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$Q�DQDO\VLV�RI�WKH�FRQFHQWUDWLRQ�RI���KHDY\�PHWDOV� � /HDG��3E���$UVHQLF��$V���,URQ��)H���&DGPLXP��&G���=LQF��=Q���
0DQJDQHVH��0Q���&RSSHU��&X��DQG�&KURPLXP��&U��LQ�WKH�ERWWRP�VHGLPHQWV�RI�/DJRV�/DJRRQ�ZDV�FDUULHG�RXW�XVLQJ�
DQ�$$6� DQG� WKH� UHVXOW� LQWHUSUHWHG� XVLQJ�*HRJUDSKLFDO� ,QIRUPDWLRQ� 6\VWHP� �*,6�� WRROV�� 7KH� NULJLQJ� DQG� ,QYHUVH�
'LVWDQFH�:HLJKHG��,':��WHFKQLTXH�ZDV�XVHG�WR�SHUIRUP�WKH�LQWHUSUHWDWLRQ�RI�WKH�UHVXOWV�ZLWK�D�YLHZ�WR�TXDQWLI\�WKH�
VSDWLDO�YDULDELOLW\�DQG�JHQHUDWH�WKH�0HWDOV�5LVN�0DSV�IRU�HDFK�RI�WKH�PHWDO�DQG�DOO�WKH�PHWDOV�DV�D�ZKROH�RYHU�WKH�
UHJLRQ�� 7KH� UHVXOWV� ZHUH� FRPSDUHG� ZLWK� WKH� 1LJHULDQ� 6WDQGDUG� IRU� 'ULQNLQJ� :DWHU� 4XDOLW\� �16':4�� ������
GULQNLQJ�ZDWHU�TXDOLW\� VWDQGDUG�� 7KH� ILQGLQJV� UHYHDOHG� WKDW�0Q� UHFRUGHG� KLJKHVW� FRQFHQWUDWLRQV� RI� �����PJ�O� DQG�
�����PJ�O� IRU� GU\� DQG� UDLQ\� VHDVRQV� UHVSHFWLYHO\� DURXQG� (JELQ� �$���� &G� UHFRUGHG� KLJKHVW� FRQFHQWUDWLRQV� RI�
����PJ�O� IRU� GU\� VHDVRQ�DW� 7LQFDQ� FUHHN��$���� DQG� ����PJ�O� IRU� UDLQ\� VHDVRQ�DW�&RPPRGRUH�&KDQQHO� �$�����$V�
UHFRUGHG� KLJKHVW� FRQFHQWUDWLRQV� RI� ����PJ�O� DQG� ����PJ�O� IRU� GU\� DQG� UDLQ\� VHDVRQV� UHVSHFWLYHO\� DURXQG�7LQFDQ�
FUHHN��$�����3E�KDG�KLJKHVW�FRQFHQWUDWLRQV�RI�����PJ�O�DQG�����PJ�O�IRU�GU\�DQG�UDLQ\�VHDVRQV�UHVSHFWLYHO\�DURXQG�
$SDSD� �$�����&U� KLJKHVW� FRQFHQWUDWLRQV� RI� ����PJ�O� DQG�����PJ�O�ZDV� UHFRUGHG� DURXQG�$SDSD��$���� IRU� GU\� DQG�
UDLQ\�VHDVRQV�UHVSHFWLYHO\��&X�KDV�FRQFHQWUDWLRQV�RI�����PJ�O�DQG�����PJ�O DURXQG�2NREDED��$���DQG�2ZRURVKRNL�
�$���IRU�GU\�DQG�UDLQ\�VHDVRQV�UHVSHFWLYHO\���)H�UHFRUGHG�KLJKHVW�FRQFHQWUDWLRQV�RI������PJ�O�DQG������PJ�O�IRU�GU\�
DQG� UDLQ\� VHDVRQV�DURXQG�(JELQ��$��� DQG�2ZRURVKRNL��$���ZKLOH� =Q� UHFRUGHG� KLJKHVW� FRQFHQWUDWLRQ� RI� ����PJ�O�
DQG� ����PJ�O� DW� &RPPRGRUH� &KDQQHO� IRU� GU\� DQG� UDLQ\� VHDVRQV� UHVSHFWLYHO\�� ,W� ZDV� REVHUYHG� WKDW� WKH�
FRQFHQWUDWLRQV�RI�DOO�WKH�SDUDPHWHUV�DQDO\VHG�ZHUH�DERYH�WKH�16':4��������GULQNLQJ�ZDWHU�VWDQGDUG�OLPLW�ZKLOH�
&X�DQG�=Q�DUH�ZLWKLQ�WROHUDEOH�OLPLWV��7KH� ILQGLQJV�DOVR�UHYHDOHG�WKDW�ORFDWLRQV�DURXQG�7LQFDQ�&UHHN��&RPPRGRUH�
&KDQQHO��$SDSD��)LYH�&RZULHV��,MRUD��,GGR�WRZDUGV�WKH�VRXWK�HDVWHUQ�SDUW�RI�/DJRV�/DJRRQ�DUH�DW�KLJKHU�ULVNV�WKDQ�
WKH�0LG�/DJRRQ�DQG�(JELQ�D[LV�LQ�WKH�QRUWK��7KH�IDFWRUV�UHVSRQVLEOH�IRU�WKH�FRQWDPLQDQWV�ZHUH�LGHQWLILHG�DV�VDQG�
PLQLQJ�DQG�GUHGJLQJ��XUEDQ�GRPHVWLF�ZDVWHV�DQG�VHZHUDJHV��LQGXVWULDO�ZDVWHV��

.H\ZRUGV�+HDY\�0HWDOV��/DJRV�/DJRRQ��ERWWRP�VHGLPHQWV��6SDWLDO�$QDO\VLV

�� ,1752'8&7,21
/DUJH� YROXPHRI� ZDVWHV� DUH� FRQWLQXRXVO\�
GLVFKDUJHG� LQWR� WKH� /DJRV� ODJRRQ� DV� D� UHVXOW� RI�
FRQWLQXRXV� LQFUHDVH� RI� WKH� KXPDQ� DFWLYLWLHV� DQG�
HQYLURQPHQWDO� TXDOLW\� GHJUDGDWLRQ� �$JHQGD� ���
������2VLEDQMR�������(UXROD�HW�DO���������$PDH]H�
HW�DO����������0RVW�RI�WKH�HQYLURQPHQWDO�SROOXWLRQ�
HPDQDWHV� IURP� DQWKURSRJHQLF� VRXUFHV� WKURXJK�
XQFRQWURO� KXPDQ� DFWLYLWLHV� �(QJHONLQJ�� �������
:DVWH�IURP�DQWKURSRJHQLF�DFWLYLWLHV�KDYH�EHFRPH�
WKH� PDMRU� VRXUFHV� RI� PHWDOV� WKDW� FRQWDPLQDWH�
VXUIDFH� ZDWHUV� LQ� /DJRV� SDUWLFXODUO\� /DJRV�
/DJRRQV�DQG�FUHHNV��$MDRHW�DO��������1XEL HW�DO���
�������

+HDY\�PHWDOV�DUH�RQH�RI�WKH�VHULRXV�SROOXWDQWV� LQ�
QDWXUDO� ZDWHU� RZLQJWR� WKHLU� WR[LFLW\�� SHUVLVWHQFH�
DQG� ELRDFFXPXODWLRQ� SUREOHPV� �7DP� DQG�:RQJ��
������ :XDQD� DQG� 2NLHLPHQ�� ������ 7DQJDKX� HW�

DO�� ������ 7FKRXQZRX� HW� DO� �� �������
&RQVHTXHQWO\�� OHYHOV� RI� KHDY\� PHWDOV�
FRQWDPLQDWLRQ� LQ� VXUIDFH� ZDWHU� DQG� LWV�
VXUURXQGLQJ� LV� RQ� WKH� LQFUHDVH� �6KDUDI� DQG�
6KHKDWD�� ������ $ODGHVDQPL� HW� DO��� ������� 7KH�
FRQWLQXRXV� LQFUHDVH� KDV� EHFRPH� D� FRQFHUQ� IRU�
UHVHDUFK�VFLHQWLVWV� LQ�YDULRXV�ZDWHU�TXDOLW\�ILHOGV�
DV� D� UHVXOW� RI� WKH� LPSDFWV� RQ� DTXDWLF� OLYHV� DQG�
KXPDQ� KHDOWK� �6KDUDI� DQG� 6KHKDWD�� ������
$ODGHVDQPL�HW�DO����������

7KH� /DJRV� /DJRRQ� LV� D� GHSRVLWRU\� RI� ODVW� UHVRUW�
IRU� RYHU� ���� RI� WKH� VXUIDFH� UXQRIIV� LQ� /DJRV�
0HWURSROLV�� GUDLQDJH� FKDQQHOV� DQG� VRPH� ULYHUV�
IORZLQJ� IURP� LQWHULRU� 1LJHULD� WR� WKH� $WODQWLF�
2FHDQ� �2ODWXQML� DQG� $ELPEROD�� ������� 7KH�
GHQVHO\� SRSXODWHG� DQG� LQGXVWULDOL]HG� DUHDV�
VXUURXQGLQJ� /DJRV� /DJRRQ� RIWHQ� JHQHUDWHV�
KDUPIXO� PDWHULDOV� DQG� GHSRVLWHG� WKHP� LQWR� WKH�
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/DJRV� /DJRRQ� �$GHZROH�� ������ (OHQZR� DQG�
$NDQNDOL���������,W�KDV�EHHQ�REVHUYHG�LQ�WKH� ODVW�
WZR� FHQWXULHV� WKDW� KXPDQ� DFWLYLWLHV� OLNH�
LQGXVWULDOL]DWLRQ��LQWHQVLYH�DJULFXOWXUH�DQG�FRDVWDO�
HQJLQHHULQJ�KDYH�JUHDWO\�LPSDFWHG�/DJRV�/DJRRQ�
DQG� VHULRXVO\� WKUHDWHQ� LWV�PDULQH� OLIH� �+LV� HW� DO���
������(UXROD�HW�DO��� ������(OHQZR�DQG�$NDQNDOL��
������� 7KHVH� LPSDFWV� KDYH� UHVXOWHG� LQWR�
HQYLURQPHQWDO�SROOXWLRQ�

��� 7KH�VWXG\�DUHD
/DJRV� 6WDWH� LV� D� FRDVWDO� HQYLURQPHQW�
FKDUDFWHUL]HG� ZLWK� ZHWODQGV�� VDQG\� EDUULHU�
LVODQGV�� EHDFKHV�� ORZ�O\LQJ� WLGDO� IODWV� DQG�
HVWXDULHV� �$LQD� ������ 3HLO� ������� 7KH� /DJRV�
/DJRRQ� LV� D� ZDWHU� ERG\� LQ� WKH� KHDUW� RI� WKH�

PHWURSROLV�� DQG� FXWV� DFURVV� WKH� VRXWKHUQ� SDUW RI�
WKH�PHWURSROLV�� OLQNLQJ�WKH�$WODQWLF�2FHDQ��LQ�WKH�
ZHVW�DQG�VRXWK��DQG�/HNNL�/DJRRQ��WR�WKH�HDVW���,W�
LV� DERXW� ��������VT� NP� LQ� DUHD� DQG� ���NP� LQ�
SHULPHWHU� DQG� LW� OLHV� EHWZHHQ� ODWLWXGHV� ����� WR�
����1DQG�ORQJLWXGHV������WR�����(���)LJ������7KH�
/DJRV� ODJRRQ� LV� D� PHDQV� RI� OLYHOLKRRG� DQG�
WUDQVSRUW� DV� ZHOO� DV� SODFHV� RI� DERGH� DQG�
UHFUHDWLRQ��,Q�DGGLWLRQ�� LW� LV�D�UHFLSLHQW� RI�ZDVWHV�
IURP� UHVLGHQWLDO� DUHDV� DQG� LQGXVWULHV�� 9LUWXDOO\��
DOO� LQGXVWULHV� LQ� /DJRV� 6WDWH� GLVFKDUJH� WKHLU�
HIIOXHQWV� ZKLFK� DUH� PDLQO\� XQWUHDWHG� LQWR� WKH�
/DJRV�ODJRRQ��

)LJ�����/DJRV�/DJRRQ�DQG�DGMRXUQLQJ�/RFDO�*RYHUQPHQW�$UHDV��/*$V��LQ�/DJRV�6WDWH��1LJHULD

7KH� VWXG\� DUHD� LQFOXGHV�� ,EHVKH�� (JELQ��
2ZRURVKRNL�� 0DNRNR�� 2NREDED�� 8QLODJ� IURQW��
,GGR�� ,MRUD�� $SDSD�� )LYH� &RZULHV� &UHHN��
&RPPRGRUH�&KDQQHO��7LQFDQ�&UHHN�DQG�(SH�

�� 0$7(5,$/6�$1'�0(7+2'6
����'DWD�$FTXLVLWLRQ
6SDWLDO� DQG� QRQ�VSDWLDO� GDWD� ZHUH� XVHG� IRU� WKLV�
VWXG\� DQG�ZHUH� GHULYHG� IURP� GLUHFW� DQG� LQGLUHFW�

VRXUFHV�� 7KH� VSDWLDO� GDWD� LQFOXGHV� WKH� JHRVSDWLDO�
ORFDWLRQ�RI�DOO�WKH�VDPSOLQJ� ORFDWLRQ�DQG�H[LVWLQJ�
EDVH�PDS�RI�WKH�VDPSOLQJ�VLWH��2Q�WKH�RWKHU�KDQG��
WKH� QRQ�VSDWLDO� GDWD� LQFOXGHV� WKH� QDWXUH��
GHVFULSWLRQ�DQG�FKDUDFWHULVWLFV�RI�WKH�DOO�VDPSOLQJ�
ORFDWLRQV�
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����)LHOG�0DSSLQJ��5HFRQQDLVVDQFH�6XUYH\
$� UHFRQQDLVVDQFH� VXUYH\� ZDV� FDUULHG� RXW� IRU�
YLVXDO� REVHUYDWLRQ�RI�FRQWDPLQDQWV�G�DUHDV�DORQJ�
WKH� /DJRV� /DJRRQ�� 7KH� DUHDV� REVHUYHG� LQFOXGH�
LQGXVWULDO�� UHVLGHQWLDO� DQG� DUHDV� ZKHUH� VHZDJH�
ZDVWH� GLVFKDUJHG� LQWR� WKH� /DJRRQ�� 7KH� PDMRU�
SRLQWV� LQ� WKHVH� DUHDV�FRPSULVHV� RI� )LYH�&RZULHV�
FUHHN��,MRUD��,GGR��2NREDED��0DNRNR��8QLYHUVLW\�
RI�/DJRV�ODJRRQ�IURQW��2ZRURVKRNL��&RPPRGRUH�

FKDQQHO��,EHVKH��(JELQ��7LQFDQ�FUHHN��$SDSD�DQG�
0LG� /DJRRQ� RI� /DJRV� ODJRRQ� ZLWKLQ� /DJRV�
PHWURSROLV�RI�/DJRV 6WDWH��1LJHULD��

����-XVWLILFDWLRQ�IRU�ORFDWLRQV¶�VHOHFWLRQ
7KH� VHOHFWLRQ� RI� WKH� VDPSOHG� VLWHV� DUH� EDVHG� RQ�
WKH� QDWXUH� RI� WKH� YDULRXV� ZDVWH� GLVFKDUJHG� LQWR�
HDFK�RI�WKH�DUHDV�DQG�WKHLU�UHOHYDQFH�WR�WKLV�VWXG\�
�7DEOH���DQG�3ODWH����

7DEOH����-XVWLILFDWLRQ�IRU�ORFDWLRQV¶�VHOHFWLRQ
6�1 6DPSOLQJ�

ORFDWLRQV
7\SH�RI�ZDVWH� 1DWXUH�

$� )LYH�FRZULHV :DVWH� GLVFKDUJHG� �JHQHUDOO\� IORDWLQJ� JDUEDJH�GHEULV� DQG� RLO� EDVH�
GLVFKDUJHV� HVSHFLDOO\� IURP� FRPPHUFLDO� ERDW� RSHUDWRUV�� IURP� WKH�
/DJRV�,VODQG��,NR\L�DQG�9LFWRULD�LVODQG�ILQG�WKHLU�ZD\�XQDEDWHG�LQWR�
WKH�/DJRV�/DJRRQ�YLD�ILYH�FRZULHV�

'RPHVWLFV�
DQG�
LQGXVWULDO�

$� ,MRUD 0DMRUO\�VHD�IRRG��FHPHQW�EDJV��DQG�KRXVHKROG�ZDVWH�DUH�GLVFKDUJHG�
IURP�WR�/DJRV�ODJRRQ�YLD�,MRUD�HQWU\��

,QGXVWULDO

$� ,GGR 7KH� IUHTXHQW� GLVFKDUJHV� RI� KXPDQ�ZDVWHV� �PDLQO\� UDZ� IDHFH�� E\�
LWLQHUDQW�WDQNHUV�DW�WKH�,GGR�MHWW\�

6HZDJH

$� 2NREDED 2NREDED�ZDVWH� DUH� FKDUDFWHUL]HG� E\� PDVVLYH� DPRXQW� RI� VDZGXVW�
JHQHUDWHG�IURP�WKH�VDZPLOO�DFWLYLWLHV��VDZGXVW��DV�ZHOO�DV�JDUEDJH�
IURP�WKH�ZRUNHUV��

,QGXVWULDO�
DQG�
GRPHVWLF

$� 0DNRNR 7KH� ZDVWH� JHQHUDWHG� LQ� WKLV� DUHD� LQFOXGHV� VDZGXVW� GXVW�� G\HV��
SDLQWV��IDHFH��Q\ORQ�DV�ZHOO�DV�GRPHVWLF�ZDVWH�DQG�VHZDJH��DQG�DUH�
UHJXODUO\�WUDQVSRUWHG�DQG�GLVFKDUJHG�WR�/DJRV�/DJRRQ�YLD�0DNRNR�

,QGXVWULDO�
DQG�
GRPHVWLF

$� 8QLODJ�
/DJRRQ�
)URQW

7KH�8QLYHUVLW\�RI�/DJRV�VKRUHOLQH�RQ�WKH�/DJRV�ODJRRQ� LV�XVHG�IRU�
UHFUHDWLRQDO� DFWLYLWLHV� ZKLFK� HYHQWXDOO\� FRQVWLWXWH� GHEULV� DW� WKH�
ZDWHU�IURQW�

'RPHVWLF

$� 2ZRURVKRNL ,W�LV�FKDUDFWHUL]HG�PDLQO\�E\�GRPHVWLF�ZDVWH�ZLWK�YDULRXV�W\SHV�RI�
ZDVWHV� GHSRVLWHG� E\� 2JXQ� 5LYHU� LQWR� /DJRV� /DJRRQ� YLD�
2ZRURVKRNL�SRLQW��$OVR�� GRPHVWLF�ZDVWH��VDQG�PLQLQJ�DQG�ILVKLQJ�
DFWLYLWLHV�DUH�DOVR�FRPPRQ�LQ�WKLV�DUHD��

'RPHVWLF�
DQG�
LQGXVWULDO

$� ,EHVKH ,EHVKH�ZDWHU�IURQW�UHFHLYHG�HIIOXHQW�IURP� LQGXVWULHV�VXFK�DV�WH[WLOH�
PLOOV��)RRGV�LQGXVWULHV�DQG�RWKHUV�VLWXDWHG�DW�WKH�,EHVKH�FRPPXQLW\�
DUHD�LQ�,NRURGX�DUHD�RI�/DJRV�6WDWH�

,QGXVWULDO

$� (JELQ 7KH�DVVRFLDWHG�ZDVWH�LV�WKH�K\GURSRZHU�JHQHUDWLRQ�DQG�H[SHULHQFHV�
ERWK�WLGDO�DQG�VDOLQLW\�UHJLPHV�

,QGXVWULDO

$�� &RPPRGRUH�
FKDQQHO

7KH� FRPPRGRUH� FKDQQHO� LV� FKDUDFWHUL]HG� ZLWK� GLIIHUHQW� W\SH� RI�
ZDVWH�IURP�ZUHFNHG�VKLSV�DQG�WKH�LQIOX[�RI�GRPHVWLFV¶�ZDVWH�IURP�
ERWK�9LFWRULD�,VODQG�DQG�WKH�%DU�EHDFK�

,QGXVWULDO�
DQG�
GRPHVWLF

$�� $SDSD $SDSD�LV�FKDUDFWHUL]HG� E\�VHDSRUW�DFWLYLWLHV�ZLWK�YDULRXV�HIIOXHQWV�
IURP�VHD�SRUW�DQG�ZUHFNHG�VKLSV�

,QGXVWULDO

$�� 7LQFDQ�
&UHHN

7KH�7LQFDQ�&UHHN�FKDUDFWHUL]HG�ZLWK�HIIOXHQWV�IURP�WKH�3RUW�1R9R�
&UHHN��%DGDJU\�&UHHN�DQG�WKH�&RPPRGRUH�&KDQQHO�

,QGXVWULDO�
DQG�
GRPHVWLF

$�� 0LG�/DJRRQ 7KH�DFWLYLW\�ZLWKLQ�WKH�0LG�ODJRRQ�LV�TXLWH�ORZ�DQG�DV�D�UHVXOW�XVHG�
DV�WKH�FRQWURO�SRLQW�IRU�WKLV�VWXG\�

&RQWURO�
SRLQW



���������������ʹͶǡ��������ʹǡ����ǡ�ʹͲͳͺ

$KPDGX�%HOOR�8QLYHUVLW\�3UHVV�/WG�,661������������ �����ͳͲͻ

6DPSOHV�FROOHFWLRQ�DQG�FRQFHQWUDWLRQ�GHWHUPLQDWLRQ
2QH�VDPSOH�ZDV�FROOHFWHG�IURP�HDFK�RI�WKH�WZHOYH�VHOHFWHG�ORFDWLRQV�PRQWKO\�RYHU�D�SHULRG�RI���PRQWKV�
��PRQWKV�HDFK�IRU�GU\�DQG�UDLQ\�VHDVRQV���7KH�GU\�VHDVRQ�VWXG\�ZDV�FDUULHG�RXW�EHWZHHQ�

'HFHPEHU������DQG�)HEUXDU\�������7KHVH�SHULRGV
FRUUHVSRQG� WR� ORZ� ZDWHU� OHYHOV� �WKH� GU\� VHDVRQ��
DQG� SHDN� IORRGLQJ� �5DLQ\� VHDVRQ�� LQ� WKH� /DJRV��
7KH� UDLQLQJ� VHDVRQ� VDPSOLQJ� ZDV� FRQGXFWHG�
EHWZHHQ� $SULO� WR� -XQH� ������ 2QH� VDPSOH� ZDV�
FROOHFWHG� IURP� WKH� FRQWURO� VWDWLRQ�PDNLQJ� D� WRWDO�
RI����VDPSOHV��7KH�VHGLPHQW�VDPSOHV�ZHUH�NHSW�LQ�
ODEHOHG�SRO\WKHQH�EDJV�DQG�WDNHQ�WR�WKH�ODERUDWRU\�
IRU� DQDO\VLV�� 7KH� FRQFHQWUDWLRQV� RI� WKH� �� KHDY\�
PHWDOV� YL]� /HDG� �3E��� $UVHQLF� �$V��� ,URQ� �)H���
&DGPLXP� �&G��� =LQF� �=Q��� 0DQJDQHVH� �0Q���
&RSSHU��&X��DQG�&KURPLXP��&U��ZHUH�H[DPLQHG�
EDVHG� RQ� VWDQGDUG� PHWKRGV� RI� $3+$� ����� IRU�
+HDY\� PHWDOV� DVVHVVPHQW� VSHFWURSKRWRPHWULFDOO\�
XVLQJ� DWRPLF� DEVRUSWLRQV� VSHFWURSKRWRPHWHU�
�$$6��

����*,6�DQG�'DWDEDVH�'HYHORSPHQW
,QGLFDWRU�SDUDPHWHUV��0Q��&G��$V��3E��&U��&X��)H��
DQG� =Q�� DQG� VDPSOHG� GDWD� ZHUH� JURXSHG� LQWR�
GLIIHUHQW�FODVVHV�RI�PHWDOV�� �*,6�'DWDEDVH�V\VWHP�
WRROV�ZHUH�XVHG�WR�GHYHORS�D�YLVXDO�GLVSOD\�SDWWHUQ�
WR� DLG� LQ� WKH� VWXG\�� )URP� WKH� DWWULEXWH� JHR�GDWD�
EDVH�WDEOH��VHULHV�RI�4XHU\�DQDO\VLV�ZHUH�XVHG�WR�
SURGXFH� D� ULVN� DVVHVVPHQW�PDS� DORQJ� WKH� /DJRV�
/DJRRQ�� (DFK� RI� WKH� UHVXOW� ZDV� WKHQ� LQWHUSUHWHG�
DQG� GLVSOD\HG� LQ� WDEOH� DQG� PDSV� IRU� EHWWHU�
XQGHUVWDQGLQJ�DQG�YLVXDOL]DWLRQ��

�� 5(68/76�$1'�',6&866,21
7KH� UHVXOWV� REWDLQHG� IRU� WKH� YDULRXV� VHGLPHQW�
VDPSOHV� IRU� ERWK� WKH� GU\� VHDVRQ� �'HFHPEHU��
-DQXDU\� DQG� )HEUXDU\�� DQG� UDLQ\� VHDVRQ� �$SULO��
0D\� DQG� -XQH�� DUH� VKRZQ� LQ� WDEOH� ��� ,W� ZDV�
REVHUYHG� WKDW� WKH� OHYHO� RI� SROOXWLRQ� YDULHV� IURP�
RQH� ORFDWLRQ� WR� WKH� RWKHU� GHSHQGLQJ� RQ� WKH�
DFWLYLWLHV�DURXQG�HDFK�ORFDWLRQ�

3ODWH����$FWLYLWLHV�DURXQG�/DJRV�/DJRRQ
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7DEOH����+HDY\�PHWDOV¶�PHDQ�FRQFHQWUDWLRQ��'U\��'HF��-DQ��)HE��DQG�5DLQ\��$SU��0D\��-XQ��VHDVRQV�

$� $� $�� $� $� $� $� $� $� $�� $�� $�� $��
16'�
:4

0Q��PJ�O�
'U\ ����� ���� ����� ���� ���� ���� ����� ���� ����� ����� ���� ����� ���� ���

5DLQ\ ����� ����� ����� ����� ���� ����� ����� ����� ����� ����� ����� ����� �����

&G��PJ�O�
'U\ ��� ��� ��� ��� ��� ���� ���� ���� ��� ���� ���� ���� ��� �����

5DLQ\ ��� ��� ��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���

$V��PJ�O�
'U\ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ��� ����

5DLQ\ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

3E��PJ�O�
'U\ ��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���

����

5DLQ\ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���

&U��PJ�O�
'U\ ��� ��� ��� ���� ��� ��� ���� ���� ��� ���� ���� ���� ��� ����

5DLQ\ ��� ��� ��� ���� ���� ��� ���� ���� ��� ���� ���� ���� ���

&X��PJ�O�
'U\ ���� ���� ��� ���� ��� ��� ���� ���� ���� ���� ���� ���� ���

�

5DLQ\ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���

)H��PJ�O�
'U\ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ��� ���

5DLQ\ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

=Q��PJ�O�
'U\ ��� ���� ���� ���� ���� ��� ���� ���� ���� ���� ���� ��� ���

�

5DLQ\ ��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ��� ����

7KH� PHDQ� FRQFHQWUDWLRQV� RI� WKH� �� KHDY\� PHWDOV�
DQDO\]HG�IURP�WKH�/DJRV�/DJRRQ�VHGLPHQW�GXULQJ�
GU\�DQG�UDLQ\�VHDVRQV�DUH�GLVFXVVHG�DQG�FRPSDUHG�
ZLWK� 1LJHULDQ� 6WDQGDUG� IRU� 'ULQNLQJ� :DWHU�
4XDOLW\ �16':4�������"

0DQJDQHVH� �0Q��� 7KH� FRQFHQWUDWLRQV� RI� 0Q�
GXULQJ� WKH�GU\�VHDVRQ�DUH�LQ�WKH�UDQJH�RI������WR�
����LQ� GHFUHDVLQJ� RUGHU� RI�
$�!$�!$��!$��!$�!$�!$�!$�!$�!$�!$�
�!$��!$�ZKLOH�WKH�UDLQ\�VHDVRQ�DUH�LQ�WKH�UDQJH�
RI� ������ WR� ����LQGHFUHDVLQJ� RUGHU� RI�
$�!$�!$��!�
$�!$��!$�!$�!$�!$��!$�!$��!$�!$��
�7DEOH����)LJ���D���7KH�PHDQ�FRQFHQWUDWLRQ�RI�DOO�
WKH� WKLUWHHQ�VDPSOHG� VWDWLRQ� H[FHHGV� WKH�
SHUPLVVLEOH� VWDQGDUG� OLPLW� RI� ���PJ�O� IRU�0Q� DV�
UHFRPPHQGHG� E\� WKH� 16':4� �������� 7KH�
KLJKHVW� FRQFHQWUDWLRQ� IRU� WKH� WZR� VHDVRQV� ZDV�
GHWHFWHG�LQ�(JELQ�ODJRRQ��WKLV�LV�ODUJHO\�DWWULEXWHG�
WR� WKH�PDWHULDOV� XVHG� LQ� EXLOGLQJ� WKH� K\GURSRZHU�
VWDWLRQ� LQ�WKH�DUHD�ZLWKLQ�WKH�/DJRV�/DJRRQ�ZKLOH�
LW� LV� XQGHUVWDQGDEOH� WKDW� WKH� ORZHVW� YDOXH� LV�
GHWHFWHG�LQ�0DNRNR�DV�WKH�LQKDELWDQWV�RI�WKH�DUHD�
XVHG�ZRRG�DQG�SODQN�LQ�EXLOGLQJ�WKHLU�KRXVHV�DQG�
WKHLU�ERDWV��7KH�$GYHUVH�HIIHFWV�RI�0Q�FDQ�UHVXOW�
IURP�ERWK�GHILFLHQF\�DQG�RYHUH[SRVXUH��

&DGPLXP� �&G���7KH�FRQFHQWUDWLRQ� RI�&G� GXULQJ�
GU\�VHDVRQ�DUH�LQ�WKH�UDQJH�RI ����PJ�O�WR����PJ�O�
DQG� LQ� GHFUHDVLQJ� RUGHU� RI�
$��!$��!$�!$��!$�!$�!$�!$�!$�!$�!$
��!$�!$�� ZKLOH� WKH� UDLQ\� VHDVRQ� DUH� UDQJH� RI�
�����PJ�O� WR� ���PJ�O� DQG� LQ� GHFUHDVLQJ� RUGHU� RI�
$�!$�!$�!$��!$��!$�!$�!$�!$�!$�!$�
�!$�!$����7DEOH���)LJ�� �E���+LJK�FRQFHQWUDWLRQ�
RI� FDGPLXP� GHWHFWHG� FRXOG� EH� DWWULEXWHG� WR�
VKLSSLQJ�FRPSDQ\�FRPLQJ�LQWR�1LJHULDQ�WHUULWRULDO�
ZDWHU�DQG�ORFDO�DLU�SROOXWDQW��
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$UVHQLF� �$V��� 7KH� FRQFHQWUDWLRQ� RI� $V� IRU� GU\�
VHDVRQ� UDQJHV� EHWZHHQ� ����DQG���PJ�O�� DQG� LQ�
GHFUHDVLQJ� RUGHU� RI�
$��!$�!$�!$�!$�!$�!$�!$��!$��!$�!$
�!$�!$��� ZKLOH� WKH� UDLQ\� VHDVRQ� PHDQ�
FRQFHQWUDWLRQ� LV� EHWZHHQ� ����� DQG� ����PJ�O��DQG�
LQ� GHFUHDVLQJ� RUGHU�
$��!$�!$�!$�!$�!$�!$��!$�!$��!$��!
$�!$�!$�� �7DEOH� �� 	� ��� )LJ�� �F��� 7KH� KLJK�
FRQFHQWUDWLRQ�RI�$UVHQLF�GHWHFWHG�LQ�GU\�VHDVRQ�LV�
ZLWKLQ�$SDSD�3RUW�ZKLOH FRPPRGRUH FKDQQHO� KDV�
WKH� ORZHVW� PHDQ� FRQFHQWUDWLRQ�� 'XULQJ� WKH� ZHW�
VHDVRQ�� 7LQFDQ� &UHHN� H[SHULHQFHG� WKH� KLJKHVW�
PHDQ� FRQFHQWUDWLRQ�� 7KHVH� FRXOG� EH� DWWULEXWHG� WR�
KXPDQ� DQ WKURSRJHQLF� DFWLYLWLHV� RI� VDQG� PLQLQJ�
HLWKHU� WKURXJK� LQGXVWULDO� PLQLQJ� RU� ERWWRP� VDQG�
PLQHUV�ZLWKLQ�WKH�/DJRV�/DJRRQ�

/HDG��3E���7KH�FRQFHQWUDWLRQ�RI�3E�IRU�GU\�VHDVRQ�
DUH� LQ� WKH� UDQJH� RI���� PJ�O� WR�����PJ�O�� DQG� LQ�
GHFUHDVLQJ� RUGHU� $�!$��!$��!$��!

$�!$�!$�! $�!$�!$�!
$�!$�!$��ZKLOH� WKH� UDLQ\� VHDVRQ� DUH�

EHWZHHQ�����DQG����PJ�O� DQG�LQ�GHFUHDVLQJ�RUGHU�
RI�
$�!$��!$��!$��!$�!$�!$�!$�!$�!$�!$
�!$�!$��� �7DEOH� ��� )LJ�� �G��� 7KH� KLJK�
FRQFHQWUDWLRQV�RI�/HDG�FDQ�EH�DWWULEXWHG�WR�KXPDQ�
DFWLYLWLHV� ZLWKLQ� WKH� /DJRV� /DJRRQ� HVSHFLDOO\�
IURP� FRPPHUFLDO� VSHHG� ERDW� DQG� IUHLJKW� ORDG�
FDUULHU�XVLQJ�SHWURO��306�3UHPLXP�0RWRU�6SLULW��
DQG� RWKHU� LQGXVWULDO� DFWLYLWLHV� ZLWKLQ� WKH� /DJRV�
/DJRRQ� ZKHUH� IRVVLO� IXHOV� DUH� EXUQHG�� 7KH�
FRQFHQWUDWLRQ� RI� /HDG� �3E�� GHWHFWHG� LQ� WKH�
VHGLPHQW� VDPSOHG� DQDO\]HG� ZLWKLQ� WKH� /DJRV�
/DJRRQ�LV�IDU�DERYH�WKH�16':4��������OLPLW�

)LJ���D��0DQJDQHVH FRQFHQWUDWLRQ )LJ���E��&DGPLXP FRQFHQWUDWLRQ

)LJ���F��$UVHQLF FRQFHQWUDWLRQ )LJ���G��/HDG�FRQFHQWUDWLRQ
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&KURPLXP��&U���7KH�FRQFHQWUDWLRQ�RI�&U�IRU� GU\�
VHDVRQ�ZDV� LQ� WKH� UDQJH� RI�����PJ�O� WR�����PJ�O��
DQG� LQ� GHFUHDVLQJ�
RUGHU$��!$��!$�!$��!$�!$�!$�!$�!$�!
$�!$�!$�!$��� ZKLOH� WKH� UDLQ\� VHDVRQ� PHDQ�
FRQFHQWUDWLRQ� UDQJHV� EHWZHHQ� ����DQG� ���PJ�O��
DQG� DUH� LQ� WKH� GHFUHDVLQJ�
RI$��!$��!$�!$��!$�!$�!$�!$�!$�!$�!
$�!$�!$���7DEOH� ��� )LJ�� �H��� 7KH�
FRQFHQWUDWLRQV�RI�&KURPLXP�GHWHFWHG�LQ�DOO�WKH����
ORFDWLRQV VDPSOHG� DUH IDU� DERYH� WKH� 16':4�
��������7KH�KLJK�FRQFHQWUDWLRQV�FDQ�EH�DWWULEXWHG�
WR� KXPDQ� DQWKURSRJHQLF� DFWLYLWLHV� �H�J�� PHWDO�
DOOR\V�� SDLQWV�� FHPHQW� EDJ�� SDSHU�� UXEEHU� HWF� DUH�
GLVFKDUJHG�LQWR�WKH�/DJRV�/DJRRQ�

&RSSHU� �&X��� 7KH� FRQFHQWUDWLRQ� RI� &X� LQ� WKH�
DQDO\]HG�VHGLPHQWV�GXULQJ�WKH�GU\�VHDVRQ�LV LQ�WKH�
UDQJH�RI������PJ�O�DQG ����PJ�O��ZLWK�GHFUHDVLQJ�

RUGHU�
RI$�!$�!$��!$�!$�!$�!$��!$�!$��!$�!
$�!$�!$����2Q�WKH�RWKHU�KDQG�� WKH�UDLQ\�VHDVRQ�
UDQJHV� EHWZHHQ ����DQG ���PJ�O�ZLWK� GHFUHDVLQJ�
RUGHU�
RI$�!$�!$�!$�!$�!$�!$��!$�!$��!$�!
$�!$��!$��� �7DEOH� ��� )LJ�� �I��� 7KH� KLJK�
FRQFHQWUDWLRQ�RI�&RSSHU�IRU�GU\�VHDVRQ�LV�GHWHFWHG�
LQ� 2ZRURVKRNL� ORFDWLRQ� ZKLOH IRU� ZHW� VHDVRQ�
2NREDED� KDV� WKH� KLJKHVW� FRQFHQWUDWLRQ�� 7KHVH
PD\� EH� GXH� WR� LQIOX[� DQG� KLJK� WLGH� RI� $WODQWLF�
2FHDQ�H[SHULHQFHG�GXULQJ�WKLV�VHDVRQ��$OO�RI�WKH�
DFWLYLWLHV� LQWURGXFHG� E\� KXPDQ� NQRZLQJO\� RU�
XQNQRZLQJO\�FDQ� OHDG�WR�KLJK� LQFUHDVH�RI�&RSSHU�
GHWHFWHG� ZLWKLQ� WKH� VDPSOLQJ� ORFDWLRQV�� 7KH�
FRQFHQWUDWLRQV� DUH� QRWHG� WR� KDYH� H[FHHGHG�
VWDQGDUG� SHUPLVVLEOH� OLPLW� RI� 16':4� ��������
7KHUHIRUH�� DOO� OHYHOV� FDQ� EH�FRQVLGHUHG� WR� SRVH� D�
JUHDW�WKUHDW�WR�WKH�ORFDO�HQYLURQPHQW�

,URQ� �)H��� 7KH� FRQFHQWUDWLRQ� RI� )H� LQ� WKH�
VHGLPHQW�FROOHFWHG�DORQJ�WKH�/DJRV�/DJRRQ�GXULQJ�
WKH� GU\� VHDVRQ� UDQJHV� EHWZHHQ� ����DQG���PJ��
ZLWK� GHFUHDVLQJ� RUGHU� RI� $�!

$�!$�!$�!$�!$��!$�!$��!$�!$�
!$�!$��!$���� 2Q� WKH� RWKHU� KDQG�� WKH� UDLQ\�
VHDVRQ� UDQJHV� EHWZHHQ� ����� DQG� ����PJ�O�ZLWK�
GHFUHDVLQJ� RUGHU�
$�!$�!$�!$�!$�!$��!$�!$��!$�!$�!$�
!$��!$����7DEOH����)LJ�� �J���7KH�FRQFHQWUDWLRQ�
RI�LURQ�GHWHFWHG�LV�IDU�DERYH�WKH�16':4��������
OLPLW�� +LJK� FRQFHQWUDWLRQ� RI� )H� IRXQG� LQ� DOO� WKH�
VDPSOLQJ� ORFDWLRQ� IRU� WKH� WZR� VHDVRQV� FRXOG� EH�
DWWULEXWHG WR�WKH�LQIOX[�RI�ZDVWH�DQG�LQGLVFULPLQDWH�
GLVFKDUJHG� RI� GRPHVWLF� ZDVWH� DV� ZHOO� DV� RWKHU�

DQWKURSRJHQLF� ZDVWHV� ZKLFK� DUH� ZDVKHG� DQG�
GUDLQHG�LQWR�WKH�/DJRV�/DJRRQ��

=LQF��=Q���7KH�FRQFHQWUDWLRQ� RI�=Q� LQ�WKH�/DJRV�
/DJRRQ� VHGLPHQW� IRU� GU\� VHDVRQ� UDQJHV� EHWZHHQ�
����DQG���PJ�O�� DQG� DUH� DUUDQJHG� LQ� GHFUHDVLQJ�
RUGHU� RI�
$��!$��!$�!$�!$�!$�!$�!$�!$�!$�!$�
�!$��!$�� ZKLOH� WKH� UDLQ\� VHDVRQ�� WKH�
FRQFHQWUDWLRQ� UDQJHV� EHWZHHQ� ����DQG� ���PJ�O�
DQG� DUH� DUUDQJHG� LQ� GHFUHDVLQJ� RUGHU� RI�
$��!$��!$�!$�!$�!$�!$�!$�!$�!$�!$�
�!$��!$�� �7DEOH� ��� )LJ�� �K��� 7KHUH� ZDV�
YDULDWLRQ� LQ�=LQF�OHYHO� LQ�WKH�/DJRV�/DJRRQ��7KH�
KLJK�=LQF�FRQFHQWUDWLRQ� GHWHFWHG�FRXOG�EH�ODUJHO\�
DWWULEXWHG�WR� ODUJH�TXDQWLWLHV�RI�=Q�SUHVHQW� LQ�WKH�

)LJ���H��&KURPLXP FRQFHQWUDWLRQ )LJ���I��&RSSHU�FRQFHQWUDWLRQ
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ZDVWHZDWHU�RI�LQGXVWULDO�SODQWV�GLVFKDUJHG�GLUHFWO\� RU�LQGLUHFWO\�LQWR�WKH�/DJRRQ��

�� &21&/86,21�
7KLUWHHQ� DUHDV� ZHUH� LGHQWLILHG� WR� KDYH� KLJK�
FRQFHQWUDWLRQ� RI� KHDY\� PHWDOV� DQG� DV� ZHOO� WKH�
SRVVLEOH� IDFWRUV� UHVSRQVLEOH� IRU� WKHLU�
FRQFHQWUDWLRQ��7KHVH�DUHDV�DUH�)LYH�FRZU\¶V�FUHHN��
,MRUD�� ,GGR�� ,EHVKH�� &RPPRGRUH� FKDQQHO��
2NREDED�� 0DNRNR�� 2ZRURVKRNL�� (JELQ�� 8QLODJ�
/DJRRQ�IURQW��7LQFDQ�&UHHN��$SDSD�SRUW�DQG�0LG�
/DJRRQ�� 7KH� IDFWRUV� UHVSRQVLEOH� IRU� WKHLU�
FRQFHUWDWLRQ� LQ� WKH� ODJRRQ� ERWWRP� VHGLPHQW� DUH�
PDLQO\� GRPHVWLF�XUEDQ� ZDVWH�� LQGXVWULDO� ZDVWH�
ERWK� VROLG� DQG� HIIOXHQW�� VHZDJHV�� HWF�� 7KH�
FRQFHQWUDWLRQV� RI� DOO� WKH� KHDY\�PHWDOV� YDU\� IURP�
RQH� ORFDWLRQ� WR� WKH� RWKHUV�� 7KH� YDULDWLRQV� LQ� WKH�
FRQFHQWUDWLRQV� � RI� WKH� VDPSOHG� KHDY\� PHWDOV� LQ�
ERWK� GU\� DQG� UDLQ\� VHDVRQV� SDUWLFXODUO\� WKH� KLJK�
FRQFHQWUDWLRQV� RI� 0Q� DURXQG� (JELQ� �$���� &G�
DURXQG� 7LQFDQ� �$���� DQG� &RPPRGRUH� &KDQQHO�
�$����� $V� DW� 7LQFDQ� FUHHN� �$����� 3E� DW� $SDSD�
�$����� &U� DURXQG� $SDSD� �$����� &X� DW�2NREDED�
�$��� DQG� 2ZRURVKRNL� �$�	��� )H� DURXQG� (JELQ�
�$��� DQG� 2ZRURVKRNL� �$���� DQG� � =Q� DW�
&RPPRGRUH� &KDQQHO� FRXOG� EH� UHVXOWHG� IURP�
LQGXVWULDO� ZDVWH� DQG� HIIOXHQW�� XUEDQ� ZDVWH�� RLO�
IURP�VKLS�DQG�VSHHG\�ERDW�DV�ZHOO�DV�DWPRVSKHULF�
GHSRVLWLRQ�ZKLFK�DUH�GLVFKDUJH�LQWR�/DJRV�/DJRRQ�
PD\� FRQWULEXWH� WR� WKH� YDULDWLRQ� RI� SDUDPHWHUV�
FRQFHQWUDWLRQ��$OVR��WKH� ORZ�YDOXH�RI�0Q��$V��&U��
3E�� &G� DQG� =Q� LQ�0LG� /DJRRQ� �FRQWURO� SRLQW�� LQ�
ERWK� VHDVRQ� FRXOG� EH� DWWULEXWHG� WR� SROOXWLRQ� IUHH�
DFWLYLWLHV�LQ�WKH�DUHD��,W�ZDV�REVHUYHG�WKDW�YDULRXV�
DFWLYLWLHV� VXUURXQGLQJ� /DJRV� /DJRRQ� DUH�
UHVSRQVLEOH�IRU�WKH�KHDY\�PHWDOV�GHWHFWHG��

7KLV�VWXG\�WKHUHIRUH��FRQFOXGHG�WKDW�/DJRV�ODJRRQ�
LV� FRQWDPLQDWHG�� WKRXJK�� VRPH� RI� WKH�PHWDOV� DUH�
QRW�DERYH�VDIH�RU�SHUPLVVLEOH� OHYHOV�DQG�PD\�QRW�
SUHVHQW� DQ\� GHOHWHULRXV� HIIHFWV� LQ� WKH� SUHVHQW�
OHYHOV��IXUWKHU�GLVFKDUJHV�IURP�UHVSHFWLYH�VRXUFHV�
VXJJHVW� SRVVLEOH� GHWULPHQWDO� HIIHFWV� RQ� WKH� ORFDO�
HQYLURQPHQW��

5()(5(1&(6
$GHZROH�� $�� 7�� �������� :DVWH� PDQDJHPHQW�

WRZDUGV� VXVWDLQDEOH� GHYHORSPHQW� LQ�
1LJHULD�� $� FDVH� VWXG\� RI� /DJRV� VWDWH��
,QWHUQDWLRQDO�1*2�-RXUQDO���������������

$JHQGD� ���� �������� (QYLURQPHQWDO� 6RXQG�
0DQDJHPHQW� RI� KD]DUGRXV� ZDVWHV��
LQFOXGLQJ� SUHYHQWLRQ� RI� LOOHJDO�
LQWHUQDWLRQDO� WUDIILF�� (DUWK� 6XPPLW�5LRGH�
-DQHLUR��&KDSWHU����

$MDR� (�� 2�� �������� 5HYLHZ� RI� WKH� VWDWH� RI�
SROOXWLRQ� RI� WKH� /DJRV� /DJRRQ�� 1,205�
7HFK��SDSHU�1R�����

$ODGHVDQPL��2��7���$JERROD��)��.���$GHQL\L��,��)��
�������� 'LVWULEXWLRQ� RI� +HDY\� 0HWDOV� LQ�
6XUIDFH� 6HGLPHQWV� IURP� 6WUHDPV� DQG�
7KHLU� $VVRFLDWHG� )LVKSRQGV� LQ� 2VXQ�
6WDWH��1LJHULD��-�+HDOWK�3ROOXWLRQ�������±
���������

$PDH]H�� 1�� +��� 2EL�� $��� -DFNVRQ�� &�� ��������
&RDVWDO�'XPS� 6LWHV� LQ� WKH� /DJRV� ODJRRQ�
DQG�WR[LFLW\�RI�WKHLU� OHDFKDWH�RQ�EUDFNLVK�
ZDWHU� VKULPS� �3DODHPRQHWHVDIULFDQXV��� -��
$SSO��6FL��(QYLURQ��0DQDJH���������������
���

(OHQZR��(��,���$NDQNDOL��-��$����������7KH�(IIHFWV�
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