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&KDSLWUH�� 

'pILQLWLRQ�HW�PHVXUH�GHV�IOX[�GH�PDWLqUH�GDQV

O·RFpDQ

��� *pQpUDOLWpV�VXU�OHV�IOX[�GH�PDWLqUH�RFpDQLTXH

$YDQW�GH�GpFULUH� OHV�IOX[� �GH�PDWLqUH� j� O·LQWpULHXU�GH� O·RFpDQ�� OD�)LJXUH���SHUPHW�GH�VLWXHU� O·RFpDQ

GDQV�OH�F\FOH�JOREDO�GHV�pOpPHQWV�FKLPLTXHV�VXU�7HUUH��/·RFpDQ�HVW�HQ�FRQWDFW�DYHF�OHV�DXWUHV�JUDQGV

UpVHUYRLUV� TXH� VRQW� O·DWPRVSKqUH�� OD� OLWKRVSKqUH� HW� OHV� FRXFKHV� LQWHUQHV� GH� OD� SODQqWH�� ,O� LQWHUDJLW

DYHF�OD�ELRVSKqUH�FRQWLQHQWDOH�SDU�O
LQWHUPpGLDLUH�GH�O·DWPRVSKqUH�HW�GH�OD�OLWKRVSKqUH�

)LJXUH����/HV�pFKDQJHV�GH�PDWLqUH�HQWUH�O·RFpDQ�HW�OHV�JUDQGV�UpVHUYRLUV�WHUUHVWUHV��H[WUDLW�GH�%URZQ
HW�DO��������
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/HV�WUDQVIHUWV�G·pOpPHQWV�FKLPLTXHV�HQWUH�O·DWPRVSKqUH�HW�O·RFpDQ�VH�IRQW�SDU�GHV�pFKDQJHV�GH�JD]�

SDU�H[HPSOH�ORUV�GH�O·pYDSRUDWLRQ�GH�O·HDX�GH�PHU��HW�SDU�GHV�pFKDQJHV�GH�PDWLqUH�GLVVRXWH�ORUV�GHV

SUpFLSLWDWLRQV�� /HV� SURGXLWV� GH� O·pURVLRQ� GHV� URFKHV� FRQWLQHQWDOHV� VRQW� WUDQVSRUWpV� VRXV� IRUPH

GLVVRXWH�SDU�OHV�IOHXYHV�YHUV�O·RFpDQ��RX�VRXV�IRUPH�G·DpURVROV�SDU�OD�FLUFXODWLRQ�DWPRVSKpULTXH��$X

QLYHDX� GH� OD� FUR�WH� RFpDQLTXH�� OD� FLUFXODWLRQ� K\GURWKHUPDOH� HVW� pJDOHPHQW� XQH� VRXUFH� G·pOpPHQWV

GLVVRXV�SRXU� O·HDX�GH�PHU��8QH�IRLV�GDQV� O·RFpDQ�� OHV� pOpPHQWV�VXLYHQW� OD� FLUFXODWLRQ�RFpDQLTXH�HW

VRQW�LPSOLTXpV�GDQV�GLYHUVHV�UpDFWLRQV��6·LOV�QH�VRQW�SDV�pFKDQJpV�j�WUDYHUV�OHV�LQWHUIDFHV�DLU�HDX�RX

VpGLPHQW�HDX�� LOV� ILQLVVHQW� SDU� rWUH� SLpJpV� SDU� GHV� SDUWLFXOHV� SXLV� HQIRXLV� GDQV� OHV� VpGLPHQWV�� $

O·pFKHOOH�GHV�WHPSV�JpRORJLTXHV��OHV�SKpQRPqQHV�DVVRFLpV�j�OD�WHFWRQLTXH�GHV�SODTXHV�H[SXOVHQW�OHV

VpGLPHQWV�HW�OHV�URFKHV�GH�O·RFpDQ��,OV�VRQW�DORUV�DVVRFLpV�DX[�URFKHV�FRQWLQHQWDOHV��IRUPDWLRQ�GHV

FKDvQHV�GH�PRQWDJQHV��RX�VXEGXFWpV�GDQV�OH�PDQWHDX�WHUUHVWUH�

(Q�SUHPLqUH�DSSUR[LPDWLRQ�HW�VXU�XQH�pFKHOOH�GH�WHPSV�GH�O·RUGUH�GH�OD�FHQWDLQH�G·DQQpHV��OHV�IOX[

GH�PDWLqUH�LQWHUQHV�j�O·RFpDQ�FRUUHVSRQGHQW�j�XQ�WUDQVSRUW�YHUWLFDO�GHSXLV�OD�VXUIDFH�R��OD�PDWLqUH

HVW�OD�SOXV�DERQGDQWH�YHUV�OHV�VpGLPHQWV��)LJXUH����

/H�SURFHVVXV�GH�OD�SKRWRV\QWKqVH�SHUPHW�DX�SK\WRSODQFWRQ�YLYDQW�GDQV�OD�FRXFKH�HXSKRWLTXH�
�

�GH

V\QWKpWLVHU�GH�OD�PDWLqUH�RUJDQLTXH�j�SDUWLU�GHV�pOpPHQWV�SUpVHQWV�VRXV�IRUPH�GLVVRXWH�GDQV�O·HDX�GH

PHU��*HLGHU�HW�2VERUQH���������8QH�SDUWLH�GH�FHWWH�PDWLqUH�UHVWH�HQ�VXVSHQVLRQ��HW�XQH�DXWUH�YD�rWUH

FRPSDFWpH� SDU� GHV�PpFDQLVPHV� ELRORJLTXHV�� WHOV� TXH� OH� EURXWDJH� SDU� OH� ]RRSODQFWRQ�� HW� SDU� GHV

PpFDQLVPHV�SK\VLTXHV�GH�FRDJXODWLRQ��-DFNVRQ��������������-DFNVRQ�HW�/RFKPDQQ��������%RHKP�HW

*UDQW�� ������� &HOD� LQGXLW� OD� IRUPDWLRQ� G·DJUpJDWV� GRQW� OD� WDLOOH� YDULH� HQWUH� TXHOTXHV� GL]DLQHV� GH

PLFURQV�HW�SOXVLHXUV�PLOOLPqWUHV��$OOGUHGJH�HW�*RWVFKDON��������6WHPPDQ� HW�DO���������FDSDEOHV�GH

VpGLPHQWHU��'DQV� OD� FRXFKH�HXSKRWLTXH�� OHV�SDUWLFXOHV� HQ� VXVSHQVLRQ� HW� OHV� DJUpJDWV� VRQW� UHF\FOpV

SOXVLHXUV�IRLV��,OV�FRQWULEXHQW�DLQVL�DX�PDLQWLHQ�GHV�pFRV\VWqPHV�GH�VXUIDFH�

8QH�SDUWLH�GHV�DJUpJDWV�TXLWWH�ILQDOHPHQW�OD�FRXFKH�HXSKRWLTXH�HW�FKXWH�DYHF�GHV�YLWHVVHV�DOODQW�GH

TXHOTXHV�P�M�j�SOXV�GH������P�M��7DNDKDVKL�HW�%p��������%LMPD�HW�DO���������'LHUFNV�HW�$VSHU�������

GDQV� FH� TX·RQ� DSSHOOH� FRPPXQpPHQW� OD� FRORQQH� G·HDX�� /RUV� GX� WUDQVIHUW� YHUV� OHV� VpGLPHQWV�� OHV

SDUWLFXOHV� VXELVVHQW� HQFRUH� G·LPSRUWDQWV� UHPDQLHPHQWV�� 'HV� SURFHVVXV� SK\VLTXHV� OLpV� DX[

PRXYHPHQWV� GHV� PDVVHV� G·HDX� LQGXLVHQW� O·DJUpJDWLRQ� HW� OD� GpVDJUpJDWLRQ� GHV� SDUWLFXOHV�� 'HV

UpDFWLRQV� FKLPLTXHV� GH� GLVVROXWLRQ�� GpVRUSWLRQ�� G·DGVRUSWLRQ� HW� GH� SUpFLSLWDWLRQ� LQWHUYLHQQHQW

pJDOHPHQW�� /HV� PpFDQLVPHV� ELRORJLTXHV� MRXHQW� HQFRUH� XQ� U{OH� QRQ� QpJOLJHDEOH� PDOJUp� OD

SURIRQGHXU���OHV�SDUWLFXOHV�SHXYHQW�rWUH�FRQVRPPpHV�SDU�GHV�RUJDQLVPHV�SpODJLTXHV�HW�HOOHV�VRQW�OH

VLqJH�G·XQH�DFWLYLWp�PLFURELHQQH� LQWHQVH��$OOGUHGJH�HW�6LOYHU��������$OOGUHGJH�HW�*RWVFKDON��������

&HV�UHPDQLHPHQWV�HQWUDvQHQW�OD�IRUPDWLRQ�GH�SDUWLFXOHV�HQ�VXVSHQVLRQ�HW�OH�WUDQVIHUW�YHUV�OD�SKDVH

GLVVRXWH�G·XQH�SDUWLH�GX�PDWpULHO�SDUWLFXODLUH��6PLWK�HW�DO����������&H�UHF\FODJH�SHUPHW�G·DOLPHQWHU�OD

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

�/D�FRXFKH�HXSKRWLTXH�HVW�OD�FRXFKH�GH�VXUIDFH�GpOLPLWpH�SDU�OD�SURIRQGHXU�j�ODTXHOOH�RQ�PHVXUH�����GH�OD
OXPLqUH�GX�6ROHLO�SpQpWUDQW�OD�VXUIDFH��6D�SURIRQGHXU�YDULH�HQWUH����P�OH�ORQJ�GHV�F{WHV�HW�����P�DX�ODUJH�
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FRXFKH�GH�VXUIDFH�HQ�QXWULPHQWV�HW�pOpPHQWV�HQ�WUDFH�ORUV�GH�UHPRQWpHV�G·HDX�SURIRQGH��$QGHUVHQ

HW�3ULHXU��������

/H� WUDYDLO� SUpVHQWp� GDQV� FH� PDQXVFULW� HVW� IRFDOLVp� VXU� OH� F\FOH� GHV� SDUWLFXOHV� RFpDQLTXHV

GDQV�OD�FRORQQH�G·HDX�

)LJXUH����2ULJLQH�HW�GLVWULEXWLRQ�GHV�SDUWLFXOHV�PDULQHV��G·DSUqV�-HDQGHO�������

%DFRQ�HW�DO���������RQW�PLV�HQ�pYLGHQFH�TXH�OD�YDULDELOLWp�WHPSRUHOOH�GHV�IOX[�GH�SDUWLFXOHV�j�WUDYHUV

OD�FRORQQH�G·HDX�GDQV�OD�UpJLRQ�GHV�%HUPXGHV�HVW�pWURLWHPHQW�OLpH�DX�F\FOH�DQQXHO�GH�OD�SURGXFWLRQ

SULPDLUH� GDQV� OHV� HDX[� GH� VXUIDFH�� 3DU� OD� VXLWH�� FHWWH� REVHUYDWLRQ� D� pWp� FRQILUPpH� GDQV� G·DXWUHV

UpJLRQV��SDU�H[HPSOH�HQ�0pGLWHUUDQpH��0LTXHO� HW�DO����������GDQV� O·$WODQWLTXH�1RUG��1HZWRQ� HW�DO��

������� -LFNHOOV� HW� DO��� ������ 3HLQHUW� HW� DO��� ������ HW� GDQV� O·$WODQWLTXH� WURSLFDO� �1HXHU� HW� DO��� ������

/·DFWLYLWp�ELRORJLTXH�GHV�HDX[�VXSHUILFLHOOHV�FRQWU{OH�GRQF�O·H[SRUW�GH�PDWLqUH�YHUV�OD�FRORQQH�G·HDX�

'DQV� OD� PDMHXU� SDUWLH� GH� O·RFpDQ�� OD� GLVSRQLELOLWp� GHV� QXWULPHQWV� GDQV� OD� FRXFKH� GH� VXUIDFH� HVW

UHODWLYHPHQW� IDLEOH�HW� OLPLWH� OD�FURLVVDQFH�GX�SODQFWRQ��'DQV�FHV�]RQHV�GLWHV� ROLJRWURSKHV�� OH� IOX[�GH
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PDWLqUH� HVW� GH� O·RUGUH� GH� TXHOTXHV� GL]DLQHV� GH�PJ�P
�

�M� �%RU\� HW� DO��� ������� $� O·RSSRVp�� GDQV� OHV

]RQHV�F{WLqUHV�HW�GH�UHPRQWpH�G·HDX��©�XSZHOOLQJ�ª��OHV�WUDQVSRUWV�YHUWLFDX[�DOLPHQWHQW�HIILFDFHPHQW�OD

FRXFKH� GH� VXUIDFH� HQ� QXWULPHQWV�� HW� OD� FURLVVDQFH� GX� SODQFWRQ� Q·HVW� SDV� OLPLWpH��'DQV� FHV� ]RQHV

HXWURSKHV��OHV�IOX[�GH�PDWLqUH�SHXYHQW�rWUH�VXSpULHXUV�j������PJ�P
�

�M��$QWLD�HW�DO����������/HV�UpJLRQV

GRQW� OD�SURGXFWLYLWp�HVW� LQWHUPpGLDLUH�VRQW�TXDOLILpHV�GH�PpVRWURSKHV��3OXV�UpFHPPHQW��RQ�D�REVHUYp

TXH�OD�UHODWLRQ�HQWUH�OD�SURGXFWLYLWp�GHV�HDX[�GH�VXUIDFH�HW�O·H[SRUWDWLRQ�GH�PDWLqUH�SDUWLFXODLUH�HVW

YDULDEOH�� HW� TX·HOOH� GpSHQG� GH� OD� FRPSRVLWLRQ� GHV� FRPPXQDXWpV� SK\WRSODQFWRQLTXHV� �%R\G� HW

1HZWRQ��������/DPSLWW�HW�$QWLD��������%XHVVHOHU��������

'DQV� OHV� UpJLRQV� R�� OH� IOX[� GH� SRXVVLqUHV� PLQpUDOHV� HVW� LPSRUWDQW�� F·HVW�j�GLUH� j� SUR[LPLWp� GHV

UpJLRQV�DULGHV�GH�OD�SODQqWH��$IULTXH�GX�QRUG��HVW�DVLDWLTXH�HW�3URFKH�2ULHQW���FI��'XFH�HW�DO����������LO

SHXW�OXL�DXVVL�LQIOXHQFHU�VLJQLILFDWLYHPHQW�OH�F\FOH�GHV�SDUWLFXOHV�GDQV�OD�FRORQQH�G·HDX��(Q�HIIHW��OD

PDWLqUH�RUJDQLTXH� HVW�SHX�GHQVH� HW� OHV� DJUpJDWV� VRQW� WUqV�SRUHX[� �&RZHQ� HW�+ROORZD\�� ������� /D

VpGLPHQWDWLRQ�GHV�DJUpJDWV�GpSHQG�GRQF�GH�OD�SUpVHQFH�G·H[R�VTXHOHWWHV�RX�GH�WHVWV�GH�FDUERQDWH�GH

FDOFLXP�GH�FHUWDLQHV�HVSqFHV�SODQFWRQLTXHV��WHOOHV�TXH�OHV�IRUDPLQLIqUHV��7DNDKDVKL�HW�%p���������3DU

FRQWUH��OHV�SDUWLFXOHV�PLQpUDOHV�VRQW�JpQpUDOHPHQW�GH�SHWLWH�WDLOOH��TXHOTXHV� P�DX�PD[LPXP���PDLV

HOOHV�VRQW�GHQVHV��(OOHV�VRQW�LQFRUSRUpHV�GDQV�GHV�SDUWLFXOHV�ELRJpQLTXHV�GDQV�OD�FRXFKH�GH�VXUIDFH

SDU�FROOLVLRQ��RX�VRQW�LQJpUpHV�SDU�GHV�RUJDQLVPHV�ILOWUHXUV��VDOSHV�HW�FRSpSRGHV���SXLV�UHMHWpHV�GDQV

OHV�SHORWHV�IpFDOHV��'HXVHU�HW�DO���������%XDW�0pQDUG�HW�DO����������'H�FHWWH�IDoRQ��HOOHV�DXJPHQWHQW�OD

GHQVLWp� GHV� DJUpJDWV�� HW� SDU� FRQVpTXHQW� OHXU� YLWHVVH� GH� FKXWH�� /·HIILFDFLWp� GH� FH� SURFHVVXV

DXJPHQWHUDLW� DX� FRXUV� GH� OD� FKXWH� GHV� SDUWLFXOHV�� DX� IXU� HW� j� PHVXUH� GX� UHF\FODJH� GH� OD� PDWLqUH

RUJDQLTXH�

/HV�SDUWLFXOHV�FROOHFWpHV�GDQV�OD�FRORQQH�G·HDX�VRQW�FRPSRVpHV�GH�TXDWUH�FRQVWLWXDQWV�PDMHXUV��/HV

FDUERQDWHV� SURYLHQQHQW� PDMRULWDLUHPHQW� G·H[R�VTXHOHWWHV� SK\WRSODQFWRQLTXHV�� WHOV� TXH� FHX[� GHV

FRFFROLWKHV��HW�GH�WHVWV�]RRSODQFWRQLTXHV��WHOV�TXH�FHX[�GHV�IRUDPLQLIqUHV�HW�GHV�SWpURSRGHV��/·RSDOH

�VLOLFH�ELRJpQLTXH��SURYLHQW�GHV�H[R�VTXHOHWWHV�GH�GLDWRPpHV�RX�GHV�WHVWV�GH�UDGLRODLUHV��/H�WURLVLqPH

FRQVWLWXDQW� PDMHXU� HVW� OD� PDWLqUH� RUJDQLTXH�� HW� OH� GHUQLHU� FRUUHVSRQG� DX� PDWpULHO� WHUULJqQH�� /D

SURSRUWLRQ�GHV�GLIIpUHQWV�FRQVWLWXDQWV�YDULH�IRUWHPHQW�G·XQH�UpJLRQ�j�O·DXWUH��'DQV�O·RFpDQ�RXYHUW��OD

IUDFWLRQ� ELRJqQH� UHSUpVHQWH� DX� PRLQV� ����� GX� IOX[� �-LFNHOOV� HW� DO��� ������� $� FDXVH� GX� UHF\FODJH

LPSRUWDQW�TX·LOV�VXELVVHQW�GDQV�OD�FRORQQH�G·HDX��OH�IOX[�GHV�FRQVWLWXDQWV�ELRJqQHV�GLPLQXH�DYHF�OD

SURIRQGHXU��%LVKRS���������'DQV�FHUWDLQHV�UpJLRQV�WHOOHV�TXH�OH�%DVVLQ�GH�3DQDPD��RQ�REVHUYH�XQH

DXJPHQWDWLRQ�GX�IOX[�WHUULJqQH�DYHF�OD�SURIRQGHXU��+RQMR�HW�DO����������(OOH�V·H[SOLTXH�SDU�OD�PLVH

HQ�VXVSHQVLRQ�VXLYL�GX�WUDQVSRUW�ODWpUDO�GH�VpGLPHQWV�DFFXPXOpV�DX�QLYHDX�GX�WDOXV�FRQWLQHQWDO�
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��� /D�PHVXUH�GHV�IOX[�GH�PDWLqUH�GDQV�OD�FRORQQH�G·HDX

����� 'LIILFXOWp�GHV�PHVXUHV�LQ�VLWX

/D�PHVXUH� GHV� SULQFLSDOHV� HQWLWpV� LQWHUYHQDQW�GDQV� OH� F\FOH� GHV� SDUWLFXOHV� RFpDQLTXHV�� j� VDYRLU� OD

SKDVH�GLVVRXWH�� OHV�SDUWLFXOHV� HQ� VXVSHQVLRQ� HW� OHV� DJUpJDWV� �)LJXUH� ���SRVH� GH� JURVVHV� GLIILFXOWpV�

7RXW�G·DERUG�� FHV�HQWLWpV� VRQW�VLWXpHV�HQ�SURIRQGHXU�� FH�TXL� LQWHUGLW� OH� UHFRXUV� j�GHV� LQVWUXPHQWV

VDWHOOLWHV��,O�HVW�QpFHVVDLUH�GH�SRVLWLRQQHU�OHV�DSSDUHLOV�GDQV�OD�PHU�TXHOOHV�TXH�VRLHQW�OHV�FRQGLWLRQV

PpWpRURORJLTXHV�

/·pFKDQWLOORQQDJH� GHV� SDUWLFXOHV� HVW� GLIILFLOH� G·XQH� SDUW� SDUFH� TX·HOOHV� VRQW� SHX� DERQGDQWHV��� RQ

HVWLPH�TX·HQ�PR\HQQH��j�GHV�SURIRQGHXUV�VXSpULHXUHV�j�����P����OLWUH�G·HDX�FRQWLHQW���j���� J�GH

PDWLqUH�VROLGH��%LVKRS�HW�DO����������,O�IDXW�SDU�FRQVpTXHQW�SRPSHU�SOXVLHXUV�FHQWDLQHV�GH�OLWUHV�SRXU

SRXYRLU� ILOWUHU� OHV� SDUWLFXOHV� HQ� VXVSHQVLRQ� HQ� TXDQWLWp� VXIILVDQWH� SRXU� OHV� DQDO\VHV� XOWpULHXUHV�

'·DXWUH�SDUW��OHV�DJUpJDWV�RQW�JpQpUDOHPHQW�XQH�VWUXFWXUH�OkFKH�HW�SRUHXVH�TXL�OHV�UHQG�WUqV�IUDJLOHV�

/HV�WUDFHXUV�XWLOLVpV�SRXU�pWXGLHU�OH�F\FOH�GHV�SDUWLFXOHV�RQW�GHV�FRQFHQWUDWLRQV�WUqV�IDLEOHV�GDQV� OD

SKDVH�GLVVRXWH� �SDU�H[HPSOH�GH� O·RUGUH�GH���
�
���

�J�O�SRXU� OH�7K���,O� IDXW�GRQF� Oj�DXVVL�SUpOHYHU�GHV

YROXPHV�G·HDX�FRQVpTXHQWV�SRXU�OHV�PHVXUHU��HW�XWLOLVHU�SRXU�FKDTXH�WUDFHXU�GHV�PDWpULDX[�TXL�QH

ULVTXHQW�SDV�GH�FRQWDPLQHU�OHV�PHVXUHV�

'HSXLV�OH�GpEXW�GX�SURJUDPPH�-*2)6��SOXVLHXUV�VWDWLRQV�©�SHUPDQHQWHV�ª�RQW�pWp�PLVHV�HQ�SODFH�

SRXU� VXLYUH� OHV� IOXFWXDWLRQV� DQQXHOOHV� GHV� IOX[� GH� PDWLqUH�� ,O� V·DJLW� SDU� H[HPSOH� GHV� VWDWLRQV

DPpULFDLQHV� $/2+$� SUqV� GH� +DZDw� HW� %$76� �%HUPXGD� $WODQWLF� 7LPH�VHULHV� 6WDWLRQ�� SUqV� GHV

%HUPXGHV��(OOHV�VRQW�pWXGLpHV�GHSXLV�������/D�)UDQFH�D�FKRLVL�OH�VLWH�'<)$0('�HQWUH�1LFH�HW�OD

&RUVH�GHSXLV������SRXU�LQVWDOOHU�XQH�VWDWLRQ�IL[H��0DUW\���������(WDQW�GRQQp�OH�FR�W�LPSRUWDQW�GX

PDLQWLHQ�GH�FHV�VLWHV�G·pWXGHV��G·DXWUHV�FDPSDJQHV�VRQW�RUJDQLVpHV�VXU�GHV�GXUpHV�SOXV�FRXUWHV��GH

XQ�j�GHX[�DQV��&·HVW�OH�FDV�GX�SURJUDPPH�(80(/,�

����� /HV�LQVWUXPHQWV�GH�PHVXUH�LQ�VLWX

/H�FKRL[�GHV�LQVWUXPHQWV�G·pFKDQWLOORQQDJH�GpWHUPLQH�OD�IDoRQ�GRQW�OH�V\VWqPH�YD�rWUH�UHSUpVHQWp�

HW� OHV� K\SRWKqVHV� VXU� OHVTXHOOHV� UHSRVHQW� OHV� PRGqOHV�� /HV� VWUDWpJLHV� GH� PHVXUH� GX� F\FOH� GHV

SDUWLFXOHV�VRQW�EDVpHV�VXU�XQ�FULWqUH�GH�WDLOOH��)LJXUH����

�D� /HV�SLqJHV�j�SDUWLFXOHV

/·DPpULFDLQ� 6�� +RQMR� D� PLV� DX� SRLQW� OHV� SLqJHV� j� SDUWLFXOHV� YHUV� ������ ,O� V·DJLW� G·HQWRQQRLUV

G·HQYLURQ���P�GH�GLDPqWUH��TXL�UpFROWHQW�OHV�SDUWLFXOHV�TXL�VpGLPHQWHQW�SDU�JUDYLWp�GDQV�OD�FRORQQH

G·HDX��)LJXUH�����/D�WDLOOH�GH�FHOOHV�FL�HVW�VXSpULHXUH�j�XQH�GL]DLQH�GH�PLFURQV��$�OD�EDVH�GX�F{QH�VH

WURXYH�XQ�FDUURXVHO�GH�JRGHWV�UpFROWDQW�VXFFHVVLYHPHQW�OHV�SDUWLFXOHV��SHQGDQW�XQH�GXUpH�GpILQLH�SDU
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O·H[SpULPHQWDWHXU��/HV�SLqJHV�VRQW�SODFpV�j�GLIIpUHQWHV�SURIRQGHXUV� OH� ORQJ�GH�PRXLOODJHV� IL[pV� DX

IRQG�RX�ELHQ�LOV�GpULYHQW�DYHF�OHV�FRXUDQWV�VXU�GHV�OLJQHV�UHOLpHV�HQ�VXUIDFH�j�GHV�IORWWHXUV�

)LJXUH����/HV�SULQFLSDX[�LQVWUXPHQWV�GH�PHVXUH�GHV�IOX[�GDQV�OD�FRORQQH�G·HDX

&HWWH� WHFKQLTXH� SRVH� FHSHQGDQW� GHV� SUREOqPHV�� 'DQV� OHV� ]RQHV� GH� FRXUDQW� ODWpUDO� LQWHQVH

�!����FP�V���OHV�SLqJHV�RQW�WHQGDQFH�j�V·LQFOLQHU�HW�OD�UpFROWH�QH�FRUUHVSRQG�SDV�DX[�SDUWLFXOHV�TXL

FKXWHQW� OLEUHPHQW� GDQV� OD� FRORQQH� G·HDX� �*XVW� HW� DO��� ������� /HV� SLqJHV� OHV� SOXV� SURIRQGV� VRQW

HQYDKLV�SDU� OHV�VpGLPHQWV�PLV�HQ�VXVSHQVLRQ� �+RQMR� HW�DO����������'H�SOXV�� OD�GLIIXVLRQ� WXUEXOHQWH

KRUL]RQWDOH� GLVSHUVH� OHV� SDUWLFXOHV�� GRQF� FHOOHV� TXL� VRQW� UpFROWpHV� HQ� XQ� SRLQW� SHXYHQW� SURYHQLU

G·XQH� DLUH� pWHQGXH� HQ� VXUIDFH� �FI�� O·pWXGH� GpWDLOOpH� SURSRVpH� SDU� %RU\�� ������� '·DXWUH� SDUW�� LO� HVW

QpFHVVDLUH�G·DMRXWHU�XQ�SRLVRQ�SRXU�OLPLWHU�OD�GpJUDGDWLRQ�ELRORJLTXH�GX�PDWpULHO��3RXU�TXH�OD�PDVVH

UHFXHLOOLH�VRLW�VXIILVDQWH�SRXU�OHV�DQDO\VHV�XOWpULHXUHV��OHV�JRGHWV�GRLYHQW�FROOHFWHU�OH�IOX[�SHQGDQW�DX

PRLQV�XQH�GL]DLQH�GH�MRXUV��2Q�Q·HQUHJLVWUH�GRQF�TX·XQ�IOX[�PR\HQ��(QILQ��HQ�ILOWUDQW�GH�O·HDX�GH

PHU�DYHF�XQH�JULOOH��5R\�%DUPDQ�HW�DO���������RQW�PLV�HQ�pYLGHQFH�O·H[LVWHQFH�GH�SDUWLFXOHV�GH�WDLOOH

pTXLYDOHQWH�j�FHOOHV�TXH�FROOHFWHQW�OHV�SLqJHV��PDLV�GH�QDWXUH�HW�G·RULJLQH�GLIIpUHQWHV��/H�U{OH�GH�FHV

SDUWLFXOHV�GDQV�O·pYROXWLRQ�GX�IOX[�GH�SDUWLFXOHV�GDQV�OD�FRORQQH�G·HDX�HVW�HQ�FRXUV�G·LQYHVWLJDWLRQ�

/D� UpFROWH� GH� FKDTXH� JRGHW� HVW� HQVXLWH� SHVpH�� 2Q� REWLHQW� DLQVL� j� FKDTXH� SURIRQGHXU� XQH� VpULH

WHPSRUHOOH� GX� IOX[� GH� PDVVH� VXU� OD� GXUpH� GX� GpSORLHPHQW�� /HV� pFKDQWLOORQV� VRQW� VpSDUpV� HQ� VRXV�

pFKDQWLOORQV�SRXU�SHUPHWWUH�OD�PHVXUH�GH�OD�FRQFHQWUDWLRQ�G·pOpPHQWV�RX�PROpFXOHV�LQWpUHVVDQWHV�

/·LQFHUWLWXGH�VXU�OD�FROOHFWH�GHV�SLqJHV�HVW�YDULDEOH�HW�WUqV�GLIILFLOH�j�HVWLPHU��3RXU�pYDOXHU�O·LQIOXHQFH

GHV�ELDLV�K\GURG\QDPLTXHV��RQ�SODFH�GHV�FRXUDQWRPqWUHV�j�SUR[LPLWp�GHV�SLqJHV�OH�ORQJ�GHV�OLJQHV

GH�PRXLOODJH�SRXU�UHSpUHU�TXDOLWDWLYHPHQW�OHV�SpULRGHV�GH�IRUWV�FRXUDQWV��'·DXWUH�SDUW��RQ�UHWLUH�HW

FRPSWH� VRLJQHXVHPHQW� OH� ]RRSODQFWRQ� TXL� V·HVW� LQWURGXLW� GDQV� OHV� JRGHWV� SRXU� HVWLPHU�

TXDOLWDWLYHPHQW�HQFRUH��OHV�SHUWXUEDWLRQV�LQGXLWHV�SDU�O·LQJHVWLRQ�HW�OD�GpIpFDWLRQ�GHV�RUJDQLVPHV�



&KDSLWUH���'pILQLWLRQ�HW�PHVXUH�GHV�IOX[�GH�PDWLqUH�GDQV�O·RFpDQ

��

3DU� FRQWUH�� OHV� pWXGHV� UDGLR�LVRWRSLTXHV� SHUPHWWHQW� GH� TXDQWLILHU� O·HIILFDFLWp� GHV� SLqJHV� �%DFRQ�

������6FKROWHQ�HW�DO����������(OOHV�VRQW�EDVpHV�VXU�O·XWLOLVDWLRQ�GH�FRXSOHV�LVRWRSLTXHV��7DEOHDX�����TXL

SRVVqGHQW�GHX[�FDUDFWpULVWLTXHV�HVVHQWLHOOHV��

� RQ�FRQQDvW�H[DFWHPHQW� OH�IOX[�GH� O·pOpPHQW�ILOV�SURGXLW�SDU� OD�GpVLQWpJUDWLRQ�GH� O·pOpPHQW�SqUH

VROXEOH�GDQV�OD�FRORQQH�G·HDX�

� OHV�pOpPHQWV�ILOV�VRQW�SHX�VROXEOHV�HW�UDSLGHPHQW�SLpJpV�SDU�OHV�SDUWLFXOHV�HQ�VXVSHQVLRQ��FH�TXL

LQGXLW� XQ� GpILFLW� GHV� pOpPHQWV� ILOV� GDQV� OD� SKDVH� GLVVRXWH� SDU� UDSSRUW� j� FH� TXH� SUpYRLHQW� OHV

pTXLOLEUHV�UDGLRDFWLIV�

&RQQDLVVDQW� OH� GpILFLW� HQ� ILOV� LQWpJUp� VXU� OD� FRORQQH� G·HDX� DX�GHVVXV� GX� SLqJH�� RQ� HQ� GpGXLW� OD

TXDQWLWp�G·pOpPHQW�ILOV�SLpJpH�SDU�OHV�SDUWLFXOHV��HW�SDU�VXLWH�OH�IOX[�©�H[DFW�ª��GX�ILOV�j�OD�SURIRQGHXU

GX�SLqJH��/·HIILFDFLWp�GX�SLqJH�HVW�OH�UDSSRUW�HQWUH�OH�IOX[�PHVXUp�SDU�OH�SLqJH�HW�OH�IOX[�H[DFW�FDOFXOp�

3qUH )LOV 7\SH�GH�SLqJH�FDOLEUp
�����

8
�����

7K�������M� VXSHUILFLHO�HW�GpULYDQW
�����

8
�����

7K���������
�

�DQ� SURIRQG
� ���
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3E�������DQ� SURIRQG
��� �
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3D���������
�

�DQ� SURIRQG

7DEOHDX����&RXSOHV�UDGLR�LVRWRSLTXHV�XWLOLVpV�SRXU�OD�FDOLEUDWLRQ�GHV�SLqJHV�LQ�VLWX��%DFRQ��������
(QWUH�SDUHQWKqVHV�HVW�LQGLTXp�OH�WHPSV�GH�GHPL�YLH�GH�O·pOpPHQW�ILOV�

%DFRQ� �������PRQWUH� j�SDUWLU�G·XQH�FRPSLODWLRQ�GH�GRQQpHV�TXH� OHV�SLqJHV�SURIRQGV� �!������P�

RQW�XQH�SUpFLVLRQ�GH�±�������/HV�SLqJHV�SOXV�VXSHUILFLHOV� ��������P��VRQW�VRXPLV�j�GHV�FRXUDQWV

ODWpUDX[�SOXV� LQWHQVHV�HQ�PR\HQQH��� LOV�RQW�XQH�WHQGDQFH�DX�VRXV�pFKDQWLOORQQDJH��HW�QH�FROOHFWHQW

TXH����j������GX�IOX[�GH�SDUWLFXOHV�

�E� /HV�SRPSHV�LQ�VLWX

/HV�SRPSHV� LQ�VLWX�RQW�pWp�GpYHORSSpHV�YHUV������SDU� O·DPpULFDLQ� -��%LVKRS��%LVKRS� HW� DO��� �������

(OOHV�SHUPHWWHQW�GH�ILOWUHU�G·LPSRUWDQWV�YROXPHV�G·HDX��SOXVLHXUV�PqWUHV�FXEHV��HW�GH�UHFXHLOOLU� OHV

SDUWLFXOHV� HQ� VXVSHQVLRQ�� GRQW� OD� WDLOOH� HVW� VXSpULHXUH� j� ��������� P� VHORQ� OH� W\SH� GH� ILOWUH� XWLOLVp�

(OOHV�VRQW�SODFpHV�DX[�SURIRQGHXUV�YRXOXHV�j�O·DLGH�G·XQ�FkEOH��)LJXUH�����2Q�HVWLPH�TXH�OH�YROXPH

ILOWUp�HVW�FRQQX�DYHF�XQH�SUpFLVLRQ�G·HQYLURQ������/H�GpIDXW�GH�FHWWH�WHFKQLTXH�HVW�TX·HOOH�LQGXLW�XQ

IUDFWLRQQHPHQW�GHV�SDUWLFXOHV�DX�QLYHDX�GH�OD�SRPSH�HW�VXU�OH�ILOWUH��/H�PDWpULDX�GX�ILOWUH�SHXW�GDQV

FHUWDLQV�FDV�FRQWDPLQHU�OHV�PHVXUHV�

6XLWH�j�O·pFKDQWLOORQQDJH��O·DQDO\VH�HQ�ODERUDWRLUH�IRXUQLW�XQ�SURILO�GH�OD�FRQFHQWUDWLRQ�GHV�pOpPHQWV

pWXGLpV� HQ� PJ�P
�

� G·HDX� GH� PHU�� /D� IDLEOH� TXDQWLWp� GX� PDWpULHO� UHFXHLOOL� UHQG� WUqV� GpOLFDWH

O·HVWLPDWLRQ�GH�OD�PDVVH�WRWDOH�GX�PDWpULHO�pFKDQWLOORQQp�

$XSDUDYDQW�� RQ� ILOWUDLW� GHV� pFKDQWLOORQV� UHFXHLOOLV� GDQV� GHV� ERXWHLOOHV� ©�1LVNLQ�ª� �)LJXUH� ��� &RSLQ�

0RQWpJXW�HW�&RSLQ�0RQWpJXW��������RX�©�*R�)OR�ª��0HDVXUHV��������GH���j����O��&HWWH�WHFKQLTXH�HVW
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HQFRUH� XWLOLVpH� DXMRXUG·KXL��PDLV� HOOH� SUpVHQWH� GH� JURV� LQFRQYpQLHQWV�� /H� YROXPH� ILOWUp� HVW� IDLEOH�

GRQF�OD�PDVVH�GHV�pFKDQWLOORQV�GH�SDUWLFXOHV�HVW�HOOH�DXVVL�WUqV�IDLEOH��'·DXWUH�SDUW��RQ�REVHUYH�XQH

DGVRUSWLRQ�GHV�VXVSHQVLRQV�VXU�OHV�SDURLV�GHV�ERXWHLOOHV�

)LJXUH����3LqJH�j�SDUWLFXOHV�FRQLTXH
7HFKQLFDS�336��GH���P�GH�GLDPqWUH�GDQV�OH

SRUW�GH�0RQDFR��KWWS���ZZ
Z�LDHD�RUJ�PRQDFR�QHZV�KWPO�

)LJXUH����3RPSH�LQ�VLWX�OH�ORQJ�G·XQ�FkEOH�GX
QDYLUH�RFpDQRJUDSKLTXH�/H�0DULRQ�'XIUHVQH�
ORUV�GH�OD�FDPSDJQH�$QWDUqV�,9��KWWS���ZZZ

�LDHD�RUJ�PRQDFR�QHZV�KWPO�

)LJXUH����5RVHWWH�GH�ERXWHLOOHV�1LVNLQ��KWWS���ZZZ
�SPHO�QRDD�JRY�HSLF�FWG�SURILOH�KHOS�KWPO�
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�F� /HV�ERXWHLOOHV�1LVNLQ

/HV�ERXWHLOOHV�1LVNLQ�SHUPHWWHQW�GH�SUpOHYHU�GHV�pFKDQWLOORQV�G·HDX�GH�PHU�GH���j����O�j�GLIIpUHQWHV

SURIRQGHXUV��)LJXUH�����2Q�HVWLPH�TXH�O·HUUHXU�IDLWH�VXU�OD�SHVpH�GX�YROXPH�SUpOHYp�HVW�QpJOLJHDEOH�

/HV�pFKDQWLOORQV�VRQW�ILOWUpV�SRXU�UHWLUHU�OHV�SDUWLFXOHV�GH�WDLOOH�VXSpULHXUH�j����� P�HQYLURQ��$LQVL��OD

©�SKDVH�GLVVRXWH�ª�FROOHFWpH�FRQWLHQW�GH�OD�PDWLqUH�FROORwGDOH��3DUIRLV��OHV�FROORLGHV�VRQW�SUpOHYpV�SDU

GHV�WHFKQLTXHV�G·XOWUDILOWUDWLRQ�TXL�SHUPHWWHQW�G·H[WUDLUH�GHV�SDUWLFXOHV�GRQW�OD�WDLOOH�HVW�GH�O·RUGUH�GH

������ P��+RQH\PDQ�HW�6DQWVFKL���������/HV�DQDO\VHV� IDLWHV�HQ� ODERUDWRLUH�IRXUQLVVHQW�GHV�SURILOV

GH�OD�FRQFHQWUDWLRQ�GHV�pOpPHQWV�pWXGLpV�HQ�PJ�P
�

�

/·pFKDQWLOORQQDJH� GHV� SKDVHV� GLVVRXWH� HW� ILOWUpH� QH� SHXW� rWUH� HIIHFWXp� TXH� SHQGDQW� OH� WHPSV

G·RFFXSDWLRQ� G·XQ� VLWH� SDU� XQ� QDYLUH�� 3DU� FRQVpTXHQW�� OD� FRXYHUWXUH� VSDWLDOH� HW� OD� UpVROXWLRQ

WHPSRUHOOH�GHV�PHVXUHV�VRQW�WUqV�IDLEOHV�

�G� 4XHOTXHV�LQVWUXPHQWV�UpFHQWV

&RPPH� QRXV� YHQRQV� GH� OH� YRLU�� OHV� SLqJHV� j� SDUWLFXOHV� QH� UpFROWHUDLHQW� SDV� WRXWHV� OHV� JURVVHV

SDUWLFXOHV�� PDLV� VXUWRXW�� LOV� GpWUXLVHQW� OHV� DJUpJDWV� JpQpUDOHPHQW� WUqV� IUDJLOHV�� 3RXU� pWXGLHU� OD

G\QDPLTXH�GHV�DJUpJDWV��GHV�LQVWUXPHQWV�SKRWRJUDSKLTXHV�HW�YLGpR�RQW�pWp�PLV�DX�SRLQW�LO�\�D�XQH

TXLQ]DLQH� G·DQQpHV� �6WHPPDQ�� ������� (Q� SDUWLFXOLHU�� OH� 3URILOHXU� 9LGpR�0DULQ� �390��� )LJXUH� ��

GpYHORSSp�HQWUH������HW������SDU�*��*RUVN\�j�O·2EVHUYDWRLUH�2FpDQRORJLTXH�GH�9LOOHIUDQFKH�VXU�

0HU�SHUPHW�G·REVHUYHU�OD�GLVWULEXWLRQ�YHUWLFDOH�GHV�SDUWLFXOHV�FRPSULVHV�HQWUH�����µP�HW�TXHOTXHV

PLOOLPqWUHV� GH� GLDPqWUH� �)LJXUH� ���� 6WHPPDQ� HW� DO��� ������� /H� 390� SHXW� rWUH� LPPHUJp� MXVTX·j

�����P�GH�SURIRQGHXU�

)LJXUH����3URILOHXU�9LGpR�0DULQ�GpYHORSSp�SDU�*��*RUVN\�HQ
������KWWS���ZZZ�REV�YOIU�IU�aSYP��

/HV�DSSDUHLOV�RSWLTXHV�RQW�IDLW�OHXU�DSSDULWLRQ�GDQV�OHV�DQQpHV�������ORUVTXH�%UXQ�&RWWDQ��������D

PLV� DX� SRLQW� OH� SUHPLHU� FRPSWHXU� GH� SDUWLFXOHV� PDULQHV�� 'HSXLV� TXHOTXHV� DQQpHV�� O·HPSORL� GHV
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DSSDUHLOV�RSWLTXHV�V·HVW�GpYHORSSp�� ,OV�XWLOLVHQW� OH� IDLW�TXH� OHV�GLIIpUHQWV� FRQVWLWXDQWV�GH� OD�PDWLqUH

SDUWLFXODLUH��FHOOXOHV�YLYDQWHV��GpWULWXV«��PRGLILHQW�GH�IDoRQ�VSpFLILTXH�OHV�TXDOLWpV�VSHFWUDOHV�GH�OD

OXPLqUH�� /HV� IOXRULPqWUHV� SHUPHWWHQW� GH� TXDQWLILHU� O·LPSRUWDQFH� UHODWLYH� GHV� HVSqFHV

SK\WRSODQFWRQLTXHV� �&ODXVWUH�� ������ $WKLDV�� ������� '·DXWUHV� DSSDUHLOV� PHVXUHQW� OH� FRHIILFLHQW

G·DEVRUSWLRQ�GH�O·HDX�GH�PHU��,O�HVW�DORUV�SRVVLEOH�G·HVWLPHU�O·LPSRUWDQFH�UHODWLYH�GX�SK\WRSODQFWRQ�

GH�FH�TX·RQ�DSSHOOH�OD�PDWLqUH�RUJDQLTXH�GLVVRXWH�FRORUpH�HW�GHV�SDUWLFXOHV�QRQ�SLJPHQWpHV��&ODXVWUH

HW�DO����������/D�PHVXUH�GX�FRHIILFLHQW�GH�GLVSHUVLRQ�GRQQH�DFFqV�j�OD�FKDUJH�HQ�SDUWLFXOHV�GH�WDLOOH

LQIpULHXUH�j����µP�HW�j�OD�FRQFHQWUDWLRQ�HQ�FDUERQH�SDUWLFXODLUH��(QILQ��OHV�FRPSWHXUV�GH�SDUWLFXOHV

ODVHU� SHUPHWWHQW� GH� PHVXUHU� GHV� VSHFWUHV� GH� WDLOOHV� HW� GHV� FRQFHQWUDWLRQV� GH� SDUWLFXOHV� VXU� GHV

JDPPHV�GH� WDLOOHV�FRPSULVHV�HQWUH�a��HW�����µP��&HV�DSSDUHLOV�VRQW� DUULPpV� OH� ORQJ�GH� OLJQHV�GH

PRXLOODJH�IL[HV��'LFNH\�HW�DO���������RX�VRQW�XWLOLVpV�SRXU�DQDO\VHU�GHV�pFKDQWLOORQV�G·HDX�UHPRQWpV�j

ERUG�GHV�QDYLUHV��&ODXVWUH�HW�DO���������

�H� 5pFDSLWXODWLI

/·pFKDQWLOORQQDJH�LQ�VLWX�HVW�XQH�GHV�SULQFLSDOHV�GLIILFXOWpV�GH�O·pWXGH�GH�OD�ELRJpRFKLPLH�GHV�RFpDQV�

&RPPH�QRXV�YHQRQV�GH�OH�YRLU��QRXV�QH�GLVSRVRQV�SDV�G·REVHUYDWLRQ�GH�OD�FRORQQH�G·HDX�j�O·pFKHOOH

JOREDOH��(Q�RXWUH�� LO�HVW�GLIILFLOH�G·HVWLPHU� OD�UHSUpVHQWDWLYLWp�GHV�PHVXUHV�IDLWHV�HQ�XQH�VWDWLRQ�SDU

UDSSRUW�j�O·KpWpURJpQpLWp�VSDWLDOH�GH�O·RFpDQ�

/HV�PHVXUHV�GH�OD�FRORQQH�G·HDX�RQW�pJDOHPHQW�XQH�IDLEOH�UpVROXWLRQ�WHPSRUHOOH��HW�YDULDEOH�VHORQ�OD

SKDVH�pFKDQWLOORQQpH��/H�QRPEUH�GH�GRQQpHV�FROOHFWpHV�SHQGDQW�OHV�SURJUDPPHV�GXUDQW�XQH�j�GHX[

DQQpHV�HVW�GRQF�WUqV�UpGXLW�

(QILQ�� REWHQLU� GHV� REVHUYDWLRQV� SUpFLVHV� HVW� GpOLFDW�� pWDQW� GRQQpHV� j� OD� IRLV� OHV� FRQGLWLRQV

PpWpRURORJLTXHV�HW�OD�PpWLFXORVLWp�H[LJpH�SDU�FHUWDLQHV�PHVXUHV�DQDO\WLTXHV�

����� /HV�H[SpULHQFHV�LQ�YLWUR

3DUDOOqOHPHQW�DX[�PHVXUHV�LQ�VLWX��O·pWXGH�GH�OD�FRORQQH�G·HDX�HVW�EDVpH�VXU�GHV�H[SpULHQFHV�UpDOLVpHV

HQ�ODERUDWRLUH�j�SDUWLU�G·pFKDQWLOORQV�SUpOHYpV�SHQGDQW�OHV�FDPSDJQHV��/HV�GLVSRVLWLIV�H[SpULPHQWDX[

VRQW�GpYHORSSpV�GH�IDoRQ�j� DQDO\VHU� OD� FLQpWLTXH�G·XQ�SURFHVVXV�SUpFLV��3DU� H[HPSOH� DX�/(*26�

QRWUH�pTXLSH�D�pWXGLp�OHV�SURFHVVXV�UHVSRQVDEOHV�GH�OD�GLVVROXWLRQ�GH�WUDFHXUV�LQRUJDQLTXHV�IL[pV�VXU

GHV� DJUpJDWV� �$UUDHV�0HVFRII� HW� DO��� ������� /·pTXLSH� GX� /DERUDWRLUH� GH�0LFURELRORJLH� 0DULQH� GH

0DUVHLOOH�D�HOOH� DQDO\Vp� OH�PpFDQLVPH�GH�GpFRPSRVLWLRQ�PLFURELHQQH�GX�PrPH� W\SH�GH�SDUWLFXOHV

�6HPSpUp�HW�DO���������

,O� HVW� LPSRUWDQW� GH�PHQWLRQQHU� TXH� OHV� SURFHVVXV� DQDO\VpV� SDU� FHV� H[SpULHQFHV� RQW� GHV� pFKHOOHV

WHPSRUHOOHV�HW�VSDWLDOHV�EHDXFRXS�SOXV�UpGXLWHV�TXH�FHOOHV�GX�F\FOH�GHV�SDUWLFXOHV�GDQV�O·HQVHPEOH�GH

OD�FRORQQH�G·HDX��,O�IDXW�pJDOHPHQW�UDSSHOHU�TXH�OHV�FRQGLWLRQV�H[SpULPHQWDOHV�VRQW�DUWLILFLHOOHV��&HV
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H[SpULHQFHV� H[LJHQW� SDU� H[HPSOH� GH� FRQFHQWUHU� OH� PLOLHX� HQ� SDUWLFXOHV�� j� FDXVH� GHV� OLPLWHV� GH

UpVROXWLRQ� GHV� PHVXUHV� �$UUDHV�0HVFRII� HW� DO��� ������� 'DQV� OHV� H[SpULHQFHV� GH� GpJUDGDWLRQ

PLFURELHQQH� OH�GpYHORSSHPHQW�GHV�EDFWpULHV�Q·HVW�SDV� OLPLWp�SDU�GHV�SUpGDWHXUV��PDLV� LO� SHXW� rWUH

OLPLWp�SDU� OH�QRQ�UHQRXYHOOHPHQW�GHV�QXWULPHQWV�GDQV� OH�PLOLHX��&HV�H[SpULHQFHV�QH�SUHQQHQW�SDV

QRQ�SOXV�HQ�FRPSWH�O·LQIOXHQFH�GHV�SURFHVVXV�SK\VLTXHV�VXU�OD�GpJUDGDWLRQ�GHV�SDUWLFXOHV�

)LJXUH����/RFDOLVDWLRQ�GHV�VLWHV�(80(/,�GDQV�OH�FRQWH[WH�K\GURORJLTXH�UpJLRQDO��&&��&RXUDQW�GHV
&DQDULHV��1$6*��*\UH�6XEWURSLFDOH�1RUG�$WODQWLTXH��1(&&��&RQWUH�&RXUDQW�1RUG�(TXDWRULDO�

1(&��&RXUDQW�1RUG�(TXDWRULDO��08��8SZHOOLQJ�0DXULWDQLHQ�

��� 3UpVHQWDWLRQ�GX�SURJUDPPH�(80(/,

/H� SURJUDPPH� QDWLRQDO� (80(/,� D� pWp� GpILQL� GDQV� OHV� DQQpHV� ����������� GDQV� OH� FDGUH� GH� OD

SDUWLFLSDWLRQ�IUDQoDLVH�DX�SURJUDPPH�LQWHUQDWLRQDO�-*2)6��/·REMHFWLI�pWDLW�G·pWXGLHU� OHV�SURFHVVXV

FRQWU{ODQW� OH� IOX[� GH� SDUWLFXOHV�� GHSXLV� OHXU� IRUPDWLRQ� GDQV� OD� FRXFKH� HXSKRWLTXH� MXVTX·j� OHXU

LQFRUSRUDWLRQ� GDQV� OH� VpGLPHQW�� /D� UpJLRQ� G·pWXGH� HVW� FHOOH� GH� O·XSZHOOLQJ�PDXULWDQLHQ�� /HV� VLWHV

G·pFKDQWLOORQQDJH�RQW�pWp�VpOHFWLRQQpV�ORUV�GH�OD�SUHPLqUH�FDPSDJQH�HQ�MXLOOHW������
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����� /RFDOLVDWLRQ�GHV�VWDWLRQV�pFKDQWLOORQQpHV�GDQV�OH�FRQWH[WH�UpJLRQDO

'DQV� OH� FDGUH� G·(80(/,�� OD� FRORQQH� G·HDX� D� pWp� pFKDQWLOORQQpH� DX� QLYHDX� GH� WURLV� VLWHV�� /HXU

GpQRPLQDWLRQ�HW�OHXUV�FRRUGRQQpHV�JpRJUDSKLTXHV�VRQW�LQGLTXpHV�GDQV�OH�7DEOHDX���

6LWH &RRUGRQQpHV 3URIRQGHXU
PR\HQQH�P�

'LVWDQFH�j�OD
F{WH��NP�

3URGXFWLRQ�SULPDLUH
DQQXHOOH�PR\HQQH

�J&�P
�

�
�

(XWURSKH �����·1�������·: ���� ��� ���
0pVRWURSKH �����·1�������·: ���� ������� ���
2OLJRWURSKH �����·1�������·: ���� ���� ���

7DEOHDX����&DUDFWpULVWLTXHV�GHV�WURLV�VLWHV�(80(/,��
�

��0RUHO�HW�DO��������

/H�FRQWH[WH�K\GURORJLTXH� UpJLRQDO� HVW� FRPSOH[H��/D�]RQH�pWXGLpH�HVW� VLWXpH�DX�FRLQ� VXG�HVW� GH� OD

J\UH� VXEWURSLFDOH� QRUG� DWODQWLTXH�� FDUDFWpULVpH� SDU� XQH� FLUFXODWLRQ� DQWLF\FORQLTXH� �)LJXUH� ���� /D

FRXSH�WUDQVYHUVDOH�UHSUpVHQWpH�VXU�OD�)LJXUH���PRQWUH�O·H[LVWHQFH�GH�GHX[�VWUXFWXUHV�IURQWDOHV��/·XQH

FRQFHUQH�OHV�HDX[�FHQWUDOHV�REVHUYpHV�GHSXLV�OD�EDVH�GH�OD�FRXFKH�PpODQJpH��6:�
�

��MXVTX·j�a����P

GH�SURIRQGHXU��,O�V·DJLW�GH�OD�UHQFRQWUH�HQWUH�O·HDX�FHQWUDOH�QRUG�DWODQWLTXH��1$&:��HW�O·HDX�FHQWUDOH

VXG�DWODQWLTXH��6$&:��DX�QLYHDX�GH�OD�]RQH�IURQWDOH�GX�&DS�9HUW��&9)=���=HQN�HW�DO����������/HV

FDUDFWpULVWLTXHV�GH�FH� IURQW�VRQW� WUqV�YDULDEOHV�GDQV� OH� WHPSV�HW�GDQV� O·HVSDFH��/HV�VLWHV�(XWURSKH

�©�VLWH�(�ª��HW�0pVRWURSKH��©�VLWH�0�ª��VRQW�VLWXpV�j�O·LQWpULHXU�GH�OD�]RQH�IURQWDOH��3LHUUH�HW�DO���������

/H�VLWH�2OLJRWURSKH��©�VLWH�2�ª��HVW�RFFXSp�HVVHQWLHOOHPHQW�SDU�OD�1$&:��6RXV�FH�SUHPLHU�IURQW�HW

HQWUH� ����� HW� �����P�� VH� SURGXLW� OD� UHQFRQWUH� HQWUH� OD� ODQJXH� G·HDX� PpGLWHUUDQpHQQH� �02:��

GHVFHQGDQW�YHUV�OH�VXG��HW�OHV�HDX[�DQWDUFWLTXHV�LQWHUPpGLDLUHV��6$,:��UHPRQWDQW�YHUV�OH�QRUG��/HV

WURLV�VLWHV�(80(/,�VRQW�VLWXpV�DX�VXG�GH�FH�IURQW��VRXV�O·LQIOXHQFH�GH�OD�6$,:��3LHUUH�HW�DO���������

6RXV� FHWWH� GLVFRQWLQXLWp� VH� WURXYH� O·HDX� SURIRQGH� QRUG� DWODQWLTXH� �1$':�� GH� QDWXUH� WUqV

KpWpURJqQH�� (QILQ�� HQWUH� �����P� HQYLURQ� HW� OH� IRQG�� RQ� UHSqUH� OD� ©�/RZHU� 'HHS� :DWHU�ª

�0F&DUWQH\� HW� DO��� ������RX� HDX� GH� IRQG� DQWDUFWLTXH� �$$%:��� &HWWH�PDVVH� G·HDX� WUqV� KRPRJqQH

YHUWLFDOHPHQW� SURYLHQW� GX� EDVVLQ� RXHVW� GH� O·$WODQWLTXH� HW� WUDYHUVH� OD� ULGH�PpGLR�DWODQWLTXH� SDU� OD

]RQH�GH�IUDFWXUHV�5RPDQFKH��0HUFLHU�HW�DO���������0HUFLHU�HW�0RULQ��������0HUFLHU�HW�6SHHU�������

0HVVLDV� HW�DO����������(OOH�UHPSOLW� OD�UpJLRQ�GX�SODWHDX�GX�&DS�9HUW��HW� OD�SDUWLH�VXG�GX�%DVVLQ�GHV

&DQDULHV�

(Q� VXUIDFH�� VRXV� O·LQIOXHQFH� GHV� DOL]pV� TXL� VRXIIOHQW� YHUV� OH� VXG�RXHVW� �)LJXUH� ����� OH� FRXUDQW� GHV

&DQDULHV��&&��ORQJH�OHV�F{WHV�PDXULWDQLHQQHV��)LJXUH�����,O�VH�GpWDFKH�GH�OD�PDUJH�FRQWLQHQWDOH�SRXU

IRUPHU� GH� FRXUDQW� QRUG� pTXDWRULDO� �1(&�� GLULJp� YHUV� O·RXHVW�� 3OXV� DX� VXG�� RQ� ORFDOLVH� OH� FRQWUH�

FRXUDQW� QRUG� pTXDWRULDO� �1(&&��� TXL� V·pFRXOH� YHUV� O·HVW�� /D� FLUFXODWLRQ� GH� VXUIDFH� PLJUH

ODWLWXGLQDOHPHQW�DYHF�OHV�VDLVRQV�VRXV�O·LQIOXHQFH�GHV�PRXYHPHQWV�GH�OD�]RQH�GH�FRQYHUJHQFH�LQWHU�

WURSLFDOH��,7&=��GHV�DOL]pV��/H�V\VWqPH�VH�GpSODFH�YHUV�OH�QRUG�HQ�pWp��HW�YHUV�OH�VXG�HQ�KLYHU�

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

�/HV�DEUpYLDWLRQV�FRQFHUQDQW�OHV�VWUXFWXUHV�K\GURORJLTXHV�VRQW�GRQQpHV�HQ�DQJODLV��FDU�F·HVW�VRXV�FHWWH�IRUPH
TX·HOOHV�VRQW�OH�SOXV�XWLOLVpHV�
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)LJXUH����6WUDWLILFDWLRQ�GHV�PDVVHV�G·HDX�HW�FLUFXODWLRQ�RFpDQLTXH�OH�ORQJ�GH�OD�PDUJH�FRQWLQHQWDOH
DIULFDLQH�QRUG�RXHVW��H[WUDLWH�GH�6DUWKHLQ�HW�DO����������$$%:��HDX�GH�IRQG�DQWDUFWLTXH��&&��FRXUDQW
GHV�&DQDULHV��(8&��VRXV�FRXUDQW�pTXDWRULDO��*:��FRXUDQW�GH�*XLQpH��02:��HDX�PpGLWHUUDQpHQQH�
1$&:��HDX�FHQWUDOH�QRUG�DWODQWLTXH��1$':��HDX�SURIRQGH�QRUG�DWODQWLTXH��6$&:��HDX�FHQWUDOH

VXG�DWODQWLTXH��6$,:��HDX�LQWHUPpGLDLUH�VXG�DWODQWLTXH��6:��HDX�GH�VXUIDFH

)LJXUH�����&KDPSV�GH�YHQWV�]RQDX[�PR\HQV�GDQV�OD�FRXFKH�FRPSULVH�HQWUH���HW�����P�DX�GHVVXV�GH
O·$WODQWLTXH�1RUG�WURSLFDO�HQ�MDQYLHU��D��HW�MXLOOHW��E��H[WUDLWH�GH�&KLDSHOOR�HW�DO��������

8QH� DXWUH� VWUXFWXUH� LPSRUWDQWH� GDQV� FH� FRQWH[WH� K\GURORJLTXH� HVW� OD� ]RQH� GH� UHPRQWpH� G·HDX[

SURIRQGHV� OH� ORQJ�GH� OD�F{WH�QRUG�RXHVW�GH� O·$IULTXH� �)LJXUH�����/HV�DOL]pV�HQ�VRXIIODQW�GH� OD�F{WH

HQWUDvQHQW� OHV� HDX[� GH� VXUIDFH� YHUV� OH� ODUJH�� &H� GpSODFHPHQW� G·HDX� HVW� FRPSHQVp� SDU� O·DVFHQVLRQ

G·HDX[� F{WLqUHV� SURIRQGHV�� (OOHV� VRQW� SOXV� IURLGHV� TXH� OHV� HDX[� TX·HOOHV� UHPSODFHQW� HW� VXUWRXW

EHDXFRXS�SOXV� ULFKHV� HQ�QXWULPHQWV�� 3DU� FRQVpTXHQW�� HOOHV� VRQW� OH� VLqJH� G·XQH� DFWLYLWp� ELRORJLTXH

LPSRUWDQWH��)LJXUH�����
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/D�SRVLWLRQ�HW�O·LQWHQVLWp�GH�O·XSZHOOLQJ�pYROXHQW�HOOHV�DXVVL�HQ�IRQFWLRQ�GHV�YDULDWLRQV�VDLVRQQLqUHV

GH�O·,7&=��9DQ�&DPS�HW�DO���������1\NMDHU�HW�9DQ�&DPS���������(QWUH����HW����1�O·XSZHOOLQJ�HVW

DFWLI�WRXWH�O·DQQpH�HW�VRQ�LQWHQVLWp�HVW�PD[LPDOH�DX�SULQWHPSV�HW�HQ�DXWRPQH��$X�VXG�GH����1�VRQ

DFWLYLWp� HVW� LQWHQVH�� PDLV� OLPLWpH� j� O·KLYHU� HW� DX� SULQWHPSV�� (Q� UqJOH� JpQpUDOH�� O·LQIOXHQFH� GH

O·XSZHOOLQJ�HVW�FRQFHQWUpH�VXU�OD�SHQWH�GX�WDOXV�FRQWLQHQWDO��VRLW�GDQV�XQH�EDQGH�GH����j����NP�GH

ODUJH�OH�ORQJ�GH�OD�F{WH��&HSHQGDQW��OD�FRQYHUJHQFH�GX�&&��GLULJp�YHUV�OH�VXG��HW�GX�1(&&��GLULJp

YHUV�OH�QRUG��FI��)LJXUH����SHXW�SDUIRLV� LQGXLUH� OD�IRUPDWLRQ�GH�ILODPHQWV�JpDQWV�GRQW� OHV�PpDQGUHV

V·pWHQGHQW�MXVTX·j�����NP�GX�WDOXV�FRQWLQHQWDO��9DQ�&DPS�HW�DO���������%HUWKRQ��������

)LJXUH�����&DUWH�FRPSRVLWH�GH�FRQFHQWUDWLRQV�PR\HQQHV�HQ�FKORURSK\OOH�D
SRXU�OH�PRLV�GH�MDQYLHU�GDQV�O·$WODQWLTXH�1RUG�PHVXUpHV�SDU�O·LQVWUXPHQW
6HD:,)6��6HD�YLHZLQJ�:,GH�)LHOG�RI�YLHZ�6HQVRU���RSpUDWLRQQHO�GHSXLV
VHSWHPEUH�������KWWS���GDDF�JVIF�QDVD�JRY�&$03$,*1B'2&6�

�2&'67�RFGVWBQRUWKBDWODQWLFBSURGXFWLYLW\�KWPO�

'DQV�FH�FRQWH[WH�� OHV� WURLV�VLWHV�(80(/,�RQW�pWp�SRVLWLRQQpV�GH�IDoRQ�j�SHUPHWWUH� O·pWXGH�GH� OD

YDULDELOLWp� GHV� IOX[� GH� PDWLqUH� HQWUH� WURLV� UpJLPHV� GH� SURGXFWLYLWp� GLIIpUHQWV� �0RUHO�� ������� /HV

HVWLPDWLRQV� GH� OD� SURGXFWLRQ� SULPDLUH� DQQXHOOH� PR\HQQH� UpDOLVpHV� SDU� 0RUHO� HW� DO�� ������� VRQW
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GRQQpHV� GDQV� OH� 7DEOHDX� ��� /H� VLWH� (XWURSKH� HVW� ORFDOLVp� j� SUR[LPLWp� GH� OD� VRXUFH� GHV� HDX[

UHPRQWpHV��/H� VLWH�2OLJRWURSKH��VLWXp�j� OD�SpULSKpULH�GH� OD� J\UH�QRUG� DWODQWLTXH�� HVW� HQ�GHKRUV�GH

O·LQIOXHQFH�GLUHFWH�GH� O·XSZHOOLQJ��/H�VLWH�0pVRWURSKH�D�XQH�SRVLWLRQ�HW�XQH�SURGXFWLYLWp�PR\HQQH

DQQXHOOH�LQWHUPpGLDLUHV��'·DSUqV�OHV�LPDJHV�GH�OD�FRXOHXU�GH� O·RFpDQ��9DQ�&DPS� HW�DO���������� LO�HVW

SDUIRLV�DWWHLQW�SDU�GHV�ILODPHQWV�JpDQWV�

)LJXUH�����&DUWH�JOREDOH�GH�OD�GLVWULEXWLRQ�GHV�DpURVROV�UpDOLVpH�j�SDUWLU�GHV
PHVXUHV�GH�O·LQVWUXPHQW�32/'(5�SRUWp�SDU�OH�VDWHOOLWH�$'(26�GX�&1(6
�KWWS���ZZZSURMHW�FVW�FQHV�IU������32/'(5�6&,(352'�DH�����KWP�

(QILQ��OD�UpJLRQ�(80(/,�VH�WURXYH�j�SUR[LPLWp�GH�O·XQH�GHV�VRXUFHV�G·DpURVROV�PLQpUDX[�OHV�SOXV

LPSRUWDQWHV�j� O·pFKHOOH�PRQGLDOH��j�VDYRLU� OH�6DKDUD� �)LJXUH������� LO�FRQWULEXH�j����j������GX� IOX[

G·DpURVROV� PLQpUDX[� PRQGLDO�� 3OXV� SUpFLVpPHQW�� OHV� SRXVVLqUHV� GpSRVpHV� DX� QLYHDX� GHV� VLWHV

(80(/,�SURYLHQQHQW�PDMRULWDLUHPHQW�GH�OD�0DXULWDQLH��GX�0DOL��GX�0DURF�HW�GX�VXG�GH�O·$OJpULH�

HW�GDQV�XQH�PRLQGUH�PHVXUH�GX�6pQpJDO�HW�GH�OD�*XLQpH��*URXVVHW�HW�DO����������/RFDOHPHQW��OH�IOX[

GH� SRXVVLqUHV� VDKDULHQQHV� GpSHQG� GH� OD� FLUFXODWLRQ� GDQV� OHV� EDVVHV� FRXFKHV� GH� O·DWPRVSKqUH�� (Q

KLYHU�� O·,7&=�HVW�VLWXpH�DX[�DOHQWRXUV�GH���1�HW�OHV�DOL]pV�VRXIIOHQW�G·HVW�HQ�RXHVW��)LJXUH������(Q

SDUWLFXOLHU��OHV�DOL]pV�FRQWLQHQWDX[��+DUPDWWDQ��WUDQVSRUWHQW�OHV�SRXVVLqUHV�VDKDULHQQHV�YHUV�O·RFpDQ�

/D� FRQFHQWUDWLRQ� HQ� SRXVVLqUH� PLQpUDOH� GDQV� O·DLU� YDULH� HQWUH� ��� HW� ����µJ�P �

� HQ� GpFHPEUH� HW

MDQYLHU� �%RU\���������(Q� pWp�� OD� ]RQH�GH� FRQYHUJHQFH�RFFXSH� VD�SRVLWLRQ� OD�SOXV� VHSWHQWULRQDOH�� j

HQYLURQ� ���1��/D� UpJLRQ� GH� O·XSZHOOLQJ�PDXULWDQLHQ� HVW� VRXV� O·LQIOXHQFH� GHV� DOL]pV�PDULWLPHV� TXL

ORQJHQW� OD� F{WH� DIULFDLQH��/·+DUPDWWDQ� HPSRUWH� OHV� SRXVVLqUHV� GpVHUWLTXHV� YHUV� O·HVW� GX� FRQWLQHQW
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DIULFDLQ�� $LQVL�� OD� FRQFHQWUDWLRQ� HQ� DpURVROV� PLQpUDX[� HQ� MXLOOHW�DR�W� HVW� WRXMRXUV� LQIpULHXUH� j

���µJ�P �

��&HW�DSSRUW�GH�SRXVVLqUHV�FRQVWLWXH�OD�SULQFLSDOH�VRXUFH�GH�PDWpULHO�WHUULJqQH�VXU�OD�]RQH�

pWDQW�GRQQpH�O·LQIOXHQFH�QpJOLJHDEOH�GHV�DSSRUWV�IOXYLDWLOHV��/HJHOHX[��������

(WDQW�GRQQpH�OHXU�ORFDOLVDWLRQ�SDU�UDSSRUW�OD�F{WH�DIULFDLQH��7DEOHDX�����RQ�REVHUYH�GX�VLWH�(�DX�VLWH

2� XQH� GLPLQXWLRQ� GX� IOX[� GH� SRXVVLqUHV� PLQpUDOHV�� $� SDUWLU� GHV� LPDJHV� GX� VDWHOOLWH� 0pWpRVDW

HQUHJLVWUpHV�HQWUH������HW������HW�GH�PRGqOHV�GX�GpS{W�VHF�HW�KXPLGH�GHV�DpURVROV��%RU\��������D

HVWLPp�OH�IOX[�MRXUQDOLHU�PR\HQ�DX[�VLWH�0�HW�2��$X�VLWH�2�� LO�VHUDLW�G·HQYLURQ���PJ�P
�

�M��F·HVW�j�

GLUH���IRLV�SOXV�IDLEOH�TX·DX�VLWH�0�

(QWLWp�ELRJpRFKLPLTXH &DUDFWpULVWLTXHV 5pIpUHQFHV

FDUERQH�RUJDQLTXH��&RUJ� FRPSRVDQW�PDMHXU $YULO�� ������� /HJHOHX[� HW� DO�
�������� .KULSRXQRII� HW� DO�
��������%RU\��HW�DO��������

FDUERQDWHV��&D&2 � � FRPSRVDQW�PDMHXU��SHUPHW�GH
TXDQWLILHU� OH� FDUERQH� LQRU�
JDQLTXH

/HJHOHX[� HW� DO�� �������� .KUL�
SRXQRII�HW��DO����������%RU\�HW
DO��������

D]RWH��1� FRPSRVDQW�PDMHXU .KULSRXQRII�HW��DO��������

RSDOH��6L2 � � FRPSRVDQW�PDMHXU %RU\��HW�DO��������

DOXPLQLXP��$O� WUDFHXU� GH� OD� IUDFWLRQ� OLWKR�
JqQH

%RU\���������7DFKLNDZD�HW�DO�
��������������� %RU\� HW�1HZ�
WRQ���������%RU\��HW�DO��������

EDU\XP��%D� WUDFHXU� GX� IOX[� GH� PDWLqUH
H[SRUWpH

/HJHOHX[� HW� 5H\VV� �������
-HDQGHO�HW�DO��������

SORPE�DQWKURSLTXH WUDFHXU� GHV� VRXUFHV� HW� GHV
SURFHVVXV� GH� WUDQVIHUW� GHV
SDUWLFXOHV

+DPHOLQ� HW� DO�� �������� $OOH�
PDQ�HW�DO��������

SORPE������
� ���

3E� RXWLO�GH�FDOLEUDWLRQ�GHV�SLqJHV
SURIRQGV

/HJHOHX[�HW�DO��������

QpRG\PH� �1G�� PDQJD�
QqVH� �0Q�� HW� WHUUHV� UDUHV
�5((�

WUDFHXUV� GHV� VRXUFHV� GH
PDWLqUH� YHUV� O·RFpDQ� HW� GHV
SURFHVVXV� GX� F\FOH� SDUWLFX�
ODLUH

7DFKLNDZD� �������� 7DFKLND�
ZD�HW�DO���������������

7DEOHDX����3ULQFLSDX[�FRQVWLWXDQWV�GH�OD�PDWLqUH�SDUWLFXODLUH�pFKDQWLOORQQpV�GDQV�OD�FRORQQH�G·HDX�j
O·RFFDVLRQ�GX�SURJUDPPH�(80(/,

����� 6WUDWpJLH�G·pFKDQWLOORQQDJH�GH�OD�FRORQQH�G·HDX

/·pFKDQWLOORQQDJH�GH�OD�FRORQQH�G·HDX�DX[�WURLV�VLWHV�V·HVW�GpURXOp�GH�IpYULHU������j�GpFHPEUH������

/D�VWUDWpJLH�HPSOR\pH�D�SHUPLV�GH�PHVXUHU�j� OD� IRLV� OD�GLVWULEXWLRQ�GHV�FRQVWLWXDQWV�PDMHXUV�GH� OD

PDWLqUH� SDUWLFXODLUH�� HW� FHOOH� GH� WUDFHXUV� GX� F\FOH� SDUWLFXODLUH�� /H� 7DEOHDX� �� pQXPqUH� OHV� HQWLWpV

ELRJpRFKLPLTXHV� GRQW� OHV� PHVXUHV� RQW� pWp� FRPSOqWHPHQW� LQWHUSUpWpHV� HW� SXEOLpHV�� 1RXV� DYRQV

UDVVHPEOp�HW�RUJDQLVp�OHV�PHVXUHV�TXH�O·RQ�QRXV�D�IRXUQLHV��SXLV�QRXV�OHV�DYRQV�WUDQVPLVHV�j�OD�EDVH

GH� GRQQpHV� )UDQFH�-*2)6� �KWWS���ZZZ�REV�YOIU�IU�MJRIV�KWPO�EGMJRIV�KWPO��� /HXU� LQYHQWDLUH

FRPSOHW�DLQVL�TXH�OHXUV�VRXUFHV�VRQW�GpWDLOOpV�GDQV�O·$QQH[H���
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�D� 0HVXUH�GX�IOX[�SDUWLFXODLUH

6HXOV�OHV�VLWHV�2�HW�0�RQW�pWp�pTXLSpV�GH�SLqJHV�j�SDUWLFXOHV�

(FKDQWLOORQQDJH�SDU�OHV�SLqJHV�j�SDUWLFXOHV�DX�VLWH�ROLJRWURSKH

/H�VLWH�2��7DEOHDX����pWDLW�pTXLSp�GH�FLQT�SLqJHV�j�SDUWLFXOHV�FRQLTXHV�7HFKQLFDS�336��LGHQWLTXHV�j

FHOXL�GH�OD�)LJXUH����,OV�SRUWDLHQW�FKDFXQ�XQ�FDUURXVHO�PXQL����JRGHWV��,OV�pWDLHQW�DUULPpV�VXU�GHX[

OLJQHV�GH�PRXLOODJHV�GLVWLQFWHV��pORLJQpHV�G·DSSUR[LPDWLYHPHQW���NP��7URLV�SLqJHV�pWDLHQW�LPPHUJpV

j�����������HW������P�j������·1�������·:� �%RU\� HW� DO��� ������HW�GHX[�DXWUHV� j������HW������P�j

�����·1�������·:��.KULSRXQRII�HW�DO���������VXU�XQ�IRQG�PR\HQ�GH������P��7DEOHDX�����,OV�RQW�pWp

GpSOR\pV�WURLV�IRLV��HW�j�FKDTXH�IRLV�SRXU�XQH�GXUpH�G·HQYLURQ���PRLV��HQWUH�OH����IpYULHU������HW�OH

�
���

�GpFHPEUH������ �)LJXUH������/D�SpULRGH�GH�FROOHFWH�GHV�JRGHWV� pWDLW�GH���� MRXUV�SRXU� OHV�GHX[

SUHPLHUV�GpSORLHPHQWV��HW�GH���MRXUV�SRXU�OH�WURLVLqPH��/D�URWDWLRQ�GHV�JRGHWV�pWDLW�V\QFKURQH�HQWUH

OHV�GHX[�OLJQHV�GH�PRXLOODJH��HW�HQWUH�OHV�SURIRQGHXUV�

)LJXUH�����(FKDQWLOORQQDJH�GHV�SLqJHV�j�SDUWLFXOHV�DX�VLWH�2��/HV�WULDQJOHV
V\PEROLVHQW�OD�GDWH�G·LPPHUVLRQ�GHV�SLqJHV��HW�OHV�WLUHWV�OD�GXUpH�G·pFKDQWLOORQQDJH

SRXU�FKDFXQ�GHV�WURLV�GpSORLHPHQWV��7DEOHDX�����/HV�pFKDQWLOORQV�GHV�SLqJHV�UHSUpVHQWpV
HQ�FRXOHXU�������������HW������P��VRQW�H[SORLWDEOHV��FHX[�GHV�SLqJHV�UHSUpVHQWpV�HQ�QRLU

������HW������P��QH�OH�VRQW�SDV�

$ILQ�G·pYDOXHU�O·HIILFDFLWp�GH�FROOHFWH�GHV�SLqJHV��GHV�FRXUDQWRPqWUHV�$DQGHUD�RQW�pWp�IL[pV�j����P

DX�GHVVXV� RX� HQ�GHVVRXV� GH� FKDTXH� SLqJH��'·DXWUH� SDUW�� OHV� RUJDQLVPHV� SUpVHQWV� GDQV� OHV� JRGHWV

�©�QDJHXUV�ª�� RQW� pWp� FRPSWpV� HW� UHWLUpV�� ,O� DSSDUDvW� TX·j� ����P�� OD� YLWHVVH� GHV� FRXUDQWV� D� VRXYHQW

H[FpGp�OH�VHXLO�GHV����FP�V��FH�TXL�D�LQGXLW�XQ�PDXYDLV�IRQFWLRQQHPHQW�GX�SLqJH��'·DXWUH�SDUW��OHV

QDJHXUV�pWDLHQW�WUqV�QRPEUHX[��3DU�FRQVpTXHQW��OHV�pFKDQWLOORQV�SUpOHYpV�j�����P�RQW�pWp�FRQVLGpUpV

LQH[SORLWDEOHV��%RU\�HW�DO���������



&KDSLWUH���'pILQLWLRQ�HW�PHVXUH�GHV�IOX[�GH�PDWLqUH�GDQV�O·RFpDQ

��

3DU� FRQWUH�� OHV� WUDYDX[� GH� .KULSRXQRII� ������� HW� %RU\� HW� DO�� ������� PRQWUHQW� TXH� OHV� FRXUDQWV

HQUHJLVWUpV� j� ������ ����� HW� �����P� Q·RQW� SDV� SHUWXUEp� VLJQLILFDWLYHPHQW� OD� FROOHFWH��'H� SOXV�� OHV

QDJHXUV� pWDLHQW� HQ� QRPEUH� QpJOLJHDEOH�� /HJHOHX[� HW� DO�� ������� RQW� SURSRVp� XQH� DQDO\VH� SOXV

TXDQWLWDWLYH�GH�O·HIILFDFLWp�GHV�SLqJHV��HQ�FRPSDUDQW�OH�IOX[�GH�
� ���

3E�PHVXUp�SDU�OHV�SLqJHV�HW�OH�IOX[

PR\HQ�j�ORQJ�WHUPH�PHVXUp�GDQV�GHV�FDURWWHV�VpGLPHQWDLUHV��VHFWLRQ�������D����/HV�IOX[�PHVXUpV�SDU

OHV�SLqJHV�VLWXpV�j������HW������P�VRQW�HQ�DFFRUG�DYHF�O·HQUHJLVWUHPHQW�VpGLPHQWDLUH��3DU�FRQWUH��OH

IOX[�PHVXUp�j������P��VRLW�j����P�GX�IRQG��HVW�GHX[�IRLV�SOXV�LPSRUWDQW�TXH�OH�IOX[�PR\HQ�j�ORQJ

WHUPH�� FH� TXL� VXJJqUH� TXH� FH� SLqJH� D� pWp� FRQWDPLQp� SDU� OD� PLVH� HQ� VXVSHQVLRQ� GHV� VpGLPHQWV

GpSRVpV��&H�W\SH�G·DQDO\VH�QH�SHXW�SDV�rWUH�DSSOLTXp�DX�SLqJH�VLWXp�j������P�GDQV�OD�PHVXUH�R��LO�HVW

WURS�pORLJQp�GX�IRQG�

3URIRQGHXUV
pFKDQWLOORQQpHV��P�

'pSORLHPHQW 'XUpH�GH
O·pFKDQWLOORQQDJH

3pULRGH�GH�FROOHFWH
GHV�JRGHWV��M�

1RPEUH
G·pFKDQWLOORQV
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7DEOHDX����&DUDFWpULVWLTXHV�WHPSRUHOOHV�HW�VSDWLDOHV�GHV�pFKDQWLOORQV�H[SORLWDEOHV�FROOHFWpV�SDU�OHV
SLqJHV�XWLOLVpV�DX�VLWH�2

(Q� FRQFOXVLRQ�� VHXOHV� OHV� PHVXUHV� GHV� SLqJHV� IL[pV� j� ������ ����� HW� �����P� VRQW� H[SORLWDEOHV

�7DEOHDX�����/·HQVHPEOH�GHV�PHVXUHV�DQDO\WLTXHV�UpDOLVpHV�j�SDUWLU�GHV�pFKDQWLOORQV�VRQW�SUpVHQWpHV

HQ�$QQH[H����7DEOHDX�����

(FKDQWLOORQQDJH�SDU�OHV�SLqJHV�j�SDUWLFXOHV�DX�VLWH�PpVRWURSKH

/H� VLWH�0� �7DEOHDX� ��� pWDLW� pTXLSp� GH� TXDWUH� SLqJHV�� LGHQWLTXHV� j� FHX[� SRVLWLRQQpV� DX� VLWH�2�� ,OV

pWDLHQW�IL[pV�VXU�XQH�VHXOH�OLJQH�GH�PRXLOODJH�HW�j�����������������HW������P�GH�SURIRQGHXU��VXU�XQ

IRQG�GH������P� �%RU\� HW� DO��� �������)LJXUH� �����&RPPH�DX� VLWH�2�� LOV� RQW� pWp�GpSOR\pV� WURLV� IRLV�

HQWUH� OH� ��� IpYULHU� ����� HW� OH� �
���

� GpFHPEUH� ������ /D� GXUpH� GHV� GpSORLHPHQWV� HW� OHV� SpULRGHV� GH

FROOHFWH�SDU�OHV�JRGHWV�pWDLHQW�LGHQWLTXHV�DX[�GHX[�VLWHV��7DEOHDX����

3RXU�OHV�PrPHV�UDLVRQV�TX·DX�VLWH�2��OHV�pFKDQWLOORQV�SUpOHYpV�j�����P�QH�VRQW�SDV�H[SORLWDEOHV��/HV

FRXUDQWV� PHVXUpV� DX� QLYHDX� GHV� WURLV� DXWUHV� SLqJHV� Q·RQW� YUDLVHPEODEOHPHQW� SDV� LQGXLW� GH� ELDLV

K\GURG\QDPLTXH�PDMHXU��/HV�QDJHXUV�pWDLHQW�HQ�QRPEUH�QpJOLJHDEOH�j������HW������P��3DU�FRQWUH�

GHV� UHVWHV� GH� SRLVVRQV� RQW� pWp� UHWURXYpV� GDQV� OHV� JRGHWV� SODFpV� j� �����P� SHQGDQW� OH� VHFRQG

GpSORLHPHQW��FH�TXL� UHQG�FHV�pFKDQWLOORQV�SHX�ILDEOHV��'H�SOXV��SHQGDQW�FH�PrPH�GpSORLHPHQW�� OH

SLqJH�VLWXp�j������P�D�PDO�IRQFWLRQQp�HW�DXFXQ�pFKDQWLOORQ�Q·HVW�GLVSRQLEOH��/·DQDO\VH�UpDOLVpH�SDU



&KDSLWUH���'pILQLWLRQ�HW�PHVXUH�GHV�IOX[�GH�PDWLqUH�GDQV�O·RFpDQ

��

/HJHOHX[�HW�DO���������PRQWUH�XQH�ERQQH�FRUUHVSRQGDQFH�HQWUH�OH�IOX[�GH�
� ���

�3E�PHVXUp�j������P�HW

OH�IOX[�PR\HQ�j� ORQJ�WHUPH�SHQGDQW� OH�SUHPLHU�HW� OH�WURLVLqPH�GpSORLHPHQW��3DU�FRQWUH�� OH�IOX[�GH
� ���

3E� PHVXUp� j� �����P� HVW� VLJQLILFDWLYHPHQW� SOXV� IDLEOH� TXH� FHOXL� FDOFXOp� j� SDUWLU� GHV� FDURWWHV

VpGLPHQWDLUHV��0DLV� LO�Q·D�pWp�PHVXUp�TXH�SHQGDQW���PRLV�j������P��MXLQ�GpFHPEUH�������� LO�Q·HVW

GRQF�SDV�UHSUpVHQWDWLI�GH�O·HQUHJLVWUHPHQW�VpGLPHQWDLUH�

3URIRQGHXUV
pFKDQWLOORQQpHV��P�

'pSORLHPHQW 'XUpH�GH
O·pFKDQWLOORQQDJH

3pULRGH�GH�FROOHFWH
GHV�JRGHWV��M�

1RPEUH
G·pFKDQWLOORQV
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7DEOHDX����&DUDFWpULVWLTXHV�WHPSRUHOOHV�HW�VSDWLDOHV�GHV�pFKDQWLOORQV�H[SORLWDEOHV�FROOHFWpV�SDU�OHV
SLqJHV�XWLOLVpV�DX�VLWH�0�

)LJXUH�����(FKDQWLOORQQDJH�GHV�SLqJHV�j�SDUWLFXOHV�DX�VLWH�0��/HV�WULDQJOHV
V\PEROLVHQW�OD�GDWH�G·LPPHUVLRQ�GHV�SLqJHV��HW�OHV�WLUHWV�OD�GXUpH�G·pFKDQWLOORQQDJH

SRXU�FKDFXQ�GHV�WURLV�GpSORLHPHQWV��7DEOHDX�����/HV�pFKDQWLOORQV�GHV�SLqJHV�UHSUpVHQWpV
HQ�FRXOHXU�������������HW������P��VRQW�H[SORLWDEOHV��FHX[�GX�SLqJH�UHSUpVHQWp�HQ�QRLU

�����P��QH�OH�VRQW�SDV�

(Q�FRQFOXVLRQ��OHV�pFKDQWLOORQV�SUpOHYpV�j������SHQGDQW�OH�SUHPLHU�HW�OH�WURLVLqPH�GpSORLHPHQW�VRQW

H[SORLWDEOHV�� DLQVL� TXH� FHX[� SUpOHYpV� j� �����P� HW� j� �����P� SHQGDQW� OH� VHFRQG� HW� OH� WURLVLqPH

GpSORLHPHQW� �)LJXUH� ����� /·HQVHPEOH� GHV� PHVXUHV� DQDO\WLTXHV� UpDOLVpHV� VXU� OHV� pFKDQWLOORQV� VRQW

SUpVHQWpHV�HQ�$QQH[H����7DEOHDX�����



&KDSLWUH���'pILQLWLRQ�HW�PHVXUH�GHV�IOX[�GH�PDWLqUH�GDQV�O·RFpDQ

��

(WDQW� GRQQpV� OHV� pFKDQWLOORQV� GLVSRQLEOHV�� OD� EDVH� GH� GRQQpHV� (80(/,� QH� SHUPHW� GH

TXDQWLILHU� OHV� SURFHVVXV� GDQV� OD� FRORQQH� G·HDX� TX·HQWUH� �����P� HW� OH� VpGLPHQW� DX[� VLWHV

ROLJRWURSKH�HW�PpVRWURSKH�

�E� (FKDQWLOORQQDJH�GH�OD�SKDVH�HQ�VXVSHQVLRQ

/HV�SDUWLFXOHV�HQ�VXVSHQVLRQ�RQW�pWp�SUpOHYpHV�j�SDUWLU�GH�SRPSHV� LQ�VLWX�PXQLHV�GH�ILOWUHV�GRQW� OD

SRURVLWp�HVW�GH������µP�SRXU�PHVXUHU�OD�FRQFHQWUDWLRQ�GHV�WUDFHXUV�LQRUJDQLTXHV��7DFKLNDZD�������

7DFKLNDZD�HW�DO����������$�FHWWH�pSRTXH��OD�FRPPXQDXWp�IUDQoDLVH�QH�GLVSRVDLW�TXH�GH�GHX[�SRPSHV�

GRQF� XQ� VHXO� SURILO� D� pWp� UpDOLVp� SRXU� FKDFXQ� GHV� WURLV� VLWHV� HQ� MXLQ� ������ ,O� V·DJLW� GH� SURILOV

FRPSRVLWHV��F·HVW�j�GLUH�TXH�OHV�SURIRQGHXUV�RQW�pWp�pFKDQWLOORQQpHV�j�GHV�GDWHV�GLIIpUHQWHV��&HOOHV�

FL� VRQW� LQGLTXpHV�GDQV� OH�7DEOHDX����&H� WDEOHDX�PRQWUH�TXH� OH�QRPEUH�G·pFKDQWLOORQV�SHUPHWWDQW

G·pWXGLHU� OD� FRORQQH� G·HDX� HQWUH� �����P� HW� OH� IRQG� HVW� WUqV� UpGXLW�� /·LQYHQWDLUH� GHV� PHVXUHV

DQDO\WLTXHV�UpDOLVpHV�VXU�FHV�pFKDQWLOORQV�HVW�SUpVHQWp�HQ�$QQH[H���

6LWH�pFKDQWLOORQQp 3URIRQGHXUV
pFKDQWLOORQQpHV��P�
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2OLJRWURSKH
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7DEOHDX����(FKDQWLOORQQDJH�GH�OD�SKDVH�HQ�VXVSHQVLRQ�DX[�VLWHV�(80(/,�HQ�MXLQ�������7DFKLNDZD�
������7DFKLNDZD�HW�DO����������/HV�pFKDQWLOORQV�SRXYDQW�VHUYLU�j�O·pWXGH�GH�OD�FRORQQH�G·HDX�HQWUH

�����P�HW�OH�IRQG�VRQW�LQGLTXpV�HQ�JUDV�

/D�IDLEOH�UpVROXWLRQ�VSDWLDOH�HW�WHPSRUHOOH�GH�O·pFKDQWLOORQQDJH�LQ�VLWX�GH�OD�SKDVH�HQ�VXVSHQVLRQ�HVW

XQH� FDUDFWpULVWLTXH� YDODEOH� SRXU� XQ� JUDQG� QRPEUH� GH� SURJUDPPHV��2Q� SHQVH� HQ� HIIHW� TXH� FHWWH

SKDVH�HW�HQ�SDUWLFXOLHU�VD�IUDFWLRQ�LQRUJDQLTXH�VRQW�SHX�YDULDEOHV�GDQV�OD�FRXFKH�SURIRQGH��%LVFD\H

HW�(LWWUHLP�� ������ 6KHUUHOO� HW�%R\OH�� ������ 6DUWKRX� HW� -HDQGHO�� �������1RXV� UHYLHQGURQV� VXU� FHWWH

K\SRWKqVH�GDQV�OHV�FKDSLWUHV����HW�����0HQWLRQQRQV�TXH�SOXVLHXUV�SURILOV�GH�FDUERQH�RUJDQLTXH�HQ

VXVSHQVLRQ�RQW�pWp�UpDOLVpV�DX�VLWH�2��%HQWDOHE���������PDLV�OHV�PHVXUHV�QH�VHUDLHQW�SDV�ILDEOHV��5�

6HPSpUp��FRPPXQLFDWLRQ�SHUVRQQHOOH��������



&KDSLWUH���'pILQLWLRQ�HW�PHVXUH�GHV�IOX[�GH�PDWLqUH�GDQV�O·RFpDQ

��

�F� (FKDQWLOORQQDJH�GH�OD�SKDVH�GLVVRXWH

'HV�pFKDQWLOORQV�G·HDX�GH�PHU�RQW�pWp�SUpOHYpV�j�SDUWLU�GH�ERXWHLOOHV�1LVNLQ��)LJXUH�����7DFKLNDZD�

������SRXU�PHVXUHU�OD�FRQFHQWUDWLRQ�GHV�WUDFHXUV�LQRUJDQLTXHV�GLVVRXV��$QQH[H�����&RPPH�SRXU�OD

SKDVH� HQ� VXVSHQVLRQ�� XQ� VHXO� SURILO� HVW� GLVSRQLEOH� SRXU� FKDTXH� VWDWLRQ�� /·pWXGH� K\GURORJLTXH

UpDOLVpH�SDU�3LHUUH�HW�DO���������VXJJqUH�HQ�HIIHW�TXH�OHV�SURSULpWpV�GHV�PDVVHV�G·HDX�FRPSULVHV�HQWUH

�����P�HVW�OH�IRQG�YDULHQW�SHX�DX�FRXUV�GX�WHPSV��1RXV�UHYLHQGURQV�VXU�OD�YDOLGLWp�GH�FHWWH�VWUDWpJLH

G·pFKDQWLOORQQDJH�GDQV�OHV�FKDSLWUHV����HW�����/HV�SURILOV�RQW�pWp�UpDOLVpV�HQ�VHSWHPEUH������HW�RX

HQ�MXLQ�������/HV�SURIRQGHXUV�pFKDQWLOORQQpHV�VRQW�LQGLTXpHV�GDQV�OH�7DEOHDX����&RPPH�SRXU�OHV

SDUWLFXOHV� HQ� VXVSHQVLRQ�� QRXV� GLVSRVRQV� GH� SHX� G·pFKDQWLOORQV� SRXU� O·pWXGH� GH� OD� FRORQQH� G·HDX

HQWUH������P�HW�OH�IRQG�

6LWH�pFKDQWLOORQQp 3URIRQGHXUV
pFKDQWLOORQQpHV��P�
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7DEOHDX����(FKDQWLOORQQDJH�GH�OD�SKDVH�GLVVRXWH�DX[�VLWHV�(80(/,��7DFKLNDZD���������/HV
pFKDQWLOORQV�SRXYDQW�VHUYLU�j�O·pWXGH�GH�OD�FRORQQH�G·HDX�VRQW�LQGLTXpV�HQ�JUDV�

6LWHV�pFKDQWLOORQQpV 'DWHV�GHV�pFKDQWLOORQQDJHV

���������(XWURSKH
������·1�������·:� �����������
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0pVRWURSKH
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2OLJRWURSKH
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7DEOHDX����'DWHV�GHV�PHVXUHV�GHV�SURILOV�GH�FDUERQH�RUJDQLTXH�GLVVRXV�DX[�VLWHV�(80(/,��$YULO�
������



&KDSLWUH���'pILQLWLRQ�HW�PHVXUH�GHV�IOX[�GH�PDWLqUH�GDQV�O·RFpDQ

��

(Q� RXWUH�� SOXVLHXUV� SURILOV� GH� OD� FRQFHQWUDWLRQ� HQ� &DUERQH� 2UJDQLTXH� 'LVVRXV� �&2'�� RQW� pWp

PHVXUpV� DX[� WURLV� VLWHV�(80(/,� �$YULO�� ������� KWWS���ZZZ�REV�YOIU�IU�MJRIV�KWPO�EGMJRIV�KWPO��

/HV� GDWHV� GHV� pFKDQWLOORQQDJHV� VRQW� LQGLTXpHV� GDQV� OH� 7DEOHDX� ��� /HXU� UpVROXWLRQ� YHUWLFDOH� HQWUH

�����P�HW�OH�IRQG�YDULH�HQWUH�TXHOTXHV�GL]DLQHV�GH�PqWUHV�HW�����P�

����� &DUDFWpULVWLTXHV�GHV�VLWHV�ROLJRWURSKH�HW�PpVRWURSKH

/·DQDO\VH� GH� TXHOTXHV� VpULHV� WHPSRUHOOHV� GHV� IOX[� GH� PDWLqUH� PHVXUpHV� DX[� VLWHV� (80(/,

ROLJRWURSKH� HW� PpVRWURSKH� UpYqOH� GHV� GLIIpUHQFHV� VLJQLILFDWLYHV� HQWUH� OHXUV� DPSOLWXGHV� HW� OHXUV

FRPSRVLWLRQV�

�D� &DUDFWpULVWLTXHV�GHV�IOX[�GH�PDWLqUH�DX�VLWH�ROLJRWURSKH

$X�VLWH�2��OH�IOX[�GH�PDVVH�YDULH�HQWUH���HW����PJ�P
�

�M�VHORQ�OD�SURIRQGHXU�HW�OD�SpULRGH�GH�FROOHFWH

�)LJXUH���D���/D�PR\HQQH�GX�IOX[�VXU�OD�SpULRGH�DOODQW�G·DYULO������j�DYULO�������R��OHV�IOX[�RQ�pWp

PHVXUpV� VLPXOWDQpPHQW� DX[� WURLV� SURIRQGHXUV�� HVW� GH� �����PJ�P
�

�M� j� �����P�� �����PJ�P
�

�M� j

�����P� HW� �����PJ�P
�

�M� j� �����P� �7DEOHDX� ���� &HV� YDOHXUV� VRQW� FDUDFWpULVWLTXHV� GHV� UpJLRQV

ROLJRWURSKHV� �-LFNHOOV� HW� DO��� ������ /DPSLWW� HW� $QWLD�� ������� /HV� WURLV� VpULHV� WHPSRUHOOHV� PRQWUHQW

JOREDOHPHQW�OD�PrPH�pYROXWLRQ�WHPSRUHOOH��FH�TXL�VXJJqUH�XQ�WUDQVIHUW�GH�PDWLqUH�HVVHQWLHOOHPHQW

YHUWLFDO�� &HOD� VLJQLILH� DXVVL� TXH� O·RQ� SHXW� QpJOLJHU� O·LQIOXHQFH� GH� O·XWLOLVDWLRQ� GH� GHX[� OLJQHV� GH

PRXLOODJH� GLVWLQFWHV� SRXU� OHV� WURLV� SLqJHV�� /·DEVHQFH� GH� FRXFKH� QpSKpORwGH� GDQV� OHV� FRXFKHV

LQWHUPpGLDLUHV� HW� SURIRQGHV� FRQILUPH� OH� FDUDFWqUH� QpJOLJHDEOH� GH� O·DGYHFWLRQ� ODWpUDOH� j� FHV

SURIRQGHXUV��%RU\�HW�DO���������

3URIRQGHXU
�P�

)OX[�GH�PDVVH
�PJ�P

�

�M�
&RQFHQWUDWLRQ�HQ
FDUERQH�RUJDQLTXH

���

)UDFWLRQ�FDUERQDWpH
���

)UDFWLRQ�OLWKRJqQH
���

PR\HQQH pFDUW�W\SH PR\HQQH pFDUW�W\SH PR\HQQH pFDUW�W\SH PR\HQQH pFDUW�W\SH
�����P ���� ���� ��� ��� ���� ��� ���� ���
�����P ���� ���� ��� ��� ���� ��� ���� ���
�����P ���� ��� ��� ��� Q�G� Q�G� Q�G� Q�G�

7DEOHDX����)OX[�GH�PDVVH�PR\HQ�HW�VD�FRPSRVLWLRQ�PR\HQQH�GDQV�OD�FRORQQH�G·HDX�DX�VLWH�2
�Q�G���DEVHQFH�GH�PHVXUH���/HV�FDOFXOV�RQW�pWp�IDLWV�j�SDUWLU�GHV�GRQQpHV�FROOHFWpHV�VLPXOWDQpPHQW

G·DYULO������j�DYULO�����������MRXUV��

2Q�QRWH�XQH�OpJqUH�GLPLQXWLRQ�GX�IOX[�GH�PDVVH�HW�GH� O·DPSOLWXGH�GH�VHV�YDULDWLRQV�HQWUH������HW

�����P� �)LJXUH� ��D��� /D� GLPLQXWLRQ� GX� IOX[� GH� PDVVH� HVW� SOXV� PDUTXpH� HQWUH� ����� HW� �����P

�7DEOHDX�����/D�VpULH�WHPSRUHOOH�HQUHJLVWUpH�j������P�PRQWUH�XQ�UHWDUG�G·HQYLURQ�XQ�LQWHUYDOOH�GH

FROOHFWH��a���MRXUV��SDU�UDSSRUW�j�OD�VpULH�PHVXUpH�j������P��3DU�FRQWUH��OHV�pYpQHPHQWV�VHPEOHQW�VH

SURGXLUH�VLPXOWDQpPHQW�j������HW������P��UHODWLYHPHQW�j�OD�SpULRGH�GH�FROOHFWH�



&KDSLWUH���'pILQLWLRQ�HW�PHVXUH�GHV�IOX[�GH�PDWLqUH�GDQV�O·RFpDQ

��

)LJXUH�����)OX[�GH�PDVVH��D���GH�FDUERQH�RUJDQLTXH��E��HW�G·DOXPLQLXP��F��PHVXUpV�GDQV�OD�FRORQQH
G·HDX�DX�VLWH�2

2Q�Q·REVHUYH�SDV�GH�YDULDWLRQ� VDLVRQQLqUH�GX� IOX[�GH�PDVVH� �)LJXUH� ��D���&HFL� HVW� FRKpUHQW� DYHF

O·DEVHQFH�GH�VDLVRQQDOLWp�GDQV�O·pYROXWLRQ�WHPSRUHOOH�GH�OD�SURGXFWLRQ�SULPDLUH��0RUHO� HW�DO��������



&KDSLWUH���'pILQLWLRQ�HW�PHVXUH�GHV�IOX[�GH�PDWLqUH�GDQV�O·RFpDQ

��

TXL� V·H[SOLTXH�SDU� O·DEVHQFH�GH�PpODQJH�KLYHUQDO� DX[�EDVVHV� ODWLWXGHV��2Q�REVHUYH�SDU� FRQWUH�GHV

RVFLOODWLRQV� UDSLGHV� HW� DVVH]� UpJXOLqUHV�� GRQW� OD� SpULRGH� VHUDLW� FRPSULVH� HQWUH� �� j� �� PRLV

�.KULSRXQRII� HW� DO��� ������� (OOHV� VHUDLHQW� GXHV� j� O·H[LVWHQFH� GH� FRXUDQWV� SpULRGLTXHV� JpQpUpV� DX

QLYHDX� GH� OD� &9)=��� LOV� WUDQVSRUWHQW� YHUV� O·RXHVW� GHV� ILODPHQWV� G·HDX[� RULJLQDLUHV� GH� O·XSZHOOLQJ

F{WLHU��%HUWKRQ���������6HORQ�'DGRX� HW�DO�� ������� OHV�RVFLOODWLRQV�SRXUUDLHQW�DXVVL�rWUH�FUpHV�SDU� OH

1(&��)LJXUH�����(Q�HIIHW��FHOXL�FL�HQWUDvQH� O·DSSDULWLRQ�GH� WRXUELOORQV�j�PpVR�pFKHOOH� ��������NP�

TXL�� WRXW� HQ� VH� GpSODoDQW� YHUV� O·RXHVW�� SURYRTXHQW� ORFDOHPHQW� GHV� UHPRQWpHV� G·HDX[� HQULFKLHV� HQ

QXWULPHQWV��/HV�VpULHV�WHPSRUHOOHV�QH�PRQWUHQW�SDV�QRQ�SOXV�GH�GLIIpUHQFH�VLJQLILFDWLYH�HQWUH�����

HW������

/D�FRPSRVLWLRQ�GX�PDWpULHO�H[SRUWp�HVW�UHODWLYHPHQW�FRQVWDQWH�DX�FRXUV�GX�WHPSV��FH�TXL�H[SOLTXH

TXH� OH� IOX[� GH� FDUERQH� RUJDQLTXH� �&RUJ�� HW� G·DOXPLQLXP� �$O�� PRQWUHQW� OD� PrPH� YDULDELOLWp

WHPSRUHOOH�TXH� OH� IOX[�GH�PDVVH�DX[� WURLV�SURIRQGHXUV� �)LJXUH���E�F���/H�PDWpULHO�SDUWLFXODLUH� HVW

HVVHQWLHOOHPHQW�FRPSRVp�GH�FDUERQDWHV�HW�GH�PDWpULHO�OLWKRJqQH��7DEOHDX�����/H�IOX[�GH�&RUJ�DQQXHO

PR\HQ�j������P�UHSUpVHQWH�HQYLURQ�������GH� OD�SURGXFWLRQ�SULPDLUH� �7DEOHDX�����&HFL� V·H[SOLTXH

SDU�OD�GRPLQDQFH�GX�SLFRSODQFWRQ�GDQV� OD�FRPPXQDXWp�DXWRWURSKH�GH�VXUIDFH��&ODXVWUH�HW�0DUW\�

������� &H� W\SH� GH� FRPPXQDXWp� HVW� JpQpUDOHPHQW� DVVRFLp� j� XQ� LPSRUWDQW� UHF\FODJH�� GRQF� j� XQH

H[SRUWDWLRQ� OLPLWpH� GH�PDWLqUH� RUJDQLTXH� SURGXLWH� HQ� VXUIDFH� �%R\G� HW�1HZWRQ�� ������:DVVPDQ�

������� /D� FRQFHQWUDWLRQ� HQ� &RUJ� GLPLQXH� DYHF� OD� SURIRQGHXU�� DORUV� TXH� OHV� FRQFHQWUDWLRQV� HQ

FDUERQDWHV�HW�HQ�$O�DXJPHQWHQW�OpJqUHPHQW�

'HX[�VWUXFWXUHV�SDUWLFXOLqUHV�GRLYHQW�rWUH�PHQWLRQQpHV��/H�IOX[�GH�PDVVH�HVW�EHDXFRXS�SOXV�IDLEOH�j

�����P�TX·j������HW������P�GH�MXLOOHW�j�VHSWHPEUH�������HW�HQ�QRYHPEUH�HW�GpFHPEUH�������)LJXUH

��D���&HWWH�SDUWLFXODULWp�VH�UHWURXYH�GDQV�OHV�FRPSRVDQWHV�GX�IOX[��)LJXUH���E�F���(OOH�V·H[SOLTXH�WUqV

YUDLVHPEODEOHPHQW� SDU� OH� VRXV�pFKDQWLOORQQDJH� GX� SLqJH� IL[p� j� �����P�� (Q� HIIHW�� F·HVW� XQ

SKpQRPqQH�IUpTXHQW�SRXU�OHV�SLqJHV�UHODWLYHPHQW�VXSHUILFLHOV���������P��FI��%DFRQ��������6FKROWHQ

HW�DO����������'H�SOXV��OHV�GHX[�pSLVRGHV�SUREOpPDWLTXHV�VXFFqGHQW�GHX[�SpULRGHV�R��OH�FRXUDQW�D�pWp

SDUWLFXOLqUHPHQW�LQWHQVH�j������P��%RU\�HW�DO���������

�E� &DUDFWpULVWLTXHV�GHV�IOX[�GH�PDWLqUH�DX�VLWH�PpVRWURSKH

$X� VLWH�0�� OH� IOX[� GH�PDVVH� HVW� HQ�PR\HQQH� �� j� SOXV� GH� �� IRLV� SOXV� pOHYp� TX·DX� VLWH�2� VHORQ� OD

SURIRQGHXU� �7DEOHDX� ���� HW� PRQWUH� GHV� YDULDWLRQV� WHPSRUHOOHV� EHDXFRXS� SOXV� LPSRUWDQWHV�� 3DU

H[HPSOH��LO�YDULH�HQWUH����HW�����PJ�P
�

�M�j������P��)LJXUH���D���/·DXJPHQWDWLRQ�GX�IOX[�GH�PDVVH

PR\HQ�GX�VLWH�2�DX�VLWH�0�HVW�FRKpUHQWH�DYHF�FHOOH�GH�OD�SURGXFWLRQ�SULPDLUH��7DEOHDX�����HW�DYHF

FHOOH� GX� IOX[� GH� SRXVVLqUHV� PLQpUDOHV�� /RUVTXH� OHV� WURLV� SURIRQGHXUV� VRQW� pFKDQWLOORQQpHV

VLPXOWDQpPHQW��RQ�REVHUYH�XQH�JUDQGH�VLPLOLWXGH�HQWUH�OHXUV�YDULDWLRQV�WHPSRUHOOHV��FH�TXL�VXJJqUH

TXH�OD�FRPSRVDQWH�GRPLQDQWH�GX�IOX[�HVW�YHUWLFDOH�
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��

)LJXUH�����)OX[�GH�PDVVH��D���GH�FDUERQH�RUJDQLTXH�E��HW�G·DOXPLQLXP��F��PHVXUpV�GDQV�OD�FRORQQH
G·HDX�DX�VLWH�0

/HV�VpULHV� WHPSRUHOOHV�QH�PRQWUHQW�SDV�GH�YDULDWLRQ�VDLVRQQLqUH�PDUTXpH��PDLV�RQ�QRWH�GH�IRUWHV

GLIIpUHQFHV�HQWUH������HW�������$X�GpEXW�HW�j�OD�ILQ�GX�SULQWHPSV�������RQ�REVHUYH�GHX[�ODUJHV�SLFV�
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��

DX�FRXUV�GHVTXHOV�OH�IOX[�GH�PDVVH�SHXW�GpSDVVHU�����PJ�P
�

�M��/D�PR\HQQH�GX�IOX[�GH�PDVVH�SRXU

FHWWH�SpULRGH�HVW�G·HQYLURQ�����PJ�P
�

�M��7DEOHDX������)LJXUH���D���8Q�DXWUH�SLF�PRLQV� LPSRUWDQW

HVW� REVHUYp� DX� FRXUV� GH� O·pWp� ������ ,O� HVW� FDUDFWpULVp� SDU� XQ� IOX[� GH�PDVVH�PR\HQ� GH� O·RUGUH� GH

����PJ�P
�

�M��(QWUH�FHV�GHX[�SpULRGHV��OH�IOX[�GH�PDVVH�PR\HQ�HVW�G·HQYLURQ�����PJ�P
�

�M��&HWWH

YDULDELOLWp�WHPSRUHOOH�FRPSOH[H�UHIOqWH�FHOOH�GHV�PpDQGUHV�G·HDX[�HQULFKLHV�HQ�QXWULPHQWV��TXL�VRQW

JpQpUpV� DX� QLYHDX� GH� O·XSZHOOLQJ� HW� GRQW� RQ� VDLW� TX·LOV� SHXYHQW� DWWHLQGUH� OH� VLWH� PpVRWURSKH

�%HUWKRQ��������0RUHO�HW�DO���������

3URIRQGHXU
�P�

)OX[�GH�PDVVH
�PJ�P

�

�M�
)UDFWLRQ�GH�FDUERQH
RUJDQLTXH����

)UDFWLRQ�FDUERQDWpH
���

)UDFWLRQ�OLWKRJqQH
���

PR\HQQH pFDUW�W\SH PR\HQQH pFDUW�W\SH PR\HQQH pFDUW�W\SH PR\HQQH pFDUW�W\SH

IpYULHU�MXLOOHW�������©�EORRP�ª�������MRXUV�GH�FROOHFWH

�����P ����� ����� ���� ��� ���� ��� ���� ���
�����P ����� ����� ��� ��� ���� ��� ���� ���

RFWREUH������MDQYLHU�����������MRXUV�GH�FROOHFWH

�����P ����� ���� ��� ��� ���� ��� ���� ���
�����P ����� ���� ��� ��� Q�G� Q�G� Q�G� Q�G�

MXLQ�GpFHPEUH�������©�ILQ�GH�EORRP�ª�������MRXUV�GH�FROOHFWH

�����P ����� ���� ��� ��� ���� ���� ���� ���
�����P ����� ���� ��� ��� ���� ��� ���� ���
�����P ����� ���� ��� ��� ����

�

��� Q�G� Q�G�

7DEOHDX�����)OX[�GH�PDVVH�PR\HQ�HW�VD�FRPSRVLWLRQ�PR\HQQH�GDQV�OD�FRORQQH�G·HDX�DX�VLWH�0��Q�G�
DEVHQFH�GH�PHVXUH��

�

���OH�FDOFXO�D�pWp�IDLW�DYHF�XQ�QRPEUH�GH�GRQQpHV�UpGXLW��VRLW����MRXUV�GH�FROOHFWH
XQLTXHPHQW�

6XU� OD� )LJXUH� ��D� RQ� Q·REVHUYH� SDV� QpFHVVDLUHPHQW� GH� GLPLQXWLRQ� GX� IOX[� GH� PDVVH� DYHF� OD

SURIRQGHXU�� 'H� SOXV�� ORUVTXH� OHV� WURLV� SURIRQGHXUV� VRQW� pFKDQWLOORQQpHV� VLPXOWDQpPHQW�� OHV

pYqQHPHQWV� VH� SURSDJHQW� ©�LQVWDQWDQpPHQW�ª� GDQV� OD� FRORQQH� G·HDX� UHODWLYHPHQW� j� OD� SpULRGH� GH

FROOHFWH�GHV�JRGHWV��&HV�FDUDFWpULVWLTXHV�VXJJqUHQW�XQ�WUDQVSRUW�YHUWLFDO�GH�OD�PDWLqUH�SOXV�UDSLGH�DX

VLWH�0�TX·DX�VLWH�2�

(Q�PR\HQQH�� OD� PDWLqUH� SDUWLFXODLUH� HVW� EHDXFRXS� SOXV� ULFKH� HQ�PDWLqUH� RUJDQLTXH� TX·DX� VLWH�2

�7DEOHDX� ����� 6XU� OHV� SpULRGHV� R�� OH� IOX[� GH� &RUJ� j� �����P� D� pWp�PHVXUp� �)LJXUH� ����� VD� YDOHXU

PR\HQQH�DQQXHOOH�UHSUpVHQWH�HQYLURQ�����GH� OD�SURGXFWLRQ�SULPDLUH� �7DEOHDX�����/D�FRPSRVLWLRQ

GX�IOX[�GH�PDVVH�HVW�DXVVL�EHDXFRXS�SOXV�YDULDEOH�TX·DX�VLWH�2��FH�TXL�H[SOLTXH�TXH�OHV�IOX[�GH�&RUJ

HW�G·$O�QH�UHIOqWHQW�SDV�OHV�PrPHV�YDULDWLRQV�WHPSRUHOOHV�TXH�OH�IOX[�GH�PDVVH��)LJXUH���E�F���$LQVL�

OHV�GHX[�SLFV�GH������RQW�LQGXLW�O·H[SRUWDWLRQ�GH�PDWpULHO�WUqV�ULFKH�HQ�PDWLqUH�RUJDQLTXH��7DEOHDX

����� &HOOH�FL� WHQG� j� GLOXHU� OD� IUDFWLRQ� OLWKRJpQLTXH�� &HV� IOX[� LPSRUWDQWV� VHUDLHQW� SURYRTXpV� SDU

O·DGYHFWLRQ�GH�PDVVHV�G·HDX�RULJLQDLUHV�GH�O·XSZHOOLQJ��ORFDOLVDQW�XQ�EORRP�HQ�SOHLQ�GpYHORSSHPHQW

�%RU\� HW� DO��� ������� 3DU� FRQWUH�� OH� SLF� GH� O·pWp� ����� HVW� GRPLQp� SDU� OHV� FDUERQDWHV��� LO� DXUDLW� pWp

SURYRTXp�SDU� O·DGYHFWLRQ�G·HDX[�KpEHUJHDQW�XQ�EORRP�HQ�GpFOLQ��/D� IUDFWLRQ� OLWKRJpQLTXH�HVW�SDU

FRQWUH�GRPLQDQWH�HQWUH�OHV�SLFV��/HV�ILODPHQWV�G·HDX�RULJLQDLUHV�GH�O·XSZHOOLQJ�VRQW�FDUDFWpULVpV�SDU
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OD�SUpVHQFH�GH�FRPPXQDXWpV�DXWRWURSKHV�GH�W\SH�HXWURSKH��FH�TXL�H[SOLTXH� O·HIILFDFLWp�GH� O·H[SRUW

GH�OD�PDWLqUH�RUJDQLTXH�DX�GHOj�GH�OD�FRXFKH�GH�VXUIDFH�

/D�)LJXUH����PRQWUH�TXH�OHV�IOX[�HQUHJLVWUpV�GH�MXLOOHW�j�VHSWHPEUH������VRQW�EHDXFRXS�SOXV�IDLEOHV

j� �����P� TX·j� �����P�� &RPPH� SRXU� OH� VLWH� 2�� FHWWH� SDUWLFXODULWp� SHXW� rWUH� H[SOLTXpH� SDU� XQH

WHQGDQFH�DX�VRXV�pFKDQWLOORQQDJH�GX�SLqJH�IL[p�j������P�

��� &RQFOXVLRQ�GX�FKDSLWUH

/HV� LQVWUXPHQWV� HW� OD� VWUDWpJLH� GH� PHVXUH� HPSOR\pV� GDQV� OH� FDGUH� GX� SURJUDPPH� (80(/,

SHUPHWWHQW�GH�FRQVWLWXHU�XQH�EDVH�GH�GRQQpHV�SRXU�GpFULUH� OHV�IOX[�GH�SDUWLFXOHV�GDQV� OD� FRORQQH

G·HDX� j� SDUWLU� GH� �����P� GH� SURIRQGHXU� HQ� GHX[� VLWHV� DX[� SURSULpWpV� ELHQ� GLVWLQFWHV�� /H� VLWH

ROLJRWURSKH�HVW�FDUDFWpULVp�SDU�XQH�JUDQGH�VWDELOLWp�WHPSRUHOOH��/D�SURGXFWLYLWp�SULPDLUH�DQQXHOOH�DX

VHFRQG� VLWH� VXJJqUH�XQ� UpJLPH�PpVRWURSKH��PDLV� O·DPSOLWXGH� HW� OD� FRPSRVLWLRQ� GHV� IOX[� FROOHFWpV

VRQW� WUqV� YDULDEOHV� DX� FRXUV� GX� WHPSV�� /HV� FDPSDJQHV� RQW� DXVVL� IRXUQL� GHV� PHVXUHV� GH� OD

GLVWULEXWLRQ� GHV� FRQVWLWXDQWV� GX� IOX[� GH� SDUWLFXOHV� HW� GHV� WUDFHXUV� GX� F\FOH� SDUWLFXODLUH� GDQV� OHV

SKDVHV�GLVVRXWH�HW�HQ�VXVSHQVLRQ�

&HSHQGDQW�� OD� VHXOH� DQDO\VH� TXDOLWDWLYH� GHV� PHVXUHV� QH� SHUPHW� SDV� GH� TXDQWLILHU� OHV� SURFHVVXV

UHVSRQVDEOHV�GH�FHV�IOX[��3RXU�GpFULUH�HW�FDUDFWpULVHU�OH�IRQFWLRQQHPHQW�GH�OD�FRORQQH�G·HDX�PDOJUp

OD�FRPSOH[LWp�GHV�PpFDQLVPHV�HQ�MHX��QRXV�SURSRVRQV�G·XWLOLVHU�XQ�PRGqOH�GHV�IOX[�GH�PDWLqUH�GDQV

OD�FRORQQH�G·HDX�
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��



&KDSLWUH���0RGpOLVDWLRQ�GHV�IOX[�GH�PDWLqUH�RFpDQLTXH

��

&KDSLWUH�� 

0RGpOLVDWLRQ�GHV�IOX[�GH�PDWLqUH�RFpDQLTXH

&H�FKDSLWUH�HVW�FRQVDFUp�j�OD�GHVFULSWLRQ�GX�PRGqOH�XWLOLVp�SRXU�VLPXOHU�OHV�IOX[�GH�PDWLqUH�GDQV�OD

FRORQQH�G·HDX�SURIRQGH�DX[�VLWHV�(80(/,�ROLJRWURSKH�HW�PpVRWURSKH��6HV�SURSULpWpV�G\QDPLTXHV

YRQW� GLUHFWHPHQW� LQIOXHQFHU� OD� GpWHUPLQDWLRQ� GH� OD� PpWKRGH� DSSURSULpH� SRXU� TXDQWLILHU� OHV

SURFHVVXV�GHV�pFKDQJHV�GLVVRXV�SDUWLFXODLUH�

��� $SSOLFDWLRQ�GX�PRGqOH�&2/'2�DX[�VLWHV�(80(/,

����� &KRL[�PpWKRGRORJLTXHV

/HV� FKRL[� PpWKRGRORJLTXHV� QpFHVVDLUHV� j� O·pODERUDWLRQ� G·XQ� PRGqOH� GpSHQGHQW� GLUHFWHPHQW� GH

O·REMHFWLI�j�DWWHLQGUH��DXVVL�HVW�LO�ERQ�GH� OH�UDSSHOHU��,O�V·DJLW�GH�TXDQWLILHU� OHV�SURFHVVXV�H[SOLTXDQW

O·pYROXWLRQ�WHPSRUHOOH�HW�YHUWLFDOH�GHV�IOX[�GH�PDWLqUH�DX[�VLWHV�(80(/,�2�HW�0�

3RXU�TXH�OH�PRGqOH�VRLW�SHUWLQHQW��LO�GRLW�rWUH�FRKpUHQW�DYHF�OD�QDWXUH�GHV�GRQQpHV�GLVSRQLEOHV�SRXU

OH�FRQWUDLQGUH��DLQVL�TX·DYHF�OHXU�UpVROXWLRQ�VSDWLDOH�HW�WHPSRUHOOH��/D�VWUDWpJLH�G·pFKDQWLOORQQDJH�HVW

EDVpH� VXU� O·K\SRWKqVH� TXH� OHV� IOX[� GH� PDWLqUH� VRQW� HVVHQWLHOOHPHQW� YHUWLFDX[�� HW� TXH� OHV� DSSRUWV

ODWpUDX[�VRQW�QpJOLJHDEOHV��/·pWXGH�FRXUDQWRPpWULTXH�UpDOLVpH�DX[�VLWHV�(80(/,�UpYqOH� O·H[LVWHQFH

GH�FRXUDQWV�PDMRULWDLUHPHQW�GLULJpV�YHUV�OH�VXG�RXHVW�j�WRXWHV�OHV�SURIRQGHXUV��9DQJULHVKHLP�HW�DO��

�������&HSHQGDQW�OD�GHVFULSWLRQ�GHV�VpULHV�WHPSRUHOOHV�GH�IOX[�SUpVHQWpH�GDQV�OH�FKDSLWUH�SUpFpGHQW

FRQILUPH� OD� GRPLQDQFH� GH� OD� FRPSRVDQWH� YHUWLFDOH� GHV� IOX[� GH� SDUWLFXOHV� GDQV� OD� FRORQQH� G·HDX

SURIRQGH��3DU�FRQVpTXHQW��OH�PRGqOH�FKRLVL�Q·D�TX·XQH�pFKHOOH�VSDWLDOH�YHUWLFDOH�

/D�VWUDWpJLH�G·pFKDQWLOORQQDJH�VXSSRVH�pJDOHPHQW�TXH� O·RQ�SHXW� LVROHU� OH�V\VWqPH�FRQVWLWXp�SDU� OHV

SKDVHV� GLVVRXWH� HW� SDUWLFXODLUHV� GHV� DXWUHV� HQWLWpV� LPSOLTXpHV� GDQV� OH� F\FOH� SDUWLFXODLUH�� 3DU

FRQVpTXHQW�� OH�PRGqOH�GRLW�SHUPHWWUH�GH�GpFULUH� O·HIIHW� GH� UpDFWLRQV� WHOOHV� TXH� OD� UHPLQpUDOLVDWLRQ

EDFWpULHQQH�GHV�SDUWLFXOHV�WRXW�HQ�QH�GpFULYDQW�SDV�H[SOLFLWHPHQW�OHV�EDFWpULHV�
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��

/HV� PRGqOHV� OHV� PLHX[� DGDSWpV� SRXU� GpFULUH� GHV� IOX[� GH� PDWLqUH� VHUDLHQW� OHV� PRGqOHV� j

FRPSDUWLPHQWV� �&RTXLOODUG� HW�+LOO�� ������� /HV� LQVWUXPHQWV� GH�PHVXUH� XWLOLVpV� SHQGDQW� (80(/,

�)LJXUH�����VHFWLRQ��������GpILQLVVHQW�WURLV�FRPSDUWLPHQWV���OD�SKDVH�GLVVRXWH��OD�SKDVH�GHV�SDUWLFXOHV

ILOWUpHV��HW�OD�SKDVH�GHV�SDUWLFXOHV�SLpJpHV��)LJXUH������+LVWRULTXHPHQW��OHV�SUHPLHUV�PRGqOHV�GpILQLV

DYDQW� O·XWLOLVDWLRQ� V\VWpPDWLTXH�GHV�SLqJHV� j� SDUWLFXOHV� �&UDLJ�� ������1R]DNL� HW� DO��� ������%DFRQ� HW

$QGHUVRQ�� ������ QH� FRPSUHQDLHQW� TXH� GHX[� FRPSDUWLPHQWV� �SKDVHV� GLVVRXWH� HW� SDUWLFXODLUH��� $

O·RSSRVp��%DVNDUDQ�HW�DO���������RQW�SURSRVp�XQ�PRGqOH�j�TXDWUH�FRPSDUWLPHQWV��FDU�LOV�GLVSRVDLHQW

GH� PHVXUHV� SRXU� FRQWUDLQGUH� OD� SKDVH� FROORwGDOH�� 5R\�%DUPDQ� HW� DO�� ������� RQW� DXVVL� GpILQL� XQ

PRGqOH� j� TXDWUH� FRPSDUWLPHQWV�� DILQ� GH� GLVWLQJXHU� OHV� JURVVHV� SDUWLFXOHV� TX·LOV� RQW� FROOHFWp� SDU

ILOWUDWLRQ� HW� SDU� GHV� SLqJHV�� 0DLV� OHV� PRGqOHV� j� WURLV� FRPSDUWLPHQWV� VRQW� OHV� SOXV� IUpTXHPPHQW

XWLOLVpV�GHSXLV�XQH�TXLQ]DLQH�G·DQQpHV��%DFRQ�HW�DO���������&OHJJ�HW�:KLWILHOG��������������&OHJJ� HW

DO���������&RFKUDQ�HW�DO���������0XUQDQH��������0XUQDQH� HW�DO����������������������8QH�GHVFULSWLRQ

SOXV�H[KDXVWLYH�GH�FHV�PRGqOHV�HVW�SUpVHQWpH�SDU��$WKLDV�HW�DO����������$QQH[H����

/·pWDW�GH�FKDTXH�FRPSDUWLPHQW�HVW�GpFULW�SDU�OHV�YDULDEOHV�G·pWDW�GX�PRGqOH��TXL�VRQW�GHV�IRQFWLRQV

GH� OD� SURIRQGHXU� ]� HW� GX� WHPSV� W�� VRLW� GH� OD� IRUPH� ;�]�W��� /HV� FRPSDUWLPHQWV� VRQW� VXSSRVpV

KRPRJqQHV�VXU�OD�KDXWHXU�G·HDX�FRUUHVSRQGDQW�j�OD�UpVROXWLRQ�YHUWLFDOH�GX�PRGqOH�G]��/D�UpVROXWLRQ

YHUWLFDOH�GHV�SURILOV�PHVXUpV�HQWUH������P�HW� OH� VpGLPHQW�SHQGDQW� OHV� FDPSDJQHV�(80(/,�YDULH

HQWUH�����HW������P��DXVVL�DYRQV�QRXV�IL[p�G]� �����P��/D�UpVROXWLRQ�GHV�VpULHV�WHPSRUHOOHV�GHV�IOX[

GH� SDUWLFXOHV� HVW� GH� O·RUGUH� GX� MRXU�� FH� TXL� MXVWLILH� TXH� OD� UpVROXWLRQ� WHPSRUHOOH� GX� PRGqOH� VRLW

GW� ���M�

/HV� pTXDWLRQV� PDWKpPDWLTXHV� VXU� OHVTXHOOHV� UHSRVHQW� OHV� PRGqOHV� j� FRPSDUWLPHQWV� GpFULYHQW

VLPSOHPHQW� SRXU� FKDTXH� YDULDEOH� G·pWDW� ;�]�W�� OH� ELODQ� QHW� UpVXOWDQW� GHV� pFKDQJHV� HQWUH� OHV

FRPSDUWLPHQWV��VRLW�(FK�;�]�W����/RUVTXH�OH�PRGqOH�SUHQG�HQ�FRPSWH�XQH�RX�SOXVLHXUV�GLPHQVLRQV

VSDWLDOHV�� HOOHV� GpFULYHQW� DXVVL� O·LQIOXHQFH� GX� WUDQVSRUW� GHV� HQWLWpV�PRGpOLVpHV�� VRLW�7U�;�]�W���� /HV

pTXDWLRQV�VRQW�GRQF�GH�OD�IRUPH��

����������
���

W];(FKW];7U
W

W];
+=

∂
∂

���

(OOHV�VRQW�IRUPXOpHV�GH�WHOOH�IDoRQ�TXH�O·pWDW�GH�FKDTXH�FRPSDUWLPHQW�j�OD�SURIRQGHXU�]�HW�j�OD�GDWH

W� HVW� HQWLqUHPHQW� GpWHUPLQp� SDU� OHV� HQWUpHV� GX� V\VWqPH� HW� SDU� VRQ� pWDW� j� OD� GDWH� W����� LO� V·DJLW� GH

PRGqOHV�GpWHUPLQLVWHV��,OV�LPSOLTXHQW�TXH�OH�FDUDFWqUH�DOpDWRLUH�GHV�IRUoDJHV�H[WHUQHV�HW�GHV�SURFHVVXV

H[SOLTXDQW�OHV�WHUPHV�G·pFKDQJH�HW�GH�WUDQVSRUW�HVW�QpJOLJHDEOH�

����� /HV�YDULDEOHV�HW�OHV�pTXDWLRQV�GX�PRGqOH�&2/'2

/H�PRGqOH�&2/'2�D� pWp� LQLWLDOHPHQW� IRUPXOp�SDU�5XL]�3LQR� ��������&·HVW� XQ�PRGqOH� JpQpULTXH

XQLGLPHQVLRQQHO����'��VLPXODQW�O·pYROXWLRQ�WHPSRUHOOH�GX�WUDQVIHUW�G·XQ�pOpPHQW�RX�G·XQH�PROpFXOH
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FKLPLTXH�QRWpH�ξ�GDQV�OD�FRORQQH�G·HDX�HQWUH�OHV�WURLV�FRPSDUWLPHQWV�GpILQLV�FL�GHVVXV��)LJXUH�����

/·pWDW�GHV�FRPSDUWLPHQWV�j�OD�SURIRQGHXU�]�HW�j�OD�GDWH�W�HVW�GpFULW�j�SDUWLU�GH�1 � � ���YDULDEOHV�G·pWDW

FRUUHVSRQGDQW� DX[� YDULDEOHV� PHVXUpHV� SHQGDQW� OHV� FDPSDJQHV� (80(/,� �)LJXUH� ���� /H� IOX[� GH

PDVVH��)P�]�W���HVW�PHVXUp�SDU�OHV�SLqJHV�j�SDUWLFXOHV��VHFWLRQ�������D����/H�IOX[�GH�O·HQWLWp�ξ��)H�]�W��

HVW�FDOFXOp�j�SDUWLU�GH�OD�PHVXUH�DQDO\WLTXH�GH�OD�FRQFHQWUDWLRQ�GH�ξ�GDQV�OHV�SDUWLFXOHV�SLpJpHV��VRLW

;H�]�W���VHORQ��� ��������� W])PW];HW])H ⋅= ��(QILQ��OHV�FRQFHQWUDWLRQV�GH�ξ�GDQV�OHV�SDUWLFXOHV�ILOWUpHV

�&SH�]�W���HW�GDQV�OD�SKDVH�GLVVRXWH��&GH�]�W���VRQW�PHVXUpHV�DQDO\WLTXHPHQW�UHVSHFWLYHPHQW�j�SDUWLU

GHV�pFKDQWLOORQV�GHV�SRPSHV�LQ�VLWX��VHFWLRQ�������E���HW�GHV�ERXWHLOOHV�1LVNLQ��VHFWLRQ�������F���

/H�PRGqOH�UHSRVH�VXU�OH�MHX�GH�TXDWUH�pTXDWLRQV�VXLYDQW��
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/HV�WHUPHV�G·pFKDQJH�VRQW�GpFULWV�SDU�GHV�IRUPXOHV�PDWKpPDWLTXHV�H[WUrPHPHQW�VLPSOHV��TXL�Q·RQW

SRXU� OD� SOXSDUW� DXFXQH� EDVH� PpFDQLVWH�� (Q� HIIHW�� FKDFXQ� GH� FHV� WHUPHV� LQWqJUH� O·LPSDFW� G·XQ

HQVHPEOH� GH� SURFHVVXV� GH� QDWXUH�� G·pFKHOOHV� WHPSRUHOOHV� HW� VSDWLDOHV� YDULpHV�� (Q� DFFRUG� DYHF� OHV

UpVXOWDWV� REWHQXV� SDU� O·pWXGH� GH� WUDFHXUV� GX� F\FOH� SDUWLFXODLUH� WHO� TXH� OH� 7K� �%DFRQ� HW� DO��� �����

1R]DNL� HW� DO��� ������+RQH\PDQ� HW� DO��� ������ HW� OH�1G� �7DFKLNDZD� HW� DO��� ������� OD� VXEVWDQFH�ξ� HVW

H[WUDLWH�GH�OD�SKDVH�GLVVRXWH�SDU�OHV�SDUWLFXOHV�ILOWUpHV�j�XQ�WDX[�. ��� �SDU�DGVRUSWLRQ�RX�SUpFLSLWDWLRQ

FKLPLTXH�SDVVLYH��RX�HQFRUH�SDU�DEVRUSWLRQ�DFWLYH�SDU�GHV�RUJDQLVPHV�YLYDQWV�VHORQ�OD�QDWXUH�GH�ξ

�(T������&HWWH�VXEVWDQFH�WUDQVLWH�HQVXLWH�YHUV�OD�SKDVH�GHV�SDUWLFXOHV�SLpJpHV�ORUV�GH�O·DJUpJDWLRQ�GHV

SDUWLFXOHV� HQ� VXVSHQVLRQ� �(TV�� ������ /D� IRUPXODWLRQ� GH� O·DJUpJDWLRQ� VXSSRVH� TXH� OH� SURFHVVXV

GRPLQDQW�GDQV�OD�FRXFKH�SURIRQGH�HVW�OH�SURFHVVXV�SK\VLTXH�GH�FROOLVLRQ�GHV�SHWLWHV�SDUWLFXOHV�SDU

OHV�JURVVHV��3DU�FRQVpTXHQW��OH�WDX[�G·DJUpJDWLRQ�DX�VHQV�VWULFW�GH�WHUPH�. � �
�
��F·HVW�j�GLUH�H[SULPp�HQ

M �
�

��HVW�SURSRUWLRQQHO�j�OD�FRQFHQWUDWLRQ�HQ�JURVVHV�SDUWLFXOHV��-DFNVRQ��������-DFNVRQ�HW�/RFKPDQQ�

�������&HOOH�FL�HVW�HOOH�PrPH�SURSRUWLRQQHOOH�DX�IOX[�GH�PDVVH�)P��VRLW��� )P.. � �� � ⋅=
�

��,O�HVW�WUqV

LPSRUWDQW�GH�QRWHU�TXH�O·pTXDWLRQ�GX�IOX[�GH�PDVVH��(T�����VXSSRVH�TXH�O·HIIHW�GH�O·DJUpJDWLRQ�GHV

SDUWLFXOHV�HQ�VXVSHQVLRQ�VXU�OH�IOX[�GH�PDVVH�HVW�QpJOLJHDEOH��1RXV�DXURQV�O·RFFDVLRQ�GH�UHYHQLU�VXU

FHWWH�K\SRWKqVH�GDQV� OH�&KDSLWUH� ���/·HQWLWp�ξ� SHXW� HQVXLWH� UHWRXUQHU� YHUV� OD�SKDVH�GHV�SDUWLFXOHV

ILOWUpHV�� j� XQ� WDX[�. �	� 
 �� VRXV� O·HIIHW� GH� OD� GpVDJUpJDWLRQ� SK\VLTXH� GHV� JURVVHV� SDUWLFXOHV�� RX� GH� OD

GpJUDGDWLRQ� EDFWpULHQQH� �(TV�� ������ &KR� HW� $]DP�� ������.DUO� HW� DO��� ������� /·DFWLYLWp� EDFWpULHQQH

�6PLWK�HW�DO���������6HPSpUp�HW�DO���������DLQVL�TXH�OD�GLVVROXWLRQ�HW�OD�GpVRUSWLRQ�FKLPLTXH��$UUDHV�

0HVFRII� HW�DO��������� LQGXLVHQW� OH�SDVVDJH�GH�ξ�GH� OD�SKDVH�GHV�SDUWLFXOHV�ILOWUpHV�HW�SLpJpHV�YHUV� OD

SKDVH�GLVVRXWH��j�GHV�WDX[�. � � �HW�. � � �UHVSHFWLYHPHQW��(TV�������

6\PEROH 'HVFULSWLRQ 8QLWp

9DULDEOHV�G·pWDWV

)P IOX[�GH�PDVVH PJ�P
�

�M
)H IOX[�GH�ξ PJ�P

�

�M

&SH FRQFHQWUDWLRQ�GH�ξ�GDQV�OD�SKDVH�GHV�SDUWLFXOHV�ILOWUpHV PJ�P
�

&GH FRQFHQWUDWLRQ�GH�ξ�GDQV�OD�SKDVH�GLVVRXWH PJ�P
�

3DUDPqWUHV�ELRJpRFKLPLTXHV

. �	� 
 WDX[�GH�GpVDJUpJDWLRQ�GHV�SDUWLFXOHV�SLpJpHV �M

. � � WDX[�G·DJUpJDWLRQ�GHV�SDUWLFXOHV�ILOWUpHV P
�

�PJ�M
. ��� WDX[�G·DGVRUSWLRQ�G·DEVRUSWLRQ�GH�SUpFLSLWDWLRQ�GH�ξ

GLVVRXV�VXU�OHV�SDUWLFXOHV�ILOWUpHV

�M

. � � WDX[�GH�GLVVROXWLRQ�GH�ξ�IL[p�VXU�OHV�SDUWLFXOHV�ILOWUpHV �M

. � � WDX[�GH�GLVVROXWLRQ�GH�ξ�IL[p�VXU�OHV�SDUWLFXOHV�SLpJpHV �M

3DUDPqWUHV�SK\VLTXHV

9� YLWHVVH�GH�FKXWH�GHV�SDUWLFXOHV�ILOWUpHV P�M
9� YLWHVVH�GH�FKXWH�GHV�SDUWLFXOHV�SLpJpHV P�M
. 
 FRHIILFLHQW�GH�PpODQJH�YHUWLFDO�GH�OD�FRORQQH�G·HDX P

�

�M

7DEOHDX�����'pILQLWLRQ�GHV�YDULDEOHV�G·pWDWV�HW�GHV�SDUDPqWUHV�GX�PRGqOH�&2/'2��ξ�HVW�XQ�pOpPHQW
RX�XQH�PROpFXOH�FKLPLTXH��
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��

/H�WUDQVIHUW�GX�PDWpULHO�SDUWLFXODLUH�YHUV�OH�IRQG�HVW�FRQWU{Op�SDU�OD�YLWHVVH�GH�FKXWH�GHV�SDUWLFXOHV

ILOWUpHV��9� ��(T�����HW�SLpJpHV��9� ��(TV��������(QILQ�� OD�GLIIXVLRQ� WXUEXOHQWH�YHUWLFDOH�SHXW� rWUH�XQ

YHFWHXU� HIILFDFH� GH� WUDQVSRUW� GHV� SDUWLFXOHV� HQ� VXVSHQVLRQ� HW� GHV� VXEVWDQFHV� GLVVRXWHV�

/·DSSUR[LPDWLRQ� ��'� QH� SHUPHW� GH� GpFULUH� H[SOLFLWHPHQW� QL� OHV� SKpQRPqQHV� G·DGYHFWLRQ�� QL� OHV

SKpQRPqQHV� j� O·RULJLQH� GH� OD� GLIIXVLRQ� WXUEXOHQWH�� /D� FRQQDLVVDQFH� GH� FHV� GHUQLHUV� D� SHUPLV� GH

SURSRVHU�GHV�IRUPXODWLRQV�HPSLULTXHV�GH�OD�GLIIXVLRQ�YHUWLFDOH�SRXU�OHV�PRGqOHV���'��WHOOHV�TXH�FHOOH

GH�=DNDUGMLDQ�HW�3ULHXU��������TXL�IDLW�LQWHUYHQLU�OH�FRHIILFLHQW�GH�PpODQJH�YHUWLFDO�. 
 ��(TV�������

/H�PRGqOH�&2/'2�SRVVqGH�DLQVL�KXLW�SDUDPqWUHV��GRQW�OD�GpILQLWLRQ�HVW�UDSSHOpH�GDQV�OH�7DEOHDX

����2Q�VXSSRVH�TX·LOV�QH�GpSHQGHQW�QL�GX�WHPSV�QL�GH�OD�SURIRQGHXU��&H�VRQW�GHV�K\SRWKqVHV�VXU

OHVTXHOOHV� QRXV� UHYLHQGURQV� GDQV� OHV�3DUWLHV� ,,,� HW� ,9��/HV� SDUDPqWUHV� ELRJpRFKLPLTXHV� VRQW� GHV

WDX[� JOREDX[� G·pFKDQJH� HQWUH� OHV� FRPSDUWLPHQWV� j� O·pFKHOOH� GH� OD� FRORQQH� G·HDX��� LOV� QH

FRUUHVSRQGHQW�SDV�QpFHVVDLUHPHQW�DX[�SDUDPqWUHV�PHVXUpV�ORUV�G·H[SpULHQFHV�LQ�YLWUR��GRQW�OH�EXW�HVW

G·LVROHU�GHV�SURFHVVXV�SUpFLV��FI��VHFWLRQ��������

+RQH\PDQ� HW� DO�� ��������+RQH\PDQ� ������� HW�%DVNDUDQ� HW� DO�� �������RQW�SURSRVp� XQH� GHVFULSWLRQ

SOXV�PpFDQLVWH�GX�SLpJHDJH�GHV�VXEVWDQFHV�GLVVRXWHV�SDU�OHV�SDUWLFXOHV�HQ�VXVSHQVLRQ��EDVpH�VXU�XQ

PRGqOH�SKpQRPpQRORJLTXH�GH�O·DGVRUSWLRQ�GH�PpWDX[�HQ�WUDFH�VXU�OHV�SDUWLFXOHV�PDULQHV��%DOLVWULHUL

HW�DO����������6HORQ�FHOXL�FL��OH�WDX[�GH�SLpJHDJH�HVW�SURSRUWLRQQHO�j�OD�FRQFHQWUDWLRQ�HQ�SDUWLFXOHV�HQ

VXVSHQVLRQ� �RX� SOXV� ULJRXUHXVHPHQW� j� OD� FRQFHQWUDWLRQ� HQ� VLWHV� DFWLIV� VXU� FHV� SDUWLFXOHV��� &HWWH

IRUPXODWLRQ� Q·HVW� SDV� SULVH� HQ� FRPSWH� GDQV� OH�PRGqOH� &2/'2� GDQV� OD� PHVXUH� R�� LO� Q·HVW� SDV

GpPRQWUp� TX·HOOH� V·DSSOLTXH� DX� SLpJHDJH� GH� VXEVWDQFHV� DXWUHV� TXH� OHV� PpWDX[�� HW� R�� QRXV� QH

GLVSRVRQV�SDV�GH�PHVXUH�ILDEOH�GH�OD�FRQFHQWUDWLRQ�WRWDOH�HQ�SDUWLFXOHV�ILOWUpHV�DX[�VLWHV�(80(/,�

����� &RQGLWLRQV�DX[�OLPLWHV�HW�FRQGLWLRQV�LQLWLDOHV

/D�SDUWLH�GH�OD�FRORQQH�G·HDX�PRGpOLVpH�SDU�&2/'2�HVW�FRPSULVH�HQWUH�VRQ�VRPPHW�] � �HW�VD�EDVH

] � � � �� $X[� VLWHV� (80(/,� 2� HW� 0�� OHV� pFKDQWLOORQV� GH� SDUWLFXOHV� SLpJpHV� H[SORLWDEOHV� OHV� SOXV

VXSHUILFLHOV� SURYLHQQHQW� GH� �����P� �VHFWLRQ� ������D���� GRQF� ] � � HVW� IL[p� j� �����P�� /D� EDVH� GH� OD

FRORQQH� G·HDX� HVW� SODFpH� j� ����P� GX� IRQG� SRXU� V·DIIUDQFKLU� GH� O·LQIOXHQFH� GHV� SKpQRPqQHV� GH

UHVXVSHQVLRQ� GHV� SDUWLFXOHV� VpGLPHQWpHV�� $LQVL� ] � � � � YDXW� �����P� DX� VLWH� 2� HW� �����P� DX� VLWH�0

�7DEOHDX����

/HV�FRQGLWLRQV�DX[�OLPLWHV�DSSOLTXpHV�DX�VRPPHW�] � �FRUUHVSRQGHQW�j�OD�VSpFLILFDWLRQ�GH�OD�YDOHXU�GH

FKDTXH� YDULDEOH� G·pWDW� j� FKDTXH� SDV� GH� WHPSV�� GH� IDoRQ� j� GpFULUH� O·LQIOXHQFH� GH� OD� SDUWLH� GH� OD

FRORQQH�G·HDX�FRPSULVH�HQWUH�OD�VXUIDFH�HW�] � ��&HV�YDOHXUV�VRQW�GpILQLHV�j�SDUWLU�GH�PHVXUHV� LQ�VLWX�

(Q�FH�TXL�FRQFHUQH�OHV�IOX[��)P��)H���RQ�DIIHFWH�WRXW�G·DERUG�OH�IOX[�PR\HQ�PHVXUp�j������P�SRXU

FKDTXH� SpULRGH� GH� FROOHFWH� �7DEOHDX[� �� HW� ��� j� XQH� GDWH� FRUUHVSRQGDQW� DX�PLOLHX� GH� OD� SpULRGH�

(QVXLWH�� SRXU� GpILQLU� GHV� YDOHXUV� MRXUQDOLqUHV�� RQ� DSSOLTXH� j� OD� VpULH� WHPSRUHOOH� REWHQXH� XQH
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LQWHUSRODWLRQ� SDU� VSOLQHV� FXELTXHV� �$NLPD�� ������ JUkFH� j� OD� ELEOLRWKqTXH� PDWKpPDWLTXH� ,06/

�URXWLQH�&6$.0���KWWS���ZZZ�YQL�FRP�SURGXFWV�LPVO���3RXU�OHV�YDULDEOHV�&SH�HW�&GH��RQ�XWLOLVH�OD

YDOHXU�j������P�GX�SURILO�XQLTXH�UpDOLVp�j�FKDTXH�VLWH��VHFWLRQV�������E���������F���SRXU�GpILQLU�GHV

FRQGLWLRQV� DX[� OLPLWHV� FRQVWDQWHV� DX� FRXUV� GX� WHPSV�� /RUVTX·RQ� GLVSRVH� GH� SOXVLHXUV� SURILOV�

FRPPH�SRXU�OH�&2'��FI��VHFWLRQ�������F����RQ�DSSOLTXH�XQH�LQWHUSRODWLRQ�SDU�VSOLQHV�DX[�GLIIpUHQWHV

PHVXUHV�GLVSRQLEOHV�j������P��$XFXQH�FRQGLWLRQ�DX[�OLPLWHV�Q·HVW�DSSOLTXpH�j�OD�EDVH�GH�OD�FRORQQH

G·HDX�

/HV�FRQGLWLRQV�LQLWLDOHV�FRUUHVSRQGHQW�j�OD�VSpFLILFDWLRQ�GH�OD�YDOHXU�GH�FKDFXQH�GHV�YDULDEOHV�G·pWDW

GX�PRGqOH�j�FKDTXH�SDV�GH�SURIRQGHXU�G]� HQWUH�] � � HW�] � � � � j� OD�GDWH� �=W ��&HV�YDOHXUV� VRQW� DXVVL

GpILQLHV�j�SDUWLU�GH�PHVXUHV� LQ�VLWX��HQ� LQWHUSRODQW� OLQpDLUHPHQW� OHV�SURILOV�GLVSRQLEOHV��SRXU�&SH�HW

&GH�� RX� OHV�PHVXUHV� GHV� SLqJHV� �SRXU�)P� HW�)H�� j� OD� GDWH� FKRLVLH� FRPPH� SRLQW� GH� GpSDUW�� 3RXU

OLPLWHU�O·LQIOXHQFH�GHV�HUUHXUV�LQGXLWHV�SDU�O·XWLOLVDWLRQ�GH�PHVXUHV�IDLWHV�ORUV�G·XQH�DXWUH�FDPSDJQH

ORUTX·RQ�PDQTXH�GH�GRQQpHV�j�(80(/,�HW�SDU�O·LQWHUSRODWLRQ��RQ�UpDOLVH�V\VWpPDWLTXHPHQW�XQ�VSLQ�

XS� G·XQH� DQQpH�� 6HXOHV� OHV� VLPXODWLRQV� REWHQXHV� DSUqV� FHWWH� GXUpH� G·LQWpJUDWLRQ� GX�PRGqOH� VRQW

H[SORLWpHV�

5pVROXWLRQ�WHPSRUHOOH�GW ��M
5pVROXWLRQ�YHUWLFDOH�G] ����P
6RPPHW�GH�OD�FRORQQH�G·HDX�] � �����P
%DVH�GH�OD�FRORQQH�G·HDX�] � �	
 VLWH�2��������P

VLWH�0��������P
&RQGLWLRQV�DX�VRPPHW�GH�OD
FRORQQH�G·HDX

VSpFLILFDWLRQ�GHV�YDULDEOHV�G·pWDW�j�FKDTXH�SDV�GH�WHPSV�j�SDUWLU�GH
PHVXUHV�LQ�VLWX

&RQGLWLRQV�j�OD�EDVH�GH�OD
FRORQQH�G·HDX

DXFXQH

&RQGLWLRQV�LQLWLDOHV VSpFLILFDWLRQ�GHV�YDULDEOHV�G·pWDW�j�FKDTXH�QLYHDX�GH�SURIRQGHXU�j
�=W �j�SDUWLU�GH�PHVXUHV�LQ�VLWX

7DEOHDX�����7DEOHDX�UpFDSLWXODWLI�GH�TXHOTXHV�FDUDFWpULVWLTXHV�GX�PRGqOH�&2/'2�

����� 0pWKRGH�G·LQWpJUDWLRQ

/HV�pTXDWLRQV�VRQW�LQWpJUpHV�GDQV�OH�WHPSV�HW�VHORQ�OD�SURIRQGHXU�j�SDUWLU�GHV�FRQGLWLRQV�LQLWLDOHV�HW

GHV�FRQGLWLRQV�DX[�OLPLWHV�GpFULWHV�FL�GHVVXV�j�O·DLGH�GH�OD�URXWLQH�02/&+�GH�OD�ELEOLRWKqTXH�,06/�

&HWWH� URXWLQH� UHSRVH� VXU� OD�PpWKRGH� GLWHV� GHV� OLJQHV� HW� XWLOLVH� OHV� SRO\Q{PHV� G·+HUPLWH� FRPPH

LQWHUSRODWHXUV�VSDWLDX[�

/·LQWpJUDWLRQ�GHV� pTXDWLRQV� ���� j� ���� SHXW� JpQpUHU� GHV� YDULDEOHV� G·pWDW�QpJDWLYHV� TXL� Q·RQW� DXFXQH

UpDOLWp�ELRJpRFKLPLTXH��/H�SUREOqPH�GX�FRQWU{OH�GH�OD�SRVLWLYLWp�GHV�YDULDEOHV�G·pWDW�FRQFHUQH�WRXV

OHV�PRGqOHV�ELRJpRFKLPLTXHV��PDLV�F·HVW�XQ�SUREOqPH�QXPpULTXHPHQW�WUqV�FRPSOH[H�SRXU�OHTXHO�LO

Q·H[LVWH� SDV� HQFRUH� GH� VROXWLRQ� VDWLVIDLVDQWH�� /D� PpWKRGH� DSSOLTXpH� GDQV� &2/'2� HVW� DVVH]

UXGLPHQWDLUH�� (OOH� FRQVLVWH� j� FRQWU{OHU� WRXW� DX� ORQJ� GH� OD� SURFpGXUH� G·LQWpJUDWLRQ� TXH� OD� GpULYpH
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WHPSRUHOOH�GH�FKDTXH�YDULDEOH�G·pWDW�QH�YD�SDV�FRQGXLUH�j�XQH�YDOHXU� LQIpULHXUH�j�XQH�YDOHXU�VHXLO�

IL[pH�j�]pUR��'DQV�OH�FDV�FRQWUDLUH��FHWWH�YDULDEOH�HVW�UpLQLWLDOLVpH�j�OD�YDOHXU�VHXLO�

��� 3URSULpWpV�G\QDPLTXHV�GX�PRGqOH�&2/'2

����� &DUDFWpULVDWLRQ�GX�V\VWqPH�G·pTXDWLRQV

�D� 8Q�PRGqOH�G\QDPLTXH

/H�PRGqOH�&2/'2�HVW�WRXW�G·DERUG�XQ�PRGqOH�G\QDPLTXH�GDQV� OD�PHVXUH�R��VHV�YDULDEOHV�G·pWDWV

SHXYHQW�pYROXHU�DX�FRXUV�GX�WHPSV�

3OXVLHXUV� WUDYDX[� RQW� pWp� SXEOLpV� VXU� OD� PRGpOLVDWLRQ� GX� WUDQVIHUW� GH� WUDFHXUV� GHV� SDUWLFXOHV

RFpDQLTXHV�WHOV�TXH�OH�7K��GDQV�OHVTXHOV�RQ�VXSSRVH�TXH�OH�V\VWqPH�GLVVRXV�SDUWLFXODLUH�HVW�j�O·pWDW

VWDWLRQQDLUH� �1R]DNL� HW� DO��� ������������%DFRQ�HW�$QGHUVRQ��������&OHJJ�HW�:KLWILHOG�������� �����

&RFKUDQ� HW� DO��� ������ 5R\�%DUPDQ� HW� DO��� ������� &HV� WUDYDX[� FKHUFKHQW� j� H[SOLTXHU� FHUWDLQHV

VWUXFWXUHV� GH� OD� GLVWULEXWLRQ� YHUWLFDOH� GX� 7K� TXH� O·RQ� VXSSRVH� SHUPDQHQWHV� UHODWLYHPHQW� j� XQH

pFKHOOH�GH�WHPSV�GH�O·RUGUH�GH�O·DQQpH��6XSSRVRQV�TXH�O·RQ�GLVSRVH�GH�PHVXUHV�j�GHX[�SURIRQGHXUV

] � �HW�] � �GX� IOX[�GH�PDVVH� �)P�� HW�GH�7K� �)H��� GH� VD� FRQFHQWUDWLRQ�GDQV� OHV�SKDVHV� ILOWUpH� �&SH�� HW

GLVVRXWH� �&GH��� pFKDQWLOORQQpHV� HQ� XQ� VLWH� R�� OD� YDULDELOLWp� WHPSRUHOOH� GH� FHV� TXDWUH� YDULDEOHV� HVW

QpJOLJHDEOH��(TV����j�����2Q�SHXW�DORUV�IDFLOHPHQW�HVWLPHU�OHV�SDUDPqWUHV�GH�&2/'2�TXL�H[SOLTXHQW

FHWWH� GLVWULEXWLRQ� HQ� XWLOLVDQW� GHV� GRQQpHV� SUpOHYpHV� j� XQH� GDWH� TXHOFRQTXH�� /D� VWDWLRQQDULWp

LPSOLTXH� TXH� �=∂∂=∂∂=∂∂=∂∂ W&GHW&SHW)HW)P �� 6L� O·RQ� IDLW� O·K\SRWKqVH� TXH

���@�����>��� ���� ]]W];W];]W]; −−≈∂∂ ��;�]�W�� GpVLJQDQW� XQH� YDULDEOH� G·pWDW� GX�PRGqOH�� OHV

GRQQpHV� SHUPHWWHQW� G·HVWLPHU� OHV� WHUPHV� GpFULYDQW� OD� FKXWH� GHV� SDUWLFXOHV� � ])P9 � ∂∂⋅ �

])H9 � ∂∂⋅ � HW� ]&SH9 � ∂∂⋅ ��� (TV�� ������ (Q� VXSSRVDQW� TXH� OHV� WHUPHV� GH� GLIIXVLRQ� VRQW

QpJOLJHDEOHV��(TV��������HW�TXH�OHV�WDX[�GH�GLVVROXWLRQ�GX�7K�IL[p�VXU�OHV�GHX[�W\SHV�GH�SDUWLFXOHV��. � �

HW�. � � ��VRQW�pJDX[��RQ�SHXW�FDOFXOHU�OHV�SDUDPqWUHV�. � � 
 ��. � � ��. ��� �HW�. � �  . � � ��&·HVW�FH�W\SH�G·DSSURFKH

TXL�HVW�XWLOLVp�GDQV�OHV�DUWLFOHV�FLWpV�FL�GHVVXV�

&HSHQGDQW��TXHOOH�TXH�VRLW�OD�UpJLRQ�GH�O·RFpDQ��OHV�PHVXUHV�GHV�SLqJHV�j�SDUWLFXOHV�PRQWUHQW�TXH�OHV

IOX[�GH�PDWLqUH�GDQV�OD�FRORQQH�G·HDX�YDULHQW�GH�IDoRQ�VLJQLILFDWLYH�DX�FRXUV�GX�WHPSV��%DFRQ�HW�DO��

������0LTXHO� HW�DO���������1HZWRQ� HW�DO���������-LFNHOOV� HW�DO���������1HXHU� HW�DO���������3HLQHUW� HW�DO��

������� 'DQV� FHUWDLQHV� UpJLRQV�� LO� VHPEOHUDLW� TXH� OD� YDULDELOLWp� GX� IOX[� GH� PDVVH� Q·LQGXLW� SDV� GH

YDULDWLRQ�VLJQLILFDWLYH�GH�OD�FRQFHQWUDWLRQ�GHV�pOpPHQWV�HQ�WUDFH�GDQV�OHV�SKDVHV�GLVVRXWH�HW�ILOWUpH�

/·DSSURFKH� GpFULWH� FL�GHVVXV� SRXUUDLW� GRQF� rWUH� OpJLWLPH� SRXU� pWXGLHU� ORFDOHPHQW� OHV� pFKDQJHV

G·pOpPHQWV�HQ�WUDFH�HQWUH�FHV�GHX[�SKDVHV��0DLV�OH�UHFRXUV�j�XQ�PRGqOH�G\QDPLTXH�HVW�LQGLVSHQVDEOH
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GqV�ORUV�TXH�O·RQ�V·LQWpUHVVH�j�OD�YDULDELOLWp�WHPSRUHOOH�GHV�IOX[�GH�SDUWLFXOHV��HW�j�OD�G\QDPLTXH�GHV

pFKDQJHV�HQWUH�OHV�SKDVHV�GLVVRXWH�HW�SDUWLFXODLUHV�

�E� 8Q�V\VWqPH�G·pTXDWLRQV�DX[�GpULYpHV�SDUWLHOOHV�QRQ�OLQpDLUHV�FRXSOpHV

(WDQW�GRQQpV� OHV�WHUPHV�G·pYROXWLRQ�WHPSRUHOOH�GHV�YDULDEOHV�G·pWDW�HW� OHV� WHUPHV�GH�WUDQVSRUW�� OHV

pTXDWLRQV�GH�&2/'2��(TV�������FRQWLHQQHQW�GHV�GpULYpHV�SDUWLHOOHV�SDU� UDSSRUW� DX� WHPSV�HW� j� OD

SURIRQGHXU��3DU�FRQVpTXHQW��RQ�SDUOH�G·XQ�V\VWqPH�G·(TXDWLRQV�DX[�'pULYpHV�3DUWLHOOHV��('3���2Q�OHV

GLVWLQJXH�GHV�(TXDWLRQV� DX[�'pULYpHV�2UGLQDLUHV� �('2��TXL� FRQWLHQQHQW�GHV�GpULYpHV� UHODWLYHV� j

XQH� VHXOH� YDULDEOH� LQGpSHQGDQWH��%HDXFRXS�GH�PRGqOHV� G\QDPLTXHV� G·pFRV\VWqPHV� SODQFWRQLTXHV

UHSRVHQW�VXU�FH�GHUQLHU�W\SH�G·pTXDWLRQV���RQ�IDLW�VRXYHQW�O·K\SRWKqVH�TXH�OHV�pFRV\VWqPHV�pYROXHQW

GDQV�XQH�FRXFKH�HXSKRWLTXH�KRPRJqQH��)DVKDP�HW�DO���������'DGRX�HW�DO���������/pY\� HW�DO��������

3RQGDYHQ�HW�DO���������/DQFHORW�HW�DO����������/H�V\VWqPH�G·pTXDWLRQV�GH�&2/'2�HVW�GLW�FRXSOp��SDUFH

TXH�OD�YDOHXU�GH�FKDTXH�YDULDEOH�G·pWDW��SDU�H[HPSOH�&SH��j�OD�GDWH�W�GpSHQG�GH�VD�YDOHXU�j�OD�GDWH�W���

PDLV�pJDOHPHQW�GHV�YDOHXUV�GHV�DXWUHV�YDULDEOHV�G·pWDW��)P��)H�HW�&GH���FI��(T�����j�FHWWH�PrPH�GDWH�W�

���&HOD�WUDGXLW�WRXW�QDWXUHOOHPHQW�O·H[LVWHQFH�G·pFKDQJHV�HQWUH�OHV�FRPSDUWLPHQWV�ELRJpRFKLPLTXHV�

(QILQ�� &2/'2� UHSRVH� VXU� XQ� V\VWqPH� G·pTXDWLRQV� QRQ�OLQpDLUHV�� (Q� HIIHW�� OH� WHUPH� G·DJUpJDWLRQ

LQWHUYHQDQW�GDQV�OHV�pTXDWLRQV�����HW�����GpSHQG�GX�SURGXLW�GH�GHX[�YDULDEOHV�G·pWDW��)P�HW�&SH�

3RXU� UpFDSLWXOHU�� &2/'2� UHSRVH� VXU� XQ� V\VWqPH� G·(TXDWLRQV� DX[� 'pULYpHV� 3DUWLHOOHV� 1RQ�

/LQpDLUHV�&RXSOpHV��('31/&��

����� 6HQVLELOLWp�j�OD�YDOHXU�GHV�SDUDPqWUHV

/H�FRPSRUWHPHQW�G\QDPLTXH�G·XQ�V\VWqPH�FDUDFWpULVH�OD�IDoRQ�GRQW�FHOXL�FL�pYROXH�DX�FRXUV�GX�WHPSV�

'HSXLV�O·pPHUJHQFH�GH�OD�WKpRULH�GHV�V\VWqPHV�G\QDPLTXHV�HQ�)UDQFH�j�OD�ILQ�GX�VLqFOH�GHUQLHU��3RLQFDUp�

�������������������RQ�VDLW�TXH�OHV�V\VWqPHV�QRQ�OLQpDLUHV�VRQW�FDUDFWpULVpV�SDU�GHV�FRPSRUWHPHQWV

G\QDPLTXHV�WUqV�YDULpV��&HWWH�WKpRULH�D�SRXU�REMHW�OD�GHVFULSWLRQ�TXDOLWDWLYH�GH�FHV�FRPSRUWHPHQWV

�%HUJp�HW�DO����������$�O·KHXUH�DFWXHOOH��HOOH�HVW�VXUWRXW�GpYHORSSpH�SRXU�O·pWXGH�GH�V\VWqPHV�G·('2�

(OOH�V·DSSXLH�HQWUH�DXWUHV�VXU� OD�UHSUpVHQWDWLRQ�GHV�WUDMHFWRLUHV�GX�V\VWqPH�GDQV� O·HVSDFH�GHV�SKDVHV�
�

�

GRQW� OHV� D[HV� VRQW�GpILQLV� j�SDUWLU� GHV� YDULDEOHV�GX� V\VWqPH��'DQV� OH� FDV�GH� V\VWqPHV� GLVVLSDWLIV� �SDU

RSSRVLWLRQ�DX[�V\VWqPHV�FRQVHUYDWLIV���OHV�WUDMHFWRLUHV�WHQGHQW�YHUV�XQ�REMHW�GRQW�OHV�FDUDFWpULVWLTXHV

JpRPpWULTXHV� HW� WRSRORJLTXHV� UHIOqWHQW� OHV� SURSULpWpV� G\QDPLTXHV� GX� V\VWqPH�� &HW� REMHW� HVW� XQ

DWWUDFWHXU�

2Q� GLVWLQJXH� TXDWUH� JUDQGV� W\SHV� G·DWWUDFWHXUV� HW� GRQF� GH� FRPSRUWHPHQWV� G\QDPLTXHV�� 6L� OH

V\VWqPH�FRQVLGpUp�QH�YDULH�SDV�DX�FRXUV�GX�WHPSV��OD�UHSUpVHQWDWLRQ�GH�VRQ�pYROXWLRQ�GDQV�O·HVSDFH

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

�'·XQH�IDoRQ�JpQpUDOH��RQ�DSSHOOH�HVSDFH�GHV�SKDVHV�O·HVSDFH�GH�UpIpUHQFH�GRQW�OHV�D[HV�VRQW�OHV�FRRUGRQQpHV�GH
SRVLWLRQ�HW�GH�YLWHVVH��7RXWH�FRXUEH�²�RX�WUDMHFWRLUH�GHV�SKDVHV�²�GH�FHW�HVSDFH�HVW�UHSUpVHQWDWLYH�G·XQH�pYROXWLRQ
GX�V\VWqPH�pWXGLp�
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GHV�SKDVHV�HVW�XQ�SRLQW�DSSHOp�SRLQW� IL[H��6·LO�HVW�FDUDFWpULVp�SDU�XQ�FRPSRUWHPHQW�SpULRGLTXH�DYHF

XQH�VHXOH�SpULRGH��VRQ�pYROXWLRQ�GDQV�O·HVSDFH�GHV�SKDVH�VXLW�XQH�FRXUEH�IHUPpH��DSSHOpH�F\FOH�OLPLWH�

8Q� H[HPSOH� GH� F\FOH� OLPLWH� HVW� UHSUpVHQWp� VXU� OD� )LJXUH� ��D�� /D� )LJXUH� ��E�PRQWUH� OH� FDV� G·XQ

V\VWqPH�GRQW�OD�G\QDPLTXH�HVW�FDUDFWpULVpH�SDU�GHX[�SpULRGHV�QRQ�FRPPHQVXUDEOHV���O·DWWUDFWHXU�HVW

XQ�WRUH�7 � ��DQDORJXH�j�XQH�VRUWH�GH�FKDPEUH�j�DLU��/HV�GHX[�URWDWLRQV��OH�ORQJ�GH�OD�FLUFRQIpUHQFH�GX

WRUH� HW� DXWRXU� GH� OD� WXEXOXUH�� VRQW� O·H[SUHVVLRQ� GHV� GHX[� SpULRGHV�� /D� )LJXUH� ��F� UHSUpVHQWH

O·pYROXWLRQ�FKDRWLTXH�GH�O·XQH�GHV�YDULDEOHV�GX�PRGqOH�GH�/RUHQ]���������VLPXODQW�OHV�SKpQRPqQHV

FRQYHFWLIV�GDQV�OHV�IOXLGHV��/D�UHSUpVHQWDWLRQ�GH�FH�V\VWqPH�GDQV�O·HVSDFH�GHV�SKDVHV�GpILQL�SDU�VHV

WURLV�YDULDEOHV� HVW�XQH�IRUPH�FRPSOH[H�PDLV� UHFRQQDLVVDEOH��&·HVW� O·DWWUDFWHXU� pWUDQJH�GH�/RUHQ]�� HQ

IRUPH� G·DLOH� GH� SDSLOORQ�� &H� W\SH� GH� UHSUpVHQWDWLRQ� PHW� HQ� pYLGHQFH� O·RUJDQLVDWLRQ� GX� FKDRV

GpWHUPLQLVWH�

/D� QDWXUH� TXDOLWDWLYH� GX� FRPSRUWHPHQW� G\QDPLTXH� GHV�PRGqOHV� QRQ�OLQpDLUHV� YDULH� JpQpUDOHPHQW

ORUVTX·RQ�PRGLILH�OHV�IRQFWLRQV�PDWKpPDWLTXHV�XWLOLVpHV�SRXU�GpFULUH�OH�V\VWqPH��&·HVW�OH�FDV�SRXU�OD

SOXSDUW� GHV� PRGqOHV� ELRJpRFKLPLTXHV� GH� O·RFpDQ� �� GRQW� OH� PRGqOH� &2/'2� �� FRPPH� QRXV

O·LOOXVWUHURQV�GDQV�OD�VHFWLRQ�������

/H�FRPSRUWHPHQW�G\QDPLTXH�G·XQ�PRGqOH�QRQ�OLQpDLUH�GpSHQG�DXVVL�WUqV�IRUWHPHQW�GHV�FRQGLWLRQV

LQLWLDOHV��'DQV�FHUWDLQHV�VLWXDWLRQV��O·HVSDFH�GHV�SKDVHV�SHXW�FRQWHQLU�SOXVLHXUV�DWWUDFWHXUV�GH�QDWXUH

YDULpH��&HOXL�YHUV� OHTXHO� OH�PRGqOH� HVW� DWWLUp�� HW�SDU� FRQVpTXHQW� OD� G\QDPLTXH�GHV� VROXWLRQV�� YRQW

GpSHQGUH�GH�OD�SRVLWLRQ�LQLWLDOH�SUpFLVH�GX�V\VWqPH�GDQV�FHW�HVSDFH��/HV�DWWUDFWHXUV�pWUDQJHV�DVVRFLpV

DX[�FRPSRUWHPHQWV�FKDRWLTXHV� �FI��SDU� H[HPSOH�)LJXUH���F��VRQW�HX[�PrPHV�FDUDFWpULVpV�SDU�XQH

IRUWH� VHQVLELOLWp� DX[� FRQGLWLRQV� LQLWLDOHV�� 6L� O·RQ� FRQVLGqUH� GHX[� WUDMHFWRLUHV� G·XQ� WHO� DWWUDFWHXU

LQILQLPHQW�SURFKHV�j�O·LQVWDQW�LQLWLDO��HOOHV�ILQLVVHQW�WRXMRXUV�SDU�V·pFDUWHU�O·XQH�GH�O·DXWUH�DX�FRXUV�GX

WHPSV�� &HW� pFDUW� DXJPHQWH� DYHF� OH� WHPSV�� j� XQH� YLWHVVH� PHVXUpH� SDU� O·H[SRVDQW� GH� /\DSXQRY

SULQFLSDO�GX�V\VWqPH��&UDZIRUG��������$EDUEDQHO�HW�DO���������

&HWWH� VHQVLELOLWp� DX[� FRQGLWLRQV� LQLWLDOHV� D� GHV� FRQVpTXHQFHV� WUqV� LPSRUWDQWHV�� (OOH� LPSOLTXH� TXH

SRXU�FHUWDLQHV�FRQGLWLRQV�LQLWLDOHV�G·XQ�PRGqOH�QRQ�OLQpDLUH�GpFULWHV�SDU�GHV�PHVXUHV�SDU�GpILQLWLRQ

LPSDUIDLWHV��RQ�QH�SHXW�SDV�SUpYRLU� O·pYROXWLRQ�GX�V\VWqPH��'·DXWUH�SDUW��DX�FRXUV�GH� O·LQWpJUDWLRQ

GHV� pTXDWLRQV� GX� PRGqOH�� OHV� FDOFXODWHXUV� LQWURGXLVHQW� QpFHVVDLUHPHQW� GHV� DSSUR[LPDWLRQV� TXL

SHXYHQW�HQWUDvQHU�XQH�GLYHUJHQFH�PDMHXUH�HQWUH�OD�WUDMHFWRLUH�PRGpOLVpH�HW�OD�WUDMHFWRLUH�GX�V\VWqPH

UpHO��3OXV�JpQpUDOHPHQW�� OD�VHQVLELOLWp�DX[�FRQGLWLRQV� LQLWLDOHV� OLPLWH� OD�SUpYLVLRQ�GHV�V\VWqPHV�QRQ�

OLQpDLUHV��PpWpRURORJLTXH��FOLPDWLTXH��VRFLR�pFRQRPLTXH«��VXU�OH�ORQJ�WHUPH�
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��

)LJXUH�����5HSUpVHQWDWLRQ�GH�O·pYROXWLRQ�WHPSRUHOOH��j�JDXFKH��HW�GH�O·DWWUDFWHXU��j�GURLWH��GH
V\VWqPHV�GH�WURLV�YDULDEOHV��[�\�]��FDUDFWpULVpV�SDU�WURLV�FRPSRUWHPHQWV�G\QDPLTXHV�GLVWLQFWV���D��

FRPSRUWHPHQW�SpULRGLTXH�j�XQH�VHXOH�SpULRGH����E���FRPSRUWHPHQW�TXDVL�SpULRGLTXH���F��
FRPSRUWHPHQW�FKDRWLTXH�DVVRFLp�DX�PRGqOH�GH�/RUHQ]��������
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��

)LJXUH�����9DULDWLRQV�GX�FRPSRUWHPHQW�GH�OD�VROXWLRQ�j�O·pTXDWLRQ�ORJLVWLTXH�QRQ�OLQpDLUH��(T����
ORUVTX·RQ�IDLW�YDULHU�VRQ�XQLTXH�SDUDPqWUH�D��0D\���������/HV�FDV�UHSUpVHQWpV�HQ�QRLU��EOHX��YHUW�HW

URXJH�FRUUHVSRQGHQW�UHVSHFWLYHPHQW�j�D �����D �������D ������HW�D �����

/D� QDWXUH� TXDOLWDWLYH� HW� OD� VWDELOLWp� GX� FRPSRUWHPHQW� G\QDPLTXH� G·XQ� PRGqOH� QRQ�OLQpDLUH

GpSHQGHQW� GH� OD� YDOHXU� GH� VHV� SDUDPqWUHV�� 5��0D\� O·D�PLV� HQ� pYLGHQFH� GDQV� OHV� DQQpHV� ����� HQ
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WUDYDLOODQW�VXU�XQH�pTXDWLRQ�QRQ�OLQpDLUH�G·XQH�VLPSOLFLWp�H[WUrPH��DSSHOpH�pTXDWLRQ�ORJLVWLTXH��0D\�

�������6D�IRUPH�FDQRQLTXH�HVW�OD�VXLYDQWH��

[ ]�������� W;W;DW; −⋅⋅=+ �

� ���

&HWWH�pTXDWLRQ�D�MRXp�XQ�U{OH�LPSRUWDQW�HQ�PRGpOLVDWLRQ�GHV�V\VWqPHV�pFRORJLTXHV��+LOO���������0D\

�������D�PRQWUp�TXH�;�W��DGRSWH�GHV�FRPSRUWHPHQWV�QRQ�WULYLDX[�ORUVTXH� �� ≤≤ D ��/D�)LJXUH���

PRQWUH� O·pYROXWLRQ� WHPSRUHOOH� GH�;� HW� O·DSSOLFDWLRQ� ������� W;IW; =+ SRXU� TXDWUH� YDOHXUV� GH� D

FDOFXOpHV�j�SDUWLU�GX�PrPH�pWDW�LQLWLDO� ������� ==W; ��3RXU� ���=D �� OH�V\VWqPH�WHQG�YHUV�XQ�pWDW

VWDWLRQQDLUH��,O�WHQG�YHUV�XQ�FRPSRUWHPHQW�SpULRGLTXH�ORUVTXH� �����=D ��3RXU� �����=D ��LO�DGRSWH

XQ� FRPSRUWHPHQW� FRPSOH[H�� SUDWLTXHPHQW� ELSpULRGLTXH�� (QILQ�� SRXU� ����=D �� ;�W�� D� XQ

FRPSRUWHPHQW�FKDRWLTXH��&HV�FKDQJHPHQWV�UDGLFDX[�GH� OD�QDWXUH�GX�FRPSRUWHPHQW�G·XQ�PRGqOH

HQ� UpSRQVH� j� GHV� YDULDWLRQV� SDUIRLV� LQILQLWpVLPDOHV� GH� VHV� SDUDPqWUHV� VRQW� DSSHOpV� GHV� ELIXUFDWLRQV

�&UDZIRUG�� ������� /D� )LJXUH� ��� PRQWUH� OH� GLDJUDPPH� GH� ELIXUFDWLRQ� FRPSOHW� GH� O·pTXDWLRQ

ORJLVWLTXH�SRXU�GHV�YDULDWLRQV�GH�D�FRPSULVHV�HQWUH�����HW������/RUVTXH� ����≤D OH�FRPSRUWHPHQW�GX

V\VWqPH�HVW�VWDWLRQQDLUH��/H�SRLQW�IL[H�GHYLHQW�LQVWDEOH�DX�IXU�HW�j�PHVXUH�TXH�D�DXJPHQWH��3DU�GHV

ELIXUFDWLRQV�HQ�IRXUFKH�DSSDUDLVVHQW�GHV�FRPSRUWHPHQWV�KDUPRQLTXHV�VWDEOHV��j��
�

�SpULRGHV��,OV�VH

GHVWDELOLVHQW� j� OHXU� WRXU�� HW� VRQW� WRXV� LQVWDEOHV� j� SDUWLU� GH� ���D �= �� (QVXLWH�� OH� V\VWqPH� GHYLHQW

FKDRWLTXH��'HV�UpJLPHV�KDUPRQLTXHV�GH�W\SH��
�

�SDUWLHOOHPHQW�VWDEOHV�VRQW�REVHUYpV�DX[�DOHQWRXUV

GH� �����=D �

/D�VHQVLELOLWp�GX�FRPSRUWHPHQW�G\QDPLTXH�YLV�j�YLV�GHV�SDUDPqWUHV�HVW�XQH�FDUDFWpULVWLTXH�YDODEOH

SRXU� WRXV� OHV�PRGqOHV�QRQ�OLQpDLUHV��GRQF�SRXU� OH�PRGqOH�&2/'2��&HWWH�QRWLRQ�YD�GLUHFWHPHQW

LQIOXHQFHU� OD� VWUDWpJLH� TXH� QRXV� GHYURQV� DGRSWHU� SRXU� TXDQWLILHU� OHV� pFKDQJHV� PRGpOLVpV� SDU

&2/'2�

(QILQ�� OD� G\QDPLTXH� GHV� VROXWLRQV� G·XQ�PRGqOH� QRQ�OLQpDLUH� QH� UHIOqWH� SDV� XQLTXHPHQW� FHOOH� GHV

pTXDWLRQV��(OOH�HVW�DXVVL�LQIOXHQFpH�SDU�OHV�FRQGLWLRQV�DX[�OLPLWHV��GRQW�OD�G\QDPLTXH�SHXW�HOOH�DXVVL

rWUH�FRPSOH[H��&HWWH�TXHVWLRQ�VHUD�LOOXVWUpH�GDQV�OD�VHFWLRQ�������

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

� /·pTXDWLRQ� ORJLVWLTXH� RULJLQDOH� HVW� [ ]������ W;&U�W;�W; ⋅−+⋅=+ �� R�� ;�W�� HVW� O·HIIHFWLI� GH� OD

SRSXODWLRQ�PRGpOLVpH� j� OD� GDWH� W� HW� R�� ��W;&U ⋅− � UHSUpVHQWH� OH� WDX[� GH� FURLVVDQFH� GH� FHWWH� SRSXODWLRQ

�&RTXLOODUG�HW�+LOO���������6HORQ�FH�PRGqOH��OH�WDX[�GH�FURLVVDQFH�GLPLQXH�DYHF�O·DXJPHQWDWLRQ�GHV�HIIHFWLIV�
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)LJXUH�����'LDJUDPPH�GH�ELIXUFDWLRQ�DVVRFLp�j�O·pTXDWLRQ�ORJLVWLTXH��(T�����ORUVTXH�VRQ�XQLTXH
SDUDPqWUH�D�YDULH�HQWUH�����HW������0D\���������/HV�TXDWUH�YDOHXUV�XWLOLVpHV�SRXU�UpDOLVHU�OD�)LJXUH���

VRQW�UDSSHOpHV�DYHF�OH�PrPH�FRGH�GH�FRXOHXU�

����� 'pYHORSSHPHQW�G·XQ�PRGqOH�VHPL�VSHFWUDO���36\'\Q

&RPPH�QRXV�O·DYRQV�PHQWLRQQp�GDQV�OH�SDUDJUDSKH�SUpFpGHQW��OD�WKpRULH�GHV�V\VWqPHV�G\QDPLTXHV

Q·HVW�j�O·KHXUH�DFWXHOOH�GLUHFWHPHQW�DSSOLFDEOH�TX·DX[�V\VWqPHV�G·('2��GRQW�OHV�YDULDEOHV�G·pWDW�QH

GpSHQGHQW�TXH�G·XQH�VHXOH�YDULDEOH�LQGpSHQGDQWH��OH�WHPSV��'DQV�OH�FDGUH�GX�VWDJH�GH�'($��QRXV

DYRQV� DSSOLTXp� OD�PpWKRGH� VSHFWUDOH� GH� UpVROXWLRQ� GHV� pTXDWLRQV� GLIIpUHQWLHOOHV� DX[� pTXDWLRQV� GH

&2/'2��&HWWH�DSSURFKH�SHUPHW�GH�FRQYHUWLU�WRXW�V\VWqPH�G·('3���OLQpDLUH�RX�QRQ�OLQpDLUH���HQ�XQ

V\VWqPH�G·('2��GDQV�OH�EXW�G·HQ�H[WUDLUH�OHV�SURSULpWpV�G\QDPLTXHV��$WKLDV���������&H�WUDYDLO�IDLW

O·REMHW�G·XQH�SXEOLFDWLRQ��$WKLDV�HW�DO���������TXL�HVW�UHSURGXLWH�GDQV�O·$QQH[H���

/H�SULQFLSH�HVW�FHOXL�GH� OD�PpWKRGH�GH�*DOsUNLQ��0DUFKXN���������,O�FRQVLVWH� j�GpYHORSSHU� OHV�1 �

YDULDEOHV�G·pWDW�GX�W\SH�; � �]�W��GX�V\VWqPH�G·('3�HQ�XQH�VpULH�ILQLH�GH�1ϕ�IRQFWLRQV�GH�EDVH�ϕ � �]�

VHORQ��
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/HV� IRQFWLRQV�GH�EDVH� VRQW�RUWKRJRQDOHV� HW� UHIOqWHQW� OD�GpSHQGDQFH�HQ�]�GHV� YDULDEOHV�; � �]�W���(Q

UHPSODoDQW�OHV�YDULDEOHV�G·pWDW�SDU�OHXU�GpYHORSSHPHQW�HQ�VpULH��(T�����GDQV�OH�V\VWqPH�G·('3��RQ

REWLHQW� XQ� V\VWqPH�GH�1 � ���1ϕ�('2��GRQW� OHV� YDULDEOHV�G·pWDW� VRQW� OHV� ��WF
�� ��(OOHV� Q·RQW� SDV� GH

VLJQLILFDWLRQ�UpHOOH�SDU�UDSSRUW�DX�V\VWqPH�PRGpOLVp�DX�GpSDUW��PDLV�OD�UHSUpVHQWDWLRQ�GHV�WUDMHFWRLUHV

GX�PRGqOH�GDQV�O·HVSDFH�GHV�SKDVHV�TXL�HVW�DVVRFLp�DX[�YDULDEOHV�F �
�
�SHUPHW�G·DQDO\VHU�OHV�SURSULpWpV

G\QDPLTXHV�GX�V\VWqPH�LQLWLDO�G·pTXDWLRQV�

'DQV� OH� FDV�GX�PRGqOH�&2/'2��(TV�� ������ OHV� �=	1 YDULDEOHV�G·pWDW� VRQW�GpYHORSSpHV� HQ�XQH

IRQFWLRQ�OLQpDLUH�GH�]��HW�OHV�UpVLGXV�VRQW�GpFRPSRVpV�HQ�XQH�VpULH�GH�)RXULHU�VXU�QPRG� ���PRGHV��

�VLQ����FRV����������
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R�� ( )KFROQZ � π�⋅= �� HW� �]]KFRO −= ����� �� $� SDUWLU� GHV�1 � � ��� ('3� QRQ�OLQpDLUHV� FRXSOpHV� GH

&2/'2��RQ�REWLHQW�XQ�V\VWqPH�GH� ������ =⋅+⋅ QPRG1 � �('2�QRQ�OLQpDLUHV�FRXSOpHV��/H�FKRL[

GH� QPRG� HW� O·LQIOXHQFH� GH� OD� WURQFDWXUH� VXU� OD� GpFRPSRVLWLRQ� GHV� WHUPHV� QRQ�OLQpDLUHV� HVW� XQ

SUREOqPH�FUXFLDO�GH�OD�PpWKRGH�VSHFWUDOH��&HV�GHX[�SRLQWV�DLQVL�TXH�OH�V\VWqPH�G·('2�REWHQX�VRQW

H[SOLFLWpV�SDU�$WKLDV�HW�DO����������$QQH[H�����(Q�GpEXW�GH�WKqVH��QRXV�DYRQV�DPpOLRUp�OD�PpWKRGH�GH

FRQYHUVLRQ�GHV�WHUPHV�QRQ�OLQpDLUHV�HW�SDU�FRQVpTXHQW�PRGLILp�OHV�('2��&HWWH�QRXYHOOH�YHUVLRQ�HVW

GpFULWH�GDQV�O·$QQH[H����/HV�('2�VRQW�LQWpJUpHV�DX�FRXUV�GX�WHPSV�HQ�DSSOLTXDQW�OD�PpWKRGH�GH

5XQJH�.XWWD�j�O·RUGUH����3UHVV�HW�DO����������/HV�FRQGLWLRQV�LQLWLDOHV�GHV�YDULDEOHV�GpSHQGDQWHV ��WF
��

VRQW�GpILQLHV�j�SDUWLU�GH�SURILOV�LQ�VLWX�GH�)P��)H��&SH�HW�&GH�REWHQXV�VHORQ�OD�SURFpGXUH�GpFULWH�GDQV

OD�VHFWLRQ�������SXLV�GpFRPSRVpV�VHORQ������/HV�FRQGLWLRQV�DX[�OLPLWHV�GH�GH�)P��)H��&SH�HW�&GH�VRQW

pJDOHPHQW�FDOFXOpHV�j�SDUWLU�GH�PHVXUHV�LQ�VLWX��FRPPH�SRXU�OH�PRGqOH�&2/'2��VHFWLRQ���������8QH

SUHPLqUH�PpWKRGH�GH�SULVH� HQ� FRPSWH�GHV� FRQGLWLRQV� DX[� OLPLWHV�SRXU� IRUFHU� OHV� YDULDEOHV� F � �
� HVW

GpFULWH�SDU�$WKLDV�HW�DO����������$QQH[H�����1RXV�O·DYRQV�DPpOLRUpH�DX�GpEXW�GH�FHWWH�WKqVH��VHORQ�OHV

GpWDLOV� GRQQpV� GDQV� O·$QQH[H� ��� (QILQ�� DXFXQ� FRQWU{OH� GH� OD� SRVLWLYLWp� GHV� YDULDEOHV� G·pWDW� Q·HVW

UpDOLVp�GDQV�FHWWH�YHUVLRQ�GX�PRGqOH�

1RXV�DYRQV�QRPPp�FH�QRXYHDX�PRGqOH�36\'\Q��3DUWLFXODWH�6\VWHP�'\QDPLFV���6RQ�DSSOLFDWLRQ�j

OD�PRGpOLVDWLRQ� GHV� IOX[� G·$O� DX� VLWH�'\IDPHG� HQ�0HU�0pGLWHUUDQpH� �$WKLDV�� ������ $WKLDV� HW� DO��

������PRQWUH�TX·LO�SHUPHW�GH�IDLUH�GHV�VLPXODWLRQV�UpDOLVWHV��&HSHQGDQW��LO�SUpVHQWH�ORFDOHPHQW�GHV

SUREOqPHV� GH� VWDELOLWp� QXPpULTXH�� (Q� SDUWLFXOLHU�� O·XWLOLVDWLRQ� GH� IRQFWLRQV� VLQXVRwGDOHV� GH�PRGH

��� KFROQZ π⋅= � SRXU� GpFULUH� OD� SURSDJDWLRQ� GHV� IOX[� GH� SDUWLFXOHV� GDQV� OD� FRORQQH� G·HDX� UHQG

GLIILFLOH� OD� VLPXODWLRQ� GH� VLWXDWLRQV� R�� OD� YLWHVVH� GH� FKXWH� GHV� SDUWLFXOHV� HVW� VXSpULHXUH� j

( )GWQ�KFRO ⋅⋅ PRG ��VRLW�j�����HW�����P�M�DX[�VLWHV�2�HW�0�UHVSHFWLYHPHQW��(Q�RXWUH��FHWWH�YHUVLRQ
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VHPL�VSHFWUDOH�GX�PRGqOH�SRXUUDLW�rWUH�VLJQLILFDWLYHPHQW�DPpOLRUpH�HQ�FKRLVLVVDQW�GHV�IRQFWLRQV�GH

EDVH� GRQW� OD� IRUPH� UHVVHPEOH� j� OD� IRUPH� D� SULRUL� GHV� SURILOV� GH�)P��)H��&SH� HW�&GH��1RXV� DYRQV

PRQWUp� TX·LO� SHUPHW� G·DQDO\VHU� OD� VHQVLELOLWp� GH� OD� G\QDPLTXH� GHV� VROXWLRQV� DX[� YDOHXUV� GHV

SDUDPqWUHV�GHV�pTXDWLRQV�����j� �����HW�PLV�HQ�pYLGHQFH�XQH�ELIXUFDWLRQ�HQWUH�XQ�F\FOH� OLPLWH�HW�XQ

SRLQW�IL[H�HQ�UpSRQVH�j�XQH�PRGLILFDWLRQ�GX�WDX[�GH�GpVDJUpJDWLRQ�GHV�SDUWLFXOHV�SLpJpHV��$QQH[H

����$WKLDV��������$WKLDV�HW�DO���������

36\'\Q�D�HQILQ�OH�JURV�DYDQWDJH�G·rWUH�EHDXFRXS�PRLQV�FR�WHX[�HQ�WHPSV�GH�FDOFXOV�TXH�&2/'2�

1RXV� O·DYRQV� GRQF� XWLOLVp� GDQV� OHV� H[SpULHQFHV� UpDOLVpHV� SRXU� PHWWUH� DX� SRLQW� OD� PpWKRGH

PDWKpPDWLTXH�SHUPHWWDQW�G·HVWLPHU�OHV�SDUDPqWUHV�GH�&2/'2�j�SDUWLU�GH�PHVXUHV�LQ�VLWX�

��� &RQFOXVLRQ�GX�FKDSLWUH

/H�PRGqOH�&2/'2�TXH�QRXV�DYRQV�FKRLVL�SHUPHW�GH�VLPXOHU�OHV�IOX[�GH�PDWLqUH�GDQV�XQH�FRORQQH

G·HDX� XQLGLPHQVLRQQHOOH�� /H� FKRL[� GHV� YDULDEOHV� G·pWDW�� OD� GpILQLWLRQ� GHV� UpVROXWLRQV� YHUWLFDOH� HW

WHPSRUHOOH� VRQW� FRKpUHQWV� DYHF� OD� VWUDWpJLH� G·pFKDQWLOORQQDJH� GH� OD� FRXFKH� SURIRQGH� DX[� VLWHV

(80(/,�ROLJRWURSKH�HW�PpVRWURSKH�

/H� PRGqOH� &2/'2� HVW� pJDOHPHQW� FRKpUHQW� DYHF� O·REMHFWLI� GH� FHWWH� WKqVH�� 3RXU� TXDQWLILHU� OHV

SURFHVVXV�UHVSRQVDEOHV�GHV�IOX[�REVHUYpV��QRXV�SURSRVRQV�GH�GpYHORSSHU�XQH�PpWKRGH�G·HVWLPDWLRQ

GHV� SDUDPqWUHV� GX�PRGqOH� H[SOLTXDQW� DX�PLHX[� OHV� PHVXUHV� LQ� VLWX�� 1RXV� VXSSRVHURQV� GDQV� XQ

SUHPLHU�WHPSV�TXH�OD�GHVFULSWLRQ�GHV�IOX[�GH�PDWLqUH�GDQV�OD�FRORQQH�G·HDX�SDU�OH�PRGqOH�HVW�H[DFWH�
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