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%2$'�2)�(',7256
,17(51$7,21$/� -2851$/� 2)� 5(6($5&+� 	
0(7+2'2/2*<� ,1� 62&,$/� 6&,(1&( LV� D� SHHU�
UHYLHZHG� VFLHQWLILF� MRXUQDO� LQ� VRFLDO� VFLHQFH� DQG�
LWV� LQWHUGLVFLSOLQDU\� ILHOGV�� 7KH� MRXUQDO� LV�
SXEOLVKHG� TXDUWHUO\�� 7KH� %RDUGV� RI� (GLWRUV�
RYHUVHH� WKH� DFTXLVLWLRQ�� UHYLHZ�� DQG� SXEOLFDWLRQ�
RI� TXDUWHUO\� UHVHDUFK� SDSHUV� LQ� VRFLDO� VFLHQFH��
(GLWRULDO� LQTXLULHV�PD\�EH�VHQW�E\�HPDLO�GLUHFWO\�
WR� (GLWRU,-5066#JPDLO�FRP�
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1LWLQ�9LKDUL��3K�'�� ««««««««««««««««� ,QGLD
%2$5'�2)�(',7256�)25�352'8&7,217RQ\�/RXDQJUDWK ««««««««««««««««�/DRV
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2)),&(�2)�7+(�(',725�,1�&+,()
,QWHUQDWLRQDO�-RXUQDO�RI�5HVHDUFK�	�0HWKRGRORJ\�LQ�6RFLDO�6FLHQFH��,-5066�

����%RXULFKDQH�5G���8QLW���%DQ�1D[D\
;D\VHWKD��9LHQWLDQH�/$26

7HO������������������ (PDLO��(GLWRU,-5066#JPDLO�FRP
ZZZ�VRFLDOVFLHQFHSXEOLFDWLRQ�FRP

-2851$/
7KH� ,QWHUQDWLRQDO� -RXUQDO�RI�5HVHDUFK� DQG�0HWKRGRORJ\� LQ�6RFLDO� 6FLHQFH� �,-5066�� LV� D� GRXEOH�EOLQG�
SHHU�UHYLHZ��RSHQ�DFFHVV��DFDGHPLF�UHVHDUFK��SXEOLVKHG�TXDUWHUO\��7KH�MRXUQDO SXEOLVKHV�UHVHDUFK�DUWLFOHV��
OLWHUDWXUH�UHYLHZ�DUWLFOHV��WHFKQLFDO�FRPPHQWDULHV��DQG�FDVH�VWXGLHV�

0,66,21
7KH�PLVVLRQ�RI�WKH�MRXUQDO�LV�WR�SURYLGH�SXEOLFDWLRQ�VHUYLFH�WR�WKH�DFDGHPLF�DQG�UHVHDUFK�FRPPXQLW\�LQ�
VRFLDO�VFLHQFH�WKDW�LV���L��SHHU�UHYLHZHG���LL��KLJK�H[SRVXUH���LLL��WUXH�RSHQ�DFFHVV���LY��IXOO\�DFKLHYHG�DQG�
UHWULHYDEOH�RQOLQH��DQG��Y��OHDGV�WR�LPSDFW�IDFWRU�VFRUH��

2%-(&7,9(
7KH�REMHFWLYH�RI� WKH� MRXUQDO� LV� WR�SURYLGH� DQ�RSHQ�DFFHVV�RQOLQH� IRUXP�DQG� UHVRXUFH� IRU� UHVHDUFKHUV� WR�
VKDUH��GLVVHPLQDWH��DQG�H[FKDQJH�LGHDV�DQG�UHVHDUFK�RXWFRPH�

32/,&<
,W� LV� WKH� SROLF\� RI� WKH� MRXUQDO� WR� SURYLGH� KLJK� TXDOLW\� UHVHDUFK� SXEOLFDWLRQ� WKDW� LV� D� WUXH� RSHQ� DFFHVV�
MRXUQDO��7KH� MRXUQDO� LV�FRPPLWWHG� WR�³QR� IHHV� ± QR�FKDUJH´� WR�DXWKRUV��$OO�DUWLFOHV�ZLOO�EH� VXEMHFWHG� WR�
EOLQG�SHHU�UHYLHZ�SURFHVV��:H�DUH�FRPPLWWHG�WR�KLJK�TXDOLW\�UHVHDUFK�SXEOLFDWLRQ�ZLWK�IUHH�RQOLQH�DFFHVV�
DQG�VWULFWO\�REVHUYH�QRQ�SUHGDWRU\�SXEOLFDWLRQ�SROLF\�

&$//�)25�3$3(56
,-5066� LV� SXEOLVKHG� TXDUWHUO\�� 2XU� FDOO� IRU� SDSHUV� LV� RQ�JRLQJ�� $XWKRUV� PD\� VXEPLW� WKH� UHVHDUFK�
DUWLFOH�V��E\�HPDLO�WR��(GLWRU,-5066#JPDLO�FRP��:H�ZHOFRPH�DUWLFOHV�LQ�WKH�IROORZLQJ�ILHOGV�DQG�WKHLU�
LQWHUGLVFLSOLQDU\�
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%LR�4XDOLWDWLYH�(VWLPDWLRQ�RI�'LIIXVHG�$LU�3ROOXWLRQ�RI�D�&LW\�LQ�
1RUWKHDVWHUQ�$OJHULD�E\�8VLQJ�(SLSK\WLF�/LFKHQV

'MDPHO�)DGHO���
1DZHO�+DGMRXGMD���

%DKD�(GGLQH�%DGRXQD�
	�5DFKLG 'MDPDw�

$%675$&77KLV� UHVHDUFK� HYDOXDWHV WKH� RYHUDOO� DLU� SROOXWLRQ� LQ� WKH� 6NLNGD� UHJLRQ�� WKH� FDSLWDO� RI�
SHWURFKHPLFDOV� LQ�QRUWKHDVWHUQ�SDUW�RI $OJHULD��ZH�XVHG�D�TXDOLWDWLYH�PHWKRG�EDVHG�RQ�
WKH�FHQVXV�DQG�JHRJUDSKLFDO�GLVWULEXWLRQ�RI�WKH�OLFKHQ�IORUD�FRUWLFRORXV�DFFRUGLQJ�SLQN�
SROOXWLRQ� LQ WKH� VWXG\� DUHD� FRPELQHG� ZLWK� PDSSLQJ�� ,W� LV� HVVHQWLDO� WR� NQRZ� VRPH�
ELRSK\VLFDO�IDFWRUV� VXFK�DV�FOLPDWH�DQG�WKH�WUHH�IORUD��OLFKHQ�VXEVWUDWH�RU�SKRURSK\WH��WR�
EHWWHU� XQGHUVWDQG� WKHLU� LQIOXHQFH� RQ� WKH� GLVWULEXWLRQ� RI� OLFKHQV� LQ� GLIIHUHQW� VWDWLRQV��
7KXV�����OLFKHQ�VSHFLHV�KDYH�EHHQ�LGHQWLILHG�LQ ��VLWHV�HVWDEOLVKHG�DV�D�]RQLQJ�WKDW�WDNHV�
LQWR�DFFRXQW�WKHLU�H[SRVXUH�WR�GLIIHUHQW�VRXUFHV�RI�HPDQDWLRQ��7KH�FHQVXV�UHVXOWV�RI�WKH�
OLFKHQ�IORUD�RI�WKH�6NLNGD�UHJLRQ�DQG�LWV�SHULSKHU\�KDYH�VKRZQ�WKDW�WKH�QXPEHU�DQG�UDWH�
RI�UHFRYHU\�LV�FORVHO\�OLQNHG�WR�WKH�GHJUHH�RI�SROOXWLRQ��7KLV�ILQGLQJ�LV�UHPDUNDEOH�LQ�WKH�
ILHOG� E\� UHGXFLQJ� WKH� QXPEHU� RI� VSHFLHV� DQG� WKHLU� UHFRYHU\� UDWH� ZKHQ� WKH� RYHUDOO�
SROOXWLRQ�LV�GLIIXVH�LV�LPSRUWDQW�
.H\ZRUGV� FDUWRJUDSK\��SROOXWLRQ��OLFKHQ��6NLNGD�± $OJHULD�
&,7$7,21�)DGHO�� '��� +DGMRXGMD�� 1��� %DGRXQD�� %�(�� DQG� 'MDPDw�� 5�� �������� ³%LR�4XDOLWDWLYH�
(VWLPDWLRQ� RI� 'LIIXVHG� $LU� 3ROOXWLRQ� RI� D� &LW\� LQ� 1RUWKHHDVWHUQ� $OJHULD� E\� 8VLQJ�
(SLSK\WLF�/LFKHQV�´ ,QWHU��-��5HV��0HWKRGRO��6RF��6FL���9RO������1R�����SS����±������-XO�±
6HSW���������,661������������

� �/DERUDWRU\�/LIH�6FLHQFHV�DQG�7HFKQLTXHV��$JURYHWHULQDU\�,QVWLWXWH��7DRXUD��'HSDUWPHQW�RI�$JULFXOWXUDO�6FLHQFHV��
8QLYHUVLW\� 0RKDPHG� &KpULI� � 0HVVDDGLD�� 6RXN� $KUDV�� � ������ $OJHULD�� � � � )RU� HPDLO� FRUUHVSRQGHQFH��
IDGHOGMDPHO#\PDLO�FRP� 'pSDUWHPHQW�GH�%LRORJLH��)DFXOWp�GHV�6FLHQFHV��8QLYHUVLWp�%DGML�0RNKWDU�± $QQDED�������� $OJHULD
� /DERUDWRU\� /LIH� 6FLHQFHV� DQG� 7HFKQLTXHV�� $JURYHWHULQDU\� ,QVWLWXWH�� 7DRXUD�� 'HSDUWPHQW� RI� $JULFXOWXUDO� 6FLHQFHV��
8QLYHUVLW\�0RKDPHG�&KpULI��0HVVDDGLD��6RXN�$KUDV���������$OJHULD�� /DERUDWRLUH�GHV�6ROV�HW�GX�'pYHORSSHPHQW�'XUDEOH��'pSDUWHPHQW�GH�%LRORJLH��)DFXOWp�GHV�6FLHQFHV��8QLYHUVLWp�%DGML�
0RNKWDU�± $QQDED�������± $OJHULD�
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����,1752'8&7,21)RU� ILYH� GHFDGHV�� PDQ\� PHWKRGV IRU� SROOXWLRQ� VWXGLHV KDYH� EHHQ� GHYHORSHG�� 6RPH� PHWKRGV� DUH
TXDOLWDWLYH� DSSURDFK� WR� DVVHVV� WKH� H[WHQW� RI� SROOXWLRQ� IURP� ILHOG� REVHUYDWLRQV�� 7KHVH� TXDOLWDWLYH�
DSSURDFKHV� DUH� H[HPSOLILHG� E\� WKH� ZRUNV� RI +DZNVZRUWK� �������� 'HUXHOOH� DQG� DO� �������9DQ�
+DOXZ\Q� �������� 4XDQWLWDWLYH� PHWKRGV� KDG� DOVR� EHHQ� HPSOR\HG� LQ� SROOXWLRQ� VWXGLHV�� 7KHVH�
TXDQWLWDWLYH� PHWKRGV� LQYROYH� WKH� XVH� RI� PDWKHPDWLFDO� PRGHOLQJ� WKURXJK� WKH� XVH� RI� GLIIHUHQW�
SDUDPHWHUV�UHODWHG�WR�WKH�OLFKHQ�IORUD��:HOO�NQRZQ�LQ�TXDQWLWDWLYH�DSSURDFK�WR�SROOXWLRQ�VWXGLHV�PD\�
LQFOXGH�WKH�XVH�RI SROHRWROHUDQFH�LQGH[��3�,��XVHG�E\�7UDVV���������DWPRVSKHULF�SXULW\�LQGH[��$�3�,��
DGYRFDWHG� E\� 'H� 6ORRYHU� ������� ZKLFK� LV� WKH� PRVW� XVHG� LQ� WKH� ZRUOG�� 0DLQWDLQLQJ� DLU� TXDOLW\�
QHFHVVDULO\� LQYROYHV� WKH� GHWHFWLRQ� DQG� HVWLPDWLRQ� RI� RYHUDOO� DLU� SROOXWLRQ� RI� WKLV� DUHD� RI� VWXG\�
'HUXHOOH������E���������

(VWDEOLVKLQJ�D�PDSSLQJ�EDVHG�RQ� WKH�DUHDV�RI� LVR�SROOXWLRQV�DQG�FODVV� VHQVLWLYLW\�RI� OLFKHQ�
VSHFLHV� LQ� D� SROOXWLRQ� OHYHO� RI� WKH� DUHD� VWXGLHG�� $V� SDUW� RI� RXU� UHVHDUFK�� ZH RSWHG� IRU� PDSSLQJ�
QHWZRUNV� DV D� IORULVWLF� DSSURDFK� EDVHG� RQ� WKH� JHRJUDSKLFDO� GLVWULEXWLRQ� RI� OLFKHQ� VSHFLHV�� 7KLV�
IORULVWLF�PHWKRG�RU�TXDOLWDWLYH�PHWKRG�LV�HVVHQWLDOO\�EDVHG�RQ�WKH�FHQVXV�RI�WKH�OLFKHQ�IORUD�RI� WKH�
6NLNGD� UHJLRQ� LQ� WKH� QRUWKHDVWHUQ� SDUW� RI� $OJHULD�� ,W� SURYLGHV� LQIRUPDWLRQ� DERXW GLIIHUHQW� OLFKHQ�
VSHFLHV�WKDW�OLYH�LQ�WKLV�DUHD�DQG�VHFRQGO\�WR�GHWHUPLQH�WKH�OLFKHQ�VSHFLHV�PRVW�VHQVLWLYH�WR�SROOXWLRQ�
WKDQ�LV�FRPPRQO\�FDOOHG�FDVK�SROHRSKRELD��3RVWKXPXV��������DQG�/HEUXQ���������6HPDGL���������
)DGHO� ������� ,W� LV� LPSRUWDQW� WR� QRWH� WKDW� WKHVH�PHWKRGV� GR� QRW� LQ� DQ\� FDVH� WR� HVWDEOLVK� D� GLUHFW�
FRUUHVSRQGHQFH�ZLWK� SK\VLFDO�FKHPLFDO� SROOXWLRQ�PHDVXUHPHQWV�� 7KH\� KHOS� DVVHVV� WKH� RYHUDOO� DLU�
SROOXWLRQ�UHODWLYH�YDOXH�RI�HDFK�DUHD�XQGHU�VWXG\ �'HUXHOOH��������.KDOOLO�HW�DO���������DQG�-R\HX[�HW�
DO� �������

7KH� UDWLRQDOH IRU� VHOHFWLQJ HSLSK\WLF� OLFKHQV�DV D ELR�LQGLFDWRU�RI�DLU�SROOXWLRQ� LV� OLQNHG� WR�
PDQ\� LVVXHV�� )LUVWO\� WKH� UHJLRQ� RI� 6NLNGD� ZDV� GHYRLG� RI� SROOXWLRQ� VHQVRUV�� ,Q� DGGLWLRQ�� WKHLU�
LQVWDOODWLRQ� FRVWV� TXLWH� H[SHQVLYH�� WKHVH� VHQVRUV� UHTXLUH� YHU\� VWULQJHQW� FRQWLQXRXV� UHDGLQJV��
6HFRQGO\�� OLFKHQV�DUH�JHQHUDOO\�SODVWLF�SODQW� WKDW� LV�SUHVHQW�HYHU\ZKHUH��(DFK�VSHFLHV�KDV� LWV�RZQ�
UHTXLUHPHQWV�DQG�LWV GLVWULEXWLRQ�LV� LQIOXHQFHG�E\� WKH�HQYLURQPHQW�� ,Q�WKLV�SDSHU��ZH KLJKOLJKW� WKH�
VSHFLDO�VLWXDWLRQ RI�6NLNGD�WKDW�LV FRQGXFLYH�WR�WKH�XVH�RI�OLFKHQV��7KLUGO\� VXEVWUDWXP�FOLPDWH�DQG�
FRQGLWLRQV�DUH�IDYRUDEOH�IRU�GHYHORSPHQW�RI�WKH�OLFKHQ�IORUD��7KH�VWXG\�UHJLRQ�KDV�IDYRUDEOH�FOLPDWH
IRU�WKH�GHYHORSPHQW�RI�OLFKHQ�YHJHWDWLRQ��6RPH�FOLPDWLF�IDFWRUV� VXFK�DV�KLJK�UHODWLYH�KXPLGLW\��D�
VL]HDEOH� UDLQIDOO� DQG� IDYRUDEOH� WHPSHUDWXUHV�� DUH� FRQGXFLYH� WR HSLSK\WH� IORUD�� 3KRURSK\WHV LV
DEXQGDQW�LQ�WKLV�UHJLRQ�SURGXFLQJ�D�YDULHW\�RI YHJHWDWLRQ�FRQGXFLYH�WR�OLFKHQV JURZWK��L�H� )UD[LQXV�
$QJXVWLIROLD �9DKO����4XHUFXV�VXEHU��/���2OHD�HXURSHD �/���DQG�WKH�&LWUXV�JHQXV�
����7+(�678'<�$5($2XU�VWXG\�DUHD�LV ZLWKLQ�D�TXDGULODWHUDO�LQFOXGLQJ�WKH�WRZQ�RI�6NLNGD�ZLOD\D�FDSLWDO�ZLWK�6WRUD�DQG�
(O� +DGDLHN� RXWO\LQJ� WRZQV� DQG� +DPDGL� .URXPD� DQG� VSXQ� \DUQ� �)LJ����� ,W� LV� ORFDWHG� EHWZHHQ�
ODWLWXGHV��������
DQG��������
1�DQG�ORQJLWXGHV�������
�DQG��������
(��7KH�DUHD�LV�FRQQHFWHG E\�D�GHQVH�
URDG�QHWZRUN�V\VWHP��7KH�VWXG\�DUHD�LV�ERXQGHG�E\�
� 7R�WKH�QRUWK�E\�WKH�0HGLWHUUDQHDQ�6HD�
� 7R�WKH�ZHVW�E\�WKH�PDVVLYH�PRXQWDLQV�RI�6WRUD�DQG�WKH�KLJK�FRDVWDO�KLOOV
� 6RXWK�DQG�6RXWK��,V�WKH�YDOOH\�RI�2XHG�6DI�� 6DI�DQG�FRDVWDO�SODLQV�RI�6NLNGD�DW�ORZ�DOWLWXGHV�
&RQVLGHULQJ� WKHVH�ERXQGDULHV�ZLWK�RWKHU�ZLOD\DV��6NLNGD� LV� ORFDWHG�ZHVW�RI�$QQDED� LQ� WKH�HDVW�RI�
-LMHO��LQ�WKH�QRUWKZHVW�RI�*XHOPD�DQG�QRUWK�� HDVW�RI�&RQVWDQWLQH�
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)LJ����3UHVHQWDWLRQ�RI�WKH�VWXG\�DUHD��:LOD\D�GH�6NLNGD�������

��� '$7$�	�0(7+2'2/2*<
�����)ORULVWLF�PHWKRG,Q�WKLV�VWXG\��ZH RSWHG�IRU�D�PDSSLQJ�QHWZRUNV�XQGHU IORULVWLF�DSSURDFK�EDVHG�RQ�WKH�JHRJUDSKLFDO�
GLVWULEXWLRQ�RI�OLFKHQ�VSHFLHV��7KLV�IORULVWLF�PHWKRG�RU�TXDOLWDWLYH�PHWKRG�LV�EDVHG�RQ�WKH�FHQVXV�RI�
WKH OLFKHQ�IORUD�RI�WKH�FLW\�RI�6NLNGD�DQG�SHULSKHUDO�PXQLFLSDOLWLHV��7KLV�IORULVWLF�PHWKRG�DOORZV�XV�
WR�LGHQWLI\�WKH�OLFKHQV WKDW�OLYH�LQ�WKLV�DUHD��DQG WR�GHWHUPLQH�WKH�PRVW�VHQVLWLYH�VSHFLHV�WR�SROOXWLRQ�
WKDW�LV�FRPPRQO\�NQRZQ�DV�SROHRSKRELD�VSHFLHV�6HPDGL �������)DGHO���������5HFRUGV�RI�GLIIHUHQW�
VSHFLHV� RI� OLFKHQV� LQ� WKH� VWXG\� DUHD� ZHUH� DOUHDG\� PDGH� E\� 0HWODRXL� ������� DQG� FRPSOHWHG� E\�
+DGMRXGMD���������7KH�ODWWHU�LQYROYHV�H[DPLQLQJ�VHYHUDO�WUHHV�RI�GLIIHUHQW�DJHV�DQG�IURP�GLIIHUHQW�
VSHFLHV��)RXU�UHDGLQJV�RQ�HDFK�WUHH�ZHUH�WDNHQ��7ZR�UHDGLQJV�ZHUH�SHUIRUPHG�RQ�WKH�VLGH H[SRVHG�
WR� WKH� SROOXWLRQ� LQFOXGLQJ� RQH� DW� WKH� EDVH� DQG� WKH� RWKHU� DW� D� KHLJKW� IURP� ��� WR� ����P� DERYH� WKH�
JURXQG��$QRWKHU WZR�UHDGLQJV�ZHUH�SHUIRUPHG�RQ�WKH�RSSRVLWH�VLGH��7KH�GHWHUPLQDWLRQ�WHFKQLTXH�RI�
DOO�VSHFLHV�FROOHFWHG�ZDV�SHUIRUPHG�LQ�WKH�ODERUDWRU\�XVLQJ�D�ELQRFXODU�ORXSH�DQG�D�PLFURVFRSH�IRU�
FXWV� WKDOOXV�� 6RPH� UHDJHQWV� VXFK� DV� SRWDVVLXP� K\GUR[LGH� LQ� ���� /XJRO�� LRGLQH� DQG� SDUDSKHQ\O�
GLDPLQH ZHUH�XVHG�IRU�VSHFLHV�LGHQWLILFDWLRQ�
�����3UHVHQWDWLRQ�RI�WKH�PHVKLQJ�DQG�WKH�FKRLFH�RI�VDPSOLQJ�VWDWLRQV�)RU�IRXU�GHFDGHV� WKH�UHJLRQ�:LOD\D�KDV�EHHQ�NQRZQ�LQGXFHG�SROOXWLRQ E\� LQGXVWULDO�GHYHORSPHQW�
DQG� FRPPHUFLDO� DFWLYLWLHV� UHODWHG� WR� PDQ\� LQIUDVWUXFWXUHV �SRUW�� URDG� DQG� UDLO�� WKDW� OHG� WR� XUEDQ�
JURZWK� XQFRQWUROOHG� GHQDWXULQJ� WUDQVLWLRQ� EHWZHHQ� XUEDQ�� LQGXVWULDO� DQG� DJULFXOWXUDO� DUHDV�� 7KH\�
ZHUH�DOVR�WKH�FDXVH�RI�PDQ\�LQFOXGLQJ�WKDW�RI�DLU�SROOXWLRQ��UHVSRQVLEOH�IRU�YDULRXV�SROOXWDQWV IURP�
FRPEXVWLRQ�HPLWWHG�IURP�GLIIXVHG VRXUFH�WKDW�FRQIXVHV�GLIIHUHQW�HPLVVLRQ�IRFL�UHSUHVHQWHG�E\�XUEDQ�
FLWLHV��6NLNGD��+DGDLHN��+DPURXFKH�+DPRXGL��+DPDGL�.URXPD�DQG�)LO�ILOD���PRELOH�KRPHV�FRQVLVW�
RI�WUDIILF�DQG�SHWURFKHPLFDO� LQGXVWULDO�]RQH��,QVSHFWLRQ�GH�O¶HQYLURQQHPHQW� ������7KHVH�GLIIHUHQW�
VRXUFHV�RI�HPLVVLRQV�DUH�LQFOXGHG�LQ�WKH�VWXG\�VLWH�ORFDWHG�LQ�D�TXDGULODWHUDO�RI����.P���,W�LV�GLYLGHG�
LQWR� D� JULG� RI� ��� PHVKHV� ����� [� ��� .P� RU� ������ JU� ������ JU� LQ� ORQJLWXGH� DQG� ODWLWXGH�� 7KH�
FRRUGLQDWHV�RI�HDFK�PHVK�DUH�VSHFLILHG�E\�D�QXPEHU�LQ�DEVFLVVD�DQG�E\�OHWWHU�LQ�RUGHUHG��7KH�EDVH�
PDSV�XVHG�LQ�RXU�UHVHDUFK�DUH�RI�$OJHULD�PDSV�DW�������������W\SH�������6NLNGD�1����� ��SXEOLVKHG�
E\�WKH�1DWLRQDO�*HRJUDSKLF�,QVWLWXWH��,�*�1� DQG�WKH�XVH�RI�VDWHOOLWH�LPDJHV��:H�KDYH�HVWDEOLVKHG�D�
]RQLQJ�EDVHG�RQ�H[SRVXUH�WR�GLIIHUHQW�HPDQDWLRQV�RI�YDULRXV�SROOXWLRQ�VRXUFHV�DQG�WKHLU�ORFDWLRQV�LQ�
UHODWLRQ�WR�XUEDQ DQG�WKH�LQGXVWULDO�DUHDV �)LJ�����
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)LJXUH����6DPSOLQJ�VWDWLRQV

0RVW�RI� WKH�VLWHV� LV�DERXW� WKUHH�TXDUWHUV�RI� WKH� VWXG\�DUHD LV�FKDUDFWHUL]HG�SODLQV�DQG�KLOOV��
7KH� UHVW� RI� WKH� DUHD� LV� ORFDWHG� LQ� WKH� IRRW�KLOOV�� (DFK� VLWH� LQFOXGHV� VHYHUDO� VWLWFKHV�� (DFK� FHOO�
FRPSULVHV� DW� OHDVW� RQH� VDPSOLQJ� VWDWLRQ�� ,Q� JHQHUDO�� WKH� FKRLFH� RI� VWDWLRQV� LV� GHWHUPLQHG� E\�
HQYLURQPHQWDO� IDFWRUV� �PLFURFOLPDWH�� DEXQGDQFH� RI� SKRURSK\WHV� DQG� KRPRJHQHLW\� RI� YHJHWDWLRQ��
EXW� DOVR� E\� WRSRJUDSKLFDO� IDFWRUV�� ,Q� WKLV� UHVHDUFK�� ZH� FRQVLGHUHG� D� FRKHUHQW� HFRORJLFDO� V\VWHP�
WDNLQJ� LQWR� DFFRXQW� LQGLYLGXDO� VWDWLRQV�� UHSUHVHQWHG� ERWK� E\� URDGVLGH� WUHHV� RU� LVRODWHG� WUHHV� DQG�
VHFRQGDULO\�E\�FLWUXV�RUFKDUGV�DQG� WUHHV�RI�XUEDQ�SDUNV��6LWH��� LV� WKH�RQH� WKDW� LV�PRVW�H[SRVHG� WR�
YDULRXV�SROOXWDQWV�HPDQDWLQJ�IURP LQGXVWULDO�DUHDV DQG�XUEDQ�FLWLHV�RI�6NLNGD�DQG�+DPDGL�.URXPD��
$JDLQVW� WKH� VLWH� E\� �� WKH� OHDVW� H[SRVHG� WR� SROOXWLRQ� LV� UHPRYHG� E\� D� VWUDLJKW� OLQH� DW� DERXW� WHQ�
NLORPHWHUV�IURP�VRXUFHV�RI�HPDQDWLRQ��,W�VKRXOG�EH�QRWHG�WKDW�WKH�VXUYH\HG�VLWHV�DUH�JHRJUDSKLFDOO\�
GLVWULEXWHG�KHWHURJHQHRXVO\��7KH\�DUH�GLVWULEXWHG�DV�IROORZV�

� ���� RI� WKHP� DUH� ORFDWHG� LQ� WKH� FRDVWDO� DUHD� SRSXODWHG� E\� VHYHUDO� SRURSK\WHV� )UD[LQXV�
DQJXVWLIROLD��9DKO����3LQXV�SLQDVWHU �$LW���DQG�&XSUHVVXV�VHPSHUYLUHQV �/��
� ����LQ�WKH�DUHD�LQKDELWHG�E\�VXEFRDVWDO�SKRURSK\WHV�VXFK�DV�2OHD�HXURSHD��/���&DVXDULQD�
HTXLVWLIROLD �/���&XSUHVVXV�VHPSHUYLUHQV �/��DQG�IUXLW�WUHH�RUFKDUGV�RI�FLWUXV�&LWUXV�JHQXV�
� ����LQ�WKH�PRXQWDLQRXV�DUHD�UHPDLQV�WKH�PDLQ�SKRURSK\WH�UHSUHVHQWHG�E\�4XHUFXV�VXEHU
�/��

����),1',1*6�	 ',&866,2167KH� LQYHQWRU\� RI� OLFKHQV� DOORZHG� XV� WR� NQRZ� WKHLU� GLVWULEXWLRQ� DFFRUGLQJ� DOWLWXGLQDO� JUDGLHQW��
H[SRVXUH��VXEVWUDWH�DQG�VLWHV�WKDW�DUH�PRUH�RU�OHVV�H[SRVHG�WR�SROOXWLRQ��$W�WKH�VWXG\�DUHD� ���VSHFLHV�
ZHUH�LGHQWLILHG��7KH�QRPHQFODWXUH�LGHQWLILFDWLRQ�LV�DGDSWHG�IURP�2]HQGD�DQG�&ODX]DGH���������DQG
-DKQV���������5RX[�HW�DO� ��������6RPH�VSHFLHV�IROORZHG�E\�³VS´ PHQWLRQ�ZLWK�WKH�QXPEHU���DQG���
DUH� GLIIHUHQW� EXW� EHORQJ� WR� WKH� VDPH� JHQXV�ZKLFK� KDYH� QRW� EHHQ� LGHQWLILHG��*LYHQ� WKDW� RXU�ZRUN�
IRFXVHV� RQ� WKH� GLVWULEXWLRQ� RI� OLFKHQV� DFFRUGLQJ� WR� WKH� SROOXWLRQ� JUDGLHQW�� ZH� GR� QRW� VXEPLW� D�
FRPSOHWH�OLVW�RI�OLFKHQV�
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�����*OREDO�JHRJUDSKLF�GLVWULEXWLRQ�RI�OLFKHQ�YHJHWDWLRQ6HYHUDO� DXWKRUV�� VXFK� DV 6HPDGL� �������� /HEUXQ� ������� DQG� )DGHO� HW� DO� ������� IRXQG� WKDW� WKH�
JHRJUDSKLFDO�GLVWULEXWLRQ�RI�OLFKHQV�LV�LQIOXHQFHG�E\�WKUHH�IDFWRUV��W\SH�RI�VXEVWUDWH��FOLPDWH�DQG�WKH�
GHJUHH�RI�DLU�SROOXWLRQ�
������6LWH����8UEDQ�FLW\�RI�6NLNGD7KLV�VLWH�LV�ORFDWHG�VRXWKZHVW�RI�WKH�ODUJHVW�SHWURFKHPLFDO�SROH��,W�LQFOXGHV�WKUHH�E� PHVK��E���E���2Q�WKLV�VLWH�ZH�VHOHFWHG�ILYH�VDPSOLQJ�VWDWLRQV�PDLQO\�FRPSRVHG�E\�URDGVLGH�WUHHV�UHSUHVHQWHG�E\�WKH�
VSHFLHV�)UD[LQXV� DQJXVWLIROLD� �9DKO����1RWH� WKDW�ZH�DOVR� H[SORUHG� VRPH�RI� WKH�ZDOOV� DQG� URRIV�RI�
KRXVHV�

$OWLWXGH���������P
([SRVXUH��6RXWK���:HVW
6ORSH��������
6XEVWUDWH��)UD[LQXV�DQJXVWLIROLD �9DKO��
5HFRYHU\��������
1XPEHU�RI�VSHFLHV����

������6LWH����6XEXUEDQ�DUHD�RI�6NLNGD6LWH���LV�ORFDWHG�LQ�WKH�VXEXUEDQ�]RQH�RI�6NLNGD�PRUH�H[DFWO\�WR�WKH�VRXWKZHVW�RI�WKH�FHQWHU��,W DOVR�
OLQNV ZLWK� WKH� XUEDQ� DUHD� RI� +DPDGL� .URXPD�� ,W� LQFOXGHV� WZR� PHVK� F��� F� ZKLFK� DUH� ORFDWHG� ��
VDPSOLQJ� VWDWLRQV� DOVR� FRPSRVHG� RI� URDGVLGH� WUHHV� EHORQJLQJ� WR� WKH� JHQXV� )UD[LQXV� DQJXVWLIROLD
�9DKO���DQG�DIIRUHVWDWLRQ�&XSUHVVXV�VHPSHUYLUHQV �/��

$OWLWXGH���������P
([SRVXUH��6RXWK���6RXWKZHVW
6ORSH�������
6XEVWUDWH��)UD[LQXV�DQJXVWLIROLD��9DKO���DQG�&XSUHVVXV�VHPSHUYLUHQV �/���
5HFRYHU\��������
1XPEHU�RI�VSHFLHV����

������6LWH����,QGXVWULDO�DUHD�DQG�WKH�XUEDQ�DUHD�RI�+DPDGL�+DPURXFKH7KLV� VLWH� LQFOXGHV� WKH� SHWURFKHPLFDO� SROH�WKH� XUEDQ� DUHD� RI� +DPDGL� +DPURXFKH� DQG� WKH� VPDOO�
LQGXVWULDO�SDUN��,W�LV�IRUPHG�E\�WKUHH�PHVKHV�E���E���F� DUWLFXODWHG�DURXQG�WKH�PDLQ�URDG��5�1�Q������
FRQQHFWLQJ�6NLNGD�WRZDUGV�$QQDED���,W�LQFOXGHV�IRXU�VDPSOLQJ�VWDWLRQV�

$OWLWXGH����� ���P
2ULHQWDWLRQ��1RUWK�� (DVW�DQG�6RXWK�:HVW���XUEDQ�FLW\�RI�6NLNGD
6ORSH�������
6XEVWUDWH��2OHD�HXURSHD �/��DQG�)UD[LQXV�DQJXVWLIROLD �9DKO��
5HFRYHU\����� ���
1XPEHU�RI�VSHFLHV����

������6LWH����&RDVWDO�3ODLQ�6DIVDI7KLV�VLWH LV�KRPRJHQHRXV�LQ�LWV�FRPSRVLWLRQ��,W�LV�RFFXSLHG�PDLQO\�E\�FLWUXV�RUFKDUGV��,W�LV�ORFDWHG�LQ�
WKH�FRDVWDO�SODLQ��,W�LQFOXGHV�E� PHVKHV��E���E� ZKHUH�WKUHH�VDPSOLQJ�VWDWLRQV�DUH�ORFDWHG��,W�LQFOXGHV�
E� PHVKHV��E���E� ZKHUH�WKUHH�VDPSOLQJ�VWDWLRQV�DUH�ORFDWHG�

$OWLWXGH���������P
([SRVXUH��(DVW���SHWURFKHPLFDO�LQGXVWU\
6ORSH����� ���
6XEVWUDWH��RUDQJHU\�DQG�&LWUXV�JHQXV�3LQXV�SLQDVWHU �$LW��
5HFRYHU\������ ���
1XPEHU�RI�VSHFLHV����
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������6LWH����3RUWLRQ�RI�WKH�FRDVWDO�SODLQ�RI�VXE�6DIVDI7KLV�VLWH�FRQVLVWV�PDLQO\�RI�SHUHQQLDO�FURSV�UHSUHVHQWHG�E\�GLIIHUHQW�VSHFLHV�RI�WKH�JHQXV�&LWUXV��7KH�
SODQW�VSHFLHV�&DVXDULQD�HTXLVWLIROLD��/���LV�WKH�ERXQGDU\�RI�WKH�YDULRXV�JURYHV��7KLV�VLWH�LQFOXGHV�F��PHVKHV��F���F���G���G���G���G� ZKLFK�DUH�ORFDWHG�ILYH�VDPSOLQJ�VWDWLRQV�

$OWLWXGH��������P
([SRVXUH��6RXWK�� (DVW���SHWURFKHPLFDO�SROH�RI�WKH�FLW\�RI�6NLNGD
6ORSH��������
6XEVWUDWH��&LWUXV�JHQXV�DQG�&DVXDULQD�HTXLVWLIROLD �/��
5HFRYHU\������ ���
1XPEHU�RI�VSHFLHV����

������� 6LWH����8UEDQ�FLW\�RI�+DGDLHN6LWH���FRYHUV�IRXU�PHVKHV�UHSUHVHQWHG�E\�F���G���G���G� ZKLFK�DUH�ORFDWHG�IRXU�VDPSOLQJ�VWDWLRQV�
$OWLWXGH��������P
([SRVXUH��6RXWK�ZHVW���WKH�SHWURFKHPLFDO�SROH�DQG�WKH�XUEDQ�IDEULF�RI�6NLNGD
6ORSH�������
6XEVWUDWH��)UD[LQXV�DQJXVWLIROLD �9DKO���DQG�&XSUHVVXV�VHPSHUYLUHQV �/��
5HFRYHU\������ ���
1XPEHU�RI�VSHFLHV����

������� 6LWH����9HUJHU�RI�ORFDOLW\��3RQWRXV�7KLV�VLWH�FRYHUV�WKUHH�G� PHVKHV��G���G�� ZKLFK�DUH�GLVWULEXWHG�WKUHH�VDPSOLQJ�VWDWLRQV�
$OWLWXGH����� ���P
([SRVXUH��6RXWKHDVW���SHWURFKHPLFDO�SROH�DQG�WKH�FLW\�RI�6NLNGD
6ORSH��������
6XEVWUDWH��*HQXV�0DOXV�DQG�&DVXDULQD�HTXLVWLIROLD �/���
5HFRYHU\������ ���
1XPEHU�RI�VSHFLHV����

������� 6LWH����/RFDOLW\��6HGDD�5DVVRX��DQG�WKH�IRUHVWV�RI�-HEHO�$EX�)DUH
6LWH� �� LV� IDUWKHVW� IURP� WKH� SHWURFKHPLFDO� SROH� DQG� XUEDQ� 6NLNGD� RI� +DPPRXGL� +DPURXFKH� DQG�
+DPDGL�.URXPD��7KLV�VLWH�LQFOXGHV�HLJKW�E� PHVKHV��E����F���F���F�� RFFXSLHG�E\�DQ�RDN�IRUHVW�PRUH�
RU�OHVV�GHJUDGHG��*LYHQ�WKH�KRPRJHQHLW\�RI�WKLV�ZHEVLWH�RQO\�IRXU�VDPSOLQJ�VWDWLRQV�ZHUH�VHOHFWHG�

$OWLWXGH�����WR����P
([SRVXUH��1RUWKHDVW�DQG�6RXWKHDVW���SHWURFKHPLFDO�LQGXVWU\
6ORSH��������
6XEVWUDWH��4XHUFXV�VXEHU��/��
5HFRYHU\������ ���
1XPEHU�RI�VSHFLHV����

7KH�DQDO\VLV�RI� WKH� UHSUHVHQWDWLRQ�RI�GLIIHUHQW�VSHFLHV��JLYHV�D�JOLPSVH�RI� WKH� OLFKHQ� ODQGVFDSH�RI�
RXU�VWXG\�DUHD��,W�YDULHG�GHSHQGLQJ�RQ�LWV�ORFDWLRQ�EXW�DOVR�GHSHQGLQJ�RQ�WKH�VXEVWUDWH�RQ�ZKLFK�LW�
OLYHV��7KLV ODQGVFDSH�VHHPV�WR�GRPLQDWH�LQ�WKH�IROORZLQJ�VSHFLHV�
�����6SDWLDO�GLVWULEXWLRQ�QHWZRUNV�EDVHG�SROOXWLRQ�URVH7KH� GLYHUVLW\� RI� OLFKHQ� VSHFLHV�� WKHLU� UHFRYHU\� FDQ� EH� H[SODLQHG� E\� WKH� H[LVWHQFH� RU� DEVHQFH� RI�
SROOXWLRQ� KRZHYHU��ZH�PXVW�QRW�RPLW�WKH�UROH�RI�RWKHU�IDFWRUV��FOLPDWLF��RURJUDSKLF�DQG�VXEVWUDWXP��
WKDW� KDYH� D� UROH� LQ� WKH� GLVWULEXWLRQ� RI OLFKHQV� 6HPDGL� HW� DO� �������� 5DKDOL� �������� )DGHO� HW� DO�
�������� ,I�ZH�FRQVLGHU� WKH�UHODWLRQVKLS�RI� OLFKHQ�YHJHWDWLRQ�DQG�SLQN�SROOXWLRQ��ZH�QRWLFH� WKDW� WKH�
OLFKHQ�VSHFLHV�DUH�GLVWULEXWHG�LQ�D�SROOXWLRQ�JUDGLHQW�GHILQHG�E\�UHGXFLQJ�WKH�QXPEHU�RI�VSHFLHV�DQG�
GHFUHDVLQJ�UHFRYHU\�UDWH��7DE����
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7DEOH����� 'LVWULEXWLRQ�RI�WKH�OLFKHQ�IORUD�DFFRUGLQJ�WR�WKH�JUDGLHQW�RI�WKH�SROOXWLRQ
678'<

/2&$7,21
&255(6321',1*�

0(6+
180%(5�2)
63(&,(6

5(&29(5<�5$7(
���

6LWH��
+HDYLO\�SROOXWHG

E� ��E� ��E�� �� ���± ��
6LWHV���	��
3ROOXWHG

F����F���F���E���E� ���� �� ���� ��
6LWHV���	��
6OLJKWO\�SROOXWHG

F� ��F� ��F���G� ��G� ��G� ��G� ��G���G���G��
���� �� ���� ��

6LWHV������	��
8QSROOXWHG

E� ��E� ��E� ��E� �E����F���F���F���F����G� ��G� ��G�
���� �� !��

7KH�WDEOH�UHYHDOV�WKDW�VLWHV���DQG���DQG���FRQWDLQ�IHZ�VSHFLHV����� ����7KHLU�UHFRYHU\�UDWH�LV�
ORZ� IURP� �� WR� ����� 7KHVH� VLWHV� DUH� KLJKO\� XUEDQL]HG� DQG� LQGXVWULDOL]HG� DUH� GLIIXVHG VRXUFHV� RI�
JOREDO�DWPRVSKHULF�SROOXWLRQ�RI�RXU�VWXG\ DUHD��7KH\�DUH�KHDYLO\�SROOXWHG��6LWHV���DQG���ORFDWHG�LQ�
WKH�VXE�FRDVWDO�DUHD�QHDU�WKH�SHWURFKHPLFDO�]RQH�DQG�WKH�XUEDQ�DUHD�RI�+DPURXFKH�+DPRXGL�DUH�LQ�
WKH� FRUULGRU� RI� WKH� SLQN� SROOXWLRQ� JHQHUDWHG� E\� SUHYDLOLQJ� ZLQGV� IURP� WKH� QRUWKZHVW� (FRORJLFDO�
FRQGLWLRQV�DUH�IDYRUDEOH�IRU�GHYHORSPHQW�RI�OLFKHQ�ZKHUH�ZH�FRXQWHG�EHWZHHQ����DQG����VSHFLHV��
7KHLU�UHFRYHU\�UDWH�LV�UHODWLYHO\�ORZ�EDUHO\�H[FHHGLQJ������PDNLQJ�WKHP�VOLJKWO\�SROOXWHG�VLWHV�

6LWHV�������DQG���WR�VSHFLILF�HFRORJLFDO�FRQGLWLRQV��FOLPDWLF��RURJUDSKLF�DQG�VXEVWUDWXP��DUH�
VR� IDU� IURP�VRXUFHV�RI� IXPHV�DZD\� IURP�DOO� IRUPV�RI�SROOXWLRQ��7KH�GLYHUVLW\�RI�SKRURSK\WHV�DUH�
DOVR�WKH�VRXUFH�RI�DEXQGDQW OLFKHQ�VSHFLHV�RI�WKHVH�VLWHV��VRPH����WR����VSHFLHV ZHUH�REVHUYHG��7KH�
UDWH� RI� UHFRYHU\� LV� DERYH� ���� WR� VRPH� RI� WKHP� XS� WR� ����� 7KHVH� VLWHV� LQFOXGH� VHYHUDO� VSHFLHV�
VXVFHSWLEOH�WR�SROOXWLRQ�VXFK�DV�'LSORwFD�FDQHVFHQV �'LFNV���0DVVDO����3DUPHOLD�FDSHUDWD �/���$FK��
��3DUPHOLD�SHUODWD �+XGV���9DLQ����3DUPHOLD�VRUHGLDQV 1\O����3DUPHOLD�WLOLDFHD �+RIIP���$FK�
)LJ� �� &DUG�GLIIXVH�DLU�SROOXWLRQ�6NLNGD�DQG�LWV�VXUURXQGLQJ�DUHDV
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7KH�SROOXWHG�DUHDV� VKRZQ� LQ� WKH�PDS� �)LJ����� LQFOXGH�E� PHVK��E���E���E���E��� F��� F��� F� DVPRGHUDWHO\�WR�KLJKO\�SROOXWHG��7KH\�DUH�ORFDWHG�LQ�WKH�KDOOZD\�RI�WKH�SLQN�SROOXWLRQ�JHQHUDWHG�E\�
SUHYDLOLQJ�ZLQGV�IURP�WKH�QRUWKZHVW��7KHVH�LQFOXGH WKH�LQGXVWULDO�DUHD�DQG�WUDQVSRUW�WKH�SROOXWDQWV�
HPLWWHG�E\�GLIIHUHQW�XQLWV� WR�GHSRVLW� WKHP� LQ� VWDWLRQV� ORFDWHG� LQ�KHU�GLUHFWLRQ� 2Q� WKH�RWKHU�KDQG�
VLWHV�WKDW�DUH�ORZ�RU�QRW�SROOXWHG�DUH�ORFDWHG�IDU�IURP�VRXUFHV�RI�HPLVVLRQV�IURP�LQGXVWULDO�XQLWV�DQG�
VRXUFHV�RI�XUEDQ�HPLVVLRQV��7KH\�DUH� ORFDWHG�RII� WKH�KDOOZD\� WKURXJK�ZKLFK� WKH�SUHYDLOLQJ�ZLQGV�
IURP�WKH�QRUWKZHVW��7KH\�DUH�ORFDWHG�LQ�WKH�VRXWKHDVW�RI�WKH�PHVK��VRXWKZHVW�DQG�QRUWKHDVW��7KHVH�
ILQGLQJV�DUH�VXSSRUWHG�E\�SUHYLRXV�VWXGLHV�RQ�WKH�ELR�TXDQWLWDWLYH�HVWLPDWLRQ�XVLQJ�WKH�PHWKRGV�RI�
WKH� DWPRVSKHULF� SXULW\�� SROHRWROHUDQFH� LQGH[� DQG� DQDO\WLFDO� PRQLWRULQJ� RI� DLU� SROOXWLRQ WRWDO�
K\GURFDUERQV��)DGHO������	 ������
�����3ROHRSKRELD�VFDOH�RI�WKH�OLFKHQ�IORUD�RI�WKH�VWXG\�DUHD/LFKHQV� DUH� GLVWULEXWHG� DFFRUGLQJ� WR� WKH� OHYHO� RI� WKH� SROOXWLRQV�� 7KLV� GLVWULEXWLRQ� DOORZHG� XV� WR�
HVWDEOLVK� D� VFDOH� RI� SROHRSKRELD� DV WKH� SULQFLSDO� VSHFLHV WKDW� LV� VHQVLWLYH� WR SROOXWLRQ�� 7KHVH�
FODVVLILFDWLRQV�DUH�GHOLQHDWHG�EHORZ�
�D� 9HU\�UHVLVWDQW�VSHFLHV��ORFDWHG�LQ�XUEDQ�DQG�LQGXVWULDO�DUHDV� &DORSODFD VS�� 3HUWXVDULD�DOEHVFHQV �+XGV���0�&KRLV\

� 3KO\FWLV�DJHODHD �$FK���)ORW�
� 3K\VFLD�EL]LDQD �0DVVDO���=DKOEU�
� 3K\VFRQLD�JULVHD �/DPN���3RHOW
� ;DQWKRULD�SDULHWLQD �)��)U�7K

�E�0RGHUDWHO\�UHVLVWDQW�VSHFLHV��ORFDWHG�LQ�WKH�OLWWOH�XUEDQL]HG�VXEXUEDQ�DUHDV� &DORSODFD VS�� &DORSODFD VS�� &DQGHODULHOD VS
� &ROOHPD�QLJUHVFHQV �+XGV���'&�
� 3HUWXVDULD�KHPLVSKDHULFD �)O|UNH��(ULVFKV
� 3HUWXVDULD�+\PHQHD �$FK���6FKDHU�
� 3KDHRSK\VFLD�KXUVLWD �0HUHVFKN���0REHUJ
� 3K\VFRQLD�SXOYHUXODFHD 0REHUJ

�F� 3ROHRSKRELD�VSHFLHV�ORFDWHG�LQ�UXUDO�DUHDV�DZD\�IURP�VRXUFHV�RI�HPLVVLRQV� 'LSORwFD�FDQHVFHQV �'LFNV���0DVVDO�
� 3DUPHOLD�FDSHUDWD �/���$FK�
� 3DUPHOLD�SHUODWD �+XGV���9DLQ
� 3DUPHOLD�VRUHGLDQV �1\O���
� 3DUPHOLD�WLOLDFHD �+RIIP���$FK

���&21&/86,212XU� VWXG\� ZDV� GLUHFWHG� RQ� WKH� TXDOLWDWLYH� ELR�HVWLPDWLRQ� RI� D� JOREDO� DQG� GLIIXVH� DWPRVSKHULF�
SROOXWLRQ�RI�WKH�FLW\�RI�6NLNGD�DQG�LWV�SHULSKHU\�XVLQJ�OLFKHQ�IORUD�DV�ELR�LQGLFDWRU��:H�LGHQWLILHG�DOO�
WKH�DUERUHDO�OLFKHQ�IORUD�RI�DOO�WKH�VWDWLRQV�VWXGLHG��'XULQJ�WKLV�SKDVH�ZH�DOVR�FROOHFWHG�DOO�WKH�GDWD�
QHHGHG� WR� VWXG\� WKH� ELRSK\VLFDO� HQYLURQPHQW� RI� RXU� VWXG\� DUHD�� ,W� LV� LPSHUDWLYH� WR� LGHQWLI\� VRPH�
ELRSK\VLFDO� IDFWRUV� VXFK� DV� FOLPDWH� DQG� WKH� WUHH� IORUD� �OLFKHQ� VXEVWUDWH� RU� SKRURSK\WH�� WR� EHWWHU�
XQGHUVWDQG�WKHLU�LQIOXHQFH�RQ�WKH�GLVWULEXWLRQ�RI�OLFKHQV�LQ�GLIIHUHQW�VWDWLRQV��7KH�FHQVXV�UHVXOWV�RI�
WKH�OLFKHQ�IORUD�RI�WKH�6NLNGD�UHJLRQ�VKRZHG�WKDW�WKH�QXPEHU�DQG�UDWH�RI�UHFRYHU\�LV�FORVHO\�OLQNHG�
WR�WKH�GHJUHH�RI�SROOXWLRQ��3UHYLRXV�ZRUNV E\ *LOEHUW�HW�DO� ��������DQG�6HPDGL�HW�DO� �������SRLQW�LQ�
WKH� VDPH� GLUHFWLRQ�� 7KH\� DSSUHFLDWH� WKH� GHJUHH� RI� SROOXWLRQ� GLUHFWO\� IURP� ILHOG� REVHUYDWLRQ�� 7KH�
VDPH�ILQGLQJ� LV� UHPDUNDEOH� WR�NQRZ�ZKHQ�SROOXWLRQ� LV�KLJK�� WKH�QXPEHU�RI�VSHFLHV�GHFUHDVHV�DQG�
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WKHLU� UHFRYHU\� UDWH�� 7KH� TXDOLW\� FDUG� DLU� REWDLQHG� DOORZHG� WR� GHPRQVWUDWH� WKDW� DOO� VDPSOLQJ� VLWHV�
ORFDWHG�ZLWKLQ�PRGHUDWHO\�WR�KLJKO\�SROOXWHG�VLWHV DUH�ORFDWHG�LQ�WKH�FRUULGRU�RI�SROOXWLRQ�JHQHUDWHG�
URVH� E\� SUHYDLOLQJ� ZLQGV� 1RUWK� :HVW�� 7KHVH� SDVV� WKURXJK� WKH� LQGXVWULDO� DUHD� DQG� WUDQVSRUW� WKH�
SROOXWDQWV�HPLWWHG�E\�GLIIHUHQW�XQLWV�WR�GHSRVLW WKHP�LQ�VWDWLRQV�ORFDWHG�LQ�WKDW GLUHFWLRQ��6LWHV�WKDW�
DUH�ORFDWHG�LQ�SHULSKHUDO�XUEDQ�IDEULF�VLWHV DUH�KHDYLO\�SROOXWHG��7KH�VLWHV�FRQWDLQHG�LQ�WKH�PHVKHV�
ZKLFK�DUH�QHDU�PDMRU�URDGV�DUH�PRGHUDWHO\�RU�KLJKO\�DW�SROOXWHG��2QO\�VLWHV�WKDW�DUH�SRRUO\�RU�QRW�
SROOXWHG� DUH� ORFDWHG� DZD\� IURP� VRXUFHV� RI� HPLVVLRQV� IURP� LQGXVWULDO� XQLWV DQG� VRXUFHV� RI� XUEDQ�
HPLVVLRQV�

5()(5(1&(6'HUXHOOH��6��������E�� /HV�OLFKHQV�YLFWLPHV�GH�OD�SROOXWLRQ��/D�5HFKHUFKH��S� ��������������� �����
'HUXHOOH�� 6�� DQG� *DUFLD� 6FKDHIIHU� )�� �������� /HV� OLFKHQV� ELRV� LQGLFDWHXUV� GH� OD� SROOXWLRQ��

DWPRVSKpULTXH�GDQV�OD�UpJLRQ�SDULVLHQQH��&U\SWRJ��%U\RO��/LFKpQRO��SS����������� ���
'HUXHOOH�6����������/¶XWLOLVDWLRQ�GHV�OLFKHQV�SRXU�OD�GpWHFWLRQ�HW�O¶HVWLPDWLRQ�GH�OD�SROOXWLRQ�SDU�OH��

3ORPE��%XOO��(FRO��Q�����SS����� ���
)DGHO�� '��� %RXJKDPERX]�� ,��� /DLID��$� DQG�'MDPDL� 5��������� ³%LR�LQGLFDWLRQ� WKH� DLU� SROOXWLRQ� E\��

WRWDO� K\GURFDUERQV� E\� XVLQJ� D� OLFKHQLF� VSHFLH� LQ� WKH� DUHD� RI� 6NLNGD±$OJHULD�� 3K\VLFDO� � 	�
&KHPLFDO�1HZV� YRO������SS������� �����

)DGHO��'���'MDPDw� 5���/DwID��$���%HQVODPD� 0��DQG� %RXJKDPERX]��,��������� %LR�� LQGLFDWLRQ�GH�OD��
SROOXWLRQ� DWPRVSKpULTXH� SDU� OHV� K\GURFDUEXUHV� WRWDX[� GX� FRPSOH[H� SpWURFKLPLTXH� GH� 6NLNGD��
�QRUG�HVW� DOJpULHQ�� j� O¶DLGH� G¶XQH� HVSqFH� OLFKpQLTXH� pSLSK\WH� ;DQWKRULD� SDULHWLQD� 5HYXH�
(FRORJLH�� 	�(QYLURQQHPHQW� Q����SS�����± �����

)DGHO��'���'MDPDw��5���/DwID��$�DQG�%RXJKDPERX]��,����������(FR�GHYHORSPHQW�RI�OLFKHQV�LQ�]RQHV���
QR�SROOXWHG��1�(��$OJHULD���5HYXH�6\QWKqVHV� Q������SS�����± ���

)DGHO��'���6LG��$�6���=JD�1���/DWUHFKH��)��DQG�2XDPHU�$OL��$�����������&DUWRJUDSKLH�RI�DLU�SROOXWLRQ��
LQ�DQ� LQGXVWULDO� FLW\� LQ�QRUWK�HDVWHUQ�$OJHULD�E\�XVLQJ� WZR� LQGH[HV�� � ,QGH[�SROHRWROHUDQFH�DQG��
,QGH[�DWPRVSKHULF�SXULW\��/LYH�6FLHQFHV�-RXUQDO��YRO��������SS������ ����

*LOEHUW��2�/����������)XWKHU�VWXGLHV�RQ�WKH�HIIHFW�RI�VXOSKXU�GLR[LGH�RQ�OLFKHQV�DQG�EU\RSK\WHV��1HZ��
SK\WRO�� YRO� ����SS������� ����

+DGMRXGMD��1��������� %LR�HVWLPDWLRQ�TXDOLWDWLYH�GH�OD�SROOXWLRQ�DWPRVSKpULTXH�GH�OD�YLOOH�GH�6NLNGD��
HW�VRQ�S{OH�SpWURFKLPLTXH�j�O¶DLGH�GH�OD�IORUH�OLFKpQLTXH� 0pPRLUH�0DJLVWHU� ����S�

+DZNVZRUWK��'�/���5RVH��)����������4XDOLWDWLYH�VTXDOH�IRU�HVWLPDWLQJ�VXOSKXU�GLR[LGH�DLU�SROOXWLRQ�
LQ�(QJODQG DQG�ZDOHV�XVLQJ�HSLSK\WLF�OLFKHQV��1DWXUH��Q�������SS������ ����

,QVSHFWLRQ�GH�O¶HQYLURQQHPHQW����������0RQRJUDSKLH�HW�HQYLURQQHPHQW�GH�OD�ZLOD\D�GH�6NLNGD��
S�������
-DKQV��+�0����������*XLGH�GH�)RXJqUHV��0RXVVHV�HW�/LFKHQV�G¶(XURSH��(G��'HODFKDX[�HW�1LHVWOH��

3DULV�
-R\HX[��(��DQG��'DLOODQW��'����������&RPSDUDLVRQ�GH�GLIIpUHQWHV�PpWKRGHV�G
pYDOXDWLRQ�GH�OD�TXDOLWp�

GH�O
DLU�SDU�OHV�OLFKHQV�HQ�%RXUJRJQH�HQ�������%XOOHWLQ�G
LQIRUPDWLRQ�GH�O
$VVRFLDWLRQ�IUDQoDLVH�
GH� OLFKpQRORJLH��YRO������,VVXH���SS����� ���

.KDOOLO��.��DQG��$VWD��-�����������/LFKHQV��ELRV�LQGLFDWHXUV�GH�SROOXWLRQ�DWPRVSKpULTXH�GDQV�OD�UHJLRQ�
/\RQQDLVH��(FRORJLH��YRO����,VVXH���SS������± ����

/HEUXQ��3����������/
XVDJH�GH�ELRV�LQGLFDWHXUV�GDQV�OH�GLDJQRVWLF�VXU�OD�TXDOLWp�GX�PLOLHX�GH�YLH��,Q���
-RXUQpHV�G
pWXGH�GH� O
$�)�,�(� � (FRORJLH�DSSOLTXpH� � LQGLFDWHXUV�ELRORJLTXHV�HW� WHFKQLTXHV� � G
�
pWXGHV��SS������± ����

0HWODRXL��+����������&RQWULEXWLRQ�j�OD�FDUWRJUDSKLH�GH�OD�SROOXWLRQ�DWPRVSKpULTXH�GH�6NLNGD�HW�VD��
SpULSKpULH�SDU�OD�PpWKRGH�TXDQWLWDWLYH���,QGLFH�GH�SXUHWp�DWPRVSKpULTXH�,�$�3���0pP��,QJ��(WDW�
(FRORJLH��8QLY���$QQDED�����S�

2]HQGD�3�HW�&ODX]DGH�*��������± /HV�OLFKHQV��(WXGH�ELRORJLTXH�HW�IORUH�LOOXVWUpH��(G��0DVVRQ��&�,�(���
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3RVWKXPXV��$����������*pQpUDO�SK\ORVRSK\�IRU�WKH�XVH�RI�SODQWV�DV�LQGLFDWRUV�DQG�DFFXPXODWRUV���RI�
DLU� SROOXDQWV� DQG� DV� ELR�PRQLWRUV� RI� WKHLU� HIIHFWV�,Q��3URF�� RI� WKH�9,WK :RUOG� FRQJUHVV� RQ�$LU�
4XDOLW\��3DULV��������0D\�������YRO�������������

5DKDOL��0�� �������� �&DUWRJUDSKLH�GH� OD�SROOXWLRQ�SORPELTXH�GDQV� OD� UpJLRQ�G
$OJHU�HQ�XWLOLVDQW�XQ��
OLFKHQ��;DQWKRULD�SDULHWLQD��FRPPH�ELRDFFXPXODWHXU��5HY��3ROO��$WP�������SS������ ����

5RX[��&���&RVWH��&���%ULFDXG��2�DQG��0DVVRQ��'���������&DWDORJXH�GHV�OLFKHQV�HW�GHV�FKDPSLJQRQV��
OLFKpQLFROHV� GH� OD� UpJLRQ� /DQJXHGRF� � 5RXVVLORQ� �)UDQFH� PpULGLRQDOH��� %XOO�� 6RF�� /LQQ�
3URYHQFH�� 9RO������SS������ ����

6HPDGL��$�� �������� ,QFLGHQFH�GH� OD�SROOXWLRQ� IOXRUpH�G
RULJLQH� LQGXVWULHOOH� VXU� OD�YpJpWDWLRQ�GH� OD��
UpJLRQ�GH�$QQDED�� $OJpULH��7KqVH�GH�'RFW��,QJ�� 8QLYHUVLWp�3DULV�9,,������S�

6HPDGL�� $ DQG� 'HUXHOOH� 6�� �������� 'pWHFWLRQ� GH� OD� SROOXWLRQ� SORPELTXH� j� O¶DLGH� GH� WUDQVSODQWV�
OLFKpQLTXHV�GDQV�OD�UpJLRQ�GH�$QQDED��$OJpULH�� 5HY��3ROO��$WP�� ������S������ ����

6HPDGL�� $��� 7DKDU�� $��� )DGHO�� '� DQG� %HQRLW�*X\RG� -�� /�� �������� 7KH� EHKDYLRU� RI� VRPH� OLFKHQ��
VSHFLHV�LQ�$QQDED�DUHD��$OJHULD���5HYXH�6\QWKqVH��Q�����SS������ ���

6WHXELQJ��/����������3UREOHPV�RI�ELR�LQGLFDWLRQ�DQG�WKH�QHFHVVLW\�RI�VWDQGDUGL]DWLRQ��,Q�PRQLWRULQJ��
RI� DLU� SROOXDQWV� E\� SODQWV�� 0HWKRGV� DQG� SUREOHPV�� 3URF�RI� WKH� ,QWHUQDWLRQDO� :RUNVKRS�����
2VQDEU�N��)�5�*��� SS�������

7UDVV��+���������/LFKHQ�VHQVLWLYLW\�WR�WKH�DLU�SROOXWLRQ�DQG�LQGH[�RI�SROHRWROHUDQFH�>,�3@��)RO�&U\SW�
(VW��7DUWX����SS��������

8UEDFR��������� 3ODQ�GLUHFWHXU�G¶DPpQDJHPHQW�HW�G¶XUEDQLVPH�GH�OD�FRPPXQH�GH�6NLNGD��3KDVH�,��
3KDVH�,,�HW�UDSSRUW�ILQDO������S�

9DQ�+DOXZ\Q�&���/HURQG��0����������/HV�OLFKHQV�HW�OD�TXDOLWp�GH�O
DLU��(YDOXDWLRQ�PpWKRGRORJLTXH�HW�
OLPLWHV��5DSSRUW�ILQDO�GX�0LQLVWqUH�GH�O
(QYLURQQHPHQW���6�5�(�7�,�(�������S�

:LOD\D� GH� 6NLNGD�� ������� ± 5DSSRUW� G¶RULHQWDWLRQ� VXU� OH� SODQ� GLUHFWHXU� G¶DPpQDJHPHQW
,QWHUFRPPXQDO��Q���������S�


