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GHFD\� FRPSRQHQW� FRQWULEXWLRQ� DUH� WKH� FUXFLDO� IHDWXUHV� RI� WKH� REWDLQHG� FU\VWDOV�� )XUWKHU
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���,QWURGXFWLRQ
2[LGH�VLQJOH�FU\VWDOV�EDVHG�RQ�UDUH�HDUWK

VLOLFDWHV�DUH�NQRZQ�VFLQWLOODWRUV�XVHG� LQ�GH�
YLFHV� RI� PHGLFDO� GLDJQRVWLFV�� VFLHQWLILF� H[�
SHULPHQWV�RQ�KLJK�HQHUJ\�SK\VLFV�DQG�SDUWL�
FOH� SK\VLFV�� RWKHU� DSSOLFDWLRQV� >�@�� /LJKW
\LHOG� XS� WR� ������ SKRW�0H9� DQG� PRUH�
QDQRVHFRQG�GHFD\��KLJK�GHQVLW\� �a��J�FP���
UDGLDWLRQ� DQG� FKHPLFDO� VWDELOLW\�� DQG� QRQ�
K\JURVFRSLFLW\� DUH� WKHLU� EDVLF� DGYDQWDJHV
>����@��$W�SUHVHQW��RQO\�&H�GRSHG�R[\RUWKR�
VLOLFDWHV�DUH�IRXQG�YDVW�SUDFWLFDO�DSSOLFDWLRQ
GXH� WR� KLJK� VFLQWLOODWLRQ� HIILFLHQF\� RI� WKLV
DFWLYDWRU� LQ� WKH� JLYHQ� KRVWV� >�@�� /XPLQHV�
FHQFH� RI� RWKHU� IDVW� GRSDQWV�� LQ� SDUWLFXODU
3U���� LV� TXHQFKHG� DW� URRP� WHPSHUDWXUH�
0DQ\� SXEOLFDWLRQV� DUH� GHYRWHG� WR� VWXG\� RI
WKLV�SKHQRPHQRQ��IRU�LQVWDQFH�>�Ü�@�

7ZR�PDMRU�WHQGHQFLHV�RI�ZRUNV�RQ�GHYHORS�
PHQW�RI�&H�GRSHG�R[\RUWKRVLOLFDWHV�FDQ�EH�HP�
SKDVL]HG�� 7KH� ILUVW� FDVH� GHDOV� ZLWK� FRGRSLQJ

ZLWK� VPDOO� FRQFHQWUDWLRQ� �XS� WR� �Ü�� DW���
RI� DQRWKHU� HOHPHQW� ZLWKRXW� VLJQLILFDQW� LQ�
IOXHQFH�RI�WKH�KRVW�VWUXFWXUH�>����@��,Q�PRVW
FDVHV� FRGRSLQJ� QRW� OHDGV� WR� VXEVWDQWLDO� LP�
SURYHPHQW� RI� VFLQWLOODWLRQ� RU� RWKHU� FKDUDF�
WHULVWLFV��7KH�PRVW�VXFFHVVLYH�H[DPSOHV�SUR�
YLGLQJ� LQFUHDVH� RI� OLJKW� \LHOG� LV� FRGRSLQJ
ZLWK�GLYDOHQW�FDWLRQV��HVSHFLDOO\�&D���>����@�
&D��� LRQ� LV� LVRPRUSKLF�WR�&H���GXH�WR�FRLQ�
FLGHQFH�RI�LRQLF�UDGLL�������DQG������c��FRU�
UHVSRQGLQJO\���,WV�SRVLWLYH�LQIOXHQFH�RQ�VFLQ�
WLOODWLRQ� FKDUDFWHULVWLFV� LV� FRQQHFWHG� ZLWK
SRVVLELOLW\� WR� GHFUHDVH� TXDQWLW\� RI� R[\JHQ
YDFDQFLHV�E\�DGGLWLRQ�RI�GLYDOHQW�FDWLRQ�>�@�
,PSURYHPHQW�RI�FU\VWDO�JURZWK�VWDELOLW\�GXH
WR�VXUIDFH�WHQVLRQ�LQFUHDVH�RI�PHOW�PHQLVFXV
E\� =Q��� GRSLQJ� ZDV� DOVR� QRWHG� >�@�� &H±<E
FRGRSLQJ� SURYLGHV� GHFUHDVH� RI� OLJKW� VWRUDJH
LQ� /62� >������@�� /62�&H�<E� FU\VWDOV� ZLWK
LPSURYHG� UDGLDWLRQ� KDUGQHVV� DQG� GHFUHDVHG
DIWHUJORZ�OHYHO�E\�WKH�IDFWRU�RI�����LQ�FRP�
SDULVRQ� ZLWK� /X�6L2��&H� �/62�&H�� ZHUH� UH�
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SRUWHG� LQ� >��@�� 7KH� ZRUN� RQ� FRUUHFWLRQ� RI
FU\VWDO�VWRLFKLRPHWU\�E\�DGGLWLRQ�WR�PHOW�RI
���� DW��� H[FHVV� RI� /L�2�� /X�2��� RU� RWKHUR[LGH�RI�WULYDOHQW�UDUH�HDUWK�FDWLRQ�DOVR�FDQ
EH� DVFULEHG� WR� WKLV� JURXS� >��@�� $V� WKH� UH�
VXOW��LPSURYHPHQW�RI�OLJKW�\LHOG�E\��Ü����
DQG� GHFUHDVH� RI� GHFD\� WLPH� E\� �Ü�� QV� LV
DFKLHYHG�� ,Q� DFFRUGDQFH� ZLWK� >��@� WKLV� FR�
GRSLQJ�SURYLGHV� ILOOLQJ�RI�YDFDQFLHV� IRUPHG
LQ� FU\VWDO� ODWWLFH� RZLQJ� WR�SDUWLDO� VLWXDWLRQ
RI�/X���LRQV�LQ�LQWHUVWLWLDO�SRVLWLRQV�

7KH� VHFRQG� DSSURDFK� WR� PRGLI\� VFLQWLOOD�
WLRQ� FKDUDFWHULVWLFV� RI� R[\RUWKRVLOLFDWHV� LV
REWDLQLQJ� RI� FU\VWDOV� EDVHG� RQ
�5(���[�5(���±�[6L2�� VROLG� VROXWLRQV� �5(��  *G��/X��5(�� � �<��/X��� ,W�ZLOO� EH� FRQVLGHUHG� LQ
PRUH�GHWDLO�LQ�WKH�SUHVHQW�SDSHU�

���*URZWK�DQG�VWUXFWXUH
RI�VLQJOH�FU\VWDOV

*G�[<���[6L2��&H���*<62�&H��DQG�
�/X�[<���[6L2��&H���/<62 �&H���2[\RUWKRVLOLFDWHV
GHPRQVWUDWH� FRQJUXHQW� PHOWLQJ� IRU� DOO� WKH
UDQJH� RI� ODQWKDQLGHV� IURP� /D��� WR� /X���
IRU� WKLV� UHDVRQ� WKH\� FDQ� EH� HDVLO\� FU\VWDO�
OL]HG� IURP� PHOW� >��@�� 6LOLFDWHV� ZLWK� ELJJHU
LRQLF� UDGLL� �&H±'\�� DQG� VPDOOHU� LRQLF� UDGLL
�+R±/X�� SRVVHVV� PRQRFOLQLF� VSDFH� V\PPH�
WULHV�3���F�DQG�&��F��UHVSHFWLYHO\��&U\VWDOVZLWK� V\PPHWU\� RI� WKH� ILUVW� W\SH� DUH� LQ�
WHQGHG� WR� FUDFNLQJ�� FU\VWDOV� RI� WKH� VHFRQG
W\SH�GHPRQVWUDWH�EHWWHU�SODVWLFLW\�>��@��

6XEVWLWXWLRQ� RI� UDUH� HDUWK� LRQV� LQ� VROLG
VROXWLRQ� FU\VWDOV� OHDGV� WR� FKDQJH� LQ� ODWWLFH
SDUDPHWHUV� DQG�� LQ� VRPH� FDVHV�� LQ� VSDFH
V\PPHWU\� W\SH�� &RQWURO� RI� KRVW� VWUXFWXUH
DQG� FRPSRVLWLRQ� HQDEOHV� LPSURYHPHQW� RI
VFLQWLOODWLRQ� FKDUDFWHULVWLFV� DQG� PHFKDQLFDO
SURSHUWLHV�RI�FU\VWDOV��DV�ZHOO�DV�ORZHULQJ�RI
FU\VWDOOL]DWLRQ� WHPSHUDWXUH� DQG� SURGXFWLRQ
FRVW�� +RZHYHU�� RQO\� PDWHULDOV� FRQWDLQLQJ
RSWLFDOO\� LQDFWLYH� FDWLRQV� *G���� /X���� DQG
<��� DW� &H��� GRSLQJ� VKRZHG� WKHPVHOYHV� DV
HIILFLHQW�VFLQWLOODWRUV�>��Ü��@�

,PSURYHPHQW� RI� PHFKDQLFDO� FKDUDF�
WHULVWLFV� DW� GRSLQJ� RI� *62�&H� E\� <��� LV� D
VXFFHVVIXO� H[DPSOH� RI� WKH� VHFRQG� DSSURDFK�
'HFUHDVH� RI� HOHPHQWDU\� FHOO� YROXPH� E\
������ DW� DGGLWLRQ� RI� �����<��� HYLGHQFHV
WKH�HIIHFW�RI�YROXPH�FRPSHQVDWLRQ�LQ�FU\VWDO
>��@�� $V� WKH� UHVXOW�� SODVWLFLW\� RI� FU\VWDOV
LPSURYHV�� DQG� FOHDYDJH� E\� WKH� ������ SODQH
ZHDNHQV�� $W� WKH� VDPH� WLPH�� QR� QRWDEOH
FKDQJH�RI�VFLQWLOODWLRQ�FKDUDFWHULVWLFV�LV�RE�
VHUYHG�>������@�

,QKRPRJHQHLW\�RI�DFWLYDWRU�GLVWULEXWLRQ�LQ
ERXOHV�LV�ZHOO�NQRZQ�IDFWRU�OHDGLQJ�WR�FU\VWDO
TXDOLW\�GHJUDGDWLRQ�>��@��'RSLQJ�RI�/62�ZLWK

\WWULXP� LPSURYHV� XQLIRUPLW\� RI� FKDUDF�
WHULVWLFV� LQ� YROXPH� GXH� WR� LQFUHDVH� RI� &H��
VHJUHJDWLRQ� FRHIILFLHQW� >��@�� /<62� FU\VWDOV
DUH�QRW� EHKLQG�/62� E\� VFLQWLOODWLRQ� FKDUDF�
WHULVWLFV�� /<62�� WRJHWKHU� ZLWK� /62� DQG
*G�6L2�� �*62��� DUH� ZLGHO\� DSSOLHG� EHFDXVH
RI� ORZHU� E\� ����&� FU\VWDOOL]DWLRQ� WHPSHUD�
WXUH� DQG� EHWWHU� VWDELOLW\� RI� JURZWK� SURFHVV
>����������@��

,Q� FRPPRQ�� PL[HG� FU\VWDOV� ZLWK� 3���FVWUXFWXUH��*<62��DUH�FKDUDFWHUL]HG�E\�PRG�
HUDWH� OLJKW� \LHOG� DURXQG� ������ SKRW�0H9
DQG� ORZ�DIWHUJORZ�OHYHO��7KH�REVHUYHG�OLJKW
\LHOG� LV� OLQNHG�WR�WHPSHUDWXUH�TXHQFKLQJ�RI
VHYHQIROG� FRRUGLQDWHG� &H��� OXPLQHVFHQFH
>��@�� &U\VWDOV� ZLWK� &��F� VWUXFWXUH� EDVHG� RQ
/62� DQG� /<62� GHPRQVWUDWH� PXFK� KLJKHU
OLJKW�\LHOG�������Ü������SKRW�0H9���KLJK�DI�
WHUJORZ� OHYHO� �DURXQG�������DIWHU���PV���$W
SUHVHQW��/62�DQG�/<62�ZLWK�GLDPHWHUV�XS�WR
����PP� DQG� OHQJWK� XS� WR� ����PP� DUH� SUR�
GXFHG�LQ�LQGXVWULDO�VFDOH��VHH�IRU�H[���>��@���

*G�[/X���[6L2��&H���**62 �&H���6WUXFWXUH�RI
/*62�VROLG�VROXWLRQ�FU\VWDOV�FDQ�FRUUHVSRQG
WR�WKH�ERWK�DERYHPHQWLRQHG�V\PPHWU\�W\SHV
>��@�� 7KHUH� ZDV� QR� V\VWHPDWLF� VWXG\� RI
VWUXFWXUH� DQG� VFLQWLOODWLRQ� SURSHUWLHV� RI
/*62� GHSHQGLQJ� RQ� /X�*G� UDWLR�� H[FHSW
>��@��1R� LQIRUPDWLRQ� DERXW� LQGXVWULDO� VFDOH
SURGXFWLRQ� RI� WKHVH� FU\VWDOV� ZDV� IRXQG�
/*62� FRPSDUHG� WR� RWKHU� RUWKRVLOLFDWH� VROLG
VROXWLRQV� GHPRQVWUDWHV� ELJ� GLIIHUHQFH� LQ
LRQLF� UDGLL� RI�KRVW� FDWLRQV� ������c� IRU�/X��
DQG������c�IRU�*G�����,Q�DGGLWLRQ��VWUXFWXUH
W\SH� RI� /*62� FU\VWDOV� GHSHQGV� RQ� /X�*G
UDWLR�� 7KHVH� IDFWRUV� FRPSOLFDWH� WKH� REWDLQ�
LQJ� SURFHGXUH� RI� VLQJOH� FU\VWDOV�� $W� WKH
VDPH�WLPH��/*62�ZDV�IRXQG�WR�GHPRQVWUDWH
WKH� FRPSOH[� RI� SURSHUWLHV� QRW� REVHUYHG� LQ
RWKHU�NQRZQ�RUWKRVLOLFDWHV��

7R�VWXG\�VWUXFWXUH�DQG�VFLQWLOODWLRQ�SURS�
HUWLHV�RI�/*62�� IXOO�UDQJH�RI�VROLG�VROXWLRQ
FU\VWDOV�IURP�*62�WR�/62�ZDV�JURZQ�E\�WKH
&]RFKUDOVNL� PHWKRG�� &U\VWDOV� ZHUH� JURZQ
IURP� ,U� FUXFLEOHV� ZLWK� WKH� GLPHQVLRQV
��u��� PP�� 7KH� SXOOLQJ� UDWH� ZDV� ���Ü
�� PP�K�� WKH� URWDWLRQ� UDWH� ZDV� ��Ü
��� URW�PLQ�� 7KH� WHFKQRORJ\� GHVFULEHG� LQ
>��@� DQG� EDVHG� RQ� XWLOL]DWLRQ� RI� XSSHU
KHDWHU� ZDV� DSSOLHG� WR� PLQLPL]H� FU\VWDO
FUDFNLQJ��3RVW�JURZWK�DQQHDOLQJ�LQ�ORZ�JUD�
GLHQW�WHPSHUDWXUH�ILHOG�LQ�LQHUW�DWPRVSKHUH
DW������&�ZDV� FRQGXFWHG� WR�HOLPLQDWH� WKHU�
PDO� VWUHVVHV� LQ� FU\VWDOV�� 7KH� GLDPHWHU� RI
JURZQ� FU\VWDOV� ZDV� ��Ü��� PP� DQG� WKH
OHQJWK� ZDV� ��Ü��� PP� �)LJ������ 6RPH� FU\V�
WDOV� FRQWDLQ� FUDFNV�RZLQJ� WR�GLVFUHSDQF\�RI
ODWWLFH� SDUDPHWHUV� RI� WKH� VHHG� DQG� JURZQ
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FU\VWDOV�DQG�QRW� FRPSOHWHO\�RSWLPL]HG� WKHU�
PDO�FRQGLWLRQV��0DMRULW\�RI�FU\VWDOV�FRQWDLQ
VXEVWDQWLDO� TXDQWLW\� RI� PDFURVFRSLF� LQFOX�
VLRQV�� FRPSRVLWLRQ� RI� LQFOXVLRQV� KDV� QRW
EHHQ�LGHQWLILHG�\HW��

,W� ZDV� VKRZQ� WKDW� SRO\PRUSK� WUDQVLWLRQ
EHWZHHQ�VWUXFWXUH�PRGLILFDWLRQV�LV�REVHUYHG
DW� /X� FRQFHQWUDWLRQ� DURXQG� ��� DW���� >��@�
7KH� LQWHUHVWLQJ� IHDWXUHV� DUH� WKDW� /62�W\SH
VWUXFWXUH� SHUVLVWV� HYHQ� DW� VXEVWLWXWLRQ� RI
����� /X� E\� *G�� DQG� FU\VWDOV� RI� WKH� ERWK
VWUXFWXUH� PRGLILFDWLRQV� FDQ� EH� REWDLQHG� LQ
WKH� FRQFHQWUDWLRQ� UDQJH� ��Ü��� �� /X� GH�
SHQGLQJ� RQ� JURZWK� FRQGLWLRQV�� ,W� LV� NQRZQ
WKDW� WULYDOHQW� FDWLRQV� LQ� R[\RUWKRVLOLFDWHV
RFFXS\� WZR� XQHTXLYDOHQW� SRVLWLRQV�� ��� DQG
��FRRUGLQDWHG� VLWHG� LQ� WKH�*62�W\SH� VWUXF�
WXUH�DQG����DQG���FRRUGLQDWHG�VLWHG�LQ�/62�
W\SH�VWUXFWXUH�>��@��+HUHLQ��LQ�WKH�/62�W\SH
VWUXFWXUH� WKH� DYHUDJH� ERQG� OHQJWK� EHWZHHQ
WULYDOHQW�FDWLRQ�DQG�VXUURXQGLQJ�R[\JHQV�LV
E\�����c� ODUJHU� FRPSDUHG� WR� /X2�� �)LJ�����7KLV�GLIIHUHQFH�LV�WKH�FDXVH�RI�QRQ�XQLIRUP
GLVWULEXWLRQ�ERWK�DFWLYDWRU�DQG�KRVW�FDWLRQV
LQ� /*62�&H�� ,W� ZDV� VKRZQ� H[SHULPHQWDOO\
WKDW�ELJJHU�LRQV�RI�*G���WHQG�WR�LQFRUSRUDWH
LQWR���FRRUGLQDWHG�VLWH��7KH�GLVWULEXWLRQ�FR�
HIILFLHQW�RI�*G� LQ�/62�LV������IRU���FRRUGL�
QDWHG� VLWH� DQG� ����� IRU� ��FRRUGLQDWHG� VLWH
>��@�� /XPLQHVFHQFH� VSHFWUD� �WKH\� ZLOO� EH
FRQVLGHUHG� LQ� PRUH� GHWDLO� EHORZ�� HYLGHQFH
WKDW�&H��� LRQV�ZLWK� ODUJHU� LRQLF� UDGLXV� DUH
DOVR� SUHIHU� WR� RFFXS\� ��FRRUGLQDWHG� SRVL�
WLRQV��,Q�DGGLWLRQ��/X�*G�UDWLR�DQG�DFWLYDWRU
FRQFHQWUDWLRQ� DOVR� LQIOXHQFHV� &H� GLVWULEX�
WLRQ� EHWZHHQ� SRO\KHGUD�� 5HGLVWULEXWLRQ� RI
LQWHQVLW\� IURP� &H2�� SHDN� ����� QP�� IRU
&H2�� SHDN� �����QP��DW�;�UD\� OXPLQHVFHQFH
VSHFWUD� FRUUHODWHV� ZLWK� LQFUHDVH� RI� OLJKW

\LHOG�RI�FU\VWDOV�E\����Ü�����DQG�LPSURYH�
PHQW�RI�HQHUJ\�UHVROXWLRQ�WR����Ü����XQGHU
J�UD\V� ����� .H9�� >��@�� 7KLV� SDWHQW� DOVR
FODLPV�D�PHWKRG�IRU�REWDLQLQJ�FU\VWDOV�ZLWK
LPSURYHG�FKDUDFWHULVWLFV�

3UHVHQFH� RI� VLOLFRQ�QRQ�ERXQG� R[\JHQV
IRUPLQJ� EULGJHV� EHWZHHQ� ODQWKDQLGH� DWRPV
LV� WKH� DQRWKHU� IHDWXUH� RI� R[\RUWKRVLOLFDWH
VWUXFWXUH� �VHH�)LJ������ ,Q�SDUWLFXODU�� VWURQJ
DIWHUJORZ� �XS� WR� VHYHUDO� SHUFHQWV�� LQ� /62
DQG� /<62� >��@� LV� DWWULEXWHG� WR� YDFDQFLHV
IRUPHG�DW�WKHVH�R[\JHQV��/LNHZLVH�LQ�/<62�
DGGLWLRQ� RI� *G��� ZLWK� ELJJHU� LRQLF� UDGLXV
LQWR� /62� KRVW� OHDGV� WR� LQFUHDVH� RI� ODWWLFH

)LJ�����3KRWRV�RI�DV�JURZQ�/*62�&H�FU\VWDOV�

)LJ����� $ERYH� �� VWUXFWXUH� RI�6L2�� DQG� /Q2��/Q2�� SRO\KHGUD� LQ� RUWKRVLOLFDWHV� �PRQRFOLQLF
VSDFH� V\PPHWU\� &��F��� EHORZ� �� VWUXFWXUH� RI
6L�2��DQG�/Q2��SRO\KHGUD�LQ�S\URVLOLFDWHV��RU�WKRUKRPELF� PRGLILFDWLRQ� 3PQD� RI� *36��� 2QHRI� QRQ�VLOLFRQ�ERXQG� R[\JHQV� LQ� &��F� VWUXF�
WXUH�LV�GHQRWHG�E\�WKH�DUURZ��
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FRQVWDQWV� DQG� LQFUHDVH� RI�&H��� VHJUHJDWLRQ
FRHIILFLHQW�IURP�����WR������>��@�

0HFKDQLFDO� SURSHUWLHV� RI� /*62�&H� ZHUH
VWXGLHG�LQ�WKH�SDSHU�>��@��0LFURKDUGQHVV�RI
FU\VWDOV� ZLWK� 3���F� VWUXFWXUH� LV� YDULHGZLWKLQ�WKH�UDQJH��Ü��*3D��7UDQVIHU�WR�&��F
�/62�W\SH��VWUXFWXUH�DQG�IXUWKHU�LQFUHDVH�RI
/X� FRQWHQW� OHDGV� WR�PRQRWRQRXV� LQFUHDVH� RI
PLFURKDUGQHVV� IURP� ��� WR� ��� *3D�� ,W� LV� D
VXEVWDQWLDO� IDFWRU� DW� PHFKDQLFDO� WUHDWPHQW
RI�FU\VWDOV��

���2SWLFDO�DQG�VFLQWLOODWLRQ
FKDUDFWHULVWLFV

/LJKW�\LHOG�DQG�HQHUJ\�UHVROXWLRQ�RI�VFLQ�
WLOODWRUV� XQGHU� J�LUUDGLDWLRQ� ZHUH� GHWHU�
PLQHG� RQ� HOHPHQWV� ZLWK� WKH� GLPHQVLRQV
��u��u��PP�� E\� WKH� PHWKRG� EDVHG� RQ� WKH
PHDVXULQJ� RI� LQWULQVLF� UHVROXWLRQ� RI� WKH
SKRWRPXOWLSOLHU�� 'HFD\� FXUYHV� XQGHU� J�UD�
GLDWLRQ�����&V������.H9��ZHUH�REWDLQHG�E\�D
VLQJOH�SKRWRQ� WHFKQLTXH�� 3DUDPHWHUV� RI
WKHUPDOO\�VWLPXODWHG� OXPLQHVFHQFH�ZHUH�GH�
WHUPLQHG� DW� D� KHDWLQJ� UDWH� RI� DERXW
��.�PLQ��$IWHUJORZ�NLQHWLFV�DIWHU�;�UD\�LU�
UDGLDWLRQ� ZLWK� WKH� GRVH� �� 5� ZDV�PHDVXUHG
XVLQJ�D�VSHFLDO�SXUSRVH�PHDVXUHPHQW�VHWXS�
;�UD\�OXPLQHVFHQFH�ZDV�PHDVXUHG�DW�H[FLWD�
WLRQ� E\� ;�UD\� WXEH� ZLWK� FRSSHU� FDWKRGH
����PN$�� ��� N9���5DGLDWLRQ� IURP� WKH� LUUD�
GLDWHG�VDPSOHV�ZDV�UHJLVWHUHG�E\�D�)(8���
SKRWRPXOWLSOLHU��'HWDLOHG�GHVFULSWLRQ�RI� WKH
PHDVXUHPHQW� SURFHGXUHV� FDQ� EH� IRXQG� LQ
WKH�ZRUNV�>������Ü��@�

/XPLQHVFHQFH� EDQGV� RI� R[\RUWKRVLOLFDWHV
DUH� VLWXDWHG� LQ� WKH� UDQJH� ���Ü���� QP
�)LJ�� ���� 6SHFWUDO� FRPSRVLWLRQ� RI� OXPLQHV�
FHQFH� DQG� VFLQWLOODWLRQ� FKDUDFWHULVWLFV� RI
/*62�&H� GHSHQG� RQ� FDWLRQ� UDWLR� LQ� WKH� KRVW
DQG� VWUXFWXUH� W\SH� >������@�� /LJKW� \LHOG

VKDUSO\� LQFUHDVHV� QHDU� ��� �� /X� DW� SRO\�
PRUSK�WUDQVLWLRQ��7KHQ��LW�VPRRWKO\�LQFUHDVHV
ZLWK� /X� FRQWHQW� �)LJ������ )RU� LQVWDQFH�� WKH
PHDVXUHG� DEVROXWH� OLJKW� \LHOG� RI
/X���*G���6L2�� FU\VWDO� LV� ������ SKRW�0H9
>��@��

(QHUJ\� UHVROXWLRQ� RI� VDPSOHV� ZLWK� &��F
VWUXFWXUH� LV� VXEVWDQWLDOO\� KLJKHU�� 7KH� EHVW
UHVXOWV� LQ� WKH� UDQJH� ���Ü���� �� DW
�����.H9��DUH�REVHUYHG�DW�/X�FRQFHQWUDWLRQ
EHWZHHQ� ��� DQG� ��� DW�� �� �VHH� )LJV����� ���
$ERXW� WKH� VDPH� SDUDPHWHUV� �XS� WR� ���� ��
ZHUH�REWDLQHG�LQ�>��@��WKLV�LV�D�UHFRUG�YDOXH
IRU� VLOLFDWH� VFLQWLOODWRUV�� 'HWHULRUDWLRQ� RI
HQHUJ\� UHVROXWLRQ� LQ� /62�&H� >��@� LV� DWWULE�
XWHG�WR�HQHUJ\�WUDQVIHU�IURP�&H2��WR�&H2�FHQWHU��/RJLFDOO\�WR�VXJJHVW�WKDW�FRQGLWLRQV�RI
WKLV� QHJDWLYH� SURFHVV� VKRXOG� JHW� ZRUVH� LQ
/*62�DW�PLQLPL]DWLRQ�RI�&H2��TXDQWLW\�DQGLQFUHDVH�RI�GLVWDQFHV�EHWZHHQ�WKH�FHQWHUV��

'HFUHDVH� RI� DIWHUJORZ� OHYHO� E\� VHYHUDO
WLPHV�LQ�/*62�LQ�FRPSDULVRQ�ZLWK�/62�DQG
NQRZQ�/*62�DQDORJV�LV�DQ�LPSRUWDQW�UHVXOW
RI�RXU�ZRUN��$IWHUJORZ�VKDUSO\�GHFUHDVHV�DW
DGGLWLRQ�RI����DW����*G���LQWR�WKH�KRVW�DQG

)LJ����� ;�UD\� OXPLQHVFHQFH� VSHFWUD� RI� &H�
GRSHG�UDUH�HDUWK�R[\RUWKRVLOLFDWHV����Û�/62�
��Û�/*62�������/X�����Û�*62����Û�*<62
������<��

)LJ����� /LJKW� \LHOG� XQGHU� J�UDGLDWLRQ�� HQHUJ\
UHVROXWLRQ� ����� .H9�� DQG� DIWHUJORZ� OHYHO
�DIWHU� ��PV�� LQ�/*62�&H� ���u��u��PP��� YV�
KRVW� FRPSRVLWLRQ�� +ROORZ� DQG� ILOOHG� V\PEROV
FRUUHVSRQG� WR� FU\VWDOV� ZLWK� PRQRFOLQLF� V\P�
PHWULHV�&��F�DQG�3���F��FRUUHVSRQGLQJO\�
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UHDFKHV� LWV� PLQLPXP� DW� ��� �� *G� ���� �
/X��� VHH� )LJ����� $FFRUGLQJ� WR� >��@�� WKH
UHDFKHG�DIWHUJORZ�OHYHO�DIWHU����PV�LV�FDOOHG
RQO\� E\� LQWULQVLF� UDGLRDFWLYLW\� RI� ���/X� LVR�
WRSH� WKDW� FDQ�QRW�EH�DYRLGHG� LQ�/X�FRQWDLQ�
LQJ� VFLQWLOODWRUV��+HUHLQ�� SHDNV� DERYH� URRP
WHPSHUDWXUH� DVVRFLDWHG� ZLWK� R[\JHQ� YDFDQ�
FLHV� GLVDSSHDU� LQ� WKHUPROXPLQHVFHQFH� JORZ
VSHFWUD�� DV�ZHOO� DV� SHDN�QHDU�����.� OLQNHG
WR� VKDOORZ� WUDSV� DUH� VXSSUHVVHG� >��@�� 6LPL�
ODU�GDWD�RQ�76/�DUH�SUHVHQWHG�LQ�>��@��KRZ�
HYHU�� WKHUH� DUH� QR� GDWD� SUHVHQWHG� RQ� DIWHU�
JORZ�OHYHO�LQ�PLOOLVHFRQG�UDQJH��DQG�QR�SRV�
VLELOLW\�WR�FRPSDUH�LW�ZLWK�RXU�UHVXOWV�

,Q� >��@�� DIWHUJORZ� DQG�KLJK� WHPSHUDWXUH
76/�SHDNV� LQ�/62�DQG�/<62�DUH�DWWULEXWHG
WR� SURFHVV� RI� WKHUPDOO\� VWLPXODWHG� WXQQHO�
LQJ� UHFRPELQDWLRQ� EHWZHHQ� HOHFWURQV� ORFDO�
L]HG�RQ�WUDSV�RQ�R[\JHQ�YDFDQFLHV�DQG�KROHV
FDSWXUHG�E\�DFWLYDWRU�LRQV��,QWHQVLW\�RI�WKLV
SURFHVV� LV� LQYHUVHO\� SURSRUWLRQDO� WR� H[SR�
QHQW� RI� WUDS�WR�DFWLYDWRU� GLVWDQFH�� WKHUH�
IRUH��HYHQ�VPDOO�FKDQJH�RI�WKH�GLVWDQFH�PDW�
WHUV�� $IWHUJORZ� LQ� /*62�&H� DW� ODUJH� *G

FRQFHQWUDWLRQV� FDQ� EH� VXSSUHVVHG� E\� WKLV
PHFKDQLVP�� EHFDXVH� WKH� GLVWDQFH� EHWZHHQ
YDFDQFLHV� RQ� R[\JHQ� DWRPV� DQG� DFWLYDWRU
LRQV� LQFUHDVHV�E\�����Ü����c�GXH� WR� VXEVWL�
WXWLRQ� RI� /X��� RQ� *G��� ZLWK� ELJJHU� LRQLF
UDGLXV� >��@�� (YLGHQWO\�� WKLV� LV� QRW� WKH� RQO\
PHFKDQLVP��$EVHQFH� RI� QRWDEOH� VXSSUHVVLRQ
RI�DIWHUJORZ�LQ�/<62�&H�ZKHQ�DYHUDJH�LRQLF
UDGLXV�DOVR�LQFUHDVHV�ZLWK�<���DGGLWLRQ�SUH�
VXPHV�VSHFLILF�LPSDFW�RI�*G��� LRQV��)RU�H[�
DPSOH�� HOHFWURQ� FDSWXUH� E\� WUDSV� FDQ� FRP�
SHWH� ZLWK� PLJUDWLRQ� RI� HOHFWURQV� YLD� *G��
VXEODWWLFH�� E\� WKH� DQDORJ\� ZLWK� *62�&H
>��@�� $EVHQFH� RI� DIWHUJORZ� LQ� *62�&H� GH�
VSLWH�WKH�SUHVHQFH�RI�VLOLFRQ�QRQ�ERXQG�R[\�
JHQV�HYLGHQFHV�LQ�IDYRXU�RI�WKLV�VXJJHVWLRQ�

/*62� LV� FKDUDFWHUL]HG� E\� GRXEOH�H[SR�
QHQW� OXPLQHVFHQW�GHFD\�XQGHU� J�LUUDGLDWLRQ�
$ORQJVLGH� ZLWK� IDVW� FRPSRQHQW� ZLWK� GHFD\
WLPH� DURXQG� ��Ü��� QV�� VORZHU� FRPSRQHQW
ZLWK� W� DURXQG�����QV�DSSHDUV��ZKLFK� LV�DV�
VRFLDWHG� ZLWK� &H2�� FHQWHUV�� 2XU� GDWD� >��@FHUWLI\� WKH� LQFUHDVH� RI� VORZHU� FRPSRQHQW
FRQWULEXWLRQ�IURP���WR������DV�*G�FRQFHQ�
WUDWLRQ� LQFUHDVHV� IURP� ��� WR� ������ �0XFK
PRUH� ODUJH� FRQWULEXWLRQ� RI� VORZ� FRPSRQHQW
��Ü������ZDV�UHSRUWHG� LQ�/*62� ������/X�
>��@�FHUWLI\LQJ�DQ�DFWLYDWRU�UHGLVWULEXWLRQ�WR
&H2��SRO\KHGUD��7KH�REWDLQHG�ORZ�DIWHUJORZOHYHO� LQ�/*62�&H� DW�GHFUHDVH� RI� OLJKW�\LHOG
RQO\� E\� a����� LQ� FRPSDULVRQ�ZLWK�/62�&H
PDNHV� WKLV� PDWHULDO� DWWUDFWLYH� IRU� DSSOLFD�
WLRQV�LQ�LQWURVFRS\�ZKHUH��VLJQDO�QRLVH�UDWLR
LV� D� FUXFLDO� SDUDPHWHU� IRU� REWDLQLQJ� JRRG
LPDJH�FRQWUDVW�� ,Q�SDUWLFXODU��ZRUNV�RQ�RE�
WDLQLQJ� /62� DQG� /*62� ILOPV� RQ� /62� DQG
<62� VXEVWUDWHV� IRU� ;�UD\� VFLQWLOODWLRQ
VFUHHQV�KDYH�EHHQ�VWDUWHG�>��@��3URSHUWLHV�RI
WKH� REWDLQHG� FU\VWDOV� LQ� FRPSDULVRQ� ZLWK
NQRZQ�DQDORJV�DUH�SUHVHQWHG�LQ�WKH�7DEOH�

)LJ����� 3XOVH� KHLJKW� VSHFWUD� RI� /*62�&H� ���
���u��u���PP���LQ�FRPSDULVRQ�ZLWK�%*2����
���u��u���PP���DW�J�LUUDGLDWLRQ����&V������.H9��

7DEOH��&RPSDUDWLYH�WDEOH�RI�VFLQWLOODWLRQ�FKDUDFWHULVWLFV�RI�&H�GRSHG�UDUH�HDUWK�RUWKRVLOLFDWHV�

&U\VWDO /LJKW�\LHOG�
3KRW�0H9

(QHUJ\
UHVROXWLRQ

�����.H9����
'HFD\�WLPH�

QV
$IWHUJORZ�OHYHO
DIWHU���PV���
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���&RQFOXVLRQV
7KUHH� FRQFHQWUDWLRQ� UDQJHV� LQ� /*62�&H

VROLG� VROXWLRQV� FDQ� EH� QRWHG� RQ� WKH� EDVH� RI
WKH� FRPSOH[� VWXG\� RI� VFLQWLOODWLRQ� FKDUDF�
WHULVWLFV���

Û�/62�DQG�/*62�FU\VWDOV��/X�FRQFHQWUD�
WLRQ� !��� DW���� GHPRQVWUDWH� OLJKW� \LHOG
DURXQG� ������ SKRW�0H9�� KLJK� DIWHUJORZ
OHYHO�� HQHUJ\� UHVROXWLRQ� DURXQG� �Ü�� �
�����.H9���

Û� PRGHUDWH� OLJKW� \LHOG� QHDU
������ SKRW�0H9� DQG� HQHUJ\� UHVROXWLRQ� �Ü
����� LV� REVHUYHG� LQ�*62� DQG� /*62� ZLWK
*62�W\SH� VWUXFWXUH� �/X� FRQFHQWUDWLRQ� LQ
KRVW�����DW������

Û� RSWLPDO� FRPELQDWLRQ� RI� VFLQWLOODWLRQ
FKDUDFWHULVWLFV� ZDV� REWDLQHG� LQ� WKH� PLGGOH
FRQFHQWUDWLRQ� UDQJH� ���Ü��� DW��� RI� /X��
7KHVH� FU\VWDOV� SRVVHVV� OLJKW� \LHOG� �����Ü
������ SKRW�0H9�� HQHUJ\� UHVROXWLRQ� ���Ü
���� ��� DIWHUJORZ� OHYHO� LV� QRW� PRUH� WKDQ
������� �DIWHU� �� PV��� &RQWULEXWLRQ� RI� VORZ
GHFD\�FRPSRQHQW�LQ�WKH�JLYHQ�FRQFHQWUDWLRQ
UDQJH�QRW�H[FHHGV��Ü�������

7KH� REWDLQHG� FKDUDFWHULVWLFV� FHUWLI\� WKDW
/*62�&H� LV� D� DWWUDFWLYH� R[LGH� VFLQWLOODWRU
IRU� GHYLFHV� RI� PHGLFDO� GLDJQRVWLFV� �3(7��
KLJK�HQHUJ\� SK\VLFV�� RWKHU� DSSOLFDWLRQV�
)XUWKHU�HIIRUWV�ZLOO�EH�GLUHFWHG�WR�RSWLPL]D�
WLRQ�RI�JURZWK�SURFHGXUHV�IRU�WKHVH�FU\VWDOV
DLPHG�DW�PLQLPL]DWLRQ�RI�LQFOXVLRQV�DQG�LP�
SURYHPHQW�RI�RSWLFDO�WUDQVPLVVLRQ�DQG�OLJKW
\LHOG��7KH�SDUDOOHO�WDVN�LV�DQ�LQFUHDVH�RI�VL]H
RI�JURZQ�FU\VWDOV�DQG�PLQLPL]DWLRQ�RI�FUDFN
DSSHDULQJ�� $GYDQFHG� OXPLQHVFHQW� VWXGLHV
DLPHG� DW� XQGHUVWDQGLQJ� RI� HQHUJ\� WUDQVIHU
SURFHVVHV� LQ� WKH� JLYHQ� V\VWHPV� DUH� XQGHU
ZD\�

5HIHUHQFHV
� ���0�(�*OREXV��%�9�*ULQ\RY��,QRUJDQLF�6FLQWLOODWRUV

IRU� 0RGHUQ� DQG� 7UDGLWLRQDO� $SSOLFDWLRQV�� 67&
,6&��.KDUNRY��������>LQ�5XVVLDQ@�

� ���0�$�6SXUULHU�� 3�6]XSU\F]\QVNL�� +�5RWKIXVV
HW�DO���-��&U\VW���*URZWK�������������������

� ���+�/RXG\L�� <�*X\RW�� -��&�*DAFRQ��2SW��0DWHU��� ���
����������

� ���<X�0DO\XNLQ�� $�$�0DVDORY�� 3�1�=KPXULQ� HW
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0HWK��3K\V��5HV���$�����������������

� ���-�3HMFKDO��0�1LNO��(�0LKRNRYD��-��$SSO��3K\V��
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����$�0DVDORY��2�9\DJLQ��,�*DQLQD�HW�DO���3LVPD�=K�
7HRU��)L]�����������������

����1�6WDU]KLQVN\��2�6LGOHWVNL\��%�*ULQ\RY��)XQF�
WLRQDO�0DWHULDOV�����������������
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����/�9�$WURVKFKHQNR�� 6�)�%XUDFKDV�� /�3�*DO�
FKLQHWVNL�HW�DO���6FLQWLOODWLRQ�&U\VWDOV�DQG�,RQ�
L]LQJ� 5DGLDWLRQ� 'HWHFWRUV� %DVHG� RQ� 7KHP�
1DXNRYD�'XPND��.LHY��������>LQ�5XVVLDQ@�
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����9�%RQGDU��/�1DJRUQD\D��(�3LURJRY�HW�DO��� LQ�

3URF��6&,17������ ,QW��&RQI��,QRUJDQLF� 6FLQ�
WLOODWRUV� DQG� 7KHLU� $SSOLFDWLRQV�� $OXVKWD�
8NUDLQH���������S�����
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����1�=�*DOXQRY��2�$�7DUDVHQNR� HW� DO���)XQFWLRQDO

0DWHULDOV����������������
����/�1DJRUQD\D�� 1�6WDU]KLQVNL\�� .�.DWUXQRY� HW

DO��� LQ�� 3URF��� 6&,17������ ,QW��&RQI��,QRU�
JDQLF� 6FLQWLOODWRUV� DQG� 7KHLU� $SSOLFDWLRQV�
$OXVKWD��8NUDLQH���������S�����

����+�6X]XNL�� 7�$�7RPEUHOOR�� &�/�0HOFKHU�
-�6�6FKZHLW]HU��1XFO��,QVWU���0HWK���3K\V��5HV��
$������������������

����%�9�*ULQ\RY�� 9�'�5\]KLNRY�� 2�7V�6LGOHWVNL\
HW�DO���,(((�7UDQV��1XFO��6FL�������������������

����0�0RV]\QVNL��$�1DVVDOVNL��:�&]DUQDFNL�HW�DO��
,(((�7UDQV��1XFO��6FL��6\PS��&RQI��5HF��� 1R����
������������

����%R�/LX��&K�6KL��0�<LQ�HW�DO���-��/XPLQHVFHQFH�
����������������

����/�3LGRO�� $�.DKQ�+DUDUL�� %�9LDQD� HW� DO��� -�
3K\V��&RQGHQV��0DWWHU������������������
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����$�9HGGD��0�1LNO��0�)DVROL�HW�DO���3K\V��5HY��%�����
��������������

����7�8VXL��6�6KLPL]X��1�6KLPXUD��,(((�1XFO��6FL�
6\PSRVLXP�&RQI��5HFRUG��1R���Ü�����������������
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