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8SGDWH� RQ� 6WUXFWXUH� RI�&HOO� :DOO�'HJUDGLQJ� (Q]\PHVB�

7KH� %LRFKHPLVWU\� DQG� 6WUXFWXUDO� %LRORJ\� RI�3ODQW� &HOO�
:DOO� 'HFRQVWUXFWLRQ�

+DUU\� -��*LOEHUW�

&RPSOH[� &DUERK\GUDWH� 5HVHDUFK� &HQWHU�� 8QLYHUVLW\� RI�*HRUJLD�� $WKHQV�� *HRUJLD� ������

7KH� FHOO�ZDOOV� RI�SODQWV� DUH� WKH�PRVW� DEXQGDQW� VRXUFH�
RI�RUJDQLF� FDUERQ� RQ� WKH�SODQHW�� 7KLV�SKRWRV\QWKHWLFDOO\�
IL[HG� FDUERQ� LV� UHF\FOHG� E\�PLFURELDO� HQ]\PHV� WKDW�
FRQYHUW� FHOO�ZDOO� SRO\VDFFKDULGHV� WR�PRQRVDFFKDULGHV�
DQG� ROLJRVDFFKDULGHV�� D�SURFHVV� WKDW�LV�RI�ELRORJLFDO� DQG�
LQGXVWULDO� LPSRUWDQFH� �6WLFNOHQ�� ������ +LPPHO� DQG�

%D\HU�� ������� 3ODQW� FHOO�ZDOOV� DUH� UHFDOFLWUDQW� WR�ELRORJ�
LFDO� GHSRO\PHUL]DWLRQ�� DV� WKH� H[WHQVLYH� LQWHUDFWLRQV�
EHWZHHQ� SRO\VDFFKDULGHV�� DQG� EHWZHHQ� SRO\VDFFKD�
ULGHV� DQG� OLJQLQ��UHVWULFW�DFFHVV� WR�WKH�EDWWHU\� RI�PLFUR�
ELDO� JO\FRVLGH� K\GURODVHV�� SHFWDWH� O\DVHV�� DQG� HVWHUDVHV�
WKDW�EUHDN� GRZQ� WKHVH�FRPSRVLWH� VWUXFWXUHV� �IRU�UHYLHZ��
VHH�0RKQHQ�� ������� 6LQFH� WKH�HDUO\� ����V�� WKHUH�KDV� EHHQ�
DQ� H[SORVLRQ� RI� VWUXFWXUDO� LQIRUPDWLRQ� RQ� ERWK� WKH�

FDWDO\WLF� DQG� QRQFDWDO\WLF� FRPSRQHQWV� RI� WKHVH� HQ�

]\PHV�� 7KLV� UHYLHZ�ZLOO� SURYLGH� DQ� RYHUYLHZ�XSGDWH�
RI� WKH�VWUXFWXUH�IXQFWLRQ� UHODWLRQVKLSV� RI� WKH�HQ]\PHV�
WKDW�FDWDO\]H� SODQW� FHOO�ZDOO� GHFRQVWUXFWLRQ��

7+(� 3/$17� &(//�:$//�

3ODQW� FHOO�ZDOOV� DUH� FRPSRVHG� SUHGRPLQDQWO\� RI� WKH�

SRO\VDFFKDULGHV� FHOOXORVH�� KHPLFHOOXORVH�� DQG� SHFWLQ��
DOWKRXJK� VHFRQGDU\� ZDOOV� DUH� RIWHQ� ULJLGLILHG� E\� WKH�

LPSUHJQDWLRQ� RI� OLJQLQ��D�KHWHURJHQRXV� DURPDWLF� SRO\�
PHU�� 7KH� VWUXFWXUH�RI�WKH�SODQW� FHOO�KDV� EHHQ� H[WHQVLYHO\�
UHYLHZHG� SUHYLRXVO\� DQG�ZLOO� EH�GHVFULEHG� EULHIO\�KHUH�

�IRU�DQ�RYHUYLHZ� RI�SODQW� FHOO�ZDOO� VWUXFWXUH�� VHH�+DUULV�
DQG� 6WRQH�� ������0RKQHQ�� ������0RKQHQ� HW�DO����������
&HOOXORVH� LV� D� M��O���OLQNHG� *OF� PROHFXOH� WKDW� LV�

VXEVWDQWLDOO\� FU\VWDOOLQH�� $OO� KHPLFHOOXORVLF� SRO\VDF�
FKDULGHV� FRQWDLQ� D� ���OLQNHG�VXJDU�EDFNERQH�� ,Q�[\ODQV��
PDQQDQV�� DQG� [\ORJOXFDQV�� WKH�EDFNERQH� VXJDUV� DUH�

�������G�;\O�� �������G�0DQ�� DQG� �������G�*�F�� UHVSHF�

WLYHO\��ZKLOH� LQ�JOXFRPDQQDQ�� WKH�EDFNERQH� FRQVLVWV�
RI�UDQGRPO\� GLVSHUVHG� �������*OF�DQG� �������0DQ�VXJDUV��
7KH� EDFNERQHV� RI�KHPLFHOOXORVLF� SRO\VDFFKDULGHV� DUH�
GHFRUDWHG� ZLWK� D�YDULHW\� RI�VXJDUV� DQG� DFHW\O� JURXSV��
H[SODLQLQJ� ZK\� WKHVH� SRO\PHUV� DUH� QRW� FU\VWDOOLQH��
7KHUH� DUH� WKUHH�PDMRU� IRUPV�RI�SHFWLQ�� KRPRJDODFWXU�
RQDQ�� UKDPQRJDODFWXURQDQ� ,��DQG� UKDPQRJDODFWXURQDQ�
,,� �IRU�UHYLHZ�� VHH�0RKQHQ�� ������� +RPRJDODFWXURQDQ�

�(�PDLO� KJLOEHUW#FFUF�XJD�HGX��
7KH� DXWKRU� UHVSRQVLEOH� IRU�GLVWULEXWLRQ� RI�PDWHULDOV� LQWHJUDO� WR�WKH�

ILQGLQJV� SUHVHQWHG� LQ� WKLV� DUWLFOH� LQ� DFFRUGDQFH� ZLWK� WKH� SROLF\�
GHVFULEHG� LQ�WKH�,QVWUXFWLRQV� IRU�$XWKRUV� �ZZZ�SODQWSK\VLRO�RUJ�� LV��

+DUU\� -��*LOEHUW� �KJLOEHUW#FFUF�XJD�HGX���

ZZZ�SODQWSK\VLRO�RUJ�FJL�GRL���������SS������������

FRQVLVWV� RI�D�SRO\JDODFWXURQLF� DFLG� EDFNERQH� �0RKQHQ��
������� 5KDPQRJDODFWXURQDQ� ,� GLVSOD\V� D� EDFNERQH�

FRPSRVHG� RI� DQ� DOWHUQDWLQJ� GLVDFFKDULGH�� >�D�O����'�
*DO$A�R��O����/�5KD@Q�� WKDW� FRQWDLQV� H[WHQVLYH� GHFR�
UDWLRQV� DW� WKH���� RI� WKH�5KD� UHVLGXHV� �0RKQHQ�� �������
5KDPQRJDODFWXURQDQ� ,,� LV�WKH�PRVW� VWUXFWXUDOO\� FRP�

SOH[� RI� WKH�WKUHH�SHFWLF� SRO\VDFFKDULGHV�� FRQVLVWLQJ� RI�
���GLIIHUHQW� VXJDUV� DQG� RYHU� ���GLIIHUHQW� OLQNDJHV� �IRU�
DQ� H[WHQVLYH� UHYLHZ�� VHH�2
1HLOO� HW�DO��� �������

&$=<�

(Q]\PHV� WKDW� PRGLI\� FRPSOH[� FDUERK\GUDWHV��
WRJHWKHU�ZLWK� WKHLU� DFFHVVRU\� QRQFDWDO\WLF� FDUERK\�
GUDWH�ELQGLQJ� PRGXOHV� �&%0V��� KDYH� EHHQ� JURXSHG�
LQWR� VHTXHQFH�EDVHG� IDPLOLHV� RQ� WKH� FRQWLQXRXVO\�
XSGDWHG� &DUERK\GUDWH�$FWLYH� (Q=\PHV� �&$=\�� GD�
WDEDVH� �&DQWDUHO� HW� DO��� ������ KWWS���ZZZ�FD]\�RUJ����

0HPEHUV� RI� WKH�VDPH� HQ]\PH� IDPLO\�GLVSOD\� D� FRP�
PRQ� IROG��ZKLOH� WKH� FDWDO\WLF� DSSDUDWXV� DQG�PHFKD�
QLVP� DUH� VLPLODUO\� FRQVHUYHG�� &XUUHQWO\�� ��� RI� WKH� ����

JO\FRVLGH� K\GURODVH� IDPLOLHV� �*+V�� FRQWDLQ� HQ]\PHV�
WKDW�FRQWULEXWH� WR�SODQW� FHOO�ZDOO� GHFRQVWUXFWLRQ�� &U\V�
WDO� VWUXFWXUHV� RI� UHOHYDQW� HQ]\PHV� LQ���� RI� WKHVH� ���
*+V� KDYH� EHHQ� UHSRUWHG��:LWK� UHVSHFW� WR�SRO\VDFFKD�
ULGH� O\DVH� IDPLOLHV� �3/V�� DQG� FDUERK\GUDWH� HVWHUDVH�
IDPLOLHV� �&(V��� VL[�RXW� RI����3/V� DQG� ���RXW� RI� ���&(V�
FRQWDLQ� HQ]\PHV� WKDW�SOD\� D� UROH� LQ�SODQW� FHOO�ZDOO�
PHWDEROLVP�� 2I� WKH����&%0� IDPLOLHV�� DURXQG� KDOI� RI�
WKHVH�PRGXOHV� ELQG� WR�FRPSRQHQWV� RI� WKH�SODQW� FHOO�

ZDOO�� DQG� VWUXFWXUDO� LQIRUPDWLRQ� LV�DYDLODEOH� IRU�DOO�EXW�
WKUHH�RI� WKHVH� IDPLOLHV��
:KLOH� WKH� VWUXFWXUHV� RI�&(V�� 3/V�� DQG� &%0V� DUH�

GRPLQDWHG� E\� WKH�D��A�K\GURODVH� �&RUUHLD� HW�DO����������
SDUDOOHO� ���KHOL[��3LFNHUVJLOO� HW�DO��� ������� DQG� MHOO\�UROO�

�RU����VDQGZLFK�� &]M]HN� HW�DO��������� IROGV�� UHVSHFWLYHO\��
WKHUH�DUH� D� ODUJH�QXPEHU� RI�GLIIHUHQW� IROGV�ZLWKLQ� WKH�

*+V�� ZKLFK� DUH� GLVFXVVHG� EHORZ�� ,QGHHG�� WKH� VDPH�
FULWHULD�XVHG� WR�LQFOXGH� HQ]\PHV� LQ�WKH�VDPH�*+� KDYH�
QRZ� EHHQ� XVHG� WR�FOXVWHU� D�SURSRUWLRQ� RI�WKH�*+V� LQWR�
���GLIIHUHQW� FODQV� �&DQWDUHO� HW�DO���������� 7KH� VWUXFWXUDO�

ELRORJ\� RI�SODQW� FHOO�ZDOO�GHJUDGLQJ� V\VWHPV� SURYLGHV�
HOHJDQW� H[DPSOHV� RI�ERWK� FRQYHUJHQW� DQG� GLYHUJHQW�
HYROXWLRQ� �)LJ�� ����

0(&+$1,60� 2)� 3/$17� &(//�
:$//� '(&216758&7,21�

7KH� YDVW�PDMRULW\� RI�JO\FRVLGH� K\GURODVHV� FOHDYH� JO\�
FRVLGLF� ERQGV� E\� HLWKHU�D� VLQJOH�RU�GRXEOH� GLVSODFHPHQW�

���� 3ODQW� 3K\VLRORJ\"�� -XQH� ������ 9RO�� ����� SS�� ��������� ZZZ�SODQWSK\VLRO�RUJ� "� ����� $PHULFDQ� 6RFLHW\� RI� 3ODQW� %LRORJLVWV�
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6WUXFWXUH� RI�&HOO� :DOO�'HJUDGLQJ� (Q]\PHV�

&ODQV� ;\ODQDVH� IDPLOLHV�

)LJXUH� ��� 6WUXFWXUDO� FRQYHUJHQFH� DQG� GLYHUJHQFH� LQ�SODQW� FHOO� ZDOO�

K\GURODVHV�� ,Q�WKH�H[DPSOHV� VKRZQ�� D�*+��� SRO\JDODFWXURQDVH� �JUHHQ��
3URWHLQ� 'DWD� %DQN� >3'%@� QR�� �%+(�� DQG�*+��� GH[WUDQDVH� �SLQN�� 3'%�

��*0�� DUH� WKH� FODQ� *+�1� UHSUHVHQWDWLYH� HQ]\PHV�� 7KH� FODQ� *+�&�

HQ]\PHV� DUH� D� *+��� [\ODQDVH� �JUHHQ�� 3'%� �%&;�� DQG� D� *+���

HQGRJOXFDQDVH� �OLJKW�EOXH�� 3'%� ��$���� 7KH� FODQ� *+�$� HQ]\PHV� DUH� D�

*+�� HQGRJOXFDQDVH� �PDJHQWD�� 3'%� �$�+��� *+��� PDQQDQDVH� �EOXH��
3'%� �%97��� DQG� D�*+��� HQGR��0� ���JDODFWDQDVH� �JUHHQ�� 3'%� ��5�/���
7KH� FDWDO\WLF� UHVLGXHV� DUH� VKRZQ� LQ�VWLFN� IRUPDW� LQ�D�GDUNHU� IRUP�RI� WKH�

UHVSHFWLYH� FRORU� RI� WKH�SURWHLQ� IROG��&RQYHUJHQW� HYROXWLRQ� LV�HYLGHQW� E\�
WKH�REVHUYDWLRQ� WKDW�[\ODQDVHV� DUH� IRXQG� LQ�WKUHH�JO\FRVLGH� K\GURODVH�
IDPLOLHV� WKDW�GLVSOD\� YHU\�GLIIHUHQW� IROGV��

PHFKDQLVP�� ZKLFK� OHDGV� WR� LQYHUVLRQ� RU� UHWHQWLRQ� RI�
DQRPHULF� FRQILJXUDWLRQ�� UHVSHFWLYHO\� �IRU�UHYLHZ�� VHH�

5\H� DQG�:LWKHUV�� ������� 3RO\VDFFKDULGH� O\DVHV� FOHDYH�
WKHLU�VFLVVLOH� ERQG� WKURXJK� D� ���HOLPLQDWLRQ�PHFKDQLVP�

�+HUURQ� HW� DO��� ������� :KLOH� FDUERK\GUDWH� HVWHUDVHV�

JHQHUDOO\� K\GURO\]H� HVWHU� OLQNDJHV� WKURXJK� D� GRXEOH�

GLVSODFHPHQW� PHFKDQLVP� LQ�ZKLFK� 6HU� �6FKXERW� HW�DO���
������ RU�$VS� LQ�&(�� �)ULHV� HW�DO��������� IXQFWLRQV� DV� WKH�

FDWDO\WLF�QXFOHRSKLOH�� H[FHSWLRQV� WR�WKLV�PRGH� RI�DFWLRQ�
DUH� DSSDUHQW� LQ�&(��� ZKHUH� FDWDO\VLV� LV�PHWDO� GHSHQ�
GHQW� �7D\ORU� HW�DO��� �������

&$7$/<7,&� 02'8/(6� 2)�
*/<&26,'(� +<'52/$6(6�

&XUUHQWO\�� WKH�FU\VWDO� VWUXFWXUH� RI�WKH�FDWDO\WLF�PRG�
XOHV� RI�UHSUHVHQWDWLYHV� RI�QHDUO\� DOO� WKH�UHOHYDQW�*+V��

3/V�� &(V�� DQG�&%0� IDPLOLHV��ZKLFK� FRQWULEXWH� WR�SODQW�
FHOO�ZDOO� GHFRQVWUXFWLRQ�� KDYH� EHHQ� UHSRUWHG� �&DQWDUHO�
HW�DO���������� 6RPH� VWUXFWXUDO� IROGV�KDYH� JLYHQ� ULVH� WR�D�

P\ULDG� RI�HQ]\PHV� WKDW�GLVSOD\� VLJQLILFDQW� GLIIHUHQFHV�
LQ�VSHFLILFLW\�� H[HPSOLILHG� E\� WKH�*+V� ORFDWHG� LQ�FODQ�
*+�$�� 0HPEHUV� RI� WKLV�FODQ� GLVSOD\� D� ����D���IROG� LQ�
ZKLFK� WKH� FDWDO\WLF� UHVLGXHV� DUH� SUHVHQWHG� DW� WKH�&�
WHUPLQXV� RI� ���VWUDQGV��� DQG� �� �+HQULVVDW� HW�DO��� ������
-HQNLQV�HW�DO��� �������:KLOH� WKH�HQ]\PHV� DOO�K\GURO\]H�
DQ� HTXDWRULDO� JO\FRVLGLF� ERQG�� WKHLU�PRGH� RI� DFWLRQ�

�H[R�DQG� HQGR��� VSHFLILFLW\� IRU�WKH�VXJDU� DW� WKH�FDWDO\WLF�
��� VXEVLWH� DQG�PRUH� GLVWDO� UHJLRQV� RI� WKH� VXEVWUDWH�

ELQGLQJ� UHJLRQ� �;\O��0DQ�� *OF�� $UD��� *DO��� DQG� WKH�

OLQNDJH� FOHDYHG� �H�J�� M6���������O����YDU\� EHWZHHQ� HQ�

]\PHV� �)LJ�� ����7KH� VDPH� HQ]\PH� DFWLYLW\� FDQ� RIWHQ�EH�
IRXQG� LQ�PXOWLSOH� *+V�� ORFDWHG� LQ�GLVWLQFW� FODQV�� DV� D�

FRQVHTXHQFH� RI� FRQYHUJHQW� HYROXWLRQ� �)LJ�� ���� )RU�

H[DPSOH�� FHOOXODVHV� DUH� ORFDWHG� LQ����*+V�� ZLWK� VHYHQ�
RI� WKHVH� IDPLOLHV� GLVWULEXWHG� DFURVV� IRXU� GLIIHUHQW�
FODQV��ZKLOH� IRXU�RI�WKHVH�*+V� FXUUHQWO\� DUH�QRW� OLQNHG�
WR� D� FODQ�� 7KHUH� KDYH� EHHQ� VHYHUDO� UHYLHZV� RQ� WKH�
WKUHH�GLPHQVLRQDO� VWUXFWXUH� RI� WKH� FDWDO\WLF�PRGXOHV�
RI� JO\FRVLGH� K\GURODVHV�� LQFOXGLQJ� SODQW� FHOO� ZDOO�

GHJUDGLQJ� HQ]\PHV� �'DYLHV� DQG� +HQULVVDW�� ������
+HQULVVDW� DQG� 'DYLHV�� ������ ������ 'DYLHV� HW�DO��� ������
*LOEHUW� HW�DO���������� 7KHUHIRUH�� WKLV�8SGDWH�ZLOO� SURYLGH�
D�EULHI�RYHUYLHZ� RI�WKH�VWUXFWXUHV� RI�WKHVH�HQ]\PHV� DQG�
D�PRUH� GHWDLOHG� GHVFULSWLRQ� RI�UHFHQW� VWUXFWXUDO� LQIRU�
PDWLRQ��

&HOOXODVHV�

&HOOXORVH� XWLOL]DWLRQ� LV�EHOLHYHG� WR�EH�PHGLDWHG� E\�
HQGR����O���JOXFDQDVHV�� FHOORELRK\GURODVHV� �DOVR� FDOOHG�

H[R����O���JOXFDQDVHV��� DQG� ���JOXFRVLGDVHV�� &ODVVLFDOO\��
FHOOXORVH� K\GURO\VLV�� RI�ZKLFK� WKH�+\SRFUHD� MHFRULQD�
�IRUPHUO\�7ULFKRGHUPD� UHHVHL��V\VWHP� LV�WKH�DUFKHW\SH�� LV�
YLHZHG� DV� D� V\QHUJLVWLF� SURFHVV�� HQGR�DFWLQJ� FHOOXODVHV�
FUHDWH� QHZ� HQGV� IURP�ZKLFK� WKH�H[R�DFWLQJ� FHOORELR�

K\GURODVHV� FDQ� UHOHDVH� FHOORELRVH� IURP�HLWKHU� WKH� UH�

GXFLQJ��*+��DQG�*+����RU�QRQUHGXFLQJ��*+���HQG�RI�
WKH� FHOOXORVH� FKDLQV� �IRU�UHYLHZ�� VHH�.OH\ZHJW� HW� DO���
������7HHUL�� �������7KLV�PRGHO�� KRZHYHU�� LV�LQFRQVLVWHQW�
ZLWK� VHYHUDO� IHDWXUHV� RI�FHOOXORVH� GHJUDGDWLYH� V\VWHPV��
7KXV�� ELRFKHPLFDO� DQG� VWUXFWXUDO� GDWD� LQGLFDWH� WKDW�
*+�� FHOORELRK\GURODVHV� DUH�QRW��H[FOXVLYHO\�� H[R� DFWLQJ�
�$PDQR� HW�DO��� ������$UPDQG� HW�DO��� ������9DUURW� HW�DO���
������� )XUWKHUPRUH�� VRPH� KLJKO\� DFWLYH� FHOOXODVH� V\V�
WHPV� ODFN� D� FODVVLF� SDLU� RI� FHOORELRK\GURODVHV� WKDW�DFW�
IURP�WKH�UHGXFLQJ� DQG� QRQUHGXFLQJ� HQGV� RI�FHOOXORVH�
FKDLQV�� UHVSHFWLYHO\� �;LH�HW�DO���������:HUQHU� HW�DO����������
,QGHHG�� RQH� RI� WKH�PRVW� GLVWLQFWLYH� IHDWXUHV� RI� WKH�

FHOOXORVH�GHJUDGLQJ� EDFWHULXP�� &\WRSKDJD� KXWFKLQVRQLL��
LV� WKH�DEVHQFH� RI�*+��� *+���� RU�*+�� FHOORELRK\GUR�
ODVHV� �;LH� HW�DO��� ������� DOWKRXJK� LW�LV�SRVVLEOH� WKDW�WKH�
EDFWHULXP� FRQWDLQV� QRYHO� FHOORELRK\GURODVHV�� $Q� LQ�

WULJXLQJ� UHSRUW�E\�7RORQHQ� HW�DO�� ������� VKRZHG� WKDW�D�

VLQJOH� HQGR�SURFHVVLYH� *+�� FHOOXODVH� ZDV� HVVHQWLDO� IRU�
FHOOXORVH� GHJUDGDWLRQ� LQ�&ORVWULGLXP� SK\WRIHUPHQWDQV��
*LYHQ� WKH� UHGXQGDQF\� LQ�FHOOXODVH� V\VWHPV�� GHPRQ�

3ODQW� 3K\VLRO�� 9RO�� ����� ����� ����
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*LOEHUW�

VWUDWLRQ� WKDW�D� VLQJOH� HQ]\PH� LV�HVVHQWLDO� IRU�D� IXQF�
WLRQDO� GHJUDGDWLYH� V\VWHP� LV� UDUH� DQG� TXHVWLRQV� WKH�
FODVVLFDO� V\QHUJ\�PRGHO�� :KLOH� WKHUH�QRZ� GRHV� QRW�

DSSHDU� WR�EH� D� VLQJOH� XQLI\LQJ� PRGHO� IRU�FHOOXORVH�

K\GURO\VLV�� UHFHQW� VWXGLHV�� GHSOR\LQJ� DWRPLF� IRUFH�

PLFURVFRS\� WR�YLVXDOL]H� WKH�PRYHPHQW� RI� FHOOXODVH�
PROHFXOHV� RQ� LWV�FU\VWDOOLQH� VXEVWUDWH��ZLOO� OLNHO\�SUR�
YLGH� QRYHO� LQVLJKWV� LQWR�WKH�PHFKDQLVP� E\�ZKLFK� WKHVH�

HQ]\PHV� IXQFWLRQ� �,JDUDVKL� HW�DO�� �������
3ODQW� FHOOXODVHV� DUH� UHVWULFWHG� WR�D�YHU\� VPDOO�QXPEHU�

RI�IDPLOLHV�H[HPSOLILHG�E\�$UDELGRSVLV� �$UDELGRSVLV�
WKDOLDQD���ZKRVH� JHQRPH� HQFRGHV� ��� FHOOXODVHV� �HQGR�
JOXFDQDVHV�� DOO� LQ�*+��� 3K\ORJHQHWLF� DQDO\VLV� RI� WKH�

$UDELGRSVLV� *+�V� SRLQWV� WR�WKUHH�GLVWLQFW� VXEIDPLOLHV��
D�� ����DQG� \��%LRFKHPLFDO� VWXGLHV� RQ� \�HQGRJOXFDQDVHV�
VKRZ� WKDW�WKH\�DUH� DSSUR[LPDWHO\� ����IROG� OHVV� DFWLYH�
WKDQ� WKH�FRUUHVSRQGLQJ� PLFURELDO� HQ]\PHV�� UHIOHFWLQJ�
WKH� ORVV�RI�D� FULWLFDO� DURPDWLF� UHVLGXH� DW� WKH���� VXEVLWH�

�0DVWHU� HW�DO���������� 7KLV� UHLQIRUFHV� D� UHPRGHOLQJ� UROH��
UDWKHU� WKDQ� D� GHJUDGDWLYH� UROH�� IRU�WKHVH�PHPEUDQH�
DVVRFLDWHG� FHOOXODVHV�� $� FRKRUW�RI�WKH�D�HQGRJOXFDQDVHV�
FRQWDLQV� D�&�WHUPLQDO� PRGXOH� WKDW�ELQGV� WR�FHOOXORVH�

�8UEDQRZLF]� HW�DO��� �������ZKLFK� KDV� IXQFWLRQDO� LPSOL�
FDWLRQV� GLVFXVVHG� EHORZ��

;\ORJOXFDQ�

7KH� �������JOXFDQ�EDFNERQH� RI� [\ORJOXFDQ� LV�K\GUR�
O\]HG�E\� VSHFLILF� HQGRJOXFDQDVHV� �L�H��HQGR�[\ORJOXFD�
QDVH� RU�[\ORJOXFDQ� HQGR�K\GURODVHV�� IURP�*+��� *+���
*+���� *+���� *+���� DQG� *+���� *+��� HQ]\PHV� FDQ�
WROHUDWH� WKH� VLGH� FKDLQV� LQ�[\ORJOXFDQ�� ,QGHHG�� *+��
DQG� *+��� HQGR[\ORJOXFDQDVHV� FDQ�PDNH� SURGXFWLYH�
LQWHUDFWLRQV�ZLWK� WKH�D�O���;\O� GHFRUDWLRQV� DQG�� LQ�WKH�
FDVH� RI� WKH�*+�� HQ]\PHV�� *DO� SHQGDQWV� RI� WKH�;\O�
UHVLGXHV� �0DUWLQH]�)OHLWHV� HW� DO��� ������ *ORVWHU� HW� DO���
�������0D\EH� WKH�PRVW� LQWHUHVWLQJ� DVSHFW� RI�[\ORJOXFDQ�
PRGLILFDWLRQ� LV� IRXQG� LQ�*+���� ZKHUH� HQ]\PHV� PD\�
GLVSOD\� HQGR[\ORJOXFDQDVH� DFWLYLW\� RU�� LQ� WKH�FDVH� RI�
;(7V�� UHPRGHO� WKH� VWUXFWXUH� RI� WKH� SRO\VDFFKDULGH�
WKURXJK� WUDQVJO\FRV\ODWLRQ� UHDFWLRQV� �%DXPDQQ� HW�DO���
������� 7KLV� DUWLFOH�ZLOO� QRW� GLVFXVV� WKHVH� *+��� HQ�

]\PHV�� ZKLFK� DUH� FRYHUHG� LQ�GHWDLO� LQ� WKH� UHYLHZ� E\�
(NORI� DQG� %UXPHU� ������� WKLV� LVVXH���

���0DQQDQDVHV�

M6�0DQQDQDVHV� GLVSOD\� D� �M��D��� EDUUHO� IROG�DQG� DUH�
ORFDWHG�ZLWKLQ� *+�� DQG�*+���� ZKLOH� ���PDQQRVLGDVHV�
DUH�*+�� HQ]\PHV�� DOO� WKUHH�*+V� DUH�ZLWKLQ� FODQ�*+�$��
7KH� FU\VWDO� VWUXFWXUHV� RI� ���PDQQDQDVHV� JHQHUDOO\� UH�
YHDO� DQ�RSHQ� DFWLYH�VLWH� FOHIW�ZLWK� DW� OHDVW� IRXU�VXEVLWHV��
$Q� XQXVXDO� IHDWXUH�RI� ���PDQQDQDVHV� LV�WKDW�VXEVWUDWH�

VSHFLILFLW\� LV�QRW� FRQIHUUHG� E\� WKH�UHFRJQLWLRQ� RI�0DQ�
LQ� LWV�UHOD[HG� FKDLU� FRQIRUPDWLRQ� ��&���DW� WKH� FULWLFDO�
��� VXEVLWH� �JO\FRVLGLF� ERQG� FOHDYDJH� RFFXUV� EHWZHHQ�
WKH� VXJDUV� ERXQG� DW� WKH�"�� DQG� ��� VXEVLWHV�� 'DYLHV�
HW�DO���������EXW�WKURXJK�WKH�%����WRSRORJ\�GLVSOD\HG�E\�
WKH�R[RFDUERQLXP� WUDQVLWLRQ� VWDWH� �'XFURV� HW�DO��� ������
7DLOIRUG� HW�DO��� ������&DUWPHOO� HW�DO��� �������

,Q� DGGLWLRQ� WR�PDQQDQ�� ���PDQQDQDVHV� K\GURO\]H�
JOXFRPDQQDQ�� D�KHWHURJHQRXV� �������OLQNHG�SRO\PHU� RI�
*OF� DQG� 0DQ�� ���0DQQDQDVHV� DUH� GHILQHG� E\� WKHLU�

FDSDFLW\� WR�K\GURO\]H� PDQQRVLGLF� ERQGV�� ZKLFK� UH�

TXLUHV� WKDW�0DQ� LV�SRVLWLRQHG� LQ�WKH���� VXEVLWH�� 5HF�

RJQLWLRQ� RI�0DQ� DQG� *OF� DW� VXEVLWHV� GLVWDO� WR���� LV�

KLJKO\� YDULDEOH�� DOWKRXJK� VRPH� JHQHUDO� WUHQGV� DUH�

HPHUJLQJ� WKDW� SRLQW� WR� D� GLYHUJHQFH� LQ� VSHFLILFLW\�
EHWZHHQ� *+�� DQG� *+��� PDQQDQDVHV�� *+�� PDQQD�
QDVHV� DUH� DEOH� WR�DFFRPPRGDWH� *OF� DW� WKH���� DQG� ���
VXEVLWHV� �7DLOIRUG� HW� DO��� ������ DQG� DUH� WKXV� DEOH� WR�

K\GURO\]H� PDQQRVLGLF� OLQNDJHV� IODQNHG�E\�0DQ� RU�*OF��
,QGHHG�� RQH� RI� WKHVH� HQ]\PHV�� %D0DQ�$�� GRHV� QRW�

UHFRJQL]H� ��� DV� D� VSHFLILFLW\� GHWHUPLQDQW� DW�DQ\� VXE�
VLWH� GLVWDO� WR����� 7KXV�� ZKLOH� %D0DQ�$� K\GURO\]HV�
RQO\�PDQQRVLGLF� ERQGV�� WKH� WRSRJUDSKLFDO� IHDWXUHV� RI�
WKH� VXEVWUDWH�ELQGLQJ� FOHIW� RI� WKLV� HQ]\PH� DUH� RSWL�

PL]HG� WR�XWLOL]H� JOXFRPDQQDQ� DV� LWV�SUHIHUUHG� VXE�
VWUDWH� �7DLOIRUG� HW�DO�� ������� 7KH� UHOD[HG� VSHFLILFLW\� IRU�
*OF� RU�0DQ�� DSDUW� IURP� WKH� FULWLFDO� ��� VXEVLWH�� LV� D�
IHDWXUH� VKDUHG�ZLWK� WKH�RWKHU�*+�� PDQQDQDVHV�� ZKHUH�
VWUXFWXUDO� LQIRUPDWLRQ� LV�DYDLODEOH��

,Q�FRQWUDVW�� WKH�*+��� PDQQDQDVHV� FKDUDFWHUL]HG� WR�
GDWH�JHQHUDOO\�GLVSOD\�WLJKW�VSHFLILFLW\�IRU�0DQ� DW�ERWK�
WKH� ��� DQG� ��� VXEVLWHV�� ,QGHHG�� D� FRKRUW� RI�*+���
PDQQDQDVHV� FRQWDLQ� DQ� $UJ� DW� WKH� ��� VXEVLWH� WKDW�
PDNHV� H[WHQVLYH� LQWHUDFWLRQV� ZLWK� WKH� VXEVWUDWH� DQG�

DSSHDUV� WR�FRQIHU�XQXVXDOO\� KLJK� DFWLYLW\� DJDLQVW� VPDOO�

PDQQRROLJRVDFFKDULGHV� �'XFURV� HW�DO��� ������ &DUWPHOO�
HW� DO��� ������� 6FUHHQLQJ� JHQRPLF� GDWDEDVHV� IRU�RWKHU�
*+��� HQ]\PHV� WKDW�UHWDLQ� WKLV�$UJ�PD\� IDFLOLWDWH� WKH�
LGHQWLILFDWLRQ� RI�QRYHO�PDQQRROLJRVDFFKDULGDVHV�� &XU�

UHQWO\��WKH�WZR�&HOOYLEULR� HQ]\PHV� WKDW�FRQWDLQ� D�KLJK�
DIILQLW\���� VXEVLWH� GR� QRW� SRVVHVV� DGGLWLRQDO� QHJDWLYH�
ELQGLQJ� VXEVLWHV�� ZKLFK� PD\� H[SODLQ� ZK\� WKH�KLJK�
DFWLYLW\� GLVSOD\HG� DJDLQVW�PDQQRWULRVH� DQG�PDQQRWH�
WUDRVH� LV�QRW� WUDQVODWHG� WR� WKH�K\GURO\VLV� RI�SRO\VDF�
FKDULGHV� �+RJJ� HW�DO��� ������ &DUWPHOO� HW�DO��� �������

;\ODQ�'HJUDGDWLRQ�

7KH� [\ODQ� EDFNERQH� LV�K\GURO\]HG� SULPDULO\� E\�
*+��� DQG�*+��� [\ODQDVHV�� ZKLOH� WKH�$UD�VLGH� FKDLQV�
DUH� UHPRYHG� E\� DUDELQRIXUDQRVLGDVHV� IURP�*+����
*+���� *+���� DQG� *+��� �IRU�UHYLHZ� RI�[\ODQ� GHJUD�
GDWLRQ�� VHH�*LOEHUW� HW�DO���������� 7KH� XURQLF� VLGH� FKDLQV�
DUH� UHOHDVHG� IURP� WKH�QRQUHGXFLQJ� HQG� RI�[\ORROLJR�
VDFFKDULGHV� E\� *+��� D�JOXFXURQLGDVHV� �1XUL]]R�
HW�DO��� ������� DOWKRXJK� UHFHQW�GDWD� VKRZHG� WKDW�*+����

D�JOXFXURQLGDVHV� UHPRYH� WKH�XURQLF� DFLG� GHFRUDWLRQV�
IURP� WKH� LQWHUQDO� UHJLRQV� RI� [\ODQ� �5\DERYD� HW� DO���
������� (DFK� RI� WKHVH� IDPLOLHV� FRQWDLQV� DW� OHDVW� RQH�
VWUXFWXUDO� UHSUHVHQWDWLYH�� ZLWK� WKH�H[FHSWLRQ� RI�*+���
DQG� *+���� �KWWS���ZZZ�FD]\�RUJ��� *+��� HQ]\PHV�
PD\� GLVSOD\� WKH�KLJKHVW� OHYHO�RI�VXEVWUDWH� GLYHUVLW\�� H[�

HPSOLILHG� E\� WKH�DFWLYLW\� RI� WZR� DUDELQRIXUDQRVLGDVHV�
IURP�WKLV� IDPLO\� WKDW�UHPRYH� WKH���� VLGH� FKDLQ� IURP�

;\O� UHVLGXHV� WKDW�DUH�GHFRUDWHG� DW�ERWK���� DQG���� ZLWK�

$UD��YDQ� GHQ� %URHN� HW�DO��������� 6RUHQVHQ� HW�DO����������
7KH� FU\VWDO� VWUXFWXUH� RI� WKLV� HQ]\PH� �+�-��*LOEHUW��

���� 3ODQW� 3K\VLRO�� 9RO�� ����� �����
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6WUXFWXUH� RI�&HOO� :DOO�'HJUDGLQJ� (Q]\PHV�

XQSXEOLVKHG� GDWD�� UHYHDOV� DQ�H[WHQGHG� VXEVWUDWH�ELQG�

LQJ�SRFNHW� WKDW�LQWHUDFWV�ZLWK� ERWK����� DQG����OLQNHG�

$UD��� %\� FRQWUDVW�� DQ� DUDELQR[\ODQ�VSHFLILF� *+��� DUDE�

LQRIXUDQRVLGDVH�� ZKLFK� UHPRYHV� ���� RU� ���OLQNHG�

$UD�� VLGH� FKDLQV� IURP� VLQJXODUO\� VXEVWLWXWHG� ;\O�
UHVLGXHV�� FRQWDLQV� D� VPDOO� VXEVWUDWH�ELQGLQJ� SRFNHW�
HPEHGGHG� LQ�D� VKDOORZ� FOHIW�WKDW� LV�RSWLPL]HG� WR�ELQG�
WKH� ��IROG� KHOLFDO� VWUXFWXUH� RI� WKH� [\ODQ� EDFNERQH�

�9DQGHUPDUOLHUH� HW�DO��� ������� 5HFHQW� SURWHLQ� FU\VWDOOR�
JUDSKLF� VWXGLHV� KDYH� VKRZQ� WKDW�[\ODQ� VLGH� FKDLQV� FDQ�
EH� DFFRPPRGDWHG� DQG� FDQ� DFWXDOO\� EH� H[SORLWHG� DV�

VSHFLILFLW\� GHWHUPLQDQWV� �3HOO� HW� DO��� ������ 9DUGDNRX�
HW�DO����������ZKLOH� D�*+�� [\ODQDVH� GLVSOD\V� DQ�DEVROXWH�

UHTXLUHPHQW� IRU���2�PHWK\O�'�*OF8$� DSSHQGHG� WR�WKH�

;\O�SRVLWLRQHG� DW�WKH���� VXEVLWH� �9UVDQVND� HW�DO����������
7KHUH� DUH� WZR� VWUXFWXUHV� RI�WKLV�HQ]\PH� �/DUVRQ� HW�DO���
������ 6W�-RKQ�HW�DO��� ������� KRZHYHU�� WKH�PHFKDQLVP� E\�
ZKLFK� WKH� HQ]\PH� UHFRJQL]HV� WKH� XURQLF� DFLG� VLGH�
FKDLQ� UHPDLQV� XQFOHDU��

3HFWLQ�'HJUDGDWLRQ�

7KH� VWUXFWXUHV� RI�SHFWLQDVHV� �SRO\JDODFWXURQDVHV���
SHFWDWH� O\DVHV�� DQG� SHFWLQ�PHWK\OHVWHUDVHV� KDYH� EHHQ�

H[WHQVLYHO\� GHVFULEHG� DQG� UHYLHZHG� SUHYLRXVO\�
�-HQNLQV� DQG� 3LFNHUVJLOO�� ������� ,Q�JHQHUDO�� WKHVH� HQ�

]\PHV� GLVSOD\� D�ULJKW�KDQGHG� SDUDOOHO� ���KHOL[�WRSRORJ\��
([FHSWLRQV� LQFOXGH� 3/��� SHFWDWH� O\DVHV��ZKLFK� DGRSW�
DQ� �D�D��� WRURLG�FRQIRUPDWLRQ� �&KDUQRFN� HW�DO�������E���
DQG� 3/�� O\DVHV�� ZKLFK� GLVSOD\� D� �D�D��� EDUUHO� DQG�
XWLOL]H�PDQJDQHVH� UDWKHU�WKDQ�FDOFLXP� LQ�WKH�DFWLYH� VLWH�

�$EERWW� DQG� %RUDVWRQ�� ������� 7KH� FDWDO\WLF� DSSDUDWXV� LQ�

3/���� DQG� WKRVH� GLVSOD\LQJ� D� ���KHOL[� IROG�� LV� FRQ�

VHUYHG�� SURYLGLQJ� DQ� H[DPSOH� RI�FRQYHUJHQW� HYROXWLRQ�

�&KDUQRFN� HW� DO��� ����E��� $Q� $UJ� LV� WKH�PRVW� OLNHO\�
FDQGLGDWH� FDWDO\WLF�EDVH� LQ�WKHVH�3/V�� 7KH� EDVLF� UHVLGXH�
DEVWUDFWV� WKH�&�� SURWRQ��ZKLFK�� LQ�VHYHUDO� 3/� IDPLOLHV�

�3/��� 3/��� DQG� 3/����� UHVXOWV� LQ� WKH� IRUPDWLRQ� RI� DQ�
HQRODWH�HQRODWH� LQWHUPHGLDWH� LQ�ZKLFK� WKH� WZR�QHJD�
WLYHO\� FKDUJHG� R[\JHQV� DUH� VWDELOL]HG� E\� FDOFLXP� DQG�

K\GURJHQ� ERQGV�� 7KH� FROODSVH� RI� WKH� LQWHUPHGLDWH�
UHVXOWV� LQ� WKH�FOHDYDJH� RI� WKH� VFLVVLOH� ERQG�� DOWKRXJK�
WKH�PHFKDQLVP� E\�ZKLFK� WKH�OHDYLQJ� JURXS� �JO\FRVLGLF�
R[\JHQ�� LV�SURWRQDWHG� UHPDLQV� XQFOHDU�� $Q� LQWHUHVWLQJ�
YDULDWLRQ� RI� WKLV� FDWDO\WLF�PHFKDQLVP� KDV� EHHQ� SUR�
SRVHG� IRU�3/�� O\DVHV�� ,W�ZDV� VXJJHVWHG� WKDW� WKH�3/��

O\DVH� JHQHUDWHV� DQ� HQRO�HQRODWH� WKURXJK� GRQDWLRQ� RI�D�

SURWRQ� E\� D�QHDUE\� /\V� WR�RQH� RI� WKH�R[\JHQ� DWRPV� RI�
WKH�FDUER[\ODWH�� 7KH� DXWKRUV� VXJJHVW� WKDW�WKURXJK� WKLV�
LQWHUPHGLDWH�� 3/�� O\DVHV� DUH�PRUH� DFWLYH� WKDQ�3/���
DQG� 3/�� HQ]\PHV� WKDW�FDQ� RQO\� JHQHUDWH� WKH�HQRODWH�
HQRODWH� LQWHUPHGLDWH� �6H\HGDUDEL� HW�DO��� �������
5HFHQW� DGYDQFHV� KDYH� DOVR� EHHQ� PDGH� LQ�XQGHU�

VWDQGLQJ� WKH� SURFHVVLYH� PHFKDQLVP� GLVSOD\HG� E\�
SHFWLQ� PHWK\O� HVWHUDVHV�� ZKLFK� \LHOG� EORFNV� RI�QRQ�

PHWK\ODWHG� *DO8$� �*DO$��� 6WUXFWXUDO� DQG� ELRFKHPLFDO�
GDWD� VKRZ� WKDW�WKH�HQ]\PH� GHPHWK\ODWHV� WKH�VXJDU� DW�
WKH� ��� VXEVLWH� DQG� XVHV� WKH�QHJDWLYH� FKDUJH� RI� WKH�

FDUER[\ODWH� DV� D� VSHFLILFLW\�GHWHUPLQDQW� DW� WKH���� VXE�
VLWH�DQG� WR�VRPH� H[WHQW� DW����� ZKLOH� ���PDNHV� K\GUR�

SKRELF� FRQWDFW�ZLWK� WKH�PHWK\O� JURXS� RI�WKH�HVWHULILHG�
XURQLF� DFLG� �)ULHV�HW�DO���������� 7KXV�� DIWHU�UHPRYLQJ� WKH�

PHWK\O� JURXS�� WKH�*DO$� JHQHUDWHG� WKHQ� VOLGHV� DORQJ�
WKH�VXEVWUDWH�ELQGLQJ� FOHIW�WR�RFFXS\� WKH���� VLWH�� WKXV��
D�QHZ�PHWK\ODWHG� *DO$� LV�SUHVHQWHG� LQ�WKH�FUXFLDO� ���
VXEVLWH�� 7KLV� SURJUHVVLYH� VOLGLQJ� RI�SHFWLQ� DORQJ� WKH�

VXEVWUDWH�ELQGLQJ� FOHIW� LV� HQFRXUDJHG� IXUWKHU�E\� WKH�

VSHFLILFLW\� GLVSOD\HG� E\� WKH���� DQG� ��� VXEVLWHV��

6758&785$/�&+$1*(6�7+$7�02'8/$7(�7+(�
02'(� 2)� (1=<0(� $&7,21�

7KH� VWUXFWXUDO� EDVLV� IRU�WKH�*+�� DQG�*+�� FHOORELR�

K\GURODVHV� DQG� HQGRJOXFDQDVHV� LV�ZHOO� HVWDEOLVKHG�
DQG� KDV� EHHQ� H[WHQVLYHO\� UHYLHZHG� �.OH\ZHJW� HW� DO���
������7HHUL�� ������9DUURW� HW�DO��� �������5HFHQW� VWUXFWXUDO�
GDWD� KDYH� DOVR� SURYLGHG� LQVLJKW� LQWR�KRZ� VXEWOH� VWUXF�
WXUDO� FKDQJHV� FDQ� FRQYHUW� HQGR�DFWLQJ� JO\FRVLGH� K\�
GURODVHV� DQG� SRO\VDFFKDULGH� O\DVHV� LQWR� H[R�DFWLQJ�
HQ]\PHV�� 7KXV�� VPDOO� ORRS� H[WHQVLRQV� VXUURXQGLQJ�
WKH�GLVWDO� VXEVLWH� WKDW�DFFRPPRGDWHV� WKH�QRQUHGXFLQJ�
HQG� RI� WKH� VXEVWUDWH� FUHDWH� VWHULF� FRQVWUDLQWV� WKDW�

SUHYHQW� H[WHQVLRQ� RI�WKH�VXEVWUDWH� EH\RQG� WKLV�VXEVLWH��
9DULDQWV� RI� WKHVH� HQ]\PHV�� LQ�ZKLFK� WKH� ORRS� H[WHQ�
VLRQV� KDYH� EHHQ� UHPRYHG�� GLVSOD\� DQ� HQGR� PRGH� RI�
DFWLRQ� �3URFWRU� HW�DO���������&DUWPHOO� HW�DO���������2FKLDL�
HW�DO��� ������ )LJ�� ����

3/$17� &(//�:$//� */<&26</75$16)(5$6(6�

7KH� FU\VWDO� VWUXFWXUHV� RI� VHYHUDO� JO\FRV\OWUDQVIHU�
DVHV� LQ�QXPHURXV� *7� IDPLOLHV� KDYH� EHHQ� UHSRUWHG� LQ�
WKH�ODVW�GHFDGH�� 7KH� GDWD� KDYH� UHYHDOHG� RQO\� WZR�PDMRU�
IROGV� IRU�WKHVH� HQ]\PHV�� ZKLOH� DOVR� SURYLGLQJ� LQVLJKWV�
LQWR� WKH� OLNHO\� FDWDO\WLF� PHFKDQLVPV� GLVSOD\HG� E\�
LQYHUWLQJ� DQG� UHWDLQLQJ� JO\FRV\OWUDQVIHUDVHV� �IRU�
UHYLHZ�� VHH� /DLUVRQ� HW�DO��� ������� 7KHVH� VWXGLHV�� KRZ�
HYHU�� KDYH� IRFXVHG�� DOPRVW� H[FOXVLYHO\�� RQ� HQ]\PHV�
WKDW�DUH�QRW�PHPEUDQH� DVVRFLDWHG�� DQG� FXUUHQWO\��WKHUH�
LV�QR� KLJK�UHVROXWLRQ� FU\VWDO� VWUXFWXUDO� LQIRUPDWLRQ� RQ�

JO\FRV\OWUDQVIHUDVHV� WKDW�FRQWULEXWH� WR�SODQW� FHOO�ZDOO�

V\QWKHVLV�� &HOOXORVH� V\QWKDVH�� KRZHYHU�� FDQ�EH� YLVXDO�
L]HG�E\� IUHH]H�IUDFWXUH� WHFKQLTXHV�� LQ�FRQMXQFWLRQ� ZLWK�

LPPXQRORJLFDO� PHWKRGV�� 7KH� GDWD� UHYHDOHG� VL[�JORE�
XODU� FRPSOH[HV� DSSUR[LPDWHO\� ��� QP� LQ�GLDPHWHU��
(DFK� RI� WKH� VL[� VXEXQLWV� �HDFK� VXEXQLW� FRQWDLQV� PXO�

WLSOH� FHOOXORVH� V\QWKDVH� PROHFXOHV�� RI� WKHVH� URVHWWHV�

V\QWKHVL]H� PXOWLSOH� �������JOXFDQ� FKDLQV�� ZKLFK� FR�

FU\VWDOOL]H� WR� IRUP� PLFURILEULOV� �IRU� UHYLHZ�� VHH�

6RPHUYLOOH�� ������� $OWKRXJK� LVVXHV� UHPDLQ� FRQFHUQLQJ�
WKH�QDWXUH� RI� WKH�SULPHU� DQG� WKH�GLUHFWLRQ� RI� FKDLQ�

JURZWK� HORQJDWLRQ� �DOWKRXJK� HORQJDWLRQ� IURP�WKH�QRQ�

UHGXFLQJ� HQG� LV� WKH� SUHIHUUHG� PRGHO��� WKH� ODFN� RI�
GHWDLOHG� VWUXFWXUDO� LQIRUPDWLRQ� RQ� WKHVH� HQ]\PHV� SUH�
FOXGHV� IXUWKHU�GLVFXVVLRQ� RI� WKLV�HQ]\PH� V\VWHP�KHUH��
,W�LV�HYLGHQW�� KRZHYHU�� WKDW�XVLQJ� JHQHWLF� DSSURDFKHV��
$UDELGRSVLV� SODQW� FHOO�ZDOO� JO\FRV\OWUDQVIHUDVHV� KDYH�
EHHQ� LGHQWLILHG� DQG�� LQ� VRPH� LQVWDQFHV�� SUHGLFWHG�
DFWLYLWLHV� KDYH� EHHQ� YHULILHG� E\�GHWHFWLQJ� DSSURSULDWH�
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*LOEHUW�

2YHUOD\� RI�0DQ��$�&�

0DQ��$� 0DQ��&�

)LJXUH� ��� $Q� RYHUOD\� RI� DQ� HQGR� �&M0DQ��$�� JUHHQ�� DQG� DQ� H[R�

�&M0DQ��&�� F\DQ�� ���PDQQDQDVH� IURP�&HOOYLEULR� MDSRQLFDV�� $� VPDOO�

H[WHQVLRQ� RI� WKH� ORRS� DW� WKH�GLVWDO� ��� VXEVLWH� SUHVHQWV� WZR� UHVLGXHV��

$VS����� DQG� /HX������ VKRZQ� LQ�VWLFN� IRUPDW� LQ�SXUSOH�� 7KHVH� UHVLGXHV�

SUHVHQW� D� VWHULF� EORFN� WKDW�SUHYHQWV� H[WHQVLRQ� RI� VXEVWUDWH� GLVWDO� WR�WKH�

VXJDU� ERXQG� DW� WKH���� VXEVLWH�� 7KH� UHVLGXHV� VKRZQ� LQ�GDUN� EOXH�� LQ�WKH�

VXUIDFH� UHSUHVHQWDWLRQV� RI� WKH�WZR�HQ]\PHV�� DUH�$VS����� LQ�&M0DQ��&�
DQG� WKH�HTXLYDOHQW� DPLQR� DFLG� �*OX������ LQ�&M0DQ��$��

WUDQVIHU�UHDFWLRQV� LQ�KHWHURORJRXV� KRVWV� �IRU�UHYLHZ�� VHH�

/LHSPDQ� HW�DO���������� ,W�LV�HYLGHQW� WKDW� LQ�WKH�QH[W� IHZ�

\HDUV� WKHUH�ZLOO� EH� UDSLG� DGYDQFHV� LQ�WKH�LGHQWLILFDWLRQ�
RI� JO\FRV\OWUDQVIHUDVH� JHQHV� WKDW� HQFRGH� SODQW� FHOO�

ZDOO�V\QWKHVL]LQJ� HQ]\PHV�� ,W�LV�KLJKO\� OLNHO\� WKDW�WKH�
UHVXOWDQW� GDWD�ZLOO� XQGHUSLQ� WKH�PXFK� QHHGHG� GHWDLOHG�
VWUXFWXUDO� DQG� ELRFKHPLFDO� LQIRUPDWLRQ� RI� WKHVH�SODQW�
FHOO�ZDOO� JOFRV\OWUDQVIHUDVHV��

&%06�

0LFURELDO� SODQW� FHOO�ZDOO� K\GURODVHV� GLVSOD\� FRP�

SOH[� PROHFXODU� DUFKLWHFWXUHV� LQ�ZKLFK� WKH� FDWDO\WLF�
PRGXOH� LV�DSSHQGHG�� E\� IOH[LEOH� OLQNHU� VHTXHQFHV�� WR�
RQH� RU�PRUH� &%0V� �IRU�UHYLHZ�� VHH� %RUDVWRQ� HW� DO���
������� ,Q�VRPH� RI� WKH����&%0� IDPLOLHV�� H[HPSOLILHG� E\�
&%0��� &%0���� DQG� &%0���� OLJDQG� VSHFLILFLW\� LV� LQ�
YDULDQW� �/LQGHU� DQG� 7HHUL�� ������ 6RXWKDOO� HW� DO��� ������

5DJKRWKDPD� HW�DO����������ZKLOH� LQ�VRPH� IDPLOLHV�� VXFK�
DV�&%0�� �&]M]HN� HW�DO��� ������ 3LUHV� HW�DO��� ������� &%0��

�%RUDVWRQ� HW�DO��� ����E��� DQG� &%0��� �7XQQLFOLIIH� HW�DO���
������0RQWDQLHU� HW� DO��� ����E��� FDUERK\GUDWH� UHFRJQL�
WLRQ� LV�KLJKO\� YDULDEOH�� ,Q�DGGLWLRQ� WR�GHILQLQJ� D�SK\�
ORJHQHWLF� UHODWLRQVKLS� EHWZHHQ� &%0V� E\� FOXVWHULQJ�
WKHVH�PRGXOHV� LQWR�VHTXHQFH�EDVHG� IDPLOLHV�� WKH\�KDYH�
DOVR� EHHQ� FODVVLILHG� LQWR� WKUHH� FDWHJRULHV� �W\SHV�$�� %��
DQG� &�� EDVHG� RQ� WKH� WRSRORJ\� RI� WKHLU� OLJDQG�ELQGLQJ�
VLWHV� DQG� WKHLU�PRGH� RI� OLJDQG� UHFRJQLWLRQ� �IRU�UHYLHZ��
VHH�%RUDVWRQ� HW�DO�� ������ )LJ�� ����

&%0V� KDYH� QRZ� EHHQ� GHVFULEHG� WKDW�ELQG� WR� WKH�

PDMRU� SRO\VDFFKDULGHV� IRXQG� LQ�WKH�SODQW� FHOO�ZDOO� �IRU�
UHYLHZ�� VHH� %RUDVWRQ� HW�DO��� �������ZKLOH� PRGXOHV� WKDW�

UHFRJQL]H� WKH� VLGH� FKDLQV� RI� WKHVH� SRO\PHUV�� DQG� WKH�

SURGXFWV� UHOHDVHG� WKURXJK� WKHLU�GHFRQVWUXFWLRQ�� KDYH�
DOVR� EHHQ� LGHQWLILHG� �1RWHQERRP� HW�DO���������0L\DQDJD�
HW� DO��� ������0RQWDQLHU� HW� DO�� ����E��� ,Q�JHQHUDO�� WKH�

OLJDQG� VSHFLILFLW\� RI� &%0V� UHIOHFWV� WKH� VXEVWUDWH�
FOHDYHG� E\� WKH� FRJQDWH� HQ]\PH� �GLVFXVVHG� IXUWKHU�

EHORZ��� 0DQ\� RI�WKHVH� HQ]\PHV�� KRZHYHU�� DOVR� FRQWDLQ�
D�&%0� WKDW�ELQGV� WR�FU\VWDOOLQH� FHOOXORVH� �.HOOHWW� HW�DO���
������0F.LH� HW�DO���������+RJJ� HW�DO���������� ,W�KDV� EHHQ�

VXJJHVWHG� WKDW�RQFH� ERXQG�� WKHVH� W\SH�$�PRGXOHV� DUH�
DEOH� WR�VOLGH� DFURVV� WKH�VXUIDFH� RI�FHOOXORVH� �-HUYLV�HW�DO���
������� HQDEOLQJ� WKH�VXEVWUDWH�VSHFLILF� W\SH�%� DQG� W\SH�
&� &%0V� WR� ORFN� RQWR� LWV� OLJDQG� DQG� WKXV� GLUHFW� WKH�

HQ]\PH� WR� LWV� WDUJHW�JO\FRVLGLF� ERQGV� �.HOOHWW� HW� DO���
�������

)ROG� 6XUIDFH�

&%0�D� 7\S$� &%0�D� 7\SH�$�

&%0� ���7\SH�%� &%0� ���7\SH�%�

&%0�� 7\SH�&� &%0�� 7\SH�&�

)LJXUH� ��� ([DPSOHV� RI� W\SH�$�� W\SH� %�� DQG� W\SH�&� &%0V�� &%0�D� LV�

GHULYHG� IURP� WKH�&HOOXORPRQDV� ILPL�[\ODQDVH� ;\QO2$� �3URWHLQ� 'DWD�

%DQN� >3'%@� ��;*��� &%0��� LV�D�FRPSRQHQW� RI� WKH�&�� MDSRQLFDV� [\ODQDVH�

;\Q��&� �3'%� �*1<��� DQG� &%0�� LV� IURP� D� 7KHUPRWRJD� PDULWLPD�

*+��� [\ODQDVH� �3'%� ������� 7KH� IROGV� DUH� UDPSHG� IURP� EOXH� �1�

WHUPLQXV�� WR� UHG� �&� WHUPLQXV��� 7KH� WKUHH� DURPDWLF� UHVLGXHV� WKDW� IRUP�D�

OLJDQG�ELQGLQJ� DSRODU� VXUIDFH� LQ�WKH�&%0�D� PRGXOH� DUH� FRORUHG� UHG�

DQG� DUH� VKRZQ� LQ� VWLFN� IRUPDW� LQ� WKH� UHVSHFWLYH� VXUIDFH� DQG� IROG�

GHSLFWLRQV� RI� WKH�SURWHLQ��
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6WUXFWXUH� RI�&HOO� :DOO�'HJUDGLQJ� (Q]\PHV�

,Q�JHQHUDO�� WKH�DIILQLW\�RI�&%0V� IRU�WKHLU�WDUJHW�SODQW�
GHULYHG� OLJDQGV� LV� ORZ� �.G�RI� DSSUR[LPDWHO\� ���� �MOP��
%RUDVWRQ� HW�DO���������� 6RPH� HQ]\PHV�� KRZHYHU�� FRQWDLQ�

PXOWLSOH� FRSLHV� RI�&%0V� WKDW�GLVSOD\� WKH� VDPH� VSHF�
LILFLW\��DQG� LQ� WKHVH� SURWHLQV�� DYLGLW\� HIIHFWV�EHWZHHQ�
WKHVH�PRGXOHV� KDYH� OHG� WR�LQFUHDVHG� DIILQLW\�IRU�SRO\�
VDFFKDULGHV� �%RODP� HW� DO��� ������ )UHHORYH� HW� DO��� ������
%RUDVWRQ� HW�DO�������D��� ,W�LV� LQWHUHVWLQJ� WKDW�QDWXUH� KDV�

GHSOR\HG� &%0� GXSOLFDWLRQ� DV� D�PHFKDQLVP� IRU� LQ�
FUHDVHG� DIILQLW\�UDWKHU� WKDQ� LQFUHDVLQJ� WKH�LQWHUDFWLRQV�
EHWZHHQ� OLJDQG� DQG� D� VLQJOH� &%0� PRGXOH�� ,W� LV�SRV�
VLEOH� WKDW�DV�&%0V� JHQHUDOO\� ELQG� WR�OLJDQGV� WKDW�DUH� LQ�
LQWLPDWH� FRQWDFW�ZLWK� RWKHU� FRPSRQHQWV� RI� WKH�SODQW�
FHOO�ZDOO�� VWHULF� FRQVWUDLQWV� SUHYHQW� H[WHQVLYH� LQWHUDF�
WLRQV�EHWZHHQ� WKH�SURWHLQ� DQG� WDUJHW�FDUERK\GUDWH��

3ODQW�&%0V�

&%0V� DUH� OHVV� SUHYDOHQW� DPRQJ� SODQW� JO\FRVLGH�
K\GURODVHV� WKDW� FOHDYH� VWUXFWXUDO� SRO\VDFFKDULGHV��
KRZHYHU�� VHYHUDO� &%0��� DQG� &%0��� PRGXOHV� DUH�

SUHVHQW� LQ�SODQW� FHOOXODVHV� DQG� [\ODQDVHV�� UHVSHFWLYHO\��
7KH� &%0��� PRGXOHV� DUH� ORFDWHG� LQ� D� VXEIDPLO\� RI�
*+�� SODQW� HQGRJOXFDQDVHV�� DQG� RQH� RI�WKHVH�PRGXOHV�
ZDV� VKRZQ� WR� ELQG� WLJKWO\� WR� FU\VWDOOLQH� FHOOXORVH�

�8UEDQRZLF]� HW�DO��� ������� ,W� LV�SRVVLEOH� WKDW� WKH�*+��

&%0���FRQWDLQLQJ� HQGRJOXFDQDVHV� SOD\� D�UROH� LQ�PRG�

XODWLQJ� WKH�VWUXFWXUH� RI�FU\VWDOOLQH� FHOOXORVH��

+2:� '2� &%06� 327(17,$7(� &$7$/<6,6"�

7KH�PHFKDQLVP� E\�ZKLFK� &%0V� SRWHQWLDWH� FDWDO\VLV�
UHPDLQV� XQFOHDU�� ,W�KDV� EHHQ� K\SRWKHVL]HG� WKDW�FHOOX�

ORVH�VSHFLILF� &%0V� PD\� SOD\� D�NH\� UROH� LQ�GLVUXSWLQJ�
WKH�RUGHUHG� K\GURJHQ�ERQGLQJ� QHWZRUN� LQ�FU\VWDOOLQH�
FHOOXORVH�� PDNLQJ� WKH�VXUIDFH� FKDLQV� DFFHVVLEOH� WR� WKH�

DSSHQGHG� FHOOXODVH� �.QRZOHV� HW�DO��� ������7HHUL�� �������
7KHUH� LV�ELRFKHPLFDO�� ELRSK\VLFDO�� DQG� PLFURVFRSLF�
GDWD� �'LQ� HW�DO��� ������:DQJ� HW�DO��������� LQGLFDWLQJ� WKDW�
&%0V� PHGLDWH� FKDQJHV� WR� WKH� VXUIDFH� VWUXFWXUH� RI�
FHOOXORVH�� )XUWKHUPRUH�� WKH�DGGLWLRQ� RI�&%0V� LQ�WUDQV�
WR� WKH� FRJQDWH� FDWDO\WLF�PRGXOH� KDV� OHG� WR�D�PRGHVW�

SRWHQWLDWLRQ� ������ WR� ����IROG�� LQ� FDWDO\WLF� DFWLYLW\�
DJDLQVW� LQVROXEOH� VXEVWUDWHV� �'LQ� HW� DO��� ������0RVHU�
HW� DO��� ������� &HOOXODVHV�� W\SLFDOO\� HQGRJOXFDQDVHV��
KRZHYHU�� DUH�RIWHQ���RUGHUV� RI�PDJQLWXGH� PRUH� DFWLYH�

DJDLQVW� VROXEOH� IRUPV�RI�FHOOXORVH� WKDQ� WKH�FU\VWDOOLQH�
SRO\VDFFKDULGH� �'XUUDQW� HW�DO��� ������ ,UZLQ� HW�DO��� �������
7KXV�� &%0V� DFWLQJ� LQ� WUDQV�KDYH� RQO\� D�PLQRU� LQIOX�
HQFH� RQ� WKH�DFFHVV� SUREOHP�� DOWKRXJK� WKLV�PLJKW� UHIOHFW�
WKH�GLVVRFLDWLRQ� RI� WKH� WDUJHWLQJ� DQG� �SRVVLEOH�� GLV�

UXSWLQJ� IXQFWLRQ� RI� WKHVH�PRGXOHV�� 2I� SRWHQWLDO� VLJ�
QLILFDQFH� LV�WKH�ORFDWLRQ� RI�FU\VWDOOLQH� FHOOXORVH�VSHFLILF�
&%0V� LQ�PDQ\� HQ]\PHV� WKDW� GLVSOD\� QR� FHOOXODVH�

DFWLYLW\� �.HOOHWW� HW�D/�� ������0F.LH� HW� DO��� ������+RJJ�
HW�DO��� ������9LQFHQW� HW�DO��� �������ZKLFK� DUJXHV� DJDLQVW�
WKHVH�PRGXOHV� KDYLQJ� D� VSHFLDOL]HG� IXQFWLRQ� LQ�FHOOX�
ORVH� GHJUDGDWLRQ�� $� PRUH� OLNHO\� H[SODQDWLRQ� IRU�WKH�

FDSDFLW\� RI�&%0V� WR�LQFUHDVH� WKH�DFWLYLW\� RI�JO\FRVLGH�

K\GURODVHV� DJDLQVW� LQVROXEOH� VXEVWUDWHV� LV� WKDW� WKH\�
UHGXFH� WKH� �DFFHVVLELOLW\� SUREOHP�� E\� EULQJLQJ� WKH�

DSSHQGHG� FDWDO\WLF� PRGXOHV� LQWR� LQWLPDWH� DQG� SUR�
ORQJHG� DVVRFLDWLRQ� ZLWK� WKHLU�WDUJHW�VXEVWUDWH�� WKHUHE\�
HQKDQFLQJ� FDWDO\WLF� HIILFLHQF\��

,Q� VHYHUDO� RUJDQLVPV�� KRZHYHU�� WKHUH� DUH� SRSXOD�
WLRQV� RI�&%0V� WKDW�DUH� QRW� FRPSRQHQWV� RI� HQ]\PHV��
DQG� WKHVH�PRGXOHV� PD\� GHVWDELOL]H� WKH� FU\VWDOOLQH�
VWUXFWXUH� RI� VRPH� SRO\VDFFKDULGHV�� 7KXV�� &%0����
ZKLFK� LV�KLJKO\� H[SUHVVHG� LQ�FKLWLQ�GHJUDGLQJ� EDFWHULD�
VXFK� DV� 6HUUDWLD�PDUFHVFHQV�� SRWHQWLDWHV� WKH� FKLWLQDVHV�
IURP� WKLV� RUJDQLVP�� SDUWLFXODUO\� GXULQJ� WKH� ODWWHU�

VWDJHV� RI� WKH�GHJUDGDWLYH� SURFHVV� ZKHQ� WKH�JO\FRVLGH�
K\GURODVHV� DUH�DWWDFNLQJ� KLJKO\� FU\VWDOOLQH� IRUPV�RI�WKH�

SRO\VDFFKDULGH� �9DDMH�.ROVWDG� HW� DO��� ����D��� 0RUH�
PRGHVW� SRWHQWLDWLRQ� RI� FHOOXODVHV� E\� �QRQFDWDO\WLF��
EDFWHULDO� &%0V� KDV� DOVR� EHHQ� UHSRUWHG� �0RVHU� HW�DO���
������� ZKLOH� LW�KDV� EHHQ� VXJJHVWHG� WKDW� VHYHUDO� QRQ�

FDWDO\WLF� IXQJDO� SURWHLQV� PD\� SOD\� D� UROH� LQ�SODQW� FHOO�
ZDOO� GLVUXSWLRQ�� ,W� LV�EHOLHYHG� WKDW� WKH�SULPDU\� IXQF�
WLRQ�RI�*+��V� �QRZ� HVWDEOLVKHG� DV� IXQJDO�QRQFDWDO\WLF�
FDUERK\GUDWH�ELQGLQJ� SURWHLQV�� LV�WR�GLVUXSW� SODQW� FHOO�
ZDOO� VWUXFWXUH� DQG� WKXV� LQFUHDVH� WKH�DFFHVV� RI�GHJUD�
GDWLYH� HQ]\PHV� WR� WKHLU� VXEVWUDWHV� �5RVJDDUG� HW� DO��
������ .DUNHKDEDGL� HW� DO��� ������ +DUULV� HW� DO��� �������
,QGHHG�� IXQJL� RIWHQ� FRQWDLQ� PXOWLSOH� FRSLHV� RI� WKLV�

SURWHLQ�� DQG� WKH\� DUH� FRH[SUHVVHG� ZLWK� D� UDQJH� RI�
FHOOXODVHV� �9DQGHQ�:\PHOHQEHUJ� HW�DO����������$QRWKHU�

SRWHQWLDO� IXQJDO� &%0��� DQDORJ� LV� VZROOHQLQ� IURP�
7ULFKRGHUPD� UHHVHL��ZKLFK� DSSHDUV� WR�KDYH� GLVUXSWLYH�
HIIHFWV� RQ� FHOOXORVH�� DOWKRXJK� UHFHQW� VWXGLHV� VXJJHVW�
WKDW�WKH�SURWHLQ�PD\� GLVSOD\� HQGRJO\FDQDVH� DFWLYLWLHV�

�<DR� HW�DO���������� ,Q�DGGLWLRQ� WR�PLFURRUJDQLVPV�� SODQWV�
�DQG� SODQW� FHOO�ZDOO�GHJUDGLQJ� QHPDWRGHV�� DOVR� SUR�
GXFH� SURWHLQV�� UHIHUUHG� WR�DV� H[SDQVLQV�� WKDW�PHGLDWH� D�
UHOD[DWLRQ� LQ�WKH�VWUXFWXUH� RI� WKH�FHOO�ZDOO� �IRU�UHYLHZ��
VHH�&RVJURYH�� ������� ([SDQVLQV� PHFKDQLFDOO\� ZHDNHQ�

SODQW� FHOO� ZDOOV� �0F4XHHQ�0DVRQ� DQG� &RVJURYH��
������� DQG� WKHLU�XVH� LQ� LPSURYLQJ� FHOOXODVH� HIILFLHQF\�
KDV� EHHQ� UHSRUWHG� �+DQ� DQG� &KHQ�� ������� &XUUHQWO\��
*+��V� DQG� H[SDQVLQV� DSSHDU� WR�GLVUXSW� WKH�FHOOXORVH�
KHPLFHOOXORVH� LQWHUIDFH��ZKLOH� WKH� IXQFWLRQDO� LPSRU�
WDQFH� RI�VZROOHQLQ� UHPDLQV� RSDTXH��
7KH� VWUXFWXUH� RI�D�&%0��� UHYHDOV� D�ELQGLQJ� VXUIDFH�

WKDW�FRQWDLQV� VHYHUDO� FRQVHUYHG� SRODU� UHVLGXHV� WKDW�DUH�

SLYRWDO� WR� WKH� V\QHUJLVWLF� HIIHFWV�RI� WKLV�SURWHLQ� ZLWK�
FKLWLQDVHV� �9DDMH�.ROVWDG� HW� DO��� ����E��� 6LJQLILFDQWO\��
PXWDWLRQV� WKDW�SUHYHQWHG� WKH�&%0��� IURP�SRWHQWLDW�
LQJ� FKLWLQDVH� DFWLYLW\� KDG� OLWWOH�HIIHFW�RQ� WKH� DIILQLW\�
RI� WKH�SURWHLQ� IRU�FKLWLQ��7KLV� OHG� WR�WKH�SURSRVDO� WKDW�
WKH� VSHFLILF� SRODU� LQWHUDFWLRQV� EHWZHHQ� FKLWLQ� DQG�
WKH�SURWHLQ� GLVUXSW� WKH�K\GURJHQ�ELQGLQJ� QHWZRUN� EH�
WZHHQ� LQGLYLGXDO� SRO\VDFFKDULGH� FKDLQV� �9DDMH�.ROVWDG�
HW� DO��� ����E��� 7KLV� FRXOG� DOVR� H[SODLQ� WKH� VSHFLILFLWLHV�
GLVSOD\HG� E\�&%0��� PRGXOHV�� 7KH� FU\VWDO� VWUXFWXUHV�RI�
*+��V� IURP�+\SRFUHD� MHFRULQD� �.DUNHKDEDGL� HW� DO���
������ DQG� 7KLHODYLD� WHUUHVWULV��+DUULV� HW�DO��������� UHYHDO�
D� VLPLODU� VXUIDFH� WR�&%0���� DJDLQ� SRLQWLQJ� WR�D� GLV�

UXSWLYH� IXQFWLRQ� IRU�WKHVH�SURWHLQV��
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*LOEHUW�

:KLOH� WKH�HIIHFWV�RI�QRQFDWDO\WLF� SURWHLQV� RQ� FHOOX�
ORVH� K\GURO\VLV�� WR� GDWH�� KDYH� EHHQ� GLVDSSRLQWLQJ��
FRQWLQXHG� HIIRUWV�DW� LGHQWLI\LQJ� WKH� IXQFWLRQDO� VLJQLI�
LFDQFH� RI�WKHVH�PROHFXOHV� LV�PHULWHG�� )RU� H[DPSOH�� LW�LV�

SRVVLEOH� WKDW� VSHFLILF� FRPELQDWLRQV� RI� WKHVH� SURWHLQV�
DUH� UHTXLUHG� WR� GLVUXSW� WKH� VWUXFWXUH� RI� FHOOXORVH��
ZKLOH�� FXUUHQWO\�� WKH� LQIOXHQFH� RI� WKHVH� DFFHVVRU\� SUR�
WHLQV�KDV� EHHQ� H[SORUHG� RQO\� LQ�LVRODWLRQ��

7+(�6758&785$/�%$6,6�)25�&%0�63(&,),&,7<�

7KH� WKUHH�GLPHQVLRQDO� VWUXFWXUHV� RI�UHSUHVHQWDWLYHV�
RI���� RI� WKH����&%0� IDPLOLHV� WKDW�WDUJHW� WKH�SODQW� FHOO�
ZDOO� KDYH� EHHQ� GHWHUPLQHG� �IRU�UHYLHZ�� VHH� %RUDVWRQ�
HW� DO��� ������� 7KH� YDVW� PDMRULW\� RI� WKHVH�PRGXOHV�

GLVSOD\� D� MHOO\� UROO� IROG� FRPSULVLQJ� WZR� DQWLSDUDOOHO�
���VKHHWV�WKDW�IRUP�WKH�WZR� VXUIDFHV� RI� WKHVH�SURWHLQV��
/LJDQG� ELQGLQJ� RFFXUV� RQ� WKH� FRQFDYH� VXUIDFH� SUHV�
HQWHG� E\� RQH� RI�WKH� M��VKHHWV� �%RUDVWRQ� HW�DO�������E�� RU�
LQ� WKH� ORRSV� WKDW� FRQQHFW� WKH� WZR� ���VKHHWV� �GHILQHG�
KHUHDIWHU� DV� VLWH����&]M]HN� HW�DO���������0RQWDQLHU� HW�DO���
����E���

&U\VWDOOLQH� &HOOXORVH� 5HFRJQLWLRQ�

&%0V� WKDW�ELQG� FU\VWDOOLQH� FHOOXORVH� FRQWDLQ� WKUHH�
DURPDWLF� DPLQR� DFLGV� WKDW� DGRSW� D� SODQDU� WRSRORJ\�
ZLWK� UHVSHFW� WR�HDFK� RWKHU� �.UDXOLV� HW�DO��� ������;X� HW�DO���
������ 7RUPR� HW� DO��� ������ 5DJKRWKDPD� HW� DO��� �������
7KHVH� UHVLGXHV� PDNH� H[WHQVLYH� K\GURSKRELF� FRQWDFWV�
ZLWK� IXOO\�H[SRVHG� VXJDU� ULQJV� SUHVHQWHG� DW� WKH� ����
IDFH�RI� FHOOXORVH� FU\VWDOV� �/HKWLR� HW�DO��� ������� /LJDQG�
UHFRJQLWLRQ� E\� WKHVH�&%0V� LV�GULYHQ� SULPDULO\� WKURXJK�
DQ� LQFUHDVH� LQ�HQWURS\�� UHVXOWLQJ� LQ�WKH�GHVROYDWLRQ� RI�
WKH� LQWHUDFWLQJ�PDFURPROHFXOHV� �&UHDJK� HW�DO��� �������
%\� FRQWUDVW�� HQWKDOS\� GULYHV� WKH�ELQGLQJ� RI�&%0V� WR�
GLVFUHHW� SRO\VDFFKDULGH� FKDLQV��ZKHUH� ERWK� SRODU� DQG�

DSRODU� LQWHUDFWLRQV� RFFXU��ZKLOH� HQWURS\�KDV� D�QHJDWLYH�
LPSDFW� RQ�RYHUDOO� DIILQLW\��&KDUQRFN� HW�DO������������D��
%RODP� HW�DO��� ������ %RUDVWRQ� HW�DO��� ����D�� ����E��� 7KH�

QHJDWLYH� HQWURS\�PD\� UHIOHFW� FRQIRUPDWLRQDO� UHVWULF�
WLRQ�RI� WKH� OLJDQG� ERXQG� WR�WKH�SURWHLQ�� ZKLFK� LV�QRW�

HQWLUHO\� RIIVHW�E\� WKH� UHOHDVH� RI� WLJKWO\�ERXQG� ZDWHU�
PROHFXOHV� �IRU� UHYLHZ�� VHH� %RUDVWRQ� HW� DO��� ������� ,W�
VKRXOG� EH� UHFRJQL]HG�� KRZHYHU�� WKDW� WKH� HQHUJHWLF�
IUHHGRP� RI� WKH�VROYDWLQJ� PROHFXOHV� RI� WKH�SURWHLQ� LV�D�

FRQWURYHUVLDO� LVVXH�� WKXV�� WKH�PROHFXODU� EDVLV� IRU�WKH�

WKHUPRG\QDPLF� IRUFHV�WKDW�GULYH� OLJDQG� UHFRJQLWLRQ� LQ�

W\SH�%�&%0V� UHPDLQV� XQFOHDU��

;\ODQ� YHUVXV� &HOOXORVH� 5HFRJQLWLRQ�

6XEWOH� FKDQJHV� LQ�VWUXFWXUH� FDQ� OHDG� WR� VLJQLILFDQW�
FKDQJHV� LQ�OLJDQG� VSHFLILFLW\��H[HPSOLILHG� E\�[\ODQ� DQG�
FHOOXORVH� VSHFLILFLW\�ZLWKLQ� &%0��� ZKLFK� LV�GHILQHG� E\�
WKH� FRQIRUPDWLRQ� DGRSWHG� E\� WKH� VXUIDFH� DURPDWLF�

UHVLGXHV�� ZKLFK� DUH� SHUSHQGLFXODU� LQ�[\ODQ�ELQGLQJ�
PRGXOHV� DQG� SODQDU� LQ� FHOOXORVH�ELQGLQJ� PRGXOHV�

�6LPSVRQ� HW�DO��� ������ ������� FRQVLVWHQW� ZLWK� WKH� FRQ�
IRUPDWLRQ� DGRSWHG� E\� WKH� WZR� SRO\VDFFKDULGHV�� 7KH�

SHUSHQGLFXODU� DUUDQJHPHQW� RI� VXUIDFH� 7USV� LQ�[\ODQ�
ELQGLQJ� &%0�V� LV�PHGLDWHG� E\� DQ� $UJ�� ZKLOH� LQ�

FHOOXORVH�ELQGLQJ� &%0�V�� WKH�EDVLF� UHVLGXH� LV�UHSODFHG�
E\� D�*O\�� HQDEOLQJ� WKH�7US� WR�FROODSVH� RQWR� WKH�VXUIDFH�
RI� WKH�SURWHLQ� DQG� DGRSW� D� SODQDU� RULHQWDWLRQ� ZLWK�

UHVSHFW� WR�WKH�RWKHU� DURPDWLF� UHVLGXHV� �6LPSVRQ� HW�DO���
�������:KLOH� WKH�SHUSHQGLFXODU� DUUDQJHPHQW� RI� DUR�
PDWLF� UHVLGXHV� LQ�[\ODQ�ELQGLQJ� &%0V� LV�D� FRPPRQ�

IHDWXUH��PRGXOHV� WKDW� UHFRJQL]H� WKH� KHPLFHOOXORVLF�

SRO\PHU� FDQ� DGRSW� GLIIHUHQW� OLJDQG�ELQGLQJ� VWUDWHJLHV��
7KXV�� LQ�&%0��� &%0��� DQG�&%0���� [\ODQ� UHFRJQLWLRQ�
LV�GRPLQDWHG� E\� D� VLQJOH� ;\O� UHVLGXH� WKDW� LV� VDQG�
ZLFKHG� EHWZHHQ� D� SDLU� RI�SODQDU� DURPDWLF� UHVLGXHV�
ZLWKLQ� D�GHHS� OLJDQG�ELQGLQJ� FOHIW� �&]M]HN� HW�DO��� ������
&KDUQRFN� HW�DO�������D�� 6LPSVRQ� HW�DO����������:KLOH� WKLV�

ELQGLQJ�PRGH� FRQIHUV�KLJKHU� DIILQLW\�IRU�LVRODWHG� [\ODQ�
FKDLQV�� &%0V� WKDW�UHFRJQL]H� [\ODQ� WKURXJK� WKH�DV\P�
PHWULF� GLVWULEXWLRQ� RI�DURPDWLF� UHVLGXHV� GLVSOD\� PRUH�
YHUVDWLOH� OLJDQG� UHFRJQLWLRQ�� WKH\�DUH�DEOH� WR�ELQG� WR�WKH�
KHPLFHOOXORVH� ZLWKLQ� LQ�D� YDULHW\� RI� WHUUHVWULDO� SODQW�
FHOO�ZDOOV�� D� VSHFLILFLW\�WKDW�LV�QRW�GLVSOD\HG�E\�WKH�
PRGXOHV� IURP�&%0��� &%0��� DQG� &%0��� �0F&DUWQH\�
HW�DO�� �������

7KH� 7RSRORJ\� RI�WKH�/LJDQG�%LQGLQJ� &OHIW�
,QIOXHQFHV� 6SHFLILFLW\�

:KLOH� &%0V� WKDW�ELQG� WR� LQWHUQDO� UHJLRQV� RI�SRO\�
VDFFKDULGHV� GLVSOD\� DQ� RSHQ� FOHIW�WRSRORJ\�� WKH�VKDSH�
RI�WKH�FOHIW�LQIOXHQFHV� VSHFLILFLW\� 7KLV� LV�H[HPSOLILHG� LQ�

&%0��� ZKHUH� VWUXFWXUDOO\� UHODWHG� PRGXOHV� ELQG� WR�
OLQHDU� M��O���SRO\VDFFKDULGHV�� VXFK� DV� FHOOXORVH�� RU�KLJKO\�
FXUYHG� VWUXFWXUHV�� VXFK� DV� �������JOXFDQ� �%RUDVWRQ�
HW�DO��� ����D��� ,Q�&I&%0��O�� ERWK� HQGV� RI� WKH�FOHIW�DUH�

RSHQ�� HQDEOLQJ� WKH�SURWHLQ� WR�ELQG� OLQHDU�JOXFDQ� FKDLQV�
VXFK� DV� FHOOXORVH�� +RZHYHU�� LQVHUWLRQV� LQ� WZR� ORRSV�
FRQIHU� D�8�VKDSH� WRSRORJ\� RQ� WKH� ORQJLWXGLQDO� D[LV� RI�
WKH�ELQGLQJ� FOHIW�RI�7P&%0����� ZKLFK� LV�FRPSOHPHQ�
WDU\�WR�WKH�FXUYHG� FRQIRUPDWLRQ� DGRSWHG� E\� LWV�OLJDQG��
�������JOXFDQ��$�PRUH� H[WUHPH� H[DPSOH� RI�KRZ� WRSR�
ORJLFDO� FKDQJHV� FDQ� FDXVH� D�GUDPDWLF� FKDQJH� LQ�OLJDQG�
VSHFLILFLW\� LV�HYLGHQW� LQ�VLWH� �� LQ�&%0�� PRGXOHV�� 7KLV�
VLWH�PD\� DGRSW� D�SRFNHW�OLNH� WRSRORJ\� DQG� WKXV� UHFRJ�
QL]H� WKH�WHUPLQL�RI�SRO\VDFFKDULGH� FKDLQV� �3LUHV� HW�DO���
������ RU�GLVSOD\� DQ� RSHQ� FOHIW�DQG� ELQG� WR�WKH� LQWHUQDO�

UHJLRQV� RI�[\ODQ� �&]M]HN� HW�DO��� ������� )URP� WKH�GLVFXV�
VLRQ� DERYH�� LW�LV�DSSDUHQW� WKDW�&%0V�� LQ�FRPPRQ� ZLWK�

OHFWLQV�� GLVSOD\� SUHIRUPHG� FDUERK\GUDWH�UHFRJQLWLRQ�
VLWHV� WKDW�PLUURU� WKH� VROXWLRQ� FRQIRUPDWLRQV� RI� WKHLU�

WDUJHW� OLJDQGV�� WKHUHE\�PLQLPL]LQJ� WKH�HQHUJHWLF� SHQ�
DOW\�SDLG�XSRQ�ELQGLQJ��

5HFRJQLWLRQ� RI�+HWHURJHQRXV� 3RO\PHUV�

*OXFRPDQQDQ� �FRQWDLQV� D� UDQGRP� GLVWULEXWLRQ� RI�

�������OLQNHG� G�0DQ� DQG� G�*�F� UHVLGXHV�� SUHVHQWV� D�

VLJQLILFDQW� FKDOOHQJH� ZLWK� UHVSHFW� WR�&%0� VSHFLILFLW\��
:KLOH� PDQQDQ�VSHFLILF� &%0V� UHFRJQL]H� WKH� UHJLRQV�
RI�JOXFRPDQQDQ� FRQWDLQLQJ� VXFFHVVLYH� 0DQ� UHVLGXHV�

�7XQQLFOLIIH� HW� DO��� ������� WZR�&%0� IDPLOLHV�� &%0���
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6WUXFWXUH� RI�&HOO� :DOO�'HJUDGLQJ� (Q]\PHV�

DQG� &%0���� FRQWDLQ� SURWHLQV� WKDW�GLVSOD\� VSHFLILFLW\�
IRU�WKH�KHWHURJHQRXV� SRO\PHU� LQ�DGGLWLRQ� WR�FHOOXORVH�
DQG�PDQQDQ�� ,Q� WKHVH�PRGXOHV�� WKH�DURPDWLF� UHVLGXHV�
LQ�WKH�ELQGLQJ� FOHIW�PDNH� SODQDU� FRQWDFWV�ZLWK� VXJDUV�
DW�Q�DQG� Q��� �� DQG� WKXV� DYRLG� VWHULF� FODVKHV� ZLWK� WKH�
D[LDO���� LQ�WKH�0DQ� UHVLGXHV�� ,Q�DGGLWLRQ�� VHYHUDO� SRODU�
UHVLGXHV� DUH� FDSDEOH� RI�PDNLQJ� K\GURJHQ� ERQGV� ZLWK�
WKH�D[LDO� RU�HTXDWRULDO� ��� RI�0DQ� RU�*OF�� UHVSHFWLYHO\��
ZKLOH� DW� RWKHU� VXJDU�ELQGLQJ� VXEVLWHV�� ��� LV�QRW� D�

VSHFLILFLW\� GHWHUPLQDQW� �&KDUQRFN� HW� DO��� ����D�� %DH�
HW�DO��� ������� &%0V� KDYH� DOVR� EHHQ� VKRZQ� WR�KDUQHVV�
ERWK� WKH�EDFNERQH� DQG� VLGH� FKDLQ� RI�GHFRUDWHG� JOXFDQV�
VXFK� DV� [\ORJOXFDQ� �1DMPXGLQ� HW�DO���������� 6SHFLILFLW\�
IRU�WKLV�SRO\PHU� KDV� DOVR� EHHQ� HQJLQHHUHG� LQWR�D�[\ODQ�
VSHFLILF�PRGXOH� �*XQQDUVVRQ� HW�DO����������ZKLOH� UHFHQW�
VWUXFWXUDO� LQIRUPDWLRQ� RQ� WKLV�SURWHLQ� SURYLGHV� LQVLJKW�
LQWR� KRZ� WKH� REVHUYHG� FKDQJH� LQ� VSHFLILFLW\� ZDV�
DFKLHYHG� �*XOOIRW� HW�DO��� �������

&DOFLXP�

&%0V�� ZKLFK� GLVSOD\� D� MHOO\� UROO� IROG�� FRQWDLQ� D�

KLJKO\� FRQVHUYHG� VWUXFWXUDO� FDOFLXP� �IRU�UHYLHZ�� VHH�
%RUDVWRQ� HW�DO��� ������� )XUWKHUPRUH�� WKHUH�DUH� LQFUHDV�

LQJ�H[DPSOHV� RI�&%0V� ZKHUH� FDOFLXP� SOD\V� D�GLUHFW� RU�
LQGLUHFW� UROH� LQ� OLJDQG� UHFRJQLWLRQ� LQ�VLWH� ���7KXV�� LQ�

$JDO�%�&%0����� FDOFLXP� RULHQWDWHV� D�7\U� VXFK� WKDW� LW�
FDQ� LQWHUDFW�ZLWK� WKH�QHRDJDURVH� OLJDQG� �+HQVKDZ�
HW� D/�� ������� ZKLOH� LQ�&%0��� �DQG� D� VHFRQG� [\ODQ�
VSHFLILF� &%0�� +�-�� *LOEHUW�� XQSXEOLVKHG� GDWD��� WKH�
PHWDO� LRQ� FRRUGLQDWHV� ZLWK� WKH���� DQG� ��� RI�;\O�
UHVLGXHV� ZLWKLQ� [\ODQ� �-DPDO�7DODEDQL� HW�DO��� ������� $�
FRKRUW� RI� VL[� &%0��V� �WKUHH� RI� WKHVH�PRGXOHV� DUH�
LGHQWLFDO� EXW� DUH� ORFDWHG� LQ�GLIIHUHQW�[\ODQ�GHJUDGLQJ�
HQ]\PHV�� ZHUH� UHFHQWO\� VKRZQ� WR�ELQG� WR�XURQLF� DFLGV��
ZKHUH� FDOFLXP�PDNHV� FULWLFDO� HOHFWURVWDWLF� LQWHUDFWLRQV�
ZLWK� WKH�&�� FDUER[\ODWH� �0RQWDQLHU� HW� DO��� ����E���
6XEWOH� GLIIHUHQFHV� LQ� WKH� OLJDQG�ELQGLQJ� VLWH� LQ� WKLV�
FRKRUW�RI�&%0��V� FRQIHU�GLIIHUHQFHV� LQ�OLJDQG� VSHFLILF�
LW\��7KH�PRGXOHV� GHULYHG� IURP�WKH�SHFWLQ�PHWDEROL]LQJ�
HQ]\PHV� ELQG� RQO\� WR�$����DQK\GURJDODFWXURQLF� DFLG��
ZKLOH� WKH� RWKHU� &%0��V� UHFRJQL]H� ERWK� WKH�SHFWLQ�
GHJUDGDWLRQ� SURGXFW� DQG� *OF8$� �0RQWDQLHU� HW� DO���
����E���

'8$/� &$7$/<7,&� $1'� 121&$7$/<7,&� %,1',1*�
)81&7,216� )25� $1� (67(5$6(�

:LWKLQ� WKH�FRQWH[W�RI�SODQW� FHOO�ZDOO� GHJUDGDWLRQ�� WKH�

FDWDO\WLF� DQG� &%0� IXQFWLRQV� DUH� FRQIHUUHG� E\�GLVFUHWH�

UHJLRQV� RI� WKH�PXOWLPRGXODU� HQ]\PHV� WKDW� FDWDO\]H�
WKLV�SURFHVV�� 5HFHQWO\�� KRZHYHU�� D�&(�� HVWHUDVH�� &W&(���
ZKLFK� LV� DSSHQGHG� WR� D� *+�� HQGRJOXFDQDVH�� ZDV�
VKRZQ� WR�KDYH� D�QRQFDWDO\WLF� FHOOXORVH�ELQGLQJ� IXQF�
WLRQ� LQ�DGGLWLRQ� WR�GLVSOD\LQJ� HVWHUDVH� DFWLYLW\�� RWKHU�

PRGXOHV� LQ� WKLV� HVWHUDVH� IDPLO\� �ZKLFK� DUH� QRW�

DSSHQGHG� WR�RWKHU� FDWDO\WLF�PRGXOHV�� GR�QRW� UHFRJQL]H�
FHOOXORVH�� 7KH� FU\VWDO� VWUXFWXUH� RI�&W&(�� VKRZV� WKDW�
FHOOXORVH� ELQGV� WR�WKH�DFWLYH� VLWH�RI�WKH�HVWHUDVH� WKURXJK�

K\GURSKRELF� LQWHUDFWLRQV�ZLWK� WKUHH�DURPDWLF� UHVLGXHV�
DQG� E\� K\GURJHQ� ERQGV� ZLWK� FRPSRQHQWV� RI� WKH�

FDWDO\WLF� DSSDUDWXV�� 7KH� FU\VWDO� VWUXFWXUHV� RI� RWKHU�
&(�� HVWHUDVHV� VKRZHG� WKDW�WKHVH� HQ]\PHV� ODFN�RQH� RU�
PRUH� RI� WKH� WKUHH� DURPDWLF� UHVLGXHV�� H[SODLQLQJ� ZK\�
WKH\�GR� QRW� UHFRJQL]H� FHOOXORVH�� 7KH� &(�� IDPLO\� HQ�

FDSVXODWHV� WKH� UHTXLUHPHQW� IRU�PXOWLSOH� DFWLYLWLHV� E\�
ELRFDWDO\VWV� WKDW� DWWDFN� FKDOOHQJLQJ� PDFURPROHFXODU�
VXEVWUDWHV� VXFK� DV� WKH�SODQW� FHOO�ZDOO�� LQFOXGLQJ� WKH�

JUDIWLQJ� RI�D� VHFRQG�� SRZHUIXO�� DQG� GLVFUHWH� QRQFDWD�

O\WLF�ELQGLQJ� IXQFWLRQDOLW\� LQWR� WKH� DFWLYH� VLWH� RI� DQ�

HQ]\PH�� 7KLV� UHSRUW�SURYLGHV� D� UDUH�H[DPSOH� RI��JHQH�
VKDULQJ�� �0RQWDQLHU� HW�DO�������D���ZKHUH� WKH�LQWURGXF�
WLRQ�RI�D� VHFRQG� IXQFWLRQDOLW\� LQWR� WKH�DFWLYH� VLWH�RI�DQ�

HQ]\PH� GRHV� QRW� FRPSURPLVH� WKH�RULJLQDO� DFWLYLW\� RI�
WKH�ELRFDWDO\VW� �)LJ������

)81&7,21$/� 6,*1,),&$1&(� )25� &%0�
/,*$1'� 5(&2*1,7,21�

$V� GLVFXVVHG� DERYH�� W\SH�%�&%0V� JHQHUDOO\� ELQG� WR�
VXEVWUDWHV� RI� WKH�FDWDO\WLF�PRGXOHV�� ([FHSWLRQV� WR�WKLV�
UXOH� LQFOXGH� D�[\ODQDVH�GHULYHG� &%0��� ZKLFK� ELQGV� WKH�

UHGXFLQJ� HQG� RI�[\ODQ� RU� FHOOXORVH� �1RWHQERRP� HW�DO���
������� ZKLOH� &%0��V�� ORFDWHG� LQ�SHFWLQ�PHWDEROL]LQJ�
HQ]\PHV�� ELQG� WR�WKH�UHDFWLRQ� SURGXFWV� JHQHUDWHG� E\�
SHFWDWH� O\DVHV� �0RQWDQLHU� HW� DO��� ����E��� ,W�ZRXOG�

DSSHDU�� WKHUHIRUH�� WKDW� WKHVH�&%0V� DUH� UHFUXLWLQJ� HQ�

]\PHV� WR� UHJLRQV� RI� WKH� FHOO�ZDOO� ZKHUH� WKH� WDUJHW�
VXEVWUDWHV� IRU�WKH�DSSHQGHG� HQ]\PHV� DUH�XQGHUJRLQJ�
GHJUDGDWLRQ�� WKXV�� LQ�D� VHQVH�� WKH�PRGXOHV� DUH�GLUHFW�

LQJ�WKH�FDWDO\WLF� DSSDUDWXV� WR�DUHDV� RI�WKH�ZDOO� WKDW�DUH�

VXVFHSWLEOH� WR�GHJUDGDWLRQ�� 7KH� &%0��� DSSHQGHG� WR�
WKUHH�[\ODQ�GHJUDGLQJ� HQ]\PHV� ELQGV� WR�ERWK�*OF8$�

�*OF$�� DQG� WKH�XQVDWXUDWHG� SURGXFW� UHOHDVHG� E\� SHF�
WDWH� O\DVHV� EXW� QRW� WR���2�PHWK\O�'�*OF8$�� WKH�PRUH�
FRPPRQ� XURQLF� DFLG� IRXQG� LQ�[\ODQV�� 7KH� ELRORJLFDO�
UDWLRQDOH� IRU�WKLV�GXDO� VSHFLILFLW\� LV�XQFOHDU�� ,W�KDV� EHHQ�

SURSRVHG� WKDW�LQ�PRGHO� SODQWV�� VXFK� DV�$UDELGRSVLV�� LQ�

UDSLGO\� GLYLGLQJ� FHOOV� WKHUH�DUH� VLJQLILFDQW� TXDQWLWLHV� RI�

XQPHWK\ODWHG� *OF$� �3HQD� HW�DO��� ������� 7KLV� KDV� OHG� WR�
WKH�K\SRWKHVLV� WKDW��E\� WDUJHWLQJ� XQPHWK\ODWHG� *OF$��
WKH�&%0� LV�GLUHFWLQJ� HQ]\PHV� WR�PRUH� RSHQ� VWUXFWXUHV�
WKDW�DUH� SDUWLFXODUO\� VXVFHSWLEOH� WR�HQ]\PH� GHJUDGD�
WLRQ�� ,W�LV�SRVVLEOH� WKDW�WKLV�FRKRUW� RI�&%0��V� LQLWLDOO\�
GLUHFW� WKH�[\ODQ�GHJUDGLQJ� DSSDUDWXV� WR�UHJLRQV� RI�FHOO�
ZDOOV� WKDW� DUH� EHLQJ� DFWLYHO\� GHJUDGHG�� IRU�ZKLFK�

DQK\GURJDODFWXURQLF� LV�D�PDUNHU�� EXW�� DV� [\ODQ� VWUXF�
WXUHV� DUH� UHYHDOHG�� WKH� HQ]\PH� LV� VKXWWOHG� RQWR� WKH�
KHPLFHOOXORVLF� SRO\VDFFKDULGH�� DIIRUGLQJ� WKH�HQ]\PH�
DFFHVV� WR�LWV�WDUJHW�VXEVWUDWH� �0RQWDQLHU� HW�DO��� ����E���
5HFHQW� VWXGLHV� KDYH� DOVR� VKRZQ� WKDW�&%0V� FDQ� GLV�

SOD\� D�EDFWHULDO� DQFKRULQJ� IXQFWLRQ��7KXV�� WKH�&%0���
IURP�WKH�$P\ZODWRSVLV� RULHQWDOLV�H[R����L!JOXFRVDPLQLGDVH�
�&KL�&%0���� WHWKHUV� WKH�HQ]\PH� WR�WKH�FHOO�ZDOO� RI�WKH�
EDFWHULXP� �0RQWDQLHU� HW�DO�������E��� 6LPLODUO\�� D� IDPLO\�
RI�&%0V� XQLTXH� WR�5XPLQRFRFFXV� DOEXV��ZKLFK� ELQG� WR�D�
ZLGH� VSHFWUXP� RI� ���OLQNHG�SODQW� VWUXFWXUDO� SRO\VDF�
FKDULGHV� �&%0����� DQFKRU� WKHLU�FRJQDWH� HQ]\PHV� WR�WKH�

3ODQW� 3K\VLRO�� 9RO�� ����� ����� ����
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*LOEHUW�

&W&(�� IROG�

&W&(�� VXUIDFH�

$FWLYH�VLWH�RI�&(�� HVWHUDVHV�

)LJXUH� ��� 7KH� VWUXFWXUDO� IHDWXUHV�RI� WKH�DFWLYH� VLWH�RI�4&(�� WKDW�GLVSOD\V�
HVWHUDVH� DQG� D�&%0� IXQFWLRQ�� 7KH� FDWDO\WLF� PRGXOH� RI�4&(�� FRQWDLQV�
WZR� GLVFUHWH� GRPDLQV� WKDW�GLVSOD\� D� W\SLFDO� R9���K\GURODVH� IROG� �EOXH���
HYLGHQW� LQ�6HU� HVWHUDVHV�� DQG� D� MHOO\� UROO� IROG� �UHG��� UHVSHFWLYHO\�� 7KH�

VXUIDFH� UHSUHVHQWDWLRQ� RI�4&(�� UHYHDOV� D� FOHIW� WKDW� DFFRPPRGDWHV�

FHOORSHQWDRVH� �VKRZQ� LQ�\HOORZ�� DQG� KRXVHV� WKH� DFWLYH� VLWH� RI� WKH�
HVWHUDVH�� 7KH� WKUHH� DURPDWLF� UHVLGXHV� WKDW�SOD\� D� NH\� UROH� LQ�ELQGLQJ�
FHOOXORVH� DUH� VKRZQ� LQ�UHG��7KH� DFWLYH� VLWH�RI� WKUHH�&(�� HVWHUDVHV� VKRZ�

FHOORSHQWDRVH� �JUD\�� DQG� WKH� WKUHH� DURPDWLF� UHVLGXHV� �JUHHQ�� IURP�

4&(��� WKH� WZR� DURPDWLF� UHVLGXHV� �PDJHQWD�� LQ�&M&(�%�� DQG� WKH�VLQJOH�
DURPDWLF� DPLQR� DFLG� �\HOORZ�� LQ�&M&(�$�� $OO� WKUHH� HQ]\PHV� DUH� 6HU�

HVWHUDVHV�� DQG� WKH�FDWDO\WLF� WULDG� �6HU������ +LV������ $VS������ RI�&(�$� LV�

GLVSOD\HG� LQ�\HOORZ��

VXUIDFH� RI�WKH�EDFWHULXP� �(]HU� HW�DO���������� 7KH� ELRORJ�
LFDO� UDWLRQDOH� IRU�WKLV�&%0� IXQFWLRQ� DSSHDUV� WR�EH� WR�

NHHS� WKH�HQ]\PHV� LQ�FORVH� SUR[LPLW\� WR�WKH�EDFWHULXP��
+RZHYHU�� (]HU� HW�DO�� ������� DOVR� SURSRVHG� D�PRGHO� LQ�
ZKLFK� WKH�&%0��� DFWV� DV� D� VKXWWOH� WKDW� WUDQVIHUV� WKH�

DSSHQGHG� HQ]\PHV� IURP� WKH� EDFWHULDO� VXUIDFH� WR�
WKH�SODQW� FHOO�ZDOO�� ,Q�DQ\� HYHQW�� WKHVH� UHFHQW� UHSRUWV�
RI�WKH�FHOO�DGKHVLRQ� UROH�RI�&%0V�� ZKLFK� ZDV� SUHYLRXVO\�
XQFRQVLGHUHG�� PD\� SURYH� WR�IDFWRU�SURPLQHQWO\� LQ�WKH�
IXQFWLRQ�RI�WKHVH�SURWHLQ�PRGXOHV� LQ�WKH�IXWXUH��
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,Q� WKH� ODVW� ��� \HDUV�� WKHUH� KDYH� EHHQ� VLJQLILFDQW�
DGYDQFHV� LQ�WKH� WKUHH�GLPHQVLRQDO� VWUXFWXUDO� DQDO\VLV�
RI�SODQW� FHOO�ZDOO�GHJUDGLQJ� HQ]\PHV�� 7KH� GDWD� KDYH�
LQIRUPHG� RXU�XQGHUVWDQGLQJ� RI�WKH�PHFKDQLVP� RI�ERWK�

FDWDO\VLV� DQG� VXEVWUDWH� UHFRJQLWLRQ�� ZKLFK� KDV� OHG� WR�
WKH� LGHQWLILFDWLRQ� RI� QXPHURXV� �VSHFLILFLW\� PRWLIV���
VRPH� RI�ZKLFK� DUH� GHVFULEHG� LQ� WKLV� DUWLFOH�� ,W� LV�
HYLGHQW�� KRZHYHU�� WKDW� WKH�H[SORVLRQ� RI�JHQRPLF� DQG�

PHWDJHQRPLF� LQIRUPDWLRQ� LV�UHVXOWLQJ� LQ�DQ� H[SRQHQ�
WLDO� LQFUHDVH� LQ� WKH� LGHQWLILFDWLRQ� RI�&$=\� HQ]\PHV��
7KLV� KDV� UHVXOWHG� LQ�D� VLJQLILFDQW� LPEDODQFH� EHWZHHQ�
WKH�QXPEHU� RI� HQ]\PHV� LQ�&$=\� IDPLOLHV� DQG� WKH�
ELRFKHPLFDO�VWUXFWXUDO� DQDO\VLV� RI� WKHVH� SURWHLQV�� ,Q�

GHHG�� RQO\� DURXQG� ��� RI� WKH�SURWHLQV� LQ�&$=\� KDYH�
D� FKDUDFWHUL]HG� ELRFKHPLFDO� DFWLYLW\�� ZKLOH� WKUHH�
GLPHQVLRQDO� VWUXFWXUDO� LQIRUPDWLRQ� LV�RQO\� DYDLODEOH�
IRU������ RI� WKHVH� HQ]\PHV� �&DQWDUHO� HW�DO��� ������� ,W�LV�
HVWLPDWHG� WKDW�ZH� FDQ� VDIHO\� SUHGLFW� WKH�DFWLYLWLHV� RI�
QR�PRUH� WKDQ� ���� RI� WKH�SURWHLQV� ZLWKLQ� &$=\�� 7KH�
VLWXDWLRQ� LV�FRPSRXQGHG� IXUWKHU�E\� WKH�GLIILFXOWLHV� LQ�

GHWHUPLQLQJ� WKH�ELRFKHPLFDO� SURSHUWLHV� RI�SODQW� FHOO�

ZDOO�GHJUDGLQJ� HQ]\PHV�� ZKHUH� WKH� FKHPLFDO� FRP�

SOH[LW\� DQG� UHTXLUHPHQW� IRU�D�KLHUDUFKLFDO� GHJUDGDWLYH�
SURFHVV� FUHDWH� VLJQLILFDQW� IXQFWLRQDO� EDUULHUV��1RWZLWK�

VWDQGLQJ� WKHVH� SUREOHPV�� FRQWLQXHG� ELRFKHPLFDO� DQG�
VWUXFWXUDO� LQIRUPDWLRQ� LV�XUJHQWO\� UHTXLUHG� LI�ZH� DUH� WR�

IXOO\�LQWHJUDWH� LQIRUPDWLRQ� REWDLQHG� IURP�WKH��RPLFV��

WHFKQRORJLHV� WR�XQGHUVWDQG� WKH�ELRORJ\� RI�SODQW� FHOO�
ZDOO� GHFRQVWUXFWLRQ�� ,QGHHG�� LQWHJUDWLQJ� VWUXFWXUH��
IXQFWLRQ�� DQG� SK\ORJHQHWLFV� WR� GHYHORS� SUHGLFWLYH�
PRGHOV� IRU�OLJDQG�VXEVWUDWH� VSHFLILFLW\� LV�DQ� LPSRUWDQW�
JRDO� IRU� VWUXFWXUDO� ELRORJLVWV� ZRUNLQJ� RQ� SODQW� FHOO�

ZDOO�PRGLI\LQJ� HQ]\PHV�� $Q� H[DPSOH� RI�VXFK� DQ� DQDO�

\VLV�ZDV� GHYHORSHG� UHFHQWO\� E\� $EERWW� HW� DO�� ��������
'HSOR\LQJ� &%0�� DV� D�PRGHO� V\VWHP�� WKH\�ZHUH� DEOH� WR�

LGHQWLI\� WZR� UHJLRQV� WKDW�DSSHDU� WR�EH� �KRW� VSRWV�� RI�

SULPDU\� DQG� WHUWLDU\�VWUXFWXUH�YDULDWLRQ�� ZKLFK� FRQIHU�
IXQFWLRQDO� VSHFLILFLW\� LQ�WKHVH�PRGXOHV�� D�YLHZ� VXSSRUWHG�
E\� WKH�UHFHQW�FKDUDFWHUL]DWLRQ� RI�D�;\O�VSHFLILF� &%0��� $�
PRUH� JHQHUDO� SK\ORJHQHWLF� DQDO\VLV� RI�HQGRJOXFDQDVHV�
EHORQJLQJ� WR�VHYHUDO� *+V� ZDV� DOVR� LQVLJKWIXO� LQ�SUR�
YLGLQJ� D�SUHGLFWLYH� SODWIRUP� IRU�JO\FRVLGH� K\GURODVH�
DFWLYLWLHV� �9ODVHQNR� HW�DO��� ������� $V� GLVFXVVHG� DERYH��
WKH�FKDUDFWHUL]DWLRQ� RI�JO\FRV\OWUDQVIHUDVHV� WKDW�FDWD�

O\]H� WKH�V\QWKHVLV� RI�SODQW� VWUXFWXUDO� SRO\VDFFKDULGHV�
UHSUHVHQWV� WKH�ELJJHVW� FKDOOHQJH� LQ�WKH�FHOO�ZDOO� ILHOG�� ,W�
LV�HYLGHQW� WKDW�D� VLJQLILFDQW� LQYHVWPHQW� LV�UHTXLUHG� WR�

GHYHORS� RXU� XQGHUVWDQGLQJ� RI� WKH� VWUXFWXUH�IXQFWLRQ�

UHODWLRQVKLSV� RI�WKHVH�HQ]\PHV�� ZKLFK� LV�HVVHQWLDO� LI�ZH�
DUH� WR�IXOO\�XQGHUVWDQG� WKH�PHFKDQLVP� IRU�WKH�ELRJHQ�
HVLV� RI� WKH�SODQW� FHOO�ZDOO��
5HFHLYHG� 0DUFK� ���������� DFFHSWHG� $SULO� ����������SXEOLVKHG� $SULO� ����������
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$EERWW� ':�� %RUDVWRQ� $%� �������$� IDPLO\���SHFWDWH� O\DVH� GLVSOD\V� D� UDUH�
IROG� DQG� WUDQVLWLRQ�PHWDO�DVVLVWHG� EHWD�HOLPLQDWLRQ�� -�%LRO� &KHP� �����
������������

���� 3ODQW� 3K\VLRO�� 9RO�� ����� �����
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6WUXFWXUH� RI�&HOO� :DOO�'HJUDGLQJ� (Q]\PHV�

$EERWW� ':�� )LFNR�%OHDQ� (�� YDQ� %XHUHQ� $/�� 5RJRZVNL� $�� &DUWPHOO� $��
&RXWLQKR� 30��+HQULVVDW� %��*LOEHUW� +-��%RUDVWRQ� $%� �������$QDO\VLV� RI�
WKH�VWUXFWXUDO�DQG� IXQFWLRQDO�GLYHUVLW\� RI�SODQW� FHOO�ZDOO� VSHFLILF� IDPLO\���

FDUERK\GUDWH� ELQGLQJ�PRGXOHV�� %LRFKHPLVWU\� ���� ������������
$PDQR� <�� 6KLURLVKL� 0�� 1LVL]DZD� .�� +RVKLQR� (��.DQGD� 7� ������� )LQH�

VXEVWUDWH� VSHFLILFLWLHV�RI� IRXU�H[R�W\SH� FHOOXODVHV� SURGXFHG� E\�$VSHUJLOOXV�
QLJHU��7ULFKRGHUPD�UHHVHL��DQG� ,USH[�ODFWHXV�RQ� ��""���� �O�!���EHWD�'�JOXFDQV�
DQG�[\ORJOXFDQ�� -�%LRFKHP� ��������������

$UPDQG� 6��'URXLOODUG� 6�� 6FKXOHLQ� 0�� +HQULVVDW� %��'ULJXH]� +� �������$�
ELIXQFWLRQDOL]HG� IOXRURJHQLF� WHWUDVDFFKDULGH� DV� D� VXEVWUDWH� WR� VWXG\�
FHOOXODVHV�� -�%LRO� &KHP� ����� ����������

%DH� %��2KHQH�$GMHL� 6��.RFKHUJLQVND\D� 6��0DFNLH� 5O�� 6SLHV� 0$�� &DQQ�

,.2��1DLU� 6.� �������0ROHFXODU� EDVLV� IRU�WKH�VHOHFWLYLW\� DQG� VSHFLILFLW\�RI�

OLJDQG� UHFRJQLWLRQ� E\� WKH�IDPLO\����FDUERK\GUDWH�ELQGLQJ� PRGXOHV� IURP�
7KHUPRDQDHUREDFWHULXP� SRO\VDFFKDURO\WLFXP�0DQ$�� -�%LRO� &KHP� �����
������������

%DXPDQQ� 0-�� (NORI� -0��0LFKHO� *�� .DOODV� $0�� 7HHUL� 77�� &]M]HN� 0��
%UXPHU� +� +,� ������� 6WUXFWXUDO� HYLGHQFH� IRU�WKH�HYROXWLRQ� RI�[\ORJOX�
FDQDVH� DFWLYLW\� IURP�[\ORJOXFDQ� HQGR�WUDQVJO\FRV\ODVHV�� ELRORJLFDO� LP�

SOLFDWLRQV� IRU�FHOO�ZDOO� PHWDEROLVP�� 3ODQW� &HOO� ���� ����������
%RODP� '1�� ;LH� +��:KLWH� 3��6LPSVRQ� 3-��+DQFRFN� 60��:LOOLDPVRQ� 03��

*LOEHUW� +-� �������(YLGHQFH� IRU�V\QHUJ\�EHWZHHQ� IDPLO\��E�FDUERK\GUDWH�
ELQGLQJ� PRGXOHV� LQ�&HOOXORPRQDV� ILPL�[\ODQDVH� ��$��%LRFKHPLVWU\� ����
����������

%RUDVWRQ� $%�� %RODP� '1�� *LOEHUW� +-��'DYLHV� *-� ������� &DUERK\GUDWH�
ELQGLQJ� PRGXOHV�� ILQH�WXQLQJ� SRO\VDFFKDULGH� UHFRJQLWLRQ�� %LRFKHP� -�
����� ��������

%RUDVWRQ� $%��0F/HDQ� %:��&KHQ� *�� /L�$��:DUUHQ� 5$��.LOEXUQ� '*� �����D��

&R�RSHUDWLYH� ELQGLQJ� RI�WULSOLFDWH� FDUERK\GUDWH�ELQGLQJ� PRGXOHV� IURP�
D� WKHUPRSKLOLF� [\ODQDVH�� 0RO� 0LFURELRO� ���� ��������

%RUDVWRQ� $%�� 1XUL]]R� '�� 1RWHQERRP� 9��'XFURV� 9�� 5RVH� '5�� .LOEXUQ�

'*�� 'DYLHV� *-� �����E��'LIIHUHQWLDO�ROLJRVDFFKDULGH� UHFRJQLWLRQ�E\�HYROX�

WLRQDULO\�UHODWHG�EHWD����� DQG� EHWD����� JOXFDQ�ELQGLQJ� PRGXOHV�� -�0RO� %LRO�
����� ����������

&DQWDUHO� %/��&RXWLQKR� 30�� 5DQFXUHO� &��%HUQDUG� 7��/RPEDUG� 9��+HQULVVDW�
%� �������7KH�&DUERK\GUDWH�$FWLYH� (Q=\PHV� GDWDEDVH� �&$=\��� DQ�H[SHUW�
UHVRXUFH� IRU�JO\FRJHQRPLFV�� 1XFOHLF� $FLGV� 5HV� ����'����'����

&DUWPHOO� $�� 7RSDNDV� (��'XFURV� 90�� 6XLWV�0'�� 'DYLHV� *-��*LOEHUW� +-�
�������7KH� &HOOYLEULR� MDSRQLFXV�PDQQDQDVH� &M0DQ��&� GLVSOD\V� D�XQLTXH�
H[R�PRGH� RI� DFWLRQ� WKDW� LV�FRQIHUUHG� E\� VXEWOH� FKDQJHV� WR� WKH�GLVWDO�

UHJLRQ�RI�WKH�DFWLYH� VLWH��-�%LRO�&KHP� ����� ������������
&KDUQRFN� 6-��%RODP� '1�� 1XUL]]R� '�� 6]DER� /��0F.LH� 9$�� *LOEHUW� +-��

'DYLHV� *-� �����D�� 3URPLVFXLW\� LQ�OLJDQG�ELQGLQJ�� WKH�WKUHH�GLPHQVLRQDO�
VWUXFWXUH� RI� D� 3LURP\FHV� FDUERK\GUDWH�ELQGLQJ� PRGXOH�� &%0������ LQ�

FRPSOH[� ZLWK� FHOOR�� DQG�PDQQRKH[DRVH�� 3URF�1DWO� $FDG� 6FL�86$� ����
������������

&KDUQRFN� 6-��%RODP� '1�� 7XUNHQEXUJ� -3��*LOEHUW� +-��)HUUHLUD� /0��'DYLHV�

*-��)RQWHV� &0� �������7KH�;�� �WKHUPRVWDELOL]LQJ�� GRPDLQV� RI�[\ODQDVHV�
DUH� FDUERK\GUDWH�ELQGLQJ� PRGXOHV�� VWUXFWXUH� DQG� ELRFKHPLVWU\� RI� WKH�
&ORVWULGLXP� WKHUPRFHOOXP�;�E� GRPDLQ�� %LRFKHPLVWU\� ��������������

&KDUQRFN� 6-��%URZQ� ,(��7XUNHQEXUJ� -3��%ODFN� *:�� 'DYLHV� *-� �����E��
&RQYHUJHQW� HYROXWLRQ� VKHGV� OLJKW�RQ� WKH�DQWL�EHWD�HOLPLQDWLRQ� PHFKD�
QLVP� FRPPRQ� WR�IDPLO\���DQG� ���SRO\VDFFKDULGH� O\DVHV��3URF�1DWO� $FDG�
6FL�86$� ���� ������������

&RUUHLD�0$�� 3UDWHV� -$��%UDV� -��)RQWHV� &0�� 1HZPDQ� -$��/HZLV� 5-��*LOEHUW�

+-�� )OLQW� -(� �������&U\VWDO� VWUXFWXUH� RI�D� FHOOXORVRPDO� IDPLO\��� FDUER�

K\GUDWH� HVWHUDVH� IURP�&ORVWULGLXP� WKHUPRFHOOXP�SURYLGHV� LQVLJKWV� LQWR�
WKH�PHFKDQLVP� RI�VXEVWUDWH� UHFRJQLWLRQ�� -�0RO� %LRO� ����� ������

&RVJURYH� '-� �������/RRVHQLQJ� RI�SODQW� FHOO�ZDOOV� E\�H[SDQVLQV�� 1DWXUH� �����
��������

&UHDJK� $/��2QJ� (��-HUYLV�(��.LOEXUQ� '*�� +D\QHV� &$� �������%LQGLQJ� RI�WKH�

FHOOXORVH�ELQGLQJ� GRPDLQ� RI�H[RJOXFDQDVH� &H[� IURP�&HOOXORPRQDV� ILPL�
WR�LQVROXEOH�PLFURFU\VWDOOLQH� FHOOXORVH� LV�HQWURSLFDOO\� GULYHQ�� 3URF�1DWO�
$FDG� 6FL�86$� ���� ������������

&]M]HN� 0�� %RODP� '1�� 0RVEDK� $�� $OORXFK� -��)RQWHV� &0�� )HUUHLUD� /0��
%RUQHW�2�� =DPERQL� 9��'DUERQ� +�� 6PLWK�1/�� HW�DO� �������7KH� ORFDWLRQ� RI�
WKH� OLJDQG�ELQGLQJ� VLWH� RI� FDUERK\GUDWH�ELQGLQJ� PRGXOHV� WKDW�KDYH�
HYROYHG� IURP�D� FRPPRQ� VHTXHQFH� LV�QRW� FRQVHUYHG�� -�%LRO� &KHP� �����
������������

'DYLHV� *�� +HQULVVDW� %� ������� 6WUXFWXUHV� DQG� PHFKDQLVPV� RI� JO\FRV\O�
K\GURODVHV�� 6WUXFWXUH� �����������

'DYLHV� *-��*ORVWHU� 70�� +HQULVVDW� %� �������5HFHQW� VWUXFWXUDO� LQVLJKWV� LQWR�

WKH�H[SDQGLQJ� ZRUOG� RI�FDUERK\GUDWH�DFWLYH� HQ]\PHV�� &XUU�2SLQ� 6WUXFW�
%LRO� ������������

'DYLHV� *-��:LOVRQ� .6�� +HQULVVDW� %� �������1RPHQFODWXUH� IRU�VXJDU�ELQGLQJ�
VXEVLWHV� LQ�JO\FRV\O� K\GURODVHV�� %LRFKHP� -������ ��������

'LQ� 1�� 'DPXGH� +*�� *LONHV� 15��0LOOHU� 5&��:DUUHQ� 5$-��.LOEXUQ� '*�

�������&�O�&�;� UHYLVLWHG�� LQWUDPROHFXODU� V\QHUJLVP� LQ�D� FHOOXODVH�� 3URF�
1DWO� $FDG� 6FL�86$� ���� ������������

'XFURV� 90�� =HFKHO� '/�� 0XUVKXGRY� *1�� *LOEHUW� +-�� 6]DER� /�� 6WROO� '��
:LWKHUV� 6*�� 'DYLHV� *-� ������� 6XEVWUDWH� GLVWRUWLRQ� E\� D�EHWD�PDQQD�
QDVH�� VQDSVKRWV� RI�WKH�0LFKDHOLV� DQG� FRYDOHQW�LQWHUPHGLDWH� FRPSOH[HV�
VXJJHVW� D�%������ FRQIRUPDWLRQ� IRU�WKH�WUDQVLWLRQ� VWDWH��$QJHZ� &KHP� ,QW�
(G� (QJO� ���� ����������

'XUUDQW� $-��+DOO� -��+D]OHZRRG� *3�� *LOEHUW� +-� ������� 7KH� QRQ�FDWDO\WLF�
&�WHUPLQDO� UHJLRQ� RI� HQGRJOXFDQDVH� (� IURP�&ORVWULGLXP� WKHUPRFHOOXP�
FRQWDLQV� D� FHOOXORVH�ELQGLQJ� GRPDLQ�� %LRFKHP� -������ ��������

(NORI� -0��%UXPHU� +� ������� 7KH�;7+� JHQH� IDPLO\��DQ�XSGDWH� RQ� HQ]\PH�
VWUXFWXUH�� IXQFWLRQ�� DQG� SK\ORJHQ\� LQ�[\ORJOXFDQ� UHPRGHOLQJ�� 3ODQW�

3K\VLRO� �������������
(]HU� $��0DWDORQ� (�� -LQGRX� 6��%RURYRN� ,��$WDPQD� 1�� <X� =��0RUULVRQ� 0��

%D\HU� ($�� /DPHG� 5� �������&HOO� VXUIDFH� HQ]\PH� DWWDFKPHQW� LV�PHGLDWHG�

E\� IDPLO\���� FDUERK\GUDWH�ELQGLQJ� PRGXOHV�� XQLTXH� WR�5XPLQRFRFFXV�
DOEXV�� -�%DFWHULRO� ����� ����������

)UHHORYH� $&�� %RODP� '1�� :KLWH� 3��+D]OHZRRG� *3�� *LOEHUW� +-� �������
$� QRYHO� FDUERK\GUDWH�ELQGLQJ� SURWHLQ� LV� D� FRPSRQHQW� RI� WKH�SODQW�
FHOO� ZDOO�GHJUDGLQJ� FRPSOH[� RI� 3LURP\FHV� HTXL�� -�%LRO� &KHP� �����
������������

)ULHV�0�� ,KULJ� -��%URFNOHKXUVW� .�� 6KHYFKLN� 9(�� 3LFNHUVJLOO� 5:� �������
0ROHFXODU� EDVLV� RI� WKH�DFWLYLW\� RI� WKH�SK\WRSDWKRJHQ� SHFWLQ�PHWK\OHV�
WHUDVH��(0%2� -���������������

*LOEHUW� +-��6WDOEUDQG� +�� %UXPHU�+� �������+RZ� WKH�ZDOOV� FRPH� FUXPEOLQJ�
GRZQ�� UHFHQW�VWUXFWXUDO�ELRFKHPLVWU\� RI�SODQW� SRO\VDFFKDULGH� GHJUDGD�
WLRQ��&XUU�2SLQ� 3ODQW� %LRO� ������������

*ORVWHU� 70�� ,EDWXOOLQ� )0��0DFDXOH\� .�� (NORI� -0��5REHUWV� 6��7XUNHQEXUJ�
-3��%MRUQYDG� 0(�� -RUJHQVHQ� 3/��'DQLHOVHQ� 6��-RKDQVHQ� .6�� HW�DO� �������
&KDUDFWHUL]DWLRQ� DQG� WKUHH�GLPHQVLRQDO� VWUXFWXUHV� RI� WZR�GLVWLQFW� EDF�
WHULDO�[\ORJOXFDQDVHV� IURP�IDPLOLHV�*+�� DQG�*+���� -�%LRO� &KHP� �����
������������

*XOOIRW� )��7DQ� 7&�� YRQ� 6FKDQW]� /��.DUOVVRQ� (1�� 2KOLQ� 0�� %UXPHU� +��
'LYQH� &� �������7KH� FU\VWDO� VWUXFWXUH�RI�;*����� DQ� HYROYHG� [\ORJOXFDQ�
VSHFLILF� FDUERK\GUDWH�ELQGLQJ� PRGXOH�� 3URWHLQV� ������������

*XQQDUVVRQ� /&��=KRX� 4��0RQWDQLHU� &��.DUOVVRQ� (1��%UXPHU�+� ,,,��2KOLQ�
0� ������� (QJLQHHUHG� [\ORJOXFDQ� VSHFLILFLW\� LQ�D� FDUERK\GUDWH�ELQGLQJ�
PRGXOH�� *O\FRELRORJ\� ���� ����������

+DQ� <-��&KHQ� +=� ������� 6\QHUJLVP� EHWZHHQ� FRUQ� VWRYHU� SURWHLQ� DQG�
FHOOXODVH�� (Q]\PH�0LFURE� 7HFKQRO� ���� ��������
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