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/R�VWXGLR�GHL�FRQWHQXWL�VWRPDFDOL�GHOOD�WRUSHGLQH�PDUH]]DWD�7RUSHGR�PDUPRUDWD�5LVVR�������KD�HYLGHQ]LDWR�FKH
OD�VSHFLH�VL�DOLPHQWD�DWWLYDPHQWH��FRQVXPDQGR�LQ�SUHYDOHQ]D�WHOHRVWHL�H�RFFDVLRQDOPHQWH�FHIDORSRGL�� ,�GDWL�FRQIHU�
PDQR�FKH�7��PDUPRUDWD�o�XQD�VSHFLH�LWWLRIDJD��FRPH�SUHFHGHQWHPHQWH�ULVFRQWUDWR�VX�LQGLYLGXL�SURYHQLHQWL�GD�DOWUH
DUHH�H�VX�DOWUH�VSHFLH�GHO�JHQHUH�7RUSHGR�

3DUROH�FKLDYH��&KRQGULFKWK\HV��7RUSHGR�PDUPRUDWD��DOLPHQWD]LRQH��FRVWD�GL�/DQJXHGRF��0HGLWHUUDQHR



$11$/(6�©�6HU��KLVW��QDW��©����©������©��

&KULVWLDQ�&$3$3e�HW�DO���',(7�2)�7+(�0$5%/('�(/(&75,&�5$<�7253('2�0$5025$7$��&+21'5,&+7+<(6��7253(',1,'$(����������

��

,1752'8&7,21

7KH�PDUEOHG� HOHFWULF� UD\� 7RUSHGR�PDUPRUDWD� 5LVVR�
����� LV�NQRZQ� LQ� WKH�HDVWHUQ�$WODQWLF� IURP� WKH�QRUWKHUQ
DUHDV�VXFK�DV�RII�6FDQGLQDYLD��0XXV�	�'DKOVWUrP�������
������DQG�RII�WKH�%ULWLVK�,VOHV��:KHHOHU��������WR�WKH�*XOI
RI�*XLQHD��%ODFKH�HW�DO����������6PLWK�	�+HHPVWUD�������
UHSRUWHG�WKH�VSHFLHV�RII�6RXWK�$IULFD��EXW�WKLV�RFFXUUHQFH
LQ�WKH�DUHD�QHHGV�FRQILUPDWLRQ��7��PDUPRUDWD�LV�UHSRUWHG
WKURXJKRXW�WKH�0HGLWHUUDQHDQ��EXW�LW�LV�UDWKHU�DEXQGDQWO\
UHSRUWHG�LQ�WKH�ZHVWHUQ�WKDQ�LQ�WKH�HDVWHUQ�EDVLQ��DQG�RII
WKH�QRUWKHUQ�WKDQ�RII�WKH�VRXWKHUQ�VKRUH��&DSDSp��������
7KH�UHSURGXFWLYH�ELRORJ\�KDG�SUHYLRXVO\�EHHQ�VWXGLHG�IRU
VSHFLPHQV�IURP�WKH�HDVWHUQ�$WODQWLF��QRUWK�RI�WKH�6WUDLW�RI
*LEUDOWDU� �)UDQFH�� VHH� 0HOOLQJHU�� ������ ������ �����
�������������VRXWK�RI�WKH�6WUDLW�RI�*LEUDOWDU��6HQHJDO��VHH
&DSDSp�HW�DO����������DQG�RII�7XQLVLD� �&DSDSp��������� ,Q
FRQWUDVW�� OLWWOH� KDV� EHHQ� VWXGLHG� UHJDUGLQJ� WKH� GLHW� DQG
IHHGLQJ� KDELWV� RI� WKH� PDUEOHG� HOHFWULF� UD\�� ZKLFK� LV
NQRZQ�DV�D�SLVFLYRURXV�VSHFLHV��%HOEHQRvW��������%HOEH�
QRvW� 	� %DXHU�� ������� $GGLWLRQDOO\�� &DSDSp� ������� UH�
SRUWHG� REVHUYDWLRQV� RQ� VWRPDFK� FRQWHQWV� RI� VSHFLPHQV
IURP�7XQLVLDQ�FRDVWDO�ZDWHUV��2II�WKH�FRDVW�RI�/DQJXHGRF�
7�� PDUPRUDWD� KDG� IRUPHUO\� EHHQ� UHSRUWHG� E\� 'RXPHW
��������0RUHDX� ��������&DOYHW� ��������(X]HW� �������DQG
4XLJQDUG�HW�DO����������DQG�WKH�VSHFLHV�LV� WKH�PRVW�FRP�
PRQ� WRUSHGLQLG� UHFRUGHG� LQ� WKH� DUHD� �&DSDSp� HW� DO��
�������2EVHUYDWLRQV�EDVHG�RQ�VHYHUDO�VSHFLPHQV�FDXJKW
LQ� WKH� DUHD� DOORZ� XV� WR� SUHVHQW� KHUHZLWK� GDWD� RQ� GLHW
FRPSRVLWLRQ�RI�WKH�/DQJXHGRFLDQ�HOHFWULF�PDUEOHG�UD\V�

0$7(5,$/�$1'�0(7+2'6

$�WRWDO�RI�����VSHFLPHQV�����PDOHV�DQG����IHPDOHV�
ZHUH�H[DPLQHG��7KH�REVHUYHG�VSHFLPHQV�ZHUH�FROOHFWHG
RII�WKH�/DQJXHGRFLDQ�FRDVW��)LJ�����E\�GHPHUVDO�JLOO�QHWV�
DW�GHSWKV�EHWZHHQ����DQG����P��RQ� VDQG\�DQG�PXGG\
ERWWRPV�� EHWZHHQ� ����� DQG� ������ 7RWDO� OHQJWK� �7/�� RI
DOO�WKH�VSHFLPHQV�ZDV�PHDVXUHG�WR�WKH�QHDUHVW�PLOOLPH�
WUH�� WKH\� ZHUH� ZHLJKHG� WR� WKH� QHDUHVW� JUDP�� 0DOHV
UDQJHG�IURP�����WR�����PP�7/�DQG�ZHLJKHG�IURP����
WR�����J��ZKLOH�IHPDOHV�UDQJHG�IURP�����WR�����PP�7/
DQG�ZHLJKHG�IURP�����WR������J�

$V�VRRQ�DV�WKH\�ZHUH�FROOHFWHG��WKH�HOHFWULF�PDUEOHG
UD\V�ZHUH�GLVVHFWHG�DQG�WKH�VWRPDFK�FRQWHQWV�UHPRYHG�
VRUWHG� DQG� LGHQWLILHG� WR� WKH� ORZHVW� WD[RQ� �VSHFLHV� OHYHO
ZKHQ�SRVVLEOH��XVLQJ�NH\�DQG�ILHOGV�JXLGHV��5LHGO�������
)LVFKHU�HW�DO����������������7KH�SUH\�LWHPV�ZHUH�FRXQWHG
DQG� ZHLJKHG� WR� WKH� QHDUHVW� GHFLJUDP� DIWHU� UHPRYDO� RI
VXUIDFH�ZDWHU�E\�EORWWLQJ�RQ�WLVVXH�SDSHU��7R�DQDO\VH�WKH
GLHW�FRPSRVLWLRQ�RI�7RUSHGR�PDUPRUDWD��ZH�XVHG�VRPH
LQGLFHV�IROORZLQJ�%HUJ���������+\VORS��������DQG�7LUDVLQ
	� -{UJHQVHQ� �������� YDFXLW\� LQGH[� �9,��  � QXPEHU� RI
HPSW\� VWRPDFKV� GLYLGHG� E\� WKH� WRWDO� QXPEHU� RI� VWRP�
DFKV�� SHUFHQWDJH� IUHTXHQF\� RI� RFFXUUHQFH� ��� )��  � WKH
QXPEHU� RI� VWRPDFKV�� LQ�ZKLFK� D� IRRG� LWHP�ZDV� IRXQG
H[SUHVVHG� DV� SHUFHQWDJH� RI� WKH� WRWDO� QXPEHU� RI� VWRP�
DFKV��SHUFHQWDJH�QXPHULFDO�DEXQGDQFH� ���&Q�� � QXP�
EHU�RI�HDFK�SUH\�W\SH��H[SUHVVHG�DV�D�SHUFHQWDJH�RI� WKH
WRWDO�QXPEHU�RI�DOO� IRRG� W\SHV� LQ�DOO� VWRPDFKV��SHUFHQW�
DJH�SRQGHUDO�FRPSRVLWLRQ����&Z�� �ZHW�ZHLJKW�RI�HDFK

)LJ�����0DS�RI�)UDQFH�ZLWK�WKH�FRDVW�RI�/DQJXHGRF��UHGUDZQ�IURP�&DSDSn�HW�DO���������
6O�����=HPOMHYLG�)UDQFLMH�]�REUHËMHP�SRNUDMLQH�/DQJXHGRF��SR�&DSDSn�HW�DO���������
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SUH\�W\SH��H[SUHVVHG�DV�D�SHUFHQWDJH�RI�WKH�WRWDO�ZHLJKWV
RI�VWRPDFK�FRQWHQWV�LQ�D�VDPSOH�

$GGLWLRQDOO\�� ZH� XVHG� WKH� LQGH[� RI� UHODWLYH� DEXQ�
GDQFH��,5,��3LQNDV�HW�DO���������&RUWqV��������DV�,5,� ��
)�Õ����&Q� ���&Z���H[SUHVVHG�DV�D�SHUFHQWDJH�WR�TXDQ�
WLI\�WKH�GLHW�DV���,5,� ��,5,���Σ�,5,��Õ�����

5(68/76�$1'�',6&866,21

2I�WKH�����VWRPDFK�FRQWHQWV�RI�7RUSHGR�PDUPRUDWD
H[DPLQHG�����ZHUH�HPSW\� �9,� ��������� 6LJQLILFDQW� GLI�
IHUHQFHV� ZHUH� UHFRUGHG� EHWZHHQ� VH[HV�� 9,� ZHUH� �����
DQG�������IRU�PDOHV�DQG�IHPDOHV��UHVSHFWLYHO\��χ� ������
GI� ����

7KH�GLHW�RI�WKH�PDUEOHG�HOHFWULF�UD\�FRQVLVWHG�RI�WZR
PDMRU� V\VWHPDWLF� JURXSV�� FHSKDORSRGV� DQG� WHOHRVWV�
KRZHYHU�� VL[� VSHFLHV� ZHUH� LQJHVWHG� RQO\� �7DE�� ���� WKH
(XURSHDQ�VTXLG�/ROLJR�YXOJDULV�/DPDUFN�������� WKH�HOH�
JDQW� FXWWOHILVK� 6HSLD� HOHJDQV� %ODLQYLOOH�� ������ WKH
GUDJRQHW� &DOOLRQ\PXV� O\UD� /LQQDHXV�� ������ WKH� UHG
EDQGILVK� &HSROD� UXEHVFHQV� /LQQDHXV�� ����� DQG� WKH
OHDSLQJ� JUH\� PXOOHW� /L]D� VDOLHQV� �5LVVR�� ������� ZKLFK
ZDV�WKH�PRVW�LGHQWLILDEOH�SUH\�VSHFLHV��,5,� ���������

7KH�YDFXLW\�LQGH[�FDOFXODWHG�IRU�WKH�/DQJXHGRFLDQ�7�
PDUPRUDWD� LV� ORZHU� WKDQ� WKLV�REVHUYHG� IRU� WKH�7XQLVLDQ
VSHFLPHQV�� 7KH� ODWWHU� VSHFLPHQV� ZHUH� FDSWXUHG� WKLUW\
\HDUV� DJR�� EHWZHHQ� ����� DQG� ����� �&DSDSp�� ������
IRUPHUO\��WKH�7XQLVLDQ�FRDVW�ZDV�QRW�WKH�IRFXV�RI�DQ�LQ�
WHQVLYH�ILVKHU\�GXULQJ�WKLV�SHULRG��FRQVHTXHQWO\�WKH�ELR�
ORJLFDO�HQYLURQPHQW�ZDV�UHODWLYHO\�ULFK��/XEHW�	�$]RX]�
�������6SHFLPHQV�IURP�/DQJXHGRFLDQ�ZDWHUV�KDYH�PRUH
UHFHQWO\�EHHQ�H[DPLQHG�LQ�WKH�VHFRQG�DUHD�WKDW�LV�LQWHQ�
VLYHO\�H[SORLWHG�E\�ERWK�FRPPHUFLDO�DQG�FUDIW� ILVKHULHV�
)LVKLQJ�PHWKRG�FRXOG�DOVR�H[SODLQ�GLIIHUHQFHV�LQ�WKH�YD�

FXLW\� LQGH[� UHFRUGHG� EHWZHHQ� WKH� WZR� DUHDV�� 2II� WKH
/DQJXHGRFLDQ�FRDVW�� WKH�PDUEOHG�HOHFWULF� UD\V� IURP�RXU
VDPSOH�ZHUH�FDXJKW�E\�JLOO�QHWV��LQ�ZKLFK�WKH\�VSHQW�DOO
QLJKW� DQG� WKXV� FRXOG� QRW� VHHN� WKHLU� SUH\�� DGGLWLRQDOO\�
WKH�SUH\�FRQVXPHG�SULRU� WR� WKH� SUHGDWRUV� EHLQJ� FDXJKW
FRXOG� EH� HQWLUHO\� GLJHVWHG�� $� JUHDW� QXPEHU� RI� ERWK
FHSKDORSRG� DQG� WHOHRVW� SUH\� LWHPV� UHPDLQHG� XQLGHQWL�
ILHG��VHH�7DEOH����

,Q�FRQWUDVW��RII� WKH�7XQLVLDQ�FRDVW�� WKH\�ZHUH�FDXJKW
E\�WUDZO��DQG�WKH\�FRXOG�DFFLGHQWDOO\�LQJHVW�SUH\�GXULQJ
FDSWXUH��7KLV�FRXOG�DOVR�H[SODLQ�ZK\�PRUH� WHOHRVW� VSH�
FLHV�ZHUH�LGHQWLILHG�LQ�7XQLVLDQ�7��PDUPRUDWD�WKDQ�LQ�WKH
/DQJXHGRFLDQ�VSHFLPHQV�����YV�����$GGLWLRQDOO\��WHOHRVWV
VSHFLHV� FRQVWLWXWHG� TXDQWLWDWLYHO\� DQG� TXDOLWDWLYHO\� WKH
PDLQ�SUH\�VSHFLHV�7��PDUPRUDWD�IURP�ERWK�DUHDV��ZKLOVW
FHSKDORSRGV�ZHUH� RFFDVLRQDOO\� SUH\HG�� D� VLQJOH� FDPD�
URWH�VKULPS�3HQDHXV�NHUDWKXUXV� �)RUVNlO��������ZDV�DF�
FLGHQWDOO\�IRXQG�LQ�WKH�VWRPDFK�RI�D�7XQLVLDQ�VSHFLPHQ�
6LPLODU�SDWWHUQV�ZHUH�REVHUYHG�LQ�WKH�GLHW�RI�7��PDUPR�
UDWD�IURP�RII�WKH�FRDVW�RI�6HQHJDO��XQSXEO��GDWD���DV�ZHOO
DV� LQ� WKH�GLHW�RI� LWV�FORVH� UHODWLYH� VSHFLHV�� WKH�FRPPRQ
WRUSHGR�7RUSHGR� WRUSHGR� �/LQQDHXV�������� IURP�RII� WKH
7XQLVLDQ�FRDVW� �4XLJQDUG�	�&DSDSp�� �������7��PDUPR�
UDWD� LV� D� VHOHFWLYH� SUHGDWRU� WKDW� IHHGV� TXDVL� H[FOXVLYHO\
RQ� WHOHRVW� VSHFLHV�� 7KLV� LV� GXH� WR� WKH� SUH\� FDSWXUH� EH�
KDYLRXU� DQG� IHHGLQJ� KDELWV� RI� WKH� VSHFLHV� RI� WKH� JHQXV
7RUSHGR�� %HOEHQRLW� 	� %DXHU� ������� ILUVW� YLGHRUHFRUGHG
DQG�GHVFULEHG�7��PDUPRUDWD�FDSWXULQJ�LWV�SUH\�LQ�FDSWLY�
LW\��*HQHUDOO\��7��PDUPRUDWD�DW�UHVW�ZDV�ZDLWLQJ�IRU�SUH\
ZKLOH�KLGGHQ�LQ�WKH�VDQG��6R��ZKHQ�D�SUH\�VZLPV�QHDU�D
PDUEOHG� HOHFWULF� UD\� DW� D� VKRUW� GLVWDQFH�� ��� PP� DS�
SUR[LPDWHO\��WKH�ODWWHU�MXPSV�DQG�VLPXOWDQHRXVO\�LPPR�
ELOL]HV� WKH�SUH\�E\� LWV� HOHFWULF�RUJDQ�GLVFKDUJH��3ULRU� WR
MXPSLQJ�� WKH�SUHGDWRU�GHWHFWV� WKH�SUH\�ZLWK� LWV� UHFHSWRU

7DE�����'LHW�FRPSRVLWLRQ�RI�WKH�����PDUEOHG�HOHFWULF�UD\V�FROOHFWHG�RII�WKH�/DQJXHGRFLDQ�FRDVW��/HJHQG����)���IUH�
TXHQF\�RI�RFFXUUHQFH����&Q���SHUFHQWDJH�QXPHULFDO�FRPSRVLWLRQ����&Z���SHUFHQWDJH�SRQGHUDO�FRPSRVLWLRQ��,5,
��LQGH[�RI�UHODWLYH�LPSRUWDQFH�
7DE�����6HVWDYD�KUDQH�Y�ËHORGFLK�����QDYDGQLK�HOHNWULàQLK�VNDWRY��XMHWLK�Y�REUHËQLK�YRGDK�SRNUDMLQH�/DQJXHGRF�
/HJHQGD����)���IUHNYHQFD�SRMDYOMDQMD����&Q���ÉWHYLOàQRVW�Y�RGVWRWNLK����&Z���ELRPDVD�Y�RGVWRWNLK��,5,���LQGHNV
UHODWLYQH�SRPHPEQRVWL�

)RRG�LWHPV ���)� ���&Q� ���&Z� ,5, ��,5,

&HSKDORSRGV
/ROLJR�YXOJDULV ���� ���� ���� ���� ����
6HSLD�HOHJDQV ���� ���� ���� ���� ����
8QLGHQWLILHG�SUH\V ���� ���� ���� ����� ����
7RWDO ���� ����� ���� ����� ����
7HOHRVWV
&DOOLRQ\PXV�O\UD ���� ���� ���� ���� ����
&HSROD�UXEHVFHQV ���� ���� ���� ����� ����
/L]D�VDOLHQV ���� ���� ����� ����� ����
8QLGHQWLILHG ����� ����� ����� ������� �����
7RWDO ����� ����� ����� ������� �����



$11$/(6�©�6HU��KLVW��QDW��©����©������©��

&KULVWLDQ�&$3$3e�HW�DO���',(7�2)�7+(�0$5%/('�(/(&75,&�5$<�7253('2�0$5025$7$��&+21'5,&+7+<(6��7253(',1,'$(����������

��

)LJ������6O�����7RUSHGR�PDUPRUDWD���3KRWR���)RWR��%��)XUODQ�

RUJDQV��7KH�GLVFKDUJH�LV�VXIILFLHQW�WR�EUHDN�WKH�YHUWHEUDO
FROXPQ�RI�WKH�SUH\��ZKLFK�PRYHV�XQGHU�WKH�GLVF�DQG�LV
WKHQ� DEVRUEHG��$FWLYH� VZLPPHUV�� VXFK�DV� WHOHRVWV�� SUR�
GXFH� IOXH� ZDWHU� WKDW� LQGXFHV� HOHFWULF� GLVFKDUJHV�� 7KLV
H[SODLQV� WKHLU� LPSRUWDQFH� LQ� WKH� GLHW� RI� 7��PDUPRUDWD�
DQG�RIIHUV�XV�DQ�RSSRUWXQLW\�WR�VWDWH��LQ�DJUHHPHQW�ZLWK
SUHYLRXV� SDSHUV�� WKDW� WKH�PDUEOHG� HOHFWULF� UD\� LV� D� SLV�
FLYRURXV�VSHFLHV��)LJ�����

7KH�GLHW�FRPSRVLWLRQ�RI�7��PDUPRUDWD�IURP�ERWK�7X�
QLVLDQ�DQG�/DQJXHGRFLDQ�FRDVWV�KDV�VKRZQ�WKDW�WKH�VSH�

FLHV�IHHGV�RQ�PRUH�VSHFLHV�WKDQ�LWV�FORVH�UHODWLYH�7��WRU�
SHGR� IURP� WKH� VDPH� DUHD� �4XLJQDUG� 	� &DSDSp�� �����
&DSDSp�� ������� $FFRUGLQJ� WR� &DSDSp� �������� WKLV� SKH�
QRPHQRQ� FRXOG� EH� GXH� WR� WKH� IDFW� WKDW� 7�� PDUPRUDWD
UHDFKHV� D� ODUJHU� VL]H� WKDQ� 7�� WRUSHGR� DQG� LV�� FRQVH�
TXHQWO\��D�PRUH�DFWLYH� IHHGHU��6LPLODU�SDWWHUQV�ZHUH� UH�
SRUWHG� LQ� RWKHU� HODVPREUDQFK� VSHFLHV�� VXFK� DV� UDMLGV
�&DSDSp� 	� $]RX]�� ������ &DSDSp�� ����D�� &DSDSp� 	
4XLJQDUG�� ������ DQG� P\OLREDWLGV� �&DSDSp�� �����
����E��-DUGDV�HW�DO���������
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GHMVWYR��GD�MH�7��PDUPRUDWD�ULERMHGD�YUVWD��WDNR�NRW��RVHENL�L]�GUXJLK�REPRßLM�LQ�GUXJLK�YUVW�L]�URGX�7RUSHGR�

.OMXÞQH�EHVHGH��&KRQGULFKWK\HV��7RUSHGR�PDUPRUDWD��SUHKUDQD��REUHÌQH�YRGH�/DQJXHGRFD��6UHGR]HPVNR�PRUMH
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%HOEHQRLW�� 3�� ��������&RPSRUWHPHQW� DOLPHQWDLUH� HW� Gp�
FKDUJH�pOHFWULTXH�DVVRFLpH�FKH]�7RUSHGR�PDUPRUDWD��3L�
VFHV��6HODFKLL���=��9HUJO��3K\VLRO���������������
%HOEHQRLW�� 3�� 	� 5�� %DXHU� �������� 9LGHRUHFRUGLQJV� RI
SUH\� FDSWXUH� EHKDYLRXU� DQG� DVVRFLDWHG� HOHFWULF� RUJDQ
GLVFKDUJH�RI�7RUSHGR�PDUPRUDWD��&KRQGULFKWK\HV���0DU�
%LRO�������������
%HUJ�� -�� �������� 'LVFXVVLRQV� RI� WKH�PHWKRGV� RI� LQYHVWL�
JDWLQJ�WKH�IRRG�RI�ILVKHV�ZLWK�UHIHUHQFHV�WR�D�SUHOLPLQDU\
VWXG\�RI� WKH�IRRG�RI�*RELXVFXOXV� IODYHVFHQV� �*RELLGDH��
0DU��%LRO���������������
%ODFKH��-���-��&DGHQDW�	�$��6WDXFK���������&Op�GH�GpWHU�
PLQDWLRQ�GHV�SRLVVRQV�GH�PHU�VLJQDOpV�GDQV�O¤$WODQWLTXH
RULHQWDO��HQWUH�OH���qPH�SDUDOOqOH�1��HW� OH���qPH�SDUDO�
OqOH�6����)DXQH�WURS���256720������������
&DOYHW�� /�� �������� /D� 6WDWLRQ� ELRORJLTXH� GH� &HWWH� DYHF
XQH�HVTXLVVH�GH�OD�)DXQH�HW�GH�OD�)ORUH�PDULQHV�GH�OD�Up�
JLRQ�� 3RLVVRQV�� 7UDY�� ,QVW�� =RRO�� 8QLY��0RQWSHOOLHU�� SS�
������
&DSDSm��&����������(WXGH�GX�UpJLPH�DOLPHQWDLUH�GH�O
$L�
JOH� GH� PHU��0\OLREDWLV� DTXLOD� �/��� ������ GHV� FzWHV� WX�
QLVLHQQHV��-��&RQV��,QW��([SORU��0HU���������������
&DSDSm�� &�� �����D��� 2EVHUYDWLRQV� VXU� OH� UpJLPH� DOL�
PHQWDLUH�GH�TXHOTXHV�UDLHV�GHV�FzWHV�WXQLVLHQQHV��5DSS�
&RPP��LQW��0HU�0pGLW����������������
&DSDSm��&�� �����E��� (WXGH�GX� UpJLPH�DOLPHQWDLUH�GH� OD
0RXULQH� YDFKHWWH�� 3WHURP\ODHXV� ERYLQXV� �*HRIIUR\
6DLQW�+LODLUH����������3LVFHV��0\OLREDWLGDH��GHV�FzWHV�WX�
QLVLHQQHV��-��&RQV��,QW��([SORU��0HU�����������������
&DSDSm�� &�� �������� /D� WRUSLOOH� PDUEUpH�� 7RUSHGR� PDU�
PRUDWD� 5LVVR�� ����� �3LVFHV�� 5DMLIRUPHV�� GHV� FzWHV� WX�
QLVLHQQHV��QRXYHOOHV�GRQQpHV� VXU� O
pFRORJLH� HW� OD� ELROR�
JLH�GH� OD� UHSURGXFWLRQ�GH� O
HVSqFH�DYHF�XQH�FRPSDUDL�
VRQ� HQWUH� OHV� SRSXODWLRQV� PpGLWHUUDQpHQQHV� HW� DWODQ�
WLTXHV��$QQ��6FL��QDW���=RRO��3DULV�����qPH�VpULH��������
���
&DSDSm�� &�� �������� /HV� 6pODFLHQV� GHV� FzWHV� PpGLWHU�
UDQpHQQHV��$VSHFWV�JpQpUDX[�GH� OHXU�pFRORJLH�HW�H[HP�
SOHV�GH�SHXSOHPHQWV��2FpDQLV�����������������
&DSDSm�� &��	� $�� $]RX]� �������� (WXGH� GX� UpJLPH� DOL�
PHQWDLUH� GH� GHX[� 5DMLGDH� FRPPXQV� GDQV� OH� JROIH� GH
7XQLV��5DMD�PLUDOHWXV�� /LQQp�������HW�5�� UDGXOD�'HODUR�
FKH��������5DSS��&RPP��LQW��0HU�0pGLW����������������
&DSDSm��&��	� -�� 3��4XLJQDUG� �������� &RQWULEXWLRQ� j� OD
ELRORJLH�GHV�5DMLGDH�GHV�FzWHV�WXQLVLHQQHV��9,��5DMD�DVWH�
ULDV� 'HODURFKH�� ������ UpJLPH� DOLPHQWDLUH�� %XOO�� ,QVW�
1DWO�� 6FL�� 7HFK�� 2FHDQRJU�� 3HFKH� 6DODPPEz�� �������
��������
&DSDSm��&���-��$��7RPDVLQL�	�-��3��4XLJQDUG���������/HV
(ODVPREUDQFKHV�3OHXURWUrPHV�GH� OD� FzWH�GX�/DQJXHGRF
�)UDQFH�PpULGLRQDOH��0pGLWHUUDQpH� VHSWHQWULRQDOH���2E�
VHUYDWLRQV� ELRORJLTXHV� HW� GpPRJUDSKLTXHV�� 9LH� 0LOLHX�
���������������

&DSDSm��&���$��*XH\H�1GLD\H��<��'LDWWD��0��'LRS�	�$�
$��6HFN���������2EVHUYDWLRQV�RQ�VL[�HODVPREUDQFK�VSH�
FLHV� UHFRUGHG� IURP� RII� WKH� FRDVW� RI� 6HQHJDO� �HDVWHUQ
WURSLFDO�$WODQWLF���$FWD�$GULDW�����������������
&DSDSm��&���2��*XmORUJHW��<��9HUJQH��$��0DUTXnV�	� -�
3�� 4XLJQDUG� �������� 6NDWHV� DQG� UD\V� �&KRQGULFKWK\HV�
IURP� ZDWHUV� RII� WKH� /DQJXHGRFLDQ� FRDVW� �VRXWKHUQ
)UDQFH�� QRUWKHUQ� 0HGLWHUUDQHDQ��� $QQDOHV�� 6HU�� +LVW�
1DW������������������
&RUWnV�� )�� �������� $� FULWLFDO� UHYLHZ� RI� PHWKRGV� RI
VWXG\LQJ� ILVK� IHHOLQJ�EDVHG�RQ�DQDO\VLV�RI� VWRPDFK�FRQ�
WHQWV�� DSSOLFDWLRQ� WR� HODVPREUDQFK� ILVKHV�� &DQ�� -�� )LVK�
$TXDW��6FL���������������
'RXPHW��1����������&DWDORJXH�GHV�SRLVVRQV�UHFXHLOOLV�RX
REVHUYpV� j� &HWWH�� 5HY��PDJ�� =RRO�� SXUH� DSSO�� �qPH� VpU��
����SS����������
(X]HW��/����������5HFKHUFKHV�VXU�OHV�&HVWRGHV�7pWUDSK\O�
OLGHV�GHV�6pODFLHQV�GHV�FzWHV�GH�)UDQFH��1DW��0RQVSHO��
VpU��]RRO������������
)LVFKHU�� :��� *�� %LDQFKL� 	� :�� %�� 6FRWW� �HGV��� �������
)LFKHV� )$2�G¤LGHQWLILFDWLRQ� GHV� ����� HVSqFHV� SRXU� OHV
EHVRLQV� GH� OD� SrFKH�� $WODQWLTXH� FHQWUH�HVW�� ]RQHV� GH
SrFKH����� ��� �HQ� SDUWLH���&DQDGD�)RQGV� GH�'pSzW��2W�
WDZD��0LQLVWqUH�GHV�3rFKHULHV�HW�2FpDQV�GX�&DQDGD��HQ
DFFRUG� DYHF� O¤RUJDQLVDWLRQ� GHV� 1DWLRQV�8QLHV� SRXU
O¤$OLPHQWDWLRQ�HW�O¤$JULFXOWXUH��9ROV�������SDJ��YDU�
)LVFKHU�� :��� 0�� /�� %DXFKRW� 	� 0�� 6FKQHLGHU� �������
)LFKHV� )�$�2�� G¤LGHQWLILFDWLRQ� GHV� HVSqFHV� SRXU� OHV� EH�
VRLQV�GH�OD�SrFKH��5pYLVLRQ��0pGLWHUUDQpH�HW�0HU�QRLUH�
=RQH�GH�SrFKH�����9RO�� ,,��9HUWpEUpV��)�$�2���5RPH����
���������
+\VORS�� (�� -�� �������� 6WRPDFK� FRQWHQW� DQDO\VLV� �� D� UH�
YLHZ�RI�PHWKRGV�DQG�WKHLU�DSSOLFDWLRQ��-��)LVK��%LRO������
��������
-DUGDV��,���0��6DQWLF�	�$��3DOODRUR���������'LHW�FRPSR�
VLWLRQ� RI� WKH� HDJOH� UD\�� 0\OLREDWLV� DTXLOD� �&KRQGULFK�
WK\HV�� 0\OLREDWLGDH��� LQ� WKH� HDVWHUQ� $GULDWLF� 6HD�� &\�
ELXP�����������������
/XEHW�� 3�� 	� $�� $]RX]� �������� (WXGH� GHV� IRQGV� FKDOX�
WDEOHV� GX� JROIH� GH� 7XQLV�� %XOO�� ,QVW�� 2FHDQRJU�� 3HFKH
6DODPPEz���������������
0HOOLQJHU��-����������'pYHORSSHPHQW�SRVW�HPEU\RQQDLUH
GH� O
DGpQR�K\SRSK\VH� GH� OD� WRUSLOOH� �7RUSHGR�PDUPR�
UDWD��&KRQGULFKWK\HQV���pYROXWLRQ�GX�V\VWqPH�GHV�FDYLWpV
HW�PDQLIHVWDWLRQV�GX�GLPRUSKLVPH�VH[XHO��$QQ��8QLY��HW
$�(�5�6������������
0HOOLQJHU�� -�� �������� &URLVVDQFH� HW� UHSURGXFWLRQ� GH� OD
7RUSLOOH� �7RUSHGR�PDUPRUDWD�� &KRQGULFKWK\HQV��� ��� ,Q�
WURGXFWLRQ�� eFRORJLH�� &URLVVDQFH� JpQpUDOH� HW� GLPRU�
SKLVPH� VH[XHO�� &\FOH�� )pFRQGLWp�� %XOO�� %LRO�� )UDQFH�
%HOJLTXH���������������
0HOOLQJHU�� -�� �������� &URLVVDQFH� HW� UHSURGXFWLRQ� GH� OD
7RUSLOOH� �7RUSHGR� PDUPRUDWD�� &KRQGULFKWK\HQV��� ��
&URLVVDQFH�HW�YDULDWLRQV�SRQGpUDOHV�GH�O
DSSDUHLO�GLJHVWLI�
SDUWLFXOLqUHPHQW� OH� IRLH�� %XOO�� %LRO�� )UDQFH�%HOJLTXH�
�������������
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0HOOLQJHU�� -�� �������� &URLVVDQFH� HW� UHSURGXFWLRQ� GH� OD
7RUSLOOH��7RUSHGR�PDUPRUDWD��&KRQGULFKWK\HQV������/
DS�
SDUHLO� JpQLWDO� IHPHOOH��%XOO�� %LRO�� )UDQFH�%HOJLTXH�� ����
��������
0HOOLQJHU�� -�� �������� &URLVVDQFH� HW� UHSURGXFWLRQ� GH� OD
7RUSLOOH� �7RUSHGR� PDUPRUDWD�� &KRQGULFKWK\HQV��� ��
&URLVVDQFH�� GLPRUSKLVPH� VH[XHO� HW� YDULDWLRQV� GH� OD
JODQGH� LQWHUUpQDOH�� GH� OD� WK\URwGH� HW� GH� O
K\SRSK\VH�
%XOO��%LRO��)UDQFH�%HOJLTXH���������������
0RUHDX��(����������+LVWRLUH�1DWXUHOOH�GHV�SRLVVRQV�GH�OD
)UDQFH��9RO�����0DVVRQ�pGLW���3DULV������S�
0XXV�� %�� 3�� 	� 3�� 'DKOVWUrP� �������������*XLGH� GHV
SRLVVRQV�GH�PHU�HW�GH�SrFKH��'HODFKDX[�	�1LHVWOp�pGLW��
3DULV�/DXVDQQH������S�
4XLJQDUG�� -��3��	�&��&DSDSm���������5HFKHUFKHV� VXU� OD
ELRORJLH� G¤XQ� VpODFLHQ� GX� JROIH� GH� 7XQLV�� 7RUSHGR� WRU�
SHGR� /LQQp�� ����� �(FRORJLH�� VH[XDOLWp�� UHSURGXFWLRQ��
%XOO�� ,QVW��1DWO��6FL��7HFK��2FHDQRJU��3HFKH�6DODPPEz�
���������������

4XLJQDUG��-��3���$��5DLEDXW�	�-��3��7ULOOHV���������&RQWUL�
EXWLRQ�j� OD� IDXQH� LFKW\RORJLTXH� VpWRLVH��1DW��0RQVSHO��
VpU��]RRO������������
3LQNDV�� /�� 0��� 6�� 2OLSKDQW� 	� ,�� /�� .�� ,YHUVRQ� �������
)RRG� KDELWV� RI� DOEDFRUH�� EOXH� ILQ� WXQD�� DQG� ERQLWR� LQ
&DOLIRUQLDQ�ZDWHUV��&DOLI��)LVK�*DPH�������������
5LHGO��5����������)DXQD�XQG�IORUD�GHU�$GULD��9HUODJ�3DXO
3DUH\��+DPEXUJ�%HUOLQ������S�
6PLWK��0��0��	� 3�� &��+HHPVWUD� �HGV��� �������� 6PLWKV

VHD�ILVKHV��6SULQJHU�9HUODJ��%HUOLQ�������S�
7LUDVLQ��0��(�	�,��-xUJHQVHQ���������$Q�HYDOXDWLRQ�RI�WKH
SUHFLVLRQ� RI� WKH� GLHW� GHVFULSWLRQ��0DU�� (FRO�� 3URJ�� 6HU��
�������������
:KHHOHU�� $�� �������� 7KH� ILVKHV� RI� WKH� %ULWLVK� ,VOHV� DQG
1RUWK� :HVW� (XURSH�� 0F0LOODQ� DQG� &R�� /WG��� /RQGRQ�
����S�


