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&KDSWHU��
1R�HYLGHQFH�IRU�VKRFNHG�TXDUW]�DW�WKH�&UHWDFHRXV�

3DODHRJHQH�ERXQGDU\�LQ�WKH�*HXOKHPPHUEHUJ�
VHFWLRQ��VRXWK�HDVW�1HWKHUODQGV

0�)��+DPHUV��0�5��'UXU\�DQG�-��6PLW

7KH�&UHWDFHRXV�3DODHRJHQH� �.�3J�� ERXQGDU\� VHFWLRQ� LQ� WKH�*HXOKHPPHUEHUJ� FDYHV��
VRXWK�HDVW�1HWKHUODQGV��PLJKW�EH�RQH�RI � WKH�PRVW�FRPSOHWH�DQG�FRQWLQXRXV� VKDOORZ�
PDULQH�.�3J�VHFWLRQV�NQRZQ��7KH�JOREDOO\�REVHUYHG�LPSDFW�HMHFWD�OD\HU�DW�WKH�ERXQGDU\�
LV�PLVVLQJ��LQGLFDWLQJ�D�KLDWXV�DW�WKH�ERXQGDU\��EXW�WUDFHV�RI �HOHYDWHG�LULGLXP�FRQWHQW�
DQG�WKH�SUHVHQFH�RI �RUJDQLF�ELRPDUNHUV�QHDU�WKH�ERXQGDU\�VXJJHVW�WKDW�WKH�KLDWXV� LV�
OLPLWHG��0DWHULDO� IURP�WKH� LPSDFW� OD\HU�PD\�EH�SUHVHUYHG� LQ�EXUURZV�H[WHQGLQJ� IURP�
WKH�ERXQGDU\�LQWR�WKH�ODWHVW�&UHWDFHRXV�VHGLPHQWV��7R�FKHFN�WKLV�K\SRWKHVLV��EXUURZV�
H[WHQGLQJ� IURP� WKH� .�3J� ERXQGDU\� OHYHO� LQ� WKLV� VHFWLRQ� ZHUH� FKHFNHG� IRU� VKRFNHG�
TXDUW]� E\� OLJKW� PLFURVFRS\� DQG� VFDQQLQJ� HOHFWURQ�PLFURVFRSH�FDWKRGROXPLQHVFHQFH�
�6(0�&/��LPDJLQJ��,I �WKH�KLDWXV�DW�WKH�ERXQGDU\�LV�LQGHHG�QHJOLJLEOH��UHPDLQV�RI �WKH�
&KLF[XOXE�HMHFWD�OD\HU�WKDW�LV�IRXQG�ZRUOGZLGH�DW�WKLV�OHYHO�VKRXOG�EH�SUHVHQW��VXFK�DV�
VKRFNHG�TXDUW]�JUDLQV��+RZHYHU��QR�SODQDU�GHIRUPDWLRQ�IHDWXUHV�LQ�TXDUW]�ZHUH�IRXQG��
EXW�LQVWHDG�DOO�SODQDU�RU�VXE�SODQDU�PLFURVWUXFWXUHV�ZHUH�WHFWRQLF�GHIRUPDWLRQ�ODPHOODH�
RU�KHDOHG�PLFURIUDFWXUHV��7KHUHIRUH�WKH�FRQWLQXLW\�RI �WKH�VHFWLRQ�FDQQRW�EH�FRQÀUPHG��
7KH�VXFFHVVIXO�DSSOLFDWLRQ�RI �6(0�&/�LPDJLQJ�FRQÀUPV�WKH�SRWHQWLDO�RI �WKLV�WHFKQLTXH�
IRU�WKH�VWXG\�RI �VKRFNHG�TXDUW]��
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&KDSWHU��

���� ,QWURGXFWLRQ
$Q� HMHFWD� OD\HU� FRQWDLQLQJ� LPSDFW� PDWHULDO� IURP� WKH� &KLF[XOXE� FUDWHU� LQ� 0H[LFR� KDV� EHHQ�
UHFRJQLVHG�DW�WKH�&UHWDFHRXV�3DODHRJHQH��.�3J��ERXQGDU\������0D��ZRUOGZLGH�DQG�LV�RIWHQ�XVHG�
WR�LGHQWLI\�WKH�H[DFW�OHYHO�RI �WKH�.�3J�ERXQGDU\��7KH�LPSDFW�OD\HU�FRQWDLQV�LPSDFW�VSKHUXOHV��
1L�ULFK�VSLQHO��KLJK�LULGLXP��,U��FRQWHQW��QDQRGLDPRQGV�DQG�VKRFNHG�PLQHUDOV�VXFK�DV�TXDUW]��
IHOGVSDUV�DQG�]LUFRQ��$OYDUH]�HW�DO���������%RKRU�HW�DO���������&DUOLVOH�DQG�%UDPDQ��������0RUJDQ�
HW�DO���������6PLW�DQG�+HUWRJHQ��������6PLW�DQG�.\WH���������2I �WKHVH��VKRFNHG�TXDUW]�JUDLQV�DUH�
WKH�PRVW�DEXQGDQW�DQG�HDVLO\�GHWHFWHG�IHDWXUH��ZKLFK�LV�IXUWKHUPRUH�UHVLVWDQW�WR�SRVW�GHSRVLWLRQ�
DOWHUDWLRQ��6KRFNHG�TXDUW]�JUDLQV�GLVSOD\�RQH�RU��XVXDOO\��PRUH�VHWV�RI �SODQDU�GHIRUPDWLRQ�IHDWXUHV�
�3')V���ZKLFK�DUH�GLDJQRVWLF�IRU�PHWHRULWH�LPSDFW�DQG�VWUDLJKWIRUZDUG�WR�GHWHFW�LQ�D�VWDQGDUG�
SHWURJUDSKLF�PLFURVFRSH��*ULHYH�HW�DO���������6W|IÁHU�DQG�/DQJHQKRUVW���������+RZHYHU��RWKHU�
�VXE��SODQDU�PLFURVWUXFWXUHV�LQ�TXDUW]�DUH�IUHTXHQWO\�PLVLGHQWLÀHG�DV�3')V��HVSHFLDOO\�WHFWRQLF�
GHIRUPDWLRQ� ODPHOODH� �VRPHWLPHV�PHQWLRQHG�DV�%|KP� ODPHOODH�RU�PHWDPRUSKLF�GHIRUPDWLRQ�
ODPHOODH���(UQVWVRQ�DQG�)LHEDJ��������(UQVWVRQ�HW�DO���������/DQJHQKRUVW�DQG�'HXWVFK��������
/DQJHQKRUVW�HW�DO���������5HWDOODFN�HW�DO����������5HOLDEOH�GLVWLQFWLRQ�EHWZHHQ�WKH�WZR�W\SHV�RI �
PLFURVWUXFWXUH� FDQ� EH� GLIÀFXOW� LQ� D� OLJKW� PLFURVFRSH� DQG� WUDQVPLVVLRQ� HOHFWURQ�PLFURVFRSH�
�7(0�� REVHUYDWLRQV� DUH� RIWHQ� UHTXLUHG� WR� SURYH� WKH� VKRFN� RULJLQ� RI � SODQDU�PLFURVWUXFWXUHV�
LQ� TXDUW]� �*ULHYH� HW� DO��� ������ 6W|IÁHU� DQG� /DQJHQKRUVW�� ������� 5HFHQWO\�� VFDQQLQJ� HOHFWURQ�
PLFURVFRS\��6(0��FDWKRGROXPLQHVFHQFH��&/��WHFKQLTXHV�ZHUH�SURSRVHG�DV�DQ�HDV\�DQG�TXLFN�
DOWHUQDWLYH�PHWKRG� WR� LGHQWLI\�3')V� LQ� TXDUW]� DQG�GLVWLQJXLVK� WKHP� IURP�QRQ�VKRFN� UHODWHG�
�VXE��SODQDU�PLFURVWUXFWXUHV� �FKDSWHU� ���%RJJV� HW� DO��� ������� ,Q� WKLV� VWXG\��ZH�XVHG�6(0�&/�
LPDJLQJ�WR�FKHFN�WKH�SUHVHQFH�RI �VKRFNHG�TXDUW]�JUDLQV�DW�WKH�*HXOKHPPHUEHUJ�.�3J�ERXQGDU\�
LQ�WKH�1HWKHUODQGV��

������ 7KH�*HXOKHPPHUEHUJ�&UHWDFHRXV�3DODHRJHQH�ERXQGDU\�VHFWLRQ
7KH�*HXOKHPPHUEHUJ�.�3J�ERXQGDU\�VHFWLRQ��H[SRVHG�LQ�PDQPDGH�FDYHV�LQ�WKH�*HXOKHPPHUEHUJ�
LQ� /LPEXUJ�� WKH�1HWKHUODQGV�� KDV� EHHQ� GHVFULEHG� LQ� GHWDLO� LQ� D� VSHFLDO� LVVXH� RI �1HWKHUODQGV�
-RXUQDO� RI �*HRVFLHQFHV� �*HRORJLH� HQ�0LMQERXZ�� LQ� ����� �%ULQNKXLV� DQG� 6PLW�� ����D��� 7KH�
VHFWLRQ�LV�ORFDWHG�LQ�WKH�VRXWKHUQ�SDUW�RI �WKH�1HWKHUODQGV�LQ�WKH�0DDVWULFKWLDQ�W\SH�DUHD�DQG�FDQ�
EH�FRUUHODWHG�WR�QHDUE\�GHSRVLWV�LQ�WKH�&XUIV�TXDUU\��ÀJXUH�������7KH�*HXOKHPPHUEHUJ�.�3J�
ERXQGDU\�VHGLPHQWV��ÀJXUH������ZHUH�GHSRVLWHG�LQ�D�VKDOORZ�PDULQH�HQYLURQPHQW�DQG�WKH�VHFWLRQ�
LV�FKDUDFWHULVHG�E\�D�VXFFHVVLRQ�RI �VKDOORZ�ZDWHU�FDOFDUHQLWHV�LQ�WKH�WRS�0DDVWULFKWLDQ�GHSRVLWV�
�XQLW�,9I�����7KH�.�3J�ERXQGDU\�OHYHO�LV�UHSUHVHQWHG�E\�DQ�XQGXODWLQJ�KDUGJURXQG��WKH�%HUJ�DQG�
7HUEOLMW�+RUL]RQ���IURP�ZKLFK�EXUURZV�H[WHQG�LQWR�WKH�XQGHUO\LQJ�FDOFDUHQLWHV��7KLV�FRQVSLFXRXV�
KDUGJURXQG�LV�RQO\�IRXQG�LQ�WKLV�IRUP�LQ�WKH�*HXOKHPPHUEHUJ�VHFWLRQ��LW�FKDQJHV�ODWHUDOO\�LQWR�
WKH�ÁDW��EXUURZHG�VXUIDFH�WKDW�LV�UHFRJQLVHG�LQ�WKH�&XUIV�TXDUU\��$ERYH�WKH�KDUGJURXQG��VWRUP�
DQG�EDFNZDVK�GHSRVLWV�DUH�IRXQG�LQ�WKH�EDVDO�'DQLDQ��HDUOLHVW�3DODHRJHQH���ZKLFK�ZDV�GHSRVLWHG�
LQ�D�PDUJLQDO�VHWWLQJ�DERYH�ZDYH�EDVH��ZLWK�LQWHUFDODWHG�FOD\�OD\HUV�XS�WR����FP�WKLFN��XQLW�,9I����
�5RHS�DQG�6PLW��������6PLW�DQG�%ULQNKXLV���������ÀJXUH�������

/LNH�PRVW� RWKHU� NQRZQ�.�3J� ERXQGDU\� VHFWLRQV� WKDW� ZHUH� GHSRVLWHG� LQ� D�PDUJLQDO� VHWWLQJ��
WKH� *HXOKHPPHUEHUJ� VHFWLRQ� FRQWDLQV� D� KLDWXV� DW� WKH� ERXQGDU\�� +RZHYHU�� XQOLNH� LQ� RWKHU�
VHFWLRQV��WKH�WLPH�VSDQ�FRQWDLQHG�LQ�WKH�KLDWXV� LQ�WKH�*HXOKHPPHUEHUJ�VHFWLRQ�LV�EHOLHYHG�WR�
EH�QHJOLJLEOH��OHVV�WKDQ�D�KXQGUHG�\HDUV��IRU�YDULRXV�UHDVRQV��VXPPDULVHG�E\�6PLW�DQG�%ULQNKXLV�
��������,QWHJUDWHG�VHGLPHQWRORJLFDO��JHRFKHPLFDO��ELRVWUDWLJUDSKLF�DQG�LVRWRSH�VWXGLHV�SRLQW�WR�
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1R�VKRFNHG�TXDUW]�DW�WKH�*HXOKHPPHUEHUJ

DQ�HDUO\�'DQLDQ�DJH�RI � WKH�VWUDWD� LPPHGLDWHO\�DERYH�WKH�%HUJ�DQG�7HUEOLMW�+RUL]RQ��ZLWK�WKH�
HDUOLHVW�'DQLDQ�PLVVLQJ��6PLW�DQG�%ULQNKXLV���������+RZHYHU��&��¤�.3�ERXQGDU\�ELRPDUNHUV��D�
F\FORSURS\O�IDWW\�DFLG�WKDW�LV�SUHVHQW�LQ�WKH�.�3J�ERXQGDU\�FOD\�LQ�RWKHU�VHFWLRQV��ZHUH�IRXQG�LQ�
EXUURZV�H[WHQGLQJ�IURP�WKH�KDUGJURXQG��<DPDPRWR�HW�DO����������1HLWKHU�DQ�LPSDFW�OD\HU�QRU�
D�FOHDU�,U�DQRPDO\�KDYH�EHHQ�IRXQG�DW�WKH�ERXQGDU\��EXW�WKH�,U�7K�DQG�&U�7K�UDWLRV��ZKLFK�DUH�
HOHYDWHG�LQ�WKH�JOREDO�HMHFWD�OD\HU��GLUHFWO\�EHORZ�WKH�ERXQGDU\�LQ�WKH�XSSHUPRVW�0DDVWULFKWLDQ�
DUH�VOLJKWO\�HOHYDWHG��ZKLFK�FRXOG�EH�WKH�UHVXOW�RI �GRZQZDUG�GLIIXVLRQ�RU�WUDQVSRUW�IURP�D�RQFH�
SUHVHQW�HMHFWD�GHSRVLW��6PLW�DQG�5RFFKLD���������

,I �WKH�LQWHUSUHWDWLRQ�RI �D�YHU\�VKRUW�WR�QHJOLJLEOH�KLDWXV�LV�FRUUHFW��WKH�*HXOKHPPHUEHUJ�.�3J�
ERXQGDU\� VHFWLRQ� UHSUHVHQWV� D� YHU\� UDUH� H[SDQGHG� HDUOLHVW� 3DODHRJHQH� VXFFHVVLRQ� DQG� FRXOG�
SURYLGH� GHWDLOHG� LQIRUPDWLRQ� DERXW� WKH� HYHQWV� LPPHGLDWHO\� DIWHU� WKH� PDVV� H[WLQFWLRQ�� 7KH�

)LJXUH�����/RFDWLRQ�RI � WKH�*HXOKHPPHUEHUJ�FDYHV� �PRGLÀHG�DIWHU�ÀJXUH��� LQ�%ULQNKXLV�DQG�6PLW�
�����E���
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SUHVHQFH�RI �FOD\�OD\HUV�DW�DQG�MXVW�DERYH�WKH�ERXQGDU\�LQ�
VXFK� D�PDUJLQDO� VHWWLQJ� LV� XQLTXH��:LWK� WKH� SUHVHQFH� RI �
SRWHQWLDO�ERXQGDU\�PDUNHUV�LQ�WKH�VHGLPHQWV�DQG�EXUURZV�
GLUHFWO\�EHORZ�WKH�ERXQGDU\��HOHYDWHG�,U�FRQFHQWUDWLRQ��&���
ELRPDUNHUV���RQH�PLJKW�DOVR�H[SHFW�VKRFNHG�TXDUW]�JUDLQV�
WR�EH�IRXQG�KHUH��,Q�RUGHU�WR�WHVW�WKH�K\SRWKHVLV�WKDW�WKH�
KLDWXV�DW�WKH�*HXOKHPPHUEHUJ�.�3J�ERXQGDU\�LV�QHJOLJLEOH��
ZH�FKHFNHG�IRU� WKH�SUHVHQFH�RI �VKRFNHG�TXDUW]�JUDLQV� LQ�
EXUURZV� H[WHQGLQJ� IURP� WKH� %HUJ� HQ� 7HUEOLMW� +RUL]RQ�
�.�3J� ERXQGDU\�� XVLQJ� OLJKW� PLFURVFRS\� DQG� 6(0�&/�
LPDJLQJ��6KRFNHG�TXDUW]�JUDLQV�IURP�WKH�.�3J�ERXQGDU\�LQ�
WKH�4XDJOLRWWL��,WDO\��DQG�0DGULG�5DLOURDG��86$��VHFWLRQV�
ZHUH� VWXGLHG� IRU� FRPSDULVRQ�� )XUWKHUPRUH�� WKLV� VWXG\�
VHUYHV�DV�D�SUDFWLFDO�WHVW�RI �WKH�6(0�&/�LPDJLQJ�WHFKQLTXH�
DV� D� TXLFN� DQG� HDV\�PHWKRG� WR� FRQÀUP� WKH� SUHVHQFH� RI �
3')V�DQG�GLVWLQJXLVK�WKHP�IURP�RWKHU��QRQ�VKRFN�UHODWHG��
�VXE��SODQDU� PLFURVWUXFWXUHV� LQ� TXDUW]�� VXFK� DV� WHFWRQLF�
GHIRUPDWLRQ�ODPHOODH�DQG�KHDOHG�IUDFWXUHV�

���� 6DPSOHV�DQG�PHWKRGV
7ZR� VDPSOH� VHWV� ZHUH� FROOHFWHG� DW� WKH�*HXOKHPPHUEHUJ�
.�3J� ERXQGDU\�� WKH� ÀUVW� LQ� ����� �%ULQNKXLV� DQG� 6PLW��
����D��DQG�WKH�VHFRQG�RQ�0D\���WK�������RQ�WKH�VDPH�VLWH��
0DWHULDO� ZDV� FROOHFWHG� IURP� EXUURZV� H[WHQGLQJ� GLUHFWO\�
IURP�WKH�.3�ERXQGDU\�FOD\�OD\HU�

%XON� VDPSOHV� ZHUH� FUXVKHG� LI � QHFHVVDU\�� WUHDWHG� ZLWK�
+&O� WR� UHPRYH� DOO� &D&2�� DQG� VLHYHG� WR� UHWDLQ� RQO\� WKH�
IUDFWLRQ�ZLWK�D�JUDLQ�VL]H�RI ���������P��4XDUW]�JUDLQV�ZHUH�
VHSDUDWHG�RXW�RI �WKH�EXON�VDPSOHV�DW�WKH�0LQHUDO�6HSDUDWLRQ�
/DERUDWRU\�DW�WKH�)UHH�8QLYHUVLW\�RI �$PVWHUGDP��XVLQJ�D�
/RF��� FHQWULIXJH� ZLWK� GLLRGRPHWKDQH� KHDY\� OLTXLG�� )RU�
HDFK�VDPSOH�WKUHH�VHSDUDWLRQV�ZHUH�GRQH��ZLWK�OLTXLGV�RI �D�
GHQVLW\��G��RI ������������DQG������J�FP���UHVXOWLQJ�LQ�IRXU�
GHQVLW\�IUDFWLRQV�����G��������J�FP�����������J�FP����G���
�����J�FP�����������J�FP����G��������J�FP���DQG����G���

�����J�FP���)UDFWLRQV���DQG���ZHUH�HPEHGGHG�LQ�HSR[\��(SRWHN������LQ�����LQFK�GLDPHWHU�PRXOGV�
DQG�SROLVKHG�XVLQJ�D�VWDQGDUG�SROLVKLQJ�SURFHGXUH��$OWKRXJK�TXDUW]�KDV�D�GHQVLW\�RI ������J�FP���
VKRFNHG�TXDUW]� FDQ�KDYH� D� ORZHU� GHQVLW\� �/DQJHQKRUVW� DQG�'HXWVFK�� �������7KHUHIRUH�� ERWK�
IUDFWLRQV����G� ������J�FP���DQG����G� ������J�FP���ZHUH�VWXGLHG��

��� VDPSOHV�� HDFK� FRQWDLQLQJ� KXQGUHGV� RI � TXDUW]� JUDLQV�� IURP� WKH� *HXOKHPPHUEHUJ� ZHUH�
VWXGLHG� LQ� D� VWDQGDUG� SHWURJUDSKLF� PLFURVFRSH�� ,Q� WRWDO�� ���� JUDLQV� FRQWDLQLQJ� �VXE��SODQDU�
PLFURVWUXFWXUHV� ZHUH� IRXQG�� ���� RI � ZKLFK� ZHUH� VXEVHTXHQWO\� LPDJHG� XVLQJ� WKH� 6(0�&/�
WHFKQLTXHV�GHVFULEHG�LQ�FKDSWHU����7ZR�6(0�V\VWHPV�ZLWK�&/�GHWHFWRU�ZHUH�XVHG��ERWK�ORFDWHG�

)LJXUH�����6LPSOLÀHG� OLWKRVWUDWLJUDSKLF�
FROXPQ� RI � WKH�*HXOKHPPHUEHUJ�.�3J�
ERXQGDU\�VHFWLRQ��PRGLÀHG�DIWHU�ÀJXUH�
�� LQ�%ULQNKXLV�DQG�6PLW������E����%	7�
LQGLFDWHV�WKH�.�3J�ERXQGDU\�OHYHO��%HUJ�
DQG�7HUEOLMW�+RUL]RQ��
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)LJXUH�����/LJKW�PLFURJUDSKV� �FURVVHG� SRODUV�� RI � JUDLQV� ZLWK� �VXE��SODQDU�PLFURVWUXFWXUHV� �ZKLWH�
DUURZV��LQ�TXDUW]�JUDLQV�IURP�EXUURZV�H[WHQGLQJ�IURP�WKH�.�3J�ERXQGDU\�LQ�WKH�*HXOKHPPHUEHUJ�
VHFWLRQ��*UDLQV�DUH�EHWZHHQ�a���DQG�a�����P�LQ�VL]H��,PDJHV�FRXUWHV\�RI �-XULDQ�6FKROWHQ�

�E��D�
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DW�WKH�(OHFWURQ�0LFURVFRS\�8WUHFKW�ODE��(08��DW�8WUHFKW�8QLYHUVLW\��7KH�ÀUVW�LV�D�3KLOLSV�;/��6�
)(*�6(0�ZLWK�D�.(�'HYHORSPHQWV�&HQWDXUXV�&/�GHWHFWRU�DWWDFKHG��ZKLFK�KDV�D�ZDYHOHQJWK�
GHWHFWLRQ�UDQJH�RI ���������QP�ZLWK�D�SHDN�DW�����QP�DQG� LV� WKXV�PRUH�VHQVLWLYH� WR�EOXH� WR�
YLROHW�OLJKW��7KH�VHFRQG�V\VWHP�LV�DQ�)(,�1RYD�1DQRODE�����6(0�ZLWK�*DWDQ�3DQD&/�GHWHFWRU��
ZKLFK� LV�PRUH�RU� OHVV�SDQFKURPDWLF�DQG�KDV�D�GHWHFWLRQ�UDQJH�RI ���������QP��7KUHH�FRORXU�
ÀOWHUV��UHG��JUHHQ�DQG�EOXH��FDQ�EH�ÀWWHG�WR�WKH�GHWHFWRU�WR�UHFRUG�ZDYHOHQJWK�ÀOWHUHG�LPDJHV��
7KH�UHG�ÀOWHU�SULPDULO\� WUDQVPLWV� OLJKW� LQ� WKH�UDQJH���������QP�� WKH�JUHHQ�ÀOWHU� LQ� WKH�UDQJH�
��������QP��DQG�WKH�EOXH�ÀOWHU� LQ�WKH�UDQJH���������QP��%RWK�XQÀOWHUHG�DQG�ÀOWHUHG�LPDJHV�
ZHUH� UHFRUGHG�� WKH�ÀOWHUHG� LPDJHV�ZHUH� VXEVHTXHQWO\� FRPELQHG� LQWR� FRPSRVLWH�5*%�FRORXU�
LPDJHV��%HFDXVH�UHG��JUHHQ�DQG�EOXH�FKDQQHOV�ZHUH�RSWLPLVHG�LQGLYLGXDOO\�LQ�RUGHU�WR�REWDLQ�WKH�
PD[LPXP�DPRXQW�RI � LQIRUPDWLRQ�IURP�WKH� LPDJH��FRORXU� LQIRUPDWLRQ� LQ� WKH� LPDJHV� LV�QRQ�
TXDQWLWDWLYH��7KH�LQVWUXPHQWV�ZHUH�RSHUDWHG�DW�DQ�DFFHOHUDWLRQ�YROWDJH�RI ������N9�DQG�ZLWK�D�
EHDP�FXUUHQW�RI ���������Q$��DW�URRP�WHPSHUDWXUH��%HIRUH�6(0�LPDJLQJ��VDPSOHV�ZHUH�FDUERQ�
FRDWHG�WR�SUHYHQW�FKDUJLQJ�

2I �WKH�����JUDLQV�IURP�WKH�*HXOKHPPHUEHUJ�VHFWLRQ�VWXGLHG�XVLQJ�6(0�&/��JUH\VFDOH�LPDJHV�
ZHUH� UHFRUGHG�RI � ��� DQG� FRPSRVLWH� FRORXU� LPDJHV�RI � ����)XUWKHUPRUH�� IRU� FRPSDULVRQ�� ���
VKRFNHG�TXDUW]�JUDLQV� IURP�.�3J�ERXQGDU\� VLWHV� LQ� ,WDO\� �4XDJOLRWWL�TXDUU\��a���NP�HDVW�RI �
$QFRQD��8PEULD��0RQWDQDUL�DQG�.RHEHUO���������DQG�WKH�86$��0DGULG�5DLOURDG�RXWFURSV��a���
NP�ZHVW�RI �7ULQLGDG��&RORUDGR� �,]HWW����������ZKHUH� WKH�HMHFWD� OD\HU� LV�SUHVHQW��ZHUH� LPDJHG�
XVLQJ�FRPSRVLWH�FRORXU�6(0�&/��RI �ZKLFK�WKUHH�JUDLQV�ZHUH�DOVR�VWXGLHG� LQ�JUH\VFDOH�6(0�
&/�LPDJHV��

���� 5HVXOWV�
������ *HXOKHPPHUEHUJ�TXDUW]�JUDLQV
�6XE��SODQDU� PLFURVWUXFWXUHV� LQ� TXDUW]� ZHUH� REVHUYHG� LQ� ���� JUDLQV� XVLQJ� OLJKW� PLFURVFRS\��
([DPSOHV�DUH�VKRZQ�LQ�ÀJXUH������/DPHOODH�DUH�LQGLFDWHG�ZLWK�ZKLWH�DUURZV��0RVW�JUDLQV�FRQWDLQ�
D�VLQJOH�VHW��EXW�UDUHO\�WZR�RU�HYHQ�WKUHH�VHWV�VHHP�WR�EH�SUHVHQW��H�J��ÀJXUHV����E��F�DQG�G���2QO\�
UDUHO\� ODPHOODH�ZHUH� REVHUYHG� WKDW�ZHUH� GHFRUDWHG�ZLWK� ÁXLG� LQFOXVLRQV� �H�J�� WKH�11(�66:�
RULHQWHG�ODPHOODH�LQ�ÀJXUH����G���

([DPSOHV�RI �6(0�&/�LPDJHV�RI �TXDUW]�JUDLQV�ZLWK�ODPHOODH�DUH�VKRZQ�LQ�ÀJXUH������7ZR�W\SHV�
RI �VXE�SODQDU�PLFURVWUXFWXUHV�FDQ�EH�GLVWLQJXLVKHG�LQ�WKH�6(0�&/�LPDJHV�RI �WKHVH�JUDLQV��0RVW�
VWULNLQJ�DUH�WKH�QRQ�OXPLQHVFHQW��VKDUSO\�GHÀQHG��LUUHJXODU�VHPL�OLQHDU�IHDWXUHV�LQ�ÀJXUHV����F�
DQG�H��LQGLFDWHG�E\�EODFN�DUURZV���0RVW�RI �WKHVH�QRQ�OXPLQHVFHQW�IHDWXUHV�DUH�QRW�VWULFWO\�VWUDLJKW�
DQG�GLIIHUHQW�RULHQWDWLRQV�FDQ�RFFXU�LQ�RQH�JUDLQ��7KH�PRVW�IUHTXHQWO\�REVHUYHG�W\SH�RI �ODPHOODH�
LV�VKRZQ�LQ�ÀJXUHV����D��E��G�DQG�H��LQGLFDWHG�E\�ZKLWH�DUURZV���7KH\�DUH�ZLGH��RIWHQ�VHYHUDO��P�
LQ�ZLGWK���VOLJKWO\�FXUYHG�IHDWXUHV�RI �YDU\LQJ�WKLFNQHVV�WKDW�FDQ�EH�HLWKHU�GDUNHU�RU�OLJKWHU�WKDQ�
WKH�VXUURXQGLQJ�TXDUW]�LQ�JUH\VFDOH�&/�LPDJHV��ÀJXUHV����H�DQG�I���DQG�UDQJH�LQ�FRORXU�IURP�UHG�
WR�EOXH�LQ�FRPSRVLWH�FRORXU�&/�LPDJHV��ÀJXUHV�����D��E�DQG�F���7KH�WZR�W\SHV�RI �ODPHOODH�FDQ�
RFFXU�WRJHWKHU�LQ�RQH�JUDLQ��VHH�ÀJXUH����H���
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)LJXUH�����6(0�&/� LPDJHV�RI �TXDUW]� JUDLQV� IURP�EXUURZV�H[WHQGLQJ� IURP� WKH�*HXOKHPPHUEHUJ�
.�3J�ERXQGDU\��D�G�&RPSRVLWH�FRORXU�6(0�&/�LPDJHV��H�I�JUH\VFDOH�6(0�&/�LPDJHV��7ZR�GLIIHUHQW�
W\SHV�RI �PLFURVWUXFWXUH�DUH�LQGLFDWHG�E\�EODFN�DQG�ZKLWH�DUURZV�
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)LJXUH�����6(0�&/�LPDJHV�RI �VKRFNHG�TXDUW]�JUDLQV�IURP�WKH�.�3J�ERXQGDU\�OD\HUV�DW�WKH�4XDJOLRWWL�
VHFWLRQ��,WDO\��DQG�0DGULG�5DLOURDG�VHFWLRQ��86$���D�E�&RPSRVLWH�FRORXU�6(0�&/�LPDJHV�RI �JUDLQV�
IURP�WKH�4XDJOLRWWL�VHFWLRQ�LQ�,WDO\��F�G�&RPSRVLWH�FRORXU�6(0�&/�LPDJHV�RI �JUDLQV�IURP�WKH�0DGULG�
5DLOURDG�VHFWLRQ��86$��H�I�*UH\VFDOH�6(0�&/�LPDJHV�RI �WKH�VDPH�WZR�JUDLQV�DV�LQ�F�DQG�G��%ULJKW�EOXH�
VSRWV��HVSHFLDOO\�FOHDU�LQ��D�DQG��E��DUH�UHPDLQV�RI �SROLVKLQJ�PDWHULDO�RQ�WKH�VDPSOH�VXUIDFH�
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������ 6KRFNHG�TXDUW]�IURP�RWKHU�.�3J�ERXQGDULHV
)LJXUH�����VKRZV�H[DPSOHV�RI �6(0�&/�LPDJHV�RI �VKRFNHG�TXDUW]�JUDLQV�ZLWK�3')V�IURP�WKH�
LPSDFW� OD\HU� DW�.�3J�ERXQGDU\� VLWHV� LQ� ,WDO\� �ÀJXUHV� ���D� DQG�E�� DQG� WKH�86$� �ÀJXUHV� ���F�
I���7KH�3')V�DUH�WKLQ�������P��DQG�VWULFWO\�SODQDU��VKRZ�QR�WKLFNQHVV�YDULDWLRQV�DQG�DUH�UHG�
RU� QRQ�OXPLQHVFHQW�� 6RPH� GDUN� �SDUWV� RI�� 3')V� DUH� DFWXDOO\� RSHQ� RU� HWFKHG� RXW� LQVWHDG� RI �
QRQ�OXPLQHVFHQW�� EXW� WKLV� GLVWLQFWLRQ� FDQ� RQO\� EH� PDGH� LQ� VHFRQGDU\� HOHFWURQ� �6(�� LPDJHV�
VKRZLQJ�VXUIDFH�WRSRJUDSK\��(VSHFLDOO\�LQ�JUDLQV�ZLWK�PXOWLSOH�VHWV��WKH�3')V�DUH�FORVHO\�VSDFHG�
������P��� ,Q�JUH\VFDOH�&/� LPDJHV�QRW� DOO�3')V� DUH� FOHDUO\�YLVLEOH� �ÀJXUH����H���EXW�PRVW� DUH�
QRQ�OXPLQHVFHQW� �ÀJXUH� ���I�� RU� DSSDUHQWO\� QRQ�OXPLQHVFHQW��$SSDUHQW� QRQ�OXPLQHVFHQFH� LQ�
JUH\VFDOH�&/�LPDJHV�RI �IHDWXUHV�WKDW�DUH�UHG�LQ�FRORXU�&/�LPDJHV�FDQ�RFFXU�EHFDXVH�WKH�GHWHFWRU�
XVHG�IRU�WKH�JUH\VFDOH�LPDJHV�LV�UHODWLYHO\�LQVHQVLWLYH�WR�UHG�OLJKW��8VXDOO\�PXOWLSOH�VHWV�RI �3')V�
DUH�REVHUYHG�LQ�RQH�JUDLQ��EXW�DOVR�VLQJOH�VHWV�RFFXU��H�J��ÀJXUHV����F�DQG�G���

���� 'LVFXVVLRQ
,Q� OLJKW�PLFURVFRS\�� LGHQWLÀFDWLRQ� RI � WKH� ODPHOODU�PLFURVWUXFWXUHV� LQ� TXDUW]� JUDLQV� IURP� WKH�
*HXOKHPPHUEHUJ�.�3J�ERXQGDU\�VHFWLRQ�HLWKHU�DV�3')V�RU� WHFWRQLF�GHIRUPDWLRQ� ODPHOODH� LV�
QRW�VWUDLJKWIRUZDUG��7KH�REVHUYHG�ODPHOODH�DUH�QRW�VKDUSO\�GHÀQHG�DQG�XVXDOO\�QRW�SHQHWUDWLYH�
WKURXJK� D�ZKROH� JUDLQ��ZKLFK�ZRXOG� VXJJHVW� WKH\� DUH� WHFWRQLF�GHIRUPDWLRQ� ODPHOODH��2Q� WKH�
RWKHU� KDQG�� WZR�� RU� DUJXDEO\� HYHQ� WKUHH�� RULHQWDWLRQV� ZHUH� REVHUYHG� LQ� VLQJOH� JUDLQV�� ZKLFK�
ZRXOG�VXJJHVW�D�VKRFN�RULJLQ�RI �WKH�ODPHOODH��+RZHYHU��ZKHQ�FRPSDULQJ�WKH�6(0�&/�LPDJHV�
RI �WKH�ODPHOODU�IHDWXUHV�LQ�ÀJXUH�����WR�WKH�3')V�LQ�WKH�JUDLQV�LQ�ÀJXUH������LW�LV�FOHDU�WKDW�WKH�
PLFURVWUXFWXUHV�LQ�*HXOKHPPHUEHUJ�TXDUW]�GR�QRW�KDYH�WKH�VDPH�FKDUDFWHULVWLFV�DV�WKH�3')V�
LQ�VKRFNHG�TXDUW]�JUDLQV�IURP�,WDO\�DQG�WKH�86$��7KH�3')V�LQ�ÀJXUH�����DUH�VWUDLJKW�DQG�YHU\�
WKLQ��RFFXU� LQ�PXOWLSOH��FORVHO\� VSDFHG�VHWV�� DQG�DUH�HLWKHU� UHG�RU�QRQ�OXPLQHVFHQW��7KHVH�DUH�
FOHDU� FKDUDFWHULVWLFV�RI �3')V� DV�GHVFULEHG� LQ� FKDSWHU� ���7KH� ODPHOODH� LQ� WKH� JUDLQV� IURP� WKH�
*HXOKHPPHUEHUJ�� RQ� WKH� RWKHU� KDQG�� VKRZ� PRVWO\� FKDUDFWHULVWLFV� RI � WHFWRQLF� GHIRUPDWLRQ�
ODPHOODH�� DOVR�GHVFULEHG� LQ� FKDSWHU���� WKH� ODPHOODH� DUH� VOLJKWO\� FXUYHG�� UHODWLYHO\�ZLGH� IHDWXUHV�
ZLWKRXW�FOHDUO\�GHÀQHG�ERXQGDULHV��ÀJXUHV����D��E��G�DQG�I���&/�FRORXUV�UDQJH�IURP�UHG�WR�EOXH�
DQG�QR�PRUH�WKDQ�WZR�VHWV�DUH�REVHUYHG�LQ�RQH�JUDLQ��7KH�QRQ�OXPLQHVFHQW�LUUHJXODU�IHDWXUHV�
�ÀJXUHV����F�DQG�H��DUH�KHDOHG�IUDFWXUHV��ZKLFK�ZHUH�GHVFULEHG�E\�%RJJV�HW�DO����������DQG�DUH�
HYHQ�PRUH�UHDGLO\�GLVWLQJXLVKHG�IURP�3')V�LQ�&/�LPDJHV�E\�WKH�KLJKO\�LUUHJXODU�VKDSH��WKLFNQHVV�
DQG�VSDFLQJ�RI �WKH�IUDFWXUHV��

&OHDUO\�� WKH� VXE�SODQDU�PLFURVWUXFWXUHV� WKDW�DUH�REVHUYHG� LQ� WKH�RSWLFDO�PLFURVFRSH� LQ�TXDUW]�
JUDLQV� IURP� WKH� *HXOKHPPHUEHUJ� .�3J� VHFWLRQ� DUH� QRW� 3')V�� EXW� WHFWRQLF� GHIRUPDWLRQ�
ODPHOODH� DQG� KHDOHG� IUDFWXUHV�� ZKLFK� DUH� QRW� VKRFN�UHODWHG�� 7KHUHIRUH�� QR� QHZ� HYLGHQFH� IRU�
WKH�SUHVHQFH�RI � WKH� FKDUDFWHULVWLF� HMHFWD� OD\HU� DW� WKH�.�3J�ERXQGDU\� OHYHO� FRXOG�EH� IRXQG� LQ�
WKH�*HXOKHPPHUEHUJ�VHFWLRQ�DQG�QR�PRUH�HYLGHQFH�LV�DYDLODEOH�IRU�WKH�VKRUW�GXUDWLRQ�RI �WKH�
KLDWXV�DW�WKH�ERXQGDU\�WKDQ�ZDV�UHSRUWHG�LQ�HDUOLHU�VWXGLHV��,W�UHPDLQV�SUREDEOH��EXW�QRW�FHUWDLQ��
WKDW�WKH�*HXOKHPPHUEHUJ�VHFWLRQ�UHSUHVHQWV�D�UDUH�H[SDQGHG�UHFRUG�RI �WKH�ODWHVW�&UHWDFHRXV�
DQG�HDUO\�3DODHRJHQH��+RZHYHU��RXU� UHVXOWV� FRQÀUP� WKH� FRQFOXVLRQ�RI � FKDSWHU���� WKDW�6(0�
&/�LPDJHV�IRUP�D�UHOLDEOH�EDVLV�IRU�WKH�GLVWLQFWLRQ�RI �3')V�DQG�QRQ�VKRFN�UHODWHG��VXE��SODQDU�
PLFURVWUXFWXUHV� LQ� TXDUW]�� 7KH� WHFKQLTXH� FDQ� EH� DSSOLHG� WR� VHSDUDWHG� DQG� HPEHGGHG� TXDUW]�
JUDLQV��EXW�DOVR�WR�VWDQGDUG�SROLVKHG�WKLQ�VHFWLRQV�RU�URFN�VODEV��6(0�&/�LPDJLQJ�FDQ�WKHUHIRUH�
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EH� XVHG� WR� FKHFN� WKH� LPSDFW� RULJLQ� RI � ERWK� SRWHQWLDO� JHRORJLFDO� VWUXFWXUHV� DQG� VWUDWLJUDSKLF�
OHYHOV��

���� &RQFOXVLRQV
$OWKRXJK�XVLQJ�OLJKW�PLFURVFRS\��VXE��SODQDU�PLFURVWUXFWXUHV�ZHUH�REVHUYHG�LQ�TXDUW]�JUDLQV�
IURP� WKH�*HXOKHPPHUEHUJ�.�3J� ERXQGDU\� OD\HU�� QR� 3')V� FRXOG� EH� LGHQWLÀHG� LQ� 6(0�&/�
LPDJHV��2QO\�WHFWRQLF�GHIRUPDWLRQ�ODPHOODH�DQG�KHDOHG�IUDFWXUHV�DUH�SUHVHQW�LQ�WKH�JUDLQV�WKDW�
ZHUH� VWXGLHG��:H� WKHUHIRUH� FRQFOXGH� WKDW� QR� VKRFNHG� TXDUW]� LV� SUHVHQW� DW� RU� QHDU� WKH�.�3J�
ERXQGDU\�LQ�WKH�*HXOKHPPHUEHUJ�VHFWLRQ��7KH�K\SRWKHVLV�WKDW�WKH�KLDWXV�DW�WKH�ERXQGDU\�LQ�WKLV�
VHFWLRQ�LV�LQVLJQLÀFDQW�DQG�WKDW�WKH�VHFWLRQ�LV�WKHUHIRUH�FORVH�WR�FRPSOHWH�FDQQRW�EH�FRQÀUPHG��
7KH�VXFFHVVIXO�DSSOLFDWLRQ�RI �6(0�&/�LPDJLQJ�WHFKQLTXHV�LQ�WKLV�VWXG\�FRQÀUPV�WKH�SRWHQWLDO�
RI �WKLV�PHWKRG�WR�SURYH�RU�GLVSURYH�WKH�SUHVHQFH�RI �3')V�LQ�TXDUW]��

$FNQRZOHGJHPHQWV�²�5RHO�YDQ�(OVDV�LV�JUDWHIXOO\�DFNQRZOHGJHG�IRU�KLV�VHSDUDWLRQ�ZRUN�DQG�KHOS�
DW�WKH�0LQHUDO�6HSDUDWLRQ�/DERUDWRU\�DW�WKH�98�$PVWHUGDP��-XULDQ�6FKROWHQ�IRU�WKH�OLJKW�PL�
FURVFRSLF�LPDJHV�RI �WKH�*HXOKHPPHUEHUJ�TXDUW]�JUDLQV�DQG�6DQGUR�0RQWDQDUL�IRU�KLV�KHOS�DQG�
JXLGDQFH�ZKLOH�VDPSOLQJ�WKH�.�3J�ERXQGDU\�LQ�,WDO\��


