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'HSXLV WRXMRXUV� O·REVHUYDWLRQ GH OD QDWXUH HW GH O·HQYLURQQHPHQW RQW DPHQp OHV VR�
FLpWpV KXPDLQHV VXFFHVVLYHV j REVHUYHU HW UpFROWHU GHV LQIRUPDWLRQV VXU FH TXL OHV
D HQWRXUpV� 'DQV XQ SUHPLHU WHPSV� FHV REVHUYDWLRQV QDWXUDOLVWHV VH OLPLWDLHQW j
O·LQYHQWDLUH� OD GHVFULSWLRQ� O·REVHUYDWLRQ� OH GHVVLQ GHV HVSqFHV� 'qV ����� DYDQW
QRWUH qUH� OHV SHLQWXUHV GH OD *URWWH &KDXYHW HQ $UGqFKH IRQW pWDW G·XQ VHQV DLJX
GH O·REVHUYDWLRQ HW GH O·DQDWRPLH GHV HVSqFHV� %LHQ SOXV WDUG� OHV REVHUYDWLRQV QDW�
XUDOLVWHV VH VRQW DIÀQpHV PDLV OHV WHFKQLTXHV SRXU OHV UDSSRUWHU UHVWHQW GHVFULSWLYHV�
(Q ����� OH PpGHFLQ 0RQWSHOOLpUDLQ *XLOODXPH 5RQGHOHW OLYUH XQ GHV SUHPLHUV RX�
YUDJHV ]RRORJLTXHV R� LO GpFULW WRXV OHV DQLPDX[ DTXDWLTXHV TX·LO FRQQDLW� 8QLYHUV 
DTXDWLOLXP KLVWRUL  SDUV DOWHUD �5RQGHOHW� ������ -XVTX·j FHWWH pSRTXH� OHV HVSqFHV
PDFURVFRSLTXHV� FKDULVPDWLTXHV� HPEOpPDWLTXHV� IDFLOHV j DSSUpKHQGHU pWDLHQW SULQ�
FLSDOHPHQW REVHUYpHV PDLV SURJUHVVLYHPHQW� OHV PR\HQV HW OHV WHFKQLTXHV GH FROOHFWH
GHV REVHUYDWLRQV QDWXUDOLVWHV pYROXHQW �7URXGHW HW DO�� ������ /HV GRQQpHV pFRORJLTXHV
VRQW GH SOXV HQ SOXV GpWDLOOpHV HW VH FRPSOH[LÀHQW �0RXVV\ HW DO�� ������ $ SDUWLU GX
;9,,qPH VLqFOH� OH GpYHORSSHPHQW GH OD PpWKRGH VFLHQWLÀTXH LQRQGH OHV VFLHQFHV GDQV
OHXU HQVHPEOH �*ODVV 	 +DOO� ������ /HV VFLHQFHV VH GRWHQW GH FDGUHV FRQFHSWXHOV
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OLDQW K\SRWKqVHV� SUpGLFWLRQV� REVHUYDWLRQV HW GpGXFWLRQ �*ODVV 	 +DOO� ����� 3ODWW�
������ /D PpWKRGH K\SRWKpWLFR�GpGXFWLYH VH UpSDQG QRWDPPHQW DX[ VFLHQFHV QD�
WXUHOOHV �%HWWV HW DO�� ����� 3ODWW� ����� 7RVD HW DO�� ������ (OOH SURSRVH L� OD IRUPXODWLRQ
GH PXOWLSOHV K\SRWKqVHV� LL� OD GpÀQLWLRQ G·XQ SURWRFROH H[SpULPHQWDO SHUPHWWDQW GH
GLVFULPLQHU OHV K\SRWKqVHV� HW LLL� OD UpDOLVDWLRQ GH O·H[SpULHQFH HW O·LQWHUSUpWDWLRQ GHV
UpVXOWDWV� &RQFHUQDQW OHV VFLHQFHV QDWXUHOOHV� RQ IRUPXOH GHV K\SRWKqVH VXU OH IRQF�
WLRQQHPHQW GH OD QDWXUH� HW RQ PHW HQ SODFH GHV VWUDWpJLHV GH FROOHFWH GH GRQQpHV j
SURSRV GHV HVSqFHV� FRQFUpWLVDQW O·pPHUJHQFH GH O·pFRORJLH FRPPH XQH GLVFLSOLQH VFL�
HQWLÀTXH �%HWWV HW DO�� ����� 0RXVV\ HW DO�� ����� 7RVD HW DO�� ������ 'HSXLV OH GpEXW GX
;;qPH VLqFOH� O·pFRORJLH VFLHQWLÀTXH D DLQVL pYROXp� SDVVDQW GH O·KLVWRLUH QDWXUHOOH HW
GHV REVHUYDWLRQV QDWXUDOLVWHV VXU OH WHUUDLQ j XQ GRPDLQH PXOWLGLVFLSOLQDLUH DSSOLTXp
HW TXDQWLWDWLI �$QGHUVRQ HW DO�� ������
3RXU GpVLJQHU FRPPXQpPHQW OHV SURWRFROHV GH FROOHFWH GH GRQQpHV HQ PLOLHX QDWXUHO�
RQ SDUOH GH VXLYLV pFRORJLTXHV� /HV VXLYLV pFRORJLTXHV SHXYHQW rWUH HQYLVDJpV FRPPH
OD FROOHFWH VWDQGDUGLVpH HW V\VWpPDWLTXH GH GRQQpHV GDQV OH EXW GH SURGXLUH GHV LQ�
IpUHQFHV j SURSRV GH O·pFRORJLH G·XQ RX SOXVLHXUV WD[RQV RX JURXSHV WD[RQRPLTXHV
SUpGpÀQLV �0RXVV\ HW DO�� ������ &HV SURWRFROHV RQW SRXU REMHFWLI OD VWDQGDUGLVDWLRQ
GHV REVHUYDWLRQ UpFROWpHV j GHV ÀQV GH FRPSDUDLVRQ� HQ SHUPHWWDQW QRWDPPHQW OD UH�
SURGXFWLELOLWp GH OD PpWKRGH GH FROOHFWH j G·DXWUHV FRQWH[WHV �/LQGHQPD\HU 	 /LNHQV�
������ /HV SURWRFROHV GH VXLYLV pFRORJLTXHV SHXYHQW SUHQGUH GLIIpUHQWHV IRUPHV � RQ
SDUOH GH VXLYLV ORQJLWXGLQDX[ ORUVTXH OD FROOHFWH GH GRQQpHV V·pWDOH GDQV OH WHPSV� RQ
SDUOH GH VXLYLV WUDQVYHUVDX[ ORUVTX·DX FRQWUDLUH OD FROOHFWH GH GRQQpHV QH WLHQW SDV
FRPSWH GX WHPSV pFRXOp PDLV TXH O·pFKDQWLOORQQDJH HVW pWDOp GDQV O·HVSDFH� RQ SDUOH
GH UpSOLFD ORUVTX·XQ XQ SURWRFROH HVW UpSpWp j O·LGHQWLTXH SOXVLHXUV IRLV� 3HWLW j SHWLW�
F·HVW WRXW OH FKDPS GLVFLSOLQDLUH GH O·pFRORJLH VFLHQWLÀTXH TXL VH FRQVWUXLW DXWRXU GHV
GRQQpHV QDWXUDOLVWHV �%HVQDUG� ������

/HV GRQQpHV QDWXUDOLVWHV UpFROWpHV RQW SURJUHVVLYHPHQW ERXOHYHUVp OHV UDSSRUWV GHV
KXPDLQV DX[ rWUHV�YLYDQWV� $X ;,;qPH VLqFOH� j SDUWLU GHV REVHUYDWLRQV QDWXUDOLVWHV
IDLWHV SDU &KDUOHV 'DUZLQ VXU OHV SLQVRQV GHV vOHV *DOiSDJRV �JHQUH � HW FHOOHV
IDLWHV SDU $OIUHG 5XVVHO :DOODFH HQ $VLH GX 6XG�(VW� OHV GHX[ VFLHQWLÀTXHV UHQYHUVHQW
OD FRQFHSWLRQ GH OD 1DWXUH YLYDQWH HQ WKpRULVDQW O·eYROXWLRQ GHV HVSqFHV �'DUZLQ�
������ $X FRXUV GX ;;qPH VLqFOH� OHV VDYRLUV DFFXPXOpV VXU OD ELRGLYHUVLWp UpYqOHQW OHV
LPSDFWV TXH UHSUpVHQWH OHV DFWLYLWpV KXPDLQHV SRXU OHV rWUHV YLYDQWV �'LU]R HW DO�� �����
0F&DXOH\ HW DO�� ����� 3D\QH HW DO�� ������ 'HYDQW O·DODUPDQWH pYLGHQFH GH O·pURVLRQ GH
OD ELRGLYHUVLWp GXH SULQFLSDOHPHQW DX[ SUDWLTXHV GHV VRFLpWpV KXPDLQHV RFFLGHQWDOHV�

��



GHV HIIRUWV VRQW HQJDJpV SRXU WHQWHU G·HQUD\HU OHV GpFOLQV HW GH OLPLWHU OHV GDQJHUV
FRQVWDWpV �*RGHW 	 'HYLFWRU� ������ $YHF OD SULVH GH FRQVFLHQFH G·XQH QpFHVVDLUH SUR�
WHFWLRQ GH OD QDWXUH GHSXLV OHV DQQpHV ����� O·REVHUYDWLRQ HW OHV GRQQpHV QDWXUDOLVWHV
VRQW VRUWLHV GH OHXU FDGUH GH FRQQDLVVDQFH IRQGDPHQWDOH SRXU V·DSSOLTXHU j OD SUpVHU�
YDWLRQ GH OD GLYHUVLWp ELRORJLTXH �*RGHW 	 'HYLFWRU� ����� 0DX] 	 *UDQMRX� ������
8WLOLVHU OHV GRQQpHV pFRORJLTXHV GDQV OH EXW GH V·LQWpUHVVHU DX[ G\QDPLTXHV HW DX[
SUREOqPHV G·HVSqFHV HW G·pFRV\VWqPHV PHQDFpV D IDLW pPHUJHU XQH VFLHQFH DSSOLTXpH�
OD ELRORJLH GH OD FRQVHUYDWLRQ� GRQW OH EXW HVW GH IRXUQLU GHV SULQFLSHV� HW GHV RXWLOV
SRXU OD SUpVHUYDWLRQ GH OD ELRGLYHUVLWp �%HVQDUG� ����� 6RXOp� ������

/·pYLGHQWH GLPHQVLRQ VRFLpWDOH GH OD ELRORJLH GH OD FRQVHUYDWLRQ LPSOLTXH GH UHOLHU OHV
LQIRUPDWLRQV pFRORJLTXHV HW OHV SROLWLTXHV SXEOLTXHV GH SURWHFWLRQ GH OD ELRGLYHUVLWp
�%HQQHWW HW DO�� ������ &HSHQGDQW� FRQYHUWLU OHV LQIRUPDWLRQV pFRORJLTXHV HQ PHVXUHV
GH SURWHFWLRQ QpFHVVLWH GH IDLUH DSSHO j GHV GLPHQVLRQV KXPDLQHV HW SROLWLTXHV TXL
GpSDVVH OHV VFLHQFHV QDWXUHOOHV �%HQQHWW HW DO�� ����� &KULVWLH HW DO�� ����� 0DWKHYHW 	
0DXFKDPS� ������ /RUV GX &RQJUqV ,QWHUQDWLRQDO SRXU OD %LRORJLH GH &RQVHUYDWLRQ
TXL V·HVW WHQX HQ ���� j 0RQWSHOOLHU� OH SUpVLGHQW GH OD 6RFLpWp SRXU OD %LRORJLH GH OD
&RQVHUYDWLRQ D QRWp TXH

�
�� 3OXV ODUJHPHQW TXH O·pFRORJLH HW OD ELRORJLH� OHV VFLHQFHV GH

OD FRQVHUYDWLRQ VRQW IRUWHPHQW PXOWLGLVFLSOLQDLUHV HW V\QHUJLTXHV GDQV OH EXW GH SUR�
SRVHU GHV RXWLOV GH SURWHFWLRQ GH OD QDWXUH HIÀFDFHV pFRORJLTXHPHQW HW VRFLDOHPHQW DS�
SOLFDEOHV �%HQQHWW HW DO�� ����� %HVQDUG� ������ $LQVL� OHV VFLHQFHV KXPDLQHV HW VRFLDOHV
VH VRQW LPSRVpHV FRPPH XQ FRPSOpPHQW YLWDO DX[ VFLHQFHV QDWXUHOOHV SRXU WHQWHU GH
FRPSUHQGUH HW GpFULUH OHV LQWpUrWV KXPDLQV SDUIRLV DQWDJRQLVWHV DXWRXU GH SUREOqPHV
OLpV j OD QDWXUH �5HGSDWK HW DO�� ������ SRXU pWXGLHU O·DFFHSWDELOLWp GHV PHVXUHV GH FRQ�
VHUYDWLRQ �*DOO 	 5RGZHOO� ������ RX HQFRUH SRXU DSSUpKHQGHU OHV VDYRLUV ORFDX[ HW
LQIRUPHU OH SURFHVVXV GH SULVH GH GpFLVLRQ SROLWLTXH �+XQWLQJWRQ� ����� 1XQR HW DO��
����� 9LPDO 	 0DWKHYHW� ������ 0DOJUp OD GLIÀFXOWp TXH UHSUpVHQWHQW OHV DSSURFKHV
LQWHUGLVFLSOLQDLUHV� O·LQFOXVLRQ GHV VFLHQFHV KXPDLQHV HW VRFLDOHV DX[ SUREOqPHV GH
FRQVHUYDWLRQ GH OD ELRGLYHUVLWp HVW WRXMRXUV HQ FRXUV �&KDVVp HW DO�� ����� 0DUWLQ HW DO��
����� 5HGSDWK HW DO�� ������
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/HV VFLHQFHV GH OD FRQVHUYDWLRQ RQW XQH LPSRUWDQFH IRQGDPHQWDOH SXLVTXH OHV
DFWLRQV GH JHVWLRQ HW GH SURWHFWLRQ GH OD QDWXUH VH IRQGHQW VXU OHV FRQQDLVVDQFHV
pFRORJLTXHV HW OHV UpVXOWDWV VFLHQWLÀTXHV �6XWKHUODQG HW DO�� ������ /HV LQIRUPDWLRQV
pFRORJLTXHV LVVXHV GHV SURWRFROHV GH VXLYL GH OD ELRGLYHUVLWp SHUPHWWHQW G·LGHQWLÀHU
OHV HQMHX[ SULRULWDLUHV� GH FRPSUHQGUH OH IRQFWLRQQHPHQW GHV pFRV\VWqPHV HW OHV
PpFDQLVPHV pFRORJLTXHV TXL H[SOLTXHQW OHV GpFOLQV GH OD ELRGLYHUVLWp �0RXVV\ HW DO��
����� 1LFKROV 	 :LOOLDPV� ������ 0DLV OHV LQIRUPDWLRQV pFRORJLTXHV SHUPHWWHQW DXVVL
GH SURSRVHU GHV PRGHV G·DFWLRQV SRXU XQH SURWHFWLRQ HIÀFDFH� HW GH PHVXUHU O·LPSDFW
GHV PHVXUHV GH JHVWLRQ �%HVQDUG� ����� 'XQKDP HW DO�� ����� 1LFKROV 	 :LOOLDPV�
������ 3DU DLOOHXUV� OHV VXLYLV pFRORJLTXHV SHXYHQW DXVVL LQWULQVqTXHPHQW SURYRTXHU
GHV UpVXOWDWV SRVLWLIV HQ PDWLqUH GH FRQVHUYDWLRQ HQ VWUXFWXUDQW OH IRQFWLRQQHPHQW
GHV DLUHV SURWpJpHV HW HQ PRWLYDQW OHV DJHQWV HW OHV SHUVRQQHV LPSOLTXpHV GDQV OD
UpFROWHV GHV GRQQpHV pFRORJLTXHV �'DQLHOVHQ HW DO�� ����� 9LPDO HW DO�� ������ 3DU OHV
PXOWLSOHV GLPHQVLRQV DX[TXHOOHV LOV WRXFKHQW� OHV VXLYLV pFRORJLTXHV VRQW FRQVLGpUpV
FRPPH XQ pOpPHQW YLWDO GH OD JHVWLRQ GH OD ELRGLYHUVLWp �0RXVV\ HW DO�� ������

/·LQVFULSWLRQ GH OD FRQVHUYDWLRQ GH OD ELRGLYHUVLWp GDQV O·DJHQGD GHV SROLWLTXHV
SXEOLTXHV LQWHUQDWLRQDOHV D HQWUDLQp OD SURIHVVLRQQDOLVDWLRQ FURLVVDQWH GX VHFWHXU
HW D WUDQVIRUPp OHV UHFRXUV DX[ FRQQDLVVDQFHV pFRORJLTXHV �%HVQDUG� ����� *UDQMRX�
������ $ORUV TX·LO \ D �� DQV� OHV SURWHFWHXUV GH OD QDWXUH pWDLHQW HVVHQWLHOOHPHQW GHV
DFWLYLVWHV EpQpYROHV� FHWWH SURWHFWLRQ HVW DXMRXUG·KXL DVVXUpH HQ )UDQFH SDU GHV IRQF�
WLRQQDLUHV �$USLQ� ����� %HVQDUG� ������ 2Q D REVHUYp XQH WUDQVLWLRQ GX PLOLWDQWLVPH
HQYLURQQHPHQWDO YHUV GHV UHYHQGLFDWLRQV G·H[SHUWLVHV HW XQH LQVWLWXWLRQQDOLVDWLRQ
GH OD SURWHFWLRQ GH OD QDWXUH �*UDQMRX� ������ 3URJUHVVLYHPHQW� OHV FRQVLGpUDWLRQV
HVWKpWLTXHV HW SDVVLRQQHOOHV VRQW DEDQGRQQpHV SRXU SDVVHU GH OD 3URWHFWLRQ GH OD
1DWXUH j OD JHVWLRQ GH OD ELRGLYHUVLWp �%ODQGLQ� ������ /HV FRQQDLVVDQFHV HPSLULTXHV
RX OH © GLUH G·H[SHUW ª QH VRQW SDV VXIÀVDQWV SRXU MXVWLÀHU GHV SROLWLTXHV GH JHVWLRQ
HQYLURQQHPHQWDOH� DORUV TXH OHV LQGLFDWHXUV pFRORJLTXHV REWHQXV j SDUWLU GH VXLYLV
pFRORJLTXHV SUpFLV HW ULJRXUHX[ SHUPHWWHQW G·REMHFWLYHU XQH SULVH GH GpFLVLRQ
�$OSKDQGpU\ 	 )RUWLHU� ����� %HVQDUG� ����� *UDQMRX HW DO�� ������ 2Q SHXW GpÀQLU XQ
LQGLFDWHXU pFRORJLTXH FRPPH XQH PpWULTXH UHÁpWDQW XQH RX SOXVLHXUV FRPSRVDQWHV
GH O·pWDW GHV V\VWqPHV pFRORJLTXHV� 8Q LQGLFDWHXU pFRORJLTXH SHXW rWUH VRLW PHVXUp
GLUHFWHPHQW� VRLW UpVXOWHU GH OD VLPSOLÀFDWLRQ GH SOXVLHXUV YDOHXUV HVWLPpHV VXU OH
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WHUUDLQ �1LHPL 	 0F'RQDOG� ������ /H UHFRXUV DX[ LQGLFDWHXUV HQ FRQVHUYDWLRQ Gp�
FRXOH GH OD QpFHVVLWp G·pYDOXHU O·pWDW pFRORJLTXH GHV HVSqFHV HW GHV pFRV\VWqPHV SRXU
SUHQGUH GHV GpFLVLRQV HQ PDWLqUH GH UpJOHPHQWDWLRQ RX GH JHVWLRQ GH OD ELRGLYHUVLWp
�%XFNODQG HW DO�� ����� 1LFKROV 	 :LOOLDPV� ������ /HV LQIRUPDWLRQV pFRORJLTXHV pWDQW
WUqV DERQGDQWHV SRXU GpFULUH O·pWDW G·XQ pFRV\VWqPH� OHV LQGLFDWHXUV pFRORJLTXHV
YLVHQW DXVVL j UpGXLUH OD TXDQWLWp G·LQIRUPDWLRQV SRXU LVROHU OHV DVSHFWV FOpV GH O·pWDW
GH O·pFRV\VWqPH� DÀQ G·DLGHU j GpWHUPLQHU OHV DFWLRQV DSSURSULpHV �%XFNODQG HW DO��
����� 1LHPL 	 0F'RQDOG� ������ 3DU H[HPSOH� OH QRPEUH G·LQGLYLGXV DSSDUWHQDQW j
XQH SRSXODWLRQ GRQQpH PDLV DXVVL OD WHQGDQFH GDQV OH WHPSV VRQW GHV SDUDPqWUHV
SHUoXV FRPPH REMHFWLIV TXL SHXYHQW FRQGXLUH j MXJHU OD VLWXDWLRQ G·XQH SRSXOD�
WLRQ HQ GDQJHU HW DSSHOHU j OD PLVH HQ SODFH G·DFWLRQV GH JHVWLRQ FRQVHUYDWRLUH
�%XFNODQG HW DO�� ����� 0DJXUUDQ HW DO�� ������ 'DQV XQH RSWLTXH GH MXVWLÀFDWLRQ GH
O·DFWLRQ HQYLURQQHPHQWDOH HW G·pYDOXDWLRQ GHV SROLWLTXHV SXEOLTXHV� O·LQWURGXFWLRQ
GHV LQGLFDWHXUV pFRORJLTXHV GHYLHQW XQ LPSpUDWLI VFLHQWLÀTXH VXU OHTXHO VH IRQGH
O·DFWLRQ SROLWLTXH� /HV LQGLFDWHXUV DVVXUHQW DLQVL XQ JDLQ GH OpJLWLPLWp PDLV DXVVL
XQH WUDoDELOLWp j O·DFWLRQ SXEOLTXH �)HUUDUR 	 3DWWDQD\DN� ����� *UDQMRX HW DO�� ������
3ULQFLSDOHPHQW GpYHORSSpV GHSXLV OD &RQYHQWLRQ VXU OD 'LYHUVLWp %LRORJLTXH HQ
����� OH QRPEUH HW O·XWLOLVDWLRQ GHV LQGLFDWHXUV RQW H[SORVp j O·pFKHOOH LQWHUQDWLRQDOH
FRPPH DX[ QLYHDX[ QDWLRQDX[ RX ORFDX[ �$USLQ� ����� *UDQMRX� ������ $ O·pFKHOOH
LQWHUQDWLRQDOH� OHV GRQQpHV pFRORJLTXHV SHUPHWWHQW G·LGHQWLÀHU OHV OLVWHV G·HVSqFHV
HQ GDQJHU FRPPH OD OLVWH URXJH GH O·8QLRQ ,QWHUQDWLRQDO SRXU OD &RQVHUYDWLRQ GH
OD 1DWXUH �,8&1�� RX G·pWDEOLU GHV V\QWKqVHV JOREDOHV VXU O·pWDW GH OD ELRGLYHUVLWp
FRPPH OH IDLW OHV UDSSRUWV GH OD 3ODWHIRUPH ,QWHUJRXYHUQHPHQWDOH VFLHQWLÀTXH HW
SROLWLTXH VXU OD ELRGLYHUVLWp HW OHV VHUYLFHV pFRV\VWpPLTXHV �,3%(6� GDQV OH EXW
G·DVVLVWHU OHV JRXYHUQHPHQWV VXU OHV TXHVWLRQV GH ELRGLYHUVLWp �0DX] 	 *UDQMRX�
������ /RFDOHPHQW� O·pWDW PHW SDU H[HPSOH HQ SODFH GHV UpJOHPHQWDWLRQV LQWHUGLVDQW
OH PRXLOODJH GHV EDWHDX[ GH SODLVDQFH VXU OD EDVH G·LQGLFDWHXUV ORFDX[ DWWHVWDQW GH OD
ERQQH VDQWp GHV KHUELHUV GH SRVLGRQLH GH 0pGLWHUUDQpH �$1'520('(� ������ /HV
UpVXOWDWV VFLHQWLÀTXHV YLHQQHQW MXVWLÀHU OHV GpFLVLRQV SROLWLTXHV GH SURWHFWLRQ GH OD
ELRGLYHUVLWp� /D ÀDELOLWp GHV UpVXOWDWV pFRORJLTXHV HVW GRQF GH SUHPLqUH LPSRUWDQFH
SRXU LQIRUPHU HIÀFDFHPHQW OD SULVH GH GpFLVLRQ� 'H IDLW� O·pWXGH GHV SRSXODWLRQV
YpJpWDOHV HW DQLPDOHV GDQV OHXU PLOLHX QDWXUHO HVW XQ VHFWHXU PDUTXp SDU XQH IRUWH
GHPDQGH HQ H[SHUWLVH VFLHQWLÀTXH �*UDQMRX HW DO�� ����� *UDQMRX 	 0DX]� ������
0DLV O·H[LJHQFH GH ÀDELOLWp QpFHVVLWH GHV GpYHORSSHPHQWV PpWKRGRORJLTXHV SRXU
REWHQLU GHV LQGLFDWHXUV pFRORJLTXHV SUpFLV HQ SUHQDQW HQ FRPSWH OHV LQFHUWLWXGHV
OLpHV j O·pWXGH GHV SRSXODWLRQV HQ PLOLHX QDWXUHO �%XFNODQG HW DO�� ����� &DOORQ HW DO��
����� 6WHSKHQVRQ HW DO�� ����� <RFFR] HW DO�� ������
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(Q IRXUQLVVDQW GHV pOpPHQWV GH UpSRQVH j GHV TXHVWLRQV pFRORJLTXHV IRQGDPHQWDOHV
WHOOHV TXH © FRPELHQ " ª RX © R� ª� OHV PpWKRGHV GH O·pFRORJLH GHV SRSXODWLRQV SHU�
PHWWHQW GH FRPSUHQGUH OD ELRORJLH GHV HVSqFHV PHQDFpHV HW GH GpWHUPLQHU OHV FRQGL�
WLRQV GH OHXU UHVWDXUDWLRQ RX FRQVHUYDWLRQ �%HVQDUG� ������ 5pSRQGUH j OD TXHVWLRQ ©
FRPELHQ " ª DXWUHPHQW GLW TXHOV VRQW OHV HIIHFWLIV HW OHV WHQGDQFHV G·XQH SRSXODWLRQ�
UHYLHQW j HVWLPHU OH QRPEUH G·LQGLYLGXV GDQV XQ HVSDFH GRQQp� 5pSRQGUH j OD TXHV�
WLRQ © R� " ª UHYLHQW j HVWLPHU OD UpSDUWLWLRQ JpRJUDSKLTXH G·XQ JURXSH G·LQGLYLGXV
GRQQp HW j GpFULUH OHV PpFDQLVPHV TXL O·LQÁXHQFH� (Q FRPSOpPHQW GH O·HVWLPDWLRQ
GHV SDWURQV pFRORJLTXHV © VWDWLTXHV ª FRPPH OD GLVWULEXWLRQ RX OHV HIIHFWLIV G·XQH
SRSXODWLRQ� G·DXWUHV TXHVWLRQV SOXV FRPSOH[HV SHXYHQW FRQFHUQHU O·HVWLPDWLRQ GHV
PpFDQLVPHV pFRORJLTXHV TXL VRXV�WHQGHQW OD G\QDPLTXH VSDWLDOH HW WHPSRUHOOH GH
OD SRSXODWLRQ �:LOOLDPV HW DO�� ������ ,QIpUHU OHV PpFDQLVPHV pFRORJLTXHV FRPPH OH
WDX[ GH VXUYLH� OH WDX[ GH UHSURGXFWLRQ� OD FRORQLVDWLRQ RX O·H[WLQFWLRQ G·XQH SRSXOD�
WLRQ QpFHVVLWH GHV GRQQpHV pWHQGXHV GDQV OH WHPSV� 3DU H[HPSOH� LO IDXW GHV GRQQpHV
pFRORJLTXHV SOXV TXDOLWDWLYHV HW TXDQWLWDWLYHV SRXU GpWHUPLQHU OHV UDLVRQV G·XQ GpFOLQ
GHV HIIHFWLIV G·XQH SRSXODWLRQ TXH SRXU © MXVWH ª GRFXPHQWHU XQH WHQGDQFH GHV HIIHF�
WLIV j OD EDLVVH� G·R� O·LPSRUWDQFH GHV MHX[ GH GRQQpHV j ORQJ�WHUPH HQ FRQVHUYDWLRQ
�/LQGHQPD\HU 	 /LNHQV� ����� 0DJXUUDQ HW DO�� ������ /D UpSRQVH DX[ GHX[ TXHVWLRQV
SRUWDQW VXU OD GLVWULEXWLRQ HW OHV HIIHFWLIV G·XQH SRSXODWLRQ SHXW SDUDLWUH WULYLDOH� SRXU�
WDQW� GDQV GH QRPEUHX[ FDV ORUV GH O·pWXGH GH SRSXODWLRQ GDQV OHXU PLOLHX QDWXUHO�
FHV TXHVWLRQV VRQW FRPSOH[HV �%HVQDUG� ������ &·HVW OH FDV ORUVTX·LO V·DJLW G·HVSqFHV
PRELOHV� pOXVLYHV� HW j ODUJHV GRPDLQHV YLWDX[ FRPPH OHV PDPPLIqUHV PDULQV� OHV
JUDQGV FDUQLYRUHV WHUUHVWUHV� RX FHUWDLQHV HVSqFHV G·RLVHDX[ SRXU OHVTXHOOHV GHV SUR�
WRFROHV GH VXLYLV QH SHUPHWWHQW SDV GH FRXYULU O·HQVHPEOH GH O·DLUH GH UpSDUWLWLRQ GH
OD SRSXODWLRQ RX GH GpQRPEUHU O·HQVHPEOH GHV LQGLYLGXV �/RXYULHU� ����� :LOOLDPV
HW DO�� ������ 'H SOXV� OHV REVHUYDWLRQV QDWXUDOLVWHV UpFROWpHV GDQV OHV PLOLHX[ QDWXUHOV
VRQW JpQpUDOHPHQW FRQWDPLQpHV SDU GHV HUUHXUV FRPPH OHV IDX[ QpJDWLIV �RQ QH Gp�
WHFWH SDV XQ LQGLYLGX RX XQH HVSqFH TXL HVW SUpVHQWH� HW OHV IDX[ SRVLWLIV �RQ GpWHFWH
XQ LQGLYLGX RX XQH HVSqFH TXL Q·HVW SDV SUpVHQWH j FDXVH G·XQH HUUHXU G·LGHQWLÀFDWLRQ
SDU H[HPSOH�� TXH FH VRLW ORUV GH FRPSWDJHV RX GDQV GHV GRQQpHV GH GpWHFWLRQ�QRQ�
GpWHFWLRQ �.pU\ 	 5R\OH� ����� <RFFR] HW DO�� ������ $LQVL� O·DQDO\VH pFRORJLTXH Qp�
FHVVLWH GH SUHQGUH HQ FRPSWH OHV LPSHUIHFWLRQV OLpHV j OD FROOHFWH GHV GRQQpHV HW IDLW
DSSHO j GHV PpWKRGHV VWDWLVWLTXHV SHUPHWWDQW G·DFFRPPRGHU FHV LQFHUWLWXGHV�
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3UHQRQV XQ H[HPSOH� OH GpQRPEUHPHQW H[KDXVWLI GH O·HQVHPEOH GHV LQGLYLGXV
SUpVHQWV GDQV XQH DLUH G·pWXGH HVW VRXYHQW LPSRVVLEOH j UpDOLVHU \ FRPSULV VXU GHV
HVSqFHV SHX PRELOHV� HW JpQqUH GHV HUUHXUV GH W\SH © IDX[ QpJDWLIV ª� 3DU H[HPSOH�
LO HVW LPSRVVLEOH GH FRPSWHU O·HQVHPEOH GHV ORXSV JULV � � SUpVHQWV GDQV
OHV $OSHV DÀQ G·REWHQLU OD WDLOOH GH SRSXODWLRQ H[DFWH� OHV ORXSV pWDQW WURS GLIÀFLOH
j GpWHFWHU HW OD ]RQH G·pFKDQWLOORQQDJH WURS LPSRUWDQWH �/RXYULHU� ������ 'H IDLW�
O·XQH GHV SULQFLSDOHV GLIÀFXOWpV GDQV OH VXLYL GHV SRSXODWLRQV HQ PLOLHX QDWXUHO HVW
GH SUHQGUH HQ FRPSWH FHWWH GpWHFWLRQ LPSDUIDLWH GHV LQGLYLGXV �*XLOOHUD�$UURLWD HW
DO�� ����� <RFFR] HW DO�� ������ /D GpWHFWLRQ LPSDUIDLWH SHXW SURYHQLU GH O·pFRORJLH
GH O·HVSqFH TXL OD UHQG GLIÀFLOH j GpWHFWHU� GHV FDUDFWpULVWLTXHV GH O·KDELWDW� RX GX
SURFHVVXV G·REVHUYDWLRQ �H�J� PDXYDLVH PpWpR� REVHUYDWHXU LQH[SpULPHQWp� *XLOOHUD�
$UURLWD HW DO� ������� %HVQDUG ������� /RXYULHU �������� /D GpWHFWLRQ LPSDUIDLWH SHXW
DXVVL YDULHU GDQV OH WHPSV HW GDQV O·HVSDFH� 1H SDV SUHQGUH HQ FRPSWH FHV SUREOqPHV
GH GpWHFWDELOLWp HQJHQGUH XQH VRXV�HVWLPDWLRQ GH OD WDLOOH GH SRSXODWLRQ �&XED\QHV
HW DO�� ����� RX GH O·DLUH GH UpSDUWLWLRQ GH O·HVSqFH pWXGLpH �&RPWH 	 *UHQRXLOOHW�
����� /DKR]�0RQIRUW HW DO�� ������
3RXU IDLUH GHV LQIpUHQFHV VXU OHV SURFHVVXV pFRORJLTXHV HW SRXU TXDQWLÀHU O·HUUHXU
JpQpUpH ORUV GH OHXU REVHUYDWLRQ� QRXV DYRQV EHVRLQ G·LQIRUPDWLRQV VXSSOpPHQWDLUHV�
TXL� OD SOXSDUW GX WHPSV� VH SUpVHQWHQW VRXV OD IRUPH G·REVHUYDWLRQV UpSpWpHV� RX
GH OD FRQQDLVVDQFH GH O·LGHQWLWp GHV LQGLYLGXV �.pU\ 	 5R\OH� ������ $LQVL� FHUWDLQV
SURWRFROHV GH VXLYLV pFRORJLTXHV VRQW UpSpWpV SOXVLHXUV IRLV GDQV GHV FRQGLWLRQV
VLPLODLUHV TXL SHUPHWWHQW G·HVWLPHU OD GpWHFWLRQ LPSDUIDLWH j SDUWLU GH PRGqOHV
VWDWLVWLTXHV TXL HVWLPHQW FRQMRLQWHPHQW OH SURFHVVXV pFRORJLTXH pWXGLp HW OH SURFHV�
VXV G·REVHUYDWLRQ �.pU\ 	 5R\OH� ����� .pU\ 	 5R\OH� ����� :LOOLDPV HW DO�� ������
$X�GHOj GH FHW H[HPSOH VXU OD GpWHFWLRQ LPSDUIDLWH� OD YDULDELOLWp GHV SRSXODWLRQV
QDWXUHOOHV HVW XQ HQMHX PDMHXU GH O·pFRORJLH VFLHQWLÀTXH� /D YDULDELOLWp UpVXOWH j OD
IRLV GHV SURFHVVXV pFRORJLTXHV �H�J� GX PRXYHPHQW GHV DQLPDX[� RX GH OHXU pFRORJLH�
HW GH O·pFKDQWLOORQQDJH �H�J� XQ pFKDQWLOORQQDJH ELDLVp VSDWLDOHPHQW� GHV GRQQpHV
GH SUpVHQFH VHXOHPHQW� GHV HUUHXUV G·LGHQWLÀFDWLRQ G·HVSqFH OLpHV j XQ HIIHW GH
O·REVHUYDWHXU�� $ÀQ GH SUHQGUH HQ FRPSWH FHV LQFHUWLWXGHV� OHV UpVXOWDWV pFRORJLTXHV
V·REWLHQQHQW DX SUL[ GH FDOFXOV HW G·H[WUDSRODWLRQ j SDUWLU GHV GRQQpHV� /H UHFRXUV j
GHV PpWKRGHV VWDWLVWLTXHV SHUPHW G·H[WUDLUH O·LQIRUPDWLRQ GHV GRQQpHV SRXU GpFULUH�
LQWHUSUpWHU� HW LQIpUHU GHV PpFDQLVPHV HQ SUHQDQW HQ FRPSWH OHV LQFHUWLWXGHV OLpHV
DX[ pWXGHV HQ PLOLHX QDWXUHO� $LQVL� O·pFRORJLH VWDWLVWLTXH VH FRQVWUXLW FRPPH XQ
FKDPS GLVFLSOLQDLUH FRQWULEXDQW DX[ GpYHORSSHPHQWV G·RXWLOV G·DQDO\VH GHV GRQQpHV
pFRORJLTXHV DÀQ GH UpSRQGUH QRWDPPHQW j GHV TXHVWLRQV VXU OD G\QDPLTXH GHV
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SRSXODWLRQV HW OD GLVWULEXWLRQ GHV HVSqFHV �*LPHQH] HW DO�� ������

3RXU O·HVWLPDWLRQ GH OD GLVWULEXWLRQ pFRORJLTXH G·XQH HVSqFH RX G·XQH SRSXODWLRQ� OHV
RXWLOV VWDWLVWLTXHV XWLOLVpV VRQW OHV PRGqOHV GH GLVWULEXWLRQ G·HVSqFHV �6SHFLHV GLVWUL�
EXWLRQ PRGHOV� )UDQNOLQ ������� *XLVDQ HW DO� �������� /D SOXSDUW GH FHV PRGqOHV UH�
SRVHQW VXU GHV DSSURFKHV FRUUpODWLYHV HQWUH OHV SDWURQV VSDWLDX[ G·REVHUYDWLRQ G·XQH
HVSqFH HW GHV YDULDEOHV HQYLURQQHPHQWDOHV �*XLOOHUD฀ $UURLWD� ����� *XLVDQ HW DO��
������ /HV RXWLOV VWDWLVWLTXHV SRXU PRGpOLVHU OD GLVWULEXWLRQ G·HVSqFHV GLIIqUHQW SDU OH
W\SH GH GRQQpHV pFRORJLTXHV DQDO\VpHV � SUpVHQFH VHXOH � � RX SUpVHQFH�
DEVHQFH �(OLWK 	 /HDWKZLFN� ������ 3RXU DQDO\VHU OHV GRQQpHV GH SUpVHQFH VHXOH TXL
VRQW WUqV ODUJHPHQW GLVSRQLEOHV� OHV PRGqOHV 0D[(QW VRQW WUqV UpSDQGXV HW ODUJH�
PHQW XWLOLVpV HQ FRQVHUYDWLRQ �%UDGLH 	 /HXQJ� ����� (OLWK HW DO�� ������ /D ÁH[LELO�
LWp GHV PRGqOHV 0D[(QW QpFHVVLWH WRXWHIRLV GH SUHQGUH HQ FRPSWH OHV ELDLV OLpV j
O·HIIRUW G·pFKDQWLOORQQDJH VRXYHQW LUUpJXOLHU VSDWLDOHPHQW� HW j O·DEVHQFH GH UpHOOHV
GRQQpHV G·DEVHQFH �.UDPHU�6FKDGW HW DO�� ������ $ SDUWLU GH GRQQpHV pFRORJLTXHV GH
SUpVHQFH ² DEVHQFH FROOHFWpHV UpSpWLWLYHPHQW VXU GHV VLWHV JpRJUDSKLTXHV À[HV� OHV
PRGqOHV G·RFFXSDQF\ SHUPHWWHQW G·HVWLPHU H[SOLFLWHPHQW OD SUREDELOLWp GH GpWHFWLRQ
GH O·HVSqFH pWXGLpH HW G·LQIpUHU OD GLVWULEXWLRQ VSDWLDOH G·XQH HVSqFH FRUULJpH SDU OD
GpWHFWLRQ LPSDUIDLWH �0DFNHQ]LH HW DO�� ����� :LOOLDPV HW DO�� ������

&RQFHUQDQW OHV DSSURFKHV SHUPHWWDQW G·HVWLPHU OHV HIIHFWLIV G·XQH SRSXODWLRQ� GHX[
JUDQGHV FODVVHV GH PpWKRGHV FRH[LVWHQW VHORQ VL OHV DQLPDX[ VRQW PDUTXpV RX LGHQ�
WLÀpV LQGLYLGXHOOHPHQW RX SDV� $ SDUWLU GH GRQQpHV GH FRPSWDJH� OH ©

ª FRQVLVWH j PHVXUHU OHV GLVWDQFHV G·REVHUYDWLRQ G·LQGLYLGXV ORUV GX SDUFRXUV
G·XQ WUDMHW OLQpDLUH RX ORUV G·XQH VHVVLRQ G·REVHUYDWLRQ GH GXUpH À[H VXU XQ SRLQW�
6L O·RQ VXSSRVH TXH OD SUREDELOLWpع GH GpWHFWLRQ GHV LQGLYLGXV GpFURLW DYHF OD GLV�
WDQFH j O·REVHUYDWHXU� OD PHVXUH GHV GLVWDQFHV IRXUQLW OHV LQIRUPDWLRQV QpFHVVDLUHV
j O·HVWLPDWLRQ GHV GHQVLWpV� /H SULQFLSH GH OD PpWKRGH HVW GH PRGpOLVHU OD IRQFWLRQ
UHOLDQW SUREDELOLWpع GH GpWHFWLRQ HW GLVWDQFH j O·REVHUYDWHXU �%XFNODQG HW DO�� ������
8QH IRLV OD IRQFWLRQ FRUUHFWHPHQW PRGpOLVpH� RQ REWLHQW O·DERQGDQFH RX OD GHQVLWp
GH O·HVSqFH pWXGLpH� 8QH DXWUH DSSURFKH VH IRQGH VXU GHV GRQQpHV VHQVLEOHPHQW
GLIIpUHQWHV PDLV WUqV IUpTXHQWHV GDQV OHV PLOLHX[ SURIHVVLRQQHOV GH OD JHVWLRQ GH OD
ELRGLYHUVLWp� j VDYRLU GHV FRPSWDJHV UpSpWpV GDQV OH WHPSV HW VXU SOXVLHXUV VLWHV
�%HVQDUG� ����� 5R\OH HW DO�� ������ &HV PRGqOHV DSSHOpV © ª XWLOLVHQW DXVVL
GHV GRQQpHV G·DQLPDX[ QRQ PDUTXpV HW SHUPHWWHQW G·HVWLPHU GHV DERQGDQFHV UHOD�
WLYHV RX GHV GHQVLWpV G·LQGLYLGXV VXU GHV VLWHV VXLYLV� &RQWUDLUHPHQW DX[ PpWKRGHV
LVVXHV GHV GRQQpHV GH FRPSWDJHV� OHV PpWKRGHV GH FDSWXUH�UHFDSWXUH UHSRVHQW VXU

��



O·pWXGH VXFFHVVLYH G·LQGLYLGXV PDUTXpV RX LGHQWLÀpV HW LPSOLTXHQW SOXVLHXUV SDV�
VDJHV VXU OH WHUUDLQ SRXU FRQVWLWXHU GHV KLVWRLUHV GH FDSWXUHV SRXU FKDTXH LQGLYLGX
REVHUYp �:LOOLDPV HW DO�� ������ /HV SDVVDJHV UpSpWpV SHUPHWWHQW G·HVWLPHU OD SURED�
ELOLWp GH FDSWXUH G·XQ LQGLYLGX HW GRQF G·REWHQLU GHV HVWLPDWLRQV G·DERQGDQFH QRQ�
ELDVpHV� /·H[WHQVLRQ DX[ PRGqOHV GH FDSWXUH�UHFDSWXUH VSDWLDOHPHQW H[SOLFLWHV SHU�
PHW G·HVWLPHU FRQMRLQWHPHQW OHV HIIHFWLIV HW OD UpSDUWLWLRQ VSDWLDOH GHV LQGLYLGXV� HW
GRQF OD GHQVLWp �.pU\ 	 5R\OH� ����� 5R\OH HW DO�� ������

'·DXWUHV GpYHORSSHPHQWV VWDWLVWLTXHV V·LQWpUHVVHQW j O·pWXGH HW j O·RSWLPLVDWLRQ GHV
VXLYLV pFRORJLTXHV �)LHOG HW DO�� ����� +RRWHQ HW DO�� ����� 0RUiQ�2UGyxH] HW DO�� ������
'H QRPEUHX[ SDUDPqWUHV WHOV TXH OD IUpTXHQFH RX OD UpSDUWLWLRQ VSDWLDOH GHV SURWR�
FROHV LQÁXHQFHQW OHV GRQQpHV UpFROWpHV HW OHV HVWLPDWLRQV pFRORJLTXHV� 6DFKDQW TXH
OHV VXLYLV pFRORJLTXHV VRQW FRXWHX[ HQ WHPSV HW HQ EXGJHW� GHV UpÁH[LRQV DXWRXU GH
O·RSWLPLVDWLRQ VSDWLR�WHPSRUHOOH SHUPHWWHQW GH PD[LPLVHU OHV FKDQFHV G·REWHQLU OHV
LQIRUPDWLRQV pFRORJLTXHV YRXOXHV WRXW HQ PLQLPLVDQW OHV FRXWV �%HVQDUG� ����� *UDQW
HW DO�� ����� 3DFLÀFL HW DO�� ������ /HV PpWKRGHV GH SULVH GH GpFLVLRQ VWUXFWXUpH �

� IRUPDOLVHQW OHV REMHFWLIV GH VXLYLV SXLV� j WUDYHUV XQH RSWLPLVD�
WLRQ VWDWLVWLTXH� pYDOXHQW LWpUDWLYHPHQW OHV UpVXOWDWV LVVXV GHV GRQQpHV UpFROWpHV SRXU
UpRUJDQLVHU OH SODQ G·pFKDQWLOORQQDJH DÀQ GH VDWLVIDLUH DX PLHX[ OHV REMHFWLIV GH VXLYLV
GpÀQLV �*UHJRU\ HW DO�� ����� 0DUWLQ HW DO�� ������ &HV PpWKRGHV VWDWLVWLTXHV� GLWHV GH
VXLYL DGDSWDWLI� VRQW SURFKHV GH FHOOHV GH OD JHVWLRQ DGDSWDWLYH HW YLVHQW j LWpUDWLYH�
PHQW UpGXLUH O·LQFHUWLWXGH DXWRXU GH OD PRGpOLVDWLRQ GX V\VWqPH pFRORJLTXH SRXU
DPpOLRUHU OD SHUWLQHQFH GX SURWRFROH GH VXLYL pFRORJLTXH �/LQGHQPD\HU 	 /LNHQV�
������

'DQV GH QRPEUHXVHV VLWXDWLRQV ORUV GH O·DQDO\VH GH GRQQpHV pFRORJLTXHV� QRXV GLV�
SRVRQV GH SOXVLHXUV W\SHV G·REVHUYDWLRQV RX G·HQVHPEOHV GH GRQQpHV �.pU\ 	 5R\OH�
����� =LSNLQ HW DO�� ������ 3DU H[HPSOH� QRXV SRXYRQV GLVSRVHU GH FRPSWDJHV HW GH
GRQQpHV GH GpWHFWLRQ�QRQ�GpWHFWLRQ� TXL FRQWLHQQHQW WRXV GHX[ GHV LQIRUPDWLRQV VXU
OD GLVWULEXWLRQ G·XQH HVSqFH� 2X ELHQ QRXV SRXYRQV GLVSRVHU GH FRPSWDJHV TXL UHQ�
VHLJQHQW j OD IRLV VXU O·DERQGDQFH� HW QRXV SRXYRQV pJDOHPHQW DYRLU DFFqV j GHV GRQ�
QpHV GH FDSWXUH�UHFDSWXUH TXL UHQVHLJQH VXU OD G\QDPLTXH GH OD SRSXODWLRQ HW VXU
OD VXUYLH GHV LQGLYLGXV� 'DQV FHV FDV R� SOXVLHXUV MHX[ GH GRQQpHV FRH[LVWHQW� LO
VHPEOH QDWXUHO GH YRXORLU FRPELQHU FHV GRQQpHV SRXU H[SORLWHU WRXWHV OHV LQIRUPD�
WLRQV TX·HOOHV FRQWLHQQHQW �%HVEHDV HW DO�� ����� 0LOOHU HW DO�� ����� 6FKDXE 	 $EDGL�
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����� =LSNLQ 	 6DXQGHUV� ������ $LQVL� OH GpYHORSSHPHQW GH PRGqOHV LQWpJUpV D pWp
O·XQH YRLHV GH UHFKHUFKH LPSRUWDQWH GDQV O·pFRORJLH VWDWLVWLTXH GHV �� GHUQLqUHV DQ�
QpHV� YR\DQW O·pPHUJHQFH GH GLYHUVHV DSSURFKHV SRXU FRPELQHU OHV LQIRUPDWLRQV GH
SOXVLHXUV MHX[ GH GRQQpHV �$PXQGVRQ HW DO�� ����� )OHWFKHU HW DO�� ����� .pU\ 	 5R\OH�
����� 0LOOHU HW DO�� ����� 3DFLÀFL HW DO�� ������ /H SULQFLSH GH EDVH GH OD SOXSDUW GHV
PRGqOHV LQWpJUpV HVW TXH SOXVLHXUV MHX[ GH GRQQpHV VRQW GpFULWV HQ IRQFWLRQ GX PrPH
SURFHVVXV pFRORJLTXH VRXV�MDFHQW� *pQpUDOHPHQW FH SURFHVVXV pFRORJLTXH HVW H[SULPp
DX QLYHDX GH UpVROXWLRQ FRUUHVSRQGDQW DX MHX GH GRQQpHV OH SOXV GpWDLOOp� 8QH DS�
SURFKH WUqV XWLOLVpH FRQVLVWH j VSpFLÀHU XQH YUDLVHPEODQFH MRLQWH� R� DX PRLQV XQ
SDUDPqWUH HVW SDUWDJp HQWUH SOXVLHXUV MHX[ GH GRQQpHV� /D YUDLVHPEODQFH MRLQWH GDQV
OD SOXSDUW GHV PRGqOHV LQWpJUpV GpFULW XQ SURFHVVXV pFRORJLTXH FRPPXQ DYHF WRXV OHV
MHX[ GH GRQQpHV LPSOLTXpV� PDLV XQ SURFHVVXV G·REVHUYDWLRQ GLIIpUHQW SRXU FKDTXH
SURWRFROH GH FROOHFWH �)OHWFKHU HW DO�� ����� .pU\ 	 5R\OH� ����� 0LOOHU HW DO�� ������
/HV GHX[ SULQFLSDX[ DYDQWDJHV GHV PRGqOHV LQWpJUpV VRQW XQH SUpFLVLRQ DFFUXH GHV
HVWLPDWLRQV pFRORJLTXHV HW SDUIRLV OD SRVVLELOLWp G·HVWLPHU GHV SDUDPqWUHV VXSSOpPHQ�
WDLUHV TXL QH SRXUUDLHQW SDV rWUH HVWLPpV j SDUWLU GH FKDTXH VRXUFH GH GRQQpHV VHXOH
�.pU\ 	 5R\OH� ����� =LSNLQ HW DO�� ������ /HV GpYHORSSHPHQWV PpWKRGRORJLTXHV VXU
O·LQWpJUDWLRQ GH GRQQpHV RQW UHQGX SRVVLEOH OD FRPELQDLVRQ GH QRPEUHX[ W\SHV GH
GRQQpHV GLIIpUHQWV �YRLU .pU\ 	 5R\OH ������ SRXU XQH UHYXH�� (Q UDLVRQ GH OHXUV
SRVVLELOLWpV G·DSSOLFDWLRQ GDQV GH QRPEUHXVHV VLWXDWLRQV� O·XWLOLVDWLRQ GHV PRGqOHV
LQWpJUpV HQ pFRORJLH HW SRXU OD FRQVHUYDWLRQ D EHDXFRXS DXJPHQWp FHV GHUQLqUHV DQ�
QpHV� 6RXYHQW� RQ SHXW FRPELQHU XQ MHX GH GRQQpHV LPSRUWDQW� SOXW{W SHX FRXWHX[
RX IDFLOH j FROOHFWHU� PDLV TXL FRQWLHQGUDLW SHX G·LQIRUPDWLRQV �H�J� GHV FRPSWDJHV
j ODUJH pFKHOOH� GHV GRQQpHV RSSRUWXQLVWHV�� DYHF XQ HQVHPEOH GH GRQQpHV SOXV UH�
VWUHLQW� SOXV GLIÀFLOH j REWHQLU� PDLV TXL FRQWLHQGUDLW SOXV G·LQIRUPDWLRQ� '·XQH SDUW�
OHV GRQQpHV GpWDLOOpHV SHXYHQW DWWpQXHU OHV IDLEOHVVHV GX MHX GH GRQQpHV SOXV JUDQG
HW SOXV SDXYUH HQ LQIRUPDWLRQ �'RUD]LR� ������ '·DXWUH SDUW� OH MHX GH GRQQpHV Gp�
WDLOOp HVW VRXYHQW FROOHFWp j XQH pFKHOOH VSDWLDOH RX WHPSRUHOOH SOXV OLPLWpH� WDQGLV
TXH OH MHX GH GRQQpHV PRLQV FRXWHX[ SHXW V·pWHQGUH VXU XQH pFKHOOH VSDWLR�WHPSRUHOOH
SOXV JUDQGH� /D FRPELQDLVRQ GHV GHX[ SHXW DORUV DXJPHQWHU OD SRUWpH GH O·LQIpUHQFH
pFRORJLTXH SRXU OH SUHPLHU HW SRXU OH VHFRQG �.pU\ 	 5R\OH� ������ /D SRVVLELOLWp
G·XQH DQDO\VH LQWpJUpH RIIUH GHV SHUVSHFWLYHV LQWpUHVVDQWHV ORUV GH OD SODQLÀFDWLRQ GH
SURWRFROHV GH VXLYLV pFRORJLTXHV GDQV GHV FRQWH[WHV GH FRQVHUYDWLRQ �=LSNLQ 	 6DXQ�
GHUV� ������ /HV GpYHORSSHPHQWV PpWKRGRORJLTXHV VXU OHV PRGqOHV LQWpJUpV VRQW WRX�
MRXUV HQ FRXUV� HQ WpPRLJQH OH QRPEUH LPSRUWDQW GH SXEOLFDWLRQV VFLHQWLÀTXHV VXU OH
GRPDLQH� RX OD FRQVWLWXWLRQ GH VHVVLRQ GpGLpHV j O·LQWpJUDWLRQ GH GRQQpHV ORUV GHV
FRQIpUHQFHV LQWHUQDWLRQDOHV VXU OHV PpWKRGHV VWDWLVWLTXHV DSSOLTXpHV j O·pFRORJLH� /D
SULVH HQ PDLQ GHV PRGqOHV LQWpJUpV HVW WRXWHIRLV FRPSOH[H HW O·DSSOLFDWLRQ j GHV VXLYLV
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pFRORJLTXHV GDQV GHV FDV GH FRQVHUYDWLRQ QpFHVVLWH O·DLGH GH VWDWLVWLFLHQV SRXU WUDQV�
IpUHU FHV PpWKRGHV YHUV OH PRQGH GHV SURIHVVLRQQHOV GH OD JHVWLRQ GH OD QDWXUH�

/D SULVH GH FRQVFLHQFH GH O·LPSRUWDQFH GH OD &RQVHUYDWLRQ VXU OD 'LYHUVLWp %LRORJLTXH
D FRQGXLW j O·pPHUJHQFH GH GLIIpUHQWHV IRUPHV GH SROLWLTXHV YLVDQW j SURWpJHU GH OD ELR�
GLYHUVLWp� 2XWUH OHV SROLWLTXHV GLULJpHV YHUV OD PLWLJDWLRQ GHV SUHVVLRQV DQWKURSLTXHV
�© ª� TXL VH WUDGXLVHQW SDU OD UpJOHPHQWDWLRQ GH SUDWLTXHV GDQ�
JHUHXVHV RX QXLVLEOH j OD ELRGLYHUVLWp �H�J� O·LQVFULSWLRQ G·HVSqFHV SURWpJpHV GRQW OD
FKDVVH RX OD SrFKH HVW LQWHUGLWH�� OD SURWHFWLRQ DFWLYH GH OD QDWXUH VH FRQFUpWLVH PD�
MRULWDLUHPHQW SDU OD FUpDWLRQ G·HVSDFHV SURWpJpV GHSXLV OHV DQQpHV ���� �©

ª� 0D[ZHOO HW DO� �������� 'DQV FHV ]RQHV JpRJUDSKLTXHV OLPLWpHV� OHV
SUDWLTXHV HW OHV SUHVVLRQV KXPDLQHV VRQW SOXV RX PRLQV FRQWU{OpHV HW UpJXOpHV� $YHF
O·XUJHQFH GX GpFOLQ GH OD ELRGLYHUVLWp� O·DJHQGD À[p SDU OHV LQVWLWXWLRQV LQWHUQDWLRQDOHV
V·HVW DFFpOpUp HW DIÀFKH GHV REMHFWLIV DPELWLHX[ HQ WHUPHV G·HVSDFHV j SURWpJHU� ���
GH OD VXUIDFH FRQWLQHQWDOH HW ��� GHV RFpDQV GHYDLW rWUH SURWpJpH HIÀFDFHPHQW HQ ����
�GHFLVLRQ� ����� 0D[ZHOO HW DO�� ������ 0DOJUp XQH DXJPHQWDWLRQ GH OD VXUIDFH G·DLUHV
SURWpJpHV DX FRXUV GHV GHUQLqUHV DQQpHV� OHV DLUHV SURWpJpHV FRXYUDLHQW XQLTXHPHQW
����� GHV WHUUHV HW ���� GHV RFpDQV HQ ����� IDLVDQW pWDW G·XQ UHWDUG VXU OHV REMHFWLIV
DQQRQFpV �0D[ZHOO HW DO�� ������ 3OXV TX·XQ SUREOqPH GH VXUIDFH FRXYHUWH� F·HVW VRX�
YHQW OD TXDOLWp GHV DLUHV SURWpJpHV TXL HVW SRLQWpH GX GRLJW �&RDG HW DO�� ����� 0D[ZHOO
HW DO�� ����� 0D]DULV HW DO�� ����� 5LIH HW DO�� ������ 0RLQV G·XQ TXDUW GHV DLUHV SURWpJpHV
GDQV OH PRQGH IRQW pWDW GH UHVVRXUFHV EXGJpWDLUHV VXIÀVDQWHV SRXU UpSRQGUH j OHXUV
REMHFWLIV� VHXOHPHQW GH � j �� GHV HVSqFHV GH YHUWpEUpV WHUUHVWUHV VHUDLW VXIÀVDPPHQW
LQFOXV GDQV OH UpVHDX PRQGLDO G·DLUHV SURWpJpHV �&RDG HW DO�� ������ /D VXUIDFH G·DLUH
SURWpJpH HVW FRQVLGpUpH FRPPH XQH PDXYDLVH PpWULTXH FDU HOOH QH IRXUQLW DXFXQH
JDUDQWLH VXU O·HIÀFDFLWp GH OD SURWHFWLRQ �&RVWHOOR 	 %DOODQWLQH� ����� 0D[ZHOO HW DO��
������ 0DOJUp WRXW� OHV DLUHV SURWpJpHV FRQVWLWXHQW O·RXWLO SULQFLSDO GH JHVWLRQ GH OD ELR�
GLYHUVLWp j WUDYHUV OH PRQGH HW RQW j FH WLWUH XQH GLPHQVLRQ SROLWLTXH SXLVTX·LO V·DJLW
GH UpJOHPHQWHU XQ HVSDFH SXEOLF HW GH VH FRQIRUPHU j GHV REMHFWLIV GH JpRSROLWLTXH
LQWHUQDWLRQDOH� 'DQV OHXU IRQFWLRQQHPHQW� OHV PRGHV G·DFWLRQV GHV DLUHV SURWpJpHV
PRELOLVHQW GHV FKDPSV G·DFWLRQV YDULpV SXLVTX·HOOHV SURGXLVHQW GH OD FRQQDLVVDQFH
VFLHQWLÀTXH YLD OHV pWXGHV pFRORJLTXHV �*UDQMRX HW DO�� ������ PDLV HOOHV RQW DXVVL XQ
U{OH VRFLDO YLD O·DFFXHLO UpJOHPHQWp GX JUDQG SXEOLF HW OD WUDQVPLVVLRQ G·H[SpULHQFHV
GH QDWXUH �&RVTXHU HW DO�� ����� 0D]XUHN HW DO�� ����� 15&� ������ ,O Q·HQ GHPHXUH SDV
PRLQV TXH O·REMHFWLI SULQFLSDO FRQVWLWXH OD VDXYHJDUGH HW OD SURWHFWLRQ GH OD ELRGLYHU�
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VLWp HW GHV SD\VDJHV�

/D SOXV JUDQGH SDUWLH GHV VFLHQFHV GH OD FRQVHUYDWLRQ V·HVW FRQFHQWUpH VXU OH
GpYHORSSHPHQW GH VWUDWpJLHV GH JHVWLRQ SRXU SURWpJHU OD ELRGLYHUVLWp WHUUHVWUH
�$JDUG\ HW DO�� ����� %RRQ]DLHU 	 3DXO\� ������ $X UHJDUG GH O·DFFHVVLELOLWp GLIÀFLOH
GX PLOLHX PDULQ� OHV FRQQDLVVDQFHV VXU O·pFRORJLH PDULQH VRQW PRLQV DYDQFpHV TXH
FHOOHV VXU OH WHUUHVWUH� 6HXOHPHQW XQH SHWLWH SDUWLH GH OD GLYHUVLWp ELRORJLTXH GHV
RFpDQV D pWp GpFULWH �'D\WRQ� ������ 1pDQPRLQV� RQ VDLW TXH OHV pFRV\VWqPHV PDULQV
VRQW SOXV RXYHUWV TXH OHV pFRV\VWqPHV WHUUHVWUHV TXL RQW GHV IURQWLqUHV SOXV QHWWHV�
FH TXL D GHV FRQVpTXHQFHV VXU OD GLVSHUVLRQ HW OD PLJUDWLRQ GHV HVSqFHV PDULQHV�
SOXV LPSRUWDQWH TXH VXU WHUUH �15&� ������ /·pFRORJLH WHUUHVWUH GHV HVSqFHV HVW
SDUWLFXOLqUHPHQW OLpH j OD QRWLRQ G·KDELWDW� FH TXL IDFLOLWH O·LGHQWLÀFDWLRQ GHV DLUHV
GH SURWHFWLRQ� &HSHQGDQW� GDQV O·HDX� OHV HVSqFHV PRELOHV VH GpSODFHQW HQ WURLV
GLPHQVLRQV HW VRQW EHDXFRXS SOXV DSWHV j PLJUHU VXU GH ORQJXHV GLVWDQFHV TXH OHV
RUJDQLVPHV WHUUHVWUHV� ,O HVW GRQF SOXV GLIÀFLOH G·LGHQWLÀHU GHV SRSXODWLRQV GLVWLQFWHV
HW OHV IURQWLqUHV DSSDUHQWHV GHV pFRV\VWqPHV PDULQV V·HQ WURXYHQW EURXLOOpHV �15&�
������ 'H IDLW� O·RXYHUWXUH GHV pFRV\VWqPHV PDULQV DXJPHQWH OD SUREDELOLWp TX·LOV
VRLHQW VRXPLV j GHV LQÁXHQFHV H[WpULHXUHV WHOOHV TXH OD SROOXWLRQ GHV WHUUHV HW GHV
HDX[ HQYLURQQDQWHV �&ROO HW DO�� ������ 0rPH VL OHV SRSXODWLRQV KXPDLQHV RQW PRLQV
G·LPSDFW OHV pFRV\VWqPHV PDULQV TXH WHUUHVWUH� OD SHUWH G·KDELWDW PDULQ Q·D pWp
TXH UDUHPHQW GRFXPHQWpH� /HV GpFOLQV GH SRSXODWLRQ RX OHV H[WLQFWLRQV G·HVSqFHV
PDULQHV VRQW SOXV VRXYHQW DWWULEXpV j OD VXUH[SORLWDWLRQ RX DX SUpOqYHPHQW GLUHFW
�'D\WRQ� ����� 0F&DXOH\ HW DO�� ����� 15&� ������

8QH GLIIpUHQFH IRQGDPHQWDOH HQWUH O·XWLOLVDWLRQ GHV UHVVRXUFHV HQ PHU HW VXU WHUUH Gp�
FRXOH GHV SHUFHSWLRQV KLVWRULTXHV GH OD SURSULpWp HW GHV ORLV TXL UpJLVVHQW OH PLOLHX
PDULQ� $X QLYHDX LQWHUQDWLRQDO� FH Q·HVW TXH UpFHPPHQW TXH OHV QDWLRQV RQW SULV
GHV PHVXUHV SRXU pWDEOLU OD SURSULpWp GHV IRQGV PDULQV HW GHV HDX[ VXEMDFHQWHV HQ
GpFODUDQW GHV PHUV WHUULWRULDOHV HW GHV ]RQHV pFRQRPLTXHV H[FOXVLYHV �=((� ORUV GH
OD &RQYHQWLRQ GHV 1DWLRQV 8QLHV VXU OH GURLW GH OD PHU HQ ����� &HV QLYHDX[ GH
SURSULpWp VRQW ELHQ SOXV OLPLWpV TXH OHV QRUPHV DSSOLTXpHV j OD SOXSDUW GHV ]RQHV
WHUUHVWUHV� /D SHUFHSWLRQ GH OD PHU FRPPH XQ ELHQ FRPPXQ DFFHVVLEOH j WRXV VH
UHWURXYH GDQV OHV GLVFRXUV GHV XWLOLVDWHXUV� © ª QRWH XQ
DJHQW WUDYDLOODQW GDQV XQH DLUH PDULQH SURWpJpH �FRPPXQLFDWLRQ SHUVRQQHOOH�� 0DO�
JUp FHV GLIIpUHQFHV MXULGLTXHV� OD FRQVHUYDWLRQ PDULQH UHSRVH� HOOH DXVVL� VXU OD FUpDWLRQ
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G·HVSDFHV UpJOHPHQWpV� /HV DLUHV PDULQHV SURWpJpHV �$03� VRQW OH SULQFLSDO RXWLO GH
FRQVHUYDWLRQ GX PLOLHX PDULQ �$JDUG\� ������

/HV PRWLYDWLRQV SRXU FUpHU GHV $03 VRQW VLPLODLUHV DX[ DLUHV SURWpJpHV WHUUHVWUHV HW
FRPSUHQQHQW OH PDLQWLHQ GH OD ERQQH VDQWp GHV pFRV\VWqPHV� OD SUpVHUYDWLRQ GH ELRGL�
YHUVLWp� DVVXUHU O·XWLOLVDWLRQ GXUDEOH GHV UHVVRXUFHV PDULQHV� HW OD SURWHFWLRQ GHV VLWHV
GX SDWULPRLQH FXOWXUHO �0D]XUHN HW DO�� ����� 15&� ������ 'H QRPEUHXVHV WHQWDWLYHV
RQW pWp IDLWHV SRXU GpYHORSSHU GHV GpÀQLWLRQV DX WHUPH G·$03� /H V\VWqPH GH FODVVLÀ�
FDWLRQ OH SOXV FRPPXQpPHQW DGPLV HVW FHOXL GH O·,8&1 TXL GpWDLOOH VL[ FDWpJRULHV TXL
SHUPHWWHQW G·pYDOXHU OH VWDWXW GHV ]RQHV SURWpJpHV DX QLYHDX LQWHUQDWLRQDO� &HSHQ�
GDQW� IDXWH GH FRQVHQVXV� RQ GpÀQLUD XQH $03 FRPPH XQH ]RQH JpRJUDSKLTXH DX[
IURQWLqUHV QHWWHV TXL D YRFDWLRQ j DPpOLRUHU OD FRQVHUYDWLRQ GHV UHVVRXUFHV PDULQHV
�15&� ������ 2Q QRWH TX·DXFXQH PHQWLRQ GX GHJUp GH SURWHFWLRQ GH FHV ]RQHV Q·HVW
LQFOXV GDQV OD GpÀQLWLRQ ODUJH G·XQH $03� 'H IDLW� SOXVLHXUV FULWLTXHV VRXWLHQQHQW TXH
OH ODEHO G·$03 FUpH XQH LOOXVLRQ GH FRQVHUYDWLRQ GH OD ELRGLYHUVLWp PDULQH �&RVWHOOR
	 %DOODQWLQH� ����� 5LIH HW DO�� ������ /·REMHFWLI GH OD &RQYHQWLRQ VXU OD 'LYHUVLWp %L�
RORJLTXH �YRLU 6HFWLRQ ���� TXL D À[p j ��� O·REMHFWLI GH FRXYHUWXUH GH O·RFpDQ SDU
GHV $03 SRXU ���� DXUD GRQQp OLHX j XQ HPSUHVVHPHQW GHV SD\V SRXU pWDEOLU GHV
$03 VDQV OHV UHVVRXUFHV DSSURSULpHV� FH TXL QH UpVRXW SDV OHV SUREOqPHV GH FRQVHU�
YDWLRQ �$JDUG\ HW DO�� ����� 0D[ZHOO HW DO�� ������ ,O HVW pWDEOL TXH OH SRXUFHQWDJH GH
VXUIDFH ODEpOLVp FRPPH $03 Q·HVW SDV XQ ERQ LQGLFDWHXU GH O·HIÀFDFLWp GH OD SURWHF�
WLRQ �%RRQ]DLHU 	 3DXO\� ������ 'HV $03 VRQW FUppHV UHFRXYUDQW GH ODUJHV VXUIDFHV
PDLV VDQV PR\HQV SRXU DVVXUHU XQH SURWHFWLRQ HIÀFDFH� DYHF FRPPH H[HPSOH GHV
JUDQGHV $03 DX %UpVLO �0DJULV 	 3UHVVH\� ������ DX[ (WDWV�8QLV �5LIH HW DO�� ������
RX HQ (XURSH DYHF OH UpVHDX 1DWXUD ���� HQ PHU �0D]DULV HW DO�� ����� HW HQ 0pGLWHU�
UDQpH �$PHQJXDO 	 $OYDUH]�%HUDVWHJXL� ����� *LDNRXPL HW DO�� ������ 0DOJUp FHV
FULWLTXHV� SOXVLHXUV pWXGHV RQW PLV HQ pYLGHQFH OHV DSSRUWV EpQpÀTXHV GH OD PLVH HQ
SODFH G·$03 SRXU SURWpJHU OD ELRGLYHUVLWp PDULQH �%ORZHV HW DO�� ����� (YDQV� ������

$X UHJDUG GH OD JUDQGH PRELOLWp GHV HVSqFHV DQLPDOHV PDULQHV� OHV TXHVWLRQV GH FRQ�
QHFWLYLWp GHV ]RQHV GH SURWHFWLRQ VRQW SUpSRQGpUDQWHV HQ PLOLHX PDULQ �$JDUG\ HW DO��
����� 15&� ������ 6RXYHQW� XQH VHXOH $03 QH VXIÀUD SDV j UpSRQGUH DX[ EHVRLQV PXO�
WLSOHV G·XQH pFR�UpJLRQ HW LO VHUD QpFHVVDLUH G·pWDEOLU XQ UpVHDX G·$03 HW GH UpVHUYHV
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�*DUFtD�%DUyQ HW DO�� ����� *UHHQ HW DO�� ����� 15&� ����� 3DMDUR HW DO�� ����� 5REHUWV
HW DO�� ������ /·LPSOpPHQWDWLRQ GH SOXVLHXUV $03 HQ UpVHDX SHXW WKpRULTXHPHQW
VXUSDVVHU OHV $03 LQGLYLGXHOOHV SRXU GLYHUVHV UDLVRQV pFRORJLTXHV� pFRQRPLTXHV
HW VRFLDOHV �*URUXG�&ROYHUW HW DO�� ������ '·XQH SDUW� OHV UpVHDX[ G·$03 SHXYHQW
PLQLPLVHU OHV SRWHQWLHOV LPSDFWV QpJDWLIV pFRQRPLTXHV� VRFLDX[ HW FXOWXUHOV G·XQH
JUDQGH UpVHUYH XQLTXH� HW G·DXWUH SDUW SUpVHQWHU GHV DYDQWDJHV pFRORJLTXHV HQ WHUPHV
GH FRQQHFWLYLWp HQWUH OHV GLIIpUHQWHV SRSXODWLRQV �*URUXG�&ROYHUW HW DO�� ����� 15&�
������ 'H IDLW� O·pFKHOOH pFRORJLTXH SHUWLQHQWH HQ PLOLHX PDULQ GHYLHQW VRXYHQW FHOOH
GX UpVHDX G·$03� FH TXL QpFHVVLWH GHV LQGLFDWHXUV pFRORJLTXHV j ODUJH pFKHOOH �5REHUWV
HW DO�� ����� HW VRXOqYH GHV HQMHX[ G·DQDO\VH OLpV j OD FRPSDWLELOLWp HW j O·LQWpJUDWLRQ
GHV GLIIpUHQWV MHX[ GH GRQQpHV� 'H SOXV� GDQV GHV FRQWH[WHV LQVWLWXWLRQQHOV FRP�
SOH[HV FRPPH XQ UpVHDX G·$03� O·DQDO\VH HW O·pYDOXDWLRQ GHV FDGUHV LQVWLWXWLRQQHOV
HW GHV VWUXFWXUHV GH JRXYHUQDQFH VRQW VRXKDLWDEOHV SRXU XQH FRQVHUYDWLRQ HIÀFDFH
�$JDUG\ HW DO�� ����� 1XQR HW DO�� ������

'XUDQW FHWWH WKqVH� QRXV VRXKDLWLRQV SURSRVHU O·pWXGH VLPXOWDQpH GH FHV GHX[ HQMHX[
O·XQ RSpUDWLRQQHO HW O·DXWUH PpWKRGRORJLTXH HQ PHWWDQW HQ SODFH XQH DSSURFKH LQ�
WHUGLVFLSOLQDLUH PRELOLVDQW VFLHQFHV VRFLDOHV HW pFRORJLH VWDWLVWLTXH� )DLUH GLDORJXHU
SOXVLHXUV GLVFLSOLQHV SHXW IDFLOLWHU O·pWXGH GH FHUWDLQV SUREOqPHV GH FRQVHUYDWLRQ GH
SOXV HQ SOXV FRPSOH[HV HW PXOWL�DFWHXUV �%UDXQLVFK HW DO�� ������ /·LQWHUGLVFLSOLQDULWp�
HQWUH VFLHQFHV VRFLDOHV HW VFLHQFHV QDWXUHOOHV� SHUPHW DLQVL GH V·DQFUHU VXU XQ WHUULWRLUH
HW GH UpSRQGUH GLUHFWHPHQW j GHV SUREOpPDWLTXHV DX[TXHOOHV OHV DFWHXUV VRQW FRQIURQ�
WpV �&KDVVp HW DO�� ������ 3DUFH TX·HOOH IDFLOLWH OH OLHQ HQWUH OH PRQGH GHV JHVWLRQQDLUHV
GH OD ELRGLYHUVLWp HW GH OD UHFKHUFKH� O·LPSOpPHQWDWLRQ G·DSSURFKHV LQWHUGLVFLSOLQDLUHV
SHUPHW GH FRPELQHU SHUWLQHQFH VRFLDOH HW UHFKHUFKH DFDGpPLTXH� F·HVW FH TXH QRXV
DYRQV HVVD\p G·LOOXVWUHU GDQV FHWWH WKqVH �$UOHWWD] HW DO�� ����� &KDVVp HW DO�� ������
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�

/D )UDQFH GLVSRVH GX GHX[LqPH HVSDFH PDULWLPH PRQGLDO GHUULqUH OHV eWDWV�8QLV
G·$PpULTXH DYHF SOXV GH �� PLOOLRQV GH NP� FH TXL HQ IDLW XQ DFWHXU GH SUHPLHU SODQ
GH OD FRQVHUYDWLRQ GHV PHUV HW GHV RFpDQV� 3RXU SURWpJHU HW JpUHU O·HVSDFH PDULWLPH�
OD 'LUHFWLYH &DGUH 6WUDWpJLH SRXU OH 0LOLHX 0DULQ �'&600� �����

� 06)'� DGRSWpH HQ ���� SDU O·8QLRQ (XURSpHQQH LQWqJUH XQ
HQVHPEOH GH WH[WHV UpJOHPHQWDLUHV TXL FRQFHUQHQW OH PLOLHX PDULQ� \ FRPSULV HQ
)UDQFH� /D '&600 RIIUH XQ FDGUH MXULGLTXH TXL D SRXU REMHFWLI GH © PDLQWHQLU RX
UHVWDXUHU XQ ERQ IRQFWLRQQHPHQW GHV pFRV\VWqPHV WRXW HQ SHUPHWWDQW O·H[HUFLFH GHV
XVDJHV HQ PHU SRXU OHV JpQpUDWLRQV IXWXUHV GDQV XQH SHUVSHFWLYH GH GpYHORSSHPHQW
GXUDEOH ª� $X QLYHDX QDWLRQDO� O·DSSOLFDWLRQ GH OD '&600 VH GpFOLQH SDU IDoDGH RX
VRXV�UpJLRQ PDULWLPH YLD XQ SODQ G·DFWLRQ SRXU OH PLOLHX PDULQ �3$00� UpYLVp WRXV
OHV � DQV� TXL GHPDQGH L� OD GpÀQLWLRQ GX ERQ pWDW pFRORJLTXH GHV HDX[ IUDQoDLVHV
GH OD VRXV�UpJLRQ FRPPH REMHFWLI GH FRQVHUYDWLRQ j DWWHLQGUH� LL� O·pWDEOLVVHPHQW
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G·LQGLFDWHXUV pFRORJLTXHV DVVRFLpV DX ERQ pWDW pFRORJLTXH� LLL� OH GpYHORSSHPHQW G·XQ
SURJUDPPH GH VXUYHLOODQFH GHV HDX[ PDULQHV SRXU UHQVHLJQHU OHV LQGLFDWHXUV DÀQ GH
PHVXUHU O·pWDW pFRORJLTXH HW O·LPSDFW HQYLURQQHPHQWDO GHV DFWLYLWpV KXPDLQHV� LY� OD
PLVH HQ SODFH XQ SURJUDPPH GH PHVXUHV TXL GRLW SHUPHWWUH G·DWWHLQGUH OH ERQ pWDW
pFRORJLTXH GHV HDX[ PDULQHV RX GH FRQVHUYHU FHOXL�FL� 'HSXLV ����� O·pWDW IUDQoDLV VRO�
OLFLWH OHV $03 SRXU O·DSSOLFDWLRQ GH OD '&600� 'HSXLV O·LQVFULSWLRQ GH OD '&600
GDQV O·DJHQGD SROLWLTXH� GH QRPEUHXVHV $03 RQW pWp FUppHV� QRWDPPHQW OHV 3DUFV
1DWXUHOV 0DULQV� (Q ����� ����� GHV HDX[ IUDQoDLVHV VRQW FRXYHUWHV SDU DX PRLQV XQH
$03 FRQWUH ���� HQ ���� �)LJXUH ��� /HV $03 IUDQoDLVHV RQW GHV VWDWXWV GH SURWHFWLRQ
HW GHV PRGHV GH JRXYHUQDQFH YDULpV� /H FRGH GH O·HQYLURQQHPHQW UHFRQQDLW SOXV GH
�� W\SHV GLIIpUHQWV G·$03 �/DEDFK HW DO�� ������ (Q )UDQFH� O·2IÀFH )UDQoDLV GH OD %LR�
GLYHUVLWp �2)%� HVW O·pWDEOLVVHPHQW SXEOLF DGPLQLVWUDWLI TXL FHQWUDOLVH OHV SROLWLTXHV
GH JHVWLRQ GH OD ELRGLYHUVLWp HQ )UDQFH� /·2)% HVW HQ FKDUJH G·DQLPHU OH UpVHDX GHV
$03 HW G·HQ JpUHU FHUWDLQHV� SULQFLSDOHPHQW OHV 3DUFV 1DWXUHOV 0DULQV� DLQVL TXH
GHV ]RQHV 1DWXUD ���� HQ PHU� $X[ $03 JpUpHV SDU O·2)%� V·DMRXWHQW G·DXWUHV $03
JpUpHV SDU GHV FROOHFWLYLWpV ORFDOHV � OHV 3DUFV 1DWXUHOV 5pJLRQDX[� FHUWDLQHV ]RQHV
1DWXUD ����� HW GHV UpVHUYHV QDWXUHOOHV� /H VWDWXW DGPLQLVWUDWLI GHV $03 SHXW rWUH
GLIÀFLOH j DSSUpKHQGHU DYHF FODUWp DX YX GX PLOOHIHXLOOH LQVWLWXWLRQQHO LPSOLTXp� /HV
3DUFV 1DWLRQDX[ HW 3DUFV 1DWXUHOV 0DULQV VRQW H[FOXVLYHPHQW UDWWDFKpV RX JpUpV
SDU O·2)%� &HSHQGDQW OHV ]RQHV 1DWXUD ���� SHXYHQW rWUH JpUpHV SDU O·2)% RX SDU
OHV FROOHFWLYLWpV� 3DU H[HPSOH� OD ]RQH 1DWXUD ���� GHV 3RVLGRQLHV GX &DS G·$JGH
HVW JpUpH SDU OD FRPPXQH G·$JGH DORUV TXH OD ]RQH 1DWXUD ���� GHV 3RVLGRQLHV GH
OD F{WH SDODYDVLHQQH HVW JpUpH SDU O·2)%� $ FHV VWDWXWV UpJOHPHQWDLUHV GH SURWHFWLRQ
V·DMRXWHQW GHV ODEpOLVDWLRQV LQWHUQDWLRQDOHV FRPPH OHV $LUHV 6SpFLDOHPHQW 3URWpJpHV
G·,PSRUWDQFH 0pGLWHUUDQpHQQH �$63,0� ������ OHV 5pVHUYHV GH %LRVSKqUH� RX OH
VWDWXW GH /LVWH 9HUWH GH O·,8&1 �KWWSV���LXFQJUHHQOLVW�RUJ�H[SORUH��� /D QRXYHOOH
VWUDWpJLH QDWLRQDOH SRXU OHV $03 SUpYRLW GH SURWpJHU� GqV ����� ��� GHV HVSDFHV
PDULWLPHV GRQW XQ WLHUV VRXV SURWHFWLRQ IRUWH �2)%� ������ $ FH WLWUH� OD VWUDWpJLH QH
YLVH SDV XQLTXHPHQW OD FUpDWLRQ G·DLUHV SURWpJpHV VXSSOpPHQWDLUHV PDLV YLVH pJDOH�
PHQW j JDUDQWLU TXH FHOOHV�FL VRLHQW UHSUpVHQWDWLYHV GH OD GLYHUVLWpع GHV pFRV\VWqPHV�
ELHQ JpUpHV� LQWHUFRQQHFWpHV� GLVSRVDQW GHV PR\HQV VXIÀVDQWV� HW FH DÀQ GH FUpHU XQ
UpVHDX UREXVWH G·DLUHV SURWpJpHV UpVLOLHQW DX[ FKDQJHPHQWV JOREDX[ �/DEDFK HW DO��
������ /H OLWWRUDO PpGLWHUUDQpHQ IUDQoDLV FRPSWDLW SOXV G·XQH VRL[DQWDLQH G·$03
HQ ���� �GRQW � 3DUFV 1DWXUHO 0DULQ� � 3DUFV 1DWLRQDX[� � UpVHUYpV QDWXUHOOHV� �
DLUHV GH SURWHFWLRQ GH ELRWRSH� �� ]RQHV 1DWXUD ����� UHSUpVHQWDQW SUqV GH �� �
GH OD VXSHUÀFLH GH OD =(( IUDQoDLVH� &LQT $03 VRQW ODEpOLVpHV $63,0� � FRPPH
UpVHUYHV GH ELRVSKqUH� HW � VRQW VXU OD /LVWH 9HUWH GH O·,8&1� 'DQV OD )LJXUH �� QRXV
UHSUpVHQWRQV OHV SULQFLSDOHV $03 GH 0pGLWHUUDQpH IUDQoDLVH LQFOXDQW OH 6DQFWXDLUH

��



3HODJRV XQH $63,0 GH �� ��� NP IDLVDQW O·REMHW G·XQ DFFRUG LQWHUQDWLRQDO HQWUH
O·,WDOLH� 0RQDFR HW OD )UDQFH SRXU OD SURWHFWLRQ GHV PDPPLIqUHV PDULQV� /HV $03 GH
0pGLWHUUDQpH VRQW UpJXOLqUHPHQW VROOLFLWpHV SRXU FROOHFWHU GHV GRQQpHV TXL VHUYLURQW
j pWDEOLU GHV LQGLFDWHXUV pFRORJLTXHV GX SURJUDPPH GH VXUYHLOODQFH GH OD '&600�

/H SD\VDJH LQVWLWXWLRQQHO GH OD SURWHFWLRQ GH OD ELRGLYHUVLWp HQ )UDQFH HVW FRPSOH[H�
'DQV OH PLOLHX PDULQ� OD SURGXFWLRQ GHV LQGLFDWHXUV pFRORJLTXHV HVW V\QWKpWLVpH j
O·pFKHOOH GHV IDoDGHV PDULWLPHV SRXU LQIRUPHU GHV GLUHFWLYHV QDWLRQDOHV RX LQWHUQD�
WLRQDOHV FRPPH OD '&600� /D JHVWLRQ GH GH OD ELRGLYHUVLWp HVW FHQWUDOLVpH SDU O·2)%
PDLV V·DSSXLH VXU XQH JUDQGH GLYHUVLWp GH VWUXFWXUHV ORFDOHV SRXU FROOHFWHU GHV GRQ�
QpHV HW DSSOLTXHU OHV SROLWLTXHV GH JHVWLRQ LPSOLTXDQW GHV FRPPXQHV� GHV SDUWHQDLUHV
DVVRFLDWLIV HW SULYpV� $X YX GH OD GLYHUVLWp GHV IRUPHV LQVWLWXWLRQQHOOHV GHV $03� OD FR�
RUGLQDWLRQ HW OD FRPSDWLELOLWp GHV SURJUDPPHV GH VXLYLV pFRORJLTXHV j O·pFKHOOH G·XQH
IDoDGH PDULWLPH FRQVWLWXH XQ HQMHX PDMHXU SRXU REWHQLU GHV LQGLFDWHXUV pFRORJLTXHV
FRKpUHQWV�

��



)LJXUH ��

��



/H JUDQG GDXSKLQ � � HVW XQH HVSqFH FRPPXQH HQ PHU 0pGLWHUUDQpH
�%HDU]L HW DO�� ������ ,O HVW REVHUYp OH ORQJ GH OD SOXSDUW GHV F{WHV PpGLWHUUDQpHQQHV�
SOXW{W VXU OH SODWHDX FRQWLQHQWDO �%HDU]L HW DO�� ����� *QRQH HW DO�� ����� /DEDFK HW
DO�� ������ PrPH VL GHV JURXSHV VRQW pJDOHPHQW REVHUYpV DX ODUJH �/DUDQ HW DO�� ������
'·DSUqV GHV DQDO\VHV JpQpWLTXHV� GHX[ SRSXODWLRQV VRQW LGHQWLÀpHV HQ 0pGLWHUUDQpH �
XQH j O·RXHVW� XQH j O·HVW GH OD 0pGLWHUUDQpH �/RXLV HW DO�� ����� 1DWROL HW DO�� ������ Vp�
SDUpHV SDU XQH IURQWLqUH VH WURXYDQW DX QLYHDX GH OD SpQLQVXOH LWDOLHQQH� /·LVROHPHQW
JpQpWLTXH GH FHV GHX[ SRSXODWLRQV GH JUDQGV GDXSKLQV HVW PDUTXp� LQGLTXDQW SHX
YRLUH SDV G·pFKDQJHV HQWUH OHV LQGLYLGXV� PrPH SURFKHV JpRJUDSKLTXHPHQW� WDQGLV
TXH O·LVROHPHQW HQWUH OHV SRSXODWLRQV GH O·RXHVW GH OD 0pGLWHUUDQpH HW GH O·$WODQWLTXH
HVW IDLEOHPHQW PDUTXp LQGLTXDQW XQ IRUW WDX[ G·pFKDQJH HQWUH LQGLYLGXV�
/HV JUDQGV GDXSKLQV VRQW GHV DQLPDX[ VRFLDX[ DYHF XQH VWUXFWXUH VRFLDOH GH W\SH
ÀVVLRQ�IXVLRQ FDUDFWpULVpH SDU XQ KDXW GHJUp GH YDULDWLRQ VSDWLR�WHPSRUHOOH GDQV OD
WDLOOH HW OD FRPSRVLWLRQ GHV JURXSHV �/DEDFK� ������ (Q 0pGLWHUUDQpH� OD WDLOOH GHV
JURXSHV GH JUDQGV GDXSKLQV HVW HQ JpQpUDO LQIpULHXUH j �� LQGLYLGXV �%HDU]L HW DO��
����� ELHQ TXH GHV JURXSHV GH SOXV GH �� GDXSKLQV DLHQW pWp REVHUYpV� /H JUDQG
GDXSKLQ PRQWUH XQH JUDQGH YDULDELOLWp GDQV O·DPSOLWXGH GH VHV GpSODFHPHQWV� &HU�
WDLQV LQGLYLGXV VXLYHQW GHV PLJUDWLRQV VDLVRQQLqUHV DORUV TXH G·DXWUHV SHXYHQW rWUH
FRQVLGpUpV FRPPH UpVLGHQWV G·XQH ]RQH� /D WDLOOH GHV GRPDLQHV YLWDX[ SHXW YDULHU
HQ IRQFWLRQ GHV UpJLRQV HW GHV JURXSHV VRFLDX[ �:HOOV 	 6FRWW� ������ /D WDLOOH WRWDOH
GH OD SRSXODWLRQ GH JUDQG GDXSKLQ j O·pFKHOOH GH OD 0pGLWHUUDQpH D pWp UpFHPPHQW
HVWLPpH DXWRXU GH �� ��� LQGLYLGXV �LQWHUYDOOH GH FRQÀDQFH j �� � ² ,& ��� �� ����
��� ���� SDU XQH FDPSDJQH GH VXUYRO DpULHQ GH WRXWH OD 0pGLWHUUDQpH �$&&2%$06�
������ (Q 0pGLWHUUDQpH� OD VRXV�SRSXODWLRQ GH JUDQG GDXSKLQ HVW OLVWpH FRPPH ´YXO�
QpUDEOHµ VXU OD OLVWH URXJH GH O·,8&1 �,8&1� ������ $X QLYHDX QDWLRQDO� OH JUDQG
GDXSKLQ HVW VWULFWHPHQW SURWpJp SDU XQ DUUrWp PLQLVWpULHO�

/·pWXGH GX JUDQG GDXSKLQ HVW FRPSOH[H FDU F·HVW XQH HVSqFH WUqV PRELOH� GLIÀFLOHPHQW
DFFHVVLEOH DXVVL ELHQ j O·REVHUYDWLRQ TX·DX[ PHVXUHV GH JHVWLRQ �/DEDFK� ������ $LQVL�
OD SHUWLQHQFH GHV PHVXUHV GH JHVWLRQ GHV $03 SRXU OD FRQVHUYDWLRQ GHV HVSqFHV
PRELOHV FRPPH OH JUDQG GDXSKLQ HVW GLVFXWDEOH� &HSHQGDQW� OH JUDQG GDXSKLQ
HVW O·HVSqFH GH FpWDFpV OD SOXV SUpVHQWH GDQV OHV $03 GH 0pGLWHUUDQpH IUDQoDLVH
HW IDLW SDUWLH GH OD OLVWH GHV HVSqFHV j HQMHX[ GDQV SOXVLHXUV $03� $LQVL� OHV $03
SHXYHQW MRXHU XQ U{OH SRXU PHQHU GHV DFWLRQV G·DFTXLVLWLRQ GH FRQQDLVVDQFHV� GH
VXLYLV pFRORJLTXHV� HW G·LGHQWLÀFDWLRQ GHV pYHQWXHOOHV SUHVVLRQV VXU OHV SRSXODWLRQV
GH JUDQG GDXSKLQ �'XQKDP HW DO�� ����� /DEDFK� ������

��



/HV FRQQDLVVDQFHV VXU OD SRSXODWLRQ GH JUDQG GDXSKLQ HQ 0pGLWHUUDQpH IUDQoDLVH
QRXV YLHQQHQW SULQFLSDOHPHQW GH GHX[ SURJUDPPHV UpFHQWV GH VXLYLV j ODUJH pFKHOOH�
3UHPLqUHPHQW� OHV FDPSDJQHV GH 6XLYL $pULHQ GH OD 0pJDIDXQH 0DULQH �6$00� FRQ�
GXLWHV HQ ���� HW ����� RQW HVWLPp OHV HIIHFWLIV GH JUDQG GDXSKLQ HQ 0pGLWHUUDQpH
IUDQoDLVH HW GDQV OHV HDX[ LWDOLHQQHV GX VDQFWXDLUH 3HODJRV j �� ��� LQGLYLGXV �,& ���
� � ���� �� ���� HQ KLYHU HW j � ��� LQGLYLGXV �,& ��� � � ������ ���� HQ pWp �/DUDQ HW
DO�� ������ &HV VXUYROV VRQW RSpUpV SDU OH ODERUDWRLUH GH UHFKHUFKH 3HODJLV HW YLVHQW j
FROOHFWHU GHV GRQQpHV VXU OHV DFWLYLWpV KXPDLQHV� OHV RLVHDX[ PDULQV� OHV SRLVVRQV� HW
OHV PDPPLIqUHV PDULQV �%DXGULHU HW DO�� ����� /DPEHUW HW DO�� ������ /H SURJUDPPH
GH VXUYRO DpULHQ 6$00 HVW SODQLÀp SRXU rWUH DSSOLTXp LGpDOHPHQW WRXV OHV � DQV� /D
SUHPLqUH FDPSDJQH D HX OLHX HQ ���������� HW OD GHX[LqPH HQ ���������� /H SODQ
G·pFKDQWLOORQQDJH VXLW XQ SURWRFROH GH WUDQVHFWV OLQpDLUHV DpULHQV TXL FRXYUH ������
NP DYHF HQWUH � HW � SDVVDJHV SDU WUDQVHFW �/DUDQ HW DO�� ������ 'HX[ REVHUYDWHXUV FRO�
OHFWHQW OHV GRQQpHV VXU OHV FpWDFpV HQ VXLYDQW XQ SURWRFROH GH � QRWDQW
OH QRP GHV HVSqFHV REVHUYpHV� OD WDLOOH GHV JURXSHV� HW O·DQJOH GH GpFOLQDLVRQ�

/·DXWUH SURJUDPPH GH FROOHFWH GH GRQQpHV VXU OH JUDQG GDXSKLQ HQ 0pGLWHUUDQpH
IUDQoDLVH HVW OH SURJUDPPH *UDQG 'DXSKLQ (WXGH HW *HVWLRQ HQ 0pGLWHUUDQpH
�*'(*H0� /DEDFK HW DO� ������� /DEDFK �������� /·REMHFWLI GX SURMHW *'(*H0
D pWp GH SURVSHFWHU WRXW O·KDELWDW SRWHQWLHO GX JUDQG JDXSKLQ HQ 0pGLWHUUDQpH
IUDQoDLVH YLD XQ SURWRFROH GH SKRWR�LGHQWLÀFDWLRQ� /D SULVH G·XQH SKRWRJUDSKLH
GH OD QDJHRLUH GRUVDOH SHUPHW O·LQGHQWLÀFDWLRQ LQGLYLGXHOOH j SDUWLU GHV PDUTXHV
GH GpSLJPHQWDWLRQ VLWXpHV VXU OD QDJHRLUH �)LJXUH ��� /D ]RQH G·pWXGH FRXYUH OH
SODWHDX FRQWLQHQWDO GH 0pGLWHUUDQpH IUDQoDLVH HQWUH OD F{WH HW O·LVREDWKH GHV ��� P�
(OOH HVW GpOLPLWpH SDU OD IURQWLqUH HVSDJQROH j O·RXHVW� OD IURQWLqUH LWDOLHQQH j O·HVW
HW FRPSUHQG WRXW OH OLWWRUDO &RUVH� /HV URXWHV GH SURVSHFWLRQ pWDLHQW GpÀQLHV GH
PDQLqUH DOpDWRLUH HQ IRQFWLRQ GHV FRQGLWLRQV PpWpRURORJLTXHV SRXU SKRWR�LGHQWLÀHU
XQ PD[LPXP GH JURXSHV HW FRXYULU XQ PD[LPXP GH OD ]RQH G·pWXGH �/DEDFK� ������

'·DXWUHV MHX[ GH GRQQpHV H[LVWHQW j SURSRV GX JUDQG GDXSKLQ HQ 0pGLWHUUDQpH�
0HQpV SDU O·,)5(0(5 �,QVWLWXW )UDQoDLV GH 5HFKHUFKH SRXU O·([SORLWDWLRQ GH OD 0HU��
OHV SURJUDPPHV GH SrFKH VFLHQWLÀTXH SRXU pYDOXHU O·pWDW OHV VWRFNV GH SRLVVRQV
SpODJLTXHV UpFROWHQW DQQXHOOHPHQW GHV GRQQpHV VXU OHV JUDQGV GDXSKLQV GX *ROIH
GX /LRQ HQ VXLYDQW XQ SURWRFROH GH WUDQVHFW OLQpDLUH HQ EDWHDX �%DXGULHU HW DO��
������ 7RXMRXUV SDU O·,)5(0(5� GHV VXUYROV DpULHQV YLVDQW j HVWLPHU OHV WHQGDQFHV
GDQV O·DERQGDQFH GHV WKRQV URXJHV HQ 0pGLWHUUDQpH UHOqYHQW DXVVL GHV GpWHFWLRQV
GH JUDQGV GDXSKLQV GDQV OH *ROIH GX /LRQ �,IUHPHU� ������ 3DU DLOOHXUV� TXHOTXHV

��



$03 GH 0pGLWHUUDQpH RQW PLV HQ SODFH GHV SURJUDPPHV GH VXLYLV SRXU OH JUDQG
GDXSKLQ FRPPH OH 3DUF 1DWLRQDO GHV &DODQTXHV �31&� ������ OH 3DUF 1DWLRQDO
GH 3RUW�&URV� RX SRQFWXHOOHPHQW OD 5pVHUYH GHV %RXFKHV GH %RQLIDFLR� (Q SDU�
DOOqOH� OH GpYHORSSHPHQW GHV VFLHQFHV SDUWLFLSDWLYHV SDU O·DSSOLFDWLRQ 2EVHQ0HU
�KWWSV���ZZZ�REVHQPHU�RUJ�� IRXUQLW GH SOXV HQ SOXV G·REVHUYDWLRQV RSSRUWXQLVWHV
GH JUDQGV GDXSKLQV SDU GHV SDUWLFXOLHUV RX GHV XVDJHUV GH OD PHU� -XVTX·j SUpVHQW�
VHXOHV OHV GRQQpHV LVVXHV GH 6$00 HW *'(*H0 RQW GRQQp OLHX j GHV HVWLPDWLRQV
G·HIIHFWLI GX JUDQG GDXSKLQ �/DEDFK HW DO�� ����� /DUDQ HW DO�� ������ OHV DXWUHV
GRQQpHV SURWRFROpHV RX RSSRUWXQLVWHV UHVWDQW LQXWLOLVpHV�

)LJXUH �� 1DJHRLUH GRUVDOH G·XQ JUDQG GDXSKLQ � � DYHF OHV WUDFHV GH
GpSLJPHQWDWLRQ XWLOHV SRXU O·LGHQWLÀHU LQGLYLGXHOOHPHQW

/H JUDQG GDXSKLQ HVW XQH HVSqFH SDWULPRQLDOH j HQMHX[ GH FRQVHUYDWLRQ TXL HVW
SUpVHQWH VXU O·HQVHPEOH GH OD IDoDGH 0pGLWHUUDQpHQQH� $LQVL� O·HVSqFH IDLW O·REMHW GH
SURJUDPPHV G·pWXGHV GDQV GH QRPEUHXVHV $03� HW G·XQ SURJUDPPH GH VXUYHLO�
ODQFH GpGLp SRXU UHQVHLJQHU OHV LQGLFDWHXUV pFRORJLTXHV GH OD '&600 �'&600�
����� /DEDFK� ������ /RUV GX SUHPLHU F\FOH GH OD '&600� VHXOHV OHV GRQQpHV GX
SURJUDPPH 6$00 j SDUWLU GHV VXUYROV DpULHQV GH ��������� RQW pWp XWLOLVpHV SRXU
pWDEOLU OHV LQGLFDWHXUV pFRORJLTXHV G·DERQGDQFH HW GH GLVWULEXWLRQ GX JUDQG GDXSKLQ�
&HSHQGDQW� OHV REMHFWLIV GH VXLYLV GH OD '&600 SRXU OH JUDQG GDXSKLQ SUpYRLHQW

��



GH GpYHORSSHU XQ VXLYL GHV SRSXODWLRQV F{WLqUHV YLD OD SKRWR�LGHQWLÀFDWLRQ� 8Q
VXLYL UpJXOLHU SDU SKRWR�LG GRQQHUD GHV LQGLFDWHXUV pFRORJLTXHV SOXV GpWDLOOpV TXH
O·DQDO\VH VHXOH GHV VXUYROV DpULHQ TXL VH IRQW TX·XQH IRLV SDU F\FOH� WRXV OHV VL[
DQV �/DEDFK� ������ 'DQV FH EXW� O·2)% D SRXU YRORQWp V·DSSX\HU VXU OH UpVHDX
G·$03� WRXW HQ FRQWLQXDQW OHV VXUYROV DpULHQV j ODUJH pFKHOOH TXL IRXUQLVVHQW GHV
LQIRUPDWLRQV VXU GH QRPEUHXVHV DXWUHV HVSqFHV� 1RXV DYRQV YX TXH OH UpVHDX G·$03
HQ 0pGLWHUUDQpH IUDQoDLVH HVW DVVH] MHXQH �6HFWLRQ ����� HW OD FRQVWUXFWLRQ GHV SUR�
JUDPPHV GH VXLYLV pFRORJLTXHV HVW WRXMRXUV HQ FRXUV GDQV OHV $03� 3RXU UHQIRUFHU
OHV VXLYLV GX JUDQG GDXSKLQ SDU OH UpVHDX G·$03� O·2)% ÀQDQFH GHV IRUPDWLRQV j OD
SKRWR�LGHQWLÀFDWLRQ SRXU OHV DJHQWV GHV $03 HW DLGH j OD GpÀQLWLRQ GHV SURWRFROHV
GH VXLYLV pFRORJLTXHV GDQV OHV $03 �0,5$&(7,� ������ $LQVL� SOXVLHXUV MHX[ GH
GRQQpHV FRPSOpPHQWDLUHV FRH[LVWHQW DXWRXU GX JUDQG GDXSKLQ HQ 0pGLWHUUDQpH�
/HV VXUYROV DpULHQV 6$00 VRQW SHX IUpTXHQWV PDLV VRQW OHV VHXOV j pFKDQWLOORQQHU
OHV HDX[ SpODJLTXHV� /HV VXLYLV F{WLHUV HIIHFWXpV SDU SKRWR�LGHQWLÀFDWLRQ GDQV OHV
$03 RX SDU GHV SDUWHQDLUHV DVVRFLDWLIV IRXUQLVVHQW GHV LQIRUPDWLRQV SOXV GpWDLOOpHV
HW SOXV IUpTXHQWHV FDU OHV SURWRFROHV GDQV OHV $03 VRQW HQ JpQpUDO UpSpWpV DQQXHOOH�
PHQW RX PHQVXHOOHPHQW� -XVTX·j SUpVHQW� FKDTXH MHX GH GRQQpHV D pWp DQDO\Vp
LQGpSHQGDPPHQW� SURGXLVDQW GHV LQGLFDWHXUV pFRORJLTXHV j OD SUpFLVLRQ OLPLWpH�
YRLUH SDUIRLV GHV UpVXOWDWV FRQWUDGLFWRLUHV� $ORUV TXH O·DQDO\VH FRQMRLQWH GH MHX[
GH GRQQpHV SHXW SHUPHWWUH GH SUpFLVHU OHV LQIpUHQFHV pFRORJLTXHV �6HFWLRQ ����� OH
GpYHORSSHPHQW G·RXWLOV GH PRGpOLVDWLRQ LQWpJUpH HVW XQH SHUVSHFWLYH RSpUDWLRQQHOOH
SURPHWWHXVH SRXU OHV SURFKDLQHV pYDOXDWLRQV GHV SRSXODWLRQV GH JUDQG GDXSKLQ j
O·pFKHOOH GH OD IDoDGH 0pGLWHUUDQpHQQH�

/D FHQWUDOLVDWLRQ GH OD SURGXFWLRQ G·LQGLFDWHXUV pFRORJLTXHV GX JUDQG GDXSKLQ VXU
OD IDoDGH 0pGLWHUUDQpH HVW XQ LGpDO j DWWHLQGUH PDLV UHVWH DPELWLHX[ DX YX GH OD PXO�
WLWXGH G·DFWHXUV LPSOLTXpV� GH OD GLYHUVLWp GHV REMHFWLIV GH FKDTXH SDUWHQDLUH� HW GHV
GpÀV PpWKRGRORJLTXHV HW ORJLVWLTXHV� $XWRXU GX JUDQG GDXSKLQ HQ 0pGLWHUUDQpH
IUDQoDLVH� RQ UHWURXYH OHV HQMHX[ PpWKRGRORJLTXHV HW RSpUDWLRQQHOV GpWDLOOpV GDQV OD
6HFWLRQ �� L� OD FRRUGLQDWLRQ GH QRPEUHX[ DFWHXUV DVVRFLDWLIV� SURIHVVLRQQHOV� HW VFL�
HQWLÀTXHV TXL SDUWLFLSHQW DFWLYHPHQW j OD FROOHFWH GH GRQQpHV� LL� OD FRH[LVWHQFH GH
SOXVLHXUV SURWRFROHV GH VXLYLV pFRORJLTXHV TXL LPSOLTXH G·DQDO\VHU FRQMRLQWHPHQW OHV
GRQQpHV UpFROWpHV SRXU pWDEOLU GHV LQGLFDWHXUV SUpFLV�

��



�

/D FRQVWUXFWLRQ GX VXMHW GH WKqVH SUHQG UDFLQH GpEXW ����� &H VRQW OHV GLVFXVVLRQV
DYHF +pOqQH /DEDFK� GLUHFWULFH GH 0,5$&(7, �H[ *URXSHPHQW G·,QWpUrW 6FLHQWLÀTXH
SRXU OHV 0DPPLIqUHV 0DULQV GH 0pGLWHUUDQpH HW OHXU HQYLURQQHPHQW ² *,6�0�
TXL RQW PRWLYp OD FRQVWUXFWLRQ GH FH SURMHW GH WKqVH DXWRXU GHV VXLYLV pFRORJLTXHV
GX JUDQG GDXSKLQ� $ FH PRPHQW� SOXVLHXUV GLVFXVVLRQV pWDLHQW HQ FRXUV HQWUH
0,5$&(7, HW O·$QWHQQH 0pGLWHUUDQpH GH O·2)% �$JHQFH )UDQoDLVH SRXU OD %LRGL�
YHUVLWp ² $)% j O·pSRTXH� SRXU IDYRULVHU OD JHVWLRQ LQWpJUpH HW SpUHQQH GX JUDQG
GDXSKLQ VXU OD IDoDGH GH 0pGLWHUUDQpH IUDQoDLVH j WUDYHUV OD YDORULVDWLRQ GX UpVHDX
G·$03 �/DEDFK� ������ &·HVW GDQV FH FRQWH[WH TXH SOXVLHXUV REMHFWLIV VRQW DERUGpV �
L� KRPRJpQpLVHU OHV VXLYLV GH JUDQG GDXSKLQ UpDOLVpV GDQV OHV $03� LL� FHQWUDOLVHU�
DQDO\VHU� HW YDORULVHU OHV GRQQpHV UpFROWpHV SDU OHV $03� LLL� IRUPHU HW DSSX\HU OHV
DJHQWV GHV $03 SRXU OHV SURWRFROHV GH VXLYLV� HW LY� GpYHORSSHU OD UHFKHUFKH VXU OD
JHVWLRQ GHV FpWDFpV HQ )UDQFH� HQ ODQoDQW GHV FROODERUDWLRQV HQWUH 0,5$&(7,� O·2)%�
HW OHV DFWHXUV DFDGpPLTXHV� &·HVW GDQV FH FRQWH[WH TXH QDLW OH SURMHW GH WKqVH TXL YLVH
j LGHQWLÀHU OHV HQMHX[ OLpV DX VXLYL GX JUDQG GDXSKLQ HQ 0pGLWHUUDQpH )UDQoDLVH HW
DSSRUWHU GHV RXWLOV G·DQDO\VH VWDWLVWLTXH DSSURSULpV j OD JHVWLRQ GH O·HVSqFH�
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'qV OH GpEXW� OD FROODERUDWLRQ VH YHXW pWURLWH DYHF 0,5$&(7, HW DYHF O·2)% GDQV
OH EXW GH SURSRVHU GHV RXWLOV PpWKRGRORJLTXHV XWLOHV DX[ DFWHXUV HW j OD JHVWLRQ GH
O·HVSqFH� $ORUV TXH OHV PRQGHV GHV SURIHVVLRQQHOV GH OD JHVWLRQ GH OD ELRGLYHUVLWp
HW GHV VFLHQWLÀTXHV DFDGpPLTXHV RQW SDUIRLV GX PDO j GLDORJXHU �$USLQ HW DO�� �����
%HVQDUG� ������ OD YRORQWp GDQV FHWWH WKqVH D pWp G·DVVRFLHU OHV JHVWLRQQDLUHV G·$03
GqV O·RULJLQH GHV UpÁH[LRQV� 'DQV FHWWH RSWLTXH� QRXV DYRQV YRXOX GpYHORSSHU XQH
pWXGH GH VFLHQFHV VRFLDOHV YLVDQW j FDUDFWpULVHU OHV EHVRLQV PpWKRGRORJLTXHV HW OHV
OLPLWHV DVVRFLpHV DX[ VXLYLV pFRORJLTXHV GDQV OHV $03� PDLV DXVVL SRXU FRPSUHQGUH
OH FRQWH[WH GH OD FROOHFWH GH GRQQpHV HW OHV UHVVHQWLV GHV DJHQWV GHV $03� /HV PR�
WLYDWLRQV j VH ODQFHU GDQV FHWWH pWXGH GH VFLHQFHV VRFLDOHV SURYLHQQHQW� G·XQH SDUW�
GH PRQ LQWpUrW SRXU O·pWXGH GHV GLPHQVLRQV KXPDLQHV GDQV OHV FRQÁLWV GH FRQVHU�
YDWLRQ GpYHORSSp ORUV G·XQ VWDJH SUpFpGHQW �/DXUHW HW DO�� ������ HW G·DXWUH SDUW GX
FRQWH[WH VFLHQWLÀTXH DX &156 GH 0RQWSHOOLHU DYHF OD FUpDWLRQ G·XQH QRXYHOOH pTXLSH
PXOWLGLVFLSOLQDLUH UDVVHPEODQW GHV FRPSpWHQFHV HQ VWDWLVWLTXH� pFRORJLH� HWKQRORJLH
HW JpRJUDSKLH TXL D FRQVWLWXp XQ WHUUHDX IDYRUDEOH j O·pPHUJHQFH GHV UpÁH[LRQV� /D
GpPDUFKH GH VFLHQFHV VRFLDOHV D pWp DPRUFpH GqV OH GpEXW GX SURMHW GH WKqVH DYHF
O·DLGH GH 1LFRODV /HVFXUHX[ SRXU O·HQFDGUHPHQW PpWKRGRORJLTXH HQ VFLHQFHV VRFLDOHV
HW O·DSSXL ÀQDQFLHU GH OD 6RFLpWp )UDQoDLVH G·(FRORJLH HW G·(YROXWLRQ �6)(�� SRXU OHV
IUDLV GH GpSODFHPHQW� 1RXV DYRQV UpDOLVp GHV HQWUHWLHQV VHPL�GLUHFWLIV DYHF OHV DJHQWV
GHV SULQFLSDOHV $03 GH 0pGLWHUUDQpH IUDQoDLVH �YRLU 6HFWLRQ �� GDQV OH EXW G·pWXGLHU
OD PLVH HQ SODFH GHV VXLYLV pFRORJLTXHV HW OHXU PRELOLVDWLRQ GDQV OH IRQFWLRQQHPHQW
GHV $03� $X WRWDO �� DJHQWV G·$03 RQW pWp LQWHUURJpV � � VRQW GHV DJHQWV GH WHUUDLQ�
� VRQW GHV FKDUJpV GH PLVVLRQV� HW � VRQW GLUHFWULFHV RX GLUHFWHXUV G·$03 SURYHQDQW
GH � $03 GLIIpUHQWHV GX OLWWRUDO PpGLWHUUDQpHQ IUDQoDLV �YRLU 6HFWLRQ ��� (Q PDUJH GH
O·pWXGH GH VFLHQFHV VRFLDOHV� SOXVLHXUV UpXQLRQV HW PLVVLRQV GH WHUUDLQ RQW HX OLHX DYHF
GHV DJHQWV GH O·DQWHQQH 0pGLWHUUDQpHQQH GH O·2)% HW DYHF OHV JHVWLRQQDLUHV G·$03�
/HV UpXQLRQV DYDLHQW SRXU EXW G·LGHQWLÀHU OHV YHUURXV HW OHV OHYLHUV G·DFWLRQV DXWRXU
GHV VXLYLV pFRORJLTXHV GX JUDQG GDXSKLQ GDQV OHV $03 GH 0pGLWHUUDQpH DÀQ GH SUR�
SRVHU GHV RXWLOV GH JHVWLRQ SOXV DGDSWpV�

/·pWXGH GH VFLHQFHV VRFLDOHV� WRXW FRPPH O·HQVHPEOH GHV UpXQLRQV HW GHV GLVFXVVLRQV
DYHF OHV DFWHXUV GH WHUUDLQV� RQW FRQWULEXp j OD UpRULHQWDWLRQ GX SURMHW GH WKqVH GXUDQW
OHV SUHPLHUV PRLV� (Q © YDVH FORV ª� DYDQW OH GpEXW GH FHWWH GpPDUFKH GH FRQFHU�
WDWLRQ HW ORUV GH GLVFXVVLRQV LQIRUPHOOHV DYHF 2OLYLHU *LPHQH] HW +pOqQH /DEDFK
DXWRXU GHV HQMHX[ GX VXLYL GHV JUDQGV GDXSKLQV� OHV SLVWHV GH GpYHORSSHPHQW
PpWKRGRORJLTXHV FLEODLHQW O·RSWLPLVDWLRQ VSDWLR�WHPSRUHOOH GHV SURWRFROHV GH VXLYLV
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pFRORJLTXHV� 'DQV XQ SUHPLHU WHPSV� QRXV DYLRQV FRPPHQFp j H[SORUHU GHV PRGqOHV
GH VXLYL DGDSWDWLI YLD GHV pWXGHV GH VLPXODWLRQV �$QQH[H ��� /HV SHUFHSWLRQV GHV
JHVWLRQQDLUHV UHFXHLOOLHV ORUV GH O·pWXGH GH VFLHQFHV VRFLDOHV HW OD FROODERUDWLRQ DYHF
O·DQWHQQH 0pGLWHUUDQpH GH O·2)% QRXV RQW FODLUHPHQW PRQWUp TXH O·HQMHX SULQFLSDO
DXWRXU GHV VXLYLV pFRORJLTXHV GX JUDQG GDXSKLQ pWDLW O·LQWpJUDWLRQ GH GRQQpHV�
1RWUH LGpH G·RSWLPLVDWLRQ WHPSRUHOOH GHV SURJUDPPHV GH VXLYLV pFRORJLTXHV pWDLW
ORLQ G·rWUH j O·RUGUH GX MRXU DX YX GHV HQMHX[ DFWXHOV GH FRRUGLQDWLRQ GX UpVHDX
G·$03 GH 0pGLWHUUDQpH IUDQoDLVH� &HFL QRXV D pWp FRQÀUPp ORUV G·XQH UpXQLRQ DYHF
GHV JHVWLRQQDLUHV GX 3DUF 1DWXUHO 0DULQ GX *ROIH GX /LRQ GXUDQW ODTXHOOH LO D pWp
UDSLGHPHQW VRXOLJQp OD QpFHVVLWp GH MRQJOHU HQWUH OHV GLIIpUHQWV SURWRFROHV TXL FRH[LV�
WHQW j O·LQWpULHXU PrPH GH OHXU $03� 'HV VXLYLV F{WLHUV SDU SKRWR�LGHQWLÀFDWLRQ VRQW
GpYHORSSpV HQ SDUDOOqOH GH WUDQVHFWV OLQpDLUHV YLVDQW SOXVLHXUV HVSqFHV HW SURVSHFWDQW
OHV ]RQHV F{WLqUHV HW SpODJLTXHV� /HV RXWLOV VWDWLVWLTXHV OHV SOXV DWWHQGXV GDQV O·$03
GX *ROIH GX /LRQ YLVHQW j SRXYRLU FRPELQHU OHV GHX[ SURWRFROHV SRXU UHQVHLJQHU OHV
LQGLFDWHXUV VXU OH JUDQG GDXSKLQ� 2Q REVHUYDLW GDQV FH FDV XQH LOOXVWUDWLRQ j O·pFKHOOH
G·XQH $03 GHV HQMHX[ TXH O·RQ UHWURXYDLW j O·pFKHOOH GH OD IDoDGH PpGLWHUUDQpHQQH �
O·LQWpJUDWLRQ GH GRQQpHV�

'DQV FH SURMHW GH WKqVH� LO IDXW VRXOLJQHU TXH O·pWXGH GH VFLHQFHV VRFLDOHV GpSDVVH OD
VHXOH LGHQWLÀFDWLRQ GHV RXWLOV VWDWLVWLTXHV HW DERUGH OHV UHVVHQWLV HW SHUFHSWLRQV LQGL�
YLGXHOOHV GHV DJHQWV G·$03 YLV�j�YLV GHV GRQQpHV pFRORJLTXHV� FRPPH SUpVHQWp GDQV
OD 6HFWLRQ �� /·HQVHPEOH GHV GLVFXVVLRQV UpDOLVpHV DYHF OHV SURIHVVLRQQHOV GH OD ELR�
GLYHUVLWp VRXOLJQH O·LQWpUrW GX GLDORJXH HQWUH JHVWLRQQDLUHV HW VFLHQWLÀTXHV� HW OHV DS�
SRUWV GHV VFLHQFHV VRFLDOHV SRXU LGHQWLÀHU FRUUHFWHPHQW OHV HQMHX[ PpWKRGRORJLTXHV
PDLV DXVVL OHV GpWHUPLQDQWV LQVWLWXWLRQQHOV GHV SROLWLTXHV GH OD FRQVHUYDWLRQ�

$ SDUWLU GH O·pWXGH GH VFLHQFH VRFLDOHV HW SDU OD FROODERUDWLRQ DYHF OHV JHVWLRQQDLUHV�
OHV HQMHX[ DXWRXU GHV VXLYLV GX JUDQG GDXSKLQ HQ 0pGLWHUUDQpH pWDLHQW FODLUV
� GpYHORSSHU GHV RXWLOV G·DQDO\VH SHUPHWWDQW O·LQWpJUDWLRQ GH SOXVLHXUV MHX[ GH
GRQQpHV GH QDWXUH GLIIpUHQWH SRXU UpSRQGUH j OD IRLV DX[ LQGLFDWHXUV '&600 HW
GHV $03� /HV GHX[ LQGLFDWHXUV pFRORJLTXHV pYRTXpV SDU OHV SURIHVVLRQQHOV VRQW �
OD GLVWULEXWLRQ HW O·DERQGDQFH�GHQVLWp� 6XLWH j O·LGHQWLÀFDWLRQ GH FHV REMHFWLIV GH
GpYHORSSHPHQW PpWKRGRORJLTXHV� QRXV QRXV VRPPHV DSSX\pV VXU OHV GRQQpHV
GHV SURJUDPPHV 6$00 HW *'(*H0 SUpVHQWpV HQ 6HFWLRQ � FDU LOV FRQVWLWXHQW OHV
MHX[ GH GRQQpHV OHV SOXV IRXUQLV HW OHV SOXV ODUJHV j SURSRV GX JUDQG GDXSKLQ HQ
0pGLWHUUDQpH IUDQoDLVH� 1RXV DYRQV FRQoX OHV RXWLOV VWDWLVWLTXHV GDQV O·RSWLTXH
GH SRXYRLU LQWpJUHU OHV IXWXUV MHX[ GH GRQQpHV UpFROWpV SDU OHV $03 HW SDU O·2)%
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HW DLQVL UpSRQGUH DX[ EHVRLQV GHV LQVWLWXWLRQV GH SURWHFWLRQ GH OD ELRGLYHUVLWp
PpGLWHUUDQpHQQH� /·LQWpUrW SULQFLSDO pWDQW GDQV OD SRVVLELOLWp GH FRPELQHU OHV MHX[
GH GRQQpHV SRXU pWDEOLU GHV LQGLFDWHXUV� OHV LQWHUSUpWDWLRQV pFRORJLTXHV j SURSRV
GX JUDQG GDXSKLQ Q·pWDLHQW SDV DX FHQWUH GH QRV SUpRFFXSDWLRQV� $LQVL� VHXOH XQH
DQDO\VH VRPPDLUH GHV GpWHUPLQDQWV pFRORJLTXHV D pWp IDLWH� QRXV \ UHYHQRQV HQ
'LVFXVVLRQ �6HFWLRQ ���

'DQV OD 6HFWLRQ �� QRXV SUpVHQWRQV OHV UpVXOWDWV GH O·DSSURFKH GH VFLHQFHV VRFLDOHV
YLVDQW j pWXGLHU OD SHUFHSWLRQ GHV VXLYLV pFRORJLTXHV SDU OHV DJHQWV GHV $03 GH
0pGLWHUUDQpH IUDQoDLVH� /H SUHPLHU REMHFWLI HVW GH SRXUVXLYUH XQH UpÁH[LRQ VXU OD
SODFH GHV GRQQpHV pFRORJLTXHV GDQV OH IRQFWLRQQHPHQW GHV DLUHV SURWpJpHV HW GDQV OH
TXRWLGLHQ GHV DJHQWV TXL \ WUDYDLOOHQW� /H GHX[LqPH REMHFWLI GH O·pWXGH HVW G·LGHQWLÀHU
GHV GpYHORSSHPHQWV PpWKRGRORJLTXHV SHUWLQHQWV SRXU DSSX\HU OH VXLYL GX JUDQG
GDXSKLQ j O·pFKHOOH GX UpVHDX G·$03 GH 0pGLWHUUDQpH IUDQoDLVH�

'DQV OD 6HFWLRQ �� QRXV SURSRVRQV XQ PRGqOH G·RFFXSDQF\ SHUPHWWDQW G·LQWpJUHU
SOXVLHXUV MHX[ GH GRQQpHV SRXU HVWLPHU OD GLVWULEXWLRQ GX JUDQG GDXSKLQ� 1RXV
DYRQV GpYHORSSp FH PRGqOH j SDUWLU GHV MHX[ GH GRQQpHV 6$00 HW *'(*H0 HQ
UpDOLVDQW XQH DSSURFKH FRPSDUDWLYH� 'DQV FHWWH PrPH pWXGH� QRXV DYRQV H[SORUp
OD SRVVLELOLWp GH FRQVWUXLUH GHV PRGqOHV G·RFFXSDQF\ VDQV YLVLWHV UpSpWpHV DX[ VLWHV
G·pFKDQWLOORQQDJH� o�j�G GHV PRGqOHV GLWV GH � $ SDUWLU GH VLPXODWLRQV HW GHV
MHX[ GH GRQQpHV VXU OH JUDQG GDXSKLQ� QRXV VRXOLJQRQV TXH OHV PRGqOHV G·RFFXSDQF\
LQWpJUpV HW GH VLQJOH�YLVLW SHUPHWWHQW XQ XVDJH ÁH[LEOH HW SHUWLQHQW GHV GRQQpHV GH
JUDQG GDXSKLQ SRXU HVWLPHU VD GLVWULEXWLRQ�

'DQV OD 6HFWLRQ �� QRXV PRELOLVRQV j QRXYHDX OHV MHX[ GH GRQQpHV 6$00 HW *'(*H0
PDLV FHWWH IRLV SRXU HVWLPHU OHV HIIHFWLIV HW OHV GHQVLWpV GH JUDQG GDXSKLQ HQ 0pGLWHU�
UDQpH IUDQoDLVH� 7RXMRXUV j SDUWLU G·XQH DSSURFKH FRPSDUDWLYH� QRXV DYRQV FRQVWUXLW
� L� XQ PRGqOH VSDWLDO GH SRXU DQDO\VHU OHV WUDQVHFWV OLQpDLUHV GH
6$00� LL� XQ PRGqOH GH FDSWXUH�UHFDSWXUH VSDWLDOHPHQW H[SOLFLWH SRXU DQDO\VHU OHV
GRQQpHV GH SKRWR�LGHQWLÀFDWLRQ GH *'(*H0� HW LLL� XQ PRGqOH VSDWLDO LQWpJUDQW OD
SDUWLH GH HW FHOOH GH FDSWXUH�UHFDSWXUH SRXU FRPELQHU OHV GHX[ MHX[
GH GRQQpHV� 1RXV PRQWURQV TXH OH PRGqOH LQWpJUp RXYUH GHV SHUVSHFWLYHV HQFRXU�
DJHDQWHV TXDQW j O·LQWpJUDWLRQ GH GRQQpHV SRXU HVWLPHU OHV HIIHFWLIV GH JUDQG GDXSKLQ
HQ 0pGLWHUUDQpH IUDQoDLVH�

'DQV OD 6HFWLRQ �� QRXV UHYLHQGURQV VXU O·LQWpUrW GHV PpWKRGHV GpYHORSSpHV SRXU OH
VXLYL GX JUDQG GDXSKLQ HQ 0pGLWHUUDQpH IUDQoDLVH� 1RXV GLVFXWHURQV DXVVL GH OHXU
DSSOLFDWLRQ GDQV G·DXWUHV FRQWH[WHV pFRORJLTXHV HW GHV DXWUHV DYDQFpHV VWDWLVWLTXHV
j LPSOpPHQWHU� (QVXLWH� QRXV DGRSWHURQV XQH OHFWXUH SOXV JOREDOH GH OD SODFH GHV
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VXLYLV pFRORJLTXHV GDQV OHV SROLWLTXHV GH OD ELRGLYHUVLWp HQ )UDQFH HW VXU OH IRQFWLRQ�
QHPHQW GX UpVHDX G·$03� )LQDOHPHQW� QRXV SRUWHURQV UDSLGHPHQW XQH UpÁH[LRQ VXU
OD UHFKHUFKH LQWHUGLVFLSOLQDLUH HW OD SRUWpH GH FH JHQUH G·DSSURFKHV�
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��������	� é��������	� ] ���	���±��	� ^ ��]���	����	� ^
���� �	�����	���	 �� ����	������	 �� ������	����éN $���
�	� ���	� ����é�é	�Q �� ����	��	 �	 ����é	� é��������	�
�V	

	���	 �	 ���� 	� ���� ¸ ����	�� �� ���	 	� ����	
�	 ��������	� ���	���±��	� �����é� 	� �	� �	 �Ģ�é �	�
���� �V	��	��� ���� ���������
 c*�������Q ?;>;dN 0���
�é����	� ������é�	�� �	� ��������	� �	 ����	��	 �	
����é	� é��������	�Q �� ����	�� �	 ������ é��������	�N
,	� ������ é��������	� �	��	�� ì��	 	������é� ����	 ��
����	��	 ����������é	 	� ����é������	 �	 ����é	� ����
�	 ��� �	 �������	 �	� ��
é�	��	� ¸ ������ �	 �Vé������	
�V�� �� �����	��� ������ �� �����	� ����������	�
��é�é±��� c-����� 	� ��NQ ?;?>dN $��� �	� ������	Q ����
�����	���� ��	 �é±������ ����	 �	� ������ é��������	�
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����	 �V	��	���	 �	� ��é������� ��������é	� �	 ���I
�	��	 �	 ����é	� é��������	�N !����Q �� ������ ���I
�����	� �V	��	����	 ���	���±��	 ��� �	 ��������	 ����	
¸ �� ���	 	� ����	 �V��	 �é�����	 ���	���±��	 ��I
���� �	 �V����������� �	 �� �����������	 c	N�N ��������	
�Vé�������������	 ������	Q �é����	 �V������	 ������I
����	d R 	� �V	��	����	 é��������	 ��� ��������	 ��	 ���I
��������	 é��������	Q ���é�	�����	�� �� 
��� ��	
�	 ������ é�	��	 �V��	 �é�����	 ���	���±��	 �� ���
c	N�N �	� ] ���	 �V	��	��� ^dN

2	�	�����	� ��	 	��	����	 é��������	 �	��	� ��� ��I
�	��� �	 �� �	����� �	 �� ������	����é �	 ������	�
�V�����	��� ���� �� ����	 �	 �é������ �	� ��������	�
	�������	�	����	� c!���� 	� ��NQ ?;>BdN ,V	��	����	
é��������	 �����	 �� ���� �	 �é�������é ���� �	��� ��� ��
�é��	�� 	� 
��������	���� ����	 ��	 ��������� �V���ð�
¸ �V������ 	� ��� ���������
� �é���é����
� c!������é�� G
&����	�Q ?;>BR '������Q ?;>@dN 0��������	�	�� �é�	���I
�é	 �	���� �� #���	����� ��� �� $��	����é "��������	
	� ?;;AQ �V	�������� �� �	����� ¸ �V	��	����	 é��������	
� 	� ��	� ¸ �Vé��	��	 ���	���������	 c	N�N )5#.Q )0"%3d
����	 ��� ���	��� ��������� �� ������ c	N�N ����I
���	�� �	 ����	 ����é �	� �	���	�� �	 ��������	 �	
-é���	����é	Q !.$2/-%$% c?;?;dd ���� é����	� 	� ���I
�é�	� �� ������	����éN ,	 �	����� �����I����é������	
��� é���	� �V������ ����� �� ��é���	�	��Q �� 	����	
�� �é��������� �	� ���	� �V���é�ì� é��������	 ������� ��
�	����	 	� ����é	� 	�������	�	����	� �é�	�����	�
¸ �	� ����é���	�N !�	� �	� �	����� ��������� 	� 	�I
�	����	 é��������	 ������	 ���� é����	� 	� ��������	
�Vé��� �	� é������ð�	� 	� �	� 	��ð�	�Q �	� �é�����	� ���I
	���±��	� �	 ����	��	 	� �V������	 �	 ����é	� �	��	�I
�	�� ���é�����	� ���� �V������������ �	 �����������	�
é��������	�N ,	� ������������ �������	� ±����	�� �	�
��������	� �	 ����	��	 �	 ����é	� é��������	� ����
����	��	� �	 ��	 #é���	 '������ ���	��	 �	 ] �����é
�	 �V	��	����	 é��������	 ^ ��� �	��	� �	� ���
	������	��
�	 �� �	����� �	 �� ������	����é ���� ��	�é� ¸ �	 ����I
�����	�N 0���� �	� ���	���Q �� �	�� 	�����	� ��ð� ����	I
�	�� �	� ������������ �	 ����	����� �	 �� .����	Q �	�
�	���������	� �V	����	� ����é�é�Q �	� ���	��� �Vé���	�
����é�Q �� 	����	 �	� ��������������� �������	� ��é����I
��é	� ����	 �V/
±�	 &���ã��� �	 �� "�����	����é c/&"dN
2é�	��	��Q �V����	� ��������	� �	�����	��	� ����	 �	�
��������� �������	�Q �	� 
é�é������� �	 �ì��	���Q �	
�����	��� ���� �	�	��	� 	� �	���	 �	 �	 ��é�	��	�
����	 �	� ����	��� �V	��	����	 é��������	N ,� �	�	�I
�������� �V��	 	��	����	 é��������	 �é���� ¸ ��	 �é�	�I
���é é��������	 ���� � ����� ��	 ���é	 �	 �é����������
��������	N $�����	� �V��	 	��	����	 �	��	� �V���	���
�	� ±����	�	��� 	� �	 �	 ��é�	��	� ����	 ���	�����I
�	�� ��é����	 c'������Q ?;>@dN !����Q �	� ���	��	� �����I
����	� 	� �	��	��V	��	����	 é��������	 �����
���	�� �	
�é��	� �	� ���
	������	�� �	 �� ����	����� �	 �� �����	
	� &����	N ,	� �	�� �����	� ���	� 	������é	� ��� �	�
������������ �	���������	� �	 �� ������	����é ���� �	 ���I

���	� ��� 	���	��	� �V������	 	� ��� 	���	��	� �	��I
����	� ���� �� �	������������ �	� ������ 	� �� ��é�������I

���� ���������	 �	� ��	��� c'������Q ?;>@dN

!���	��	�	��Q �	� ��������	� �������	� �	
�V	�������	�	�� ���	�� ��� �	� ���	� ����é�é	� ����	
����� ������é��é �	 �	����� �	�����	�� �����	�� c"������Q
?;;FdN ,	� ������ é��������	� ��������	�� �� é�é�	��
�	����� �� 
��������	�	�� �	� ���	� ����é�é	� 	�
��������	�� �	 �������	� �	� ��	��� ��� � ��������	��
c'������Q ?;>@R 6���� 	� ��NQ ?;>EdN 0���� �	� é���	�
������� ��� �	� ��������	� 	� �	� ��������	��� �	 �� ���I
���	����é 	� &����	Q �	 ����	� ����� � é�é �	� ���	���N
,	� 
�ã��	� �������	� 
���ã���	� ���� �����é	� ��� ��
�é�	�� �V!��	� -����	� 0���é�é	� c!-0d ��� ��������	��
�V����� ������������	� �	 ����	����� �	� �	�� 	� ��é���
c!�����Q >FFAd 	� �� ����	�� ����	� �	� ��������	� �	
�� ������	����é ���� �é����é	� �	 
�ã�� �������	 ��
����	� ] �	��	���	 ^N ,	� !-0 ���� �	� ������������
�������������	� ��� �������	�� 	� ������	�� �	� ����é	�
é��������	� ���� �	���	 	� ����	 �	� �������	��� 	� �	�
�é��	�	�������� �����	� c$����� 	� ��NQ ?;?;dN !����Q
�	� !-0 
���	�� �� �é�	�� ���� �� ������������ ¸ �� ���I
������� �	 ����é	� é��������	� ��� �	 ����	� ����� 	��
���������	Q ������	�� ��� �	 ���� �	� ��������	� �����I
�������	��	� �é�	��	� ����	 �	� ���	��� ����é����	�
c	N�N )&2%-%2dQ 	� �� ��������	 �	� ���	��� ����é� ��
���������
�N

,� ����	��	 �	 ����é	� é��������	� 	� �	� �V�������
���� �� ����	 �é�������
 ��	� �é±��N 2é�	��	�� ��I
����� ���� �V��	��� ���	��������� �	 ����	����� �	 ��
������	����éQ �� $��	����	 #���	 3����é����	 ���� �	 -�I
��	� -���� c$#3--d 	�� ���é	 ��� �V5���� %����é	��	
���� ��������	� �� ����	 ������ �	� ��������	� ��I
������	� �	 ����	����� �	� �	�� 	����é	��	� c,� $��	�I
���	 #���	 3����é��	 0��� ,	 -���	� -���� c$#3--dQ ?;;EdN
#����	 é��� �	���	 ���� �������	 �	� ��������	� �	
����	������	 �±� �Vé����	� �	� �������	�Q �	� ��	������Q
	� �Vé��� �	 ����é �	� é������ð�	� ������ ��� �� ������I
���� �V�������	��� c	N�N ���� �	� �é��	�� ²������ 	� �	�Q
�	� ������ �	 �ì��	�Q �Vé��� �	� ����������� �V���	���Q
�	 �����
ð�	� �����Q "�����	� 	� ��N c?;>EdR ,��I
�	�� 	� ��N c?;?;dR ,���� 	� ��N c?;>DdR 0	��	� 	� ��N
c?;>DddN ,V���	���
 	�� 	�����	 �	 �	���	 	� ķ���	 �	�
�é��	�	�������� �é�	�����	� �� ������	� �� ��� é���
é��������	 �� ����	� ����� c	N�N ���	�������� �� �����I
���	 ���� �	� �	���	�� �	 0�������	Q ���ì�é ������é��	�
��� �� �ì��	 ��� �é����dN 0��� �������	� 	� �é�	���I
�	� �	� �����	�� ������ é��������	� 	���é� ��� �	 ���I
�����	 �	 ����	������	 �	 �� $#3--Q �	� !-0 ���� ���I
�����é	�N $	���� ?;>;Q ��� 0���� .����	�� -����� ��� é�é
±����é� 	� ��é	�Q ����� ��V	� ������ð�	Q �� $#3-- �	
�é����	 ��	� �	� 	���	��	� ������é	� 	� �	��	� �	 ���I
�	��	 �	 ����é	� é��������	�N ,V����	������� �� ���I
��	 	� �	 �� ���
��	 �	� !-0 � 	������é ��	 é��������
���	���±��	 	� �������������	 ���� �	� ������������ �	
�� ������	����é 	� &����	N %� -é���	����é	 
���ã���	Q
�	� !-0 ��	��	�� ��

é�	��	� 
���	� ������������	��	�Q
�	�	����� 	��	� 
���	�� �� �é�	�� ���é�	�� �Ō �	� 	�I
�	�� é��������	� 	� �	������ ��������	� �	 ������ ����
������� ¸ �V	��	���	 �	� ��������	� c&����	 >dN

@F



$V��	 ����Q �� ������	 �	 �V	��	����	 é��������	 �����	
�	 ����	 �	 �� �	����� �	 �� ������	����é 	� �

	��	 ��I
���	��	�	�� �	����	������N $V����	 ����Q �� ���������	
	���	 �� �é�	��	 ����é�	������� �	 �� $#3-- 	� �	 �	�I

���	�	�� �� �é�	�� �V!-0 ������� ¸ �� ��������	�	��
��������� �	� �	����� 	� 	��	����	 é��������	 	� �	�N
!����Q �� ����	������	 �� ������	����é�����	 	�� 	���	��
�é�	����	�	�� 	� &����	 	� �	� ��	��� �	� !-0 	� ����
�	� ���	��� �	 ��	��	� ����Q 
���������� �� ����	��	
���������ð�	�	�� �	����	�� ���� é����	� �� ������������
�V	��	����	 é��������	 ���� �	 ����	� �����Q 	� �	� ��I
���������� ���� �	 �é�	�� �V!-0 	� ���� �	� ��������	���N
$��� �	 ����	��	 �	� é����é �����V���Q ����	 ���	���
 	��
�V������	� �� ����	 �	 �V	��	����	 é��������	���� �	 
���I
�����	�	�� �	� ���	� ����é�é	� ¸ ����	�� �� �	��	�����
�	� ��	��� �	� !-0 �	 -é���	����é	 
���ã���	N $���
�� ��	��	� �	���Q ���� �	����� ����	�� �	� ������
é��������	� ��������	�� �	 
��������	�	�� �	� !-0 ¸
����	�� �� ���������� �V��	 	��	����	 é��������	 �V��	
���������	 �������	 ���� �V!-0N 2	�	�����	� ��	 ���I
��������	 �����
����	 �	 �	�� �	�������	 �	��	� �	 
���	
���	��	� �V!-0 ����	 ���	�� �	 �� ������	����é ���
�	�� �	� ���	������	��� ������ 	� ���������N $��� ��
�	���ð�	 �	���Q ���� ���	��	���� ��	 ���� �é���I
��	 ¸ �	� �	����� �V	��	����	Q �� �������������� �	�
��������	� �	 ������ é��������	� ���� �V!-0 
��� �	�	�
�� �����	 ��� �� ������é �	 �V	��	����	 é��������	 	�
����ð�	�� �	� ������	� ��� �	� ���������� �	 ������� �	�
��	���N &����	�	��Q ���� ������	���� �	 �� ����	 �	
�V	��	����	 é��������	 ���� �	 ����	���� �	 ����	 �	 �éI
������ �	� ��������	� �	 ����	����� ������	� �����N

,	 ������	 ������������	� �	� !-0 �	 -é���	����é	

���ã���	 	�� ����é 	� �����	��� ������� �	 ����	�����	
��	����	��N #	�����	� !-0 ���� �é�é	� ��� �	� ����	�I
�����é� �	���������	� c	N�N 0��� .����	� 2é������ I 0.2 I
�	#������	Q ��������I����	Q ������	dN $V����	�!-0
�	�ð�	�� �� ������ð�	 �	 �Vé������	 ����	 �	� 0����
.����	�� -����� c0.-d 	� �	� 0���� .�������� c0.dN
,V������������ ���	��	 �	� !-0 	�� ���
���é�	�� ��²�I
	��é	 ��� �� ����������� 	���	 ��	 ����	�����	 ��é	 ¸
�V/
±�	 &���ã��� �	 �� "�����	����é c/&"d ��� �� ��	� �	�
±����	�	��� �é����	��� �����é� ��� �Vé���Q �� ��	 ���I
�	�����	 ��� �	� ����	������é� 	� �	� ±����	�	��� ����
��é����	�N .��� �����	���� �	� ��	 �	 �	����	 ��� �� ���I
�	�����	 �	� !-0 ¸ �	� ±�� ����������	� �� ������	
������������	�N

$����� �	�� ���Q ���� ����� ������� �	� 	���ì�	� ����I
������	� �	 �	����� �é����é	� ����ð� �	� ��	��� �	 ����
!��	� -����	� 0���é�é	� �	 -é���	����é	 
���ã���	Q 	�
�	 �V/
±�	 &���ã��� ���� �� "�����	����é c/&"dN .���

����� �é����é �	� 	���	��	�� �	��I���	���
� ��������	��
���� 	�����	� �� �	��	����� �	� ���
	������	�� �	 �� ���I
���	����é �����	 ����	����� �	� ������ é��������	� 	�
�	�� ����	 ���� �	 
��������	�	�� �	� ��������	� �	 ���I
�	����� �� ����	� �����N ,	 ����	 �V	���	��	� ������I
���� ��	��	 	� ��	 ��	������ ��������é	� 	� ����� �����	�
���������	�N

,� ��	��ð�	 �����	 ����	 ��� �V�������é ���
	������	��	
����	��	 	� ����é	 �	 �� �	�����	 ���	��	 �	 �V	���	��	�N
.��� � �������� �	��������� ����	��	� �� �	�� �	 �V!-0
����� ��	 ��� �������� é������
 	� ���
	������	�N ,�
�	���ð�	 �����	 �	 �V	���	��	� ���	 ¸ 	�����	� �	� �����I
����� ���� �	���	��	� �V��	�� �	 �V!-0 �é����	 �	� ������
é��������	� �����	�� �� ��	�� ����N ,	� ��	������ ���I
�	�� ��� �	���

é�	��	� é���	����é����	�	���	� ������
é��������	�Q �	 �� �é±������ �V��	 ��	����� ���	���±��	Q
¸ �� �	��������� 	� ¸ �V������	 �	� �é�������Q 	� �������
��� �� ���	 	� ����	 �V�� ��������	 ��� �	 �	�����N $���
��	 ������ð�	 �����	Q ���� 	�������� �� ����	 �	� ������
é��������	� ���� �	 
��������	�	�� �	 �V!-0Q 	� ���I¸I
��� �	� ��������	� ��������	� �	 ����	����� �� ����	�
�����N

$����� �V	���	��	�Q �V	���ì�	�� �V�������� ��	 �����	
���	� �� ����	 �V	���	��	� é���� �����éQ �ì�	 �� �	�I
����	� �é����	� �é������	�� �� ���	� é����éN (��� !-0
�	 -é���	����é	 ��� é�é ����é	� ����� �	� ���� �����I
����	� 	� �	��	� �	 ���
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AB �����	�N !� �����Q ?? �	�����	� ��� �é����� ¸
�V	���	��	�N ,	� 	���	��	�� ��� 	� ��	� ���	��	�	�� ����
�	� ���	��� �	� !-0Q �� ��� �	 �	�����N %� ������ �	�
�	���������� ��������	� ��é	� ¸ �Vé���é��	 �	 #����I>FQ
�����	 	���	��	�� ��� é�é 
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�	�����Q �	� ������	 �V�����	 ����� ��� �V����������� �	
�V�� �	� ���	��� ���� �	 ����	 �	 ��� ������� ������� ���
�Vé���	 �	� ������ é��������	� �	� �����
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¸ �� 
������� �������	 �Vé��� 	� 
��� �����	 �	 0��� .�I
���	� -���� �� �	 0��� .������� ������ ��	 >; ���� 	�I
����é� ��� �	� ����	������é� �	���������	� c������	Q ���I
���������	Q 0���.����	� 2é������Q ����	������é �	#���	dN
F ���� �	� ��	��� �	 �	�����Q F ���� �	� �����é� �	 ���I
�����Q 	� @ ���� ���	�����	� �� ���	��	��� �V!-0N )� � � D
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,	� ������ é��������	� 	� �	� ����é	� �é����é	� �	��	I
��	�� ��� !-0 �	 ���������	 ��	 	��	����	 é��������	Q
��� �	�� ¸ ��
���	� �	� �	����	� �	 �Vé���Q �	��	���	� �	�
�������	��� �	 �� $#3--Q 	� é�����	� �� ���	 	� ����	
�	� �é��	�	��������N ] ,� ����	 �	� ������ 	�� �	 
������
�	� ����	� ���� �	���	 	� ����	 �	� ������ ���� �� ����	����� ^
}D �������	 �� ��	��N ,	� ��	��� �V!-0 �	�	�����	��
��	 	��	����	 é��������	 �	 ������é ��� ��	�� �	 �� ���I
��������	 ±�	 �� ����	��	 �����N ,� �	����� �	 ������I
��é 	�� �	�� �����Q ��� ��� ��������	�� �	��� �	�������	� 	�
�	�ã���	�� �	��� �����������	� ����	 ���� �é�����	�
��	 �	� �������	��� ¸ ����	 é��	��	N 0��� �	� ��	���Q
�V	��	����	 é��������	 	�� ] �	 �V���������	 �� �	���������	

��� ���	��	�	�� 	� ��	� ��	� �	� �����é������	� �	 �	�����N
,V	��	����	 �	 �	�����Q �V���������	 �	 �� ���	 	� ����	 �� �����Q
�� � � ��	 �	 �	���������	 ��� �� ������� ^ }>BN ,	� �	�I
��������	� �V!-0 ���	�� �����±	� �	 �� ±������é �	 �	���
����é	�N $	 ��� �� �����������	 �����
����	 �	 �	��
�	�������	 	� ��� �	��� �	������� �	 ��������é ��	� �	�
���	��� ������Q �	� ��	��� �V!-0 ��������	�� 	�������	I
�	�� �	� �	����� �	 �	�� ���	Q ��������	�	�� ��� ����I
����	� ��������	� �� 	����é	��	� ����	 �� $#3--N
,	� �é��	�	�������� ����	� �	� ������ ��������� ����
���
��� �	�ã�	� ����	 �	� ��é���	�Q 	� �� �	����	��	
�	� �é��	�	�������� 	�� ���
��� ����	��é	 ��� �	� !-0N
] /� ���	���� ì��	 é����é 	� ����� ����Ģ� ��V	� ����Q ����
�V	�� �¸ ��V�� ���	���	��Q ����� �� �	���	 	�� ���é	Q ����	
����� ��� �����������Q �� 
��� �	����	� ��� ����é	� 	� ��
�	�	� ���� 	� ����	N ^ }? !����Q �	� ��	��� �V!-0 	�I
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	��	�� é��������	� �� �	�������	 �	��	� �	 �é�����	�
�V	����	��	 �	 �V!-0 ���� �	 �	� �	� ���	��� �	 �� �����I
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	�Q
���� �	� !-0 �� 
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�	 ����	�� �	 ���� �é���������� �V	��	���	 �	� ������I
�	��� é��������	� ¸ �	����� 	�� ���	 �����	Q 	� �	� ���I
����� �	 ������ é��������	� ��	��	�� ��	 ����	 ��é���I
�����	 ���� �V	����� �� �	��� �	� ��	��� ��� ������� ¸
�� ����	������	N ] .�����	�	��Q �V	�� E;l �	 �����������	Q
	� ?;l �	 �����	N ^ �������	 �� ��	�� �� 0��� .����	�
-���� �� '��
	 �� ,���N 4����� ��	 �	� !-0 �é�é	� ¸
���� �	���	 é��	��	 c	N�N 0��� .����	� 2é�������Q 3����I
��� -���	 �	 �� #Ģ�	 "�	�	d �é�é±��	�� �V��	 ����	 �	
���ķ���	 ���� ���������	 ���� �� �é±������ �	 �	���
���	���
� �	 ����� 	� ���� �V������������ �	 �	��� ���I
�����N ,	� é����	� ���� ���� �	���	� 	� ���� �	� ��	���Q
�� ����	������	 �	�� ��	���	 ��	 ����	 ���� ���������	Q
��	� ��	 �Vé���� ��� ���	��	��é� ���� �� �	�����������N
.é�������Q �� ���	��	 �	� �	�����	� ������	� �	 ����I
���	������	�	�� �	� ����	�� ���� �	� !-0N ,� ����I
�����	 ��
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I
������ ����� ��	 �	� �	����� ���é��	�� ���� ���	 ���I
�	�� �����
���� ¸ �	 ���	� 	��	������N ] /� 	�� ��	�N .��	��
���	�����	�	�� �V	�� ��� ��	� ��� ���� ��	���	Q �� � �� ���
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	���
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±����N ^ }>;N
,	� ��	��� �����	�� �� ����� �� ������������ 	���	 �	� ��I
�	���
� �
±��é� 	� �� �����	 �	� �	����	�	���N ] 0	��Iì��	
��V�� � ����� 
���	 �	� ����	� ���� 	� �����N -��� �� 	�� �	
����� 	� ����� �����	�� ����� ^ }>FN
0������	 ��	 	��	����	 é��������	 �����ð�	 	� �	 ����I
��é �������	 ��	 �����	 ���������	 	� �	��	� �	 ����I
���é �	 ����é	� ¸ ����	��	� ���� �V!-0N $��� �	� �����I
����� �	 �����	 �	 ���	�� �������Q �� �é��������� �	
�V	��	���	 �	� ��������	� �	 ������ é��������	� 	�� ���I
�����é	N 5� ��	�� �é�����	 �� ����I���	������	�	��
�	� ����	�� ��� ������� ��� ���	���
� ±�é� ���� �	 ��
��é����� �	 �V!-0 P

] ,	 ����� �V	�� ��V�� �V	�� ��� ���	������é ����N
1���� �	 ������ �	 0.-Q ��� 	�� �é�	��Q �V	�� 
��� 	�
?;>>Q �	� ���������� ����é����	� é���	�� ��
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	����	�	�� @;IA; �	�����	� ��	�
�� ����	�Q �� ������� 	������	� ��	�� �	 ����	� ���

��	 �� �é����é �������V���Q �V	�� ��V�� ����Q ����� ��

� � >; �	�����	� �V	�� ��	�N %� �	� ����	��Q �� ����
������� ��V��� ������	��N ,	 0.- �V)����	 
������
��	�� �	 ������ ����	 ��V��� é���	�� 	����é� ���� ��	��
�	 �é�����	� ¸ �� �	��	 é����	 	� �� � � ��	�� �	 ������
��V��� ��� �����éN 0���	 ��V�� �V� � ���� �	� ����	�� 	�
���� �	 ���	�� ������� ^ }C
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	���
� ��� ������� ���
���	���
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�	 ���� �	� ��������	� 	�� ��������é	Q �	� ��	��� ����
���
��� �������� ¸ �	���� ������� 	���	 �����	��� ������
é��������	� P

] %� �é����	 �	 
���	 
�é��	������� �V	�� ���� ���N Ɓ�
�	�� ����	� ��	� �� 
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�	 ��� �é�é����	 �� ������é �	� ������ 	
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��I
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] ,	� �����é� �	 ������� �V��� ��� ���	 �	 �	���
���� ������N $��� �� � � �	� ��������	� �Ō �� �	 �	��
�����	 ��V�� � � �� �é�����	 	���	 �� ����	 �	 ����é	
��� �	 �	����� 	� �	 �����	�	�� 	�����	 ^ }>;

0�� ����	���Q �	 �	��� �é�	�����	 ¸ �� �é±������ �	� ���I
�����	� �	�������	� P ] /� � ��	���±é �	� �������	��� ����
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	����� ���� ��� ����	�� ���� �	������
����	 �V��	 ] ������� ^ P
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��I
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�	 ������� ������ ���	 O �� 
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���� ����	�����	� �	 �	 �	�����	� ���� �	 �����	��	�
������������ �	 �	����� �	 �� ������	����éQ ������������Q
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X
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h?2 Q#D2+iBp2 Q7 i?Bb /Q+mK2Mi Bb iQ T2`7Q`K � bBKmH�iBQM bim/v iQ �bb2bb i?2 T2`7Q`K�M+2 Q7 BMi2;`�i2/
Q++mT�M+v KQ/2HbX q2 2tTHQ`2/ r?2i?2` bBM;H2@pBbBi UaoV Q` `2T2�i2/@pBbBib U_oV Q++mT�M+v KQ/2Hb #2M2}i
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KQ/2H T�`�K2i2`bX

q2 bBKmH�i2/ Q++mT�M+v /�i� #�b2/ QM � }+iBp2 +Qp�`B�i2 �z2+iBM; i?2 H�i2Mi Q++mT�M+v T`Q+2bb- �M/ 9
b�KTHBM; Q++�bBQMbX h?2M- r2 +QMbB/2`2/ irQ /Bz2`2Mi /�i�b2ib iQ }i Q++mT�M+v KQ/2Hb, BV � /�i�b2i rBi?
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Ç _o Q++mT�M+v /�i�b2i +QMbB/2`BM; 7Qm` b�KTHBM; Q++�bBQMb U V- ?2`2�7i2` ǵ_oǶ
Ç ao Q++mT�M+v /�i�b2i +QMbB/2`BM; i?2 QM2 bBM;H2 b�KTHBM; Q++�bBQM U V- ?2`2�7i2` ǵaoǶ

6Q` 2�+? p�Hm2 Q7 U - �M/ V- r2 #mBHi _o- �M/ ao /�i�b2ib rBi?,

Ç HQr /2i2+iBQM T`Q#�#BHBiv bBKmH�iBQMb-
Ç ?B;? /2i2+iBQM T`Q#�#BHBiv bBKmK�iBQMb-
Ç #Qi? /�i�b2ib +QK#BM2/ BM �M BMi2;`�i2/ /�i�b2iX

Pp2`�HH- r2 Q#i�BM2/ Q++mT�M+v KQ/2Hb iQ R3 /�i�b2ibX
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_2;�`/BM; i?2 +Qp�`B�i2 2z2+i bBx2 QM Q++mT�M+v T`Q#�#BHBiv U6B;X R�@"V- i?2 _Ja1 p�Hm2b r2`2 bBKBH�`
r?�i2p2` i?2 Q++mT�M+v KQ/2H r2 +QMbB/2`2/X Pp2`�HH- r2 7QmM/ � #2ii2` T`2+BbBQM �M/ #B�b 7Q` ?B;?2`
Q++mT�M+v U฀ 4 yXjVX q?2M `2+QMbi`m+iBM; i?2 Q++mT�M+v T`Q#�#BHBiv ฀ U6B;X R*@.V- i?2 `2bmHib #2ir22M
bBM;H2@pBbBi �M/ `2T2�i2/@pBbBib r2`2 bBKBH�` iQ 2�+? Qi?2`- �Hi?Qm;? bBM;H2@pBbBi Q++mT�M+v KQ/2Hb 2t?B#Bi2/
� bHB;?iHv ;`2�i2` _Ja1 �M/ _"X 6Q` bBM;H2@pBbBi Q++mT�M+v KQ/2Hb- BMi2;`�i2/ Q++mT�M+v KQ/2Hb 2t?B#Bi2/
#2ii2` T`2+BbBQM �M/ #B�b i?�M Q++mT�M+v KQ/2Hb mbBM; i?2 /�i�b2i BM BbQH�iBQMX

Pm` bBKmH�iBQMb b?Qr2/ i?�i BMi2;`�i2/ Q++mT�M+v KQ/2Hb T�`iB+mH�`Hv #2M2}i iQ bBM;H2@pBbBi Q++mT�M+v
KQ/2Hb iQ BKT`Qp2 i?2 T`2+BbBQM �M/ #B�b r?2M 2biBK�iBM; Q++mT�M+v T`Q#�#BHBivX q2 bm;;2bi i?�i +�`2 b?QmH/
#2 i�F2M r?2M +QMbB/2`BM; ao Q++mT�M+v 7Q` /�i�b2ib i?�i �`Bb2 7`QK `2/m+2/ b�KTHBM; 2zQ`i +QmTH2/ rBi?
HQr /2i2+iBQM T`Q#�#BHBiv- r?B+? +�M T`Q/m+2 bK�HH MmK#2`b Q7 /2i2+iBQMb r?B+?- BM im`M- H2�/b iQ /2;`�/2/
T2`7Q`K�M+2 Q7 bBM;H2@pBbBi Q++mT�M+v KQ/2HbX hQ Qp2`+QK2 i?Bb Bbbm2- `2/m+BM; i?2 �KQmMi Q7 b�KTHBM;
2zQ`i T2` ;`B/@+2HH +QmH/ #2 #�H�M+2/ #v �M BM+`2�b2 BM i?2 MmK#2` Q7 b�KTH2/ bBi2b MQi iQ /2+`2�b2 T`2+BbBQM
BM Q++mT�M+v 2biBK�i2bX _2bmHib 7`QK #Qi? S2�+? 2i �HX UkyRdV �M/ Qm` bBKmH�iBQM bim/v +QKT�`BM; bBM;H2@
�M/ `2T2�i2/@pBbBi TQBMi2/ Qmi i?2 HBKBi2/ T2`7Q`K�M+2b Q7 bBM;H2@pBbBi Q++mT�M+v KQ/2Hb BM i?2 +�b2 Q7 HQr
Q++mT�M+v UamTTQ`iBM; BM7Q`K�iBQM RV- �M/ r?2M i?2 MmK#2` Q7 /2i2+iBQMb Bb HBKBi2/X

Pp2`�HH- Qm` bBKmH�iBQMb mM/2`HBM2 i?�i BMi2;`�i2/ bBM;H2@pBbBi Q++mT�M+v KQ/2Hb +�M #2 mb2/ iQ Q#i�BM `2HB�#H2
2biBK�i2b Q7 Q++mT�M+vX
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�++QmMi 7Q` BKT2`72+i /2i2+iBQM rBi? �iH�b /�i�X - UeV- kyjjĜky9kX ?iiTb,
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/HV HQWUHWLHQV UpDOLVpV �6HFWLRQ �� HW OH GLDORJXH DYHF OHV SURIHVVLRQQHOV GH OD ELRGLYHU�
VLWp VRXOLJQHQW TXH OD FRQVWUXFWLRQ G·LQGLFDWHXUV pFRORJLTXHV HVW DX FHQWUH GHV HQMHX[
LQVWLWXWLRQQHOV HQ0pGLWHUUDQpH� 2Q LGHQWLÀH WRXWHIRLV SOXVLHXUV YHUURXV HW GLIÀFXOWpV
ORUV GH O·HVWLPDWLRQ G·LQGLFDWHXUV pFRORJLTXHV� 3DUPL HX[� RQ FRPSWH OHV SUREOqPHV
G·pFKHOOH OLpV j O·DUWLFXODWLRQ GLIÀFLOH HQWUH OHV REMHFWLIV GH FRQQDLVVDQFH GHV $03 j
O·pFKHOOH ORFDOH HW FHX[ GH O·2)% j O·pFKHOOH GH OD IDoDGH� &·HVW OH FDV SRXU OH JUDQG
GDXSKLQ � OHV LQGLFDWHXUV pFRORJLTXHV GH GLVWULEXWLRQ HW G·HIIHFWLI VRQW QpFHVVDLUHV
SRXU UpSRQGUH DX SURJUDPPH GH VXUYHLOODQFH GH OD '&600 G·XQH SDUW� HW SRXU OHV
WDEOHDX[ GH ERUG RX SODQ GH JHVWLRQ GHV $03 G·DXWUH SDUW� &HSHQGDQW� OHV LQGLFD�
WHXUV JOREDX[ GH OD '&600 QH SHUPHWWHQW SDV GH VDWLVIDLUH OHV EHVRLQV GH SUpFLVLRQ
GHV $03 TXL GRLYHQW pWDEOLU GHV LQGLFDWHXUV j O·pFKHOOH ORFDOH� 3DU H[HPSOH SRXU OH
FDV GHV VXUYROV SRXU OD PpJDIDXQH PDULQH� XQ DJHQW GH O·2)% LQGLTXH �
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'DQV FHUWDLQV FDV� OHV LQGLFDWHXUV pFRORJLTXHV SURGXLWV SDU OHV VXLYLV JOREDX[ QH VRQW
SDV FRPSDWLEOHV DYHF OHV GRQQpHV UpFROWpHV SDU OHV $03 FDU OHV SURWRFROHV GH UpFROWH
VRQW GLIIpUHQWV �SDU H[HPSOH HQWUH GHV GRQQpHV GH FRPSWDJH HW GHV GRQQpHV GH SKRWR�
LGHQWLÀFDWLRQ�� /HV SURWRFROHV GHV VXLYLV JOREDX[ VRQW SDUIRLV WURS JURVVLHUV HW SHX�
YHQW SURGXLUH GHV UpVXOWDWV HUURQpV VHORQ OHV $03� 8Q H[HPSOH FRQFHUQH OHV KHUELHUV
GH SRVLGRQLH � � SRXU OHTXHO VRQW SURGXLWV GHV FDUWRJUDSKLHV GHV KHU�
ELHUV j O·pFKHOOH GH OD IDoDGH� /D GpÀQLWLRQ GHV ]RQHV LQWHUGLWHV DX PRXLOODJH GHV
EDWHDX[ VH IRQGHQW VXU FHV FDUWRJUDSKLHV PDLV OHV $03 FRQWHVWHQW OHXU SUpFLVLRQ� $
FH SURSRV� XQ DJHQW G·$03 VRXOLJQH �

3DUIRLV� OHV VXLYLV pFRORJLTXHV GHV $03 HW OHV VXLYLV j ODUJH pFKHOOH VRQW GLIÀFLOHV j FR�
RUGRQQHU� /HV pFDUWV HQWUH OHV REMHFWLIV GHV$03 HW FHX[ GH OD IDoDGH0pGLWHUUDQpHQQH
VRXOLJQHQW XQ UpHO HQMHX RSpUDWLRQQHO HW SROLWLTXH� ,O IDXGUDLW UHQGUH FRQFLOLDEOH OHV
GRQQpHV pFRORJLTXHV UpFROWpHV SRXU LQIRUPHU OHV REMHFWLIV DX[ GHX[ pFKHOOHV VSDWLDOHV�
FRPPH SUpFLVp H[SOLFLWHPHQW GDQV OHV HQWUHWLHQV SDU OH PrPH DJHQW GH O·2)%� FRQ�
VFLHQW GX SUREOqPH �

6DQV SRXU DXWDQW SRXYRLU V·DWWDTXHU j OD FRRUGLQDWLRQ GHV SURWRFROHV GDQV OHV $03�
OHV PRGqOHV VWDWLVWLTXHV GpYHORSSpV SHQGDQW FHWWH WKqVH FRQVWLWXHQW XQ VRFOH SURPHW�
WHXU SRXU O·LQWpJUDWLRQ GHV GRQQpHV LVVXHV GH SURWRFROHV YDULpV� HQ SDUWLFXOLHU DX
YX GX FRQWH[WH LQVWLWXWLRQQHO GH OD SODQLÀFDWLRQ GHV VXLYLV pFRORJLTXHV� '·DSUqV OHV
pFKDQJHV DYHF OHV JHVWLRQQDLUHV� O·REMHFWLI SRXU OH JUDQG GDXSKLQ HQ0pGLWHUUDQpH HVW
GH GpYHORSSHU OHV VXLYLV GH SKRWR�LG GDQV OHV $03 DYHF� HQ SDUDOOqOH� OD SpUHQQLVD�
WLRQ GHV VXUYROV DpULHQV j O·pFKHOOH GH OD =((� /HV GHX[ W\SHV GH GRQQpHV XWLOLVpV SRXU
OD FRQVWUXFWLRQ GHV PRGqOHV GDQV OHV 6HFWLRQV � HW � �VXUYRO DpULHQ� HW SKRWR�LG� VRQW
GRQF DPHQpV j rWUH FROOHFWpV GH PDQLqUH UpFXUUHQWH HQ 0pGLWHUUDQpH� FH TXL UHQIRUFH
OD SHUWLQHQFH GHV RXWLOV GpYHORSSpV GXUDQW FHWWH WKqVH�

'H IDLW� O·XWLOLVDWLRQ GHV PRGqOHV LQWpJUpV SHXW rWUH MXGLFLHXVH DX[ GHX[ pFKHOOHV � OR�
FDOH HW JOREDOH� 7RXW G·DERUG j O·LQWpULHXU G·XQH $03� SOXVLHXUV SURWRFROHV GH VXLYLV
SHXYHQW FRH[LVWHU� /HV 3DUFV1DWXUHOV0DULQV pWDQW GHV$03 WUqV pWHQGXHV DX ODUJH� OH
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VXUYRO DpULHQ HVW HQYLVDJp SRXU SURVSHFWHU OHV ]RQHV SpODJLTXHV� PDLV GX VXLYL F{WLHU
HPEDUTXp HVW PHQp HQ SDUDOOqOH SRXU OD SKRWR�LGHQWLÀFDWLRQ GX JUDQG GDXSKLQ� 3RXU
FHV W\SHV G·$03� O·XWLOLVDWLRQ GHV PRGqOHV LQWpJUpV SHUPHWWUD GH UHQVHLJQHU OHV LQ�
GLFDWHXUV pFRORJLTXHV QpFHVVDLUHV DX SODQ GH JHVWLRQ� /HV DJHQWV GX 3DUF 1DWXUHO
0DULQ GX &DS &RUVH HW GH O·$JULDWH� HW FHX[ GX 3DUF 1DWXUHO 0DULQ GX *ROIH GX
/LRQ QRXV RQW GpMj VROOLFLWp SRXU QRXV IDLUH SDUW GH OHXU LQWpUrW SRXU FHV PpWKRGHV
VWDWLVWLTXHV SHUPHWWDQW O·LQWpJUDWLRQ GHV MHX[ GH GRQQpHV j O·pFKHOOH GH OHXU $03� $
O·pFKHOOH GH OD IDoDGH� O·2)% WHQWH GH FHQWUDOLVHU OHV GRQQpHV pFRORJLTXHV GHV $03
�SURJUDPPH 78560('�0,5$&(7, �������� /HV RXWLOV GH PRGpOLVDWLRQ LQWpJUpV SHU�
PHWWURQW G·DQDO\VHU FRQMRLQWHPHQW OHV LQIRUPDWLRQV DSSRUWpHV SDU OHV $03 HW OHV LQ�
IRUPDWLRQV LVVXHV GHV VXUYROV DpULHQV j ODUJH pFKHOOH TXL RQW YRFDWLRQ j rWUH SpUHQ�
QLVpV SDU O·2)% WRXV OHV � DQV� 'X SRLQW GH YXH GH OD PRGpOLVDWLRQ� pWDQW GRQQp TXH
OHV SURWRFROHV GH SKRWR�LG VRQW HIIHFWXpV j ÀQH pFKHOOH GDQV OHV $03� OD UpVROXWLRQ
GX SURFHVVXV pFRORJLTXH GHV PRGqOHV SRXUUDLW rWUH VXIÀVDPPHQW pOHYpH SRXU UpSRQ�
GUH VLPXOWDQpPHQW DX[ H[LJHQFHV GH GpWDLO GHV $03 HW SRXU pWDEOLU OHV LQGLFDWHXUV
j O·pFKHOOH GH OD IDoDGH� $LQVL� O·2)% D O·RSSRUWXQLWp GH GpYHORSSHU XQ FDGUH LQWp�
JUp G·HVWLPDWLRQ GHV LQGLFDWHXUV pFRORJLTXHV GX JUDQG GDXSKLQ HQ UpFRQFLOLDQW OHV
pFKHOOHV G·pWXGHV ORFDOHV HW JOREDOHV�

$ÀQ GH SRUWHU j FRQQDLVVDQFH GHV JHVWLRQQDLUHV G·$03 O·H[LVWHQFH GH FHV RXWLOV VWDWLV�
WLTXHV� OD SURFKDLQH pWDSH GH PRQ WUDYDLO FRQVLVWHUD j RUJDQLVHU XQH UHVWLWXWLRQ DX[
DJHQWV GHV $03� FH TXL Q·D SX VH IDLUH OH WHPSV GDQV OD WKqVH GX IDLW GHV FRQGL�
WLRQV VDQLWDLUHV� 1RXV HVSpURQV GDQV XQ IXWXU SURFKH SUpVHQWHU OHV RXWLOV VWDWLVWLTXHV
GpYHORSSpV HW GLVFXWHU GH OHXU PRELOLVDWLRQ SRXU O·HVWLPDWLRQ GHV GLIIpUHQWV LQGLFD�
WHXUV pFRORJLTXHV GDQV OHV $03 HW DX QLYHDX GH OD IDoDGH SDU O·2)%� 8QH UHVWLWXWLRQ
DXSUqV GH OD GpOpJDWLRQ GH IDoDGH 0pGLWHUUDQpH GH O·2)% HVW SUpYXH� HW XQH DXWUH
HVW HQYLVDJpH DX[ $WHOLHUV 7HFKQLTXHV GH )DoDGH TXL VRQW GHV VpPLQDLUHV UpJLRQDX[
UpXQLVVDQW OHV DJHQWV G·$03 GH0pGLWHUUDQpH DXWRXU GH TXHVWLRQV WHFKQLTXHV� 1RXV
WHQRQV pJDOHPHQW j UHVWLWXHU OHV WUDYDX[ GH VFLHQFHV VRFLDOHV DX[ DJHQWV GHV $03
VRXV XQ IRUPDW j GpÀQLU�

6L OHV GRQQpHV LVVXHV GH VXUYRO DpULHQ HW GH SKRWR�LGHQWLÀFDWLRQ VRQW PDMRULWDLUHV
SRXU OH JUDQG GDXSKLQ HQ 0pGLWHUUDQpH IUDQoDLVH� G·DXWUHV MHX[ GH GRQQpHV
SRXUUDLHQW rWUH FRQVLGpUpV SRXU O·LQWpJUDWLRQ GDQV OHV HVWLPDWLRQV G·LQGLFDWHXUV
pFRORJLTXHV� 'DQV OH FDV GHV SURWRFROHV GH WUDQVHFWV OLQpDLUHV SRXU O·HVWLPDWLRQ GHV
VWRFNV GH SHWLWHV SrFKHV SpODJLTXH �SURJUDPPH 3(/0(' � %DXGULHU HW DO� �������
RX SRXU OHV VXUYROV DpULHQV SRXU OH WKRQ �,IUHPHU� ������ O·LQWpJUDWLRQ GHV GRQQpHV
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VH IHUDLW YLD XQ SURFHVVXV G·REVHUYDWLRQ GH GLVWDQFH VDPSOLQJ j OD IDoRQ GRQW OHV
GRQQpHV 6$00 VRQW XWLOLVpHV SRXU O·HVWLPDWLRQ GHV HIIHFWLIV �YRLU 6HFWLRQ ��� -H
WLHQV j UHPHUFLHU &ODLUH 6DUDX[ SRXU O·HQYRL GHV REVHUYDWLRQV GH PpJDIDXQH PDULQH
REVHUYpHV ORUV GHV FDPSDJQHV GH SrFKH VFLHQWLÀTXH GX SURWRFROH 3(/0('� 8QH
H[SORUDWLRQ SUpOLPLQDLUH GHV GRQQpHV P·D SHUPLV GH GpQRPEUHU VHXOHPHQW TXHOTXHV
GpWHFWLRQV GH JUDQGV GDXSKLQV FKDTXH DQQpH ��� REVHUYDWLRQV HQ ������ HQ SOXV G·XQ
pFKDQWLOORQQDJH TXL VH OLPLWH j OD ]RQH GX *ROIH GX /LRQ� &HSHQGDQW OD UpFXUUHQFH
GX SURWRFROH 3(/0(' FKDTXH DQQpH HW OH SODQ G·pFKDQWLOORQQDJH SHUPHWWHQW G·DYRLU
UpJXOLqUHPHQW GHV GRQQpHV DX ODUJH GX *ROIH GX /LRQ GDQV GHV ]RQHV UDUHPHQW
SURVSHFWpHV� /H PrPH LQWpUrW V·DSSOLTXH DX[ GRQQpHV LVVXHV GHV © VXUYROV WKRQ
ª � XQH UpFXUUHQFH DQQXHOOH� SHX GH GpWHFWLRQV GH JUDQG GDXSKLQ� GHV GRQQpHV
VHXOHPHQW GDQV OH *ROIH GX /LRQ PDLV LQFOXDQW OH ODUJH� 8QH SHUVSHFWLYH SRXU
pWXGLHU O·DSSRUW GH FHV MHX[ GH GRQQpHV DX[ HVWLPDWLRQV GHV LQGLFDWHXUV pFRORJLTXHV
GX JUDQG GDXSKLQ VHUDLW G·LQWpJUHU OHV GRQQpHV SURWRFROpHV GH 3(/0(' HW GHV
VXUYROV WKRQ HQWUH ���� HW ���� DX[ PRGqOHV GpYHORSSpV HQ 6HFWLRQV � HW � DÀQ GH
TXDQWLÀHU O·DSSRUW GH FHV LQIRUPDWLRQV j O·LQIpUHQFH pFRORJLTXH�
/HV pFKRXDJHV GH PDPPLIqUHV PDULQV FRQVWLWXHQW DXVVL XQH VRXUFH FRQVpTXHQWH
GH GRQQpHV ELRORJLTXHV j SURSRV GHV SRSXODWLRQV GH FpWDFpV �%RXFKDUG HW DO�� �����
3HOWLHU HW DO�� ������ /HV DXWRSVLHV UpDOLVpHV SHUPHWWHQW G·DSSRUWHU GHV LQIRUPDWLRQV
VXU OHV pYHQWXHOOHV SROOXWLRQV SUpVHQWHV HQ PHU� VXU O·LPSDFW GHV DFWLYLWpV KXPDLQHV�
PDLV DXVVL VXU O·pFRORJLH HW OH FRPSRUWHPHQW GHV FpWDFpV �H�J� OH UpJLPH DOLPHQWDLUH��
0LV HQ SODFH GDQV OHV DQQpHV ����� OH 5pVHDX 1DWLRQDO eFKRXDJH �51(� DVVXUH XQH
YHLOOH VXU O·HQVHPEOH GX OLWWRUDO IUDQoDLV SRXU GpWHFWHU HW LQWHUYHQLU UDSLGHPHQW
VXU OHV pFKRXDJHV �'DUV HW DO�� ������ /HV GRQQpHV G·pFKRXDJH SRXUUDLHQW IRXUQLU
GHV LQIRUPDWLRQV SHUWLQHQWHV VXU OD PRUWDOLWp HQ PHU� DLQVL TXH VXU O·DERQGDQFH
UHODWLYH� OD ULFKHVVH GHV HVSqFHV HW OD GLVWULEXWLRQ GHV FpWDFpV �3HOWLHU HW DO�� ������
$YHF OHV GRQQpHV G·pFKRXDJH� OH 51( FRQVWLWXH XQ SURJUDPPH GH VXUYHLOODQFH j
ORQJ�WHUPH VXU OHV PDPPLIqUHV PDULQV HW IRXUQLW XQH SHUVSHFWLYH LQWpUHVVDQWH SRXU
OHXU XWLOLVDWLRQ GHV pFKRXDJHV FRPPH XQH VRXUFH G·LQGLFDWHXU GH SRSXODWLRQ GDQV
GHV SURJUDPPHV GH VXUYHLOODQFH j ORQJ WHUPH �'DUV HW DO�� ����� 3HOWLHU HW DO�� ������

(Q SDUDOOqOH GH FHV VXLYLV SURWRFROpV� OHV GRQQpHV RSSRUWXQLVWHV VH PXOWLSOLHQW HQ
0pGLWHUUDQpH IUDQoDLVH� &HUWDLQHV$03 UHFHQVHQW OHV REVHUYDWLRQV GH SDUWLFXOLHUV GLI�
IXVpHV VXU OHV UpVHDX[ VRFLDX[� 2Q QRWH DXVVL O·pPHUJHQFH GH SODWHIRUPHV QXPpULTXHV
SRXU OD VDLVLH GHV GRQQpHV pFRORJLTXHV FRPPH%LR2EV SRXU OHV REVHUYDWLRQV UpDOLVpHV
HQ SORQJpH VRXV�PDULQH �KWWSV���ELRREV�IU�� RX O·DSSOLFDWLRQ PRELOH 2EVHQ0HU TXL
SHUPHW DX[ XVDJHUV GH OD PHU �SDUWLFXOLHUV� SURIHVVLRQQHOV� GH VDLVLU OHXUV REVHUYD�
WLRQV GH PpJDIDXQH PDULQH ORUV GH OHXUV VRUWLHV� /HV REVHUYDWLRQV SRQFWXHOOHV LV�
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VXHV G·2EVHQ0HU FRQVWLWXHQW XQH UHVVRXUFH LQWpUHVVDQWH SRXU O·HVWLPDWLRQ GHV LQGLFD�
WHXUV pFRORJLTXHV� 3DUPLV� SOXV GH ��� GpWHFWLRQV GH JUDQG GDXSKLQ HQ0pGLWHUUDQpH
IUDQoDLVH GHSXLV ����� GH QRPEUHXVHV REVHUYDWLRQV SRQFWXHOOHV GH JUDQG GDXSKLQ
VRQW UHFHQVpHV VXU2EVHQ0HU GDQV OH*ROIH G·$LJXHV�0RUWHV HW HQ&DPDUJXH� Oj R� OHV
VXLYLV SURWRFROpV VRQW UDUHV� &HSHQGDQW� OHV GRQQpHV QRQ SURWRFROpHV QpFHVVLWHQW GH
SUHQGUH HQ FRPSWH OHV GLIÀFXOWpV PpWKRGRORJLTXHV HQJHQGUpHV SDU O·DEVHQFH G·HIIRUW
G·pFKDQWLOORQQDJH H[SOLFLWHPHQW PHVXUp� 'HV PpWKRGHV H[LVWHQW SRXU HVWLPHU OHV LQ�
GLFDWHXUV pFRORJLTXHV j SDUWLU GH GRQQpHV RSSRUWXQLVWHV HQ SUHQDQW HQ FRPSWH OHV
ELDLV G·pFKDQWLOORQQDJH �'HUYLOOH HW DO�� ����� /RXYULHU� ������

3OXV ODUJHPHQW� O·XWLOLVDWLRQ GHV PRGqOHV LQWpJUpV SRXUUDLW rWUH SHUWLQHQWH SRXU
G·DXWUHV HVSqFHV HQ 0pGLWHUUDQpH IUDQoDLVH� 'XUDQW FHWWH WKqVH� GHV GLVFXVVLRQV
DYHF OH :RUOG :LOGOLIH )XQG 0pGLWHUUDQpH IUDQoDLVH �::)� RQW pWp DPRUFpHV SRXU
DSSOLTXHU OHV PRGqOHV LQWpJUpV DX URUTXDO FRPPXQ � � DÀQ
G·HVWLPHU OHV HIIHFWLIV HW OHV GHQVLWpV GH O·HVSqFH HQ 0pGLWHUUDQpH IUDQoDLVH� /D
FRPELQDLVRQ GH GRQQpHV SRUWHUDLW VXU L� OHV GpWHFWLRQV LVVXHV GHV VXUYROV DpULHQV
6$00� DYHF LL� XQ MHX GH GRQQpHV GH FDSWXUH�UHFDSWXUH FROOHFWp SDU OH ::) GHSXLV
OHV DQQpHV ���� DX ODUJH GH OD 3URYHQFH �::)� ������ /H PRGqOH VSDWLDO LQWpJUp VHUDLW
O·pTXLYDOHQW GH FHOXL GpYHORSSp HQ 6HFWLRQ �� /D SURIRQGHXU WHPSRUHOOH GHV GRQQpHV
GH FDSWXUH�UHFDSWXUH SHUPHWWUDLW G·pWHQGUH OH PRGqOH HQ SRSXODWLRQ RXYHUWH SRXU
HVWLPHU OHV SDUDPqWUHV GpPRJUDSKLTXHV GX URUTXDO FRPPXQ �&KDQGOHU HW DO�� ������
/·XWLOLVDWLRQ GHV PRGqOHV LQWpJUpV SRXUUDLW DXVVL V·DSSOLTXHU j G·DXWUHV HVSqFHV
SRXU OHVTXHOOHV OD FRXYHUWXUH VSDWLDOH GHV SURWRFROHV GH VXLYLV DFWXHOV HVW SDUWLHOOH�
&·HVW OH FDV GH SOXVLHXUV HVSqFHV G·RLVHDX[ PDULQV TXL VRQW GpWHFWpV SDU OHV VXUYROV
DpULHQV 6$00� SDU GHV WUDQVHFWV HQ EDWHDX �FRPPH DX 3DUF 1DWXUHO 0DULQ GX *ROIH
GX /LRQ�� HW TXL IRQW O·REMHW GH SURJUDPPHV GH EDJXDJH DX[ VLWHV GH QLGLÀFDWLRQ
GRQQDQW OLHX j GHV GRQQpHV GH FDSWXUH�UHFDSWXUH �SDU H[HPSOH DX 3DUF 1DWLRQDO GH
3RUW�&URV VXU OHV SXIÀQV <HONRXDQ 3XIÀQXV \HONRXDQ� %RXUJHRLV 	 9LGDO ��������
/HV RLVHDX[ PDULQV IRQW SDUWLH GH SOXVLHXUV REMHFWLIV GH VXLYLV GDQV OHV $03 HW DX
QLYHDX QDWLRQDO GDQV OD '&600� /HV HQMHX[ GH FRQVHUYDWLRQ DXWRXU GH FHV HVSqFHV
VRQW LPSRUWDQWV DFWXHOOHPHQW HQ 0pGLWHUUDQpH DYHF OD SODQLÀFDWLRQ GH SDUFV pROLHQV
RIIVKRUHV FRQQXV SRXU DYRLU XQ LPSDFW VXU OHV RLVHDX[ PDULQV �)XUQHVV HW DO�� ������
/D FRPELQDLVRQ GHV GLIIpUHQWV MHX[ GH GRQQpHV DYHF OHV PRGqOHV GpYHORSSpV GDQV
FHWWH WKqVH VHUDLW MXGLFLHXVH SRXU SUpFLVHU OHV LQGLFDWHXUV pFRORJLTXHV VXU SOXVLHXUV
HVSqFHV G·RLVHDX[ PDULQV�

$X�GHOj GX FRQWH[WH PpGLWHUUDQpHQ� GH QRPEUHXVHV GRQQpHV UpFROWpHV VXU OHV PDP�
PLIqUHV PDULQV GDQV OH PRQGH SURYLHQQHQW GH SURJUDPPHV GH SKRWR�LGHQWLÀFDWLRQ
HW GH WUDQVHFWV OLQpDLUHV �(YDQV 	 +DPPRQG� ������ 3DU H[HPSOH HQ (FRVVH� XQ VXLYL
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GH SKRWR�LGHQWLÀFDWLRQ HVW UpDOLVp UpJXOLqUHPHQW HW ORFDOHPHQW VXU OHV SRSXODWLRQV GH
JUDQG GDXSKLQ� HQ SDUDOOqOH GHV VXUYROV DpULHQV GHV FDPSDJQHV 6&$16 �&KHQH\ HW
DO�� ����� +DPPRQG HW DO�� ������ 2Q HVW GDQV XQH VLWXDWLRQ VLPLODLUH j FHOOH pWXGLpH
HQ 0pGLWHUUDQpH IUDQoDLVH� ,O HVW SUREDEOH TXH OHV PRGqOHV SUpVHQWpV GDQV FHWWH WKqVH
SRXUUDLHQW V·DYpUHU SHUWLQHQWV SRXU O·pWXGH GH SOXVLHXUV SRSXODWLRQV GH PDPPLIqUHV
PDULQV GpMj pWXGLpHV YLD FHV SURWRFROHV GH GRQQpHV �&KHQH\ HW DO�� ����� 3LURWWD HW DO��
������

2XWUH OHXU DSSOLFDWLRQ DX PLOLHX PDULQ� OHV PRGqOHV LQWpJUpV FRQVWLWXHQW XQ RXWLO GH
FRQVHUYDWLRQ SDUWLFXOLqUHPHQW SHUWLQHQW SRXU HVWLPHU GHV LQGLFDWHXUV pFRORJLTXHV j
O·KHXUH R� OHV MHX[ GH GRQQpHV VH PXOWLSOLHQW �.pU\ 	 5R\OH� ����� =LSNLQ HW DO�� ������
'H QRXYHDX[ W\SHV G·REVHUYDWLRQV QDWXUDOLVWHV RQW DERQGp OHV EDVHV GH GRQQpHV
JUkFH DX[ UpFHQWHV DYDQFpHV WHFKQRORJLTXHV� /·pPHUJHQFH GHV QRXYHOOHV WHFKQLTXHV
G·pFKDQWLOORQQDJH WHOOHV TXH OH PHWDEDUFRGLQJ� OD ELRDFRXVWLTXH� OD WpOpGpWHFWLRQ
SHUPHWWHQW G·REWHQLU GH IDoRQ QRQ�LQYDVLYH GHV LQIRUPDWLRQV pFRORJLTXHV GH TXDOLWp
HW HQ TXDQWLWp �/DKR]�0RQIRUW 	 0DJUDWK� ����� 7RVD HW DO�� ������ /D FRQWULEXWLRQ
VLPXOWDQpH GHV SURJUqV HQ VpTXHQoDJH JpQpWLTXH � � HW HQ
ELR�LQIRUPDWLTXH RQW SHUPLV GH GpPRFUDWLVHU FHV WHFKQLTXHV GH VXLYLV pFRORJLTXHV
TXL SHXYHQW PDLQWHQDQW rWUH HQYLVDJpHV ORUV GH OD SODQLÀFDWLRQ G·pWXGHV HQYL�
URQQHPHQWDOHV �7RVD HW DO�� ������ /HV PpWKRGHV G·pFKDQWLOORQQDJH GH O·$'1
HQYLURQQHPHQWDO VRQW HQ FRXUV G·H[SORUDWLRQ SRXU OD GpWHFWLRQ GHV PDPPLIqUHV
PDULQV �)RRWH HW DO�� ������ &HV QRXYHOOHV WHFKQRORJLHV RQW XQH LQÁXHQFH FURLVVDQWH
GDQV O·pWDEOLVVHPHQW GHV SURJUDPPHV GH VXLYLV HQ SDUWLFXOLHU HQ FRQVHUYDWLRQ
�/DKR]�0RQIRUW 	 0DJUDWK� ������ /·DSSRUW GH QRXYHOOHV VRXUFHV GH GRQQpHV
UHQIRUFH O·LQWpUrW GHV PRGqOHV LQWpJUpV SRXU SRXYRLU FRPELQHU SOXVLHXUV SURWRFROHV
FRPSOpPHQWDLUHV ORUV GHV pWXGHV pFRORJLTXHV�

/HV RXWLOV GpYHORSSpV GXUDQW FHWWH WKqVH FRQVWLWXHQW XQH EDVH PpWKRGRORJLTXH
SRXU O·HVWLPDWLRQ G·LQGLFDWHXUV pFRORJLTXHV HQ LQWpJUDQW SOXVLHXUV MHX[ GH GRQ�
QpHV� &HSHQGDQW� QRXV Q·DYRQV SDV VXIÀVDPPHQW H[SORUp O·LQÁXHQFH GHV YDULDEOHV
pFRORJLTXHV� 1RV PRGqOHV XWLOLVHQW XQH VHXOH YDULDEOH pFRORJLTXH� OD EDWK\PpWULH�
,QFRUSRUHU G·DXWUHV YDULDEOHV HQYLURQQHPHQWDOHV TXL LQÁXHQFHQW OD GLVWULEXWLRQ HW OD
GHQVLWp GH JUDQG GDXSKLQ SHUPHWWUDLW GH UpGXLUH OD SDUW GH YDULDQFH QRQ H[SOLTXpH�
HW DLQVL DIÀQHU OHV HVWLPDWLRQV GX SURFHVVXV pFRORJLTXH� 3RXU VDWLVIDLUH OHV H[LJHQFHV
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GHV GLUHFWLYHV QDWLRQDOHV RX UHQVHLJQHU OHV REMHFWLIV GHV $03� O·XWLOLVDWLRQ GHV RXWLOV
GpYHORSSpV GDQV FHWWH WKqVH QpFHVVLWHUDLW XQ HIIRUW GH PRGpOLVDWLRQ VXSSOpPHQWDLUH
SRXU SUpFLVHU OH SURFHVVXV pFRORJLTXH ODWHQW� 3OXVLHXUV FRYDULDEOHV HQYLURQQHPHQ�
WDOHV GHYUDLHQW rWUH WHVWpHV HW XWLOLVpHV SRXU SUpFLVHU O·XWLOLVDWLRQ GH O·HVSDFH SDU
O·HVSqFH� RX SRXU FDUDFWpULVHU OD GHQVLWp GHV LQGLYLGXV� /HV pWXGHV ÀQHV GH O·KDELWDW
GX JUDQG GDXSKLQ RQW PLV HQ pYLGHQFH O·LQÁXHQFH GH OD GLVWDQFH j OD F{WH� OD SHQWH
GHV IRQGV PDULQV� OD GLVWDQFH j O·LVREDWKH GH ���P� OD VDOLQLWp GH O·HDX GH VXUIDFH
�&DxDGDV HW DO�� ����� ,QJUDP 	 5RJDQ� ����� 0DULQL HW DO�� ������ /·XWLOLVDWLRQ GH
YDULDEOHV GH QLYHDX WURSKLTXH VXSpULHXU FRPPH OD UpSDUWLWLRQ GHV SURLHV Q·HVW SDV
IRUFpPHQW MXGLFLHXVH SRXU pWXGLHU GH OD GLVWULEXWLRQ GX JUDQG GDXSKLQ SXLVTXH
L� OHV SURLHV VRQW UHSUpVHQWDWLYHV VHXOHPHQW GX FRPSRUWHPHQW DOLPHQWDLUH� LL� OD
ORFDOLVDWLRQ GHV SURLHV SUpIpUHQWLHOOHV HVW VRXYHQW XQH YDULDEOH VRXPLVH j XQH IRUWH
LQFHUWLWXGH �7RUUHV HW DO�� ������ LLL� OH JUDQG GDXSKLQ D XQ UpJLPH DOLPHQWDLUH WUqV
JpQpUDOLVWH �%HDU]L HW DO�� ������ /D GLIÀFXOWp GH OD PRGpOLVDWLRQ GH O·KDELWDW GX JUDQG
GDXSKLQ HVW FHUWDLQH DX YX GH OD SODVWLFLWp pFRORJLTXH GH O·HVSqFH HW GH OD GLIÀFXOWp
GH GpÀQLU pFRORJLTXHPHQW XQ KDELWDW PDULQ �&ULEE HW DO�� ������ 1pDQPRLQV� O·pWXGH
DIÀQpH GHV YDULDEOHV HQYLURQQHPHQWDOHV j O·pFKHOOH GH QRWUH DLUH G·pWXGH SHUPHWWUDLW
GH PHWWUH HQ pYLGHQFH GHV WHQGDQFHV pFRORJLTXHV SOXV SUpFLVHV GDQV O·HVWLPDWLRQ GHV
LQGLFDWHXUV GH GLVWULEXWLRQ HW GH GHQVLWp GX JUDQG GDXSKLQ�

/HV PRGqOHV SUpVHQWpV LFL UpSRQGHQW DX[ LQGLFDWHXUV pFRORJLTXHV '&600 HW j
FHX[ GHV $03 � OHV HIIHFWLIV HW OD GLVWULEXWLRQ� 'LVWULEXWLRQ HW HIIHFWLIV SHUPHWWHQW
G·LQIpUHU OHV SDWURQV pFRORJLTXHV G·XQH SRSXODWLRQ� XQH VRUWH GH FOLFKp j XQ LQVWDQW
GRQQp� PDLV QH GRQQHQW SDV DFFqV DX[ PpFDQLVPHV TXL UpJLVVHQW OHV G\QDPLTXHV
pFRORJLTXHV� $ SDUWLU GH O·HVWLPDWLRQ UpSpWpH GDQV OH WHPSV GHV HIIHFWLIV RX GH OD
GLVWULEXWLRQ G·XQH SRSXODWLRQ� RQ SHXW LQIpUHU XQH WHQGDQFH PDLV RQ QH PHW SDV
HQ pYLGHQFH OHV SURFHVVXV pFRORJLTXHV TXL OD VRXV�WHQGHQW� 3DU H[HPSOH� TXLG GH
OD VXUYLH GHV LQGLYLGXV RX GX WDX[ GH UHSURGXFWLRQ TXL DIIHFWHQW OHV YDULDWLRQV
WHPSRUHOOHV GHV HIIHFWLIV GH OD SRSXODWLRQ pWXGLpH " /RUV GH OD SODQLÀFDWLRQ GH
VXLYLV pFRORJLTXHV� OD TXHVWLRQ VH SRVH � D�W�RQ EHVRLQ GH FRQQDvWUH OHV PpFDQLVPHV
pFRORJLTXHV " $X QLYHDX GH OD JHVWLRQ� O·LGHQWLÀFDWLRQ GHV PpFDQLVPHV pFRORJLTXHV D
XQ LQWpUrW FHUWDLQ SRXU LGHQWLÀHU OHV PHQDFHV HW OHV OHYLHUV G·DFWLRQ j PRELOLVHU SRXU
SURWpJHU OHV HVSqFHV� &HSHQGDQW� O·pWXGH GHV PpFDQLVPHV pFRORJLTXHV QpFHVVLWHQW
GHV MHX[ GH GRQQpHV SOXV pWDOpV GDQV OH WHPSV HW VRXYHQW SOXV FR�WHX[ j REWHQLU�
$ FH MRXU� OD SOXSDUW GHV LQGLFDWHXUV pFRORJLTXHV VH FRQWHQWHQW GHV HVWLPDWLRQV
© VWDWLTXHV ª HW OD GpWHFWLRQ G·XQH WHQGDQFH DYHF FHUWLWXGH HVW GpMj XQ UpHO HQMHX
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PpWKRGRORJLTXH ORUVTXH OHV GRQQpHV VRQW OLPLWpHV �$XWKLHU HW DO�� ������ /RUVTXH
OHV GRQQpHV pFRORJLTXHV VRQW DERQGDQWHV HW TXDOLWDWLYHV� LO HVW SRVVLEOH G·pWHQGUH
OHV PRGqOHV LQWpJUpV GpYHORSSpV DX[ 6HFWLRQV � HW � SRXU LQIpUHU H[SOLFLWHPHQW OHV
PpFDQLVPHV pFRORJLTXHV j O·RULJLQH GHV G\QDPLTXHV GH OD GLVWULEXWLRQ HW GHV HIIHFWLIV
GHV SRSXODWLRQV� /HV PRGqOHV G·RFFXSDQF\ G\QDPLTXHV SHUPHWWHQW G·HVWLPHU OD
FRORQLVDWLRQ HW OHV WDX[ G·H[WLQFWLRQ ORFDX[ ORUV GH O·pWXGH GH OD GLVWULEXWLRQ G·XQH HV�
SqFH �/RXYULHU� ����� 0DF.HQ]LH� ������ 6XU OD EDVH GHV WUDYDX[ GH 5LFKDUG &KDQGOHU
HW GH VHV FROOqJXHV �&KDQGOHU HW DO�� ������ RQ SHXW FRPELQHU GHV GRQQpHV GLVWDQFH
VDPSOLQJ HW GH 6&5 SRXU HVWLPHU OD G\QDPLTXH G·XQH SRSXODWLRQ HW FDOFXOHU OH WDX[
GH UHSURGXFWLRQ HW GH VXUYLH GHV LQGLYLGXV� /·H[WHQVLRQ j GHV PRGqOHV G\QDPLTXHV
QpFHVVLWH GHV MHX[ GH GRQQpHV G·XQH LPSRUWDQWH SURIRQGHXU WHPSRUHOOH� &HV MHX[ GH
GRQQpHV VRQW LQH[LVWDQWV j O·KHXUH DFWXHOOH VXU OH JUDQG GDXSKLQ HQ 0pGLWHUUDQpH
IUDQoDLVH PDLV GH WHOV GpYHORSSHPHQWV VHURQW SRVVLEOHV GDQV OH IXWXU VL OD FROOHFWH GH
GRQQpHV SURWRFROpHV SDU SKRWR�LG HW VXUYRO DpULHQ VH SpUHQQLVH FRPPH HQYLVDJpH
GDQV OHV GRFXPHQWV VWUDWpJLTXHV �0,5$&(7,� ������

3DU DLOOHXUV� O·LGHQWLÀFDWLRQ GHV PHQDFHV SHVDQW VXU OHV pFRV\VWqPHV HW OHV HVSqFHV
PDULQHV HVW XQ GHV REMHFWLIV GX SURJUDPPH GH VXUYHLOODQFH GH OD '&600� /·LPSDFW
GHV LQWHUDFWLRQV HQWUH OHV HVSqFHVPDULQHV HW OHV DFWLYLWpV KXPDLQHV HVW UpHO HQ0pGLWHU�
UDQpH� OD PHU OD SOXV IUpTXHQWpH GX JOREH �&ROO HW DO�� ����� *LDNRXPL HW DO�� ������
/·pFRORJLH F{WLqUH GHV JUDQGV GDXSKLQV HW OD SUHVVLRQ GH GpSUpGDWLRQ TX·LOV H[HUFHQW
VXU OHV VWRFNV GH SrFKH OHV DPqQHQW j GHV LQWHUDFWLRQV UpJXOLqUHV DYHF OHV DFWLYLWpV KX�
PDLQHV GH SODLVDQFH HW OHV SrFKHULHV �%HDU]L HW DO�� ����� /HRQH HW DO�� ����� 4XHLURV
HW DO�� ������ &DUDFWpULVHU OHV LQWHUDFWLRQV KXPDLQV ² DQLPDX[ HVW FRPSOH[H PDLV GHV
RXWLOV GH PRGpOLVDWLRQ PXOWL�HVSqFHV SHUPHWWHQW G·LQIpUHU H[SOLFLWHPHQW OHV SUREDELO�
LWpV G·LQWHUDFWLRQ HW G·HVWLPHU O·LQÁXHQFH GH FKDTXH HVSqFH VXU O·DXWUH �4XpURXp HW DO��
����� 5RWD HW DO�� ������ /HV JUDQGV GDXSKLQV VRQW VRXYHQW REVHUYpV j SUR[LPLWp GHV DF�
WLYLWpV GH SrFKH� HW OHV LQWHUDFWLRQV GH GpSUpGDWLRQ RX GH SrFKH DFFHVVRLUHV SRVHQW GHV
SUREOqPHV GH FRQVHUYDWLRQ �/HZLVRQ HW DO�� ������ 0rPH VL OD GpSUpGDWLRQ UHVWH UDUH
HQ 0pGLWHUUDQpH IUDQoDLVH� QRXV DYRQV H[SORUp O·DSSRUW G·XQ PRGqOH G·RFFXSDQF\
PXOWL�HVSqFHV SHUPHWWDQW G·HVWLPHU OD SUREDELOLWp GH FR�RFFXUUHQFH VSDWLDOH HQWUH OHV
FKDOXWLHUV HW OHV JUDQGV GDXSKLQV GDQV OH *ROIH GX /LRQ �$QQH[H ��� 1RXV DYRQV FRP�
ELQp OHV GRQQpHV GH JUDQG GDXSKLQ HW GH FKDOXWLHUV LVVXHV GHV VXUYROV DpULHQV 6$00
HW FHOOHV LVVXHV GHV VXLYLV*'(*H0GDQV OH*ROIH GX/LRQ� 1RWUH DSSURFKH HVW SUpOLPL�
QDLUH PDLV VXJJqUH TX·XQH LPSOpPHQWDWLRQ SOXV SRXVVpH GH FH JHQUH G·RXWLO SRXUUDLW
FRQWULEXHU j pWXGLHU OHV LQWHUDFWLRQV HQWUH DFWLYLWpV KXPDLQHV HW JUDQG GDXSKLQ HQ
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0pGLWHUUDQpH IUDQoDLVH� 'DQV OH FDV JpQpUDO� LQWpJUHU OHV DFWLYLWpV KXPDLQHV GDQV
GHV PRGqOHV PXOWL�HVSqFHV SRXUUDLW FRQVWLWXHU XQ RXWLO LQWpUHVVDQW SRXU LGHQWLÀHU HW
TXDQWLÀHU OHV PHQDFHV GHV SUHVVLRQV DQWKURSLTXHV VXU O·HQYLURQQHPHQW �0DUHVFRW HW
DO�� ������

'DQV OHV $03� OD SOXSDUW GHV VXLYLV pFRORJLTXHV VRQW PHQpV GH IURQW DYHF SDUIRLV GHV
LQFRPSDWLELOLWpV HQ WHUPHV GH FDOHQGULHU HW G·HIIHFWLIV GLVSRQLEOHV SRXU UpDOLVHU OHV
SURWRFROHV �YRLU 6HFWLRQ ��� (Q UpSRQVH j FHV GLIÀFXOWpV� OHV DJHQWV G·$03 HQWDPHQW
GHV UpÁH[LRQV VXU O·RSWLPLVDWLRQ WHPSRUHOOH GHV SURWRFROHV� $ TXHO SDV GH WHPSV
UpDOLVHU OHV SURWRFROHV SRXU TXH WRXV OHV VXLYLV VRLHQW FRPSDWLEOHV GDQV O·HPSORL GX
WHPSV GHV DJHQWV " 8Q DJHQW G·$03 LQGLTXH

$GDSWpHV GHV WKpRULHV GH OD JHVWLRQ DGDSWDWLYH� OHV PpWKRGHV GH VXLYL DGDSWDWLI SHU�
PHWWHQW G·RSWLPLVHU VWDWLVWLTXHPHQW OHV SURWRFROHV GH VXLYLV j SDUWLU GH O·pYDOXDWLRQ
LWpUDWLYH GHV GRQQpHV UpFROWpHV� /·LGpH VRXV�MDFHQWH HVW TXH WRXWHV OHV pWDSHV GHV VXLYLV
pFRORJLTXHV �OD GpÀQLWLRQ GHV REMHFWLIV� OD FROOHFWH GHV GRQQpHV� OHV DQDO\VHV� HW OD
SODQLÀFDWLRQ GHV SURWRFROHV� pYROXHQW FRQMRLQWHPHQW WRXW HQ PDLQWHQDQW OD FRPSDWL�
ELOLWp GHV GRQQpHV FROOHFWpHV SUpFpGHPPHQW �/LQGHQPD\HU 	 /LNHQV� ������ /HV SUR�
WRFROHV GH VXLYLV pFRORJLTXHV VRQW DGDSWpV DX IXU HW j PHVXUH TXH OHV QRXYHOOHV LQIRU�
PDWLRQV FROOHFWpHV UpGXLVHQW OHV LQFHUWLWXGHV VXU OH IRQFWLRQQHPHQW GH O·pFRV\VWqPH�
RX ORUVTXH GH QRXYHOOHV TXHVWLRQV RX GHV QRXYHOOHV FRQGLWLRQV GH VXLYL DSSDUDLVVHQW
�/LQGHQPD\HU 	 /LNHQV� ����� /\RQV HW DO�� ����� 5XQJH HW DO�� ������ $LQVL� XQ GHV
SULQFLSDX[ GpÀV GX VXLYL DGDSWDWLI HVW G·DGDSWHU OHV SURWRFROHV GH FROOHFWH WRXW HQ
PDLQWHQDQW OD FRPSDWLELOLWp HQWUH OHV MHX[ GRQQpHV� 'DQV O·$QQH[H �� QRXV LOOXVWURQV
SDU XQH pWXGH GH VLPXODWLRQ OH SULQFLSH� OH IRQFWLRQQHPHQW GH FHV PRGqOHV� HW QRXV
GLVFXWRQV OHXU LQWpUrW SRXU OHV VXLYLV pFRORJLTXHV GDQV OHV $03� &RQIURQWp DXVVL j GHV
FRQWUDLQWHV EXGJpWDLUHV� OHV RXWLOV SHUPHWWDQW GH SODQLÀHU OHV SURWRFROHV SRXU UHQGUH
SOXV HIÀFDFH OD FROOHFWH GH GRQQpHV pFRORJLTXHV SRXUUDLHQW LQWpUHVVHU OHV $03� 8Q
DJHQW SUpFLVH �
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/·LPSOpPHQWDWLRQ GX VXLYL DGDSWDWLI FRPPH RXWLO GH SODQLÀFDWLRQ GHV VXLYLV FRQ�
VWLWXHUDLW XQ DYDQWDJH FHUWDLQ HQ WHUPHV GH UDWLRQDOLVDWLRQ GHV FRXWV� GHV HPSORLV GX
WHPSV GHV DJHQWV G·$03� HW SRXU O·DQDO\VH GHV GRQQpHV pFRORJLTXHV� &HSHQGDQW� OD
JHVWLRQ GHV SURWRFROHV GH VXLYLV pFRORJLTXHV GDQV OHV $03 GH0pGLWHUUDQpH IUDQoDLVH
SDU VXLYL DGDSWDWLI QpFHVVLWHUDLW XQ QLYHDX GH FRRUGLQDWLRQ HQWUH OHV LQVWLWXWLRQV GLI�
ÀFLOH j HQYLVDJHU DX YX GH OD VLWXDWLRQ DFWXHOOH� 3RXU UHSUHQGUH OH SDUDOOqOH DYHF OD
JHVWLRQ DGDSWDWLYH� XQH DQDO\VH FULWLTXH D SRLQWp GX GRLJW OHV GLIÀFXOWpV j RXWUHSDVVHU
OH PDQTXH GH YRORQWp GHV GpFLGHXUV SROLWLTXHV� HW OD VXUFKDUJH DGPLQLVWUDWLYH OLpH j
XQH FRRUGLQDWLRQ GH OD JHVWLRQ HW GHV SURWRFROHV GH VXLYLV pFRORJLTXHV H[SpULPHQWDX[
�:DOWHUV� ������ &RPPH O·LPSOpPHQWDWLRQ GH OD JHVWLRQ DGDSWDWLYH� OHV FRQWUDLQWHV KX�
PDLQHV HW RSpUDWLRQQHOOHV VRQW DXMRXUG·KXL LPSRUWDQWHV GDQV OHV LQVWLWXWLRQV GH SUR�
WHFWLRQ GH OD ELRGLYHUVLWp GH 0pGLWHUUDQpH IUDQoDLVH HW IUHLQHQW OHV DPELWLRQV TXDQW j
OD FRRUGLQDWLRQ GHV VXLYLV pFRORJLTXHV�

/·pWXGH GH VFLHQFHV VRFLDOHV GH OD 6HFWLRQ � DPLV HQ OXPLqUH GHV SUREOqPHV VWUXFWXUHOV
GH ÀQDQFHPHQW GHV SROLWLTXHV GH OD ELRGLYHUVLWp PDULQH HQ 0pGLWHUUDQpH IUDQoDLVH�
$ORUV TXH OHV $03 DX VHLQ G·XQ UpVHDX GHYUDLHQW IRQFWLRQQHU GHPDQLqUH FRRSpUDWLYH
HW V\QHUJLTXH �0HHKDQ HW DO�� ������ OD FRRUGLQDWLRQ SHLQH j VH PHWWUH HQ SODFH HQ
0pGLWHUUDQpH� /H IRQFWLRQQHPHQW HQ UpVHDX HVW FRPSOLTXp� OD FRPPXQLFDWLRQ HQWUH
OHV GLIIpUHQWHV$03HVW OLPLWpH� 3RXUWDQW� OHV DJHQWV YDORULVHQW IRUWHPHQW OHV pFKDQJHV
HQWUH OHV $03 SRXU SDUWDJHU GH O·H[SpULHQFH� GHV FRQVHLOV� RX SRXU V·DFFRUGHU VXU OHV
GLIIpUHQWV SURWRFROHV� 8Q DJHQW G·XQ 3DUF 1DWXUHO 0DULQ H[SOLTXH �
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/HV HPSORLV GX WHPSV GHV DJHQWV pWDQW GpMj VDWXUpV� O·DXWR�RUJDQLVDWLRQ GHV
pFKDQJHV HQWUH $03 HVW FRPSOLTXpH� /·RUJDQLVDWLRQ HW O·DQLPDWLRQ GH OD FRPPXQL�
FDWLRQ GRLYHQW rWUH RUJDQLVpHV IRUPHOOHPHQW HW VRQW SDUWLFXOLqUHPHQW DWWHQGXHV SRXU
JDJQHU GX WHPSV HW VH FRQFHUWHU ORUV GH OD PLVH HQ SODFH GH SURWRFROH GH VXLYLV� $X
FRQWUDLUH� OD G\QDPLTXH GHV pFKDQJHV HQWUH $03 D pWp UpGXLWH GHSXLV OHV UpFHQWHV
WUDQVIRUPDWLRQV LQVWLWXWLRQQHOOHV TXL RQW FRQGXLW DX SDVVDJH GH O·$)% j O·2)% GpEXW
����� /·DQFLHQQH $JHQFH GHV $LUHV 0DULQHV 3URWpJpHV �$$03� D pWp GLVVRXWH HW
OHV GLIIpUHQWHV $03 GRLYHQW PDLQWHQDQW UpIpUHU j GHV DQWHQQHV UpJLRQDOHV GH O·2)%
TXL VH SUpRFFXSHQW j OD IRLV GX WHUUHVWUH HW GX PDULQ� /D SHUWH GH OD VSpFLÀFLWp
G·XQH RUJDQLVDWLRQ GpGLpH j OD JHVWLRQ GHV $03 D DIIHFWp OHV G\QDPLTXHV GH FRRU�
GLQDWLRQ TXL H[LVWDLHQW DXWRXU GX PLOLHX PDULQ HW JpQqUHQW GHV LQFRPSUpKHQVLRQV�
/H GLDORJXH HQWUH OHV $03 HW OHV DQWHQQHV UpJLRQDOHV GH OD ELRGLYHUVLWp ODUJHPHQW
D[pHV VXU OH PLOLHX WHUUHVWUH SHXW V·DYpUHU FRPSOLTXp WDQW OD VSpFLÀFLWp MXULGLTXH GHV
UpJOHPHQWDWLRQV HQ PLOLHX PDULQ HVW LPSRUWDQWH�

/HV DJHQWV FUDLJQHQW QRWDPPHQW TXH OHV DWHOLHUV WHFKQLTXHV GH IDoDGH 0pGLWHU�
UDQpHQQH� RX OHV VpPLQDLUHV LQWHU�3DUFV 1DWXUHOV 0DULQV TXL UpXQLVVDLHQW OHV
GLIIpUHQWHV $03 ORUV GH MRXUQpHV G·pFKDQJHV VRLHQW VXSSULPpV DYHF OD QRXYHOOH
RUJDQLVDWLRQ GH O·2)%� /D FRPPXQLFDWLRQ HW O·pFKDQJH G·H[SpULHQFH HQWUH DJHQWV
WHQWH GH V·RUJDQLVHU GH IDoRQ LQIRUPHOOH YLD OHV UpVHDX[ VRFLDX[ PDLV Q·HVW SDV
UpJXOLqUH� FH TXL UpGXLW SUREDEOHPHQW VRQ HIÀFDFLWp HW VRQ LPSDFW� 3DU DLOOHXUV�
OH PDQTXH GH FRRUGLQDWLRQ DIIHFWH DXVVL OD FRQVWUXFWLRQ HW OD FRPSUpKHQVLRQ GHV
LQGLFDWHXUV HW GHV SURWRFROHV GH VXLYL pFRORJLTXH� %LHQ TX·pWDQW FHQVpH rWUH OH VRFOH
GHV SROLWLTXHV GH JHVWLRQ GX PLOLHX PDULQ HQ )UDQFH� OD '&600 UHVWH RSDTXH SRXU
OHV DJHQWV G·$03�
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8QH DXWUH SHUVRQQH LQWHUURJpH QRWH �

/H PDQTXH GH FRRUGLQDWLRQ LQGXLW TXH OD '&600SHXW rWUH SHUoXH FRPPH LQHIÀFDFH
SDU OHV DJHQWV GHV $03� 3OXV ODUJHPHQW� F·HVW OH VRXWLHQ ÀQDQFLHU GHV SROLWLTXHV GH OD
ELRGLYHUVLWp TXL Q·HVW SDV DX QLYHDX GHV REMHFWLIV DIÀFKpV SDU OD '&600� &HSHQGDQW�
GHV HIIRUWV VRQW UpDOLVpV PDOJUp OH EXGJHW OLPLWp� OHV SURJUDPPHV 78560(' VRQW À�
QDQFpV SDU O·2)% SRXU WHQWHU GH FRRUGRQQHU OH VXLYL GX JUDQG GDXSKLQ SDU OH UpVHDX
G·$03 �0,5$&(7,� ������ 0DLV OHV REMHFWLIV QH VRQW TXH SDUWLHOV� OD FHQWUDOLVDWLRQ HW
O·DQDO\VH GHV GRQQpHV UpFROWpHV QH VRQW SDV ÀQDQFpHV GDQV OH FDGUH GH FH SURJUDPPH
HW� ELHQ TXH UHQRXYHODEOH� OH ÀQDQFHPHQW OLPLWp j � DQV SUpFDULVH OHV VWUXFWXUHV HW
UpGXLW OD FDSDFLWp GH SODQLÀFDWLRQ j ORQJ WHUPH� 8QH PHLOOHXUH FRRUGLQDWLRQ VHUDLW
XQH YRLH G·DPpOLRUDWLRQ VRXKDLWpH DVVH] XQDQLPHPHQW SDU OHV DJHQWV GH O·2)% HW GHV
$03� '·XQH SDUW� F·HVW OD WUDQVPLVVLRQ GHV LQIRUPDWLRQV HW O·DQLPDWLRQ GHV pFKDQJHV
HQWUH $03 TXL HVW j DPpOLRUHU� '·DXWUH SDUW� OD FRRUGLQDWLRQ WHFKQLTXH GHV SURWR�
FROHV HW GHV DQDO\VHV HVW VRXYHQW UHFKHUFKpH SRXU PLQLPLVHU OHV HIIRUWV ÀQDQFLHUV HW
KXPDLQV LQXWLOHV� HW SRXU DXJPHQWHU O·HIÀFDFLWp GHV SURJUDPPHV GH FROOHFWH GH GRQ�
QpHV �0RUiQ�2UGyxH] HW DO�� ������ )DXWH GH PR\HQV ÀQDQFLHUV VXIÀVDQW� O·2)% D GHV
GLIÀFXOWpV j UHPSOLU VRQ U{OH GH FRRUGLQDWHXU HW G·DQLPDWLRQ GX UpVHDX G·$03�

/H PDQTXH VWUXFWXUHO GH PR\HQV TXL WRXFKH O·2)% HW OHV $03 HVW OH SHQFKDQW G·XQH
WHQGDQFH JOREDOH j O·DIIDLEOLVVHPHQW GHV VHUYLFHV SXEOLFV HQ )UDQFH� OHV SROLWLTXHV GH
OD ELRGLYHUVLWp Q·pWDQW SDV pSDUJQpHV �)UDMHUPDQ� ����� 6LPRQHW� ������ $X QLYHDX
LQWHUQDWLRQDO� OHV REMHFWLIV GH VXUIDFH j SURWpJHU RQW GHV HIIHWV GpOpWqUHV VXU O·HIÀFDFLWp
GH OD SURWHFWLRQ GH OD ELRGLYHUVLWp ORUVTXH OHV DLUHV SURWpJpHV VRQW GHV SDSHU SDUNV TXL
QH VRQW SDV GRWpHV GH PR\HQV ÀQDQFLHUV HW KXPDLQV VXIÀVDQWV �YRLU 6HFWLRQ ����� 2Q
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VXVSHFWHPrPH O·K\SRFULVLH GH FHUWDLQV JRXYHUQHPHQWV TXL VH YDQWHUDLHQW GH FHV DLUHV
SURWpJpHV j GHV ÀQV GH FRPPXQLFDWLRQ © ª �0DJULV 	 3UHVVH\� ������
4XHOOH HVW OD VLWXDWLRQ GH OD )UDQFH DX UHJDUG GH O·pWDW GHV SROLWLTXHV GH SURWHFWLRQ
GX PLOLHX PDULQ YLD OHV $03 " /HV ]RQHV 1DWXUD ���� HQ PHU FRXYUHQW GH JUDQGHV
VXUIDFHV� QRWDPPHQW DX ODUJH� PDLV QH VRQW SDV ÀQDQFpHV HW QH FRQWLHQQHQW SDV GH
UpJOHPHQWDWLRQ SDUWLFXOLqUHV� &·HVW OH FDV GH OD UpFHQWH ]RQH VSpFLDOH GH FRQVHUYDWLRQ
1DWXUD ���� FUppH HQ ���� SRXU OH JUDQG GDXSKLQ GDQV OH *ROIH GX /LRQ TXL DWWHLQW
XQH VXSHUÀFLH GH ��� ��� KHFWDUHV �)LJXUH ��� 8Q DJHQW QRXV LQIRUPH �

&RPPH SRXU OHV ]RQHV 1DWXUD ����� OHV UpFHQWV 3DUFV 1DWXUHOV 0DULQV SHUPHWWHQW
G·DWWHLQGUH OHV REMHFWLIV GH VXUIDFH G·$03GDQV OHV HDX[ IUDQoDLVHVPDLV IRQW pWDW G·XQ
VRXV�ÀQDQFHPHQW HW QH FRQWLHQQHQW SDV IRUFpPHQW GH UpJOHPHQWDWLRQ �YRLU 6HFWLRQ ���
FH TXL Q·HVW SDV VDQV UDSSHOHU OHV UHSURFKHV IRUPXOpV j O·HQFRQWUH GHV SDSHU�SDUNV� 8Q
DJHQW GH 3DUF 1DWXUHO 0DULQ VH TXHVWLRQQH �

'HUULqUH OHV HIIHWV G·DQQRQFHV �)LJXUH ��� RQ HVW HQ PHVXUH GH VH GHPDQGHU TXHOOH
HVW OD YRORQWp GX JRXYHUQHPHQW IUDQoDLV DX YX GHV PR\HQV LQVXIÀVDPPHQW DFFRUGpV
j OD SURWHFWLRQ GH OD ELRGLYHUVLWp� 6L OHV WHQGDQFHV GH VRXV�ÀQDQFHPHQW VRQW LQWHU�
QDWLRQDOHV� OHV pWDWV RFFLGHQWDX[� QRWDPPHQW O·8QLRQ (XURSpHQQH� PRELOLVHQW XQH
VpULH GH VWUDWpJLHV YLVDQW j DOLJQHU OHV SROLWLTXHV GH OD FRQVHUYDWLRQ GDQV XQ FDGUH
W\SLTXHPHQW QpROLEpUDO GH UpGXFWLRQ GHV FR�WV HW GH GpVLQYHVWLVVHPHQW SXEOLF �$SRV�
WRORSRXORX HW DO�� ������ /HV SROLWLTXHV QpROLEpUDOHV� WHUPH FRPPXQpPHQW XWLOLVp
SRXU GpFULUH OHPRXYHPHQW YHUV OH UHFXO GH O·eWDW HW OH U{OH FURLVVDQW GH OD VRFLpWp FLYLOH�
GHV PDUFKpV� HW GHV PpFDQLVPHV GH PDUFKp GDQV OD IRXUQLWXUH GH VHUYLFHV �+ROPHV�
������ VH PDQLIHVWHQW GH SOXV HQ SOXV HQ FRQVHUYDWLRQ� 2Q REVHUYH� HQWUH DXWUHV� OH
GpVLQYHVWLVVHPHQW GH O·pWDW GHV RSpUDWLRQV GH JHVWLRQ HW GH SURWHFWLRQ GH OD QDWXUH
�SDUIRLV DX SURÀW G·RUJDQLVDWLRQV QRQ�JRXYHUQHPHQWDOHV�� OD UHWHUULWRULDOLVDWLRQ GHV
SROLWLTXHV GH FRQVHUYDWLRQ� O·DXJPHQWDWLRQ GHV SDUWHQDULDWV SXEOLFV�SULYp GH JHVWLRQ
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GH OD ELRGLYHUVLWp� DFFRPSDJQp SDU XQH UKpWRULTXH GHV DSSURFKHV GpOLEpUDWLYHV HW
FRQVHQVXHOOHV ,JRH 	 %URFNLQJWRQ ������� 1RXV DYRQV SX REVHUYHU SOXVLHXUV GH FHV
G\QDPLTXHV GDQV OHV SROLWLTXHV GH OD ELRGLYHUVLWp PDULQH HQ )UDQFH �YRLU VHFWLRQ ��
0D]XUHN HW DO� �������� /·DSSRUW GHV VFLHQFHV KXPDLQHV HW VRFLDOHV HW GH OD ©

ª VHUW� HQWUH DXWUH� j GpPrOHU OHV GLIIpUHQWV U{OHV GH OD JRXYHUQDQFH GH OD
ELRGLYHUVLWp �0DWKHYHW� ����� 1XQR HW DO�� ������ /H FKDPS GLVFLSOLQDLUH GH OD SROLW�
LFDO HFRORJ\ SHUPHW GH PHWWUH HQ OXPLqUH OD PDQLqUH GRQW OHV DFWLRQV GH JHVWLRQ GH
OD ELRGLYHUVLWp SUHQQHQW SODFH GDQV OH FRQWH[WH pFRQRPLTXH HW VRFLR�pFRORJLTXH SUR�
SUH DX PRGqOH GH SURGXFWLRQ GRPLQDQW �0DWKHYHW� ������ (Q SDUWLFXOLHU j O·pSRTXH
DFWXHOOH GH O·LQWHQVLÀFDWLRQ GH OD QpROLEpUDOLVDWLRQ� MH SHQVH TX·LO Q·D MDPDLV pWp DXWDQW
QpFHVVDLUH G·H[SRVHU OHV FRQWUDGLFWLRQV LQKpUHQWHV j OD UHODWLRQ HQWUH OD SURWHFWLRQ GH
OD ELRGLYHUVLWp HW OH QpROLEpUDOLVPH �$SRVWRORSRXORX HW DO�� ������

&H SURMHW GH WKqVH V·HVW FRQVWUXLW DXWRXU G·XQH GRXEOH YRORQWp � SUHPLqUHPHQW�
UpDOLVHU XQH WKqVH HQ FROODERUDWLRQ DYHF OH PRQGH GH OD JHVWLRQ GH OD ELRGLYHUVLWp
� GHX[LqPHPHQW� FRQWLQXHU j PH IRUPHU j OD SUDWLTXH GHV VFLHQFHV VRFLDOHV� /H
PDULDJH HQWUH pFRORJLH HW VFLHQFHV VRFLDOHV SRXU O·pWXGH GHV SUDWLTXHV GH JHVWLRQ GH
OD ELRGLYHUVLWp V·HVW UDSLGHPHQW LPSRVp FRPPH OH FDGUH VFLHQWLÀTXH GH FHWWH WKqVH
TXH MH VRXKDLWDLV LQWHUGLVFLSOLQDLUH�

/HV FROODERUDWLRQV HQWUH FKHUFKHXUV HW JHVWLRQQDLUHV GH OD ELRGLYHUVLWp VRQW DQFL�
HQQHV� GX IDLW QRWDPPHQW GX U{OH GHV FKHUFKHXUV GDQV OD FUpDWLRQ GH FHUWDLQV HVSDFHV
QDWXUHOV SURWpJpV HW GDQV OHXUV LQVWDQFHV GH JHVWLRQ FRPPH OHV FRQVHLOV VFLHQWLÀTXHV
�$USLQ HW DO�� ������ $LQVL� SOXVLHXUV FKHUFKHXUV DFDGpPLTXHV RQW GHV GRPDLQHV
GH UHFKHUFKH DSSOLTXpV TXL OHV IRQW FROODERUHU UpJXOLqUHPHQW DYHF OH PRQGH GH
OD JHVWLRQ� TXH FH VRLW GHV pFRORJXHV� GHV VWDWLVWLFLHQV� GHV VRFLRORJXHV� RX GHV
JpRJUDSKHV� '·XQ F{Wp� OHV GLIIpUHQFHV GH FRPSpWHQFHV HW O·pFKDQJH G·H[SpULHQFH
FRQVWLWXHQW O·LQWpUrW GH OD FROODERUDWLRQ� FH TXL OD UHQG © SURGXFWLYH ª� '·XQ DXWUH
F{Wp� OHV GLIIpUHQFHV G·REMHFWLIV HW GH PpWKRGHV SHXYHQW rWUH VXVFHSWLEOHV G·HQWUDYHU
OD FROODERUDWLRQ �$USLQ HW DO�� ������ &ROODERUHU j XQ FR�W HW FRPSRUWH GHV GLIÀFXOWpV
HW GHV ULVTXHV TXL SHXYHQW rWUH LQpJDOHPHQW UpSDUWLV HQWUH OHV SDUWLFLSDQWV� HQ
SDUWLFXOLHU GDQV OH FDGUH G·XQH WKqVH R� O·LQYHVWLVVHPHQW HVW LPSRUWDQW SRXU OH
GRFWRUDQW �&KDVVp HW DO�� ������ 3HQGDQW PD WKqVH� OD FROODERUDWLRQ D pWp QHWWHPHQW
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EpQpÀTXH SRXU OD FRQVWUXFWLRQ GX VXMHW G·pWXGH� 'X SRLQW GH YXH GH O·pFRORJLH
VWDWLVWLTXH� OHV PRGqOHV GH VXLYL DGDSWDWLI HQYLVDJpV DX GpSDUW Q·DXUDLHQW HX DXFXQH
DSSOLFDWLRQ GDQV OH FRQWH[WH DFWXHO GHV $03 GH 0pGLWHUUDQpH IUDQoDLVH� DX FRQWUDLUH
GHV PRGqOHV LQWpJUpV SRXU OHVTXHOV SOXVLHXUV $03 RQW IDLW SDUW GH OHXU LQWpUrW� /D
FROODERUDWLRQ SUpFRFH DYHF OHV JHVWLRQQDLUHV G·$03 HW O·2)% D SHUPLV GH SURSRVHU
GHV RXWLOV VWDWLVWLTXHV SHUWLQHQWV PDLV DXVVL GH PHWWUH HQ pYLGHQFH OHV HQMHX[ GH
FRRUGLQDWLRQ GHV VXLYLV pFRORJLTXHV HQWUH OHV $03 HW DLQVL GH PRWLYHU O·pWXGH GH
VFLHQFHV VRFLDOHV�

5pDOLVHU XQH WKqVH LQWHUGLVFLSOLQDLUH HQ PRELOLVDQW OHV VFLHQFHV VRFLDOHV HQ SDUDOOqOH
GH O·pFRORJLH VWDWLVWLTXH D pWp HQULFKLVVDQW G·XQ SRLQW GH YXH SHUVRQQHO� VFLHQWLÀTXH�
HW FULWLTXH�

/H KLDWXV HVW JUDQG HQWUH OHV VWDWLVWLFLHQV�pFRORJXHV
DFDGpPLTXHV HW OHV JHVWLRQQDLUHV GH OD ELRGLYHUVLWp� /HV GHX[ FHUFOHV QH SDUWD�
JHQW VRXYHQW QL OD FXOWXUH VFLHQWLÀTXH HW VD ULJXHXU� QL OD FXOWXUH QDWXUDOLVWH HW VRQ
SUDJPDWLVPH �%HVQDUG� ������ 9HQDQW GH O·pFRORJLH VWDWLVWLTXH� PRELOLVHU GHV VFLHQFHV
VRFLDOHV GDQV XQH DSSURFKH LQWHUGLVFLSOLQDLUH P·D SHUPLV GH FRPEOHU HQ SDUWLH FH
IRVVp� -·DL HQWUHSULV GH FRPSUHQGUH� GH GpFRXYULU OH PLOLHX GH OD FRQVHUYDWLRQ PDULQH
HW GHV $03� -·DL GpFRXYHUW XQH SDUWLH GHV PpWLHUV GHV JHVWLRQQDLUHV G·HVSDFHV
SURWpJpV� -·DL GpYHORSSp XQH PHLOOHXUH FRPSUpKHQVLRQ GHV SROLWLTXHV IUDQoDLVHV
GH SURWHFWLRQ GX PLOLHX PDULQ HW GH OHXU FRQWH[WH LQVWLWXWLRQQHO� /H GpURXOHPHQW
G·XQH WKqVH LQWHUGLVFLSOLQDLUH SHXW rWUH FRPSOLTXp SDU XQ HQWRXUDJH VFLHQWLÀTXH
SHX DGDSWp HW SDU OHV GLIÀFXOWpV OLpHV j O·DSSURSULDWLRQ GHV PpWKRGHV LVVXHV G·XQH
GLVFLSOLQH VFLHQWLÀTXH PRLQV PDvWULVpH� GDQV PRQ FDV OD PRELOLVDWLRQ GHV VFLHQFHV
VRFLDOHV �&KDVVp HW DO�� ������ 3RXU PD SDUW� M·DL HX OD FKDQFH GH EpQpÀFLHU G·XQ FRQ�
WH[WH VFLHQWLÀTXH WUqV IDYRUDEOH j O·pPHUJHQFH GH FH JHQUH G·DSSURFKHV� 5pDOLVHU PD
WKqVH GDQV XQH pTXLSH GH UHFKHUFKH LQWHUGLVFLSOLQDLUH GX &()( \ HVW SRXU EHDXFRXS
�pTXLSH +$,5� � DYHF OD FRPSOpPHQWDULWp GH 1LFRODV /HVFXUHX[ SRXU P·HQFDGUHU
VXU OHV PpWKRGHV G·HQWUHWLHQV VHPL�GLUHFWLIV� $XUpOLHQ %HVQDUG TXL FROODERUH WUqV
pWURLWHPHQW DYHF OHV JHVWLRQQDLUHV G·HVSDFHV SURWpJpV HW TXL D QRXUUL FHUWDLQHV GHV
UpÁH[LRQV GpYHORSSpHV LFL� HW 2OLYLHU *LPHQH] GRQW OHV FRPSpWHQFHV HQ PRGpOLVD�
WLRQ� O·H[SpULHQFH GH FROODERUDWLRQ DYHF OH PLOLHX SURIHVVLRQQHO GH OD JHVWLRQ GH OD
ELRGLYHUVLWp� HW OD VHQVLELOLWp SRXU OHV VFLHQFHV KXPDLQHV SHUPHWWHQW GH VXSHUYLVHU
OH GpYHORSSHPHQW GHV RXWLOV VWDWLVWLTXHV DGDSWpV DX[ EHVRLQV GHV JHVWLRQQDLUHV WRXW
HQ D\DQW XQH YXH DLJXLVpH GH O·HQWLqUHWp GX SURMHW GH WKqVH LQWHUGLVFLSOLQDLUH� /H
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FDGUH VFLHQWLÀTXH HVW SULPRUGLDO SRXU O·pPHUJHQFH GH SUDWLTXHV LQWHUGLVFLSOLQDLUHV�
O·pPXODWLRQ HW OH GLDORJXH HQWUH OHV GLIIpUHQWHV GLVFLSOLQHV�

$FDGpPLTXHPHQW� O·pWXGH GH VFLHQFHV VRFLDOHV DXUD SHUPLV
G·LOOXVWUHU OHV FRQVpTXHQFHV HW OHV FRQWUDGLFWLRQV TXL DIIHFWHQW OHV SURIHVVLRQQHOV GH
OD ELRGLYHUVLWp j SURSRV GH OD FROOHFWH GH GRQQpHV pFRORJLTXHV� 'X SRLQW GH YXH
GH O·pFRORJLH VWDWLVWLTXH� OHV PRGqOHV GpYHORSSpV FRQVWLWXHQW XQH DYDQFpH GDQV OD
SULVH HQ FRPSWH GH PXOWLSOHV MHX[ GH GRQQpHV HQ IRXUQLVVDQW GHV RXWLOV DGDSWpV DX[
FRQWH[WHV GH FRQVHUYDWLRQ� /·DSSURFKH VH FRQVLGqUH LQWHUGLVFLSOLQDLUH GDQV OH VHQV
R� QRXV DYRQV HVVD\p GH IDLUH GLDORJXHU OHV GLVFLSOLQHV VFLHQWLÀTXHV PRELOLVpHV �/p�
WRXUQHDX� ������ ,O \ D HX pFKDQJH HW WUDQVIHUW GH UpVXOWDWV GHV VFLHQFHV VRFLDOHV YHUV
O·pFRORJLH VWDWLVWLTXH� OHV HQWUHWLHQV D\DQW FRQWULEXp j DGDSWHU OHV GpYHORSSHPHQWV
PpWKRGRORJLTXHV� &HSHQGDQW� OHV LQWpUrWV GH O·LQWHUGLVFLSOLQDULWp UHVVRUWHQW SHX GDQV
OHV SURGXFWLRQV DFDGpPLTXHV GH PD WKqVH� /HV SXEOLFDWLRQV GHV 6HFWLRQV �� �� � �YRLUH
FHOOHV GHV $QQH[HV � HW �� VRQW PRQR�GLVFLSOLQDLUHV� VRLW HQ pFRORJLH VWDWLVWLTXH� VRLW
HQ VFLHQFHV VRFLDOHV� /HV EpQpÀFHV GH O·LQWHUGLVFLSOLQDULWp RQW pWp SULQFLSDOHPHQW GH
JDUDQWLU XQH PHLOOHXUH DSSOLFDELOLWp GHV UpVXOWDWV HQ OLHQ DYHF © OH UpHO ª �&KDVVp HW DO��
������ -·HVSqUH TXH FHV WUDYDX[ LOOXVWUHURQW PDOJUp WRXWH OD SHUWLQHQFH GX GLDORJXH HQ�
WUH VFLHQFHV VRFLDOHV HW pFRORJLH VWDWLVWLTXH SRXU SURGXLUH GHV RXWLOV GH FRQVHUYDWLRQ
pFRORJLTXHPHQW HIÀFDFHV HW VRFLDOHPHQW SHUWLQHQWV�

/D PXOWL�
GLVFLSOLQDULWp GHV VFLHQFHV GH OD FRQVHUYDWLRQ SHUPHW G·HQYLVDJHU XQH YLVLRQ JOREDOH
GH OD SURWHFWLRQ GH OD ELRGLYHUVLWp UHOLDQW OHV SURFHVVXV pFRORJLTXHV DX FRQWH[WH
VRFLR�pFRQRPLTXH HW SROLWLTXH� 6·HQJDJHU GDQV XQH DSSURFKH PXOWL�GLVFLSOLQDLUH
SHUPHW DXVVL DX FKHUFKHXU HQ pFRORJLH GH SUHQGUH GX UHFXO VXU VRQ FRQWH[WH G·pWXGH�
/D SRUWpH GHV VFLHQFHV VRFLDOHV IRXUQLW XQH YLVLRQ pODUJLH GHV SURFHVVXV j O·±XYUH HQ
FRQVHUYDWLRQ� $SSUpKHQGHU OHV GpWHUPLQDQWV SROLWLTXHV HW VRFLpWDX[ HVW SHUWLQHQW j
PRQ VHQV SRXU GHX[ UDLVRQV� '·XQH SDUW� OH FKHUFKHXU SHXW PLHX[ FLEOHU VHV VXMHWV
HW VHV SUDWLTXHV GH UHFKHUFKH SRXU PD[LPLVHU OHXU XWLOLWp pFRORJLTXH HW VRFLpWDOH�
'·DXWUH SDUW� OHV FKHUFKHXUV VRQW DLQVL HQ FDSDFLWp GH FRPPHQWHU RX G·pYDOXHU OH
SURFHVVXV GH SULVH GH GpFLVLRQ HW OHV SROLWLTXHV PLVHV HQ SODFH� /HV VFLHQFHV GH OD
FRQVHUYDWLRQ FRQVWLWXHQW XQ FKDPS GLVFLSOLQDLUH RULHQWp TXL LQFRUSRUH GHV YDOHXUV
VXEMHFWLYHV DVVXPpHV �5RELQVRQ� ������ /HV VFLHQFHV GH OD FRQVHUYDWLRQ EURXLOOHQW
DLQVL OD GLVWLQFWLRQ FODVVLTXH HQWUH VFLHQFH HW SROLWLTXH HQ LPEULTXDQW OHV SUDWLTXHV
VFLHQWLÀTXHV GDQV OH SURFHVVXV SROLWLTXH� HQ WpPRLJQH OHV LQVWDQFHV VFLHQWLÀTXHV
FRQVXOWDWLYHV TXL DVVLVWHQW OHV SROLWLTXHV SXEOLTXHV �H�J� O·,3%(6� OH *,(&� OHV FRQVHLOV
VFLHQWLÀTXHV GHV HVSDFHV QDWXUHOV SURWpJpV�� 7RXW HQ UHVSHFWDQW XQH H[LJHQFH GH
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GpPDUFDWLRQ HQWUH OD VFLHQFH HW OHV DFWLYLWpV pFRORJLVWHV PLOLWDQWHV� LO IDXW UHFRQQDLWUH
DX[ VFLHQFHV GH OD FRQVHUYDWLRQ XQH SODFH FHQWUDOH HW XQH UHVSRQVDELOLWp VRFLpWDOH
GDQV OD SURGXFWLRQ GH FRQQDLVVDQFHV HW GDQV O·pYDOXDWLRQ GHV SROLWLTXHV SXEOLTXHV�
/H FURLVHPHQW GHV GLVFLSOLQHV IRXUQLW XQH JULOOH GH OHFWXUH ODUJH HW DLJXLVpH GHV HQMHX[
HQYLURQQHPHQWDX[ TXL SHUPHWWUDLW DX[ VFLHQFHV GH OD FRQVHUYDWLRQ GH V·HQJDJHU
GDYDQWDJH GDQV FHWWH DQDO\VH VFLHQWLÀTXH GHV SROLWLTXHV SXEOLTXHV �5RELQVRQ�
������ $ O·KHXUH R� OD GpVLQIRUPDWLRQ VFLHQWLÀTXH WRXFKH j GHV SUREOqPHV VRFLp�
WDX[ GH SUHPLHU SODQ HW GDQV GHV SURSRUWLRQV LQTXLpWDQWHV �H�J� GpVLQIRUPDWLRQ
DX VXMHW GX FKDQJHPHQW FOLPDWLTXH� GHV FDPSDJQHV GH YDFFLQDWLRQ� RX j GHV ÀQV
SROLWLTXHV j WUDYHUV OH PDXYDLV XVDJH GHV GRQQpHV TXDQWLWDWLYHV� :HVW 	 %HUJVWURP
�������� O·LQGpSHQGDQFH HW OD GpPRFUDWLVDWLRQ GH OD UHFKHUFKH VFLHQWLÀTXH SXEOLTXH
Q·RQW MDPDLV pWp DXVVL XUJHQWV SRXU FROOHFWLYHPHQW QRXV LQIRUPHU HW QRXV DUPHU
LQWHOOHFWXHOOHPHQW�

���
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$&&2%$06� �������
�S� ���S�� (G�

$&&2%$06 � $&&2%$06 6XUYH\ ,QLWLDWLYH 3URMHFW� 0RQDFR�
$JDUG\� 7� ������� $GYDQFHV LQ PDULQH FRQVHUYDWLRQ� 7KH UROH RI PDULQH SURWHFWHG

DUHDV� � ���� ���²���� KWWSV���GRL�RUJ��������������
���������������

$JDUG\� 7�� %ULGJHZDWHU� 3�� &URVE\� 0� 3�� 'D\� -�� 'D\WRQ� 3� .�� .HQFKLQJWRQ� 5��
/DIIROH\� '��0F&RQQH\� 3��0XUUD\� 3�$�� 3DUNV� -� (�� 	 3HDX� /� ������� 'DQJHURXV
WDUJHWV" 8QUHVROYHG LVVXHV DQG LGHRORJLFDO FODVKHV DURXQGPDULQH SURWHFWHG DUHDV�

� ���� ���²���� KWWSV���
GRL�RUJ���������DTF����

$JDUG\� 7�� 6FLDUD� *� 1� GL� 	 &KULVWLH� 3� ������� 0LQG WKH JDS� $GGUHVVLQJ WKH VKRUW�
FRPLQJV RI PDULQH SURWHFWHG DUHDV WKURXJK ODUJH VFDOH PDULQH VSDWLDO SODQQLQJ�

� ���� ���²���� KWWSV���GRL�RUJ���������M�PDUSRO������������
$OSKDQGpU\� 3�� 	 )RUWLHU� $� ������� /HV GRQQpHV QDWXUDOLVWHV j O·pSUHXYH GH OD WUDQV�

SDUHQFH� � ��� KWWSV���GRL�RUJ���������HWXGHVUXUDOHV������
$PHQJXDO� -�� 	 $OYDUH]�%HUDVWHJXL� '� ������� $ FULWLFDO HYDOXDWLRQ RI WKH $LFKL %LR�

GLYHUVLW\ 7DUJHW �� DQG WKH 0HGLWHUUDQHDQ 03$ QHWZRUN� WZR \HDUV DKHDG RI LWV
GHDGOLQH� � � ���²���� KWWSV���GRL�RUJ���������M�ELRFRQ�
�����������

���



$PXQGVRQ� &� /�� 5R\OH� -� $�� 	 +DQGHO� &� 0� ������� $ KLHUDUFKLFDO PRGHO FRPELQ�
LQJ GLVWDQFH VDPSOLQJ DQG WLPH UHPRYDO WR HVWLPDWH GHWHFWLRQ SUREDELOLW\ GXULQJ
DYLDQ SRLQW FRXQWV� � ���� ���²���� KWWSV���GRL�RUJ���������$8.����
����

$QGHUVRQ� 6� &�� (OVHQ� 3� 5�� +XJKHV� %� %�� 7RQLHWWR� 5� .�� %OHW]� 0� &�� *LOO� '� $��
+ROJHUVRQ� 0� $�� .XHEELQJ� 6� (�� 0F'RQRXJK 0DF.HQ]LH� &�� 0HHN� 0� +�� 	
9HUtVVLPR� '� ������� 7UHQGV LQ HFRORJ\ DQG FRQVHUYDWLRQ RYHU HLJKW GHFDGHV�

� ���� ���²���� KWWSV���GRL�RUJ���������IHH�
����

$1'520('(� �������
�S� �����

$SRVWRORSRXORX� (�� %RUPSRXGDNLV� '�� 3DORQLHPL� 5�� &HQW� -�� *URG]LĸVND�-XUF]DN�
0�� 3LHWU]\N�.DV]\ĸVND� $�� 	 3DQWLV� -� '� ������� *RYHUQDQFH UHVFDOLQJ DQG WKH
QHROLEHUDOL]DWLRQ RI QDWXUH� 7KH FDVH RI ELRGLYHUVLW\ FRQVHUYDWLRQ LQ IRXU (8 FRXQ�
WULHV� � ���� ���²
���� KWWSV���GRL�RUJ�����������������������������

$UOHWWD]� 5�� 6FKDXE� 0�� )RXUQLHU� -�� 5HLFKOLQ� 7� 6�� 6LHUUR� $�� :DWVRQ� -� (� 0�� 	
%UDXQLVFK� 9� ������� )URP 3XEOLFDWLRQV WR 3XEOLF $FWLRQV� :KHQ &RQVHUYDWLRQ %L�
RORJLVWV %ULGJH WKH*DS EHWZHHQ 5HVHDUFK DQG ,PSOHPHQWDWLRQ� � �����
���²���� KWWSV���GRL�RUJ���������ELR��������������

$USLQ� ,� ������� /HV SURGXFWHXUV SURIHVVLRQQHOV GH GRQQpHV VXU OD ELRGLYHUVLWp IDFH
DX[ © ª HQ pFRORJLH� � KWWSV���GRL�RUJ���������
QVV��������

$USLQ� ,�� 5RQVLQ� *�� $XEHUWLH� 6�� &ROOLQ� $�� /DQGULHX� *�� 	 /H %DVWDUG� $��0� �������
/D WUDQVGLVFLSOLQDULWp HQ SUDWLTXH� /HV FROODERUDWLRQV HQWUH FKHUFKHXUV HW JHV�
WLRQQDLUHV G·HVSDFHV QDWXUHOV SURWpJpV� � ���� ���²����
KWWSV���GRL�RUJ���������QVV��������

$63,0� ������� � KWWSV�
��VH[WDQW�LIUHPHU�IU�UHFRUG����G��E��ED��������E�FI�DD���GD������

$XWKLHU� 0�� *DODWLXV� $�� *LOOHV� $�� 	 6SLW]� -� ������� 2I SRZHU DQG GHVSDLU LQ
FHWDFHDQ FRQVHUYDWLRQ� (VWLPDWLRQ DQGGHWHFWLRQ RI WUHQG LQ DEXQGDQFHZLWK QRLV\
DQG VKRUW WLPH�VHULHV� � � H����� KWWSV���GRL�RUJ���������SHHUM�����

%DXGULHU� -�� /HIHEYUH� $�� *DOJDQL� )�� 6DUDX[� &�� 	 'RUD\� 0� ������� 2S�
WLPLVLQJ )UHQFK ÀVKHULHV VXUYH\V IRU PDULQH VWUDWHJ\ IUDPHZRUN GLUHF�
WLYH LQWHJUDWHG HFRV\VWHP PRQLWRULQJ� � � ��²��� KWWSV�
��GRL�RUJ���������M�PDUSRO������������

%HDU]L� *�� )RUWXQD� &� 0�� 	 5HHYHV� 5� 5� ������� (FRORJ\ DQG FRQVHUYDWLRQ RI FRP�
PRQ ERWWOHQRVH GROSKLQV LQ WKH 0HGLWHUUDQHDQ 6HD�

���



� ���� ��²���� KWWSV���GRL�RUJ���������M����������������������[
%HQQHWW� 1� -�� 5RWK� 5�� .ODLQ� 6� &�� &KDQ� .�� &KULVWLH� 3�� &ODUN� '� $�� &XOOPDQ� *��

&XUUDQ� '�� 'XUELQ� 7� -�� (SVWHLQ� *�� *UHHQEHUJ� $�� 1HOVRQ� 0� 3�� 6DQGORV� -��
6WHGPDQ� 5�� 7HHO� 7� /�� 7KRPDV� 5�� 9HUtVVLPR� '�� 	 :\ERUQ� &� ������� &RQ�
VHUYDWLRQ VRFLDO VFLHQFH� 8QGHUVWDQGLQJ DQG LQWHJUDWLQJ KXPDQ GLPHQVLRQV WR
LPSURYH FRQVHUYDWLRQ� � � ��²���� KWWSV���GRL�RUJ����
�����M�ELRFRQ������������

%HVEHDV� 3�� )UHHPDQ� 6� 1�� 0RUJDQ� %� -� 7�� 	 &DWFKSROH� (� $� ������� ,QWHJUDWLQJ
0DUN�5HFDSWXUH�5HFRYHU\ DQG &HQVXV 'DWD WR (VWLPDWH $QLPDO $EXQGDQFH DQG
'HPRJUDSKLF 3DUDPHWHUV� � ���� ���²���� KWWSV���GRL�RUJ���������M�
��������;������������[

%HVQDUG� $� �������
�

%HWWV� 0� *�� +DGOH\� $� 6�� )UH\� '� :�� )UH\� 6� -� .�� *DQQRQ� '�� +DUULV� 6� +��
.LP� +�� .RUPDQQ� 8� *�� /HLPEHUJHU� .�� 0RULDUW\� .�� 1RUWKUXS� -� 0�� 3KDODQ�
%�� 5RXVVHDX� -� 6�� 6WRNHO\� 7� '�� 9DOHQWH� -� -�� :ROI� &�� 	 =iUUDWH฀ &KDUU\� '�
������� :KHQ DUH K\SRWKHVHV XVHIXO LQ HFRORJ\ DQG HYROXWLRQ"

� ����� ����²����� KWWSV���GRL�RUJ���������HFH������
%ORZHV� 6� $�� &KDVH� -� 0�� 'L )UDQFR� $�� )ULG� 2�� *RWHOOL� 1� -�� *XLGHWWL� 3�� .QLJKW�

7� 0�� 0D\� )�� 0F*OLQQ� '� -�� 0LFKHOL� )�� 6DOD� (�� 	 %HOPDNHU� -� ������� 0HGLWHU�
UDQHDQ PDULQH SURWHFWHG DUHDV KDYH KLJKHU ELRGLYHUVLW\ YLD LQFUHDVHG HYHQQHVV�
QRW DEXQGDQFH� � ����²����������� KWWSV���GRL�RUJ����
��������������������

%RRQ]DLHU� /�� 	 3DXO\� '� ������� 0DULQH SURWHFWLRQ WDUJHWV� $Q XSGDWHG DV�
VHVVPHQW RI JOREDO SURJUHVV� � ���� ��²��� KWWSV���GRL�RUJ���������
6����������������

%RXFKDUG� &�� %UDFNHQ� &�� 'DELQ�:�� 9DQ&DQQH\W� 2�� 5LGRX[� 9�� 6SLW]� -�� 	$XWKLHU�
0� ������� $ ULVN�EDVHG IRUHFDVW RI H[WUHPH PRUWDOLW\ HYHQWV LQ VPDOO FHWDFHDQV�
8VLQJ VWUDQGLQJ GDWD WR LQIRUP FRQVHUYDWLRQ SUDFWLFH� � ����
H������ KWWSV���GRL�RUJ���������FRQO������

%RXUJHRLV� .�� 	 9LGDO� (� ������� 7KH HQGHPLF 0HGLWHUUDQHDQ \HONRXDQ VKHDUZDWHU
3XIÀQXV \HONRXDQ� 'LVWULEXWLRQ� WKUHDWV DQG D SOHD IRU PRUH GDWD� � �����
KWWSV���GRL�RUJ���������6����������������

%UDGLH� -�� 	 /HXQJ� %� ������� $ TXDQWLWDWLYH V\QWKHVLV RI WKH LPSRUWDQFH RI YDULDEOHV
XVHG LQ 0D[(QW VSHFLHV GLVWULEXWLRQ PRGHOV� � ���� ����²
����� KWWSV���GRL�RUJ���������MEL������

%UDXQLVFK� 9�� +RPH� 5�� 3HOOHW� -�� 	$UOHWWD]� 5� ������� &RQVHUYDWLRQ VFLHQFH UHOHYDQW
WR DFWLRQ� $ UHVHDUFK DJHQGD LGHQWLÀHG DQG SULRULWL]HG E\ SUDFWLWLRQHUV�

���



� � ���²���� KWWSV���GRL�RUJ���������M�ELRFRQ������������
%XFNODQG� 6� 7�� $QGHUVRQ� '� 5�� %XUQKDP� .� 3�� 	 /DDNH� -� /� ������� 'LVWDQFH

VDPSOLQJ� � �
&DOORQ� 0�� /DVFRXPHV� 3�� 	 %DUWKH� <� �������

� 6HXLO�
&DxDGDV� $�� 6DJDUPLQDJD� 5�� 	 *DUF×ع D�7LVFDU� 6� ������� &HWDFHDQ GLVWULEXWLRQ UH�

ODWHG ZLWK GHSWK DQG VORSH LQ WKH 0HGLWHUUDQHDQ ZDWHUV RII VRXWKHUQ 6SDLQ�
� ����� ����²����� KWWSV���GRL�

RUJ���������6��������������������
&KDQGOHU� 5� %�� +HSLQVWDOO�&\PHUPDQ� -�� 0HUNHU� 6�� $EHUQDWK\�&RQQHUV� +�� 	

&RRSHU� 5� -� ������� &KDUDFWHUL]LQJ VSDWLR�WHPSRUDO YDULDWLRQ LQ VXUYLYDO DQG UH�
FUXLWPHQW ZLWK LQWHJUDWHG SRSXODWLRQ PRGHOV� � ���� ���²���� KWWSV�
��GRL�RUJ���������$8.���������

&KDVVp� 3�� &RJRV� 6�� 	 )RXTXHUD\� 7� ������� /D WKqVH LQWHUGLVFLSOLQDLUH HQ VFLHQFHV
GH O·HQYLURQQHPHQW� GHV GpÀV j UHOHYHU HW GHV RSSRUWXQLWpV j VDLVLU � 5HJDUGV
GH GRFWRUDQWV� � ���� ���²���� KWWSV���GRL�RUJ���������
QVV��������

&KHQH\� %�� 7KRPSVRQ� 3� 0�� ,QJUDP� 6� 1�� +DPPRQG� 3� 6�� 6WHYLFN� 3� 7�� 'XUEDQ� -�
:�� &XOORFK� 5� 0�� (OZHQ� 6� +�� 0DQGOHEHUJ� /�� -DQLN� 9� 0�� 4XLFN� 1� -�� ,6/$6�
9LOODQXHYD� 9�� 5RELQVRQ� .� 3�� &RVWD� 0�� (LVIHOG� 6� 0�� :DOWHUV� $�� 3KLOOLSV� &��
:HLU� &� 5�� (YDQV� 3� *� +�� «:LOVRQ� %� ������� ,QWHJUDWLQJ PXOWLSOH GDWD VRXUFHV
WR DVVHVV WKH GLVWULEXWLRQ DQG DEXQGDQFH RI ERWWOHQRVH GROSKLQV
LQ 6FRWWLVK ZDWHUV� $EXQGDQFH RI ERWWOHQRVH GROSKLQV DURXQG 6FRWODQG�

� ���� ��²��� KWWSV���GRL�RUJ���������M����������������������[
&KULVWLH� 3�� %HQQHWW� 1� -�� *UD\� 1� -�� :LOKHOP� 7� ¶$XODQL� /HZLV� 1�� 3DUNV� -�� %DQ�

1� &�� *UXE\� 5� /�� *RUGRQ� /�� 'D\� -�� 7DHL� 6�� 	 )ULHGODQGHU� $� 0� �������
:K\ SHRSOH PDWWHU LQ RFHDQ JRYHUQDQFH� ,QFRUSRUDWLQJ KXPDQ GLPHQVLRQV LQWR
ODUJH�VFDOH PDULQH SURWHFWHG DUHDV� � � ���²���� KWWSV���GRL�RUJ�
��������M�PDUSRO������������

&RDG� /�� :DWVRQ� -� (�� *HOGPDQQ� -�� %XUJHVV� 1� '�� /HYHULQJWRQ� )�� +RFNLQJV� 0��
.QLJKWV� .�� 	 'L 0DUFR� 0� ������� :LGHVSUHDG VKRUWIDOOV LQ SURWHFWHG DUHD UH�
VRXUFLQJ XQGHUPLQH HIIRUWV WR FRQVHUYH ELRGLYHUVLW\�

� ���� ���²���� KWWSV���GRL�RUJ���������IHH�����
&ROO� 0�� 3LURGGL� &�� $OERX\� &�� /DVUDP� )� %� 5�� &KHXQJ� :� :� /�� &KULVWHQVHQ�

9�� .DUSRX]L� 9� 6�� *XLOKDXPRQ� )�� 0RXLOORW� '�� 3DOHF]Q\� 0�� 3DORPDUHV� 0� /��
6WHHQEHHN� -�� 7UXMLOOR� 3�� :DWVRQ� 5�� 	 3DXO\� '� ������� 7KH 0HGLWHUUDQHDQ 6HD
XQGHU VLHJH� 6SDWLDO RYHUODS EHWZHHQPDULQH ELRGLYHUVLW\� FXPXODWLYH WKUHDWV DQG
PDULQH UHVHUYHV� � ���� ���²���� KWWSV���GRL�RUJ�

���



��������M����������������������[
&RPWH� /�� 	 *UHQRXLOOHW� *� ������� 6SHFLHV GLVWULEXWLRQ PRGHOOLQJ DQG LPSHUIHFW

GHWHFWLRQ� &RPSDULQJ RFFXSDQF\ YHUVXV FRQVHQVXV PHWKRGV�
� ���� ���²����� KWWSV���GRL�RUJ���������GGL������

&RVTXHU� $�� +XJKHV� 0�� /H &RUUH� 1�� 6DLQW�3LHUUH� $�� 3HX]LDW� ,�� 0LFKRW�
7�� 	 %HUQDUG� 1� ������� 5HFUHDWLRQ XVHU NQRZOHGJH� VXSSRUW DQG HQ�
JDJHPHQW LQ )UHQFK 03$V� $UH WKHUH UHYHUVH VLGH�HIIHFWV RI WKH )UHQFK
VRIW UHJXODWLRQ DQG PDQDJHPHQW DSSURDFK" � � ���²����
KWWSV���GRL�RUJ���������M�PDUSRO������������

&RVWHOOR� 0� -�� 	 %DOODQWLQH� %� ������� %LRGLYHUVLW\ FRQVHUYDWLRQ VKRXOG IRFXV RQ QR�
WDNH 0DULQH 5HVHUYHV� � ���� ���²���� KWWSV���GRL�
RUJ���������M�WUHH������������

&ULEE� 1�� 0LOOHU� &�� 	 6HXURQW� /� ������� 7RZDUGV D 6WDQGDUGL]HG $SSURDFK RI
&HWDFHDQ +DELWDW� 3DVW $FKLHYHPHQWV DQG )XWXUH 'LUHFWLRQV�

� ����� ���²���� KWWSV���GRL�RUJ���������RMPV�����������
&XED\QHV� 6�� 3UDGHO� 5�� &KRTXHW� 5�� 'XFKDPS� &�� *DLOODUG� -��0�� /HEUHWRQ� -��'��

0DUERXWLQ� (�� 0LTXHO� &�� 5HERXOHW� $��0�� 3RLOORW� &�� 7DEHUOHW� 3�� 	 *LPHQH]�
2� ������� ,PSRUWDQFH RI $FFRXQWLQJ IRU 'HWHFWLRQ +HWHURJHQHLW\ :KHQ (VWLPDW�
LQJ $EXQGDQFH� 7KH &DVH RI )UHQFK :ROYHV� � ���� ���²����
KWWSV���GRL�RUJ���������M����������������������[

'DQLHOVHQ� )�� -HQVHQ� $� (�� $OYLROD� 3� $�� %DOHWH� '� 6�� 0HQGR]D� 0�� 7DJWDJ� $��
&XVWRGLR� &�� 	 (QJKRII� 0� ������� 'RHV 0RQLWRULQJ 0DWWHU" $ 4XDQWLWDWLYH $V�
VHVVPHQW RI 0DQDJHPHQW 'HFLVLRQV IURP /RFDOO\�EDVHG 0RQLWRULQJ RI 3URWHFWHG
$UHDV� � ����� ����²����� KWWSV���GRL�RUJ���������
V���������������]

'DUV� &�� 0pKHXVW� (�� 'DELQ� :�� 'RUHPXV� *�� *XLFKDUG� %�� 'HFRUV� $�� 'L[QHXI� 6��
9DQ &DQQH\W� 2�� 	 &DXUDQW� )� ������� /H 5pVHDX QDWLRQDO pFKRXDJHV � 8Q RXWLO
G·pYDOXDWLRQ HW GH VXUYHLOODQFH GHV SRSXODWLRQV GH PDPPLIqUHV PDULQV�

� � ��²���
'DUZLQ� &� ������� �

*XLOODXPLQ HW &LH�� OLEUDLUHV�pGLWHXUV�
'D\WRQ� 3� .� ������� 7KH ,PSRUWDQFH RI WKH 1DWXUDO 6FLHQFHV WR &RQVHUYDWLRQ� �$Q

$PHULFDQ 6RFLHW\ RI 1DWXUDOLVWV 6\PSRVLXP 3DSHU�� �
���� �²��� KWWSV���GRL�RUJ���������������

'&600� �������

� KWWS���GDWD�HXURSD�HX�HOL�GLU���������RM�HQJ

���



GHFLVLRQ� &� �������
KWWSV���ZZZ�FEG�LQW�GHFLVLRQ�FRS�"LG �����

'HUYLOOH� 6�� 7RUUHV� /� *�� ,RYDQ� &�� 	 *DUULJXH� &� ������� )LQGLQJ WKH ULJKW ÀW� &RP�
SDUDWLYH FHWDFHDQ GLVWULEXWLRQ PRGHOV XVLQJ PXOWLSOH GDWD VRXUFHV DQG VWDWLVWLFDO
DSSURDFKHV� � KWWSV���GRL�RUJ���������GGL������

'LU]R� 5�� <RXQJ� +� 6�� *DOHWWL� 0�� &HEDOORV� *�� ,VDDF� 1� -� %�� 	 &ROOHQ� %� �������
'HIDXQDWLRQ LQ WKH $QWKURSRFHQH� � ������� ���²���� KWWSV���GRL�RUJ�
��������VFLHQFH��������

'RUD]LR� 5� 0� ������� $FFRXQWLQJ IRU LPSHUIHFW GHWHFWLRQ DQG VXUYH\ ELDV LQ VWD�
WLVWLFDO DQDO\VLV RI SUHVHQFH�RQO\ GDWD� ,PSHUIHFW GHWHFWLRQ DQG VXUYH\ ELDV LQ
SUHVHQFH�RQO\ GDWD� � ����� ����²����� KWWSV�
��GRL�RUJ���������JHE������

'XQKDP� $�� 'XQKDP� -� 6�� 5XELGJH� (�� ,DFDUHOOD� -� &�� 	 0HWD[DV� $� ������� &RQ�
WH[WXDOL]LQJ HFRORJLFDO SHUIRUPDQFH� 5HWKLQNLQJ PRQLWRULQJ LQ PDULQH SURWHFWHG
DUHDV� � ����� ����²�����
KWWSV���GRL�RUJ���������DTF�����

(OLWK� -�� 	 /HDWKZLFN� -� 5� �������
� ���

(OLWK� -�� 3KLOOLSV� 6� -�� +DVWLH� 7�� 'XGtN� 0�� &KHH� <� (�� 	 <DWHV� &� -� ������� $
VWDWLVWLFDO H[SODQDWLRQ RI 0D[(QW IRU HFRORJLVWV� � ����
��²���

(YDQV� 3� *� +� ������� 0DULQH 3URWHFWHG $UHDV DQG PDULQH VSDWLDO SODQQLQJ IRU WKH
EHQHÀW RI PDULQHPDPPDOV�

� ����� ���²���� KWWSV���GRL�RUJ���������6����������������
(YDQV� 3� *� +�� 	 +DPPRQG� 3� 6� ������� 0RQLWRULQJ FHWDFHDQV LQ (XURSHDQ ZD�

WHUV� � ������ ���²���� KWWSV���GRL�RUJ���������M����������������
������[

)HUUDUR� 3� -�� 	 3DWWDQD\DN� 6� .� ������� 0RQH\ IRU 1RWKLQJ" $ &DOO IRU (PSLULFDO
(YDOXDWLRQ RI %LRGLYHUVLW\ &RQVHUYDWLRQ ,QYHVWPHQWV� � ���� H����
KWWSV���GRL�RUJ���������MRXUQDO�SELR��������

)LHOG� 6� $�� 7\UH� $� -�� 	 3RVVLQJKDP� +� 3� ������� 2SWLPL]LQJ DOORFDWLRQ RI PRQ�
LWRULQJ HIIRUW XQGHU HFRQRPLF DQG REVHUYDWLRQDO FRQVWUDLQWV�

� ���� ���²����
)OHWFKHU� 5� -�� +HÁH\� 7� -�� 5REHUWVRQ� (� 3�� =XFNHUEHUJ� %�� 0F&OHHU\� 5� $�� 	 'R�

UD]LR� 5� 0� ������� $ SUDFWLFDO JXLGH IRU FRPELQLQJ GDWD WR PRGHO VSHFLHV GLVWUL�
EXWLRQV� � H������ KWWSV���GRL�RUJ���������HF\�����

)RRWH� $� '�� 7KRPVHQ� 3� )�� 6YHHJDDUG� 6�� :DKOEHUJ� 0�� .LHOJDVW� -�� .\KQ� /� $��
6DOOLQJ� $� %�� *DODWLXV� $�� 2UODQGR� /�� 	 *LOEHUW� 0� 7� 3� ������� ,QYHVWLJDWLQJ

���



WKH 3RWHQWLDO 8VH RI (QYLURQPHQWDO '1$ �H'1$� IRU *HQHWLF 0RQLWRULQJ RI 0D�
ULQH 0DPPDOV� � ���� H������ KWWSV���GRL�RUJ���������MRXUQDO�SRQH�
�������

)UDMHUPDQ� /� ������� 0DQDJHU OHV SURIHVVHXUV " /HV UHODWLRQV KLpUDUFKLTXHV GDQV
O·pWDEOLVVHPHQW HQ )UDQFH j O·KHXUH GX 1RXYHDX PDQDJHPHQW SXEOLF�

� ���� ��²��� KWWSV���ZZZ�FDLUQ�LQIR�UHYXH�HGXFDWLRQ�HW�VRFLHWHV�
�������SDJH����KWP

)UDQNOLQ� -� ������� � &DP�
EULGJH 8QLYHUVLW\ 3UHVV�

)XUQHVV� 5� :�� :DGH� +� 0�� 	 0DVGHQ� (� $� ������� $VVHVVLQJ YXOQHUDELOLW\ RI
PDULQH ELUG SRSXODWLRQV WR RIIVKRUH ZLQG IDUPV�

� � ��²��� KWWSV���GRL�RUJ���������M�MHQYPDQ������������
*DOO� 6� &�� 	 5RGZHOO� /� '� ������� (YDOXDWLQJ WKH VRFLDO DFFHSWDELOLW\ RI 0DULQH 3UR�

WHFWHG $UHDV� � � ��²��� KWWSV���GRL�RUJ���������M�PDUSRO���������
���

*DUFtD�%DUyQ� ,�� $XWKLHU� 0�� &DEDOOHUR� $�� 9i]TXH]� -� $�� 6DQWRV� 0� %�� 0XUFLD� -� /��
	 /RX]DR� 0� ������� 0RGHOOLQJ WKH VSDWLDO DEXQGDQFH RI D PLJUDWRU\ SUHGDWRU�
$ FDOO IRU WUDQVERXQGDU\PDULQH SURWHFWHG DUHDV� � ����
���²���� KWWSV���GRL�RUJ���������GGL������

*LDNRXPL� 6�� 6FLDQQD� &�� 3ODVV�-RKQVRQ� -�� 0LFKHOL� )�� *URUXG�&ROYHUW� .�� 7KLULHW�
3�� &ODXGHW� -�� 'L &DUOR� *�� 'L )UDQFR� $�� *DLQHV� 6� '�� *DUFtD�&KDUWRQ� -� $��
/XEFKHQFR� -�� 5HLPHU� -�� 6DOD� (�� 	 *XLGHWWL� 3� ������� (FRORJLFDO HIIHFWV RI
IXOO DQG SDUWLDO SURWHFWLRQ LQ WKH FURZGHG 0HGLWHUUDQHDQ 6HD� $ UHJLRQDO PHWD�
DQDO\VLV� � ���� KWWSV���GRL�RUJ���������V����������������Z

*LPHQH]� 2�� %XFNODQG� 6� 7�� 0RUJDQ� %� -� 7�� %H]� 1�� %HUWUDQG� 6�� &KRTXHW� 5�� 'UD\�
6�� (WLHQQH� 0��3�� )HZVWHU� 5�� *RVVHOLQ� )�� 0pULJRW� %�� 0RQHVWLH]� 3�� 0RUDOHV�
-� 0�� 0RUWLHU� )�� 0XQR]� )�� 2YDVNDLQHQ� 2�� 3DYRLQH� 6�� 3UDGHO� 5�� 6FKXUU� )�
0�� « 5H[VWDG� (� ������� 6WDWLVWLFDO HFRORJ\ FRPHV RI DJH� � �����
��������� KWWSV���GRL�RUJ���������UVEO����������

*LURQ� <� ������� � ���
*ODVV� '� -�� 	 +DOO� 1� ������� $ %ULHI +LVWRU\ RI WKH +\SRWKHVLV� � ���� ���²����

KWWSV���GRL�RUJ���������M�FHOO������������
*QRQH� *�� %HOOLQJHUL� 0�� 'KHUPDLQ� )�� 'XSUD]� )�� 1XWL� 6�� %HGRFFKL� '�� 0RXOLQV�

$�� 5RVVR� 0�� $OHVVL� -�� 0F&UHD� 5� 6�� $]]HOOLQR� $�� $LUROGL� 6�� 3RUWXQDWR� 1��
/DUDQ� 6�� 'DYLG� /�� 'L 0HJOLR� 1�� %RQHOOL� 3�� 0RQWHVL� *�� 7UXFFKL� 5�� « :XUW]�
0� ������� 'LVWULEXWLRQ� DEXQGDQFH� DQG PRYHPHQWV RI WKH ERWWOHQRVH GROSKLQ
�7XUVLRSV WUXQFDWXV� LQ WKH 3HODJRV 6DQFWXDU\ 03$ �QRUWK�ZHVW 0HGLWHUUDQHDQ
6HD�� 7+( %277/(126( '2/3+,1 ,1 7+( 3(/$*26 6$1&78$5< 03$�

���



� ���� ���²���� KWWSV���
GRL�RUJ���������DTF�����

*RGHW� /�� 	 'HYLFWRU� 9� ������� :KDW &RQVHUYDWLRQ 'RHV�
� ����� ���²���� KWWSV���GRL�RUJ���������M�WUHH������������

*UDQMRX� &� ������� �
3HWHU /DQJ $*�

*UDQMRX� &�� 	 0DX]� ,� ������� 8Q © LPSpUDWLI VFLHQWLÀTXH ª SRXU O·DFWLRQ SXEOLTXH
" $QDO\VH G·XQH FRPSpWLWLRQ SRXU O·H[SHUWLVH HQYLURQQHPHQWDOH�

� � KWWSV���GRL�RUJ���������VRFLR�ORJRV�
���

*UDQMRX� &�� 0DX]� ,�� 	 &RVVRQ� $� ������� /H UHFRXUV DX[ VDYRLUV GDQV O·DFWLRQ
SXEOLTXH HQYLURQQHPHQWDOH � 8Q IRLVRQQHPHQW H[SpULPHQWDO�

� � ���²���� KWWSV���GRL�RUJ���������VGV�����
*UDQW� (� +� &�� =LSNLQ� (� )�� 1LFKROV� -� '�� 	 &DPSEHOO� -� 3� ������� $ 6WUDWHJ\ IRU

0RQLWRULQJ DQG 0DQDJLQJ 'HFOLQHV LQ DQ $PSKLELDQ &RPPXQLW\� 0DQDJHPHQW
'HFLVLRQV XQGHU 8QFHUWDLQW\� � ���� ����²����� KWWSV���GRL�
RUJ���������FREL������

*UHHQ� $�� 6PLWK� 6� (�� /LSVHWW�0RRUH� *�� *URYHV� &�� 3HWHUVRQ� 1�� 6KHSSDUG� 6��
/RNDQL� 3�� +DPLOWRQ� 5�� $OPDQ\� -�� $LWVL� -�� 	 %XDOLD� /� ������� 'HVLJQLQJ D
UHVLOLHQW QHWZRUN RI PDULQH SURWHFWHG DUHDV IRU .LPEH %D\� 3DSXD 1HZ *XLQHD�

� ����� ���� KWWSV���GRL�RUJ���������6����������������
*UHJRU\� 5�� $UYDL� -�� 	 *HUEHU� /� 5� ������� 6WUXFWXULQJ 'HFLVLRQV IRU 0DQDJLQJ

7KUHDWHQHG DQG (QGDQJHUHG 6SHFLHV LQ D &KDQJLQJ &OLPDWH� 7KUHDWHQHG DQG (Q�
GDQJHUHG 6SHFLHV LQ D &KDQJLQJ &OLPDWH� � ���� ����²�����
KWWSV���GRL�RUJ���������FREL������

*URUXG�&ROYHUW� .�� &ODXGHW� -�� 7LVVRW� %� 1�� &DVHOOH� -� (�� &DUU� 0� +�� 'D\� -� &��
)ULHGODQGHU� $� 0�� /HVWHU� 6� (�� /RPD� 7� /� GH� 0DORQH� '�� 	 :DOVK� :� -� �������
0DULQH 3URWHFWHG $UHD 1HWZRUNV� $VVHVVLQJ :KHWKHU WKH :KROH ,V *UHDWHU WKDQ
WKH 6XP RI ,WV 3DUWV� � ���� H������� KWWSV���GRL�RUJ���������MRXUQDO�
SRQH��������

*XLOOHUD�$UURLWD� *�� 5LGRXW� 0� 6�� 	 0RUJDQ� %� -� 7� ������� 'HVLJQ RI RFFXSDQF\
VWXGLHVZLWK LPSHUIHFW GHWHFWLRQ� 'HVLJQ RI RFFXSDQF\ VWXGLHV�

� ���� ���²���� KWWSV���GRL�RUJ���������M���������;������������[
*XLOOHUD฀ $UURLWD� *� ������� 0RGHOOLQJ RI VSHFLHV GLVWULEXWLRQV� UDQJH G\QDPLFV DQG

FRPPXQLWLHV XQGHU LPSHUIHFW GHWHFWLRQ� $GYDQFHV� FKDOOHQJHV DQG RSSRUWXQLWLHV�
� ���� ���²���� KWWSV���GRL�RUJ���������HFRJ������

*XLVDQ� $�� 7KXLOOHU� :�� 	 =LPPHUPDQQ� 1� (� �������
� &DPEULGJH 8QLYHUVLW\ 3UHVV�

���



*XLVDQ� $�� 7LQJOH\� 5�� %DXPJDUWQHU� -� %�� 1DXMRNDLWLV�/HZLV� ,�� 6XWFOLIIH� 3� 5�� 7XO�
ORFK� $� ,� 7�� 5HJDQ� 7� -�� %URWRQV� /�� 0F'RQDOG�0DGGHQ� (�� 0DQW\ND�3ULQJOH�
&�� 0DUWLQ� 7� *�� 5KRGHV� -� 5�� 0DJJLQL� 5�� 6HWWHUÀHOG� 6� $�� (OLWK� -�� 6FKZDUW]�
0� :�� :LQWOH� %� $�� %URHQQLPDQQ� 2�� $XVWLQ� 0�� « %XFNOH\� <� 0� ������� 3UH�
GLFWLQJ VSHFLHV GLVWULEXWLRQV IRU FRQVHUYDWLRQ GHFLVLRQV� � �����
����²����� KWWSV���GRL�RUJ���������HOH������

+DPPRQG� 3� 6�� 0DFOHRG� .�� %HUJJUHQ� 3�� %RUFKHUV� '� /�� %XUW� /�� &DxDGDV� $��
'HVSRUWHV� *�� 'RQRYDQ� *� 3�� *LOOHV� $�� *LOOHVSLH� '�� *RUGRQ� -�� +LE\� /�� .XNOLN�
,�� /HDSHU� 5�� /HKQHUW� .�� /HRSROG� 0�� /RYHOO� 3�� �LHQ� 1�� 3D[WRQ� &� *� 0�� «
9i]TXH]� -� $� ������� &HWDFHDQ DEXQGDQFH DQG GLVWULEXWLRQ LQ (XURSHDQ $WODQWLF
VKHOI ZDWHUV WR LQIRUP FRQVHUYDWLRQ DQGPDQDJHPHQW� � �
���²���� KWWSV���GRL�RUJ���������M�ELRFRQ������������

+ROPHV� *� ������� &RQVHUYDWLRQ·V )ULHQGV LQ +LJK 3ODFHV� 1HROLEHUDOLVP� 1HWZRUNV�
DQG WKH 7UDQVQDWLRQDO &RQVHUYDWLRQ (OLWH� � ���� �²���
KWWSV���GRL�RUJ���������*/(3BDB�����

+RRWHQ� 0� %�� :LNOH� &� .�� 6KHULII� 6� /�� 	 5XVKLQ� -� :� ������� 2SWLPDO VSDWLR�
WHPSRUDO K\EULG VDPSOLQJ GHVLJQV IRU HFRORJLFDO PRQLWRULQJ�

� ���� ���²���� KWWSV���GRL�RUJ���������M����������������������[
+XQWLQJWRQ� +� 3� ������� 8VLQJ WUDGLWLRQDO HFRORJLFDO NQRZOHGJH LQ VFLHQFH� 0HWKRGV

DQG DSSOLFDWLRQV� � ���� ��
,IUHPHU� ������� 6XUYROV GX WKRQ URXJH� ,Q � KWWSV���ZZ]�

LIUHPHU�IU�SHFKH�$UFKLYHV�6XUYROV�GX�WKRQ�URXJH
,JRH� -�� 	 %URFNLQJWRQ� '� ������� � ���
,QJUDP� 6�� 	 5RJDQ� (� ������� ,GHQWLI\LQJ FULWLFDO DUHDV DQG KDELWDW SUHIHUHQFHV RI

ERWWOHQRVH GROSKLQV 7XUVLRSV WUXQFDWXV� � � ���²
���� KWWSV���GRL�RUJ���������PHSV������

,8&1� �������
�

,QWHUQDWLRQDO 8QLRQ IRU &RQVHUYDWLRQ RI 1DWXUH� KWWSV���GRL�RUJ���������,8&1�
8.��������5/76�7��������$���������HQ

.pU\� 0�� 	 5R\OH� -� �������

��VW HG��� (OVHYLHU� KWWSV���GRL�RUJ���������&��������������
.pU\� 0�� 	 5R\OH� -� $� �������

� (OVHYLHU�$3� $FDGHPLF
3UHVV LV DQ LPSULQW RI (OVHYLHU�

.UDPHU�6FKDGW� 6�� 1LHGEDOOD� -�� 3LOJULP� -� '�� 6FKU|GHU� %�� /LQGHQERUQ� -�� 5HLQ�
IHOGHU� 9�� 6WLOOIULHG� 0�� +HFNPDQQ� ,�� 6FKDUI� $� .�� $XJHUL� '� 0�� &KH\QH� 6�

���



0�� +HDUQ� $� -�� 5RVV� -�� 0DFGRQDOG� '� :�� 0DWKDL� -�� (DWRQ� -�� 0DUVKDOO� $� -��
6HPLDGL� *�� 5XVWDP� 5�� « :LOWLQJ� $� ������� 7KH LPSRUWDQFH RI FRUUHFWLQJ IRU
VDPSOLQJ ELDV LQ 0D[(QW VSHFLHV GLVWULEXWLRQ PRGHOV� �
����� ����²����� KWWSV���GRL�RUJ���������GGL������

/DEDFK� +� �������
>3K' WKHVLV@�

/DEDFK� +�� $]]LQDUL� &�� %DUELHU� 0�� &HVDULQL� &�� 'DQLHO� %�� 'DYLG� /�� 'KHUPDLQ�
)�� 'L�0pJOLR� 1�� *XLFKDUG� %�� -RXUGDQ� -�� 5REHUW� 1�� 5RXO� 0�� 7RPDVL� 1��
	 *LPHQH]� 2� ������� 'LVWULEXWLRQ DQG DEXQGDQFH RI ERWWOHQRVH GROSKLQ RYHU
WKH )UHQFK 0HGLWHUUDQHDQ FRQWLQHQWDO VKHOI� � KWWSV���GRL�RUJ���������
������

/DKR]�0RQIRUW� -� -�� *XLOOHUD�$UURLWD� *�� 	 :LQWOH� %� $� ������� ,PSHUIHFW GHWHF�
WLRQ LPSDFWV WKH SHUIRUPDQFH RI VSHFLHV GLVWULEXWLRQ PRGHOV�

� ���� ���²���� KWWSV���GRL�RUJ���������JHE������
/DKR]�0RQIRUW� -� -�� 	 0DJUDWK� 0� -� /� ������� $ &RPSUHKHQVLYH 2YHUYLHZ RI

7HFKQRORJLHV IRU 6SHFLHV DQG +DELWDW 0RQLWRULQJ DQG &RQVHUYDWLRQ� �
ELDE���� KWWSV���GRL�RUJ���������ELRVFL�ELDE���

/DPEHUW� &�� $XWKLHU� 0�� 'RUpPXV� *�� /DUDQ� 6�� 3DQLJDGD� 6�� 6SLW]� -�� 9DQ &DQ�
QH\W� 2�� 	 5LGRX[� 9� ������� 6HWWLQJ WKH VFHQH IRU 0HGLWHUUDQHDQ OLWWHUVFDSH
PDQDJHPHQW� 7KH ÀUVW EDVLQ�VFDOH TXDQWLÀFDWLRQ DQGPDSSLQJ RI ÁRDWLQJPDULQH
GHEULV� � � ������� KWWSV���GRL�RUJ���������M�HQYSRO�
�����������

/DUDQ� 6�� 3HWWH[� (�� $XWKLHU� 0�� %ODQFN� $�� 'DYLG� /�� 'RUpPXV� *�� )DOFKHWWR� +��
0RQHVWLH]� 3�� 9DQ &DQQH\W� 2�� 	 5LGRX[� 9� ������� 6HDVRQDO GLVWULEXWLRQ DQG
DEXQGDQFH RI FHWDFHDQV ZLWKLQ )UHQFKZDWHUV� 3DUW ,� 7KH 1RUWK�:HVWHUQ0HGLWHU�
UDQHDQ� LQFOXGLQJ WKH 3HODJRV VDQFWXDU\�

� � ��²��� KWWSV���GRL�RUJ���������M�GVU�������������
/DXUHW� 9�� 'HOLEHV�0DWHRV� 0�� 0RXJHRW� )�� 	 $UUR\R�/RSH]� %� ������� 8QGHUVWDQG�

LQJ FRQVHUYDWLRQ FRQÁLFWV DVVRFLDWHG ZLWK URGHQW RXWEUHDNV LQ IDUPODQG DUHDV�
� ���� ����²�����

/HRQH� $� %�� %RQDQQR )HUUDUR� *�� %RLWDQL� /�� 	 %ODVL� 0� )� ������� 6NLQ PDUNV LQ ERW�
WOHQRVH GROSKLQV �7XUVLRSV WUXQFDWXV� LQWHUDFWLQJ ZLWK DUWLVDQDO ÀVKHU\ LQ WKH FHQ�
WUDO 0HGLWHUUDQHDQ 6HD� � ���� H�������� KWWSV���GRL�RUJ���������
MRXUQDO�SRQH��������

/pWRXUQHDX� $� ������� /D WUDQVGLVFLSOLQDULWp FRQVLGpUpH HQ JpQpUDO HW HQ VFLHQFHV GH
O·HQYLURQQHPHQW� �

� KWWSV���GRL�RUJ���������YHUWLJR�����
/HZLVRQ� 5� /�� &URZGHU� /� %�� 5HDG� $� -�� 	 )UHHPDQ� 6� $� ������� 8QGHUVWDQGLQJ

���



LPSDFWV RI ÀVKHULHV E\FDWFK RQ PDULQH PHJDIDXQD� �
����� ���²���� KWWSV���GRL�RUJ���������M�WUHH������������

/LQGHQPD\HU� '� %�� 	 /LNHQV� *� (� ������� 7KH VFLHQFH DQG DSSOLFDWLRQ RI HFRORJLFDO
PRQLWRULQJ� � ���� ����²����� KWWSV���GRL�RUJ���������
M�ELRFRQ������������

/LQGHQPD\HU� '� %�� 	 /LNHQV� *� (� ������� $GDSWLYH PRQLWRULQJ� $ QHZ SDUDGLJP
IRU ORQJ�WHUP UHVHDUFK DQG PRQLWRULQJ� � ���� ���²
���� KWWSV���GRL�RUJ���������M�WUHH������������

/RXLV� 0�� 9LULFHO� $�� /XFDV� 7�� 3HOWLHU� +�� $OIRQVL� (�� %HUURZ� 6�� %URZQORZ� $��
&RYHOR� 3�� 'DELQ� :�� 'HDYLOOH� 5�� 6WHSKDQLV� 5� GH� *DOO\� )�� *DXIÀHU� 3�� 3HQURVH�
5�� 6LOYD� 0� $�� *XLQHW� &�� 	 6LPRQ�%RXKHW� %� ������� +DELWDW�GULYHQ SRSXODWLRQ
VWUXFWXUH RI ERWWOHQRVH GROSKLQV� � LQ WKH 1RUWK�(DVW $WODQWLF�

� ���� ���²���� KWWSV���GRL�RUJ���������PHF������
/RXYULHU� -� �������

>7KHVH GH GRFWRUDW� 0RQWSHOOLHU@� KWWSV���ZZZ�WKHVHV�IU�����0217*���
/\RQV� -� (�� 5XQJH� 0� &�� /DVNRZVNL� +� 3�� 	 .HQGDOO� :� /� ������� 0RQLWRULQJ LQ

WKH &RQWH[W RI 6WUXFWXUHG 'HFLVLRQ�0DNLQJ DQG $GDSWLYH 0DQDJHPHQW�
� ���� ����²����� KWWSV���GRL�RUJ�����������������

0DFNHQ]LH� '� ,�� 1LFKROV� -� '�� /DFKPDQ� *� %�� 'URHJH� 6�� 5R\OH� -� $�� 	 /DQJWLPP�
&� $� �������

� ���� ��
0DF.HQ]LH� '� ,� �(G��� �������

� (OVHYLHU�
0DJULV� 5� $�� 	 3UHVVH\� 5� /� ������� 0DULQH SURWHFWHG DUHDV� -XVW IRU VKRZ" �

������� ���²���� KWWSV���GRL�RUJ���������VFLHQFH�DDW����
0DJXUUDQ� $� (�� %DLOOLH� 6� 5�� %XFNODQG� 6� 7�� 'LFN� -� 0F3�� (OVWRQ� '� $�� 6FRWW� (�

0�� 6PLWK� 5� ,�� 6RPHUÀHOG� 3� -�� 	 :DWW� $� '� ������� /RQJ�WHUP GDWDVHWV LQ ELR�
GLYHUVLW\ UHVHDUFK DQG PRQLWRULQJ� $VVHVVLQJ FKDQJH LQ HFRORJLFDO FRPPXQLWLHV
WKURXJK WLPH� � ����� ���²���� KWWSV���GRL�RUJ����
�����M�WUHH������������

0DUHVFRW� /�� /\HW� $�� 6LQJK� 5�� &DUWHU� 1�� 	 *LPHQH]� 2� �������
� KWWSV���GRL�

RUJ���������������
0DULQL� &�� )RVVD� )�� 3DROL� &�� %HOOLQJHUL� 0�� *QRQH� *�� 	 9DVVDOOR� 3� ������� 3UHGLFW�

LQJ ERWWOHQRVH GROSKLQ GLVWULEXWLRQ DORQJ /LJXULD FRDVW �QRUWKZHVWHUQ 0HGLWHU�
UDQHDQ 6HD� WKURXJK GLIIHUHQW PRGHOLQJ WHFKQLTXHV DQG LQGLUHFW SUHGLFWRUV�

� � �²��� KWWSV���GRL�RUJ���������M�MHQYPDQ�
�����������

���



0DUWLQ� -�� 5XQJH� 0� &�� 1LFKROV� -� '�� /XERZ� %� &�� 	 .HQGDOO� :� /� ������� 6WUXF�
WXUHG GHFLVLRQ PDNLQJ DV D FRQFHSWXDO IUDPHZRUN WR LGHQWLI\ WKUHVKROGV IRU FRQ�
VHUYDWLRQ DQG PDQDJHPHQW� � ���� ����²�����

0DWKHYHW� 5� �������
� ����

0DWKHYHW� 5�� 	 0DXFKDPS� $� ������� (YLGHQFH�EDVHG FRQVHUYDWLRQ� 'HDOLQJ ZLWK
VRFLDO LVVXHV� � ���� ���²���� KWWSV���GRL�RUJ����
�����M�WUHH������������

0DX]� ,�� 	 *UDQMRX� &� ������� /D FRQVWUXFWLRQ GH OD ELRGLYHUVLWp FRPPH SUREOqPH
SROLWLTXH HW VFLHQWLÀTXH� SUHPLHUV UpVXOWDWV G·XQH HQTXrWH HQ FRXUV�

� ���� ��� KWWSV���GRL�RUJ���������VHW���������
0D[ZHOO� 6� /�� &D]DOLV� 9�� 'XGOH\� 1�� +RIIPDQQ� 0�� 5RGULJXHV� $� 6� /�� 6WROWRQ�

6�� 9LVFRQWL� 3�� :RRGOH\� 6�� .LQJVWRQ� 1�� /HZLV� (�� 0DURQ� 0�� 6WUDVVEXUJ� %� %�
1�� :HQJHU� $�� -RQDV� +� '�� 9HQWHU� 2�� 	 :DWVRQ� -� (� 0� ������� $UHD�EDVHG
FRQVHUYDWLRQ LQ WKH WZHQW\�ÀUVW FHQWXU\� � ������� ���²���� KWWSV���GRL�
RUJ���������V���������������]

0D]DULV� $� '�� .DOOLPDQLV� $�� *LVVL� (�� 3LSLWRQH� &�� 'DQRYDUR� 5�� &ODXGHW� -�� 5LORY�
*�� %DGDODPHQWL� )�� 6WHO]HQP�OOHU� 9�� 7KLDXOW� /�� %HQHGHWWL�&HFFKL� /�� *RULXS�
3�� .DWVDQHYDNLV� 6�� 	 )UDVFKHWWL� 6� ������� 7KUHDWV WR PDULQH ELRGLYHUVLW\ LQ
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Abstract

In the Mediterranean Sea, interactions between marine species and human activities are prevalent. The coastal

ecology of bottlenose dolphins and the depredation pressure they put on fishing stocks lead them to regular interactions

with fisheries. Mapping the risks of interactions is a preliminary step in managing anthropic pressures. However,

quantifying interactions is hampered by the issue of false negatives whereby dolphins and trawlers may go undetected

despite being present and co-occurring. Here, we develop an integrated multispecies occupancy model to quantify spatial

co-occurrence between trawlers and bottlenose dolphins in the Gulf of Lion, French Mediterranean Sea. We combined

bottlenose dolphin and trawler detections from both aerial surveys and boat surveys in the Gulf of Lion. Multispecies

modeling opens promising avenues in the study of interactions between human activities and marine mammals.
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1 Introduction

Identifying threats to marine ecosystems and species is one of the objectives of ecological monitoring programs (Lindenmayer
& Likens (2010)). The Mediterranean, being the busiest sea on Earth, is especially affected by anthropic pressures (Coll et
al. (2012), Giakoumi et al. (2017)).In particular, there are increasing interactions between marine species and human
activities.

Among other species, the coastal ecology of bottlenose dolphins (Tursiops truncatus) and the depredation pressure they put
on fishing stocks lead them to regular interactions with human recreational activities and fisheries (Queiros et al. (2018),
Bearzi et al. (2009), Leone et al. (2019))). Bottlenose dolphins are often observed in close proximity to fishing activities,
and depredation or bycatch interactions pose conservation concerns (Lewison et al. (2004)).

Mapping interactions is a preliminary step to better understand and manage human-animal interactions. This is usually
achieved by calculating the overlap between a species distribution map and a map of human pressure. This approach raises
two issues. First, when modelling species distribution, failure to account for interspecific interactions between co-occurring
species may lead to biased inference, which arise when modelling only abiotic and habitat associations (Rota, Wikle,

1



et al. (2016)). Second, another challenge when quantifying species interactions is to account for imperfect detection,
e.g. when species do co-occur but one or several of the species involved go undetected by sampling (Rota, Ferreira, et al.
(2016), Fidino et al. (2019)). Ignoring imperfect detection leads to underestimation of species distribution and imprecise
quantification of species interactions (MacKenzie (2006)).

To account for these issues, multispecies occupancy models have been developed to estimate occupancy probabilities of two
or more interacting species while accounting for imperfect detection (Rota, Wikle, et al. (2016)). One caveat of multispecies
models is that they require substantial data to produce robust ecological inference(Clipp et al. (2021)). To overcome data
scarcity, several authors have suggested to combine multiple datasets into an integrated modelling framework (see Kéry &
Royle (2020) for a review). In that spirit, we previously developed a single-species integrated occupancy model to study
common bottlenose dolphins (Lauret et al. (2021)).

Here, we extend this single-species integrated occupancy model to an integrated multispecies occupancy models to study
interactions between common bottlenose dolphins and fisheries in the Gulf of Lion (French Mediterranean Sea). Our main
objective was to provide a statistical framework for maping co-occurrence between fisheries and bottlenose dolphins. Our
second objective was to test, based on field observations, the hypothesis that dolphins are likely to be more detected where
fishing boats are active.

2 Material and Methods

2.1 Data

We combined bottlenose dolphin and fisheries data extracted from SAMM aerial surveys and from GDEGeM monitoring
restricted to the Gulf of Lion (see Thesis manuscript Section 2.3).

We used GDEGeM data collected by EcoOcean Institut https://ecoocean-institut.or in the Gulf of Lion between 2013
and 2015. We extracted detections of common bottlenose dolphin (Tursiops truncatus), and that of trawlers which we
considered as a proxy of fisheries. We used data on fishing trawlers only as we focused on fishing areas and not traveling
routes between harbour and fishing areas. In parallel, we used detections of bottlenose dolphins and of fishing trawlers
from the 2011-2012 SAMM project. We divided the study area into 397 contiguous grid-cells for the statistical analysis.
Below, we provide a visualization of the study area, the detections, and the sampling effort for the two datasets (Figure 1).

Figure 1: Gulf of Lion detections of bottlenose dolphins and trawlers by aerial surveys (SAMM) and boat surveys (GDEGeM)
along with the sampling effort for each monitoring program.

To describe spatial variation in occupancy of bottlenose dolphins and trawlers, we used two environmental covariates:
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• Bathymetry
• Sea Surface Temperature (SST) averaged monthly between 2011 and 2015

Below, Below, we represent the value of each covariate in space (Figure 2).

Figure 2: Spatial variation in bathymetry and Sea Surface Temperature (SST) over our study area

2.2 Multispecies occupancy

We consider a two-species static occupancy model à la Rota et al. (2016).

Ignoring the site index, we use the following notation for the occupancy probabilities:

• ψ11 is the prob. that species A and species B are both present;
• ψ10 is the prob. that species A is present and species B is absent;
• ψ01 is the prob. that species A is absent and species B is present;
• ψ00 is the prob. that species A and species B are both absent,

with ψ11 + ψ10 + ψ01 + ψ00 = 1.

The marginal probabilities of occupancy are:

• Pr(zA = 1) = Pr(species A is present) = ψ10 + ψ11

• Pr(zB = 1) = Pr(species B is present) = ψ01 + ψ11

• Pr(zA = 0) = Pr(species A is absent) = ψ01 + ψ00

• Pr(zB = 0) = Pr(species B is absent) = ψ10 + ψ00

And the conditional probabilities (reminder: Pr(A|B) = Pr(A and B)/ Pr(B)):

• Pr(zA = 1|zB = 0) = ψ10/(ψ10 + ψ00) = Pr(species A is present given species B is absent);
• Pr(zA = 1|zB = 1) = ψ11/(ψ11 + ψ01) = Pr(species A is present given species B is present);
• Pr(zB = 1|zA = 0) = ψ01/(ψ01 + ψ00) = Pr(species B is present given species A is absent);
• Pr(zB = 1|zA = 1) = ψ11/(ψ11 + ψ10) = Pr(species B is present given species A is present).

2.2.1 Dolphins detection probability conditional on trawlers presence

Our second objective was to test whether trawlers presence would affect dolphins detection probability. This hypothesis
comes from at-sea observations. People performing at-sea monitoring of marine mammals in our study area reported that
dolphins were often detected following fishing trawlers. In statistical terms, this could be translated in dolphins detection
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would be higher at grid-cells where trawlers are present. To formally assess the relationship between trawlers presence and
dolphins detection in the multispecies occupancy model, we proceed as follows. While detection probabilities for both
dolphins and fishing boats depend on the sampling effort (sites and occasions), we built another multispecies occupancy
model in which dolphin detection probability was a function of presence or absence of fishing boats. To do so, we used the
formulation in Waddle et al. (2010):

logit(Pr(dolphin is detected|dolphin is present)) = β1zfishing boats + β2(1 − zfishing boats) + β3sampling effort

where the β’s are unknown regression parameters to be estimated, with β1 capturing the effect of the presence of boats,
and β2 their absence. We provide the results of this test in the Supplementary results (see Figure 8).

2.3 Integrated mutlispecies occupancy model

Here, we extend the multi-species occupancy model of Rota, Ferreira, et al. (2016) to integrate two datasets in the spirit
of Lauret et al. (2021). We consider dataset S (e.g SAMM aerial line transects), and dataset G (e.g. GDEGeM boat
search-encounter program). Both monitoring collected detection / non-detection about species A (i.e. bottlenose dolphin)
and B (i.e. trawlers). Then, each species has a different detection probability depending on the monitoring program
considered. For example, p_AˆG is the probability of detecting species A by monitoring program ‘g’. Then, 16 observation
‘events’ can occur. We coded them as follow:

• 1 for none species detected neither by G nor S
• 2 for species A detected by G, nothing by S
• 3 for species B detected by G, nothing by S
• 4 for both species detected by G, nothing by S
• 5 for none species detected neither by G, species A detected by S
• 6 for species A detected by G, species A detected by S
• 7 for species B detected by G, species A detected by S
• 8 for both species detected by G, species A detected by S
• 9 for none species detected neither by G, species B detected by S
• 10 for species A detected by G, species B detected by S
• 11 for species B detected by G, species B detected by S
• 12 for both species detected by G, species B detected by S
• 13 for none species detected neither by G, both species detected by S
• 14 for species A detected by G, both species detected by S
• 15 for species B detected by G, both species detected by S
• 16 for both species detected by G, both species detected by S

From the 4 ecological states (in rows) and the 16 observation events (in columns), we get the observation process with the
following (transposed) 4x16 matrix.

t(θ) =
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We estimated 4 occupancy probabilities for each cell of the study area :

• the prob. that only bottlenose dolphins use the cell, psi1
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• the prob. that only trawlers use the cell, psi2

• the prob. that both dolphins and trawlers use the cell, psi3

• the prob. that neither dolphins nor trawlers use the cell, which correspond to the probability that none of the
previous events occur, psi0.

Probabilities psi1, psi2, and psi3 are modelled as logistic functions of environmental covariates (bathymetry and SST) as
in:

logit(ψ) = θ0 + θ1Bathymetry + θ2SST

Data and code may be found on GitHub at https://github.com/oliviergimenez/human-tursiops-twospeciesoccupancy.

To address our two objectives, first we estimated the relationship between occupancy and environmental covariates
(bathymetry and SST). We displayed on a map an estimate of psi3 the probability of having both species using a cell.
Second, to get a better understanding of the observation process, we estimated detection probability of trawlers and
dolphins which we made monitoring program-specific and a function of sampling effort.

3 Results

3.1 The latent ecological process

We found that the probability of having neither species was independent of bathymetry, while co-occurrence increased with
decreasing depth (Figure 3). Dolphins and trawlers displayed an important overlap in their occupancy according to these
simple results (Figure 3).

Figure 3: Occupancy probabilities estimated from the integrated multispecies model as function of bathymetry. For better
readibility, we do not represent credible intervals here, but see Figure 4

This latter pattern is confirmed in Figure 4, which shows that co-occurrence probability is mainly driven by bathymetry.

3.2 Probability of detecting dolphins and trawlers

Both dolphins and trawlers detection probabilities increased when sampling effort increased. Boat surveys had higher
detection probabilities than aerial surveys (Figure 5).

4 Discussion

We predicted a high co-occurrence probability throughout our study area (Figure 4). The Gulf of Lion waters are of critical
importance for French fisheries and for bottlenose dolphins. However, fishing pressure is not homogeneous over the study
area, a pattern that did not transpire in our data. Despite combining two datasets, we still miss data to produce precise
estimates of trawlers occupancy. Including more data about trawlers would be valuable to better delineate fishing areas and
hence better estimates of co-occurrence probability. Our results also underline that bathymetry drives co-occurrence but it
is likely that more environmental variables contributed to spatial variation in occupancy (e.g. prey availability, distance to
coast, salinity). A more detailed analysis of the ecological process would allow to better investigate potential interactions.
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Figure 4: Co-occcurence probability between dolphins and trawlers. Left panel shows estimated probability and right
panels display lower and upper bounds of 80% credible intervals.

Figure 5: Estimated detection probability of dolphins and trawlers as function of sampling effort of each monitoring
program. We provide posterior medians (solid line) and 80% credible intervals.
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Several assumptions need to be valid to safely apply multispecies occupancy models (similar assumptions to those of the
single-species occupancy) : i) geographic and demographic closure, ii) independence of the detections over space and time,
iii) accurate identification (i.e. no misidentification). In our case study, dolphins and trawlers obviously moved in and out
grid-cells during the sampling period making the geographic closure unlikely to be respected. Thus, we are interpreting the
occupancy as “space-use”, that is the probability that the species uses the grid-cell given it is present in the study area,
hence reflecting the usage a species makes of the different components of the study area.

Overall, our results suggest that an integrated multispecies occupancy modelling approach could contribute in the study of
the interactions between human activities and bottlenose dolphins in the French Mediterranean. Our approach echoes
recent work integrating human activities into multispecies models to identify and quantify threats of anthropic pressures
on the environment (Marescot et al. (2019)).

5 Supplementary results

First, we display in Figure 6 and Table 1 estimates of the regression parameters θ’s for probabilities psi1, psi2, and psi3.

Figure 6: Parameters of the logistic regression relationships for occupancy probabilities for the integrated multispecies
occupancy model between dolphins and trawlers.

Table 1: Values represent the mean estimates and its 80% associated
credible intervals.

Parameter Dolphins only ψ1 Trawlers only ψ2 Coocurrence ψ3

Intercept θ0 0.633 (-0.83; 2.10) - 0.74 (-1.90; 0.40) - 1.35 (-2.46; -0.23)
Bathymetry effect θ1 - 0.77 (-1.95; 0.41) 0.06 (-1.27; 1.39) 1.79 (0.94; 2.65)

SST effect θ2 0.37 (-0.72; 1.475) 0.82 (-0.22; 1.89) - 0.48 (-1.30; 0.30)

Second, to look at the occupancy probability of dolphin (or trawlers), we used psi1 + psi3 (or psi2 + psi3). In Figure
7, the maps reflect the influence of bathymetry on dolphins and trawlers occupancy.

Finally, we provide in Figure 8 the detection probabilities of dolphins and trawlers obtained from the integrated multispecies
occupancy model with the Waddle et al. (2010) parametrization to test for a dependence between dolphins detection and
trawlers presence. With the conditional parametrization of the observation process, the ecological process is the same as
displayed in the Results section (Figure 3 & Figure 4).
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Figure 7: Occupancy probability of dolphins and trawlers estimated from the integrated multispecies occupancy model

Figure 8: Estimated detection probability of dolphins and trawlers as function of sampling effort for each monitoring
program in the case where dolphins detection is conditional on trawlers presence or absence. We provided posterior medians
(solid line) and 80% credible intervals.
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Our results showed no effect of trawlers presence on dolphins detection. We see several reasons for this result. First,
detections of dolphins remain scarce despite trawlers and dolphins being predicted to occur widely throughout the study
area (Figure 7). Indeed, there are many grid-cells where ztrawlers = 1, zdolphins = 1 and ydolphins = 0, hence negatively
driving dolphins detection probability conditional on trawlers presence. Second, we had insufficient data to correctly specify
the link between dolphins detections and trawlers presence (see Discussion section).
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Introduction 6O!

Cost- and time-effective monitoring programs are urgently needed to inform decision-6P!

making about biodiversity management (Aylesworth et al., 2017; Fraschetti et al., 2002; 6Q!

McCauley et al., 2015). Monitoring programs will be most useful if developed with full <R!

consideration of the ecological uncertainties and for how the resulting information will be used. <"!

Therefore, careful thinking about the expected return on investment for monitoring efforts is <6!

especially important, where return on investment can be measured in terms of the management <<!

objectives, thereby focusing the role of monitoring on addressing the needs of managers (Gibbs <B!

et al., 1999; Lindenmayer & Likens, 2010; Nichols & Williams, 2006; Runge et al., 2011). <M!

Monitoring is critical for evaluating the efficacy of management (Fulton et al., 2015; Gibbs et <N!

al., 1999) and for improving the identification of optimal policies (Baxter & Possingham, 2011; <O!

Williams et al., 2018). Monitoring for conservation in a protected area is typically performed <P!

in a cost-constrained environment with limited funding and human resources. Furthermore, it <Q!

is common for a monitoring objective to be multi-faceted, i.e., to have several objectives in a BR!

single monitoring plan. B"!

In real-world ecological monitoring, many species of interest are elusive, and data can be B6!

costly to obtain (Authier et al., 2017; Aylesworth et al., 2017; NRC, 2001). To be effective, B<!

monitoring needs to be flexible enough to adapt to changes in the ecological system being BB!

monitored, and to changes in management objectives and monitoring abilities (Authier et al., BM!

2017; Heylen, 2017; Williams, 2011). For example, it is not uncommon for funding availability BN!

to change over time. In this context, several studies have promoted a framework in which BO!

monitoring adapts in response to the dynamics of ecosystems and to socio-economic changes BP!

(Lindenmayer & Likens, 2009; Nichols & Williams, 2006). The notion of adaptive monitoring BQ!

(AM) is increasingly used in wildlife management to optimize the design of monitoring efforts MR!

(Lindenmayer et al., 2011; Lindenmayer & Likens, 2009, 2010). The underlying idea is that all M"!
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steps of the monitoring approach (e.g., objective setting, data collection, data analyses, and M6!

statistical design of surveys) evolve jointly without threatening the usefulness of previously M<!

collected data. Monitoring is adapted as newly collected information reduces uncertainties MB!

about ecosystem functioning, or when MM!

new questions or monitoring MN!

conditions emerge (Baxter & MO!

Possingham, 2011; Costello et al., MP!

2010; Lyons et al., 2008). A main MQ!

challenge is to adapt monitoring while NR!

maintaining the overall value of the N"!

data series.  N6!

The management of protected N<!

areas is economically costly and the NB!

structure and functioning of wildlife NM!

populations remain the source of NN!

many uncertainties (McIntosh et al., NO!

2018). AM has the potential to lead to NP!

substantial management benefits in NQ!

protected areas systems (Fulton et al., OR!

2015; McIntosh et al., 2018). AM has O"!

been effective in broad-scale O6!

monitoring of terrestrial ecosystems O<!

(Lindenmayer et al., 2011; Ringold et OB!

al., 1996), and for rare plant species OM!

(Pacifici et al., 2016), terrestrial ON!

!
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wildlife (Gibbs et al., 1999), and partially terrestrial marine species (McIntosh et al., 2018; OO!

Williams et al., 2018).  OP!

To our knowledge, there has been no attempt to formalize the implementation of AM through OQ!

precise example, and ecological monitoring programs have sometimes been characterized as PR!

AM only post hoc. Likely explanations for the dearth of fully conceptualized AM programs is P"!

that these programs are more technically challenging to implement than non-adaptive P6!

monitoring, because of a lack of familiarity with AM in the management community, and P<!

because monitoring itself is sometimes treated as an afterthought rather than as a key part of PB!

management. Here, we showcase the implementation of AM to assist protected area PM!

management with marine realms in mind.  PN!

As a potential candidate for AM implementation, the EU Marine Strategy Framework PO!

Directive (MSFD 2008/56/EC) requires that all EU member states reach a ‘good environmental PP!

status’ in their marine waters by 2020, and further mandates ongoing assessment of the status PQ!

of these waters (Authier et al., 2017; Baudrier et al., 2018; Marine Strategy Framework QR!

Directive, 2008). In this context, marine monitoring programs of the MSFD are being Q"!

developed across European seas to inform and guide marine management strategies (Baudrier Q6!

et al., 2018; Lehtiniemi et al., 2015; Van Hoey et al., 2010). The functioning of MSFD is based Q<!

on iterative cycles every 6 years, and aims to reevaluate the monitoring and management QB!

practices based on information collected during previous cycles. QM!

Methods QN!

We used a virtual ecologist approach to illustrate AM and evaluate its performance. This QO!

approach is increasingly used in the ecological literature to assess the performance of sampling QP!

designs and modeling tools (Zurell et al., 2010). We simulated a species occurring in a restricted QQ!

area – the ecological system – and mimicked the detection of this species through monitoring "RR!
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– the observation process. Then, based on these simulated ecological data, we evaluated the "R"!

performance of different monitoring strategies (Zurell et al., 2010). Adopting a virtual ecologist "R6!

approach through simulations allows the analyst to have perfect knowledge about the fictive "R<!

species and hence to draw solid conclusions about the effectiveness of sampling and modelling "RB!

methods (Zurell et al., 2010). "RM!

We illustrate an AM approach built following a structured decision-making process "RN!

(Gregory et al., 2013; Martin et al., 2009). We distinguished a setup phase, and an iterative loop "RO!

(Figure 1). During the setup phase, 1) we formulated monitoring objectives and defined the "RP!

time horizon within which the monitoring is performed, and 2) we listed the components of the "RQ!

monitoring strategies that could be used to reach the objectives: where to monitor, which ""R!

monitoring methods (aerial survey, boat survey, etc), and what sampling effort (frequency, """!

labor forces, working hours). Then, the iterative phase runs through successive time steps. At ""6!

each time t: 3) we analyzed ecological data with statistical models, 4) we selected the ""<!

monitoring strategy that best fits with the predicted species status at time t+1, then 5) we ""B!

implemented the selected monitoring strategy and collected the data.  ""M!

Below, we introduce the AM framework in more details. We consider a fictive area of ""N!

400 contiguous sites within which the target species occurs. Spatial habitat heterogeneity in the ""O!

study area is implemented through a continuous site-specific covariate that varies over fictive ""P!

unit ‘m’ over a range of 0 to 2000 m across the study area; this is a simplification of what is ""Q!

often a more complex relationship between species presence and multiple environmental "6R!

covariates for purposes of illustration. We assumed a quadratic relationship between the "6"!

covariate and species presence – with maximum occupancy at intermediate values of the "66!

covariate around 1000 m – but we allowed the parameters of the quadratic relationship to "6<!

change over the course of the monitoring period (thus changing the value of the covariate at "6B!

which occupancy probability is maximized, simulating a dynamic ecological system). Once this "6M!



N

underlying system model was in place, we simulated a presence-absence dataset with an "6N

optimum of presence around 1000m over 3 seasons. Then, to V&(! (/&! )T&$! (/$(! $T$H()4&!"6O

@3')(3,)'V!;$'!T&$%!X)(/!;/$'V)'V!&;3%3V);$%!;3'T)()3'5-!we changed the relationship between "6P

the covariate and occupancy probability adjusting the optimum of species occurrence around "6Q

1500 m from season 3 to season 5. We displayed the two ecological preferences of the fictive "<R

species in Figure 2. This 5-season presence-absence dataset is the ‘true’ ecological data upon "<"

which AM strategies are to be determined."<6

Step 1: Defining the monitoring objective"<<

Here, we showcase monitoring objectives that we believe to be relevant and common "<B

when monitoring in protected areas. Defining monitoring objectives should be the result of a "<M

consultative process involving multiple stakeholders, managers, statisticians. The monitoring "<N

objective in our fictive protected area is to maximize the precision of the estimated species "<O

distribution. We also assume that monitoring resources are fixed, such that no more than 100 "<P

sites can be monitored at each sampling occasion. "<Q

D)V+,&!6a!SX3!5&(5!3W!^+$T,$();!,&%$()3'5/)H!:&(X&&'!3;;+H$';J!H,3:$:)%)(J!and a fictive covariate (‘m’) 

5)@+%$(&T!)'!BRR!5)(&51!S/&!W),5(!5&(!3W!3;;+H$';J!H,3:$:)%)()&5!)5!5)@+%$(&T!$;;3,T)'V!(3!$'!3H()@+@!3W!

"RR@-!(/&!5&;3'T!5&(!X)(/!$'!3H()@+@!3W!"MRR!@1



! O!

Step 2: Defining the monitoring strategies "BR!

To meet the monitoring objective, managers can survey 100 of the 400 sites in the study "B"!

area at each survey. At the beginning of each monitoring season, managers decide which sites "B6!

they will monitor that season. Chosen sites will be sampled 3 times during the sampling season "B<!

to mimic the repeated visits needed when monitoring for occupancy modelling. Over the 100 "BB!

sites to be monitored, managers chose to monitor 50 sites where the species is most likely to "BM!

occur, and 50 sites randomly. After each monitoring season made of 3 sampling per site, data "BN!

will be analyzed, species distribution predicted, and sampling effort re-allocated following the "BO!

same rule but according to the new prediction of species distribution. "BP!

Step 3: Modeling the ecological system "BQ!

We modeled the ecological system with a dynamic species distribution model in which "MR!

each site can be either occupied or unoccupied by the species. Accounting for imperfect "M"!

detection while estimating species distribution, which is especially relevant for monitoring "M6!

elusive species (Issaris et al., 2012; MacKenzie et al., 2003), can be accomplished with "M<!

occupancy models (Mackenzie et al., 2002). The occupancy status of each site (i.e., occupied "MB!

or unoccupied by the species) changes between seasons through local colonization and "MM!

extinction events. We estimated model parameters – the proportion of sites occupied and the "MN!

probabilities of colonization and extinction – using the R package ‘unmarked’ (Fiske & "MO!

Chandler, 2011). We fitted occupancy models considering 3 possible ecological relationships "MP!

between occupancy and the environmental covariate, i.e., a null model, a linear model, and a "MQ!

quadratic model. We compared the occupancy models using the Akaike Information Criterion "NR!

- AIC (Akaike, 1998). We model-averaged the estimated occupancy parameters across the 3 "N"!

occupancy models and used these to predict species distribution. "N6!
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Step 4: Decision-making: selecting the monitoring strategy "N<!

After each monitoring season, we added the last 3 sampling occasions to the dataset "NB!

from the previous sampling season. We analyzed this new dataset with the modeling process "NM!

described in Step 3 and used the prediction to choose the monitoring strategy to apply during "NN!

the subsequent season. To select the monitoring strategy for next season, we identified the sites "NO!

in which the species was most likely to occur and allocated 50% of the sampling effort to these "NP!

sites and the remaining 50% randomly. "NQ!

Run the monitoring and evaluate monitoring strategy "OR!

]&! )%%+5(,$(&T! (/&! U=! H,3;&55! :$5&T! 3'! M! 5&$53'5! 3W! (,+&! &;3%3V);$%! T$($-! X/);/!"O"!

;3,,&5H3'T!(3!M!@3')(3,)'V!5&$53'5!X)(/!<!5$@H%)'V!3;;$5)3'5!H&,!5&$53'1!U5!T&($)%&T!$:34&-!"O6!

T+,)'V!(/&!(/,&&!W),5(!@3')(3,)'V!5&$53'5-!(/&!H,&W&,,&T!&;3%3V);$%!;3'T)()3'!3W!(/&!5H&;)&5!)5!"O<!

$,3+'T!"RRR!@-!X/)%&!W3,!(/&!@3')(3,)'V!5&$53'5!B!$'T!M!(/&!H,&W&,,&T!&;3%3V);$%!;3'T)()3'!)5!"OB!

$,3+'T!"MRR@! ZD)V+,&!6[1!S3! $55&55! (/&!H,&;)5)3'!3W! (/&!H,&T);(&T!3;;+H$';J-!X/);/! )5! (/&!"OM!

@3')(3,)'V!3:`&;()4&!T&W)'&T!)'!.(&H!"-!X&!&5()@$(&T!(/&!F33(!=&$'!.^+$,&!C,,3,!ZF=.C[!$'T!"ON!

(/&!F&%$()4&!b)$5!ZFb[!3W!(/&!H,&T);(&T!3;;+H$';J!H,3:$:)%)(J!4&,5+5!(/&!(,+&!3;;+H$';J1!"OO!

]&!$55+@&T!(/$(!:&(X&&'!5&$53'5!"!$'T!<-!(/&!5H&;)&5!)5!\'3X'!(3!/$4&!$'!&;3%3V);$%!"OP!

H,&W&,&';&!W3,!"RRR!@!3W!(/&!;34$,)$(&-!/&';&!(/&!W),5(!@3')(3,)'V!5(,$(&VJ!;3,,&5H3'T5!(3!(/&!"OQ!

$%%3;$()3'!3W!MRc!3W!5$@H%)'V!&WW3,(!$,3+'T!"RRR!@!Z$'T!MRc!,$'T3@%J-!5&&!.(&H!6[1!S/&'-!"PR!

W,3@!@3')(3,)'V!5&$53'!"!(3!<-!@3')(3,)'V!X$5!H&,W3,@&T!)'T)5()';(%J!:&(X&&'!'3'_$T$H()4&!"P"!

$'T! $T$H()4&! $HH,3$;/&5! :&;$+5&! '3! &;3%3V);$%! ;/$'V&5! 3;;+,,&T! (/$(! ;$'! @3()4$(&! (/&!"P6!

,&$%%3;$()3'!3W!5$@H%)'V!&WW3,(1!b&(X&&'!5&$53'!<!$'T!5&$53'!B-!(/&!5H&;)&5!T)5(,):+()3'!5/)W(&T!"P<!

W,3@!"RRR!@!(3!"MRR!@1!"PB!

S3!)%%+5(,$(&!(/&!:&'&W)(!3W!$T$H()'V!(/&!5$@H%)'V!5(,$(&VJ-!X&!$HH%)&T!$!B(/!,3+'T!$'T!$!"PM!

M(/!,3+'T!3W!@3')(3,)'V!$W(&,!(/&!;/$'V&!)'!&;3%3V);$%!;3'T)()3'1!L+,)'V!(/&5&!'&X!,3+'T5!3W!"PN!

@3')(3,)'V-!X&!;3@H$,&T!)[!$'!$T$H()4&!@3')(3,)'V!$HH,3$;/!(/$(!;$'!,&$%%3;$(&!(/&!5$@H%)'V!"PO!
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&WW3,(! $;;3,T)'V! (3! (/&! H,&T);()3'! 3W! 3;;+H$';J! H,3:$:)%)()&5! ZW3%%3X)'V! (/&! $%%3;$()3'! ,+%&!"PP!

T&W)'&T!)'!.(&H!B[-!$'T!))[!$!'3'_$T$H()4&!$HH,3$;/!)'!X/);/!X&!\&&H!(/&!5$@&!5$@H%)'V!T&5)V'!"PQ!

W3,!@3')(3,)'V!5&$53'5!"!(3!<1!]&!H,34)T&!(/&!H,&T);(&T!,&%$()3'5/)H!:&(X&&'!3;;+H$';J!$'T!"QR!

(/&!W);()4&!;34$,)$(&-!$'T!(/&!F=.C!$'T!Fb!W3,!&$;/!@3')(3,)'V!5&$53'!$'T!W3,!&$;/!3W! (/&!"Q"!

@3')(3,)'V!5(,$(&VJ!)'!D)V+,&!<1!"Q6!

Results  "Q<!

U;,355!(/&!<!W),5(!@3')(3,)'V!5&$53'5-!F=.C!$'T!Fb!T&;,&$5&T1!S/)5!)';,&$5&!)'!H,&;)5)3'!)5!"QB!

%)\&%J!T+&!(3!(/&!$+V@&'($()3'!3W!T$($!()@&!5&,)&51!73X&4&,-!$W(&,!&;3%3V);$%!;3'T)()3'5!;/$'V&T!"QM!

:&(X&&'!5&$53'5!<!$'T!B-!(/&!$T$H()4&!5(,$(&VJ!Z,&$%%3;$()'V!5$@H%)'V!&WW3,([!&Y/):)(&T!/)V/&,!"QN!

H,&;)5)3'! (/$'! (/&!'3'_$T$H()4&!5(,$(&VJ! Z5$@&!5$@H%)'V!&WW3,(!$%%3;$()3'[! ZD)V+,&!<[1! K'! (/&!"QO!

$T$H()4&!$HH,3$;/-!(/&!,&$%%3;$()3'!3W!(/&!5$@H%)'V!&WW3,(!(3!5)(&5!X/&,&!(/&!5H&;)&5!)5!%)\&%J!(3!"QP!

3;;+,!)';,&$5&!(/&!'+@:&,!3W!T&(&;()3'!X/&'!@3')(3,)'V-!X/);/!)5!\'3X'!(3!/$4&!$!H35)()4&!"QQ!

)'W%+&';&!3'!(/&!H,&;)5)3'!3W!3;;+H$';J!&5()@$(&5!Z=$;d&'A)&-!6RRN[1!S/&!$T$H()4&!$HH,3$;/!6RR!

$%%3X5! (3! :&((&,! 5$@H%&! (/&! 5H&;)&5! T)5(,):+()3'! (3! )';,&$5&! (/&! H,&;)5)3'! 3W! (/&! &;3%3V);$%!6R"!

)'W&,&';&-!X/);/!)5!(/&!@3')(3,)'V!3:`&;()4&!T&W)'&T!)'!(/)5!W);()4&!H,3;&55!Z.(&H!"[1!6R6!

Discussion 6R<!

With our simulations, we intended to illustrate the benefit of an adaptive monitoring 6RB!

framework through an explicit formulation of the analytical process. We pointed out that if 6RM!

ecological conditions changed, the iterative analysis of the ecological system and the 6RN!

reallocation of the sampling effort allow to increase precision in ecological estimates while 6RO!

maintaining the integrity of collected data. To date, we are uncertain this is sufficient to 6RP!

highlight an effective adaptive monitoring implementation. The current work is still ongoing 6RQ!

and clarifications and precisions have to be added.  6"R!
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A limitation of our study lied in the explicit formulation of the monitoring objectives 6""!

and strategies under ecological uncertainty, which should be the result of a consultative process 6"6!

(Lindenmayer & Likens, 2009). To simulate a ‘naïve’ decision-making in the face of 6"<!

uncertainty, we had to design imperfect monitoring strategy on purpose, which was unrealistic 6"B!

as we had access to ‘perfect knowledge’ through the simulation. 6"M!

!
=+07%-(>a!L+,)'V!(/&!(/,&&!W),5(!@3')(3,)'V!5&$53'5-!(/&!H,&W&,,&T!&;3%3V);$%!;3'T)()3'!3W!(/&!

5H&;)&5! )5! $,3+'T! "RRR!@! ZT$,\! ,&T! T3(5! $'T! %)'&5[-!X/)%&! W3,! (/&!@3')(3,)'V! 5&$53'5! B! $'T! M! (/&!

H,&W&,,&T!&;3%3V);$%!;3'T)()3'5!)5!$,3+'T!"MRR@!ZT$,\!:%+&!T3(5!$'T!%)'&5[1!D,3@!@3')(3,)'V!5&$53'!"!

(3! 5&$53'!<-!@3')(3,)'V!X$5!H&,W3,@&T! )'T)5()';(%J!:&(X&&'! '3'_$T$H()4&! $'T! $T$H()4&! $HH,3$;/&5!

:&;$+5&!'3!&;3%3V);$%!;/$'V&5!3;;+,,&T!(/$(!;$'!@3()4$(&!(/&!,&$%%3;$()3'!3W!5$@H%)'V!&WW3,(1!b&(X&&'!

5&$53'!<!$'T!5&$53'!B-!(/&!5H&;)&5!T)5(,):+()3'!5/)W(&T!W,3@!"RRR!@!(3!"MRR!@1!

!D3,!5&$53'5!B!$'T!M-!X&!;3@H$,&T!)[!$'!$T$H()4&!@3')(3,)'V!$HH,3$;/!(/$(!;$'!,&$%%3;$(&!(/&!

5$@H%)'V! &WW3,(! $;;3,T)'V! (3! (/&! H,&T);()3'! 3W! 3;;+H$';J! H,3:$:)%)()&5! ZW3%%3X)'V! $%%3;$()3'! ,+%&!
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Overall, defining clear objectives is a critical step of AM (Lindenmayer & Likens, 2009; 6"N!

Ringold et al., 1996). In a protected area, monitoring is one component among a variety of 6"O!

practices (Dunham et al., 2020; Giakoumi et al., 2018; Vimal, 2017), hence management 6"P!

policies should direct targeted monitoring programs (Lindenmayer et al., 2011). Co-6"Q!

construction process between stakeholders, scientists, and modelers (Bolam et al., 2018) would 66R!

be valuable to ensure sustainability and efficiency of monitoring programs (Lindenmayer et al., 66"!

2011; McIntosh et al., 2018). 666!

Adaptive monitoring for wildlife conservation 66<!

Monitoring dynamic ecological processes is gaining attention in the literature (Williams 66B!

et al., 2018) and the production of high quality data with adaptive strategies has been 66M!

emphasized in ecology and other fields (Hooten et al., 2009; Merl et al., 2009; Shea et al., 66N!

2014). However, non-adaptive strategies are widely used in monitoring programs because they 66O!

are simpler and have lower costs than AM (Hooten et al., 2009; Williams et al., 2018). AM 66P!

requires planning, preparation, and modeling. Lindenmayer et al. (2009) underlined that many 66Q!

monitoring programs are poorly designed partly because statistical tools are discarded from 6<R!

designing phases, considered as not worthy to include, or hard to access for managers. Hence, 6<"!

non-adaptive monitoring design are often preferred for geopolitical, geographical, or economic 6<6!

considerations (Walters, 2007; Wikle & Royle, 1999). Consultative processes including 6<<!

multiple stakeholders such AM or adaptive management are seldomly applied in real world 6<B!

(Walters, 2007). On the other hand, when resources are limited (as for monitoring protected 6<M!

area), managers and scientists need to optimize monitoring efficiency and in this situation, 6<N!

targeted AM improves the quality of information obtained with limited survey capacity (Hooten 6<O!

et al., 2009; Williams et al., 2018). Moreover, protected area management requirements might 6<P!

fluctuate (e.g., variations of funding or priorities) and these changes should be carefully 6<Q!

included in the monitoring process to maintain the integrity of long-term ecological datasets 6BR!
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(Williams, 2011). Another strength of AM is that reframing the monitoring objective 6B"!

continuously allow to better fit with updates in conservation policies. 6B6!

Overall, monitoring in the wild is complex, involving environmental uncertainties and 6B<!

cost-constrained conservation contexts. AM is an ideal long-term monitoring strategy that can 6BB!

help in protected area management. To be widely adopted, adequate funding and real 6BM!

motivation for consultative approaches in  conservation policies are required (Ban et al., 2011; 6BN!

Fulton et al., 2015; McIntosh et al., 2018). 6BO!
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