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$EVWUDFW
7KH� 3DOHR]RLF� VXFFHVVLRQ� RI� WKH� &DPGDJ� DUHD� LV� ORFDWHG� EHWZHHQ� WKH� 3DOHR]RLF�
URFNV�RI�WKH�,VWDQEXO�DQG�=RQJXOGDN�WHUUDQHV� LQ�1:�7XUNH\�DQG�KDV�D�NH\� ORFDWLRQ�
IRU�WKH�SDOHRJHRJUDSKLF�SRVLWLRQ�RI�WKHVH�WHUUDQHV��7KH�6LOXULDQ�GHSRVLWV�LQ�WKLV�DUHD�
LQFOXGHV� IURP�ERWWRP� WR� WRS�� WKH�%ODFN�6KDOH�0HPEHU� �JUD\� WR� JUHHQLVK� JUD\��ZHOO�
FOHDYHG� VKDOHV� ZLWK� PLQRU� EODFN� VLOWVWRQH� DQG� OLP\� VKDOH� LQWHUOD\HUV��� WKH� 6KDOH �
/LPHVWRQH�0HPEHU��EODFN�VKDOHV�ZLWK�OLPHVWRQH�DQG�GRORPLWLF�OLPHVWRQH�LQWHUOD\HUV���
DQG� WKH� 6KDOH�6LOWVWRQH�0HPEHU� �DOWHUQDWLRQ� RI� EODFN� VKDOHV�� OLJKW� JUD\� TXDUW] �ULFK�
VLOWVWRQHV� ZLWK� IHZ� OLPHVWRQH� OHQVHV�� WKDW� LV� FRQFRUGDQWO\� IROORZHG� E\� /RZHU�
'HYRQLDQ�GHSRVLWV�� �7KH� ³2UWKRFHUDV�/LPHVWRQHV´�RI� WKH�PLGGOH�PHPEHU� \LHOGHG�D�
SRRUO\�SUHVHUYHG�FRQRGRQW� IDXQD� LQGLFDWLQJ�D�3ULGROL�DJH��%\� WKLV�� WKH�3DOHR]RLF�RI�
WKH�&DPGDJ� LV� FRQVLGHUHG� WR� EH� WKH� HDVWHUQ� FRQWLQXDWLRQ� RI� WKH� ,VWDQEXO� 7HUUDQH��
0RUHRYHU�� WKLV� QHZ� ILQGLQJ� RI� /DWH� 6LOXU LDQ� EODFN� VKDOH� ± ³2UWKRFHUDV� /LPHVWRQH´�
DVVHPEODJH� LQ�1:�7XUNH\��ZKLFK� LV�D�ZLGH�VSUHDG�SDOHRJHRJUDSKLF�PDUNHU� LQ� WKH�
&DUQLF� $OSV� DQG� HOVHZKHUH� LQ� (XURSH� PD\� KHOS� WR� FRUUHODWLRQV� ZLWK� FRHYDO� DQG�
DQDORJRXV�IDFLHV�RI�RWKHU�SDOHRELRJHRJUDSKLF�DUHDV�LQ�WKH�SH UL�*RQGZDQDQ�UHDOP��

,QWURGXFWLRQ
,Q�1RUWK�$QDWROLD��WKH�(�:�WUHQGLQJ�3DOHR]RLF�0HVR]RLF�URFNV�FURSSLQJ�RXW�EHWZHHQ�
,VWDQEXO�DQG�&LGH���)LJ����EHORQJ�WR�WKH�DOSLQH�&HQWUDO�5KRGRSH �3RQWLGH�IUDJPHQW�RI�
6HQJ|U�DQG�<LOPD]��������RU�,VWDQEXO�8QLW�RI�2ND\���������7KH�3DOHR]RLF�IRUPDWLRQV�
LQ�WKLV�XQLW�DUH�FODVVLFDOO\�NQRZQ�DV�WKH�³3DOHR]RLF�RI�,VWDQEXO´�DQG�ZHUH�LQFRUSRUDWHG�
WR�WKH�,VWDQEXO�1DSSH�RI�6HQJ|U�HW�DO ��������
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7KH� ,VWDQEXO� 1DSSH� ZDV� FRQVLGHUHG� WR� EH� D� FRQWLQXRXV� WHFWRQLF� XQLW� WKDW�
FRQVLVWV�RI�D�&DGRPLDQ�FU\VWDOOLQH�EDVHPHQW�ZLWK�RFHDQLF�DQG�LVODQG�DUF �W\SH�URFNV�
�H�J�� *|QF�RJOX� HW� DO��� ����������� 8VWD|PHU� DQG� 5RJHUV�� ������� XQFRQIRUPDEO\�
RYHUODLQ�E\�D�3DOHR]RLF�VHTXHQFH��H[WHQGLQJ�ZLWKRXW�DQ\�PDMRU�GHSRVLWLRQDO�EUHDNV�
IURP�2UGRYLFLDQ�WR�/DWH�&DUERQLIHURXV��H�J��*|U�U�HW�DO����������$FFRUGLQJ�WR�6HQJ|U�
HW�DO�� ������� WKLV�3DOHR]RLF�VXFFHVVLRQ� LV�FKDUDFWHUL]HG�GXULQJ�WKH�2UGRYLFLDQ �(DUO\�
6LOXULDQ�SHULRG�E\�JUDEHQ�IDFLHV�GHSRVLWV�IROORZHG�E\�$WODQWLF �W\SH�FRQWLQHQWDO�PDUJLQ�
VHGLPHQWV� RI� /DWH� 6LOXULDQ�/DWH� 'HYRQLDQ� DJH�� ,W� LV� SUHYDOHQWO\� DFFHSWHG� WKDW� WKH�
³,VWDQEXO� 1DSSH´� ZDV� SDUW� RI� WKH� HDVWHUQ� (XURSHDQ� ³+HUF\QLDQ� FKDLQ´�� 'XULQJ�
&UHWDFHRXV� LW�KDV�EHHQ�ULIWHG�IURP�WKH�0RHVLDQ�SODWIRUP��GULIWHG�WRZDUGV�VRXWK�DQG�
FROOLGHG�ZLWK�WKH�&LPPHULGHV��2ND\�HW�DO�������� GXULQJ�WKH�HDUO\�(RFHQH�

,Q� D� UHFHQW�ZRUN� �*|QF�RJOX� HW� DO��� ����������� LW� KDV� EHHQ�VKRZQ� WKDW� WKH�
DOSLQH�XQLWV�LQ�QRUWKHUQ�$QDWROLD�LQFOXGH�TXLWH�GLIIHUHQW�SUH �DOSLQH�WHFWRQRVWUDWLJUDSKLF�
XQLWV�RU�WHUUDQHV��7KHVH�WHUUDQHV�FRUUHVSRQG�WR�WKH�UHPQDQWV�RI�DF WLYH�DQG�SDVVLYH�
FRQWLQHQWDO� PDUJLQV�� DUF� DQG� VXWXUH� FRPSOH[HV�� DVVRFLDWHG� ZLWK� &DGRPLDQ��
&DOHGRQLDQ��+HUF\QLDQ�DQG�RU�&LPPHULDQ�HYHQWV��

1HZ�VWUDWLJUDSKLF�UHVXOWV�EDVHG�RQ�D�FDUHIXO�UHYLHZ�RI�WKH�SUHYLRXV�GDWD�DQG�
DGGLWLRQDO� PLFURSDOHRQWRORJLFDO� ILQGLQJV LQ� WKH� 3DOHR]RLF� VHTXHQFHV� LQ� WKH� DUHD�
EHWZHHQ� ,VWDQEXO� DQG� =RQJXOGDN� �*|QF�RJOX�� ������ *|QF�RJOX� DQG� .R]XU�� ������
������ KDYH� ODUJHO\� FKDQJHG� WKH� IRUPHU� SLFWXUH�� ,W� KDV� EHHQ� VKRZQ� WKDW� WKHUH� DUH�
FRQVLGHUDEOH�GLIIHUHQFHV� LQ� WKH�VWUDWLJUDSK\�RI� WKH�HDVWHUQ� DQG�ZHVWHUQ�SDUWV�RI�WKH�
³,VWDQEXO�1DSSH´�RI�6HQJ|U�HW�DO���������WKDW�FDQ¶W�EH�VLPSO\�DVFULEHG�WR�ODWHUDO�IDFLHV�
FKDQJHV�RU� ORFDO�XSOLIWLQJ�HYHQWV�DV�SUHYLRXVO\�SURSRVHG��H�J��.D\D��������gQDODQ��
������*HGLN��������$\GLQ�HW�DO���������'HUPDQ�DQG�7XQD���������,Q�WKHLU�QHZ�PRGHO�
*|QF�RJOX� DQG� .R]XU� ������� ������ VXJJHVWHG� WKDW� WKH� ³,VWDQEXO� 1DSSH´� DFWXDOO\�
LQFOXGHV�WZR�GLIIHUHQW�WHUUDQHV��³,VWDQEXO�7HUUDQH�V�V�´�LQ�WKH�ZHVW�DQG�WKH�³=RQJXOGDN�
7HUUDQH´�LQ�WKH�HDVW��

7KH� PRVW� FKDUDFWHULVWLF� GLIIHUHQFHV� EHWZHHQ WKH� 3DOHR]RLF� VXFFHVVLRQV� RI�
WKHVH�WHUUDQHV�DUH�WKH�IROORZLQJ��.R]XU�DQG�*|QF�RJOX���������

�D� SRVW�6LOXULDQ�SUH�(PVLDQ� UHJLRQDO� XQFRQIRUPLW\� DFFRPSDQLHG�ZLWK� D� /DWH�
6LOXULDQ� WKHUPDO� HYHQW� LQ� WKH� =RQJXOGDN� 7HUUDQH� FRQWUDVWLQJ� ZLWK� WKH� FRQWLQXRXV�
GHSRVLWLRQ�LQ�WKH�,VWDQEXO�7HUUDQH�ZLWKLQ�WKH�VDPH�WLPH �VSDQ�

� GHSRVLWLRQ�RI�VKDOORZ�ZDWHU�FDUERQDWHV�DQG�FODVWLFV�GXULQJ�WKH�7RXUQDLVLDQ� �
ORZHU� 1DPXULDQ� LQ� WKH� =RQJXOGDN� 7HUUDQH� FRQWUDVWLQJ� ZLWK� WKH� GHSRVLWLRQ� RI�
UDGLRODULDQ�FKHUWV�DQG�IO\VFK�W\SH�VHGLPHQWV�GXULQJ�WKH�7RXUQDLVLDQ�DQG�9LVpHQ�LQ�WKH�
,VWDQEXO�7HUUDQH���
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(YHQ�LI�PXFK�UHPDLQV�IRU�WKH�GHWDLOHG�GLVWULEXWLRQ�RI�WKH�XQLWV�LQ�1:�$QDWROLD��
WKH�,VWDQEXO�7HUUDQH�PDLQO\�FRYHUV�,VWDQEXO�DQG�*HE]H�DUHDV��ZKHUHDV�WKH�

=RQJXOGDN�7HUUDQH�LV�UHSUHVHQWHG�E\�WKH�3DOHR] RLF�RXWFURSV�LQ�WKH�=RQJXOGDN��
$PDVUD�DQG�6DIUDQEROX�UHJLRQV��)LJ������7KH�3DOHR]RLF�URFNV�RI�WKH�&DPGDJ�UHJLRQ��

ZKLFK�DUH�ORFDWHG�JHRJUDSKLFDOO\�EHWZHHQ�,VWDQEXO�DQG�=RQJXOGDN�WHUUDQHV��
UHPDLQHG�DQ�XQFHUWDLQ�HQWLW\��DV�WKHUH�ZDV�QR�GHWDLOHG�VWUDWLJUDSKLF� ZRUN�LQ�WKLV�DUHD��

ZKLFK�PD\�KHOS�WR�LGHQWLI\�LWV�RULJLQDO�SRVLWLRQ���3UHYLRXV�VWXGLHV��.LSPDQ��������
.D\D��������$\GLQ�HW�DO���������RQO\�VXJJHVWHG�WKDW�WKHUH�ZHUH�QR�6LOXULDQ�URFNV�
HQFRXQWHUHG�DQG�KHQFH�WKH�&DPGDJ�=RQH�PXVW�KDYH�UHPDLQHG�DV�DQ�HOHYDWHG�

³SDOHRKLJK´�WKURXJK�PRVW�RI�WKH�2UGRYLFLDQ�DQG�6LOXULDQ���

)LJXUH����'LVWULEXWLRQ�RI�WKH�3DOHR]RLF�URFN�XQLWV�LQ�1:�$QDWROLD�DQG�WKH�ORFDWLRQ�RI�WKH�VWXG\�DUHD��

,Q� WKLV� VWXG\� WKH� DXWKRUV� ZLOO� SUHVHQW� WKHLU� SUHOLPLQDU\� ILHOG� GDWD� DQG� IRVVLO�
ILQGLQJV�IURP WKH�³2UWKRFHUDV�/LPHVWRQHV´�RI�WKH�&DPGDJ��

7KH� /DWH� 6LOXULDQ�(DUO\� 'HYRQLDQ� VWUDWLJUDSK\� RI� WKH� VWXG\� DUHD� ZLOO� EH�
FRUUHODWHG�ZLWK� WKH� ,VWDQEXO� DQG� =RQJXOGDN� DUHDV� LQ� 7XUNH\� DQG�ZLWK� WKRVH� RI� WKH�
HDVWHUQ� %DONDQ� WHFWRQLF� XQLWV� LQ� %XOJDULD� LQ� RUGHU� WR� HYDO XDWH� LWV� SDOHRJHRJUDSKLF�
SRVLWLRQ�LQ�UHJDUG�ZLWK�WKH�*RQGZDQDQ�3HUL �*RQZDQDQ�WHUUDQHV�

*HRORJ\�DQG�VWUDWLUJDSK\
7KH�&DPGDJ�³0DVVLI´�LV�ORFDWHG�WR�WKH�1(�RI�$GDSD]DUL�DQG�FRYHUV�DQ�DUHD�RI�FD�����
NP��� 7KH� VRXWKHUQ� SDUW� RI� WKH� PDVVLI� LV� PDLQO\� UHSUHVHQWHG E\� 1�GLSSLQJ� FODVWLF�
VLOLFLFODVWLF� URFNV� RI� "2UGRYLFLDQ� DJH� �.D\D�� ������ $\GLQ� HW� DO��� ������� 7KH� FHQWUDO�
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DQG�QRUWKHUQ�SDUWV�DUH�RFFXSLHG�E\�D� URXJKO\�( �:� WUHQGLQJ�DQWLFOLQH��GLVVHFWHG�E\�
QXPHURXV�VRXWK�YHUJLQJ�WKUXVW�IDXOWV��7KH�ERUGHU�EHWZHHQ�WKH�VRXWKH UQ�DQG�FHQWUDO�
QRUWKHUQ�SDUWV�VHHPV�WR�EH�DQ�LPSRUWDQW�WHFWRQLF�ERXQGDU\��

7KH�JHQHUDOL]HG�FROXPQDU�VHFWLRQ�RI�WKH�&DPGDJ�DUHD�ZLWK�D�EULHI�GHVFULSWLRQ�
RI� WKH� URFN�XQLWV� LV� JLYHQ� LQ� )LJXUH� ��� � 'XULQJ� WKH� ILHOG �VWXG\� WKH� DXWKRUV� PDLQO\�
FRQFHQWUDWHG�RQ�WKH�6LOXULDQ�/RZHU�'HYRQLDQ�URFNV��ZKLFK�ZLOO�EH�GHVFULEHG�LQ�GHWDLO���

)LJXUH����*HQHUDOL]HG�FROXPQDU�VHFWLRQ�RI�WKH�3DOHR]RLF�URFNV�LQ�&DPGDJ�DUHD�

7KH� VWXGLHG� SDUW� RI� WKH� 8SSHU� 6LOXULDQ �/RZHU� 'HYRQLDQ� URFNV� LV� ORFDWHG�
EHWZHHQ�0ROODKDVDQ�7HSH�DQG�.XUXGHU H�9LOODJH�RQ�WKH�+HQGHN�.DUDDOL� URDG� LQ� WKH�
FHQWUDO�SDUW�RI�WKH�&DPGDJ��)LJ�������7KH�VWXGLHG�VHFWLRQ�VWDUWV�DW�WKH�PDLQ�IDXOW�DW�WKH�
6�QJ�W� URDG�MXQFWLRQ� ZKHUH� UHFU\VWDOOL]HG�� WKLFN �EHGGHG� 'HYRQLDQ� OLPHVWRQHV�
MX[WDSRVH� WKH�YLROHW�UHG�JUD\�VLOLFD�FHPHQWHG� VODWHV�ZLWK�VDQGVWRQH� LQWHUOD\HUV� WKDW�
UHVHPEOH�WKH�2UGRYLFLDQ�%DNDFDN�)RUPDWLRQ��
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)LJXUH����5RDG�PDS�RI�WKH�VWXGLHG�8SSHU�6LOXULDQ�'HYRQLDQ�VXFFHVVLRQ�LQ�FHQWUDO�QRUWKHUQ�&DPGDJ�DUHD�

8SZDUGV�WKH\�DUH�IROORZHG�E\�D�WKLFN�DQG�PRQRWRQRXV�VXFFHVVLRQ�RI� JUD\�WR�
JUHHQLVK� JUD\�� ZHOO� FOHDYHG� VKDOHV� ZLWK� PLQRU� EODFN� VLOWVWRQH� DQG� OLP\� VKDOH�
LQWHUOD\HUV��7KLV�VXFFHVVLRQ�ZDV�HVWDEOLVKHG� ILUVW�E\�.LSPDQ�������� LQ� WKH�QRUWKHUQ�
SDUW�RI�&DPGDJ�DUHD�DV�WKH�<D\OD�)RUPDWLRQ�RI�WKH�&DPGDJ�*URXS�EXW�HUURQHRXVO\�
DVVLJQHG WR� /RZHU� 'HYRQLDQ�� ,W� LV� DOVR� SDUW� RI� WKH� 6LOXULDQ� )LQGLNOL� )RUPDWLRQ� RI�
<D]PDQ�DQG�&RNXJUDV��������WKDW�ZDV�UHFRJQL]HG�ILUVW�LQ�WKH�.DSODQGHGH�'DJ�DUHD�
�)LJ���� WR� WKH�ZHVW�RI� WKH�VWXG\�DUHD�DQG�ZDV� ODWHU�PDSSHG� LQ�VHYHUDO�SDUWV�RI� WKH�
3DOHR]RLF�EHOW�LQ�WKH�HDVWHUQ�,VWDQEXO�1DSSH��VHQVX 6HQJ|U�HW�DO����������7KH�FRQWDFW�
WR�WKH�XQGHUO\LQJ�%DNDFDN�)RUPDWLRQ�LV�VKDUS�DQG�KLJKO\�VKHDUHG��0RUHRYHU��WKH�YHU\�
W\SLFDO�YDULHJDWHG�FRDUVH�FODVWLF�URFNV�RI�WKH�.XUWN|\�)RUPDWLRQ�DQG�WKH�TXDUW]LWHV�RI�
WKH� $\GRV� )RUPDWLRQ� �FRPSDUH� ZLWK� )LJXUH� ��� DUH� QRW� UHSUHVHQWHG� KHUH�� � :H�
WKHUHIRUH�VXJJHVW�WKDW�WKLV�FRQWDFW�LV�D�WKUXVW �IDXOW�UDWKHU�WKDQ�DQ�XQFRQIRUPLW\���7KH�
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ORZHU�SDUW�RI�WKH�VXFFHVVLRQ�LV�LQIRUPDOO\�QDPHG�KHUH�DV�WKH�%ODFN�6KDOH�0HPEHU�RI�
WKH� )LQGLNOL� )RUPDWLRQ�� ,W� JUDGHV� LQWR� EODFN� VKDOHV� ZLWK� OLPHVWRQH� DQG� GRORPLWLF�
OLPHVWRQH� LQWHUOD\HUV� �6KDOH�/LPHVWRQH� 0HPEHU��� � 7KH� OLPHVWRQHV� DUH� LQWHQVLYHO\�
IROGHG�� GDUN� JUD\� WR� EURZQ� LQ� FRORU�� DQG� YHU\� ULFK� LQ� FHSKDORSRGV�� FULQRLGV� DQG�
EUDFKLRSRGV��)LJ������

)LJXUH� ��� 0HVRVFRSLF� RFFXUUHQFH� �D�� RI� WKH� ³2UWKRFHUDV� /LPHVWRQH´� DQG� WKH� SDUDOOHO� RULHQWDWLRQ� RI� WKH�
RUWKRFRQH�VKHOOV��E��RQ�WKH�URDG�FXWWLQJV�DORQJ�WKH�+HQGHN�.DUDDOL�URDG�

2QO\� WZR�VDPSOHV� �&'���DQG�&'���� IURP� WKH� ILUVW� OLPHVWRQH�EDQG�DORQJ� WKH�
URDG� FXWWLQJV� \LHOGHG� D SRRUO\� SUHVHUYHG� FRQRGRQW� IDXQD�� 7KH� 6KDOH �/LPHVWRQH�
0HPEHU� LV� UHSHDWHG� GRZQ� WKH� VHFWLRQ� DW� OHDVW� �� WLPHV� DORQJ� VRXWK� YHUJLQJ� WKUXVW�
IDXOWV��DQG� LV� LVRFOLQDOO\� IROGHG�VR� WKDW� WKH�DSSDUHQW� WKLFNQHVV�RI������PHWHUV�GRHV�
QRW� UHIOHFW� WKH� RULJLQDO� WKLFNQHVV�� 7KH� XSSHU� SDUW� RI� WKH� )LQGLNOL� )RUPDWLRQ� LV�
UHSUHVHQWHG� E\� DQ� DOWHUQDWLRQ� RI� EODFN� VKDOHV�� OLJKW� JUD\� TXDUW] �ULFK� VLOWVWRQHV�ZLWK�
IHZ� OLPHVWRQH� OHQVHV� �6KDOH�6LOWVWRQH�0HPEHU���7KH�WKLFNQHVV�RI�TXDUW] �ULFK�EDQGV�
YDULHV�EHWZHHQ������P��,QGLYLGXDO�OLPHVWRQH�EDQGV�UHDFK�XS�WR���P�LQ�WKLFNQHVV�DQG�
RFFXU�DV� OHQV�VKDSHG�ERGLHV��7KH\�GLVSOD\� WUDQVLWLRQDO� FRQWDFWV� WR� WKH�VXUURXQGLQJ�
EODFN�OLP\�VKDOHV��:LWKLQ� LQGLYLGXDO�SDFNDJHV�E\�LQFUHDVLQJ�OLPH�FRQWHQW�WKH\�JUDGH�
LQWR� WKLQ�EHGGHG�� GDUN�JUD\� OLPHVWRQHV�DQG� ILQDOO\� LQWR� JUD\��PDVVLYH� OLPHVWRQHV� LQ�
WKH�FHQWUDO�SDUW��7KHVH�OLPHVWRQHV�DUH�FKDUDFWHUL]HG�E\�XS�WR����FP�ORQJ�RUWKRFRQH�
FHSKDORSRGV� �2UWKRFHUDWLGDH�� DFFRUGLQJ� WR� SUHOLPLQDU\� GHWHUPLQDWLRQ�RI�'U��2OJD�.�
%RJROHSHYD��8SSVDOD���7KH�FHSKDORSRG�FRQHV�DUH�RULHQWHG�ZL WK�WKHLU�ORQJ�D[HV�LQ�D�
XQLGLUHFWLRQDO�SRVLWLRQ��ZKLFK�PD\�LQGLFDWH�FXUUHQW�DQG�RU�VWRUP�ZDYH�WUDQVSRUWDWLRQ���
7KH�PRVW� W\SLFDO� H[SRVXUHV� RI� WKH�6KDOH �6LOWVWRQH�0HPEHU� DUH� IRXQG�EHWZHHQ� WKH�
VKDOH�TXDUULHV�DQG�WKH�IRXQWDLQ�WR�WKH�VRXWK�RI�$GHPWDUOD�7HSH�DOR QJ�WKH�URDG��)LJ��
����

7KH� 6KDOH�6LOWVWRQH� 0HPEHU� VKRZV� D� JUDGDWLRQDO� FRQWDFW� WR� WKH� RYHUO\LQJ�
.DUWDO�)RUPDWLRQ�RI�.D\D��������WKDW�ZDV�ORFDOO\�QDPHG�DV�WKH�³%LFNL�)RUPDWLRQ´�E\�
.LSPDQ� �������� ,Q� WKH� VWXGLHG� VHFWLRQ� WKLV� IRUPDWLRQ� VWDUWV� ZLWK� JUD\� WR� EURZ Q�
VDQGVWRQHV�ZLWK�VRPH�JUD\�VLOWVWRQH�OD\HUV�DQG�JUDGHV�XSZDUG�LQWR�\HOORZLVK �EURZQ�
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VDQGVWRQHV�� 7KH� LQGLYLGXDO� VDQGVWRQH� OD\HUV� VKRZ� JUDGHG� EHGGLQJ� DQG� DUH�
FKDUDFWHUL]HG�E\�DQ�HQULFKPHQW�RI�EUDFKLRSRGD�DQG�SODQW �GHWULWXV�LQ�WKHLU�EDVDO�SDUW��
)HZ� EUDFKLRSRGD�ULFK� OLP\� VDQGVWRQH� OHQVHV� DUH� HQFRXQWHUHG�� � 7KHVH� VDQGVWRQHV�
DUH� IROORZHG� E\� UHG� VDQGVWRQHV� DQG� PXGVWRQHV� DQG� FRQWDLQ� UHG� FRORUHG�
FRQJORPHUDWH�EDQGV�DQG�OHQVHV��7KH�VXFFHVVLRQ�LV�W\SLILHG�E\�ZHOO �GHYHORSHG�FURVV�
EHGGLQJ� DQG� LQFOXGHV� UDUH� OLPHVWRQH� QRGXO HV�� 7RZDUGV� WRS� EHLJH� DQG� JUD\� VKDOHV�
ZLWK� EDQGV�RI� UHG�)H�RROLWHV�� FKDPRVLWLF� OLPHVWRQH�EDQGV�DQG�EODFN� VLOWVWRQHV�ZLWK�
FDUERQDWH� QRGXOHV� GRPLQDWH� RYHU� VDQGVWRQHV�� 7KLV� SDUW� RI� WKH� VXFFHVVLRQ� LV� DOVR�
FKDUDFWHUL]HG�E\� WKH�SUHVHQFH�RI�EUDFKLRSRG��FULQRLGV�D QG�ELYDOYLD�ULFK� � �FDUERQDWH�
QRGXOHV� DQG� FRQFUHWLRQV�� XS� WR� ��� FP� LQ� GLDPHWHU�� ,Q� WZR� RI� WKHVH� FRQFUHWLRQV�
�6DPSOH�QR��+HQGHN���DQG�+HQGHN����YHU\�FORVH�WR�WKH�HQG�RI�VWXGLHG�VHFWLRQ�DW�WKH�
VRXWKHUQ� RXWVNLUWV� RI� .DUDGHUH� 0DKDOOHVL� ZH� IRXQG� VLQJOH� FRQRGRQWV RI� /RZHU� WR�
ORZHUPRVW�'HYRQLDQ�DJH� �*|QF�RJOX� HW� DO��� LQ� SUHS����7KLFN �EHGGHG�GRORPLWHV� DQG�
OLPHVWRQHV�ZLWK�$PSKLSRUD�VS�UHSUHVHQW�WKH�XSSHUPRVW�SDUW�RI�WKH�VWXGLHG�VHFWLRQ�

)LJXUH����8SSHU�6LOXULDQ�FRQRGRQW�DQG�JUDSWROLWH�]RQDWLRQ��&ROXPQ�$��&RUUDGLQL�DQG�6HUSDJOL��������&ROXPQ�
%��6LOXULDQ�7LPHV��1R����������LQ�&RUUDGLQL�DQG�6HUSDJOL���������&ROXPQ�&��$OGULGJH�DQG�6FKRQODXE��������LQ�
&RUUDGLQL�DQG�6HUSDJOL���������&ROXPQ�'��:DOOLVHU��������&ROXPQ�(��*UDSWROLWH�=RQDWLRQ��6LOXULDQ�7LPHV��1R����
������LQ�&RUUDGLQL�DQG�6HUSDJOL���������7KH�FRUUHODWLRQ�FKDUW�LV�PRGLILHG�IURP�&RUUDGLQL�DQG�6HUSDJOL����������

7KH�GHWDLOHG�VWUDWLJUDSK\�RI�WKH�RYHUO\LQJ�'HYRQLDQ�URFNV�LQ�WKH�&DPGDJ�DUHD�
LV�EH\RQG�WKH�VFRSH�RI�WKLV�VWXG\�DQG�ZLOO�QRW�EH�HYDOXDWHG�LQ�WKLV�ZRUN�EXW� LV�JLYHQ�LQ�
.LSPDQ��������DQG�'HUPDQ�DQG�g]FHOLN���������

&RQRGRQW�IDXQXOH
2QO\�WZR�VDPSOHV��&'���DQG�&'����RI�WZHOYH�IURP�WKH�6KDOH�/LPHVWRQH�0HPEHU�RI�
WKH� )LQGLNOL� )RUPDWLRQ� \LHOGHG� VRPH� FRQRGRQWV�� LOOXVWUDWHG� LQ� 3ODWH� ��� 1XPHURXV�
OLPHVWRQH�VDPSOHV�IURP WKH�%ODFN�6KDOH�DQG�6KDOH�6LOWVWRQH�PHPEHUV�DUH�EDUUHQ�RI�
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DQ\�IDXQD��6LPLODUO\��RQO\�WZR�VDPSOHV��+HQGHN ���DQG�+HQGHN����IURP�WKH�FDUERQDWH�
FRQFUHWLRQ�ULFK�XSSHU�SDUW�LQFOXGHG�VRPH�FRQRGRQW�IUDJPHQWV�RI�VWUDWLJUDSKLF�YDOXH��

)URP� WKH� 6KDOH�/LPHVWRQH� 0HPEHU�� WKH� FRQRGRQW� DEXQGDQFH� LV� H[WUHPHO\�
ORZ��$OO�WKH�HOHPHQWV�DUH�SRRUO\�SUHVHUYHG�DQG�IUDJPHQWDU\��ZKLFK�PDNHV�WD[RQRPLF�
GHWHUPLQDWLRQV� GLIILFXOW�� 7KH� FRQRGRQW� &RORXU� $OWHUDWLRQ� ,QGH[� �&$,�� YDOXH� LV� ���
LQGLFDWLQJ� KHDWLQJ� WHPSHUDWXUHV� LQ� WKH� UDQJH� RI� ��� ������ &� �(SVWHLQ� HW� DO��� ������
5HMHELDQ�HW�DO���������

3ODWH�,
$OO�LOOXVWUDWHG�VDPSOHV�DUH�IURP�WKH�+HQGHN�.DUDDOL�URDG�VHFWLRQ�LQ�WKH�&DPGDJ�DUHD��1:�7XUNH\��)LJXUH����
2]DUNRGLQD�HRVWHLQKRUQHQVLV"��:DOOLVHU��6F�HOHPHQW��ODWHUDO�LQQHU�YLHZ��6DPSOH�&'����UHS��1R��&'������[�����
)LJXUH� ��� 2XORGXV� HOHJDQV"� �:DOOLVHU��� 6F� HOHPHQW�� 6DPSOH� &'���� UHS�� 1R�� &'������ [����� )LJXUH� ���
3VHXGRRQHRWRGXV"�VS��6DPSOH�&'���� UHS��1R��&'������[�����)LJXUH����2]DUNRGLQD�H[FDYDWD"��%UDQVRQ�DQG�
0HKO���6F�6G�HOHPHQW��6DPSOH�&'����UHS��1R��&'������[�����
$OO� VDPSOHV� DUH� UHSRVLWHG� LQ� WKH� DUFKLYHV� RI� WKH� 3DOHRQWRORJ\� 'HSDUWPHQW� RI� WKH� *HQHUDO� 'LUHFWRUDWH� RI�
0LQHUDO�5HVHDUFK�DQG�([SORUDWLRQ��07$���$QNDUD�

6DPSOH� &'��� FRQWDLQV� SRVWHULRXU� SURFHVV� RI� 6� HOHPHQWV� WKDW� KDYH� EHHQ�
DWWULEXWHG� ZLWK� GRXEW� WR� 2]DUNRGLQD� H[FDYDWD"� �%5$1621� 	� 0(+/��� 7KHVH�
IUDJPHQWV�H[KLELW�GHQWLFOHV�RI�XQLIRUP�VL]H�WKDW�GHFOLQH�WRZDUG�WKH�SRVWHULRU��2QO\�RQH�
UDPLIRUP� HOHPHQW� LV� DVVLJQHG� ZLWK� GRXEW� WR� 2]DUNRGLQD� HRVWHLQKRUQHQVLV
�:$//,6(5�"�� 7KLV� SDUWLDOO\� EURNHQ� 6F"� HOHPHQW� ZLWK� VPDOO� HOOLSWLFDO� EDVDO� FDYLW\�
FRQILQHG� WR� WKH� DUHD� EHQHDWK� WKH� FXVS� VHHPV� WR� EH� FRQWLQXHG� DV� D� YHU\� QDUURZ�
JURRYH�XQGHU�WKH�SURFHVVHV��7KH�GHVFHQGHQW�DQWHULRU�SURFHVV�ZKLFK�IRUPV�ZLWK�WKH�
SRVWHULRU� SURFHVV� DQ� DQJOH� RI� DSSUR[LPDWHO\� ������ UHVHPEOH� LQ� WKHVH� DVSHFWV� WR�
2]DUNRGLQD�HRVWHLQKRUQHQVLV �:$//,6(5���EXW�WKH�GHQWLFOHV�RI�WKH�DQWHULRU�SURFHVV�
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DUH�ELJJHU�DQG�PRUH�ZLGHO\�VSDFHG�WKDQ�WKH�FRUUHVSRQGLQJ�VSHFLHV��)RU�WKLV�UHDVRQ�
ZH�DVVLJQHG�WKLV�HOHPHQW�WR�2��HRVWHLQKRUQHQVLV �:$//,6(5�"�

)URP� WKH� VDPSOH� &'���� HOHPHQWV� RI� 2XORGXV� HOHJDQV �:$//,6(5�"� DQG�
3VHXGRRQHRWRGXV"�VS��ZHUH�IRXQG��2QO\�RQH�IUDJPHQWDU\�6F�HOHPHQW�ZLWK�SURPLQHQW�
FXVS�DQG�FXUYHG�GRZQZDUG�DQWHULRU�SURFHVV�VXSSRUWLQJ� ORQJ�DQG�GLVFUHWH�GHQWLFOHV�
KDV�EHHQ�DVVLJQHG�ZLWK�GRXEW�WR�2XORGXV�HOHJDQV �3ODWH����)LJ�����

'XH�WR�WKH�VFDUFLW\�RI�FRQRGRQW�GDWD��RQO\�D�WHQWDWLYH�DJH�FRXOG�EH�DVVLJQHG�
WR�WKH�6KDOH�/LPHVWRQH�0HPEHU�RI�WKH�)LQGLNOL�)RUPDWLRQ��

7KH� VWUDWLJUDSKLF� UDQJH� RI� 2XORGXV� HOHJDQV �LQFOXGLQJ� ERWK� VXEVSHFLHV�� LV�
DSSUR[LPDWHO\ IURP�WKH�PLGGOH�/XGIRUGLDQ�WR�WKH�XSSHUPRVW�3ULGROLDQ��&RRSHU��������
HUHFWHG� WKH� 2]DUNRGLQD� HRVWHLQKRUQHQVLV 6XSHU]RQH� WKDW� VWDUWV� DERYH� WKH�
2]DUNRGLQD�FULVSD 'DWXP��,Q�6DUGLQLD��2��HRVWHLQKRUQHQVLV LV�IRXQG�ZLWK�2]DUNRGLQD�
UHPVFKHLGHQVLV EHORZ� WKH� ILUVW RFFXUUHQFH� RI� ,FULRGXV� ZRVFKLPGWL� �2OLYHUL� DQG�
6HUSDJOL��������

:DOOLVHU� ������� SURSRVHG� WKH� ILUVW� 6LOXULDQ� FRQRGRQW� ]RQDWLRQ� EDVHG� RQ� WKH�
&HOORQ�6HFWLRQ�RI�WKH�&DUQLF�$OSV��$XVWULD���7KH�DXWKRU�UHFRJQL]HG�WZHOYH�VXFFHVVLYH�
ILUVW�DSSHDUDQFH�]RQHV��6HYHUDO�RI�:DOOLVHU¶V�ELR]RQHV�KDYH�EHHQ�ZLGHO\�DSSOLHG��EXW�
VRPH�GLIILFXOWLHV�WR�UHFRJQL]H�KLV�FRPSOHWH�VFKHPH�LQ�RWKHU�SDUWV�RI�WKH�ZRUOG�MXVWLI\�
WKH�SURSRVDO�RI�ORFDO�]RQDWLRQV���VHH�&RUUDGLQL�DQG�6HUSDJOL��������
:DOOLVHU��������ZDV�WKH�ILUVW�WR�LGHQWLI\�WKH ³HRVWHLQKRUQHQVLV�=RQH´�ZLWKLQ�WKH�HQWLUH�
LQWHUYDO�RI� WKH�3ULGROL�6HULHV��6HYHUDO�\HDUV� ODWHU��XSRQ� WKH�EDVH�RI�QHZ� ILQGLQJV� LQ�
GHWDLOHG�VWXGLHV�LQ�RWKHU�DUHDV��WZR�FRQRGRQW�]RQHV�ZHUH�UHFRJQL]HG�IRU�WKH�3ULGROLDQ�
WLPHV��$FFRUGLQJ� WR� WKH�JOREDO�VFKHPH�UHSRUWHG� LQ�6LOXULDQ�7LPH�1R����PXFK�RI� WKH�
3ULGROL� FRXOG� EH� FKDUDFWHUL]HG� E\� WKH� 2]DUNRGLQD� UHPVFKHLGHQVLV LQWHUYDO� =RQH��
EHLQJ�LWV�XSSHUPRVW�SDUW�LGHQWLILHG�E\�WKH�FRH[LVWLQJ�RI� 2]DUNRGLQD�HRVWHLQKRUQHQVLV
DQG� 2XORGXV� HOHJDQV� GHWRUWD�� )URP� 6DUGLQLD�� &RUUDGLQL� DQG� 6HUSDJOL� �������
SURSRVHG� D� 6LOXULDQ� FRQRGRQW� ELR]RQDWLRQ� DQG� SURYLGHG� GHWDLOHG� LQIRUPDWLRQ� DERXW�
ZRUG�ZLGH�RFFXUUHQFH�RI�2��HRVWHLQKRUQHQVLV�

$OWKRXJK�QR�LQGH[�VSHFLHV�KDYH�EHHQ�IRXQG�\HW�LQ�WKH�6LOXULDQ�PDWHULDOV�RI�WKH�
&DPGDJ�DUHD��D�3ULGROLDQ�DJH�FRXOG�EH�WHQWDWLYHO\�DWWULEXWHG�WR�WKH�6KDOH �/LPHVWRQH�
0HPEHU�RI�WKH�)LQGLNOL�)RUPDWLRQ��

:LWKLQ� WKLV� WLPH� LQWHUYDO�� FRQRGRQW� IDXQDV�� DV� ZHOO� DV� FDUERQDWLF� HSLVRGHV�
KDYH� EHHQ� VXPPDUL]HG� E\� *DUFLD �/RSH]� HW� DO�� ������� IURP� D� ODUJH� UHJLRQ� WKDW�
H[WHQGV�IURP�$UGHQQHV�WR�ZHVWHUQ�DQG�FHQWUDO�6DKDUD��,Q�WKDW�ODUJH�DUHD�³2UWKRFHUDV�
/LPHVWRQHV´�RI�3ULGROL�DJH�PDLQO\�RFFXU�LQ�WKH�$UPRULFDQ�DQG�0RXWKRPHW�0DVVLIV��DV�
ZHOO�DV�LQ�WKH�(DVWHUQ�3\UHQHHV��2Q�WKH�RWKHU�KDQG��9DL��������FODLPV�WKDW�WKH�EODFN�
DQR[LF� VKDOHV� LQWHUFDODWHG� ZLWK� PLFULWLF� RUWKRFHUDWLG� OLPHVWRQHV� UHSUHVHQW� WKH�
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GRPLQDQW� IDFLHV� DOPRVW� WKH� HQWLUH� FLUFXP�0HGLWHUUDQHDQ� 6LOXULDQ�� 0RVW� RI� WKHVH�
RFFXUUHQFHV� DUH� FKDUDFWHUL]HG� E\� RULHQWHG� RUWKRFRQH� VKHOO� GLVWULEXWLRQ�� DV� LW� LV� WKH�
FDVH� LQ�&DPGDJ�DUHD��7KLV� IHDWXUH� LV�DWWULEXWHG� WR�ERWWRP�FXUUHQWV�DVVRFLDWHG�ZLWK�
VWRUP�ZDYH� DFWLYLW\� �H�J�� *QROL� HW� DO��� ������ LQ� DQ� HQYLURQPHQW� ZLWK� DOWHUQDWLQJ�
R[\JHQDWHG� ORZ�VXEPDULQH�FDOFDUHRXV�VHDPRXQWV�DQG�VKDOORZ�SXUHO\�VKHOO\�DQR[LF�
GHSUHVVLRQV�RQO\�D�IHZ�KXQGUHG�PHWHUV�GHHS�

&RUUHODWLRQ�ZLWK�WKH�XQLWV�LQ�1:�7XUNH\�DQG�VXUURXQGLQJ�DUHDV

$OWKRXJK�WKH�SUHVHQFH�RI�WKH�6LOXULDQ�URFN �XQLWV� LQ�WKH�,VWDQEXO�DUHD�LV�NQRZQ�VLQFH�
WKH�SLRQHHULQJ�VWXGLHV�RI�7FKLKDWFKHII��������RXU�NQRZOHGJH�RQ�WKHLU�GLVWULEXWLRQ�DQG�
VWUDWLJUDSK\�LQ�1: $QDWROLD�LV�VWLOO�YHU\�IUDJPHQWDU\�

&RPSDUDWLYHO\� GHWDLOHG� ZRUN� RQ� WKH� 6LOXULDQ� LV� PDLQO\� SHUIRUPHG� LQ� WKH�
,VWDQEXO�DUHD� �3DHFNHOPDQQ��������<DOFLQODU�� ������%D\NDO�DQG�.D\D��������+DDV��
������.D\D��������gQDODQ����������)RU�WKH�/XGORZLDQ�SDUW�RI�WKH�6LO XULDQ�VXFFHVVLRQ�
WKDW�PD\�EH�FRUUHODWHG�ZLWK� WKH�&DPGDJ�VXFFHVVLRQ� WKH�PRVW� UHOLDEOH�DQG�GHWDLOHG�
GDWD�LV�JLYHQ�LQ�3DHFNHOPDQQ�DQG�6LHYHUWV���������+DDV��������DQG� .D\D����������

,Q�RXU�FRUUHODWLRQ�ZH�ZLOO�XVH�WKH�RULJLQDO�VWUDWLJUDSKLF�QRPHQFODWXUH�DQG�I RVVLO�
GHWHUPLQDWLRQV�RI�+DDV��������IRU�WKH�UHDVRQV�RI�SULRULW\��$V�VRPH�RI� WKH�FRQRGRQW�
VSHFLHV� PHQWLRQHG� LQ� WKH� RULJLQDO� VWXG\� DUH� QRZ� LQ� PRUSKRWD[RQRP\� DQG� DUH�
LQFOXGHG�LQ�VHYHUDO�DSSDUDWXVHV�LQ�PXOWL �HOHPHQWDO�WD[RQRP\�ZH�KDYH�XVHG�WKH�QHZ�
WD[RQRPLF�QDPHV�RU�KDYH�SXW�WKHP�LQ�TXRWDWLRQ�PDUNV�

$FFRUGLQJ� WR� +DDV�� ������� WKH� /XGORZLDQ� VXFFHVVLRQ� LQ� HDVWHUQ� ,VWDQEXO�
�*HE]H�DUHD��)LJXUH����LV�PDLQO\�FKDUDFWHUL]HG�E\�WKH�³$NYLUDQ�6HULH´��,W�FRUUHVSRQGV�
WR� WKH� 'ROD\ED� /LPHVWRQH� RI� .D\D� �������� 7KH� ORZHUPRVW� IRUPDWLRQ� �&DNLOOLGHUH�
6FKLFKWHQ��RI�WKH�³$NYLUDQ�6HULH´�LV�PDGH�XS�RI�JUD\��LUUHJXODUO\�EHGGHG��ILQH �JUDLQHG�
OLPHVWRQHV�ZLWK�.RFNHOHOOD VS��DQG�3RO\JQDWKRLGHV�VLOXULFXV %5$1621�DQG�0(+/��
VR�WKDW�WKLV�XQLW�KDV�EHHQ�DVFULEHG�WR�WKH� VLOXULFXV� %LR]RQH�RI�:DOOLVHU����������7KH\�
DUH� IROORZHG� E\� VWURPDWRSRUD� DQG� WDEXODWD�ULFK�� LUUHJXODUO\� EHGGHG� OLPHVWRQHV�
�³8QWHUH�3HOLWOL�6FKLFKWHQ´�DVFULEHG�WR� ODWLDODWXV DQG�FULVSXV ]RQHV�RI�/XGORZLDQ��WKDW�
JUDGH� LQWR� QRGXODU� OLPHVWRQHV� �2EHUH� 3HOLWOL� 6FKLFKWHQ��� 7KH� ODWWHU� LQFOX GH�
2]DUNRGLQD�FULVSD� �:$//,6(5��DW� LWV�EDVDO�SDUW� �³)ODVHUNDONH´�RI�+DDV������� DQG
2]DUNRGLQD� VWHLQKRUQHQVLV� HRVWHLQKRUQHQVLV �:$//,6(5��� 2]DUNRGLQD� FRQIOXHQV
�%5$1621� DQG� 0(+/��� 2]DUNRGLQD� H[FDYDWD �%5$1621� 	� 0(+/�� DQG�
2]DUNRGLQD�UHPVFKHLGHQVLV �=,(*/(5� LQ�WKH�IROORZLQJ�SDUW�ZLWK�ELJ�QRGXOHV��7KHVH�
ILQGLQJV� LQGLFDWH� D� WUDQVLWLRQ� EHWZHHQ� FULVSD DQG� HRVWHLQKRUQHQVLV ELR]RQHV� RI�
:DOOLVHU� ������� DQG�KHQFH� WKH� /XGORZLDQ �3ULGROLDQ� ERXQGDU\� DFFRUGLQJ� WR� WKH�QHZ�
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VWUDWLJUDSKLF�QRPHQFODWXUH��+DDV��������PHQWLRQHG� WKDW�WKH�WULORELWHV�LQ�WKLV�PHPEHU�
KDYH�VWURQJ�DIILQLWLHV�WR�%DOWLF�DQG�:DOHV�IDXQD��8SZDUGV�IROORZV�D�FD������P�WKLFN�
IRUPDWLRQ�ZLWK�EODFN�� WKLQ�EHGGHG� OLPHVWRQHV��.LUHFKDQH�6FKLFKWHQ��DQG�ELWXPLQRXV�
OLPHVWRQHV� � �2VPDQRJOX� 'HUH� )ROJH�� WKDW� FRQWDLQ� RQO\� 2� VWHLQKRUQHQVLV�
HRVWHLQKRUQHQVLV �:$//,6(5���ZKHUHDV�WKH�RYHUO\LQJ�EODFN�WR�JUD\�OLPHVWRQHV�ZLWK�
ZHOO�GHYHORSHG� IODVHU� VWXFWXUH� �&DNDO� 'HUH� )ROJH�� LQFOXGH� ,FULRGXV� ZRVFKPLGWL
=,(*/(5�� 2]DUNRGLQD� UHPVFKHLGHQVLV �=,(*/(5��� 2�� VWHLQKRUQHQVLV�
UHPVFKHLGHQVLV �:$//,6(5��� 2�� ZXUPL %,6&+2))� DQG� 6$11(0$11� DQG�
�7ULFKRQRGHOOD� LQFRQVWDQV� :$//,6(5�� %DVHG� RQ� WKLV� FRQRGRQW� GDWD� +DDV� �������
VXJJHVWHG� WKDW� WKLV� DVVHPEODJH� UHSUHVHQWV� WKH� ZRVFKPLGWL ELR]RQH� RI� :DOOLVHU�
������� DQG� WKH� 6LOXULDQ�'HYRQLDQ� ERXQGDU\� LV� ORFDWHG� ZLWKLQ� WKHVH� OLPHVWRQHV�
�³)ODVHUNDONH´�RI�WKH�&DNDO�'HUH�)ROJH����

7KH� ³$NYLUDQ� 6HULH´� LQ� WKH� ,VWDQEXO� DUHD� LV� FRQIRUPDEO\� RYHUODLQ� E\� WKH�
³0DUPDUD�6HULH³�RI�+DDV���������7KH�ORZHUPRVW�IRUPDWLRQ�RI�WKLV�XQLW�LV�UHSUHVHQWHG�
E\�WKH�³6RJDQOL�6FKLFKWHQ´�ZKLFK�LQF OXGHV�LQ�LWV�ORZHU�SDUW��QRGXODU�OLPHVWRQHV�RI�WKH�
³8QWHUH�6RJDQOL�6FKLFKWHQ´��$QF\URGHOORLGHV�WULJRQLFD %,6&+2))�DQG�6$11(0$1���
,FULRGXV� ODWHULFUHVFHQV %5$1621� DQG�0(+/� DQG� VRPH� RWKHU� IRUPV� LQGLFDWLYH� IRU�
6LHJHQLXP��7KH�XSSHU�SDUW�RI�WKLV�IRUPDWLRQ�LV�UHS UHVHQWHG�E\�EOXLVK�JUD\�VKDOHV�ZLWK�
FDUERQDWH� QRGXOHV� �2EHUH� 6RJDQOL� 6FKLFKWHQ��� 1H[W� WR� ,FULRGXV� ODWHULFUHVFHQV�
EHFNPDQQL� =,(*/(5�� 3RO\JQDWKRV� OLQJXLIRUPLV� +,1'( DQG� 2]DUNRGLQD�
VWHLQKRUQHQVLV� VWHLQKRUQHQVLV� �=,(*/(5�� WKLV� XQLW� FRQWDLQV� ELJ�2UWKRFHUDWLGDH� DQG�
&\UWKRFHUDWLGDH�DQG�KDV�EHHQ�DVFULEHG�WR�(PVLDQ��+DDV��������PHQWLRQHG�WKDW�WKH�
WULORELWHV�LQ�WKLV�XQLW�KDYH�VLPLODULWLHV�ZLWK�WKH�3UDJLDQ�DQG�0DURFFR�IDXQD���:LWK�WKH�
RFFXUUHQFH� RI� WKH� ILUVW� FKDPRVLWLF� QRGXOHV� DQG� OD\HUV� ZLWKLQ� D� FDUERQDWH �ULFK�
VDQGVWRQH�PDWUL[�WKH�QH[W�IRUPDWLRQ��.DUWDO�6FKLFKWHQ�RI�+DDV��������VWDUWV��7KLV�XQLW�
LV�YHU\�ULFK�LQ�EUDFKLRSRGV�DQG�KDV�EHHQ�GDWHG�DV�8SSHU�(PVLDQ�
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)LJXUH����&RUUHODWLRQ�FKDUW�RI�8SSHU�6LOXULDQ�DQG�/RZHU�'HYRQLDQ�URFN�XQLWV�LQ�1:�$QDWROLD�

7KH�GHSRVLWLRQDO�HQYLURQPHQW�RI�WKH�8SSHU�6LOXULDQ�DQG�/RZHU�'HYRQLDQ�URFN �
XQLWV�LQ�WKH�,VWDQEXO�DUHD�KDYH�EHHQ�GLVFXVVHG�LQ�GHWDLO�E\�+DDV���������.D\D���������
DQG� gQDODQ� �������� 7KHUH� LV� DQ� RYHUDOO� DJUHHPHQW� WKDW� WKH� ORZHU� SDUW� RI� WKH�
VXFFHVVLRQ� �LQFOXGLQJ� WKH� ³8QWHUH� 3HOLWOL� 6FKLFKWHQ´�� LV� UHSUHVHQWHG� E\� UHHI �W\SH�
FDUERQDWH� GHSRVLWLRQ��6WDUWLQJ�ZLWK� WKH� GHSRVLWLRQ� RI� IODVHU� DQG�QRGXODU� OLPHVWRQHV�
�2EHUH�3HOLWOL�6FKLFKWHQ��RI�(DUO\�3ULGROLDQ�DJH�D�WUDQVLWLRQ�WR�EDVLQ �W\SH�GHSRVLWLRQ�LV�
VXJJHVWHG�� WKDW� SUHYDLOHG� GXULQJ� W KH� GHSRVLWLRQ� RI� ,FPHOHU� DQG� 2VPDQRJOX� 'HUH�
IRUPDWLRQV� RI� /DWH� 3ULGROLDQ� DJH�� $� VKDOORZLQJ �XSZDUGV� DQG� WUDQVLWLRQ� WR� W\SLFDO�
+HUF\QLDQ�W\SH�GHSRVLWLRQ� LV�PDQLIHVWHG�IRU� WKH�6LHJHQLDQ�URFNV��XSSHUPRVW�SDUW�RI�
WKH�³$NYLUDQ�6HULH´�DQG�WKH��³0DUPDUD�6HULH´�RI�+DDV����������

&RPSDUHG�ZLWK�WKH�,VWDQEXO�DUHD��WKHUH�DUH�RQO\�YHU\�OLPLWHG�GDWD�RQ�WKH�/DWH�
6LOXULDQ±(DUO\�'HYRQLDQ� URFN�XQLWV� LQ� WKH�&DPGDJ�DUHD�DQG�WR� WKH�HDVW�RI� LW��ZKLFK�
KDG�EHHQ�PDLQO\�VWXGLHG�E\� WKH�7XUNLVK�3HWUROHXP�&RUSRUDWLRQ� �73$2��� ,Q�.LSP DQ�
�������DQG�LQ�WKH�XQSXEOLVKHG�PDSV�RI�73$2��������������WKH�8SSHU�6LOXULDQ�EODFN�
VKDOHV�DQG�OLPHVWRQHV�LQ�WKH�&DPGDJ�DUHD��GHVFULEHG�LQ�WKLV�VWXG\��ZHUH�FRQVLGHUHG�
DV�WKH�ORZHU�SDUW�RI�WKH�'HYRQLDQ�.DUWDO�)RUPDWLRQ��2Q�WKH�RWKHU�KDQG��IXUWKHU�HDVW�LQ�
WKH�.DSODQGHGH�'DJL�DUHD�<D]PDQ�DQG�&RNXJUDV��������UHJDUGHG�WKH�VDPH�URFNV�
DV� D� QHZ� IRUPDWLRQ� �)LQGLNOL� )RUPDWLRQ�� WKDW�ZDV� ODWHU� GLVFRYHUHG� LQ�<LJLOFD��(UHJOL�
DQG�0HQJHQ�DUHDV��$\GLQ�DQG�6DKLQW�UN��������$\GLQ� HW�DO����������7KH�DJH�GDWD�LQ�
WKHVH�DUHDV�DUH YHU\�OLPLWHG�DQG�LV�EDVHG�RQ�D�VLQJOH�JUDSWROLWH�ILQGLQJ�� 3ULVWLRJUDSWXV
GXELXV �68(66�� LQ� $\GLQ� HW� DO��� ������� 7KH�PLVLGHQWLILFDWLRQ� RI� WKH�8SSHU� 6LOXULDQ�



��

EODFN�VKDOHV�DQG� OLPHVWRQHV� LQ� WKH�&DPGDJ�DUHD� OHDG�$\GLQ� HW�DO�� �������DQG�DOVR�
'HUPDQ� DQG� 7XQD� ������� WR� WKH� IROORZLQJ� WHFWRQLF� FRQFOXVLRQ�� ³7KH� 6LOXULDQ� URFNV�
ZHUH�HLWKHU�QRW�GHSRVLWHG�RU�HURGHG�LQ�WKH�&DPGDJ�DUHD��7KH�'HYRQLDQ�VXFFHVVLRQ�
LV� GLVFRUGDQW� RQ� ROGHU� XQLWV� WKDW� LQGLFDWH� DQ� LPSRUWDQW� WHFWRQLF� HYHQW� GXULQJ� WKH�
7DFRQLDQ�SKDVH�RI�WKH�&DOHGRQLDQ�RURJHQ\´��

7KH� 3DOHR]RLF� VXFFHVVLRQ� LQ� WKH� .DUDGHUH �=LU]H� DUHD� �6DIUDQEROX���
UHSUHVHQWDWLYH�IRU�WKH�=RQJXOGDN�WHUUDQH��ZDV�VWXGLHG�E\�'HDQ�HW�DO����������������,Q�
WKLV� DUHD�� WKH� 6LOXULDQ� VXFFHVVLRQ� �)LQGLNOL� )RUPDWLRQ�� LQ� LWV� WRSPRVW� SDUW� LV�
UHSUHVHQWHG� E\� EODFN�� PRQRJUDSWLG� JUDSWROLWH�EHDULQJ� VKDOHV� ZLWK� 0RQRJUDSWXV�
IOHPLQJLL �6DOWHU��DQG�3ULVWLRJUDSWXV FI��SDUYXV��8OVW��� LQGLFDWLYH�IRU�WKH�XSSHU�SDUW�RI�
WKH� :HQORFN� VHULHV�� 7KH� EODFN� VKDOHV� DUH� XQFRQIRUPDEO\� RYHUODLQ� E\� 'HYRQLDQ�
FRQJORPHUDWHV�DQG�FDUERQDWHV��7KH�³2UWKRFHUDV�/LPHVWRQHV´�IRXQG� LQ�WKH�&DPGDJ�
ZHUH�QRW�HQFRXQWHUHG�LQ�WKLV�VXFFHVVLRQ��

,Q� %XOJDULD�� 6LOXULDQ� VHGLPHQWV� ZHUH� HQFRXQWHUHG� LQ� WKH� %DONDQ� �6YRJH�
DQWLFOLQRULXP� DQG� .UDLVKWH� VHFWLRQ�� DQG� LQ� WKH�0HRVLDQ� �VXEVXUIDFH� GDWD� IURP� WKH�
ERUHKROHV�5���9HWULQR�DQG�5���*RPRWDUWVL��WHUUDQHV��<DQHY��������������6DFKDQVNL��
�������3ULGROLDQ�VHGLPHQWV�LQ�WKH�%DONDQ�7HUUDQH�DUH�LQFOXGHG�LQ�WKH�<DERXNRY�'RO�
IRUPDWLRQ��DQG�DUH�PDLQO\�PDGH�XS�RI�JUHHQLVK�JUD\�FRORUHG�� ODPLQDWHG�VODWHV�ZLWK�
VLOWVWRQH�LQWHUOD\HUV�DQG�UDUH�FULQRLGDO�OLPHVWRQH�QRGXOHV���,Q�WKH�0HRVLDQ�WHUUDQH��WKH�
3ULGROLDQ� SDUW� RI� WKH� VXFFHVVLRQ� LV� UHSUHVHQWHG� E\� DUJLOOLWHV� WKDW� LQFOXGH� FKLWLQR]RD�
�/DNRYD�� ������� &RPSDUHG� ZLWK� WKH� &DPGDJ� VXFFHVVLRQ�� WKH� %XOJDULDQ� 3ULGROL�
VHGLPHQWV� OLWKRORJLFDOO\� UHVHPEOH� WKH� ³6KDOH� 6LOWVWRQH� 0HPEHU´� RI� WKH� � � )LQGLNOL�
)RUPDWLRQ�� � %RWK� LQ� 7XUNLVK� DQG� %XOJDULDQ� VXFFHVVLRQV�� 6LOXULDQ� VHGLPHQWV� DUH�
FRQFRUGDQWO\�FRYHUHG�E\�/RZHU�'HYRQLDQ�GHSRVLWV��ZKLFK�VWURQJO\�FRQWUDVWV�ZLWK�WKH�
GLVWLQFW�/RZHU�'HYRQLDQ�XQFRQIRUPLW\�LQ� WKH�=RQJXOGDN�WHUUDQH��

&RQFOXVLRQV
7KH�&DPGDJ� DUHD� KDV� D� NH\� SRVLWLRQ� LQ� WKH� DHULDO� GLVWULEXWLRQ� RI� WKH� ,VWDQEXO� DQG�
=RQJXOGDN�WHUUDQHV� LQ�1:�$QDWROLD��,Q� WKH�SUHYLRXV�VWXGLHV��.R]XU�DQG�*|QF�RJOX��
������ WKH�&DPGDJ� DUHD�ZDV� FRQVLGHUHG� DV� D� SDUW� RI� WKH� =R QJXOGDN�7HUUDQH��7KH�
=RQJXOGDN�7HUUDQH�LV�FKDUDFWHUL]HG�DPRQJ�RWKHU�IHDWXUHV�E\�D�SHODJLF�GHSRVLWLRQ�DOO�
DURXQG� WKH� 6LOXULDQ� DQG� D� GLVWLQFW� &DOHGRQLDQ �WLPH� GLVFRUGDQFH� �.R]XU� DQG�
*|QF�RJOX���������

2XU� QHZ� GDWD� FOHDUO\� VKRZV� WKDW� WKH� 8SSHU� 6LOXULDQ� LQ� &DPG DJ� DUHD� LV�
UHSUHVHQWHG� LQ� WKLV� DUHD� E\� EODFN� VKDOHV� DQG� &HSKDORSRG �EHDULQJ� OLPHVWRQHV��
0RUHRYHU�� WKHUH� LV� QR� XQFRQIRUPLW\� EHWZHHQ� WKH�6LOXULDQ� DQG�'HYRQLDQ� URFNV�� WKDW�
PD\� VXJJHVW� D� ³&DOHGRQLDQ´� HYHQW�� � :H� WKHUHIRUH� DVVXPH� WKDW� GXULQJ� WKH� /DWH�



��

6LOXULDQ� ± (DUO\�'HYRQLDQ�SHULRG� WKH�VDPH�HYHQW �VXFFHVVLRQ�ZDV�DFKLHYHG� LQ�ERWK�
,VWDQEXO�DQG�&DPGDJ�DUHDV�DQG� WKXV�ERWK�DUHDV�VKRXOG�EH�FRQVLGHUHG�DV�SDUWV�RI�
WKH�VDPH�WHUUDQH��,VWDQEXO�7HUUDQH�RI�*|QF�RJOX�DQG�.R]XU��������

&RQVLGHULQJ�WKH�GHSRVLWLRQDO�IHDWXUHV�RI�WK H�3ULGROLDQ�URFN�XQLWV��WKH�&DPGDJ�
DUHD�VKRXOG�EH�PRUH�EDVLQDO�WKDQ�WKRVH�LQ�WKH�,VWDQEXO�DUHD��6LPLODU�WR�,VWDQEXO��WKH�
/RFKNRYLDQ�LQ�WKH�&DPGDJ�DUHD�LV�FKDUDFWHUL]HG�E\�D�FRDUVHQLQJ �XSZDUG�VHTXHQFH��
%\� WKLV�� WKH�&DPGDJ�DUHD�VKRXOG�EH�FRQVLGHUHG�DV� WKH�HD VWHUQ�FRQWLQXDWLRQ�RI� WKH�
,VWDQEXO�7HUUDQH�GXULQJ�WKH�6LOXULDQ �(DUO\�'HYRQLDQ�WLPH�LQWHUYDO�

$Q�XS� WR� GDWH� DFFRXQW�RI� /DWH�6LOXULDQ� ³2UWKRFHUDV� /LPHVWRQHV´� LV�JLYHQ� LQ�
+ROODQG� HW� DO� ������� DQG� )HUUHWWL� HW� DO� �������� $FFRUGLQJ� WR� WKHVH� UHYLHZV�� 3ULGROL�
EODFN� VKDOHV� ZLWK� EHQWKLF� DQG� VKDOORZ� SHODJLF� DVVHPEODJHV� DVVRFLDWHG� ZLWK�
³2UWKRFHUDV�/LPHVWRQHV´�RFFXU�LQ�WKH�3UDJXH�%DVLQ��ORZHUPRVW�3ULGROL���6:�6DUGLQLD�
�ORZHU� 3ULGROL��� &DUQLF�'LQDULF� DUHD� DQG� 8UDOLDQ�&RUGLOOHUDQ� DUHD�� 7KXV�� RXU� QHZ�
ILQGLQJ�LV�WKH�ILUVW�GDWD�ZLWK�VLPLODU�DVVHPEODJHV�IURP�1:�7XUNH\�

$FNQRZOHGJPHQWV��7KLV�VWXG\�LV�D�FRQWULEXWLRQ�WR�,*&3�3URMHFW�1R�������7KH�DXWKRUV�
DFNQRZOHGJH� 'UV�� ,�� /DNRYD� DQG� 6�1�� <DQHY� IRU� WKH� VXSSOHPHQW� RI� WKH� %XOJDULDQ�
GDWD��*�1��6DUPLHQWR�EHQHILWV�IURP�D�JUDQW�RI�WKH &RPPXQLW\�RI�0DGULG��6SDLQ�

5HIHUHQFHV
$\GLQ��0��DQG�6DKLQW�UN��g��������$NFDNRFD�GRJXVX �(UHJOL�EDWLVLQGDNL��.DSODQGHGH�

2UKDQGDJ�� 3DOHR]R\LN� \DVOL� ELULPOHULQ� MHRORMLVL� YH� +LGURNDUERQ� RODQDNODUL� �
73$2�5HSRUW�1R����������SS��XQSXEOLVKHG��

$\GLQ��0��� 6HUGDU�� +�6��� 6DKLQW�UN��g��� <D]PDQ��0��� &RNXJUDV�� 5��� 'HPLU�� 2�� DQG�
g]FHOLN��<��������7KH�*HRORJ\�RI� WKH�&DPGDJ� �6DNDU\D� � 6�QQLFHGDJ� �%ROX��
UHJLRQ���%XOO��*HRO��6RF��7XUNH\�����������
%D\NDO��$�)��DQG�.D\D��2��������1RWH�SUpOLPLQDLUH� VXU� OH�6LOXULHQ�G¶øVWDQ EXO��
07$�%XOO������������

&RRSHU��%�-��������7RZDUG�DQ�LPSURYHG�6LOXULDQ�FRQRGRQW�ELRVWUDWLJUDSK\� � /HWKDLD��
������������

&RUUDGLQL�� &�� DQG� 6HUSDJOL�� (��� ������ $� 6LOXULDQ� FRQRGRQW� ELR]RQDWLRQ� IURP� ODWH�
/ODQGRYHU\� WR�HQG�3UtGROt� LQ�6DUGLQLD� �,WDO\�� � ,Q�6HUSDJOL��(�� �HG����6WXGLHV�RQ�
FRQRGRQWV� � 3URFHHGLQJV� RI� WKH� 6HYHQWK� (XURSHDQ� 6\PSRVLXP�� %ROO�� 6RF��
3DOHRQW��,WDO���������������������������

'HDQ��:�7���0DUWLQ��)���0RQRG��2���'HPLU��2���5LFNDUGV��5�%���%XOW\QFN��3��DQG�
%R]GRJDQ��1��������/RZHU�3DOHR]RLF�VWUDWLJUDSK\��.DUDGHUH�� =LU]H�DUHD��
&HQWUDO�3RQWLGHV��QRUWKHUQ�7XUNH\� � ,Q��*|QF�RJOX��0�&��DQG�'HUPDQ��$�6��



��

�HGV���(DUO\�3DOHR]RLF�LQ�1:�*RQGZDQD��7XUN��$VVRF��3HWURO��*HRO���6SHFLDO�
3XEO������������

'HDQ��:�7��� 0RQRG�� 2��� 5LFNDUGV�� 5�%��� 'HPLU�� 2�� DQG� %XOW \QFN�� 3�� ������ /RZHU�
3DOHR]RLF� VWUDWLJUDSK\� DQG� SDODHRQWRORJ\�� .DUDGHUH�=LU]H� DUHD�� 3RQWXV�
PRXQWDLQV��QRUWKHUQ�7XUNH\�� *HRO��0DJ�����������������

'HUPDQ��$�6��DQG�g]FHOLN��<��������6WUDWLJUDSK\�DQG�VHGLPHQWRORJLFDO�SURSHUWLHV�RI�
WKH�3DOHR]RLF�XQLWV�DQG�WKH�SRVVLEOH�SDOHRJHRJUDSKLF�HYROXWLRQ�RI�WKH�ZHVWHUQ�
%ODFN�6HD�UHJLRQ��$QDWROLD��7XUNH\�� � 3URFHHGLQJV��6XDW�(UN�6\PSRVLXP�����
����$QNDUD�8QLYHUVLW\��$QNDUD�

'HUPDQ��$�6���DQG�7XQD��(��������*HRORJ\�RI�WKH�ZHVWHUQ�%ODFN�6HD��,Q��'HUPDQ��6��
DQG�*|U�U��1���HGV���%ODFN�VHD�5LIW�VHTXHQFHV� � $$3*�,QDJXUDO�5HJ��
&RQIHUHQFH�)LHOG�7ULS�*XLGH�%RRN�����S�

(SVWHLQ��$�*���(SVWHLQ��-�%��DQG�+DUULV��/�'���������&RQRGRQW�FRORU�DOWHUDWLRQ� � DQG�
LQGHH[�WR�RUJDQLF�PHWDPRUSKLVP�� 8�6��*HRO��6XUY��3URI��3DSHU������������

)HUUHWWL��$���*QROL��0��DQG�9DL��*�%��������6LOXULDQ�WR�/RZHU�'HYRQLDQ�FRPPXQLWLHV�RI�
6DUGLQLD�� ,Q��%RXFRW�$�-��DQG�/DZVRQ��-�'���HGV���3DOHRFRPPXQLWLHV�� D�FDVH�
VWXG\�IURP�WKH�6LOXULDQ�DQG�/RZHU�'HYRQLDQ�����������&DPEULGJH�8QLYHUVLW\�
3UHVV��&DPEULGJH�

*DUFLD�/RSH]��6���5RGULJXH]�&DQHUR��5���6DQ]�/RSH]��-���6DUPLHQWR��*��DQG�
9DOHQ]XHOD�5LRV��-�&��������&RQRGRQWV�DQG�FDUERQDWLF�HSLVRGHV�LQ�WKH�6LOXULDQ�
6\VWHP�IURP�WKH�+HUF\QLF�&KDLQ�DQG�WKH�6DKDULDQ�'RPDLQ� � 5HY��(VSDQROH�GH�
3DOHRQWRORJLD��1R�H[WUDRUGLQDULR��������

*HGLN��,��������$�SDOHRJHRJUDSKLF�DSSURDFK�WR�WKH�'HYRQLDQ�RI�7XUNH\� � ,Q��
0F0LOODQ��1�-���(PEU\��$�)��DQG�*ODVV��'�-���HGV���'HYRQLDQ�RI�WKH�ZRUOG��
&DQDG��6RF��3HWURO��*HRO��0HP���������������

*QROL��0���3DUHD��*�&���5XVVR�)��DQG�6HUSDJOL��(��������3DO HRHFRORJLFDO�UHPDUNV�RQ�
WKH�³2UWKRFHUDV�/LPHVWRQH´�RI�VRXWKZHVWHUQ�6DUGLQLD��0LGGOH �8SSHU�6LOXULDQ����
0HP��*HRO��6RF��,WDO���������������

*|QF�RJOX��0�&��������'LVWULEXWLRQ�RI�/RZHU�3DOHR]RLF�URFNV�LQ�WKH�$OSLQH�WHUUDQHV�
RI�7XUNH\�� ,Q��*|QF�RJOX��0�&��DQG�'HUPDQ��$�6���HGV���(DUO\�3DOHR]RLF�LQ�
1:�*RQGZDQD��7XUN��$VVRF��3HWURO��*HRO���6SHFLDO�3XEO������������

*|QF�RJOX��0�&���DQG�.R]XU��+�:��������)DFLDO�GHYHORSPHQW�DQG�WKHUPDO�DOWHUDWLRQ�
RI�6LOXULDQ�URFNV�LQ�7XUNH\�� ,Q��*XLWHUUH]�0DUFR��-&�DQG�5DEDQR��,� �(GV���
3URFHHGLQJV�������)LHOG�0HHWLQJ��,8*6�6XEFRPLVVLRQ�RQ�6LOXULDQ�6WUDWLJUDSK\��
7HPDV�*HRORJLFR�0LQHURV�,7*(�������������0DGULW��

*|QF�RJOX��0�&��DQG�.R]XU��+�:��������5HPDUNV�RQ�WKH�SUH �9DULVFDQ�GHYHORSPHQW�
LQ� 7XUNH\�� ,Q�� /LQQHPDQQ�8��� +HXVH�� 7��� )D WND�� 2��� .UDIW�3�� %URFNH�� 5�� DQG�



��

(UGWPDQQ��%�7���(GV���3UHYDULVFDQ�7HUUDQH�$QDO\VHV�RI�³*RQGZDQHDQ�(XURSD´��
3URFHHGLQJV��6FKULIWHQ�GHV�6WDDWO��0XV��0LQ��*HRO��'UHVGHQ�������������

*|QF�RJOX��0�&���'LULN��.��DQG�.R]OX��+������� �������*HQHUDO�FKDUDFWHULVWLFV RI�SUH�
$OSLQH�DQG�$OSLQH�7HUUDQHV�LQ�7XUNH\��([SODQDWRU\�QRWHV�WR�WKH�WHUUDQH�PDS�RI�
7XUNH\�� $QQDOHV�*HRORJLTXH�GH�3D\V�+HOOHQLTXH���������������$WKHQV�

*|U�U��1���0RQRG��2���2ND\��$�,���6HQJ|U��$�0�&���7�\V�]��2���<LJLWEDV��(��6DNLQF��0��
DQG�$NN|N��5��������3DOHRJHRJUDSKLF�DQG�WHFWRQLF�SRVLWLRQ�RI�WKH�
&DUERQLIHURXV�URFNV�RI�WKH�ZHVWHUQ�3RQWLGHV��7XUNH\��LQ�WKH�IUDPH�RI�WKH�
9DULFDQ�EHOW�� %XOO��6RF��*HRO��)UDQFH���������������

+DDV��:��������'DV�$OWSDOHR]RLNXP�YRQ�%LWK\QLHQ��1RUGZHVW�7�UNHL��� �1�-E�*HRO��
3DOHRQW��$EK�������������������

+ROODQG�&�+���*QROL��0��DQG�+LVWRQ��.��������&RQFHQWUDWLRQV�RI�3DODHR]RLF�QDXWLORLG�
FHSKDORSRGV���%ROO��6RF��3DOHRQW��,WDOLDQD������������

.D\D��2��������3DOHR]RLF�RI�øVWDQEXO� � (JH�8QLY��)HQ��)DN��3XEO�������������

.D\D��2� ������(UHJOL��<LJLOFD��%ROX�NX]H\L��0HQJHQ�DODQODULQLQ�VWUDWLJUDILVL�YH�\DSL�
|]HOOLNOHUL�� 73$2�5HSRUW�1R�����������SS��XQSXEOLVKHG��

.D\D��2���������2UGRYLFLDQ�DQG�6LOXULDQ�RI�øVWDQEXO� � +�h��<HUELOLPOHUL����������

.LSPDQ��(��������6DNDU\D�±&DPGDJ�GHQL] F|NHOWLVL�GHPLU�FHYKHULQLQ�MHRORMLVL� �
,VWDQEXO�8QLY��)HQ�)DN��0RQRJUDSK���������SS���

.R]XU�+�:��DQG�*|QF�RJOX��0�&��������0HDQ�IHDWXUHV�RI�WKH�SUH �YDULVFDQ�
GHYHORSPHQW�LQ�7XUNH\�� $FWD�8QLYHUVLWDWLV�&DUROLQDH�*HRORJLFD��������������

/DNRYD��,��������&KLWLQR]RD�IURP�WKH�3ULGROLDQ�DQG�*HGLQLDQ�LQ�WKH�ERUHKROH�5 �
'DOJRGHOVL��1:�%XOJDULD��� 5HY��%XOJ��*HRO��6RF����������������

2ND\��$�,��������7HFWRQLF�XQLWV�DQG�VXWXUHV�LQ�WKH�3RQWLGHV��QRUWKHUQ�7XUNH\� � ,Q��
6HQJ|U��$�0�&���HG����7HFWRQLF�HYROXWLRQ�RI�WKH�7HWK\DQ�5HJLRQ�����������
.OXZHU�$FDG��3XEO��$PVWHUGDP�

2ND\��$�,���6HQJ|U��$�0�&��DQG�*|U�U��1��������7KH�%ODFN�6HD��D�NLQHPDWLF�KLVWRU\�RI�
RSHQLQJ�DQG�LWV�HIIHFW�RQ�WKH�VXUURXQGLQJ�UHJLRQV� � *HRORJ\��������������

2OLYLHUL��5��DQG�6HUSDJOL��(��������/DWHVW�6L OXULDQ�HDUO\�'HYRQLDQ�FRQRGRQWV�IURP�
0DVRQ�3RUFXV�6HFWLRQ�QHDU�)OXPLQLPDJJLRUH��6RXWKZHVWHUQ�6DUGLQLD� � %ROO��
6RF��3DOHRQW��,WDO�������������

gQDODQ��0��������3HQGLN�E|OJHVL�LOH�DGDODULQ�MHRORMLVL�YH�VHGLPDQWHU�|]HOOLNOHUL�� �
,VWDQEXO�8QLY��8QSXEOLVKHG�GLV VHUWDWLRQ�����SS�

3DHFNHOPDQQ��:��������1HXH�%HLWUDHJH�]XU��.HQQWQLV�GHU�*HRORJLH��3DOHRQWRORJLH�
XQG�3HWURJUDSK\�GHU�8PJHJHQG�YRQ�.RQVWDQWLQRSHO� � $EK��SUHXVV��*HRO��/�$���
���� �������%HUOLQ



��

3DHFNHOPDQQ��:��DQG�6LHYHUWV��+��������2EHUVLOXULVFKH�XQG�GHYRQLV FKH�)DXQHQ�GHU�
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