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, � ,PPXQRORJLH�GX�V\VWqPH�QHUYHX[�FHQWUDO

���� /HV�FRPSRVDQWV�FHOOXODLUHV�HW�OHXU�LPPXQRSKpQRW\SH�GDQV�OH�61&�VDLQ���������������������������

��������/HV�QHXURQHV
��������/HV�FHOOXOHV�JOLDOHV��

�������� 2OLJRGHQGURF\WHV
�������� $VWURF\WHV
�������� 0LFURJOLH�HW�PDFURSKDJHV�SpULYDVFXODLUHV
�������� &HOOXOHV�pSHQG\PDLUHV

��������/D�EDUULqUH�KpPDWR�HQFpSKDOLTXH

�����/H�VWDWXW�LPPXQRUpSULPp�GX�61&���LVROHPHQW�DQDWRPLTXH�RX�WROpUDQFH�DFWLYH�"����

�������/D�WUDILF�OHXFRF\WDLUH�GDQV�OH�61&�VDLQ
�������/HV�IDFWHXUV�PROpFXODLUHV�GH�O¶LPPXQRVXSSUHVVLRQ�GX�61&
�������8Q�GUDLQDJH�O\PSKDWLTXH�SDUWLFXOLHU
�������8WLOLVDWLRQ�GHV�SULYLOqJHV�LPPXQV�GX�61&�FRPPH�RXWLO�GH�WROpUDQFH�V\VWqPLTXH

�����/HV�PpFDQLVPHV�G¶LQIODPPDWLRQ�GDQV�OH�61&������������������������������������������������������������������������

�������5pDFWLRQV�LQIODPPDWRLUHV�LQWULQVqTXH�DX�61&�HW�LPPXQLWp�LQQpH
�������� 5pDFWLRQ�DVWURF\WDLUH
�������� $FWLYDWLRQ�PLFURJOLDOH
�������� /HV�SRO\PRUSKRQXFOpDLUHV��OH�FRPSOpPHQW�HW�OHV�FHOOXOHV�1.�GDQV�OH�61&

�������,PPXQLWp�VSpFLILTXH�DX�VHLQ�GX�61&
�������� 4XHOOHV�&3$�GDQV�OH�61&�"
�������� 0pFDQLVPH�G¶DFWLRQ�GHV�O\PSKRF\WHV�7�GDQV�OH�61&
� D���$FWLYDWLRQ�GH�OD�%+(�HW�LQILOWUDWLRQ�O\PSKRF\WDLUH

E���/D�SUpVHQWDWLRQ�DQWLJpQLTXH
� E���/H�FRPSOH[H�&0+�SHSWLGH
� E���/H�UpFHSWHXU�7��7&5���VRQ�UpSHUWRLUH�HW�OH�FRPSOH[H�7&5�&'�
� E���/HV�FRUpFHSWHXUV�HW�OHV�PROpFXOHV�GH�FRVWLPXODWLRQV

�������� /HV�F\WRNLQHV�HW�OD�SRODULVDWLRQ�7K��7K�
�������� /D�UpSRQVH�7�F\WRWR[LTXH
�������� /D�UpSRQVH�%�GDQV�OH�61&

,,���0RGqOHV�GH�JUHIIHV�DSSOLTXpHV�j�OD�PDODGLH�GH�3DUNLQVRQ

����/D�PDODGLH�GH�3DUNLQVRQ�HW�OHV�SULQFLSDOHV�WKpUDSHXWLTXHV����������������������������������������������������

�������3DWKRORJLH��FDXVHV
�������0RGqOH�DQLPDX[
�������,QWHUYHQWLRQV�WKpUDSHXWLTXHV

�������� (IILFDFLWp�UHODWLYH�GHV�WUDLWHPHQWV�SKDUPDFRORJLTXHV
�������� ,QWHUYHQWLRQV�FKLUXUJLFDOHV
�������� 6WUDWpJLHV�GH�QHXURSURWHFWLRQ
�������� $SSRUW�GH�GRSDPLQH�SDU�DXWRJUHIIH

�����/HV�FDV�G¶DOORJUHIIHV��������������������������������������������������������������������������������������������������������������������

�������'RQQpHV�H[SpULPHQWDOHV
�������$SSOLFDWLRQ�GH�O¶DOORJUHIIH�HQ�FOLQLTXH
�������/LPLWDWLRQV�GH�O¶DOORWUDQVSODQWDWLRQ
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�����/D�[pQRJUHIIH�������������������������������������������������������������������������������������������������������������������������������

�������/H�SRUF�FRPPH�GRQQHXU
���������;pQRJUHIIHV�FRQFRUGDQWHV�RX�GLVFRUGDQWHV
�������� 3URSULpWp�GX�WLVVX�SRUFLQ
�������� 6DIHW\�RI�LQWUDFHUHEUDO�[HQRJUDIWV���3(59�DQG�RWKHUV�LQIHFWLRQV

�������/D�SURWHFWLRQ�GX�JUHIIRQ
�������(IIHWV�UHVWDXUDWHXUV�GH�OD�[pQRJUHIIH�QHXURQDOH
�������,PPXQRORJLH�GX�UHMHW�GH�[pQRJUHIIH

�������� $EVHQFH�GH�UHMHW�K\SHUDLJ�H
�������� ,PPXQRJpQLFLWp�GX�JHIIRQ
�������� 5{OH�VHFRQGDLUH�GX�FRPSOpPHQW�HW�GHV�LPPXQRJOREXOLQHV
�������� /HV�FHOOXOHV�1.�HQ�[pQRWUDQVSODQWDWLRQ
�������� &DV�GHV�O\PSKRF\WHV�γδ
�������� ,PSOLFDWLRQ�PDMHXUH�GHV�O\PSKRF\WHV�αβ

2%-(&7,)6�'8�75$9$,/�'(�7+(6(�������������������������������������������������������������������������������������������

0$7(5,(/6�(7�0(7+2'(6���������������������������������������������������������������������������������������������������������

��� 3UpSDUDWLRQV�FHOOXODLUHV
��� $QLPDX[�HW�SURFpGXUHV�FKLUXUJLFDOHV
��� ,PPXQRKLVWRFKLPLH
��� ([WUDFWLRQ�G¶$51�HW�UpWURWUDQVFULSWLRQ
��� $QDO\VH�TXDQWLWDWLYH�SDU�3&5�HQ�WHPSV�UpHO��7DT0DQ �
��� $QDO\VH�GX�UpSHUWRLUH�GX�7&5β�
��� &RPELQDLVRQ�GHV�DQDO\VHV�TXDOLWDWLYHV�HW�TXDQWLWDWLYHV�GX�UpSHUWRLUH���OH�7F/DQGVFDSH

5(68/7$76����������������������������������������������������������������������������������������������������������������������������������

��� 'HVFULSWLRQ�LPPXQRKLVWRFKLPLTXH�HW�FLQpWLTXH�G¶LQILOWUDWLRQ�GDQV�GHX[�FDV�GH
[pQRWUDQVSODQWDWLRQ�GH�FHOOXOHV�SRUFLQHV�LPSODQWpHV�GDQV�OH�VWULDWXP�GX�UDW

���� ;pQRJUHIIHV�G¶HQGRWKpOLXP�DRUWLTXH�SRUFLQ�GDQV�OH�VWULDWXP�GX�UDW
���� ;pQRJUHIIHV�QHXURQDOHV�SRUFLQHV�LPSODQWpHV�GDQV�OH�VWULDWXP�GX�UDW
���� /HV�3$(&�H[SULPHQW�GH�IRUWHV�TXDQWLWpV�G¶,/���DX�PRPHQW�GH�OHXU�LPSODQWDWLRQ
���� 'LVFXVVLRQ��

��� &LQpWLTXH�G¶H[SUHVVLRQ�GHV�JqQHV�GH�F\WRNLQHV�DX�FRXUV�GX�UHMHW�GH�[pQRJUHIIHV�QHXURQDOHV

���� &LQpWLTXH�G¶LQILOWUDWLRQ�O\PSKRF\WDLUH
�����&LQpWLTXH�G¶H[SUHVVLRQ�GHV�O\PSKRNLQHV
���� ([SUHVVLRQ�GHV�FKLPLRNLQHV�0&3���HW�5$17(6
���� 'LVFXVVLRQ��

��� $QDO\VH�GX�UpSHUWRLUH�GHV�O\PSKRF\WHV�7�LQILOWUDQWV�HW�SpULSKpULTXHV�DX�FRXUV�GX�UHMHW
[pQRJUHIIHV�QHXURQDOHV

���� &KRL[�GHV�pFKDQWLOORQV
���� (WXGHV�TXDQWLWDWLYHV�HW�TXDOLWDWLYHV�GX�VHJPHQW��GX�7&5�GDQV�OD�JUHIIH
���� (WXGH�GX�UpSHUWRLUH�HQ�SpULSKpULH
���� 'LVFXVVLRQ��

3(563(&7,9(6 ����
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$''(1'80������������������������������������������������������������������������������������������������������������������������������������
(FWRSLF�H[SUHVVLRQ�RI�WKH�7UN$�UHFHSWRU�LQ�DGXOW�GRSDPLQHUJLF�PHVHQFHSKDOLF�QHXURQV�SURPRWHV�UHWURJUDGH
D[RQDO�1*)�WUDQVSRUW�DQG�1*)�GHSHQGDQW�QHXURSURWHFWLRQ��([S�1HXURO��,Q�SUHVV�
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7DEOH�GHV�LOOXVWUDWLRQV

)LJ����� /HV�FRPSRVDQWV�FHOOXODLUHV�GX�WLVVX�FpUpEUDO
)LJ����� &RQQH[LRQV�HW�IRQFWLRQV�DVWURF\WDLUHV
)LJ����� 6HFWLRQ�G¶XQ�PLFURFDSLOODLUH�FpUpEUDO
)LJ����� 3pQpWUDWLRQ�GHV�O\PSKRF\WHV�7�GDQV�OH�V\VWqPH�QHUYHX[�FHQWUDO�VDLQ
)LJ����� 6FKpPD�LOOXVWUDQW�OH�WXUQ�RYHU�GX�OLTXLGH�LQWHUVWLWLHO�FpUpEUDO�HW�GX�/&5
)LJ����� /HV�GLIIpUHQWV�pWDWV�GH�OD�PLFURJOLH�DX�FRXUV�GH�O¶LQIODPPDWLRQ
)LJ����� 5HFUXWHPHQW�GHV�O\PSKRF\WHV�FLUFXODQWV�DX�QLYHDX�GH�OD�%+(
)LJ����� 5pDUUDQJHPHQWV�GHV�FKDvQHV�α HW�β GX�7&5
)LJ����� 6FKpPD�GHV�SULQFLSDOHV�YRLHV�GH�WUDQVGXFWLRQ�LQGXLWHV�SDU�OH�FRPSOH[H�7&5�&'�
)LJ�����0ROpFXOHV�LPSOLTXpHV�GDQV�O¶LQWHUFDWLRQ�HQWUH�OH�O\PSKRF\WH�7�HW�OD�&3$
)LJ�����,PSRUWDQFH�GHV�PROpFXOHV�GH�FRVWLPXODWLRQ
)LJ�����5HSUpVHQWDWLRQ�VFKpPDWLTXH�GH�O¶LQGXFWLRQ�HW�GH�OD�UpJXODWLRQ�GHV�FHOOXOHV�7K��HW�7K�
)LJ�����7URLHV�YRLHV�GLIIpUHQWHV�VRQW�XWLOLVpHV�SDU�OHV�&7/�SRXU�GpWUXLUH�OHV�FHOOXOHV�FLEOHV
)LJ�����'pJpQpUHVFHQFH�GH�OD�YRLH�QLJUR�VWULpH�GDQV�OD�PDODGLH�GH�3DUNLQVRQ
)LJ�����6WUDWpJLHV�GH�QHXURSURWHFWLRQ�GDQV�OD�PDODGLH�GH�3DUNLQVRQ
)LJ�����'pWHFWLRQ�HQ�WHPSV�UpHO�GHV�$'1F��7DT0DQ �
)LJ�����$PSOLILFDWLRQ�VSpFLILTXH�G¶XQH�IDPLOOH�9β SDU�3&5
)LJ�����3ULQFLSH�GH�O¶DQDO\VH�GX�UpSHUWRLUH�SDU�OH�ORJLFLHO�,PPXQRVFRSH
)LJ�����/H�7FODQGVFDSH
)LJ�����5HMHW�GH�[pQRJUHIIHV�LQWUDVWULDWDOHV�GH�FHOOXOHV�HQGRWKpOLDOHV�SRUFLQHV
)LJ�����5HMHW�GH�[pQRJUHIIHV�GH�QHXURQHV�PpVHQFpSKDOLTXHV�I°WDX[�SRUFLQV
)LJ�����7UDoDJH�PROpFXODLUH�GX�WLVVX�SRUFLQ�LPSODQWp�GDQV�OH�VWULDWXP�GX�UDW
)LJ�����'pWHFWLRQ�GHV�WUDQVFULWV�G¶$51P�G¶,/���SRUFLQH�SDU�3&5�HQ�WHPSV�UpHO
)LJ�����&LQpWLTXH�G¶H[SUHVVLRQ�GH�OD�FKDvQH�β GX�7&5
)LJ�����,PPXQRKLVWRFKLPLH�GHV�JUHIIHV�GH�QHXURQHV�I°WDX[�DX���qPH�MRXU�SRVW�WUDQVSODQWDWLRQ
)LJ�����&LQpWLTXH�G¶H[SUHVVLRQ�GHV�WUDQVFULWV�GH�JqQHV�GH�F\WRNLQHV
)LJ�����&LQpWLTXH�G¶H[SUHVVLRQ�GHV�WUDQVFULWV�GHV�JqQHV�GH�FKLPLRNLQHV�5$17(6�HW�0&3��
)LJ�����7FODQGVFDSH�VXU�OHV�VWULDWD�LQILOWUpV
)LJ�����0R\HQQHV�GHV�DOWpUDWLRQV�GHV�ORQJXHXUV�GH�OD�UpJLRQ�&'5��SDU�IDPLOOH�9β
)LJ�����3URILO�G¶DOWpUDWLRQ�GHV�ORQJXHXUV�GH�OD�UpJLRQ�&'5��GX�JqQH�9β20 GHV�VWULDWD�LQILOWUpV
)LJ�����&RPSDUDLVRQ�GHV�SURILOV�G¶DOWpUDWLRQV�GX�&'5��GDQV�OHV�VWULDWD�LQILOWUpV�HW�HQ�SpULSKpULH
)LJ�����&RPSDUDLVRQ��SDU�RUJDQH��GHV�PR\HQQHV�GHV�DOWpUDWLRQV�GH�O¶HQVHPEOH�GHV�IDPLOOHV�9β

7DEOHDX����7\SHV�GH�UpFHSWHXUV�LPPXQRORJLTXHV�UHWURXYpV�VXU�OD�PLFURJOLH�DX�UHSRV
7DEOHDX����/LVWH�©�QRQ�H[KDXVWLYH�ª�GHV�SULQFLSDOHV�PROpFXOHV�LPSOLTXpHV�GDQV�OD�PRGXODWLRQ�GX

VWDWXW�LPPXQRORJLTXH�GX�61&
7DEOHDX����/LVWHV�GHV�DQWLFRUSV�XWLOLVpV�HQ�LPPXQRKLVWRFKLPLH
7DEOHDX����/LVWHV�GHV�DPRUFHV�ROLJRQXFOpRWLGLTXHV�XWLOLVpHV�SRXU�OD�3&5�TXDQWLWDWLYH

(Q�DGGHQGXP��
)LJ����([SUHVVLRQ�RI�7UN$�LQ�(����DQG�QQU��FHOOV
)LJ����51DVH�SURWHFWLRQ�DVVD\�RI�WUN$�WUDQVULSWV
)LJ����'HWHFWLRQ�RI�7UN$�RU�F�0\F���ZHHNV�IROORZLQJ�XQLODWHUDO�VWHUHRWD[LF�LQMHFWLRQ�RI�U$$9�7UN$P\F

)LJ����([SUHVVLRQ�RI�7UN$�LQ�7+��QHXURQV��&RQIRFDO�PLFURVFRS\�
)LJ����6WULDWRIXJH�WUDQVSRUW�RI�>���,@�1*)
)LJ����1HXURSURWHFWLRQ�DVVRFLDWHG�ZLWK�U$$9�7UN$P\F�DGPLQLVWUDWLRQ
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��2+'$�����K\GUR[\GRSDPLQH
D06+�������α�PHODQRF\WH�VWLPXODWLQJ�KRUPRQH
$&$,'�����DQWHULRU�FKDPEHU�DVVRFLDWHG�LPPXQH�GHYLDWLRQ
$&7+������DGUHQRFRUWLFRWURSLF�KRUPRQH
$'&&������DQWLERG\�GHSHQGDQW�FHOO�PHGLDWHG�F\WRWR[LFLW\

$'1F �����DFLGH�GpVR[\ULERQXFOpLTXH�FRPSOpPHQWDLUH
$03F �����DGHQRVLQH�PRQRSKRVSKDWH�F\FOLTXH
$3&���������FHOOXOH�SUpVHQWDWULFH�G¶DQWLJqQH

$33 �����DP\ORLG�SUHFXUVRU�SURWHLQ
$51P �����PHVVDJHU�GH�O¶DFLGH�ULERQXFOpLTXH
$73 �����DGpQRVLQH�WULSKRVSKDWH

%'1) �����EUDLQ�GHULYHG�QHXURWURSKLF�IDFWRU
%+( �����EDUULqUH�KpPDWR�HQFpSKDOLTXH
%5$,'�����EUDLQ�DVVRFLDWHG�LPPXQH�GHYLDWLRQ

&��LQK�����LQKLELWHXU�GX�IUDJPHQW�&��GX�FRPSOpPHQW
&'�����������FHOOXOH�GHQGULWLTXH
&'5 �����FRPSOHPHQWDU\�GHWHUPLQLQJ�UHJLRQ

&*53������FDOFLWRQLQ�JHQH�UHODWHG�SHSWLGH
&0+ �����FRPSOH[H�PDMHXU�G¶KLVWRFRPSDWLELOLWp
&2,,S�������F\WRFKURPH�&�R[\GDVH�,,�SRUFLQH

&5� �����FRPSOHPHQW�UHFHSWRU����&'��E�
&5+���������FRUWLFRWURSLQ�UHOHDVLQJ�KRUPRQH
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$YDQW�SURSRV

/H�V\VWqPH�QHUYHX[�HW� OH�V\VWqPH� LPPXQLWDLUH� LQWHUDJLVVHQW� VHORQ� GHV� UqJOHV� SDUWLFXOLqUHV

TXL�FRQVWLWXHQW�XQH�UpJLRQDOLVDWLRQ�GX�IRQFWLRQQHPHQW�GX�V\VWqPH�LPPXQLWDLUH��QRPPp�©�SULYLOqJH

LPPXQ�ª�� 3RXU� UpDOLVHU� FHV� IRQFWLRQV�� OHV� FRPSRVDQWV� FHOOXODLUHV� HW� PROpFXODLUHV� GX� V\VWqPH

LPPXQLWDLUH� GRLYHQW� DSSUHQGUH�TXHOOHV� VRQW� OHV� HQWLWpV� SRWHQWLHOOHPHQW� GDQJHUHXVHV� TXL� H[LVWHQW

GDQV� OH� V\VWqPH� QHUYHX[� FHQWUDO� �61&��� VpOHFWLRQQHU� OH�PRGH� GH� UpSRQVH� DSSURSULp�� SHUPHWWUH

O¶DFFqV�DX�61&��HW�HQILQ��LVROHU�HW�pUDGLTXHU�OH�GDQJHU�

%LHQ�TXH�OH�V\VWqPH�LPPXQLWDLUH�GpIHQGH�OH�61&�FRQWUH� OHV� LQIHFWLRQV�� LO�VpFUqWH�DXVVL�GHV

VXEVWDQFHV�FDSDEOHV�GH� WXHU�QRV� LUUHPSODoDEOHV� FHOOXOHV�QHUYHXVHV��� OHV� QHXURQHV�� /¶RUJDQLVPH

PLQLPLVH� FHWWH� GHVWUXFWLRQ� HQ� UHVWUHLJQDQW� OH� WUDILF� GHV� FHOOXOHV� LPPXQLWDLUHV� DX� WUDYHUV� GHV

YDLVVHDX[�VDQJXLQV�TXL� LUULJXHQW� OH�FHUYHDX��$XVVL�� OHV�UpSRQVHV�LPPXQLWDLUHV�TXL�VXUYLHQQHQW�DX

VHLQ�GX�61&�VRQW��HQ�UqJOH�JpQpUDOH��G¶DPSOLWXGH�PRLQGUH�TX¶HQ�SpULSKpULH��/H�61&�HVW�DLQVL�WUqV

ODUJHPHQW�SHUoX�FRPPH�XQ�VDQFWXDLUH�LPPXQRORJLTXH��FH�TXL�HVW�ORLQ�G¶rWUH�H[DFW�

'qV� OH�PLOLHX�GX�;;H� VLqFOH��XQ�HQVHPEOH�G¶pWXGHV�XWLOLVDQW�GHV� WXPHXUV� WUDQVSODQWDEOHV�D

UpYpOp� OH� FDUDFWqUH� ©�LPPXQR�SULYLOpJLp�ª� GX� WLVVX� QHUYHX[��� OHV�JUHIIHV� GH� WXPHXUV� RX� GH� WLVVXV

HPEU\RQQDLUHV�SHUVLVWHQW�SOXV�ORQJWHPSV�GDQV�OH�SDUHQFK\PH�QHUYHX[�TX¶HQ�SpULSKpULH��0HGDZDU�

�������'¶XQ�SRLQW�GH�YXH�LPPXQRORJLTXH��LO�D�G¶DERUG�pWp�FRQVLGpUp�TXH�OHV�JUHIIRQV�LQWUDFpUpEUDX[

SHUVLVWHQW�GDQV�OH�SDUHQFK\PH�QHUYHX[��QRQ�SDU�OH�IDLW�G¶XQ�pWDW�GH�WROpUDQFH��PDLV�SDUFH�TXH�OHXU

SUpVHQFH�HVW�LJQRUpH��&H�VWDWXW�LPPXQRORJLTXH�SDUWLFXOLHU�HVW�OD�FRQVpTXHQFH�GH�FDUDFWpULVWLTXHV

DQDWRPLTXHV� SDUWLFXOLqUHV�� FRPPH� OD� SUpVHQFH� G¶XQH� EDUULqUH� KpPDWR�HQFpSKDOLTXH� �%+(�� HW

O¶DEVHQFH� G¶XQ� GUDLQDJH� O\PSKDWLTXH� FRQYHQWLRQQHO�� PDLV� LO� UpVXOWH� DXVVL� GH� QRPEUHX[� IDFWHXUV

FHOOXODLUHV� HW� PROpFXODLUHV� TXL� IUHLQHQW� OHV� UpSRQVHV� LPPXQLWDLUHV�� &¶HVW� JUkFH� j� O¶H[LVWHQFH� GH

PpFDQLVPHV� UpJXODWHXUV�PXOWLSOHV��TXH� O¶DOORWUDQVSODQWDWLRQ�GH�FHOOXOHV�QHXURQDOHV� I°WDOHV�D�pWp

HQYLVDJpH� HQ� FOLQLTXH�� GDQV� OH� FDV� G¶DIIHFWLRQV� QHXURGpJpQpUDWLYHV� WHOOHV� TXH� OHV� PDODGLHV� GH

3DUNLQVRQ� RX� GH� +XQWLQJWRQ�� 3RXUWDQW�� OH� SRWHQWLHO� LPPXQRVXSSUHVVHXU� GX� 61&� SHXW� rWUH

LQVXIILVDQW�GDQV�FHUWDLQHV�FLUFRQVWDQFHV���F¶HVW�DLQVL�TXH� O¶XWLOLVDWLRQ�GH�WUDQVSODQWV�[pQRJpQLTXHV
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FRQGXLW�JpQpUDOHPHQW�j�XQ�SKpQRPqQH�GH�UHMHW��,O�DSSDUDvW�GRQF�TXH�OD�FRQQDLVVDQFH�DSSURIRQGLH

GHV�PpFDQLVPHV�JRXYHUQDQW�OHV�UpSRQVHV�LPPXQLWDLUHV�GDQV�OH�WLVVX�QHUYHX[�HVW�QpFHVVDLUH�SRXU

GpYHORSSHU� j� ERQ� HVFLHQW� GH� QRXYHOOHV� DSSURFKHV� WKpUDSHXWLTXHV�� HQ� SDUWLFXOLHU� FHOOHV� IDLVDQW

DSSHO�j�OD�[pQRWUDQVSODQWDWLRQ�

&HUWDLQV� FRPSRVDQWV� GX� V\VWqPH� LPPXQLWDLUH�� FRPPH� OHV� O\PSKRF\WHV� 7� �/7��� SDUDLVVHQW

HVVHQWLHOV� GDQV� OH� SURFHVVXV� GH� UHMHW� GH� [pQRJUHIIHV��&¶HVW� SRXUTXRL� OD� SUpVHQWH� pWXGH� D� WHQWp

G¶H[SOLTXHU� GH� TXHOOHV�PDQLqUHV� OHV� O\PSKRF\WHV�� GHSXLV� OHXU� OLHX� GH� UpVLGHQFH� GDQV� OHV� WLVVXV

SpULSKpULTXHV�� SRXYDLHQW� rWUH� HQJDJpV� FRPPH�HIIHFWHXUV� GDQV� OH�61&��1RXV� pYRTXHURQV� DXVVL

O¶DIIpUHQFH� DQWLJpQLTXH�� F¶HVW� j� GLUH� OHV� SRVVLELOLWpV� GH� UHFRQQDLVVDQFH� HW� GH� WUDQVSRUW� GHV

DQWLJqQHV�GX� WUDQVSODQW� GHSXLV� OH�61&� MXVTX¶DX� V\VWqPH� LPPXQLWDLUH� V\VWpPLTXH�� XQ� FLUFXLW� TXL

SRXUUDLW�rWUH�HVVHQWLHO�GDQV�OHV�LQWHUDFWLRQV�QHXUR�LPPXQRORJLTXHV�
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��,��

,PPXQRORJLH�GX�V\VWqPH�QHUYHX[�FHQWUDO

���� /HV�FRPSRVDQWV�FHOOXODLUHV�HW�OHXU�LPPXQRSKpQRW\SH�GDQV�OH�61&�VDLQ

/D�IRQFWLRQ�GX�V\VWqPH�QHUYHX[�HVW�GH�SHUFHYRLU� OHV�VWLPXOL�SURYHQDQW�j� OD�IRLV�GHV�PLOLHX[

LQWpULHXUV�HW� H[WpULHXUV��&HX[�FL� VRQW� HQVXLWH� DQDO\VpV� HW� LQWpJUpV� SRXU� SURYRTXHU� GHV� UpSRQVHV

DGDSWpHV� HW� FRRUGRQQpHV� DX� QLYHDX� GHV� GLIIpUHQWV� RUJDQHV� HIIHFWHXUV�� /H� V\VWqPH� QHUYHX[� HVW

FRQVWLWXp� G¶XQ� UpVHDX� LQWHUFRPPXQLFDQW� GH� FHOOXOHV� XOWUD�VSpFLDOLVpHV�� OHV� QHXURQHV�� TXL

FRQVWLWXHQW�OD�SOXSDUW�GHV�UpFHSWHXUV�VHQVRULHOV��OHV�YRLHV�GH�FRQGXFWLRQ�HW�OHV�OLHX[�G
LQWpJUDWLRQ�HW

G¶DQDO\VH�

/H�61&�HVW�RUJDQLVp�HQ�VXEVWDQFH�EODQFKH�HW�VXEVWDQFH�JULVH��GLVSRVpHV�DXWRXU�GHV�FDYLWpV

YHQWULFXODLUHV�� /D� VXEVWDQFH� JULVH� HVW� SULQFLSDOHPHQW� FRQVWLWXpH� SDU� OHV� FRUSV� FHOOXODLUHV� GHV

QHXURQHV�HW�HVW�SHX�YDVFXODULVpH��WDQGLV�TXH�OD�VXEVWDQFH�EODQFKH�FRPSRUWH�VXUWRXW�GHV�IDLVFHDX[

GH� ILEUHV� QHUYHXVHV�� GRQW� OHV� OLSLGHV� GH� OD� P\pOLQH� TXL� OHV� UHFRXYUHQW� OXL� GRQQHQW� VRQ� DVSHFW

EODQFKkWUH�� /D� YDVFXODULVDWLRQ� \� HVW� SOXV� GpYHORSSpH� PDLV�� SDU� OD� SUpVHQFH� GH� OD� %+(�� UHVWH

WRXMRXUV�VRXPLVH�j�GHV�UqJOHV�GH�SHUPpDELOLWp�VSpFLILTXHV�DX�61&��&HSHQGDQW��KLVWRORJLTXHPHQW�

WRXW�OH�V\VWqPH�QHUYHX[�VH�FRPSRVH�HVVHQWLHOOHPHQW�GH�QHXURQHV��VHXOV�YDULHQW�OHXU�DUUDQJHPHQW

HW� OHXU� WLVVX� GH� VRXWLHQ�� OD� JOLH�� TXL� HVW� FRPSRVpH� GH� �� W\SHV� FHOOXODLUHV��� ROLJRGHQGURF\WHV�

DVWURF\WHV�� FHOOXOHV� pSHQG\PDLUHV� HW� FHOOXOHV� PLFURJOLDOHV�� FHV� GHUQLqUHV� D\DQW� OD� SDUWLFXODULWp

G¶DYRLU�XQH�RULJLQH�KpPDWRSRwpWLTXH�

�������/HV�QHXURQHV

/HV�QHXURQHV�VRQW�GHV�FHOOXOHV�KDXWHPHQW�GLIIpUHQFLpHV��VSpFLDOLVpHV�GDQV� OD� FRPPXQLFDWLRQ

LQWHUFHOOXODLUH�HW�GRQW�OD�GLVSDULWLRQ�HVW�j�O¶RULJLQH�GH�QRPEUHXVHV�SDWKRORJLHV�GRQW�OHV�PDODGLHV�GH

3DUNLQVRQ� RX� G¶$O]KHLPHU�� 6¶LOV� VRQW� LQGLUHFWHPHQW� O¶REMHW� G¶DWWDTXHV� ORUV� GH� PDODGLHV� DXWR�

LPPXQHV�� LOV�VRQW� LPPXQRORJLTXHPHQW�GpIDYRUDEOHV�j� WRXWH�DFWLRQ�GX�V\VWqPH� LPPXQLWDLUH��/HXU
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KDXW�GHJUp�GH�VSpFLDOLVDWLRQ�HVW�UHVSRQVDEOH�GH�OD�SHUWH�GH�QRPEUHX[�PDUTXHXUV�LPPXQRORJLTXHV�

&HWWH�DEVHQFH�HVW�VXUWRXW� OH� IDLW�G¶XQH�VXSSUHVVLRQ�DFWLYH�GXH�j� O¶DFWLYLWp�pOHFWULTXH�GHV�FHOOXOHV

QHUYHXVHV�� $LQVL� OHV� GRPPDJHV� GX� V\VWqPH� QHUYHX[� VH� WUDGXLVHQW� SDU� XQ� EORFDJH� GH� O¶DFWLYLWp

pOHFWULTXH�TXL�HQWUDvQH� O¶H[SUHVVLRQ�GH�FHUWDLQHV�PROpFXOHV�GH� O¶LPPXQLWp�VXU� OHV�QHXURQHV�HW� OHV

FHOOXOHV�JOLDOHV�YRLVLQHV� �1HXPDQQ�HW�DO��� �������1HXPDQQ�HW�:HNHUOH�� ������� /HV�QHXURQHV�RQW

GRQF� XQ� SKpQRW\SH� TXL� GpSHQG� GH� OHXU� PRUSKRORJLH� HW� GX� W\SH� GH� QHXURWUDQVPHWWHXUV� TX¶LOV

VpFUqWHQW�� ,OV� VRQW� LPPXQRORJLTXHPHQW� LQHUWHV� HW� QRXV� YHUURQV� TXH� SDU� OD� V\QWKqVH� GH

QHXURWUDQVPHWWHXUV� DJLVVDQW� VXU� OHV� FHOOXOHV� PLFURJOLDOHV�� LOV� SHXYHQW� PrPH� OLPLWHU� OD� UpSRQVH

LQIODPPDWRLUH�GDQV�OH�FHUYHDX�

��������/HV�FHOOXOHV�JOLDOHV

&¶HVW� OH�SDWKRORJLVWH�DOOHPDQG�5XGROI�9LUFKRZ�TXL��HQ������� IXW�j� O¶RULJLQH�GX�FRQFHSW�GH�JOLH

DSUqV�DYRLU�GpFULW�FH�TX¶LO�DSSHODLW�XQ�1HUYHQNLWW��F¶HVW�j�GLUH�XQ�PDVWLF�RX�XQH�VXEVWDQFH�DVVLPLOpH

j� GH� OD� JOXH� �G¶R�� OH� WHUPH� JOLH��� /D� JOLH� FRPSUHQG� WRXWHV� OHV� FHOOXOHV� GX� 61&� DXWUHV� TXH� OHV

QHXURQHV��&HV�FHOOXOHV�WUqV�UDPLILpHV�FRQVWLWXHQW�SUHVTXH�OD�PRLWLp�GH�OD�PDVVH�WRWDOH�GX�61&�TXL

FRQWLHQW�GRQF�SHX�GH�PDWpULHO�H[WUDFHOOXODLUH��/D�JOLH�D�GHV�UHODWLRQV�pWURLWHV�HW�HVVHQWLHOOHV�DYHF

OHV� QHXURQHV�� OHXU� DVVXUDQW� XQ� VXSSRUW� PpFDQLTXH� HW� PpWDEROLTXH�� 2Q� GLVWLQJXH� TXDWUH� W\SHV

SULQFLSDX[� GH� FHOOXOHV� JOLDOHV��� OHV� ROLJRGHQGURF\WHV�� OHV� DVWURF\WHV�� OD� PLFURJOLH� HW� OHV� FHOOXOHV

pSHQG\PDLUHV��)LJ�����

���������/HV�ROLJRGHQGURF\WHV��

/HV�ROLJRGHQGURF\WHV�VRQW�OHV�FHOOXOHV�JOLDOHV�OHV�SOXV�QRPEUHXVHV�GH�OD�VXEVWDQFH�EODQFKH��/HXU

VHXOH�IRQFWLRQ�UHFRQQXH�HVW�OD�P\pOLQLVDWLRQ�GHV�QHXURQHV�GDQV�OH�61&���F¶HVW�j�GLUH�SURFXUHU�XQH

JDLQH� GH� SURWHFWLRQ� pOHFWURFKLPLTXH� DXWRXU� GH� FHUWDLQV� D[RQHV� GH� OD� VXEVWDQFH� EODQFKH�� GH

PDQLqUH�j�DXJPHQWHU�OD�YLWHVVH�GH�SURSDJDWLRQ�GHV�SRWHQWLHOV�G¶DFWLRQ�OH�ORQJ�GH�OD�ILEUH��8Q�VHXO

ROLJRGHQGURF\WH�SHXW�rWUH� UHVSRQVDEOH�GH� OD�P\pOLQLVDWLRQ�GH�SOXV�GH���� ILEUHV�QHUYHXVHV��&¶HVW

FHWWH�FDUDFWpULVWLTXH�TXL�OHV�SODFH�DX�FHQWUH�GHV�PDODGLHV�GpP\pOLQLVDQWHV�FRPPH�OD�VFOpURVH�HQ

SODTXH� �6(3��� /¶pWXGH� GH� O¶pWLRORJLH� GH� OD� 6(3� HW� GH� VRQ� PRGqOH� DQLPDO� OH� SOXV� SURFKH�
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O¶HQFpSKDORP\pOLWH�DOOHUJLTXH�H[SpULPHQWDOH��($(���D�PRQWUp�TXH�OHV�ROLJRGHQGURF\WHV�pWDLHQW�ORLQ

G¶rWUH� GHV� DFWHXUV� GX� V\VWqPH� LPPXQLWDLUH�� (Q� HIIHW�� DXFXQ� PDUTXHXU� GH� W\SH� LPPXQRORJLTXH�

WHOOHV� TXH� OHV�PROpFXOHV� GX� FRPSOH[H�PDMHXU� G¶KLVWRFRPSDWLELOLWp� �&0+��� Q¶HVW� UHWURXYp� VXU� OHV

ROLJRGHQGURF\WHV�GDQV�XQ�FHUYHDX�VDLQ��$� O¶LQYHUVH�� OHV�SURWpLQHV�GH� OD�P\pOLQH� WHOOHV� OD�SURWpLQH

EDVLTXH� GH� OD�P\pOLQH� �0%3�� RX� OD�P\HOLQ�ROLJRGHQGURF\WDLUH� �02*�� UHFRQQXHV� VSpFLILTXHPHQW

SDU�FHUWDLQV�DQWLFRUSV�HW�O\PSKRF\WHV�7�DFWLYpV��HQ�IRQW�XQH�FLEOH�SULYLOpJLpH�GH�OD�UpSRQVH�LPPXQH

DGDSWLYH�

���������/HV�DVWURF\WHV��

&H�VRQW� OHV�PpWKRGHV�G¶LPSUpJQDWLRQ�G¶KLVWRORJLH�TXL�RQW�UpYpOp� O¶H[LVWHQFH�GH�FHOOXOHV�JOLDOHV�HQ

IRUPH�G¶pWRLOH��G¶R��OHXU�QRP��'LHWHUV���������&HV�FHOOXOHV��TXL�VRQW�OHV�FRPSRVDQWV�FHOOXODLUHV�OHV

SOXV� UHSUpVHQWpV�GDQV� OH� FHUYHDX� �HOOHV� UHSUpVHQWHQW�SOXV�GH�GL[� IRLV� OH�QRPEUH�GH�QHXURQHV�HW

RFFXSHQW�SUqV�G¶XQ�WLHUV�GX�YROXPH�GX�FRUWH[�FpUpEUDO���RQW�GHV�SURORQJHPHQWV�PXOWLSOHV�RFFXSDQW

OD�PDMHXUH�SDUWLH�GHV�HVSDFHV�VpSDUDQW�OHV�QHXURQHV��HW�VH�WHUPLQHQW�SDU�GHV�H[SDQVLRQV�VXU�OHV

PHPEUDQHV�EDVDOHV�GHV�FDSLOODLUHV��OHV�SLHGV�SpULYDVFXODLUHV��TXL�MRXHQW�XQ�U{OH�GpWHUPLQDQW�GDQV

O¶pWDQFKpLWp�GH�OD�%+(��'¶DXWUHV�SURORQJHPHQWV�VH�WHUPLQHQW�SDU�DSSRVLWLRQ�pWURLWH�VXU�OHV�UpJLRQV

QRQ�V\QDSWLTXHV�GHV�QHXURQHV��3DU�FHV�FDUDFWpULVWLTXHV�DQDWRPLTXHV�� LO�D�pWp�WUqV�YLWH�FRQVLGpUp

TXH� OHV� DVWURF\WHV� DYDLHQW� XQ� U{OH� G¶LQWHUPpGLDLUH� GDQV� OHV� pFKDQJHV� PpWDEROLTXHV� HQWUH� OHV

QHXURQHV�HW�OH�VDQJ��*ROJL���������0DLV�LOV�VRQW�DXVVL�OH�VXSSRUW�DUFKLWHFWXUDO�GHV�QHXURQHV��MRXHQW

XQ�U{OH�LPSRUWDQW�GDQV�OD�UpSDUDWLRQ�GHV�OpVLRQV��OD�SURWHFWLRQ�QHXURQDOH�HW�SHXYHQW�DXVVL�FRQWU{OHU

OHV�PpFDQLVPHV�GH�O¶LQIODPPDWLRQ�GDQV�OH�61&��)LJ�����

/HV�DVWURF\WHV�IRUPHQW�XQH�SRSXODWLRQ�DSSDUHPPHQW�KpWpURJqQH�FDU� LOV�GLIIqUHQW�G¶XQH�UpJLRQ�GX

FHUYHDX�j�O¶DXWUH��WDQW�SDU�OHXU�PRUSKRORJLH�TXH�SDU�OHXU�FDSDFLWp�j�UpSRQGUH�j�O¶LQIODPPDWLRQ��SRXU

UHYXH���/DIRQW�HW�3URFKLDQW]���������(Q�IDLW�� LO�HVW�SUREDEOH�TX¶LO�\�DLW�DXWDQW�GH�W\SHV�G¶DVWURF\WHV

TX¶LO�H[LVWH�GH�W\SHV�GH�QHXURQHV�SXLVTX¶LOV�SDUDLVVHQW�V¶DGDSWHU�DX[�FRPSpWHQFHV�QHXURFKLPLTXHV

HW� DX[� YDULpWpV� PRUSKRORJLTXHV� GHV� QHXURQHV� TX¶LOV� SURWqJHQW�� HW� SDUWLFLSHQW� pJDOHPHQW� DX

PpWDEROLVPH�GH�FHUWDLQV�QHXURPpGLDWHXUV��(Q�UDSSRUW�DYHF�QRWUH�PRGqOH�G¶pWXGH��LO�HVW�LQWpUHVVDQW

GH�QRWHU�TXH�OHV�DVWURF\WHV�GX�PpVHQFpSKDOH�SHUPHWWHQW�G¶LQGXLUH�XQH�DUERULVDWLRQ�H[WHQVLYH�GHV



��

QHXURQHV� GRSDPLQHUJLTXHV�� DORUV� TXH� OHV� DVWURF\WHV� VWULDWDX[� RQW� XQ� HIIHW� OLPLWp�� LQGXLVDQW� XQH

ORQJXH�HW� XQLTXH�H[WHQVLRQ� QHXULWLTXH� �'HQLV�'RQLQL� HW� DO��� �������&HWWH� QRWLRQ� SDUDvW� ODUJHPHQW

JpQpUDOLVDEOH�� SXLVTX¶LO� VHPEOH� TXH� OHV� DVWURF\WHV� VLWXpV� GDQV� GHV� DLUHV� FpUpEUDOHV� GLIIpUHQWHV

H[HUFHQW�XQH�LQIOXHQFH�GpWHUPLQDQWH�VXU� OD�GLIIpUHQFLDWLRQ�GHV�FHOOXOHV�VRXFKHV�QHXURQDOHV��SRXU

UHYXH���7DXSLQ�HW�*DJH��������

,O� D� pWp� GpFULW� TXH� GHV� H[FqV� GH� FRQFHQWUDWLRQ� GH� JOXWDPDWH� RX� GH� QHXURSHSWLGHV� GDQV

O¶HQYLURQQHPHQW� SHXYHQW� DFFURvWUH� OD� FDSDFLWp� GHV� DVWURF\WHV� j� H[SULPHU� GHV� PDUTXHXUV

LPPXQRORJLTXHV� WHOV� TXH� � OD�PROpFXOH� GX� &0+� GH� FODVVH� ,,� �/HH� HW� DO�� ������� )URKPDQ� HW� DO��

������� &HSHQGDQW�� LOV� VRQW� pJDOHPHQW� FDSDEOHV� G¶DFFURvWUH� OHXU� SURGXFWLRQ� GH� IDFWHXUV

QHXURWURSKLTXHV��OHVTXHOV�DVVXUHQW�OD�VXUYLH�HW�OD�UpJpQpUDWLRQ�QHXURQDOH��'H�FH�IDLW��LOV�SDUWLFLSHQW

SOXV� DX� PDLQWLHQW� G¶XQH� KRPpRVWDVLH� QHXURLPPXQRORJLTXH� TX¶DX� GpYHORSSHPHQW� GH� UpSRQVHV

LPPXQHV�VSpFLILTXHV�

����������/D�PLFURJOLH��

/HV� FHOOXOHV� PLFURJOLDOHV� VRQW� GHV� SHWLWHV� FHOOXOHV�� UHODWLYHPHQW� SHX� QRPEUHXVHV�� G¶RULJLQH

PpVHQFK\PDWHXVH��LPPLJUpHV�GDQV�OH�61&�DX�FRXUV�GX�GpYHORSSHPHQW�I°WDO��/RUV�GH�SURFHVVXV

LQIODPPDWRLUHV��OHV�FHOOXOHV�PLFURJOLDOHV��TXL�IRUPHQW�j�O¶kJH�DGXOWH�XQ�YDVWH�UpVHDX�GH�GpIHQVH�GX

WLVVX�QHUYHX[��SHXYHQW�VH�WUDQVIRUPHU�HQ�FHOOXOHV�SKDJRF\WDLUHV�DPLERwGHV���&HWWH�LGpH�HVW�QpH�DX

GpEXW�GX�;;H� VLqFOH�� GHV� REVHUYDWLRQV� GH�3LR� GHO�5LR�+RUWHJD��TXL� FRQVWDWD�TX¶DSUqV� OpVLRQ� GX

FHUYHDX�� FHUWDLQHV� FHOOXOHV� UDPLILpHV� GX�61&�SRXYDLHQW� UpDJLU� HW� UHSUHQGUH� OHXU� IRUPH� URQGH� HW

LPPDWXUH� TX¶HOOHV� SUpVHQWHQW� GDQV� OH� FHUYHDX� HQ� FRXUV� GH� GpYHORSSHPHQW�� &HV� FHOOXOHV

UHVVHPEOHQW�DORUV�DX[�PDFURSKDJHV�SUpVHQWV�KRUV�GX�61&��RU�GHO�5LR�+RUWHJD�VDYDLW�TXH�ORUVTXH

OHV�PDFURSKDJHV�GpWHFWHQW�XQH� OpVLRQ�RX�XQH� LQIHFWLRQ�� LOV�PLJUHQW�YHUV� OHV� WLVVXV�HQGRPPDJpV�

SUROLIqUHQW� HW� SKDJRF\WHQW� OHV� FHOOXOHV� OpVpHV�� 6HORQ� OXL�� OHV� FKDQJHPHQWV� GH� PRUSKRORJLH� GHV

FHOOXOHV�PLFURJOLDOHV�PDWXUHV�FRUUHVSRQGHQW�j�XQH�PpWDPRUSKRVH�PDFURSKDJLTXH�HW�LO�SRVWXOD�TXH

OHV�FHOOXOHV�PLFURJOLDOHV�VRQW� OHV�PDFURSKDJHV�GX�FHUYHDX��GHO�5LR�+RUWHJD���������3DU� OD�VXLWH�

F¶HVW�O¶XWLOLVDWLRQ�G¶DQWLFRUSV�PRQRFORQDX[�TXL�SHUPLW�j�O¶pTXLSH�GH�3HUU\�GH�PHWWUH�HQ�pYLGHQFH�GHV

pOpPHQWV�HQ�IDYHXU�GX�U{OH�LPPXQLWDLUH�GHV�FHOOXOHV�PLFURJOLDOHV��3HUU\�HW�DO���������



��

%LHQ�TX¶D\DQW�GHV�FDUDFWpULVWLTXHV�VLPLODLUHV��OHV�FHOOXOHV�PLFURJOLDOHV�TXL�RFFXSHQW�DXWRXU�GH����

GHV�FHOOXOHV�JOLDOHV��Q¶RQW�SDV�OD�PrPH�PRUSKRORJLH�GDQV�WRXW�OH�61&��/DZVRQ�HW�DO���������������

LQGLTXDQW�TX¶LO�SHXW�\�DYRLU�GHV�IDFWHXUV�ORFDX[�TXL�LQIOXHQFHQW�FHWWH�GLIIpUHQFLDWLRQ��(OOHV�VRQW�DLQVL

FDUDFWpULVpHV�SDU�XQH�GLIIpUHQFH�G¶H[SUHVVLRQ�GHV�PROpFXOHV�GH�&0+�GH�FODVVH�,,��TXL��VHORQ� OHV

HVSqFHV��UHVWH�j�XQ�WDX[�EDVDO�GDQV�OH�SDUHQFK\PH��PDLV�HVW�SOXV�SURQRQFpH�HQ�VH�UDSSURFKDQW

GH�OD�EDUULqUH�KpPDWR�HQFpSKDOLTXH��$�O¶LQYHUVH��O¶H[SUHVVLRQ�GH�UpFHSWHXUV�GH�OD�UpSRQVH�LPPXQH

WHOV� TXH� 75(0��� �7ULJJHULQJ� 5HFHSWRU� ([SUHVV� RQ� 0\HORLG� FHOOV���� HVW� SOXV� IDLEOH� SUqV� GH� OD

EDUULqUH��XQH�FDUDFWpULVWLTXH�TXL�SHXW�rWUH�LQWHUSUpWpH�FRPPH�XQ�REVWDFOH�j�XQH�DFWLYDWLRQ�LPPXQH

SDU�LQDGYHUWDQFH��6FKPLG�HW�DO���������

$� O¶pWDW� GH� UHSRV�� OD�PLFURJOLH� HVW� GpFULWH� FRPPH� VpFUqWDQW� GHV� F\WRNLQHV� LPPXQRVXSSUHVVLYHV

FRPPH� OH� 7UDQVIRUPLQJ� *URZWK� )DFWRU�β�� �7*)β���� .LHIHU� HW� DO��� ������� (Q� UqJOH� JpQpUDOH�� GH

QRPEUHX[�PDUTXHXUV� OHXFRF\WDLUHV�� HW�PrPH� FHX[� UHVWUHLQWV� DX[�PDFURSKDJHV�� RQW� GHV� GHJUpV

G¶H[SUHVVLRQ�WUqV�IDLEOHV�VXU�OD�PLFURJOLH�DX�UHSRV��7DEOHDX�����UHIOpWDQW�OH�PLFURHQYLURQQHPHQW�GX

&16� �3HUU\� HW�*RUGRQ�� �������6WUHLW�� ������� &¶HVW� OH� FDV� GHV�PROpFXOHV� GH�&0+�� GX� OHXNRF\WH

FRPPRQ�DQWLJHQ��/&$���XQH�W\URVLQH�SKRVSKDWDVH�DXVVL�FRQQXH�VRXV�OH�QRP�GH�&'����DXWDQW�TXH

GX� UpFHSWHXU�)F��RX�GHV�PDUTXHXUV�&'��HW�)�����PXULQV� �6HGJZLFN�HW�DO��� ����E���6WUHLW� HW� DO��

�������.UHXW]EHUJ���������,O�DSSDUDvW��HQ�IDLW��TX¶XQH�JUDQGH�SDUWLH�GHV�PDUTXHXUV�PDFURSKDJLTXHV

QH� VRQW� SDV� UHWURXYpV� VXU� OD�PLFURJOLH�� HW� j� O¶LQYHUVH�� WRXV� OHV� PDUTXHXUV� GH� OD� PLFURJOLH� VRQW

H[SULPpV� SDU� OHV� PDFURSKDJHV� �0DW\V]DN� HW� DO��� ������� 7RXWHIRLV�� GDQV� OHV� FHUYHDX[� kJpV�� OD

PLFURJOLH�SDUDLW�SOXV�DFWLYpH� �� OHV�PROpFXOHV�GH�FODVVH� ,,��&'��E��&5����&'���HW�&'��VRQW�SOXV

QHWWHPHQW� GpWHFWDEOHV� �3HUU\� HW� DO��� ������� 'H� PrPH�� OH� PDUTXHXU� ('���� TXL� UHFRQQDvW

VSpFLILTXHPHQW� XQ� DQWLJqQH� GH� OD�PHPEUDQH� O\VRVRPDOH� SUpVHQW� VXU� WRXV� OHV�PDFURSKDJHV� DX

FRXUV� GX� GpYHORSSHPHQW�� HVW� DEVHQW� GH� OD� PLFURJOLH� DGXOWH� DX� UHSRV�� SXLV� UpH[SULPp� GDQV� OH

FHUYHDX�kJp��6PLQLD�HW�DO����������$LQVL��PDOJUp�XQH�RULJLQH�FRPPXQH�DYHF�OHV�PDFURSKDJHV��OHV

FHOOXOHV�PLFURJOLDOHV� TXLHVFHQWHV� VH�FDUDFWpULVHQW� SDU� XQH�SHUWH� GH�PDUTXHXUV� LPPXQRORJLTXHV�

&HSHQGDQW� ORUV� GH� OHXU� DFWLYDWLRQ�� HOOHV� SHXYHQW� UpWDEOLU� XQH� SDUWLH� GH� FHWWH� H[SUHVVLRQ��PLJUHU�

SUROLIpUHU��SKDJRF\WHU�OHV�GpEULV�FHOOXODLUHV��&I����������$FWLYDWLRQ�PLFURJOLDOH��HW�PrPH�SDUWLFLSHU�j

OD�UpSRQVH�LPPXQH�DGDSWDWLYH��&I����������4XHOOHV�$3&�GDQV�OH�&16"��



��

/H�FDV�GHV�PDFURSKDJHV�SpULYDVFXODLUHV��390�

(Q�SOXV�GH�OD�PLFURJOLH��LO�H[LVWH�XQH�SRSXODWLRQ�GH�PDFURSKDJHV�DVVRFLpH�DX�UpVHDX�YDVFXODLUH�GX

61&��&HV�390��TXL�Q¶DSSDUWLHQQHQW�SDV�SURSUHPHQW�GLW�j�OD�JOLH��VRQW�LQVpUpV�GDQV�OD�PHPEUDQH

EDVDOH�HQWRXUDQW�OHV�YDLVVHDX[�HW�VRQW�DGMDFHQWV�j�O¶HQGRWKpOLXP��*UDHEHU�HW�DO����������*HKUPDQQ

HW� DO��� ������� ,O� OHXU� PDQTXH� OD� UDPLILFDWLRQ� FDUDFWpULVWLTXH� GH� OD� PLFURJOLH�� PDLV� LOV� SDUWDJHQW

SRXUWDQW�XQH�RULJLQH�FRPPXQH�FRPPH�FHOD�D�pWp�PRQWUp�GDQV�GHV�H[SpULHQFHV�EDVpHV�VXU�GHV

PRHOOHV�RVVHXVHV�FKLPpULTXHV��+LFNH\�HW�.LPXUD��������

$X� FRQWUDLUH� GH� OD�PLFURJOLH�� FHV� FHOOXOHV� H[SULPHQW� XQH� JUDQGH� YDULpWp� GH� PDUTXHXUV� GH� W\SH

PDFURSKDJLTXH��SRXU�UHYXH���:LOOLDPV�HW�DO����������/HV�390�H[SULPHQW�O¶DQWLJqQH�('����*UDHEHU

HW�DO����������$QJHORY�HW�DO���������HW�XQ�FHUWDLQ�QRPEUH�G¶HQWUH�HX[�H[SULPHQW�FRQVWLWXWLYHPHQW�OD

PROpFXOH�GH�&0+�GH�FODVVH�,,��6WUHLW�HW�DO���������HW�OD�PROpFXOH�GH�FRVWLPXODWLRQ�%�����DORUV�TXH

O¶H[SUHVVLRQ�GH�OD�PROpFXOH�%����QpFHVVLWH�GHV�FRQGLWLRQV�LQIODPPDWRLUHV��:LOOLDPV�HW�DO����������,OV

H[SULPHQW� HQ� SOXV�� OH� UpFHSWHXU�G¶pERXDJH� �VFDYHQJHU��� OD� PROpFXOH� &'��� �6HGJZLFN� HW� DO��

����E���8OYHVWDG�HW�DO���������� OH�FR�UpFHSWHXU�&'��HW�RQW�XQH�DFWLYLWp�SKDJRF\WLTXH��0DWR�HW�DO��

������

'¶DXWUHV�PDFURSKDJHV�RQW�pWp�LGHQWLILpV�DX�QLYHDX�GHV�PpQLQJHV��GDQV�OHV�SDURLV�GHV�YHQWULFXOHV

HW�� GDQV� XQH�PRLQGUH�PHVXUH�� GDQV� OH� VWURPD� GX� SOH[XV� FKRURwGLHQ�� &HSHQGDQW� FHX[�FL� RQW� XQ

SKpQRW\SH�FRPSDUDEOH�DX[�PDFURSKDJHV�GX�V\VWqPH�LPPXQLWDLUH�SpULSKpULTXH�HW� OD�PROpFXOH�GH

FODVVH�,,�HVW�IDFLOHPHQW�GpWHFWDEOH�

$XVVL�� QRXV� YHUURQV� GDQV� OH� FKDSLWUH� FRQVDFUp� j� O¶LQIODPPDWLRQ� TXH� SDU� OHXUV� FDUDFWpULVWLTXHV

LPPXQRORJLTXHV� IDYRUDEOHV�HW� OHXU�SUR[LPLWp�DYHF� OD�EDUULqUH�HW� OH�PLOLHX�H[WpULHXU�� OHV�390�VRQW

GHV� DFWHXUV� LPSRUWDQW� ORUV� G¶XQH� LQIODPPDWLRQ� GX� 61&�� $LQVL�� GDQV� OH� FRQWH[WH� G¶XQH� UpSRQVH

VSpFLILTXH�LQFOXDQW�XQH�SUpVHQWDWLRQ�DQWLJpQLTXH��OHV�/7�DFWLYpV��TXL�RQW�OD�FDSDFLWp�GH�IUDQFKLU�XQH

%+(� LQWDFWH�� UHQFRQWUHURQW� HQ� SUHPLHU� FHV� PDFURSKDJHV� ORUVTX¶LOV� WUDYHUVHURQW� O¶HQGRWKpOLXP

YDVFXODLUH�FpUpEUDO�



��

���������/HV�FHOOXOHV�pSHQG\PDLUHV

(OOHV� IRUPHQW� XQ� pSLWKpOLXP� VLPSOH�� FXELTXH�� ERUGDQW� OHV� YHQWULFXOHV� HW� OH� FDQDO� PpGXOODLUH�

&RQWUDLUHPHQW� DX[� DXWUHV� pSLWKpOLXPV� FpUpEUDX[�� FHV� FHOOXOHV� QH� UHSRVHQW� SDV� VXU� XQH� ODPH

EDVDOH��PDLV�VH�UDPLILHQW�GLUHFWHPHQW�GDQV� OD�FRXFKH�GH�SURORQJHPHQWV�GHV�DVWURF\WHV��$X�S{OH

DSLFDO��HOOH�SHXYHQW�SRUWHU�GHV�FLOV�HQ�QRPEUH�YDULDEOH�TXL�MRXHUDLHQW�XQ�U{OH�GDQV�OD�SURSXOVLRQ�GX

OLTXLGH� FpSKDOR�UDFKLGLHQ� �/&5�� j� O¶LQWpULHXU� GHV� YHQWULFXOHV�� &HW� pSLWKpOLXP�� FRQWLQX� HW

LPSHUPpDEOH��FRQVWLWXH�OHV�EDUULqUHV�KpPDWR�PpQLQJpH�HW�PpQLQJR�HQFpSKDOLTXH��VpSDUDQW�DLQVL�OH

/&5� GX� VDQJ� RX� OH� /&5� GX� SDUHQFK\PH� FpUpEUDO�� &HV� EDUULqUHV� SUpVHQWHQW� OHV� PrPHV

FDUDFWpULVWLTXHV� TXH� OD� %+(� HW� HOOHV� SDUWLFLSHQW�� DX�PrPH� WLWUH�� j� O¶LVROHPHQW� GX� 61&�� &¶HVW� DX

QLYHDX�GH�FHUWDLQHV�VWUXFWXUHV�pSHQG\PDLUHV�TXH�VH�IRUPHQW�HQ�SHUPDQHQFH�OHV�FHOOXOHV�VRXFKHV

TXL�DVVXUHQW�OH�UHQRXYHOOHPHQW�GHV�QHXURQHV�GX�EXOEH�ROIDFWLI�

�������/D�EDUULqUH�KpPDWR�HQFpSKDOLTXH

/¶H[LVWHQFH�GH�FHWWH� EDUULqUH�� TXL� LVROH� OH� SDUHQFK\PH� QHUYHX[� GHV� IOXFWXDWLRQV� QXLVLEOHV� GHV

FRPSRVDQWV� SRUWpV� SDU� OD� FLUFXODWLRQ� VDQJXLQH�� D� pWp� UHFRQQXH� WUqV� W{W� JUkFH� j� O¶DEVHQFH� GH

PDUTXDJH� FpUpEUDO� DSUqV� LQMHFWLRQ� LQWUDYHLQHXVH� GH� FRORUDQWV� FRPPH� OH� EOHX� (YDQV� �(KUOLFK�

�������&HWWH�LPSHUPpDELOLWp�HVW�OD�FRQVpTXHQFH�GH�SOXVLHXUV�FDUDFWpULVWLTXHV�PRUSKRORJLTXHV���OD

SUpVHQFH� GH� MRQFWLRQV� VHUUpHV� GH� W\SH� ]RQXODH� RFFOXGHQWHV�� OD� IRUWH� DFWLYLWp� GH� WUDQVIHUW

YpVLFXODLUH�� OD� JUDQGH� ULFKHVVH� PLWRFKRQGULDOH� WUDGXLVDQW� XQH� DFWLYLWp� PpWDEROLTXH� LQWHQVH�

O¶DEVHQFH�GH�FDQDX[�WUDQVHQGRWKpOLDX[��OH�FRQWDFW�pWURLW�DYHF�OHV�SLHGV�DVWURF\WDLUHV��SRXU�UHYXH��

6HOPDM�� ������� $QGMHONRYLF� HW� 3DFKWHU�� ������� +XEHU� HW� DO��� ������� /HV� FDSLOODLUHV� FpUpEUDX[

FRPSRUWHQW�XQH�VHXOH�FRXFKH�GH�FHOOXOHV�HQGRWKpOLDOHV�� UHSRVDQW�VXU�XQH� ODPH�EDVDOH��HQWRXUpH

G¶XQ�PDQFKRQ�TXDVL�LQLQWHUURPSX��FRQVWLWXp�GH�SURORQJHPHQWV�DVWURF\WDLUHV�SpULYDVFXODLUHV�MRLQWLIV

IRUPDQW� OD�JOLD� OLPLWDQV� �)LJ������*ROGVWHLQ�HW�%HW]���������'¶DXWUHV�FHOOXOHV�VRQW� ORFDOLVpHV�DXWRXU

GHV�FDSLOODLUHV��� OHV� FHOOXOHV�PLFURJOLDOHV�SpULYDVFXODLUHV�SUpFpGHPPHQW�GpFULWHV�� HW� OHV�SpULF\WHV

G¶RULJLQH��KpPDWRSRwpWLTXH��FHOOXOHV�FRQWUDFWLOHV�GRQW�OD�IRQFWLRQ�Q¶HVW�SDV�HQFRUH�FODLUHPHQW�pWDEOLH

�SRXU�UHYXH���%DODEDQRY�HW�'RUH�'XII\���������7KRPDV���������$OOW�HW�/DZUHQVRQ��������

$LQVL� OHV� pFKDQJHV� DX� WUDYHUV� GH� OD� %+(� VRQW� IRQFWLRQ� GH� O¶K\GUR� RX� GH� OD� OLSRVROXELOLWp� G¶XQH



��

VXEVWDQFH��/HV�VXEVWDQFHV�K\GURVROXEOHV�VRQW�ODUJHPHQW�H[FOXHV��PDLV�FHUWDLQHV�G¶HQWUH�HOOHV�IRQW

DX� FRQWUDLUH� O¶REMHW� G¶XQ� SKpQRPqQH� GH� WUDQVSRUW� DFWLI� YpVLFXODLUH� �WUDQVF\WRVH�� HIILFDFH�� /HV

VXEVWDQFHV� OLSRVROXEOHV� SDVVHQW� DLVpPHQW� FHWWH� EDUULqUH�� pYHQWXHOOHPHQW� SDU� XQ� SKpQRPqQH� GH

GLIIXVLRQ� SDVVLYH�� /HV� FHOOXOHV� HQGRWKpOLDOHV� GHV� FDSLOODLUHV� FpUpEUDX[� VH� FRPSRUWHQW�� HQ� RXWUH�

FRPPH� XQH� EDUULqUH� PpWDEROLTXH� j� OD� GLIIXVLRQ� GH� QHXURWUDQVPHWWHXUV� DPLQpV�� RX� GH� OHXUV

SUpFXUVHXUV� LPPpGLDWV�� &HWWH� VpOHFWLYLWp� HVW� XQH� FDUDFWpULVWLTXH� IkFKHXVH� GDQV� OH� FDV� GX

WUDLWHPHQW� GH� OD� PDODGLH� GH� 3DUNLQVRQ� TXH� QRXV� GpYHORSSHURQV� SOXV� WDUG�� SXLVTXH� O¶DFWLYLWp

HQ]\PDWLTXH� LQWUD�HQGRWKpOLDOH� GH� OD� 'RSD�GpFDUER[\ODVH� HPSrFKH� WRXW� WUDLWHPHQW� V\VWpPLTXH

YLVDQW�j�DFKHPLQHU�GLUHFWHPHQW�OD�GRSDPLQH�YHUV�OH�FHUYHDX�

/HV�FHOOXOHV�HQGRWKpOLDOHV�FpUpEUDOHV�VRQW�FDUDFWpULVpHV�SDU�GHV�PDUTXHXUV�VSpFLILTXHV�FRPPH�OH

IDFWHXU�9,,,�� OH� WUDQVSRUWHXU�GX�JOXFRVH�GH�W\SH���HW� O¶HFWLQH�8($�����:RQJ�HW�'RURYLQL�=LV�������

������� 6WDQLPLURYLF� HW� DO��� ������� 3UDW� HW� DO��� ������� &HV� FHOOXOHV� Q¶H[SULPHQW� SDV

G¶LPPXQRSKpQRW\SH�PDUTXp��HW�Q¶H[SULPHQW� OHV�PROpFXOHV�GH�&0+�GH�FODVVH�,,�HW� OHV�PROpFXOHV

GH�FRVWLPXODWLRQV�TX¶DSUqV�DFWLYDWLRQ�SDU�GHV�F\WRNLQHV�SUR�LQIODPPDWRLUHV� WHOV� OH�71)α� �WXPRXU

QHFURVLV�IDFWRU��RX�O¶,)1γ��,QWHUIHURQ�γ��2PDUL�HW�'RURYLQL�=LV���������3UDW�HW�DO����������/¶H[SUHVVLRQ

GHV�PROpFXOHV�G¶DGKpVLRQ��TXL�HVW�HVVHQWLHOOH�DX�FRQWDFW�FHOOXOH�j�FHOOXOH� ORUV�GH�OD�PLJUDWLRQ�GHV

FHOOXOHV� LQIODPPDWRLUHV�� HVW� IDLEOH� VXU� OHV� FHOOXOHV� GH� O¶HQGRWKpOLXP� FpUpEUDO� VDLQ� �6REHO� HW� DO��

�������5DLQH�HW�DO����������0DOH�HW�DO����������/DVVPDQQ�HW�DO����������5|VVOHU�HW�DO����������,O�UHVWH

LQWpUHVVDQW�GH�QRWHU�TXH�OHV�FHOOXOHV�HQGRWKpOLDOHV�GX�61&�DGXOWH�H[SULPHQW�j�XQ�WUqV�KDXW�QLYHDX

G¶H[SUHVVLRQ� O¶LQWpJULQH� β�� �$UFKHORV� HW� DO��� ������� 0LOQHU� HW� &DPSEHOO�� ������� &HOOH�FL� HVW� WUqV

IRUWHPHQW� UpJXOpH�GDQV�GHV�FRQGLWLRQV�SDWKRORJLTXHV�FH�TXL� ODLVVH�VXJJqUHU�TX¶HOOH� MRXH�XQ� U{OH

FULWLTXH� GDQV� OHV� UpJXODWLRQV� GHV� IRQFWLRQV� GHV� FHOOXOHV� HQGRWKpOLDOHV� GX� 61&�� 3RXUWDQW� FHV

FDUDFWpULVWLTXHV�QH�UHQGHQW�SDV� OD�EDUULqUH� LQIUDQFKLVVDEOH��HW�FHUWDLQV� OHXFRF\WHV�SHXYHQW�TXDQG

PrPH�SDVVHU�VDQV�VRQ�DFWLYDWLRQ��&I��������7UDILF�OHXFRF\WDLUH�GDQV�OH�61&�VDLQ��

/D�UXSWXUH�GH�OD�%+(�HVW�DVVRFLpH�j�GH�QRPEUHX[�GpVRUGUHV�GX�61&�HW�D�DXVVL�pWp�pYRTXpH�GDQV

OH�FDV�GHV�UHMHWV�GH�JUHIIHV�QHXURQDOHV��/RUV�GHV�SURFHVVXV�LQIODPPDWRLUHV�VpYqUHV��FRPPH�GDQV

OH�FDV�GH�OD�6(3��OD�UXSWXUH�GH�OD�%+(��YLVXDOLVDEOH�HQ�,50��LPDJULH�SDU�UpVRQDQFH�PDJQpWLTXH�

SDU�LQMHFWLRQ�GH�*DGROLQLXP��UDSSURFKH�OHV�FDUDFWpULVWLTXHV�KLVWRORJLTXHV�GHV�FHOOXOHV�HQGRWKpOLDOHV
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GH� FHOOHV� GHV� WLVVXV� H[WUDFpUpEUDX[��� SUpVHQFH� G¶XQ� SOXV� JUDQG� QRPEUH� GH� YpVLFXOHV� GH

SLQRF\WRVH�� SUpVHQFH� GH� SRUHV� LQWHUFHOOXODLUHV�� GLPLQXWLRQ� PDUTXpH� GH� OD� UHVSLUDWLRQ� HW� GX

PpWDEROLVPH� pQHUJpWLTXH� PLWRFKRQGULDO�� SHUWH� G¶H[SUHVVLRQ� RX� GpORFDOLVDWLRQ� GHV� SURWpLQHV

FDUDFWpULVWLTXHV� GHV� MRQFWLRQV� VHUUpHV� GHV� FHOOXOHV� HQGRWKpOLDOHV� GH� OD� %+(��2FFOXGLQH� HW� =RQD

2FFOXGHQV�����%ROWRQ�HW�DO����������'DQV�FHWWH�PDODGLH��FHUWDLQV�WUDLWHPHQWV�LPPXQRVXSSUHVVHXUV�

FRPPH�O¶,)1β��6WRQH�HW�DO���������RX�OD�PLWR[DQWURQH��(GDQ�HW�DO����������SHUPHWWHQW�GH�UHVWLWXHU

O¶LQWpJULWp� GH� OD� %+(� HW� GH� IUHLQHU� O¶LQILOWUDWLRQ� OHXFRF\WDLUH� HW� OD� VXUYHQXH� GH� QRXYHOOHV� OpVLRQV�

/¶DFWLRQ�VXU�OHV�FRPSRVDQWV�GH�OD�PDWULFH�H[WUDFHOOXODLUH�SDUDLW�DXVVL�LPSRUWDQWH�GDQV�OH�WUDLWHPHQW

GHV�PDODGLHV�GX�&16��<RQJ�HW�DO���������

/D�%+(� SHUPHW� DXVVL� O¶DFFXPXODWLRQ� GDQV� OH� /&5� GH�PpGLDWHXUV� LPPXQRVXSSUHVVHXUV� SURGXLWV

SDU� OHV�FHOOXOHV�QHUYHXVHV��(Q�VHQV� LQYHUVH��HOOH�HPSrFKH� OD�GLIIXVLRQ�GH� IDFWHXUV� VDQJXLQV� WHOV

TXH�OHV�GLYHUV�pOpPHQWV�GX�FRPSOpPHQW��OHV�LPPXQRJOREXOLQHV�RX�HQFRUH�OHV�F\WRNLQHV��(OOH�HVW�HQ

FHOD�XQ�GHV�DFWHXUV�SULQFLSDX[�GX�FDUDFWqUH�LPPXQR�SULYLOpJLp�GX�61&�



��

���

/H�VWDWXW�LPPXQRUpSULPp�GX�61&��

LVROHPHQW�DQDWRPLTXH�RX�WROpUDQFH�DFWLYH"

³2Q�SHXW�VXSSRVHU�TX¶LO�HVW�SOXV�EpQpILTXH�SRXU�O¶RUJDQLVPH�GH�QH�SDV�WUDQVIRUPHU��OH�FHUYHDX�HQ

XQ�FKDPSV�GH�EDWDLOOH�GDQV�OHTXHO�OD�UpSRQVH�LPPXQLWDLUH�SHXW�rWUH�SDUIRLV�SOXV�HQGRPPDJHDQWH

TXH�O¶DQWLJqQH�TXL�O¶D�SURYRTXpH�´

/HVOLH�%UHQW�������

$X�GpEXW�GHV�DQQpHV����� O¶DEVHQFH�GH�FLUFXLW� O\PSKDWLTXH�FRQYHQWLRQQHO�GDQV�OH�61&�pWDLW

FRQVLGpUpH� FRPPH� LQWHUIpUDQW� DYHF� OD� SDUWLH� DIIpUHQWH� GH� OD� UpSRQVH� LPPXQLWDLUH� SXLVTX¶HOOH

LQWHUGLVDLW� OH� GUDLQDJH� GHV� VLJQDX[� LPPXQRJqQHV� YHUV� OHV� RUJDQHV� O\PSKRwGHV� VHFRQGDLUHV� OHV

SOXV�SURFKHV��/D�SUpVHQFH�GH�OD�%+(�pWDLW�UHSUpVHQWpH�FRPPH�XQ�UHPSDUW�j�OD�SDUWLH�HIIpUHQWH�HQ

HPSpFKDQW� O¶HQWUpH� GHV� FHOOXOHV� HIIHFWULFHV� HW� GHV� PROpFXOHV� GX� V\VWqPH� LPPXQLWDLUH� GDQV� OH

FHUYHDX��'H�FH�SRLQW�GH�YXH��OH�VWDWXW�SULYLOpJLp�GX�61&�SRXYDLW�rWUH�FRQVLGpUp�FRPPH�XQ�pWDW�GH

QRQ� UpDFWLYLWp� SDVVLYH� UpVXOWDQW� GH� O¶LVROHPHQW� SK\VLTXH� GX� FHUYHDX� YLV� j� YLV� GX� V\VWqPH

LPPXQLWDLUH� �%DUNHU�HW�%LOOLQJKDP���������/¶XWLOLVDWLRQ�SHUYHUVH�GH�FHW�pWDW� IDLW�TXH�FHUWDLQV� YLUXV

QHXURWURSHV��SDU�H[HPSOH�OH�YLUXV�GH�OD�UDJH��O¶KHUSHV�VLPSOH[�GH�W\SH�,�RX�OH�SROLR�YLUXV���TXL�VRQW

FDSDEOHV� G¶HQWUHU� SDU� OHV� WHUPLQDLVRQV� GHV� QHUIV� SpULSKpULTXHV�� QH� VRQW� SDV� LPPpGLDWHPHQW

UHFRQQXV�SDU� OH�V\VWqPH�LPPXQ��$ORLVL�HW�DO����������'HSXLV��GH�QRPEUHXVHV�FRQQH[LRQV�DFWLYHV

HQWUH� OH� FHUYHDX�� OHV� JDQJOLRQV� O\PSKDWLTXHV� HW� OD� UDWH�� RQW� pWp� PLVHV� HQ� pYLGHQFH�� SDU� OD

GHVFULSWLRQ�GX�SDVVDJH�GH�O\PSKRF\WHV�j�WUDYHUV� O¶HQGRWKpOLXP�YDVFXODLUH�RX�O¶H[LVWHQFH�SRVVLEOH

G¶XQ�GUDLQDJH�LQKDELWXHO�GHV�OLTXLGHV�LQWHUVWLWLHOV�GX�SDUHQFK\PH�FpUpEUDO�

������ �/H�WUDILF�OHXFRF\WDLUH�GDQV�OH�61&�VDLQ

/D�%+(�HPSrFKH� O¶LQWUXVLRQ�GDQV� OH�61&�GHV� FHOOXOHV� FLUFXODQWHV� GX� V\VWqPH� LPPXQLWDLUH�� j

O¶H[FHSWLRQ� QRWDEOH� GHV� /7� DFWLYpV��� FHX[�FL� SHXYHQW� SpQpWUHU� GDQV� OH� SDUHQFK\PH� QHUYHX[�� j

O¶LQYHUVH�GHV�FHOOXOHV�7�QDwYHV�RX�DX� UHSRV� �%DUNHU�HW�%LOOLQJKDP���������+DXVHU�HW� DO��� ������� ,O

H[LVWH� HQ� SHUPDQHQFH� XQ� IDLEOH� WDX[� GH� O\PSKRF\WHV� GDQV� OH� 61&� QRUPDO�� HW� TXDQG� XQH� IRUWH
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UpDFWLRQ�LPPXQLWDLUH�VH�SURGXLW��PrPH�DX�GHKRUV�GX�61&��XQ�QRPEUH�SOXV�pOHYp�GH�/7�VH�UHWURXYH

GDQV� OH�61&� �:HNHUOH� HW� DO��� �������+LFNH\� HW� .LPXUD�� ������� /D� QDWXUH� GH� O¶DQWLJqQH�� OH� &0+

XWLOLVp� HW� OH� SKpQRW\SH� GHV� FHOOXOHV� 7� QH� FRQVWLWXHQW� SDV� GHV� pOpPHQWV� FULWLTXHV� SHUPHWWDQW� GH

JDJQHU� O¶DFFqV� DX� 61&��� XQH� UpFHQWH� DFWLYDWLRQ� DQWLJpQLTXH� VXIILW�� +LFNH\� D� GpPRQWUp� SDU� XQH

H[SpULHQFH�VLPSOH��)LJ������TXH�OHV�/7�DFWLYpV�LQ�YLWUR�GH�IDoRQ�QRQ�VSpFLILTXH�SDU�OD�FRQFDQDYDOLQH

$�SRXYDLHQW�SpQpWUHU�HIILFDFHPHQW�GDQV�OH�61&��TXHOOH�TXH�VRLW�OHXU�VSpFLILFLWp�DQWLJpQLTXH��+LFNH\

HW�DO���������

/HV�FHOOXOHV�7�SDVVDQW�DX�WUDYHUV�GH�OD�%+(�GDQV�OH�61&�VRQW�FRQVLGpUpHV�FRPPH�FKHUFKHXVHV

G¶DQWLJqQH�� &H� VRQW� GHV� /7� VWLPXOpV� HQ� SpULSKpULH� SDU� XQ� DQWLJqQH� VSpFLILTXH� HW� TXL� IRQW� DORUV

SDUWLH� G¶XQ� SRRO� GH� FHOOXOHV� FLUFXODQWHV� VXFHSWLEOHV� GH� SDVVHU� DX� WUDYHUV� OH� SDUHQFK\PH� GHV

RUJDQHV��$LQVL��OH�FRQFHSW�GH�FHOOXOHV�7�D\DQW�XQ�DGUHVVDJH�SDUWLFXOLHU�YHUV�OH�V\VWqPH�QHUYHX[��RX

GH�FHOOXOHV�VSpFLILTXHPHQW�GHVWLQpHV�j�SpQpWUHU�GDQV�OH�61&��Q¶D�SDV�GH�VXSSRUW�H[SpULPHQWDO��,O

Q¶H[LVWH� SDV� GH� UpFHSWHXU� SRXU� XQ� ©�KRPLQJ�ª� �KpEHUJHPHQW��� QL� GH� PROpFXOHV� G¶DGUHVVDJH

�DGUHVVLQHV��LGHQWLILpHV�VXU�O¶HQGRWKpOLXP�GX�61&��FRPPH�FLEOHV�VSpFLILTXHV�GHV�OHXFRF\WHV��/HV

FHOOXOHV�7�DFWLYpHV�SpQqWUHQW�GRQF�DSSDUHPPHQW�GH�IDoRQ�DOpDWRLUH�GDQV�OH�61&�

&HSHQGDQW��OD�IUDFWLRQ�GH�FHOOXOHV�7�SRXYDQW�HQWUHU�GDQV�OH�FHUYHDX�QRUPDO�SDUDvW�SOXV�IDLEOH�TXH

FHOOH� WURXYpH� GDQV� OHV� DXWUHV� RUJDQHV�� &H� SKpQRPqQH� SRXUUDLW� rWUH� OLp� j� XQH� SOXV� IDLEOH

H[SUHVVLRQ�� VXU� O¶HQGRWKpOLXP� FpUpEUDO� QRQ� VWLPXOp�� GHV� PROpFXOHV� G¶DGKpVLRQ� QpFHVVDLUHV� j

O¶DQFUDJH�GX�/7�DFWLYp��&I���������D���$FWLYDWLRQ�GH�OD�%+(�HW�LQILOWUDWLRQ�O\PSKRF\WDLUH���&HOXL�FL�VH

IHUDLW�SHXW�rWUH�SDU�OH�ELDLV�GH�OD�3�VHOHFWLQH��VHXOH�PROpFXOH�GpFULWH�j�FH�MRXU�GDQV�FH�SURFHVVXV

�&DUULWKHUV� HW� DO��� ������ +LFNH\�� ������� 2Q� QRWHUD� WRXWHIRLV� TXH� OD� SpQpWUDWLRQ� GX� 61&� SDU� OHV

FHOOXOHV�O\PSKRF\WDLUHV�V¶HIIHFWXH�VHORQ�OD�VWUXFWXUH��/HV�/7�EpQpILFLHQW�G¶XQH�HQWUpH�SOXV�IDFLOH�DX

QLYHDX�GH�OD�PRHOOH�pSLQLqUH�HW�SOXV�GLIILFLOH�DX�QLYHDX�GX�FHUYHOHW��3KLOLSV�HW�/DPSVRQ��������

/¶KRPPH� HW� O¶DQLPDO� SRVVqGHQW� QDWXUHOOHPHQW� GHV� /7� FDSDEOHV� GH� UHFRQQDvWUH� GHV� DQWLJqQHV

FpUpEUDX[��2Q�FRQVWDWH�WRXWHIRLV�TXH�FHV�FHOOXOHV�VRQW�JpQpUDOHPHQW�LQFDSDEOHV�GH�SURYRTXHU�XQH

UpDFWLRQ� LPPXQH�GDQV� OH�61&�� FH�TXL� VXJJqUH� O¶H[LVWHQFH�GH�PpFDQLVPHV�FDSDEOHV� G¶HQWUHWHQLU

O¶KRPpRVWDVLH� FpUpEUDOH�� (Q� IDLW�� XQH� SDUWLFXODULWp� GHV� FHOOXOHV� 7� HQWUDQW� GDQV� OH� 61&� HVW� OHXU

DSSDUHQWH�FDSDFLWp�j� IDYRULVHU� OD�UpSDUDWLRQ�GX�V\VWqPH�QHUYHX[� �SRXU� UHYXH���1HXPDQQ��������
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%HFKPDQ�HW�1LWVFK���������6FKZDUW]�HW�DO�������D������E���6FKZDUW]�HW�&RKHQ���������(Q�HIIHW��OHV

FHOOXOHV�7�� SDUWLFXOLqUHPHQW�TXDQG� HOOHV� VRQW� DFWLYpHV�� RQW� OD� FDSDFLWp� GH� SURGXLUH� GH� QRPEUHX[

IDFWHXUV� QHXURWURSKLTXHV� FRPPH� OH� %'1)� �%UDLQ� GHULYHG� QHXURWURSKLF� IDFWRU��� +RKOIHOG� HW� DO��

�������/HXU�SUpVHQFH�SDUDvW�DYRLU�XQ�U{OH�QHXURSURWHFWHXU�PDUTXp�GDQV�GLYHUV�PRGqOHV�GH�OpVLRQV

GX� 61&�� j� O¶H[FOXVLRQ� GH� UDUHV� VRXFKHV� GH� UDWV� RX� GH� VRXULV�� TXL� GpYHORSSHQW� GHV� PDODGLHV

DXWRLPPXQHV�FRPPH�O¶($(�

3DU�DLOOHXUV��LO�Q¶HVW�SDV�FHUWDLQ�TXH�OHV�/7�DFWLYpV�HQWUDQW�GDQV�XQ�61&�VDLQ�SXLVVHQW�HQ�UHVVRUWLU

SRXU� LQGXLUH� XQH� pYHQWXHOOH� UpSRQVH� V\VWpPLTXH�� (Q� HIIHW�� OHV� /7�PHXUHQW� UDSLGHPHQW� GDQV� OH

SDUHQFK\PH�FpUpEUDO�VXLYDQW�XQ�PpFDQLVPH�GH�PRUW�DSRSWRWLTXH��3HQGHU�HW�DO����������&HWWH�PRUW

QH�VHPEOH�SDV�rWUH� OLpH�j� OD� UHFRQQDLVVDQFH�GH� O¶DQWLJqQH��QL� UpVHUYpH�DX[� O\PSKRF\WHV�TXL� RQW

XQH�VSpFLILFLWp�SDUWLFXOLqUH�SRXU�OHV�DQWLJqQHV�GX�61&��/DVVPDQQ�HW�DO����������%DXHU�HW�DO��������

/HKPDQQ�� ������� ,O� V¶DJLUDLW� GH� IDFWHXUV� HQYLURQPHQWDX[� GX� 61&� TXL� LQGXLUDLHQW� OD� PRUW� GHV

O\PSKRF\WHV� LQ� VLWX�� ,Q� YLWUR�� LO� D� pWp� REVHUYp� TXH� OHV� DVWURF\WHV� DXWDQW� TXH� OHV� PDFURSKDJHV

SRXYDLHQW�LQGXLUH�O¶DSRSWRVH�GHV�/7��)RUG�HW�DO����������*ROG�HW�DO����������,O�D�pWp�VXJJpUp�TXH�OH

FRXSOH� )DV� �� )DV� /LJDQG� MRXHUDLW� XQ� U{OH� FDSLWDO� GDQV� OH�PDLQWLHQ� GHV� /7� GDQV� OH� 61&� QRUPDO�

FRPPH�GDQV�OH�FRQWU{OH�GH�O¶LQIODPPDWLRQ��SRXU�UHYXH���*UHHQ�HW�)HUJXVRQ���������(Q�HIIHW��OHV�/7

j�O¶pWDW�DFWLYp�H[SULPHQW�OH�UpFHSWHXU�)DV�$SR���&'�����TXL�UHFRQQDvW�OH�OLJDQG�)DV/��&'��/��VLWXp

j�OD�VXUIDFH�GH�OD�SOXSDUW�GHV�FHOOXOHV�GX�SDUHQFK\PH�QHUYHX[��%HFKPDQQ�HW�DO����������)OXJHO�HW

DO����������/HH�HW�DO���������DLQVL�TXH�GDQV�GH�QRPEUHX[�DXWUHV�VLWHV� LPPXQR�SULYLOpJLpV��FRPPH

VXU� OHV� FHOOXOHV� GH�6HUWROL�� OD� FKDPEUH� DQWpULHXUH� GH� O¶°LO� RX� OH� SODFHQWD� �%HOOJUDX� HW� DO��� ������

*ULIILWK� HW� )HUJXVRQ�� �������0RU� HW� DO��� ������� ,O� HVW� FHSHQGDQW� LQWpUHVVDQW� GH� QRWHU� TXH� OHV� /7

VSpFLILTXHV�GH� OD�0%3�� UHWURXYpV�FKH]� OHV�SDWLHQWV�DWWHLQWV�GH�6(3��VRQW� UpVLVWDQWV�j� O¶DSRSWRVH

GpSHQGDQWH� GH� )DV/� �=LSS� HW� DO��� ������� 0DLV� G¶DXWUHV� PpFDQLVPHV� SRXUUDLHQW� SDUWLFLSHU� j

O¶pOLPLQDWLRQ� GHV� /7�� FRPPH� O¶DEVHQFH� G¶H[SUHVVLRQ� G¶,/��� �FH� TXL� GLPLQXH� O¶H[SUHVVLRQ� GH� OD

PROpFXOH� DQWL�DSRSWRWLTXH� %FO���� HW� O¶LQKLELWLRQ� GH� OD� SUROLIpUDWLRQ� GHV� O\PSKRF\WHV� SDU� OHV

JDQJOLRVLGHV��WUqV�SUpVHQWV�GDQV�OH�61&��,UDQL�HW�DO����������/D�PRUW�GHV�/7�SRXUUDLHQW�HQFRUH�rWUH

SURYRTXpH�SDU�OD�SURGXFWLRQ�GH�GpULYpV�R[\JpQpV�SDU�OHV�PDFURSKDJHV�HW�OD�JOLH��SDU�OD�SUpVHQFH

GH� JOXFRFRUWLFRVWpURwGHV� �SRXU� UHYXH��� 3HQGHU� HW� 5LVW�� ������ RX� GH� JO\FRFRQMXJXpV� FRPPH� OD
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JDOHFWLQH��� TXL� HVW� UHWURXYpH� GDQV� WRXV� OHV� VLWHV� LPPXQR�SULYLOpJLpV� �6RWRPD\RU� HW� 5DELQRYLFK�

������

0DLV� OD� VXUYLH� O\PSKRF\WDLUH� HVW� pJDOHPHQW� DEpUUpH� SDU� OH� PDQTXH� GH� VLJQDX[� LQGXFWHXUV�

/¶DEVHQFH�GHV�PROpFXOHV�GHV�&0+�,�RX�,,�HW�GHV�VLJQDX[�GH�FRVWLPXODWLRQ�LQWHUGLVHQW�HQ�HIIHW�WRXWH

UHVWLPXODWLRQ�LQWUDSDUHQFK\PDWHXVH�GHV�/7�GDQV�XQ�FHUYHDX�VDLQ��&I����������4XHOOH�$3&�GDQV�OH

61&"���2Q�QRWHUD�TXH� O¶H[SUHVVLRQ� IDLEOH�RX�QXOOH�GHV�&0+�SDUDvW� rWUH� OLpH� WDQW� j� O¶DEVHQFH�GH

VWLPXOL� LQGXFWHXUV� �F\WRNLQHV� SUR�LQIODPPDWRLUHV� SDU� H[HPSOH�� TX¶j� OD� SUpVHQFH� GH� IDFWHXUV

LQKLELWHXUV�SUpVHQWV�GDQV�O¶HQYLURQQHPHQW�GX�WLVVX�QHUYHX[�

�������/HV�IDFWHXUV�PROpFXODLUHV�GH�©�O¶LPPXQRVXSSUHVVLRQ�ª

$X� VHLQ� GX� WLVVX� QHUYHX[�� OD� SRVVLELOLWp� GH� UpSRQVHV� LQIODPPDWRLUHV� HVW� UpGXLWH� SDU� OD

FRQMRQFWLRQ�GH�PXOWLSOHV�IDFWHXUV�LPPXQRVXSSUHVVHXUV���OD�SURGXFWLRQ�ORFDOH�GH�IDFWHXUV�VROXEOHV�

HQ�SDUWLFXOLHU�GH�F\WRNLQHV�DQWL�LQIODPPDWRLUHV��FUpH�XQ�PLFURHQYLURQQHPHQW� LPPXQRVXSSUHVVHXU�

1RXV�YHQRQV�GH�YRLU�TX¶LO�HVW�UHVSRQVDEOH�GH�OD�GLPLQXWLRQ�GH�O¶H[SUHVVLRQ�GHV�PROpFXOHV�GX�&0+�

TX¶LO�HVW� LPSOLTXp�GDQV�O¶pWDW�GH�ODWHQFH�GH�OD�PLFURJOLH�HW�GDQV�O¶pOLPLQDWLRQ�SDU�DSRSWRVH�GHV�/7

LQILOWUDQWV�

&HV� IDFWHXUV� VRQW� VRLW� VROXEOHV�� VRLW� SUpVHQWV� j� OD� VXUIDFH� GHV� FHOOXOHV� RX� OLpV� j� OD� PDWULFH

H[WUDFHOOXODLUH� �0(&���/D�SOXSDUW�GH�FHV�PROpFXOHV� LPPXQRVXSSUHVVLYHV�SUpVHQWHV�GDQV� OH�61&

VDLQ�HW�OHXUV�HIIHWV�VRQW�UpSHUWRULpV�GDQV�OH�WDEOHDX���

2Q�SHXW�VRXOLJQHU�TXHOTXHV�FDUDFWqUHV�LPSRUWDQWV��

• � /H�7*)β�D�XQH�H[SUHVVLRQ�FRQVWLWXWLYH�GDQV�OH�61&�HW�HVW�SUpVHQW�j�GHV�WDX[�LPSRUWDQWV�GDQV

OH� /&5� �-RKQVRQ� HW� DO��� ������� ,O� D� OD� FDSDFLWp� G¶HPSpFKHU� OD� SUROLIpUDWLRQ� GHV� /7� �7D\ORU� HW

6WUHLOHLQ��������RX�G¶DWWpQXHU�OHXUV�HIIHWV��:LOEDQNV�HW�6WUHLOHLQ���������GH�EORTXHU�OD�SURGXFWLRQ�GH

PROpFXOHV� FKLPLRDWWUDFWDQWHV� SDU� OHV� DVWURF\WHV� �:HLVV� HW� %HUPDQ�� ������� HW� GH� PRGLILHU� OHV

SURSULpWpV�GH�SDVVDJH�GH�OD�%+(��)DEU\�HW�DO���������

• � 8Q�DXWUH� IDFWHXU� LPSRUWDQW�GDQV� OH�FRQWU{OH�GHV� UpSRQVHV� LQIODPPDWRLUHV�HVW� O¶pOLPLQDWLRQ�SDU

DSRSWRVH�GH�QRPEUHX[�/7�DFWLYpV�D\DQW�SpQpWUp�GDQV� OH� WLVVX�QHUYHX[��1RXV�DYRQV�YX�TXH�FHW



��

HIIHW�pWDLW�SULQFLSDOHPHQW�SURYRTXp�SDU�O¶LQWHUDFWLRQ�)DV�)DV/��&HSHQGDQW�OD�PRUW�SDU�DSRSWRVH�GHV

/7� HQWUDvQH� DXVVL� OD� VpFUpWLRQ� GHV� F\WRNLQHV� DQWL�LQIODPPDWRLUHV� ,/���� HW� 7*)β� GDQV� OH� PLOLHX

H[WUD�FHOOXODLUH� �&KHQ� HW� DO��� ������� /L� HW� DO��� ������� /¶DFWLRQ� FRQMXJXpH� GH� FHV� GHX[� F\WRNLQHV

UHQIRUFH�O¶LPPXQRVXSSUHVVLRQ�HQ�LQKLEDQW�OD�IRQFWLRQ�F\WRWR[LTXH�GHV�O\PSKRF\WHV�7��/H�7*)β�HW

O¶,/����QH�VRQW�FHSHQGDQW�SDV� OHV�VHXOV�IDFWHXUV�VROXEOHV�FDSDEOHV�GH�VXSSULPHU� O¶DFWLRQ�GHV�/7�

G¶DXWUHV� IDFWHXUV� FRPPH�GHV�QHXURSHSWLGHV�RX�GHV�SURWpRJO\FDQHV�SHXYHQW�DXVVL� FRQWULEXHU�DX

VWDWXW�SULYLOpJLp�GX�61&��/LQGVH\�HW�-LQ���������

• ��&RQFHUQDQW� OD�IDLEOH�H[SUHVVLRQ�GHV�PROpFXOHV�GH�&0+��RQ�SRXUUD�SDU�H[HPSOH�QRWHU�TXH� OHV

PROpFXOHV�GH�FODVVH�,,�VRQW� WUqV�VHQVLEOHV�j� O¶LQGXFWLRQ�SDU� O¶,)1γ��PDLV� LO�Q¶\�D�SDV�G¶H[SUHVVLRQ

HQGRJqQH�G¶,)1γ�GDQV�OH�61&�VDLQ��$�O¶LQYHUVH��OHV�JDQJOLRVLGHV�GX�FHUYHDX�VHUDLHQW�UHSRQVDEOHV

G¶XQ�EORFDJH�GH� O¶LQGXFWLRQ�GHV�DQWLJqQHV�GX�&0+��0DVVD���������'¶DXWUHV�PROpFXOHV�SUpVHQWHV

GDQV�OH�61&��FRPPH�OH�FRORQ\�VWLPXODWLQJ�IDFWRU����&)6�����RX�O¶,/����VRQW�DXVVL�LPSOLTXpHV�GDQV

OD�IDLEOH�H[SUHVVLRQ�GHV�&0+�GH�FODVVH�,,��/RGJH�HW�6ULUDP���������)UHL�HW�DO���������

• �� /HV� QHXURQHV� HX[�PrPHV�� SDU� GHV� FRQWDFWV� GH� FHOOXOH� j� FHOOXOH� LPSOLTXDQW� OD� PROpFXOH� 2;�

�&'�����SHXYHQW�VpFUpWHU�GHV�IDFWHXUV�WHOV�TXH�GHV�QHXURWURSKLQHV�HW�UpJXOHU�O¶pWDW�G¶DFWLYDWLRQ�GH

OD�PLFURJOLH��+RHN�HW�DO���������

• ���(Q�RXWUH��RQ�SHXW�DXVVL�VLJQDOHU�TXH�OHV�GLIIpUHQWHV�IRUPHV�GX�FRPSOpPHQW�±�TXL�SHXYHQW�rWUH

V\QWKpWLVpHV� SDU� OD� PLFURJOLH�� OHV� DVWURF\WHV�� OHV� ROLJRGHQGURF\WHV� HW� OHV� QHXURQHV� ±� QH� VRQW

SUpVHQWHV�TX¶j�GH�IDLEOHV�FRQFHQWUDWLRQV�GDQV�OH�61&��HW�VRXV�IRUPH�LQDFWLYH��*DVTXH�HW�DO��������

UpGXLVDQW�OHV�SRVVLELOLWpV�GH�UpDFWLRQV�LQIODPPDWRLUHV�PHQpHV�SDU�OHV�DQWLFRUSV�

2Q� SHXW� FRQFOXUH� TX¶XQ� UpVHDX� FRPSOH[H� GH� PROpFXOHV� H[WUrPHPHQW� YDULpHV�� WDQW� SDU� OHXU

VWUXFWXUH�TXH�SDU�OHXU�RULJLQH��FRQWULEXHQW�DX�VWDWXW�DQWL�LQIODPPDWRLUH�GX�61&�

�������8Q�GUDLQDJH�O\PSKDWLTXH�SDUWLFXOLHU

'DQV�OHV�RUJDQHV�SpULSKpULTXHV��XQH�SDUWLH� LPSRUWDQWH�GHV�VXEVWDQFHV� OLEpUpHV�GDQV� O¶HVSDFH

LQWHU�FHOOXODLUH�HVW�GUDLQpH�SDU�OD�O\PSKH�YHUV�OHV�JDQJOLRQV�O\PSKDWLTXHV��$QDWRPLTXHPHQW��LO�Q¶\�D

SDV� GH� FDQDX[� O\PSKDWLTXHV� GpILQLV� GDQV� OH� FHUYHDX� GX� UDW� RX� GH� O¶KRPPH�� 3RXUWDQW� OHV
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FRQQHFWLRQV�DIIpUHQWHV�DYHF�OH�V\VWqPH�LPPXQLWDLUH�SHXYHQW�VH�UpDOLVHU�JUkFH�j�XQ�IOX[�VRUWDQW�GH

VLJQDX[�DQWLJpQLTXHV�GHSXLV�OH�OLTXLGH�LQWHUVWLWLHO��FKHPLQDQW�OH�ORQJ�GHV�HVSDFHV�SpUL�YDVFXODLUHV�

DSSHOpV� HVSDFHV� GH� 9LUFKRZ�5RELQ�� YHUV� OH� /&5�� RX� TXL� V¶pFKDSSHQW� SDU� OHV� SURORQJDWLRQV� GH

O¶HVSDFH�VXEDUDFKQRwGLHQ�OH�ORQJ�GHV�QHUIV�FUDQLDX[��ROIDFWLI��RSWLTXH��WULJpPLQDO�HW�DFFRXVWLTXH��HW

SHXYHQW�DLQVL�DLVpPHQW�DWWHLQGUH�OHV�JDQJOLRQV�FHUYLFDX[�RX�OD�UDWH��)LJ�����%UDGEXU\�HW�DO���������

&VHUU�HW�.QRSI���������.LGD�HW�DO����������$LQVL�&VHUU�HW�VRQ�pTXLSH�RQW�SX�PHWWUH�HQ�pYLGHQFH�TXH�

VHORQ� OH�VLWH�G¶LQMHFWLRQ�����j�����GH�SURWpLQHV� LQMHFWpHV�GDQV� OH�FHUYHDX�GX� ODSLQ�SRXYDLHQW� VH

UHWURXYHU�GDQV�OHV�JDQJOLRQV�FHUYLFDX[�DX�ERXW�G¶XQ�YLQJWDLQH�G¶KHXUHV��,O�D�DLQVL�pWp�PRQWUp�TXH

OHV� SURWpLQHV� RX� OHV� PROpFXOHV� GH� IRUW� SRLGV� PROpFXODLUH� VH� UHWURXYHQW� GDQV� OHV� JDQJOLRQV

O\PSKDWLTXHV�SURIRQGV��<DPDGD�HW�DO����������3OXV�UpFHPPHQW��LO�D�pWp�REVHUYp�FKH]�O¶DJQHDX�TXH

��� j� ���� GX� YROXPH� WRWDO� GH� /&5� UHF\FOp� WUDQVLWDLW� SDU� FHV� PrPHV� JDQJOLRQV� �%RXOWRQ� HW� DO��

������� &H� PRGH� GH� GLIIXVLRQ�� V¶LO� HVW� VLJQLILFDWLI�� Q¶HVW� SDV� SRXU� DXWDQW� FRPSDUDEOH� DX� UpVHDX

O\PSKDWLTXH� FRQYHQWLRQQHO�� (Q� HIIHW�� GH� QRPEUHX[� IDFWHXUV� SK\VLTXHV� HW� JpRPpWULTXHV�� GXV� j

O¶DUFKLWHFWXUH� GX� SDUHQFK\PH� FpUpEUDO�� YLHQQHQW� IUHLQHU� OH� GUDLQDJH� GHV� PROpFXOHV� GDQV� OHV

HVSDFHV�H[WUDFHOOXODLUHV� �SRXU� UHYXH���1LFKROVRQ�HW�6\NRYD���������5XVDNRY�HW�.XOOPDQQ��������

&HUWDLQV�DQWLJqQHV�GH�WDLOOH� LPSRUWDQWH�SHXYHQW�DLQVL�SHUVLVWHU�GDQV� OH�FHUYHDX� MXVTX¶j�GHX[�DQV

DSUqV�OHXU�LQMHFWLRQ��=KDQJ�HW�DO���������

�������8WLOLVDWLRQ�GHV�SULYLOqJHV�LPPXQV�GX�61&�FRPPH�RXWLO�GH�WROpUDQFH�V\VWqPLTXH

3DUWDQW�GH� O¶REVHUYDWLRQ�TXH� OD� UpSRQVH�KXPRUDOH� V\VWpPLTXH�DX[� DQWLJqQHV�SODFpV� GDQV� OHV

VLWHV� LPPXQR�SULYLOpJLpV� �61&�� FKDPEUH� DQWpULHXUH� GH� O¶RHLO�� YLWUpH�� FRUQpH� VWURPDOH�� LQWHUIDFH

PqUH�IRHWXV��WHVWLFXOHV��RYDLUHV��IRLH��PDWULFH�GHV�IROOLFXOHV�GX�FXLU�FKHYHOX�����SRXU�UHYXH���%DUNHU

HW� %LOOLQJKDP�� ������ GLIIqUH� TXDOLWDWLYHPHQW� HW� TXDQWLWDWLYHPHQW� GH� OD� UpSRQVH� DX[� DQWLJqQHV

LQMHFWpV�HQ�SpULSKpULH��*RUGRQ�HW�DO����������SOXVLHXUV�pTXLSHV�RQW�XWLOLVp�OHV�SURSULpWHV�SDUWLFXOLqUHV

GH�FHV�FRPSDUWLPHQWV�SRXU� LQGXLUH�XQH�GpYLDWLRQ�GH� OD�UpSRQVH� LPPXQH�RX�XQ�pWDW�GH�WROpUDQFH

FRQWUH� GHV� DQWLJqQHV� LQMHFWpV� GDQV� FHV� VLWHV�� &¶HVW� FH� TXH� 6WUHLOHLQ� DSSHOOH� OH� FRQFHSW� GH

©�VSpFLDOLVDWLRQ�UpJLRQDOH�ª�GH�OD�UpSRQVH�LPPXQH�TXL�SHUPHW�GHV�UpSRQVHV�GLIIpUHQWHV�GH�FHOOHV
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TXL�SRXUUDLHQW�rWUH�REWHQXHV�HQ�SpULSKpULH��SRXU�UHYXH���6WHLQ�6WUHLOHLQ�HW�6WUHLOHLQ���������(Q�HIIHW�

LO� DSSDUDLW� TXH� O¶LQMHFWLRQ� G¶XQ� SHSWLGH� GDQV� OD� FKDPEUH� DQWpULHXUH� GH� O¶RHLO� LQGXLW� XQH� WROpUDQFH

V\VWpPLTXH�YLV�j� YLV�GH�FHW�DQWLJqQH��XQ�SULQFLSH�QRPPp�$&$,'� �$QWHULRU�&KDPEHU�$VVRFLDWHG

,PPXQH� 'HYLDWLRQ��� 'H� OD� PrPH� IDFRQ�� LO� D� pWp� UpFHPPHQW� pYRTXp� OH� PrPH� SULQFLSH� DSUqV

DGPLQLVWUDWLRQ� GX�PrPH� SHSWLGH� GDQV� OH� SDUHQFK\PH� FpUpEUDO� �%5$,'�� SRXU� %5DLQ� $VVRFLDWHG

,PPXQH� 'HYLDWLRQ�� :HQNHO� HW� DO��� ������� '¶XQH� PDQLqUH� SOXV� DSSOLTXpH�� RQ� SHXW� FLWHU� GHV

VWUDWpJLHV�VLPLODLUHV�GDQV�GHV�FDV�G¶($(��(Q�HIIHW��LO�D�pWp�PRQWUp�TXH�O¶LQVWLOODWLRQ�SUpDODEOH�GH�OD

SURWpLQH� 0%3� GDQV� OH� /&5�� UHQG� OD� VpYpULWp� GH� OD� PDODGLH� EHDXFRXS� PRLQV� LPSRUWDQWH�� TXH

ORUVTXH�O¶DQWLJqQH�HVW�LQMHFWp�HQ�SpULSKpULH��+DUOLQJ�%HUJ�HW�DO���������
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���

/HV�PpFDQLVPHV�G¶LQIODPPDWLRQ�GDQV�OH�61&

/D� UpSRQVH� LPPXQLWDLUH� D� GHX[� FRPSRVDQWHV�GH� EDVH� �� O¶LPPXQLWp� LQQpH� HW� O¶LPPXQLWp

DFTXLVH��TXL�VH�FRPSOqWHQW�HQ�V¶LQWHUSpQpWUDQW�pWURLWHPHQW��/D�SUHPLqUH�HVW�XQH�UpSRQVH�DLJ�H�TXL

PqQH�GDQV� OD�SOXSDUW�GHV�FDV�j� O¶pOLPLQDWLRQ�GX�SDWKRJqQH�HW�j� OD� UpSDUDWLRQ�GX� WLVVX��$LQVL�� OHV

FHOOXOHV� GRXpHV� GH� SKDJRF\WRVH� SHXYHQW� pOLPLQHU� GLUHFWHPHQW� OHV� SUHPLHUV� HIIHFWHXUV� GH

O¶LQIODPPDWLRQ��3RXUWDQW�� ORUVTXH�O¶LPPXQLWp� LQQpH�D�IDLOOL��FHWWH�PrPH�FHOOXOH�SHXW�DXVVL� LQWHUYHQLU

DX�GpSDUW�GH�O¶LPPXQLWp�VSpFLILTXH��&HWWH�UpSRQVH�SOXV�WDUGLYH�VHUD�DORUV�GLULJpH�DXWDQW�SDU�GHV�/7

TXH�SDU�GHV�DQWLFRUSV�

/H� W\SH� HW� OD� TXDQWLWp� GH� FHOOXOHV� LQIODPPDWRLUHV� TXL� DSSDUDLVVHQW� GDQV� OH� 61&� GpSHQG

HVVHQWLHOOHPHQW�GX�VWLPXOXV�TXL�OHV�DWWLUH�HW�GH�OHXU�FDSDFLWp�j�GpWUXLUH�O¶DQWLJqQH��/HV�FRPSRVDQWV

GH� O¶LQIODPPDWLRQ� RQW� XQH� SDUW� LPSRUWDQWH� GDQV� GH� QRPEUHX[� GpVRUGUHV� GX� &16�� LQFOXDQWV� OHV

WUDXPDWLVPHV� �&ODUN� HW� DO��� ������� 'XVDUW� HW� 6FKZDE�� ������� $UYLQ� HW� DO��� ������� OHV� LVFKpPLHV

�.RJXUH�HW�DO���������$UYLQ�HW�DO����������OHV�GpPHQFHV�OLpHV�DX�YLUXV�GX�6,'$��*HQGHOPDQ�HW�DO��

������� DLQVL� TXH�GDQV�GHV�PDODGLHV� WHOOHV�TXH� OD�PDODGLH� G¶$O]KHLPHU� HW� OHV�PDODGLHV� j� SULRQV�

OHVTXHOOHV�DYDLHQW�pWp� LQLWLDOHPHQW�GpFULWHV�FRPPH�H[FOXVLYHPHQW�QHXURGpJpQpUDWLYHV��5RJHUV�HW

DO����������/HV�GpSRWV�GH�VXEVWDQFH�DP\ORwGH�TXL�VH�SURGXLVHQW�ORUV�GH�OD�PDODGLH�G¶$O]HLKPHU�HW

GHV�PDODGLHV�j�SULRQV�SURYRTXHQW�XQH�DFWLYDWLRQ�FKURQLTXH�GHV�FHOOXOHV�GX�OLJQDJH�PLFURJOLDO�VDQV

PRELOLVDWLRQ� LPSRUWDQWH� GH� /7�� $� O¶LQYHUVH�� GDQV� OHV� LQIHFWLRQV� WXEHUFXOHXVHV�� OD� PDMRULWp� GHV

HQFpSKDORSDWKLHV�YLUDOHV�DLJXsV�RX�G¶DXWUHV�GpVRUGUHV�GDQV�OHVTXHOV�DXFXQ�DJHQW�LQIHFWLHX[�Q¶HVW

GpILQL��FRPPH�OD�6(3��GHV�/7�LQILOWUHQW�OH�FHUYHDX�HQ�DERQGDQFH��'H�OD�PrPH�IDoRQ��QRXV�YHUURQV

GDQV� OH� FDV� GHV� [pQRWUDQVSODQWDWLRQV� UpDOLVpHV� DX� ODERUDWRLUH�� TXH� OH� W\SH� GH� UpSRQVH� LPPXQH

LQGXLWH�GpSHQG�GH�OD�QDWXUH�GHV�FHOOXOHV�LPSODQWpHV��5HP\�HW�DO���������

�������5pDFWLRQV�LQIODPPDWRLUHV�LQWULQVqTXHV�DX�61&�HW�LPPXQLWp�LQQpH�

'H�QRPEUHX[�W\SHV�FHOOXODLUHV�SHXYHQW�LQWHUYHQLU�VSRQWDQpPHQW�GH�PDQLqUH�QRQ�VSpFLILTXH��$X

VHLQ� GX� 61&�� OHV� FHOOXOHV� JOLDOHV� HOOHV�PrPHV� SDUWLFLSHQW� j� OD� UpJXODWLRQ� GH� O¶LQIODPPDWLRQ�
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$VWURF\WHV�HW�FHOOXOHV�PLFURJOLDOHV�� IDQWDVVLQV�GX�V\VWqPH� LPPXQLWDLUH�DX�VHLQ�GX�61&�� VRQW� OHV

SUHPLqUHV� FHOOXOHV� j� LQWHUYHQLU�� 6XLYDQW� OH� W\SH� G¶LQIODPPDWLRQ�� LOV� SHXYHQW� UHFUXWHU� G¶DXWUHV

HIIHFWHXUV�GH�OD�UpSRQVH�LQQpH��FRPPH�OHV�SRO\PRUSKRQXFOpDLUHV�QHXWURSKLOHV��301���OHV�FHOOXOHV

1DWXUDO�.LOOHU��1.��HW�OHV�PROpFXOHV�GH�OD�FDVFDGH�GX�FRPSOpPHQW�

���������5pDFWLRQ�DVWURF\WDLUH

3DU� OHXU� SRVLWLRQ� VWUDWpJLTXH� j� O¶LQWHUIDFH� HQWUH� OH� VDQJ� HW� OH� SDUHQFK\PH� FpUpEUDO� HW� OHV� IRUWHV

LQWHUDFWLRQV� QHXURQHV�JOLH�� OHV� DVWURF\WHV� UpSRQGHQW� WUqV� UDSLGHPHQW� DX[� YDULDWLRQV� GH

O¶HQYLURQQHPHQW�GX�61&�� ,OV�SURGXLVHQW�DORUV�GH�QRPEUHX[�PpGLDWHXUV�GH� OD� UpSRQVH� LPPXQH�HW

UpSRQGHQW�HQ�UHWRXU�j�XQ�JUDQG�QRPEUH�GH�IDFWHXUV�LPPXQV�SDU�XQH�SUROLIpUDWLRQ�FHOOXODLUH�RX�HQ

V\QWKpWLVDQW�GHV�PROpFXOHV�GX�&0+��GHV�F\WRNLQHV��GHV�IDFWHXUV�GH�FURLVVDQFH�RX�GHV�PROpFXOHV

G¶DGKpVLRQ�

/HV�UpSRQVHV�LQQpHV�GDQV�OH�61&�VRQW�WUqV�GLIIpUHQWHV�GH�FHOOHV� WURXYpHV�HQ�SpULSKpULH��8Q�ERQ

QRPEUH�G¶pWXGHV�GHV�UpSRQVHV�LPPXQHV�GX�61&�RQW�pWp�UpDOLVpHV�VXLWH�j�O¶DFWLRQ�GH�GLYHUV�DJHQWV

SURLQIODPPDWRLUHV�FRPPH�GHV�HQGRWR[LQHV�EDFWpULHQQHV��OLSRSRO\VDFFKDULGHV��/36��XQ�FRPSRVDQW

GH�OD�FDSVXOH�GHV�EDFWpULHV�*UDP�QpJDWLYHV���$QGHUVVRQ�HW�DO����������0RQWHUR�0HQHL�HW�DO��������

RX�GHV�F\WRNLQHV�SURLQIODPPDWRLUHV�WHOOHV�TXH�O¶,/��β�HW�OH�71)α��$QWKRQ\�HW�DO���������

/D�SULQFLSDOH�UpSRQVH�GHV�DVWURF\WHV�DFWLYpV�VH�WUDGXLW�SDU�XQH�JOLRVH�UpDFWLRQQHOOH�TXL�UHIOqWH�XQH

K\SHUWURSKLH�GHV�FHOOXOHV��HW�GDQV�XQH�PRLQGUH�PHVXUH�XQH�SUROLIpUDWLRQ�TXL�SHXW�rWUH� LQGXLWH�SDU

XQH�VpFUpWLRQ� ORFDOH�GH�F\WRNLQHV�FRPPH� O¶,/���� O¶,)1γ�HW� OH�71)α��RX�GH� IDFWHXUV�GH�FURLVVDQFH

WHOV�TXH�O¶(*)��HSLWKHOLDO�JURZWK�IDFWRU��� OH�3'*)��SODWHOHW�JURZWK�IDFWRU�� OH�)*)��ILEULOODU\�JURZWK

IDFWRU��� SRXU� UHYXH��� 1RUHQEHUJ�� ������� /HV� DVWURF\WHV� DFWLYpV� FRQWLHQQHQW� GHV� TXDQWLWpV

FURLVVDQWHV� GH� PDFURPROpFXOHV� F\WRSODVPLTXHV�� HQ� SDUWLFXOLHU� OD� JOLDO� ILEULOODU\� DFLGLF� SURWHLQ

�*)$3���OD�YLPHQWLQH��RX�OD�SURWpLQH�6�����

,OV�VpFUqWHQW�j�OHXU�WRXU�GH�QRPEUHX[�IDFWHXUV�GRQW�GHV�F\WRNLQHV�SURLQIODPPDWRLUHV��,/����71)α�

HW� OH� IUDJPHQW� &�� GX� FRPSOpPHQW� �/HYL�6WUDXVV� HW� 0DOODW�� ������� (Q� FHOD�� LOV� SDUWLFLSHQW� j

O¶HQWUHWLHQW� GH� OD� UpSRQVH� LQIODPPDWRLUH�� PDLV� OHXU� IRUWH� SURGXFWLRQ� GH� PROpFXOHV� DQWL�

LQIODPPDWRLUHV��7*)β��,)1α�β��SURVWDJODQGLQHV�(��DSROLSRSURWpLQH��HW�GH�IDFWHXUV�QHXURWURSKLTXHV
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OHV�FDUDFWpULVHQW�SOXV�FRPPH�GHV�UpJXODWHXUV�GH�O¶LQIODPPDWLRQ�HQ�SDUWLFLSDQW�DX[�PpFDQLVPHV�GH

QHXURSURWHFWLRQ��2Q�SRXUUD�SDU�H[HPSOH�QRWHU��TXH�OHV�DVWURF\WHV�HQ�ERUG�GH�OpVLRQ�GH�6(3�VRQW

FDSDEOHV� G¶H[SULPHU� O¶,/����� GRQW� XQ� GHV� U{OHV� HVW� O¶LQKLELWLRQ� GH� OD� VpFUpWLRQ� GH� F\WRNLQHV� SDU

FHUWDLQV�VRXV�W\SHV�GH�FHOOXOHV�7��&I��/HV�F\WRNLQHV�HW�OD�SRODULVDWLRQ�7K��7K���HW�OHV�PDFURSKDJHV

DFWLYpV�� OHXU� VXJJpUDQW� XQ� U{OH� GDQV� OH� FRQWU{OH� GH� O¶LQIODPPDWLRQ� HQ� SpULSKpULH� GH� OD� OpVLRQ

�&DQQHOOD�HW�5DLQH��������

���������$FWLYDWLRQ�PLFURJOLDOH

0DOJUp� OHXU� SOXV� IDLEOH� QRPEUH�� OHXU� KDXW� GHJUp� GH� GLIIpUHQFLDWLRQ� HW� OHXU� DVSHFW� GH� FHOOXOHV

TXLHVFHQWHV��OHV�FHOOXOHV�PLFURJOLDOHV�VRQW�OHV�WRXWHV�SUHPLqUHV�FHOOXOHV�DFWLYpHV�ORUV�GH�OpVLRQV�RX

G¶LQIODPPDWLRQ� GX� 61&�� (OOHV� SHXYHQW� rWUH� DFWLYpHV� SDU� XQ� JUDQG� QRPEUH� GH� VWLPXOL

LPPXQRORJLTXHV� RX� QRQ�LPPXQRORJLTXHV�� TXL� LQGXLVHQW� GLIIpUHQWV� QLYHDX[� G¶DFWLYDWLRQ�� OHVTXHOV

WUDQVIRUPHQW�FHV�FHOOXOHV�HQ�SKDJRF\WHV�RX�HQ�FHOOXOHV�HIIHFWULFHV�SOHLQHPHQW�DFWLYHV��/D�SUpVHQFH

VXU�OHXU�PHPEUDQH�GH�UpFHSWHXUV�j�O¶$73��DGpQRVLQH�WUL�SKRVSKDWH���:DOW]�HW�DO����������/DQJRVFK

HW� DO��� ������� j� OD� FDOFLWRQLQ� JHQH�UHODWHG� SHSWLGH� �3ULOOHU� HW� DO��� ������� j� O¶DFpW\OFKROLQH� HW� OD

QRUDGUpQDOLQH� �1$��� :KLWWHPRUH�� ������ DLQVL� TXH� GH� FDQDX[� SRWDVVLTXHV�� OHV� UHQGHQW� WUqV

VHQVLEOHV�DX[� LQILPHV�SHUWXUEDWLRQV�GH� OHXU�PLFURHQYLURQQHPHQW��/D�PRUSKRORJLH�GH� OD�PLFURJOLH

DFWLYpH� YDULH� VHORQ� OHV� SDWKRORJLHV�� /¶DFWLYDWLRQ� VH� PDQLIHVWH� SDU� XQH� UpWUDFWLRQ� GH� VHV

UDPLILFDWLRQV��)LJ�����HW�XQ�GpYHORSSHPHQW�GHV�FDSDFLWpV�GH�SKDJRF\WRVH��,O�DSSDUDvW�TXH�OH�W\SH

GH�OpVLRQ�JXLGH�OH�W\SH�GH�UpSRQVH���XQH�EOHVVXUH�HQWUDvQDQW�XQH�UXSWXUH�GH�OD�EDUULqUH��SHUPHW�XQH

H[WUDYDVDWLRQ�GH�IDFWHXUV�VpULTXHV�� ODLVVH�SpQpWUHU� OHV�PDFURSKDJHV�HW� LQGXLW�XQH�UpSRQVH�PL[WH

PDFURSKDJH�PLFURJOLH� �,PDPRWR� HW� /HEORQG�� ������� $� O¶LQYHUVH�� XQH� GpJpQpUHVFHQFH� D[RQDOH

UpWURJUDGH� QH� VROOLFLWDQW� SDV� GH� EUqFKHV� GH� OD� %+(� �FRPPH�XQH� GpJpQpUHVFHQFH�:DOOpULHQQH��

DFWLYH� SUpIpUHQWLHOOHPHQW� OD� PLFURJOLH� �*UDHEHU� HW� DO��� ������� $LQVL� O¶LQGXFWLRQ� GHV� PDUTXHXUV

PDFURSKDJLTXHV� HVW� VRXV� OD� GpSHQGDQFH� GH� SURWpLQHV� SODVPDWLTXHV�� HW� QRWDPPHQW� GH� OD

VLDORDGKpVLQH�SUpVHQWH�GDQV�OH�VpUXP��8QH�OpVLRQ�GH�OD�%+(�UpVXOWH��GX�UHVWH��HQ�XQH�DFWLYDWLRQ

GH� OD� PLFURJOLH� DYHF� XQH� GLVWULEXWLRQ� VSDWLDOH� TXL� VXLW� O¶pWHQGXH� GH� OD� GLIIXVLRQ� GHV� PROpFXOHV

SODVPDWLTXHV��3HUU\�HW�DO��������



��

�0LJUDWLRQ��SUROLIpUDWLRQ�HW�VXUH[SUHVVLRQ�GH�PDUTXHXUV�LPPXQRORJLTXHV

,Q� YLWUR�� GHV� H[SpULHQFHV� RQW�PRQWUp� TXH� OH� SDVVDJH� GH� OD� IRUPH� UDPLILpH� j� OD� IRUPH� DPLERwGH

V¶DFFRPSDJQDLW� G¶XQH� DXJPHQWDWLRQ� GH� O¶H[SUHVVLRQ� GHV� LQWpJULQHV� β�� HW� /)$����O\PSKRF\WH

IXQFWLRQ�DVVRFLDWHG�DQWLJHQ���RX�&'��D��SRXU�UHYXH���0LOQHU�HW�&DPSEHOO���������&HV�PROpFXOHV

RQW�XQ�U{OH�LPSRUWDQW�GDQV�OH�SURFHVVXV�GH�PLJUDWLRQ�GHV�FHOOXOHV�PLFURJOLDOHV�GHSXLV�OHXU�UpVHUYRLU

SULQFLSDO� GDQV� OH� FRUSV�FDOOHX[� YHUV� OH� VLWH�GH� OpVLRQ�RX�G¶LQIODPPDWLRQ�HW�GDQV� OHXU� FDSDFLWp� GH

SKDJRF\WRVH��8OOULFK�HW�DO����������:LWWLQJ�HW�DO����������/HXU�H[SUHVVLRQ�D�pWp� UHWURXYpH�GDQV�GH

QRPEUHX[�GpVRUGUHV�GX�61&�GRQW� OD�PDODGLH�G¶$O]KHLPHU��$NL\DPD�HW�0F*HHU��������HW� OD�6(3

�%R�HW� DO��� ������� /D�PLFURJOLH� D� DXVVL� OD� FDSDFLWp� GH� VH� GLYLVHU� VRXV� O¶DFWLRQ� GH� VHV� SULQFLSDX[

PLWRJqQHV�TXH�VRQW� WRXV� OHV�PHPEUHV�GH� OD� IDPLOOH�GX�FRORQ\�VWLPXODWLQJ�IDFWRU��&6)���� O¶,/���RX

PXOWL�&6)�� OH� JUDQXORF\WH�PDFURSKDJH�&6)� HW� OH� PDFURSKDJH�&6)�� GHV� PROpFXOHV� TXL� VRQW

ODUJHPHQW�VpFUpWpHV�ORUV�GH�O¶DFWLYDWLRQ�DVWURF\WDLUH��*LXOLDQ�HW�,QJHPDQ��������

/D� PRUSKRORJLH� DPLERwGH� HW� O¶H[SUHVVLRQ� GH� FHV� LQWpJULQHV� SDUDLVVHQW� rWUH� LQGXLWHV� SDU� GHV

F\WRNLQHV� LQIODPPDWRLUHV� FRPPH� O¶,/��� HW� OH� 71)α�� DLQVL� TXH� SDU� OH� /36�� PDLV� HOOHV

V¶DFFRPSDJQHQW� DXVVL� G¶XQH� DXJPHQWDWLRQ� GX� WDX[� G¶H[SUHVVLRQ� GH� FHUWDLQV� DQWLJqQHV� GpMj

SUpVHQWV�HQ� IDLEOH�TXDQWLWp�RX�G¶XQH�H[SUHVVLRQ�GH�QRYR� G¶DQWLJqQH�� /D�PLFURJOLH� SRXU� LQLWLHU� VD

IRQFWLRQ� GH� SKDJRF\WH�� UpH[SULPH� VRQ� UpFHSWHXU� VFDYHQJHU� �%HOO� HW� DO��� �������+XVHPDQQ�HW� DO��

�������'¶DXWUHV�UpFHSWHXUV�SHUPHWWDQW� OD�FDSWXUH�GH�O¶DQWLJqQH�� OH�UpFHSWHXU�GX�FRPSOpPHQW�&5�

�&'��E��HW�OH�PDUTXHXU�&'��VRQW�DXVVL�WUqV�IRUWHPHQW�H[SULPpV�SHQGDQW�O¶LQIODPPDWLRQ���0DW\V]DN

HW�3HUU\���������<X�HW�DO����������.ORVV�HW�DO����������/H�PDUTXHXU�('����SUpVHQW�VXU�OD�PHPEUDQH

O\VRVRPDOH�HW�WpPRLQ�GH�O¶DFWLYLWp�SKDJRF\WLTXH��HVW�OXL�DXVVL�WUqV�IRUWHPHQW�H[SULPp�

&HSHQGDQW� XQ� GHV� PDUTXHXUV� LPPXQRORJLTXHV� OHV� SOXV� LPSRUWDQWV� HVW� OD� IRUWH� H[SUHVVLRQ� GHV

PROpFXOHV� GX� &0+�� (Q� HIIHW�� LQ� YLYR�� O¶LQMHFWLRQ� G¶,)1γ� SURYRTXH� O¶DFWLYDWLRQ� GHV� FHOOXOHV

PLFURJOLDOHV�DYHF�H[SUHVVLRQ�GHV�DQWLJqQHV�GH�&0+�,�HW�,,��*UDX�HW�DO����������,Q�YLYR��HQ�SOXV�GH

VRQ�LGHQWLILFDWLRQ�GDQV�OHV�FDV�GH�OpVLRQV�GH�6(3��O¶DSSDULWLRQ�GH�OD�PROpFXOH�GH�&0+�GH�FODVVH�,,

DYDLW�GqMj�pWp�GH�QRPEUHXVHV�IRLV�GpFULWH�GDQV�OHV�FDV�GH�GpJpQpUHVFHQFH�UpWURJUDGH��6WUHLW�HW�DO��

������� GH� GpJpQpUHVFHQFH� :DOOpULHQH� �.RQQR� HW� DO��� ������� 5DR� HW� /XQG�� ������� GH� OpVLRQV

H[FLWRWR[LTXHV��$NL\DPD�HW�DO���������HW�G¶DXWUHV�PDODGLHV�QHXURORJLTXHV��0F*HHU�HW�DO����������(Q
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HIIHW��GLVVRFLpH�HQ�FXOWXUH��OD�PLFURJOLH�SHXW�IRUWHPHQW�H[SULPHU�OD�PROpFXOH�GH�&0+�GH�FODVVH�,,�

SDV� VHXOHPHQW� SDU� DFWLRQ� GHV� F\WRNLQHV� SUR�LQIODPPDWRLUHV��PDLV� DXVVL� YLD� OHV� UpFHSWHXUV� GH� OD

UpSRQVH� LQQpH�� &'���� QRUPDOHPHQW� UpFHSWHXU� SRXU� OH� /36� HQ� HVW� OH� SURWRW\SH� �%HFKHU� HW� DO��

������� 2Q� SHXW� DXVVL� QRWHU� TXH� OH� &0+� ,,� SHXW� rWUH� VXU�UpJXOp� SDU� XQ� IOX[� ORFDO� G¶LRQV�� GH

QHXURWUDQVPHWWHXUV� RX� GH� SURVWDJODQGLQHV�� 1HXPDQQ� HW� VRQ� JURXSH� ������� RQW� PRQWUp� TX¶HQ

EORTXDQW�O¶DFWLYLWp�QHXURQDOH�SDU�OD�WHWURGRWR[LQH��LO�DXJPHQWDLW� O¶H[SUHVVLRQ�GHV�&0+�GH�FODVVH�,,

VXU� OD�PLFURJOLH� HQYLURQQDQWH�� (Q� SOXV� GH� FHV�PROpFXOHV�� OD� PLFURJOLH� SHXW� DXVVL� H[SULPHU� GHV

PROpFXOHV� GH� FRVWLPXODWLRQ� FRPPH� %�� �'H� 6LPRQH� HW� DO���� ������� :DONHU� HW� DO��� ������� %���

DSSDUDvW�FRQVWLWXWLYH�VXU�OD�PLFURJOLH�GX�SDUHQFK\PH��REVHUYpH�DXWDQW�LQ�YLYR�TX¶LQ�YLWUR���PDLV�%��

��Q¶HVW�SDV�H[SULPp��VDXI�VRXV�O¶HIIHW�GH�O¶,)1γ�HQ�FXOWXUH��:LOOLDPV�HW�DO����������/¶H[SUHVVLRQ�GHV

FHV�PROpFXOHV��TXL�Q¶D�DXFXQH�UpSHUFXWLRQ�VXU�OD�UpSRQVH�LQQpH��SUHQGUD�WRXWH�VRQ�LPSRUWDQFH�ORUV

GH�O¶LQILOWUDWLRQ�O\PSKRF\WDLUH��&I��������D�$FWLYDWLRQ�GH�OD�%+(�HW�LQILOWUDWLRQ�O\PSKRF\WDLUH��

/¶DFWLYDWLRQ�PLFURJOLDOH�SHXW�DYRLU�GHV�FRQVpTXHQFHV�YDULpHV��

���&\WRWR[LFLWp�GH�OD�PLFURJOLH

'DQV� OD� SOXSDUW� GHV� FDV� G¶LQIODPPDWLRQV�� QRWDPPHQW� GXV� j� OD� SUpVHQFH� GH� VWLPXOL� SUR�

LQIODPPDWRLUHV� �,)1γ�� /36��� O¶DFWLYDWLRQ� PLFURJOLDOH� HVW� DVVRFLpH� j� VD� IRQFWLRQ� F\WRWR[LTXH� HW

HQWUDvQH�XQH�SURGXFWLRQ�GH�VXEVWDQFHV�QHXURWR[LTXHV���UDGLFDX[�R[\JpQpV��12��SURWpDVHV��GpULYpV

GHV�DFLGHV�DUDFKLGRQLTXHV��DFLGHV�DPLQpV�H[FLWDWHXUV��DFLGH�TXLQROLTXH��SRXU�UHYXH���%DQDWL�HW�DO��

�������.UHXW]EHUJ���������6WUHLW���������/H�/36�HW� O¶,)1γ� IDYRULVHQW�DXVVL� OH� U{OH�SUR�LQIODPDWRLUH

GHV� FHOOXOHV� PLFURJOLDOHV� HQ� LQKLEDQW� OHXU� SURGXFWLRQ� GH� 7*)β�� HW� G¶,/��� HW� HQ� IDYRULVDQW� OHXU

VpFUpWLRQ�GH�F\WRNLQHV�SUR�LQIODPPDWRLUHV� WHOV� O¶,/���� OH�71)α�� O¶,)1γ� HW� O¶,/��� �;LDR�HW� DO��� ������

/HV�FHOOXOHV�PLFURJOLDOHV�DSSDUDLVVHQW�FRPPH�OD�SULQFLSDOH�VRXUFH�GH�F\WRNLQHV�GDQV�OH�61&��SRXU

UHYXH���+DQLVFK���������&HV�PROpFXOHV�LQWHUYLHQQHQW�SUREDEOHPHQW�GDQV�O¶LQLWLDWLRQ�HW�O¶HQWUHWLHQ�GH

WRXV� OHV� W\SHV�GH� UpDFWLRQV� LQIODPPDWRLUHV�HQ�VWLPXODQW��HQ�SDUWLFXOLHU�� OD�VpFUpWLRQ�GH�PROpFXOHV

G¶DGKpVLRQ� FHOOXODLUH� �&DQHOOD� HW� 5DLQH�� ������ PDLV� DXVVL� GH� FKLPLRNLQHV� FRPPH� OH� 0&3��

�0RQRF\WH� &KHPRDWWUDFWDQW� 3URWHLQ�� TXL� LQGXLW� XQH� LQILOWUDWLRQ� SpULYDVFXODLUH� GH� PRQRF\WHV

FLUFXODQWV��5DQVRKRII�HW�DO����������&DOYR�HW�DO����������%HOO�HW�DO���������



��

���(IIHWV�WURSKLTXHV�GH�OD�PLFURJOLH�DFWLYpH��

/D� PLFURJOLH� pWDQW� WUqV� VHQVLEOH� j� O¶KRPpRVWDVLH� GX� WLVVX� QHUYHX[� HW� j� O¶DFWLYLWp� QHXURQDOH

�QRWDPPHQW�j�OD�1$�HW�DX[�DXWUHV�DJRQLVWHV�β�DGUpQHUJLTXHV���HOOH�SHXW�H[HUFHU�XQ�HIIHW�WURSKLTXH�

&HOD�D�pWp�VRXV�HQWHQGX�SDU� OD�VpFUpWLRQ�� LQ�YLWUR��GH� IDLEOHV�TXDQWLWpV�GH�β)*)� �6KLPRMR�HW�DO��

�������GH�1*)��QHUYH�JURZWK�IDFWRU��DSUqV�VWLPXODWLRQ�SDU�OH�/36��0DOODW�HW�DO���������RX�GH�17��

�(ONDEHV�HW�DO����������$LQVL� O¶HIIHW�GH�FHV� IDFWHXUV�GH�FURLVVDQFH��HW� OD� IRQFWLRQ�GH�QHWWR\HXU�GH

GpEULV�FHOOXODLUHV�SHXYHQW�SHUPHWWUH� OD�UpJpQpUDWLRQ�D[RQDOH�HW�PRQWUHQW�TXH� OHV�FRPSRVDQWV�GX

V\VWqPH� LPPXQLWDLUH�SHXYHQW��GDQV�FHUWDLQV�FDV��SDUWLFLSHU�j� OD� UHVWDXUDWLRQ�QHXURQDOH� �/RWDQ�HW

6FKZDUW]�� ������� 6WUHLW�� ������� /¶DFWLYDWLRQ� PLFURJOLDOH�� UpJXOLqUHPHQW� REVHUYpH� DSUqV� XQ

WUDXPDWLVPH� FKLUXUJLFDO�� Q¶HVW� GRQF� SDV� REOLJDWRLUHPHQW� QpIDVWH�� ,O� D� PrPH� pWp� REVHUYp�� GDQV

FHUWDLQHV� FRQGLWLRQV� GH� GpJpQpUDWLRQ� QHXURQDOH�� TXH� OD� PLFURJOLH� DFWLYpH� SRXYDLW� VpFUpWHU� GHV

F\WRNLQHV� DQWL�LQIODPPDWRLUHV� �7*)β���� ,/����� HW� SDUWLFLSHU� DLQVL� DX� SURFHVVXV� GH� UpSDUDWLRQ

QHXURQDOH�HQ�UpGXLVDQW�OD�FLFDWULFH�DVWURF\WDLUH��+HUGHJHQ�HW�DO���������

���������/HV�301��OH�FRPSOpPHQW�HW�OHV�1.�GDQV�OH�61&

• � /¶DFWLYDWLRQ� PLFURJOLDOH�� OHV� WDX[� pOHYpV� GH� F\WRNLQHV� HW� GH� PROpFXOHV� G¶DGKpVLRQ� VRQW� OHV

PDUTXHXUV�GH�O¶LQIODPPDWLRQ�GX�&16��0DLV�OH�UHFUXWHPHQW�GHV�301�HW�GHV�PDFURSKDJHV��PrPH

V¶LO� HVW� SOXV� IDLEOH� TX¶HQ� SpULSKpULH�� D� DXVVL� pWp� GpPRQWUp� ORUV� G¶LQIODPPDWLRQV� QRQ� VSpFLILTXHV

FRPPH�VXLWH�j�XQH�LVFKpPLH��0DWVXR�HW�DO����������&DUORV�HW�DO����������j�XQH�OpVLRQ�H[FLWRWR[LTXH

�%ROWRQ�HW�3HUU\�� ������RX�j� O¶LQMHFWLRQ�G¶,/��� �$QWKRQ\�HW�DO��� �������&HWWH� LQILOWUDWLRQ� WUqV� UDSLGH

VHPEOH�QpFHVVLWHU�XQH�FHUWDLQH�SHUPpDELOLWp�SUpDODEOH�GH�OD�%+(��$QWKRQ\�HW�DO����������%ROWRQ�HW

3HUU\���������5R\R�HW�DO����������0DLV�OHXU�SOXV�IDLEOH�UHFUXWHPHQW�TX¶HQ�SpULSKpULH�HVW�VXUWRXW�OLp�j

OD�IDLEOH�VpFUpWLRQ�GH�FHUWDLQHV�FKLPLRNLQHV��FRPPH�OH�0,3����PDFURSKDJH�LQIODPPDWRU\�SURWHLQ��HW

,/����SDU� OHV�FHOOXOHV�VWURPDOHV�GX�SDUHQFK\PH�FpUpEUDO�GHSXLV�TX¶XQ�UHFUXWHPHQW�VLJQLILFDWLI�GHV

QHXWURSKLOHV�HVW�REWHQX�SDU�VLPSOH� LQMHFWLRQ� LQWUDFpUpEUDOH�GH�FHV�FKLPLRNLQHV��%HOO�HW�DO������E�

SRXU�UHYXH���0DW\V]DN���������3DU�OD�VXLWH��WDQW�OHV�QHXWURSKLOHV�TXH�OHV�PDFURSKDJHV�SDUWLFLSHQW�j

O¶pYROXWLRQ�GH�O¶LQIODPPDWLRQ�HQ�FRQWULEXDQW�j�OD�UXSWXUH�GH�OD�%+(�HW�DX[�GRPPDJHV�WLVVXODLUHV��(Q



��

HIIHW�� O¶LQKLELWLRQ�GH�O¶HQWUpH�GH�FHV�GHUQLHUV�DEURJH�OD�GHVWUXFWLRQ�GHV�WLVVXV��&KRSS�HW�DO���������

=KDQJ�HW�DO���������

• � /¶DFWLYDWLRQ�PLFURJOLDOH��V¶DFFRPSDJQH�DXVVL�GX�GpSRW�GH�FRPSRVDQWV�GX�FRPSOpPHQW�WHOV�TXH

&�T�HW�GX�FRPSOH[H�G¶DWWDTXH�PHPEUDQDLUH��&�E����TXL�MXVWLILH�OD�SUpVHQFH�GX�UpFHSWHXU�&5��VXU

OD�PLFURJOLH��6L� OH�FRPSOH[H�G¶DWWDTXH�HVW� LPSOLTXp�GDQV� O¶DFWLYLWp�F\WRO\WLTXH�� OHV�DXWUHV�pOpPHQWV

GX� FRPSOpPHQW� SHUPHWWHQW� VXUWRXW� O¶DFWLYDWLRQ� FHOOXODLUH� �FKLPLRWDFWLVPH�� HW� OD� SKDJRF\WRVH� GHV

FHOOXOHV� LQYDVLYHV� �3RXU� UHYXH��� *DVTXH� HW� DO��� ������ ������� 2Q� SHXW� QRWHU� TXH� ORUV� GH

O¶LQIODPPDWLRQ�� GH� QRPEUHX[� FRPSRVDQWV� GX� FRPSOpPHQW� VRQW� V\QWKpWLVpV� GDQV� OH� 61&�

SULQFLSDOHPHQW� SDU� OHV� DVWURF\WHV�� PDLV� DXVVL� SDU� OHV� FHOOXOHV� pSHQG\PDLUHV�� OHV� FHOOXOHV

HQGRWKpOLDOHV��OD�PLFURJOLH�HW�OHV�QHXURQHV��SRXU�UHYXH���%DUQXP���������6WDKHO�HW�DO����������1DWDI

HW�DO����������6DDGL�HW�3ODWW���������0RUJDQ��������

• � '¶DXWUHV� FHOOXOHV�� OHV� 1.� SHXYHQW� DXVVL� LQILOWUHU� OH� SDUHQFK\PH� FpUpEUDO� VDQV� PDWXUDWLRQ

SUpDODEOH��FRPPH�VRXV�O¶DFWLRQ�GH�O¶,)1γ��PDLV�VXUWRXW�GH�O¶,/���V\QWKpWLVp�SDU�OHV�O\PSKRF\WHV�FH

TXL�HQ�IRQW�GHV�FHOOXOHV�WUqV�VRXYHQW�OLpHV�j�OD�UpSRQVH�VSpFLILTXH��3RXUWDQW��HOOHV�VRQW�FDSDEOHV�GH

UHFRQQDvWUH� HW� GH� WXHU� GHV� FLEOHV� FHOOXODLUHV� VDQV� UHVWULFWLRQ� SDU� OH� &0+�� (OOHV� SHUPHWWHQW� XQ

UpSRQVH� UDSLGH�� HW� SUpFqGHQW� VRXYHQW� GH� SOXVLHXUV� MRXUV� OD� UpSRQVH� FHOOXODLUH� VSpFLILTXH�� /HXUV

DFWLRQV�SDVVHQW�SDU�OD�VpFUpWLRQ�GH�SHUIRULQH�RX�SDU�OD�OLDLVRQ�)DV�)DV�/LJDQG��PDLV�HOOHV�SHXYHQW

DXVVL� HQWUDLQHU� XQH� F\WRWR[LFLWp� GpSHQGDQWH� GHV� DQWLFRUSV� �$'&&��� $QWLERG\�GHSHQGDQW� FHOO�

PHGLDWHG� F\WRWR[LFLW\��� XQ� PpFDQLVPH� TX¶HOOHV� SDUWDJHQW� DYHF� OD� PLFURJOLH�� &H� VRQW� DORUV� OHV

DQWLFRUSV�QDWXUHOV�SUpH[LVWDQWV�TXL�VHUYHQW�GH�OLJDQG�VXU�OH�UpFHSWHXU�)F��&'����

�������,PPXQLWp�VSpFLILTXH�DX�VHLQ�GX�61&

1RXV�DYRQV�YX�TXH�O¶¶DFWLYDWLRQ�PLFURJOLDOH�D�pWp�GpFULWH�GDQV�WRXV�OHV�W\SHV�G¶LQIODPPDWLRQ�GX

&16�� PDLV� SDUIRLV� FHUWDLQHV� FRQGLWLRQV� SDWKRORJLTXHV� HQWUDvQHQW� XQH� UpSRQVH� VXSSOpPHQWDLUH�

VSpFLILTXH� GH� O¶DQWLJqQH�� PHQpH� SULQFLSDOHPHQW� SDU� OHV� /7� TXL� SRXUURQW� V¶DFFXPXOHU� GH� IDFRQ

LPSRUWDQWH��&HWWH�UpSRQVH�DGDSWDWLYH�HVW�GLUHFWHPHQW�FRUUpOpH�DYHF� O¶pWDW�G¶DFWLYDWLRQ�PLFURJOLDOH�

/D�PRELOLVDWLRQ�GHV�PpFDQLVPHV�GH� O¶LPPXQLWp�VSpFLILTXH�HVW� OHQWH��HW� UHSRVH�VXU�XQ�pYHQHPHQW

GH� UHFRQQDLVVDQFH� PROpFXODLUH� FRPSOH[H�SDU� GHV� FHOOXOHV� SUpVHQWDWULFHV� G¶DQWLJqQHV� �$3&��
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&HOOHV�FL�H[SULPHQW�XQ�SHSWLGH�DQWLJpQLTXH�GDQV� OH�FRQWH[WH�G¶XQH�PROpFXOH�GX�&0+�GH�FODVVH�,

RX�,,��VHORQ�OH�FDV��8Q�UpFHSWHXU�H[WUrPHPHQW�SRO\PRUSKH��SUpVHQW�VXU�OHV�/7��HW�DSSHOp�UpFHSWHXU

7� �7&5�� HVW� VXVFHSWLEOH� G¶LQWHUDJLU� DYHF� FH� FRPSOH[H� PROpFXODLUH� HW� G¶LQLWLHU� O¶DFWLYDWLRQ

O\PSKRF\WDLUH��*HUPDLQ��������

���������4XHOOHV�FHOOXOHV�SUpVHQWDWULFHV�GDQV�OH�61&�"

,O�HVW�LPSRUWDQW�GH�GLIIpUHQFLHU�OHV�$3&�FDSDEOHV�G¶LQLWLHU�XQH�UpSRQVH�SULPDLUH�SDU�OD�SUpVHQWDWLRQ

DQWLJpQLTXH� DX[� FHOOXOHV� 7� QDLYHV�� GHV� $3&� TXL� VWLPXOHURQW� XQH� UpSRQVH� VHFRQGDLUH� SDU� OD

SUpVHQWDWLRQ�G¶DQWLJqQH�j�GHV�FHOOXOHV�7�TXL� RQW�GqMj�pWp�H[SRVpHV�j� O¶DQWLJqQH�� ,O� Q¶\�D�TXH� OHV

FHOOXOHV�GHQGULWLTXHV��&'��TXL�SHXYHQW�SUpWHQGUH�DX�SUHPLHU�U{OH��DORUV�TXH�GLYHUV�W\SHV�FHOOXODLUHV

SHXYHQW�rWUH�FDSDEOHV�GH�OD�VHFRQGH�UpSRQVH��6WHLQPDQ����������(Q�HIIHW��O¶DFWLYDWLRQ�GHV�/7�QDwIV

QpFHVVLWH� O¶H[SUHVVLRQ�GH�PROpFXOHV�GH�FR�VWLPXODWLRQ�TXL�QH�VRQW�SDV�SUpVHQWHV�VXU� OHV�FHOOXOHV

QRQ� KpPDWRSRLpWLTXHV�� &¶HVW� DLQVL� TXH� O¶RQ� SHXW� GpILQLU� OHV� $3&� GLWHV� ©�SURIHVVLRQQHOOHV�ª� TXL

H[SULPHQW�� RXWUH� OHV� PROpFXOHV� GH� &0+�� OHV� PROpFXOHV� GH� FRVWLPXODWLRQV� QpFHVVDLUHV�

�%DQFKHUHDX�HW�6WHLQPDQ��������

/HV�SURJpQLWHXUV�GH�&'�VRQW�RULJLQDLUHV�GH� OD�PRHOOH�RVVHXVH��SDVVHQW�GDQV� OH� VDQJ�HW� HQWUHQW

GDQV� OHV� WLVVXV�QRQ�O\PSKRwGHV�HQ� WDQW�TXH�&'� LPPDWXUHV� �$XVW\Q���������(OOHV� VRQW�DORUV� WUqV

HIILFDFHV� GDQV� OH� SURFHVVXV� GH� FDSWXUH� GHV� DQWLJqQHV�� PDLV� QH� VRQW� SDV� FDSDEOHV� GH� OHV

SUpVHQWHU�� /HXU� SDUWLFXODULWp� HVW� OHXU� FDSDFLWp� j� FRQVHUYHU� O¶DQWLJqQH� GDQV� GHV� FRPSDUWLPHQWV

VSpFLDOLVpV�j� IDLEOH� WDX[�G¶DFLGLWp� �/XW]�HW�DO���������GXUDQW� OH� WUDMHW�GHSXLV� OH�VLWH�G¶LQIODPPDWLRQ

MXVTX¶DX[� RUJDQHV� O\PSKRwGHV� OHV� SOXV� SURFKHV� �=LQNHUQDJHO� HW� HQJDUWQHU�� ������� &¶HVW

O¶LQIODPPDWLRQ� WLVVXODLUH� TXL� GpFOHQFKH� OHXU� PLJUDWLRQ�� /HV� VLJQDX[� SHXYHQW� rWUH� GHV� SURGXLWV

EDFWpULHQV�� GHV� IDFWHXUV� GH� FURLVVDQFH� FRPPH� OH�*0�&6)� RX� GHV� F\WRNLQHV� SUR�LQIODPPDWRLUHV

WHOV�TXH� OH�71)α�RX� O¶,/��β� �&XPEHUEDWFK�HW�DO��� �������5RDNH�HW�DO��� �������0DF3KHUVRQ�HW� DO��

������� ,EUDKLP�HW� DO��� ������� /HV�&'�DFTXLqUHQW� OHXU� SKpQRW\SH�PDWXUH� SHQGDQW� OH� WUDQVLW�� (OOHV

SHUGHQW� OHXUV�SURSULpWpV�SKDJRF\WLTXHV�HW�H[SULPHQW� WUqV� IRUWHPHQW� OHV�PROpFXOHV�GH�&0+�HW�GH

FRVWLPXODWLRQ�%����HW�%�����,QDED�HW�DO����������(OOHV�VRQW�DEVHQWHV�GX�SDUHQFK\PH�FpUpEUDO��FH�TXL

SRXUUDLW� UpVXOWHU� GH� O¶pYROXWLRQ� HW� GH� OD� VSpFLDOLVDWLRQ� GX� 61&� �/RZHQVWHLQ�� ������� 7RXWHIRLV�� LO
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H[LVWH�XQ�ULFKH�UpVHDX�GH�&'�GDQV�GHV�VLWHV�VWUDWpJLTXHV�WHOV�TXH�OHV�FRXFKHV�PpQLQJpHV��GXUH�

PqUH��DUDFKQRwGH��SLH�PqUH���GDQV�OH�VWURPD��HW�VDQV�GRXWH�GDQV�OD�FRXFKH�pSLWKpOLDOH�GHV�SOH[XV

FKRURwGHV��0DW\V]DN�DW�3HUU\��������6HURW�HW�DO����������+DQO\�HW�3HWLWR���������0F0HQDPLQ��������

$LQVL�� OHV� &'� VH� WURXYHUDLHQW� HQ� SRVLWLRQ� VWUDWpJLTXH� SRXU� rWUH� HQ� FRQWDFW� DYHF� OHV� DQWLJqQHV

VRUWDQW� GX� 61&� j� WUDYHUV� OD� EDUULqUH� HW� SRXU� SRXYRLU� DORUV� OHV� DFKHPLQHU� MXVTX¶DX[� OLHX[� GH

SUpVHQWDWLRQ�� GDQV� OHV� JDQJOLRQV� FHUYLFDX[� SURIRQGV� RX�� YLD� OH� VDQJ�� GDQV� OD� UDWH� �$ORLVL� HW� DO��

�������3DVKHQNRY�HW�DO���������

'HSXLV� SHX�� FHV� FHOOXOHV� RQW� pWp� GpFULWHV�� HQ� FRQGLWLRQV� LQIODPPDWRLUHV� �LQIHFWLRQV

EDFWpULHQQHV�HW�($(���FRPPH�V¶DFFXPXODQW�GDQV�OHV�HVSDFHV�SpULYDVFXODLUHV�HW�SRXUUDLHQW�PrPH

LQILOWUHU�OH�SDUHQFK\PH��)LVFKHU�HW�DO����������6HUDILQL�HW�DO����������VXJJpUDQW�TXH�OHV�&'�UHFUXWpHV

GHSXLV�OH�VDQJ�SHXYHQW�MRXHU�XQ�U{OH�HIIHFWHXU�LPSRUWDQW�GDQV�OD�UpJXODWLRQ�ORFDOH�GHV�UpSRQVHV�7

GDQV�OH�61&��&HSHQGDQW��HQ�O¶DEVHQFH�GH�PDUTXHXUV�VSpFLILTXHV�GHV�&'��FHV�UpVXOWDWV�UHVWHQW�j

FRQILUPHU��G¶DXWDQW�TXH�UpFHPPHQW�FHUWDLQV�DXWHXUV�RQW�HVWLPp�TXH�FHUWDLQHV�SRSXODWLRQV�GH�&'

SRXYDLHQW� GpULYHU� G¶XQH� GLIIpUHQWLDWLRQ� PLFURJOLDOH� �6DQWDPEURJLR� HW� DO��� ������� )LVFKHU� HW

5HLFKPDQQ���������5HLFKPDQQ�HW�DO���������

• � 6¶LO�HVW�FRQQX�GHSXLV�ELHQ� ORQJWHPSV�TXH� OHV�DVWURF\WHV�VRQW�FDSDEOHV�GH�SKDJRF\WRVH�� OHXU

LPSOLFDWLRQ� GDQV� GHV� SURFHVVXV� LQIODPPDWRLUHV� UHVWH� WUqV� GLVFXWpH�� PDOJUp� OHV� H[SpULHQFHV� GH

)RQWDQD�TXL�GpPRQWUD� LQ�YLWUR�VXU�GHV�FXOWXUHV�G¶DVWURF\WHV�KXPDLQV��XQH�LQGXFWLRQ�GH�PROpFXOHV

GH�&0+�GH�FODVVH�,,��IRUWHPHQW�DFFUXH�HQ�SUpVHQFH�G¶,)1γ��HW�FRUUpOpH�DYHF�XQH�SUROLIpUDWLRQ�GH

FHOOXOHV� 7� DQWLJqQH�VSpFLILTXHV� �)RQWDQD� HW� DO��� ������� 0DOJUp� FHV� H[SpULHQFHV�� OD� GpWHFWLRQ� GX

&0+�,,�VXU� OHV�DVWURF\WHV� LQ�YLYR�UHVWH�FRQWURYHUVpH�HW� LO�SDUDLW�HQFRUH�SOXV�DOpDWRLUH�GH�GpWHFWHU

O¶H[SUHVVLRQ�LQ�YLWUR�GHV�PROpFXOHV�%��LQGLVSHQVDEOHV�j�OD�FRVWLPXODWLRQ�GHV�O\PSKRF\WHV��$QWHO�HW

3UDW�� ������� &HV� UpVXOWDWV� VRQW� HQ� DFFRUG� DYHF� O¶LGpH� TXH� OHV� DVWURF\WHV�� SDU� OHXU� FDSDFLWp� j

SURGXLUH� GHV� PpGLDWHXUV� DQWL�LQIODPPDWRLUHV� �SURVWDJODQGLQH� (��� 7*)β�� TXL� FRQWUHFDUUHQW

O¶DFWLYDWLRQ�GHV� /7�� RQW� SOXW{W� XQ� HIIHW� LQKLELWHXU�TXH�VWLPXODWHXU� VXU� OD� UpSRQVH� LPPXQH�GDQV� OH

&16� �SRXU� UHYXH��� ;LDR� HW� /LQN�� ������� $ORLVL�� ������� &HSHQGDQW�� O¶DMRXW� G¶XQ� QRPEUH� OLPLWp� GH

FHOOXOHV�PLFURJOLDOHV�j�GHV�FXOWXUHV�G¶DVWURF\WHV�HQFOHQFKH� OD�SUROLIpUDWLRQ� O\PSKRF\WDLUH�� ODLVVDQW

VXSSRVHU� TXH� OHV� DVWURF\WHV� RQW� TXDQG� PrPH� GHV� HIIHWV� FRRSpUDWLIV� GDQV� OD� UpSRQVH� LPPXQH
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�:LOOLDPV� HW� DO��� ������� ,O� VHPEOH� GRQF� TXH� OHV� DVWURF\WHV� QH� VRLHQW� SDV� FDSDEOHV� G¶LQLWLHU� XQH

UpSRQVH�LPPXQH��PDLV�SXLVVHQW�DFWLYHU�OHV�FHOOXOHV�7�PpPRLUHV��F¶HVW�j�GLUH�GpMj�SULPpHV��(Q�FHOD

LOV� SHXYHQW� SHUSpWXHU� XQ� SURFHVVXV� G¶LQIODPPDWLRQ�� PDLV� UHVWHQW� LQFDSDEOHV� G¶XQ� SURJUDPPH

FRPSOHW� G¶DFWLYDWLRQ� GHV� FHOOXOHV� 7� QDwYHV� �6HGJZLFN� HW� DO��� ����D��� :HEHU� HW� DO��� ������

&HSHQGDQW��LOV�VRQW�FDSDEOHV�G¶DFWLYHU�FHUWDLQHV�SRSXODWLRQV�GH�/7�HQ�FXOWXUH�V¶LOV�OHXU�SUpVHQWHQW

XQ�VXSHUDQWLJqQH��FDU�GDQV� OH�FDV�GH�FHWWH�FDWpJRULH�GH�PROpFXOHV�DQWLJpQLTXHV�� OD�SUpVHQWDWLRQ

QH�QpFHVVLWH�SDV�GH�PROpFXOHV�GH�FRVWLPXODWLRQ��+DVVDQ�=DKUDHH�HW�DO���������

• � ,Q� YLWUR�� OHV� FXOWXUHV� GH� FHOOXOHV� HQGRWKpOLDOHV� GH� OD� %+(� HW� OHV� ROLJRGHQGURF\WHV� SDUDLVVHQW

HQFRUH�PRLQV� HIILFDFHV� GDQV� OD� SUpVHQWDWLRQ� DQWLJpQLTXH�TXH� OHV� DVWURF\WHV� �3U\FH� HW� DO��� �����

:HNHUOH���������6HOPDM���������,O�DSSDUDLW�HQ�IDLW�XQH�¶¶KLpUDUFKLH¶¶�GDQV�O¶H[SUHVVLRQ�GHV�PROpFXOHV

GH�&0+�GH� FODVVH� ,,� �9DVV� HW� /DVVPDQQ�� �������&HV�PROpFXOHV� QH� V¶H[SULPHQW� VXU� OHV� FHOOXOHV

HQGRWKpOLDOHV�FpUpEUDOHV�HW�OHV�FHOOXOHV�G¶RULJLQH�QHXURHFWRGHUPLTXH�FRPPH�OHV�DVWURF\WHV�RX�OHV

ROLJRGHQGURF\WHV�� TX¶HQ� SUpVHQFH� GH� WUqV� IRUWHV� GRVHV� GH� F\WRNLQHV� �6DWRK� HW� DO��� �����

.UHXW]EHUJ�� ������� $� O¶LQYHUVH�� OHV�&0+�GH� FODVVH� ,,� SHXYHQW� rWUH� WUqV� UDSLGHPHQW� LQGXLWV� GDQV

WRXWHV�OHV�FHOOXOHV�PLFURJOLDOHV��SDU�VLPSOH�DGPLQLVWUDWLRQ�V\VWpPLTXH�GH�F\WRNLQHV�LQIODPPDWRLUHV

FRPPH� OH�71)α� RX� O¶,)1γ� �:HUNHUOH�� ������� 6WHLQLJHU� HW� 9DQ� GHU�0HLGH�� ������ RX� SDU� LQMHFWLRQ

LQWUDFUDQLDOH� �9DVV� HW� /DVVPDQQ�� ������� ,O� HQ� HVW� GH�PrPH�SRXU� O¶H[SUHVVLRQ� GHV�PROpFXOHV� GH

FRVWLPXODWLRQ� ,&$0����&'����%����HW�%���� �$ORLVL���������1JX\HQ�HW�%HQYHQLVWH���������$LQVL�� OD

PLFURJOLH�MRXH�SUREDEOHPHQW�XQ�U{OH�HVVHQWLHO�GDQV�OD�SUpVHQWDWLRQ�DQWLJpQLTXH��&HFL�HVW�FRQIRUWp

SDU� OH�IDLW�TX¶LQ�YLWUR� OD�PLFURJOLH�SXULILpH�SHXW� LQGXLUH�XQH�SUROLIpUDWLRQ�GHV�FHOOXOHV�7� �)UHL�HW�DO��

�������&DVK� HW� DO��� �������0DWVXPRWR� HW� DO��� ������� )LVFKHU� HW� DO��� �������:LOOLDPV� HW� DO��� ������

%HFKHU� HW� DO��� ������� 3UDW� HW� DO��� ������� 0DLV� j� O¶LQYHUVH�� OD�PLFURJOLH� QH� SDUDLW� SDV� FDSDEOH� GH

SUpVHQWHU�GHV�DQWLJqQHV�GpULYpV�GH�OD�0%3�j�GHV�FHOOXOHV�7�&'���VSpFLILTXHV�GH�FHW�DQWLJqQH��HW

XQH�SDUWLH�GH�FHV�FHOOXOHV�HQWUHQW�DORUV�HQ�DSRSWRVH��)RUG�HW�DO����������������.O\XVKQHQNRYD�HW

9DQJXUL���������(Q�UpDOLWp��QRPEUH�G¶pWXGHV�VRQW�GLIILFLOHV�j�FRPSDUHU��SDUFH�TXH�OD�PLFURJOLH�HVW

WUqV� IRUWHPHQW� LQIOXHQoDEOH� SDU� OHV� FRQGLWLRQV� GH� FXOWXUH� �&DUVRQ� HW� DO��� ����E��� ,O� DSSDUDLW�� SDU

H[HPSOH�� TXH� OD� PLFURJOLH� &'��ORZ� Q¶HVW� SDV� FDSDEOH� G¶DJLU� FRPPH� $3&� GDQV� OHV� WHVWV� GH

SUROLIpUDWLRQ� GH� /7�PDLV� TX¶HOOH� SHXW� LQGXLUH� XQH� SURGXFWLRQ� GH� F\WRNLQHV� GH� W\SH� 7K�� SDU� FHV



��

FHOOXOHV��&DUVRQ�HW�DO�������������E���-XHGHV�HW�5XGGOH���������(Q�JpQpUDO��O¶H[SUHVVLRQ�GX�QLYHDX

GH�&'���HVW�FRUUpOpH�DYHF�OD�FDSDFLWp�j�VWLPXOHU�OD�SUROLIpUDWLRQ�GHV�FHOOXOHV�7��$LQVL��OHV�UpSRQVHV

LPPXQHV� VRQW� SOXV� IDFLOHPHQW� LQLWLpHV� GDQV� OHV� PpQLQJHV�� OH� SOH[XV� FKRURwGH� HW� OHV� UpJLRQV

YDVFXODLUHV��GHV�UpJLRQV�GX�61&�ULFKHV�HQ�PDFURSKDJHV�&'��KL��SOXW{W�TXH�GDQV�OH�SDUHQFK\PH

GDQV� OHTXHO� OD�SRSXODWLRQ�P\HORwGH�UpVLGDQWH�� W\SLTXHPHQW�PLFURJOLDOH��HVW�&'��ORZ��'qV� ORUV�� OHV

PDFURSKDJHV� SpULYDVFXODLUHV� HW� OHV� PDFURSKDJHV� LQILOWUDQWV� DSSDUDLVVHQW� FRPPH� OHV� PHLOOHXUV

FDQGLGDWV�SRXU�SUpVHQWHU�O¶DQWLJqQH�HW�UHVWLPXOHU�OHV�/7�

/D�SOXSDUW�GHV�pWXGHV�H[SpULPHQWDOHV�VH�VRQW�IRFDOLVpHV�VXU� O¶H[SUHVVLRQ�GHV�PROpFXOHV�GH�&0+

GH� FODVVH� ,,�� HVVHQWLHOOHPHQW� SRXU� GHV� UDLVRQV� WHFKQLTXHV�� 0DLV� GHV� REVHUYDWLRQV� UpFHQWHV� RQW

PRQWUp�TX¶LO�SHXW�H[LVWHU�XQH�H[SUHVVLRQ�GH�FODVVH�,�VXU�FHUWDLQV�W\SHV�GH�FHOOXOHV�GX�SDUHQFK\PH

QHUYHX[��LPSOLTXDQW�DORUV�XQH�UpSRQVH�FHOOXODLUH�GH�OD�SDUW�GHV�O\PSKRF\WHV�&'����6X]XPXUD�HW�DO��

�������7XUQOH\�HW�DO����������-XUHZLF]�HW�DO����������5HGZLQH�HW�DO����������&HX[�FL�SRXUUDLHQW�MRXHU

XQ�U{OH�HVVHQWLHO�ORUV�G¶LQIHFWLRQV�YLUDOHV��GX�UHMHW�GH�JUHIIH�RX�GH�FHOOXOHV�WXPRUDOHV��&I����������/D

UpSRQVH�7�F\WRWR[LTXH��

��������0pFDQLVPHV�G¶DFWLRQ�GHV�/7�GDQV�OH�61&

D���$FWLYDWLRQ�GH�OD�%+(��LQILOWUDWLRQ�O\PSKRF\WDLUH�HW�FKLPLRNLQHV

1RXV�DYRQV�YX�SUpFpGHPHQW�TXH�V¶LOV�VRQW�DFWLYpV��OHV�O\PSKRF\WHV�SHXYHQW�HIILFDFHPHQW�SpQpWUHU

GDQV�OH�SDUHQFK\PH�QHUYHX[��/D�SURGXFWLRQ�GH�F\WRNLQHV�SUR�LQIODPPDWRLUHV�SDU�FHV�FHOOXOHV�SHXW

PRGLILHU� O¶HQGRWKpOLXP� YDVFXODLUH� GH� IDoRQ� j� IDYRULVHU� O¶LQYDVLRQ� GX� 61&� SDU� OHV� OHXFRF\WHV

HIIHFWHXUV�GH�O¶LQIODPPDWLRQ��3U\FH�HW�DO����������+LFNH\��������

&H� WUDQVLW�� DSSHOp�PLJUDWLRQ� WUDQVHQGRWKpOLDOH�� IDLW� LQWHUYHQLU� TXDWUH� pWDSHV� VXFHVVLYHV� �)LJ�� ���

ELHQ� GLVWLQFWHV�� HW� IRUWHPHQW� FRQWU{OpHV� SDU� GHV� JO\FRSURWpLQHV� GH� VXUIDFH� RX� PROpFXOHV

G¶DGKpVLRQ��%XWFKHU���������/DZUHQFH�HW�6SULQJHU���������6KLPL]X�HW�DO����������6ORDQ�HW�DO���������

0F(YHU���������/HH�HW�%HQHYHQLVWH��������

• � ���/H�URXOHPHQW����/¶LQWHUDFWLRQ�HQWUH�OH�OHXFRF\WH�HW� OD�FHOOXOH�HQGRWKpOLDOH� ORUV�GX�URXOHPHQW

HVW�IDLEOH�HW�UpYHUVLEOH���OH�O\PSKRF\WH�QH�©�IORWWH�ª�SDV�GDQV�OH�WRUUHQW�FLUFXODWRLUH��PDLV�LO�URXOH�VXU

O¶HQGRWKpOLXP�SRXVVp�SDU�OH�IOX[�VDQJXLQ��/HV�SULQFLSDOHV�VpOHFWLQHV��LPSOLTXpHV�VRQW�OD�/�VpOHFWLQH
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�/$0�����OD�(�VpOHFWLQH��(/$0����HW�OD�3�VpOHFWLQH��&'�����&HSHQGDQW�OD�(�VHOHFWLQH�VHPEOH�rWUH

SOXV� LPSOLTXpH� GDQV� O¶DGKpVLRQ� GHV� QHXWURSKLOHV� HW� GHV� FHOOXOHV� &'��� DORUV� TXH� OD� /�VHOHFWLQH

SDUDvW�rWUH�VSpFLILTXH�GH�OµDGUHVVDJH�GHV�FHOOXOHV�7�YHUV�OHV�JDQJOLRQV�O\PSKDWLTXHV�

/HV�VpOHFWLQHV�SHXYHQW�rWUH�UDSLGHPHQW�LQGXLWHV���OD�3�VHOHFWLQH�DSSDUDvW�GDQV�OHV�PLQXWHV��HW�OD�(�

VHOHFWLQH� GDQV� OHV� KHXUHV� TXL� VXLYHQW� XQH� H[SRVLWLRQ� DX[� F\WRNLQHV� �*UDQJHU� HW� .XEHV�� ������

.HUIRRW�HW�.XEHV���������&HSHQGDQW� OH� IDLW�TXH�GHV� O\PSKRF\WHV�SXLVVHQW� WUDYHUVHU�XQH�EDUULqUH

QRQ� DFWLYpH� VXJJqUH� TX¶LO� H[LVWH� GHV� VHOHFWLQHV� FRQVWLWXWLYHV� VXU� O¶HQGRWKpOLXP� �&DUULWKHUV� HW� DO��

������&I��������/H�WUDILF�OHXFRF\WDLUH�GDQV�OH�61&�VDLQ��

• � ����/¶DGKpVLRQ�HW�O¶DFWLYDWLRQ��� �/H�OHXFRF\WH�TXL�URXOH�HQWUH�HQ�FRQWDFW�DYHF�OHV�FKLPLRNLQHV

TXL�VRQW�SURGXLWHV�SDU�GHV�FHOOXOHV�HQGRWKpOLDOHV�HOOHV�PrPHV��RX�SDU�OH�IR\HU�LQIODPPDWRLUH�VRXV�

MDFHQW�� 'X� IDLW� GH� OHXU� DIILQLWp� SRXU� O¶KpSDUDQH� VXOIDWH� HW� OHV� JO\FRVDPLQRJO\FDQHV� �*$*�� TXL

WDSLVVHQW� OH� YHUVDQW� HQGROXPLQDO� GH� OD� FHOOXOH� HQGRWKpOLDOH�� OHV� FKLPLRNLQHV� VH� FRQFHQWUHQW� GH

PDQLqUH� VWDEOH� VXU� FH� YHUVDQW��&H� WDSLV� GH� FKLPLRNLQHV� GpFOHQFKH� XQH� DXJPHQWDWLRQ� UDSLGH� GH

O¶DIILQLWp� GHV� PROpFXOHV� G¶DGKpVLRQ� OHXFRF\WDLUHV� SRXU� OHXU� OLJDQG� HQGRWKpOLDO�� ,O� HQ� UpVXOWH� XQH

DGKpUHQFH� IHUPH� GX� OHXFRF\WH� VXU� O¶HQGRWKpOLXP�� 3(&$0��� �SODWHOHW�HQGRWKHOLDO� FHOO� DGKHVLRQ

PROHFXOH��&'�����9&$0����YDVFXODU�FHOO�DGKHVLRQ�PROHFXOH�����9/$����YHU\�ODWH�DQWLJHQ�����/)$��

�O\PSKRF\WH� IXQFWLRQ�DQVVRFLDWHG� DQWLJHQ���� RX� &'��D��� 0DF��� �&'��E��� HW� OHV� ,&$0V

�LQWUDFHOOXODU� DGKHVLRQ�PROHFXOHV�� VRQW� OHV� SULQFLSDOHV�PROpFXOHV� LPSOLTXpHV� GDQV� FH� SURFHVVXV

�SRXU� UHYXH��� $UFKHORV� HW� DO��� ������� 6WDQLPLURYLWFK� HW� 6DWRK�� ������� &HV� PROpFXOHV� VRQW

VXUH[SULPpHV� ORUV�GH�SURFHVVXV� LQIODPPDWRLUHV�FRPPH� OD�6(3��6REHO�HW�DO����������'RSS�HW�DO��

������� %DURQ� HW� DO��� �������:HOOHU� HW� DO��� ������� HW� O¶HPSORL� G¶DQWLFRUSV� GLULJpV� FRQWUH� ,&$0��� HW

9/$��� OLPLWWH� O¶DGKpVLRQ�HW� OD� WUDQVPLJUDWLRQ� OHXFRF\WDLUH�GDQV� O¶($(�GX� URQJHXU� �<HGQRFN�HW�DO��

�������%DURQ�HW�DO���������

• � ��� �/D�GLDSpGqVH��� � � � OH� OHXFRF\WH�SDVVH�j� WUDYHUV� O¶HQGRWKpOLXP�HQ�GpJUDGDQW� ORFDOHPHQW� OD

PHPEUDQH�EDVDOH�� /¶XWLOLVDWLRQ� G¶HQ]\PHV�GpJUDGDQW� OD�PHPEUDQH�EDVDOH� SDUDvW� rWUH� XQH�pWDSH

FUXFLDOH�GH�OD�SpQpWUDWLRQ�OHXFRF\WDLUH�GHSXLV�TX¶LO�D�pWp�REVHUYp�TXH�O¶DGPLQLVWUDWLRQ�H[RJqQH�GH

SRO\VDFFKDULGHV�VXOSKDWpV�EORTXH�OH�GpYHORSSHPHQW�GH�O¶($(��SDU� LQKLELWLRQ�FRPSpWLWLYH�DYHF� OHV

HQ]\PHV�GHV�/7��:LOOHQERUJ�HW�3DULVK��������



��

• � ��� �/D� PLJUDWLRQ� LQWUDSDUHQFK\PDWHXVH� GLULJpH� SDU� OHV� FKLPLRNLQHV��� 8QH� IRLV� SDUYHQX

GDQV� O¶HVSDFH� VRXV�HQGRWKpOLDO�� OH� OHXFRF\WH� SRXUVXLW� VD�PLJUDWLRQ� j� WUDYHUV� OH� WLVVX�� JXLGp� SDU

O¶H[LVWHQFH�G¶XQ�JUDGLHQW�LQWHUVWLWLHO�GH�FKLPLRNLQHV�TXL�OXL�SHUPHW�GH�PLJUHU�SDU�pWDSHV�VXFFpVVLYHV

MXVTX¶DX�VLWH�GH�SURGXFWLRQ��%DJJLROLQL�HW�DO����������'DQV�OH�FHUYHDX�FHV�PROpFXOHV�VRQW�VpFUpWpHV

ORFDOHPHQW� SDU� OHV� DVWURF\WHV�� OD� PLFURJOLH� DFWLYpH� HW� OHV� PDFURSKDJHV� LQILOWUDQWV� �7DQL� HW

5DQVRKRII���������/HV�FKLPLRNLQHV�VRQW�GHV�SHWLWHV�SURWpLQHV�GH���j����N'��FDUDFWpULVpHV�SDU�GHV

UpVLGXV� F\VWpLQHV� WUqV� FRQVHUYpV� UHOLpV� SDU� GHV� SRQWV� GLVXOIXUHV� LQWUDPROpFXODLUHV�� (OOHV� VRQW

FODVVLTXHPHQW�UpSDUWLHV�HQ�WURLV�JURXSHV���OHV�FKLPLRNLQHV�&�&��WHOOHV�0,3��D��5$17(6�HW�0&3���

��HW����OHVTXHOOHV�RQW�GHX[�UpVLGXV�F\VWpLQHV�DGMDFHQWV��OD�IDPLOOH�&�;�&��FRPSUHQDQW�O¶,/����*52�

,3���� HW� 0,3���� GRQW� OHV� GHX[� F\VWpLQHV� VRQW� VpSDUpHV� SDU� XQ� DPLQR�DFLGH�� HW� OD� IDPLOOH� GHV

FKLPLRNLQHV�&��O\PSKRWDFWLQH��TXL�Q¶RQW�TX¶XQH�F\VWpLQH�1+��WHUPLQDOH��(Q�JpQpUDO�� OHV�PHPEUHV

GH�OD�IDPLOOH�GHV�FKLPLRNLQHV�&�;�&�VRQW�FKLPLRDWWUDFWDQWV�HW�DFWLYDWHXUV�GHV�QHXWURSKLOHV��HW�FHX[

GH� OD� IDPLOOH� &�&� DWWLUHQW� HW� DFWLYHQW� OHV� PRQRF\WHV�� OHV� O\PSKRF\WHV�� OHV� pRVLQRSKLOHV� HW� OHV

EDVRSKLOHV�� /D� O\PSKRWDFWLQH�� FRPPH� VRQ� QRP� O¶LQGLTXH�� DWWLUH� SOXV� VSpFLILTXHPHQW� OHV

O\PSKRF\WHV��8QH�FKLPLRNLQH�GpFRXYHUWH�SOXV�UpFHPPHQW��OD�QHXURWDFWLQH�RX�IUDFNWDONLQH��3DQ�HW

DO����������D�XQ�SURILO�XQLTXH�GH�W\SH�&�;�;�;�&��WURLV�DPLQR�DFLGHV�VpSDUHQW�OHV�GHX[�F\VWpLQHV��

&HWWH�GHUQLqUH�DWWLUH�OHV�QHXWURSKLOHV�HW�VRQ�$51�PHVVDJHU��$51P��HVW�HQ�PDMHXUH�SDUWLH�H[SULPp

GDQV� OH� FHUYHDX�� (OOH� HVW� DXVVL� SURGXLWH� SDU� OD� PLFURJOLH� DFWLYpH� HW� OHV� PDFURSKDJHV

SpULYDVFXODLUHV�ORUV�GH�O¶($(�

$LQVL�� OH�GpYHORSSHPHQW�G¶XQ� IR\HU� LQIODPPDWRLUH�� HVW� UHOD\p�SDU�XQH�SURGXFWLRQ�GH�FKLPLRNLQHV�

/HXU� H[SUHVVLRQ� SDU� OHV� FHOOXOHV� HQGRWKpOLDOHV� SHXW� DERXWLU� j� XQH� UXSWXUH� GH� OD� %+(�� HW� DX

UHFUXWHPHQW�PDVVLI�GH�QRPEUHX[�DXWUHV�OHXFRF\WHV�FLUFXODQWV�

E���/D�SUpVHQWDWLRQ�DQWLJpQLTXH

/D� SUpVHQWDWLRQ� DQWLJpQLTXH� HVW� OD� FDSDFLWp� G¶XQH� FHOOXOH� j� LQJpUHU� XQH� SURWpLQH� pWUDQJqUH�� j� OD

GpJUDGHU�SDUWLHOOHPHQW��j�H[SRUWHU�VHV�SHSWLGHV�j�OD�VXUIDFH�HQ�DVVRFLDWLRQ�DYHF�OHV�PROpFXOHV�GX

&0+��HW�j�HQJDJHU�GHV�OLDLVRQV�DYHF�XQ�O\PSKRF\WH�
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E���/H�FRPSOH[H�&0+�SHSWLGH��

,O�H[LVWH�GHX[�FODVVHV�GH�PROpFXOHV�GH�&0+���/HV�PROpFXOHV�GH�FODVVH�,�SUpVHQWHQW�GHV�SHSWLGHV

DQWLJpQLTXHV� DX[� O\PSKRF\WHV� F\WRWR[LTXHV� �H[SULPDQW� OH� FR�UpFHSWHXU� &'��� &I�� �������� /D

UpSRQVH� 7� F\WRWR[LTXH��� DORUV� TXH� OHV� PROpFXOHV� GH� FODVVH� ,,� SUpVHQWHQW� GHV� SHSWLGHV� DX[� /7

DX[LOLDLUHV��RX�&'����

• � /HV� PROpFXOHV� GH� FODVVH� ,� SUpVHQWHQW� SULQFLSDOHPHQW� GHV� SHSWLGHV� GpULYpV� GH� SURWpLQHV

HQGRJqQHV� �V\QWKpWLVpHV� SDU� OHV� FHOOXOHV� HOOHV�PrPHV��� VRXYHQW� ORFDOLVpHV� GDQV� OH� F\WRVRO

�*HUPDLQ�HW�0DUJXOLHV���������/HV�PROpFXOHV�GH�FODVVH�,,��DX�FRQWUDLUH��SUpVHQWHQW�DXVVL�ELHQ�GHV

SURWpLQHV�HQGRJqQHV�PHPEUDQDLUHV�RX�VpFUpWpHV�TXH�GHV�SURWpLQHV�H[RJqQHV�HQWUpHV�GDQV� OHV

FHOOXOHV� SUpVHQWDWULFHV� SDU� LQWHUQDOLVDWLRQ��&HWWH� VSpFLILFLWp� GH� SUpVHQWDWLRQ� UHSRVH�� DX�PRLQV� HQ

SDUWLH��VXU�OH�PpFDQLVPH�PrPH�GH�SURGXFWLRQ�GHV�SHSWLGHV�DQWLJpQLTXHV�HW�OHXU�VLWH�LQWUDFHOOXODLUH

G¶DVVRFLDWLRQ� DX[� PROpFXOHV� GH� &0+�� (Q� HIIHW�� GDQV� OD� SUHPLqUH� YRLH� GH� SUpVHQWDWLRQ�� OHV

DQWLJqQHV� VRQW� GLJpUpV� SDU� OH� SURWpDVRPH� GDQV� OH� F\WRVRO� HW� OHV� SHSWLGHV� DLQVL� HQJHQGUpV� VRQW

WUDQVIpUpV� SDU� OHV� WUDQVSRUWHXUV� 7$3���� GDQV� OD� OXPLqUH� GX� UHFWLFXOXP� R�� LOV� V¶DVVRFLHQW� DX[

PROpFXOHV� GX� &0+� GH� FODVVH� ,� QpRV\QWKpWLVpHV�� /HV� PROpFXOHV� GH� FODVVH� ,� VRQW� IRUPpHV� SDU

O¶DVVRFLDWLRQ�QRQ�FRYDOHQWH�G¶XQH�FKDvQH�OpJqUH�QRQ�SRO\PRUSKLTXH��OD�β���PLFURJOREXOLQH��HW�G¶XQH

FKDvQH�ORXUGH�α�SRO\PRUSKLTXH�IRUPpH�GH���GRPDLQHV�H[WUD�FHOOXODLUHV�α���α��HW�α���/D�VWUXFWXUH

WULGLPHQVLRQQHOOH�GH�OD�PROpFXOH�IDLW�DSSDUDvWUH�XQH�FDYLWp�HQWUH�OHV�GRPDLQHV�α��HW�α��GRQW�OH�IRQG

HVW�XQ�IHXLOOHW�β�SOLVVp�HW�OHV�ERUGV�GHV�KpOLFHV�α��&¶HVW�GDQV�FHWWH�]RQH�TXH�V¶HIIHFWXH�O¶LQWHUDFWLRQ

DYHF� OHV� SHSWLGHV�� /H� GRPDLQH� α�� HVW� TXDQW� j� OXL� LPSOLTXp� GDQV� O¶DVVRFLDWLRQ� DYHF� OD� β��

PLFURJOREXOLQH�HW�FRQVWLWXH�OH�VLWH�GH�OLDLVRQ�DX�FRUpFHSWHXU�&'��

• � /HV�FKDvQHV�α�HW�β�FRPSRVDQW�OHV�PROpFXOHV�GH�FODVVH�,,�VRQW�LQFDSDEOHV�GH�OLHU�GHV�SHSWLGHV

GDQV�OH�UpWLFXOXP�HQGRSODVPLTXH�HQ�UDLVRQ�GH�OHXU�DVVRFLDWLRQ�DYHF�OD�FKDvQH�LQYDULDQWH��,L���&¶HVW

ORUV� GX� WUDQVSRUW� YHUV� OD� YRLH� HQGRF\WLTXH� TXH� OD� SURWpLQH� H[WUDFHOOXODLUH� IL[pH� j� XQ� UpFHSWHXU

VSpFLILTXH� RX� FDSWpH� SDU� HQGRF\WRVH� HVW� FOLYpH� HQ� SHSWLGHV�� LQGXLVDQW� XQH� GLVVRFLDWLRQ� HW� XQH

GpJUDGDWLRQ�GH�OD�FKDvQH�,L��HW�SHUPHW�DLQVL�O¶DVVRFLDWLRQ�GHV�SHSWLGHV�DQWLJpQLTXHV�DX[�FKDvQHV�α

HW�β��/HXU�RUJDQLVDWLRQ�WULGLPHQWLRQQHOOH�HVW�VHPEODEOH�DX[�PROpFXOHV�GH�FODVVH�,�VDXI�TXH�OD�FDYLWp

GH�OLDLVRQ�GX�SHSWLGH�HVW�SOXV�RXYHUWH�HW�SHUPHW�GH�FKDUJHU�GHV�SHSWLGHV�SOXV�ORQJV�
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E���/H�UpFHSWHXU�7��7&5���VRQ�UpSHUWRLUH�HW�OH�FRPSOH[H�7&5�&'��

/HV�O\PSKRF\WHV�7�LQWHUDJLVVHQW�DYHF�OHV�PROpFXOHV�GHV�&0+�GH�FODVVH�,�RX�,,�HW� OHXUV�SHSWLGHV

DQWLJpQLTXHV�JUkFH�j�XQ�UpFHSWHXU�KDXWHPHQW�SRO\PRUSKH���OH�7&5��/D�JUDQGH�GLYHUVLWp�GHV�7&5

WURXYpV�GH�PDQLqUH�QRQ�SDWKRORJLTXH�VXU�OHV�/7�SUpVHQWV�GDQV�XQ�RUJDQLVPH�IRUPH�OH�UpSHUWRLUH�

/H�7&5�HVW� XQ� FRPSOH[H�PXOWLSURWpLTXH� FRPSRVp� G¶XQ� KpWpURGLPqUH� FORQRW\SLTXH� QRQ� FRYDOHQW

IRUPp�GHV�GHX[�FKDvQHV�αβ�RX�γδ��(Q� UDLVRQ�GX� WUqV� IDLEOH�QRPEUH�GH� O\PSKRF\WHV�7γδ��GH� OHXU

UpSDUWLWLRQ� WUqV� KpWpURJqQH� �SUHVTX¶H[FOXVLYHPHQW� pSLWKpOLDOH�� HW� GH� OHXU� UHFRQQDLVVDQFH

DQWLJpQLTXH�WUqV�SDUWLFXOLqUH��JO\FRSURWLQHV�RX�JO\FROLSLGHV�SUpVHQWpV�SDU�OHV�PROpFXOHV�&'���QRXV

QRXV�LQWpUHVVHURQV�SOXV�SDUWLFXOLqUHPHQW�DX[�/7�αβ�GDQV�FH�PDQXVFULW�

&KDTXH�FKDvQH��α�RX�β��TXL�FRPSRVH�OH�7&5�HVW�FRQVWLWXpH�G¶XQ�GRPDLQH�YDULDEOH��9��GX�FRWp�1�

WHUPLQDO�� G¶XQ� GRPDLQH� GH� GLYHUVLWp� �'�� VDXI� FKDvQH� α��� G¶XQ� GRPDLQH� GH� MRQFWLRQ� �-�� HW� G¶XQ

GRPDLQH�FRQVWDQW� �&��GX�FRWp�&�WHUPLQDO��8Q�JqQH� IRQFWLRQQHO�HVW� OH�SURGXLW�GH� UpDUUDQJHPHQWV

9�'�-�HW�&��$OW�HW�DO����������&HV�GRPDLQHV�FRUUHVSRQGHQW�j�GHV�VHJPHQWV�JpQLTXHV�LQLWLDOHPHQW

VpSDUpV�VXU�O¶$'1�HW�UpDUUDQJpV�GDQV�OH�WK\PXV�DX�FRXUV�GH�VRQ�GpYHORSSHPHQW��3RXU�OD�FKDvQH�β

GX�7&5�� FHV� VHJPHQWV�JpQLTXHV� FRUUHVSRQGHQW�� FKH]� OH� UDW�� j� ��� VHJPHQWV�9β�� UpSDUWLV� HQ� ��

IDPLOOHV��OHV�IDPLOOHV�9β���9β��HW�9β��UHJURXSHQW�SOXVLHXUV�JqQHV�HW� OH�VHJPHQW�9β����Q¶HVW�SDV

IRQFWLRQQHO�FKH]�OH�UDW�GH�VRXFKH�/(:,6������VHJPHQWV�-β����VHJPHQWV�'β�HW���VHJPHQWV�&β�SRXU

OD� FKDvQH� β� �:LOOLDPV� HW� DO��� ������� /D� SURSRUWLRQ�� GLWH� YDULDEOH� GH� FHV� FKDvQHV�� SUpVHQWH� WURLV

ERXFOHV�K\SHUYDULDEOHV�&'5���&'5��HW�&'5���&RPSOHPHQWDU\�'HWHUPLQLQJ�5HJLRQ�� LPSOLTXpHV

GDQV�O¶LQWHUDFWLRQ�DYHF�OH�OLJDQG��)LJ�����

6L� OH�7&5�HVW� UHVSRQVDEOH�GH� OD�VSpFLILFLWp�GH� UHFRQQDLVVDQFH�GH� O¶DQWLJqQH�� LO� HVW� GpSRXUYX�GH

SRUWLRQ� LQWUDFHOOXODLUH�� &HSHQGDQW�� FH� UpFHSWHXU� HVW� DVVRFLp� j� GH� QRPEUHXVHV� FKDvQHV

SRO\SHSWLGLTXHV� �KpWpURGLPqUHV� γδ�� δε�� HW� KRPRGLPqUH� ζζ ��� IRUPDQW� OH� FRPSOH[H� &'��� TXL� HVW

QpFHVVDLUH�j�OD�WUDQVGXFWLRQ�GHV�VLJQDX[�TXL�FRQGXLVHQW�j�O¶DFWLYDWLRQ�GHV�/7��.DQHOORSRXORV�HW�DO��

�������/¶HQVHPEOH�GHV�VLJQDX[�LQGXLWV�SDU�OD�VWLPXODWLRQ�GX�FRPSOH[H�&'��7&5�FRQVWLWXH�OH�VLJQDO

��� %ULqYHPHQW�� FH� VLJQDO� LQGXLW� OD� SKRVSKRU\ODWLRQ� GHV�PRWLIV� ,7$0� �,PPXQRUHFHSHWRU�7\URVLQH�

FRQWDLQLQJ�$FWLYDWLRQ�0RWLIV��TXL�SHUPHWWHQW�j�OHXU�WRXU�OH�UHFUXWHPHQW�GH�OD�W\URVLQH�NLQDVH�=$3���

TXL�GHYLHQW�DORUV�SKRVSKRU\OpH�HW�DFWLYH� �3RXU� UHYXH���4LDQ�HW�:HLVV��������� ,O� V¶HQVXLW�SOXVLHXUV
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FDVFDGHV�G¶pYHQHPHQWV�ELRFKLPLTXHV�HW�HQ�SDUWLFXOLHU�XQH�DFWLYDWLRQ�GH� OD�SKRVSKROLSDVH�&γ�TXL

HQWUDLQH�XQH�DXJPHQWDWLRQ�GX�IOX[�FDOFLTXH�LQWUDF\WRSODVPLTXH�HW�O¶DFWLYDWLRQ�GH�SURWpLQHV�NLQDVH�&

�3.&��� &HWWH� FDVFDGH� GH� VLJQDOLVDWLRQ� UHVWH� FHSHQGDQW� LQVXIILVDQWH� j� HOOH� VHXOH� SRXU� LQGXLUH

O¶DFWLYDWLRQ�GHV�JqQHV�VSpFLILTXHV�QpFHVVDLUHV�j� O¶DFWLYDWLRQ�HW� OD�SUROLIpUDWLRQ�GHV�/7��8Q�VHFRQG

VLJQDO� HVW� LQGLVSHQVDEOH� SRXU� FRPSOpWHU� O¶DFWLY$WLRQ� HW� Q¶HVW� SHUPLV� TXH� SDU� O¶LQWHUDFWLRQ� GH

QRPEUHXVHV�DXWUHV�PROpFXOHV�HQWUH�OD�FHOOXOH�SUpVHQWDWULFH�HW�OH�O\PSKRF\WH��)LJ�����

E���OHV�FRUpFHSWHXUV�HW�OHV�PROpFXOHV�GH�FRVWLPXODWLRQV

/¶HQJDJHPHQW� G¶XQ� QRPEUH� PLQLPXP� GH� 7&5� HVW� QpFHVVDLUH� j� OD� WUDQVFULSWLRQ� GHV� JqQHV� GH

F\WRNLQHV�HW�j�OD�SUROLIpUDWLRQ�7��&H�VHXLO�GpSHQG�GH�OD�PLVH�HQ�MHX�GH�VWUXFWXUHV�GH�FR�VLJQDOLVDWLRQ

SHUPHWWDQW��HQ�SOXV�GH�OHXU�FRRSpUDWLRQ�LQGLVSHQVDEOH�j�OD�VLJQDOLVDWLRQ�LQWUDFHOOXODLUH�GX�7&5��GH

UHQIRUFHU�O¶LQWHUDFWLRQ�GX�7&5�DX�FRPSOH[H�&0+�SHSWLGH�SDU�OHXU�SURSULpWH�G¶DGKpVLRQ��/LQVOH\�HW

DO���������

/¶DJJUpJDWLRQ� GHV� UpFHSWHXUV� 7� LQGXLW� VXU� OH� /7� O¶H[SUHVVLRQ� GX� OLJDQG� GH� &'��� �&'����� TXL

LQWHUDJLW�DYHF�OD�PROpFXOH�&'���SUpVHQWH�VXU�OHV�FHOOXOHV�SUpVHQWDWULFHV��'DQV�OH�PrPH�WHPSV�OD

PROpFXOH�&'���LQWHUDJLW�DYHF�O¶DQWLJqQH�%���%����RX�&'����%����RX�&'�����/¶LQWHUDFWLRQ�%��&'��

LQGXLW�XQ�©�VHFRQG�ª�VLJQDO�TXL��FRPELQp�DX�SUHPLHU�VLJQDO��DFFURvW� OD�WUDQVFULSWLRQ��YLD� O¶DFWLYDWLRQ

GH�IDFWHXUV�GH�WUDQVFULSWLRQ�FRPPH�1)κE��1)$7�RX�OH�FRPSOH[H�$3����KpWpURGLPqUH�)RV�-XQ���HW

VWDELOLVH� OHV�$51P�GH�QRPEUHX[�JqQHV�FRPPH� O¶,/�� �)LJ�� ���� '¶DXWUHV� LQWpUDFWLRQV� LPSRUWDQWHV�

QRWDPPHQW� SRXU� O¶DGKpVLRQ� GHV� FHOOXOHV�� VRQW� UpSHUWRULpHV� VXU� OD� ILJXUH� ���� /¶H[SUHVVLRQ� DLQVL

LQGXLWH� VH� WUDGXLW� SDU� SOXVLHXUV� FKDQJHPHQWV� SKpQRW\SLTXHV� HW� O¶DFTXLVLWLRQ� GH� PpFDQLVPHV

HIIHFWHXUV�VSpFLILTXHV��/HV�/7�DFWLYpV�H[SULPHQW�G¶DXWUHV�PDUTXHXUV�G¶DFWLYDWLRQ�FRPPH�OD�OHFWLQH

&'����RX�OH�UpFHSWHXU�GH�O¶,/���&'�����(Q�UpSRQVH�j�O¶,/����OHV�FHOOXOHV�7�VH�PXOWLSOLHQW�

&HSHQGDQW��OHV�/7�DFWLYpV�SHXYHQW�H[SULPHU�OD�PROpFXOH�&7/$����&\WRWR[LF�O\PSKRF\WH�DVVRFLDWHG

DQWLJHQ����RX�&'������TXL�LQWHUDJLW�pJDOHPHQW�DYHF�%���PDLV�DYHF�XQH�DIILQLWp�FHQW�IRLV�VXSpULHXUH

j�FHOOH�GH�&'����2U��FHWWH� LQWHUDFWLRQ�&7/$���%���j� O¶LQYHUVH�GH�&'���%���EORTXH� OD�SUROLIpUDWLRQ

GHV� /7� HW� SURYRTXH� OHXU� DQHUJLH� �/LQVOH\� HW� DO��� ������� %HDXFRXS� GH� VWUDWpJLHV
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G¶LPPXQRVXSSUHVVLRQ� VRQW� EDVpHV� VXU� OH� EORFDJH�GH� OD� FRVWLPXODWLRQ�� QRWDPPHQW� HQ� LQWHUIpUDQW

DYHF�OD�YRLH�%��&'����/¶XQH�G¶HOOH�IDLW�DSSHO�j�OD�SURGXFWLRQ�G¶XQH�IRUPH�VROXEOH�GH�&7/$����TXL�

HQ�PDVTXDQW� OH�UpFHSWHXU�%�GHV�$3&�� LQWHUGLW� WRXWH� LQWHUDFWLRQ�GH�FH�UpFHSWHXU�DYHF� OD�PROpFXOH

&'���GHV�/7��)LJ�����HW�&I��3HUVSHFWLYHV��

���������/D�SRODULVDWLRQ�7K��7K�

6XLYDQW� OH� FRQWH[WH� GDQV� OHTXHO� OHV� /7� &'��� VRQW� DFWLYpV�� LOV� VH� GLIIpUHQFLHQW� HQ� GHX[� VRXV�

SRSXODWLRQV� GLVWLQFWHV�� GLWHV� DX[LOLDLUHV� 7K�� RX� 7K��� HW� VRQW� VRXPLV� j� XQH� LQWHQVH� SUROLIpUDWLRQ

FORQDOH��/HV�UpSRQVHV�GLULJpHV�SDU� OH�VRXV�W\SH�7K��VRQW�GHV�UpSRQVH�G¶K\SHUVHQVLELOLWp�UHWDUGpH

�'7+����GH�WHOV� O\PSKRF\WHV�VRQW� LPSOLTXpV�GDQV�O¶DFWLYDWLRQ�HW� OD�FRRSpUDWLRQ�DYHF� OHV�FHOOXOHV�7

&'����OHV�PDFURSKDJHV�HW�OHV�FHOOXOHV�1.��TXL�DJLVVHQW�GLUHFWHPHQW�FRQWUH�OD�FLEOH�DQWLJpQLTXH��/D

UpSRQVH�DQWLFRUSV�HVW� IDLEOH�� GH� W\SH� ,J*�D��$� O¶LQYHUVH� OHV� O\PSKRF\WHV� GH� VRXV� W\SH�7K��VRQW

SOXW{W�GHVWLQpV�j�SURPRXYRLU�GH�IRUWHV�UpSRQVHV�KXPRUDOHV��SDU�O¶DFWLYDWLRQ�GHV�O\PSKRF\WHV�%��TXL

FRQGXLW�j�OD�VpFUpWLRQ�G¶DQWLFRUSV�GH�W\SH�,J(�HW�,J*���QH�IL[H�SDV�OH�FRPSOpPHQW�

0RVPDQQ�HW�&RIIPDQ��������RQW�pWp� OHV�SUHPLHUV�j� LGHQWLILHU�� LQ�YLWUR�� OHV�SURILOV�F\WRNLQLTXHV�TXL

FDUDFWpULVHQW� FHV� GHX[� W\SHV� GH� /7�&'���� OHV� FHOOXOHV� 7K�� SURGXLVHQW� QRWDPPHQW� GH� O¶,/���� GH

O¶,)1γ�HW�OD�O\PSKRWR[LQH�α�DORUV�TXH�OHV�FHOOXOHV�7K��SURGXLVHQW�SOXV�VSpFLILTXHPHQW�GH�O¶,/����,/���

,/���� ,/���� HW� ,/����� (Q� SOXV� G¶rWUH� IRQFWLRQQHOOHPHQW� GLVWLQFWHV�� FHV� GHX[� VRXV�SRSXDWLRQV

V¶LQKLEHQW� PXWXHOOHPHQW� HQ� OLPLWDQW� OH� GpYHORSSHPHQW� HW� O¶DFWLYLWp� LPPXQH� GH� O¶DXWUH� �6WUHHW� HW

0RVPDQQ���������3DXO�HW�6HGHU���������(Q�HIIHW��O¶,)1γ�LQKLEH�IRUWHPHQW�OHV�UpSRQVHV�GH�W\SH�7K�

HW�UpFLSURTXHPHQW��O¶,/����EORTXH�O¶DFWLYDWLRQ�HW�O¶H[SDQVLRQ�GHV�O\PSKRF\WHV�7K���,Q�YLYR��XQ�JUDQG

QRPEUH� GH� IDFWHXUV� DIIHFWHQW� OD� SRODULVDWLRQ� 7K��7K�� j� SDUWLU� GX� VWDGH� QDwI� 7K��� &HFL� LQFOXW� OH

JpQRW\SH� GH� O¶DQLPDO�� OD� GRVH� DQWLJpQLTXH�� OH� W\SH� G¶$3&� SUpVHQWDQW� O¶DQWLJqQH� DX[� FHOOXOHV� 7

DX[LOLDLUHV��HW� OH� W\SH�GH�PROpFXOHV� GH� O¶HQYLURQQHPHQW� �5HLQHU� HW� /RFNVOH\�� �������*XHU\� HW� DO��

�������0XUSK\� HW� DO��� �������7KRPSVRQ�� �������6DLQW�9LV� HW� DO��� �������2¶*DUUD�� �������(Q� UqJOH

JpQpUDOH�� O¶,/���� IDYRULVH� OH� GpYHORSSHPHQW� G¶XQH� UpSRQVH� GH� W\SH� 7K�� DORUV� TXH� O¶,/��� RULHQWH

SOXW{W�OD�GLIIpUHQFLDWLRQ�GH�W\SH�7K���)LJ������
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���������/D�UpSRQVH�7�F\WRWR[LTXH

/¶LPPXQLWp� VSpFLILTXH� FHOOXODLUH� LQFOXW�� j� SDUW� pJDOH�� OH� GpYHORSSHPHQW� GH� /7� F\WRWR[LTXHV�&'��

�&7/�� TXL� UHFRQQDLVVHQW� VSpFLILTXHPHQW� GHV� SHSWLGHV� GpULYpV� GH� SURWpLQHV� LQWUDFHOOXODLUHV

SUpVHQWpHV�VXU� OH�&0+�GH�FODVVH� ,��$LQVL�� FHV�&7/�DVVXUHQW�XQH� VXUYHLOODQFH�GLULJpH� FRQWUH� OHV

DJHQWV� LQIHFWLHX[� j� WURSLVPH� LQWUD�FHOOXODLUH�� (Q� GHKRUV� GX� 61&�� OHV� &0+� ,� RQW� XQH� H[SUHVVLRQ

TXDVL�XELTXLWDLUH��PDLV�GDQV�OH�FHUYHDX�VDLQ�OHXU�H[SUHVVLRQ�HVW�TXDVL�LQp[LVWDQWH��FH�TXL�H[SOLTXH

TX¶LO�\�D�SHX�GH�FLEOHV�GHV�&7/�GDQV�OH�FHUYHDX�j�O¶pWDW�QRUPDO��/HV�QHXURQHV�VRQW�SDUWLFXOLqUHPHQW

UpIUDFWDLUHV� j� O¶LQGXFWLRQ� GH� O¶H[SUHVVLRQ� GH�PROpFXOHV� GH� FODVVH� ,� SDU� O¶H[SUHVVLRQ� GH� F\WRNLQHV

SUR�LQIODPPDWRLUHV�FRPPH�O¶,)1γ��HW�QH�SHXYHQW�GRQF�SDV�rWUH�GpWUXLWV�SDU�OHV�&7/��FH�TXL�OHV�UHQG

VHQVLEOHV� DX[� LQIHFWLRQV� YLUDOHV� SHUVLVWDQWHV� �-RO\� HW� DO��� ������� &HWWH� DEVHQFH� G¶LQGXFWLELOLWp� QH

FRQFHUQH�FHSHQGDQW�TXH�OHV�QHXURQHV�IRQFWLRQQHOV�HW�pOHFWULTXHPHQW�DFWLIV��(Q�HIIHW��OH�EORFDJH�GH

FHWWH� DFWLYLWp� SDU� OD� WpWURGRWR[LQH� UHVWDXUH� OD� SRVVLELOLWp� TX¶D� O¶,)1γ� G¶LQGXLUH� O¶H[SUHVVLRQ� GHV

PROpFXOHV�GH�FODVVH� ,� GDQV� OHV� QHXURQHV� �1HXPDQQ�HW� DO��� ������ �������4XDQW� DX[� WURLV� DXWUHV

W\SHV� FHOOXODLUHV� TXL� FRQVWLWXHQW� OH� SDUHQFK\PH� FpUpEUDO� �ROLJRGHQGURF\WHV�� DVWURF\WHV� HW

PLFURJOLH��� LO� Q¶D� pWp� REVHUYp� G¶H[SUHVVLRQ� GHV�&0+� GH� FODVVH� ,� TX¶DSUqV� XQH� H[SRVLWLRQ� j� GHV

GRVHV� LPSRUWDQWHV� GH� F\WRNLQHV� SUR�LQIODPPDWRLUHV� WHOOHV� TXH� OH� 71)α� RX� O¶,)1γ� �9DVV� HW

/DVVPDQQ���������SRXU�UHYXH���1HXPDQQ��������

&HSHQGDQW� ORUV� G¶LQIODPPDWLRQV� VpYqUHV� GX� 61&� �6(3�� RX� GDQV� XQH� PRLQGUH� PHVXUH� GHV

SKpQRPqQHV� QHXURGpJpQpUDWLIV�� SDU� H[HPSOH� OLpV� j� XQ� LQIDUFWXV��� OHV� &7/� SHXYHQW� V¶DFFXPXOHU

GDQV�HW�DXWRXU�GHV�OpVLRQV��GDQV�XQH�SURSRUWLRQ�GL[�IRLV�VXSpULHXUH�DX[�O\PSKRF\WHV�&'����*D\�HW

DO����������%DEEH�HW�DO����������(Q�HIIHW� OH� UHFUXWHPHQW�HW� OH� O¶DGUHVVDJH�GHV�&'��� SDUDvW� IDFLOLWp

FRPSDUDWLYHPHQW� DX[� DXWUHV� W\SHV� O\PSKRF\WDLUHV�� PDLV� OHV� PpFDQLVPHV� PROpFXODLUHV

UHVSRQVDEOHV�GH�FHWWH�GLIIpUHQFH�UHVWHQW�j�pFODLUFLU��&DUVRQ�HW�DO�������D��

/H� GpYHORSSHPHQW� GHV� &7/� V¶HIIHFWXH� HQ� GHX[� SKDVHV��� � HQ� SUHPLHU� OLHX�� LO� VH� SURGXLW� XQ

HQJDJHPHQW� HW� XQH� SUROLIpUDWLRQ� OLPLWpH� GH� &7/� QDwIV�� PDLV� VSpFLILTXHV� G¶XQ� DQWLJqQH�� TXL

H[SULPHQW� OH� UpFHSWHXU� GH� O¶,/���� PDLV� QH� VRQW� SDV� FDSDEOHV� G¶DFWLRQ� F\WRWR[LTXH�� 'DQV� XQH

VHFRQGH� pWDSH�� FHV� FHOOXOHV� SUROLIqUHQW� GH� IDoRQ� H[WHQVLYH� HW� VH� GLIIpUHQFLHQW� HQ� &7/�� &HX[�FL

SRVVqGHQW� XQH� FDSDFLWp� GH� O\VH� VSpFLILTXH� GH� OD� FHOOXOH� FLEOH� �)LJ�� ����� &HWWH� VHFRQGH� SKDVH
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UHTXLHUW�QRQ�VHXOHPHQW� OD�UHFRQQDLVVDQFH�GH� O¶DQWLJqQH�PDLV�HQFRUH�GHV�WDX[�VLJQLILFDWLIV�G¶,/���

(Q� UqJOH� JpQpUDOH�� OD� VRXUFH� G¶,/��� HVW� DXWDQW� DXWRFULQH� TXH� SDUDFULQH� �VpFUpWLRQ� G¶,/��� SDU� OHV

&'���7K����VXJJpUDQW�SDU�Oj�XQ�PpFDQLVPH�GH�FRRSpUDWLRQ�HQWUH�FHV�GHX[�W\SHV�FHOOXODLUHV�

���������8Q�U{OH�VHFRQGDLUH�SRXU�OHV�O\PSKRF\WHV�%�GDQV�O¶LQIODPPDWLRQ�GX�61&�"

,O�H[LVWH�SHX�GH�GRQQpHV�VXU� OD�SUpVHQFH�HW� OH�U{OH�GHV�O\PSKRF\WHV�%�GDQV�OH�61&��&HSHQGDQW�

GHV�pWXGHV�PHQpHV�VXU�GHV�UDWV�LPPXQLVpV�DYHF�XQ�DQWLJqQH�pWUDQJp�QRQ�SDWKRJqQH��RQW�PRQWUp

TXH�GHV�FHOOXOHV�%�HW�GHV�SODVPRF\WHV��VSpFLILTXHV�GH�FHW�DQWLJqQH��SRXYDLHQW�VH�UHWURXYHU�GDQV�OH

61&��.QRSI�HW�DO�����������������$�O¶LPDJH�GHV�/7��OHV�FHOOXOHV�%�QH�VHPEOHQW�SDV�DYRLU�GH�GLIILFXOWp

SRXU� IUDQFKLU� OD� %+(�� PDLV� FH� SKpQRPqQH� UHVWH� VRXV� OD� GpSHQGHQFH� GH� VRQ� pWDW� G¶DFWLYDWLRQ

�3RVWLJR� HW� DO��� ������� /HV� PROpFXOHV� &'��� HW� &'��� SUpVHQWHV� VXU� OHV� FHOOXOHV� %� DFWLYpHV

LQWHUDJLVVHQW� DYHF� OD� (� HW� 3�VHOHFWLQH� SUpVHQWHV� j� OD� VXUIDFH� GH� O¶HQGRWKpOLXP�� ,O� VHPEOH

FHSHQGDQW��TXH�GDQV� OH�61&��DSUqV� UHQFRQWUH�GH� O¶DQWLJqQH�SRXU� OHTXHO� LOV� VRQW� VSpFLILTXHV�� OHV

FHOOXOHV�%�QH�VRQW�FDSDEOHV�GH�VH�GLIIpUHQFLHU�HQ�SODVPRF\WHV�TX¶DSUqV�XQH�LQWHUDFWLRQ�LQLWLDOH�DYHF

OHV� FHOOXOHV� 7� � �*ULIILQ� HW� DO��� ������� $XVVL� OHXU� SUpVHQFH� UHVWH� UHODWLYHPHQW� UDUH�� VDXI� GDQV� OHV

PDODGLHV�DVVRFLpHV�j�XQH� LQILOWUDWLRQ�PDVVLYH�GH�/7�� WHOOH�TXH� OD�6(3��SRXU� UHYXH���&URVV�HW�DO��

�������/HXUV� U{OHV�SDVVHQW�SDU� OD�FDSWXUH�� OH� WUDLWHPHQW�� HW� OD�SUpVHQWDWLRQ�GH� O¶DQWLJqQH��TXL� OHV

LPSOLTXHQW�FRPPH�GH�SRVVLEOHV�$3&��'DYLGVRQ�HW�:DWWV��������&KHQJ�HW�DO����������,OV�SHXYHQW�HQ

RXWUH� SDUWLFLSHU� j� OD� FRVWLPXODWLRQ� GHV� /7� HW� DX� UHFUXWHPHQW� G¶DXWUHV� FHOOXOHV� VXU� OH� VLWH

G¶LQIODPPDWLRQ��+DOO�HW�DO����������/RX�HW�DO����������$�O¶LQYHUVH�� OHV�FHOOXOHV�%�SHXYHQW� LQYHUVHU� OH

SURFHVVXV� LQIODPPDWRLUH� HQ� LQIOXHQoDQW� OD� SURGXFWLRQ� GH� F\WRNLQHV� YHUV� XQH� EDODQFH� 7K�!7K�

�6DRXGL� HW� DO��� ������� 6WRFNLQJHU� HW� DO��� ������ RX� LQGXLUH� XQH� DQHUJLH� GHV� FHOOXOHV� 7� &'��

�+ROOVEHUJ�HW�DO��������
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0RGqOHV�GH�JUHIIHV�DSSOLTXpHV�j�OD�PDODGLH�GH�3DUNLQVRQ

&RQWUDLUHPHQW�j�EHDXFRXS�G¶DXWUHV�WLVVXV��OH�V\VWqPH�QHUYHX[�D�XQH�FDSDFLWp�OLPLWpH�G¶DXWR�

UpSDUDWLRQ� HW� OHV� FHOOXOHV� KDXWHPHQW� GLIIpUHQFLpHV� TXL� OH� FRPSRVHQW� RQW� SHUGX� OHXU� FDSDFLWp� GH

UpJpQpUDWLRQ��%LHQ�TX¶LO�H[LVWH�GHV�FHOOXOHV�VRXFKHV�QHXURQDOHV�GDQV� OH�FHUYHDX�DGXOWH��HOOHV�RQW

DXVVL� XQH� FDSDFLWp� OLPLWpH� SRXU� UpJpQpUHU� GHV� QHXURQHV� IRQFWLRQQHOV� DSUqV� XQH� OpVLRQ��$LQVL�� OD

WUDQVSODQWDWLRQ� QHXURQDOH� DSSDUDvW� SDUWLFXOLqUHPHQW� DSSOLFDEOH� ORUVTXH� OD� PRUW� QHXURQDOH� QH

FRQFHUQH�TXH�GHV�SRSXODWLRQV�KRPRJqQHV�VXU�OH�SODQ�DQDWRPLTXH�HW�QHXURFKLPLTXH��&¶HVW�OH�FDV

GH�OD�PDODGLH�GH�3DUNLQVRQ��03��TXL�UpVXOWH�GH�OD�SHUWH�VpOHFWLYH�GHV�QHXURQHV�GRSDPLQHUJLTXHV

GH�OD�VXEVWDQFH�QRLUH�

�����/D�PDODGLH�GH�3DUNLQVRQ�HW�VHV�SULQFLSDOHV�WKpUDSHXWLTXHV

�������3DWKRORJLH��FDXVHV

&HWWH�DIIHFWLRQ�QHXURGpJpQpUDWLYH�HVW�FDUDFWpULVpH�SDU�GHV�WURXEOHV�PRWHXUV��GXV�j�OD�PRUW�GHV

QHXURQHV� GRSDPLQHUJLTXHV� GH� OD� VXEVWDQFH� QRLUH� ORFDOLVpV� GDQV� OH�PpVHQFpSKDOH� YHQWUDO� �)LJ�

�����&HWWH�GpJpQpUHVFHQFH�G¶RULJLQH�LQFRQQXH��SURYRTXH�XQ�GpILFLW�HQ�GRSDPLQH�GDQV�OHV�UpJLRQV

LQQHUYpHV� SDU� FHV� FHOOXOHV�� HQ� SDUWLFXOLHU� OH� VWULDWXP�� /HV� SUHPLHUV� V\PSW{PHV� GH� OD� PDODGLH

DSSDUDLVVHQW� ORUVTX¶HQYLURQ�����GH�FHV�QHXURQHV�RQW�GpJpQpUpV�� FH�TXL� HQWUDvQH�XQH�GpSOpWLRQ

G¶HQYLURQ� �����GH� OD� GRSDPLQH�GDQV� OH� VWULDWXP� �'XQQHWW� HW� %M|UNOXQG�� ������� ,O� HQ� UpVXOWH� GHV

WURXEOHV� PRWHXUV� WUqV� KDQGLFDSDQWV��� WUHPEOHPHQWV�� OHQWHXU� GHV� PRXYHPHQWV� �EUDG\NLQpVLH��

ULJLGLWp� HW� DNLQpVLH� �DEVHQFH� GH� PRXYHPHQWV��� 3DU� OD� VXLWH�� GHV� GpJpQpUHVFHQFHV� VHFRQGDLUHV

HQWUDvQHQW� XQH� GpWpULRUDWLRQ� GHV� DLUHV� FRUWLFDOHV� PRWULFHV�� HW� SDU� FRQVpTXHQW�� GHV� WURXEOHV

FRJQLWLIV��$YHF�XQH�SUpYDOHQFH�GH�����SRXU���������LQGLYLGXV�HW�XQH�LQFLGHQFH�GH����SRXU��������

GDQV� WRXV� OHV� SD\V� HW� SRXU� WRXWHV� OHV� UDFHV�� OD�03� HVW� OD� SDWKRORJLH� QHXURGpJpQpUDWLYH� OD� SOXV

FRPPXQH�DSUqV�OD�PDODGLH�G¶$O]KHLPHU��6FKDSLUD��������



��

6HV�FDXVHV�QH�VRQW�SDV�FRQQXHV��PDLV��OD�GpFRXYHUWH�HQ������TXH�OD���PHWK\O���SKHQ\O���������

WHWUDK\GURS\ULGLQH� �0373�� LQMHFWpH� SDU� HUUHXU� SDU� YRLH� LQWUDYHLQHXVH� SDU� OHV� FRQVRPPDWHXUV

G¶KpURwQH��SURYRTXDLW�GHV�V\PSW{PHV�HW�XQH�QHXURGpJpQpUDWLRQ�VLPLODLUHV�j� OD�03��DPHQD� O¶LGpH

TXH� GHV� WR[LQHV� HQYLURQQHPHQWDOHV� SRXYDLHQW� MRXHU� XQ� U{OH� GDQV� OH� GpFOHQFKHPHQW� GH� OD

SDWKRORJLH� �/DQJVWRQ� HW� DO��� ������� /¶DXJPHQWDWLRQ� GH� O¶LQFLGHQFH� GH� OD�PDODGLH� GDQV� OHV� ]RQHV

UXUDOHV� H[SRVpHV�DX[� SHVWLFLGHV�� V¶DFFRUGH� DYHF� FHWWH� WKpRULH� �6HPFKXN�HW� DO��� ������� (Q� HIIHW�

O¶DGPLQLVWUDWLRQ� V\VWpPLTXH� G¶XQ� SHVWLFLGH� FRXUDPPHQW� HPSOR\p�� OD� URWpQRQH�� LQGXLW� GHV

GpJpQpUHVFHQFHV� QLJUR�VWULpHV� FKH]� OH� UDW� �%HWDUEHW� HW� DO��� ������� 'H� SOXV�� O¶LQFLGHQFH� GH� OD

PDODGLH� HVW� SOXV� IRUWH� FKH]� OHV� $IUR�DPpULFDLQV� TXH� FKH]� OHV� $IULFDLQV� VXJJpUDQW� HQFRUH� XQH

LPSRUWDQFH�GH�O¶HQYLURQQHPHQW��-HQGURVND�HW�DO����������'HV�IRUPHV�IDPLOLDOHV�JpQpWLTXHV�GH�03

�PXWDWLRQ� GX� JqQH� GH� O¶α�V\QXFOpLQH�� GH� OD� 3DUNLQH� RX� GH� O¶XELTXLWLQH�� RQW� pWp� GpFULWHV� �*DVVHU�

�������.LWDGD�HW�DO���������� ODLVVDQW�VXSSRVHU�TXH�F¶HVW�VDQV�GRXWH�XQH�FRPELQDLVRQ�GH�IDFWHXUV

WDQW� JpQpWLTXHV� TX¶HQYLURQQHPHQWDX[�� TXL� FRQWULEXHQW� DX� GpYHORSSHPHQW� GH� OD� SDWKRORJLH� �SRXU

UHYXH���/RWKDULXV�HW�%UXQGLQ���������%URXVVROOH�HW�7KRERLV��������

�������/HV�PRGqOHV�DQLPDX[

0DOJUp�XQH�pWLRORJLH�GLIIpUHQWH�GH�OD�SDWKRORJLH�KXPDLQH��F¶HVW�VXU�OD�EDVH�GH�PRGqOHV�DQLPDX[

TX¶HQ�������&DUOVVRQ�PLW�HQ�pYLGHQFH�OH�U{OH�GX�V\VWqPH�GRSDPLQHUJLTXH�GDQV�OH�FHUYHDX��,O�V¶DJLW

G¶DQLPDX[� WUDLWpV� SDU� GHV� DJHQWV� WR[LTXHV� UHODWLYHPHQW� VSpFLILTXHV� GHV� QHXURQHV

GRSDPLQHUJLTXHV�� FRPPH� OD� ��K\GUR[\GRSDPLQH� ���2+'$�� FKH]� OH� UDW� �SRXU� UHYXH��� 6DFKV� HW

-RQVVRQ��������RX�OH�0373�FKH]�OD�VRXULV�RX�OH�VLQJH��9DUDVWHW�HW�DO����������(Q�SOXV�G¶rWUH�GHV

RXWLOV� SRXU� OHV� pWXGHV� SKDUPDFRORJLTXHV�� FHV�PRGqOHV� RQW� SHUPLV� GH� YpULILHU� OD� IDLVDELOLWp� GH� OD

WHFKQRORJLH�GH�OD�WUDQVSODQWDWLRQ�QHXURQDOH��'HX[�VWUDWpJLHV�VH�GpJDJHQW�GH�FHV�H[SpULPHQWDWLRQV�

/¶XQH�YLVH�j�UHVWDXUHU�OD�GRSDPLQH�PDQTXDQWH�GDQV�OH�VWULDWXP��)LJ������GURLWH���O¶DXWUH��EDVpH�VXU

OD� QHXURSURWHFWLRQ� GHV� QHXURQHV� UHVWDQWV�� HVW� HVVHQWLHOOHPHQW� D[pH� VXU� OD� SODVWLFLWp� GHV� FRUSV

FHOOXODLUHV�GHV�QHXURQHV�GRSDPLQHUJLTXHV�GDQV�OD�VXEVWDQFH�QRLUH�
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�������,QWHUYHQWLRQV�WKpUDSHXWLTXHV

��������(IILFDFLWp�UHODWLYH�GHV�WUDLWHPHQWV�SKDUPDFRORJLTXHV

,O�H[LVWH�GDQV�FHWWH�SDWKRORJLH�GHV� WUDLWHPHQWV�PpGLFDPHQWHX[�HIILFDFHV�j�EDVH�GH� OpYRGRSD� �/�

'RSD��� XQ� SUpFXUVHXU� GH� OD� GRSDPLQH� TXL� SHXW� IUDQFKLU� OD� %+(� HW� UpWDEOLU� OD� WUDQVPLVVLRQ

GRSDPLQHUJLTXH�GpILFLHQWH�� �&HSHQGDQW�VRQ�HIILFDFLWp�GpFURvW�GDQV� OHV���j���DQV��HQWUDvQDQW�GHV

IOXFWXDWLRQV� FOLQLTXHV� GH� O¶pWDW� GHV� PDODGHV�� HVVHQWLHOOHPHQW� GHV� G\VNLQpVLHV��PRXYHPHQWV

LQYRORQWDLUHV�� TXL� KDQGLFDSHQW� ORXUGHPHQW� OHV� SDWLHQWV� �5DVFRO� HW� DO��� ������� /DQJ� HW� /R]DQR�

�������/D� OpYR�GRSD�SHXW�pJDOHPHQW� LQGXLUH�GHV�HIIHWV�VHFRQGDLUHV�WUqV� LQYDOLGDQWV���FH�VRQW�GHV

PRXYHPHQWV�LQYRORQWDLUHV��DSSHOpV�G\VNLQpVLHV�

'HV� DJRQLVWHV� GRSDPLQHUJLTXHV�� FRPPH� OD� EURPRFULSWLQH� RX� OH� URSLQLUROH�� DLQVL� TXH� GHV

WUDLWHPHQWV�TXL�LQKLEHQW�OHV�HQ]\PHV�GH�OD�GpJUDGDWLRQ�GH�OD�GRSDPLQH��DXJPHQWHQW�OHV�HIIHWV�GH

OD�/�GRSD�HW�VRQW�GRQF�XWLOLVpV�HQ�FRPSOpPHQW�

���������,QWHUYHQWLRQV�FKLUXUJLFDOHV

'¶DXWUHV� SLVWHV� WKpUDSHXWLTXHV� VRQW� WHVWpHV� HW� FRPSDUpHV� FKH]� O¶KRPPH� GHSXLV� XQH� GL]DLQH

G¶DQQpHV��&¶HVW�OH�FDV�GH�OD�SDOOLGHFWRPLH��OpVLRQV�SRQFWXHOOHV�GX�SDOOLGXP�SDU�WKHUPRFRDJXODWLRQ��

XQH� RSpUDWLRQ� SUDWLTXpH� DX[� (WDWV�8QLV� PDLV� DEDQGRQQpH� HQ� (XURSH�� GRQW� O¶HIIHW� UpGXLW� OHV

V\PSW{PHV�SDUNLQVRQLHQV�� QRWDPPHQW� OHV� WUHPEOHPHQWV� �)LQH� HW� DO��� ������� .UDFN� HW� DO��� ������

3OXV�UpFHPPHQW��O¶pTXLSH�GH�%HQDELE��j�*UHQREOH��D�GpYHORSSp�XQH�QRXYHOOH�DSSURFKH�EDVpH�VXU

OHV�VWLPXODWLRQV�pOHFWULTXHV�LQWUDFpUpEUDOHV�SURIRQGHV�GHV�QR\DX[�VRXV�WKDODPLTXHV��/H�FRXUDQW�GH

KDXWH� IUpTXHQFH� HQYR\p� GDQV� FHUWDLQV� QR\DX[� K\SHUDFWLIV� GDQV� OD�03� LQGXLW� XQH� GpSRODULVDWLRQ

GHV� QHXURQHV� GRQW� OHV� HIIHWV� V\PSWRPDWLTXHV� VH� WUDGXLVHQW� SDU� XQH� DPpOLRUDWLRQ� FOLQLTXH� HW� OD

UpGXFWLRQ�GH�OD�PpGLFDWLRQ��/LPRXVLQ�HW�DO����������/D�ORXUGHXU�HW�OH�FR�W�pOHYp�GH�FHV�LQWHUYHQWLRQV

IRQW�TX¶HOOHV�QH�VRQW�SUDWLTXpHV�TX¶HQ�GHUQLHU� UHFRXUV�� ORUVTXH� OHV� WUDLWHPHQWV�SKDUPDFRORJLTXHV

Q¶RQW� SOXV� HIIHW�� (OOHV� QH� VHPEOHQW� HIILFDFHV� TXH� GDQV� OHV� IRUPHV� LGLRSDWKLTXHV� GH� OD� PDODGLH�

ORUVTXH�OD�GpJpQpUHVFHQFH�HVW�UHVWUHLQWH�DX[�QHXURQHV�GRSDPLQHUJLTXHV�GH�OD�VXEVWDQFH�QRLUH�



��

���������6WUDWpJLHV�GH�QHXURSURWHFWLRQ

'H�QRXYHOOHV�DSSURFKHV�FKHUFKHQW�j� OLPLWHU� OH�VWUHVV�R[\GDWLI�TXL�SRXUUDLW�rWUH� UHVSRQVDEOH�GH� OD

GHVWUXFWLRQ� GHV� QHXURQHV� GRSDPLQHUJLTXHV� GH� OD� VXEVWDQFH� QRLUH�� &¶HVW� OH� FDV� GX� WRFRSKHURO

�YLWDPLQH�(���SRXU�UHYXH�)DKQ�HW�&RKHQ���������0DLV�XQH�SLVWH�SDUWLFXOLqUHPHQW�SURPHWWHXVH�HVW

FHOOH�GHV�IDFWHXUV�GH�FURLVVDQFHV�QHXURWURSKLTXHV��(Q�HIIHW� OHV�QHXURQHV�GRSDPLQHUJLTXHV�GH� OD

VXEVWDQFH�QRLUH�SRVVqGHQW�OHV�UpFHSWHXUV�5HW�HW�*'1)5��TXL�OHXU�SHUPHWWHQW�GH�UpSRQGUH�DX�JOLDO

GHULYHG�QHXURWURSKLF�IDFWRU��*'1)���XQ�IDFWHXU�QHXURWURSKLTXH�QDWXUHOOHPHQW�SURGXLW�DX�QLYHDX�GX

VWULDWXP��8Q�DSSRUW�HQ�*'1)��HIIHFWXp�DX�QLYHDX�GH�OD�VXEVWDQFH�QRLUH��SURWqJH�HIILFDFHPHQW�OHV

QHXURQHV� GRSDPLQHUJLTXHV� FRQWUH� GLYHUVHV� DWWHLQWHV� WR[LTXHV�� QRWDPPHQW� SDU� OD� ��2+'$� RX� OD

0373��+RIIHU�HW�DO����������*DVK�HW�DO����������/¶DSSRUW�GH�FH�IDFWHXU�DX[�SDWLHQWV�SRXUUDLW�GRQF

FRQWULEXHU� j� UDOHQWLU�� VLQRQ� PrPH� DUUrWHU� OH� SURFHVVXV� QHXURGpJpQpUDWLI� HW� IDYRULVHU� OD

UpDIIpUHQWDWLRQ�GHV�WHUULWRLUHV�GpQHUYpV��'¶DXWUHV�IDFWHXUV�SRXUUDLHQW�rWUH�XWLOLVpV��FRPPH�OH�%'1)�

XQ�PHPEUH�GH�OD�IDPLOOH�GHV�QHXURWURSKLQHV��GRQW�OH�UpFHSWHXU�7UN%�HVW�pJDOHPHQW�H[SULPp�SDU�OHV

QHXURQHV�GRSDPLQHUJLTXH�GH� OD�VXEVWDQFH�QRLUH��7RXWHIRLV�FHV�IDFWHXUV�QHXURWURSKLTXHV�GRLYHQW

rWUH�DSSRUWpV�ORFDOHPHQW��SDUFH�TX¶LOV�QH�IUDQFKLVVHQW�SDV�OD�%+(�HW�TXH��GDQV�OH�61&��OHXU�DFWLRQ

Q¶HVW� SDV� UHVWUHLQWH� DX[� VHXOV� QHXURQHV� GRSDPLQHUJLTXHV�� 3OXVLHXUV� VWUDWpJLHV� G¶DSSRUW

QHXURWURSKLTXHV� RQW� pWp� pWXGLpHV��� HOOHV� SDVVHQW� SDU� O¶LQVWLOODWLRQ� YLD� GHV� SRPSHV� RVPRWLTXHV

�<XUHN�� ������� SDU� O¶LPSODQWDWLRQ� UpSpWpH� GH�PLFURFDSVXOHV� FRQWHQDQW� OH� IDFWHXU� QHXURWURSKLTXH

�*RXKLHU� HW� DO��� ������� 0HQHL� HW� DO��� ������ RX� GH� FHOOXOHV� SURJUDPPpHV� SRXU� OH� SURGXLUH� �SRXU

UHYXH��� =XUQ� HW� DO��� ������� (QILQ�� XQH� YRLH� SURPHWWHXVH� FRQVLVWH� j� FRQVWUXLUH� GHV� YLUXV

UHFRPELQDQWV�FDSDEOHV�G¶H[SULPHU�OH�JqQH�GX�IDFWHXU�WURSKLTXH�VXLWH�j�OHXU�LQMHFWLRQ�LQWUDFpUpEUDOH

DX� QLYHDX� GX� FRUSV� FHOOXODLUH� GHV� FHOOXOHV� GRSDPLQHUJLTXHV� GDQV� OD� VXEVWDQFH� QRLUH�� 'H� WHOV

YHFWHXUV�VRQW�DFWXHOOHPHQW�GpULYpV�GH�O¶DGpQRYLUXV��GH�OHQWLYLUXV�GRQW�O¶+,9��RX�GX�YLUXV�DVVRFLp�j

O¶DGpQRYLUXV� �$$9�� �SRXU� UHYXH��� %MRUNOXQG� HW� DO��� ������� 'HV� SURJUqV� FRQVWDQWV� SHUPHWWHQW

G¶DWWpQXHU�OHXU�F\WRWR[LFLWpV�HW�G¶DXJPHQWHU�OHXU�FDSDFLWp�j�SURPRXYRLU�XQH�H[SUHVVLRQ�SURORQJpH

GX� WUDQVJqQH��'HV� YLUXV� FDSDEOHV� GH�SURYRTXHU� XQH� V\QWKqVH�GH�*'1)�RQW�PRQWUp� OHXU� LQWpUrW

GDQV�GHV�PRGqOHV�DQLPDX[�GH�03��%LODQJ�%OHXHO�HW�DO���������.RUGRZHU�HW�DO���������0F*UDWK�HW

DO��� ������� 'H� IDoRQ� SOXV� RULJLQDOH�� QRWUH� pTXLSH� V¶HVW� DIIDLUpH� j� XQH� DXWUH� VWUDWpJLH� EDVpH� VXU
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O¶H[SUHVVLRQ� HFWRSLTXH� GX� UpFHSWHXU� DX� 1*)�� 7UN$�� UHQGDQW� OHV� QHXURQHV� GRSDPLQHUJLTXHV

WUDQVGXLWV�VHQVLEOHV�j�FH�IDFWHXU�SUpVHQW�DX�QLYHDX�GH�OHXU�WHUPLQDLVRQ�D[RQDOH�GDQV�OH�VWULDWXP�

/HV�QHXURQHV�WUDQVGXLWV�SDU� O¶$$9�7UN$�VRQW�DORUV�VLJQLILFDWLYHPHQW�SURWpJpV�G¶XQH�OpVLRQ�j�OD���

2+'$��&I��$GGHQGXP��

���������$SSRUW�GH�GRSDPLQH�SDU�DXWRJUHIIH�GH�FHOOXOHV�QRQ�QHXURQDOHV

3DUWDQW�GX�SULQFLSH�TX¶XQ�DSSRUW�HQ�GRSDPLQH�GDQV� OH�VWULDWXP�GHYUDLW� UpGXLUH�RX�VXSSULPHU�GHV

V\PSW{PHV� SDUNLQVRQLHQV�� GHV� DXWRJUHIIHV� GH� FHOOXOHV� PpGXOOR�VXUUpQDOLHQQHV� RQW� pWp� WHQWpHV

FKH]� O¶DQLPDO� GDQV� OHV� DQQpHV� ��� �3RXU� UHYXH��� )UHHG� HW� DO��� ������� +DQVHQ� HW� *DVK�� ������

&HSHQGDQW�� FKH]� O¶KRPPH�� OD� VXUYLH� GH� FHV� FHOOXOHV� GDQV� OH� 61&� pWDLW� GH� FRXUWH� GXUpH� FH� TXL

LQWHUGLVDLW�WRXWH�LQWpJUDWLRQ�SRVVLEOH�GDQV�OH�UpVHDX�VWULDWDO��%DUNHU�HW�'XQQHW���������/H�EpQpILFH

GH�OHXU�WUDQVSODQWDWLRQ�pWDLW�IDLEOH��VLQRQ�QXO��SHXW�rWUH�SDU�PDQTXH�GH�SKpQRW\SH�QHXURQDO��SRXU

UHYXH���%M|UNOXQG�HW� /LQGYDOO�� �������&H� W\SH� G¶LQWHUYHQWLRQ� SURYRTXDLW�� HQ� RXWUH�� XQH� LPSRUWDQWH

PRUELGLWp� OLpH� j� OD� GRXEOH� LQWHUYHQWLRQ� FKLUXUJLFDOH� �DEGRPLQDOH�� SXLV� QHXURFKLUXUJLFDOH��� HW� FHWWH

YRLH�D�pWp�WRWDOHPHQW�DEDQGRQQpH�

/¶XWLOLVDWLRQ� GH� YLUXV� DPHQDQW� OD� W\URVLQH� K\GUR[\ODVH�� SUHPLqUH� HQ]\PH� GH� OD� V\QWKqVH� GHV

FDWpFKRODPLQHV��RX�OD�WUDQVSODQWDWLRQ�GH�FHOOXOHV�SURJUDPPpHV�SRXU�H[SULPHU�FHWWH�HQ]\PH��VRQW

UHVWpHV�HVVHQWLHOOHPHQW�GX�GRPDLQH�GH�O¶H[SpULPHQWDWLRQ�DQLPDOH��'DWH�HW�DO����������PrPH�VL�GHV

HVVDLV�FOLQLTXHV�VH�VRQW�HQJDJpV�DX�-DSRQ��'DWH�HW�2KPRWR���������7VHQJ�HW�$HELVFKHU��������

/D� JUHIIH� GH� FHOOXOHV� GH� 6HUWROL� HVW� SUREDEOHPHQW� XQH� SLVWH� LQWpUHVVDQWH� HOOH� DXVVL�� FDU� HOOHV

H[HUFHQW� XQH� IRUWH� LPPXQRVXSSUHVVLRQ� ORFDOH� HW� VRQW� SURGXFWULFHV� GH� IDFWHXUV� QHXURWURSKLTXHV

�:LGHQIDON�HW� DO��� ������� /HXU� WUDQVSODQWDWLRQ�� VHXOH�RX�FRPELQpH�j�GHV�FHOOXOHV� FKURPDIILQHV�� D

PRQWUp�GHV�DPpOLRUDWLRQV�VLJQLILFDWLYHV�GHV�V\PSW{PHV�FKH]� OH� UDW�SDUNLQVRQLHQ� �6DQEHUJ�HW�DO��

�������������� ,O�SRXUUDLW�HQ�DOOHU�GH�PrPH�GHV�FHOOXOHV�GH�0�OOHU�� DVWURF\WHV�SDUWLFXOLHUV� WURXYpV

GDQV� OD� UpWLQH��RX�GHV�FRUSV�FDURWLGLHQV��TXL� RXWUH� OHXU�FDSDFLWp�j�SURGXLUH�GHV� FDWpFKRODPLQHV�

SHXYHQW�DXVVL�FRQVWLWXHU�XQH�VRXUFH�HIILFDFH�GH�*'1)��(VSHMR�HW�DO����������/XTXLQ�HW�DO���������

*DUFLD�HW�DO��������� � �
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���

/HV�FDV�G¶DOORJUHIIHV

������ �'RQQpHV�H[SpULPHQWDOHV��

,O�\�D�GpMj�XQ�VLqFOH��GHV�DOORWUDQVSODQWDWLRQV�GH�FRUWH[�GDQV�OH�FRUWH[�pWDLHQW�UpDOLVpHV�VXU�GHV

PRGqOHV� DQLPDX[��'HSXLV� OHV� DQQpHV� ���� XQ� QRPEUH� FRQVLGpUDEOH� G¶pWXGHV� RQW� SURXYp� TXH� OHV

DOORJUHIIHV� GH� WLVVXV� ULFKHV� HQ� FHOOXOHV� GRSDPLQHUJLTXHV�� LVVXV� GH� PpVHQFpSKDOH� YHQWUDO� �09�

HPEU\RQQDLUH�� SRXYDLHQW� VXUYLYUH�� FURvWUH�� GpYHORSSHU� GHV� FRQQHFWLRQV� DYHF� OH� WLVVX� K{WH�� HW

FRQWUHEDODQFHU�OHV�HIIHWV�G¶XQH�OpVLRQ�FKH]�OH�UDW�UHQGX�KpPLSDUNLQVRQLHQ�SDU�O¶LQMHFWLRQ�XQLODWpUDOH

GH���2+'$��%M|UNOXQG�HW�6WHQHYL��������3HUORZ�HW�DO���������

/H�61&�HVW�XQ�WHUUDLQ�SHX�SURSLFH�j�OD�FURLVVDQFH�D[RQDOH��TXL�HVW�HQ�SDUWLFXOLHU�LQVXIILVDQWH�SRXU

TXH� GHV� QHXURQHV� GRSDPLQHUJLTXHV� I°WDX[� LPSODQWpV� GDQV� OD� VXEVWDQFH� QRLUH� UpDIIpUHQWHQW

HIILFDFHPHQW�OH�VWULDWXP��SRXU�UHYXH���,VDFVRQ�HW�'HDFRQ���������(Q�UHYDQFKH��SODFpV�GLUHFWHPHQW

GDQV� OH� VWULDWXP�� FHV� QHXURQHV� LPPDWXUHV� pPHWWHQW� GHV� D[RQHV� TXL� FRORQLVHQW� HQ� SDUWLH� FHWWH

VWUXFWXUH�� V\QWKpWLVHQW� HW� OLEqUHQW� GH� OD� GRSDPLQH�� HW� SHXYHQW� IRUPHU� DYHF� OHV� QHXURQHV� GX

UHFHYHXU�GHV�V\QDSVHV�GRQW�OD�IRQFWLRQQDOLWp�D�pWp�GpPRQWUpH��0DKDOLN�HW�DO����������:XHUWKHOH�HW

DO���������6FKPLGW�HW�DO����������5pFLSURTXHPHQW�� OHV�QHXURQHV�WUDQVSODQWpV�VRQW�VXVFHSWLEOHV�GH

UHFHYRLU�GHV�DIIpUHQFHV�GX�VWULDWXP�OXL�PrPH��PrPH�DXVVL�GX�FRUWH[�IURQWDO��$LQVL��XQH�IUDFWLRQ�GHV

QHXURQHV�PpVHQFpSKDOLTXHV� I°WDX[� WUDQVSODQWpV�VXUYLYHQW�GH� IDoRQ�SURORQJpH��HW� UHFRQVWLWXHQW�

ELHQ�TX¶HQ�VLWXDWLRQ�HFWRSLTXH��XQH�F\WRDUFKLWHFWXUH�SURFKH�GH�OD�QRUPDOH��'RXFHW�HW�DO��������

$� WUDYHUV� SOXVLHXUV� pSUHXYHV� FRPSRUWHPHQWDOHV�� OH� FDUDFWqUH� IRQFWLRQQHO� GHV� LPSODQWV� D� pWp

GpPRQWUp��&¶HVW� OH�FDV�GH� O¶DFWLYLWp� URWDWRLUH�� LQGXLWH�SDU� O¶DPSKpWDPLQH�FKH]�GHV� UDWV�D\DQW�VXEL

XQH�GHVWUXFWLRQ�XQLODWpUDOH�GH�OD�VXEVWDQFH�QRLUH�SDU� OD���2+'$��&HWWH�DFWLYLWp�DQRUPDOH��WpPRLQ

GH�OD�GpQHUYDWLRQ�GRSDPLQHUJLTXH��HVW�VXSSULPpH��VLQRQ�PrPH�LQYHUVpH�TXHOTXHV�VHPDLQHV�DSUqV

OD� JUHIIH� LQWUDVWULDWDOH� LSVLODWpUDOH� GH� QHXURQHV� PpVHQFpSKDOLTXHV� �SRXU� UHYXH��� +XGVRQ� HW� DO��

�������+HUPDQ�HW�$EURXV���������8QH�DXWUH�LQIRUPDWLRQ�LPSRUWDQWH�LVVXH�GH�FHV�pWXGHV�HVW�TXH�OD

VXUYLH� SURORQJpH� GH� FHV� DOORJUHIIHV� HVW� SRVVLEOH� VDQV� LPPXQRVXSSUHVVLRQ�� /H� JUHIIRQ� SDUDvW

LPPXQRORJLTXHPHQW� LQHUWH� YLV�j�YLV� GX� V\VWqPH� LPPXQLWDLUH� GH� O¶K{WH�� &HSHQGDQW�� FHW� pWDW
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DSSDUHQW� GH� WROpUDQFH� SHXW� rWUH� URPSX� SDU� XQH� UpDFWLRQ� GH� UHMHW�� LQGXLWH� GDQV� XQ� WLVVX

SpULSKpULTXH��&¶HVW�DLQVL�TX¶XQH�JUHIIH�GH�SHDX�GX�GRQQHXU�SHXW�SURYRTXHU�XQH�UpDFWLRQ�GH�UHMHW

GH� OD� SDUW� GX� UHFHYHXU� �'XDQ� HW� DO��� ������ RX� SOXV� VLPSOHPHQW� SDU� LPPXQLVDWLRQ� GX� UHFHYHXU

�)UHHG�HW�DO����������3ROWRUDN�HW�)UHHG���������+XGVRQ�HW�DO���������

������ $SSOLFDWLRQ�GH�O¶DOORJUHIIH�HQ�FOLQLTXH��

$X�UHJDUG�GHV�FHV�GRQQpHV�REWHQXHV�GDQV�GHV�PRGqOHV�DQLPDX[��F¶HVW� WRXW� ORJLTXHPHQW�TXH

/LQGYDOO�HW�VHV�FROODERUDWHXUV�UpDOLVHQW�HQ�6XqGH��j�OD�ILQ�GHV�DQQpHV�����OH�SUHPLHU�HVVDL�FOLQLTXH

FKH]� GHX[� SDWLHQWV� SDUNLQVRQLHQV� GRQW� OH� EXW� SULPRUGLDO� pWDLW� G¶pWXGLHU� OD� VXUYLH� GHV� QHXURQHV

GRSDPLQHUJLTXHV� I°WDX[� WUDQVSODQWpV� GDQV� OH� FHUYHDX� KXPDLQ� �/LQGYDOO� HW� DO��� ������� 3RXU� GHV

UDLVRQV�GH�PpWKRGRORJLH��FHV�SUHPLqUHV�GRQQpHV�Q¶RQW�SDV�pWp�FRQFOXDQWHV�TXDQW�j� OD�VXUYLH�GX

JUHIIRQ�� PDLV� XQ� DQ� SOXV� WDUG�� OD� PrPH� pTXLSH� PRQWUH� OD� SUHPLqUH� SUHXYH� GH� OD� VXUYLH� GHV

QHXURQHV�GRSDPLQHUJLTXHV�DVVRFLpH�j�GHV�EpQpILFHV�FOLQLTXHV�VXEVWDQWLHOV��/LQGYDOO�HW�DO���������

'HSXLV��GH�QRPEUHX[�DXWUHV�LQYHVWLJDWHXUV�RQW�PRQWUp�TXH�OHV�DOORJUHIIHV�LQWUDVWULDWDOHV�SRXYDLHQW

LQGXLUH�GHV�DPpOLRUDWLRQV�FOLQLTXHV�QRWRLUHV�FKH]�OH�VXMHW�SDUNLQVRQLHQ��$SUqV�XQ�GpODL�GH�GHX[�j

WURLV�PRLV��XQH�PDMRULWp�GHV�SDWLHQWV�SUpVHQWH�XQH�VXUYLH�JUDGXHOOH�GH�OD�JUHIIH�HW�OHV�H[SpULHQFHV

RQW� PRQWUp� TXH� MXVTX¶j� ��� PRLV�� FHV� SDWLHQWV� SDVVDLHQW� SOXV� GH� WHPSV� HQ� SKDVH� ©�RQ�ª�� HW

PRQWUDLHQW� XQH� VpYpULWp� UpGXLWH� GH� OD� ULJLGLWp� HW� GHV� EUDG\NLQpVLHV� HQ� SKDVH� ©�RII�ª�� OD� SKDVH

G¶pFKDSSHPHQW�j� O¶DFWLRQ�PpGLFDPHQWHXVH��'HIHU�HW�DO����������)UHHPDQ�HW�DO����������+DXVHU�HW

DO����������.RUGRZHU��������������/LQGYDOO�HW�DO���������������3HVFKDQVNL�HW�DO����������5HP\�HW�DO��

������� 6DZOH� HW� DO��� ������� (Q� XQH� TXLQ]DLQH� G¶DQQpHV�� F¶HVW� SUqV� GH� ���� SDWLHQWV� DWWHLQWV� GH

3DUNLQVRQ�VpYqUH�TXL�RQW�pWp�WUDQVSODQWpV��GRQW�XQH�TXLQ]DLQH�HQ�6XqGH�HW�DXWDQW�HQ�)UDQFH��/HV

SDWLHQWV�UHoRLYHQW�XQ�WUDLWHPHQW�LPPXQRVXSSUHVVHXU�©�G¶DSSRLQW�ª�SHQGDQW�OHV���PRLV�TXL�VXLYHQW

O¶RSpUDWLRQ�HW�OD�VXUYLH�GX�JUHIIRQ�HVW�VXLYLH�UpJXOLqUHPHQW�SDU�GHV�WHFKQLTXHV�G¶LPDJHULH�FpUpEUDOH

WHOOHV� TXH� O¶,50� RX� OD� WRPRJUDSKLH� SDU� pPLVVLRQ� GH� SRVLWRQV� �3(7�� PHVXUDQW� OD� FDSWXUH� GH� OD

IOXRUR�GRSD��>��)@�'23$���XQH�WHFKQLTXH�TXL�GRQQH�GHV�LQGLFDWLRQV�VXU�O¶LPSRUWDQFH�GH�O¶LQQHUYDWLRQ

GRSDPLQHUJLTXH� LQ� YLYR� �/DQJVWRQ� HW� DO��� ������� %URRNV�� ������� &HV� WHFKQLTXHV� G¶LPDJHULH� RQW

SHUPLV�GH�PRQWUHU�OD�VXUYLH�GHV�QHXURQHV��OD�VpFUpWLRQ�GRSDPLQHUJLTXH�HW�OD�UpDIIpUHQFH�FRUWLFDOH
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���DQV�DSUqV� OD� WUDQVSODQWDWLRQ� �3LFFLQL� HW� DO��� ������ �������3DU� DLOOHXUV�� O¶pYROXWLRQ� GH� O¶pWDW� GHV

SDWLHQWV� DSUqV�JUHIIH� HVW� VXLYLH� VHORQ� XQ� SURWRFROH� LQWHUQDWLRQDO�� OH� &$3,7� �FRUH� DVVHVVHPHQW

SURJUDP�IRU�LQWUDFHUHEUDO�WUDQVSODQWDWLRQ���/H�ELODQ�GHV�pWXGHV�HXURSpHQQHV�SDUDLW�SRVLWLI���VXU�OHV

���SDWLHQWV�HXURSpHQV�JUHIIpV��O¶XQ��HQ�6XqGH��D�YX�VHV�V\PSW{PHV�GLVSDUDvWUH�HW�D�SX�VH�SDVVHU

GH� /�GRSD�� HW� XQH� GL]DLQH� G¶HQWUH� HX[� RQW� YX� FHUWDLQV� GH� OHXUV� V\PSW{PHV�PRWHXUV� V¶DWWpQXHU�

QRWDPPHQW�OD�EUDG\NLQpVLH��(Q�PR\HQQH��O¶DXJPHQWDWLRQ�GH�OD�UHVWDXUDWLRQ�GRSDPLQHUJLTXH�GDQV

OD�]RQH�PDODGH�HVW�GH��������DQV�DSUqV�JUHIIH��'¶XQH�IDoRQ�JpQpUDOH��OD�WUDQVSODQWDWLRQ�D�SHUPLV

GH�UpGXLUH�OHV�GRVHV�PpGLFDPHQWHXVHV�GH�/�GRSD�

������/LPLWDWLRQV�GH�O¶DOORWUDQVSODQWDWLRQ�QHXURQDOH��

/HV� pWXGHV� UpFHQWHV� FRQGXLWHV� SDU� )UHHG� HW� VHV� FROODERUDWHXUV�� TXL� FRPSDUHQW�� HQ� GRXEOH

DYHXJOH�� OHV� HIIHWV� GH� OD� WUDQVSODQWDWLRQ� YHUVXV� XQH� RSpUDWLRQ� SODFHER� FKH]� GHV� SDWLHQWV

SDUNLQVRQLHQV��PRQWUHQW�TXH� OHV�DPpOLRUDWLRQV�VH� UHWURXYHQW� HVVHQWLHOOHPHQW� FKH]� OH� VXMHW� MHXQH

�����DQV���(Q�RXWUH��FHUWDLQV�GH�FHV�SDWLHQWV�DPpOLRUpV�RQW�SUpVHQWp�GHV�G\VNLQpVLHV�VpYqUHV�HW

GHV�G\VWRQLHV�IDFLDOHV�GDQV�OHV�GHX[�DQV�TXL�VXLYHQW��)UHHG�HW�DO����������&HOOHV�FL�VRQW�SHXW�rWUH

OLpHV� j� GHV� SUREOqPHV� WHFKQLTXHV�� UpVXOWDQW� G¶XQH� UpDIIpUHQWDWLRQ� GRSDPLQHUJLTXH� GX� VWULDWXP

H[FHVVLYHPHQW� KpWpURJqQH�� /H� QRPEUH� OLPLWp� G¶HPEU\RQV� XWLOLVpV� GDQV� FHWWH� pWXGH�� OH� VLWH

G¶LPSODQWDWLRQ��HW�OH�SHX�GH�UHFXO�VXLWH�j� OD�JUHIIH����DQ��SHXYHQW�H[SOLTXHU�FHV�PDXYDLV�UpVXOWDWV

�2ODQRZ� HW� DO��� ������� 5HGPRQG� HW� DO��� ������� SRXU� UHYXH��� %RUORQJDQ� HW� 6DQEHUJ�� ������� 8QH

pYLGHQWH�OLPLWDWLRQ�GH�FHWWH�DSSURFKH�WKpUDSHXWLTXH�WLHQW�DX�IDLW�TXH� O¶XWLOLVDWLRQ�G¶HPEU\RQV� LVVXV

G¶LQWHUUXSWLRQ�YRORQWDLUH�GH�JURVVHVVH�SRVH�GH�JUDYHV�SUREOqPHV�pWKLTXHV��0DUVKDOO���������,O�IDXW

DMRXWHU�TX¶LO�SDUDvW�DXVVL�LPSRVVLEOH�GH�SURJUDPPHU�OHV�DYRUWHPHQWV�j�O¶DYDQFH�HW�TX¶LO�HVW�GLIILFLOH

GH� FRQWU{OHU� OD� SUpVHQFH� G¶DJHQW� SDWKRJqQH� GDQV� OH� WLVVX�� /¶XWLOLVDWLRQ� GH� SURGXLWV� FKLPLTXHV

DERUWLIV�HW�OD�WHQGDQFH�DX[�,9*�SUpFRFHV�HQWUDvQHQW�XQ�GpILFLW�GH�VRXUFH�PDWpULHOOH�SRXU�O¶DOORJUHIIH

QHXURQDOH��(Q�RXWUH��OD�WUDQVSODQWDWLRQ�ELODWpUDOH�G¶XQ�SDWLHQW�SDUNLQVRQLHQ�UHTXLHUW�SOXVLHXUV�I°WXV�

&HFL� LPSOLTXH� TX¶LQGpSHQGDPPHQW� GHV� GLIILFXOWpV� G¶RUGUH� PpWKRGRORJLTXHV�� LO� HVW� LOOXVRLUH

G¶HQYLVDJHU�GH�SDUYHQLU�j�WUDQVSODQWHU�OHV���������SDWLHQWV�SDUNLQVRQLHQV�DFWXHOV�HQ�URXWLQH�



��

���

/D�[pQRJUHIIH

/HV�SUREOqPHV� OLpV�j� O¶XWLOLVDWLRQ� GH� FHUYHDX[� HPEU\RQQDLUHV� KXPDLQV� LVVXV� G¶DYRUWHPHQWV

RQW�FRQGXLW�j�FKHUFKHU�G¶DXWUHV�GRQQHXUV��&RPPH�OH�SURSRVDLW�GpMj�)UHHPDQ�HW�VHV�FROODERUDWHXUV

j�OD�ILQ�GHV�DQQpHV�����XQH�DOWHUQDWLYH�LQWpUHVVDQWH�HVW�O¶XWLOLVDWLRQ�GH�WLVVX�[pQRJpQLTXH�WHO�TXH�OH

SRUF� �)UHHPDQ� HW� DO��� ������� /HV� SUREOqPHV� pWKLTXHV� V¶HQ� WURXYHQW� UHVWUHLQWV�� WDQGLV� TXH� OD

GLVSRQLELOLWp�WLVVXODLUH�HVW�DFFUXH��/D�YLDELOLWp�HW�OD�SXUHWp�GX�PDWpULHO�FHOOXODLUH�SHXW�rWUH�IDFLOHPHQW

VWDQGDUGLVpH��OD�SUpVHQFH�G¶DJHQWV�SDWKRJqQHV�IDFLOHPHQW�GpWHFWpH�HW�OH�GRQQHXU�SHXW�DXVVL�rWUH

JpQpWLTXHPHQW�PRGLILp�SRXU�DXJPHQWHU�OD�VXUYLH�GX�JUHIIRQ�

������/H�SRUF�FRPPH�GRQQHXU��

���������;pQRJUHIIHV�FRQFRUGDQWHV�RX�GLVFRUGDQWHV

$�O¶LQVWDU�GH�O¶DOORWUDQVSODQWDWLRQ��OD�[pQRWUDQVSODQWDWLRQ�HVW�GpILQLH�FRPPH�OD�WUDQVSODQWDWLRQ�HQWUH

HVSqFHV�GLIIpUHQWHV��0DLV�XQH�GLVWLQFWLRQ�SHXW�rWUH�IDLWH�HQWUH�GHV�WUDQVSODQWDWLRQV�UpDOLVpHV�HQWUH

HVSqFHV� UHODWLYHPHQW� SURFKHV�� DSSHOpHV� [pQRJUHIIHV� FRQFRUGDQWHV�� HW� OHV� WUDQVSODQWDWLRQV�HQWUH

HVSqFHV� SOXV� pORLJQpHV�� DSSHOpHV� [pQRJUHIIHV� GLVFRUGDQWHV�� &HV� GLIIpUHQFHV� SK\ORJpQLTXHV

SHXYHQW� HQWUDvQHU� GHV� YDULDWLRQV� LPPXQRORJLTXHV� QRWDPPHQW� DX� QLYHDX� GH� OD� UpSRQVH� LQQpH

�DQWLFRUSV�HW�FRPSOpPHQW���(Q�HIIHW��GHV�UHMHWV�YLROHQWV�HW�UDSLGHV��DSSHOpV�UHMHWV�K\SHUDLJXV��IRQW

LQWHUYHQLU�GHV�DQWLFRUSV�GpMj�SUpVHQWV�FKH]�OH�UHFHYHXU��SOXV�FRPPXQpPHQW�DSSHOpV�[pQRDQWLFRUSV

QDWXUHOV��;$1���'DQV� OH�FDV�GH� O¶KRPPH�HW�GHV�VLQJHV� OHV�SOXV�SURFKHV��F¶HVW�HVVHQWLHOOHPHQW� OD

SUpVHQFH�VXU�O¶RUJDQH�GX�GRQQHXU�G¶XQ�pSLWRSH�VXFUp��OH�*DO�α������*DO��TXL�HQWUDvQH�FHWWH�UpDFWLRQ

�*DOLOL� HW� DO��� ������� 'H� PrPH�� O¶DFWLYDWLRQ� GX� FRPSOpPHQW� HVW� WUqV� pWURLWHPHQW� UpJXOpH� SDU� DX

PRLQV���SURWpLQHV�HVSqFH�VSpFLILTXHV�SUpVHQWHV�j�OD�VXUIDFH�GHV�FHOOXOHV��'qV�ORUV�TX¶LO�H[LVWH�GHV

GLIIpUHQFHV�G¶HVSqFH�HQWUH� OHV�FRPSRVDQWV�HIIHFWHXUV�HW�UpJXODWHXUV�GX�FRPSOpPHQW�� LO�Q¶\�D�SOXV

G¶LQKLELWLRQ�HW�GHV�GRPPDJHV�SHXYHQW�DSSDUDvWUH��$LQVL��OD�JUHIIH�GH�WLVVX�SRUFLQ�FKH]�O¶KRPPH�HVW

FRQVLGpUpH�FRPPH�GLVFRUGDQWH�
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&HSHQGDQW��PrPH�VL�GHV�HVSqFHV�SUpVHQWHQW�WRXWHV�GHX[�O¶pSLWRSH�*DO�α������*DO��HOOHV�SHXYHQW

TXDQG�PrPH�rWUH�FRQVLGpUpHV�FRPPH�GLVFRUGDQWHV�SDU� OD�SUpVHQFH�QDWXUHOOH�G¶DQWLFRUSV� FRQWUH

G¶DXWUHV�DQWLJqQHV��$LQVL�XQH�JUHIIH�GH�WLVVX�QHXUDO�HPEU\RQQDLUH�PXULQ�FKH]�OH�FRED\H�SHXW�rWUH

FRQVLGpUpH� FRPPH� GLVFRUGDQWH�� DORUV� TXH� VD� WUDQVSODQWDWLRQ� FKH]� OH� UDW� HVW� FRQVLGpUpH

FRQFRUGDQWH��/DUVVRQ�HW�DO�������E���/HV�PRGqOHV�GH�JUHIIHV�GH�WLVVXV�SRUFLQV�FKH]�OH�URQJHXU�VRQW

DXVVL�FRQVLGpUpV�FRPPH�GLVFRUGDQWV��WRXW�HQ�VH�UDSSHODQW�TXH�VRQ�DSSOLFDWLRQ�FKH]�O¶KRPPH�IHUDLW

HQ�SOXV�LQWHUYHQLU�G¶DXWUHV�;$1�WHOV�TXH�O¶pSLWRSH�*DO�α������*DO�

���������3URSULpWp�GX�WLVVX�SRUFLQ

/H� SRUF� HVW� FRQVLGpUp� FRPPH� OH� GRQQHXU� OH� SOXV� DGDSWp� HQ� [pQRWUDQVSODQWDWLRQ� KXPDLQH� SRXU

SOXVLHXUV�UDLVRQV���O¶XQH�HVW�TX¶LO�HVW�GpMj�XWLOLVp�j�XQH�ODUJH�pFKHOOH�SRXU�OD�FRQVRPPDWLRQ��UHQGDQW

O¶XWLOLVDWLRQ�G¶XQH�SHWLWH�IUDFWLRQ�SRXU�XVDJH�PpGLFDO�pWKLTXHPHQW�SOXV�MXVWLILDEOH�TXH�O¶XWLOLVDWLRQ�GX

VLQJH� SDU� H[HPSOH�� ,O� HVW� DXVVL� JpQpWLTXHPHQW� DVVH]� SURFKH� GH� O¶KXPDLQ� DYHF� XQH� WUqV� JUDQGH

SDUWLH�GH�VRQ�JpQRPH�LGHQWLTXH��-RKDQVVRQ�HW�DO����������5HWWHQEHUJHU�HW�DO����������/HV�RUJDQHV

GX�SRUF�VRQW�JpQpUDOHPHQW�G¶XQH�WDLOOH�HW�GH�IRQFWLRQ�SK\VLRORJLTXH�FRPSDUDEOHV�j�O¶KXPDLQ��PrPH

VL� FHUWDLQHV�GLIIpUHQFHV�H[LVWHQW� �%UHLPHU�� ������� /H�SRUF�D�DXVVL� XQH�GXUpH�GH�YLH� UHODWLYHPHQW

ORQJXH�����DQV�HQ�PR\HQQH���FH�TXL�SHXW�DYRLU�XQH�LPSRUWDQFH�DX�UHJDUG�GH�O¶HVSpUDQFH�GH�YLH�GH

O¶RUJDQH�RX�GHV�FHOOXOHV�WUDQVSODQWpHV��SRXU�UHYXH���3HGHUVHQ�HW�:LGQHU��������

���������5LVTXHV�GHV�[pQRJUHIIHV�QHXURQDOHV���3(59�HW�DXWUHV�LQIHFWLRQV

(Q�SOXV�GHV�ULVTXHV�HQFRXUXV�SDU� OD�FKLUXUJLH�QpFpVVDLUH�j� OD�WUDQVSODQWDWLRQ��SDU� O¶DQHVWKpVLH�HW

SDU� OHV� WUDLWHPHQWV� LPPXQRVXSUHVVHXUV�� LO� H[LVWH� FHOXL� GH� OD� WUDQVPLVVLRQ� GH� SDWKRJqQHV� GX

GRQQHXU� YHUV� OH� UHFHYHXU�� /HV� ULVTXHV� GH� OD� FKLUXUJLH� QH� VRQW� SDV� SOXV� pOHYpV� HQ

[pQRWUDQVSODQWDWLRQ� TX¶HQ� DOORWUDQVSODQWDWLRQ�� PDLV� OHV� GRVHV� G¶LPPXQRVXSSUHVVHXUV� XWLOLVpV

DXJPHQWHQW� OH�ULVTXH�G¶LQIHFWLRQV�HW�GH�WXPHXUV��/H�SUREOqPH�PDMHXU�SURYLHQW�GH� OD�WUDQVPLVVLRQ

pYHQWXHOOH� GH� UpWURYLUXV� SRUFLQV� HQGRJqQHV� �3(59�� TXL� VRQW� QDWXUHOOHPHQW� LQWpJUpV� GDQV� OH

JpQRPH�HW�TXL�VH�UpSOLTXHQW�j�FKDTXH�GLYLVLRQ�FHOOXODLUH��&RIILQ���������6¶LOV�VRQW�SDVVLIV�HW�VDQV

GDQJHU� SRXU� O¶HVSqFH� TXL� OHV� SRUWH�� OHXU� H[SRVLWLRQ� GDQV� XQ� HQYLURQHPHQW� GLIIpUHQW� SRXUUDLW� OHV



��

UHQGUH�DFWLIV�HW�SDWKRJqQHV��)LVKPDQ���������6L�OD�WUDQVPLVVLRQ�GH�3(59�D�pWp�GpPRQWUpH�LQ�YLYR

SDU�WUDQVIHUW�GDQV�OD�VRXULV�LPPXQRGpILFLHQWH��9DQ�GHU�/DDQ�HW�DO���������HW� LQ�YLWUR�HQWUH�FHOOXOHV

SRUFLQHV�HW�KXPDLQHV��DXFXQH�WUDFH�GH�3(59�Q¶D�pWp�GHWHFWpH�FKH]�OD�FHQWDLQH�GH�SDWLHQWV�D\DQW

UHoX�GX�WLVVX�SRUFLQ��3DUDGLV�HW�DO���������

(Q�RXWUH��OD�WUDQVPLVVLRQ�G¶DXWUHV�SDWKRJqQHV�WHOV�TXH�OH�SULRQ�RX�GHV�YLUXV�VSpFLILTXHV�G¶HVSqFHV

WHOV� TXH� OHV� SDUDP\[RYLUXV� RX� SDUYRYLUXV� SRUFLQV� UHVWH� IDLEOH�� (Q� HIIHW�� HQ� GpSLW� G¶XQH

LPPXQRVXSSUHVVLRQ� SOXV� IRUWH� j� ORQJ� WHUPH�� OHV� ULVTXHV� GH� WUDQVPLVVLRQ� GH� SDWKRJqQHV� HQ

[pQRWUDQVSODQWDWLRQ� UHVWHQW� OLPLWpV�� (Q� HIIHW� OH� WLVVX� GRQQHXU� pWDQW� IDFLOHPHQW� GLVSRQLEOH�� OD

UHFKHUFKH�G¶DJHQWV�SDWKRJqQHV�SHXW�rWUH�HIIHFWXpH�VDQV�GLIILFXOWp�DYDQW�WRXWH�WUDQVSODQWDWLRQ�

�������/D�SURWHFWLRQ�GX�JUHIIRQ

4XH�FH�VRLW�HQ�DOOR�RX�HQ�[pQRWUDQVSODQWDWLRQ��XQH�GLIILFXOWp�HVVHQWLHOOH�UHVWH� OH�IDLEOH� WDX[�GH

VXUYLH�GHV�QHXURQHV�JUHIIpV��6DFKDQW�TX¶LO�Q¶H[LVWH�TX¶XQ�SHWLW�QRPEUH�GH�FHOOXOHV�H[SULPDQW�OD�7+

DX�VHLQ�GX�09�IRHWDO��GH�O¶RUGUH�GH�����FKH]�OH�URQJHXU��LO�IDXW�FRPSWHU�TXH�VHXOV���j�����G¶HQWUH

HX[� VXUYLYHQW� DX[� RSpUDWLRQV� GH� SUpOqYHPHQW�� GH� GLVVRFLDWLRQ�� SXLV� GH� WUDQVSODQWDWLRQ�

SUREDEOHPHQW�j�FDXVH�GX�PDQTXH�GH�QXWULPHQWV��DX�VWUHVV�PpWDEROLTXH�HW�DX�WUDXPDWLVPH�LQGXLW

SDU�O¶RSpUDWLRQ�FKLUXUJLFDOH��.RUGRZHU�HW�DO����������%UXQGLQ�HW�DO���������

• � ,O� HVW� ELHQ� pWDEOL� TXH� FHUWDLQV� IDFWHXUV� QHXURWURSKLTXHV�� QRWDPPHQW� OH� *'1)�� HPSOR\pV� HQ

SUpWUDLWHPHQW�GHV�WLVVXV�j�WUDQVSODQWHU�RX�SURGXLWV�j�SDUWLU�GH�YHFWHXUV�YLUDX[�RX�SDU�GHV�FHOOXOHV

JpQpWLTXHPHQW�PRGLILpHV� �:LOE\� HW� DO��� �������5RVHQEODG� HW� DO��� ������� DPpOLRUHQW� OD� VXUYLH� GHV

QHXURQHV��'H�WHOV�IDFWHXUV�FR�DGPLQLVWUpV�j�OD�JUHIIH�SRXUUDLHQW�SHUPHWWUH�G¶DFFURvWUH�OHXU�VXUYLH�HW

OHXU� GLIIpUHQFLDWLRQ� DSUqV� LPSODQWDWLRQ�� /HV� UpVXOWDWV� REWHQXV� DX� QLYHDX�GH� JUHIIHV� LQWUDVWULDWDOHV

H[SRVpHV� j� XQH� VRXUFH� GH�*'1)�� GH� %'1)� RX� HQFRUH� GH� )*)� EDVLTXH� VRQW� WUqV� SURPHWWHXUV

�5RVHQEODG�HW�DO�������������D������E���<XUHN���������+RJOLQJHU�HW�DO����������=XUQ�HW�DO���������

• � '¶DXWUHV� WUDLWHPHQWV� SKDUPDFRFKLPLTXHV� YLVHQW� j� UpGXLUH� OH� WDX[� GH� PRWDOLWp� GHV� QHXURQHV

LPSODQWpV� HQ� EORTXDQW� O¶DSRSWRVH� GHV� FHOOXOHV� GX� JUHIIRQ� SDU� O¶XWLOLVDWLRQ� GH� GLYHUV� DQWLR[\GDQWV

DJLVVDQW� VXU� OHV� UDGLFDX[� OLEUHV� R[\JpQpV�� /HV� OD]DURwGHV� �WLULOD]DG� PpV\ODWH��� DPLQRVWpURwGHV
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GpULYpV� GH� OD�PpWK\OSUHGQLVRORQH�� RQW� GHV� HIIHWV� SRVLWLIV� VXU� OD� VXUYLH� GHV� QHXURQHV� FKH]� OH� UDW

�1DNDR�HW�DO����������.DUOVVRQ�HW�DO����������3OXV�UpFHPPHQW�� O¶pTXLSH�GH�%UXQGLQ�D� LPSODQWp�GHV

QHXURQHV�SURYHQDQW�GH�VRXULV�WUDQVJpQLTXHV�SRXU�OD�VXSHUR[\GH�GLVPXWDVH��GRQW� OD�GXUpH�GH�YLH

V¶HVW�WURXYp�TXDGUXSOpH��1DNDR�HW�DO����������0DLV�O¶XWLOLVDWLRQ�GH�YHFWHXUV�YLUDX[�FRGDQW�SRXU�FHWWH

HQ]\PH�Q¶D�FHSHQGDQW�SDV�GRQQp�GH�UpVXOWDWV�VLJQLILFDWLIV�GH� OD�VXUYLH�QHXURQDOH��%DUNDWV�HW�DO��

������

• � 8QH�DXWUH� VWUDWpJLH�SDVVH�SDU� O¶LQKLELWLRQ�GHV�HQ]\PHV�FOpV�GH� O¶DSRSWRVH�� OHV�FDVSDVHV�� /HV

LQKLELWHXUV� GH� FDVSDVHV�� FRPPH� O¶DQWL�,FH� FRQYHUWDVH� RX� O¶$F�<9$'�FPN�� SHUPHWWHQW� G¶DFFURvWUH

MXVTX¶j�����OD�VXUYLH�GHV�QHXURQHV�WUDQVSODQWpV��6FKLHUOH�HW�DO����������+DQVVRQ�HW�DO����������+HOW

HW�DO���������

• � 'DQV� OHV�GHUQLqUHV�DQQpHV�� OHV� LPPXQRVXSSUHVVHXUV�RQW�DXVVL�pWp�GpFULWV�FRPPH�D\DQW�GHV

SURSULpWpV�QHXURWURSKLTXHV�HW�QHXURSURWHFWULFHV�HQ�SOXV�GH� OHXU�HIIHW� LPPXQRVXSSUHVVLI� �&DVWLOKR

HW�DO����������$LQVL�O¶DGPLQLVWUDWLRQ�GH�FLFORVSRULQH�$��&V$��VHXOH�DXJPHQWH�O¶LPPXQRUpDFWLYLWp�GH�OD

7+�GDQV�OH�UDW�QRUPDO�HW�OH�UDW�SDUNLQVRQLHQ��%RUORQJDQ�HW�DO����������0DWVXXUD�HW�DO����������0DLV

SRXU� SDVVHU� OD� %+(�� OHV� GRVDJHV� GH� &V$� GRLYHQW� rWUH� pOHYpV� HW� GpOLYUpV� GH� IDFRQ� FKURQLTXH�

0DOKHXUHXVHPHQW��O¶LQMHFWLRQ�UpSpWpH�GH�&V$�LQGXLW�GHV�HIIHWV�VHFRQGDLUHV�LPSRUWDQWV�FRPPH�XQH

QHSKURWR[LFLWp� HW� GHV� KDOOXFLQDWLRQV�� 3RXU� V¶DIIUDQFKLU� GHV� HIIHWV� VHFRQGDLUHV� GH� FHV�PROpFXOHV�

7UDQVSODQWDWLRQ
LQWUDFpUpEUDOH

,QWUDYHLQHXVH�GH
GURJXHV�DPpOLRUDQW
OD�VXUYLH�GX�JUHIIRQ
)LJ������/¶LQMHFWLRQ�G¶DJHQWV

SURWHFWHXUV�WHOV�TXH�GHV�IDFWHXUV

QHXUWURSKLTXHV�RX�GHV�DQWL�

DSRSWRWLTXHV�VLPXOWDQpPHQW�j�OD

WUDQVSODQWDWLRQ�DFFURvW

FRQVLGpUDEOHPHQW�OD�VXUYLH�GX

JUHIIRQ�GDQV�OHV�SUHPLHUV�MRXUV�

7LUp�GH�%RUORQJDQ�HW��6DQEHUJ�

�����
0RGqOH�GH�UDW
SDUNLQVRQLHQ
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GHV� DQDORJXHV� DSSHOpV� QHXURLPPXQRSKLOLQHV� RQW� pWp� GpYHORSSpHV� HW� RQW� PRQWUp� GHV� UpVXOWDWV

SRVLWLIV�GDQV�GHV�PRGqOHV�SDUNLQVRQLHQV��6WHLQHU�HW�DO����������&RVWDQWLQL�HW�DO����������&RVWDQWLQL

HW�,VDFVRQ��������

�������(IIHWV�UHVWDXUDWHXUV�GH�OD�[pQRJUHIIH�QHXURQDOH

'H�QRPEUHXVHV�pWXGHV�RQW�PRQWUp�TXH�OHV�[pQRJUHIIHV�QHXURQDOHV�LQWUDVWULDWDOHV�SRXYDLHQW�QRQ

VHXOHPHQW� VXUYLYUH�� PDLV� DXVVL� UpDIIpUHQWHU� OH� VWULDWXP� G¶DQLPDX[� UHFHYHXUV� LPPXQRGpSULPpV

�%UXQGLQ�HW�DO���������� ,QRXH�HW�DO����������)LQVHQ�HW�DO����������+RQH\�HW�DO����������6DNDL�HW�DO��

�������,VDFVRQ�HW�DO����������3DN]DEDQ�HW�DO����������'XDQ�HW�DO����������:RRG�HW�DO����������/DUVVRQ

HW� DO��� ������� (Q� RXWUH�� LO� D� pWp� GpPRQWUp� TXH� OD� JUHIIH� pWDLW� FDSDEOH� G¶DFWLRQV� UpSDUDWULFHV

UHPDUTXDEOHV� GqV� �� VHPDLQHV� DSUqV� WUDQVSODQWDWLRQ�� F¶HVW� j� GLUH� TX¶HOOH� SHXW� FRUULJHU� OH

FRPSRUWHPHQW� URWDWRLUH� DV\PpWULTXH� LQGXLW� SDU� XQH� OpVLRQ� XQLODWpUDOH� GH� OD� VXEVWDQFH� QRLUH� GX

URQJHXU��%UXQGLQ�HW�DO����������+XIIDNHU�HW�DO����������+DQWUD\H�HW�DO����������*DOSHUQ�HW�DO���������

/DUVVRQ�HW�DO����������/¶DFWLYLWp�7+�HVW�GpFULWH�FRPPH�pWDQW�SUpVHQWH�GDQV�OHV�FHOOXOHV�GX�GRQQHXU

GqV� �� VHPDLQHV� DSUqV� OHXU� WUDQVSODQWDWLRQ� HW� SUpFqGH� GRQF� O¶HIIHW� FRPSRUWHPHQWDO�� VDQV� GRXWH

FRUUpOp� j� OD� SURGXFWLRQ� GH� GRSDPLQH� �&ODUNH� HW� DO��� ������� )UHHPDQ� HW� DO��� ������� 'HV

UpDIIpUDQWDWLRQV� QRWRLUHV�� DVVRFLpHV� j� GHV� HIIHWV� UHVWDXUDWHXUV�� pJDOHPHQW� DVVRFLpV� j� XQH� ODUJH

UHFRQVWUXFWLRQ� GH� OD� F\WRDUFKLWHFWXUH� QRUPDOH�� RQW� pWp� GpPRQWUpV� GDQV� G¶DXWUHV� PRGqOHV� GH

SDWKRORJLHV� QHXURGpJpQpUDWLYHV� GX� URQJHXU�� GRQW� GHV�PRGqOHV� GH� FKRUpH� GH� +XQWLQJWRQ� RX� GH

PDODGLH�G¶$O]KHLPHU��'HDFRQ�HW�DO���������

&HSHQGDQW�� OHV� HVVDLV� FOLQLTXHV� UpDOLVpV� RXWUH�$WODQWLTXH�� WDQW� FKH]� GHV� SDWLHQWV� DWWHLQWV� GH�03

TXH� GH� FKRUpH� GH�+XQWLQJWRQ�� Q¶RQW� SDV� UpYpOp� GH� UpFXSpUDWLRQV� IRQFWLRQQHOOHV� VLJQLILFDWLYHV� HQ

GpSLW�GH� O¶LPSODQWDWLRQ�G¶XQ�QRPEUH�pOHYp�GH�FHOOXOHV� �6FKXPDFKHU�HW�DO����������/¶H[DPHQ�SRVW�

PRUWHP�G¶XQ�SDWLHQW�D�FRQILUPp�TX¶DSUqV���PRLV��WUqV�SHX�GH�QHXURQHV�SRUFLQV�VXUYLYDLHQW�GDQV�OH

VWULDWXP� �'HDFRQ� HW� DO��� ������� )LQN� HW� DO��� ������� 0DOJUp� O¶HPSORL� G¶LPPXQRVXSSUHVVHXUV

©�JpQpUDOLVWHV�ª�� WRXW� SRUWH� j� FURLUH� TXH� F¶HVW� XQ� SURFHVVXV� GH� UHMHW� LPPXQRORJLTXH� TXL� HVW

UHVSRQVDEOH�GH�FHW�pFKHF�
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�������,PPXQRORJLH�GX�UHMHW�GH�[pQRJUHIIH

0DOJUp�GHX[�pWXGHV�PRQWUDQW�TXH� OHV�[pQRJUHIIHV�QHXURQDOHV�GDQV� OH�61&�VRQW�FDSDEOHV�GH

VXUYLYUH�VXU�XQH�SpULRGH�SURORQJpH�VDQV� O¶HPSORL�G¶LPPXQRVXSSUHVVHXU� �%M|UNOXQG��HW�DO���������

'DQLORII� HW� DO��� ������� OD� SOXSDUW� GHV� pWXGHV� UpFHQWHV�� \� FRPSULV� OHV� Q{WUHV�� LQGLTXHQW� TXH� OHV

[pQRJUHIIHV� QHXURQDOHV� SURYRTXHQW�� GDQV� XQH� WUqV� JUDQGH� PDMRULWp� GHV� FDV� HW� HQ� TXHOTXHV

VHPDLQHV��XQH�UpDFWLRQ�LPPXQH�GH�O¶K{WH�PHQDQW�j�OD�GHVWUXFWLRQ�GX�JUHIIRQ��)LQVHQ�HW�DO��������

�������'XDQ�HW�DO�����������:RRG�HW�DO���������/DUVVRQ�HW�DO�������������E��

���������$EVHQFH�GH�UHMHW�K\SHUDLJX�HQ�[pQRWUDQVSODQWDWLRQ�QHXURQDOH��

%DVp�VXU� OD�SUpVHQFH�RX� O¶DEVHQFH�GH�;$1�GDQV� OD�FLUFXODWLRQ�GH� O¶K{WH��QRXV�DYRQV�YX�TXH� OHV

[pQRJUHIIHV�GLVFRUGDQWHV�YDVFXODULVpHV�VXELVVHQW�XQ�UHMHW�K\SHUDLJX�G��j� OD� UHFRQQDLVVDQFH�SDU

GHV� DQWLFRUSV� FLUFXODQWV� GHV� [pQRDQWLJqQHV� SUpVHQWV� VXU� OHV� FHOOXOHV� HQGRWKpOLDOHV� GX� UHFHYHXU

�+RO]NQHFKW�HW�3ODWW���������2ULRO�HW�DO����������XQ�SKpQRPqQH�TXL�V¶DFFRPSDJQH�GH�O¶DFWLYDWLRQ�GH

OD� FDVFDGH� GX� FRPSOpPHQW� �&KDUUHDX� HW� DO��� ������� 'DOPDVVR� HW� 3ODWW�� ������� &HSHQGDQW� OHV

[pQRJUHIIHV�QHXURQDOHV� LQWUDFpUpEUDOHV�QH�SDUDvVVHQW�SDV�SURYRTXHU�GH� UHMHW�K\SHUDLJX� �0DVVRQ

HW� DO��� �������:RRG�HW� DO��� ������� /DUVVRQ� HW� DO��� ����E���&HFL� HVW� G��� HQ� SDUWLH�� DX� IDLW� TXH� OHV

VXVSHQVLRQV� FHOOXODLUHV� GH� [pQRQHXURQHV� VRQW� SULQFLSDOHPHQW� YDVFXODULVpHV� SDU� OHV� FHOOXOHV

HQGRWKpOLDOHV�GH�O¶K{WH��.UXP�HW�5RVHQVWHLQ���������%URDGZHOO�HW�DO����������0DOJUp�OD�SUpVHQFH�GH

O¶pSLWRSH�α�*DO� VXU� OHV� FHOOXOHV� HQGRWKpOLDOHV� HW� OD�PLFURJOLH�� HW� XQH� FHUWDLQH� H[SUHVVLRQ� VXU� OHV

QHXURQHV�HW� OHV�DVWURF\WHV�GX�09�SRUFLQ�HPEU\RQQDLUH� �6XPLWUDQ�HW�DO�������E���+DUURZHU�HW�DO��

�������LO�HVW�VXJJpUp�TXH�OHV�WUDQVSODQWV�SODFpV�GDQV�OH�SDUHQFK\PH�FpUpEUDO�VRQW�ODUJHPHQW�LVROpV

GH� IDFWHXUV� KXPRUDX[� GH� O¶LPPXQLWp� �;$1� HW� FRPSOpPHQW�� GX� IDLW� GH� O¶pWDQFKpLWp� GH� OD� %+(�

/¶XWLOLVDWLRQ�GX� UDW� FRPPH� UHFHYHXU�GDQV�QRWUH�PRGqOH� QRXV� DIIUDQFKLW� GH� OD� UHFRQQDLVVDQFH�GH

O¶pSLWRSH�α�JDO��SXLVTX¶LO�HVW�SURGXLW�WDQW�FKH]�OH�GRQQHXU�TXH�OH�UHFHYHXU��3RXUWDQW��O¶XWLOLVDWLRQ�GX

WLVVX�SRUFLQ�GDQV�OHV�HVVDLV�FOLQLTXHV�VXU�O¶KRPPH�GHYUD�SUHQGUH�HQ�FRPSWH�OD�SUpVHQFH�GH�;$1�

ORUVTXH�OD�EDUULqUH�HVW�PRPHQWDQpPHQW�RXYHUWH�SDU�VXLWH�GH�O¶RSpUDWLRQ�FKLUXUJLFDOH�
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���������,PPXQRJpQLFLWp�GX�JUHIIRQ��

/H� WLVVX�FpUpEUDO�HPEU\RQQDLUH�HVW�FRQVWLWXp�GH�QHXURQHV��G¶DVWURF\WHV��GH�FHOOXOHV�PLFURJOLDOHV�

GH�FHOOXOHV�HQGRWKpOLDOHV�HW�GH�OHXUV�SUpFXUVHXUV�UHVSHFWLIV��7RXV�FHV�W\SHV�FHOOXODLUHV�FRQWLHQQHQW

GHV�SURWpLQHV�HW�GHV�JO\FROLSLGHV�TXL�SHXYHQW�rWUH�GpJUDGpV�HQ�DQWLJqQHV�HW�SUpVHQWpV�SDU�OHV�$3&

GH� O¶K{WH�� $� O¶LQYHUVH�� OHV� DQWLJqQHV� GX� &0+� VRQW� SHX� DERQGDQWV� GDQV� OH� 61&� DGXOWH� HW� HQ

GpYHORSSHPHQW���QRXV�DYRQV�YX�TXH�OH�&0+�GH�FODVVH�,�HVW�SUpVHQW�VXU�OHV�FHOOXOHV�HQGRWKpOLDOHV�

OHV�QHXURQHV�pOHFWULTXHPHQW�LQDFWLIV��HW�SDVVDEOHPHQW�OD�PLFURJOLH�HW�OHV�DVWURF\WHV��WDQGLV�TXH�OHV

PROpFXOHV� GH� FODVVH� ,,� VRQW� GpPRQWUpHV� VXU� OD� PLFURJOLH� HW� GDQV� FHUWDLQV� FDV�� OHV� DVWURF\WHV�

&HSHQGDQW� OHV� FRQGLWLRQV� GH� JUHIIHV� HW� OH� WUDXPDWLVPH� TXL� HQ� GpFRXOH� SHXYHQW� LQIOXHQFHU

O¶H[SUHVVLRQ�GHV�&0+�GX�GRQQHXU�HW�HQ�FRQVpTXHQFH�SHXYHQW�UHQGUH�OD�JUHIIH�SOXV�LPPXQRJqQH�

PDOJUp�OD�SDXYUHWp�GHV�DQWLJqQHV�GX�&0+�LQ�VLWX��(Q�HIIHW��LO�H[LVWH�XQH�H[SUHVVLRQ�WHPSRUDLUH�GH

&0+�GH� FODVVH� ,� VXU� OHV� QHXURQHV� DSUqV� OHXU� LPSODQWDWLRQ� �0DVVRQ� HW� DO��� ������� )LQVHQ� HW� DO��

������� 'XDQ� HW� DO��� ������� GRQW� OH� PDVTXDJH� SDU� GHV� DQWLFRUSV� DSSURSULpV�� RX� O¶XWLOLVDWLRQ� GH

GRQQHXU� .2� HQ� &0+� ,�� SDUDvW� SURORQJHU� OD� VXUYLH� G¶XQH� [pQRJUHIIH� �3DN]DEDQ� HW� DO��� ������

'LQVPRUH�HW�DO����������'XDQ�HW�DO���������9HQJ�HW�DO����������3DU�DLOOHXUV��OH�WLVVX�I°WDO�XWLOLVp�SRXU

OD� SUpSDUDWLRQ� GHV� GRQQHXUV� FRQWLHQW� GHV� FHOOXOHV� QRQ�QHXURQDOHV�� HQ� SDUWLFXOLHU� GHV� FHOOXOHV

HQGRWKpOLDOHV�RX�PLFURJOLDOHV��&¶HVW�HQ�SDUWLFXOLHU�OH�FDV�GX�09�G¶HPEU\RQV�kJpV�GH�������MRXUV��6L

O¶LPPXQRJpQLFLWp�GHV�FHOOXOHV� HQGRWKpOLDOHV� HPEU\RQQDLUHV� SRUFLQHV� Q¶D� SDV� pWp� GpPRQWUpH�� HOOH

HVW�IRUW�SUREDEOH��SXLVTXH� LQ�YLWUR�� OHV�FHOOXOHV�HQGRWKpOLDOHV�DRUWLTXHV�SRUFLQHV��3$(&��H[SULPHQW

FRQVWLWXWLYHPHQW� OHV� PROpFXOHV� GHV� &0+� GH� FODVVH� ,� HW� OH� UpFHSWHXU� %��� HW� HOOHV� SHXYHQW� rWUH

GLUHFWHPHQW� UHFRQQXHV�SDU� OHV� FHOOXOHV�7� KXPDLQHV� HW� LQGXLUH� XQH�SUROLIpUDWLRQ� GHV� O\PSKRF\WHV

&'��� �0XUUD\� HW� DO��� ������� (Q� RXWUH�� HOOHV� UpSRQGHQW� j� OD� SUpVHQFH� GH� F\WRNLQHV� SUR�

LQIODPPDWRLUHV�SDU�XQH�H[SUHVVLRQ�DFFUXH�GHV�PROpFXOHV�GX�&0+�GH� FODVVH� ,,� HW� SHXYHQW� DORUV

LQGXLUH�XQH�SUROLIpUDWLRQ�GH�O\PSKRF\WHV�&'����%DWWHQ�HW�DO����������4XDQW�j�OD�PLFURJOLH�LVVXH�GHV

VXVSHQVLRQV� FHOOXODLUHV� XWLOLVpHV� SRXU� OD� [pQRJUHIIH�� HOOH� SHXW� LQGXLUH�� HQ� FXOWXUH�� XQH� UpSRQVH

SUROLIpUDWLYH�GHV�7�KXPDLQV��%UHYLJ�HW�DO���������������$LQVL��OHV�GLIIpUHQWHV�pWXGHV�GHV�UpSRQVHV�7

HIIHFWXpHV�LQ�YLWUR��RXYUHQW�OD�SRVVLELOLWp�TXH�OHV�FHOOXOHV�HQGRWKpOLDOHV�HW�OD�PLFURJOLH�SXLVVHQW�rWUH

UHFRQQXHV� GH� IDoRQ� GLUHFWH�� F¶HVW� j� GLUH� VH� FRPSRUWHU� FRPPH� XQH� $3&� GX� GRQQHXU� FDSDEOH
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G¶DFWLYHU�OHV��O\PSKRF\WHV�GH�O¶K{WH��'H�SOXV��LO�D�pWp�REVHUYp�GHV�GLIIpUHQFHV�GH�FLQpWLTXH�GH�UHMHW

GH�FHOOXOHV�[pQRJpQLTXHV��(Q�HIIHW��OHV�FHOOXOHV�HQGRWKpOLDOHV�ERYLQHV�LPSODQWpHV�GDQV�OH�FHUYHDX

GX�UDW��VRQW�UHMHWpHV�SOXV�UDSLGHPHQW�TXH�GHV�FHOOXOHV�FKURPDIILQHV��&]HFK�HW�DO���������

���������5{OH�VHFRQGDLUH�GX�FRPSOpPHQW�HW�GHV�LPPXQRJOREXOLQHV�DX�PRPHQW�GX�UHMHW��

&HWWH� SRVVLELOLWp� HVW� FRQIRUWpH� SDU� OH� IDLW� TX¶LQ� YLWUR�� OHV� IDFWHXUV� GX� FRPSOpPHQW� KXPDLQ� VRQW

FDSDEOHV�GH�SURYRTXHU�XQH�O\VH�GH�WLVVX�QHXUDO�SRUFLQ�VXLWH�j�OHXU�OLDLVRQ�DX[�DQWLFRUSV�SUpIRUPpV

�YRLH�G¶DFWLYDWLRQ�FODVVLTXH���6XPLWUDQ�HW�DO�������E��

(Q� UHYDQFKH�� FHV� IDFWHXUV� Q¶RFFXSHQW� SDV� GH� U{OH� SULPRUGLDO� GDQV� OH� UHMHW� G¶XQH� [pQRJUHIIH

QHXURQDOH�� SXLVTXH� OD� VXUYLH� GH� FHOOH�FL� Q¶HVW� SDV� SURORQJpH� ORUVTX¶HOOH� HVW� HIIHFWXpH� GDQV� OH

FHUYHDX�GH�VRXULV�GpILFLHQWHV�HQ�FRPSOpPHQW��&¶HVW�HVVHQWLHOOHPHQW�O¶DFWLYDWLRQ�PLFURJOLDOH�TXL�HVW

UHWDUGpH� �/DUVVRQ� /&�� HW�:LGQHU� +��� GRQQpHV� QRQ� SXEOLpHV��� 'H� OD�PrPH� IDoRQ�� O¶LQMHFWLRQ� GH

IDFWHXU�GH�YHQLQ�GH�FREUD��FRQQX�SRXU�GpSOpWHU�����GHV�IDFWHXUV�GX�FRPSOpPHQW��Q¶DPpOLRUH�SDV

OD�VXUYLH�GH�[pQRJUHIIHV�QHXURQDOHV�SRUFLQHV�FKH]� OH� UDW� �%DUNHU�HW�DO����������&HSHQGDQW�� LO�QH

IDXW�SDV�RXEOLHU�TXH�OD�PLFURJOLH��OHV�DVWURF\WHV�HW�OHV�QHXURQHV�H[SULPHQW�WRXV�OHV�UpFHSWHXUV�GX

FRPSOpPHQW� HW� TXH� OHV� IDFWHXUV� GX� FRPSOpPHQW� SHXYHQW� rWUH� pJDOHPHQW� V\QWKpWLVpV� SDU� FHV

FHOOXOHV� ORUV� GH� O¶LQIODPPDWLRQ�� $LQVL�� VL� OHV� IDFWHXUV� GX� FRPSOpPHQW� QH� VRQW� SDV� GLUHFWHPHQW

FDSDEOHV� GH� O\VHU� OH� WLVVX� SRUFLQ� LQ� YLYR�� LOV� SHXYHQW� HQFOHQFKHU� GHV� UpSRQVHV� FHOOXODLUHV� HQ

DJLVVDQW�FRPPH�FKLPLRDWWUDFWDQWV�HW�DFWLYDWHXUV�GHV�FHOOXOHV�PLFURJOLDOHV��SDU�H[HPSOH��(Q�HIIHW�

OH�FRPSOpPHQW�SHXW�DYRLU�XQ�HIIHW�VXU� OH�PpFDQLVPH�GH�SUpVHQWDWLRQ�DQWLJqQLTXH�DX[�FHOOXOHV�7

�$UYLHX[�HW�DO���������HW�VXU�OD�SUROLIpUDWLRQ�GHV�FHOOXOHV�7�HQ�UpSRQVH�j�O¶,/����(UGHL�HW�DO����������,O

HVW�DORUV�SRVVLEOH�TXH�OH�FRPSOpPHQW�FRQWULEXH�j�GpFOHQFKHU�O¶LQILOWUDWLRQ�OHXFRF\WDLUH��3UDWW�HW�DO��

������HW�LO�SRXUUDLW�PrPH�DFFURvWUH�O¶LPPXQRJpQLFLWp�GX�JUHIIRQ��'HPSVH\�HW�DO���������

'H� OD�PrPH�IDoRQ��GqV� OHV�SUHPLHUV� MRXUV�DSUqV� WUDQVSODQWDWLRQ�� OHV� LPPXQRJOREXOLQHV�SHXYHQW

OLEUHPHQW�SpQpWUHU�OH�SDUHQFK\PH�FpUpEUDO��GX�IDLW�GH�OD�UXSWXUH�GH�OD�%+(��'HV�pWXGHV�RQW�PRQWUp

TXH�OD�%+(�SHXW�UHVWHU�RXYHUWH�MXVTX¶j�XQH�j�GHX[�VHPDLQHV�DSUqV�O¶LPSODQWDWLRQ�GH�VXVSHQVLRQV

QHXURQDOHV� �%UXQGLQ� HW� DO��� ������� 3RXUWDQW� O¶DEVHQFH� GH� UHMHW� GDQV� OHV� SUHPLqUHV� VHPDLQHV

VXLYDQW� O¶LPSODQWDWLRQ�� VXJJqUH� TXH� OHV� DQWLFRUSV� Q¶H[HUFHQW� SDV� GH� U{OH� GpWHUPLQDQW� GDQV� OH
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SURFHVVXV�GH�UHMHW��/HXU�SUpVHQFH�QH�GRLW�SDV�rWUH�QpJOLJpH��SXLVTX¶XQH�pWXGH�XWLOLVDQW�GHV�VRXULV

GpILFLHQWHV� HQ� LPPXQRJOREXOLQHV�� PRQWUH� TXH� OH� UHMHW� HVW� UHWDUGp� GDQV� FH� W\SH� GH� UHFHYHXUV

�/DUVVRQ�HW�DO�������D��

���������/HV�FHOOXOHV�1.�HQ�[pQRWUDQVSODQWDWLRQ��

8QH� pWXGH� LQ� YLWUR� D� GpPRQWUp� TXH� OHV� FHOOXOHV� 1.� KXPDLQHV� Q¶pWDLHQW� FDSDEOHV� GH� O\VHU� OHV

FHOOXOHV�GX�09O�IRHWDO�SRUFLQ�TX¶HQ�SUpVHQFH�G¶,/���HW�ORUVTXH�OHV�;$1�GX�VpUXP�KXPDLQ�\�pWDLHQW

DMRXWpV��6XPLWUDQ�HW�DO�������E���,O�HVW�SUREDEOH�TXH�OD�PLFURJOLH�HW�OHV�FHOOXOHV�HQGRWKpOLDOHV��SOXV

IDLEOHPHQW� UHSUHVHQWpHV� GDQV� OH�09�� VRLHQW� UHVSRQVDEOH� GH� FHWWH� O\VH�� FDU� FHV� FHOOXOHV� SRUWHQW

O¶pSLWRSH�*DO�α������*DO� TXL� HVW� UHFRQQX� SDU� OHV� 1.� KXPDLQHV� �,QYHUDUGL� HW� DO��� ������� 'DQV� OD

SOXSDUW� GHV� UHMHWV� GH� [pQRJUHIIHV� GH� QHXURQHV�� OHV� 1.� RQW� pWp� GpWHFWpHV�� ELHQ� TX¶HOOHV� VRLHQW

PRLQV�QRPEUHXVHV�TXH�OHV�O\PSKRF\WHV�&'���HW�&'����'HV�pWXGHV�YLVDQW�j�GpSOpWHU�OHV�1.�HW�OHV

1.�7� �GpSOpWLRQ� SDU� DQWLFRUSV� DQWL�1.����� XQ� pSLWRSH�SUpVHQW� VXU� OHV�1.�HW� OHV�1.�7��RX� VRXULV

WUDQVJpQLTXHV�PXWpHV� SRXU� OD�PROpFXOH� &'�G��� QpFpVVDLUH� DX� GpYHORSSHPHQW� GHV�1.�7�� Q¶RQW

SDV�GRQQp�GH�UpVXOWDWV�VLJQLILFDWLIV�TXDQW�j�OD�VXUYLH�GX�JUHIIRQ�SRUFLQ��/DUVVRQ�HW�DO�������D���/HV

1.�Q¶DSSDUDLVVHQW�SDV�HVVHQWLHOOHV�GDQV�OH�UHMHW�GH�[pQRJUHIIHV�FHOOXODLUHV�FRPPH��GX�UHVWH��GDQV

OHV� [pQRJUHIIHV� G¶RUJDQHV� �.DUOVVRQ�3DUUD� HW� DO��� ������� 0DQLOD\� HW� 6\NHV�� ������� &RPPH� XQH

FRPSOpPHQWDULWp�DX[�DQWLFRUSV��LO�HVW�DXVVL�SUREDEOH�TXH�OD�SUpVHQFH�HW�OD�IRQFWLRQ�GHV�1.�GDQV�OH

UHMHW�GH�[pQRJUHIIH�VRLW�HVVHQWLHOOHPHQW�OLpHV�DX[�PpFDQLVPHV�HIIHFWHXUV�WHOV�TXH�O¶$'&&�

�������� �&DV�GHV� O\PSKRF\WHV�7JG���/D�PROpFXOH�&'��� SUpVHQWH� VXU� OHV� FHOOXOHV�1.�� HVW� DXVVL

SUpVHQWH�VXU�OHV�O\PSKRF\WHV�γδ�HW�VD�GpSOpWLRQ�HQWUDLQH�GHV�JUHIIHV�VLJQLILFDWLYHPHQW�SOXV�ODUJHV�

VDQV�SRXU�DXWDQW�HPSpFKHU�OH�UHMHW��/DUVVRQ�HW�DO�������D���&HV�UpVXOWDWV�VXJJqUHQW�TX¶XQH�SDUWLH

GH�OD�SUpVHQWDWLRQ�GHV�DQWLJqQHV�SHXW�VH�IDLUH�YLD�OD�PROpFXOH�&'���LPSOLTXpH�GDQV�OD�SUpVHQWDWLRQ

GHV�JO\FROLSLGHV�WUqV�SUpVHQWV�VXU�OHV�FHOOXOHV�JOLDOHV�GDQV�OHV�VXVSHQVLRQV�FHOOXODLUHV���PDLV�F¶HVW

SUREDEOHPHQW� XQH�DXWUH� YRLH� GH� SUpVHQWDWLRQ�� YLD� OHV� O\PSKRF\WHV�αβ�� TXL� GRLW� LQLWLDOHPHQW� rWUH

LPSOLTXpH�GDQV�OH�SURFHVVXV�GH�UHMHW�



��

���������,PSOLFDWLRQ�PDMHXUH�GHV�/7DE�GDQV�OH�UHMHW�GH�[pQRJUHIIHV��

6L�� LQ� YLWUR�� OH� WLVVX� PpVHQFpSKDOLTXH� SRUFLQ� HPEU\RQQDLUH� HVW� GpFULW� FRPPH� D\DQW� OD� FDSDFLWp

G¶LQGXLUH�XQH�SUROLIpUDWLRQ�GHV�FHOOXOHV�7�KXPDLQHV��%UHYLJ�HW�DO����������LO�HVW�FODLUHPHQW�pWDEOL�TXH

OH�UHMHW�GH�FH�W\SH�FHOOXODLUH�SODFp�HQ�VLWXDWLRQ�[pQRJpQLTXH�LPSOLTXH�DXVVL� OH�UHFUXWHPHQW�GH�/7�

(Q�HIIHW��HQ�SOXV�GH�O¶REVHUYDWLRQ�G¶XQ�LQILOWUDW�PDVVLI�GH�/7�ORUV�GX�UHMHW�GH�[pQRJUHIIHV�QHXURQDOHV

LQWUDFpUpEUDOHV�FKH]� O¶DQLPDO� �)LQVHQ�HW�DO����������������'XDQ�HW�DO��� ��������:RRG�HW�DO�� ������

/DUVVRQ�HW�DO�������������E��HW�&I��5pVXOWDWV���HW�����LO�HVW�GpPRQWUp�TXH�FH�UHMHW�SHXW�rWUH�SUpYHQX�

RX�IRUWHPHQW�UHWDUGp��SDU�OH�WUDLWHPHQW�GX�UHFHYHXU�DYHF�GHV�DQWLFRUSV�GLULJpV�FRQWUH�OH�7&5�RX�OH

UpFHSWHXU�j� O¶,/��� � �+RQH\�HW�DO����������:RRG�HW�DO����������2NXUD�HW�DO����������+RQH\�HW�6KHQ�

������� ,O�HQ�YD�GH�PrPH�SRXU�GHV� LPPXQRVXSSUHVVHXUV� WHOV�TXH� OD�&V$�RX�SOXV� UpFHPPHQW�� OH

WDFUROLPXV��RX�).������FRQQXV�SRXU� LQKLEHU� OHV�/7��%UXQGLQ�HW�DO����������3DN]DEDQ�HW�DO���������

'XDQ�HW�DO����������3HGHUVHQ�HW�DO���������������$OHPGDU�HW�DO����������:HQQEHUJ�HW�DO���������

'DQV� OH�EXW�GH�GpWHUPLQHU� ODTXHOOH�GHV�VRXV�XQLWpV�&'��RX�&'��HVW� LPSOLTXpH�GDQV� OH� UHMHW� GH

[pQRJUHIIHV�QHXURQDOHV��GHV�pWXGHV�RQW�pWp�IDLWHV�SDU�GpSOpWLRQ�VSpFLILTXH�G¶XQH�RX�O¶DXWUH�GH�FHV

VRXV�XQLWpV��,O�D�DLQVL�pWp�PLV�HQ�pYLGHQFH�TXH�OH�W\SH�&'��pWDLW�ODUJHPHQW�LPSOLTXp�GDQV�OH�UHMHW�

SXLVTXH� VD� GpSOpWLRQ� HQWUDvQH� XQH� VXUYLH� LQGpILQLH� GX� JUHIIRQ�� DORUV� TXH� OD� GpSOpWLRQ� HQ� &'�

Q¶LQGXLW�TX¶XQ�UHWDUG�GDQV� OH�UHMHW�HW�QH�UHSUpVHQWH�GRQF�TX¶XQ�PpFDQLVPH�VHFRQGDLUH��+RQH\�HW

DO����������:RRG�HW�DO����������'XDQ�HW�DO����������/D�SDUWLFLSDWLRQ�GX�VRXV�W\SH�O\PSKRF\WDLUH�&'�

DYDLW� GpMj� pWp� VRXOLJQpH� GDQV� OH� UHMHW� GH� [pQRJUHIIHV� GH� SHDX� RX� G¶vORWV� SDQFUpDWLTXHV� SRUFLQV

�)ULHGPDQ�HW�DO�������D������E���&¶HVW�VXU�OD�EDVH�GH�FHV�LQIRUPDWLRQV��TX¶LO�QRXV�DL�SDUX�HVVHQWLHO

GH� FRPSUHQGUH� TXHOV� VRQW� OHV�PpFDQLVPHV� TXL�PqQHQW� DX� UHFUXWHPHQW� HW� j� O¶DFWLYDWLRQ� GH� FHV

FHOOXOHV�



��

2EMHFWLIV

• �����'DQV�OD�SUHPLqUH�SDUWLH�GH�FH�WUDYDLO��QRXV�DYRQV�FKHUFKp�j�FRPSDUHU�OD�FLQpWLTXH�GH�UHMHW�GH

FHOOXOHV� IRUWHPHQW� LPPXQRJqQHV�� OHV�3$(&��j�GHV�VXVSHQVLRQV�GH� WLVVX�PpVHQFpSKDOLTXH� I°WDO

SRUFLQ�� SULQFLSDOHPHQW� FRQVWLWXp� GH� QHXURQHV� LPPDWXUHV�� 1RXV� DYRQV� pJDOHPHQW� DQDO\Vp� OHV

FLQpWLTXHV�G¶LQILOWUDWLRQ�DVVRFLpHV�DX� UHMHW�� DILQ�GH� GpWHUPLQHU� V¶LO� pWDLW� EDVp� VXU� XQH�PRELOLVDWLRQ

O\PSKRF\WDLUH��RX�ELHQ�PHQp�SDU�OHV�VHXOV�PDFURSKDJHV�

• �� � � �'DQV� OD�GHX[LqPH�SDUWLH�GH�FH� WUDYDLO��QRXV�DYRQV�FKHUFKp�j�FHUQHU� OH�U{OH�GHV�/7�GDQV� OH

UHMHW��'HSXLV�TX¶LO�D�pWp�REVHUYp�TXH�OH�UHMHW�GH�[pQRJUHIIHV�QHXURQDOHV�SRXYDLW�rWUH�SUpYHQX�SDU

XQ� WUDLWHPHQW� YLVDQW� j� VXSSULPHU� O¶DFWLRQ� GHV� /7�� LO� QRXV� D� SDUX� HVVHQWLHO� GH� FRPSUHQGUH� TXHOV

pWDLHQW�OHV�PpFDQLVPHV�PROpFXODLUHV�TXL�FRQGXLVHQW�DX�UHFUXWHPHQW�GH�FHV�FHOOXOHV�GDQV�OH�61&�

(Q� HIIHW�� MXVTXH� Oj�� F¶HVW� VXU� OD� EDVH� G¶pWXGHV� LPPXQRKLVWRFKLPLTXHV� TXH� FHV� IDLWV� RQW� pWp

REVHUYpV��/D�QDWXUH�HW��OD�FLQpWLTXH�G¶H[SUHVVLRQ�GH�FKLPLRNLQHV�HW�GHV�F\WRNLQHV�GH�O¶K{WH�VXLWH�j

OD�[pQRJUHIIH�QHXURQDOH�VRQW�SHX�GRFXPHQWpHV��GH�PrPH�TXH� OD�VSpFLILFLWp�PROpFXODLUH�GX�7&5

GHV�O\PSKRF\WHV�LQILOWUDQW�FH�W\SH�GH�JUHIIRQ���$LQVL��XQH�JUDQGH�SDUWLH�GH�FH�WUDYDLO�V¶HVW�EDVpH�VXU

O¶XWLOLVDWLRQ�GH�OD�3&5�HQ�WHPSV�UpHO�VXU�GHV�pFKDQWLOORQV�GH�VWULDWXP�D\DQW�UHoX�XQH�[pQRJUHIIH�GH

09� SRUFLQ� I°WDO�� &HWWH� DSSURFKH� WHFKQLTXH� HVW� FRQQXH� SRXU� IRXUQLU� GHV� PHVXUHV� TXDQWLWDWLYHV

ILDEOHV� GHV� $51�PHVVDJHUV� \� FRPSULV� GDQV� GHV� H[WUDLWV� GH� WLVVXV� FpUpEUDX[� �%DUDQ]LQL� HW� DO��

�������:DQJ�HW�DO����������$XVVL��QRXV�DYRQV�G¶DERUG�FKHUFKp�j�MXVWLILHU�OD�SUpVHQFH�GH�/7�GDQV�OH

FHUYHDX�GHV�UDWV�JUHIIpV��SDU� OD�GpWHFWLRQ�PROpFXODLUH�GHV�WUDQVFULWV�GH� OD�FKDvQH�FRQVWDQWH�β�GX

7&5� �&β��� 3DU� OD� VXLWH�� F¶HVW� SDU� O¶DQDO\VH� GH� OD� UpJXODWLRQ� GH� O¶H[SUHVVLRQ� GHV� WUDQVFULWV� GH

FKLPLRNLQHV� HW� GH� O\PSKRNLQHV�� TXH� QRXV� DYRQV� FKHUFKp� j� GpFULUH� OD� EDODQFH� GHV� F\WRNLQHV

SURGXLWHV�SDU��RX�SHUPHWWDQW�O¶H[SDQVLRQ�GHV�W\SHV�GH�O\PSKRF\WHV�DX[LOLDLUHV�7K��RX�7K���SXLVTXH

FHWWH� SRODULVDWLRQ� SDUDvW� SUpGLFWLYH� GH� O¶pYROXWLRQ� GH� OD� JUHIIH� �;LDR� HW� /LQN�� ������� $ORLVL� HW� DO��

������
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• �����'DQV�XQH�WURLVLqPH�SDUWLH��QRXV�QRXV�VRPPHV�SDUWLFXOLqUHPHQW�LQWpUHVVpV�j�OD�GHVFULSWLRQ�GX

UpSHUWRLUH� GHV� /7� LQILOWUDQW� OH� JUHIIRQ�� TXL� SDVVH� SDU� O¶pWXGH� GHV� GLIIpUHQWV� UpDUUDQJHPHQWV� GH� OD

FKDvQH� 9β� GX� 7&5�� /¶DSSRUW� G¶XQ� VDYRLU� WHFKQRORJLTXH� SURSUH� DX� ODERUDWRLUH� �7F/DQGVFDSH �

*XLOOHW� HW� DO��� ������� PrODQW� O¶DVSHFW� TXDOLWDWLI� HW� TXDQWLWDWLI� GX� UpSHUWRLUH� 7�� SHXW� QRXV� DLGHU� j

REVHUYHU�O¶pPHUJHQFH�G¶XQ�FORQH�O\PSKRF\WDLUH�SDUWLFXOLHU�ORUV�GH�O¶LQILOWUDWLRQ�GX�JUHIIRQ��&HFL�GDQV

OH� EXW� GH� QRXV� DLGHU� j� GpWHUPLQHU� VL� OD� UpSRQVH� FHOOXODLUH� DX[� [pQRJUHIIHV� QHXURQDOHV� HVW� OD

FRQVpTXHQFH� G¶XQ� XQLTXH� DQWLJqQH� RX� V¶LO� V¶DJLW� G¶XQH� UpSRQVH� PXOWLJpQLTXH�� (Q� RXWUH�� OD

FRPSDUDLVRQ�GX�UpSHUWRLUH�HQ�OLHX�HW�SODFH�GH�OD�UpDFWLRQ� LQIODPPDWRLUH��DYHF�FHOXL�REVHUYp�GDQV

FHUWDLQV�RUJDQHV�O\PSKRwGHV�VHFRQGDLUHV��SRXUUDLW�QRXV�DSSRUWHU�XQH�LQIRUPDWLRQ�VXSSOpPHQWDLUH

TXDQW�j�O¶DFWLYDWLRQ�HW�O¶RULJLQH�GHV�DFWHXUV�GH�O¶LPPXQLWp�TXL�UpJLVVHQW�FH�W\SH�GH�UHMHW�



��

0DWpULHOV�HW�0pWKRGHV

����3UpSDUDWLRQV�FHOOXODLUHV

/HV�FHOOXOHV�HQGRWKpOLDOHV�DRUWLTXHV�SRUFLQHV��3$(&��VRQW�LVROpHV�j�SDUWLU�G¶DRUWH�GH�MHXQHV�SRUFV

�kJpV�GH���� MRXUV��SDU�GLJHVWLRQ�j� OD�FROODJpQDVH� ��8�PO��%RHKULQJHU��0DQQKHLP��$OOHPDJQH��HW

FXOWLYpHV�HQ�ERLWHV�GH�3pWUL�SUpWUDLWpHV�DYHF�GH�OD�JpODWLQH�����1XQF��5RVNLOGH��'DQHPDUN��GDQV

GX�PLOLHX�'0(0��'XOEHFFR¶V�PRGLILHG�(DJOH¶V�PHGLXP��FRQWHQDQW�����J�O�GH�JOXFRVH��HW�DGGLWLRQQp

GH�����GH�VpUXP�GH�YHDX�I°WDO��69)�����P0�GH�JOXWDPLQH������8�PO�GH�SpQLFLOOLQH�HW������J�PO

GH� VWUHSWRP\FLQH� �WRXV� OHV� FRPSRVpV� SURYLHQQHQW� GH�*LEFR�%5/��&HUJ\�3RQWRLVH�� )UDQFH��� /HV

FHOOXOHV�VRQW�XWLOLVpHV�DX[�SDVVDJHV���j����$SUqV�ULQFDJH�SDU�GX�3%6��WDPSRQ�SKRVSKDWH�VDOLQ��

HOOHV� VRQW� GpWDFKpHV� SDU� WUDLWHPHQW� j� OD� WU\SVLQH�� ODYpHV� SDU� FHQWULIXJDWLRQ� HW� DMXVWpHV� j� OD

FRQFHQWUDWLRQ�GpVLUpH�GDQV�GX�+%66��+DQN¶V�EDODQFHG�VDOW�VROXWLRQ��*LEFR�%5/���8QH�DQDO\VH�SDU

F\WRIOXRURPpWULH�HQ�IOX[��)$&6��SHUPHW�GH�FRQILUPHU�TXH�FHV�FHOOXOHV�H[SULPHQW�j�OHXU�VXUIDFH�OHV

DQWLJqQHV� GX� &0+� GH� FODVVH� ,� HW� O¶LQWpJULQH� β��� SRUFLQH�� UpYpOpV� SDU� XQ� PDUTXDJH� DYHF� XQ

DQWLFRUSV�VSpFLILTXH�PRQRFORQDO�GpFULW�SOXV�EDV�

/HV� QHXURQHV� PpVHQFpSKDOLTXHV� I°WDX[� SRUFLQV� VRQW� REWHQXV� j� SDUWLU� GH� WUXLHV� GRPHVWLTXHV

�/DUJH�:KLWH��GRQW� OD�JHVWDWLRQ�D�pWp�FRQILUPpH�SDU�XOWUDVRQV�����j���� MRXUV�DSUqV� LQVpPLQDWLRQ

DUWLILFLHOOH�� ,OV� VRQW� VDFULILpV� GDQV� XQ� DEDWWRLU� DFFUpGLWp� �,15$� 1RX]LOO\��� HW� OHV� HPEU\RQV� VRQW

UHFXHLOOLV�GDQV�GX�+%66�DSUqV�K\VWpUHFWRPLH��/H�PpVHQFpSKDOH�YHQWUDO��90��HVW�SUpOHYp�VHORQ�OD

PpWKRGH� GpFULWH� SDU� +XIIDFNHU� HW� VHV� FROODERUDWHXUV� �������� HW� VRQW� SODFpV� GDQV� XQ� PLOLHX

G¶KLEHUQDWLRQ�j���&�FRPPH�GpFULW��.DZDPRWR�HW�%DUHHWW���������)URGO�HW�DO����������SRXU�XQH�GXUpH

GH� �� j� �� MRXUV�� (Q� HIIHW�� O¶KLEHUQDWLRQ� QH� SHXW� VH� IDLUH� TXH� SRXU� XQ� WHPSV� OLPLWp�� DXWRXU� G¶XQH

VHPDLQH��DYDQW�TXH�OH�WDX[�GH�VXUYLH�QH�FRPPHQFH�j�GpFURvWUH��3HWHUVHQ��������

/D�SUpSDUDWLRQ�GHV�QHXURQHV�HVW�DGDSWpH�j�SDUWLU�GH�SURFpGXUHV�SUpFpGHPPHQW�SXEOLpHV��*DOSHUQ

HW�DO����������/DUVVRQ�HW�DO�������E����OHV�PRUFHDX[�VRQW�LQFXEpV�GDQV���PO�G¶+%66�DGGLWLRQQp�GH

WU\SVLQH� ����� �6LJPD�� 6DLQW�4XHQWLQ� )DOODYLHU�� )UDQFH�� SHQGDQW� ��� PLQXWHV� j� ���&�� 3XLV�� OD

UpDFWLRQ�HVW�VWRSSpH�SDU�O¶DGGLWLRQ�GH�69)�j�����ILQDO��/HV�WLVVXV�VRQW�ODYpV�DYHF�SUpFDXWLRQ���IRLV
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GDQV�GX�+%66�DGGLWLRQQp�GH�'1DVH������� �6LJPD��� � SXLV� LQFXEpV����PLQXWHV� j� ���&� GDQV� OH

PrPH�PLOLHX�� /HV� FHOOXOHV� VRQW� DORUV� GLVVRFLpHV� SDU� WULWXUDWLRQ� j� O¶DLGH� G¶XQH� SLSHWWH�3DVWHXU�� HW

FHQWULIXJpHV�j�����WRXUV�SDU�PLQXWH�SHQGDQW����PLQXWHV��/H�FXORW�HVW�UHVXVSHQGX�GDQV�GX�+%66

DYHF� '1DVH�� HW� XQ� DOLTXRW� GH� FHOOXOHV� HVW� XWLOLVp� SRXU� OD� QXPpUDWLRQ�� 'H� WHOOHV� SUpSDUDWLRQV

FHOOXODLUHV�VRQW�GpFULWHV�FRPPH�FRQWHQDQW�WUqV�SHX�G¶DVWURF\WHV�HW�GH�FHOOXOHV�PLFURJOLDOHV��%UHYLJ

HW�DO����������/D� YLDELOLWp�HVW� FRQWU{OpH�SDU�H[FOXVLRQ�G¶pRVLQH��/HV�VXVSHQVLRQV�QHXURQDOHV�VRQW

DMXVWpHV�j�OD�FRQFHQWUDWLRQ�GH��[����FHOOXOHV��O�

����$QLPDX[�HW�SURFpGXUHV�FKLUXUJLFDOHV

'HV� UDWV� PkOHV� V\QJpQLTXHV� /(:��$� G¶HQYLURQ� ���� J� VRQW� XWLOLVpV� FRPPH� UHFHYHXU�� ,OV� VRQW

IRXUQLV�SDU�&KDUOHV�5LYHU��5RXHQ��)UDQFH���FRQVHUYpV�HW�PDQLSXOpV�GDQV�XQH�DQLPDOHULH�FRQILQpH

HQ�DFFRUG�DYHF�OHV�QRUPHV�IUDQoDLVHV��/HV�UDWV�VRQW�DQHVWKpVLpV�SDU���LQMHFWLRQV�LQWUDSpULWRQpDOH

VXFFHVVLYHV�GH�5RPSXQ���������PO������J���HW����PLQXWHV�SOXV�WDUG��G¶,PDOJHQ����������PO����J��

/HV�DQLPDX[�VRQW�SODFpV�GDQV�XQ�FDGUH�VWpUpRWD[LTXH��6WRHOLQJ��:RRG�'DOH��,/��86$��HW�DSUqV�OH

SUpOqYHPHQW�G¶XQH�SHWLWH�VHFWLRQ�FDUUpH�GH�O¶RV�UHFRXYUDQW�OHV�FRRUGRQQpHV�GpVLUpHV��OHV�UDWV�VRQW

WUDQVSODQWpV�DYHF�XQH�VXVSHQVLRQ�FHOOXODLUH�GH�QHXURQHV�I°WDX[�SRUFLQV��31(8���RX�GH�FHOOXOHV

HQGRWKpOLDOHV� DRUWLTXHV� SRUFLQHV� �3$(&��� 'HV� LQMHFWLRQV� LQWUDVWULDWDOHV� VRQW� UpDOLVpHV� GH� IDoRQ

ELODWpUDOH�GDQV���VLWHV��DX[�FRRUGRQQpHV�VXLYDQWHV��HQ�UHODWLRQ�DYHF�OH�EUHJPD�HW�OD�VXUIDFH�GH�OD

SLH�PqUH���DQWpULHXU�������PP���ODWpUDO��±�����PP���YHQWUDO�������HW������PP���EDUUH�G¶LQFLVLRQ�j�����

PP�

/HV� FHOOXOHV� VRQW� LQMHFWpHV� DYHF� XQH� VHULQJXH�+DPLOWRQ� GH� ��� �O��PRQWpH� VXU� XQ�PLFURLQMHFWHXU

DXWRPDWLTXH� �3K\PHS�� 3DULV�� )UDQFH��� &KDTXH� VLWH� UHoRLW� �� �O� GH� VXVSHQVLRQ� FHOOXODLUH� VXU� XQH

SpULRGH�G¶XQH�PLQXWH��$SUqV�XQ�GpODL�GH���PLQXWHV��OD�VHULQJXH�HVW�OHQWHPHQW�UHWLUpH��OHV�IUDJPHQWV

G¶RV� VRQW� UHSODFpV� VXU� OH� FUkQH�� HW� OHV� LQFLVLRQV� GDQV� OD� SHDX� VRQW� UHFRXVXHV�� /HV� DQLPDX[

UHoRLYHQW�XQ�WRWDO�GH��[����FHOOXOHV��3$(&�RX�31(8��SDU�KpPLVSKqUH��VHORQ�OHV�H[SpULHQFHV��$X[

WHPSV� GpVLUpV�� OHV� UDWV� VRQW� VDFULILpV� SDU� LQKDODWLRQ� GH� &2��� HW� OHV� FHUYHDX[� VRQW� SUpOHYpV

FKLUXUJLFDOHPHQW��3RXU� OHV� DQDO\VHV� LPPXQRKLVWRORJLTXHV�� OHV� KpPLVSKqUHV� GURLWV� VRQW� FRQJHOpV

GDQV� GH� O¶LVRSHQWKDQH� j� HQYLURQ� ����&�� HW� FRQVHUYpV� j� ����&�� /HV� KpPLVSKqUHV� JDXFKHV� VRQW
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UDSLGHPHQW� GLVVpTXpV� DX� QLYHDX� GX� VWULDWXP� SXLV� VRQW� GLUHFWHPHQW� FRQJHOpV� GDQV� GH� O¶D]RWH

OLTXLGH��SRXU�OHV��H[SpULPHQWDWLRQV�GH�ELRORJLH�PROpFXODLUH��/D�PrPH�SURFpGXUH�HVW�HIIHFWXpH�SRXU

O¶LVROHPHQW�GH�OD�UDWH�HW�GHV�JDQJOLRQV�O\PSKDWLTXHV�FHUYLFDX[�SURIRQGV��'&/1��

/H� VDQJ� HVW� SUpOHYp� SDU� SRQFWLRQ� FDUGLDTXH� �HQYLURQ� ��PO� SDU� UDW�� HW� UHFXHLOOL� GDQV� GHV� WXEHV

KpSDULQpV��/HV�O\PSKRF\WHV�GX�VDQJ�SpULSKpULTXH��3%/��VRQW�SXULILpV�VXU�JUDGLHQW�GH�)LFROO������PO

GH� VDQJ� GLOXpV� GDQV� ��� PO� GH� 3%6� VRQW� GpSRVpV� VXU� ���PO� GH� )LFROO� �$PHUVKDP� %LRVRXUFHV�

6XqGH��HW�FHQWULIXJpV����PLQXWHV�������WRXUV�SDU�PLQXWH�����&��VDQV�IUHLQ���/¶DQQHDX�FRQWHQDQW

OHV� 3%/� HVW� UHFXHLOOL� HW� ODYp� GHX[� IRLV� DYHF� GX� 3%6�� SXLV� OHV� FHOOXOHV� VRQW� LQFXEpHV� SHQGDQW� �

PLQXWHV� j� WHPSpUDWXUH� DPELDQWH� DYHF� �� PO� GH� VROXWLRQ� GH� O\VH� GHV� JOREXOHV� URXJHV� �VROXWLRQ

K\SRWRQLTXH���1+�&O������J�/��.+&2������J�/��1D�('7$�����PJ�/��S+ ������ODYpHV�HW�ILOWUpHV�DX

WUDYHUV�G¶XQH�WRLOH�GH�Q\ORQ�GH������P�GH�PDLOOH��3RO\ODER��3DULV��)UDQFH��

����,PPXQRKLVWRFKLPLH

'HV�VHFWLRQV�GH�����P�REWHQXHV�DYHF�XQ�FU\RVWDW�/HLFD�VRQW�PRQWpHV�SDU�����RX���VXU�GHV�ODPHV

SRXU�PLFURVFRSH��HW�FRQVHUYpHV�j� ����&�SRXU�XQ�XVDJH�XOWpULHXU��&KDTXH�QHXYLqPH�VHFWLRQ�HVW

PDUTXpH�DX�FUHV\O�YLROHW� �&KURPD��.|QJHQ��$OOHPDJQH��DILQ�GH� ORFDOLVHU� OH�JUHIIRQ��/HV�VHFWLRQV

DGMDFHQWHV�VRQW�ODLVVpHV����PLQXWHV�j�WHPSpUDWXUH�DPELDQWH��SXLV�IL[pHV�SHQGDQW����PLQXWHV�DYHF

GX�SDUDIRUPDOGpK\GH����UHIURLGL�GDQV�GX�3%6�j�S+������$SUqV��� ODYDJHV�GH���PLQXWHV�GDQV� OH

PrPH�WDPSRQ��OHV�SHUR[\GDVHV�HQGRJqQHV�VRQW�VDWXUpHV�DYHF�GH�O¶+�2��j������GDQV�GX�3%6��j

WHPSpUDWXUH�DPELDQWH��$SUqV���QRXYHDX[�ODYDJHV�GDQV�GX�3%6��OHV�ODPHV�VRQW�H[SRVpHV�SHQGDQW

HQYLURQ����PLQXWHV�j�����GH�VpUXP�GH�FKqYUH�GDQV�GX�3%6�FRQWHQDQW����G¶DOEXPLQH�GH�VpUXP

ERYLQ� �%6$�� 6LJPD��� 3RXU� OHV� PDUTXDJHV� LQWUDFHOOXODLUHV� WHOV� TXH� L126�� *)$3� RX� 1)����� OH

WDPSRQ�FRQWLHQW�pJDOHPHQW������GH�7ULWRQ�;�����7RXV�OHV�DQWLFRUSV��WDEOHDX�����VRQW�GLOXpV�GDQV

GX�3%6�FRQWHQDQW����GH�%6$��'X�7ULWRQ�HVW�DMRXWp�GDQV� OHV���FDV�PHQWLRQQpV�SUpFpGHPPHQW�

/¶LQFXEDWLRQ�DYHF�O¶DQWLFRUSV�SULPDLUH�HVW�UpDOLVpH�GXUDQW�OD�QXLW�j���&��/¶LQFXEDWLRQ�DYHF�O¶DQWLFRUSV

VHFRQGDLUH�HVW�UpDOLVpH�SHQGDQW���KHXUH�j�WHPSpUDWXUH�DPELDQWH��$SUqV���ODYDJHV�GDQV�GX�3%6�

OHV� FRXSHV� VRQW� H[SRVpHV� j� XQ� FRPSOH[H� DYLGLQH� ELRWLQH� SHUR[\GDVH� �H[FHSWp� SRXU� OD� *)$3�
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SHQGDQW���KHXUH�j�WHPSpUDWXUH�DPELDQWH��9HFWDVWDLQ�$%&�NLW��9HFWRU���HW�UpYpOpHV�DYHF�OH�VXEVWUDW

9,3��9HFWRU¶V�YHU\�LQWHQVH�SXUSOH��

$SUqV���PLQXWHV�GDQV�GH�O¶HDX�GLVWLOOpH��OHV�ODPHV�VRQW�FRQWUH�FRORUpHV��DYHF�GH�O¶KpPDWR[\OLQH��HW

DSUqV� XQ� QRXYHDX� ODYDJH�� LQFXEpHV� GDQV� GX� FDUERQDWH� GH� OLWKLXP�� /HV� SUpSDUDWLRQV� VRQW� j

QRXYHDX� ODYpHV� GDQV� GH� O¶HDX�� HW� GpVK\GUDWpHV� SHQGDQW� �� PLQXWHV� GDQV� GHV� EDLQV� VXFFHVVLIV

G¶pWKDQRO����������������SORQJpHV�GDQV�GX�[\OqQH�SHQGDQW����PLQXWHV�HW�PRQWpHV�GDQV�GX�OLTXLGH

(XNNLW� �/DERQRUG�� 9LOOHQHXYH� G¶$VFT�� )UDQFH��� /D� PRUW� FHOOXODLUH� HVW� DWWHVWpH� SDU� PDUTXDJH� GH

O¶$'1�IUDJPHQWp�j�O¶DLGH�G¶XQH�WHUPLQDOH�GpR[\QXFOHRWLG\OH�WUDQVIpUDVH�HW�GH�QXFOpRWLGHV�PDUTXpV

j�OD�GLJR[LJpQLQH��/H�PDWpULHO�LQFRUSRUp�HVW�UpYpOp�SDU�XQ�DQWLFRUSV�DQWL�GLJR[LJpQLQH�FRQMXJXp�j�OD

SHUR[\GDVH��HQ�DFFRUG�DYHF�OHV�LQVWUXFWLRQV�GX�IDEULFDQW��$SRSWDJ�3OXV�.LW�RI�2QFRU��*DLWKHUVEXUJ�

0'��86$���8Q�PDUTXDJH�9,3�HVW�HQVXLWH�UpDOLVp�FRPPH�GpFULW�SOXV�KDXW�

����([WUDFWLRQ�G¶$51�HW�UpWURWUDQVFULSWLRQ��57�

6HORQ�OHV�H[SpULHQFHV��OHV�$51�WRWDX[�RQW�pWp�H[WUDLWV�VHORQ�GHX[�WHFKQLTXHV�TXL�RQW�PRQWUp�XQH

TXDOLWp�G¶$51�HW�GHV�UHQGHPHQWV�pTXLYDOHQWV��/HV�IUDJPHQWV�GH�FHUYHDX[�HQWRXUDQW�OHV�VWULDWD��OHV

UDWHV�RX� OHV�'&/1��VRQW�SODFpV�GDQV�GHV�WXEHV�FRQWHQDQW�VRLW�GX�FKORUXUH�GH� OLWKLXP�8UpH����PO

SRXU� ���� PJ� GH� WLVVX�� $XIIUD\� HW� 5RXJHRQ�� ������� VRLW� GLUHFWHPHQW� GDQV� GX� 7UL=RO � �/LIH

7HFKQRORJLHV�� �� PO� SRXU� ���� PJ� GH� WLVVX�� SRXU� KRPRJpQLVDWLRQ� SDU� EUR\DJH� PpFDQLTXH� HW

XOWUDVRQV� �8OWUD�7XUUD[�� ,.$ �:(5.(��$OOHPDJQH��� ,OV� VRQW�DORUV�SUpFLSLWpV�GDQV� OD�JODFH�VXU� OD

QXLW� �0pWKRGH� /L&O�� RX� j� WHPSpUDWXUH� DPELDQWH� SHQGDQW� ��� PLQXWHV� �0pWKRGH� 7UL]RO ��� $SUqV

VpSDUDWLRQ�SDU�DGGLWLRQ�GH�SKpQRO�FKORURUIRUPH�� OD�SKDVH�DTXHXVH�FRQWHQDQW� OHV�$51�WRWDX[�HVW

UpFXSpUpH� �VDXI� FDV� GX� 7UL]RO � FDU� FH� UpDFWLI� FRQWLHQW� GpMj� GX� SKpQRO� HW� GH� O¶LVRWKLRF\DQDWH� GH

JXDQLGLQH�SHUPHWWDQW�G¶LVROHU� OHV�$51�HQ�XQH�VHXOH�pWDSH�VHORQ� OD�PpWKRGH�GH�&KRPF]\QVNL�HW

6DFFKL���������/HV�$51P�VRQW�SUpFLSLWpV�GDQV�O¶LVRSURSDQRO��UpFXSpUpV�SDU�FHQWULIXJDWLRQ��SXLV�OH

FXORW� HVW� ODYp�j� O¶pWKDQRO��$SUqV�VpFKDJH�� O¶$51�HVW� UHVXVSHQGX�GDQV�GH� O¶HDX�SRXU�SUpSDUDWLRQ

LQMHFWDEOH�HW�OD�FRQFHQWUDWLRQ�HVW�pYDOXpH�SDU�OD�PHVXUH�GH�O¶DEVRUEDQFH�j�����QP��SXLV�DMXVWpH�j

��J��O�� /¶LQWpJULWp� GH� O¶$51� HW� O¶DEVHQFH� G¶$'1� JpQRPLTXH� VRQW� YpULILpV� SDU� IUDFWLRQQHPHQW� GHV

pFKDQWLOORQV�SDU�pOHFWURSKRUqVH�VXU�JHOV�GpQDWXUDQWV��TXL��DSUqV�PDUTXDJH�DX�EURPXUH�G¶pWKLGLXP
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HW�DQDO\VH�DX�GHQVLWRPqWUH��QRXV�GRQQH�OH�UDSSRUW�GHV�TXDQWLWpV�G¶$51�ULERVRPDX[���6�VXU���6

TXL� UHIOqWHQW� OD� TXDOLWp� GHV� $51� WRWDX[� �/¶LQWHQVLWp� GH� OD� EDQGH� GH� ��6� GHYDQW� rWUH� GHX[� IRLV

VXSpULHXUH�j�FHOOH�GH���6��

/HV� $51P� VRQW� UpWURWUDQVFULWV� HQ� XWLOLVDQW� XQ� SUHPLqUH� DPRUFH� GpVR[\ULERQXFOpLTXH� G¶ROLJR� G7�

�������PHUV��j����P0�HQ�FRQFHQWUDWLRQ� ILQDOH��TXL�V¶K\EULGH�DYHF� OD�TXHXH�SRO\DGpQRV\OpH�GHV

$51P�� 'L[� PLFURJUDPPHV� G¶$51� VRQW� DMRXWpV� j� ��O� G¶ROLJR�G7�� j� GX� GLWKLRWKUpLWRO� j� �� P0� HQ

FRQFHQWUDWLRQ� ILQDOH�� HW� DYHF� GHV� G173� �GpVR[\QXFOpRWLGHV�WULSKRVSKDWHV�� j� ���� P0� HQ

FRQFHQWUDWLRQ� ILQDOH�� GDQV� XQ� YROXPH� ILQDO� GH� ���O�� HW� FKDXIIp� SHQGDQW� ���PLQXWHV� j� ���&� SRXU

SHUPHWWUH�OD�GpQDWXUDWLRQ�GHV�DFLGHV�QXFOpLTXHV��'DQV�O¶pWDSH�VXLYDQWH����O�GH�51$VLQH����8�PO�

HW� ��O� G¶HQ]\PH� UHYHUVH� WUDQVFULSWDVH� �0RXVH�0RORQH\� /HXNHPLD� 9LUXV� 5HYHUVH� 7UDQVFULSWDVH�

���8�PO��VRQW�DMRXWpV�DX[�pFKDQWLOORQV�GDQV�XQ�YROXPH�ILQDO�GH����O�GH����P0�7ULV��S+��������P0

0J&O��� ���� P0� .&O�� $SUqV� �� KHXUH� G¶LQFXEDWLRQ� j� ���&� �V\QWKqVH� GHV� DFLGHV

GpVR[\ULERQXFOpLTXHV���RQ�DMRXWH��GH����pFKDQWLOORQV�VDQJXLQV��'&/1��j����O��VWULDWD��UDWHV��G¶HDX

SRXU�SUpSDUDWLRQ�LQMHFWDEOHV��SXLV�O¶$'1�FRPSOpPHQWDLUH��$'1F��HVW�FRQVpUYp�j�����&�

����$QDO\VH�TXDQWLWDWLYH�SDU�3&5�HQ�WHPSV�UpHO��7DT0DQ��

/D�3&5�TXDQWLWDWLYH�7DT0DQ �SHUPHW�OD�GpWHFWLRQ�GLUHFWH�GHV�SURGXLWV�GH�3&5�SDU�OD�PHVXUH�GH

O¶DXJPHQWDWLRQ� SURJUHVVLYH� GH� OD� IOXRUHVFHQFH� pPLVH� SDU� O¶DWWDFKH� GX� IOXRURFKURPH�� OH� 6<%(5

*UHHQ��DX�FRXUV�GH�OD�V\QWKqVH�GHV�GRXEOHV�EULQV�G¶$'1�

$XWDQW� TXH� SRVVLEOH�� OHV� DPRUFHV� ROLJRQXFOpRWLGLTXHV� VRQW� FKRLVLHV� GH� PDQLqUH� j� V¶K\EULGHU� j

O¶$'1� j� XQH� WHPSpUDWXUH� GH� ���&� �7P�����&�� HW� SHUPHWWHQW� G¶DPSOLILHU� GHV� IUDJPHQWV� FRPSULV

HQWUH�����HW�����SE��(OOHV�VRQW�SUpVHQWpHV�GDQV� OH� WDEOHDX����OHV�DPRUFHV�9β� IRQW�DFWXHOOHPHQW

O¶REMHW�G¶XQ�EUHYHW�HW�QH�VRQW�GLVSRQLEOH�TXH�VXU�GHPDQGH�j�7F/DQG��KWWS����ZZZ�7F/DQG�IU���3RXU

FDOLEUHU� OD� 3&5� TXDQWLWDWLYH�� GHV� VWDQGDUGV� VRQW� V\QWKpWLVpV� GDQV� GHV� FRQGLWLRQV� GH� 3&5

FODVVLTXHV�����F\FOHV�GH����VHFRQGHV�j����&�VXLYLH�G
XQH�PLQXWH�j����&���GDQV�XQ�7KHUPRF\FOHXU

�PRGHO� ������� 3HUNLQ�(OPHU�� )RVWHU� &LW\�� &$��� /HV� SRROV� G¶$'1F� VRQW� REWHQXV� j� SDUWLU

G¶pFKDQWLOORQV� ULFKHV�HQ�$51P�FRUUHVSRQGDQWV� j� FHV�JqQHV��'DQV�QRWUH� FDV� QRXV�DYRQV�XWLOLVp

GHV�$51�H[WUDLWV�GH� UDWHV�GH� UDWV� UHMHWDQW�XQH�DOORJUHIIH�FDUGLDTXH��/¶DPSOLILFDWLRQ�G¶XQH�XQLTXH
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EDQGH� G¶$'1� GH� OD� WDLOOH�PROpFXODLUH� DWWHQGXH� SRXU� FKDTXH� SDLUH� G¶DPRUFH� HVW� YpULILpH� VXU� JHO

G¶DJDURVH� ������� HQ� FRQGLWLRQV� GpQDWXUDQWHV� DSUqV� PDUTXDJH� SDU� OH� EURPXUH� G¶pWKLGLXP�� /HV

IUDJPHQWV�VRQW�GpFRXSpV�VXU�OH�JHO�HW�SXULILpV�DYHF�XQ�NLW�G¶H[WUDFWLRQ��*HO�H[WUDFWLRQ�.LW��4LDJHQ�

$OOHPDJQH���/D�FRQFHQWUDWLRQ�GHV�IUDJPHQWV�HVW�GpWHUPLQpH�SDU�GHQVLWRPpWULH�j�����QP�HW�DMXVWpH

VHORQ� OHXU� PDVVH� PROpFXODLUH� UHVSHFWLYH�� &HV� VWDQGDUGV� VRQW� HQVXLWH� GLOXpV� DILQ� G¶REWHQLU� XQH

JDPPH�GH�����j�����FRSLHV�SDU�SXLWV�HQ�SODTXH����SXLWV�j�IDLEOH�DEVRUEDQFH��$SSOLHG�%LRV\VWHPV�

)RVWHU�&LW\��&$���8QH�TXDQWLWp� FRQVWDQWH�GH� ����O�� pTXLYDOHQWH� j� ����QJ� G¶$51�D\DQW� VXEL� XQH

UpWURWUDQVFULSWLRQ��RX� OH�YROXPH� LGHQWLTXH�GH�FRSLHV�GH�VWDQGDUG��D�pWp�DPSOLILp�DYHF�����O�G¶XQH

PL[WXUH�FRPSUHQDQW�����8�G¶$PSOL7DT�*ROG�SRO\PHUDVH��FKDFXQ�GHV���G173V������P0���GRQW� OH

G873�HVW�UHPSODFp�SDU�XQ�G773�PDUTXp�DX�6<%(5�*UHHQ��FKDFXQH�GHV�DPRUFHV������Q0��HW�GX

FKORUXUH� GH�PDJQpVLXP� ��� P0� ILQDO�� GDQV� XQ� WDPSRQ� 7ULV� GX� IRXUQLVVHXU� �7DT0DQ� 3&5� &RUH

5HDJHQW��$SSOLHG�%LRV\VWHPV��� /¶DPSOLILFDWLRQ� HVW� UpDOLVpH� GDQV� XQ�VpTXHQFHXU�$%,�3ULVP�����

6HTXHQFH� 'HWHFWRU� 6\VWHP� �$SSOLHG� %LRV\VWHP�� FRPPH� GpFULW� SUpFpGHPPHQW� �*DJQH� HW� DO��

�������/D�UpDFWLRQ�FRPPHQFH�SDU�XQH�pWDSH�GH����PLQXWHV�j����&�SRXU�HQOHYHU�WRXV�OHV�UpVLGXV

XUDF\O� LQFRUSRUpV� GDQV� OHV� $'1� FRPSOpPHQWDLUHV� DYHF� �� XQLWp� GH� 8UDF\O�1�JO\FRV\ODVH

�$PS(UDVH� UHDJHQW��� &HFL� HVW� VXLYL� SDU� XQH� LQFXEDWLRQ� GH� ��� PLQXWHV� j� ���&� SHUPHWWDQW� OD

GpQDWXUDWLRQ� GH� O¶$'1F� HW� O¶DFWLYDWLRQ� GH� O¶$PSOL7DT� *ROG�� SXLV� HQVXLWH� ��� F\FOHV�� FKDFXQ

FRQVWLWXpV� GH� ��� VHFRQGHV� j� ���&� HW� G¶�� PLQXWH� j� ���&�� $� OD� ILQ� GH� FKDTXH� H[SpULHQFH�� OHV

SURGXLWV� G¶DPSOLILFDWLRQV� VRQW� IUDFWLRQQpV� VXU� JHO� DILQ� GH� YpULILHU� TX¶LO� Q¶DSSDUDLW� TX¶XQH� EDQGH

XQLTXH� GH� OD� WDLOOH� GpVLUpH�� &KDTXH� pFKDQWLOORQ� HVW� DQDO\Vp� HQ� GXSOLTXkW�� 3RXU� O¶DQDO\VH

TXDQWLWDWLYH��OD�GpWHFWLRQ�GLUHFWH�GHV�SURGXLWV�GH�3&5�HVW�UpDOLVpH�SDU�OD�PHVXUH�GH�O¶DXJPHQWDWLRQ

SURJUHVVLYH�GH�OD�IOXRUHVFHQFH�pPLVH�SDU�O¶DWWDFKH�GX�IOXRURFKURPH�6<%(5�*UHHQ��j�O¶$'1�GRXEOH

EULQ��)LJ����$���/H�QRPEUH�GH�FRSLHV�HVW�REWHQX�SDU�UHODWLRQ�HQWUH� OD� IOXRUHVFHQFH�PHVXUpH�j� OD

YDOHXU�VHXLO��&W��GDQV�OHV�pFKDQWLOORQV�SDU�UDSSRUW�j�OD�FRXUEH�pWDORQ�GpILQLH�SDU�OHV�VWDQGDUGV��)LJ�

��%���/HV�GRQQpHV�VRQW�GLUHFWHPHQW�FROOHFWpHV�SDU�FRPSHQVDWLRQ�VSHFWUDOH�HW�DQDO\VpHV�DYHF� OH

ORJLFLHO� DGpTXDW� �$%,� 3ULVP� ����� 6HTXHQFH� 'HWHFWRU� VRIWZDUH��� 3RXU� PLQLPLVHU� OHV� YDULDWLRQV

H[SpULPHQWDOHV�G¶XQ�pFKDQWLOORQ�j�O¶DXWUH��SDU�H[HPSOH��OHV�GLIIpUHQFHV�GH�UHQGHPHQWV�G¶H[WUDFWLRQ�

G¶LQWpJULWp�GH�O¶$51�HW�G¶HIILFDFLWp�GH�OD�57���OH�QRPEUH�GH�FRSLHV�GH�FKDTXH�WUDQVFULW�HVW�QRUPDOLVp
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SDU� UDSSRUW� DX� QRPEUH� GH� FRSLHV� GH� WUDQVFULWV� G¶XQ� JqQH� GH� PpQDJH�� O¶K\SR[DQWKLQH

SKRVSKRULERV\O� WUDQVIpUDVH� �+357��� ,O� D� DXVVL� pWp� YpULILp� TXH� OH� QRPEUH� GH� FRSLHV� GH� WUDQVFULWV

G¶+357�pWDLW�GX�PrPH�RUGUH�SRXU�WRXV�OHV�SRLQWV��F¶HVW�j�GLUH�GDQV�OH�FDV�GHV�VWULDWD��OH�QRPEUH�GH

FRSLHV�G¶$51P�G¶+357�VH�VLWXH�DXWRXU�GH�����j���������FRSLHV��SRXU���O�LVVX�GH�OD�UpDFWLRQ�GH

57���PDLV�SHXW�YDULHU�HQWUH���������HW���������FRSLHV�GDQV�FHUWDLQV�pFKDQWLOORQV��'HV�FRQWU{OHV

RQW�PRQWUp�TXH�OH�QRPEUH�GH�FRSLHV�GH�WUDQVFULWV�G¶+357�pWDLW�QRQ�VLJQLILFDWLI�TXDQG�O¶pWDSH�GH�57

pWDLW�RPLVH��SDV�GH�FRQWDPLQDWLRQ�G¶$'1�JpQRPLTXH���/HV�DQDO\VHV�VWDWLVWLTXHV�SUpVHQWpHV�GDQV

OD�VHFWLRQ�5pVXOWDWV�VRQW�UpDOLVpHV�YLD�GHV�WHVWV�QRQ�SDUDPpWUpV�GH�0DQQ�:LWKQH\�

����$QDO\VH�GX�UpSHUWRLUH�GX�7&5E

/¶DQDO\VH�GX�UpSHUWRLUH�GX�7&5�SHUPHW�G¶pYDOXHU�OD�GLYHUVLWp�G¶XQH�SRSXODWLRQ�GH�O\PSKRF\WHV�7�DX

FRXUV�G¶XQH�UpSRQVH�LPPXQLWDLUH��&HWWH�DQDO\VH�HVW�EDVpH�VXU�O¶pWXGH�GHV�ORQJXHXUV�GH�OD�UpJLRQ

K\SHUYDULDEOH� &'5�� GH� OD� FKDvQH� β� GX� 7&5�� GDQV� XQH� SRSXODWLRQ� GH� /7� GRQQpH�� 8Q� SRRO� GH

FHOOXOHV�7� DX� UHSRV� HVW� FDUDFWpULVp� SDU� XQH� UpSDUWLWLRQ� JDXVVLHQQH� GHV� GLIIpUHQWHV� ORQJXHXUV� GX

&'5��XWLOLVDQW�FKDTXH�JqQH�9β��H[SDQVLRQV�SRO\FORQDOHV���(Q�UHYDQFKH��OD�PRELOLVDWLRQ�GH�FORQHV

7�VSpFLILTXHV�GH�SHSWLGHV�DQWLJqQLTXHV�V¶DFFRPSDJQH�GH�O¶XVDJH�SUpIpUHQWLHO�GH�FHUWDLQHV�IRUPHV

PROpFXODLUHV� GX� 7&5β� HW� GRQF� GH� FHUWDLQHV� ORQJXHXUV� GH� &'5�� �H[SDQVLRQV� ROLJR�� RX

PRQRFORQDOHV�� �5RFN�HW�DO��� �������&HFL� VH� WUDGXLW� SDU�XQH� UXSWXUH�GH� OD�GLVWULEXWLRQ�JDXVVLHQQH

GHV� ORQJXHXUV� GH� &'5��� 3RXU� H[DPLQHU� FH� SKpQRPqQH�� OD� PpWKRGH� XWLOLVpH� DX� ODERUDWRLUH

FRPELQH� O¶DQDO\VH�TXDOLWDWLYH�GHV�SHUWXUEDWLRQV�GX�UpSHUWRLUH�DX�QLYHDX�GH� OD�UpJLRQ�&'5��GH� OD

FKDvQH�β� GX� 7&5� JUkFH� DX[� ORJLFLHOV� ,PPXQRVFRSH � �3DQQHWLHU� HW� DO��� ������� *RURFKRY� HW� DO��

������ HW� O¶DQDO\VH� TXDQWLWDWLYH� GH� O¶H[SUHVVLRQ� WUDQVFULSWLRQQHOOH� GH� FKDTXH� JqQH� 9β� SDU� OD

WHFKQLTXH�GH�3&5�TXDQWLWDWLYH�HQ�WHPSV�UpHO�SUpFpGHPPHQW�GpFULWH��&HWWH�DSSURFKH�QRXV�SHUPHW

G¶DYRLU� XQH� YLVLRQ� SOXV� UpHOOH� GH� OD� JOREDOLWp� GX� UpSHUWRLUH� SXLVTX¶HOOH� DVVRFLH� OHV� SHUWXUEDWLRQV

TXDOLWDWLYHV�j�XQ�QRPEUH�GH�FRSLHV�GH� WUDQVFULWV��/D�FRPELQDLVRQ�GH�FHV�GHX[� WHFKQLTXHV�D�pWp

EUHYHWpH�SDU�OH�ODERUDWRLUH��VRXV�OH�QRP�GH�7F/DQGVFDSH �

/¶DPSOLILFDWLRQ� SDU�3&5�GHV� GLIIpUHQWHV� UpJLRQV�&'5��QpFHVVLWH� �� DPRUFHV� ROLJRQXFOpRWLGLTXHV�

O¶XQH�VSpFLILTXH�GH�FKDFXQ�GHV�JqQHV�9β�� O¶DXWUH�VSpFLILTXH�GH� OD�UpJLRQ�FRQVWDQWH�&β� �)LJ������
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1RXV�SRVVpGRQV�SRXU�OH�UDW����DPRUFHV�TXL�FRUUHVSRQGHQW�j�����JqQHV�9β�GLIIpUHQWV��VDFKDQW�TXH

OHV�JqQHV�9β���9β��HW�9β��UHJURXSHQW�SOXVLHXUV�JqQHV�GH�VWUXFWXUHV�SURFKHV�HW�TXH� OH�VHJPHQW

9β����Q¶HVW�SDV� IRQFWLRQQHO� FKH]� OH� UDW� GH� VRXFKH�/(:,6�� /D� SKDVH�G¶DPSOLILFDWLRQ� HVW� UpDOLVpH

GDQV�XQ�PpODQJH� ILQDO� GH�����O�� FRPSUHQDQW�����0�GH� FKDTXH�DPRUFH�9β� ���O��� DX[TXHOV� VRQW

DMRXWpV�����O�G¶XQ�PpODQJH�UpDFWLRQQHO�FRPSRVp�GH�����PO�GH�0J&O�������PO�GH�FKDFXQ�GHV�G173�

��8�P/�GH�7DT�3RO\PpUDVH�������0�G¶DPRUFH�&β�HW����G¶$'1F�GDQV�XQ�WDPSRQ�GH�3&5������P0

7ULV�+&O��S+�����HW�����P0�.&O���$SUqV�GpQDWXUDWLRQ�j����&��O¶DPSOLILFDWLRQ�MXVTX¶j�VDWXUDWLRQ�VH

IDLW� HQ� ��� F\FOHV� ���� VHFRQGHV� j� ���&�� ��� VHFRQGHV� j� ���&�� ��� VHFRQGHV� j� ���&�� GDQV� XQ

WKHUPRF\FOHXU�

/HV�SURGXLWV�DPSOLILpV�VRQW�HQVXLWH�VRXPLV�j�XQH�pWDSH�G¶LQFRUSRUDWLRQ�GX�IOXRURFKURPH����F\FOHV�

��� VHFRQGHV� j� ����� ��� VHFRQGHV� j� ���&�� ��� VHFRQGHV� j� ���&�� HIIHFWXpH� DYHF� XQH� VHFRQGH

DPRUFH� &β� PDUTXpH� HQ� �¶� SDU� XQ� IOXRURSKRUH�� /HV� SURGXLWV� G¶DPSOLILFDWLRQ� IOXRUHVFHQWV� VRQW

VpSDUpV�HQ�IRQFWLRQ�GH�OHXU�ORQJXHXU�SDU�PLJUDWLRQ�VXU�JHO�G¶DFU\ODPLGH��/H�SURILO�GH�PLJUDWLRQ�HVW

DQDO\Vp�SDU�XQ�VpTXHQFHXU�G¶$'1�FRXSOp�DX�ORJLFLHO�,PPXQRVFRSH ��2Q�REWLHQW�DLQVL�XQH�LPDJH

GH� OD�GLVWULEXWLRQ�GHV� ORQJXHXUV�&'5��SRXU�FKDTXH�FRXSOH�G¶DPRUFHV��2Q�SHXW�REVHUYHU���j���

SLFV� G¶DPSOLILFDWLRQ�� F¶HVW� j� GLUH� �� j� ��� WDLOOHV� GH� &'5��� VpSDUpV� FKDFXQ� GH� WURLV� QXFOpRWLGHV�

FRUUHVSRQGDQW�DX�QRPEUH�G¶DFLGHV�DPLQpV� IRUPDQW� OD� UpJLRQ�&'5���2Q�DSSHOOH� SDU� ©�UpSHUWRLUH

UHVWUHLQW�ª��XQ�UpSHUWRLUH�GDQV� OHTXHO�FHUWDLQHV�IDPLOOHV�9β�QH�VRQW�SDV�UHSUpVHQWpHV��$� O¶LQYHUVH�

XQ�©�UpSHUWRLUH�QRQ�UHVWUHLQW�ª�HVW�FRPSRVp�GH�OD�WRWDOLWp�GHV�JqQHV�9β��/RUVTXH�WRXWHV�OHV�WDLOOHV

GX�&'5��VRQW�UHSUpVHQWpHV�SRXU�XQ�JqQH�9β�GRQQpH��RQ�REVHUYH�XQ�SURILO�JDXVVLHQ��ORL�QRUPDOH��

FDUDFWpULVWLTXH� G¶XQH� UpSRQVH� SRO\FORQDOH�� $� O¶LQYHUVH� VL� FHUWDLQHV� ORQJXHXUV� &'5�� VRQW

SUpIpUHQWLHOOHV�� OH� SURILO� SHUG� VRQ� FDUDFWqUH� JDXVVLHQ� HW� O¶H[SDQVLRQ� HVW� GLWH� PRQRFORQDOH� RX

ROLJRFORQDOH�� 6L� FHWWH� H[SDQVLRQ� HVW� UHWURXYpH� GDQV� SOXVLHXUV� pFKDQWLOORQV�� O¶H[SDQVLRQ� HVW� GLWH

SXEOLTXH�� DORUV� TXH� OHV� YDULDWLRQV� GX� UpSHUWRLUH� TXL� QH� VH� WURXYHQW� TXH� GDQV� XQ� pFKDQWLOORQ

FRQVWLWXH�OD�UpSRQVH�SULYpH�

/¶DQDO\VH� ORJLFLHOOH� SHUPHW� G¶REWHQLU� XQH� PHLOOHXUH� YLVXDOLVDWLRQ� GHV� DOWpUDWLRQV� GX� SURILO� GHV

ORQJXHXUV�&'5��HW�VXUWRXW�SHUPHW�GH�UHJURXSHU� O¶HQVHPEOH�GHV�JqQHV�9β�G¶XQ�pFKDQWLOORQ�VXU� OD

PrPH� ILJXUH�� &H� SURJUDPPH� FRPSDUH� OD� GLVWULEXWLRQ� GHV� ORQJXHXUV� &'5�� GDQV� XQ� pFKDQWLOORQ
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GRQQp� j� FHOOH� REWHQXH� GDQV� XQ� FDV� GH� UpIpUHQFH� �SURILO� JDXVVLHQ�� QRQ� DOWpUp��� 'DQV� OH� FDV� GH

O¶DQDO\VH� GH� O¶LQILOWUDWLRQ� VWULDWDOH�� LO� Q¶H[LVWH� SDV� GH� UpIpUHQFH� JDXVVLHQQH� G�� j� O¶DEVHQFH� GH

O\PSKRF\WH�GDQV� OH�FHUYHDX�QRUPDO��/D� UpIpUHQFH�XWLOLVpH�j�pWp�XQH�PR\HQQH�HIIHFWXpH�VXU�GHV

pFKDQWLOORQV�GH�VDQJ�GH�OD�PrPH�VRXFKH�GH�UDW�QRUPDX[��&KDTXH�ORQJXHXU�&'5��DQDO\VpH�SDU�OH

ORJLFLHO�,PPXQRVFRSH�HVW�WUDGXLWH�HQ�SUREDELOLWp�GH�GLVWULEXWLRQ��HQ�SUHQDQW�HQ�FRPSWH�O¶DLUH�VRXV�OD

FRXUEH� GH� FKDTXH� SLF�� 3RXU� FKDFXQH� G¶HQWUH� HOOHV�� OD� GLIIpUHQFH� GH� YDOHXU� DEVROXH� HQWUH

O¶pFKDQWLOORQ�HW� OH�SURILO� GH� UpIpUHQFH�SHUPHW�G¶REWHQLU� OH� SRXUFHQWDJH�G¶DOWpUDWLRQ� GH� O¶pFKDQWLOORQ

SDU�UDSSRUW�j�XQ�SURILO�JDXVVLHQ��)LJ������

����&RPELQDLVRQ�GHV�DQDO\VHV�TXDOLWDWLYHV�HW�TXDQWLWDWLYHV���OH�7F/DQGVFDSH£

/D� TXDQWLILFDWLRQ� GH� O¶H[SUHVVLRQ� GHV� WUDQVFULWV� 9β� HVW� UpDOLVpH� SDU� 3&5� TXDQWLWDWLYH� EDVpH� VXU

O¶XWLOLVDWLRQ�GH�OD�WHFKQRORJLH�7DT0DQ ��GpFULWH�SOXV�KDXW���&¶HVW�OH�ORJLFLHO�0DWODE �TXL�SHUPHW�GH

WUDLWHU� OHV�GRQQpHV�TXL�VRQW�UHWUDQVPLVHV�HQ� LPDJHV�VXIILVDPPHQWV�FODLUHV�HW� LQIRUPDWLYHV��$LQVL�

OHV� YDOHXUV� GHV� SRXUFHQWDJHV� G¶DOWpUDWLRQ� GH� OD� ORQJXHXU� GHV� &'5�� FRPELQpHV� DX[� GRQQpHV

LVVXHV�GH�OD�3&5�QRXV�SHUPHWWHQW�G¶REWHQLU�XQH�UHSUpVHQWDWLRQ�GDQV�ODTXHOOH�OD�KDXWHXU�GHV�SLFV

LOOXVWUH� OD� TXDQWLWp� GH� WUDQVFULWV� FRUUHVSRQGDQWV�� DORUV� TXH� OHV� SRXUFHQWDJHV� G¶DOWpUDWLRQV� VRQW

ILJXUpV�SDU�XQ�FRGH�FRXOHXU� �SRSXODWLRQ����)LJ������ /¶LQIRUPDWLRQ�TXDQWLWDWLYH�SHUPHW�G¶pYDOXHU� OD

UHSUpVHQWDWLYLWp� G¶XQH� H[SDQVLRQ� ROLJRFORQDOH� GDQV� XQH� SRSXODWLRQ� GRQQpH� HW� YLVXDOLVH� GHV

PRGLILFDWLRQV� TXDQWLWDWLYHV� GX� UpSHUWRLUH� TXL� QH� VRQW� SDV� DVVRFLpHV� j� GHV� DOWpUDWLRQV� GH� OD

GLVWULEXWLRQ� JDXVVLHQQH� GH� OD� UpJLRQ� &'5�� �*XLOOHW� HW� DO��� ������� 3DU� H[HPSOH�� XQ� SURILO

,PPXQRVFRSH� Q¶HVW� SDV� VXIILVDQW� SRXU� REVHUYHU� GHV� FHOOXOHV� 7� DFWLYpHV� SDU� XQ� VXSHUDQWLJqQH

DPHQp� SDU� OD� YRLH� G¶DOORUHFRQQDLVVDQFH� GLUHFWH� �6HELOOH� HW� DO��� ������� SXLVTXH� FHOXL�FL� PRELOLVH

WRXWHV�OHV�WDLOOHV�GH�&'5��G¶XQ�JqQH�9β��SRSXODWLRQ����)LJ�������$�O¶LQYHUVH��FHUWDLQV�JqQHV�9β�QH

VRQW�TXH�IDLEOHPHQW�UHSUpVHQWpHV�DX�QLYHDX�TXDQWLWDWLI�HW�SRXUUDLHQW�GH�FH�IDLW��QH�SDV�DYRLU�XQ�U{OH

SUpSRQGpUDQW�GDQV�OD�UpSRQVH�LPPXQH��SRSXDOWLRQ����)LJ�����
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5pVXOWDWV

• � 3DUWLH����

5pVXOWDWV�SHUVRQQHOV�QRQ�SXEOLpV� HW� H[WUDLWV� GH���©�'LIIHUHQW�PHFKDQLVPV�PHGLDWH� WKH
UHMHFWLRQ�RI�SRUFLQH�QHXURQV�DQG�HQGRWKHOLDO�FHOOV�WUDQVSODQWHG�LQWR�WKH�UDW�EUDLQ�ª

5pP\� 6�� &DQRYD� &�� 'DJXLQ�1HUULqUH� 9�� 0DUWLQ� &��0HOFKLRU� %�� 1HYHX� ,�� &KDUUHDX� %�� 6RXOLOORX� -3� DQG
%UDFKHW�3�;HQRWUDQVSODQWDWLRQ�����������������

• � 3DUWLH����

([WUDLWV�GH���©�7HPSRUDO�$QDO\VLV�RI�&\WRNLQH�*HQH�([SUHVVLRQ�'XULQJ�,QILOWUDWLRQ�RI
3RUFLQH�1HXURQDO�*UDIWV�,PSODQWHG�,QWR�WKH�5DW�%UDLQ�ª

%HQRvW�0HOFKLRU��6pYHULQH�5pP\��9pURQLTXH�1HUULqUH�'DJXLQ��-HDQ�0DULH�+HVODQ��-HDQ�3DXO�6RXOLOORX��DQG
3KLOLSSH�%UDFKHW��-RXUQDO�RI�1HXURVFLHQFH�5HVHDUFK�������������������

• � 3DUWLH����

$QDO\VH�GX� UHSHUWRLUH� GHV� O\PSKRF\WHV� 7� LQILOWUDQWV� HW� SpULSKpULTXHV� DX� FRXUV� GX
UHMHW�GH�[pQRJUHIIHV�QHXURQDOHV�

0HOFKLRU� %��� 1pUULqUH�'DJXLQ� 9��� %URXDUG� 6��� 'HJDXTXH� 1��� *XLOOHW� 0��� 6RXOLOORX� -�3�� DQG� %UDFKHW� 3�
0DQXVFULW�HQ�SUpSDUDWLRQ�

• � $GGHQGXP��

©�(FWRSLF� H[SUHVVLRQ� RI� WKH� 7UN$� UHFHSWRU� LQ� DGXOW� GRSDPLQHUJLF� PHVHQFHSKDOLF
QHXURQV� SURPRWHV� UHWURJUDGH� D[RQDO� 1*)� WUDQVSRUW� DQG� 1*)�GHSHQGDQW
QHXURSURWHFWLRQ�ª�

%HQRvW�0HOFKLRU
��1pUULqUH�'DJXLQ�9�
��'DYLG�$�� /DSODXG�� 6pYHULQH�5pP\�� 6DQGULQH�:LHUWOHZVNL�� ,VDEHOOH
1HYHX��3KLOLSSH�1DYHLOKDQ��6XVDQ�2��0HDNLQ�DQG�3KLOLSSH�%UDFKHW��([SHULPHQWDO�1HXURORJ\��VRXV�SUHVVH�
�
�FR�DXWHXUV��
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3DUWLH��

'HVFULSWLRQ�LPPXQRKLVWRFKLPLTXH�HW�FLQpWLTXH�G¶LQILOWUDWLRQ�GDQV�GHX[�FDV�GH

[pQRWUDQVSODQWDWLRQ�GH�FHOOXOHV�SRUFLQHV�LPSODQWpHV�GDQV�OH�VWULDWXP�GX�UDW

�����;pQRJUHIIHV�G¶HQGRWKpOLXP�DRUWLTXH�SRUFLQ�GDQV�OH�VWULDWXP�GX�UDW

4XDWUH�FHQW�PLOOH�FHOOXOHV�HQGRWKpOLDOHV� LVVXHV�G¶DRUWH�GH�SRUFHOHWV��3$(&���kJpV�G¶XQH�WUHQWDLQH

GH�MRXUV��RQW�pWp�LPSODQWpHV�GDQV�OH�VWULDWXP�GX�UDW�/HZLV��$�FRPPH�LO�D�pWp�GpFULW�GDQV�OD�VHFWLRQ

©�0DWpULHOV�HW�0pWKRGHV�ª�

• � 8QH�KHXUH�DSUqV�OHXU�WUDQVSODQWDWLRQ�GDQV�OH�VWULDWXP�GX�UDW�/HZLV��$��OHV�3$(&�IRUPHQW�XQH

PRVDwTXH�GH� FHOOXOHV� DYHF� XQ� ODUJH� QR\DX��PLV� HQ� pYLGHQFH� SDU� XQH� FRORUDWLRQ� DX� FUpV\O�YLROHW

�)LJ����$���&HV�FHOOXOHV�VRQW�WUqV�LQWHQVpPHQW�PDUTXpHV�SDU�O¶DQWLFRUSV�DQWL�β��LQWpJULQH�VSpFLILTXH

GH�O¶HQGRWKpOLXP�SRUFLQ��,O�Q¶\�D�SDV��RX�WUqV�SHX��GH�FHOOXOHV�OHXFRF\WDLUHV�LQILOWUDQWHV�

• � $SUqV�XQ�MRXU��OH�PDUTXDJH�GHV�FRXSHV�DX�FUpV\O�YLROHW�UpYqOH�GH�QRPEUHXVHV�FHOOXOHV�DYHF�XQ

QR\DX�FRQGHQVp��TXL�RQW�SHUGX�OHXU�IRUPH�UpJXOLqUH��)LJ����%���PDLV�GRQW�OH�PDUTXDJH�β��LQWpJULQH

UHVWH� LQWHQVH� �)LJ�� ��&��� (Q� SOXV� G¶XQ� PDUTXDJH� GH� O¶$'1� IUDJPHQWp� UpYpODQW� OD� SUpVHQFH� GH

QRPEUHXVHV� FHOOXOHV� HQ� DSRSWRVH� �QRQ� PRQWUp��� OD� JUHIIH� DSSDUDvW� LQILOWUpH� SDU� GH� QRPEUHXVHV

FHOOXOHV�2;�����)LJ����'���$�O¶LQYHUVH��OHV�FHOOXOHV�('���VRQW�ORFDOLVpHV�HQ�SpULSKpULH�GH�OD�JUHIIH�

/¶LPPXQRUpDFWLYLWp� L126� HVW� WUqV� LQWHQVH� GDQV� FHUWDLQHV� UpJLRQV� GX� WUDQVSODQW�� DXWDQW� TX¶HQ

SpULSKpULH��,O�HVW�LQWpUHVVDQW�GH�QRWHU�TX¶LO�Q¶\�D�TXH�TXHOTXHV�FHOOXOHV�2;���GDQV�OH�SDUHQFK\PH�

HW� DXFXQH� GDQV� OH� YRLVLQDJH� GH� OD� JUHIIH�� DLQVL� TX¶DXFXQ� PDUTXDJH� 5���� O\PSKRF\WDLUH� �QRQ

PRQWUp��

• � /D�VLWXDWLRQ�DSUqV���MRXUV�pYROXH�SHX��/H�JUHIIRQ�IRUWHPHQW� LQILOWUp�SDU�GHV�FHOOXOHV�2;������ OH

GHYLHQW�SDU�GHV�PDFURSKDJHV�UpYpOpV�SDU�O¶DQWLJqQH�('��

• � $SUqV���MRXUV��OH�JUHIIRQ�UpYpOp�SDU�OH�PDUTXDJH�β��LQWpJULQH�HVW�UHVWUHLQW�j�FHUWDLQHV�SDUWLHV�GX

VLWH�G¶LPSODQWDWLRQ��)LJ����(���/D�UpDFWLRQ�JOLDOH�HVW�LQWHQVH��PDUTXDJH�*)$3��)LJ����)���$SUqV���



��

MRXUV�� OH� PDUTXDJH� β��LQWpJULQH� GHYLHQW� UDUH� HW� OH� VLWH� G¶LPSODQWDWLRQ� HVW� FDUDFWpULVp� SDU� XQ

PDUTXDJH�PDFURSKDJLTXH�IRUW�HW�GLIIXV��SULQFLSDOHPHQW�('����)LJ����*��DLQVL�TX¶XQ�PDUTXDJH�2;�

�)LJ����+���7RXW�PDUTXDJH�SRUFLQ�D�JpQpUDOHPHQW�GLVSDUX�DSUqV���� MRXUV�HW� OD�FLFDWULFH� FRQWLHQW

DORUV� TXHOTXHV� O\PSKRF\WHV� 5���� SRVLWLIV�� HW� GHV� FHOOXOHV� 1.�� 'H� WHOV� SURILOV� G¶LQILOWUDWLRQ� VRQW

SDUIRLV�SOXV� UHWDUGpV�GDQV� OH� WHPSV��SXLVTXH� OD�SUpVHQFH�GH�FHOOXOHV�H[SULPDQW� OD�β��LQWpJULQH�D

pWp�SDUIRLV�UHWURXYpH�MXVTX¶j����MRXUV�DSUqV�O¶LPSODQWDWLRQ�

�����;pQRJUHIIHV�QHXURQDOHV�SRUFLQHV�LPSODQWpHV�GDQV�OH�VWULDWXP�GX�UDW

4XDWUH�FHQW�PLOOH�FHOOXOHV� LVVXHV�GH�PpVHQFpSKDOHV�YHQWUDX[�GH�I°WXV�SRUFLQV�kJpV�GH���� MRXUV

RQW�pWp�LPSODQWpHV�GDQV�OH�VWULDWXP�GH�UDW�/HZLV��$�GDQV�GHV�FRQGLWLRQV�FRPSDUDEOHV�j�FHOOHV�GHV

3$(&�GpFULWHV�FL�GHVVXV�

• � 8QH�KHXUH�DSUqV� OHXU� LPSODQWDWLRQ�� OH�PDUTXDJH�DX�FUpV\O�YLROHW� UpYqOH�XQH�JUHIIH�KRPRJqQH

GDQV��HW�DXWRXU�GH� ODTXHOOH�� LO�Q¶\�D�SDV� �RX�WUqV�RFFDVLRQQHOOHPHQW��GH�FHOOXOHV�DSSDUWHQDQW�j� OD

OLJQpH� PDFURSKDJLTXH� RX� O\PSKRF\WDLUH� �PDUTXDJH� 2;��� HW� 5���� DEVHQW��� 4XHOTXHV� FHOOXOHV

DSRSWRWLTXHV�SHXYHQW�VH�UHWURXYHU�pSDUSLOOpHV�GDQV�OH�WUDQVSODQW�

• � $X�ERXW�G¶XQ�MRXU��OH�PDUTXDJH�DX�FUpV\O�YLROHW�PHW�HQ�pYLGHQFH�O¶KpWpURJpQpLWp�GX�WUDQVSODQW

�)LJ�� ��$��� XQH� VLWXDWLRQ� UpPLQLVFHQWH� DX[� JUHIIHV� GH� FHOOXOHV� HQGRWKpOLDOHV�� /HV� FHOOXOHV

DSRSWRWLTXHV� UHVWHQW� pSDUSLOOpHV� GDQV� OD� JUHIIH�� HW� OH� PDUTXDJH� 2;��� ODLVVH� DSSDUDvWUH� XQH

LQILOWUDWLRQ�SDU�HQGURLWV��)LJ����%���&RPPH�GDQV�OH�FDV�GHV�JUHIIHV�G¶HQGRWKpOLXP�� LO�\�D�TXHOTXHV

FHOOXOHV� 2;��� GDQV� OH� SDUHQFK\PH�� DORUV� TX¶DXFXQH� LPPXQRUpDFWLYLWp� FRQWUH� OH� UpFHSWHXU

O\PSKRF\WDLUH��QL�OH�UpFHSWHXU�GHV�FHOOXOHV�1.�Q¶HVW�GpWHFWp�

• � $SUqV�WURLV�MRXUV��OH�PDUTXDJH�('��HW�2;���GHYLHQW�SULQFLSDOHPHQW�UHVWUHLQW�j�OD�SpULSKpULH�GH

OD� JUHIIH� �)LJ�� ��&��� FRQWUDLUHPHQW� j� OD� VLWXDWLRQ� SRXU� OHV�3$(&�� /HV� FHOOXOHV� DSRSWRWLTXHV� VRQW

UDUHV�� /H�PDUTXDJH�GHV� QR\DX[� GH� QHXURQHV� SRUFLQV� GX� JUHIIRQ� DYHF� O¶DQWLFRUSV�1HX1� GHYLHQW

DERQGDQW� HW� TXHOTXHV� QHXULWHV� VRQW� UpYpOpHV� SDU� O¶DQWLFRUSV� DQWL�1)����� PDUTXDQW� OHV

QHXURILODPHQWV�SRUFLQV�

• � 'DQV�OHV���VHPDLQHV�TXL�VXLYHQW��OH�SURILO�G¶LQILOWUDWLRQ�HVW�OH�PrPH��/¶LPPXQRUpDFWLYLWp�('��HW

2;��� HVW� IRUWHPHQW� UpGXLWH� �)LJ�� ��'��� /D� JUHIIH� HVW� WRWDOHPHQW� GpQXpH� GH�PDUTXDJH� 5���� RX
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1).5�3���/HV�QR\DX[�1HX1��VRQW�DERQGDQWV��)LJ����(���HW�OD�JUHIIH�FRQWLHQW�XQ�YDVWH�UpVHDX�GH

QHXULWHV�PDUTXpHV�SDU�O¶DQWL�1)����SRUFLQ��)LJ����)��

• � 8Q�FKDQJHPHQW�DSSDUUHPPHQW�EUXWDO� YLHQW� URPSUH� O¶DSSDUHQWH� LJQRUDQFH�GX�JUHIIRQ� GDQV� OD

WURLVLqPH�VHPDLQH�SRVW�WUDQVSODQWDWLRQ��/H�PDUTXDJH�DX�FUpV\O�YLROHW� UpYqOH�XQ�pODUJLVVHPHQW�GX

VLWH�LQIODPPDWRLUH��DYHF�GHV�FHOOXOHV�FRQWHQDQW�GHV�QR\DX[�GH�WDLOOHV�HW�GH�IRUPHV�WUqV�GLIIpUHQWHV

�)LJ����*���/HV�VWUXFWXUHV�YDVFXODLUHV�VRQW�IRUWHPHQW�pODUJLHV�HW�FKDUJpHV�GH�SDTXHWV�GHQVHV�GH

FHOOXOHV��/H�VLWH�G¶LPSODQWDWLRQ�HVW� WUqV� IRUWHPHQW� LQILOWUp� SDU� GHV� FHOOXOHV�('���� �)LJ�� ��+��� DORUV

TXH�OH�PDUTXDJH�2;���HVW�SOXV�GLIIXV��,O�\�D�VXUWRXW�XQH�IRUWH�LQILOWUDWLRQ�GH�FHOOXOHV�5������)LJ����,�

DLQVL�TXH�GHV�FHOOXOHV�2;����&HSHQGDQW�OHV�PDUTXDJHV�1)����HW�1HX1�UHVWHQW�HQFRUH�IUpTXHQWV�

$LQVL�� HQ� GpSLW� G¶XQ� IRUW� LQILOWUDW�� GHV� QHXURQHV� JUHIIpV� VRQW� HQFRUH� SUpVHQWV� j� FH� PRPHQW�� /H

SURFHVVXV� GH� UHMHW� DSSDUDvW� �HIIHFWLI� DX� FRXUV� GH� OD� �qPH� RX� �qPH� VHPDLQH�� $� FH� WHPSV�� WRXW

PDUTXHXU�SRUFLQ�D�GLVSDUX�HW�LO�GHPHXUH�XQH�FLFDWULFH�GH�FHOOXOHV�JOLDOHV�HW�PDFURSKDJLTXHV�

�����/HV�3$(&�H[SULPHQW�GH�IRUWHV�TXDQWLWpV�G¶,/���DX�PRPHQW�GH�OHXU�LPSODQWDWLRQ

8QH� SUHPLqUH� pWDSH� GDQV� O¶DQDO\VH� PROpFXODLUH� GX� UHMHW� GH� [pQRJUHIIHV� D� FRQVLVWp� j� VXLYUH� OD

VXUYLH� GX� JUHIIRQ� SDU� O¶DQDO\VH� SDU� 57�3&5� GH� O¶H[SUHVVLRQ� GHV� WUDQVFULWV� G¶$51P� GH� JqQHV

VSpFLILTXHPHQW�SRUFLQV��'H�QRPEUHX[�JqQHV�GH�PpQDJH�RQW�pWp�H[DPLQpV�GX�IDLW�GH� OHXU�QLYHDX

GH� WUDQVFULSWLRQ� pOHYp� HW� FRQVWDQW� GDQV� OHV� FHOOXOHV�� PDLV� GHV� VLPLOLWXGHV� WURS� pOHYpHV� GH

VpTXHQFHV�QH�QRXV�RQW�SDV�SHUPLV�GH�GpILQLU�GHV�DPRUFHV�VSpFLILTXHV�GDQV�OHV�JqQHV�GH�O¶+357�

GH�OD�β�DFWLQH�RX�GH�OD�*$3'+��(Q�UHYDQFKH��GHV�DPRUFHV�VSpFLILTXHV�RQW�pWp�WURXYpHV�GDQV� OH

JqQH�GH� OD�&\WRFKURPH�&�2[\GDVH� ,,� SRUFLQH� �&2,,S��� XQ�PDUTXHXU� GH� O¶$'1�PLWRFKRQGULDO�� /D

GLIILFXOWp�pWDLW�GH�WURXYHU�GHV�DPRUFHV�UpSRQGDQW�DX[�FULWqUHV�GH� ORQJXHXUV�HW�GH�WHPSpUDWXUH�GH

IXVLRQ��QpFHVVDLUHV�j�OHXU�XWLOLVDWLRQ�HQ�3&5�TXDQWLWDWLYH�HQ�WHPSV�UpHO��/HV�UpVXOWDWV�GH�OD�ILJXUH

��� VRQW� H[SULPpV� VRXV� IRUPH� G¶XQ� UDSSRUW� GX� QRPEUH� GH� WUDQVFULWV� GH� OD� &2,,S� DX� QRPEUH� GH

WUDQVFULWV� G¶+357�� PLV� HQ� pYLGHQFH� DYHF� GHV� DPRUFHV� GH� UDW� FRPSDWLEOHV� DYHF� OH� SRUF�� 1RXV

REVHUYRQV�XQH�GLPLQXWLRQ�GX�QRPEUH�GH�WUDQVFULWV�GH�&2,,S�DX�FRXUV�GX�WHPSV�GDQV�OHV�FHUYHDX[

JUHIIpV� DYHF� GHV� 3$(&�� MXVTX¶j� GLVSDULWLRQ� DSUqV� �� MRXUV�� &HV� UpVXOWDWV� VRQW� FRUUpOpV� DYHF� OD

GLVSDULWLRQ�GX�JUHIIRQ�REVHUYpH�HQ�LPPXQRKLVWRFKLPLH��FHSHQGDQW�FHWWH�WHFKQLTXH�GH�WUDoDJH�D�pWp
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DEDQGRQQpH�FDU�HOOH�QH�GRQQDLW�SDV�GH�UpVXOWDWV�FRKpUHQWV�GDQV� OH�FDV�GHV�JUHIIHV�GH�09�I°WDO

SRUFLQ�

'H� OD�PrPH� IDoRQ�� LO� D� pWp� GLIILFLOH� G¶LGHQWLILHU� GHV� DPRUFHV� VSpFLILTXHPHQW� SRUFLQHV� GH� JqQHV

UpJXOpV� ORUV� GH� O¶DFWLYDWLRQ� FHOOXODLUH�� &HSHQGDQW�� QRXV� DYRQV� UpXVVL� j� LVROHU� GHV� VpTXHQFHV

ROLJRQXFOpRWLGLTXHV�VSpFLILTXHV�SRXU�O¶,/���SRUFLQH��/HV�UpVXOWDWV��H[SULPpV�HQ�UDWLR�VXU�OH�QRPEUH

GH�WUDQVFULWV�G¶+357��PRQWUHQW�TXH�OHV�3$(&�VpFUqWHQW�GH�IRUWHV�TXDQWLWpV�G¶,/���GqV�OD�SUHPLqUH

KHXUH�TXL�VXLW� OHXU�LPSODQWDWLRQ�HW�GXUDQW�OHV����KHXUHV�VXLYDQWHV��)LJ�������/¶H[SUHVVLRQ�GH�O¶,/��

V¶pWHLQW� HQVXLWH�� XQ� IDLW� TXL� UHIOqWH� SHXW�rWUH� XQH� EDLVVH� G¶DFWLYLWp� PpWDEROLTXH� HW� OD� GLVSDULWLRQ

SURJUHVVLYH�GHV�FHOOXOHV��&HWWH�H[SUHVVLRQ�Q¶D�SDV�pWp�UHWURXYpH�GDQV� OHV� UDWV�D\DQW�VLPSOHPHQW

VXEL�O¶RSpUDWLRQ�FKLUXUJLFDOH��QL�GDQV�OH�FDV�GHV�[pQRJUHIIHV�GH�QHXURQHV�SRUFLQV�

8QH�LQYHVWLJDWLRQ�SOXV�SRXVVpH�D�PRQWUp�TXH�F¶pWDLW�OH�SDVVDJH�GHV�3$(&�j�OD�WU\SVLQH�HW�OHV�GHX[

j�WURLV�KHXUHV�G¶DWWHQWH�VXU�JODFH�DYDQW�JUHIIH��SOXW{W�TXH�OH�IDLW�SRXU� OHV�3$(&�G¶rWUH� LPSODQWpHV

GDQV� OH�61&�GX� UDW�� TXL� LQGXLVDLHQW� FHWWH� H[SUHVVLRQ��8QH� H[SUHVVLRQ� FRPSDUDEOH� D� pWp� LQGXLWH

GDQV�GHV�3$(&�HQ�FXOWXUH�DSUqV�WUDLWHPHQW�GH���j����KHXUHV�DYHF�XQH�GRVH�GH�71)α�KXPDLQ�GH

����8QLWpV�PO��'RQQpHV�QRQ�SUpVHQWpHV��

���� 'LVFXVVLRQ��

• � /H�UHMHW�G¶HQGRWKpOLXP�SRUFLQ�HVW�UDSLGH�HW�LPSOLTXH�OH�UHFUXWHPHQW�GH�PDFURSKDJHV

/HV� UpSRQVHV� FHOOXODLUHV� LQGXLWHV� GDQV� OH� FHUYHDX� GX� UDW� DSUqV� OD� WUDQVSODQWDWLRQ� GH� FHOOXOHV

HQGRWKpOLDOHV�DRUWLTXHV�HW�GHV�QHXURQHV�I°WDX[�SRUFLQV�GLIIqUHQW�IRUWHPHQW��/H�UHMHW�GHV�SUHPLqUHV

HVW� QRWDEOH� GqV� OH� WURLVLqPH� MRXU� HW� V¶DFKqYH� JpQpUDOHPHQW� GDQV� OHV� �� j� ��� MRXUV� SRVW�

WUDQVSODQWDWLRQ�� FRPPH� OH� GpPRQWUH� OD� GLVSDULWLRQ� GH� FHOOXOHV� H[SULPDQW� OD� β��LQWpJULQH� SRUFLQH�

&HWWH�SHUWH�HVW�DFFRPSDJQpH�G¶XQ�PDUTXDJH�LQWHQVH�GH�O¶$'1�IUDJPHQWp��XQ�SURFHVVXV�TXL�PHW

HQ�pYLGHQFH�OHV�FHOOXOHV�DSRSWRWLTXHV��/HV�FHOOXOHV�HQGRWKpOLDOHV�WUDQVSODQWpHV�VRQW�UDSLGHPHQW�HW

LQWHQVpPHQW� LQILOWUpHV� SDU� GHV� FHOOXOHV�2;����� /HV� FHOOXOHV�2;���� TXDQW� j� HOOHV�� VRQW� GpWHFWpHV

GDQV�OHV���MRXUV�TXL�VXLYHQW�OD�WUDQVSODQWDWLRQ��$�FH�PRPHQW��OHV�FHOOXOHV�O\PSKRF\WDLUHV�SRUWDQWV�OH

7&5αβ�QH�VRQW�TX¶H[FHSWLRQQHOOHV�
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&H�SURILO�G¶LQILOWUDW�VXJJqUH�TXH�OHV�PpFDQLVPHV�PHQDQW�DX�UHMHW�GHV�3$(&�VRQW�PpGLpV�SDU�GHV

FHOOXOHV�2;���HW�('����FRPPH�SDU�H[HPSOH�GHV�PDFURSKDJHV�RX�GHV�SRO\PRUSKRQXFOpDLUHV�DORUV

TXH� OH� U{OH� GHV� O\PSKRF\WHV� 7� RX� GHV� 1.� SDUDvW� PLQLPDO�� /D� SDUWLFLSDWLRQ� PDMHXUH� GHV

PDFURSKDJHV�V¶DFFRUGH�DYHF�OHV�REVHUYDWLRQV�GH�&]HFK�HW�VHV�FROODERUDWHXUV��&]HFK�HW�DO���������

TXL�Q¶DYDLHQW�SDV�SX�SUpYHQLU�OH�UHMHW�GH�FHOOXOHV�HQGRWKpOLDOHV�ERYLQHV�JUHIIpHV�GDQV�OH�FHUYHDX�GX

UDW�DYHF�XQ�WUDLWHPHQW�SDU�OD�&V$��8QH�SDUWLFLSDWLRQ�VLPLODLUH�GHV�PDFURSKDJHV�D�pWp�UDSSRUWpH�SDU

:HQQEHUJ�HW�VHV�FROODERUDWHXUV� �������DSUqV� O¶LPSODQWDWLRQ�GH�[pQRJUHIIHV�G¶vORWV�SDQFUpDWLTXHV

VRXV�OD�FDSVXOH�UpQDOH��,OV�DYDLHQW�REVHUYp�TXH�OH�UHMHW�VH�IDLVDLW�HQ�SUpVHQFH�G¶XQH�ODUJH�PDMRULWp

GH� FHOOXOHV�('��HW� ('��� DORUV� TXH� O¶LQILOWUDWLRQ� G¶DOORJUHIIH�PRELOLVDLW� GHV� FHOOXOHV� 7&5αβ��� 'DQV

FHWWH�pWXGH�DXVVL��OD�&V$�Q¶DV�SDV�SUpYHQX�OH�UHMHW��WDQGLV�TX¶HOOH�DYDLW�XQ�HIIHW�SURWHFWHXU�GDQV�OH

FDV�G¶DOORJUHIIHV��'H�PrPH��%URXDUG�HW�VHV�FROODERUDWHXUV��������RQW�REVHUYp�TXH� OHV�FHOOXOHV�7

FRQVWLWXDLHQW� XQH� SRSXODWLRQ� PLQRULWDLUH� HW� WDUGLYH� GDQV� OH� SURFHVVXV� GH� UHMHW� G¶XQH� [pQRJUHIIH

YDVFXODULVpH� FKH]� ODTXHOOH� OHV� FHOOXOHV� HQGRWKpOLDOHV� FRQVWLWXHQW� OD� VRXUFH� GH� [pQRDQWLJqQHV�� ,O

VHPEOH� GRQF� TXH� GHV� PpFDQLVPHV� FRPSDUDEOHV� GH� UHMHW�� EDVpV� VXU� OD� PRELOLVDWLRQ� GH

PDFURSKDJHV��SXLVVHQW�RSpUHU�WDQW�GDQV�OHV�WLVVXV�SpULSKpULTXHV�TXH�GDQV�OH�61&��&HFL�Q¶H[FOXW

SDV�GHV�VSpFLILFLWpV�UpJLRQDOHV��FRPPH�SDU�OH�IDLW�TXH�QRXV�Q¶D\RQV�SDV�UHWURXYp�GH�PRELOLVDWLRQ

GHV�FHOOXOHV�('���GDQV�OH�FDV�GHV�3$(&�UHMHWpHV�GDQV�OH�FHUYHDX�

4XLQ]H�MRXUV�DSUqV�LPSODQWDWLRQ��DORUV�TXH�OHV�3$(&�RQW�GLVSDUX��OHV�QHXURQHV�I°WDX[�QH�PRQWUHQW

DXFXQ� VLJQH� GH� UHMHW�� 8QH� SUHPLqUH� H[SOLFDWLRQ� GH� FHWWH� GLIIpUHQFH� HVW� TXH� O¶HQGRWKpOLXP�

FRQWUDLUHPHQW� DX[� QHXURQHV�� HVW� FDUDFWpULVp� SDU� XQH� H[SUHVVLRQ� FRQVWLWXWLYH� G¶DQWLJqQHV� GH

VXUIDFH�WHOV�TXH�OHV�PROpFXOHV�GX�&0+�GH�FODVVH�,��/D�IRUWH�LPPXQRJpQLFLWp�GH�O¶HQGRWKpOLXP�HVW

G¶DXWDQW�SOXV� LPSRUWDQWH�TXH�OHV�QHXURQHV�WUDQVSODQWpV�VRQW�G¶RULJLQH�I°WDOH�DORUV�TXH� OHV�3$(&

VRQW�GpULYpV�G¶DQLPDX[�SRVWQDWDX[�HW�RQW�pWp�DPSOLILpV�LQ�YLWUR��'H�SOXV��OHV�3$(&�RQW�OD�SRVVLELOLWp

GH�VpFUpWHU�SOXVLHXUV�W\SHV�GH�IDFWHXUV�GH�FURLVVDQFH�PDFURSKDJLTXH�PDLV�DXVVL�GH�FKLPLRNLQHV

DSUqV�O¶DFWLYDWLRQ�SDU�GH�QRPEUHX[�VWLPXOL�SUR�LQIODPPDWRLUHV��&XVKLQJ�HW�DO����������5ROOLQV�HW�DO��

�������6LFD�HW�DO����������6HOYDQ�HW�DO���������.ULVKQDVZDP\�HW�DO����������/HV�PDFURSKDJHV�HX[�

PrPHV�SHXYHQW�SURGXLUH�GHV�FKLPLRNLQHV�FDSDEOH�G¶DPSOLILHU�OHXU�SURSUH�UHFUXWHPHQW��&XVKLQJ�HW

)RJHOPDQ�� �������*RXUPDOD� HW� DO��� �������%RGGHNH� HW� DO��� ������� -DQDEL� HW� DO��� ������� ,O� VHPEOH



��

GRQF� TX¶XQ� GLDORJXH� HQWUH� 3$(&� HW� PDFURSKDJHV� FRQWULEXH� j� PDLQWHQLU� XQ� FRQWH[WH� SUR�

LQIODPPDWRLUH�PDUTXp�� /D� UDSLGH� SURGXFWLRQ� G¶,/��� DSUqV� UpFROWH� GH� FHV�FHOOXOHV�PRQWUH�TXH� FHW

pWDW� G¶DFWLYDWLRQ� SHXW� UpVXOWHU� GH� OD� VLWXDWLRQ� QRQ�SK\VLRORJLTXH� GHV� FHOOXOHV� HQGRWKpOLDOHV

SpULSKpULTXHV��G¶DERUG�FXOWLYpHV�LQ�YLWUR��SXLV�UpFROWpHV�HW�WUDQVSODQWpHV�j�XQH�IRUWH�GHQVLWp�GDQV�OH

SDUHQFK\PH� FpUpEUDO�� &HSHQGDQW�� XQ� WHO� VWUHVV� Q¶HVW� VDQV� GRXWH� SDV� VXIILVDQW� SRXU� LQGXLUH� XQH

UpSRQVH�DSRWRWLTXH�PDVVLYH��FDU� O¶DOORWUDQVSODQWDWLRQ�GH�FHOOXOHV�HQGRWKpOLDOHV� FDUGLDTXHV�GH� UDW

Q¶HVW�SDV�VXLYLH�G¶XQH�WHOOH�PRUW��UpVXOWDWV�QRQ�SXEOLpV���HQ�DFFRUG�DYHF�OHV�UpVXOWDWV�GH�4XLQRQHUR

HW�VHV�FROODERUDWHXUV���������TXL�RQW�GpFULW�XQH�VXUYLH�j�ORQJ�WHUPH�GH�JUHIIHV�LQWUDVWULDWDOHV�G¶XQH

OLJQpH�HQGRWKpOLDOH�G¶RULJLQH�FHQWUDOH��$LQVL��OD�SDUW�GHV�PDFURSKDJHV�LQILOWUDQWV�SDUDLW�GpWHUPLQDQWH

GDQV�OH�SURFHVVXV�GH�UHMHW�

8QH�TXHVWLRQ�UHVWH�HQ�VXVSHQV�GDQV�FHWWH�pWXGH���OD�QDWXUH�GHV�FHOOXOHV�2;���LQILOWUDQWHV�TXL�VRQW

UHWURXYpHV� WDQW� GDQV� OHV� JUHIIHV� G¶HQGRWKpOLXP� TXH� GH� QHXURQHV�� &HV� FHOOXOHV� RQW� XQH� IRUPH

LUUpJXOLqUH�HW�OH�PDUTXDJH�HVW�VRXYHQW�GLIIXV��(OOHV�DSSDUDLVVHQW�WUqV�W{W��HW�VRQW�SOXV�QRPEUHXVHV

TXH� OHV� FHOOXOHV� 7&5αβ��� ,O� HVW� SRVVLEOH� TXH� FHV� FHOOXOHV� 2;��� QH� VRLHQW� SDV� GHV� O\PSKRF\WHV

&'���VXSSUHVVHXUV�F\WRWR[LTXHV��PDLV�SOXW{W�XQH�VRXV�SRSXODWLRQ�GH�PDFURSKDJHV�PLFURJOLH��FDU

GHV�SKDJRF\WHV�&'���RQW�GpMj�pWp�GpFULWV�ORUV�GH�O¶pOLPLQDWLRQ�GH�SDWKRJqQHV�SDUDVLWDLUHV��+LUML�HW

DO���������

• � /HV�[pQRJUHIIHV�GH�QHXURQHV�PpVHQFpSKDOLTXHV�I°WDX[�SRUFLQV�VRQW�UHMHWpHV�DSUqV���j
��VHPDLQHV�HQ�SUpVHQFH�G¶XQ�LQILOWUDW�PL[WH�

/H�SURILO� G¶LQILOWUDWLRQ�HW�GH� UHMHW� GH� O¶HQGRWKpOLXP� FRQWUDVWH� IRUWHPHQW� DYHF� OH� UHMHW� GH� QHXURQHV�

3HQGDQW� OH�SUHPLHU� MRXU�� OHV�QHXURQHV�VRQW� LQILOWUpV�SULQFLSDOHPHQW�SDU�GHV�FHOOXOHV�2;����� HW� OD

JUHIIH�FRQWLHQW�GH�QRPEUHXVHV�FHOOXOHV�DSRSWRWLTXHV�GRQW�OH�QRPEUH�GLPLQXH�IRUWHPHQW�SDU�OD�VXLWH�

&HFL�SHXW�V¶H[SOLTXHU�SDU� OD�PDQLSXODWLRQ�GX�WLVVX�I°WDO�HW�SDU� OH� WUDXPD�FKLUXUJLFDO�FRQQXV�SRXU

SURYRTXHU� OD� PRUW� GH� QRPEUHX[� QHXURQHV�� &HSHQGDQW�� FRQWUDLUHPHQW� DX[� 3$(&�� O¶LQILOWUDWLRQ

PDFURSKDJLTXH�GpFURvW�SDU�OD�VXLWH��$SUqV����MRXUV��OH�QRPEUH�GH�FHOOXOHV�('��HW�2;���LQILOWUDQWHV

HVW�PLQLPDO��DORUV�TXH�OHV�O\PSKRF\WHV�7&5αβ�UHVWHQW�H[FHSWLRQQHOV��/D�JUHIIH�HVW�ULFKH�HQ�QR\DX[

1HX1�� HW� HQ� SURWpLQHV� GH� QHXURILODPHQWV� SRUFLQV�� GHX[� FULWqUHV� TXL� GpPRQWUHQW� OD� ERQQH

PDWXUDWLRQ�HW�OD�GLIIpUHQFLDWLRQ�GHV�QHXURQHV�LPSODQWpV��&HSHQGDQW�j�WURLV�VHPDLQHV��DSSDUDvW�XQH
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VHFRQGH� YDJXH� G¶LQILOWUDWLRQ� OHXFRF\WDLUH�� /H� YROXPH� GH� OD� JUHIIH� DXJPHQWH�� DORUV� TXH� OHV

YDLVVHDX[� VDQJXLQV� YRLVLQV� V¶pODUJLVVHQW� HW� FRQWLHQQHQW� XQH� DFFXPXODWLRQ� GH� FHOOXOHV� GH

SKpQRW\SHV� PDFURSKDJLTXH� HW� O\PSKRF\WDLUH�� /H� JUHIIRQ� HVW� LQILOWUp� SDU� GHV� /7�� HQ� SOXV� GHV

PDFURSKDJHV�

/HV� QHXURQHV� VRQW� FRQQXV� SRXU� SURGXLUH� GHV� IDFWHXUV� FKLPLRDWWUDFWDQWV� HW� GHV� IDFWHXUV� GH

FURLVVDQFH�GH�OD�OLJQpH�PDFURSKDJLTXH��'REEHUWLQ�HW�DO����������1LVKL\RUL�HW�DO����������:DQJ�HW�DO��

�������'H�SOXV��LO�D�pWp�REVHUYp�TXH�OHV�DOORJUHIIHV�QHXURQDOHV�VRQW�QDWXUHOOHPHQW�FRORQLVpHV�SDU

OHV� FHOOXOHV�PLFURJOLDOHV� GH� O¶K{WH� �3HQQHOO� HW� 6WUHLW�� ������� 5RVWDLQJ�5LJDWWLHUL�� ������� 8QH� WHOOH

LQILOWUDWLRQ� ©�QRUPDOH�ª� SHXW� SUHQGUH� SODFH� GDQV� OH� FDV� GH� [pQRJUHIIHV�� FRPPH� OH� PRQWUH� OD

SUpVHQFH� GHV� TXHOTXHV� FHOOXOHV� ('���� PrPH� GHX[� VHPDLQHV� DSUqV� WUDQVSODQWDWLRQ�� TXDQG

O¶LQIODPPDWLRQ� HVW�PLQLPDOH�� &HSHQGDQW�� ELHQ� TXH� OHV�PDFURSKDJHV� GH� O¶K{WH� TXL� FRORQLVHQW� OHV

DOORJUHIIHV�JDUGHQW�XQ�SKpQRW\SH�GH�FHOOXOHV�UDPLILpHV��3HQQHOO�HW�6WUHLW���������5RVWDLQJ�5LJDWWLHUL�

�������FHV�FHOOXOHV�SDUDLVVHQW�JDUGHU�XQ�SKpQRW\SH�DFWLYp�GDQV�OH�FDV�GHV�[pQRJUHIIHV�QHXURQDOHV�

FDU� OHV� FHOOXOHV� ('�� SUpVHQWHQW� XQH�PRUSKRORJLH� GH� FHOOXOHV� URQGHV�� SOXW{W� TXH� UDPLILpH�� &HWWH

REVHUYDWLRQ� YLHQW� HQ� DFFRUG� DYHF� OHV� GRQQpHV� GH� 'XDQ� HW� VHV� FROODERUDWHXUV� ������� REWHQXHV

GDQV� XQ� PRGqOH� VRXULV�UDW�� /D� OLEpUDWLRQ� GH� [pQRDQWLJqQHV� HVW� SUREDEOHPHQW� DFFUXH� SDU� OH

SKpQRPqQH� WHPSRUDLUH� GH� PRUW� QHXURQDOH� FRQVpFXWLI� j� O¶LPSODQWDWLRQ� GX� JUHIIRQ�� &HV

[pQRDQWLJqQHV�SHXYHQW�SHXW�rWUH�HQFOHQFKHU�XQH�UpSRQVH� LPPXQH� LQ�VLWX��RX�DSUqV�PLJUDWLRQ�GH

SKDJRF\WHV� GDQV� OHV� WLVVXV� O\PSKRwGHV� �5DQGROSK� HW� DO��� ������� ,O� HVW� DXVVL� SRVVLEOH� TXH� OD

PRELOLVDWLRQ�OHXFRF\WDLUH�VRLW�LQGXLWH�SDU�OHV�FHOOXOHV�HQGRWKpOLDOHV�GH�O¶K{WH��FDU�HOOHV�VRQW�FRQQXHV

SRXU� MRXHU� XQ� U{OH� PDMHXU� GDQV� OD� PDWXUDWLRQ� GHV� $3&� �5DQGROSK� HW� DO��� ������� /HV� FHOOXOHV

HQGRWKpOLDOHV�GH�O¶K{WH�RQW�OD�FDSDFLWp�G¶HQYDKLU�OD�[pQRJUHIIH�QHXURQDOH��*HQ\�HW�DO���������HW�ELHQ

TXH�FH�SURFpGp�VRLW� OHQW�� LO� SHXW�rWUH� LQLWLp�HQ�DEVHQFH�G¶LPPXQRVXSSUHVVLRQ��8QH� WHOOH� UpSRQVH

SHXW� rWUH� DPSOLILpH� SDU� OH� GUDLQDJH� GH� FHV� DQWLJqQHV� YHUV� GHV� VWUXFWXUHV� FRPPH� OHV� JDQJOLRQV

FHUYLFDX[�SURIRQGV� �:LGQHU�HW� DO��� �������&HSHQGDQW�� OHV� QHXURQHV�SRUFLQV� SHXYHQW� HX[�PrPHV

FRQWULEXHU� j� O¶LQILOWUDWLRQ�PDVVLYH� GH� OHXFRF\WHV� SDU� OD� VpFUpWLRQ� GH� FKLPLRNLQHV� HQ� UpDFWLRQ� j� OD

SUpVHQFH� FRQWLQXH� GH� PDFURSKDJHV�FHOOXOHV� PLFURJOLDOHV� GH� O¶K{WH� VH� PDLQWHQDQW� GDQV� XQ� pWDW

DFWLYp�



��

3DUWLH��

&LQpWLTXH�G¶H[SUHVVLRQ�GHV�JqQHV�GH�F\WRNLQHV�DX�FRXUV

GX�UHMHW�GH�[pQRJUHIIHV

�����&LQpWLTXH�G¶LQILOWUDWLRQ�O\PSKRF\WDLUH�

'HX[� JURXSHV� GH� UDWV� /(:��$� RQW� pWp� JUHIIpV� DYHF� GHV� QHXURQHV� PpVHQFpSKDOLTXHV� I°WDX[

SRUFLQV� RX� RQW� VLPSOHPHQW� VXELW� OD� OpVLRQ� GXH�j� O¶RSpUDWLRQ�� FRPPH� LO� HVW� GpFULW� GDQV� OD� VHFWLRQ

©�0DWpULHOV�HW�0pWKRGHV�ª��/HV�DQLPDX[�RQW�pWp�VDFULILpV�j�GLIIpUHQWV� WHPSV��VXU�XQH�GXUpH�GH��

VHPDLQHV��/HV�DLUHV�VWULDWDOHV�HQJOREDQW�OH�WUDQVSODQW�RX�OHV�WLVVXV�pTXLYDOHQWV��LQFOXDQW�OH�WUDFp�GH

O¶DLJXLOOH�GHV�UDWV�FRQWU{OHV��RQW�pWp�GLVVpTXpHV�HW�UpFXSpUpHV�SRXU�O¶H[WUDFWLRQ�G¶$51��/HV�DOLTXRWV

RQW�pWp�VRXPLV�j�XQH�UpWURWUDQVFULSWLRQ�HW�DQDO\VpV�SDU�3&5�HQ� WHPSV�UpHO�SRXU� OD�SUpVHQFH�GH

WUDQVFULWV� FRGDQW�SRXU� OD� UpJLRQ�FRQVWDQWH�&β�GX�7&5��/H�QRPEUH�GH�FRSLHV�GH� WUDQVFULW� GH�&β

WURXYpV�j�FKDTXH�SRLQW�HVW�DMXVWp�SDU�UDSSRUW�DX�QRPEUH�GH�FRSLHV�G¶$51�PHVVDJHUV�FRGDQW�SRXU

OH�JqQH�GH�PpQDJH�+357��/HV�UpVXOWDWV�VRQW�SUpVHQWpV�ILJXUH����HW�PRQWUHQW�TXH�OHV�WUDQVFULWV�GH

&β�UHVWHQW�WUqV�IDLEOHV�SHQGDQW�XQH�GXUpH�GH����MRXUV�SRXU�WRXV�OHV�DQLPDX[�DQDO\VpV�MXVTX¶j�FH

SRLQW�� ,O� DSSDUDvW� XQH� H[SUHVVLRQ� VRXGDLQH� GHV� WUDQVFULWV� &β� DX� ��qPH� MRXU� � VXLYDQW� OD

WUDQVSODQWDWLRQ�� GDQV� OHV� �� DQLPDX[� WUDQVSODQWpV� VXU� �� TXL� RQW� pWp� DQDO\VpV�� /¶DPSOHXU� GH� OD

GpYLDWLRQ�VWDQGDUG�UHIOqWH�OHV�YDULDWLRQV�TXL�H[LVWHQW�HQWUH�OHV�GLIIpUHQWV�DQLPDX[��FDU�FHV�YDULDWLRQV

VRQW�UHSURGXFWLEOHV�G¶XQH�UpWURWUDQVFULSWLRQ�VXU�O¶DXWUH��HW�HOOHV�UHIOqWHQW�SUREDEOHPHQW�OHV�GLIIpUHQWV

-2856
)LJ�� ���� &LQpWLTXH� G¶H[SUHVVLRQ

GH�OD�FKDvQH�&E�GX�7&5�GDQV�OHV

FHUYHDX[�GH�UDWV�WUDQVSODQWpV�DYHF

GHV� QHXURQHV� PpVHQFpSKDOLTXHV

I°WDX[� SRUFLQV� �EDUUHV� JULVHV�� RX

GDQV� OH� JURXSH� FRQWU{OH� �EDUUHV

QRLUHV�� /HV� UpVXOWDWV� UHSUpVHQWHQW

XQ� UDWLR� GX� QRPEUH� GH� FRSLHV� GH

&β� VXU� OH� QRPEUH� GH� FRSLHV

G¶+357�� HQ� IRQFWLRQ� GX� WHPSV�


S������



��

GHJUpV� G¶LQILOWUDWLRQ� GH� OD� JUHIIH� SDU� OHV� FHOOXOHV� GH� O¶K{WH�� /H� QRPEUH� GH� WUDQVFULWV� GH� &β� UHVWH

SUDWLTXHPHQW�LQGpFHODEOH�SRXU�WRXV�OHV�SRLQWV�GX�JURXSH�FRQWU{OH��/H�PDUTXDJH�DX�FUpV\O�YLROHW�GX

FHUYHDX�DQWpULHXU�G¶XQ�UDW�GH�OD�PrPH�VpULH��VDFULILp�DX�FRXUV�GH�OD�TXDWULqPH�VHPDLQH��FRQILUPH

TXH� OD� JUHIIH� IDLW� O¶REMHW� G¶XQH� LQILOWUDWLRQ� PDVVLYH� �)LJ�� ��$��� /H� PDUTXDJH� DYHF� OHV� DQWLFRUSV

PRQRFORQDX[� 2;��� HW� 5���� PRQWUHQW� TXH� O¶LQILOWUDW� HVW� FRQVWLWXp� GH� PDFURSKDJHV� HW� GH

O\PSKRF\WHV� 7&5αβ�� �)LJ�� ��%� HW� ��&��� /D� SUpVHQFH� GHV� O\PSKRF\WHV� HVW� FRQILUPpH� SDU� OH

PDUTXDJH�DYHF� O¶DQWLFRUSV�2;���� OHTXHO� UpDJLW�DYHF�&'���� OH� UpFHSWHXU�GH� OD�FKDvQH�α�GH� O¶,/��

�)LJ�� ��'��� $� FH�PRPHQW�� LO� \� D� XQH� JOLRVH� UpDFWLRQQHOOH� WUqV� IRUWH� �)LJ� ��(��� PDLV� OHV� QHXULWHV

H[SULPDQWV�OD�SURWpLQH�GH����N'�GHV�QHXURILODPHQWV�SRUFLQV�UHVWHQW�GpWHFWDEOHV�GDQV�GH�QRPEUHX[

HQGURLWV�GX�JUHIIRQ�� LQGLTXDQW�TXH� OH�SURFHVVXV�GH� UHMHW� Q¶HVW� SDV� DFKHYp�GDQV� FHW� DQLPDO� �)LJ�

��)��

�����&LQpWLTXH�G¶H[SUHVVLRQ�GHV�O\PSKRNLQHV�

/HV�UpVXOWDWV�SUpVHQWpV��)LJ����$�� LQGLTXHQW�TXH�OHV�WDX[�GH�WUDQVFULWV�G¶,/��α�UHVWHQW�WUqV�IDLEOHV

MXVTX¶j� OD� TXDWULqPH� VHPDLQH�� 8QH� DFFXPXODWLRQ� EUXWDOH� GH� FHV� WUDQVFULWV� DSSDUDvW� GDQV� OHV

FHUYHDX[� TXL� RQW� pWp� LPSODQWpV� DYHF� OHV� QHXURQHV�SRUFLQV�� /H� SURILO� G¶H[SUHVVLRQ� GHV� JqQHV� GX

71)α� �)LJ�� ��%�� HW� GH� O¶,/��� �)LJ�� ��&�� HVW� VLPLODLUH� j� FHOXL� GH� O¶,/��α�� DYHF� XQH� KDXVVH� WUqV

SURQRQFpH�DX���qPH� MRXU�� GDQV� OHV� FHUYHDX[�H[SRVpV�DX[�FHOOXOHV� [pQRJpQLTXHV��/HV�FLQpWLTXHV

G¶H[SUHVVLRQ�GH�O¶,/���HW�GH�O¶,)1γ��)LJ����'�HW���(��PRQWUHQW�DXVVL�XQH�VRXGDLQH�DXJPHQWDWLRQ�DX

��qPH�MRXU�

&HSHQGDQW��RQ�SHXW�QRWHU�TXH�OHV�WDX[�GH�WUDQVFULWV�G¶,/���VRQW�SUHVTXH����IRLV�PRLQV�DERQGDQWV

TXH� FHX[� GH� O¶,)1γ�� $� O¶LQYHUVH�� OH� QLYHDX� G¶H[SUHVVLRQ� GHV� $51� PHVVDJHUV� GX� 7*)β� UHVWH

UHODWLYHPHQW�FRQVWDQW�SHQGDQW�WRXWH�OD�GXUpH�GH�O¶H[SpULHQFH��DYHF�XQ�GRXEOHPHQW�j�MRXU����GDQV

OHV�DQLPDX[�JUHIIpV��&HSHQGDQW�FHWWH� WHQGDQFH�Q¶HVW�SDV�VWDWLVWLTXHPHQW�VLJQLILFDWLYH� �)LJ����)��

/HV�WUDQVFULWV�GH�O¶,/���HW�GH�O¶,/����UHVWHQW�WUqV�IDLEOHV�RX�Q¶RQW�SDV�pWp�GpFHOpV��&HX[�FRGDQW�SRXU

O¶,/����VRQW�SOXV�DERQGDQWV��PDLV�OHXUV�QLYHDX[�G¶H[SUHVVLRQ�QH�YDULHQW�SDV�GH�IDoRQ�VLJQLILFDWLYH

SHQGDQW� OD�GXUpH�GH�O¶H[SpULHQFH��)LJ����*���/HV�$51�GH� OD�VRXV�XQLWp�S���GH� O¶,/����VRQW�DXVVL



FRQVWDQWV�� PDOJUp� XQH� WHQGDQFH� j� O¶DXJPHQWDWLRQ� DX� GHUQLHU� SRLQW�� HW� GDQV� OH� JURXSH� GHV

WUDQVSODQWV�QHXURQDX[��-RXU�����)LJ����+��

�����([SUHVVLRQ�GHV�FKLPLRNLQHV�0&3���HW�5$17(6�

/HV�WUDQVFULWV�GH�0&3���VRQW�FRQQXV�SRXU�V¶DFFXPXOHU�UDSLGHPHQW�DSUqV�XQH�OpVLRQ�FpUpEUDOH��8Q

WHO�SLF�D�pWp�REVHUYp�WDQW�GDQV�OH�JURXSH�FRQWU{OH�TXH�SRXU� OHV�DQLPDX[�WUDQVSODQWpV��DX�SUHPLHU

MRXU�VXLYDQW�O¶RSpUDWLRQ��)LJ����%���/HV�WUDQVFULWV�GH�5$17(6�QH�VRQW��TXDQW�j�HX[��SUDWLTXHPHQW

SDV�GpWHFWDEOHV�j�FH�PRPHQW��)LJ����$���8QH�DXJPHQWDWLRQ�LPSRUWDQWH�DSSDUDvW�DX���qPH�MRXU��WDQW

SRXU�0&3���TXH�SRXU�5$17(6��HQ�UpSRQVH�j�OD�[pQRJUHIIH�
)LJ������&LQpWLTXH�G¶H[SUHVVLRQ�GHV�WUDQVFULWV�GHV�JqQHV�GHV�FKLPLRNLQHV�5$17(6�HW�0&3��

GDQV� OHV� FHUYHDX[� WUDQVSODQWpV� DYHF� GHV� QHXURQHV� I°WDX[� SRUFLQV� �EDUUHV� JULVHV�� RX� VHXOHPHQW

OpVpV��EDUUHV�QRLUHV���/HV�UpVXOWDWV�VRQW�UHSUpVHQWpV�SDU�XQ�UDWLR�GX�QRPEUH�GH�FRSLHV�GH�WUDQVFULWV

GH�FKDTXH�FKLPLRNLQH�VXU�OH�QRPEUH�GH�FRSLHV�G¶+357��HQ�IRQFWLRQ�GX�WHPSV��MRXUV���
S�����
5$17(6
��
0&3��



��

�����'LVFXVVLRQ

/¶pYDOXDWLRQ� WHPSRUHOOH�GH� O¶LQILOWUDWLRQ� O\PSKRF\WDLUH�SDU� OD�PHVXUH�GHV� WUDQVFULWV�FRGDQW�SRXU� OD

SRUWLRQ� FRQVWDQWH� GH� OD� FKDvQH� β� GX� 7&5�� PRQWUH� TXH� OHV� FHOOXOHV� 7&5αβ�� V¶DFFXPXOHQW

VRXGDLQHPHQW�� GDQV� OH� FHUYHDX� GHV� UDWV� JUHIIpV�� j� OD� ILQ� GH� OD� TXDWULqPH� VHPDLQH� TXL� VXLW� OHXU

LPSODQWDWLRQ��Q ���SDU�FRPSDUDLVRQ�DYHF�OD�VLWXDWLRQ�WURXYpH�DX���qPH�MRXU��Q ����&HFL�VXSSRUWH�OH

FRQFHSW� TXH� QRXV� DYRQV� SUpFpGHPPHQW� pWDEOL��� O¶LQILOWUDWLRQ� GH� [pQRJUHIIHV� QHXURQDOHV

LQWUDVWULDWDOHV�HVW�XQ�SKpQRPqQH�WDUGLI�PDLV�VRXGDLQ��&I�5pVXOWDWV�����/H�UHFUXWHPHQW�GHV�/7�HVW

pWURLWHPHQW�FRUUpOp�DYHF� OD�IRUWH�DXJPHQWDWLRQ�GHV�WUDQVFULWV�GH�0&3���HW�GH�5$17(6�� OHVTXHOV

DSSDUDLVVHQW�DX�PrPH�PRPHQW��,O�D�pWp�UDSSRUWp�TXH�FHV�FKLPLRNLQHV�SRXYDLHQW�rWUH�V\QWKpWLVpHV

SDU�OHV�OHXFRF\WHV�LQILOWUDQWV�OH�61&��PDLV�DXVVL�SDU�OHV�DVWURF\WHV�DFWLYpV� LQ�YLWUR�HW�LQ�YLYR��GDQV

OHV�PRGqOHV�G¶($(�RX�ORUV�GHV�OpVLRQV�GH�6(3��*ODELQVNL�HW�DO����������.HQQHG\�HW�DO����������2K

HW�DO����������%DUDQ]LQL�HW�DO����������%RYHQ�HW�DO����������+XD�HW�/HH���������-XHGHV�HW�DO��������

&HV�FKLPLRNLQHV�VRQW�DXVVL�SURGXLWHV�SDU�OHV�FHOOXOHV�HQGRWKpOLDOHV�DFWLYpHV��0DUIDLQJ�.RND�HW�DO��

�������(EQHW�HW�DO����������0&3���H[HUFH�XQ�FKLPLRWDFWLVPH�VXU�OHV�PDFURSKDJHV�PDLV�LQGXLW�DXVVL

OD�WUDQVPLJUDWLRQ�GHV�FHOOXOHV�7�&'����DYHF�XQH�SUpIpUHQFH�SRXU�OHV�FHOOXOHV�GH�W\SH�7K���6LYHNH

HW�+DPDQQ���������5$17(6�HVW� W\SLTXHPHQW�DFWLI�VXU� OHV�FHOOXOHV�7�HIIHFWULFHV� LQFOXDQW� OHV�7K��

PDLV�SDV�OHV�7K���.DZDL�HW�DO����������$LQVL��OH�WUDILF�HW�O¶DGUHVVDJH��WDQW�GHV�PDFURSKDJHV�TXH�GHV

O\PSKRF\WHV�GDQV�OH�SDUHQFK\PH�FpUpEUDO�VHPEOHQW�rWUH�DFWLYHPHQW�VRXWHQXV�SDU�XQH�SURGXFWLRQ

LQ�VLWX�FRQFRPLWDQWH�GH�FKLPLRNLQHV��GRQW�O¶RULJLQH�FHOOXODLUH�H[DFWH�UHVWH�j�GpWHUPLQHU�

3DU� GHOj� VRQ� H[SUHVVLRQ� VLJQLILFDWLYH� DX� ��qPH� MRXU� VXLYDQW� OD� WUDQVSODQWDWLRQ�� XQH� SOXV� IDLEOH� HW

WHPSRUDLUH� DFFXPXODWLRQ� GHV� WUDQVFULWV� GH� 0&3��� HVW� REVHUYpH� GDQV� OHV� ��� KHXUHV� VXLYDQW

O¶LQWHUYHQWLRQ�FKLUXUJLFDOH��&HWWH�UpSRQVH�SUpFRFH�D�GpMj�pWp�UDSSRUWpH�GDQV�G¶DXWUHV�PRGqOHV�GH

OpVLRQV� FpUpEUDOHV� �*ODELQVNL� HW� DO��� ������� 0F7LJXH� HW� DO��� ������ HW� FRQWULEXH� SUREDEOHPHQW� j

O¶LQILOWUDWLRQ�SUpFRFH�GHV�PDFURSKDJHV�GDQV�OHV�DLUHV�GH�WUDXPD��XQ�SKpQRPqQH�TXH�QRXV�DYRQV

GpFULW� FRPPH� GpFURLVVDQW� DSUqV� SOXVLHXUV� VHPDLQHV� �&I�� 5pVXOWDWV� ���� $� O¶LQYHUVH�� O¶H[SUHVVLRQ

SUpFRFH�GH�5$17(6�Q¶HVW�SDV�VLJQLILFDWLYH�GDQV�OHV�WHPSV�SUpFRFHV�

3DUPL� OHV� O\PSKRNLQHV� SUR�LQIODPPDWRLUHV�� XQH� DFFXPXODWLRQ� EUXWDOH� GHV� WUDQVFULWV� G¶,/��α�� GH

71)α� HW� G¶,/��� DSSDUDvW� DX� ��qPH� MRXU� DSUqV� WUDQVSODQWDWLRQ�� $LQVL�� OH� SURILO� G¶H[SUHVVLRQ� GH� FHV



��

O\PSKRNLQHV� HVW� WUqV� VLPLODLUH� j� FHOXL� GH� 0&3��� HW� 5$17(6�� HW� OHXU� VRXGDLQH� DXJPHQWDWLRQ

DFFRPSDJQH�O¶LQILOWUDWLRQ�PDVVLYH�GH�OD�JUHIIH�

/¶DFFXPXODWLRQ�GHV�$50P�GH� O¶,)1γ�HW�GH� O¶,/���GH� IDoRQ�FRQFRPLWDQWH�DYHF�FHX[�GH�5$17(6�

VXJJqUH� TXH� OD� JUHIIH� HVW� LQILOWUpH� GH� O\PSKRF\WHV� 7� &'��� DSSDUWHQDQW� DX� VRXV�W\SH� 7K��� $

O¶LQYHUVH�OHV�WUDQVFULWV�G¶,/���Q¶RQW�SDV�pWp�GpFHOpV��HQ�DFFRUG�DYHF�OHV�GRQQpHV�REWHQXHV�DX�FRXUV

GX� UHMHW� GH� [pQRJUHIIHV� FDUGLDTXHV� GDQV� OH� UDW� /HZLV�$� �%URXDUG� HW� DO��� ������� (Q� RXWUH�� OD

SDXYUHWp�GHV�WUDQVFULWV�GH�O\PSKRNLQHV�GH�W\SH�7K���WHO�TXH�O¶,/����HW�O¶,/�����VXSSRUWH�OH�FRQFHSW

TXH�OH�UHMHW�GH�[pQRJUHIIHV�GLVFRUGDQWHV�GH�QHXURQHV�GDQV�OH�FHUYHDX�GX�UDW�/HZLV��$�HVW�PHQp

SDU�GHV�FHOOXOHV�j�SRODULWp�7K���,O�HVW�LPSRUWDQW�GH�QRWHU�TXH�OD�SUpVHQFH�GH�WUDQVFULWV�GH�F\WRNLQHV

7K�� �,)1γ� HW� G¶,/���� D� pJDOHPHQW� pWp� UDSSRUWpH� ORUV� GH� UHMHW� GH� [pQRJUHIIHV� FRQFRUGDQWHV� GH

QHXURQHV��GDQV� GHV� V\VWqPHV� VRXULV� VXU� UDW� RX� UDW� VXU� VRXULV� �.RJXUH� HW� DO��� �������9LQH� HW� DO��

������

/HV� WUDQVFULWV� G¶,/���� FRGDQW� SRXU� OD� VRXV�XQLWp� S��� UHVWHQW� UHODWLYHPHQW� UDUHV�� PrPH� V¶LOV� RQW

WHQGDQFH� j� V¶DFFXPXOHU� DX� ��qPH� MRXU�� &HWWH� LQWHUOHXNLQH� KpWpURGLPpULTXH� D� XQH� RULJLQH

PLFURJOLDOH�PDFURSKDJLTXH��HW�SHUPHW� OD�GLIIpUHQFLDWLRQ�GHV�FHOOXOHV�7K��HQ�7K�� �&I�� ��������/HV

F\WRNLQHV�HW�OD�SRODULVDWLRQ�7K��7K����PrPH�V¶LO�VHPEOH�TXH�FHWWH�RULHQWDWLRQ�Q¶HVW�SDV�VWULFWHPHQW

GpSHQGDQWH�GH�FHWWH�LQWHUOHXNLQH��1REOH�HW�DO����������/H�U{OH�GH�O¶,/����SDUDvW�DLQVL�PRLQV�PDUTXp

SHQGDQW� O¶LQILOWUDWLRQ� GHV� [pQRJUHIIHV� QHXURQDOHV� GDQV� OH� UDW� /HZLV� �$� TXH� ORUV� G¶XQH� LQGXFWLRQ

G¶($(�GDQV�OH�UDW�/HZLV��,VVD]DGHK�HW�DO����������&HWWH�GLIIpUHQFH�SHXW�rWUH�GXH�j�O¶DFWLRQ�LQKLELWULFH

GHV�DVWURF\WHV�DFWLYpV��$ORLVL�HW�DO���������;LDR�HW�/LQN��������UpYpOpV�SDU�OD�IRUWH�LPPXQRUpDFWLYLWp

*)$3� TXL� DFFRPSDJQDLW� OH� UHMHW� GHV� QHXURQHV�� /H� 7*)β�� TXH� OHV� DVWURF\WHV� DFWLYpV� VRQW

VXFHSWLEOHV�GH�SURGXLUH��HVW�O¶XQ�GHV�HIIHFWHXUV�FDSDEOH�GH�SURYRTXHU�XQH�GpVDFWLYDWLRQ�GHV�$3&

UpVLGHQWHV�HW�LQILOWUDQWHV��+DLOHU�HW�DO����������,QYHUVHPHQW��OHV�DVWURF\WHV�SHXYHQW�DXVVL�FRQWULEXHU

j�OD�EDLVVH�GH�IRQFWLRQQDOLWp�GHV�FHOOXOHV�7��;LDR�HW�DO����������2Q�SHXW�DXVVL�LPDJLQHU�OD�SUpVHQFH

GDQV�OH�SRRO�GH�O\PSKRF\WHV�LQILOWUDQWV��GH�/7�UpJXODWHXUV�FRQQXV�SRXU�VpFUpWHU�GX�7*)β�HW�LQKLEHU

O¶DFWLYLWp� GHV� FHOOXOHV� F\WRWR[LTXHV� �SRXU� UHYXH��� :RRG� HW� 6DNDJXFKL�� ������� 1pDQPRLQV�� QRV

GRQQpHV� LQGLTXHQW� TXH� GH� WHOV� VLJQDX[� LQKLELWHXUV� VRQW� RXWUHSDVVpV� TXDQG� O¶LQILOWUDWLRQ� GH� OD

[pQRJUHIIH� SUHQG� VRXGDLQHPHQW� SODFH�� &HWWH� LQILOWUDWLRQ� PRELOLVH� WDQW� OHV� PDFURSKDJHV� TXH� OHV



��

O\PSKRF\WHV�GDQV�XQ�HQYLURQQHPHQW�SUR�LQIODPPDWRLUH��$LQVL��GHV�VWLPXOL� WHOV�TXH� O¶,)1γ� VRQW�HQ

IDYHXU�G¶XQH�UHVWLPXODWLRQ�GHV�/7�GpMj�SULPpV�SDU�OHV�$3&�UpVLGHQWHV�HW�RX�LQILOWUDQWHV��DORUV�TXH�OD

SUROLIpUDWLRQ�GHV�/7�HVW�VRXWHQXH�SDU� OD�SURGXFWLRQ� ORFDOH�G¶,/����$SUqV�TXRL�� OHV�PpFDQLVPHV�GH

F\WRWR[LFLWpV�PpGLpV�SDU�OHV�/7�HW�RX�OD�UpSRQVH�G¶K\SHUVHQVLELOLWp�UHWDUGpH�SURYRTXpV�SDU� OHV�/7

HQ�DVVRFLDWLRQ�DYHF�OHV�PDFURSKDJHV�PLFURJOLH�FRQWULEXHQW�DX[�SURFHVVXV�GH�PRUW�GHV�QHXURQHV

JUHIIpV��.RUVJUHQ��������

2Q�SHXW�VXSSRVHU�TXH�OD�SUpVHQWDWLRQ�DX[�/7�HW�OH�GpYHORSSHPHQW�GH�OD�UpSRQVH�7K��VRQW�LQLWLpV

HQ� GHKRUV� GX� V\VWqPH� QHUYHX[� FHQWUDO�� FRPPH� SDU� H[HPSOH� GDQV� OHV� RUJDQHV� O\PSKRwGHV

VHFRQGDLUHV� SDU� OHVTXHOV� WUDQVLWH� OH� IOXLGH� LQWUD�SDUHQFK\PDWHX[�� /HV� DQWLJqQHV� SHXYHQW� rWUH

UHODUJXpV� GHV� QHXURQHV� PRXUDQW� DSUqV� OHXU� LPSODQWDWLRQ� �1LNNDK� HW� DO��� ������� =DZDGD� HW� DO��

������� (PJDUG� HW� DO��� ������� HW� OHXU� SUpVHQWDWLRQ� SHXW� DORUV� V¶HIIHFWXHU� DSUqV� GUDLQDJH� YHUV� OHV

JDQJOLRQV�FHUYLFDX[�SURIRQGV��:LGQHU�HW�DO���������SDU�XQ�PpFDQLVPH�GH�UHFRQQDLVVDQFH�LQGLUHFWH

YLD� OHV� $3&� GH� O¶K{WH�� &HSHQGDQW�� QRXV� QH� SRXYRQV� H[FOXUH� TXH� OHV� [pQRJUHIIHV� GH� QHXURQHV

PpVHQFpSKDOLTXHV�I°WDX[�SXLVVHQW�FRQWHQLU�GHV�FHOOXOHV�WUqV�LPPXQRJqQHV�WHOOHV�TXH�GHV�FHOOXOHV

PLFURJOLDOHV�HW�RX�GHV�FHOOXOHV�HQGRWKpOLDOHV�SRUFLQHV��*HQ\�HW�DO����������������%UHYLJ�HW�DO��������

�������&HOOHV�FL�SRXUUDLHQW�DJLU�j� WUDYHUV�XQ�PpFDQLVPH�GH� UHFRQQDLVVDQFH�GLUHFW�PHQDQW�j�XQH

LQILOWUDWLRQ�GX�JUHIIRQ��&HFL�SRXUUDLW�H[SOLTXHU� OH�GpEXW�GH� OD� UpDFWLRQ� LPPXQH�� ,O� UHVWH� WRXWHIRLV�j

pFODLFLU�SRXUTXRL�FHWWH�LQILOWUDWLRQ�QH�VH�SURGXLW�TXH���VHPDLQHV�DSUqV�LPSODQWDWLRQ�GHV�QHXURQHV�
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3DUWLH��

$QDO\VH�GX�UpSHUWRLUH�GHV�O\PSKRF\WHV�7�LQILOWUDQWV�HW�SpULSKpULTXHV�DX

FRXUV�GX�UHMHW�GH�[pQRJUHIIHV�QHXURQDOHV�

/D�FDUDFWpULVDWLRQ�GH�OD�UpSRQVH�LPPXQH�V¶HIIHFWXH�SDU�O¶pWXGH�GX�UpSHUWRLUH�O\PSKRF\WDLUH�7�

HW�SOXV�SUpFLVpPHQW�SDU�XQH�DQDO\VH�GHV�QLYHDX[�G¶H[SUHVVLRQ�GHV�GLIIpUHQWV�UpDUUDQJHPHQWV�GH�OD

UpJLRQ�9�GH� OD�FKDvQH�β�GX�7&5��&HFL�SRXUUDLW�SHUPHWWUH�GH�UHSpUHU� O¶pPHUJHQFH�GH�SRSXODWLRQV

O\PSKRF\WDLUHV� SDUWLFXOLqUHV�� SUREDEOHPHQW� LPSOLTXpHV� GDQV� OH� SURFHVVXV� GH� UHMHW�� (Q� HIIHW�� OD

VWLPXODWLRQ�DQWLJpQLTXH�SDU�OHV�$3&�SURYRTXH�XQH�VpOHFWLRQ�SRVLWLYH�GHV�/7�TXL�SHXW�rWUH�GpFHOpH

SDU�OH�SURILO�G¶DOWpUDWLRQ�GH�OD�VWUXFWXUH�PROpFXODLUH�GH�OD�UpJLRQ�&'5��GX�7&5��&HV�DOWpUDWLRQV�VRQW

GpFHODEOHV� HQ� H[DPLQDQW� OD� ORQJXHXU� GH� OD� UpJLRQ� &'5�� GDQV� OHV� GLIIpUHQWV� WUDQVFULWV� LQFOXDQW

FKDFXQ�GHV�DOOqOHV�9β�GX�7&5��ORJLFLHO� ,PPXQVRFRSH ��3DQQHWLHU�HW�DO����������*RURFKRY�HW�DO��

������FRPPH�GpFULW�GDQV�OD�VHFWLRQ�©�0DWpULHOV�HW�0pWKRGHV�ª��/¶pWXGH�TXDQWLWDWLYH�SDU�7DT0DQ

DSSRUWH� XQH� LQIRUPDWLRQ� VXU� O¶LPSRUWDQFH� UHODWLYH� G¶XQH� SRSXODWLRQ� 7� VpOHFWLYHPHQW� DFWLYpH�� /D

FRPELQDLVRQ�GH�FHV���pWXGHV�FRQVWLWXH�OH�7F/DQVFDSH ��UpFHPPHQW�EUHYHWp�DX�ODERUDWRLUH��*XLOOHW

HW�DO���������

�����&KRL[�GHV�pFKDQWLOORQV��

'HX[�VpULHV�GH� UDWV�/(:��$��$�HW�%��RQW�pWp� WUDQVSODQWpHV�GH�PDQLqUH�ELODWpUDOH��DYHF��������

QHXURQHV�I°WDX[�SDU�FRWp�� LVVXV��SRXU�FKDFXQH�GHV�VpULHV��G¶XQ�SRRO�G¶HPEU\RQV� LVVXV�GH�GHX[

WUXLHV��/H�SURFHVVXV�GH�UHMHW�pWDQW�UHODWLYHPHQW�YDULDEOH�GDQV� OH�WHPSV��HW�VDFKDQW�TX¶DXFXQ�WHVW

FRPSRUWHPHQWDO� Q¶HVW� GLVSRQLEOH� SRXU� pYDOXHU� OD� VXUYLH� GX� WUDQVSODQW�� GHV� VDFULILFHV� RQW� pWp

UpDOLVpV� ���� ��� HW� ��� MRXUV� DSUqV� WUDQVSODQWDWLRQV�� /¶KpPLVSKqUH� GURLW� HVW� UpFXSpUp� SRXU� OD

UpYpODWLRQ�LPPXQRKLVWRFKLPLTXH�DILQ�G¶pYDOXHU�O¶pWDW�GH�UHMHW�GH�OD�[pQRJUHIIH�QHXURQDOH�VHORQ�GHV

FULWqUHV� SUpDODEOHPHQW� pWDEOLV��� LPSRUWDQWH� SUpVHQFH� GH� PDFURSKDJHV�� IRUPDWLRQ� GH� VWUXFWXUHV

DSSDUHQWpHV�j�XQH�QpRYDVFXODULVDWLRQ�HW�VXUWRXW�DSSDULWLRQ�G¶XQ�LQILOWUDW�O\PSKRF\WDLUH�PDVVLI�GDQV
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HW�DXWRXU�GX�JUHIIRQ��&I�� UpVXOWDWV���HW�����/HV�$51�GHV�VWULDWD�GH� O¶KpPLVSKqUH�JDXFKH�GHV� UDWV

UpSRQGDQW�j� FHV�FULWqUHV� VRQW� UpWURWUDQVFULWV�HW� O¶XWLOLVDWLRQ� GH� OD�3&5�TXDQWLWDWLYH� HQ� WHPSV� UpHO

SHUPHW�G¶pYDOXHU�OH�QRPEUH�GH�WUDQVFULWV�LQFOXDQW�OD�VHJPHQW�FRQVWDQW�β�GX�7&5��&β��GDQV�FKDFXQ

GHV�pFKDQWLOORQV��/HV�JUHIIHV�HQ�FRXUV�GH�UHMHW�VRQW�PROpFXODLUHPHQW�GpILQLHV�SDU�OD�SUpVHQFH�G¶XQ

WDX[�pOHYp�GH�WUDQVFULWV�&β��UDWLR�GH�WUDQVFULWV�&β�+357�!�������&I��UpVXOWDWV�����'DQV� OD�PDMRULWp

GHV�FDV��O¶DQDO\VH�LPPXQRKLVWRFKLPLTXH�D�PRQWUp�TX¶XQ�IRUW�LQILOWUDW�GH�FHOOXOHV�5�����pWDLW�SUpVHQW

GDQV�O¶DXWUH�KpPLVSKqUH��FRUUHVSRQGDQW�GX�UHVWH��j�XQ�UDWLR�GH�WUDQVFULWV�&β���+357��������'DQV�OH

FDV�FRQWUDLUH��OHV�pFKDQWLOORQV�RQW�pWp�pFDUWpV��+XLW�UDWV�RQW�pWp�LQFOXV�GDQV�O¶DQDO\VH�

�����(WXGHV�TXDOLWDWLYHV�HW�TXDQWLWDWLYHV�GHV�YDULDWLRQV�GX�VHJPHQW�E�GX�7&5�GDQV�OD�JUHIIH

/D�ILJXUH�����VpULH�$�HW�%��UHSUpVHQWH�OD�GLVWULEXWLRQ�GHV�ORQJXHXUV�GHV�UpJLRQV�GX�&'5��GHV���UDWV

VpOHFWLRQQpV�SRXU�OHXU�IRUWH�DFFXPXODWLRQ�GH�WUDQVFULWV�GH�&β�DX�QLYHDX�GX�JUHIIRQ��3UDWLTXHPHQW

WRXV�OHV�WUDQVFULWV� LQFOXDQW�FKDFXQ�GHV�JqQHV�9β�RQW�pWp�UHWURXYpV�HQ�TXDQWLWp�YDULDEOH��GDQV� OHV

VWULDWD� LQILOWUpV��/HV� O\PSKRF\WHV� LQILOWUDQW�FHV�VWULDWD�SRVVqGHQW�GHV� WHQHXUV�pOHYpHV�GH�WUDQVFULWV

PRELOLVDQW� QRWDPPHQW� OHV� JqQHV� 9β�� HW� 9β����� 1pDQPRLQV�� OD� GLVWULEXWLRQ� GHV� ORQJXHXUV� GHV

UpJLRQV�GX�&'5��GH�FHV�WUDQVFULWV�UHVWH�JDXVVLHQQH��OD�FRXOHXU�YHUWH�VLJQDO�XQH�WHOOH�UpSDUWLWLRQ��

7RXWHIRLV��OD�KDXWHXU�DWWHLQWH�VXU�O¶D[H�<�WpPRLJQH�GH�O¶DERQGDQFH�GHV�WUDQVFULWV�GH�FHV�IDPLOOHV�HQ

WHUPHV�TXDQWLWDWLIV�

3RXUWDQW�� O¶DQDO\VH� GHV� DOWpUDWLRQV� GHV� ORQJXHXUV� GX� VHJPHQW� &'5�� GHV� /7� LQILOWUDQW� OH� JUHIIRQ

PRQWUH� TXH� OHV� SURILOV� JDXVVLHQV� GH� QRPEUHXVHV� IDPLOOHV� 9β� VRQW� DOWpUpV� �FRXOHXU� URXJH��� &HV

DOWpUDWLRQV� VH� UHWURXYHQW� GDQV� WRXV� OHV� VWULDWD� LQILOWUpV�� &HUWDLQHV� IDPLOOHV� 9β� SUpVHQWHQW� MXVTX¶j

����G¶DOWpUDWLRQV�SDU�UDSSRUW�j�OD�PR\HQQH�GHV�DOWpUDWLRQV�REWHQXHV�GDQV�XQ�JURXSH�FRQWU{OH�TXL

FRQVWLWXH�QRWUH�UpIpUHQFH�JDXVVLHQQH��PR\HQQH�GHV�DOWpUDWLRQV�VXU�GHV�FHOOXOHV�7�SXULILpHV�j�SDUWLU

GHV�JDQJOLRQV� HW� GH� UDWHV� GH� UDWV� QDwIV��� &HSHQGDQW�� QRXV� Q¶DYRQV� SDV� REVHUYp� G¶DFFXPXODWLRQ

VLJQLILFDWLYH�G¶XQH�IDPLOOH�SDUWLFXOLqUH�TXL�VRLW� WRXMRXUV�DOWpUpH��SDV�V\VWpPDWLTXHPHQW� OHV�PrPHV

SLFV� URXJHV��� /D� FRPSDUDLVRQ�GHV� SURILOV� LPPXQRVFRSH � REWHQXV� DYHF� FKDTXH� DQLPDO�� Q¶D� SDV

UpYpOp�OD�VpOHFWLRQ�G¶XQH�SRSXODWLRQ�SDUWLFXOLqUH��j�XQH�H[FHSWLRQ�SUqV��YRLU�SOXV�EDV���&¶HVW�j�GLUH

TXH��G¶XQH� IDoRQ�JpQpUDOH�� OHV� IDPLOOHV�9β� DOWpUpHV�QH� VRQW� SDV� WRXMRXUV� OHV�PrPHV�� HW� ORUVTXH
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F¶HVW�OH�FDV��OHV�ORQJXHXUV�GH�&'5��VpOHFWLRQQpHV�GLIIqUHQW�G¶XQ�DQLPDO�j�O¶DXWUH��&HWWH�DEVHQFH�GH

VLPLOLWXGH� WDQW� GDQV� OD� VpOHFWLRQ� G¶XQ� DOOqOH� 9β� � TXH� GDQV� OD� ORQJXHXU� GH� OD� UpJLRQ� &'5�

VpOHFWLRQQpH�VH�UHWURXYH�DX�VHLQ�G¶XQH�PrPH�VpULH�G¶DQLPDX[�WUDQVSODQWpV��D\DQW�UHoX� OD�PrPH

FRPELQDLVRQ�GH�FHOOXOHV�GX�GRQQHXU��/D�V\QWKqVH�GHV�DOWpUDWLRQV�HW�OHXU�DPSOLWXGH��UDSSRUWpH�GDQV

OD� ILJXUH� ���� PRQWUH� TX¶XQH� JUDQGH� PDMRULWp� GHV� IDPLOOHV� 9β� SUpVHQWH� GHV� WDX[� G¶DOWpUDWLRQV

VXSpULHXUV�j������FDVHV�JULVHV���/HV�DOWpUDWLRQV�GH�WRXWHV�OHV�IDPLOOHV�9β�SUpVHQWHV�SRXU�FKDFXQ

GHV�pFKDQWLOORQV�GH�VWULDWXP�LQILOWUp�YDULHQW�HQWUH��������HW�������������±��������6HXOH��OD�IDPLOOH

9β���SDUDLW�V\VWpPDWLTXHPHQW�DOWpUpH�GDQV�WRXV�OHV�VWULDWD��TXHOTXH�VRLW�OD�VpULH�����������±�����

�Q ���� $SUqV� DQDO\VH� GHV� GLIIpUHQWHV� ORQJXHXUV� GH�&'5��� OH� IRUW� SRXUFHQWDJH� G¶DOWpUDWLRQ� GH� OD

IDPLOOH� 9β��� SDUDLW� SURYHQLU�� HQ� SDUWLH�� GH� OD� VpOHFWLRQ� G¶XQH� ORQJXHXU� SDUWLFXOLqUH� GX�&'5���� OD

ORQJXHXU� GH� ���� DD� �)LJ�� ���� IOqFKHV��� &HWWH� ORQJXHXU� GH� &'5�� HVW� VLJQLILFDWLYHPHQW� SOXV

UHSUpVHQWpH� GDQV� OHV� VWULDWD� LQILOWUpV� TXH� GDQV� OHV� pFKDQWLOORQV� GH� UpIpUHQFH� �S��������� Q ���

/¶DOWpUDWLRQ�GH�FHWWH� ORQJXHXU�HVW� UHWURXYpH�GDQV� OHV���VpULHV��HW� LO� Q¶HVW�GRQF�SDV�VSpFLILTXH�GX

GRQQHXU�� (OOH� D� DXVVL� pWp� UHWURXYpH� GDQV� XQH� WURLVLqPH� VpULH� G¶DQLPDX[� JUHIIpV� DYHF� G¶DXWUHV

GRQQHXUV�SRUFLQV�� DLQVL�TXH� ORUV�G¶H[SpULHQFHV�G¶LPPXQLVDWLRQ�GX� UHFHYHXU�DYHF�GHV�H[WUDLWV�GH

PpVHQFpSKDOHV�YHQWUDX[�SRUFLQV��'RQQpHV�QRQ�PRQWUpHV���&HWWH�SRSXODWLRQ�GH�/7�H[SULPDQW�FH

9β���Q¶HVW�SDV�UHWURXYpH�GDQV�OD�UDWH�RX�OH�VDQJ�GH�FHV�PrPHV�DQLPDX[��)LJ�������5DW������UDWH�

HW�)LJ������

�����(WXGH�GX�UpSHUWRLUH�HQ�SpULSKpULH��

8Q�DQDO\VH�FRPSDUDWLYH�GHV�DOWpUDWLRQV�GHV� ORQJXHXUV�GH� OD� UpJLRQ�&'5��D�pWp� UpDOLVpH�VXU� OHV

'&/1��OD�UDWH�HW�OHV�O\PSKRF\WHV�GX�VDQJ��3%/��GHV���DQLPDX[�UHMHWDQWV�GH�OD�VpULH�%��)LJ�������$

TXHOTXHV�WUqV�UDUHV�H[FHSWLRQV��HVVHQWLHOOHPHQW�OD�IDPLOOH�9β��DSSDUHPPHQW�DEVHQWH���WRXWHV�OHV

IDPLOOHV�9β�RQW�SX�rWUH�GpWHFWpHV�GDQV�OHV�'&/1��OD�UDWH�HW�OH�VDQJ�GHV�DQLPDX[�WUDQVSODQWpV��/H

SURILO�GHV�DOWpUDWLRQV�GHV�ORQJXHXUV�GH�OD�UpJLRQ�&'5��GDQV�OHV�'&/1�HVW�SOXV�PRGpUp�TXH�GDQV

OHV�VWULDWD�HW�OHV�PR\HQQHV�GHV�DOWpUDWLRQV�SRXU�WRXWHV�OHV�IDPLOOHV�YDULHQW�VHORQ�OHV�UDWV�����UDWV�RQW

GHV� '&/1� DYHF� GHV� SURILOV� DOWpUpV� VXSpULHXUV� j� ����� /H� SRXUFHQWDJH� PR\HQ� G¶DOWpUDWLRQ� GHV

ORQJXHXUV� GH� &'5�� SRXU� O¶HQVHPEOH� GHV� IDPLOOHV� HVW� LQIpULHXU� j� FHOXL� REVHUYp� GDQV� OHV� VWULDWD
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��������� ±� � ����� FRQWUH� �������� ±� ������� 7RXWHIRLV�� LO� DSSDUDvW� TXH� V¶LO� \� D�PRLQV� GH� IDPLOOHV

FRQFHUQpHV��OHV�DOWpUDWLRQV�GHV�ORQJXHXUV�GHV�&'5��VRQW�GDQV�FHUWDLQV�FDV�WUqV�IRUWHV������SRXU

OD�IDPLOOH�9β���GHV�'&/1�GX�UDW�#������$�O¶LQYHUVH��OHV�ORQJXHXUV�GH�&'5��GHV�/7�GHV�'&/1�GX

UDW�#�����GRQW� OHV�/7�GX�VWULDWXP�SUpVHQWHQW�GH�QRPEUHXVHV�DOWpUDWLRQV��QH�VRQW�TXH� IDLEOHPHQW

DOWpUpHV��'H�IDoRQ�SOXV�JpQpUDOH�� OH�SURILO�G¶DOWpUDWLRQ�GHV�'&/1�QH�VH�VXSHUSRVH�SDV�j�FHOXL�GX

VWULDWXP� G¶XQ�PrPH� UDW�� /D�PrPH� DQDO\VH� GHV� YDULDWLRQV� GHV� ORQJXHXUV� GHV� UpJLRQV� GX�&'5�

GDQV�OD�UDWH�HW� OH�VDQJ�Q¶D�SDV�PRQWUp�G¶DOWpUDWLRQV�VLJQLILFDWLYHV��/¶HQVHPEOH�GHV�IDPLOOHV�9β�GH

WRXV� OHV� UDWV� SUpVHQWH� GHV� SURILOV� JDXVVLHQV�� RX� WUqV� SURFKHV�� /D� ILJXUH� ��� UHSUpVHQWH� OHV

PR\HQQHV� GHV� DOWpUDWLRQV� GHV� ORQJXHXUV� GHV� UpJLRQV� GX� &'5�� GX� 7&5� VHORQ� OHXU� ORFDOLVDWLRQ

WLVVXODLUH��/HV�PR\HQQHV�G¶DOWpUDWLRQV�GHV�ORQJXHXUV�GHV�UpJLRQV�GX�&'5��GH�WRXWHV�OHV�IDPLOOHV

9β�H[SULPpHV�SDU� OHV� O\PSKRF\WHV� LQILOWUDQWV� OH� VWULDWXP�� VRQW� VLJQLILFDWLYHPHQW�SOXV�pOHYpHV�TXH

OHV� DOWpUDWLRQV� WURXYpHV� GDQV� OHV� O\PSKRF\WHV� KpEHUJpV� GDQV� OD� UDWH� RX� SUpVHQW� GDQV� OH� VDQJ

SpULSKpULTXH�� /HV� DOWpUDWLRQV� WURXYpHV� GDQV� OHV� /7� KpEHUJpV� GDQV� OHV� '&/1� VRQW� HOOHV� DXVVL

VWDWLVWLTXHPHQW�SOXV�PDUTXpHV��PrPH�VL�OHV�SURILOV�PROpFXODLUHV�GLIIqUHQW�GH�FHX[�WURXYpV�GDQV�OHV

O\PSKRF\WHV�VWULDWDX[�

�����'LVFXVVLRQ��

&DV�GH�OD�VpOHFWLRQ�GH�OD�ORQJXHXU�GH�����DD�GX�&'5��GX�9E����

/¶DOWpUDWLRQ�V\VWpPDWLTXH�GH� OD� ORQJXHXU�GH�����DD�GX�JqQH�GX�9β���GDQV� OHV�VWULDWD� IHUD� O¶REMHW

G¶XQH�DQDO\VH�SOXV�SRXVVpH�SDU�3&5��SRXU�GpWHUPLQHU�VL�HOOH�PRELOLVH�XQ�PrPH�DOOqOH�-β��OH�UDW�HQ

FRPSWH� ��� GLIIpUHQWV��� /¶XVDJH� G¶XQ� DOOqOH� -β� LGHQWLTXH� FKH]� OHV� �� DQLPDX[� VHUDLW� DORUV� WUqV

VXJJHVWLI�G¶XQH�VpOHFWLRQ�PRQRFORQDOH�

9DULDELOLWp�GX�UpSHUWRLUH�GHV�O\PSKRF\WHV�7�LQILOWUDQWV��

1RXV� DYRQV� GpPRQWUp� TXH� OH� UpSHUWRLUH� GH� OD� UpJLRQ� YDULDEOH� GH� OD� FKDvQH� β� GX� 7&5

O\PSKRF\WDLUHV�LQILOWUDQW�XQH�[pQRJUHIIH�QHXURQDOH�HVW�ODUJH��,O�PRELOLVH�O¶HQVHPEOH�GHV�IDPLOOHV�9β�

GRQW� OHV� ORQJXHXUV�GHV� UpJLRQV�&'5��SHXYHQW�rWUH� WUqV� IRUWHPHQW�DOWpUpHV��3DU� UDSSRUW�DX�SURILO

JDXVVLHQ� WURXYp�GDQV� OH� UpSHUWRLUH�SpULSKpULTXH�GH� UDWV�QDwIV�� OD� YDULDELOLWp�GH� OD�GLVWULEXWLRQ�GHV
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ORQJXHXUV� GH� OD� UpJLRQ� &'5�� HVW� VLJQLILFDWLYHPHQW� SHUWXUEpH� GDQV� OHV� VWULDWD� GH� WRXV� OHV� UDWV

LPSOLTXpV�GDQV�OH�SURFHVVXV�GH�UHMHW��3RXUWDQW��OH�SURILO�GH�FHV�SHUWXUEDWLRQV�HVW�SURSUH�j�FKDTXH

UDW��PrPH�V¶LOV�UHoRLYHQW�OD�PrPH�FRPELQDLVRQ�GH�FHOOXOHV�GX�GRQQHXU��6HXO�XQ�DOOqOH�PRELOLVDQW�OH

JqQH�9β����HW�FRGDQW�SRXU�XQH�VpTXHQFH�GH�����DD��SDUDvW�PRELOLVp�GH�IDoRQ�V\VWpPDWLTXH�

&HWWH� YDULDELOLWp� FRQILUPH� O¶K\SRWKqVH� GH� 'XDQ� HW� FROO�� �������� TXL� RQW� VXJJpUp�� TX¶RXWUH� OHV

SHSWLGHV� LVVXV�GHV�DQWLJqQHV�GX�&0+�GX�GRQQHXU�� G¶DXWUHV� [pQRDQWLJqQHV�GX�GRQQHXU� SHXYHQW

rWUH� UHFRQQXV� SDU� OHV� O\PSKRF\WHV� GH� O¶K{WH�� 2Q� SHXW� DMRXWHU� TXH� OD� PRUW� FHOOXODLUH� TXL

DFFRPSDJQH� OD�PDQLSXODWLRQ�GHV�QHXUREODVWHV�HW� OHXU� LPSODQWDWLRQ�HVW�pJDOHPHQW�VXVFHSWLEOH�GH

OLEpUHU� GDQV� OH� FHUYHDX� GH� O¶K{WH� GH� QRPEUHX[� [pQRDQWLJqQHV� LQWUDFHOOXODLUHV�� /¶DEVHQFH� GH

SRSXODWLRQV� TXDQWLWDWLYHPHQW� VXU�UHSUpVHQWpHV� SRXUUDLW� DXVVL� SURYHQLU� GX� IDLW� TXH� OHV� /7

VSpFLILTXHV�TXL�UHFRQQDLVVHQW� OHXU�FLEOH�GDQV� OH�61&�GLPLQXHQW� IRUWHPHQW� OH�QLYHDX�G¶H[SUHVVLRQ

GH� OHXU� 7&5� �/DQ]DYHFFKLD� HW� DO��� ������� $LQVL�� O¶LQILOWUDW� REVHUYp� HVW� SHXW� rWUH� OH� UHIOHW� G¶XQH

VHFRQGH�YDJXH�G¶LQILOWUDWLRQ�TXL�PDVTXH�O¶pYpQHPHQW�SULPDLUH�

/¶DXJPHQWDWLRQ� GH� SOXVLHXUV� IDPLOOHV� GH� WUDQVFULWV� LQFOXDQW� FHUWDLQV� JqQHV� 9β� VH� IDLW� GH� IDoRQ

JDXVVLHQQH��([HPSOH���9β��UDW������RX�9β����UDW������)LJ�������/¶LQWHUSUpWDWLRQ�GH�FH�SKpQRPqQH

SRVH� SOXVLHXUV� TXHVWLRQV�� /D� SUHPLqUH� HVW� G¶RUGUH� WHFKQLTXH�� /H� UHMHW� V¶DFFRPSDJQH� G¶XQH

QpRYDVFXODULVDWLRQ�RX�G¶XQ�IRUW�UHPRGHODJH�GH�OD�YDVFXODWXUH�GX�FHUYHDX�GH�O¶K{WH��HW�SHXW�rWUH�GX

WLVVX�GRQQHXU��HW�SDU�FRQVpTXHQW��O¶DPSOLILFDWLRQ�GH�FHUWDLQHV�IDPLOOHV�SHXW�FRUUHVSRQGUH�j�GHV�/7

V¶DFFXPXODQW�HQ�DERQGDQFH�GDQV�OHV�FDSLOODLUHV�FpUpEUDX[�SOXW{W�TXH�GDQV�OH�SDUHQFK\PH��6HXOH

XQH�3&5�HIIHFWXpH�VXU�XQH�FHOOXOH�7�LVROpH�HW�ORFDOLVpH�DX�VHLQ�GX�JUHIIRQ�SRXUUDLW�UpSRQGUH�j�FHWWH

TXHVWLRQ��8QH�WHOOH�WHFKQLTXH�D�pWp�UpFHPPHQW�DSSOLTXpH�DX[�/7�SUpVHQWV�GDQV�OHV�OpVLRQV�GH�6(3

�%DEEH�HW�DO����������&HSHQGDQW� O¶DFFXPXODWLRQ�JDXVVLHQQH�GH�WRXWHV�OHV� ORQJXHXUV�G¶XQH�IDPLOOH

9β�SHXW�rWUH�j�O¶RULJLQH�GH�SKpQRPqQHV�G¶RUGUH�LPPXQRORJLTXH���O¶H[LVWHQFH�GDQV�OD�[pQRJUHIIH�GH

VXSHUDQWLJqQHV�� GRQW� OD� SUpVHQWDWLRQ� QH� QpFHVVLWH� SDV� OD� VSpFLILFLWp� GX� &'5��� PDLV� DXVVL� OD

SRVVLEOH�SUpVHQWDWLRQ�GLUHFWH�TXL�QH�VHPEOH�SDV�DERXWLU�j�XQH�DOWpUDWLRQ�GH�OD�UpJLRQ�&'5���6HELOOH

HW�DO���������

3DU�DLOOHXUV�� OD�SUpVHQFH�SDUPL� OHV�/7�LQILOWUDQWV�G¶XQ�UpSHUWRLUH�YDULp��UHSUpVHQWp�SDU�GHV�IDPLOOHV

GRQW� OHV� ORQJXHXUV� GH� &'5�� VRQW� JDXVVLHQQHV� RX� DOWpUpHV�� VXJJqUH� XQ� SKpQRPqQH� GH
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UHFUXWHPHQW� PDVVLI� GH� O\PSKRF\WHV� WDQW� VSpFLILTXHV� TX¶DVSpFLILTXHV�� (Q� HIIHW�� GH� QRPEUHXVHV

pWXGHV�pYRTXHQW�OH�SULQFLSH�GH�UHFUXWHPHQW�GH�/7�©�E\�VWDQGHU�ª�GDQV�OH�61&��HIIHW�GH�YRLVLQDJH��

/HV�O\PSKRF\WHV�VSpFLILTXHV�SRXU�XQ�DQWLJqQH��FRPPH�OHV�FHOOXOHV�7�DFWLYpHV�PDLV�QRQ�UpDFWLYHV

YLV�j�YLV�GH�FRPSRVDQWV�GX�61&��SHXYHQW�SpQpWUHU�GDQV�OH�SDUHQFK\PH��+LFNH\�HW�DO���������&URVV

HW�DO����������/DQQHV�9LHUD�HW�DO����������6WHLQPDQ���������'HV�GRQQpHV�UpFHQWHV�GDQV�OHV�PRGqOHV

G¶($(� LQGLTXHQW� TXH� OHV� /7� DFWLYpV�� PDLV� QRQ� VSpFLILTXHV�� SHXYHQW� IUDQFKLU� OD� %+(� HQ� ODUJH

QRPEUH��%DXHU�HW�DO����������.UDNRZVNL�HW�2ZHQV���������%UDEE�HW�DO����������$LQVL��HQ�DFFRUG�DYHF

FHV�GRQQpHV��OH�UHFUXWHPHQW�VXU�OH�VLWH�LQIODPPDWRLUH�GH�SRSXODWLRQV�GH�/7�XWLOLVDQW�FHUWDLQV�JqQHV

9β�� SHXW� UHIOpWHU� GHV� pYpQHPHQWV� TXL� QH� VRQW� SDV� GLUHFWHPHQW� OLpV� DX� SURFHVVXV� GH

UHFRQQDLVVDQFH� GHV� [pQRDQWLJqQHV�� 7RXWHIRLV�� LOV� FRQWULEXHQW� GH� IDoRQ� DVSpFLILTXH� DX� UHMHW� HQ

SDUWLFLSDQW�DX�SURFHVVXV�GH�'7+��/HKPDQQ�HW�DO����������2Q�QRWHUD�SRXUWDQW�TXH�GH�WHOOHV�FHOOXOHV

SRXUUDLHQW� QH� FRQVHUYHU� TX¶XQ� SKpQRW\SH� LPPDWXUH�� FDU� HOOHV� Q¶H[SULPHUDLHQW� SDV� GH� WUDQVFULWV

VSpFLILDQW�OHV�F\WRNLQHV�LQIODPPDWRLUHV��.UDNRZVNL�HW�2ZHQV���������1RXV�VDYRQV�TXH�OHV�FHOOXOHV

7� SHXYHQW� SpQpWUHU� GDQV� OH� SDUHQFK\PH�� JUkFH� j� OD� VLPSOH� SUpVHQFH� GH�PROpFXOHV� G¶DGKpVLRQ

QRXYHOOHPHQW� IRUPpHV�HW� OD�SURGXFWLRQ� ORFDOH�GH�FKLPLRNLQHV� �2ZHQV�HW�DO��� �������)OXJHO�HW� DO��

�������XQ�HQYLURQQHPHQW�SUR�LQIODPPDWRLUH�TXL�HVW�SUpVHQW�ORUV�GX�UHMHW�GH�[pQRJUHIIHV�QHXURQDOHV

�&I�� 5pVXOWDWV� ���� $LQVL�� O¶HQWUpH� GHV� FHOOXOHV� 7� ©�E\�VWDQGHU�ª� VHUDLW� IDFLOLWpH� SDU� OD� SpQpWUDWLRQ

SUpDODEOH�GHV�FHOOXOHV�7�VSpFLILTXHV�GH�O¶LQIODPPDWLRQ��6NXQGULF�HW�DO���������

6L�OD�SUpVHQFH�GH�QRPEUHXVHV�DOWpUDWLRQV�DX�VHLQ�GHV�GLIIpUHQWHV�IDPLOOHV�9β�UHIOqWH�OD�PXOWLSOLFLWp

GHV�DQWLJqQHV��HOOH�Q¶H[FOXW� SDV�QRQ�SOXV�XQ�SKpQRPqQH��©�G¶pSLWRSH�VSUHDGLQJ�ª�GpMj�GpFULW� DX

FRXUV� GH� OD� SURJUHVVLRQ� G¶($(� RX� G¶HQFpSKDOLWH� YLUDOH� �/HKPDQQ� HW� DO��� ������� %DUWHQ� HW� DO��

�������0F5DH�HW�DO����������0LOOHU�HW�DO����������/LQ�HW�DO����������&H�SKpQRPqQH�FRUUHVSRQG�j�XQH

DFFXPXODWLRQ�GH�PXWDWLRQV� QRWDPPHQW� GDQV� OHV�JqQHV�9β� GHV� O\PSKRF\WHV� LQILOWUDQWV��'H� WHOOHV

PXWDWLRQV� PRGLILHQW� OH� VSHFWUH� GH� UHFRQQDLVVDQFH� GX� 7&5� HW� SHXYHQW� IDYRULVHU� O¶H[SDQVLRQ� GH

FHUWDLQV�O\PSKRF\WHV��&HWWH�pYROXWLRQ�GX�UpSHUWRLUH�VRXOqYH�OH�SUREOqPH�GH�OD�SUpVHQWDWLRQ�ORFDOH

GHV�DQWLJqQHV�GDQV�OH�61&��,O�VH�SRXUUDLW��HQ�HIIHW��TXH�GDQV�XQ�FRQWH[WH�SUR�LQIODPPDWRLUH��GHV

FHOOXOHV��LVVXHV�SDU�H[HPSOH�GH�OD�PLFURJOLH��SXLVVHQW�VH�FRPSRUWHU�FRPPH�GHV�$3&��HW�SURYRTXHU
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O¶H[SDQVLRQ�GH�SRSXODWLRQV�pYHQWXHOOHPHQW�GLIIpUHQWHV�SDU� OHXU�VSpFLILFLWp�GH�FHOOHV�TXL� LQILOWUHQW� OH

JUHIIRQ�

8Q�OLHQ�ORFR�UpJLRQDO�DYHF�OH�V\VWqPH�LPPXQ�SpULSKpULTXH�

6L� OD� YRLH� GH� SUpVHQWDWLRQ� GLUHFWH� D� pWp� pYRTXpH� GDQV� OH� SURFHVVXV� GH� UHMHW� GH� [pQRJUHIIHV

QHXURQDOHV��HOOH�Q¶HVW�SUREDEOHPHQW�SDV�OD�SOXV�LPSRUWDQWH�GX�UHMHW��'XDQ�HW�DO����������������(Q

HIIHW�� FRQWUDLUHPHQW� DX[� DOORDQWLJqQHV�� OH� SURFHVVXV� GH� UHFRQQDLVVDQFH� GHV� [pQRDQWLJqQHV

V¶HIIHFWXH�SULQFLSDOHPHQW�SDU�OD�YRLH�LQGLUHFWH��&HFL�VHUDLW�G��j�OD�IDLEOH�IUpTXHQFH�GH�FHOOXOHV�7�GX

UHFHYHXU� TXL� SHXYHQW� UpSRQGUH� j� XQH� SUpVHQWDWLRQ� DQWLJpQLTXHV� GDQV� OH� FRQWH[WH� GH� &0+

[pQRJpQLTXHV��'H�QRPEUHXVHV�pWXGHV�pYRTXHQW�OH�GUDLQDJH�GHV�DQWLJqQHV�GHSXLV�OH�61&�YHUV�OHV

RUJDQHV� O\PSKRwGHV�VHFRQGDLUHV� �%UDGEXU\�HW� DO�������� ��<DPDGD�HW� DO��� �������&VHUU� HW�.QRSI�

�������.LGD�HW�DO����������,O�Q¶HVW�SDV�FODLU�SRXU�O¶LQVWDQW�VL�O¶DQWLJqQH�HVW�GUDLQp�j�O¶pWDW�VROXEOH��RX

SURFHVVp�SDU�GHV�$3&��SDU�H[HPSOH� UpVLGHQWHV�GDQV� OHV� WLVVXV� DYRLVLQDQW� OH� SDUHQFK\PH� �SRXU

UHYXH��� $ORLVL� HW� DO��� ������� 3DVKHQNRY� HW� DO��� ������� &HSHQGDQW�� LO� VHPEOH� TXH� VHORQ� OH� VLWH

G¶LPSODQWDWLRQ� GHV� DQWLJqQHV� GDQV� OH� 61&�� FHUWDLQV� VLWHV� O\PSKRwGHV� VRLHQW� SULYLOpJLpV�� $LQVL�

O¶DGPLQLVWUDWLRQ�G¶DQWLJqQHV�GDQV�OH�/&5�RX�OD�[pQRWUDQVSODQWDWLRQ�LQWUDYHQWULFXODLUH��LPSOLTXHQW�OD

UDWH�HW�OHV�JDQJOLRQV�GX�FRX��+RFKZDOG�HW�DO����������:LGQHU�HW�DO����������DORUV�TXH�O¶LQMHFWLRQ�GDQV

OH�SDUHQFK\PH�FpUpEUDO�SULYLOpJLH�OHV�JDQJOLRQV�O\PSKDWLTXHV�FHUYLFDX[�SURIRQGV��%UDGEXU\�HW�DO��

�������+DUOLQJ�%HUJ�HW�DO����������.QRSI�HW�DO����������1L�HW�DO����������'DQV�OH�SUpVHQW�WUDYDLO��QRXV

PHWWRQV�HQ�pYLGHQFH�OD�SUpVHQFH�G¶XQ�UpSHUWRLUH�GRQW�OD�GLVWULEXWLRQ�JDXVVLHQQH�GHV�ORQJXHXUV�GH

&'5��HVW�WUqV�DOWpUpH�GDQV�OHV�/7�GHV�'&/1��GH�IDoRQ�VLPXOWDQpH�j�O¶LQILOWUDWLRQ�O\PSKRF\WDLUH�GH

OD� JUHIIH� LQWUDVWULDWDOH��$� O¶LQYHUVH�� OH� SURILO� GH� OD� GLVWULEXWLRQ� GHV� ORQJXHXUV� GX�&'5��GHV� /7� GX

VDQJ�HW�GH�OD�UDWH�GHPHXUH�JDXVVLHQ��/H�U{OH�GHV�'&/1�HVW�PLV�HQ�pYLGHQFH�GDQV�GH�QRPEUHX[

GpVRUGUHV�GX�&16��QRWDPPHQW�GDQV�OD�6(3��'H9RV�HW�DO���������RX�O¶($(��3KLOLSSV�HW�DO��������

HW�GDQV�OH�FDGUH�GH�WXPHXUV�FpUpEUDOHV��2NDPRWR�HW�DO�����������8QH�O\PSKDGpQHFWRPLH�FHUYLFDOH

HVW� GpFULWH� FRPPH� UpGXLVDQW� OD� VpYpULWp� GH� O¶($(� �3KLOOLSSV� HW� DO��� ������� RX� DXJPHQWH� OH� GpODL

G¶LQILOWUDWLRQ�GHV�/7��TXL�SURYLHQQHQW�DORUV�GH�OD�UDWH��2NDPRWR�HW�DO����������,O�HVW�SRVVLEOH�G¶LQGXLUH

XQ� SKpQRPqQH� GH� WROpUDQFH� VXLWH� j� O¶LQMHFWLRQ� LQWUDFpUpEUDOH� G¶XQ� [pQRDQWLJqQH�� FRPPH

O¶RYDOEXPLQH�� &H� SKpQRPqQH� LPSOLTXH� DXVVL� OHV� '&/1�� 8QH� UpSRQVH� LPPXQH� HVW� UDSLGHPHQW
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HQFOHQFKpH� FRQWUH� FH� [pQRDQWLJqQH�� SHUPHWWDQW� XQ� SKpQRPqQH� GH� '7+� HQ� FDV� GH� UDSSHO�� HW

SURYRTXH�O¶pPHUJHQFH�G¶DQWLFRUSV��'H�WHOOHV�UpSRQVHV�VRQW�DEVHQWHV�DSUqV�DEODWLRQ�GHV�JDQJOLRQV

RX� DSUqV� WUDQVIHUW� GH� WROpUDQFH� SDU� OHV� /7� LVVXV� GH� FHV� PrPHV� JDQJOLRQV�� $� OµLQYHUVH�� XQH

VSOpQHFWRPLH�Q¶DOWqUH�SDV�FHV�SKpQRPqQHV��:HQNHO�HW�DO���������

3RXUWDQW��QRWUH�pWXGH�PRQWUH�TXH�OH�SURILO�GX�UpSHUWRLUH�O\PSKRF\WDLUH�REVHUYp�GDQV�OHV�'&/1�QH

VH�VXSHUSRVH�SDV�j�FHOXL� UHWURXYp�GDQV� O¶LQILOWUDW� GX�JUHIIRQ��8QH�DFWLYDWLRQ� VpTXHQWLHOOH� GDQV� OH

WHPSV� SRXUUDLW� H[SOLTXHU� FH� SKpQRPqQH��� OH� SURILO� GH� O¶LQILOWUDW� O\PSKRF\WDLUH� REVHUYp� GDQV� OHV

VWULDWD�FRUUHVSRQGUDLW�SHXW�rWUH�j�XQH�VWLPXODWLRQ�DQWpULHXUH�GHV�/7�GDQV�OHV�'&/1��'¶DXWUH�SDUW�

QRXV�DYRQV�YX�SUpFpGHPPHQW�TX¶XQ�ODUJH�UpSHUWRLUH��VSpFLILTXH�RX�QRQ��SHXW�rWUH�PRELOLVp�VXU�OH

VLWH�LQIODPPDWRLUH��6L�OH�UHFUXWHPHQW�GH�7�DVSpFLILTXHV�HW�XQH�GLVSHUVLRQ�pSLWRSLTXH�H[LVWHQW��LO�HVW

IRUW�SUREDEOH�TXH�O¶HQYLURQQHPHQW�SDUWLFXOLHU�GX�61&�HW�QRWDPPHQW�OHV�F\WRNLQHV�SUpVHQWHV�SXLVVH

IDLUH�pYROXHU� OD�VWUXFWXUH�PROpFXODLUH�GX�7&5�GHV�O\PSKRF\WHV� LVVXV�GH� OD�SpULSKpULH��/DXQRLV�HW

DO��� ������� 5pFHPPHQW�� :HLVVHUW� HW� FROO�� RQW� REVHUYp� GDQV� XQ� PRGqOH� G¶($(� LQGXLWH� SDU

O¶DGPLQLVWUDWLRQ�GH�02*��TXH�OD�UpSRQVH�LPPXQH�GDQV�OHV�WLVVXV�O\PSKRwGHV�HVW�GLIIpUHQWH�GH�FHOOH

REVHUYpH�GDQV�OHV�OpVLRQV��,OV�VXJJqUHQW�TXH�VL�SOXVLHXUV�/7�VSpFLILTXHV�G¶XQ�SHSWLGH�SHXYHQW�rWUH

REVHUYpV�DX�FRXUV�G¶XQH�($(��F¶HVW�HVVHQWLHOOHPHQW� OD�UpSRQVH�VXU� OH�VLWH� LQIODPPDWRLUH�TXL�GRLW

SULPHU��:HLVVHUW�HW�DO���������

&HV� GRQQpHV� HW� QRV� UpVXOWDWV� DQWpULHXUV� VXJJqUHQW� TXH� OH� UHFUXWHPHQW� O\PSKRF\WDLUH� HVW� ODUJH�

YDULp� HW� PHQp� GDQV� XQ� FRQWH[WH� SURLQIODPPDWRLUH�� /D� SUpVHQFH� G¶,/��� HW� GH� VRQ� UpFHSWHXU�

VXJJqUHQW� HQFRUH� XQH� DPSOLILFDWLRQ� ORFDOH� GH� OD� UpSRQVH� O\PSKRF\WDLUH�� 0DOJUp� OHV� GRQQpHV

UpFHQWHV� GH� -XHGHV� HW� 5XGGOH� ������� TXL� VXJJqUHQW� TXH� GDQV� OH� 61&�� OHV� /7� SURGXLUDLHQW

SUpIpUHQWLHOOHPHQW� GHV� F\WRNLQHV� VDQV� TX¶LOV� SUROLIqUHQW�� XQH� DPSOLILFDWLRQ� SRXUUDLW� QpDQPRLQV� VH

IDLUH�DX�VHLQ�GH�QRXYHOOHV�VWUXFWXUHV��DSSDUHQWpHV�j�XQH�QpRJpQqVH�GH�WLVVX�O\PSKRwGH�ULFKH�HQ

FKLPLRNLQHV��3ULQHDV���������5DLQH�HW�DO����������&RORPER�HW�DO����������3DVKHQNRY�HW�DO���������

$LQVL��OD�UpSRQVH�DX[�[pQRJUHIIHV�QHXURQDOHV�VHQVLELOLVH�OHV�RUJDQHV�O\PSKRwGHV�ORFDX[��PDLV�QH

SDUDLW�SDV� LPSOLTXHU� OH� UHVWH�GX�V\VWqPH� LPPXQLWDLUH��GpPRQWUDQW�j�QRXYHDX�XQH�FDUDFWpULVWLTXH

SURSUH�GX�61&�



��

1RXV� DYRQV� YX� TXH� OH� UHMHW� GH� [pQRJUHIIHV� QHXURQDOHV� VH� SURGXLW� VXLWH� j� XQH� LQILOWUDWLRQ

O\PSKRF\WDLUH�PDVVLYH� GX� JUHIIRQ� GDQV� XQ� FRQWH[WH� SURLQIODPPDWRLUH� GH� W\SH�7K��� 1RXV� DYRQV

REVHUYp�XQH�DVVH]�JUDQGH�YDULpWp�G¶XVDJH�GHV� ORQJXHXUV�GX�9β� GX�&'5��GH�FHV� O\PSKRF\WHV�

&HSHQGDQW��OD�UpSRQVH�LPPXQH�Q¶HVW�REVHUYDEOH�TXH�GDQV�OHV�UpJLRQV�SURFKHV�GH�OD�JUHIIH�

�� /LPLWHU�ORFDOHPHQW�OHV�UpDFWLRQV�LQIODPPDWRLUHV���

/H�UHMHW�GH�[pQRJUHIIH�HVW�ODUJHPHQW�PpGLp�SDU�GHV�/7��3RXUWDQW��OH�WDX[�GH�VXUYLH�GHV�[pQRJUHIIHV

QHXURQDOHV�VRXV�PRQRWKpUDSLH�GH�&V$�Q¶HVW�TXH�GH����j������3DN]DEDQ�HW�,VDFVRQ���������&H

FKLIIUH� SHXW� rWUH� DXJPHQWp� SDU� O¶DMRXW� FRPELQp� G¶DXWUHV� LPPXQRVXSSUHVVHXUV�� 'HV� FRFNWDLOV� j

IRUWHV�GRVHV�GH�SOXVLHXUV� LPPXQRVXSSUHVVHXUV� �PXOWL�WKpUDSLH���&V$�� WDFUROLPXV��P\FRSKHQRODWH

PRIHWLO�� PHWK\OSUHGQLVRORQH�� D]DWKLRSULQH��� DGGLWLRQQpV� RX� QRQ� G¶DQWLFRUSV� PRQRFORQDX[� GLULJpV

FRQWUH�OH�FRPSOpPHQW�RQW�PRQWUp�OHXU�HIILFDFLWp�GDQV�OD�VXUYLH�G¶XQH�[pQRJUHIIH�PXULQH�RX�SRUFLQH

LPSODQWpH�UHVSHFWLYHPHQW�FKH]�OH�UDW�RX�OH�SULPDWH��:HQQEHUJ�HW�DO����������&LFFKHWWL�HW�DO���������

7RXWHIRLV�� GHV� WUDLWHPHQWV� LPPXQRVXSSUHVVHXUV� j� IRUWHV� GRVHV� ULVTXHQW� G¶HQWUDvQHU� GHV� HIIHWV

LQGpVLUDEOHV� HQ� FOLQLTXH�� HW� GHV� UHFKHUFKHV� XOWpULHXUHV� VRQW� QpFHVVDLUHV� SRXU� GpWHUPLQHU� VL

FHUWDLQHV�FRPELQDLVRQV�G¶LPPXQRVXSSUHVVHXUV��SDU�H[HPSOH�&V$���UDSDP\FLQH��SHXYHQW� LQGXLUH

XQ�pWDW�GH� WROpUDQFH��FRPPH�F¶HVW� OH�FDV�SRXU� O¶DOORWUDQVSODQWDWLRQ�GH� WLVVXV�SpULSKpULTXHV� �3RXU

UHYXH���/L�HW�DO���������

8QH� YRLH� FRPSOpPHQWDLUH� FRQVLVWH� j� OLPLWHU� O¶LPPXQRJpQLFLWp� GHV� FHOOXOHV� GX� GRQQHXU�� /D

GHVWUXFWLRQ�GHV�FHOOXOHV�H[SULPDQWV�GH�IRUWV� WDX[�GH� O¶pSLWRSH�*DO�α����*DO�UHYLHQW�j�pOLPLQHU� OHV

FHOOXOHV� PLFURJOLDOHV� RX� HQGRWKpOLDOHV� SUpVHQWHV� GDQV� OHV� VXVSHQVLRQV� GH� QHXURQHV� I°WDX[

SRUFLQV��8Q� WHO� WUDLWHPHQW�SHXW�rWUH� HIIHFWXp� DYDQW� WUDQVSODQWDWLRQ�� HQ� H[SRVDQW� OHV� VXVSHQVLRQV

FHOOXODLUHV�j�GHV�DQWLFRUSV�QDWXUHOV�GLULJpV�FRQWUH�O¶pSLWRSH�*DO�α����*DO�HW�RX�OH�FRPSOpPHQW��'H

WHOV�WUDLWHPHQWV�QH�IRQW�TXH�UDOHQWLU�OH�SURFHVVXV�GH�UHMHW�DSUqV�LPSODQWDWLRQ�GDQV�OH�FHUYHDX�GX�UDW

�%UHYLJ�HW�DO����������/H�UHMHW�GH�WHOOHV�FHOOXOHV�SDU�OH�FHUYHDX�KXPDLQ�HVW�GRQF�WUqV�SUREDEOH��2Q



��

SHXW� GRQF� HVWLPHU� TXH� OHV� VWUDWpJLHV� G¶LPPXQRVXSSUHVVLRQ� GHYURQW�� j� O¶DYHQLU�� FLEOHU� SOXV

SDUWLFXOLqUHPHQW� OHV� FRPSRVDQWV� O\PSKRF\WDLUHV� DX� QLYHDX� GX� JUHIIRQ�� 8QH� SHUVSHFWLYH

HQYLVDJHDEOH� HVW� OD� PDQLSXODWLRQ� GHV� FRPSRVDQWV� FHOOXODLUHV� GHV� [pQRJUHIIHV� SRUFLQHV� SRXU

DFFURvWUH�OHXU�SRWHQWLHO�LPPXQRVXSSUHVVHXU��8QH�YRLH�GH�EORFDJH�VSpFLILTXH�GH�O¶DFWLYDWLRQ�GHV�/7

HVW�FHOOH�GHV�PROpFXOHV�GH�FRVWLPXODWLRQ��/µLQWHUDFWLRQ�&'���%��HVW�SDUWLFXOLqUHPHQW� LQWpUHVVDQWH

FDU�HOOH�HVW� OD�YRLH�GH�FRVWLPXODWLRQ�PDMHXUH�GH� O¶DFWLYDWLRQ�GHV�FHOOXOHV�7�&'����HW�VRQ� LQKLELWLRQ

SURYRTXH� OHXU� DQHUJLH� �7DQ�HW� DO��� �������8Q� WHO� EORFDJH�SHXW�rWUH� HIIHFWXp� JUkFH� j� OD�PROpFXOH

FKLPpULTXH�VROXEOH�&7/$��,J��/D�SDUWLH�&7/$���HQ�VH� OLDQW�DX� UpFHSWHXU�%��GHV�$3&��HPSrFKH

WRXWH�LQWHUDFWLRQ�HQWUH�FH�UpFHSWHXU�HW�OD�PROpFXOH�&'���H[SULPpH�SDU�OHV�/7��/D�SDUWLH�,J�VWDELOLVH

OD�SURWpLQH�FKLPpULTXH��2Q�VDLW�TXH�O¶DGPLQLVWUDWLRQ�V\VWpPLTXH�GH�FHWWH�PROpFXOH�IDYRULVH�OD�VXUYLH

GH�[pQRJUHIIHV�G¶vORWV�SDQFUpDWLTXHV��/HKQHUW�HW�DO���������RX�G¶XQH�[pQRJUHIIH�QHXURQDOH��/DUVVRQ

HW�DO���������

&HSHQGDQW��OD�SURGXFWLRQ�GH�OD�PROpFXOH�&7/$��,J�GDQV�OH�WLVVX�TXL�IDLW�O¶REMHW�G¶XQ�SURFHVVXV�GH

UHMHW�SDUDvW�SOXV�HIILFDFH�TX¶XQH�DSSOLFDWLRQ�V\VWpPLTXH��&¶HVW�OH�FDV�G¶DOORJUHIIHV�FDUGLDTXHV��PDLV

DXVVL�GH�O¶($(��'DQV�O¶XQ�HW� O¶DXWUH�FDV�� O¶HPSORL�GH�YHFWHXUV�DGpQRYLUDX[�SURGXLVDQW� OD�PROpFXOH

FKLPpULTXH�D�XQH�DFWLRQ�LPPXQRVXSSUHVVLYH�V¶LOV�VRQW�LQMHFWpV�GDQV�OH�F°XU�RX�GDQV�OH�FHUYHDX�

UHVSHFWLYHPHQW�� SOXW{W� TXH� GDQV� OD� FLUFXODWLRQ� RX� XQ� WLVVX� QRQ� UHOHYDQW� �&UR[IRUG� HW� DO��� ������

*XLOORW�HW�DO����������/L�HW�DO���������

'DQV� GHV� H[SpULHQFHV� SUpOLPLQDLUHV� GH� QRWUH� pTXLSH� �&�� 0DUWLQ� HW� '�� /DSODXG�� UpVXOWDWV� QRQ

SXEOLpV���QRXV�DYRQV�FKHUFKp�j�PRGLILHU�JpQpWLTXHPHQW�GHV�FHOOXOHV�DYDQW�JUHIIH�GDQV�OH�FHUYHDX�

j� O¶DLGH� GH� YHFWHXUV� DGpQRYLUDX[� FRGDQWV� SRXU� OD� PROpFXOH� &7/$��,J�� 1RXV� Q¶DYRQV

PDOKHXUHXVHPHQW�SDV�REWHQX�GH�UpVXOWDWV�SUREDQWV��SHXW�rWUH�j�FDXVH�GX�FDUDFWqUH�LPPXQRJqQH

SURSUH�GH�O¶DGpQRYLUXV��3RXU�V¶DIIUDQFKLU�GH�FHWWH�FRPSOLFDWLRQ�HW�GHV�GLIILFXOWpV�GH�WUDQVIHFWLRQ�GHV

QHXURQHV�� XQH� QRXYHOOH� VWUDWpJLH� HVW� HQ� FRXUV� GH� GpYHORSSHPHQW�� (OOH� FRQVLVWH� j� JpQpUHU� GHV

SRUFV�WUDQVJpQLTXHV�H[SULPDQW�OD�PROpFXOH�GH�IXVLRQ�&7/$��,J�VRXV�OH�FRQWU{OH�GX�SURPRWHXU��GH

O¶pQRODVH� QHXURQH� VSpFLILTXH�� /HV� UpVXOWDWV� DFWXHOV� VRQW� HQFRXUDJHDQWV� SXLVTX¶LO� VHPEOH� TXH� OH

WUDQVJqQH� SXLVVH� V¶H[SULPHU� GDQV� OH� FHUYHDX� I°WDO� GqV� O¶kJH� GH� ��� MRXU�� HW� O¶LQWpUrW� GH� FHWWH

DSSURFKH�VHUD�FRQQXH�GDQV�OHV�PRLV�j�YHQLU�



��

• � /HV�QRXYHOOHV�VRXUFHV�FHOOXODLUHV��

'H� QRXYHOOHV� SRVVLELOLWpV� G¶DSSRUW� GH� FHOOXOHV� SURGXFWULFHV� GH� GRSDPLQH� VRQW� HQ� SOHLQ

GpYHORSSHPHQW�� FRPPH� OH� UHFRXUV� DX[� FHOOXOHV� VRXFKHV�� pYHQWXHOOHPHQW� JpQpWLTXHPHQW

PRGLILpHV�� (Q� HIIHW�� OD� FXOWXUH� GH� FHOOXOHV� VRXFKHV� QHXUDOHV� KXPDLQHV� HVW� SRVVLEOH� j� SDUWLU� GH

FHUYHDX� I°WDO� RX�GH�FHUWDLQHV�DLUHV�GX� FHUYHDX�DGXOWH��(OOHV� SUROLIqUHQW� LQ� YLWUR� HQ� SUpVHQFH�GH

)*)���RX�G¶(*)��SRXU�UHYXH���7DXSLQ�HW�*DJH���������,VDFVRQ�HW�DO����������'H�FH�IDLW��FHV�VRXUFHV

FHOOXODLUHV�SDUDLVVHQW�GLVSRQLEOHV�HQ�TXDQWLWpV� LPSRUWDQWHV��&HSHQGDQW��HOOHV� UHVWHQW�GHV�FHOOXOHV

LPPDWXUHV�� GRQW� OH� SURFHVVXV� GH� GLIIpUHQFLDWLRQ� HQ� FHOOXOHV� GRSDPLQHUJLTXHV� UHVWH� HQFRUH

GLIILFLOHPHQW� PDvWULVDEOH�� 'H� QRPEUHXVHV� pWXGHV� VRQW� DFWXHOOHPHQW� HQ� FRXUV� SRXU� LQGXLUH� OH

SKpQRW\SH� GRSDPLQHUJLTXH�� SDU� DMRXW� GH� GLIIpUHQWHV� F\WRNLQHV�� SDU� PRGLILFDWLRQ� GH� OD� SUHVVLRQ

SDUWLHOOH�G¶R[\JqQH�RX�SDU�PRGLILFDWLRQ�JpQpWLTXH�SDU�DSSRUW�GH�JqQHV�UpJXODWHXUV� WHOV�TXH�QXUU�

�3RWWHU� HW� DO��� ������ 9DQ� GHU� .RR\� HW�:HLVV�� ������� 6WXGHU� HW� DO��� ������� 'HV� pWXGHV� UpFHQWHV

PRQWUHQW�TX¶XQH�IUDFWLRQ�SOXV�RX�PRLQV�LPSRUWDQWH�GH�FHOOXOHV�SHXYHQW�VH�GLIIpUHQFLHU�HQ�QHXURQHV

IRQFWLRQQHOV�DSUqV�LPSODQWDWLRQ�GDQV�OH�FHUYHDX�GH�UDWV�KpPLSDUNLQVRQLHQV��%MRUNOXQG�HW�DO���������

.LP�HW�DO����������&HSHQGDQW�O¶XWLOLVDWLRQ�GH�FHV�FHOOXOHV�HVW�j�GRXEOH�WUDQFKDQW���OH�IDLW�GH�SRXYRLU

GLVSRVHU� GH� TXDQWLWpV� LOOLPLWpHV� GH� FHOOXOHV� LPSOLTXH� TX¶HOOHV� RQW� XQ� SRWHQWLHO� WXPRULJqQH� QRQ

QpJOLJHDEOH��/HV�PXOWLSOHV�SURSULpWpV�GHV�FHOOXOHV�VRXFKHV�UHVWHQW�HQFRUH�j�FRQWU{OHU�DYDQW� OHXUV

DSSOLFDWLRQV�HQ�FOLQLTXH�

• � 0LHX[�FRPSUHQGUH�OHV�UpDFWLRQV�LQIODPPDWRLUH�GDQV�OH�61&�

/D� PLFURJOLH� HVW� OD� FOp� GHV� LQWHUDFWLRQV� LPPXQRORJLTXHV�� &HV� FHOOXOHV� HQFRUH� PDO� FRQQXHV�

H[HUFHQW� XQ� U{OH� HVVHQWLHO� GDQV� OH� PDLQWLHQ� GH� O¶KRPpRVWDVLH� GX� FHUYHDX�� /HXUV� SURSULpWpV

FRPSOH[HV��TXH�QRXV�DYRQV�EULqYHPHQW�H[DPLQpHV�GDQV�O¶,QWURGXFWLRQ�GH�FH�WUDYDLO��IRQW�TXH�FHV

FHOOXOHV��TXLHVFHQWHV�GDQV�XQ�FHUYHDX�VDLQ��VRQW�FDSDEOHV�GH�GLIIpUHQWV�GHJUpV�G¶DFWLYDWLRQ�� OHXU

SHUPHWWDQW� G¶H[HUFHU� OHXUV� DFWLRQV� QHXURSURWHFWULFHV� IDFH� j� GHV� DJUHVVLRQV� GLUHFWHV�� /HXU

LQWHUDFWLRQ�DYHF�OHV�/7�UHVWH�WUqV�PDO�FRQQXH��SXLVTXH�GHV�UpVXOWDWV�DSSDUHPPHQW�FRQWUDGLFWRLUHV



���

OHV�SUpVHQWHQW�WDQW{W�FRPPH�pOpPHQWV�DWWpQXDWHXUV��WDQW{W�FRPPH�GHV�$3&�FDSDEOHV�G¶DFWLYDWLRQ

VHFRQGDLUH�GHV�/7��VLQRQ�PrPH�SULPDLUH��4XHOV�VRQW�OHV�pYpQHPHQWV�TXL��GLULJH�OD�PLFURJOLH�YHUV

XQH� UpSRQVH� QHXURSURWHFWULFH� RX� LQIODPPDWRLUH�"� 4XHO� SKpQRPqQH� GpWHUPLQH� XQH� UpDFWLRQ

LPPXQH� LQQpH� RX� VSpFLILTXH�"� 'DQV� O¶HVSRLU� GH� PLHX[� FRPSUHQGUH� OHV� PpFDQLVPHV� TXL

SRWHQWLDOLVHQW� SUpIpUHQWLHOOHPHQW� XQH� UpSRQVH� VSpFLILTXH� YLV� j� YLV� G¶XQH� UpSRQVH� LQQpH� HW�RX

QHXURSURWHFWULFH��XQH�JUDQGH�DWWHQWLRQ�GRLW�rWUH�SRUWpH�DX[�PpFDQLVPHV�G¶DFWLYDWLRQ�PLFURJOLDOH�HW

DX[� PpFDQLVPHV� GH� SUpVHQWDWLRQ� DQWLJpQLTXH� TXL� SHXYHQW� HQ� GpFRXOHU�� 3DUPL� OHV� SULQFLSDX[

VLJQDX[�PLFURJOLDX[�DFWLYpV�ORUV�GH�O¶LQIODPPDWLRQ��VH�WURXYHQW�OH�UpFHSWHXU�75(0���GRQW�OH�GHJUp

G¶H[SUHVVLRQ�SRXUUDLW�MRXHU�XQ�U{OH�GDQV�O¶RULHQWDWLRQ�GH�OD�UpSRQVH�LPPXQH��6FKPLGW�HW�DO���������

&HWWH�K\SRWKqVH�FRQVWLWXHUD�OD�EDVH�GH�PRQ�VWDJH�SRVW�GRFWRUDO�FKH]�OH�'U�0�-��&DUVRQ���6FULSSV

5HVHDUFK� ,QVWLWXWH�� /D� -ROOD��&$��86$���8QH�PHLOOHXUH� FRPSUpKHQVLRQ� GH� OD� SK\VLRORJLH� GH� FHV

FHOOXOHV� SHUPHWWUD� SUREDEOHPHQW� GH� GpILQLU� GH� QRXYHOOHV� VWUDWpJLHV� G¶LPPXQRVXSSUHVVLRQ

XWLOLVDEOHV�HQ�[pQRWUDQVSODQWDWLRQ�GDQV�OH�61&�



���

$NL\DPD� +�� DQG� 0F*HHU� 3�� /�� ������� %UDLQ� PLFURJOLD� FRQVWLWXWLYHO\� H[SUHVV� EHWD��� LQWHJULQV�� -

1HXURLPPXQRO������������

$NL\DPD� +��� ,WDJDNL� 6��� DQG� 0F*HHU� 3�� /�� ������� 0DMRU� KLVWRFRPSDWLELOLW\� FRPSOH[

DQWLJHQ�H[SUHVVLRQ�RQ�UDW�PLFURJOLD�IROORZLQJ�HSLGXUDO�NDLQLF�DFLG�OHVLRQV��-�1HXURVFL�5HV�

������������

$OEULJKW�$��9���6KLHK�-��7��� ,WRK�7���/HH�%���3OHDVXUH�'���2
&RQQRU�0��-���'RPV�5��:��

DQG� *RQ]DOH]�6FDUDQR� )�� ������� 0LFURJOLD� H[SUHVV� &&5��� &;&5��� DQG� &&5��� EXW� RI

WKHVH�� &&5�� LV� WKH� SULQFLSDO� FRUHFHSWRU� IRU� KXPDQ� LPPXQRGHILFLHQF\� YLUXV� W\SH� �

GHPHQWLD�LVRODWHV��-�9LURO��������������



���

$OHPGDU�$��<���%DNHU�.��$���6DGL�'���0F$OLVWHU�9��&���DQG�0HQGH]�,���������/LSRVRPDO�WDFUROLPXV

DGPLQLVWHUHG�V\VWHPLFDOO\�DQG�ZLWKLQ�WKH�GRQRU�FHOO�VXVSHQVLRQ�LPSURYHV�[HQRJUDIW�VXUYLYDO�LQ

KHPLSDUNLQVRQLDQ�UDWV��([S�1HXURO���������������

$OOW�*��DQG�/DZUHQVRQ�-��*�� �������3HULF\WHV��FHOO�ELRORJ\�DQG�SDWKRORJ\��&HOOV�7LVVXHV�2UJDQV�

����������

$ORLVL�)���3HQQD�*���&HUDVH�-���0HQHQGH]� ,JOHVLDV�%���DQG�$GRULQL�/�� ������� ,/����SURGXFWLRQ�E\

FHQWUDO�QHUYRXV�V\VWHP�PLFURJOLD�LV�LQKLELWHG�E\�DVWURF\WHV��-�,PPXQRO�����������������

$ORLVL�)���5LD�)���DQG�$GRULQL�/���������5HJXODWLRQ�RI�7�FHOO�UHVSRQVHV�E\�&16�DQWLJHQ�SUHVHQWLQJ

FHOOV��GLIIHUHQW�UROHV�IRU�PLFURJOLD�DQG�DVWURF\WHV��,PPXQRO�7RGD\��������������

$ORLVL�)���������,PPXQH�IXQFWLRQ�RI�PLFURJOLD��*OLD��������������

$ORLVL� )���$PEURVLQL�(���&ROXPED�&DEH]DV�6���0DJOLR]]L�5��� DQG�6HUDILQL� %�� ������� ,QWUDFHUHEUDO

UHJXODWLRQ�RI�LPPXQH�UHVSRQVHV��$QQ�0HG��������������

$OW�)��:���2OW]�(��0���<RXQJ�)���*RUPDQ�-���7DFFLROL�*���DQG�&KHQ�-�� �������9'-�UHFRPELQDWLRQ�

,PPXQRO�7RGD\��������������

$QGHUVVRQ� 3�� %��� 3HUU\� 9�� +��� DQG� *RUGRQ� 6�� ������� 7KH� DFXWH� LQIODPPDWRU\� UHVSRQVH� WR

OLSRSRO\VDFFKDULGH�LQ�&16�SDUHQFK\PD�GLIIHUV�IURP�WKDW�LQ�RWKHU�ERG\�WLVVXHV��1HXURVFLHQFH�

������������

$QGMHONRYLF� $�� 9�� DQG� 3DFKWHU� -�� 6�� ������� &HQWUDO� QHUYRXV� V\VWHP� HQGRWKHOLXP� LQ

QHXURLQIODPPDWRU\��QHXURLQIHFWLRXV��DQG�QHXURGHJHQHUDWLYH�GLVHDVH��-�1HXURVFL�5HV����������

����

$QJHORY�'��1���1HLVV�:��)���6WUHSSHO�0���:DOWKHU�0���*XQWLQDV�/LFKLXV�2���DQG�6WHQQHUW�(��������

('��SRVLWLYH� SHULYDVFXODU� FHOOV� DFW� DV� QHXURQRSKDJHV� GXULQJ� GHOD\HG� QHXURQDO� ORVV� LQ� WKH

IDFLDO�QXFOHXV�RI�WKH�UDW��*OLD��������������

$QWHO� -�� DQG� 3UDW� $�� ������� $QWLJHQ� DQG� VXSHUDQWLJHQ� SUHVHQWDWLRQ� LQ� WKH� KXPDQ� &16�� -

1HXURLPPXQRO���������������

$QWKRQ\�'��&���%ROWRQ�6��-���)HDUQ�6���DQG�3HUU\�9��+���������$JH�UHODWHG�HIIHFWV�RI� LQWHUOHXNLQ��

EHWD�RQ�SRO\PRUSKRQXFOHDU�QHXWURSKLO�GHSHQGHQW�LQFUHDVHV�LQ�EORRG�EUDLQ�EDUULHU�SHUPHDELOLW\

LQ�UDWV��%UDLQ��������3W�������������

$UFKHORV�-��-���3UHYLWDOL�6��&���DQG�+DUWXQJ�+��3���������7KH�UROH�RI�LQWHJULQV�LQ�LPPXQH�PHGLDWHG

GLVHDVHV�RI�WKH�QHUYRXV�V\VWHP��7UHQGV�1HXURVFL������������

$UYLHX[� -��� <VVHO� +��� DQG�&RORPE�0��*�� ������� $QWLJHQ�ERXQG�&�E� DQG� &�E� HQKDQFH� DQWLJHQ�

SUHVHQWLQJ�FHOO�IXQFWLRQ�LQ�DFWLYDWLRQ�RI�KXPDQ�7�FHOO�FORQHV��,PPXQRORJ\��������������



���

$UYLQ�%���1HYLOOH� /�� )���%DURQH�)��&��� DQG�)HXHUVWHLQ�*��=�� �������7KH� UROH� RI� LQIODPPDWLRQ� DQG

F\WRNLQHV�LQ�EUDLQ�LQMXU\��1HXURVFL�%LREHKDY�5HY��������������

$XIIUD\�&��DQG�5RXJHRQ�)���������3XULILFDWLRQ�RI�PRXVH�LPPXQRJOREXOLQ�KHDY\�FKDLQ�PHVVHQJHU

51$V�IURP�WRWDO�P\HORPD�WXPRU�51$��(XU�-�%LRFKHP���������������

$XVW\Q�-��0���������1HZ�LQVLJKWV�LQWR�WKH�PRELOL]DWLRQ�DQG�SKDJRF\WLF�DFWLYLW\�RI�GHQGULWLF�FHOOV��-

([S�0HG�����������������

%DEEH�+���5RHUV�$���:DLVPDQ�$���/DVVPDQQ�+���*RHEHOV�1���+RKOIHOG�5���)ULHVH�0���6FKURGHU�5��

'HFNHUW�0���6FKPLGW�6��� 5DYLG�5��� DQG�5DMHZVN\�.�� �������&ORQDO� H[SDQVLRQV� RI�&'�����7

FHOOV� GRPLQDWH� WKH� 7� FHOO� LQILOWUDWH� LQ� DFWLYH� PXOWLSOH� VFOHURVLV� OHVLRQV� DV� VKRZQ� E\

PLFURPDQLSXODWLRQ�DQG�VLQJOH�FHOO�SRO\PHUDVH�FKDLQ�UHDFWLRQ��-�([S�0HG���������������

%DJJLROLQL�0���'HZDOG�%���DQG�0RVHU�%�� ������� ,QWHUOHXNLQ���DQG� UHODWHG�FKHPRWDFWLF� F\WRNLQHV��

&;&�DQG�&&�FKHPRNLQHV��$GY�,PPXQRO�������������

%DODEDQRY�5��DQG�'RUH�'XII\�3���������5ROH�RI�WKH�&16�PLFURYDVFXODU�SHULF\WH�LQ�WKH�EORRG�EUDLQ

EDUULHU��-�1HXURVFL�5HV��������������

%DQDWL�5��%���*HKUPDQQ�-���6FKXEHUW�3��� DQG�.UHXW]EHUJ�*��:�� �������&\WRWR[LFLW\� RI�PLFURJOLD�

*OLD�������������

%DQFKHUHDX�-��DQG�6WHLQPDQ�5��0���������'HQGULWLF�FHOOV�DQG�WKH�FRQWURO�RI�LPPXQLW\��1DWXUH������

��������

%DUDQ]LQL�6��(���(OIVWURP�&���&KDQJ�6��<���%XWXQRL�&���0XUUD\�5���+LJXFKL�5���DQG�2NVHQEHUJ�-��5�

�������7UDQVFULSWLRQDO�DQDO\VLV�RI�PXOWLSOH�VFOHURVLV�EUDLQ�OHVLRQV�UHYHDOV�D�FRPSOH[�SDWWHUQ�RI

F\WRNLQH�H[SUHVVLRQ��-�,PPXQRO�����������������

%DUFOD\�$��1���:ULJKW�*�� -���%URRNH�*��� DQG�%URZQ�0��+�� �������&'����DQG�PHPEUDQH�SURWHLQ

LQWHUDFWLRQV�LQ�WKH�FRQWURO�RI�P\HORLG�FHOOV��7UHQGV�,PPXQRO��������������

%DUNDWV�0���1DNDR�1���*UDVERQ�)URGO�(��0���%LODQJ�%OHXHO�$���5HYDK�)���0DOOHW�-���DQG�%UXQGLQ�3�

�������,QWUDVWULDWDO�JUDIWV�RI�HPEU\RQLF�PHVHQFHSKDOLF� UDW�QHXURQV�JHQHWLFDOO\�PRGLILHG�XVLQJ

DQ�DGHQRYLUXV�HQFRGLQJ�KXPDQ�&X�=Q�VXSHUR[LGH�GLVPXWDVH��1HXURVFLHQFH��������������

%DUNHU�&��)��DQG�%LOOLQJKDP�5��(���������,PPXQRORJLFDOO\�SULYLOHJHG�VLWHV��$GY�,PPXQRO�����������

%DUNHU�5��DQG�'XQQHWW�6���������7KH�ELRORJ\�DQG�EHKDYLRXU�RI�LQWUDFHUHEUDO�DGUHQDO�WUDQVSODQWV�LQ

DQLPDOV�DQG�PDQ��5HY�1HXURVFL�������������

%DUNHU� 5�� $��� 5DWFOLIIH� (��� 0F/DXJKOLQ� 0��� 5LFKDUGV� $��� DQG� 'XQQHWW� 6�� %�� ������� $� UROH� IRU

FRPSOHPHQW� LQ� WKH� UHMHFWLRQ� RI� SRUFLQH� YHQWUDO� PHVHQFHSKDOLF� [HQRJUDIWV� LQ� D� UDW� PRGHO� RI

3DUNLQVRQ
V�GLVHDVH��-�1HXURVFL����������������
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%DUQXP�6��5���������&RPSOHPHQW�ELRV\QWKHVLV� LQ� WKH�FHQWUDO�QHUYRXV�V\VWHP��&ULW�5HY�2UDO�%LRO

0HG�������������

%DURQ� -�� /��� 0DGUL� -�� $��� 5XGGOH� 1�� +��� +DVKLP� *��� DQG� -DQHZD\� &�� $��� -U�� ������� 6XUIDFH

H[SUHVVLRQ�RI�DOSKD���LQWHJULQ�E\�&'��7�FHOOV�LV�UHTXLUHG�IRU�WKHLU�HQWU\�LQWR�EUDLQ�SDUHQFK\PD�

-�([S�0HG�������������

%DUWHQ�'��0���&ODUN�5��%���DQG�5XGGOH�1��+���������3UHVHQFH�RI�7�FHOOV�ZLWK�DFWLYDWHG�DQG�PHPRU\

SKHQRW\SHV�LQ�LQIODPPDWRU\�VSLQDO�FRUG�OHVLRQV��-�,PPXQRO�����������������

%DXHU�-���%UDGO�0���+LFNOH\�:��)���)RUVV�3HWWHU�6���%UHLWVFKRSI�+���/LQLQJWRQ�&���:HNHUOH�+���DQG

/DVVPDQQ�+���������7�FHOO�DSRSWRVLV�LQ�LQIODPPDWRU\�EUDLQ�OHVLRQV��GHVWUXFWLRQ�RI�7�FHOOV�GRHV

QRW�GHSHQG�RQ�DQWLJHQ�UHFRJQLWLRQ��$P�-�3DWKRO���������������

%HFKHU�%���)HGRURZLF]�9���DQG�$QWHO�-��3���������5HJXODWLRQ�RI�&'���H[SUHVVLRQ�RQ�KXPDQ�DGXOW

FHQWUDO�QHUYRXV�V\VWHP�GHULYHG�PLFURJOLD��-�1HXURVFL�5HV��������������

%HFKPDQQ�,���0RU�*���1LOVHQ�-���(OL]D�0���1LWVFK�5���DQG�1DIWROLQ�)���������)DV/��&'��/��$SR�/��LV

H[SUHVVHG�LQ�WKH�QRUPDO�UDW�DQG�KXPDQ�EUDLQ��HYLGHQFH�IRU�WKH�H[LVWHQFH�RI�DQ�LPPXQRORJLFDO

EUDLQ�EDUULHU��*OLD������������

%HFKPDQQ� ,�� DQG� 1LWVFK� 5�� ������� 3ODVWLFLW\� IROORZLQJ� OHVLRQ�� KHOS� DQG� KDUP� IURP� WKH� LPPXQH

V\VWHP��5HVWRU�1HXURO�1HXURVFL��������������

%HOO�0��'���/RSH]�*RQ]DOH]�5���/DZVRQ�/���+XJKHV�'���)UDVHU�,���*RUGRQ�6���DQG�3HUU\�9��+��������

8SUHJXODWLRQ�RI�WKH�PDFURSKDJH�VFDYHQJHU�UHFHSWRU�LQ�UHVSRQVH�WR�GLIIHUHQW�IRUPV�RI�LQMXU\�LQ

WKH�&16��-�1HXURF\WRO��������������

%HOO� 0�� '��� 7DXE� '�� '��� DQG� 3HUU\� 9�� +�� ������� 2YHUULGLQJ� WKH� EUDLQ
V� LQWULQVLF� UHVLVWDQFH� WR

OHXNRF\WH� UHFUXLWPHQW� ZLWK� LQWUDSDUHQFK\PDO� LQMHFWLRQV� RI� UHFRPELQDQW� FKHPRNLQHV�

1HXURVFLHQFH��������������

%HQYHQLVWH� (�� 1�� ������� &\WRNLQHV�� LQIOXHQFH� RQ� JOLDO� FHOO� JHQH� H[SUHVVLRQ� DQG� IXQFWLRQ�� &KHP

,PPXQRO������������

%HQYHQLVWH�(��1���������&\WRNLQH�DFWLRQV� LQ�WKH�FHQWUDO�QHUYRXV�V\VWHP��&\WRNLQH�*URZWK�)DFWRU

5HY�������������

%HWDUEHW�5���6KHUHU�7��%���0DF.HQ]LH�*���*DUFLD�2VXQD�0���3DQRY�$��9���DQG�*UHHQDP\UH�-��7�

�������&KURQLF�V\VWHPLF�SHVWLFLGH�H[SRVXUH�UHSURGXFHV�IHDWXUHV�RI�3DUNLQVRQ
V�GLVHDVH��1DW

1HXURVFL���������������

%LODQJ�%OHXHO� $��� 5HYDK� )��� &ROLQ� 3��� /RFTXHW� ,��� 5REHUW� -�� -���0DOOHW� -��� DQG�+RUHOORX� 3�� ������

,QWUDVWULDWDO� LQMHFWLRQ� RI� DQ� DGHQRYLUDO� YHFWRU� H[SUHVVLQJ� JOLDO�FHOO�OLQH�GHULYHG� QHXURWURSKLF
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IDFWRU�SUHYHQWV�GRSDPLQHUJLF�QHXURQ�GHJHQHUDWLRQ�DQG�EHKDYLRUDO� LPSDLUPHQW� LQ�D�UDW�PRGHO

RI�3DUNLQVRQ�GLVHDVH��3URF�1DWO�$FDG�6FL�8�6�$����������������

%MRUNOXQG� $�� DQG� 6WHQHYL� 8�� ������� 5HFRQVWUXFWLRQ� RI� WKH� QLJURVWULDWDO� GRSDPLQH� SDWKZD\� E\

LQWUDFHUHEUDO�QLJUDO�WUDQVSODQWV��%UDLQ�5HV���������������

%MRUNOXQG�$���6WHQHYL�8���'XQQHWW�6��%���DQG�*DJH�)��+���������&URVV�VSHFLHV�QHXUDO�JUDIWLQJ�LQ�D

UDW�PRGHO�RI�3DUNLQVRQ
V�GLVHDVH��1DWXUH���������������

%MRUNOXQG� $��� .LULN� '��� 5RVHQEODG� &��� *HRUJLHYVND� %��� /XQGEHUJ� &��� DQG� 0DQGHO� 5�� -�� ������

7RZDUGV�D�QHXURSURWHFWLYH�JHQH�WKHUDS\�IRU�3DUNLQVRQ
V�GLVHDVH��XVH�RI�DGHQRYLUXV��$$9�DQG

OHQWLYLUXV� YHFWRUV� IRU� JHQH� WUDQVIHU� RI�*'1)� WR� WKH�QLJURVWULDWDO� V\VWHP� LQ� WKH� UDW� 3DUNLQVRQ

PRGHO��%UDLQ�5HV�������������

%MRUNOXQG� $�� DQG� /LQGYDOO� 2�� ������� &HOO� UHSODFHPHQW� WKHUDSLHV� IRU� FHQWUDO� QHUYRXV� V\VWHP

GLVRUGHUV��1DW�1HXURVFL�������������

%MRUNOXQG� /�� 0��� 6DQFKH]�3HUQDXWH� 5��� &KXQJ� 6��� $QGHUVVRQ� 7��� &KHQ� ,�� <��� 0F1DXJKW� .�� 6��

%URZQHOO� $�� /��� -HQNLQV�%��*���:DKOHVWHGW�&���.LP�.�� 6��� DQG� ,VDFVRQ�2�� ������� (PEU\RQLF

VWHP�FHOOV�GHYHORS� LQWR� IXQFWLRQDO�GRSDPLQHUJLF�QHXURQV�DIWHU� WUDQVSODQWDWLRQ� LQ�D�3DUNLQVRQ

UDW�PRGHO��3URF�1DWO�$FDG�6FL�8�6�$����������������

%ODORFN�-��(���������3URGXFWLRQ�RI�SHSWLGH�KRUPRQHV�DQG�QHXURWUDQVPLWWHUV�E\�WKH�LPPXQH�V\VWHP�

&KHP�,PPXQRO�����������

%R�/���3HWHUVRQ�-��:���0RUN�6���+RIIPDQ�3��$���*DOODWLQ�:��0���5DQVRKRII�5��0���DQG�7UDSS�%��'�

������� 'LVWULEXWLRQ� RI� LPPXQRJOREXOLQ� VXSHUIDPLO\�PHPEHUV� ,&$0���� ���� ���� DQG� WKH� EHWD� �

LQWHJULQ�/)$���LQ�PXOWLSOH�VFOHURVLV�OHVLRQV��-�1HXURSDWKRO�([S�1HXURO����������������

%RGGHNH�(��:���0HLJHO�,���)UHQW]HO�6���*RXUPDOD�1��*���+DUULVRQ�-��.���%XWWLQL�0���6SOHLVV�2���DQG

*HELFNH�+DUWHU�3���������&XOWXUHG�UDW�PLFURJOLD�H[SUHVV�IXQFWLRQDO�EHWD�FKHPRNLQH�UHFHSWRUV�

-�1HXURLPPXQRO��������������

%ROWRQ�6��-���$QWKRQ\�'��&���DQG�3HUU\�9��+���������/RVV�RI�WKH�WLJKW�MXQFWLRQ�SURWHLQV�RFFOXGLQ�DQG

]RQXOD�RFFOXGHQV���IURP�FHUHEUDO�YDVFXODU�HQGRWKHOLXP�GXULQJ�QHXWURSKLO�LQGXFHG�EORRG�EUDLQ

EDUULHU�EUHDNGRZQ�LQ�YLYR��1HXURVFLHQFH����������������

%ROWRQ� 6�� -�� DQG� 3HUU\� 9�� +�� ������� 'LIIHUHQWLDO� EORRG�EUDLQ� EDUULHU� EUHDNGRZQ� DQG� OHXFRF\WH

UHFUXLWPHQW�IROORZLQJ�H[FLWRWR[LF�OHVLRQV�LQ�MXYHQLOH�DQG�DGXOW�UDWV��([S�1HXURO���������������

%RUORQJDQ� &�� 9�� DQG� 6DQEHUJ� 3�� 5�� ������� 1HXUDO� WUDQVSODQWDWLRQ� IRU� WUHDWPHQW� RI� 3DUNLQVRQ
V

GLVHDVH��'UXJ�'LVFRY�7RGD\�������������
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%RUORQJDQ�&��9���6WDKO�&��(���)XMLVDNL�7���6DQEHUJ�3��5���DQG�:DWDQDEH�6���������&\FORVSRULQH�$�

LQGXFHG�K\SHUDFWLYLW\� LQ� UDWV�� LV� LW�PHGLDWHG�E\� LPPXQRVXSSUHVVLRQ��QHXURWURSKLVP��RU�ERWK"

&HOO�7UDQVSODQW�������������

%RXOWRQ� 0��� )OHVVQHU� 0��� $UPVWURQJ� '��� +D\� -��� DQG� -RKQVWRQ� 0�� ������� 'HWHUPLQDWLRQ� RI

YROXPHWULF�FHUHEURVSLQDO�IOXLG�DEVRUSWLRQ�LQWR�H[WUDFUDQLDO� O\PSKDWLFV� LQ�VKHHS��$P�-�3K\VLRO�

�����5������

%RYHQ� /�� $��� 0RQWDJQH� /��� 1RWWHW� +�� 6��� DQG� 'H� *URRW� &�� -�� ������� 0DFURSKDJH� LQIODPPDWRU\

SURWHLQ��DOSKD��0,3��DOSKD���0,3��EHWD��DQG�5$17(6�P51$�VHPLTXDQWLILFDWLRQ�DQG�SURWHLQ

H[SUHVVLRQ� LQ� DFWLYH� GHP\HOLQDWLQJ�PXOWLSOH� VFOHURVLV� �06�� OHVLRQV�� &OLQ� ([S� ,PPXQRO�� ����

��������

%UDEE�7��� YRQ�'DVVRZ�3���2UGRQH]�1��� 6FKQDEHO� %��� 'XNH� %��� DQG�*RYHUPDQ� -�� ������� ,Q� VLWX

WROHUDQFH�ZLWKLQ� WKH�FHQWUDO�QHUYRXV�V\VWHP�DV�D�PHFKDQLVP�IRU�SUHYHQWLQJ�DXWRLPPXQLW\�� -

([S�0HG���������������

%UDGEXU\�0��:���&VHUU�+��)���DQG�:HVWURS�5��-�� �������'UDLQDJH�RI�FHUHEUDO� LQWHUVWLWLDO� IOXLG� LQWR

GHHS�FHUYLFDO�O\PSK�RI�WKH�UDEELW��$P�-�3K\VLRO�������)��������

%UHLPHU�0�� (�� ������� 3K\VLRORJLF� LQFRPSDWLELOLWLHV� LQ� GLVFRUGDQW� [HQRWUDQVSODQWDWLRQ�� 7UDQVSODQW

3URF��������������

%UHYLJ�7���3HGHUVHQ�(��%���.ULVWHQVHQ�7���DQG�=LPPHU�-���������3UROLIHUDWLYH�UHVSRQVH�RI�KXPDQ�7

O\PSKRF\WHV�WR�SRUFLQH�IHWDO�EUDLQ�FHOOV��&HOO�7UDQVSODQW�������������

%UHYLJ� 7��� .ULVWHQVHQ� 7��� DQG� =LPPHU� -�� ������� ([SUHVVLRQ� RI� PDMRU� KLVWRFRPSDWLELOLW\� FRPSOH[

DQWLJHQV�DQG� LQGXFWLRQ�RI�KXPDQ�7�O\PSKRF\WH�SUROLIHUDWLRQ�E\�DVWURF\WHV�DQG�PDFURSKDJHV

IURP�SRUFLQH�IHWDO�EUDLQ��([S�1HXURO���������������

%UHYLJ�7���0H\HU�0���.ULVWHQVHQ�7���=LPPHU�-���DQG�+ROJHUVVRQ�-�� �������;HQRWUDQVSODQWDWLRQ�IRU

EUDLQ� UHSDLU�� UHGXFWLRQ� RI� SRUFLQH� GRQRU� WLVVXH� LPPXQRJHQLFLW\� E\� WUHDWPHQW� ZLWK� DQWL�*DO

DQWLERGLHV�DQG�FRPSOHPHQW��7UDQVSODQWDWLRQ��������������

%URDGZHOO�5��'���&KDUOWRQ�+��0���(EHUW�3��6���+LFNH\�:��)���6KLUD]L�<���9LOOHJDV�-���DQG�:ROI�$��/�

�������$OORJUDIWV�RI�&16�WLVVXH�SRVVHVV�D�EORRG�EUDLQ�EDUULHU��,,��$QJLRJHQHVLV�LQ�VROLG�WLVVXH

DQG�FHOO�VXVSHQVLRQ�JUDIWV��([S�1HXURO������������

%URRNV� '�� -��� 3LFFLQL� 3��� 7XUMDQVNL� 1��� DQG� 6DPXHO� 0�� ������� 1HXURLPDJLQJ� RI� G\VNLQHVLD�� $QQ

1HXURO������6���������GLVFXVVLRQ�6��������

%URXDUG�6���%ODQFKR�*���0RUHDX�$���+HVODQ�-��0���&XWXUL�0��&���DQG�6RXOLOORX�-��3�� �������/RQJ�

WHUP� VXUYLYDO� RI� KDPVWHU�WR�UDW� FDUGLDF� [HQRJUDIWV� LQ� WKH� DEVHQFH� RI� D� 7K�� VKLIW�

7UDQVSODQWDWLRQ����������������
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%URXVVROOH�(��DQG�7KRERLV�6�� �������*pQpWLTXH�HW� IDFWHXUV� HQYLURQQHPHQWDX[� GH� OD�PDODGLH� GH

3DUNLQVRQ��5HY�1HXURO��3DULV���������6������

%UXQGLQ�3���1LOVVRQ�2��*���*DJH�)��+���DQG�%MRUNOXQG�$���������&\FORVSRULQ�$�LQFUHDVHV�VXUYLYDO�RI

FURVV�VSHFLHV� LQWUDVWULDWDO�JUDIWV�RI�HPEU\RQLF�GRSDPLQH�FRQWDLQLQJ�QHXURQV��([S�%UDLQ�5HV�

������������

%UXQGLQ� 3��� :LGQHU� +��� 1LOVVRQ� 2�� *��� 6WUHFNHU� 5�� (��� DQG� %MRUNOXQG� $�� ������� ,QWUDFHUHEUDO

[HQRJUDIWV�RI�GRSDPLQH�QHXURQV��WKH�UROH�RI� LPPXQRVXSSUHVVLRQ�DQG�WKH�EORRG�EUDLQ�EDUULHU�

([S�%UDLQ�5HV��������������

%UXQGLQ�3���.DUOVVRQ�-���(PJDUG�0���6FKLHUOH�*��6���+DQVVRQ�2���3HWHUVHQ�$���DQG�&DVWLOKR�5��)�

������� ,PSURYLQJ� WKH� VXUYLYDO� RI� JUDIWHG� GRSDPLQHUJLF� QHXURQV�� D� UHYLHZ� RYHU� FXUUHQW

DSSURDFKHV��&HOO�7UDQVSODQW�������������

%XWFKHU�(��&���������/HXNRF\WH�HQGRWKHOLDO�FHOO�UHFRJQLWLRQ��WKUHH��RU�PRUH��VWHSV�WR�VSHFLILFLW\�DQG

GLYHUVLW\��&HOO����������������

&DOYR�&��)���<RVKLPXUD�7���*HOPDQ�0���DQG�0DOODW�0���������3URGXFWLRQ�RI�PRQRF\WH�FKHPRWDFWLF

SURWHLQ���E\�UDW�EUDLQ�PDFURSKDJHV��(XU�-�1HXURVFL���������������

&DQQHOOD� %�� DQG� 5DLQH� &�� 6�� ������� 7KH� DGKHVLRQ� PROHFXOH� DQG� F\WRNLQH� SURILOH� RI� PXOWLSOH

VFOHURVLV�OHVLRQV��$QQ�1HXURO��������������

&DUORV� 7�� 0��� &ODUN� 5�� 6��� )UDQLFROD�+LJJLQV� '��� 6FKLGLQJ� -�� .��� DQG� .RFKDQHN� 3�� 0�� ������

([SUHVVLRQ�RI� HQGRWKHOLDO� DGKHVLRQ�PROHFXOHV� DQG� UHFUXLWPHQW� RI� QHXWURSKLOV� DIWHU� WUDXPDWLF

EUDLQ�LQMXU\�LQ�UDWV��-�/HXNRF�%LRO��������������

&DUULWKHUV� 0�� '��� 9LVLQWLQ� ,��� .DQJ� 6�� -��� DQG� -DQHZD\� &�� $��� -U�� ������� 'LIIHUHQWLDO� DGKHVLRQ

PROHFXOH�UHTXLUHPHQWV�IRU�LPPXQH�VXUYHLOODQFH�DQG�LQIODPPDWRU\�UHFUXLWPHQW��%UDLQ��������3W

��������������

&DUVRQ�0��-���5HLOO\�&��5���6XWFOLIIH�-��*���DQG�/R�'���������0DWXUH�PLFURJOLD�UHVHPEOH� LPPDWXUH

DQWLJHQ�SUHVHQWLQJ�FHOOV��*OLD������������

&DUVRQ�0��-���5HLOO\�&��5���6XWFOLIIH�-��*���DQG�/R�'�������D��'LVSURSRUWLRQDWH�UHFUXLWPHQW�RI�&'��

7�FHOOV�LQWR�WKH�FHQWUDO�QHUYRXV�V\VWHP�E\�SURIHVVLRQDO�DQWLJHQ�SUHVHQWLQJ�FHOOV��$P�-�3DWKRO�

�������������

&DUVRQ� 0�� -��� 6XWFOLIIH� -�� *��� DQG� &DPSEHOO� ,�� /�� �����E�� 0LFURJOLD� VWLPXODWH� QDLYH� 7�FHOO

GLIIHUHQWLDWLRQ�ZLWKRXW�VWLPXODWLQJ�7�FHOO�SUROLIHUDWLRQ��-�1HXURVFL�5HV��������������

&DVK� (��� =KDQJ� <��� DQG� 5RWW� 2�� ������� 0LFURJOLD� SUHVHQW� P\HOLQ� DQWLJHQV� WR� 7� FHOOV� DIWHU

SKDJRF\WRVLV�RI�ROLJRGHQGURF\WHV��&HOO�,PPXQRO���������������
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&DVWLOKR�5��)���+DQVVRQ�2���DQG�%UXQGLQ�3���������).����DQG�F\FORVSRULQ�$�HQKDQFH�WKH�VXUYLYDO

RI�FXOWXUHG�DQG�JUDIWHG�UDW�HPEU\RQLF�GRSDPLQH�QHXURQV��([S�1HXURO��������������

&DWDQLD�$���'HOJDGR�5���$LUDJKL�/���&XWXOL�0���*DURIDOR�/���&DUOLQ�$���'HPLWUL�0��7���DQG�/LSWRQ�-��0�

������� DOSKD�06+� LQ� V\VWHPLF� LQIODPPDWLRQ��&HQWUDO� DQG� SHULSKHUDO� DFWLRQV�� $QQ�1�<�$FDG

6FL���������������

&KDUUHDX�%���&DVVDUG�$���7HVVRQ�/���/H�0DXII�%���1DYHQRW�-��0���%ODQFKDUG�'���/XEOLQ�'���6RXOLOORX

-�� 3��� DQG� $QHJRQ� ,�� ������� 3URWHFWLRQ� RI� UDW� HQGRWKHOLDO� FHOOV� IURP� SULPDWH� FRPSOHPHQW�

PHGLDWHG� O\VLV� E\� H[SUHVVLRQ� RI� KXPDQ� &'��� DQG�RU� GHFD\�DFFHOHUDWLQJ� IDFWRU�

7UDQVSODQWDWLRQ����������������

&KHQ�-��-���6XQ�<���DQG�1DEHO�*��-���������5HJXODWLRQ�RI�WKH�SURLQIODPPDWRU\�HIIHFWV�RI�)DV�OLJDQG

�&'��/���6FLHQFH�����������������

&KHQJ� 3�� &��� 6WHHOH� &�� 5��� *X� /��� 6RQJ� :��� DQG� 3LHUFH� 6�� .�� ������� 0+&� FODVV� ,,� DQWLJHQ

SURFHVVLQJ� LQ�%� FHOOV�� DFFHOHUDWHG� LQWUDFHOOXODU� WDUJHWLQJ� RI� DQWLJHQV�� -� ,PPXQRO�� ����� �����

�����

&KRPF]\QVNL�3��DQG�6DFFKL�1���������6LQJOH�VWHS�PHWKRG�RI�51$� LVRODWLRQ�E\�DFLG�JXDQLGLQLXP

WKLRF\DQDWH�SKHQRO�FKORURIRUP�H[WUDFWLRQ��$QDO�%LRFKHP���������������

&KRSS� 0��� =KDQJ� 5�� /��� &KHQ� +��� /L� <��� -LDQJ� 1��� DQG� 5XVFKH� -�� 5�� ������� 3RVWLVFKHPLF

DGPLQLVWUDWLRQ�RI�DQ�DQWL�0DF���DQWLERG\�UHGXFHV�LVFKHPLF�FHOO�GDPDJH�DIWHU�WUDQVLHQW�PLGGOH

FHUHEUDO�DUWHU\�RFFOXVLRQ�LQ�UDWV��6WURNH���������������GLVFXVVLRQ���������

&KULVWLH�5��+���)UHHPDQ�0��� DQG�+\PDQ�%��7�� �������([SUHVVLRQ� RI� WKH�PDFURSKDJH� VFDYHQJHU

UHFHSWRU��D�PXOWLIXQFWLRQDO� OLSRSURWHLQ�UHFHSWRU�� LQ�PLFURJOLD�DVVRFLDWHG�ZLWK�VHQLOH�SODTXHV� LQ

$O]KHLPHU
V�GLVHDVH��$P�-�3DWKRO���������������

&LFFKHWWL�)���)RGRU�:���'HDFRQ�7��:���9DQ�+RUQH�&���5ROOLQV�6���%XUWRQ�:���&RVWDQWLQL�/��&���DQG

,VDFVRQ� 2�� ������� ,PPXQH� SDUDPHWHUV� UHOHYDQW� WR� QHXUDO� [HQRJUDIW� VXUYLYDO� LQ� WKH� SULPDWH

EUDLQ��;HQRWUDQVSODQWDWLRQ������������

&ODUN� 5�� .��� /HH� (�� 9��� :KLWH� 5�� )��� -RQDN� =�� /��� )HXHUVWHLQ� *�� =��� DQG� %DURQH� )�� &�� ������

5HSHUIXVLRQ� IROORZLQJ� IRFDO� VWURNH� KDVWHQV� LQIODPPDWLRQ� DQG� UHVROXWLRQ� RI� LVFKHPLF� LQMXUHG

WLVVXH��%UDLQ�5HV�%XOO��������������

&ODUNH�'��-���%UXQGLQ�3���6WUHFNHU�5��(���1LOVVRQ�2��*���%MRUNOXQG�$���DQG�/LQGYDOO�2���������+XPDQ

IHWDO�GRSDPLQH�QHXURQV�JUDIWHG�LQ�D�UDW�PRGHO�RI�3DUNLQVRQ
V�GLVHDVH��XOWUDVWUXFWXUDO�HYLGHQFH

IRU� V\QDSVH� IRUPDWLRQ�XVLQJ� W\URVLQH�K\GUR[\ODVH� LPPXQRF\WRFKHPLVWU\��([S�%UDLQ�5HV�� ���

��������



���

&RIILQ� -�� ������� (QGRJHQRXV� UHWURYLUXVHV�� 51$� 7XPRXU� 9LUXVHV�� ,Q�� 5�$��:HLVV�� 1�� 7HLFK�� +�

9DUPXV��DQG�-��&RIILQ��(GV�������������

&RORPER�0��� 'RQR�0��� *D]]ROD� 3��� 5RQFHOOD� 6��� 9DOHWWR� $��� &KLRUD]]L� 1��� 0DQFDUGL� *�� /��� DQG

)HUUDULQL�0���������$FFXPXODWLRQ�RI�FORQDOO\�UHODWHG�%�O\PSKRF\WHV�LQ�WKH�FHUHEURVSLQDO�IOXLG�RI

PXOWLSOH�VFOHURVLV�SDWLHQWV��-�,PPXQRO�����������������

&RVWDQWLQL�/��&���&KDWXUYHGL�3���$UPLVWHDG�'��0���0F&DIIUH\�3��*���'HDFRQ�7��:���DQG�,VDFVRQ�2�

������� $� QRYHO� LPPXQRSKLOLQ� OLJDQG�� GLVWLQFW� EUDQFKLQJ� HIIHFWV� RQ� GRSDPLQHUJLF� QHXURQV� LQ

FXOWXUH� DQG�QHXURWURSKLF� DFWLRQV� DIWHU� RUDO� DGPLQLVWUDWLRQ� LQ� DQ� DQLPDO�PRGHO� RI� 3DUNLQVRQ
V

GLVHDVH��1HXURELRO�'LV������������

&RVWDQWLQL�/��&��DQG�,VDFVRQ�2���������1HXURLPPXQRSKLOLQ�OLJDQG�HQKDQFHV�QHXULWH�RXWJURZWK�DQG

HIIHFW�RI�IHWDO�GRSDPLQH�WUDQVSODQWV��1HXURVFLHQFH���������������

&RXWLQKR�*��&���'XULHX�7UDXWPDQQ�2���6WURVEHUJ�$��'���DQG�&RXUDXG�3��2���������&DWHFKRODPLQHV

VWLPXODWH� WKH� ,)1�JDPPD�LQGXFHG� FODVV� ,,� 0+&� H[SUHVVLRQ� RQ� ERYLQH� EUDLQ� FDSLOODU\

HQGRWKHOLDO�FHOOV��-�,PPXQRO�����������������

&URVV�$��+���&DQQHOOD�%���%URVQDQ�&��)���DQG�5DLQH�&��6�� �������+\SRWKHVLV�� DQWLJHQ�VSHFLILF�7

FHOOV� SULPH� FHQWUDO� QHUYRXV� V\VWHP� HQGRWKHOLXP� IRU� UHFUXLWPHQW� RI� QRQVSHFLILF� LQIODPPDWRU\

FHOOV�WR�HIIHFW�DXWRLPPXQH�GHP\HOLQDWLRQ��-�1HXURLPPXQRO��������������

&URVV� $�� +��� 7URWWHU� -�� /��� DQG� /\RQV� -�� ������� %� FHOOV� DQG� DQWLERGLHV� LQ� &16� GHP\HOLQDWLQJ

GLVHDVH��-�1HXURLPPXQRO������������

&UR[IRUG�-��/���2¶1HLO�-��.���$OL�5��5���%URZQH�.���%\UQHV�$��3���'DOOPDQ�0��-���:RRG�0�

-��� )HGOPDQQ�0��� DQG� %DNHU� '�� ������� /RFDO� JHQH� WKHUDS\� ZLWK� &7/$��LPPXQRJOREXOLQ

IXVLRQ�SURWHLQ�LQ�H[SHULPHQWDO�DOOHUJLF�HQFHSKDORP\HOLWLV��(XU�-�,PPXQRO����������������



���

&VHUU� +�� )�� DQG� .QRSI� 3�� 0�� ������� &HUYLFDO� O\PSKDWLFV�� WKH� EORRG�EUDLQ� EDUULHU� DQG� WKH

LPPXQRUHDFWLYLW\�RI�WKH�EUDLQ��D�QHZ�YLHZ��,PPXQRO�7RGD\��������������

&XPEHUEDWFK� 0��� )LHOGLQJ� ,��� DQG� .LPEHU� ,�� ������� 0RGXODWLRQ� RI� HSLGHUPDO� /DQJHUKDQV
� FHOO

IUHTXHQF\�E\�WXPRXU�QHFURVLV�IDFWRU�DOSKD��,PPXQRORJ\��������������

&XVKLQJ� 6�� '��� %HUOLQHU� -�� $��� 9DOHQWH� $�� -��� 7HUULWR� 0�� &��� 1DYDE� 0��� 3DUKDPL� )��� *HUULW\� 5��

6FKZDUW]�&��-���DQG�)RJHOPDQ�$��0���������0LQLPDOO\�PRGLILHG�ORZ�GHQVLW\�OLSRSURWHLQ�LQGXFHV

PRQRF\WH�FKHPRWDFWLF�SURWHLQ���LQ�KXPDQ�HQGRWKHOLDO�FHOOV�DQG�VPRRWK�PXVFOH�FHOOV��3URF�1DWO

$FDG�6FL�8�6�$����������������

&XVKLQJ� 6�� '�� DQG� )RJHOPDQ� $�� 0�� ������� 0RQRF\WHV� PD\� DPSOLI\� WKHLU� UHFUXLWPHQW� LQWR

LQIODPPDWRU\�OHVLRQV�E\�LQGXFLQJ�PRQRF\WH�FKHPRWDFWLF�SURWHLQ��$UWHULRVFOHU�7KURPE���������

���

&]HFK� .�� $��� 5\DQ� -��:��� 6DJHQ� -��� DQG� 3DSSDV�*�� '�� ������� 7KH� LQIOXHQFH� RI� [HQRWUDQVSODQW

LPPXQRJHQLFLW\�DQG�LPPXQRVXSSUHVVLRQ�RQ�KRVW�0+&�H[SUHVVLRQ�LQ�WKH�UDW�&16��([S�1HXURO�

�����������

'DOPDVVR�$��3��DQG�3ODWW�-��/���������3UHYHQWLRQ�RI�FRPSOHPHQW�PHGLDWHG�DFWLYDWLRQ�RI�[HQRJHQHLF

HQGRWKHOLDO� FHOOV� LQ� DQ� LQ� YLWUR� PRGHO� RI� [HQRJUDIW� K\SHUDFXWH� UHMHFWLRQ� E\� &�� LQKLELWRU�

7UDQVSODQWDWLRQ����������������

'DQLORII�-��.���/RZ�:��&���%RGRQ\�5��3���DQG�:HOOV�-���������&URVV�VSHFLHV�QHXUDO� WUDQVSODQWV�RI

HPEU\RQLF�VHSWDO�QXFOHL�WR�WKH�KLSSRFDPSDO�IRUPDWLRQ�RI�DGXOW�UDWV��([S�%UDLQ�5HV������������

'DWH�,��DQG�2KPRWR�7���������1HXUDO�WUDQVSODQWDWLRQ�IRU�3DUNLQVRQ
V�GLVHDVH��&HOO�0RO�1HXURELRO�

����������

'DWH� ,��� 6KLQJR� 7��� <RVKLGD� +��� )XMLZDUD� .��� .RED\DVKL� .��� DQG� 2KPRWR� 7�� ������� *UDIWLQJ� RI

HQFDSVXODWHG�GRSDPLQH�VHFUHWLQJ�FHOOV� LQ�3DUNLQVRQ
V�GLVHDVH�� ORQJ�WHUP�SULPDWH�VWXG\��&HOO

7UDQVSODQW�������������

'DYLGVRQ� +�� :�� DQG� :DWWV� &�� ������� (SLWRSH�GLUHFWHG� SURFHVVLQJ� RI� VSHFLILF� DQWLJHQ� E\� %

O\PSKRF\WHV��-�&HOO�%LRO�������������

'H� 6DLQW�9LV� %��� )XJLHU�9LYLHU� ,��� 0DVVDFULHU� &��� *DLOODUG� &��� 9DQEHUYOLHW� %��� $LW�<DKLD� 6��

%DQFKHUHDX�-���/LX�<��-���/HEHFTXH�6���DQG�&DX[�&���������7KH�F\WRNLQH�SURILOH�H[SUHVVHG�E\

KXPDQ�GHQGULWLF�FHOOV� LV�GHSHQGHQW�RQ�FHOO�VXEW\SH�DQG�PRGH�RI�DFWLYDWLRQ��-� ,PPXQRO������

����������

'H�6LPRQH�5���*LDPSDROR�$���*LRPHWWR�%���*DOOR�3���/HYL�*���3HVFKOH�&���DQG�$ORLVL�)���������7KH

FRVWLPXODWRU\�PROHFXOH�%��LV�H[SUHVVHG�RQ�KXPDQ�PLFURJOLD�LQ�FXOWXUH�DQG�LQ�PXOWLSOH�VFOHURVLV

DFXWH�OHVLRQV��-�1HXURSDWKRO�([S�1HXURO��������������



���

'H�9RV�$��)���YDQ�0HXUV�0���%URN�+��3���%RYHQ�/��$���+LQW]HQ�5��4���YDQ�GHU�9DON�3���5DYLG�5��

5HQVLQJ�6���%RRQ�/���W�+DUW�%��$���DQG�/DPDQ�-��'���������7UDQVIHU�RI�FHQWUDO�QHUYRXV�V\VWHP

DXWRDQWLJHQV�DQG�SUHVHQWDWLRQ�LQ�VHFRQGDU\�O\PSKRLG�RUJDQV��-�,PPXQRO�����������������

'HDFRQ�7��� 6FKXPDFKHU� -��� 'LQVPRUH� -��� 7KRPDV�&��� 3DOPHU� 3��� .RWW� 6��� (GJH� $��� 3HQQH\� '��

.DVVLVVLHK�6���'HPSVH\�3���DQG�,VDFVRQ�2���������+LVWRORJLFDO�HYLGHQFH�RI�IHWDO�SLJ�QHXUDO�FHOO

VXUYLYDO�DIWHU�WUDQVSODQWDWLRQ�LQWR�D�SDWLHQW�ZLWK�3DUNLQVRQ
V�GLVHDVH��1DW�0HG�������������

'HDFRQ� 7��� :KDWOH\� %��� /H%ODQF� &��� /LQ� /��� DQG� ,VDFVRQ� 2�� ������� 3LJ� IHWDO� VHSWDO� QHXURQV

LPSODQWHG�LQWR�WKH�KLSSRFDPSXV�RI�DJHG�RU�FKROLQHUJLF�GHDIIHUHQWHG�UDWV�JURZ�D[RQV�DQG�IRUP

FURVV�VSHFLHV�V\QDSVHV�LQ�DSSURSULDWH�WDUJHW�UHJLRQV��&HOO�7UDQVSODQW�������������

'HIHU�*��/���*HQ\�&���5LFROIL�)���)HQHORQ�*���0RQIRUW�-��&���5HP\�3���9LOODIDQH�*���-HQ\�5���6DPVRQ

<���.HUDYHO�<���*DVWRQ�$���'HJRV�-��'���3HVFKDQVNL�0���&HVDUR�3���DQG�1JX\HQ�-��3��������

/RQJ�WHUP� RXWFRPH� RI� XQLODWHUDOO\� WUDQVSODQWHG� SDUNLQVRQLDQ� SDWLHQWV�� ,�� &OLQLFDO� DSSURDFK�

%UDLQ��������3W�����������

'HOJDGR�0���/HFHWD�-���DQG�*DQHD�'���������9DVRDFWLYH�LQWHVWLQDO�SHSWLGH�DQG�SLWXLWDU\�DGHQ\ODWH

F\FODVH�DFWLYDWLQJ�SRO\SHSWLGH�SURPRWH� LQ�YLYR�JHQHUDWLRQ�RI�PHPRU\�7K��FHOOV��)DVHE�-�����

����������

'HPSVH\� 3��:��� $OOLVRQ� 0�� (��� $NNDUDMX� 6��� *RRGQRZ� &�� &��� DQG� )HDURQ� '�� 7�� ������� &�G� RI

FRPSOHPHQW�DV�D�PROHFXODU�DGMXYDQW�� EULGJLQJ� LQQDWH� DQG�DFTXLUHG� LPPXQLW\��6FLHQFH�� ����

��������

'HQLV�'RQLQL�6���*ORZLQVNL�-���DQG�3URFKLDQW]�$���������*OLDO�KHWHURJHQHLW\�PD\�GHILQH�WKH�WKUHH�

GLPHQVLRQDO�VKDSH�RI�PRXVH�PHVHQFHSKDOLF�GRSDPLQHUJLF�QHXURQHV��1DWXUH���������������

'REEHUWLQ� $��� 6FKPLG� 3��� *HOPDQ� 0��� *ORZLQVNL� -��� DQG� 0DOODW� 0�� ������� 1HXURQV� SURPRWH

PDFURSKDJH�SUROLIHUDWLRQ�E\�SURGXFLQJ�WUDQVIRUPLQJ�JURZWK�IDFWRU�EHWD���-�1HXURVFL�����������

�����

'RSS� -��0��� %UHQHPDQ� 6��0��� DQG�2OVFKRZND� -�� $�� ������� ([SUHVVLRQ� RI� ,&$0���� 9&$0���� /�

VHOHFWLQ�� DQG� OHXNRVLDOLQ� LQ� WKH� PRXVH� FHQWUDO� QHUYRXV� V\VWHP� GXULQJ� WKH� LQGXFWLRQ� DQG

UHPLVVLRQ�VWDJHV�RI�H[SHULPHQWDO�DOOHUJLF�HQFHSKDORP\HOLWLV��-�1HXURLPPXQRO��������������

'RXFHW�*���0XUDWD�<���%UXQGLQ�3���%RVOHU�2���0RQV�1���*HIIDUG�0���2XLPHW�&��&���DQG�%MRUNOXQG�$�

�������+RVW�DIIHUHQWV�LQWR�LQWUDVWULDWDO�WUDQVSODQWV�RI�IHWDO�YHQWUDO�PHVHQFHSKDORQ��([S�1HXURO�

����������

'RZOLQJ�3���6KDQJ�*���5DYDO�6���0HQRQQD�-���&RRN�6���DQG�+XVDU�:��������� ,QYROYHPHQW�RI� WKH

&'����$32���)DV��UHFHSWRU�OLJDQG�V\VWHP�LQ�PXOWLSOH�VFOHURVLV�EUDLQ��-�([S�0HG������������

�����



���

'
6RX]D�6��'���%RQHWWL�%���%DODVLQJDP�9���&DVKPDQ�1��5���%DUNHU�3��$���7URXWW�$��%���5DLQH�&��6��

DQG�$QWHO� -��3�� �������0XOWLSOH� VFOHURVLV��)DV�VLJQDOLQJ� LQ�ROLJRGHQGURF\WH� FHOO� GHDWK�� -�([S

0HG�����������������

'XDQ� :�� 0��� :LGQHU� +��� DQG� %UXQGLQ� 3�� ������� 7HPSRUDO� SDWWHUQ� RI� KRVW� UHVSRQVHV� DJDLQVW

LQWUDVWULDWDO�JUDIWV�RI�V\QJHQHLF�� DOORJHQHLF�RU� [HQRJHQHLF�HPEU\RQLF�QHXURQDO� WLVVXH� LQ� UDWV�

([S�%UDLQ�5HV���������������

'XDQ�:��0���%UXQGLQ�3���*UDVERQ�)URGO�(��0���DQG�:LGQHU�+���������0HWK\OSUHGQLVRORQH�SUHYHQWV

UHMHFWLRQ�RI�LQWUDVWULDWDO�JUDIWV�RI�[HQRJHQHLF�HPEU\RQLF�QHXUDO�WLVVXH�LQ�DGXOW�UDWV��%UDLQ�5HV�

�������������

'XDQ�:��0���&DPHURQ�5��0���%UXQGLQ�3���DQG�:LGQHU�+���������5DW� LQWUDVWULDWDO�QHXUDO�DOORJUDIWV

FKDOOHQJHG�ZLWK�VNLQ�DOORJUDIWV�DW�GLIIHUHQW�WLPH�SRLQWV��([S�1HXURO���������������

'XDQ�:��0���:HVWHUPDQ�0���)ORUHV�7���DQG�/RZ�:��&���������6XUYLYDO�RI�LQWUDVWULDWDO�[HQRJUDIWV�RI

YHQWUDO�PHVHQFHSKDOLF�GRSDPLQH�QHXURQV�IURP�0+&�GHILFLHQW�PLFH�WR�DGXOW�UDWV��([S�1HXURO�

�������������

'XDQ�:��0���:HVWHUPDQ�0��$���:RQJ�*���DQG�/RZ�:��&���������5DW�QLJUDO�[HQRJUDIWV�VXUYLYH�LQ

WKH�EUDLQ�RI�0+&�FODVV�,,���EXW�QRW�FODVV�,�GHILFLHQW�PLFH��1HXURVFLHQFH���������������

'XQQHWW� 6�� %�� DQG� %MRUNOXQG� $�� ������� 3URVSHFWV� IRU� QHZ� UHVWRUDWLYH� DQG� QHXURSURWHFWLYH

WUHDWPHQWV�LQ�3DUNLQVRQ
V�GLVHDVH��1DWXUH�������$������

'XVDUW�,��DQG�6FKZDE�0��(���������6HFRQGDU\�FHOO�GHDWK�DQG�WKH�LQIODPPDWRU\�UHDFWLRQ�DIWHU�GRUVDO

KHPLVHFWLRQ�RI�WKH�UDW�VSLQDO�FRUG��(XU�-�1HXURVFL�������������

(EQHW�.���6LPRQ�0��0���DQG�6KDZ�6���������5HJXODWLRQ�RI�FKHPRNLQH�JHQH�H[SUHVVLRQ�LQ�KXPDQ

HQGRWKHOLDO� FHOOV� E\� SURLQIODPPDWRU\� F\WRNLQHV� DQG� %RUUHOLD� EXUJGRUIHUL�� $QQ�1� <� $FDG� 6FL�

�������������

(GDQ�*���0LOOHU� '��� &ODQHW�0��� &RQIDYUHX[�&��� /\RQ�&DHQ�2��� /XEHW]NL� &��� %URFKHW� %��� %HUU\� ,��

5ROODQG�<���)URPHQW�-��&���&DEDQLV�(��� ,ED�=L]HQ�0��7���*DQGRQ�-��0���/DL�+��0���0RVHOH\�,��

DQG� 6DERXUDXG� 2�� ������� 7KHUDSHXWLF� HIIHFW� RI� PLWR[DQWURQH� FRPELQHG� ZLWK

PHWK\OSUHGQLVRORQH� LQ� PXOWLSOH� VFOHURVLV�� D� UDQGRPLVHG� PXOWLFHQWUH� VWXG\� RI� DFWLYH� GLVHDVH

XVLQJ�05,�DQG�FOLQLFDO�FULWHULD��-�1HXURO�1HXURVXUJ�3V\FKLDWU\��������������

(ONDEHV� 6��� 'L&LFFR�%ORRP�(��0��� DQG� %ODFN� ,�� %�� ������� %UDLQ�PLFURJOLD�PDFURSKDJHV� H[SUHVV

QHXURWURSKLQV� WKDW� VHOHFWLYHO\� UHJXODWH� PLFURJOLDO� SUROLIHUDWLRQ� DQG� IXQFWLRQ�� -� 1HXURVFL�� ���

����������

(PJDUG� 0��� .DUOVVRQ� -��� +DQVVRQ� 2��� DQG� %UXQGLQ� 3�� ������� 3DWWHUQV� RI� FHOO� GHDWK� DQG

GRSDPLQHUJLF�QHXURQ�VXUYLYDO�LQ�LQWUDVWULDWDO�QLJUDO�JUDIWV��([S�1HXURO���������������



���

(UGHL�$���6SDHWK�(���$OVHQ]�-���5XGH�(���6FKXO]�7���*HUJHO\�-���DQG�'LHULFK�0��3���������5ROH�RI

&�E� UHFHSWRUV� LQ� WKH� HQKDQFHPHQW� RI� LQWHUOHXNLQ���GHSHQGHQW� 7�FHOO� SUROLIHUDWLRQ�� 0RO

,PPXQRO����������������

(VSHMR�(��)���0RQWRUR�5��-���$UPHQJRO�-��$���DQG�/RSH]�%DUQHR�-�� �������&HOOXODU�DQG�IXQFWLRQDO

UHFRYHU\�RI�3DUNLQVRQLDQ�UDWV�DIWHU�LQWUDVWULDWDO�WUDQVSODQWDWLRQ�RI�FDURWLG�ERG\�FHOO�DJJUHJDWHV�

1HXURQ��������������

)DEU\� =��� 5DLQH�&�� 6��� DQG�+DUW�0�� 1�� ������� 1HUYRXV� WLVVXH� DV� DQ� LPPXQH� FRPSDUWPHQW�� WKH

GLDOHFW�RI�WKH�LPPXQH�UHVSRQVH�LQ�WKH�&16��,PPXQRO�7RGD\��������������

)DEU\�=���7RSKDP�'��-���)HH�'���+HUOHLQ�-���&DUOLQR�-��$���+DUW�0��1���DQG�6ULUDP�6���������7*)�

EHWD���GHFUHDVHV�PLJUDWLRQ�RI�O\PSKRF\WHV�LQ�YLWUR�DQG�KRPLQJ�RI�FHOOV�LQWR�WKH�FHQWUDO�QHUYRXV

V\VWHP�LQ�YLYR��-�,PPXQRO���������������

)DKQ� 6�� DQG� &RKHQ�*�� ������� 7KH� R[LGDQW� VWUHVV� K\SRWKHVLV� LQ� 3DUNLQVRQ
V� GLVHDVH�� HYLGHQFH

VXSSRUWLQJ�LW��$QQ�1HXURO��������������

)HUJXVRQ�7��$���)OHWFKHU�6���+HUQGRQ�-���DQG�*ULIILWK�7��6���������1HXURSHSWLGHV�PRGXODWH�LPPXQH

GHYLDWLRQ�LQGXFHG�YLD�WKH�DQWHULRU�FKDPEHU�RI�WKH�H\H��-�,PPXQRO�����������������

)LQH�-���'XII�-���&KHQ�5���&KLU�%���+XWFKLVRQ�:���/R]DQR�$��0���DQG�/DQJ�$��(���������/RQJ�WHUP

IROORZ�XS�RI�XQLODWHUDO�SDOOLGRWRP\�LQ�DGYDQFHG�3DUNLQVRQ
V�GLVHDVH��1�(QJO�-�0HG������������

�����

)LQN�-��6���6FKXPDFKHU�-��0���(OOLDV�6��/���3DOPHU�(��3���6DLQW�+LODLUH�0���6KDQQRQ�.���3HQQ�5��

6WDUU�3���9DQ+RUQH�&���.RWW�+��6���'HPSVH\�3��.���)LVFKPDQ�$�� -���5DLQHUL�5���0DQKDUW�&��
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+RHN�5��0���5XXOV�6��5���0XUSK\�&��$���:ULJKW�*��-���*RGGDUG�5���=XUDZVNL�6��0���%ORP�%���+RPROD

0��(���6WUHLW�:��-���%URZQ�0��+���%DUFOD\�$��1���DQG�6HGJZLFN�-��'���������'RZQ�UHJXODWLRQ�RI
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UDW��(QGRFULQRORJ\�����������������
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WKH� FHQWUDO� QHUYRXV� V\VWHP� RI� /HZLV� UDWV� ZLWK� H[SHULPHQWDO� DXWRLPPXQH� HQFHSKDORP\HOLWLV�

G\QDPLFV� RI� P51$� H[SUHVVLRQ� IRU� LQWHUOHXNLQ����� LQWHUOHXNLQ����� F\WRO\VLQ�� WXPRU� QHFURVLV

IDFWRU�DOSKD�DQG�WXPRU�QHFURVLV�IDFWRU�EHWD��-�1HXURLPPXQRO��������������

-DQDEL�1���+DX�,���DQG�7DUGLHX�0���������1HJDWLYH�IHHGEDFN�EHWZHHQ�SURVWDJODQGLQ�DQG�DOSKD��DQG

EHWD�FKHPRNLQH� V\QWKHVLV� LQ� KXPDQ�PLFURJOLDO� FHOOV� DQG� DVWURF\WHV�� -� ,PPXQRO�� ����� �����

�����

-HQGURVND�.���2ODVRGH�%��-���'DQLHO�6��(���(OOLRWW�/���2JXQQL\L�$��2���$JKDGLXQR�3��8���2VXQWRNXQ

%��2���DQG�/HHV�$��-���������,QFLGHQWDO�/HZ\�ERG\�GLVHDVH�LQ�EODFN�$IULFDQV��/DQFHW�����������

����

-RKDQVVRQ� 0��� (OOHJUHQ� +��� DQG� $QGHUVVRQ� /�� ������� &RPSDUDWLYH� PDSSLQJ� UHYHDOV� H[WHQVLYH

OLQNDJH� FRQVHUYDWLRQ��EXW�ZLWK� JHQH� RUGHU� UHDUUDQJHPHQWV��EHWZHHQ� WKH� SLJ� DQG� WKH� KXPDQ

JHQRPHV��*HQRPLFV��������������

-RKQVRQ�0��'���*ROG�/�� ,���DQG�0RVHV�+��/�� �������(YLGHQFH� IRU� WUDQVIRUPLQJ�JURZWK� IDFWRU�EHWD

H[SUHVVLRQ�LQ�KXPDQ� OHSWRPHQLQJHDO�FHOOV�DQG�WUDQVIRUPLQJ�JURZWK�IDFWRU�EHWD�OLNH�DFWLYLW\� LQ

KXPDQ�FHUHEURVSLQDO�IOXLG��/DE�,QYHVW��������������

-RKQVRQ�6��$���3DVLQHWWL�*��0���DQG�)LQFK�&��(���������([SUHVVLRQ�RI�FRPSOHPHQW�&�T%�DQG�&�

P51$V�GXULQJ�UDW�EUDLQ�GHYHORSPHQW��%UDLQ�5HV�'HY�%UDLQ�5HV��������������

-RO\�(���0XFNH�/��� DQG�2OGVWRQH�0��%�� �������9LUDO� SHUVLVWHQFH� LQ� QHXURQV� H[SODLQHG�E\� ODFN� RI

PDMRU�KLVWRFRPSDWLELOLW\�FODVV�,�H[SUHVVLRQ��6FLHQFH�����������������

-XHGHV�$��(���+MHOPVWURP�3���%HUJPDQ�&��0���1HLOG�$��/���DQG�5XGGOH�1��+�� �������.LQHWLFV�DQG

FHOOXODU�RULJLQ�RI�F\WRNLQHV� LQ� WKH�FHQWUDO� QHUYRXV�V\VWHP�� LQVLJKW� LQWR�PHFKDQLVPV�RI�P\HOLQ

ROLJRGHQGURF\WH� JO\FRSURWHLQ�LQGXFHG� H[SHULPHQWDO� DXWRLPPXQH� HQFHSKDORP\HOLWLV�� -

,PPXQRO���������������

-XHGHV� $�� (�� DQG� 5XGGOH� 1�� +�� ������� 5HVLGHQW� DQG� LQILOWUDWLQJ� FHQWUDO� QHUYRXV� V\VWHP� $3&V

UHJXODWH� WKH� HPHUJHQFH� DQG� UHVROXWLRQ� RI� H[SHULPHQWDO� DXWRLPPXQH� HQFHSKDORP\HOLWLV�� -

,PPXQRO�����������������

-XUHZLF]� $��� %LGGLVRQ� :�� (��� DQG� $QWHO� -�� 3�� ������� 0+&� FODVV� ,�UHVWULFWHG� O\VLV� RI� KXPDQ

ROLJRGHQGURF\WHV� E\� P\HOLQ� EDVLF� SURWHLQ� SHSWLGH�VSHFLILF� &'�� 7� O\PSKRF\WHV�� -� ,PPXQRO�

���������������

.DQHOORSRXORV� -��0���:LJJOHVZRUWK�1��0���2ZHQ�0�� -��� DQG�&UXPSWRQ�0�� -�� �������%LRV\QWKHVLV

DQG�PROHFXODU�QDWXUH�RI�WKH�7��DQWLJHQ�RI�KXPDQ�7�O\PSKRF\WHV��(PER�-���������������



���

.DUOVVRQ�3DUUD�$��� 5LGGHUVWDG� $���:DOOJUHQ� $�� &���0ROOHU� (��� /MXQJJUHQ�+��*��� DQG� .RUVJUHQ�2�

������� ;HQRJUDIW� UHMHFWLRQ� RI� SRUFLQH� LVOHW�OLNH� FHOO� FOXVWHUV� LQ� QRUPDO� DQG� QDWXUDO� NLOOHU� FHOO�

GHSOHWHG�PLFH��7UDQVSODQWDWLRQ����������������

.DZDL�7���6HNL�0���+LURPDWVX�.���(DVWFRWW�-��:���:DWWV�*��)���6XJDL�0���6PLWK�'��-���3RUFHOOL�6��$��

DQG� 7DXEPDQ� 0�� $�� ������� 6HOHFWLYH� GLDSHGHVLV� RI� 7K�� FHOOV� LQGXFHG� E\� HQGRWKHOLDO� FHOO

5$17(6��-�,PPXQRO�����������������

.DZDPRWR�-��&��DQG�%DUUHWW�-��1�� �������&U\RSUHVHUYDWLRQ�RI�SULPDU\�QHXURQV� IRU� WLVVXH�FXOWXUH�

%UDLQ�5HV�������������

.HQQHG\�.�� -���6WULHWHU�5��0���.XQNHO�6�� /��� /XNDFV�1��:��� DQG�.DUSXV�:�� -�� �������$FXWH� DQG

UHODSVLQJ�H[SHULPHQWDO�DXWRLPPXQH�HQFHSKDORP\HOLWLV�DUH�UHJXODWHG�E\�GLIIHUHQWLDO�H[SUHVVLRQ

RI� WKH�&&� FKHPRNLQHV�PDFURSKDJH� LQIODPPDWRU\� SURWHLQ��DOSKD� DQG�PRQRF\WH� FKHPRWDFWLF

SURWHLQ����-�1HXURLPPXQRO�������������

.HQQHG\�0��.���7RUUDQFH�'��6���3LFKD�.��6���DQG�0RKOHU�.��0���������$QDO\VLV�RI�F\WRNLQH�P51$

H[SUHVVLRQ� LQ� WKH� FHQWUDO� QHUYRXV� V\VWHP� RI� PLFH� ZLWK� H[SHULPHQWDO� DXWRLPPXQH

HQFHSKDORP\HOLWLV� UHYHDOV� WKDW� ,/����P51$�H[SUHVVLRQ�FRUUHODWHV�ZLWK� UHFRYHU\�� -� ,PPXQRO�

���������������

.HUIRRW�6��0��DQG�.XEHV�3���������2YHUODSSLQJ�UROHV�RI�3�VHOHFWLQ�DQG�DOSKD���LQWHJULQ�WR�UHFUXLW

OHXNRF\WHV� WR� WKH� FHQWUDO� QHUYRXV� V\VWHP� LQ� H[SHULPHQWDO� DXWRLPPXQH� HQFHSKDORP\HOLWLV�� -

,PPXQRO�����������������

.LGD�6���:HOOHU�5��2���=KDQJ�(��7���3KLOOLSV�0��-���DQG�,DQQRWWL�)���������$QDWRPLFDO�SDWKZD\V�IRU

O\PSKDWLF� GUDLQDJH� RI� WKH� EUDLQ� DQG� WKHLU� SDWKRORJLFDO� VLJQLILFDQFH�� 1HXURSDWKRO� $SSO

1HXURELRO��������������

.LHIHU�5��� 6WUHLW�:�� -��� 7R\ND� .�� 9��� .UHXW]EHUJ�*��:��� DQG�+DUWXQJ�+�� 3�� ������� 7UDQVIRUPLQJ

JURZWK�IDFWRU�EHWD����D�OHVLRQ�DVVRFLDWHG�F\WRNLQH�RI�WKH�QHUYRXV�V\VWHP��,QW�-�'HY�1HXURVFL�

������������

.LP�-��+���$XHUEDFK�-��0���5RGULJXH]�*RPH]�-��$���9HODVFR�,���*DYLQ�'���/XPHOVN\�1���/HH�6��+��

1JX\HQ� -��� 6DQFKH]�3HUQDXWH�5��� %DQNLHZLF]�.��� DQG�0F.D\�5�� ������� 'RSDPLQH� QHXURQV

GHULYHG�IURP�HPEU\RQLF�VWHP�FHOOV�IXQFWLRQ�LQ�DQ�DQLPDO�PRGHO�RI�3DUNLQVRQ
V�GLVHDVH��1DWXUH�

�����������

.LWDGD� 7��� $VDNDZD� 6��� 0DWVXPLQH� +��� +DWWRUL� 1��� 6KLPXUD� +��� 0LQRVKLPD� 6��� 6KLPL]X� 1��� DQG

0L]XQR� <�� ������� 3URJUHVV� LQ� WKH� FOLQLFDO� DQG� PROHFXODU� JHQHWLFV� RI� IDPLOLDO� SDUNLQVRQLVP�

1HXURJHQHWLFV�������������



���

.ORVV� &�� 8���:HUQHU� $��� .OHLQ� 0�� $��� 6KHQ� -��� 0HQX]� .��� 3UREVW� -�� &��� .UHXW]EHUJ� *��:��� DQG

5DLYLFK�*���������,QWHJULQ�IDPLO\�RI�FHOO�DGKHVLRQ�PROHFXOHV�LQ�WKH�LQMXUHG�EUDLQ��UHJXODWLRQ�DQG

FHOOXODU� ORFDOL]DWLRQ� LQ� WKH� QRUPDO� DQG� UHJHQHUDWLQJ� PRXVH� IDFLDO� PRWRU� QXFOHXV�� -� &RPS

1HXURO���������������

.O\XVKQHQNRYD�(��1��DQG�9DQJXUL�3���������,D�H[SUHVVLRQ�DQG�DQWLJHQ�SUHVHQWDWLRQ�E\�JOLD��VWUDLQ

DQG� FHOO� W\SH�VSHFLILF� GLIIHUHQFHV� DPRQJ� UDW� DVWURF\WHV� DQG�PLFURJOLD�� -� 1HXURLPPXQRO�� ���

��������

.QRSI�3��0���+DUOLQJ�%HUJ�&��-���&VHUU�+��)���%DVX�'���6LUXOQLFN�(��-���1RODQ�6��&���3DUN�-��7���.HLU

*��� 7KRPSVRQ� (�� -��� DQG� +LFNH\� :�� )�� ������� $QWLJHQ�GHSHQGHQW� LQWUDWKHFDO� DQWLERG\

V\QWKHVLV�LQ�WKH�QRUPDO�UDW�EUDLQ��WLVVXH�HQWU\�DQG�ORFDO�UHWHQWLRQ�RI�DQWLJHQ�VSHFLILF�%�FHOOV��-

,PPXQRO���������������

.RJXUH�.���<DPDVDNL�<���0DWVXR�<���.DWR�+��� DQG�2QRGHUD�+�� ������� ,QIODPPDWLRQ� RI� WKH� EUDLQ

DIWHU�LVFKHPLD��$FWD�1HXURFKLU�6XSSO��:LHQ�������������

.RJXUH�.���7DQXPD�1���7HUDPRWR�$���DQG�0DWVXPRWR�<���������4XDQWLWDWLYH�DQDO\VLV�RI�SUR��DQG

DQWL�LQIODPPDWRU\�F\WRNLQH�P51$�LQ�QHXUDO�JUDIW�UHMHFWLRQ��-�1HXURLPPXQRO��������������

.RQQR� +��� <DPDPRWR� 7��� ,ZDVDNL� <��� 6X]XNL� +��� 6DLWR� 7��� DQG� 7HUXQXPD� +�� ������� :DOOHULDQ

GHJHQHUDWLRQ�LQGXFHV�,D�DQWLJHQ�H[SUHVVLRQ�LQ�WKH�UDW�EUDLQ��-�1HXURLPPXQRO��������������

.RUGRZHU�-��+���(PERUJ�0��(���%ORFK�-���0D�6��<���&KX�<���/HYHQWKDO�/���0F%ULGH�-���&KHQ�(��<��

3DOIL�6���5RLWEHUJ�%��=���%URZQ�:��'���+ROGHQ�-��(���3\]DOVNL�5���7D\ORU�0��'���&DUYH\�3���/LQJ

=���7URQR�'���+DQWUD\H�3���'HJORQ�1���DQG�$HELVFKHU�3���������1HXURGHJHQHUDWLRQ�SUHYHQWHG

E\�OHQWLYLUDO�YHFWRU�GHOLYHU\�RI�*'1)�LQ�SULPDWH�PRGHOV�RI�3DUNLQVRQ
V�GLVHDVH��6FLHQFH������

��������

.RUGRZHU�-��+���)UHHPDQ�7��%���6QRZ�%��-���9LQJHUKRHWV�)��-���0XIVRQ�(��-���6DQEHUJ�3��5���+DXVHU

5��$���6PLWK�'��$���1DXHUW�*��0���3HUO�'��3���DQG�HW�DO���������1HXURSDWKRORJLFDO�HYLGHQFH�RI

JUDIW�VXUYLYDO�DQG�VWULDWDO�UHLQQHUYDWLRQ�DIWHU�WKH�WUDQVSODQWDWLRQ�RI�IHWDO�PHVHQFHSKDOLF�WLVVXH�LQ

D�SDWLHQW�ZLWK�3DUNLQVRQ
V�GLVHDVH��1�(QJO�-�0HG�����������������

.RUGRZHU�-��+���)UHHPDQ�7��%���&KHQ�(��<���0XIVRQ�(��-���6DQEHUJ�3��5���+DXVHU�5��$���6QRZ�%��

DQG�2ODQRZ�&��:���������)HWDO�QLJUDO�JUDIWV�VXUYLYH�DQG�PHGLDWH�FOLQLFDO�EHQHILW� LQ�D�SDWLHQW

ZLWK�3DUNLQVRQ
V�GLVHDVH��0RY�'LVRUG��������������

.RUVJUHQ�2���������$FXWH�FHOOXODU�[HQRJUDIW�UHMHFWLRQ��;HQRWUDQVSODQWDWLRQ�����������

.UDFN� 3��� 3RHSSLQJ� 0���:HLQHUW� '��� 6FKUDGHU� %��� DQG� 'HXVFKO� *�� ������� 7KDODPLF�� SDOOLGDO�� RU

VXEWKDODPLF�VXUJHU\�IRU�3DUNLQVRQ
V�GLVHDVH"�-�1HXURO������6XSSO����,,��������



���

.UDNRZVNL� 0�� /�� DQG�2ZHQV� 7�� ������� 1DLYH� 7� O\PSKRF\WHV� WUDIILF� WR� LQIODPHG� FHQWUDO� QHUYRXV

V\VWHP��EXW�UHTXLUH�DQWLJHQ�UHFRJQLWLRQ�IRU�DFWLYDWLRQ��(XU�-�,PPXQRO����������������

.UHXW]EHUJ�*��:���������0LFURJOLD��D�VHQVRU�IRU�SDWKRORJLFDO�HYHQWV�LQ�WKH�&16��7UHQGV�1HXURVFL�

������������

.ULVKQDVZDP\�*���.HOOH\�-���<HUUD�/���6PLWK�-��.���DQG�&KL�'��6���������+XPDQ�HQGRWKHOLXP�DV�D

VRXUFH�RI�PXOWLIXQFWLRQDO�F\WRNLQHV��PROHFXODU�UHJXODWLRQ�DQG�SRVVLEOH�UROH�LQ�KXPDQ�GLVHDVH��-

,QWHUIHURQ�&\WRNLQH�5HV�������������

.UXP�-��0��DQG�5RVHQVWHLQ�-��0���������3DWWHUQV�RI�DQJLRJHQHVLV�LQ�QHXUDO�WUDQVSODQW�PRGHOV��,,�

)HWDO�QHRFRUWLFDO�WUDQVSODQWV��-�&RPS�1HXURO���������������

/DIRQW� )�� DQG� 3URFKLDQW]� $�� ������� 5HJLRQ�VSHFLILF� QHXURDVWURJOLDO� LQWHUDFWLRQV� LQ� QHXURQDO

PRUSKRJHQHVLV�DQG�SRODULW\�� IURP�KRPHRJHQLF� LQGXFWLRQ� WR�FHOOXODU�F\WRPHFKDQLFV��3HUVSHFW

'HY�1HXURELRO�������������

/DQJ�$��(��DQG�/R]DQR�$��0���������3DUNLQVRQ
V�GLVHDVH��)LUVW�RI� WZR�SDUWV��1�(QJO�-�0HG������

����������

/DQJ�$��(��DQG�/R]DQR�$��0���������3DUNLQVRQ
V�GLVHDVH��6HFRQG�RI�WZR�SDUWV��1�(QJO�-�0HG������

����������

/DQJRVFK� -��0���*HELFNH�+DHUWHU�3�� -���1RUHQEHUJ�:���DQG� ,OOHV�3�� �������&KDUDFWHUL]DWLRQ� DQG

WUDQVGXFWLRQ�PHFKDQLVPV�RI�SXULQRFHSWRUV�LQ�DFWLYDWHG�UDW�PLFURJOLD��%U�-�3KDUPDFRO����������

���

/DQJVWRQ�-��:���%DOODUG�3���7HWUXG�-��:���DQG�,UZLQ�,���������&KURQLF�3DUNLQVRQLVP�LQ�KXPDQV�GXH

WR�D�SURGXFW�RI�PHSHULGLQH�DQDORJ�V\QWKHVLV��6FLHQFH���������������

/DQJVWRQ�-��:���:LGQHU�+���*RHW]�&��*���%URRNV�'���)DKQ�6���)UHHPDQ�7���DQG�:DWWV�5�� ������

&RUH�DVVHVVPHQW�SURJUDP�IRU�LQWUDFHUHEUDO�WUDQVSODQWDWLRQV��&$3,7���0RY�'LVRUG����������

/DQQHV�9LHUD�-���*RXGDEOH�%���'UH[OHU�.���*HKUPDQQ�-���7RUUHV�1DJHO�1���+XQLJ�7���DQG�:HNHUOH

+�� ������� (QFHSKDOLWRJHQLF�� P\HOLQ� EDVLF� SURWHLQ�VSHFLILF� 7� FHOOV� IURP� QDLYH� UDW� WK\PXV�

SUHIHUHQWLDO� XVH� RI� WKH� 7� FHOO� UHFHSWRU� JHQH� 9� EHWD� ���� DQG� H[SUHVVLRQ� RI� WKH� &'��&'��

SKHQRW\SH��(XU�-�,PPXQRO��������������

/DQ]DYHFFKLD� $��� /H]]L� *��� DQG� 9LROD� $�� ������� )URP� 7&5� HQJDJHPHQW� WR� 7� FHOO� DFWLYDWLRQ�� D

NLQHWLF�YLHZ�RI�7�FHOO�EHKDYLRU��&HOO����������

/DUVVRQ� /�� &��� &]HFK� .�� $��� :LGQHU� +��� DQG� .RUVJUHQ� 2�� �����D�� 'LVFRUGDQW� QHXUDO� WLVVXH

[HQRJUDIWV�VXUYLYH�ORQJHU�LQ�LPPXQRJOREXOLQ�GHILFLHQW�PLFH��7UDQVSODQWDWLRQ����������������



���

/DUVVRQ�/��&���'XDQ�:��0���DQG�:LGQHU�+�������E��'LVFRUGDQW�[HQRJUDIWV��GLIIHUHQW�RXWFRPH�DIWHU

PRXVH�DQG�UDW�QHXUDO�WLVVXH�WUDQVSODQWDWLRQ�WR�JXLQHD�SLJV��%UDLQ�5HV�%XOO��������������

/DUVVRQ�/��&���&]HFK�.��$���%UXQGLQ�3���DQG�:LGQHU�+���������,QWUDVWULDWDO�YHQWUDO�PHVHQFHSKDOLF

[HQRJUDIWV�RI�SRUFLQH�WLVVXH�LQ�UDWV��LPPXQH�UHVSRQVHV�DQG�IXQFWLRQDO�HIIHFWV��&HOO�7UDQVSODQW�

�����������

/DUVVRQ�/��&���$QGHUVRQ�3���:LGQHU�+��� DQG�.RUVJUHQW�2�� �����D��(QKDQFHG�VXUYLYDO� RI� SRUFLQH

QHXUDO�[HQRJUDIWV�LQ�PLFH�ODFNLQJ�&'�G���EXW�QR�HIIHFW�RI�1.����GHSOHWLRQ��&HOO�7UDQVSODQW�����

��������

/DUVVRQ�/��&���)ULHOLQJVGRUI�+���0LU]D�%���+DQVVRQ�6��-���$QGHUVRQ�3���&]HFK�.��$���6WUDQGEHUJ�0��

DQG�:LGQHU�+�������E��3RUFLQH�QHXUDO�[HQRJUDIWV�LQ�UDWV�DQG�PLFH��GRQRU�WLVVXH�GHYHORSPHQW

DQG�FKDUDFWHULVWLFV�RI�UHMHFWLRQ��([S�1HXURO���������������

/DUVVRQ� /�� &��� &RUEDVFLR� 0��� :LGQHU� +��� 3HDUVRQ� 7�� &��� /DUVHQ� &�� 3��� DQG� (NEHUJ� +�� ������

6LPXOWDQHRXV� LQKLELWLRQ� RI� %�� DQG� /)$��� VLJQDOLQJ� SUHYHQWV� UHMHFWLRQ� RI� GLVFRUGDQW� QHXUDO

[HQRJUDIWV�LQ�PLFH�ODFNLQJ�&'��/��;HQRWUDQVSODQWDWLRQ�����������

/DVVPDQQ�+���5RVVOHU�.���=LPSULFK�)���DQG�9DVV�.���������([SUHVVLRQ�RI�DGKHVLRQ�PROHFXOHV�DQG

KLVWRFRPSDWLELOLW\�DQWLJHQV�DW�WKH�EORRG�EUDLQ�EDUULHU��%UDLQ�3DWKRO�������������

/DVVPDQQ�+���6FKPLHG�0���9DVV�.���DQG�+LFNH\�:��)���������%RQH�PDUURZ�GHULYHG�HOHPHQWV�DQG

UHVLGHQW�PLFURJOLD�LQ�EUDLQ�LQIODPPDWLRQ��*OLD�����������

/DXQRLV� 3��� 0DLOODUG� ,��� 3LQJHO� 6��� 6ZLKDUW� .�� *��� ;HQDULRV� ,��� $FKD�2UEHD� +��� 'LJJHOPDQQ� +��

/RFNVOH\�5��0���0DF'RQDOG�+��5���DQG�/RXLV�-��$���������,/���UDSLGO\�SURGXFHG�E\�9�EHWD���9

DOSKD� �� &'��� 7� FHOOV� LQVWUXFWV� 7K�� GHYHORSPHQW� DQG� VXVFHSWLELOLW\� WR� /HLVKPDQLD� PDMRU� LQ

%$/%�F�PLFH��,PPXQLW\�������������

/DZUHQFH�0��%��DQG�6SULQJHU�7��$���������/HXNRF\WHV�UROO�RQ�D�VHOHFWLQ�DW�SK\VLRORJLF�IORZ�UDWHV�

GLVWLQFWLRQ�IURP�DQG�SUHUHTXLVLWH�IRU�DGKHVLRQ�WKURXJK�LQWHJULQV��&HOO��������������

/DZVRQ� /�� -��� 3HUU\� 9�� +��� 'UL� 3��� DQG� *RUGRQ� 6�� ������� +HWHURJHQHLW\� LQ� WKH� GLVWULEXWLRQ� DQG

PRUSKRORJ\�RI�PLFURJOLD�LQ�WKH�QRUPDO�DGXOW�PRXVH�EUDLQ��1HXURVFLHQFH��������������

/DZVRQ� /�� -��� 3HUU\� 9��+��� DQG�*RUGRQ�6�� �������0LFURJOLDO� UHVSRQVHV� WR� SK\VLRORJLFDO� FKDQJH�

RVPRWLF� VWUHVV� HOHYDWHV� '1$� V\QWKHVLV� RI� QHXURK\SRSK\VHDO� PLFURJOLD�� 1HXURVFLHQFH�� ���

��������

/HH� 6�� &��� &ROOLQV� 0��� 9DQJXUL� 3��� DQG� 6KLQ� 0�� /�� ������� *OXWDPDWH� GLIIHUHQWLDOO\� LQKLELWV� WKH

H[SUHVVLRQ�RI�FODVV�,,�0+&�DQWLJHQV�RQ�DVWURF\WHV�DQG�PLFURJOLD��-�,PPXQRO�����������������



���

/HH�6��-��DQG�%HQYHQLVWH�(��1���������$GKHVLRQ�PROHFXOH�H[SUHVVLRQ�DQG�UHJXODWLRQ�RQ�FHOOV�RI�WKH

FHQWUDO�QHUYRXV�V\VWHP��-�1HXURLPPXQRO������������

/HH� 6�� -��� =KRX� 7��� &KRL� &���:DQJ� =��� DQG� %HQYHQLVWH� (�� 1�� ������� 'LIIHUHQWLDO� UHJXODWLRQ� DQG

IXQFWLRQ�RI�)DV�H[SUHVVLRQ�RQ�JOLDO�FHOOV��-�,PPXQRO�����������������

/HKPDQQ�3��9���)RUVWKXEHU�7���0LOOHU�$��DQG�6HUFDU]�(��(���������6SUHDGLQJ�RI�7�FHOO�DXWRLPPXQLW\

WR�FU\SWLF�GHWHUPLQDWV�RI�DQ�DXWRDQWLJHQ��1DWXUH���������������

/HKPDQQ�3��9���������7KH�IDWH�RI�7�FHOOV�LQ�WKH�EUDLQ��YHQL��YLGL��YLFL�DQG�YHQL��PRUL��$P�-�3DWKRO�

�������������

/HKPDQQ�3��9���7DUJRQL�2��6���DQG�)RUWKXEHU�7�*�� �������6KLIWLQJ�7�FHOO�DFWLYDWLRQ� WKUHVKROGV� LQ

DXWRLPPXQLW\�DQG�GHWHUPLQDW�VSUHDGLQJ��,PPXQRO�5HY�������������

/HKQHUW�$��0���0RWWUDP�3��/���+DQ�:���:DOWHUV�6��1���3DWHO�$��7���+DZWKRUQH�:��-���&RZDQ�3��-��

G
$SLFH�$��-���DQG�2
&RQQHOO�3��-���������%ORFNDGH�RI�WKH�&'���DQG�&'���SDWKZD\V�UHVXOW�LQ

WKH� DFFHSWDQFH� RI� SLJ� DQG� UDW� LVOHW� [HQRJUDIWV� EXW� QRW� UDW� FDUGLDF� JUDIWV� LQ� PLFH�� 7UDQVSO

,PPXQRO�����������

/HYL�6WUDXVV�0��DQG�0DOODW�0���������3ULPDU\�FXOWXUHV�RI�PXULQH�DVWURF\WHV�SURGXFH�&��DQG�IDFWRU

%�� WZR� FRPSRQHQWV� RI� WKH� DOWHUQDWLYH� SDWKZD\� RI� FRPSOHPHQW� DFWLYDWLRQ�� -� ,PPXQRO�� ����

����������

/L�7��6���+DPDQR�.���.DMLZDUD�.���1LVKLGD�0���=HPSR�1���DQG�(VDWR�.���������3URORQJHG�VXUYLYDO�RI

[HQRJUDIW� IHWDO� FDUGLRP\RF\WHV� E\� DGHQRYLUXV�PHGLDWHG� &7/$��,J� H[SUHVVLRQ�

7UDQVSODQWDWLRQ����������������

/L� ;�� &��� :HOOV� $�� '��� 6WURP� 7�� %��� DQG� 7XUND� /�� $�� ������� 7KH� UROH� RI� 7� FHOO� DSRSWRVLV� LQ

WUDQVSODQWDWLRQ�WROHUDQFH��&XUU�2SLQ�,PPXQRO��������������

/LHE� .��� )LHELFK� %�� /��� %XVVH�*UDZLW]� 0��� +XOO� 0��� %HUJHU� 0��� DQG� %DXHU� -�� ������� (IIHFWV� RI

VXEVWDQFH� 3� DQG� VHOHFWHG� RWKHU� QHXURSHSWLGHV� RQ� WKH� V\QWKHVLV� RI� LQWHUOHXNLQ��� EHWD� DQG

LQWHUOHXNLQ���LQ�KXPDQ�PRQRF\WHV��D�UH�H[DPLQDWLRQ��-�1HXURLPPXQRO������������

/LHZ�)��<���������7�+���DQG�7�+���FHOOV��D�KLVWRULFDO�SHUVSHFWLYH��1DW�5HY�,PPXQRO�����������

/LPRXVLQ� 3��� .UDFN� 3��� 3ROODN� 3��� %HQD]]RX]� $��� $UGRXLQ� &��� +RIIPDQQ� '��� DQG� %HQDELG� $�� /�

�������(OHFWULFDO�VWLPXODWLRQ�RI� WKH�VXEWKDODPLF�QXFOHXV� LQ�DGYDQFHG�3DUNLQVRQ
V�GLVHDVH��1

(QJO�-�0HG�����������������

/LQ�;���3HDVH�/��5���0XUUD\�3��'���DQG�5RGULJXH]�0���������7KHLOHU
V�YLUXV�LQIHFWLRQ�RI�JHQHWLFDOO\

VXVFHSWLEOH�PLFH� LQGXFHV� FHQWUDO� QHUYRXV� V\VWHP�LQILOWUDWLQJ� &7/V� ZLWK� QR� DSSDUHQW� YLUDO� RU

PDMRU�P\HOLQ�DQWLJHQLF�VSHFLILFLW\��-�,PPXQRO�����������������



���

/LQGVH\�-��:��DQG�-LQ�5���������,PPXQH�UHJXODWRU\�HIIHFWV�RI�FHQWUDO�QHUYRXV�V\VWHP�DQWLJHQV�LQ

FXOWXUH��,QW�,PPXQRO����������������

/LQGYDOO�2���5HKQFURQD�6���%UXQGLQ�3���*XVWDYLL�%���$VWHGW�%���:LGQHU�+���/LQGKROP�7���%MRUNOXQG�$��

/HHQGHUV�.��/���5RWKZHOO�-��&���DQG�HW�DO���������+XPDQ�IHWDO�GRSDPLQH�QHXURQV�JUDIWHG�LQWR

WKH� VWULDWXP� LQ� WZR� SDWLHQWV� ZLWK� VHYHUH� 3DUNLQVRQ
V� GLVHDVH�� $� GHWDLOHG� DFFRXQW� RI

PHWKRGRORJ\�DQG�D���PRQWK�IROORZ�XS��$UFK�1HXURO��������������

/LQGYDOO� 2��� %UXQGLQ� 3���:LGQHU� +��� 5HKQFURQD� 6��� *XVWDYLL� %��� )UDFNRZLDN� 5��� /HHQGHUV� .�� /��

6DZOH�*���5RWKZHOO�-��&���0DUVGHQ�&��'���DQG�HW�DO���������*UDIWV�RI�IHWDO�GRSDPLQH�QHXURQV

VXUYLYH�DQG�LPSURYH�PRWRU�IXQFWLRQ�LQ�3DUNLQVRQ
V�GLVHDVH��6FLHQFH���������������

/LQVOH\�3��6���&ODUN�(��$���DQG�/HGEHWWHU�-��$���������7�FHOO�DQWLJHQ�&'���PHGLDWHV�DGKHVLRQ�ZLWK

%�FHOOV�E\� LQWHUDFWLQJ�ZLWK�DFWLYDWLRQ�DQWLJHQ�%��%%����3URF�1DWO�$FDG�6FL�8�6�$�����������

�����

/LQVOH\�3��6���:DOODFH�3��0���-RKQVRQ�-���*LEVRQ�0��*���*UHHQH�-��/���/HGEHWWHU�-��$���6LQJK�&��

DQG�7HSSHU�0��$���������,PPXQRVXSSUHVVLRQ� LQ�YLYR�E\�D�VROXEOH� IRUP�RI�WKH�&7/$���7�FHOO

DFWLYDWLRQ�PROHFXOH��6FLHQFH���������������

/RGJH�3��$��DQG�6ULUDP�6���������5HJXODWLRQ�RI�PLFURJOLDO�DFWLYDWLRQ�E\�7*)�EHWD��,/�����DQG�&6)�

���-�/HXNRF�%LRO��������������

/RWDQ�0��DQG�6FKZDUW]�0���������&URVV�WDON�EHWZHHQ�WKH�LPPXQH�V\VWHP�DQG�WKH�QHUYRXV�V\VWHP

LQ�UHVSRQVH�WR�LQMXU\��LPSOLFDWLRQV�IRU�UHJHQHUDWLRQ��)DVHE�-���������������

/RWKDULXV�-��DQG�%UXQGLQ�3���������3DWKRJHQHVLV�RI�3DUNLQVRQ
V�GLVHDVH��GRSDPLQH��YHVLFOHV�DQG

DOSKD�V\QXFOHLQ��1DW�5HY�1HXURVFL�������������

/RX�<��+���3DUN�.��.���$JHUVERUJ�6���$ODUG�3���DQG�7XQJ�.��6���������5HWDUJHWLQJ�7�FHOO�PHGLDWHG

LQIODPPDWLRQ��D�QHZ�SHUVSHFWLYH�RQ�DXWRDQWLERG\�DFWLRQ��-�,PPXQRO�����������������

/RZHQVWHLQ� 3�� 5�� ������� 'HQGULWLF� FHOOV� DQG� LPPXQH� UHVSRQVHV� LQ� WKH� FHQWUDO� QHUYRXV� V\VWHP�

7UHQGV�,PPXQRO���������

/XTXLQ�0��5���0RQWRUR�5��-���*XLOOHQ�-���6DOGLVH�/��� ,QVDXVWL�5���'HO�5LR�-���DQG�/RSH]�%DUQHR�-�

������� 5HFRYHU\� RI� FKURQLF� SDUNLQVRQLDQ� PRQNH\V� E\� DXWRWUDQVSODQWV� RI� FDURWLG� ERG\� FHOO

DJJUHJDWHV�LQWR�SXWDPHQ��1HXURQ��������������

/XW]�0��%���5RYHUH�3���.OHLMPHHU�0��-���5HVFLJQR�0���$VVPDQQ�&��8���2RUVFKRW�9��0���*HX]H�+��-��

7UXF\� -��� 'HPDQGRO[� '��� 'DYRXVW� -��� DQG� 5LFFLDUGL�&DVWDJQROL� 3�� ������� ,QWUDFHOOXODU� URXWHV

DQG� VHOHFWLYH� UHWHQWLRQ� RI� DQWLJHQV� LQ� PLOGO\� DFLGLF� FDWKHSVLQ� '�O\VRVRPH�DVVRFLDWHG

PHPEUDQH� SURWHLQ���0+&� FODVV� ,,�SRVLWLYH� YHVLFOHV� LQ� LPPDWXUH� GHQGULWLF� FHOOV�� -� ,PPXQRO�

���������������



���

0DFLHMHZVNL�/HQRLU� '��� &KHQ� 6��� )HQJ� /���0DNL� 5��� DQG� %DFRQ� .�� %�� ������� &KDUDFWHUL]DWLRQ� RI

IUDFWDONLQH� LQ� UDW� EUDLQ� FHOOV�� PLJUDWRU\� DQG� DFWLYDWLRQ� VLJQDOV� IRU� &;�&5���H[SUHVVLQJ

PLFURJOLD��-�,PPXQRO�����������������

0DF3KHUVRQ� *�� *��� -HQNLQV� &�� '��� 6WHLQ� 0�� -��� DQG� (GZDUGV� &�� ������� (QGRWR[LQ�PHGLDWHG

GHQGULWLF�FHOO� UHOHDVH�IURP�WKH� LQWHVWLQH��&KDUDFWHUL]DWLRQ�RI� UHOHDVHG�GHQGULWLF�FHOOV�DQG�71)

GHSHQGHQFH��-�,PPXQRO�����������������

0DKDOLN�7�� -��� )LQJHU�7�� (��� 6WURPEHUJ� ,��� DQG�2OVRQ� /�� ������� 6XEVWDQWLD� QLJUD� WUDQVSODQWV� LQWR

GHQHUYDWHG� VWULDWXP� RI� WKH� UDW�� XOWUDVWUXFWXUH� RI� JUDIW� DQG� KRVW� LQWHUFRQQHFWLRQV�� -� &RPS

1HXURO�������������

0DOH� '��� 3U\FH� *��� DQG� 5DKPDQ� -�� ������� &RPSDULVRQ� RI� WKH� LPPXQRORJLFDO� SURSHUWLHV� RI� UDW

FHUHEUDO�DQG�DRUWLF�HQGRWKHOLXP��-�1HXURLPPXQRO��������������

0DOODW�0���+RXOJDWWH�5���%UDFKHW�3��� DQG�3URFKLDQW]� $�� ������� /LSRSRO\VDFFKDULGH�VWLPXODWHG� UDW

EUDLQ�PDFURSKDJHV�UHOHDVH�1*)�LQ�YLWUR��'HY�%LRO���������������

0DQLOD\�-��2��DQG�6\NHV�0�� �������1DWXUDO�NLOOHU�FHOOV�DQG� WKHLU� UROH� LQ�JUDIW� UHMHFWLRQ��&XUU�2SLQ

,PPXQRO��������������

0DUIDLQJ�.RND�$���'HYHUJQH�2���*RUJRQH�*���3RUWLHU�$���6FKDOO�7��-���*DODQDXG�3���DQG�(PLOLH�'�

������� 5HJXODWLRQ� RI� WKH� SURGXFWLRQ� RI� WKH� 5$17(6� FKHPRNLQH� E\� HQGRWKHOLDO� FHOOV�

6\QHUJLVWLF� LQGXFWLRQ� E\� ,)1�JDPPD� SOXV� 71)�DOSKD� DQG� LQKLELWLRQ� E\� ,/��� DQG� ,/����� -

,PPXQRO�����������������

0DUVKDOO� (�� ������� )HWDO� WLVVXH� UHVHDUFK�� $QWLDERUWLRQ� JURXSV� WDUJHW� QHXURVFLHQFH� VWXG\� DW

1HEUDVND��6FLHQFH���������������

0DVRQ�'��:���&KDUOWRQ�+��0���-RQHV�$��-���/DY\�&��%���3XNODYHF�0���DQG�6LPPRQGV�6��-��������

7KH�IDWH�RI�DOORJHQHLF�DQG�[HQRJHQHLF�QHXURQDO� WLVVXH�WUDQVSODQWHG� LQWR� WKH�WKLUG�YHQWULFOH�RI

URGHQWV��1HXURVFLHQFH��������������

0DVVD� 3�� 7��� 2]DWR� .��� DQG� 0F)DUOLQ� '�� (�� ������� &HOO� W\SH�VSHFLILF� UHJXODWLRQ� RI� PDMRU

KLVWRFRPSDWLELOLW\�FRPSOH[��0+&��FODVV�,�JHQH�H[SUHVVLRQ�LQ�DVWURF\WHV��ROLJRGHQGURF\WHV��DQG

QHXURQV��*OLD�������������

0DWR�0���2RNDZDUD�6���6DNDPRWR�$���$LNDZD�(���2JDZD�7���0LWVXKDVKL�8���0DVX]DZD�7���6X]XNL

+���+RQGD�0���<D]DNL�<���:DWDQDEH�(���/XRPD�-���<OD�+HUWWXDOD�6���)UDVHU�,���*RUGRQ�6���DQG

.RGDPD�7���������,QYROYHPHQW�RI�VSHFLILF�PDFURSKDJH�OLQHDJH�FHOOV�VXUURXQGLQJ�DUWHULROHV�LQ

EDUULHU�DQG�VFDYHQJHU�IXQFWLRQ�LQ�EUDLQ�FRUWH[��3URF�1DWO�$FDG�6FL�8�6�$����������������



���

0DWVXPRWR�<���2KPRUL�.���DQG�)XMLZDUD�0���������,PPXQH�UHJXODWLRQ�E\�EUDLQ�FHOOV�LQ�WKH�FHQWUDO

QHUYRXV�V\VWHP��PLFURJOLD�EXW�QRW�DVWURF\WHV�SUHVHQW�P\HOLQ�EDVLF�SURWHLQ�WR�HQFHSKDOLWRJHQLF

7�FHOOV�XQGHU�LQ�YLYR�PLPLFNLQJ�FRQGLWLRQV��,PPXQRORJ\��������������

0DWVXR�<���2QRGHUD�+���6KLJD�<���6KR]XKDUD�+���1LQRPL\D�0���.LKDUD�7���7DPDWDQL�7���0L\DVDND

0���DQG�.RJXUH�.���������5ROH�RI�FHOO�DGKHVLRQ�PROHFXOHV�LQ�EUDLQ�LQMXU\�DIWHU�WUDQVLHQW�PLGGOH

FHUHEUDO�DUWHU\�RFFOXVLRQ�LQ�WKH�UDW��%UDLQ�5HV���������������

0DWVXXUD�.���0DNLQR�+���DQG�2JDZD�1���������&\FORVSRULQ�$�DWWHQXDWHV�WKH�GHFUHDVH�LQ�W\URVLQH

K\GUR[\ODVH� LPPXQRUHDFWLYLW\� LQ�QLJURVWULDWDO� GRSDPLQHUJLF�QHXURQV�DQG� LQ� VWULDWDO� GRSDPLQH

FRQWHQW�LQ�UDWV�ZLWK�LQWUDVWULDWDO�LQMHFWLRQ�RI���K\GUR[\GRSDPLQH��([S�1HXURO���������������

0DW\V]DN�0��.��� /DZVRQ�/�� -���3HUU\�9��+��� DQG�*RUGRQ�6�� �������6WURPDO�PDFURSKDJHV�RI� WKH

FKRURLG� SOH[XV� VLWXDWHG� DW� DQ� LQWHUIDFH� EHWZHHQ� WKH� EUDLQ� DQG� SHULSKHUDO� LPPXQH� V\VWHP

FRQVWLWXWLYHO\�H[SUHVV�PDMRU�KLVWRFRPSDWLELOLW\�FODVV�,,�DQWLJHQV��-�1HXURLPPXQRO��������������

0DW\V]DN�0��.��DQG�3HUU\�9��+�� �������'HP\HOLQDWLRQ� LQ� WKH�FHQWUDO�QHUYRXV�V\VWHP�IROORZLQJ�D

GHOD\HG�W\SH� K\SHUVHQVLWLYLW\� UHVSRQVH� WR� EDFLOOXV� &DOPHWWH�*XHULQ�� 1HXURVFLHQFH�� ���� ����

����

0DW\V]DN�0��.��DQG�3HUU\�9��+�� �������7KH�SRWHQWLDO� UROH�RI�GHQGULWLF� FHOOV� LQ� LPPXQH�PHGLDWHG

LQIODPPDWRU\�GLVHDVHV�LQ�WKH�FHQWUDO�QHUYRXV�V\VWHP��1HXURVFLHQFH��������������

0DW\V]DN�0�� .�� ������� ,QIODPPDWLRQ� LQ� WKH�&16�� EDODQFH� EHWZHHQ� LPPXQRORJLFDO� SULYLOHJH� DQG

LPPXQH�UHVSRQVHV��3URJ�1HXURELRO������������

0F(YHU�5��3���������5ROH�RI�VHOHFWLQV�LQ�OHXNRF\WH�DGKHVLRQ�WR�SODWHOHWV�DQG�HQGRWKHOLXP��$QQ�1�<

$FDG�6FL���������������

0F*HHU�3��/���,WDJDNL�6���$NL\DPD�+���DQG�0F*HHU�(��*���������5DWH�RI�FHOO�GHDWK�LQ�SDUNLQVRQLVP

LQGLFDWHV�DFWLYH�QHXURSDWKRORJLFDO�SURFHVV��$QQ�1HXURO��������������

0F*UDWK� -��� /LQW]� (��� +RIIHU� %�� -��� *HUKDUGW�*�� $��� 4XLQWHUR� (�� 0��� DQG�*UDQKROP� $�� &�� ������

$GHQR�DVVRFLDWHG� YLUDO� GHOLYHU\� RI� *'1)� SURPRWHV� UHFRYHU\� RI� GRSDPLQHUJLF� SKHQRW\SH

IROORZLQJ�D�XQLODWHUDO���K\GUR[\GRSDPLQH�OHVLRQ��&HOO�7UDQVSODQW��������������

0F0HQDPLQ� 3�� *�� ������� 'LVWULEXWLRQ� DQG� SKHQRW\SH� RI� GHQGULWLF� FHOOV� DQG� UHVLGHQW� WLVVXH

PDFURSKDJHV� LQ� WKH� GXUD� PDWHU�� OHSWRPHQLQJHV�� DQG� FKRURLG� SOH[XV� RI� WKH� UDW� EUDLQ� DV

GHPRQVWUDWHG�LQ�ZKROHPRXQW�SUHSDUDWLRQV��-�&RPS�1HXURO���������������

0F5DH�%��/���9DQGHUOXJW�&��/���'DO�&DQWR�0��&���DQG�0LOOHU�6��'���������)XQFWLRQDO�HYLGHQFH�IRU

HSLWRSH�VSUHDGLQJ�LQ�WKH�UHODSVLQJ�SDWKRORJ\�RI�H[SHULPHQWDO�DXWRLPPXQH�HQFHSKDORP\HOLWLV��-

([S�0HG�������������



���

0F7LJXH� '�� 0��� 7DQL� 0��� .ULYDFLF� .��� &KHUQRVN\� $��� .HOQHU� *�� 6��� 0DFLHMHZVNL� '��� 0DNL� 5��

5DQVRKRII�5��0���DQG�6WRNHV�%��7���������6HOHFWLYH�FKHPRNLQH�P51$�DFFXPXODWLRQ�LQ�WKH�UDW

VSLQDO�FRUG�DIWHU�FRQWXVLRQ�LQMXU\��-�1HXURVFL�5HV��������������

0HQHL� 3��� 3HDQ� -�� 0��� 1HUULHUH�'DJXLQ� 9��� -ROOLYHW� &��� %UDFKHW� 3��� DQG� %HQRLW� -�� 3�� ������

,QWUDFHUHEUDO� LPSODQWDWLRQ� RI� 1*)�UHOHDVLQJ� ELRGHJUDGDEOH� PLFURVSKHUHV� SURWHFWV� VWULDWXP

DJDLQVW�H[FLWRWR[LF�GDPDJH��([S�1HXURO���������������

0LOOHU�6��'���0F5DH�%��/���9DQGHUOXJW�&��/���1LNFHYLFK�.��0���3RSH�-��*���3RSH�/���DQG�.DUSXV�:��-�

�������(YROXWLRQ�RI�WKH�7�FHOO� UHSHUWRLUH�GXULQJ�WKH�FRXUVH�RI�H[SHULPHQWDO� LPPXQH�PHGLDWHG

GHP\HOLQDWLQJ�GLVHDVHV��,PPXQRO�5HY���������������

0LOQHU�5�� DQG�&DPSEHOO� ,�� /�� �������7KH� LQWHJULQ� IDPLO\� RI� FHOO� DGKHVLRQ�PROHFXOHV� KDV�PXOWLSOH

IXQFWLRQV�ZLWKLQ�WKH�&16��-�1HXURVFL�5HV��������������

0ROOHU�7���+DQLVFK�8��.���DQG�5DQVRP�%��5���������7KURPELQ�LQGXFHG�DFWLYDWLRQ�RI�FXOWXUHG�URGHQW

PLFURJOLD��-�1HXURFKHP����������������

0ROOHU�7���1ROWH�&���%XUJHU�5���9HUNKUDWVN\�$���DQG�.HWWHQPDQQ�+���������0HFKDQLVPV�RI�&�D�DQG

&�D�FRPSOHPHQW�IUDJPHQW�LQGXFHG�>&D��@L�VLJQDOLQJ�LQ�PRXVH�PLFURJOLD��-�1HXURVFL����������

����

0RQWHUR�0HQHL� &�� 1��� 6LQGML� /��� 3RXSODUG�%DUWKHODL[� $��� -HKDQ� )��� 'HQHFKDXG� /��� DQG� 'DUF\� )�

�������/LSRSRO\VDFFKDULGH�LQWUDFHUHEUDO�DGPLQLVWUDWLRQ�LQGXFHV�PLQLPDO�LQIODPPDWRU\�UHDFWLRQ

LQ�UDW�EUDLQ��%UDLQ�5HV���������������

0RU�*���*XWLHUUH]�/��6���(OL]D�0���.DK\DRJOX�)���DQG�$ULFL�$���������)DV�IDV�OLJDQG�V\VWHP�LQGXFHG

DSRSWRVLV� LQ� KXPDQ�SODFHQWD� DQG�JHVWDWLRQDO� WURSKREODVWLF� GLVHDVH�� $P� -�5HSURG� ,PPXQRO�

����������

0RUJDQ�%��3���������7KH�FRPSOHPHQW�V\VWHP��DQ�RYHUYLHZ��0HWKRGV�0RO�%LRO������������

0RULRND�7���%DED�7���%ODFN�.��/���DQG�6WUHLW�:��-���������,PPXQRSKHQRW\SLF�DQDO\VLV�RI�LQILOWUDWLQJ

OHXNRF\WHV�DQG�PLFURJOLD�LQ�DQ�H[SHULPHQWDO�UDW�JOLRPD��$FWD�1HXURSDWKRO��%HUO���������������

0RVPDQQ�7��5�� DQG�&RIIPDQ�5�� /�� �������7+�� DQG�7+�� FHOOV�� GLIIHUHQW� SDWWHUQV� RI� O\PSKRNLQH

VHFUHWLRQ�OHDG�WR�GLIIHUHQW�IXQFWLRQDO�SURSHUWLHV��$QQX�5HY�,PPXQRO�������������

0XUSK\�(���6KLEX\D�.���+RVNHQ�1���2SHQVKDZ�3���0DLQR�9���'DYLV�.���0XUSK\�.���DQG�2
*DUUD�$�

�������5HYHUVLELOLW\�RI�7�KHOSHU���DQG���SRSXODWLRQV� LV� ORVW�DIWHU� ORQJ�WHUP�VWLPXODWLRQ��-�([S

0HG���������������
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1DNDR� 1��� )URGO� (�� 0��� 'XDQ�:�� 0���:LGQHU� +��� DQG� %UXQGLQ� 3�� ������� /D]DURLGV� LPSURYH� WKH

VXUYLYDO� RI�JUDIWHG� UDW� HPEU\RQLF�GRSDPLQH�QHXURQV��3URF�1DWO�$FDG�6FL�8�6�$������������

������

1DNDR� 1��� )URGO� (�� 0���:LGQHU� +��� &DUOVRQ� (��� (JJHUGLQJ� )�� $��� (SVWHLQ� &�� -��� DQG� %UXQGLQ� 3�

������� 2YHUH[SUHVVLQJ� &X�=Q� VXSHUR[LGH� GLVPXWDVH� HQKDQFHV� VXUYLYDO� RI� WUDQVSODQWHG

QHXURQV�LQ�D�UDW�PRGHO�RI�3DUNLQVRQ
V�GLVHDVH��1DW�0HG�������������

1DWDI�6���6WDKHO�3��)���'DYRXVW�1���DQG�%DUQXP�6��5���������&RPSOHPHQW�DQDSK\ODWR[LQ�UHFHSWRUV

RQ�QHXURQV��QHZ�WULFNV�IRU�ROG�UHFHSWRUV"�7UHQGV�1HXURVFL��������������

1HXPDQQ�+���&DYDOLH�$���-HQQH�'��(���DQG�:HNHUOH�+���������,QGXFWLRQ�RI�0+&�FODVV�,�JHQHV� LQ

QHXURQV��6FLHQFH���������������

1HXPDQQ�+���%RXFUDXW�-���+DKQHO�&���0LVJHOG�7���DQG�:HNHUOH�+���������1HXURQDO�FRQWURO�RI�0+&

FODVV�,,�LQGXFLELOLW\�LQ�UDW�DVWURF\WHV�DQG�PLFURJOLD��(XU�-�1HXURVFL���������������

1HXPDQQ�+���6FKPLGW�+���&DYDOLH�$��� -HQQH�'��� DQG�:HNHUOH�+�� �������0DMRU� KLVWRFRPSDWLELOLW\

FRPSOH[� �0+&�� FODVV� ,� JHQH� H[SUHVVLRQ� LQ� VLQJOH� QHXURQV� RI� WKH� FHQWUDO� QHUYRXV� V\VWHP�

GLIIHUHQWLDO�UHJXODWLRQ�E\�LQWHUIHURQ��,)1��JDPPD�DQG�WXPRU�QHFURVLV�IDFWRU��71)��DOSKD��-�([S

0HG���������������

1HXPDQQ� +�� DQG�:HNHUOH� +�� ������� 1HXURQDO� FRQWURO� RI� WKH� LPPXQH� UHVSRQVH� LQ� WKH� FHQWUDO

QHUYRXV�V\VWHP�� OLQNLQJ�EUDLQ� LPPXQLW\�WR�QHXURGHJHQHUDWLRQ��-�1HXURSDWKRO�([S�1HXURO�����

����

1HXPDQQ�+�� �������7KH� LPPXQRORJLFDO�PLFURHQYLURQPHQW� LQ� WKH�&16�� LPSOLFDWLRQV� RQ� QHXURQDO

FHOO�GHDWK�DQG�VXUYLYDO��-�1HXUDO�7UDQVP�6XSSO������������

1HXPDQQ�+���������&RQWURO�RI�JOLDO�LPPXQH�IXQFWLRQ�E\�QHXURQV��*OLD��������������

1HXPDQQ� +��� 0HGDQD� ,�� 0��� %DXHU� -��� DQG� /DVVPDQQ� +�� ������� &\WRWR[LF� 7� O\PSKRF\WHV� LQ

DXWRLPPXQH�DQG�GHJHQHUDWLYH�&16�GLVHDVHV��7UHQGV�1HXURVFL��������������

1JX\HQ� 9�� 7�� DQG� %HQYHQLVWH� (�� 1�� ������� &ULWLFDO� UROH� RI� WXPRU� QHFURVLV� IDFWRU�DOSKD� DQG�1)�

NDSSD� %� LQ� LQWHUIHURQ�JDPPD� �LQGXFHG� &'��� H[SUHVVLRQ� LQ� PLFURJOLD�PDFURSKDJHV�� -� %LRO

&KHP�������������������

1L�+��7���0HULFD�5��5���6SHOOPDQ�6��5���:DQJ�-��0���DQG�/RZ�:��&���������9LVXDOL]DWLRQ�RI�DQWLJHQ�

VSHFLILF�7�FHOO�DFWLYDWLRQ� LQ�YLYR� LQ� UHVSRQVH� WR� LQWUDFHUHEUDO�DGPLQLVWUDWLRQ�RI�D�[HQRSHSWLGH�

([S�1HXURO���������������

1LFKROVRQ�&�� DQG�6\NRYD�(�� �������([WUDFHOOXODU� VSDFH� VWUXFWXUH� UHYHDOHG� E\� GLIIXVLRQ� DQDO\VLV�

7UHQGV�1HXURVFL��������������
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1LNNKDK�*���&XQQLQJKDP�0��*���-RGLFNH�$���.QDSSH�8���DQG�%MRUNOXQG�$�� ������� ,PSURYHG�JUDIW

VXUYLYDO�DQG�VWULDWDO�UHLQQHUYDWLRQ�E\�PLFURWUDQVSODQWDWLRQ�RI�IHWDO�QLJUDO�FHOO�VXVSHQVLRQV�LQ�WKH

UDW�3DUNLQVRQ�PRGHO��%UDLQ�5HV���������������

1LVKL\RUL�$���0LQDPL�0���2KWDQL�<���7DNDPL�6���<DPDPRWR�-���.DZDJXFKL�1���.XPH�7���$NDLNH�$��

DQG� 6DWRK� 0�� ������� /RFDOL]DWLRQ� RI� IUDFWDONLQH� DQG� &;�&5�� P51$V� LQ� UDW� EUDLQ�� GRHV

IUDFWDONLQH�SOD\�D�UROH�LQ�VLJQDOLQJ�IURP�QHXURQ�WR�PLFURJOLD"�)(%6�/HWW���������������

1REOH�$���7KRPDV�0��-���DQG�.HPHQ\�'��0���������(DUO\�7K��7K��FHOO�SRODUL]DWLRQ�LQ�WKH�DEVHQFH

RI� ,/��� DQG� ,/�����7� FHOO� UHFHSWRU� VLJQDOLQJ� UHJXODWHV� WKH� UHVSRQVH� WR� F\WRNLQHV� LQ�&'��DQG

&'��7�FHOOV��(XU�-�,PPXQRO����������������

1RUHQEHUJ�0��'�� �������$VWURF\WH� UHVSRQVHV�WR�&16� LQMXU\��-�1HXURSDWKRO�([S�1HXURO����������

����

2
*DUUD�$���������&\WRNLQHV� LQGXFH�WKH�GHYHORSPHQW�RI� IXQFWLRQDOO\�KHWHURJHQHRXV�7�KHOSHU�FHOO

VXEVHWV��,PPXQLW\�������������

2K� -��:��� 6FKZLHEHUW� /�� 0��� DQG� %HQYHQLVWH� (�� 1�� ������� &\WRNLQH� UHJXODWLRQ� RI� &&� DQG� &;&

FKHPRNLQH�H[SUHVVLRQ�E\�KXPDQ�DVWURF\WHV��-�1HXURYLURO�����������

2NDPRWR�<���<DPDVKLWD�-���+DVHJDZD�0���)XMLVDZD�+���<DPDVKLPD�7���+DVKLPRWR�7���1RQRPXUD

$���0DWVXPRWR�<���DQG�.LGD�6�� �������&HUYLFDO� O\PSK�QRGHV�SOD\� WKH� UROH�RI� UHJLRQDO� O\PSK

QRGHV�LQ�EUDLQ�WXPRXU�LPPXQLW\�LQ�UDWV��1HXURSDWKRO�$SSO�1HXURELRO��������������

2NXUD�<���7DQDND�5���2QR�.���<RVKLGD�6���7DQXPD�1���DQG�0DWVXPRWR�<���������7UHDWPHQW�RI�UDW

KHPLSDUNLQVRQ�PRGHO�ZLWK�[HQRJHQHLF�QHXUDO�WUDQVSODQWDWLRQ��WROHUDQFH�LQGXFWLRQ�E\�DQWL�7�FHOO

DQWLERGLHV��-�1HXURVFL�5HV��������������

2ODQRZ� &�� :��� )UHHPDQ� 7��� DQG� .RUGRZHU� -�� ������� 7UDQVSODQWDWLRQ� RI� HPEU\RQLF� GRSDPLQH

QHXURQV�IRU�VHYHUH�3DUNLQVRQ
V�GLVHDVH��1�(QJO�-�0HG������������DXWKRU�UHSO\�����

2PDUL�.��,��DQG�'RURYLQL�=LV�.���������([SUHVVLRQ�DQG�IXQFWLRQ�RI�O\PSKRF\WH�IXQFWLRQ�DVVRFLDWHG

DQWLJHQ����/)$����DW�WKH�EORRG�EUDLQ�EDUULHU��&HOO�0RO�%LRO��1RLV\�OH�JUDQG�������������

2ULRO�5���<H�<���.RUHQ�(���DQG�&RRSHU�'��.���������&DUERK\GUDWH�DQWLJHQV�RI�SLJ�WLVVXHV�UHDFWLQJ

ZLWK�KXPDQ�QDWXUDO�DQWLERGLHV�DV�SRWHQWLDO�WDUJHWV�IRU�K\SHUDFXWH�YDVFXODU�UHMHFWLRQ�LQ�SLJ�WR�

PDQ�RUJDQ�[HQRWUDQVSODQWDWLRQ��7UDQVSODQWDWLRQ����������������

2ZHQV� 7��� 5HQQR�7��� 7DXSLQ� 9��� DQG� .UDNRZVNL� 0�� ������� ,QIODPPDWRU\� F\WRNLQHV� LQ� WKH� EUDLQ�

GRHV�WKH�&16�VKDSH�LPPXQH�UHVSRQVHV"�,PPXQRO�7RGD\��������������

3DN]DEDQ� 3�� DQG� ,VDFVRQ� 2�� ������� 1HXUDO� [HQRWUDQVSODQWDWLRQ�� UHFRQVWUXFWLRQ� RI� QHXURQDO

FLUFXLWU\�DFURVV�VSHFLHV�EDUULHUV��1HXURVFLHQFH���������������
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3DN]DEDQ�3���'HDFRQ�7��:���%XUQV�/��+���'LQVPRUH�-���DQG� ,VDFVRQ�2�� �������$�QRYHO�PRGH�RI

LPPXQRSURWHFWLRQ� RI� QHXUDO� [HQRWUDQVSODQWV�� PDVNLQJ� RI� GRQRU� PDMRU� KLVWRFRPSDWLELOLW\

FRPSOH[�FODVV�,�HQKDQFHV�WUDQVSODQW�VXUYLYDO�LQ�WKH�FHQWUDO�QHUYRXV�V\VWHP��1HXURVFLHQFH�����

��������

3DQ� <��� /OR\G� &��� =KRX� +��� 'ROLFK� 6��� 'HHGV� -��� *RQ]DOR� -�� $��� 9DWK� -��� *RVVHOLQ� 0��� 0D� -��

'XVVDXOW�%���:RROI�(���$OSHULQ�*���&XOSHSSHU�-���*XWLHUUH]�5DPRV�-��&���DQG�*HDULQJ�'��������

1HXURWDFWLQ�� D� PHPEUDQH�DQFKRUHG� FKHPRNLQH� XSUHJXODWHG� LQ� EUDLQ� LQIODPPDWLRQ�� 1DWXUH�

�������������

3DQQHWLHU�&���(YHQ�-���DQG�.RXULOVN\�3���������7�FHOO�UHSHUWRLUH�GLYHUVLW\�DQG�FORQDO�H[SDQVLRQV�LQ

QRUPDO�DQG�FOLQLFDO�VDPSOHV��,PPXQRO�7RGD\��������������

3DUDGLV� .��� /DQJIRUG� *��� /RQJ� =��� +HQHLQH�:��� 6DQGVWURP� 3��� 6ZLW]HU�:�� 0��� &KDSPDQ� /�� (��

/RFNH\�&���2QLRQV�'��� DQG�2WWR�(�� �������6HDUFK� IRU� FURVV�VSHFLHV� WUDQVPLVVLRQ� RI� SRUFLQH

HQGRJHQRXV� UHWURYLUXV� LQ�SDWLHQWV� WUHDWHG�ZLWK� OLYLQJ� SLJ� WLVVXH��7KH�;(1�����6WXG\�*URXS�

6FLHQFH�����������������

3DUHVFH�'��0���*KRVK�5��1���DQG�0D[ILHOG�)��5�� �������0LFURJOLDO�FHOOV� LQWHUQDOL]H�DJJUHJDWHV�RI

WKH�$O]KHLPHU
V�GLVHDVH�DP\ORLG�EHWD�SURWHLQ�YLD�D�VFDYHQJHU�UHFHSWRU��1HXURQ��������������

3DVKHQNRY�0���7HOHVKRYD�1���DQG�/LQN�+���������,QIODPPDWLRQ�LQ�WKH�FHQWUDO�QHUYRXV�V\VWHP��WKH

UROH�IRU�GHQGULWLF�FHOOV��%UDLQ�3DWKRO������������

3DXO�:��(��DQG�6HGHU�5��$���������/\PSKRF\WH�UHVSRQVHV�DQG�F\WRNLQHV��&HOO��������������

3DZOLNRZVNL�0���=HOD]RZVNL�3���6WHSLHQ�+���DQG�6FKDOO\�$��9���������6RPDWRVWDWLQ�DQG�LWV�DQDORJ

HQKDQFH� WKH� IRUPDWLRQ� RI� KXPDQ� OHXNRF\WH� PLJUDWLRQ� LQKLELWLQJ� IDFWRU�� IXUWKHU� HYLGHQFH� IRU

LPPXQRPRGXODWRU\�DFWLRQ�RI�VRPDWRVWDWLQ��3HSWLGHV�������������

3HGHUVHQ�(��%���3RXOVHQ�)��5��� =LPPHU� -��� DQG�)LQVHQ�%�� �������3UHYHQWLRQ� RI�PRXVH�UDW� EUDLQ

[HQRJUDIW�UHMHFWLRQ�E\�D�FRPELQDWLRQ�WKHUDS\�RI�F\FORVSRULQ�$��SUHGQLVRORQH�DQG�D]DWKLRSULQH�

([S�%UDLQ�5HV���������������

3HGHUVHQ�(��%��DQG�:LGQHU�+���������;HQRWUDQVSODQWDWLRQ��3URJ�%UDLQ�5HV���������������

3HGHUVHQ� (�� %��� =LPPHU� -��� DQG� )LQVHQ� %�� ������� 7ULSOH� LPPXQRVXSSUHVVLRQ� SURWHFWV� PXULQH

LQWUDFHUHEUDO�� KLSSRFDPSDO� [HQRJUDIWV� LQ� DGXOW� UDW� KRVWV�� HIIHFWV� RQ� FHOOXODU� LQILOWUDWLRQ��PDMRU

KLVWRFRPSDWLELOLW\� FRPSOH[� DQWLJHQ� LQGXFWLRQ� DQG� EORRG�EUDLQ� EDUULHU� OHDNDJH�� 1HXURVFLHQFH�

������������

3HQGHU�0��3���0F&RPEH�3��$���<RRQJ�*��� DQG�1JX\HQ�.��%�� �������$SRSWRVLV� RI� DOSKD� EHWD�7

O\PSKRF\WHV� LQ� WKH� QHUYRXV� V\VWHP� LQ� H[SHULPHQWDO� DXWRLPPXQH� HQFHSKDORP\HOLWLV�� LWV

SRVVLEOH�LPSOLFDWLRQV�IRU�UHFRYHU\�DQG�DFTXLUHG�WROHUDQFH��-�$XWRLPPXQ�������������
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3HQGHU� 0�� 3�� DQG� 5LVW� 0�� -�� ������� $SRSWRVLV� RI� LQIODPPDWRU\� FHOOV� LQ� LPPXQH� FRQWURO� RI� WKH

QHUYRXV�V\VWHP��UROH�RI�JOLD��*OLD��������������

3HQQHOO� 1�� $�� DQG� 6WUHLW�:�� -�� ������� &RORQL]DWLRQ� RI� QHXUDO� DOORJUDIWV� E\� KRVW� PLFURJOLDO� FHOOV�

UHODWLRQVKLS�WR�JUDIW�QHRYDVFXODUL]DWLRQ��&HOO�7UDQVSODQW�������������

3HUHVV�1��6���)OHLW�+��%���3HULOOR�(���.XOMLV�5���DQG�3H]]XOOR�&���������,GHQWLILFDWLRQ�RI�)F�JDPPD�5,�

,,� DQG� ,,,� RQ� QRUPDO� KXPDQ� EUDLQ� UDPLILHG� PLFURJOLD� DQG� RQ� PLFURJOLD� LQ� VHQLOH� SODTXHV� LQ

$O]KHLPHU
V�GLVHDVH��-�1HXURLPPXQRO������������

3HUORZ�0��-���)UHHG�:��-���+RIIHU�%��-���6HLJHU�$���2OVRQ�/���DQG�:\DWW�5��-�� �������%UDLQ�JUDIWV

UHGXFH� PRWRU� DEQRUPDOLWLHV� SURGXFHG� E\� GHVWUXFWLRQ� RI� QLJURVWULDWDO� GRSDPLQH� V\VWHP�

6FLHQFH���������������

3HUU\�9��+���&URFNHU�3��5���DQG�*RUGRQ�6���������7KH�EORRG�EUDLQ�EDUULHU�UHJXODWHV�WKH�H[SUHVVLRQ

RI�D�PDFURSKDJH�VLDOLF�DFLG�ELQGLQJ�UHFHSWRU�RQ�PLFURJOLD��-�&HOO�6FL��������3W�������������

3HUU\�9��+��DQG�*RUGRQ�6���������0RGXODWLRQ�RI�&'��DQWLJHQ�RQ�PDFURSKDJHV�DQG�PLFURJOLD�LQ�UDW

EUDLQ��-�([S�0HG�����������������

3HUU\�9��+���+XPH�'��$���DQG�*RUGRQ�6���������,PPXQRKLVWRFKHPLFDO�ORFDOL]DWLRQ�RI�PDFURSKDJHV

DQG�PLFURJOLD�LQ�WKH�DGXOW�DQG�GHYHORSLQJ�PRXVH�EUDLQ��1HXURVFLHQFH��������������

3HUU\�9��+���0DW\V]DN�0��.���DQG�)HDUQ�6�� �������$OWHUHG�DQWLJHQ�H[SUHVVLRQ�RI�PLFURJOLD� LQ� WKH

DJHG�URGHQW�&16��*OLD�����������

3HVFKDQVNL�0���'HIHU�*���1
*X\HQ�-��3���5LFROIL�)���0RQIRUW�-��&���5HP\�3���*HQ\�&���6DPVRQ�<��

+DQWUD\H�3���-HQ\�5���DQG�HW�DO���������%LODWHUDO�PRWRU� LPSURYHPHQW�DQG�DOWHUDWLRQ�RI�/�GRSD

HIIHFW� LQ� WZR�SDWLHQWV�ZLWK�3DUNLQVRQ
V� GLVHDVH� IROORZLQJ� LQWUDVWULDWDO� WUDQVSODQWDWLRQ� RI� IRHWDO

YHQWUDO�PHVHQFHSKDORQ��%UDLQ��������3W�������������

3HWHUVHQ�$���+DQVVRQ�2���(PJDUG�0���DQG�%UXQGLQ�3���������*UDIWLQJ�RI�QLJUDO� WLVVXH�KLEHUQDWHG

ZLWK� WLULOD]DG�PHV\ODWH�DQG�JOLDO�FHOO� OLQH�GHULYHG�QHXURWURSKLF� IDFWRU��&HOO�7UDQVSODQW���������

����

3KLOOLSV�0��-���1HHGKDP�0���DQG�:HOOHU�5��2���������5ROH�RI�FHUYLFDO�O\PSK�QRGHV�LQ�DXWRLPPXQH

HQFHSKDORP\HOLWLV�LQ�WKH�/HZLV�UDW��-�3DWKRO���������������

3KLOOLSV��/��0��DQG�/DPSVRQ�/��$���������6LWH�VSHFLILF�RI�7�FHOO� WUDIILF� LQ�WKH�EUDLQ���7�FHOO�HQWU\� LQ

EUDLQVWHP�YV��+LSSRFDPSXV�DIWHU�ORFDO�LQMHFWLRQ�RI�,)1�JDPPD��-�1HXURLPPXQRO��������������

3LFFLQL�3���%URRNV�'��-���%MRUNOXQG�$���*XQQ�5��1���*UDVE\�3��0���5LPROGL�2���%UXQGLQ�3���+DJHOO�3��

5HKQFURQD�6���:LGQHU�+��� DQG� /LQGYDOO�2�� �������'RSDPLQH� UHOHDVH� IURP� QLJUDO� WUDQVSODQWV

YLVXDOL]HG�LQ�YLYR�LQ�D�3DUNLQVRQ
V�SDWLHQW��1DW�1HXURVFL���������������
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3LFFLQL� 3��� /LQGYDOO� 2��� %MRUNOXQG� $��� %UXQGLQ� 3��� +DJHOO� 3��� &HUDYROR� 5��� 2HUWHO� :��� 4XLQQ� 1��

6DPXHO� 0��� 5HKQFURQD� 6��� :LGQHU� +��� DQG� %URRNV� '�� -�� ������� 'HOD\HG� UHFRYHU\� RI

PRYHPHQW�UHODWHG� FRUWLFDO� IXQFWLRQ� LQ� 3DUNLQVRQ
V� GLVHDVH� DIWHU� VWULDWDO� GRSDPLQHUJLF� JUDIWV�

$QQ�1HXURO��������������

3ODWW� 1��� 6X]XNL� +��� .XULKDUD� <��� .RGDPD� 7��� DQG� *RUGRQ� 6�� ������� 5ROH� IRU� WKH� FODVV� $

PDFURSKDJH� VFDYHQJHU� UHFHSWRU� LQ� WKH� SKDJRF\WRVLV� RI� DSRSWRWLF� WK\PRF\WHV� LQ� YLWUR�� 3URF

1DWO�$FDG�6FL�8�6�$������������������

3ROWRUDN�0��DQG�)UHHG�:��-���������%1�UDWV�GR�QRW�UHMHFW�)����EUDLQ�DOORJUDIWV�HYHQ�DIWHU�V\VWHPLF

VHQVLWL]DWLRQ��$QQ�1HXURO��������������

3RVWLJR�$��$���0DUD]XHOD�0���6DQFKH]�0DGULG�)��� DQG�GH�/DQGD]XUL�0��2�� �������%� O\PSKRF\WH

ELQGLQJ�WR�(��DQG�3�VHOHFWLQV�LV�PHGLDWHG�WKURXJK�WKH�GH�QRYR�H[SUHVVLRQ�RI�FDUERK\GUDWHV�RQ

LQ�YLWUR�DQG�LQ�YLYR�DFWLYDWHG�KXPDQ�%�FHOOV��-�&OLQ�,QYHVW����������������

3RWWHU�(��'���/LQJ�=��'���DQG�&DUYH\�3��0���������&\WRNLQH�LQGXFHG�FRQYHUVLRQ�RI�PHVHQFHSKDOLF�

GHULYHG�SURJHQLWRU�FHOOV�LQWR�GRSDPLQH�QHXURQV��&HOO�7LVVXH�5HV���������������

3UDW�$���%LHUQDFNL�.���%HFKHU�%���DQG�$QWHO�-��3���������%��H[SUHVVLRQ�DQG�DQWLJHQ�SUHVHQWDWLRQ�E\

KXPDQ�EUDLQ�HQGRWKHOLDO�FHOOV��UHTXLUHPHQW�IRU�SURLQIODPPDWRU\�F\WRNLQHV��-�1HXURSDWKRO�([S

1HXURO��������������

3UDWW�-��5���+LEEV�0��-���/DYHU�$��-���6PLWK�5��$���DQG�6DFNV�6��+���������(IIHFWV�RI�FRPSOHPHQW

LQKLELWLRQ�ZLWK�VROXEOH�FRPSOHPHQW�UHFHSWRU���RQ�YDVFXODU�LQMXU\�DQG�LQIODPPDWLRQ�GXULQJ�UHQDO

DOORJUDIW�UHMHFWLRQ�LQ�WKH�UDW��$P�-�3DWKRO�����������������

3ULOOHU�-���+DDV�&��$���5HGGLQJWRQ�0���DQG�.UHXW]EHUJ�*��:���������&DOFLWRQLQ�JHQH�UHODWHG�SHSWLGH

DQG�$73�LQGXFH�LPPHGLDWH�HDUO\�JHQH�H[SUHVVLRQ�LQ�FXOWXUHG�UDW�PLFURJOLDO�FHOOV��*OLD����������

����

3ULQHDV�-��:�� �������0XOWLSOH�VFOHURVLV��SUHVHQFH�RI� O\PSKDWLF� FDSLOODULHV�DQG� O\PSKRLG� WLVVXH� LQ

WKH�EUDLQ�DQG�VSLQDO�FRUG��6FLHQFH�����������������

3ULQ]�0��DQG�+DQLVFK�8��.���������0XULQH�PLFURJOLDO�FHOOV�SURGXFH�DQG�UHVSRQG�WR�LQWHUOHXNLQ�����-

1HXURFKHP����������������

3U\FH� *��� 0DOH� '��� &DPSEHOO� ,��� DQG� *UHHQZRRG� -�� ������� )DFWRUV� FRQWUROOLQJ� 7�FHOO� PLJUDWLRQ

DFURVV�UDW�FHUHEUDO�HQGRWKHOLXP�LQ�YLWUR��-�1HXURLPPXQRO������������

3U\FH�*���0DOH�'���DQG�6HGJZLFN�-���������$QWLJHQ�SUHVHQWDWLRQ�LQ�EUDLQ��EUDLQ�HQGRWKHOLDO�FHOOV�DUH

SRRU�VWLPXODWRUV�RI�7�FHOO�SUROLIHUDWLRQ��,PPXQRORJ\��������������



���

4LDQ�'��DQG�:HLVV�$�� �������7� FHOO� DQWLJHQ� UHFHSWRU� VLJQDO� WUDQVGXFWLRQ��&XUU�2SLQ�&HOO�%LRO�� ��

��������

4XLQRQHUR�-���7FKHOLQJHULDQ�-��/���9LJQDLV�/���)RLJQDQW�&KDYHURW�1���&ROLQ�&���+RUHOORX�3���/LEODX

5���%DUELQ�*���6WURVEHUJ�$��'��� -DFTXH�&��� DQG�&RXUDXG�3��2�� �������*HQH� WUDQVIHU� WR� WKH

FHQWUDO�QHUYRXV�V\VWHP�E\�WUDQVSODQWDWLRQ�RI�FHUHEUDO�HQGRWKHOLDO�FHOOV��*HQH�7KHU�������������

5DLQH�&�� 6��� &DQQHOOD� %���'XLMYHVWLMQ� $��0��� DQG�&URVV�$�� +�� ������� +RPLQJ� WR� FHQWUDO� QHUYRXV

V\VWHP�YDVFXODWXUH�E\�DQWLJHQ�VSHFLILF�O\PSKRF\WHV��,,��/\PSKRF\WH�HQGRWKHOLDO�FHOO�DGKHVLRQ

GXULQJ�WKH�LQLWLDO�VWDJHV�RI�DXWRLPPXQH�GHP\HOLQDWLRQ��/DE�,QYHVW��������������

5DQGROSK�*��-���,QDED�.���5REELDQL�'��)���6WHLQPDQ�5��0���DQG�0XOOHU�:��$���������'LIIHUHQWLDWLRQ

RI�SKDJRF\WLF�PRQRF\WHV�LQWR�O\PSK�QRGH�GHQGULWLF�FHOOV�LQ�YLYR��,PPXQLW\��������������

5DQVRKRII� 5��0��� +DPLOWRQ� 7�� $��� 7DQL� 0��� 6WROHU� 0�� +��� 6KLFN� +�� (��� 0DMRU� -�� $��� (VWHV�0�� /��

7KRPDV�'��0���DQG�7XRK\�9��.���������$VWURF\WH�H[SUHVVLRQ�RI�P51$�HQFRGLQJ�F\WRNLQHV�,3�

���DQG�-(�0&3���LQ�H[SHULPHQWDO�DXWRLPPXQH�HQFHSKDORP\HOLWLV��)DVHE�-�������������

5DR� .�� DQG� /XQG� 5�� '�� ������� 'HJHQHUDWLRQ� RI� RSWLF� D[RQV� LQGXFHV� WKH� H[SUHVVLRQ� RI� PDMRU

KLVWRFRPSDWLELOLW\�DQWLJHQV��%UDLQ�5HV���������������

5DVFRO�2���%URRNV�'��-���.RUF]\Q�$��'���'H�'H\Q�3��3���&ODUNH�&��(���DQG�/DQJ�$��(���������$�ILYH�

\HDU�VWXG\�RI�WKH�LQFLGHQFH�RI�G\VNLQHVLD�LQ�SDWLHQWV�ZLWK�HDUO\�3DUNLQVRQ
V�GLVHDVH�ZKR�ZHUH

WUHDWHG�ZLWK�URSLQLUROH�RU�OHYRGRSD������6WXG\�*URXS��1�(QJO�-�0HG�����������������

5HGPRQG� '�� (��� -U��� 6ODGHN� -�� 5��� DQG� 6SHQFHU� '�� '�� ������� 7UDQVSODQWDWLRQ� RI� HPEU\RQLF

GRSDPLQH�QHXURQV�IRU�VHYHUH�3DUNLQVRQ
V�GLVHDVH��1�(QJO�-�0HG���������������

5HGZLQH� -�� 0��� %XFKPHLHU� 0�� -��� DQG� (YDQV� &�� )�� ������� ,Q� YLYR� H[SUHVVLRQ� RI� PDMRU

KLVWRFRPSDWLELOLW\�FRPSOH[�PROHFXOHV�RQ�ROLJRGHQGURF\WHV�DQG�QHXURQV�GXULQJ�YLUDO� LQIHFWLRQ�

$P�-�3DWKRO�����������������

5HLFKPDQQ�*���6FKURHWHU�0���-DQGHU�6���DQG�)LVFKHU�+��*���������'HQGULWLF�FHOOV�DQG�GHQGULWLF�OLNH

PLFURJOLD�LQ�IRFDO�FRUWLFDO�LVFKHPLD�RI�WKH�PRXVH�EUDLQ��-�1HXURLPPXQRO���������������

5HLQHU�6��/��DQG�/RFNVOH\�5��0���������7KH�UHJXODWLRQ�RI�LPPXQLW\�WR�/HLVKPDQLD�PDMRU��$QQX�5HY

,PPXQRO��������������

5HP\�3��� 6DPVRQ� <��� +DQWUD\H� 3��� )RQWDLQH� $��� 'HIHU�*���0DQJLQ� -�� )��� )HQHORQ�*���*HQ\�&��

5LFROIL� )��� )URXLQ� 9��� DQG� HW� DO�� ������� &OLQLFDO� FRUUHODWHV� RI� >��)@IOXRURGRSD� XSWDNH� LQ� ILYH

JUDIWHG�SDUNLQVRQLDQ�SDWLHQWV��$QQ�1HXURO��������������



���

5HWWHQEHUJHU�*���.OHWW�&���=HFKQHU�8���.XQ]�-���9RJHO�:���DQG�+DPHLVWHU�+���������9LVXDOL]DWLRQ�RI

WKH�FRQVHUYDWLRQ�RI�V\QWHQ\�EHWZHHQ�KXPDQV�DQG�SLJV�E\�KHWHURORJRXV�FKURPRVRPDO�SDLQWLQJ�

*HQRPLFV��������������

5RDNH�-��$���5DR�$��6���0RUULV�3��-���/DUVHQ�&��3���+DQNLQV�'��)���DQG�$XVW\Q�-��0���������'HQGULWLF

FHOO� ORVV�IURP�QRQO\PSKRLG�WLVVXHV�DIWHU�V\VWHPLF�DGPLQLVWUDWLRQ�RI� OLSRSRO\VDFFKDULGH�� WXPRU

QHFURVLV�IDFWRU��DQG�LQWHUOHXNLQ����-�([S�0HG�����������������

5RELQVRQ�6��5���+DPSVRQ�(��&���0XQUR�0��1���DQG�9DQH\�'�� ,�� �������8QLGLUHFWLRQDO�FRXSOLQJ�RI

JDS�MXQFWLRQV�EHWZHHQ�QHXURJOLD��6FLHQFH�����������������

5RFN�(��3���6LEEDOG�3��5���'DYLV�0��0���DQG�&KLHQ�<��+�� �������&'5�� OHQJWK� LQ�DQWLJHQ�VSHFLILF

LPPXQH�UHFHSWRUV��-�([S�0HG���������������

5RJHUV�-���:HEVWHU�6���/XH�/��)���%UDFKRYD�/���&LYLQ�:��+���(PPHUOLQJ�0���6KLYHUV�%���:DONHU�'��

DQG�0F*HHU�3���������,QIODPPDWLRQ�DQG�$O]KHLPHU
V�GLVHDVH�SDWKRJHQHVLV��1HXURELRO�$JLQJ�

������������

5ROOLQV� %�� -��� <RVKLPXUD� 7��� /HRQDUG� (�� -��� DQG� 3REHU� -�� 6�� ������� &\WRNLQH�DFWLYDWHG� KXPDQ

HQGRWKHOLDO�FHOOV�V\QWKHVL]H�DQG�VHFUHWH�D�PRQRF\WH�FKHPRDWWUDFWDQW��0&3���-(��$P�-�3DWKRO�

���������������

5RVHQEODG� &��� 0DUWLQH]�6HUUDQR� $��� DQG� %MRUNOXQG� $�� ������� ,QWUDVWULDWDO� JOLDO� FHOO� OLQH�GHULYHG

QHXURWURSKLF� IDFWRU� SURPRWHV� VSURXWLQJ� RI� VSDUHG� QLJURVWULDWDO� GRSDPLQHUJLF� DIIHUHQWV� DQG

LQGXFHV� UHFRYHU\� RI� IXQFWLRQ� LQ� D� UDW�PRGHO� RI� 3DUNLQVRQ
V� GLVHDVH��1HXURVFLHQFH�� ���� ����

����

5RVHQEODG�&���.LULN�'��� DQG�%MRUNOXQG�$�� �����D��1HXUWXULQ�HQKDQFHV� WKH�VXUYLYDO� RI� LQWUDVWULDWDO

IHWDO�GRSDPLQHUJLF�WUDQVSODQWV��1HXURUHSRUW����������������

5RVHQEODG�&���.LULN�'���'HYDX[�%���0RIIDW�%���3KLOOLSV�+��6���DQG�%MRUNOXQG�$�� �����E��3URWHFWLRQ

DQG� UHJHQHUDWLRQ� RI� QLJUDO� GRSDPLQHUJLF� QHXURQV� E\� QHXUWXULQ� RU� *'1)� LQ� D� SDUWLDO� OHVLRQ

PRGHO�RI�3DUNLQVRQ
V�GLVHDVH�DIWHU�DGPLQLVWUDWLRQ�LQWR�WKH�VWULDWXP�RU�WKH�ODWHUDO�YHQWULFOH��(XU�-

1HXURVFL����������������

5RVHQEODG�&���*URQERUJ�0���+DQVHQ�&���%ORP�1���0H\HU�0���-RKDQVHQ�-���'DJR�/���.LULN�'���3DWHO

8��$���/XQGEHUJ�&���7URQR�'���%MRUNOXQG�$���DQG�-RKDQVHQ�7��(�� ������� ,Q�YLYR�SURWHFWLRQ�RI

QLJUDO� GRSDPLQH� QHXURQV� E\� OHQWLYLUDO� JHQH� WUDQVIHU� RI� WKH� QRYHO� *'1)�IDPLO\� PHPEHU

QHXEODVWLQ�DUWHPLQ��0RO�&HOO�1HXURVFL��������������

5RVVOHU�.���1HXFKULVW�&���.LW]�.���6FKHLQHU�2���.UDIW�'��� DQG�/DVVPDQQ�+�� �������([SUHVVLRQ� RI

OHXFRF\WH� DGKHVLRQ�PROHFXOHV� DW� WKH� KXPDQ�EORRG�EUDLQ� EDUULHU� �%%%��� -�1HXURVFL�5HV�� ���

��������



���

5RVWDLQJ�5LJDWWLHUL� 6��� )ORUHV�*XHYDUD� 5��� 3HVFKDQVNL� 0��� DQG� &DGXVVHDX� -�� ������� *OLDO� DQG

HQGRWKHOLDO�FHOO�UHVSRQVH�WR�D�IHWDO�WUDQVSODQW�RI�SXULILHG�QHXURQV��1HXURVFLHQFH��������������

5RWKVWHLQ�-��'���-LQ�/���'\NHV�+REHUJ�0���DQG�.XQFO�5��:���������&KURQLF� LQKLELWLRQ�RI�JOXWDPDWH

XSWDNH�SURGXFHV�D�PRGHO�RI�VORZ�QHXURWR[LFLW\��3URF�1DWO�$FDG�6FL�8�6�$����������������

5R\R� 1�� &��� :DKO� )��� DQG� 6WXW]PDQQ� -�� 0�� ������� .LQHWLFV� RI� SRO\PRUSKRQXFOHDU� QHXWURSKLO

LQILOWUDWLRQ�DIWHU�D�WUDXPDWLF�EUDLQ�LQMXU\�LQ�UDW��1HXURUHSRUW����������������

5XVDNRY�'��$��DQG�.XOOPDQQ�'��0���������$�WRUWXRXV�DQG�YLVFRXV�URXWH�WR�XQGHUVWDQGLQJ�GLIIXVLRQ

LQ�WKH�EUDLQ��7UHQGV�1HXURVFL��������������

6DDGL�6��DQG�3ODWW� -�� /�� �������5ROH�RI�FRPSOHPHQW� LQ� [HQRWUDQVSODQWDWLRQ��&OLQ�([S�3KDUPDFRO

3K\VLRO����������������

6DDV�3���:DONHU�3��5���+DKQH�0���4XLTXHUH]�$��/���6FKQXULJHU�9���3HUULQ�*���)UHQFK�/���9DQ�0HLU�(�

*���GH�7ULEROHW�1���7VFKRSS�-���DQG�'LHWULFK�3��<���������)DV�OLJDQG�H[SUHVVLRQ�E\�DVWURF\WRPD

LQ�YLYR��PDLQWDLQLQJ�LPPXQH�SULYLOHJH�LQ�WKH�EUDLQ"�-�&OLQ�,QYHVW����������������

6DFKV� &�� DQG� -RQVVRQ� *�� ������� 0HFKDQLVPV� RI� DFWLRQ� RI� ��K\GUR[\GRSDPLQH�� %LRFKHP

3KDUPDFRO����������

6DNDL�.���'DWH� ,���<RVKLPRWR�<���$ULVDZD�7���1DNDVKLPD�+���)XUXWD�7���$VDUL�6��� DQG�2KPRWR�7�

������� 7KH� HIIHFW� RI� D� QHZ� LPPXQRVXSSUHVVLYH� DJHQW�� ).������ RQ� [HQRJHQHLF� QHXUDO

WUDQVSODQWDWLRQ�LQ�URGHQWV��%UDLQ�5HV���������������

6DQEHUJ�3��5���%RUORQJDQ�&��9���2WKEHUJ�$�� ,���6DSRUWD�6��� )UHHPDQ�7��%��� DQG�&DPHURQ�'��)�

�������7HVWLV�GHULYHG�6HUWROL� FHOOV� KDYH� D� WURSKLF� HIIHFW� RQ� GRSDPLQH� QHXURQV� DQG� DOOHYLDWH

KHPLSDUNLQVRQLVP�LQ�UDWV��1DW�0HG���������������

6DQEHUJ�3��5���%RUORQJDQ�&��9���6DSRUWD�6���DQG�&DPHURQ�'��)���������7HVWLV�GHULYHG�6HUWROL�FHOOV

VXUYLYH�DQG�SURYLGH�ORFDOL]HG�LPPXQRSURWHFWLRQ�IRU�[HQRJUDIWV�LQ�UDW�EUDLQ��1DW�%LRWHFKQRO�����

����������

6DQWDPEURJLR�/���%HO\DQVND\D�6��/���)LVFKHU�)��5���&LSULDQL�%���%URVQDQ�&��)���5LFFLDUGL�&DVWDJQROL

3��� 6WHUQ� /�� -��� 6WURPLQJHU� -�� /��� DQG� 5LHVH� 5�� ������� 'HYHORSPHQWDO� SODVWLFLW\� RI� &16

PLFURJOLD��3URF�1DWO�$FDG�6FL�8�6�$����������������

6DRXGL� $��� 6LPPRQGV� 6��� +XLWLQJD� ,��� DQG�0DVRQ� '�� ������� 3UHYHQWLRQ� RI� H[SHULPHQWDO� DOOHUJLF

HQFHSKDORP\HOLWLV� LQ� UDWV� E\� WDUJHWLQJ� DXWRDQWLJHQ� WR� %� FHOOV�� HYLGHQFH� WKDW� WKH� SURWHFWLYH

PHFKDQLVP� GHSHQGV� RQ� FKDQJHV� LQ� WKH� F\WRNLQH� UHVSRQVH� DQG� PLJUDWRU\� SURSHUWLHV� RI� WKH

DXWRDQWLJHQ�VSHFLILF�7�FHOOV��-�([S�0HG���������������



���

6DWRK�-���.LP�6��8���.DVWUXNRII�/��)���DQG�7DNHL�)���������([SUHVVLRQ�DQG�LQGXFWLRQ�RI�LQWHUFHOOXODU

DGKHVLRQ� PROHFXOHV� �,&$0V�� DQG� PDMRU� KLVWRFRPSDWLELOLW\� FRPSOH[� �0+&�� DQWLJHQV� RQ

FXOWXUHG�PXULQH�ROLJRGHQGURF\WHV�DQG�DVWURF\WHV��-�1HXURVFL�5HV�����������

6DZOH�*��9���%ORRPILHOG�3��0���%MRUNOXQG�$���%URRNV�'��-���%UXQGLQ�3���/HHQGHUV�.��/���/LQGYDOO�2��

0DUVGHQ�&��'���5HKQFURQD�6���:LGQHU�+���DQG�HW�DO���������7UDQVSODQWDWLRQ�RI�IHWDO�GRSDPLQH

QHXURQV� LQ� 3DUNLQVRQ
V� GLVHDVH�� 3(7� >��)@��/�IOXRURGRSD� VWXGLHV� LQ� WZR� SDWLHQWV� ZLWK

SXWDPLQDO�LPSODQWV��$QQ�1HXURO��������������

6FKDSLUD�$��+���������6FLHQFH��PHGLFLQH��DQG�WKH�IXWXUH��3DUNLQVRQ
V�GLVHDVH��%PM���������������

6FKLHUOH� *�� 6��� +DQVVRQ�2��� /HLVW� 0��� 1LFRWHUD� 3���:LGQHU� +��� DQG� %UXQGLQ� 3�� ������� &DVSDVH

LQKLELWLRQ�UHGXFHV�DSRSWRVLV�DQG�LQFUHDVHV�VXUYLYDO�RI�QLJUDO�WUDQVSODQWV��1DW�0HG������������

6FKPLG�&��'���6DXWNXOLV�/��1���'DQLHOVRQ�3��(���&RRSHU�-���+DVHO�.��:���+LOEXVK�%��6���6XWFOLIIH�-�

*���DQG�&DUVRQ�0��-�� �������+HWHURJHQHRXV�H[SUHVVLRQ�RI�WKH�WULJJHULQJ�UHFHSWRU�H[SUHVVHG

RQ�P\HORLG�FHOOV���RQ�DGXOW�PXULQH�PLFURJOLD��-�1HXURFKHP����������������

6FKPLGW�5��+��� ,QJYDU�0���/LQGYDOO�2���6WHQHYL�8��� DQG�%MRUNOXQG�$�� �������)XQFWLRQDO� DFWLYLW\� RI

VXEVWDQWLD� QLJUD� JUDIWV� UHLQQHUYDWLQJ� WKH� VWULDWXP�� QHXURWUDQVPLWWHU� PHWDEROLVP� DQG� >��&@��

GHR[\�'�JOXFRVH�DXWRUDGLRJUDSK\��-�1HXURFKHP��������������

6FKURHWHU�0���-DQGHU�6���+XLWLQJD�,���DQG�6WROO�*���������&'���SKDJRF\WHV�LQ�IRFDO�LVFKHPLD�RI�WKH

UDW� EUDLQ�� SUHGRPLQDQW� RULJLQ� IURP� KHPDWRJHQRXV� PDFURSKDJHV� DQG� WDUJHWLQJ� WR� DUHDV� RI

SDQQHFURVLV��$FWD�1HXURSDWKRO��%HUO����������������

6FKXPDFKHU�-��0���(OOLDV�6��$���3DOPHU�(��3���.RWW�+��6���'LQVPRUH�-���'HPSVH\�3��.���)LVFKPDQ�$�

-���7KRPDV�&���)HOGPDQ�5��*���.DVVLVVLHK�6���5DLQHUL�5���0DQKDUW�&���3HQQH\�'���)LQN�-��6��

DQG�,VDFVRQ�2���������7UDQVSODQWDWLRQ�RI�HPEU\RQLF�SRUFLQH�PHVHQFHSKDOLF�WLVVXH�LQ�SDWLHQWV

ZLWK�3'��1HXURORJ\����������������

6FKZDUW]�0���&RKHQ�,���/D]DURY�6SLHJOHU�2���0RDOHP�*���DQG�<ROHV�(�������D��7KH�UHPHG\�PD\�OLH

LQ� RXUVHOYHV�� SURVSHFWV� IRU� LPPXQH� FHOO� WKHUDS\� LQ� FHQWUDO� QHUYRXV� V\VWHP� SURWHFWLRQ� DQG

UHSDLU��-�0RO�0HG��������������

6FKZDUW]�0���0RDOHP�*���/HLERZLW]�$PLW�5���DQG�&RKHQ�,��5�������E��,QQDWH�DQG�DGDSWLYH�LPPXQH

UHVSRQVHV�FDQ�EH�EHQHILFLDO�IRU�&16�UHSDLU��7UHQGV�1HXURVFL��������������

6FKZDUW]�0��DQG�&RKHQ�,��5���������$XWRLPPXQLW\�FDQ�EHQHILW�VHOI�PDLQWHQDQFH��,PPXQRO�7RGD\�

������������

6HELOOH�)���*DJQH�.���*XLOOHW�0���'HJDXTXH�1���3DOOLHU�$���%URXDUG�6���9DQKRYH�%���'HOVXF�0��$��

DQG� 6RXOLOORX� -�� 3�� ������� 'LUHFW� UHFRJQLWLRQ� RI� IRUHLJQ�0+&� GHWHUPLQDQWV� E\� QDLYH� 7� FHOOV
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PRELOL]HV�VSHFLILF�9EHWD�IDPLOLHV�ZLWKRXW�VNHZLQJ�RI�WKH�FRPSOHPHQWDULW\�GHWHUPLQLQJ�UHJLRQ��

OHQJWK�GLVWULEXWLRQ��-�,PPXQRO�����������������

6HGJZLFN� -��'���0RVVQHU�5���6FKZHQGHU�6��� DQG� WHU�0HXOHQ�9�� �����D��0DMRU� KLVWRFRPSDWLELOLW\

FRPSOH[�H[SUHVVLQJ� QRQKHPDWRSRLHWLF� DVWURJOLDO� FHOOV� SULPH� RQO\� &'��� 7� O\PSKRF\WHV�

DVWURJOLDO� FHOOV� DV� SHUSHWXDWRUV� EXW� QRW� LQLWLDWRUV� RI� &'��� 7� FHOO� UHVSRQVHV� LQ� WKH� FHQWUDO

QHUYRXV�V\VWHP��-�([S�0HG�����������������

6HGJZLFN�-��'���6FKZHQGHU�6��� ,PULFK�+���'RUULHV�5���%XWFKHU�*��:���DQG� WHU�0HXOHQ�9�� �����E�

,VRODWLRQ�DQG�GLUHFW�FKDUDFWHUL]DWLRQ�RI�UHVLGHQW�PLFURJOLDO�FHOOV�IURP�WKH�QRUPDO�DQG� LQIODPHG

FHQWUDO�QHUYRXV�V\VWHP��3URF�1DWO�$FDG�6FL�8�6�$����������������

6HOPDM�.�� �������3DWKRSK\VLRORJ\�RI� WKH� EORRG�EUDLQ� EDUULHU��6SULQJHU�6HPLQ� ,PPXQRSDWKRO�� ���

������

6HOYDQ�5��6���.DSDGLD�+��%���DQG�3ODWW�-��/���������&RPSOHPHQW�LQGXFHG�H[SUHVVLRQ�RI�FKHPRNLQH

JHQHV� LQ� HQGRWKHOLXP�� UHJXODWLRQ� E\� ,/���GHSHQGHQW� DQG� �LQGHSHQGHQW� PHFKDQLVPV�� -

,PPXQRO�����������������

6HPFKXN�.��0���/RYH�(��-���DQG�/HH�5��*���������3DUNLQVRQ
V�GLVHDVH�DQG�H[SRVXUH�WR�DJULFXOWXUDO

ZRUN�DQG�SHVWLFLGH�FKHPLFDOV��1HXURORJ\����������������

6HUDILQL�%���&ROXPED�&DEH]DV�6���'L�5RVD�)���DQG�$ORLVL�)�� ������� ,QWUDFHUHEUDO� UHFUXLWPHQW�DQG

PDWXUDWLRQ� RI� GHQGULWLF� FHOOV� LQ� WKH� RQVHW� DQG� SURJUHVVLRQ� RI� H[SHULPHQWDO� DXWRLPPXQH

HQFHSKDORP\HOLWLV��$P�-�3DWKRO�����������������

6HURW� -�� 0��� )ROLJXHW� %��� %HQH� 0�� &��� DQG� )DXUH� *�� &�� ������� 8OWUDVWUXFWXUDO� DQG

LPPXQRKLVWRORJLFDO� HYLGHQFH� IRU� GHQGULWLF�OLNH� FHOOV� ZLWKLQ� KXPDQ� FKRURLG� SOH[XV� HSLWKHOLXP�

1HXURUHSRUW���������������

6KLPL]X�<���1HZPDQ�:���7DQDND�<���DQG�6KDZ�6���������/\PSKRF\WH�LQWHUDFWLRQV�ZLWK�HQGRWKHOLDO

FHOOV��,PPXQRO�7RGD\��������������

6KLPRMR�0���1DNDMLPD�.��� 7DNHL�1��� +DPDQRXH�0��� DQG�.RKVDND�6�� ������� 3URGXFWLRQ� RI� EDVLF

ILEUREODVW�JURZWK�IDFWRU�LQ�FXOWXUHG�UDW�EUDLQ�PLFURJOLD��1HXURVFL�/HWW���������������

6LFD� $��� :DQJ� -�� 0��� &RORWWD� )��� 'HMDQD� (��� 0DQWRYDQL� $��� 2SSHQKHLP� -�� -��� /DUVHQ� &�� *��

=DFKDULDH�&��2���DQG�0DWVXVKLPD�.���������0RQRF\WH�FKHPRWDFWLF�DQG�DFWLYDWLQJ�IDFWRU�JHQH

H[SUHVVLRQ� LQGXFHG� LQ� HQGRWKHOLDO� FHOOV� E\� ,/��� DQG� WXPRU� QHFURVLV� IDFWRU�� -� ,PPXQRO�� ����

����������

6LYHNH� -�� 7�� DQG� +DPDQQ� $�� ������� 7� KHOSHU� �� DQG� 7� KHOSHU� �� FHOOV� UHVSRQG� GLIIHUHQWLDOO\� WR

FKHPRNLQHV��-�,PPXQRO���������������
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6NXQGULF� '�� 6��� +XVWRQ� .��� 6KDZ�0��� 7VH� +�� <��� DQG� 5DLQH� &�� 6�� ������� ([SHULPHQWDO� DOOHUJLF

HQFHSKDORP\HOLWLV��7�FHOO�WUDIILFNLQJ�WR�WKH�FHQWUDO�QHUYRXV�V\VWHP�LQ�D�UHVLVWDQW�7K\���FRQJHQLF

PRXVH�VWUDLQ��/DE�,QYHVW��������������

6ORDQ�'��-���:RRG�0��-���DQG�&KDUOWRQ�+��0���������/HXFRF\WH�UHFUXLWPHQW�DQG�LQIODPPDWLRQ�LQ�WKH

&16��7UHQGV�1HXURVFL��������������

6PLQLD�7���GH�*URRW�&��-���'LMNVWUD�&��'���.RHWVLHU�-��&���DQG�3ROPDQ�&��+���������0DFURSKDJHV�LQ

WKH�FHQWUDO�QHUYRXV�V\VWHP�RI�WKH�UDW��,PPXQRELRORJ\�������������

6REHO�5��$���0LWFKHOO�0��(���DQG�)RQGUHQ�*���������,QWHUFHOOXODU�DGKHVLRQ�PROHFXOH����,&$0���� LQ

FHOOXODU�LPPXQH�UHDFWLRQV�LQ�WKH�KXPDQ�FHQWUDO�QHUYRXV�V\VWHP��$P�-�3DWKRO�����������������

6RWRPD\RU� &�� (�� DQG� 5DELQRYLFK� *�� $�� ������� �*DOHFWLQ��� LQGXFHV� FHQWUDO� DQG� SHULSKHUDO� FHOO

GHDWK��LPSOLFDWLRQV�LQ�7�FHOO�SK\VLRSDWKRORJ\���'HY�,PPXQRO�������������

6WDKHO� 3�� )���0RUJDQWL�.RVVPDQQ�0�� &��� DQG� .RVVPDQQ� 7�� ������� 7KH� UROH� RI� WKH� FRPSOHPHQW

V\VWHP�LQ�WUDXPDWLF�EUDLQ�LQMXU\��%UDLQ�5HV�%UDLQ�5HV�5HY��������������

6WDQLPLURYLF�'���6KDSLUR�$���:RQJ�-���+XWFKLVRQ�-���DQG�'XUNLQ�-���������7KH�LQGXFWLRQ�RI�,&$0��

LQ�KXPDQ�FHUHEURPLFURYDVFXODU�HQGRWKHOLDO�FHOOV��+&(&��E\�LVFKHPLD�OLNH�FRQGLWLRQV�SURPRWHV

HQKDQFHG�QHXWURSKLO�+&(&�DGKHVLRQ��-�1HXURLPPXQRO����������������

6WDQLPLURYLF� '�� DQG� 6DWRK� .�� ������� ,QIODPPDWRU\�PHGLDWRUV� RI� FHUHEUDO� HQGRWKHOLXP�� D� UROH� LQ

LVFKHPLF�EUDLQ�LQIODPPDWLRQ��%UDLQ�3DWKRO��������������

6WHLQHU� -�� 3��� +DPLOWRQ� *�� 6��� 5RVV� '�� 7��� 9DOHQWLQH� +�� /��� *XR� +��� &RQQROO\� 0�� $��� /LDQJ� 6��

5DPVH\�&���/L�-��+���+XDQJ�:���+RZRUWK�3���6RQL�5���)XOOHU�0���6DXHU�+���1RZRWQLN�$��&���DQG

6X]GDN� 3�� '�� ������� 1HXURWURSKLF� LPPXQRSKLOLQ� OLJDQGV� VWLPXODWH� VWUXFWXUDO� DQG� IXQFWLRQDO

UHFRYHU\�LQ�QHXURGHJHQHUDWLYH�DQLPDO�PRGHOV��3URF�1DWO�$FDG�6FL�8�6�$����������������

6WHLQLJHU�%��DQG�YDQ�GHU�0HLGH�3��+�� �������5DW�HSHQG\PD�DQG�PLFURJOLD�FHOOV�H[SUHVV�FODVV� ,,

0+&�DQWLJHQV�DIWHU� LQWUDYHQRXV� LQIXVLRQ�RI� UHFRPELQDQW�JDPPD�LQWHUIHURQ��-�1HXURLPPXQRO�

������������

6WHLQPDQ�/���������$�IHZ�DXWRUHDFWLYH�FHOOV�LQ�DQ�DXWRLPPXQH�LQILOWUDWH�FRQWURO�D�YDVW�SRSXODWLRQ�RI

QRQVSHFLILF�FHOOV��D�WDOH�RI�VPDUW�ERPEV�DQG�WKH�LQIDQWU\��3URF�1DWO�$FDG�6FL�8�6�$�����������

�����

6WHLQPDQ� 5�� 0�� ������� 7KH� GHQGULWLF� FHOO� V\VWHP� DQG� LWV� UROH� LQ� LPPXQRJHQLFLW\�� $QQX� 5HY

,PPXQRO�������������
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6WHLQ�6WUHLOHLQ� -�� DQG� 6WUHLOHLQ� -�� :�� ������� $QWHULRU� FKDPEHU� DVVRFLDWHG� LPPXQH� GHYLDWLRQ

�$&$,'��� UHJXODWLRQ��ELRORJLFDO� UHOHYDQFH��DQG� LPSOLFDWLRQV� IRU� WKHUDS\�� ,QW�5HY� ,PPXQRO�����

��������

6WRFNLQJHU�%���=DO�7���=DO�$���DQG�*UD\�'���������%�FHOOV�VROLFLW�WKHLU�RZQ�KHOS�IURP�7�FHOOV��-�([S

0HG���������������

6WRQH�/��$���)UDQN�-��$���$OEHUW�3��6���%DVK�&���6PLWK�0��(���0DORQL�+���DQG�0F)DUODQG�+��)��������

7KH� HIIHFW� RI� LQWHUIHURQ�EHWD� RQ� EORRG�EUDLQ� EDUULHU� GLVUXSWLRQV� GHPRQVWUDWHG� E\� FRQWUDVW�

HQKDQFHG�PDJQHWLF� UHVRQDQFH� LPDJLQJ� LQ� UHODSVLQJ�UHPLWWLQJ�PXOWLSOH� VFOHURVLV��$QQ�1HXURO�

������������

6WUHHW�1��(��DQG�0RVPDQQ�7��5���������)XQFWLRQDO�GLYHUVLW\�RI�7�O\PSKRF\WHV�GXH�WR�VHFUHWLRQ�RI

GLIIHUHQW�F\WRNLQH�SDWWHUQV��)DVHE�-�������������

6WUHLOHLQ�-��:���2NDPRWR�6���6DQR�<��� DQG�7D\ORU�$��:�� �������1HXUDO�FRQWURO� RI� RFXODU� LPPXQH

SULYLOHJH��$QQ�1�<�$FDG�6FL���������������

6WUHLW�:��-���*UDHEHU�0��%���DQG�.UHXW]EHUJ�*��:���������([SUHVVLRQ�RI�,D�DQWLJHQ�RQ�SHULYDVFXODU

DQG�PLFURJOLDO�FHOOV�DIWHU�VXEOHWKDO�DQG�OHWKDO�PRWRU�QHXURQ�LQMXU\��([S�1HXURO���������������

6WUHLW�:��-���:DOWHU�6��$���DQG�3HQQHOO�1��$���������5HDFWLYH�PLFURJOLRVLV��3URJ�1HXURELRO����������

����

6WUHLW� :�� -��� +XUOH\� 6�� '��� 0F*UDZ� 7�� 6��� DQG� 6HPSOH�5RZODQG� 6�� /�� ������� &RPSDUDWLYH

HYDOXDWLRQ�RI� F\WRNLQH�SURILOHV�DQG� UHDFWLYH�JOLRVLV� VXSSRUWV�D� FULWLFDO� UROH� IRU� LQWHUOHXNLQ��� LQ

QHXURQ�JOLD�VLJQDOLQJ�GXULQJ�UHJHQHUDWLRQ��-�1HXURVFL�5HV������������

6WUHLW�:��-���������0LFURJOLD�DV�QHXURSURWHFWLYH��LPPXQRFRPSHWHQW�FHOOV�RI�WKH�&16��*OLD����������

����

6WXGHU�/���&VHWH�0���/HH�6��+���.DEEDQL�1���:DOLNRQLV�-���:ROG�%���DQG�0F.D\�5���������(QKDQFHG

SUROLIHUDWLRQ��VXUYLYDO��DQG�GRSDPLQHUJLF�GLIIHUHQWLDWLRQ�RI�&16�SUHFXUVRUV�LQ�ORZHUHG�R[\JHQ��-

1HXURVFL����������������

6XPLWUDQ� 6��� $QGHUVRQ� 3���:LGQHU� +��� DQG� +ROJHUVVRQ� -�� �����D�� 3RUFLQH� HPEU\RQLF� EUDLQ� FHOO

F\WRWR[LFLW\�PHGLDWHG�E\�KXPDQ�QDWXUDO�NLOOHU�FHOOV��&HOO�7UDQVSODQW�������������

6XPLWUDQ�6���/LX�-���&]HFK�.��$���&KULVWHQVVRQ�%���:LGQHU�+���DQG�+ROJHUVVRQ�-�������E��+XPDQ

QDWXUDO�DQWLERGLHV�F\WRWR[LF�WR�SLJ�HPEU\RQLF�EUDLQ�FHOOV�UHFRJQL]H�QRYHO�QRQ�*DODOSKD���*DO�

EDVHG�[HQRDQWLJHQV��([S�1HXURO���������������

6X]XPXUD�$���/DYL�(���:HLVV�6��5���DQG�6LOEHUEHUJ�'��+���������&RURQDYLUXV�LQIHFWLRQ�LQGXFHV�+��

DQWLJHQ�H[SUHVVLRQ�RQ�ROLJRGHQGURF\WHV�DQG�DVWURF\WHV��6FLHQFH���������������
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7DQ�3���$QDVHWWL�&���+DQVHQ� -�� $���0HOURVH� -��� %UXQYDQG�0��� %UDGVKDZ� -��� /HGEHWWHU� -�� $��� DQG

/LQVOH\� 3�� 6�� ������� ,QGXFWLRQ� RI� DOORDQWLJHQ�VSHFLILF� K\SRUHVSRQVLYHQHVV� LQ� KXPDQ� 7

O\PSKRF\WHV�E\�EORFNLQJ�LQWHUDFWLRQ�RI�&'���ZLWK�LWV�QDWXUDO�OLJDQG�%��%%���-�([S�0HG������

��������

7DQL�0�� DQG�5DQVRKRII� 5��0�� ������� 'R� FKHPRNLQHV�PHGLDWH� LQIODPPDWRU\� FHOO� LQYDVLRQ� RI� WKH

FHQWUDO�QHUYRXV�V\VWHP�SDUHQFK\PD"�%UDLQ�3DWKRO�������������

7DXSLQ�3��DQG�*DJH�)��+���������$GXOW�QHXURJHQHVLV�DQG�QHXUDO�VWHP�FHOOV�RI�WKH�FHQWUDO�QHUYRXV

V\VWHP�LQ�PDPPDOV��-�1HXURVFL�5HV��������������

7D\ORU�$��:��DQG�6WUHLOHLQ�-��:���������,QKLELWLRQ�RI�DQWLJHQ�VWLPXODWHG�HIIHFWRU�7�FHOOV�E\�KXPDQ

FHUHEURVSLQDO�IOXLG��1HXURLPPXQRPRGXODWLRQ�������������

7KRPDV�$���*DVTXH�3���9DXGU\�'���*RQ]DOH]�%���DQG�)RQWDLQH�0���������([SUHVVLRQ�RI�D�FRPSOHWH

DQG� IXQFWLRQDO�FRPSOHPHQW�V\VWHP�E\�KXPDQ�QHXURQDO�FHOOV� LQ�YLWUR�� ,QW� ,PPXQRO�� ���������

�����

7KRPDV�:��(�� �������%UDLQ�PDFURSKDJHV��RQ� WKH� UROH� RI� SHULF\WHV� DQG�SHULYDVFXODU� FHOOV��%UDLQ

5HV�%UDLQ�5HV�5HY������������

7VHQJ�-��/��DQG�$HELVFKHU�3���������(QFDSVXODWHG�QHXUDO�WUDQVSODQWV��3URJ�%UDLQ�5HV�����������

����

7XUQOH\�$��0���0LOOHU�-��)���DQG�%DUWOHWW�3��)���������5HJXODWLRQ�RI�0+&�PROHFXOHV�RQ�0%3�SRVLWLYH

ROLJRGHQGURF\WHV�LQ�PLFH�E\�,)1�JDPPD�DQG�71)�DOSKD��1HXURVFL�/HWW�������������

8OOULFK�2���'LHVWHO�$���(\XSRJOX�,��<���DQG�1LWVFK�5���������5HJXODWLRQ�RI�PLFURJOLDO�H[SUHVVLRQ�RI

LQWHJULQV�E\�SRO\�$'3�ULERVH��SRO\PHUDVH����1DW�&HOO�%LRO���������������

8OYHVWDG�(���:LOOLDPV�.���0RUN�6���$QWHO�-���DQG�1\ODQG�+���������3KHQRW\SLF�GLIIHUHQFHV�EHWZHHQ

KXPDQ�PRQRF\WHV�PDFURSKDJHV�DQG�PLFURJOLDO�FHOOV�VWXGLHG�LQ�VLWX�DQG�LQ�YLWUR��-�1HXURSDWKRO

([S�1HXURO��������������

YDQ�GHU�.RR\�'��DQG�:HLVV�6���������:K\�VWHP�FHOOV"�6FLHQFH�����������������

YDQ�GHU�/DDQ�/��-���/RFNH\�&���*ULIIHWK�%��&���)UDVLHU�)��6���:LOVRQ�&��$���2QLRQV�'��(���+HULQJ�%��-��

/RQJ�=���2WWR�(���7RUEHWW�%��(���DQG�6DORPRQ�'��5�� ������� ,QIHFWLRQ�E\�SRUFLQH�HQGRJHQRXV

UHWURYLUXV�DIWHU�LVOHW�[HQRWUDQVSODQWDWLRQ�LQ�6&,'�PLFH��1DWXUH�������������

9DUDVWHW�0���5LFKH�'���0D]LHUH�0���DQG�+DQWUD\H�3���������&KURQLF�0373�WUHDWPHQW�UHSURGXFHV�LQ

EDERRQV� WKH� GLIIHUHQWLDO� YXOQHUDELOLW\� RI� PHVHQFHSKDOLF� GRSDPLQHUJLF� QHXURQV� REVHUYHG� LQ

3DUNLQVRQ
V�GLVHDVH��1HXURVFLHQFH������������



���

9DVV� .�� DQG� /DVVPDQQ� +�� ������� ,QWUDWKHFDO� DSSOLFDWLRQ� RI� LQWHUIHURQ� JDPPD�� 3URJUHVVLYH

DSSHDUDQFH�RI�0+&�DQWLJHQV�ZLWKLQ�WKH�UDW�QHUYRXV�V\VWHP��$P�-�3DWKRO���������������

9LEXOVUHWK� 6��� +HIWL� )���*LQVEHUJ�0�� '��� 'LHWULFK�:��'��� DQG� %XVWR� 5�� ������� $VWURF\WHV� SURWHFW

FXOWXUHG�QHXURQV�IURP�GHJHQHUDWLRQ�LQGXFHG�E\�DQR[LD��%UDLQ�5HV���������������

9LQH�$��0���/DQJ�-���:RRG�0��-���DQG�&KDUOWRQ�+��0���������&\WRNLQH�JHQH�H[SUHVVLRQ�IROORZLQJ

QHXUDO�JUDIWV��([S�%UDLQ�5HV���������������

:DONHU�/��6��DQG�$EEDV�$��.���������7KH�HQHP\�ZLWKLQ��NHHSLQJ�VHOI�UHDFWLYH�7�FHOOV�DW�ED\�LQ�WKH

SHULSKHU\��1DW�5HY�,PPXQRO�����������

:DONHU�:��6���*DWHZRRG�-���2OLYDV�(���$VNHZ�'���DQG�+DYHQLWK�&��(���������0RXVH�PLFURJOLDO�FHOO

OLQHV�GLIIHULQJ� LQ� FRQVWLWXWLYH�DQG� LQWHUIHURQ�JDPPD�LQGXFLEOH� DQWLJHQ�SUHVHQWLQJ� DFWLYLWLHV� IRU

QDLYH�DQG�PHPRU\�&'���DQG�&'���7�FHOOV��-�1HXURLPPXQRO��������������

:DOW]� '�� $��� 6DLORU� /�� =��� DQG� &KDSPDQ� +�� $�� ������� &\WRNLQHV� LQGXFH� XURNLQDVH�GHSHQGHQW

DGKHVLRQ�RI�KXPDQ�P\HORLG�FHOOV��$�UHJXODWRU\�UROH�IRU�SODVPLQRJHQ�DFWLYDWRU�LQKLELWRUV��-�&OLQ

,QYHVW����������������

:DQJ�<���%HUH]RYVND�2���DQG�)HGRURII�6���������([SUHVVLRQ�RI�FRORQ\�VWLPXODWLQJ�IDFWRU���UHFHSWRU

�&6)��5��E\�&16�QHXURQV�LQ�PLFH��-�1HXURVFL�5HV��������������

:HEHU�)���0HLQO�(���$ORLVL� )���1HYLQQ\�6WLFNHO�&���$OEHUW�(���:HNHUOH�+��� DQG�+RKOIHOG�5�� ������

+XPDQ�DVWURF\WHV�DUH�RQO\�SDUWLDOO\�FRPSHWHQW�DQWLJHQ�SUHVHQWLQJ�FHOOV��3RVVLEOH�LPSOLFDWLRQV

IRU�OHVLRQ�GHYHORSPHQW�LQ�PXOWLSOH�VFOHURVLV��%UDLQ��������3W�����������

:HLVV�-��0��DQG�%HUPDQ�-��:���������$VWURF\WH�H[SUHVVLRQ�RI�PRQRF\WH�FKHPRDWWUDFWDQW�SURWHLQ��

LV�GLIIHUHQWLDOO\�UHJXODWHG�E\�WUDQVIRUPLQJ�JURZWK�IDFWRU�EHWD��-�1HXURLPPXQRO��������������

:HLVVHUW�5��� GH�*UDDI�.�� /���6WRUFK�0��.��� %DUWK�6��� /LQLQJWRQ�&��� /DVVPDQQ�+��� DQG�2OVVRQ�7�

�������0+&�FODVV�,,�UHJXODWHG�FHQWUDO�QHUYRXV�V\VWHP�DXWRDJJUHVVLRQ�DQG�7�FHOO�UHVSRQVHV�LQ

SHULSKHUDO� O\PSKRLG� WLVVXHV� DUH� GLVVRFLDWHG� LQ� P\HOLQ� ROLJRGHQGURF\WH� JO\FRSURWHLQ�LQGXFHG

H[SHULPHQWDO�DXWRLPPXQH�HQFHSKDORP\HOLWLV��-�,PPXQRO�����������������

:HNHUOH� +��� 6FKZDE� 0��� /LQLQJWRQ� &��� DQG� 0H\HUPDQQ� 5�� ������� $QWLJHQ� SUHVHQWDWLRQ� LQ� WKH

SHULSKHUDO� QHUYRXV� V\VWHP�� 6FKZDQQ� FHOOV� SUHVHQW� HQGRJHQRXV� P\HOLQ� DXWRDQWLJHQV� WR

O\PSKRF\WHV��(XU�-�,PPXQRO����������������

:HNHUOH�+���.RMLPD�.��� /DQQHV�9LHLUD� -��� /DVVPDQQ�+��� DQG�/LQLQJWRQ�&�� �������$QLPDO�PRGHOV�

$QQ�1HXURO�����6XSSO��6������

:HOOHU�5��2���(QJHOKDUGW�%���DQG�3KLOOLSV�0��-���������/\PSKRF\WH�WDUJHWLQJ�RI�WKH�FHQWUDO�QHUYRXV

V\VWHP��D�UHYLHZ�RI�DIIHUHQW�DQG�HIIHUHQW�&16�LPPXQH�SDWKZD\V��%UDLQ�3DWKRO�������������



���

:HQNHO�+���6WUHLOHLQ�-��:���DQG�<RXQJ�0��-�� �������6\VWHPLF� LPPXQH�GHYLDWLRQ� LQ� WKH�EUDLQ� WKDW

GRHV�QRW�GHSHQG�RQ�WKH�LQWHJULW\�RI�WKH�EORRG�EUDLQ�EDUULHU��-�,PPXQRO�����������������

:HQQEHUJ�/���5DIDHO�(���/LX�-���6XQGEHUJ�%���:HUQHUVVRQ�$���DQG�.RUVJUHQ�2���������$OORJHQHLF

DQG�[HQRJHQHLF� LVOHWV�DUH� UHMHFWHG�E\�GLIIHUHQW�DQG�VSHFLILF�PHFKDQLVPV��D�VWXG\� LQ� URGHQWV

XVLQJ�D�PL[HG�DOORJHQHLF�[HQRJHQHLF�LVOHW�WUDQVSODQWDWLRQ�PRGHO��;HQRWUDQVSODQWDWLRQ���������

:HQQEHUJ�/���&]HFK�.��$���/DUVVRQ�/��&���0LU]D�%���%HQQHW�:���6RQJ�=��� DQG�:LGQHU�+�� ������

(IIHFWV� RI� LPPXQRVXSSUHVVLYH� WUHDWPHQW� RQ� KRVW� UHVSRQVHV� DJDLQVW� LQWUDFHUHEUDO� SRUFLQH

QHXUDO�WLVVXH�[HQRJUDIWV�LQ�UDWV��7UDQVSODQWDWLRQ����������������

:KLWWHPRUH� (�� 5��� .RURW]HU� $�� 5��� (WHEDUL� $��� DQG� &RWPDQ� &��:�� ������� &DUEDFKRO� LQFUHDVHV

LQWUDFHOOXODU�IUHH�FDOFLXP�LQ�FXOWXUHG�UDW�PLFURJOLD��%UDLQ�5HV�������������

:LGHQIDON�-���1RVUDW�&���7RPDF�$���:HVWSKDO�+���+RIIHU�%���DQG�2OVRQ�/���������1HXUWXULQ�DQG�JOLDO

FHOO� OLQH�GHULYHG� QHXURWURSKLF� IDFWRU� UHFHSWRU�EHWD� �*'1)5�EHWD��� QRYHO� SURWHLQV� UHODWHG� WR

*'1)�DQG�*'1)5�DOSKD�ZLWK�VSHFLILF�FHOOXODU�SDWWHUQV�RI�H[SUHVVLRQ�VXJJHVWLQJ�UROHV� LQ�WKH

GHYHORSLQJ�DQG�DGXOW�QHUYRXV�V\VWHP�DQG�LQ�SHULSKHUDO�RUJDQV��-�1HXURVFL����������������

:LGQHU�+���0ROOHU�*���DQG�-RKDQVVRQ�%��%���������,PPXQH�UHVSRQVH�LQ�GHHS�FHUYLFDO�O\PSK�QRGHV

DQG� VSOHHQ� LQ� WKH� PRXVH� DIWHU� DQWLJHQ� GHSRVLWLRQ� LQ� GLIIHUHQW� LQWUDFHUHEUDO� VLWHV�� 6FDQG� -

,PPXQRO��������������

:LOEDQNV�*��$��DQG�6WUHLOHLQ�-��:���������)OXLGV�IURP�LPPXQH�SULYLOHJHG�VLWHV�HQGRZ�PDFURSKDJHV

ZLWK� WKH� FDSDFLW\� WR� LQGXFH� DQWLJHQ�VSHFLILF� LPPXQH� GHYLDWLRQ� YLD� D� PHFKDQLVP� LQYROYLQJ

WUDQVIRUPLQJ�JURZWK�IDFWRU�EHWD��(XU�-�,PPXQRO����������������

:LOE\�0��-���6LQFODLU�6��5���0XLU�(��0���=LHWORZ�5���$GFRFN�.��+���+RUHOORX�3���5RJHUV�-��+���'XQQHWW

6��%���DQG�)DZFHWW�-��:���������$�JOLDO�FHOO�OLQH�GHULYHG�QHXURWURSKLF�IDFWRU�VHFUHWLQJ�FORQH�RI

WKH�6FKZDQQ�FHOO� OLQH�6&70���HQKDQFHV�VXUYLYDO�DQG�ILEHU�RXWJURZWK�IURP�HPEU\RQLF�QLJUDO

QHXURQV�JUDIWHG� WR� WKH� VWULDWXP� DQG� WR� WKH� OHVLRQHG� VXEVWDQWLD� QLJUD�� -�1HXURVFL�� ���� �����

�����

:LOOHQERUJ� '�� 2�� DQG� 3DULVK� &�� 5�� ������� ,QKLELWLRQ� RI� DOOHUJLF� HQFHSKDORP\HOLWLV� LQ� UDWV� E\

WUHDWPHQW�ZLWK�VXOIDWHG�SRO\VDFFKDULGHV��-�,PPXQRO�����������������

:LOOLDPV�&��%���%ODQNHQKRUQ�(��3���%\UG�.��(���/HYLQVRQ�*���DQG�*XWPDQ�*��$���������2UJDQL]DWLRQ

DQG�QXFOHRWLGH�VHTXHQFH�RI�WKH�UDW�7�FHOO�UHFHSWRU�EHWD�FKDLQ�FRPSOH[��-�,PPXQRO������������

�����

:LOOLDPV�.���$OYDUH]�;���DQG�/DFNQHU�$��$�� �������&HQWUDO�QHUYRXV�V\VWHP�SHULYDVFXODU�FHOOV�DUH

LPPXQRUHJXODWRU\� FHOOV� WKDW� FRQQHFW� WKH�&16�ZLWK� WKH� SHULSKHUDO� LPPXQH� V\VWHP��*OLD�� ���

��������



���

:LOOLDPV� .��� 8OYHVWDG� (��� DQG� $QWHO� -�� 3�� ������� %��%%��� DQWLJHQ� H[SUHVVLRQ� RQ� DGXOW� KXPDQ

PLFURJOLD�VWXGLHG�LQ�YLWUR�DQG�LQ�VLWX��(XU�-�,PPXQRO����������������

:LOOLDPV�.��&���'RROH\�1��3���8OYHVWDG�(���:DDJH�$���%ODLQ�0���<RQJ�9��:���DQG�$QWHO�-��3��������

$QWLJHQ�SUHVHQWDWLRQ�E\�KXPDQ�IHWDO�DVWURF\WHV�ZLWK�WKH�FRRSHUDWLYH�HIIHFW�RI�PLFURJOLD�RU�WKH

PLFURJOLDO�GHULYHG�F\WRNLQH�,/����-�1HXURVFL����������������

:LWWLQJ�$���0XOOHU�3���+HUUPDQQ�$���.HWWHQPDQQ�+���DQG�1ROWH�&���������3KDJRF\WLF�FOHDUDQFH�RI

DSRSWRWLF� QHXURQV� E\�0LFURJOLD�%UDLQ�PDFURSKDJHV� LQ� YLWUR�� LQYROYHPHQW� RI� OHFWLQ��� LQWHJULQ��

DQG�SKRVSKDWLG\OVHULQH�PHGLDWHG�UHFRJQLWLRQ��-�1HXURFKHP����������������

:RQJ�'�� DQG�'RURYLQL�=LV� .�� �������8SUHJXODWLRQ� RI� LQWHUFHOOXODU� DGKHVLRQ�PROHFXOH��� �,&$0���

H[SUHVVLRQ�LQ�SULPDU\�FXOWXUHV�RI�KXPDQ�EUDLQ�PLFURYHVVHO�HQGRWKHOLDO�FHOOV�E\�F\WRNLQHV�DQG

OLSRSRO\VDFFKDULGH��-�1HXURLPPXQRO������������

:RQJ�'��DQG�'RURYLQL�=LV�.���������([SUHVVLRQ�RI�YDVFXODU�FHOO�DGKHVLRQ�PROHFXOH����9&$0����E\

KXPDQ�EUDLQ�PLFURYHVVHO�HQGRWKHOLDO�FHOOV�LQ�SULPDU\�FXOWXUH��0LFURYDVF�5HV��������������

:RRG� 0�� -��� 6ORDQ� '�� -��� :RRG� .�� -��� DQG� &KDUOWRQ� +�� 0�� ������� ,QGHILQLWH� VXUYLYDO� RI� QHXUDO

[HQRJUDIWV�LQGXFHG�ZLWK�DQWL�&'��PRQRFORQDO�DQWLERGLHV��1HXURVFLHQFH��������������

:RRG� .�� -�� DQG� 6DNDJXFKL� 6�� ������� 5HJXODWRU\� 7� FHOOV� LQ� WUDQVSODQWDWLRQ� WROHUDQFH��1DW� 5HY

,PPXQRO�������������

:XHUWKHOH�6��0���)UHHG�:��-���2OVRQ�/���0RULKLVD�-���6SRRU�/���:\DWW�5��-���DQG�+RIIHU�%��-��������

(IIHFW� RI� GRSDPLQH� DJRQLVWV� DQG� DQWDJRQLVWV� RQ� WKH� HOHFWULFDO� DFWLYLW\� RI� VXEVWDQWLD� QLJUD

QHXURQV�WUDQVSODQWHG�LQWR�WKH�ODWHUDO�YHQWULFOH�RI�WKH�UDW��([S�%UDLQ�5HV�����������

;LDR� %�� *��� %DL� ;�� )��� =KDQJ� *�� ;��� +RMHEHUJ� %��� DQG� /LQN� +�� ������� 6KLIW� IURP� DQWL�� WR

SURLQIODPPDWRU\� F\WRNLQH� SURILOHV� LQ� PLFURJOLD� WKURXJK� /36�� RU� ,)1�JDPPD�PHGLDWHG

SDWKZD\V��1HXURUHSRUW���������������

;LDR� %�� *��� 'LDE� $��� =KX� -��� YDQ� GHU� 0HLGH� 3��� DQG� /LQN� +�� ������� $VWURF\WHV� LQGXFH

K\SRUHVSRQVHV� RI�P\HOLQ� EDVLF� SURWHLQ�UHDFWLYH�7� DQG� %� FHOO� IXQFWLRQ�� -� 1HXURLPPXQRO�� ���

��������

;LDR�%��*��DQG�/LQN�+���������,V� WKHUH�D�EDODQFH�EHWZHHQ�PLFURJOLD�DQG�DVWURF\WHV� LQ� UHJXODWLQJ

7K��7K��FHOO�UHVSRQVHV�DQG�QHXURSDWKRORJLHV"�,PPXQRO�7RGD\��������������

<DPDGD� 6��� 'H3DVTXDOH� 0��� 3DWODN� &�� 6��� DQG� &VHUU� +�� )�� ������� $OEXPLQ� RXWIORZ� LQWR� GHHS

FHUYLFDO�O\PSK�IURP�GLIIHUHQW�UHJLRQV�RI�UDEELW�EUDLQ��$P�-�3K\VLRO�������+����������



���

<HGQRFN� 7�� $��� &DQQRQ� &��� )ULW]� /�� &��� 6DQFKH]�0DGULG� )��� 6WHLQPDQ� /��� DQG� .DULQ� 1�� ������

3UHYHQWLRQ�RI�H[SHULPHQWDO�DXWRLPPXQH�HQFHSKDORP\HOLWLV�E\�DQWLERGLHV�DJDLQVW�DOSKD���EHWD

��LQWHJULQ��1DWXUH�������������

<RQJ� 9�� :��� .UHNRVNL� &�� $��� )RUV\WK� 3�� $��� %HOO� 5��� DQG� (GZDUGV� '�� 5�� ������� 0DWUL[

PHWDOORSURWHLQDVHV�DQG�GLVHDVHV�RI�WKH�&16��7UHQGV�1HXURVFL������������

<X�1���=KDQJ�;���0DJLVWUHWWL�3��-���DQG�%ORRP�)��(���������,/���DOSKD�DQG�71)�DOSKD�GLIIHUHQWLDOO\

UHJXODWH�&'��DQG�0DF���H[SUHVVLRQ�LQ�PRXVH�PLFURJOLD��1HXURLPPXQRPRGXODWLRQ�����������

<XUHN�'��0�� �������*OLDO� FHOO� OLQH�GHULYHG� QHXURWURSKLF� IDFWRU� LPSURYHV� VXUYLYDO� RI� GRSDPLQHUJLF

QHXURQV�LQ�WUDQVSODQWV�RI�IHWDO�YHQWUDO�PHVHQFHSKDOLF�WLVVXH��([S�1HXURO���������������

=DZDGD�:��0���=DVWURZ�'��-���&ODUNVRQ�(��'���$GDPV�)��6���%HOO�.��3��� DQG�)UHHG�&��5�� ������

*URZWK� IDFWRUV� LPSURYH� LPPHGLDWH� VXUYLYDO� RI� HPEU\RQLF� GRSDPLQH� QHXURQV� DIWHU

WUDQVSODQWDWLRQ�LQWR�UDWV��%UDLQ�5HV��������������

=KDQJ�(��7���5LFKDUGV�+��.���.LGD�6���DQG�:HOOHU�5��2���������'LUHFWLRQDO�DQG�FRPSDUWPHQWDOLVHG

GUDLQDJH�RI�LQWHUVWLWLDO�IOXLG�DQG�FHUHEURVSLQDO�IOXLG�IURP�WKH�UDW�EUDLQ��$FWD�1HXURSDWKRO��%HUO��

������������

=KDQJ�=��*���&KRSS�0���7DQJ�:��;���-LDQJ�1���DQG�=KDQJ�5��/���������3RVWLVFKHPLF�WUHDWPHQW�����

K��ZLWK�DQWL�&'��E�DQG�DQWL�&'���PRQRFORQDO�DQWLERGLHV�DUH�QHXURSURWHFWLYH�DIWHU�WUDQVLHQW���

K��IRFDO�FHUHEUDO�LVFKHPLD�LQ�WKH�UDW��%UDLQ�5HV�������������

=LQNHUQDJHO�5��0��DQG�+HQJDUWQHU�+���������$QWLYLUDO�LPPXQLW\��,PPXQRO�7RGD\��������������

=LSS� )���0DUWLQ�5��� /LFKWHQIHOV�5��� 5RWK�:���'LFKJDQV� -��� .UDPPHU�3��+��� DQG�:HOOHU�0�� ������

+XPDQ�DXWRUHDFWLYH�DQG� IRUHLJQ�DQWLJHQ�VSHFLILF�7�FHOOV� UHVLVW� DSRSWRVLV� LQGXFHG�E\� VROXEOH

UHFRPELQDQW�&'���OLJDQG��-�,PPXQRO�����������������

=XUQ� $�� '��� :LGPHU� +�� 5��� DQG� $HELVFKHU� 3�� ������� 6XVWDLQHG� GHOLYHU\� RI� *'1)�� WRZDUGV� D

WUHDWPHQW�IRU�3DUNLQVRQ
V�GLVHDVH��%UDLQ�5HV�%UDLQ�5HV�5HY��������������



���

(FWRSLF�H[SUHVVLRQ�RI�WKH�7UN$�UHFHSWRU�LQ�DGXOW�GRSDPLQHUJLF�PHVHQFHSKDOLF�QHXURQV

SURPRWHV�UHWURJUDGH�D[RQDO�1*)�WUDQVSRUW�DQG�1*)�GHSHQGDQW�QHXURSURWHFWLRQ

%HQRvW�0HOFKLRU
���9pURQLTXH�1HUULqUH�'DJXLQ
���'DYLG�$��/DSODXG
���6pYHULQH�5pP\
��6DQGULQH

:LHUWOHZVNL���,VDEHOOH�1HYHX
��3KLOLSSH�1DYHLOKDQ
��6XVDQ�2��0HDNLQ��DQG�3KLOLSSH�%UDFKHW
�


,QVWLWXW�1DWLRQDO�GH�OD�6DQWp�HW�GH�OD�5HFKHUFKH�0pGLFDOH��8QLWp������DQG��&OLQLTXH�1HXURORJLTXH�

&HQWUH�+RVSLWDOLHU�8QLYHUVLWDLUH��������1DQWHV��)UDQFH��DQG���7KH�5REDUWV�5HVHDUFK�,QVWLWXWH�

/RQGRQ��2QWDULR��&DQDGD�

5XQQLQJ�WLWOH��(FWRSLF�H[SUHVVLRQ�RI�7UN$�LQ�EUDLQ�QHXURQV

�%RWK�DXWKRUV�FRQWULEXWHG�HTXDOO\�WR�WKLV�ZRUN�

�&RUUHVSRQGHQFH��3��%UDFKHW��,16(50�8������,7(57�����EG�-HDQ�0RQQHW��������1DQWHV��)UDQFH�

)D[�����������������������(�PDLO��SEUDFKHW#QDQWHV�LQVHUP�IU



���

$� UHFRPELQDQW� DGHQR�DVVRFLDWHG� YLUXV� �U$$9�� ZDV� XVHG� WR� LQYHVWLJDWH� WKH� LPSDFW� RI� DQ

HFWRSLF�H[SUHVVLRQ�RI� WKH�1*)�KLJK�DIILQLW\� UHFHSWRU� LQ�DGXOW�QHXURQV��7KH�UDW�7UN$�F'1$

FORQHG� LQ�D�S&0;�YHFWRU�ZDV� ILUVWO\� WDJJHG�ZLWK�D�KXPDQ�F�0\F�VHTXHQFH��7KH� UHVXOWLQJ

YHFWRU�ZDV�VKRZQ�WR�HQFRGH�D�IXQFWLRQDO�UHFHSWRU�ZKLFK�SURPRWHG�WKH�H[SUHVVLRQ�RI�7UN$

LPPXQRUHDFWLYLW\�XSRQ�WUDQVIHFWLRQ�RI�����ILEUREODVWV�RU�QQU��FHOOV��D�7UN$�GHIHFWLYH�YDULDQW

RI� 3&��� FHOOV�� 7KHVH� FHOOV� � DOVR� DFFXPXODWH� 7UN$� WUDQVFULSWV� XSRQ� WUDQVIHFWLRQ�� DQG

H[WHQGHG�QHXULWHV�LQ�WKH�SUHVHQFH�RI�1*)��7KHUHIRUH��WKH�7UN$P\F�FDVVHWWH�ZDV�LQVHUWHG�LQWR

WKH�S669��SODVPLG��7KH�QHZ�YHFWRUV�VKDUHG�SURSHUWLHV�VLPLODU�WR�S&0;�7UN$P\F�LQ�����DQG

QQU��FHOOV��DQG�HQDEOHG�WKH�SUHSDUDWLRQ�RI�U$$9�7UN$P\F�YLUXVHV��8QLODWHUDO�LQMHFWLRQ�RI�WKLV

U$$9�LQWR�WKH�VXEVWDQWLD�QLJUD��61��UHVXOWHG�LQ�D�SURWUDFWHG�H[SUHVVLRQ�RI�7UN$��RU�F�0\F�

LPPXQRUHDFWLYLW\� LQ� QXPHURXV� FHOO� ERGLHV�� LQFOXGLQJ� W\URVLQH�K\GUR[\ODVH� �7+��SRVLWLYH

GRSDPLQHUJLF� QHXURQV�� 7KH� SUHVHQFH� RI� 7UN$� UHFHSWRUV� LQ� FRUUHVSRQGLQJ� VWULDWDO

GRSDPLQHUJLF�HQGLQJV�ZDV�GHPRQVWUDWHG�E\�WKH�DGYHQW�RI�D�VWULDWR�QLJUDO�UHWURJUDGH�D[RQDO

WUDQVSRUW� RI� >���,@�1*)�� /LNHZLVH�� HFWRSLF� H[SUHVVLRQ� RI� 7UN$� LQ� QHXURQV� RI� WKH

SDUDIDVFLFXODU� WKDODPLF� QXFOHXV� SURPRWHG� D� VWULDWRIXJH� WUDQVSRUW� RI� 1*)� WRZDUGV� WKLV

VWUXFWXUH�� 7R� LQYHVWLJDWH�ZKHWKHU� HFWRSLF� H[SUHVVLRQ� RI� 7UN$� LQ� 61� QHXURQV�PD\� FRQIHU

QHXURSURWHFWLRQ�� OHVLRQV�ZHUH� LQGXFHG�E\���K\GUR[\GRSDPLQH� LQ�VWULDWD� ORFDWHG� LSVLODWHUDO

WR�WKH�YLUXV�LQMHFWLRQ�VLWH��1*)�RU�YHKLFOH�ZHUH�QH[W�GHOLYHUHG�GRUVDOO\�WR� WKH�YLUXV�WUHDWHG

61� IRU� ��ZHHNV�� EHIRUH� VDFULILFH� DQG� SURFHVVLQJ� RI� EUDLQV� IRU� 7+�LPPXQRKLVWRFKHPLVWU\�

1*)�WUHDWPHQW��LQ�FRQWUDVW�WR�WUHDWPHQW�ZLWK�YHKLFOH��VLJQLILFDQWO\�HQKDQFHG�WKH�QXPEHU�RI

GRSDPLQHUJLF�QHXURQV�FRXQWHG� LQ� WKH� OHVLRQHG�61��7KHVH�GDWD�VXJJHVW� WKDW� HFWRSLF�7UN$

FDQ�PHGLDWH�WKH�WURSKLF�DFWLRQV�RI�1*)�DQG�LQIOXHQFH�QHXURQDO�SODVWLFLW\�LQ�YLYR�

.H\�ZRUGV��$O]KHLPHU¶V�GLVHDVH��3DUNLQVRQ¶V�GLVHDVH��QHUYH�JURZWK�IDFWRU��JHQH�WKHUDS\�

QHXURWURSKLQ��QHXURWURSKLF�IDFWRU��FHOO�GHDWK�



���

,1752'8&7,21

1HUYH�JURZWK�IDFWRU��1*)��LV�D�QHXURWURSKLF�IDFWRU�EHORQJLQJ�WR�WKH�QHXURWURSKLQ�IDPLO\��,Q�WKH

FHQWUDO�QHUYRXV�V\VWHP��&16���1*)�H[HUWV�WURSKLF�HIIHFWV�RQ�WKH�FKROLQHUJLF�QHXURQV�RI�WKH�EDVDO

IRUHEUDLQ�DQG�VWULDWXP�����������DV�ZHOO�DV�DFWLQJ�RQ�VRPH�QRQ�FKROLQHUJLF�QHXURQDO�SRSXODWLRQV

ORFDWHG�LQ�PRUH�FDXGDO�SRVLWLRQV�������$V�D�PLUURU�LPDJH��WDUJHW�DUHDV�RI�1*)�UHVSRQVLYH�QHXURQV

DUH�WKH�PDMRU�VRXUFHV�RI�1*)�LQ�WKH�EUDLQ��7KLV�LV�WKH�FDVH�IRU�WKH�KLSSRFDPSXV�DQG�FRUWH[��DQG�WR

D�OHVVHU�H[WHQW��WKH�VWULDWXP��ZKLFK�SURYLGHV�1*)�WR�FKROLQHUJLF�QHXURQV�LQ�WKH�IRUHEUDLQ������������

�����$VWURF\WHV�FRQVWLWXWH�DQRWKHU�VRXUFH�RI�1*)��ZKLFK�LV�OHVV�LQIOXHQFHG�E\�UHJLRQDO�FOXHV�����

�����7KH�QHXURWURSKLF�HIIHFWV�RI�1*)�DUH�PHGLDWHG�E\�D�KLJK�DIILQLW\�UHFHSWRU��D�WUDQV�PHPEUDQH

W\URVLQH�NLQDVH�UHIHUUHG�WR�DV�7UN$���������������ZKLFK�LV�H[SUHVVHG�E\�WKH�1*)�UHVSRQVLYH

QHXURQV�RI�WKH�&16�����������$OWKRXJK�1*)�PD\�DOVR�LQWHUDFW�ZLWK�D�ORZ�DIILQLW\�FR�UHFHSWRU�

S��175��OLJDWLRQ�RI�7UN$�LV�VXIILFLHQW�LQ�GULYLQJ�FRPSOH[�GRZQVWUHDP�SKRVSKRU\ODWLRQ�FDVFDGHV

ZKLFK�PHGLDWH�LWV�PDMRU�WURSKLF�DFWLRQV��5HYLHZHG�LQ����������0RUHRYHU��7UN$�LV�DVVRFLDWHG�ZLWK

F\WRVNHOHWDO�FRPSRQHQWV�����������DQG�LQ�WKH�EUDLQ��LV�VXEMHFWHG�WR�UHWURJUDGH�D[RQDO�WUDQVSRUW�

LUUHVSHFWLYH�RI�WKH�SUHVHQFH�RI�WKH�ORZ�DIILQLW\�FR�UHFHSWRU�����������������������+RZHYHU��LQ�WKH

DGXOW�EUDLQ��HQGRJHQRXV�SURGXFWLRQ�RI�1*)�PD\�EH�LQVXIILFLHQW�LQ�HQVXULQJ�WKH�VXUYLYDO�RI�1*)�

UHVSRQVLYH�QHXURQV�IROORZLQJ�H[SRVXUH�WR�GUDVWLF�WUDXPDWLF�FRQGLWLRQV��,Q�FRQWUDVW��VXUYLYDO�PD\�EH

REWDLQHG�E\�LQFUHDVLQJ�WKH�ORFDO�DYDLODELOLW\�RI�1*)��6XFK�UHVFXH�H[SHULPHQWV�ZHUH�LQLWLDOO\�EDVHG

RQ�D�GLUHFW�LQWUDFHUHEUDO�LQIXVLRQ�RI�1*)��������������RU�LPSODQWDWLRQ�RI�ELRGHJUDGDEOH�1*)�ORDGHG

PLFURVSKHUHV�������2WKHU�VWUDWHJLHV�KDYH�LQYROYHG�WKH�WUDQVSODQWDWLRQ�RI�FHOOV�RU�LQMHFWLRQ�RI�YLUDO

YHFWRUV�WKDW�KDG�EHHQ�JHQHWLFDOO\�PRGLILHG�WR�SURGXFH�1*)���������������6LPLODUO\��YHFWRU�GHULYHG

SURGXFWLRQ�RI�D�IDFWRU�VXFK�DV�JOLDO�FHOO�OLQH�GHULYHG�QHXURWURSKLF�IDFWRU��*'1)��KDV�EHHQ�UHSRUWHG

WR�SURWHFW�LQMXUHG�GRSDPLQHUJLF�PHVHQFHSKDOLF�QHXURQV��UHYLHZHG�LQ����

7KH�SRWHQWLDO�EHQHILW�RI�D�UHFLSURFDO�VWUDWHJ\��EDVHG�RQ�DQ�HFWRSLF�H[SUHVVLRQ�RI�7UN$��KDV�EHHQ

PXFK�OHVV�GRFXPHQWHG��([SUHVVLRQ�RI�7UN$�LQ�QHXURQV�ZKLFK�QDWXUDOO\�IDLO�WR�V\QWKHVL]H�WKLV�KLJK

DIILQLW\�UHFHSWRU�VKRXOG�FRQIHU�D�FHUWDLQ�GHJUHH�RI�UHVSRQVLYHQHVV�WR�1*)��7KLV�DVVXPSWLRQ�LV

VXSSRUWHG�E\�LQ�YLWUR�VWXGLHV�LQYROYLQJ�FXOWXUHV�RI�SHULSKHUDO�HPEU\RQLF�QHXURQV��RU
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SKHRFKURPRF\WRPD�3&���YDULDQW�FHOOV�ODFNLQJ�7UN$��,Q�ERWK�FDVHV��HFWRSLF�H[SUHVVLRQ�RI�7UN$

HQKDQFHG�DQG�RU�WULJJHUHG�1*)�GHSHQGHQW�ELRORJLFDO�HIIHFWV������������

,Q�WKH�SUHVHQW�VWXG\��ZH�LQYHVWLJDWHG�WKH�SRVVLELOLW\�RI�JHQHWLFDOO\�PRGLI\LQJ�DGXOW�EUDLQ�QHXURQV�LQ

YLYR��LQ�RUGHU�WR�WULJJHU�D�VXVWDLQHG�V\QWKHVLV�RI�7UN$�LQ�FHOOV�ZKLFK�GR�QRW�QRUPDOO\�H[SUHVV�WKLV

UHFHSWRU��)RU�WKLV�SXUSRVH��ZH�PDGH�XVH�RI�D�UHFRPELQDQW�DGHQR�DVVRFLDWHG�YLUXV��U$$9���VLQFH

WKLV�W\SH�RI�YHFWRU�LV�NQRZQ�WR�HIILFLHQWO\�WUDQVGXFH�FHUWDLQ�&16�QHXURQV��ZLWKRXW�LQGXFLQJ�DQ\

VLJQLILFDQW�LQIODPPDWRU\�UHDFWLRQ�ZLWKLQ�WKH�KRVW�EUDLQ�����������7KXV��D�U$$9�ZDV�FRQVWUXFWHG��LQ

ZKLFK�WKH�UDW�7UN$�F'1$�ZDV�SODFHG�XQGHU�WKH�FRQWURO�RI�D�&09�HDUO\�SURPRWHU��7KH�DELOLW\�RI�WKLV

UHFRPELQDQW�YHFWRU�WR�GULYH�D�SURWUDFWHG�SURGXFWLRQ�RI�7UN$�ZDV�LQYHVWLJDWHG�XVLQJ�VXEVWDQWLD�QLJUD

�61��GRSDPLQHUJLF�QHXURQV�DV�WDUJHW�FHOOV��7KHVH�QHXURQV�SOD\�D�SLYRWDO�UROH�LQ�WKH�FRQWURO�RI

PRYHPHQW�DQG�WKH�SDWKRSK\VLRORJ\�RI�3DUNLQVRQ¶V�GLVHDVH�����������7KH\�SURMHFW�WKHLU�D[RQV�LQWR

WKH�VWULDWXP��DQG�WKH\�FRQVWLWXWH�D�W\SLFDO�SRSXODWLRQ�ZKLFK�IDLOV�ERWK�WR�H[SUHVV�7UN$�DQG�WR

UHVSRQG�WR�1*)�������������������7KH�GDWD�SUHVHQWHG�KHUH�LQGLFDWH�WKDW�WKH�U$$9�LV�DEOH�WR�GULYH�D

SURORQJHG�H[SUHVVLRQ�RI�7UN$�LQ�61�GRSDPLQHUJLF�QHXURQV��7KLV�HFWRSLF�H[SUHVVLRQ�WULJJHUV

UHWURJUDGH�D[RQDO�WUDQVSRUW�RI�1*)�IURP�VWULDWDO�WHUPLQDOV�DQG�FRQIHUV�D�QHXURSURWHFWLRQ�RI

OHVLRQHG�GRSDPLQHUJLF�QHXURQV�XSRQ�GHOLYHU\�RI�H[RJHQRXV�1*)�

0$7(5,$/6�$1'�0(7+2'6

3ODVPLG�FRQVWUXFWLRQ�DQG�$$9�7UN$P\F�SURGXFWLRQ� 5DW�7UN$�F'1$�ZDV�VXEFORQHG�LQWR�WKH�SODVPLG

YHFWRU� S&0;� DV� GHVFULEHG� SUHYLRXVO\� ������ )RU� WKH� DGGLWLRQ� RI� D� WDJ�� D� VHTXHQFH� HQFRGLQJ� DQ

DQWLJHQLF�SHSWLGH�IUDJPHQW�RI� WKH�KXPDQ�0\F�SURWHLQ��(4./,6(('/��DV�ZHOO�DV�D�*3�VWUHWFK� WR

KHOS� WKH� WDJ� KDQJ� DZD\� IURP� WKH� UHFHSWRU�� ZDV� VXEFORQHG� EHWZHHQ� WKH� VLJQDO� SHSWLGH� DQG� WKH

PDWXUH�HQG�RI�UDW�7UN$�EHWZHHQ�DPLQR�DFLGV�$OD�>��@�DQG�6HU�>��@��7KLV�ZDV�DFKLHYHG�E\�RYHUODS

3RO\PHUDVH� &KDLQ� 5HDFWLRQ� �3&5�� PXWDJHQHVLV� XVLQJ� ZLOG� W\SH� 7UN$� SULPHUV� DV� WKH� RXWVLGH

DQFKRUV��7KH�ILQDO�3&5�SURGXFW��DSSUR[������ES��ZDV�FORQHG�LQWR�WKH�7UN$�$SD��DQG�3YX,,�VLWHV�

7KH� LQVHUWHG� 3&5� IUDJPHQW� FRQWDLQHG� DQ� LQWHUQDO� DQG� XQLTXH� (FR59� VLWH� ZKLFK� ZDV� XVHG� WR
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FRQILUP�WKH�SUHVHQFH�RI�WKH�WDJ�RQ�WKH�UHFHSWRUV��7KH�LGHQWLW\�RI�WKH�3&5�JHQHUDWHG�7UN$�FRQVWUXFW

ZDV�FRQILUPHG�E\�'1$�VHTXHQFLQJ�

7KH�UHVXOWLQJ�7UN$P\F�F'1$�ZDV�WKHQ�VXEFORQHG�IURP�S&0;�7UN$P\F� LQWR�WKH�XQLTXH�;KR��VLWH� LQ

S669�� ����� WR� SURGXFH� S669��7UN$P\F�� 3ODVPLGV� ZHUH� SURSDJDWHG� LQ� 685(� �� VXSHUFRPSHWHQW

FHOOV��6WUDWDJHQH��/D�-ROOD��&$���WKHQ�H[WUDFWHG�DQG�SXULILHG�XVLQJ� WKH�(QGRIUHH�3ODVPLG�0D[L�.LW

�4LDJHQ��86$���6RPH�FRQWURO�H[SHULPHQWV�LQYROYHG�S669��/DF=�ZKLFK�GULYHV�WKH�H[SUHVVLRQ�RI�(�

&ROL� �JDODFWRVLGDVH����������

$$9�SURGXFWLRQ� 7\SH�,,�U$$9�ZDV�SURGXFHG�E\�WKH�*HQH�9HFWRU�3URGXFWLRQ�1HWZRUN��*931�

8QLYHUVLW\�+RVSLWDO� RI�1DQWHV�� )UDQFH�� XVLQJ� WKH� SURFHGXUH� GHVFULEHG� LQ� GHWDLO� E\�6DOYHWWL�HW� DO�

������%ULHIO\� U$$9�7UN$P\F�ZDV�SURGXFHG�E\� WUDQVIHFWLRQ�RI�����FHOOV�ZLWK�S669��7UN$P\F�DQG�D

SODVPLG� YHFWRU� S'*� FRQWDLQLQJ� WKH� UHS� DQG� FDS� JHQHV� ������ &HOOV� ZHUH� LQIHFWHG� �� K� DIWHU

WUDQVIHFWLRQ�ZLWK�D�ZLOG�W\SH�DGHQRYLUXV��$IWHU����K��FHOOV�ZHUH�KDUYHVWHG�DQG�O\VHG��7KH�U$$9�ZDV

SXULILHG�RQ�DQ�LRGL[DURO�JUDGLHQW��WKURXJK�D�KHSDULQ�FROXPQ�DQG�WKHQ�ZDV�GLDO\]HG�DV�GHVFULEHG�E\

=RORWXNKLQ� HW� DO�� ������ 7ZR� GLIIHUHQW� PHWKRGV� ZHUH� XVHG� WR� PHDVXUH� WKH� U$$9� WLWHU�� 'RW� EORW

DQDO\VLV�� ZKLFK� LV� EDVHG� RQ� WKH� TXDQWLILFDWLRQ� RI� YLUDO� '1$�� JDYH� D� UDQJH� RI� ����� WR� ����

SDUWLFOHV�PO�� 0RGLILHG� 5HSOLFDQW� &HQWHU� $VVD\� �5&$�� JDYH� D� YDOXH� RI� ����� WR� ����� LQIHFWLRXV

SDUWLFOHV�PO��GHSHQGLQJ�RQ�WKH�SUHSDUDWLRQ��$�VWRFN�RI�U$$9�/DF=�FRQWURO�YLUXV�ZDV�SUHSDUHG�IURP

SODVPLG�S669��/DF=�XQGHU�FRQGLWLRQV�VLPLODU�WR�WKRVH�GHVFULEHG�DERYH��NLQG�JLIW�RI�'U�$��6DOYHWWL��

&HOO�FXOWXUH�DQG�WUDQVIHFWLRQ� 5DW�SKHRFKURPRF\WRPD�3&���DQG�QQU��FHOOV��D�JLIW�IURP�'U�0�

0DJD]LQ�� 6$12),�� /DEqJH�� )UDQFH�� ZHUH� FXOWXUHG� DV� GHVFULEHG� E\� /RHE� HW� DO�� ����� LQ� FXOWXUH

GLVKHV�FRDWHG�ZLWK�UDW� WDLO�FROODJHQ��-DFTXHV�%R\��/\RQ��)UDQFH��RU����PJ�PO�SRO\�/�O\VLQH� �IURP

6LJPD�$OGULFK�� 6DLQW�4XHQWLQ�)DOODYLHU�� )UDQFH��� +XPDQ� NLGQH\� (���� FHOOV� ZHUH� PDLQWDLQHG� LQ

'XOEHFFR¶V� PRGLILHG� (DJOH¶V�PHGLXP� �'0(0�� 6LJPD�� VXSSOHPHQWHG� ZLWK� ���� IHWDO� FDOI� VHUXP

�)&6�� 6LJPD�$OGULFK��� 3ODVPLG� WUDQVIHFWLRQ� ZDV� DFKLHYHG� ZLWK� WKH� QRQ�OLSRVRPDO� IRUPXODWLRQ�

)X*HQH���7UDQVIHFWLRQ�5HDJHQW��%RHKULQJHU�0DQQKHLP��*HUPDQ\��XVLQJ���J�RI�SODVPLG�IRU����

FHOO�FRQIOXHQFH�LQ���PP�WLVVXH�FXOWXUH�GLVKHV�LQ�WKH�SUHVHQFH�RI�)&6��+XPDQ�UHFRPELQDQW�β1*)



���

�6LJPD�$OGULFK��ZDV�XVHG�DW�D�ILQDO�FRQFHQWUDWLRQ�RI����QJ�PO�WR�DVVHVV�WKH�IXQFWLRQ�RI�WKH�7UN$P\F

SURWHLQ�� QQU�� FHOOV� ZHUH� FRQVLGHUHG� DV� SRVLWLYH� ZKHQ� QHXULWLF� OHQJWK� H[FHHGHG� WZLFH� WKH� FHOO

GLDPHWHU������

,PPXQRF\WRFKHPLVWU\� $IWHU����RU����K��WUDQVIHFWHG�(����DQG�QQU��FHOOV�ZHUH�IL[HG�ZLWK���

SDUDIRUPDOGHK\GH�IRU����PLQ��WUHDWHG�IRU���PLQ�ZLWK������+�2�� LQ�SKRVSKDWH�EXIIHUHG�VDOLQH��DQG

WKHQ�ZLWK�QRUPDO�JRDW�VHUXP��&HOOV�ZHUH�H[SRVHG�RYHUQLJKW�DW���&�WR�UDEELW�SRO\FORQDO�DQWL�7UN$

DQWLERG\� ��������� NLQGO\� SURYLGHG� E\� 'U� /�� 5HLFKDUGW�� +RZDUG� +XJKHV� 0HGLFDO� ,QVWLWXWH�� 6DQ

)UDQFLVFR��&$��RU�PRXVH�DQWL�F�0\F��(���DQWLERG\���������%LRPRO��3O\PRXWK�0HHWLQJ��3$��86$��

&HOOV�ZHUH� VXEVHTXHQWO\� LQFXEDWHG� IRU� �� K� ZLWK� D� ELRWLQ\ODWHG� DQWL�UDEELW� RU� DQW�PRXVH� DQWLERG\

�-DFNVRQ� ,PPXQR5HVHDUFK�� :HVW� *URYH�� 3$�� DQG� WKHQ� WUHDWHG� ZLWK� WKH� $%&� NLW� 9HFWDVWDLQ

�9HFWRU��%XUOLQJDPH��&$���XVLQJ�GLDPLQREHQ]LGLQH�RU�YHU\�LQWHQVH�SXUSOH��DQG�FRXQWHU�VWDLQHG�ZLWK

KHPDWR[\OLQ�OLWKLXP�FDUERQDWH��51DVH�SURWHFWLRQ�DVVD\V�� 51DVH� SURWHFWLRQ� DVVD\V� IRU� WKH

GHWHFWLRQ�RI�7UN$�51$�ZHUH�SHUIRUPHG�DV�SUHYLRXVO\�GHVFULEHG�������%ULHIO\�����J�RI�51$�LVRODWHG

IURP� FHOO� FXOWXUHV� E\� WKH� OLWKLXP� FKORULGH�XUHD� SURFHGXUH�� ZHUH� K\EULGL]HG� ZLWK� F51$� SUREHV

ODEHOHG� ZLWK� >��3@&73� �$PHUVKDP�3KDUPDFLD�%LRWHFK�� 6DFOD\�� )UDQFH�� XVLQJ� WKH� 53$,,� .LW

�$PELRQ��$XVWLQ��7;���3&���DQG�QQU��FHOOV�VHUYHG�DV�SRVLWLYH�DQG�QHJDWLYH�FRQWUROV��UHVSHFWLYHO\�

7KH�UDW�7UN$�DQWLVHQVH�F51$�SUREH�ZDV�SUHSDUHG�DV�SUHYLRXVO\�GHVFULEHG��,Q�RUGHU�WR�FRQWURO�DQG

VWDQGDUGL]H� 51$� ORDGLQJ�� DQ� DQWLVHQVH� SUREH� GHWHFWLQJ� JO\FHUDOGHK\GH� ��SKRVSKDWH

GHK\GURJHQDVH��*$3'+��WUDQVFULSWV�ZDV�DGGHG�WR�HDFK�VDPSOH��3URWHFWHG�F51$�IUDJPHQWV�ZHUH

VHSDUDWHG� RQ� ��� SRO\DFU\ODPLGH� JHOV� XQGHU� GHQDWXULQJ� FRQGLWLRQV�� *HOV� ZHUH� IL[HG�� GULHG� DQG

H[SRVHG�WR�D�0ROHFXODU�'\QDPLFV��3DOR�$OWR��&$��3KRVSKR�,PDJHU�6FUHHQ��*HOV�ZHUH�H[SRVHG�IRU

�� GD\� RU� �� K� �IRU� FHOOV� WUDQVIHFWHG�ZLWK� WKH� 7UN$�H[SUHVVLQJ� YHFWRU�� WR� ;�UD\� ILOPV� DW� ����&�ZLWK

LQWHQVLI\LQJ�VFUHHQV�

$QLPDOV�DQG�XQLODWHUDO�VWHUHRWD[LF�LQMHFWLRQ�RI�$$9�7UN$P\F� $OO� SURFHGXUHV� LQYROYLQJ� DQLPDOV

ZHUH� LQ� FRPSOLDQFH� ZLWK� RXU� ,QVWLWXWLRQDO� JXLGHOLQHV�� $GXOW� IHPDOH� RXWEUHG� 6SUDJXH�'DZOH\� UDWV

�/DERUDWRLUHV�-DQYLHU�� /H�*HQHVW�6DLQW�,VOH��)UDQFH��ZHUH�ZHLJKHG� ��������J�� DQG�DQHVWKHWL]HG
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ZLWK�����PO�RI�D�PL[WXUH�RI����5RPSXQ�DQG����PJ�PO�.HWDPLQH�DGPLQLVWHUHG�LQWUDSHULWRQHDOO\��7KH

LQMHFWLRQ�FRRUGLQDWHV�IRU�WKH�ULJKW�61�SDUV�FRPSDFWD�ZHUH��EUHJPD������PP�DQWHUR�SRVWHULRU��$3����

���� PP� PHGLDO�ODWHUDO� �0/��� ����� PP� GRUVDO�YHQWUDO��'9��� LQFLVRU� EDU� DW� ����� PP�� 9LUDO� VWRFNV

����������SL�PO��ZHUH�LQMHFWHG�ZLWK�D����O�+DPLOWRQ�V\ULQJH�PRXQWHG�RQ�D�DXWRPDWHG�PLFURLQMHFWRU

�3K\PHS��3DULV��)UDQFH���7KH�SXPS�GHOLYHUHG���O�RYHU�D���PLQ�SHULRG��DQG�WKH�QHHGOH�UHPDLQHG�LQ

SODFH�IRU���DGGLWLRQDO�PLQ��$�VLPLODU�SURFHGXUH�ZDV�XVHG�IRU�WKH�U$$9�/DF=�FRQWURO�YLUXV�

,PPXQRKLVWRFKHPLVWU\�DQG�FRQIRFDO�LPDJH�DQDO\VLV� $QHVWKHWL]HG� DQLPDOV� ZHUH� SHUIXVHG

ZLWK�����PO�RI������1D&O��IROORZHG�E\�����PO�RI�FROG����SDUDIRUPDOGHK\GH�LQ����P0�SKRVSKDWH

EXIIHU��S+������%UDLQV�ZHUH�UHPRYHG�DQG�FU\RSURWHFWHG� LQ� WZR�VXFFHVVLYH� �VROXWLRQV�RI�����DQG

����VXFURVH�SKRVSKDWH�EXIIHUHG�VDOLQH�DW���&��DQG�VWRUHG�DW�����&��)UHH�IORDWLQJ�FRURQDO�VHFWLRQV

����P��RI�PLGEUDLQ�ZHUH�H[SRVHG�IRU����K�DW���&�WR�VHYHUDO�DQWLERGLHV��UDEELW�DQWL�7UN$�DQWLERG\

����������PRXVH�DQWL�F�0\F��(���DQWLERG\���������DQG�UDEELW�DQWL�7+�DQWLERG\���������3HO�)UHH]�

5RJHUV�� $5�� 86$��� 6HFWLRQV� ZHUH� LQFXEDWHG� IRU� �� K� ZLWK� DQ� DSSURSULDWH� VHFRQGDU\� ELRWLQ\ODWHG

DQWLERG\�� DQG� UHYHDOHG� � ZLWK� WKH� $%&� NLW� DQG� GLDPLQREHQ]LGLQH�� DV� GHVFULEHG� DERYH�� &RQWUROV

LQFOXGHG� VHFWLRQV� ZKHUH� WKH� SULPDU\� DQWLERG\� ZDV� RPLWWHG�� 7KH� SRVVLEOH� LQGXFWLRQ� RI� WKH� ORZ

DIILQLW\�QHXURWURSKLQ�UHFHSWRU�S��175�LQ�UHVSRQVH�WR�U$$9�7UN$P\F�DGPLQLVWUDWLRQ�ZDV�PRQLWRUHG�E\

LPPXQRKLVWRFKHPLVWU\�XVLQJ�WKH�0&����PRQRFORQDO�DQWLERG\� �%RHKULQJHU�0DQQKHLP���:KHQ� WKH

U$$9�/DF=�FRQWURO�YLUXV�ZDV�XVHG��H[SUHVVLRQ�RI� �JDODFWRVLGDVH�ZDV�GHWHFWHG�ZLWK�DQ�DQWLERG\

IURP� ,&1� 3KDUPDFHXWLFDOV� �2UVD\�� )UDQFH��� 7R� IXUWKHU� XQUDYHO� WKH� LGHQWLW\� RI� 7UN$�SRVLWLYH� FHOO

ERGLHV� REVHUYHG� IROORZLQJ� LQMHFWLRQ� RI� WKH� U$$9� 7UN$P\F� YLUXV�� VHOHFWHG� VHFWLRQV� ZHUH� GRXEOH�

ODEHOHG�XVLQJ�D�VKHHS�),7&�FRQMXJDWHG�DQWL�7+�DQWLERG\� �-DFNVRQ� ,PPXQR5HVHDUFK��3$��DQG�D

ELRWLQ\ODWHG� DQWL�UDEELW� DQWLERG\�� YLVXDOL]HG� XVLQJ� D� VWUHSWDYLGLQ�7H[DV5HG� FRPSOH[�� 6OLGHV� ZHUH

DQDO\]HG�ZLWK�D�/HLFD�FRQIRFDO�PLFURVFRSH�XVLQJ�7&6�17�VRIWZDUH�

5HWURJUDGH�WUDQVSRUW�RI�>���,@�1*)� ���7KH�U$$9�7UN$P\F�ZDV�DGPLQLVWHUHG�WR�WKH�ULJKW�61��Q ���RU

SDUDIDVFLFXODU�WKDODPLF�QXFOHXV��Q ����$QLPDOV�ZHUH�DQHVWKHWL]HG�DIWHU����ZHHNV��DQG���O����&L�

RI�>���,@�1*)��VSHFLILF�DFWLYLW\�������&L��PPRO���$PHUVKDP�3KDUPDFLD�%LRWHFK��ZHUH�LQMHFWHG�DW�WZR



���

GLIIHUHQW� VLWHV� LQ� HDFK� VWULDWXP�� 7KLV� FRUUHVSRQGHG� WR� DQ� LQSXW� RI� ��� QJ� RI� 1*)� SHU� VWULDWXP�

6WHUHRWD[LF�FRRUGLQDWHV�ZHUH���EUHJPD������PP�$3��±����PP�0/�������PP�'9��DQG������PP�$3�

±����PP�0/�� �����PP�'9�� LQFLVRU�EDU�DW�±����PP��ZLWK�D�+DPLOWRQ�V\ULQJH��DW���O�PLQ��$QLPDOV

ZHUH�DQHVWKHWL]HG�DQG�SHUIXVHG����K�ODWHU�DQG�WKHLU�EUDLQV�FU\RSURWHFWHG�DV�GHVFULEHG�DERYH��)RU

DXWRUDGLRJUDSK\�� IURQWDO� FU\RVWDW� VHFWLRQV� ����P�� SHUIRUPHG� DW� WKH� OHYHO� RI� WKH� PLGEUDLQ� ZHUH

PRXQWHG� RQWR� JHODWLQ�WUHDWHG� VOLGHV� DQG� ZHUH� ILUVWO\� SODFHG� LQ� FRQWDFW� ZLWK� .RGDN� ILOPV� �3DULV�

)UDQFH��IRU���PRQWKV��$IWHU�GHYHORSPHQW��ZKLFK�UHYHDOHG�WKH�SUHVHQFH�RI�UDGLRODEHOHG�PDWHULDO�RQ

DW�OHDVW����VXFFHVVLYH�VHFWLRQV������ P��RU�PRUH��SDUW�RI�WKH�VOLGHV�ZHUH�GHK\GUDWHG�LQ�VXFFHVVLYH

EDWKV� RI� DOFRKRO�� DQG�GLSSHG� LQ� .RGDN� HPXOVLRQ�17%����'HYHORSPHQW�ZDV� SHUIRUPHG� ��PRQWKV

ODWHU��DQG�SUHSDUDWLRQV�ZHUH�FRXQWHUVWDLQHG�ZLWK�FUHV\O�YLROHW��2WKHU�VOLGHV�ZHUH�XVHG� WR�PRQLWRU

WKH� SUHVHQFH� RI� 7UN$� LPPXQRUHDFWLYLW\�� +RZHYHU�� 7UN$�LPPXQRKLVWRFKHPLVWU\� WXUQHG� RXW� WR� EH

QHJDWLYH��HYHQ�LQ�EUDLQ�DUHDV�VXFK�DV�WKH�VHSWXP�ZKLFK�QDWXUDOO\�FRQWDLQV�QHXURQV�H[SUHVVLQJ�WKH

1*)� UHFHSWRU��7KLV�ZDV�SUREDEO\� GXH� WR� GDPDJH�RI� WKH� WLVVXH� VHFWLRQV� DV� D� UHVXOW� RI� WKHLU� WZR

PRQWK�VWRUDJH�SHULRG�DW�URRP�WHPSHUDWXUH�IRU�DXWRUDGLRJUDSK\��(YHQWXDOO\�� LPPXQRUHDFWLYLW\�ZDV

UHFRYHUHG�E\�ILUVW� WUHDWLQJ� WKH�VHFWLRQV�IRU����PLQ�DW����&� LQ���µ0�FLWUDWH�EXIIHU��S+������EHIRUH

WKH\�ZHUH�SURFHVVHG�DV�GHVFULEHG�DERYH�

$VVHVVPHQW�RI�QHXURSURWHFWLRQ� (LJKW�ZHHNV� IROORZLQJ�XQLODWHUDO� LQMHFWLRQ�RI� U$$9� LQ� WKH� ULJKW

61��SHUIRUPHG�DV�GHVFULEHG�DERYH����DQLPDOV�UHFHLYHG�WZR�LSVLODWHUDO�LQWUDVWULDWDO�LQMHFWLRQV������RI

��µO�RI� ��K\GUR[\GRSDPLQH� ���2+'$�� IUHH� EDVH� IURP�6LJPD�$OGULFK�� DW� ��PJ�PO�� GLVVROYHG� LQ� �

PJ�PO�DVFRUELF�DFLG�������1D&O��S+������7KH�FRRUGLQDWHV�ZHUH��EUHJPD�������PP�$3�� �����PP

0/�������PP�'9��DQG������PP�$3�������PP�0/�������PP�'9��LQFLVRU�EDU�DW����)RXU�GD\V�ODWHU��D

VWDLQOHVV�VWHHO�FDQQXOD�ZDV�VHDOHG�WR�WKH�VNXOO�RI�HDFK�DQLPDO��ZLWK�LWV�WLS�DW�WKH�OHYHO�RI�WKH�GRUVDO

VLGH�RI� WKH� LSVLODWHUDO�61� ������PP�$3�� �����PP�0/�� �����PP�'9�� LQFLVRU�EDU�DW� �����PP���7KH

FDQQXOD�ZHUH�FRQQHFWHG�WR�$O]HW������PLQL�RVPRWLF�SXPSV��$O]D�&RUS��3DOR�$OWR��&$��86$���DQG��

DQLPDOV� �JURXS� D�� UHFHLYHG� D� FRQWLQXRXV� GHOLYHU\� RI� ���� µJ�GD\� RI� KXPDQ� UHFRPELQDQW� 1*)

�6LJPD�$OGULFK��LQ�����P0�1D&O�����P0�1D+&2�������P0�.&O������P0�.+�32�������P0�&D&O����



���

P0�0J&O�������P0�1D�62��DQG���P0�JOXFRVH�DW�S+�����������7KH�IORZ�UDWH�ZDV�����µO�K�IRU���

GD\V��7KH�VHFRQG�JURXS�RI�WKUHH�DQLPDOV��JURXS�E��UHFHLYHG�SXPSV�GHOLYHULQJ�YHKLFOH�DORQH��7KUHH

PRUH� DQLPDOV� ZHUH� LQFOXGHG� LQ� WKH� VWXG\�� DV� DQ� DGGLWLRQDO� FRQWURO� JURXS�� 8QOLNH� WKH� �� IRUPHU

JURXSV�� WKHVH�DQLPDOV�KDG�QR�SULRU�DGPLQLVWUDWLRQ�RI� U$$9��EXW� WKH\�ZHUH� OHVLRQHG�ZLWK���2+'$

DQG� UHFHLYHG� SXPSV� GHOLYHULQJ� 1*)� �Q ��� RU� YHKLFOH� �Q ���� 7KH� UHVXOWV� REWDLQHG� XQGHU� ERWK

FRQGLWLRQV�ZHUH�VR�VLPLODU�WKDW�WKH�WKUHH�DQLPDOV�ZHUH�SRROHG�DQG�ZLOO�EH�UHIHUUHG�WR�DV�JURXS�F��$OO

DQLPDOV�ZHUH�VDFULILFHG�DW�WKH�HQG�RI�WKH�WUHDWPHQW��$IWHU�SHUIXVLRQ��EUDLQV�ZHUH�SURFHVVHG�IRU�7+�

LPPXQRKLVWRFKHPLVWU\�DV�GHVFULEHG�DERYH��)UHH�IORDWLQJ�FRURQDO�VHFWLRQV�����µP��ZHUH�SUHSDUHG

DQG�WKRVH�VKRZLQJ�WKH�PHGLDO�WHUPLQDO�QXFOHXV�RI�WKH�RSWLF�WUDFN�VHUYHG�DV�UHIHUHQFHV��DQG�ZHUH

DVVXPHG� WR�FRUUHVSRQG� WR� �RU� WR�EH�FORVHG�WR��SRVLWLRQ�$3������PP�WR�EUHJPD��DFFRUGLQJ� WR� WKH

DWODV�RI�3D[LQRV�DQG�:DWVRQ�����������7+�LPPXQRUHDFWLYH�QHXURQV�ZHUH�FRXQWHG� LQ� WKLV��DQG�DV

ZHOO�DV�QHLJKERULQJ�VHFWLRQV�DW����� P�LQWHUYDOV��WKXV�DOORFDWHG�WR�FRRUGLQDWHV�$3��������������� �

������ ������ PP� WR� EUHJPD�� 7KHVH� FDOFXODWHG� YDOXHV� ZHUH� XVHG� E\� FRQYHQLHQFH�� NQRZLQJ� WKDW

DFWXDO�SRVLWLRQV�DUH�SUREDEO\�OHVV�DFFXUDWH��6HFWLRQV�VWDLQHG�IRU�7+�LPPXQRUHDFWLYLW\�ZHUH�YLHZHG

RQ� D� FRPSXWHU� VFUHHQ� DQG� FRQWUDODWHUDO�� XQWUHDWHG� 61� ZHUH� GHOLQHDWHG� WR� H[FOXGH� WKH� YHQWUDO

WHJPHQWDO� DUHD� ������ 7KH� VDPH� DUHD� RI� LQWHUHVW� ZDV� GHOLQHDWHG� RQ� WKH� OHVLRQHG� VLGH�� )RU� HDFK

URVWURFDXGDO�SRVLWLRQ��WKH�PHDQ�SHUFHQWDJH�RI�7+�SRVLWLYH�FHOO�ERGLHV�UHPDLQLQJ�LQ�WKH�OHVLRQHG�61

ZDV�HVWDEOLVKHG��DVFULELQJ�D�YDOXH�RI������WR� WKH�FRXQWV�IRXQG� LQ�WKH�QRQ�OHVLRQHG�FRQWUDODWHUDO

VLGH�� 7KH� PHDQ� SHUFHQWDJHV� DUH� SUHVHQWHG� ���� 6(0�� 7R� REWDLQ� DQ� RYHUYLHZ� RI� WKH� GDWD�� WKH

DYHUDJH� RI� WKH� YDOXHV� IRXQG� LQ� WKH� �� VXFFHVVLYH� VHFWLRQV� RI� HDFK� H[SHULPHQWDO� JURXS� ZDV

FDOFXODWHG��7KH�GLIIHUHQFHV�ZHUH�DQDO\]HG�XVLQJ�RQH�IDFWRU�DQDO\VLV�RI�YDULDQFH��$129$��

5(68/76

([SUHVVLRQ�RI�7UN$P\F�LQ�FHOO�FXOWXUHV� 7KH� UDW� 7UN$� F'1$� FORQHG� LQWR� SODVPLG� S&0;� ZDV

WDJJHG� ZLWK� D� KXPDQ� F�0\F� VHTXHQFH�� DQG� WKH� UHVXOWLQJ� S&0;� 7UN$P\F� SODVPLG� ZDV� XVHG� WR

WUDQVIHFW� KXPDQ� NLGQH\� (���� FHOOV�� 6WDLQLQJ� ��K� ODWHU� ZLWK� DQ� DQWL�7UN$� DQWLERG\� VKRZHG� WKDW

DERXW���������RI�WKH�FHOOV�H[SUHVVHG�7UN$�LPPXQRUHDFWLYLW\��)LJ���$�DQG�%���$�VLPLODU�SDWWHUQ�ZDV

REVHUYHG�ZLWK�DQ�DQWL�F�0\F�DQWLERG\��QRW�VKRZQ���,Q�RUGHU� WR� WHVW� WKH�IXQFWLRQDOLW\�RI�WKH�WDJJHG



���

UHFHSWRU��QQU��YDULDQW�FHOOV�RI�WKH�3&���VWUDLQ�ZHUH�WUDQVIHFWHG�ZLWK�WKH�VDPH�SODVPLG��,Q�WKLV�FDVH�

WKH�IUDFWLRQ�RI�7UN$�LPPXQRUHDFWLYH�FHOOV�ZDV�PXFK�ORZHU�WKDQ�LQ�WKH�FDVH�RI�(����FHOOV��+RZHYHU�

PRVW� 7UN$�LPPXQRUHDFWLYH� FHOOV� H[WHQGHG� QHXULWHV� ZKHQ� H[SRVHG� IRU� ��K� WR� ��� QJ�PO� RI� 1*)�

)XUWKHUPRUH�� WKH� IUDFWLRQ� RI� QHXULWH�EHDULQJ� FHOOV� ZDV� VLJQLILFDQWO\� HOHYDWHG� FRPSDUHG� WR

XQWUDQVIHFWHG�FHOOV��RU�FHOOV�WUDQVIHFWHG�ZLWK�D�FRQWURO�SODVPLG��)LJ��&�DQG�'���$Q�51DVH�SURWHFWLRQ

DVVD\� FRQILUPHG� WKDW� WUDQVIHFWLRQ� RI� QQU�� FHOOV� ZLWK� WKH� S&0;�7UN$P\F� SODVPLG� UHVWRUHG� D� KLJK

H[SUHVVLRQ�RI�7UN$�P51$� LQ� WKHVH�FHOOV� �)LJ���&��� ,Q�YLHZ�RI� WKHVH� UHVXOWV�� WKH�7UN$P\F� FDVVHWWH

ZDV� VXEFORQHG� LQWR� WKH� S669�� SODVPLG�� 7UDQVIHFWLRQ� RI� (���� FHOOV� ZLWK� WKH� UHVXOWLQJ� SODVPLG

S669��7UN$P\F�UHVXOWHG�LQ�WKH�DSSHDUDQFH�RI�7UN$�LPPXQRUHDFWLYLW\� LQ�DSSUR[LPDWHO\�����RI�WKH

FHOOV��DV�LQ�WKH�FDVH�RI�WKH�S&0;�7UN$P\F�SODVPLG��/LNHZLVH��7UN$�SRVLWLYH�QQU��FHOOV��UHVSRQGHG�WR

1*)�E\�DQ�RXWJURZWK�RI�QHXULWHV��)LJ���$�DQG�&��

/RQJ�ODVWLQJ�H[SUHVVLRQ�RI�7UN$�LQ�QHXURQV� 7KH� U$$9� 7UN$P\F� ZDV� SUHSDUHG� IURP� WKH

S669��7UN$P\F�SODVPLG��DQG�LQMHFWHG�LQWR�WKH�ULJKW�61��$QLPDOV�ZHUH�VDFULILFHG�DIWHU�����������DQG

���ZHHNV��DQG�WKHLU�EUDLQV�SURFHVVHG�IRU�LPPXQRKLVWRFKHPLVWU\��7UN$�LPPXQRUHDFWLYH�FHOO�ERGLHV

ZHUH�REVHUYHG�DW�DOO�WLPH�SRLQWV��DURXQG�WKH�YLUXV�LQMHFWLRQ�VLWH��,Q�WKH�H[DPSOH�SUHVHQWHG�LQ�)LJ����

WKH�EUDLQ�ZDV�DQDO\]HG���ZHHNV�DIWHU�XQLODWHUDO�YLUDO�DGPLQLVWUDWLRQ��7+�VWDLQLQJ�GLG�QRW�UHYHDO�DQ\

REYLRXV�DQDWRPLFDO�GLIIHUHQFHV�EHWZHHQ�WKH�FRQWUDODWHUDO��)LJ���$��DQG�LSVLODWHUDO�VLGHV��)LJ���%��

7UN$�LPPXQRUHDFWLYH�VRPDWD�ZHUH�IRXQG�DW�WKH�OHYHO�RI�7+�SRVLWLYH�QHXURQV��)LJ���%�DQG�'��LQ�WKH

LSVLODWHUDO�VLGH�RQO\��)LJ���$�DQG�&���7KH�DQWL�F�0\F�DQWLERG\�JDYH�D�VLPLODU�VWDLQLQJ�SDWWHUQ��)LJ�

�(� DQG� )��� ,PPXQRKLVWRFKHPLVWU\� SHUIRUPHG� ZLWK� DQ� DQWL�S��175� DQWLERG\� UHPDLQHG� QHJDWLYH�

LUUHVSHFWLYH�RI�D�SULRU�DGPLQLVWUDWLRQ�RI� WKH� U$$9�7UN$P\F� WR� WKH�61� �GDWD�QRW� VKRZQ���7R� IXUWKHU

FKDUDFWHUL]H� WKH� VSHFLILFLW\� RI� WKH� 7UN$�H[SUHVVLQJ� U$$9�� FRQWUROV� ZHUH� SHUIRUPHG� ZLWK� D� U$$9

/DF=�YHFWRU��7KH�YLUXV�ZDV�LQMHFWHG�LQWR�WKH�ULJKW�61��XQGHU�FRQGLWLRQV�VLPLODU�WR�WKRVH�GHVFULEHG

IRU�WKH�U$$9�7UN$P\F��$IWHU���ZHHNV��WKH�U$$9�/DF=�OHG�WR�WKH�H[SUHVVLRQ�RI� �JDODFWRVLGDVH�LQ�FHOO

ERGLHV�ORFDWHG�DURXQG�WKH�LQMHFWLRQ�VLWH��DV�GHWHFWHG�E\�LPPXQRKLVWRFKHPLVWU\��,Q�FRQWUDVW��LW�IDLOHG

WR�LQGXFH�DQ\�7UN$�LPPXQRUHDFWLYLW\��GDWD�QRW�VKRZQ��

&R�ORFDOL]DWLRQ� RI� 7UN$� DQG� 7+�LPPXQRUHDFWLYLW\� E\� FRQIRFDO� PLFURVFRS\� FRQILUPHG� WKDW



���

GRSDPLQHUJLF� QHXURQV� SHUPLWWHG� D� ORQJ�WHUP� H[SUHVVLRQ� RI� WKH� 7UN$� WUDQVJHQH� �)LJ����� 0DQ\

LPPXQRUHDFWLYH� QHXULWHV� ZHUH� REVHUYHG�� DURXQG� FHOO� ERGLHV� ORFDWHG� LQ� WKH� SDUV� FRPSDFWD�� ,Q

FRQWUDVW��DQDO\VHV�SHUIRUPHG�RQ�WKH�VWULDWXP�ZHUH�QRW�FRQFOXVLYH��EHFDXVH�XQOLNH� WKH�VXEVWDQWLD

QLJUD�� WKLV�VWUXFWXUH�FRQWDLQV�7UN$�LPPXQRUHDFWLYH� LQWHUQHXURQV��1R�VLJQLILFDQW�GLIIHUHQFHV� LQ� WKH

VWDLQLQJ� LQWHQVLW\� EHWZHHQ� HLWKHU� WKH� LSVLODWHUDO� RU� FRQWUDODWHUDO� VLGHV� FRXOG� EH� GLVWLQJXLVKHG�� ,Q

SDUDVDJLWWDO� VHFWLRQV�� WKH� DQWL�7UN$� DQWLERG\� UHYHDOHG� VFDUFH� DVFHQGLQJ� D[RQV� EHWZHHQ� WKH

VXEVWDQWLD� QLJUD� DQG� WKH� VWULDWXP� �QRW� VKRZQ��� SRVVLEO\� FRUUHVSRQGLQJ� WR� SURMHFWLRQV� RI

GRSDPLQHUJLF�QHXURQV��+RZHYHU��WKLV�UHVXOW�ZDV�QRW�VXSSRUWHG�E\�VWDLQLQJ�SHUIRUPHG�ZLWK�WKH�DQWL�

F�0\F�DQWLERG\��SRVVLEO\�EHFDXVH�RI�D�KLJK�EDFNJURXQG�VWDLQLQJ��/LNHZLVH��QR�GLIIHUHQFHV�FRXOG�EH

GHWHFWHG�EHWZHHQ�HLWKHU�WKH�LSVLODWHUDO�RU�WKH�FRQWUDODWHUDO�VLGHV�RI�WKH�VWULDWXP��ZKHQ�DQDO\]HG�RQ

IURQWDO�VHFWLRQV�ZLWK�WKH�VDPH�DQWLERG\�

6WULDWRIXJH�WUDQVSRUW�RI�1*)�� � 5HWURJUDGH� D[RQDO� WUDQVSRUW� ZDV� XVHG� WR� GHWHUPLQH� ZKHWKHU

HFWRSLFDOO\� H[SUHVVHG� 7UN$� ZDV� SRVLWLRQHG� DORQJ� WKH� VWULDWDO� D[RQDO� HQGLQJV� RI� GRSDPLQHUJLF

QHXURQV�� 7ZR� DQLPDOV� ZKRVH� VXEVWDQWLD� QLJUD� ZDV� H[SRVHG� ��� ZHHNV� HDUOLHU� WR� D� XQLODWHUDO

VWHUHRWD[LF�DGPLQLVWUDWLRQ�RI�WKH�U$$9�7UN$P\F�YLUXV�UHFHLYHG�WZR�ELODWHUDO��LQWUDVWULDWDO�LQMHFWLRQV�RI

>���,@�1*)�� %UDLQV� ZHUH� FROOHFWHG� ��K� ODWHU� DQG� IURQWDO� VHFWLRQV�� SHUIRUPHG� DW� WKH� OHYHO� RI� WKH

PLGEUDLQ��ZHUH�VXEMHFWHG� WR�DXWRUDGLRJUDSK\��/DEHOHG�QHXURQDO�FHOO� ERGLHV�ZHUH�GHWHFWHG� LQ� WKH

YLUXV�WUHDWHG�VXEVWDQWLD�QLJUD� �)LJ���%�DQG�(���ZKHUHDV� WKH�FRQWUDODWHUDO� VLGH�ZDV�QHJDWLYH� �)LJ�

�$���&RQWURO�H[SHULPHQWV�SHUIRUPHG�E\�LPPXQRKLVWRFKHPLVWU\�RQ�DGMDFHQW�VHFWLRQV�FRQILUPHG�WKH

H[LVWHQFH�RI�7UN$�LPPXQRUHDFWLYLW\�DW�WKH�OHYHO�RI�UDGLRODEHOHG�FHOO�ERGLHV��QRW�VKRZQ���2QH�DQLPDO

GLVSOD\HG�UDGLRDFWLYH�VRPDWD�VFDWWHUHG�LQ�WKH�SDUDIDVFLFXODU�WKDODPLF�QXFOHXV��,W�ZDV�YHULILHG�WKDW

LQ� WKLV� DQLPDO��7UN$�LPPXQRUHDFWLYH� FHOOV�ZHUH� SUHVHQW� LQ� WKLV� VWUXFWXUH�� LSVLODWHUDOO\� WR� WKH� YLUXV

LQMHFWLRQ�VLWH��)LJ���&��'�DQG�)��

1HXURSURWHFWLRQ�RI�61�GRSDPLQHUJLF�QHXURQV� 7KH� U$$9�7UN$P\F� YHFWRU�ZDV� LQMHFWHG� LQWR� WKH

ULJKW�61�DQG���ZHHNV�ODWHU��WKH�GRSDPLQHUJLF�V\VWHP�ZDV�OHVLRQHG�E\�WZR�LQWUDVWULDWDO�LQMHFWLRQV�RI

��2+'$��)RXU�GD\V�ODWHU��1*)��Q ���JURXS�D��RU�YHKLFOH��Q ���JURXS�E��ZDV�GHOLYHUHG�GRUVDO�WR�WKH



���

YLUXV�LQMHFWLRQ�VLWH�IRU�D�SHULRG�RI����GD\V��7KH�WKLUG�JURXS��JURXS�F��LQFOXGHG�DQLPDOV�ZKLFK�ZHUH

QRW�H[SRVHG�WR�WKH�U$$9��EXW�ZKLFK�UHFHLYHG�WKH� OHVLRQ�DQG�ZHUH�WUHDWHG�IRU����GD\V�ZLWK�HLWKHU

1*)��Q ���RU�YHKLFOH��Q ����7KHVH�WKUHH�DQLPDOV�ZHUH�SRROHG��EHFDXVH�WKH�W\SH�RI�WUHDWPHQW�KDG

QR�VLJQLILFDQW� LQIOXHQFH�RQ�WKH�UHVXOWV��$OO�EUDLQV�ZHUH�FROOHFWHG�DW� WKH�HQG�RI� WKH� WUHDWPHQWV�DQG

ZHUH�SURFHVVHG�IRU�7+�LPPXQRKLVWRFKHPLVWU\��)RU�HDFK�H[SHULPHQWDO�JURXS��SHUFHQWDJHV�RI�7+�

LPPXQRUHDFWLYH�QHXURQV�SUHVHQW�LSVLODWHUDO�WR�WKH�OHVLRQ����RI�FRQWUDODWHUDO��ZHUH�HVWDEOLVKHG�LQ��

VXFFHVVLYH�FRURQDO�VHFWLRQV��SRVLWLRQHG�DV�GHVFULEHG� LQ�WKH�0HWKRGV�VHFWLRQ��6FRUHV�IRXQG�IRU�D

VLPLODU�URVWURFDXGDO�SRVLWLRQ�ZHUH�DYHUDJHG�DQG�YDOXHV�����6(0�DUH�VKRZQ�LQ�)LJ���$��7KH�UHVXOWV

LQGLFDWH� WKDW� LQ� FRPSDULVRQ� WR� WKH� QRQ�OHVLRQHG� FRQWUDODWHUDO� VLGH�� WKH� LQWUDVWULDWDO� OHVLRQ

FRQVLVWHQWO\�GHFUHDVHG�WKH�QXPEHU�RI�7+�SRVLWLYH�QHXURQV� LQ� WKH� LSVLODWHUDO�61��7KH�QXPEHUV�RI

GRSDPLQHUJLF�FHOO�ERGLHV�ZHUH�PLQLPDO� LQ� WKH���DQLPDOV�RI�FRQWURO�JURXS�F� �OHVLRQ�SOXV�VXSSO\�RI

HLWKHU�1*)�RU�YHKLFOH��ZLWKRXW�DQ\�SULRU�U$$9�DGPLQLVWUDWLRQ���DV�ZHOO�DV�LQ�JURXS�E��61�H[SRVHG�WR

WKH�YLUXV�DQG�VXEVHTXHQWO\�OHVLRQHG��ZLWK�D�VXSSO\�RI�YHKLFOH�RQO\���,Q�VWULNLQJ�FRQWUDVW��7+�SRVLWLYH

VRPDWD�ZHUH�PRUH�QXPHURXV� LQ�JURXS�D� �61�H[SRVHG� WR� WKH� YHFWRU�DQG�VXEVHTXHQWO\� OHVLRQHG�

ZLWK�D�GHOLYHU\�RI�1*)���7KLV�ZDV�REVHUYHG�LQ���VXFFHVVLYH�VHFWLRQV��ZKLFK�ZHUH�WKH�FORVHVW�WR�WKH

WLS�RI�WKH�GHYLFH�GHOLYHULQJ�WKH�WURSKLF�IDFWRU��$3���������������DQG�������PP�WR�EUHJPD���,Q�RUGHU�WR

REWDLQ�DQ�RYHUYLHZ�RI�WKHVH�UHVXOWV��PHDQ�VFRUHV�FRUUHVSRQGLQJ�WR�WKH���VHFWLRQV�ZHUH�SRROHG�DQG

WKH�DYHUDJH�FDOFXODWHG��)LJ���%���2QH�IDFWRU�DQDO\VLV�RI�YDULDQFH��$129$��LQGLFDWHG�D�VLJQLILFDQW

QHXURSURWHFWLYH� HIIHFW� RI� 1*)� WUHDWPHQW� LQ� EUDLQV� WKDW� KDG� EHHQ� ILUVWO\� H[SRVHG� WR� WKH� 7UN$�

H[SUHVVLQJ�YHFWRU��3��������JURXS�D�YV�E��3��������JURXS�D�YV�F��

',6&866,21

2XU� UHVXOWV� VKRZ� WKDW� WURSLVP� RI� WKH� W\SH� �� $$9� YHFWRU� XVHG� LQ� WKLV� VWXG\� HQDEOHV� DQ� HIILFLHQW

WUDQVGXFWLRQ� RI� 61� GRSDPLQHUJLF� QHXURQV�� LQ�ZKLFK� WKH� F\WRPHJDORYLUXV� �&09�� SURPRWHU� RI� WKH

FRQVWUXFW� UHPDLQHG� IXQFWLRQDO� IRU� DW� OHDVW� ��� ZHHNV�� 6XFK� D� ORQJ�WHUP� QHXURQDO� H[SUHVVLRQ

FRQILUPV�GDWD�REWDLQHG�ZLWK�RWKHU�UHFRPELQDQW�$$9�DQG� LV� LQ�FRQWUDVW�ZLWK� WKH�SRRU�HIILFLHQF\�RI

WUDQVGXFWLRQ�RI�VWULDWDO�URVWUDO�QHXURQV������������������



���

:KLOH�GRXEOH�ODEHOLQJ�H[SHULPHQWV�XQDPELJXRXVO\�VKRZHG�WKDW�7UN$�LPPXQRUHDFWLYLW\�ZDV�SUHVHQW

LQ� 7+�SRVLWLYH� VRPDWD� DQG� GHQGULWHV�� D[RQDO� ORFDOL]DWLRQ� RI� WKH� UHFHSWRU� FRXOG� QRW� EH� DVVHVVHG

XVLQJ� LPPXQRKLVWRFKHPLFDO� WHFKQLTXHV� DORQH�� GHVSLWH� WKH� 0\F�WDJ�� ,Q� FRQWUDVW�� PHVHQFHSKDOLF

QHXURQV�H[SRVHG�VHYHUDO�ZHHNV�HDUOLHU�WR�WKH�U$$9�ZHUH�DEOH�WR�WUDQVORFDWH�1*)�IURP�WKH�VWULDWXP

WR�FHOO�ERGLHV�LQ�WKH�61��$V�SRLQWHG�RXW�DERYH��WKLV�SURFHVV�RI�UHWURJUDGH�D[RQDO�WUDQVSRUW�UHOLHV�RQ

WKH�H[SUHVVLRQ�RI�7UN$��,Q�DJUHHPHQW�ZLWK�GDWD�RI�6FKZDE�HW�DO�� ������ LW�ZDV�QRW�REVHUYHG� LQ�WKH

FRQWUDODWHUDO�61��ZKLFK�ZDV�QRW�WUHDWHG�ZLWK�WKH�7UN$�H[SUHVVLQJ�YLUXV��7KHVH�UHVXOWV�LQGLFDWH�WKDW

HFWRSLFDOO\�V\QWKHVL]HG�7UN$P\F�UHFHSWRUV�DUH�SRVLWLRQHG�DORQJ�WKH�VWULDWDO�D[RQDO�HIIHUHQFHV�RI�WKH

QLJUDO�GRSDPLQHUJLF�QHXURQV�DQG�DOVR�VXSSRUW�WKH�FRQFHSW�WKDW�7UN$P\F�PROHFXOHV�DUH�IXQFWLRQDO��DW

OHDVW�ZLWK�UHVSHFW�WR�WKHLU�LQWHUDFWLRQ�ZLWK�WKH�DQWHURJUDGH�DQG�UHWURJUDGH�WUDIILFNLQJ�PDFKLQHULHV��,W

LV�ZRUWK�QRWLQJ� WKDW� WKLV� WUDQVSRUW�ZDV�REVHUYHG� LQ� WKH�DEVHQFH�RI�DQ\� GHWHFWDEOH� H[SUHVVLRQ� RI

S��175� LPPXQRUHDFWLYLW\� LQ� WKH� 61�� D� IDFW� ZKLFK� VXSSRUWV� WKH� SRVVLELOLW\� WKDW� WKH� ORZ� DIILQLW\

QHXURWURSKLQ�UHFHSWRU�LV�QRW�UHTXLUHG�IRU�1*)�D[RQDO�WUDQVSRUW�LQ�FHUWDLQ�&16�QHXURQV�������������

�����7KLV�GRHV�QRW�H[FOXGH�WKDW�FRQGLWLRQV�OHDGLQJ�WR�D�FR�H[SUHVVLRQ�RI�WKH�S��175�UHFHSWRU�LQ�'$

QHXURQV�PLJKW�PRGLI\�TXDOLWDWLYH�RU�TXDQWLWDWLYH�SDUDPHWHUV�FKDUDFWHUL]LQJ�1*)�D[RQDO� IOX[� �����

0HVHQFHSKDOLF�GRSDPLQHUJLF�QHXURQV�UHVSRQG�WR�RWKHU�QHXURWURSKLQV����������� LQ�SDUWLFXODU�� WKH\

H[SUHVV�7UN%������DQG�SURPRWH�UHWURJUDGH�D[RQDO�WUDQVSRUW�RI�LWV�OLJDQG��EUDLQ�GHULYHG�QHXURWURSKLF

IDFWRU��%'1)��������7KHUHIRUH�� LW� LV�SRVVLEOH� WKDW� WKH� WUDQVGXFLQJ�PDFKLQHU\�RI� WKH�7UN%�UHFHSWRU

PD\� FRQWULEXWH� WR� WKH� SURPRWLRQ� RI� UHWURJUDGH� D[RQDO� WUDQVSRUW� RI� 1*)� OLJDQGHG� WR� 7UN$�� 7KH

HFWRSLF�H[SUHVVLRQ�RI�7UN$� LQ� WKH�SDUDIDVFLFXODU� WKDODPLF�QXFOHXV�DOVR� UHVXOWHG� LQ� WKH� UHWURJUDGH

D[RQDO� WUDQVSRUW� RI� UDGLRODEHOHG�1*)� LQMHFWHG� LQWR� WKH� VWULDWXP�ZKHUHDV� QR� VXFK� WUDQVSRUW� ZDV

VHHQ� LQ� WKH� FRQWUDODWHUDO� VLGH�� 7KLV� UHVXOW� LV� H[SODLQHG� E\� WKH� H[LVWHQFH� RI� D� SURMHFWLRQ� RI

SDUDIDVFLFXODU�QHXURQV�WRZDUGV�WKH�VWULDWXP��ZKLFK�KDV�EHHQ�GHVFULEHG�XVLQJ�RWKHU�WHFKQLTXHV�RI

D[RQDO�UHWURJUDGH�WUDFLQJ���������1HXURQV�SUHVHQW�LQ�WKH�VDPH�VWUXFWXUH�ZHUH�UHSRUWHG�WR�WUDQVSRUW

%'1)�EXW�QRW�1*)�LQ�D�UHWURJUDGH�PDQQHU��DV�GR�61�GRSDPLQHUJLF�QHXURQV�����������+HQFH��GDWD

GR� QRW� PDNH� LW� SRVVLEOH� WR� GHWHUPLQH� ZKHWKHU� DQ� HFWRSLF� H[SUHVVLRQ� RI� 7UN$� FDQ� SURPRWH� D

UHWURJUDGH� WUDQVSRUW� RI� 1*)� LQ� QHXURQV� WKDW� DUH� ODFNLQJ� DQ\� RWKHU� 7UN�UHODWHG� UHFHSWRU� DQG� LWV



���

FRUUHVSRQGLQJ�WUDQVGXFLQJ�DSSDUDWXV��7KH�7UN$�H[SUHVVLQJ�U$$9�YHFWRU�PD\�VHUYH�WR�XQUDYHO�WKLV

TXHVWLRQ�

$�KDOOPDUN�RI�1*)�DQG�RWKHU�QHXURWURSKLQV� LV� WKH�SURPRWLRQ�RI�QHXURQDO�VXUYLYDO�� ,Q� WKH�FDVH�RI

1*)��WKH��VLJQDOLQJ�UROH�RI�UHWURJUDGH�D[RQDO�WUDQVSRUW�UHPDLQV�D�PDWWHU�RI�FRQWURYHUV\�������������

�����7KH�7UN�UHFHSWRU� IDPLO\� WUDQVGXFHV�VLJQDOV�YLD�VHYHUDO� LQWUDFHOOXODU�SDWKZD\V� ���������ZKLFK

DUH�UHGXQGDQW� WR�VRPH�H[WHQW�������+RZHYHU�� UHVSRQVHV�PD\�GLIIHU��DFFRUGLQJ�WR� WKH�FHOO� W\SH�RU

GHYHORSPHQW� VWDJH�� )XUWKHUPRUH�� VHYHUDO� DUJXPHQWV� LQGLFDWH� WKDW� WKHVH� UHFHSWRUV� DUH� QRW

HTXLYDOHQW� ���� ���� ���� DQG� WKDW� XQGHU� FHUWDLQ� FRQGLWLRQV�� 1*)� LV� PRUH� HIIHFWLYH� WKDQ� RWKHU

QHXURWURSKLQV� LQ�SURPRWLQJ�QHXURQDO�VXUYLYDO� ���������� ,Q�RUGHU� WR� LQYHVWLJDWH�ZKHWKHU�HFWRSLFDOO\

H[SUHVVHG�7UN$�FRXOG�H[HUW�D�SRVLWLYH�DFWLRQ�RQ�WKH�VXUYLYDO�RI�61�GRSDPLQHUJLF�QHXURQV��ZH�XVHG

WKH�PRGHO� GHVFULEHG� E\� 6DXHU� DQG�2UWHO� ����� RI� LQWUDVWULDWDO� LQVXOW� ZLWK� ��2+'$�� 7KLV� OHVLRQ� LV

IROORZHG�E\�D�VWULDWRIXJH��SURJUHVVLYH�GHJHQHUDWLRQ�RI�61�GRSDPLQHUJLF�QHXURQV��:H�YHULILHG�WKDW

WKH�LQIXVLRQ�RI�1*)�DORQH�WR�WKH�LQMXUHG�61�KDG�QR�HIIHFW�RQ�WKH�QXPEHU�RI�UHVLGXDO�GRSDPLQHUJLF

QHXURQV��7KLV�LV�LQ�DJUHHPHQW��ZLWK�SUHYLRXV�ZRUN�GHPRQVWUDWLQJ�WKH�ODFN�RI�WURSKLF�DFWLRQ�RI�1*)

RQ�61�GRSDPLQHUJLF�QHXURQV� ��������������/LNHZLVH�� WKH�H[SUHVVLRQ�RI�HFWRSLF�7UN$�DORQH� LQ�61

QHXURQV�ZDV�LQVXIILFLHQW�WR�SURPRWH�GRSDPLQHUJLF�FHOO�VXUYLYDO��RU� LQ�VORZLQJ�GRZQ�WKH�FHOO�GHDWK

SURFHVV��� VLQFH� WKH� QXPEHU� RI� GRSDPLQHUJLF� QHXURQV� UHPDLQLQJ� LQ� WKH� OHVLRQHG� 61� ZDV� QRW

LQIOXHQFHG� E\� D� SUHYLRXV� DGPLQLVWUDWLRQ� RI� U$$9� 7UN$P\F�� 7KLV� VXJJHVWV� WKDW� HQGRJHQRXV

SURGXFWLRQ�RI�1*)���������LV�QRW�VXIILFLHQW�WR�SURWHFW�7UN$�H[SUHVVLQJ�61�GRSDPLQHUJLF�QHXURQV��,Q

FRQWUDVW�� H[RJHQRXV� VXSSOHPHQWDWLRQ� RI� 1*)� VLJQLILFDQWO\� HQKDQFHG� WKH� QXPEHU� RI� 7+�

LPPXQRUHDFWLYH�QHXURQV� LQ�61�WKDW�ZHUH� LQLWLDOO\�H[SRVHG� WR� WKH�7UN$�H[SUHVVLQJ�YHFWRU��9HKLFOH

GHOLYHU\� ZDV� LQHIILFLHQW� XQGHU� WKH� VDPH� H[SHULPHQWDO� FRQGLWLRQV�� ,W� VHHPV�� WKHUHIRUH�� WKDW� 1*)

WUDQVGXFHV�D�VXUYLYDO�VLJQDO�LQ�DGXOW�GRSDPLQHUJLF�61�QHXURQV�YLD�HFWRSLF�7UN$��$V�VWDWHG�DERYH�

WKLV� HIIHFW� WRRN� SODFH� LQ� WKH� DEVHQFH� RI� DQ\� REVHUYDEOH� H[SUHVVLRQ� RI� WKH� ORZ� DIILQLW\� S��175�

+RZHYHU��IXUWKHU�VWXGLHV�ZLOO�EH�UHTXLUHG�WR�GHWHUPLQH�WR�ZKDW�H[WHQW�WKLV�VXUYLYDO�HIIHFW�PRELOL]HV

WUDQGXFLQJ�HOHPHQWV�RI�7UN%�RU�RWKHU�UHODWHG�QHXURWURSKLQ�UHFHSWRUV�

7DNHQ�WRJHWKHU��RXU�GDWD�LQGLFDWH�WKDW�WUDQVGXFWLRQ�RI�7UN$�E\�D�YLUDO�YHFWRU�SURYLGHV�D�FRQYHQLHQW

ZD\�WR�PRGLI\�WKH�SODVWLFLW\�RI�DGXOW�&16�QHXURQV�LQ�YLYR��7KLV�FRXOG�KDYH�LQWHUHVWLQJ�DSSOLFDWLRQV



���

LQ� UHSDLU� VWUDWHJLHV�� IRU� LQVWDQFH� LQ� FRQMXQFWLRQ�ZLWK�DJRQLVWV�RI�7UN$� �����RU� FRPSRXQGV�DEOH� WR

HQKDQFH�1*)�V\QWKHVLV�LQ�WKH�EUDLQ�RU�VSLQDO�FRUG�����������0RUHRYHU��VHYHUDO�UHSRUWV�KDYH�VKRZQ

WKDW�LQ�$O]KHLPHU�GLVHDVH��ORVV�RI�FKROLQHUJLF�QHXURQV�RI�WKH�EDVDO�IRUHEUDLQ�QXFOHL�LV�SUHFHGHG�E\�D

GHFUHDVHG�H[SUHVVLRQ�RI� WKH�7UN$� UHFHSWRU� ���� ���� �����5HFRPELQDQW� YHFWRUV� GULYLQJ� WKH� HFWRSLF

H[SUHVVLRQ�RI�WKLV�UHFHSWRU�PLJKW�SURYLGH�QHZ�VWUDWHJLHV�WR�PDLQWDLQ�RU�UHVWRUH�WKH�UHVSRQVLYHQHVV

RI�WKHVH�QHXURQV�WR�1*)��DQG�FRXOG�FRQWULEXWH�WR�HQKDQFLQJ�WKH�WKHUDSHXWLF�SRWHQWLDO�RI�WKLV�IDFWRU�

$&.12:/('*(0(176�

7KLV�ZRUN�ZDV�VXSSRUWHG�E\� WZR�JUDQWV�IURP�WKH�$VVRFLDWLRQ�)UDQoDLVH�FRQWUH� OHV�0\RSDWKLHV� WR

3�%UDFKHW��%��0HOFKLRU�ZDV�D�UHFLSLHQW�RI�JUDQWV�IURP�WKH�)pGpUDWLRQ�)UDQoDLVH�GHV�*URXSHPHQWV

GH�3DUNLQVRQLHQV��WKH�$VVRFLDWLRQ�GHV�3DUNLQVRQLHQV�GH�/RLUH�$WODQWLTXH�DQG�WKH�)RQGDWLRQ�SRXU�OD

5HFKHUFKH� 0pGLFDOH�� $$9� VWRFNV� ZHUH� SUHSDUHG� E\� 'UV� 3�� 0RXOOLHU� DQG� $�� 6DOYHWWL� IURP� WKH

/DERUDWRLUH� GH� 7KpUDSLH� *pQLTXH� RI� WKH� 8QLYHUVLW\� +RVSLWDO� RI� 1DQWHV�� WR� ZKRP� ZH� DUH� YHU\

JUDWHIXO��7KH�DXWKRUV�DOVR�WKDQN�'U�/��)��5HLFKDUGW��8QLYHUVLW\�RI�&DOLIRUQLD�DW�6DQ�)UDQVLVFR��IRU

WKH�JHQHURXV�JLIW�RI� WKH�DQWL�7UN$�DQWLERG\��'U�)��/DFKDSHOOH� �,16(50�8QLW������ IRU� WHDFKLQJ�XV

KRZ�WR�LQVHUW�RVPRWLF�SXPSV��DQG�3U�-�3��6RXOLOORX��,16(50�8QLW������IRU�KLV�FRQVWDQW�VXSSRUW��-�

$VKWRQ��,16(50�8QLW������LV�DFNQRZOHGJHG�IRU�KHU�FULWLFDO�UHDGLQJ�RI�WKH�PDQXVFULSW��)RU�VHFXULW\

UHDVRQV��H[SHULPHQWV�LQYROYLQJ�LRGLQDWHG�1*)�ZHUH�SHUIRUPHG�LQ�WKH�,16(50�8QLW�����RI�7RXUV�

WKDQNV�WR�WKH�NLQG�KRVSLWDOLW\�RI�'U�6��&KDORQ�



���

5()(5(1&(6

�� $OOVRSS�� 7�� (���0��5RELQVRQ�� 6��:\DWW�� DQG�$��0��'DYLHV�� ������ (FWRSLF� WUN$� H[SUHVVLRQ

PHGLDWHV� D� 1*)� VXUYLYDO� UHVSRQVH� LQ� 1*)�LQGHSHQGHQW� VHQVRU\� QHXURQV� EXW� QRW� LQ

SDUDV\PSDWKHWLF�QHXURQV��-�&HOO�%LRO��������������

�� $OOVRSS�� 7�� (���0��5RELQVRQ�� 6��:\DWW�� DQG� $��0�� 'DYLHV�� ������ 7UN$�PHGLDWHV� DQ�1*)

VXUYLYDO� UHVSRQVH� LQ� 1*)�LQGHSHQGHQW� VHQVRU\� QHXURQV� EXW� QRW� LQ� SDUDV\PSDWKHWLF

QHXURQV��*HQH�7KHU����6���

�� $OWDU��&��$���0��$UPDQLQL��0��'XJLFK�'MRUGMHYLF��*��/��%HQQHWW��5��:LOOLDPV��6��)HLQJODVV��9�

$QLFHWWL��'��6LQLFURSL��DQG�&��%DNKLW��������5HFRYHU\�RI�FKROLQHUJLF�SKHQRW\SH�LQ�WKH�LQMXUHG

UDW�QHRVWULDWXP�� UROHV� IRU�HQGRJHQRXV�DQG�H[RJHQRXV�QHUYH�JURZWK� IDFWRU��-�1HXURFKHP

������������

�� $\HU�/H/LHYUH��&���/��2OVRQ��7��(EHQGDO��$��6HLJHU��DQG�+��3HUVVRQ��������([SUHVVLRQ�RI

WKH�EHWD�QHUYH�JURZWK�IDFWRU�JHQH�LQ�KLSSRFDPSDO�QHXURQV��6FLHQFH��������������

�� %HFNVWHDG��5��0��������7KH�WKDODPRVWULDWDO�SURMHFWLRQ�LQ�WKH�FDW��-�&RPS�1HXURO����������

���

�� %HUHQGVH�� +�� :��� DQG� +�� -�� *URHQHZHJHQ�� ������ 2UJDQL]DWLRQ� RI� WKH� WKDODPRVWULDWDO

SURMHFWLRQV� LQ� WKH�UDW��ZLWK�VSHFLDO�HPSKDVLV�RQ� WKH�YHQWUDO�VWULDWXP��-�&RPS�1HXURO�����

��������

�� %MRUNOXQG�� $��� '�� .LULN�� &�� 5RVHQEODG�� %�� *HRUJLHYVND�� &�� /XQGEHUJ�� DQG� 5�� -�� 0DQGHO�

������7RZDUGV�D�QHXURSURWHFWLYH�JHQH�WKHUDS\�IRU�3DUNLQVRQ
V�GLVHDVH��XVH�RI�DGHQRYLUXV�

$$9�DQG�OHQWLYLUXV�YHFWRUV�IRU�JHQH�WUDQVIHU�RI�*'1)�WR�WKH�QLJURVWULDWDO�V\VWHP�LQ�WKH�UDW

3DUNLQVRQ�PRGHO��%UDLQ�5HV������������

�� %RLVVLHUH�� )��� 6��+XQRW�� %�� )DXFKHX[�� /�� %��+HUVK�� <�� $JLG�� DQG�(��&��+LUVFK�� ������ 7UN

QHXURWURSKLQ�UHFHSWRUV�LQ�FKROLQHUJLF�QHXURQV�RI�SDWLHQWV�ZLWK�$O]KHLPHU
V�GLVHDVH��'HPHQW

*HULDWU�&RJQ�'LVRUG��������

�� %UDGEXU\��(��-���9�5��.LQJ��/�-��6LPPRQV��-�9��3ULHVWOH\�DQG�6�%��0F0DKRQ��������17���EXW

QRW�%'1)��SUHYHQWV�DWURSK\�DQG�GHDWK�RI�D[RWRPL]HG�VSLQDO�FRUG�SURMHFWLRQ�QHXURQV��(XU�

-��1HXURVFL����������������



���

��� &KDR�� 0�� 9��� DQG� %�� /�� +HPSVWHDG�� ������ S��� DQG� 7UN�� D� WZR�UHFHSWRU� V\VWHP�� 7UHQGV

1HXURVFL�����������

��� &XUWLV��5���.��0��$GU\DQ��-��/��6WDUN��-��6��3DUN��'��/��&RPSWRQ��*��:HVNDPS��/��-��+XEHU�

0�� 9�� &KDR�� 5�� -DHQLVFK�� .�� )�� /HH�� DQG� HW� DO�� ������ 'LIIHUHQWLDO� UROH� RI� WKH� ORZ� DIILQLW\

QHXURWURSKLQ�UHFHSWRU��S����LQ�UHWURJUDGH�D[RQDO�WUDQVSRUW�RI�WKH�QHXURWURSKLQV��1HXURQ����

��������

��� 'DYLGVRQ��%��/���&��6��6WHLQ��-��$��+HWK��,��0DUWLQV��5��0��.RWLQ��7��$��'HUNVHQ��-��=DEQHU��$�

*KRGVL�� DQG� -�� $�� &KLRULQL�� ������ 5HFRPELQDQW� DGHQR�DVVRFLDWHG� YLUXV� W\SH� ��� ��� DQG� �

YHFWRUV�� WUDQVGXFWLRQ� RI� YDULDQW� FHOO� W\SHV�DQG� UHJLRQV� LQ� WKH�PDPPDOLDQ� FHQWUDO� QHUYRXV

V\VWHP��3URF�1DWO�$FDG�6FL�8�6�$�������������

��� 'L6WHIDQR��3��6���%��)ULHGPDQ��&��5DG]LHMHZVNL��&��$OH[DQGHU��3��%RODQG��&��0��6FKLFN��5�

0��/LQGVD\��DQG�6�� -��:LHJDQG�� ������7KH�QHXURWURSKLQV�%'1)��17���� DQG�1*)�GLVSOD\

GLVWLQFW�SDWWHUQV�RI�UHWURJUDGH�D[RQDO�WUDQVSRUW�LQ�SHULSKHUDO�DQG�FHQWUDO�QHXURQV��1HXURQ���

�������

��� 'X�� %��� 3��:X�� '�� 0�� %ROGW�+RXOH�� DQG� (�� )�� 7HUZLOOLJHU�� ������ (IILFLHQW� WUDQVGXFWLRQ� RI

KXPDQ�QHXURQV�ZLWK�DQ�DGHQR�DVVRFLDWHG�YLUXV�YHFWRU��*HQH�7KHU�����������

��� )ULP� '�� 0��� 7�� $�� 8��� 0�3�� 6KRUW�� =�'�� (]]HGLQH�� 0�� .ODJVEXUQ�� ;�2�� %UHDNILHOG� DQG� 2�

,VDFVRQ��������(IIHFW�RI�ELRORJLFDOO\�GHOLYHUHG�1*)��%'1)�DQG�E)*)�RQ�VWULDWDO�H[FLWRWR[LF

OHVLRQV��1HXUR5HSRUW������������

��� *HUPDQ��'��&��D��.��)��0��������0LGEUDLQ�GRSDPLQHUJLF�QHXURQV��QXFOHL�$���$��DQG�$����

WKUHH�GLPHQVLRQDO�UHFRQVWUXFWLRQ�LQ�WKH�UDW��-��&RPS��1HXURO���������������

��� *ULPP��'���$��.HUQ��.��5LWWQHU��DQG�-��$��.OHLQVFKPLGW��������1RYHO�WRROV�IRU�SURGXFWLRQ�DQG

SXULILFDWLRQ�RI�UHFRPELQDQW�DGHQRDVVRFLDWHG�YLUXV�YHFWRUV��+XP�*HQH�7KHU������������
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5pVXPp��
/D� [pQRWUDQVSODQWDWLRQ� GH� QHXURQHV� I°WDX[� SRUFLQV� IRXUQLW� XQH� DOWHUQDWLYH� WKpUDSHXWLTXH� DX[
DOORWUDQVSODQWDWLRQV�GH�QHXURQHV�KXPDLQV�UpDOLVpHV�GDQV�OD�PDODGLH�GH�3DUNLQVRQ��&HSHQGDQW�VRQ
DSSOLFDWLRQ� SDVVH� SDU� OD� FRPSUpKHQVLRQ� GHV� PpFDQLVPHV� TXL� LQGXLVHQW� OH� UHMHW� GH� WHOOHV
[pQRJUHIIHV�� 1RXV� DYRQV� GpYHORSSp� XQ�PRGqOH� GH� WUDQVSODQWDWLRQ� GH� QHXURQHV� I°WDX[� SRUFLQV
GDQV�OH�VWULDWXP�GX�UDW��GDQV�OHTXHO�XQH�UpDFWLRQ�GH�UHMHW�VRXGDLQH�VH�SURGXLW�ORUV�GH�OD�TXDWULqPH
VHPDLQH�� DSUqV� XQH� LQILOWUDWLRQ� GX� JUHIIRQ� SDU� GHV�PDFURSKDJHV� HW� GHV� O\PSKRF\WHV� 7� �/7��� /D
WHFKQRORJLH�GH�3&5�TXDQWLWDWLYH�D�SHUPLV�GH�FRQILUPHU� O
DSSDULWLRQ�UDSLGH�GHV�/7�DX�PRPHQW�GX
UHMHW�� SDU� OD� PHVXUH� GH� O¶H[SUHVVLRQ� GHV� WUDQVFULWV� GHV� $51P� GX� UpFHSWHXU� 7� �7&5��� &HFL
V¶DFFRPSDJQH� G¶XQH� DFFXPXODWLRQ� FRQFRPLWDQWH� GHV� WUDQVFULWV� FRGDQWV� SRXU� GHV� F\WRNLQHV� SUR�
LQIODPPDWRLUHV��,)1γ��,/����,/���HW�,/����RX�GHV�FKLPLRNLQHV��0&3���HW�5$17(6��FRQWUDVWDQW�DYHF
OD�SDXYUHWp�GHV�WUDQVFULWV�G¶,/���HW�G¶,/�����$LQVL�� O¶DFFXPXODWLRQ�GHV�/7� LQILOWUDQWV�VH�IDLW�GDQV�XQ
FRQWH[WH� LQIODPPDWRLUH�GH� W\SH�7K���(Q�RXWUH�� O¶DQDO\VH�GHV�DOWpUDWLRQV�GHV� ORQJXHXUV�GX�&'5�
GHV�JqQHV�9β�GX�7&5�D�PRQWUp�TXH�OHV�/7�LQILOWUDQWV�SDUDLVVHQW�DYRLU�GHV�VSpFLILFLWpV�DQWLJqQLTXHV
YDULpHV�� /¶DQDO\VH� GHV� DOWpUDWLRQV� GX� UpSHUWRLUH� 7� HQ� SpULSKpULH� GpPRQWUH� OD� SDUWLFLSDWLRQ� GHV
JDQJOLRQV�FHUYLFDX[�GUDLQDQWV�GDQV� OH� UHMHW� WDQGLV�TXH� OHV� O\PSKRF\WHV�GX�VDQJ�HW�GH� OD� UDWH�QH
SDUDLVVHQW�SDV�LPSOLTXpV�

0276�&/(6��
;pQRWUDQVSODQWDWLRQ��PDODGLH�GH�3DUNLQVRQ��QHXURQHV��V\VWqPH�QHUYHX[�FHQWUDO��61&���UHMHW�
PDFURSKDJHV� �� PLFURJOLH�� O\PSKRF\WHV� 7�� F\WRNLQHV�� FKLPLRNLQHV�� 7&5�� UpSHUWRLUH�
JDQJOLRQV�FHUYLFDX[�SURIRQGV�

$EVWUDFW��
;HQRWUDQVSODQWDWLRQ� RI� SRUFLQH� I°WDO� QHXURQV� SURYLGHV� D� WKHUDSHXWLF� DOWHUQDWLYH� WR� WKH
DOORWUDQVSODQWDWLRQ�RI�KXPDQ�I°WDO�QHXURQV�IRU�WKH�WUHDWPHQW�RI�3DUNLQVRQ¶V�GLVHDVH��+RZHYHU� LWV
DSSOLFDWLRQ�QHFHVVLWDWHV�E\�WKH�FRPSUHKHQVLRQ�RI�WKH�PHFKDQLVPV�LQYROYHG�LQ�[HQRJUDIWV�UHMHFWLRQ�
:H�KDYH�GHYHORSHG�D�PRGHO�RI�WUDQVSODQWDWLRQ�RI�SRUFLQH�I°WDO�PHVHQFHSKDOLF�QHXURQV�LQWR�WKH�UDW
VWULDWXP�� 8VLQJ� WKLV� PRGHO� ZH� REVHUYHG� D� VXGGHQ� UHMHFWLRQ� DURXQG� WKH� IRXUWK� ZHHN� SRVW�
WUDQVSODQWDWLRQ�ZKLFK�ZDV�SUHFHGHG�E\�DQ�LQILOWUDWLRQ�RI�WKH�JUDIW�E\�PDFURSKDJHV�DQG�7�FHOOV��%\
TXDQWLWDWLYH� 3&5� ZH� ZHUH� DEOH� WR� FRQILUP� WKH� UDSLG� DSSHDUDQFH� RI� 7� FHOOV� DW� WKH� WLPH� RI� WKH
UHMHFWLRQ� WKURXJK� WKH� PHDVXUHPHQW� RI� WKH� DFFXPXODWLRQ� RI� 7� FHOOV� UHFHSWRU� �7&5�� P51$�� 7KLV
DFFXPXODWLRQ� ZDV� DFFRPSDQLHG� E\� D� FRQFRPLWDQW� DFFXPXODWLRQ� RI� WUDQVFULSWV� FRGLQJ� IRU� SUR�
LQIODPPDWRU\�F\WRNLQHV��,)1γ��,/����,/���HW�,/����DQG�FKHPRNLQHV��0&3���DQG�5$17(6��ZKHUHDV
,/��� DQG� ,/���� WUDQVFULSWV� ZHUH� VFDUFH�� 7KXV�� WKH� 7� FHOOV� LQILOWUDWLRQ� LV� DFWLYHO\� SURPRWHG� LQ� D
SURLQIODPPDWRU\� FRQWH[W� EDVHG� RQ� D� 7+�� SRODUL]DWLRQ�� 0RUHRYHU�� DQDO\VLV� RI� WKH� &'5�� OHQJWKV
DOWHUDWLRQ�RI�WKH�7&5�9β�JHQHV�VKRZHG�WKDW�WKH�LQILOWUDWLQJ�7�FHOOV�DSSHDU�WR�KDYH�YDULHG�DQWLJHQLF
VSHFLILFLWLHV�� 7KH� DQDO\VLV� RI� WKH� 7� FHOOV� UHSHUWRLUH� LQ� WKH� SHULSKHU\� LQGLFDWHV� WKH� LQYROYPHQW� RI
GUDLQLQJ� GHHS� FHUYLFDO� O\PSK� QRGHV� LQ� WKH� UHMHFWLRQ� SURFHVV� ZKLOH� WKH� 7� FHOOV� RI� WKH� ERRG� DQG
VSOHHQ�GR�QRW�DSSHDU�WR�EH�LPSOLFDWHG�

.(<�:25'6��
;HQRWUDQVSODQWDWLRQ��3DUNLQVRQ¶V�GLVHDVH��QHXURQV��FHQWUDO�QHUYRXV�V\VWHP��&16���UHMHFWLRQ�
PDFURSKDJHV���PLFURJOLD��7�O\PSKRF\WHV��F\WRNLQHV��FKHPRNLQHV��7&5��UHSHUWRLUH��GHHS�FHUYLFDO
O\PSK�QRGHV�



���


	UNIVERSITE DE NANTES
	FACULTE DE MEDECINE
	THESE DE DOCTORAT
	Ecole Doctorale : Chimie-Biologie
	Discipline : Médecine
	Présentée et soutenue publiquement par
	MELCHIOR Benoît
	Rapporteurs   Pr Paul HEUSCHLING, Laboratoire de Neurobiologie, Luxembourg




	AVANT PROPOS                                                                                                                          9
	INTRODUCTION
	I - Immunologie du système nerveux central
	1.2  Le statut immunoréprimé du SNC : isolement anatomique ou tolérance active ?  20
	1.3  Les mécanismes d’inflammation dans le SNC                                                                      27
	II - Modèles de greffes appliquées à la maladie de Parkinson
	2.1 La maladie de Parkinson et les principales thérapeutiques                                                  46

	2.2  Les cas d’allogreffes                                                                                                                  51
	2.3  La xénogreffe                                                                                                                             54
	OBJECTIFS DU TRAVAIL DE THESE                                                                                         64

	MATERIELS ET METHODES                                                                                                       66
	RESULTATS                                                                                                                                75
	PERSPECTIVES             97
	ADDENDUM                                                                                                                                 149

	ABREVIATIONS
	RT    : retrotranscription

	Avant propos
	1.2.3  Un drainage lymphatique particulier
	1.2.4  Utilisation des privilèges immuns du SNC comme outil de tolérance systèmique
	Partant de l’observation que la réponse humorale systémique aux antigènes placés dans les sites immuno-privilégiés (SNC, chambre antérieure de l’oeil, vitrée, cornée stromale, interface mère-foetus, testicules, ovaires, foie, matrice des follicules du cuir chevelu...  pour revue : Barker et Billingham, 1977) diffère qualitativement et quantitativement de la réponse aux antigènes injectés en périphérie (Gordon et al., 1992), plusieurs équipes ont utilisé les propriétes particulières de ces compartiments pour induire une déviation de la réponse immune ou un état de tolérance contre des antigènes injectés dans ces sites. C’est ce que Streilein appelle le concept de « spécialisation régionale » de la réponse immune qui permet des réponses différentes de celles qui pourraient être obtenues en périphérie (pour revue : Stein-Streilein et Streilein, 2002). En effet, il apparait que l’injection d’un peptide dans la chambre antérieure de l’oeil induit une tolérance systémique vis à vis de cet antigène, un principe nommé ACAID (Anterior Chamber Associated Immune Deviation). De la même facon, il a été récemment évoqué le même principe après administration du même peptide dans le parenchyme cérébral (BRAID, pour BRain Associated Immune Deviation, Wenkel et al., 2001). D’une manière plus appliquée, on peut citer des stratégies similaires dans des cas d’EAE. En effet, il a été montré que l’instillation préalable de la protéine MBP dans le LCR, rend la sévérité de la maladie beaucoup moins importante, que lorsque l’antigène est injecté en périphérie (Harling-Berg et al., 1991).
	a.  Activation de la BHE, infiltration lymphocytaire et chimiokines
	La présentation antigénique est la capacité d’une cellule à ingérer une protéine étrangère, à la dégrader partiellement, à exporter ses peptides à la surface en association avec les molécules du CMH, et à engager des liaisons avec un lymphocyte.
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	L’utilisation de virus amenant la tyrosine hydroxylase, première enzyme de la synthèse des catécholamines, ou la transplantation de cellules programmées pour exprimer cette enzyme, sont restées essentiellement du domaine de l’expérimentation animale (Date et al., 2000), même si des essais cliniques se sont engagés au Japon (Date et Ohmoto, 1999 ; Tseng et Aebischer, 2000).
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	Melchior B., Nérrière-Daguin V., Brouard S., Degauque N., Guillet M., Soulillou J-P. and Brachet P. Manuscrit en préparation.
	Plasmid construction and AAV TrkAmyc production. Rat TrkA cDNA was subcloned into the plasmid vector pCMX as described previously (39). For the addition of a tag, a sequence encoding an antigenic peptide fragment of the human Myc protein (EQKLISEEDL) as well as a GP stretch to help the tag hang away from the receptor, was subcloned between the signal peptide and the mature end of rat TrkA between amino-acids Ala [34] and Ser [35]. This was achieved by overlap Polymerase Chain Reaction (PCR) mutagenesis using wild type TrkA primers as the outside anchors. The final PCR product (approx. 620 bp) was cloned into the TrkA Apa1 and PvuII sites. The inserted PCR fragment contained an internal and unique EcoRV site which was used to confirm the presence of the tag on the receptors. The identity of the PCR generated TrkA construct was confirmed by DNA sequencing.
	Animals and unilateral stereotaxic injection of AAV TrkAmyc. All procedures involving animals were in compliance with our Institutional guidelines. Adult female outbred Sprague-Dawley rats (Laboratoires Janvier, Le Genest-Saint-Isle, France) were weighed (280-300g) and anesthetized with 0.3 ml of a mixture of 2% Rompun and 50 mg/ml Ketamine administered intraperitoneally. The injection coordinates for the right SN pars compacta were: bregma -5.3 mm antero-posterior (AP), -2.4 mm medial-lateral (ML), -7.5 mm dorsal-ventral (DV); incisor bar at -3.3 mm. Viral stocks (1,5.1010 pi/ml) were injected with a 10µl Hamilton syringe mounted on a automated microinjector (Phymep, Paris, France). The pump delivered 5µl over a 5 min period, and the needle remained in place for 5 additional min. A similar procedure was used for the rAAV LacZ control virus.
	Immunohistochemistry and confocal image analysis. Anesthetized animals were perfused with 100 ml of 0.9% NaCl, followed by 300 ml of cold 4% paraformaldehyde in 100mM phosphate buffer, pH 7.4. Brains were removed and cryoprotected in two successive  solutions of 15% and 30% sucrose/phosphate-buffered saline at 4°C, and stored at -80°C. Free floating coronal sections (40µm) of midbrain were exposed for 24 h at 4°C to several antibodies: rabbit anti-TrkA antibody (1:5000), mouse anti-c-Myc 9E10 antibody (1:500) and rabbit anti-TH antibody (1:500; Pel Freez, Rogers, AR, USA). Sections were incubated for 1 h with an appropriate secondary biotinylated antibody, and revealed  with the ABC kit and diaminobenzidine, as described above. Controls included sections where the primary antibody was omitted. The possible induction of the low affinity neurotrophin receptor p75NTR in response to rAAV TrkAmyc administration was monitored by immunohistochemistry using the MC192 monoclonal antibody (Boehringer-Mannheim). When the rAAV LacZ control virus was used, expression of β-galactosidase was detected with an antibody from ICN Pharmaceuticals (Orsay, France). To further unravel the identity of TrkA-positive cell bodies observed following injection of the rAAV TrkAmyc virus, selected sections were double-labeled using a sheep FITC-conjugated anti-TH antibody (Jackson ImmunoResearch, PA) and a biotinylated anti-rabbit antibody, visualized using a streptavidin-TexasRed complex. Slides were analyzed with a Leica confocal microscope using TCS NT software.
	Retrograde transport of [125I]-NGF.    The rAAV TrkAmyc was administered to the right SN (n=2) or parafascicular thalamic nucleus (n=1). Animals were anesthetized after 24 weeks, and 5µl (1µCi) of [125I]-NGF (specific activity : 1366Ci /mmol ; Amersham-Pharmacia-Biotech) were injected at two different sites in each striatum. This corresponded to an input of 20 ng of NGF per striatum. Stereotaxic coordinates were : bregma +1.0 mm AP, (2.8 mm ML, -5.2 mm DV; and +0.5 mm AP, (2.5 mm ML, -5.2 mm DV, incisor bar at –3.3 mm, with a Hamilton syringe, at 1µl/min. Animals were anesthetized and perfused 20 h later and their brains cryoprotected as described above. For autoradiography, frontal cryostat sections (30µm) performed at the level of the midbrain were mounted onto gelatin-treated slides and were firstly placed in contact with Kodak films (Paris, France) for 2 months. After development, which revealed the presence of radiolabeled material on at least 24 successive sections (740 μm) or more, part of the slides were dehydrated in successive baths of alcohol, and dipped in Kodak emulsion NTB-2. Development was performed 4 months later, and preparations were counterstained with cresyl-violet. Other slides were used to monitor the presence of TrkA immunoreactivity. However, TrkA-immunohistochemistry turned out to be negative, even in brain areas such as the septum which naturally contains neurons expressing the NGF receptor. This was probably due to damage of the tissue sections as a result of their two month storage period at room temperature for autoradiography. Eventually, immunoreactivity was recovered by first treating the sections for 40 min at 95°C in 10(M citrate buffer, pH 6.0, before they were processed as described above.
	RESULTS
	Expression of TrkAmyc in cell cultures. The rat TrkA cDNA cloned into plasmid pCMX was tagged with a human c-Myc sequence, and the resulting pCMX TrkAmyc plasmid was used to transfect human kidney E293 cells. Staining 24h later with an anti-TrkA antibody showed that about 15-20 % of the cells expressed TrkA-immunoreactivity (Fig. 1A and B). A similar pattern was observed with an anti-c-Myc antibody (not shown). In order to test the functionality of the tagged receptor, nnr5 variant cells of the PC12 strain were transfected with the same plasmid. In this case, the fraction of TrkA-immunoreactive cells was much lower than in the case of E293 cells. However, most TrkA-immunoreactive cells extended neurites when exposed for 48h to 50 ng/ml of NGF. Furthermore, the fraction of neurite-bearing cells was significantly elevated compared to untransfected cells, or cells transfected with a control plasmid (Fig.1C and D). An RNase protection assay confirmed that transfection of nnr5 cells with the pCMX TrkAmyc plasmid restored a high expression of TrkA mRNA in these cells (Fig. 2C). In view of these results, the TrkAmyc cassette was subcloned into the pSSV9 plasmid. Transfection of E293 cells with the resulting plasmid pSSV9 TrkAmyc resulted in the appearance of TrkA immunoreactivity in approximately 15% of the cells, as in the case of the pCMX TrkAmyc plasmid. Likewise, TrkA-positive nnr5 cells  responded to NGF by an outgrowth of neurites (Fig. 1A and C).
	Long-lasting expression of TrkA in neurons.  The rAAV TrkAmyc was prepared from the pSSV9 TrkAmyc plasmid, and injected into the right SN. Animals were sacrificed after 6, 11, 20 and 24 weeks, and their brains processed for immunohistochemistry. TrkA-immunoreactive cell bodies were observed at all time-points, around the virus injection site. In the example presented in Fig. 3, the brain was analyzed 6 weeks after unilateral viral administration. TH staining did not reveal any obvious anatomical differences between the contralateral (Fig. 3A) and ipsilateral sides (Fig. 3B). TrkA-immunoreactive somata were found at the level of TH-positive neurons (Fig. 3B and D) in the ipsilateral side only (Fig. 3A and C). The anti-c-Myc antibody gave a similar staining pattern (Fig. 3E and F). Immunohistochemistry performed with an anti-p75NTR antibody remained negative, irrespective of a prior administration of the rAAV TrkAmyc to the SN (data not shown). To further characterize the specificity of the TrkA-expressing rAAV, controls were performed with a rAAV LacZ vector. The virus was injected into the right SN, under conditions similar to those described for the rAAV TrkAmyc. After 8 weeks, the rAAV LacZ led to the expression of β-galactosidase in cell bodies located around the injection site, as detected by immunohistochemistry. In contrast, it failed to induce any TrkA-immunoreactivity (data not shown).
	Co-localization of TrkA and TH-immunoreactivity by confocal microscopy confirmed that dopaminergic neurons permitted a long-term expression of the TrkA transgene (Fig.4). Many immunoreactive neurites were observed, around cell bodies located in the pars compacta. In contrast, analyses performed on the striatum were not conclusive, because unlike the substantia nigra, this structure contains TrkA-immunoreactive interneurons. No significant differences in the staining intensity between either the ipsilateral or contralateral sides could be distinguished. In parasagittal sections, the anti-TrkA antibody revealed scarce ascending axons between the substantia nigra and the striatum (not shown), possibly corresponding to projections of dopaminergic neurons. However, this result was not supported by staining performed with the anti-c-Myc antibody, possibly because of a high background staining. Likewise, no differences could be detected between either the ipsilateral or the contralateral sides of the striatum, when analyzed on frontal sections with the same antibody.
	Striatofuge transport of NGF.   Retrograde axonal transport was used to determine whether ectopically expressed TrkA was positioned along the striatal axonal endings of dopaminergic neurons. Two animals whose substantia nigra was exposed 24 weeks earlier to a unilateral stereotaxic administration of the rAAV TrkAmyc virus received two bilateral, intrastriatal injections of [125I]-NGF. Brains were collected 20h later and frontal sections, performed at the level of the midbrain, were subjected to autoradiography. Labeled neuronal cell bodies were detected in the virus-treated substantia nigra (Fig. 5B and E), whereas the contralateral side was negative (Fig. 5A). Control experiments performed by immunohistochemistry on adjacent sections confirmed the existence of TrkA-immunoreactivity at the level of radiolabeled cell bodies (not shown). One animal displayed radioactive somata scattered in the parafascicular thalamic nucleus. It was verified that in this animal, TrkA-immunoreactive cells were present in this structure, ipsilaterally to the virus injection site (Fig. 5C, D and F).
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