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&KDSLWUH�,

5pVXPp�GHV�WUDYDX[

&H�FKDSLWUH�SURSRVH�XQ�UpVXPp�GHV�UpVXOWDWV�REWHQXV�DX�FRXUV�GH�OD�WKqVH�HW�SUpVHQWpV�j

WUDYHUV� OHV� DUWLFOHV�� /HV� SULQFLSDX[� HQVHLJQHPHQWV� HW� FRQFOXVLRQV� VHURQW� HQ� SDUWLFXOLHU

VRXOLJQpV��WDQGLV�TXH�OH�OHFWHXU�VH�UpIpUHUD�DX[�DUWLFOHV�SRXU�OHV�GpWDLOV�GHV�PpWKRGHV�HW

GHV� WHFKQLTXHV� GH� WUDLWHPHQW� HPSOR\pHV�� 7RXWHIRLV�� DILQ� GH� SHUPHWWUH� XQH� PHLOOHXUH

FRPSUpKHQVLRQ�GHV� WUDYDX[��GLIIpUHQWHV�QRWLRQV� VHURQW� LFL� SOXV�SURIRQGpPHQW�GpWDLOOpHV

TXH�GDQV�OHV�DUWLFOHV��/·DFFHQW�VHUD�HQ�SDUWLFXOLHU�PLV�VXU�OD�SUpVHQWDWLRQ�GHV�PRGqOHV�GH

GLIIXVLRQ� HW� GH� GHVFULSWLRQ� GX� FRXYHUW� IRUHVWLHU� SRXU� OHVTXHOV� TXHOTXHV� UDSSHOV

IRQGDPHQWDX[�VRQW�QpFHVVDLUHV��'DQV�OD�VHFWLRQ�©�5HFXHLO�HW�DQDO\VH�GHV�GRQQpHV�ª��DSUqV

XQH� EUqYH� LQWURGXFWLRQ� GHV� VLWHV� G·pWXGHV� HW� GHV� FDSWHXUV�� OHV� UpVXOWDWV� GHV� DQDO\VHV

H[SpULPHQWDOHV� VRQW� SUpVHQWpV�� /D� SDUWLH� ©�0RGpOLVDWLRQ�ª�� FRPPHQFH� SDU� GHV� UDSSHOV

WKpRULTXHV�HW�JpQpUDX[�VXU�OHV�PRGqOHV�GH�GLIIXVLRQ�GHV�FRXYHUWV�SXLV�VSpFLILTXHPHQW�VXU

OHV� PRGqOHV� XWLOLVpV� GDQV� O·pWXGH�� /HV� SULQFLSDX[� UpVXOWDWV� GH� OD� PRGpOLVDWLRQ� HW� GH

O·LQWHUSUpWDWLRQ�VRQW�HQVXLWH�H[SOLFLWpV�HW�XQH�EUqYH�GLVFXVVLRQ�VXU�OHXU�JpQpUDOLVDWLRQ�HVW

SUpVHQWpH��(QILQ�� GDQV� OD� VHFWLRQ� ©�,QYHUVLRQ�ª�� OHV� UpVXOWDWV� GH� O·LQYHUVLRQ� GH� YDULDEOHV

G·LQWpUrWV�VRQW�PRQWUpV�

��5HFXHLO�HW�DQDO\VH�GHV�GRQQpHV

����/HV�VLWHV�G·pWXGHV

/R]qUH��

/H� GpSDUWHPHQW� GH� OD� /R]qUH� D� pWp� FKRLVL� SRXU� O·DFTXLVLWLRQ� GHV� GRQQpHV� UDGDU�

FRQVLGpUDQW�O·LPSRUWDQW�GLVSRVLWLI�H[SpULPHQWDO�GpYHORSSp�SDU�OH�/&7�HW�LQWpJUp�GDQV�XQ

6\VWqPH�G·,QIRUPDWLRQ�*pRJUDSKLTXH��6,*���%HDXGRLQ�HW�DO���������/H�FDODJH�GX�PRGqOH

DUFKLWHFWXUDO� GH� FURLVVDQFH� G·DUEUHV� $0$3� SRXU� OH� SLQ� QRLU� G·$XWULFKH� VXU� FH� VLWH� HVW

pJDOHPHQW�XQ�SRLQW�IRUW�

/H�VLWH�SUpVHQWH�XQ�JUDQG�LQWpUrW�SDU�OHV�GLIIpUHQWV�W\SHV�GH�IRUrWV�UHQFRQWUpV�DLQVL�TXH

OHV�FRQGLWLRQV�WRSRJUDSKLTXHV�YDULpHV��,O�HVW�FDUDFWpULVp�SDU�GH�JUDQGV�SODWHDX[�FDOFDLUHV

DX[� SHQWHV� GRXFHV� V·pOHYDQW� j� XQH� DOWLWXGH� PR\HQQH� GH� ����� PqWUHV� DX�GHVVXV� GH� OD

VXUIDFH�GH�OD�PHU��&HV�SODWHDX[�VRQW� LQWHUVHFWpV�SDU�GHV�JRUJHV��SURIRQGHV�GH�SOXVLHXUV
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FHQWDLQHV�GH�PqWUHV��JRUJHV�GX�7DUQ��GH�OD�-RQWH���DYHF�GHV�SHQWHV�TXL�SHXYHQW�GpSDVVHU

OHV������'DQV�OHV�YDOOpHV��RQ�WURXYH�GHV�SkWXUDJHV��GHV�FKDPSV�FXOWLYpV�HW�TXHOTXHV�YLOOHV

�0HQGH�QRWDPPHQW��HW�YLOODJHV��/HV�SODWHDX[�VRQW� UHFRXYHUWV�GH� ODQGHV�HW�GH�TXHOTXHV

SODQWDWLRQV�GH�SLQV�QRLUV�G·$XWULFKH��3LQXV�QLJUD�QLJULFDQV��HW�GH�SLQV�6\OYHVWUH��3LQXV

V\OYHVWULV��

/H� GLVSRVLWLI� H[SpULPHQWDO� SULQFLSDO� VH� VLWXH� GDQV� OD� IRUrW� GRPDQLDOH� GH� 0HQGH�� TXL

FRXYUH������KD��FRQVWLWXpH�GH�SDUFHOOHV�pTXLHQQHV�GH���j�����DQV�HW�GH����KD�GH�VXUIDFH

PR\HQQH��2IILFH�1DWLRQDO�GHV�)RUrWV��������(OOH�HVW� LVVXH�GHV�SODQWDWLRQV�GH�SLQV�QRLUV

UpDOLVpHV�GH������j�������HQ�DSSOLFDWLRQ�GHV�ORLV�VXU�OH�570��5HVWDXUDWLRQ�GHV�7HUUDLQV

GH�0RQWDJQH��� 6RQ� U{OH� GH� SURGXFWLRQ� HVW� DSSDUX� GDQV� OHV� DQQpHV� ����� ORUVTXH� O·RQ� D

HQWUHSULV�O·pFODLUFLH�GHV�SHXSOHPHQWV�DGXOWHV��$FWXHOOHPHQW��OD�PDMRULWp�GHV�SHXSOHPHQWV

HVW�kJp�GH�����j�����DQV�PDLV�XQH�SDUWLH�GX�PDVVLI�D�GpMj�IDLW�O·REMHW�G·XQ�UHQRXYHOOHPHQW

HW� XQH� GHX[LqPH� JpQpUDWLRQ�� kJpH� GH� �� j� ��� DQV�� HVW� SUpVHQWH� VXU� OH� VLWH�� 2Q� D� GRQF

DIIDLUH� j� GHX[� SRSXODWLRQV�� XQH� SUHPLqUH�� kJpH�� TXL� pWDLW� FDUDFWpULVpH� SDU� GHV� GHQVLWpV

H[WUrPHPHQW�pOHYpHV��VHPLV�j�SOXV�������WLJHV�KD��VXU�ODTXHOOH�DXFXQH�LQWHUYHQWLRQ�Q·D

HX� OLHX� DYDQW� OHV� DQQpHV� ���� /·DXWUH� SRSXODWLRQ�� GH� �� j� ��� DQV�� HVW� DX� FRQWUDLUH� JpUpH

GHSXLV�OH�GpEXW�VHORQ�XQH�V\OYLFXOWXUH�G\QDPLTXH��pFODLUFLHV�SUDWLTXpHV�WRXW�OHV����DQV��

/DQGHV��

/·DXWUH�VLWH�G·pWXGH�VH�VLWXH�GDQV�OHV�/DQGHV��/D�IRUrW�GHV�/DQGHV�HVW�OD�SOXV�JUDQGH�IRUrW

DUWLILFLHOOH� GH� )UDQFH� DYHF� XQH� VXSHUILFLH� GH� SOXV� GH� �� PLOOLRQ� G·KHFWDUHV�� ,O� V·DJLW� GH

SODQWDWLRQV�PRQRVSpFLILTXHV�GH�SLQV�PDULWLPHV��3LQXV�SLQDVWHU��VLWXpH�HQ�WHUUDLQ�SODW�HW

VXU�VRO�VDEORQQHX[��/·pWXGH�D�pWp�HIIHFWXpH�VXU� OH�VLWH�WHVW�GH�1H]HU�TXL�HVW�FRPSRVp�GH

YDVWHV�SDUFHOOHV�KRPRJqQHV�HW�pTXLHQQHV�DOODQW�GH���j����DQV�� FH�TXL� FRUUHVSRQG�j�GHV

YDOHXUV�GH�YROXPH�GH�ERLV�YDULDQW�GH���j�����P��KD�

����/HV�FDPSDJQHV�GH�WHUUDLQV���+876&$7·���HW�5$0&$5·��

/H� V\VWqPH� +876&$7� HVW� XQ� GLIIXVLRPqWUH� UDGDU� KpOLSRUWp� QRQ� LPDJHXU�� ,O� D� pWp

FRQVWUXLW� HQWUH� ����� HW� ����� SDU� OH� /DERUDWRU\� RI� 6SDFH� 7HFKQRORJ\� GH� O·XQLYHUVLWp

G·+HOVLQNL��+DOOLNDLQHQ�HW�DO���������+876&$7�RSqUH�VLPXOWDQpPHQW�j�GHX[�IUpTXHQFHV�

HQ�EDQGH�&� �����FP�GH� ORQJXHXU�G·RQGH��HW�HQ�EDQGH�;� ���FP�GH� ORQJXHXU�G·RQGH��GDQV

WURLV�SRODULVDWLRQV���++��99��+9�

/·REMHFWLI�GH�O·H[SpULPHQWDWLRQ�pWDLW�G·DFTXpULU�GHV�GRQQpHV�DX�GHVVXV�G·XQ�VLWH�GLIIpUDQW

QHWWHPHQW� GHV� VLWHV� GpMj� VXUYROpV� SDU� +876&$7�� H[FOXVLYHPHQW� GHV� IRUrWV� ERUpDOHV�

UHODWLYHPHQW�LQKRPRJqQHV�HW�SRVVpGDQW�XQH�FRPSRVLWLRQ�HQ�HVSqFHV�YDULpH��$�O·LQVWDU�GH
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FHV� IRUrWV�� OH� VLWH� OR]pULHQ� D� O·DYDQWDJH� GH� SRVVpGHU� TXHOTXHV� ©�LQYDULDQWV�ª� �XQH� VHXOH

HVSqFH��SDUFHOOHV�UHODWLYHPHQW�KRPRJqQHV��TXL�UHQGHQW�SRVVLEOH�XQH�pWXGH�SOXV�GpWDLOOpH�

j�OD�IRLV�H[SpULPHQWDOH�HW�WKpRULTXH��GHV�GRQQpHV�+876&$7�

/H�IRQFWLRQQHPHQW�GX�GLIIXVLRPqWUH��LOOXVWUp�SDU�OD�ILJXUH����HVW�OH�VXLYDQW���XQH�DQWHQQH�

VLWXpH� VRXV� O·KpOLFRSWqUH� TXL� VXUYROH� OHV� SHXSOHPHQWV�� pPHW� XQ� IDLVFHDX� DYHF� XQH

IUpTXHQFH� UpJXOLqUH� YHUV� OH� VRO� HW� HQUHJLVWUH� OHV� pFKRV� TXL� OXL� UHYLHQQHQW�� /H� V\VWqPH

PHVXUH�DORUV�OH�FRHIILFLHQW�GH�UpWURGLIIXVLRQ�σ���TXL�UHSUpVHQWH�OH�UDSSRUW�GH�OD�SXLVVDQFH

UpWURGLIIXVpH�SDU�OD�FLEOH�j�OD�SXLVVDQFH�pPLVH�SDU�OH�FDSWHXU��QRUPDOLVp�SDU�O·DLUH�GH�OD

VXUIDFH� GLIIXVDQWH�� /D� PHVXUH� HVW� XQH� LQWpJUDWLRQ� VXU� XQH� DLUH� FLUFXODLUH� DX� VRO�� HQ

LQFLGHQFH�QRUPDOH��GH���j���PqWUHV�GH�GLDPqWUH�VHORQ�O·DOWLWXGH�GH�YRO��/H�VLJQDO�pPLV�HVW

PRGXOp�HQ�IUpTXHQFH��GLIIXVLRPqWUH�)0�&:��FH�TXL�SHUPHW��HQ�PHVXUDQW�OH�GpSKDVDJH�HQ

IUpTXHQFH�HQWUH�OH�VLJQDO�UpWURGLIIXVp�SDU�XQH�FLEOH�HW�XQ�pFKDQWLOORQ�GX�VLJQDO�RULJLQHO�

GH�FRQQDvWUH�j�TXHOOH�GLVWDQFH�VH�VLWXH�OD�FLEOH��,O�HVW�DLQVL�SRVVLEOH�G·REWHQLU�OD�YDULDWLRQ

GX� FRHIILFLHQW� GH� UpWURGLIIXVLRQ� HQ� IRQFWLRQ� GH� OD� KDXWHXU� �)LJXUH� ���� GRQF� XQ� VRQGDJH

YHUWLFDO�GX�FRXYHUW� IRUHVWLHU� OH� ORQJ�GH� OD� WUDMHFWRLUH�GH� O·KpOLFRSWqUH��/·HVWLPDWLRQ�GH� OD

KDXWHXU�GHV�DUEUHV�VH�IDLW�HQ�PHVXUDQW�O·LQWHUYDOOH�HQ�IUpTXHQFH��GRQF�HQ�GLVWDQFH��HQWUH

O·pFKR� OH� SOXV� SURFKH� GH� O·DQWHQQH� �VRPPHW� GX� KRXSSLHU�� HW� OH� SOXV� ORLQWDLQ� �VRO��

/·HVWLPDWLRQ�HVW�GRQF�IDLWH�UHODWLYHPHQW�DX�VRO��FH�TXL�LPSOLTXH�XQH�LQGpSHQGDQFH�GH�OD

PHVXUH�j�OD�WRSRJUDSKLH�

)LJXUH�����6FKpPD�G·DFTXLVLWLRQ�G·XQ�VRQGDJH�YHUWLFDO�SDU�OH�GLIIXVLRPqWUH�KpOLSRUWp

+876&$7��$UWLFOH�&��
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/D� FDPSDJQH�+876&$7� D� HX� OLHX� OHV� ��� HW� ��� 1RYHPEUH� ����� DX�GHVVXV� GH� OD� IRUrW

GRPDQLDOH�GH�0HQGH�����YROV�RQW�pWp�DFTXLV�VXU�FLQT�WUDQVHFWV�j�����HW����G·LQFLGHQFH��/HV

WUDQVHFWV� DYDLHQW� pWp� GpILQLV� GH� PDQLqUH� j� FRXYULU� OHV� VLWXDWLRQV� OHV� SOXV� YDULpHV� HQ

FRQGLWLRQV� VWDWLRQQHOOHV� HW� HQ� kJH�� 'HV� SUREOqPHV� G·DFTXLVLWLRQV� RQW�PDOKHXUHXVHPHQW

UHQGX�LPSRVVLEOH�O·DQDO\VH�GHV�SURILOV�HQ�EDQGH�&�

/D�FDPSDJQH�FRQMRLQWH�GH�GHX[�FDSWHXUV�5$06(6��21(5$��HW�&$5$%$6� �)2$��D�HX

OLHX�OHV����HW����0DL�������DX�GHVVXV�GHV�GHX[�VLWHV�WHVW��GDQV�OHV�/DQGHV�HW�HQ�/R]qUH�

/·REMHFWLI�GH�FHWWH�PLVVLRQ�FRQVLVWDLW�j�DFTXpULU�GHV�GRQQpHV�VXU�GHV�VLWHV�ELHQ�FRQQXV�HQ

XWLOLVDQW� XQH� FRQILJXUDWLRQ� UDGDU� SHX� XWLOLVpH� MXVTX·LFL� FRPPH� OD� EDQGH� 9+)� GH

&$5$%$6��3OXV�G·XQH�GL]DLQH�GH�VFqQHV�&$5$%$6�RQW�pWp�DFTXLVHV��QRWDPPHQW�VXU�OH

&DXVVH�GH�6DXYHWHUUH�HW�OH�&DXVVH�GH�0HQGH��VRXV�SOXVLHXUV�DQJOHV�GH�YXH�HW�G·LQFLGHQFH�

/D�ILJXUH���PRQWUH�OH�FDSWHXU�DpURSRUWp�&$5$%$6��&RKHUHQW�$OO�5DGLR�%DQG�6HQVLQJ��

&·HVW�XQ�UDGDU�j�V\QWKqVH�G·RXYHUWXUH�j� ODUJH�EDQGH�GpYHORSSp�SDU� OH�6ZHGLVK�'HIHQFH

5HVHDUFK�(VWDEOLVKPHQW� �)2$�� �+HOOVWHQ� HW� DO�� �������&H� UDGDU� LPDJHXU� RSqUH� GDQV� OD

SDUWLH� EDVVH�GH� OD� EDQGH�9+)�� HQWUH� ��� HW� ���0+]� ��� j� ���P�GH� ORQJXHXU� G·RQGH��� HQ

SRODULVDWLRQ� ++�� ,O� VH� GLVWLQJXH� GH� OD� SOXSDUW� GHV� DXWUHV� FDSWHXUV� UDGDUV� SDU� XQH

O·XWLOLVDWLRQ�GH�IUpTXHQFHV�EHDXFRXS�SOXV�EDVVHV�TXH�FHOOHV�FRXUDPPHQW�XWLOLVpHV�WRXW�HQ

JDUGDQW� XQH� UpVROXWLRQ� ILQH� ��� PqWUHV��� &HWWH� UpVROXWLRQ� HVW� REWHQXH� JUkFH� j� XQ

WUDLWHPHQW� 6$5� DGDSWp� �DFTXLVLWLRQ� VXU� XQ� DQJOH� G·RXYHUWXUH� WUqV� ODUJH� ����������� HW

O·XWLOLVDWLRQ� G·XQ� DOJRULWKPH� GLW� ©�VWHS�IUHTXHQF\�ª� TXL� FRQVLVWH� j� LOOXPLQHU� OD� VFqQH� j

FKDTXH�SRLQW�GH�OD�WUDMHFWRLUH�SDU����VRXV�EDQGHV��

)LJXUH�����/H�FDSWHXU�DpURSRUWp�&$5$%$6��/HV�GHX[�DQWHQQHV�GX�FDSWHXU�VRQW�YLVLEOHV�j

O·DYDQW�GH�O·DSSDUHLO�
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����%DVHV�GH�GRQQpHV�IRUHVWLqUHV

6XU�OH�VLWH�OR]pULHQ��OHV�GLIIpUHQWHV�GRQQpHV�GLVSRQLEOHV�HW�LQWpJUpHV�GDQV�XQ�6,*�VRQW�OHV

VXLYDQWHV��

• XQ�LQYHQWDLUH�IRUHVWLHU�IRXUQL�SDU�O·,)1�VXU�OH�GpSDUWHPHQW�HQWLHU�TXL�FDUDFWpULVH�SOXV

GH� ��� WKqPHV� IRUHVWLHUV� j� OD� IRLV� HQ� HVSqFHV� HW� HQ� VWUXFWXUHV� �WDLOOLV�� ERLVHPHQWV

OkFKHV«���

• XQ�0RGqOH�1XPpULTXH�GH�7HUUDLQ��017��IRXUQL�SDU�O·,QVWLWXW�*pRJUDSKLTXH�1DWLRQDO

�,*1�� VXU� OH� GpSDUWHPHQW� HQWLHU� DYHF� XQH� PDLOOH� GH� ��� P� HW� XQH� SUpFLVLRQ

DOWLPpWULTXH�GH���PqWUHV��

• XQ� SDUFHOODLUH� IRUHVWLHU� GH� OD� IRUrW� GRPDQLDOH� GH�0HQGH� IRXUQL� SDU� O·21)� FRXYUDQW

SOXV�GH�����SDUFHOOHV�DYHF�OHXU�kJH�HW�OHXUV�OLPLWHV��

• GHV�GRQQpHV�GHQGURPpWULTXHV�GpWDLOOpHV�LQFOXDQW�O·kJH��OD�KDXWHXU��OD�VXUIDFH�WHUULqUH

HW� OH�YROXPH�GH�ERLV�VXU�SLHG�GH����SDUFHOOHV�GH� OD� IRUrW�GRPDQLDOH�GH�0HQGH�HW�GX

&DXVVH�0pMHDQ��&DVWHO�HW�DO���������

/D� ILJXUH���SUpVHQWH� OH�SDUFHOODLUH� IRUHVWLHU�GH� O·21)�VXU� OD� IRUrW�GRPDQLDOH�GH�0HQGH

DYHF�HQ�IRQG�OH�017��/HV�PHVXUHV�GpMj�LQFOXVHV�GDQV�OH�6,*�VXU�OHV����SDUFHOOHV�DYDLW�pWp

HIIHFWXpHV�HQ�YXH�GH�O·DQDO\VH�G·LPDJHV�GH�VDWHOOLWHV��&DVWHO��������/HV�YDOHXUV�PHVXUpHV

Q·pWDLHQW� YDODEOHV� TX·j� O·pFKHOOH� G·XQH� SDUFHOOH� �SOXVLHXUV� KHFWDUHV� HQ� JpQpUDO�� HW� QH

SHUPHWWDLHQW� SDV� G·DSSUpFLHU� ILQHPHQW� OD� YDULDELOLWp� LQWUD�SDUFHOODLUH�� $ILQ�� G·DQDO\VHU

OHV� GRQQpHV� KDXWHV� UpVROXWLRQV� +876&$7� HW� &$5$%$6� LO� V·HVW� DYpUp� QpFHVVDLUH� GH

GLVSRVHU�GH�PHVXUHV�SOXV�SUpFLVHV�j�OD�IRLV�JpRJUDSKLTXHPHQW�HW�TXDQWLWDWLYHPHQW��&·HVW

SRXUTXRL� GHV� PHVXUHV� GHQGURPpWULTXHV� VXSSOpPHQWDLUHV� RQW� pWp� HIIHFWXpHV� VXU� ��

SODFHWWHV�GH����PqWUHV�GH�GLDPqWUH�UpSDUWLHV�VXU���SDUFHOOHV��$UWLFOH�$���&HV�SODFHWWHV�RQW

pWp�UHSpUpHV�SDU�*36��*OREDO�3RVLWLRQLQJ�6\VWHP��GLIIpUHQWLHO�HW�XQ�SURWRFROH�SOXV�ORXUG

TXH� OHV�PHVXUHV�j� O·pFKHOOH�GH� OD�SDUFHOOH�D�pWp�XWLOLVp� �/H�SURWRFROH�GH� FHV�PHVXUHV�HVW

GpWDLOOp�GDQV�O·DUWLFOH�&��

6XU�OH�VLWH�GHV�/DQGHV��XQ�SDUFHOODLUH�IRUHVWLHU�HVW�GLVSRQLEOH��5pJXOLqUHPHQW�PLV�j�MRXU�

LO� SHUPHW� GH� FRQQDvWUH� DYHF� SUpFLVLRQ� O·DQQpH� GH� SODQWDWLRQ� GH� FKDTXH� SDUFHOOH�� 3RXU

FKDTXH� kJH�� XQH� GHVFULSWLRQ� VWDWLVWLTXH� GH� OD� IRUrW� D� pWp� REWHQXH� j� SDUWLU� GH�PHVXUHV

WHUUDLQV� HIIHFWXpHV� ORUV� GH� FDPSDJQHV� SUpFpGHQWHV� �%HDXGRLQ� ������� 2Q� QRWHUD� TXH� OD

SUpFLVLRQ� GHV� PHVXUHV� HVW� SOXV� IDLEOH� TXH� FHOOHV� HIIHFWXpHV� HQ� /R]qUH� �������� SRXU

O·HVWLPDWLRQ�GX�YROXPH�GH�ERLV�VHORQ�OHV�SURWRFROHV���/HV�SDUFHOOHV�pFKDQWLOORQQpHV�HQ�����
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)LJXUH�����3DUFHOODLUH�IRUHVWLHU�GH�O·21)�VXU�OD�IRUrW�GRPDQLDOH�GH�0HQGH��/(�017

GLVSRQLEOH�VXU�OH�VLWH�HVW�PRQWUp�HQ�IRQG��O·DOWLWXGH�PD[LPDOH�HVW�GH������P�HW�O·DOWLWXGH

PLQLPDOH�GH�����P�

QH�FRUUHVSRQGHQW�SDV�WRXWHV�j�FHOOHV�TXL�RQW�VHUYL�j�O·DQDO\VH�GHV�GRQQpHV�&$5$%$6��$

SDUWLU� GH� UpJUHVVLRQV� VXU� OHV� PHVXUHV� IRUHVWLqUHV� �/H� 7RDQ� HW� DO�� ������� GHV� UHODWLRQV

GRQQDQW� OHV� GLIIpUHQWHV� YDULDEOHV� IRUHVWLqUHV� HQ� IRQFWLRQ� GH� O·kJH� RQW� pWp� XWLOLVpHV� SRXU

UHWURXYHU�OHXU�YDOHXU�VXU�OHV�SDUFHOOHV�QRQ�pFKDQWLOORQQpHV��'H�SOXV��LO�V·DYqUH�TX·LO�H[LVWH

WURLV�W\SHV�GH�V\OYLFXOWXUH�FRH[LVWDQWV�VXU�OH�VLWH��FH�TXL�VH�WUDGXLW�SULQFLSDOHPHQW�SDU�GHV

YDULDWLRQV�GH�GHQVLWpV�GH�SODQWDWLRQ�GH�O·RUGUH�GH�±�������/HV�PHVXUHV�WHUUDLQV�Q·RQW�SDV

pWp�VHJPHQWpHV�HQ�IRQFWLRQ�GX�W\SH�GH�V\OYLFXOWXUH�DSSOLTXpH�HW�O·HUUHXU�ILQDOH�LQWURGXLWH

SDU�FHWWH�DSSUR[LPDWLRQ�D�pWp�HVWLPpH�j�����VXU�OHV�PHVXUHV�GH�YROXPH�GH�ERLV�VXU�SLHG�

(QILQ��XQH�FDPSDJQH�VXSSOpPHQWDLUH�D�pWp�PHQpH�SRXU�FDOLEUHU�OHV�PDTXHWWHV�$0$3�GH

SLQV�PDULWLPHV�VXU�FH�VLWH��(OOH�FRQVLVWDLW�HQ�GH�VLPSOHV�PHVXUHV�GH�KDXWHXUV��WRWDOH�HW

KRXSSLHU��HW�GH�GLDPqWUHV�GHV�WURQFV�j�SOXVLHXUV�kJHV�

2Q� SRXUUD� QRWHU� OD� FRPSOpPHQWDULWp� GHV� GHX[� VLWHV�� %LHQ� TX·LO� V·DJLVVH� GH� IRUrWV

PRQRVSpFLILTXHV�GH�FRQLIqUHV��OHV�GHX[�VLWHV�GLIIpUHQW�QHWWHPHQW�TXDQW�j�OHXU�FRQGLWLRQV

ELR� HW� JpRSK\VLTXHV��� OH� VLWH� GHV� /DQGHV� HVW� H[WUrPHPHQW� VLPSOH� �WRSRJUDSKLH� SODQH�

FRQGLWLRQV�VWDWLRQQHOOHV�WUqV�KRPRJqQHV��V\OYLFXOWXUH�YLVDQW�j�XQH�SURGXFWLRQ�WUqV�UDSLGH

�URWDWLRQ�GH�PRLQV�GH� ��� DQV�GHV� SDUFHOOHV�� DYHF� GHV� GHQVLWpV� GH� WLJHV� IDLEOHV� ��������

WLJHV�KD� j� PDWXULWp��� $� O·LQYHUVH�� OH� VLWH� GH� /R]qUH� HVW� FDUDFWpULVp� SDU� XQ� FOLPDW

PRQWDJQHX[��UXGH��FRQGXLVDQW�j�XQH�SRXVVH�SOXV�OHQWH��XQ�SLQ�QRLU�©�PR\HQ�ª�GH�����DQV
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HQ� /R]qUH� FRUUHVSRQG� j� XQ� SLQ� PDULWLPH� GH� ��� DQV� GHV� /DQGHV��� GHV� FRQGLWLRQV

VWDWLRQQHOOHV� WUqV� YDULpHV� �YDULDWLRQ� GH� ����GH� OD� KDXWHXU� j� O·LQWpULHXU� GH� SDUFHOOHV� GH

PrPH�kJH���HW�GHX[�W\SHV�GH�V\OYLFXOWXUHV�UDGLFDOHPHQW�GLIIpUHQWHV� �YRLU�SOXV�KDXW���/H

WDEOHDX���UpVXPH�OHV�SULQFLSDOHV�FDUDFWpULVWLTXHV�GHV�GHX[�IRUrWV��WDQGLV�TXH�OD�ILJXUH��

FRPSDUH� OHV� pYROXWLRQV� GH� OD� KDXWHXU� PR\HQQH� ��D�� HW� GH� OD� VXUIDFH� WHUULqUH� ��E�� HQ

IRQFWLRQ� GX� VLWH� HW� GH� O·kJH�� 2Q� V·DSHUoRLW�� TXH� SRXU� XQ� kJH� GRQQp�� OHV� QLYHDX[� GH

ELRPDVVH�VRQW�WUqV�GLIIpUHQWV�

/R]qUH

0LQ�0D[

/DQGHV

0LQ�0D[

$JH��DQQpHV�

'LDPqWUH�PR\HQ��FP�

+DXWHXU�PR\HQQH��P�

9ROXPH�GH�WURQFV��SDUFHOOHV�

�P��KD�

'HQVLWp��WLJHV�KD�
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)LJXUH�����&RPSDUDLVRQ�GH�O·pYROXWLRQ�HQ�IRQFWLRQ�GH�O·kJH�SRXU�OHV�VLWHV�GH�OD�/R]qUH�HW�GHV

/DQGHV�D��GH�OD�KDXWHXU�PR\HQQH�E��GH�OD�VXUIDFH�WHUULqUH�PR\HQQH�SDU�SDUFHOOH�

����$QDO\VH�GHV�GRQQpHV

+876&$7��

/HV�GRQQpHV�+876&$7�RQW� pWp� SUpWUDLWpHV� SDU� O·pTXLSH�GX�+87��/D� ILJXUH� �� SUpVHQWH

XQH�VXFFHVVLRQ�GH�SURILOV�GDQV� OH�SODQ�GH�YRO�DFTXLV�j����G·LQFLGHQFH��HQ�EDQGH�;�HW�HQ

SRODULVDWLRQ�++��&KDTXH�FRORQQH�UHSUpVHQWH�XQ�SURILO�� FRGp�HQ�FRXOHXU�VHORQ� O·LQWHQVLWp

GX�UHWRXU�HW�SURYLHQW�GH�FKDTXH�FHOOXOH��2Q�\�GLVWLQJXH�XQH�SDUFHOOH�GH����DQV�HQWRXUpH

SDU� GHX[� DXWUHV� SDUFHOOHV� PDWXUHV� GH� ��� DQV�� 2Q� SHXW� GpMj� IDLUH� OHV� REVHUYDWLRQV

VXLYDQWHV��

D� E�
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• 2Q�GLVWLQJXH�QHWWHPHQW�OH�KDXW�GH�OD�FDQRSpH�HW�OD�PHVXUH�GH�OD�KDXWHXU�GHV�DUEUHV

VHPEOH�rWUH�SRVVLEOH��

• /·RQGH� SpQqWUH� GDQV� WRXW� OH� FRXYHUW�� DYHF� XQH� ]RQH� G·LQWHUDFWLRQ� PD[LPDOH� �]RQH

URXJH�RUDQJpH�� TXL� V·pWHQG� VXU� SOXVLHXUV� PqWUHV� MXVWH� HQ�GHVVRXV� GX� KDXW� GX

KRXSSLHU��

• $X�VHLQ�GH�FKDTXH�SDUFHOOH�RQ�SHXW�DSSUpFLHU��GH�SURILOV�HQ�SURILOV�� OD�YDULDELOLWp�GX

FRXYHUW��QRWDPPHQW�GDQV� OD�SDUFHOOH�GH����DQV��'H� WHOOH�YDULDWLRQV�GRLYHQW�SRXYRLU

rWUH�UHOLpHV�DYHF�OHV�FRQGLWLRQV�VWDWLRQQHOOHV�ORFDOHV�

(QILQ��RQ�QRWHUD�TX·DORUV�TXH�FHV���SDUFHOOHV�VRQW�VpSDUpHV�SDU�GHV�FRXORLUV�GH�TXHOTXHV

PqWUHV�GH�ODUJHXU��OH�SURILO�LQGLTXH�XQH�WUDQVLWLRQ�GRXFH�HQWUH�OHV�VHFWLRQV�GH�GLIIpUHQWV

kJHV��&HFL�HVW�G��j�OD�WDLOOH�GH�O·DLUH�GLIIXVDQWH�DX�VRO��GLVTXH�GH���j���PqWUHV�DX�VRO��TXL�D

SRXU� FRQVpTXHQFH� GH� SURGXLUH� GHV� HVWLPDWLRQV� GH� KDXWHXU� PR\HQQpHV� VXU� XQH� DLUH

VXIILVDPPHQW�ODUJH�SRXU�WRXMRXUV�LQWHUFHSWHU�GHV�pOpPHQWV�GX�FRXYHUW�

'H� FKDTXH� SURILO� LQGLYLGXHO� RQ� SHXW� H[WUDLUH� OH� FRHIILFLHQW� GH� UpWURGLIIXVLRQ� GX� VRO�� GX

KRXSSLHU��σ�
KRXSSLHU��VRPPDWLRQ�GH�WRXWHV�OHV�FHOOXOHV�GH�UpVROXWLRQ�DX�GHVVXV�GH�OD�VXUIDFH�

�

)LJXUH�����6XFFHVVLRQ�GH�SURILOV�GH�UpWURGLIIXVLRQ��HQ�G%��IRXUQLV�SDU�+876&$7�GDQV�OH

SODQ�GH�YRO�OH�ORQJ�GH�OD�WUDMHFWRLUH�DX�GHVVXV�GH�SHXSOHPHQWV�GH�SLQ�QRLU�

dB

dB

dB

dB

dB

dB

dB

���DQV
���DQV

���DQV

6RPPHW�GHV�DUEUHV
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HW�WRWDO��σ�
WRWDO���KRXSSLHU���VRO���&H�GHUQLHU�V·DSSDUHQWH�DX�FRHIILFLHQW�GH�UpWURGLIIXVLRQ�WHO

TX·LO� HVW�PHVXUp�SDU�XQ� FDSWHXU�6$5�VDWHOOLWH� �W\SH�(56���/HV� ILJXUHV��� HW� ��PRQWUHQW

VXFFHVVLYHPHQW�OH�FRPSRUWHPHQW�GH�σ�
WRWDO�HW�σ�

KRXSSLHU�HQ�EDQGH�&�HW�HQ�IRQFWLRQ�GX�YROXPH

GH�ERLV�VXU�SLHG��/HV�PHVXUHV�RQW�pWp�PR\HQQpHV�SDU�SDUFHOOH�DILQ�G·DYRLU�VXIILVDPPHQW

G·pFKDQWLOORQV�

/·XWLOLVDWLRQ�GH�σ�
KRXSSLHU�j�OD�SODFH�GH�σ�

WRWDO�SHUPHW�GH�VpSDUHU�OHV�FRQWULEXWLRQV�GX�VRO�HW

GH�OD�YpJpWDWLRQ��(Q�VpSDUDQW�DLQVL�OD�FRQWULEXWLRQ�GX�KRXSSLHU��OH�QLYHDX�GH�VDWXUDWLRQ

HVW� DWWHLQW� SOXV� WDUGLYHPHQW� TX·DYHF� σ�
WRWDO�� 7RXWHIRLV�� O·DEVHQFH� GH� PHVXUHV� VXU� GHV

SHXSOHPHQWV�D\DQW�XQ�YROXPH�GH�ERLV�VXU�SLHG�HQWUH�����HW�����P��KD�QH�SHUPHW�SDV�GH

FRQFOXUH� GpILQLWLYHPHQW� TXDQW� DX� VHXLO� GH� VDWXUDWLRQ�� TXL� GRLW� VH� VLWXHU� DXWRXU� GH� ���

P��KD�DYHF�σ�
KRXSSLHU��&HWWH�YDOHXU�HVW�SOXV�KDXWH�TXH�FHOOHV�FRPPXQpPHQW�REVHUYpHV�DYHF

G·DXWUHV�FDSWHXUV�IRQFWLRQQDQW�GDQV�OD�PrPH�ORQJXHXU�G·RQGH��EDQGH�&��WHOV�OHV�VDWHOOLWHV

(56�����RX�5$'$56$7��/·XWLOLVDWLRQ�GH�σ�
KRXSSLHU�SHXW�V·DYpUHU�GRQF�SOXV�XWLOH�TXH�σ�

WRWDO

SRXU�LQYHUVHU�OH�QLYHDX�GH�ELRPDVVH��$UWLFOH�&��
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&$5$%$6��

3OXVLHXUV� pWXGHV� �6PLWK� HW� 8ODQGHU� ������ )UDQVVRQ� HW� DO�� ������ RQW� GpMj� PRQWUp� OD

VHQVLELOLWp�GH�&$5$%$6�j�OD�ELRPDVVH�VDQV�REVHUYHU�GH�VDWXUDWLRQ�GX�VLJQDO�MXVTX·j����

P��KD��,O�D�pWp�pJDOHPHQW�PRQWUp��,VUDHOVVRQ�HW�DO��������6PLWK�HW�8ODQGHU�������TXH�OH

PpFDQLVPH�SUpSRQGpUDQW�G·LQWHUDFWLRQ�HQWUH�O·RQGH�HW�OH�FRXYHUW�pWDLW�OD�UpIOH[LRQ�WURQF�

VRO�� 6L� O·RQ� DSSUR[LPH� OH� WURQF� j� XQ� F\OLQGUH�� OD� GLIIXVLRQ� j� EDVVHV� IUpTXHQFHV� HVW

SURSRUWLRQQHO� j� VRQ� YROXPH� DX� FDUUp�� 2Q� SHXW� GRQF� V·DWWHQGUH� j� FH� TXH� OH� VLJQDO� VRLW

IRUWHPHQW� FRUUpOp� DX[� FDUDFWpULVWLTXHV� JpRPpWULTXHV� GX� WURQF� �GLDPqWUH�� KDXWHXU�

YROXPH��

/·RULJLQDOLWp�GH� OD�SUpVHQWH�pWXGH�UpVLGH�GDQV�O·DQDO\VH�GH�GHX[� MHX[�GH�GRQQpHV�DFTXLV

VXU�GHV�VLWHV�FRPSOpPHQWDLUHV�DILQ�G·DSSUpFLHU�O·LQIOXHQFH�GH�GLIIpUHQWV�IDFWHXUV��'H�SOXV�

OD�SUpVHQFH�GH�WUqV�IRUWV�YROXPHV�GDQV�OH�VLWH�GH�/R]qUH�SHXW�SHUPHWWUH�GH�IL[HU�OD�OLPLWH

GX�SRLQW�GH�VDWXUDWLRQ�GX�VLJQDO�9+)��(QILQ��FH�PrPH�VLWH�/R]pULHQ�SHUPHW�G·pWXGLHU�OD

VHQVLELOLWp� GX� VLJQDO� j� OD� WRSRJUDSKLH�� FH� TXL� Q·DYDLW� SX� rWUH� HIIHFWXp� DYDQW� FHWWH

FDPSDJQH�GH�PHVXUH�

/D� ILJXUH� �� PRQWUH� OH� FRPSRUWHPHQW� GX� FRHIILFLHQW� GH� UpWURGLIIXVLRQ� HQ� IRQFWLRQ� GX

YROXPH�GH�ERLV�VXU�SLHG�SDU�SDUFHOOH��SRXU�OHV�GHX[�VLWHV��/HV�SDUFHOOHV�HQ�/R]qUH�RQW�pWp

VpOHFWLRQQpHV� HQ� WHUUDLQ� SODW�� VXU� OH� KDXW� GHV�&DXVVHV�� /D� ILJXUH� ��PRQWUH� FHV�PrPHV

YDULDWLRQV�PDLV�H[FOXVLYHPHQW�SRXU�OD�JDPPH�GH�YDOHXUV�������P��KD��/HV�ILJXUHV���D�HW

��E� SUpVHQWHQW� OH� FRPSRUWHPHQW� GX�PrPH� FRHIILFLHQW� GH� UpWURGLIIXVLRQ� HQ� IRQFWLRQ� GX

GLDPqWUH� GHV� WURQFV� HW� GH� OD� KDXWHXU�PR\HQQH� SDU� SDUFHOOH�� /H� 7DEOHDX� �� UpVXPH� OHV

FRUUpODWLRQV��PRGqOH�TXDGUDWLTXH��HQWUH�OH�FRHIILFLHQW�GH�UpWURGLIIXVLRQ�HW�OHV�GLIIpUHQWHV

YDULDEOHV�G·LQWpUrWV��2Q�SHXW�WLUHU�OHV�FRQFOXVLRQV�VXLYDQWHV��

• /H�VLJQDO�QH�PRQWUH�SDV�GH�VDWXUDWLRQ�MXVTX·j�OD�SODJH�GH�YDOHXUV�GH��������

P��KD�� /H� PDQTXH� GH� SRLQW� GDQV� FHWWH� IHQrWUH� QH� SHUPHW� SDV� GH� FRQFOXUH

GpILQLWLYHPHQW�VXU�OH�VHXLO�GH�VDWXUDWLRQ�PDLV�OHV�WHQGDQFHV�REVHUYpHV�LQGLTXHQW�TXH

OH�SRLQW�GH�VDWXUDWLRQ�VH�VLWXH�V�UHPHQW�HQWUH�����HW������P��KD��9DOHXU�j�FRPSDUHU

DX[�VDWXUDWLRQV�FRPPXQpPHQW�REVHUYpHV�HQ�EDQGH�&������P��KD��HW�/� �a���P��KD��

2Q�SHXW�QRWHU�TXH�O·HVVHQWLHO�GH�OD�G\QDPLTXH�HVW�REWHQXH�HQWUH�����HW�����P��KD�HW

TX·DX�GHVVXV�OH�VLJQDO�Q·DXJPHQWH�SOXV�TXH�GH���G%�

• /H� FRPSRUWHPHQW� GH� σ�� HQ� IRQFWLRQ� GX� YROXPH� GH� ERLV� VXU� SLHG� HVW� WUqV

SURFKH�HQWUH�OHV�GHX[�VLWHV��8QH�DQDO\VH�VXU�OH�VHJPHQW�GH�YDOHXUV�FRPPXQHV�GH

ELRPDVVH��������P��KD��HQWUH�OHV�GHX[�VLWHV�PRQWUH�TX·LO�HVW�LPSRVVLEOH�GH�GLIIpUHQFLHU

OHV�GHX[�SRSXODWLRQV�DYHF�XQ�LQWHUYDOOH�GH�FRQILDQFH�GH������$UWLFOH�%���6L�O·RQ�REWLHQW

pJDOHPHQW�GH�UHPDUTXDEOHV�FRUUpODWLRQV�DYHF�OHV�YDULDEOHV�GLDPqWUH�HW�ORQJXHXU�GHV

I�WV�� OHV� UHODWLRQV� GLIIpUHQW� HQWUH� OHV� GHX[� VLWHV�� &HFL� SHXW� rWUH� H[SOLTXp� SDU� OHV
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GLIIpUHQFHV� GH� SUDWLTXHV� V\OYLFROHV� HQWUH� OHV� GHX[� SHXSOHPHQWV� �YRLU� ���� %DVH� GH

GRQQpHV� WHUUDLQV��� (Q� HIIHW�� SRXU� XQH� FODVVH� FRPPXQH� GH� GLDPqWUH� RX� GH� KDXWHXU

GRQQpH��OHV�GHQVLWpV��HW�GRQF�OH�YROXPH�GH�ERLV��GLIIpUHQW�QHWWHPHQW�HQWUH�OHV�GHX[�VLWHV�

• /H� YROXPH� GH� ERLV� VXU� SLHG� HVW� GRQF� OD� PHLOOHXUH� YDULDEOH� SRXU� UHOLHU� OH

FRHIILFLHQW�GH�UpWURGLIIXVLRQ�j�OD�ELRPDVVH�SDU�VRQ�FDUDFWqUH�©�LQWpJUDWHXU�ª�GHV

GLIIpUHQWHV�YDULDEOHV�GHVFULSWLYHV�GH�OD�SDUFHOOH��GLDPqWUH�PR\HQ�HW�KDXWHXU�PR\HQQH

GHV�I�WV��GHQVLWp�GH�WLJH��

-24
-22
-20
-18
-16
-14
-12
-10

-8
-6

0 200 400 600 800 1000
Volume de bois sur pied (m3/ha)

B
ac

ks
ca

tte
rin

g 
co

e
ffi

ci
e

nt
(d

B
) Landes

Lozère

Lozère r² = 0,98
Landes r² = 0,94

)LJXUH�����&RHIILFLHQW�GH�UpWURGLIIXVLRQ�PHVXUp�SDU�&$5$%$6�DX�GHVVXV�GHV�SHXSOHPHQWV

GHV�/DQGHV�HW�GH�/R]qUH�HQ�IRQFWLRQ�GX�YROXPH�GH�ERLV�VXU�SLHG�

-24

-22

-20

-18

-16

-14

-12

0 100 200 300
Volume de bois sur pied (m3/ha)

B
ac

ks
ca

tte
rin

g 
co

e
ffi

ci
e

nt
(d

B
) Landes

Lozère

)LJXUH�����*URV�SODQ�GH�OD�ILJXUH�SUpFpGHQWH�VXU�OH�GRPDLQH�GH�YDOHXU�HQ�YROXPH�GH�ERLV

FRPPXQ�DX[�VLWHV�GHV�/DQGHV�HW�GH�/R]qUH�



��

0,00
0,02
0,04
0,06
0,08
0,10
0,12
0,14
0,16
0,18
0,20

0 10 20 30 40 50
DBH (cm)

B
ac

ks
ca

tte
rin

g 
co

ef
fic

ie
nt

 
(m

²/
m

²)

Landes
Lozère

Lozère R² = 0,98
Landes  R² = 0,93

0,00
0,02
0,04
0,06
0,08
0,10
0,12
0,14
0,16
0,18
0,20

0 5 10 15 20 25 30

Hauteur mo yenne (m)

B
ac

ks
ca

tte
rin

g 
co

ef
fic

ie
nt

 
(m

²/
m

²)

Landes
Lozère

Lozère R² = 0,99
Landes  R² = 0,94

)LJXUH������9DULDWLRQ�GX�FRHIILFLHQW�GH�UpWURGLIIXVLRQ��pFKHOOH�QDWXUHOOH��HQ�IRQFWLRQ�D��GX

GLDPqWUH�j�KDXWHXU�GH�SRLWULQH��'%+��PR\HQ�GHV�I�WV�SDU�SDUFHOOH��E��GH�OD�KDXWHXU

PR\HQQH�GHV�I�WV�SDU�SDUFHOOH�

+DXWHXU

GHV�I�WV

'LDPqWUH

GHV�I�WV

'HQVLWp�GH

WLJHV

6XUIDFH

WHUULqUH

9ROXPH

GH�ERLV

/R]qUH ���� ���� ����� ���� ����

/DQGHV ���� ���� ����� ���� ����

/R]qUH

�/DQGHV ���� ���� ����� ���� ����
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/·H[DPHQ� YLVXHO� GHV� LPDJHV� &$5$%$6� LQGLTXH� XQH� IRUWH� VHQVLELOLWp� GX� FRHIILFLHQW� GH

UpWURGLIIXVLRQ� j� OD� WRSRJUDSKLH� ORFDOH� �SHQWH��� $ILQ� G·DQDO\VHU� H[SpULPHQWDOHPHQW� FHW

HIIHW��WURLV�LPDJHV�RQW�pWp�JpRFRGpHV�DILQ�GH�OHV�PHWWUH�HQ�FRQIRUPLWp�JpRJUDSKLTXH�DYHF

OH�017�GLVSRQLEOH�VXU�OD�IRUrW�GRPDQLDOH�GH�0HQGH��G·XQH�PDLOOH�GH����PqWUHV�HW�G·XQH

SUpFLVLRQ�DOWLPpWULTXH�GH���PqWUHV��/HV�LPDJHV�RQW�pWp�VpOHFWLRQQpHV�GH�PDQLqUH�j�FRXYULU

SOXVLHXUV� FRQILJXUDWLRQV� HQ� LQFLGHQFH� �SODJH� GH� ��� j� ����� HW� XQH� JUDQGH� YDULDELOLWp� GH

VLWXDWLRQV� WRSRJUDSKLTXHV�� 1RXV� DYRQV� UHQFRQWUp� GHV� GLIILFXOWpV� SRXU� JpRFRGHU� GH

PDQLqUH� VDWLVIDLVDQWH� OHV� ]RQHV� GH� WUqV� IRUWHV� SHQWHV� �� !� ��� ���� GXHV� DX[� GpIRUPDWLRQV

H[WUrPHV�GHV�LPDJHV�GDQV�FHV�UpJLRQV��&HV�]RQHV�RQW�GRQF�pWp�H[FOXHV�GH�O
DQDO\VH�TXL�D

VXLYL�� /HV� LPDJHV� RQW� pWp� HQVXLWH� FURLVpHV� DYHF� OH�017�GDQV� OH� V\VWqPH� G
LQIRUPDWLRQ

JpRJUDSKLTXH� GLVSRQLEOH� VXU� OD� ]RQH�� SHUPHWWDQW� G
REWHQLU� GHV� VWDWLVWLTXHV� VXU� OH

FRHIILFLHQW�GH�UpWURGLIIXVLRQ�� �SDU�FODVVHV�GH�SHQWHV�GH�����/
DQDO\VH�GHV�FRXUEHV�D�SRUWp

VXU�OHV�SHXSOHPHQWV�GH�����DQV��,OV�SHUPHWWDLHQW��SDU�OHXU�QLYHDX�GH�UpWURGLIIXVLRQ�pOHYp�

GH�VXLYUH�OD�WRWDOLWp�GH�OD�FKXWH�GX�VLJQDO��0DOKHXUHXVHPHQW��SHX�GH�SHXSOHPHQWV�MHXQHV

HQ� SHQWH� pWDLHQW� YLVLEOHV� VXU� OHV� LPDJHV� HW� OHXU� IDLEOH� QLYHDX� GH� UpWURGLIIXVLRQ� QH

SHUPHWWDLW� SDV� GH� VXLYUH� OD� G\QDPLTXH� GX� VLJQDO� DYDQW� G·DWWHLQGUH� OH� QLYHDX� GH� EUXLW

�����G%���,O�Q·D�GRQF�SDV�pWp�SRVVLEOH�G·pWXGLHU�OD�YDULDWLRQ�G·LQIOXHQFH�GH�OD�WRSRJUDSKLH

HQ�IRQFWLRQ�GH�O·kJH�GHV�SDUFHOOHV�

/D� ILJXUH����SUpVHQWH� OD�GpSHQGDQFH�j� OD� WRSRJUDSKLH�GH� OD�UpWURGLIIXVLRQ� �HQ� LQWHQVLWp

QDWXUHOOH��GHV�SHXSOHPHQWV�GH�����DQV��/D�FKXWH�HVW�WUqV�IRUWH�HW�FRUUHVSRQG�j�XQH�SHQWH

GH����G%��/·DQDO\VH�VXU�SOXVLHXUV�FRQILJXUDWLRQV�PRQWUH�TXH�FHW�HIIHW�HVW�OH�PrPH�TXHOV

TXH� VRLHQW� OHV� DQJOHV� GH� YXH� �SHQWH� RSSRVpH� RX� IDFH� DX� UDGDU�� HW� O
LQFLGHQFH� ORFDOH�

/·LPSRUWDQFH�GH�OD�FKXWH�LQWHUGLW�WRXWH�DQDO\VH�GX�VLJQDO�VDQV�XQH�FRQQDLVVDQFH�SUpFLVH

GH�OD�WRSRJUDSKLH�ORFDOH��$�GHV�ILQV�G·LQYHUVLRQ��LO�VHUDLW�QpFHVVDLUH�GH�FRUULJHU�OHV�LPDJHV

j� O·DLGH� G·XQ� 017� VHORQ� XQH� ORL� VHPL�HPSLULTXH�� /H� OHFWHXU� WURXYHUD� XQH� VLPXODWLRQ

WKpRULTXH�GH�FHW�HIIHW�WRSRJUDSKLTXH�GDQV�O·DUWLFOH�%�

&HWWH�GpSHQGDQFH�j�OD�SHQWH�ORFDOH�GpPRQWUH�OD�SUpSRQGpUDQFH�GH�OD�UpIOH[LRQ�WURQF�VRO�

/D�ILJXUH����LOOXVWUH�OD�YDULDWLRQ�GH�FH�PpFDQLVPH�HQWUH�XQ�WHUUDLQ�SODW�HW�XQ�WHUUDLQ�HQ

SHQWH��/D�SUpVHQFH�G·XQH�SHQWH�G·XQ�DQJOH�α�DIIHFWH�OD�UpIOH[LRQ�GLKpGUDOH�HQ�GpWRXUQDQW

OH� UD\RQ� UpIOpFKL� GX� FDSWHXU�� DYHF� XQ� DQJOH�θ ��α� DX� OLHX� GH�θ.� $LQVL�� j�PHVXUH� TXH� OD

SHQWH�DXJPHQWH� OH� FDSWHXU� UHoRLW� SURJUHVVLYHPHQW�PRLQV�GH� VLJQDO�� FH�TXL� H[SOLTXH� OHV

REVHUYDWLRQV�H[SpULPHQWDOHV�

/HV� REVHUYDWLRQV� PRQWUHQW� O·H[FHSWLRQQHOOH� VHQVLELOLWp� GX� VLJQDO� DX[� FDUDFWpULVWLTXHV

JpRPpWULTXHV�GHV�WURQFV��3RXUWDQW��O·LQIOXHQFH�GH�O·HVSqFH��VWUXFWXUH�QRWDPPHQW��UHVWH�j

pYDOXHU� HW� SDUWLFXOLqUHPHQW� OHV� FRQWULEXWLRQV� UHVSHFWLYHV� GHV� GLIIpUHQWV� pOpPHQWV� GX
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FRXYHUW��8Q�WUDYDLO�GH�PRGpOLVDWLRQ�HVW�GRQF�QpFHVVDLUH�SRXU�FRPSUHQGUH�ILQHPHQW�FH�TXH

PHVXUH�&$5$%$6��8Q�UpVXPp�HVW�SUpVHQWp�GDQV�OD�VHFWLRQ�PRGpOLVDWLRQ�
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�LQWHQVLWp�QDWXUHOOH��HQ�IRQFWLRQ�GH�OD�SHQWH��SDU�FODVVHV�GH����H[WUDLWHV�j�SDULU�G·XQ�017��
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)LJXUH������,OOXVWUDWLRQ�GH�O·HIIHW�LQGXLW�SDU�OD�SHQWH�VXU�OH�PpFDQLVPH�SULQFLSDO�GH

UpWURGLIIXVLRQ��UpIOH[LRQ�WURQF�VRO��HQ�EDVVHV�IUpTXHQFHV�

��0RGpOLVDWLRQ

����3UpVHQWDWLRQ�GHV�PRGqOHV�XWLOLVpV

3DUPL� OHV� DSSURFKHV� XWLOLVpHV� HQ� WpOpGpWHFWLRQ� UDGDU�� RQ� SHXW� QHWWHPHQW� VpSDUHU� OHV

DSSURFKHV�HPSLULTXHV��XWLOLVDQW�GHV�REVHUYDWLRQV�SRXU�GpGXLUH�GHV�UHODWLRQV�VWDWLVWLTXHV
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DILQ� G·LQYHUVHU� OH� VLJQDO� HQ� WHUPHV� GH� YDULDEOHV� IRUHVWLqUHV�� GHV� DSSURFKHV� WKpRULTXHV�

EDVpHV� VXU� O·XWLOLVDWLRQ�GH�PRGqOHV� DILQ� GH� UHSURGXLUH� HW� G·LQWHUSUpWHU� OHV� REVHUYDWLRQV�

/HV� DSSURFKHV� HPSLULTXHV� HW� VHPL�HPSLULTXHV� RQW� pWp� OHV� SUHPLqUHV� XWLOLVpHV�PDLV� RQW

PRQWUp� OHXUV� OLPLWHV�� 6RXYHQW�� OHV� REVHUYDWLRQV� HW� OHV� UHODWLRQV� WLUpHV� G·XQH� pWXGH

V·DYqUHQW� GpSHQGDQWHV� GX� VLWH�� GH� O·HVSqFH�� YRLUH� GH� O·pSRTXH� G·REVHUYDWLRQ�� $ILQ� GH

WURXYHU�GHV� ©�LQYDULDQWV�ª�GDQV� OD� UpSRQVH�PHVXUpH�HW�GH� FRPSUHQGUH� OD�YDULDELOLWp�GHV

UHODWLRQV� REVHUYpHV�� LO� V·DYqUH� QpFHVVDLUH� GH� FRPSUHQGUH� FRPPHQW� O·RQGH

pOHFWURPDJQpWLTXH�LQWHUDJLW�DYHF�OHV�PLOLHX[�QDWXUHOV��,O�V·DJLW�G·LGHQWLILHU�j�OD�IRLV�TXHOV

VRQW�OHV�PpFDQLVPHV�G·LQWHUDFWLRQ�SUpSRQGpUDQWV�HW�TXHOV�VRQW�OHV�GLIIXVHXUV�SULQFLSDX[�

'HSXLV�XQH�YLQJWDLQH�G·DQQpHV��GH�QRPEUHXVHV�pWXGHV�VH�VRQW�DWWDTXpHV�j�FH�SUREOqPH�

0RGpOLVHU� OD� UpWURGLIIXVLRQ� UDGDU� GHV� IRUrWV� LPSRVH� G·DSSOLTXHU� GHV� WKpRULHV

pOHFWURPDJQpWLTXHV�VXU�XQH�GHVFULSWLRQ�VLPSOLILpH�GH�OD�IRUrW��1RXV�DOORQV�GRQF�YRLU�GDQV

FHWWH� VHFWLRQ� OHV�GLIIpUHQWHV�DSSURFKHV�XWLOLVpHV� HQ� VpSDUDQW� OHV� WUDYDX[� UpDOLVpV� VXU� OD

GHVFULSWLRQ� GH� OD� YpJpWDWLRQ� GH� FHX[� WUDLWDQW� GHV� DVSHFWV� pOHFWURPDJQpWLTXHV�� 'DQV

FKDTXH�VHFWLRQ��DSUqV�GHV�UDSSHOV�JpQpUDX[�� OHV�PRGqOHV�XWLOLVpV�GXUDQW� OD�WKqVH�VHURQW

SOXV�VSpFLILTXHPHQW�SUpVHQWpV�

������0RGpOLVDWLRQ�GH�OD�IRUrW

0RGpOLVDWLRQ�GH�OD�IRUrW�HW�UpWURGLIIXVLRQ�UDGDU

&RPELQHU�XQH�GHVFULSWLRQ� ILQH�GX�PLOLHX� IRUHVWLHU�DYHF� OHV� WKpRULHV� pOHFWURPDJQpWLTXHV

�(�0���VHPEOH�rWUH�XQH�JDJHXUH��(Q�HIIHW��OHV�PRGqOHV�GH�GLIIXVLRQ�GH�IRUrW�XWLOLVHQW�GHV

K\SRWKqVHV� IRUWHPHQW� VLPSOLILFDWULFHV� FRPPH� OD� V\PpWULH� D]LPXWDOH� GHV� GLIIXVHXUV� HW

XWLOLVHQW�GHV�GHVFULSWLRQV� VLPSOLILpHV� �F\OLQGUHV��GLVTXHV�� VSKqUHV��GHV� FLEOHV�QDWXUHOOHV�

8QH� EUDQFKH� \� VHUD� SDU� H[HPSOH� GpFULWH� VRXV� OD� IRUPH� G·XQ� RX� GH� SOXVLHXUV� F\OLQGUHV

HPERvWpV�� GpFULWV� SDU� OHV� SUHPLHU� HW� VHFRQG� RUGUHV� GHV� VWDWLVWLTXHV� GHV� YDULDEOHV

ORQJXHXU�� GLDPqWUH�� SRVLWLRQ� HW� GLUHFWLRQ� GDQV� O·HVSDFH�� 5HSUpVHQWHU� ILQHPHQW� OD

YDULDELOLWp�GX�PLOLHX�LPSRVH�GRQF�G·DGDSWHU�OHV�WHFKQLTXHV�GH�GHVFULSWLRQ�GH�OD�YpJpWDWLRQ

DX[�K\SRWKqVHV�XWLOLVpHV�SDU�OHV�PRGqOHV�GH�GLIIXVLRQ�

/D�SOXSDUW�GHV�PRGqOHV�(�0��GpFULYHQW� OD�YpJpWDWLRQ�VRXV� OD� IRUPH�G·XQ�DVVHPEODJH�GH

FRXFKHV��RX�GH�PDLOOHV�j�O·LQWpULHXU�GHVTXHOOHV�OD�GLVWULEXWLRQ�HVW�VXSSRVpH�KRPRJqQH��OHV

FDUDFWpULVWLTXHV� GHV� GLIIXVHXUV� YDULDQW� HQ� IRQFWLRQ� GH� OD� FODVVH� j� ODTXHOOH� HOOHV

DSSDUWLHQQHQW��/D�ILJXUH����LOOXVWUH�OHV�GLIIpUHQWHV�YRLHV�DGRSWpHV��/HV�SUHPLHUV�PRGqOHV

GpFULYDLHQW� OD�YpJpWDWLRQ� VRXV� IRUPH�G·XQH� FRXFKH�XQLTXH�KRPRJqQH� �$WWHPD�HW�8ODE\�

������ �ILJXUH� ��D���� 3DU� OD� VXLWH� SOXVLHXUV� FRXFKHV� RQW� pWp� LQWURGXLWHV� DILQ� GH� VpSDUHU

QRWDPPHQW� OH�KRXSSLHU��GHV� WURQFV�pODJXpV�HW�GH� OD�VRXV�VWUDWH�DUEXVWLYH� �8ODE\�HW�DO��
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������� .DUDP� HW� DO�� ������� 3OXV� UpFHPPHQW�� FHUWDLQV� PRGqOHV� RQW� LQWURGXLW� XQH

YDULDELOLWp� KRUL]RQWDOH� GX� PLOLHX� DX� PR\HQ� GH� IRUPHV� JpRPpWULTXHV� VLPSOHV

�SDUDOOpOpSLSqGHV��F{QHV��TXL�VRQW�FHQVpV�UHSUpVHQWHU�GLIIpUHQWV�W\SHV�GH�KRXSSLHUV��6XQ

HW�5DQVRQ�� ������ �ILJXUH���E���'DQV� FHV� GHUQLqUHV� DSSURFKHV�� OHV� FDUDFWpULVWLTXHV�GH� OD

YpJpWDWLRQ�VRQW�HQFRUH�FRQVLGpUpHV�FRPPH�KRPRJqQHV�j� O·LQWpULHXU�GHV�YROXPHV�GpILQLV�

8Q� QRXYHDX� SDV� D� pWp� IUDQFKL� HQ� GLVFUpWLVDQW� O·HVSDFH� HQ� pOpPHQWV� pOpPHQWDLUHV� RX

©�YR[HOV�ª� �(ZH� HW� 6KXDK� ������ �ILJXUH� ��F���� (QILQ�� OD� YRLH� OD� SOXV� UpFHQWH� SURSRVH

O·XWLOLVDWLRQ� GH�PRGqOHV� FRKpUHQWV� TXL� SUHQQHQW� HQ� FRPSWH� OD� SRVLWLRQ� GDQV� O·HVSDFH� GH

WRXV�OHV�GLIIXVHXUV�VDQV�K\SRWKqVH�G·KRPRJpQpLWp�GDQV�XQ�YROXPH�GRQQp��)ORXU\�������

�ILJXUH���G���

'HX[� FDUDFWpULVWLTXHV� IRUWHV� GH� OD� IRUrW� VRQW� VD� FRPSOH[LWp� HW� VD� YDULDELOLWp�� 0DLV

FRPPHQW�PHVXUHU�HW�LQWURGXLUH�FHV�GHUQLqUHV�GDQV�OHV�PRGqOHV�GH�GLIIXVLRQ�"�/·DSSURFKH

OD� SOXV� VLPSOH� FRQVLVWH� j� XWLOLVHU� GHV� PHVXUHV� GHQGURPpWULTXHV� VXU� OHV� pOpPHQWV� GX

FRXYHUW�� REWHQXHV� j� SDUWLU� G·pFKDQWLOORQQDJHV� VXU� OH� WHUUDLQ�� ,O� IDXW� DORUV� V·DWWDFKHU� j

DSSUpFLHU�DXVVL�ELHQ� OD�YDULDELOLWp�DX� VHLQ�G·XQ�PrPH�DUEUH� �HQ� IRQFWLRQ�GH� OD�KDXWHXU

GDQV�OH�FRXYHUW�SDU�H[HPSOH���TX·HQWUH�GLIIpUHQWV�LQGLYLGXV��&HWWH�PpWKRGH�H[SpULPHQWDOH

SUpVHQWH� O·DYDQWDJH�� VL� O·pFKDQWLOORQQDJH� HVW� VXIILVDPPHQW� FRQVpTXHQW�� GH� SRXYRLU

DSSRUWHU�XQH�ERQQH�LGpH�GH�OD�YDULDELOLWp�GX�PLOLHX�HQ�IRXUQLVVDQW�PR\HQQH��pFDUW�W\SH

YRLUH�XQH�GHQVLWp�GH�SUREDELOLWp�VXU�GHV�YDULDEOHV�XWLOLVpHV�SDU� OHV�PRGqOHV�GH�GLIIXVLRQ

�ORQJXHXU�� GLDPqWUH�� RULHQWDWLRQ� GDQV� O·HVSDFH��� 7RXWHIRLV�� OHV� PHVXUHV� VHURQW

HQWLqUHPHQW� GpSHQGDQWHV� GX� VLWH� G·pWXGH� HW� QH� SRXUURQW� rWUH� XWLOLVpHV� ULJRXUHXVHPHQW

VXU� G·DXWUHV� VLWHV�� 'H� SOXV�� DXFXQH� FRQQDLVVDQFH� VXU� OHV� SURFHVVXV� ELRSK\VLTXHV

LQIOXHQoDQW� OD� FURLVVDQFH� Q·HVW� DSSRUWpH�� (QILQ�� OD� PHVXUH� VXU� OH� WHUUDLQ� GH� FHUWDLQHV

YDULDEOHV��RULHQWDWLRQ�GDQV�O·HVSDFH�GHV�pOpPHQWV��HVW�SHX�SUpFLVH�

8QH� YRLH� DOWHUQDWLYH� UpVLGH� GDQV� O·XWLOLVDWLRQ� GH� GHVFULSWLRQV� SOXV� UpDOLVWHV�� EDVpHV� VXU

GHV� DOJRULWKPHV� GH� UHFRQVWUXFWLRQ� GH� O·DUFKLWHFWXUH� GHV� DUEUHV��'DQV� OHV� DSSURFKHV� OHV

SOXV� VLPSOHV�� GX� W\SH� ©�YHFWRULVDWLRQ�ª�� O·DUEUH� HVW� ©�UHFRQVWUXLW�ª� j� SDUWLU� GH� PHVXUHV

WHUUDLQ�ORUV�GHVTXHOOHV�RQW�pWp�PHVXUpHV�OHV�YDULDEOHV�GHQGURPpWULTXHV�QpFHVVDLUHV�j� OD

UHFRQVWUXFWLRQ� �GLDPqWUH�ORQJXHXU�GHV� VHJPHQWV��TXDQWLWp�GH� IHXLOODJH�� HWF«���%LHQ�TXH

O·DUEUH� QH� VRLW� SDV� HQWLqUHPHQW� pFKDQWLOORQQp�� GHV� DOJRULWKPHV� SHUPHWWHQW� DORUV� GH

UHSURGXLUH� XQ� DUEUH� HQ� XWLOLVDQW� OD� EDVH� GH� GRQQpHV� GHV� PHVXUHV� WHUUDLQV�� &HWWH

PRGpOLVDWLRQ��ELHQ�TXH�SUpFLVH��SUpVHQWH� OH�GpVDYDQWDJH�GH�QH� UHSRVHU� VXU�DXFXQH�EDVH

ELRORJLTXH�HW�ERWDQLTXH��$LQVL�LO�Q·HVW�SDV�SRVVLEOH�GH�IDLUH�pYROXHU�FH�W\SH�GH�PDTXHWWHV

HW�GH�VLPXOHU�OD�FURLVVDQFH�GH�O·DUEUH�
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'·DXWUHV� DSSURFKHV� XWLOLVHQW� GHV� PRGqOHV� PDWKpPDWLTXHV� SOXV� FRPSOH[HV�� SDUPL

OHVTXHOOHV� RQ� SHXW� QRWHU� FHOOHV� EDVpHV� VXU� OHV� PpWKRGHV� IUDFWDOHV� RX� OHV� V\VWqPHV� GH

/LQGHQPD\HU� �RX� /�V\VWqPHV��� &HV� PRGqOHV� SUpVHQWHQW� O·DYDQWDJH� SDU� UDSSRUW� DX[

DSSURFKHV� W\SH� YHFWRULVDWLRQ� GH� QH� UHTXpULU� TX·XQ� QRPEUH� UpGXLW� GH� PHVXUHV� SRXU

DOLPHQWHU�OHV�PRGqOHV��'H�SOXV��LO�HVW�SRVVLEOH�GH�VLPXOHU�XQH�G\QDPLTXH�GH�FURLVVDQFH�

0DLV�� Oj� HQFRUH�� OD� YDOLGLWp� ERWDQLTXH� Q·HVW� SDV� SULVH� HQ� FRQVLGpUDWLRQ�� 2Q� SHXW� GRQF

FRQFOXUH� TXH� O·LGpDO� VHUDLW� GH� FRPELQHU� O·XWLOLVDWLRQ� GH� PRGqOHV� PDWKpPDWLTXHV�

SHUPHWWDQW� XQ� pFKDQWLOORQQDJH� ©�DOOpJp�ª�� � DYHF� XQH� SULVH� HQ� FRPSWH� GHV� SKpQRPqQHV

ELRORJLTXHV� j� O·RULJLQH� GH� OD� FURLVVDQFH� GH� O·DUEUH�� &·HVW� FH� TXH� SURSRVHQW� OHV� PRGqOHV

ERWDQLTXHV�� SDUPL� OHVTXHOV� OH� PRGqOH� DUFKLWHFWXUDO� GH� FURLVVDQFH� G·DUEUH� $0$3� �SRXU

$WHOLHU� GH� 0RGpOLVDWLRQ� GH� O·$UFKLWHFWXUH� GHV� 3ODQWHV�� GpYHORSSp� SDU� OH� &,5$'�� &·HVW

FHWWH� DSSURFKH� TXL� VHUD� XWLOLVpH� SRXU� OD� GHVFULSWLRQ� GH� OD� YpJpWDWLRQ� GDQV� FHWWH� pWXGH�

1RXV�DOORQV�PDLQWHQDQW�GpWDLOOHU�FH�PRGqOH�

)LJXUH������/HV�GLIIpUHQWV�PRGHV�GH�GHVFULSWLRQ�GH�OD�YpJpWDWLRQ�GDQV�OHV�PRGqOHV

pOHFWURPDJQpWLTXHV�GH�YpJpWDWLRQ��G·DSUqV�)ORXU\�������

D

GF

E
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/H�PRGqOH�GH�FURLVVDQFH�G·DUEUH�$0$3

/HV�SUHPLHUV� WUDYDX[�VXU� OD�PRGpOLVDWLRQ�DUFKLWHFWXUDOH�GDWHQW�GHV�DQQpHV�����G·DERUG

G·XQ� SRLQW� GH� YXH� WKpRULTXH� HW� TXDOLWDWLI� �+DOOp� DQG�2OGHPDQ� ������+DOOp� HW� DO�� �����

SXLV�G·XQ�DVSHFW�SUDWLTXH�HW�TXDQWLWDWLI�j�WUDYHUV�OHV�pWXGHV�VXU�OH�FDIpLHU�HQWUHSULVHV�SDU

3KLOLSSH�'H�5HII\H��'H�5HII\H�����D������E���������������$0$3�VH�SURSRVH�SUpFLVpPHQW

GH� FRPELQHU� OHV� FRQQDLVVDQFHV� TXDOLWDWLYHV� HW� TXDQWLWDWLYHV� LVVXHV� GH� FHV� WUDYDX[�� /D

FKDvQH� GH� WUDLWHPHQW� VH� GpURXOH� HQ� �� WHPSV� �� ��� XQH� REVHUYDWLRQ� PRUSKRORJLTXH� HW

DUFKLWHFWXUDOH�GHV� YpJpWDX[� �� ��� O·DFTXLVLWLRQ�GH�PHVXUHV� VXU� OD�SODQWH�� ��� OH� FDOFXO� GHV

SDUDPqWUHV� GH� IRQFWLRQQHPHQW�� ��� OD� VLPXODWLRQ� GH� OD� FURLVVDQFH� TXL� GRQQHUD� OD

PDTXHWWH��UpVXOWDW�ILQDO�GH�OD�FKDvQH��&HV�SULQFLSHV�SHUPHWWHQW�GH�VLPXOHU�DXVVL�ELHQ�GHV

KHUEDFpV��GHV�SODQWHV�DQQXHOOHV�RX�GHV�DUEUHV�

•� /·DQDO\VH� PRUSKRORJLTXH� �� O·DUFKLWHFWXUH� G·XQH� SODQWH� GpSHQG� GH� OD� QDWXUH� HW� GH� OD

SRVLWLRQ� UHODWLYH� GH� VHV� GLIIpUHQWHV� SDUWLHV��(OOH� HVW� OH� UpVXOWDW� G·XQ� pTXLOLEUH� HQWUH� OHV

FDUDFWpULVWLTXHV�SURSUHV�G·XQH�HVSqFH�HW�OHV�LQIOXHQFHV�GH�VRQ�HQYLURQQHPHQW�

/D� VWUXFWXUH� pOpPHQWDLUH� GH� O·DUFKLWHFWXUH� G·XQ� DUEUH� HVW� O·D[H� IHXLOOp� TXL� FRPSUHQG

�ILJXUH������

��OH�ERXUJHRQ�WHUPLQDO�RX�PpULVWqPH�DSLFDO��

��OHV�Q±XGV���SRLQWV�G·LQVHUWLRQ�GHV�IHXLOOHV�EUDQFKHV�VXU�OD�WLJH��

��OHV�HQWUH�Q±XGV���SRUWLRQV�GH�WLJHV�VLWXpHV�HQWUH���IHXLOOHV�EUDQFKHV�FRQVpFXWLYHV��

��OHV�ERXUJHRQV�ODWpUDX[�DX�QLYHDX�GH�FKDTXH�Q±XG�

)LJXUH������'HVFULSWLRQ�GH�O·D[H�IHXLOOp��G·DSUqV�%DUWKpOpP\�HW�DO���������
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/·LGpH� IRQGDPHQWDOH� HVW� GH� FRQVLGpUHU� OD� SODQWH� FRPPH� OH� UpVXOWDW� GH� O·DFWLYLWp� GH� VHV

PpULVWqPHV��RX�ERXUJHRQV���2Q�GLVWLQJXH���pWDWV�SRXU�XQ�PpULVWqPH������O·LQKLELWLRQ�����

OH�IRQFWLRQQHPHQW������O·DUUrW�WRWDO�GH�IRQFWLRQQHPHQW�RX�PRUW��$�FKDTXH�XQLWp�GH�WHPSV

ORUV�G·XQH�VLPXODWLRQ�� OH�GHYHQLU�GHV�ERXUJHRQV�HVW�DORUV�GpWHUPLQp�HQ�DWWULEXDQW�GHX[

SUREDELOLWpV� j� FKDTXH� ERXUJHRQ� �� VD� SUREDELOLWp� GH� PRXULU� HW� G·rWUH� LQKLEp� �LQDFWLI

SHQGDQW� XQ� FHUWDLQ� WHPSV��� $LQVL�� OD� ©�YLH�ª� G·XQ�PpULVWqPH�YD� � rWUH� U\WKPp� SDU� WURLV

SKpQRPqQHV��

• /D�FURLVVDQFH�TXL�UHJURXSH�O·pORQJDWLRQ��DSSDULWLRQ�G·XQH�QRXYHOOH�SRXVVH�RX�XQLWp�GH

FURLVVDQFH��HW�OD�©�SDXVH�ª�VXLWH�j�XQ�HIIHW�G·LQKLELWLRQ

• /D�UDPLILFDWLRQ���GHV�D[HV�ODWpUDX[�VH�GpYHORSSHQW��/D�UpSDUWLWLRQ�GHV�UDPLILFDWLRQV�OH

ORQJ�G·XQ�D[H�HVW�PRGpOLVpH�SDU�XQH�FKDvQH�GH�0DUNRY�j�GHX[�pWDWV��O·pWDW�UDPLILp�HW

QRQ� UDPLILp�� �� OD� SUREDELOLWp� G·DSSDULWLRQ� G·XQH� UDPLILFDWLRQ� VXU� XQ� HQWUH�Q±XG� QH

GpSHQG�TXH�GH�O·pWDW�GH�O·HQWUH�Q±XG�SUpFpGHQW�

• /D�PRUWDOLWp�TXL�UHJURXSH�OD�WUDQVIRUPDWLRQ�HQ�IOHXUV��GDQV�OH�FDV�G·DUEUHV�IUXLWLHUV��

OD�ILQ�SURJUDPPp�G·XQ�D[H�RX�O·DFFLGHQW�QDWXUHO�RX�SURYRTXp��WDLOOH��

2Q� GLVWLQJXH� GDQV� OD� SKDVH� GH� FURLVVDQFH�� OD� SKDVH� SULPDLUH� TXL� YRLW� OD� FUpDWLRQ� GHV

HQWUH�Q±XGV�SXLV�OHXU�pORQJDWLRQ��HW�OD�SKDVH�VHFRQGDLUH�DX�FRXUV�GH�ODTXHOOH�OHV�HQWUH�

Q±XGV� YRLHQW� OHXU� VHFWLRQ� V·DFFURvWUH�� &HWWH� FURLVVDQFH� HVW� GLUHFWHPHQW� UHOLpH� j� OD

TXDQWLWp� G·DVVLPLODWV� IRXUQLV� SDU� OD� SKRWRV\QWKqVH� HW� j� OHXU� PRGH� GH� UpSDUWLWLRQ

�)RXUFDXG�������

•�/D�UpDOLVDWLRQ�GHV�PHVXUHV���/HV�FDUDFWpULVWLTXHV�GHV�XQLWpV�GH�FURLVVDQFH�SHXYHQW�rWUH

DSSUR[LPpHV�SDU�GHV�ORLV�GH�GLVWULEXWLRQ��'H�PrPH��OHV�SURFHVVXV�GH�FURLVVDQFH�HW�G·DUUrW

SHXYHQW�rWUH�H[SULPpV�HQ�WHUPHV�GH�SUREDELOLWpV��/·REVHUYDWLRQ�D�PRQWUp�TXH� OD�QDWXUH

RX�OD�IRUPH�GHV�GLVWULEXWLRQV�REVHUYpHV�HVW�LQGpSHQGDQWH�GHV�FRQGLWLRQV�H[SpULPHQWDOHV

�'H�5HII\H�HW�DO����������,O�Q·\�D�TXH�OHV�SDUDPqWUHV�GHV�ORLV�TXL�VRLHQW�PRGLILpV�TXDQG�OHV

DUEUHV�G·XQH�PrPH�HVSqFH�SRXVVHQW�GDQV�GHV�HQYLURQQHPHQWV�GLIIpUHQWV��%DUWKpOpP\�HW

DO�� ������� &HFL� VLJQLILH� TX·XQH� IRLV� GpWHUPLQpH� O·DUFKLWHFWXUH� G·XQH� HVSqFH�� LO� VXIILW� GH

UpDOLVHU� GHV�PHVXUHV� VXU� OH� WHUUDLQ� SRXU� FDOHU� OHV� ORLV� VWDWLVWLTXHV� GX�PRGqOH� HW� DLQVL

VLPXOHU� OD� FURLVVDQFH� G·XQ� DUEUH�� /HV� PHVXUHV� VRQW� UpDOLVpHV� SDU� pFKDQWLOORQQDJH� HW

GRLYHQW� rWUH� HIIHFWXpHV� VXU� XQ� QRPEUH� G·LQGLYLGXV� VXIILVDQW� j� SOXVLHXUV� kJHV� DILQ� GH

SUHQGUH�HQ�FRPSWH�DX�PLHX[�OD�YDULDELOLWp�LQWUD�VSpFLILTXH��(OOHV�UHSRVHQW�VXU�XQ�FRGDJH

SDUWLFXOLHU� �*RGLQ� HW� DO�� ������ TXL� SHUPHW� GH� UHWURXYHU� O·DJHQFHPHQW� GHV� XQLWpV� GH

FURLVVDQFH�OHV�XQHV�SDU�UDSSRUW�DX[�DXWUHV�
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•� &DOFXO� GHV� SDUDPqWUHV� GH� IRQFWLRQQHPHQW� �� $� SDUWLU� GHV� REVHUYDWLRQV� LQ� VLWX�� OHV

DMXVWHPHQWV� GHV� GLVWULEXWLRQV� VH� IRQW� DYHF� GHV� ORLV� VLPSOHV� �3RLVVRQ�� ELQRPLDOH�

JpRPpWULTXH�� �-DHJHU� HW�'H�5HII\H���������/HV�SDUDPqWUHV�GH� UDPLILFDWLRQ��PRGpOLVpV�j

SDUWLU�GH�FKDvQHV�GH�0DUNRY��VRQW�pJDOHPHQW�FDOFXOpV��&HWWH�SKDVH�HVW�FRQGXLWH�j�O·DLGH

GX�ORJLFLHO�$0$302'��*RGLQ�HW�DO��������������TXL�LQWqJUH�DXWRPDWLTXHPHQW�OH�FRGDJH

XWLOLVp�GXUDQW�OD�SULVH�GHV�PHVXUHV�

•�6LPXODWLRQ�GH�OD�FURLVVDQFH���6LPXOHU�O·DUFKLWHFWXUH�UHYLHQW�j�UHSURGXLUH�OD�VXFFHVVLRQ

GHV�XQLWpV�GH�FURLVVDQFH�DX�FRXUV�GH� OD�YLH�GH� O·DUEUH��/D�QRWLRQ�G·D[H�GH�UpIpUHQFH� �'H

5HII\H� HW� DO�� ������ SHUPHW� GH� JpUHU� VLPXOWDQpPHQW� O·kJH� FKURQRORJLTXH� HW� O·kJH

SK\VLRORJLTXH� DX� VHLQ� G·XQ� PrPH� DUEUH� �XQ� ERXUJHRQ� GH� O·DQQpH�� TXL� HVW

FKURQRORJLTXHPHQW� MHXQH�� HVW� SK\VLRORJLTXHPHQW� YLHX[� FDU� F·HVW� OH� VWDGH� XOWLPH� GH

GpYHORSSHPHQW� G·XQ� PpULVWqPH��� /·DUFKLWHFWXUH� HVW� DORUV� UHFUppH� JUkFH� DX[� ORLV

VWRFKDVWLTXHV�� /D� ILJXUH� ��� PRQWUH� SOXVLHXUV� VLPXODWLRQV� j� GLYHUV� kJHV� SRXU� XQH

PDTXHWWH�GH�SLQ�QRLU�

5 ans10 ans 20 ans 30 ans 40 ans 90 ans

)LJXUH������0DTXHWWHV�$0$3�GH�SLQ�QRLU�G·$XWULFKH�j�GLIIpUHQWV�kJHV�FDOLEUpHV�SRXU�OD

IRUrW�GRPDQLDOH�GH�0HQGH�
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������0RGpOLVDWLRQ�pOHFWURPDJQpWLTXH

/HV� WHQWDWLYHV� GH�PRGpOLVDWLRQ� GH� O·LQWHUDFWLRQ� RQGH�PDWLqUH� VRQW� DXVVL� YLHLOOHV� TXH� OD

WpOpGpWHFWLRQ�UDGDU��/HV�SUHPLqUHV�DSSURFKHV��VHPL�HPSLULTXHV��GpFULYDLHQW�OD�YpJpWDWLRQ

FRPPH�XQ�QXDJH�GH�JRXWWHOHWWHV�G·HDX�DX�GHVVXV�G·XQH�VXUIDFH�UpIOpFKLVVDQWH��&H�W\SH�GH

PRGqOH� SHUPHWWDLW� GH� SUHQGUH� HQ� FRPSWH� OHV� GHX[� SULQFLSDX[� PpFDQLVPHV� GH

UpWURGLIIXVLRQ� DX[� KDXWHV� IUpTXHQFHV��EDQGHV� ;�� &� HW� /�� �� OD� UpWURGLIIXVLRQ� GLUHFWH� GX

FRXYHUW�HW�OD�FRQWULEXWLRQ�GX�VRO�DWWpQXpH�SDU�OD�YpJpWDWLRQ��7RXWHIRLV��FH�W\SH�GH�PRGqOH

QH�SHUPHW�SDV�G·pWXGLHU� O·LQIOXHQFH�UpHOOH�GHV�SURSULpWpV�GHV�GLIIXVHXUV�GH� OD�YpJpWDWLRQ

�WDLOOH��RULHQWDWLRQ��

2Q� SHXW� GLVWLQJXHU� OHV� PRGqOHV� WUDYDLOODQW� VLPSOHPHQW� DYHF� O·pQHUJLH� GH� O·RQGH

�DPSOLWXGH��HW�FHX[�XWLOLVDQW�WRXWHV�OHV�FDUDFWpULVWLTXHV�G·XQH�RQGH��DPSOLWXGH�HW�SKDVH�

FRPPH�OHV�PRGqOHV�FRKpUHQWV��1RXV�DOORQV�LFL�LQWURGXLUH�FHV�GHX[�W\SHV�GH�PRGqOHV�

La modélisation du transfert radiatif

/D� WKpRULH� GX� WUDQVIHUW� UDGLDWLI� D� pWp� G·DERUG� XWLOLVpH� HQ� DVWURQRPLH� GDQV� OD� FDOFXO� GX

WUDQVIHUW�G·pQHUJLH�GDQV�OHV�DWPRVSKqUHV�VWHOODLUHV��&KDQGUDVHNKDU���������DYDQW�G·rWUH

XWLOLVpH� HW� PRGLILpH� SRXU� OD� WpOpGpWHFWLRQ� RSWLTXH� HW� UDGDU� GHV� PLOLHX[� IRUHVWLHUV�� &HV

pTXDWLRQV�VH�WUDGXLVHQW�HQ�WHUPH�G·pQHUJLH��RX�SXLVVDQFH���DLQVL�WRXWH�LQIRUPDWLRQ�VXU�OD

SKDVH� GHV� FKDPSV� GLIIXVpV� HVW� SHUGXH�� &HWWH� WKpRULH� UHSRVH� VXU� O·K\SRWKqVH� TXH� OHV

FKDPSV� �LQFLGHQWV� HW� GLIIXVpV�� SHXYHQW� V·DGGLWLRQQHU� GH� PDQLqUH� LQFRKpUHQWH�� HQ

SXLVVDQFH��&HWWH�VXSSRVLWLRQ�VHUD�YDODEOH�VL�OHV�SRLQWV�VXLYDQWV�VRQW�UHVSHFWpV��

• OH�QRPEUH�GH�GLIIXVHXUV�GRLW�rWUH�JUDQG��

• OHV�GLIIXVHXUV�VRQW�DOpDWRLUHPHQW�GLVWULEXpV�GDQV�O·HVSDFH��

• OHV�GLIIXVHXUV� VRQW�HQ� FKDPS� ORLQWDLQ� OHV�XQV�GHV�DXWUHV� �SHX�GH� FRXSODJH�HQWUH� OHV

GLIIpUHQWV�GLIIXVHXUV���

• OHV�IOXFWXDWLRQV�GH�SHUPLWWLYLWp�GLpOHFWULTXH�GX�PLOLHX�GDQV�OHTXHO�VRQW�GLVWULEXpV�OHV

GLIIXVHXUV�VRQW�IDLEOHV�

&HV�K\SRWKqVHV�VRQW�UHVSHFWpHV�SRXU� OD�SOXSDUW�� OD� IRUrW� FRQVWLWXDQW�XQ�PLOLHX�DYHF�XQ

JUDQG�QRPEUH� GH� GLIIXVHXUV�PDLV� ILQDOHPHQW� SHX�GHQVH�� VD� IUDFWLRQ� YROXPLTXH� UHVWDQW

LQIpULHXUH� j� ���� �� �/H� 7RDQ� HW� DO�� ������� 'H� PrPH�� O·K\SRWKqVH� VXU� OD� SHUPLWWLYLWp

GLpOHFWULTXH� HVW� UHVSHFWpH� pWDQW� GRQQp� TXH� OHV� IOXFWXDWLRQV� GH� SHUPLWWLYLWp� VRQW� IDLEOHV

GDQV� OH� KRXSSLHU� �/H� 7RDQ� HW� DO��� ������� /·K\SRWKqVH� GX� FKDPS� ORLQWDLQ� HVW� OD� SOXV

FULWLTXH�� QRWDPPHQW� GDQV� OH� FDV� GH� GLIIXVHXUV� FRPPH� OHV� DJUpJDWV� G·DLJXLOOHV�� FH� TXL

LPSRVH�GH�WUDYDLOOHU�j�OD�OLPLWH�GH�YDOLGLWp�GX�PRGqOH�
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/·pTXDWLRQ� JpQpUDOH� GpFULYDQW� OD� SURSDJDWLRQ� G·XQH� RQGH� j� WUDYHUV� XQ�PLOLHX� GLVSHUVLI

�DWWpQXDQW��GLIIXVDQW��pPLVVLI��V·pFULW��

),,(J),','(I)',';,(P'd),,(I),,(
dz

),,(Id
cos

4

zzzz
z

e φθφθφθφθφθφθκφθ

π

+⋅Ω+⋅−=θ ∫ ���

/·LQWHQVLWp�HVW�QRWpH�VRXV�OD�IRUPH�GX�YHFWHXU�GH�6WRNHV�TXL�FRQWLHQW���WHUPHV��GHX[�HQ

FR�SRODULVDWLRQV� �++�HW�99��HW�GHX[�HQ�SRODULVDWLRQ� FURLVpH� �+9�HW�9+���/·pTXDWLRQ� ���

GpFULW�OD�YDULDWLRQ�GH�O·LQWHQVLWp��PHPEUH�GH�JDXFKH��DX�FRXUV�GH�VD�SURSDJDWLRQ�GDQV�XQ

UHSqUH�F\OLQGULTXH��θ�φ�]���&HV�YDULDWLRQV�VRQW�H[SOLTXpHV�SDU�OHV�WURLV�WHUPHV�GX�PHPEUH

GH�GURLWH��

• OH�SUHPLHU�WHUPH� ),,(I),,( zze φθφθκ ⋅− �UHSUpVHQWH�OHV�SHUWHV�GXHV�j�O·DEVRUSWLRQ�RX�j

O·H[WLQFWLRQ�� κH� HVW� DSSHOpH� OD� PDWULFH� G·H[WLQFWLRQ�� 3RXU� XQ� PLOLHX� DOpDWRLUH�� FHWWH

PDWULFH�SHXW�rWUH�FDOFXOpH�SDU�O·DSSUR[LPDWLRQ�PXOWL�GLIIXVLRQV�GH�)ROG\�/D[��'DQV�OH

FDV� G·DJUpJDWV� G·DLJXLOOHV� RX� GH� IHXLOOHV�� )XQJ� D� SURSRVp� GH� UHPSODFHU� FHWWH

DSSUR[LPDWLRQ� HQ� SUHQDQW� HQ� FRPSWH� OHV� LQWHUDFWLRQV� HQ� FKDPS� SURFKH� HQWUH� OHV

GLIIXVHXUV��)XQJ�HW�DO���������

• ),','(I)',';,(P'd
4

zφθφθφθ
π

⋅Ω∫ WLHQW� FRPSWH� GH� OD� GLIIXVLRQ� GHV� RQGHV� SURYHQDQW� GHV

GLUHFWLRQV��θ·�φ·��GDQV�OD�GLUHFWLRQ��θ�φ���3�HVW�OD�PDWULFH�GH�GLIIXVLRQ�TXL�DGGLWLRQQH�OHV

SURSULpWpV� GLIIXVDQWHV� �GLpOHFWULTXHV� HW� JpRPpWULTXHV�� � GH� WRXW� OHV� GLIIXVHXUV

pOpPHQWDLUHV�GX�PLOLHX��&HWWH�VRPPH�HVW�JpQpUDOHPHQW�FDOFXOpH�GDQV�O·K\SRWKqVH�TXH

WRXW�OHV�GLIIXVHXUV�VRQW�HQ�FKDPS�ORLQWDLQ�OHV�XQV�GHV�DXWUHV��

• ),,(J zφθ �UHSUpVHQWH�O·pPLVVLRQ�GX�PLOLHX��&H�WHUPH�HVW�QpJOLJp�HQ�WpOpGpWHFWLRQ�PLFUR�

RQGHV�DFWLYH�R��OD�GLIIXVLRQ�GRPLQH�ODUJHPHQW�O·pPLVVLRQ�

/·DSSUR[LPDWLRQ� GH�)ROG\�/D[� HVW� XWLOLVpH� SRXU� OH� FDOFXO� GH� OD� O·DWWpQXDWLRQ� GX�PLOLHX�

/·DSSURFKH� GH� )ROG\� �)ROG\� ������ /D[� ������ 7VDQJ� HW� DO�� ������ HVW� HQ� HIIHW� XWLOH� SRXU

SUHQGUH� HQ� FRPSWH� OHV� HIIHWV� G·DEVRUSWLRQ� HW� GH� GLIIXVLRQ� GHV�PLOLHX[� SHX� GHQVHV�� (OOH

UHSRVH�VXU�WURLV�SRLQWV��

• OH�FKDPS�GLIIXVp�WRWDO�HVW�OD�VRPPH�GHV�FKDPSV�GLIIXVpV�SDU�FKDTXH�GLIIXVHXU��
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• OH�FKDPS�GLIIXVp�SDU�FKDTXH�GLIIXVHXU�GpSHQG�XQLTXHPHQW�GH�VHV�SURSUHV�SURSULpWpV

HW�GH�FHOOHV�GX�FKDPS�LQFLGHQW��

• OH�FKDPS�LQFLGHQW�VXU�FKDTXH�GLIIXVHXU�HVW�pJDO�j�OD�VRPPH�GX�FKDPS�LQFLGHQW�LQLWLDO

HW� GHV� FKDPSV� GLIIXVpV� SDU� WRXV� OHV� DXWUHV� GLIIXVHXUV� �FKDPS� WRWDO� VDQV� OH� FKDPS

GLIIXVp�SDU�OH�GLIIXVHXU�HQ�TXHVWLRQ���

/D� UpVROXWLRQ� GH� O·pTXDWLRQ� GH� WUDQVIHUW� UDGLDWLI� ���� SHXW� VH� IDLUH� GH�PDQLqUH� LWpUDWLYH�

(OOH� FRQVLVWH�j�SUHQGUH�SRXU�K\SRWKqVH�TXH� O·HIIHW�GH�GLIIXVLRQ�HVW�SOXV� IDLEOH�TXH� FHOXL

G·DWWpQXDWLRQ��/H� WHUPH�G·DWWpQXDWLRQ� HVW� DORUV� GRPLQDQW�� HW� OD� VROXWLRQ�j� O·RUGUH� �� HVW

REWHQXH�HQ�QpJOLJHDQW�OH�WHUPH�GH�GLIIXVLRQ��(Q�VXEVWLWXDQW�OD�VROXWLRQ�j�O·RUGUH���GDQV�OH

WHUPH�GH�GLIIXVLRQ�GX�VHFRQG�PHPEUH��RQ�REWLHQW�DORUV�OD�VROXWLRQ�G·RUGUH����/HV�VROXWLRQV

DX[� RUGUHV� VXSpULHXUV� pWDQW� REWHQXV� VHORQ� OH� PrPH� SULQFLSH�� /D� ILJXUH� ��� LOOXVWUH� OD

VROXWLRQ�j�O·RUGUH���TXL�IDLW�DSSDUDvWUH���PpFDQLVPHV�HQ�SOXV�GH�OD�UpWURGLIIXVLRQ�GX�VRO

�GLUHFWH�HW�DWWpQXpH�SDU� OH�FRXYHUW�� ��GLIIXVLRQ�GLUHFWH�GH� OD�YpJpWDWLRQ��GRXEOH�UpIOH[LRQ

YpJpWDWLRQ�VRO� HW� VRO�YpJpWDWLRQ�� UpIOH[LRQ� VRO�YpJpWDWLRQ�VRO�� /HV� VROXWLRQV� G·RUGUHV

VXSpULHXUV�VRQW�GLIILFLOHV�j�PHWWUH�HQ�±XYUH�SDU� OHXU� FRPSOH[LWp�HW� OHV� WHPSV�GH� FDOFXO

QpFHVVDLUHV� SRXU� OHXU� UpVROXWLRQ�� $� WLWUH� G·H[HPSOH�� OD� VROXWLRQ� j� O·RUGUH� �� IDLW� GpMj

DSSDUDvWUH����PpFDQLVPHV�

Sol direct

Houppier direct

Sol sous couvert

Sol-Végétation-Sol
Sol-Végétation

+ Végétation-Sol

)LJXUH������6ROXWLRQ�GX�SUHPLHU�RUGUH�GH�O·pTXDWLRQ�GX�WUDQVIHUW�UDGLDWLI�TXL�IDLW

DSSDUDvWUH���PpFDQLVPHV��HQ�SOXV�GH�OD�UpWURGLIIXVLRQ�GX�VRO��VROXWLRQ�GH�O·RUGUH����

&HWWH� WKqVH� VH� SURSRVH� GH� SRXUVXLYUH� OHV� WUDYDX[� PHQpV� GHSXLV� SOXVLHXUV� DQQpHV� VXU

O·DPpOLRUDWLRQ�GH� OD�PRGpOLVDWLRQ�HQ� WUDQVIHUW� UDGLDWLI� �57�SRXU� UDGLDWLYH� WUDQVIHUW���/H

PRGqOH� FKRLVL� HVW� FHOXL� GpYHORSSp� GDQV� OH� FDGUH� G·XQH� FROODERUDWLRQ� HQWUH� OH�0,7� HW� OH

&(6%,2��%HDXGRLQ�HW�DO��������+VX�HW�DO���������,O�V·DJLW�G·XQ�PRGqOH�PRQRVWDWLTXH�GX

SUHPLHU�RUGUH��SRODULPpWULTXH��WUDLWDQW�OD�YpJpWDWLRQ�VRXV�IRUPH�G·XQH�VXSHUSRVLWLRQ�GH
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FRXFKHV�KRUL]RQWDOHV��,QLWLDOHPHQW��OD�IRUrW�pWDLW�UHSUpVHQWpH�HQ���FRXFKHV���XQH�FRXFKH�GH

KRXSSLHU�� XQH� FRXFKH� GH� WURQFV� pODJXpV� HW� XQH� FRXFKH� GH� VRXV�ERLV�� /D� YpJpWDWLRQ� HVW

GpFULWH� VRXV� IRUPH� GH� F\OLQGUHV� GLpOHFWULTXHV� RUGRQQpV� HQ� FODVVHV� GH� GLIIXVHXUV� �WURQF�

EUDQFKH� G·RUGUH���� G·RUGUH� �� «�� FDUDFWpULVpHV� SDU� XQH� WDLOOH� �UD\RQ�� ORQJXHXU��� XQH

FRQVWDQWH� GLpOHFWULTXH� HW� XQH� GLVWULEXWLRQ� G·RULHQWDWLRQV� KRPRJqQH� GDQV� OD� FRXFKH�� /D

FRQWULEXWLRQ� GX� VRO�� HQ� GLIIXVLRQ� GLUHFWH�� HVW� FDOFXOpH� SDU� O·DSSUR[LPDWLRQ� GH� .LUFKRII�

WDQGLV� TXH� OHV� UpIOH[LRQV� VRO�YpJpWDWLRQ� VRQW� FDOFXOpHV� HQ� DSSUR[LPDQW� OH� VRO� SDU� XQH

VXUIDFH�VSpFXODLUH�

8QH� OLPLWDWLRQ� GHV� PRGqOHV� HQ� WUDQVIHUW� UDGLDWLI� UpVLGH� GDQV� OD� GHVFULSWLRQ� SXUHPHQW

VWDWLVWLTXH�GX�PLOLHX��DX�PR\HQ�GH�PR\HQQHV�HW�GH�GLVWULEXWLRQV��&HFL�QH�SHUPHW�GRQF

SDV�GH�SUHQGUH�HQ�FRPSWH� OD� VWUXFWXUH�GH� O·DUEUH��QRWDPPHQW� OH�SRVLWLRQQHPHQW� UHODWLI

GHV� pOpPHQWV� GX� FRXYHUW� TXL� SHXYHQW� LQGXLUH� GHV� SKpQRPqQHV� G·LQWHUDFWLRQ� FRKpUHQWH

�DGGLWLYHV� RX� GHVWUXFWLYHV��� &·HVW� FH� TXH� SURSRVH� SUpFLVpPHQW� G·DIILQHU� OD� WKpRULH� GX

©�EUDQFKLQJ�PRGHO�ª��<XHK�HW�DO��������TXL�WLHQW�FRPSWH�QRWDPPHQW�GX�UHJURXSHPHQW�GHV

GLIIXVHXUV� HQ� DJUpJDWV� GH� SOXVLHXUV� pFKHOOHV��� OHV� DLJXLOOHV� VXU� XQH� EUDQFKH� WHUWLDLUH

SHXYHQW� rWUH� WUDLWpHV� FRPPH� GHV� EUDQFKHV� VHFRQGDLUHV� DJUpJpHV� OH� ORQJ� G·XQH� EUDQFKH

SULPDLUH�� /·DUUDQJHPHQW� HVW� VHPEODEOH�� VHXOHV� OHV� GLPHQVLRQV� GLIIpUHQW� �WDLOOH�� GHQVLWp

OLQpDLUH�GH�GLIIXVHXUV��

/HV�WUDYDX[�UpDOLVpV�SOXV�UpFHPPHQW��&DVWHO�������)ORXU\�������RQW�SURSRVp�GH�GpFULUH

SOXV� ILQHPHQW� OH� FRXYHUW� HQ� VFLQGDQW� OD� PRQRFRXFKH� GH� KRXSSLHU� HQ� SOXVLHXUV� VRXV�

FRXFKHV� DILQ� GH� PLHX[� GpFULUH� OD� YDULDELOLWp� YHUWLFDOH� GX� PLOLHX�� 3DUDOOqOHPHQW�� OD

GHVFULSWLRQ�GH�OD�YpJpWDWLRQ�D�pWp�DIILQpH�HQ�XWLOLVDQW��QRQ�SOXV�GHV�GRQQpHV�VWDWLVWLTXHV

LVVXHV� G·pFKDQWLOORQQDJHV� WHUUDLQV�� PDLV� GHV� GRQQpHV� LVVXHV� GX� PRGqOH� GH� FURLVVDQFH

G·DUEUH�$0$3�

/H�PRGqOH�57�GpFULW�OD�YpJpWDWLRQ�DX�PR\HQ�GH�F\OLQGUHV���j�XQH�EUDQFKH�FRUUHVSRQG�XQ

F\OLQGUH��$0$3�XWLOLVH�DXVVL�GHV�F\OLQGUHV�SRXU�UHFRQVWUXLUH�JpRPpWULTXHPHQW�XQ�DUEUH�

PDLV�j�O·LQYHUVH�LO�XWLOLVHUD�DXWDQW�GH�F\OLQGUHV�TX·LO�VHUD�QpFHVVDLUH�SRXU�GpFULUH�FKDTXH

EUDQFKH� �FRXUEXUH�� YDULDWLRQ� GX� GLDPqWUH� HQ� IRQFWLRQ� GH� OD� ORQJXHXU��� 3RXU�PHWWUH� HQ

DGpTXDWLRQ� OHV� GHX[� GHVFULSWLRQV�� XQH� LQWHUIDFH� �$0$3�6$5�� �%DUF]L� HW� DO�� ������

GpJUDGH�OHV�PDTXHWWHV�$0$3�SRXU�OHV�DGDSWHU�DX�IRUPDW�G·HQWUpH�GX�PRGqOH�57�

La modélisation cohérente

/D� VLQJXODULWp� GH� FHWWH� DSSURFKH� UpVLGH� GDQV� OD� VRPPDWLRQ� FRKpUHQWH� �DPSOLWXGH� HW

SKDVH�� GHV� FKDPSV� GLIIXVpV�� FH� TXL� VLJQLILH� TXH� OH� PRGqOH� D� EHVRLQ� GH� FRQQDvWUH� OHV

SRVLWLRQV�H[DFWHV�GDQV�O·HVSDFH�GH�FKDFXQ�GHV�GLIIXVHXUV��3DUPL�OHV�PRGqOHV�FRKpUHQWV�RQ

GLVWLQJXH�OHV�PRGqOHV�H[DFWV�HW�FHX[�DSSURFKpV��/HV�SUHPLHUV�VRQW�DSSHOpV�H[DFWV�FDU�OHXU
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GpYHORSSHPHQW� WKpRULTXH� j� SDUWLU� GHV� pTXDWLRQV� GH� 0D[ZHOO� QH� QpFHVVLWH� DXFXQH

K\SRWKqVH� VLPSOLILFDWULFH� DXWUHV� TXH� FHOOHV� OLpHV� j� O·LPSOpPHQWDWLRQ� QXPpULTXH�� 'HX[

DSSURFKHV� OHV� SOXV� FRXUDPPHQW� XWLOLVpHV� VRQW� OD�PpWKRGH� GHV�PRPHQWV� HW� OD�PpWKRGH

)'7'� �)LQLWH�'LIIHUHQFH�7LPH�'RPDLQ���&HV�PRGqOHV� SUpVHQWHQW� OH� GpVDYDQWDJH� G·rWUH

WUqV�GHPDQGHXUV�HQ�WHPSV�GH�FDOFXO��FH�TXL�OHV�UHQG�LQXWLOLVDEOHV�GDQV�O·pWXGH�GH�VFqQHV

QDWXUHOOHV� FRPPH� OHV� IRUrWV�� FDUDFWpULVpHV� SDU� XQ� JUDQG� QRPEUH� GH� GLIIXVHXUV�� 1RXV

DYRQV�GRQF�SUpIpUp�XWLOLVHU�XQ�PRGqOH�FRKpUHQW�©�DSSURFKp�ª�UHSRVDQW�VXU�O·DSSUR[LPDWLRQ

GH�%RUQ�PRGLILp�

/·DSSUR[LPDWLRQ� GH� %RUQ� PRGLILpH� HVW� XQH� WKpRULH� SUHQDQW� HQ� FRPSWH� j� OD� IRLV

O·LQIRUPDWLRQ� G·DPSOLWXGH� HW� GH� SKDVH� GHV� FKDPSV� GLIIXVpV�� ,O� V·DJLW� GH� O·H[WHQVLRQ� GH

O·DSSUR[LPDWLRQ�GH�%RUQ��TXL�SRVWXOH�TXH�OD�UpSRQVH�G·XQH�GLVWULEXWLRQ�GH�GLIIXVHXUV�j�XQ

FKDPS�LQFLGHQW�HVW�pJDOH�j�OD�VRPPH�FRKpUHQWH�GH�OD�UpSRQVH�GH�FKDFXQ�GH�FHV�GLIIXVHXUV

DX�PrPH�FKDPS�LQFLGHQW��/HV�GLIIXVHXUV�VRQW�LFL�WUDLWpV�GH�PDQLqUH�LQGpSHQGDQWH�OHV�XQV

GHV� DXWUHV�� /·DSSUR[LPDWLRQ� GH� %RUQ�PRGLILpH� D� SRXU� DYDQWDJH� GH� SUHQGUH� HQ� FRPSWH

O·DWWpQXDWLRQ� GH� O·RQGH� HW� VD� YDULDWLRQ� HQ� SKDVH� DX� FRXUV� GH� VD� SURSDJDWLRQ� GDQV� OH

PLOLHX��$ILQ�GH�FDOFXOHU�FH�FKDPS�DWWpQXp�TXL�VHUD�GRQF�UHFDOFXOp�SRXU�FKDTXH�GLIIXVHXU�

RQ�XWLOLVH�FRPPH�GDQV�OD�WKpRULH�GX�WUDQVIHUW�UDGLDWLI�O·DSSUR[LPDWLRQ�GH�)ROG\�/D[��(Q

FRQVpTXHQFH�� RQ� UHWURXYH� GDQV� FHWWH� DSSURFKH� OHV�PrPHV� OLPLWDWLRQV� VXU� OD� GHQVLWp� GH

GLIIXVHXUV�TXH�GDQV�OD�PRGpOLVDWLRQ�UDGLDWLYH�

'DQV� OH� FDGUH� GH� FHWWH� WKqVH�� QRXV� DYRQV� XWLOLVp� XQ� PRGqOH� FRKpUHQW� SUpFpGHPPHQW

GpYHORSSp�DX�&(6%,2��)ORXU\��������/D�GLIIXVLRQ�GHV�F\OLQGUHV�GLpOHFWULTXHV�FRQVWLWXDQW

OH� PLOLHX� HVW� FDOFXOpH� SDU� O
DSSUR[LPDWLRQ� GX� F\OLQGUH� ILQL� �.DUDP� HW� )XQJ� ������� /D

FRQWULEXWLRQ�GLUHFWH�GX� VRO� HVW�SULVH� HQ� FRPSWH�SDU�XQ�PRGqOH� ,(0� �,QWHJUDO�(TXDWLRQ

0RGHO�� �)XQJ� HW� DO�� ������� OHV� UpIOH[LRQV� �SRXU� OHV� LQWHUDFWLRQV� YpJpWDWLRQ�VRO�� SDU� OHV

FRHIILFLHQWV� GH� )UHVQHO� PRGLILpV� GH� OD� UXJRVLWp�� /HV� VLPXODWLRQV� VRQW� FRQGXLWHV� VXU� 1

UpDOLVDWLRQV� GX� PLOLHX� WLUpHV� SDU� OD� PpWKRGH� GH� 0RQWH�&DUOR�� SOXVLHXUV� FHQWDLQHV� GH

FHOOXOHV�VRQW�DLQVL�JpQpUDOHPHQW�FDOFXOpHV�SRXU�GpULYHU�OH�FDOFXO�GH�UpWURGLIIXVLRQ��ILJXUH

����
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E
diffusé

position exacte des diffuseurs,

calcul de { }S e n Nn

j n
Φ

, ..∈ 1

  couches horizontales
  homogènes,

  calcul de
(approximation de Foldy)

E
eff

inc

Calcul de la diffusion en
prenant  en compte la position
exacte des diffuseurs

Calcul de l’atténuation
en définissant le milieu
en couches horizontales
homogènes
(approximation de Foldy)

E incident

N réalisations du milieu (tirage de Monte Carlo)

)LJXUH������6FKpPD�VLPSOLILp�SUpVHQWDQW�OH�PRGqOH�FRKpUHQW��)ORXU\��������/HV

VLPXODWLRQV�VRQW�FRQGXLWHV�VXU�1�FHOOXOHV�pOpPHQWDLUHV�j�O·LQWpULHXU�GHVTXHOOHV�OD�SRVLWLRQ

GHV�DUEUHV�HVW�REWHQXH�SDU�WLUDJH�GH�0RQWH�&DUOR��/D�GLIIXVLRQ�HVW�FDOFXOpH�DX�PR\HQ�GH

O·DSSUR[LPDWLRQ�GH�%RUQ�PRGLILpH�TXL�WLHQW�FRPSWH�GH�OD�SRVLWLRQ�H[DFWH�GH�FKDTXH

GLIIXVHXU�GDQV�O·HVSDFH��/·DWWpQXDWLRQ�HVW�FDOFXOpH�SDU�O·DSSUR[LPDWLRQ�GH�)ROG\�/D[�HQ

GpILQLVVDQW�OH�PLOLHX�HQ�FRXFKHV�KRPRJqQHV�VLPLODLUHPHQW�j�O·DSSURFKH�GX�PRGqOH�GH

WUDQVIHUW�UDGLDWLI�

���� $PpOLRUDWLRQ� GX�PRGqOH� GH� WUDQVIHUW� UDGLDWLI� HW� LQWHUSUpWDWLRQ� GHV

GRQQpHV�+876&$7

/H�FRXSODJH�PRGqOH�(�0��²�PRGqOH�GH�FURLVVDQFH�UHSRVH�VXU�O·LGpH�TX·XQH�GHVFULSWLRQ�ILQH

GX� PLOLHX� HVW� QpFHVVDLUH� SRXU� UHSURGXLUH� HW� FRPSUHQGUH� OHV� LQWHUDFWLRQV� GH� O·RQGH

pOHFWURPDJQpWLTXH�DYHF� OH� FRXYHUW��/HV�SUHPLHUV� WUDYDX[� VXU� OH�PRGqOH�57�RQW� VXUWRXW

SRUWp�VXU�O·LPSOpPHQWDWLRQ�HW�O·LQWHUIDoDJH�GHV�GHX[�PRGqOHV��,O�UHVWH�j�PRQWUHU�O·XWLOLWp

GH� FHWWH� DSSURFKH� HW� SDUWLFXOLqUHPHQW� j� OD� YDOLGHU�� /H� FKRL[� GH� GRQQpHV� DSSURSULpHV

V·DYqUH�LFL�LPSRUWDQW��(Q�HIIHW��O·DSSURFKH�OD�SOXV�VLPSOH�DILQ�GH�YDOLGHU�OH�PRGqOH�VHUDLW

GH� FRPSDUHU� GHV� FRHIILFLHQWV� GH� UpWURGLIIXVLRQ� VLPXOpV� HW� H[SpULPHQWDX[�� REWHQXV� SDU

H[HPSOH�j�SDUWLU�GH�GRQQpHV�GH�VDWHOOLWHV� �)ORXU\�HW�DO���������&HFL�QH�FRQVWLWXH�TX·XQH

SUHPLqUH�pWDSH��HW�LO�VHUDLW�PrPH�SOXV�MXVWH�G·XWLOLVHU�OH�WHUPH�G·pWDORQQDJH�j�OD�SODFH�GH

YDOLGDWLRQ�� OHV� YDOHXUV�GH� FHUWDLQHV�YDULDEOHV� GLIILFLOHV� j�PHVXUHU� �UXJRVLWp� HW�KXPLGLWp
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GHV� VROV� QRWDPPHQW�� pWDQW� VRXYHQW� DMXVWpHV� SRXU� IDLUH� FRwQFLGHU� OHV� YDOHXUV� GH

UpWURGLIIXVLRQ� VLPXOpHV� DYHF� FHOOHV� REVHUYpHV�� 'H� SOXV�� VLPXOHU� XQ� FRHIILFLHQW� GH

UpWURGLIIXVLRQ� Q·DVVXUH� SDV� TXH� OHV� PpFDQLVPHV� SUpGLWV� SDU� OH� PRGqOH� VRQW� FHX[� TXL

SUHQQHQW� HIIHW�� UpHOOHPHQW�� DX� VHLQ� GHV� FRXYHUWV�� $� FH� WLWUH� OHV� GRQQpHV� +876&$7

VHPEOHQW� XQ� RXWLO� XQLTXH� HW� SDUWLFXOLqUHPHQW� DGpTXDW� SRXU� YDOLGHU� O·DSSURFKH

PXOWLFRXFKH� GX� PRGqOH� 0,7�&(6%,2�� &HOXL�FL� SUpVHQWH� O·DYDQWDJH� GH� SRXYRLU� pWXGLHU

FRPPHQW� LQWHUDJLW� O·RQGH� (�0�j� O·LQWpULHXU� PrPH� GHV� FRXYHUWV�� +876&$7� SHUPHW

SUpFLVpPHQW�G·pWXGLHU�H[SpULPHQWDOHPHQW�HW�j�KDXWH�UpVROXWLRQ�FHWWH�PrPH�GLVWULEXWLRQ�

1RXV�DYRQV�GRQF�DGRSWp�XQH�DSSURFKH�j�GRXEOH�VHQV�HQ����XWLOLVDQW�OHV�GRQQpHV

+876&$7� j� GHV� ILQV� GH� YDOLGDWLRQ� GX� PRGqOH��� ��� LQWHUSUpWDQW� HQVXLWH� OHV

GRQQpHV� JUkFH� DX�PRGqOH� YDOLGp�� /D� SUHPLqUH� SKDVH� D� QpFHVVLWp� XQH� VpULH� G·DOOHU�

UHWRXU� HQWUH� FRPSDUDLVRQ� HW� YDOLGDWLRQ�� (Q� HIIHW�� OD� FRPSDUDLVRQ� GHV� SUHPLqUHV

VLPXODWLRQV� HQ� EDQGH� ;� GX� PRGqOH� 57� DYHF� OHV� GRQQpHV� H[SpULPHQWDOHV� j� LQFLGHQFH

QRUPDOH�Q·pWDLW�SDV� VDWLVIDLVDQWH� �$UWLFOH�$���/H�PRGqOH�GRQQDLW�XQH� ]RQH�G·LQWHUDFWLRQ

VLWXpH� MXVWH� HQ�GHVVRXV� GX� FRXYHUW� HW� WUqV� ILQH�� FRQWUDLUHPHQW� DX[� GRQQpHV

H[SpULPHQWDOHV�TXL�PRQWUDLW�XQH�]RQH�G·LQWHUDFWLRQ�WUqV�SURIRQGH�

/D�GLIIpUHQFH�GH�FRPSRUWHPHQW�D�pWp�LQWHUSUpWpH�FRPPH�LO�VXLW��$�GHV�DQJOHV�G·LQFLGHQFH

IDLEOHV�� OHV� SDUWLHV� EDVVHV� GX� KRXSSLHU� �Oj� R�� VH� WURXYHQW� OHV� EUDQFKHV� OHV� SOXV� ODUJHV�

SHXYHQW� rWUH� YXHV�GLUHFWHPHQW� VDQV� rWUH� DWWpQXpHV�SDU� OHV� FRXFKHV� VXSpULHXUHV��2U�� FH

FRQVWDW�UHQG�LQYDOLGH�O·K\SRWKqVH�XWLOLVpH�SDU�OH�57�VHORQ�ODTXHOOH�OD�YpJpWDWLRQ�SHXW�rWUH

FRQVLGpUpH�FRPPH�XQ�HPSLOHPHQW�GH�FRXFKHV�KRUL]RQWDOHV�HW�LQILQLHV��(Q�HIIHW��GDQV�FHWWH

K\SRWKqVH�OHV�FRQWULEXWLRQV�GHV�FRXFKHV�GX�EDV�GX�KRXSSLHU�VRQW�DWWpQXpHV�TXHOTXH�VRLW

O·LQFLGHQFH�� 1RXV� DYRQV� GRQF� SURSRVp� GH� FRUULJHU� O·K\SRWKqVH� GHV� FRXFKHV� KRUL]RQWDOHV

LQILQLHV� DILQ� GH� SUHQGUH� HQ� FRPSWH� OHV� FKHPLQV� G·LQWHUFHSWLRQV� UpHOV� GH� O·RQGH� SDU� OH

FRXYHUW��$UWLFOH�$��

/D�ILJXUH����LOOXVWUH�OD�GLIIpUHQFH�HQWUH�OHV�GHX[�K\SRWKqVHV��6RLW�XQ�KRXSSLHU�GpFRPSRVp

HQ� WURLV� FRXFKHV� KRUL]RQWDOHV�� 'DQV� O·K\SRWKqVH� GH� FRXFKHV� LQILQLHV� �GURLWH��� OD

FRQWULEXWLRQ�GH� OD�FRXFKH� OD�SOXV�EDVVH�HVW�DWWpQXpH�SDU� OHV� FRXFKHV�VXSpULHXUHV��'DQV

O·K\SRWKqVH�R��O·DLUH�GLIIXVDQWH�GH�FKDTXH�FRXFKH�HVW�SULVH�HQ�FRPSWH��OD�UpWURGLIIXVLRQ�GH

OD� FRXFKH� OD� SOXV� EDVVH� � HVW� OD� VRPPH� GH� WURLV� FRQWULEXWLRQV��SRQGpUpHV� SDU� OHXU� DLUH

FRQWULEXWLYH� UHODWLYH��� ��� GLUHFWH� HW� QRQ� DWWpQXpH� SDU� OHV� DXWUHV� FRXFKHV�� ��� DWWpQXpH

XQLTXHPHQW�SDU� OD�FRXFKH�Q��� �����DWWpQXpH�SDU� OHV� FRXFKHV�Q���HW����(Q� LWpUDQW�VXU�1

FRXFKHV� RQ� SHXW� DORUV� REWHQLU� XQH� QRXYHOOH� H[SUHVVLRQ� GX� FRHIILFLHQW� GH� UpWURGLIIXVLRQ

�SDSLHU� $��� 'DQV� OD� FRUUHFWLRQ� SURSRVpH�� O·DLUH� GLIIXVDQWH� $Q� G·XQH� FRXFKH� HVW� GpILQLH

FRPPH�XQ�GLVTXH�GRQW�OH�UD\RQ�HVW�pJDO�j�OD�ORQJXHXU�PR\HQQH�GHV�EUDQFKHV�SULPDLUHV�
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SURMHWpH�KRUL]RQWDOHPHQW��)LJXUH������/H�QRPEUH�G·pOpPHQWV�YpJpWDWLIV�HVW�OH�PrPH�GDQV

OHV�GHX[�DSSURFKHV��PDLV�GDQV�OD�FRUUHFWLRQ�OHV�pOpPHQWV�VRQW�UpSDUWLV�VXU�XQH�DLUH�SOXV

SHWLWH�� &HFL� DIIHFWH� DORUV� O·DWWpQXDWLRQ� SXLVTXH� O·DWWpQXDWLRQ� HVW� DX� SUHPLHU� RUGUH

SURSRUWLRQQHO� j� OD� GHQVLWp� GH� GLIIXVHXUV��8QH� FRUUHFWLRQ� HVW� GRQF� LQWURGXLWH� pJDOHPHQW

VXU�O·DWWpQXDWLRQ��)ORXU\�������$UWLFOH�$���(QILQ��LO�IDXW�QRWHU�TX·LO�V·DJLW�G·XQH�FRUUHFWLRQ

D� SRVWHULRUL�� F·HVW�j�GLUH� TXH� OD� FRUUHFWLRQ� Q·HVW� SDV� GLUHFWHPHQW� LPSOpPHQWpH� GDQV� OH

PRGqOH� PDLV� VLPSOHPHQW� HIIHFWXpH� VXU� OHV� YDOHXUV� GH� FRHIILFLHQWV� GH� UpWURGLIIXVLRQ� HW

G·DWWpQXDWLRQ�GRQQpHV�SDU�OH�PRGqOH�SRXU�FKDTXH�FRXFKH�

)LJXUH������&RPSDUDLVRQ�GH�O·DSSURFKH�WHQDQW�FRPSWH�GH�O·DLUH�GLIIXVDQWH�GH�FKDTXH

FRXFKH��JDXFKH��HW�GH�O·DSSURFKH�GLWH�©�FRXFKHV�LQILQLHV�ª�XWLOLVpH�SDU�OH�PRGqOH�GH�WUDQVIHUW

UDGLDWLI��GURLWH���$UWLFOH�$���/D�FRPSDUDLVRQ�HVW�SUpVHQWpH�SRXU�XQ�KRXSSLHU�GLYLVp�HQ�WURLV

FRXFKHV�KRUL]RQWDOHV�

/D�ILJXUH����PRQWUH�O·HIIHW�GH�OD�FRUUHFWLRQ�HQ�FRPSDUDQW�XQ�SURILO�VLPXOp�SDU�OH�PRGqOH

57�HW�XQ�SURILO�FRUULJp��SRXU�XQ�SLQ�QRLU�GH����DQV��6L�OH�QLYHDX�GH�UpWURGLIIXVLRQ�JOREDO

QH� FKDQJH�SDV� �QRXV� VRPPHV�GDQV� OD� ]RQH�GH� VDWXUDWLRQ�GX� VLJQDO��� OD�GLVWULEXWLRQ�HVW

QHWWHPHQW�GLIIpUHQWH��/D�FRUUHFWLRQ�D�SRXU�HIIHW�G·DXJPHQWHU�OD�FRQWULEXWLRQ�GHV�FRXFKHV

LQIpULHXUHV�HW�GH�GLPLQXHU�FHOOHV�GHV�FRXFKHV�VXSpULHXUHV��/HV�ILJXUHV����HW����PRQWUHQW

OHV� FRPSDUDLVRQV� HQWUH� OHV� SURILOV� VLPXOpV� HW� FRUULJpV� DYHF� OHV� GRQQpHV� H[SpULPHQWDOHV

SRXU�GHX[�kJHV�����HW����DQV��/·DQDO\VH�GHV�FRQWULEXWLRQV�GHV�GLIIXVHXUV�PRQWUH�TXH�OHV

DLJXLOOHV� VRQW� ODUJHPHQW� OHV� SUHPLHUV� GLIIXVHXUV� HQ� SRODULVDWLRQ� FURLVpH� ���� G%��� VXLYLV

SDU�OHV�EUDQFKHV�VHFRQGDLUHV��$UWLFOH�$��
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/D�SURIRQGHXU�G·LQWHUDFWLRQ�δS�HVW�GpILQLH�FRPPH�OD�SURIRQGHXU�j� ODTXHOOH� ,�δS��,��� ��H�

,����pWDQW�O·LQWHQVLWp�LQFLGHQWH�DUULYDQW�DX�KDXW�GX�FRXYHUW��8ODE\�HW�DO���������/D�ILJXUH

���PRQWUH� OHV� SURIRQGHXUV� GH� SpQpWUDWLRQ� GH� O·RQGH� VLPXOpHV� HW�PHVXUpHV� j� SDUWLU� GHV

SURILOV�SRXU�GHV�SHXSOHPHQWV�GH�SLQ�QRLU�GH�GLIIpUHQWV�kJHV��/HV�PDTXHWWHV�$0$3�Q·pWDQW

SDV�GLVSRQLEOH�DX�GHOj�GH����DQV��LO�Q·D�SDV�pWp�SRVVLEOH�G·HIIHFWXHU�GH�VLPXODWLRQV�DX�GHOj

GH�FHW�kJH�

(QILQ��OD�ILJXUH����PRQWUH�GHX[�SURILOV�DFTXLV�j���HW�����VHORQ�GHX[�WUDQVHFWV�SDUDOOqOHV

VXU�OD�PrPH�SDUFHOOH�GH����DQV��2Q�QRWH�SHX�GH�GLIIpUHQFHV�HQWUH�OHV�GHX[�SURILOV�FH�TXL

LQGLTXH� TXH� OHV� FRQFOXVLRQV� WLUpHV� GH� O·DQDO\VH� GHV� SURILOV� j� LQFLGHQFH� YHUWLFDOH� VRQW

SUREDEOHPHQW� YDODEOHV� j� GHV� LQFLGHQFHV� SOXV� ODUJH� ��������� TXL� VRQW� XWLOLVpHV� SDU� OHV

FDSWHXUV�VDWHOOLWHV�DFWXHOV��(56��5$'$56$7��-�(56��

/HV� UpVXOWDWV� SUpVHQWpV� YRQW� j� O·HQFRQWUH� G·XQH� K\SRWKqVH� ODUJHPHQW� UpSDQGXH� VHORQ

ODTXHOOH� OD� SpQpWUDWLRQ� GH� O·RQGH� GDQV� OH� FRXYHUW� DXJPHQWH� j�PHVXUH� TXH� OD� IUpTXHQFH

XWLOLVpH� GLPLQXH� HW� HQ� SDUWLFXOLHU�� TXH� OHV� GRQQpHV� HQ� EDQGH� ;� QH� SHUPHWWHQW� TXH� GH

UHWURXYHU�OHV�FDUDFWpULVWLTXHV�GX�FRXYHUW�j�VRQ�LQWHUIDFH�VXSpULHXUH��8ODE\�HW�DO���������$

OD�YXH�GHV�UpVXOWDWV��LO�VHPEOH�HQ�IDLW�TXH�OH�VLJQDO�PHVXUp�HVW�VHQVLEOH�DX[�SURSULpWpV�GX

FRXYHUW�VXU�WRXWH�VD�SURIRQGHXU��PrPH�DYHF�GHV�ORQJXHXUV�G·RQGH�FHQWLPpWULTXHV�HW�GRQF

D�IRUWLRUL�DX[�ORQJXHXUV�G·RQGH�SOXV�KDXWH��&��/���3��9+)���&HWWH�FRQFOXVLRQ�D�XQ�LPSDFW

GLUHFW� VXU� OHV�PpWKRGHV� G·H[WUDFWLRQ� GHV� YDULDEOHV� GHVFULSWLYHV� GX� FRXYHUW�� *UkFH� j� XQ

LQVWUXPHQW� FRPPH� +876&$7�� HQ� LVRODQW� OHV� FRQWULEXWLRQV� GH� FKDTXH� FRXFKH� GX

KRXSSLHU��LO�HVW�GRQF�SRVVLEOH�GH�UHWURXYHU�OHV�FDUDFWpULVWLTXHV�GHV�KRXSSLHUV�j�OD�IRLV�j

VRQ�VRPPHW��H[WUDFWLRQ�GH�OD�KDXWHXU��PDLV�DXVVL�VXU�WRXWH�VD�SURIRQGHXU��H[WUDFWLRQ�GH

OD�ELRPDVVH�HW�GH�VD�UpSDUWLWLRQ�YHUWLFDOH��
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)LJXUH������&RPSDUDLVRQ�GHV�SURILOV�YHUWLFDX[�GH�UpWURGLIIXVLRQ�VLPXOpV�HQ�XWLOLVDQW�OD

FRUUHFWLRQ�VXU�O·DLUH�GLIIXVDQWH��©�FRUUHFWHG�ª��HW�O·K\SRWKqVH�GH�FRXFKHV�KRPRJqQHV�LQILQLHV

�©�KRPRJHQRXV�ª���/HV�UpVXOWDWV�VRQW�SUpVHQWpV�SRXU�OD�EDQGH�;�HW�OD�SRODULVDWLRQ�99��DX�

GHVVXV�G·XQ�SHXSOHPHQW�GH�SLQ�QRLU�GH����DQV�j�XQH�LQFLGHQFH�GH�����$UWLFOH�$��
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)LJXUH������3pQpWUDWLRQ�YHUWLFDOH�GH�O·RQGH�GDQV�OH�FRXYHUW�HQ�EDQGH�;�j�XQH�LQFLGHQFH�GH

���HQ�IRQFWLRQ�GH�O·kJH�GHV�SHXSOHPHQWV��/D�SURIRQGHXU�G·LQWHUDFWLRQ�δS�HVW�GpILQLH�FRPPH
OD�SURIRQGHXU�j�ODTXHOOH�,�δS��,��� ��H��,����pWDQW�O·LQWHQVLWp�LQFLGHQWH�DUULYDQW�DX�KDXW�GX

FRXYHUW��$UWLFOH�$��
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)LJXUH������&RPSDUDLVRQ�GH�GHX[�SURILOV�+876&$7�DFTXLV�VXU�OD�PrPH�SDUFHOOH�GH���

DQV�VHORQ�GHV�WUDQVHFWV�SURFKHV�j���HW�����G·LQFLGHQFH��/HV�SURILOV�VRQW�LFL�PRQWUpV�HQ

EDQGH�;�HW�HQ�SRODULVDWLRQ�99�

���� /D� PRGpOLVDWLRQ� FRKpUHQWH� SRXU� O·DQDO\VH� GHV� GRQQpHV� EDVVHV

IUpTXHQFHV

'DQV�OH�FDV�GHV�EDVVHV�IUpTXHQFHV��OH�WURQF�HVW�OH�GLIIXVHXU�SUpSRQGpUDQW��&HWWH�GLIIXVLRQ

IDLW�LQWHUYHQLU�TXDWUH�PpFDQLVPHV�DX�SUHPLHU�RUGUH��)LJXUH�������UpIOH[LRQ�GLUHFWH�GH�OD

YpJpWDWLRQ��UpIOH[LRQV�YpJpWDWLRQ�VRO�HW�VRO�WURQF�HW�HQILQ�GRXEOH�UpIOH[LRQV�VRO�YpJpWDWLRQ�

VRO�� &HV� PpFDQLVPHV�� TXRLTXH� OLpV� DX[� PrPHV� GLIIXVHXUV�� SUpVHQWHQW� GHV� FKHPLQV

GLIIpUHQWV�HW�LQWHUIpUHQW�HQWUH�HX[��VLPLODLUHPHQW�DX[�LQWHUIpUHQFHV�HQ�RSWLTXH���DIIHFWDQW

DLQVL� OD� UpSRQVH�PHVXUpH�� ,O� HVW�GRQF�QpFHVVDLUH� G·DGRSWHU�XQH�PRGpOLVDWLRQ�TXL� WLHQQH

FRPSWH�GH�OD�SKDVH�GH�O·RQGH��FRPPH�OD�PRGpOLVDWLRQ�FRKpUHQWH�

/D�PRGpOLVDWLRQ�GHV�GRQQpHV�9+)�D�pWp�DERUGpH�SDU�SOXVLHXUV�DXWHXUV��6PLWK�HW�8ODQGHU

������ ,VUDHOVVRQ� HW� DO�� ������� 6PLWK� D� GpYHORSSp� XQ� PRGqOH� FRKpUHQW� XWLOLVDQW� XQH

GHVFULSWLRQ�VLPSOH�GX�PLOLHX���O·DUEUH�HVW�UHSUpVHQWp�SDU�XQ�F\OLQGUH�YHUWLFDO�DXTXHO�VRQW

DWWDFKpHV�GHV�EUDQFKHV���F\OLQGUHV��,VUDHOVVRQ�D�XWLOLVp�XQH�PpWKRGH�H[DFWH��)'7'��TXL

DERXWLVVDLW� j� OD� PrPH� FRQFOXVLRQ� TXH� OD� SUHPLqUH� pWXGH� FLWpH� �� OH� PpFDQLVPH

SUpSRQGpUDQW�HVW�OD�UpIOH[LRQ�WURQF�VRO�HW�O·DWWpQXDWLRQ�GX�PLOLHX�HVW�H[WUrPHPHQW�IDLEOH

�����G%���7RXWHIRLV�� FHV�pWXGHV�Q·XWLOLVDLHQW�SDV�GH�GHVFULSWLRQ� ILQH�GX�PLOLHX��HW� OH� U{OH

GHV� GLIIpUHQWV� pOpPHQWV� GX� FRXYHUW� UHVWDLW� HQFRUH� j� SUpFLVHU�� $� FHWWH� ILQ�� OH� PRGqOH

FRKpUHQW�GX�&(6%,2�D�pWp�FRXSOp�DYHF�OH�PRGqOH�$0$3�
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θθ
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)LJXUH������3UpVHQWDWLRQ�GHV���PpFDQLVPHV�G·LQWHUDFWLRQ�DX�SUHPLHU�RUGUH�HQWUH�OD

YpJpWDWLRQ�HW�O·RQGH�LQFLGHQWH�j�EDVVH�IUpTXHQFH��3RXU�XQH�PHLOOHXUH�OLVLELOLWp��O·DUEUH�Q·HVW

UHSUpVHQWp�TXH�SDU�VRQ�WURQF�

/H� SURFHVVXV� G·DFTXLVLWLRQ� VSpFLILTXH� j� &$5$%$6� HVW� WUqV� GLIILFLOH� j� LQWpJUHU� GDQV� XQ

PRGqOH��/D�ODUJHXU�GH�OD�EDQGH�IUpTXHQFH��������0+]��H[FOXW�GH�UHSURGXLUH�OHV�PHVXUHV

H[SpULPHQWDOHV�� 1RXV� DYRQV� GRQF� FKRLVL� GH� VLPXOHU� j� OD� IUpTXHQFH� FHQWUDOH� �PR\HQQH

TXDGUDWLTXH��� ���0+]��/D� ODUJHXU� GX� GLDJUDPPH� G·DQWHQQH� HQWUDvQH� XQH� YDULDWLRQ� GH

O·DQJOH�G·LQFLGHQFH�ORFDO�HQ�FKDTXH�SRLQW�DX�FRXUV�GH�O·DFTXLVLWLRQ��%LHQ�TXH�FHV�YDULDWLRQV

Q·DIIHFWHQW�TXH�SHX�OD�UpSRQVH�HQ�WHUUDLQ�SODW��FHW�HIIHW�SHXW�rWUH�LPSRUWDQW�DX�GHVVXV�GH

]RQHV�HQ�SHQWHV��&HV�YDULDWLRQV�VRQW�SULVHV�HQ�FRPSWH�GDQV�OHV�VLPXODWLRQV�HQ�FDOFXODQW

O·pQHUJLH�UpWURGLIIXVpH�DYHF�GHV�D]LPXWV�YDULDQW�HQWUH�²����HW������

'HV�PDTXHWWHV�$0$3�GH�SLQV�PDULWLPHV�GH���j����DQV�HW�GH�SLQV�QRLUV�GH���j����DQV�RQW

pWp� XWLOLVpHV� SRXU� OHV� VLPXODWLRQV�� 7RXWHIRLV�� DILQ� GH� WUDYDLOOHU� VXU� WRXWH� O·pWHQGXH� GHV

kJHV�GX�SLQ�QRLU��XQH�PDTXHWWH�VLPSOLILpH��WURQF���EUDQFKHV�SULPDLUHV��D�pWp�GpYHORSSpH

VSpFLILTXHPHQW�SDU�OH�&,5$'�MXVTX·j�XQ�kJH�GH�����DQV��/·LQIOXHQFH�GH�OD�QDWXUH�GX�VRO

Q·D� SDV� pWp� pWXGLpH�� 6HV� SURSULpWpV� JpRPpWULTXHV� HW� GLpOHFWULTXHV� GRLYHQW�� HQ� WKpRULH�

LQIOXHQFHU� OH� QLYHDX� GH� UpWURGLIIXVLRQ� GH� OD� UpIOH[LRQ� WURQF�VRO�� 7RXWHIRLV�� PDOJUp� OD

QDWXUH�WUqV�GLIIpUHQWH�GHV�VROV�GHV�/DQGHV��VDEOH��HW�GH�/R]qUH��VRO�URFDLOOHX[�HW�FDOFDLUH�

LO� QH� VHPEOH� SDV� SRVVLEOH� H[SpULPHQWDOHPHQW� GH� TXDQWLILHU� FHWWH� LQIOXHQFH�� 2Q� SHXW

SHQVHU�TX·j�FHV�ORQJXHXUV�G·RQGH�OD�UXJRVLWp�GX�VRO�HVW�H[WUrPHPHQW�IDLEOH��1RXV�DYRQV

GRQF� FKRLVL� GDQV� OHV� VLPXODWLRQV� G·XWLOLVHU� OHV� PrPHV� FDUDFWpULVWLTXHV� GH� VRO� SRXU� OHV

/DQGHV�HW�OD�/R]qUH��$UWLFOH�%��

/HV� ILJXUHV� ��� HW� ��� SUpVHQWHQW� OD� VLPXODWLRQ� GX� FRPSRUWHPHQW� GX� FRHIILFLHQW� GH

UpWURGLIIXVLRQ�SRXU� OHV�GHX[�VLWHV�HQ� IRQFWLRQ�GX�YROXPH�GH�ERLV�VXU�SLHG��/H�QLYHDX�GH

EUXLW� GX� V\VWqPH� &$5$%$6� ����� G%�� D� pWp� DGGLWLRQQp� DILQ� GH� SRXYRLU� FRPSDUHU

GLUHFWHPHQW�OHV�VLPXODWLRQV�HW�OHV�GRQQpHV�H[SpULPHQWDOHV��/H�PRGqOH�UHSURGXLW�ELHQ�OHV

WHQGDQFHV� REVHUYpHV� HW� FRQILUPH� OD� VLPLODULWp� GX� FRPSRUWHPHQW� GX� FRHIILFLHQW� GH
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UpWURGLIIXVLRQ� HQWUH� OHV� GHX[� VLWHV�� /D� G\QDPLTXH� GX� VLJQDO� HVW� pJDOHPHQW� ELHQ

UHSURGXLWH�

/H� PRGqOH� SHUPHW� G·pWXGLHU� OHV� FRQWULEXWLRQV� UHVSHFWLYHV� GHV� GLIIpUHQWV� GLIIXVHXUV� GX

FRXYHUW�� /D� ILJXUH� ��� SUpVHQWH� OD� GpFRPSRVLWLRQ� GX� FRHIILFLHQW� GH� UpWURGLIIXVLRQ� HQ� VHV

GLIIpUHQWHV�FRQWULEXWLRQV�SRXU�OHV�SHXSOHPHQWV�GH�SLQV�PDULWLPHV��2Q�\�YRLW�TXH�OH�WURQF

HVW�OH�SULQFLSDO�GLIIXVHXU��UpIOH[LRQ�WURQF�VRO�SUpSRQGpUDQWH���VXLYL�SDU�OHV�EUDQFKHV��$X[

SOXV� MHXQHV� kJHV�� OHV� EUDQFKHV� HW� OHV� WURQFV� RQW� GHV� GLDPqWUHV� HQFRUH� SURFKHV� HW� OHXUV

FRQWULEXWLRQV�UHVSHFWLYHV�j�OD�UpSRQVH�PHVXUpH�VRQW�GH�FH�IDLW�SURFKHV��4XHOTXHV�DQQpHV

SOXV� WDUG�� OH� WURQF� V·HVW� GpYHORSSp� VXIILVDPPHQW� HW� LO� GHYLHQW� TXDVLPHQW� O·XQLTXH

GLIIXVHXU��/HV�PrPHV�FRPSRUWHPHQWV�VRQW�VLPXOpV�VXU�OH�SLQ�QRLU�

2Q�SHXW�UDLVRQQDEOHPHQW�H[WUDSROHU�FHV�UpVXOWDWV�DX[�HVSqFHV�R��OH�WURQF�HVW�OH�SULQFLSDO

pOpPHQW� GX� FRXYHUW� �HQ� WHUPH� GH� YROXPH�� FRPPH� F·HVW� OD� FDV� SRXU� OHV� GHX[� FRQLIqUHV

pWXGLpV�� 3RXU� FHV� HVSqFHV�� OH� FRHIILFLHQW� GH� UpWURGLIIXVLRQ� GHYUDLW� rWUH� pJDOHPHQW

IRUWHPHQW� FRUUpOp� DX[� FDUDFWpULVWLTXHV� JpRPpWULTXHV� GHV� WURQF�� $X� FRQWUDLUH�� SRXU� GHV

HVSqFHV�DX[�VWUXFWXUHV�SOXV�FRPSOH[HV��FKrQH�SDU�H[HPSOH��DYHF�GHV�EUDQFKHV�SUpVHQWDQW

GHV�YROXPHV�VLJQLILFDWLIV�SDU�UDSSRUW�DX[�WURQFV���OH�VLJQDO�WRWDO�GHYUDLW�rWUH�XQ�PpODQJH

GH� FRQWULEXWLRQV� YHQDQW� GHV� SOXV� JURVVHV� EUDQFKHV� HW� GHV� I�WV��'DQV� FH� GHUQLHU� FDV�� OD

G\QDPLTXH�GX�VLJQDO�SRXUUDLW�HQ�rWUH�GLPLQXp�
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)LJXUH������'pFRPSRVLWLRQ�HQ�PpFDQLVPHV�GH�OD�UpSRQVH�VLPXOpH�JUkFH�DX�PRGqOH�FRKpUHQW

SRXU�OH�VLWH�GHV�/DQGHV�

���$SSOLFDWLRQ

/HV� UpVXOWDWV�GH� O·DQDO\VH� HW�GH� OD�PRGpOLVDWLRQ� LQGLTXHQW� OH�SRWHQWLHO� GHV� GRQQpHV�GHV

GHX[� FDSWHXUV� +876&$7� HW� &$5$%$6� SRXU� O·HVWLPDWLRQ� GH� YDULDEOHV� G·LQWpUrWV� GHV

FRXYHUWV�IRUHVWLHUV��,O�VHPEOH�GRQF�SRVVLEOH�GH�PLHX[�FDUDFWpULVHU�OH�PLOLHX�TX·j�SDUWLU�GHV

FDSWHXUV�FRQYHQWLRQQHOV��1RXV�DOORQV�LFL�SUpVHQWHU�GHX[�WUDYDX[�UpDOLVpV�VXU�OHV�GRQQpHV

+876&$7��&H�FDSWHXU�DSSDUDvW�HQ�HIIHW�FRPPH�OH�SOXV�RSpUDWLRQQHO�GHV�GHX[��0DOJUp�OHV
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H[FHOOHQWHV� SHUIRUPDQFHV� GX� FDSWHXU� &$5$%$6�� O·LQYHUVLRQ� GX� VLJQDO� QpFHVVLWHUDLW� HQ

HIIHW�OH�GpYHORSSHPHQW�G·XQH�FRUUHFWLRQ�WRSRJUDSKLTXH��j�O·DLGH�G·XQ�017��&H�WUDYDLO�Q·D

SX�rWUH�UpDOLVp�DX�FRXUV�GH�OD�WKqVH�

���� /H� GLIIXVLRPqWUH� +876&$7� SRXU� XQH� PHLOOHXUH� HVWLPDWLRQ� GH� OD

KDXWHXU�GHV�DUEUHV

1RXV� DYRQV� YX� TXH� OH� GLIIXVLRPqWUH� +876&$7� SHUPHWWDLW� O·H[WUDFWLRQ� GH� YDULDEOHV

GHVFULSWLYHV� GHV� FRXYHUWV�� /·DQDO\VH� GH� OD� ILJXUH� �� PRQWUDLW� HQ� SDUWLFXOLHU� TX·LO� pWDLW

SRVVLEOH�G·REVHUYHU�OD�YDULDWLRQ�GH�KDXWHXU�GHV�SHXSOHPHQWV�HQWUH�GLIIpUHQWHV�SDUFHOOHV�HW

j� O·LQWpULHXU� GH� PrPHV� SDUFHOOHV�� $ILQ� GH� YDOLGHU� FHV� HVWLPDWLRQV� XQH� FDPSDJQH� GH

WHUUDLQ�j�pWp�PHQpH�VXU�OD�IRUrW�GRPDQLDOH�GH�0HQGH��$UWLFOH�&���3OXVLHXUV�SDUFHOOHV�GH

GLIIpUHQWV�kJHV�HW�FRQGLWLRQV�VWDWLRQQHOOHV��VXUYROpHV�ORUV�GH�OD�FDPSDJQH�+876&$7��RQW

pWp� FKRLVLHV� DILQ� GH� FRXYULU� DX� PLHX[� OD� YDULDELOLWp� GX� VLWH�� /HV� SODFHWWHV� FKRLVLHV� VH

VLWXHQW�WRXWHV�GDQV�GHV�SHQWHV�DOODQW�GH����j������6XU�OH�WHUUDLQ��GHV�SODFHWWHV�GH���PqWUHV

GH�UD\RQ�HW�HVSDFpHV�GH����PqWUHV�OH�ORQJ�GHV�WUDMHFWRLUHV�GH�O·KpOLFRSWqUH�RQW�pWp�GpILQLHV�

/H�GLDPqWUH�D�pWp�FKRLVL�GH�PDQLqUH�j�DYRLU�VXIILVDPPHQW�G·pFKDQWLOORQV�+876&$7�SDU

SODFHWWHV�� �� HQ� PR\HQQH�� $� O·LQWpULHXU� GH� FKDTXH� SODFHWWH�� WRXWHV� OHV� FLUFRQIpUHQFHV� j

�P����OHV�KDXWHXUV�GHV�KRXSSLHUV�HW�OHV�KDXWHXUV�WRWDOHV�GHV�DUEUHV�RQW�pWp�PHVXUpHV�j

O·H[FHSWLRQ� GH� TXHOTXHV� SODFHWWHV� GDQV� OHV� SHXSOHPHQWV� MHXQHV� D\DQW� XQH� WUqV� IRUWH

GHQVLWp�GH�WLJHV�

2QW�SX�rWUH�FDOFXOpV��SRXU�FKDTXH�SODFHWWH�� OD�VXUIDFH�WHUULqUH� WRWDOH�� OH�YROXPH�GH�ERLV

VXU� SLHG�� OD� GHQVLWp� GH� WLJHV�� O·pSDLVVHXU� GHV� KRXSSLHUV�� OHV� KDXWHXUV� PR\HQQHV� HW

GRPLQDQWHV�� /D� KDXWHXU� PR\HQQH� VH� UpIqUH� j� OD� PR\HQQH� DULWKPpWLTXH� GH� WRXWHV� OHV

KDXWHXUV�PHVXUpHV��/D�KDXWHXU�GRPLQDQWH� HVW� GpILQLH� FRPPH� OD� KDXWHXU� GHV� ���� SOXV

JURV�DUEUHV�SDU�KHFWDUH��(Q�FRQVpTXHQFH��OD�KDXWHXU�GRPLQDQWH�G·XQH�SODFHWWH�D�pWp�SULVH

FRPPH� OD� KDXWHXU� GX� SOXV� JURV� DUEUH� SUpVHQW�� $X� WRWDO� ��� SODFHWWHV� RQW� pWp

pFKDQWLOORQQpHV�DYHF�XQ�YROXPH�GH�ERLV�VXU�SLHG�DOODQW�GH����MXVTX·j�SOXV�GH������P��KD�

/HV�SODFHWWHV�GH�PHVXUHV�HW�OHV�WUDMHFWRLUHV�GHV�YROV�RQW�pWp�HQVXLWH�LQWpJUpHV�GDQV�OH�6,*�

/HV�HPSODFHPHQWV�GHV�SODFHWWHV�GH�PHVXUHV��SRVLWLRQQpV�SDU�*36�GLIIpUHQWLHO�DYHF�XQH

SUpFLVLRQ�G·XQ�PqWUH��RQW�pWp�FRQIURQWpV�DYHF�OHV�WUDMHFWRLUHV�DX�VHLQ�GX�6,*�SRXU�YpULILHU

OHXU�SRVLWLRQQHPHQW�UHVSHFWLI�����SODFHWWH�RQW�pWp�UHMHWpHV�DSUqV�FH�WHVW��$LQVL�����SDUPL

OHV����SODFHWWHV�RQW�pWp�XWLOLVpHV�SRXU�OD�SKDVH�G·DQDO\VH�

3RXU� FKDTXH� SODFHWWH� PHVXUpH� VXU� OH� WHUUDLQ� HVW� H[WUDLWH� OD� VpTXHQFH� GH� VRQGDJHV

YHUWLFDX[� FRUUHVSRQGDQWH�� GpWHUPLQpH�JUkFH�DX�6,*��/D�KDXWHXU�PR\HQQH� ©�UDGDU�ª� HVW
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GpILQLH� FRPPH� OD� PR\HQQH� GHV� KDXWHXUV� H[WUDLWHV� GHV� � VRQGDJHV� DSSDUWHQDQW� j� OD

VpTXHQFH� HW� OD� KDXWHXU� GRPLQDQWH� ©�UDGDU�ª� FRPPH� OD� KDXWHXU� PD[LPDOH� GDQV� FHWWH

PrPH� VpTXHQFH�� /HV� ILJXUHV� ��� HW� ��� PRQWUHQW� OHV� UpVXOWDWV� SRXU� OHV� HVWLPDWLRQV

UHVSHFWLYHPHQW�GH�OD�KDXWHXU�PR\HQQH�HW�GH�OD�KDXWHXU�GRPLQDQWH�HQ�XWLOLVDQW�OH�FDQDO

FRUUHVSRQGDQW�j�OD�EDQGH�;�HQ�SRODULVDWLRQ�++��/HV�UpVXOWDWV�VRQW�WUqV�VDWLVIDLVDQWV�DYHF

XQ� FRHIILFLHQW�GH� FRUUpODWLRQ�GH������SRXU� OD�KDXWHXU�PR\HQQH� HW� �����SRXU� OD�KDXWHXU

GRPLQDQWH��/H�UpVLGX�TXDGUDWLTXH�PR\HQ�σ5�VXU�O·HVWLPDWLRQ�GHV�KDXWHXUV�PR\HQQHV�HW

GRPLQDQWHV� YDXW�� UHVSHFWLYHPHQW�� ���� P� HW� ���� P� SRXU� OH� MHX� GH� ��� SODFHWWHV�� /D

SUpFLVLRQ�UHODWLYH�GHV�HVWLPDWLRQV�HVW�GH����FH�TXL�SHXW�rWUH�FRQVLGpUp�FRPPH

pTXLYDOHQW�j�OD�SUpFLVLRQ�GHV�PHVXUHV�WHUUDLQV�

,O� DSSDUDvW� GRQF� TXH� OHV� HVWLPDWLRQV� GHV� KDXWHXUV� G·DUEUHV� SDU� UDGDU� VRQW� WUqV

VDWLVIDLVDQWH��GX�PrPH�RUGUH�GH�JUDQGHXU�TXH�OHV�HUUHXUV�VXU�OHV�REVHUYDWLRQV�GH�WHUUDLQ�

'H�SOXV��O·HVWLPDWLRQ�UHVWH�ILDEOH�PrPH�SRXU�GHV�WUqV�IRUWV�YROXPHV��SOXV�GH������P��KD�

FRUUHVSRQGDQW� DX[� SDUFHOOHV� OHV� SOXV� kJpHV� D\DQW� GHV� KDXWHXUV� SURFKHV� GH� ���PqWUHV�

/·HVWLPDWLRQ� GX� YROXPH�GH� ERLV� VXU� SLHG� j� SDUWLU� GH� OD� UpJUHVVLRQ� GH� OD� KDXWHXU� HW� GX

FRHIILFLHQW� GH� UpWURGLIIXVLRQ� HVW� SUpVHQWp� GDQV� O·DUWLFOH� &�� 8Q� H[HPSOH� G·HVWLPDWLRQ� GH

O·LQGLFH� GH� IHUWLOLWp� \� HVW� DXVVL� PRQWUp�� HQ� FURLVDQW� GDQV� OH� 6,*� OHV� LQIRUPDWLRQV� GH

KDXWHXU�DYHF�OH�SODQ�G·kJH�GH�O·21)�HW�OHV�WDEOHV�GH�SURGXFWLRQ�FDOFXOpHV�SDU�/HY\�VXU�OH

VLWH��/HY\�������
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Résidu quadratique moyen : 1.13 m

)LJXUH������&RPSDUDLVRQ�GHV�PHVXUHV�WHUUDLQV��DEVFLVVH��DYHF�OHV�HVWLPDWLRQV�IRXUQLHV�SDU

+876&$7��RUGRQQpH��VXU�OD�KDXWHXU�PR\HQQH�GH����SODFHWWHV��$UWLFOH�&��
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r²=0,94
Résidu quadratique moyen : 1,29 m
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)LJXUH������&RPSDUDLVRQ�GHV�PHVXUHV�WHUUDLQV��DEVFLVVH��DYHF�OHV�HVWLPDWLRQV�IRXUQLHV�SDU

+876&$7��RUGRQQpH��VXU�OD�KDXWHXU�GRPLQDQWH�GH����SODFHWWHV��$UWLFOH�&��

����(VWLPDWLRQ�GH�OD�ELRPDVVH�IROLDLUH�j�O·LQWpULHXU�GH�OD�FDQRSpH

/·DQDO\VH�JUkFH�DX�PRGqOH�GH�WUDQVIHUW�UDGLDWLI�D�SHUPLV�GH�FRQFOXUH�TXH����O·RQGH��PrPH

HQ�EDQGH�;��LQWHUDJLW�DYHF�WRXWHV�OHV�SDUWLHV�GX�KRXSSLHU�����O·DWWpQXDWLRQ�HW�OD�GLIIXVLRQ

SURYLHQQHQW� WUqV� ODUJHPHQW� GHV� DLJXLOOHV�� ,O� HVW� GRQF� SRVVLEOH� G·LQYHUVHU�� j� SDUWLU� GX

FRHIILFLHQW�GH�UpWURGLIIXVLRQ��OD�ELRPDVVH�IROLDLUH�VXU�WRXWH�OD�SURIRQGHXU�GX�KRXSSLHU��$

O·DLGH�GX�PRGqOH�57��QRXV�DYRQV�VLPXOp�OD�UpSRQVH�G·XQ�QXDJH�G·DLJXLOOHV�HQ�IRQFWLRQ�GH

VD�GHQVLWp�YROXPLTXH��DUWLFOH�'���8Q�DOJRULWKPH�G·LQYHUVLRQ�VLPSOH�D�DORUV�pWp�GpYHORSSp�

FRQVLVWDQW�HQ�XQH�LQYHUVLRQ�SDU�XQH�LWpUDWLRQ�VXU� OHV�FRXFKHV�HQ�SDUWDQW�GX�KDXW�HW�HQ

DOODQW�DX�EDV�GX�KRXSSLHU�

/H�MHX�GH�YDOLGDWLRQ�D�pWp�IRXUQL�SDU�OH�/&7��'HVKD\HV�HW�DO���������HW�SURYLHQW�GX�WUDYDLO

GH� WKqVH� G·(��0XVKLQ]LPDQD�� GRFWRUDQW� (1*5()� HQ� 6FLHQFHV� )RUHVWLqUHV�� ,O� V·DJLW� GH

PHVXUHV�GHVWUXFWULFHV�HIIHFWXpHV�VXU�GHX[�SDUFHOOHV�GH�SLQV�QRLUV�kJpHV�GH����HW�����DQV�

���DUEUHV�RQW�pWp�PHVXUpV����GDQV�OD�SDUFHOOH�GH����DQV�HW���GDQV�OD�SDUFHOOH�GH�����DQV�

/H�GpWDLO� GHV� SURWRFROHV� GH�PHVXUHV� HVW� SUpVHQWp�GDQV� O·DUWLFOH�'��/HV� ILJXUHV� ��� HW� ��

SUpVHQWHQW�OHV�FRPSDUDLVRQV�HQWUH�OHV�PHVXUHV�WHUUDLQV�HW�OHV�GRQQpHV�UDGDU�LQYHUVpHV��$

VLPSOH�WLWUH�G·LOOXVWUDWLRQ��GHV�PDTXHWWHV�$0$3�DX[�kJHV�FRUUHVSRQGDQWV�VRQW�PLVHV�HQ

FRUUHVSRQGDQFHV�� 8Q� ERQ� DFFRUG� HVW� WURXYp� SRXU� OHV� GHX[� kJHV�� 8QH� GLVFXVVLRQ� VXU� OD

PpWKRGH�HVW�SUpVHQWpH�GDQV�O·DUWLFOH�'��DLQVL�TX·XQ�H[HPSOH�G·DSSOLFDWLRQ�FRPSDUDQW�OHV

GLVWULEXWLRQV�GH�ELRPDVVH�IROLDLUH�GH�SOXVLHXUV�SDUFHOOHV�HQ�IRQFWLRQ�GH�OHXU�kJH��/·LQWpUrW

GH� FHWWH�PpWKRGH� UpVLGH� QRWDPPHQW� GDQV� OD� SUpFLVLRQ� GHV�PHVXUHV� HW� OD� SRVVLELOLWp� GH
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FRXYULU� GHV� JUDQGHV� VXUIDFHV� HQ� WUqV� SHX� GH� WHPSV�� 7RXWHIRLV�� GHV� WUDYDX[

VXSSOpPHQWDLUHV� VHUDLHQW� QpFHVVDLUHV� DILQ� GH� YDOLGHU� OD� PpWKRGH� SURSRVpH� j� GHV

SHXSOHPHQWV�SOXV�FRPSOH[HV��PpODQJHV�G·HVSqFHV��HW�QRWDPPHQW�SRXU�GHV�IHXLOOXV�
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)LJXUH������&RPSDUDLVRQ�GHV�GLVWULEXWLRQV�YHUWLFDOHV�GH�ELRPDVVH�IROLDLUH�PHVXUpHV�VXU�OH

WHUUDLQ�HW�LQYHUVpHV�j�SDUWLU�GHV�PHVXUHV�GX�GLIIXVLRPqWUH�+876&$7��/D�SDUFHOOH

SUpVHQWpH�HVW�kJpH�GH����DQV�
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)LJXUH������&RPSDUDLVRQ�GHV�GLVWULEXWLRQV�YHUWLFDOHV�GH�ELRPDVVH�IROLDLUH�PHVXUpHV�VXU�OH

WHUUDLQ�HW�LQYHUVpHV�j�SDUWLU�GHV�PHVXUHV�GX�GLIIXVLRPqWUH�+876&$7��/D�SDUFHOOH

SUpVHQWpH�HVW�kJpH�GH�����DQV�


