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$%6=75$.7
$� WDQXOPiQ\� DUUD� WHV]� NtVpUOHWHW�� KRJ\� HJ\� NLVWiM� SpOGiMiQ� �0HFVHNKiW�� NHUHV]W�O�� D�PĦN|GpVEHOL��
DODNWDQL�pV�W|UWpQHWL�V]HPSRQWRN�DODSMiQ�|VV]HIRJODOy�MHOOHJJHO�EHPXWDVVD�D�N|]VpJL�~WKiOy]DW�MHOOHP�
]ĘLW�pV�YL]VJiODWL�OHKHWĘVpJHLW��$�FLNN�WRYiEEL�FpOMD��KRJ\�UiLUiQ\tWVD�D�ILJ\HOPHW�D�NpUGpVN|U�MHOHQWĘ�
VpJpUH�D�W|UWpQHWL�pV�I|OGUDM]L�GLV]FLSOLQiN�N|UpEHQ��N�O|Q|V�WHNLQWHWWHO�DUUD��KRJ\�D]�~WKiOy]DW�YL]VJi�
ODWRN�iOWDOiEDQ�D�IĘ~WYRQDODNUD�pV�D�N|]~WKiOy]DWUD�NRQFHQWUiOWDN��$�YL]VJiODW�DODSMiW��������V]i]DGL�
Np]LUDWRV�WpUNpSHN��WiMPRUIROyJLDL�PHJILJ\HOpVHN�pV�QpSUDM]L�J\ĦMWpVHN�DGMiN��$�WDQXOPiQ\�QpJ\�N|]�
VpJL�~WWtSXVW�N�O|QE|]WHW�PHJ�pV�PXWDW�EH��D��JD]GDViJL�XWDNDW��E��N|]OHNHGĘ�XWDNDW��F��GRPEKiWL�XWD�
NDW��G��RUV]iJXWDNDW��GHUpNRNDW��$�PĦN|GpVEHOL�V]HPSRQWRN�DODWW�LVPHUWHWL�D]�~WLUiQ\RN�DODNXOiViQDN�
VDMiWViJDLW��D]�~WKDV]QiODW�pV�±NDUEDQWDUWiV�MHOOHP]ĘLW��D�FVRPySRQWRN�MHOHQWĘVpJpW�pV�D]�XWDN�KHO\L�
WHUPLQROyJLiMiW��$ODNWDQL�DVSHNWXVEyO� DNWtY� pV� IRVV]LOLV�~WWtSXVRNDW�N�O|QE|]WHW�PHJ�pV�PHJLVPHU�
WHWL�D]�XWDN�EHPpO\�OpVpQHN�IRO\DPDWiW��$�WDQXOPiQ\�D� W|UWpQHWL�V]HPSRQWRN�EHPXWDWiVDNRU�NRQN�
UpW��OHYpOWiUL�IRUUiVRNRQ�pV�WHUHSEHMiUiVRNRQ�DODSXOy�~WUHNRQVWUXNFLyNDW�PXWDW�EH�NpW�NpW�V]LQNUyQ�pV�
GLDNUyQ�SpOGiQ�NHUHV]W�O��

.XOFVV]DYDN��~WKiOy]DW��WiM��W|UWpQHWL�I|OGUDM]��N|UQ\H]HWW|UWpQHW��PpO\XWDN��GĦOĘXWDN

6HYHUDO�GLVFLSOLQHV�DUH�GHDOLQJ�ZLWK�WKH�URDG�DQG�WUDIILF�DQDO\VLV��IURP�WKH�SRLQW�RI�YLHZ�RI�WKLV�SUHVHQW�
VWXG\�KLVWRULFDO�JHRJUDSK\��DUFKDHRORJ\��ORFDO�KLVWRU\��WKH�DQWKURSRJHQLF�JHRPRUSKRORJ\��WUDQVSRUW�
JHRJUDSK\�� ODQGVFDSH� KLVWRU\� GHVHUYH� VSHFLDO� DWWHQWLRQ���$OO� VFLHQFHV� UHJDUG� URDGV� DV� WKH� WDQJLEOH�
HOHPHQWV�RI�FRPPXQLFDWLRQ�DQG�LQWHUDFWLRQ�DQG�WU\�WR�H[SORUH�WKHP��DQDO\VH�WKHP�DQG�VKRZ�WKHP�LQ�
RUGHU�WR�XQGHUVWDQG�WKHLU�IXQFWLRQ��5RDGV�KDYH�PHVVDJHV�IRU�WKH�SUHVHQW�GD\�PDQ��7KH�VWUXFWXUH��WKH�

�� 7KLV�UHVHDUFK�ZDV�VXSSRUWHG�E\�WKH�(XURSHDQ�8QLRQ�DQG�WKH�6WDWH�RI�+XQJDU\��FR�ILQDQFHG�E\�WKH�(XURSHDQ�6RFLDO�
)XQG� LQ� WKH�IUDPHZRUN�RI�7È023��������$������������������µ1DWLRQDO�([FHOOHQFH�3URJUDP¶��7KLV�VWXG\�ZDV�DOVR�
VXSSRUWHG�E\�WKH�+XQJDULDQ�6FLHQWLILF�5HVHDUFK�)XQG��27.$�.�������SURYLGLQJ�LQIUDVWUXFWXUH�DQG�ILQDQFLQJ�WKH�
HGLWRUVKLS��

�� 5RDG�QHWZRUN�VWXGLHV�FRQFHUQLQJ�WKLV�UHJLRQ��(5'ė6,�������������������������������������*/$6(5�������6=$.È/<�������
7��0e5(<�����



�����,

�

KLHUDUFK\��WKH�GHQVLW\�DQG�WKHLU�FKDQJHV�FDQ�LQIRUP�XV�DERXW�WKH�VWUXFWXUHV�DQG�FKDQJHV�LQ�VRFLHW\��
HFRQRP\�DQG�ODQG�XVH�

'HVSLWH�WKHLU�YDOXH�RI�FDUU\LQJ�LQIRUPDWLRQ�DQG�EHLQJ�LPSRUWDQW�IRU�DQDO\VLV��OLWWOH�LV�NQRZQ�RI�WKH�
ORFDO��LQWUD�YLOODJH�DQG�LQWHU�YLOODJH�URXWHV��7KLV�OHYHO�RI�DQDO\VLV�LV�WKH�ORFDO�FRPPXQLFDWLRQ�OHYHO�DV�
LW�LV�GHILQHG�E\�0LFKDHO�$VWRQ��DFFRUGLQJ�WR�KLP�DJULFXOWXUDO�URDGV�RU�WKH�RQHV�OHDGLQJ�WR�FKXUFKHV�
EHORQJ�KHUH���7KLV�VWXG\�LV�DWWHPSWLQJ�WR�SUHVHQW�WKH�FKDUDFWHULVWLFV�DQG�UHVHDUFK�SRVVLELOLWLHV�RI�WKH�
ORFDO�URDG�QHWZRUN��WKURXJK�WKH�H[DPSOH�RI�D�VPDOO�UHJLRQ�EDVHG�RQ�IXQFWLRQDO��PRUSKRORJLFDO�DQG�
KLVWRULFDO�DVSHFWV��7KH�VWXG\�LV�EDVHG�RQ�PDQXVFULSW�PDSV�IURP�WKH������WK�FHQWXU\��ODQGVFDSH�PRU�
SKRORJLFDO�REVHUYDWLRQV�DQG�HWKQRJUDSKLF�FROOHFWLRQV��,�FDUULHG�RXW�P\�UHVHDUFK�LQ�D�VPDOO�KLVWRULFDO�
UHJLRQ�LQ�6RXWKHUQ�+XQJDU\�FDOOHG�0HFVHNKiW��IRUPHUO\�EHORQJHG�WR�+HJ\KiW�GLVWULFW���7KLV�UHJLRQ�LV�
ZHOO�VXLWHG�WR�WKH�URDG�QHWZRUN�UHVHDUFK�IRU�WZR�UHDVRQV�
��� 7KH�WRSRJUDSK\�RI�WKH�VWXG\�DUHD�LV�YHU\�OLYHO\��WKH�7HUWLDU\�DQG�4XDWHUQDU\�VXUIDFH�URFNV��ORHVV��

ORRVH�ORDP��VDQG\�URFNV��WKDW�FRYHU�PRVW�RI�WKH�DUHD�HURGH�VR�ZHOO��FRQVHTXHQWO\�WKH�RQJRLQJ�WUDIILF�
XVXDOO\�FDXVHG�VWURQJ�RU�PRGHUDWH�OLQHDU�HURVLRQ�DQG�IRUPHG�GLWFKHV��7KHVH�JHRJUDSKLFDO�IHDWXUHV�
DOORZ�WKH�UHPRWH�VHQVLQJ��PDS�DQG�ILHOG�REVHUYDWLRQ�RI�WKH�REMHFWV�

��� 8QWLO�WKH�����¶V�WKH�PDLQ�PHDQ�RI�WUDQVSRUWDWLRQ�ZDV�WKH�FDUW��0RVW�RI�WKH�LQKDELWDQWV�KHUH�OLYHG�RQ�
DJULFXOWXUH�DQG�DV�DQ�DGGLWLRQ�WKH\�SXUVXHG�GRPHVWLF�LQGXVWU\�DQG�PLQLQJ��,QWHUYLHZV�FRQGXFWHG�
UHFHQWO\�UHYHDO�WKH�WUDGLWLRQDO��JRLQJ�EDFN�VHYHUDO�FHQWXULHV��URDG�XVH�IHDWXUHV�JLYHQ�WKDW�WKH�TXDOLW\�
RI�ORFDO�DJULFXOWXUH�DQG�WUDQVSRUW�KDV�PDLQWDLQHG�VLPLODU�QHHGV�IRU�URDG�XVH�IRU�FHQWXULHV��+RZHYHU��
WKH�UDLOZD\�DQG�PRWRULVDWLRQ�UHGUHZ�WKLV�URDG�QHWZRUN�

7+(�'(9(/230(17�2)�/2&$/�52$'6��02'(6�2)�75$163257
7KH�ORFDO�URDGV�KDYH�EHHQ�FUHDWHG�E\�WKH�ORFDO�FRPPXQLFDWLRQ��WKH�URDG�QHWZRUN�KDV�EHHQ�HVWDEOLVKHG�
LQ�DFFRUGDQFH�ZLWK�ORFDO�QHHGV��EDVHG�RQ�WKH�ZRUNV��DJULFXOWXUDO��LQGXVWULDO��FDUULHG�RXW�LQ�WKH�HVWDWHV�
RI�WKH�YLOODJHV�DQG�RQ�WKH�WUDIILF�RI�WKH�ORFDO�YLOODJHV��,�UHJDUG�DOO�WKH�URDGV�DV�ORFDO�URDGV�ZKLFK�DUH�
XVHG�DQG�PDLQWDLQHG�E\�WKH�ORFDO�UHVLGHQWV��WKH�YLOODJH��DQG�WKH�XVHUV�RI�WKH�ODQG�LQ�WKH�RXWVNLUW�DUHD��
7KLV�GHILQLWLRQ�LV�WKH�UHVXOW�RI�D�IRFXV�VKLIW�ZKLFK�LV�QHHGHG�LQ�RUGHU�WR�WKRURXJKO\�H[SORUH�WKH�IHDWXUHV�
RI� WKH�SHDVDQW� FRPPXQLFDWLRQ� DV�ZHOO� DV� WKH� V\VWHP�RI� WKH� ORFDO� DQG� DJULFXOWXUDO� FRPPXQLFDWLRQ�
URDGV��,W¶V�D�¶ERWWRP�XS¶�DSSURDFK��SXWWLQJ�WKH�ORFDO�FRPPXQLWLHV�LQWR�WKH�IRFXV�RI�WKH�LQYHVWLJDWLRQ��
)HUHQF�(UGĘVL�SRLQWHG�RXW�LQ�KLV�VWXG\�RQ�6RPRJ\�DQG�%DUDQ\D�KLVWRULFDO�URDGV�WKDW�DIWHU�WKH�WHUPLQD�
WLRQ�RI�IHXGDOLVP�LQ�WKH�VHFRQG�KDOI�RI�WKH���WK�FHQWXU\�OHJDOO\��FRQFHUQLQJ�RZQHUVKLS�DQG�FRQWURO��
WKHUH�ZHUH�WZR�W\SHV�RI�ORFDO�URDGV��RQH�ZDV�WKH�³N|]VpJL�N|]OHNHGpVL�~W´��µORFDO�FRPPXQLFDWLRQ�URDG¶�
ZLWK�WUDIILF�IXQFWLRQ��DQG�WKH�RWKHU�RQH�ZDV�WKH�³N|]VpJL�N|]GĦOĘ�~W´��µORFDO�SXEOLF�ILHOG�WUDFN¶�ZLWK�
DJUDULDQ�IXQFWLRQ��DQG�WKH�DXWKRULWLHV�DSSRLQWHG�WKH�YLOODJHV�WR�EH�UHVSRQVLEOH�IRU�WKHP��(UGĘVL�������
SS�������������SS�����±������(YHQ�WRGD\�D�VLJQLILFDQW�SDUW�RI�WKH�ORFDO�URDG�QHWZRUN�LV�PDLQWDLQHG�E\�
WKH�YLOODJHV��LW�GRHV�QRW�EHORQJ�WR�WKH�SXEOLF�URDG�QHWZRUN��8VLQJ�WKH�WHUP�µORFDO�URDG¶�LV�DSSURSULDWH�
EHFDXVH�RI�WKH�VFDOH�DQG�IRFXV�VKLIW�RI�WKLV�UHVHDUFK�DV�ZHOO�DV�WKH�RZQHUVKLS�DVSHFWV�RI�WKH�URDGV��

�� 0LFKDHO�$VWRQ�GLVWLQJXLVKHG�IRXU�OHYHOV�RI�URDG�QHWZRUN�VWXGLHV�EDVHG�RQ�WKH�ODQGVFDSH��QDWLRQDO��SURYLQFLDO��UHJLRQDO�
DQG�ORFDO�OHYHOV��$6721�������SS�����±����
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5RDGV�EHORQJLQJ�WR�WKH�QDWLRQDO�URDG�QHWZRUN�RU�WKRVH�ZKHUH�WUDIILF�LV�FDUULHG�RXW�EHWZHHQ�WKH�JUHDW�
UHJLRQV�DOVR�DSSHDU�LQ�WKH�VWXG\�EXW�WKHVH�DUH�QRW�FRQVLGHUHG�DV�URDGV�RI�ORFDO�LQWHUHVWV�

'HQVLW\� DQG� RULHQWDWLRQ� RI� WKH� ORFDO� URDG� QHWZRUN� LV� ODUJHO\� GHSHQGHQW� RQ� WKH� HFRQRP\� RI� WKH�
YLOODJH�� WKH�VHOI�VXIILFLHQF\�GHJUHH��QDWXUH�DQG� LQWHQVLW\�RI� WKH�HFRQRPLF�FRRSHUDWLRQ�EHWZHHQ� WKH�
YLOODJHV��PDUNHW�RU�KRZ�IDU� WKH�PDUNHW� LV��� WKH�VRFLDO�DQG�UHOLJLRXV�UHODWLRQV�V\VWHPV� �NLQVKLS�� WKH�
SDULVK�VHDW�HWF���EHWZHHQ�WKH�YLOODJHV��DQG�WKH�H[WHUQDO�IDFWRUV��HSLGHPLFV��ZDUV��QDWXUDO�GLVDVWHUV��WKDW�
FRXOG�FDXVH�GHSRSXODWLRQ�DQG�PLJUDWLRQ��,I�ZH�WDNH�LQWR�DFFRXQW�DOO�WKHVH�IDFWRUV�ZH�FDQ�VHH�D�URDG�
QHWZRUN�ZKLFK�LV�KLJKO\�IOH[LEOH��HDVLO\�DGDSWHG�WR�WKH�FKDQJHV�WKXV�FKDQJHDEOH�DQG�TXLWH�KLHUDUFKLFDO�
DW�WKH�VDPH�WLPH�

0RVW�RI�WKH�H[LVWLQJ�URXWHV�WRGD\�ZHUH�FUHDWHG�E\�WKH�FRPPXQLFDWLRQ�RQ�IRRW��RQ�KRUVH��VXERUGL�
QDWHO\�RQ�GRQNH\�RU�RQ�D�PXOH�WR�FDUU\�ORDGV��DQG�DQLPDO�GUDZQ�YHKLFOHV��)LJXUH�����,Q�IRUPLQJ�D�
URXWH�DQG�D�WUDFN�WKH�WHDPV�RI�KRUVHV��RU�R[HQ��RU�FRZV��SOD\HG�WKH�PRVW�LPSRUWDQW�UROH��,Q�WKH�����WK�
FHQWXU\��WKH�PDLQ�DQLPDO�IRU�SORXJKLQJ�DQG�GUDZLQJ�ZDV�WKH�R[��ZKLFK�ZDV�UHSODFHG�E\�WKH�KRUVH�LQ�
WKH������WK�FHQWXU\��3LFWXUH��±���

)LJXUH����,OOXVWUDWLRQ�RI�D�KRUVHPDQ��D�ZDONHU�DQG�D�EHOIU\�LQ�WKH�FHQWUH�RI�2NRUY|OJ\�LQ�WKH�PDS�RI�+HWYHKHO\��
HQG�RI�WKH���WK�FHQWXU\��3pFV�&KDSWHU�$UFKLYHV��PDSV��+HWYHKHO\�����

'UDZQ�RQ�WKH�EDVLV�RI�WKH�RULJLQDO�¿JXUH��-y]VHI�+HUYDQHN

3LFWXUH����:KHDW�KDUYHVW��.iUiV]��%DUDQ\D�FRXQW\���
$XWKRU�XQNQRZQ��������

2ZQHG�E\�WKH�DXWKRU�

3LFWXUH����-iQRV��1DJ\�FDUULHU��0iQID��%DUDQ\D�FRXQW\���
3KRWRJUDSKHG�E\�/iV]Oy�0iQGRNL�������

(WKQRJUDSKLF�'HSDUWPHQW�RI�-DQXV�3DQQRQLXV�0XVHXP��
SKRWR�JDOOHU\������
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52$'�7<3(6��-81&7,216��52$'�86(�$1'�0$,17(1$1&(�
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%HLQJ�KLHUDUFKLFDO�ZDV�WKH�IHDWXUH�QRW�RQO\�RI�WKH�QDWLRQDO�URDG�QHWZRUNV��EXW�RI�ORFDO�URDGV�DV�ZHOO�LQ�
DOO�DJHV��ZH�FDQ�VHH�WKLV�LQ�WKH�QDPLQJ�RI�URDGV��SXEOLF�ZRUGV�DQG�JHRJUDSKLFDO�QDPHV�WRR���7KH�PRVW�
FRPPRQ�ZRUG�LQ�WKH�ORFDO�GLDOHFW�LQ�WKH������WK�FHQWXU\�ZDV�WKH�~W��URDG��EXW�WKH�WHUPV�NRFVL~W��FDUW�
URDG��RU�V]HNpU~W��FDUULDJH�URDG��ZHUH�DOVR�LQ�XVH��KRZHYHU�WKH\�FRXOG�VSUHDG�RQO\�IURP�WKH�PLGGOH�RI�
WKH���WK�FHQWXU\�ZLWK�WKH�DGYHQW�RI�DOWHUQDWLYH�PHDQV�RI�WUDQVSRUW��WUDLQ�DQG�FDU���8QWLO�WKH�DSSHDUDQFH�
RI�VXUIDFHG�URDGV�WKH�PDLQ�URDG�ZDV�WKH�RUV]iJ~W��KLJKZD\���RU�GHUpN��ZKLFK�ZDV�LPSRUWDQW�LQ�WKH�
UHJLRQDO�WUDQVSRUW�EHWZHHQ�WRZQV���5RDGV�IRU�IRRW�WUDIILF�ZHUH�FDOOHG�J\DORJ~W��IRRWSDWK��RU�|VYpQ\�
�SDWK��ZKLOH�URDGV�ZKHUH�DQLPDOV�ZHUH�GULYHQ�ZHUH�FDOOHG�FVDSiV��WUDFNV���,Q�0HFVHNKiW�GHHSHU�SDUWV�
RI� WKH� URDG�ZKHUH� WKH� WUDFN� FXW� GHHS� LQWR� WKH� JURXQG� DQG� EHGURFN�ZHUH� FDOOHG�KRUJRV� RU�KRUKRV�
�KROORZD\���LQ�6RXWKHUQ�%DUDQ\D� LW�ZDV�V]XUGRN���%DVHG�RQ�KRZ�PXFK� WKH\�ZHUH�XVHG�URDGV�ZHUH�
GLVWLQJXLVKHG�DV�DEDQGRQHG�SXV]WD~W��SXV]WDKRUJRV�DQG�WKH�RQHV�EHLQJ�LQ�XVH�DV�MiUW��MiUWDV�URDGV��
7KH�TXDOLW\�RI�URDG�ZDV�RIWHQ�VXJJHVWHG�E\�DGMHFWLYHV�DWWDFKHG�WR�WKHLU�QDPHV�IRU�H[DPSOH�N|YHV~W�
�URFN\�URDG�±�FRYHUHG�ZLWK�URFNV�UXEEOHV���PĦ~W��SDYHG�URDG�±�ZLWK�DVSKDOW�FRYHU���EXW�PRVW�RI�WKH�
URDGV�DUH�VWLOO�I|OG~W��GLUW�URDG���$QRWKHU�OLQJXLVWLF�LQYHQWLRQ��IURP�WKH�ODWH���WK�FHQWXU\��LV�WKH�QDPHV�
RI�GĦOĘ~W� �FRXQWU\� ODQH��DQG�PH]HL�~W� �ILHOG�SDWK���ERWK�EHFDPH�XVHG�QDWLRQZLGH�E\�WKH�DXWKRULWLHV�
GXULQJ�WKH�SURFHGXUH�RI�ODQG�UHJLVWU\��7KHVH�QDPHV�GXH�WR�WKHLU�ZLGHVSUHDG�SUHYDOHQFH�LQ�VFLHQWLILF�
ODQJXDJH�FDQ�EH�XVHG�DV�V\QRQ\PV�RI�ILHOG�WUDFNV�

*HRJUDSKLFDO�QDPLQJ�UHTXLUHV�D�PXFK�PRUH�GLYHUVH�VWXG\��ZKHUH�WKHUH�DUH�PDQ\�YDULDEOH�IDFWRUV�
DQG�XVXDOO\�WKH�QDPLQJ�RI�URXWHV��GHVWLQDWLRQV�DQG�ODQHV�LV�WKH�PRVW�LPSRUWDQW�RQH��1DPHV�RI�WKH�URDGV�
OHDGLQJ�WR�WKH�QHLJKERXULQJ�YLOODJH�DUH�YHU\�SHUVLVWHQW�DQG�WKH\�DUH�PRVWO\�QDPHG�DIWHU�WKH�DGMDFHQW�
YLOODJH��ZKLOH� WKRVH� WKDW� OHDG� WR� IXUWKHU��PRUH�SUHVWLJLRXV�SODFHV� �PDUNHW�SODFHV�� UHOLJLRXV�FHQWUHV��
RIWHQ�KDYH�PRUH�WKDQ�RQH�QDPHV��$V�GXULQJ�WKH�2WWRPDQ�UXOH�������������VHYHUDO�VHWWOHPHQWV�ZHUH�
GHVWUR\HG�LQ�WKLV�DUHD��LW�LV�FRPPRQ�IRU�URDGV�WR�EHDU�WKH�QDPH�RI�WKH�GHVWUR\HG�YLOODJH���5RDG�QDPHV��
KRZHYHU�� FDQ� DOWHU� QRW� RQO\� DFFRUGLQJ� WR� WKH� GHVWLQDWLRQ� EXW� WKH� VHFWLRQV�ZLWKLQ� D� YLOODJH��2IWHQ��
WKH�URDG�LV�FDOOHG�GLIIHUHQWO\�LQ�WKH�QHLJKERXULQJ�ILHOG�RU�ODQH��ZKLFK�PD\�EH�UHODWHG�WR�WKH�SK\VLFDO�
FKDUDFWHULVWLFV�RI�WKH�ODQG�VXUIDFH�RU�D�FKDQJH�LQ�WKH�QDPH�RI�WKH�ODQH��7KH�QDPH�FKDQJH�LV�HVSHFLDOO\�
UHOHYDQW�ZKHQ�WKH�URDG�UHDFKHV�WKH�WHUULWRU\�RI�DQRWKHU�YLOODJH��$�QXPEHU�RI�ORFDO�URDG�QDPHV�FDQ�EH�
DFFHSWHG��7KLV�LV�GXH�WR�YDULDWLRQV�RI�WKH�QDPH�IOH[LEO\�FRQIRUPLQJ�WR�WKH�SXUSRVH�RI�WUDQVSRUW�RU�WKH�
VSHHFK�VLWXDWLRQV��,Q�WKH�QDPLQJ�SURFHVV��RI�FRXUVH��VRPH�RWKHU�IDFWRUV�PD\�RFFXU��HFRQRPLF��VDFUDO�
HWF����ZKLFK�WKLV�ZULWLQJ�GRHV�QRW�GHDO�ZLWK��,Q�0HFVHNKiW�WKH�PRVW�FRPPRQ�LV�WKH�YiViURV~W��PDUNHW�
URDG�� OHDGLQJ� WR� WKH�QHLJKERXULQJ�PDUNHW�FHQWUHV�� LQ�YLOODJHV�KDYLQJ�QR�SDULVK�PLVH~W�RU�PLVpV�~W�
�PDVV�URDG��LV�TXLWH�FRPPRQ��IURP�DQ�HFRQRPLF�SRLQW�RI�YLHZ�SUREDEO\�WKH�PRVW�ZLGHVSUHDG�LV�WKH�
PDORP~W� �PLOO� URDG��� ,W� LV�VWULNLQJ��KRZHYHU� WKDW�QDPHV�UHIHUULQJ� WR�RWKHU�HFRQRPLF�UROHV��PLQLQJ��

�� 3(67,�-��������%0)1�,��������$OVR�DFFRUGLQJ�WR�P\�RZQ�UHVHDUFK�FDUULHG�RXW�LQ�WKH�YLOODJHV�RI�.iUiV]��0DJ\DUHJUHJ\��
6]iV]YiU�DQG�9pNpQ\�

�� 7KH�ZRUG�¶GHUpN¶�ZDV�D�GLDOHFWDO�ZRUG�LQ�%DUDQ\D�FRXQW\��IRU�LWV�RULJLQ�VHH��0È7e�*�����������
�� :KLOH�WKH�+XQJDULDQ�DUP\�ZDV�GHIHDWHG�E\�WKH�7XUNV�LQ�������DW�WKH�EDWWOH�RI�0RKiFV���WKH�RFFXSDWLRQ�RI�WKH�DUHD�
WRRN�SODFH�LQ����������([DPSOHV�IRU�URDG�QDPHG�DIWHU�D�GHVHUWHG�YLOODJH��%LNiGL�URDG�LQ�.LVYDV]DU��.LVSXV]WDL�URDG�LQ�
1DJ\KDMPiV��'iUyL�URDG�LQ�.DSRVV]HNFVĘ��HWF���%0)1�,��������SS����������������
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WUDQVSRUW��HWF���IRXQG�LQ�JUHDW�QXPEHU�LQ�YDULRXV�ZULWWHQ�VRXUFHV�DUH�RI�VHFRQGDU\�LPSRUWDQFH�LQ�RUDO�
LW\��LQ�FRPPRQ�ZRUGV�DQG�SODFH�QDPHV����7KLV�LV�KLJKOLJKWLQJ�WKH�IDFW�WKDW�ZULWWHQ�VRXUFHV�VRPHWLPHV�
GR�QRW�UHFRUG�WKH�ORFDO�QDPHV�EXW�IRFXV�RQ�WKH�HFRQRPLF�DVSHFWV�ZKLFK�DUH�LPSRUWDQW�IRU�WKH�DXWKRU�
RI�WKH�VRXUFH�DQG�WKLV�LV�UHIOHFWHG�LQ�WKH�QDPLQJ�

)LJXUH����/RFDO�FRPPXQLFDWLRQ�QHWZRUN�DW�WKH�QRUWKHUQ�SDUW�RI�0HFVHNKiW�LQ�WKH�EHJLQQLQJ�RI�WKH���WK�FHQWXU\

,OOXVWUDWLRQ��*iERU�0iWp

$FFRUGLQJ�WR�WKH�RSHUDWLRQDO��IXQFWLRQDO��FKDUDFWHULVWLFV�RI�ORFDO�URDGV�WKH\�FDQ�EH�GLYLGHG�LQWR�
IRXU�W\SHV��)LJXUH����

$��)LHOG�WUDFNV�OLQNLQJ�WKH�FRPPXQLWLHV�ZLWK�WKHLU�IDUPODQGV��7KH\�SURYLGH�WKH�ELJJHVW�SDUW�RI�WKH�
VHW�RI�URDGV�LQ�D�YLOODJH��DW�WKH�VLJQLILFDQW�FKDQJHV�LQ�ODQG�XVH��HQFORVXUH��UHSDUFHOOLQJ��GHIRUHVWDWLRQ��
HWF��WKH\�FDQ�HDVLO\�GLVDSSHDU�DQG�UHRFFXU�DJDLQ�

%��&RPPXQLFDWLRQ� URDGV� FRQQHFWLQJ� QHLJKERXULQJ� YLOODJHV�� 7KHVH� DUH� WKH�PRVW� LPSRUWDQW� DQG�
EHVW�SUHVHUYHG�HOHPHQWV�LQ�ORFDO�URDG�QHWZRUNV��7KHLU�OD\RXW�LV�ORQJ�ODVWLQJ��WKH\�PLJKW�GLVDSSHDU�RU�
FKDQJH�GLUHFWLRQ�ZKHQ�VHWWOHPHQW�VWUXFWXUHV�DUH�FKDQJLQJ�RU�UHYROXWLRQDULO\�QHZ�YHKLFOHV�DSSHDU��,Q�
WKH�DUHD�0HFVHNKiW�DOO�WKH�QHLJKERXULQJ�YLOODJHV�KDG�D�GLUHFW�FRQQHFWLRQ�XQWLO�WKH�����V��VR�D�YLOODJH�
ZDV�DFFHVVLEOH�IURP�WKH�QHLJKERXULQJ�YLOODJH�ZLWKRXW�DQ\�GHWRXU��7KLV�URDG�W\SH�LV�FKDUDFWHUL]HG�E\�
WKH�WUDFH�ZLWK�WKH�VKRUWHVW�DQG�RU�VPDOOHVW�HOHYDWLRQ�

&RQQHFWLQJ�URDGV�EHWZHHQ�YLOODJHV�DUH�PRYLQJ�UDGLDOO\�IURP�WKH�FHQWUH�RI�WKH�YLOODJH��RSHQLQJ�LQ�
D�IDQ�VKDSHG�RU�VWHOODU�IRUPDWLRQ���,Q�WKH�HVWDWH�PDS�RI���0iJRFV��)LJXUH����PDGH�LQ�WKH�����V��ZH�FDQ�
REVHUYH�WKLV�FKDUDFWHULVWLF�IDQ�VKDSHG�URDG�QHWZRUN�SURYLGLQJ�TXLFN�DFFHVV�WR�DOO�WKH�QHLJKERXULQJ�
YLOODJHV��

�� $�YHU\�UHFHQW�ZRUN�GHPRQVWUDWLQJ�WKH�YDULHW\�RI�QDPHV�DSSHDULQJ�LQ�FKDUWHUV��6=,/È*<,�0��������SS����±����
�� 0LFKDHO�$VWRQ�LV�SUHVHQWLQJ�D�VLPLODU�VWDU�VKDSH�IRUPDWLRQ������������������DURXQG�,OFKHVWHU��6RXWK�(DVW�6RPHUVHW�



�����,

�

)LJXUH����&RPPXQLFDWLRQ�URXWHV�RI�0iJRFV�LQ�D�PDQRULDO�PDS�IURP�WKH�����V�

,OOXVWUDWLRQ��*iERU�0iWp�
%0/�;9�����H��%DUDQ\D�FRXQW\�PDS�FROOHFWLRQ��0DQRULDO�PDSV��3pFVYiUDGL�.|]DODStWYiQ\L�.HU�OHW��3XEOLF�)RXQGDWLRQ�

'LVWULFW�LQ�3pFVYiUDG�

)URP�WKH�VHWWOHPHQW�����3pFV�URDG��9LD��HFFOHVLHQVH�HFOHVLHQVLV��LV�KHDGLQJ�VRXWK��OHDGLQJ�WR�WKH�
ODUJHVW�FLW\�LQ�6RXWK�7UDQVGDQXELD��DQG�WR�WKH�DGMDFHQW�YLOODJH�RI�$OVyPRFVROiG��7KH�URDG�UXQQLQJ�
ZHVWHUO\�SDUDOOHO� WR� WKLV�RQH� ���� LV� OHDGLQJ� WR�+iEL�YDOOH\�DQG�*HUpQ\HV�YLD� WKH�ERXQGDU\�DUHDV�RI�
WKH�UXLQHG�2ODV]IDOX�DQG�9DUMDV��7KH�HQG�SRLQW�RI�WKH�URXWH�UXQQLQJ�VRXWK�ZHVW�����RQ�WKH�PDS�ZDV�
%DUDQ\DMHQĘ��D�GLVWDQW�YLOODJH�ZKLFK�EHORQJHG�WR�WKH�PDQRU��WKLV�URDG�KRZHYHU�SDVVHG�WKURXJK�WKH�
DUHD�RI�+iE�ZKLFK�ZDV�GHVWUR\HG�GXULQJ�WKH�2WWRPDQ�RFFXSDWLRQ�DQG�LW�DOVR�FURVVHG�WKH�PDLQ�KLJK�
ZD\�RI�WKLV�UHJLRQ��7KHUH�LV�DQRWKHU�WUDFH�YHU\�FORVH������ZKLFK�ZDV�KHDGLQJ�ZHVW�WR�WKH�QHLJKERXULQJ�
&VLNyVWĘWWĘV��2QH�FRXOG�JHW�WR�WKH�IORRGSODLQ�RI�WKH�ULYHU�.DSRV�DQG�WR�WKH�QHLJKERXULQJ�VHWWOHPHQW�
RI�'RPEyYiU�LQ�WKH�QRUWK�ZHVW�GLUHFWLRQ�����DQG�WR�'|EU|N|]�YLD�D�YLOODJH�GHVWUR\HG�LQ�WKH�2WWRPDQ�
RFFXSDWLRQ� �*\|UJ\L��QRUWKZDUG� ����� �+HDGLQJ�QRUWK�HDVW�� DORQJ� WKH�KLOOWRS� ����DQ� LPSRUWDQW� ULGJH�
URXWH�ZDV�OHDGLQJ�WR�+DMPiV�DQG�ZDV�WHUPLQDWLQJ�LQ�WKH�HVWDWH�YLOODJH�FDOOHG�+DUF��7KH�URDG�HDVWZDUG�
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����ZDV�FURVVLQJ�D�GHVHUWHG�YLOODJH�FDOOHG�.DSiV�DQG�OHG�WR�%LNDO�ZKLOH�SDVVLQJ�WKH�PHGLHYDO�PLOO�VLWHV�
KHUH��7KH�RYHUYLHZ�VKRZV�WKDW�IURP�WKH�YLOODJH�RI�0iJRFV�WKHUH�ZHUH�URDGV�WR�DOO�WKH�QHLJKERXULQJ�
YLOODJHV��0RVW�RI�WKHP�FDQ�GDWH�EDFN��DW�OHDVW��WR�WKH�0LGGOH�$JHV��ZKLFK�LV�LQGLFDWHG�E\�WKH�IDFW�WKDW�
WKH\� UXQ� WRZDUG� WKH�QHLJKERXULQJ�YLOODJHV�YLD� WKH� WHUULWRULHV�RI� WKRVH�PHGLHYDO�YLOODJHV� WKDW�ZHUH�
GHVWUR\HG�GXULQJ�WKH�2WWRPDQ�UXOH�������������SDVVLQJ�E\�WKHLU�VXUYLYLQJ�PLOO�VLWHV�DQG�FKXUFK�UXLQV�

&��+LOOWRS�URDGV��ULGJH�URXWHV��FRQQHFWLQJ�PRUH�GLVWDQW�VHWWOHPHQWV�ZLWKRXW�SDVVLQJ�YLOODJHV��'XH�
WR�WKH�JHRJUDSKLF�VWUXFWXUH�RI�WKLV�UHJLRQ�WKH�TXLFNHVW�ZD\�RI�WUDYHOOLQJ�ZDV�RQ�WKH�KLOOWRSV��7KH�URDGV�
FDOOHG�KiW~W�RU�KHJ\KiWL�~W�UXQQLQJ�DORQJ�WKH�ULGJHV�ZHUH�WKH�PRVW�LPSRUWDQW�HOHPHQWV�RI�FRPPXQLFD�
WLRQ�LQ�WKH�LQWUD�UHJLRQ�UHODWLRQV��6HFWLRQV�RI�ULGJH�URXWHV�PLJKW�VHUYH�DV�DFFHVV�WR�QHDUE\�VHWWOHPHQWV�

'��+LJKZD\V��GHUpN�V�EHWZHHQ�WKH�FRXQWLHV�DQG�GLIIHUHQW�SDUWV�RI�WKH�FRXQWU\�
'HUpN�V�IROORZ�WKH�EXVLHVW�ORFDO�URDGV��ZKLFK�DUH�WKH�EDFNERQH�RI�WKH�PRGHUQ�URDG�QHWZRUN��PDLQ�

URDGV��VHFRQGDU\�URDGV��DQG�SDUWO\�IROORZ�WKHLU�WUDFN��'HUpN�V�DUH�UXQQLQJ�DORQJ�WKH�HGJH�RI�WKH�YDOOH\V�
DQG�DW�WKH�IRRW�RI�WKH�KLOOV��7KH\�DOVR�KDG�DQ�LPSRUWDQW�PLOLWDU\�UROH��7KH�3pFV�±�0DJ\DUV]pN�±�6iVG�
URDG�ZDV�D�VLJQLILFDQW�URXWH�HYHQ�LQ�5RPDQ�WLPHV��0Ï&6<�$��±�),7=��-��������SS�����±�����

7KH� FRXUVH�RI� WKH� URDGV� LV� GHWHUPLQHG�E\� WKH� WRSRJUDSK\�RI� WKH� ODQG�� -XQFWLRQV�RU� FHQWUHV� DUH�
FUHDWHG�LQ�JRRG�DQG�HQHUJHWLF� ORFDWLRQV��+RJEDFNV�DQG�QDUURZV�DUH� W\SLFDO� MXQFWLRQ�SRLQWV��DQG�LQ�
ODUJHU�VWUHDP�YDOOH\V�VHYHUDO�URDGV�FDQ�PHHW�E\�D�IRUG��%HVLGHV�WKH�MXQFWLRQV�ZH�FDQ�KDYH�FURVVLQJV�
DQG�URDG�IRUNV��IRXU�RU�ILYH�URDGV�PHHW�WKUHH���,Q�)LJXUH���WKH�����PHWHU�KLJK�KRJEDFN�DFFRPPRGDWHV�
IRXU�WUDFNV�FRPLQJ�IURP�WKH�VRXWK��.iUiV]¶V��.��ROGHVW�URXWHV�ZLWK�WKH�ODUJHVW�WUDIILF�DUH�5iFKRUJRV�
�D��DQG�1DJ\KRUJRV��E��WKDW�EHFDPH�KROORZD\V�RYHU�WKH�FHQWXULHV��7R�UHSODFH�1DJ\KRUJRV�WKH�VR�FDOOHG�
1HZ�URDG�ZDV�EXLOW�LQ�WKH�����¶V�OHDGLQJ�WR�WKH�WUDLQ�VWDWLRQ�ZLWK�SDYHG�VXUIDFH��F���$�KRUVH�GUDZQ�
LQGXVWULDO�UDLOZD\�OLQH��G��ZDV�LQWURGXFHG�DQG�MRLQHG�WR�WKH�KRJEDFN�LQ�WKH�����V��7KH�VHUSHQWLQHV�
EXLOW�LQ�WKH���WK�FHQWXU\��F��G��VKRZ�WKH�FKDQJHV�RI�QHHGV�FRQFHUQLQJ�URDGV�IRU�WUDQVSRUW�

)LJXUH����/RFDO�URDGV�OHDGLQJ�WR�1DJ\SDUW�WHWĘ�LQ�.iUiV]�

,OOXVWUDWLRQ��*iERU�0iWp



�����,

�

)LJXUH����$OPiV�ZD\KRXVH�DQG�WKH�URDGV�OHDGLQJ�WR�LW�

,OOXVWUDWLRQ��*iERU�0iWp

1H[W�WR�WKH�MXQFWLRQV�WKHUH�DUH�RIWHQ�EXLOGLQJV�VHUYLQJ�WKH�WUDIILF��LQQ��ERDUGLQJ�KRXVH��ZDWHU�ZHOO��
RU�VPDOOHU�EXLOGLQJV�ZLWK�VDFUHG�IXQFWLRQV��FKDSHO��FURVV��EHOO�WRZHU���)LJXUH����

)LJXUH����-XQFWLRQ�RQ�+LOMD�KLOO�ORFDWHG�DW�WKH�ERUGHUV�RI�6]DODWQDN��.|EOpQ\�DQG�%LNDO�

,OOXVWUDWLRQ��*iERU�0iWp

,Q�WKH�UHJLRQ�FHUWDLQ�NH\�SRVLWLRQ�WRSV�KDG�DQ�LPSRUWDQW�WUDQVSRUW�UROH�DV�ZHOO�ZKHUH�XVXDOO\�FURVV�
URDGV��VRPHWLPHV�PDUNHG�ZLWK�D�FURVV�RU�KRO\�SLFWXUHV��FDQ�EH�IRXQG��)LJXUH�����2I�FRXUVH��WKH�PRVW�
LPSRUWDQW�MXQFWLRQV�DUH�ORFDWHG�QHDU�WKH�HFRQRPLF�SUHPLVHV�ZKHUH�WKH�VSDWLDO�DFWLYLW\�LV�JUHDWHU�

7KH�XVH�RI� URXWHZD\V�DQG� WUDFNV�FDQ�EH� LQIOXHQFHG�E\� WKH�FOLPDWH��HVSHFLDOO\�SUHFLSLWDWLRQ�DQG�
HYDSRUDWLRQ��5LGJH�URXWHV�RQ�WKH�KLOOWRSV�ZHUH�DOZD\V�LQ�WKH�EHVW�DQG�WKH�GULHVW�VWDWH��ZKLOH�YDOOH\�
URDGV�ZHUH�YHU\�XQVXLWDEOH�IRU�WUDIILF�LQ�ZHW�ZHDWKHU��7KH�GLUHFWLRQ�ZDV�FKRVHQ�HPSLULFDOO\�EDVHG�RQ�
WKH�SXUSRVH�RI�FRPPXQLFDWLRQ��WKH�ZHDWKHU�DQG�WKH�VL]H�RI�WKH�ORDG�
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2Q�WKH�KLOOWRSV��VRPHWLPHV�PRUH�DQG�HYHQ�SDUDOOHO�WUDFNV�DQG�KROORZD\V�ZHUH�IRUPHG�EHLQJ�XVHG�
DW�WKH�VDPH�WLPH��,Q�FDVH�RI�VRPH�KROORZD\V�FHUWDLQ�FXVWRPDU\�WUDIILF�ODZV�HPHUJHG�EDVHG�RQ�SXEOLF�
FRQVHQVXV��2QH�WUDFN�ZDV�XVHG�RQO\�IRU�JRLQJ�XS�ZLWK�HPSW\�FDUWV��ZKLOH�RQ�WKH�RWKHU�SHRSOH�WUDYHOOHG�
GRZQZDUG�ZLWK�ORDGV��)LJXUH�����2Q�RWKHU�URDGV�E\SDVVHV�ZHUH�PDGH�ZKHUH�WKH�FDUWV�FRXOG�NHHS�RII�
�)LJXUH�����$V�DSSURDFKLQJ� WKH�KROORZD\�SHRSOH�ZKLVWOHG�RU� VKRXWHG�VR�RWKHU�RQHV� LQ� WKH� µKRUJRV¶�
FRXOG�KHDU�WKHP�FRPLQJ��,Q�WKH�VWHHSHU�VHFWLRQV�URDGV�HURGH�PRUH�TXLFNO\�WKHUHIRUH�PRUH�DFWLYH�DQG�
LQDFWLYH�WUDFNV�FDQ�EH�IRUPHG��)LJXUH�����([FHOOHQW�H[DPSOHV�RI�WKLV�SKHQRPHQRQ�DOVR�NQRZQ�LQ�WKH�
ODQGVFDSH�PRUSKRORJLFDO� OLWHUDWXUH�DUH� WKH�.iSOiQ\L�KRUJRV�RU� WKH�&RGROOy�PRXQWDLQ� LQ�.LVYDV]DU�
�08,5��5��������SS����������$6721��0��������SS�������

,Q�WKH������WK�FHQWXU\�WKHUH�ZHUH�RQO\�D�IHZ�VWDWH�DQG�FRXQW\�PDLQWDLQHG�URDGV��VFULSWXUHV�DERXW�
WKH�FRXQW\¶V�WUDIILF�FRQGLWLRQV�DUH�WDONLQJ�DERXW�WKH�EDG�URDG�FRQGLWLRQV�LQ�WKH�����V�ZKLFK�KLQGHUHG�
WKH�WUDQVSRUWDWLRQ�RI�WKH�SURGXFWV�WR�WKH�PDUNHW�DQG�WKHLU�VDOH�LQ�WKH�ORQJ�GLVWDQFH�WUDGH��0È7e�*��
������SS�������3RVWDO�DQG�WUDGH�URXWHV�ZHUH�FRQVLGHUHG�DV�PDLQ�URDGV��WKHLU�DQG�WKHLU�REMHFWV¶�PDLQWH�
QDQFH�EHORQJHG�WR�WKH�FRXQW\�RU�FHUWDLQ�PDQRUV�DQG�LW�ZDV�SDUWO\�GRQH�ZLWK�VRFDJH��&KDQJH�RFFXUUHG�
DIWHU� WKH�HQG�RI� IHXGDOLVP� �LQ��������ZKHQ�VWDWH�DQG�FRXQWU\�SDUWLFLSDWLRQ�EHFDPH�VWURQJHU� LQ� WKH�
PDLQWHQDQFH�RI�WKH�URDGV��7KH�UDLOZD\�QHWZRUN�ZDV�EXLOW�DW�WKDW�WLPH�WRR��7KH�ORFDO�URDGV�ZHUH�VWLOO�
PDLQWDLQHG�DQG�HFRQRPLFDOO\�FRQWUROOHG�E\�WKH�ORFDO�FRPPXQLWLHV�LQ�WKH������WK�FHQWXU\�DQG�LQ�WKH�
����V�DV�ZHOO��.HHSLQJ�WKH�URDGV�LQ�JRRG�FRQGLWLRQ�ZDV�WKHLU�LQWHUHVW��EHFDXVH�GXULQJ�WUDQVSRUWDWLRQ�
KXPDQV��DQLPDOV��FDUWV�DQG�WKH�ORDGV�FRXOG�DOO�EH�GDPDJHG��7KH�ORFDO�URDGV�ZHUH�ORRNHG�DIWHU�E\�WKH�
RZQHUV�RI�WKH�YLOODJH��7KH\�XVHG�KRH�DQG�SORXJK�WR�IODWWHQ�WKH�URDGV��UHSDLULQJ�WRRN�SODFH�DQQXDOO\�
PDLQO\�EHIRUH�WKH�WLPH�RI�ZKHDW�KDUYHVW�DQG�WKH�MXGJH�ZDV�UHVSRQVLEOH�IRU�VHOHFWLQJ�WKH�GDWH�IRU�WKLV��

)LJXUH����2XWOLQH�RI�7HOHNL�KRUJRV�
LQ�.iUiV]��8SZDUGV�WKH�7HOHNL�

YDOOH\��D���GRZQZDUGV�WKH�7HOHNL�
KRUJRV��E��ZHUH�LQ�XVH��

)LJXUH����2XWOLQH�RI�%RU]LNL�
KRUJRV�LQ�0DJ\DUHJ\UHJ\��

+RVV]~KRUJRV��D��ZDV�XVHG�IRU�XS�
DQG�GRZQZDUG�WUDI¿F��5|YLGKRUJRV�
�E��ZDV�XVHG�RQO\�XSZDUGV�E\�

SDVVLQJ�WKH�VWHHS�SDUW��

)LJXUH����$OWHUQDWLYH�OLQHV�RI�WKH�VWHHS�
KLOOVLGH�RI�&RGROOy�LQ�.LVYDV]DU��2OG�URXWHV�
�D��DQG�D�QHZ��E��ODQH�FDQ�EH�REVHUYHG�

VHUYLQJ�DV�D�IRUHVW�VHUYLFH�URDG��QHDU�WR�WKH�
IRUHVWU\��)�



�����,

��

(YHU\�KRXVH�VHQW�RQH�SHUVRQ�WR�SDUWLFLSDWH�LQ�WKLV�ZRUN��$W�WKDW�WLPH�WKH\�XVXDOO\�DGMXVWHG�WKH�ERWWRP�
RI�WKH�KROORZD\V��7KH�VPDOO�MREV�DIWHU�WKXQGHUVWRUPV�DQG�VQRZPHOW��GUDLQLQJ�SXGGOHV��FXWWLQJ�IDOOHQ�
WUHHV��UHPRYLQJ�URFNV��ZHUH�GRQH�E\�WKH�UDQJHU��RU�D�IDUPHU�SDVVLQJ�E\�

)$&7256�$))(&7,1*�7+(�&+$5$&7(5�2)�7+(�52$'�
�0253+2/2*,&$/�&5,7(5,$�

7KH� ILHOG� UHFRJQLWLRQ� RI� WKH� URDGV� LV�PDGH� SRVVLEOH� E\� WKH� GHHSHQLQJ� RI� WKH� WUDFN��$FFRUGLQJ� WR�
'LHWULFK�'HQHFNH� WKH� IRUPLQJ� RI� KROORZD\V� KDYH� WKH� IROORZLQJ� QDWXUDO� IDFWRUV�� � VORSH� DQJOH�� VRLO��
EHGURFN�DQG�YHJHWDWLRQ���)HUHQF�(UGĘVL�GLG�KLV�UHVHDUFK�LQ�WKH�0HFVHN�KLOO�DQG�LWV�HQYLURQPHQW�ZKHUH�
KH�GLVWLQJXLVKHG�DFWLYH�DQG�IRVVLO�KROORZD\V��FDUW�URDGV���UHJDUGLQJ�WKHLU�FKDUDFWHUV�KH�GLYLGHG�WKHP�
LQWR�IRXU�FDWHJRULHV��:KHQ�VHWWLQJ�XS�FDWHJRULHV�KH�ZDV�IRFXVLQJ�RQ�WKH�VWHHSQHVV�RI�WKH�VORSHV�DQG�
WKH�OHQJWK��GHSWK�DQG�WKH�FRXUVH�RI�WKH�KROORZD\V��(5'ė6,�)��������SS�������

,Q�OLJKW�RI�P\�UHVHDUFK�GRQH�LQ�0HFVHNKiW�VL[�JURXSV�RI�IDFWRUV�LQIOXHQFH�WKH�FKDUDFWHU�RI�WKH�URDG�
�� W\SH�RI�VRLO�DQG�EHGURFN�
�� VORSH�FRQGLWLRQV�DQG�WKH�H[WHQW�RI�VKHHW�ZDVK�
�� FOLPDWLF�FRQGLWLRQV��PLFURFOLPDWH��
�� YHJHWDWLRQ�
�� WKH�QDWXUH��LQWHQVLW\�DQG�GXUDELOLW\�RI�URDG�XVH�
�� GHSOR\PHQW�

7KH�FKDUDFWHU�RI�WKH�URDG�LV�IRUPHG�E\�WKH�LQWHUSOD\�RI�WKHVH�IDFWRUV��,Q�WKH�IROORZLQJ�,�DP�JRLQJ�
WR�GHDO�ZLWK�WKH�IRUPDWLRQ�DQG�GHYHORSPHQW�RI�WKH�URDGV�ZLWKRXW�JRLQJ�LQWR�GHWDLO�FRQFHUQLQJ�WKHVH�
IDFWRUV��7KH�VOLJKWHVW�UXWV�FDQ�EH�IRXQG�RQ�URDGV�ZLWK�D�PRGHUDWH�VORSH�RU�QR�VORSH�DW�DOO��7KH\�JHQHU�
DOO\�UXQ�DORQJ�WKH�ULGJHV�RU�LQ�YDOOH\V��+RZHYHU��DV�WKH�KLOOWRSV�DUH�QRW�WKH�VDPH�KHLJKWV��RQ�WKH�ULGJH�
URXWHV�UXWV�DQG�FRPSOHWHO\�IODW�VHFWLRQV�FDQ�EH�IRUPHG�DV�ZHOO��5LGJH�URDGV�WRGD\�DUH�XVXDOO\�FRYHUHG�
ZLWK�UXEEOHV�DQG�IODWWHQHG�E\�PDFKLQHV�VR�WKH\�ORRN�PRUH�DUWLILFLDO��RQ�ILOHG�WUDFNV�WKH�GHHSHQLQJ�LV�
PRUH�DQG�PRUH�LQWHQVH�GXH�WR�WKH�KHDY\�IDUP�PDFKLQHULHV�

,Q�WKH�YDOOH\V�DFFXPXODWLRQ�LV�PRUH�W\SLFDO��WKXV�WKH�WUDFN�RI�WKH�URDG�LV�JHWWLQJ�ILOOHG�XS�DQG�DIWHU�
D�ZKLOH�WKH�ROG�WUDFHV�DUH�LPSRVVLEOH�WR�IROORZ��,Q�FDVH�RI�WKH�YDOOH\�URDGV�LW�LV�SRVVLEOH�WR�GLVFRYHU�D�
URXWH�ZKHUH�WKH�WUDFN�LV�FXW�LQ�WKH�URFN�RU�LI�LW�UXQV�DORQJ�WKH�ERWWRP�RI�WKH�KLOOV��5RDGV�UXQQLQJ�RQ�
PHDGRZ�VRLO�DQG�DFURVV�JURYHV�KDYH�D�OLWWOH�FKDQFH�WR�EH�IRXQG��,Q�WKH�DUHD�RI�0HFVHNKiW�WKHUH�DUH�
PRUH�UHVLVWDQW�URFNV��OLPHVWRQH��GRORPLWH��SKRQROLWH��EDVDOW��VR�FDUW�URDGV�ZHUH�QRW�UHDOO\�GHHS�KHUH�
�(5'ė6,�)��������������,Q�6LQJ|G|U�LQ�0DJ\DUHJUHJ\�IRU�WHQV�RI�PHWHUV�ZH�FDQ�VHH�WKH�WUDFH�RI�D�FDUW�
URDG�UXQQLQJ�DORQJ�WKH�ULYHUEHG�FXW�LQWR�WKH�OLPHVWRQH��3LFWXUH�����$FFRUGLQJ�WR�IRON�HW\PRORJ\�WKH�
YDOOH\¶V�QDPH�FRPHV�IURP�WKH�LURQ�ELW��VLQJYDV��RI�WKH�FDUW�ZKHHO�EHFDXVH�WKH�EDG�URDG�DOZD\V�UXLQHG�
LW��5(87(5�&��������SS�����±������7KH�URDG�LV�SRVVLEO\�PXFK�ROGHU�EHFDXVH�LW�LV�VLWXDWHG�LQ�WKH�YLFLQLW\�
RI�D�ORVW�PHGLHYDO�YLOODJH��LW�LV�DW�OHDVW�RI�PHGLHYDO�RULJLQ�

�� 'HQHFNH�LV�TXRWHG��'È9,'�±�,/<e6�±�%$526����������
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3LFWXUH����&DUW�URDG�FXW�GHHS�LQWR�WKH�OLPHVWRQH�LQ�6LQJ|G|U��0DJ\DUHJ\UHJ\�

3KRWRJUDSKHG�E\�*iERU�0iWp�������

7KH�EHVW�DQG�PRVW�FKDUDFWHULVWLF�IRUPV�FDQ�EH�WUDFHG�RQ�WKH�KLOOV��5RDGV�FDQ�WXUQ�LQWR�KROORZD\V�
RI�YDULRXV�SURILOHV�E\�WKH�LPSDFW�RI�WKH�WUDIILF��'HQHFNH�QDPHG�HLJKW�LGHDOL]HG�URDG�SURILOHV�GXULQJ�
WKH�H[DPLQDWLRQ�RI�KROORZD\V����,Q�0HFVHNKiW�FRYHUHG�PDLQO\�ZLWK�VRIW�URFN�WZR�DFWLYH�DQG�WZR�IRVVLO�
IRUPV�DUH�WKH�PRVW�FRPPRQ��ZKHHO�UXW��WUDSH]RLG�VKDSHG�DQG�WURXJK�VKDSHG�KROORZD\V�DQG�KROORZD\V�
WXUQHG�LQWR�JXOOLHV�

,Q�WKH�ILUVW�SKDVH�RI�WKH�UXW�IRUPDWLRQ�RI�FDUW�URDGV�RQO\�WKH�WUDFN�FDQ�EH�VHHQ��ZKLFK�LV�QRW�FRPLQJ�
DERXW�RQO\�E\�RQH�FDUW�WUDFH�EXW�E\�PDQ\�UXWV�UXQQLQJ�SDUDOOHO�RU�WRZDUGV�HDFK�RWKHU����'HHSHQLQJ�RI�
WKH�KRUJRV�LV�WKH�PRVW�LQWHQVH�ZKHQ�ORDG�WUDQVSRUW�LV�JRLQJ�RQ��,Q�SDUWLFXODU��FDUWV�ZLWK�ORDGV�JRLQJ�
GRZQZDUG�FXW�DQG�GLVLQWHJUDWHG� WKH�ERWWRP�RI� WKH�KRUJRV��7KH�+XQJDULDQ�ZRUG�KRUJRV�RULJLQDWHV�
IURP�WKH�ZRUOG�KRURO��ZKLFK�UHIHUV�WR�WKH�SURFHVV�RI�ORRVHQLQJ�WKH�VRLO�VXUIDFH��7$.È&6��/��������SS��
�����0È7e�*��������SS�������:KHQ�GHVFHQGLQJ�WKH�FDUWZKHHOV�ZHUH�ZUDSSHG�LQ�FKDLQV�RU�ZHUH�SXW�RQ�
���'HQHFNH�LV�TXRWHG��'iYLG�±�,O\pV�±�%DURV�����������
���'RERV�±�,O\pV�±�%DURV������������6LPLODU�IRUPDWLRQV�ZHUH�IRXQG�DW�WKH�DUFKDHRORJLFDO�H[FDYDWLRQ�RI�WKH�PHGLHYDO�WRZQ�
RI�0XKL��/$6=/296=.<�-��±�0,./Ï6�=6��±�520+È1<,�%��±�6=(1'(�.��������SS�����±���
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D�VOLGHU��3LFWXUH����WKXV�WKH�FDUW�GLG�QRW�UXQ��EXW�VOLSSHG�RQ�WKH�VORSH��2Q�WKH�YHU\�VWHHS�VORSHV�PRUH�
RU�DOO�WKH�IRXU�ZKHHOV�PLJKW�KDYH�EHHQ�ZUDSSHG��0È7e�*���������2OGHU�SHRSOH�ZLWK�WKHLU�H[SHULHQFHV�
RI�FRPPXQLFDWLRQ�VWLOO�NQRZ�WKH�H[DFW�SURFHVV�RI�WKH�IRUPDWLRQ�RI�WKH�KROORZD\V�

3LFWXUH����6OLGH�IURP�WKH�FROOHFWLRQ�RI�1DJ\ERGRO\D�FRXQWU\�KRXVH��7iMKi]��PXVHXP��6RXWK�%DUDQ\D��3RGROMH��+5�

,I�FHUWDLQ�IDFWRUV�DUH�SUHVHQW�WKH�GHHSHQLQJ�RI�WKH�URDGV�EHJLQV��+ROORZD\V�EHLQJ�LQ�XVH��DFWLYH��
KDYH�D�NLQG�RI�ERWWRP�ZKLFK�LV�XVXDOO\�WUDSH]RLGDO�LQ�VKDSH��)LJXUH������7KLV�VWDWH��VKDSH��LV�NHSW�
OLNH�WKDW�LQ�WKH�KRUJRV�E\�WKH�FRPPXQLFDWLRQ�DQG�WKH�SURFHVV�RI�IODWWHQLQJ�WKH�JURXQG��7KH�ERWWRP�
RI�WKH�KRUJRV�LV�XQGHUJRLQJ�VLJQLILFDQW�GHIRUPDWLRQ�DIWHU�WKXQGHUVWRUPV�DV�WKH�IDOOLQJ�ZDWHU�HQODUJHV�
WKH�GHHSHU�ZKHHO�UXWV�LQ�DQ�DV\PPHWULF�ZD\��'XULQJ�URDG�PDLQWHQDQFH�WUDFH�UXWV�DUH�OHYHOOHG��VRLO�
LV�SXW�LQWR�WKH�UXW��RU�WKH�ZKROH�ERWWRP�LV�SODQHG�GRZQ��7RGD\��WKH�ERWWRP�RI�WKH�KROORZD\V�LV�RIWHQ�
UHLQIRUFHG�E\�EULFNV��RU�UXEEOHV�RU�WKH\�FDQ�EH�SDYHG�DV�ZHOO��&OHDQLQJ�WKH�FRQWLQXRXVO\�IDOOLQJ�VWRQHV�
DQG�WKH�RYHUJURZLQJ�YHJHWDWLRQ�FDQ�EH�D�SUREOHP��0DQ\�RI�WKH�KRUJRV�V�XVHG�WR�KDYH�FDUWV�RQ�WKHP�
EXW�QRZ�WKH\�DUH�QRW�VXLWDEOH�IRU�PRWRU�YHKLFOH�WUDIILF�EHFDXVH�RI�WKHLU�VWHHSQHVV��VR�KROORZD\V�LQ�0HF�
VHNKiW�ZHUH�UDUHO\�FRQYHUWHG�LQWR�DVSKDOW�URDGV��+RUJRV�V�ZLWK�GHHS�UXWV�VRPHWLPHV�FDUU\�WKHLU�RZQ�
JHRJUDSKLF�IHDWXUH�LQ�WKHLU�QDPHV��6|WpW�KRUKRV�±�'DUN�KROORZD\��9LOiJRV�KRUKRV�±�/LJKW�KROORZD\���
1DJ\KRUJRV�±�%LJ�KROORZD\��6]XUGRN�±�&DQ\RQ���%0)1�,��������SS�������������2QH�RI�WKH�XQLTXH�
QDPHV�RI�WKH�KROORZD\V�FDQ�EH�9DVNDSX��,URQJDWH��DV�ZHOO��0È7e�*��������SS������

2YHU�WLPH�ZKHQ�D�URDG�LV�QRW�LQ�XVH�WKH�FURVV�VHFWLRQ�RI�WKH�KROORZD\V��IRVVLO��EHFRPHV�8�VKDSHG�
�)LJXUH������RU�DV�WKH�UHVXOW�RI�WKH�SURFHVV�RI�UXW�IRUPDWLRQ�LW�EHFRPHV�9�VKDSHG��)LJXUH������,Q�WKH�
ILUVW�FDVH�UXEEOHV�IDOOLQJ�IURP�WKH�EDQN�ZDOOV�DQG�WKH�JURZLQJ�YHJHWDWLRQ�RYHU�WKH�KRUJRV�DFFXPXODWH��
GHSHQGLQJ�RQ�WKH�OLJKW�FRQGLWLRQV�VKUXEV�RU�JUDVVHV�DSSHDU��EXW�WKH�VKDSH�LV�VWLOO�WKH�UHPLQLVFHQW�RI�
LWV�RULJLQDO� IXQFWLRQ��7KH�DEDQGRQHG�DQG� OHVV�VWHHS� URDGV�DUH�RIWHQ�NHHSLQJ� WKHLU�8�VKDSHG�FURVV�
VHFWLRQ��WKHVH�UHOLFV�FDQ�EH�UHVHDUFKHG�EHVW��:KHQ�H[DPLQLQJ�WKH�URDGV�ZH�VKRXOG�SD\�DWWHQWLRQ�WR�
WKH�YHJHWDWLRQ�DW�WKH�HGJH�RI�WKH�URDG�VSURXWHG�IURP�WKH�WUXQNV��WKH\�DUH�OHIW�WKHUH�WR�SURWHFW�WKH�EDQN�
ZDOOV��7UXQNV�OLQHG�XS�DORQJ�WKH�HGJH�RI�WKH�URDG�IRUP�VXFK�D�OLQH�ZKHUH�WUHHV�VKRXOG�EH�VWXGLHG�IURP�
GHQGURFKURQRORJLFDO�DQG�URRW�H[SRVXUH�SRLQW�RI�YLHZV��.Ï5Ï'<�*��±�.È=0e5�0��±�6=e.(/<�%���������
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)LJXUH�����6HFWLRQ�RI�DQ�DFWLYH��DV\PPHWULFDO�KROORZD\�ZLWK�FUXPEOLQJ�ZDOOV�DQG�GHHS�FXW�UXW

+ROORZD\V�RQ�VWHHS�VLWHV�DUH�XVXDOO\�WUDQVIRUPHG�LQWR�DE\VVHV��)HUHQF�(UGĘVL¶V�UHVHDUFK�VKRZ�WKDW�
WKHVH�DE\VVHV�DUH�VRPHWLPHV�VR�GHHS�WKDW�WKH\�UHDFK�WKH�DTXLIHUV�DQG�VSULQJV�DSSHDU�LQ�WKHLU�ERWWRPV��
7KH�GHHSHQLQJ�SURFHVV�VRPHWLPHV�GRHV�QRW�VWRS�DW�WKH�ERWWRP�RI�WKH�OD\HUV�RI�URFN�LW�PD\�JR�RQ�LQ�WKH�
XQGHUO\LQJ�±�VRPHWLPHV�HYHQ�KDUGHU�±�OD\HUV�WRR��(5'ė6,�)��������SS�������È'È0�/���������5RDGV�ZLWK�
GHHS�UXWV�WKDW�WXUQHG�LQWR�JXOOLHV�DUH�GLIILFXOW�WR�UHFRQVWUXFW�LQ�WKH�ORFDO�URDG�QHWZRUN��EHFDXVH�WKH\�
DUH�GLIILFXOW�WR�GLVWLQJXLVK�IURP�WKH�HURVLRQ�YDOOH\V��ZKLFK�DUH�QRW�GXH�WR�KXPDQ�LPSDFW�RQO\��QDWXUDO�
DQWKURSRJHQLF� IRUPV���7KH� IRUPHU�� OHVV�GLVLQWHJUDWHG�KROORZD\V�FDQ�EH� UHFRJQLVHG�E\� WKHLU�FRXUVH�
�GHSHQGLQJ�RQ�WKH�VWHHSQHVV��WKH\�DUH�OHVV�VWHHS��DQG�QRW�SHUSHQGLFXODU�WR�WKH�OHYHO�OLQHV�DQG�GLIIHUHQW�
IURP�WKH�VORSH�FRQGLWLRQV��(5'ė6,��)���������$FWLYH�DQG�IRVVLO�KROORZD\V�DUH�VXFK�FKDUDFWHULVWLF�HOH�
PHQWV�RI�WKH�URDG�QHWZRUN�WKDW�FDQ�FRQWULEXWH�WR�WKH�KLVWRULF�ODQGVFDSH�UHVHDUFK�PRVW�

)LJXUH�����6HFWLRQ�RI�D�IRVVLO��PRGHUDWHO\�EDQNHG�KROORZD\�
ZLWK�D�8�VKDSHG�FURVV�VHFWLRQ�ZHOO�SUHVHUYLQJ�LWV�UHOLF�IRUP

)LJXUH�����6HFWLRQ�RI�D�IRVVLO�KROORZD\�WXUQHG�LQWR�DQ�
DE\VV�ZLWK�D�9�VKDSHG�FURVV�VHFWLRQ�KDYLQJ�ORVW�LWV�UHOLF�

IRUP��,OOXVWUDWLRQ��-y]VHI�+HUYDQHN
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',$&+521,&�$1'�6<1&+521286�52$'�$1$/<6,6��+,6725,&$/�$63(&76�
:KHQ�GRLQJ� D� KLVWRULFDO� URDG� DQDO\VLV�ZH� FDQ� XVH� WKH� DIRUHPHQWLRQHG� FULWHULD� LQ� D� FRPSOH[�ZD\��
7KH� V\QFKURQRXV� VWXGLHV�� WKDW� LV� WKH� RQHV� FDUULHG� RXW� LQ� WKH� VDPH� WLPH� SHULRG� DUH� W\SLFDO� RI� WKH�
HQYLURQPHQWDO�DUFKDHRORJLFDO� VHWWOHPHQW� DQG� KLVWRULFDO�JHRJUDSKLFDO� UHVHDUFK�� 7KHUH� WKH� DUFKDHR�
ORJLFDO�H[FDYDWLRQ��RU�WKH�DYDLODEOH�DUFKLYDO�VRXUFHV��SHUDPEXODWLRQV��FKDUWHUV��HVWDWH�ODZVXLWV��WUDYHO�
ERRNV��PDQXVFULSW�PDSV��RQO\�DOORZ�WR�VWXG\�RQH�WLPH�GLPHQVLRQ�RU�WLPH�GLPHQVLRQV�EHLQJ�VR�FORVH�WR�
HDFK�RWKHU��WUDFLQJ�D�WUDFN¶V�FKDQJLQJ�SURFHVV�DQG�LWV�PRWLYH�FDQ�QRW�EH�GRQH����$QDO\VLV�RI�FKDQJHV�LV�
SRVVLEOH�ZKHQ�WKHUH�DUH�PRUH�WKDQ�RQH�VRXUFHV�DYDLODEOH�DERXW�D�URDG�RU�URDG�QHWZRUN�IURP�GLIIHUHQW�
HUDV��WKXV�ZH�FDQ�KDYH�D�VDWLVI\LQJ�SLFWXUH�FRQFHUQLQJ�WKH�SURFHVV�RI�FKDQJHV��7KH�IROORZLQJ�H[DPSOHV�
IURP�WKH�0HFVHNKiW�DUH�VKRZLQJ�V\QFKURQRXV�DQG�GLDFKURQLF�URDG�DQG�URDG�QHWZRUN�VWXGLHV�
��� 7KH�PDS�LQ�)LJXUH����VKRZV�WKH�URDGV�RI�DQ�HVWDWH�PDS�IURP������LQ�.HUFVHOLJHW��7KH�UHVXOWV�RI�WKH�

SRVW�2WWRPDQ�HFRQRPLF��XUEDQ�DQG�VRFLDO�UHRUJDQL]DWLRQ�FRXOG�EH�WKDW�XVHG��ROG�DQG�DEDQGRQHG�
WUDFNV�RI�FRPPXQLFDWLRQ�URDGV�DSSHDU�RQ�WKH�ODQGVFDSH��7KH�WUDFNV�DUH�QRW�HDV\�WR�ORFDWH��:LWK�
ILHOG�REVHUYDWLRQ�ZH�FDQ�LGHQWLI\�WKH�ROG�URDG�OHDGLQJ�WR�-HQĘ��$QWLTXD���DW�VRPH�SRLQW��+��LW�JRHV�
XS�WKH�KLOO��6LQFH�WKLV�URDG�LV�QRW�RQ�WKH������WK�FHQWXU\�PDSV�ZH�FDQ�DVVXPH�WKDW�DIWHU�WKH�ILUVW�
XVH�RI�WKH�QHZ��PRGHUQD��WUDFN�LWV�LPSRUWDQFH�GHFOLQHG�RU�LW�ZDV�FRPSOHWHO\�DEDQGRQHG��*XOOLHV�
ORFDOL]HG�DW�WKH�HGJH�RI�WKH�KLOOVLGH��3LFWXUH����RQFH�ZHUH�WKH�GRZQZDUG�VHFWLRQV�RI�WKH�URDG��7KH�
SLFWXUH�RI�WKH�QRUWKHUQ�JXOO\�VKRZV�WKH�HURVLRQ�RI���������\HDUV�DIWHU�WKH�DEDQGRQPHQW�RI�WKH�
WUDFH��ZLWK�WKH�GHSWK�RI����PHWHUV�DQG�ZLGWK�RI���PHWHUV���7KH�URDG�SURILOH�FRXOG�EH�WKH�VXEMHFW�RI�
DGGLWLRQDO�PRUSKRORJLFDO�VWXGLHV�EHFDXVH�WKH�DEDQGRQPHQW�LV�YHU\�ZHOO�GDWHG�

��� 7KHUH�ZHUH� SHUDPEXODWLRQV� UHYHDOLQJ� WKH� ERXQGDU\� IHDWXUHV� LQ� WKH� YDOOH\� DW� QRUWKHUQ� HGJH� RI�
.iUiV]�LQ�WKH���WK�FHQWXU\��)LJXUH������$FFRUGLQJ�WR�D�GRFXPHQW�WKH�VDOW�WUDGLQJ�URXWH�QDPHG�µ9LD�
5HJLD¶�UDQ�LQ�WKLV�YDOOH\�ZKHUH�WKH�VDOW�ZDV�WUDQVSRUWHG��VDOWZD\��IURP�WKH�'DQXEH�WR�1DJ\NDQL]VD�
�%256<�-��������SS�������7KH�URDG�ZDV�DOUHDG\�RXW�RI�XVH�LQ�WKH������WK�FHQWXU\�IRU�LW�LV�UHIHUUHG�WR�

���/DWHVW� ORFDO� DUFKDHRORJLFDO� SXEOLFDWLRQV� FRQWDLQLQJ� PHWKRGRORJLFDO� UHPDUNV� DQG� RYHUYLHZV� RQ� +XQJDULDQ� URDG�
UHVHDUFKHV��67,%5È1<,�0��Q��G���������6=,/È*<,�0��������

)LJXUH�����5RDGV�DW�WKH�HVWDWH�RI�.HUFVHOLJHW��
,OOXVWUDWLRQ��*iERU�0iWp

3LFWXUH����7KH�VXSSRVHG�WUDFN�RI�WKH�ROG�
.HUFVHOLJHW�URDG�WRGD\��3KRWRJUDSKHG�E\�$QGUiV�

.��1pPHWK
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DV�DQ�µROG�URDG¶��1RW�RQO\�WKLV�URDG��ZKHUH�WKH�SHUDPEXODWLRQ�WRRN�SODFH���EXW�WKH�PHGLHYDO�YLOODJHV�
LQ�WKH�YDOOH\��%ROGD�DQG�+LPHVG�ZHUH�DOVR�GHVWUR\HG�GXULQJ�WKH�2WWRPDQ�UXOH��7KHLU�H[DFW�ORFDWLRQ�
LV�XQNQRZQ��,Q�WKH�SHUDPEXODWLRQ�PDQ\�ROG�DQG�QHZ�URDGV�DUH�PHQWLRQHG��OLNH�WKH�H[DPSOH�RI�
.HUFVHOLJHW���EXW� WKHVH�FDQ�QRW�EH� ORFDWHG�DFFXUDWHO\�EHFDXVH�RI� WKH�SUHVHQW�XQFHUWDLQW\�RI� WKH�
ERXQGDU\�IHDWXUHV��:H�FDQ�DVVXPH�KRZHYHU��WKDW�IURP�WKH�YLOODJHV�±�VLPLODUO\�WR�WKH�QHLJKERXULQJ�
YLOODJH�RI�.iUiV]�±�PRUH�URDGV�ZHUH�OHDGLQJ�XS�WR�WKH�KLOO�LQ�WKH�VRXWK��2Q�WKH�QRUWK�VORSH�ILYH�
ZHOO�GHYHORSHG�9�VKDSHG�JRUJHV�FDQ�EH�IRXQG��ZKLFK�LQ�WKHLU�SUHVHQW�IRUPV�GR�QRW�UHVHPEOH�WR�
ODQHV�DW�DOO��7KH�VXUIDFH�PRUSKRORJ\�DQG�WKH�DOO�WKH�GDWD�PDNH�LW�FOHDU�WKDW�WKHUH�ZDV�D�URDG�RU�ZHUH�
URDGV�KHUH��2Q�WKH�HDVLO\�GHFD\LQJ�VXUIDFH�ZH�FDQ�RQO\�VHH�WKH�WUDFHV�RI�WKH�QHZ�URDGV��$FFRUGLQJ�
WR�WKH�ILHOG�UHVHDUFK��LW�LV�OLNHO\�WKDW�WKH�ROG�URDG�EHWZHHQ�.iUiV]�DQG�.|EOpQ\�PHQWLRQHG�LQ�WKH�
SHUDPEXODWLRQ�ZDV�WKH�+iUVPDL�YDOOH\��3LFWXUH����

��� &KDQJHV�LQ�WKH�FRPSOHWH�ORFDO�URDG�QHWZRUN�RI�.iUiV]�FDQ�EH�IROORZHG�IURP�WKH�����V�RQZDUGV�
EHFDXVH�D�ZLGH�UDQJH�RI�WRSRJUDSKLFDO�PDSV�DQG�DHULDO�SKRWRV�DUH�DYDLODEOH��DQG�WKH�URXWHV�QRW�
PHQWLRQHG�LQ�WKH�PDSV�FDQ�EH�H[SORUHG�IURP�WKH�LQWHUYLHZV�ZLWK�WKH�ORFDO�SHRSOH��7KH�PDS�FRP�
SDULVRQ�VKRZQ�KHUH��)LJXUH��������SUHVHQWV�WKH�FKDQJHV�LQ�WKH�ODQH�QHWZRUNV�LQ����\HDUV��'XULQJ�
WKLV� WLPH�� WKH� URDG�GHQVLW\�ZDV� VLJQLILFDQWO\� UHGXFHG��KXQGUHGV�RI�\HDUV�ROG� ULGJH� URXWHV�ZHUH�
DEDQGRQHG��ILHOG�WUDFNV�OHDGLQJ�WR�QHLJKERXULQJ�YLOODJHV�ZHUH�QRW�XVHG�DQ\�PRUH�DQG�WKH�PDMRULW\�
RI�WKH�KROORZD\V�EHFRPH�RXW�RI�XVH�WRR��7KLV�ZDV�GXH�QRW�RQO\�WR�PRWRUL]DWLRQ��EXW�WR�WKH�GHFUHDVH�
RI�UHJLRQDO�DFWLYLW\�DV�ZHOO���

���)RU�LWV�VRFLDO�DVSHFWV�VHH��0È7e�����������

3LFWXUH����3LFWXUH�RI�+iUVPDL�J|G|U��+iUVPD�SLW�)LJXUH�����2XWOLQH�RI�JXOOLHV�LQ�WKH�QRUWK�
RI�.iUiV]��D��+iUVPD�SLW��E��=HK|JpV��F��

/DNRVJ|GUH��G��.LPpUpV�SLW
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��� 7KH�GLDFKURQLF�VWXG\�FDQ�DOVR�EH�LQIRUPDWLYH�LI�ZH�ORRN�DW�WKH�FKDQJHV�RI�QRW�RQO\�WKH�ILHOG�WUDFNV�
RI�D�YLOODJH�EXW�WKH�FRPPXQLFDWLRQ�URXWHV�EHWZHHQ�YLOODJHV��%��DV�ZHOO��)LJXUH����SUHVHQWV�WKH�URDG�
QHWZRUN�RI�WKLV�UHJLRQ�WRGD\��&RPSDULQJ�LW�ZLWK�)LJXUH���ZH�FDQ�REVHUYH�WKDW�WKH�IRUPHU�GLUHFW�
URDG�OLQNV�EHWZHHQ�YLOODJHV�EHFDPH�IHZHU�LQ�QXPEHU��WKH�QHLJKERXULQJ�YLOODJHV�FRXOG�EH�UHDFKHG�
RQ�DFFHVV�URDGV��VRPHWLPHV�ZLWK�KXJH�GHWRXUV��7KH�QHLJKERXULQJ�YLOODJHV�ORFDWHG�YHU\�FORVH�WR�
HDFK�RWKHU�EHFDPH�LVRODWHG�EHFDXVH�WKH�PRWRU�WUDIILF�LV�TXLWH�OLPLWHG�RQ�WKH�ILHOG�WUDFNV��WKH\�DUH�
DFFHVVLEOH�RQO\�E\�MHHS���7KH�ORVV�RI�FRQQHFWLRQ�FDQ�EH�WUDFHG�LQ�WKH�FDVH�RI�IRUPHU�ULGJH�URXWHV�
DV�ZHOO��&���7KH�URDG�GHYHORSPHQW�LQ�WKH�UHJLRQ�VWUHQJWKHQHG�WKH�SHULSKHUDO�IHDWXUHV�RI�FHUWDLQ�
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