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7KH� FRPSRVLWLRQ� DQG� SUHVVXUH� RI� JURZWK
DWPRVSKHUH�DUH�RI�D�JUHDW�LPSRUWDQFH�LQ�WKH
JURZLQJ� RI� R[LGH� FU\VWDOV�� 7KLV� HIIHFW� DS�
SHDUV� DV� YDULDWLRQV� LQ� VWUXFWXUH�VHQVLWLYH
SURSHUWLHV� RI� PHOWV� >�@� �YLVFRVLW\� DQG� VXU�
IDFH� WHQVLRQ�� FDXVHG� E\� LQWHUQDO� VWUXFWXUH
WUDQVIRUPDWLRQV� WKHUH��7KH� JDV�PHGLXP� LQ�
IOXHQFHV� WKH� PHOWLQJ� WHPSHUDWXUH� �7P�� RIVXEVWDQFHV�EHLQJ�FU\VWDOOL]HG��,Q�SDUWLFXODU�
WKH�7P�GLIIHUHQFH�IRU�6U$O�2��>�@�DQG�<:O2�>�@�JURZQ�XQGHU�QRUPDO�SUHVVXUH�RI�JDVHRXV
DWPRVSKHUH� DQG� LQ� YDFXXP� PD\� DWWDLQ
����&� DQG� ���&� UHVSHFWLYHO\�� 3DUWLDO� SUHV�
VXUH� RI� R[\JHQ� �c2��� LQ� WKH� JURZWK� DWPRV�
SKHUH�LQIOXHQFHV�DOVR�WKH�VWUXFWXUH�WUDQVIRU�
PDWLRQV� LQ� R[LGH� PHOWV� DQG� SRVVLELOLW\� RI
H[LVWHQFH� RI� GLIIHUHQWO\� FRRUGLQDWHG� FDWLRQV
WKHUHLQ�� ,W�ZDV�VKRZQ�>����@�WKDW�DW�R[\JHQ
SDUWLDO� SUHVVXUH� OHVV� WKDQ� ����Ü��� DWP��� DOO

WKH� &H��� FDWLRQV� LQ� &D2±$O�2�� V\VWHP� IRU
FRPSRVLWLRQV�FRQWDLQLQJ������RI�$O�2��KDYHWKH� RFWDKHGUDO� FRRUGLQDWLRQ� UHVXOWLQJ� LQ
&D�$O�2��� FRPSRXQG� IRUPDWLRQ� DW� FU\VWDO�
OL]DWLRQ��$W�c2��!�����Ü���DWP���WKH�UDWLR�RI
R[\JHQ�DQG�DOXPLQXP�LRQV�LQ�PHOW�SURYLGHV
&D��$O��2��� IRUPDWLRQ� ZLWK� WKH� VL[�� DQG
VHYHQ�FRRUGLQDWHG�FDOFLXP�SRO\KHGURQV��7KH
VWUXFWXUH� FKDQJHV� FDXVHG� E\� LQIOXHQFH� RI
JURZWK�PHGLXP�UHGR[�SRWHQWLDO�DUH�LQKHUHQW
LQ�WKH�JUHDW�PDMRULW\�RI�ELQDU\�R[LGH�PHOWV
>�@�� KRZHYHU�� WKH� EDVLF� PHFKDQLVP� RI� WKH
VWUXFWXUH� FKDQJHV� LV� FRQQHFWHG� ZLWK� FRP�
SOHWHQHVV� RI� WKHUPDO� GLVVRFLDWLRQ� SURFHVVHV
LQ� GHSHQGHQFH� RQ� WKHUPRFKHPLFDO� VWDELOLW\
RI�WKHVH�PHOWV�

2SWLPDO� JURZWK� FRQGLWLRQV� DUH� XVXDOO\
VHW� E\� D� VSHFLDO� FU\VWDOOL]DWLRQ� DVVHPEO\
FRQVWUXFWLRQ� DQG� JURZWK� UHJLPH� VHOHFWLRQ�
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+RZHYHU��WKH�GHYHORSHG�WHFKQRORJ\�EDVHG�RQ
JURZWK� FRQGLWLRQV� RSWLPL]DWLRQ� GRHV� QRW
VROYH� WKH� SUREOHP� RI� UHSURGXFLEOH� FU\VWDO
SURGXFWLRQ�� EHFDXVH� WKH� SUREDELOLW\� RI� LQ�
WULQVLF� GHIHFWV� IRUPDWLRQ� �HVSHFLDOO\�� RQ� LQ�
GXVWULDO� VFDOH� JURZWK�� DUH� UDWKHU� KLJK�� DQG
VFLQWLOODWRU� SHUIRUPDQFH� FKDUDFWHULVWLFV� RI
PDQ\�FU\VWDOV�DUH�XQVDWLVIDFWRU\��7KLV�LV�EH�
FDXVH�D�WHPSHUDWXUH�UDQJH�FRUUHVSRQGLQJ�WR
WKH� H[SHULPHQWDOO\� FKRVHQ� RSWLPXP�JURZWK
FRQGLWLRQV� LV� FRQQHFWHG�ZLWK�GHJUHH�DQG�GL�
UHFWLRQ� RI� WKH�PHOW� LQWHUQDO� VWUXFWXUH� YDUL�
DWLRQV�GXULQJ� WKH�JURZWK�F\FOH�� ,Q� WKH�FDVH
ZKHQ�WKH�VWUXFWXUH�WUDQVIRUPDWLRQV�LQ�PHOW
WDNH� SODFH�� WKHUH� H[LVWV� D� WUHQG� WR� QDUURZ�
LQJ� RI� WKH� RSWLPDO� WHPSHUDWXUH� FRQGLWLRQV
UDQJH��$V� D� UHVXOW�� WKH� SUREDELOLW\� RI� FU\V�
WDOOL]DWLRQ�RXW�RI�WKH�RSWLPDO�WKHUPDO�FRQGL�
WLRQV� UDQJH� LQFUHDVHV�� DQG� WKXV�� WKH� SURE�
DELOLW\�RI�LQWULQVLF�VWUXFWXUH�GHIHFWV�LQ�FU\V�
WDOV� LQFUHDVHV� DV�ZHOO�� 7KH� W\SLFDO� LQWULQVLF
GHIHFWV� DUH� OLJKW� VFDWWHULQJ� FHQWHUV� DQG
FRORU�FHQWHUV��)RUPDWLRQ�RI�WKHVH�FHQWHUV�LV
SURPRWHG�PRVWO\�E\�VWRLFKLRPHWULF�GLVRUGHU�
LQJ� RI� PHOW� FDXVHG� E\� LWV� WHPSHUDWXUH� DQG
E\�WKH�PDVV�WUDQVIHU�LQ�WKH��PHOW�Û�JURZWK
DWPRVSKHUH�� V\VWHP��0RUHRYHU�� XQGHU� WHP�
SHUDWXUH� DFWLRQ�� FOXVWHUV� LQ� PHOW� FDQ� EH
IRUPHG�ZLWK�D�FRRUGLQDWLRQ�QRW�FRUUHVSRQG�
LQJ�WR�RQH�LQ�WKH�FU\VWDOOLQH�PDWUL[�

,Q�DFFRUGDQFH�ZLWK�WKH�DERYH��LW�VHHPV�WR
EH� H[SHGLHQW� WR� VWXG\� WKH� IDFWRUV� LQIOXHQF�
LQJ�WKH�SK\VLFRFKHPLFDO�SURSHUWLHV�RI�PXOWL�
FRPSRQHQW� R[LGH� V\VWHPV�� DQG� FRQVWLWXWH� D
ELJ�GDQJHU�RI�GHIHFW�IRUPDWLRQ�DQG�GHVWDEL�
OL]DWLRQ� RI� FU\VWDO� VFLQWLOODWLRQ� FKDUDF�
WHULVWLFV�� 7KHVH� DUH� WKH� IROORZV�� WKH� R[LGH
PHOWV� DUH� RSHQ� WKHUPRG\QDPLF� V\VWHPV�� LQ�
FRQJUXHQW�PHOW�HYDSRUDWLRQ�LV�FKDUDFWHULVWLF
IRU�PRVW�RI� WKHP��KLJK�DQLVRWURS\�RI�R[LGH
FU\VWDO� SURSHUWLHV� �WKHUPDO� FRQGXFWLYLW\�
SUHIHUHQWLDO�JURZWK�GLUHFWLRQ��R[\JHQ�GLIIX�
VLRQ�� DV� ZHOO� DV� DQLVRWURS\� RI� RSWLFDO� DQG
OXPLQHVFHQW�SURSHUWLHV��

7KH� *G�6L2�� �*62�� PHOW� SRVVHVVHV� D
UDWKHU� KLJK� WKHUPRFKHPLFDO� VWDELOLW\� DQG
ORZ� HYDSRUDWLRQ� UDWH� RI� SVHXGR�JDVHRXV
VXER[LGHV�� 5HVXOWV� RI� ;�UD\� IOXRUHVFHQFH
VWXGLHV�� DQG� UHDO� SRVVLELOLW\� WR� FDUU\� RXW� D
VHULHV� RI� *62� JURZWKV� ZLWK� LQWHUPHGLDWH
ORDGLQJ� WKH� FUXFLEOHV� ZLWK� UDZ� PDWHULDO
ZLWKRXW�FRUUHFWLRQ�RI�VWRLFKLRPHWULF�FRPSR�
VLWLRQV� VXJJHVW� WKDW� WKH� HYDSRUDWLRQ� SURG�
XFWV�DQG�WKH�PHOW�DUH�HTXLPRODU�

$Q� DFWLYH� R[\JHQ�PDVV� WUDQVIHU� EHWZHHQ
PHOW� *62� JURZLQJ� E\� WKH� &]RFKUDOVNL
PHWKRG�EHFDXVH�WKH�PHOW�LV�DQ�RSHQ�WKHUPR�
G\QDPLF� V\VWHP�� +HQFH�� LW� DSSHDUV� WKDW
XQGHU� FRQGLWLRQV� RI� D� UHDO� QRQ�VWDWLRQDU\

FU\VWDOOL]DWLRQ� SURFHVV�� WKH� SDUWLDO� SUHVVXUH
RI� R[\JHQ� DQG� LWV� WKHUPRFKHPLFDO� DFWLYLW\
�FKHPLFDO� SRWHQWLDO�� LQ� WKH� PHOW� PXVW� DOVR
YDU\�FRQWLQXRXVO\��7KH�IHDWXUHV�RI�WKH�&]R�
FKUDOVN\� PHWKRG� DUH� WKDW� WKH� PHOW� GXULQJ
WKH�JURZWK�F\FOH�UHSHDWHGO\�LPSRVHG�WR�ERWK
RYHUKHDWLQJ�DQG�RYHUFRROLQJ��6R��DQ\�FU\VWDO
JURZQ�E\�&]RFKUDOVNL�PHWKRG�FDQ�EH�VWDWHG
WR� EH� QRQ�KRPRJHQHRXV� LQ� R[\JHQ
VWRLFKLRPHWU\�� 7KLV� IDFW� LV� FRQILUPHG� E\
ORFDO� FRORUDWLRQ� DSSHDULQJ� VRPHWLPHV� LQ
XSSHU� DQG� ORZHU� SDUWV� RI� *62� FU\VWDOV
JURZQ�IURP�PHOW�ZLWK�DQ�R[\JHQ�H[FHVV�

,W�LV�ZRUWK�WR�QRWH�WKDW�PDMRULW\�RI�R[LGH
VFLQWLOODWLRQ� FU\VWDOV� UHTXLUH� OLPLWDWLRQV� RI
R[\JHQ� FRQWHQW� LQ� WKH� JURZWK� DWPRVSKHUH�
7KLV� FRQFHUQV� WR� FHULXP� �&H�� GRSHG� VFLQWLO�
ODWRUV�� ZKHUH� FKDQJHV� RI� FKDUJHG� VWDWH� RI
DFWLYDWRU�LRQ�RU�ODWWLFH�EDVLF�FDWLRQV�DUH�SRV�
VLEOH��7KLV�UHVXOWV�LQ�IRUPDWLRQ�RI�FRORU�FHQ�
WHUV��0RUHRYHU�� WKH� LULGLXP�R[LGDWLRQ� UHDF�
WLRQ� 2����,Uo,U2�� DOVR� WDNHV� SODFH� GXULQJWKH� JURZWK� ZLWK� WKH� ,U2�� VROLG� FRPSRXQG
IRUPDWLRQ�>�@�

7KH�R[\JHQ�FRQWHQW�YDOXH�VKRXOG�EH� OLP�
LWHG� ERWK� IURP� PD[LPXP� DQG� PLQLPXP
VLGHV��,Q�SDUWLFXODU��DW�*62�&H�JURZWK��WKH
DFFHSWDEOH� R[\JHQ� SDUWLDO� SUHVVXUH� IRU� RXU
WHFKQRORJ\� VKRXOG� QRW� H[FHHG� ���� YRO�� ��
EHFDXVH�WKH�FU\VWDO�FRORUDWLRQ�WDNHV�SODFH�DW
KLJKHU� YDOXHV� GXH� WR� LQFUHDVH� RI� &H��� LRQ
FKDUJHG�VWDWH��0RUHRYHU��LQFUHDVH�RI�R[\JHQ
FRQWHQW� LQ� WKH� PHOW� GXH� WR� GLIIXVLRQ� IURP
WKH�JDVHRXV�PHGLXP�SURPRWHV� IRUPDWLRQ�RI
GHIHFWV�LQ�WKH�IRUP�RI�DFFRPSDQ\LQJ�SKDVHV
�DFFRUGLQJ�WR�WKH�SKDVH�GLDJUDP�� >�@��7KXV�
FKRRVLQJ� WKH� RSWLPDO� JURZWK� DWPRVSKHUH
FRQWHQW�DQG�SUHVVXUH��ZH�FDQ�REWDLQ�FU\VWDOV
ZLWK� ORZ� RSWLFDO� GHQVLW\� LQ� WKH�*62� OXPL�
QHVFHQFH�EDQG�

,Q� >�@�� LW� LV� UHSRUWHG� WKDW�&H��� HIIHFWLYH
LQFRUSRUDWLRQ�FRHIILFLHQW� �N��� DW�*62�JURZ�
LQJ�LQFUHDVHV�ZLWK�GHFUHDVLQJ�c2��LQ�JURZWKDWPRVSKHUH��7KH�N��GURSV�IURP�DERXW�����WR
���� LQ� SXUH� QLWURJHQ� DWPRVSKHUH� GRZQ� WR
�����DW�LQWURGXFWLRQ�RI������SSP�RI�R[\JHQ
LQWR� WKH�JDVHRXV�PHGLXP��7KLV� LV� H[SODLQHG
E\� WKH� IDFW� WKDW�&H��� ZLWK� VPDOO� LRQLF� UD�
GLXV��������LV�QRW�FDSDEOH�WR�VXEVWLWXWH�*G��
LQ� VHYHQIROG� SRO\KHGURQV�� DQG� LV� UHMHFWHG
IURP� WKH� JURZWK� VXUIDFH� >�@�� 7KXV�� WKH
VWXG\� RI� R[\JHQ� FRQFHQWUDWLRQ� G\QDPLFV� LQ
WKH� �JURZWK� DWPRVSKHUH� Û� PHOW�� V\VWHP
GXULQJ� WKH�*62� JURZWK� F\FOH� LV� RI� D�JUHDW
SUDFWLFDO�LQWHUHVW�

,Q� RXU� H[SHULPHQWV� RQ�*62� JURZWK�� ZH
XVHG� WKH� UDZ� PDWHULDO� REWDLQHG� E\� VROLG
VWDWH� V\QWKHVLV� IURP� *G�2�� DQG� 6L2�� RI������� SXULW\� JUDGH�� &HULXP� R[LGH� �&H2��
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RI� WKH� VDPH� SXULW\� ZDV� XVHG� DV� DFWLYDWRU�
7KH� VWDUWLQJ� FRPSRQHQWV� ZHUH� SUHOLPLQDU\
FDOFLQHG�WR�UHPRYH�PRLVWXUH�DQG�YRODWLOH�LP�
SXULWLHV�� 7KH� *62� FU\VWDOV� ZHUH� JURZQ� LQ
LULGLXP�FUXFLEOHV� RI����PP�GLD�� LQ�1�$U�� DW�
PRVSKHUH�ZLWK�DGGLWLRQ�RI����Ü�����YRO���RI
R[\JHQ�� 7KH� SXOOLQJ� UDWH� ZDV� ���� WR
����PP�K��DQG�WKH�URWDWLRQ�VSHHG�ZDV����WR
��� USP��$Q� DGGLWLRQDO� KHDWHU� LQ� WKH� XSSHU
SDUW� RI� JURZWK� DVVHPEO\� ZDV� LQVWDOOHG� WR
FRQWURO� WKH� WHPSHUDWXUH�JUDGLHQW� DERYH� WKH
PHOW�VXUIDFH�

7KH� H[SHULPHQWV� >��@� VKRZHG� WKH� c2�YDULDWLRQV� LQ� DWPRVSKHUH� GXULQJ� WKH� *62
JURZWK�F\FOH��0HDVXUHPHQWV�RI�c2���LQ�JDVH�RXV� PHGLXP� GXULQJ� WKH� JURZWK� F\FOH� VKRZ
WKDW�c2�� �LQFUHDVHV�ZLWK�3�� DQG�� FRUUHVSRQG�LQJO\��ZLWK� WKH�PHOW� WHPSHUDWXUH�� DQG� YLFH
YHUVD��7KH�KHDWHU�SRZHU� LQFUHDVH� �GHFUHDVH�
DW�*62�JURZWK�LV�DQ�HVVHQWLDO�SDUW�RI�FU\V�
WDOOL]DWLRQ�SURFHVV��7KH�SUHVHQWHG�GDWD�FRQ�
ILUP� WKH� UHYHUVLELOLW\� RI� WKH� R[\JHQ� GLIIX�
VLRQ� YHFWRU�� 7KLV� PDNHV� LW� SRVVLEOH� WR� VXS�
SRVH�WKDW�WKH�R[\JHQ�VWRLFKLRPHWU\� LQ�*62
GXULQJ� WKH� JURZWK� F\FOH� LV� VXEMHFWHG� WR
FKDQJHV� DQG� WKH� ODWWLFH� SDUDPHWHUV� DORQJ
WKH� FU\VWDO� DUH� LQKRPRJHQHRXV�� 7KLV� PD\
UHVXOW� LQ� HODVWLF� VWUHVVHV� �LQ� RXU� FDVH�� WKH
PRVW��GDQJHURXV��UHJLRQV�DUH�VLWXDWHG�QHDU
WKH� XSSHU� DQG� ORZHU� FRQHV��� ,Q� WKH� FDVH
ZKHQ� WKHVH� VWUHVV� DPSOLWXGHV� DUH� KLJKHU
WKDQ� WKH� FU\VWDO� WHQVLOH� VWUHQJWK�� WKRVH
UHOD[� XQGHU� FUDFN� IRUPDWLRQ�� $V� D� UXOH� ZH
REVHUYH�WKLV�SKHQRPHQRQ�DW�*62�JURZWK��

8QGHU�WKHVH�FRQGLWLRQV�WKH�FHULXP�LQFRU�
SRUDWLRQ�FRHIILFLHQW�DOVR�PXVW�EH�D�YDULDEOH
YDOXH�DORQJ�WKH�JURZQ�FU\VWDO��7R�FKHFN�WKLV
K\SRWKHVLV�� WKH� &H��� FRQFHQWUDWLRQ� ZDV
PHDVXUHG� LQ� D� FU\VWDO� RI� ��� PP� GLD�� DQG

���� PP� OHQJWK�� ZKLFK� ZDV� �IUHH]HG�� LQWR
WKH� PHOW� DW� WKH� ILQDO� JURZLQJ� VWDJH�� 7KH
VDPSOHV� IRU� FKHPLFDO� DQDO\VLV� ZHUH� WDNHQ
IURP�WKH�ORZHU�FU\VWDO�FRQH�����PP�IURP�WKH
VHHG��� XSSHU� DQG� ORZHU� SDUWV� RI� WKH� F\OLQGHU
����DQG�����PP�IURP�WKH�VHHG��UHVSHFWLYHO\��
DV� ZHOO� DV� IURP� WKH� ORZHU� FRQH� �)LJ������ 7KH
FDOFXODWHG� &H��� FRQFHQWUDWLRQV� LQ� WKH� PHOW
DQG�FU\VWDO�DW�FRQVWDQW�N�� �FXUYH����� DV�ZHOODV� WKH� H[SHULPHQWDO�&H��� FRQFHQWUDWLRQV� LQ
YDULRXV�FU\VWDO�SDUWV��FXUYH����DUH�SUHVHQWHG
LQ� )LJ����� &KDQJHV� RI� R[\JHQ� SDUWLDO� SUHV�
VXUH�LQ�WKH�JURZWK�DWPRVSKHUH�DUH�VKRZQ�LQ
WKH�VDPH�)LJXUH��FXUYH�����$Q�LQVLJQLILFDQW
N��GHFUHDVH�DFFRPSDQLHG�E\�WKH�c2��PRQRWR�
QRXV� GHFUHDVH� DUH� REVHUYHG� DW� WKH� F\OLQGHU
JURZWK��32�� GHFUHDVHV� VKDUSO\� DW� WKH� ORZHU
FRQH� JURZWK� WRJHWKHU� ZLWK� WKH� UHPDUNDEOH
LQFRUSRUDWLRQ� FRHIILFLHQW� GHFUHDVH�� %DVLQJ
RQ�WKH�H[SHULPHQWDO�GDWD�DQG�XVLQJ�WKH�IRU�
PXOD�����WDNHQ�IURP�>�@�

&V� �&�N������J�N��� ���
ZH� KDYH� FDOFXODWHG� WKH� &H��� LQFRUSRUDWLRQ
FRHIILFLHQWV�DORQJ�WKH�FU\VWDO�DQG�FRPSDUHG
WKRVH� ZLWK� R[\JHQ� SDUWLDO� SUHVVXUH� GXULQJ
WKH� JURZWK� F\FOH� �7DEOH����� +HUH�� J� LV� WKH
FU\VWDOOL]HG�PHOW� IUDFWLRQ��&V�� WKH� LPSXULW\
FRQFHQWUDWLRQ�LQ�WKH�PHOW�DW�VRPH�SRLQW��&��WKH� LQLWLDO� LPSXULW\� FRQFHQWUDWLRQ� LQ� WKH
PHOW��DQG�N���WKH�LQFRUSRUDWLRQ�FRHIILFLHQW�

)LJ���� 6DPSOLQJ� VFKHPH� IRU� FRQFHQWUDWLRQ
PHDVXUHPHQWV�RI�*62�FU\VWDO�GRSHG�ZLWK�&H���

)LJ�� ��� '\QDPLFV� RI� WKH� &H��� FRQFHQWUDWLRQ
FKDQJHV� LQ� WKH� PHOW� DQG� FU\VWDO� DQG� R[\JHQ
FRQWHQW� LQ� WKH� JURZWK� DWPRVSKHUH� DW� *62
JURZWK�� �Ü� FDOFXODWHG� &H��� FRQFHQWUDWLRQ� LQ
WKH�FU\VWDO�DW�N�� �FRQVW� �������
��Ü�PHDVXUHG�&H���FRQFHQWUDWLRQ�LQ�WKH�FU\VWDO�
�� Ü�PHDVXUHG� R[\JHQ� FRQWHQW� LQ� WKH� JURZWK
DWPRVSKHUH��$U��
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%DVLQJ� RQ� WKH� REWDLQHG� UHVXOWV� ZH� FDQ
SURSRVH� WKH� IROORZLQJ� FRUUHODWLRQ� PHFKD�
QLVP� EHWZHHQ� N�� �&H���� DQG� 32��� $W� PHOW
WHPSHUDWXUH� GHFUHDVH� WKH� R[\JHQ� GLIIXVLRQ
IURP� WKH� JDVHRXV� DWPRVSKHUH� WR� WKH� PHOW
VWDUWV� XQWLO� WKH� HVWDEOLVKPHQW� RI� HTXLOLE�
ULXP�EHWZHHQ�R[\JHQ�SUHVVXUH�LQ�WKH�DWPRV�
SKHUH� DQG� LWV� SDUWLDO� SUHVVXUH� DERYH� WKH
PHOW��,QFUHDVLQJ�RI�R[\JHQ�FRQFHQWUDWLRQ�LQ
WKH�PHOW�OHDGV�GHFUHDVH�RI�R[\JHQ�YDFDQFLHV
TXDQWLW\� LQ� WKH� FU\VWDO�� ,W� ZRUVHQV� WKH
PDWFKLQJ�RI�FDYLWLHV�GLPHQVLRQV�LQ�WKH�SRO\�
KHGUD�ZLWK�&H��� HIIHFWLYH� UDGLXV� DQG� OHDGV
WR�N�� GHFUHDVH�� 7KH� LQYHUVH� SURFHVV� OHDGLQJWR� LQFRUSRUDWLRQ�FRHIILFLHQW� LQFUHDVH�ZLOO�EH
REVHUYHG� DW� PHOW� WHPSHUDWXUH� LQFUHDVH�
$OVR�� N�� PD\� GHFUHDVH� GXH� WR� WUDQVIHU� RI
FHULXP�LRQ�WR�WKH�IRXUWK�YDOHQFH�VWDWH��DV�LW
ZDV� VKRZQ� LQ� >�@��KRZHYHU�� WR� FRQILUP�WKLV
K\SRWKHVLV�� SDUDOOHO� GHWHUPLQDWLRQ� RI� &H��
DQG�&H���LV�QHFHVVDU\�

7KXV�� EDVLQJ� RQ� WKH� VWXG\� UHVXOWV�� ZH
KDYH� HVWDEOLVKHG� WKDW� WKH� FKDQJHV� RI� WKH

R[\JHQ� GLIIXVLRQ� YHFWRU� GLUHFWLRQ� LQ� WKH
�PHOW� Û� JDVHRXV� PHGLXP�� V\VWHP� WDNH
SODFH�GXULQJ� WKH�*62� JURZWK� F\FOH��$� FRU�
UHODWLRQ� EHWZHHQ� R[\JHQ� FRQWHQW� LQ� WKH
JURZWK� DWPRVSKHUH� DQG�&H��� FRQFHQWUDWLRQ
LQ�WKH�JURZLQJ�FU\VWDO�KDV�EHHQ�VKRZQ��7KH
REWDLQHG�UHVXOWV�GHPRQVWUDWH�WKDW�DW�REWDLQ�
LQJ� RI� *62� VLQJOH� FU\VWDOV� ZLWK� UHSURGXF�
LEOH� FKDUDFWHULVWLFV�� WKH� FKDQJHV� LQ� R[\JHQ
SDUWLDO�SUHVVXUH�VKRXOG�EH�DFFRXQWHG�IRU��

5HIHUHQFHV
� ���,�$�1RYRNKDWVNLL��*DVHV�LQ�2[LGH�0HOWV��0HW�

DOOXUJLD��0RVFRZ��������>LQ�5XVVLDQ@�
� ���7�<X�&KHPHNRYD�� 3K�'�7KHVLV� $EVWU��� /HQLQ�

JUDG��������>LQ�5XVVLDQ@�
� ���9�3�0DUW\QRY�� LQ�� 2EWDLQLQJ� DQG� 3URSHUWLHV

RI� &U\VWDOV�� ��WK� LVVXH��91,,�0RQRNULVWDOORY�
.KDUNLY���������S�����>LQ�5XVVLDQ@�

� ���<X�3�8GDORY��'U�6FL�7KHVLV�$EVWU���/HQLQJUDG
�������>LQ�5XVVLDQ@�

� ���/�/�1DJRUQD\D�� 9�*�%RQGDU�� <X�<D�9RVWUHW�
VRY� HW� DO��� )XQFWLRQDO� 0DWHULDOV�� ���� ���
�������

� ���)UHQFK�3DW��1R���������
� ���1�$�7RURSRY� HW� DO��� 3KDVH� 'LDJUDPV� RI� 6LOL�

FDWH�6\VWHPV��$�5HIHUHQFH�%RRN��1DXND��0RV�
FRZ��������>LQ�5XVVLDQ@�

� ���&�/�0HOFKHU� HW� DO��� LQ�� 3URF��&RQI��RQ� ,QRU�
JDQLF� 6FLQWLOODWRUV� DQG� 7KHLU� $SSOLFDWLRQV�
6&,17�����1HWKHUODQGV���������S�����

� ���9�3�%HORY� �(G���� 3URFHVVHV� RI� 5HDO� &U\VWDO
)RUPDWLRQ��1DXND��0RVFRZ� ��������S����� >LQ
5XVVLDQ@�

����9�3�0DUW\QRY�� LQ�� 3URF��RI� �UG� ,QWHUQ��&RQI�
RQ�6LQJOH�&U\VWDO�*URZWK�DQG�+HDW�DQG�0DVV
7UDQVIHU��2EQLQVN��5XVVLD���������S�����

����5�'�6KDQRQ�� $FWD� &U\VWDOORJU��� $� ���� ���
�������

{¹ãÒm�È�äº°ÁË¯Ò�mÒ¯º��mÈÓÓ«ÓÈ�m²º�ÎHÓÓ«�&H���m�äºÓº}¯Ò°�ÈãÒ�*G�6L2�{���rºÓ�È¯��{�,�z¯Òmº�H�Ó���{���lÈ¯�ÒÓºm������sÈ�º¯ÓÈ��2�¡�vL�ãH�	}Ò®
2­�ºmº¯

�	°«�º°º­ãÒmº°�L�mÒ¯º��mÈÓÓ«�º}°Ò�ÓÒ²�}¯Ò°�ÈãLm�äH�º�ºä� º²¯Èã	°	}º�

�º�� p}°¹H¯ÒäHÓ�Èã	Óº� mÒ«mãHÓº� }º¯Hã«�L
� äLÎ� }ºÓ�HÓ�¯È�L¼
� }Ò°Ó
� �� �ÈÏºmºä�
°H¯H�ºmÒ�L� �È� }ºHÁL�L¼Ó�ºä� m²º�ÎHÓÓ«� LºÓLm� &H��� ¹¯Ò� mÒ¯º��mÈÓÓL� }¯Ò°�ÈãLm� *62�
2­�ºmº¯

�	°«�äºÎãÒmL�äH²ÈÓLÏäÒ�m¹ãÒm��}ºÓ�HÓ�¯È�L��}Ò°Ó
�ÓÈ�}ºHÁL�L¼Ó��m²º�ÎH�
ÓÓ«� LºÓLm� �H¯L
� �� }¯Ò°�Èã�� �¯ºmH�HÓL� �º°ãL�ÎHÓÓ«� ¹º}ÈÏÈãÒ� mÈÎãÒm�� ¯ºã	� °}ãÈ��
¯º°�ºmº�º� °H¯H�ºmÒ�È�¹¯Ò�º�¯ÒäÈÓÓL� º}°Ò�ÓÒ²�}¯Ò°�ÈãLm� LÏ� mL��mº¯
mÈÓÒäÒ�Á�Ó}�Lº�
ÓÈã	ÓÒäÒ�²È¯È}�H¯Ò°�Ò}ÈäÒ�

7DEOH�� '\QDPLFV� RI� R[\JHQ� FRQFHQWUDWLRQ
LQ� WKH� JURZWK� DWPRVSKHUH� DQG� WKH� &H��
LQFRUSRUDWLRQ� FRHIILFLHQW� DORQJ� WKH� FU\VWDO
GXULQJ�WKH�*62�JURZWK�F\FOH��J�Û�FU\VWDO�
OL]HG�PHOW�IUDFWLRQ�
/HQJWK�RI
JURZLQJ
LQJRW��PP

�� �� ��� ���

J ���� ���� ���� ����
c2���D�X� � ��� ���� ����
N���&H��� ���� ���� ���� ����

9�*�%RQGDU�HW�DO����(IIHFW�RI�JURZWK�DWPRVSKHUH����

)XQFWLRQDO�PDWHULDOV������������� ���


