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7KH �(DVW �$VLDQ �VXPPHU �PRQVRRQ ��($60� �V\VWHP�LV
DQ �LPSRUWDQW �FRPSRQHQW �RI �WKH �$VLDQ �PRQVRRQ �V\VWHP
�:DQJ�DQG�+R� ������� �$�PDMRU �IHDWXUH �RI �WKH �($60�LV
WKH�SUHYDLOLQJ�VRXWKHUOLHV�LQGXFHG�E\�WKH�SUHVVXUH�JUDGL�

HQW �EHWZHHQ �WKH �$VLDQ �FRQWLQHQW �DQG �WKH �VXEWURSLFDO
RFHDQV� �,Q �VXPPHU� �WKH �($60 �FDUULHV �D �ODUJH �ERG\ �RI
ZDWHU �YDSRU �LQWR �WKH �LQODQG �RI �&KLQD� �FRQWULEXWLQJ �DV
PXFK �DV ����±��� �RI �WKH �DQQXDO �UDLQIDOO �DPRXQW �LQ
VRXWKHUQ �DQG �QRUWKHUQ �&KLQD� �UHVSHFWLYHO\ ��'LQJ �HW �DO��
������ ������ �&KDQJHV �LQ �WKH �($60� �SDUWLFXODUO\ �WKRVH

�
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1DWXUH�6FLHQFH�)RXQGDWLRQ������������3URMHFW�)XQGHG�E\�WKH�3ULRULW\�$FDGHPLF�3URJUDP�'HYHORSPHQW�RI�-LDQJVX�+LJKHU�(GXFDWLRQ�,Q�
VWLWXWLRQV��������+������DQG�����3URJUDP�RI�&KLQD��'�������

&RUUHVSRQGLQJ�DXWKRU�������#QMQX�HGX�FQ
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DVVRFLDWHG �ZLWK �WKH �RFFXUUHQFH �RI �IORRGV �DQG �GURXJKWV�
WKHUHIRUH�KDYH�D�KXJH�LPSDFW�RQ�VRFLDO±HFRQRPLF�GHYHO�
RSPHQW �DQG �WKH �ZHOO�EHLQJ �RI �WKH �LQKDELWDQWV �LQ �&KLQD�
7R�DFKLHYH�D�VXVWDLQDEOH�OHYHO�RI�GHYHORSPHQW�LQ�WKH�IX�
WXUH� �LW �LV �HVVHQWLDO �WR �LPSURYH �RXU �NQRZOHGJH �RI �WKH
QDWXUH �RI �WKH �($60 �YDULDWLRQV �DQG �WKH �XQGHUO\LQJ �G\�
QDPLFDO�PHFKDQLVPV�
2Q �FHQWHQQLDO �WR �PXOWLGHFDGDO �WLPHVFDOHV� �VRODU

FKDQJHV�ZHUH�FRQVLGHUHG�WR�EH�D�NH\�GULYHU�RI�WKH�+ROR�
FHQH �($60 �FKDQJHV ��:DQJ �HW �DO�� ������� =KDQJ �HW �DO��
�������+RZHYHU��PRUH�HYLGHQFH�LV�HPHUJLQJ�WKDW�WKH�VRO�
DU �IRUFLQJ �RI �WKH �($60 �YDULDWLRQV �PD\ �QRW �EH �WKURXJK
WKH �GLUHFW �KHDWLQJ� �,W �LV �PRUH �OLNHO\ �WKDW �VRODU �YDULDWLRQV
OHDG�WR�FKDQJHV�LQ�DWPRVSKHULF�RU�RFHDQLF�FLUFXODWLRQ�WKDW
DPSOLILHV �VRODU �LQLWLDO �LQSXW ��1HII �HW �DO�� ������� (PLOH�
*HD\�HW�DO����������+RZHYHU��WKH�PRGHUQ�PHWHRURORJLFDO
UHFRUGV�DUH�WRR�VKRUW��H[WHQGLQJ�WR�WKH�����V��WR�FDSWXUH
WKH �QDWXUDO �ORQJ�WHUP�YDULDELOLW\ �RI �FOLPDWLF �SKHQRPHQD�
&RQVHTXHQWO\� �WKH�PHGLDWRU�EHWZHHQ�VXQ�DQG�WKH�($60
UHPDLQV �OHVV �FHUWDLQ� �7KLV �XQFHUWDLQW\ �QRW �RQO\ �LPSHGHV
RXU�XQGHUVWDQGLQJ�RI�WKH�($60�EHKDYLRU�LQ�WKH�SDVW��EXW
DOVR �OLPLWV �RXU �DELOLW\ �WR �SUHGLFW �LWV �YDULDWLRQV �LQ �WKH �IX�
WXUH� �HVSHFLDOO\ �FRQVLGHULQJ �WKH �EDFNJURXQG �RI �RQJRLQJ
JOREDO �ZDUPLQJ� �7R �DGGUHVV �WKLV �LVVXH� �PRUH �LQYHVWLJD�
WLRQV�EDVHG�RQ�ORQJ�DQG�FRQWLQXRXV�FOLPDWLF�UHFRUGV�IURP
($60�VHQVLWLYH�UHJLRQV�DUH�H[SHFWHG�
0W� �6KHQQRQJMLD �LV �ORFDWHG�LQ �WKH �QRUWKZHVW �RI �+XEHL

3URYLQFH� �FHQWUDO �&KLQD� �ZKLFK �LV �D �W\SLFDO �UHJLRQ �FRQ�
WUROOHG�E\�WKH�($60�V\VWHP��7KLV �DUHD�DQG�DGMDFHQW �UH�
JLRQV�VHUYH�DV�WKH�VRXUFH�RI�ZDWHU�IRU�WKH�PLGGOH�URXWH�RI
WKH�6RXWK�WR�1RUWK�:DWHU�'LYHUVLRQ�3URMHFW��61:'3��LQ
&KLQD��&KHQ�HW�DO����������7KHUHIRUH��HYHQ�D�VPDOO�IOXFWX�
DWLRQ�LQ�PRQVRRQ�UDLQIDOO�UHVXOWLQJ�IURP�WKH�($60�YDUL�
DELOLW\ �FRXOG �KDYH �D �KXJH �LPSDFW �RQ �WKH �VXVWDLQDEOH �GH�
YHORSPHQW�RI�&KLQD��$W�0W��6KHQQRQJMLD��WKH�XQGHUO\LQJ
G\QDPLFV �RI �WKH �FHQWHQQLDO�VFDOH �FOLPDWLF �FKDQJHV �GXU�
LQJ �WKH �+RORFHQH �KDYH �EHHQ �LQWHQVHO\ �VWXGLHG �DQG �GH�
EDWHG��7KH�WUDGLWLRQDO�LQWHUSUHWDWLRQ�DVVHUWV�WKDW�VRODU�IRU�
FLQJ�WKURXJK�³KLJK±ORZ�ODWLWXGHV�WHOHFRQQHFWLRQ´�ZDV�WKH
GRPLQDQW�FDXVH�RI�WKLV�YDULDELOLW\��0D�HW�DO���������'RQJ
HW�DO���������/L�HW�DO���������=KDQJ�HW�DO����������+RZHYHU�
RWKHU �UHVHDUFKHUV �KDYH �LQVWHDG �VXJJHVWHG �WKDW �ORZ�ODWLW�
XGH �K\GURORJLFDO �SURFHVVHV �SUREDEO\ �SOD\HG �D �PRUH �LP�
SRUWDQW�UROH��&XL�HW�DO���������=KDR�.��HW�DO���������=KDQJ
HW �DO�� ������� �7R �LPSURYH �RXU �XQGHUVWDQGLQJ �RI �FOLPDWLF
FKDQJHV�GXULQJ�WKH�+RORFHQH�DQG�WKH�XQGHUO\LQJ�G\QDP�
LFV� �LW �LV �QHFHVVDU\ �WR �SURGXFH�DGGLWLRQDO �UHFRUGV �WR �KHOS
UHVROYH�WKLV�FRQWURYHUV\�
6WDODJPLWH �LV �DQ �LGHDO �QDWXUDO �DUFKLYH �IRU �JHRORJLFDO

DQG �KLVWRULFDO �FOLPDWLF �UHFRQVWUXFWLRQ� �ZLWK �WKH �DGYDQW�
DJHV�RI�DFFXUDWH�GDWLQJ��FRQWLQXRXV�JURZWK��DQG�KLJK�UHV�

ROXWLRQ��&KHQJ�HW�DO����������,Q�UHFHQW�VWXGLHV��WKH�VWDEOH
LVRWRSH�UHFRUGV��į��2�DQG�į��&��VKRZ�D�JRRG�FRQVLVWHQF\
ZLWK�WKH�REVHUYHG�PRQVRRQ�UDLQIDOO�UHFRUG�LQ�WKH�($60
GRPDLQ��7DQ�HW�DO�� �����������D��E�� �VWURQJO\�VXJJHVWLQJ
WKDW �WKH�į��2�UHFRUG�FDQ�DOVR�EH�XVHG�IRU �PRQVRRQ�UDLQ�
IDOO �UHFRQVWUXFWLRQ� �:LWK �WKLV �EDFNJURXQG� �ZH �SUHVHQW �D
QHZ�ZHOO�GDWHG� �DSSUR[LPDWHO\ ���\U �UHVROXWLRQ �į��2 �DQG
į��&�UHFRUGV�IURP�D�VWDODJPLWH�WKDW�JUHZ�LQ�WKH�ODWH�+ROR�
FHQH �LQ �;LQLX �&DYH� �FHQWUDO �&KLQD� �WR �UHFRQVWUXFW �WKH
PRQVRRQ�FOLPDWH�FKDQJHV�RYHU�WKH�SDVW ������\HDUV� �7KH
WZR�DLPV�RI�WKLV�VWXG\�DUH�����SURGXFLQJ�D�QHZ�UHFRUG�RI
WKH�($60�UDLQIDOO�IURP�FHQWUDO�&KLQD��DQG����LQYHVWLJDW�
LQJ�WKH�XQGHUO\LQJ�G\QDPLFV�RI�FHQWHQQLDO±GHFDGDO�VFDOH
($60�UDLQIDOO�YDULDWLRQV� 

������5HJLRQDO�VHWWLQJ��VDPSOH�GHVFULSWLRQ��DQG
PDLQ�DQDO\VLV�PHWKRGV

;LQLX�&DYH�������ƍ��Ǝ1��������ƍ��Ǝ(�������P�DERYH
VHD �OHYHO� �LV �RQ �WKH �ZHVWHUQ �IDFH �RI �0W� �6KHQQRQJMLD�
FHQWUDO �&KLQD ��)LJ���� �7KH �PHWHRURORJLFDO �UHFRUGV �IURP
)DQJ[LDQ�VWDWLRQ� �ZKLFK�LV �ORFDWHG�DSSUR[LPDWHO\����NP
QRUWKZHVW �RI �;LQLX �&DYH� �VKRZ �WKDW �WKH �PRQWKO\ �PHDQ
WHPSHUDWXUH �YDULHV �IURP �����& ��'HFHPEHU±)HEUXDU\� �WR
�����& ��-XQH±$XJXVW�� �ZLWK �WKH �KLJKHVW �WHPSHUDWXUH �LQ
-XO\�������&��DQG�ORZHVW �LQ�-DQXDU\������&�� �5DLQIDOO �LQ
WKLV �UHJLRQ �LV �VWURQJO\ �VHDVRQDOO\ �GHSHQGHQW �GXH �WR �LWV
ORFDWLRQ �ZLWKLQ �WKH �PLG�VXEWURSLFDO �]RQH� �ZKLFK �LV
VWURQJO\ �LQIOXHQFHG �E\ �WKH �($60� �'XULQJ �ERUHDO �VXP�
PHU ��-XQH±6HSWHPEHU�� �WKH �LQIORZ �RI �ZDUP�KXPLG �DLU
IURP�WKH�WURSLFDO�RFHDQ�UHDFKHV�WKH�VRXWKHUQ�VORSH�RI�0W�
6KHQQRQJMLD� �GHOLYHULQJ �RQ �DYHUDJH �DSSUR[LPDWHO\ ����
RI�WRWDO�DQQXDO�UDLQIDOO��a�����PP��
;LQLX�&DYH�LV�D�UDUH�DOSLQH�FDYH�LQ�PRQVRRQDO�&KLQD�

ZKLFK �IRUPHG �LQ �WKH �OLPHVWRQH �EHGURFN �RI �WKH �VLPLDQ
IRUPDWLRQ��ZLWK�D�PHDVXUHG�OHQJWK�RI�DSSUR[LPDWHO\����
P��7KH�DUHD�DERYH�WKH�FDYH�LV�RFFXSLHG�E\�IRUHVW�DQG�WKH
VXUURXQGLQJ�DUHD�FRQVLVWV�PDLQO\�RI�WHPSHUDWH�GHFLGXRXV
EURDGOHDYHG�SODQWV� �:H�REWDLQHG�D �����PP�ORQJ�VWDODJ�
PLWH��GHVLJQDWHG�DV�%)���LQ�WKH�VRXWK�RI �1R� ���HQWUDQFH
RI �;LQLX �&DYH� �$IWHU �FXWWLQJ �WKH �VWDODJPLWH �OHQJWKZLVH
DQG �SROLVKLQJ �LW� �WKH �FHQWUDO �JURZWK �D[LV �ZDV �UHYHDOHG�
VKRZLQJ �WKDW �WKH �GHSRVLWLRQ �FHQWHU �LV �UHODWLYHO\ �VWDEOH
IURP�ERWWRP�WR�WRS��)LJ���D��
)RU� ���7K�8 �GDWLQJ� �HLJKW �VXEVDPSOHV� ����±��� �PJ

HDFK� �ZHUH �GULOOHG �IRU �GDWLQJ �DQDO\VLV� �7KH �SURFHGXUHV
FRQGXFWHG �IRU �FKHPLFDO �VHSDUDWLRQ �DQG �SXULILFDWLRQ �RI
XUDQLXP �DQG �WKRULXP �DUH �VLPLODU �WR �WKRVH �GHVFULEHG �LQ
6KDR �HW �DO� �������� �0HDVXUHPHQWV �ZHUH �SHUIRUPHG �RQ �D
)LQQLJDQ�(OHPHQW�LQGXFWLYHO\�FRXSOHG�SODVPD�PDVV�VSHF�
WURPHWHU ��,&3�06�� �HTXLSSHG �ZLWK �D �GRXEOH�IRFXVLQJ
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VHFWRU�PDJQHW�DQG�HQHUJ\�ILOWHU�LQ�UHYHUVHG�1LHU�-RKQVRQ
JHRPHWU\�DQG�D�0DV&RP�PXOWLSOLHU��7KLV�ZRUN�ZDV�RSHU�
DWHG�DW�WKH�'HSDUWPHQW�RI�*HRORJ\�DQG�*HRSK\VLFV��8QL�
YHUVLW\�RI�0LQQHVRWD��86$��)RU�VWDEOH�LVRWRSLF�PHDVXUH�
PHQWV� ���� �VXEVDPSOHV �ZHUH �GULOOHG �ZLWK �D �����PP�GLD�
PHWHU �FDUELGH �GHQWDO �EXUU �DW ������ DQG �����PP �LQWHUYDOV�
7KH �DQDO\VLV �ZDV �FRQGXFWHG �RQ �D �)LQQLJDQ�0$7 ����
PDVV�VSHFWURPHWHU�HTXLSSHG�ZLWK�DQ�DXWRPDWLF�.LHO�&DU�
ERQDWH �'HYLFH �DW �WKH �6FKRRO �RI �*HRJUDSK\ �6FLHQFH�
1DQMLQJ �1RUPDO �8QLYHUVLW\� �&KLQD� �7KH �VWDQGDUGV �ZHUH
UDQ�IRU�HYHU\���VXEVDPSOHV�DQG�WKH�GXSOLFDWHV�ZHUH�PHDV�
XUHG �HYHU\ ��� �VXEVDPSOHV �WR �FKHFN �IRU �UHSURGXFLELOLW\�
7KH�UHVXOWV�ZHUH�UHSRUWHG�LQ�SDUWV�SHU�PLO��Å��UHODWLYH�WR
WKH�9LHQQD�3HH�'HH�%HOHPQLWH��93'%��DQG�VWDQGDUGL]D�

WLRQ �ZDV �DFFRPSOLVKHG �E\ �XVLQJ �1%6��� ��į��293'%�  
í���Å�DQG �į��&93'%� �í����Å�� ,VKLPXUD �HW �DO�� �������
ZLWK �D �SUHFLVLRQ �EHWWHU �WKDQ �����Å �IRU �R[\JHQ �DQG
����Å�IRU�FDUERQ�DW�WKH��ı�OHYHO� 

������5HVXOWV
 

�������&KURQRORJ\

$V�VKRZQ�LQ�7DEOH����WKH�GDWLQJ�UHVXOWV�VKRZ�KLJK����8
FRQFHQWUDWLRQV ��IURP ����� �WR ����� �SSE� �DQG �ORZ����7K
FRQFHQWUDWLRQV ��IURP ��� �WR ����� �SSW�� �7KH �DJH �YHUVXV
GHSWK�SORW�VKRZV�WKDW�DOO����7K�DJHV�DUH�LQ�D�VWUDLWJUDSKLF
RUGHU�ZLWKLQ�VPDOO�HUURUV�UDQJLQJ�EHWZHHQ�DSSUR[LPDWHO\
��DQG����\U�

7DEOH������8±7K�GDWD�DQG����7K�GDWHV�IRU�%)��IURP�;LQLX�&DYH

6DPSOH�QXPEHU ���8��SSE� ���7K��SSW�
���7K����7K
�DFWLYLW\�

���8D

�PHDVXUHG�
���7K����8
�DFWLYLW\�

���7K�DJH
�XQFRUUHFWHG��\U�%3�

���7K�DJH
�FRUUHFWHG��\U�%3�

%)���� ������� ������ ������ ������ ������ ������� �������
%)���� ������� ����� ������� ������ ������ ������� �������
%)���� ������� ����� ������� ������ ������ �������� ��������
%)����� ������� ������ ������� ������ ������ ��������� ���������
%)����� ������� ������� ������ ������ ������ ��������� ���������
%)����� ������� ������� ������ ������ ������ ��������� ���������
%)����� ������� ������ ������� ������ ������ ��������� ���������
%)������$ ������� ������ ������� ������ ������ ��������� ���������
7KH�EROG�YDOXHV�DUH�WKH����7K�DJHV�XVHG�LQ�RXU�DJH�PRGHO��(UURUV�DUH��ı�DQDO\WLFDO�HUURUV��'HFD\�FRQVWDQW�YDOXHV�DUH�Ȝ���� ��������î���í��\Uí���Ȝ���
 ���������î���í��\Uí���DQG�Ȝ���� ���������î���í���\Uí���&RUUHFWHG����7K�DJHV�DUH�FDOFXODWHG�E\�XVLQJ�DQ�HVWLPDWHG�LQLWLDO����7K����7K�DWRPLF�UDWLR�RI
������������î���í���%3�VWDQGV�IRU�³EHIRUH�SUHVHQW´�ZKHUH�WKH�³SUHVHQW´�LV�GHILQHG�DV�WKH�\HDU������$'�

í��� í��� í�� �� �� ���

Composited ENSO related summer rainfall anomlies (GPCP; mm monthí�)

�
)LJ� ���� � �7KH �FRPSRVLWH �VXPPHU ��-XQH±-XO\±$XJXVW� �UDLQIDOO �DQRPDOLHV �GXULQJ �WKH �(O �1LxR �\HDUV �RI �����±���� �$' ��GDWD �VRXUFH �IURP
KWWSV���ZZZ�HVUO�QRDD�JRY�SVG�FJL�ELQ�GDWD�JHWSDJH�SO���7KH�PDLQ�VWXG\�VLWHV�PHQWLRQHG�LQ�WKLV�SDSHU�DUH�LOOXVWUDWHG��ZKLFK�DUH�;1��;LQLX�&DYH�
WKLV�VWXG\���+6��+HVKDQJ�&DYH��+X�HW�DO����������33��3LQN�3DQWKHU�&DYH��$VPHURP�HW�DO����������DQG�/3��/DJXQD�3DOOFDFRFKD�/DNH��0R\�HW�DO��
������

��� -RXUQDO�RI�0HWHRURORJLFDO�5HVHDUFK 9ROXPH���



7KH�0RQWH±&DUOR �VLPXODWLRQV �DQG �FRQVWUXFWLQJ �SUR[\
UHFRUGV �IURP �DJH ��&235$� �ZHUH �XVHG �WR �HVWDEOLVK �WKH
FKURQRORJ\ �IUDPHZRUN ��%UHLWHQEDFK �HW �DO�� ������� �)RU
SURFHVVHV��WKH�&235$�FRPSXWHG������HQVHPEOH�UHDOL]D�
WLRQV�IRU�ERWK�WKH�į��2�DQG�į��&�UHFRUGV��IURP�ZKLFK�WKH
PHGLDQ� �VXFK �DV �WKH �FHQWUDO �DJH �IRU �D �GHILQHG �VDPSOH
GHSWK� �ZDV �FDOFXODWHG� �7KH�XQFHUWDLQW\ �LQ �WKH �DJH�PRGHO
ZDV�GHILQHG�E\�WKH������FRQILGHQFH�OHYHO��GHULYHG�E\�XV�
LQJ�WKH���ı�GHYLDWLRQ�IURP�WKH�PHGLDQ��7KH�UHVXOWV�VKRZ
WKDW �VWDODJPLWH �%)�� �ZDV �FRQWLQXRXVO\ �GHSRVLWHG
EHWZHHQ������DQG����\U�%3��)LJ���E�� 

�������6WDEOH�LVRWRSH�UHFRUGV

3URILOHV �RI �į��2 �DQG �į��&� �ZLWK �D �PHDQ �UHVROXWLRQ �RI
a��\U� �DUH �VKRZQ�LQ�)LJ� ��� �7KH�į��2�YDOXH �UDQJHV �IURP
í�����Å�WR�í����Å��ZLWK�D�PHDQ�YDOXH�RI�í����Å��)LJ�
�F�� �7KH�ORQJ�WHUP�WUHQG�RI�WKH�į��2�UHFRUG�EURDGO\�IRO�
ORZV�D�GHFUHDVH�RI�1RUWKHUQ�+HPLVSKHUH�VXPPHU�LQVROD�
WLRQ ��1+6,��%HUJHUDQG �DQG �/RXWUH� �������)LJ� ��G�� �)XU�
WKHUPRUH��WKLV�WUHQG�LV�DOVR�LQWHUUXSWHG�E\�D�VHULHV�RI�DE�
QRUPDO �VZLQJV �DW �FHQWHQQLDO �VFDOH� �ZLWK �DPSOLWXGHV �RI
a�Å�WR �a�Å� �7KH �į��& �YDOXH �UDQJHV �IURP�í�����Å�WR
í���Å��ZLWK�D�PHDQ�YDOXH�RI�í����Å��)LJ���H���7KH�RE�
VHUYHG �ORQJ�WHUP �WUHQG �RI �WKH �į��2 �LV �DEVHQW �IURP �WKH
į��&�UHFRUG� �7KH�PRVW �SURPLQHQW �IHDWXUH �RI �WKH �į��&�UH�
FRUG �LV �DQ �DEUXSW �SRVLWLYH �VKLIW �EHWZHHQ�����DQG ���� �\U
%3� �7KH �FRUUHODWLRQ �FRHIILFLHQW �IRU �WKH �UHODWLRQVKLS
EHWZHHQ�WKH�į��&�DQG�į��2�UHFRUGV�LV�a������Q� ������S��
������ 0XGHOVHH� ������� �:KHQ �UHPRYLQJ �WKH �ORQJ �WUHQG
�7D\ORU���������WKLV�YDOXH�LQFUHDVHV�WR�a����� 

������'LVFXVVLRQ
 

�������&OLPDWLF�LQWHUSUHWDWLRQV�RI�WKH�VWDEOH�LVRWRSH�UHFRUGV

%HIRUH�LQWHUSUHWLQJ�WKH�VWDODJPLWH¶V�į��2�DV�D�FOLPDWLF
SUR[\� �LW �QHHGV �WR �EH �FRQILUPHG �WKDW �WKH �FDOFLWH �ZDV �GH�
SRVLWHG�XQGHU �LVRWRSLF�HTXLOLEULXP�IUDFWLRQDWLRQ��+HQG\�
������ �)ROORZLQJ �WKH �LGHDV �RI� +HQG\ �������� ��� �VXE�
VDPSOHV �IURP �� �JURZWK �OD\HUV �ZHUH �DQDO\]HG� �,Q �GHWDLO�
QHLWKHU�D�VWDWLVWLFDOO\�VLJQLILFDQW�FRYDULDQFH�EHWZHHQ�į��2
DQG�į��&��QRU�DQ\�SURJUHVVLYH�LQFUHDVHV�LQ�į��2�DORQJ�DQ
LQGLYLGXDO �JURZWK �OD\HU �ZHUH �IRXQG ��)LJ� �6�$��
0RUHRYHU� �ZH �FDOFXODWHG �WKH �FRUUHODWLRQV �EHWZHHQ �į��2
DQG �į��& �DORQJ �WKH �GLIIHUHQW �JURZWK �OD\HUV� �DQG �WKH�5�
YDOXHV�DUH�DOO�VWDWLVWLFDOO\�LQVLJQLILFDQW��)LJ��6�%���7KHVH
UHVXOWV �VXJJHVW �WKDW �NLQHWLF �IUDFWLRQDWLRQ �ZDV �LQVLJQLILF�
DQW �DQG �WKH �į��2 �VLJQDO �LV �D �SULPDULO\ �RI �FOLPDWLF �RULJLQ
�+HQG\� ������� �,Q �DGGLWLRQ �WR �WKH �+HQG\ �WHVWV� �UHSOLFD�
WLRQ�DPRQJ�WZR�RU �PRUH�į��2�SURILOHV �IURP�WKH�VDPH�RU
QHDUE\�FDYH�LV�DQRWKHU�ULJRURXV�WHVW�IRU�LVRWRSLF�HTXLOLEUL�
XP ��'RUDOH �DQG �/LX� ������� �7KLV �VWXG\� �WKH �SXEOLVKHG

VWDODJPLWH �į��2�UHFRUGV �IURP�WKH �;LQLX �&DYH��61��/L �HW
DO�� �������DQG�+HVKDQJ�&DYH��+6����+X�HW�DO�� ������� �LV
LQWURGXFHG�IRU�UHSOLFDWLRQ�WHVW��'RUDOH�DQG�/LX��������DQG
VOLGLQJ�FRUUHODWLRQ�DQDO\VLV��=KDR�/��HW�DO����������,Q�GH�
WDLO��WKH�FRUUHODWLRQ�EHWZHHQ�%)��DQG�61�į��2�SURILOHV�LV
������S���������)LJ� ��D�� �DQG�WKLV�FRUUHODWLRQ�WHQGV�WR�EH
VWDEOH ��WKH �SHUFHQWDJH �RI �VWDELOLW\ �LV ������ �$ �VLPLODU
VWURQJ �FRUUHODWLRQ �LV �DOVR �IRXQG �EHWZHHQ �%)� �DQG �+6��
į��2�SURILOHV ��U� �������S�� �������)LJ� ��E�� �ZLWK �D �UHODW�
LYHO\ �VWDEOH �FRUUHODWLRQ ��WKH �SHUFHQWDJH �RI �VWDELOLW\ �LV
����� �7KHVH �UHVXOWV �VXJJHVW �WKDW �DOO �VWDODJPLWH �į��2 �UH�
FRUGV�SULPDU\�FOLPDWH�VLJQDOV� �DOWKRXJK�WKH�WKUHH�VWDODJ�
PLWHV �ZHUH �GHSRVLWHG �XQGHU �WKH �GLIIHUHQW �IORZ �SDWKZD\V
WKURXJK�WKH �RYHUO\LQJ�EHGURFN� �JURXQGZDWHU �PL[LQJ�DQG
UHVLGHQFH �WLPH� �&2��SDUWLDO �SUHVVXUH� �DQG �GHJDVVLQJ �KLV�
WRU\ ��'RUDOH �DQG �/LX� ������� �,Q �FRQFOXVLRQ� �ERWK �WKH
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��������\U�%3
411 ± 7 yr BP

���������\U�%3

����������\U�%3

2756 ± 25 yr BP

3500 ± 30 yr BP

����������\U�%3
4366 ± 26 yr BP

Age-model
����FRQILGHQFH�OHYHO

�
)LJ�������7KH�SKRWR�RI�VWDODJPLWH�%)��DQG�WKH�FKURQRORJLFDO�DQG�LVRWRSLF
UHVXOWV� ��D� �3ROLVKHG �VHFWLRQV �RI �VWDODJPLWH �%)� �FROOHFWHG �IURP�;LQLX
&DYH� ��E� �WKH�DJH�PRGHO�IRU �VWDODJPLWH�%)��E\�XVLQJ�&235$�IUDPH�
ZRUN ��%UHLWHQEDFK �HW �DO�� ������� ��F� �WKH �UHFRUGV �RI �į��2 ��UHG �FXUYH��
DQG��H��į��&��JUHHQ�FXUYH��IRU�VWDODJPLWH�%)���1RWH�WKDW�WKH�ORQJ�WUHQG
RI�WKH�į��2�UHFRUG�EURDGO\�WUDFNV��G��WKH�1+6,�YDULDWLRQV��EOXH�FXUYH�
%HUJHU�DQG�/RXWUH���������EXW�D�VLPLODU�SDWWHUQ�LV�DEVHQW�LQ�WKH�į��&�UH�
FRUG�

$8*867����� 9D=JC
�)��6�
�*��9D=K
�7��&��*KJC
�AP�=H� ���



+HQG\ �WHVW �DQG �UHSOLFDWLRQ �WHVW �LQGLFDWH �WKDW �VWDODJPLWH
%)� �ZDV �GHSRVLWHG �XQGHU �FRQGLWLRQV �FORVH �WR �LVRWRSLF
HTXLOLEULXP�IUDFWLRQDWLRQ��DQG�LWV�į��2�YDULDWLRQV�SULPDU�
LO\�UHIOHFW�FOLPDWLF�FKDQJHV�
2Q �RUELWDO �DQG �PLOOHQQLDO �WLPHVFDOHV� �&KLQHVH �VWDODJ�

PLWH�į��2�VLJQDOV�GR�UHSUHVHQW�FKDQJHV�LQ�WKH�RYHUDOO�$VLDQ
PRQVRRQ�LQWHQVLW\�DQG�RU�FKDQJHV�LQ�VSDWLDOO\�LQWHJUDWHG
UDLQIDOO �EHWZHHQ �WKH �FDYH �VLWH �DQG �PRLVWXUH �VRXUFH
�&KHQJ �HW �DO�� ������� �+RZHYHU� �WKH �FOLPDWLF �LQWHUSUHWD�
WLRQ �DW �VKRUW �WLPHVFDOHV �UHPDLQV �FRQWURYHUVLDO� �LQFOXGLQJ
WKH �HIIHFW �RI �WKH �FDYH¶V �HQYLURQPHQW ��&RVIRUG �HW �DO��
�������WKH�GLIIHUHQW�VRXUFH�UHJLRQV�RI�WKH�UDLQIDOO��0DKHU
DQG�7KRPSVRQ��������7DQ���������DQG�WKH�DPRXQW�RI�UH�
JLRQDO�UDLQIDOO��+X�HW�DO���������=KDQJ�HW�DO���������&DL�HW
DO�� �������7DQ�HW �DO�� �����D��E�� �+HUH� �WZR�OLQHV �RI �HYLG�
HQFH�FRQWULEXWH�WR�RXU�XQGHUVWDQGLQJ�RI�WKH�%)��į��2�UH�
FRUG�DV�DQ�($60�UDLQIDOO�SUR[\��)LUVW��WKH�į��2�UHFRUG�LQ
%)� �EHDUV �D �UHPDUNDEOH �UHVHPEODQFH �WR �WKH �į��2�UHFRUG
IURP�VWDODJPLWH�+6���IURP�+HVKDQJ�&DYH��U� �������S��
������ �LQGLFDWLQJ �WKDW �WKH �FOLPDWLF �LQWHUSUHWDWLRQ �RI �WKH
%)��į��2�UHFRUG�LV�VLPLODU�WR�WKH�+6���į��2�UHFRUG��/L�HW
DO� �������� SURGXFHG �D �UHOLDEOH �UHJLRQDO �UDLQIDOO �UHFRUG
�į�����&D� �EDVHG �RQ �D �VWDODJPLWH �IURP �+HVKDQJ �&DYH�
ZKLFK �FRUUHODWHV �ZHOO �ZLWK �ERWK �WKH �PHWHRURORJLFDO �GDWD
RI �VXPPHU�UDLQIDOO ��U� �í����� �DQG�WKH�į��2�UHFRUG��U� 
������ �'XH �WR �D �VWURQJ �FRUUHODWLRQ �EHWZHHQ �WKH �į��2 �UH�
FRUGV�LQ �%)��DQG�+6����U� �������S��������� �FKDQJHV�LQ

RXU �į��2 �UHFRUG �PD\ �DOVR �UHIOHFW �UHJLRQDO �UDLQIDOO �YDUL�
DWLRQV� �6HFRQG� �WKH �%)� �į��2 �UHFRUG �VKRZV �DQ �RYHUDOO
VLPLODULW\ �ZLWK �WKH �SDOHR�K\GURORJLFDO �UHFRQVWUXFWLRQ
IURP �'DMLXKX �/DNH� �0W� �6KHQQRQJMLD� �)RU �H[DPSOH� �DQ
LQFUHDVH�RI�WKH�į��2�YDOXHV�VLQFH���ND�%3�LV�V\QFKURQRXV
ZLWK �KLJK �į��& �YDOXHV �DQG �ORZ �WRWDO �RUJDQLF �FDUERQ
�72&��YDOXHV�UHVXOWHG�IURP�D�UHGXFHG�UHJLRQDO�PRQVRRQ
UDLQIDOO ��0D�HW �DO�� �������=KDQJ�HW �DO�� ������� �7DNLQJ�DOO
WKHVH�GLVFXVVLRQV�WRJHWKHU��WKH�JRRG�FRUUHODWLRQV�EHWZHHQ
RXU�į��2�UHFRUG�DQG�WKH�SXEOLVKHG�PRQVRRQ�UDLQIDOO�SUR[�
LHV �DW �WKH �FDYH �VLWH �DQG �VXUURXQGLQJV� �SUREDEO\ �LQGLFDWH
WKDW�WKH�%)��į��2�UHFRUG�FDQ�EH�XVHG�DV�D�UHJLRQDO�PRQ�
VRRQ �UDLQIDOO �SUR[\� �ZLWK �QHJDWLYH �YDOXHV �OLQNHG �WR �LQ�
FUHDVHG�VXPPHU�PRQVRRQ�UDLQIDOO��RU�ZHW�FRQGLWLRQ���DQG
YLFH�YHUVD�
&KDQJHV �LQ �VWDODJPLWH �į��& �YDOXHV �DUH �PDLQO\ �LQIOX�

HQFHG�E\�ORFDO�SURFHVVHV��VXFK�DV�&��&��YHJHWDWLRQ�FRP�
SRVLWLRQ��'RUDOH�HW�DO���������0F'HUPRWW���������YHJHWDW�
LYH�GHQVLW\��%DNHU�HW�DO���������%DOGLQL�HW�DO����������VRLO
ELRPDVV��6S|WO�HW�DO����������LQRUJDQLF�SURFHVVHV��+HQG\�
������ %DNHU �HW �DO�� �������0F'HUPRWW� ������� �DQG �FDYH
HQYLURQPHQWV ��6S|WO �HW �DO�� ������� )DLUFKLOG �HW �DO�� ������
0DWWH\�HW�DO����������LQ�D�FRPSOH[�PDQQHU��3UHYLRXV�VWXG�
LHV �KDYH �GHPRQVWUDWHG �WKDW �WKHVH �IDFWRUV �DUH �GLUHFWO\ �RU
LQGLUHFWO\�UHODWHG�WR�FOLPDWLF�FRQGLWLRQV�RQ�YDULRXV�WLPHV�
FDOHV��&RVIRUG�HW�DO���������
7KH �RYHUO\LQJ �IORUD �RI �WKH �;LQLX �&DYH �LV �FRPSRVHG

PDLQO\�RI�&��SODQWV�VLQFH�WKH�ODVW�GHJODFLDWLRQ��0D�HW�DO��
�������7KH�LQIOXHQFH�RI�YHJHWDWLRQ�RQ�į��&�SULPDULO\�UH�
IOHFWV �FKDQJHV �LQ �YHJHWDWLYH �GHQVLW\ �DQG �VRLO �ELRPDVV�
8QGHU �FROG �DQG �GU\ �FRQGLWLRQV� �ZKHUH �YHJHWDWLRQ �LV
VSDUVH� �WKHUH�LV �OHVV�VRLO �ELRPDVV�DQG�D�ORZHU�SURSRUWLRQ
RI�OLJKW�FDUERQ�LQ�WKH�GLVVROXWLRQ�]RQH��UHVXOWLQJ�LQ�KLJKHU
į��& �YDOXHV ��%DNHU �HW �DO�� ������� %DOGLQL �HW �DO�� ������
=KDQJ�-��:��HW�DO����������/RFDO�LQRUJDQLF�SURFHVVHV�WKDW
UHVSRQG�WR�FKDQJHV�LQ�UDLQIDOO�DQG�WHPSHUDWXUH�DOVR�KDG�D
SURIRXQG�LPSDFW�RQ�RXU�į��&�UHFRUGV��8QGHU�FROG�DQG�GU\
FRQGLWLRQV� �UHGXFHG �GULS �UDWHV �UHVXOWHG �LQ �KLJKHU �VSH�
OHRWKHP�į��&�YDOXHV�RZLQJ�WR�PRUH�WLPH�IRU�&2��GHJDVV�
LQJ�RQ�WKH�VSHOHRWKHP�VXUIDFH�DQG�LQFUHDVHG�HYDSRUDWLRQ�
HQKDQFLQJ�WKH�SULRU�FDOFLWH�SUHFLSLWDWLRQ��3&3��LQ�WKH�XQ�
VDWXUDWHG �]RQH �RI �WKH �NDUVW �DTXLIHU ��0F'HUPRWW� ������
)DLUFKLOG �HW �DO�� ������� �&DYH �YHQWLODWLRQ �LV �DQRWKHU �LP�
SRUWDQW�IDFWRU�WKDW�DIIHFWV�WKH�į��&�YDULDWLRQV��6S|WO�HW�DO��
������0DWWH\�HW�DO����������6WDODJPLWH�%)��ZDV�FROOHFWHG
DSSUR[LPDWHO\ ���� �P �DZD\ �IURP �WKH �FDYH¶V �HQWUDQFH�
ZKHUH�WKH�FDYH�DLU�WHPSHUDWXUH�UHPDLQV�VWDEOH�WKURXJKRXW
WKH�\HDU��,Q�ZLQWHU��HQKDQFHG�DLU�H[FKDQJH�PD\�KDYH�RF�
FXUUHG �EHWZHHQ �WKH �FROG �DQG �GHQVH �DLU �RXWVLGH �DQG �WKH
FDYH �DWPRVSKHUH� �7KLV �PD\ �UHVXOW �LQ �ORZHU�S&2��RI �WKH
FDYH�DLU��LQFUHDVHG�GHJDVVLQJ��DQG�HQULFKHG�WKH�SUHFLSLWDW�
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r� ������n = 241 p�������

r� ������n� �����p�������

�
)LJ� ���� � �7KH �UHSOLFDWLRQ �WHVW� �7KH �%)� �į��2 �UHFRUG ��UHG �FXUYH� �WKLV
VWXG\��LV �FKRVHQ�WR�FRPSDUH�ZLWK��D��VWDODJPLWH�61�į��2�UHFRUG�IURP
;LQLX �&DYH ��EURZQ �FXUYH�� /L �HW �DO�� ������ �DQG ��E� �VWDODJPLWH �VWDODJ�
PLWH �+6�� �į��2 �UHFRUG �IURP �+HVKDQJ �&DYH ��EOXH �FXUYH�� +X �HW �DO��
������
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LQJ �FDOFLWH �LQ���&� �DQG �PD\ �XOWLPDWHO\ �SURGXFH �D �KLJKHU
į��&�YDOXH��0DWWH\�HW�DO���������
7KHUHIRUH��KLJKHU�į��&�YDOXHV�LQ�%)��JHQHUDOO\�UHIOHFW

WKH �GLPLQLVKHG �YHJHWDWLYH �FRYHU �DQG �ELRORJLFDO �SURGXF�
WLRQ� �ORZHU �GULS �UDWHV� �DQG �HQKDQFHG �FDYH �DLU �YHQWLODWLRQ
DW �WKH �FDYH �VLWH� �DVVRFLDWHG �ZLWK �GHFUHDVHG �UDLQIDOO �DQG
WHPSHUDWXUH �DW �ORFDO �VFDOH� �DQG �YLFH �YHUVD� �$QDO\VHV �RI
WKH�PRGHUQ�FOLPDWH�LQ�FHQWUDO�&KLQD�VXJJHVW�WKDW�FKDQJHV
LQ �UDLQIDOO �DQG �WHPSHUDWXUH �DUH �PDLQO\ �FRQWUROOHG �E\ �WKH
($60�YDULDELOLW\��:KHQ�WKH�($60�VWUHQJWKHQV��WKH�VXI�
ILFLHQWO\�ZDUP�DQG�ZHW�IORZ�PD\�FRQWULEXWH�WR�UREXVW�YH�
JHWDWLYH�JURZWK�DQG�ELRORJLFDO�SURGXFWLRQ��LQFUHDVHG�GULS
UDWHV� �DQG�ZHDNHQHG�FDYH �DLU �YHQWLODWLRQ ��&RVIRUG �HW �DO��
������ =KDQJ �HW �DO�� ������� �7KH �RSSRVLWH �VLWXDWLRQ �FRXOG
DULVH�ZKHQ�WKH�($60�LV�ZHDNHQHG�DQG�WKH�ZLQWHU�PRQ�
VRRQ�LV�VWUHQJWKHQHG��7KHUHIRUH��ZH�SURSRVH�WKDW�FKDQJHV
LQ�RXU�į��&�UHFRUGV�SULPDULO\�UHIOHFW�UHJLRQDO�UDLQIDOO�DQG
WHPSHUDWXUH �YDULDWLRQV� �ZKLFK �DUH �FORVHO\ �UHODWHG �WR �WKH
($60�YDULDELOLW\� 

�������0RQVRRQ �UDLQIDOO �YDULDWLRQV �LQ �FHQWUDO �&KLQD �RYHU
WKH�SDVW������\HDUV

2XU�į��2�UHFRUG�VKRZV�WKDW�PRQVRRQ�UDLQIDOO �LQ�FHQW�
UDO �&KLQD �KDV �JHQHUDOO\ �GHFUHDVHG �RYHU �WKH �SDVW �����
\HDUV��7R�EHWWHU�UHYHDO�WKH�WLPLQJ�RI�FHQWHQQLDO�PRQVRRQ
UDLQIDOO �YDULDWLRQV� �ZH �UHPRYHG �WKH �ORQJ�WHUP �WUHQG �RI
RXU�į��2�UHFRUG��į��2G��DQG�GHILQH�WKH�QHZ�SDUDPHWHU�RI
į��2G� YDOXH�Ĺ� į��2G�PHDQ� � Åࢽ���� ��ZKHUH �į��2G�PHDQ� LV

����Å�DQGࢽ��LV�WKH�VWDQGDUG�GHYLDWLRQࢽ��� ��������DV�D�UH�
GXFHG �UDLQIDOO �VLJQDO ��)LJ� ��D�� �)URP �WKLV� �D �VHULHV �RI
GURXJKW �LQWHUYDOV �FDQ �EH �LGHQWLILHG �DW �����±�����
����±����� �����±����� �����±����� �����±����� ����±
�����DQG����±����\U�%3��%\�FRQWUDVW��D�VHULHV�RI�ZHW�LQ�
WHUYDOV �FDQ �EH �LGHQWLILHG �DW �����±����� �����±�����
����±����� �����±���� ����±���� �DQG ����±��� �\U �%3�
$QRWKHU �UHPDUNDEOH �IHDWXUH �LV �WKDW �WKH �RFFXUUHQFH �RI
VHYHUH �GURXJKWV �KDV �EHFRPH�PRUH�IUHTXHQW �RYHU �WKH �ODVW
�����\HDUV�
,Q �IUHTXHQF\� �WKH �į��2 �UHFRUG �LQ �%)� �\LHOGV �VLJQLILF�

DQW�SHULRGLFLWLHV�RI�a�����a����a����a���DQG�a��\U��DW�D����
FRQILGHQFH �OHYHO�� �UHVSHFWLYHO\ ��)LJ� ��E�� �VKRUWHU �F\FOHV�
LQFOXGLQJ�a����a���DQG�a��\U��ZLOO�QRW�EH�FRQVLGHUHG�EH�
FDXVH�WKH�PHDQ�UHVROXWLRQ�RI�RXU�į��2�UHFRUG�LV���\U�VXE�
VDPSOH��7KH�a����\U�F\FOH�ZDV�SUHYLRXVO\�UHSRUWHG�IURP
'RQJJH �DQG �+HVKDQJ �&DYH �UHFRUGV ��:DQJ �HW �DO�� ������
=KX�HW �DO�� ������� �DQG�LV �RQH �RI �WKH �VLJQLILFDQW �FRPSRQ�
HQWV �RI �VRODU �SHULRGLF �YDULDWLRQ ��6WXLYHU �DQG �%HFNHU�
������ �7KH �a���\U �F\FOH �PDWFKHV �ZHOO �ZLWK �WKH �*OHLVV�
EHUJ�VRODU�DFWLYLW\�F\FOH�RI�a���\U��DQG�LV�DOVR�VHHQ�LQ�WKH
VWDODJPLWH�UHFRUGV�IURP�PRQVRRQDO�&KLQD��&RVIRUG�HW�DO��
������=KDQJ�HW �DO�� ������� �+HQFH� �RXU �REVHUYDWLRQV �VXS�
SRUW �WKH �LGHD �WKDW �FKDQJHV �LQ �VRODU �DFWLYLW\ �SOD\HG �D �NH\
UROH�LQ�PRGXODWLQJ�WKH�PRQVRRQ�UDLQIDOO�YDULDELOLW\�RQ�FHQWHQQLDO
DQG�GHFDGDO�WLPHVFDOHV�
6RODU �UDGLDWLRQ �LV �WKH �SULPDU\ �VRXUFH �RI �HQHUJ\ �WKDW

GULYHV�DWPRVSKHULF±RFHDQLF�IORZ��DQG�LW�LV�RIWHQ�LQYRNHG
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)LJ��������D��7KH�į��2G�UHFRUG�RI�VWDODJPLWH�%)���UHG�FXUYH���WKH�JUHHQ��EOXH��GRWWHG�OLQH�UHSUHVHQWV�WKH�į��2G�PHDQ�íࢽ������į��2G�PHDQࢽ��������RI�WKH
%)��WLPH�VHULHV��WKH�į��2G�YDOXH�Ĺ�į��2G�PHDQ�í������į��2G�PHDQ�������Å�LV�LQWHUSUHWHG�DV�DQ�LQFUHDVHG��D�GHFUHDVHG��PRQVRRQ�UDLQIDOO�VLJQDO���E�
3RZHU�VSHFWUDO�DQDO\VLV�RI�WKH�%)��į��2�UHFRUG��6SHFWUDO�SHDNV�DUH�ODEHOHG�ZLWK�WKHLU�F\FOHV��\U��WKDW�DUH�DERYH�WKH�����FRQILGHQFH�OHYHO��EODFN
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WR�H[SODLQ�QDWXUDO�FOLPDWH�FKDQJH��*UD\�HW�DO���������;LDR
DQG �+XR� ������� �,Q �&KLQD� �VRPH �UHFHQW �VWXGLHV �KDYH
GHPRQVWUDWHG �WKDW �WKH �VRODU ����\U �F\FOH �H[KLELWV �VWURQJ
LPSDFWV �RQ �VXPPHU �UDLQIDOO �YDULDWLRQ� �ZKLOH �WKH �(O
1LxR±6RXWKHUQ �2VFLOODWLRQ ��(162��UHODWHG �VHD �VXUIDFH
WHPSHUDWXUH��667��DQRPDOLHV�DOVR�KDYH�DQ�LPSRUWDQW�LP�
SDFW��:DQJ�DQG�=KDR��������=KRX�DQG�&KHQ��������/L�HW
DO�� ������� �7R�WHVW�WKLV�LGHD�IXUWKHU� �WKH�%)��į��2�UHFRUG
LV �FRPSDUHG �WR �WKH �WRWDO �VRODU �LUUDGLDQFH ��76,� �UHFRUG� �D
W\SLFDO�VRODU�DFWLYLW\�SUR[\��6WHLQKLOEHU�HW�DO���������)LJ�
�D���7KH�UHVXOW�LQGLFDWHV�WKDW�ORZ�76,�YDOXHV�DUH�ZHOO�FRU�
UHODWHG �ZLWK �PRQVRRQ �IDLOXUHV ��GURXJKWV� �DV �UHYHDOHG �E\
WKH�SRVLWLYH�VKLIWV�LQ�WKH�%)��į��2�UHFRUG��)LJ���G���,Q�DG�
GLWLRQ��WKH�%)��į��2�DQG�76,�UHFRUGV�VKRZ�D�VWURQJ�FRU�
UHODWLRQ��U� �í������Q� ������S���������IRU�WKH�HQWLUH�UH�
FRUG��VXSSRUWLQJ�WKH�LGHD�WKDW�FKDQJHV�LQ�WKH�($60�UDLQ�
IDOO �DUH �FORVHO\ �UHODWHG �WR �FKDQJHV �LQ �WKH �VRODU �DFWLYLW\�
+RZHYHU� �RQH �SX]]OLQJ �IDFW �LV �WKDW �WKH �76, �FKDQJHV �GLG
QRW�\LHOG�DPSOLWXGHV�JUHDWHU�WKDQ�����:�Pí��RYHU�WKH�SDVW
�����\HDUV� �6XFK�D�VKLIW �RQO\�DFFRXQWV�IRU�a�����RI�WKH

VXQ¶V �WRWDO �HQHUJ\ �RXWSXW �DV �SURSRVHG �E\� )RXNDO �HW �DO�
������� �DQG �VHHPV �WRR �VPDOO �WR �GLUHFWO\ �LQGXFH �WKH �FOL�
PDWH�FKDQJHV��7KHUHIRUH��RWKHU�FRQWUROOLQJ�IDFWRUV�PLJKW
DPSOLI\ �WKH �VRODU �XOWLPDWHO\ �WULJJHU �WKH �FOLPDWH �FKDQJHV
LQ�($60�GRPDLQ�
%\�GHILQLQJ�WKH�UDLQ�EHOW �PHULGLRQDO�VKLIW �LQGH[��50�

6,��� =KDR �HW �DO� �������� LQYHVWLJDWHG �WKH �UHODWLRQVKLS
EHWZHHQ �VXQVSRW �QXPEHU ��611� �DQG �VXPPHU �UDLQIDOO �LQ
&KLQD� �&URVV�ZDYHOHW �DQDO\VLV �VKRZV �WKDW �FKDQJHV �LQ
506,�DUH�SULPDULO\�GRPLQDWHG�E\�WKH�(162¶V���\U�F\FOH
DQG �WKH �611¶V ����\U �F\FOH� �LQGLFDWLQJ �WKDW �WKH �(162
DPSOLILHV �VPDOO �VRODU �VLJQDOV �WKURXJK �D �VR�FDOOHG �³ERW�
WRP�XS´ �PHFKDQLVP ��0HHKO �HW �DO�� ������� YDQ �/RRQ �DQG
0HHKO���������7KLV�PHFKDQLVP�ZRUNV�DV��LQFUHDVHG�VRODU
RYHU �FORXG�IUHH �UHJLRQV �RI �WKH �VXEWURSLFV �WUDQVODWHV �LQWR
JUHDWHU�HYDSRUDWLRQ��DQG�PRLVWXUH�FRQYHUJHQFH�DQG�UDLQ�
IDOO �LQ �WKH �,QWHUWURSLFDO �&RQYHUJHQFH �=RQH ��,7&=� �DQG
6RXWK �3DFLILF �&RQYHUJHQFH �=RQH ��63&=�� �DQG �VWURQJHU
WUDGHV� �DQG �FRROHU �667 �LQ �WKH �HDVWHUQ �HTXDWRULDO �3DFLILF
�((3��0HHKO�HW�DO����������7R�EH�RQH�RI�WKH�PRVW�LPSRUW�
DQW �FRXSOHG �RFHDQLFíDWPRVSKHULF �PRGHV �LQ �WKH �WURSLFDO
3DFLILF �2FHDQ �UHJLRQ� �(162 �SRZHUV �&KLQD¶V �VXPPHU
UDLQIDOO�YDULDELOLW\�RQ�DQQXDO�WLPHVFDOH�E\�LQIOXHQFLQJ�WKH
LQWHQVLW\ �DQG �PHDQ �SRVLWLRQ �RI �WKH �ZHVWHUQ �3DFLILF �VXE�
WURSLFDO �KLJK ��:36+��5DVPXVVRQ �DQG �&DUSHQWHU� ������
5RSHOHZVNL�DQG�+DOSHUW��������6KL�DQG�:DQJ���������7R
EH�D�ORQJ�OLYHG�(162�VLJQDO��WKH�3DFLILF�'HFDGDO�2VFLO�
ODWLRQ��3'2��LV�D�OHDGLQJ�PRGH�RI�GHFDGDO�VFDOH�YDULDELO�
LW\ �LQ �667�LQ �WKH �H[WUDWURSLFDO �1RUWK �3DFLILF ��0DQWXD �HW
DO����������%DVHG�RQ�WKH�DQDO\VLV�RI�WKH�REVHUYDWLRQV�DQG
PRGHO �UHVXOWV� �VWURQJ �FRUUHODWLRQV �ZHUH �IRXQG �EHWZHHQ
WKH�(162�3'2�DQG�($60�UDLQIDOO�LQ�&KLQD��<X�������
<X�HW�DO����������)RU�H[DPSOHV��&KHQ��������DQG�&KHQ�HW
DO���������IRXQG�WKDW�WKH�(162�UHODWHG�PRQVRRQ�FKDQJH
LV�VWURQJO\�PRGXODWHG�E\�WKH�3'2��7KHUH�DOVR�WHQGV�WR�EH
D �PXFK �VWURQJHU �($60�DIWHU �D �ZHDN �(DVW �$VLDQ �ZLQWHU
PRQVRRQ��($:0��GXULQJ�ZDUP�SKDVH�RI�WKH�3'2�
7R �FRQILUP �WKLV �LGHD� �ZH �FRPSDUHG �WKH �%)� �į��2 �UH�

FRUG �ZLWK �WKH �VWDODJPLWH ��33�� �į��2 �UHFRUG �IURP �1RUWK
$PHULFD��DV�D�SUR[\�IRU�WKH�3'2��$VPHURP�HW�DO���������
DQG�WKH�UHG�FRORU�LQWHQVLW\��5&,��UHFRUG�IURP�WKH�((3��DV
D �SUR[\ �IRU �WKH �(162 �DFWLYLW\�� 0R\ �HW �DO�� ������� �$V
VKRZQ�LQ�)LJ�����WKH�LGHQWLILHG�UHGXFHG�PRQVRRQ�UDLQIDOO
LQWHUYDOV�RYHU�WKH�SDVW������\HDUV��)LJ���G��ZHUH�FRLQFLG�
HQW�ZLWK�PRUH�QHJDWLYH�VKLIWV�LQ�WKH�33��į��2�UHFRUG�IURP
1RUWK �$PHULFD ��LQGLFDWLQJ �D �ZDUP �SKDVH �RI �WKH �3'2�
)LJ���E��DQG�KLJKHU�5&,�YDOXHV�IURP�WKH�((3��LQGLFDWLQJ
(O�1LxR�FRQGLWLRQV��)LJ���F���7KHVH�REVHUYDWLRQV�VXJJHVW
WKDW �WKH �UHGXFHG �($60 �UDLQIDOO �LV �SUREDEO\ �UHODWHG �WR
ZDUP �SKDVH �RI �WKH �3'2� �DV �ZHOO �DV �WR �WKH �VWURQJHU �(O
1LxR�HYHQWV� �VLPLODU�WR�WKH�PRGHUQ�REVHUYDWLRQV��+HQFH�
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Stronger  El Niño event

Ļ
Reduced monsoon rainfall
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Weaker solar activity
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�
)LJ�������&RPSDULVRQ�RI��G��WKH�%)��į��2�UHFRUG��UHG�FXUYH��WKLV�VWXG\�
ZLWK��D� �76,�UHFRUG��JUHHQ�FXUYH��6WHLQKLOEHU �HW �DO�� ������� ��E� �VWDODJ�
PLWH�33��į��2�UHFRUG�IURP�1RUWK�$PHULFD��D�SUR[\�IRU�WKH�3'2��EOXH
FXUYH�� $VPHURP �HW �DO�� ������� �DQG ��F� �WKH �5&, �UHFRUG �IURP �((3� �D
SUR[\�IRU�(162�DFWLYLW\��SXUSOH�FXUYH��0R\�HW�DO���������
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RXU �UHFRUG �SURYLGHV �D �QHZ �FDVH �WKDW �FKDQJHV �LQ
(162�3'2 �FDQ �DPSOLI\ �VRODU¶V �LQLWLDO �RXWSXW� �WKDW �LV�
HYHQ �D �PLQRU �FKDQJH �LQ �VRODU �DFWLYLW\ �ZRXOG �SUREDEO\
KDYH�D�KXJH�HIIHFW�RQ�FOLPDWH�FKDQJHV�LQ�(DVW�$VLD� 

�������'URXJKW �GXULQJ �WKH �/LWWOH �,FH �$JH ��/,$� �DQG �LWV �LQ�
IOXHQFH�RQ�&KLQD¶V�VRFLDO�HYROXWLRQ

7KH �WHPSRUDO �UDQJH �RI �WKH �/,$ �FRQVLGHUHG �LQ �WKLV
VWXG\�LV�GHILQHG�DV�WKH�SHULRG�EHWZHHQ�����DQG�����\U�%3
�,3&&� ������� )LJ� ��D�� �$V �PHQWLRQHG �DERYH� �GXULQJ �WKH
/,$��WKH�į��2�YDOXHV�UDQJH�IURP�í����Å�WR�í���Å��ZLWK
D �VKLIW �RI ����Å� �7KH �į��2 �YDOXHV �UHDFKHG �D �PD[LPXP
EHWZHHQ�����DQG�����\U�%3��ZKLFK�PD\�LQGLFDWH�DQ�LQWHU�
YDO �RI �VHYHUH �GURXJKW �FRQGLWLRQV ��)LJ� ��K�� �,Q �DGGLWLRQ�
WKH �į��& �YDOXHV �VKDUSO\ �LQFUHDVHG �IURP �í����Å �WR
í���Å��)LJ���J���SRVVLEO\�VXJJHVWLQJ�GHFUHDVHG�YHJHWDW�
LYH�FRYHU�DQG�ELRORJLFDO�SURGXFWLRQ��ORZHU�GULS�UDWHV��DQG
HQKDQFHG �FDYH �YHQWLODWLRQ� �ZKLFK �LQ �WXUQ �UHIOHFWV �D
GU\�FROG �FOLPDWH� �7KH �FRQVLVWHQF\ �EHWZHHQ �WKH �WZR �LVR�
WRSLF �UHFRUGV �LQ �%)� �VXJJHVWV �WKDW �WKH �/,$ �LQ �FHQWUDO
&KLQD�GLVSOD\V�DQ�RYHUDOO�GU\�FROG�SDWWHUQ�
'U\�FROG �FRQGLWLRQV �GXULQJ �WKH �/,$�DUH �DOVR �UHYHDOHG

LQ �D �ODUJH �ERG\ �RI �FOLPDWLF �SUR[LHV �DW �0W� �6KHQQRQJMLD�
)RU�H[DPSOH��WKH�į��2�UHFRUG�IURP�<RQJ[LQJ�&DYH�EHJDQ
WR�LQFUHDVH�IURP�����\U�%3�DQG�UHDFKHG�LWV�PD[LPXP�DW
DSSUR[LPDWHO\ ���� �\U �%3� �LQGLFDWLQJ �D �SHDN �GURXJKW
ZLWKLQ �WKLV �LQWHUYDO ��=KDQJ �:� �+� �HW �DO�� ������� �$ �KLJK
UHVROXWLRQ �VWDODJPLWH �UHFRUG �IURP�+HLORQJ �&DYH �VXJJHV�
WHG�WKDW��WKH�į��2�DQG�į��&�YDOXHV�ZHUH�UHODWLYHO\�KLJKHU�
DQG �WKH �JURZWK �UDWH �ZDV �ORZHU �EHWZHHQ ���� �DQG ���� �\U
%3� �LQGLFDWLQJ �GULHU �FRQGLWLRQV �WKDQ �QRUPDO ��&XL �HW �DO��
�������7KH�ORZHVW�GLDWRP�WXUQRYHU�DQG�FDUERQ�VHTXHVWUD�
WLRQ�LQ�<LFKXDQ�&KL�VXJJHVWHG�WKDW�WKH�ODNH�EHFDPH�VKDO�
ORZHU� �ZKLFK �ZDV �WKH �UHVXOW �RI �WKH �GU\�FROG �FRQGLWLRQV
GXULQJ �WKH �/,$ ��&KHQJ �HW �DO�� ������� �0XOWLSOH �SUR[LHV
IURP �'DMLXKX �/DNH �FRQVLVWHQWO\ �UHFRUGHG �D �QRWDEOH �GH�
FUHDVLQJ �RI �UDLQIDOO �EHWZHHQ ���� �DQG ���� �\U �%3 ��0D �HW
DO�� ������� �7KHUHIRUH� �WKH�į��2�DQG�į��&�UHFRUGV�LQ�%)��
WRJHWKHU �ZLWK �RWKHU �DYDLODEOH �FOLPDWLF �SUR[LHV� �DOO �VXJ�
JHVW �WKDW �GU\�FROG �FRQGLWLRQV �SUHYDLOHG �DW �WKH �FDYH �VLWH
DQG�VXUURXQGLQJV�GXULQJ�WKH�/,$�
)RU �PHFKDQLVP� �GU\�FROG �FRQGLWLRQV �GXULQJ �WKH �/,$

DUH �FRQVLVWHQW �ZLWK �WKH �6S|UHU �DQG �0DXQGHU �VRODU �PLQ�
LPD��6RODQNL�HW�DO���������)LJ���E���DQG�ZDUP�SKDVH�RI�WKH
(162�3'2��6KHQ�HW�DO���������'RQQHOO\�DQG�:RRGUXII�
������ )LJ� ��F�� �7KLV �FRUUHODWLRQ �VXSSRUWV �WKH �LGHD �WKDW
FKDQJHV�LQ�VRODU�DFWLYLW\�SOD\HG�D�NH\�UROH�LQ�LQIOXHQFLQJ
PRQVRRQ �FOLPDWH �FKDQJHV� �ZKLOH �WKH �(162�3'2 �DFWHG
DV�D�PHGLDWRU�WR�DPSOLI\�DQG�WUDQVPLW�WKH�VRODU�VLJQDO�WR
WKH �($60 �GRPDLQ ��(PLOH�*HD\ �HW �DO�� ������� �)XUWKHU�
PRUH��WKH�FOLPDWLF�FRQGLWLRQV�GXULQJ�WKH�/,$�ZHUH�WLPHG

ZLWK�D�QHJDWLYH�SKDVH�RI�WKH�$UFWLF�2VFLOODWLRQ��$2��&KX
HW �DO�� ������� )LJ� ��G�� �DV �ZHOO �DV �FROG �SKDVH �RI �WKH �$W�
ODQWLF �0XOWLGHFDGDO �2VFLOODWLRQ ��$02�� 0DQQ �HW �DO��
������)LJ���I���,Q�WKH�PHDQWLPH��WKH�62��UHVLGXDOV�UHFRU�
GHG�IURP�*UHHQODQG�LFH�FRUHV�VKRZ�PRUH�DFWLYH�YROFDQLF
HUXSWLRQV �GXULQJ �WKH �/,$ ��0D\HZVNL �HW �DO�� ������� )LJ�
�H�� �7KHUHIRUH� �WKH �GU\�FROG �FRQGLWLRQV �LQ �FHQWUDO �&KLQD
GXULQJ�WKH�/,$�DUH�OLNHO\�WR�EH�DWWULEXWHG�WR�D�UHGXFWLRQ�LQ
VRODU �RXWSXW �DQG�LWV �DVVRFLDWHG �LPSDFW �RQ �RFHDQLF±DWPR�
VSKHULF �FLUFXODWLRQV� �,Q �DGGLWLRQ� �WKH �YROFDQLF �HUXSWLRQV�
$02� �DQG �$2 �PD\ �DOVR �KDYH �WKHLU �RZQ �FRQWULEXWLRQV
�&RRN�HW �DO�� �������:HL�HW �DO�� ������� �+RZHYHU� �WKLV �G\�
QDPLFDO �LQWHUSUHWDWLRQ�LV �FKDOOHQJHG�E\�VRPH�IDFWV� �'XU�
LQJ�WKH�0DXQGHU�PLQLPD��UHGXFHG�VRODU �DFWLYLW\�LQGXFHG
D�SRVLWLYH�VKLIW�RI����Å�LQ�%)��į��2�YDOXH��ZKHUHDV�VLP�
LODU�IHHGEDFN�ZDV�PXWHG�GXULQJ�WKH�6S|UHU�PLQLPD��7KLV
GLVKDUPRQ\ �LV �SDUWO\ �DWWULEXWHG �WR �WKH �PHGLDWRU¶V �SHU�
IRUPDQFH� �7KH �(162� �$02� �DQG �1$2��1RUWK �$WODQWLF
2VFLOODWLRQ��H[KLELWHG�DQ�DQWL�SKDVH�ZLWK�WKH�VRODU�DFWLY�
LW\ �GXULQJ �WKH �0DXQGHU �PLQLPD� �7KH �DPSOLILFDWLRQ �HI�
IHFWV �DUH �WKHUHIRUH �HURGHG� �UHVXOWLQJ �LQ �D �VOLJKW �SRVLWLYH
VKLIW �RI �WKH�%)��į��2�YDOXH� �$OWHUQDWLYHO\� �WKH�WLPLQJ�RI
WKH�SRVLWLYH�VKLIWV �RI�į��2�DQG�į��&�YDOXHV�VHHPV�HDUOLHU
WKDQ�WKH�RQVHW�RI�WKH�0DXQGHU�PLQLPD��7KH�SODXVLEOH�LQ�
WHUSUHWDWLRQ�IRU�WKLV�DV\QFKURQ\�LV�DWWULEXWHG�WR�GDWLQJ�XQ�
FHUWDLQWLHV�LQ�RXU�UHFRUG�
3UHYLRXV �VWXGLHV �KDYH �GHPRQVWUDWHG �WKDW �FOLPDWLF

FKDQJHV�PD\�KDYH�LPSRUWDQW�LPSDFWV�RQ�VRFLDO�HYROXWLRQ
�:X�DQG�/LX��������<DQFKHYD�HW�DO���������=KDQJ�HW�DO��
������7DQ�HW�DO���������;X�HW�DO����������:H�FRXQWHG�WKH
QXPEHUV �RI �WKH �PLOLWDU\ �FRQIOLFWV �LQ �&KLQD �RYHU �WKH �SDVW
���� �\HDUV ��(GLWRULDO �&RPPLWWHH �RI �&KLQHVH �0LOLWDU\
+LVWRU\��������)LJ���L���DQG�WKHQ�FRPSDUHG�WKHP�ZLWK�WKH
%)� �UHFRUGV� �,W �LV �QRWHG �WKDW �WKH �SHDN �LQ �PLOLWDU\ �FRQ�
IOLFWV �GXULQJ �G\QDVWLF �WUDQVLWLRQV �FRUUHVSRQGV �WR �DEQRU�
PDO�VKLIWV �LQ�WKH�%)��UHFRUGV� �)RU�H[DPSOH� �WKH�PLOLWDU\
FRQIOLFWV �LQ �&KLQD �ZHUH �LQFUHDVHG �WR �DSSUR[LPDWHO\ ���
EHWZHHQ�����DQG�����\U�%3��ZKLFK�ZHUH�WLPHG�ZLWK�WKH
WUDQVLWLRQ�EHWZHHQ�WKH�HQG�RI �WKH�0LQJ�'\QDVW\�DQG�WKH
LQLWLDWLRQ �RI �WKH �4LQJ �'\QDVW\� �$W �WKDW �WLPH� �D �VHYHUH
GURXJKW�ZDV�UHFRUGHG�LQ�WKH�%)��į��2�UHFRUG��7KH�PHQ�
WLRQHG�VKLIW �RI��Å�LQ�WKH�%)��į��&�UHFRUG�LQGLFDWHV�WKDW
FOLPDWLF �FRQGLWLRQV �LQ �FHQWUDO �&KLQD �ZHUH �GULHU �DQG
FROGHU� �7KH �FORVH �UHODWLRQVKLS �LQ �WKHVH �UHFRUGV �VXJJHVWV
WKDW�WKH�VHULRXV�VRFLDO�XQUHVW�DW�WKH�HQG�RI�WKH�0LQJ�'\Q�
DVW\�ZDV�SUREDEO\�UHODWHG�WR�FOLPDWLF�GHWHULRUDWLRQ�
7KH �FROODSVH �RI �WKH �0LQJ �'\QDVW\ �ZDV �PDLQO\ �UHVXO�

WHG�IURP�D�FRPELQDWLRQ�RI�SROLWLFDO��HFRQRPLF��DQG�PLOLW�
DU\�IDFWRUV� �+RZHYHU��WKH�QRQ�VRFLDO�IDFWRUV� �VXFK�DV�WKH
LQIOXHQFH �RI �FOLPDWLF �FRQGLWLRQV �FDQQRW �EH �QHJOHFWHG� �,Q
DQFLHQW �WLPHV� �WKH �DJULFXOWXUDO �KDUYHVWV �UHOLHG�KHDYLO\ �RQ
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FOLPDWLF �FRQGLWLRQV �GXH �WR �WKHLU �ORZHU �SURGXFWLYLW\� �7KH
VHYHUH�GURXJKWV�DQG�WHPSHUDWXUH�GURSV�EHWZHHQ�����DQG
����\U�%3�PD\�KDYH�OHG�WR�FURS�IDLOXUHV�DQG�WKHQ�VHYHUH�
IDPLQHV� �ZKLFK �PD\ �KDYH �IXHOHG �WKH �JUHDW �XSULVLQJV �LQ
FHQWUDO �&KLQD� �)RU �H[DPSOH� �WKH �/L �=LFKHQJ �UHEHOOLRQ
VWDUWHG �LQ �WKH �QRUWKZHVW �RI �FHQWUDO �&KLQD �DW �DSSUR[LP�
DWHO\�����\U�%3��7R�PDLQWDLQ�WKH�G\QDVWLF�UXOH��WKH�PLOLW�
DU\ �FRQIOLFWV �PD\ �KDYH �EURNHQ �RXW �EHWZHHQ �RIILFLDO�DX�
WKRULWLHV�DQG�WKH�JHQHUDO�SRSXODWLRQV��UHVXOWLQJ�LQ�PDVVLYH
GHDWKV�DQG�WKH�VRXWKZDUG�PLJUDWLRQ�RI�WKH�UHJLRQDO�SRSX�
ODWLRQ��&RQVHTXHQWO\��WKH�HFRQRP\�ZDV�GHVWUR\HG��ZKLFK
PD\�KDYH�VHULRXVO\�ZHDNHQHG�WKH�QDWLRQDO�SRZHU�DQG�DF�
FHOHUDWHG �WKH �G\QDVWLF �FROODSVH �DW �DSSUR[LPDWHO\ ���� �\U
%3� �+HQFH� �RXU �UHFRUG �VXJJHVWV �WKDW �FOLPDWLF �GHWHULRUD�
WLRQ �SOD\HG �DQ �LPSRUWDQW �UROH �LQ �FDXVLQJ �WKH �VHULRXV �VR�
FLDO �XQUHVW �DW �WKH �HQG �RI �WKH �0LQJ �'\QDVW\� �ZKLFK �XOWL�
PDWHO\�FRQWULEXWHG�WR�&KLQD¶V�VRFLDO�HYROXWLRQ� 

������&RQFOXVLRQV

7KH �į��2 �DQG �į��& �UHFRUGV �REWDLQHG �IURP �VWDODJPLWH
%)��IURP�;LQLX�&DYH� �FHQWUDO �&KLQD� �DUH�XVHG�WR�UHFRQ�
VWUXFW �PRQVRRQ �FOLPDWH �FKDQJH �IRU �WKH �SDVW ����� �\HDUV�
7KH�ORQJ�WHUP�LQFUHDVLQJ�WUHQG�RI �RXU �į��2�UHFRUG�VLQFH
WKH �ODWH�+RORFHQH �LV �FRQVLVWHQW �ZLWK �RWKHU �K\GURFOLPDWH
UHFRUGV �IURP �PRQVRRQDO �&KLQD �DQG �IROORZV �WKH �JUDGX�
DOO\�GHFUHDVLQJ�1+6,��7KLV�IHDWXUH�HQDEOHV�XV�WR�DVFULEH
WKH �į��2 �VLJQDO �DV �D �SUR[\ �RI �($60�UDLQIDOO� �7KH �į��&
YDULDWLRQ �LV �ORFDOO\ �GHSHQGHQW �DQG �LV �DVVRFLDWHG �ZLWK �UH�
JLRQDO �UDLQIDOO �DQG �WHPSHUDWXUH �FKDQJH� �2YHU �WKH �SDVW
�����\HDUV� �D �VHULHV �RI �GU\�DQG�ZHW �SHULRGV� �ZLWK�F\FOHV
RI �a��� �DQG �a�� �\U� �ZHUH �REVHUYHG �ZKHQ �WKH �ORQJ�WHUP
WUHQG �RI �į��2 �UHFRUG �LV �UHPRYHG� �7KHVH �FHQWHQQLDO±
GHFDGDO�VFDOH�FOLPDWH�FKDQJHV�DUH�PDLQO\�FDXVHG�E\�VRODU
DFWLYLW\ �YDULDWLRQ� �7KH �LPSDFW �RI �VRODU �DFWLYLW\ �LV �SURE�
DEO\ �DPSOLILHG �E\ �WKH �(162�3'2� �2WKHU �FDQGLGDWHV �LQ
LQIOXHQFLQJ �WKH �($60 �FKDQJHV� �LQFOXGLQJ �WKH �YROFDQLF
HUXSWLRQV��$02��DQG�$2�FDQQRW�EH�RYHUORRNHG��%\�FRP�
SDULQJ�RXU�UHFRUGV�ZLWK�WKH�KLVWRULFDO�UHFRUGV�RI�PLOLWDU\
FRQIOLFWV�LQ�&KLQD��WKH�UHVXOWV�SURYLGH�DQ�DGGLWLRQDO�FDVH
WKDW �WKH �SHDN �FOLPDWLF �GHWHULRUDWLRQ �ZLWKLQ �WKH �/,$ �PD\
KDYH�D�SURIRXQG�LPSDFW�RQ�&KLQD¶V�VRFLDO�HYROXWLRQ�
$FNQRZOHGJPHQWV��:H�ZLVK�WR�WKDQN�WKH�FRQVWUXFWLYH

VXJJHVWLRQV�IURP�HGLWRUV�DQG�WKUHH�DQRQ\PRXV�UHYLHZHUV�
,Q �DGGLWLRQ� �-LQJZHL �=KDQJ �HVSHFLDOO\ �ZLVK �WR �WKDQN
/HLQD�:HL��ZKRVH�FRQFHUQV�KDYH�JLYHQ�KLV�VSLULWXDO�VXS�
SRUW�RYHU�WKH�SDVW�\HDUV�

5()(5(1&(6
�

$VPHURP� �<�� �9� �3RO\DN� �6� �%XUQV� �HW �DO�� ������ �6RODU �IRUFLQJ �RI

+RORFHQH �FOLPDWH� �1HZ �LQVLJKWV �IURP �D �VSHOHRWKHP �UHFRUG�
VRXWKZHVWHUQ �8QLWHG �6WDWHV��*HRORJ\����� ��±�� �GRL�� ��������
*�����$����

%DNHU� �$�� �(� �,WR� �3� �/� �6PDUW� �HW �DO�� ������ �(OHYDWHG�DQG�YDULDEOH
YDOXHV�RI���&�LQ�VSHOHRWKHPV�LQ�D�%ULWLVK�FDYH�V\VWHP��&KHP�
*HRO�����������±�����GRL����������6����������������������

%DOGLQL� �-� �8� �/�� �)� �0F'HUPRWW� �$� �%DNHU� �HW �DO�� ������ �%LRPDVV
HIIHFWV �RQ �VWDODJPLWH �JURZWK �DQG �LVRWRSH �UDWLRV� �$ ���WK �FHQ�
WXU\ �DQDORJXH �IURP �:LOWVKLUH� �(QJODQG�� (DUWK �3ODQHW� �6FL�
/HWW�����������±�����GRL����������M�HSVO��������������

%HUJHU� �$�� �DQG�0� �)� �/RXWUH� ������ �,QVRODWLRQ�YDOXHV �IRU �WKH �FOL�
PDWH �RI �WKH �ODVW ��� �PLOOLRQ �\HDUV�� 4XDW� �6FL� �5HY��� ���
���±�����GRL�����������������������������4��

%UHLWHQEDFK��6��)��0���.�5HKIHOG��%��*RVZDPL��HW�DO���������&RQ�
VWUXFWLQJ �SUR[\ �UHFRUGV �IURP�DJH �PRGHOV ��&235$���&OLPDWH
3DVW���������±������GRL����������FS��������������

&DL��<��-���/��&��7DQ��+��&KHQJ��HW�DO���������7KH�YDULDWLRQ�RI�VXP�
PHU�PRQVRRQ�SUHFLSLWDWLRQ�LQ�FHQWUDO�&KLQD�VLQFH�WKH�ODVW�GH�
JODFLDWLRQ��(DUWK�3ODQHW��6FL��/HWW����������±����GRL����������
M�HSVO��������������

&KHQ� �+�� �6� �/� �*XR� �&� �<� �;X� �HW �DO�� ������ �+LVWRULFDO �WHPSRUDO
WUHQGV�RI�K\GUR�FOLPDWLF�YDULDEOHV�DQG�UXQRII�UHVSRQVH�WR�FOL�
PDWH �YDULDELOLW\ �DQG �WKHLU �UHOHYDQFH �LQ �ZDWHU �UHVRXUFH �PDQ�
DJHPHQW�LQ�WKH�+DQMLDQJ�%DVLQ��-��+\GURO�����������±�����GRL�
��������M�MK\GURO��������������

&KHQ��:���������,PSDFWV�RI�(O�1LxR�DQG�/D�1LxD�RQ�WKH�F\FOH�RI
WKH �(DVW �$VLDQ �ZLQWHU �DQG �VXPPHU �PRQVRRQ��&KLQHVH �-� �$W�
PRV��6FL����������±������LQ�&KLQHVH��

&KHQ��:���-��)HQJ��DQG�5��*��:X��������5ROHV�RI�(162�DQG�3'2
LQ�WKH�OLQN�RI�WKH�(DVW�$VLDQ�ZLQWHU�PRQVRRQ�WR�WKH�IROORZLQJ
VXPPHU �PRQVRRQ�� -� �&OLPDWH�� ��� ����±���� �GRL�� ��������
-&/,�'�������������

&KHQJ��%���-��$GDPV��-��+��&KHQ��HW�DO���������1HRJODFLDO�WUHQGV�LQ
GLDWRP �G\QDPLFV �IURP �D �VPDOO �DOSLQH �ODNH �LQ �WKH �4LQOLQJ
PRXQWDLQV �RI �FHQWUDO �&KLQD��&OLPDWH �3DVW����� ����±���� �GRL�
��������FS��������������

&KHQJ��+���5��/��(GZDUGV��$��6LQKD��HW�DO���������7KH�$VLDQ�PRQ�
VRRQ �RYHU �WKH �SDVW �������� �\HDUV �DQG �LFH �DJH �WHUPLQDWLRQV�
1DWXUH����������±�����GRL����������QDWXUH�������

&KX� �*� �4�� �4� �6XQ� �;� �+� �:DQJ� �HW �DO�� ������ �6QRZ �DQRPDO\
HYHQWV�IURP�KLVWRULFDO�GRFXPHQWV�LQ�HDVWHUQ�&KLQD�GXULQJ�WKH
SDVW�WZR�PLOOHQQLD�DQG�LPSOLFDWLRQ�IRU�ORZ�IUHTXHQF\�YDULDE�
LOLW\�RI�$2�1$2�DQG�3'2��*HRSK\V��5HV��/HWW�������/������
GRL��������������*/��������

&RRN��(��5���.��-��$QFKXNDLWLV��0��%��%XFNOH\��HW�DO���������$VLDQ
PRQVRRQ�IDLOXUH�DQG�PHJDGURXJKW�GXULQJ�WKH�ODVW�PLOOHQQLXP�
6FLHQFH����������±�����GRL����������VFLHQFH����������

&RVIRUG� �-�� �+� �5� �4LQJ� �%� �(JOLQJWRQ� �HW �DO�� ������ �(DVW �$VLDQ
PRQVRRQ �YDULDELOLW\ �VLQFH �WKH �0LG�+RORFHQH �UHFRUGHG �LQ �D
KLJK�UHVROXWLRQ� �DEVROXWH�GDWHG �DUDJRQLWH �VSHOHRWKHP �IURP
HDVWHUQ�&KLQD��(DUWK�3ODQHW��6FL��/HWW�����������±�����GRL�����
�����M�HSVO��������������

&RVIRUG��-���+��5��4LQJ��'��0DWWH\��HW�DO���������&OLPDWLF�DQG�ORFDO
HIIHFWV�RQ�VWDODJPLWH�į��&�YDOXHV�DW�/LDQKXD�&DYH��&KLQD��3D�
ODHRJHRJU� �3DODHRFOLPDWRO� �3DODHRHFRO��� ���� ����±���� �GRL�
��������M�SDODHR��������������

&XL��<��)���<��-��:DQJ��+��&KHQJ��HW�DO���������,VRWRSLF�DQG�OLWKROR�
JLF �YDULDWLRQV �RI �RQH �SUHFLVHO\�GDWHG �VWDODJPLWH �DFURVV �WKH
0HGLHYDO�/,$�SHULRG�IURP�+HLORQJ�&DYH��FHQWUDO�&KLQD��&OL�
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PDWH�3DVW���������±������GRL����������FS��������������

'LQJ� �<� �+�� �DQG �-� �&� �/� �&KDQ� ������ �7KH �(DVW �$VLDQ �VXPPHU
PRQVRRQ� �$Q�RYHUYLHZ��0HWHRU� �$WPRV� �3K\V������ ����±����
GRL����������V���������������]��

'LQJ� �<� �+�� �'� �6L� �<� �-� �/LX� �HW �DO�� ������ �2Q�WKH�FKDUDFWHULVWLFV�
GULYLQJ�IRUFHV�DQG�LQWHU�GHFDGDO�YDULDELOLW\�RI�WKH�(DVW �$VLDQ
VXPPHU �PRQVRRQ��&KLQHVH �-� �$WPRV� �6FL������ ����±���� �GRL�
��������M�LVVQ������������������������LQ�&KLQHVH��

'RQJ��-��*���<��-��:DQJ��+��&KHQJ��HW�DO���������$�KLJK�UHVROXWLRQ
VWDODJPLWH�UHFRUG�RI�WKH�+RORFHQH�(DVW�$VLDQ�PRQVRRQ�IURP
0W�6KHQQRQJMLD� �FHQWUDO �&KLQD��+RORFHQH����� ����±���� �GRL�
��������������������������

'RQQHOO\��-��3���DQG�-��'��:RRGUXII��������,QWHQVH�KXUULFDQH�DFWLY�
LW\ �RYHU �WKH �SDVW ������ �\HDUV �FRQWUROOHG �E\ �(O �1LxR �DQG �WKH
:HVW�$IULFDQ�PRQVRRQ��1DWXUH������ ����±�����GRL����������
QDWXUH�������

'RUDOH��-� �$�� �DQG�=��+��/LX��������/LPLWDWLRQV�RI�+HQG\�WHVW�FUL�
WHULD �LQ �MXGJLQJ �WKH �SDOHRFOLPDWLF �VXLWDELOLW\ �RI �VSHOHRWKHPV
DQG�WKH�QHHG�IRU�UHSOLFDWLRQ��-��&DYH�.DUVW�6WXG���������±����

'RUDOH��-��$���5��/��(GZDUGV��(��,WR��HW�DO���������&OLPDWH�DQG�YH�
JHWDWLRQ�KLVWRU\�RI�WKH�PLGFRQWLQHQW�IURP����WR����ND��$�VSH�
OHRWKHP�UHFRUG�IURP�&UHYLFH�&DYH� �0LVVRXUL� �86$��6FLHQFH�
���������±������GRL����������VFLHQFH����������������

(GLWRULDO �&RPPLWWHH �RI �&KLQHVH �0LOLWDU\ �+LVWRU\� ������� 7DEXOD�
WLRQ �RI �:DUV �LQ �$QFLHQW �&KLQD� �3HRSOH¶V �/LEHUDWLRQ �$UP\
3UHVV��%HLMLQJ�����±������LQ�&KLQHVH��

(PLOH�*HD\��-���0��&DQH��5��6HDJHU��HW�DO���������(O�1LxR�DV�D�PH�
GLDWRU �RI �WKH �VRODU �LQIOXHQFH �RQ �FOLPDWH��3DOHRFHDQRJUDSK\�
����3$������GRL��������������3$��������

)DLUFKLOG� �,� �-�� �&� �/� �6PLWK� �$� �%DNHU� �HW �DO�� ������ �0RGLILFDWLRQ
DQG �SUHVHUYDWLRQ �RI �HQYLURQPHQWDO �VLJQDOV �LQ �VSHOHRWKHPV�
(DUWK�6FL��5HY����������±�����GRL����������M�HDUVFLUHY���������
�����

)RXNDO��3���&��)U|KOLFK��+��6SUXLW��HW�DO���������9DULDWLRQV�LQ�VRODU
OXPLQRVLW\ �DQG �WKHLU �HIIHFW �RQ �WKH �(DUWK¶V �FOLPDWH�� 1DWXUH�
��������±�����GRL����������QDWXUH�������

*UD\��/��-���-��%HHU��0��*HOOHU��HW�DO���������6RODU�LQIOXHQFHV�RQ�FOL�
PDWH�� 5HY� �*HRSK\V��� ��� �5*����� �GRL�� ������������5*
��������

+HQG\� �&� �+�� ������ �7KH�LVRWRSLF �JHRFKHPLVWU\ �RI �VSHOHRWKHPV�,�
7KH�FDOFXODWLRQ�RI�WKH�HIIHFWV�RI�GLIIHUHQW�PRGHV�RI�IRUPDWLRQ
RQ�WKH�LVRWRSLF�FRPSRVLWLRQ�RI �VSHOHRWKHPV�DQG�WKHLU �DSSOLF�
DELOLW\ �DV �SDODHRFOLPDWLF �LQGLFDWRUV�� *HRFKLP� �&RVPRFKLP�
$FWD���������±�����GRL�����������������������������;��

+X��&��<���*��0��+HQGHUVRQ��-��+��+XDQJ��HW�DO���������4XDQWLILFD�
WLRQ�RI�+RORFHQH�$VLDQ�PRQVRRQ�UDLQIDOO�IURP�VSDWLDOO\�VHSDU�
DWHG�FDYH�UHFRUGV��(DUWK�3ODQHW��6FL��/HWW�����������±�����GRL�
��������M�HSVO��������������

,3&&� �������&OLPDWH �&KDQJH ������ �7KH �3K\VLFDO �6FLHQFH �%DVLV�
&RQWULEXWLRQ �RI �:RUNLQJ �*URXS �, �WR �WKH �)RXUWK �$VVHVVPHQW
5HSRUWRI �WKH �,QWHUJRYHUQPHQWDO �3DQHO �RQ �&OLPDWH �&KDQJH�
&DPEULGJH�8QLYHUVLW\�3UHVV��&DPEULGJH��

,VKLPXUD� �7�� �8� �7VXQRJDL� �DQG �)� �1DNDJDZD� ������ �*UDLQ�VFDOH
KHWHURJHQHLWLHV�LQ�WKH�VWDEOH�FDUERQ�DQG�R[\JHQ�LVRWRSLF�FRP�
SRVLWLRQV�RI�WKH�LQWHUQDWLRQDO�VWDQGDUG�FDOFLWH�PDWHULDOV��1%6
����1%6�����,$($�&2����DQG�,$($�&2�����5DSLG�&RPPXQ�
0DVV�6SHFWURP�����������±������GRL����������UFP�������

/L��'��/���=��1��;LDR��DQG�/��=KDR��������3UHIHUUHG�VRODU�VLJQDO�DQG
LWV �WUDQVIHU �LQ �WKH �$VLDQ�3DFLILF �VXEWURSLFDO �MHW �UHJLRQ�� &OL�

PDWH�'\Q�����������±������GRL����������V������������������

/L��3���0��+��=KDQJ��;��*��.RQJ��HW�DO���������$�VWDODJPLWH�UHFRUG
RI�(DVW�$VLDQ�VXPPHU�PRQVRRQ�LQ�WKH�ODVW������\HDUV�DQG�LWV
FRUUHODWLRQ �ZLWK �KLVWRULFDO �UHFRUGV��0DU� �*HRO� �4XDW� �*HRO��
��� ����±���� �GRL�� ��������63�-����������������� ��LQ
&KLQHVH��

/L��;��/���;��3��&XL��'��+H��HW�DO���������(YDOXDWLRQ�RI�WKH�+HVKDQJ
&DYH �VWDODJPLWH �FDOFLXP �LVRWRSH �FRPSRVLWLRQ �DV �D �SDOHR�
K\GURORJLF�SUR[\�E\�FRPSDULVRQ�ZLWK�WKH�LQVWUXPHQWDO�SUHFLS�
LWDWLRQ �UHFRUG�� 6FL� �5HS��� �� ������ �GRL�� ��������V����������
���������

/L� �<� �3�� �&� �0� �0D� �%� �=KRX� �HW �DO�� ������ �(QYLURQPHQWDO �SUR�
FHVVHV �GHULYHG�IURP�SHDWODQG�JHRFKHPLVWU\�VLQFH�WKH�ODVW �GH�
JODFLDWLRQ�LQ�'DMLXKX��6KHQQRQJMLD��FHQWUDO�&KLQD��%RUHDV�����
���±�����GRL����������ERU��������

0D��&��0���&��=KX��&��*��=KHQJ��HW�DO���������+LJK�UHVROXWLRQ�JHR�
FKHPLVWU\ �UHFRUGV �RI �FOLPDWH �FKDQJHV �VLQFH �ODWH�JODFLDO �IURP
'DMLXKX �SHDW �LQ �6KHQQRQJMLD �0RXQWDLQV� �&HQWUDO �&KLQD�
&KLQHVH�6FL��%XOO���������±����GRL����������V���������������
���

0DKHU� �%� �$�� �DQG �5� �7KRPSVRQ� ������ �2[\JHQ �LVRWRSHV �IURP
&KLQHVH�FDYHV��5HFRUGV�QRW�RI�PRQVRRQ�UDLQIDOO�EXW�RI�FLUFX�
ODWLRQ �UHJLPH�� -� �4XDW� �6FL��� ��� ����±���� �GRL�� ��������MTV�
������

0DQQ��0��(�� �DQG�3��'��-RQHV��������*OREDO�VXUIDFH�WHPSHUDWXUHV
RYHU �WKH �SDVW �WZR �PLOOHQQLD��*HRSK\V� �5HV� �/HWW��� ��� ������
GRL��������������*/��������

0DQQ��0��(���=��+��=KDQJ��6��5XWKHUIRUG��HW�DO���������*OREDO�VLJ�
QDWXUHV�DQG�G\QDPLFDO�RULJLQV�RI�WKH�/LWWOH�,FH�$JH�DQG�PHGL�
HYDO �FOLPDWH �DQRPDO\�� 6FLHQFH�� ���� �����±����� �GRL�
��������VFLHQFH����������

0DQWXD��1��-���6��5��+DUH��<��=KDQJ��HW�DO���������$�3DFLILF�LQWHU�
GHFDGDO �FOLPDWH �RVFLOODWLRQ �ZLWK �LPSDFWV �RQ �VDOPRQ �SURGXF�
WLRQ�� %XOO� �$PHU� �0HWHRU� �6RF��� ��� �����±����� �GRL�� ���
�����������������������������$3,&2:!����&2����

0DWWH\��'���'��/RZU\��-��'XIIHW��HW�DO���������$����\HDU�VHDVRQDOO\
UHVROYHG �R[\JHQ �DQG �FDUERQ �LVRWRSH �UHFRUG �IURP �D �PRGHUQ
*LEUDOWDU �VSHOHRWKHP��5HFRQVWUXFWHG�GULS �ZDWHU �DQG�UHODWLRQ�
VKLS �WR �ORFDO �SUHFLSLWDWLRQ�� (DUWK �3ODQHW� �6FL� �/HWW��� ����
��±����GRL����������M�HSVO��������������

0D\HZVNL��3��$���/��'��0HHNHU��0��6��7ZLFNOHU��HW�DO���������0D�
MRU�IHDWXUHV�DQG�IRUFLQJ�RI�KLJK�ODWLWXGH�QRUWKHUQ�KHPLVSKHUH
DWPRVSKHULF �FLUFXODWLRQ �XVLQJ �D ���������\HDU�ORQJ �JODFLR�
FKHPLFDO�VHULHV��-��*HRSK\V��5HV��2FHDQV������������±������
GRL������������-&�������

0F'HUPRWW� �)�� ������ �3DODHR�FOLPDWH �UHFRQVWUXFWLRQ �IURP �VWDEOH
LVRWRSH�YDULDWLRQV�LQ�VSHOHRWKHPV��$�UHYLHZ��4XDW� �6FL� �5HY��
�������±�����GRL����������M�TXDVFLUHY��������������

0HHKO��*��$���3��5��*HQW��-��0��$UEODVWHU��HW�DO���������)DFWRUV�WKDW
DIIHFW �WKH �DPSOLWXGH �RI �(O �1LxR �LQ �JOREDO �FRXSOHG �FOLPDWH
PRGHOV�� &OLPDWH �'\Q��� ��� ����±���� �GRL�� ��������3/����
������

0HHKO� �*� �$�� �-� �0��$UEODVWHU� �.� �0DWWKHV� �HW �DO�� ������ �$PSOLI\�
LQJ�WKH�3DFLILF�FOLPDWH�V\VWHP�UHVSRQVH�WR�D�VPDOO����\HDU�VRO�
DU �F\FOH �IRUFLQJ�� 6FLHQFH�� ���� �����±����� �GRL�� ��������
VFLHQFH����������

0R\��&��0���*��2��6HOW]HU��'��7��5RGEHOO��HW�DO���������9DULDELOLW\
RI �(O �1LxR�6RXWKHUQ �2VFLOODWLRQ �DFWLYLW\ �DW �PLOOHQQLDO �WLPHV�
FDOHV�GXULQJ�WKH�+RORFHQH�HSRFK��1DWXUH����������±�����GRL�

��� -RXUQDO�RI�0HWHRURORJLFDO�5HVHDUFK 9ROXPH���



��������QDWXUH�������

0XGHOVHH� �0�� ������ �(VWLPDWLQJ �3HDUVRQ¶V �FRUUHODWLRQ �FRHIILFLHQW
ZLWK �ERRWVWUDS �FRQILGHQFH �LQWHUYDO �IURP �VHULDOO\ �GHSHQGHQW
WLPH�VHULHV��0DWK��*HRO����������±�����GRL����������%�0$7*�
���������������������

1HII� �8�� �6� �-� �%XUQV� �$� �0DQJLQL� �HW �DO�� ������ �6WURQJ �FRKHUHQFH
EHWZHHQ�VRODU�YDULDELOLW\�DQG�WKH�PRQVRRQ�LQ�2PDQ�EHWZHHQ
� �DQG �� �N\U �DJR�� 1DWXUH�� ���� ����±���� �GRL�� ��������
����������

5DVPXVVRQ� �(� �0�� �DQG �7� �+� �&DUSHQWHU� ������ �7KH �UHODWLRQVKLS
EHWZHHQ �HDVWHUQ �HTXDWRULDO �3DFLILF �VHD �VXUIDFH �WHPSHUDWXUHV
DQG�UDLQIDOO �RYHU �,QGLD �DQG�6UL �/DQND��0RQ� �:HD� �5HY�������
���±�����GRL����������������������������������75%((3!
����&2����

5RSHOHZVNL��&��)���DQG�0��6��+DOSHUW��������4XDQWLI\LQJ�6RXWKHUQ
2VFLOODWLRQ±SUHFLSLWDWLRQ �UHODWLRQVKLSV�� -� �&OLPDWH�� �� �����±
����� �GRL�� ��������������������������������46235!
����&2����

6KDR� �4� �)�� �&� �+� �/L� �0� �-� �+XDQJ� �HW �DO�� ������ �,QWHUDFWLYH �SUR�
JUDPV�RI�0&�,&306�GDWD�SURFHVVLQJ�IRU����7K�8�JHRFKURQR�
ORJ\�� 4XDW� �*HRFKURQRO��� ��� ���±��� �GRL�� ��������
M�TXDJHR��������������

6KHQ� �&� �0�� �:� �&� �:DQJ� �:� �*RQJ� �HW �DO�� ������ �$ �3DFLILF
GHFDGDO�RVFLOODWLRQ�UHFRUG�VLQFH������$'�UHFRQVWUXFWHG�IURP
SUR[\ �GDWD �RI �VXPPHU �UDLQIDOO �RYHU �HDVWHUQ �&KLQD��*HRSK\V�
5HV��/HWW�������/�������GRL��������������*/��������

6KL��+���DQG�%��:DQJ��������+RZ�GRHV�WKH�$VLDQ�VXPPHU�SUHFLSLW�
DWLRQ±(162�UHODWLRQVKLS�FKDQJH�RYHU�WKH�SDVW�����\HDUV"�&OL�
PDWH�'\Q�����������±������GRL����������V���������������]��

6RODQNL� �6� �.�� �,� �*� �8VRVNLQ� �%� �.URPHU� �HW �DO�� ������ �8QXVXDO
DFWLYLW\�RI�WKH�6XQ�GXULQJ�UHFHQW�GHFDGHV�FRPSDUHG�WR�WKH�SUH�
YLRXV ������� �\HDUV��1DWXUH�� ���� �����±����� �GRL�� ��������
QDWXUH�������

6S|WO��&���,��-��)DLUFKLOG��DQG�$��)��7RRWK��������&DYH�DLU�FRQWURO�RQ
GULSZDWHU �JHRFKHPLVWU\� �2ELU �&DYHV ��$XVWULD�� �,PSOLFDWLRQV
IRU �VSHOHRWKHP �GHSRVLWLRQ �LQ �G\QDPLFDOO\ �YHQWLODWHG �FDYHV�
*HRFKLP� �&RVPRFKLP� �$FWD�� ��� �����±����� �GRL�� ��������
M�JFD��������������

6WHLQKLOEHU� �)�� �-� �%HHU� �DQG �&� �)U|KOLFK� ������ �7RWDO �VRODU �LUUDGL�
DQFH �GXULQJ �WKH �+RORFHQH��*HRSK\V� �5HV� �/HWW������ �/������
GRL��������������*/��������

6WXLYHU��0���DQG�%��%HFNHU��������+LJK�SUHFLVLRQ�GHFDGDO�FDOLEUD�
WLRQ �RI �WKH �UDGLRFDUERQ �WLPH �VFDOH� �$' �����±���� �%&��5D�
GLRFDUERQ��������±����GRL����������6������������������

7DQ��/��&���<��-��&DL��=��6��$Q��HW�DO���������&HQWHQQLDO�WR�GHFDGDO�
VFDOH�PRQVRRQ�SUHFLSLWDWLRQ�YDULDELOLW\�LQ�WKH�VHPL�KXPLG�UH�
JLRQ��QRUWKHUQ�&KLQD�GXULQJ�WKH�ODVW������\HDUV��5HFRUGV�IURP
VWDODJPLWHV �LQ �+XDQJ\H �&DYH��+RORFHQH�� ��� ����±���� �GRL�
��������������������������

7DQ� �/� �&�� �<� �-� �&DL� �+� �&KHQJ� �HW �DO� �����D� �&HQWHQQLDO�� WR
GHFDGDO�VFDOH �PRQVRRQ �SUHFLSLWDWLRQ �YDULDWLRQV �LQ �WKH �XSSHU
+DQMLDQJ�5LYHU�UHJLRQ��&KLQD�RYHU�WKH�SDVW������\HDUV��(DUWK
3ODQHW� �6FL� �/HWW��� ���� ����±���� �GRL�� ��������M�HSVO������
��������

7DQ��/��&���<��-��&DL��+��&KHQJ��HW�DO������E��+LJK�UHVROXWLRQ�PRQ�
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