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7KH�GLHW�RI�WKH�UDYHQ�ZDV�LQYHVWLJDWHG�LQ������LQ�VRXWK�ZHVW�6ORYHQLD������IRRG�LWHPV��EHORQJLQJ�WR����GLIIHUHQW
IRRG�JURXSV��ZHUH�UHWULHYHG�IURP����ZKROH�DQG�VRPH�EURNHQ�SHOOHWV�FROOHFWHG�GXULQJ�WKH�VSULQJ�DQG�DXWXPQ��9HUWH�
EUDWH�UHPDLQV�ZHUH�IRXQG�LQ����SHOOHWV�DQG�SODQW�GHEULV�LQ����SHOOHWV��6KHHS�UHPDLQV�ZHUH�IRXQG�LQ����SHOOHWV��DQG
ZHUH�VLJQLILFDQWO\�PRUH�FRPPRQ�LQ�SHOOHWV�IURP�VKHHS�SDVWXUHV�WKDQ�IURP�DUHDV�ZLWK�QR�SDVWXUHV��'HHU��LQYHUWHEUDWH
DQG�ELUG�UHPDLQV�ZHUH�VFDUFH�

.H\�ZRUGV��WKH�UDYHQ��&RUYXV�FRUD[��GLHW��VRXWK�ZHVW�6ORYHQLD
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*OL� DXWRUL� KDQQR� VWXGLDWR� OD� GLHWD� GHO�&RUYR� LPSHULDOH�QHO� ����� QHOOD� 6ORYHQLD� VXG�RFFLGHQWDOH�� ���� SH]]L� GL
FLER��DSSDUWHQHQWL�D����GLIIHUHQWL�JUXSSL�DOLPHQWDUL��VRQR�VWDWL�UHFXSHUDWL�GD����ERUUH�LQWHUH�HG�DOFXQH�GDQQHJJLDWH�
UDFFROWH�GXUDQWH�OD�SULPDYHUD�H�O¢DXWXQQR��5HVWL�GL�YHUWHEUDWL�VRQR�VWDWL�ULWURYDWL�LQ����ERUUH��PHQWUH�UHVWL�YHJHWDOL�LQ
���ERUUH��5HVWL�GL�SHFRUD�VRQR�VWDWL�ULVFRQWUDWL�LQ����ERUUH��ULVXOWDQGR�VLJQLILFDWLYDPHQWH�SL|�FRPXQL�QHOOH�ERUUH�UDF�
FROWH� VXL�SDVFROL�RYLQL�FKH� LQ�TXHOOH� UDFFROWH�QHOOH�DUHH� ORQWDQH�GDL�SDVFROL��5HVWL� GL� FHUYLGL�� LQYHUWHEUDWL� H�XFFHOOL
VRQR�ULVXOWDWL�VFDUVL�

3DUROH�FKLDYH��&RUYR�LPSHULDOH��&RUYXV�FRUD[��GLHWD��6ORYHQLD�VXG�RFFLGHQWDOH
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7KH�UDYHQ�SRSXODWLRQ��&RUYXV�FRUD[��FRQVLVWV�RI�ELUGV
ZLWK� WZR� W\SHV� RI� VRFLDO� EHKDYLRXU�� EUHHGLQJ� ELUGV�
ZKLFK�DSSHDU�WR�EH�WHUULWRULDO�DQG�OLYH�LQ�SDLUV��DQG�QRQ�
EUHHGLQJ��QRQ�WHUULWRULDO�ELUGV��ZKLFK� OLYH�\HDU�URXQG� LQ
IORFNV��5DWFOLIIH���������7KH�UDYHQ�SRSXODWLRQ�LQ�6ORYHQLD
LV�HVWLPDWHG�DW������WR������EUHHGLQJ�LQGLYLGXDOV������
WR������EUHHGLQJ�SDLUV��*HLVWHU��������DQG�DW�OHDVW�����
WR� ����� QRQ�EUHHGLQJ� LQGLYLGXDOV� �7RPH� HW� DO��� ������
$OWKRXJK� QR� TXDQWLWDWLYH� GDWD� H[LVWV�� WKHUH� DUH� VRPH
FOXHV� WKDW� WKH� SRSXODWLRQ� KDV� LQFUHDVHG� LQ� UHFHQW� GHF�
DGHV��7RPH�HW�DO����������7KLV�LQFUHDVH�LV�FRQVLVWHQW�ZLWK
REVHUYDWLRQV� DOO� RYHU� (XURSH� �%LUG/LIH� LQWHUQDWLRQDO�
������(%&&�������DQG�LV�WKRXJKW�WR�EH�WKH�UHVXOW�RI�WKH
EDQ�RQ�VKRRWLQJ�LQ�VRPH�FRXQWULHV�DQG�LQFUHDVH�RI�VKHHS
IDUPLQJ� SUDFWLFH� LQ� RWKHUV� �7RPH� HW� DO��� ������� 7KH
SRSXODWLRQ�VL]H�RI�UDYHQV�LV�NQRZQ�WR�FRUUHODWH�ZLWK�WKH
H[WHQW�RI�VKHHS�IDUPLQJ��1HZWRQ�HW�DO���������

7KH� UDYHQ� LV� ILUVW� RI� DOO� D� VFDYHQJHU� DQG�� DV� VXFK�� D
YXOWXUH�VXEVWLWXWH�LQ�QRUWKHUQ�(XURSH��5DWFOLIIH��������� ,W
IHHGV� RQ� GHDG� DQLPDOV� IURP� WKH� VL]H� RI� D� PRXVH� WR� D
ZKDOH��,W�FDQ�DOVR�EH�D�SUHGDWRU��FDWFKLQJ�OLYH�SUH\��7KH
H[WHQW� WR�ZKLFK� LW� DWWDFNV� OLYH� DQLPDOV� GHSHQGV� RQ� WKH
DPRXQW�RI�DYDLODEOH�FDUULRQ��5DEELWV�DUH�XVXDOO\�FRQVLG�
HUHG� WR�EH� WKH�ELJJHVW�DQLPDOV� WKDW� UDYHQV�FDQ�VXFFHVV�
IXOO\� SUH\� RQ�� EXW� WKHQ� RQO\� LI� WKH\� DUH� FRUQHUHG� RU� LI
WKHLU�GHIHQFH�LV�GLVDEOHG�LQ�VRPH�RWKHU�ZD\�

$� FRPPRQ� EHOLHI� DPRQJ� IDUPHUV� LV� WKDW� UDYHQV� NLOO
VKHHS� IRU� IRRG��HVSHFLDOO\� ODPEV��7KH�TXHVWLRQ�RI� ODPE
NLOOLQJ��DOVR�FDOI�NLOOLQJ��KDV�EHHQ�DGGUHVVHG�E\�VFLHQWLVWV
VHYHUDO� WLPHV��5DWFOLIIH��������/DQJJHPDFK�HW�DO��������
:DOOVFKOlJHU�HW�DO���������*ODQGW���������EXW�RQO\�UDUHO\
KDUG�HYLGHQFH� IRU�VXFFHVVIXO�SUHGDWLRQ�ZDV�HVWDEOLVKHG�
(YHQ�WKHQ��DV�IRXQG�ODWHU��WKH�DQLPDO�XQGHU�DWWDFN�KDG�LOO
GHYHORSHG� LQWHUQDO� RUJDQV� RU� ZDV� DIIHFWHG� E\� D� SRWHQ�
WLDOO\�GHDGO\�GLVHDVH��2Q�WKH�RWKHU�KDQG��D�ORW�RI�SURRI�RI
UDYHQV�IHHGLQJ�RQ�VKHHS�FDUFDVVHV�KDV�EHHQ�HVWDEOLVKHG�
1HYHUWKHOHVV� UDYHQV� VWLOO�KDYH�D�EDG� UHSXWDWLRQ�DV� ODUJH
VFDOH�VKHHS�NLOOHUV�

7KH�PDLQ�DLP�RI�WKLV�ZRUN�LV�WR�SUHVHQW�WKH�GLHW�RI�WKH
UDYHQ� LQ� VRXWK�ZHVW� 6ORYHQLD�� DV� GHULYHG� IURP� SHOOHW
DQDO\VLV��$OWKRXJK�UDYHQ�GLHW�VWXGLHV�DUH�QRW� UDUH��HVSH�
FLDOO\� IURP�(QJODQG�DQG� ,UHODQG� �0DUTXLVV�HW� DO��� �����
(ZLQV� HW� DO��� ������ 0DUTXLVV� 	� %RRWK�� ������ %HUURZ�
�������WKLV�LV�WKH�ILUVW�VWXG\�RI�WKLV�NLQG�IURP�WKLV�SDUW�RI
(XURSH�� ,W� VKRXOG� EH� QRWHG� WKDW� WKH� UHVXOWV� FDQQRW� EH
WDNHQ� DV� DQ� DUELWHU� RI� UDYHQ¤V� JXLOW� RU� LQQRFHQFH� DV� D
VKHHS�NLOOHU�� DV� WKH\�SURYLGH�QR� LQIRUPDWLRQ�DERXW� SUH�
GDWLRQ�DQG�SRWHQWLDO�NLOOLQJ�EHKDYLRXU��6KHHS�UHPDLQV�LQ
WKH�UDYHQ¤V�GLHW�LQ�WKLV�VWXG\�DUH�VROHO\�D�VLJQ�RI�WKH�ELUG
IHHGLQJ�KDELWV�

0$7(5,$/6�$1'�0(7+2'6

6WXG\�DUHD

:H� FROOHFWHG� SHOOHWV� IURP� WZR� DUHDV� LQ� VRXWK�ZHVW
6ORYHQLD��7KH� ILUVW�ZDV� ORFDWHG� LQ� WKH�.DUVW� UHJLRQ�QHDU
WKH� VHWWOHPHQWV� RI� 6HÌDQD��'LYDáD� DQG� .R]LQD� �VTXDUHV
RQ� )LJ�� ���� 3HOOHWV� ZHUH� FROOHFWHG� IURP� DQG� XQGHU� WKH
FOLIIV� LQ� URFN\� GHSUHVVLRQV�� ZKHUH� UDYHQ� QHVWV� ZHUH� OR�
FDWHG�� 7KHVH� ORFDOLWLHV� ZHUH� VXUURXQGHG� E\� IRUHVWV� RU
RYHUJURZQ�PHDGRZV�DQG�WKHUH�ZHUH�QR�SDVWXUHV�ZLWKLQ
DW�OHDVW�D�NLORPHWUH�

7KH� VHFRQG� DUHD� FRPSULVHG� VKHHS� SDVWXUHV� DW� 9R�
ORYMD�UHEHU�DQG�*XUH�DERYH� ,OLUVND�%LVWULFD� �WULDQJOHV�RQ
)LJ������:H�FROOHFWHG� SHOOHWV� XQGHU� WKH� WUHHV� DQG� URFN\
RXWFURSV�ZLWKLQ�RU�FORVH�WR�SDVWXUHV��ZKHUH�UDYHQ�IORFNV
ZHUH� RIWHQ� VSRWWHG�� :H� ZHUH� QRW� DZDUH� RI� DQ\� UDYHQ
QHVWV�LQ�WKLV�DUHD��:H�HVWLPDWH�WKDW�SHOOHWV�IURP�ERWK�DU�
HDV�ZHUH�QRW�ROGHU� WKDQ� WZR�PRQWKV�RQ� WKH�GD\�RI�FRO�
OHFWLRQ�

0DWHULDOV�DQG�PHWKRGV

7KH�FRQWHQW�RI�WKH�SHOOHWV�ZDV�DQDO\]HG�LQ�WKH�ODER�
UDWRU\��3HOOHWV�ZHUH� VRDNHG� LQ�ZDWHU� IRU� FD�����PLQXWHV
DQG� WKHQ� ZDVKHG� ZLWK� WDS� ZDWHU� RQ� D� ���� PP� PHVK
VLHYH��0DWHULDO�UHPDLQLQJ�RQ�WKH�VLHYH�ZDV�GULHG�DQG�LQ�
VSHFWHG� PDFURVFRSLFDOO\� DQG�� LI� QHHGHG�� DOVR� XQGHU
�������[�PDJQLILFDWLRQ��7KH�YROXPH�SURSRUWLRQ�RI�HDFK
IRRG�LWHP�IRXQG�LQ�D�SHOOHW�ZDV�HVWLPDWHG�YLVXDOO\��)URP
HDFK�SHOOHW�ZH�FROOHFWHG� DSSUR[�� ���JXDUG� KDLUV� DQG��
IHDWKHUV� �ZKHQ� SUHVHQW��� SXW� WKHP� LQ� ���� HWKDQRO� IRU
DSSUR[�����PLQXWHV� WR� FOHDQ�� DQG� OHW� WKHP�GU\��0DFUR�
VFRSLF��JHQHUDO�IRUP��VL]H��FRORXU��ULJLGQHVV��VKDSH�RI�WKH
DSH[��DQG�PLFURVFRSLF��VWUXFWXUH�DQG�SDWWHUQ�RI�FXWLFXODU
VFDOHV��VKDSH�RI�WKH�FURVV�VHFWLRQ��VKDSH�DQG�VL]H�RI�WKH
PHGXOODU�VSDFH��FKDUDFWHULVWLFV�RI�KDLUV�ZHUH�QRWHG��7KH
PLFURVWUXFWXUH� RI� WKH� FXWLFOH� ZDV� LQVSHFWHG� XVLQJ� FX�
WLFXODU� LPSULQWV� RQ� FHOOXORLG� SODWHV�� 6SHFLHV� GHWHUPLQD�
WLRQ� ZDV� SHUIRUPHG� DFFRUGLQJ� WR� 'D\� �������� 7HHULQN
�������� 0H\HU� HW� DO�� ������� DQG� ZLWK� WKH� FRPSDUDWLYH
PDWHULDO�VWRUHG�DW�WKH�'HSDUWPHQW�RI�%LRORJ\�DW�WKH�8QL�
YHUVLW\� RI� /MXEOMDQD�� 7HHWK� DQG� ERQH� UHPDLQV� RI� VPDOO
PDPPDOV�ZHUH� LGHQWLILHG�DFFRUGLQJ� WR�.U\ÊWXIHN� ������
������ DQG� ZLWK� WKH� FRPSDUDWLYH� RVWHRORJLFDO� PDWHULDO�
5HPDLQV� RI� EDWV� ZHUH� DQDO\VHG� E\� D� VSHFLDOLVW�� 3ODQW
PDWHULDO�ZDV� VHSDUDWHG� LQWR� JUHHQ� RU�ZRRGHQ�PDWHULDO�
IUXLWV� DQG� VHHGV�� :KHQ� SRVVLEOH� ZH� GHWHUPLQHG� WKH
SODQWV�PRUH�SUHFLVHO\�

'XH�WR�LQWHQVLYH�GLJHVWLRQ�LQ�WKH�VWRPDFK��VRPH�IRRG
UHPDLQV�IURP�SHOOHWV�ZHUH�LQ�D�YHU\�SRRU�FRQGLWLRQ��DQG
LPSRVVLEOH�WR�GHWHUPLQH�WR�D�VSHFLHV�OHYHO��)RU�WKDW�UHD�
VRQ�WKH�WHUP�IRRG�LWHP�LQ�WKLV�WH[W�UHIHUV�WR�WKH�SDUW�RI�WKH
PDWHULDO� IURP� RQH� SHOOHW� EHORQJLQJ� WR� D� SDUWLFXODU� VSH�
FLHV��JHQXV��IDPLO\�RU�FODVV��ZKLFKHYHU�OHYHO�RI�GHWHUPL�
QDWLRQ�ZDV�WKH�ORZHVW�SRVVLEOH�
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)LJ�����6WXG\�VLWH��VTXDUHV��ORFDOLWLHV�RI�SHOOHW�FROOHFWLRQ�RQ�.DUVW�UHJLRQ��WULDQJOHV��ORFDOLWLHV�RI�SHOOHW�FROOHFWLRQ�RQ
SDVWXUHV��
6O�����5D]LVNRYDQR�SRGURàMH��NYDGUDWL��ORNDOLWHWH�]ELUDQMD�L]EOMXYNRY�QD�.UDVX��WULNRWQLNL��ORNDOLWHWH�]ELUDQMD�L]EOMX�
YNRY�QD�SDÉQLNLK��

:H�XVHG� IRXU�PHWKRGV� WR�SUHVHQW�SHOOHW� DQDO\VLV� UH�
VXOWV�����IUHTXHQF\�RI�RFFXUUHQFH��FDOFXODWHG�DV�WKH�SUR�
SRUWLRQ� RI� SHOOHWV� LQ� ZKLFK� D� IRRG� LWHP� ZDV� IRXQG�� ��
SURSRUWLRQ� RI� RFFXUUHQFH�� FDOFXODWHG� DV� WKH� QXPEHU� RI
SHOOHWV�ZKHUH�D�SDUWLFXODU� IRRG� LWHP�ZDV� IRXQG�GLYLGHG
E\�WKH�QXPEHU�RI�IRRG�LWHPV�IURP�DOO�SHOOHWV�����YROXPH
SURSRUWLRQ��FDOFXODWHG�DV�WKH�VXP�RI�WKH�YROXPH�SURSRU�
WLRQV�RI�D�SDUWLFXODU� IRRG� LWHP� LQ�SHOOHWV�GLYLGHG�E\� WKH
WRWDO�QXPEHU�RI�SHOOHWV��DQG����DYHUDJH�YROXPH�SURSRU�
WLRQ��FDOFXODWHG�DV�WKH�VXP�RI�WKH�YROXPH�SURSRUWLRQ�RI�D
SDUWLFXODU�IRRG�LWHP�LQ�SHOOHWV�GLYLGHG�E\�WKH�QXPEHU�RI
SHOOHWV�LQFOXGLQJ�WKLV�IRRG�LWHP�RQO\�

$OO�SHOOHWV�ZHUH�DQDO\]HG�E\�WKH�VDPH�SHUVRQ��0.��WR
PLQLPL]H� YDULDELOLW\� FDXVHG� E\� REVHUYHU�UHODWHG� HUURUV�
:H�FOLPEHG�WKH�QHVWV�WR�FROOHFW�WKH�SHOOHWV�RQO\�DIWHU�WKH
QHVWOLQJV�ZHUH�IOHGJHG�

5(68/76

)RRG�UHPDLQV�ZHUH�DQDO\]HG�LQ����ZKROH�UDYHQ�SHO�
OHWV�DQG�VRPH�EURNHQ�SHOOHW�PDWHULDO� IURP���� ORFDWLRQV�
6SULQJ� VDPSOHV� ���� SHOOHWV�� ZHUH� FROOHFWHG� IURP� �WK� WR
��WK�0D\������LQ�WKH�.DUVW�UHJLRQ�RQO\��DXWXPQ�VDPSOHV
����SHOOHWV��IURP���WK�6HSWHPEHU�WR���WK�2FWREHU������LQ
SDVWXUHV������IRRG�LWHPV��EHORQJLQJ�WR����GLIIHUHQW�IRRG
JURXSV�� ZHUH� VHSDUDWHG� IURP� SHOOHWV�� ,Q� VLQJOH� ZKROH
SHOOHWV�ZH�IRXQG�RQH�WR�ILYH�IRRG�LWHPV��RQ�DYHUDJH����
IRRG�LWHPV�SHU�SHOOHW��V�G�� �������

9HUWHEUDWH� UHPDLQV�ZHUH� IRXQG� LQ� ��� ZKROH� SHOOHWV
������� DQG� SODQW� UHPDLQV� LQ� ��� ZKROH� SHOOHWV� ������
6KHHS� UHPDLQV� ZHUH� IRXQG� LQ� ��� ZKROH� SHOOHWV� ������
ZKLOH� UHPDLQV� RI� RWKHU� GRPHVWLFDWHG� DQLPDOV� ZHUH
VFDUFH�� 6PDOO� PDPPDOV� ZHUH� DOVR� UHODWLYHO\� FRPPRQ�
IROORZHG� E\� GHHU�� ELUGV� DQG� LQYHUWHEUDWHV�� *UHHQ� SODQW
PDWHULDO� ZDV� WKH� PRVW� FRPPRQ� SODQW� IRRG� LWHP�� IRO�
ORZHG�E\�IUXLWV�DQG�VHHGV��7DE�����
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7DE�����'LHW�FRPSRVLWLRQ�RI�UDYHQV�LQ�6:�6ORYHQLD��1�RI�DOO�IRRG�LWHPV�LV������
7DE�����6HVWDYD�SUHKUDQH�NURNDUMHY�Y�-=�6ORYHQLML��1�YVHK�HQRW�KUDQH�MH������

)RRG�LWHP
1�RI�IRRG
LWHPV

)UHTXHQF\
RI�RFFXUUHQFH

3URSRUWLRQ
RI�RFFXUUHQFH

9ROXPH
SURSRUWLRQ

$YHUDJH�YROXPH
SURSRUWLRQ

DQLPDOV �� ����� ����� ����� �����

9HUWHEUDWD �� ����� ����� ����� �����

0DPPDOLD �� ����� ����� ����� �����
&HUYLGDH � ����� ����� ����� �����
&DUQLYRUD � ����� ����� ����� �����
XQGHW��ODUJH�PDPPDOV � ����� ����� ����� �����

GRPHVWLFDWHG�XQJXODWHV �� ����� ����� ����� �����
VKHHS �� ����� ����� ����� �����
JRDW � ����� ����� ����� �����
SLJ � ����� ����� ����� �����
KRUVH � ����� ����� ����� �����

VPDOO�PDPPDOV �� ����� ����� ����� �����
0\RWLV�P\RWLV � ����� ����� ����� �����
0XULGDH � ����� ����� ����� �����
*OLULGDH � ����� ����� ����� �����
7DOSD�HXURSDHD � ����� ����� ����� �����
XQGHW��VPDOO�PDPPDOV � ����� ����� ����� �����

$YHV � ����� ����� ����� �����
3DVVHULQLIRUPHV � ����� ����� ����� �����
)DOFRQLIRUPHV � ����� ����� ����� �����
XQGHW��ELUGV � ����� ����� ����� �����

,QYHUWHEUDWD � ����� ����� ����� �����
&ROHRSWHUD � ����� ����� ����� �����
6DOWDWRULD � ����� ����� ����� �����
XQGHW��LQVHFWV � ����� ����� ����� �����
VQDLOV � ����� ����� ����� �����

SODQWV �� ����� ����� ����� �����
JUHHQ�SODQW�PDWHULDO �� ����� ����� ����� �����
IUXLW � ����� ����� ����� �����
FHUHDOV � ����� ����� ����� �����
FRUQ � ����� ����� ����� �����
XQGHW��IUXLWV�DQG�VHHGV �� ����� ����� ����� �����
ZRRGHQ�SODQW�PDWHULDO � ����� ����� ����� �����

VWRQHV �� ����� ����� ����� �����

XQGHWHUPLQHG � ����� ����� ����� �����

6KHHS� UHPDLQV� ZHUH� VLJQLILFDQWO\� PRUH� FRPPRQ� LQ
SHOOHWV� IRXQG� LQ� WKH� DUHD� ZLWK� VKHHS� SDVWXUHV� WKDQ� LQ
WKRVH� LQ� WKH� DUHD� ZLWK� QR� SDVWXUHV�� 5DYHQV� GLVWDQW� WR
SDVWXUHV� IHG�PRUH�RQ� IUXLWV�� VHHGV�� VPDOO�PDPPDOV� DQG
ODUJH�ZLOG�PDPPDOV��7KHUH�ZDV�DOVR�D�VLJQLILFDQW�GLIIHU�
HQFH�LQ�WKH�SURSRUWLRQ�RI�ELUG�UHPDLQV�EHWZHHQ�WZR�DU�
HDV��9HU\� IHZ�ZHUH� IRXQG� LQ� SHOOHWV� IURP� SDVWXUHV�� EXW
UDWKHU�PRUH�LQ�SHOOHWV� IRXQG�LQ�DUHDV�ZKHUH�VKHHS�ZHUH
QRW�DYDLODEOH�DV�IRRG��7DE�����

',6&866,21

1RQH�RI� WKH�TXDQWLWDWLYH�PHDVXUHV�RI� WKH� UDYHQ�GLHW
LQ�WKLV�VWXG\��IUHTXHQF\�RI�RFFXUUHQFH��SURSRUWLRQ�RI�RF�

FXUUHQFH�� YROXPH� SURSRUWLRQ�� DUH� GLUHFWO\� SURSRUWLRQDO
WR� WKH� UHDO� TXDQWLWLHV� RI� IRRG� LQJHVWHG�� )RU� H[DPSOH�
VKHHS� UHPDLQV� IURP� SHOOHWV� LQ� RQH� ORFDOLW\� FRXOG� KDYH
DULVHQ� IURP� RQH� RU� IURP� VHYHUDO� DQLPDOV�� UDYHQV� FRXOG
KDYH� HDWHQ� D� ZKROH� VKHHS� RU� RQO\� D� SDUW� RI� LW�� 7KH
DPRXQW�RI� IRRG�UHPDLQV� UHJXUJLWDWHG� LQ�SHOOHWV�GHSHQGV
RQ�WKH�GHJUHH�RI�GLJHVWLRQ��ZKLFK�LV�GLIIHUHQW�IRU�GLIIHUHQW
LWHPV��6R� WKH�UHVXOWV�GR�QRW�SURYLGH�DQ�H[DFW�SLFWXUH�RI
WKH�GLHW��7KH\�DUH�SUREDEO\�TXLWH�DFFXUDWH�LQ�SUHVHQWLQJ
LWV� TXDOLWDWLYH� FRPSRVLWLRQ�� EXW� RQO\� SURYLGH� DQ� DS�
SUR[LPDWH� LQGLFDWLRQ� RI� WKH� LPSRUWDQFH� RI� SDUWLFXODU
IRRG�LWHPV�
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7DE�����'LHWV�RI�UDYHQV�GZHOOLQJ�QHDU�DQG�IDU�IURP�VKHHS�SDVWXUHV��1XPEHUV�DUH�SURSRUWLRQV�RI�WKH�RFFXUUHQFH�LQ
SHOOHWV��WKH�GLIIHUHQFH�LV�GHQRWHG�XVLQJ�&KL�VTXDUH�WHVW��
�S�� �������

�S��� �������
7DE�����3UHKUDQD�NURNDUMHY��ËLYHàLK�EOL]X�LQ�GDOHà�VWUDQ�RG�RYàMLK�SDÉQLNRY��ÈWHYLONH�SUHGVWDYOMDMR�GHOHË�SRMDYOMDQMD
Y�L]EOMXYNLK��UD]OLND�MH�R]QDàHQD�V�WHVWRP�KL�NYDGUDW��
�S�� �������

�S��� �������

3UH\�FDWHJRU\ 6KHHS�SDVWXUHV�IDU 6KHHS�SDVWXUHV�QHDU &KL�VTXDUH

VKHHS ����� ����� 



GRPHVWLFDWHG�DQLPDO�H[FO��VKHHS ����� ����� 


ODUJH�ZLOGOLIH ����� �����

VPDOO�PDPPDOV ����� �����

ELUGV ����� ����� 



LQYHUWHEUDWHV ����� �����

JUHHQ�SODQW�PDWHULDO ����� ����� 


IUXLWV�DQG�VHHGV ����� �����

ZRRG��VWRQHV��XQGHWHUPLQHG ����� �����

1�IRRG�LWHPV �� ���

6KHHS�FDUULRQ�DSSHDUV�WR�EH�D� IUHTXHQW� IRRG� LWHP�LQ
UDYHQ�SHOOHWV�LQ�VRXWK�ZHVW�6ORYHQLD��ZKLFK�LV�VLPLODU� WR
ILQGLQJV�RI� VWXGLHV�PDGH�HOVHZKHUH� �L�H���1HZWRQ�HW�DO��
������(ZLQV�HW�DO����������,Q�RXU�VDPSOHV�IURP�DOO�ORFDOL�
WLHV�� VKHHS� UHPDLQV�ZHUH� IRXQG� LQ�RYHU�KDOI� RI� WKH� SHO�
OHWV��%XW�VKHHS�DUH�E\�QR�PHDQV�HVVHQWLDO�IRU�WKH�VXUYLYDO
RI� UDYHQV��$OPRVW�QR�VKHHS� UHPDLQV�ZHUH� IRXQG� LQ�SHO�
OHWV�FROOHFWHG�IURP�QHVW�VLWHV��7KLV�LQGLFDWHV�WKDW�HYHQ�DW
D�WLPH�RI�JUHDW�GHPDQG�IRU�IRRG��ZKHQ�DGXOWV�PXVW�IHHG
WKHPVHOYHV�DQG�WKH�\RXQJ�ELUGV��UDYHQV�FDQ�WKULYH�ZLWK�
RXW� GRPHVWLFDWHG� DQLPDOV� DV� D� IRRG� VRXUFH�� DW� OHDVW� LI
WKH\� KDYH� VXIILFLHQW� QXWULWLRXV� SODQW� PDWHULDO�� VPDOO
PDPPDOV� DQG� ELUGV� DW� KDQG�� ZKLFK� ZHUH� IUHTXHQWO\
IRXQG�LQ�WKRVH�SHOOHWV�

$OWKRXJK� LQ� WZR� VDPSOLQJ� DUHDV� SHOOHWV� ZHUH� FRO�
OHFWHG�LQ�GLIIHUHQW�VHDVRQV��SHOOHWV� IURP�WKH�.DUVW� UHJLRQ
LQ�EUHHGLQJ�VHDVRQ�SHOOHWV�DERYH�,OLUVND�%LVWULFD�LQ�SRVW�
EUHHGLQJ� VHDVRQ���ZH� DUJXH� WKDW� GLIIHUHQFHV� LQ� WKH� GLHW
DUH�QRW� VHDVRQ� UHODWHG��7KH� UDYHQ� LV�RSSRUWXQLVWLF� LQ� LWV
GLHW�� H[SORLWLQJ� ZKDWHYHU� ORFDOO\� LV� DYDLODEOH� WKH� PRVW
�5DWFOLIIH���������7KH�GLIIHUHQFH� LV�SUREDEO\�PRVWO\�GXH
WR�ODFN�RI�VKHHS�SDVWXUHV�LQ�RQH�DQG�LWV�DEXQGDQFH�LQ�WKH
RWKHU�DUHD�

7KHUH�LV�OLWWOH�GRXEW�WKDW�SHOOHWV�IURP�QHVW�VLWHV�EHORQJ
WR�EUHHGLQJ�UDYHQV��DGXOWV�RU�\RXQJ�IHG�E\�DGXOWV��7KHUH
LV� DOVR� QR� UHDVRQ� QRW� WR� EHOLHYH� WKDW� SDLUV� ZLWK� QHVWV
FORVH� WR� SDVWXUHV� KDYH�PRUH� VKHHS� UHPDLQV� LQ� WKH� GLHW

WKDQ�WKRVH�ZH�LQVSHFWHG��/HVV�FOHDU��KRZHYHU��LV�WKH�VR�
FLDO�VWDWXV�RI�UDYHQV�ZKRVH�SHOOHWV�ZHUH�IRXQG�LQ�DXWXPQ
DW�9RORYMD�UHEHU�DQG�*XUH��6LQFH�WKH\�ZHUH�REVHUYHG�LQ
JURXSV��QRW�LQ�SDLUV��LW�LV�SRVVLEOH�WKDW�WKH\�EHORQJ�WR�WKH
\HDU�URXQG� IORFNV� RI� QRQ�EUHHGLQJ� LQGLYLGXDOV�� $FFRUG�
LQJ�WR�5DWFOLIIH���������EUHHGLQJ�ELUGV�LQ�WKH�8.�UHPDLQ
DURXQG� WKH� QHVW� VLWH� LQ� SDLUV� WKURXJKRXW� WKH� \HDU�� SUR�
WHFWLQJ�WKH�WHUULWRU\��VR�ODUJH�JURXSV�FDQ�DOZD\V�EH�FRQ�
VLGHUHG�DV�QRQ�EUHHGHUV��0RUH�REVHUYDWLRQV�RQ�LQGLYLGX�
DOO\� PDUNHG� ELUGV� RU� HYHQ� WHOHPHWU\� VWXGLHV� ZRXOG� EH
QHFHVVDU\� WR� LQYHVWLJDWH�ZKHWKHU�� LQ� 6ORYHQLD�� EUHHGLQJ
SDLUV� MRLQ�QRQ�EUHHGHUV� LQ� IORFNV�DIWHU� WKH�EUHHGLQJ�VHD�
VRQ��7KH� UHVXOWV�ZRXOG� EH� LQWHUHVWLQJ� IURP� WKH� SRLQW� RI
YLHZ�RI� WKH� UDYHQ���VKHHS� LQWHUDFWLRQ��7KH\�ZRXOG�DGG
VRPH�XQGHUVWDQGLQJ� WR� WKH�FXUUHQW� HQLJPD� DV� WR�ZKLFK
VRFLDO�JURXS� LV� UHVSRQVLEOH� IRU� UDYHQV�EHLQJ�RQ� IDUPHUV¤
EODFN� OLVWV�� QRQ�EUHHGHUV� RU� ERWK� QRQ�EUHHGHUV� DQG
EUHHGHUV� �� TXLWH� SRVVLEO\� RQO\� WKH� PRUH� PRELOH� QRQ�
EUHHGHUV�

$&.12:/('*(0(176

:H� WKDQN� 3ULPRÌ� 3UHVHWQLN� IRU� GHWHUPLQLQJ� EDW� UH�
PDLQV�DQG�'U��5��+��3DLQ� IRU� LPSURYLQJ� WKH�(QJOLVK��)L�
QDQFLDO� VXSSRUW� ZDV� SURYLGHG� E\� WKH� (QYLURQPHQWDO
DJHQF\�RI�WKH�5HSXEOLF�RI�6ORYHQLD�
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'DYRULQ�720(
1DFLRQDOQL�LQÊWLWXW�]D�ELRORJLMR��6,������/MXEOMDQD��9HáQD�SRW����

(�PDLO��'DYRULQ�7RPH#QLE�VL

0LKD�.52)(/
2GGHOHN�]D�ELRORJLMR��8QLYHU]D�Y�/MXEOMDQL��6,������/MXEOMDQD��9HáQD�SRW����

7RPDÊ�0,+(/,Þ
'2336�%LUG�/LIH�6ORYHQLD��6,������/MXEOMDQD��7UÌDÊND��

329=(7(.

9� OHWX� ����� VPR� Y� MXJR]DKRGQHP� GHOX� 6ORYHQLMH� UD]LVNRYDOL� SUHKUDQR� NURNDUMHY� �&RUYXV� FRUD[�� QD� RVQRYL
SUHLVNDYH�L]EOMXYNRY��,]EOMXYNH�VPR�QDELUDOL�QD�GYHK�ORNDFLMDK��QD�.UDVX�LQ�QD�REPRßMX�9RORYMH�UHEUL�LQ�*XU�SUL�,OLU�
VNL�%LVWULFL��,]����FHOLK�LQ�QHNDM�UD]GUREOMHQLK�L]EOMXYNRY�VPR�L]ROLUDOL�����HQRW�KUDQH��NL�VR�SULSDGDOH����UD]OLßQLP
WDNVRQRPVNLP�VNXSLQDP��9����L]EOMXYNLK�VPR�QDÈOL�RVWDQNH�YUHWHQßDUMHY��Y���� L]EOMXYNLK�RVWDQNH�UDVWOLQVNH�KUDQH�
2VWDQNH�RYF�VPR�RGNULOL�Y����L]EOMXYNLK��]QDßLOQR�YHß�Y�L]EOMXYNLK�QDEUDQLK�Y�EOLÊLQL�RYßMLK�SDÈQLNRY�NDNRU�Y�L]EOMX�
YNLK�QDEUDQLK�QD�ORNDFLMDK��NL�VR�ELOH�RG�SDÈQLNRY�RGGDOMHQH��2VWDQNL�VUQMDGL��MHOHQMDGL��SWLF�LQ�QHYUHWHQßDUMHY�VR�ELOL
UHGNL�

.OMXÞQH�EHVHGH��NURNDU��&RUYXV�FRUD[��SUHKUDQD��MXJR]DKRGQD�6ORYHQLMD

5()(5(1&(6

%HUURZ��6��'����������7KH�GLHW�RI�FRDVWDO�EUHHGLQJ�5DY�
HQV�LQ�&R��&RUN��,U��%LUGV�������������
%LUG/LIH� ,QWHUQDWLRQDO� �������� %LUGV� LQ� (XURSH�� SRSXOD�
WLRQ� HVWLPDWHV�� WUHQGV� DQG� FRQVHUYDWLRQ� VWDWXV�� %LUG/LIH
&RQVHUYDWLRQ� 6HULHV�� 1R�� ���� %LUG/LIH� ,QWHUQDWLRQDO�
&DPEULGJH�
'D\��0��*����������,GHQWLILFDWLRQ�RI�KDLU�DQG�IHDWKHU�UH�
PDLQV� LQ� WKH� JXW� DQG� IDHFHV� RI� VWRDWV� DQG� ZHDVHOV�� -�
=RRO��/RQG����������������
(%&&���������KWWS���ZZZ�HEFF�LQIR�LQGH[�SKS",' ����
(ZLQV��3�� -��� -��1��'\PRQG�	�$��0DUTXLVV� �������� 7KH
GLVWULEXWLRQ�� EUHHGLQJ� DQG� GLHW� RI� 5DYHQV�&RUYXV� FRUD[
LQ�6KHWODQG��%LUG�6WXG\��������������
*HLVWHU�� ,�� �������� 2UQLWRORÊNL� DWODV� 6ORYHQLMH�� '=6�
/MXEOMDQD������VWU�
*ODQGW��'����������'HU�.RONUDEH��$8/$�9HUODJ��:LHEHO�
VKHLP�
.U\ÇWXIHN��%����������1DÊD�URGQD�]HPOMD�����0DOL�VHVDOFL�
3ULURGRVORYQR�GUXÊWYR�6ORYHQLMH�/MXEOMDQD�����VWU�
.U\ÇWXIHN�� %�� �������� 6HVDOFL�� 0DPPDOLD�� 9�� .U\ÊWXIHN�
%�� 	� )�� -DQÌHNRYLá� �XU���� .OMXá� ]D� GRORáHYDQMH� YUHWHQ�
áDUMHY�6ORYHQLMH��'=6��/MXEOMDQD��VWU����������
/DQJJHPDFK��7���0��%HUQKDUGW�	� -�� 6FKXO]� ��������=XU
5ROOH� GHV� .RONUDEHQ� �&RUYXV� FRUD[� /��� ������ EHL� GHU
)UHLODQGKDOWXQJ� YRQ� 6FKDIHQ�� 1DWXUVFKXW]� XQG� /DQG�
VFKDIWVSIOHJH�LQ�%UDQGHQEXUJ�����������

0DUTXLVV��0�	�&�� -�� %RRWK� �������� 7KH� GLHW� RI� 5DYHQV
&RUYXV�FRUD[�LQ�2UNQH\��%LUG�6WXG\��������������
0DUTXLVV��0��� ,��1HZWRQ�	�'��$��5DWFOLIIH� �������� 7KH
GHFOLQH�RI� WKH�UDYHQ��&RUYXV�FRUD[� LQ� UHODWLRQ� WR�DIIRUH�
VWDWLRQ� LQ� VRXWKHUQ� 6FRWODQG� DQG� QRUWKHUQ� (QJODQG�� -�
$SSO��(FRO���������������
0H\HU��:���*��+XOOPDQ�	�+�� 6HJHU� �������� 6(0�$WODV
RQ� WKH� +DLU� &XWLFOH� 6WUXFWXUH� RI� &HQWUDO� (XURSHDQ
0DPPDOV��6FKDSHU��*HUPDQ\������S�
1HZWRQ��,���3��(��'DYLV�	�-��(��'DYLV���������5DYHQV�DQG
%X]]DUGV� LQ� UHODWLRQ� WR� VKHHS�IDUPLQJ� DQG� IRUHVWUL� LQ
:DOHV��-��$SSO��(FRO���������������
5DWFOLIIH��'�� �������� 7KH� 5DYHQ�� 7� 	� $'� 3R\VHU�� /RQ�
GRQ�
7HHULQN��%��-����������+DLU�RI�:HVW�(XURSHDQ�0DPPDOV�
$WODV� DQG� ,GHQWLILFDWLRQ� .H\�� &DPEULGJH� 8QLYHUVLW\
3UHVV������S�
7RPH��'���'��'HQDF��8��.RFH��'��.RPSDQ�	�$��9UH]HF
��������.URNDU��&RUYXV�FRUD[���=DNOMXáQR�SRURáLOR��1,%�
/MXEOMDQD������VWU�
:DOOVFKOjJHU��'���$��%UHKPH�	�7��/DQJJHPDFK� �������
5DYHQV�LQ�FDWWOH�DQG�VKHHS�IORFNV��D�VFDYHQJHU�DQG�RU�D
SUHGDWRU"� 5DYHQV� WRGD\�� $� :RUOGZLGH� 6\PSRVLXP� RQ
WKH� 5DYHQ� �&RUYXV� FRUD[��� %LRORJLFDO� ,QVWLWXWH� RI� 0H�
WHOHQ��*HUPDQ\��������-XO\����������S�


