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&KDSLWUH��� 

&KRL[�GHV�WUDFHXUV

&HWWH�GHUQLqUH�SDUWLH�FRQVLVWH�HQ�O·HVWLPDWLRQ�GHV�SDUDPqWUHV�FRQWU{ODQW�OH�WUDQVIHUW�G·DXWUHV�WUDFHXUV

TXH�O·$O�DX[�VLWHV�(80(/,�ROLJRWURSKH�HW�PpVRWURSKH��/·REMHFWLI�HVW��

� GH�PLHX[� FRPSUHQGUH� OH� IRQFWLRQQHPHQW� ELRJpRFKLPLTXH� GH� OD� FRORQQH� G·HDX� VRXPLVH� j� FHV

GHX[� UpJLPHV� WURSKLTXHV� WRXW� HQ� DPpOLRUDQW� QRWUH� FRQQDLVVDQFH� GHV� SURSULpWpV� GH� WUDFHXUV

ELRJpRFKLPLTXHV�LPSRUWDQWV��

� G·DSSURIRQGLU�QRWUH�SHUFHSWLRQ�GHV�SHUIRUPDQFHV�HW�GHV�OLPLWHV�GH�O·DSSURFKH�LQYHUVH�TXH�QRXV

DYRQV�GpYHORSSpH�

'DQV� FH� FKDSLWUH�� QRXV� MXVWLILRQV� OH� FKRL[� GH� WURLV� WUDFHXUV�� j� VDYRLU� O·$O�� OH� FDUERQH� RUJDQLTXH

�&RUJ��HW� OH�EDU\XP��%D���&H�FKRL[�HVW�EDVp�VXU� OD�TXDQWLWp�HW� OD�TXDOLWp�GHV�GRQQpHV�SRXYDQW�rWUH

DVVLPLOpHV�SRXU�FKDFXQ�G·HX[��HW�VXU�OHXU�LQWpUrW�ELRJpRFKLPLTXH�SRXU�O·pWXGH�GH�OD�FRORQQH�G·HDX�

���� &RQWUDLQWHV�VXU�OD�TXDQWLWp�HW�TXDOLWp�GHV�GRQQpHV
DVVLPLODEOHV

/HV� H[SpULHQFHV� LQYHUVHV� UpDOLVpHV� GDQV� OH� &KDSLWUH� �� DSSRUWHQW� GHV� LQGLFDWLRQV� SRXU� pYDOXHU� OD

TXDQWLWp�PLQLPDOH�GH�PHVXUHV�QpFHVVDLUH�SRXU�HVWLPHU�OHV�SDUDPqWUHV�GH�&2/'2�TXL�H[SOLTXHQW�OD

GLVWULEXWLRQ�G·XQ�WUDFHXU�DX[�VLWHV�(80(/,��VHFWLRQV�����HW�������/·LQYHUVLRQ�H[LJH��

� GH�GLVSRVHU�GH�PHVXUHV�GHV�TXDWUH�YDULDEOHV�G·pWDW�GH�&2/'2��7DEOHDX�����

� TXH�OH�IOX[�GX�WUDFHXU�DLW�pWp�PHVXUp�DX�PRLQV�j������HW������P��HW�D�SULRUL�SHQGDQW�XQH�GXUpH

PLQLPDOH�FRUUHVSRQGDQW�j�OD�GXUpH�G·XQ�GpSORLHPHQW�GHV�SLqJHV��a���PRLV��FI��7DEOHDX[���HW����

� GH�GLVSRVHU�G·DX�PRLQV�XQ�SURILO�GH�OD�FRQFHQWUDWLRQ�GX�WUDFHXU�GDQV�OD�SKDVH�ILOWUpH�
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� GH�GLVSRVHU�G·DX�PRLQV�XQ�SURILO�GH�OD�FRQFHQWUDWLRQ�WRWDOH�GHV�SDUWLFXOHV�ILOWUpHV�SRXU�HVWLPHU�OD

FRQFHQWUDWLRQ�GX�WUDFHXU�GDQV�OHV�SDUWLFXOHV�ILOWUpHV��FI��(T������VHFWLRQ��������

� GH�GLVSRVHU�G·DX�PRLQV�XQ�SURILO�GH�OD�FRQFHQWUDWLRQ�GX�WUDFHXU�GDQV�OD�SKDVH�GLVVRXWH�

/D� EDVH� GH� GRQQpHV� (80(/,� QH� IRXUQLW� FHW� HQVHPEOH� GH� PHVXUHV� SRXU� DXFXQ� GHV� WUDFHXUV

pFKDQWLOORQQpV��$QQH[H�����(OOH�PDQTXH�HQ�SDUWLFXOLHU�GH�PHVXUHV�VXU�OHV�SKDVHV�GLVVRXWH�HW�ILOWUpH�

1RXV� O·DYRQV�FRPSOpWpH�HQ�FRPSLODQW� OHV� UpVXOWDWV�GH� FDPSDJQHV� UpDOLVpHV�GDQV� O·$WODQWLTXH�QRUG

WURSLFDO�HW�GDQV�O·$WODQWLTXH�pTXDWRULDO��1RXV�DYRQV�DLQVL�UpXVVL�j�FRQVWLWXHU�GHV�EDVHV�GH�GRQQpHV

SRXU�FRQWUDLQGUH�OHV�F\FOHV�GH�O·$O�HW�GX�&RUJ�DX�VLWH�2�HW�0��HW�GX�%D�DX�VLWH�2�XQLTXHPHQW��/D

EDVH�GH�GRQQpHV�FRQVWLWXpH�SRXU�O·$O�DX�VLWH�2�D�pWp�GpFULWH�GDQV�OD�VHFWLRQ������/HV�DXWUHV�EDVHV�GH

GRQQpHV�VRQW�SUpVHQWpHV�GDQV�OHV�GHX[�FKDSLWUHV�VXLYDQWV�

���� 3URSULpWpV�JpRFKLPLTXHV

������ /·DOXPLQLXP��WUDFHXU�GH�OD�IUDFWLRQ�OLWKRJpQLTXH�GX�IOX[�GH�PDVVH

/·$O� HVW� XQ� pOpPHQW� FKLPLTXH� GRQW� OH� F\FOH� RFpDQLTXH� HVW� VLPSOH� HW� UHODWLYHPHQW� ELHQ� FRQQX�� ,O

Q·H[LVWH� SDV� GH� VRXUFH� G·$O� LQWHUQH� j� O·RFpDQ�� /D� VRXUFH� H[WHUQH� GRPLQDQWH� FRUUHVSRQG� DX[

SRXVVLqUHV�PLQpUDOHV�WUDQVSRUWpHV�SDU�OD�FLUFXODWLRQ�DWPRVSKpULTXH��2ULDQV�HW�%UXODQG���������&HOOHV

TXL� VH� GpSRVHQW� GDQV� OD� ]RQH� (80(/,� SURYLHQQHQW�PDMRULWDLUHPHQW� GX� 6DKDUD� �*URXVVHW� HW� DO��

�������VHFWLRQ���������'DQV� OHV�HDX[�GH�VXUIDFH��FHV�DpURVROV�VRQW� WUqV� UDSLGHPHQW� LQFRUSRUpV�GDQV

GHV� SHORWHV� IpFDOHV� DSUqV� DYRLU� pWp� EURXWpV� SDU� OH� ]RRSODQFWRQ� RX� VRQW� LQWpJUpV� j� GHV� DJUpJDWV

RUJDQLTXHV��'HXVHU�HW�DO���������%XDW�0pQDUG�HW�DO����������&HSHQGDQW��XQH�IDLEOH�SURSRUWLRQ�GH�O·$O

DSSRUWp�SDU�FHV�SRXVVLqUHV�G·RULJLQH�FUXVWDOH�VH�GLVVRXW�GDQV�O·HDX�GH�PHU��a��j�������FI��0DULQJ�HW

'XFH���������/·DXWUH�VRXUFH�H[WHUQH�G·$O�GLVVRXV�SURYLHQW�GH� OD�GLVVROXWLRQ�SDUWLHOOH�GH�VpGLPHQWV

UHPLV�HQ�VXVSHQVLRQ�

/·$O� SURGXLW� SDU� OD� GLVVROXWLRQ� GHV� SRXVVLqUHV� PLQpUDOHV� HVW� UDSLGHPHQW� SLpJp� SDU� GHV� SDUWLFXOHV

ELRJpQLTXHV� HQ� VXVSHQVLRQ� �0DF.HQ]LH� HW� DO��� ������0RUDQ� HW�0RRUH�� ������� FH� TXL� H[SOLTXH� VRQ

WHPSV�GH�UpVLGHQFH�WUqV�FRXUW�GDQV�OHV�HDX[�GH�VXUIDFH��a����DQV�GDQV� OHV�HDX[�ROLJRWURSKHV�GH� OD

J\UH�GX�3DFLILTXH�1RUG��FI��2ULDQV�HW�%UXODQG���������2Q�SDUOH�DORUV�G·$O�SDUWLFXODLUH�ELRJpQLTXH��/H

U{OH�GH�O·DFWLYLWp�ELRORJLTXH�GDQV�FH�PpFDQLVPH�HVW�HQFRUH�PDO�FRPSULV��6HORQ�OHV�H[SpULHQFHV�LQ�YLWUR

UpDOLVpHV�SDU�9DQ�%HXVHNRP���������LO�V·DJLUDLW�G·XQ�PpFDQLVPH�DFWLI�G·LQFRUSRUDWLRQ�GH�O·$O�GDQV�OHV

IUXVWXOHV�VLOLFHXVHV�GHV�GLDWRPpHV��$X� FRQWUDLUH�� OHV� WUDYDX[�GH�0RUDQ� HW�0RRUH� ������� LQGLTXHQW

TX·LO� V·DJLW� G·XQH� UpDFWLRQ� UpYHUVLEOH� G·DGVRUSWLRQ�GLVVROXWLRQ� j� OD� VXUIDFH� GHV� GLDWRPpHV�� (WDQW

GRQQpH�OD�GLPLQXWLRQ�GH�O·DFWLYLWp�ELRORJLTXH�GDQV�OD�FRXFKH�SURIRQGH��OH�WHPSV�GH�UpVLGHQFH�GH�O·$O

GLVVRXV�HVW�GH�O·RUGUH�GH�����j�����DQV��2ULDQV�HW�%UXODQG��������
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/HV�SURILOV�G·$O�GLVVRXV�VH�FDUDFWpULVHQW�JpQpUDOHPHQW�SDU�XQ�PD[LPXP�SURQRQFp�HQ�VXUIDFH�OLp�DX[

DSSRUWV�pROLHQV��SDU�XQ�PLQLPXP�j�PL�SURIRQGHXU�TXL�UHIOqWH�O·LQIOXHQFH�GH�O·DFWLYLWp�ELRORJLTXH��HW

SDU� XQH� DXJPHQWDWLRQ� GH� OD� FRQFHQWUDWLRQ� YHUV� OH� IRQG� FDXVpH� SDU� OD� GLVVROXWLRQ� SDUWLHOOH� GHV

VpGLPHQWV�UHPLV�HQ�VXVSHQVLRQ��0HDVXUHV�HW�DO���������2ULDQV�HW�%UXODQG��������0RUDQ�HW�DO���������

&HSHQGDQW��OH�PD[LPXP�GH�VXUIDFH�SHXW�rWUH�DWWpQXp���YRLUH�DEVHQW���GDQV�OHV�UpJLRQV�R��O·DFWLYLWp

ELRORJLTXH�HVW�LQWHQVH��HQ�SDUWLFXOLHU�GDQV�OHV�]RQHV�F{WLqUHV�HW�DX�QLYHDX�GHV�XSZHOOLQJV��0HDVXUHV�

������*HODGR�&DEDOOHUR�HW�DO���������

(WDQW� GRQQpV� O·LPSRUWDQFH� UHODWLYH� GH� O·$O� SDUWLFXODLUH� OLWKRJpQLTXH�� OD� SURSRUWLRQ� pOHYpH� HW

DSSUR[LPDWLYHPHQW�FRQVWDQWH�GH�O·$O�GDQV�OHV�PDWpULDX[�G·RULJLQH�FUXVWDOH������j�������HQ�PDVVH��FI�

7D\ORU���������VD�IDLEOH�GLVVROXWLRQ�GDQV�O·HDX�GH�PHU�HW�OH�SLpJHDJH�UDSLGH�GHV�SRXVVLqUHV�PLQpUDOHV

GDQV� GHV� DJUpJDWV�� O·$O� HVW� VRXYHQW� XWLOLVp� FRPPH� WUDFHXU� GHV� DSSRUWV� FRQWLQHQWDX[� YHUV� O·RFpDQ

�0HDVXUHV� HW�%URZQ�� ������ HW� GH� OD� IUDFWLRQ� OLWKRJpQLTXH� GX� IOX[� GH�PDVVH� �%RU\�� ������%RU\� HW

1HZWRQ���������/HV�UpVXOWDWV�SUpVHQWpV�GDQV�OD�VHFWLRQ�������PRQWUHQW�TXH�O·LQYHUVLRQ�GH�&2/'2

SHUPHW�G·pYDOXHU�OD�FRQVHUYDWLRQ�GX�VLJQDO�DVVRFLp�DX�IOX[�G·$O�GDQV�OD�FRORQQH�G·HDX��/·$O�GLVVRXV

VHUW�pJDOHPHQW�GH�WUDFHXU�GHV�VWUXFWXUHV�PpVRpFKHOOHV�GH�OD�FLUFXODWLRQ�RFpDQLTXH��*HODGR�&DEDOOHUR

HW�DO����������0HDVXUHV�HW�(GPRQG���������DLQVL�TXH�GH�WUDFHXU�GH�OD�FLUFXODWLRQ�SURIRQGH�j�O·pFKHOOH

GHV�EDVVLQV�RFpDQLTXHV��0HDVXUHV�HW�(GPRQG��������������

������ /H�FDUERQH�RUJDQLTXH��pOpPHQW�HVVHQWLHO�GH�OD�PDWLqUH�RUJDQLTXH

/H� &RUJ� HVW� XQ� FRQVWLWXDQW� PDMHXU� GH� OD� PDWLqUH� RUJDQLTXH� V\QWKpWLVpH� SDU� OHV� RUJDQLVPHV

SK\WRSODQFWRQLTXHV� GDQV� OD� FRXFKH� HXSKRWLTXH� �*HLGHU� HW� 2VERUQH�� ������� ,O� QH� V·DJLW� SDV� j

SURSUHPHQW� SDUOHU� G·XQ� WUDFHXU� ELRJpRFKLPLTXH�� PDLV� O·pWXGH� GH� VRQ� F\FOH� HVW� HVVHQWLHOOH� SRXU

FRPSUHQGUH�HW�TXDQWLILHU� O·HQIRXLVVHPHQW�GX�&2 � �DWPRVSKpULTXH�HQ�H[FqV�GDQV� O·RFpDQ� �&KDSLWUH

����4XD\�HW�DO���������6LHJHQWKDOHU�HW�6DUPLHQWR���������(Q�RXWUH��OH�F\FOH�GX�&RUJ��FRQGLWLRQQH�FHOXL

GH�OD�SOXSDUW�GHV�pOpPHQWV�FKLPLTXHV�SUpVHQWV�GDQV�O·RFpDQ��)LJXUHV���HW�����/H�F\FOH�GH�OD�PDWLqUH

RUJDQLTXH�D�pWp�GpFULW�GDQV�OH�&KDSLWUH���HW�GDQV�OD�VHFWLRQ�����

/H�&RUJ�GDQV�OD�FRXFKH�SURIRQGH�VH�WURXYH�HVVHQWLHOOHPHQW�VRXV�IRUPH�GLVVRXWH��&2'���&DUERQH

2UJDQLTXH�'LVVRXV���������µPRO�O��FI��+DQVHOO�HW�&DUOVRQ���������/H�&DUERQH�2UJDQLTXH�3DUWLFXODLUH

�&23�� L�H�� GpEULV� G·RUJDQLVPHV�� SHORWHV� IpFDOHV�� DJUpJDWV«�� \� HVW� EHDXFRXS� PRLQV� DERQGDQW��� VD

FRQFHQWUDWLRQ�VRXV�IRUPH�GH�SDUWLFXOHV�ILOWUpHV�HVW�GH� O·RUGUH�GH������j������µPRO�O��2Q�GLVWLQJXH

VFKpPDWLTXHPHQW�GHX[�W\SHV�GH�&2'��/H�&2'�UpIUDFWDLUH�SURYLHQW�GHV�PDUJHV�FRQWLQHQWDOHV��HW�LO

HVW�WUqV�OHQWHPHQW�UHPLQpUDOLVp��/H�&2'�ODELOH�HVW�SURGXLW�SDU�O·DFWLYLWp�ELRORJLTXH�GDQV� OD�FRXFKH

HXSKRWLTXH�HW�GDQV�OD�FRORQQH�G·HDX�SDU�OD�GpJUDGDWLRQ�EDFWpULHQQH�GX�&23��%LGGDQGD�HW�3RPHUR\�

������&KR� HW�$]DP�� ������ 6LPRQ� HW� DO��� ������ 6PLWK� HW� DO��� �������/H�&2'� ODELOH� HVW� UDSLGHPHQW

GpJUDGp� �&KHUULHU� HW� DO��� ������ 9DOOLQR� HW� DO��� ������ %LDQFKL� HW� DO��� ������ SXLV� UHPLQpUDOLVp� SDU� OHV
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EDFWpULHV�HQ�&,'��FI��&KDSLWUH�����0rPH�VL�OH�&2'�HVW�UHODWLYHPHQW�SHX�DERQGDQW�UHODWLYHPHQW�DX

&,'��LO�FRQWULEXHUDLW�j�XQH�H[SRUWDWLRQ�VLJQLILFDWLYH�GX�FDUERQH�SURGXLW�SDU�OD�ELRORJLH�

/HV�pWXGHV�DFWXHOOHV�VXU� OH�&RUJ�GDQV� OD� FRXFKH�SURIRQGH�SRUWHQW� VXU� O·pWXGH�GX� U{OH�GH� OD�SKDVH

GLVVRXWH� GDQV� O·HQIRXLVVHPHQW� GX� &RUJ�� HW� VXU� OD� TXDQWLILFDWLRQ� GH� OD� IUDJPHQWDWLRQ� HW� GH� OD

GpJUDGDWLRQ�EDFWpULHQQH�GX�&23�HQ�FROORwGHV�HW�FRPSOH[HV�RUJDQLTXHV�GLVVRXV��%LDQFKL�HW�DO��������

/DP\�������� 6HPSpUp� HW� DO��� �������/·LQYHUVLRQ�GH�&2/'2�SHXW� FRQWULEXHU� j� FHV� pWXGHV�� JUkFH� j

O·HVWLPDWLRQ�GHV�SDUDPqWUHV�. � ��PpODQJH�YHUWLFDO���. � � � ��IUDJPHQWDWLRQ���. � � �HW�. � � ��GpJUDGDWLRQ��

������ /H�EDU\XP��WUDFHXU�GH�OD�SURGXFWLRQ�H[SRUWpH

&RPPH� SRXU� O·$O�� RQ� GLVWLQJXH� GHX[� VRXUFHV� H[WHUQHV� PDMHXUHV� SRXU� OH� %D� RFpDQLTXH�� /D� SOXV

LPSRUWDQWH�FRUUHVSRQG�DX[�DSSRUWV�pROLHQV�GH�SRXVVLqUHV�PLQpUDOHV��&HSHQGDQW�� OH�%D�HVW�SUpVHQW

GDQV� OHV� PDWpULDX[� FUXVWDX[� HQ� SURSRUWLRQ� EHDXFRXS� SOXV� IDLEOH� HW� SOXV� YDULDEOH� TXH� O·$O

�a�������HQ� PDVVH�� FI�� 7D\ORU�� ������� (Q� RXWUH�� XQH� IUDFWLRQ� LPSRUWDQWH� GX� %D� OLWKRJpQLTXH� VH

GLVVRXW� GDQV� OHV� HDX[� GH� VXUIDFH� ���� j� ����� SRXU� OHV� DpURVROV� PpGLWHUUDQpHQV�� FI�� 'HKDLUV� HW� DO��

������� /·DXWUH� VRXUFH� H[WHUQH� GX� %D� GLVVRXV� FRUUHVSRQG� j� OD� GLVVROXWLRQ� SDUWLHOOH� GHV� VpGLPHQWV

UHPLV�HQ�VXVSHQVLRQ�

/HV�SURILOV�GH�%D�GLVVRXV� UHIOqWHQW� O·LQIOXHQFH�GH� O·DFWLYLWp�ELRORJLTXH��� LOV� VRQW�FDUDFWpULVpV�SDU�XQ

DSSDXYULVVHPHQW� GDQV� OHV� HDX[� GH� VXUIDFH� HW� SDU� XQ� HQULFKLVVHPHQW� SURJUHVVLI� GDQV� OHV� HDX[

SURIRQGHV��&KDQ�HW�DO���������0RQQLQ�HW�DO����������/D�FRQFHQWUDWLRQ�GX�%D�GLVVRXV�HQ�VXUIDFH�Q·HVW

MDPDLV�QXOOH��FH�TXL� LPSOLTXH�TXH� OH�%D�SDUWLFLSH�DX[�F\FOHV�ELRORJLTXHV�PDLV�TX·LO�QH� OLPLWH�SDV� OD

FURLVVDQFH�GHV�RUJDQLVPHV���F·HVW�XQ�pOpPHQW�ELRLQWHUPpGLDLUH��/D�FRXFKH�FRPSULVH�HQWUH�OD�VXUIDFH

HW�a����P�HVW�OH�OLHX�GH�IRUPDWLRQ�GHV�FULVWDX[�GH�EDU\WLQH��%D62 � ��j�SDUWLU�GX�%D�GLVVRXV��/HJHOHX[

HW� 5H\VV�� ������� &HWWH� IUDFWLRQ� ELRJpQLTXH� GX� %D� �%D�ELR�� GRPLQH� ODUJHPHQW� OD� IUDFWLRQ

OLWKRJpQLTXH���DX� VLWH�(80(/,�ROLJRWURSKH�SDU�H[HPSOH��SOXV�GH������HW������GX�%D� WUDQVSRUWp

UHVSHFWLYHPHQW�SDU� OHV�SDUWLFXOHV� HQ� VXVSHQVLRQ�HW� OHV�SDUWLFXOHV�SLpJpHV� HVW� GH�QDWXUH�ELRJpQLTXH

�-HDQGHO� HW� DO��� �������/D�EDU\WLQH�VHUDLW� UHVSRQVDEOH�GH� OD�PDMHXUH�SDUWLH�GX�IOX[�GH�%D�GHSXLV� OHV

HDX[� GH� VXUIDFH� YHUV� OHV� VpGLPHQWV�� /·HDX� GH� PHU� pWDQW� VRXV�VDWXUpH� SDU� UDSSRUW� j� OD� EDU\WLQH

�0RQQLQ��������0RQQLQ�HW�DO����������OHV�GHX[�PpFDQLVPHV�VXLYDQWV�VRQW�SURSRVpV�SRXU�H[SOLTXHU�VD

IRUPDWLRQ��

� HOOH� VH� IRUPHUDLW� GDQV� GH�PLFUR�HQYLURQQHPHQWV� j� O·LQWpULHXU� GH� SHORWHV� IpFDOHV� RX� G·DJUpJDWV

RUJDQLTXHV� �'HKDLUV� HW� DO��� ������� &HV� PLFUR�HQYLURQQHPHQWV� VHUDLHQW� VDWXUpV� UHODWLYHPHQW� j� OD

EDU\WLQH� VXLWH� j� OD� UpJpQpUDWLRQ� GX� VRXIUH� RUJDQLTXH� �OH� VRXIUH� HVW� XQ� FRQVWLWXDQW� LPSRUWDQW� GHV

DFLGHV� DPLQpV��RX� VXLWH� j� OD� GLVVROXWLRQ�GH� OD� FpOHVWLWH� �6U62 � �� GHV� WHVWV�G·RUJDQLVPHV� WHOV� TXH� OHV

DFDQWKDULHQV�HW�OHV�UDGLRODLUHV�VLOLFHX[�
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� HOOH�VHUDLW�V\QWKpWLVpH�SDU�GHV�RUJDQLVPHV�SODQFWRQLTXHV��)LVKHU�HW�DO���������%HUWUDP�HW�&RZHQ�

������

/HV� FULVWDX[� GH� EDU\WLQH� VRQW� HQVXLWH� WUDQVIpUpV� YHUV� GHV� SDUWLFXOHV� SOXV� ILQHV� ORUV� GH� OD

IUDJPHQWDWLRQ� GHV� DJUpJDWV� SDU� O·DFWLYLWp� EDFWpULHQQH� j� OD� SURIRQGHXU� GX� PLQLPXP� G·R[\JqQH

�-HDQGHO�HW�DO����������(QVXLWH��LOV�VH�GLVVROYHQW�SURJUHVVLYHPHQW�GDQV�OHV�HDX[�SURIRQGHV��8QH�SDUWLH

GH� OD� EDU\WLQH� VH� IRUPHUDLW� pJDOHPHQW� GDQV� OD� FRXFKH� SURIRQGH�� SXLVTX·RQ� REVHUYH� SDUIRLV� XQH

DXJPHQWDWLRQ�GX�IOX[�GH�%D�ELR�DYHF�OD�SURIRQGHXU��'\PRQG�HW�&ROOLHU��������

4XHO� TXH� VRLW� OH� PpFDQLVPH� LPSOLTXp� GDQV� OD� IRUPDWLRQ� GH� EDU\WLQH�� LO� HVW� GpPRQWUp� TXH� OD

FRQFHQWUDWLRQ� GH� OD� EDU\WLQH� HQ� VXVSHQVLRQ� GDQV� OHV� HDX[� LQWHUPpGLDLUHV� HVW� FRUUpOpH� DYHF� OD

SURGXFWLYLWp� GHV� HDX[� VXVMDFHQWHV� �'HKDLUV� HW� DO��� ������ ������ HW� DYHF� OD� SURGXFWLRQ� H[SRUWpH

�'HKDLUV�HW�DO����������2Q�XWLOLVH�SDU�FRQVpTXHQW�O·DFFXPXODWLRQ�GX�%D�ELR�GDQV�OHV�VpGLPHQWV�SRXU

UHFRQVWLWXHU�OHV�YDULDWLRQV�SDVVpHV�GH�OD�SURGXFWLYLWp�RFpDQLTXH��'\PRQG� HW�DO���������3D\WDQ� HW�DO��

�������&RQFHUQDQW� O·RFpDQ�DFWXHO�� OH�%D� VHUW�GH� WUDFHXU�GH� OD�SURGXFWLRQ� H[SRUWpH��$�SDUWLU� G·XQH

FRPSLODWLRQ�GH�PHVXUHV�GHV�IOX[�GH�&RUJ�HW�GH�%D�ELR�j�O·pFKHOOH�JOREDOH��)UDQoRLV�HW�DO���������RQW

GpYHORSSp�XQ�©�DOJRULWKPH�ª�SRXU�FDOFXOHU�OH�UDSSRUW�&RUJ�%D�ELR�GX�PDWpULHO�SLpJp�HQ�IRQFWLRQ�GH

OD�SURIRQGHXU��(Q�OH�FRPELQDQW�j�OD�IRUPXOH�GH�6DUQWKHLQ�HW�DO���������UHOLDQW�OD�SURGXFWLRQ�H[SRUWpH

DX�IOX[�GH�&RUJ�RQ�SHXW�HVWLPHU�OD�SURGXFWLRQ�H[SRUWpH�j�SDUWLU�GX�IOX[�GH�%D�ELR��)UDQoRLV�HW�DO��

������� &HSHQGDQW�� OD� YDOLGLWp� GH� FHW� DOJRULWKPH� Q·HVW� SDV� WRXMRXUV� YpULILpH��� '\PRQG� HW� &ROOLHU

�������RQW�PLV�HQ�pYLGHQFH�XQH�YDULDELOLWLWp�VSDWLR�WHPSRUHOOH�VLJQLILFDWLYH�GX�UDSSRUW�&RUJ�%D�ELR

GDQV� OH� 3DFLILTXH� pTXDWRULDO�� (Q� SDUWLFXOLHU�� LO� Q·HVW� SDV� YDODEOH� GDQV� OHV� UpJLRQV� R�� OHV� DSSRUWV

ODWpUDX[� GH� &RUJ� UpIUDFWDLUH� �L�H�� &RUJ� TXL� D� SHUGX� OH� VRXIUH� RUJDQLTXH� SHUPHWWDQW� G·HQULFKLU� OHV

PLFUR�HQYLURQQHPHQWV�HQ�62 � ��VRQW� LPSRUWDQWV��FRPPH�DX�VLWH�(80(/,�PpVRWURSKH� �-HDQGHO� HW

DO���������

3RXU�PRGpOLVHU�OH�FRPSRUWHPHQW�GX�%D�GDQV� OD�FRORQQH�G·HDX��$UUDHV�0HVFRII��������D�DMRXWp�DX

VFKpPD� FRQFHSWXHO� GH� &2/'2� �)LJXUH� ���� XQ� IOX[� DOODQW� GX� FRPSDUWLPHQW� GLVVRXV� DX

FRPSDUWLPHQW�SLpJp��GH�IDoRQ�j�GpFULUH�OD�SUpFLSLWDWLRQ�GH�EDU\WLQH��'DQV�OD�PHVXUH�R��FH�SURFHVVXV

VH�SURGXLW�SULQFLSDOHPHQW�GDQV�OD�SDUWLH�VXSHUILFLHOOH�GH�OD�FRORQQH�G·HDX��/HJHOHX[�HW�5H\VV��������

QRXV�Q·DSSOLTXHURQV�SDV�FHV�PRGLILFDWLRQV��1RXV�XWLOLVHURQV�OD�YHUVLRQ�GH�&2/'2�SURSRVpH�GDQV

OD�VHFWLRQ������(TV����j���HW������6RQ�LQYHUVLRQ�SHXW�FRQWULEXHU�j�OD�TXDQWLILFDWLRQ�GH�OD�GLVVROXWLRQ

GH�OD�EDU\WLQH�HQ�SURIRQGHXU��JUkFH�j�O·HVWLPDWLRQ�GHV�SDUDPqWUHV�. � � �HW�. � ���

���� &RQFOXVLRQ�GX�FKDSLWUH

/HV�H[SpULHQFHV�G·HVWLPDWLRQ�GHV�SDUDPqWUHV�FRQWU{ODQW�OHV�IOX[�G·$O�DX�VLWH�(80(/,�ROLJRWURSKH

RQW�IDLW�O·REMHW�GHV�FKDSLWUHV���j����/·HVWLPDWLRQ�GHV�SDUDPqWUHV�FDUDFWpULVWLTXHV�GHV�F\FOHV�GX�&RUJ



&KDSLWUH����&KRL[�GHV�WUDFHXUV

���

HW� GX�%D� j� FH�PrPH� VLWH� IDLW� O·REMHW� GX�&KDSLWUH� ���� (QILQ�� OH� &KDSLWUH� ��� SUpVHQWH� OHV� UpVXOWDWV

REWHQXV�SDU�O·DVVLPLODWLRQ�GHV�EDVHV�GH�GRQQpHV�G·$O�HW�GH�&RUJ�DX�VLWH�(80(/,�PpVRWURSKH�
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���

&KDSLWUH��� 

(WXGH�GX�VLWH�ROLJRWURSKH

&H�FKDSLWUH�SUpVHQWH� OHV� UpVXOWDWV�GHV�H[SpULHQFHV� LQYHUVHV�HIIHFWXpHV�SRXU� HVWLPHU� OHV�SDUDPqWUHV

FRQWU{ODQW�OHV�IOX[�GH�&RUJ�HW�GH�%D�DX�VLWH�(80(/,�ROLJRWURSKH��&KDFXQH�G·HOOHV�HVW�EDVpH�VXU�OH

SULQFLSH�GH�O·H[S��&�FRQVDFUpH�j�O·HVWLPDWLRQ�GHV�SDUDPqWUHV�GH�O·$O�j�FH�PrPH�VLWH��VHFWLRQ��������

(Q�SDUWLFXOLHU��

� OD�IRQFWLRQ�FR�W�HVW�FHOOH�TXH�QRXV�DYRQV�GpILQLH�GDQV�OD�VHFWLRQ��������(T�������HW�OHV�YHFWHXUV

GH�SDUDPqWUHV�VRQW�VpOHFWLRQQpV�VHORQ�OH�FULWqUH�H[SOLFLWp�GDQV�OD�VHFWLRQ�������

� O·LQWpJUDWLRQ�GX�PRGqOH�VXLW�OD�SURFpGXUH�LQGLTXpH�GDQV�OD�VHFWLRQ���������OD�GXUpH�G·LQWpJUDWLRQ

SHXW�FHSHQGDQW�rWUH�PRGLILpH�HQ�IRQFWLRQ�GH�OD�GXUpH�G·pFKDQWLOORQQDJH�GHV�WUDFHXUV�

� OD�FRQILJXUDWLRQ�GH�O·$*�HVW�LGHQWLTXH�j�FHOOH�TXH�QRXV�DYRQV�GpFULWH�GDQV�OD�VHFWLRQ�������

1RXV�QH�SUpVHQWRQV�SDV�G·DQDO\VH�GH�OD�UREXVWHVVH�GHV�VROXWLRQV�REWHQXHV�YLV�j�YLV�GHV�HUUHXUV�VXU

OHV� PHVXUHV� LQ� VLWX�� /·REMHFWLI� LFL� HVW� G·pWXGLHU� GDQV� TXHOOH� PHVXUH� OD� FRPSDUDLVRQ� GHV� VROXWLRQV

DFFHSWDEOHV� REWHQXHV� LQGpSHQGDPPHQW� SRXU� WURLV� WUDFHXUV� pFKDQWLOORQQpV� VXU� XQ�PrPH� VLWH� SHXW

SHUPHWWUH�GH�VpOHFWLRQQHU�XQH�VROXWLRQ�DFFHSWDEOH�SRXU�FKDFXQ�G·HX[�

���� (VWLPDWLRQ�GHV�SDUDPqWUHV�FRQWU{ODQW�OHV�IOX[�GH�FDUERQH
RUJDQLTXH

������ 'HVFULSWLRQ�GHV�GRQQpHV�LQ�VLWX

/D�GLVWULEXWLRQ�GX�&RUJ�GDQV�OD�FRORQQH�G·HDX�DX�VLWH�2�D�pWp�PHVXUpH�GDQV�OHV�WURLV�SKDVHV�GLVVRXWH�

ILOWUpH�HW�SLpJpH��&HSHQGDQW��FRPPH�QRXV�O·DYRQV�PHQWLRQQp�GDQV�OD�VHFWLRQ�������E���OHV�PHVXUHV�GX

&23�ILOWUp��%HQWDOHE��������QH�VHUDLHQW�SDV�ILDEOHV��5��6HPSpUp��FRPPXQLFDWLRQ�SHUVRQQHOOH��������



&KDSLWUH����(WXGH�GX�VLWH�ROLJRWURSKH

���

)LJXUH�����'RQQpHV�LQ�VLWX�XWLOLVpHV�SRXU�HVWLPHU�OHV�SDUDPqWUHV�FRQWU{ODQW�OH�WUDQVIHUW�GX�&RUJ�GDQV
OD�FRORQQH�G·HDX�DX�VLWH�2��/HV�IOX[�GH�PDVVH��D��HW�GH�&23��E��RQW�pWp�PHVXUpV�DX�VLWH�2��/HJHOHX[
HW�DO���������.KULSRXQRII�HW�DO���������%RU\�HW�DO����������/HV�SURILOV�GH�&23�ILOWUp�RQW�pWp�UpDOLVpV
SHQGDQW�OD�FDPSDJQH�+DUPDWWDQ��VWDWLRQV�������HW�����FI��)LJXUH�����&RSLQ�0RQWpJXW�HW�&RSLQ�

0RQWpJXW���������/HV�SURILOV�GH�&2'�RQW�pWp�PHVXUpV�DX�VLWH�2�DX[�GDWHV�LQGLTXpHV�GDQV�OH�7DEOHDX
���$YULO��������



&KDSLWUH����(WXGH�GX�VLWH�ROLJRWURSKH

���

�D� 'RQQpHV�FROOHFWpHV�DX�VLWH�ROLJRWURSKH

(QUHJLVWUHPHQW�GHV�SLqJHV�j�SDUWLFXOHV

/HV�PHVXUHV�GX�IOX[�GH�PDVVH�RQW�pWp�GpFULWHV�GDQV�OD�VHFWLRQ�������D���/HXU�PRGH�G·XWLOLVDWLRQ�HVW�OH

PrPH�TXH�SRXU�OHV�H[SpULHQFHV�LQYHUVHV�FRQVDFUpHV�j�O·$O��/H�IOX[�GH�&23�D�pWp�PHVXUp�FRPPH�OH

IOX[�G·$O�j������HW������P��%RU\�HW�DO����������PDLV�pJDOHPHQW�j������P��/HJHOHX[�HW�DO����������/D

PpWKRGH�DQDO\WLTXH�HVW�GpWDLOOpH�SDU�/HJHOHX[�HW�DO���������HW�.KULSRXQRII�HW�DO����������&HV�GRQQpHV

VRQW�UHSUpVHQWpHV�VXU�OD�)LJXUH������HOOHV�RQW�pWp�GpFULWHV�GDQV�OD�VHFWLRQ�������D��

/H�SURILO�LQLWLDO�GX�IOX[�GH�&23��)H��D�pWp�FDOFXOp�j�SDUWLU�GHV�IOX[�FROOHFWpV�HQWUH�OH����IpYULHU�HW�OH��

PDUV�������/HV�FRQGLWLRQV�DX[�OLPLWHV�MRXUQDOLqUHV�IRUoDQW�)H�j������P�RQW�pWp�GpGXLWHV�GHV�PHVXUHV

UpDOLVpHV�HQWUH�OH����IpYULHU������HW�OH��
���
�GpFHPEUH�������7DEOHDX�����/HV�PHVXUHV�GX�IOX[�GH�&23

IDLWHV� j� ����� HW� �����P� VRQW� DVVLPLOpHV�� /HV� HUUHXUV� DQDO\WLTXHV� DVVRFLpHV� j� OD� PHVXUH� GH� OD

FRQFHQWUDWLRQ� HQ�&RUJ� GDQV� OHV� SDUWLFXOHV� SLpJpHV� RQW� pWp� HVWLPpHV� SDU�$��%RU\� �FRPPXQLFDWLRQ

SHUVRQQHOOH��������SRXU�OHV�pFKDQWLOORQV�SUpOHYpV�j������HW������P��1RXV�DYRQV�FDOFXOp�TXH������GH

FHV�HUUHXUV�VRQW�LQIpULHXUHV�j��������j������P�HW�j��������j������P��1RXV�DYRQV�XWLOLVp�OD�YDOHXU�GH

�������FRPPH�HUUHXU�DQDO\WLTXH�D�SULRUL�GHV�PHVXUHV�DVVLPLOpHV�j������P�

0HVXUHV�GHV�ERXWHLOOHV�1LVNLQ

4XDWUH�SURILOV� GH� OD� FRQFHQWUDWLRQ� HQ�&2'�RQW� pWp� HIIHFWXpV� DX� VLWH�2� �)LJXUH� �����/D�PpWKRGH

DQDO\WLTXH�HVW�GpFULWH�SDU�$YULO� ������� FI��KWWS���ZZZ�REV�YOIU�IU�MJRIV�KWPO�EGM�JRIV�KWPO���1RXV

QH� FRQQDLVVRQV� TXH� OHV� GDWHV� GHV� OHJV� DX� FRXUV� GHVTXHOV� FHV� SURILOV� RQW� pWp� UpDOLVpV� �7DEOHDX� ���

$XFXQ�GHV�SURILOV�PHVXUpV�QH�SHUPHW�ULJRXUHXVHPHQW�G·LQLWLDOLVHU�OD�FRQFHQWUDWLRQ�HQ�&2'��&GH��j

OD�GDWH�FKRLVLH�SRXU�GpEXWHU�O·LQWpJUDWLRQ�����IpYULHU��������&HSHQGDQW��OD�SpULRGH�G·pFKDQWLOORQQDJH

GX�VHFRQG�SURILO��������RFWREUH�������HVW�FDUDFWpULVpH�SDU�GHV�IOX[�GH�PDVVH�HW�GH�&23�GX�PrPH

RUGUH�GH�JUDQGHXU�TX·j�OD�ILQ�GX�PRLV�GH�IpYULHU�������)LJXUH������&H�SURILO�HVW�GRQF�XWLOLVp�FRPPH

FRQGLWLRQ�LQLWLDOH�GH�&GH��/HV�YDOHXUV�j������P�GHV�TXDWUH�SURILOV�VHUYHQW�j�FDOFXOHU� OHV�FRQGLWLRQV

DX[�OLPLWHV�MRXUQDOLqUHV�GH�&GH��VHFWLRQ���������&KDTXH�SURILO�HVW�DVVLPLOp�SHQGDQW�OD�GXUpH�GX�OHJ�TXL

OXL�FRUUHVSRQG��7DEOHDX�����6HORQ�$YULO���������O·HUUHXU�GH�FROOHFWH�PR\HQQH�HVW�GH��������HW�O·HUUHXU

DQDO\WLTXH�GH����PJ�P
�

��(QWUH�FHV�GDWHV��&GH�HVW�OpJqUHPHQW�FRQWUDLQWH�SDU�XQ�SURILO�FRUUHVSRQGDQW

j�OD�PR\HQQH�WHPSRUHOOH�GHV�SURILOV�pFKDQWLOORQQpV��)LJXUH������/·HUUHXU�D�SULRUL�DWWULEXpH�DX[�YDOHXUV

PR\HQQHV������PJ�P
�

��VLPXOH�OHV�HUUHXUV�GH�FROOHFWH�HW�DQDO\WLTXHV�HW�SUHQG�HQ�FRPSWH�OD�YDULDELOLWp

WHPSRUHOOH�GHV�SURILOV�UpHOV�

�E� 'RQQpHV�FRPSOpPHQWDLUHV�SRXU�FRQWUDLQGUH�OD�SKDVH�ILOWUpH

1RXV�DYRQV�FRPSOpWp�OD�EDVH�GH�GRQQpHV�(80(/,�j�SDUWLU�GHV�SURILOV�GH�&23�ILOWUp�PHVXUpV�DX[

WURLV�VWDWLRQV�+DUPDWWDQ� OHV�SOXV�pORLJQpHV�GH� OD�F{WH��VWDWLRQV�������HW����� FI��)LJXUH����HW�VHFWLRQ

������E���� &�� &RSLQ�� FRPPXQLFDWLRQ� SHUVRQQHOOH�� ������� &HX[�FL� Q·DSSRUWHQW� FHSHQGDQW� SDV
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���

G·LQIRUPDWLRQ�VXU�OD�YDULDELOLWp�WHPSRUHOOH�GX�&23�ILOWUp�GDQV�OD�UpJLRQ��1RXV�OHV�DYRQV�XWLOLVpV�SRXU

FDOFXOHU�XQ�SURILO�GH�&23�ILOWUp�PR\HQ�HQWUH������HW������P��)LJXUH������&HOXL�FL�VHUW�WRXW�G·DERUG

j�LQLWLDOLVHU�OD�YDULDEOH�&SH��/D�YDOHXU�PR\HQQH�j������P�������PJ�P
�

��HVW�XWLOLVpH�FRPPH�FRQGLWLRQ

DX[�OLPLWHV�FRQVWDQWH�DX�FRXUV�GX�WHPSV��/H�SURILO�PR\HQ�HVW�DVVLPLOp�j�FKDTXH�SDV�GH�WHPSV�HW�j

�����������������HW������P��1RXV�QH�FRQQDLVVRQV�SDV�O·LQFHUWLWXGH�GHV�PHVXUHV�+DUPDWWDQ��1RXV

DYRQV�DWWULEXp�j� FKDTXH�YDOHXU� DVVLPLOpH�XQH� HUUHXU�D� SULRUL� pJDOH� j� O·pFDUW�PD[LPDO� HQWUH� OH�SURILO

PR\HQ�HW�OHV�SURILOV�pFKDQWLOORQQpV��GH�IDoRQ�j�SUHQGUH�HQ�FRPSWH�OD�YDULDELOLWp�VSDWLR�WHPSRUHOOH�GX

&23�ILOWUp�GDQV�FHWWH�UpJLRQ��&HWWH�HUUHXU�YDULH�HQWUH����HW��������HOOH�HVW�QHWWHPHQW�VXSpULHXUH�DX[

HUUHXUV�GH�FROOHFWH�HW�DQDO\WLTXHV�JpQpUDOHPHQW�HVWLPpHV�SRXU�FH�W\SH�GH�PHVXUHV��a������

$�SDUWLU�GHV�WURLV�SURILOV�GH�&23�ILOWUp�HW�GHV�SURILOV�GH�OD�FRQFHQWUDWLRQ�WRWDOH�HQ�SDUWLFXOHV�ILOWUpHV

UpDOLVpV� DX[�PrPHV� VWDWLRQV�+DUPDWWDQ� �VHFWLRQ���������QRXV�DYRQV�FDOFXOp� OD�SURSRUWLRQ�GX�&RUJ

GDQV� OHV� SDUWLFXOHV� ILOWUpHV� �U � �� FI��(T�� ����� 6HORQ� OHV� VWDWLRQV� HW� OD� SURIRQGHXU�� U � � YDULH� HQWUH� ��� HW

������1RXV�DYRQV�DWWULEXp�j�U � �OD�YDOHXU�PR\HQQH��VRLW�U � � ��������

3XLVTXH�OH�&23�SLpJp�D�pWp�PHVXUp�SRXU� OHV�pFKDQWLOORQV�FROOHFWpV�SDU� OHV�WURLV�SLqJHV�PRXLOOpV�DX

VLWH� 2� HW� TXH� TXDWUH� SURILOV� GH� OD� FRQFHQWUDWLRQ� HQ� &2'� RQW� pWp� UpDOLVpV� j� FH� VLWH�� OD� TXDQWLWp

G·LQIRUPDWLRQ�FRQWHQXH�GDQV�FHWWH�EDVH�GH�GRQQpHV�HVW�VXSpULHXUH�j�FHOOH�TXL�HVW�FRQWHQXH�GDQV�OD

EDVH� FRQVWLWXpH� SRXU� O·$O� �VHFWLRQ� ������ (Q� RXWUH�� FRPPH� OH� GHUQLHU� SURILO� GH� &2'� D� pWp

pFKDQWLOORQQp� HQWUH� OH� ��� HW� OH� ��� GpFHPEUH� ����� �7DEOHDX� ���� O·DVVLPLODWLRQ� GHV� GRQQpHV� UpDOLVpH

HQWUH�OH����IpYULHU������HW�OH��
���
�GpFHPEUH������SRXU�O·$O�SHXW�rWUH�SURORQJpH�MXVTX·DX����GpFHPEUH

�����

6\PEROH ,QWHUYDOOH�GH�UHFKHUFKH 6ROXWLRQ
/LPLWH�LQIpULHXUH /LPLWH�VXSpULHXUH 6RXUFH &RUJB2

3DUDPqWUHV�ELRJpRFKLPLTXHV

. � � � ���M� ������ ������ � ������

. � � ��P
�

�PJ�M� ������ ������ � ������
. � � ���M� ������ ������ � ������
. � � ���M� ������ ������ � ������
. � � ���M� ������ ������ � ������

3DUDPqWUHV�SK\VLTXHV

9� ��P�M� ���� ����� � ����
9� ��P�M� ���� ������ � ������
. � ��P

�

�M� ����� ������� � ������
6RXUFHV������FI��7DEOHDX���������$MXVWHPHQW�j�SDUWLU�GH�OD�VWDELOLWp�QXPpULTXH�GH�&2/'2������6HPSpUp�HW�DO�
��������� ��� :KLWILHOG� HW� 7XUQHU� ��������� ��� =DNDUGMLDQ� HW� 3ULHXU� ��������� /�� 3ULHXU�� FRPPXQLFDWLRQ
SHUVRQQHOOH��������

7DEOHDX�����,QWHUYDOOHV�GH�UHFKHUFKH�GHV�SDUDPqWUHV�GH�&2/'2�XWLOLVpV�SRXU�OHV�H[SpULHQFHV
G·DVVLPLODWLRQ�GH�OD�EDVH�GH�GRQQpHV�GH�&RUJ�DX�VLWH�2��/D�VROXWLRQ�&RUJB2�HVW�GpVLJQpH�SDU�GHV

pWRLOHV�EOHXHV�VXU�OD�)LJXUH�����(OOH�JpQqUH�OHV�VLPXODWLRQV�UHSUpVHQWpHV�VXU�OD�)LJXUH����
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������ 'pOLPLWDWLRQ�GH�O·HVSDFH�GH�UHFKHUFKH

6L� O·RQ� VXSSRVH� TXH� OHV� SDUWLFXOHV� ILOWUpHV� HW� SLpJpHV� pFKDQWLOORQQpHV� FRQVWLWXHQW� GHV� UpVHUYRLUV

KRPRJqQHV��OHV�SDUDPqWUHV�. � � � ��. � � ��9� �HW�9� �QH�GpSHQGHQW�SDV�GX�WUDFHXU�pWXGLp��7DEOHDX������,O�HQ

HVW�GH�PrPH�SRXU�. � �SXLVTX·LO�GpFULW�GHV�SURSULpWpV�SK\VLTXHV�GH�OD�FRORQQH�G·HDX��3DU�FRQVpTXHQW�

OHV� LQWHUYDOOHV� GH� UHFKHUFKH� GH� FHV� FLQT� SDUDPqWUHV� VRQW� OHV� PrPHV� TXH� SRXU� OHV� H[SpULHQFHV

FRQVDFUpHV�j�O·$O��7DEOHDX�����

/D�YDOHXU�PD[LPDOH�GH�. � � �HVW�LPSRVpH�SDU�OD�VWDELOLWp�QXPpULTXH�GH�&2/'2���OHV�VRUWLHV�GX�PRGqOH

VRQW� DEHUUDQWHV� GqV� TXH� . � � �!��������M�� 1RXV� DYRQV� UpDOLVp� TXHOTXHV� H[SpULHQFHV� G·LQYHUVLRQ

SUpOLPLQDLUHV�HQ�XWLOLVDQW�SRXU�. � �
� � �
�HW�. � �

� � �
� OHV�YDOHXUV�GpILQLHV�SRXU� O·$O��7DEOHDX������'DQV�FHV

FRQGLWLRQV�� O·$*�Q·D�SDV� WURXYp�GH�VROXWLRQ�DFFHSWDEOH�� HW� LO� D� HX� WHQGDQFH�j� ©�VH� FRJQHU�ª� VXU� OHV

OLPLWHV� VXSpULHXUHV� GH� . � � � HW� . � � �� 3RXU� FRUULJHU� FHV� OLPLWHV�� QRXV� DYRQV� XWLOLVp� OHV� UpVXOWDWV

G·H[SpULHQFHV� LQ� YLWUR� GH� GpJUDGDWLRQ�PLFURELHQQH� GH� SDUWLFXOHV� ILOWUpHV� HW� SLpJpHV� �6HPSpUp� HW� DO��

�������&HV�SDUWLFXOHV�RQW�pWp�SUpOHYpHV�HQWUH����HW�����P�HQ�0HU�/LJXUH��6HPSpUp�HW�DO���������RQW

DMXVWp�XQ�PRGqOH�GLW�©��*�ª��F·HVW�j�GLUH�SUHQDQW�HQ�FRPSWH�GHX[�GHJUpV�GH�ODELOLWp�GX�&23�

���� *WN*WN*W* +⋅−⋅+⋅−⋅= �H[S��H[S��� �� ���	� ����

j� OD� FRXUEH� GH� GpFURLVVDQFH� GX�&23� HQ� DSSOLTXDQW� OD�PpWKRGH� GHV�PRLQGUHV� FDUUpV��'DQV� FHWWH

H[SUHVVLRQ��* 
 � ��* �
� ��* ��� � HW�*��� � GpVLJQHQW� UHVSHFWLYHPHQW� OD� FRQFHQWUDWLRQ� WRWDOH� HQ� &23�� OD

FRQFHQWUDWLRQ�HQ�&23�WUqV�ODELOH�HW�SHX�ODELOH��HW�OD�FRQFHQWUDWLRQ�HQ�&23�UpIUDFWDLUH��/HV�VFDODLUHV

N � � HW�N � � GpVLJQHQW� OHV� FRQVWDQWHV� GH� UpDFWLRQ� GH� OD� GpJUDGDWLRQ� GX� &23� WUqV� ODELOH� HW� SHX� ODELOH

UHVSHFWLYHPHQW��/HV�FRQVWDQWHV�GH�UpDFWLRQ�REWHQXHV�SRXU�OHV�GLIIpUHQWV�pFKDQWLOORQV�VRQW�UHSRUWpHV

GDQV� OH� 7DEOHDX� ���� 1RXV� DYRQV� IL[p� . � �
� � �
� HW� . � �

� � �
� j� OD� YDOHXU� PD[LPDOH� REWHQXH�� VRLW� ������M

�7DEOHDX�����

3DUWLFXOHV�ILOWUpHV 3DUWLFXOHV�SLpJpHV

���P ����P ����P

N � ���M� ���� ���� ����
N � ���M� ����� ���� �����

7DEOHDX�����&RQVWDQWHV�GH�GpJUDGDWLRQ�GX�&23�ODELOH��N � ��HW�SHX�ODELOH��N � ��IL[p�VXU�GHV�SDUWLFXOHV
SUpOHYpHV�HQ�0HU�/LJXUH��(OOHV�RQW�pWp�FDOFXOpHV�SDU�O·DMXVWHPHQW�DX�VHQV�GHV�PRLQGUHV�FDUUpV�G·XQ

PRGqOH�©��*�ª�j�GHV�UpVXOWDWV�G·H[SpULHQFHV�GH�GpJUDGDWLRQ�LQ�YLWUR��6HPSpUp�HW�DO���������

������ 5pVXOWDWV

/D�PLQLPLVDWLRQ�SDU�O·$*�GH�OD�IRQFWLRQ�FR�W�DVVRFLpH�j�OD�EDVH�GH�GRQQpHV�GpFULWH�FL�GHVVXV�D�H[LJp

O·pYDOXDWLRQ� GH� ���� JpQpUDWLRQV� �L�H�� ���� YDOHXUV� GX� FR�W��� /·$*� D� GpWHFWp� OHV� ��� YHFWHXUV� GH

SDUDPqWUHV�DFFHSWDEOHV�UHSUpVHQWpV�VXU�OD�)LJXUH�����/HXU�FR�W�YDULH�HQWUH������HW������
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)LJXUH�����6ROXWLRQV�DFFHSWDEOHV�REWHQXHV�SDU�O·DVVLPLODWLRQ�GHV�EDVHV�GH�GRQQpHV�G·$O��H[S��&���GH
&RUJ�HW�GH�%D�DX�VLWH�2��/H�PRGH�GH�UHSUpVHQWDWLRQ�HVW�LGHQWLTXH�j�FHOXL�GH�OD�)LJXUH�����/D�VROXWLRQ
REWHQXH�SRXU�O·$O�GpVLJQpH�SDU�OHV�pWRLOHV�URXJHV�HVW�OD�VROXWLRQ�&���7DEOHDX�����)LJXUH������/HV

SDUDPqWUHV�GH�OD�VROXWLRQ�REWHQXH�SRXU�OH�&RUJ�HW�GpVLJQpH�SDU�OHV�pWRLOHV�EOHXHV��VROXWLRQ�&RUJB2�
VRQW�LQGLTXpV�GDQV�OH�7DEOHDX�����/HV�VLPXODWLRQV�TX·HOOH�JpQqUH�VRQW�UHSUpVHQWpHV�VXU�OHV�ILJXUHV���

j�����/HV�SDUDPqWUHV�GX�YHFWHXU�%DB2�FKRLVL�SRXU�OH�%D�HW�GpVLJQp�SDU�OHV�pWRLOHV�YHUWHV�VRQW
UHSRUWpHV�GDQV�OH�7DEOHDX�����/HV�VLPXODWLRQV�TX·LO�SURGXLW�VRQW�UHSUpVHQWpHV�VXU�OHV�ILJXUHV����j����
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)LJXUH�����)OX[�GH�PDVVH��D���GH�&23��E���&23�ILOWUp��F��HW�GLVVRXV��G��VLPXOpV�SDU�OD�VROXWLRQ
&RUJB2��)LJXUH�����7DEOHDX������/HV�VLPXODWLRQV�VRQW�FRPSDUpHV�j�OD�EDVH�GH�GRQQpHV�FRQVWLWXpH
SRXU�FRQWUDLQGUH�OH�&RUJ�DX�VLWH�2��VHFWLRQ����������/HV�SURILOV�GH�&SH�HW�&GH�VRQW�G·DXWDQW�SOXV

UpFHQWV�TX·LOV�VRQW�VRPEUHV�
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�D� $QDO\VH�GHV�VROXWLRQV�DFFHSWDEOHV

/D� )LJXUH� ��� VXJJqUH� TXH� OHV� YDOHXUV� GH� . � � � �� . � � �� . � � � HW� . � � � VRQW� PLHX[� GpILQLHV� TXH� SDU� OHV

H[SpULHQFHV�FRQVDFUpHV�j�O·$O��,O�HVW�SRVVLEOH�TXH�O·DVVLPLODWLRQ�G·XQ�SOXV�JUDQG�QRPEUH�GH�GRQQpHV

SRXU� OH� &RUJ� DLW� IDLW� GLVSDUDvWUH� FHUWDLQHV� GHV� GpJpQpUHVFHQFHV� REVHUYpHV� SRXU� O·$O� �VHFWLRQ� �����

/·DXJPHQWDWLRQ�GH�OD�GXUpH�G·DVVLPLODWLRQ�SDU�UDSSRUW�j�O·$O�SHXW�DXVVL�DYRLU�DFFUX�OD�UpVROXWLRQ�GX

FR�W��. � � �HVW�UHODWLYHPHQW�PRLQV�ELHQ�FRQWUDLQW�TXH�OHV�TXDWUH�SDUDPqWUHV�SUpFpGHQWV��,O�VHPEOHUDLW

TX·LO�SXLVVH�SUHQGUH�GHV�YDOHXUV� DSSDUWHQDQW� j� WURLV� LQWHUYDOOHV�GLVWLQFWV�� FH�TXL� VXJJqUH� O·H[LVWHQFH

G·DX�PRLQV�WURLV�EDVVLQV�DFFHSWDEOHV��/HV�YLWHVVHV�GH�FKXWH�9� �HW�9� �QH�VRQW�SDV�PLHX[�FRQWUDLQWHV

TXH� SDU� OHV� GRQQpHV� G·$O�� &HV� GHUQLqUHV� VHPEODLHQW� FRQWUDLQGUH� FRUUHFWHPHQW� . � �� /HV� YDOHXUV

REWHQXHV�SDU�O·DVVLPLODWLRQ�GHV�GRQQpHV�GH�&RUJ�FRXYUHQW�SUDWLTXHPHQW�WRXWH�OD�JDPPH�GHV�YDOHXUV

SRVVLEOHV��7DEOHDX�����

&RQFHUQDQW� OHV� YDOHXUV� GHV� SDUDPqWUHV� D� SULRUL� LQGpSHQGDQWV� GX� WUDFHXU� FRQVLGpUp�� FHOOHV� GH� . � � �

����������. � � � �����������M��HW�GH�. � � �����������. � � ����������P
�

�PJ�M��VRQW�WUqV�SURFKHV�GH�FHOOHV�GH

OD�VROXWLRQ�&���7DEOHDX������&·HVW�XQ�DUJXPHQW�HQ�IDYHXU�GX�FKRL[�GH�FHWWH�VROXWLRQ�SRXU�TXDQWLILHU

OHV�IOX[�G·$O�DX�VLWH�2��(Q�RXWUH��RQ�UHWURXYH�SRXU�9� �OHV�PrPHV�JURXSHV�GH�YDOHXUV�TXH�SRXU�O·$O��

OD�PDMRULWp� G·HQWUH� HOOHV� VRQW� VXSpULHXUHV� j� ����P�M�� 3RXU�. � �� RQ� GLVWLQJXH� XQ� JURXSH� GH� YDOHXUV

VXSpULHXUHV� j� ����P
�

�M�� HW� XQ� DXWUH� GRQW� OHV� YDOHXUV� VRQW� FRPSULVHV� HQWUH�a��� HW�a����P
�

�M�� &H

GHUQLHU�HVW�FRPSDWLEOH�DYHF�OHV�YDOHXUV�WURXYpHV�SRXU�O·$O��/HV�YDOHXUV�GHV�SDUDPqWUHV�VSpFLILTXHV�j

FKDTXH� WUDFHXU� VRQW� VLJQLILFDWLYHPHQW� GLIIpUHQWHV� GH� FHOOHV� GH� O·$O��$LQVL�� OH� WDX[� G·DGVRUSWLRQ� GX

&2'�����������. � � �����������M��HVW�a���IRLV�SOXV�IDLEOH�TXH�FHOXL�GH� O·$O��/HV�WDX[�GH�GLVVROXWLRQ

GX�&23�ILOWUp�HW�SLpJp�VRQW�UHVSHFWLYHPHQW���j����IRLV�����������. � � �����������M��HW���j�SOXV�GH����

IRLV�����������. � � �����������M��VXSpULHXUV�j�FHX[�GH�O·$O��3RXU�WRXWHV�OHV�VROXWLRQV��RQ�FRQVWDWH�TXH

. � � �!�. � � ��/HV�WDX[�GH�GLVVROXWLRQ�VRQW�FRKpUHQWV�DYHF�OHV�UpVXOWDWV�H[SpULPHQWDX[�GH�6HPSpUp�HW�DO�

�������FI��7DEOHDX�����

�E� 4XDQWLILFDWLRQ�GHV�IOX[�GH�FDUERQH�RUJDQLTXH�DX�VLWH�2

6pOHFWLRQ�G·XQH�VROXWLRQ�DFFHSWDEOH

1RXV�DYRQV�VpOHFWLRQQp�XQ�YHFWHXU�GH�SDUDPqWUHV�DFFHSWDEOHV�SRXU� OH�&RUJ�HQ�QRXV�EDVDQW�VXU� OD

VROXWLRQ� FKRLVLH� SRXU� TXDQWLILHU� OHV� IOX[� G·$O� DX� VLWH� 2�� ,O� HVW� D� SULRUL� QpFHVVDLUH� TX·LO� YpULILH� OHV

FULWqUHV�VXLYDQWV��

� OHV� YDOHXUV� GHV� SDUDPqWUHV� D� SULRUL� LQGpSHQGDQWV� GX� WUDFHXU� FRQVLGpUp� �. � � � ��. � � ��9� ��9� � HW�. � �

GRLYHQW�rWUH�SURFKHV�GH�FHOOHV�GH�OD�VROXWLRQ�&���7DEOHDX�����

� OHV�VLPXODWLRQV�GH�)P�TX·LO� JpQqUH�GRLYHQW�rWUH� VLPLODLUHV� j� FHOOHV� FDOFXOpHV�SDU� OD�VROXWLRQ�&�

�)LJXUH�����
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� OHV�VLPXODWLRQV�GHV�FRQWULEXWLRQV�GH�O·DJUpJDWLRQ��GH�OD�GpVDJUpJDWLRQ�HW�GH�OD�VpGLPHQWDWLRQ�j�OD

YDULDELOLWp� WHPSRUHOOH�GX�IOX[�GH�PDVVH�GRLYHQW�rWUH�VLPLODLUHV�j�FHOOHV�GH� OD�VROXWLRQ�&�� �)LJXUH

����

)LJXUH�����&RQWULEXWLRQV�GHV�WHUPHV�GH�OD�QRXYHOOH�YHUVLRQ�GH�&2/'2��(TV�����HW���j����j�OD
YDULDELOLWp�WHPSRUHOOH�GH�)P��)H��&SH�HW�&GH�j������P�FDOFXOpHV�SDU�OD�VROXWLRQ�&RUJB2��7DEOHDX����

)LJXUH�����

/D�VROXWLRQ�LQGLTXpH�SDU�GHV�pWRLOHV�EOHXHV�VXU�OD�)LJXUH�����HW�GRQW�OHV�YDOHXUV�GHV�SDUDPqWUHV�VRQW

GRQQpHV�GDQV�OH�7DEOHDX����HVW�FHOOH�TXL�UpSRQG�OH�PLHX[�j�FHV�H[LJHQFHV��)LJXUHV����HW������1RXV�OD
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GpVLJQHURQV�SDU�©�VROXWLRQ�&RUJB2�ª��/D�YLWHVVH�GH�FKXWH�GHV�SDUWLFXOHV�ILOWUpHV��9� � ������P�M��FI�

7DEOHDX�����HVW�FHSHQGDQW�SOXV�GH�GL[�IRLV�SOXV�IDLEOH�TXH�FHOOH�GH�OD�VROXWLRQ�&���9� � ������P�M��FI�

7DEOHDX������� QRXV� DYRQV� FRQVWDWp� TXH� WRXWHV� OHV� VROXWLRQV� WHOOHV� TXH�9� �!���P�M�RQW� WHQGDQFH� j

VXUHVWLPHU�)P�HW�)H��&HWWH�GLIIpUHQFH�HQWUH�OHV�VROXWLRQV�&��HW�&RUJB2�SHXW�rWUH�OLpH�DX�IDLW�TXH�O·$O

HW� OH� &23� ODELOH� QH� VRQW� SDV� WUDQVSRUWpV� SDU� OHV� PrPHV� SDUWLFXOHV� HQ� VXVSHQVLRQ�� /D� IUDFWLRQ

OLWKRJpQLTXH� FRQWHQDQW� O·$O� SRXUUDLW� OHVWHU� OHV� SDUWLFXOHV� ILOWUpHV� VXU� OHVTXHOOHV� HOOH� HVW� OD� SOXV

DERQGDQWH� HW� SURWpJHU� OD� PDWLqUH� RUJDQLTXH� j� ODTXHOOH� HOOH� HVW� DVVRFLpH� GH� OD� ELRGpJUDGDWLRQ

�'RQDJKD\� HW� DO��� ������+HGJHV� HW� DO��� ������� ,O� IDXW� UDSSHOHU� FHSHQGDQW�TXH�9� � HVW� XQ�SDUDPqWUHV

SDUWLFXOLqUHPHQW�PDO�FRQWUDLQW�SDU�OHV�GRQQpHV��)LJXUH�����

)LJXUH�����'LVWULEXWLRQ�GX�&RUJ�GDQV���P � �G·HDX�GH�PHU�j������P�DX�VLWH�(80(/,�ROLJRWURSKH�OH�� ���
GpFHPEUH������FDOFXOpH�SDU�OD�VROXWLRQ�&RUJB2��)LJXUH�����7DEOHDX������/HV�TXDQWLWpV�GH�&RUJ

pFKDQJpHV�HQWUH�OHV�SKDVHV�DX�FRXUV�GH�GW� ���M�VRQW�LQGLTXpHV�HQ�URXJH��&HOOHV�TXL�VRQW�pFKDQJpHV
DYHF�OD�FRORQQH�G·HDX�VRXV��RX�VXV�MDFHQWH�SDU�PpODQJH�YHUWLFDO�SHQGDQW�GW� ���M�VRQW�LQGLTXpHV�HQ
EOHX��(QILQ��OHV�TXDQWLWpV�GH�&23�TXL�RQW�WUDYHUVp�OH�YROXPH�GH���P � �SHQGDQW�FHWWH�PrPH�GXUpH�VRQW

LQGLTXpHV�HQ�PDUURQ�

/HV� VLPXODWLRQV� FDOFXOpHV�SDU� OD� VROXWLRQ�&RUJB2� VRQW� UHSUpVHQWpHV� VXU� OD� )LJXUH� ����/HV� YDOHXUV

VLPXOpHV�GH�)P�VRQW�WUqV�OpJqUHPHQW�VXSpULHXUHV�j�FHOOHV�SUpGLWHV�SDU�OD�VROXWLRQ�&���)LJXUH������/HV

VLPXODWLRQV�GH�)H�VRQW�FRKpUHQWHV�DYHF�OHV�GRQQpHV�DVVLPLOpHV��VDXI�SRXU�OHV�SpULRGHV�R��OH�SLqJH�j

�����P�D�SUREDEOHPHQW�VRXV�pFKDQWLOORQQp�OH�IOX[�GH�PDVVH��������D����&RPPH�SRXU�O·$O��OH�PRGqOH

VRXV�HVWLPH�OD�GLPLQXWLRQ�GX�IOX[�GH�&23�HQWUH������HW������P�ORUVTXH�FHOOH�FL�HVW�PD[LPDOH��F·HVW�

j�GLUH�SHQGDQW� OH�SUHPLHU�GpSORLHPHQW��)LJXUH������/H�PRGqOH�SUpGLW�GHV�FRQFHQWUDWLRQV�HQ�&23

ILOWUp�SHX� YDULDEOHV� DX� FRXUV� GX� WHPSV� HW� V\VWpPDWLTXHPHQW� LQIpULHXUHV� DX� SURILO�PR\HQ� FDOFXOp� j

SDUWLU�GHV�PHVXUHV�+DUPDWWDQ��,O�HVW�FHSHQGDQW�SUREDEOH�TXH�OHV�GRQQpHV�+DUPDWWDQ�VXUHVWLPHQW�OD

FRQFHQWUDWLRQ�HQ�&23�ILOWUp�DX�VLWH�2�FDU�OHV�VWDWLRQV�+DUPDWWDQ�VRQW�WRXWHV�SOXV�SURFKHV�GH�OD�F{WH

TXH� OH� VLWH� 2� �)LJXUH� ����� (Q� HIIHW�� OHV� ]RQHV� F{WLqUHV� VRQW� OH� VLqJH� G·XQH� DFWLYLWp� ELRORJLTXH

LPSRUWDQWH�HW�SDU�FRQVpTXHQW�G·XQH�IRUWH�SURGXFWLRQ�GH�&RUJ��(OOHV�VRQW�DXVVL�SOXV�SURFKHV�GH� OD

PDUJH� FRQWLQHQWDOH� R�� HVW� VWRFNp� OH� &23� UpIUDFWDLUH�� � (QILQ�� OHV� SURILOV� VLPXOpV� GH� &GH� VRQW
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FRPSDWLEOHV� DYHF� OHV� SURILOV� GH� &2'� PHVXUpV�� PDLV� OH� PRGqOH� VRXV�HVWLPH� OHXU� YDULDELOLWp

WHPSRUHOOH�

4XDQWLILFDWLRQ�GHV�IOX[�GH�FDUERQH�RUJDQLTXH�j�SDUWLU�GH�OD�VROXWLRQ�VpOHFWLRQQpH

/D�)LJXUH����PRQWUH�OD�GLVWULEXWLRQ�HW�OHV�IOX[�GH�&RUJ�j������P�DX�VLWH�2�FDOFXOpV�SDU�OD�VROXWLRQ

&RUJB2�SRXU� OH� �
���
� GpFHPEUH� ������ (OOH�PRQWUH� TXH� O·LPSRUWDQFH� UHODWLYH� GHV� IOX[� GH� &RUJ� HVW

VLJQLILFDWLYHPHQW� GLIIpUHQWH� GH� FHOOH� FDOFXOpH� SRXU� O·$O� �)LJXUH� ����� /D� )LJXUH� ��� UDSSHOOH� TXH� OH

SULQFLSDO�UpVHUYRLU�GH�&RUJ�HVW�OD�SKDVH�GLVVRXWH��(WDQW�GRQQpH�OD�YDOHXU�GX�IOX[�GH�&23�DVVLPLOpH

DX��
���
�GpFHPEUH������HW�OD�YLWHVVH�9� �DVVRFLpH�j�OD�VROXWLRQ�&RUJB2��9� � ��������P�M�� FI��7DEOHDX

����� OD� FRQFHQWUDWLRQ� HQ� &RUJ� HVW�PLQLPDOH� GDQV� OH� FRPSDUWLPHQW� SLpJp�� $� OD� GLIIpUHQFH� GH� O·$O

UpIUDFWDLUH� �)LJXUH� ����� OD� SKDVH� GLVVRXWH� VHUDLW� OD� SUHPLqUH� UHVSRQVDEOH� GH� O·H[SRUWDWLRQ� GX�&RUJ

GDQV� OD� FRXFKH� SURIRQGH�� JUkFH� DX�PpODQJH� YHUWLFDO� GH� OD� FRORQQH� G·HDX� �)LJXUH� �����'H� SOXV�� OD

GLPLQXWLRQ�GX�IOX[�GH�&23�VHUDLW� OLpH�PDMRULWDLUHPHQW�j�OD�GLVVROXWLRQ�GX�&RUJ�ODELOH��HW�GDQV�XQH

PRLQGUH�PHVXUH�j� OD�GpVDJUpJDWLRQ�GHV�SDUWLFXOHV�SLpJpHV� �)LJXUHV����HW������/D� VROXWLRQ�&RUJB2

FRQILUPH�OD�SUpGRPLQDQFH�GHV�pFKDQJHV�HQWUH�OHV�SKDVHV�GLVVRXWH�HW�ILOWUpH�SDU�UDSSRUW�DX[�pFKDQJHV

LPSOLTXDQW� OD� SKDVH� SLpJpH� �)LJXUH� ����� /HV� pFKDQJHV� GLVVRXV�ILOWUp� VHUDLHQW� GX� PrPH� RUGUH� GH

JUDQGHXU� TXH� O·H[SRUWDWLRQ� SDU� OH�PpODQJH� YHUWLFDO� HW� SDU� OD� VpGLPHQWDWLRQ� GHV� SDUWLFXOHV� SLpJpHV

�)LJXUH� �����0rPH� VL�. � � �!�. � � �� FRPPH� OD� FRQFHQWUDWLRQ� GX�&23� ILOWUp� HVW� VXSpULHXUH� GH� SOXV� GH

GHX[�RUGUHV�GH�JUDQGHXU�j�FHOOH�GX�&23�SLpJp�� OH�&2'�HVW�DOLPHQWp�j�SOXV�GH������SDU� OD�SKDVH

ILOWUpH�� (QILQ�� OD� VROXWLRQ� &RUJB2� PRQWUH� FRPPH� SRXU� O·$O� XQH� FRPSHQVDWLRQ� GHV� HIIHWV� GH

O·DGVRUSWLRQ�GX�&2'�HW�GH�OD�GLVVROXWLRQ�GX�&23�ILOWUp�VXU�OD�YDULDELOLWp�WHPSRUHOOH�GH�&SH�HW�&GH

�)LJXUHV����HW������/D�UpYHUVLELOLWp�GH�FHW�pFKDQJH�HVW�FRKpUHQWH�DYHF� OHV�UpVXOWDWV�GH�+HGJHV� HW�DO�

�������TXL�PRQWUHQW�TXH� OD� FRPSRVLWLRQ�FKLPLTXH�GX�&23�pYROXH� DYHF� OD�SURIRQGHXU�� 6LJQDORQV

TXH� O·LPSRUWDQFH� UHODWLYH� GHV� SKDVHV� HW� GHV� IOX[� GpFULWH� FL�GHVVXV� HVW� SHX� GpSHQGDQWH� GH� OD

SURIRQGHXU�HW�GX�WHPSV�

���� %DU\XP

������ 'HVFULSWLRQ�GHV�GRQQpHV�LQ�VLWX

/·pFKDQWLOORQQDJH� GX� %D� DX� VLWH� (80(/,�2� QH� FRQFHUQH� TXH� OHV� SKDVHV� SDUWLFXODLUHV� SLpJpH� HW

ILOWUpH�

�D� 'RQQpHV�FROOHFWpHV�DX�VLWH�ROLJRWURSKH

(QUHJLVWUHPHQW�GHV�SLqJHV�j�SDUWLFXOHV
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/HV� PHVXUHV� GX� IOX[� GH� PDVVH� HW� OHXU� PRGH� G·XWLOLVDWLRQ� VRQW� LGHQWLTXHV� DX[� H[SpULHQFHV

G·DVVLPLODWLRQ�GHV�GRQQpHV�G·$O��VHFWLRQ�������D���HW�GH�&RUJ��VHFWLRQ��������D����/H�IOX[�GH�%D�Q·D�pWp

PHVXUp� TX·j� SDUWLU� GHV� pFKDQWLOORQV� FROOHFWpV� j� ����� HW� �����P� HW� XQLTXHPHQW� SHQGDQW� OHV� GHX[

SUHPLHUV� GpSORLHPHQWV� �7DEOHDX� ���� /D� PpWKRGH� DQDO\WLTXH� HVW� GpFULWH� SDU� %RU\� ������� HW� SDU

-HDQGHO�HW�DO����������&HV�PHVXUHV�VRQW�UHSUpVHQWpHV�VXU�OD�)LJXUH�����/H�IOX[�GH�%D�UHIOqWH�FRPPH�OH

IOX[�GH�&23�HW�G·$O��)LJXUH�����OD�YDULDELOLWp�WHPSRUHOOH�GX�IOX[�GH�PDVVH�j������HW������P��,O�YDULH

HQWUH�a�����HW������PJ�P
�

�M��(Q�PR\HQQH��OD�FRQFHQWUDWLRQ�GX�%D�SLpJp�GLPLQXH�OpJqUHPHQW�DYHF

OD�SURIRQGHXU��SDVVDQW�GH�a����SSP�
�

�j������P�j�a����SSP�j������P�

/H� SURILO� LQLWLDO� GH�)H� HVW� XQ� SURILO� FRQVWDQW� DYHF� OD� SURIRQGHXU�� HW� pJDO� DX� IOX[� GH�%D� FROOHFWp� j

�����P� HQWUH� OH� ��� IpYULHU� HW� OH� ��PDUV� ������ FDU� LO� Q·D� SDV� pWp�PHVXUp� j� �����P� SHQGDQW� FHWWH

SpULRGH��)LJXUH������/HV�FRQGLWLRQV�DX[�OLPLWHV�IRUoDQW�MRXUQHOOHPHQW�)H�j������P�RQW�pWp�FDOFXOpHV

j�SDUWLU�GHV�PHVXUHV�IDLWHV�HQWUH�OH����IpYULHU������HW�OH���PDL�������7DEOHDX����VHFWLRQ���������/HV

GRQQpHV�FROOHFWpHV� j������P�VRQW� DVVLPLOpHV��/HXUV� HUUHXUV� DQDO\WLTXHV�RQW� pWp� HVWLPpHV�SDU�%RU\

���������HOOHV�YDULHQW�HQWUH����HW�����SSP�

0HVXUHV�GHV�SRPSHV�LQ�VLWX

&RPPH�SRXU�O·$O��VHFWLRQ�������E����XQ�VHXO�SURILO�GH�OD�FRQFHQWUDWLRQ�HQ�%D�SDUWLFXODLUH�ILOWUp�D�pWp

PHVXUp�DX�VLWH�2��HQWUH����HW������P�GH�SURIRQGHXU��)LJXUH������/D�PpWKRGH�DQDO\WLTXH�HVW�GpFULWH

SDU� 7DFKLNDZD� ������� HW� SDU� -HDQGHO� HW� DO�� ��������1RXV� Q·DYRQV� SDV� WURXYp� G·LQIRUPDWLRQ� VXU� OD

YDULDELOLWp�WHPSRUHOOH�GH�FHWWH�FRQFHQWUDWLRQ��SDU�FRQVpTXHQW�&SH�HVW�IRUFpH�j�FKDTXH�SDV�GH�WHPSV

SDU� OD�YDOHXU�j������P�GH�FHW�XQLTXH�SURILO� �&SH� ������� �

�

�PJ�P
�

���3RXU�FRQWUDLQGUH�&SH� �GDQV� OD

FRORQQH�G·HDX��QRXV�DYRQV�TXDOLWDWLYHPHQW�DQDO\Vp� OHV�SURILOV� UDVVHPEOpV�SDU�'HKDLUV� HW� DO�� ������

SRXU�FDUDFWpULVHU�OH�%D�ILOWUp�GDQV� O·2FpDQ�$WODQWLTXH�RXYHUW��/D�FRQFHQWUDWLRQ�j������P�GX�SURILO

pFKDQWLOORQQp� SHQGDQW� OH� SURJUDPPH� *(26(&6� �*(2FKHPLFDO� 2FHDQ� 6(&WLRQ6�� FI�� &UDLJ� HW

7XUHNLDQ��������HVW�SURFKH�GH�FHOOH�PHVXUpH�DX�VLWH�2��HW�OD�YDULDELOLWp�YHUWLFDOH�GH�FH�SURILO�Q·HVW�SDV

VLJQLILFDWLYH�UHODWLYHPHQW�DX[�HUUHXUV�GH�PHVXUH��)LJXUH����� FI�'HKDLUV�HW�DO����������3DU�FRQWUH�� OHV

GHX[� SURILOV� UpDOLVpV� SHQGDQW� OH� SURJUDPPH� 0,'/$17(� PRQWUHQW� XQH� GLPLQXWLRQ� GH� OD

FRQFHQWUDWLRQ�HQ�%D�ILOWUp�HQWUH������HW������P��PDLV� OHXU�YDOHXU�j������P��!������ �

�

�PJ�P
�

��HVW

VLJQLILFDWLYHPHQW� VXSpULHXUH� j� FHOOH� PHVXUpH� DX� VLWH� 2� �)LJXUH� ����� 1RXV� DYRQV� GpFLGp� GH

FRQWUDLQGUH�&SH� SDU� XQ� SURILO� FRQVWDQW� DYHF� OD� SURIRQGHXU� j� FKDTXH� SDV� GH� WHPSV� HQWUH� ����� HW

�����P��HW�DYHF�XQ�SDV�G]� �����P��6D�YDOHXU�HVW�pJDOH�j�OD�YDOHXU�PHVXUpH�j������P�DX�VLWH�2��1RXV

DYRQV�DWWULEXp�j�FHV�GRQQpHV�D�SULRUL�XQH�HUUHXU�GH�FROOHFWH�GH�����HW�XQH�HUUHXU�DQDO\WLTXH�GH����

�-HDQGHO� HW� DO��� ������� 1RXV� DYRQV� DMRXWp� XQH� HUUHXU� D� SULRUL� GH� ���� SRXU� UHQGUH� FRPSWH� GH

O·LQFHUWLWXGH�VXU� OD�YDULDELOLWp�YHUWLFDOH�GX�%D�ILOWUp� DX� VLWH�2��/H�SURILO� H[WUDSROp� VHUW� pJDOHPHQW� j

LQLWLDOLVHU�&SH�

�����������������������������������������������������
�

�SSP���SDUWLH�SRXU�PLOOLRQ��VRLW��� �

�

�JUDPPH�GH�O·pOpPHQW�SDU�JUDPPH�GH�PDWLqUH
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)LJXUH�����'RQQpHV�LQ�VLWX�XWLOLVpHV�SRXU�HVWLPHU�OHV�SDUDPqWUHV�FRQWU{ODQW�OHV�IOX[�GH�%D�GDQV�OD
FRORQQH�G·HDX�DX�VLWH�2��/HV�IOX[�GH�PDVVH��D��HW�GH�%D��E��RQW�pWp�PHVXUpV�DX�VLWH�2��%RU\�������
-HDQGHO�HW�DO����������/H�SURILO�GH�%D�SDUWLFXODLUH�ILOWUp�PHVXUp�DX�VLWH�2��7DFKLNDZD��������-HDQGHO�HW
DO���������D�pWp�H[WUDSROp�DSUqV�DQDO\VH�GHV�SURILOV�UpDOLVpV�SHQGDQW�OHV�SURJUDPPHV�*(26(&6�HW
0,'/$17(��'HKDLUV�HW�DO���������FI��)LJXUH������/HV�GHX[�SURILOV�GH�%D�GLVVRXV�RQW�pWp�PHVXUpV

SHQGDQW�OHV�FDPSDJQHV�*(26(&6��&KDQ�HW�DO���������FI��)LJXUH�����
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1RXV�DYRQV�FDOFXOp�OD�SURSRUWLRQ�GX�%D�GDQV�OHV�SDUWLFXOHV�ILOWUpHV��U � ��FI��(T������j�SDUWLU�GX�SURILO�GH

%D� ILOWUp�PHVXUp�j� OD� VWDWLRQ�*(26(&6���� �)LJXUH����� HW�XQ�SURILO�GH� OD� FRQFHQWUDWLRQ� WRWDOH� HQ

SDUWLFXOHV�ILOWUpHV�UpDOLVp�j� OD�VWDWLRQ�*(26(&6������)LJXUH�����%UHZHU� HW�DO����������(Q�PR\HQQH

VXU�OD�SURIRQGHXU�QRXV�DYRQV���U � � �����SSP�

)LJXUH�����/RFDOLVDWLRQ�GHV�VWDWLRQV�R��RQW�pWp�FROOHFWpHV�OHV�GRQQpHV�LQ�VLWX�XWLOLVpHV�SRXU�HVWLPHU
OHV�SDUDPqWUHV�FRQWU{ODQW�OHV�IOX[�GH�%D�DX�VLWH�2��)LJXUH������/HV�URQGV��OHV�WULDQJHV�HW�OHV�FDUUpV
URXJHV�GpVLJQHQW�UHVSHFWLYHPHQW�OHV�VWDWLRQV�(80(/,��0,'/$17(��'HKDLUV�HW�DO���������HW

*(26(&6��&KDQ�HW�DO���������

�E� 'RQQpHV�FRPSOpPHQWDLUHV�SRXU�FRQWUDLQGUH�OD�SKDVH�GLVVRXWH

/D�EDVH�GH�GRQQpHV�(80(/,�QH�FRQWLHQW�SDV�GH�PHVXUH�GH�OD�FRQFHQWUDWLRQ�HQ�%D�GLVVRXV��1RXV

O·DYRQV� FRPSOpWpH� j� SDUWLU� GH� GHX[� SURILOV� UpDOLVpV� DX[� VWDWLRQV� *(26(&6� ���� HW� ���� TXL� VH

WURXYHQW�GH�SDUW�HW�G·DXWUH�GH�OD�]RQH�(80(/,��&KDQ�HW�DO���������0RQQLQ�HW�DO����������)LJXUH�����

&RPPH�OD�VWDWLRQ�����HVW�OD�SOXV�SURFKH�GX�VLWH�2�HW�TXH�QRXV�QH�GLVSRVRQV�SDV�G·LQIRUPDWLRQ�VXU

OD� YDULDELOLWp� WHPSRUHOOH� GX�%D� GLVVRXV�� OD� YDOHXU� j� �����P�GX� SURILO� FRUUHVSRQGDQW� HVW� XWLOLVpH� j

FKDTXH�SDV�GH�WHPSV�FRPPH�FRQGLWLRQ�DX[�OLPLWHV�GH�&GH��&GH� �����PJ�P
�

���&H�PrPH�SURILO�VHUW�j

LQLWLDOLVHU�&GH��)LJXUH������/D�FRPSDUDLVRQ�GHV�GHX[�SURILOV�*(26(&6�UpYqOH�XQH�QHWWH�YDULDELOLWp

GX�%D�GLVVRXV�HQWUH�����HW������P��1RXV�DYRQV�GRQF�FKRLVL�GH�Q·DVVLPLOHU�OH�SURILO�GH�OD�VWDWLRQ����

TX·j�SDUWLU�GH������P�HW�MXVTX·j������P��/HV�pFKDQWLOORQV�SUpOHYpV�SRXU�UpDOLVHU�FHV�SURILOV�RQW�pWp

GXSOLTXpV� HW� PHVXUpV� GDQV� GHX[� ODERUDWRLUHV� SDU� GHX[� WHFKQLTXHV� OpJqUHPHQW� GLIIpUHQWHV�� 6HORQ

&KDQ� HW� DO�� �������� OD� VRPPH� GHV� HUUHXUV� GH� FROOHFWH� HW� DQDO\WLTXHV� VHUDLW� LQIpULHXUH� j� �����1RXV
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DYRQV�DMRXWp�XQH�HUUHXU�D�SULRUL�GH������TXL�FRUUHVSRQG�j�O·pFDUW�PD[LPDO�HQWUH�OHV�GHX[�SURILOV�HQWUH

�����P�HW�OH�IRQG��GH�IDoRQ�j�SUHQGUH�HQ�FRPSWH�O·LQFHUWLWXGH�OLpH�j�OD�YDULDELOLWp�VSDWLR�WHPSRUHOOH

GX�%D�GLVVRXV�

3XLVTXH�OH�IOX[�GH�%D�Q·D�pWp�PHVXUp�TX·j������HW������P�SHQGDQW�OHV�GHX[�SUHPLHUV�GpSORLHPHQWV�

OD� TXDQWLWp� G·LQIRUPDWLRQ� FRQWHQXH� GDQV� FHWWH� EDVH� GH� GRQQpH� HVW� SOXV� IDLEOH� TXH� FHOOH� TXL� HVW

FRQWHQXH�GDQV�OHV�EDVHV�GH�GRQQpHV�FRQVWLWXpHV�SRXU�O·pWXGH�GH�O·$O��VHFWLRQ������HW�GX�&RUJ�DX�VLWH

2��VHFWLRQ����������'H�SOXV�� O·DVVLPLODWLRQ�GHV�GRQQpHV�HVW� OLPLWpH�j� OD�SpULRGH�DOODQW�GX����IpYULHU

�����DX���PDL�������7DEOHDX����

6\PEROH ,QWHUYDOOH�GH�UHFKHUFKH 9HFWHXU
/LPLWH�LQIpULHXUH /LPLWH�VXSpULHXUH 6RXUFH %DB2

3DUDPqWUHV�ELRJpRFKLPLTXHV

. � � � ���M� ������ ������ � ������

. � � ��P
�

�PJ�M� ������ ������ � ������
. � � ���M� ������ ������ � ��������
. � � ���M� ������ ������ � ������
. � � ���M� ������ ������ � ������

3DUDPqWUHV�SK\VLTXHV

9� ��P�M� ���� ����� � ����
9� ��P�M� ���� ������ � ������
. � ��P

�

�M� ����� ������� � �����
6RXUFHV������FI��7DEOHDX���������$MXVWHPHQW�j�SDUWLU�G·H[SpULHQFHV�SUpOLPLQDLUHV�G·DVVLPLODWLRQ�GHV�GRQQpHV
G·$O� DX� VLWH�2��� ��� $UUDHV�0HVFRII� HW� DO��� ������� ���:KLWILHOG� HW� 7XUQHU� ��������� ��� =DNDUGMLDQ� HW� 3ULHXU
���������/��3ULHXU��FRPPXQLFDWLRQ�SHUVRQQHOOH��������

7DEOHDX�����,QWHUYDOOHV�GH�UHFKHUFKH�GHV�SDUDPqWUHV�GH�&2/'2�XWLOLVpV�SRXU�OHV�H[SpULHQFHV
G·DVVLPLODWLRQ�GH�OD�EDVH�GH�GRQQpHV�GH�%D�DX�VLWH�2��/H�YHFWHXU�%DB2�HVW�GpVLJQp�SDU�GHV�pWRLOHV

YHUWHV�VXU�OD�)LJXUH�����,O�JpQqUH�OHV�VLPXODWLRQV�UHSUpVHQWpHV�VXU�OHV�ILJXUHV����j����

������ 'pOLPLWDWLRQ�GH�O·HVSDFH�GH�UHFKHUFKH

/HV�LQWHUYDOOHV�GH�UHFKHUFKH�GHV�SDUDPqWUHV�D�SULRUL�LQGpSHQGDQWV�GX�WUDFHXU�FRQVLGpUp��VRLW�. � � � ��. � � �

9� ��9� �HW�. � ��VRQW�LGHQWLTXHV�j�FHX[�GHV�H[SpULHQFHV�FRQVDFUpHV�j�O·$O�HW�DX�&RUJ��7DEOHDX������3RXU

GpILQLU�. � �
� � � � HW�. � �

� � � �� QRXV�QRXV� VRPPHV�EDVpV� VXU� OHV� H[SpULHQFHV� GH� GpFRPSRVLWLRQ� LQ� YLWUR� GH

SDUWLFXOHV� SLpJpHV� UpDOLVpHV� SDU�$UUDHV�0HVFRII� HW� DO�� �������� &HV� SDUWLFXOHV� RQW� pWp� FROOHFWpHV� SDU

ILOWUDWLRQ�HQ�0HU�/LJXUH��(Q�VXSSRVDQW�TXH�OD�GLVVROXWLRQ�GH�WUDFHXUV�LQRUJDQLTXHV�WHOV�TXH�OH�%D�VXLW

XQH�FLQpWLTXH�G·RUGUH����$UUDHV�0HVFRII�HW�DO���������RQW�TXDOLWDWLYHPHQW�DMXVWp�OH�PRGqOH�VXLYDQW��

[ ]�H[S���
�����

WN�'W' ��������� ⋅−⋅= ����

j�OD�FRXUEH�H[SpULPHQWDOH�GH�GLVVROXWLRQ�GX�%D��'DQV�FHWWH�H[SUHVVLRQ��' � � �W��HVW�OH�SRXUFHQWDJH�GH

GLVVROXWLRQ�GX�%D�SDUWLFXODLUH�j�OD�GDWH�W��' � �

� � �
�HVW�OH�SRXUFHQWDJH�PD[LPDO�GH�GLVVROXWLRQ�HW�N � � �HVW

OH� WDX[� GH� GLVVROXWLRQ�� 3RXU� OHV� SDUWLFXOHV� FROOHFWpHV� OH� SOXV� SURIRQGpPHQW� �����P��� O·DMXVWHPHQW

IRXUQLW�' � �

� � �
� ������HW�N � � � ��������M��&HWWH�HVWLPDWLRQ�GH�N � � �VHUDLW�XQH�YDOHXU�PD[LPDOH�GDQV�OD

PHVXUH� R�� OD� EDU\WLQH� SUpVHQWH� j� ����P� HVW� YUDLVHPEODEOHPHQW� IDLEOHPHQW� FULVWDOOLVpH�� '·DLOOHXUV�
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'HKDLUV�HW�DO���������SURSRVHQW�GHV�YDOHXUV�LQIpULHXUHV��GH�O·RUGUH�GH�������M��1RXV�DYRQV�GRQF�IL[p��

. � �
� � �
� �. � �

� � �
� �N � � � ��������M� �7DEOHDX� ����� (QILQ�� OD� YDOHXU�PD[LPDOH� GH�. � � � HVW� LPSRVpH� SDU� OD

VWDELOLWp�QXPpULTXH�GH�&2/'2���OHV�VRUWLHV�GX�PRGqOH�VRQW�DEHUUDQWHV�GqV�TXH�. � � �!��������M�

������ 5pVXOWDWV

/D�PLQLPLVDWLRQ�SDU�O·$*�GH�OD�IRQFWLRQ�FR�W�DVVRFLpH�j�OD�EDVH�GH�GRQQpHV�GpFULWH�FL�GHVVXV�V·HVW

DFKHYpH� DSUqV� TXH� ���� JpQpUDWLRQV� �L�H� ���� YDOHXUV� GX� FR�W�� DLHQW� pWp� pYDOXpHV�� /·DOJRULWKPH� Q·D

GpWHFWp�TXH����YHFWHXUV�DFFHSWDEOHV��GRQW�OH�FR�W�YDULH�HQWUH������HW�������,OV�VRQW�UHSUpVHQWpV�VXU�OD

)LJXUH� ���� (WDQW� GRQQp� OH� IDLEOH� QRPEUH� GH� GRQQpHV� GH� %D� GLVSRQLEOHV� HW� OH� IDLEOH� QRPEUH� GH

VROXWLRQV� DFFHSWDEOHV� LGHQWLILpHV�� OHV� UpVXOWDWV� GH� FHWWH� H[SpULHQFH� GRLYHQW� rWUH� FRQVLGpUpV� DYHF

EHDXFRXS�GH�SUpFDXWLRQV�

�D� $QDO\VH�GHV�VROXWLRQV�DFFHSWDEOHV

7RXV�OHV�SDUDPqWUHV�KRUPLV�9� ��9� �HW�. � �VHPEOHQW�j�SUHPLqUH�YXH�ELHQ�FRQWUDLQWV�SDU�OHV�GRQQpHV

DVVLPLOpHV��&H�UpVXOWDW�HVW�WUqV�VXUSUHQDQW�pWDQW�GRQQp�OH�IDLEOH�QRPEUH�GH�GRQQpHV�DVVLPLOpHV�HW�OD

IDLEOH�GXUpH�GH�O·DVVLPLODWLRQ�SDU�UDSSRUW�DX[�H[SpULHQFHV�FRQVDFUpHV�j�O·$O�HW�DX�&RUJ��/H�WUqV�IDLEOH

QRPEUH� GH� VROXWLRQV� DFFHSWDEOHV� GpWHFWpHV� VXJJqUH� TXH� OD� SRSXODWLRQ� GH� YHFWHXUV� GH� SDUDPqWUHV

pYDOXpH� SDU� O·$*� V·HVW� WUqV� UDSLGHPHQW� FRQFHQWUpH� GDQV� XQH� YDOOpH� pWURLWH� GH� O·HVSDFH� GHV

SDUDPqWUHV�� /·$*� D� GRQF� SX� PDQTXHU� XQ� FHUWDLQ� QRPEUH� GH� EDVVLQV� DFFHSWDEOHV�� ,O� HQ� DXUDLW

FHSHQGDQW� WURXYp� TXHOTXHV� XQV�� SXLVTXH� 9� �� 9� � HW� . � � VHPEOHQW� SRXYRLU� SUHQGUH� GHV� YDOHXUV

DSSDUWHQDQW�j�GHX[�RX�WURLV�LQWHUYDOOHV�GLVWLQFWV��)LJXUH�����

(Q�FH�TXL� FRQFHUQH� OHV�SDUDPqWUHV�D�SULRUL� LQGpSHQGDQWV�GX� WUDFHXU�pWXGLp�� OHV�YDOHXUV�GX� WDX[�GH

GpVDJUpJDWLRQ� ���������. � � � ����������M��VRQW�a����j�a���� IRLV�SOXV�pOHYpHV�TXH� FHOOHV�REWHQXHV�SDU

O·DVVLPLODWLRQ� GHV� GRQQpHV� G·$O� HW� GH� &RUJ� �)LJXUH� ����� &HOOHV� GX� WDX[� G·DJUpJDWLRQ

����������. � � ����������P
�

�PJ�M�� VRQW� FRPSULVHV� HQWUH� OHV� YDOHXUV� REWHQXHV� ORUV� GH� O·DVVLPLODWLRQ

GHV� GRQQpHV� G·$O� HW� HOOHV� VRQW� DVVH]� SURFKHV� GH� OD� YDOHXU� GH� . � � � DVVRFLpH� j� OD� VROXWLRQ� &�

�. � � � ��������P
�

�PJ�M��FI��7DEOHDX������/HV�YDOHXUV�GH�. � � �SHXYHQW�rWUH�MXVTX·j�GHX[�IRLV�VXSpULHXUHV

j� FHOOHV� WURXYpHV� SDU� O·DVVLPLODWLRQ� GHV� GRQQpHV� GH� &RUJ�� PDLV� HOOHV� VRQW� SURFKHV� GH� OD� YDOHXU

DVVRFLpH� j� OD� VROXWLRQ� &RUJB2� �. � � � ��������P
�

�PJ�M�� FI�� 7DEOHDX� ����� /HV� YDOHXUV� GH� 9�

��������9� ��������P�M�� FRXYUHQW� SUDWLTXHPHQW� WRXW� O·LQWHUYDOOH� GHV� YDOHXUV� SRVVLEOHV� SRXU� FH

SDUDPqWUH� �7DEOHDX� ����� /HV� YDOHXUV� GH� 9� � QH� VRQW� SDV� ELHQ� FRQWUDLQWHV�� PDLV� FHUWDLQHV

�9� a����P�M��VRQW�SURFKHV�GHV�YDOHXUV�DVVRFLpHV�j�OD�VROXWLRQ�&���9� � ��������P�M��FI��7DEOHDX����

HW� j� OD� VROXWLRQ� &RUJB2� �9� � ��������P�M�� FI�� 7DEOHDX� ����� (QILQ�� OHV� YDOHXUV� GH� . �

���������. � �������P
�

�M�� VRQW� GDQV� OH� PrPH� LQWHUYDOOH� TXH� FHOOHV� REWHQXHV� SDU� DVVLPLODWLRQ� GHV

PHVXUHV�G·$O�



&KDSLWUH����(WXGH�GX�VLWH�ROLJRWURSKH

���

)LJXUH�����)OX[�GH�PDVVH��D���GH�%D��E���%D�SDUWLFXODLUH�ILOWUp��F��HW�GLVVRXV��G��VLPXOpV�SDU�OH�YHFWHXU
%DB2��)LJXUH�����7DEOHDX������/HV�VLPXODWLRQV�VRQW�FRPSDUpHV�j�OD�EDVH�GH�GRQQpHV�FRQVWLWXpH�SRXU
FRQWUDLQGUH�OH�%D�DX�VLWH�2��VHFWLRQ����������/HV�SURILOV�GH�&SH�HW�&GH�VRQW�G·DXWDQW�SOXV�UpFHQWV

TX·LOV�VRQW�VRPEUHV�
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6·DJLVVDQW�VSpFLILTXHPHQW�GX�%D��VRQ�WDX[�G·DGVRUSWLRQ��. � � � ������� �

�

��M��VHUDLW�����j������IRLV�SOXV

IDLEOH�FHOXL�GX�&RUJ�HW������IRLV�SOXV�IDLEOH�TXH�FHOXL�GH�O·$O��(Q�RXWUH��OH�WDX[�GH�GLVVROXWLRQ�GX�%D

ILOWUp� ����������. � � �����������M�� HVW� �� j� �� IRLV� SOXV� IDLEOH� TXH� FHOXL� GH� O·$O� ILOWUp�� HW� OH� WDX[� GH

GLVVROXWLRQ�GX�%D�SLpJp�����������. � � �����������M��VH�WURXYH�GDQV�OHV�PrPHV�JDPPHV�GH�YDOHXUV�TXH

FHOXL�GH� O·$O�SLpJp��/HV�YDOHXUV�GH�. � � �HW�. � � �VRQW�FRPSDWLEOHV� DYHF� OHV�PHVXUHV�H[SpULPHQWDOHV�GX

WDX[�GH�GLVVROXWLRQ�GH�OD�EDU\WLQH�UpDOLVpHV�SDU�'HKDLUV�HW�DO����������a������M��HW�GH�$UUDHV�0HVFRII

HW�DO�����������������M���3DU�FRQWUH��LO�HVW�VXUSUHQDQW�GH�WURXYHU�GHV�WDX[�GH�GLVVROXWLRQ�GH�OD�EDU\WLQH

LQIpULHXUV� RX� pJDX[� j� FHX[� GH� O·$O� SDUWLFXODLUH� �7DEOHDX� ������ OHV� H[SpULHQFHV� LQ� YLWUR�PRQWUHQW� DX

FRQWUDLUH�TXH� O·$O�SLpJp�HVW�PRLQV�VROXEOH�TXH� OH�%D�SLpJp� �$UUDHV�0HVFRII� HW� DO��� �������(QILQ�� OH

UDSSRUW�. � � �. � � �HVW�PDO�FRQWUDLQW���VHV�YDOHXUV�YDULHQW�HQWUH������HW������

�E� 4XDQWLILFDWLRQ�GHV�IOX[�GH�EDU\XP�DX�VLWH�2

/HV� UpVXOWDWV� GH� FHWWH� H[SpULHQFH� QH� IRXUQLVVHQW� SDV� GH� VROXWLRQ� DFFHSWDEOH� GRQW� OHV� YDOHXUV� GHV

SDUDPqWUHV�D�SULRUL�LQGpSHQGDQWV�GX�WUDFHXU�FRQVLGpUp��. � � � ��. � � ��9� ��9� �HW�. � ��VRQW�SURFKHV�GH�FHOOHV

GHV�VROXWLRQV�&���7DEOHDX�����HW�&RUJB2��7DEOHDX�����HW�TXL�SURGXLVH�GHV�VLPXODWLRQV�GX�IOX[�GH

PDVVH�VLPLODLUHV�j�FHOOHV�JpQpUpHV�SDU� OHV�VROXWLRQV�&���)LJXUH�����HW�&RUJB2��)LJXUH������/HV���

VROXWLRQV� DFFHSWDEOHV� JpQqUHQW� GHV� VLPXODWLRQV� FRPSDUDEOHV� OHV� XQHV� DX[� DXWUHV�� /D� )LJXUH� ��

UHSUpVHQWH�OHV�VLPXODWLRQV�FDOFXOpHV�SDU�OD�VROXWLRQ�GpVLJQpH�SDU�GHV�pWRLOHV�YHUWHV�VXU�OD�)LJXUH�����

QRXV� OD� GpVLJQHURQV� SDU� ©�YHFWHXU�%DB2�ª�� /HV� YDOHXUV� GH� VHV� SDUDPqWUHV� VRQW� GRQQpHV� GDQV� OH

7DEOHDX�����7RXWHV� OHV� VROXWLRQV� DFFHSWDEOHV�SUpGLVHQW�XQH� DXJPHQWDWLRQ� GX� IOX[� GH�PDVVH� HQWUH

�����HW������P��FH�TXL�Q·HVW�SDV�FRPSDWLEOH� DYHF� OHV�GRQQpHV��6HORQ�FHV� VROXWLRQV�� O·LQIOXHQFH�GH

O·DJUpJDWLRQ� GHV� SDUWLFXOHV� HQ� VXVSHQVLRQ� VXU� OH� IOX[� GH� PDVVH� VHUDLW� VXSpULHXUH� j� FHOOH� GH� OD

GpVDJUpJDWLRQ�GHV�SDUWLFXOHV�SLpJpHV��)LJXUH������'·DXWUH�SDUW��OHV�VLPXODWLRQV�GX�IOX[�GH�%D�QH�VRQW

FRPSDWLEOHV�DYHF�OHV�GRQQpHV�TXH�GH�IpYULHU�j�MXLQ�������3HQGDQW�OH�UHVWH�GH�OD�FDPSDJQH��HW�PrPH

DSUqV�OD�SpULRGH�R��OH�SLqJH�j������P�DXUDLW�VRXV�pFKDQWLOORQQp�OH�IOX[�GH�PDVVH��MXLOOHW�VHSWHPEUH

������� OHV�VLPXODWLRQV�VRXV�HVWLPHQW� OHV�PHVXUHV�HW�QH�UHSURGXLVHQW�SDV�FRUUHFWHPHQW� OD�YDULDELOLWp

WHPSRUHOOH�GHV�IOX[��3DU�FRQWUH��OHV�VLPXODWLRQV�GX�%D�ILOWUp�HW�GLVVRXV�VRQW�WUqV�SURFKHV�GHV�SURILOV�D

SULRUL��HW�HOOHV�PRQWUHQW�TXH�FHV�GHX[�YDULDEOHV�QH�YDULHQW�SDV�VLJQLILFDWLYHPHQW�DX�FRXUV�GX�WHPSV�

&HV� UpVXOWDWV� VXJJqUHQW� IRUWHPHQW� TXH� OHV� FRQWUDLQWHV� DSSOLTXpHV� DX[� TXDWUH� YDULDEOHV� G·pWDW� GX

PRGqOH�QH�VRQW�SDV�FRPSDWLEOHV�HQWUH�HOOHV��/·DXJPHQWDWLRQ�GX�%D�GLVVRXV�DYHF�OD�SURIRQGHXU�TXH

PRQWUH� OH�SURILO�*(26(&6�����UpVXOWH�YLVLEOHPHQW�GH� OD�GLVVROXWLRQ�GH�%D� ILOWUp� HW�RX�SLpJp��/D

GLVVROXWLRQ� GH� OD� TXDQWLWp� GH� %D� ILOWUp� LPSRVpH� SDU� OH� SURILO� D� SULRUL� GH� &SH� QH� SURGXLUDLW� SDV

VXIILVDPHQW�GH�%D�GLVVRXV��/·LQYHUVLRQ�FRQGXLUDLW�GRQF�j�VpOHFWLRQQHU�GHV�VROXWLRQV�SUpGLVDQW��GDQV

OD� OLPLWH� GHV� EDUUHV� G·HUUHXU�� XQH� DXJPHQWDWLRQ� GX� IOX[� GH� PDVVH��� OH� %D� GLVVRXV� PDQTXDQW

SURYLHQGUDLW� GH� OD� GLVVROXWLRQ� GX� %D� SLpJp�� $� FDXVH� GH� O·LQFRPSDWLELOLWp� GHV� FRQWUDLQWHV�� LO� HVW

SRVVLEOH�TXH�OD�WDLOOH�GX�GRPDLQH�DFFHSWDEOH�VRLW�UHODWLYHPHQW�IDLEOH��&HOD�H[SOLTXHUDLW�TXH�O·$*�Q·DLW

GpWHFWp�TXH����VROXWLRQV�DFFHSWDEOHV�
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)LJXUH�����&RQWULEXWLRQV�GHV�WHUPHV�GH�OD�QRXYHOOH�YHUVLRQ�GH�&2/'2��(TV�����HW���j����j�OD
YDULDELOLWp�WHPSRUHOOH�GH�)P��)H��&SH�HW�&GH�j������P�FDOFXOpHV�SDU�OH�YHFWHXU�%DB2��7DEOHDX����

)LJXUH�����

/D�)LJXUH����UHSUpVHQWH�OD�GLVWULEXWLRQ�HW�OHV�IOX[�GH�%D�j������P�DX�VLWH�2�FDOFXOpV�SDU�OH�YHFWHXU

%DB2�SRXU�OH��
���
�GpFHPEUH�������(Q�DFFRUG�DYHF�OHV�PHVXUpHV�DVVLPLOpHV��OH�SULQFLSDO�UpVHUYRLU�GH

%D� HVW� OD� SKDVH� GLVVRXWH�� /D� YLWHVVH� GH� FKXWH� GHV� SDUWLFXOHV� SLpJpHV� DVVRFLpH� DX� YHFWHXU� %DB2

�9� � ��������P�M��FI��7DEOHDX�����LPSOLTXH�TXH�OD�FRQFHQWUDWLRQ�GX�%D�HVW�PLQLPDOH�GDQV� OD�SKDVH

SLpJpH�� /H� YHFWHXU� %DB2�PRQWUH� TXH� OHV� IOX[� SHUPHWWDQW� O·H[SRUW� GH� %D� �PpODQJH� YHUWLFDO� GH� OD

FRORQQH�G·HDX�HW�VpGLPHQWDWLRQ�GHV�SDUWLFXOHV��VRQW�VXSpULHXUV�GH���j���RUGUHV�GH�JUDQGHXUV�DX[�IOX[
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pFKDQJpV�HQWUH�OHV�SKDVHV��/D�SKDVH�GLVVRXWH�VHUDLW�OD�SUHPLqUH�UHVSRQVDEOH�GX�WUDQVSRUW�GX�%D�YHUV

OH� IRQG��/HV� SDUWLFXOHV� ILOWUpHV� H[SRUWHUDLHQW� SOXV� GH�%D� TXH� OHV� SDUWLFXOHV� SLpJpHV� �'HKDLUV� HW� DO��

������ )UDQoRLV� HW� DO��� ������� /D� )LJXUH� ��� PRQWUH� TXH� OD� GLPLQXWLRQ� GX� IOX[� GH� %D� UpVXOWHUDLW

SULQFLSDOHPHQW��FRPPH�FHOOH�GX�IOX[�G·$O��GH�OD�GpVDJUpJDWLRQ�GHV�SDUWLFXOHV�SLpJpHV��/D�GLVVROXWLRQ

GX� %D� SLpJp� Q·DXUDLW� TX·XQH� LPSRUWDQFH� WUqV� VHFRQGDLUH��� HOOH� QH� FRQFHUQHUDLW� TXH� a���� GH� FH

UpVHUYRLU�� /HV� pFKDQJHV� HQWUH� OHV� SKDVHV� GLVVRXWH� HW� ILOWUpH� VRQW� GH� �� j� �� RUGUHV� GH� JUDQGHXUV

VXSpULHXUV� DX[� pFKDQJHV� SLpJp�GLVVRXV� HW� SLpJp�ILOWUp�� PDLV� OD� GLVVROXWLRQ� GX� %D� ILOWUp� QH

FRQFHUQHUDLW�TXH�a����GX�%D�ILOWUp��(Q�RXWUH�� OH� IOX[�QHW�HQWUH�FHV�GHX[�SKDVHV�HVW�SUDWLTXHPHQW

QXO�� /HV� SRXUFHQWDJHV� GH� GLVVROXWLRQ� GX� %D� SLpJp� HW� ILOWUp� VRQW� EHDXFRXS� SOXV� IDLEOHV� TXH� FHX[

TX·$UUDHV�0HVFRII� HW� DO�� �$UUDHV�0HVFRII� HW� DO��� ������RQW�GpWHUPLQp�H[SpULPHQWDOHPHQW� �a�����j

���P�HW�a�����j�����P���6HORQ�-HDQGHO�HW�DO����������OH�%D�SLpJp�HW�ILOWUp�DX�VLWH�2�HVW�FRPSRVp�GH

EDU\WLQH�j�SOXV�GH����HW������UHVSHFWLYHPHQW��1RV�UpVXOWDWV�VXJJqUHQW�TXH�OD�EDU\WLQH�pFKDQWLOORQQpH

j������P�DX�VLWH�2�HVW�PLHX[�FULVWDOOLVpH�TXH�FHOOH�FROOHFWpH�j�����P�HQ�0pGLWHUUDQpH�SDU�$UUDHV�

0HVFRII�HW�DO����������HW�TXH�OH�VLJQDO�DVVRFLp�j�OD�EDU\WLQH�GDQV�OD�FRORQQH�G·HDX�HVW�UHODWLYHPHQW�ELHQ

FRQVHUYp��$�QRXYHDX�� LO�HVW� WUqV�VXUSUHQDQW�TXH� OHV�SRXUFHQWDJHV�GH�GLVVROXWLRQ�GX�%D�SDUWLFXODLUH

VRLHQW�SOXV�IDLEOHV�TXH�FHX[�GH�O·$O�SDUWLFXODLUH��a���j�������FI��VHFWLRQ���������/·LPSRUWDQFH�UHODWLYH

GHV�SKDVHV�HW�GHV�IOX[�GH�%D�GpFULWH�FL�GHVVXV�YDULH�SHX�DX�FRXUV�GX�WHPSV�HW�DYHF� OD�SURIRQGHXU�

5DSSHORQV�TXH�OHV�DXWUHV�VROXWLRQV�DFFHSWDEOHV�IRXUQLVVHQW�GHV�UpVXOWDWV�VLPLODLUHV�

Phase dissoute
Cde = 8,8 mg/m3

Phase des 
particules filtrées

Cpe = 8,9.10  mg/m-3 3

Phase
des particules

piégées
Fe/  =

4,2.10  mg/m
Vg

3-5

Dissolution : 9,1.10  mg-7

Adsorption :
4,0.10  mg-4

Dissolution :
3,9.10  mg-4

Désagrégation :
6,3. 10  mg-5

Agrégation : 
5,8.10  mg- 5

Mélange vertical :
0,22 mg

Mélange vertical :
1,9.10  mg-4

Sédimentation :
0,037 mg

Sédimentation : 
Fe=0,027 mg

)LJXUH�����'LVWULEXWLRQ�GX�%D�GDQV���P � �G·HDX�GH�PHU�j������P�DX�VLWH�(80(/,�ROLJRWURSKH�OH�� ���
GpFHPEUH������FDOFXOpV�SDU�OH�YHFWHXU�%DB2��)LJXUH�����7DEOHDX������/HV�TXDQWLWpV�GH�%D�pFKDQJpHV
HQWUH�OHV�SKDVHV�DX�FRXUV�GH�GW� ���M�VRQW�LQGLTXpHV�HQ�URXJH��&HOOHV�TXL�VRQW�pFKDQJpHV�DYHF�OD
FRORQQH�G·HDX�VRXV��RX�VXV�MDFHQWH�SDU�PpODQJH�YHUWLFDO�SHQGDQW�GW� ���M�VRQW�LQGLTXpHV�HQ�EOHX�

(QILQ��OHV�TXDQWLWpV�GH�%D�SDUWLFXODLUH�TXL�RQW�WUDYHUVp�OH�YROXPH�GH���P � �SHQGDQW�FHWWH�PrPH�GXUpH
VRQW�LQGLTXpHV�HQ�PDUURQ
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���� &RQFOXVLRQ�GX�FKDSLWUH

������ (YDOXDWLRQ�GH�OD�PpWKRGH�LQYHUVH

/HV�UpVXOWDWV�GHV�H[SpULHQFHV�G·DVVLPLODWLRQ�GHV�GRQQpHV�G·$O� �&KDSLWUH����HW�GH�&RUJ�GpPRQWUHQW

TXH�O·DSSURFKH�EDVpH�VXU�O·LQYHUVLRQ�GX�PRGqOH�&2/'2�j�SDUWLU�GH�O·$*�GH�&DUUROO��������SHUPHW

GH�TXDQWLILHU�OHV�IOX[�GH�PDWLqUH�DX�VLWH�(80(/,�ROLJRWURSKH��/HV�UpVXOWDWV�PpGLRFUHV�REWHQXV�SDU

O·DVVLPLODWLRQ�GHV�GRQQpHV�GH�%D�V·H[SOLTXHQW�SDU�XQ�QRPEUH�GH�PHVXUHV� LQVXIILVDQW��� OHV�PHVXUHV

GLVSRQLEOHV� GDQV� O·2FpDQ� $WODQWLTXH� QH� SHUPHWWHQW� SDV� GH� FRQVWLWXHU� XQH� EDVH� GH� GRQQpHV

FRPSDWLEOHV�HQWUH�HOOHV�HW�UHSUpVHQWDWLYHV�GX�VLWH�ROLJRWURSKH��/D�IDLEOH�YDULDELOLWp�WHPSRUHOOH�GX�VLWH

ROLJRWURSKH� �VHFWLRQ�������D���HVW�FRPSDWLEOH�DYHF� O·LQGpSHQGDQFH�GHV�SDUDPqWUHV�GH�&2/'2�SDU

UDSSRUW� DX� WHPSV� �VHFWLRQ� �������� /HV� VROXWLRQV� DFFHSWDEOHV� VpOHFWLRQQpHV� SRXU� O·$O� HW� OH� &RUJ

IRXUQLVVHQW� GHV� VLPXODWLRQV� FRKpUHQWHV� DYHF� OH� FRPSRUWHPHQW� GH� FHV� FRQVWLWXDQWV� GDQV� O·RFpDQ

�&KDSLWUH�����

/HV� H[SpULHQFHV� UpDOLVpHV� GDQV� FH� FKDSLWUH� PRQWUHQW� TXH� O·DVVLPLODWLRQ� GHV� PHVXUHV� GH� SOXVLHXUV

WUDFHXUV�pFKDQWLOORQQpV�VXU�XQ�PrPH�VLWH�DSSRUWH�GHV�FRQWUDLQWHV�VXU�OHV�SDUDPqWUHV�QH�GpSHQGDQW

SDV� D� SULRUL� GX� WUDFHXU� FRQVLGpUp�� &HWWH� DSSURFKH� UHYLHQW� j� UDIILQHU� OH� FULWqUH� GH� VpOHFWLRQ� GHV

SDUDPqWUHV� GH� FKDTXH� WUDFHXU� �VHFWLRQ� ������E���� /D� VXLWH� ORJLTXH� GH� FHV� H[SpULHQFHV� VHUDLW� GH

GpYHORSSHU�XQ�QRXYHDX�PRGqOH�TXL�VHUDLW�EDVp�VXU�XQ�V\VWqPH�G·pTXDWLRQV�FRPSUHQDQW�FHOOH�GX�IOX[

GH�PDVVH��(T������HW�OH�JURXSH�GHV�pTXDWLRQV�GH�)H��&SH�HW�&GH��(TV����j����UpSOLTXp�SRXU�FKDFXQ�GHV

WUDFHXUV�FKRLVLV��$LQVL�SRXU�O·pWXGH�GH�WURLV�WUDFHXUV�OH�PRGqOH�REWHQX�FRPSUHQGUDLW����pTXDWLRQV�HW

SRVVqGHUDLW� ��� SDUDPqWUHV� j� HVWLPHU�� /·DVVLPLODWLRQ� VLPXOWDQpH� GHV�PHVXUHV� GH� WRXV� OHV� WUDFHXUV

SHUPHWWUDLW�G·DXJPHQWHU� OD�TXDQWLWp�G·LQIRUPDWLRQ�FRQWUDLJQDQW� OHV�SDUDPqWUHV�FRPPXQV� �. � � � ��. � � �

9� ��9� �HW�. � ��HW�FRQWULEXHUDLW�j�GLPLQXHU�OH�QRPEUH�GH�VROXWLRQV�DGPLVVLEOHV�SRXU�FKDTXH�WUDFHXU�

$VVLPLOHU�LQGpSHQGDPPHQW�OHV�GRQQpHV�GH�SOXVLHXUV�WUDFHXUV�UHVWH�PDOJUp�WRXW�EpQpILTXH��FDU�FHOD

SHUPHW�G·DXJPHQWHU�OD�SUREDELOLWp�G·LGHQWLILHU�GHV�EDVVLQV�GH�VROXWLRQV�DFFHSWDEOHV�SRXU�FKDFXQ�GHV

WUDFHXUV�

1RXV�QRXV�VRPPHV�DSHUoX�TX·LO� HVW� VRXYHQW�GLIILFLOH�GH�FRPSDUHU� OHV� HVWLPDWLRQV�GHV�SDUDPqWUHV

VSpFLILTXHV�GH�FKDTXH�WUDFHXU��. � � ��. � � �HW�. � � ��SDUFH�TXH�QRWUH�DSSURFKH�QH�IRXUQLW�SDV�OHXUV�EDUUHV

G·HUUHXU�� $� O·DYHQLU�� GHV� WUDYDX[� GHYURQW� rWUH� FRQVDFUpV� DX� GpYHORSSHPHQW� GH� PpWKRGHV� SRXU

GpOLPLWHU�OHV�IURQWLqUHV�GHV�EDVVLQV�j�O·LQWpULHXU�GHVTXHOV�VH�WURXYHQW�OHV�VROXWLRQV�GpWHFWpHV�SDU�O·$*�

(QILQ�� FH� FKDSLWUH�PHW� HQ� pYLGHQFH� O·XWLOLWp� GHV� H[SpULHQFHV� LQ� YLWUR� SRXU� GpILQLU� OHV� LQWHUYDOOHV� GH

UHFKHUFKH�GHV�SDUDPqWUHV�ELRJpRFKLPLTXHV�GH�&2/'2�
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������ 6\QWKqVH�GHV�UpVXOWDWV�JpRFKLPLTXHV

/D�TXDQWLILFDWLRQ�GHV�IOX[�GH�O·$O�HW�GX�&RUJ�j�SDUWLU�GHV�VROXWLRQV�DFFHSWDEOHV�VpOHFWLRQQpHV�SHUPHW

G·LGHQWLILHU� FHUWDLQHV� GHV� FDUDFWpULVWLTXHV� JpQpUDOHV� GX� WUDQVIHUW� GH� PDWLqUH� DX� VLWH� (80(/,

ROLJRWURSKH��3DU�FRQWUH�� OHV� UpVXOWDWV�REWHQXV�SDU� O·DVVLPLODWLRQ�GH� OD�EDVH�GH�GRQQpHV�GH�%D�VRQW

SHX�ILDEOHV���OHV�FRQWUDLQWHV�DSSOLTXpHV�VHUDLHQW�LQFRPSDWLEOHV�HW�FHUWDLQHV�G·HQWUH�HOOHV�QH�VHUDLHQW�HQ

IDLW�SDV�UHSUpVHQWDWLYHV�GX�VLWH�ROLJRWURSKH�

� /D�GLPLQXWLRQ�GX�IOX[�GH�PDVVH�DYHF�OD�SURIRQGHXU�VHUDLW�OLpH�j�XQH�OpJqUH�SUpGRPLQDQFH�GH�OD

GpVDJUpJDWLRQ�GHV�SDUWLFXOHV�SLpJpHV�SDU�UDSSRUW�j� O·DJUpJDWLRQ�GHV�SDUWLFXOHV�HQ�VXVSHQVLRQ��&HWWH

LQWHUSUpWDWLRQ�GRLW�rWUH�FRQVLGpUpH�DYHF�SUpFDXWLRQ��GDQV�OD�PHVXUH�R��O·pTXDWLRQ�GH�)P��(T������QH

SUHQG� SDV� HQ� FRPSWH� O·HIIHW� GH� OD� GLVVROXWLRQ� GHV� GLIIpUHQWV� FRQVWLWXDQWV� GX� IOX[� GH� PDVVH�� /D

VROXWLRQ�&��PRQWUH� TX·HIIHFWLYHPHQW� OD� GLVVROXWLRQ� GH� O·$O� QH� UHSUpVHQWH� TXH�a������GX� IOX[� GH

PDVVH�� 3DU� FRQWUH� VHORQ� OD� VROXWLRQ�&RUJB2� OD� GLVVROXWLRQ� GX�&23�SLpJp� SRXUUDLW� HQWUDvQHU� XQH

GLPLQXWLRQ�GX�IOX[�GH�PDVVH�GH�O·RUGUH�GH������

� /H� U{OH� GH� FKDFXQH� GHV� SKDVHV� GDQV� OH� WUDQVSRUW� GH� OD� PDWLqUH� YHUV� OH� VpGLPHQW� GpSHQG� GX

WUDFHXU� FRQVLGpUp�� (Q� SDUWLFXOLHU�� OD� SKDVH� SLpJpH� Q·HVW� SDV� V\VWpPDWLTXHPHQW� OD� SULQFLSDOH

UHVSRQVDEOH�GH�FH�WUDQVSRUW��/D�SKDVH�GLVVRXWH�VHUDLW� OD�SULQFLSDOH�UHVSRQVDEOH�GH� O·H[SRUWDWLRQ�GX

&RUJ� HW� GX� %D�� /HV� SDUWLFXOHV� ILOWUpHV� VHUDLHQW� OHV� SUHPLHUV� WUDQVSRUWHXUV� GH� O·$O�� &H� UpVXOWDW� HVW

FHSHQGDQW� WUqV� VHQVLEOH� j� OD� YDOHXU� GH� 9� �� SRXU� OH� YpULILHU�� LO� HVW� QpFHVVDLUH� G·DPpOLRUHU

O·pFKDQWLOORQQDJH�GH�OD�SKDVH�ILOWUpH�

� /HV� VROXWLRQV� VpOHFWLRQQpHV� VXJJqUHQW� TXH� OD� YLWHVVH� GH� FKXWH� GHV� SDUWLFXOHV� SLpJpHV� HVW

VXSpULHXUH� j� ����P�M��&RPPH� OH�PRGqOH� QH� SHQG�SDV� HQ� FRPSWH� GH� O·HIIHW� GH� OD� GLVVROXWLRQ� GHV

GLIIpUHQWV� FRQVWLWXDQWV� GX� IOX[� GH� PDVVH�� FHV� HVWLPDWLRQV� VRQW� YUDLVHPEODEOHPHQW� GHV� YDOHXUV

PD[LPDOHV�

� /HV� SKDVHV� GLVVRXWH� HW� ILOWUpH� VHUDLHQW� HIIHFWLYHPHQW� FDUDFWpULVpHV� SDU� GH� IDLEOHV� YDULDELOLWpV

WHPSRUHOOH�HW�YHUWLFDOH��&HOOHV�FL�UpVXOWHUDLHQW�G·XQH�SDUW�GHV�LQWHUDFWLRQV�UHODWLYHPHQW�IDLEOHV�HQWUH�OD

SKDVH� SLpJpH� HW� OHV� FRPSDUWLPHQWV� GLVVRXV� HW� ILOWUp� HW� G·DXWUH� SDUW� GH� O·H[LVWHQFH� G·XQ� pTXLOLEUH

G\QDPLTXH�HQWUH�OHV�SKDVHV�GLVVRXWH�HW�ILOWUpH��&H�GHUQLHU�SRLQW�FRQILUPH�OHV�pWXGHV�GH�5R\�%DUPDQ

HW�DO���������HW�GH�7DFKLNDZD�HW�DO���������������VHORQ�OHVTXHOOHV�OD�GLVWULEXWLRQ�GDQV�OD�FRORQQH�G·HDX

G·pOpPHQWV�FRQVLGpUpV�FRPPH�SHX�VROXEOHV�G·DSUqV�OHV�UpVXOWDWV�G·H[SpULHQFHV�GH�GLVVROXWLRQ�LQ�YLWUR

H[LJH� O·H[LVWHQFH� G·XQ� pFKDQJH� UpYHUVLEOH� HQWUH� OHV� SKDVHV� GLVVRXWH� HW� ILOWUpH�� /·H[LVWHQFH� G·XQ

pFKDQJH� UpYHUVLEOH� HVW� pJDOHPHQW� QpFHVVDLUH� SRXU� H[SOLTXHU� OH� FKDQJHPHQW� GH� FRPSRVLWLRQ� GH� OD

PDWLqUH� RUJDQLTXH� GDQV� OD� FRORQQH� G·HDX� �+HGJHV� HW� DO��� ������� /·LGHQWLILFDWLRQ� GHV� PpFDQLVPHV

LPSOLTXpV� GDQV� FHW� pFKDQJHV� H[LJH� GH� PHWWUH� DX� SRLQW� GH� QRXYHOOHV� H[SpULHQFHV� LQ� YLWUR� GH

GpJUDGDWLRQ�GHV�SDUWLFXOHV�ILOWUpHV�HW�SLpJpHV�
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� /HV�VLPXODWLRQV�GHV�VROXWLRQV�&��SRXU�O·$O��)LJXUHV����HW�����PRQWUHQW�XQH�ERQQH�FRQVHUYDWLRQ

GHV�VLJQDX[�DVVRFLpV�DX[�IOX[�G·$O��1RV�UpVXOWDWV� OpJLWLPHQW� ORFDOHPHQW� O·XWLOLVDWLRQ�GH� O·$O�FRPPH

WUDFHXU� GH� OD� IUDFWLRQ� OLWKRJpQLTXH� GX� IOX[� GH� PDVVH� �%RU\�� ������ %RU\� HW� 1HZWRQ�� ������� /HV

VLPXODWLRQV�GX�YHFWHXU�%DB2��)LJXUHV����HW�����PRQWUHQW�pJDOHPHQW�XQH�ERQQH�FRQVHUYDWLRQ�GHV

VLJQDX[�DVVRFLpV�DX[�IOX[�GH�%D��PDLV�OHV�VROXWLRQV�DFFHSWDEOHV�REWHQXHV�SRXU�FHW�pOpPHQW�VRQW�SHX

ILDEOHV�

� /HV�VLPXODWLRQV�GH�OD�VROXWLRQ�&RUJB2��)LJXUHV����HW�����FRQILUPHQW� ORFDOHPHQW� O·LPSRUWDQFH

GX� &2'� HW� GH� OD� GpJUDGDWLRQ� GHV� DJUpJDWV� GDQV� OD� VpTXHVWUDWLRQ� GX� FDUERQH� GDQV� OD� FRXFKH

SURIRQGH�GH�O·RFpDQ��6HPSpUp�HW�DO���������
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&KDSLWUH��� 

(WXGH�GX�VLWH�PpVRWURSKH

&H�FKDSLWUH�SUpVHQWH� OHV� UpVXOWDWV�GHV�H[SpULHQFHV� LQYHUVHV�HIIHFWXpHV�SRXU� HVWLPHU� OHV�SDUDPqWUHV

FRQWU{ODQW� OHV� IOX[�G·$O� HW�GH�&RUJ� DX� VLWH�(80(/,�PpVRWURSKH��(OOHV� VRQW�EDVpHV� VXU� OH�PrPH

SULQFLSH�TXH�FHOOHV�GpFULWHV�GDQV� OH�&KDSLWUH�����/HV�PHVXUHV�GH�%D�FROOHFWpHV�DX�VLWH�PpVRWURSKH

VRQW� HQFRUH�PRLQV� QRPEUHXVHV� TX·DX� VLWH� ROLJRWURSKH�� /HV� UpVXOWDWV� REWHQXV� SRXU� OH� %D� GDQV� OH

FKDSLWUH�SUpFpGHQW�VXJJqUHQW�TX·HOOHV�VRQW�LQVXIILVDQWHV�SRXU�HVWLPHU�OHV�SDUDPqWUHV�FDUDFWpULVWLTXHV

GX�F\FOH�GH�FHW�pOpPHQW�DX�VLWH�PpVRWURSKH�

,O� HVW� LPSRUWDQW� GH� VLJQDOHU� OH� FDUDFWqUH� H[SORUDWRLUH� GH� FH� FKDSLWUH�� /·LQIOXHQFH� VSRUDGLTXH� GH

O·XSZHOOLQJ�PDXULWDQLHQ� VXU� OH� VLWH�0� VH� WUDGXLW� SDU� XQH� YDULDELOLWp� WHPSRUHOOH� FRPSOH[H� �VHFWLRQ

������E����/H�PRGqOH�&2/'2�HVW�D�SULRUL�PDO�DSSURSULp�SRXU�pWXGLHU�OH�IRQFWLRQQHPHQW�GH�FH�VLWH�

SXLVTXH�VHV�SDUDPqWUHV�VRQW�LQGpSHQGDQWV�GX�WHPSV��(Q�RXWUH��j�FDXVH�GX�PDXYDLV�IRQFWLRQQHPHQW

GH� FHUWDLQV� SLqJHV�RX� GH� O·LQIOXHQFH� GH� QDJHXUV�� OHV� VpULHV� WHPSRUHOOHV� GHV� IOX[�PHVXUpHV� VXU� XQH

GXUpH�PD[LPDOH�GH����PRLV�SHXYHQW�rWUH�LQWHUURPSXHV�VXU�GHV�LQWHUYDOOHV�GH�WHPSV�GH���j���PRLV

�VHFWLRQ�������D���)LJXUH�����

���� (VWLPDWLRQ�GHV�SDUDPqWUHV�FRQWU{ODQW�OHV�IOX[�G·DOXPLQLXP

������ 'HVFULSWLRQ�GHV�GRQQpHV�LQ�VLWX

/HV�PHVXUHV�G·$O�UpDOLVpHV�DX�VLWH�0��FRPPH�FHOOHV�TXL�RQW�pWp�IDLWHV�DX�VLWH�2��QH�FRQFHUQHQW�TXH

OHV�SKDVHV�SDUWLFXODLUHV�SLpJpH�HW�ILOWUpH�
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�D� 'RQQpHV�FROOHFWpHV�DX�VLWH�PpVRWURSKH

(QUHJLVWUHPHQW�GHV�SLqJHV�j�SDUWLFXOHV

/D�VWUDWpJLH�G·pFKDQWLOORQQDJH�GH�OD�SKDVH�SLpJpH�DX�VLWH�0�D�pWp�SUpVHQWpH�GDQV�OD�VHFWLRQ�������D��

4XDWUH� SLqJHV� RQW� pWp� LPPHUJpV�� PDLV� VHXOV� FHUWDLQV� GHV� pFKDQWLOORQV� FROOHFWpV� j� ������ ����� HW

�����P�VRQW�H[SORLWDEOHV�SRXU�OD�PHVXUH�GX�IOX[�GH�PDVVH��)LJXUH������/HJHOHX[�HW�DO���������%RU\�

������%RU\�HW�DO����������/H�IOX[�G·$O�Q·D�pWp�PHVXUp�TX·j�SDUWLU�GHV�pFKDQWLOORQV�SUpOHYpV�j������HW

�����P��%RU\�HW�1HZWRQ���������&HV�GRQQpHV�VRQW�UHSUpVHQWpHV�VXU� OD�)LJXUH�����1RXV� OHV�DYRQV

GpFULWHV�GDQV�OD�VHFWLRQ�������E��

/HV�SURILOV�LQLWLDX[�GH�)P�HW�)H�RQW�pWp�FDOFXOpV�j�SDUWLU�GHV�IOX[�GH�PDVVH�HW�G·$O�FROOHFWpV�HQWUH�OH

��� HW� OH� ��� IpYULHU� ������ /HV� VpULHV� WHPSRUHOOHV� GHV� IOX[� PHVXUpV� j� �����P� QH� SHUPHWWHQW� SDV

GLUHFWHPHQW�GH�FDOFXOHU�OHV�FRQGLWLRQV�DX[�OLPLWHV�GH�)P�HW�)H�VXU�WRXWH�OD�GXUpH�GH�OD�FROOHFWH����

IpYULHU�������
���
�GpFHPEUH�������FDU�HOOHV�VRQW�LQWHUURPSXHV�SHQGDQW�OH�VHFRQG�GpSORLHPHQW��)LJXUH

����7DEOHDX�����'DQV�XQ�SUHPLHU�WHPSV��QRXV�DYRQV�WHQWp�GH�FRPSOpWHU�OD�VpULH�WHPSRUHOOH�GX�IOX[

GH�PDVVH�j�SDUWLU�GH�UpJUHVVLRQV�OLQpDLUHV�HQWUH�OHV�PHVXUHV�HIIHFWXpHV�DX[�WURLV�SURIRQGHXUV�ORUVTXH

FHOOHV�FL�VRQW�VLPXOWDQpPHQW�GLVSRQLEOHV��/D�UHODWLRQ��

��������������� ���U��Q���W����)P����W����)P
�

==+⋅= ����

D�pWp�FDOFXOpH�j�SDUWLU�GHV�pFKDQWLOORQV�SUpOHYpV�SHQGDQW�OH�SUHPLHU�HW�OH�WURLVLqPH�GpSORLHPHQW��HW�OD

VXLYDQWH��

��������������� ���U��Q���W����)P����W����)P
�

==+⋅= ����

j�SDUWLU�GH�FHX[�SUpOHYpV�DX�GpEXW�GX�VHFRQG�GpSORLHPHQW�����VHSWHPEUH���������MDQYLHU�������HW

SHQGDQW� OH� WURLVLqPH� GpSORLHPHQW��1RXV� DYRQV� FRPSOpWp� OD� VpULH� WHPSRUHOOH� GX� IOX[� GH�PDVVH� j

�����P�HQWUH�OH����VHSWHPEUH������HW�OH����MDQYLHU������SDU�OD�UHODWLRQ�������HW�HQWUH�OH����MDQYLHU�HW

OH���PDL������SDU�OD�FRPELQDLVRQ�GHV�UHODWLRQV������HW�������

���W����)P����W����)P �������� +⋅= � ����

'DQV�XQ�VHFRQG�WHPSV��QRXV�DYRQV�HVWLPp�OD�UHODWLRQ�OLQpDLUH�H[LVWDQW�HQWUH�OHV�IOX[�GH�PDVVH�HW�G·$O

j������P�j�SDUWLU�GHV�PHVXUHV�HIIHFWXpHV�SHQGDQW�OH�SUHPLHU�HW�OH�WURLVLqPH�GpSORLHPHQW��

��������������� ���U��Q����W����)P�����W����)H
�

==+⋅= � ����

&HWWH�UHODWLRQ�Q·HVW�YDODEOH�TXH�ORUVTXH�OH�IOX[�GH�PDVVH�HVW�LQIpULHXU�j�����PJ�P
�

�M��/HV�YDOHXUV�GX

IOX[� GH�PDVVH� j� �����P� FDOFXOpHV� j� SDUWLU� GHV� UHODWLRQV� ����� HW� ����� YpULILHQW� FHWWH� FRQGLWLRQ�� /D

UHODWLRQ� ����� VHUW� GRQF� j� FRPSOpWHU� OD� VpULH� WHPSRUHOOH� GX� IOX[� G·$O� j� �����P�SHQGDQW� OH� VHFRQG

GpSORLHPHQW��/HV�VpULHV� WHPSRUHOOHV�GHV�IOX[�GH�PDVVH�HW�G·$O�UpVXOWDQWHV�VRQW�UHSUpVHQWpHV� VXU� OD
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)LJXUH�����1RXV�OHV�DYRQV�XWLOLVpHV�SRXU�FDOFXOHU�OHV�FRQGLWLRQV�DX[�OLPLWHV�GH�)P�HW�)H�HQWUH�OH���

IpYULHU������HW�OH��
���
�GpFHPEUH�������VHORQ�OD�PpWKRGH�GpFULWH�GDQV�OD�VHFWLRQ�������

/HV�IOX[�PHVXUpV�j������HW������P�VRQW�DVVLPLOpV��1RXV�DYRQV�HVWLPp�O·HUUHXU�GH�FROOHFWH�GHV�SLqJHV

DVVRFLpV� HQ�DSSOLTXDQW� OD�PrPH�PpWKRGH�TX·DX� VLWH�2� �VHFWLRQ�������D��� FI��%DFRQ�� �������� HOOH� HVW

pJDOH� j� �����PJ�P
�

�M� j� �����P� HW� j� �����PJ�P
�

�M� j� �����P�� /HV� HUUHXUV� DQDO\WLTXHV� RQW� pWp

HVWLPpHV� SDU�$��%RU\� �FRPPXQLFDWLRQ� SHUVRQQHOOH�� ������ SRXU� OHV�PHVXUHV� UpDOLVpHV� j� �����P� HW

SHQGDQW�OH�SUHPLHU�GpSORLHPHQW��1RXV�DYRQV�FDOFXOp�TXH������GHV�HUUHXUV�DQDO\WLTXHV�DVVRFLpHV�DX

IOX[� GH�PDVVH� VRQW� LQIpULHXUHV� j� ���PJ�P
�

�M�� HW� TXH� ����� GHV� HUUHXUV� DQDO\WLTXHV� DVVRFLpHV� j� OD

FRQFHQWUDWLRQ�HQ�$O�GDQV� OHV�SDUWLFXOHV�SLpJpHV�VRQW� LQIpULHXUHV� j����������&HV�GHX[�YDOHXUV� VRQW

XWLOLVpHV� FRPPH� HUUHXU� DQDO\WLTXH� D� SULRUL� GHV� GRQQpHV� FROOHFWpHV� SHQGDQW� GHV� GHX[� GHUQLHUV

GpSORLHPHQWV�j������P�HW�GHV�GRQQpHV�FROOHFWpHV�j������P�

0HVXUHV�GHV�SRPSHV�LQ�VLWX

/D�VWUDWpJLH�G·pFKDQWLOORQQDJH�GHV�pOpPHQWV�HQ�WUDFH�GDQV�OD�SKDVH�ILOWUpH�DX�VLWH�0�D�pWp�GpFULWH�GDQV

OD� VHFWLRQ� ������E��� /D� FRQFHQWUDWLRQ� GH� O·$O� SDUWLFXODLUH� ILOWUp� D� HQWUH� DXWUH� pWp�PHVXUpH� j� ���� HW

�����P�HQ�MXLQ�������7DEOHDX�����7DFKLNDZD��������7DFKLNDZD� HW�DO����������1RXV�DYRQV� LQWHUSROp

SXLV�H[WUDSROp�FH�SURILO�HQWUH������HW������P��DYHF�XQ�SDV�G]� �����P��)LJXUH������&RPPH�QRXV

O·DYRQV�PHQWLRQQp�SRXU�OH�VLWH�2��OD�VHXOH�LQGLFDWLRQ�j�QRWUH�GLVSRVLWLRQ�VXU�OD�YDULDELOLWp�WHPSRUHOOH

GH� O·$O� ILOWUp� HVW� IRXUQLH� SDU� OHV� WUDYDX[� GH� 6DUWKRX� HW� -HDQGHO� �������� ,OV� PRQWUHQW� TX·HOOH� HVW

QpJOLJHDEOH�GDQV�OD�FRXFKH�SURIRQGH�GH�OD�0pGLWHUUDQpH��1RXV�DYRQV�GRQF�XWLOLVp�OD�YDOHXU�FDOFXOpH

j������P��&SH� ��������PJ�P
�

��FRPPH�FRQGLWLRQ�DX[�OLPLWHV�FRQVWDQWH�GH�&SH��(Q�RXWUH��OH�SURILO

FDOFXOp�VHUW�j�LQLWLDOLVHU�&SH��)LJXUH������(QILQ��FH�PrPH�SURILO�HVW�DVVLPLOp�j�FKDTXH�SDV�GH�WHPSV�HW

GH� SURIRQGHXU� �G]� �����P�� HQWUH� ����� HW� �����P�� 2Q� D� DWWULEXp� DX[� YDOHXUV� DVVLPLOpHV� XQH

LQFHUWLWXGH� D� SULRUL� GH� ������ TXL� HVW� OD� VRPPH� GHV� LQFHUWLWXGHV� GH� FROOHFWH� HW� DQDO\WLTXHV� UpHOOHV

�7DFKLNDZD�HW�DO���������

3RXU� FDOFXOHU� OD� FRQFHQWUDWLRQ�GH� O·$O� VXU� OHV� SDUWLFXOHV� HQ� VXVSHQVLRQ� �U � �� FI�� VHFWLRQ� �������� QRXV

DYRQV�HX�UHFRXUV�j�OD�EDVH�GH�GRQQpHV�GH�OD�FDPSDJQH�*XLGRPH�UpDOLVpH�HQWUH�VHSWHPEUH�HW�RFWREUH

�����DX�VXG�GHV�,OHV�GX�&DS�9HUW��a��������1����������:��FI��)LJXUH������&RSLQ�0RQWpJXW�HW�&RSLQ�

0RQWpJXW�� �������2Q]H� SURILOV� G·$O� SDUWLFXODLUH� ILOWUp� HW� GH� OD� FRQFHQWUDWLRQ� WRWDOH� GHV� SDUWLFXOHV

ILOWUpHV�RQW�pWp�PHVXUpV�VLPXOWDQpPHQW�HQWUH�����HW������P�GH�SURIRQGHXU��/D�YDOHXU�PR\HQQH�GH�U �

VXU�OD�YHUWLFDOH�HW�HQWUH�OHV�VWDWLRQV�*XLGRPH�HVW�U � � ��������&HWWH�YDOHXU�HVW�OpJqUHPHQW�VXSpULHXUH�j

FHOOH� TXH� QRXV� DYRQV� FDOFXOpH� j� SDUWLU� GHV� SURILOV� +DUPDWWDQ� �U � � �������� FI�� VHFWLRQ� �������� &HOD

V·H[SOLTXH� SDU� OD� SUR[LPLWp� GHV� VWDWLRQV� *XLGRPH� SDU� UDSSRUW� j� OD� VRXUFH� G·DpURVROV� PLQpUDX[

�VHFWLRQ� ������� HW� SDU� UDSSRUW� DX[� ,OHV� GX� &DS� 9HUW� �)LJXUH� ����� 3RXU� FHWWH� UDLVRQ�� OHV� VWDWLRQV

*XLGRPH�VRQW�PLHX[�UHSUpVHQWDWLYHV�GX�VLWH�0�TXH�OHV�VWDWLRQV�+DUPDWWDQ�
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)LJXUH�����'RQQpHV�LQ�VLWX�XWLOLVpHV�SRXU�HVWLPHU�OHV�SDUDPqWUHV�FRQWU{ODQW�OHV�IOX[�G·$O�GDQV�OD
FRORQQH�G·HDX�DX�VLWH�0��/HV�IOX[�GH�PDVVH��D��HW�G·$O��E��RQW�pWp�PHVXUpV�DX�VLWH�0��/HJHOHX[�HW�DO��
������%RU\��������%RU\�HW�1HZWRQ���������/H�SURILO�G·$O�SDUWLFXODLUH�PHVXUp�DX�VLWH�0��F��7DFKLNDZD
HW�DO���������D�pWp�LQWHUSROp�SXLV�H[WUDSROp�HQWUH������HW������P��/HV�SURILOV�G·$O�SDUWLFXODLUH�ILOWUp�HW�GH
OD�FRQFHQWUDWLRQ�WRWDOH�HQ�SDUWLFXOHV�ILOWUpHV�PHVXUpV�SHQGDQW�OD�FDPSDJQH�*XLGRPH��F���&��&RSLQ�
FRPPXQLFDWLRQ�SHUVRQQHOOH��������VRQW�XWLOLVpV�SRXU�HVWLPHU�OD�FRQFHQWUDWLRQ�GH�O·$O�GDQV�FHV
SDUWLFXOHV��/H�SURILO�G·$O�GLVVRXV��G��D�pWp�PHVXUp�j�OD�VWDWLRQ�,2&�Q����0HDVXUHV��������
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)LJXUH�����/RFDOLVDWLRQ�GHV�VWDWLRQV�R��RQW�pWp�FROOHFWpHV�OHV�GRQQpHV�LQ�VLWX�XWLOLVpHV�SRXU�HVWLPHU
OHV�SDUDPqWUHV�FRQWU{ODQW�OHV�IOX[�G·$O�HW�GH�&RUJ�DX�VLWH�0��)LJXUHV����HW������/HV�URQGV��OHV
ORVDQJHV�HW�OH�FDUUp�URXJH�GpVLJQHQW�UHVSHFWLYHPHQW�OHV�VWDWLRQV�(80(/,��*XLGRPH��&RSLQ�

0RQWpJXW�HW�&RSLQ�0RQWpJXW��������HW�,2&�Q����0HDVXUHV���������&&��&RXUDQW�GHV�&DQDULHV��1$6*�
*\UH�6XEWURSLFDOH�1RUG�$WODQWLTXH��1(&&��&RQWUH�&RXUDQW�1RUG�(TXDWRULDO��1(&��&RXUDQW�1RUG

(TXDWRULDO��08��8SZHOOLQJ�0DXULWDQLHQ�

�E� 'RQQpHV�FRPSOpPHQWDLUHV�SRXU�FRQWUDLQGUH�OD�SKDVH�GLVVRXWH

/H�SURILO�GH�OD�FRQFHQWUDWLRQ�HQ�$O�GLVVRXV�PHVXUp�j�OD�VWDWLRQ�,2&�Q����)LJXUH�����TXH�QRXV�DYRQV

GpMj�XWLOLVp�SRXU�HVWLPHU�OHV�SDUDPqWUHV�GH�O·$O�DX�VLWH�2��VHFWLRQ��������HVW�OH�VHXO�TXH�QRXV�D\RQV�j

QRWUH�GLVSRVLWLRQ�SRXU�FDUDFWpULVHU�OD�]RQH�(80(/,��,O�HVW�XWLOLVp�GH�OD�PrPH�IDoRQ�TX·DX�VLWH�2��,O

VHUW�WRXW�G·DERUG�j�LQLWLDOLVHU�&GH��'·DXWUH�SDUW��VD�YDOHXU�j������P��&SH� �������PJ�P
�

��HVW�XWLOLVpH

SRXU� IRUFHU�&GH� j� FKDTXH�SDV�GH� WHPSV��(WDQW�GRQQpHV� OHV�GLIIpUHQFHV� HQWUH� OHV�GLVWULEXWLRQV�GHV

PDVVHV�G·HDX�j� OD�VWDWLRQ�,2&�Q����0HDVXUHV��������HW�DX[�VWDWLRQV�(80(/,��3LHUUH� HW�DO���������

QRXV� QH� SRXYRQV� DVVLPLOHU� OH� SURILO� ,2&� TXH� VXU� OD� FRXFKH� FRUUHVSRQGDQW� j� O·HDX� GH� IRQG

DQWDUFWLTXH��F·HVW�j�GLUH�j������HW������P��FI��VHFWLRQ�����������/HV�HUUHXUV�GH�FROOHFWH�HW�DQDO\WLTXHV

GHV�GRQQpHV�DVVLPLOpHV�VRQW�OHV�PrPHV�TXH�SRXU�OHV�H[SpULHQFHV�UpDOLVpHV�DX�VLWH�2��VHFWLRQ��������

������ 5pVXOWDWV

$YDQW�G·DVVLPLOHU� OD�EDVH�GH�GRQQpHV�GpFULWH� FL�GHVVXV��QRXV�DYRQV� LQWpJUp� OD�QRXYHOOH�YHUVLRQ�GH

&2/'2��(TV��������j����DX�VLWH�0�j�SDUWLU�GH�OD�VROXWLRQ�DFFHSWDEOH�&��VpOHFWLRQQpH�SRXU�TXDQWLILHU

OHV�IOX[�G·$O�DX�VLWH�2��VHFWLRQ�������'DQV�FHV�FRQGLWLRQV��OH�PRGqOH�VXUHVWLPH�OH�IOX[�GH�PDVVH�GH
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a���HW�a������SHQGDQW� OH�SUHPLHU� HW� OH� VHFRQG�GpSORLHPHQW� UHVSHFWLYHPHQW��/HV� VLPXODWLRQV�GX

IOX[�G·$O�VRQW�VXSpULHXUHV�DX[�YDOHXUV�REVHUYpHV�G·DX�PRLQV�������&HOOHV�GH�OD�FRQFHQWUDWLRQ�HQ�$O

ILOWUp�HW�GLVVRXV�VXUHVWLPHQW�OHV�PHVXUHV�GH����HW������UHVSHFWLYHPHQW�

6\PEROH ,QWHUYDOOH�GH�UHFKHUFKH 6ROXWLRQ�&� 9HFWHXU�$OB0
/LPLWH�LQIpULHXUH /LPLWH�VXSpULHXUH 6RXUFH VLWH�2 VLWH�0

3DUDPqWUHV�ELRJpRFKLPLTXHV

. � � � ���M� ������ ������ � ������ ������

. � � ��P
�

�PJ�M� ������ ������ � ������ ������
. � � ���M� ������ ������ � ������ ������
. � � ���M� ������ ������ � ������ ������
. � � ���M� ������ ������ � ������ ������

3DUDPqWUHV�SK\VLTXHV

9� ��P�M� ���� ����� � ���� ����
9� ��P�M� ���� ������ � ������ ������
. � ��P

�

�M� ����� ������� � ����� �������
6RXUFHV��� ��� FI�� 7DEOHDX� ����� ��� :KLWILHOG� HW� 7XUQHU� ��������� ��� =DNDUGMLDQ� HW� 3ULHXU� ��������� /�� 3ULHXU�
FRPPXQLFDWLRQ�SHUVRQQHOOH��������

7DEOHDX�����/LPLWHV�GH�O·HVSDFH�GH�UHFKHUFKH�GHV�SDUDPqWUHV�H[SOLTXDQW�OD�GLVWULEXWLRQ�GH�O·$O�DX
VLWH�0��/D�VROXWLRQ�&��HVW�FHOOH�TXH�QRXV�DYRQV�VpOHFWLRQQpH�SRXU�TXDQWLILHU�OHV�IOX[�G·$O�DX�VLWH�2
�VHFWLRQ���������/H�YHFWHXU�$OB0�HVW�O·XQ�GHV�YHFWHXUV�pYDOXpV�SDU�O·$*�ORUV�GH�O·DVVLPLODWLRQ�GH�OD

EDVH�GHV�GRQQpHV�G·$O�DX�VLWH�0��,O�JpQqUH�OHV�VLPXODWLRQV�UHSUpVHQWpHV�VXU�OD�)LJXUH����

3DU� XQH� SUHPLqUH� H[SpULHQFH� LQYHUVH�� QRXV� DYRQV� H[SORUp� OD� IRQFWLRQ� FR�W� DVVRFLpH� j� OD� EDVH� GH

GRQQpHV� GpFULWH� FL�GHVVXV� GDQV� OH�PrPH� HVSDFH� GH� UHFKHUFKH� GHV� SDUDPqWUHV� TXL� FHOXL� TXH� QRXV

DYRQV� GpILQL� SRXU� OH� VLWH� 2� �7DEOHDX� ����� $SUqV� DYRLU� pYDOXp� ���� JpQpUDWLRQV� GH� YHFWHXUV� GH

SDUDPqWUHV��L�H�������YDOHXUV�GX�FR�W���O·$*�D�FRQYHUJp�GDQV�XQ�EDVVLQ�QRQ�DFFHSWDEOH��GRQW�OH�FR�W

HVW�a������/H�YHFWHXU�GH�SDUDPqWUHV�DVVRFLp�HVW�WUqV�VXUSUHQDQW��� OD�YLWHVVH�GH�FKXWH�GHV�SDUWLFXOHV

ILOWUpHV� HVW� VXSpULHXUH� j� FHOOH� GHV� SDUWLFXOHV� SLpJpHV�� /HV� IOX[� GH�PDVVH� HW� G·$O� TX·LO� VLPXOH� VRQW

FRQVWDQWV� DX� FRXUV� GX� WHPSV� HW� DSSUR[LPDWLYHPHQW� pJDX[� j� OHXU� PR\HQQH� WHPSRUHOOH� j� FKDTXH

SURIRQGHXU��3DU�FRQWUH��OHV�VLPXODWLRQV�GH�&SH�HW�&GH�VRQW�FRPSDWLEOHV�DYHF�OHV�SURILOV�DVVLPLOpV��/D

)LJXUH����UHSUpVHQWH�OHV�VLPXODWLRQV�FDOFXOpHV�j�SDUWLU�GH�O·XQ�GHV�YHFWHXUV�GH�SDUDPqWUHV�pYDOXpV�SDU

O·$*� TXL� UHSURGXLVHQW� OH�PLHX[� OHV�PHVXUHV� GHV� SLqJHV� j� SDUWLFXOHV�� ,O� HVW� GpVLJQp� SDU� ©�YHFWHXU

$OB0�ª�GDQV�OH�7DEOHDX������VRQ�FR�W�HVW�a������&H�YHFWHXU�LQGXLW�XQH�VRXV�HVWLPDWLRQ�GHV�SLFV�GX

IOX[�GH�PDVVH�REVHUYpV�SHQGDQW�OH�SUHPLHU�HW�OH�WURLVLqPH�GpSORLHPHQW��HW�XQH�VXUHVWLPDWLRQ�GX�IOX[

GH�PDVVH�SHQGDQW�OH�VHFRQG�GpSORLHPHQW�HW�j�OD�ILQ�GX�WURLVLqPH�GpSORLHPHQW��/HV�VLPXODWLRQV�GX

IOX[�G·$O�VRQW�UHODWLYHPHQW�VDWLVIDLVDQWHV��PDLV�OH�SLF�REVHUYp�HQ�PDUV���DYULO������HVW�VRXV�HVWLPp�

/H�PRGqOH�VXUHVWLPH�SDU�FRQWUH�OH�IOX[�G·$O�PHVXUp�j�OD�ILQ�GH�OD�FDPSDJQH��VHSWHPEUH���QRYHPEUH

�������/HV�FRQFHQWUDWLRQV�HQ�$O�ILOWUp�FDOFXOpHV�SDU�OH�YHFWHXU�$OB0�VRQW�UpDOLVWHV��PDLV�OD�IRUPH�GX

SURILO�HVW�SHX�SODXVLEOH��/H�PRGqOH�SUpGLW� HQ�RXWUH�XQH�YDULDELOLWp� WHPSRUHOOH� VLJQLILFDWLYH�GH�&SH�

(QILQ�� OHV� FRQFHQWUDWLRQV� HQ� $O� GLVVRXV� VLPXOpHV� HW� OHXU� YDULDELOLWp� YHUWLFDOH� VRQW� LUUpDOLVWHV�� /HV

GRQQpHV� G·$O� TXH� QRXV� DYRQV� UDVVHPEOpHV� QH� SHUPHWWHQW� SDV� GH� GLVFXWHU� OD� IRUWH� YDULDELOLWp

WHPSRUHOOH�GH�OD�SKDVH�GLVVRXWH�SUpGLWH�SDU�&2/'2�
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)LJXUH�����)OX[�GH�PDVVH��D���G·$O��E���$O�SDUWLFXODLUH�ILOWUp��F��HW�GLVVRXV��G��VLPXOpV�SDU�OH�YHFWHXU
$OB0��7DEOHDX������/HV�VLPXODWLRQV�VRQW�FRPSDUpHV�j�OD�EDVH�GH�GRQQpHV�FRQVWLWXpH�SRXU

FRQWUDLQGUH�O·$O�DX�VLWH�0��VHFWLRQ����������/HV�SURILOV�GH�&SH�HW�&GH�VRQW�G·DXWDQW�SOXV�UpFHQWV�TX·LOV
VRQW�VRPEUHV�
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(WDQW�GRQQpH� O·LPSRVVLELOLWp�GH� WURXYHU�XQH�VROXWLRQ�DFFHSWDEOH�GDQV� O·HVSDFH�GH� UHFKHUFKH�GpFULW

GDQV� OH�7DEOHDX�����QRXV� DYRQV� UpDOLVp�GHX[� H[SpULHQFHV� LQYHUVHV� VXSSOpPHQWDLUHV�EDVpHV� VXU�GHV

HVSDFHV�GH�UHFKHUFKH�SOXV�YDVWHV��1RXV�DYRQV�DUELWUDLUHPHQW�DXJPHQWp� OHV� OLPLWHV�VXSpULHXUHV�GHV

SDUDPqWUHV� TXH� O·$*� VHPEODLW� YRXORLU� GpSDVVHU�� $LQVL�� QRXV� DYRQV� IL[p� . � �
� � �
� ���P

�

�PJ�M�

. � �
� � �
� �. � �

� � �
� ����M�HW�. �

� � �
� ������P

�

�M��'DQV�WRXV�OHV�FDV��O·$*�D�FRQYHUJp�YHUV�GHV�EDVVLQV�QRQ�

DFFHSWDEOHV�

&HW� pFKHF� SHXW� V·H[SOLTXHU� SDU� XQH� GpILFLHQFH� GH� O·$*�� HW� HQ� SDUWLFXOLHU� SDU� XQ� PDQTXH� GH

UREXVWHVVH�GH�VHV�SDUDPqWUHV��1RXV�DYRQV�FRQVWDWp�TXH�OHV�VLPXODWLRQV�FDOFXOpHV�SDU�OHV�YHFWHXUV�GH

SDUDPqWUHV�GRQW�OH�FR�W�HVW�LQIpULHXU�RX�pJDO�j���SHXYHQW�rWUH�FODVVpHV�HQ�GHX[�JURXSHV��&HUWDLQHV�

FRPPH�FHOOHV�TXH�JpQqUH� OH�YHFWHXU�$OB0��)LJXUH�����UHSURGXLVHQW�FRUUHFWHPHQW� OHV�PHVXUHV�GHV

SLqJHV�j�SDUWLFXOHV�PDLV�VLPXOHQW�GHV�SURILOV�G·$O�ILOWUp�HW�GLVVRXV�DEHUUDQWV��/HV�DXWUHV�SUpGLVHQW�GHV

IOX[� FRQVWDQWV� DX[� FRXUV� GX� WHPSV��PDLV� HOOHV� UHSURGXLVHQW� FRUUHFWHPHQW� OHV�PHVXUHV� GHV� SKDVHV

GLVVRXWH�HW�ILOWUpH��&HWWH�FRQVWDWDWLRQ�VXJJqUH�TXH�OD�YDULDELOLWp�WHPSRUHOOH�GHV�IOX[�REVHUYpV�DX�VLWH

0�HVW� LQFRPSDWLEOH�DYHF� OD� IDLEOH�YDULDELOLWp� WHPSRUHOOH�GHV�SKDVHV�GLVVRXWH�HW�ILOWUpH�TXH�VXSSRVH

QRWUH�EDVH�GH�GRQQpHV��HW�SOXV�JpQpUDOHPHQW�OHV�VWUDWpJLHV�G·pFKDQWLOORQQDJH�GH�O·$O�GDQV�OD�FRXFKH

SURIRQGH�� /HV� YDULDWLRQV� GHV� IOX[� G·$O�PRGLILHUDLHQW� GH� IDoRQ� VLJQLILFDWLYH� OD� GLVWULEXWLRQ� GH� O·$O

GDQV� OHV�SKDVHV�GLVVRXWH� HW� ILOWUpH��/D�PHVXUH�G·XQ� VHXO� SURILO� SRXU� FKDFXQH� GHV� SKDVHV� ILOWUpH� HW

GLVVRXWH�VHUDLW�LQVXIILVDQWH�SRXU�pWXGLHU�OH�F\FOH�GH�O·$O�HQ�XQ�VLWH�DXVVL�YDULDEOH�TXH�OH�VLWH�0�

���� (VWLPDWLRQ�GHV�SDUDPqWUHV�FRQWU{ODQW�OHV�IOX[�GH�FDUERQH
RUJDQLTXH

������ 'HVFULSWLRQ�GHV�GRQQpHV�LQ�VLWX

�D� 'RQQpHV�FROOHFWpHV�DX�VLWH�PpVRWURSKH

/D�GLVWULEXWLRQ�GX�&RUJ�GDQV�OD�FRORQQH�G·HDX�DX�VLWH�0�Q·D�pWp�PHVXUpH�TXH�GDQV�OHV�SKDVHV�SLpJpH

HW�GLVVRXWH�

(QUHJLVWUHPHQW�GHV�SLqJHV�j�SDUWLFXOHV

/HV�PHVXUHV�GX�IOX[�GH�PDVVH�RQW�pWp�GpFULWH�GDQV�OD�VHFWLRQ��������D���/HXU�XWLOLVDWLRQ�HVW�OD�PrPH

TXH�SRXU�O·HVWLPDWLRQ�GHV�SDUDPqWUHV�GH�O·$O��/H�IOX[�GH�&23�D�pWp�PHVXUp�QRQ�VHXOHPHQW�j������

������ HW� �����P� �%RU\� HW� DO��� ������� /HJHOHX[� HW� DO��� ������� &HV� GRQQpHV� VRQW� UHSUpVHQWpHV� VXU� OD

)LJXUH������1RXV�OHV�DYRQV�GpMj�GpFULWHV�GDQV�OD�VHFWLRQ�������E��
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)LJXUH�����'RQQpHV�LQ�VLWX�XWLOLVpHV�SRXU�HVWLPHU�OHV�SDUDPqWUHV�FRQWU{ODQW�OHV�IOX[�GH�&RUJ�GDQV�OD
FRORQQH�G·HDX�DX�VLWH�0��/HV�IOX[�GH�PDVVH��D��HW�GH�&23��E��RQW�pWp�PHVXUpV�DX�VLWH�0��/HJHOHX[�HW
DO���������%RU\�HW�DO����������/HV�SURILOV�GH�&23�ILOWUp�RQW�pWp�UpDOLVpV�SHQGDQW�OD�FDPSDJQH�*XLGRPH
�)LJXUH������&RSLQ�0RQWpJXW�HW�&RSLQ�0RQWpJXW���������/HV�SURILOV�GH�&2'�RQW�pWp�UpDOLVpV�DX�VLWH

0�DX[�GDWHV�LQGLTXpHV�GDQV�OH�7DEOHDX����$YULO��������
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/HV�SURILOV�LQLWLDX[�GH�)P�HW�GH�)H�RQW�pWp�FDOFXOpV�j�SDUWLU�GHV�IOX[�GH�PDVVH�HW�GH�&23�FROOHFWpV

HQWUH� OH� ��� HW� OH� ��� IpYULHU� ������/D� VpULH� WHPSRUHOOH� GX� IOX[� GH�&23� j� �����P�HVW� LQWHUURPSXH

SHQGDQW�OH�VHFRQG�GpSORLHPHQW��FRPPH�FHOOH�GHV�IOX[�GH�PDVVH�HW�G·$O��)LJXUH�����7DEOHDX�����3RXU

FDOFXOHU�OHV�FRQGLWLRQV�DX[�OLPLWHV�MRXUQDOLqUHV�GH�)H��VHFWLRQ���������QRXV�DYRQV�FRPSOpWp�FHWWH�VpULH

WHPSRUHOOH� j� SDUWLU� GH� UpJUHVVLRQV� OLQpDLUHV� HQWUH� OHV�PHVXUHV� GX� &23� SLpJp� HIIHFWXpHV� DX[� WURLV

SURIRQGHXUV�ORUVTXH�FHOOHV�FL�VRQW�VLPXOWDQpPHQW�GLVSRQLEOHV��/D�UHODWLRQ��

��������������� ���U��Q���W����)H����W����)H
�

==+⋅= ����

D� pWp� pWDEOLH� j� SDUWLU� GHV� pFKDQWLOORQV� FROOHFWpV� DX� FRXUV� GX� SUHPLHU� HW� GX� WURLVLqPH� GpSORLHPHQW

�7DEOHDX����HW�OD�VXLYDQWH�

��������������� ���U��Q����W����)H����W����)H
�

==+⋅= ����

j�SDUWLU�GH�FHX[�SUpOHYpV�DX�GpEXW�GX�VHFRQG�GpSORLHPHQW�����VHSWHPEUH���������MDQYLHU�������HW

SHQGDQW� OH� WURLVLqPH� GpSORLHPHQW�� &HV� UpJUHVVLRQV� OLQpDLUHV�� ELHQ� TXH� GH� TXDOLWp� PpGLRFUH�� VRQW

PHLOOHXUHV�TXH�FHOOHV�TXH�O·RQ�SHXW�FDOFXOHU�HQWUH�OHV�IOX[�GH�PDVVH�HW�GH�&23��/D�UHODWLRQ������HW�OD

FRPELQDLVRQ�GHV�UHODWLRQV������HW�������

���W����)H����W����)H �������� +⋅= ����

SHUPHWWHQW� GH� FRPSOpWHU� OD� VpULH� WHPSRUHOOH� GX�&23� j� �����P� UHVSHFWLYHPHQW� GX� ��� VHSWHPEUH

�����DX����MDQYLHU�������HW�GX����MDQYLHU�DX���PDL�������)LJXUH�����

/HV�IOX[�PHVXUpV�j������HW������P�VRQW�DVVLPLOpV��/·HUUHXU�GH�FROOHFWH�GHV�SLqJHV�D�pWp�FDOFXOpH�GDQV

OD�VHFWLRQ��������D���/HV�HUUHXUV�DQDO\WLTXHV�DVVRFLpHV�j�OD�PHVXUH�GH�OD�FRQFHQWUDWLRQ�HQ�&RUJ�GDQV

OHV� SDUWLFXOHV� SLpJpHV� RQW� pWp� HVWLPpHV� SDU� $�� %RU\� �FRPPXQLFDWLRQ� SHUVRQQHOOH�� ������ SRXU� OHV

pFKDQWLOORQV�SUpOHYpV�j������P�SHQGDQW�OH�SUHPLHU�GpSORLHPHQW��,O�DSSDUDvW�TXH������GH�FHV�HUUHXUV

VRQW� LQIpULHXUHV� j����������&HWWH� YDOHXU� HVW� XWLOLVpH� FRPPH�HUUHXU� DQDO\WLTXH�D� SULRUL� GHV�GRQQpHV

DVVLPLOpHV�j������P�HW�j������P�SHQGDQW�OHV�GHX[�GHUQLHUV�GpSORLHPHQWV�

0HVXUHV�GHV�ERXWHLOOHV�1LVNLQ

4XDWUH� SURILOV� GH� OD� FRQFHQWUDWLRQ� HQ� &2'� RQW� pWp� UpDOLVpV� DX� VLWH�0� �)LJXUH� ����� $YULO�� ������

'·DSUqV�OHV�GDWHV�GHV�OHJV�DX�FRXUV�GHVTXHOV�LOV�RQW�pWp�HIIHFWXpV��7DEOHDX�����DXFXQ�G·HX[�QH�SHUPHW

ULJRXUHXVHPHQW� G·LQLWLDOLVHU�&GH� j� OD� GDWH� FKRLVLH� SRXU� GpEXWHU� O·LQWpJUDWLRQ� ���� IpYULHU� ������� /D

SpULRGH�DX�FRXUV�GH�ODTXHOOH�OH�VHFRQG�SURILO�D�pWp�PHVXUp�������RFWREUH�������HVW�FDUDFWpULVpH�SDU

GHV�IOX[�VLPLODLUHV�j�FHX[�GH�OD�PL�IpYULHU�������)LJXUH������&H�SURILO�HVW�GRQF�FKRLVL�SRXU�LQLWLDOLVHU

&GH��/HV�YDOHXUV�j������P�GHV�TXDWUH�SURILOV�VHUYHQW�j�FDOFXOHU�OHV�FRQGLWLRQV�DX[�OLPLWHV�MRXUQDOLqUHV

GH�&GH�� &KDTXH� SURILO� HVW� DVVLPLOp� j� FKDTXH� SDV� GH� WHPSV� SHQGDQW� WRXWH� OD� GXUpH� GX� OHJ� TXL� OXL

FRUUHVSRQG� �7DEOHDX� ���� /HV� LQFHUWLWXGHV� GH� FROOHFWH� HW� DQDO\WLTXHV� VRQW� LGHQWLTXHV� j� FHOOHV� GHV

SURILOV�UpDOLVpV�DX�VLWH�2��VHFWLRQ��������D����(QWUH�OHV�OHJV��&GH�HVW�OpJqUHPHQW�FRQWUDLQWH�SDU�OH�SURILO
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FRUUHVSRQGDQW�j�OD�PR\HQQH�WHPSRUHOOH�GHV�SURILOV�UpHOV��)LJXUH������$�FKDTXH�YDOHXU�PR\HQQH�HVW

DVVRFLpH� XQH� HUUHXU� D� SULRUL� VLPXODQW� OHV� HUUHXUV� GH� FROOHFWH� HW� DQDO\WLTXHV�� HW� SUHQDQW� HQ� FRPSWH

O·LQIOXHQFH�GH�OD�YDULDELOLWp�WHPSRUHOOH�ORFDOH�GH� OD�FRQFHQWUDWLRQ�HQ�&2'��(OOH�HVW�FRPSULVH�HQWUH

���HW������

�E� 'RQQpHV�FRPSOpPHQWDLUHV�SRXU�FRQWUDLQGUH�OD�SKDVH�ILOWUpH

1RXV�DYRQV�FRPSOpWp�OD�EDVH�GH�GRQQpHV�(80(/,�j�SDUWLU�GHV�SURILOV�GH�&23�ILOWUp�PHVXUpV�DX

QLYHDX�GHV�RQ]H� VWDWLRQV�*XLGRPH�GpMj�PHQWLRQQpHV�GDQV� OD� VHFWLRQ� �������D�� �)LJXUH� ����&RSLQ�

0RQWpJXW� HW� &RSLQ�0RQWpJXW�� ������� &HV� SURILOV� Q·DSSRUWHQW� SDV� G·LQIRUPDWLRQ� VXU� OD� YDULDELOLWp

WHPSRUHOOH�GX�&23�ILOWUp�GDQV�FHWWH�]RQH��)LJXUH������&��&RSLQ��FRPPXQLFDWLRQ�SHUVRQQHOOH��������

1RXV�DYRQV�FDOFXOp�XQ�SURILO�GH�&23�ILOWUp�PR\HQ�HQWUH������HW������P��&HOXL�FL�VHUW�WRXW�G·DERUG

j�LQLWLDOLVHU�&SH��'·DXWUH�SDUW��VD�YDOHXU�j������P��&SH� ������PJ�P
�

��HVW�XWLOLVpH�FRPPH�FRQGLWLRQ

DX[�OLPLWHV�FRQVWDQWH�DX�FRXUV�GX�WHPSV�GH�&SH��/H�SURILO�PR\HQ�HVW�pJDOHPHQW�DVVLPLOp�HQWUH�����

HW� �����P� DYHF� XQ� SDV� G]� �����P�� HW� j� FKDTXH� SDV� GH� WHPSV�� 1RXV� QH� FRQQDLVVRQV� SDV� OHV

LQFHUWLWXGHV�GHV�SURILOV�*XLGRPH��1RXV�DYRQV�FKRLVL�G·DIIHFWHU�j�FKDTXH�YDOHXU�DVVLPLOpH�XQH�HUUHXU

D�SULRUL�pJDOH�j�O·pFDUW�PD[LPDO�HQWUH�OH�SURILO�PR\HQ�HW�OHV�SURILOV�UpHOV��(OOH�HVW�GH�O·RUGUH�GH������

F·HVW�j�GLUH�QHWWHPHQW�VXSpULHXUH�DX[�HUUHXUV�GH�FROOHFWH�HW�DQDO\WLTXHV�FODVVLTXHPHQW�DGPLVHV�SRXU

FH�W\SH�GH�PHVXUHV��a������

$�SDUWLU� GH� FHV� SURILOV�� HW� GHV� SURILOV� GH� OD� FRQFHQWUDWLRQ� WRWDOH� HQ� SDUWLFXOHV� ILOWUpHV� UpDOLVpV� DX[

PrPHV�VWDWLRQV��VHFWLRQ��������D����QRXV�DYRQV�FDOFXOp�OD�SURSRUWLRQ�GX�&RUJ�GDQV�FHV�SDUWLFXOHV��U � �

FI��VHFWLRQ���������/D�YDOHXU�PR\HQQH�GH�U � �HQWUH�OHV�VWDWLRQV�HW�VXU�OD�YHUWLFDOH�HVW�U � � ���������(OOH�HVW

OpJqUHPHQW�VXSpULHXUH�j�FHOOH�TXH�QRXV�DYRQV�HVWLPpH�j�SDUWLU�GHV�SURILOV�GX�SURJUDPPH�+DUPDWWDQ

�U � � ��������� FI��VHFWLRQ��������E����&HOD�TXL�SHXW�V·H[SOLTXHU�SDU� OD�SOXV�JUDQGH�SUR[LPLWp�j� OD�F{WH

�F{WH� DIULFDLQH� HW� F{WHV� GHV� ,OHV� GX� &DS� 9HUW�� GHV� VWDWLRQV� *XLGRPH� SDU� UDSSRUW� DX[� VWDWLRQV

+DUPDWWDQ��)LJXUHV����HW�����

3RXU� OHV� PrPHV� UDLVRQV� TX·DX� VLWH� 2� �VHFWLRQ� ��������� OD� EDVH� GH� GRQQpHV� FRQVWLWXpH� SRXU

FRQWUDLQGUH�OHV�SDUDPqWUHV�GX�&RUJ�DX�VLWH�0�FRQWLHQW�SOXV�G·LQIRUPDWLRQV�TXH�FHOOH�FRQVLWXpH�SRXU

HVWLPHU�OHV�SDUDPqWUHV�GH�O·$O�DX�PrPH�VLWH��(Q�RXWUH��SXLVTXH�OH�GHUQLHU�SURILO�GH�OD�FRQFHQWUDWLRQ

HQ� &2'� D� pWp� pFKDQWLOORQQp� HQWUH� OH� ��� HW� OH� ��� GpFHPEUH� ����� �7DEOHDX� ���� O·DVVLPLODWLRQ� GHV

GRQQpHV� UpDOLVpH� HQWUH� OH� ��� IpYULHU� ����� HW� OH� �
���
GpFHPEUH� ����� SRXU� O·$O�� SHXW� rWUH� SURORQJpH

MXVTX·DX����GpFHPEUH������SRXU�OH�&RUJ�
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������ 5pVXOWDWV

�D� $VVLPLODWLRQ�GHV�GRQQpHV�VXU�WRXWH�OD�GXUpH�GH�OD�FDPSDJQH�(80(/,

1RXV�DYRQV�UHFKHUFKp� OHV�SDUDPqWUHV�H[SOLTXDQW� OD�GLVWULEXWLRQ�GX�&RUJ�DX�VLWH�0�GDQV� OH�PrPH

HVSDFH�GH� UHFKHUFKH�TXH�FHOXL�GpILQL�SRXU� OH�VLWH�2��7DEOHDX������/D�PLQLPLVDWLRQ�GH� OD� IRQFWLRQ

FR�W�SDU�O·$*�V·HVW�DFKHYpH�DSUqV�TXH�����JpQpUDWLRQV�GH�YHFWHXUV�GH�SDUDPqWUHV��L�H�������YDOHXUV

GX�FR�W��DLHQW�pWp�pYDOXpHV��/·DOJRULWKPH�D�LGHQWLILp�OHV����VROXWLRQV�DFFHSWDEOHV�UHSUpVHQWpHV�VXU�OD

)LJXUH�����/HXU�FR�W�YDULH�HQWUH������HW������

6\PEROH ,QWHUYDOOH�GH�UHFKHUFKH 6ROXWLRQ 6ROXWLRQ 6ROXWLRQ
/LPLWH�LQIpULHXUH /LPLWH�VXSpULHXUH 6RXUFH &RUJB2 &RUJB0 &RUJB0E

3DUDPqWUHV�ELRJpRFKLPLTXHV
. � � � ���M� ������ ������ � ������ ������ ������
. � � ��P

�

�PJ�M� ������ ������ � ������ ������ �������
. � � ���M� ������ ������ � ������ ������ ������
. � � ���M� ������ ������ � ������ ������ ������
. � � ���M� ������ ������ � ������ ������ ������

3DUDPqWUHV�SK\VLTXHV
9� ��P�M� ���� ����� � ���� ���� ����

���� ������ � ������ ������9� ��P�M�
���������EORRP� ������

. � ��P
�

�M� ����� ������� � ������ ������ ������
6RXUFHV������FI��7DEOHDX���������$MXVWHPHQW�j�SDUWLU�GH�OD�VWDELOLWp�QXPpULTXH�GH�&2/'2������6HPSpUp�HW�DO�
��������� ��� :KLWILHOG� HW� 7XUQHU� ��������� ��� =DNDUGMLDQ� HW� 3ULHXU� ��������� /�� 3ULHXU�� FRPPXQLFDWLRQ
SHUVRQQHOOH��������

7DEOHDX�����/LPLWHV�GH�O·HVSDFH�GH�UHFKHUFKH�GHV�SDUDPqWUHV�H[SOLTXDQW�OD�GLVWULEXWLRQ�GX�&RUJ�DX
VLWH�0��/D�VROXWLRQ�&RUJB2�HVW�FHOOH�TXH�QRXV�DYRQV�VpOHFWLRQQpH�SRXU�TXDQWLILHU�OHV�IOX[�GH�&RUJ�DX
VLWH�2��VHFWLRQ��������E����/D�VROXWLRQ�&RUJB0�HVW�O·XQH�GHV�VROXWLRQV�DFFHSWDEOHV�LGHQWLILpHV�SDU�O·$*

DSUqV�DVVLPLODWLRQ�GH�OD�EDVH�GH�GRQQpHV�DVVRFLpH�DX�VLWH�0�VXU�WRXWH�OD�GXUpH�GH�OD�FDPSDJQH
�)LJXUH������(OOH�JpQqUH�OHV�VLPXODWLRQV�UHSUpVHQWpHV�VXU�OHV�ILJXUHV����j�����/D�VROXWLRQ�&RUJB0E�HVW
O·XQH�GHV�VROXWLRQV�DFFHSWDEOHV�LGHQWLILpHV�SDU�O·$*�DSUqV�DVVLPLODWLRQ�GH�OD�PrPH�EDVH�GH�GRQQpHV
HQWUH�OH����IpYULHU�HW�OH���DR�W�������)LJXUH������(OOH�JpQqUH�OHV�VLPXODWLRQV�UHSUpVHQWpHV�VXU�OHV�ILJXUHV

���j����

$QDO\VH�GHV�VROXWLRQV�DFFHSWDEOHV

'·XQH� IDoRQ� JpQpUDOH�� OHV� YDOHXUV� GHV� SDUDPqWUHV� VHPEOHQW� rWUH� ELHQ� FRQWUDLQWHV� SDU� OD� EDVH� GH

GRQQpHV��YRLUH�PLHX[�FRQWUDLQWHV�TXH�SRXU� OH�VLWH�2��3RXUWDQW�� OHV�EDVHV�GH�GRQQpHV�GH�&RUJ�GHV

VLWHV�0�HW�2�FRQWLHQQHQW� OH�PrPH� W\SH�HW� DSSUR[LPDWLYHPHQW� OH�PrPH�QRPEUH�GH�PHVXUHV��/HV

GXUpHV� WRWDOHV�G·pFKDQWLOORQQDJH�VRQW�SUDWLTXHPHQW� LGHQWLTXHV�DX[�GHX[�VLWHV��/D�GLPLQXWLRQ�GH� OD

GLVSHUVLRQ�GHV�YDOHXUV�GHV�SDUDPqWUHV�SDU�UDSSRUW�j�O·H[SpULHQFH�UpDOLVpH�DX�VLWH�2�SHXW�V·H[SOLTXHU

SDU� XQH� SOXV� IRUWH� FRQFHQWUDWLRQ� GHV� SRSXODWLRQV� GH� YHFWHXUV� GH� SDUDPqWUHV� pYDOXpHV� SDU� O·$*�

HW�RX�SDU�XQH� FRQYHUJHQFH�SOXV� UDSLGH�GH� O·$*� ORUV�GH� O·H[SpULHQFH�PHQpH� DX� VLWH�0��&HOD� SHXW

pJDOHPHQW�UHIOpWHU�XQH�UpGXFWLRQ�GH�OD�WDLOOH�GX�GRPDLQH�DFFHSWDEOH�DVVRFLp�DX�VLWH�0��j�FDXVH�GH�OD

PDXYDLVH� DGDSWDWLRQ�GH�&2/'2�j� OD�PRGpOLVDWLRQ� GHV� VLWHV� FDUDFWpULVpV� SDU� XQH� IRUWH� YDULDELOLWp
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WHPSRUHOOH��/HV�SDUDPqWUHV�9� �HW�. � �VHUDLHQW�OHV�PRLQV�ELHQ�GpWHUPLQpV���OHXUV�YDOHXUV�VRQW�UpSDUWLHV

GDQV�GHX[�j�WURLV�LQWHUYDOOHV�DSSDUHPHQW�GLVFWLQFWV�

)LJXUH�����6ROXWLRQV�DFFHSWDEOHV�REWHQXHV�SDU�O·DVVLPLODWLRQ�GHV�EDVHV�GH�GRQQpHV�GH�&RUJ�FROOHFWpHV
DX�VLWH�2��SRLQWV�HW�pWRLOHV�EOHXHV���DX�VLWH�0�VXU�WRXWH�OD�GXUpH�GH�OD�FDPSDJQH��SRLQWV�HW�pWRLOHV

WXUTXRLVHV��HW�DX�VLWH�0�SHQGDQW�OH�EORRP�GH�������SRLQWV�HW�pWRLOHV�YHUWHV���/H�PRGH�GH
UHSUpVHQWDWLRQ�HVW�LGHQWLTXH�j�FHOXL�GH�OD�)LJXUH�����/HV�SDUDPqWUHV�GHV�VROXWLRQ�&RUJB2��VHFWLRQ
�������E����&RUJB0�HW�&RUJB0E�VRQW�GpVLJQpV�UHVSHFWLYHPHQW�SDU�OHV�pWRLOHV�EOHXHV��WXUTXRLVHV�HW

YHUWHV��/HXUV�YDOHXUV�ILJXUHQW�GDQV�OH�7DEOHDX����
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)LJXUH�����)OX[�GH�PDVVH��D���GH�&23��E���&23�ILOWUp��F��HW�GLVVRXV��G��VLPXOpV�SDU�OD�VROXWLRQ
&RUJB0��)LJXUH�����7DEOHDX������/HV�VLPXODWLRQV�VRQW�FRPSDUpHV�j�OD�EDVH�GH�GRQQpHV�FRQVWLWXpH
SRXU�FRQWUDLQGUH�OH�&RUJ�DX�VLWH�0��VHFWLRQ����������/HV�SURILOV�GH�&SH�HW�&GH�VRQW�G·DXWDQW�SOXV

UpFHQWV�TX·LOV�VRQW�VRPEUHV�
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/D�)LJXUH����UHSUpVHQWH�OHV�VLPXODWLRQV�FDOFXOpHV�j�SDUWLU�GH�OD�VROXWLRQ�&RUJB0�GpVLJQpH�SDU�GHV

pWRLOHV� WXUTXRLVHV� VXU� OD�)LJXUH� ���� HW� GRQW� OHV� SDUDPqWUHV� VRQW� LQGLTXpV�GDQV� OH�7DEOHDX� ���� /HV

VLPXODWLRQV�GpPRQWUHQW�TXH� OH�PRGqOH�V·DMXVWH�DX�PRGH�GH�IRQFWLRQQHPHQW� OH�SOXV�IUpTXHQW�GH� OD

FRORQQH� G·HDX�� $LQVL�� OHV� PHVXUHV� GHV� IOX[� GH� PDVVH� HW� GH� &23� VRQW� ELHQ� UHSURGXLWHV�� KRUPLV

ORUVTXH� OHV� IOX[�VRQW� WUqV�pOHYpV� �IpYULHU�MXLOOHW������HW� MXLOOHW�VHSWHPEUH��������/HV� VLPXODWLRQV�GH

&SH� HW� &GH� VRQW� GX� PrPH� RUGUH� GH� JUDQGHXU� TXH� OHV� GRQQpHV�� PDLV� OH� PRGqOH� VRXV�HVWLPH� OD

YDULDELOLWp� WHPSRUHOOH�GH� OD�FRQFHQWUDWLRQ�HQ�&2'��/HV�VLPXODWLRQV�FDOFXOpHV�j�SDUWLU�GH�SOXVLHXUV

VROXWLRQV� DFFHSWDEOHV� FKRLVLHV� DX� KDVDUG� VRQW� SUDWLTXHPHQW� LGHQWLTXHV� OHV� XQHV� DX[� DXWUHV�� /HV

VROXWLRQV�GRQW�OD�YLWHVVH�GH�FKXWH�GHV�SDUWLFXOHV�ILOWUpHV�HVW�FRPSULVH�HQWUHa��HW�a��P�M��)LJXUH����

RQW�FHSHQGDQW�WHQGDQFH�j�VXUHVWLPHU�OD�GLPLQXWLRQ�GHV�IOX[�DYHF�OD�SURIRQGHXU�

/D�)LJXUH����PRQWUH�GHV�VLPLOLWXGHV�HQWUH�OHV�VROXWLRQV�DFFHSWDEOHV�REWHQXHV�SRXU�OH�&RUJ�DX[�VLWHV

2�HW�0��/HV� YDOHXUV� GH�. � � � � WURXYpHV� DX� VLWH�0� ����������. � � � �����������M�� QH� VRQW� TXH�a���� IRLV

VXSpULHXUHV�j�FHOOHV�WURXYpHV�DX�VLWH�2�HW�FHOOHV�GH�. � � �����������. � � ����������P
�

�PJ�M��VH�WURXYHQW

GDQV� O·LQWHUYDOOH�GpOLPLWp�SDU� OHV�VROXWLRQV� LGHQWLILpHV� DX�VLWH�2��/HV�YDOHXUV�GX� � WDX[�G·DGVRUSWLRQ

VRQW� DSSUR[LPDWLYHPHQW� pJDOHV� DX[� SOXV� IDLEOHV� YDOHXUV� HVWLPpHV� DX� VLWH� 2� �������

��. � � �����������M��� /H� WDX[� GH� GLVVROXWLRQ� GX� &23� ILOWUp� HVW� a�� IRLV� SOXV� IDLEOH� TX·DX� VLWH� 2

����������. � � �����������M���3DU�FRQWUH��OH�WDX[�GH�GLVVROXWLRQ�GX�&23�SLpJp�HVW�SURFKH�GHV�YDOHXUV

PD[LPDOHV�WURXYpHV�DX�VLWH�2�����������. � � �����������M���/HV�YLWHVVHV�GH�FKXWH�GHV�SDUWLFXOHV�ILOWUpHV

��������9� ��������P�M�� HW� SLpJpHV� ����������9� ����������P�M�� VRQW� pJDOHV� j� FHUWDLQHV� GHV� YDOHXUV

UHOHYpHV�DX�VLWH�2��(QILQ��OH�FRHIILFLHQW�GH�PpODQJH�YHUWLFDO�HVW�FRPSULV�HQWUH��������HW��������P
�

�M�

)LJXUH�����'LVWULEXWLRQ�GX�&RUJ�GDQV���P � �G·HDX�GH�PHU�j������P�DX�VLWH�(80(/,�PpVRWURSKH�OH�� ���
GpFHPEUH�������SpULRGH�KRUV�EORRP��FDOFXOpH�SDU�OD�VROXWLRQ�&RUJB0��)LJXUH�����7DEOHDX������/HV
TXDQWLWpV�GH�&RUJ�pFKDQJpHV�HQWUH�OHV�SKDVHV�DX�FRXUV�GH�GW� ���M�VRQW�LQGLTXpHV�HQ�URXJH��&HOOHV�TXL
VRQW�pFKDQJpHV�DYHF�OD�FRORQQH�G·HDX�VRXV��RX�VXV�MDFHQWH�SDU�PpODQJH�YHUWLFDO�SHQGDQW�GW� ���M�VRQW
LQGLTXpHV�HQ�EOHX��(QILQ��OHV�TXDQWLWpV�GH�&23�TXL�RQW�WUDYHUVp�OH�YROXPH�GH���P � �SHQGDQW�FHWWH

PrPH�GXUpH�VRQW�LQGLTXpHV�HQ�PDUURQ�
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4XDQWLILFDWLRQ�GHV�IOX[�GH�FDUERQH�RUJDQLTXH�DX�VLWH�0�HQ�GHKRUV�GHV�SpULRGHV�GH�EORRP

/D�)LJXUH����PRQWUH�OD�GLVWULEXWLRQ�HW�OHV�IOX[�GH�&RUJ�j������P�DX�VLWH�0�FDOFXOpV�SDU�OD�VROXWLRQ

&RUJB0�SRXU�OH��
���
�GpFHPEUH�������GDWH�j�ODTXHOOH�OHV�PHVXUHV�VRQW�ELHQ�UHSURGXLWHV�SDU�OH�PRGqOH

�)LJXUH� ����� &HWWH� ILJXUH� UDSSHOOH� TXH� OH� SULQFLSDO� UpVHUYRLU� GH� &RUJ� HVW� OD� SKDVH� GLVVRXWH�� (WDQW

GRQQpH�OD�YLWHVVH�GH�FKXWH�HVWLPpH�SRXU�OHV�SDUWLFXOHV�SLpJpHV��9� � ��������P�M��HW�OH�IOX[�GH�&23

DVVLPLOp�j�FHWWH�GDWH��OD�FRQFHQWUDWLRQ�HQ�&RUJ�HVW�PLQLPDOH�GDQV�OD�SKDVH�SLpJpH��3DU�UDSSRUW�DX�VLWH

2��OD�FRQFHQWUDWLRQ�HQ�&23�SLpJp�VHUDLW�PXOWLSOLpH�SDU����DORUV�TXH��HQ�VXSSRVDQW�TXH�OHV�VWDWLRQV

*XLGRPH� VRQW� UHSUpVHQWDWLYHV� GX� VLWH� 0� �)LJXUH� ����� OD� FRQFHQWUDWLRQ� GX� &23� ILOWUp� QH� VHUDLW

PXOWLSOLpH�TXH�SDU�a�����/D�VROXWLRQ�&RUJB0�SUpGLW�XQH�YDULDWLRQ�GH�OD�FRQFHQWUDWLRQ�GX�&2'�SDU

UDSSRUW�DX�VLWH�2�TXL�HVW�QpJOLJHDEOH�UHODWLYHPHQW�DX[�EDUUHV�G·HUUHXU�GHV�PHVXUHV� ��������D����/HV

SDUWLFXOHV�ILOWUpHV�VHUDLHQW�OHV�SUHPLqUHV�H[SRUWDWULFHV�GH�&RUJ�YHUV�OH�VpGLPHQW�DX�VLWH�0��DORUV�TX·LO

V·DJLVVDLW�GH�OD�SKDVH�GLVVRXWH�DX�VLWH�2��)LJXUH������5DSSHORQV�TXH�O·LPSRUWDQFH�UHODWLYH�GH�FHV�GHX[

SKDVHV�GDQV�OH�WUDQVSRUW�GX�&RUJ�HVW�WUqV�GpSHQGDQWH�GH�OD�YDOHXU�GH�9� ��2U�F·HVW�XQ�SDUDPqWUH�WUqV

PDO� FRQWUDLQW� G·XQH� IDoRQ� JpQpUDOH� �)LJXUHV� ��� HW� ������ FH� UpVXOWDW� HVW� GRQF� j� SUHQGUH� DYHF

SUpFDXWLRQ��/HV� ILJXUHV����HW����PRQWUHQW�TXH�FRQWUDLUHPHQW�DX�VLWH�2�� ORUVTXH� OHV�PHVXUHV� VRQW

ELHQ�UHSURGXLWHV�SDU�OH�PRGqOH�O·HIIHW�GH�OD�GpVDJUpJDWLRQ�VXU�OH�IOX[�GH�PDVVH�HVW�����j�����IRLV�SOXV

LPSRUWDQW� TXH� FHOXL� GH� O·DJUpJDWLRQ�� &HOD� H[SOLTXH� TXH� OD� GLPLQXWLRQ� GX� IOX[� GH� PDVVH� DYHF� OD

SURIRQGHXU�VRLW�SOXV�UDSLGH�TX·DX�VLWH�2��&RPPH�DX� VLWH�2�SDU�FRQWUH�� OD�GLPLQXWLRQ�GX� IOX[�GH

&23�DYHF�OD�SURIRQGHXU�VXU�FHV�SpULRGHV�UpVXOWHUDLW�PDMRULWDLUHPHQW�GH�OD�GLVVROXWLRQ�GX�&23�ODELOH

HW�GDQV�XQH�PRLQGUH�PHVXUH�GH�OD�GpVDJUpJDWLRQ�GHV�JURVVHV�SDUWLFXOHV��)LJXUH������/HV�IOX[�GH�&RUJ

pFKDQJpV�HQWUH�OD�SKDVH�SLpJpH�HW�OHV�GHX[�DXWUHV�SKDVHV�VHUDLHQW�a��IRLV�SOXV�pOHYpV�TX·DX�VLWH�2���LOV

DXJPHQWHUDLHQW�GH�IDoRQ�OLQpDLUH�DYHF�OD�FRQFHQWUDWLRQ�HQ�&23�SLpJp��)LJXUH������0DOJUp�FHOD�� OHV

pFKDQJHV�OHV�SOXV�LPSRUWDQWV�HQWUH�OHV�SKDVHV�VH�VLWXHQW�WRXMRXUV�HQWUH�OHV�SKDVHV�GLVVRXWH�HW�ILOWUpH�

/HV�IOX[�OLpV�j�O·DGVRUSWLRQ�GX�&2'�HW�j�OD�GLVVROXWLRQ�GX�&23�ILOWUp�VH�FRPSHQVHQW��HW�VHUDLHQW�GX

PrPH�RUGUH�GH�JUDQGHXU�TX·DX�VLWH�2��/·LPSRUWDQFH�UHODWLYH�GHV�UpVHUYRLUV�HW�GHV�IOX[�QH�GpSHQG

SDV�GH�OD�SURIRQGHXU��HW�HOOH�QH�YDULH�TXH�OpJqUHPHQW�G·XQH�VROXWLRQ�DFFHSWDEOH�j�XQH�DXWUH�

0DOJUp� OD� SOXV� IRUWH� GLPLQXWLRQ� GX� IOX[� GH� PDVVH� DYHF� OD� SURIRQGHXU� HW� O·DXJPHQWDWLRQ� GH

O·DPSOLWXGH�GHV� IOX[� LVVXV�GH� OD� SKDVH�SLpJpH�� OH� IRQFWLRQQHPHQW� VXJJpUp� SDU� OD� VROXWLRQ�&RUJB0

SRXU� OHV�SpULRGHV�R��OHV�PHVXUHV�VRQW�FRUUHFWHPHQW�UHSURGXLWHV�QH�GLIIqUH�SDV�IRQGDPHQWDOHPHQW

GH�FHOXL�TXH�QRXV�DYRQV�GpFULW�SRXU�OH�VLWH�2�j�SDUWLU�GH�OD�VROXWLRQ�&RUJB2��)LJXUH������&H�UpVXOWDW�

DLQVL�TXH� OD� UHODWLYH�VLPLOLWXGH�HQWUH� OHV�VROXWLRQV�DFFHSWDEOHV�REWHQXHV�DX[� VLWH�2�HW�0� WHQGHQW� j

FRQILUPHU�� FRPPH� OH� VXJJqUHQW� %RU\� HW� DO�� �������� TXH� OH� VLWH�0� ORFDOLVH� XQ� UpJLPH� ROLJRWURSKH

SHQGDQW�OD�PDMHXUH�SDUWLH�GH�OD�FDPSDJQH��/HV�SLFV�GH�IOX[�GH�PDVVH�REVHUYpV�DX�FRXUV�GX�SUHPLHU

HW�GX�WURLVLqPH�GpSORLHPHQW�UHIOqWHUDLHQW�XQ�FKDQJHPHQW�UDGLFDO�GH�IRQFWLRQQHPHQW�GH� OD�FRORQQH

G·HDX� TXH� QRXV� DOORQV� HVVD\HU� GH� FDUDFWpULVHU�� /D� VROXWLRQ� &RUJB0� VRXV�HVWLPH� EHDXFRXS� SOXV

IRUWHPHQW�OH�IOX[�GH�&23�DX�FRXUV�GH�FHV�SpULRGHV�TXH�OH�IOX[�GH�PDVVH���FHOD�VXJJqUH�XQ�DSSRUW�GH

PDWpULHO�SDUWLFXOLqUHPHQW�ULFKH�HQ�&RUJ��&HV�REVHUYDWLRQV�VRQW�FRPSDWLEOHV�DYHF�O·DGYHFWLRQ�GDQV�OD
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FRXFKH� GH� VXUIDFH� GH� ILODPHQWV� FDUDFWpULVpV� SDU� XQH� IRUWH� DFWLYLWp� ELRORJLTXH� HW� SURYHQDQW� GH

O·XSZHOOLQJ�PDXULWDQLHQ�

�E� $VVLPLODWLRQ�GHV�GRQQpHV�FROOHFWpHV�SHQGDQW�OH�EORRP�GH�O·DQQpH�����

3DU�XQH�GHUQLqUH�H[SpULHQFH�LQYHUVH��QRXV�DYRQV�WHVWp�OD�SRVVLELOLWp�GH�TXDQWLILHU�OHV�IOX[�GH�&RUJ�DX

VLWH� 0� SHQGDQW� OH� EORRP� REVHUYp� HQ� ����� �)LJXUH� ����� &HWWH� H[SpULHQFH� HVW� LGHQWLTXH� j� OD

SUpFpGHQWH��KRUPLV�TXH�O·DVVLPLODWLRQ�GHV�GRQQpHV�HVW�UHVWUHLQWH�j�OD�SpULRGH�DOODQW�GX����IpYULHU�DX��

DR�W� ������ 'DQV� XQ� SUHPLHU� WHPSV�� QRXV� DYRQV� UHFKHUFKp� OHV� SDUDPqWUHV� GH� &2/'2� GDQV� OHV

LQWHUYDOOHV�GH�YDOHXUV� LQGLTXpV�GDQV� OH�7DEOHDX�����/·$*�D� OHQWHPHQW� FRQYHUJp�YHUV�XQH� VROXWLRQ

QRQ�DFFHSWDEOH��HW�D�DSSDUHPPHQW�EXWWp�FRQWUH�OD�OLPLWH�VXSpULHXUH�GH�9� ��9�
� � � � �����P�M���1RXV

DYRQV�UHFRPPHQFp�O·DVVLPLODWLRQ�HQ�IL[DQW�DUELWUDLUHPHQW�9�
� � � � ������P�M��'DQV�FHV�FRQGLWLRQV��OD

PLQLPLVDWLRQ�GH�OD�IRQFWLRQ�FR�W�D�H[LJp�O·pYDOXDWLRQ�GH�����JpQpUDWLRQV�GH�YHFWHXUV�GH�SDUDPqWUHV

�L�H�������FDOFXOV�GX�FR�W���/·$*�D�GpWHFWp����VROXWLRQV�DFFHSWDEOHV�TXH�QRXV�DYRQV�UHSRUWpHV�VXU�OD

)LJXUH�����/HXU�FR�W�HVW�FRPSULV�HQWUH������HW������

$QDO\VH�GHV�VROXWLRQV�DFFHSWDEOHV

'·XQH� IDoRQ� JpQpUDOH�� OHV� YDOHXUV� GHV� SDUDPqWUHV� �� HQ� SDUWLFXOLHU� FHOOHV� GH�. � � � HW�. � � � �� VRQW� SOXV

GLVSHUVpHV�TXH�SRXU� O·H[SpULHQFH� SUpFpGHQWH� �)LJXUH� �����&H� UpVXOWDW� Q·HVW� SDV� VXUSUHQDQW� GDQV� OD

PHVXUH�R��OD�GLPLQXWLRQ�GH�OD�GXUpH�G·DVVLPLODWLRQ�WHQG�j�GLPLQXHU�OD�UpVROXWLRQ�GH�OD�IRQFWLRQ�FR�W�

F·HVW�j�GLUH�j�pYDVHU�OHV�YDOOpHV�GDQV�OHVTXHOOHV�VH�WURXYHQW�OHV�VROXWLRQV�DFFHSWDEOHV��VHFWLRQ��������

/HV�YDOHXUV�GH�. � � � ��. � � �HW�. � � �VRQW�UHODWLYHPHQW�PRLQV�GLVSHUVpHV��PDLV�LO�SHXW�V·DJLU�G·XQ�DUWHIDFW�OLp

DX� IDLEOH� QRPEUH� GH� VROXWLRQV� DFFHSWDEOHV� GpWHFWpHV�� /HV� VROXWLRQV� DFFHSWDEOHV� WURXYpHV� SDU

O·DVVLPLODWLRQ�GH� WRXWH� OD�EDVH�GH�GRQQpHV�HW�GH� OD�EDVH�GH�GRQQpH�UpGXLWH� j� OD�SpULRGH�GX�EORRP

PRQWUHQW� GHV� GLIIpUHQFHV� VLJQLILFDWLYHV�� /HV� YDOHXUV� GX� WDX[� GH� GpVDJUpJDWLRQ

����������. � � � �����������M��VRQW���j���IRLV�SOXV�IDLEOHV�TXH�SRXU� O·H[SpULHQFH�SUpFpGHQWH��&HOOHV�GX

WDX[�G·DJUpJDWLRQ�VRQW�UpGXLWHV�G·XQ�IDFWHXU���j��������������. � � ����������P
�

�PJ�M���3DU�FRQWUH��OHV

YDOHXUV� GX� WDX[� G·DGVRUSWLRQ� ����������. � � �����������M�� HW� GX� WDX[� GH� GLVVROXWLRQ� GX� &23� ILOWUp

����������. � � �����������M��VRQW�FRPSULVHV�HQWUH�OHV�YDOHXUV�WURXYpHV�DX�VLWH�2��)LJXUH�����HW�DX�VLWH

0�HQ�DVVLPLODQW�WRXWH�OD�EDVH�GH�GRQQpHV��)LJXUH������&HOOHV�GX�WDX[�GH�GLVVROXWLRQ�GX�&23�SLpJp

VRQW�SOXV�IDLEOHV�TX·DX�VLWH�2��HW�UpGXLWHV�G·XQ�IDFWHXU����j����SDU�UDSSRUW�j�O·H[SpULHQFH�SUpFpGHQWH

����������. � � �����������M���&RQWUDLUHPHQW�DX�VLWH�2�HW�j�O·H[SpULHQFH�SUpFpGHQWH��WRXWHV�OHV�VROXWLRQV

DFFHSWDEOHV�VRQW�FDUDFWpULVpHV�SDU�XQ�UDSSRUW�. � � �. � � �������/D�YLWHVVH�GH�FKXWH�GHV�SDUWLFXOHV�ILOWUpHV

VHPEOH�SOXV�IDLEOH�TXH�SUpFpGHPPHQW��PDLV�FH�SDUDPqWUH�HVW�JpQpUDOHPHQW�PDO�FRQWUDLQW�SDU�OH�W\SH

GH�GRQQpHV�FROOHFWpHV���������9� ��������P�M���3DU�FRQWUH��OD�YLWHVVH�GHV�SDUWLFXOHV�SLpJpHV�HVW�����j��

IRLV�SOXV� pOHYpH� TXH� SRXU� O·H[SpULHQFH� SUpFpGHQWH� ����������9� ����������P�M��� &HV� IRUWHV� YDOHXUV

VRQW�FRKpUHQWHV�DYHF�OD�GLPLQXWLRQ�GHV�YDOHXUV�GH�. � � � ��. � � �HW�. � � ��HOOHV�LPSOLTXHQW�TXH�OHV�SDUWLFXOHV

SLpJpHV�RQW�PRLQV�GH�FRQWDFW�DYHF�OH�PLOLHX�HQYLURQQDQW�SHQGDQW�OHXU�FKXWH��(QILQ��OHV�YDOHXUV�GX
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FRHIILFLHQW� GH� PpODQJH� VRQW� FRPSDWLEOHV� DYHF� O·H[SpULHQFH� SUpFpGHQWH

����������. � �����������P
�

�M��

)LJXUH�����&RQWULEXWLRQV�GHV�WHUPHV�GH�OD�QRXYHOOH�YHUVLRQ�GH�&2/'2��(TV��������j����j�OD�YDULDELOLWp
WHPSRUHOOH�GH�)P��)H��&SH�HW�&GH�j������P�FDOFXOpHV�SDU�OD�VROXWLRQ�&RUJB0��)LJXUH����

7DEOHDX�����
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)LJXUH�����)OX[�GH�PDVVH��D���GH�&23��E���&23�ILOWUp��F��HW�GLVVRXV��G��VLPXOpV�SDU�OD�VROXWLRQ
&RUJB0E��)LJXUH�����7DEOHDX������/HV�VLPXODWLRQV�VRQW�FRPSDUpHV�j�OD�EDVH�GH�GRQQpHV�FRQVWLWXpH
SRXU�FRQWUDLQGUH�OH�&RUJ�DX�VLWH�0��VHFWLRQ���������TXH�O·RQ�D�DVVLPLOpH�HQWUH�OH����IpYULHU�HW�OH���DR�W

������/HV�SURILOV�GH�&SH�HW�&GH�VRQW�G·DXWDQW�SOXV�UpFHQWV�TX·LOV�VRQW�VRPEUHV�
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1RXV� DYRQV� LQWpJUp� OH� PRGqOH� j� SDUWLU� GH� GLIIpUHQWHV� VROXWLRQV� DFFHSWDEOHV�� HW� OHV� VLPXODWLRQV

REWHQXHV�VRQW�DSSUR[LPDWLYHPHQW�VLPLODLUHV�OHV�XQHV�DX[�DXWUHV��/HV�VROXWLRQV�DVVRFLpHV�DX[�YDOHXUV

GH�9� �HW�. � � �OHV�SOXV�IDLEOHV��)LJXUH�����RQW�WRXW�GH�PrPH�WHQGDQFH�j�VRXV�HVWLPHU�OHV�IOX[�GH�PDVVH

HW�GH�&23��/D�)LJXUH����PRQWUH�OHV�VLPXODWLRQV�JpQpUpHV�SDU�OD�VROXWLRQ�&RUJB0E�UHSUpVHQWpH�SDU

GHV�pWRLOHV�YHUWHV�VXU�OD�)LJXUH�����/HV�YDOHXUV�GH�VHV�SDUDPqWUHV�VRQW�LQGLTXpHV�GDQV�OH�7DEOHDX����

/HV�YDOHXUV�GX� IOX[�GH�PDVVH� VLPXOpHV�VRQW�VXSpULHXUHV� j� FHOOHV� FDOFXOpHV�SDU� OD� VROXWLRQ�&RUJB0

�)LJXUH������PDLV�OH�PRGqOH�QH�SDUYLHQW�WRXMRXUV�SDV�j�UHSURGXLUH�OHV�YDOHXUV�OHV�SOXV�pOHYpHV��PDUV�

DYULO� HW� MXLQ�MXLOOHW��������/D� VROXWLRQ�&RUJB0E�VLPXOH�GHX[�SLFV�GX� IOX[�GH�&23�HQ�PDL�DYULO� HW

MXLQ�MXLOOHW�������PDLV� OHXU� DPSOLWXGH� HVW� �� j� �� IRLV�SOXV� IDLEOH� TXH� FHOOH�REVHUYpH� �)LJXUH� �����/H

SURILO� VLPXOp� GH� OD� FRQFHQWUDWLRQ� HQ� &23� ILOWUp� HVW� FRQVWDQW� DYHF� OD� SURIRQGHXU�� &HV� YDOHXUV

FRUUHVSRQGHQW�j�XQH�DXJPHQWDWLRQ�GH������SDU�UDSSRUW�j�FHOOHV�FDOFXOpHV�SDU� OD�VROXWLRQ�&RUJB0

�)LJXUH� ����� /D� YDULDELOLWp� GX� IOX[� GH� &23� DXUDLW� GRQF� GHV� UpSHUFXVVLRQV� VXU� OD� SKDVH� ILOWUpH

VLJQLILFDWLYHV� SDU� UDSSRUW� DX[� EDUUHV� G·HUUHXU� JpQpUDOHPHQW� HVWLPpHV� SRXU� FH� W\SH� GH� PHVXUHV

�a�������3DU�FRQWUH�� OH�SURILO�GH�&2'�VLPXOp�HVW�VLPLODLUH�j�FHOXL�SUpGLW�SDU� OD�VROXWLRQ�&RUJB0�

&HOD�VXJJqUH�TXH� OD�YDULDELOLWp� WHPSRUHOOH�GHV�IOX[�GH�&23�SLpJp�HW� ILOWUp� D�SHX�G·LQIOXHQFH�VXU� OD

SKDVH�GLVVRXWH�

)LJXUH�����'LVWULEXWLRQ�GX�&RUJ�GDQV���P � �G·HDX�GH�PHU�j������P�DX�VLWH�(80(/,�PpVRWURSKH
SHQGDQW�OH�EORRP�GH�������� ��� �MXLQ�������FDOFXOpH�SDU�OD�VROXWLRQ�&RUJB0E��)LJXUH�����7DEOHDX�����
/HV�TXDQWLWpV�GH�&RUJ�pFKDQJpHV�HQWUH�OHV�SKDVHV�DX�FRXUV�GH�GW� ���M�VRQW�LQGLTXpHV�HQ�URXJH�

&HOOHV�TXL�VRQW�pFKDQJpHV�DYHF�OD�FRORQQH�G·HDX�VRXV��RX�VXV�MDFHQWH�SDU�PpODQJH�YHUWLFDO�SHQGDQW
GW� ���M�VRQW�LQGLTXpHV�HQ�EOHX��(QILQ��OHV�TXDQWLWpV�GH�&23�TXL�RQW�WUDYHUVp�OH�YROXPH�GH���P �

SHQGDQW�FHWWH�PrPH�GXUpH�VRQW�LQGLTXpHV�HQ�PDUURQ�

0rPH�DSUqV�O·DVVLPLODWLRQ�GHV�GRQQpHV�FROOHFWpHV�SHQGDQW�OH�EORRP�GH�IpYULHU�DR�W�������OH�PRGqOH

HVW� LQFDSDEOH� G·H[SOLTXHU� OHV� IOX[� FROOHFWpV� j� �����P� j� SDUWLU� GHV� IOX[� FROOHFWpV� j� �����P�� ,O� HVW

SRVVLEOH� TXH� O·$*� Q·DLW� SDV� GpWHFWp� OH� YHFWHXU� GH� SDUDPqWUHV� FRUUHVSRQGDQW�� ,O� HVW� SUREDEOH

pJDOHPHQW�TXH�OHV�SURILOV�PR\HQV�GHV�FRQFHQWUDWLRQ�HQ�&2'�HW�&23�ILOWUp�DVVLPLOpV�QH�VRLHQW�SDV
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FRPSDWLEOHV�DYHF�OHV�IOX[�FROOHFWpV�SDU�OHV�SLqJHV�j�FHWWH�SpULRGH��(QILQ��FHW�pFKHF�SHXW�V·H[SOLTXHU

SDU�XQ�DSSRUW�ODWpUDO�GH�PDWpULHO�GDQV�OD�FRORQQH�G·HDX�HQWUH������HW������P�

4XDQWLILFDWLRQ�GHV�IOX[�GH�FDUERQH�RUJDQLTXH�DX�VLWH�0�DX�FRXUV�GX�EORRP�GH�����

/D�)LJXUH����PRQWUH�OD�GLVWULEXWLRQ�HW�OHV�IOX[�GH�&RUJ�j������P�DX�VLWH�0�FDOFXOpV�SDU�OD�VROXWLRQ

&RUJB0E� �7DEOHDX� ���� SHQGDQW� OH� EORRP� ��
���
� MXLQ� ������� &HWWH� VROXWLRQ� FRQILUPH� TXH� OH

IRQFWLRQQHPHQW�GH� OD� FRORQQH�G·HDX� DX� FRXUV�GX�EORRP�HVW� IRQGDPHQWDOHPHQW�GLIIpUHQW�GH� FHOXL

SUpGLW�SDU�OD�VROXWLRQ�&RUJB0��7DEOHDX�����SRXU�OHV�SpULRGHV�ROLJRWURSKHV��)LJXUH������/D�VROXWLRQ

&RUJB0E�SUpYRLW�XQH�DXJPHQWDWLRQ�G·XQ�RUGUH�GH�JUDQGHXU�GH�OD�FRQFHQWUDWLRQ�GX�&23�SLpJp�SDU

UDSSRUW� DX[�SpULRGHV�ROLJRWURSKHV��0DOJUp�FHWWH� DXJPHQWDWLRQ�� OD� FRQFHQWUDWLRQ�GX�&23�ILOWUp�QH

VHUDLW� PXOWLSOLpH� TXH� SDU� a����� HW� OHV� YDULDWLRQV� GH� OD� FRQFHQWUDWLRQ� GX� &2'� QH� VHUDLHQW� SDV

VLJQLILFDWLYHV� UHODWLYHPHQW� DX[� LQFHUWLWXGHV� GHV� PHVXUHV� �VHFWLRQ� �������D���� /D� FRQFHQWUDWLRQ� GX

&RUJ� UHVWH� PD[LPDOH� GDQV� OD� SKDVH� GLVVRXWH� HW� PLQLPDOH� GDQV� OD� SKDVH� SLpJpH� �)LJXUH� ����

/·LPSRUWDQFH�UHODWLYH�GHV�WURLV�SKDVHV�GDQV� O·H[SRUWDWLRQ�GX�&RUJ�YHUV� OH�VpGLPHQW�HVW� WRWDOHPHQW

GLIIpUHQWH� GH� FHOOH� SUpGLWH� SRXU� OH� VLWH� 2� �)LJXUH� ���� RX� SRXU� OH� VLWH� 0� SHQGDQW� OH� UpJLPH

ROLJRWURSKH��)LJXUH������/D�SKDVH�SLpJpH�VHUDLW�UHVSRQVDEOH�G·XQ�WUDQVSRUW�GH�&RUJ����IRLV�HW����IRLV

SOXV� LPSRUWDQW�TXH� OHV�SKDVHV�ILOWUpH�HW�GLVVRXWH�UHVSHFWLYHPHQW� �)LJXUH������/D�)LJXUH����PRQWUH

TXH� OD�GLPLQXWLRQ�GX� IOX[�GH�PDVVH� DYHF� OD�SURIRQGHXU� HVW�SOXV� UDSLGH�TX·HQ� UpJLPH�ROLJRWURSKH

�)LJXUH� ����� (Q� HIIHW�� OH� UDSSRUW� @��> �
�

���� �� � �� �� � � U&SH.... ⋅= � DVVRFLp� DX[� VROXWLRQV

DFFHSWDEOHV�HVW�FRPSULV�HQWUH�����HW������
	


 PJ�P�����=��&SH HW� ������=
U ���&RQWUDLUHPHQW�j�FH

TXH�SUpGLW�OD�VROXWLRQ�&RUJB0��OD�VROXWLRQ�&RUJB0E�VXJJqUH�TXH�OD�GLPLQXWLRQ�GX�&23�SLpJp�DYHF

OD� SURIRQGHXU� SHQGDQW� OH� EORRP� UpVXOWH� DYDQW� WRXW� GH� OD� GpVDJUpJDWLRQ� GHV� SDUWLFXOHV� SLpJpHV�� HW

HQVXLWH�VHXOHPHQW�GH�OD�GLVVROXWLRQ�GX�&23�SLpJp�ODELOH��)LJXUH������$LQVL�� OH�IOX[�GH�&23�OLp�j�OD

GpVDJUpJDWLRQ� VHUDLW�PXOWLSOLp� SDU�a��SDU� UDSSRUW� DX[�SpULRGHV� ROLJRWURSKHV�� DORUV� TXH� OH� IOX[� GH

&23� DVVRFLp� j� OD� GLVVROXWLRQ� GX�&23� ODELOH� SLpJp� VHUDLW� GLYLVp� SDU�a���� �)LJXUHV� ��� HW� ����� &HV

UpVXOWDWV�VXJJqUHQW�TXH�OHV�IRUWHV�YLWHVVHV�GH�FKXWH�HVWLPpHV�SRXU�OD�SpULRGH�GX�EORRP�LQGXLVHQW�XQ

GpPDQWqOHPHQW� LPSRUWDQW� GHV� DJUpJDWV� HW� OLPLWHQW� OH� GpYHORSSHPHQW� GH� O·DFWLYLWp� ELRORJLTXH

UHVSRQVDEOH�GH�OD�GLVVROXWLRQ�SXLV�GH�OD�UHPLQpUDOLVDWLRQ�GX�&23�ODELOH�SLpJp��/HV�pFKDQJHV�OHV�SOXV

LPSRUWDQWV�HQWUH�OHV�SKDVHV�FRQFHUQHQW�WRXMRXUV� OHV�SKDVHV�GLVVRXWH�HW�ILOWUpH��&HV�GHX[�UpVHUYRLUV

VHUDLHQW� HQ� pTXLOLEUH� G\QDPLTXH�� /HV� IOX[� pFKDQJpV� HQWUH� FHV� GHX[� SKDVHV� VHUDLHQW� ���� IRLV� SOXV

pOHYpV�TXH�SHQGDQW�OHV�SpULRGHV�ROLJRWURSKHV��)LJXUHV����HW�����HW�GX�PrPH�RUGUH�GH�JUDQGHXU�TXH

OH� IOX[�GH�&2'�H[SRUWp�SDU� OH�PpODQJH�YHUWLFDO�GH� OD�FRORQQH�G·HDX��� LOV�DXJPHQWHUDLHQW�GH�IDoRQ

OLQpDLUH� DYHF� OD� FRQFHQWUDWLRQ� GX� &23� ODELOH� ILOWUp�� 'DQV� FHWWH� VLWXDWLRQ�� OD� SKDVH� GLVVRXWH� HVW

DOLPHQWpH� j� SOXV� GH� ������� SDU� OD� SKDVH� SLpJpH�� /·LPSRUWDQFH� UHODWLYH� GHV� UpVHUYRLUV� HW� GHV� IOX[

GpFULWH�FL�GHVVXV�QH�GpSHQG�SDV�GH�OD�SURIRQGHXU�
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0DOJUp� OD� IDLEOH� TXDQWLWp� GH� GRQQpHV� GLVSRQLEOHV� SRXU� GpFULUH� OD� SpULRGH� GX� EORRP� GH� �����

O·LQYHUVLRQ� GH� &2/'2� VXJJqUH� TXH� OD� FRORQQH� G·HDX� HVW� VRXPLVH� j� XQ� UpJLPH� HXWURSKH�� ,O� HVW

FDUDFWpULVp�SDU�XQH�IRUWH�H[SRUWDWLRQ�GH�&23�SLpJp���ORUV�GHV�EORRPV��RQ�REVHUYH�XQH�FRPSDFWLRQ

PDVVLYH�GHV�SDUWLFXOHV�SURGXLWHV�GDQV�OD�FRXFKH�GH�VXUIDFH��5LHEHVHOO��������-DFNVRQ�HW�/RFKPDQQ�

������(QJHO�HW�6FKDUWDX���������&H�SKpQRPqQH�LQGXLW�OD�IRUPDWLRQ�G·DJUpJDWV�YROXPLQHX[�HW�GHQVHV�

FDSDEOHV�GH�FKXWHU�UDSLGHPHQW�GDQV�OD�FRORQQH�G·HDX��$OOGUHGJH�HW�*RWVFKDON��������6WHPPDQ�HW�DO��

�������1RV�UpVXOWDWV�PRQWUHQW�TX·LOV�VXELVVHQW�DORUV�XQH�IRUWH�GpVDJUpJDWLRQ�HW�TXH��j�FDXVH�GH�OHXU

IRUWH�YLWHVVH�GH�FKXWH��OH�&23�ODELOH�SLpJp�Q·HVW�TXH�IDLEOHPHQW�GLVVRXW�

���� &RQFOXVLRQ�GX�FKDSLWUH

������ (YDOXDWLRQ�GH�OD�PpWKRGH�LQYHUVH�HW�GHV�VWUDWpJLHV�GH�PHVXUH

/HV�H[SpULHQFHV�TXH�QRXV�DYRQV�GpFULWHV�GDQV�FH�FKDSLWUH�PRQWUHQW�TXH� OH�PRGqOH�&2/'2�Q·HVW

SDV� GLUHFWHPHQW� DGDSWp� j� OD� TXDQWLILFDWLRQ� GHV� IOX[� DX� QLYHDX� G·XQ� VLWH� WHO� TXH� OH� VLWH� 0� R�� OD

YDULDELOLWp�WHPSRUHOOH�HVW�LPSRUWDQWH�HW�FRPSOH[H��FDU�VHV�SDUDPqWUHV�VRQW�LQGpSHQGDQWV�GX�WHPSV�

,O� QH� SHUPHW� SDV� QRQ� SOXV� GH� VLPXOHU� GHV� DSSRUWV� ODWpUDX[� GH� PDWLqUH� GDQV� OD� FRORQQH� G·HDX�

/·DVVLPLODWLRQ�GHV�GRQQpHV�VXU�WRXWH�OD�GXUpH�GH�OD�FDPSDJQH�SHUPHW�GH�FDUDFWpULVHU�ORFDOHPHQW�OH

IRQFWLRQQHPHQW�OH�SOXV�IUpTXHQW�GH�OD�FRORQQH�G·HDX��)LJXUHV����HW������,QWURGXLUH�XQH�GpSHQGDQFH

HQ�WHPSV�GHV�SDUDPqWUHV�FRPSOLTXHUDLW�OH�SUREOqPH�LQYHUVH�GH�IDoRQ�FRQVLGpUDEOH��/·DSSURFKH�TXH

QRXV� VXJJpURQV� FRQVLVWH� HQ� O·DVVLPLODWLRQ� GHV� GRQQpHV� FROOHFWpHV� VXU� GHV� SpULRGHV� D� SULRUL

FDUDFWpULVpHV�SDU�XQ�PrPH�W\SH�GH�IRQFWLRQQHPHQW��$LQVL�� O·DVVLPLODWLRQ�GHV�GRQQpHV�FROOHFWpHV�DX

VLWH� 0� SHQGDQW� OH� EORRP� REVHUYp� HQ� ����� �VHFWLRQ� �������E��� SHUPHW� GH� FDUDFWpULVHU� DX� PRLQV

TXDOLWDWLYHPHQW� OH�IRQFWLRQQHPHQW�GH� OD�FRORQQH�G·HDX�VXU�FHWWH�SpULRGH�GH���PRLV� �)LJXUHV����HW

����

&HV�H[SpULHQFHV�VXJJqUHQW�pJDOHPHQW�TXH�OD�VWUDWpJLH�G·pFKDQWLOORQQDJH�GH�OD�FRORQQH�G·HDX�VXLYLH�DX

VLWH�0�Q·pWDLW�SDV�QRQ�SOXV�DGDSWpH�j�OD�YDULDELOLWp�WHPSRUHOOH�GH�FH�VLWH��/HV�UpVXOWDWV�PRQWUHQW�HQ

HIIHW� TXH� OHV� YDULDWLRQV� WHPSRUHOOHV� GX� IOX[� GH� PDVVH� RQW� GHV� UpSHUFXWLRQV� VLJQLILFDWLYHV� VXU� OD

FRPSRVLWLRQ� FKLPLTXH� GH� OD� SKDVH� ILOWUpH� �)LJXUHV� ��� HW� ����� YRLUH� GH� OD� SKDVH� GLVVRXWH� SRXU� OHV

pOpPHQWV� OLWKRJpQLTXHV� �VHFWLRQ���������� HW� FHOD� GDQV� WRXWH� OD� FRORQQH� G·HDX�� /D�PHVXUH� G·XQ� VHXO

SURILO� GH� OD� FRQFHQWUDWLRQ� GHV� FRQVWLWXDQWV� GDQV� FHV� GHX[� SKDVHV� HVW� SDU� FRQVpTXHQW� LQVXIILVDQWH

SRXU�GpFULUH�OH�IRQFWLRQQHPHQW�G·XQ�WHO�VLWH��,O�VHPEOH�QpFHVVDLUH�GH�UpDOLVHU�XQ�SURILO�SRXU�FKDTXH

SKDVH� GqV� TX·XQH� WUDQVLWLRQ� HQWUH� GHX[� UpJLPHV� GH� IRQFWLRQQHPHQW� GHYLHQW� SHUFHSWLEOH�� &HWWH

H[LJHQFH� VXSSRVH� XQH� JUDQGH� IOH[LELOLWp� GHV�PR\HQV� GH�PHVXUH�� HQ� SDUWLFXOLHU� GDQV� OHV� ]RQHV� R�

FRPPH� j� (80(/,� OD� VDLVRQQDOLWp� HVW� SHX� PDUTXpH� HW� OHV� YDULDWLRQV� LQWHU�DQQXHOOHV� VRQW

LPSRUWDQWHV�� /·DGRSWLRQ� GH� FHWWH� VWUDWpJLH� GH� PHVXUH� SHUPHWWUDLW� HIIHFWLYHPHQW� G·HVWLPHU� OHV

SDUDPqWUHV�FDUDFWpULVWLTXHV�GH�FKDTXH�UpJLPH�GH�IRQFWLRQQHPHQW�
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)LJXUH�����&RQWULEXWLRQV�GHV�WHUPHV�GH�OD�QRXYHOOH�YHUVLRQ�GH�&2/'2��(TV��������j����j�OD�YDULDELOLWp
WHPSRUHOOH�GH�)P��)H��&SH�HW�&GH�j������P�SHQGDQW�OH�EORRP�GH�O·DQQpH������FDOFXOpHV�SDU�OD

VROXWLRQ�&RUJB0E��)LJXUH�����7DEOHDX�����

������ 6\QWKqVH�GHV�UpVXOWDWV�JpRFKLPLTXHV

/HV�UpVXOWDWV�JpRFKLPLTXHV�REWHQXV�GDQV�FH�FKDSLWUH�VRQW�j�FRQVLGpUHU�DYHF�SUXGHQFH��(Q�HIIHW��OHV

H[SpULHQFHV�LQYHUVHV���KRUPLV�FHOOH�OLPLWpH�j�OD�SpULRGH�GX�EORRP�GH������²�VRQW�EDVpHV�HQ�SDUWLH�VXU

GHV�FRQGLWLRQV�DX[�OLPLWHV�FDOFXOpHV�j�SDUWLU�GH�UHODWLRQV�pWDEOLHV�HPSLULTXHPHQW��VHFWLRQV��������D�

HW��������D����2U�QRXV�DYRQV�PRQWUp�GDQV�OD�VHFWLRQ�������TXH�OH�GRPDLQH�DFFHSWDEOH�HVW�WUqV�VHQVLEOH
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���

DX[� FRQGLWLRQV� DX[� OLPLWHV�� '·DXWUH� SDUW�� OHV� GRQQpHV� LQ� VLWX� GLVSRQLEOHV� j� O·KHXUH� DFWXHOOH� SRXU

FDUDFWpULVHU� OH� VLWH�0� QH� SHUPHWWHQW� SDV� GH� FRPSDUHU� OHV� VROXWLRQV� HVWLPpHV� SRXU� OH� &RUJ� j� GHV

VROXWLRQV�REWHQXHV�SRXU�G·DXWUHV�FRQVWLWXDQWV�GX�IOX[�GH�PDVVH��FRPPH�QRXV� O·DYRQV� IDLW�SRXU� OH

VLWH� 2� �&KDSLWUH� ����� (QILQ�� QRXV� QH� GLVSRVRQV� SDV� HQFRUH� GH� PpWKRGH� SRXU� DQDO\VHU

ULJRXUHXVHPHQW�OD�UREXVWHVVH�GHV�VROXWLRQV�DFFHSWDEOHV�YLV�j�YLV�GHV�PHVXUHV�LQ�VLWX�

0DOJUp�FHV�GLIILFXOWpHV�� OHV�UpVXOWDWV�GHV�H[SpULHQFHV�G·DVVLPLODWLRQ�GHV�GRQQpHV�GH�&RUJ�PRQWUHQW

PDQLIHVWHPHQW�O·DOWHUQDQFH�GH�GHX[�UpJLPHV�GH�IRQFWLRQQHPHQW�GH�OD�FRORQQH�G·HDX�DX�VLWH�0��/HV

SpULRGHV� R�� OH� IOX[� GH� PDVVH� HVW� LQIpULHXU� j� a����PJ�P � �M� VRQW� FDUDFWpULVpHV� SDU� XQ

IRQFWLRQQHPHQW� TXL� UHVVHPEOH� j� FHOXL� GX� VLWH� 2��� OD� FRORQQH� G·HDX� VHUDLW� VRXPLVH� j� XQ� UpJLPH

ROLJRWURSKH��3DU�UDSSRUW�DX�VLWH�2�� OH�IOX[�GH�PDVVH�GLPLQXH�SOXV�UDSLGHPHQW�DYHF� OD�SURIRQGHXU�

SDUFH� TXH� OD� GpVDJUpJDWLRQ� GHV� SDUWLFXOHV� SLpJpHV� QH� VHUDLW� SDV� WRWDOHPHQW� FRPSHQVpH� SDU

O·DJUpJDWLRQ�GHV�SDUWLFXOHV�ILOWUpHV��)LJXUHV����HW������&HOD� UpVXOWH�SUREDEOHPHQW�GH� O·DXJPHQWDWLRQ

GH� O·DERQGDQFH�EDFWpULHQQH�GX�VLWH�2�DX�VLWH�0��'XIRXU�HW�7RUUpWRQ���������&HOD�SHXW�pJDOHPHQW

UHIOpWHU�GHV�GLIIpUHQFHV�HQWUH�OHV�SURSULpWpV�K\GURG\QDPLTXHV�GH�OD�FRORQQH�G·HDX��(Q�RXWUH��OHV�IOX[

LVVXV�GH�OD�SKDVH�SLpJpH�VRQW�SOXV�pOHYpV�TX·DX�VLWH�2��PDLV�FHWWH�DXJPHQWDWLRQ�HVW�SURSRUWLRQQHOOH�j

FHOOH�GH�OD�FRQFHQWUDWLRQ�GX�&23�SLpJp��/RUVTXH�OH�IOX[�GH�PDVVH�HVW�VXSpULHXU�j�a����PJ�P � �M��OH

IRQFWLRQQHPHQW� GH� OD� FRORQQH� G·HDX� FKDQJH� UDGLFDOHPHQW�� /·DXJPHQWDWLRQ� GX� IOX[� GHV� SDUWLFXOHV

SLpJpHV�QH�VH�SURSDJH�SDV�GH�IDoRQ�OLQpDLUH�GDQV�OH�V\VWqPH��(Q�HIIHW��HOOH�VH�WUDGXLW�j�OD�IRLV�SDU�XQH

DXJPHQWDWLRQ�GX�IOX[�DVVRFLp�j�OD�GpVDJUpJDWLRQ�GHV�DJUpJDWV��HW�SDU�XQH�GLPLQXWLRQ�GHV�IOX[�OLpV�j

O·DJUpJDWLRQ�HW�j�OD�GLVVROXWLRQ�GX�&23�ODELOH�SLpJp��3DUDOOqOHPHQW��OHV�IOX[�pFKDQJpV�HQWUH�OHV�SKDVHV

GLVVRXWH�HW�ILOWUpH�QH�VRQW�TXH�IDLEOHPHQW�DPSOLILpV��,O�V·DJLW�GRQF�G·XQ�UpJLPH�GH�IRUWH�H[SRUWDWLRQ�

FRQWU{Op� HVVHQWLHOOHPHQW�SDU� OH� UpVHUYRLU�SLpJp��� OD� FRORQQH�G·HDX� HVW� VRXV� O·LQIOXHQFH� G·XQ� UpJLPH

HXWURSKH�� &HV� FKDQJHPHQWV� GH� UpJLPH� UpVXOWHUDLHQW� GH� O·DGYHFWLRQ� GH� ILODPHQWV� RULJLQDLUHV� GH

O·XSZHOOLQJ� PDXULWDQLHQ� GDQV� OHV� HDX[� GH� VXUIDFH� �%RU\� HW� DO��� ������� PDLV� pJDOHPHQW� G·DSSRUWV

ODWpUDX[�GH�PDWLqUH�GDQV�OD�FRXFKH�FRPSULVH�HQWUH������P�HW�OH�IRQG��VHFWLRQ��������E���

&HV�UpVXOWDWV�GpPRQWUHQW�TXH�OH�UpJLPH�WURSKLTXH�GHV�pFRV\VWqPHV�QH�FRQWU{OH�SDV�XQLTXHPHQW�OHV

IOX[� GH�PDWLqUH� GDQV� OD� FRXFKH� GH� VXUIDFH� HW� OHV� IOX[� H[SRUWpV� j� WUDYHUV� OD� FRXFKH� PpODQJpH�� ,O

LQIOXHQFH�GLUHFWHPHQW�OHV�pFKDQJHV�GLVVRXV�SDUWLFXODLUH�GDQV�WRXWH�OD�FRORQQH�G·HDX�SURIRQGH�
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&KDSLWUH��� 

&RQFOXVLRQ�JpQpUDOH�HW�SHUVSHFWLYHV

/
REMHFWLI� GH� FHWWH� WKqVH� pWDLW�� j� SDUWLU� G·XQ� PRGqOH� HW� G
XQH� EDVH� GH� GRQQpHV� DSSURSULpV�� GH

TXDQWLILHU� OHV� SURFHVVXV� DVVRFLpV� DX[� IOX[� GH� SDUWLFXOHV� GDQV� OD� FRXFKH� SURIRQGH� RFpDQLTXH�� HW

G
DQDO\VHU� OHXU�YDULDELOLWp�HQ�UpSRQVH�j�FHOOH�GH� OD�SURGXFWLYLWp�GHV�HDX[�GH� VXUIDFH�HW�GHV� DSSRUWV

DWPRVSKpULTXHV�

/D�EDVH�GH�GRQQpHV�GHV�FDPSDJQHV�(80(/,

/D�EDVH�GH�GRQQpHV�D� pWp� FRQVWLWXpH�j�SDUWLU�GHV�PHVXUHV� LQ� VLWX� FROOHFWpHV� DX� ODUJH�GH� O
XSZHOOLQJ

PDXULWDQLHQ�SHQGDQW�OHV�FDPSDJQHV�(80(/,��$X�QLYHDX�GH�GHX[�VLWHV�FDUDFWpULVpV�SDU�GHV�UpJLPHV

D�SULRUL�ROLJRWURSKH�HW�PpVRWURSKH�HW�SDU�GHV�IOX[�FRQWUDVWpV�GH�SRXVVLqUHV�VDKDULHQQHV��OHV�IOX[�GHV

pOpPHQWV� FKLPLTXHV� PDMHXUV� HW� GH� WUDFHXUV� GHV� SURFHVVXV� GLVVRXV�SDUWLFXODLUH� RQW� pWp� PHVXUpV

SHQGDQW�SUDWLTXHPHQW�GHX[�DQQpHV��IpYULHU��������GpFHPEUH��������'HV�SURILOV�GH�OD�FRQFHQWUDWLRQ

GH�FHV�pOpPHQWV�GDQV�OD�SKDVH�GHV�SDUWLFXOHV�HQ�VXVSHQVLRQ�HW�GDQV�OD�SKDVH�GLVVRXWH�RQW�pJDOHPHQW

pWp�UpDOLVpV��&HV�PHVXUHV�FRQFHUQHQW�OD�FRXFKH�FRPSULVH�HQWUH������P�GH�SURIRQGHXU�HW�OH�VpGLPHQW

�&KDSLWUH�����(OOHV�VRQW�FDUDFWpULVpHV�SDU�XQH�IDLEOH� UpVROXWLRQ� WHPSRUHOOH� �a���M�SRXU� OHV�SLqJHV�j

SDUWLFXOHV��HW�XQ�SURILO�GH�OD�FRPSRVLWLRQ�GHV�SKDVHV�GLVVRXWH�HW�ILOWUpH�HVW�DX�PLHX[�GLVSRQLEOH�SRXU

FKDTXH�VLWH��DLQVL�TXH�SDU�XQH�IDLEOH�UpVROXWLRQ�YHUWLFDOH��!�����P���$�FDXVH�GHV�GLIILFXOWpV�SRVpHV

SDU� OH� SUpOqYHPHQW� HQ� PHU� GHV� pFKDQWLOORQV� HW� SDU� OHV� PHVXUHV� DQDO\WLTXHV�� OHV� GRQQpHV� VRQW

HQWDFKpHV�G
XQH�HUUHXU�LPSRUWDQWH�

/H�PRGqOH�&2/'2

&2/'2�VLPXOH�O
pYROXWLRQ�GHV�IOX[�GH�PDWLqUH�DX�FRXUV�GX�WHPSV�GDQV�OD�FRORQQH�G
HDX�SURIRQGH

�&KDSLWUH�����&·HVW�XQ�PRGqOH�GpWHUPLQLVWH�GRQW�OHV�FRPSDUWLPHQWV�FRUUHVSRQGHQW�DX[�WURLV�SKDVHV

pFKDQWLOORQQpHV� DX[� VLWHV� (80(/,�� ,O� UHSRVH� VXU� XQ� V\VWqPH� G·pTXDWLRQV� DX[� GpULYpHV� SDUWLHOOHV

QRQ�OLQpDLUHV�FRXSOpHV�GRQW�OHV�KXLW�SDUDPqWUHV�VRQW�OHV�FRQVWDQWHV�GH�WHPSV�GHV�pFKDQJHV�HQWUH�OHV

SKDVHV� �DJUpJDWLRQ��GpVDJUpJDWLRQ��GLVVROXWLRQ�� DGVRUSWLRQ��� OD� YLWHVVH�GH� FKXWH�GHV�SDUWLFXOHV� HW� OH

FRHIILFLHQW� GH� PpODQJH� YHUWLFDO� GH� OD� FRORQQH� G·HDX�� 1RXV� DYRQV� GpYHORSSp� XQH� YHUVLRQ� VHPL�
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VSHFWUDOH�GH�&2/'2��36\'\Q��HW�GpPRQWUp�TXH�OD�QDWXUH�TXDOLWDWLYH�GX�FRPSRUWHPHQW�G\QDPLTXH

GHV�VROXWLRQV�HVW�HQ�SDUWLFXOLHU�WUqV�VHQVLEOH�j�OD�YDOHXU�GH�FHV�SDUDPqWUHV��$WKLDV��������$WKLDV�HW�DO��

������

8QH�FRQWULEXWLRQ�RULJLQDOH���PLVH�HQ�±XYUH�G·XQH�PpWKRGH�GH�UpVROX�
WLRQ�GHV�SUREOqPHV�LQYHUVHV�IRUWHPHQW�QRQ�OLQpDLUHV

8QH�SDUWLH�LPSRUWDQWH�GX�WUDYDLO�SUpVHQWp�GDQV�FH�PDQXVFULW�D�FRQVLVWp�j�GpYHORSSHU�XQH�PpWKRGH

SRXU�HVWLPHU�OHV�SDUDPqWUHV�GH�&2/'2�j�SDUWLU�GHV�PHVXUHV�LQ�VLWX�FROOHFWpHV�DX[�VLWHV�(80(/,�

/·HVWLPDWLRQ� GHV� SDUDPqWUHV� GH� WRXW� PRGqOH� G\QDPLTXH� HVW� XQ� SUREOqPH� LQYHUVH� QRQ�OLQpDLUH

�&KDSLWUH����

1RXV� DYRQV� FDUDFWpULVp� OH� SUREOqPH� LQYHUVH� j� SDUWLU� G·H[SpULHQFHV� LQYHUVHV� VLPXOpHV� R�� O·RQ� D

DVVLPLOp�GHV�GRQQpHV� DUWLILFLHOOHV�QRQ�EUXLWpHV� FDOFXOpHV� SDU� OH�PRGqOH� DYHF� XQ� MHX� GH� SDUDPqWUHV

FRQQX��1RXV�DYRQV�GpPRQWUp�TXH� OH�IRUPDOLVPH�VXU� OHTXHO�UHSRVH� OD� WKpRULH� LQYHUVH� OLQpDLUH�Q·HVW

SDV�DGDSWp�j�OD�UpVROXWLRQ�GH�QRWUH�SUREOqPH�LQYHUVH��$WKLDV� HW�DO�������D���1RXV�DYRQV�GpILQL�XQH

IRQFWLRQ�FR�W�TXL�SUpVHUYH�OD�G\QDPLTXH�QRQ�OLQpDLUH�GX�V\VWqPH�HW�TXL�PHVXUH�O·pFDUW�TXDGUDWLTXH

HQWUH� OHV� YDULDEOHV� PHVXUpHV� HW� OHV� SUpYLVLRQV� GH� FHV� YDULDEOHV� HQ� IRQFWLRQ� GHV� SDUDPqWUHV

UHFKHUFKpV��$�FDXVH�GH�OD�G\QDPLTXH�QRQ�OLQpDLUH�GX�PRGqOH�OHV�IRQFWLRQV�FR�W�DVVRFLpHV�j�OD�EDVH

GHV�GRQQpHV�DUWLILFLHOOHV�VRQW�FRPSOH[HV���HOOHV�SRVVqGHQW�GHV�PLQLPD�ORFDX[�HW�GHV�SRLQWV�GH�VHOOH�

&HOD� VLJQLILH� TX·HOOHV� GRLYHQW� rWUH�PLQLPLVpHV� VLPXOWDQpPHQW� SDU� UDSSRUW� DX[� KXLW� SDUDPqWUHV� GX

PRGqOH��/D�IRUPH�GX�FR�W�YDULH�pJDOHPHQW�HQ�IRQFWLRQ�GX�W\SH�GH�GRQQpHV�PHVXUpHV��HQ�IRQFWLRQ

GX� UDSSRUW� HQWUH� OHV� UpVROXWLRQV� WHPSRUHOOHV� HW� YHUWLFDOHV� GHV� GRQQpHV� HW� OD� YDULDELOLWp� VSDWLR�

WHPSRUHOOH�GX�V\VWqPH� UpHO� HW� HQ� IRQFWLRQ�GHV� LQFHUWLWXGHV�GHV�GRQQpHV� �$WKLDV� HW� DO��� �������&HOD

LPSOLTXH�TXH�OD�SRVVLELOLWp�G·HVWLPHU�OHV�SDUDPqWUHV�GX�V\VWqPH�GpSHQG�GH�FH�MHX�GH�SDUDPqWUHV�HW

GHV�VWUDWpJLHV�G·pFKDQWLOORQQDJH��&KDSLWUH����

/HV� DOJRULWKPHV� GH� PLQLPLVDWLRQ� FODVVLTXHPHQW� XWLOLVpV� SRXU� UpVRXGUH� GHV� SUREOqPHV� LQYHUVHV

OLQpDLUHV��SDU�H[HPSOH�� OHV�DOJRULWKPHV�GH�GHVFHQWH�GH�JUDGLHQW��VRQW� LQDSSOLFDEOHV�FDU�FH�VRQW�GHV

DOJRULWKPHV� GH�PLQLPLVDWLRQ� ORFDOH� �&KDSLWUH� ���� (Q� RXWUH�� OD�PDXYDLVH� FRQQDLVVDQFH� D� SULRUL� GHV

SDUDPqWUHV� UHFKHUFKpV� HW� OD� VHQVLELOLWp� GH� OD� G\QDPLTXH� GX� PRGqOH� j� OD� YDOHXU� GHV� SDUDPqWUHV

UHQGHQW�LPSRVVLEOHV�OD�OLQpDULVDWLRQ�GX�SUREOqPH�HW�OD�GpFRPSRVLWLRQ�GH�OD�PLQLPLVDWLRQ�GX�FR�W�HQ

XQH�VXFFHVVLRQ�GH�PLQLPLVDWLRQV�ORFDOHV��/·HVWLPDWLRQ�GHV�SDUDPqWUHV�GH�&2/'2�H[LJH�GH�UHFRXULU

j�XQ�$OJRULWKPH�G·2SWLPLVDWLRQ�*OREDOH��$2*��

1RXV� DYRQV� FRPSDUp� XQ� $2*� GpWHUPLQLVWH�� OH� 75867� �7HUPLQDO� 5HSHOOHU� 8QFRQVWUDLQHG

6XEHQHUJ\�7XQQHOLQJ��HW�GHX[�$2*�VWRFKDVWLTXHV��OH�5HFXLW�6LPXOp��56��HW�O·$OJRULWKPH�*pQpWLTXH

�$*���&KDSLWUH����$WKLDV�HW�DO�������E���1RXV�DYRQV�GpPRQWUp�TX·LOV�VRQW�WRXV�OHV�WURLV�FDSDEOHV�GH

UHWURXYHU�GHX[�GHV�KXLW�SDUDPqWUHV�GH�&2/'2�XWLOLVpV�SRXU�FDOFXOHU�XQ�MHX�GH�GRQQpHV�DUWLILFLHOOHV

QRQ�EUXLWpHV�GRQW�OD�UpVROXWLRQ�VSDWLR�WHPSRUHOOH�HVW�VLPLODLUH�j�FHOOH�GHV�GRQQpHV�(80(/,��,OV�VH
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FRQWHQWHQW�SRXU�FHOD�G·XQH�LQIRUPDWLRQ�D�SULRUL�VRXV�OD�IRUPH�GHV�JDPPHV�GH�YDOHXUV�SRVVLEOHV�GHV

SDUDPqWUHV��&HSHQGDQW��OHV�DOJRULWKPHV�GpWHUPLQLVWHV�VRQW�G·XQH�IDoRQ�JpQpUDOH�PRLQV�ELHQ�DGDSWpV

j�O·HVWLPDWLRQ�GHV�SDUDPqWUHV�GHV�PRGqOHV�ELRJpRFKLPLTXHV�TXH�OHV�DOJRULWKPHV�VWRFKDVWLTXHV��&HWWH

FRQFOXVLRQ� HVW� FRQIRUWpH� SDU� OHV� WUDYDX[� GH� 9DOOLQR� ������� GRQW� O·REMHFWLI� pWDLW� O·HVWLPDWLRQ� GHV

SDUDPqWUHV�G·XQ�PRGqOH�G·pFRV\VWqPH�SODQFWRQLTXH��(Q�RXWUH��OD�FRPSOH[LWp�WKpRULTXH�GX�75867

UHQG�GLIILFLOH� VRQ�DSSOLFDWLRQ�j� O·HVWLPDWLRQ�GH�SOXV�GH�GHX[�SDUDPqWUHV��/H�56�HVW� XQ� DOJRULWKPH

VLPSOH�PDLV�WUqV�FR�WHX[�HQ�WHPSV�GH�FDOFXO��1RV�H[SpULHQFHV�VXJJqUHQW�HQ�RXWUH�TXH�OH�UpVXOWDW�GH

OD� PLQLPLVDWLRQ� HVW� WUqV� VHQVLEOH� j� OD� YDOHXU� GHV� SDUDPqWUHV� DOJRULWKPLTXHV�� (QILQ�� O
$*� HVW� XQ

DOJRULWKPH�VLPSOH�j�DSSOLTXHU��UHODWLYHPHQW�SHX�FR�WHX[�HQ�WHPSV�GH�FDOFXO�HW�GRQW�OHV�SDUDPqWUHV

VRQW� UREXVWHV�� ,O� Q·HVW� SDV� WUqV� SHUIRUPDQW� SRXU� UHWURXYHU� WUqV� SUpFLVpPHQW� OH� YHFWHXU� GHV� KXLW

SDUDPqWUHV� RSWLPDX[�� PDLV� LO� FRQYHUJH� WUqV� UDSLGHPHQW� YHUV� OH� EDVVLQ� G·DWWUDFWLRQ� GX� PLQLPXP

JOREDO�

/H� SUREOqPH� GH� O·DVVLPLODWLRQ� GH� GRQQpHV� UpHOOHV� HVW� VLJQLILFDWLYHPHQW� GLIIpUHQW� GH� FHOXL� GH

O·DVVLPLODWLRQ� GH� GRQQpHV� DUWLILFLHOOHV� QRQ� EUXLWpHV�� $� FDXVH� GHV� HUUHXUV� GH� FROOHFWH�� GHV� HUUHXUV

DQDO\WLTXHV� GHV� PHVXUHV� HW� GHV� HUUHXUV� GX� PRGqOH�� LO� HVW� LPSRVVLEOH� GH� WURXYHU� XQ� YHFWHXU� GH

SDUDPqWUHV�TXL�H[SOLTXH�H[DFWHPHQW�OHV�GRQQpHV�LQ�VLWX��1RXV�DYRQV�GpILQL�FRPPH�DFFHSWDEOHV�WRXV

OHV� YHFWHXUV� GH� SDUDPqWUHV� GRQW� OHV� VLPXODWLRQV� SDVVHQW� SDU� OHV� EDUUHV� G·HUUHXU� GHV� PHVXUHV

�&KDSLWUH� ���$WKLDV� HW� DO��� �������3RXU� UpVRXGUH� OH� SUREOqPH� LQYHUVH� UpHO�� QRXV� DYRQV�SURSRVp� GH

ORFDOLVHU�OH�GRPDLQH�DFFHSWDEOH�GRQW�OHV�pOpPHQWV�VRQW�OHV�YHFWHXUV�GH�SDUDPqWUHV�S�TXL�YpULILHQW�XQH

LQpJDOLWp�GX�W\SH� α≤< ��S-� ��R��α�HVW�XQ�VFDODLUH�TXL�GpSHQG�GH�OD�IRUPXODWLRQ�GX�FR�W�

3RXU� LGHQWLILHU� OH� W\SH� GH� VROXWLRQV� TXH� O·$*� HVW� HQ� PHVXUH� GH� IRXUQLU� j� FH� SUREOqPH

PDWKpPDWLTXHPHQW� FRPSOH[H�� QRXV� O·DYRQV� DSSOLTXp� j� O·HVWLPDWLRQ� GHV� SDUDPqWUHV� DVVRFLpV� DX

WUDQVIHUW�GH�O·$O�²�WUDFHXU�GH�OD�IUDFWLRQ�OLWKRJpQLTXH�GX�IOX[�GH�PDVVH�²�DX�VLWH�ROLJRWURSKH��$WKLDV

HW� DO��� ������� /·HVSDFH� GH� UHFKHUFKH� GHV� SDUDPqWUHV� D� pWp� GpILQL� j� SDUWLU� G·XQH� FRPSLODWLRQ

ELEOLRJUDSKLTXH��/HV�UpVXOWDWV�PRQWUHQW�TXH�O·HVWLPDWLRQ�GHV�SDUDPqWUHV�H[LJH�GH�FRQWUDLQGUH�WRXWHV

OHV� YDULDEOHV� G·pWDW� GH� &2/'2� �&KDSLWUH� ���� 1RXV� DYRQV� G�� FRPSOpWHU� OD� EDVH� GH� GRQQpHV

(80(/,�j�SDUWLU�GHV�UpVXOWDWV�G·DXWUHV�FDPSDJQHV�HW�HQ�QRXV�EDVDQW�VXU�QRWUH�FRQQDLVVDQFH�D�SULRUL

GH� OD� GLVWULEXWLRQ�GH� O·$O� GDQV� O·RFpDQ��1RV� H[SpULHQFHV�PRQWUHQW� TXH� OH� GRPDLQH� DFFHSWDEOH� HVW

YDVWH�UHODWLYHPHQW�j�O·HVSDFH�GH�UHFKHUFKH�D�SULRUL�HW�TXH�VD�VWUXFWXUH�HVW�FRPSOH[H��,O�VHUDLW�IRUPp�GH

SOXVLHXUV�EDVVLQV�GLVMRLQWV�DX[�FRQWRXUV�FRPSOH[HV�HW�SRXYDQW�UHQIHUPHU�GHV�VRXV�GRPDLQHV�QRQ�

DFFHSWDEOHV��/·$*�Q·D�SDV�pWp�FRQoX�SRXU�ORFDOLVHU�FHV�GLIIpUHQWV�EDVVLQV��PDLV�LO�SHUPHW�G·LGHQWLILHU

SOXVLHXUV�GL]DLQHV�GH�VROXWLRQV�DFFHSWDEOHV�DX�FRXUV�GH�VRQ�WUDMHW�YHUV�OH�PLQLPXP�JOREDO�GX�FR�W�

1RXV�DYRQV�PLV�HQ�pYLGHQFH�TXH� OH�FRXSODJH�GH� O·$*�j�GHV�PpWKRGHV�UREXVWHV�HVW�XQH�DSSURFKH

SURPHWWHXVH�SRXU�UpGXLUH� OH�QRPEUH�GH�VROXWLRQV�DGPLVVLEOHV��&KDSLWUH�����$LQVL��SDU�XQH�DQDO\VH

SUpOLPLQDLUH�GH�OD�UREXVWHVVH�GHV�VROXWLRQV�YLV�j�YLV�GHV�GRQQpHV�DVVLPLOpHV�HW�GHV�GRQQpHV�XWLOLVpHV

FRPPH�FRQGLWLRQV�DX[� OLPLWHV�GX�PRGqOH��QRXV�DYRQV�VpOHFWLRQQp�XQ�YHFWHXU�GH�SDUDPqWUHV�SRXU
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H[SOLTXHU� OH� WUDQVIHUW� GH� O·$O� DX� VLWH� ROLJRWURSKH�� /HV� VLPXODWLRQV� JpQpUpHV� SDU� FHWWH� VROXWLRQ

SHUPHWWHQW�GH�TXDQWLILHU�OHV�IOX[�G·$O�HQWUH�OHV�SKDVHV�GLVVRXWH�HW�SDUWLFXODLUHV�DLQVL�TXH�OH�WUDQVSRUW

G·$O�LQGXLW�SDU�OD�FKXWH�GHV�SDUWLFXOHV�HW�SDU�OH�PpODQJH�YHUWLFDO�GH�OD�FRORQQH�G·HDX��&KDSLWUH����

/·RULJLQDOLWp�GH�FH�WUDYDLO�UpVLGH�GDQV�OD�PLVH�HQ�±XYUH�G·XQH�PpWKRGH�LQYHUVH�SRXU�HVWLPHU

OHV�SDUDPqWUHV�PDO�FRQQXV�D�SULRUL�G·XQ�PRGqOH�G\QDPLTXH�QRQ�OLQpDLUH��/·DVVLPLODWLRQ�GHV

PHVXUHV�GHV�SLqJHV�j�SDUWLFXOHV��GHV�SRPSHV�LQ�VLWX�HW�GHV�ERXWHLOOHV�1LVNLQ�Q·DYDLW�MDPDLV

pWp�HQYLVDJpH�MXVTX·j�SUpVHQW�

&RQFOXVLRQV�ELRJpRFKLPLTXHV

$� FH� VWDGH� GX� GpYHORSSHPHQW� GH� OD� PpWKRGH� LQYHUVH�� QRXV� O·DYRQV� DSSOLTXpH� j� O·HVWLPDWLRQ� GHV

SDUDPqWUHV�DVVRFLpV�j�G·DXWUHV�FRQVWLWXDQWV�GX�IOX[�GH�PDVVH�DX�VLWH�ROLJRWURSKH��/H�&RUJ�HW� OH�%D

RQW�pWp�FKRLVLV�HQ�IRQFWLRQ�GH�OD�TXDQWLWp�GH�GRQQpHV�GLVSRQLEOHV�HW�GH�OHXU�LQWpUrW�ELRJpRFKLPLTXH��

OH�&RUJ�HVW�XQ�FRQVWLWXDQW�PDMHXU�GH�OD�PDWLqUH�RUJDQLTXH�HW�OH�%D�HVW�XQ�WUDFHXU�GH�OD�IUDFWLRQ�GH�OD

PDWLqUH�RUJDQLTXH�TXL�HVW�H[SRUWpH�GHSXLV�OD�FRXFKH�GH�VXUIDFH�YHUV�OH�VpGLPHQW��&KDSLWUH������3RXU

FHOD�� OD�EDVH�GH�GRQQpHV�(80(/,�D�G��rWUH�FRPSOpWpH�SDU�XQH�FRPSLODWLRQ�ELEOLRJUDSKLTXH��/HV

HVSDFHV�GH�UHFKHUFKH�GHV�SDUDPqWUHV�RQW�pWp�GpILQLV�SDU�XQH�FRPSLODWLRQ�ELEOLRJUDSKLTXH�HW�j�SDUWLU

GHV� UpVXOWDWV� G·H[SpULHQFHV� LQ� YLWUR�� 1RXV� DYRQV� GpPRQWUp� TXH� OD� FRPSDUDLVRQ� GHV� VROXWLRQV

DFFHSWDEOHV� REWHQXHV� SRXU� SOXVLHXUV� FRQVWLWXDQWV� HVW� XQH� DXWUH� IDoRQ� GH� UpGXLUH� OH� QRPEUH� GH

VROXWLRQV� DGPLVVLEOHV�� 1RXV� DYRQV� VpOHFWLRQQp� SRXU� OH� &RUJ� OD� VROXWLRQ� DFFHSWDEOH� GRQW� OHV

SDUDPqWUHV� LQGpSHQGDQWV� GX� FRQVWLWXDQW� HW� GRQW� OHV� VLPXODWLRQV� GX� IOX[� GH� PDVVH� VRQW� OHV� SOXV

SURFKHV� GH� FHX[� GH� OD� VROXWLRQ� VpOHFWLRQQpH� SUpFpGHPPHQW� SRXU� O·$O�� �&KDSLWUH� ����� 3DU� FRQWUH�

O·LQFRPSDWLELOLWp� GHV� GRQQpHV� UDVVHPEOpHV� SRXU� FRQWUDLQGUH� OH� %D� Q·D� SDV� SHUPLV� G·LGHQWLILHU� GH

VROXWLRQ�DFFHSWDEOH�ILDEOH�

/HV�VLPXODWLRQV�FDOFXOpHV�SDU�OHV�VROXWLRQV�VpOHFWLRQQpHV�SRXU�O·$O�HW�OH�&RUJ�SHUPHWWHQW�GH�GpFULUH

OH�IRQFWLRQQHPHQW�GH�OD�FRORQQH�G·HDX�VRXPLVH�j�XQ�UpJLPH�ROLJRWURSKH��&KDSLWUH������/H�IOX[�GH

PDVVH�GpFURLW�IDLEOHPHQW�DYHF�OD�SURIRQGHXU��SDUFH�TXH�OD�GpVDJUpJDWLRQ�GHV�JURVVHV�SDUWLFXOHV�HVW

SUDWLTXHPHQW� FRPSHQVpH� SDU� O·DJUpJDWLRQ� GHV� SDUWLFXOHV� HQ� VXVSHQVLRQ�� &H� UpVXOWDW� FRQILUPH� OD

QpFHVVLWp� GH� SDUDPpWULVHU� O·LQIOXHQFH� GH� O·DJUpJDWLRQ� GHV� SDUWLFXOHV� HQ� VXVSHQVLRQ� VXU� OH� IOX[� GH

PDVVH�� HIIHW� TXH� O·RQ� FRQVLGpUDLW� MXVTX·j� SUpVHQW� FRPPH� QpJOLJHDEOH� �$UUDHV�0HVFRII�� ������� /H

PRGqOH�SUpGLW�GHV�YLWHVVHV�GH�FKXWH�pOHYpHV�SRXU�OHV�SDUWLFXOHV�SLpJpHV��!�����P�M��SDU�UDSSRUW�DX[

YDOHXUV�FODVVLTXHPHQW�DGPLVHV�SRXU�OHV�UpJLRQV�ROLJRWURSKHV��a��������P�M���FI��'HXVHU�HW�DO��������

$VSHU�HW�DO���������1HZWRQ�HW�DO���������.KULSRXQRII�HW�DO���������%RU\�HW�1HZWRQ���������&HV�IRUWHV

YDOHXUV�V·H[SOLTXHUDLHQW�SDU�OH�IDLW�TXH�OH�PRGqOH�QH�GpFULW�SDV�H[SOLFLWHPHQW�O·HIIHW�GH�OD�GLVVROXWLRQ

GHV� FRQVWLWXDQWV� PDMHXUV� VXU� OHV� YDULDWLRQV� YHUWLFDOHV� GX� IOX[� GH� PDVVH�� /D� IDLEOH� YDULDELOLWp

WHPSRUHOOH�GX�IOX[�GH�PDVVH�Q·D�SDV�G·LQIOXHQFH�VLJQLILFDWLYH�VXU�OD�FRPSRVLWLRQ�GHV�SKDVHV�GLVVRXWH

HW�HQ�VXVSHQVLRQ��&·HVW�HQWUH�FHV�GHX[�SKDVHV�TXH�OHV�pFKDQJHV�VRQW�OHV�SOXV�LPSRUWDQWV��HW�HOOHV�VRQW

HQ�pTXLOLEUH�G\QDPLTXH��&H�UpVXOWDW�FRQIRUWH�FHX[�GH�5R\�%DUPDQ�HW�DO����������GH�7DFKLNDZD�������
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HW�GH�7DFKLNDZD�HW�DO���������������TXL�RQW�PLV�HQ�pYLGHQFH�O·H[LVWHQFH�G·XQ�pFKDQJH�UpYHUVLEOH�HQWUH

OHV� SKDVHV� GLVVRXWH� HW� ILOWUpH�� /HV� VLPXODWLRQV� PRQWUHQW� XQH� ERQQH� FRQVHUYDWLRQ� GHV� VLJQDX[

DVVRFLpV� DX[� IOX[� G·$O�� YRLUH� GH� %D�� (OOHV� VXJJqUHQW� TXH� OHV� SDUWLFXOHV� HQ� VXVSHQVLRQ� VRQW� OHV

SULQFLSDOHV�UHVSRQVDEOHV�GX�WUDQVSRUW�GH�OD�IUDFWLRQ�OLWKRJpQLTXH�YHUV�OH�VpGLPHQW��/D�SKDVH�GLVVRXWH

DVVXUHUDLW�OH�WUDQVSRUW�YHUWLFDO�GX�&RUJ�HW�GX�%D�

'H� OD� PrPH� IDoRQ�� QRXV� DYRQV� FRQVWLWXp� GHV� EDVHV� GH� GRQQpHV� SRXU� HVWLPHU� OHV� SDUDPqWUHV

FRQWU{ODQW�OHV�F\FOHV�GH�O·$O�HW�GX�&RUJ�DX�VLWH�PpVRWURSKH��&KDSLWUH������&H�VLWH�HVW�FDUDFWpULVp�SDU

XQ�FRPSRUWHPHQW�SOXV�FRPSOH[H�HW�SOXV�YDULDEOH�TXH� OH�VLWH�ROLJRWURSKH�HW� OHV�GRQQpHV�FROOHFWpHV

VRQW�PRLQV�QRPEUHXVHV��/·$*�Q·D�SDV�SHUPLV�GH� WURXYHU�GH� VROXWLRQ� DFFHSWDEOH�TXL� H[SOLTXH� OHV

PHVXUHV�G·$O��,O�VHPEOHUDLW�TXH�QRWUH�EDVH�GH�GRQQpHV�VRXV�HVWLPH�OD�YDULDELOLWp�WHPSRUHOOH�GH�O·$O

GLVVRXV� HW� ILOWUp� LQGXLWH� SDU� FHOOH� GX� IOX[� GH� PDVVH��&HW� pFKHF� UHQG� LPSRVVLEOH� O·DQDO\VH� GH

O·LQIOXHQFH�GH�OD�YDULDELOLWp�GHV�DSSRUWV�DWPRVSKpULTXHV�VXU�OH�IRQFWLRQQHPHQW�GH�OD�FRORQQH

G·HDX�� /·DVVLPLODWLRQ� GHV� PHVXUHV� GH� &RUJ� FROOHFWpHV� SHQGDQW� WRXWH� OD� FDPSDJQH� D� SHUPLV

G·LGHQWLILHU� OH� IRQFWLRQQHPHQW� OH�SOXV� IUpTXHQW�GH� OD� FRORQQH�G·HDX�� ,O� HVW�SURFKH�GH� FHOXL� GX� VLWH

ROLJRWURSKH��FH�TXL�VXJJqUH�TXH�OH�VLWH�©�PpVRWURSKH�ª�HVW�HQ�IDLW� OD�SOXSDUW�GX�WHPSV�VRXPLV�j�XQ

UpJLPH�ROLJRWURSKH��/D�SOXV�IRUWH�GLPLQXWLRQ�GX�IOX[�GH�PDVVH�DYHF�OD�SURIRQGHXU�REVHUYpH�DX�VLWH

PpVRWURSKH�V·H[SOLTXHUDLW�SDU�XQH�FRPSHQVDWLRQ�SDUWLHOOH�GH�OD�GpVDJUpJDWLRQ�GHV�JURVVHV�SDUWLFXOHV

SDU�O·DJUpJDWLRQ�GHV�SDUWLFXOHV�HQ�VXVSHQVLRQ��/HV�VROXWLRQV�DFFHSWDEOHV�SUpGLVHQW�XQH�DXJPHQWDWLRQ

GHV�IOX[�GH�&RUJ�LVVXV�GH�OD�SKDVH�SLpJpH�SDU�UDSSRUW�DX�VLWH�ROLJRWURSKH�TXL�HVW�SURSRUWLRQQHOOH�j

O·DXJPHQWDWLRQ� GX� IOX[� GH�&RUJ�TXL� VpGLPHQWH�� /·DVVLPLODWLRQ� GHV�PHVXUHV� FROOHFWpHV� SHQGDQW� XQ

EORRP��IpYULHU�DR�W�������D�SHUPLV�G·LGHQWLILHU�XQ�IRQFWLRQQHPHQW�GH�OD�FRORQQH�G·HDX�UDGLFDOHPHQW

GLIIpUHQW�� /D�PDWLqUH� RUJDQLTXH� SURGXLWH� HW� FRPSDFWpH� GDQV� OHV� HDX[� GH� VXUIDFH� HVW� H[SRUWpH� HQ

JUDQGH�TXDQWLWp�SULQFLSDOHPHQW�SDU�OD�SKDVH�GHV�SDUWLFXOHV�SLpJpHV��&HOOHV�FL�FKXWHQW�j�GHV�YLWHVVHV

WUqV�pOHYpHV� �a�����P�M���3DU� UDSSRUW� DX[�SpULRGHV�ROLJRWURSKHV�� FH� IOX[� LPSRUWDQW�V·DFFRPSDJQH

G·XQH�DXJPHQWDWLRQ�GHV� IOX[�GH�&RUJ�HQWUH� OHV�SKDVHV�SLpJpH�HW� ILOWUpH�DX�GpWULPHQW�GHV�pFKDQJHV

HQWUH�OHV�SKDVHV�SLpJpH�HW�GLVVRXWH��,O�HVW�DXVVL�DVVRFLp�j�XQH�OpJqUH�LQWHQVLILFDWLRQ�GHV�pFKDQJHV�GH

&RUJ�HQWUH�OHV�SKDVHV�ILOWUpH�HW�GLVVRXWH�TXL�VRQW�WRXMRXUV�HQ�pTXLOLEUH�G\QDPLTXH��&H�FKDQJHPHQW

GH� IRQFWLRQQHPHQW� VH� SURGXLW� DX�PRPHQW� GH� O·DGYHFWLRQ� GDQV� OHV� HDX[� GH� VXUIDFH� GH� ILODPHQWV

RULJLQDLUHV�GH�O·XSZHOOLQJ�PDXULWDQLHQ��3HQGDQW�OD�SpULRGH�DOODQW�GH�IpYULHU�j�DR�W�������FHV�ILODPHQWV

VHUDLHQW�FDUDFWpULVpV�SDU�XQ�UpJLPH�HXWURSKH��%RU\�HW�DO����������1RV�VLPXODWLRQV�VXJJqUHQW�TXH�WRXWH

OD�FRORQQH�G·HDX�GH�FH�VLWH�VHUDLW�VRXPLVH�j�O·LQIOXHQFH�G·DSSRUWV�ODWpUDX[�

/·DSSURFKH�GpYHORSSpH�GDQV�FHWWH�WKqVH�SHUPHW�GRQF�GH�TXDQWLILHU�OHV�SURFHVVXV�DVVRFLpV�DX[�IOX[

GH�PDWLqUH� GDQV� OD� FRXFKH�SURIRQGH� GH� O·RFpDQ��/HV� WUDYDX[� GH�%DFRQ� HW� DO�� ��������0LTXHO� HW� DO�

��������1HZWRQ�HW�DO����������-LFNHOOV�HW�DO����������1HXHU�HW�DO���������HW�3HLQHUW�HW�DO���������RQW�PLV

HQ� pYLGHQFH� GDQV� GLIIpUHQWHV� UpJLRQV� RFpDQLTXHV� TXH� OHV� YDULDWLRQV�GH� OD� SURGXFWLYLWp� SULPDLUH� VH

WUDGXLVHQW�SDU�GHV�YDULDWLRQV�GX�IOX[�GH�PDVVH�GDQV�OD�FRXFKH�SURIRQGH��1RV�UpVXOWDWV�FRPSOqWHQW

FHV� WUDYDX[��� LOV�GpPRQWUHQW�TXH� OH� UpJLPH� WURSKLTXH�GHV� pFRV\VWqPHV�GH� VXUIDFH� FRQWU{OH
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QRQ� VHXOHPHQW� OD� G\QDPLTXH� GHV� IOX[� j� O·LQWpULHXU� GH� O·pFRV\VWqPH�� PDLV� pJDOHPHQW� OD

G\QDPLTXH�GHV�pFKDQJHV�GLVVRXV�SDUWLFXODLUHV�WRXWH�GDQV�OD�FRORQQH�G·HDX�

3HUVSHFWLYHV

/HV� UpVXOWDWV�ELRJpRFKLPLTXHV� DWWHQGXV�SDU� O·DSSOLFDWLRQ�GH�QRWUH� DSSURFKH�SRUWHQW� HQ�SDUWLFXOLHU

VXU� OD�TXDQWLILFDWLRQ�GHV�pFKDQJHV�GLVVRXV�SDUWLFXODLUH�GDQV� OD�FRORQQH�G·HDX�SURIRQGH��/D�ILDELOLWp

GHV�UpVXOWDWV�TXDQWLWDWLIV�SRXUUDLW�rWUH�DXJPHQWpH�HQ�DPpOLRUDQW�FRQMRLQWHPHQW�OD�PpWKRGH�LQYHUVH�

OD�VWUDWpJLH�G·pFKDQWLOORQQDJH�HW�OH�PRGqOH�&2/'2�

$PpOLRUDWLRQ�GH�OD�PpWKRGH�LQYHUVH

,O� HVW� QpFHVVDLUH� GH� PRGLILHU� O·$*� GH� IDoRQ� j� FH� TX·LO� QH� VRLW� SOXV� XQLTXHPHQW� XQ� DOJRULWKPH

G·RSWLPLVDWLRQ�JOREDOH�PDLV�TX·LO�SHUPHWWH�GH�GpWHFWHU�OHV�SULQFLSDX[�EDVVLQV�DFFHSWDEOHV�GX�FR�W��,O

IDXW� SRXU� FHOD� UHYHQLU� j� XQ� $*� FDQRQLTXH� EDVp� VXU� GHV� SRSXODWLRQV� GH� ���� j� ���� LQGLYLGXV

VXEGLYLVpHV�HQ�QLFKHV�pFRORJLTXHV�HW�GRQW�OHV�RSpUDWHXUV�GH�FURVVRYHU�HW�GH�PXWDWLRQ�VRQW�WRXV�OHV

GHX[�DFWLIV��/·RSpUDWHXU�GH�PXWDWLRQ�HVW�HQ�HIIHW�FHOXL�TXL�SHUPHW�XQH�H[SORUDWLRQ�j�JUDQGH�pFKHOOH

GH�OD�IRQFWLRQ�FR�W��&HV�PRGLILFDWLRQV�YRQW�WUqV�SUREDEOHPHQW�LQGXLUH�XQH�DXJPHQWDWLRQ�GHV�WHPSV

GH� FDOFXO�� ,O� IDXW� GRQF� GDQV� OH� PrPH� WHPSV� HQYLVDJHU� XQH� SDUDOOpOLVDWLRQ� GH� O·pYDOXDWLRQ� GHV

SHUIRUPDQFHV�GHV�LQGLYLGXV�

/H�FRXSODJH�GH�FH�QRXYHO�$*�j�O·DQDO\VH�GH�OD�UREXVWHVVH�GHV�VROXWLRQV�DFFHSWDEOHV�SHUPHWWUDLW�GH

OLPLWHU� OH� QRPEUH� GH� VROXWLRQV� DGPLVVLEOHV�� HW� G·pYDOXHU� O·LQFHUWLWXGH� VXU� OHV� HVWLPDWLRQV� GHV

SDUDPqWUHV�� &HOD� H[LJH� G·LGHQWLILHU� GHV� FULWqUHV� GH� UREXVWHVVH� SHUWLQHQWV� HQ� V·DSSX\DQW� VXU� OD

FRQQDLVVDQFH�D�SULRUL�GHV�H[SpULPHQWDWHXUV�HW�GH�GpYHORSSHU�GHV�PpWKRGHV�UREXVWHV�ULJRXUHXVHV�HQ

V·LQVSLUDQW� GH� FHOOHV� TXL� VRQW� XWLOLVpHV� HQ� DXWRPDWLTXH� �:DOWHU� HW� 3URQ]DWR�� ������� /HV�PpWKRGHV

VWDWLVWLTXHV� GH� UppFKDQWLOORQQDJHV� VHPEOHQW� SDUWLFXOLqUHPHQW� SURPHWWHXVHV� �(IURQ� HW� 7LEVKLUDQL�

������� /D� PpWKRGH� GX� ©�-DFNNQLIH�ª� SDU� H[HPSOH� SHUPHW� G·HVWLPHU� OH� ELDLV� HW� OD� YDULDQFH� GHV

HVWLPDWHXUV� LQYHUVHV� �(YDQV�� ������� ,O� HVW� DSSDUX� G·DXWUH� SDUW� TXH� OH� FULWqUH� GH� VpOHFWLRQ� GHV

SDUDPqWUHV� EDVp� VXU� OD� YpULILFDWLRQ� GH� O·LQpJDOLWp� α≤< ��S-� � �α� ��� GDQV� QRWUH� FDV�� Q·HVW� SDV

RSWLPDO��� LO� V·DJLW� G·XQ� FULWqUH� G·DMXVWHPHQW� PR\HQ� VXU� O·HQVHPEOH� GHV� GRQQpHV� DVVLPLOpHV�� $LQVL�

SDUPL�OHV�VROXWLRQV�DFFHSWDEOHV�GpWHFWpHV�SDU�O·$*�DX�FRXUV�GHV�GLYHUVHV�LQYHUVLRQV�TXH�QRXV�DYRQV

UpDOLVpHV��FHUWDLQHV�SUpGLVHQW�GHV�VLPXODWLRQV�WUqV�ELHQ�DMXVWpHV�j�XQH�RX�GHX[�YDULDEOHV�GX�PRGqOH��HW

FH� WUqV� ERQ� DMXVWHPHQW� WHQG� j� FRPSHQVHU� XQ� WUqV� PDXYDLV� DMXVWHPHQW� SDU� UDSSRUW� DX[� DXWUHV

YDULDEOHV� GX� PRGqOH� �L�H�� GHV� VLPXODWLRQV� DEHUUDQWHV��� ,O� VHUDLW� GRQF� H[WUrPHPHQW� LQWpUHVVDQW� GH

GpILQLU�SDU� OD� VXLWH� XQH� IRQFWLRQ� FR�W� TXL� SHUPHWWH� GH� QH� VpOHFWLRQQHU� TXH� OHV� VROXWLRQV� TXL� VRQW

DFFHSWDEOHV�SDU�UDSSRUW�j�FKDFXQH�GHV�YDULDEOHV�GX�PRGqOH��F·HVW�j�GLUH�TXL�YpULILHQW�XQ�HQVHPEOH�GH

FULWqUHV�G·DMXVWHPHQW�GX�W\SH��<- � �S�≤α�SRXU�FKDTXH�YDULDEOH�GX�PRGqOH�
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(QILQ�� QRXV� DYRQV� DSSULV� WUqV� UpFHPPHQW� TX·LO� H[LVWH� GHV� YDULDQWHV� GX� 56� UREXVWHV� HW� PRLQV

FR�WHXVHV� TXH� OH� 56� FDQRQLTXH� TX·LO� VHUDLW� LQWpUHVVDQW� GH� FRPSDUHU� j� O·$*�� $LQVL�� OH� 56� DYHF

FKDQJHPHQW�G·pFKHOOH�GpYHORSSp�DX�&($�HVW�EDVp�VXU�GHV�H[SORUDWLRQV�GDQV�GHV�LQWHUYDOOHV�GX�FR�W

DXWRXU� G·XQH� YDOHXU� ©�FLEOH�ª� TXL� GLPLQXH� DYHF� OD� WHPSpUDWXUH� �/�� +pUDXW�� &($�� FRPPXQLFDWLRQ

SHUVRQQHOOH���������+pUDXOW���������/H�56�PLFURFDQRQLTXH�HVW� OXL� WKpRULTXHPHQW�pTXLYDOHQW�DX�56

FDQRQLTXH��PDLV�LO�pYDOXH�GHV�LVRFRQWRXUV�GX�FR�W�HW�LO�HVW�SDUDOOpOLVDEOH��&HV�GHX[�SURSULpWpV�GRLYHQW

SHUPHWWUH� G·H[SORUHU� VLPXOWDQpPHQW� SOXVLHXUV� YDOOpHV� GX� FR�W� �0�� 6DPXHOLGHV�� 21(5$�

FRPPXQLFDWLRQ�SHUVRQQHOOH��������

$PpOLRUDWLRQ�GHV�VWUDWpJLHV�G·pFKDQWLOORQQDJH

/·DVVLPLODWLRQ�GH�GRQQpHV�DSSRUWH�GHV�FRQWUDLQWHV�IRUWHV�VXU�OD�IDoRQ�GRQW�OD�FRORQQH�G·HDX�GRLW�rWUH

PHVXUpH� SRXU� SRXYRLU� TXDQWLILHU� OHV� SURFHVVXV� TXL� V·\� GpURXOHQW�� /·pWXGH� ORFDOH� GX� F\FOH� G·XQ

FRQVWLWXDQW�GX�IOX[�GH�PDVVH�GDQV�OD�FRXFKH�SURIRQGH�H[LJH�GH�PHVXUHU�VD�GLVWULEXWLRQ�GDQV�OHV�WURLV

SKDVHV�SLpJpH��ILOWUpH�HW�GLVVRXWH��,O�HVW�QpFHVVDLUH�GH�SRVLWLRQQHU�DX�PRLQV�WURLV�SLqJHV�j�SDUWLFXOHV�HW

G·HQ�pYDOXHU�V\VWpPDWLTXHPHQW�O·HIILFDFLWp�j�SDUWLU�GH�OD�PHVXUH�G·LVRWRSHV�WHOV�TXH�OH� �
���

7K��OH� �
���

3E

HW� OH� �
���

3D�� HW� j� SDUWLU� GH� O·DQDO\VH� DSSURIRQGLH� GHV� PHVXUHV� FRXUDQWRPpWULTXHV�� '·XQH� IDoRQ

JpQpUDOH�� OHV�PHVXUHV� GH� OD� SKDVH� HQ� VXVSHQVLRQ� VRQW� LQVXIILVDQWHV� DORUV� TXH� FHWWH� SKDVH� VHPEOH

MRXHU� XQ� U{OH� LPSRUWDQW� GDQV� O·H[SRUWDWLRQ� GH� OD� PDWLqUH� HQ� UpJLPH� ROLJRWURSKH�� 1RV� UpVXOWDWV

VXJJqUHQW� TXH� OD� YDULDELOLWp� GX� IOX[�GH�PDVVH� LQGXLWH�SDU� OHV� FKDQJHPHQWV� GH� UpJLPHV� WURSKLTXHV

LQIOXHQFH�VLJQLILFDWLYHPHQW�O·DERQGDQFH�HW�OD�FRPSRVLWLRQ�GHV�SDUWLFXOHV�HQ�VXVSHQVLRQ��,O�HVW�GRQF

QpFHVVDLUH�GH�UpDOLVHU�DX�PRLQV�XQ�SURILO�HQ�VXVSHQVLRQ�SRXU�FKDTXH�UpJLPH�WURSKLTXH��/H�SULQFLSH

GH�OD�PHVXUH�GH�FHWWH�SKDVH�GRLW�pYROXHU�SRXU�IRXUQLU�GHV�PHVXUHV�ILDEOHV�GH�OD�FRQFHQWUDWLRQ�WRWDOH

HQ� SDUWLFXOHV� HQ� VXVSHQVLRQ�� /HV� VROXWLRQV� LQYHUVHV� SRXUUDLHQW� rWUH� DPpOLRUpHV� SDU� XQH

GLYHUVLILFDWLRQ� GHV� W\SHV� G·REVHUYDWLRQV� GHV� SKDVHV� SDUWLFXODLUHV�� /·XWLOLVDWLRQ� GX� SURILOHXU� YLGpR

PDULQ� HW� G·DSSDUHLOV� RSWLTXHV�SHUPHWWUDLW� GH� FRPSHQVHU� OD� IDLEOH� UpVROXWLRQ� YHUWLFDOH� GHV�SLqJHV� j

SDUWLFXOHV� HW� GHV� SRPSHV� LQ� VLWX�� &HV� DSSDUHLOV� DSSRUWHUDLHQW� GHV� LQIRUPDWLRQV� SUpFLHXVHV� VXU

O·KRPRJpQpLWp� GHV� SKDVHV� SLpJpH� HW� ILOWUpH�� /HV� PHVXUHV� GH� OD� SKDVH� GLVVRXWH� VRQW� pJDOHPHQW

LQVXIILVDQWHV�� /D� YDULDELOLWp� GHV� UpJLPHV� WURSKLTXHV� PRGLILHUDLW� OD� FRQFHQWUDWLRQ� GHV� pOpPHQWV

UpIUDFWDLUHV� GDQV� OD� SKDVH� GLVVRXWH� GH� IDoRQ� VLJQLILFDWLYH�� 3RXU� FHV� pOpPHQWV�� LO� HVW� QpFHVVDLUH� GH

PHVXUHU� DX� PRLQV� XQ� SURILO� GLVVRXV� SDU� UpJLPH� WURSKLTXH�� 3DUDOOqOHPHQW�� GHV� H[SpULHQFHV� HQ

ODERUDWRLUH�GRLYHQW�rWUH�PLVHV�HQ�±XYUH�SRXU�LGHQWLILHU�OD�QDWXUH�GX�SURFHVVXV�G·pFKDQJH�UpYHUVLEOH

HQWUH� OHV� SKDVHV� GLVVRXWH� HW� ILOWUpH�� (WDQW� GRQQpH� OHXU� LPSRUWDQFH� VXU� OD� GLPHQVLRQ� GX� GRPDLQH

DFFHSWDEOH��OHV�HUUHXUV�GH�FROOHFWH�HW�OHV�HUUHXUV�DQDO\WLTXHV�GRLYHQW�rWUH�V\VWpPDWLTXHPHQW�pYDOXpHV

SXLV� IRXUQLHV� DYHF� OHV� PHVXUHV� ORUV� GH� OHXU� SXEOLFDWLRQ� RX� GH� OHXU� WUDQVPLVVLRQ� j� XQH� EDVH� GH

GRQQpHV��(QILQ��OD�TXDQWLILFDWLRQ�GHV�SURFHVVXV�GDQV�OD�FRXFKH�SURIRQGH�SRXUUDLW�rWUH�DPpOLRUpH�SDU

OH�GpYHORSSHPHQW�HW�RX�OH�PDLQWLHQ�GH�VWDWLRQV� ORQJXHV�� WHOOHV�TXH� OD�VWDWLRQ�'<)$0('�HQ�0HU

/LJXUH��(OOH�RIIUH�XQ�FDGUH�DSSURSULp�SRXU�WHVWHU�OD�VWUDWpJLH�G·pFKDQWLOORQQDJH�TXH�QRXV�SURSRVRQV
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HW�SRXU�DQDO\VHU� O·LQIOXHQFH�GH� OD� UpVROXWLRQ� WHPSRUHOOH� HW�YHUWLFDOH�GHV�PHVXUHV� VXU� OD� TXDOLWp�GHV

HVWLPDWLRQV�

$PpOLRUDWLRQ�GX�PRGqOH

/·DPpOLRUDWLRQ�GH�OD�TXDQWLILFDWLRQ�GHV�IOX[�GDQV�OD�FRORQQH�G·HDX�SDVVH�HQILQ�SDU�XQH�DPpOLRUDWLRQ

GH� &2/'2�� /D� VWUDWpJLH� G·pFKDQWLOORQQDJH� SURSRVpH� FL�GHVVXV� GRLW� SHUPHWWUH� G·pYDOXHU

O·KRPRJpQpLWp�GHV�WURLV�FRPSDUWLPHQWV�GX�PRGqOH��6L�OHV�WUDYDX[�HQ�FRXUV�FRQILUPHQW�O·LPSRUWDQFH

GHV�JURVVHV�SDUWLFXOHV�ILOWUpHV�LGHQWLILpHV�SDU�5R\�%DUPDQ�HW�DO���������VXU�OHV�WUDQVIHUWV�GH�PDWLqUH�

XQ�FRPSDUWLPHQW�VXSSOpPHQWDLUH�GHYUD�rWUH�DMRXWp��/·XQ�GHV�GpIDXWV�PDMHXUV�GH�OD�YHUVLRQ�DFWXHOOH

GH�&2/'2�HVW�TX·HOOH�QH�GpFULW�SDV�H[SOLFLWHPHQW�O·LQIOXHQFH�GH�OD�GLVVROXWLRQ�GHV�pOpPHQWV�PDMHXUV

VXU�OHV�YDULDWLRQV�GX�IOX[�GH�PDVVH��3RXU�VLPXOHU�SOXV�ULJRXUHXVHPHQW�OH�V\VWqPH��LO�IDXGUDLW�GpFULUH

OH�IOX[�GH�PDVVH�FRPPH�OD�VRPPH�GHV�pOpPHQWV�PDMHXUV��HQ�DVVRFLDQW�j�FKDFXQ�G·HX[�XQ�MHX�GH�WURLV

pTXDWLRQV�FRUUHVSRQGDQW� DX[� WURLV�YDULDEOHV�)H��&SH� HW�&GH��/·pTXDWLRQ�GX� IOX[�GH�PDVVH�QH� VHUDLW

DORUV�SOXV�XWLOH��/H�GpYHORSSHPHQW�GH�FH�PRGqOH�HW�O·HVWLPDWLRQ�GH�VHV�SDUDPqWUHV�H[LJH�GH�PHVXUHU

V\VWpPDWLTXHPHQW� OD� GLVWULEXWLRQ� GHV� pOpPHQWV�PDMHXUV� GDQV� OHV� WURLV� SKDVHV�� ,O� VHUDLW� pJDOHPHQW

LQWpUHVVDQW�GH�GpFULUH�H[SOLFLWHPHQW�OH�U{OH�GHV�EDFWpULHV�HW�GX�]RRSODQFWRQ�VXU�OD�WUDQVIRUPDWLRQ�GH

OD�PDWLqUH�RUJDQLTXH�GDQV�OD�FRORQQH�G·HDX��$X�FRXUV�G·XQ�VWDJH�GH�GHX[�PRLV�j�O·(6$��(FRORJLH�GHV

6\VWqPHV�$TXDWLTXHV��8QLYHUVLWp�/LEUH�GH�%UX[HOOHV���QRXV�DYRQV�FRPPHQFp�j�pWXGLHU�OD�SRVVLELOLWp

G·LQVpUHU� XQH� GHVFULSWLRQ� GHV� pFKDQJHV� GLVVRXV�SDUWLFXODLUH� GDQV� XQ� PRGqOH� G·pFRV\VWqPH

SODQFWRQLTXH� �6:$0&2��/DQFHORW� HW�DO����������&HV�GHX[�DSSURFKHV�GHYUDLHQW�SHUPHWWUH� j� WHUPH

G·KRPRJpQpLVHU� OD� GHVFULSWLRQ� GHV� SURFHVVXV� VH� GpURXODQW� GDQV� OD� FRXFKH� HXSKRWLTXH� HW� GDQV� OD

FRORQQH�G·HDX�SURIRQGH��$�SOXV�ORQJ�WHUPH��O·LQVHUWLRQ�GX�PRGqOH�GDQV�XQ�HQYLURQQHPHQW�SK\VLTXH

j� WURLV� GLPHQVLRQV� SHUPHWWUD� GH� SUHQGUH� HQ� FRPSWH� O·LQIOXHQFH� GHV� DSSRUWV� ODWpUDX[� VXU� OH

IRQFWLRQQHPHQW�GH�OD�FRORQQH�G·HDX��1RXV�GHYURQV�DORUV�HQYLVDJHU�GH�FRXSOHU�QRWUH�DSSURFKH�DX[

PpWKRGHV� G·DVVLPLODWLRQ� TXDVL�OLQpDLUHV� XWLOLVpHV� SRXU� FRQWUDLQGUH� OD� SK\VLTXH� GHV� PRGqOHV� GH

FLUFXODWLRQ�RFpDQLTXH�

(QILQ�� FH� WUDYDLO� D� pWp� PHQp� DYHF� HQ� SHUPDQFH� OH� VRXFLV� GH� GpYHORSSHU� XQH� PpWKRGRORJLH

VXIILVDPPHQW� JpQpUDOH� SRXU� TX·HOOH� SXLVVH� rWUH� DSSOLTXpH� j� O·HVWLPDWLRQ� GHV� SDUDPqWUHV� G·DXWUHV

PRGqOHV� G\QDPLTXHV� QRQ�OLQpDLUHV��$LQVL�� GDQV� OH� FDGUH� GX�3URJUDPPH�1DWLRQDO�(QYLURQQHPHQW

&{WLHU� �31(&��� LO� HVW� SUpYX� GH� O·DSSOLTXHU� j� O·HVWLPDWLRQ� GH� OD� PRUWDOLWp� HW� GH� OD� FURLVVDQFH� GX

]RRSODQFWRQ� �SURMHW� ©�0RGpOLVDWLRQ� GHV� SURFHVVXV� FOHIV� GH� OD� G\QDPLTXH� GHV� UpVHDX[� WURSKLTXHV

VXSpULHXUV��SRLVVRQV��]RRSODQFWRQ��ª�GpSRVp�SDU�-��&��3RJJLDOH��&HQWUH�G·2FpDQRORJLH�GH�0DUVHLOOH��

(OOH�GHYUDLW�rWUH�XWLOLVpH�SRXU�HVWLPHU�OHV�SDUDPqWUHV�GHV�PRGqOHV�ELRJpRFKLPLTXHV�GpYHORSSpV�GDQV

OD� FDGUH� GX� 3URJUDPPH� 2FpDQ� 0XOWLGLVFLSOLQDLUH� 0pVR� (FKHOOH� �3200(�� SURJUDPPH

3522)�-*2)6�²�3$720���&HWWH�DSSURFKH�HVW�DFWXHOOHPHQW�WHVWpH�VXU�O·HVWLPDWLRQ�GH�O·KXPLGLWp

GX�VRO�HW�GH�OD�ELRPDVVH�YpJpWDOH�j�SDUWLU�GH�GRQQpHV�VDWHOOLWDLUHV�HW�G·XQ�PRGqOH�pOHFWURPDJQpWLTXH

VLPXODQW�O
LQWHUDFWLRQ�GH�O
RQGH�VDWHOOLWDLUH�DYHF�OD�VXUIDFH�WHUUHVWUH��-DUODQ�HW�DO�������D�E��
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$EDUEDQHO��+�'�,��������$QDO\VLV�RI��2EVHUYHG�'DWD��6SULQJHU�

$EDUEDQHO��+�'�,���5��%URZQ��-�-��6LGRURZLFK�HW�/�6��7VLPULQJ��������7KH�DQDO\VLV�RI�REVHUYHG�FKDRWLF�GDWD�LQ
SK\VLFDO�V\VWHPV��5HY��0RG��3K\VLFV����������������

$NLPD��+�� ������$�PHWKRG�RI�ELYDULDWH� LQWHUSRODWLRQ� DQG� VPRRWK� VXUIDFH� ILWWLQJ� IRU� LUUHJXODUO\� GLVWULEXWHG
GDWD�SRLQWV��$&0�7UDQVDFWLRQV�RQ�0DWKHPDWLFDO�6RIWZDUH�������������

$OOGUHGJH�� $�/�� HW� &�&��*RWVFKDON�� ������'LUHFW� REVHUYDWLRQV� RI� WKH�PDVV� IORFFXODWLRQ� RI� GLDWRP� EORRPV�
FKDUDFWHULVWLFV��VHWWOLQJ�YHORFLWLHV�DQG�IRUPDWLRQ�RI�GLDWRP�DJJUHJDWHV��'HHS�6HD�5HV���������������

$OOGUHGJH��$�/�� HW�&�&��*RWVFKDON�� ������ 7KH� UHODWLYH� FRQWULEXWLRQ� RI�PDULQH� VQRZ� RI� GLIIHUHQW� RULJLQV� WR
ELRORJLFDO�SURFHVVHV�LQ�FRDVWDO�ZDWHUV��&RQWLQHQWDO�6KHOI�5HV�������������

$OOGUHGJH��$�/��HW�-�$��-DFNVRQ��������$JJUHJDWLRQ�LQ�PDULQH�V\VWHPV��'HHS�6HD�5HV��,,����������

$OOGUHGJH�� $�/�� HW� 0�:�� 6LOYHU�� ������ &KDUDFWHULVWLFV�� G\QDPLFV� DQG� VLJQLILFDQFH� RI� PDULQH� VQRZ�� 3URJU�
2FHDQRJU�������������

$OOHPDQ�� /�<��� $�-�� 9pURQ�� 7�0�� &KXUFK�� $�5�� )OHJDO� HW� %��+DPHOLQ�� ������ ,QYDVLRQ� RI� WKH� DE\VVDO� 1RUWK
$WODQWLF�E\�PRGHUQ�DQWKURSRJHQLF�OHDG��*HRSK\V��5HV��/HW�����������������

$PPDU��+��HW�<��&KHUUXDXOW��������$SSUR[LPDWLRQ�RI�D�VHYHUDO�YDULDEOHV� IXQFWLRQ�E\�RQH�YDULDEOH� IXQFWLRQ
DQG�DSSOLFDWLRQ�WR�JOREDO�RSWLPL]DWLRQ��0DWK��&RPSXW��0RGHOOLQJ������������

$QGHUVHQ�� 9�� HW� /�� 3ULHXU�� ������ 2QH�PRQWK� VWXG\� LQ� WKH� RSHQ� 1:� 0HGLWHUUDQHDQ� 6HD� �'<1$352&
H[SHULPHQW��0D\��������RYHUYLHZ�RI�WKH�K\GURELRJHRFKHPLFDO�VWUXFWXUHV�DQG�HIIHFWV�RI�ZLQG�HYHQWV�
'HHS�6HD�5HV��,��������������

$QWLD��$�1���%��YRQ�%RGXQJHQ�HW�5��3HLQHUW��������3DUWLFOH�IOX[�DFURVV�WKH�PLG�(XURSHDQ�FRQWLQHQWDO�PDUJLQ�
'HHS�6HD�5HV��,����������������

$QWRLQH��'��� -�0��$QGUp�HW�$��0RUHO��������2FHDQLF�SURGXFWLRQ����(VWLPDWLRQ�DW�JOREDO� VFDOH� IURP�VDWHOOLWH
�FRDVWDO�]RQH�FRORU�VFDQQHU��FKORURSK\OO��*OREDO�%LRJHRFKHP��&\FOHV������������

$UUDHV�0HVFRII��5��������(WXGH�GX�FRPSRUWHPHQW�GHV�SDUWLFXOHV�GDQV�OD�FRORQQH�G
HDX�PpGLWHUUDQpHQQH�DYHF
O
XWLOLVDWLRQ�GHV�WUDFHXUV�JpRFKLPLTXHV�HW�OD�PRGpOLVDWLRQ��$SSOLFDWLRQ�DX�VLWH�'<)$0('��7KqVH�GH
GRFWRUDW���8QLYHUVLWp�3DXO�6DEDWLHU��7RXORXVH������SS�

$UUDHV�0HVFRII�� 5�� HW� DO�� ������ 7KH� EHKDYLRU� RI� $O�� 0Q�� %D�� 6U�� 5((� DQG� 7K� LVRWRSHV� GXULQJ� LQ� YLWUR
GHJUDGDWLRQ�RI�ODUJH�PDULQH�SDUWLFOHV��0DU��&KHP������������

$VSHU�� 9�/���:�*��'HXVHU��*�$��.QDXHU� HW� 6�(�� /RKUHQ]�� ������ 5DSLG� FRXSOLQJ� RI� VLQNLQJ� SDUWLFOH� IOX[HV
EHWZHHQ�WKH�VXUIDFH�DQG�GHHS�RFHDQ�ZDWHUV��1DWXUH���������������

$WKLDV��9�� ������([SORLWDWLRQ� HW� LQWHUSUpWDWLRQ� GX� VLJQDO� GH� IOXRUHVFHQFH� j� O
DLGH�GHV� DQDO\VHV� GLVFUqWHV� SDU
+3/&�GHV�SLJPHQWV�SKRWRV\QWKpWLTXHV�GX�SK\WRSODQFWRQ��6WDJH�GH��qUH�DQQpH�GH�PDJLVWqUH���(16�
/\RQ�/3&0��9LOOHIUDQFKH�VXU�0HU�����SS�

$WKLDV�� 9�� ������ 8Q� PRGqOH� VHPL�VSHFWUDO� GX� V\VWqPH� SDUWLFXODLUH� RFpDQLTXH�� $SSOLFDWLRQ� DX[� GRQQpHV
G
DOXPLQLXP�GH� OD� VWDWLRQ�'<)$0('��5DSSRUW�GH�'($� ��8QLYHUVLWp�3DXO� 6DEDWLHU��7RXORXVH�� ��
SS�

$WKLDV�� 9��� 3�� 0D]]HJD� HW� &�� -HDQGHO�� ����D�� 1RQOLQHDU� LQYHUVLRQV� RI� D� PRGHO� RI� WKH� RFHDQLF� GLVVROYHG�
SDUWLFXODWH�H[FKDQJHV��LQ�,QYHUVH�0HWKRGV�LQ�*OREDO�%LRJHRFKHPLFDO�&\FOHV��3��.DVLEKDWOD�HW�DO��HGV��
*HRSK\VLFDO�0RQRJUDSK��$PHULFDQ�*HRSK\VLFDO�8QLRQ��:DVKLQJWRQ��'&�����������
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$WKLDV��9���3��0D]]HJD�HW�&��-HDQGHO������E��6HOHFWLQJ�D�JOREDO�RSWLPL]DWLRQ�PHWKRG�WR�HVWLPDWH�WKH�RFHDQLF
SDUWLFOH�UDWH�FRQVWDQWV��-��0DU��5HV���������������

$WKLDV��9���3��0D]]HJD�HW�&��-HDQGHO��������(VWLPDWLQJ�WKH�DOXPLQXP�F\FOLQJ�SDUDPHWHUV� LQ�WKH�WURSLFDO�1(
$WODQWLF��ROLJRWURSKLF�(80(/,�VLWH��XVLQJ�D�JHQHWLF�DOJRULWKP��-��0DU��5HV���HQ�UpYLVLRQ�

$WKLDV��9���3��0D]]HJD��'��5XL]�3LQR��5��$UUDHV�HW�&�� -HDQGHO��������36\'\Q��D�VHPL�VSHFWUDO�PRGHO�RI� WKH
GLVVROYHG�SDUWLFXODWH�H[FKDQJHV��$�SUHOLPLQDU\�VWDELOLW\�DQDO\VLV��LQ�(XURSHDQ�1HWZRUN�IRU�,QWHJUDWHG
0DULQH�6\VWHPV�$QDO\VLV��-��%DH\HQV��)��'HKDLUV�HW�/��*RH\HQV�HGV���%UXVVHOV����������

$YULO��%��������/H�FDUERQH�RUJDQLTXH�GLVVRXV�HQ�PLOLHX�PDULQ��7KqVH�GH�GRFWRUDW���8QLYHUVLWp�3LHUUH�HW�0DULH
&XULH��3DULV������SS�

%lFN��7��������(YROXWLRQDU\�DOJRULWKPV��$&0�6,*%,2�1HZVOHWWHU��������

%lFN�� 7�� ������ (YROXWLRQDU\� $OJRULWKPV� LQ� 7KHRU\� DQG� 3UDFWLFH�� (YROXWLRQDU\� 6WUDWHJLHV�� (YROXWLRQDU\
3URJUDPPLQJ��*HQHWLF�$OJRULWKPV��2[IRUG�8QLYHUVLW\�3UHVV��1HZ�<RUN������SS�

%lFN��7��HW�+��3��6FKZHIHO��������$Q�RYHUYLHZ�RI�HYROXWLRQDU\�DOJRULWKPV�IRU�SDUDPHWHU�RSWLPL]DWLRQ��(YRO�
&RPS�����������

%lFN��7��HW�+��3��6FKZHIHO�������(YROXWLRQDU\�FRPSXWDWLRQ��DQ�RYHUYLHZ��7KLUG�&RQIHUHQFH�RQ�(YROXWLRQDU\
&RPSXWDWLRQ��,(((�3UHVV��3LVFDWDZD\��1-���SS��������

%DFRQ��0�3��������(YDOXDWLRQ�RI�VHGLPHQW�WUDSV�ZLWK�QDWXUDOO\�RFFXULQJ�UDGLRQXFOLGHV��LQ�3DUWLFOH�)OX[�LQ�WKH
2FHDQ��9��,WWHNNRW��3��6FKlIHU��6��+RQMR�HW�3�-��'HSHWULV�HGV��-RKQ�:LOH\��1HZ�<RUN��������

%DFRQ��0�3��HW�5�)��$QGHUVRQ��������'LVWULEXWLRQ�RI�WKRULXP�EHWZHHQ�GLVVROYHG�DQG�SDUWLFXODWH�IRUPV�LQ�WKH
GHHS�VHD��-��*HRSK\V��5HV�����������������

%DFRQ��0�3���-�.��&RFKUDQ��'��+LUVFKEHUJ��7�5��+DPPDU�HW�$�3��)OHHU��������([SRUW� IOX[�RI�FDUERQ�DW� WKH

HTXDWRU� GXULQJ�(T3DF� WLPH�VHULHV� FUXLVHV� HVWLPDWHG� IURP� ���7K�PHDVXUHPHQWV��'HHS�6HD�5HV�� ,,�
��������������

%DFRQ��0�3���&��$��+XK��$�3��)OHHU�HW�:�(��'HXVHU��������6HDVRQDOLW\�LQ�WKH�IOX[�RI�QDWXUDO�UDGLRQXFOLGHV�DQG
SOXWRQLXP�LQ�WKH�GHHS�6DUJDVVR�6HD��'HHS�6HD�5HV���������������

%DOLVWULHUL�� /��� 3�*�� %UHZHU� HW� -�:�� 0XUUD\�� ������ 6FDYHQJLQJ� UHVLGHQFH� WLPHV� RI� WUDFH� PHWDOV� DQG� VXUIDFH
FKHPLVWU\�RI�VLQNLQJ�SDUWLFOHV�LQ�WKH�GHHS�RFHDQ��'HHS�6HD�5HV�����$����������

%DQJD��-�5���$�$��$ORQVR�HW�5�3��6LQJK��������6WRFKDVWLF�G\QDPLF�RSWLPL]DWLRQ�RI�EDWFK�DQG�VHPLFRQWLQXRXV
ELRSURFHVVHV��%LRWHFKQRO��3URJ���������������

%DQJD�� -�5�� HW�:�'��6HLGHU�� ������*OREDO�RSWLPL]DWLRQ� RI� FKHPLFDO� SURFHVVHV� XVLQJ� VWRFKDVWLF� DOJRULWKP�� LQ
6WDWH� RI� WKH� $UW� LQ� *OREDO� 2SWLPL]DWLRQ�� &�$�� )ORXGDV� HW� 3�0�� 3DUGDORV� HGV�� .OXZHU� $FDGHPLF
3XEOLVKHUV��WKH�1HWKHUODQGV����������

%DUKHQ��-��HW�9��3URWRSRSHVFX��������*HQHUDOL]HG�75867�DOJRULWKP�IRU�JOREDO�RSWLPL]DWLRQ�� LQ�6WDWH�RI�WKH
$UW� LQ� *OREDO� 2SWLPL]DWLRQ�� &RPSXWDWLRQDO� 0HWKRGV� DQG� $SSOLFDWLRQV�� &�$�� )ORXGDV� HW� 3�0�
3DUGDORV�HGV��.OXZHU�$FDGHPLF�3UHVV����������

%DUKHQ��-���9��3URWRSRSHVFX�HW�'��5HLVWHU��������75867��D�GHWHUPLQLVWLF�DOJRULWKP�IRU�JOREDO�RSWLPL]DWLRQ�
6FLHQFH�����������������

%DUWK��1��������2FHDQLF�H[SHULPHQW�GHVLJQ�,,��*HQHWLF�DOJRULWKPV��-��$WPRVSK��2FHDQLF�7HFKQRO��������������

%DUWK��1��HW�&��:XQVFK��������2FHDQRJUDSKLF�H[SHULPHQW�GHVLJQ�E\�VLPXODWHG�DQQHDOLQJ��-��3K\V��2FHDQRJU��
��������������

%DVNDUDQ��0���3�+��6DQWVFKL��*��%HQRLW�HW�%�'��+RQH\PDQ��������6FDYHQJLQJ�RI�WKRULXP�LVRWRSHV�LQ�VHDZDWHU
RI�WKH�*ROI�RI�0H[LFR��*HRFKLP��&RVPRFKLP��$FWD����������������

%DVNDUDQ��0���3�+��6DQWVFKL��/��*XR��7�6��%LDQFKL�HW�&��/DPEHUW�����������7K����8�GLVHTXLOLEULD�LQ�WKH�*XOI
RI�0H[LFR��WKH�LPSRUWDQFH�RI�RUJDQLF�PDWWHU�DQG�SDUWLFOH�FRQFHQWUDWLRQ��&RQWLQHQWDO�6KHOI�5HV������
��������

%HQQHWW��$�)��������,QYHUVH�0HWKRGV�LQ�3K\VLFDO�2FHDQRJUDSK\��&DPEULGJH�0RQRJUDSKV�RQ�0HFKDQLFV�DQG
$SSOLHG�0DWKHPDWLFV��&DPEULGJH�8QLYHUVLW\�3UHVV��1HZ�<RUN������SS�

%HQWDOHE��,��������/HV�SURFHVVXV�SK\VLRORJLTXHV�GDQV� OD�FRXFKH�HXSKRWLTXH�HW� OD�FRPSRVLWLRQ� LVRWRSLTXH�GX

FDUERQH� RUJDQLTXH� GX� SK\WRSODQFWRQ�� UHODWLRQ� δ��&�32&��>&2��DT�@�� $SSOLFDWLRQV� j� OD
SDOpRFOLPDWRORJLH��7KqVH�GH�GRFWRUDW���8QLYHUVLWp�3LHUUH�HW�0DULH�&XULH��3DULV������SS�

%HUJp��3���<��3RPHDX�HW�&��9LGDO��������/
RUGUH�GDQV� OH� �FKDRV��(QVHLJQHPHQW�GHV�6FLHQFHV��+HUPDQ��3DULV�
����SS�

%HUWKRQ�� -�)�� ������ (YDOXDWLRQ� GH� OD� ELRPDVVH� SK\WRSODQFWRQLTXH� HW� GH� OD� SURGXFWLRQ� SULPDLUH� DVVRFLpH� j
SDUWLU�GHV�GRQQpHV�VDWHOOLWDLUHV���FRXOHXU�GH� O
RFpDQ����$SSOLFDWLRQ�j� OD�]RQH�WURSLFDOH�DX� ODUJH�GH� OD
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0DXULWDQLH� �XWLOLVDWLRQ� GH� O
LPDJHULH�&=&6��� 7KqVH� GH� GRFWRUDW� �� 8QLYHUVLWp� 3LHUUH� HW�0DULH� &XULH�
3DULV������SS�

%HUWUDP��0�$�� HW� -�3��&RZHQ�� ������0RUSKRORJLFDO� DQG� FRPSRVLWLRQDO� HYLGHQFH� IRU� ELRWLF� SUHFLSLWDWLRQ� RI
EDULWH��-��0DU��5HV���������������

%LDQFKL��$���)��9DQ�:DPEHNH�HW� -��*DUFLQ��������%DFWHULDO�XWLOL]DWLRQ�RI�JOXFRVH� LQ� WKH�ZDWHU� FROXPQ� IURP
HXWURSKLF�WR�ROLJRWURSKLF�SHODJLF�DUHDV�LQ�WKH�HDVWHUQ�1RUWK�$WODQWLF�2FHDQ��-��0DU��6\VW�������������

%LDQFKL�� 0�� HW� DO�� ������ 'HJUDGDWLRQ� RI� RUJDQLF� PDWWHU� E\� KHWHURWURSKLF� EDFWHULD� DFWLYLW\�� LQ� (XURSHDQ
1HWZRUN�IRU�,QWHJUDWHG�0DULQH�6\VWHPV�$QDO\VLV��-��%DH\HQV��)��'HKDLUV�HW�/��*RH\HQV�HGV���%UXJJH�
��������

%LGGDQGD�� %�$�� HW� /�5�� 3RPHUR\�� ������ 0LFURELDO� DJJUHJDWLRQ� DQG� GHJUDGDWLRQ� RI� SK\WRSODQNWRQ�GHULYHG
GHWULWXV�LQ�VHDZDWHU��,��0LFURELDO�VXFFHVVLRQ��0DU��(FRO��3URJ��6HU�������������

%LMPD��-���&��+HPOHEHQ�HW�.��:HOOQLW]��������/XQDU�LQIOXHQFHG�FDUERQDWH�IOX[�RI� WKH�SODQNWRQLF� IRUDPLQLIHU
*ORELJHULQRLGHV�VDFFXOLIHU��%UDG\��IURP�WKH�FHQWUDO�5HG�6HD��'HHS�6HD�5HV���������������

%LVFD\H��3�(�� HW� 6�/��(LWWUHLP�� ������ 6XVSHQGHG� SDUWLFOH� ORDGV� DQG� WUDQVSRUWV� LQ� WKH� QHSKHORLG� OD\HU� RI� WKH
DE\VVDO�$WODQWLF�2FHDQ��0DULQH�*HRORJ\��������������

%LVKRS��-�.�%��������5HJLRQDO�H[WUHPHV�LQ�SDUWLFXODWH�PDWWHU�FRPSRVLWLRQ�DQG�IOX[��HIIHFWV�RQ�WKH�FKHPLVWU\
RI�WKH�RFHDQ�LQWHULRU��LQ�3URGXFWLYLW\�RI�WKH�2FHDQ��3UHVHQW�DQG�3DVW��:�+��%HUJHU��9�6��6PHWDFHN�HW
*��:HIHU�HGV��-RKQ�:LOH\�DQG�6RQV�/LPLWHG����������

%LVKRS�� -�.�%��� '�� 6FKXSDFN�� 5�0�� 6KHUUHOO� HW� 0�� &RQWH�� ������ $� 0XOWLSOH�8QLW�/DUJH�9ROXPH� LQ� VLWX
ILOWUDWLRQ� V\VWHP� IRU� VDPSOLQJ� RFHDQLF� SDUWLFXODWH� PDWWHU� LQ� PHVRVFDOH� HQYLURQPHQWV�� LQ� 0DSSLQJ
6WUDWHJLHV� LQ� &KHPLFDO� 2FHDQRJUDSK\�� $�� =LULQR� HG��� $GYDQFHV� LQ� &KHPLVWU\� 6HULHV�� $PHULFDQ
&KHPLFDO�6RFLHW\����������

%RHKP��$�%�� HW�6�%��*UDQW�� ������ ,QIOXHQFH�RI� FRDJXODWLRQ�� VHGLPHQWDWLRQ�� DQG�JUD]LQJ�E\�]RRSODQNWRQ�RQ
SK\WRSODQNWRQ�DJJUHJDWH�GLVWULEXWLRQV�LQ�DTXDWLF�V\VWHPV��-��*HRSK\V��5HV��������������������

%RU\��$��������(WXGH�GH� O
LPSDFW�GHV�DpURVROV�GpVHUWLTXHV�VXU� OD�FRORQQH�G
HDX�GDQV� O
$WODQWLTXH�VXEWURSLFDO
1RUG�(VW��7KqVH�GH�GRFWRUDW���8QLYHUVLWp�'HQLV�'LGHURW��3DULV������SS�

%RU\�� $�� HW� DO�� ������ 'RZQZDUG� SDUWLFOH� IOX[HV� ZLWKLQ� GLIIHUHQW� SURGXFWLYLW\� UHJLPHV� RII� WKH� 0DXULWDQLDQ
XSZHOOLQJ�]RQH��(80(/,�SURJUDP���'HHS�6HD�5HV���HQ�UpYLVLRQ�

%RU\��$��HW�3��1HZWRQ��������7UDQVSRUW�RI�DLUERUQH� OLWKRJHQLF�PDWHULDO�GRZQ�WKURXJK� WKH�ZDWHU�FROXPQ� LQ
WZR� FRQWUDVWLQJ� UHJLRQV� RI� WKH� HDVWHUQ� VXEWURSLFDO� 1RUWK� $WODQWLF� 2FHDQ�� *OREDO� %LRJHRFKHP�
&\FOHV��������������

%R\G��3��HW�3��1HZWRQ��������(YLGHQFH�RI�WKH�SRWHQWLDO�LQIOXHQFH�RI�SODQNWRQLF�FRPPXQLW\�VWUXFWXUH�RQ�WKH
LQWHUDQQXDO�YDULDELOLW\�RI�SDUWLFXODWH�RUJDQLF�FDUERQ�IOX[��'HHS�6HD�5HV��,��������������

%UHZHU��3�*��HW�DO��������7KH�GLVWULEXWLRQ�RI�SDUWLFXODWH�PDWWHU�LQ�WKH�$WODQWLF�2FHDQ��(DUWK�3ODQHW��6FL��/HWW��
������������

%URZQ��-��HW�DO��������6HDZDWHU��LWV�FRPSRVLWLRQ��SURSHUWLHV�DQG�EHKDYLRXU��3HUJDPRQ�3UHVV������SS�

%UXQ�&RWWDQ��-��&��������6WRNHV�VHWWOLQJ�DQG�GLVVROXWLRQ�UDWH�PRGHO�IRU�PDULQH�SDUWLFOHV�DV�D�IXQFWLRQ�RI�VL]H
GLVWULEXWLRQ��-��*HRSK\V��5HV�����������������

%XDW�0pQDUG��3��HW�DO��������1RQ�VWHDG\�VWDWH�ELRORJLFDO�UHPRYDO�RI�DWPRVSKHULF�SDUWLFOHV�IURP�0HGLWHUUDQHDQ
VXUIDFH�ZDWHUV��1DWXUH���������������

%XHVVHOHU�� .�2�� ������ 7KH� GHFRXSOLQJ� RI� SURGXFWLRQ� DQG� SDUWLFXODWH� H[SRUW� LQ� WKH� VXUIDFH� RFHDQ�� *OREDO
%LRJHRFKHP��&\FOHV��������������

&DUORWWL��)��HW�*��5DGDFK��������6HDVRQDO�G\QDPLFV�RI�SK\WRSODQNWRQ�DQG�&DODQXV�ILQPDUFKLFXV�LQ�WKH�1RUWK�6HD
DV�UHYHDOHG�E\�D�FRXSOHG�RQH�GLPHQVLRQDO�PRGHO��/LPQRO��2FHDQRJU���������������

&DUUROO��'�/��������&KHPLFDO�ODVHU�PRGHOLQJ�ZLWK�JHQHWLF�DOJRULWKPV��$$,$�-���������������

&DUUROO��'�/�������)RUWUDQ�*HQHWLF�$OJRULWKP��*$��GULYHU��KWWS���ZZZ�VWDII�XLXF�HGX�aFDUUROO�JD�KWPO��

&pWLQ�� %�&��� -�� %DUKHQ� HW� -�:�� %XUGLFN�� ������ 7HUPLQDO� 5HSHOOHU� 8QFRQVWUDLQHG� 6XEHQHUJ\� 7XQQHOLQJ
�75867��IRU�IDVW�JOREDO�RSWLPL]DWLRQ��-��2SWLP��7KHRU\�$SSO��������������

&KDQ��/�+���'��'UXPPRQW��-�0��(GPRQG�HW�%��*UDQW��������2Q�WKH�EDULXP�GDWD�IURP�$WODQWLF�*(26(&6
([SHGLWLRQ��'HHS�6HD�5HV���������������

&KHUULHU��-���-�(��%DXHU�HW�(�5�0��'UXIIHO��������8WLOL]DWLRQ�DQG�WXUQRYHU�RI�ODELOH�GLVVROYHG�RUJDQLF�PDWWHU�E\
EDFWHULDO�KHWHURWURSKV�LQ�HDVWHUQ�1RUWK�3DFLILF�VXUIDFH�ZDWHU��/LPQRO��2FHDQRJU����������������

&KLDSHOOR�� ,�� HW� DO�� ������ $Q� DGGLWLRQDO� ORZ� OD\HU� WUDQVSRUW� RI� 6DKHOLDQ� DQG� 6DKDUDQ� GXVW� RYHU� WKH� 1RUWK�
(DVWHUQ�7URSLFDO�$WODQWLF��*HRSK\V��5HV��/HW�����������������
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&KR��%�&��HW�)��$]DP��������0DMRU�UROH�RI�EDFWHULD�LQ�ELRJHRFKHPLFDO�IOX[HV�LQ�WKH�RFHDQ
V�LQWHULRU��1DWXUH�
�������������

&ODXVWUH��+��������3K\WRSODQNWRQ�SLJPHQW�VLJQDWXUHV�RI�WKH�WURSKLF�VWDWXV�LQ�YDULRXV�RFHDQ�UHJLPHV��/LPQRO�
2FHDQRJU�����������������

&ODXVWUH�� +�� HW� DO�� ������ &RQWLQXRXV� PRQLWRULQJ� RI� VXUIDFH� RSWLFDO� SURSHUWLHV� DFURVV� D� JHRVWURSKLF� IURQW�
%LRJHRFKHPLFDO�LQIHUHQFHV��0DU��(FRO��3URJ��6HU���������������

&ODXVWUH��+��HW�-��&��0DUW\��������6SHFLILF�SK\WRSODQFWRQ�ELRPDVVHV�DQG�WKHLU�UHODWLRQ�WR�SULPDU\�SURGXFWLRQ
LQ�WKH�WURSLFDO�1RUWK�$WODQWLF��'HHS�6HD�5HV��,����������������

&OHJJ��6�/���0�3��%DFRQ�HW�0��:KLWILHOG��������$SSOLFDWLRQ�RI�D�JHQHUDO�VFDYHQJLQJ�PRGHO�WR�WKRULXP�LVRWRSH
DQG�SDUWLFOH�GDWD�DW�HTXDWRULDO�DQG�KLJK�ODWLWXGH�VLWHV�LQ�WKH�3DFLILF�2FHDQ��'HHS�6HD�5HV�������������
������

&OHJJ��6�/��HW�0��:KLWILHOG��������$�JHQHUDOL]HG�PRGHO�IRU�WKH�VFDYHQJLQJ�RI�WUDFH�PHWDOV�LQ�WKH�RSHQ�RFHDQ�,�
3DUWLFOH�F\FOLQJ��'HHS�6HD�5HV���������������

&OHJJ��6�/��HW�0��:KLWILHOG��������$�JHQHUDOL]HG�PRGHO�IRU�WKH�VFDYHQJLQJ�RI�WUDFH�PHWDOV�LQ�WKH�RSHQ�RFHDQ�
,,��7KRULXP�VFDYHQJLQJ��'HHS�6HD�5HV��������������

&RFKUDQ�� -�.��� .�2�� %XHVVHOHU�� 0�3�� %DFRQ� HW� +�'�� /LYLQJVWRQ�� ������ 7KRULXP� LVRWRSHV� DV� LQGLFDWRUV� RI
SDUWLFOH�G\QDPLFV�LQ�WKH�XSSHU�RFHDQ��UHVXOWV�RI�-*2)6�1RUWK�$WODQWLF�%ORRP�([SHULPHQW��'HHS�
6HD�5HV��,����������������

&RSLQ�0RQWpJXW�� &�� HW� *�� &RSLQ�0RQWpJXW�� ������ 6WRLFKLRPHWU\� RI� FDUERQ�� QLWURJHQ�� DQG� SKRVSKRUXV� LQ
PDULQH�SDUWLFXODWH�PDWWHU��'HHS�6HD�5HV�������������

&RSLQ�0RQWpJXW��*��������3K\VLFR�FKLPLH�GH�O
HDX�GH�PHU��2FpDQLV��,QVWLWXW�2FpDQRJUDSKLTXH��3DULV�

&RTXLOODUG��3��HW�'�5��+LOO��������0RGpOLVDWLRQ�HW�6LPXODWLRQ�G
(FRV\VWqPHV��5HFKHUFKH�HQ�(FRORJLH��0DVVRQ�
3DULV������SS�

&RZHQ�� -�3�� HW� &�)�� +ROORZD\�� ������ 6WUXFWXUDO� DQG� FKHPLFDO� DQDO\VLV� RI� PDULQH� DJJUHJDWHV�� LQ� VLWX
PDFURSKRWRJUDSK\�DQG�ODVHU�FRQIRFDO�DQG�HOHFWURQ�PLFURVFRS\��0DULQH�%LRORJ\���������������

&RZLH�� *�/�� HW� -�,�� +HGJHV�� ������ 'LJHVWLRQ� DQG� DOWHUDWLRQ� RI� ELRJHRFKHPLFDO� FRQVWLWXHQWV� RI� D� GLDWRP
�7KDODVVLRVLUD�ZHLVVIORJLL��LQJHVWHG�E\�DQ�KHUELYRURXV�]RRSODQNWRQ��&DODQXV�SDFLILFXV���/LPQRO��2FHDQRJU��
������������

&UDLJ��+��������$�VFDYHQJLQJ�PRGHO�IRU�WUDFH�HOHPHQWV�LQ�WKH�GHHS�VHD��(DUWK�3ODQHW��6FL��/HWW���������������

&UDLJ��+��HW�.��7XUHNLDQ��.��������7KH�*(26(&6�SURJUDP�������������(DUWK�3ODQHW��6FL��/HWW���������������

&UDZIRUG��-�'��������,QWURGXFWLRQ�WR�ELIXUFDWLRQ�WKHRU\��5HY��0RG��3K\VLFV���������������

'DGRX��,���9��*DUoRQ��9��$QGHUVHQ��*�5��)OLHUO�HW�&�6��'DYLV��������,PSDFW�RI�WKH�1RUWK�(TXDWRULDO�&XUUHQW
PHDQGHULQJ�RQ�D�SHODJLF�HFRV\VWHP��$�PRGHOLQJ�DSSURDFK��-��0DU��5HV���������������

'H�0H\��3��������'DWD�DVVLPLODWLRQ�DW� WKH�RFHDQLF�PHVRVFDOH��$�UHYLHZ�� -RXUQDO�RI�0HWHRURJLFDO�6RFLHW\�RI
-DSDQ��������������

'HKDLUV��)���:��%DH\HQV�HW�/��*RH\HQV��������$FFXPXODWLRQ�RI�VXVSHQGHG�EDULWH�DW�PHVRSHODJLF�GHSWKV�DQG
H[SRUW�SURGXFWLRQ�LQ�WKH�6RXWKHUQ�2FHDQ��6FLHQFH�����������������

'HKDLUV��)���5��&KHVVHOHW�HW� -�� -HGZDE��������'LVFUHWH�VXVSHQGHG�SDUWLFOHV�RI�EDULWH�DQG�EDULXP�F\FOH� LQ� WKH
RSHQ�RFHDQ��(DUWK�3ODQHW��6FL��/HWW���������������

'HKDLUV��)���&�(��/DPEHUW��5��&KHVVHOHW�HW�1��5LVOHU��������7KH�ELRORJLFDO�SURGXFWLRQ�RI�PDULQH�VXVSHQGHG
EDULWH�DQG�EDULXP�F\FOH�LQ�WKH�:HVWHUQ�0HGLWHUUDQHDQ�6HD��%LRJHRFKHPLVWU\�������������

'HXVHU�� :�*��� 3�*�� %UHZHU�� 7�'�� -LFNHOOV� HW� 5�)�� &RPPHDX�� ������ %LRORJLFDO� FRQWURO� RI� WKH� UHPRYDO� RI
DELRJHQLF�SDUWLFOHV�IURP�WKH�VXUIDFH�RFHDQ��6FLHQFH���������������

'HXVHU��:�*��HW�DO��������6XUIDFH�RFHDQ�FRORU�DQG�GHHS�RFHDQ�IOX[��KRZ�FORVH�D�FRQQHFWLRQ"�'HHS�6HD�5HV��
��������������

'LFNH\��7��HW�DO��������,QLWLDO�UHVXOWV�IURP�WKH�%HUPXGD�WHVWEHG�PRRULQJ�SURJUDP��'HHS�6HD�5HV��,����������
����

'LHUFNV��$�5��HW�9�/��$VSHU��������,Q�VLWX�VHWWOLQJ�VSHHGV�RI�PDULQH�VQRZ�DJJUHJDWHV�EHORZ�WKH�PL[HG�OD\HU�
%ODFN�6HD�DQG�*XOI�RI�0H[LFR��'HHS�6HD�5HV���������������

'RQDJKD\��3�/�� HW� DO��������7KH�UROH�RI�HSLVRGLF�DWPRVSKHULF�QXWULHQW� LQSXWV� LQ� WKH�FKHPLFDO�DQG�ELRORJLFDO
G\QDPLFV�RI�RFHDQLF�HFRV\VWHPV��2FHDQRJUDSK\�����������

'XFH�� 5�$�� HW� DO�� ������ 7KH� DWPRVSKHULF� LQSXW� RI� WUDFH� VSHFLHV� WR� WKH� ZRUOG� RFHDQ�� *OREDO� %LRJHRFKHP�
&\FOHV�������������

'XIRXU��3��HW�-��3��7RUUpWRQ��������%RWWRP�XS�DQG�WRS�GRZQ�FRQWURO�RI�EDFWHULRSODQNWRQ�IURP�HXWURSKLF�WR
ROLJRWURSKLF�VLWHV�LQ�WKH�WURSLFDO�QRUWKHDVWHUQ�$WODQWLF�2FHDQ��'HHS�6HD�5HV��,����������������
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'\PRQG�� -�� HW�5��&ROOLHU�� ������3DUWLFXODWH� EDULXP� IOX[HV� DQG� WKHLU� UHODWLRQVKLSV� WR� ELRORJLFDO� SURGXFWLYLW\�
'HHS�6HD�5HV��,,����������������

'\PRQG�� -��� (�� 6XHVV� HW� 0�� /\OH�� ������ %DULXP� LQ� GHHS�VHD� VHGLPHQW�� D� JHRFKHPLFDO� SUR[\� IRU
SDOHRSURGXFWLYLW\��3DOHRFHDQRJUDSK\�������������

(IURQ��%��HW�5�-��7LEVKLUDQL��������$Q�,QWURGXFWLRQ�WR�WKH�%RRWVWUDS��&KDSPDQ�	�+DOO��1HZ�<RUN������SS�

(NQHV��0��HW�*��(YHQVHQ��������3DUDPHWHU�HVWLPDWLRQ�VROYLQJ�D�ZHDN�FRQVWUDLQW�YDULDWLRQDO�IRUPXODWLRQ�IRU�DQ
(NPDQ�PRGHO��-��*HRSK\V��5HV��������������������

(QJHO��$��HW�0��6FKDUWDX��������,QIOXHQFH�RI�WUDQVSDUHQW�H[RSRO\PHU�SDUWLFOHV� �7(3��RQ�VLQNLQJ�YHORFLW\�RI
1LW]VFKLD�FORVWHULXP�DJJUHJDWHV��0DU��(FRO��3URJ��6HU��������������

(QWLQJ�� ,�*�� ������ *UHHQ
V� IXQFWLRQ� PHWKRGV� RI� WUDFHU� LQYHUVLRQ�� LQ� ,QYHUVH� 0HWKRGV� LQ� *OREDO
%LRJHRFKHPLFDO� &\FOHV�� 3�� .DVLEKDWOD� HW� DO�� HGV��� *HRSK\VLFDO�0RQRJUDSK�� $PHULFDQ� *HRSK\VLFDO
8QLRQ��:DVKLQJWRQ��'&���������

(UULFR��5�0�� ������:KDW� LV� DQ� DGMRLQW�PRGHO"� %XOOHWLQ� RI� WKH�$PHULFDQ�0HWHRURORJLFDO� 6RFLHW\�� ���� �����
�����

(YDQV��*�7��������7KH�UROH�RI� ORFDO�PRGHOV�DQG�GDWD�VHWV� LQ� WKH�-RLQW�*OREDO�2FHDQ�)OX[�6WXG\��'HHS�6HD
5HV��,����������������

(YHQVHQ��*�� ������8VLQJ� WKH� H[WHQGLQJ�.DOPDQ� ILOWHU� ZLWK� D�PXOWLOD\HU� TXDVL�JHRVWURSKLF� RFHDQ�PRGHO�� -�
*HRSK\V��5HV���������������������

(YHQVHQ��*��������,QYHUVH�PHWKRGV�DQG�GDWD�DVVLPLODWLRQ�LQ�QRQOLQHDU�RFHDQ�PRGHOV��3K\VLFD�'��������������

(YHQVHQ��*���'�3��'HH�HW�-��6FKU|WHU��������3DUDPHWHU�HVWLPDWLRQ�LQ�G\QDPLFDO�PRGHOV�� LQ�2FHDQ�0RGHOLQJ
DQG� 3DUDPHWHUL]DWLRQ�� (�3�� &KDVVLJQHW� HW� -�� 9HUURQ� HGV��� 1$72� $6,� 6HULHV�� .OXZHU� $FDGHPLFV
3XEOLVKHUV�

(YHQVHQ��*��HW�1��)DULR��������6ROYLQJ�IRU�WKH�JHQHUDOL]HG�LQYHUVH�RI�WKH�/RUHQ]�PRGHO��-��0HWHRU��6RF��-DSDQ�
������������

)DVKDP��0�-�5���+�:��'XFNORZ�HW�6�0��0F.HOYLH�� ������$�QLWURJHQ�EDVHG�PRGHO�RI� SODQNWRQ�G\QDPLFV� LQ
WKH�RFHDQ�PL[HG�OD\HU��-��0DU��5HV���������������

)DVKDP�� 0�-�5�� HW� *�7�� (YDQV�� ������ 7KH� XVH� RI� RSWLPL]DWLRQ� WHFKQLTXHV� WR� PRGHO� PDULQH� HFRV\VWHP
G\QDPLFV�DW�WKH�-*2)6�VWDWLRQ�DW����1����:��3KLO��7UDQV��5��6RF��/RQG��%���������������

)LVKHU��1�6���5�5�/��*XLOODUG�HW�'�&��%DQNVWRQ��������7KH�DFFXPXODWLRQ�RI�EDULXP�E\�PDULQH�SK\WRSODQNWRQ
JURZQ�LQ�FXOWXUH��-��0DU��5HV���������������

)LVKHU��1�6��HW�-�5��5HLQIHOGHU��������7KH�WURSKLF�WUDQVIHU�RI�PHWDOV�LQ�PDULQH�V\VWHPV��LQ�0HWDO�6SHFLDWLRQ�DQG
%LRDYDLODELOLW\�LQ�$TXDWLF�6\VWHPV��$��7HVVLHU�HW�'�5��7XUQHU�HGV��-RKQ�:LOH\�	�6RQV�/WG����������

)OHWFKHU��5��HW�&�0��5HHYHV��������)XQFWLRQ�0LQLPL]DWLRQ�E\�&RQMXJDWH�*UDGLHQWV��&RPSXW��-��������������

)UDQoRLV��5��HW�DO��������&RQWULEXWLRQ�RI�6RXWKHUQ�2FHDQ�VXUIDFH�ZDWHU�VWUDWLILFDWLRQ�WR�ORZ�DWPRVSKHULF�&2�
FRQFHQWUDWLRQV�GXULQJ�WKH�ODVW�JODFLDO�SHULRG��1DWXUH���������������

)UDQoRLV�� 5��� 6�� +RQMR�� 6�-�� 0DQJDQLQL� HW� *�(�� 5DYL]]D�� ������ %LRJHQLF� EDULXP� IOX[HV� WR� WKH� GHHS� VHD�
,PSOLFDWLRQV�IRU�SDOHRSURGXFWLYLW\�UHFRQVWUXFWLRQ��*OREDO�%LRJHRFKHP��&\FOHV�������������

)UHGH��9�� HW�3��0D]]HJD�� ����D��'HWHFWDELOLW\� RI� GHWHUPLQLVWLF� QRQ�OLQHDU� SURFHVVHV� LQ�(DUWK� URWDWLQJ� WLPH�
VHULHV��,��(PEHGGLQJ��*HRSK\V��-��,QW����������������

)UHGH��9�� HW�3��0D]]HJD������E��'HWHFWDELOLW\� RI� GHWHUPLQLVWLF� QRQ�OLQHDU� SURFHVVHV� LQ�(DUWK� URWDWLQJ� WLPH�
VHULHV��,,��'\QDPLFV��*HRSK\V��-��,QW����������������

*HLGHU��5�-��HW�%�$��2VERUQH��������$OJDO�3KRWRV\QWKHVLV��&XUUHQW�3K\FRORJ\��&KDSPDQ�DQG�+DOO��1HZ�<RUN�
����SS�

*HODGR�&DEDOOHUR�� 0�'��� 0�(�� 7RUUHV�3DGURQ�� -�-�� +HUQDQGH]�%ULWR�� -�$�� +HUUHUD�0HOLDQ� HW� -�� 3pUH]�3HQD�
������$OXPLQLXP�GLVWULEXWLRQ�LQ�&HQWUDO�(DVW�$WODQWLF�ZDWHUV��&DQDU\�,VODQGV���0DU��&KHP�����������
����

*LOEHUW��-�&��HW�-��1RFHGDO��������*OREDO�FRQYHUJHQFH�SURSHUWLHV�RI�FRQMXJDWH�JUDGLHQW�PHWKRGV��6,$0�-��RQ
2SWLPL]�������������KWWS���ZZZ�HFH�QZX�HGX�aUZDOW]�&*��KWPO��

*ROGEHUJ��'�(��������*HQHWLF�$OJRULWKPV� LQ�6HDUFK��2SWLPL]DWLRQ�DQG�0DFKLQH�/HDUQLQJ��$GGLVRQ�:HVOH\
86$������SS�

*ROGEHUJ��'�(��������$OJRULWKPHV�*pQpWLTXHV��$GGLVRQ�:HVO\�)UDQFH��3DULV������SS�

*ROGHQIHOG��1��HW�/�3��.DGDQRII��������6LPSOH�OHVVRQV�IURP�FRPSOH[LW\��6FLHQFH�������������

*URXVVHW�� )�(�� HW� DO�� ������ 6DKDUDQ�ZLQG� UHJLPHV� WUDFHG� E\� WKH� 6U�1G� LVRWRSLF� FRPSRVLWLRQ� RI� VXEWURSLFDO
DWODQWLF�VHGLPHQWV��ODVW�JODFLDO�PD[LPXP�YHUVXV�WRGD\��4XDWHUQDU\�6FLHQFH�5HYLHZ��������������
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*XQVRQ��-���$��2VFKOLHV�HW�9��*DUoRQ��������6HQVLWLYLW\�RI�HFRV\VWHP�SDUDPHWHUV�WR�VLPXODWHG�VDWHOOLWH�RFHDQ
FRORU�GDWD�XVLQJ�D�FRXSOHG�SK\VLFDO�ELRORJLFDO�PRGHO�RI�WKH�1RUWK�$WODQWLF��-��0DU��5HV���������������

*XVW��*���$�)��0LFKDHOV��5��-RKQVRQ��:�*��'HXVHU�HW�:��%RZOHV��������0RULQJ�OLQHV�PRWLRQV�DQG�VHGLPHQW
WUDS�K\GURPHFKDQLFV��LQ�VLWX��LQWHUFRPSDULVRQV�RI�WKUHH�FRPPRQ�GHSOR\PHQW�GHVLJQV��'HHS�6HD�5HV�
,��������������

+DPHOLQ��%���-�/��)HUUDQG��/��$OOHPDQ�HW�$�-��9pURQ��������,VRWRSLF�HYLGHQFH�RI�SROOXWDQW�OHDG�WUDQVSRUW�IURP
1RUWK�$PHULFD� WR� WKH� 6XEWURSLFDO� 1RUWK� $WODQWLF� *\UH�� *HRFKLP�� &RVPRFKLP�� $FWD�� ���� �����
�����

+DQVHOO�� '�$�� HW� &�$�� &DUOVRQ�� ������ 'HHS� RFHDQ� JUDGLHQWV� LQ� GLVVROYHG� RUJDQLF� FDUERQ� FRQFHQWUDWLRQV�
1DWXUH���������������

+HGJHV��-�,��HW�DO��������(YLGHQFH�IRU�QRQ�VHOHFWLYH�SUHVHUYDWLRQ�RI�RUJDQLF�PDWWHU�LQ�VLQNLQJ�PDULQH�SDUWLFOHV�
1DWXUH���������������

+pUDXOW��������5HVFDOHG�VLPXODWHG�DQQHDOLQJ� ��$FFHOHUDWHG�FRQYHUJHQFH�RI�VLPXODWLHG�DQQHDOLQJ�E\�UHVFDOLQJ
WKH�VWDWHV�HQHUJLHV��-RXUQDO�RI�+HXULVWLFV�������������

+HUQDQGH]�� )��� 3��<�� /H� 7UDRQ� HW� 1�+�� %DUWK�� ������ 2SWLPL]LQJ� D� GULIWHU� FDVW� VWUDWHJ\� ZLWK� D� JHQHWLF
DOJRULWKP��-��$WPRVSK��2FHDQLF�7HFKQRO���������������

+HUXW��%��HW�0��.URP��������$WPRVSKHULF�LQSXW�RI�QXWULHQW�DQG�GXVW�WR�WKH�6(�0HGLWHUUDQHDQ��LQ�7KH�,PSDFW
RI� 'HVHUW� 'XVW� $FURVV� WKH� 0HGLWHUUDQHDQ�� 6�� *XHU]RQL� HW� 5�� &KHVWHU� HGV�� .OXZHU� $FDGHPLF
3XEOLVKHUV��WKH�1HWKHUODQGV����������

+LOO�� 3�6�� ������ 5HFRQFLOLQJ� DJJUHJDWLRQ� ZLWK� REVHUYHG� YHUWLFDO� IOX[HV� IROORZLQJ� SK\WRSODQNWRQ� EORRPV�� -�
*HRSK\V��5HV�����������������

+RQH\PDQ��%�'��������6XUIDFH�FKHPLVWU\��FROORLGV�DQG�WUDFH�HOHPHQW�VFDYHQJLQJ��LQ�0DULQH�SDUWLFOHV��$QDO\VLV
DQG�&KDUDFWHUL]DWLRQ��$*8�HG���*HRSK\VLFDO�0RQRJUDSK�

+RQH\PDQ��%�'���/�6��%DOLVWULHUL� HW� -�:��0XUUD\�� ������2FHDQLF� WUDFH�PHWDO� VFDYHQJLQJ�� WKH� LPSRUWDQFH� RI
SDUWLFOH�FRQFHQWUDWLRQ��'HHS�6HD�5HV���������������

+RQH\PDQ�� %�'�� HW� 3�+�� 6DQWVFKL�� ������ $� EURZQLDQ�SXPSLQJ�PRGHO� IRU� RFHDQLF� WUDFH�PHWDO� VFDYHQJLQJ�
HYLGHQFH�IRU�7K�LVRWRSHV��-��0DU��5HV���������������

+RQMR��6���'��6SHQFHU�HW�-�:��)DUULQJWRQ��������'HHS�DGYHFWLYH� WUDQVSRUW�RI� OLWKRJHQLF�SDUWLFOHV� LQ�3DQDPD
%DVLQ��6FLHQFH���������������

-DFNVRQ��*�$��������$�PRGHO�RI�WKH�IRUPDWLRQ�RI�PDULQH�DOJDO�IORFV�E\�SK\VLFDO�FRDJXODWLRQ�SURFHVVHV��'HHS�
6HD�5HV�����������������

-DFNVRQ�� *�$�� ������ &RPSDULQJ� REVHUYHG� FKDQJHV� LQ� SDUWLFOH� VL]H� VSHFWUD� ZLWK� WKRVH� SUHGLFWHG� XVLQJ
FRDJXODWLRQ�WKHRU\��'HHS�6HD�5HV��,,��������������

-DFNVRQ��*�$��HW�6��/RFKPDQQ��������0RGHOLQJ�FRDJXODWLRQ�RI�DOJDH�LQ�PDULQH�HFRV\VWHPV��LQ�(QYLURQPHQWDO
3DUWLFOHV��-��%XIIOH�HW�+�3��YDQ�/HHXZHQ�HGV��/HZLV�3XEOLVKHUV��%RFD�5DWRQ��)/�����������

-DFTXHV��*�� HW�3��7UpJXHU��������(FRV\VWqPHV�SpODJLTXHV�PDULQV��&ROOHFWLRQ�G
(FRORJLH��0DVVRQ��3DULV�� ���
SS�

-DUODQ�� /��� 3�� 0D]]HJD� HW� (�� 0RXJLQ�� ����D�� 5HWULHYDO� RI� ODQG� VXUIDFH� SDUDPHWHUV� RYHU� 6DKHO� IURP� (56
VFDWWHURPHWHU�GDWD��$�EUXWH�IRUFH�PHWKRG��,(((�7UDQV��*HRVFL��5HPRWH�6HQV���VRXPLV�

-DUODQ��/���(��0RXJLQ��3�/��)ULVRQ��3��0D]]HJD�HW�3��+LHUQDX[������E��$QDO\VLV�RI�(56�:LQG�6FDWWHURPHWHU
WLPH�VHULHV�RYHU�6DKHO��0DOL���5HPRWH�6HQVLQJ�RI�(QYLURQQHPHQW��VRXPLV�

-HDQGHO��&��������&RQFHQWUDWLRQ�DQG�LVRWRSLF�FRPSRVLWLRQ�RI�QHRG\PLXP�LQ�WKH�6RXWK�$WODQWLF�2FHDQ��(DUWK
3ODQHW��6FL��/HWW����������������

-HDQGHO��&��������/HV�SDUWLFXOHV�PDULQHV��3RXU�OD�6FLHQFH��'RVVLHU�+RUV�6pULH��/HV�+XPHXUV�GH�O
2FpDQ��2FW�������
������

-HDQGHO��&���-�.��%LVKRS�HW�$��=LQGOHU��������([FKDQJH�RI�1G�DQG�LWV� LVRWRSHV�EHWZHHQ�VHD�ZDWHU�VPDOO�DQG
ODUJH�SDUWLFOHV�LQ�WKH�6DUJDVVR�6HD��*HRFKLP��&RVPRFKLP��$FWD��������������

-HDQGHO��&���.��7DFKLNDZD��$��%RU\�HW�)��'HKDLUV��������%LRJHQLF�EDULXP�LQ�VXVSHQGHG�DQG�WUDSSHG�PDWHULDO�DV
D� WUDFHU�RI� H[SRUW�SURGXFWLRQ� LQ� WKH� WURSLFDO�1�(�$WODQWLF� �(80(/,� VLWHV���0DU��&KHP������� ����
����

-HDQGHO��&���'��7KRXURQ�HW�0��)LHX[��������&RQFHQWUDWLRQV�DQG�LVRWRSLF�FRPSRVLWLRQV�RI�1G�LQ�WKH�HDVWHUQ
,QGLDQ�2FHDQ�DQG�,QGRQHVLDQ�6WUDLWV��*HRFKLP��&RVPRFKLP��$FWD����������������

-*2)6�������7KH�-RLQW�*OREDO�2FHDQ�)OX[�6WXG\��%DFNJURXQG��*RDOV��2UJDQL]DWLRQ��DQG�1H[W�6WHSV��5HSRUW
RI� WKH� ,QWHUQDWLRQDO�6FLHQWLILF�3ODQQLQJ�DQG�&RRUGLQDWLRQ�0HHWLQJ� IRU�*OREDO�2FHDQ�)OX[� 6WXGLHV
�KWWS���DGV�VPU�XLE�QR�MJRIV�LQWUR�KWP���6SRQVRUHG�E\�6&25��,&68�+HDGTXDWHUV��3DULV�
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-LFNHOOV��7��������$WPRVSKHULF�LQSXWV�RI�PHWDOV�DQG�QXWULHQWV�WR�WKH�RFHDQV��WKHLU�PDJQLWXGH�DQG�HIIHFWV��0DU�
&KHP���������������

-LFNHOOV��7�'���3�3��1HZWRQ��3��.LQJ��5�6��/DPSLWW�HW�&��%RXWOH��������$�FRPSDULVRQ�RI�VHGLPHQW�WUDS�UHFRUGV
RI� SDUWLFOH� IOX[HV� IURP� ��� WR� ���1� LQ� WKH� QRUWKHDVW� $WODQWLF� DQG� WKHLU� UHODWLRQ� WR� VXUIDFH� ZDWHU
SURGXFWLYLW\��'HHS�6HD�5HV��������������

.DUO��'�0���*�$��.QDXHU�HW�-�+��0DUWLQ��������'RZQZDUG�IOX[�RI�SDUWLFXODWH�RUJDQLF�PDWWHU�LQ�WKH�RFHDQ��D
SDUWLFOH�GHFRPSRVLWLRQ�SDUDGR[��1DWXUH���������������

.KULSRXQRII��$���$��9DQJULHVKHLP�HW�3��&UDVVRXV��������9HUWLFDO�DQG�WHPSRUDO�YDULDWLRQV�RI�SDUWLFOH�IOX[HV�LQ
WKH�GHHS�WURSLFDO�$WODQWLF��'HHS�6HD�5HV��,��������������

.LUNSDWULFN��6���&�'��*HODWW�HW�0�3��9HFFKL��������2SWLPL]DWLRQ�E\�VLPXODWHG�DQQHDOLQJ��6FLHQFH������������
�����

.U�JHU��-��������6LPXODWHG�DQQHDOLQJ��D�WRRO�IRU�GDWD�DVVLPLODWLRQ�LQWR�DQ�DOPRVW�VWHDG\�PRGHO�VWDWH��-��3K\V�
2FHDQRJU���������������

.XELOD\��1��HW�$�&��6D\GDP��������7UDFH�HOHPHQWV�LQ�DWPRVSKHULF�SDUWLFXODWHV�RYHU�WKH�HDVWHUQ�0HGLWHUUDQHDQ�
FRQFHQWUDWLRQV��VRXUFHV�DQG�WHPSRUDO�YDULDELOLW\��$WPRVSKHULF�(QYLURQPHQW����������������

/DFDQ��)��HW�&�� -HDQGHO��������7UDFLQJ�3DSXD�1HZ�*XLQHD� LPSULQW� RQ� WKH�FHQWUDO�(TXDWRULDO�3DFLILF�2FHDQ
XVLQJ�QHRG\PLXP�LVRWRSLF�FRPSRVLWLRQV�DQG�5DUH�(DUWK�(OHPHQWV�FRQFHQWUDWLRQV��(DUWK�3ODQHW��6FL�
/HWW���VRXV�SUHVVH�

/DO��'��������7KH�RFHDQLF�PLFURFRVP�RI�SDUWLFOHV��6FLHQFH����������������

/DPSLWW�� 5�6�� HW� $�1�� $QWLD�� ������ 3DUWLFOH� IOX[� LQ� WKH� GHHS� VHDV�� UHJLRQDO� FKDUDFWHULVWLFV� DQG� WHPSRUDO
YDULDELOLW\��'HHS�6HD�5HV��,����������������

/DP\��)��������'pJUDGDWLRQ�EDFWpULHQQH�GH�OD�PDWLqUH�RUJDQLTXH�HQ�PLOLHX�PDULQ��VLPXODWLRQ�DX�VLWH�(80(/,
PpVRWURSKH� DYHF� XQ� PRGqOH� �'� �� $VVLPLODWLRQ� GH� GRQQpHV� H[SpULPHQWDOHV� GDQV� XQ� PRGqOH� �'�
7KqVH�GH�GRFWRUDW���8QLYHUVLWp�GH�OD�0pGLWHUUDQpH��0DUVHLOOHV������SS�

/DQFHORW��&���(��+DQQRQ��6��%HFTXHYRUW��&��9HWK�HW�+�-�:��'H�%DDU��������0RGHOLQJ�SK\WRSODQNWRQ�EORRPV
DQG�FDUERQ�H[SRUW�SURGXFWLRQ� LQ� WKH�6RXWKHUQ�2FHDQ��GRPLQDQW� FRQWUROV�E\� OLJKW� DQG� LURQ� LQ� WKH
$WODQWLF�VHFWRU�LQ�$XVWUDO�VSULQJ�������'HHS�6HD�5HV��,����������������

/DZVRQ�� /�0��� (�(��+RIPDQ� HW� <�+�� 6SLW]�� ������ 7LPH� VHULHV� VDPSOLQJ� DQG� GDWD� DVVLPLODWLRQ� LQ� D� VLPSOH
PDULQH�HFRV\WHP�PRGHO��'HHS�6HD�5HV��,,��������������

/HFRXYp��0���1��%RXWKHLOOHU��3�� -DUU\�HW�(��.HUKHUYp�������&RQFHSWLRQ�GH� ILOWUHV�HQ�JXLGH�G
RQGHV�j�PRGHV

pYDQHVFHQWV� j� O
DLGH� G
XQ� DOJRULWKPH� JpQpWLTXH�� �qPH� -RXUQpHV�1DWLRQDOHV� GX�5pVHDX�'RFWRUDO� GH
0LFURpOHFWURQLTXH��0RQWSHOOLHU��SS��������

/HJHOHX[��������5HODWLRQ�HQWUH�SDUWLFXOHV�PDULQHV� HW�PHVVDJH� VpGLPHQWDLUH�� IOX[�GH�PDWLqUH� GDQV� OD� FRORQQH
G
HDX�HW� WUDQVIRUPDWLRQV�j� O
LQWHUIDFH� HDX�VpGLPHQW�GDQV� O
2FpDQ�$WODQWLTXH�7URSLFDO�GX�1RUG�(VW�
7KqVH�GH�GRFWRUDW���8QLYHUVLWp�3LHUUH�HW�0DULH�&XULH��3DULV������SS�

/HJHOHX[�� )�� HW� -��/�� 5H\VV�� ������ ���5D����5D� DFWLYLW\� UDWLRQ� LQ� RFHDQLF� VHWWOLQJ� SDUWLFOHV�� LPSOLFDWLRQV
UHJDUGLQJ�WKH�XVH�RI�EDULXP�DV�D�SUR[\�IRU�SDOHRSURGXFWLYLW\�UHFRQVWUXFWLRQV��'HHS�6HD�5HV��,�����
����������

/HJHOHX[��)���-��/��5H\VV��+��(WFKHEHU�HW�$��.KULSRXQRII��������)OX[HV�DQG�EDODQFH�RI����3E�LQ�WKH�WURSLFDO
QRUWK�HDVW�$WODQWLF��'HHS�6HD�5HV��,����������������

/pY\�� 0��� /�� 0pPHU\� HW� -��0�� $QGUp�� ������ 6LPXODWLRQ� RI� SULPDU\� SURGXFWLRQ� DQG� H[SRUW� IOX[HV� LQ� WKH
1RUWKZHVWHUQ�0HGLWHUUDQHDQ�6HD��-��0DU��5HV���������������

/RUHQ]��(�1��������'HWHUPLQLVWLF�QRQSHULRGLF�IORZ��-��$WPRV��6FL��������������

0DF.HQ]LH�� )�7��� 0�� 6WRII\Q� HW� 5�� :ROODVW�� ������ $OXPLQLXP� LQ� VHD�ZDWHU�� FRQWURO� E\� ELRORJLFDO� DFWLYLW\�
6FLHQFH���������������

0DGDQVN\��$��������3UHVFULSWLRQV�IRU�:RUNLQJ�6WDWLVWLFLDQV��6SULQJHU�7H[WV�LQ�6WDWLVWLFV��6SULQJHU�9HUODJ��1HZ
<RUN������SS�

0DQ�� .�)��� .�6�� 7DQJ�� 6�� .ZRQJ� HW� :�$�� +DODQJ�� ������ *HQHWLF� $OJRULWKPV� IRU� &RQWURO� DQG� 6LJQDO
3URFHVVLQJ��6SULQJHU�9HUODJ��/RQGRQ������SS�

0DUFKXN�� *�,�� ������ 0HWKRGV� RI� QXPHULFDO� PDWKHPDWLFV�� $SSOLFDWLRQV� RI� 0DWKHPDWLFV�� 6SULQJHU�9HUODJ�
1HZ�<RUN������SS�

0DULQJ��+�%��HW�5�$��'XFH��������7KH�LPSDFW�RI�DWPRVSKHULF�DHURVROV�RQ�WUDFH�PHWDO�FKHPLVWU\�LQ�WKH�RSHQ
RFHDQ�VXUIDFH�ZDWHU�����$OXPLQXP��(DUWK�3ODQHW��6FL��/HWW���������������

0DUWLQ�� -�+�� HW� DO�� ������7HVWLQJ� WKH� LURQ�K\SRWKHVLV� LQ� HFRV\VWHPV�RI� WKH�HTXDWRULDO�3DFLILF�2FHDQ��1DWXUH�
�������������
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0DUW\��-��&��������2SpUDWLRQ�'<)$0('��3URJUDPPH�)UDQFH�-*2)6�

0DWHDU��5�-��������3DUDPHWHU�RSWLPL]DWLRQ�DQG�DQDO\VLV�RI�HFRV\VWHP�PRGHOV�XVLQJ�VLPXODWHG�DQQHDOLQJ��D�FDVH
VWXG\�DW�VWDWLRQ�3��-��0DU��5HV���������������

0D\��5�0��������6LPSOH�PDWKHPDWLFDO�PRGHOV�ZLWK�YHU\�FRPSOLFDWHG�G\QDPLFV��1DWXUH���������������

0D]]HJD�� 3�� ������2Q� WKH� DVVLPLODWLRQ� DQG� LQYHUVLRQ� RI� VPDOO� GDWD� VHWV� XQGHU� FKDRWLF� UHJLPHV�� LQ� ,QYHUVH
0HWKRGV� LQ� *OREDO� %LRJHRFKHPLFDO� &\FOHV�� 3�� .DVLEKDWOD� HW� DO�� HGV��� *HRSK\VLFDO� 0RQRJUDSK�
$PHULFDQ�*HRSK\VLFDO�8QLRQ��:DVKLQJWRQ��'&�����������

0D]]HJD��3��HW�9��$WKLDV������D��1RQOLQHDU�PRGHO� WLPH�VHULHV�RI�RFHDQLF�GLVVROYHG�SDUWLFXODWH�H[FKDQJHV�� ,�
'LPHQVLRQDO�DQDO\VLV����HQ�SUpSDUDWLRQ�

0D]]HJD��3��HW�9��$WKLDV������E��1RQOLQHDU�PRGHO�WLPH�VHULHV�RI�RFHDQLF�GLVVROYHG�SDUWLFXODWH�H[FKDQJHV��,,�
6WDELOLW\�DQDO\VLV����HQ�SUpSDUDWLRQ�

0F&DUWQH\��0�6���6�/��%HQQHWW�HW�0�(��:RRGJDWH�-RQHV��������(DVWZDUG�IORZ�WKURXJK�WKH�PLG�DWODQWLF�ULGJH
DW����1�DQG�LWV�LQIOXHQFH�RQ�WKH�DE\VV�RI�WKH�HDVWHUQ�EDVLQ��-��3K\V��2FHDQRJU�����������������

0F,QWRVK��3�&��������2FHDQRJUDSKLF�GDWD�LQWHUSRODWLRQ��2EMHFWLYH�DQDO\VLV�DQG�VSOLQHV��-��*HRSK\V��5HV������
������������

0HDVXUHV��&�,�� ������7KH�GLVWULEXWLRQ�RI�$O� LQ� WKH� ,2&� VWDWLRQV� RI� WKH� HDVWHUQ�$WODQWLF� EHWZHHQ� ���6� DQG
���1��0DU��&KHP���������������

0HDVXUHV�� &�,�� HW� (�7�� %URZQ�� ������ (VWLPDWLQJ� GXVW� LQSXW� WR� WKH� $WODQWLF� 2FHDQ� XVLQJ� VXUIDFH� ZDWHU
DOXPLQLXP�FRQFHQWUDWLRQV��LQ�7KH�,PSDFW�RI�'HVHUW�'XVW�$FURVV�WKH�0HGLWHUUDQHDQ��6��*XHU]RQL�HW
5��&KHVWHU�HGV��.OXZHU�$FDGHPLF�3XEOLVKHUV��WKH�1HWKHUODQGV����������

0HDVXUHV��&�,��HW�-�0��(GPRQG��������$OXPLQXP�DV�D�WUDFHU�RI�WKH�GHHS�RXWIORZ�IURP�WKH�0HGLWHUUDQHDQ��-�
*HRSK\V��5HV���������������

0HDVXUHV��&�,��HW�-�0��(GPRQG��������$OXPLQLXP�LQ�WKH�6RXWK�$WODQWLF��VWHDG\�VWDWH�GLVWULEXWLRQ�RI�D�VKRUW
UHVLGHQFH�WLPH�HOHPHQW��-��*HRSK\V��5HV�����������������

0HDVXUHV�� &�,�� HW� -�0�� (GPRQG�� ������ 7KH� GLVWULEXWLRQ� RI� DOXPLQLXP� LQ� WKH� *UHHQODQG� 6HD� DQG� LWV
UHODWLRQVKLS�WR�YHQWLODWLRQ�SURFHVVHV��-��*HRSK\V��5HV�������������������

0HDVXUHV�� &�,��� -�0�� (GPRQG� HW� 7�'�� -LFNHOOV�� ������ $OXPLQLXP� LQ� WKH� QRUWKZHVW� $WODQWLF�� *HRFKLP�
&RVPRFKLP��$FWD����������������

0HDVXUHV��&�,���3�$��<HDWV�HW�'��6FKPLGW��������7KH�K\GURJUDSKLF�VHWWLQJ�RI�WKH�,2&�EDVHOLQH�FUXLVH�WR�WKH
HDVWHUQ�$WODQWLF���6�WR���1��0DU��&KHP���������������

0HGLQHWV��9�,��������6KLSERDUG�GHULYHG�FRQFHQWUDWLRQV�RI�VXOSKXU�DQG�QLWURJHQ�FRPSRXQGV�DQG�WUDFH�PHWDOV
LQ�WKH�0HGLWHUUDQHDQ�DHURVRO��LQ�7KH�,PSDFW�RI�'HVHUW�'XVW�$FURVV�WKH�0HGLWHUUDQHDQ��6��*XHU]RQL
HW�5��&KHVWHU�HGV��.OXZHU�$FDGHPLF�3XEOLVKHUV��WKH�1HWKHUODQGV����������

0pQDUG��5��������7UDFHU�DVVLPLODWLRQ�� LQ�,QYHUVH�0HWKRGV�LQ�*OREDO�%LRJHRFKHPLFDO�&\FOHV��3��.DVLEKDWOD�HW
DO��HGV���*HRSK\VLFDO�0RQRJUDSK��$PHULFDQ�*HRSK\VLFDO�8QLRQ��:DVKLQJWRQ��'&���������

0HQNH��:��������*HRSK\VLFDO�'DWD�$QDO\VLV��'LVFUHWH�,QYHUVH�7KHRU\��,QWHUQDWLRQDO�*HRSK\VLFDO�6HULHV�����
$FDGHPLF�3UHVV������SS�

0HUFLHU��+��HW�3��0RULQ��������+\GURJUDSK\�RI� WKH�5RPDQFKH�DQG�&KDLQ�IUDFWXUH�]RQHV�� -��*HRSK\V��5HV��
�����������������

0HUFLHU�� +�� HW� .�6�� 6SHHU�� ������ 7UDQVSRUW� RI� ERWWRP� ZDWHU� LQ� WKH� 5RPDQFKH� )UDFWXUH� ]RQH� DQG� &KDLQ
IUDFWXUH�]RQH��-��3K\V��2FHDQRJU���������������

0HUFLHU��+���.�6��6SHHU�HW� -��+RQQRUH]��������)ORZ�SDWKZD\V�RI�ERWWRP�ZDWHU� WKURXJK� WKH�5RPDQFKH�DQG
&KDLQ�IUDFWXUH�]RQHV��'HHS�6HD�5HV�����������������

0HVVLDV��0��-���&��$QGULp��/��0pPHU\�HW�+��0HUFLHU��������7UDFLQJ�WKH�1RUWK�$WODQWLF�'HHS�:DWHU�WKURXJK
WKH�5RPDQFKH�DQG�&KDLQ�IUDFWXUH�]RQHV�XVLQJ�FKORURIOXRURPHWKDQHV��'HHS�6HD�5HV�����������������

0LFKDOHZLF]�� =��� '�� 'DVJXSWD�� 5�*�� /H� 5LFKH� HW� 0�� 6FKRHQDXHU�� ������ (YROXWLRQDU\� DOJRULWKPV� IRU
FRQVWUDLQHG�HQJLQHHULQJ�SUREOHPV��&RPS��	�,QGXV��(QJ��-���������������

0LTXHO��-�&���-��)RZOHU��-��/D�5RVD�HW�3��%XDW�0pQDUG��������'\QDPLFV�RI�WKH�GRZQZDUG�IOX[�RI�SDUWLFOHV�DQG
FDUERQ�LQ�WKH�RSHQ�QRUWKZHVWHUQ�0HGLWHUUDQHDQ�6HD��'HHS�6HD�5HV��,��������������

0RQQLQ��&��������$�WKHUPRG\QDPLF�PRGHO�IRU�WKH�VROXELOLW\�RI�EDULWH�DQG�FHOHVWLWH�LQ�HOHFWURO\WH�VROXWLRQV�DQG
VHDZDWHU�WR�����&�DQG�WR���NEDU��&KHPLFDO�*HRORJ\���������������

0RQQLQ��&���&�� -HDQGHO�� 7��&DWWDOGR� HW� )��'HKDLUV�� ������7KH�PDULQH� EDULWH� VDWXUDWLRQ� VWDWH� RI� WKH�ZRUOG
V
RFHDQ��0DU��&KHP���������������

0RUDQ�� 6�%�� HW� 5�0��0RRUH�� ������ (YLGHQFH� IURP�PHVRFRVP� VWXGLHV� IRU� ELRORJLFDO� UHPRYDO� RI� GLVVROYHG
DOXPLQLXP�IURP�VHD�ZDWHU��1DWXUH���������������
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0RUDQ��6�%��HW�5�0��0RRUH��������.LQHWLFV�RI�WKH�UHPRYDO�RI�GLVVROYHG�DOXPLQXP�E\�GLDWRPV�LQ�VHDZDWHU��$
FRPSDULVRQ�ZLWK�WKRULXP��*HRFKLP��&RVPRFKLP��$FWD����������������

0RUDQ��6�%���5�0��0RRUH�HW�6��:HVWHUOXQG��������'LVVROYHG�DOXPLQXP�LQ�WKH�:HGGHO�6HD��'HHS�6HD�5HV������
��������

0RUHO��$�� ������$Q� RFHDQ� IOX[� VWXG\� LQ� HXWURSKLF��PHVRWURSKLF� DQG� ROLJRWURSKLF� VLWXDWLRQV�� WKH� (80(/,
SURJUDP��'HHS�6HD�5HV��,����������������

0RUHO��$��������3URFHVV�VWXGLHV�LQ�HXWURSKLF��PHVRWURSKLF��DQG�ROLJRWURSKLF�RFHDQLF�UHJLPHV��WKH�(80(/,�
-*2)6� SURJUDP� LQ� WKH� WURSLFDO� QRUWKHDVW� $WODQWLF�� LQ� 7KH� &KDQJLQJ� 2FHDQ� &DUERQ� &\FOH�� $
0LGWHUP�6\QWKHVLV�RI�WKH�-RLQW�*OREDO�2FHDQ�)OX[�6WXG\��5�%��+DQVRQ��+�:��'XFNORZ�HW�-�*��)LHOG
HGV���,QWHUQDWLRQDO�*HRVSKHUH�%LRVSKHUH�3URJUDPPH�%RRN�6HULHV��&DPEULGJH�8QLYHUVLW\�3UHVV������
����

0RUHO��$���'��$QWRLQH��0��%DELQ�HW�<��'DQGRQQHDX��������0HDVXUHG�DQG�PRGHOHG�SULPDU\�SURGXFWLRQ�LQ�WKH
QRUWKHDVW�$WODQWLF� �(80(/,�-*2)6�SURJUDP��� WKH� LPSDFW�RI�QDWXUDO�YDULDWLRQV� LQ�SKRWRV\QWKHWLF
SDUDPHWHUV�RQ�PRGHO�SUHGLFWLYH�VNLOO��'HHS�6HD�5HV��,����������������

0XUQDQH��5�-��������'HWHUPLQDWLRQ�RI�WKH�WKRULXP�DQG�SDUWLFXODWH�PDWWHU�F\FOLQJ�SDUDPHWHUV�DW� VWDWLRQ�3��D
UHDQDO\VLV�DQG�FRPSDULVRQ�RI�OHDVW�VTXDUHV�WHFKQLTXHV��-��*HRSK\V��5HV�����������������

0XUQDQH�� 5�-��� -�.�� &RFKUDQ�� .�2�� %XHVVHOHU� HW� 0�3�� %DFRQ�� ������ /HDVW�VTXDUHV� HVWLPDWHV� RI� WKRULXP�
SDUWLFOH�� DQG� QXWULHQW� F\FOLQJ� UDWH� FRQVWDQWV� IURP� WKH� -*2)6�1RUWK�$WODQWLF� %ORRP�([SHULPHQW�
'HHS�6HD�5HV���������������

0XUQDQH��5�-���-�.��&RFKUDQ�HW�-�/��6DUPLHQWR��������(VWLPDWHV�RI�SDUWLFOH��DQG�WKRULXP��F\FOLQJ�UDWHV�LQ�WKH
QRUWKZHVW�$WODQWLF�2FHDQ��-��*HRSK\V��5HV�����������������

0XUQDQH��5�-��� -�/��6DUPLHQWR�HW�0�3��%DFRQ��������7KRULXP� LVRWRSHV�� SDUWLFOH� F\FOLQJ�PRGHOV�� DQG� LQYHUVH
FDOFXODWLRQV�RI�PRGHO�UDWH�FRQVWDQWV��-��*HRSK\V��5HV�������������������

1HXHU��6���9��5DWPH\HU��5��'DYHQSRUW��*��)LVFKHU�HW�*��:HIHU��������'HHS�ZDWHU�SDUWLFOH�IOX[�LQ�WKH�&DQDU\
,VODQG� UHJLRQ�� VHDVRQDO� WUHQGV� LQ� UHODWLRQ� WR� ORQJ�WHUP� VDWHOOLWH� GHULYHG� SLJPHQW� GDWD� DQG� ODWHUDO
VRXUFHV��'HHS�6HD�5HV��,����������������

1HZWRQ�� 3�3��� 5�6�� /DPSLWW�� 7�'�� -LFNHOOV�� 3�� .LQJ� HW� &�� %RXWOH�� ������ 7HPSRUDO� DQG� VSDWLDO� YDULDELOLW\� RI
ELRJHQLF�SDUWLFOH�IOX[HV�GXULQJ�WKH�-*2)6�QRUWKHDVW�$WODQWLF�SURFHVV�VWXGLHV�DW���1����:��'HHS�6HD
5HV��,����������������

1R]DNL��<���<��+RULEH�HW�+��7VXERWD��������7KH�ZDWHU�FROXPQ�GLVWULEXWLRQ�RI�WKRULXP�LVRWRSHV�LQ�WKH�ZHVWHUQ
1RUWK�3DFLILF��(DUWK�3ODQHW��6FL��/HWW���������������

1R]DNL��<���+��6��<DQJ�HW�0��<DPDGD��������6FDYHQJLQJ�RI�WKRULXP�LQ�WKH�RFHDQ��-��*HRSK\V��5HV�����������
����

1\NMDHU��/��HW�/��9DQ�&DPS��������6HDVRQDO�DQG�LQWHUDQQXDO�YDULDELOLW\�RI�FRDVWDO�XSZHOOLQJ�DORQJ�QRUWKZHVW
$IULFD�DQG�3RUWXJDO�IURP������WR�������-��*HRSK\V��5HV�������������������

2ULDQV��.�-��HW�.�:��%UXODQG��������'LVVROYHG�DOXPLQXP�LQ�WKH�FHQWUDO�1RUWK�3DFLILF��1DWXUH���������������

2ULDQV��.�-��HW�.�:��%UXODQG��������7KH�ELRFKHPLVWU\�RI�DOXPLQXP�LQ�WKH�3DFLILF�2FHDQ��(DUWK�3ODQHW��6FL�
/HWW���������������

3D\WDQ�� $��� 0�� .DVWQHU� HW� )�3�� &KDYH]�� ������ *ODFLDO� WR� LQWHUJODFLDO� IOXFWXDWLRQV� LQ� SURGXFWLYLW\� LQ� WKH
(TXDWRULDO�3DFLILF�DV�LQGLFDWHG�E\�PDULQH�EDUULWH��6FLHQFH�����������������

3HLQHUW��5��HW�DO��������3DUWLFOH�IOX[�YDULDELOLW\�LQ�WKH�SRODU�DQG�DWODQWLF�ELRJHRFKHPLFDO�SURYLQFHV�RI�WKH�1RUGLF
VHDV��LQ�7KH�1RUWKHUQ�1RUWK�$WODQWLF��$�&KDQJLQJ�(QYLURQPHQW��3��6FKlIHU��:��5LW]UDX��0��6FKO�WHU
HW�-��7KLHGH�HGV��6SULQJHU��%HUOLQ��������

3LHSJUDV��'�-��HW�*�-��:DVVHUEXUJ��������5DUH�HDUWK�HOHPHQW�WUDQVSRUW�LQ�WKH�ZHVWHUQ�1RUWK�$WODQWLF�LQIHUUHG
IURP�LVRWRSLF�REVHUYDWLRQV��*HRFKLP��&RVPRFKLP��$FWD����������������

3LHUUH��&���$��9DQJULHVKHLP�HW�(��/DXEH�/HQIDQW��������9DULDELOLW\�RI�ZDWHU�PDVVHV�DQG�RI�RUJDQLF�SURGXFWLRQ�
UHJHQHUDWLRQ� V\VWHPV� DV� UHODWHG� WR� HXWURSKLF�� PHVRWURSKLF� DQG� ROLJRWURSKLF� FRQGLWLRQV� LQ� WKH
QRUWKHDVW�$WODQWLF�2FHDQ��-��0DU��6\VW��������������

3RLQFDUp��+��������/HV�PpWKRGHV�QRXYHOOHV�GH�OD�0pFDQLTXH�FpOHVWH��WRPH����*DXWKLHU�9LOODUV��3DULV������SS�

3RLQFDUp��+��������/HV�PpWKRGHV�QRXYHOOHV�GH�OD�0pFDQLTXH�FpOHVWH��WRPH����*DXWKLHU�9LOODUV��3DULV������SS�

3RLQFDUp��+��������/HV�PpWKRGHV�QRXYHOOHV�GH�OD�0pFDQLTXH�FpOHVWH��WRPH���*DXWKLHU�9LOODUV��3DULV������SS�

3RQGDYHQ��3��HW�DO��������0RGHOOLQJ�WKH�VLOLFD�SXPS�LQ� WKH�3HUPDQHQWO\�2SHQ�2FHDQ�=RQH�RI�WKH�6RXWKHUQ
2FHDQ��-��0DU��6\VW���������������

3UHVV��:�+���6�$��7HXNROVN\��:�7��9HWWHUOLQJ�HW�%�3��)ODQQHU\��������1XPHULFDO�5HFLSHV�LQ�)RUWUDQ��7KH�$UW
RI�6FLHQWLILF�&RPSXWLQJ��&DPEULGJH��KWWS���ZZZ�QU�FRP��
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3ULQQ��5�*��������0HDVXUHPHQW�HTXDWLRQ�IRU�WUDFH�FKHPLFDOV�LQ�IOXLGV�DQG�VROXWLRQ�RI� LWV� LQYHUVH�� LQ�,QYHUVH
0HWKRGV� LQ� *OREDO� %LRJHRFKHPLFDO� &\FOHV�� 3�� .DVLEKDWOD� HW� DO�� HGV��� *HRSK\VLFDO� 0RQRJUDSK�
$PHULFDQ�*HRSK\VLFDO�8QLRQ��:DVKLQJWRQ��'&��������

3URVSHUR��-�0��������6DKDUDQ�GXVW�WUDQVSRUW�RYHU�WKH�1RUWK�$WODQWLF�2FHDQ�DQG�0HGLWHUUDQHDQ��DQ�RYHUYLHZ�
LQ�7KH� ,PSDFW� RI�'HVHUW�'XVW�$FURVV� WKH�0HGLWHUUDQHDQ�� 6��*XHU]RQL� HW�5��&KHVWHU� HGV��.OXZHU
$FDGHPLF�3XEOLVKHUV��WKH�1HWKHUODQGV����������

3UXQHW��3���-��)��0LQVWHU��9��(FKHYLQ�HW� ,��'DGRX������D��$VVLPLODWLRQ�RI� VXUIDFH�GDWD� LQ�D�RQH�GLPHQVLRQDO
SK\VLFDO�ELRJHRFKHPLFDO� PRGHO� RI� WKH� VXUIDFH� RFHDQ�� ��� $GMXVWLQJ� D� VLPSOH� WURSKLF� PRGHO� WR
FKORURSK\OO��WHPSHUDWXUH��QLWUDWH�DQG�S&2��GDWD��*OREDO�%LRJHRFKHP��&\FOHV��������������

3UXQHW��3���-��)��0LQVWHU��'��5XL]�3LQR�HW�,��'DGRX������E��$VVLPLODWLRQ�RI�VXUIDFH�GDWD�LQ�D�RQH�GLPHQVLRQDO
SK\VLFDO�ELRJHRFKHPLFDO� PRGHO� RI� WKH� VXUIDFH� RFHDQ�� ��� 0HWKRG� DQG� SUHOLPLQDU\� UHVXOWV�� *OREDO
%LRJHRFKHP��&\FOHV��������������

4XD\�� 3�'��� %�� 7LOOEURRFN� HW� &�6�� :RQJ�� ������ 2FHDQLF� XSWDNH� RI� IRVVLO� IXHO� &2��� &DUERQ���� HYLGHQFH�

1DWXUH�������������

5DWOH�� $�� HW� 0�� 6HEDJ�� ������ *HQHWLF� SURJUDPPLQJ� DQG� GRPDLQ� NQRZOHGJH�� EH\RQG� WKH� OLPLWDWLRQV� RI
JUDPPDU�JXLGHG�PDFKLQH�GLVFRYHU\�� LQ�3DUDOOHO�3UREOHP�6ROYLQJ�IURP�1DWXUH�9,��0��6FKRHQDXHUHW
DO��HGV���/HFWXUH�1RWHV�LQ�&RPSXWHU�6FLHQFH��6SULQJHU�9HUODJ��3DULV����������

5LHEHVHOO��8��������3DUWLFOH�DJJUHJDWLRQ�GXULQJ�D�GLDWRP�EORRP��,,��%LRORJLFDO�DVSHFWV��0DU��(FRO��3URJ��6HU��
������������

5RWKPDQ��'�+��������1RQOLQHDU�LQYHUVLRQ��VWDWLVWLFDO�PHFKDQLFV��DQG�UHVLGXDO�VWDWLFV�HVWLPDWLRQ��*HRSK\VLFV�
��������������

5R\�%DUPDQ��0���-�+��&KHQ�HW�*�-��:DVVHUEXUJ�����������7K����7K�V\VWHPDWLFV�LQ�WKH�FHQWUDO�3DFLILF�2FHDQ�
7KH�VRXUFHV�DQG�WKH�IDWHV�RI�WKRULXP��(DUWK�3ODQHW��6FL��/HWW����������������

5R\�%DUPDQ��0���/��&RSSROD�HW�0��6RXKDXW��������7KRULXP� LVRWRSHV� LQ� WKH�ZHVWHUQ�0HGLWHUUDQHDQ�6HD��DQ
LQVLJKW�LQWR�WKH�PDULQH�SDUWLFOH�G\QDPLFV��'HHS�6HD�5HV���HQ�UpYLVLRQ�

5XL]��5��������7KH�UROH�RI�WXUEXOHQFH�LQ�WKH�VHGLPHQWDWLRQ�ORVV�RI�SHODJLF�DJJUHJDWHV�IURP�WKH�PL[HG�OD\HU��-�
0DU��5HV���������������

5XL]�3LQR��'�3�������0RGqOH�&RORQQH�G
(DX�DX�VLWH�'<)$0('��0RGpOLVDWLRQ�GHV�F\FOHV�ELRJpRFKLPLTXHV
PDULQV��DSSOLFDWLRQV�DX[�RSpUDWLRQV�)UDQFH�-*2)6��3DULV�

6DUQWKHLQ�� 0��� .�� :LQQ�� -��&�� 'XSOHVV\� HW� 0�5�� )RQWXJQH�� ������ *OREDO� YDULDWLRQV� RI� VXUIDFH� RFHDQ
SURGXFWLYLW\� LQ� ORZ� DQG� PLGODWLWXGHV�� ,QIOXHQFH� RQ� &2�� UHVHUYRLUV� RI� WKH� GHHS� RFHDQ� DQG

DWPRVSKHUH�GXULQJ�WKH�ODVW��������\HDUV��3DOHRFHDQRJUDSK\�������������

6DUWKHLQ��0��HW�DO��������$WPRVSKHULF�DQG�RFHDQLF�FLUFXODWLRQ�SDWWHUQV�RII�QRUWKZHVW�$IULFD�GXULQJ�WKH�SDVW���
PLOOLRQ� \HDUV�� LQ� *HRORJ\� RI� WKH� :HVW� $IULFDQ� &RQWLQHQWDO� 0DUJLQ�� 8�� YRQ� 5DG�� .�� +LQW]�� 0�
6DUWKHLQ�HW�(��6HLEROG�HGV��6SULQJHU�9HUODJ��%HUOLQ����������

6DUWKRX��*��HW�&��-HDQGHO��������6HDVRQDO�YDULDWLRQV�RI�LURQ�FRQFHQWUDWLRQV�LQ�WKH�/LJXULDQ�6HD�DQG�LURQ�EXGJHW
LQ�WKH�:HVWHUQ�0HGLWHUUDQHDQ�6HD��0DU��&KHP���������������

6FKDUWDX��0���$��2VFKOLHV�HW�-��:LOOHEUDQG��������3DUDPHWHU�HVWLPDWHV�RI�D�]HUR�GLPHQVLRQDO�HFRV\WHP�PRGHO
DSSO\LQJ�WKH�DGMRLQW�PHWKRG��LQ�,QWHUSUHWDWLRQ�RI�2SHQ�2FHDQ�%LRJHRFKHPLFDO�3URFHVVHV�DW�WKH�86
-*2)6�%HUPXGD�+DZDLL�7LPH�6HULHV�6LWHV��'��6LHJHO��'��.DUO�HW�$�)��0LFKDHOV�HGV���'HHS�6HD�5HV�
,,��VRXV�SUHVVH�

6FKRHQDXHU��0��HW�=��0LFKDOHZLF]��������(YROXWLRQDU\�&RPSXWDWLRQ��&RQWURO�DQG�&\EHUQHWLFV��������������

6FKROWHQ��-�&��HW�DO��������7UDSSLQJ�HIILFLHQFLHV�RI�VHGLPHQW�WUDSV�IURP�WKH�GHHS�HDVWHUQ�1RUWK�$WODQWLF�� WKH
���7K�FDOLEUDWLRQ��LQ�1RUWK�$WODQWLF�2FHDQ�%LRJHRFKHPLVWU\��6\QWKHVLV�DQG�0RGHOV��+��'XFNORZ�HW
:��.RHYH�HGV���'HHS�6HD�5HV��,,��VRXV�SUHVVH�

6HPSpUp��5��� 6�&��<RUR��)��9DQ�:DPEHNH�HW�%��&KDUULqUH�� ������0LFURELDO�GHFRPSRVLWLRQ�RI� ODUJH�RUJDQLF
SDUWLFOHV� LQ� WKH�QRUWKZHVWHUQ�0HGLWHUUDQHDQ�6HD�� DQ�H[SHULPHQWDO� DSSURDFK��0DU��(FRO��3URJ��6HU��
�����������

6KHUUHOO��5�0��HW�(�$��%R\OH��������7KH�WUDFH�PHWDO�FRPSRVLWLRQ�RV�VXVSHQGHG�SDUWLFOHV�LQ�WKH�RFHDQLF�ZDWHU
FROXPQ�QHDU�%HUPXGD��(DUWK�3ODQHW��6FL��/HWW����������������

6LHJHQWKDOHU��8��HW�-�/��6DUPLHQWR��������$WPRVSKHULF�FDUERQ�GLR[LGH�DQG�WKH�RFHDQ��1DWXUH���������������

6LPRQ��0���$�/��$OOUHGJH�HW�)��$]DP��������%DFWHULDO�FDUERQ�G\QDPLFV�RQ�PDULQH�VQRZ��0DU��(FRO��3URJ��6HU��
������������

6PLWK�� '�&��� 0�� 6LPRQ�� $�/�� $OOUHGJH� HW� )�� $]DP�� ������ ,QWHQVH� K\GURO\WLF� HQ]\PH� DFWLYLW\� RQ� PDULQH
DJJUHJDWHV�DQG�LPSOLFDWLRQV�IRU�UDSLG�SDUWLFOH�GLVVROXWLRQ��1DWXUH���������������
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6SLW]��<�+���-�5��0RLVDQ��0�5��$ERWW�HW�-�*��5LFKPDQ��������'DWD�DVVLPLODWLRQ�DQG�D�SHODJLF�HFRV\VWHP�PRGHO�
SDUDPHWHUL]DWLRQ�XVLQJ�WLPH�VHULHV�REVHUYDWLRQV��-��0DU��6\VW�������������

6WHPPDQ��/��������$QDO\VH�VSDWLR�WHPSRUHOOH�GH�OD�PDWLqUH�SDUWLFXODLUH�GpWHUPLQpH�SDU�XQH�QRXYHOOH�WHFKQLTXH
YLGpR�� HQ�0pGLWHUUDQpH� 1RUG�2FFLGHQWDOH�� 7KqVH� GH� GRFWRUDW� �� 8QLYHUVLWp� 3LHUUH� HW� 0DULH� &XULH�
3DULV������SS�

6WHPPDQ�� /���0�� 3LFKHUDO� HW�*��*RUVN\�� ������'LHO� YDULDWLRQ� LQ� WKH� YHUWLFDO� GLVWULEXWLRQ� RI� WKH� SDUWLFXODWH
PDWWHU��!�����PP��LQ�WKH�1:�0HGLWHUUDQHDQ�6HD�LQYHVWLJDWHG�ZLWK�WKH�8QGHUZDWHU�9LGHR�3URILOHU�
'HHS�6HD�5HV��,��������������

7DFKLNDZD��.��������$SSRUW�GHV�FRQFHQWUDWLRQV�GH�7HUUHV�5DUHV�HW�GHV�FRPSRVLWLRQV�LVRWRSLTXHV�j�O
pWXGH�GHV
SURFHVVXV�GDQV� OD�FRORQQH�G
HDX��FDV�GH� O
$WODQWLTXH�7URSLFDO�1RUG�(VW� �VLWHV�(80(/,���7KqVH�GH
GRFWRUDW���8QLYHUVLWp�3DXO�6DEDWLHU��7RXORXVH������SS�

7DFKLNDZD�� .��� 9�� $WKLDV� HW� &�� -HDQGHO�� ������ 1HRG\PLXP� EXGJHW� LQ� WKH� PRGHUQ� RFHDQ� DQG
SDOHRFHDQRJUDSKLF�LPSOLFDWLRQV��-��*HRSK\V��5HV���HQ�UpYLVLRQ�

7DFKLNDZD��.���&��-HDQGHO�HW�%��'XSUp��������'LVWULEXWLRQ�RI�UDUH�HDUWK�HOHPHQWV�DQG�QHRG\PLXP�LVRWRSHV�LQ
VHWWOLQJ� SDUWLFXODWH� PDWHULDO� RI� WKH� WURSLFDO� $WODQWLF� 2FHDQ� �(80(/,� VLWH��� 'HHS�6HD� 5HV�� ,�� ���
����������

7DFKLNDZD�� .��� &�� -HDQGHO�� $�� 9DQJULHVKHLP� HW� %�� 'XSUp�� ������ 'LVWULEXWLRQ� RI� UDUH� HDUWK� HOHPHQWV� DQG
QHRG\PLXP�LVWRSHV�LQ�VXVSHQGHG�SDUWLFOHV�RI�WKH�WURSLFDO�$WODQWLF�2FHDQ��(80(/,�VLWH���'HHS�6HD
5HV��,��������������

7DNDKDVKL��.��HW�$�:�+��%p��������3ODQNWRQLF�IRUDPLQLIHUD��IDFWRUV�FRQWUROOLQJ�VLQNLQJ�VSHHGV��'HHS�6HD�5HV��
��������������

7DUDQWROD�� $�� ������ ,QYHUVH� 3UREOHP�7KHRU\��0HWKRGV� IRU�'DWD� )LWWLQJ� DQG�0RGHO� 3DUDPHWHU� (VWLPDWLRQ�
(OVHYLHU������SS�

7DUDQWROD�� $�� HW� %�� 9DOHWWH�� ������ *HQHUDOL]HG� QRQOLQHDU� LQYHUVH� SUREOHPV� VROYHG� XVLQJ� WKH� OHDVW� VTXDUHV
FULWHULRQ��5HY��0RG��3K\VLFV��������������

7D\ORU�� 6�5�� ������ $EXQGDQFH� RI� FKHPLFDO� HOHPHQWV� LQ� WKH� FRQWLQHQWDO� FUXVW�� D� QHZ� WDEOH�� *HRFKLP�
&RVPRFKLP��$FWD����������������

7RGOLQJ�� 5�� ������ (VWLPDWLRQ� WKHRU\� DQG� DWPRVSKHULF� GDWD� DVVLPLODWLRQ�� LQ� ,QYHUVH� 0HWKRGV� LQ� *OREDO
%LRJHRFKHPLFDO� &\FOHV�� 3�� .DVLEKDWOD� HW� DO�� HGV��� *HRSK\VLFDO�0RQRJUDSK�� $PHULFDQ� *HRSK\VLFDO
8QLRQ��:DVKLQJWRQ��'&���������

9DOOLQR��-�-��������,PSURYLQJ�PDULQH�HFRV\VWHP�PRGHOV��XVH�RI�GDWD�DVVLPLODWLRQ�DQG�PHVRFRVP�H[SHULPHQWV�
-��0DU��5HV���������������

9DOOLQR��-�-���&�6��+RSNLQVRQ�HW�-�(��+REELH��������0RGHOLQJ�EDFWHULDO�XWLOL]DWLRQ�RI�GLVVROYHG�RUJDQLF�PDWWHU�
2SWLPL]DWLRQ�UHSODFHV�0RQRG�JURZWK�NLQHWLFV��/LPQRO��2FHDQRJU�����������������

9DQ� %HXVHNRP�� -�(�(�� ������ 'LVWULEXWLRQ� RI� GLVVROYHG� DOXPLQLXP� LQ� VXUIDFH� ZDWHUV� RI� WKH� 1RUWK� 6HD�
LQIOXHQFH�RI�ELRORJLFDO�SURFHVVHV�� LQ�%LRJHRFKHPLVWU\�DQG�'LVWULEXWLRQ�RI�6XVSHQGHG�0DWWHU� LQ� WKH
1RUWK�6HD�DQG�,PSOLFDWLRQV�WR�)LVKHULHV�%LRORJ\����8QLYHUVLW\�RI�+DPEXUJ����������

9DQ�&DPS��/���/��1\NMDHU��(��0LWWHOVWDHGW�HW�6�:��6FKOLWWHQKDUGW��������8SZHOOLQJ�DQG�ERXQGDU\�FLUFXODWLRQ
RII�1RUWKZHVW�$IULFD�DV�GHSLFWHG�E\�LQIUDUHG�DQG�YLVLEOH�VDWHOOLWH�REVHUYDWLRQV��3URJU��2FHDQRJU������
��������

9DQJULHVKHLP�� $��� &�� 3LHUUH� HW� (�� /DXEH�� ������ +\GURORJLFDO� FRQGLWLRQV� LQ� WKH� (80(/,� DUHD� LQ� WKH� 1(
WURSLFDO�$WODQWLF��ZDWHU�PDVVHV��YDULDELOLW\�RI�SURGXFWLYLW\�UHJHQHUDWLRQ�DQG�SDUWLFOH�ORDG��$QQ��,QVW�
RFpDQRJU�������������

9p]LQD��$�)�� HW�7��3ODWW�� ������)RRG�ZHE�G\QDPLFV� LQ� WKH�RFHDQ�� ,��%HVW�HVWLPDWHV� RI� IORZ� QHWZRUNV� XVLQJ
LQYHUVH�PHWKRGV��0DU��(FRO��3URJ��6HU���������������

:DOWHU��(��HW�/��3URQ]DWR��������,GHQWLILDELOLWpV�HW�QRQ�OLQpDULWpV��LQ�6\VWqPHV�1RQ�/LQpDLUHV�����PRGpOLVDWLRQ��
HVWLPDWLRQ��$�-��)RVVDUG�HW�'��1RUPDQG�&\URW�HGV��0DVVRQ��3DULV����������

:DOWHU��(��HW�/��3URQ]DWR��������,GHQWLILFDWLRQ�GH�PRGqOHV�SDUDPpWULTXHV�j�SDUWLU�GH�GRQQpHV�H[SpULPHQWDOHV�
0RGpOLVDWLRQ�$QDO\VH�6LPXODWLRQ�&RPPDQGH��0DVVRQ��3DULV������SS�

:DVVPDQ�� 3�� ������ 5HWHQWLRQ� YHUVXV� H[SRUW� IRRG� FKDLQV�� SURFHVVHV� FRQWUROOLQJ� VLQNLQJ� ORVV� IURP� PDULQH
SHODJLF�V\VWHPV�� LQ�(XWURSKLFDWLRQ� LQ�3ODQNWRQLF�(FRV\VWHPV��)RRG�:HE�'\QDPLFV�DQG�(OHPHQWDO
&\FOLQJ��7��7DPPLQHQ�HW�+��.XRVD�HGV���+\GURELRORJLD��.OXZHU�$FDGHPLF�3XEOLVKHUV��%HOJLXP�����
���

:KLWILHOG��0��HW�'�5��7XUQHU��������7KH�UROH�RI�SDUWLFOHV�LQ�UHJXODWLQJ�WKH�FRPSRVLWLRQ�RI�VHDZDWHU��LQ�$TXDWLF
6XUIDFH�&KHPLVWU\����6WXPP�:LOH\��1HZ�<RUN����������
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:LJJLQV��6��������,QWURGXFWLRQ�WR�$SSOLHG�1RQOLQHDU�'\QDPLFDO�6\VWHPV�DQG�&KDRV��6SULQJHU�9HUODJ��%HUOLQ�
����SS�

:XQVFK��&��������7KH�2FHDQ�&LUFXODWLRQ� ,QYHUVH�3UREOHP��&DPEULGJH�8QLYHUVLW\�3UHVV��&DPEULGJH� �0$��
����SS�

<DQJ�� *��� /�(�� 5HLQVWHLQ�� 6�� 3DL�� =�� ;X� HW� '�/�� &DUUROO�� ������ $� QHZ� JHQHWLF� DOJRULWKP� WHFKQLTXH� LQ
RSWLPL]DWLRQ�RI�SHUPDQHQW�����,�SURVWDWH�LPSODQWV��0HGLFDO�3K\VLFV����������������

<LQ�� ;�� HW� 1�� *HUPD\������� ,PSURYLQJ� JHQHWLF� DOJRULWKPV� ZLWK� VKDULQJ� WKURXJK� FOXVWHU� DQDO\VLV�� )LIWK
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�*HQHWLF�$OJRULWKPV��SS������

=DNDUGMLDQ�� %�� HW� /�� 3ULHXU�� ������ $� QXPHULFDO� VWXG\� RI� SULPDU\� SURGXFWLRQ� UHODWHG� WR� YHUWLFDO� WXUEXOHQW
GLIIXVLRQ�ZLWK�VSHFLDO�UHIHUHQFH�WR�YHUWLFDO�PRWLRQV�RI�WKH�SK\WRSODQNWRQ�FHOOV�LQ�QXWULHQWV�DQG�OLJKW
ILHOGV��-��0DU��6\VW��������������

=HQN��:���%��.OHLQ�HW�0��6FKU|GHU��������&DSH�9HUGH�IURQWDO�]RQH��'HHS�6HD�5HV�������6����6����


