E\� ����� DYHUDJHG� DORQJ� ��$��=1� �L�� M�� GXULQJ� WKH� 53(V� LQ�����

VXPPHUV�RI�����������EHWZHHQ�WKH�:5)B&)6Y��SUHGLFWLRQV�DQG�REVHUYDWLRQV�(5$������

IRU�QLJKWWLPH�DQG�GD\WLPH������

)LJXUH� ��� IXUWKHU� LOOXVWUDWHV� WKH� GLXUQDO� HYROXWLRQ� RI� WKH� YHUWLFDO� DWPRVSKHULF�����

VWUXFWXUH�GXULQJ�53(V�RYHU�WKH�0/<5%��$W�DOO�WKUHH�WLPHV��WKH�FRQYHUJHQFH�]RQH�WLOWV�����

QRUWKZDUG�ZLWK�KHLJKW��H[KLELWLQJ�D�W\SLFDO�YHUWLFDO�FRQILJXUDWLRQ�FKDUDFWHUL]HG�E\�ORZ�����

OHYHO�FRQYHUJHQFH��XSSHU�OHYHO�GLYHUJHQFH��DQG�VWURQJ�DVFHQW�LQ�WKH�PLGGOH�WURSRVSKHUH�����

�)LJV����D�F���,Q�WKH�(5$���ERWK�WKH�DVFHQGLQJ�PRWLRQ�DQG�ORZ�OHYHO�FRQYHUJHQFH�UHDFK�����

WKHLU�PD[LPXP�LQWHQVLW\�DQG�GHHSHVW�YHUWLFDO�H[WHQW�DW�DSSUR[LPDWHO\�������%-7��)LJ������

��E���DIWHU�ZKLFK�WKH\�JUDGXDOO\�ZHDNHQ��%\�FRQWUDVW��:5)B&)6Y��H[KLELWV�D�ZHDNHU�����

GLXUQDO�YDULDWLRQ��ZLWK�WKH�VWURQJHVW�FLUFXODWLRQ�RFFXUULQJ�SUHPDWXUHO\�DW�������%-7��)LJ������

��G���7KH�GLIIHUHQFH�ILHOGV�IXUWKHU�VKRZ�WKDW�WKH�RYHUHVWLPDWLRQV�RI�DVFHQGLQJ�PRWLRQ������

ORZ�OHYHO�FRQYHUJHQFH��DQG�XSSHU�OHYHO�GLYHUJHQFH�DOO�SHDN�DW�������%-7��)LJ����J�������

7KHVH� UHVXOWV� SURYLGH� DGGLWLRQDO� G\QDPLFDO� HYLGHQFH� WKDW�:5)B&)6Y��SURGXFHV� DQ�����

H[FHVVLYHO\�VWURQJ�QRFWXUQDO�ODUJH�VFDOH�FLUFXODWLRQ�DVVRFLDWHG�ZLWK�WKH�0HL\X�IURQWDO�����

V\VWHP�� 7KH� HQKDQFHG� ORZ�OHYHO� FRQYHUJHQFH� DQG� XSZDUG� PRLVWXUH� WUDQVSRUW������

DFFRPSDQLHG� E\� LQWHQVLILHG� :9)&�� FRQWULEXWH� WR� WKH� RYHUHVWLPDWLRQ� RI� QRFWXUQDO�����

SUHFLSLWDWLRQ������
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)LJ������3UHVVXUH�ODWLWXGH�FURVV�VHFWLRQV�RI�GLYHUJHQFH��VKDGLQJ��DQG�SUHVVXUH�YHUWLFDO�����

YHORFLW\� �EODFN� FRQWRXUV�� �3D�V� ���� DYHUDJHG� DORQJ� ����±����(� DW� ������� ������� DQG�����

������%-7��IURP�OHIW�WR�ULJKW��GXULQJ�WKH�53(V�IURP�(5$���D�F��DQG�:5)B&)6Y���G�����

I���DQG�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�:5)B&)6Y��DQG�(5$���J±L���*UD\�GDVKHG�OLQHV�����

PDUN����1�DQG����1������

'XULQJ� WKH� GD\WLPH�� VLJQLILFDQW� SUHFLSLWDWLRQ� RYHUHVWLPDWLRQ� VKLIW� WR� DUHDV�ZLWK�����

FRPSOH[�WHUUDLQ��LQFOXGLQJ�WKH�+XDQJVKDQ�0RXQWDLQV��WKH�0XIX�0RXQWDLQV��VRXWKHUQ�����

=KHMLDQJ� 3URYLQFH�� DQG� WKH� ZHVWHUQ� PRXQWDLQRXV� UHJLRQV� RI� +XEHL� �)LJ�� �E��� WKH�����

:5)B&)6Y��WHQGV�WR�RYHUHVWLPDWH�VXUIDFH�ODWHQW�DQG�VHQVLEOH�KHDW�IOX[HV�FRPSDUHG�WR�����
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WKH� (5$�� �QRW� VKRZQ��� 1RWDEO\�� LQ� UHJLRQV� ZKHUH� WKH� 67'� H[FHHGV� ���� P�� WKH�����

RYHUHVWLPDWLRQ�RI�GD\WLPH�VHQVLEOH�KHDW�IOX[�LQWHQVLILHV�ZLWK�WHUUDLQ�FRPSOH[LW\��)LJ������

�G���LQGLFDWLQJ�D�QHHG�WR�LPSURYH�WKH�VXUIDFH�WKHUPDO�SURFHVV�SDUDPHWHUL]DWLRQV�RYHU�����

FRPSOH[�WRSRJUDSK\��7KLV�DPSOLILHG�VXUIDFH�KHDWLQJ�VXEVWDQWLDOO\�HOHYDWHV�WKH�ORZ�OHYHO�����

HTXLYDOHQW� SRWHQWLDO� WHPSHUDWXUH� �)LJ�� �M�� DQG� �P� WHPSHUDWXUH� �)LJ�� �I��� JHQHUDWLQJ�����

JUHDWHU�&$3(��)LJ���G���7KLV�GD\WLPH�WKHUPRG\QDPLF�HQKDQFHPHQW�FRPELQHV�ZLWK�WKH�����

SUH�H[LVWLQJ��RYHU�SUHGLFWHG�GD\WLPH�:9)&��)LJ���K���OHDGLQJ�WR�WKH�RYHUHVWLPDWLRQ�RI�����

GD\WLPH� SUHFLSLWDWLRQ�� ,Q� VXPPDU\�� ZKLOH� GD\WLPH� SUHFLSLWDWLRQ� RYHUHVWLPDWLRQ� LV�����

IXQGDPHQWDOO\� VXVWDLQHG� E\� H[FHVVLYH� PRLVWXUH� FRQYHUJHQFH� DQG� HYDSRUDWLRQ�� WKH�����

WKHUPRG\QDPLF� LQVWDELOLW\� WULJJHUHG� E\� H[DJJHUDWHG� VXUIDFH� KHDWLQJ� DFWV� DV� DQ�����

DPSOLI\LQJ�IDFWRU�WKDW�H[DFHUEDWHV�WKH�UDLQIDOO������

���6XPPDU\�DQG�'LVFXVVLRQ�����

,Q�WKLV�VWXG\��ZH�XVHG�WKH�UDLQ�JDXJH�REVHUYDWLRQV�DQG�(5$��UHDQDO\VLV�GDWD�WR�����

HYDOXDWH�WKH�DELOLW\�RI�WKH�:5)B&)6Y��WR�SUHGLFW�WKH�GLXUQDO�F\FOH�RI�53(V�RYHU�WKH�����

0/<5%�LQ�VXPPHU��0HDQZKLOH��WKH�SRVVLEOH�FDXVHV�UHODWHG�WR�WKH�PRGHO�ELDVHV�DUH�DOVR�����

H[SORUHG��7KH�PDLQ�FRQFOXVLRQV�DUH�VXPPDUL]HG�DV�IROORZV������

7KH�:5)B&)6Y��FDQ�ZHOO�UHSURGXFH�WKH�VSDWLDO�GLVWULEXWLRQ�RI�WKH�FOLPDWLF�PHDQ�����

SUHFLSLWDWLRQ� DPRXQW� DQG� IUHTXHQF\� RYHU� WKH� 0/<5%� LQ� VXPPHU� GHVSLWH� WKH�����

RYHUHVWLPDWLRQ� RI� WKHLU� PDJQLWXGHV�� :KLOH� WKH� :5)B&)6Y�� ZHOO� SUHGLFWV� WKH�����

PDJQLWXGH�RI�SUHFLSLWDWLRQ�LQWHQVLW\��LW�VKRZV�UHODWLYHO\�ORZHU�VNLOO�LQ�UHSURGXFLQJ�LWV�����

VSDWLDO�GLVWULEXWLRQ�UHODWLYH�WR�WKH�SUHFLSLWDWLRQ�DPRXQW�DQG�IUHTXHQF\��)XUWKHU�DQDO\VLV�����
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LQGLFDWHG�WKDW�WKH�RYHUHVWLPDWHG�53(V�ODUJHO\�FRQWULEXWH�WR�WKH�RYHUHVWLPDWLRQ�RI�WRWDO�����

SUHFLSLWDWLRQ�UHODWLYH�WR�WKH�/3(V������

$GGLWLRQDOO\��WKH�:5)B&)6Y��FDQ�JHQHUDOO\�UHSURGXFH�WKH���GLXUQDO�F\FOH�W\SHV�����

RI�53(V��+RZHYHU�� WKH�VHFRQG�W\SH��GD\WLPH�GRPLQDQW��DQG� WKH� WKLUG� W\SH��ELPRGDO�����

PRUQLQJ�DIWHUQRRQ� SHDN�� SUHGLFWHG� E\� WKH�:5)B&)6Y�� DUH� ORFDWHG� VOLJKWO\� IDUWKHU�����

VRXWKHDVWZDUG�UHODWLYH�WR�WKH�REVHUYDWLRQ��7KH�:5)B&)6Y��FDQ�DOVR�ZHOO�UHSURGXFH�����

WKH� GLXUQDO� SKDVH� RI� WKH� REVHUYHG� 53(V� GHVSLWH� FOHDU� ELDVHV�� LW� RYHUHVWLPDWHV� WKH�����

SUHFLSLWDWLRQ�DPRXQW�RI�53(V�DW�DOO�KRXUV�RI�D�GD\�ZLWK�WKH�PRUQLQJ�SHDN�RFFXUULQJ�RQH�����

KRXU� HDUOLHU� WKDQ� WKH� REVHUYDWLRQ�� DQG� WKLV� RYHUHVWLPDWHG� SUHFLSLWDWLRQ� DPRXQW� LV�����

SULPDULO\�DWWULEXWHG�WR�WKH�RYHUHVWLPDWLRQ�RI�WKH�SUHFLSLWDWLRQ�FRYHUDJH�UDWH�WKURXJKRXW�����

D�GD\��DQG�LV�IXUWKHU�DPSOLILHG�E\�WKH�RYHUHVWLPDWHG�SUHFLSLWDWLRQ�LQWHQVLW\�GXULQJ�WKH�����

DIWHUQRRQ�DQG�QLJKWWLPH������

)XUWKHU� DQDO\VLV� RI� SRVVLEOH� FDXVHV� UHODWHG� WR� WKHVH� ELDVHV� PHQWLRQHG� DERYH�����

LQGLFDWHV� WKDW� WKH� RYHUHVWLPDWHG� SUHFLSLWDWLRQ� DPRXQW� RI� 53(V� RYHU� WKH�0/<5%� LV�����

GRPLQDWHG�E\�WKH�G\QDPLF�IDFWRUV��ZKLOH�WKH�WKHUPRG\QDPLF�IDFWRUV�SOD\�D�VHFRQGDU\�����

UROH�� '\QDPLFDOO\�� WKH� :5)B&)6Y�� SURGXFHV� D� SHUVLVWHQW� DQRPDORXV� ORZ�OHYHO�����

F\FORQLF� V\VWHP� RYHU� WKH� UHJLRQ�� ZKLFK� OHDGV� WR� DQ� RYHUHVWLPDWLRQ� RI� ORZ�OHYHO�����

VRXWKZHVWHUO\�ZLQGV��&RXSOHG�ZLWK�WKH�XSOLIW�LQGXFHG�E\�ODUJH�VFDOH�V\QRSWLF�V\VWHPV������

WKLV� DQRPDORXV� V\VWHP� HQKDQFHV� :9)&�� ZKLFK� UHVXOWV� LQ� WKH� RYHUHVWLPDWLRQ� RI�����

QRFWXUQDO�53(V��7KHUPRG\QDPLFDOO\��D�QHDU�VXUIDFH�ZDUP�ELDV�OHDGV�WR�DQ�H[FHVVLYH�����

DWPRVSKHULF� LQVWDELOLW\�� 7KLV� KHLJKWHQHG� LQVWDELOLW\�� FRPELQHG� ZLWK� H[FHVVLYH�����

HYDSRUDWLRQ�DQG�VWURQJ�:9)&��XOWLPDWHO\�FXOPLQDWHV�LQ�WKH�RYHUHVWLPDWLRQ�RI�GD\WLPH�����
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53(V������

,W� VKRXOG�EH�QRWHG� WKDW� WKLV� VWXG\� HYDOXDWHV� WKH�:5)B&)6Y�� LQ� LWV� HVWDEOLVKHG�����

RSHUDWLRQDO� FRQILJXUDWLRQ�� ZKLFK� XVHV� D� ��NP� JULG� VSDFLQJ�� WKH� *)� FXPXOXV�����

SDUDPHWHUL]DWLRQ��DQG�WKH�:60��PLFURSK\VLFV�VFKHPH��7KH���NP�JULG�OLHV�ZLWKLQ�WKH�����

FRQYHFWLYH� ³JUD\� ]RQH�´� ZKHUH� LQWHUDFWLRQV� EHWZHHQ� H[SOLFLWO\� UHVROYHG� DQG�����

SDUDPHWHUL]HG� FRQYHFWLRQ� PD\� LQWURGXFH� HUURUV� LQ� FRQYHFWLYH� LQLWLDWLRQ�� ORZ�OHYHO�����

ZLQGV�� DQG� PRLVWXUH� FRQYHUJHQFH�� SRWHQWLDOO\� FRQWULEXWLQJ� WR� WKH� RYHUHVWLPDWLRQ� RI�����

53(V��2X�HW�DO����������,Q�DGGLWLRQ��:60��FRPELQHV�FORXG�ZDWHU�LFH�DQG�UDLQ�VQRZ�����

DQG�ODFNV�VHSDUDWH�VXSHUFRROHG�OLTXLG�ZDWHU�DQG�JUDXSHO�FDWHJRULHV��+RQJ�HW�DO��������������

,WV�VLPSOLILHG�PL[HG�SKDVH�WUHDWPHQW�PD\�DOWHU�ODWHQW�KHDWLQJ�DQG�FRROLQJ��K\GURPHWHRU�����

ORDGLQJ� DQG� VHGLPHQWDWLRQ�� DQG� FROG�SRRO� HYROXWLRQ�� WKHUHE\� DIIHFWLQJ� FRQYHFWLYH�����

RUJDQL]DWLRQ�� OLIHWLPH�� SUHFLSLWDWLRQ� HIILFLHQF\�� DQG� PRLVWXUH� GHSOHWLRQ� �&RVVX� DQG�����

+RFNH��������:X�HW�DO����������%HFDXVH�WKH�REMHFWLYH�LV�WR�DVVHVV�WKH�DFWXDO�SHUIRUPDQFH�����

RI�WKH�RSHUDWLRQDO�V\VWHP��LWV�H[LVWLQJ�FRQILJXUDWLRQ�ZDV�UHWDLQHG��)XWXUH�XSJUDGHV�ZLOO�����

HYDOXDWH� ILQHU� FRQYHFWLRQ�SHUPLWWLQJ� JULGV� DQG� PRUH� FRPSUHKHQVLYH� PL[HG�SKDVH�����

PLFURSK\VLFV�VFKHPHV�� �����

$QRWKHU�FDYHDW�LV�WKDW�WKLV�VWXG\�XVHV�IRUHFDVWV�DW�OHDG�WLPHV�RI���±���K�IURP�WKH�����

GDLO\�������87&�LQLWLDOL]DWLRQV��VR�GLIIHUHQW�%-7�KRXUV�FRUUHVSRQG�WR�GLIIHUHQW�IRUHFDVW�����

OHDG�WLPHV��7KH�GLDJQRVHG�GLXUQDO�ELDVHV�PD\�WKHUHIRUH�DOVR�FRQWDLQ�HUURU�VLJQDOV�WKDW�����

HYROYH�ZLWK�IRUHFDVW�OHDG�WLPH��HVSHFLDOO\�DW�WKH�WUDQVLWLRQ�ZKHUH�WKH����K�IRUHFDVW�IURP�����

RQH�F\FOH�LV�UHSODFHG�E\�WKH����K�IRUHFDVW�IURP�WKH�QH[W��)XWXUH�ZRUN�FRXOG�XVH�IRUHFDVWV�����

IRU� WKH� VDPH�YDOLG� WLPH� IURP�GLIIHUHQW� LQLWLDOL]DWLRQ�F\FOHV�DQG� OHDG� WLPHV� WR� IXUWKHU�����
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VHSDUDWH�GLXUQDO�ELDVHV�IURP�WKHLU�OHDG�WLPH�GHSHQGHQFH��)RU�RSHUDWLRQDO�IRUHFDVWLQJ������

VWDWLVWLFDO�SRVW�SURFHVVLQJ�UHODWLRQVKLSV�FRQGLWLRQHG�RQ�IRUHFDVW�OHDG�WLPH�DQG�ORFDO�WLPH�����

FRXOG�DOVR�EH�GHYHORSHG��%LDV�FRUUHFWLRQ�PHWKRGV�VXFK�DV�IUHTXHQF\�PDWFKLQJ��TXDQWLOH�����

PDSSLQJ��RU�PRGHO�RXWSXW�VWDWLVWLFV�FRXOG�WKHQ�EH�DSSOLHG�WR�UHGXFH�V\VWHPDWLF�ELDVHV�����

LQ� SUHFLSLWDWLRQ� IUHTXHQF\� DQG� LQWHQVLW\�� WKHUHE\� IXUWKHU� LPSURYLQJ� IRUHFDVW� VNLOO� IRU�����

53(V��=KX�DQG�/XR��������9DQQLWVHP�HW�DO��������������

2YHUDOO��WKH�SUHGLFWLRQ�ELDVHV�RI�53(V�DUH�PDLQO\�UHODWHG�WR�LQDGHTXDWH�SUHGLFWLRQ�����

RI�WKH�ORFDO�WKHUPDO�SURFHVVHV�DQG�ODUJH�VFDOH�ORZ�OHYHO�ZLQG�ILHOGV��3UHYLRXV�VWXGLHV�����

KDYH�VKRZQ�WKDW�LQFOXGLQJ�WKH�VXE�JULG�WHUUDLQ�VRODU�UDGLDWLYH�HIIHFW��+XDQJ�HW�DO�������������

&DL�HW�DO���������FDQ�HIIHFWLYHO\�LPSURYH�WKH�VLPXODWLRQ�RI�VXUIDFH�WKHUPDO�FRQGLWLRQV�����

RYHU�FRPSOH[�WHUUDLQ��DQG�LQFOXGLQJ�WKH�VXE�JULG�WXUEXOHQW�RURJUDSKLF�IRUP�GUDJ��*X�HW�����

DO���������=KRX�HW�DO���������FDQ�DOOHYLDWH�WKH�RYHUHVWLPDWLRQ�RI�ORZ�OHYHO�ZLQG�VSHHGV�����

FDXVHG�E\�QHJOHFWLQJ�VXE�JULG�WRSRJUDSKLF�WXUEXOHQW�GUDJ��7KHUHIRUH��WR�IXUWKHU�LPSURYH�����

WKH�DELOLW\�RI�WKH�:5)B&)6Y��WR�SUHGLFW�WKH�53(V��WKH�VXE�JULG�WHUUDLQ�UDGLDWLYH�DQG�����

G\QDPLF�HIIHFWV�ZLOO�EH�LQFOXGHG�LQ�WKH�:5)B&)6Y��LQ�WKH�QHDU�IXWXUH������

Acknowledgments.� 7KLV� VWXG\� LV� VXSSRUWHG� E\� WKH� 1DWLRQDO� 1DWXUDO� 6FLHQFH�����

)RXQGDWLRQ�RI�&KLQD�XQGHU�*UDQW�8��������DQG�WKH�-LDQJVX�&ROODERUDWLYH�,QQRYDWLRQ�����

&HQWHU�IRU�&OLPDWH�&KDQJH��:H�DSSUHFLDWH�WKH�+LJK�3HUIRUPDQFH�&RPSXWLQJ�&HQWHU�RI�����

1DQMLQJ�8QLYHUVLW\������

�����

5()(5(1&(6�����
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&DL��6���$��+XDQJ��.��=KX��:��*XR��<��:X��DQG�&��*X��������7KH�)RUHFDVW�6NLOO�RI�WKH�6XPPHU�����

3UHFLSLWDWLRQ�2YHU�7LEHWDQ�3ODWHDX�,PSURYHG�E\� WKH�$GRSWLRQ�RI�D��'�6XE�*ULG�7HUUDLQ�6RODU�����

5DGLDWLYH�(IIHFW�6FKHPH�LQ�D�&RQYHFWLRQ�3HUPLWWLQJ�0RGHO��Journal of Geophysical Research: ����

Atmospheres�������H����-'��������KWWSV���GRL�RUJ�������������-'������������

&DL��6���$��+XDQJ��.��=KX��%��<DQJ��;��<DQJ��<��:X��DQG�;��0X��������'LXUQDO�F\FOH�RI�VXPPHU�����

SUHFLSLWDWLRQ�RYHU�WKH�(DVWHUQ�7LEHWDQ�3ODWHDX�DQG�VXUURXQGLQJ�UHJLRQV�VLPXODWHG�LQ�D�FRQYHFWLRQ�����

SHUPLWWLQJ�PRGHO��Climate Dynamics���������±�����KWWSV���GRL�RUJ���������V�����������������������

&KHQ��)���DQG�-��'XGKLD��������&RXSOLQJ�DQ�$GYDQFHG�/DQG�6XUIDFH±+\GURORJ\�0RGHO�ZLWK� WKH�����

3HQQ� 6WDWH±1&$5� 00�� 0RGHOLQJ� 6\VWHP�� 3DUW� ,�� 0RGHO� ,PSOHPHQWDWLRQ� DQG� 6HQVLWLYLW\������

Monthly Weather Review�� ����� ���±����� KWWSV���GRL�RUJ������������������

�������������������&$$/6+!����&2��������

&KHQ��*���:��6KD��DQG�7��,ZDVDNL��������'LXUQDO�YDULDWLRQ�RI�SUHFLSLWDWLRQ�RYHU�VRXWKHDVWHUQ�&KLQD������

6SDWLDO� GLVWULEXWLRQ� DQG� LWV� VHDVRQDOLW\�� Journal of Geophysical Research: Atmospheres�� ���������

KWWSV���GRL�RUJ�������������-'������������

&KHQ��*���<��'X��DQG�=��:HQ��������6HDVRQDO��,QWHUDQQXDO��DQG�,QWHUGHFDGDO�9DULDWLRQV�RI�WKH�(DVW�����

$VLDQ� 6XPPHU�0RQVRRQ��$� 'LXUQDO�&\FOH� 3HUVSHFWLYH�� Journal of Climate�� ���� ����±����������

KWWSV���GRL�RUJ���������-&/,�'����������������

&KHQ��*���:��6KD��7��,ZDVDNL��DQG�.��8HQR��������'LXUQDO�YDULDWLRQ�RI�UDLQIDOO�LQ�WKH�<DQJW]H�5LYHU�����

9DOOH\�GXULQJ�WKH�VSULQJ�VXPPHU�WUDQVLWLRQ�IURP�7500�PHDVXUHPHQWV��Journal of Geophysical ����

Research: Atmospheres�������KWWSV���GRL�RUJ�������������-'������������

&KHQ��*���:��6KD��0��6DZDGD��DQG�7��,ZDVDNL��������,QIOXHQFH�RI�VXPPHU�PRQVRRQ�GLXUQDO�F\FOH�����

RQ�PRLVWXUH� WUDQVSRUW�DQG�SUHFLSLWDWLRQ�RYHU�HDVWHUQ�&KLQD��Journal of Geophysical Research: ����
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Atmospheres�����������±������KWWSV���GRL�RUJ���������MJUG������������

&KHQ��6���%��<DQJ��$��+XDQJ��DQG�<��=KDQJ��������7HUUDLQ�DQG�XUEDQ�LPSDFWV�RQ�VXPPHU�H[WUHPH�����

SUHFLSLWDWLRQ�RYHU�+HQDQ��&KLQD��$�V\QRSWLF�DQG�VLPXODWLRQ�DQDO\VLV��Atmospheric Research�����������

��������KWWSV���GRL�RUJ���������M�DWPRVUHV������������������

&KRX�� &��� DQG� &��:�� /DQ�� ������ &KDQJHV� LQ� WKH�$QQXDO� 5DQJH� RI� 3UHFLSLWDWLRQ� XQGHU� *OREDO�����

:DUPLQJ��Journal of Climate���������±�����KWWSV���GRL�RUJ���������-&/,�'�����������������

&RVVX��)���DQG�.��+RFNH��������,QIOXHQFH�RI�PLFURSK\VLFDO�VFKHPHV�RQ�DWPRVSKHULF�ZDWHU�LQ�WKH�����

:HDWKHU� 5HVHDUFK� DQG� )RUHFDVWLQJ� PRGHO�� Geosci. Model Dev.�� ��� ���±���������

KWWSV���GRL�RUJ���������JPG�����������������

&XL��&���DQG�&RDXWKRUV��������$QDO\VLV�RI�WKH�&KDUDFWHULVWLFV�RI�WKH�/RZ�OHYHO�-HWV�LQ�WKH�0LGGOH�����

5HDFKHV�RI�WKH�<DQJW]H�5LYHU�GXULQJ�WKH�0HL�\X�6HDVRQ��Advances in Atmospheric Sciences����������

���±�����KWWSV���GRL�RUJ���������V����������������������

'DL�� $��� ������ 3UHFLSLWDWLRQ� &KDUDFWHULVWLFV� LQ� (LJKWHHQ� &RXSOHG� &OLPDWH� 0RGHOV�� Journal of ����

Climate����������±������KWWSV���GRL�RUJ���������-&/,������������

'DL��$���DQG�.��(��7UHQEHUWK��������7KH�'LXUQDO�&\FOH�DQG�,WV�'HSLFWLRQ�LQ�WKH�&RPPXQLW\�&OLPDWH�����

6\VWHP� 0RGHO�� Journal of Climate�� ���� ���±����� KWWSV���GRL�RUJ������������������

�������������������7'&$,'!����&2��������

'DL��$��� )��*LRUJL�� DQG�.��(��7UHQEHUWK�� ������2EVHUYHG� DQG�PRGHO�VLPXODWHG�GLXUQDO� F\FOHV� RI�����

SUHFLSLWDWLRQ�RYHU�WKH�FRQWLJXRXV�8QLWHG�6WDWHV��Journal of Geophysical Research: Atmospheres������

���������±������KWWSV���GRL�RUJ�����������-'�����������

'RQJ��*���=��-LDQJ��<��:DQJ��=��7LDQ��DQG�-��/LX��������(YDOXDWLRQ�RI�H[WUHPH�SUHFLSLWDWLRQ�LQ�WKH�����

<DQJW]H� 5LYHU� 'HOWD� 5HJLRQ� RI� &KLQD� XVLQJ� D� ����NP� PHVK� FRQYHFWLRQ)SHUPLWWLQJ� UHJLRQDO�����
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FOLPDWH�PRGHO��Climate Dynamics����������±������KWWSV���GRL�RUJ���������V�����������������������

)X��3���.��=KX��.��=KDR��%��=KRX��DQG�0��;XH��������5ROH�RI�WKH�1RFWXUQDO�/RZ�OHYHO�-HW�LQ�WKH�����

)RUPDWLRQ� RI� WKH� 0RUQLQJ� 3UHFLSLWDWLRQ� 3HDN� RYHU� WKH� 'DELH� 0RXQWDLQV�� Advances in ����

Atmospheric Sciences��������±����KWWSV���GRL�RUJ���������V����������������������

*(%&2� %DWK\PHWULF� &RPSLODWLRQ� *URXS� ����� ������� 7KH� *(%&2B����� *ULG� �� D� FRQWLQXRXV�����

WHUUDLQ�PRGHO�IRU�RFHDQV�DQG�ODQG�DW����DUF�VHFRQG�LQWHUYDOV��1(5&�('6�%ULWLVK�2FHDQRJUDSKLF�����

'DWD�&HQWUH�12&��KWWSV���GRL�RUJ�����������F��H�����HD���FH�H��������DEF��I��������

*UHOO�� *�� $��� DQG� 6�� 5�� )UHLWDV�� ������ $� VFDOH� DQG� DHURVRO� DZDUH� VWRFKDVWLF� FRQYHFWLYH�����

SDUDPHWHUL]DWLRQ� IRU� ZHDWKHU� DQG� DLU� TXDOLW\�PRGHOLQJ��Atmos. Chem. Phys.�� ���� ����±����������

KWWSV���GRL�RUJ���������DFS�������������������

*X�� &���$�� +XDQJ�� ;�� /L�� %��<DQJ�� ;�� =KRX�� DQG�<��:X�� ������ ,PSDFW� RI� 6XE�*ULG� 7XUEXOHQW�����

2URJUDSKLF�)RUP�'UDJ�RQ�WKH�6XPPHU�0RQVRRQ�3UHFLSLWDWLRQ�6LPXODWLRQ�2YHU�&KLQD��Journal ����

of Geophysical Research: Atmospheres�� ����� H����-'������������

KWWSV���GRL�RUJ�������������-'������������

*XR��-���DQG�&RDXWKRUV��������'HFOLQLQJ�IUHTXHQF\�RI�VXPPHUWLPH�ORFDO�VFDOH�SUHFLSLWDWLRQ�RYHU�����

HDVWHUQ�&KLQD�IURP������WR������DQG�LWV�SRWHQWLDO�OLQN�WR�DHURVROV��Geophysical Research Letters������

��������±������KWWSV���GRL�RUJ�������������*/������������

*XR��=���-��)DQJ��;��6XQ��-��7DQJ��<��<DQJ��DQG�-��7DQJ��������'HFDGDO�ORQJ�FRQYHFWLRQ�SHUPLWWLQJ�����

UHJLRQDO� FOLPDWH� VLPXODWLRQV� RYHU� HDVWHUQ�&KLQD�� HYDOXDWLRQ� RI� GLXUQDO� F\FOH� RI� SUHFLSLWDWLRQ������

Climate Dynamics����������±������KWWSV���GRL�RUJ���������V����������������]������

+HUVEDFK��+���DQG�&RDXWKRUV��������7KH�(5$��JOREDO�UHDQDO\VLV��Quarterly Journal of the Royal ����

Meteorological Society�����������±������KWWSV���GRL�RUJ���������TM�����������
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+RQJ��6��<���-��'XGKLD��DQG�6��+��&KHQ��������$�5HYLVHG�$SSURDFK�WR�,FH�0LFURSK\VLFDO�3URFHVVHV�����

IRU�WKH�%XON�3DUDPHWHUL]DWLRQ�RI�&ORXGV�DQG�3UHFLSLWDWLRQ��Monthly Weather Review����������±����

�����KWWSV���GRL�RUJ���������������������������������$5$7,0!����&2��������

+RQJ�� 6��<���<��1RK�� DQG� -��'XGKLD�� ������$�1HZ�9HUWLFDO�'LIIXVLRQ� 3DFNDJH�ZLWK� DQ� ([SOLFLW�����

7UHDWPHQW� RI� (QWUDLQPHQW� 3URFHVVHV�� Monthly Weather Review�� ����� ����±����������

KWWSV���GRL�RUJ���������0:5������������

+X��;��� DQG�:��<XDQ��������(YDOXDWLRQ�RI�(5$��SUHFLSLWDWLRQ�RYHU� WKH�HDVWHUQ�SHULSKHU\�RI� WKH�����

7LEHWDQ� SODWHDX� IURP� WKH� SHUVSHFWLYH� RI� UHJLRQDO� UDLQIDOO� HYHQWV�� International Journal of ����

Climatology����������±������KWWSV���GRL�RUJ���������MRF�����������

+X��<���<��'HQJ��=��=KRX��&��&XL��DQG�;��'RQJ��������$�VWDWLVWLFDO�DQG�G\QDPLFDO�FKDUDFWHUL]DWLRQ�����

RI�ODUJH�VFDOH�FLUFXODWLRQ�SDWWHUQV�DVVRFLDWHG�ZLWK�VXPPHU�H[WUHPH�SUHFLSLWDWLRQ�RYHU�WKH�PLGGOH�����

UHDFKHV�RI�<DQJW]H�ULYHU��Climate Dynamics����������±������KWWSV���GRL�RUJ���������V��������������

�����]������

+XDQJ��$���DQG�&RDXWKRUV��������'HYHORSPHQW�RI�D�&OHDU�6N\��'�6XE�*ULG�7HUUDLQ�6RODU�5DGLDWLYH�����

(IIHFW� 3DUDPHWHUL]DWLRQ� 6FKHPH� %DVHG� RQ� WKH� 0RXQWDLQ� 5DGLDWLRQ� 7KHRU\�� Journal of ����

Geophysical Research: Atmospheres�� ����� H����-'������������

KWWSV���GRL�RUJ�������������-'������������

,DFRQR��0��-���-��6��'HODPHUH��(��-��0ODZHU��0��:��6KHSKDUG��6��$��&ORXJK��DQG�:��'��&ROOLQV������������

5DGLDWLYH�IRUFLQJ�E\�ORQJ�OLYHG�JUHHQKRXVH�JDVHV��&DOFXODWLRQV�ZLWK�WKH�$(5�UDGLDWLYH�WUDQVIHU�����

PRGHOV�� Journal of Geophysical Research: Atmospheres�� ���������

KWWSV���GRL�RUJ�������������-'������������

/DL��+��:���7��2X��$��'DL��;��&KHQ��DQG�$��&KHQ��������'LXUQDO�&\FOH�RI�6XPPHU�3UHFLSLWDWLRQ�����
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2YHU� 0DLQODQG� 6RXWKHDVW� $VLD� 5HYHDOHG� E\� 2EVHUYDWLRQV�� 5HDQDO\VLV�� DQG� '\QDPLF�����

'RZQVFDOLQJ�� Journal of Geophysical Research: Atmospheres�� ����� H����-'������������

KWWSV���GRL�RUJ�������������-'������������

/L�� -��� ������ +RXUO\� VWDWLRQ�EDVHG� SUHFLSLWDWLRQ� FKDUDFWHULVWLFV� RYHU� WKH� 7LEHWDQ� 3ODWHDX������

International Journal of Climatology����������±������KWWSV���GRL�RUJ���������MRF�����������

/L��/���-��/L��DQG�5��<X������D��&KDUDFWHULVWLFV�RI�VXPPHU�UHJLRQDO�UDLQIDOO�HYHQWV�RYHU� ,OL�5LYHU�����

9DOOH\� LQ� 1RUWKZHVW� &KLQD�� Atmospheric Research�� ����� ������������

KWWSV���GRL�RUJ���������M�DWPRVUHV������������������

/L��3���.��)XUWDGR��7��=KRX��+��&KHQ��-��/L��=��*XR��DQG�&��;LDR������E��7KH�GLXUQDO�F\FOH�RI�(DVW�����

$VLDQ�VXPPHU�PRQVRRQ�SUHFLSLWDWLRQ�VLPXODWHG�E\�WKH�0HW�2IILFH�8QLILHG�0RGHO�DW�FRQYHFWLRQ�����

SHUPLWWLQJ�VFDOHV��Climate Dynamics���������±�����KWWSV���GRL�RUJ���������V���������������]������

/LX��-���/��<DQJ��-��-LDQJ��:��<XDQ��DQG�=��'XDQ��������0DSSLQJ�GLXUQDO�F\FOHV�RI�SUHFLSLWDWLRQ�RYHU�����

&KLQD� WKURXJK� FOXVWHULQJ�� Journal of Hydrology�� ����� ������������

KWWSV���GRL�RUJ���������M�MK\GURO������������������

2X��7���'��&KHQ��;��&KHQ��&��/LQ��.��<DQJ��+��:��/DL��DQG�)��=KDQJ��������6LPXODWLRQ�RI�VXPPHU�����

SUHFLSLWDWLRQ�GLXUQDO�F\FOHV�RYHU�WKH�7LEHWDQ�3ODWHDX�DW�WKH�JUD\�]RQH�JULG�VSDFLQJ�IRU�FXPXOXV�����

SDUDPHWHUL]DWLRQ�� Climate Dynamics�� ���� ����±������ KWWSV���GRL�RUJ���������V��������������

������[������

4LDR��)���DQG�;��=��/LDQJ��������(IIHFWV�RI�FXPXOXV�SDUDPHWHUL]DWLRQ�FORVXUHV�RQ�VLPXODWLRQV�RI�����

VXPPHU�SUHFLSLWDWLRQ�RYHU� WKH�8QLWHG�6WDWHV�FRDVWDO�RFHDQV��Journal of Advances in Modeling ����

Earth Systems��������±�����KWWSV���GRL�RUJ�������������06������������

5REHUWVRQ��$��:���1��9LJDXG��-��<XDQ��DQG�0��.��7LSSHWW��������7RZDUG�,GHQWLI\LQJ�6XEVHDVRQDO�����
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)RUHFDVWV�RI�2SSRUWXQLW\�8VLQJ�1RUWK�$PHULFDQ�:HDWKHU�5HJLPHV��Monthly Weather Review�����������

����±������KWWSV���GRL�RUJ���������PZU�G����������������

6DKD��6���DQG�&RDXWKRUV��������7KH�1&(3�&OLPDWH�)RUHFDVW�6\VWHP�9HUVLRQ����Journal of Climate������

��������±������KWWSV���GRL�RUJ���������-&/,�'�����������������

6HDJHU��5���1��1DLN��DQG�*��$��9HFFKL��������7KHUPRG\QDPLF�DQG�'\QDPLF�0HFKDQLVPV�IRU�/DUJH�����

6FDOH�&KDQJHV�LQ�WKH�+\GURORJLFDO�&\FOH�LQ�5HVSRQVH�WR�*OREDO�:DUPLQJ��Journal of Climate������

��������±������KWWSV���GRL�RUJ�������������-&/,������������

6NDPDURFN��:��&���DQG�&RDXWKRUV��������$�'HVFULSWLRQ�RI�WKH�$GYDQFHG�5HVHDUFK�:5)�9HUVLRQ��������

1&$5�7HFKQLFDO�1RWH�1&$5�71�����675�-XQH������0HVRVFDOH�DQG�0LFURVFDOH�0HWHRURORJ\�����

'LYLVLRQ� 1DWLRQDO� &HQWHU� IRU� $WPRVSKHULF� 5HVHDUFK� %RXOGHU� ����� �������

KWWSV���GRL�RUJ���������'��6�09+������

6RURRVKLDQ��6���;��*DR��.��+VX��5��$��0DGGR[��<��+RQJ��+��9��*XSWD��DQG�%��,PDP��������'LXUQDO�����

9DULDELOLW\� RI� 7URSLFDO� 5DLQIDOO� 5HWULHYHG� IURP� &RPELQHG� *2(6� DQG� 7500� 6DWHOOLWH�����

,QIRUPDWLRQ�� Journal of Climate�� ���� ���±������ KWWSV���GRL�RUJ������������������

�������������������'92755!����&2��������

7DQJ��<���$��+XDQJ�� 3��:X��'��+XDQJ��'��;XH�� DQG�<��:X�� ������'ULYHUV� RI� 6XPPHU�([WUHPH�����

3UHFLSLWDWLRQ� (YHQWV� 2YHU� (DVW� &KLQD�� Geophysical Research Letters�� ���� H����*/������������

KWWSV���GRL�RUJ�������������*/������������

9DQQLWVHP�� 6��� DQG� &RDXWKRUV�� ������ 6WDWLVWLFDO� 3RVWSURFHVVLQJ� IRU�:HDWKHU� )RUHFDVWV�� 5HYLHZ������

&KDOOHQJHV��DQG�$YHQXHV�LQ�D�%LJ�'DWD�:RUOG��Bulletin of the American Meteorological Society������

�����(���±(�����KWWSV���GRL�RUJ���������%$06�'����������������

9LJDXG��1���$��:��5REHUWVRQ��DQG�0��.��7LSSHWW��������3UHGLFWDELOLW\�RI�5HFXUUHQW�:HDWKHU�5HJLPHV�����
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RYHU�1RUWK�$PHULFD�GXULQJ�:LQWHU�IURP�6XEPRQWKO\�5HIRUHFDVWV��Monthly Weather Review�����������

����±������KWWSV���GRL�RUJ���������PZU�G����������������

:HL��4���-��6XQ��6��)X��<��=KDQJ��DQG�;��:DQJ��������6SDWLRWHPSRUDO�&KDUDFWHULVWLFV�RI�5DLQIDOO�����

RYHU�'LIIHUHQW�7HUUDLQ�)HDWXUHV� LQ� WKH�0LGGOH�5HDFKHV�RI� WKH�<DQJW]H�5LYHU�%DVLQ�GXULQJ� WKH�����

:DUP� 6HDVRQV� RI� ����±���� Advances in Atmospheric Sciences�� ���� ���±���������

KWWSV���GRL�RUJ���������V����������������������

:X��'���/��0D��7��+X��DQG�5��=KDQJ��������,PSDFWV�RI�PLFURSK\VLFDO�SDUDPHWHUL]DWLRQV�RQ�EDQGHG�����

FRQYHFWLYH�V\VWHP�LQ�FRQYHFWLRQ�SHUPLWWLQJ�VLPXODWLRQ��D�FDVH�VWXG\��Frontiers in Earth Science������

9ROXPH������������KWWSV���GRL�RUJ���������IHDUW�������������������

:X��5���$��+XDQJ��'��+XDQJ��-��7DQJ��DQG�;��;X��������&KDUDFWHULVWLFV�RI�WKH�6XPPHU�5HJLRQDO�����

3UHFLSLWDWLRQ�(YHQWV�LQ�WKH�0LGGOH�DQG�/RZHU�<DQJW]H�5LYHU�%DVLQ�DQG�$VVRFLDWHG�0HFKDQLVPV������

Journal of Geophysical Research: Atmospheres�� ����� H����-'������������

KWWSV���GRL�RUJ�������������-'������������

:X��5���$��+XDQJ��'��+XDQJ��&��*X��DQG�6��/L��������5HJXODWRU\�)DFWRUV�RI�WKH�0RUQLQJ�3HDN�RI�����

6XPPHU�5HJLRQDO�3UHFLSLWDWLRQ�(YHQWV�2YHU�WKH�0LGGOH�DQG�/RZHU�<DQJW]H�5LYHU�%DVLQ��&KLQD������

Geophysical Research Letters������H����*/��������KWWSV���GRL�RUJ�������������*/������������

:X��<���DQG�&RDXWKRUV��������'LXUQDO�YDULDWLRQV�RI�VXPPHU�SUHFLSLWDWLRQ�RYHU�WKH�UHJLRQV�HDVW�WR�����

7LEHWDQ�3ODWHDX��Climate Dynamics����������±������KWWSV���GRL�RUJ���������V���������������[������

;X��0���DQG�&RDXWKRUV��������&RQYHFWLRQ�3HUPLWWLQJ�+LQGFDVWLQJ�RI�'LXUQDO�9DULDWLRQ�RI�0HL�\X�����

5DLQIDOO�2YHU� (DVW� &KLQD�:LWK� D�*OREDO�9DULDEOH�5HVROXWLRQ�0RGHO�� Journal of Geophysical ����

Research: Atmospheres�������H����-'��������KWWSV���GRL�RUJ�������������-'������������

;XH��0���;��/XR��.��=KX��=��6XQ��DQG�-��)HL��������7KH�&RQWUROOLQJ�5ROH�RI�%RXQGDU\�/D\HU�,QHUWLDO�����
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2VFLOODWLRQV� LQ� 0HL\X� )URQWDO� 3UHFLSLWDWLRQ� DQG� ,WV� 'LXUQDO� &\FOHV� 2YHU� &KLQD�� Journal of ����

Geophysical Research: Atmospheres�����������±������KWWSV���GRL�RUJ�������������-'������������

<DQJ��%���<��=KRX��<��=KDQJ��$��+XDQJ��<��4LDQ��DQG�/��=KDQJ��������6LPXODWHG�SUHFLSLWDWLRQ�GLXUQDO�����

F\FOHV�RYHU�(DVW�$VLD�XVLQJ�GLIIHUHQW�&$3(�EDVHG�FRQYHFWLYH�FORVXUH�VFKHPHV�LQ�:5)�PRGHO������

Climate Dynamics����������±������KWWSV���GRL�RUJ���������V���������������]������

<X��5���<��;X��7��=KRX��DQG�-��/L������D��5HODWLRQ�EHWZHHQ�UDLQIDOO�GXUDWLRQ�DQG�GLXUQDO�YDULDWLRQ�LQ�����

WKH�ZDUP� VHDVRQ� SUHFLSLWDWLRQ� RYHU� FHQWUDO� HDVWHUQ�&KLQD��Geophysical Research Letters����������

KWWSV���GRL�RUJ�������������*/������������

<X��5���7��=KRX��$��;LRQJ��<��=KX��DQG�-��/L������E��'LXUQDO�YDULDWLRQV�RI�VXPPHU�SUHFLSLWDWLRQ�RYHU�����

FRQWLJXRXV�&KLQD��Geophysical Research Letters������KWWSV���GRL�RUJ�������������*/������������

=HQJ��-���DQG�&RDXWKRUV��������7\SLFDO�6\QRSWLF�3DWWHUQV�5HVSRQVLEOH�IRU�6XPPHU�5HJLRQDO�+RXUO\�����

([WUHPH� 3UHFLSLWDWLRQ� (YHQWV� 2YHU� WKH� 0LGGOH� DQG� /RZHU� <DQJW]H� 5LYHU� %DVLQ�� &KLQD������

Geophysical Research Letters������H����*/��������KWWSV���GRL�RUJ�������������*/������������

=KDQJ�� 4��� =KDR��<��� )DQ�� 6�� ������ 'HYHORSPHQW� RI� KRXUO\� SUHFLSLWDWLRQ� GDWDVHWV� IRU� QDWLRQDO�����

PHWHRURORJLFDO� VWDWLRQV� LQ� &KLQD�� 7RUUHQWLDO� 5DLQ� 'LVDVWHUV�� ���� ���±���������

KWWSV���GRL�RUJ���������M�LVVQ�������������������������LQ�&KLQHVH������

=KDQJ��<���0��;XH��.��=KX��DQG�%��=KRX��������:KDW�,V�WKH�0DLQ�&DXVH�RI�'LXUQDO�9DULDWLRQ�DQG�����

1RFWXUQDO�3HDN�RI�6XPPHU�3UHFLSLWDWLRQ�LQ�6LFKXDQ�%DVLQ��&KLQD"�7KH�.H\�5ROH�RI�%RXQGDU\�����

/D\HU�/RZ�/HYHO�-HW�,QHUWLDO�2VFLOODWLRQV��Journal of Geophysical Research: Atmospheres�����������

����±������KWWSV���GRL�RUJ�������������-'������������

=KDR��<���;��3HQJ��;��/L��DQG�6��&KHQ��������,PSURYHG�'LXUQDO�&\FOH�RI�3UHFLSLWDWLRQ�RQ�/DQG�LQ�D�����

*OREDO�1RQ�+\GURVWDWLF�0RGHO�8VLQJ�D�5HYLVHG�16$6�'HHS�&RQYHFWLYH�6FKHPH��Advances in ����
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Atmospheric Sciences����������±������KWWSV���GRL�RUJ���������V����������������������

=KRX��7���5��<X��+��&KHQ��$��'DL��DQG�<��3DQ��������6XPPHU�3UHFLSLWDWLRQ�)UHTXHQF\��,QWHQVLW\��DQG�����

'LXUQDO� &\FOH� RYHU� &KLQD��$� &RPSDULVRQ� RI� 6DWHOOLWH� 'DWD� ZLWK� 5DLQ� *DXJH� 2EVHUYDWLRQV������

Journal of Climate����������±������KWWSV���GRL�RUJ�������������-&/,������������

=KRX��<���$��+XDQJ��;��/L��&��*X��DQG�<��:X��������/RFDO�DQG�5HPRWH�(IIHFWV�RI� WKH�6XE�*ULG�����

7XUEXOHQW�2URJUDSKLF�)RUP�'UDJ�RQ�WKH�6XPPHU�0RQVRRQ�3UHFLSLWDWLRQ�2YHU�(DVWHUQ�&KLQD������

Journal of Geophysical Research: Atmospheres�� ����� H����-'������������

KWWSV���GRL�RUJ�������������-'������������

=KX��/���-��/LX��$��;��=KX��0��6KHQJ��DQG�=��'XDQ��������6SDWLDO�'LVWULEXWLRQ�RI�'LXUQDO�5DLQIDOO�����

9DULDWLRQ� LQ� 6XPPHU� RYHU� &KLQD�� Journal of Hydrometeorology�� ���� ���±���������

KWWSV���GRL�RUJ���������-+0�'����������������

=KX��<���DQG�<��/XR��������3UHFLSLWDWLRQ�&DOLEUDWLRQ�%DVHG�RQ� WKH�)UHTXHQF\�0DWFKLQJ�0HWKRG������

Weather and Forecasting����������±������KWWSV���GRL�RUJ���������:$)�'�����������������

�����
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