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8QLYHUVLWp�3LHUUH�HW�0DULH�&XULH�
*pRVFLHQFHV��5HVVRXUFHV�1DWXUHOOHV�HW�(QYLURQQHPHQW�

eFROH�GRFWRUDOH�����
,QVWLWXW�GHV�6FLHQFHV�GH�OD�7HUUH�GH�3DULV��

'LVWULEXWLRQ�HW�HQUHJLVWUHPHQW�GH�OD�GpIRUPDWLRQ�HQ�
FRQWH[WH�GH�FRQYHUJHQFH�REOLTXH���pYROXWLRQ�JpRG\QDPLTXH�

GH�OD�PDUJH�PDURFDLQH�GX�EDVVLQ�G¶$OERUDQ�DX�3OLR�
4XDWHUQDLUH�

3DU�0DQIUHG�/DIRVVH�

7KqVH�GH�GRFWRUDW�GH�*pRVFLHQFHV�

'LULJpH�SDU����
'U��(OLD�G¶$FUHPRQW�
3URI��&KULVWLDQ�*RULQL�
'U��$ODLQ�5DEDXWH�

3UpVHQWpH�HW�VRXWHQXH�SXEOLTXHPHQW�OH������������

'HYDQW�XQ�MXU\�FRPSRVp�GH����
0U��0XOGHU�7KLHUU\��3URIHVVHXU��8QLYHUVLWp��GH�%RUGHDX[���)UDQFH����5DSSRUWHXU�

0U��5LW]�-HDQ�)UDQoRLV��'LUHFWHXU�GH�5HFKHUFKH�&156��8QLYHUVLWp��GH�0RQWSHOOLHU��)UDQFH���5DSSRUWHXU�
0U��&KLRFFL�)UDQFHVFR�/DWLQR��3URIHVVHXU��8QLYHUVLWp�/D�6DSLHQ]D��5RPD���([DPLQDWHXU�
0PH��/HUR\�6\OYLH��'LUHFWULFH�GH�5HFKHUFKH�&156��3DULV����)UDQFH���([DPLQDWHXU�
0PH��G¶$FUHPRQW�(OLD��0DvWUH�GH�FRQIpUHQFHV��3DULV����)UDQFH���'LUHFWULFH�GH�WKqVH�

0U��*RULQL�&KULVWLDQ��3URIHVVHXU��3DULV����)UDQFH���&R�'LUHFWHXU�GH�WKqVH�
0U��5DEDXWH�$ODLQ��3URIHVVHXU�DVVRFLp��3DULV����)UDQFH���&R�'LUHFWHXU�GH�WKqVH�

0PH��$ORQVR�%HOHQ��3URIHVVHXU��&6,&��%DUFHORQH���,QYLWp�
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(Q�SUHPLHU�OLHX��MH�WLHQV�j�UHPHUFLHU�WRXWHV�FHOOHV�HW�FHX[�TXL�P¶RQW�DFFRPSDJQpV�GXUDQW�FHV�

�DQQpHV��HW�GHPLV�����GH�GH�WKqVH���WRXV�OHV�JURV�HW�JURVVHV�TXL�VH�UHFRQQDLWURQW�FDU�OD�OLVWH�HVW�

ORQJXH�HW� M¶DL�SHXU�G¶HQ�RXEOLHU��/D�PDLVRQ�SHUFKHURQQH�)7:�����-¶DLPHUDLV�DXVVL� UHPHUFLHU�

PRQ�SrUH�TXL�P¶D�DSSULV�TXH�OD�/LEHUWp�Q¶HVW�SDV�QpJRFLDEOH���HW�PRQ�JUDQG�SqUH�TXL�P¶D�DSSULV�

TX¶XQ�MRXU��SDV�OH�FKRL[��LO�IDXW�DOOHU�DX�IURQW��-H�UHPHUFLH�(PLO\�VDQV�TXL�FHV�WURLV�GHUQLqUHV�

DQQpHV�DXUDLHQW�FHUWDLQHPHQW�pWp�EHDXFRXS�PRLQV�ELHQ���

-H� WLHQV� j� UHPHUFLHU� PRQ� pTXLSH� HQFDGUDQWH�� (OLD�� $ODLQ�� &KULVWLDQ�� TXL� RQW� VXSSRUWp� PD�

GpVRUJDQLVDWLRQ� FKURQLTXH�� PHV� IROLHV�� PHV� GpOLUHV� VFLHQWLILTXHV� HW� PRQ� RUWKRJUDSKHV�

GpSORUDEOHV��*UkFH�j�HX[��M¶DL�SX�PH�GpYHORSSHU�SRXU�JUDQGLU�FRPPH�FKHUFKHXU�DYHF�XQH�JUDQGH�

OLEHUWpH�LQWHOOHFWXHOOH�HW�QRQ�SDV�FRPPH�XQ�DUEUH�WRXW�WRUGX���0HUFL�j�HX[���

5HPHUFLRQV�j�SUpVHQW�WRXWHV�OHV�pTXLSHV�P¶D\DQW�LQFOXV�GDQV�OHXUV�SURMHWV�HW�FROODERUDWLRQV�HW�

TXL�P¶RQW�DFFHXLOOLV�GDQV�OHXU�ODERUDWRLUH�HW�QDYLUHV�GH�UHFKHUFKH���6\OYLH�/HUR\�PHUFL�SRXU�OD�

FDPDSJQH�+DLWL�V\V��(XODOLD�*UDFLD��SRXU�OD�FDPSDJQH�6KDNH��*HPPD�(UFLOOD��)HUUD�(VWUDGD���

HW� %HOHQ�$ORQVR�� SRXU� O¶DFFHXLO� j� %HUFHORQH��0DULQD� 5DELQHDX� HW� 3DVFDO� /H� 5R\�� SRXU� OHV�

GLVFXVVLRQV�SURILWDEOHV�HW�O¶DFFHXLO�j�%UHVW��HW�HQILQ�3KLOOLSH�0�QFK�HW�-HDQ�-DFTXHV�&RUQpH�SRXU�

OH�WHUUDLQ�DX�0DURF�HW�SRXU�O¶DFFHXLO�j�0RQWSHOOLHU��8QH�GpGLFDVVH�VSpFLDO�SRXU�/HDWLWLD�SRXU�

VRQ� VRXWLHQW� VDQV� IDLOOHV�� OHV� GLVFXVVLRQV� VFLHQWLILTXHV�� O¶HQFDGUHPHQW�� OH� JR�W� GH� OD�

SURJUDPPDWLRQ�HW�GX�FDOFXOH���
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&H�WUDYDLO�GH�WKqVH�D�pWp�UpDOLVp�GDQV�OH�FDGUH�GX�ODERUDWRLUH�GH�O¶,QVWLWXW�GHV�6FLHQFHV�GH�GH�OD�

7HUUH�GH�3DULV�VRXV�OD�GLUHFWLRQ�GX�3URIHVVHXU�&KULVWLDQ�*RULQL��GX�'RFWHXU�(OLD�G¶$FUHPRQW�HW�

GX�3URIHVVHXU�DVVRFLp�$ODLQ�5DEDXWH��&HWWH�WKqVH�SRUWH�VXU�O¶pYROXWLRQ�3OLR�4XDWHUQDLUH�G¶XQ�

EDVVLQ�VpGLPHQWDLUH�LQYHUVp�VRXV�O¶HIIHW�GH�OD�FRQYHUJHQFH�$IULTXH�(XUDVLH��OH�EDVVLQ�G¶$OERUDQ��

&H�EDVVLQ�HVW�LQYHUVp�GH�PDQLqUH�REOLTXH��FH�TXL�SURYRTXH�XQH�GpIRUPDWLRQ�HQ�WUDQVSUHVVLRQ��

FDUDFWpULVpH�SDU�O¶DFWLYDWLRQ�GH�VWUXFWXUHV�WHFWRQLTXHV�GpFURFKDQWHV�HW�OD�IRUPDWLRQ�GH�SOLV��

-¶DL�HX�DFFqV�j�XQ�YDVWH�HQVHPEOH�GH�GRQQpHV�GH�VLVPLTXH�UpIOH[LRQ�HW�GH�EDWK\PpWULH�DFTXLVHV�

DYDQW�FHWWH�WKqVH�ORUV�GH�WURLV�FDPSDJQHV�RFpDQRJUDSKLTXHV�HQ�0HU�G¶$OERUDQ���OHV�FDPSDJQHV�

0DUERUR�����������0DUOERUR����������HW�6$5$6���������&HV�FDPSDJQHV�RQW�pWp�UpDOLVpHV�HQ�

FROODERUDWLRQ� DYHF� O¶pTXLSH� GH� VpGLPHQWRORJLH� GH� O¶,QVWLWXW� GH� &LqQFLHV� GHO� 0DU� �&6,&��

%DUFHORQH���HW�DYHF�OH�ODERUDWRLUH�GH�*pRVFLHQFH�2FpDQ�GH�O¶,QVWLWXW�8QLYHUVLWDLUH�(XURSpHQ�GH�

OD�0HU��%UHVW���&HV�FROODERUDWLRQV�RQW�SHUPLV�OD�PLVH�HQ�FRPPXQ�GHV�GRQQpHV�H[LVWDQWHV�VXU�OD�

]RQH�G¶pWXGH�HW�RQW�SHUPLV�G¶DFFpGHU�j�GHV�GDWDWLRQV�GH�VXUIDFHV�VWUDWLJUDSKLTXHV�'XUDQW�PD�

WKqVH��M¶DL�SHUVRQQHOOHPHQW�WUDLWp�OHV�GRQQpHV�GH�EDWK\PpWULH�LVVXHV�GH�OD�FDPSDJQH�0DUOERUR�

��� -¶DL� DXVVL� HX� OD� FKDQFH� G¶DOOHU� EULqYHPHQW� VXU� OH� WHUUDLQ� SRXU� PH� IDPLOLDULVHU� DYHF� OHV�

IRUPDWLRQV�RQVKRUH�JUkFH�DX�3URIHVVHXU�0�QFK�HW�DX�'RFWHXU�&RUQpH��

-¶DL�HX�DXVVL� O¶RFFDVLRQ�GH�SDUWLFLSHU� j� O¶DFTXLVLWLRQ�GH�GRQQpHV�GH� VLVPLTXH� UpIOH[LRQ�HW�GH�

EDWK\PpWULH� GDQV� GHX[� FDPSDJQHV� RFpDQRJUDSKLHV�� (Q� ������ M¶DL� SDUWLFLSp� DX�/(*��� GH� OD�

FDPSDJQH�+$,7,6�6,6��3,���3U��6\OYLH�/HUR\��VXU�O¶$WDODQWH��,)5(0(5���TXL�P¶D�SHUPLV�GH�

PH�IDPLOLDULVHU�DX�FRQWH[WH�GpFURFKDQW�GH�OD�PDUJH�&DUDwEH��(Q�������M¶DL�DXVVL�SDUWLFLSp�j�XQH�

FDPSDJQH� HQ�PHU�G¶$OERUDQ�� OD� FDPSDJQH� 6+$.(�,5,6�&58,6(� �3,���'U�(XODOLD�*UjFLD���

&HWWH� FDPSDJQH� P¶D� SHUPLV� G¶pWXGLHU� G¶REVHUYHU� HQ� GpWDLO� OHV� VWUXFWXUHV� DFWLYHV� HQ� PHU�

G¶$OERUDQ���

/HV�UpVXOWDWV�GH�FHV�pWXGHV�VH�WURXYHQW�GDQV�OD�VXLWH�GH�FH�PDQXVFULW��$SUqV�XQH�LQWURGXFWLRQ�

JpQpUDOH��FKDSLWUH����OH�FKDSLWUH���SURSRVH�XQH�V\QWKqVH�GHV�GRQQpHV�VWUXFWXUDOHV�SXEOLpHV�DXWRXU�

GH�OD�]RQH�G¶pWXGH��/H�FKDSLWUH���HVW�XQ�DUWLFOH�VXU�OHV�VWUXFWXUHV�DFWLYHV�GX�EDVVLQ�GH�1HNRU�

SXEOLp�GDQV�%DVLQ�5HVHDUFK�HQ�������/H�FKDSLWUH���HVW�XQ�DUWLFOH�HQ�SUpSDUDWLRQ�j�VRXPHWWUH�j�

0DULQH� DQG� 3HWUROHXP� *HRORJ\�� HW� SRUWH� VXU� OD� FDUDFWpULVDWLRQ� GH� OD� VWUDWLJUDSKLH� WDUGL�

3OHLVWRFqQH�GH�OD�SODWHIRUPH�FRQWLQHQWDOH�VXU�OD�PDUJH�6XG�GH�OD�0HU�G¶$OERUDQ��/H�FKDSLWUH���

HVW�XQ�DUWLFOH�HQ�SUpSDUDWLRQ�SURSRVDQW�XQ�PRGqOH�G¶pYROXWLRQ�VWUXFWXUDO�GH�FHWWH�PDUJH�GHSXLV�

OH� 3OLRFqQH� MXVTX¶j� O¶DFWXHO�� /H� GHUQLHU� FKDSLWUH� SURSRVH� XQH� FRXUWH� GLVFXVVLRQ� HW� GHV�

SHUVSHFWLYHV�VXU�GLIIpUHQWV�SRLQWV�DERUGpV�SUpFpGHPPHQW��/¶DQQH[H�$�HVW�XQ�DUWLFOH�SRUWDQW�VXU�
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O¶LQYHUVLRQ�GHV�EDVVLQV�PpVR]RwTXHV�GHV�0DVVLIV�&ULVWDOOLQV�([WHUQHV�GHV�$OSHV��SXEOLpH�GDQV�

*HRORJLFDO�0DJD]LQH��HW�TXL�LOOXVWUHQW�O¶LQYHUVLRQ�GHV�EDVVLQV�VpGLPHQWDLUHV��(QILQ�O¶DQQH[H�%�

GpYHORSSH�TXHOTXHV�DVSHFWV�GHV�PpWKRGRORJLHV�XWLOLVpHV�GXUDQW�FHWWH�WKqVH���
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5pVXPp��

6XU� OHV� PDUJHV� GHV� EDVVLQV� VpGLPHQWDLUHV�� OD� FRQYHUJHQFH� REOLTXH� GHV� SODTXHV� WHFWRQLTXHV�

FRQGXLW�j�OD�GLVWULEXWLRQ�GH�OD�GpIRUPDWLRQ�HW�j�OD�VHJPHQWDWLRQ�GHV�PDUJHV�HQWUH�]RQHV�VRXOHYpHV�

HW�]RQHV�HQ�VXEVLGHQFH��'DQV�FH�FRQWH[WH��OHV�PRXYHPHQWV�YHUWLFDX[�DVVRFLpV�j�OD�WHFWRQLTXH�

DFWLYH� SHXYHQW� rWUH� FRQWU{OpV� SDU� O¶KpULWDJH� VWUXFWXUDO� OLp� j� OD� IRUPDWLRQ� GH� OD� PDUJH�� &HV�

PRXYHPHQWV� YHUWLFDX[� SHXYHQW� LQIOXHQFHU� O¶DUFKLWHFWXUH� GHV� GpS{WV� VpGLPHQWDLUHV� GH� OD�

SODWHIRUPH� FRQWLQHQWDOH� HW� GX� EDVVLQ� SURIRQG�� /D� VLVPLTXH� UpIOH[LRQ� HW� OD� EDWK\PpWULH�

SHUPHWWHQW�G¶LPDJHU�OHV�DUFKLWHFWXUHV�GHV�SODWHIRUPHV�HW��GX�EDVVLQ�SURIRQG��

(Q� 0pGLWHUUDQpH� 2FFLGHQWDOH�� OD� FRQYHUJHQFH� $IULTXH�(XUDVLH� HW� OH� FRQWH[WH� G¶DUULqUH�DUF�

FRQWU{OH�GHSXLV�OH�0LRFqQH�OD�GpIRUPDWLRQ�GX�GRPDLQH�G¶$OERUDQ��XQ�PLFUR�EORF�FRQWLQHQWDO�

VWUXFWXUp�ORUV�G¶XQH�FROOLVLRQ�2OLJR�0LRFqQH��&H�PLFUR�EORF�D�GDQV�XQ�SUHPLHU�WHPSV�pWp�pWLUp�

SDU�OH�UHWUDLW�GX�SDQQHDX�SORQJHDQW�RFpDQLTXH�DWODQWLTXH�j�O¶RXHVW��IRUPDQW�OH�EDVVLQ�VXV�MDFHQW�

G¶$OERUDQ��SXLV�LQYHUVp�HQ�FRPSUHVVLRQ�REOLTXH�j�SDUWLU�GX�7RUWRQLHQ��&HV�pWDSHV�RQW�FRQGXLW�j�

OD�IRUPDWLRQ�GH�JUDQGHV�VWUXFWXUHV�WUDQVSUHVVLYHV�WUDYHUVDQW�OH�EDVVLQ�HW�GH�FRXORLUV�GpFURFKDQWV�

0LRFqQH�UpXWLOLVDQW�ORFDOHPHQW�OHV�OLPLWHV�GHV�QDSSHV�FKHYDXFKDQWHV�PLVHV�HQ�SODFH�ORUV�GH�OD�

FROOLVLRQ�2OLJR�0LRFqQH���

&HWWH� WKqVH� SRUWH� VXU� O¶pYROXWLRQ� 3OLR�4XDWHUQDLUH� GHV� VWUXFWXUHV� WUDQVSUHVVLYHV� HW�

O¶HQUHJLVWUHPHQW�GH�FHWWH�pYROXWLRQ�GDQV�OD�VXFFHVVLRQ�GHV�GpS{WV�GH�SODWHIRUPH�FRQWLQHQWDOH�HW�

GH�VWUXFWXUHV�VpGLPHQWDLUHV�HQ�SURIRQGHXU�TXL�VRQW�DVVRFLpHV�DX[�FRXUDQWV�GH�FRQWRXU�FLUFXODQW�

HQ�PHU�G¶$OERUDQ���$SUqV�XQH�V\QWKqVH�ELEOLRJUDSKLTXH��WURLV�DVSHFWV�VRQW�GpYHORSSpV������OD�

FDUDFWpULVDWLRQ�GHV�VWUXFWXUHV�WHFWRQLTXHV�DFWLYHV�HW�3OpLVWRFqQH�DVVRFLpHV�DX�EDVVLQ�GH�1HNRU��

XQ�EDVVLQ�SpULSKpULTXH�GX�GRPDLQH�G¶$OERUDQ�VLWXp�VXU�VD�PDUJH�VXG��HW�OD�GpPRQVWUDWLRQ�GH�

O¶LPSRUWDQFH�GH� O¶KpULWDJH�2OLJR�0LRFqQH�GDQV� O¶pYROXWLRQ�GH�FH�EDVVLQ����� OH�GpFU\SWDJH�GH�

O¶DUFKLWHFWXUH�GH�OD�SODWHIRUPH�VpGLPHQWDLUH�GX�EDVVLQ�GH�1HNRU��SRXU�SURSRVHU�XQ�PRGqOH�G¶kJH�

GHV� VpTXHQFHV� GH� GpS{WV� SRXU� OHV� GHUQLHUV� �������� DQV�� HW� HQILQ� ��� OD� GpPRQVWUDWLRQ� GH�

O¶LQIOXHQFH�GH�OD�VHJPHQWDWLRQ�GH�OD�PDUJH�SDU�OD�WHFWRQLTXH�VXU�OD�JpRPpWULH�GH�OD�SODWHIRUPH�

VpGLPHQWDLUH�� O¶KLVWRLUH�GH� O¶pYROXWLRQ�GHV�SOLV�HW�GHV� IDLOOHV�GpFURFKDQWHV�DIIHFWDQW� OH�EDVVLQ�

SURIRQG�GHSXLV�OH�3OLRFqQH�HW�OD�FKURQRORJLH�GHV�VWUXFWXUHV�GpFURFKDQWHV��1RXV�PRQWUHURQV�TXH�

OD� GpIRUPDWLRQ� HVW� SRO\SKDVpH� HQ� UHODWLRQ� DYHF� OD� URWDWLRQ� GHV� VWUXFWXUHV� FRPSUHVVLYHV� SDU�

UDSSRUW�j�OD�GLUHFWLRQ�GH�FRQYHUJHQFH����
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Ϯ͘Ϯ͘ϭ͘��ǀŽůƵƚŝŽŶ�ĚĞ�ůĂ�ĐŽŶǀĞƌŐĞŶĐĞ�EĠŽŐğŶĞ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϯϳ�
Ϯ͘ϯ͘� >ŝŵŝƚĞ�ĚĞ�ƉůĂƋƵĞƐ�ĂĐƚƵĞůůĞƐ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϯϳ�

ϯ͘� WƌŽďůĠŵĂƚŝƋƵĞƐ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ� ϯϵ�

�ŚĂƉŝƚƌĞ�Ϯ�Ͳ�^ǇŶƚŚğƐĞ�ĚĞƐ�ĚŽŶŶĠĞƐ�ŶĠŽƚĞĐƚŽŶŝƋƵĞ�ĂƵƚŽƵƌ�ĚĞ�ů͛ĂƌĐ�ďĠƚŝĐŽͲƌŝĨĂŝŶ�ͅ ͺͺͺͺͺͺͺͺ�ϰϭ�

ϭ͘� /ŶƚƌŽĚƵĐƚŝŽŶ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ� ϰϮ�

Ϯ͘� >ĞƐ�ŐƌĂŶĚĞ�ƐƚƌƵĐƚƵƌĞƐ�ZŝĨĂŝŶĞƐ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ� ϰϰ�

Ϯ͘ϭ͘� >ĞƐ�ĚŽŵĂŝŶĞƐ�ŝŶƚĞƌŶĞƐ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϰϰ�
Ϯ͘ϭ͘ϭ͘� >ĞƐ�ƉĠƌŝĚŽƚŝƚĞƐ�ĚƵ�ƐŽĐůĞ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϰϰ�
Ϯ͘ϭ͘Ϯ͘� >ĞƐ�^ĞƉƚŝĚĞƐ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϰϲ�
Ϯ͘ϭ͘ϯ͘� >ĞƐ�'ŚŽŵĂƌŝĚĞƐ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϰϳ�
Ϯ͘ϭ͘ϰ͘� >Ă��ŽƌƐĂůĞ��ĂůĐĂŝƌĞ�Ğƚ�ůĞƐ�ƵŶŝƚĠƐ�ĚƵ�WƌĠͲ�ŽƌƐĂůŝĞŶ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϰϴ�

Ϯ͘Ϯ͘� >ĞƐ�ĚŽŵĂŝŶĞƐ�ĞǆƚĞƌŶĞƐ͘�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϰϴ�
Ϯ͘Ϯ͘ϭ͘� >ĞƐ�ĚŽŵĂŝŶĞƐ�ĚĞ�ĨůǇƐĐŚƐ�DĂŐŚƌĠďŝŶƐ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϰϴ�
Ϯ͘Ϯ͘Ϯ͘� >͛ŝŶƚƌĂͲZŝĨ�Ğƚ�ůĞ�DĠƐŽͲZŝĨ͘ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϰϴ�
Ϯ͘Ϯ͘ϯ͘� >Ğ�WƌĠͲZŝĨ�͗�ůĞ�ďĂƐƐŝŶ�Ě͛ĂǀĂŶƚͲƉĂǇƐ�ZŝĨĂŝŶ͘�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϰϵ�
Ϯ͘Ϯ͘ϰ͘� >Ğ�ǀŽůĐĂŶŝƐŵĞ�ĚƵ�ĚŽŵĂŝŶĞ�Ě͛�ůďŽƌĂŶ͘�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϱϬ�
Ϯ͘Ϯ͘ϱ͘� �ǆƚĞŶƐŝŽŶ�Ğƚ�ƐƵďƐŝĚĞŶĐĞ�ĚƵ�ďĂƐƐŝŶ�Ě͛�ůďŽƌĂŶ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϱϭ�

Ϯ͘ϯ͘� /ŶǀĞƌƐŝŽŶ�dŽƌƚŽŶŽͲDĞƐƐŝŶŝĞŶŶĞ�Ğƚ�ĚĠĨŽƌŵĂƚŝŽŶ�WůŝŽͲƋƵĂƚĞƌŶĂŝƌĞ�ĚĞ�ůĂ�ƉĂƌƚŝĞ�ĞǆƚĞƌŶĞ�ĚĞ�

ů͛ĂƌĐ��ĠƚŝĐŽͲZŝĨĂŝŶ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ� ϱϵ�

Ϯ͘ϯ͘ϭ͘� >ŝŵŝƚĞƐ�ďĠƚŝƋƵĞƐ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϲϬ�
Ϯ͘ϯ͘Ϯ͘� >Ğ�ƉƌŝƐŵĞ�Ě͛ĂĐĐƌĠƚŝŽŶ�ă�ů͛ŽƵĞƐƚ�ĚƵ�ĚŽŵĂŝŶĞ�Ě͛�ůďŽƌĂŶ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϲϬ�
Ϯ͘ϯ͘ϯ͘� �ǀĂŶƚͲWĂǇƐ�ZŝĨĂŝŶ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϲϮ�
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Ϯ͘ϯ͘ϯ͘ϭ͘� �ǀŽůƵƚŝŽŶ�dŽƌƚŽŶŽͲWůŝŽĐğŶĞ�ĚĞƐ�ďĂƐƐŝŶƐ�Ě͛�ǀĂŶƚͲWĂǇƐ�ZŝĨĂŝŶƐ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϲϯ�
Ϯ͘ϯ͘ϰ͘� �ĠĨŽƌŵĂƚŝŽŶ�ƉůŝŽͲƋƵĂƚĞƌŶĂŝƌĞ�ĚĞ�ůĂ�ŵĂƌŐĞ�DĂƌŽĐĂŝŶĞ��ƚůĂƐŝƋƵĞ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϳϬ�

Ϯ͘ϰ͘� �ĠĨŽƌŵĂƚŝŽŶ�ŝŶƚĞƌŶĞ�ĚƵ��ŽŵĂŝŶĞ�Ě͛�ůďŽƌĂŶ�ĚƵ�WůŝŽĐğŶĞ�ă�ů͛ĂĐƚƵĞů�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ� ϳϯ�

Ϯ͘ϰ͘ϭ͘� �ĂƌĂĐƚĠƌŝƐĂƚŝŽŶ�ĚĞƐ�^ŽƵƐͲďĂƐƐŝŶƐ�KƵĞƐƚ�Ğƚ�^ƵĚ��ůďŽƌĂŶ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϳϯ�
Ϯ͘ϰ͘ϭ͘ϭ͘� �ĂƐƐŝŶ�KƵĞƐƚ�Ě͛�ůďŽƌĂŶ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϳϯ�
Ϯ͘ϰ͘ϭ͘Ϯ͘� �ĂƐƐŝŶ�^ƵĚ�Ě͛�ůďŽƌĂŶ�Ğƚ�,ĂďŝďĂƐ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϳϱ�

Ϯ͘ϰ͘Ϯ͘� �ĂƌĂĐƚĠƌŝƐĂƚŝŽŶ�ĚĞƐ�ǌŽŶĞƐ�ĂĐƚŝǀĞƐ�ĚĂŶƐ�ůĞ��ĂƐƐŝŶ�Ě͛�ůďŽƌĂŶ�ĚĞƉƵŝƐ�ůĞ�WůŝŽĐğŶĞ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϳϲ�
Ϯ͘ϰ͘Ϯ͘ϭ͘� >Ă�ǌŽŶĞ�ĚĞ�ĨĂŝůůĞ�ĚĞ��ĂƌďŽŶĞƌĂƐ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϳϲ�
Ϯ͘ϰ͘Ϯ͘Ϯ͘� >Ă�ƌŝĚĞ�Ě͛�ůďŽƌĂŶ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϳϵ�
Ϯ͘ϰ͘Ϯ͘ϯ͘� >Ă�ǌŽŶĞ�ĚĞ�ĨĂŝůůĞ�Ě͛�ĚƌĂ�Ğƚ�Ě͛�ůͲ/ĚƌŝƐƐŝ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϴϬ�
Ϯ͘ϰ͘Ϯ͘ϰ͘� >Ă�ĨĂŝůůĞ�ĚĞ�zƵƐƵĨ͕�ůŝŵŝƚĞ��Ɛƚ�ĚƵ��ŽŵĂŝŶĞ�Ě͛�ůďŽƌĂŶ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϴϯ�

Ϯ͘ϰ͘ϯ͘� �ŚƌŽŶŽůŽŐŝĞ�ĚĞƐ�ƉŚĂƐĞƐ�ƚĞĐƚŽŶŝƋƵĞƐ�WůŝŽͲYƵĂƚĞƌŶĂŝƌĞƐ�ĂĨĨĞĐƚĂŶƚ�ůĞ�ďĂƐƐŝŶ�Ě͛�ůďŽƌĂŶ� ͺͺͺͺͺͺͺͺ�ϴϰ�

Ϯ͘ϱ͘� �ŽŶƚĞǆƚĞ�ƐŝƐŵŝƋƵĞ�Ğƚ�ĚĠĨŽƌŵĂƚŝŽŶ�ĂĐƚƵĞůůĞ�ĚĞ�ůĂ�ŵĂƌŐĞ�^ƵĚ��ůďŽƌĂŶ͘�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺ� ϴϲ�

Ϯ͘ϱ͘ϭ͘� �ĐƚŝǀŝƚĠ�ƐŝƐŵŝƋƵĞ�ĚĂŶƐ�ůĂ�ƌĠŐŝŽŶ�ĚĞ�<ĞďĚĂŶĂ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϴϳ�
Ϯ͘ϱ͘Ϯ͘� �ƌŝƐĞƐ�ƐŝƐŵŝƋƵĞƐ�ĚĂŶƐ�ůĂ�ƌĠŐŝŽŶ�Ě͛�ůͲ,ŽĐĞŝŵĂ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϴϴ�

Ϯ͘ϱ͘Ϯ͘ϭ͘� >Ğ�ƐĠŝƐŵĞ�ĚĞ�ϮϬϬϰ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϴϴ�
Ϯ͘ϱ͘Ϯ͘Ϯ͘� >Ğ�ƐĠŝƐŵĞ�ĚĞ�ϮϬϭϲ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϵϮ�

Ϯ͘ϱ͘ϯ͘� DŽĚğůĞƐ�ŶĠŽͲƚĞĐƚŽŶŝƋƵĞƐ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϵϯ�

Ϯ͘ϲ͘� �ŽŶĐůƵƐŝŽŶ�Ğƚ�ƉƌŽďůĠŵĂƚŝƋƵĞ�ŶĠŽƚĞĐƚŽŶŝƋƵĞ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ� ϵϳ�

�ŚĂƉŝƚƌĞ�ϯ�ʹ��ƚƵĚĞ�ƐƚƌƵĐƚƵƌĂůĞ�ĚƵ��ĂƐƐŝŶ�ĚĞ�EĞŬŽƌ��;�ƌƚŝĐůĞ�ϭͿ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϵϵ�

ϭ͘� �ǀŝĚĞŶĐĞ�ŽĨ�ƋƵĂƚĞƌŶĂƌǇ�ƚƌĂŶƐƚĞŶƐŝŽŶĂů�ƚĞĐƚŽŶŝĐƐ�ŝŶ� ƚŚĞ�EĞŬŽƌ�ďĂƐŝŶ�;E��DŽƌŽĐĐŽͿ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺ� ϭϬϬ�

ϭ͘ϭ͘� ��^dZ��d�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϬϬ�
ϭ͘Ϯ͘� /EdZK�h�d/KE� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϬϭ�
ϭ͘ϯ͘� '�K>K'/��>� ^�dd/E'� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϬϰ�

ϭ͘ϯ͘ϭ͘� ZĞĐĞŶƚ�ĚĞĨŽƌŵĂƚŝŽŶ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϬϲ�
ϭ͘ϰ͘� ��d�� �E��D�d,K�K>K'z�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϬϳ�
ϭ͘ϱ͘� ^�/^D/��&��/�^��E��DKZW,K>K'z�K&�d,��^,�>&�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϬϵ�
ϭ͘ϲ͘� DKZW,Kd��dKE/��&��dhZ�^� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϭϯ�

ϭ͘ϲ͘ϭ͘� dŚĞ��ŽƵƐĞŬŬŽƵƌʹ�ŐŚďĂů�ĨĂƵůƚ�ǌŽŶĞ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϭϯ�
ϭ͘ϲ͘Ϯ͘� dŚĞ��ŽŬŬŽǇĂ�ĨĂƵůƚ�ǌŽŶĞ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϭϱ�
ϭ͘ϲ͘ϯ͘� dŚĞdƌŽƵŐŽƵƚ�ĨĂƵůƚ�ǌŽŶĞ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϭϳ�
ϭ͘ϲ͘ϰ͘ϭ͘� &ĂƵůƚ�ƉĂƚƚĞƌŶ�ƚŚƌŽƵŐŚ�ƚŚĞ�ŽĨĨƐŚŽƌĞͲŽŶƐŚŽƌĞ�EĞŬŽƌ�ďĂƐŝŶ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϭϳ�

ϭ͘ϳ͘� �/^�h^^/KE�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϭϵ�
ϭ͘ϳ͘ϭ͘� /ŶŚĞƌŝƚĞĚ�ĨĂďƌŝĐƐ�ĂŶĚ�ƉƌĞƐĞŶƚͲĚĂǇ�ŐĞŽŵĞƚƌǇ� ŽĨ�ƚŚĞ�EĞŬŽƌ��ĂƐŝŶ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϭϵ�
ϭ͘ϳ͘Ϯ͘� ^ƚƌƵĐƚƵƌĂů�ĞǀŽůƵƚŝŽŶ�ŽĨ�ƚŚĞ�EĞŬŽƌ�ďĂƐŝŶ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϮϭ�
ϭ͘ϳ͘ϯ͘� WƌĞƐĞŶƚͲĚĂǇ�ŬŝŶĞŵĂƚŝĐ�ŽĨ�ƚŚĞ�EĞŬŽƌ��ĂƐŝŶ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϮϯ�
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ϭ͘ϳ͘ϰ͘� 'ĞŽĚǇŶĂŵŝĐ�ŝŵƉůŝĐĂƚŝŽŶƐ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϮϱ�
ϭ͘ϴ͘� �KE�>h^/KE^� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϮϲ�
ϭ͘ϵ͘� ��<EKt>��'�D�Ed^� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϮϳ�
ϭ͘ϭϬ͘� �KE&>/�d�K&�/Ed�Z�^d� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϮϳ�
ϭ͘ϭϭ͘� Z�&�Z�E��^�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϮϳ�

�ŚĂƉŝƚƌĞ�ϰ�Ͳ�/ŶƚĞƌĂĐƚŝŽŶƐ�ĞŶƚƌĞ�ƚĞĐƚŽŶŝƋƵĞ�ĂĐƚŝǀĞ�Ğƚ�ŐůĂĐŝŽͲĞƵƐƚĂƚŝƐŵĞ�ƐƵƌ�ůĞƐ�ƉůĂƚĞĨŽƌŵĞƐ�

ĐŽŶƚŝŶĞŶƚĂůĞƐ�DĠĚŝƚĞƌƌĂŶĠĞŶŶĞ�͗��ĠƚƵĚĞ�ĚĞ�ĐĂƐ�ƐƵƌ�ůĂ�DĂƌŐĞ�DĂƌŽĐĂŝŶĞ͘� ͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϯϰ�

ϭ͘� /ŶƚƌŽĚƵĐƚŝŽŶ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ� ϭϯϱ�

ϭ͘ϭ͘� ^ƉĠĐŝĨŝĐŝƚĠƐ�ĚĞ�ůĂ�ƐƚƌĂƚŝŐƌĂƉŚŝĞ�ĚƵ�YƵĂƚĞƌŶĂŝƌĞ�͗�ůĞƐ�ǀĂƌŝĂƚŝŽŶƐ�ŐůĂĐŝŽͲĞƵƐƚĂƚŝƋƵĞƐ� ͺͺͺͺͺͺͺͺͺͺ�ϭϯϲ�
ϭ͘ϭ͘ϭ͘� &ŽƌĕĂŐĞ�ĂƐƚƌŽŶŽŵŝƋƵĞ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϯϲ�
ϭ͘ϭ͘Ϯ͘� �ĂůŝďƌĂƚŝŽŶ�ĚĞƐ�ĐŽƵƌďĞƐ�ĚĞ�ŶŝǀĞĂƵ�ŵĂƌŝŶ�ƌĞůĂƚŝĨ�ƉĂƌ�ůĞƐ�ĐŽƌƚğŐĞƐ�ĚĞ�ĚĠƉƀƚƐ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϰϬ�

ϭ͘Ϯ͘� sĂƌŝĂƚŝŽŶƐ�ĚĞ�ĨůƵǆ�Ğƚ�ŝŶĨůƵĞŶĐĞ�ĚƵ�ĐůŝŵĂƚ�ĞŶ�ŵĠĚŝƚĞƌƌĂŶĠĞ�KĐĐŝĚĞŶƚĂůĞ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϰϮ�
ϭ͘Ϯ͘ϭ͘� dƌĂŶƐĨĞƌƚ�ĚĞƐ�ƐĠĚŝŵĞŶƚƐ�ĚĞƉƵŝƐ�ůĞƐ�ďĂƐƐŝŶƐ�ǀĞƌƐĂŶƚƐ�ZŝĨĂŝŶ�ũƵƐƋƵ͛ă�ůĂ�ŵĂƌŐĞ�ƐƵĚ�Ě͛�ůďŽƌĂŶ� ϭϰϮ�

Ϯ͘� >ĂƚĞ�YƵĂƚĞƌŶĂƌǇͲ,ŽůŽĐĞŶĞ�ŚŝƐƚŽƌǇ�ŽĨ�Ă�ƚĞĐƚŽŶŝĐĂůůǇ�ĂĐƚŝǀĞ�ƐŚĞůĨ�;EĞŬŽƌ��ĂƐŝŶ͕�tĞƐƚĞƌŶ�

DĞĚŝƚĞƌƌĂŶĞĂŶ͕�DŽƌŽĐĐŽͿ�Ͳ�;�ƌƚŝĐůĞ�ϮͿ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ� ϭϰϱ�

Ϯ͘ϭ͘� �ďƐƚƌĂĐƚ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϰϱ�
Ϯ͘Ϯ͘� /ŶƚƌŽĚƵĐƚŝŽŶ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϰϲ�

Ϯ͘Ϯ͘ϭ͘� 'ĞŽůŽŐŝĐĂů�ĂŶĚ�ƚĞĐƚŽŶŝĐ�ƐĞƚƚŝŶŐ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϰϳ�
Ϯ͘ϯ͘� DĞƚŚŽĚŽůŽŐǇ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϰϵ�

Ϯ͘ϯ͘ϭ͘� �ĂƚĂ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϰϵ�
Ϯ͘ϯ͘Ϯ͘� DĞƚŚŽĚ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϱϬ�

Ϯ͘ϰ͘� DŽƌƉŚŽůŽŐǇ�ŽĨ�ƚŚĞ�ƐĞĂĨůŽŽƌ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϱϯ�
Ϯ͘ϰ͘ϭ͘� WŽĐŬŵĂƌŬƐ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϱϰ�
Ϯ͘ϰ͘Ϯ͘� �ŽŶƚŝŶĞŶƚĂů�ƐůŽƉĞ�ůĞĚŐĞ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϱϰ�
Ϯ͘ϰ͘ϯ͘� ^ƵďŵĞƌŐĞĚ�ĚĞƉŽƐŝƚŝŽŶĂů�ƚĞƌƌĂĐĞƐ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϱϲ�
Ϯ͘ϰ͘ϰ͘� �ƌŽƐŝǀĞ�ŵŽƌƉŚŽůŽŐŝĞƐ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϱϲ�
Ϯ͘ϰ͘ϱ͘� WƌŽͲĚĞůƚĂŝĐ�ƵŶĚƵůĂƚŝŽŶƐ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϱϲ�
Ϯ͘ϰ͘ϲ͘� /ŶĐŝƐŝŽŶ�ĂŶĚ�ĐƌĞƐĐĞŶƚ�ƐŚĂƉĞ�ďĞĚĨŽƌŵƐ�ŽŶ�ƚŚĞ�ƐůŽƉĞͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϱϳ�
Ϯ͘ϰ͘ϳ͘� ^ƵďĂƋƵĞŽƵƐ�ĚƵŶĞƐ�ĨŝĞůĚƐ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϱϳ�
Ϯ͘ϰ͘ϴ͘� �ƵƌƌĞŶƚ�ŵĂƌŬƐ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϱϴ�

Ϯ͘ϱ͘� ^ĞŝƐŵŝĐ�^ƚƌĂƚŝŐƌĂƉŚǇ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϱϴ�
Ϯ͘ϱ͘ϭ͘� �ŐŐƌĂĚĂƚŝŽŶĂů�ǁĞĚŐĞƐ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϲϬ�
Ϯ͘ϱ͘Ϯ͘� WƌŽŐƌĂĚĂƚŝŽŶĂů�ǁĞĚŐĞ�Ͳ�ƚǇƉĞ�ϭ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϲϭ�
Ϯ͘ϱ͘ϯ͘� WƌŽŐƌĂĚĂƚŝŽŶĂů�ǁĞĚŐĞ�Ͳ�ƚǇƉĞ�Ϯ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϲϭ�
Ϯ͘ϱ͘ϰ͘� �ŝƐƚĂů�ŚƵŵŵŽĐŬǇ�ƐĞŝƐŵŝĐ�ǁĞĚŐĞƐ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϲϯ�
Ϯ͘ϱ͘ϱ͘� �ŝƐƚĂů�ĂŐŐƌĂĚŝŶŐ�ǁĞĚŐĞƐ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϲϯ�
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Ϯ͘ϱ͘ϲ͘� WƌŽŐƌĂĚĂƚŝŽŶĂů�ŵŝĚĚůĞͲƐŚĞůĨ�ǁĞĚŐĞƐ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϲϯ�
Ϯ͘ϱ͘ϳ͘� tĂǀǇ�ŵŝĚͲƐŚĞůĨ�ǁĞĚŐĞƐ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϲϰ�
Ϯ͘ϱ͘ϴ͘� /ŶŶĞƌͲƐŚĞůĨ�ǁĞĚŐĞƐ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϲϰ�
Ϯ͘ϱ͘ϵ͘� �ĞƉŽƐŝƚŝŽŶĂů�ƵŶŝƚƐ�ďŽƵŶĚĂƌŝĞƐ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϲϱ�
Ϯ͘ϱ͘ϭϬ͘� ^ƉĂƚŝĂů�ĚŝƐƚƌŝďƵƚŝŽŶ�ŽĨ�ƚŚĞ�ƐŚĞůĨͲĞĚŐĞ�ƐĞŝƐŵŝĐ�ƵŶŝƚƐ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϲϲ�

Ϯ͘ϲ͘� �ŝƐĐƵƐƐŝŽŶ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϲϵ�
Ϯ͘ϲ͘ϭ͘� DŽĚĞƌŶ�ĂŶĚ�ƐƵďͲƌĞĐĞŶƚ�ŐĞŽůŽŐŝĐĂů�ƉƌŽĐĞƐƐĞƐ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϲϵ�
Ϯ͘ϲ͘Ϯ͘� �ŐĞ�ĐŽƌƌĞůĂƚŝŽŶ�ŽĨ�ƚŚĞ�ƐƵďŵĞƌŐĞĚ�ĚĞƉŽƐŝƚŝŽŶĂů�ƚĞƌƌĂĐĞƐ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϳϬ�
Ϯ͘ϲ͘ϯ͘� ^ĞƋƵĞŶĐĞ�ƐƚƌĂƚŝŐƌĂƉŚǇ�ĂŶĚ�ŵĂƌŐŝŶ�ŐƌŽǁƚŚ�ƉĂƚƚĞƌŶƐ�ŽĨ�ƚŚĞ�DŽƌŽĐĐĂŶ�ĐŽŶƚŝŶĞŶƚĂů�ƐŚĞůĨ�ͺͺͺ�ϭϳϮ�
Ϯ͘ϲ͘ϰ͘���dĞĐƚŽŶŝĐ�ŝŶĨůƵĞŶĐĞƐ�ŽŶ�ƚŚĞ�ŐƌŽǁƚŚ�ƉĂƚƚĞƌŶ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϳϴ�

Ϯ͘ϳ͘� �ŽŶĐůƵƐŝŽŶ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϴϭ�
Ϯ͘ϴ͘� �ŬŶŽǁůĞĚŐŵĞŶƚƐ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϴϮ�

�ŚĂƉŝƚƌĞ�ϱ�Ͳ��ǀŽůƵƚŝŽŶ�ĚĞ�ůĂ�ƚƌĂŶƐƉƌĞƐƐŝŽŶ�WůŝŽͲYƵĂƚĞƌŶĂŝƌĞ�ƐƵƌ�ůĂ�ŵĂƌŐĞ�^ƵĚ�ĚƵ�ďĂƐƐŝŶ�

Ě͛�ůďŽƌĂŶ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϴϰ�

ϭ͘� /ŶƚƌŽĚƵĐƚŝŽŶ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ� ϭϴϱ�

Ϯ͘� �ĐƚŝǀĞ�ƚƌĂŶƐƉƌĞƐƐŝǀĞ�ĚĞĨŽƌŵĂƚŝŽŶ�ŝŶ�ƚŚĞ�^ŽƵƚŚ��ůďŽƌĂŶ��ĂƐŝŶ�;tĞƐƚĞƌŶ�DĞĚŝƚĞƌƌĂŶĞĂŶͿ� ϭϴϳ�

Ϯ͘ϭ͘� /ŶƚƌŽĚƵĐƚŝŽŶ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϴϳ�
Ϯ͘ϭ͘ϭ͘� 'ĞŽůŽŐŝĐĂů�ĂŶĚ�ŐĞŽĚǇŶĂŵŝĐĂů�ƐĞƚƚŝŶŐƐ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϴϵ�

Ϯ͘Ϯ͘� DĂƚĞƌŝĞů�ĂŶĚ�ŵĞƚŚŽĚƐ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϵϱ�
Ϯ͘Ϯ͘ϭ͘��ĂƚĂ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϵϱ�
Ϯ͘Ϯ͘Ϯ͘�DĞƚŚŽĚƐ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϵϱ�

Ϯ͘ϯ͘� ^ĞŝƐŵŝĐ�ƐƚƌĂƚŝŐƌĂƉŚǇ�ŽĨ�ƚŚĞ�^ŽƵƚŚ��ůďŽƌĂŶ��ĂƐŝŶ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϵϲ�
Ϯ͘ϯ͘ϭ͘� ^ĞŝƐŵŝĐ�ƵŶŝƚƐ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϵϲ�
Ϯ͘ϯ͘Ϯ� EĞŽŐĞŶĞ�ǀŽůĐĂŶŝƐŵ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϭϵϴ�

Ϯ͘ϰ͘� WůŝŽĐĞŶĞ�ĂŶĚ�ĞĂƌůǇͲYƵĂƚĞƌŶĂƌǇ�dĞĐƚŽŶŝĐ�ĚĞĨŽƌŵĂƚŝŽŶ�ŽĨ�ƚŚĞ�^�Z�ĂŶĚ�ĂĚũĂĐĞŶƚ�ďĂƐŝŶƐ�ͅ ͺͺͺͺͺͺ�ϮϬϮ�
Ϯ͘ϰ͘ϭ͘� &ŽůĚĞĚ�ƐƚƌƵĐƚƵƌĞƐ�ŽĨ�ƚŚĞ�^ŽƵƚŚ��ůďŽƌĂŶ�ZŝĚŐĞ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϮϬϮ�
Ϯ͘ϰ͘Ϯ͘� �ůͲ/ĚƌŝƐƐŝ�ĨĂƵůƚ�ďĞŶĚƐ�ĂŶĚ�ĨŽůĚŝŶŐ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϮϬϰ�
Ϯ͘ϰ͘ϯ� �ƌŽǁŶĞĚ�WůĞŝƐƚŽĐĞŶĞ�ƐŚĞůǀĞƐ�ĂƌŽƵŶĚ�ƚŚĞ��ŽƵĚŝŶĂƌ�ĂŶĚ�EĞŬŽƌ��ĂƐŝŶƐ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϮϬϱ�
Ϯ͘ϰ͘ϰ͘� ^ĞŝƐŵŝĐ�ƐƚƌĂƚŝŐƌĂƉŚǇ�ŽĨ�ƚŚĞ�ŝƐŽůĂƚĞĚ�ƉůĂƚĨŽƌŵƐ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϮϬϳ�
Ϯ͘ϰ͘ϱ͘� >ĂƚĞͲWůĞŝƐƚŽĐĞŶĞ�ĚĞĨŽƌŵĂƚŝŽŶ�ŽĨ�ƚŚĞ�^�Z�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϮϬϵ�

Ϯ͘ϱ͘� �ŝƐĐƵƐƐŝŽŶ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�Ϯϭϭ�
Ϯ͘ϱ͘ϭ͘� �ǀŝĚĞŶĐĞ�ŽĨ�ƉŽƐƚ�D�^�ĚĞĨŽƌŵĂƚŝŽŶ�ĚĞĨŽƌŵĂƚŝŽŶ�ƉĂƌƚŝƚŝŽŶŝŶŐ�ĂŶĚ�ƐŚŽƌƚĞŶŝŶŐ�ĂůŽŶŐ�ƚŚĞ�^�ZϮϭϭ�
Ϯ͘ϱ͘Ϯ͘� /ŶƚĞƌĂĐƚŝŽŶ�ŽĨ�ĐŽŶƚŽƵƌŝƚŝĐ�ƐǇƐƚĞŵ�ĂŶĚ�ƚĞĐƚŽŶŝĐ�ƵƉůŝĨƚ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�Ϯϭϭ�
Ϯ͘ϱ͘ϯ͘� WůŝŽͲYƵĂƚĞƌŶĂƌǇ�ĞǀŝĚĞŶĐĞƐ�ŽĨ�ƉŽůǇƉŚĂƐĞ�ĚĞĨŽƌŵĂƚŝŽŶ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϮϭϮ�
Ϯ͘ϱ͘ϰ͘� ^ƚƌĂŝŶ�ƉĂƌƚŝƚŝŽŶŝŶŐ�ĂŶĚ�ƐƚƌƵĐƚƵƌĂů�ĞǀŽůƵƚŝŽŶ�ŽĨ�ƚŚĞ�^�Z͗�ŐĞŽĚǇŶĂŵŝĐĂů�ŝŵƉůŝĐĂƚŝŽŶƐ� ͺͺͺͺͺͺ�Ϯϭϰ�
Ϯ͘ϱ͘ϱ͘� WůĞŝƐƚŽĐĞŶĞ�ƚŽ�ƉƌĞƐĞŶƚͲĚĂǇ�ƐƚƌĂŝŶ�ƉĂƌƚŝƚŝŽŶŝŶŐ�ĂŶĚ�ŝŶĚĞŶƚĂƚŝŽŶ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�Ϯϭϳ�
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Ϯ͘ϲ͘� �ŽŶĐůƵƐŝŽŶ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�Ϯϭϵ�

�ŚĂƉŝƚƌĞ�ϲ�Ͳ��ŝƐĐƵƐƐŝŽŶ�Ğƚ�ƉĞƌƐƉĞĐƚŝǀĞƐ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϮϮϬ�

ϭ͘� �ǀĂůƵĂƚŝŽŶ�ĚĞ�ůĂ�ƚĞĐƚŽŶŝƋƵĞ�ĂĐƚŝǀĞ�ŐƌąĐĞ�ă�ů͛ĠƚƵĚĞ�ŵŽƌƉŚŽůŽŐŝƋƵĞ�ĚĞ�ůĂ�ƉůĂƚĞĨŽƌŵĞ�ͺͺͺ� ϮϮϭ�

ϭ͘ϭ͘� dĂƵǆ�ĚĞ�ƐƵďƐŝĚĞŶĐĞ�ĂƐƐŽĐŝĠ�ă�ůĂ�ĨĂŝůůĞ�ĚĞ�dƌŽƵŐŽƵƚ�ĚĞƉƵŝƐ�ůĞ�>'D�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϮϮϭ�
ϭ͘Ϯ͘� dĂƵǆ�ĚĞ�ƐƵďƐŝĚĞŶĐĞ�ĂƐƐŽĐŝĠĞ�ă�ůĂ�ƚĞƌŵŝŶĂŝƐŽŶ�EŽƌĚ�ĚĞ�ůĂ�ĨĂŝůůĞ�ĚĞ�dƌŽƵŐŽƵƚ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϮϮϱ�
ϭ͘ϯ͘� /ŶĨůƵĞŶĐĞ�ĚĞ�ůĂ�ƐŝƐŵŝĐŝƚĠ�ƐƵƌ�ůĂ�ŐĠŽŵĠƚƌŝĞ�ĚĞƐ�ĐŽƌƚğŐĞƐ�ĚĞ�ĚĠƉƀƚƐ͘�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϮϮϳ�
ϭ͘ϰ͘� /ŶĨůƵĞŶĐĞ�ĚĞƐ�ĂƉƉŽƌƚƐ�ƐĠĚŝŵĞŶƚĂŝƌĞƐ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�ϮϯϬ�

Ϯ͘� DŽƌƉŚŽůŽŐŝĞ�ĚĞƐ�ŚĂƵƚƐͲƐŽƵƐͲŵĂƌŝŶƐ�Ğƚ�ĚƵ�ĨůĂŶĐ�EŽƌĚ�ĚĞ�ůĂ�ZŝĚĞ��͛�ůďŽƌĂŶ� ͺͺͺͺͺͺͺͺͺͺ� ϮϯϬ�

Ϯ͘ϭ͘� �ŽƌĂƵǆ�Ě͛ĞĂƵǆ�ĨƌŽŝĚĞƐ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ��ƌƌŽƌ͊��ŽŽŬŵĂƌŬ�ŶŽƚ�ĚĞĨŝŶĞĚ͘�
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ƐŽƵƐͲŵĂƌŝŶ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�Ϯϯϰ�
Ϯ͘ϰ͘� �ŽŶĐůƵƐŝŽŶ�Ğƚ�ƉĞƌƐƉĞĐƚŝǀĞƐ�ƐƵƌ�ůĞƐ�ŚĂƵƚƐ�ƐŽƵƐͲŵĂƌŝŶƐ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�Ϯϯϱ�

ϯ͘� �ĂƌĂĐƚĠƌŝƐĂƚŝŽŶ�ĚĞ�ůĂ�ƚĞĐƚŽŶŝƋƵĞ�WůŝŽͲYƵĂƚĞƌŶĂŝƌĞ�ă�ů͛ĠĐŚĞůůĞ�ĚĞ�ůĂ�ŵĂƌŐĞ�DĂƌŽĐĂŝŶĞ�Ğƚ�ĚƵ�

ZŝĨ� Ϯϯϲ�

ϯ͘ϭ͘� �ǆƚĞŶƐŝŽŶ�ŽďůŝƋƵĞ�Ğƚ�ƌĞůĂŝƐ�ĞŶƚƌĞ�ůĂ�ĨĂŝůůĞ�ĚĞ�dƌŽƵŐŽƵƚ�Ğƚ�ůĂ�ĨĂŝůůĞ�ďŽƌĚŝğƌĞ�ĚƵ�ǀŽůĐĂŶ�ŐƌĂŶĚ��ůͲ

/ĚƌŝƐƐŝ� Ϯϯϳ�
ϯ͘Ϯ͘� 'ĠŽŵĠƚƌŝĞ�ĚƵ�ďĂƐƐŝŶ�ĚĞ�EĞŬŽƌ� ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�Ϯϯϴ�
ϯ͘ϯ͘� �ŶƌĂĐŝŶĞŵĞŶƚ�ĚĞƐ�ƐƚƌƵĐƚƵƌĞƐ�ĞǆƚĞŶƐŝǀĞƐ�ĚƵ�ďĂƐƐŝŶ�ĚĞ�EĞŬŽƌ�Ğƚ�ƉĞƌƐƉĞĐƚŝǀĞ�ƐƵƌ�ůĂ�ƌĞƐƚĂƵƌĂƚŝŽŶ�ĚĞ�

ĐŽƵƉĞƐ�ĠƋƵŝůŝďƌĠĞƐ�ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ�Ϯϯϵ�
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ϰ͘���ŽŶĐůƵƐŝŽŶ�ĨŝŶĂůĞ�ͅ ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ� Ϯϰϲ�
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/¶pWDW�WKHUPLTXH��OD�VWUXFWXUH��OD�FRPSRVLWLRQ�FKLPLTXH��HW�OHV�IRUFHV�DX[�OLPLWHV�GX�PDQWHDX�

SURYRTXHQW� O¶DSSDULWLRQ� GH� JUDGLHQWV� GH� IRUFH� HW� OD� IRUPDWLRQ� GH� FRQWUDLQWH� KRUL]RQWDOH�

HQWUDLQDQW� OD� FRQYHFWLRQ� GX� PDQWHDX�� PRWHXU� GH� OD� WHFWRQLTXH� GHV� SODTXHV� �7DFNOH\� ������

7XUFRWWH�DQG�6FKXEHUW��������/¶KLVWRLUH�GH�OD�WHFWRQLTXH�GHV�SODTXHV��OD�VLVPLFLWp��OD�JpRGpVLH��

OH�YROFDQLVPH�� O¶RXYHUWXUH�HW� OD� IHUPHWXUH�GHV�EDVVLQV�RFpDQLTXHV�SHXYHQW�rWUH� YXH�j�JUDQGH�

pFKHOOH�FRPPH� OD�FRQVpTXHQFH�HQ�VXUIDFH�GH� OD�FRQYHFWLRQ�PDQWHOOLTXH��7RXV�FHV�GRPDLQHV�

V¶DWWDFKHQW� j� pWXGLHU� GHV� REMHWV� VRXYHQW� GLIIpUHQWV� �OD� GpIRUPDWLRQ� DFWLYH�� O¶DUFKLWHFWXUH� GHV�

PDUJHV� HW� GHV� EDVVLQV�«���� GRQW� OHV� QRPEUHXVHV� LQWHUDFWLRQV� FRPSOLTXHQW� OH� GpFU\SWDJH� GH�

O¶KLVWRLUH� JpRORJLTXH�� 3DUFH� TXH� OH�PRWHXU� GHV� SKpQRPqQHV� GH� VXUIDFH� HVW� FDFKp� HW� TXH� OHV�

LQWHUDFWLRQV� SK\VLTXHV� HQWUHV� OHV� REMHWV� G¶pWXGHV� VRQW� QRPEUHXVHV�� OD� FRPSUpKHQVLRQ� GHV�

SKpQRPqQHV�JpRORJLTXHV�REVHUYpV�HVW�SDUWLHOOH�HW�VRXYHQW�IDLEOHPHQW�TXDQWLILpH���

/¶LQWHUDFWLRQ�GH�OD�PDFKLQH�FOLPDWLTXH�WHUUHVWUH�DYHF�OHV�SURFHVVXV�WHFWRQLTXHV�HVW�HQUHJLVWUpH�

GDQV� OHV� EDVVLQV� VpGLPHQWDLUHV� RFpDQLTXHV�� /HV� FKDQJHPHQWV� GX� FOLPDW� VRQW� OLpV� DX[�

FKDQJHPHQWV�GH�FLUFXODWLRQ�RFpDQLTXH��6L�OD�VXUIDFH�GHV�HDX[�RFpDQLTXHV�UHSUpVHQWH�����GH�OD�

VXUIDFH�GHV�JOREHV�j�O¶DFWXHO��FHWWH�VXUIDFH�Q¶HVW�SDV�FRQVWDQWH�HW�D�YDULpH�DX�FRXUW�GHV�WHPSV��/D�

YDULDWLRQ�GH� OD�VXUIDFH�GHV�RFpDQV�� OD�IRUPDWLRQ�GH�FDORWWHV�DX[�S{OHV�HW� OHV�FKDQJHPHQWV�GH�

FLUFXODWLRQ�RFpDQLTXH�SHXYHQW�rWUH�UHOLpH�j�O¶KLVWRLUH�WHFWRQLTXH��%HUJJUHQ�DQG�+ROOLVWHU��������

/H� GpYHORSSHPHQW� GH� OD� JpRFKLPLH� LVRWRSLTXH� D� SHUPLV� GH�PLHX[� FRPSUHQGUH� OH� OLHQ� HQWUH�

FOLPDW�HW�SURFHVVXV�WHFWRQLTXH��$OOqJUH�������

�� 3DU� H[HPSOH�� OD� IHUPHWXUH� GH� O¶LVWKPH� GH� 3DQDPD� HQWUH� ��0D� HW� �0D�� D� HQWUDLQp� GHV�

FKDQJHPHQWV�GH�YDULDWLRQV�GH�FDUERQHV�GLVVRXV�GDQV�OHV�HDX[�RFpDQLTXHV��)LJ�������.HLJZLQ��

������� 9HUV� ���0D�� OHV� FKDQJHPHQWV� GH� FLUFXODWLRQV� GHV� HDX[� RFpDQLTXHV� VXEVpTXHQW� RQW�

LQWHQVLILp� OH�*XOI�6WUHDP�� IDYRULVDQW� OH� UpFKDXIIHPHQW� GH� O¶RFpDQ�$WODQWLTXH� DX� 3OLRFqQH� HW�

O¶KXPLGLWp�DWPRVSKpULTXH��&H�SKpQRPqQH�DXUDLW�FRQWULEXp�j�OD�FURLVVDQFH�GH�OD�FDORWWH�SRODLUH�

YHUV�����HW����0D��+DXJ�DQG�7LHGHPDQQ����������

&HV�FKDQJHPHQWV�FOLPDWLTXHV�DIIHFWHQW�OD�VXUIDFH�GX�JOREH�HQ�IDLVDQW�YDULHU�OHV�SUpFLSLWDWLRQV�HW�

OH�UpJLPH�GH�FLUFXODWLRQ�GHV�YHQWV��3DU�H[HPSOH��j�OD�ILQ�GX�&pQR]RwTXH��O¶H[DPHQ�GHV�GRQQpHV�

LVRWRSLTXHV� HW� VpGLPHQWRORJLTXHV� GDQV� GHV� FDURWWHV�� LQGLTXHQW� XQH� DERQGDQFH� GH� VpGLPHQWV�

GpWULWLTXHV�OLpV�j�GHV�SURFHVVXV�G¶pURVLRQ�JODFLDLUHV��+D\�HW�DO����������8Q�UHIURLGLVVHPHQW�JOREDO�

D� FRQGXLW� j� OD� FURLVVDQFH� GHV� FDORWWHV� SRODLUHV� HW� GHV� VXUIDFHV� pPHUJpHV�� HQWUDLQDQW� XQH�

DXJPHQWDWLRQ� GHV� WDX[� G¶DFFXPXODWLRQV� GH� VpGLPHQWV� GDQV� OHV� EDVVLQV� RFpDQLTXHV�� &H�

UHIURLGLVVHPHQW�JOREDO�SRXUUDLW�rWUH�OLp�HQ�SDUWLH�j�XQ�FKDQJHPHQW�GH�FLUFXODWLRQ�GHV�YHQWV�HQ�

UpSRQVH�j�OD�VXUUHFWLRQ�GX�SODWHDX�WLEpWDLQ�j�FHWWH�SpULRGH��5D\PR�DQG�5XGGLPDQ����������
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)LJXUH�������&RPSDUDLVRQ�GH�JUDSKLTXHV�PRQWUDQW�O¶REOLTXLWp�GH�O¶D[H�GH�URWDWLRQ�GH�OD�7HUUH�HW�OD�FRPSRVLWLRQ�
HQ� į��2� GDQV� XQH� FDURWWH� GH� VpGLPHQWV� FDUERQDWpV� &DULEpHQ� HQ� IRQFWLRQ� GH� O¶kJH�� PRGLILp� GH� �+DXJ� DQG�
7LHGHPDQQ���������'¶DSUqV�FHV�DXWHXUV��OHV�GHUQLqUHV�pWDSHV�GH�OD�IHUPHWXUH�GH�O¶LVWKPH�GH�3DQDPD�VRQW�OLpHV�j�
XQ�FKDQJHPHQW�GH�FLUFXODWLRQ�RFpDQLTXH�GDQV�O¶$WODQWLTXH�DX�GpEXW�GX�3OLRFqQH�HQWUH����0D�HW����0D�HW�j�XQ�
UHQIRUFHPHQW� GH� OD� FLUFXODWLRQ� WKHUPR�KDOLQH� GDQV� O¶$WODQWLTXH�� &HOD� FRQGXLW� j� XQ� UpFKDXIIHPHQW� DX[� KDXWHV�
ODWLWXGHV��/¶DXJPHQWDWLRQ�GH�O¶pYDSRUDWLRQ�HW�GRQF�GH�O¶KXPLGLWp�GDQV�O¶DLU�DXUDLW�pWp�XQH�FRQGLWLRQ�QpFHVVDLUH�j�
OD�FURLVVDQFH�GH�OD�FDORWWH�j�SDUWLU�GH����0D��]RQH�JULVpH�VXU�OH�JUDSKLTXH���/H�GpFOHQFKHPHQW�GX�UHIURLGLVVHPHQW�
SDUWLU�GH����0D�HW�OD�FURLVVDQFH�GH�OD�FDORWWH�VHUDLW�OLp�j�O¶DXJPHQWDWLRQ�GH�O¶REOLTXLWp��

/¶HQUHJLVWUHPHQW�GHV�SKpQRPqQHV�WHFWRQLTXHV�HW�FOLPDWLTXHV�GDQV�OHV�DUFKLYHV�VpGLPHQWDLUHV�

LQGLTXHQW�GRQF�TXH�GDQV�XQ�FDGUH�WHFWRQLTXH�UHODWLYHPHQW�VLPSOH��SDU�H[HPSOH�OD�VXEVLGHQFH�

G¶XQH�PDUJH�FRQWLQHQWDOH���LO�HVW�SRVVLEOH�GH�GLVWLQJXHU�OH�VLJQDO�WHFWRQLTXH�GX�VLJQDO�HXVWDWLTXH�

�OHV�YDULDWLRQV�GX�QLYHDX�PDULQ�JOREDO�HQ�UHODWLRQ�DYHF�OHV�YROXPHV�GH�JODFHV�SRODLUHV���&HWWH�

GLVWLQFWLRQ�HVW�SRVVLEOH�FDU� OHV� WHPSV�GH�UpSRQVH�GH� OD� OLWKRVSKqUH��JpQpUDOHPHQW�VXSpULHXU�j�

���DQV�� VRQW� OLpV� j� GHV� FKDQJHPHQWV� G¶pWDWV� �UHIURLGLVVHPHQW�� UpFKDXIIHPHQW�� RX� ELHQ� j� GHV�

FKDQJHPHQWV�GH�FRQGLWLRQV�DX[�OLPLWHV��FKDUJHV�VpGLPHQWDLUHV��FLQpPDWLTXHV�GH�SODTXHV��HW�VRQW�

FRQWU{OpV�SDU�VHV�SURSULpWpV�PpFDQLTXHV��YLVFRVLWp��UpVLVWDQFH�j�OD�GpIRUPDWLRQ���/HV�YDULDWLRQV�

FOLPDWLTXHV� VRQW� FRQWU{OpHV� SDU� GHV� SURFHVVXV� H[WHUQHV� OLpV� DX[� SDUDPqWUHV� RUELWDX[�

�H[FHQWULFLWp��REOLTXLWpV��SUpFHVVLRQ�WHUUHVWUHV���j�O¶pWDW�GH�O¶DWPRVSKqUH��HW�RX�DX[�FLUFXODWLRQV�

GH�PDVVHV�G¶HDX[�RFpDQLTXHV��

&HWWH�GLVFULPLQDWLRQ�GH�O¶KLVWRLUH�WHFWRQLTXH�HW�FOLPDWLTXH�SHXW�rWUH�pWXGLpH�YLD�OD�VWUDWLJUDSKLH�

GHV�EDVVLQV�VpGLPHQWDLUHV��'DQV�OHV�EDVVLQV�VpGLPHQWDLUHV��O¶pWXGH�GHV�FRUWqJHV�GH�GpS{WV��F¶HVW�

j�GLUH�O¶pWXGH�GHV�IDFLqV�VpGLPHQWDLUHV�HW�OHXUV�UHODWLRQV�JpRPpWULTXHV��PRQWUHQW�TXH�OHV�GpS{WV�

VpGLPHQWDLUHV� SHXYHQW� rWUH� GpFULWV� HQ� WHUPH�GH� VXUIDFHV� DX[� OLPLWHV� GHV� FRUWqJHV� HW� TXH� FHV�

VXUIDFHV�VRQW�GHV�OLJQHV�GH�WHPSV�j�O¶pFKHOOH�JpRORJLTXH��6ORVV���������$�O¶pFKHOOH�G¶XQ�EDVVLQ�

VpGLPHQWDLUH��XQH�VXUIDFH�WHPSV�SHXW�rWUH�GLVFRUGDQWH�VXU�OHV�ERUGV�G¶XQ�EDVVLQ�HW�FRQFRUGDQWH�
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VXU�OD�SHQWH�RX�OH�EDVVLQ�SURIRQG��'HX[�VXUIDFHV�WHPSV�GLVFRUGDQWHV�GpILQLVVHQW�XQH�VpTXHQFH�j�

VD�EDVH�HW�j�VRQ�VRPPHW��&HWWH�LQWHUSUpWDWLRQ�HQ�VpTXHQFH�HVW�FRQWUDLQWH�SDU�OHV�GDWDWLRQV�GHV�

FRXFKHV�VpGLPHQWDLUHV�TXL�OD�FRQVWLWXHQW��SDU�PpWKRGHV�PDJQpWLTXHV��LVRWRSLTXHV��ELRORJLTXHV��

HWF«���/HV�kJHV�REWHQXV�VHUYHQW�GH�SRLQW�IL[H�GDQV�OH�WHPSV��/¶pWXGH�GHV�VpTXHQFHV�GH�GpS{WV�

SHUPHW�G¶DVVRFLHU�GHV�DUFKLWHFWXUHV�GH�EDVVLQ�DYHF�GHV�pSRTXHV��+DT�HW�DO����������

�6XU�OHV�PDUJHV�FRQWLQHQWDOHV��GHV�VXUIDFHV�GLVFRUGDQWHV�OLPLWHQW�GHV�SULVPHV�VpGLPHQWDLUHV�DX[�

JpRPpWULHV� YDULDEOHV�� /¶pWXGH� HW� OD� GDWDWLRQ� GHV� VXUIDFHV� GH� FHV� FRUWqJHV� VpGLPHQWDLUHV� RQW�

PRQWUp�TXH�OD�IRUPDWLRQ�HW�OD�FURLVVDQFH�GHV�SODWHIRUPHV�FRQWLQHQWDOH�VRQW�UHOLpHV�DX[�YDULDWLRQV�

GX�QLYHDX�PDULQ��j�OD�WHFWRQLTXH�HW�HQILQ�DX[�IOX[�VpGLPHQWDLUHV���:DWWV�DQG�5\DQ�������9DLO��

-U��DQG�,LL�������:DWWV�������+DT�HW�DO�����������&HV�pWXGHV�RQW�PRQWUp�XQH�KLpUDUFKLH�GDQV�OHV�

VWUXFWXUHV� pWXGLpHV�HW� XQH� UpSpWLWLRQ� GHV� JpRPpWULHV� GH� GpS{WV� HW� GH� IDFLqV� VpGLPHQWDLUH�

GpSHQGDQW�GH�O¶pFKHOOH�G¶REVHUYDWLRQ��&KDTXH�F\FOH�GH�GpS{WV�VpGLPHQWDLUHV�FRQWLHQW�GHV�VRXV�

F\FOHV� GH� GpS{WV�� &HV� JUDQGV� F\FOHV� VRQW� OHV� F\FOHV� G¶RUGUHV� �� j� �� �7DEOH� ����� UHOLpV� DX[�

SURFHVVXV� WHFWRQLTXHV� HW�RX� RUELWDX[� �9DLO� HW� DO��� ������� 3DU� H[HPSOH�� OD� VXEVLGHQFH� GHV�

SODWHIRUPHV� FRQWLQHQWDOHV� GX� JROIH� GX�/LRQ� HW� GH� OD�PDUJH�$WODQWLTXH�1RUG�$PpULFDLQH� HVW�

UHOLpH�j�OD�IOH[XUH�GH�OD�OLWKRVSKqUH��HQJHQGUDQW�GH�OD�VXEVLGHQFH�j�O¶pFKHOOH�GH�WHPSV�G¶HQYLURQ�

��0D� �RUGUH� ���:DWWV� DQG�5\DQ�� ������ 6WHFNOHU� DQG�:DWWV�� ������ ��$X[� pFKHOOHV� GH� WHPSV�

G¶RUGUH���j����O¶LQIOXHQFH�GX�FOLPDW�HW�GHV�YDULDWLRQV�HXVWDWLTXHV�GHYLHQQHQW�SOXV�LPSRUWDQWHV�HW�

OD�FRPSOH[LWp�GHV�VWUXFWXUHV�REVHUYpHV�DXJPHQWH���

�/HV�DUFKLWHFWXUHV�GHV�GpS{WV�VpGLPHQWDLUHV�VXU�OHV�PDUJHV��OHV�VXUIDFHV�WHPSV��VRQW�IRQFWLRQV�

GHV� YLWHVVHV� GH� YDULDWLRQV� GX� QLYHDX� PDULQV� �L�H�� JOREDO�� HW� GHV� YLWHVVHV� GH� YDULDWLRQV� GHV�

PRXYHPHQWV� YHUWLFDX[�� /RFDOHPHQW�� OD� VRPPH� GHV� YDULDWLRQV� GX� QLYHDX� PDULQ� HW� GHV�

PRXYHPHQWV�YHUWLFDX[�GpILQLW�O¶HVSDFH�G¶DFFRPPRGDWLRQ��)LJ������-HUYH\���������0RGXOpV�SDU�

OHV� IOX[� VpGLPHQWDLUHV�� OHV� WDX[� G¶DFFRPPRGDWLRQ� FRQWUDLJQHQW� OD� JpRPpWULH� GHV� GpS{WV�

�3RVDPHQWLHU�DQG�$OOHQ���������/D�GDWDWLRQ�HW�O¶REVHUYDWLRQ�GHV�JpRPpWULHV�GHV�GpS{WV�VXU�OHV�

PDUJHV�FRQWLQHQWDOHV�D�SHUPLV�GH�UpDOLVHU�XQH�FKDUWH�GHV�YDULDWLRQV�GX�QLYHDX�PDULQ�HXVWDWLTXH�

UHPRQWDQW�DX�0pVR]RwTXH�HW�HVWLPDQW� OHV�DPSOLWXGHV�GHV�FKXWHV�HW�GHV� UHPRQWpHV�GX�QLYHDX�

PDULQ��+DT�HW�DO����������$�O¶pFKHOOH�JOREDOH��OHV�PHVXUHV�GX�QLYHDX�PDULQ�VXU�GHV�MDXJHV�GH�

PDUpH�RQW�PRQWUp�TXH�OHXUV�YDULDWLRQV�VRQW�IRQFWLRQV�GX�FRQWH[WH�JpRG\QDPLTXH�HW�GX�FKDPS�

SRWHQWLHO�GH�JUDYLWp��*XWHQEHUJ��������HW�TXH�FHV�YDULDWLRQV�QH�VRQW�SDV�FRQVWDQWHV�j�O¶pFKHOOH�

GX�JOREH��(PHU\���������/HV�YDULDWLRQV�GX�QLYHDX�PDULQ�VRQW�GRQF�UHODWLYHV�VHORQ�OD�SRVLWLRQ�

VXU�OH�JOREH��&HOOHV�GpGXLWHV�GH�O¶pWXGH�GH�O¶DUFKLWHFWXUH�GX�EDVVLQ�VpGLPHQWDLUH�VRQW�GRQF�GHV�

YDULDWLRQV� GX� QLYHDX�PDULQ� j� O¶pFKHOOH� ORFDOH�� GRQF� XQLTXHPHQW� FRUUpODEOH� j� XQH� FRXUEH� GH�

YDULDWLRQ� GX� QLYHDX�PDULQ� GLWH� UHODWLI�� &HWWH� FRUUpODWLRQ� GHV� VXUIDFHV� VWUDWLJUDSKLTXHV� j� XQH�
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FRXUEH� GH� QLYHDX� PDULQ� UHODWLI� HVW� SRVVLEOH� VL� OH� FRQWH[WH� JpRG\QDPLTXH� HVW� LQFOXV� GDQV�

O¶DQDO\VH���

6L�OD�JpRPpWULH�GHV�FRUWqJHV�VpGLPHQWDLUHV�HVW�IRQFWLRQ�GX�WDX[�G¶DFFRPPRGDWLRQ�HW�GX�IOX[�

VpGLPHQWDLUH�DORUV� LO�HVW�SRVVLEOH�GH�KLpUDUFKLVHU� OHV�SDUDPqWUHV�FRQWU{ODQW� O¶DUFKLWHFWXUH�GHV�

GpS{WV��3RXU�SHUPHWWUH�FHWWH�KLpUDUFKLVDWLRQ��LO�FRQYLHQW�GH�SUHQGUH�HQ�FRPSWH�O¶HQYLURQQHPHQW�

VpGLPHQWDLUH�� /HV� SODWHIRUPHV� VLOLFR�FODVWLTXHV� QH� UpSRQGHQW� SDV� GH� OD� PrPH� PDQLqUH� DX[�

YDULDWLRQV� GH� O¶DFFRPPRGDWLRQ� TXH� OHV� SODWHIRUPHV� FDUERQDWpHV�� /HV� SODWHIRUPHV�

0pGLWHUUDQpHQQH�3OLR�4XDWHUQDLUH�VRQW�HVVHQWLHOOHPHQW�GHV�SODWHIRUPHV�VLOLFR�FODVWLTXHV�GRQW�

QRXV�GpWDLOOHURQV�O¶pYROXWLRQ�GH�OHXUV�DUFKLWHFWXUHV��

�/HV� REVHUYDWLRQV� GH� WHUUDLQ�� HW� OHV� VLPXODWLRQV� QXPpULTXH� GH� UHPSOLVVDJH� GHV� EDVVLQV�

VpGLPHQWDLUHV�PRQWUHQW�TXH�OHV�OLPLWHV�GH�VpTXHQFHV�GHV�EDVVLQV�VpGLPHQWDLUHV�VRQW�GDWpHV�DX[�

PRPHQW� R�� OHV� YDULDWLRQV� GX� QLYHDX� PDULQ� UHODWLI� VRQW� OHV� SOXV� UDSLGHV� �-HUYH\�� ������

3RVDPHQWLHU�DQG�9DLO����������

/D�FRQVpTXHQFH�GH�FHV�pWXGHV�HVW�OD�PLVH�HQ�pYLGHQFH�GH�O¶LQIOXHQFH�GH�OD�SK\VLRJUDSKLH�GHV�

EDVVLQV�j�XQ�LQVWDQW�GRQQp�VXU�O¶RUJDQLVDWLRQ�GHV�FRUWqJHV�VpGLPHQWDLUHV�HW�VXU�O¶HQUHJLVWUHPHQW�

OLWKRORJLTXH�GHV�YDULDWLRQV�GH�IOX[�HW�G¶DFFRPPRGDWLRQ�HQ�IRQFWLRQ�GH�OD�SRVLWLRQ�GHV�FRUWqJHV�

GH�GpS{WV�GDQV�OH�EDVVLQ��3RVDPHQWLHU�DQG�$OOHQ��������DIILUPHQW�TXH�©�(Q�JpQpUDO��O¶HXVWDWLVPH�

HW�OD�OH�VXEVLGHQFH�VRXOqYHPHQW�GX�IRQG�PDULQ�GpWHUPLQHQW�OH�U\WKPH�GHV�VXUIDFHV�OLPLWDQW�OHV�

VpTXHQFHV��DORUV�TXH� OHV� YDULDWLRQV�GH� IOX[� HW�GH�SK\VLRJUDSKLH� VRQW� OHV�SOXV�HIILFDFHV�SRXU�

GpWHUPLQHU�O¶DUFKLWHFWXUH�GHV�VWUDWHV�HQWUH�FHV�OLPLWHV�GH�VpTXHQFHV��ª��&HV�UHJURXSHPHQWV�HW�

FHWWH�KLpUDUFKLH�GHV�SDUDPqWUHV�LQIOXDQW�O¶RUJDQLVDWLRQ�GHV�FRUWqJHV�GH�GpS{WV�GDQV�OHV�EDVVLQV�

VpGLPHQWDLUHV�� VpSDUHQW� GRQF� GHX[� FKDPSV� G¶pWXGH� DYHF� GHV� PpWKRGRORJLHV� GLIIpUHQWHV� HW�

FHSHQGDQW� FRPSOpPHQWDLUHV�� /¶pWXGH� GHV� YDULDWLRQV� HXVWDWLTXHV� HW� GHV� YDULDWLRQV� ORFDOHV� GH�

VXEVLGHQFHV� VH� FRQFHQWUH� VXU� OD� U\WKPLFLWp� GHV� VXUIDFHV� OLPLWHV� GH� VpTXHQFHV�� &HV� VXUIDFHV�

OLPLWHV�GH�VpTXHQFHV�HW�OHXU�SK\VLRJUDSKLH�SHXYHQW�rWUH�FDUWRJUDSKLpHV�j�O¶DIIOHXUHPHQW�j�WHUUH�

RX� ELHQ� HQ�PHU� JUkFH� DX[�PpWKRGHV� LQGLUHFWHV� G¶LPDJHULH� VLVPLTXH�� /HV� YDULDWLRQV� GH� IOX[�

VpGLPHQWDLUH�HW�GH�OLWKRORJLH�SHXYHQW�rWUH�FRQWUDLQWHV�SDU�OHV�GRQQpHV�GH�IRUDJH�HW�OHV�GDWDWLRQV�

GLUHFWHV����

�

�

�
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2UGUH�
KLpUDUFKLTXH�
GHV�VpTXHQFHV�

'XUpH��0D�� &DXVH�

�HU�RUGUH� ��������
)RUPDWLRQ�HW�IUDJPHQWDWLRQ�

GHV�FRQWLQHQWV�

6HFRQG�RUGUH� �������

&KDQJHPHQW�GH�YROXPH�DX�

QLYHDX�GHV�GRUVDOHV�

RFpDQLTXHV�

7URLVLqPH�RUGUH� ����� 7HFWRQLTXH�ORFDOH�

4XDWULqPH�HW�

�qPH�RUGUH�
������� &RQWU{OH�RUELWDOH�

7DEOH�����&RQWU{OHV�WHFWRQLTXH�HW�FOLPDWLTXH�VXU�OHV�YDULDWLRQV�HXVWDWLTXHV�PRGLILp�GH�&DWXQHDQX���������HW�9DLO�
HW�DO����������

/D�OHFWXUH�GHV�SKpQRPqQHV�WHFWRQLTXHV�HW�FOLPDWLTXHV�GDQV�O¶HQUHJLVWUHPHQW�VpGLPHQWDLUH�SHXW�

PHWWUH� HQ� pYLGHQFH� GHV� SKpQRPqQHV� OLpV�� 3DU� H[HPSOH�� HQ� 0pGLWHUUDQpH� RFFLGHQWDOH�� OD�

IHUPHWXUH�GHV�FRQQHFWLRQV�DYHF�O¶$WODQWLTXH�j����0D�D�HX�SRXU�FRQVpTXHQFH�OD�UHVWULFWLRQ�GHV�

DSSRUWV�G¶HDX[�$WODQWLTXH�HW�OD�GHVVLFFDWLRQ�GX�%DVVLQ�0pGLWHUUDQpHQ��+V��HW�DO���������������

.ULMJVPDQ� HW� DO��� ������� /D� FKXWH� GX� QLYHDX� PDULQ� FRQVpFXWLYH�� D� GpFKDUJp� OH� EDVVLQ�

0pGLWHUUDQpHQ�GX�SRLGV�GH�OD�FRORQQH�G¶HDX��SURYRTXDQW�XQ�SKpQRPqQH�GH�VRXOqYHPHQW�GHV�

FRXFKHV�PLRFqQHV� �*RYHUV� HW� DO��� ������� &H� SKpQRPqQH� DSSHOp� UHERQG� LVRVWDWLTXH� HVW� OLp� j�

O¶pODVWLFLWp�HW�j�OD�VWUDWLILFDWLRQ�GH�OD�OLWKRVSKqUH��:DWWV�DQG�%XURY���������6XU�OD�SODWHIRUPH�GH�

OD�PDUJH�GX�*ROIH�GX�/LRQ��0pGLWHUUDQpH�2FFLGHQWDOH���O¶DUFKLWHFWXUH�GHV�GpS{WV�VpGLPHQWDLUH�

HQUHJLVWUHQW�DX�SUHPLHU�RUGUH�OD�VXEVLGHQFH�WKHUPLTXH�GHSXLV� OH�0LRFqQH���:DWWV�DQG�5\DQ��

������ 6WHFNOHU� DQG� :DWWV�� ������� 'DQV� OH� 4XDWHUQDLUH�� OD� VXFFHVVLRQ� GH� IDFLqV� GH� SODJH�

SUR[LPDX[� HW� GH� IDFLqV� GLVWDX[� HQUHJLVWUH� OHV� YDULDWLRQ� GX� QLYHDX� PDULQ� UHODWLI� OLpHV� DX[�

SDUDPqWUHV� RUELWDX[� �H�J�� 5DELQHDX� HW� DO��� ������� /D� SRVLWLRQ� GH� SDOpR�ULYDJHV�� OLpV� DX[�

PD[LPXPV�GH�FKXWH�GX�QLYHDX�PDULQ�SUpVHUYpH�SDU�OD�VXEVLGHQFH��HW�LPDJpH�SDU�OHV�PpWKRGHV�

GH� VLVPLTXH� UpIOH[LRQ�� SHUPHW� GH� TXDQWLILHU� OD� TXDQWLWp� GH� EDVFXOHPHQW� GH� OD� PDUJH� HW� GH�

VXUUHFWLRQ�GHV�]RQHV�pPHUJpHV��HW�DLQVL�GH�FDOFXOHU�OH�WDX[�GH�VXEVLGHQFH�HQ�GLYHUV�SRVLWLRQ�GH�

OD�PDUJH� �)LJ�������5DELQHDX�HW�DO����������&H� WDX[�GH� VXEVLGHQFH�FDOFXOp�HVW� OD� VRPPH�GHV�

GLIIpUHQWV�SURFHVVXV�WHFWRQLTXH��VXEVLGHQFH�WKHUPLTXH�HW�UHERQG�LVRVWDWLTXH����
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)LJXUH�������'pILQLWLRQ�GH�OD�QRWLRQ�G¶DFFRPPRGDWLRQ�HW�G¶DQJOH�GH�VXEVLGHQFH�PRGLILpH�G¶DSUqV�5DELQHDX�HW�DO���
�������� $�� 'pILQLWLRQ� GH� O¶DFFRPPRGDWLRQ� SDU� OD� VXEVLGHQFH� HW� OHV� YDULDWLRQV� HXVWDWLTXHV�� %��� ([HPSOH�
G¶DFFRPPRGDWLRQ�j�GHX[�SDV�GH�WHPSV�W��HW�W���/D�YDULDWLRQ�G¶DFFRPPRGDWLRQ�©�$FFR�ª�HQWUH�W��HW�W��HVW�IRQFWLRQ�
GHV�pSDLVVHXUV�GH�VpGLPHQWV�HW�GH�OD�WUDQFKH�G¶HDX�DX�GHVVXV�H���H���E��HW�E����οܣሺ௧మି௧భሻ ൌ ο ሺܵ௧మି௧భሻାοܧሺ௧మି௧భሻ ൌ
݁ଶ ൅ ܾଶ െ ݁ଵ െ ܾଵ�� �eTXDWLRQ� ��� &��� FDOFXO� GH� O¶DQJOH� GH� VXEVLGHQFH�� &HV� VFKpPDV� GpILQLV� GDQV� OH� FDGUH�
VWUDWLJUDSKLTXH�GX�JROIH�GX�/LRQ�PRQWUHQW�TX¶LO�HVW�SRVVLEOH�GH�GpWHUPLQHU�GHV�VLJQDX[�WHFWRQLTXHV�GH�SHWLWH�HW�
JUDQGH�pFKHOOH��LFL�XQH�VXEVLGHQFH�ORFDOH�HW�OH�EDVFXOHPHQW�GH�OD�PDUJH�j�SDUWLU�GH�OD�JpRPpWULH�GHV�GpS{WV��'HV�
LQFHUWLWXGHV� GH�PHVXUHV� HW� WKpRULTXHV� H[LVWHQW� VXU� OD� SRVLWLRQ� HW� OD� VLJQLILFDWLRQ�GH� O¶RIIODS�EUHDN�TXL� SHXYHQW�
FRQGXLUH�j�XQH�PDXYDLVH�LQWHUSUpWDWLRQ�GH�FH�QLYHDX�UHSqUH��

6XU�OD�PDUJH�GX�*ROIH�GX�/LRQ�LO�D�SDU�H[HPSOH�pWp�SRVVLEOH�G¶HVWLPHU�OHV�YDULDWLRQV�GH�IOX[�

VpGLPHQWDLUH�OLpHV�DX[�FKDQJHPHQWV�FOLPDWLTXHV�HW�j�O¶pURVLRQ�HQ�DPRQW�GX�EDVVLQ�JUkFH�DX[�

GRQQpHV�GH�IRUDJHV��%DVVHWWL�HW�DO���������������%RQQHDX�HW�DO���������)DQJHW�HW�DO���������)ULJROD�

HW� DO��� ������ -RXHW� HW� DO��� ������ HW� j� GHV�PRGpOLVDWLRQV� QXPpULTXHV� GH� EDVVLQV� VpGLPHQWDLUH�

�/HURX[��������/HURX[�HW�DO����������

(Q� HVWLPDQW� OD� SRVLWLRQ� GHV� PDUTXHXUV� GH� FKXWH� GX� QLYHDX� PDULQ� GDWpV� GH� O¶pYqQHPHQW�

0HVVLQLHQ��LO�D�pWp�SRVVLEOH�GH�GLVWLQJXHU�OD�FRPSRVDQWH�GH�VXEVLGHQFH�OLpH�DX�EDVFXOHPHQW�HW�
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DX�UHIURLGLVVHPHQW�GH�OD�PDUJH�GHSXLV�OH�0LRFqQH��GH�OD�FRPSRVDQWH�OLpH�DX�UHERQG�LVRVWDWLTXH�

�5DELQHDX�HW�DO�����������

&HWWH�WKqVH�SRUWH�VXU�O¶DQDO\VH�HW�OD�TXDQWLILFDWLRQ�GH�OD�GpIRUPDWLRQ�DVVRFLpH�j�O¶LQYHUVLRQ�GX�

GRPDLQH�G¶$OERUDQ��)LJ��������DLQVL�TXH�O¶DQDO\VH�HW�OD�GHVFULSWLRQ�GHO¶DUFKLWHFWXUH�GH�OD�PDUJH�

DX�3OLR�4XDWHUQDLUH��1RXV�GpILQLVVRQV�LFL�OH�GRPDLQH�G¶$OERUDQ�FRPPH�OH�GRPDLQH�FRPSUHQDQW�

OHV�XQLWpV�GH�VRFOH�PpWDPRUSKLTXHV�FKHYDXFKDQWHV�VXU�OHV�SODTXHV�(XUDVLH�HW�$IULTXH�HW�OH�EDVVLQ�

G¶$OERUDQ�FRPPH�OHV�VpULHV�VpGLPHQWDLUHV�GpSRVpHV�VXU�OHV�XQLWpV�GH�VRFOH�PpWDPRUSKLTXHV���

$� WHUUH�� OH� GRPDLQH� G¶$OERUDQ� FRUUHVSRQG� DX[� XQLWpV� LQWHUQHV� GH� O¶DUF�%pWLFR�5LIDLQ��1RXV�

GpYHORSSHURQV�XQH�WKpPDWLTXH�OLpH�j�OD�WHFWRQLTXH�j�JUDQGH�HW�SHWLWH�pFKHOOH�GH�WHPSV�HW�G¶HVSDFH�

DLQVL� TX¶XQH� WKpPDWLTXH� GH� EDVVLQ�� OLpH� j� O¶LQWHUDFWLRQ� HQWUH� WHFWRQLTXH� HW� YDULDWLRQV� JODFLR�

HXVWDWLTXH� GX� QLYHDX� PDULQ�� /H� EDVVLQ� G¶$OERUDQ�� SDUWLH� H[WUrPH� RFFLGHQWDOH� GX� EDVVLQ�

0pGLWHUUDQpHQ�HVW�XQH�]RQH�FOp�SRXU�pWXGLHU�HW�FRPSUHQGUH�FHV�LQWHUDFWLRQV�FDU����

����&H�EDVVLQ�HVW�OH�SURGXLW�GH�OD�JpRG\QDPLTXH�0pGLWHUUDQpHQQH�j�JUDQGH�pFKHOOH��%LOOL�HW�

DO��� �������/¶H[WHQVLRQ� DUULqUH�DUF� FRQVpFXWLYH� DX� UROO�EDFN� HW� j� OD� IUDJPHQWDWLRQ� GX�

SDQQHDX� SORQJHDQW� 7pWK\VLHQ� j� SDUWLU� GH� ��0D� HVW� j� O¶RULJLQH� GH� FH� EDVVLQ�� /D�

FRQYHUJHQFH�$IULTXH�(XUDVLH�j�ORQJ�WHUPH�SURGXLW�O¶LQYHUVLRQ�GX�EDVVLQ�0pGLWHUUDQpH�

HW�GH� VHV�PDUJHV��/D� VLPXOWDQpLWp�GHV�SKpQRPqQHV�GH� UROO�EDFN�GDQV�XQ�FRQWH[WH�GH�

FRQYHUJHQFH�D�SRXU�FRQVpTXHQFH�XQ�PRGH�GH�GpIRUPDWLRQ�VSpFLILTXH���O¶HIIRQGUHPHQW�

G¶XQH� FKDLQH� GH� FROOLVLRQ� HQ� WUDQVWHQVLRQ� �O¶RXYHUWXUH� GX�EDVVLQ�� SXLV� O¶LQYHUVLRQ�GX�

EDVVLQ�HQ�WUDQVSUHVVLRQ���

����/H�EDVVLQ� VH� VLWXH� j� O¶LQWHUIDFH�HQWUH� O¶RFpDQ�$WODQWLTXH� HW� OD�PHU�0pGLWHUUDQpH��/HV�

YDULDWLRQV�GH�FLUFXODWLRQ�GHV�PDVVHV�G¶HDX�HQWUH� O¶$WODQWLTXH�HW� OD�0pGLWHUUDQpH�VRQW�

LQIOXHQFpHV�SDU� O¶RXYHUWXUH�GX�GpWURLW�GH�*LEUDOWDU��8Q� UpJLPH�GH�FLUFXODWLRQ� OLp� j� OD�

FLUFXODWLRQ�JpRVWURSKLTXH�GH�FRXUDQWV�SURIRQGV�V¶HVW�FUpp�HQ�0pGLWHUUDQpH�DSUqV�OD�FULVH�

PHVVLQLHQQH��'HSXLV��OH�UpJLPH�GH�FLUFXODWLRQ�LQIOXHQFH�O¶RUJDQLVDWLRQ�GHV�GpS{WV�VRXV�

PDULQV�HW�PRGqOH�OH�SD\VDJH���

����1RXV� WUDYDLOOHURQV� j� GHX[� pFKHOOHV� GH� WHPSV�� /H�3OLR�4XDWHUQDLUH� R�� O¶LQIOXHQFH�GHV�

FRXUDQWV�PDULQV�HW� OHXU�pYROXWLRQ�HQ� UHODWLRQ�DYHF� OD� WHFWRQLTXH�VHUD�HVVHQWLHOOH�SRXU�

FRPSUHQGUH�O¶pYROXWLRQ�GX�EDVVLQ�G¶$OERUDQ��/H�4XDWHUQDLUH������N\��GXUDQW�OHTXHO�OHV�

YDULDWLRQV�GH�IRUWHV�DPSOLWXGH�GX�QLYHDX�PDULQ�UHODWLI�YRQW�rWUH�HQUHJLVWUpHV�VXU�OD�PDUJH�

0DURFDLQH��/¶LQIOXHQFH�GH�OD�WHFWRQLTXH�DFWLYH�VHUD�GpPRQWUpH��1RXV�UDSSHOOHURQV�OHV�

GLIIpUHQWV� PpFDQLVPHV� TXL� FRQWU{OHQW� O¶RUJDQLVDWLRQ� GHV� EDVVLQV� VpGLPHQWDLUHV� GDQV�

O¶LQWURGXFWLRQ�GX�FKDSLWUH�SRUWDQW�VXU�OH�FRQWU{OH�WHFWRQLTXH�GH�OD�VWUDWLJUDSKLH�GX�EDVVLQ�
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GH�1HNRU��(Q�O¶DEVHQFH�GH�FRQWU{OHV�WHPSRUHOV��QRXV�SURSRVHURQV�XQ�PRGqOH�G¶pYROXWLRQ�

GH�FH�VRXV�EDVVLQ�G¶$OERUDQ��EDVp�VXU�OD�PRUSKRORJLH�FRPSDUpH�GH�OD�PDUJH�0DURFDLQH��

�
)LJXUH�������7RSRQ\PLH�GHV�EDVVLQV�0pGLWHUUDQpHQ�SURMHWpH�VXU�OD�WRSRJUDSKLH�*(%&2�

� �
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��� ,QYHUVLRQ�GHV�PDUJHV�FRQWLQHQWDOHV�

/¶LQYHUVLRQ�G¶XQH�PDUJH�SHXW�rWUH�YXH�FRPPH�OH�PRPHQW�GX�F\FOH�GH�:LOVRQ���:LOVRQ�������

R��V¶LQLWLH�OD�VXEGXFWLRQ��/¶LQYHUVLRQ�GH�OD�PDUJH�SDVVLYH�GpPDUUH�ORUVTXH�OHV�IRUFHV�WHFWRQLTXHV�

FRPSUHVVLYHV� YRQW� SURYRTXHU� VD� GpIRUPDWLRQ�� &H� SURFHVVXV� G¶LQYHUVLRQ� HVW� OLp� j� GHV�

FKDQJHPHQWV�GH�FLQpPDWLTXHV�GHV�SODTXHV��'DQV�OD�OLWWpUDWXUH��OD�SUREOpPDWLTXH�GH�O¶LQYHUVLRQ�

G¶XQH�PDUJH� RX� G¶XQ� EDVVLQ� HVW� VRXYHQW� DVVRFLpH� j� O¶pWDSH� GH� FROOLVLRQ� FRQWLQHQWDOH� HW� j� OD�

GpIRUPDWLRQ�DYDQW�HW�DUULqUH�DUF��+DUGLQJ�������+D\ZDUG�DQG�*UDKDP�������/HWRX]H\��:HUQHU��

DQG�0DUW\�������%XLWHU�DQG�$GULDQ�3ILIIQHU�������%XLWHU��3ILIIQHU��DQG�%HDXPRQW��������%XLWHU�

DQG� $GULDQ� 3ILIIQHU� ������ 1LOIRXURXVKDQ� HW� DO�� ������ %RQLQL�� 6DQL�� DQG� $QWRQLHOOL� ������

%HOODKVHQ�HW�DO��������%DXYLOOH�DQG�6FKPDOKRO]�������/DFRPEH�HW�DO���������

/HV�]RQHV�G¶LQYHUVLRQ�VRQW�GHV�]RQHV�GH�GpIRUPDWLRQ�GLVWULEXpHV�TXL�LPSOLTXHQW�OD�IRUPDWLRQ�GH�

QRXYHOOHV� VWUXFWXUHV� �SOLV�� IDLOOHV�� HW� OD� UpDFWLYDWLRQ� GH� VWUXFWXUHV� DQFLHQQHV�� /RUVTXH� OD�

UpDFWLYDWLRQ� LPSOLTXH� XQH� WHFWRQLTXH� H[WHQVLYH� SXLV� XQH� WHFWRQLTXH� FRPSUHVVLYH�� RQ� SDUOH�

G¶LQYHUVLRQ� SRVLWLYH�� 2Q� SDUOHUD� j� O¶LQYHUVH� G¶LQYHUVLRQ� WHFWRQLTXH� QpJDWLYH� ORUVTXH� OD�

WHFWRQLTXH�HVW�FRPSUHVVLYH�SXLV�H[WHQVLYH��*RULQL�HW�DO����������

'DQV�XQ�FRQWH[WH�JpRG\QDPLTXH�R��OHV�GLUHFWLRQV�GH�FRQYHUJHQFH�IRUPHQW�XQ�DQJOH�SDU�UDSSRUW�

j�OD�GLUHFWLRQ�JpQpUDOH�GHV�VWUXFWXUHV�GH�OD�PDUJH��RQ�SDUOH�GH�FRQYHUJHQFH�REOLTXH��FH�TXL�VH�

WUDGXLW�SDU�GHV�PRXYHPHQWV�ODWpUDX[�OH�ORQJ�GHV�IDLOOHV�HW�GHV�PRXYHPHQWV�YHUWLFDX[��:LOFR[�

HW�DO����������/¶REOLTXLWp�SHXW�rWUH�VLPSOHPHQW�LQGXLWH�SDU�OD�JpRPpWULH�OD�PDUJH��)LJ��������SDU�

H[HPSOH�XQH�]RQH�WUDQVIRUPDQWH�HQWUH�GHX[�VHFWLRQV�GH�PDUJH�SDVVLYHV��RX�ELHQ�XQH�]RQH�GH�

WUDQVIHUW�HQWUH�GHX[�DUFV�RURJpQLTXHV��2X�ELHQ�O¶REOLTXLWp�SHXW�rWUH�OH�UpVXOWDW�G¶XQ�FKDQJHPHQW�

GH�FLQpPDWLTXH��SDU�H[HPSOH�OLp�j�O¶RXYHUWXUH�G¶XQH�]RQH�GH�ULIW��(WXGLHU�XQH�LQYHUVLRQ�REOLTXH�

QpFHVVLWH�GRQF�GH�UpVRXGUH�GHX[�TXHVWLRQV���TXHOOHV�VRQW�OHV�VWUXFWXUHV�LQYHUVpV�HW�TXHOOH�HVW�OD�

UDLVRQ�GH�O¶REOLTXLWp�"��

����� /RFDOLVDWLRQ�GH�O¶LQYHUVLRQ��

/¶LQYHUVLRQ�G¶XQH�PDUJH�VH�ORFDOLVH�JpQpUDOHPHQW�GDQV�OHV�EDVVLQV�H[WHQVLIV��JUDEHQ�HW�GHPL�

JUDEHQV�LQYHUVpV��RX�VXU�OHV�IDLOOHV�QRUPDOHV�ERUGDQW�FHV�EDVVLQV��)LJ��������'¶DSUqV�OHV�pWXGHV�

GH�WHUUDLQV��ORUV�GH�OD�UHSULVH�HQ�FRPSUHVVLRQ�GHV�EDVVLQV�H[WHQVLIV��OHV�IDLOOHV�QRUPDOHV�SHXYHQW�

UHMRXHU� HQ� MHX� LQYHUVH� SOXV� RX�PRLQV� GpFURFKDQW�� &HFL� D� pWp� PRQWUp� SDU� H[HPSOH� GDQV� OHV�

$SHQQLQV�&HQWUDO� �%XWOHU� HW� DO��� ������� GDQV� OH� EDVVLQ� GH�%URDG� )RXUWHHQV� �0HUV� GX�1RUG��
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�)DFFHQQD�HW�DO����������HQ�DYDQW�GH�O¶DUF�7DwZDQDLV��/DFRPEH�DQG�0RXWKHUHDX����������GDQV�

OHV�$OSHV�2FFLGHQWDOHV��/HPRLQH�HW�DO���������RX�HQFRUH�GDQV�O¶$WODV��%HDXFKDPS�HW�DO�����������

'DQV� XQ� UpJLPH� DQGHUVRQLHQ� �ı�!� ı��!� ı���� ı��ŏ� ı�� ŏ�ı���� ıQ�YHUWLFDO��� O¶LQYHUVLRQ� GHV� IDLOOHV�

QRUPDOHV� HVW� OLpH� j� O¶DQJOH� GH� OD� IDLOOH� DYHF� OD� FRQWUDLQWH� ı�� �)LJ�� ������ 'HV� FRQGLWLRQV�

SDUWLFXOLqUHV�GH�IULFWLRQ�VXU�OHV�]RQHV�GH�IDLOOHV�VRQW�DORUV�QpFHVVDLUH�SRXU�UpDFWLYHU�OHV�IDLOOHV�

QRUPDOHV� HQ� LQYHUVHV� �6LEVRQ�� �������� GDQV� XQ� UpJLPH� DQGHUVRQLHQ�� O¶LQYHUVLRQ� G¶XQH� IDLOOH�

QRUPDO� QpFHVVLWH� XQH� FRQWUDLQWH� WDQJHQWLHOOH� SOXV� LPSRUWDQWH� TXH� SRXU� XQH� UpDFWLYDWLRQ� HQ�

H[WHQVLRQ�j�FDXVH�GH�O¶DQJOH�GH�IULFWLRQ��

� �
)LJXUH� ������'pILQLWLRQ� VFKpPDWLTXH� GH� O¶REOLTXLWp� GH� OD� FRQYHUJHQFH� OH� ORQJ� G¶XQ� DUF� YROFDQLTXH�PRGLILp� GH�
0F&DIIUH\����������'DQV�OHV�FDV�$�HW�&��O¶REOLTXLWp�HVW�OLpH�j�OD�FRXUEXUH�GH�O¶DUF��GDQV�OHV�FDV�%�HW�'��O¶REOLTXLWp�
HVW�OLpH�j�OD�IDLEOH�GLVWDQFH�GX�S{OH�GH�URWDWLRQ�FLQpPDWLTXH�SDU�UDSSRUW�j�O¶DUF��&HV�TXDWUH�FDV�VRQW�LGpDOLVpV�HW�
OHV�GHX[�IDFWHXUV�SHXYHQW�FRH[LVWHU����

/H�PpFDQLVPH�G¶DGRXFLVVHPHQW��FODVVLTXHPHQW�SURSRVp�GDQV� OD� OLWWpUDWXUH��FRUUHVSRQG�j�XQH�

GLPLQXWLRQ�GH� OD�FRQWUDLQWH�GLIIpUHQWLHOOH�HIIHFWLYH�ı��ı��VRXV� O¶HIIHW�G¶XQH�SUHVVLRQ�GH�IOXLGH�

�)RVVHQ����������

'H� OD� PrPH� PDQLqUH� OD� UpDFWLYDWLRQ� GHV� VWUXFWXUHV� GpFURFKDQWHV� QpFHVVLWH� GHV� FRQGLWLRQV�

SDUWLFXOLqUHV�GH�IULFWLRQ�VXU�OD�IDLOOH�HW�G¶RULHQWDWLRQ�GHV�VWUXFWXUHV��)LJ�������6LEVRQ�HW�DO����������

'¶DSUqV�GHV�PRGqOHV�DQDORJLTXHV��OD�JpRPpWULH�GHV�DFFLGHQWV�H[WHQVLIV�FRQWU{OH�OD�ORFDOLVDWLRQ�

GH�O¶LQYHUVLRQ�j�OD�VXUIDFH��VHORQ�VL�OD�IDLOOH�HVW�OLVWULTXH�RX�UHFWLOLJQH��OD�UpDFWLYDWLRQ�GH�OD�IDLOOH�

SURGXLUD�XQ�VKRUW�FXW��XQH�LQYHUVLRQ�GH�OD�IDLOOH�GDQV�VD�SDUWLH�EDVDOH��DQJOH�IDLEOH��HW�OH�GpFDODJH�

GH�VD�SDUWLH�VXSpULHXUH��DQJOH�IRUW��SDU�XQH�IDLOOH�LQYHUVH��RX�ELHQ�OD�IDLOOH�SRXUUD�rWUH�UpDFWLYpH�



����
�

�

GDQV�VRQ�HQVHPEOH� �)DFFHQQD�HW�DO����������/HV�SDUDPqWUHV�FRQWU{ODQW� O¶LQYHUVLRQ�GHV� IDLOOHV�

VRQW�OD�SUHVVLRQ�GH�IOXLGH�HW� O¶DQJOH�GH� OD�GLUHFWLRQ�GH� OD� IDLOOH�SDU� UDSSRUW�DX[�GLUHFWLRQV�GH�

FRQWUDLQWHV��

�
)LJXUH�������D��'pIRUPDWLRQ�FRD[LDOH�LGpDOH�G¶XQ�JUDEHQ�SUp�H[LVWDQW�ERUGp�SDU�GHX[�IDLOOHV�GH�SHQGDJH�RSSRVpHV�
���� E�� &RPSRUWHPHQW� GHV� IDLOOHV� GH� FKHYDXFKHPHQWV� IRUPpHV� GDQV� XQH� FUR�WH� KRPRJqQH� HW� LVRWURSH�� &��
5pDFWLYDWLRQ�GHV�IDLOOHV�H[LVWDQWHV�VRXV�XQH�FRPSUHVVLRQ�KRUL]RQWDOH�G��&RXUEH�GHV�UpDFWLYDWLRQV�GH�OD�FRQWUDLQWH�
GLIIpUHQWLHOOH�HQ�IRQFWLRQ�GX�SHQGDJH�G¶XQH�IDLOOH�LQYHUVH�GH�FRKpVLRQ�QXOOH��DYHF�XQH�IULFWLRQ�� �����j���NP�GH�
SURIRQGHXU�HW�SRXU�GLIIpUHQWV�IDFWHXU�GH�SUHVVLRQ�GH�IOXLGH�ȜY��0RGLILp�GH��%RQLQL�HW�DO���������/D�ILJXUH�PRQWUH�
TX¶DX�GHOj�G¶XQ�DQJOH�FULWLTXH��������O¶LQYHUVLRQ�HVW�LQKLEpH��ORFN�XS��PDLV�SRVVLEOH�VL�OD�SUHVVLRQ�GH�IOXLGH�3I�HVW�
VXSpULHXUH�j�OD�FRQWUDLQWH�ı���,O�H[LVWH�XQ�DQJOH�RSWLPDO�GH�����HQWUH�OH�SHQGDJH�HW�ı��SRXU�UpDFWLYHU�XQH�IDLOOH�
FKHYDXFKDQWH��,O�HVW�SRVVLEOH�GH�UpDFWLYHU�XQH�IDLOOH�PDO�RULHQWpH�VL�XQ�PpFDQLVPH�G¶DGRXFLVVHPHQW�LQWHUYLHQW��LFL�
OD�SUHVVLRQ�IOXLGH��

(QILQ��OD�ORFDOLVDWLRQ�GH�O¶LQYHUVLRQ�GH�IDLOOHV�GpSHQG�GHV�YDULDWLRQV�ODWpUDOHV�GH�OLWKRORJLH��0HV�

WUDYDX[� GDQV� OHV� $OSHV� �DQQH[H� $�� /DIRVVH� HW� DO��� ������� RQW� PRQWUp� j� SDUWLU� GH� PRGqOHV�

QXPpULTXHV� j� O¶pFKHOOH� GH� OD� FUR�WH� TXH� O¶LQYHUVLRQ� GHV� IDLOOHV� QRUPDOHV� HVW� SRVVLEOH� VL� OH�
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FRPSRUWHPHQW�PpFDQLTXH�GHV�PDWpULDX[�GH�SDUW�HW�G¶DXWUH�GH�OD�IDLOOH�H[WHQVLYH�HVW�LGHQWLTXH��

1RXV� DYRQV� WHVWp� GDQV� OH� FRQWH[WH� GHV� PDVVLIV� FULVWDOOLQV� H[WHUQHV� �0&(�� GHV� $OSHV� GHV�

VFpQDULRV�G¶LQYHUVLRQ�R��OH�EDVVLQ�H[WHQVLI�LQYHUVp�HVW�YLVTXHX[�DORUV�TXH�OH�VRFOH�HQFDLVVDQW�

UHVWH�FDVVDQW��DQQH[H�$��/DIRVVH�HW�DO����������&HV�PRGqOHV�PRQWUHQW�FODLUHPHQW�TXH�ORUVTXH�

O¶HQIRXLVVHPHQW�HVW�WURS�LPSRUWDQW��OH�EDVVLQ�GHYLHQW�PpFDQLTXHPHQW�SOXV�IDLEOH�TXH�OH�VRFOH���

OD�GpIRUPDWLRQ�GHYLHQW�GLVWULEXpH�GDQV�OH�EDVVLQ�VRXV�O¶HIIHW�G¶XQ�SOL�j�JUDQGH�pFKHOOH�GX�VRFOH��

'DQV� QRV�PRGqOHV� VL� OD� IULFWLRQ� VXU� OD� IDLOOH� HVW� WURS� IRUWH� ��!����� DORUV� OD� IDLOOH� Q¶HVW� SDV�

UpDFWLYpH���

3RXU�ORFDOLVHU�OD�GpIRUPDWLRQ�DX�QLYHDX�GHV�EDVVLQV�RX�ELHQ�GHV�PDUJHV��OHV�PRGqOHV�QXPpULTXHV�

RQW� PRQWUp� O¶LPSRUWDQFH� GHV� FRQWUDVWHV� GH� YLVFRVLWp� HQWUH� OH� VRFOH� FULVWDOOLQ� HW� OHV� EDVVLQV�

VpGLPHQWDLUHV��%XLWHU�HW�DO���������/DIRVVH�HW�DO���������1LOIRXURXVKDQ�HW�DO����������/H�EDVVLQ�

VpGLPHQWDLUH�GRLW�UHVWHU�PpFDQLTXHPHQW�SOXV�IDLEOH�TXH�OH�VRFOH�SRXU�ORFDOLVHU�OD�GpIRUPDWLRQ��

/¶pWDW�WKHUPLTXH�GX�VRFOH�DSSDUDLW�FRPPH�OH�SDUDPqWUH�PDMHXU�SRXU�FRQWU{OHU�FH�JUDGLHQW�GH�

YLVFRVLWp�� /D�PRGpOLVDWLRQ� QXPpULTXH� GH� O¶LQYHUVLRQ� GH� EDVVLQ� D� SHUPLV� GH�PRQWUHU� TXH� OD�

ORFDOLVDWLRQ� GH� O¶LQYHUVLRQ� GDQV� OH� EDVVLQ� HVW� IDYRULVpH� SDU� XQH� GXUpH� GH� UHIURLGLVVHPHQW�

WKHUPLTXH�SRVW�ULI�VXIILVDPPHQW�FRXUWH�����0D��SRXU�QH�SDV�SHUPHWWUH�DX�PDQWHDX�VXSpULHXU�

G¶DYRLU�OH�WHPSV�GH�GHYHQLU�WURS�IURLG�HW�GRQF�SOXV�ULJLGH��%XLWHU�HW�DO����������&RPPH�PRQWUp�

GDQV� OHV�PRGqOHV�DQDORJLTXHV� �%RQLQL�HW�DO���������� OHV�]RQHV�GH�FLVDLOOHPHQWV�KpULWpHV�GH� OD�

SKDVH�G¶H[WHQVLRQ�VRQW�LQYHUVpV�SUpIpUHQWLHOOHPHQW��%XLWHU�HW�DO���������PRQWUHQW�TXH�O¶LQYHUVLRQ�

GHV�IDLOOHV�HVW�SRVVLEOH�VL�OD�SKDVH�GH�UHIURLGLVVHPHQW�WKHUPLTXH�SRVW�ULIW�GX�EDVVLQ�H[WHQVLI�HVW�

VXIILVDPPHQW�ORQJXH��!���0D��SRXU�ULJLGLILHU�VXIILVDPPHQW�OD�OLWKRVSKqUH���

����� ,QYHUVLRQ�REOLTXH�

/HV�GpIRUPDWLRQV�REOLTXH�VRQW�GpILQLHV�SDU�GHV�GLUHFWLRQV�GH�UDFFRXUFLVVHPHQW�QRQ�RUWKRJRQDX[�

j� OD� GLUHFWLRQ� GHV� VWUXFWXUHV� GH� OD�PDUJH� �)LJ�� ���� �� H�J��0F&DIIUH\�� ������ �������'DQV� XQ�

FRQWH[WH�G¶DUF�YROFDQLTXH��OD�GpIRUPDWLRQ�YD�rWUH�SDUWLWLRQQpH��(Q�FODLU��OHV�VWUXFWXUHV�H[LVWDQWHV�

YRQW�DFFRPPRGHU�OD�GpIRUPDWLRQ�DYHF�XQH�FRPSRVDQWH�GH�JOLVVHPHQW�ODWpUDO��HQ�GpFURFKHPHQW��

HW� XQH� FRPSRVDQWH� FRPSUHVVLYH� OH� ORQJ� GH� OLPLWHV� VWUXFWXUDOH� GH� O¶DUF��&H�PRGH� HVW� DSSHOp�

WUDQVSUHVVLI�RX�WUDQVWHQVLI�VHORQ�TXH�OD�GpIRUPDWLRQ�SURYRTXH�XQ�pSDLVVLVVHPHQW�YHUWLFDO�RX�ELHQ�

XQ�DPLQFLVVHPHQW�GH�OD�FUR�WH��H�J��6DQGHUVRQ�DQG�0DUFKLQL����������

/D�GpIRUPDWLRQ�GHV�PDUJHV�GDQV�XQ�PRGH�REOLTXH�SHXW�SURYRTXHU�GHV�URWDWLRQV�GH�EORF�ULJLGH�

VHORQ�O¶D[H�YHUWLFDO��-DFNVRQ�DQG�0F.HQ]LH��������0F.HQ]LH�DQG�-DFNVRQ��������HW�TXL�YRQW�

rWUH�HQUHJLVWUpV�SDU�OH�PDJQpWLVPH�GHV�URFKHV��,O�HVW�DLQVL�SRVVLEOH�GH�UHPRQWHU�j�OD�TXDQWLWp�GH�
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URWDWLRQ�DX�FRXUV�GX� WHPSV�GDQV� OHV�EDVVLQV��/¶LQYHUVLRQ�GHV�PDUJHV�VHORQ�XQ�PRGH�REOLTXH�

SURYRTXH�GHV�PRXYHPHQWV�YHUWLFDX[�DVVRFLpV�DX�UDFFRXUFLVVHPHQW�RX�ELHQ�j�O¶H[WHQVLRQ�GH�OD�

FUR�WH��)LJ��������&HV�PRXYHPHQWV�YHUWLFDX[�SHXYHQW�rWUH�OLpV�j�OD�JpRPpWULH�GH�OD�PDUJH�RX�GH�

O¶DUF� RURJpQLTXH� �VWUXFWXUHV� KpULWpHV��� RX� ELHQ� SOXV� ORFDOHPHQW� j� OD� IRUPDWLRQ� GH� VWUXFWXUHV�

VHFRQGDLUHV�DFFRPPRGDQW�OD�GpIRUPDWLRQ�HQWUH�OHV�VWUXFWXUHV�WHFWRQLTXHV�PDMHXUHV��)LJ��������

/D�IRUPDWLRQ�GH�FHV�UHODLV�SRVVqGH�XQH�DERQGDQWH�OLWWpUDWXUH��XQH�OLVWH�QRQ�H[KDXVWLYH���1D\ORU�

HW� DO��� ������:RRGFRFN� DQG� )LVFKHU�� ������ ������ 3HDFRFN�� ������9DQ�'LVVHQ� HW� DO��� ������

3HDFRFN�DQG�6DQGHUV��������'DZHUV�DQG�$QGHUV��������0F&OD\�DQG�'RROH\��������.HOO\�HW�DO���

������:DOVK�HW�DO���������DQVILHOG�DQG�&DUWZULJKW��������0F&OD\�DQG�%RQRUD��������:DOVK�HW�

DO�������.LP�DQG�6DQGHUVRQ���������6ROLYD�HW�DO���������&XQQLQJKDP�DQG�0DQQ��������*XUEX]��

������7RUDEL�DQG�%HUJ��������*LED�HW�DO����������/D�QRWLRQ�GH�©�UHODLV�ª�WHFWRQLTXH��LPSRUWDQWH�

SRXU�FHWWH�pWXGH��VHUD�LOOXVWUpH�GDQV�OHV�FKDSLWUHV�VXLYDQWV��

(Q� UpJLPH� GpFURFKDQW�� IDYRULVp� SDU� OH� SDUWLWLRQQHPHQW� GH� OD� GpIRUPDWLRQ�� OHV� TXDQWLWpV� GH�

PRXYHPHQWV�YHUWLFDX[��VRXOqYHPHQW�RX�VXEVLGHQFH��OHV�SOXV�LPSRUWDQWHV�VRQW�ORFDOLVpV�GDQV�OHV�

UHODLV�TX¶LOV�VRLHQW�H[WHQVLIV�RX�FRPSUHVVLI��'HV�PRXYHPHQWV�YHUWLFDX[�SHXYHQW�rWUH�DVVRFLpV�j�

OD�WHUPLQDLVRQ�GHV�IDLOOHV��)LJ�������6\OYHVWHU��������:RRGFRFN�DQG�)LVFKHU���������/H�WDX[�GH�

VXEVLGHQFH�SHXW�rWUH�UHOLp�DX�WDX[�GH�GpSODFHPHQW�OH�ORQJ�GHV�IDLOOHV�GpFURFKDQWHV�HQ�FRQVLGpUDQW�

GHV�YROXPHV�FRQVWDQWV��:RRGFRFN�DQG�)LVFKHU���������

/H� UpJLPH� GpFURFKDQW� HQWUDLQH� OD� IRUPDWLRQ� GH� IDLOOHV� TXL� HQ� VH� SURSDJHDQW� IRUPHQW� GHV�

VWUXFWXUHV�VHFRQGDLUHV� OLpHV�DX[�SURSULpWpV�SODVWLTXHV�GH�OD�FUR�WH�HW�RX�GHV�VpGLPHQWV�HW�TXL�

YRQW�HQUHJLVWUHU�OHV�pWDSHV�VXFFHVVLYHV�GH�QXFOpDWLRQV�GHV�VWUXFWXUHV��)LJ�������IHQWH�GH�5LHGHO��

IHQWH�G¶H[WHQVLRQ��FKHYDXFKHPHQW�ORFDX[��H�J��$\GLQ�DQG�6FKXOW]��������6\OYHVWHU���������&HV�

VWUXFWXUHV� VHFRQGDLUHV� SHXYHQW� VH� VXULPSRVHU� j� FHOOHV� DFWXHOOHV�� FHSHQGDQW� GDQV� OHV� EDVVLQV��

O¶HQUHJLVWUHPHQW� VWUDWLJUDSKLTXH� SHUPHW� GH� SURSRVHU� GHV� FDODJHV� WHPSRUHOV� GHV� GLIIpUHQWHV�

pWDSHV�GH�QXFOpDWLRQV�GHV�IDLOOHV�HW�GHV�UHODLV���

/D� GpIRUPDWLRQ� HQ� WUDQVSUHVVLRQ� HVW� GpSHQGDQWH� GHV� FRQGLWLRQV� GH� JOLVVHPHQW� DX[� OLPLWHV��

3OXVLHXUV�pWDSHV�GH�GpIRUPDWLRQV�HQ�WUDQVSUHVVLRQ�RQW�SX�rWUH�GpPRQWUpHV�SDU�H[HPSOH�GDQV�OH�

'pYRQLHQ�PR\HQ�HQ�(FRVVH�FHQWUDOH�FRQVLGpUDQW�XQ�UDFFRXUFLVVHPHQW�DSSUR[LPDWLYHPHQW�1�6�

�)LJ�������-RQHV�HW�DO����������/¶pWDSH�OD�SOXV�DQFLHQQH�FRUUHVSRQG�j�GHV�SOLV�DFFRPPRGDQW�FH�

UDFFRXUFLVVHPHQW� 16�� &HWWH� pWDSH� HVW� VXLYLH� SDU� OH� IRQFWLRQQHPHQW� G¶XQ� JUDQG� DFFLGHQW�

GpFURFKDQW� HW� XQH� DEVHQFH� G¶pSDLVVLVVHPHQW�� &HV� REVHUYDWLRQV� VRQW� LQWHUSUpWpHV� SDU� XQH�

H[WUXVLRQ�G¶XQ�EORF�OH�ORQJ�G¶XQH�IDLOOH�GpFURFKDQWH�DSSUR[LPDWLYHPHQW�(:��(QILQ�XQH�pWDSH�

GH�GpIRUPDWLRQ� WDUGLYH� IDLW� IRQFWLRQQHU�GHV� IDLOOHV�GpFURFKDQWHV�1(�6:�HW� OHXUV�FRQMXJXpHV�

VDQV� DFWLYHU� OD� IDLOOH� UHVSRQVDEOH� GH� O¶H[WUXVLRQ� GH� EORF� TXL� GHYLHQW� GRQF� PpFDQLTXHPHQW�
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LQDFWLYH��&HWWH�VXFFHVVLRQ�DSSDUHPPHQW�SRO\SKDVpH�FRUUHVSRQG�HQ�IDLW�j�O¶pYROXWLRQ�QRUPDOH�

GH�OD�GpIRUPDWLRQ�DX�FRXUV�GX�WHPSV�GDQV�XQ�UpJLPH�WUDQVSUHVVLI���

�

�
)LJXUH�������1RPHQFODWXUH�GHV�GLIIpUHQWV�W\SHV�GH�UHODLV�HQ�UpJLPH�GpFURFKDQW�GHSXLV�OHV�ULIWV�HQ�WUDQVWHQVLRQ�HQ�
EDV�j�JDXFKH�DX[�RURJqQHV�WUDQVSUHVVLIV�HQ�KDXW�j�GURLWH��PRGLILp�GH�&XQQLQJKDP�DQG�0DQQ���������

�
)LJXUH�������6FKpPD�WLUp�GH�-RQHV�HW�DO���������PRQWUDQW�O¶LQIOXHQFH�GH�OD�SUR[LPLWp�GX�S{OH�GH�URWDWLRQ�ORQJ�WHUPH�
SDU�UDSSRUW�j�O¶DUF�YROFDQLTXH�HW�GH�OD�JpRPpWULH�GH�OD�PDUJH�VXU�O¶REOLTXLWp�GX�YHFWHXU�UDFFRXUFLVVHPHQW�SDU�
UDSSRUW� DX[� VWUXFWXUHV� GH� OD� PDUJH�� /¶pYROXWLRQ� GX� SDUWLWLRQQHPHQW� GH� OD� GpIRUPDWLRQ� OH� ORQJ� GH� O¶DUF� HVW�
FRQWUDLQWH�SDU�FHV�GHX[�SDUDPqWUHV���

/HV� VWUXFWXUHV� HQ� UHODLV� QH� V¶H[SULPHQW� SDV� IRUFpPHQW� MXVTX¶HQ� VXUIDFH�� /D� FRQQH[LRQ� GHV�

VWUXFWXUHV�VH�SURGXLW�G¶DERUG�HQ�SURIRQGHXU�Oj�R��OH�GLIIpUHQWLHO�GHV�FRQWUDLQWHV�HVW�OH�SOXV�pOHYp�

�H�J��6FKRO]�HW�DO����������/HV�IDLOOHV�SHXYHQW�DSSDUDLWUH�FRPPH�GpFRQQHFWpHV�HQ�VXUIDFH�PDLV�
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rWUH�FRQQHFWpHV�HQ�SURIRQGHXU��)LJ��������'DZHUV�DQG�$QGHUV��������*LED�HW�DO���������.LP�DQG�

6DQGHUVRQ��������������0DQVILHOG�DQG�&DUWZULJKW��������6ROLYD�HW�DO����������'DQV�OHV�pWXGHV�

GH�EDVVLQ�DFWLI��FH�SDUDPqWUH�HVW�LPSRUWDQW�j�SUHQGUH�HQ�FRPSWH�SRXU�UHFRQQDLWUH�GHV�V\VWqPHV�

FRQQHFWpV�j�JUDQGH�pFKHOOHV�TXL�SHXYHQW�DSSDUDLWUH�GpFRQQHFWpV�ORFDOHPHQW���

����� 'pIRUPDWLRQ�GpFURFKDQWH��PpFDQLVPHV�GH�GLVWULEXWLRQ���

'DQV�XQ�FRQWH[WH�G¶LQYHUVLRQ��LO�DSSDUDLW�GRQF�TXH�OHV�VWUXFWXUHV�WHFWRQLTXHV�KpULWpHV�SHXYHQW�

DFFRPPRGHU� OD� GpIRUPDWLRQ� HQ� IRQFWLRQ� GH� OD� JpRPpWULH� GX� V\VWqPH�� &HSHQGDQW�� FHWWH�

JpRPpWULH�GX�V\VWqPH�pYROXH�GDQV�OH�WHPSV�����OHV�FRQGLWLRQV�DX[�OLPLWHV�FKDQJHQW��WHFWRQLTXHV�

GHV� SODTXHV���� ���� OH� V\VWqPH� pYROXH� QDWXUHOOHPHQW� YHUV� VRQ� pWDW� G¶pTXLOLEUH� �QRWLRQ�

G¶DXWRURWDWLRQ��6FKRO]�HW�DO���������������XQ�PDXYDLV�DOLJQHPHQW�LQWULQVqTXH��

/H�FKDQJHPHQW�GHV�FRQGLWLRQV�DX[�OLPLWHV�HVW�XQ�IDFWHXU�GH�ORFN�XS�GHV�VWUXFWXUHV�WHFWRQLTXHV��

/¶DXJPHQWDWLRQ�GH�OD�FRQWUDLQWH�QRUPDOH�SURYRTXH�O¶LQKLELWLRQ�GH�O¶LQYHUVLRQ��&H�PpFDQLVPH�

HVW�SURSRVp�GDQV�OH�FDV�GH�OD�IDLOOH�0DUOERURXJK�HQ�1RXYHOOH�=pODQGH��%DUQHV��6XWKHUODQG��DQG�

'HOWHLO������/D�PLJUDWLRQ�GX�S{OH�GH�FRQYHUJHQFH�SURYRTXH�j�SDUWLU�GH��0D�XQ�FKDQJHPHQW�

G¶RULHQWDWLRQ�GHV�FRQWUDLQWHV��OD�FRQYHUJHQFH�GHYLHQW�DORUV�REOLTXH�HW�OD�IDLOOH�$OSLQH�MRXH�VHORQ�

XQ�PRGH�WUDQVSUHVVLI��&H�PpFDQLVPH�SHXW�DXVVL�rWUH�pYRTXp�SRXU�H[SOLTXHU�OH�FKDQJHPHQW�GH�

VW\OH�VWUXFWXUDO�GDQV�OH�FDV�GX�EDVVLQ�GH�9LHQQH�HW�GH�OD�WUDQVLWLRQ�YHUV������0D�GH�OD�FKDLQH�

GHV�$OSHV�j�OD�FKDLQH�GHV�&DUSDWHV�2FFLGHQWDOHV��)RGRU����������

�

)LJXUH�������(YROXWLRQ�G¶XQ�V\VWqPH�GH�IDLOOHV�QRUPDOHV�VXU�GHX[�pWDSHV�GH�WHPSV�GDQV�XQ�PRGqOH�DQDORJLTXH�
PRGLILp�GH�0DQVILHOG�DQG�&DUWZULJKW����������$�OD�VXUIDFH�GX�PRGqOH�OHV�IDLOOHV�DSSDUDLVVHQW�GpFRQQHFWpHV��DX�
VWDJH����FDU�OH�GpSODFHPHQW�j�OD�VXUIDFH�HVW�SHWLW��OH�GpSODFHPHQW�OH�ORQJ�GX�PLURLU�GH�IDLOOH�DXJPHQWH�FRQQHFWDQW�
OHV�IDLOOHV��VWDJH�����

/D�QRWLRQ�G¶DXWRURWDWLRQ�HVW�OD�FRQVpTXHQFH�GLUHFWH�GH�O¶pYROXWLRQ�GH�OD�GpIRUPDWLRQ�GHV�]RQHV�

HQ�WUDQVSUHVVLRQ��'DQV�XQ�PLOLHX�pODVWLTXH��OD�GpIRUPDWLRQ� WUDQVSUHVVLYH�V¶DFFRPSDJQH�GH�OD�

URWDWLRQ� GHV� VWUXFWXUHV� HW� SURGXLW� XQ� GpVDOLJQHPHQW� SURJUHVVLI� GHV� IDLOOHV� SDU� UDSSRUW� DX[�

FRQWUDLQWHV� �0DUWHO�� �������&HWWH� URWDWLRQ� HVW� LQILQLWpVLPDOH� ORUVTXH� OD� IDLOOH� HVW� LVROpH�PDLV�

GHYLHQW�ILQL�ORUVTXH�OHV�VWUXFWXUHV�WHFWRQLTXHV�VH�FRQQHFWHQW�HW�IRUPHQW�GH�ORQJXHV�VWUXFWXUHV�

�XQH�OLPLWH�GH�SODTXH���&H�VW\OH�GH�GpIRUPDWLRQ�HQ�ERRN�VKHOI�SRVVqGH�XQH�OLWWpUDWXUH�DERQGDQWH�

HW�HVW�ELHQ�GpFULW��$\GLQ�DQG�6FKXOW]��������1XU�HW�DO���������5RQ�HW�DO���������:RRGFRFN�DQG�

)LVFKHU����������
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(QILQ��OD�PDXYDLVH�RULHQWDWLRQ�GHV�VWUXFWXUHV�SHXW�rWUH�LQKpUHQWH�j�OHXU�PRGH�GH�IRUPDWLRQ��3DU�

H[HPSOH��OHV�VWUXFWXUHV�GpFURFKDQWHV�GDQV�XQH�VXFFHVVLRQ�GH�UHODLV�WUDQVSUHVVLI�HW�FRPSUHVVLI�

VRQW� ODUJHPHQW� LQIOXHQFpHV� SDU� OHV� KpWpURJpQpLWpV� SUpH[LVWDQWHV� �DQFLHQV� FKHYDXFKHPHQWV��

KpWpURJpQpLWpV�FUXVWDOHV��«���/D�ORFDOLVDWLRQ�GHV�UHODLV�HVW�FRQWU{OpH�SDU�FHV�KpWpURJpQpLWpV�HW�

OHV�IDLOOHV�IRUPpHV�GDQV�FHV�UHODLV�VRQW�REOLTXHV�SDU�UDSSRUW�DX�FKDPS�GH�FRQWUDLQWH�UpJLRQDO�

�0DQQ�HW�DO���������0ROQDU�DQG�'D\HP���������

/H�UpVXOWDW�GH�FHV�FKDQJHPHQWV�G¶DQJOHV�HQWUH�OHV�GLUHFWLRQV�GH�IRUFH�DX[�OLPLWHV�HW�OHV�VWUXFWXUHV�

WHFWRQLTXHV� YD� SURYRTXHU� OD� IRUPDWLRQ� GH� QRXYHOOHV� IDLOOHV� DSSHOpHV� VSOD\�IDXOWV� GDQV� OD�

OLWWpUDWXUH� �6FKRO]�HW�DO����������&HV�IDLOOHV�RQW�XQ�DQJOH�SDU� UDSSRUW�j� OD� IDLOOH�G¶RULJLQH�TXL�

GpSHQG�GH�OD�FRKpVLRQ�GX�PDWpULDX�HW�GH�O¶DQJOH�GH�IULFWLRQ�LQWHUQH��(OOHV�YRQW�rWUH�UpJXOLqUHPHQW�

HVSDFpHV�HW�O¶HVSDFH�HQWUH�FHV�VHJPHQWV�GH�IDLOOHV�YD�SRXYRLU�rWUH�VRXPLV�j�GHV�PRXYHPHQWV�

YHUWLFDX[��'HV�H[HPSOHV�ELHQ�FRQQXHV�GH�OD�IRUPDWLRQ�GH�VSOD\�IDXOW�VRQW�OH�SURORQJHPHQW�6XG�

2XHVW�GH�OD�IDLOOH�GH�6DQ�$QGUHDV��%URWKHUV�HW�DO���������6FKRO]�HW�DO���������HW�OH�SURORQJHPHQW�

1(�GH�OD�IDLOOH�DOSLQH��1RXYHOOH�=pODQGH���%DUQHV�HW�DO�����������

1RXV�YHUURQV�TXH�O¶HVWLPDWLRQ�GH�OD�URWDWLRQ�GX�GRPDLQH�G¶$OERUDQ�GX�0LRFqQH�j�O¶DFWXHO�D�XQH�

JUDQGH�LPSRUWDQFH�SRXU�FRQWUDLQGUH�HW�FRPSUHQGUH�O¶pYROXWLRQ�GX�EDVVLQ�VXG�$OERUDQ�HW�GH�OD�

PDUJH�0DURFDLQH��

��� /HV�EDVVLQV�SpUL�WpWK\VLHQ�HW�OD�JpRG\QDPLTXH�PpGLWHUUDQpHQQH�

����� ([WHQVLRQ�5pJLRQDOH�2OLJR�0LRFqQH�

/D�VXEGXFWLRQ�GH�O¶RFpDQ�7pWK\V�$OSLQ�VRXV�OD�SODTXH�,EpULTXH�HQWUH�O¶(RFqQH�HW�O¶2OLJRFqQH�

HVW�DVVRFLpH�j�XQ�SDQQHDX�SORQJHDQW�G¶XQH�ORQJXHXU�GH�TXHOTXHV�FHQWDLQHV�GH�NLORPqWUH��)LJ��

������H�J��/DPRWWH�HW�DO���������YDQ�+LQVEHUJHQ�HW�DO�����������

$�O¶pFKHOOH�GH�OD�0pGLWHUUDQpH��OD�IHUPHWXUH�HW�OD�IUDJPHQWDWLRQ�GX�SDQQHDX�SORQJHDQW�WpWK\VLHQ�

SHXYHQW�rWUH�LPDJHU�JUkFH�j�OD�WRPRJUDSKLH�VLVPLTXH��)DFFHQQD�HW�DO���������3DORPHUDV�HW�DO���

������6SDNPDQ�DQG�:RUWHO���������/HV�DQRPDOLHV�GH�YLWHVVHV�REVHUYpHV�HQWUH����NP�HW����NP�

GH�SURIRQGHXU�OH�ORQJ�GHV�DUFV�RURJpQLTXHV�2XHVW�0pGLWHUUDQpHQV�PRQWUHQW�GHV�VLPLODULWpV��)LJ��

�������(Q�VRPPDQW�OHV�WDX[�GH�FRQYHUJHQFH�HW�OHV�TXDQWLWpV�G¶H[WHQVLRQ�DUULqUH�DUF�GpGXLWV�GHV�

pSDLVVHXUV�GH�FUR�WHV�OH�ORQJ�GHV�PDUJHV�HW�GHV�EDVVLQV�0pGLWHUUDQpHQ��GHV�UHFRQVWUXFWLRQV�RQW�

pWp�UpDOLVpHV�j�SDUWLU�GHV�SUHPLHUV�PRGqOHV�WRPRJUDSKLTXHV��(OOHV�RQW�SHUPLV�GH�SURSRVHU�TXH�

FHV� DQRPDOLHV� GH� YLWHVVHV� QpJDWLYHV� VRXV� OHV� DUFV� 7\UUKHQpHQV�� %pWLFR�5LIDLQ� HW� $OJpULHQV�

SRXYDLHQW�FRUUHVSRQGUH�j�XQ�SDQQHDX�LQLWLDO�GH�OLWKRVSKqUH�XQLTXH��TXL�DXUDLW�pWp�IUDJPHQWp�j�
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SDUWLU�GH�O¶2OLJRFqQH��)DFFHQQD�HW�DO����������/H�SDQQHDX�SORQJHDQW�VH�VHUDLW�IUDJPHQWp�VRXV�

O¶HIIHW�GH�IRUFH� ODWpUDOH� ORUV�GX�UDOHQWLVVHPHQW�GX�PRXYHPHQW�UpWURJUDGH�GX� VODE��&HV�IRUFHV�

ODWpUDOHV�VHUDLHQW�LQGXLWHV�SDU�VRQ�UHWUDLW�HW�VHUDLHQW�OH�UpVXOWDW�G¶XQH�VXUSUHVVLRQ�HQ�DYDQW��F¶HVW�

j�GLUH�DX�GHVVXV��GX�SDQQHDX�SORQJHDQW��/¶HIIHW�GH�OD�IUDJPHQWDWLRQ�GX�VODE�SURYRTXHUDLW�GDQV�

XQ� SUHPLHU� WHPSV�� O¶DSSDULWLRQ� GH� IHQrWUHV� GDQV� OH� SDQQHDX� DX[� QLYHDX[� GH� GLVFRQWLQXLWpV�

UKpRORJLTXHV��SDU�H[HPSOH�OHV�WUDQVLWLRQV�HQWUH�OLWKRVSKqUH�RFpDQLTXH�HW�FRQWLQHQWDOHV��RX�ELHQ�

DX�QLYHDX�GHV�]RQHV�GH�WRUVLRQ�SURGXLWHV�SDU�OD�JpRPpWULH�DUTXpH�GX�SDQQHDX�SORQJHDQW��(Q�VH�

SURSDJHDQW� YHUWLFDOHPHQW� HW� ODWpUDOHPHQW�� FHV� GpFKLUXUHV� GH� OD� OLWKRVSKqUH� FRQGXLUDLHQW� j� OD�

IUDJPHQWDWLRQ�SURJUHVVLYH�GX�VODE�WpWK\VLHQ�HW�SHUPHWWUDLHQW�OH�UHWUDLW�ODWpUDO�GHV�GLIIpUHQWV�SDQV�

GH�SDQQHDX�SORQJHDQW��5RVHQEDXP�HW�DO�����������

�
)LJXUH�������5HFRQVWUXFWLRQ�SDOpRJpRJUDSKLTXH�GX�GRPDLQH�WpWK\VLHQ�HQWUH�OH�PpVR]RwTXH��$��HW�OH�FpQR]RwTXH�
�%��PRGLILpH�GH�/DPRWWH�HW�DO�����������/HV�UHFRQVWUXFWLRQV�PRQWUHQW�OD�IHUPHWXUH�GH�O¶RFpDQ�7pWK\V�HW�SURSRVH�
FRPPH�RULJLQH�GX�GRPDLQH�G¶$OERUDQ�O¶DUF�YROFDQLTXH�VLWXp�VXU�OD�SODTXH�VXSpULHXUH���

&HW�pSLVRGH�GH�UHWUDLW�GX�SDQQHDX�SORQJHDQW�DXUDLW�GpPDUUp�GDQV�OD�UpJLRQ�0pGLWHUUDQpHQQH�YHUV�

��0D�ORUV�G¶XQ�UDOHQWLVVHPHQW�GH�OD�FRQYHUJHQFH�$IULTXH�(XUDVLH��-ROLYHW�HW�DO���������-ROLYHW�

DQG�)DFFHQQD���������/D�IUDJPHQWDWLRQ�GX�SDQQHDX�SORQJHDQW�FRQGXLUDLW�j�OD�IUDJPHQWDWLRQ�GH�

O¶DUF� RURJpQLTXH� HW� j� OD� GLVSHUVLRQ� GH� VHV� UHOLTXDWV� OH� ORQJ� GH� O¶DUF� DFWXHO� GDQV� OHV� UpJLRQV�

G¶$OERUDQ��GHV�.DE\OLGHV��GHV�3HORULWDQLV�HW�GH�OD�&DODEUH��$O.D3H&D���
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/D�IUDJPHQWDWLRQ�GX�SDQQHDX�SORQJHDQW�YD�FRQGXLUH�j�OD�URWDWLRQ�YHUWLFDOH�GHV�SDQV�GX�SDQQHDX�

GDQV� OH�PDQWHDX� HW� SURYRTXHU� O¶H[WHQVLRQ� REOLTXH� GH� OD� SODTXH� VXSpULHXUH�� &HWWH� H[WHQVLRQ�

REOLTXH� HVW� DVVRFLp� j� XQ� PRGH� GH� GpIRUPDWLRQ� SDUWLFXOLHU� HQ� WUDQVWHQVLRQ� ELHQ� pWXGLpV�

QRWDPPHQW�GDQV�OHV�&\FODGHV��*UqFH��HW�HQ�$OERUDQ��&UHVSR�%ODQF�HW�DO���������-ROLYHW�HW�DO���

������������/H�3RXUKLHW�HW�DO���������0DUWLQH]�0DUWLQH]�HW�DO����������&HWWH� WUDQVWHQVLRQ�YD�

SURGXLUH� GHV� G{PHV� PpWDPRUSKLTXHV� j� OD� IDYHXU� GH� JUDQGV� GpWDFKHPHQWV� WHFWRQLTXHV� WUqV�

IDLEOHPHQW�LQFOLQpV�HW�V¶HQUDFLQDQW�GDQV�OD�FUR�WH�PR\HQQH��&HV�G{PHV�PpWDPRUSKLTXHV�YRQW�

H[KXPHU�GHV�XQLWpV�GH�KDXWHV�WHPSpUDWXUHV�HW�DPLQFLU�OD�FUR�WH��H�J��$XJLHU�HW�DO�������E������D��

0LFKDUG�HW�DO���������1HJUR�HW�DO����������������/HV�GLUHFWLRQV�G¶H[WHQVLRQ�GpGXLWHV�GHV�pWXGHV�

GH�WHUUDLQV�VRQW�(�:�HQ�$OERUDQ�HW�GDQV�OHV�.DELOLHV��1(�62�GDQV�OHV�3HORULWDQLV�HW�OD�&DODEUH��

/¶H[WHQVLRQ�VH�WHUPLQH�GDQV�OH�0LRFqQH�EDVDO�j�PR\HQ�G¶DSUqV�OHV�GRQQpHV�GH�WUDFHV�GH�ILVVLRQV�

HW� OHV�GLVFRUGDQFHV� VpGLPHQWDLUHV�GDQV� OHV�EDVVLQV� �H�J��3ODWW� HW� DO��� �������/¶H[KXPDWLRQ�HQ�

$OERUDQ�YD�rWUH�VXLYLH�G¶XQH�SpULRGH�GH�SpQpSODQDWLRQ�GHV�UHOLHIV�GH���0D�j����0D��-DQRZVNL�

HW�DO���������DYDQW�O¶LQYHUVLRQ�GHV�EDVVLQV���

/¶H[WHQVLRQ�REOLTXH�GHV�EDVVLQV�G¶DUULqUH�DUF�OLpH�DX�UHWUDLW�GX�VODE�YD�DYRLU�GHV�FRQVpTXHQFHV�

LPSRUWDQWHV� VXU� OD� VWUXFWXUH� GH� OD� OLWKRVSKqUH� HW� VXU� OD� JpRPpWULH� GHV� GLVFRQWLQXLWpV�

OLWKRVSKpULTXHV��IXWXUHV�]RQHV�GH�IDLEOHVVHV�DX�1pRJqQH��/¶H[WHQVLRQ�REOLTXH�G¶DUULqUH�DUF�HW�

O¶H[KXPDWLRQ�GHV�XQLWpV�KDXWH�WHPSpUDWXUH�UHTXLqUHQW�XQ�DPLQFLVVHPHQW�FUXVWDO�LPSRUWDQW��/HV�

VLPXODWLRQV�QXPpULTXHV�RQW�PRQWUp�TXH�OD�JpRPpWULH�GHV�G{PHV�pJpHQV�HVW�PLHX[�UHSURGXLWH�

GDQV�GHV�FRQWH[WHV�WUDQVWHQVLIV��/H�3RXUKLHW�HW�DO����������/¶H[WHQVLRQ�REOLTXH�YD�FUpHU�GHV�]RQHV�

GH� QHFNLQJ� GDQV� OD� FUR�WH� VXSpULHXUH� �+XHW� HW� DO��� ������ HW� GHV� GLVFRQWLQXLWpV� G¶pFKHOOH�

OLWKRVSKpULTXH�FDUDFWpULVpHV�SDU�GHV�D[HV�G¶DOORQJHPHQWV�KRUL]RQWDX[��/H�3RXUKLHW�HW�DO���������

�������&HV�GLVFRQWLQXLWpV�RQW�pWp�UHFRQQXHV�GDQV�GHV�DIIOHXUHPHQW�GH�EDVDOWHV�DOFDOLQV�VXU�OD�

PDUJH�,EpULTXH�G¶$OERUDQ��j�SDUWLU�GHV�RULHQWDWLRQV�FULVWDOOLQHV�GDQV�GHV�[pQROLWHV�PDQWHOOLTXHV�

�SpULGRWLWHV�j�VSLQHOOH�HW�SODJLRFODVHV���+LGDV�HW�DO���������0DUFKHVL�HW�DO���Q�G����(Q�$OERUDQ��

FHV� GLVFRQWLQXLWp� FUXVWDOHV� FRUUHVSRQGUDLHQW� j� GHV� VWUXFWXUHV� DFFRPPRGDQW� OH� UHWUDLW� GX� VODE�

GXUDQW�OD�SKDVH�H[WHQVLYH�HW�TXL�VHUDLW�LQYHUVpH�HQ�WUDQVSUHVVLRQ�j�SDUWLU�GX�7RUWRQR�0HVVLQLHQ�

�/H�3RXUKLHW�HW�DO����������

����� 6WUXFWXUH�OLWKRVSKpULTXH�HQ�$OERUDQ�

/HV� PpFDQLVPHV� GH� UHWUDLW� GH� VODE� HW� G¶H[WHQVLRQ� DUULqUH� DUF� RQW� SRXU� HIIHW� G¶DFWLYHU� OD�

FRQYHFWLRQ�GDQV�OH�PDQWHDX�HW�G¶DPLQFLU�OD�FUR�WH�GH�OD�SODTXH�FKHYDXFKDQWH��H�J��)DFFHQQD�HW�

DO���������-ROLYHW�HW�DO���������6WHJPDQ�HW�DO����������/D�VWUXFWXUH�GH�OD�OLWKRVSKqUH��)LJ��������
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VRXV� OH� GRPDLQH� G¶$OERUDQ� UHIOqWH� OD� JpRG\QDPLTXH� 0pGLWHUUDQpHQQH�� /HV� FDUDFWpULVWLTXHV�

WKHUPR�PpFDQLTXHV�GH�FHWWH�VWUXFWXUH�VRQW�LPSRUWDQWHV�FDU�HOOHV�SHXYHQW�FRQWU{OHU�O¶LQYHUVLRQ�

GH�OD�PDUJH�0DURFDLQH��

1RWUH�]RQH�G¶pWXGH�HVW�VLWXpH�j�O¶LQWHUIDFH�HQWUH�GHX[�HQVHPEOHV�OLWKRVSKpULTXHV�GLVWLQFWV�SDU�

OHXUV� pSDLVVHXUV� �)LJ�� �������(Q� HIIHW� OD� SOXSDUW� GHV� pWXGHV�GH� WRPRJUDSKLH�PRQWUHQW� TXH� OH�

GRPDLQH�G¶$OERUDQ�j�O¶DFWXHOOH�SHXW�rWUH�GLYLVp�HQ�XQH�]RQH�2XHVW�HW�XQH�]RQH�(VW�j�OD�ORQJLWXGH�

���(��$�SDUWLU�GHV�GRQQpHV�WRPRJUDSKLTXHV�HW�JUDYLPpWULTXH��OH�GRPDLQH�G¶$OERUDQ�DSSDUDLW�HQ�

JpQpUDO�FRPPH�XQ�GRPDLQH�FRQWLQHQWDO�WUqV�DPLQFL�DYHF�XQ�GRPDLQH�2XHVW�UHODWLYHPHQW�SOXV�

pSDLV��EDVH�GH�OD�OLWKRVSKqUH�HQYLURQ�j����NP�GH�SURIRQGHXU�VRXV�OH�EDVVLQ�2XHVW�HW�MXVTX¶j�

���NP�VRXV�OH�5LI��TXH�OH�GRPDLQH�(VW��EDVH�GH�OD�OLWKRVSKqUH�j�HQYLURQ���NP�GH�SURIRQGHXU�

VRXV�OH�EDVVLQ�(VW��ILJ���������)XOOHD�HW�DO����������'¶DXWUH�HVWLPDWLRQ�SOXV�UpFHQWHV�PRQWUH�XQH�

OLWKRVSKqUH�SOXV�ILQH�HQFRUH�GDQV�OHV�SDUWLHV�(VW�GX�5LI�HW�GX�GRPDLQH�G¶$OERUDQ�j���NP�GH�

SURIRQGHXU�HQYLURQ��3DORPHUDV�HW�DO�����������

�
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)LJXUH� ������� &RXSHV� G¶pFKHOOHV� OLWKRVSKpULTXHV� UpDOLVpHV� j� SDUWLU� GH� O¶LQYHUVLRQ� GHV� GRQQpHV� VLVPRORJLTXHV�
�*XWVFKHU�HW�DO����������/H�FRUSV�IURLG�GHVVLQH�XQ�SDQQHDX�SORQJHDQW�GRQW�OD�QDWXUH�H[DFWH�UHVWH�LQFRQQXH�j�FH�
MRXU��&H�SDQQHDX�SORQJHDQW�HVW�UHVSRQVDEOH�GH�OD�VLVPLFLWp�SURIRQGH�VRXV�OH�GRPDLQH�G¶$OERUDQ��

�

�
)LJXUH�������6WUXFWXUH�GH�OD�OLWKRVSKqUH�VRXV�OH�GRPDLQH�G¶$OERUDQ��)XOOHD�HW�DO���������$���SURIRQGHXU�GX�
0RKR��%���SURIRQGHXU�GH�OD�WUDQVLWLRQ�OLWKRVSKqUH�DVWKpQRVSKqUH��/HV�FDUWHV�PRQWUHQW�FODLUHPHQW�O¶pSDLVVH�
OLWKRVSKqUH�VRXV�OH�5LI��/H�JUDGLHQW�GHV�pSDLVVHXUV�(�:�j���:�GH�ORQJLWXGH�HVW�FRPSDWLEOH�DYHF�O¶H[WHQVLRQ�

DSSUR[LPDWLYHPHQW�(�:�OLpH�DX�UHWUDLW�GX�SDQQHDX�SORQJHDQW�VRXV�OH�GRPDLQH�G¶$OERUDQ���

/HV�pWXGHV�SDU�IRQFWLRQV�UpFHSWHXUV��0DQFLOOD�DQG�'LD]��������HW�SDU�VLVPLTXH�UpIUDFWLRQ��'tD]�

HW�DO���������*LO�HW�DO����������LQGLTXHQW�XQH�FUR�WH�pSDLVVLH�VRXV�O¶DUF�EpWLFR�ULIDLQ��DYHF�XQH�

SURIRQGHXU�GH�0RKR�SRXYDQW�DWWHLQGUH�XQ�PD[LPXP�GH���NP�VRXV�OHV�QDSSHV�GH�)O\VFKV�GH�

O¶DUF�H[WHUQH�5LIDLQ��(Q�PHU��VRXV�OH�EDVVLQ�2XHVW�$OERUDQ��OD�0RKR�SRXUUDLW�VH�VLWXHU�j�GHV�

SURIRQGHXUV� GH� O¶RUGUH� GH� ��NP� j� ��NP� �'tD]� HW� DO��� ������� &H� TXL� DYHF� XQH� pSDLVVHXU�

VpGLPHQWDLUH�GH��NP��GRQQHUDLW�XQH�FUR�WH�pSDLVVH�GH���NP�j���NP���

&HV�pSDLVVHXUV�FUXVWDOHV�LPSRUWDQWHV�HW�FRPSDUDWLYHPHQW��OD�WRSRJUDSKLH�DQRUPDOHPHQW�IDLEOH�

GH�O¶DUF�RURJpQLTXH�%pWLFR�5LIDLQ�LQGLTXHQW�GHV�SURFHVVXV�PDQWHOOLTXHV�DFWLIV�TXL�FRQWU{OHQW�HW�

DIIDLVVHQW� OD� WRSRJUDSKLH� �%DMROHW� HW� DO��� ������ &DOYHUW� HW� DO��� ������ &KHUWRYD� HW� DO��� ������

'RFKHUW\�DQG�%DQGD��������*XWVFKHU�HW�DO���������/HYDQGHU�HW�DO���������0DQFLOOD�HW�DO���������

3HURXVH�HW�DO���������3HWLW�HW�DO���������5RVHOO�HW�DO���������7KXUQHU�HW�DO���������9DOHUD�HW�DO���

������ :RUWHO�� ������� &HV� GLIIpUHQWV� DXWHXUV� VXJJqUHQW� TXH� OD� PDVVH� IURLGH� REVHUYpH� HQ�

SURIRQGHXU�VRXV�OH�EDVVLQ�G¶$OERUDQ�SURYRTXH�XQ�WUDQVIHUW�GH�PDWLqUH�GHSXLV�OHV�]RQHV�DPLQFLHV�

�SDUWLH�(VW�GX�GRPDLQH�G¶$OERUDQ��YHUV�OHV�]RQH�pSDLVVLHV��SDUWLH�2XHVW�GX�GRPDLQH�G¶$OERUDQ��

SDU� XQ� SKpQRPqQH� GLW� GH� GpODPLQDWLRQ� FRXSOpH� j� O¶HQWUDLQHPHQW� YHUV� O¶DVWKpQRVSKqUH� GH� OD�

SODTXH�VXSpULHXUH�SDU�OD�PDVVH�IURLGH���
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/HV�YDULDWLRQV�G¶pSDLVVHXU�HW�GH�VWUXFWXUH�GH�OD�OLWKRVSKqUH�GX�GRPDLQH�G¶$OERUDQ�YRQW�DYRLU�

XQH� LQIOXHQFH� VXU� OD� GpIRUPDWLRQ� GHV� EDVVLQV� FDU� HOOHV� SHXYHQW� HQWUDLQHU� GHV� YDULDWLRQV� GX�

FKDPSV�SRWHQWLHO�GH�SHVDQWHXUV�GRQF�GHV�FKDQJHPHQWV�GH�VW\OH�WHFWRQLTXHV��3DODQR�HW�DO�����������

������(YROXWLRQ�GH�OD�FRQYHUJHQFH�1pRJqQH�

/¶LQYHUVLRQ�GHV�EDVVLQV�2XHVW��0pGLWHUUDQpHQ�GpPDUUH�DSSUR[LPDWLYHPHQW�DX�7RUWRQLHQ����0D�

OH�ORQJ�GH�OD�PDUJH�,EpULTXH�G¶$OERUDQ�HW�GDQV�OH�EDVVLQ�$OJpULHQ���H�J��'R�&RXWR�HW�DO����������

'H� OD� PrPH� PDQLqUH� TXH� OHV� FKDQJHPHQWV� FLQpPDWLTXHV� j� JUDQGH� pFKHOOH� RQW� SURGXLW� GHV�

FKDQJHPHQWV� VWUXFWXUDX[� OH� ORQJ� GH� OD� FKDLQH� GHV� $OSHV� 1HR�=pODQGDLVH�� OD� GpIRUPDWLRQ�

1pRJqQH� GHV� EDVVLQV� 0pGLWHUUDQpHQ� SRXUUDLW� DYRLU� pWp� FRQWU{OpH� SDU� GHV� FKDQJHPHQWV�

FLQpPDWLTXHV��&DODLV�HW�DO���������0DUWtQH]�*DUFtD�HW�DO�����������

/¶KLVWRLUH� WHFWRQLTXH� GH� OD� OLPLWH� GH� SODTXHV� $IULTXH�(XUDVLH� GpFULWH� j� SDUWLU� GHV� GRQQpHV�

G¶DQRPDOLHV�PDJQpWLTXH�HW�GHV�GRQQpHV�VWUXFWXUDOHV��OHV�IDLOOHV�WUDQVIRUPDQWHV��D�pYROXp�GHSXLV�

OHV�SUHPLHUV�PRGqOHV�JpQpUDX[�MXVTX¶DX[�PRGqOHV�OHV�SOXV�UpFHQWV��$UJXV�HW�DO���������%LUG��

������&DODLV�HW�DO���������'H0HWV�HW�DO����������������QRWDPPHQW�JUkFH�j�O¶DGMRQFWLRQ�VDQV�FHVVH�

FURLVVDQWH�GH�MHX[�GH�GRQQpHV�GH�KDXWH�UpVROXWLRQ�HW�GH�QRXYHDX[�EORFV�ULJLGHV��SDU�H[HPSOH�OD�

IUDJPHQWDWLRQ�GH�O¶$IULTXH�HQ�EORFV�1XELH�HW�6RPDOLH���&KX�DQG�*RUGRQ��������/HPDX[�HW�DO���

��������

/HV� UHFRQVWLWXWLRQV� UpFHQWHV� GX� S{OH� GH� URWDWLRQ� $IULTXH� (XUDVLH� GHSXLV� ���0D��)LJ�� ������

PRQWUH�XQH�PLJUDWLRQ�GX�S{OH�GH�URWDWLRQ�HQWUDLQDQW�XQH�URWDWLRQ�DQWL�KRUDLUH�HW�XQH�GpFpOpUDWLRQ�

GX� WDX[�GH� FRQYHUJHQFH� UHODWLI� HQWUH� OD� SODTXH�$IULTXH� HW� O¶(XUDVLH��$X�QLYHDX�GX� GRPDLQH�

G¶$OERUDQ�� j� SDUWLU� G¶HQYLURQ� ���0D�� OD� GLUHFWLRQ� GH� FRQYHUJHQFH� UHVWH� UHODWLYHPHQW� VWDEOH��

&HSHQGDQW�� XQH� GpFpOpUDWLRQ� G¶HQYLURQ� ���� GH� OD� YLWHVVH� GH� FRQYHUJHQFH� $IULTXH�(XUDVLH�

VXUYLHQW� HQWUH� �0D� MXVTX¶j� �0D�� $SUqV� �0D�� OD� GLUHFWLRQ� GH� FRQYHUJHQFH� HQ� 3�� UHVWH�

VWDWLRQQDLUH�DYHF�XQH�GLUHFWLRQ�G¶HQYLURQ�1�����PDLV�OH�WDX[�GH�FRQYHUJHQFH�GRXEOH�HW�DWWHLQW�

�PP�DQ�j�O¶DFWXHO���

����� /LPLWH�GH�SODTXHV�DFWXHOOHV�

/D�OLPLWH�GH�SODTXHV�HQWUH�O¶$IULTXH�HW�O¶(XUDVLH�j�O¶pFKHOOH�GH�O¶2XHVW�0pGLWHUUDQpHQ�SHXW�rWUH�

LPDJpH�SDU� OD�VLVPLFLWp��/D�FDUWH� �)LJ�������� UpDOLVpH�j�SDUWLU�GX�FDWDORJXH�86*6�LQGLTXH� OD�

SRVLWLRQ�GHV�VpLVPHV�GH�VXUIDFH�����NP���(Q�$WODQWLTXH��O¶DFWLYLWp�GH�OD�IDLOOH�GH�*ORULD�HW�GHV�

VWUXFWXUHV�DGMDFHQWH�HVW�LOOXVWUpH�SDU�GHV�VpLVPHV�HQ�GpFURFKHPHQWV�LQGLTXDQW�TXH�FHWWH�IDLOOH�HVW�

WUDQVIRUPDQWH�HW�DFFRPPRGH�O¶RXYHUWXUH�GH�O¶$WODQWLTXH�1RUG��/D�IDLOOH�GH�*ORULD�VH�SURORQJH�
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YHUV�GHV�VWUXFWXUHV�FRPSUHVVLYHV�HQ�DYDQW�GH�OD�FKDLQH�DUTXpH�%pWLFR�5LIDLQH�R��OD�VLVPLFLWp�D�

pWp�GpFULWH�FRPPH�GLIIXVH��-LPpQH]�0XQW�HW�DO���������0DVDQD�HW�DO�����������

�

)LJXUH��������(YROXWLRQ�GX�S{OH�GH�URWDWLRQ�$IULTXH�(XUDVLH�GHSXLV���0D�MXVTX¶j�O¶DFWXHO��3RLQWV�FRORUpV��S{OHV�
GH�URWDWLRQV�$IULTXH�(XUDVLH�GHSXLV���0D��/HV�JUDSKLTXHV�UHSUpVHQWHQW�OHV�YpORFLWpV�DQJXODLUHV�HW�O¶D]LPXW�GH�OD�
FRQYHUJHQFH�DX[�SRLQWV�3���3��3��HW�3���'H0HWV�HW�DO����������&HWWH�ILJXUH�PRQWUH�TX¶j�*LEUDOWDU��SRLQW�3���
GHSXLV�OD�FULVH�PHVVLQLHQQH��OD�GLUHFWLRQ�GH�FRQYHUJHQFH�D�SHX�pYROXp��&HSHQGDQW��OD�YLWHVVH�GH�FRQYHUJHQFH�D�

DXJPHQWp�SURJUHVVLYHPHQW�SDVVDQW�GH��PP�DQ�j��PP�DQ�HQYLURQ��

&HWWH�VLVPLFLWp�GLIIXVH�HVW� OD�FRQVpTXHQFH�GH� OD�FLQpPDWLTXH� ORQJ�WHUPH�HW�GH� OD�G\QDPLTXH�

PDQWHOOLTXH�PDLV�FHWWH�VLVPLFLWp�HVW�GLIILFLOHPHQW�H[SOLTXpH�SDU�XQ�PRGqOH�GH�EORFV�ULJLGHV���OD�

OLPLWH�GH�SODTXH�$IULTXH�(XUDVLH�HVW�PDO�GpILQLH�GDQV�OD�UpJLRQ�G¶$OERUDQ��)DGLO�HW�DO���������

'H� QRPEUHX[� PRGqOHV� GH� JpRGpVLH� HW� GH� FLQpPDWLTXH� ORQJ� WHUPH� SURSRVHQW� TXH� OD� UpJLRQ�

G¶$OERUDQ�����VRLW�GpFRXSpH�SDU�XQH�OLPLWH�GH�SODTXH�FRQWLQXH�SDVVDQW�SDU�OH�1RUG�GHV�%pWLTXHV��

OH�6XG�GX�5LI��RX�HQFRUH�HQ�SOHLQ�PLOLHX�GH�*LEUDOWDU��%LUG��������%XIRUQ�HW�DO���������*XWVFKHU�

HW�DO���������-LPpQH]�0XQW�HW�DO���������.OLWJRUG�DQG�6FKRXWHQ��������������VRLW�FRQVWLWXp�GH�

PLFUR�EORF�ULJLGHV�GRQW�OHV�IURQWLqUHV�VRQW�DVVH]�DOpDWRLUHV��)DGLO�HW�DO���������9HUQDQW�HW�DO���

������������RX�HQILQ�VRLW�FRQVWLWXp�G¶XQ�PLFUR�EORF�SHX�ULJLGH�GDQV�OH�VHQV�R��OD�GpIRUPDWLRQ�HVW�

GLVWULEXpH�VXU�GHV�IDLOOHV�GpFURFKDQWHV�UHFRQQXHV�VXU�OH�WHUUDLQ��DFFRPPRGDQW�OD�FRQYHUJHQFH�

$IULTXH�(XUDVLH�HW�SUREDEOHPHQW�O¶H[WHQVLRQ�DUULqUH�DUF�GHSXLV�OH�0LRFqQH��.RXODOL�HW�DO���������

7DKD\W� HW� DO��� �������&H� VFKpPD�GH�GpIRUPDWLRQ� FRPSOH[H� HVW� LOOXVWUp� SDU� OHV� GRQQpHV�*36�

�*RQ]DOH]�&DVWLOOR� HW� DO��� ������.RXODOL� HW� DO��� ������3DODQR� HW� DO��� ������ TXL� LQGLTXHQW� WUqV�

FODLUHPHQW� TXH� O¶$IULTXH� FRQYHUJH� YHUV� O¶(XUDVLH� j� �������0D� DYHF� XQ� S{OH� GH� URWDWLRQ� j� �

�����1�HW�����(��FH�TXL�HVW�SURFKH�GHV�YDOHXUV�REWHQXHV�SDU�OHV�PRGqOHV�FLQpPDWLTXHV�VXU�OD�



����
�

�

SpULRGH������ND�SDU�'H0HWV�HW�DO��������$X�QLYHDX�GH�O¶$UF�%pWLFR�5LIDLQ��OHV�GRQQpHV�&*36�

PRQWUHQW�TXH�O¶DUF�HVW�H[WUXGp�YHUV�OH�62�j�XQH�YLWHVVH�G¶HQYLURQ��PP�DQ��SOXV�pOHYp�TXH�OHV�

���PP�DQ�SURSRVp�DX�SRLQW�3��SDU�'H�0HWV�HW�DO��������)LJXUH��������'H�QRPEUHX[�PRGqOHV�

LPSOLTXDQW�GHV�HIIHWV�PDQWHOOLTXHV�OLp�j�XQ�UHWUDLW�GH�VODE�DFWLI�RX�QRQ�RX�j�XQH�GpODPLQDWLRQ�

PDQWHOOLTXH�H[SOLTXH�HQ�SDUWLH�FHWWH�GLYHUJHQFH�HW�OD�GpIRUPDWLRQ�DFWLYH�HQ�$OERUDQ��&DOYHUW�HW�

DO���������*XWVFKHU�HW�DO���������1HUHV�HW�DO���������3DODQR�HW�DO���������3HURXVH�HW�DO����������

1RXV� YHUURQV� TXH� OD� GpIRUPDWLRQ� GX� GRPDLQH� G¶$OERUDQ� HVW� HQUHJLVWUpH� GDQV� OH� EDVVLQ�

G¶$OERUDQ�SDU�O¶pYROXWLRQ�GX�SD\VDJH�VRXV�PDULQ�OLp�j�OD�FLUFXODWLRQ�GHV�PDVVHV�G¶HDX�GDQV�OH�

EDVVLQ�SURIRQG�HW�SDU�OHV�FRUWqJHV�GH�GpS{WV�VXU�OD�SODWHIRUPH�VpGLPHQWDLUH�0DURFDLQH���

�

)LJXUH�������&DUWH�GH�OD�VLVPLFLWp�j�SDUWLU�GX�FDWDORJXH�86*6�SRUWDQW�VXU�XQH�SpULRGH�DOODQW�GH������j������SRXU�
OHV�VpLVPHV�VXSHUILFLHOV�����NP���/D�VLVPLFLWp� LQGLTXH�FODLUHPHQW�XQH�WHQGDQFH�(:�VH�FRQQHFWDQW�DX�QRUG�GHV�
%pWLTXHV�� XQH� WHQGDQFH�11(�662� VH� SURORQJHDQW� GDQV� O¶$WODV�� XQH� WHQGDQFH�(1(�262�SDUDOOqOH� j� OD�PDUJH�
$OJpULHQQH��/H�FRLQ�1RUG�(VW�GH�OD�&DUWH�PRQWUH�OD�VLVPLFLWp�OLpH�DX�UROO�EDFN�GX�VODE�VRXV�OD�0HU�7\UUKpQLHQQH�
SXLV��SOXV�j�O¶HVW�XQH�VLVPLFLWp�OLpH�j�O¶DUF�FUpWRLV���

��� 3UREOpPDWLTXHV�

(Q� UpVXPp� FHWWH� WKqVH� YD� V¶DWWDFKHU� j� PRQWUHU� HW� HVVD\HU� GH� GLVFUpWLVHU� O¶LQIOXHQFH� GH� OD�

FRQYHUJHQFH�$IULTXH�(XUDVLH� HW�GHV�SURFHVVXV�PDQWHOOLTXHV� VXU� OD� VWUDWLJUDSKLH�GH� OD�0DUJH�

0DURFDLQH��/¶pWXGH�SDU�VWUDWLJUDSKLH�VpTXHQWLHOOH�HVW�GpSHQGDQWH�GH�O¶pFKHOOH�GH�WHPSV�LPDJpH��

/HV�SURILOV�GH�VLVPLTXH�UpIOH[LRQ�HW�OHV�GRQQpHV�GH�EDWK\PpWULH�DFTXLVHV�ORUV�GHV�FDPSDJQHV�

0DUOERUR�HW�6$5$6���������������VXU�OD�SODWHIRUPH�FRQWLQHQWDOH�0DURFDLQH�HW�GDQV�OH�EDVVLQ�

GH�1HNRU�SHUPHWWHQW�XQH�H[FHOOHQWH�UpVROXWLRQ�WHPSRUHOOH�GDQV�OH�4XDWHUQDLUH�UpFHQW��GH�O¶DFWXHO�

DX[� GHUQLHUV� ���ND�� DQQH[H�$��� &HV� MHX[� GH� GRQQpHV� j� KDXWH� UpVROXWLRQ� VLWXpV� VXU� OD� ]RQH�
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VLVPLTXHPHQW�WUqV�DFWLYH�GH�OD�SDUWLH�VXG�GX�EDVVLQ�G¶$OERUDQ�SHUPHWWHQW�XQH�FDUDFWpULVDWLRQ�GH�

OD�WHFWRQLTXH�DFWLYH�HW�S� ðOpLVWRFqQH��'H�SOXV�FHV�GRQQpHV�SHUPHWWHQW�XQH�FDUDFWpULVDWLRQ�

GHV� SURFHVVXV� VpGLPHQWDLUHV� DXWRXU� GX� 'HUQLHU� 0D[LPXP� *ODFLDLUH�� &HWWH� FDUDFWpULVDWLRQ�

SHUPHWWUD�GH�SURSRVHU�XQ�PRGqOH�G¶pYROXWLRQ�VpGLPHQWDLUH�GH�OD�PDUJH�0DURFDLQH�GHSXLV�OHV�

���ND�HQ�V¶DWWDFKDQW�j�PHWWUH�HQ�DYDQW�OH�FRQWU{OH�WHFWRQLTXH��'¶DXWUHV�GRQQpHV�GH�VLVPLTXH�

UpIOH[LRQ� HW� GH� EDWK\PpWULH� LVVXHV� GH� OD� EDVH� GH� GRQQpHV� IUDQFR�PDURFDLQH�� FRXSOpHV� DX[�

FDPSDJQHV� ,67(3�� SHUPHWWHQW� GH� FDUDFWpULVHU� GDQV� OH� EDVVLQ� SURIRQG� OD� GpIRUPDWLRQ� 3OLR�

4XDWHUQDLUH� TXL� LQWHUDJLW� DYHF�GHV� SURFHVVXV� VpGLPHQWDLUHV� OLpHV� j� OD� FLUFXODWLRQ�GHV�PDVVHV�

G¶HDX�HW�j�OD�VWUDWLILFDWLRQ�GH�OD�FRORQQH�G¶HDX��'DQV�FH�PDQXVFULW��QRXV�HVVDLHURQV�GH�UpSRQGUH�

j�FHWWH�TXHVWLRQ���FRPPHQW�O¶LQYHUVLRQ�REOLTXH�GH�OD�PDUJH�0DURFDLQH�HVW�HOOH�HQUHJLVWUpH�VXU�

OD�SODWHIRUPH�HW�TXHOV�VRQW�OHV�FULWqUHV�FDUDFWpULVWLTXHV�TXH�QRXV�SRXYRQV�GpJDJHU�GH�QRWUH�pWXGH�

ORFDOH�"�'HV�TXHVWLRQV� VXEVLGLDLUHV� VHURQW�SRVpHV��� OD� WHFWRQLTXH� ORFDOH� FRUUHVSRQG�HOOH� j�XQ�

FRQWU{OH� PDQWHOOLTXH� RX� FLQpPDWLTXH�"� /D� JpRPpWULH� GHV� FRUWqJHV� VpGLPHQWDLUHV� VXU� OHV�

SODWHIRUPHV� LQGLTXH�W�HOOH� XQ� FRQWU{OH� WHFWRQLTXH�"� HW� FRPPHQW� FDUDFWpULVHU� FH� FRQWU{OH�

FRPSDUDWLYHPHQW�DX[�DXWUHV�PDUJHV�PpGLWHUUDQpHQQHV�"��

$SUqV�XQH�V\QWKqVH�ELEOLRJUDSKLTXH��&KDSLWUH����SRUWDQW�VXU�O¶pYROXWLRQ�1pRJqQH�GHV�EDVVLQV�

5LIDLQV� HW� GX�GRPDLQH�G¶$OERUDQ��QRXV�SUpVHQWHURQV� OHV� UpVXOWDWV� REWHQXV�GDQV� OH� EDVVLQ�GH�

1HNRU��&KDSLWUH�����8QH�IRLV�OD�FDUDFWpULVDWLRQ�GX�SRLQW�GH�YX�WHFWRQLTXH�GX�%DVVLQ�GH�1HNRU�

HIIHFWXpH��QRXV�PRQWUHURQV��&KDSLWUH����TXH�OD�PDUJH�PDURFDLQH�GX�EDVVLQ�G¶$OERUDQ�SHUPHW�

XQH�REVHUYDWLRQ�GLUHFWH�GH�O¶LQIOXHQFH�GH�OD�WHFWRQLTXH�DFWLYH�VXU�OD�JpRPpWULH�HW�O¶RUJDQLVDWLRQ�

GHV� VpTXHQFHV� GH� GpS{WV� G¶XQH� SODWHIRUPH� VLOLFR�FODVWLTXH�� 1RXV� FDUDFWpULVHURQV� GDQV� FH�

FKDSLWUH�OH�IRQG�GH�PHU�JUkFH�DX[�GRQQpHV�GH�EDWK\PpWULH��&HV�GRQQpHV�QRXV�SHUPHWWURQV�GH�

SURSRVHU�XQ�FDODJH�WHPSV�GHV�JUDQGHV�VpTXHQFHV�GH�GpS{WV�GDQV�OH�EDVVLQ�GH�1HNRU��'DQV�OH�

FKDSLWUH� ��� QRXV� PRQWUHURQV� TXH� OH� EDVVLQ� GH� 1HNRU� HVW� XQ� EDVVLQ� SOpLVWRFqQH�� 1RXV�

FDUDFWpULVHURQV�GDQV�FH�FKDSLWUH�O¶pYROXWLRQ�GHV�VWUXFWXUHV�WHFWRQLTXHV�GX�EDVVLQ�G¶$OERUDQ�HW�

GX�5LI�HW�QRXV�SURSRVHURQV�XQ�PRGqOH�JpRG\QDPLTXH�GH�O¶pYROXWLRQ�GH�O¶DUF�RURJpQLTXH�5LIDLQ�

HQWUH�OH�3OLRFqQH�HW�OH�4XDWHUQDLUH��(QILQ�QRXV�GLVFXWHURQV�OHV�SRLQWV�FOpV�GHV�GLIIpUHQWV�UpVXOWDWV�

GDQV�OH�FKDSLWUH����

� �
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&KDSLWUH�����6\QWKqVH�GHV�GRQQpHV�QpRWHFWRQLTXH�DXWRXU�GH�
O¶DUF�EpWLFR�ULIDLQ�

� �
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��� ,QWURGXFWLRQ��

&H�FKDSLWUH�HVW�XQH�V\QWKqVH�ELEOLRJUDSKLTXH�SRUWDQW�VXU�OD�GpIRUPDWLRQ�GX�GRPDLQH�G¶$OERUDQ�

GHSXLV�VRQ�LQYHUVLRQ�7RUWRQLHQQH��&H�FKDSLWUH�SHUPHWWUD�GH�GpILQLU�OHV�]RQHV�G¶LQWpUrW�GpWDLOOpHV�

GDQV� OHV� FKDSLWUHV� VXLYDQWV�� 1RXV�PRQWUHURQV� O¶LPSRUWDQFH� GHV� KpULWDJHV� VWUXFWXUDX[� VXU� OD�

JpRPpWULH�GH�OD�PDUJH�VXG�GX�%DVVLQ�G¶$OERUDQ���

'DQV� XQ� SUHPLHU� WHPSV�� QRXV� GpWDLOOHURQV� OHV� VWUXFWXUHV� GX� 5LI�� KpULWpHV� GH� O¶RURJpQqVH�

2OLJRFqQH�� 'DQV� XQ� VHFRQG� WHPSV� QRXV� GpFULURQV� OHV� PDUTXHXUV� GH� O¶LQYHUVLRQ� 7RUWRQR�

0HVVLQLHQQH�VXU�OHV�ERUGXUHV�H[WHUQHV�GH�O¶DUF�%pWLFR�5LIDLQ��'DQV�XQ�WURLVLqPH�WHPSV�QRXV�

pWXGLHURQV�OHV�PDUTXHXUV�GH�OD�GpIRUPDWLRQ�GDQV�OH�EDVVLQ�G¶$OERUDQ�GHSXLV�OH�3OLRFqQH�MXVTX¶j�

O¶DFWXHO�� (QILQ�� QRXV� SUpFLVHURQV� OH� FRQWH[WH� VLVPLTXH� HW� OD� GpIRUPDWLRQ� DFWXHOOH� GX� EDVVLQ�

G¶$OERUDQ���

1RXV� PRQWUHURQV� G¶DSUqV� OD� ELEOLRJUDSKLH� TX¶XQH� GpIRUPDWLRQ� FRPSUHVVLYH� GH� OD� ERUGXUH�

H[WHUQH�GX�GRPDLQH�G¶$OERUDQ�D�DIIHFWp�O¶HQVHPEOH�GHV�VWUXFWXUHV�WHFWRQLTXHV�1(�6:�KpULWpH�

GH�OD�PLVH�HQ�SODFH�GHV�QDSSHV�ORUV�GH�O¶RURJpQqVH�2OLJRFqQH��1RXV�YHUURQV�TXH�OD�G\QDPLTXH�

GX�IRQG�GH�0HU�HQ�0HU�$OERUDQ�j�O¶DFWXHO�HVW�OLpH�GHSXLV�OH�3OLRFqQH�j�OD�VXUUHFWLRQ�GH�OD�5LGH�

G¶$OERUDQ��(QILQ��OD�OLWWpUDWXUH�PRQWUHUD�TXH�OHV�VWUXFWXUHV�KpULWpHV�PLRFqQHV�VRQW�UHFRXSpHV�SDU�

GHV�VWUXFWXUHV�SOXV�UpFHQWHV��OD�]RQH�GH�IDLOOH�G¶$O�,GULVVL�HW�G¶$GUD��DX[TXHOOHV�FRUUHVSRQG�XQH�

LPSRUWDQWH�VHLVPLFLWp��

&HWWH�V\QWKqVH�ELEOLRJUDSKLTXH�VHUD�VXLYLH�GH�O¶pWXGH�GH�GpWDLO�GHV�VWUXFWXUHV�WHFWRQLTXHV�DFWLYHV�

GX�EDVVLQ�GH�1HNRU�����VRXV�IRUPH�G¶XQ�DUWLFOH�SXEOLp��/¶DUWLFOH�PRQWUHUD�TXH���

x� /H�EDVVLQ�GH�1HNRU�HVW�VWUXFWXUDOHPHQW�UHOLp�j�OD�]RQH�GH�IDLOOH�G¶$O�,GULVVL��

x� /H�EDVVLQ�GH�1HNRU�FRUUHVSRQG�JpRPpWULTXHPHQW�j�XQ�SXOO�DSSDUW�WUDQVWHQVLI���

x� &HWWH�JpRPpWULH�HVW�SUREDEOHPHQW�FRQWU{OpH�SDU�OD�VWUXFWXUH�GHV�QDSSHV�FRQVWLWXDQW�OH�

VRFOH�GX�EDVVLQ��

x� 'XUDQW�OH�4XDWHUQDLUH��OH�EDVVLQ�GH�1HNRU�FRUUHVSRQG�SUREDEOHPHQW�j�OD�SURSDJDWLRQ�

YHUV�OH�6XG�G¶XQH�]RQH�GH�FLVDLOOHPHQW�VpQHVWUH���
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)LJXUH�������&DUWH�GHV�KDXWV�VRXV�PDULQV�HW�GH�EDVVLQV�VpGLPHQWDLUHV�PRGLILpH�G¶DSUqV�5RYHUH�DQG�:�UW]��

��������
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��� /HV�JUDQGH�VWUXFWXUHV�5LIDLQHV�

/D�FKDLQH�GX�5LI�HVW� OH� WpPRLQ�GHV�SKDVHV�WHFWRQLTXHV�VH�VXFFpGDQW�GHSXLV� O¶2OLJRFqQH��6RQ�

DUFKLWHFWXUH�HW�OD�SRVLWLRQ�GHV�EDVVLQV�WpPRLJQHQW�G¶XQH�SKDVH�GH�VHUUDJH�7RUWRQR�SOLRFqQH��H�J��

&DSHOOD�HW�DO��������'R�&RXWR�HW�DO���������'X�3OLRFqQH�j�O¶DFWXHO��OHV�OLPLWHV�GHV�GLIIpUHQWHV�

XQLWpV�WHFWRQLTXHV�SRXUUDLW�LQIOXHQFHU�OD�JpRPpWULH�GH�OD�GpIRUPDWLRQ��

����� /HV�GRPDLQHV�LQWHUQHV��

/HV�GRPDLQHV�LQWHUQHV��)LJXUH�����HW�)LJXUH������VRQW�GLYLVpV�HQ�WURLV�JUDQGHV�XQLWpV��GHV�XQLWpV�

OHV�SOXV�LQWHUQHV�DX[�XQLWpV�OHV�SOXV�H[WHUQHV���OHV�6HSWLGHV��DYHF�OHXUV�pTXLYDOHQWV�EpWLTXHV��OHV�

$OSXMDUULGHV� �&KDORXDQ� HW� DO��� ������0LFKDUG� HW� DO��� �������� OHV�*KRPDULGHV� pTXLYDOHQW� GHV�

0DODJXLGHV��&KDORXDQ�HW�DO���������0LFKDUG�HW�DO���������=DJKORXO�HW�DO����������/HV�URFKHV�OHV�

SOXV�YLHLOOHV�DIIOHXUHQW�GDQV�O¶DQWLIRUPH�RULHQWp�1:�6(�GH�%HQL�%RXVVHUD�HW�GDQV�OH�5LI�RULHQWDO��

DX�QLYHDX�GH�%HQL�0DOHN��VWUXFWXUDOHPHQW�LQWHUFDOpHV�GDQV�OHV�XQLWpV�6HSWLGHV���

�
)LJXUH��������FL�DSUqV��&DUWH�VWUXFWXUDOH�GX�5LI��WLUpH�GH�&KDORXDQ�HW�DO��������&HWWH�FDUWH�PRQWUH�OHV�GLIIpUHQWHV�
VWUXFWXUHV�GH�O¶DUF�RURJpQLTXH�GHSXLV�OHV�]RQHV�LQWHUQHV�VXU�OH�IODQF�1RUG�GH�O¶DUF��DX[�]RQHV�H[WHUQHV�VXU�OH�IODQF�
6XG��/HV�SpULGRWLWHV�GX�VRFOH�

�
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�
/HV�SpULGRWLWHV�GX�VRFOH�j�%HQL�%RXVVHUD��)LJXUH�����HW���
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)LJXUH������VRQW�VLWXpHV�j�OD�EDVH�GH�OD�VpULH�GHV�6HSWLGHV��5HXEHU�HW�DO����������/HV�SpULGRWLWHV�

VRQW�VWUXFWXUHOOHPHQW�DVVRFLpHV�DYHF�OHV�XQLWpV�+3�%7�GHV�6HSWLGHV��0LFKDUG�HW�DO����������&HV�

DXWHXUV�RQW�GpFULW�O¶DXJPHQWDWLRQ�GX�JUDGLHQW�GH�GpIRUPDWLRQ�YHUV�OHV�ERUGXUHV�GH�O¶DQWLIRUPH�

HW�RQW�FRQFOX�j�OD�SUpVHQFH�G¶XQH�EDQGH�GH�FLVDLOOHPHQW�j�SODW�DX�WRLW�GH�OD�IRUPDWLRQ��$ILUL�HW�

DO�� ������� GDWHQW� O¶H[KXPDWLRQ� DX[� DOHQWRXUV� GH� ��0D� HW� ��0D� HW� OH� SLF� GH� SUHVVLRQ� DX[�

DOHQWRXUV�GH���0D�j���0D��/H�PDVVLI�GH�%HQL�%RXVVHUD�HVW�IDLEOHPHQW�GpIRUPp�HW�H[KXPpV�j�

OD� IDYHXU� G¶XQ� GpWDFKHPHQW� G¶pFKHOOH� OLWKRVSKpULTXH� VHPEODEOH� DX[� GpWDFKHPHQWV� H[WHQVLIV�

SURGXLVDQW�OHV�VWUXFWXUHV�HQ�G{PH�GDQV�OD�SDUWLH�%pWLTXH�GH�O¶DUF���
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�
)LJXUH�������$QRPDOLH�GH�%RXJHU�HW�FRXSH�GX�5LI�FRUUHVSRQGDQWH�WLUpH�GH�&KDORXDQ�HW�DO���������� �$EUpYLDWLRQV��
%���%HQL��&��&UpWDFpV��-��-XUDVVLTXH�0R\HQ�,QI��/&.H���&UpWDFp�,QIpULHXU�GH�.pWDPD��/00��0LRFqQH�,QIpULHXU�
j�0R\HQ��00��0LRFqQH�0R\HQ��06=��0HVRULI�6XWXUH�=RQH��3G��3UHGRUVDOLHQ��7��7ULDVLTXH��7J��8QLWp�GH�7DQJHU��
80��0LRFqQH�6XS� �����7RUWRQLHQ�³SUp�QDSSH´�� �����7RUWRQLHQ�6XS�3OLRFHQH�³SRVW�QDSSH´��8-�&�� -XUDVVLTXH�
6XS��&UpWDFp���/D�FRXSH�PRQWUH�OH�VW\OH��GH�GpIRUPDWLRQ�WKLFN�VNLQ�GH�O¶DYDQW�SD\V�5LIDLQ��SUREDEOHPHQW�GpWDFKp�
VXU�GHV�QLYHDX[�J\SVHX[�WULDVLTXHV�DIIOHXUDQW�DX�QLYHDX�GH�OD�IDLOOH�GH�1HNRU�TXL�FRUUHVSRQG�VWUXFWXUDOHPHQW�DX�
FRQWDFW�GHV�XQLWpV�LQWUD�ULIDLQH�HW�0HVR�5LIDLQH��06=���/¶DQRPDOLH�GH�ERXJHU�PRQWUHQW�O¶pSDLVVLVVHPHQW�FUXVWDO�
LPSRUWDQW�DX�QLYHDX�GHV�]RQHV�LQWHUQHV��

������� �/HV�6HSWLGHV�

/HV�6HSWLGHV��)LJXUH�����HW�)LJXUH������VRQW�FRQVWLWXpHV�GH�PpWD�VpGLPHQWV��DIIHFWpV�SDU�GHV�

UHFULVWDOOLVDWLRQV� G¶pSRTXH� $OSLQH�� (OOHV� FRUUHVSRQGHQW� GDQV� OH� 5LI� j� XQH� UpSpWLWLRQ� G¶XQH�

VpTXHQFH� OLWKRVWUDWLJUDSKLTXH� GRQW� OH� GHJUp�PpWDPRUSKLTXH� GpFURLW� YHUV� OH� KDXW� GH� OD� VpULH�

�&KDORXDQ�HW�DO����������&KDTXH�VpTXHQFH�HVW�FRQVWLWXpH�GH�WURLV�XQLWpV���PpWD�SpOLWHV�URXJHV�

3HUPR�7ULDVLTXH�j� OD�EDVH��SK\OOLWHV�GDQV� O¶XQLWp�7ULDVLTXH� LQIpULHXUH�HW� VXSpULHXUH��2Q�SHXW�

QRWHU�GHV� LQWHUFDODWLRQV�GH�J\SVH�GDQV� OD�VpULH�3HUPR�7ULDV� LQIpULHXU�DIIOHXUDQW�j� O¶DFWXHO�DX�

QLYHDX�GH�OD�IDLOOH�GH�1HNRU��&KDORXDQ�HW�DO�����������

/H�PpWDPRUSKLVPH�GDQV�O¶XQLWp�6HSWLGH�$OSXMDUULGH�VH�FDUDFWpULVH�SDU�GHV�DVVHPEODJHV�VFKLVWHV�

EOHX�GH�+3�%7��%RX\EDRXHQH�HW�DO���������0LFKDUG�HW�DO���������G¶kJH�GH�SLF�GH�PpWDPRUSKLTXH�

(RFqQH��3ODWW�HW�DO����������,O�FRUUHVSRQG�j�OD�SKDVH�GH�VXEGXFWLRQ�DOSLQH��1HJUR�HW�DO����������

(QVXLWH��VXUYLHQW�XQ�UHIURLGLVVHPHQW�UDSLGH�MXVTX¶j�����&�HQYLURQ�DX[�DOHQWRXUV�GH������0D�

�5RPDJQ\�HW�DO����������
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)LJXUH�������&DUWH�OH�O¶XQLWp�GH�%HQL�%RXVVHUD�PRGLILp�GH��$ILUL�HW�DO����������/H�GRPH�PpWDPRUSKLTXH�GHV�%HQL�
%RXVVHUD�HVW�XQ�G{PH�GH�GpWDFKHPHQW�H[KXPDQW�XQH�XQLWp�G¶DIILQLWp�RFpDQLTXH��/D�]RQH�GH�GpWDFKHPHQW�HVW�XQH�
VWUXFWXUH�P\ORQLTXH�ELHQ�SUpVHUYpH�DX� FRQWDFW�DYHF� OHV�JUDQXOLWpHV�GH� OD� ]RQH�GH� FLVDLOOHPHQW�� /HV�GLUHFWLRQV�
G¶pWLUHPHQW� GDQV� O¶XQLWp� GH� )LODOL� �VRXV�XQLWp� GHV� 6HSWLGHV�� LQGLTXHQW� XQH� H[WHQVLRQ� (�:� FRPSDWLEOH� DYHF� OD�
GLUHFWLRQ�GH�UHWUDLW�G¶XQ�SDQQHDX�SORQJHDQW��

������� �/HV�*KRPDULGHV�

/HV�QDSSHV�GHV�*KRPDULGHV�HW� OHXU�pTXLYDOHQW�HVSDJQRO�� OHV�0DODJXLGHV�� IRUPHQW� OHV�pWDJHV�

VXSpULHXUV� GHV� GRPDLQHV� LQWHUQHV� GX� 5LI� HW� GHV� %pWLTXHV� �)LJXUH� ���� HW� )LJXUH� ������ (OOHV�

UHFRXYUHQW�OHV�6HSWLGHV�TXL�DIIOHXUHQW�j�OD�IDYHXU�GH�TXHOTXHV�IHQrWUHV��0LFKDUG�HW�DO����������

,OV�DIIOHXUHQW�SULQFLSDOHPHQW�GDQV�OH�5LI�RFFLGHQWDOH��HW�GDQV�OH�PDVVLI�GHV�%RNNR\D��&KDORXDQ�

HW� DO��� �������'HV� URFKHV� j� OD�EDVH�GH� OD� IRUPDWLRQ� VRQW�SDOpR]RwTXHV��(OOHV� VRQW�SOLVVpHV� HW�

UHFULVWDOOLVpHV�HW�SRXUUDLHQW�rWUH�GHV�pFDLOOHV�GX�VRFOH�YDULVTXH�GX�GRPDLQH�G¶$O.D3H&D���/HV�

FDOFDLUHV�OLDVLTXHV�PR\HQV�HQUHJLVWUHQW�XQH�VpTXHQFH�G¶DSSURIRQGLVVHPHQW�HW�G¶pPHUVLRQ�TXL�

SRXUUDLW� FRUUHVSRQGUH� j� OD� IRUPDWLRQ� GHV� pSDXOHV� GX� ULIW� 7pWK\VLHQ�� /HV� 6HSWLGHV� HW� OHV�

*KRPDULGHV�IRUPHUDLHQW�DYHF�OHXUV�pTXLYDOHQWV�EpWLTXHV�OD�PLFUR�SODTXH�G¶$OERUDQ��RX�$OERUDQ�

7HUUDQH��&KDORXDQ�HW�DO���������(O�.DGLUL�HW�DO����������'¶DSUqV�&KDORXDQ�HW�DO�����������GHV�JUqV�

DUJLOHX[�HW�GHV�FRQJORPpUDWV�HQ�GLVFRUGDQFH�VXU�GHV�FRQJORPpUDWV�FDOFDLUHV�IRUPHQW�OH�GpEXW�

GHV�IRUPDWLRQV�GLWHV�©�SRVW�QDSSHV�ª�GDWpHV�GX�&KDWWLHQ�DX�%XUGLJDOLHQ�HW�FRQWLHQQHQW�GHV�GpEULV�

LVVXV�GX�UHPDQLHPHQW�GHV�XQLWpV�SOXV�LQWHUQHV��/H�KDXW�GH�OD�VpULH�FRQWLHQW�GHV�ROLVWRVWURPHV�
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FRQWHQDQW�O¶HQVHPEOH�GHV�XQLWpV�OHV�SOXV�LQWHUQHV�HW�WpPRLJQHQW�GH�O¶H[KXPDWLRQ�LPSRUWDQWH�GHV�

6HSWLGHV�HQWUH����0D�HW����0D�(&KDORXDQ�HW�DO���������

������� /D�'RUVDOH�&DOFDLUH�HW�OHV�XQLWpV�GX�3Up�'RUVDOLHQ��

&HV�XQLWpV�VRQW�VWUXFWXUHOOHPHQW�VXU�HW�VRXV�OHV�IRUPDWLRQV�6HSWLGHV�HW�*KRPDULGHV��)LJXUH�����

HW�)LJXUH�������(OOHV�DIIOHXUHQW�GDQV�OH�5LI�2FFLGHQWDO�HW�GDQV�OHV�%RNNR\D��DLQVL�TX¶DX�QLYHDX�

GH� OD� IDLOOH� GH� -HEKD� �/HEODQF� DQG� 2OLYLHU� ������ (O� .DGLUL�� (O� .DGLUL�� DQG� 5DKRXWL� ������

&KDORXDQ�DQG�0LFKDUG��������&KDORXDQ�HW�DO�����������.DGLUL�HW�DO����������6HUUDQR�HW�DO���������

V¶DFFRUGHQW�VXU�OH�IDLW�TXH�FHV�IRUPDWLRQV�UHSUpVHQWHQW�OD�WUDQVLWLRQ�GHV�]RQHV�LQWHUQHV�YHUV�OHV�

GRPDLQHV�RFpDQLTXHV�SOXV�SURIRQGV��(Q�HIIHW��FHV�IRUPDWLRQV�VRQW�HVVHQWLHOOHPHQW�PDULQHV�HW�

PRQWUHQW�GHV�HQYLURQQHPHQWV�GH�GpS{WV�FDUDFWpULVWLTXHV�GH�SODWHIRUPHV�FDUERQDWpHV�GDQV�VHV�

PHPEUHV�LQIpULHXUV��.DGLUL�HW�DO����������/H�SDVVDJH�GH�OD�VpGLPHQWDWLRQ�FDUERQDWpH�HW�PDULQ�

SURIRQG� j� GHV� DSSRUWV� GpWULWLTXHV� VXUYLHQW� j� O¶(RFqQH� HW� PRQWUH� OH� SUREDEOH� GpEXW� GH�

O¶H[KXPDWLRQ�GHV�GRPDLQHV�LQWHUQHV�HW�RX�OD�VXUUHFWLRQ�GH�OD�'RUVDOH�&DOFDLUH��&KDORXDQ�DQG�

0LFKDUG��������6HUUDQR�HW�DO�����������

����� /HV�GRPDLQHV�H[WHUQHV���

������� /HV�GRPDLQHV�GH�IO\VFKV�0DJKUpELQV�

/HV�GRPDLQHV�GH�)O\VFKV��)LJXUH�����HW�)LJXUH������FRUUHVSRQGHQW�SUREDEOHPHQW�j�OD�FRXYHUWXUH�

VpGLPHQWDLUH�GH�O¶RFpDQ�/LJXUR�0DJKUpELQ�TXL�ERUGDLHQW�OH�6XG�GX�EORF�$OERUDQ��0LFKDUG�HW�

DO����������&HWWH�FRXYHUWXUH�HVW�GpFROOpH�HW�IRUPH�XQ�SULVPH�G¶DFFUpWLRQ�LQDFWLI��/HV�URFKHV�TXL�

FRPSRVHQW� OD� EDVH� GH� FHV� QDSSHV� VRQW� G¶kJHV� -XUDVVLTXH�� UHSUpVHQWpHV� SDU� GHV� FDOFDLUHV� j�

UDGLRODULWHV��/H�VRPPHW�HVW� UHSUpVHQWp�SDU�GHV� WXUELGLWHV�FDOFDLUHV��/D�VpGLPHQWDWLRQ�GHYLHQW�

JpQpUDOHPHQW�FRQWLQHQWDOH�DX�%XUGLJDOLHQ�PR\HQ���&KDORXDQ�HW�DO�����������

������� �/¶LQWUD�5LI�HW�OH�0pVR�5LI��

/¶LQIUD�5LI�HW�OH�0pVR�5LI�VLWXpHV�VRXV�OHV�GRPDLQHV�,QWHUQH�HW�GH�)O\VFK��)LJXUH�����HW�)LJXUH�

����� FRUUHVSRQGHQW� j� OD�PDUJH�$IULFDLQH� GpFROOpH� HW� GpIRUPpH� j� OD� IDYHXU� G¶XQH� WHFWRQLTXH�

FRPSUHVVLYH�GH�W\SH�WKLFN�VNLQ�LPSOLTXDQW�SUREDEOHPHQW�OD�UpDFWLYDWLRQ�GH�VWUXFWXUHV�H[WHQVLYHV�

-XUDVVLTXH��&KDORXDQ�HW�DO����������/HV�XQLWpV�LQWUD�ULIDLQHV�VRQW�FRQVWLWXpHV�GH�VpGLPHQWV�V\Q�

HW� SRVW�ULIWV� �&KDORXDQ� DQG�0LFKDUG�� ������� /H�PpWDPRUSKLVPH�PRQWUH� TXH� FHWWH� XQLWp� HVW�

IDLEOHPHQW�HQIRXLH�HW�DWWHLQW�XQ�SLF�GH�WHPSpUDWXUH�GH�����&��/¶H[KXPDWLRQ�HVW�FRPSULVH�GDQV�
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XQH�SpULRGH�GH�WHPSV�DOODQW�GH�����0D�j�����0D�GDQV�OD�QDSSH�GH�.HWDPD��XQH�VRXV�XQLWp�GX�

GRPDLQH�,QWUD�5LI��$]GLPRXVD�HW�DO�����������

/H� PpVR�5LI� GDQV� OD� SDUWLH� FHQWUDOH� GX� 5LI� FRUUHVSRQG� j� GHV� GpS{WV� WXUELGLWLTXHV� HW�

G¶ROLVWRVWURPHV��0LFKDUG�HW�DO����������/H�PDVVLI�GH�7HPVDPDQH�HVW�VWUXFWXUHOOHPHQW�VLWXp�VRXV�

O¶XQLWp� GH� .HWDPD� �)LJXUH� ���� HW� )LJXUH� ������ /H� SURWROLWKH� HVW� SULQFLSDOHPHQW� G¶kJH�

3DOpR]RwTXH��/HV�]RQHV�OHV�SOXV�LQWHUQHV�GH�FHV�PDVVLIV�RQW�VXELV�XQ�PpWDPRUSKLVPH�03�%7�

�1HJUR�HW�DO����������/HV�XQLWpV�OHV�SOXV�H[WHUQHV�GX�PDVVLI�QH�VRQW�SDV�PpWDPRUSKLTXHV��1HJUR�

HW�DO�������PRQWUHQW�XQH�H[KXPDWLRQ�FRQWLQXH�GHV�7HPVDPDQH�HQWUH����0D�HW����0D�DVVRFLpH�

j� XQ� pWLUHPHQW� (�2�� H[KXPDWLRQ� TXL� VH� SRXUVXLW� MXVTX¶j� HQYLURQ� ���0D� j� ��0D�� DYHF� XQ�

HQUHJLVWUHPHQW�GH�OD�GpIRUPDWLRQ�(�2�HQ�FRQGLWLRQ�FDVVDQWH��/¶H[KXPDWLRQ�GH�FHWWH�XQLWp�VH�

IDLW�j�OD�IDYHXU�G¶XQ�GpWDFKHPHQW�FUXVWDO�SUREDEOHPHQW�DVVRFLp�j�OD�IDLOOH�GH�1HNRU���1HJUR�HW�

DO�� ������ %RRWK�5HD� HW� DO��� ������� /H�PDVVLI� GH� 7HPVDPDQH� HW� OD� IDLOOH� GH� 1HNRU� SRXUUDLW�

FRUUHVSRQGUH�j�XQH�]RQH�GH�VXWXUH�HQWUH�XQ�EORF�LQWUD�ULIDLQ�GLVWLQFW�GH�OD�PDUJH�DIULFDLQH�TXL�

FRXOLVVHUDLW�OH� ORQJ�G¶XQH� ]RQH�GpFURFKDQWH� VpQHVWUH� �%HQ]DJJDJK�HW� DO��� �������/D� IDLOOH�GH�

1HNRU�HVW�GRQF�XQH�OLPLWH�VWUXFWXUDOH�DQFLHQQH�HQWUH�OH�GRPDLQH�,QWUDULI�HW�0HVRULI����

������� �/H�3Up�5LI���OH�EDVVLQ�G¶DYDQW�SD\V�5LIDLQ��

/HV�XQLWpV�3Up�5LIDLQH�FRUUHVSRQGHQW�VWUXFWXUDOHPHQW�DX�EDVVLQ�G¶DYDQW�SD\V�5LIDLQ��)LJXUH�����

HW�)LJXUH������&KDORXDQ�HW�DO���������/D�EDVH�GH�FHWWH�XQLWp�HVW�XQH�VpULH�DOODQW�GX�7ULDV�DX�

0LRFqQH�GRQW�OHV�QLYHDX[�GH�VHO�GDWpV�7ULDV�VHUYHQW�GH�QLYHDX�GH�GpFROOHPHQW�j�OD�EDVH�GH�OD�

FRXYHUWXUH��6DQL�HW�DO����������/HV�PRODVVHV�SURYHQDQW�GX�GpPDQWqOHPHQW�GH�OD�FKDLQH�5LIDLQH�

VRQW� kJpHV� GX�0LRFqQH�PR\HQ� j� WHUPLQDO�� HQ� GLVFRUGDQFH� VXU� OHV� VpULHV� SOXV� DQFLHQQHV�� /D�

WUDQVJUHVVLRQ� GHV� PRODVVHV� HVW� GLDFKURQH� j� O¶pFKHOOH� GX� EDVVLQ�� HW� GpPDUUH� j� O¶2XHVW�

SUREDEOHPHQW� DX[� DOHQWRXUV� GX� /DQJKLHQ�� HW� SOXV� WDUGLYHPHQW� j� O¶(VW� YHUV� OH� 7RUWRQLHQ�

�&KDORXDQ�HW�DO���������%DUJDFK�HW�DO���������RQW�PRQWUp�TXH�OHV�VWUXFWXUHV�GH�SOLV�HW�GH�IDLOOHV�

DIIHFWDQW� FHWWH� XQLWp� VRQW� V\Q�VpGLPHQWDWLRQ�0LRFqQH� DYHF� XQ� SLF� GH� GpIRUPDWLRQ�0LRFqQH�

PR\HQ��1pDQPRLQV��OHV�GRQQpHV�GH�WHUUDLQV�PRQWUHQW�TXH�OD�SKDVH�GH�GpIRUPDWLRQ�FRPSUHVVLYH�

HVW�PD[LPXP�DX�3OLRFqQH�DYHF�XQH�GLUHFWLRQ�1�6��/¶HQUHJLVWUHPHQW�GH�OD�GpIRUPDWLRQ�GDQV�OHV�

EDVVLQV�G¶DYDQW�SD\V�ULIDLQ�VHUD�GpFULW�HQ�GpWDLO�GDQV�OH�FKDSLWUH�VXLYDQW��

������� �/H�YROFDQLVPH�GX�GRPDLQH�G¶$OERUDQ���

/H� GRPDLQH� G¶$OERUDQ� HVW� DIIHFWp� SDU� GHV� pSLVRGHV� YROFDQLTXHV� UHIOpWDQW� OD� YDULpWp� GHV�

SKpQRPqQHV� JpRG\QDPLTXHV� HQUHJLVWUpH� GHSXLV� OD� FROOLVLRQ� ROLJRFqQH� MXVTX¶j� O¶H[WHQVLRQ�



����
�

�

G¶DUULqUH�DUF�0LRFqQH��)LJXUH�������,O�HVW�SRVVLEOH�GH�GLVWLQJXHU�TXDWUH�SKDVHV�GH�YROFDQLVPH��

�'XJJHQ�HW� DO��� ������(O�$]]RX]L� HW� DO��� ������*LOO� HW� DO��� �������8QH�SUHPLqUH�SKDVH�GDWpH�

G¶DSUqV� GHV� LQWUXVLRQV� JUDQLWLTXHVj� OD� SpULRGH� (RFqQH�2OLJRFqQH� DX� QLYHDX� GH� 0DODJD� HQ�

(VSDJQH��&HWWH�SKDVH�YROFDQLTXH�FDUDFWpULVpH�SDU�GHV�PDJPDV�PDILTXHV�SRXUUDLW�PDUTXHU� OD�

VXEGXFWLRQ� GH� OD� OLWKRVSKqUH� RFpDQLTXH� �7RUUHV�5ROGDQ� HW� DO��� ������� 8QH� SKDVH� 2OLJRFqQH�

VXSpULHXU�j�0LRFqQH�EDVDO�FDUDFWpULVp�SDU�XQ�YROFDQLVPH�HVVHQWLHOOHPHQW�UHOLp�j�OD�FROOLVLRQ�HW�j�

OD�PLVH�HQ�SODFH�GHV�QDSSHV��HW�PDUTXpH�SDU�O¶DQDWH[LH�TXL�V¶HQ�VXLW��H�J��7RUUHV�5ROGDQ�HW�DO��

������'XJJHQ�HW�DO��������5RVVHWWL�HW�DO����������������

3XLV��XQH�SKDVH�ODQJKLHQQH�PDUTXpH�SDU�XQ�PDJPDWLVPH�FDOFR�DOFDOLQ�HQ�(VSDJQH�HW�DX�0DURF�

j�WHUUH��PDLV�WKROpLWLTXH�HQ�PHU��'XJJHQ�HW�DO���������(O�%DNNDOL�HW�DO���������*LOO�HW�DO����������

'XJJHQ�HW�DO���������SURSRVH�TXH�OH�PDJPDWLVPH�GH�FHWWH�pSRTXH�VRLW�OD�FRQVpTXHQFH�GX�UHWUDLW�

G¶XQ�SDQ�GH�VODE�WpWK\VLHQ�VRXV�OH�GRPDLQH�G¶$OERUDQ��

(QILQ��DX�7RUWRQLHQ�SXLV�DX�3OLRFqQH��(O�$]]RX]L�HW�DO���������HW�'XJJHQ�HW�DO����������PRQWUHQW�

XQH� WUDQVLWLRQ�YHUV� �GHV�PDJPDV�GH� W\SH�EDVDOWH�DQGpVLWLTXH�HW�VKRVKRQLWLTXH�TXL�SRXUUDLHQW�

VLJQDOHU� OD� GpFKLUXUH� GX� VODE� HW� OD� FKXWH� G¶XQ� SDQ� GH� SDQQHDX� SORQJHDQW� GDQV� OH� PDQWHDX�

VXSpULHXU��

6XU� OD�PDUJH�6XG� �)LJXUH� ������ OH� YROFDQLVPH�SHXW� rWUH� SOXV� UpFHQW�� SXLVTXH� GDQV� OD� UpJLRQ�

G¶2XMGD�j�O¶H[WUrPH�(VW�0DURFDLQ��GHV�GDWDWLRQV�UpDOLVpHV�SDU�(O�%DNNDOL�HW�DO����������GRQQHQW�

GHV�kJHV�3OLRFqQH�j�4XDWHUQDLUH�VH�UDMHXQLVVDQW�YHUV� O¶(VW��$�FHWWH�pSRTXH�OH�YROFDQLVPH�HVW�

HVVHQWLHOOHPHQW�VLWXp�DX�0DURF�ELHQ�TXH�'XJJHQ�HW�DO�������UDSSRUWH�XQ�pSLVRGH�YROFDQLTXH�HQ�

(VSDJQH�DX�3OLRFqQH�WDUGLI���
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�
)LJXUH� ������ &DUWH� GX� YROFDQLVPH� DIIHFWDQW� OD� UpJLRQ� G¶$OERUDQ� GHSXLV� OH�0LRFqQH� MXVTX¶j� O¶DFWXHO�� WLUpH� GH�
'XJJHQ�HW�DO��������&HWWH�FDUWH�PRQWUH�TXH�OHV�VpULHV�WKROpLWLTXHV�DIIHFWHQW�SULQFLSDOHPHQW�OHV�]RQHV�DPLQFLHV�GX�
GRPDLQH�G¶$OERUDQ��6XU�OHV�PDUJHV��OHV�VpULHV�GH�EDVDQLWHV�HW�GH�EDVDOWHV�DOFDOLQV�UHIOqWHUDLHQW�OD�IXVLRQ�SDUWLHOOH�
GH�OLWKRVSKqUH�FRQWLQHQWDOH�VRXV�O¶HIIHW�GH�OD�GpODPLQDWLRQ�PDQWHOOLTXH��(QILQ��FHWWH�FDUWH�PRQWUH�OH�YROFDQLVPH�
3OLRFqQH�WHUPLQDO�SXLV�3OpLVWRFqQH�j�DFWXHO�DIIHFWDQW�OH�SURORQJHPHQW�GHV�XQLWpV�GX�PR\HQ�$WODV�GHSXLV�OD�]RQH�GH�
*RXURXJRX�MXVTX¶j�O¶2XHVW�GH�OD�UpJLRQ�G¶2UDQ��

������� �([WHQVLRQ�HW�VXEVLGHQFH�GX�EDVVLQ�G¶$OERUDQ�

,O�H[LVWH�GH�QRPEUHX[�PRGqOHV�SRUWDQW�VXU�OHV�PpFDQLVPHV�GH�O¶H[WHQVLRQ�GX�GRPDLQH�G¶$OERUDQ�

�H�J��-ROLYHW�HW�DO��������)DFFHQQD�HW�DO��������0DXIIUHW��������5HSUHQDQW�O¶HQVHPEOH�GHV�pWXGHV�

SUpFpGHQWH��YDQ�+LQVEHUJHQ�HW�DO���������SURSRVHQW�TXH�O¶LQLWLDWLRQ�GH�O¶H[WHQVLRQ�G¶DUULqUH�DUF�

GpPDUUH�YHUV� ���0D�DX�QLYHDX�GX�EDVVLQ�$OJpULHQ� HW�SURYRTXH� O¶HIIRQGUHPHQW�GH� OD� FKDLQH�

DOSLQH�HQ�$OERUDQ��)LJXUH�������'¶DSUqV�OHXUV�UHFRQVWUXFWLRQV��O¶H[WHQVLRQ�DX�QLYHDX�GX�GRPDLQH�

G¶$OERUDQ� GpEXWHUDLW� YHUV� ��0D�� �0HGDRXUL� HW� DO��� ������ SURSRVHQW� TXH� O¶H[WHQVLRQ� GDQV� OH�
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EDVVLQ� 6XG�$OERUDQ� HVW� HQUHJLVWUpH� VXU� OHV� OLJQHV� VLVPLTXHV� HQWUH� ��0D� HW� �0D�� FH� TXL� HVW�

FRPSDWLEOH�DYHF�OHV�GRQQpHV�PDJPDWLTXHV��'XJJHQ�HW�DO����������/D�GpFKLUXUH�SURJUHVVLYH�GX�

SDQQHDX� SORQJHDQW� HQWUDLQHUDLW� DORUV� O¶DUUrW� GH� O¶H[WHQVLRQ�� OD� GpODPLQDWLRQ� GX� PDQWHDX�

OLWKRVSKpULTXH�HW�O¶LQYHUVLRQ�GDQV�OH�EDVVLQ�6XG��&HFL�HVW�HQ�DFFRUG�DYHF�FH�TXH�SURSRVH�SDU�

H[HPSOH��'XJJHQ�HW�DO�����������
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'HV�IRUDJHV�RQW�pWp�HIIHFWXpV�GDQV�OH�EDVVLQ�G¶$OERUDQ�GXUDQW�OH�/HJ�2'3������&RPDV�HW�DO����������/H�VRFOH�\�HVW�
FRPSRVp� GH� URFKHV�PpWDPRUSKLTXHV� G¶DVVHPEODJH�&RUGLHULWH�%LRWLWH�)HOGVSDWK�+RUQVIHOG� �5\DQ� HW� DO��� ������
GpQRWDQW�XQ�IDFLqV�VFKLVWH�YHUW�GDQV�OH�FKHPLQ�UpWURJUDGH��&H�VRFOH�PpWDPRUSKLTXH�PRQWUH�XQH�WUqV�JUDQGH�DIILQLWp�
DYHF� O¶XQLWp� WHFWRQLTXH�GHV�$OSXMDUULGHV�GH� OD�FKDLQH�%pWLTXH��'¶DSUqV� OHV�GRQQpHV�GH� IRUDJH�HW� O¶DQDO\VH�GHV�
FKHPLQV� 3�7� GH� FHV� URFKHV�PpWDPRUSKLTXHV� �)LJXUH� ���� �� &RPDV� HW� DO��� ������ VXJJqUHQW� TXH� O¶H[WHQVLRQ� GX�
GRPDLQH� G¶$OERUDQ� GpEXWH� YHUV� OD� ILQ� GH� O¶2OLJRFqQH�� /HV� DQDO\VHV� GH� VXEVLGHQFH� UpYqOHQW� TXH�
OH� EDVVLQ� RXHVW� $OERUDQ� VXELW� XQH� H[WHQVLRQ� LPSRUWDQWH� DX� 6HUUDYDOR�7RUWRQLHQ�� VXLYLW� G¶XQH�
SpULRGH� GH� VRXOqYHPHQW� TXL� GpPDUUHUDLW� YHUV� OD� ILQ� GX� 7RUWRQLHQ� �&RPDV� HW� DO��� ������ 0DXIIUHW�
HW� DO��� ������� 'DQV� OH� 6HUUDYDOLHQ� GHV� DSSRUWV� GH� VpGLPHQWV� SOXV� JURVVLHU�� GH� PDUQHV� DYHF� QLYHDX[�
FRQJORPpUDWLTXHV�� LQGLTXHQW� XQH� pURVLRQ� SOXV� LPSRUWDQWHV� GHV� PDUJHV� OLpH� j� XQH� SpULRGH� GH�
UpJUHVVLRQ� PDULQH� LPSRUWDQWH� �+DUGHQERO� HW� DO��� ������� /H� EDVVLQ� 2XHVW� $OERUDQ� HVW� OH� VRXV�
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EDVVLQ� TXL� HQUHJLVWUHQW� OD� SOXV� LPSRUWDQWH� pSDLVVHXU� VpGLPHQWDLUH� ���NP� G
pSDLVVHXU�� )LJXUH� ���� HW�

�

)LJXUH�������&RPDV�HW�DO����������
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)LJXUH�������5HFRQVWUXFWLRQ�GH�OD�JpRG\QDPLTXH�2XHVW�0pGLWHUUDQpHQQH�HQWUH���0D�HW���0D��YDQ�+LQVEHUJHQ�HW�
DO����������$EUpYLDWLRQV���*R/���*ROIH�GX�/LRQ���*R9��*ROI�GH�9DOHQFH���$O��$OERUDQ���.D��.DE\OLH���3H��3pORULWDLQ���
&D��&DODEUH��/HV�FDUWHV�PRQWUHQW�O¶LQLWLDWLRQ�GH�OD�VXEGXFWLRQ�DX�QLYHDX�GX�EDVVLQ�$OJpULHQ��IUDJPHQWDQW�OH�GRPDLQH�
$O.D3H&D�HQ�VRXV�XQLWpV�TXL�VHURQW�SUpVHUYpHV�MXVTX¶j�O¶DFWXHO�VXU�OD�PDUJH�6XG�GX�EDVVLQ�2XHVW�0pGLWHUUDQpHQ��
&HV�PRGqOHV�SUHQQHQW� HQ� FRPSWH�XQH� VXEGXFWLRQ�YHUV� OH�1RUG�GX�SDQQHDX�SORQJHDQW�7pWK\VLHQ�� R�� OHV�XQLWpV�
LQWHUQHV�GX�GRPDLQH�G¶$OERUDQ�VRQW�HQ�SRVLWLRQ�G¶$YDQW�$UF��9HUJpV�DQG�)HUQjQGH]���������$���0D��XQH�67(3�
IDXOW� DXUDLW� pWp�PLVH� HQ�SODFH� HQWUH� OHV�GRPDLQHV�GH�.DE\OLH� HW� G¶$OERUDQ�� DFFRPPRGDQW� OHV� WDX[�G¶H[WHQVLRQ�
VXSpULHXUV�GX�EDVVLQ�2XHVW�&RUVH��'DQV�FH�PRGqOH��OH�GRPDLQH�G¶$OERUDQ�PLJUHUD�SDU�OD�VXLWH�YHUV�O¶2XHVW�VXU�SOXV�
GH����NP�OH�ORQJ�GµXQH�]RQH�GH�FLVDLOOHPHQW�1RUG�HW�6XG�FRUUHVSRQGDQW�UHVSHFWLYHPHQW�j�OD�WUDQVIRUPDQWH�G¶(PLOH�
%DXGHDX��HW�j�OD�0HVRULI�6WULNH�6OLS�)DXOW��&H�GHUQLHU�GpFURFKHPHQW�VpSDUDQW�OH�GRPDLQH�G¶$OERUDQ�GX�GRPDLQH�
GH�.DE\OLH��

/D� VXEVLGHQFH� GX� EDVVLQ�2XHVW�$OERUDQ� HVW� UHSpUpH� VXU� OD�PDUJH�0DURFDLQH� SDU� GHV� IDLOOHV�

QRUPDOHV�LQFOLQpHV�YHUV�OH�EDVVLQ��&UHVSR�%ODQF�HW�DO����������(OOH�VHUDLW�DXVVL�YLVLEOH�HQ�0HU�

SDU�VLVPLTXH�UpIOH[LRQ��&KDORXDQ�HW�DO����������&HSHQGDQW�OH�PDQTXH�GH�GpIRUPDWLRQ�LQWHUQH�

©�H[WHQVLYH�ª�FODLUH�GDQV�OH�EDVVLQ�G¶$OERUDQ�LQGLTXH�XQH�GpIRUPDWLRQ�GH�W\SH�VDJ�EDVLQ�j�SDUWLU�

GX�6HUUDYDOLHQ��'R�&RXWR�HW�DO���������/HV�VpGLPHQWV�j�OD�EDVH�GX�EDVVLQ�VRQW�GDWpV�GH�OD�ILQ�GH�

O¶$TXLWDQLHQ�ORUVTXH�OHV�XQLWpV�VHEWLGHV�HW�JKRPDUULGHV�VRQW�SURJUHVVLYHPHQW�GLVWHQGXHV�j�OD�
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IDYHXU�G¶XQ�GpFROOHPHQW�G¶pFKHOOH�FUXVWDOH��'R�&RXWR�HW�DO����������/¶KLVWRLUH�PLRFqQH�MXVTX¶DX�

7RUWRQLHQ�UHIOqWH�OD�VXEVLGHQFH�FRQWLQXH�GH�FH�EDVVLQ�HQ�FRQWH[WH�G¶DUULqUH�DUF��'R�&RXWR�HW�DO�

������� &HWWH� SpULRGH� GH� VXEVLGHQFH� LPSRUWDQWH� HVW� OLpH� DX� VRXOqYHPHQW� UDSLGH� GHV�PDUJHV��

'XUDQW�OH�%XUGLJDOLHQ�HW�OH�/DQJKLHQ��OH�EDVVLQ�VXEVLGH�GH�PDQLqUH�DV\PpWULTXH�DYHF�XQ�IRUW�

VRXOqYHPHQW�GH�OD�PDUJH�5LIDLQH��PHQDQW�j�O¶DFFXPXODWLRQ�G¶pSDLVVHXU�LPSRUWDQWH�G¶DUJLOH��)LJ��
������&HV�DUJLOHV�LQIOXHURQW�DX[�4XDWHUQDLUH�VXU�OD�G\QDPLTXH�GX�IRQG�GH�PHU��

�



����
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�

)LJXUH��������$��&DUWH�EDWK\PpWULTXH�GH�OD�0HU�G¶$OERUDQ�PRQWUDQW�OD�ORFDOLVDWLRQ�GHV�OLJQHV�VLVPLTXHV�j�O¶pFKHOOH�
UpJLRQDOH���%��/RJ�VWUDWLJUDSKLTXH�GX�SXLWV�$QGDOXFLD�*���(OI��������FUHXVp�VXU�OD�SHQWH�VXSpULHXUH�GH�OD�PDUJH�
(VSDJQROH���&��&RXSH�V\QWKpWLTXH�GX�EDVVLQ�2XHVW�$OERUDQ��GHSXLV�OD�0DUJH�0DURFDLQH�DX�6XG�MXVTX¶j�OD�0DUJH�
(VSDJQROH�DX�1RUG��/HV�pSDLVVHXUV�GH�OD�VpTXHQFH�GH�GpS{W�0LRFqQH�VRQW�HQ�IDYHXU�G¶XQH�VXEVLGHQFH�LPSRUWDQWH�
DX�0LRFqQH�LQIpULHXU��&HV�GpS{WV�0LRFqQH�VRQW�GpIRUPpV�HQ�FRPSUHVVLRQ�j�SDUWLU�GH�7RUWRQLHQ�VXSpULHXU�HW�pURGpV�
ORUV�GH�OD�FULVH�GH�VDOLQLWp�0HVVLQLHQQH��0(6���'HV�XQLWpV�FRUUHVSRQGHQW�j�GHV�0DVV�7UDQVSRUW�'HSRVLW��&8��VRQW�
ORFDOLVpHV� HQ�SLHG�GH�SHQWH� FRQWLQHQWDOH� HW� FRUUHVSRQGUDLW� j� O¶pURVLRQ�GHV� ]RQHV� pPHUJpHV�GXUDQW� OD�0(6��/H�
UpHQQRLHPHQW�0HVVLQLHQ��7(6��UpIOHFWHXU�RUDQJH��HVW�XQH�VXUIDFH�pURVLYH�ILJXUpH�DX�WRLW�GHV�XQLWpV�&8�'R�&RXWR�
HW�DO���������
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$�SDUWLU�GH����0D��OHV�EDVVLQV�SpULSKpULTXHV�GH�OD�PDUJHV�,EpULTXH��OH�EDVVLQ�(VW�$OERUDQ�HW�OD�PDUJH�RUDQDLVH�
FRPPHQFH� j� HQUHJLVWUHU� XQH� LQYHUVLRQ� WHFWRQLTXH� OLpH� j� OD� FRQYHUJHQFH� $IULTXH�(XUDVLH� �)LJXUH� ����

�

)LJXUH�����HW�)LJXUH�������'R�&RXWR�HW�DO���������0HGDRXUL�HW�DO����������/¶LQYHUVLRQ�WHFWRQLTXH�

SURYRTXHUDLW�XQH�UpRUJDQLVDWLRQ�j�O¶pFKHOOH�UpJLRQDOH�GHV�VWUXFWXUHV�WHFWRQLTXHV� �&DPSLOOR�HW�

DO��� ������&RPDV�HW� DO��� ����D�� DLQVL�TXH� OD� IRUPDWLRQ�GH�EDVVLQV�SLJJ\�EDFN� j� O¶DSORPE�GH�

VWUXFWXUHV�H[WHQVLYHV�FUXVWDOHV�LQYHUVpHV�GDQV�OH�EDVVLQ�G¶+DELEDV��0DUWtQH]�*DUFtD�HW�DO���������



����
�

�

0HGDRXUL�HW�DO����������7UDYHUVDQW�GH�SDUW�HQ�SDUW�OH�GRPDLQH�G¶$OERUDQ��OHV�JUDQGV�DFFLGHQWV�

GpFURFKDQW� DFFRPPRGHQW� OD� FRQYHUJHQFH�$IULTXH�(XUDVLH� �)LJ�� ���� ��0DXIIUHW� HW� DO��� ������

:RRGVLGH�DQG�0DOGRQDGR���������/H�VRXOqYHPHQW�GH�OD�UpJLRQ�HW�OD�FRPSUHVVLRQ�DFWLYH�VXU�OHV�

ERUGXUHV�GX�GRPDLQH�SURYRTXHUDLHQW�OHV�IHUPHWXUHV�GH�FRUULGRUV�FRQQHFWDQW�O¶$WODQWLTXH�j�OD�

0pGLWHUUDQpH��.ULMJVPDQ�HW�DO�������D���'X�F{Wp�6XG�G¶$OERUDQ�OH�FRUULGRU�VHPEOH�FO{W�j����0D�

�.ULMJVPDQ�HW�DO�������E���&HSHQGDQW�GHV�pWXGHV�FRPSOpPHQWDLUHV�VXJJqUHQW�TXH�OHV�FLUFXODWLRQV�

HQWUH� $WODQWLTXH� HW�0pGLWHUUDQpH� VRLHQW� SRVVLEOHV� DX�PRLQV� MXVTX¶j� ����0D� �0�QFK� HW� DO���

��������

�
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�

)LJXUH�������([WHQVLRQ�0LRFqQH�GDQV�OH�EDVVLQ�2XHVW�$OERUDQ�G¶DSUqV�OHV�FDUWHV�G¶LVRSDFK�UpDOLVpHV�GXUDQW�OD�
WKqVH�GH��'R�&RXWR���������PRGLILp�G¶DSUqV��'R�&RXWR�HW�DO����������&HV�FDUWHV�PRQWUHQW�OD�VXEVLGHQFH��GX�EDVVLQ�
2XHVW�$OERUDQ�HW�OH�WUDQVIHUW�YHUV�OH�6XG�GHV�GpSRFHQWUHV�HQWUH�OH�%XUGLJDOLHQ�HW�OH�7RUWRQLHQ�LQIpULHXU��6XU�OD�
ERUGXUH�6XG�GX�EDVVLQ�2XHVW�$OERUDQ��OD�VXUUHFWLRQ�GHV�EDQFV�GH�;DXHQ��;E��GpPDUUH�SUREDEOHPHQW�GXUDQW�OH�
7RUWRQLHQ�VXSpULHXUH�SRXU�V¶DFKHYHU�GXUDQW�OH�3OLRFqQH��/D�GpIRUPDWLRQ�GLVWULEXpH�GH�OD�5LGH�G¶$OERUDQ�SRXUUDLW�
FRUUHVSRQGUH�DX[�GHSRFHQWUH�GHV�DUJLOHV�VRXV�FRPSDFWpH�ODQJKLHQQH��/D�ULGH�G¶$OERUDQ�VH�WHUPLQH�DX�QLYHDX�GX�
%DQF�GH�;DXHQ�HW�ILJXUHUDLW�XQH�]RQH�GH�GpFURFKHPHQW�FRUUHVSRQGDQW�j�OD�WHUPLQDLVRQ�G¶XQH�67(3�IDXOW��



����
�

�

�



����
�

�

�
)LJXUH�������5HFRQVWLWXWLRQ�GH�OD�JpRG\QDPLTXH�UpJLRQDOH��'R�&RXWR�HW�DO���������$5���$OERUDQ�5LGJH���<)��<XVXI�
IDXOW��&HV�FDUWHV�PRQWUHQW�OD�PLJUDWLRQ�HW�OD�ORFDOLVDWLRQ�GX�UDFFRXUFLVVHPHQW�OH�ORQJ�GHV�VWUXFWXUHV�$WODVLTXH�HW�
GH�OD�ULGH�G¶$OERUDQ��OLpH�j�O¶LQGHQWDWLRQ�$IULFDLQH��&HWWH�UHFRQVWLWXWLRQ�VXJJqUH�TXH�OD�5LGH�G¶$OERUDQ�HW�O¶DYDQW�
3D\V�5LIDLQ� DFFRPPRGH� OH� UDFFRXUFLVVHPHQW� OLp� j� OD� FRQYHUJHQFH� GH� PDQLqUH� GLVWULEXpH�� &HWWH� EDQGH� GH�
GpIRUPDWLRQ�HVW�SOXV�RX�PRLQV�FRQWLQXH�MXVTX¶DX�7HOO�DX�1LYHDX�GH�O¶DFWXHOOH�7XQLVLH��/¶LQYHUVLRQ�GH�OD�PDUJH�
$OJpULHQQH�DX�QLYHDX�GH�O¶2UDQDLV��WHUPLQDLVRQ�6XG�(VW�GH�OD�IDLOOH�GH�<XVXI��GpPDUUHUDLW�j�SDUWLU�GH��0D�HQYLURQ��
/H� FRUULGRU� 6XG�5LIDLQ� FRUUHVSRQGDQW� j� OD� FRQQH[LRQ� HQWUH� O¶$WODQWLTXH� HW� OD�0pGLWHUUDQpH� H[LVWHUDLW� j� FHWWH�
SpULRGH��

�

� �
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����� ,QYHUVLRQ�7RUWRQR�0HVVLQLHQQH�HW�GpIRUPDWLRQ�3OLR�TXDWHUQDLUH�GH�OD�
SDUWLH�H[WHUQH�GH�O¶DUF�%pWLFR�5LIDLQ�

/¶LQYHUVLRQ�GX�GRPDLQH�G¶$OERUDQ�j�SDUWLU�GX�7RUWRQLHQ�LPSOLTXH�OD�IHUPHWXUH�HW�OD�VXUUHFWLRQ�

GHV�EDVVLQV�G¶$YDQW��3D\V�VXU�OHV�ERUGXUHV�H[WHUQHV�GX�'RPDLQH�G¶$OERUDQ��8QH�G\QDPLTXH�

LQWHUQH�OLpH�DX[�DFFLGHQWV�GpFURFKDQW�DFFRPPRGHQW�OD�PLJUDWLRQ�GX�GRPDLQH�YHUV�O¶2XHVW��H�J��

&UHVSR�%ODQF�HW�DO����������/D�SKDVH�G¶LQYHUVLRQ�GX�GRPDLQH�PRGLILH�OD�SK\VLRJUDSKLH�GX�EDVVLQ�

G¶$OERUDQ�GDQV�XQ�FRQWLQXXP�GH�GpIRUPDWLRQ�GX�0HVVLQLHQ�j�O¶DFWXHO��$XMRXUG¶KXL��OHV�OLPLWHV�

GH�SODTXHV�HQWUH�OH�GRPDLQH�G¶$OERUDQ��O¶$IULTXH�HW�O¶(XUDVLH�VRQW�SHX�FRQWUDLQWHV�PDOJUp�XQH�

GpIRUPDWLRQ�LPSRUWDQWH��)LJXUH��������

�
)LJXUH� ������� K\SRFHQWUHV� GHV� VpLVPHV� GDQV� OD� 5pJLRQ� GH� O
DUF� %pWLFR�5LIDLQV� �&DWDORJXH� ,*1��
KWWSV���ZZZ�LJQ�HV�LJQ���SpULRGH������������/H�FDGUH�$�FRUUHVSRQG�j�XQH� ]RQH�GH�FRPSUHVVLRQ�GDQV� OD�SDUWLH�
2XHVW�GH�OD�FKDLQH�%pWLTXH��/H�FDGUH�%�FRUUHVSRQG�j�O
H[WHQVLRQ�VXSHUILFLHOOH�VXU�OH�EORF�1RUG�2XHVW�GH�OD�IDLOOH�
GH�&DUERQHUDV��/H�FDGUH�&�FRUUHVSRQG�j� OD� ]RQH�GH� IDLOOHV�GpFURFKDQWHV�G
$O�,GULVVL�HW�GH�%RNNR\D�DLQVL�TXH�
O
H[WHQVLRQ�GX�EDVVLQ�GH�1HNRU��/HV�VpLVPHV�SURIRQGV��!��NP��ILJXUHQW�OH�KDXW�GH�OD�PDVVH�IURLGH�SORQJHDQW�GDQV�
OH�PDQWHDX�DX�GURLW�GX�%DVVLQ�2XHVW�$OERUDQ��

�
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������� /LPLWHV�EpWLTXHV�

'DQV�OHV�]RQHV�H[WHUQHV�GHV�EpWLTXHV��%DVVLQ�GH�*XDGDOTXLYLU���)LJXUH��������GHV�SOLV�VXU�UDPSHV�

DYHXJOHV�DIIHFWHQW�OD�FKDLQH�HW�GHVVLQHQW�DSSUR[LPDWLYHPHQW�XQH�OLPLWH�GH�SODTXH�DX�IURQW�GH�

O¶DYDQW�SD\V��*DUFtD�0D\RUGRPR�HW�DO���������*RQ]DOH]�&DVWLOOR�HW�DO����������$X�6XG�GX�EDVVLQ�

GH�*XDGDOTXLYLU�� OD� VLVPLFLWp� LPSRUWDQWH� LQGLTXHQW� XQ�SDUWLWLRQQHPHQW� GH� OD� GpIRUPDWLRQ� DX�

QLYHDX�GH�O¶DYDQW�SD\V�GH�OD�&KDLQH�%pWLTXH���)LJXUH�����)LJXUH�������%DODQ\D�HW�DO���������

3DODQR� HW� DO��� ������ ������� /D� GpIRUPDWLRQ� DFWXHOOH� PRQWUH� XQH� GLUHFWLRQ� G¶H[WHQVLRQ�

RUWKRJRQDOH� j� OD� OLJQH� GH� ULYDJH�� DVVRFLpH� j� XQH� GLUHFWLRQ� GH� FRPSUHVVLRQ� (�:� �)LJXUH�

����)LJXUH� ������ %DODQ\D� HW� DO��� ������� 'HV� HVFDUSHPHQW� GDQV� OH� GpWURLW� GH� *LEUDOWDU� VRQW�

LQWHUSUpWpV� FRPPH� GHV� IDLOOHV� (�:� GpFURFKDQWHV� TXL� SRXUUDLHQW� LQGLTXHU� XQ� PRGH� GH�

GpIRUPDWLRQ�VLPLODLUH�j�OD�GpIRUPDWLRQ�DFWXHOOH�GDQV�OHV�%pWLTXHV��/XMDQ�HW�DO�����������

�
)LJXUH��������&DUWH�V\QWKpWLTXH�GHV�IURQWV�GH�GpIRUPDWLRQ�ERUGDQW�O¶DUF�%pWLFR�5LIDLQ�HW�GHV�VWUXFWXUHV�WHFWRQLTXHV�
DFWLYHV� DFFRPPRGDQW� OD� GpIRUPDWLRQ� LQWHUQH� GX� GRPDLQH� G¶$OERUDQ��:$%��:HVW� $OERUDQ�%DVLQ��� 6$%�� 6RXWK�
$OERUDQ�%DVLQ���($%��(DVW�$OERUDQ�%DVLQ��0RGLILpH�GH��%DODQ\D�HW�DO���������&DSHOOD�HW�DO���Q�G���*DOLQGR�=DOGtYDU�
HW�DO���������,ULEDUUHQ�HW�DO���������0DDG�HW�DO���������������0DUWtQH]�*DUFtD�HW�DO���������0HGLDOGHD�HW�DO���������
5ROGiQ�HW�DO���������6DQ]�GH�*DOGHDQR�HW�DO����������/D�FDUWH�PRQWUH�j�O¶2XHVW�OHV�VWUXFWXUHV�GpFURFKDQWHV�OLpHV�
DX�SURORQJHPHQW�GHV�IDLOOHV�WUDQVIRUPDQWHV�$WODQWLTXH��/H�SULVPH�G¶DFFUpWLRQ�0LRFqQH�HVW�ILJXUp�HQ�QRLU�FDU�LO�HVW�
SUREDEOHPHQW� LQDFWLI�GDQV�VD�SDUWLH�2FFLGHQWDOH� �=LWHOOLQL�HW�DO����������6HV�XQLWpV� LQWHUQHV� VRQW�SUREDEOHPHQW�
DFWLYHV�GDQV�OH�3OLRFqQH�HW�OH�TXDWHUQDLUH��/HV�JUDQGV�SOLV�3OLRFqQH�GDQV�OHV�EpWLTXHV�PDUTXHQW�OH�UDFFRXUFLVVHPHQW�
GH� OD� FKDLQH��&HSHQGDQW�� XQ� MHX� H[WHQVLI� DIIHFWH� OD� ]RQH� HQWUH� OD� ERUGXUH�1RUG� GH� OD� FKDLQH� HW� OHV� DFFLGHQWV�
GpFURFKDQWV�1(�62�-)���-HKED�)DXOW���1)��1HNRU�)DXOW��.)��.HUW�)DXOW��

������� /H�SULVPH�G¶DFFUpWLRQ�j�O¶RXHVW�GX�GRPDLQH�G¶$OERUDQ�

'DQV�OH�*ROIH�GH�&DGL]��XQ�SULVPH�G¶DFFUpWLRQ�FKHYDXFKDQW�YHUV�O¶2XHVW�D�pWp�GpFULW� �)LJXUH�

������ *XWVFKHU� HW� DO��� ������ ,ULEDUUHQ� HW� DO��� ������� &H� SULVPH� G¶DFFUpWLRQ� VHUDLW� OLp� j� OD�

VXEGXFWLRQ�GH�PDWpULHO�RFpDQLTXH�VRXV�O¶DUF�GH�*LEUDOWDU��*XWVFKHU�HW�DO����������/H�IURQW�GH�
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GpIRUPDWLRQ�GX�SULVPH�G¶DFFUpWLRQ�QH�FRUUHVSRQG�SDV�DX[�OLPLWHV�GLWHV�DFWLYHV�GX�IURQW�%pWLFR�

5LIDLQ��)LJXUH�������*XWVFKHU�HW�DO���������,ULEDUUHQ�HW�DO����������/HV�OLQpDPHQWV�YLVLEOHV�VXU�OD�

EDWK\PpWULH��FRUUHVSRQGHQW�j�GHV�IDLOOHV�GH[WUHV�1:�6(�HW�j�OHXUV�FRQMXJXpHV�TXL�DIIHFWHQW�OH�

6XG� GX� SULVPH� G¶DFFUpWLRQ�� &HV� IDLOOHV� SHUWXUEDQW� OH� IRQG� PDULQ�� VHUDLHQW� OD� SUHXYH� GH� OD�

GpIRUPDWLRQ�DFWLYH��DFWXHOOH��GX�SULVPH�G¶DFFUpWLRQ��=LWHOOLQL�HW�DO�����������

8Q�IURQW�GH�GpIRUPDWLRQ�LQWHUQH�j�O¶DUF�GpOLPLWH�GHX[�OREHV��XQ�1RUG�HW�XQ�6XG��OLPLWpV�SDU�XQH�

IDLOOH� GpFURFKDQWH� (�:� �)LJXUH� ����� �0HGLDOGHD� HW� DO��� ������� LQGLTXHUDLW� GHV� WDX[� GH�

GpIRUPDWLRQV�GLIIpUHQWV�DX�1RUG�HW�DX�6XG�GH�OD�IDLOOH��HQ�UHODWLRQ�DYHF�O¶DFWLYLWp�G¶XQH�IDLOOH�

WUDQVIRUPDQWH� HQ� SURIRQGHXU� �&UXWFKOH\� HW� DO��� ������� /D� GpIRUPDWLRQ� DIIHFWDQW� OH� SULVPH�

G¶DFFUpWLRQ�SRXUUDLW�UHIOpWHU�XQ�FKDQJHPHQW�GH�OLWKRORJLH�FUXVWDOH��/HV�YLWHVVHV�GH�SURSDJDWLRQ�

GHV�RQGHV�3�GDQV�OD�FUR�WH�REWHQXH�j�SDUWLU�G¶2%6�LQGLTXHQW�XQ�FRQWUDVWH�GH�YLWHVVHV�DWWULEXpHV�

j�GLIIpUHQWV�GRPDLQHV��0DUWtQH]�/RULHQWH�HW�DO����������&HV�DXWHXUV�SURSRVHQW�TXH�OD�SDUWLH�1RUG�

GX�SULVPH�G¶DFFUpWLRQ�UHSRVH�VXU�XQH�FUR�WH�RFpDQLTXH�-XUDVVLTXH�G¶DIILQLWp�WpWK\VLHQQH�DORUV�

TXH� OD� SDUWLH� 6XG� UHSRVH� VXU� XQH� FUR�WH� RFpDQLTXH� G¶DIILQLWp�$WODQWLTXH�� 3DU� FRQVpTXHQW�� OH�

GRPDLQH� G¶$OERUDQ� VHUDLW� OD� OLPLWH� RULHQWDOH� FKHYDXFKDQW� VXU� XQ� GRPDLQH� WpWK\VLHQ� HW� OD�

GpIRUPDWLRQ�VHUDLW� ORFDOLVpH�GDQV� OH�SULVPH�G¶DFFUpWLRQ�SDU� OH�FRQWDFW�HQWUH� OHV�GHX[�FUR�WHV�

G¶kJHV��HW�SUREDEOHPHQW�GH�UKpRORJLHV��GLIIpUHQWV���

�

�
)LJXUH��������&RXSH�2XHVW�(VW�VFKpPDWLTXH�GH�OD�GpIRUPDWLRQ�DFWXHOOH�GH�O¶DYDQW�3D\V�GH�OD�FRUGLOOqUH�%pWLTXH�
�*RQ]DOH]�&DVWLOOR� HW� DO��� ������� /D� FRXSH� PRQWUH� TXH� OH� SOLVVHPHQW� 3OLR�4XDWHUQDLUH� GH� O¶DYDQW� SD\V� HVW�
FRPSDWLEOH�DYHF�XQH�GpIRUPDWLRQ�WKLQ�VNLQ�GH�OD�FRXYHUWXUH�DX�GHVVXV�G¶XQ�GpFROOHPHQW�ORFDOLVp�GDQV�OHV�QLYHDX[�
7ULDVLTXHV��

�
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�
)LJXUH��������&DUWH�VWUXFWXUDOH�GX�SULVPH�G¶DFFUpWLRQ�GX�JROIH�GH�&DGL[��0HGLDOGHD�HW�DO����������/HV�VWUXFWXUHV�
FRPSUHVVLYHV�VRQW�OLpHV�j�OD�PLVH�HQ�SODFH�GX�SULVPH�DX�0LRFqQH��/HV�IDLOOHV�GH[WUHV�SOXV�UpFHQWHV�SUpVHQWHQW�GHV�
UHODLV�DFWLIV�j�O¶DFWXHO��&HV�IDLOOHV�GpFURFKDQWHV�VHPEOHQW�VH�FRQQHFWHU�j�WHUUH�GDQV�OD�UpJLRQ�GH�/DUDFKH��/H�5R\�
HW�DO���������0DDG�HW�DO����������/H�IURQW�GH�GpIRUPDWLRQ�DFWLI�VXU�OD�ERUGXUH�GX�EDVVLQ�GH�*XDGDOTXLYLU�VH�SURORQJH�
SUREDEOHPHQW�HQ�PHU�DX�QLYHDX�GHV�IDLOOHV�FKHYDXFKDQWHV�LQGLTXpHV�HQ�QRLU�VXU�OD�FDUWH���

������� $YDQW�3D\V�5LIDLQ�

/HV�SUHXYHV�G¶XQH�GpIRUPDWLRQ�DFWLYH�GDQV�OH�5LI�OLpH�j�OD�GpIRUPDWLRQ�GX�SULVPH�G¶DFFUpWLRQ�

VRQW�PDO�FRQWUDLQWHV�j�WHUUH��)LJXUH��������/H�IURQW�GH�GpIRUPDWLRQ�VXG�GX�GRPDLQH�G¶$OERUDQ�

SRXUUDLW�VH�FRQQHFWHU�DX�SULVPH�G¶DFFUpWLRQ��)LJXUH�������7RWR�HW�DO����������'DQV�FHWWH�UpJLRQ��

OHV�GRQQpHV�VLVPLTXHV�LPDJHQW�GHV�GpIRUPDWLRQV�3OLR�4XDWHUQDLUH�GDQV�OH�SURORQJHPHQW�YHUV�OH�

6XG�(VW� GX� SULVPH� G¶DFFUpWLRQ� DX� QLYHDX� GH� OD� SODWHIRUPH� FRQWLQHQWDOH�0DURFDLQH� �)OLQFK��
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������/H�5R\�HW�DO���������0DDG�HW�DO����������/¶H[WHQVLRQ�GH� OD�PDUJH�DX�3OLR�4XDWHUQDLUH�

SRXUUDLW�rWUH�GXH�j�OD�IOH[XUH� LVRVWDWLTXH� OLpH�j�XQH�VXEGXFWLRQ�DFWLYH��*XWVFKHU�HW�DO���������

0DDG�HW�DO�����������

$�WHUUH��OH�VRXOqYHPHQW�GH�GpS{WV�ODJXQDLUHV�KRORFqQH�GDQV�OD�UpJLRQ�GH�/DUDFKH�LQGLTXHUDLW�XQ�

VRXOqYHPHQW� GH� ��PP�DQ� HQ� OLHQ� DYHF� OD� GpIRUPDWLRQ� GH� OD� SODWHIRUPH� FRQWLQHQWDOH�

�%HQPRKDPPDGL� HW� DO��� ������� &HV� YDOHXUV� pOHYpHV� GH� VRXOqYHPHQW� VRQW� EHDXFRXS� SOXV�

LPSRUWDQWHV�TXH� OHV�YDOHXUV�GH�GpSODFHPHQW�*36����PP�DQ��.RXODOL�HW�DO���������HW�TXH� OHV�

YDOHXUV�GH�FRQYHUJHQFH�$IULTXH�(XUDVLH�j�O¶DFWXHO���PP�DQ��'H0HWV�HW�DO�����������

�
)LJXUH��������/LJQH�VLVPLTXH�662²11(�VLWXpH�VXU�OD�SODWHIRUPH�$WODQWLTXH�0DURFDLQH�HW�SDUDOOqOH�j�OD�F{WH���/H�
5R\�HW�DO���������&HWWH�OLJQH�PRQWUH�OH�FKHYDXFKHPHQW�GHV�QDSSHV�SUp�ULIDLQHV��316��VXU�OHV�XQLWpV�FUpWDFpHV�GH�
OD�PDUJH�$IULFDLQH��%DVHPHQW�8QLW��%8���/HV�QDSSHV�SUp�5LIDLQHV�IRUPHQW�XQH�PpJD�VpTXHQFH�GH�GpS{WV�GDWpV�
DSSUR[LPDWLYHPHQW�HQWUH� OH�7RUWRQLHQ�HW� OH�0HVVLQLHQ��/¶HIIRQGUHPHQW�GH�FHV�VWUXFWXUHV�j�SDUWLU�GX�0HVVLQLHQ�
SHUPHW� O¶DFFXPXODWLRQ� MXVTX¶DX�3OLRFqQH�G¶pSDLVVHXUV� LPSRUWDQWHV�GH�VpGLPHQWV�HQ�EOHX� IRQFp��/H�GpSRFHQWUH�
FRUUHVSRQG�DSSUR[LPDWLYHPHQW�j�XQH�EDQGH�GH���NP�GH�ORQJ�OLPLWpH�DX�1RUG�j�OD�YLOOH�GH�/DUDFKH�HW�DX�6XG�j�OD�
9LOOH�GH�.HQLWUD��/H�GpSRFHQWUH�3OpLVWRFqQH�PLJUH�DX�6XG��OHV�IDLOOHV�DFFRPPRGDQW�O¶H[WHQVLRQ�GH�OD�SODWHIRUPH�
GDQV� OH�0HVVLQR�3OLRFqQH� VRQW� WRXMRXUV� DFWLYHV� GDQV� OH� 3OpLVWRFqQH� VXJJpUDQW� XQ� FRPEOHPHQW� SURJUHVVLI� GHV�
EDVVLQV�VDWHOOLWHV�GX�5LI���

��

���������(YROXWLRQ�7RUWRQR�3OLRFqQH�GHV�EDVVLQV�G¶$YDQW�3D\V�5LIDLQV�

/D�FRQYHUJHQFH�$IULTXH�(XUDVLH�HVW�DFFRPPRGpH�GHSXLV�OH�0LRFqQH�WDUGLI��SDU�OD�PLVH�HQ�SODFH�
HW�OH�UDFFRXUFLVVHPHQW�GH�EDVVLQV�SLJJ\�EDFN�DX�GHVVXV�HW�DX�IURQW�GHV�8QLWpV�H[WHUQH�GX�5LI��)LJXUH�������

)LJXUH��������/H�UDFFRXUFLVVHPHQW�WHFWRQLTXH�HW�OHV�FKDQJHPHQWV�HXVWDWLTXHV�RQW�FRQGXLW�j�OD�

IHUPHWXUH� SURJUHVVLYHV� GHV� FRUULGRUV�1RUG� HW� 6XG�5LIDLQ� FRQGXLVDQW� j� OD� UHVWULFWLRQ� GX� IOX[�

DWODQWLTXH�YHUV� OD�0pGLWHUUDQpH�� DXWRXU� GH���0D� �$FKDOKL� HW� DO��� ������%HQVRQ� HW� DO��� ������

.ULMJVPDQ� HW� DO��� ����E��� 6HORQ� OD� FDUWH� SDOpRJpRJUDSKLTXH�� UpDOLVpH� j� SDUWLU� GH� GRQQpHV�

PLFURSDOpRQWRORJLTXHV�HW�VWUXFWXUDOHV�GDQV�OHV�EDVVLQV�LQWUDPRQWDJQHX[��)LJXUH��������$FKDOKL�

HW�DO����������OD�FRQYHUJHQFH�HW�O¶DFFUpWLRQ�RURJpQLTXHV�FRQWLQXHQW�j�ORFDOLVHU�OD�GpIRUPDWLRQ�

GDQV�OH�5LI�RFFLGHQWDO�DSUqV�OD�IHUPHWXUH�GHV�FRUULGRUV�5LIDLQV���
8QH�VpULH�GH�EDVVLQ�VpGLPHQWDLUH�G¶DYDQW�3D\V�HQUHJLVWUH�OD�IHUPHWXUH�SURJUHVVLYH�GHV�FRUULGRUV�

5LIDLQV�DX�IURQW�GHV�XQLWpV�H[WHUQHV�HW�GH�O¶$YDQW�3D\V�5LIDLQ���

)LJXUH��������/H�EDVVLQ�GH�%RXGLQDU�V¶RXYUH�YHUV�����0D��SUREDEOHPHQW�HQ�DVVRFLDWLRQ�DYHF�OH�

MHX�ODWpUDO�GH�OD�IDLOOH�GH�1HNRU�HW�O¶H[KXPDWLRQ�GH�O¶XQLWp�GH�7HPVDPDQH��$FKDOKL�HW�DO���������
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%RRWK�5HD� HW� DO��� ������� /HV� GRQQpHV� SDO\QRORJLTXHV� HW� OHV� DVVHPEODJHV� GH� IRUDPLQLIqUHV�

LQGLTXHQW�GHV�SDOpREDWK\PpWULHV�FRQVWDQWHV�SRXU�OHV�GpS{WV�7RUWRQLHQ�GDQV�XQ�SD\VDJH�PDUTXp�

SDU�GH�IDLEOHV�UHOLHIV��$FKDOKL�HW�DO����������

'HV�SURILOV�GH�VLVPLTXH�UpIOH[LRQ�PRQWUHQW�XQH�GpIRUPDWLRQ�FRPSUHVVLYH�j�OD�ILQ�GX�7RUWRQLHQ�

DVVRFLpH� j�GHV� VpGLPHQWV�PDULQV�SpODJLTXHV�� VXLYLW� G¶XQH�SKDVH�GH�TXLHVFHQFH� WHFWRQLTXH� HW�

G¶DSSURIRQGLVVHPHQW� GX� EDVVLQ� PDUTXpH� SDU� GHV� JpRPpWULHV� WUDQVJUHVVLYH� �&DSHOOD� HW� DO���

�������� /D� WUDQVLWLRQ� 7RUWRQR�0HVVLQLHQQH� HVW� PDUTXpH� SDU� XQ� IRUW� DSSURIRQGLVVHPHQW� GHV�

EDVVLQV�GH�%RXGLQDU�HW�GHV�EDVVLQV�LQWUD�PRQWDJQHX[��&HWWH�VXEVLGHQFH�VHUDLW�ORFDOLVpH�SDU�GHV�

IDLOOHV�G¶H[WHQVLRQV�(�:�HW�11(�66:�PDUTXDQW�XQH�G\QDPLTXH�WUDQVWHQVLYH��$FKDOKL�HW�DO���

������$]GLPRXVD�HW�DO�����������
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)LJXUH��������&DUWH�GHV�%DVVLQV�G¶DYDQW�SD\V�5LIDLQ�PRGLILpH�G¶DSUqV��+ROODUG�HW�DO���������5ROGiQ�HW�DO����������
/HV� GpS{WV� 7RUWRQR�0HVVLQLHQ� LOOXVWUHQW� OHV� FRUULGRUV� 1RUG� HW� 6XG� 5LIDLQ�� FRQQHFWDQW� O¶$WODQWLTXH� HW� OD�
0pGLWHUUDQpH��/H�FpQR]RwTXH�GX�6XG�GH�O¶$YDQW�3D\V�5LIDLQ�DSSDUWLHQW�j�OD�PDUJH�1XELHQQH��'H�JUDQGV�DFFLGHQWV�
1(�6:�GX�0R\HQQH�$WODV�VRQW�GHV�EDVVLQV�H[WHQVLIV�LQYHUVpV��G¶RULHQWDWLRQV�VLPLODLUHV�DX[�OLPLWHV�GHV�QDSSHV�
5LIDLQHV��/HV�EDVVLQV�SLJJ\�EDFN�FRUUHVSRQGHQW�DX[�EDVVLQV� LQWUDPRQWDJQHX[�HQ� MDXQH�IRQFp��&HV�EDVVLQV�VRQW�
DVVRFLpV�DX[�FKHYDXFKHPHQWV�VRXOHYDQW�OD�FRXYHUWXUH�0pVR]RwTXH�HW�3DOpRJqQH���

'DQV�OH�EDVVLQ�GH�%RXGLQDU��OHV�GpS{WV�PHVVLQLHQV��GDWpV�GH����0D�j����0D��LQGLTXHQW�SDU�OD�
VXLWH�XQH�LPSRUWDQWH�UpJUHVVLRQ�PDULQH�PDUTXpH�SDU�GHV�HQYLURQQHPHQWV�UpFLIDX[��&HV�GpS{WV�
VRQW�DEVHQWV�GDQV�OHV�EDVVLQV�LQWUD�PRQWDJQHX[�VXJJpUDQW�OD�IHUPHWXUH�SURJUHVVLYH�GX�FRUULGRU�
1RUG�5LIDLQ�j�FHWWH�SpULRGH��/D�WUDQVLWLRQ�WUDQVJUHVVLRQ�j�UpJUHVVLRQ�HVW�pJDOHPHQW�FDUDFWpULVpH�
SDU�OH�SDVVDJH�GH�FRQJORPpUDWV�PDULQV�j�FRQWLQHQWDX[�SUREDEOHPHQW�3OLRFqQH��&DSHOOD�HW�DO���
�������:HUQOL���������'DQV�OH�0R\HQ�$WODV��OH�EDVVLQ�VpGLPHQWDLUH�1pRJqQH�GH�7D]D�*XHUFLI�

HQUHJLVWUH�OD�IHUPHWXUH�GX�FRUULGRU�6XG�HQWUH�O
$WODQWLTXH�HW�OD�0pGLWHUUDQpH�DYDQW����0D��)LJXUH�������

)LJXUH�������.ULMJVPDQ�HW�DO����������$X�GHVVXV�GHV�FRXYHUWXUHV�VpGLPHQWDLUHV�� OD�IRUPDWLRQ�

TXDWHUQDLUH�HVW�FKHYDXFKpH�SDU�OD�FRXYHUWXUH�0LRFqQH��LQGLTXDQW�XQH�LQYHUVLRQ�VLPXOWDQpH�GX�

EDVVLQ��0RUHO�HW�DO����������
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)LJXUH��������&KDUWH�VWUDWLJUDSKLTXH�GHV�EDVVLQV�G¶DYDQW�SD\V�5LIDLQ��&DSHOOD�HW�DO���������6DQL�HW�DO����������
'DQV�O¶DYDQW�SD\V�5LIDLQ�OH�PD[LPXP�GH�UpJUHVVLRQ�HVW�GDWp�DX�0HVVLQLHQ�DYDQW�OD�FULVH�GH�6DOLQLWp�0HVVLQLHQQH��
/¶LQYHUVLRQ�GHV�VWUXFWXUHV�H[WHQVLYHV�GX�VRFOH�GpPDUUH�DSUqV�OD�PLVH�HQ�SODFH�GHV�QDSSHV���
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�
)LJXUH�������&DUWH�GHV�GRPDLQHV�pPHUJpV�GH�O¶$UF�HW�GHV�DYDQW�SD\V�%pWLFR�5LIDLQ�DX�0LRFqQH�VXSpULHXU�LOOXVWUDQW�
OD�VXEVLGHQFH�SXLV�OD�IHUPHWXUH�SURJUHVVLYH�GHV�FRUULGRUV�%pWLTXH�HW�5LIDLQV�VRXV�O¶LQIOXHQFH�GH�OD�FRQYHUJHQFH�
1XELH�(XUDVLH��$FKDOKL�HW�DO����������'DQV�OHV�EpWLTXHV��OHV�FRXORLUV�FRUUHVSRQGHQW�DX[�EDVVLQV�IOH[XUDX[�HW�DX[�
ERUGXUHV� GHV� JUDQGV� G{PHV� WUDQVWHQVLIV�� $X� 0DURF�� OHV� FRUULGRUV� FRUUHVSRQGHQW� DX[� EDVVLQV� G¶DYDQW� SD\V�
VXEVLGDQW� j� OD� IDYHXU� GH� JUDQGV� DFFLGHQWV� SUREDEOHPHQW� SDUWLHOOHPHQW� GpFURFKDQW��$� OD� ILQ� GX�0HVVLQLHQ�� OHV�
FRUULGRUV� VRQW� FORV�PDLV� GHV� GRQQpHV� SDOpRQWRORJLTXHV� VXJJqUHQW� QpDQPRLQV� XQH� FRQQH[LRQ�TXL� SRXUUDLW� rWUH�
ORFDOLVpH�DX[�HQYLURQV�GX�FRUULGRU�1RUG�5LIDLQ��

'DQV� OH� EDVVLQ� GH� 9ROXELOLV� �)LJXUH� ������� OHV� GRQQpHV� PLFURVWUXFWXUDOHV� LQGLTXHQW� XQH�

pYROXWLRQ�GHV�FRQWUDLQWHV�GHSXLV�OD�PLVH�HQ�SODFH�GHV�QDSSHV�SUp�ULIDLQHV�DX�7RUWRQLHQ��MXVTX¶DX�

MHX�WUDQVSUHVVLI�OLp�DX[�GpFURFKHPHQWV�VpQHVWUH�1(�6:�GX�3OLRFqQH�j�O¶DFWXHO��%DUJDFK�HW�DO���

������0RUDWWL�HW�DO���������5ROGiQ�HW�DO���������6DQL�HW�DO���������=L]L���������'HV�H[SpULHQFHV�

GH� PRGpOLVDWLRQ� DQDORJLTXH� LQGLTXHQW� TXH� OD� GpIRUPDWLRQ� GX� EDVVLQ� 9ROXELOLV� HVW� VRXV�

O¶LQIOXHQFH�GH� VHJPHQWV�GH� IDLOOHV�GpFURFKDQWHV�1(�6:�GLVWULEXDQW� OD�GpIRUPDWLRQ�HQWUH� OHV�

VWUXFWXUHV�FRPSUHVVLYH�1:�6(�HW�OHV�IDLOOHV�1(�6:��6DQL�HW�DO����������/HV�IDLOOHV�GpFURFKDQWHV�
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DIIHFWDQW�OH�EDVVLQ�GH�9ROXELOLV�SRXUUDLHQW�PRQWUHU�O¶LQYHUVLRQ�WHFWRQLTXH�HQ�PRGH�WKLFN�VNLQ��

GHV�IDLOOHV�QRUPDOHV�JpQpUpHV�SDU�O¶H[WHQVLRQ�MXUDVVLTXH�GH�OD�PDUJH�DIULFDLQH��&DSHOOD�HW�DO���

������5ROGiQ�HW�DO���������6DQL�HW�DO����������&HW�KpULWDJH�VWUXFWXUDO�H[WHQVLI�DXUDLW�ORFDOLVp�OHV�

JUDQGV�DFFLGHQWV�GpFURFKDQWV�0LRFqQH�GX�5LI��OHV�]RQHV�GH�IDLOOH�GH�-HKED�HW�GH�1HNRU��)LJXUH�

�������&KDORXDQ�HW�DO���������TXL�UHMRXHUDLHQW�GDQV�OH�3OLR�4XDWHUQDLUH���

/HV�pWXGHV�PLFURVWUXFWXUDOHV�UpDOLVpHV�OH�ORQJ�GH�OD�IDLOOH�GH�1HNRU��)LJXUH������HW�)LJXUH�������

RQW�PRQWUp� TXH� OHV� EDVVLQV� QpRJqQHV� ©SLJJ\�EDFNª� RQW� VXEL� XQ� DOORQJHPHQW�1(�6(� HW� XQH�

FRQWUDFWLRQ�RUWKRJRQDOH�DX�3OLRFqQH��$wW�%UDKLP��������$wW�%UDKLP�DQG�&KRWLQ��������$VHEUL\�

HW�DO����������&HV�pWXGHV�VXJJqUHQW�TXH�OD�GpIRUPDWLRQ�VH�UpSDUWLW�VXU�SOXVLHXUV�UHODLV�WUDQVWHQVLIV�

ORFDOLVDQW� OD�VXEVLGHQFH�VXU�GHV�SHWLWV�EDVVLQV� OH� ORQJ�GX�FRUULGRU�1RUG�5LIDLQ�GDQV� OH� WDUGL�

0LRFqQH��$VHEUL\�HW�DO����������'DQV�OH�GpWDLO��XQH�pWXGH�UpFHQWH�GH�&DSHOOD�HW�DO���������PRQWUH�

XQH�GpIRUPDWLRQ�SRO\SKDVpH�GHV�EDVVLQV�LQWUDPRQWDJQHX[�DX�QLYHDX�GH�OD�WHUPLQDLVRQ�6XG�(VW�

GH�OD�IDLOOH�GH�1HNRU��)LJXUH������HW)LJXUH���������

�/D�SUHPLqUH�SKDVH�GH�GpIRUPDWLRQ�HVW�OLpH�j�OD�PLVH�HQ�SODFH�GHV�QDSSHV�HW�V¶DFKqYH�YHUV�OD�ILQ�

GX�7RUWRQLHQ��(OOH�FRUUHVSRQG�j�OD�PLVH�HQ�SODFH�GX�SULVPH�G¶DFFUpWLRQ�VXU�OH�)URQW�2XHVW�GX�

GRPDLQH�G¶$OERUDQ���

/D�SKDVH����GDWpH�ILQ�GX�0LRFqQH��HVW�FDUDFWpULVpH�SDU�OD�VXEVLGHQFH�GHV�EDVVLQV�G¶DYDQW�3D\V�

SUREDEOHPHQW�DVVRFLpH�j�OD�IOH[XUH�GX�VRFOH�HW�DX[�FKHYDXFKHPHQWV�KRUV�VpTXHQFH�GX�SULVPH�

G¶DFFUpWLRQ� �,ULEDUUHQ� HW� DO��� ������� /HV� EDVVLQV� G¶DYDQW� SD\V� RQW� DORUV� XQH� H[WHQVLRQ� SOXV�

LPSRUWDQWH�TX¶j�O¶DFWXHO���

/D�SKDVH���GpPDUUH�DX�0HVVLQLHQ�HW�FRUUHVSRQG�j�OD�IHUPHWXUH�HQ�WUDQVSUHVVLRQ�GH�O¶DYDQW�SD\V�

HQUHJLVWUpH�GDQV�OHV�EDVVLQV�GX�5KDUE�HW�GH�6DwVV��)LJXUH��������/H�FKDQJHPHQW�G¶RULHQWDWLRQ�

G¶XQH�FRQWUDFWLRQ�G¶(1(�:6:�j�1�6�PRQWUHUDLW�OH�SDVVDJH�SURJUHVVLI�G¶XQH�GpIRUPDWLRQ�WKLQ�

VNLQ� j� WKLFN�VNLQ�� UpXWLOLVDQW� OHV� DFFLGHQWV� H[WHQVLIV� GX� VRFOH� RURJpQLTXH�� &HWWH� SKDVH� GH�

GpIRUPDWLRQ�FRQWLQXH�GDQV�OH�3OLRFqQH��HVW�FDUDFWpULVpH�SDU�XQ�UDFFRXUFLVVHPHQW�GHV�VWUXFWXUHV�

RULHQWpHV�1�6�j�11:�66(��/H�UDFFRXUFLVVHPHQW�HVW�DVVRFLp�DX�VRXOqYHPHQW�FXPXOp�GH�SOXV�GH�

�NP�GHV�XQLWpV�H[WHUQHV�GX�5LI�HW�GHV�EDVVLQV�LQWUDPRQWDJQHX[�DX�QLYHDX�GH�OD�WHUPLQDLVRQ�VXG�

GH�OD�IDLOOH�GH�1HNRU��
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)LJXUH��������(YROXWLRQ�GH�O¶DYDQW�SD\V�5LIDLQ�GHSXLV�OH�7RUWRQLHQ��3KDVH����DX�3OLRFqQH��3KDVH�����PRGLILp�GH�
�&DSHOOD�HW�DO����������/D�SKDVH����0LRFqQH��FRUUHVSRQG�j�OD�PLVH�HQ�SODFH�GX�SULVPH�G¶DFFUpWLRQ�VXU�OH�IODQF�
2XHVW� GH� O¶DUF�5LI�%pWLTXH� HW� j� OD�PLVH� HQ�SODFH�GHV�EDVVLQV�SLJJ\�EDFN�GDQV� OHV�DYDQW�SD\V��/D�SKDVH���� ILQ�
0LRFqQH��PDUTXH�XQH�VXEVLGHQFH�IOH[XUDOH�HW�O¶pSDLVVLVVHPHQW�GHV�GpS{WV�G¶DYDQW�SD\V��/D�SKDVH����0HVVLQLHQ�j�
DFWXHOOH�� PDUTXH� OH� UDFFRXUFLVVHPHQW� GX� VRFOH� j� OD� IDYHXU� G¶DFFLGHQW� H[WHQVLI�� 0pVR]RwTXH�� /H� IRUHEXOJH� VH�
SURSDJH�DX�1RUG�DYHF�OD�VXUUHFWLRQ�HW�OH�SOLVVHPHQW�GX�FRUULGRU�1RUG��

������� 'pIRUPDWLRQ�SOLR�TXDWHUQDLUH�GH�OD�PDUJH�0DURFDLQH�$WODVLTXH��

�$�O¶DFWXHO��OHV�GpFDODJHV�VpQHVWUHV�GHV�FRXUV�G
HDX[�WUDYHUVDQW�OD�]RQH�GH�IDLOOH�GH�1HNRU�ODLVVHQW�

SHQVHU�TXH�OD�IDLOOH�HVW�DFWLYH�VXU�XQ�VHJPHQW�OLPLWp�DX�1RUG�(VW�SDU�OD�IDLOOH�7URXJRXW��)LJXUH�

�������3RXMRO�HW�DO���������/H�ORQJ�GH�OD�WHUPLQDLVRQ�1(�GH�OD�IDLOOH�GH�1HNRU��GHV�VpGLPHQWV�

7RUWRQLHQ�FDFKqWHQW� OHV� VHJPHQWV�GH� IDLOOHV�QRUPDOHV� DWWULEXpV� DX� MHX�GH� OD� IDLOOH�GH�1HNRU��

DWWHVWDQW�GH�VRQ�LQDFWLYLWp�GDQV�FHWWH�]RQH��$FKDOKL�HW�DO���������$]GLPRXVD�HW�DO����������/D�

FLQpPDWLTXH� GH� O¶H[WHQVLRQ� 6HUUDYDOR�7RUWRQLHQQH� PDUTXpH� SDU� OD� GpIRUPDWLRQ� HQ� G{PH�

PpWDPRUSKLTXH�HW�OD�GpQXGDWLRQ�GH�O¶XQLWp�GH�7HPVDPDQH�HVW�DQWpULHXUH�DX�MHX�GpFURFKDQW�GH�
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1HNRU�GpFRXSDQW�OH�6XG�GH�O¶XQLWp�GH�7HPVDPDQH��%RRWK�5HD�HW�DO����������/H�VRXOqYHPHQW�GHV�

UpFLIV�0HVVLQLHQ�VXU�OH�EORF�1RUG�2XHVW�GH�OD�IDLOOH�GH�1HNRU��DX�VRPPHW�GX�5DV�7DUI��)LJ������

HW� )LJXUH� ����� �� &RUQpH� HW� DO��� ������ DLQVL� TXH� GHV� GpS{WV� WDUGL�3OLRFqQH� GDQV� OH� EDVVLQ� GH�

%RXGLQDU������0D��$]GLPRXVD�HW�DO����������PHW�HQ�pYLGHQFH�OD�UHODWLRQ�HQWUH�VRXOqYHPHQW�HW�

FRPSUHVVLRQ�GHV�XQLWpV�5LIDLQHV�j�WHUUH�GXUDQW�OH�4XDWHUQDLUH���

�
)LJXUH��������&DUWH�GHV�EDVVLQV�1pRJqQHV�GDQV�OD�SDUWLH�2ULHQWDOH�GX�5LI�PRQWUDQW�OH�IURQW�GH�GpIRUPDWLRQ��HQ�
SRLQWLOOp�� G¶DSUqV� %DUFRV� HW� DO��� �������� /HV� IDLOOHV� SUREDEOHPHQW� DFWLYHV� ERUGDQW� OHV� SOLV� GH� OD� FRXYHUWXUH�
-XUDVVLTXH�GDQV�OD�SDUWLH�(VW�GH�OD�FDUWH�FRUUHVSRQGHQW�j�GHV�PRGLILFDWLRQV�GHV�UpVHDX[�GH�GUDLQDJHV��'DQV�OD�
SDUWLH� RXHVW�� OH� 6XG� GX� EDVVLQ� GH� 1HNRU� FRQQHFWH� OD� )DLOOH� GH� 7URXJRXW� HW� OD� IDLOOH� GH� 1HNRU�� DFFRPPRGDQW�
O¶H[WHQVLRQ�GX�5LI���9��9ROFDQR��

/H�ORQJ�GH�OD�PDUJH�PDURFDLQH��OH�SURORQJHPHQW�RULHQWDO�GH�OD�IDLOOH�GH�1HNRU�HVW�LQDFWLI�GXUDQW�

OH�4XDWHUQDLUH��)LJ���������'¶DSUqV�OHV�OLJQHV�VLVPLTXHV��$PPDU�HW�DO�����������%RXVNUL�HW�DO��

��������'R�&RXWR�� ��������:DWWV�HW�DO�� �������PRQWUHQW�TXH� OH�SURORQJHPHQW�RIIVKRUH�GH� OD�

IDLOOH�GH�1HNRU�FRUUHVSRQG�j�XQ�GHPL�JUDEHQ�HQ�UHODLV�DIIHFWDQW�OHV�GpS{WV�0LRFqQH��&H�GHPL�

JUDEHQ��HQIRXL�VRXV�OD�SODWHIRUPH�FRQWLQHQWDOH�SOLRFqQH��HVW�RULHQWp�1(�6:��,O�HVW�FRLIIp�SDU�OD�

VXUIDFH� G¶pURVLRQ�0HVVLQLHQQH� VXJJpUDQW� TXH� FH� VHJPHQW� GH� IDLOOH� Q¶HVW� SOXV� DFWLI� GDQV� OH�

3OLRFqQH��&H�JUDEHQ� LQWHUSUpWp�FRPPH�pWDQW� OD� WHUPLQDLVRQ�HQ�pFKHORQ�GH� OD� IDLOOH�GH�1HNRU�

�0DXIIUHW�HW�DO���������VH�SURSDJHUDLW�j�WHUUH�SDU�OD�IDLOOH�GH�.HUW�DX�1RUG�GX�YROFDQ�*RXURXJRX�
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PHWWDQW�HQ�FRQWDFW�O¶XQLWp�GH�7HPVDPDQH�DYHF�GHV�GpS{WV�PLRFqQHV��)LJ��������1HJUR�HW�DO���

��������

(Q�0HU�GHV�SURORQJHPHQWV�GH�OD�IDLOOH�GH�1HNRU�H[LVWHQW�YHUV�OHV�EDQFV�SURYHQoDX[��)LJ������

)LJXUH�������R��OD�IDLOOH�VH�SHUG�GDQV�OHV�VWUXFWXUHV�YROFDQLTXHV�0LRFqQH��0DXIIUHW�HW�DO���������

'XJJHQ�HW�DO���������%RXVNUL�HW�DO����������/H�EORF�6XG�GH�OD�IDLOOH�GH�1HNRU�FRUUHVSRQGUDLW�DX[�

XQLWpV�GH�7HPVDPDQH�HW�GH�.HWDPD��FKHYDXFKDQW�VXU�GHV�XQLWpV�$WODVLTXHV�-XUDVVLTXH��)LJXUH�

����� ��+HUYRXHW� DQG�/XFD�� �������&HWWH� UpJLRQ� GX�0R\HQ�$WODV� FRUUHVSRQG� j� XQH� ]RQH� GH�

WUDQVLWLRQ� YHUV� OD� ]RQH� GH� )O\VFK� GX� 7HOO� HQ� $OJpULH�� /HV� PDVVLIV� %HQL�6QDVVHQ� HW� *DUHE�

.HEGDQD� FRUUHVSRQGHQW� j� OD� FRXYHUWXUH� 0pVR]RwTXH� GpIRUPpHV� ORUV� GH� O
RURJHQqVH� DOSLQH�

�)LJXUH� ������� +HUYRXHW� DQG� /XFD�� ������� &HV� 8QLWpV� VRQW� FRQVWLWXpHV� G¶XQH� FRXYHUWXUH�

DOORFKWRQH�PpVR]RwTXH�VRXV�OHV�VpGLPHQWV�WHUWLDLUH�HQ�GLVFRUGDQFH��+HUYRXHW�DQG�/XFD��������

/XFD�� ������� 'HV� VpGLPHQWV� FODVWLTXHV�PDULQV� SOLRFqQHV� H[KXPpV� HW� OD� SUpVHQFH� GH� GpS{WV�

UpFLIDX[� GX�0HVVLQLDQ� 7HUPLQDO�&RPSOH[� DX� SLHG� GHV�.HEGDQD� GpPRQWUHQW� OH� VRXOqYHPHQW�

SRVWpULHXU�GH�OD�PDUJH��&RUQpH�HW�DO�����������

�/
DQDO\VH�GHV�EDVVLQV�YHUVDQWV�DLQVL�TXH� OD�FDUWRJUDSKLH�GHV�FKHYDXFKHPHQW�TXL�DIIHFWHQW� OD�

FRXYHUWXUH�3OLR�TXDWHUQDLUH�GDQV�OD�UpJLRQ�GH�.HEGDQD�VXJJqUHQW�XQ�VRXOqYHPHQW�FRQWLQX�GDQV�

OH� 3OLR�4XDWHUQDLUH� �)LJXUH� ������%DUFRV� HW� DO��� ������� /HV� IDLOOHV�0LRFqQH�(1(�:6:�TXL�

GpOLPLWHQW�OHV�PDVVLIV�GH�*DUHE�.HEGDQD�HW�%HQL�6QDVVHQ�DVVXUHQW�OD�GpIRUPDWLRQ�WUDQVSUHVVLYH�

ORFDOH� DYHF�XQ�PRXYHPHQW� ODWpUDO� VpQHVWUH� �%DUFRV� HW� DO��� �������/H�SDVVDJH�GX�YROFDQLVPH�

VKRVFKRQLWLTXH�DX�YROFDQLVPH�EDVDOWLTXH�GDQV�OD�UpJLRQ�G
2XMGD�SRXUUDLW�UHIOpWHU�OH�FKDQJHPHQW�

G¶XQ�UpJLPH�WHFWRQLTXH�GpFURFKDQW�j�FRPSUHVVLI�GDQV�OH�4XDWHUQDLUH���/RQHUJDQ�HW�DO���������(O�

$ODPL�HW�DO����������&H�FKDQJHPHQW�GH�UpJLPH�WHFWRQLTXH�HVW�pWD\p�SDU�OHV�UpVXOWDWV�G
DQDO\VH�

VWUXFWXUDOH�ORFDOH��$LW�%UDKLP�HW�DO�����������

/D�IDLOOH�GH�7URXJRXW��)LJXUH�������HVW�DFWLYH�GXUDQW�OH�4XDWHUQDLUH�HW�SRXUUDLW�rWUH�UHOLpHV�j�OD�

IDLOOH�GH�1HNRU��)LJXUH�������&DOYHUW�HW�DO���������$PPDU�HW�DO���������0DXIIUHW�HW�DO���������

3RXMRO� HW� DO��� ������9DQ� GHU�:RHUG� HW� DO��� ������*DOLQGR�=DOGtYDU� HW� DO��� ������ �������� /D�

FDUDFWpULVDWLRQ� VWUXFWXUDOH� GX� EDVVLQ� GH�1HNRU� D� IDLW� O¶REMHW� G¶XQH� pWXGH� SXEOLpH� GDQV�%DVLQ�

5HVHDUFK��/DIRVVH�HW�DO����������TXL�VHUD�H[SRVpH�GDQV�OH�FKDSLWUH�VXLYDQW��&HWWH�pWXGH�PRQWUHUD�

TXH�OH�EDVVLQ�GH�1HNRU�HVW�OLp�j�OD�GpIRUPDWLRQ�LQWHUQH�GX�GRPDLQH�G¶$OERUDQ���

� �
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�����'pIRUPDWLRQ�LQWHUQH�GX�'RPDLQH�G¶$OERUDQ�GX�3OLRFqQH�j�O¶DFWXHO�

1RXV�YHQRQV�GH�YRLU�TXH�O¶LQYHUVLRQ�GX�GRPDLQH�G¶$OERUDQ�HVW�FDUDFWpULVpH�GDQV�O¶DUF�5LIDLQ�

SDU� O¶LQYHUVLRQ�SURJUHVVLYH�GH� O¶DYDQW�SD\V�5LIDLQ�GX�7RUWRQLHQ� MXVTX¶DX�PRLQV� OH�3OLRFqQH��

&HWWH�LQYHUVLRQ�VH�SURGXLW�j�OD�PrPH�SpULRGH�TXH�O¶LQYHUVLRQ�GHV�VWUXFWXUHV�H[WHQVLYHV�0LRFqQH�

GX� EDVVLQ� GH� 6RUEDV� GDQV� OHV� %pWLTXHV� �'R� &RXWR� HW� DO��� ������� &HWWH� FRQFRPLWDQFH�

V¶DFFRPSDJQH� GH� O¶LQYHUVLRQ� GHV� VWUXFWXUHV� GpFURFKDQWHV� D\DQW� DFFRPPRGp� OD� GpIRUPDWLRQ�

WUDQVWHQVLYH� GX� GRPDLQH� G¶$OERUDQ� SHQGDQW� OH� 0LRFqQH� �OD� 7UDQV� $OERUDQ�6KHDU� =RQH��

&DUERQHUDV��1HNRU��-HEKD��5LGH�G¶$OERUDQ��'H�/DURX]LqUH�HW�DO���������&DPSLOOR�HW�DO����������

/HV�SDUDJUDSKHV�VXLYDQWV�GpFULYHQW�OH�EDVVLQ�G¶$OERUDQ�HQ�VH�FRQFHQWUDQW�VXU�O¶HQUHJLVWUHPHQW�

GH�OD�GpIRUPDWLRQ�GDQV�OHV�EDVVLQV�VpGLPHQWDLUHV�3OLRFqQH�j�DFWXHO���
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������� &DUDFWpULVDWLRQ�GHV�6RXV�EDVVLQV�2XHVW�HW�6XG�$OERUDQ�

���������%DVVLQ�2XHVW�G¶$OERUDQ�

$� SDUWLU� GX� 7RUWRQLHQ�� OH� EDVVLQ� 2XHVW� $OERUDQ� �)LJ�� ����� FRPPHQFH� j� rWUH� LQYHUVp��� OH� EDQF� GH�
;DXHQ� �)LJ�� ����� HQUHJLVWUH� XQH� GpIRUPDWLRQ� WUDQVSUHVVLYH� PDUTXpH� SDU� OD� FURLVVDQFH� GH� SOLV� �

�
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)LJXUH� ����� %RXUJRLV� HW� DO��� ������ &KDORXDQ� HW� DO��� ������ 'R� &RXWR� HW� DO��� ������� &HWWH�

GpIRUPDWLRQ� WUDQVSUHVVLYH� DIIHFWH� pJDOHPHQW� OD� ULGH� G¶$OERUDQ� �)LJ�� ����� TXL� GpPDUUH� VD�

VXUUHFWLRQ� �0DUWLQH]�*DUFLD� HW� DO�� �������/¶XQLWp�0HVVLQLHQQH� HVW� FDUDFWpULVpH� SDU� XQH� IRUWH�

pURVLRQ� �)LJXUH� ����� HW� O¶DEVHQFH� GH� GpS{WV� pYDSRULWLTXHV� �RX� WUqV� SHX�� FRQWUDLUHPHQW� DX[�

EDVVLQV�SOXV�SURIRQGV�GH�OD�0pGLWHUUDQpH��(VWUDGD�HW�DO���������*DUFLD�&DVWHOODQRV�HW�DO����������

$�SDUWLU�GX�Up�HQQRLHPHQW�0HVVLQLHQ�XQH�G\QDPLTXH�GH�VpGLPHQWDWLRQ�SDUWLFXOLqUH�VH�PHW�HQ�

SODFH�VXU�O¶HQVHPEOH�GX�EDVVLQ�G¶$OERUDQ��OLpH�j�OD�FLUFXODWLRQ�GHV�PDVVHV�G¶HDX[��)LJXUH��������

(Q� IRQFWLRQ� GH� OHXUV� RULJLQHV� OHV� HDX[� RFpDQLTXHV� YRQW� rWUH� VWUDWLILpHV� SDU� GHV� GHQVLWpV�

GLIIpUHQWHV��&HV�PDVVHV�G¶HDX[�YRQW�FLUFXOHU�VRXV�IRUPHV�GH�ODUJHV�FRXUDQWV�JpRVWURSKLTXHV�HW�

YRQW�PRGHOHU�OH�IRQG�PDULQ�VHORQ�GHV�SURFHVVXV�pURVLIV�HW�GH�GpS{WV��/HV�FRQWRXULWHV�VRQW�OHV�

ILJXUHV� VpGLPHQWDLUHV� DVVRFLpHV� j� OD� FLUFXODWLRQ� GHV� FHV� GLIIpUHQWHV�PDVVHV� G¶HDX[�� 'DQV� OH�

EDVVLQ�2XHVW�$OERUDQ��OH�&HXWD�'ULIW�G¶HQYLURQ����NP�GH�ORQJ�HW���NP�GH�ODUJH��UHSUpVHQWH�j�

O¶DFWXHOOH�XQ�H[HPSOH�ELHQ�LGHQWLILp�GH�V\VWqPH�FRQWRXULWLTXH��)LJXUH�������(UFLOOD�HW�DO��������

6RPR]D�HW�DO�����������

�'DQV�OH�EDVVLQ�2XHVW�$OERUDQ���OD�PDUJH�1RUG�GX�%DVVLQ�2XHVW�$OERUDQ�YRLW�OD�PLVH�HQ�SODFH�

GH�V\VWqPHV�WXUELGLWLTXHV�V¶LQWHUFDODQW�GDQV�GHV�VpGLPHQWV�KpPL�SpODJLTXHV�LGHQWLILp�DX�QLYHDX�

GX�SXLWV�2'3������$ORQVR�DQG�0DOGRQDGR���������$�SDUWLU�GHV�DUFKLYHV�VpGLPHQWRORJLTXHV��FHV�

DXWHXUV�GpFULYHQW�WURLV�FRUWqJHV�VpGLPHQWDLUHV�GDQV�OH�3OLR�4XDWHUQDLUH����
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�
)LJXUH��������&DUWH�GH�V\QWKqVH�GHV� IDLOOHV�DFWLYHV�DX�3OLR�4XDWHUQDLUH�DIIHFWDQW� OH�EDVVLQ�G¶$OERUDQ��G¶DSUqV�
�$OYDUH]�0DUUyQ�DQG�RWKHUV��������$PPDU�HW�DO���������%RXUJRLV�HW�DO���������&KDORXDQ�HW�DO���������G¶$FUHPRQW�
HW� DO���������(VWUDGD�HW�DO���������)HUUDWHU� HW�DO���������*DOLQGR�=DOGtYDU�HW�DO��� ������������������*DOLQGR�
=DOGLYDU�HW�DO���������*LDFRQLD�HW�DO���������*UjFLD�HW�DO���������*UHYHPH\HU�HW�DO���������/R�,DFRQR�HW�DO���������
0DXIIUHW�HW�DO���������0RUHQR�HW�DO���������3HUHD�HW�DO���������6DQ]�GH�*DOGHDQR�HW�DO���������9i]TXH]�HW�DO���������
$)���$GUD�IDXOW�]RQH���$L)��$O�,GULVVL�IDXOW���&)���&DUERQHUDV�)DXOW���')���'MLERXWL�IDXOW���-)���-HKED�)DXOW��1)��
1HNRU�)DXOW���.)���.HUW�)DXOW��<I���<XVXI�)DXOW��$5��$OERUDQ�5LGJH���6$5��VRXWK�$OERUDQ�5LGJH�&DGUH���%ORFV�
WHFWRQLTXHV�GpILQLV�SDU�OHV�GRQQpHV�*36��.RXODOL�HW�DO���������GpWDLOOpV�GDQV�OH�FKDSLWUH����

�����XQH�VXFFHVVLRQ�GH�IDFLqV�SURIRQGV�G¶KpPL�SpODJLWHV�HW�GH�WXELGLWHV�GH�EDVVHV�pQHUJLHV�DX�

SOLRFqQH�EDVDO� LQGLTXHQW�XQ�UHPSOLVVDJH�GXUDQW�XQ�KDXW�QLYHDX�PDULQ�JpQpUDOLVp�DSUqV� OH� Up�

HQQRLHPHQW�=DQFOpHQ������XQH�SKDVH�GH�UpJUHVVLRQ�GX�QLYHDX�PDULQ�FRQGXLW�OD�PLVH�HQ�SODFH�

G¶XQH�VpGLPHQWDWLRQ�SOXV�JURVVLqUH�GHSXLV�OH�3OLRFqQH�EDVDO� MXVTX¶DX�3OLRFqQH�6XSpULHXU������

XQH�GHUQLqUH�SKDVH�SOpLVWRFqQH�PDUTXpH�SDU�XQ� UHWRXU�GHV�HQYLURQQHPHQWV�GH� IDLEOH�pQHUJLH�

FRUUHVSRQGDQW�j�GHV�IDFLqV�G¶KpPL�SpODJLWHV�HW�GHV�LQWHUFDODWLRQV�WXUELGLWLTXHV���

/D�GpIRUPDWLRQ�GH�OD�FRXYHUWXUH�VpGLPHQWDLUH�3OLR�TXDWHUQDLUH�GDQV�OH�EDVVLQ�2XHVW�$OERUDQ�HVW�

OLpH�j�OD�SUpVHQFH�GH�YROFDQV�HW�GLDSLUV�GH�ERXHV�G¶kJH�0LRFqQH�LQIpULHXU�HW�FRUUHVSRQGDQW�j�

O¶H[SXOVLRQ�GH�EUqFKHV�GDQV�XQH�PDWULFH�DUJLOHXVH��6DXWNLQ�HW�DO���������6RWR�HW�DO���������������

7DOXNGHU� HW� DO��� ������� /HV� YROFDQV� GH� ERXHV� VRQW� SULQFLSDOHPHQW� DFWLIV� GDQV� OH� 3OLRFqQH�

MXVTX¶DX�4XDWHUQDLUH�FDU� LO� UHFRXSH�XQ�UpIOHFWHXU�GDWp�j�����0D��6RWR�HW�DO����������'HSXLV��

O¶DVFHQVLRQ�GHV�ERXHV�DUJLOHXVHV�VHPEOHQW�UDOHQWLH�FDU� OHV�GpS{WV�GDWpV�GH�����0D�j�����0D�

PRQWUH�GHV�pSDLVVHXUV�SOXW{W�FRQVWDQWHV��$�SDUWLU�GH����0D�GHV�GpS{WV�GH�WXUELGLWHV�OLpV�j�GHV�
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FDQ\RQV� DIIHFWDQW� OD� SHQWH� VXU� OD� PDUJH� ,EpULTXH� PLJUHQW� YHUV� OH� 1RUG�� HQ� UpSRQVH� DX�

UHPSOLVVDJH�GX�EDVVLQ��/H�EDVVLQ�HVW�DIIHFWp�DX�3OLRFqQH��O¶DFWLYLWp�GLPLQXH�j�SDUWLU�GH����0D��

SDU�GHV�IDLOOHV�QRUPDOHV�1(�6:�OLpHV�DX[�VWUXFWXUHV�DUJLOHXVHV��'R�&RXWR�HW�DO����������

�
)LJXUH��������7RSRJUDSKLH�GX�EDVVLQ�G¶$OERUDQ�HW�FLUFXODWLRQ�GHV�PDVVHV�G¶HDX�DX�3OLRFqQH�HW�DX�4XDWHUQDLUH��
-XDQ�HW�DO�����������$X�3OLRFqQH��OD�ULGH�G¶$OERUDQ�HVW�pULJpH�SURJUHVVLYHPHQW�HW�LQIOXHQFH�OD�FLUFXODWLRQ�GHV�PDVVHV�
RFpDQLTXHV�� $X� 4XDWHUQDLUH�� OD� PRGLILFDWLRQ� GHV� FRXUDQWV� VRXV�PDULQV� VRXV� O¶LQIOXHQFH� GH� O¶pYROXWLRQ� GH� OD�
WRSRJUDSKLH�GX�IRQG�GH�PHU�HQWUDLQH�OD�IRUPDWLRQ�G¶XQ�V\VWqPH�FRQWRXULWLTXH�JpDQW�OH�&HXWD�GULIW��$:��$WODQWLF�
:DWHU�� /0:�� /HYDQWLQH� ,QWHUPHGLDWH� :DWHU� �� :0':��:HVWHUQ� 0HGLWHUUDQHDQ� 'HHS� :DWHU�� '0:�� 'HHS�
0HGLWHUUDQHDQ�:DWHU���

���������%DVVLQ�6XG�G¶$OERUDQ�HW�+DELEDV�

/H�6$%��)LJ������HW�)LJXUH�������HVW�VpSDUp�GHV�EDVVLQV�GH�3ROOX[�HW�+DELEDV��)LJ������HW�)LJXUH�

������SOXV�j�O
(VW�SDU�GHV�VpULHV�GH�KDXWV�EDWK\PpWULTXHV�OLpHV�DX�YROFDQLVPH�QpRJqQH��)LJ����

����'XJJHQ�HW�DO����������&HV�EDVVLQV�VRQW�DIIHFWpV�SDU�GHV�IDLOOHV�SRVW�06&�RULHQWpHV�1(�6:�

�0DUWtQH]�*DUFtD�HW�DO����������/H�UDFFRXUFLVVHPHQW�GX�EDVVLQ�GH�+DELEDV�GpFOHQFKH�O
LQYHUVLRQ�

GH�IDLOOHV�GH�VRFOH�j�O¶RULJLQH�H[WHQVLYHV��FH�TXL�DXUDLW�GpFOHQFKp�OD�IRUPDWLRQ�G
XQ�V\QFOLQDO�GH�

JUDQGH� pFKHOOH� HW� SURYRTXp� XQH� VXEVLGHQFH� GX� EDVVLQ� �0HGDRXUL� HW� DO�� ������� /H� EDVVLQ� GH�

+DELEDV��)LJ�������HVW�UHPSOL�GH�����P�GH�VpGLPHQWV�0LRFqQH��'HSXLV�OH�3OLRFqQH�MXVTX¶DX�

4XDWHUQDLUH��G¶DSUqV�OHV�GRQQpHV�GH�IRUDJHV��OD�VXEVLGHQFH�GDQV�OH�EDVVLQ�GH�+DELEDV�VHPEOH�

IDLEOH��0HGDRXUL�HW�DO����������/D�ULGH�HW�OH�EDVVLQ�GH�<XVXI�VRQW�LQWHUSUpWpV�FRPPH�XQH�]RQH�
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HQ� WUDQVWHQVLRQ� GpFRXSODQW� OD� FRPSUHVVLRQ� GX� EDVVLQ� GH�+DELEDV�� GH� O
HIIRQGUHPHQW� YHUV� OH�

EDVVLQ�DOJpULHQ�GH�OD�PDUJH�pWLUpH�GX�EORF�G
$OERUDQ��)LJ���������0HGDRXUL�HW�DO����������

�
)LJXUH��������/LJQH�VLVPLTXH� LQWHUSUpWpH� �0HGDRXUL� HW�DO�� �������&HWWH� OLJQH�PRQWUH� OD� VWUXFWXUH�GH� OD�PDUJH�
G¶$OERUDQ�HW�OD�WUDQVLWLRQ�YHUV�OH�EDVVLQ�$OJpULHQ�DX�QLYHDX�GX�SXOO�DSDUW�GX�EDVVLQ�GH�<XVXI��(Q�SURIRQGHXU��OHV�
EORFV�EDVFXOpV�LOOXVWUHQW�O¶H[WHQVLRQ�0LRFqQH�GH�OD�PDUJH��/H�EDVVLQ�GH�<XVXI��LOOXVWUp�SDU�XQH�VWUXFWXUH�HQ�IOHXU�
QpJDWLYH�� HVW� ORFDOLVp� DX� QLYHDX� GH� OD� WUDQVLWLRQ� HQWUH� OD� FUR�WH� FRQWLQHQWDOH� DPLQFLH� G¶$OERUDQ� HW� OD� FUR�WH�
FRQWLQHQWDOH� DPLQFLH� GH� OD� PDUJH� DOJpULHQQH�� ,O� LOOXVWUH� OD� ORFDOLVDWLRQ� GH� OD� GpIRUPDWLRQ� GDQV� OH� 3OLRFqQH�
LQIpULHXUH��(3���6XU�OH�IODQF�(VW�GX�SXOO�DSDUW��OD�FRXYHUWXUH�3OLRFqQH�GpFROOH�VXU�XQ�QLYHDX�PpFDQLTXHPHQW�IDLEOH�
OLp�j�O¶XQLWp�pYDSRULWLTXH�GX�06&��XQLWp�PRELOH�08���

������� &DUDFWpULVDWLRQ�GHV�]RQHV�DFWLYHV�GDQV�OH�%DVVLQ�G¶$OERUDQ�GHSXLV�OH�3OLRFqQH�

���������/D�]RQH�GH�IDLOOH�GH�&DUERQHUDV�

/D�IDLOOH�GH�&DUERQHUDV��)LJXUH������HW�������HVW�DFWLYH�GHSXLV�����0D��/HEODQF�DQG�2OLYLHU��

�������/¶DQDO\VH�PLQpUDORJLTXH�GH�[pQROLWKHV�PDQWHOOLTXHV�GDQV�GHV�ODYHV�3OLRFqQH�PRQWUH�TXH�

OD�]RQH�GH�IDLOOH�GH�&DUERQHUDV�DFFRPPRGH�GDQV�XQ�SUHPLHU�WHPSV�OD�WUDQVWHQVLRQ�GX�GRPDLQH�

G¶$OERUDQ��+LGDV�HW�DO���������0DUFKHVL�HW�DO�����������(OOH�VH�VHUDLW�FRQQHFWpH�DX�1pRJqQH�j�OD�

IDLOOH�GH�3DORPDUHV��DFFRPPRGDQW�OD�WUDQVSUHVVLRQ�GX�GRPDLQH�G¶$OERUDQ� ��%RXVTXHW��������

%RRWK�5HD�HW�DO����������/D�IDLOOH�GH�3DORPDUHV��3)=��)LJXUH�������HVW�RULHQWpH�11(�66:�HW�

PRQWUH�XQ�MHX�GpFURFKDQW�GH[WUH�G¶DSUqV�OHV�pWXGHV�GH�WHUUDLQ��(OOH�HVW�FRQQHFWpH�YHUV�OH�1RUG�

XQH� ]RQH�GH� IDLOOH�TXL� DFFRPPRGH�XQH�SDUWLH�GX� UDFFRXUFLVVHPHQW� UpJLRQDO� HQ� FRPSUHVVLRQ�

SHQGDQW�OH�4XDWHUQDLUH��)LJXUH��������%RRWK�5HD�HW�DO����������*LDFRQLD�HW�DO�����������

'XUDQW�OH�3OLR�4XDWHUQDLUH��OD�IDLOOH�GH�&DUERQHUDV�HVW�DVVRFLpH�j�XQH�GpIRUPDWLRQ�

WUDQVSUHVVLYH�SURYRTXDQW�OH�VRXOqYHPHQW�GHV�6LHUUD�$OKDPLOOD�HW�&DEUHUD��&H�VRXOqYHPHQW�HVW�

JpQpUp�OH�ORQJ�G¶XQH�]RQH�GH�IDLOOH�GH[WUH�(�:��OH�&RUUHGRU�GH�ODV�$OSXMDUUDV�IDXOW�]RQH�DXVVL�

QRPPp�3RORSRV�IDXOW�]RQH��3R)=����)LJXUH������)LJXUH�������0DUWtQH]�'tD]�DQG�+HUQiQGH]�

(QULOH��������0DUWtQH]�0DUWtQH]�HW�DO���������6DQ]�GH�*DOGHDQR�HW�DO������������'HSXLV����ND��
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OH�VHJPHQW�j�WHUUH�GH�OD�IDLOOH�GH�&DUERQHUDV��/D�6HUUDWD��DFFRPPRGH�����PP�D�GH�

GpSODFHPHQW�VpQHVWUH�HW�XQ�GpSODFHPHQW�YHUWLFDO�DXWRXU�GH����PP�D��0RUHQR�HW�DO�����������

�
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)LJXUH��������&DUWH� VWUXFWXUDOH�GHV�%pWLTXHV�RULHQWDOHV� LQGLTXDQW� OHV� VWUXFWXUHV�DFWLYHV�GXUDQW� OH�4XDWHUQDLUH�
�*LDFRQLD�HW�DO�����������%RRWK�5HD�HW�DO���������������)HUQDQGHV�HW�DO���������*DUFtD�HW�DO���������)��*LDFRQLD�
HW�DO���������������*LDFRQLD�HW�DO���������0DUtQ�/HFKDGR�HW�DO���������0DVDQD�HW�DO���������3HGUHUD�HW�DO���������
6DQ]�GH�*DOGHDQR�HW�DO����������0pFDQLVPHV�DX�IR\HU�HW�D[HV�GH�GpIRUPDWLRQ�SULQFLSDX[�WLUpV�GH��)HUQDQGHV�HW�DO���
������*LDFRQLD�HW�DO���������6WLFK�HW�DO�������D���'RQQpHV�*36�WLUpHV�GH��(FKHYHUULD�HW�DO����������WRSRJUDSKLH���
6570����,(2���GRQQpH�GH�EDWK\PpWULH��%DOOHVWHURV�HW�DO���������0XxR]�HW�DO����������,&0�&6,&��*UjFLD�HW�DO���
������HW�0HGLPDS��0(',0$3�*5283�HW�DO���������$OLDV�5LYHU�FDQ\RQ��$UF���$EXEDFHU�YROFDQLF�ULGJH��$YU���
&UHVWD�GH�ORV�*HQRYHVHV�YROFDQLF�ULGJH��&*YU���HW�6DQ�-RVp�FDQ\RQ��6-F����$OER[�IDXOW��$)���$OKDPD�GH�0XUFLD�
IDXOW��$0)���&DUERQHUDV�IDXOW�]RQH��&)=����3DORPDUHV�IDXOW�]RQH��3)=����3RORSRV�IDXOW�]RQH��3R)=����7HUUHURV�
IDXOW�]RQH��7)=���&HWWH�FDUWH�PRQWUH�OH�FRXORLU�GH�GpIRUPDWLRQ�DOODQW�G¶XQH�]RQH�HQ�FRPSUHVVLRQ�DX�1RUG��j�OD�
]RQH�GH�WUDQVIHUW� LOOXVWUp�SDU�OD�IDLOOH�GH�3DORPDUHV��(Q�PHU�OH�V\VWqPH�GH�SOLV�HW� IDLOOHV�GH�OD�ULGH�YROFDQLTXH�
G¶$EXEDFHU�HVW�pULJp�j�SDUWLU�GH��0D�LQGLTXDQW�OH�GpEXW�GH�O¶LQYHUVLRQ�GDQV�OH�EDVVLQ�G¶$OERUDQ���

�
)LJXUH��������&DUWH�PRUSKRORJLTXH�HW�WHFWRQLTXH�GH�OD�UpJLRQ�GHV�%pWLTXHV�RULHQWDOHV�HW�GH�OD�IDLOOH�GH�&DUERQpUDV�
�*UjFLD�HW�DO���������0RUHQR�HW�DO����������/¶H[WHQVLRQ�DFWXHOOH�GDQV�OH�EDVVLQ�GH�1LMDU�HVW�pTXLYDOHQWH�j�O¶H[WHQVLRQ�
GH�OD�]RQH�G¶$GUD�HQ�PHU��/HV�VWUXFWXUHV�WHFWRQLTXHV�PDMHXUHV�GHVVLQHQW�JURVVLqUHPHQW�XQ�WULDQJOH�GRQW�OHV�FRWpV�
VRQW�OD�IDLOOH�GH�&$)=�HW�GH�&DUERQHUDV��&HV�IDLOOHV�GH[WUHV�HW�VpQHVWUHV��UHVSHFWLYHPHQW�DFFRPPRGHQW�O¶H[WHQVLRQ�
GDQV�OD�]RQH�&DPSRV�GH�%DOODV�HW�OD�5pJLRQ�G¶$GUD��/H�PpFDQLVPH�DX�IR\HU�QRUPDO�GH[WUH�LQGLTXH�OH�MHX�WUDQVWHQVLI�
VXU� OH�EORF�1RUG�GH� OD�IDLOOH�GH�&DUERQHUDV���/HV� WUDLWV�QRLUV�VXU� OD� WHUPLQDLVRQ�6XG�GH� OD�IDLOOH�GH�&DUERQHUDV�
ILJXUHQW�OHV�D[HV�GH�SOLV�12�6(��/HV�pSLFHQWUHV�GHV�VpLVPHV�ILJXUpV�HQ�JULV��V¶DOLJQHQW�VHORQ�GHV�GLUHFWLRQV�16�j�
112�66(�FRPSDUDEOH�j�OD�GLUHFWLRQ�GHV�OLQpDPHQWV�VXU�OH�IRQG�PDULQ�HW�GDQV�&DPSRV�GH�%DOODV��&$)=��&RUUHGRU�
GH�ODV�$OSXMDUUDV�)DXOW�=RQH��&)��&DUERQHUDV�)DXOW��3)��3DORPDUHV�)DXOW��$5)��$GUD�5LGJH�)DXOW��

�

(Q� PHU� �)LJXUH� ����� HW� )LJXUH� ������� OH� GpFDODJH� OH� ORQJ� GH� O¶HVFDUSHPHQW� GH� IDLOOH� GH�

&DUERQHUDV�� GH� UDYLQHV� OLpHV� DX� V\VWqPH� WXUELGLWLTXH� G
$OPHULD� LQGLTXH� XQH� FLQpPDWLTXH�

VpQHVWUH�GDQV�OH�4XDWHUQDLUH��)LJXUH�������*DUFtD�HW�DO���������*UjFLD�HW�DO���������5HLFKHUWHU�

DQG�+�EVFKHU��������/R�,DFRQR�HW�DO����������/
D[H�GH�SOLV�1����GpOLPLWDQW�OD�WHUPLQDLVRQ�6XG�
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�

�

2XHVW�GH� OD� IDLOOH�GH�&DUERQHUDV�HVW�FRPSDWLEOH�DYHF�XQ� UHODLV� WUDQVSUHVVLI�HQWUH� OD� IDLOOH�GH�

&DUERQHUDV�HW�OD�ULGH�G
$OERUDQ��)LJXUH������HW�������*UjFLD�HW�DO����������6XU�OD�WHUPLQDLVRQ�

6XG�GH�OD�IDLOOH�GH�&DUERQHUDV��XQ�OLQpDPHQW�VXU�OH�IRQG�PDULQ��SDUDOOqOH�DX[�SOLV�1������HVW�

LQWHUSUpWp� FRPPH� OD� IDLOOH� GH[WUH� G
$YHUURqV� RX� GH� 'MLERXWL� �3HUHD� HW� DO��� ������� (OOH� VH�

SURORQJHUDLW�DX�6XG�(VW�YHUV�OD�]RQH�GH�)DLOOH�GH�<XVXI��)LJXUH��������(VWUDGD�HW�DO���������3HUHD�

HW�DO�����������

��������/D�ULGH�G¶$OERUDQ�

$�O¶DFWXHO��OD�ULGH�G¶$OERUDQ�HVW�XQ�KDXW�IRQG �DOORQJp�VXLYDQW�XQH�GLUHFWLRQ�1������G¶HQYLURQ�

���NP�GH�ORQJ��TXL�pPHUJH�DX�QLYHDX�GH�O¶vOH�G¶$OERUDQ��)LJXUH�������%DOOHVWHURV�HW�DO���������

0DUWtQH]�*DUFtD�HW�DO���������0XxR]�HW�DO����������/D�5LGH�G¶$OERUDQ�HVW�OLPLWp�DX�1RUG�(VW�SDU�

OH�SURORQJHPHQW�GH�OD�IDLOOH�G¶$YHUURqV�HW�DX�6XG�2XHVW�SDU�OH�%DQF�GH�;DXHQ��)LJXUH��������

/D�IDLOOH�11(�662�G¶$O�,GULVVL��)LJXUH������)LJXUH�������GpFRXSH�YHUV�����¶:�GH�ORQJLWXGH�

OD�ULGH�G¶$OERUDQ�GH�OD�5LGH�TXH�QRXV�DSSHOOHURQV�GDQV�FH�PDQXVFULW�OD�5LGH�6XG�$OERUDQ��6$5��

6RXWK�$OERUDQ�5LGJH����

'HV� EDQFV� GH� ;DXHQ�)UDQFHVF� 3DJHV� �6$5�� j� OD� ULGH� G¶$OERUDQ�� OD� GpIRUPDWLRQ� 3OLR�

4XDWHUQDLUH�HVW�GLVWULEXpH�SDU�GHV�FKHYDXFKHPHQWV�1(�6:��)LJXUH�������$PPDU�HW�DO���������

&KDORXDQ�HW�DO���������0DUWLQH]�*DUFLD���8QH�VWUXFWXUH�HQ�IOHXU��TXL�SRXUUDLW�rWUH�DVVRFLpH�j�OD�

IDLOOH� G
$O�,GULVVL�� DFFRPPRGH� OD� WUDQVSUHVVLRQ� GDQV� OD� SDUWLH� FHQWUDOH� GH� OD�5LGH� G
$OERUDQ�

�$PPDU�HW�DO����������/D�WHUPLQDLVRQ�1RUG�(VW�GH�OD�5LGH�G
$OERUDQ�FKHYDXFKH�DFWXHOOHPHQW�

OH�EDVVLQ�(VW�$OERUDQ��($%��HW�OH�FDQDO�G¶$OERUDQ��)LJXUH�������:RRGVLGH�DQG�0DOGRQDGR��

������0DUWtQH]�*DUFtD�HW�DO���������'R�&RXWR�HW�DO�����������

'HSXLV� OD� FULVH� PHVVLQLHQQH�� OD� SDUWLH� FHQWUDOH� GH� OD� 5LGH� G
$OERUDQ� HQUHJLVWUH� ���� NP� GH�

UDFFRXUFLVVHPHQW��$PPDU�HW�DO����������6XU�OH�IODQF�1RUG�GH�OD�ULGH��GHV�GpYLDWLRQV�GH�UDYLQHV�

YLVLEOHV� VXU� OD�EDWK\PpWULH� LQGLTXHQW�TXH� OHV� IDLOOHV� FKHYDXFKDQWH�1(�6:�DFFRPPRGHQW�XQ�

GpSODFHPHQW�VpQHVWUH�j�O¶DFWXHO��)LJXUH�������0DUWtQH]�*DUFtD�HW�DO����������
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�
)LJXUH��������&DUWH�EDWK\PpWULTXH��D��HW�PRUSKRPpWULTXH��E��LQWHUSUHWpH�GH�OD�ULGH�G¶$OERUDQ�HW�GH�OD�]RQH�GH�
IDLOOH�GH�<XVXI��0DUWtQH]�*DUFtD�HW�DO����������/D�ULGH�G¶$OERUDQ�HVW�OD�VWUXFWXUH�1(�6:��ERUGpH�G¶LQFLVLRQV�VXU�
VRQ�IODQF�1RUG��'HV�V\VWqPHV�WXUELGLWLTXHV�DVVRFLpHV�j�GHV�JOLVVHPHQWV�JUDYLWDLUHV�SUREDEOHPHQW�WVXQDPLJpQLTXH�
VXU�OH�IODQF�6XG�LQGLTXHQW�OD�GpVWDELOLVDWLRQ�GH�FRXWRXULWHV�GDQV�OH�EDVVLQ�6XG�$OERUDQ��/H�TXDUW�1RUG�(VW�GH�OD�
FDUWH�PRQWUH�GHV�KDXWV�VWUXFWXUDX[�YROFDQLTXHV��+HUUDGXUD�%DQN��'MLERXWL�%DQN��$GUD�5LGJHV��DIIHFWpV�GH�JUDQGV�
DFFLGHQWV�WHFWRQLTXHV�11(�66:�HW�1:�6(��VH�SURORQJHDQW�GDQV�OH�EDVVLQ�SURIRQG�UHVSHFWLYHPHQW�YHUV�OD�IDLOOH�
G¶$O�,GULVVL�HW�OD�)DLOOH�GH�<XVXI��8Q�UHODLV�HQ�SXOO�DSDUW�DSSDUDLW�VXU�OH�ERUG�(VW�GH�OD�FDUWH��/H�EDVVLQ�6XG�HVW�
XQH�GpSUHVVLRQ�SDUDOOqOH�j�OD�ULGH��/HV�EDVVLQV�GH�+DELEDV�HW�GH�3\WKHDV�VRQW�ERUGpV�SDU�OHV�EDQFV�3URYHQFDX[��
XQ�KDXW�YROFDQLTXH��OH�KDXW�GHV�WURLV�IRXUFKHV�HW�OHV�EDQFV�GHV�&DEOLHUV��$�O¶HVW��XQ�UHODLV�WUDQVSUHVVLI�HVW�ILJXUp�
VXU�OH�IODQF�1RUG�GH�OD�5LGH�G¶$OERUDQ��WUDQVIpUDQW�OD�GpIRUPDWLRQ�DVVRFLpH�j�OD�IDLOOH�G¶$O�,GULVVL�YHUV�OH�62�HW�OH�
%DQF�GH�7RILQR��

���������/D�]RQH�GH�IDLOOH�G¶$GUD�HW�G¶$O�,GULVVL�

(Q�������'LOORQ�HW�DO���������VXJJqUHQW�TXH�OH�SODWHDX�GH�'MLERXWL��)LJXUH�������HVW�DIIHFWp�SDU�

GHV�IDLOOHV�GpFURFKDQWHV�UpFHQWHV����0D��VpQHVWUH�11(�66:��SOXV�UpFHQWHV�TXH�OHV�VWUXFWXUHV�
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GH�OD�7$6=��'HSXLV��OHV�UHOHYpV�EDWK\PpWULTXHV�RQW�UpYpOp�OD�VWUXFWXUH�WHFWRQLTXH�FRPSOH[H�GH�

OD�PDUJH�GDQV�OD�5pJLRQ�GH�0DODJD�HW�G
$OPHULD��(VSDJQH���/H�VW\OH�WHFWRQLTXH�DFWXHO�DIIHFWDQW�

OD�UpJLRQ�Q
HVW�SDV�FODLU�HQ�UDLVRQ�GH�O
LQIOXHQFH�GH�O¶KpULWDJH�WHFWRQLTXH�0LRFqQH��

/H�SODWHDX�GH�'MLERXWL�HVW�XQ�VRXV�EDVVLQ�SHUFKp�DX�1RUG�(VW�GX�EDVVLQ�2XHVW�$OERUDQ��'MLERXWL�

7URXJK��(UURU��5HIHUHQFH�VRXUFH�QRW�IRXQG�)LJXUH��������,O�HVW�GpOLPLWp�VXU�VD�PDUJH�6XG�SDU�
GHV�VRPPHWV�YROFDQLTXHV�HW�SDU�OH�SODWHDX�FRQWLQHQWDO�(VSDJQRO�VXU�VD�PDUJH�1RUG��%DOOHVWHURV�

HW�DO���������&RPDV�HW�DO����������/H�SODWHDX�GH�'MLERXWL�HVW�VpSDUp�GH�OD�ULGH�G
$OERUDQ�SDU�OH�

FDQDO�G
$OERUDQ��)LJXUH�������0XxR]�HW�DO����������/H�YROFDQLVPH�HVW�GDWp�GDQV�OD�UpJLRQ�GH�

'MLERXWL� DXWRXUV� GH� ���0D� j� ���0D� �'XJJHQ� HW� DO��� ������� $� SDUWLU� GH� O
DQDO\VH� GH� OD�

VWUDWLJUDSKLH� VLVPLTXH�� OH� SLHG� GH� SHQWH� DX� 6XG�2XHVW� GX� SODWHDX� GH�'MLERXWL� HVW� LQWHUSUpWp�

FRPPH�XQH�IDLOOH�QRUPDOH�0LRFqQH��&RPDV�HW�DO����������8QH�SDUWLH�GH�OD�PRUSKRORJLH�GX�FDQDO�

G
$OERUDQ�HVW�OLpH�DX�Up�HQQRLHPHQW�GH�OD�0pGLWHUUDQpH�j�OD�ILQ�GH�OD�FULVH�PHVVLQLHQQH���)LJXUH�

�����(VWUDGD�HW�DO���������*DUFLD�&DVWHOODQRV�HW�DO�����������

/H�IODQF�1RUG�GH�OD�5LGH�G¶$OERUDQ�HVW�OH�VLqJH�G¶XQH�GpIRUPDWLRQ�GLVWULEXpH�VXU�XQ�HQVHPEOH�

GH�VHJPHQWV�GH�IDLOOHV�j�FRPSRVDQWHV�GpFURFKDQWHV��DIIHFWDQW�OHV�VpGLPHQWV�DFWXHOV��)LJXUH������

��%DOOHVWHURV�HW�DO���������*UjFLD�HW�DO���������(VWUDGD�HW�DO���������3HUHD�HW�DO����������/D�IDLOOH�

GH�'MLERXWL� WHVW�SDUDOOqOH�j�XQH�VpULH�GH� OLQpDPHQWV�1:�6(��DIIHFWDQW� OH�KDXW�VRXV�PDULQ�GH�

$GUD�$YHUURqV�DLQVL�TXH�OH�FDQDO�G
$OERUDQ��)LJXUH�����)LJXUH��������0DUWtQH]�*DUFtD�HW�DO���

����� ��*UHYHPH\HU� HW� DO��� ������� 6XU� OHV� SURILOV� GH� VLVPLTXH� UpIOH[LRQ� KDXWH� UpVROXWLRQ�� OHV�

OLQpDPHQWV� FRUUHVSRQGHQW� j� XQH� VpULH� GH� KRUVWV� HW� JUDEHQV� TXL� SRXUUDLHQW� rWUH� ORFDOHPHQW�

LQYHUVpV��(VWUDGD�HW�DO����������

8QH� VpULH�GH�GpSUHVVLRQV� V¶DOLJQH� OH� ORQJ�GH�GLUHFWLRQ�11(�662�� UpJXOLqUHPHQW�HVSDFpH�GH�

PRLQV�G¶XQH�GL]DLQH�GH�NLORPqWUH�HQYLURQ��HOOHV�VH�SURSDJHQW�DX�GHOj�GX�KDXW�VRXV�PDULQ�GH�

+HUUDGXUD��)LJXUH�������0XxR]�HW�DO��������3DORPLQR�HW�DO���������&HWWH�IDPLOOH�GH�GpSUHVVLRQV�

G¶DPSOLWXGHV�PpWULTXHV�j�GpFDPpWULTXHV�WUDYHUVH�OHV�VRPPHWV�YROFDQLTXHV�HW�FRQWLQXH�SOXV�DX�

VXG�RXHVW�GDQV�OH�FDQDO�G¶$OERUDQ�HW�GDQV�OH�:$%��%DOOHVWHURV�HW�DO���������*UjFLD�HW�DO���������

������0XxR]�HW�DO���������3DORPLQR�HW�DO�����������
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�
)LJXUH�������&DUWH�SK\VLRJUDSKLTXH�GHV�KDXWV�YROFDQLTXHV�GH�$YHPSDFH��+HUUDGXUD�HW�'MERXWL�9LOOH��3DORPLQR�
HW� DO��� ������� /D� FDUWH� PRQWUH� O¶LQWHUDFWLRQ� GHV� KDXWV� YROFDQLTXHV� HW� GHV� GpS{WV� FRQWRXULWLTXHV�� /HV� IDLOOHV�
GpFURFKDQWHV� FRUUHVSRQGHQW� j� OD� WHUPLQDLVRQ� QRUG� GH� OD� ]RQH� GH� IDLOOH� G¶$O�,GULVVL�� &HV� VHJPHQWV� GH� IDLOOHV�
SDUDOOqOHV�LQGLTXHQW�XQH�GpIRUPDWLRQ�V¶DWWpQXDQW�YHUV�OH�12��/D�SDUWLH�6XG�GH�OD�FDUWH�PRQWUH�TXH�OHV�OLQpDPHQWV�
VH�SRXUVXLYHQW�HQ�SLHG�GH�SHQWH�GX�SODWHDX�GH�'MLERXWL��/HV�VRPPHWV�GH�SODWHDX�VRQW�SDUIRLV�WURQTXpV�LQGLTXDQW�
SUREDEOHPHQW�GHV�SpULRGHV�pURVLYHV��/H�IRQG�GH�PHU�DX�SLHG�GHV�KDXWV�VRXV�±�PDULQV�GHVVLQH�GHV�FUHX[��0RDWV��HW�
GHV� ERPEHPHQWV� �'ULI�� FRUUHVSRQGDQW� j� O¶LQIOXHQFH� j� O¶DFWXHO� GHV� FRXUDQWV� GH� FRQWRXU�� &HV� ILJXUHV� VRQW�
LQWHUSUpWpHV�FRPPH�GHV�ILJXUHV�GH�VpGLPHQWDWLRQ�FRQWRXULWLTXH��

�
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&HV� OLQpDPHQWV� FRUUHVSRQGHQW� j�GHV� IDLOOHV� VH�FRQQHFWDQW�YHUV� OH�6XG�j� OD� IDLOOH�G¶$O�,GULVVL�

�0DUWtQH]�*DUFtD�HW�DO����������/HV�VRXV�EDVVLQV�SHXYHQW�rWUH� LQGXLWV�SDU� OH� MHX�GH� IDLOOHV�GH�

VRFOH��TXL�VRQW�FRPSDWLEOHV�DYHF�OHV�PpFDQLVPHV�DX�IR\HU�GH�W\SH�VpQHVWUH��*UHYHPH\HU�HW�DO���

������ 6WLFK� HW� DO��� ������� &HV� JpRPpWULHV� VXJJqUHQW� XQH� GpIRUPDWLRQ� GH� OD� FRXYHUWXUH�

VpGLPHQWDLUH�OH�ORQJ�GH�VHJPHQWV�HQ�UHODLV�j�O¶pFKHOOH�FUXVWDOH��&KULVWLH�%OLFN��������1D\ORU�HW�

DO����������

9HUV�OH�1RUG�� O¶RULHQWDWLRQ�GHV�IDLOOHV�GHYLHQW�SURJUHVVLYHPHQW�1�6��)LJ��������*UjFLD�HW�DO���

������SXLV�12�6(�VXU�OD�PDUJH�GH�&DPSRV�GH�'DOODV��)LJXUH��������$�WHUUH��OH�VW\OH�WHFWRQLTXH�

GHV� IDLOOHV� LQGLTXH�XQ� MHX�QRUPDO�GH[WUH�DX�3OLR�4XDWHUQDLUH� �*UjFLD�HW�DO���������0DUWtQH]�

0DUWtQH]�HW�DO����������2XWUH�OHV�VWUXFWXUHV�WHFWRQLTXHV�DVVRFLpHV�j�&DUERQHUDV��OD�WHFWRQLTXH�

TXDWHUQDLUH� DIIHFWH� OHV� GpS{WV� j� WHUUH� SOXV� j� O¶RXHVW�� OHV� IDLOOHV� QRUPDOHV�GH[WUHV� 1:�6(�

DIIHFWHQW� OHV� VpGLPHQWV�SOpLVWRFqQH� �0DUWtQH]�'tD]�DQG�+HUQiQGH]�(QULOH���������/HV� IDLOOHV�

QRUPDOHV� 112�66(� j� 1�6� VHPEOHQW� FRQWLQXHV� HQ� PHU� HW� IRQW� SDUWLH� G
XQ� V\VWqPH� GH�

GpIRUPDWLRQ�GLVWULEXpH��)LJ��������*R\�DQG�=D]R��������0DUWtQH]�'tD]�DQG�+HUQiQGH]�(QULOH�

������*UjFLD�HW�DO����������/HV�VHJPHQWV�DFWLIV�GpFOHQFKHQW�GHV�VpLVPHV�PDMHXUV��0Z� �������

6pLVPH�GH�O
$GUD�HQ��������6WLFK�HW�DO����������9HUV�OH�6XG��OHV�]RQHV�GH�IDLOOH�11(�662�VH�

FRQQHFWHQW�j�OD�ULGH�G
$OERUDQ�DX�QLYHDX�G¶XQ�FKHYDXFKHPHQW�YHUV�OH�1RUG��)LJ�������HW�������

:RRGVLGH�DQG�0DOGRQDGR���������0XxR]�HW�DO����������0DUWtQH]�*DUFtD�HW�DO�����������

���������/D�IDLOOH�GH�<XVXI��OLPLWH�(VW�GX�'RPDLQH�G¶$OERUDQ�

/D�UHPRQWpH�YHUV�OH�1RUG�2XHVW�GX�EDVVLQ�6XG�$OERUDQ�HVW�DFFRPPRGpH�OH�ORQJ�GH�OD�IDLOOH�GH�

<XVXI��)LJ�������HW��������&HWWH�IDLOOH�ORFDOLVpH�GDQV�OH�SURORQJHPHQW�GH�OD�IDLOOH�GH�'MLERXWL�

GHVVLQH� VXU� OH� IRQG� PDULQ� XQ� HVFDUSHPHQW� ERUGDQW� OH� %DVVLQ� 6XG� $OERUDQ� j� O¶(VW�� (OOH� VH�

SURORQJH� DX� VXG� YHUV� OD�5pJLRQ�G¶2UDQ� GDQV� O¶2XHVW�$OJpULHQ� �$OYDUH]�0DUUyQ� DQG�RWKHUV��

������0DXIIUHW�HW�DO���������0HGDRXUL�HW�DO�����������

/
HVFDUSHPHQW�PHVXUH� HQYLURQ� ���� NP�GH� ORQJ� HW� FRXUV� GH� O
H[WUpPLWp�1RUG�HVW� GH� OD�5LGH�

G
$OERUDQ� DX[� PRQWDJQHV� GH� 7HOO� HQ� $OJpULH�� 8Q� EDVVLQ� ORVDQJLTXH� G¶H[WHQVLRQ� 12�6(��

SDUDOOqOH�j�OD�]RQH�GH�IDLOOH��HVW�LQWHUSUpWp�FRPPH�XQ�UHODLV�HQ�SXOO�DSDUW�HQWUH�GHX[�VHJPHQWV�

GH�IDLOOHV�GH[WUHV��<XVXI�%DVLQ���)LJXUH�������0DXIIUHW�HW�DO���������:DWWV�HW�DO�����������

/D�VWUDWLJUDSKLH�VLVPLTXH�PRQWUH�TXH�OH�GpEXW�GH�O
DIIDLVVHPHQW�GX�EDVVLQ�HQ�UHODLV�GH�<XVXI�HVW�

SUp�06&�� /D� JpRPpWULH� GHV� GpS{WV� SRVW�06&� VLWXpV� VXU� OH� ERUG� GX� EDVVLQ� LQGLTXH� XQH�

VpGLPHQWDWLRQ�V\Q�WHFWRQLTXH��0DXIIUHW�HW�DO����������0DUWtQH]�*DUFtD�HW�DO���������/H�EDVVLQ�

GH�<XVXI�HVW�UHPSOL�G¶HQYLURQ���NP�GH�GpS{WV�VHORQ�$OYDUH]�0DUUyQ�DQG�RWKHUV����������,O�HVW�

ERUGp� VXU� VRQ� IODQF�2XHVW� SDU� OD� ULGH� GH�<XVXI� �)LJ�� ������ TXL� SRXUUDLW� FRUUHVSRQGUH� j� XQH�
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VWUXFWXUH�FRPSUHVVLYH��:DWWV�HW�DO����������(Q�VLVPLTXH�UpIOH[LRQ�OD�IDLOOH�GH�<XVXI�GpOLPLWH�

DSSUR[LPDWLYHPHQW�OD�WUDQVLWLRQ�HQWUH�OH�GRPDLQH�G¶$OERUDQ�HW�OD�FUR�WH�FRQWLQHQWDOH�DPLQFLH�

GX�EDVVLQ�$OJpULHQ��)LJXUH��������%RRWK�5HD�HW�DO���������0HGDRXUL�HW�DO�����������

������� �&KURQRORJLH�GHV�SKDVHV�WHFWRQLTXHV�3OLR�4XDWHUQDLUHV�DIIHFWDQW�OH�EDVVLQ�
G¶$OERUDQ�

$�SDUWLU�GH�O¶LGHQWLILFDWLRQ�GHV�GLIIpUHQWHV�VWUXFWXUHV�FRQWRXULWLTXH��(UFLOOD�HW�DO����������-XDQ�HW�

DO�� �����TXH� OD�PRUSKRORJLH�GX� IRQG�GH�PHU� HW� O¶pYROXWLRQ�GH� OD� FLUFXODWLRQ�GHV�GLIIpUHQWHV�

PDVVHV�G¶HDX�HVW�SOXW{W�OLpH�j�O¶pYROXWLRQ�GH�OD�WRSRJUDSKLH�GX�IRQG�GH�PHU��)LJXUH�����)LJXUH�

�����)LJXUH��������-XDQ�HW�DO�������SURSRVH�TXH�OD�FLUFXODWLRQ�GHV�GLIIpUHQWHV�PDVVHV�G¶HDX�VRLW�

FRQWU{OpH�SDU�OD�FURLVVDQFH�GH�OD�ULGH�G¶$OERUDQ�HW�GH�OD�ULGH�6XG�$OERUDQ��)LJ����������

(Q�pWXGLDQW� OHV�SKDVHV�GH�FURLVVDQFH�GHV�GpS{WV�FRQWRXULWLTXH� LO� D�pWp�SRVVLEOH�GH�PHWWUH�HQ�

pYLGHQFH�SOXVLHXUV�SKDVHV�WHFWRQLTXHV�GLVWLQFWHV�GDQV�OH�EDVVLQ�2XHVW�$OERUDQ�HW�GDQV�OH�EDVVLQ�

6XG�$OERUDQ��)LJ���������0DUWtQH]�*DUFtD�HW�DO����������&HV�SKDVHV�WHFWRQLTXHV�VRQW�HQ�UHODWLRQ�

DYHF�OD�VXUUHFWLRQ�GH�OD�ULGH�G¶$OERUDQ�MXVTX¶DX�4XDWHUQDLUH��OD�ILQ�GX�TXDWHUQDLUH�HVW�PDUTXpH�

SDU�O¶DSSDULWLRQ�G¶XQ�QRXYHDX�MHX�GH�IDLOOHV�GpFURFKDQWHV��)LJ���������

3KDVH�WHFWRQLTXH�����FHWWH�SKDVH�WUDQVSUHVVLYH�PDUTXH�OD�VXUUHFWLRQ�GH�OD�ULGH�G¶$OERUDQ��(OOH�

GpPDUUH�GXUDQW�OH�0LRFqQH�HW�V¶DFKqYH�YHUV��0D��(Q�SLHG�GH�SHQWH��OD�VXUUHFWLRQ�HVW�LQGLTXpH�

SDU�GHV�GLVFRUGDQFHV�UpJLRQDOHV��'DQV�OHV�EDVVLQV�SURIRQGV��OH�WDX[�GH�VpGLPHQWDWLRQ�DXJPHQWH��

LQGLTXDQW�SUREDEOHPHQW�XQH�pURVLRQ�SOXV� LPSRUWDQWH�GHV�]RQHV�pPHUJpHV�HQ�UHODWLRQ�DYHF� OD�

VXUUHFWLRQ�GHV�ERUGXUHV�GX�EDVVLQ�G¶$OERUDQ��&HWWH�SKDVH�PDUTXH�O¶LQYHUVLRQ�GHV�VWUXFWXUHV�1(�

62�GDQV�OH�EDVVLQ�HVW�$OERUDQ�HW�O¶LQYHUVLRQ�GH�OD�ULGH�G¶$OERUDQ�'DQV�OH�EDVVLQ�6XG��GHV�IDLOOHV�

QRUPDO�SRXUUDLW�DFFRPPRGpH�XQH�H[WHQVLRQ�ORFDOLVp�DX�SLHG�GH�SODWHDX�G¶$GUD��/H�IODQF�1RUG�

GH�OD�ULGH�G¶$OERUDQ�VHUDLW�DFWLI��HW�FKHYDXFKDQW�VXU�OH�&KHQDO�G¶$OERUDQ��/D�IDLOOH�G¶$O�,GULVVL�

VHUDLW� DFWLYH�� DFFRPPRGDQW� OD� FRPSUHVVLRQ� VXU� OD� ULGH� G¶$OERUDQ�� /D� IDLOOH� GH� <XVXI�

DFFRPPRGH�OH�FLVDLOOHPHQW�JUDQGH�pFKHOOH�GX�EDVVLQ�G¶$OERUDQ�

3KDVH�WHFWRQLTXH�����$SUqV�XQH�SpULRGH�GH�TXLHVFHQFH�PDUTXpH�SDU�GHV�WDX[�GH�VpGLPHQWDWLRQV�

IDLEOH�GDQV�OHV�EDVVLQV�HW�SHX�GH�YDULDWLRQ�ODWpUDOHV�GHV�pSDLVVHXUV�GH�GpS{WV��XQH�VHFRQGH�SKDVH�

GH�VRXOqYHPHQW�GH�OD�ULGH�GpPDUUH�YHUV����0D��(OOH�HVW�PDUTXpH�SDU�GHV�ELVHDX[�VpGLPHQWDLUHV�

OH�ORQJ�GH�OD�ULGH�G¶$OERUDQ�HW�GHV�DFFXPXODWLRQV�SOXV�LPSRUWDQWH�GDQV�OH�EDVVLQ�6XG��'DQV�OH�

EDVVLQ�RXHVW��OHV�FRQWRXULWHV�3OLRFqQHV�VRQW�FODLUHPHQW�EDVFXOpHV��'DQV�OH�EDVVLQ�RULHQWDO��GHV�

SOLV�VRQW�DFWLYpV�IRUPDQWV�GH�ODUJHV�V\QFOLQDX[�SURYRTXDQW�XQH�VXEVLGHQFH�ORFDOH��
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)LJXUH�������&RXUEHV�UpJLRQDOHV�HW�PRQGLDOHV�IRXUQLVVDQW�GHV�LQIRUPDWLRQV�VXU�OHV�IOXFWXDWLRQV�GX�FOLPDW�HW�GX�
QLYHDX�GH�OD�PHU�DLQVL�TXH�VXU�OHV�pYqQHPHQWV�HW�OHV�WHQGDQFHV��WHFWRQLTXHV��KLpUDUFKLTXHV��ELR�VWUDWLJUDSKLTXHV��
RUELWDX[��SDOHR�FOLPDWLTXH�HW�SHOR�RFHDQRJUDSKLTXH��-XDQ�HW�DO��������
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3KDVH�WHFWRQLTXH�����&HWWH�SKDVH�WHFWRQLTXH�OD�SOXV�UpFHQWH�GpPDUUH�GXUDQW�OH�3OpLVWRFqQH�j�SDUWLU�

GH�����0D��&HWWH�SKDVH�VHUDLW�DVVRFLpH�j�GHV�DFFXPXODWLRQV�VpGLPHQWDLUHV�SOXV�LPSRUWDQWHV�GDQV�

OHV�EDVVLQV�SURIRQGV��/RFDOHPHQW��FHWWH�SKDVH�HVW�DVVRFLpH�DYHF�OH�MHX�ODWpUDO�GH�OD�IDLOOH�G¶$O�

,GULVVL��'DQV�OD�]RQH�GH�IDLOOH�G¶$GUD��)LJ������HW��������LO�VHPEOH�TXH�OD�GpIRUPDWLRQ�VH�ORFDOLVH�

j� O¶DFWXHO� OH� ORQJ� GH� VHJPHQWV� GH� IDLOOHV� 112�66(� j� 1�6� GDQV� XQ� PRGH� GH� GpIRUPDWLRQ�

WUDQVWHQVLI��&HFL�LQGLTXHUDLW�XQH�H[WHQVLRQ�DVVRFLpH�j�GHV�PpFDQLVPHV�GH�GpIRUPDWLRQ�G¶DUULqUH�

DUF��*DOLQGR�=DOGLYDU�HW�DO����������&HWWH�SKDVH�WHFWRQLTXH�WDUGLYH�UHVWDLW�PDO�FRQWUDLQWH�HW�VHUD�

pWXGLp�GDQV�OHV�FKDSLWUHV�VXLYDQWV���

�����&RQWH[WH�VLVPLTXH�HW�GpIRUPDWLRQ�DFWXHOOH�GH�OD�PDUJH�6XG�$OERUDQ��

/D�GpIRUPDWLRQ�GX�GRPDLQH�G¶$OERUDQ� HVW� DVVH]� FODLUHPHQW� H[SULPpH�GDQV� O¶HQUHJLVWUHPHQW�

VpGLPHQWDLUH�3OLR�4XDWHUQDLUH��&HSHQGDQW�OD�VLVPLFLWp�GX�GRPDLQH�G¶$OERUDQ��)LJXUH��������HQ�

SDUWLFXOLHU�GDQV�OD�UpJLRQ�G¶$O�+RFHLPD��HVW�DFWXHOOHPHQW�GLVFXWpH�SRXU�GHX[�UDLVRQV�������OHV�

LQWHUSUpWDWLRQV� FRQWUDGLFWRLUHV� GHV� GRQQpHV� GH� GpSODFHPHQW� FR�VLVPLTXHV�� OLpHV� DX� FDUDFWqUH�

DYHXJOH� GHV� IDLOOHV� D\DQW� MRXpHV� ORUV� GHV� VpLVPHV� G¶$O�+RFHLPD�� ���� XQ� PDQTXH� GH�

FDUDFWpULVDWLRQ�VXU�OH�WHUUDLQ�GHV�IDLOOHV�DFWLYHV�TXL�Q¶RQW�SDV�DWWHLQW�OD�VXUIDFH������XQH�FRQIXVLRQ�

HQWUH�VWUXFWXUHV�KpULWpHV�PLRFqQHV�HW�VWUXFWXUHV�WHFWRQLTXHV�3OpLVWRFqQH��
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)LJXUH��������&DUWH�GHV�PpFDQLVPHV�DX�IR\HU�GDQV�OD�UpJLRQ�PpGLWHUUDQpH�RFFLGHQWDOH��6WLFK�HW�DO�����������/D�
FDUWH�PRQWUH�OD�WUDQVLWLRQ�G¶XQ�UpJLPH�FRPSUHVVLI�VXU�OD�PDUJH�$OJpULHQQH�HW�O¶2UDQDLV�j�XQ�UpJLPH�GpFURFKDQW�
GDQV� OH�GRPDLQH�G¶$OERUDQ��/D� ORFDOLVDWLRQ�GHV�PpFDQLVPHV�DX� IR\HU�GpFURFKDQW�PRQWUH�GHV� FOXVWHUV�GDQV� OD�
UpJLRQ�G¶$O�+RFHLPD��GDQV�OD�]RQH�GH�&DUERQHUDV�HW�DX�6XG�GX�%DVLQ�GH�*XDGDOTXLYLU��&H�GHUQLHU�FOXVWHU�HVW�
FODLUHPHQW� FRPSUHVVLI�� HW� LQGLTXH� XQ� VW\OH� GH� GpIRUPDWLRQ� FRPSDWLEOH� DYHF� OHV� REVHUYDWLRQV� GH� OD� FRXYHUWXUH�
VpGLPHQWDLUH�GDQV�O¶DYDQW�3D\V�%pWLTXH��(Q�$WODQWLTXH�OHV�PpFDQLVPHV�DX�IR\HU�GpFURFKDQW�VRQW�FRPSDWLEOHV�DYHF�
OHV�IDLOOHV�GpFULWHV�SOXV�KDXW��

������� $FWLYLWp�VLVPLTXH�GDQV�OD�UpJLRQ�GH�.HEGDQD�

$�O¶DFWXHO��LO�H[LVWH�XQH�DFWLYLWp�VLVPLTXH�QRQ�QpJOLJHDEOH�PDLV�IDLEOHPHQW�FRQWUDLQWH�GDQV�OD�

UpJLRQ�GHV�.HEGDQD��0Z� �����OH������������ORFDOLVp�VXU�OHV�%DQF�GHV�&DEOLHUV�HQ�PHU��0Z� �

���� OH� ����������� DX� 6XG� GX�.HUW� �� %H]]HJKRXG� DQG�%XIRUQ�� ������ 6WLFK� HW� DO��� ������� /H�

PpFDQLVPH� DX� IR\HU� GX� VpLVPH� GH� ����� LQGLTXH� GHV� SODQV� QRGDX[� YHUWLFDX[�11(�66:� HW�

11:�66(� �%H]]HJKRXG� HW� %XIRUQ�� ������� /HV� SODQV� QRGDX[� GX� VpLVPH� GH� ����� VRQW�

G¶RULHQWDWLRQ� FRPSDUDEOHV� j� FHX[� GH� O
pYpQHPHQW� GH� ����� �6WLFK� HW� DO��� ������� /
DFWLYLWp�

VLVPLTXH�HQ�PHU�HVW�VLWXpH�DXWRXU�GHV�%DQFV�3URYHQoDX[��)LJ��������VXJJpUDQW�XQH�DFWLYLWp�DX�

QLYHDX�GH� FHV�KDXWV� YROFDQLTXHV� VRXV�PDULQV��&HWWH� DFWLYLWp� VLVPLTXH�SRXUUDLW� rWUH� UHOLpH� DX�

YROFDQLVPH�4XDWHUQDLUH� UpJLRQDO� RX� ELHQ� j� O¶LQYHUVLRQ� GH� OD�PDUJH� ORFDOLVpH� VXU� GHV� IDLOOHV�

DYHXJOHV��%RXVNUL�HW�DO���������
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������� &ULVHV�VLVPLTXHV�GDQV�OD�UpJLRQ�G¶$O�+RFHLPD�

$�O¶pFKHOOH�GH�OD�0pGLWHUUDQpH�2FFLGHQWDOH��F¶HVW�j�GLUH�HQ�H[FOXDQW�OD�]RQH�GH�VXEGXFWLRQ�GH�

O¶DUF�KHOOpQLTXH�HW�GHV�VWUXFWXUHV�DVVRFLpHV���OD�UpJLRQ�G¶$O�+RFHLPD�VXELW�OH�SOXV�JUDQG�QRPEUH�

G¶pYqQHPHQWV�VLVPLTXHV�SDU�DQ��)LJXUH�������%H]]HJKRXG�DQG�%XIRUQ�������� �9DQQXFFL�DQG�

*DVSHULQL��������6WLFK�HW�DO����������������&HWWH�VLVPLFLWp�LPSRUWDQWH�SOXW{W�VXSHUILFLHOV��MXVTX¶j�

���NP�GH�SURIRQGHXU���6HUUDQR�HW�DO���������9DQ�GHU�:RHUG�HW�DO����������HVW�OLpH�j�O¶DFWLYLWp�

WHFWRQLTXH�G¶XQ�UpVHDX�GH�IDLOOHV�ILJXUDQW�XQ�EDVVLQ�WUDQVWHQVLI��OH�EDVVLQ�GH�1HNRU��&H�UpVHDX�HW�

VHV�VWUXFWXUHV�DVVRFLpHV�VHURQW�pWXGLpV�HQ�GpWDLO�GDQV�OH�FKDSLWUH�VXLYDQW��LOV�RQW�IDLW�O¶REMHW�GH�

GHX[�DUWLFOHV�SXEOLpV��G¶$FUHPRQW�HW�DO���������/DIRVVH�HW�DO���������/D�FRQQH[LRQ�GH�FH�UpVHDX�

GH� IDLOOHV� DYHF� OHV� VWUXFWXUHV� UpJLRQDOHV� DLQVL� TXH� OD� FKURQRORJLH� GHV� GpIRUPDWLRQV� VHURQW�

SUpVHQWpV�VRXV�IRUPH�G¶DUWLFOH�GDQV�OH�GHUQLHU�FKDSLWUH�GH�UpVXOWDW���

/HV� FULVHV� VLVPLTXHV� GDQV� OD� UpJLRQ� G¶$O�+RFHLPD� VRQW� F\FOLTXHV� DYHF� GHV� VpLVPHV� GH�

PDJQLWXGHV�VXSpULHXUHV�j����8QH�UHGRQGDQFH�GH�FHV�FULVHV�VHPEOH�FRQVWDQWH�DYHF�GHV�VpLVPHV�

GH�0Z!�� WRXV� OHV�GL[�DQV� �������������������HW� OD�GHUQLqUH�HQ�������+DW]IHOG�HW�DO���������

&DOYHUW� HW� DO��� ������(O�$ODPL� HW� DO��� ������ �%H]]HJKRXG� DQG�%XIRUQ�� ������&KHUNDRXL� DQG�

+DUQDIL��������6WLFK�HW�DO���������������%LJJV�HW�DO���������(NVWU|P�HW�DO���������-DERXU�HW�DO���

������ 9DQ� GHU� :RHUG� HW� DO��� ������� 'XUDQW� OHV� FULVHV� VLVPLTXHV�� OHV� FKRFV� SULQFLSDX[�

FRUUHVSRQGHQW�j�GHV�PpFDQLVPHV�DX[� IR\HUV�GpFURFKDQWV��/H�SODQ�QRGDO�TXL�FRUUHVSRQG�j� OD�

IDLOOH�DFWLYH��ELHQ�TXH�FRQWURYHUVpH�QRWDPPHQW�SRXU�OH�VpLVPH�GH�������YRLU�FL�DSUqV���6WLFK�HW�

DO��� ������ :RHUG� HW� DO��� ������� PRQWUH� PDMRULWDLUHPHQW� XQH� RULHQWDWLRQ� 11(�66:�� /D�

ORFDOLVDWLRQ� GHV� pSLFHQWUHV� GH� FKDFXQ� GHV� FKRFV� SULQFLSDX[� LQGLTXH� GHV� VHJPHQWV� GH� IDLOOHV�

GLIIpUHQWV��/H�VpLVPH�GH������VHPEOH�ORFDOLVp�VXU�XQ�VHJPHQW�GH�IDLOOH�FRUUHVSRQGDQW�j�WHUUH�j�

OD�IDLOOH�GH�%RXVHNNRXU�HW�HQ�PHU�j�XQ�VHJPHQW�1:�6(�ELHQ�PDUTXp�GDQV�OD�WRSRJUDSKLH�GH�OD�

SODWHIRUPH�FRQWLQHQWDOH��G¶$FUHPRQW�HW�DO����������1RXV�DOORQV�GpWDLOOHU�GDQV�OHV�SDUDJUDSKHV�

VXLYDQWV�OHV�VpLVPHV�GH������HW�������/HV�FULVHV�GH������HW������VRQW�SUpVHQWpHV�VXFFLQFWHPHQW�

FL�DSUqV��

���������/H�VpLVPH�GH������

/HV�SXEOLFDWLRQV�UpFHQWHV�DSSRUWHQWXQ�pFODLUDJH�VWUXFWXUDO�HQ�FDUDFWpULVDQW�FHUWDLQV�VHJPHQWV�GH�

IDLOOHV�GDQV�OH�EDVVLQ�GH�1HNRU��/¶RULHQWDWLRQ�GX�VHJPHQW�GH�IDLOOH�D\DQW�URPSX�ORUV�GX�VpLVPH�

GH������D�IDLW�O¶REMHW�G¶XQH�ORQJXH�SROpPLTXH�FDU�OHV�GLIIpUHQWHV�LQWHUSUpWDWLRQV�GHV�GRQQpHV�

VLVPLTXHV� HW� GHV� GRQQpHV� VDWHOOLWDLUHV� GH� GpSODFHPHQWV� FR�VLVPLTXHV� Q¶RQW� SDV� DERXWL� j� XQ�

FRQVHQVXV���
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'¶DSUqV�6WLFK�HW�DO�����������j�SDUWLU�GH�O¶LQYHUVLRQ�GHV�GRQQpHV�WpOpVLVPLTXHV�OH�PHLOOHXU�UpVXOWDW�

REWHQX�HVW�XQ�PRGqOH�DVVRFLDQW�XQH�UXSWXUH�VXFFHVVLYH�GH�GHX[�SODQV�SDUDOOqOHV�RULHQWpV�11(�

66:�DYHF�XQ�SHQGDJH�(VW��'XUDQW�OD�SpULRGH������������OHV�SODQV�QRGDX[�TXL�VHPEOHQW�DYRLU�

MRXpV�GDQV�OD�PrPH�UpJLRQ�VRQW�GHV�SODQV�QRGDX[�1�����GpFURFKDQWV�RX�ELHQ�GHV�SODQV�QRGDX[�

1�����FRPSUHVVLIV��6WLFK�HW�DO�����������

'¶DSUqV� �9DQ�GHU�:RHUG�HW�DO����������OD�VpTXHQFH�GH�UpSOLTXHV�VXLYDQW�OH�FKRF�SULQFLSDO�GH�

�����PRQWUH� XQ� DOLJQHPHQW� GHV� pSLFHQWUHV� VHORQ� GHX[� GLUHFWLRQV� �)LJXUH� ��������1:�6(� HW�

11(�66:��/HV�PpFDQLVPHV�DX�IR\HU�LQGLTXHQW�WURLV�VW\OHV�GLIIpUHQWV����L��SOXW{W�GpFURFKDQW�DX�

QLYHDX�GX�SULQFLSDO�SODQ�GH�UXSWXUH�11(�66:�j�O¶2XHVW�GX�EDVVLQ�GH�1HNRU��DX�QLYHDX�G¶XQH�

IDLOOH�SUREDEOHPHQW�DYHXJOH����LL��GDQV�OH�EDVVLQ�GH�1HNRU��OD�VpTXHQFH�GH�UpSOLTXHV�PRQWUH�XQH�

DFWLYDWLRQ�GH�SODQV�GH�UXSWXUH�RULHQWpV�1�����DYHF�XQ�VW\OH�FODLUHPHQW�QRUPDO��FRPSDWLEOH�DYHF�

OH� FDUDFWqUH� VXEVLGDQW� GH� FH� EDVVLQ��� �LLL�� GHX[� UpSOLTXHV� VHPEOHQW� DYRLU� DFWLYp� GHV� SODQV� GH�

UXSWXUHV� RULHQWpV�1(�6:�DYHF�XQ� VW\OH� FRPSUHVVLI� FRPSDWLEOH� DYHF� OD� VWUXFWXUH� GHV�QDSSHV�

5LIDLQHV�FKHYDXFKDQWHV���

%LJJV�HW�DO���������RQW�PRQWUp�TXH�OHV�GHX[�SODQV�QRGDX[�1(�6:�HW�1:�6(�SHXYHQW�DYRLU�MRXp�

GXUDQW�OD�FULVH�GH������/H�UDSSRUW�JOLVVHPHQW�VXU�ORQJXHXU�GH�IDLOOH�HVW�EHDXFRXS�WURS�pOHYp�HW�

LUUpDOLVWH� GDQV� OH� FDV� G¶XQ� SODQ� GH� JOLVVHPHQW� 1(�6:� GH� FH� SHWLW� VHJPHQW� GH� IDLOOH�� 3DU�

FRQVpTXHQW�� SRXU� FHV� DXWHXUV�� OHV� VHJPHQWV� GH� IDLOOH� DLOODQW� MRXpV�� IRQW� SDUWL� G¶XQH� ]RQH� GH�

FLVDLOOHPHQW�GLVWULEXpH�VXU�GHX[�VHJPHQWV�1(�6:�HW�1:�6(�FRPSDWLEOHV�DYHF�OD�GLUHFWLRQ�GH�

FRQYHUJHQFH�$IULTXH�(XUDVLH���
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�
)LJXUH��������D��5HORFDOLVDWLRQ�GHV�VpLVPHV�GH�OD�VpTXHQFH�GH�UpSOLTXHV�DSUqV�OH�FKRF�SULQFLSDO�GH�������WLUp�GH�
�2XVDGRX� HW� DO��� ������� pWRLOH� URXJH�� FKRF� SULQFLSDO�� �E��PpFDQLVPHV� DX� IR\HU�� EOHX��� FKRF� SULQFLSDO��� URXJH��
PpFDQLVPHV�DX�IR\HU�YDOLGHV���YHUW��PpFDQLVPHV�DX�IR\HU�UHMHWpV�DSUqV�LQYHUVLRQ�GHV�GRQQpHV�VLVPLTXHV��&HV�FDUWHV�
PRQWUHQW� OD� ORFDOLVDWLRQ� GHV� pSLFHQWUHV� GHV� UpSOLTXHV� OH� ORQJ� GH� GHX[� SODQV� 12�6(� HW� 11(�662� GDQV� OH�
SURORQJHPHQW� GX� FDS� G¶$O�+RFHLPD�� /D� GpIRUPDWLRQ� VH� UpSDUWLH� VHORQ� GHV� UXSWXUHV� HQ� GpFURFKHPHQW� HW� HQ�
H[WHQVLRQ�� SULQFLSDOHPHQW��'HX[� UpSOLTXHV� ORFDOLVpHV� GDQV� OD� SDUWLH� VXG� GH� OD� FDUWH� VXJJqUHQW� O¶LQYHUVLRQ� GHV�
VWUXFWXUHV�GH�QDSSHV�
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'¶DSUqV�O¶LQWHUSUpWDWLRQ�GHV�GRQQpHV�,16$5��OD�VpTXHQFH�GHV�VpLVPHV�����������LQGLTXHUDLW�

XQH�WUDQVSUHVVLRQ�GDQV�OD�UpJLRQ�G¶$O�+RFHLPD��$NRJOX�HW�DO����������&HV�DXWHXUV�PRQWUHQW�TXH�

OH�VpLVPH�GH������FRUUHVSRQG�DX�MHX�G¶XQH�IDLOOH�RULHQWpH�1������FH�TXL�FRUUHVSRQG�HQ�HIIHW�DX�

VHJPHQW�GH�IDLOOH�FDUWRJUDSKLp�HQ�PHU�DX�QLYHDX�GH�OD�UpJLRQ�GH�%RXVVHNNRXU��%R)��)LJXUH�������

G¶$FUHPRQW� HW� DO�� ������� '¶DSUqV� FHV� PrPH� DXWHXUV�� OH� FKRF� SULQFLSDO� GX� VpLVPH� GH� �����

FRUUHVSRQGUDLW� j� XQH� IDLOOH� RULHQWpH� 1����� DYHXJOH� VRXV� OHV� XQLWpV� LQWHUQHV� GX� 5LI�� HQ�

FRQWUDGLFWLRQ�DYHF�O¶LQWHUSUpWDWLRQ�GH�%LJJV�HW�DO���������

8QH�WURLVLqPH�LQWHUSUpWDWLRQ�GHV�GpIRUPDWLRQV�FR�VLVPLTXHV�GX�VpLVPH�GH�������EDVpH�VXU�OHV�

GRQQpHV� ,16$5�HW�(QYLVDW�� D� pWp� SXEOLpH� OD�PrPH� DQQpH� �)LJXUH� ������&DNLU� HW� DO��� �������

'¶DSUqV� FHV� DXWHXUV�� OH� VpLVPH�GH������ HVW� DVVRFLp� j� XQH� IDLOOH�1:�6(�GH[WUH��&HV� DXWHXUV�

SURSRVHQW�TXH�OD�IDLEOH�GpIRUPDWLRQ�GH�VXUIDFH�HVW�GXH�DX�IDLW�TXH�FHWWH�IDLOOH�HVW�UHODWLYHPHQW�

QRXYHOOH�j�O¶pFKHOOH�GHV�GpIRUPDWLRQV�GDQV�OD�]RQH�G¶$OERUDQ�HW�TXH�OH�EDVVLQ�GH�1HNRU�VHPEOH�

UHODWLYHPHQW�LQDFWLI��8QH�GHUQLqUH�pWXGH�UpDOLVpH�j�SDUWLU�GHV�GRQQpHV�VDWHOOLWDLUHV��7DKD\W�HW�DO���

������PRQWUH�TX¶LO�HVW�SRVVLEOH�GH�UHSURGXLUH�DVVH]�ILGqOHPHQW�OHV�GpSODFHPHQWV�FR�VLVPLTXHV�

GH�VXUIDFH�j�SDUWLU�G¶XQ�PRGqOH�j�GHX[�IDLOOHV�1����VpQHVWUH�SXLV�1�����GH[WUH��

�
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�
)LJXUH�������D�HW�E���0RGqOHV�GH�GpIRUPDWLRQ�GH�VXUIDFH�G¶DSUqV�O¶LQYHUVLRQ�GHV�GRQQpHV�,16$5��,QWHUIpURJUDPPHV�
DVFHQGDQW� HW� GHVFHQGDQW� F� HW� G��� ,QWHUIpURJUDPPHV� UpVLGXHOV� DSUqV� VRXVWUDFWLRQ� GHV� GRQQpHV� GX� PRGqOH� DX[�
GRQQpHV�,16$5��H���WUDLW�GH�FRXSH�PRQWUDQW�OH�GpSODFHPHQW�FR�VLVPLTXH�j�OD�VXUIDFH��7LUpH�GH��&DNLU�HW�DO����������
&HV� GRQQpHV�PRQWUHQW� TXH� OH� GpSODFHPHQW� YHUWLFDO� D� DWWHLQW� ��� FP�GDQV� XQH� ]RQH� FRPSULVH� HQWUH� OD� IDLOOH� GH�
%RXVVHNNRXU�HW�OH�EDVVLQ�GH�1HNRU���

�

���������/H�VpLVPH�GH������

/H�VpLVPH�GH������HVW�XQ�VpLVPH�GH�PDJQLWXGH������)LJ��������0HGLQD�DQG�&KHUNDRXL�����������

,O�HVW�DVVRFLp�j�XQ�VpLVPH�SUpFXUVHXU�GH�PDJQLWXGH������FRPSUHVVLI��GRQW�OHV�SODQV�QRGDX[�VRQW�

RULHQWpV� 1(�62� SDUDOOqOHPHQW� j� OD� ULGH� G¶$OERUDQ�� /H� VHJPHQW� TXL� D� URPSX� ORUV� GX� FKRF�

SULQFLSDO�HVW�VLWXp�DX�ODUJH�GX�EDVVLQ�GH�1HNRU�VXU�OH�IODQF�1RUG�GH�OD�5LGH�6XG�$OERUDQ��)LJ����

HW��������/HV�GRQQpHV�GLVSRQLEOHV�VXJJqUHQW�TXH�OH�SODQ�SULQFLSDO�GH�UXSWXUH�HVW�XQ�VHJPHQW�GH�

OD� IDLOOH� G¶$O� ,GULVVL� �KWWS���ZZZ�LQVX�FQUV�IU�QRGH�������� /HV� UpSOLTXHV� FRQVpFXWLYHV� j� OD�

UXSWXUH�SULQFLSDOH�PRQWUHQW�XQ�DOLJQHPHQW�11(�662��REOLTXDQW�YHUV�OH�1RUG�OH�ORQJ�G¶XQ�UHODLV�

WUDQVSUHVVLI� VXE�SDUDOOqOH� j� OD� 5LGH� G¶$OERUDQ�� /HV� PpFDQLVPHV� DX� IR\HU� FRPSUHVVLIV� GHV�

UpSOLTXHV� LQGLTXHQW� TXH� OHV� UXSWXUHV� VHFRQGDLUHV� SHXYHQW� DYRLU� UpDFWLYp� OHV� VWUXFWXUHV�

FRPSUHVVLYHV�GH�OD�ULGH�G¶$OERUDQ��$X�6XG�GH�OD�ULGH��GHV�PpFDQLVPHV�DX�IR\HU�LQGLTXHQW�XQ�
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MHX� WUDQVWHQVLI� VpQHVWUH� VXU� XQ� KDXW� YROFDQLTXH� TXL� HVW� UHVWp� SHX� H[SORUp� MXVTX¶j� FH� MRXU�

�%RXUJRLV�HW�DO���������0HGLQD�HW�&KHUNDRXL���������

������� 0RGqOHV�QpR�WHFWRQLTXHV�

8Q� FHUWDLQ� QRPEUH� G¶pWXGHV� VH� VRQW� DWWDFKpHV� j� FDUDFWpULVHU� OHV� pWDWV� GH� GpIRUPDWLRQ� HW� GH�

FRQWUDLQWHV�DFWXHOOHV�HQ�$OERUDQ��*DOLQGR�=DOGtYDU�HW�DO���������0HGLQD��������'H�9LFHQWH�HW�

DO���������1HJUHGR��������)DGLO�HW�DO���������0HGLQD�DQG�(O�$ODPL��������)HUQiQGH]�,EixH]�HW�

DO���������3HGUHUD�HW�DO���������3HURXVH�HW�DO���������&XQKD�HW�DO���������3DODQR�HW�DO���������

2XVDGRX�HW�DO���������1HUHV�HW�DO����������/HV�UpVXOWDWV�GH�FHV�pWXGHV�WHQGHQW�j�PRQWUHU�TXH�OH�

'RPDLQH�G¶$OERUDQ�VH�FRPSRUWH�FRPPH�XQH�PLFURSODTXH�FRQILQpH�HQWUH�OHV�SODTXHV�$IULTXHV�

HW�(XUDVLH���

'DQV�OHV�DQQpHV�������OHV�pWXGHV�RQW�SRUWp�HVVHQWLHOOHPHQW�VXU�OD�FDUDFWpULVDWLRQ�GX�FKDPS�GH�

FRQWUDLQWH�j�SDUWLU�GHV�GRQQpHV�VLVPLTXHV�HW�PLFURVWUXFWXUDOH��H�J��%XIRUQ�HW�DO���������*DOLQGR�

=DOGtYDU�HW�DO����������*DOLQGR�=DOGtYDU�HW�DO����������PRQWUHQW�j�SDUWLU�GH�GRQQpHV�VWUXFWXUDOHV�

XQ�FKDQJHPHQW�GH� UpJLPH�GHV�FRQWUDLQWHV�DX[�DOHQWRXUV� GH� OD� ILQ�GX�0HVVLQLHQ��$� OD� ILQ�GX�

0HVVLQLHQ�� OD� GLUHFWLRQ�GH� FRQWUDLQWH� ı��HVW�KRUL]RQWDOH�PD[LPDOH� HW� SDUDOOqOH� DX[� VWUXFWXUHV�

GpFURFKDQWHV�GX�5LI��$X�GpEXW�GX�3OLRFqQH��ı��HVW�KRUL]RQWDOH�HW�OD�GLUHFWLRQ�GH�OD�FRQWUDLQWH�ı��

HVW� GHYLHQW�12�6(�GDQV� OH�5LI�� HQ� DFFRUG� DYHF� OD� FRPSUHVVLRQ�12�6(�GHV�XQLWpV� H[WHUQHV��

'¶DSUqV�FHWWH�pWXGH�OH�FKDPS�GH�FRQWUDLQWH�Q¶pYROXH�SDV�HQWUH�OH�GpEXW�GX�3OLRFqQH�HW�OD�ILQ�GX�

4XDWHUQDLUH���

�
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�
)LJXUH�������$��FDUWH�WHFWRQLTXH�GX�EDVVLQ�GH�1HNRU�HW�GHV�VWUXFWXUHV�GH�OD�]RQH�GH�IDLOOH�G¶$O�,GULVVL��0pFDQLVPHV�
DX�IR\HU���SRVLWLRQ�GHV�FKRFV�SULQFLSDX[�GHSXLV�������/HV�SRLQWV�FRORUpV�UHSUpVHQWHQW�OHV�SRVLWLRQV�GHV�pSLFHQWUHV�
GHV�VpLVPHV�HQYLURQ�%���&DUWRJUDSKLH�VXU�OH�IRQG�GH�PHU�GHV�IDLOOHV��IOqFKHV�MDXQHV��DVVRFLpHV�j�OD�IDLOOH�G¶$O�
,GULVVL��&����

1HJUHGR�HW�DO���������VRQW�OHV�SUHPLHUV�j�SURSRVHU�XQ�PRGqOH�GLW�WKLQ�VKHOO�j�OD�UpJLRQ�

G¶$OERUDQ���

)LJXUH� ������� &RQQDLVVDQW� DSSUR[LPDWLYHPHQW� OD� VWUXFWXUH� GH� OD� OLWKRVSKqUH� �JpRWKHUPH��

pSDLVVHXUV� FDUDFWpULVWLTXHV��� FRQQDLVVDQW� OHV� FRQGLWLRQV� DX[� OLPLWHV� �WDX[� GH� GpIRUPDWLRQV��

GRQQpHV�JpRGpVLTXHV��HW�FRQWUDLJQDQW�ORFDOHPHQW�OHV�YDOHXUV�GH�FRQWUDLQWHV�JUkFH�DX[�GRQQpHV�

VLVPLTXHV�� LO� HVW� SRVVLEOH� GH� FDOFXOHU� OHV� WDX[� GH� GpIRUPDWLRQV� HW� OHV� WDX[� GH� FRQWUDLQWHV� HQ�

FKDTXH�SRLQW�GX�PRGqOH��&HUWDLQV�PRGqOHV�SHUPHWWHQW�G¶LQWpJUHU�GHV�GLVFRQWLQXLWpV� �L�H�� GHV�

]RQHV� j� IDLEOH� IULFWLRQ�� F¶HVW�j�GLUH� GHV� OLPLWHV� GH� SODTXHV�� SRXU� IRUPHU� GHV� PRGqOHV� GH�

GpIRUPDWLRQV�UpDOLVWHV�G¶XQ�SRLQW�GH�YXH�SK\VLTXH��/H�EXW�GH�FHV�PRGqOHV�HVW�GH�FRPSDUHU�OHV�

GRQQpHV�JpRGpVLTXHV�HW�VLVPLTXHV�HQ�HQWUpH�DYHF�OHV�FKDPSV�GH�FRQWUDLQWHV�HW�GH�GpIRUPDWLRQV�

HQ�VRUWLH���
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/HV�UpVXOWDWV�GH�O¶pWXGH�GH�1HJUHGR�HW�DO���������PRQWUHQW�TXH�OHV�WDX[�GH�GpIRUPDWLRQV�VRQW�OHV�

SOXV�LPSRUWDQWV�Oj�R��OD�VLVPLFLWp�HVW�OD�SOXV�LPSRUWDQWH��/HV�PRGqOHV�SUpGLVHQW�TXH�OD�OLPLWH�GH�

SODTXH�HQWUH�OH�GRPDLQH�G¶$OERUDQ�HVW�XQH�]RQH�GH�GpIRUPDWLRQ�GLVWULEXpH��(Q�$OERUDQ��OH�VW\OH�

GH� GpIRUPDWLRQ� VHUDLW� SULQFLSDOHPHQW� GpFURFKDQW�H[WHQVLI� GDQV� XQ� UpJLPH� WUDQVSUHVVLI��

LQGLTXDQW� TXH� OH� GRPDLQH� G¶$OERUDQ� QH� SHXW� rWUH� FRQVLGpUp� FRPPH�XQH�PLFURSODTXH� ULJLGH�

�1HJUHGR����������

�



�����
�

�

)LJXUH�������$���FDUWH�GHV�VW\OHV�WHFWRQLTXHV�DVVRFLpV�DX[�WDX[�GH�JOLVVHPHQWV�KRUL]RQWDX[�VXU�OHV�]RQHV�GH�IDLOOHV�
�L�H��OHV�OLPLWHV�GH�SODTXHV�HIIHFWLYHV���%���FDUWH�SUpGLFWLYH�GX�FRPSRUWHPHQW�PpFDQLTXH�GHV�IDLOOHV�HQ�IRQFWLRQ�GX�
FKDPS�GH�WDX[�GH�GpIRUPDWLRQV��WLUpHV�GH�1HUHV�HW�DO����������/HV�FDUWHV�$�HW�%�PRQWUHQW�TXH�OD�ERUGXUH�H[WHUQH�
GH� O¶DUF�EpWLFR�ULIDLQ�FRUUHVSRQG�j�XQ�FKHYDXFKHPHQW�GDQV� OD�SDUWLH�DSSUR[LPDWLYHPHQW�DWODQWLTXH�GH� O¶DUF�HW�
GH[WUH�GDQV�OHV�EpWLTXHV��'HX[�]RQHV�GH�IDLOOHV�1(�6:�VRQW�ILJXUpHV�GDQV�OD�UpJLRQ�GH�1HNRU�DFFRPPRGDQW�XQH�
GpIRUPDWLRQ�GpFURFKDQWH��/D�5LGH�G¶$OERUDQ�HW�OD�5LGH�6XG�$OERUDQ�VRQW�HQ�FRPSUHVVLRQ��/D�FDUWH�%�PRQWUH�TXH�
OD� GpIRUPDWLRQ� HVW� GLVWULEXpH� GDQV� O¶HQVHPEOH� GX� 5LI� HW� GH� OD� ULGH� G¶$OERUDQ�� $� WHUUH�� OHV� VWUXFWXUHV� VRQW�
FRPSUHVVLYHV�DYHF�XQ�D[H�PD[LPXP�RULHQWp�(1(�262��FRPSDWLEOH�DYHF�OD�FRPSUHVVLRQ�GDQV�OH�EDVVLQ�GH�9ROXELOLV�
�5ROGiQ�HW�DO����������/D�GpIRUPDWLRQ�GLVWULEXpH�GDQV�OH�5LI�HW�OHV�WDX[�GH�GpIRUPDWLRQ�YHUV����������V�QH�SHXYHQW�
SDV�rWUH�H[SOLTXpV�SDU�OD�VHXOH�FRQYHUJHQFH�GHV�SODTXHV�WHFWRQLTXHV���

$�SDUWLU�GHV�GRQQpHV�GH�VLVPRORJLH�HW�GHV�GRQQpHV�GH�IUDFWXUHV�K\GUDXOLTXHV�GDQV�GHV�SXLWV��

)HUQiQGH]�,EixH]�HW�DO���������UHFRQVWLWXHQW�XQ�FKDPS�GH�FRQWUDLQWH�SRXU�OD�UpJLRQ�G¶$OERUDQ��

&H�WUDYDLO�LQGLTXH�TXH�OHV�URWDWLRQV�LQWHUQHV�GHV�ULGHV�G¶$OERUDQ�HW�6XG�$OERUDQ�VRQW�GDQV�OH�

VHQV�WULJRQRPpWULTXH�DFFRPPRGDQW�XQH�GpIRUPDWLRQ�WUDQVSUHVVLYH��3RXU�OD�SUHPLqUH�IRLV��OHV�

DXWHXUV�GpFULYHQW�GHV�pWDWV�GH�FRQWUDLQWHV�HW�GH�GpIRUPDWLRQV�GLIIpUHQWV�SRXU�OD�ULGH�G¶$OERUDQ�

HW�SRXU�OD�5LGH�6XG�$OERUDQ��,OV�PRQWUHQW�TXH�O¶H[WUpPLWp�6XG�2XHVW�GH�OD�5LGH�G¶$OERUDQ��HVW�

VRXV�XQ�UpJLPH�WUDQVSUHVVLI�DYHF�XQH�RULHQWDWLRQ�GH�FRQWUDLQWH�KRUL]RQWDOH�SULQFLSDOH�RULHQWpH�

11(�66(��$�O¶(VW�GH�OD�IDLOOH�$O�,GULVVL��O¶RULHQWDWLRQ�GHߪ�ு�HVW�16��/H�FKDPS�GH�FRQWUDLQWH�HVW�
GpYLp� GDQV� OH� VHQV� WULJRQRPpWULTXH� DX� QLYHDX� GX� EDVVLQ� GH� 1HNRU�� ,O� GHYLHQW� H[WHQVLI�

LPPpGLDWHPHQW�DX�6XG�GH�OD�IDLOOH�GH�1HNRU�DYHFߪ�௛�RULHQWp�SDUDOOqOHPHQW�j�OD�IDLOOH�GH�1HNRU��
$X�QRUG�GH�OD�ULGH�G¶$OERUDQ��OHV�URWDWLRQV�GX�FKDPS�GH�FRQWUDLQWHV�VH�SURGXLVHQW�GDQV�OH�VHQV�

KRUDLUH��'DQV�OH�EDVVLQ�6XG�$OERUDQ��OHV�URWDWLRQV�VRQW�IDLEOHV�HW�GDQV�OH�VHQV�DQWLKRUDLUH��&HV�

UpVXOWDWV�LQGLTXHQW�GRQF�FODLUHPHQW�XQH�GLIIpUHQFH�GH�FRPSRUWHPHQW�HQWUH�OD�]RQH�1RUG�2XHVW�

$OERUDQ�HW�OD�]RQH�FRPSULVH�HQWUH�OD�ULGH�VXG�$OERUDQ�HW�OH�EDVVLQ�6XG�$OERUDQ��&HV�GLIIpUHQFHV�

GH� FRPSRUWHPHQW� VXJJqUHQW� OD� SUpVHQFH� GH� ]RQHV� GH� FLVDLOOHPHQW�� RX� G¶DFFRPPRGDWLRQ� j�

O¶pFKHOOH�FUXVWDOH���

$�SDUWLU�GH�PRGqOHV�WKLQ�VKHOO�HW�GH�GRQQpHV�*36��3HURXVH�HW�DO����������RQW�PRQWUp�TX¶LO�HVW�

SRVVLEOH�GH�UHSURGXLUH�OH�FKDPS�GH�GpSODFHPHQW�j�SDUWLU�GH�OD�FRQYHUJHQFH�$IULTXH�(XUDVLH�HQ�

FRXSODQW� PpFDQLTXHPHQW� XQH� VHFWLRQ� GH� PDQWHDX� OLWKRVSKpULTXH� VXEVLGDQW� DYHF� OD� SODTXH�

VXSpULHXU��/H�GpSODFHPHQW� GX�5LI� YHUV� OH�62�SDU� UDSSRUW� j� XQH�SODTXH�1XELH� IL[H� HVW� DORUV�

UHSURGXLW��'¶DXWUHV�PRGqOHV��&XQKD�HW�DO���������WHVWHQW�GLYHUVHV�K\SRWKqVHV�VXU�OD�JpRPpWULHV�

GHV� IDLOOHV� DFWLYHV� GDQV� OH� SULVPH� G¶DFFUpWLRQ� $WODQWLTXH�� /D� FRPSDUDLVRQ� GH� FHV� PRGqOHV�

LQGLTXH�TXH� OD� UHSURGXFWLRQ�GHV� VW\OHV� WHFWRQLTXHV�FRQQXV�HQ�$OERUDQ�QpFHVVLWH�GHV�]RQHV�j�

IULFWLRQ�IDLEOH��'H�SOXV��SRXU�REWHQLU�GHV�FKDPSV�GH�GpIRUPDWLRQV�UpDOLVWHV�HQ�$OERUDQ�LO�HVW�

QpFHVVDLUH�GH�SODFHU�XQH�]RQH�GH�FLVDLOOHPHQW�G¶pFKHOOH�OLWKRVSKpULTXH�11(�66:���

1HUHV�HW�DO���������SURSRVHQW�XQH�pWXGH�SDUDPpWULTXH�GHV�PRGqOHV�QpRWHFWRQLTXHV�VXU�OD�]RQH�

G¶$OERUDQ�HQ�WHVWDQW�GHV�PRGqOHV�j�GHX[�RX�WURLV�SODTXHV���
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)LJXUH� �������$IULTXH�� (XUDVLH�� HW�VDQV� $OERUDQ��� 'DQV� FHV� PRGqOHV�� GLIIpUHQWHV� YDOHXUV� GH�

UpVLVWDQFHV�IULFWLRQQHOOHV��GH�UpVLVWDQFHV�GHV�SODTXHV�j�OD�GpIRUPDWLRQ�HW�GH�YLWHVVHV�LPSRVpHV�

VXU�OHV�Q°XGV�RQW�pWp�WHVWpHV��/HXUV�PHLOOHXUV�PRGqOHV�VRQW�REWHQXV�SRXU�GHV�IULFWLRQV�IDLEOHV�

�� �����GDQV�GHV�PRGqOHV�j�WURLV�SODTXHV��HW�SRXU�XQH�FRQYHUJHQFH�ORQJ�WHUPH�FRUUHVSRQGDQW�

DX�S{OH�GH�URWDWLRQ�GX�PRGHO�6(*$/����)HUQDQGHV�HW�DO����������������'¶DSUqV�FHV�PRGqOHV�

OHV�IRUWV�WDX[�GH�GpIRUPDWLRQV�GDQV�OH�5LI�DLQVL�TXH�OH�VW\OH�VWUXFWXUDO�QH�SHXYHQW�rWUH�H[SOLTXpV�

TXH�SDU�OD�SUpVHQFH�G¶XQH�IRUFH�KRUL]RQWDOH�1(�6:�DSSOLTXpH�j�OD�EDVH�GH�OD�OLWKRVSKqUH�GX�

GRPDLQH� G¶$OERUDQ�� '¶DSUqV� FHV� DXWHXUV�� FHWWH� IRUFH� FRUUHVSRQG� j� O¶HIIHW� G¶XQ� SDQQHDX�

SORQJHDQW�GDQV�OD�OLWKRVSKqUH���

�����&RQFOXVLRQ�HW�SUREOpPDWLTXH�QpRWHFWRQLTXH�

'DQV�FH�FKDSLWUH��QRXV�DYRQV�YX�TXH�OD�GpIRUPDWLRQ�3OLR�4XDWHUQDLUH�HW�DFWXHOOH�TXL�DIIHFWH�OH�

GRPDLQH� G¶$OERUDQ� VXU� VHV� OLPLWHV�HW� GDQV� VHV� ]RQHV� LQWHUQHV�� VRXOqYH� GLIIpUHQWV� SRLQWV�

SUREOpPDWLTXHV� TXL� UpVXOWHQW� HVVHQWLHOOHPHQW� G¶XQ� PDQTXH� GH� GRQQpHV� HW� GH� FRQWUDLQWHV�

FKURQRORJLTXHV���

(Q� SUHPLHU� OLHX�� QRXV� DYRQV� YX� TXH� OHV� GpIRUPDWLRQV� DVVRFLpHV� j� OD� FRQYHUJHQFH� $IULTXH�

(XUDVLH�VRQW�HQUHJLVWUpHV�GDQV�OH�5LI�H[WHUQH�GXUDQW�WRXW�OH�1pRJqQH�DYHF�XQ�VW\OH�WKLQ�VNLQ�DX�

0LRFqQH�SXLV�WKLFN�VNLQ�j�SDUWLU�DSSUR[LPDWLYHPHQW�GX�3OLRFqQH��&HWWH�GpIRUPDWLRQ�D�FRQGXLW�j�

OD�IHUPHWXUH�GHV�FRUULGRUV�5LIDLQV��SXLV�j�OD�VXUUHFWLRQ�G¶XQLWpV�5LIDLQHV���

'HX[LqPHPHQW� QRXV� DYRQV� YX� TXH� OH� GRPDLQH� G¶$OERUDQ� HVW� DIIHFWp� SDU� GHV� DFFLGHQWV�

GpFURFKDQWV� WUDQVSUHVVLIV� DX� 3OLRFqQH�� ,O� VHPEOH� TXH� FHWWH� GpIRUPDWLRQ� VRLW� SRO\SKDVpH� HW�

V¶HQUHJLVWUH� GDQV� OHV� VRXV�EDVVLQV� VpGLPHQWDLUHV� G¶$OERUDQ� DLQVL� TXH� GDQV� OHV� EDVVLQV�

SpULSKpULTXHV��&HV�GLIIpUHQWHV�SKDVHV�GH�GpIRUPDWLRQ�VHPEOHQW�UpSRQGUH�j�GHV�FKDQJHPHQWV�GH�

FRQGLWLRQV� DX[� OLPLWHV� V¶DSSOLTXDQW� VXU� OH� GRPDLQH� G¶$OERUDQ�� &HV� JUDQGV� DFFLGHQWV� RQW�

LQIOXHQFp�OD�SK\VLRJUDSKLH�GX�IRQG�GH�PHU�HW�OD�FLUFXODWLRQ�GHV�PDVVHV�G¶HDX[�GHSXLV�OH�3OLRFqQH�

j�O¶DFWXHO���

7URLVLqPHPHQW��OD�VLVPLFLWp�HQUHJLVWUpH�GDQV�OD�UpJLRQ�G¶$O�+RFHLPD�HVW�SRWHQWLHOOHPHQW�OLpH�j�

GLIIpUHQWV�VHJPHQWV�GH�IDLOOHV�TXL�QH�VRQW�SDV�RULHQWpV�SRXU�MRXHU�GH�OD�PrPH�PDQLqUH�TXH�OHV�

VWUXFWXUHV�FRQQXHV�GH�OD�7$6=��OHV�VWUXFWXUHV�WHFWRQLTXHV�GpFURFKDQWHV�PLRFqQHV�GH�OD�IDLOOH�GH�

&DUERQHUDV��OD�ULGH�G¶$OERUDQ��OHV�IDLOOHV�GH�1HNRU��HW�GH�-HKED���/D�FDUWRJUDSKLH�GHV�VHJPHQWV�

HQ�PHU�HVW�PDO�FRQQXH��$�WHUUH��OHV�LQWHUSUpWDWLRQV�GHV�GRQQpHV�VLVPLTXHV�HW�VDWHOOLWDLUHV�VRQW�

FRQWUDGLFWRLUHV�� /D� IDLOOH� GH� 1HNRU� WLHQW� XQ� U{OH� PDO� GpILQL� GDQV� O¶DFFRPPRGDWLRQ� GH� OD�

GpIRUPDWLRQ�j�JUDQGH�pFKHOOH��'¶DSUqV�OHV�GLIIpUHQWHV�LQWHUSUpWDWLRQV��HOOH�DSSDUDLW�LQDFWLYH�RX�
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ELHQ� DFWLYH�� VXU� VRQ� HQVHPEOH� RX� VXU� GHV� VHJPHQWV�� 6L� HOOH� HVW� DFWLYH� DORUV� HOOH� SRXUUDLW�

SRWHQWLHOOHPHQW�GpFRXSOHU�PpFDQLTXHPHQW�OH�EORF�%HWLFR�5LIDLQ�HW�XQ�EORF�6XG�(VW��

4XDWULqPHPHQW�� OH�EDVVLQ�GH�1HNRU�HVW� OH� OLHX�TXL�HQUHJLVWUH� OH�SOXV�GH�VLVPLFLWp�j� O¶pFKHOOH�

G¶$OERUDQ�� G¶DSUqV� OHV� FDWDORJXHV� �H�J�� ,*1��� &HSHQGDQW�� OHV� FDUWHV� VWUXFWXUDOHV� VRQW�

LQFRPSOqWHV�HQ�0HU��$�WHUUH�� OHV�VHJPHQWV�GHV�IDLOOHV�PDMHXUV�VRQW� UHFRQQXV�PDLV� OHV�IDLOOHV�

DVVRFLpHV�DX[�VpLVPHV�Q¶RQW�SDV�DWWHLQW�OD�VXUIDFH�GRQF�VRQW�LQFRQQXHV���

,O�DSSDUDLW�TXH�OH�UDFFRXUFLVVHPHQW�GX�5LI�HW�GX�'RPDLQH�G¶$OERUDQ�HVW�DFFRPPRGp�OH�ORQJ�

G¶XQ�HQVHPEOH�GH�VWUXFWXUHV�WHFWRQLTXHV�HW�GH�VRXV�EDVVLQV�G¶kJHV�GLIIpUHQWV��/D�FKURQRORJLH�

GHV�PRXYHPHQWV�YHUWLFDX[�DVVRFLpV�j�OD�VXUUHFWLRQ�GH�OD�5LGH�6XG�$OERUDQ�HW�j�OD�VXEVLGHQFH�

GX�EDVVLQ�GH�1HNRU�HVW�HQFRUH�PDO�FRQWUDLQWH��(FODLUHU�FHWWH�FKURQRORJLH�GHSXLV�OH�3OLRFqQH�j�

O¶DFWXHO�SRXUUDLW�SHUPHWWUH�GH�PLHX[�FRPSUHQGUH�O¶pWDW�GH�OD�VLVPLFLWp�HW�GH�OD�GpIRUPDWLRQ�j�

O¶DFWXHO��'DQV� OH� FKDSLWUH� VXLYDQW�� � QRXV� GpPRQWUHURQV� TXH� OH� EDVVLQ� GH�1HNRU� SRVVqGH� XQH�

KLVWRLUH�SRWHQWLHOOHPHQW�UpFHQWH��3OpLVWRFqQH��DYHF�XQH�G\QDPLTXH�WUDQVWHQVLYH�SDUWLFXOLqUH��

� �
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&KDSLWUH���±�(WXGH�VWUXFWXUDOH�GX�%DVVLQ�GH�1HNRU�

�

� �
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��� (YLGHQFH�RI�TXDWHUQDU\�WUDQVWHQVLRQDO�WHFWRQLFV�LQ�WKH�1HNRU�EDVLQ��1(�
0RURFFR��

0DQIUHG� /DIRVVH�
� (OLD� G¶$FUHPRQW�
� $ODLQ� 5DEDXWH�
� %HUQDUG� 0HUFLHU� GH� /H�SLQD\�† 
$EGHOLODK� 7DKD\W�‡ $EGHOODK� $PPDU��DQG�&KULVWLDQ� *RULQL
�

&156��,QVWLWXW�GHV�6FLHQFHV�GH�OD�7HUUH�GH�3DULV��L67H3���6RUERQQH�8QLYHUVLWH
V��830&�8QLY�
3DULV�����3DULV��)UDQFH�
†*HRD]XU��&156�8QLYHUVLWH
�GH�1LFH�6RSKLD�$QWLSROLV��9DOERQQH��)UDQFH�
‡,QVWLWXW�6FLHQWLILTXH��8QLYHUVLWH
�0RKDPPHG�9��5DEDW��0RURFFR�
�)DFXOWH
�GHV�6FLHQFHV��8QLYHUVLWH
�0RKDPPHG�9��5DEDW��0RURFFR�

������$%675$&7�

7KH� JHRG\QDPLF� SURFHVVHV� LQ� WKH�ZHVWHUQ�0HGLWHUUDQHDQ� DUH� GULYHQ� E\� ERWK� GHHS� �PDQWOH��

SURFHVVHV� VXFK� DV� VODE�UROOEDFN� RU� GHODPLQDWLRQ�� REOLTXH� SODWH� FRQYHUJHQFH� DQG� LQKHULWHG�

VWUXFWXUHV��7KH�SUH��VHQW�GD\�GHIRUPDWLRQ�RI�WKH�$OERUDQ�6HD�DQG�LQ�SDUWLFXODU�WKH�1HNRU�EDVLQ�

DUHD�LV�OLQNHG�WR�WKHVH�FRHYDO�HIIHFWV��7KH�VHLVPLFDOO\�DFWLYH�1HNRU�EDVLQ�LV�DQ�H[WHQVLRQDO�EDVLQ�

IRUPHG�LQ�D�FRQYHUJHQW�VHWWLQJ�DW�WKH�HDVWHUQ�SDUW�RI�WKH�5LI�&KDLQ�ZKRVH�ERXQGDULHV�H[WHQG�ERWK�

RQVKRUH�DQG�RIIVKRUH�0RURFFR��:H�SURSRVH�D�QHZ�VWUXFWXUDO�PRGHO�RI�WKH�1HNRU�EDVLQ�EDVHG�RQ�

KLJK�UHVROXWLRQ� RIIVKRUH� GDWD� FRP�� SLOHG� IURP� UHFHQW� VHLVPLF� UHIOHFWLRQ� SURILOHV�� VZDWK�

EDWK\PHWU\�DFTXLVLWLRQV�DQG�LQGXVWULDO�VHLVPLF�UHIOHFWLRQ�SURILOHV��7KH�QHZ�GDWD�VHW�VKRZV�WKDW�

WKH�QRUWKHUQ�OLPLW�RI�WKH�EDVLQ�LV�RULHQWHG�1����ZLWK�ULJKW�VWHSSLQJ�IDXOWV�IURP�WKH�%RXVHNNRXU–

$JKEDO� IDXOW� WR� WKH� VLQLVWUDO� %RNNR\D� IDXOW� ]RQH�� 7KLV� SDWWHUQ� LQGLFDWHV� WKH� SUHVHQFH� RI� DQ�

LQKHULWHG�OHIW�ODWHUDO�EDVHPHQW�IDXOW�SDUDOOHO�WR�WKH�PDMRU�LQKHULWHG�1HNRU�IDXOW��7KLV�IDXOW�KDV�

EHHQ�LQWHUSUHWHG�DV�D�4XDWHUQDU\�DFWLYH�OHIW�ODWHUDO�WUDQVIHU�IDXOW�ORFDOL]HG�RQ�ZHDN�VWUXFWXUDO�

GLVFRQWLQXLWLHV�LQKHULWHG�IURP�WKH�RURJHQLF�SHULRG��2QVKRUH�DQG�RII��VKRUH�DFWLYH�IDXOWV�HQFORVH�

D�UKRPERKHGUDO�WHFWRQLF�1HNRU�%DVLQ��1RUPDO�IDXOWV�RULHQWHG�1�����RII�� VHW�WKH�PRVW�UHFHQW�

4XDWHUQDU\�GHSRVLWV�LQ�WKH�1HNRU�EDVLQ��DQG�LQGLFDWH�WKH�WUDQVWHQVLRQDO�EHKDYLRU�RI�WKLV�EDVLQ��

7KH�JHRPHWU\�RI�WKHVH�IDXOWV�VXJJHVWV�D�OLNHO\�UROORYHU�VWUXFWXUH�DQG�WKH�SUHVHQFH�DW�GHSWK�RI�D�

FUXVWDO� GHWDFKPHQW�� ,QDFWLYH� 3OLR�4XDWHUQDU\� QRUPDO� IDXOWV� WR� WKH� HDVW� RI� WKH� 5DV� 7DUI�

SURPRQWRU\�DQG�JHRPHWULHV�RI�GHSRFHQWUHV�VHHP�WR�LQGLFDWH�WKH�PLJUDWLRQ�RI�GHIRUPDWLRQ�IURP�

HDVW�WR�ZHVW��7KH�ORFDO�RULHQWDWLRQV�RI�KRUL]RQWDO�VWUHVV�GLUHFWLRQV�GHGXFHG�IURP�QRUPDO�IDXOW�

RULHQWDWLRQV� DUH� FRPSDWLEOH� ZLWK� WKH� H[WUXVLRQ� RI� WKH� 5LILDQ� XQLWV� DQG� FRKHUHQW� ZLWK� WKH�

ZHVWZDUG�UROOEDFN�RI�WKH�7HWK\DQ�VODE�DQG�WKH�ORFDOL]DWLRQ�RI�WKH�SUHVHQW�GD\�VODE�GHWDFKPHQW�

RU�GHODPLQDWLRQ��
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2EOLTXH�FRQYHUJHQFH�LQWURGXFHV�SRRUO\�XQGHUVWRRG�FRPSOH[LW\� WR� WKH�VWUXFWXUDO�HYROXWLRQ�RI�

EDFN�DUF� EDVLQV�� 7KHUH� FDQ� RIWHQ� EH� GHVFULEHG� DQ� LQWHUSOD\� RI� VWULNH�VOLS� SDUWLWLRQLQJ�DQG�

H[WHQVLRQDO� IDXOWLQJ�� DORQJ� ZLWK� FRPSUHVVLRQDO� WHFWRQLFV� �H�J�� 7D\PD]� HW� DO��� ������

$OOPHQGLQJHU� HW� DO��� ������� ,Q� WKLV� LQWHUHVWLQJ� FRQWH[W� ZKHUH� PDMRU� WUDQVIHU� IDXOW� ]RQHV�

GHYHORS�� WKH�GULYLQJ�G\QDPLFV� FRQ��WUROOLQJ�WKH�VW\OH�DQG�DFFRPPRGDWLRQ�RI�WKH�GHIRUPDWLRQ�

RI�WKH�FRQWLQHQWDO�FUXVW�PD\�QRW�RQO\�EH�WKH�ODUJH�VFDOH�SODWH�NLQHPDWLFV�EXW�FDQ�DOVR�LQFOXGH�

WKH�HIIHFWV�RI�FUXVWDO�KHWHURJHQHLWLHV� DV�ZHOO� DV�GHHS�SURFHVVHV� LQ� WKH�XSSHU�PDQWOH��7H\VVLHU�

HW� DO���������'HZH\��������-ROLYHW�HW� DO��� ������&XUUHQ�	�%LUG��������)DFFHQQD�HW� DO����������

,Q�WKLV�SDSHU�� ZH� DGGUHVV� WZR� FULWLFDO� TXHVWLRQV�� ,I� WKHVH� SURFHVVHV�DUH�FRQFRPLWDQW��KRZ�GR�

WKH\�DIIHFW�WKH�ORFDOL]DWLRQ� DQG� WKH� VW\OH� RI� WKH� UHJLRQDO� GHIRUPDWLRQ�� DQG� FDQ� ZH� XQUDYHO�

WKHLU�VSHFLILF�UROHV�LQ�WKH�VXUIDFH�GHIRUPDWLRQ��

2QH�EHVW�VWXGLHG�DQDORJXH�LQ�WKH�7HWK\DQ�GRPDLQ�LV�WKH�9LHQQD�%DVLQ�DW�WKH�(DVWHUQ�$OSLQH–

&DUSDWKLDQ�MXQFWLRQ�� ZKHUH� WKH� (XUDVLD�$SXOLD� FRQYHUJHQFH� UHVXOWHG� LQ� WKH� WHFWRQLF� HVFDSH�

RI� WKH�1RUWK� 3DQQRQLDQ�8QLW�� 6ODE�UROO�EDFN� OHG� WR� WKH�IRUPDWLRQ�RI� WUDQVIHU� IDXOWV�FURVVLQJ�

ROGHU�WKUXVWV�RI�WKH�&DUSDWKLDQ�RURJHQ��5DWVFKEDFKHU�HW� DO���������:RUWHO�������+|O]HO�HW� DO���

�������/RFDO�H[WHQVLRQ�DQG� UHJLRQDO� VWUHVV� ILHOG� URWDWLRQ�SURGXFHG� WKH� WUDQVWHQVLRQDO�9LHQQD�

EDVLQ� E\� UHDFWLYDWLRQ� RI� WKH� LQKHULWHG� WKUXVWV� RI� WKH�&DUSDWKLDQ� RURJHQLF� DUF� �)RGRU�� ������

'HFNHU�HW�DO����������,Q�WKH�ZHVWHUQ�0HGLWHUUDQHDQ��DQG�SDUWLFXODUO\�LQ�WKH�$OERUDQ�'RPDLQ��

HYLGHQFHV�IRU�WKH�LPSRUWDQFH�RI�VWUXFWXUDO�LQKHULWDQFH�DQG�PDQWOH�SURFHVVHV��VXFK�DV�VODE�

UROO��EDFN� RU� GHODPLQDWLRQ�� LQ� ODUJH�VFDOH� JHRG\QDPLFV� DUH�DFFXPXODWLQJ� �H�J�� *XWVFKHU�

HW� DO��� ������ -ROLYHW� HW�DO���������3HURXVH�HW�DO����������6TXHH]HG�EHWZHHQ�WKH�(XUDVLD�DQG�WKH�

$IULFD� SODWHV�� WKH� $OERUDQ� 'RPDLQ� LQFOXGHV� ERWK� WKH� LQWHUQDO� SDUW�RI� WKH�%HWLF�5LI� DUFXDWH�

RURJHQLF�EHOW�DQG� WKH�$OERUDQ�%DVLQ�WKLQQHG�E\�EDFN�DUF�H[WHQVLRQ� �)LJ�� �D���,Q�WKLV�

'RPDLQ��WKH�UHODWLYH�DPRXQW�RI�EDFN�DUF� H[WHQVLRQ� DQG� REOLTXH� FRQYHUJHQFH� WRJHWKHU� ZLWK�

XSSHU�PDQWOH�DQG�FUXVWDO� KHWHURJHQHLWLHV� FRQWURO� WKH�GHIRUPDWLRQ��,QGHHG��YHUWLFDO�PRYHPHQW�

DVVRFLDWHG�WR�FUXVWDO�WKLQQLQJ�DQG�FRQWLQHQWDO�OLWKRVSKHUH�UHPRYDO�FRXOG�EH�H[SODLQHG�E\�PDQWOH�

GHODPLQDWLRQ�XQGHU� WKH�$OERUDQ�'RPDLQ� �6HEHU� HW� DO��� ������ 3ODWW� HW�DO��� ������ &DOYHUW�HW�

DO���������/HYDQGHU�HW�DO���������7KXUQHU�HW�DO����������0RUHRYHU��UROO�EDFN�RI�D�VPDOO�SRUWLRQ�

RI� D�7HWK\DQ� VODE� FRXOG�EH�FRXSOHG�DW�LWV�WRS�WR�WKH�VRXWKHUQ�PDUJLQ�RI�$OERUDQ�'RPDLQ�DQG�

GUDJJHG� WKH�%HWLFR�5LILDQ�EORFN� WRZDUGV� WKH� 6:� �)LJ�� �E�� �3HURXVH� HW� DO��� ������� ,Q� WKLV�

FRPSOH[�VHWWLQJ�ZKHUH�GHHS�SURFHVVHV�DUH�NQRZQ��WKHQ�7UDQV�$OERUDQ�6KHDU�=RQH��7$6=��GH�

/DURX]LqUH� HW� DO�������� LV�D� VHW�RI�HQ�HFKHORQ�ZUHQFK� IDXOWV� UXQQLQJ� IURP�,EHULD�WR�0RURFFR�
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WKDW�DFFRPPRGDWH�WKH�FRQWLQXRXV�REOLTXH�FRQYHUJHQFH�EHWZHHQ�$IULFD�DQG�(XUDVLD��)LJ���D�E���

$ORQJ� WKH�7$6=�� FKDQJHV� LQ� SODWH� NLQHPDWLFV� FRXSOHG�ZLWK�EORFN� URWDWLRQ�DORQJ� VWULNH�VOLS�

IDXOWV��GH�/DURX]LqUH�HW� DO��� ������&DPSLOOR� HW� DO��� ������0RUHO�	�0HJKUDRXL��������&DODLV�

HW�DO��� ������0DUWtQH]�*DUFtD� HW�DO��� ������KDYH� OHG� WR� WKH� IRUPDWLRQ� RI� D� SUHVHQW�GD\�

LQWUD�SODWH�11(–66:�VHJPHQWHG�OHIW�ODWHUDO�VKHDU�]RQH�FURVVLQJ�WKH�0LRFHQH�VWUXFWXUH�RI�

WKH�$OERUDQ�'RPDLQ��PDWHULDOL]HG�E\�WKH�$GUD�DQG�$O�,GULVVL�IDXOWV�DQG�SURSDJDWLQJ�VRXWKZDUG�

DQG�QRUWKZDUG�VLQFH�WKH�3OLRFHQH��*UjFLD�HW�DO���������%DOOHVWHURV�HW�DO���������0DUWtQH]�*DUFtD�

HW�DO���������������(VWUDGD�HW�DO���������9i]TXH]�HW�DO���������)LJ���D���

�
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)LJ������D��6WUXFWXUDO�PDS�RI�WKH�5LI�RQVKRUH�DQG�RI�WKH�$OERUDQ�EDVLQ�RIIVKRUH�PRGLILHG�DIWHU�&KDORXDQ�HW�DO��
��������0DUWtQH]�*DUFtD�HW�DO���������0DUWtQH]�*DUFtD�HW�DO����������DQG�%DOOHVWHURV�HW�DO����������$�I�]���$GUD�
IDXOW� ]RQH��$�,�I���$O� ,GULVVL� IDXOW��$�5���$OERUDQ�5LGJH��&���&DUERQHUDV� IDXOW��6$%��6RXWK�$OERUDQ�%DVLQ��7�%��
7RILxR�%DQN��:$%��ZHVWHUQ�$OERUDQ�EDVLQ��;%��;DXHQ�EDQN��E��.LQHPDWLFV�RI�WKH�$OERUDQ�IURP�*36�GDWD��.RXODOL�
HW�DO����������DVVRFLDWHG�ZLWK�WKH�VHLVPLFLW\�EHWZHHQ������DQG�������6SDQLVK�,QVWLWXWR�*HRJUDILFR�1DFLRQDO��,*1��
GDWDEDVH��DQG�ZLWK�WKH�WKLFNQHVV�RI�WKH�FUXVW�IURP�UHFHLYHU�IXQFWLRQ�UHGUDZQ�IURP�0DQFLOOD�	�'LD]��������5HG�
DUURZ��GLUHFWLRQ�RI�FRQYHUJHQFH�DW�WKH�ULJLG�EORFN�ERXQGDULHV��1RFTXHW����������F��5HJLRQDO�PDS�RI�WKH�UHFHQW�
DFWLYH�VWUXFWXUHV��DQG�VKDGHG�UHOLHI�IURP�WKH�$GYDQFHG�6SDFHERUQH�7KHUPDO�(PLVVLRQ�DQG�5HIOHFWLRQ�5DGLRPHWHU�
�$67(5��GLJLWDO�HOHYDWLRQ�PRGHO��6ZDW�EDWK\PHWU\�IURP�6$5$6�DQG�0DUOERUR���FUXLVHV��G¶$FUHPRQW�HW�DO����������
)RFDO�PHFKDQLVPV�RI�WKH������PDLQ�VKRFN��UHG�VWDU��(O�$ODPL�HW�DO���������%LJJV�HW�DO���������DQG�RI�WKH������
PDLQ�VKRFN�LQ�YLROHW��YDQ�GHU�:RHUG�HW�DO����������&07�FDWDORJXH�IURP�%H]]HJKRXG�	�%XIRUQ���������5DV� �&DSH��
$�I���$MGLU�IDXOW��%�+�I���%RX�+DGGDG�IDXOW��5�I���5RXDGL�IDXOW��%�I��%RNNR\D�IDXOW�%��$�I���%RXVHNNRXU±$JKEDO�IDXOW��
,�I���,P]RXUHQ�IDXOW��7�I���7URXJRXW�IDXOW��$�,�I���$O�,GULVVL�IDXOW��1�I���1HNRU�IDXOW��(�+�I���(O��+DPPDP�IDXOW��1�E���
1HNRU�EDVLQ��%�E���%RXGLQDU�EDVLQ��$IWHU�$wW�%UDKLP�HW�DO����������0HGLQD���������&DOYHUW�HW�DO����������(O�$ODPL�
HW�DO����������0HGLQD�	�(O�$ODPL��������DQG�YDQ�GHU�:RHUG�HW�DO����������7KH�WKLFN�FUXVW�XQGHU�WKH�5LILDQ�RURJHQLF�
DUF� FRUUHVSRQGV� DSSUR[LPDWLYHO\� WR� WKH� DUHD�RI� FRXSOLQJ� EHWZHHQ� WKH�$OERUDQ� VODE�DQG� WKH�5LILDQ� FUXVW� �H�J��
3HURXVH�HW�DO���������7KXUQHU�HW�DO���������7KH� DUHD� VWXGLHG� LQ� WKLV� FRQWULEXWLRQ� LV� WKH� WUDQVWHQVLRQDO� 1HNRU�
%DVLQ� ORFDWHG� QHDU� WKH� FLW\� RI� $O�+RFHLPD� �0RURFFR��� VRXWK� RI� WKH�$O�,GULVVL� IDXOW� ]RQH� DQG� DW� WKH� WUDQVLWLRQ�
RI� FUXVWDO� WKLFNHQLQJ� UHFRUGHG� EHWZHHQ� WKH� %HWLFR�5LILDQ�%ORFN� DQG� WKH�(DVWHUQ� SDUW� RI� WKH�$OERUDQ�'RPDLQ�
�)LJ���E�F���H�J��0DQFLOOD�	�'LD]��������3HWLW�HW�DO����������7KH�1HNRU�EDVLQ�LV�DW�WKH�MXQFWLRQ�EHWZHHQ�WKH� 7$6=�
DQG� WKH� 1�����1HNRU� IDXOW� �$wW�%UDKLP� 	&KRWLQ��������$VHEUL\�HW� DO����������ZKLFK�SOD\V�DV�D� ODWHUDO� UDPS�
�7DKD\W� HW� DO��� ����� DQG�.RXODOL�HW� DO��� ������� 7KH� VWXGLHG� DUHD� LV� NQRZQ� IRU� LWV� LPSRUWDQW� VHLVPLFLW\� �)LJ��
�E�� ZLWK� SHULRGLFDOO\� ODUJH� PDJQLWXGH� HDUWKTXDNHV� �0Z� �����DQG�0Z� �����LQ������DQG������UHVSHFWLYHO\��
�(O�$ODPL�HW�DO���������%H]]HJKRXG�	�%XIRUQ��������-DERXU�HW�DO���������6WLFK�HW�DO���������&DNLU�HW�DO���������
0HGLQD�	�(O�$ODPL��������YDQ�GHU�:RHUG�HW� DO����������

7KH� 0DUOERUR��� DQG� 6$5$6� VXUYH\V� LQ� ����� �G¶$FUHPRQW�HW� DO���������������SURYLGHG�D�

QHZ�VHW�RI�KLJK�UHVROXWLRQ� PXOWLEHDP� EDWK\PHWU\� DQG� WZR�GLPHQVLRQDO� VHLVPLF� UHIOHFWLRQ�

SURILOHV� EHWZHHQ� WKH� 5DV� 7DUI� YROFDQLF� SURYLQFH� DQG� WKH� $OERUDQ� LQWHUQDO� XQLWV� �)LJ�� �F���

$FWLYH� IDXOWV� RQ� WKH� VKHOI� DUH� PDSSHG� WKDQNV� WR� WKH� WLJKW� FRYHUDJH� RI� WKH� VHLVPLF� DQG�

EDWK\PHWU\� VXUYH\�� 3UHYLRXVO\� SXEOLVKHG� LQGXVWULDO� GDWD� �H�J�� &DOYHUW� HW� DO��� ������ DUH�

UHLQWHUSUHWHG� XVLQJ� WKHVH� QHZ� GDWD�� 2XU� PHWKRGRORJ\� DOORZV� XV� WR� PDS� WKH� SUHVHQW�GD\�

GHIRUPDWLRQ� DQG� LWV� GLVWULEXWLRQ� WKURXJK� WLPH� �)LJ�� ���� ,W� UHYHDOHG� WKH� RIIVKRUH� WHFWRQLF�

ERXQGDULHV�RI�WKH�EDVLQ��+RUL]RQWDO�VWUHVV�RULHQWDWLRQV�GHGXFHG�IURP�UHFHQW�FRQMXJDWH�QRUPDO�

IDXOWLQJ� DUH� FRPSDUHG� WR� WKH� UHVXOWV� REWDLQHG� IURP� WKH� LQYHUVLRQ�RI�PRPHQW� WHQVRUV�� 2XU�

UHVXOWV� KDYH� LPSOLFDWLRQV� IRU� WKH�XQGHUVWDQGLQJ�RI�WKH�HYROXWLRQ�RI�D�WUDQVWHQVLRQDO�EDVLQ�LQ�D�

FRQYHUJHQW� VHWWLQJ� ZKHUH� XSSHU� PDQWOH� SURFHVVHV� RFFXU�� :H� GLVFXVV� WKH� UROH� RI� SODWH�

NLQHPDWLFV��PDQWOH�G\QDPLFV� DQG� LQKHULWDQFH� RQ� WKH� GHYHORSPHQW� RI� ODUJH� VWULNH�VOLS� IDXOWV�

DQG� SURSRVH� WKDW� ODWHUDO� VODE� PLJUDWLRQ� FRXOG� EH� WKH� PDLQ� FRQWUROOLQJ� IDFWRU� IRU� VXUIDFH�

GHIRUPDWLRQ��
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���ǯȱ Řǯȱ (a) Map of the seismic surveys tracklines. Thick line: seismic profiles shown in this studies. Dashed rectangles correspond to focuses on the 
bathymetry shown in this study. (b,c) Extract of all of the east (blue dots) and west (red dots) dipping faults spotted on the seismic profiles. Thick lines: 
interpreted fault traces. The black dots in the insert (b) show the west dipping faults and conversely the black dots in the insert (c) show the east-dipping 
faults. 

�����*(2/2*,&$/�6(77,1*�

7KH�5LI�2URJHQLF� EHOW� FRQVLVWV� RI� VWDFNHG� VRXWK� YHUJLQJ�QDSSHV�� WKH� LQWHUQDO� 5LI� XQLWV�� WKH�

)O\VFK� XQLWV�� DQG� WKH� H[WHUQDO� 5LI� XQLWV�� WKH� ODWWHU� FRPSRVHG� RI� WKH� ,QWUD�5LI��0HVRULI�DQG�

SUH�5LI��)LJ���F���7KH�LQWHUQDO�XQLWV�ZHUH�HPSODFHG�GXULQJ�WKH�(RFHQH–2OLJRFHQH�$OSLQH�VW\OH�

WHFWRQLF�SKDVH��&KDORXDQ�HW�DO����������7KH�)O\VFK�XQLW��ORFDOO\�NQRZQ�DV�WKH�7LVLUHQH�QDSSH��

FRQVLVWV� RI� -XUDVVLF� WR�2OLJRFHQH�RFHDQLF�VHGLPHQWV�RYHUODLQ�E\�WXUELGLWLF�FODVWLF�GHSRVLWV�RI�

&KDWWLDQ–$TXLWDQLDQ� DJH�� 7KH� H[WHUQDO� 5LI� XQLWV� FRQVLVW� RI� VWDFNHG� ORZ�JUDGH� WR�

QRQPHWDPRUSKRVHG� VHGLPHQWDU\� FRYHU�� (DUO\� &UHWDFHRXV� GHWULWDO� VHGLPHQWV� DQG� $OELDQ–

$SWLDQ� WXUELGLWLF� IRUPDWLRQ� FRPSRVH� WKH� ,QWUD�5LI� ORFDOO\� FDOOHG� .HWDPD� 8QLW� �)LJ�� �F��

$VHEUL\� HW� DO��� ������� 7KLV� XQLW� RYHUOLHV� WKH� VHUSHQWLQL]HG� OKHU]ROLWHV� DQG� JUHHQ� VFKLVW�

PHWDEDVLWHV�RI�WKH�%HQL�0DOHN�PDVVLI� �)LJ�� �D�� 0LFKDUG� HW� DO��� ������� 7RZDUGV� WKH� VRXWK��

WKH�VWUXFWXUDO�XQLWV�NQRZQ�DV�WKH�0HVRULI��ORFDOO\�FDOOHG��WKH�7HPVDPDQH�8QLW��DQG�WKH�3UHULI�

8QLWV�FRPSOHWH�WKH�H[WHUQDO�5LI��)LJ�� �D–F���
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6ODE� UHWUHDW� WULJJHUHG� WKH� (–:� EDFN�DUF� H[WHQVLRQ� RI� WKH� $OERUDQ� GRPDLQ� XQWLO� (DUO\�

7RUWRQLDQ�� IROORZHG� E\� WKH� WHFWRQLF�LQYHUVLRQ�RI�WKH�$OERUDQ�%DVLQ�DURXQG� ��0D�XQGHU� WKH�

HIIHFW� RI� WKH� $IULFD�(XUDVLD� FRQYHUJHQFH� �-ROLYHW� HW� DO��� ������� 7KH� FRPSUHVVLRQ� RI� WKH�

FRQWLQHQWDO� FUXVW� ZDV� SDUWLDOO\� DFFRPPRGDWHG� DORQJ� WKH�;DXHQ� DQG� 7RILQR� EDQNV� DQG� WKH�

$OERUDQ� 5LGJH�� D� SUH�� VHQW�GD\� VXEPDULQH� KLJK� FURVVLQJ� WKH� $OERUDQ� 6HD� ZLWK� D� 1(–6:�

GLUHFWLRQ� �)LJ�� �D�� &DPSLOOR� HW� DO��� ������ %RXUJRLV�HW� DO���������:RRGVLGH�	�0DOGRQDGR��

������ &RPDV� HW� DO��� ������ 0DXIIUHW� HW� DO��� ������� 3OLR�4XD�� WHUQDU\� UHJLRQDO� REOLTXH�

FRQYHUJHQFH�WULJJHUHG�DQWL�� FORFNZLVH� URWDWLRQV� RI� WKH� VWUHVV�ILHOG� GLUHFWLRQV� UHODWLYH�WR� WKH�

/DWH� 0LRFHQH� WUDQVSUHVVLYH�VWUXFWXUHV��$LW� %UDKLP� 	� &KRWLQ�� ������ *DOLQGR�=DOGLYDU� HW�DO���

������GH�9LFHQWH�HW�DO���������/RQHUJDQ�	�:KLWH���������2Q�WKH�$OERUDQ�5LGJH��WKH�IROGLQJ�

RI� WKH� 0HVVLQLDQ� 8QFRQIRUPLW\�� DQG� WKH� GHIRUPDWLRQ� RI� \RXQJHU� VWUDWLJUDSKLF� VXU�IDFHV��

FRLQFLGHQW�WR�KLJKHU�VHGLPHQW�GHSRVLWLRQDO�UDWHV� LQ� WKH� 6RXWK� $OERUDQ� %DVLQ�� VKRZ� WHFWRQLF�

SXOVHV� GXH� WR� UHJLRQDO� VKRUWHQLQJ� DW� ����–����� 0D�� ����–����� 0D� DQG� ����–����� 0D�

�0DUWoQH]�*DUFtD� HW� DO��� ������� 7KH�$O�,GULVVL�IDXOW�DFFRPPRGDWHG�VLJQLILFDQW�DOWKRXJK�QRW�

TXDQWLILHG� OHIW�ODWHUDO� GLVSODFHPHQW� GXULQJ� WKH� ODVW� WHFWRQLF� SXOVH� DW� ����–����0D�

�0DUWoQH]�*DUFtD�HW�DO����������DQG�RIIVHWV�WKH�VHDIORRU��0XQR]�HW�DO��������0DUWoQH]�*DUFtD�

HW� DO��� �������

7KH�1HNRU�VHGLPHQWDU\�EDVLQ� LV� ORFDWHG�DW� WKH� VRXWK��HUQ� WLS� RI� WKH�7$6=�� VRXWK� RI�WKH�$O�

,GULVVL�IDXOW��)LJ���F���,WV�QRUWKHUQ�ERXQGDU\��WKH�%RNNR\D�IDXOW��KDV�EHHQ�K\SRWKHVL]HG�HLWKHU�

DV� D� QRUPDO� OHIW�ODWHUDO� VWULNH– VOLS�IDXOW��&DOYHUW�HW�DO���������(O�$ODPL�HW�DO���������YDQ�GHU�

:RHUG� HW� DO��� ������� RU� DV� D� QRUPDO� IDXOW� �0DXIIUHW� HW� DO��� ������� 7R� WKH� ZHVW�� WKH� OHIW�

ODWHUDO� %RXVHNNRXU–$JKEDO� IDXOW� FURVVHV� WKH� VKRUHOLQH� ZLWK� D� 1����� GLUHFWLRQ� DQG� RIIVHWV�

WKH� VHDIORRU� �G¶$FUHPRQW� HW� DO��� ������� 7KH� XSOLIW� RI� WKH� 4XDWHUQDU\� DEDQGRQHG� DOOXYLDO�

WHUUDFHV� LQGLFDWHV� D� YHUWLFDO� PRWLRQ� DORQJ� WKH� $MGLU� IDXOW�� DQG� WKH� QRUWKHUQ�VHJPHQW�RI�WKH�

1:–6(�,P]RXUHQ�IDXOW� �)LJ�� �F��� WRJHWKHU� ZLWK� WKH� DFWLYLW\� RI� WKH� 1–6� 5RXDGL� IDXOW� DQG�

WKH� (O�+DPPDP� IDXOW� WR� WKH� :HVW� �YDQ� GHU�:RHUG� HW� DO��� ������� 7KH�1�����:����6����

QRUPDO�7URXJRXW� IDXOW�SDUWO\� DFFRPPRGDWHV� WKH� ORFDO� H[WHQVLRQ�VLQFH� 3OLR�4XDWHUQDU\�WLPHV�

�$wW�%UDKLP�	�&KRWLQ���������5HFHQW� UHVXOWV� LQ� WRPRJUDSK\�DQG� ILHOG�VWXGLHV� VKRZ� WKDW� WKH�

7URXJRXW� DQG� WKH�%RX�+DGGDG� IDXOWV� DUH�FRQWLQXRXV�DQG�FRQQHFW�ZLWK�WKH�1HNRU�IDXOW�WR�WKH�

VRXWK��)LJ�� �F��3RXMRO�HW� DO���������YDQ�GHU�:RHUG�HW� DO���������� %HWZHHQ� WKH� .HWDPD� DQG�

WKH� 7HPVDPDQH�8QLW��WKH�1HNRU� IDXOW� LV�HDUO\�7RUWRQLDQ� WR�0HVVLQLDQ� LQ�DJH��ZLWK� D�1�����

WUHQG� �/HEODQF�	�2OLYLHU�� ������ $VHEUL\�HW�DO��� ������1HJUR�HW�DO��� �������7KLV�PDMRU� OHIW�

ODWHUDO�VWULNH�VOLS� IDXOW� LV� FRQVLGHUHG� DV� WKH� VRXWKHUQ� ERXQGDU\�RI� WKH� 1HNRU� EDVLQ�� DQG� KDV�
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DFFRPPRGDWHG� ���NP� RI� ODWHUDO�GLVSODFHPHQW� GXULQJ� WKH�(–:�0LRFHQH�H[WHQVLRQ��/HEODQF�

	� 2OLYLHU�� ������� 3OLR�4XDWHUQDU\� GHIRUPDWLRQ� UHFRUGHG� LQ� VHGLPHQWV� RQVKRUH� LQ� WKH�

%RXGLQDU� DQG� LQ�WKH�1HNRU�EDVLQV�LQGLFDWHV�D�3OLR�4XDWHUQDU\�(–:�WR�(1(–:6:�H[WHQVLRQ�

�$wW�%UDKLP� 	� &KRWLQ�� ������$VHEUL\� HW� DO��� ������ *DOLQGR�=DOGLYDU� HW� DO��� ������� 6HYHUDO�

ILHOG�VWXGLHV�KDYH�SURSRVHG�WKDW�RQO\�WKH�VHJPHQW�RI�WKH�1HNRU�IDXOW�ORFDWHG�ZHVW�RI�WKH�%RX�

+DGGDG� IDXOW� LV� VWLOO�DFWLYH�WRGD\��+DW]IHOG�HW� DO���������3RXMRO�HW� DO��� ������YDQ�GHU�:RHUG�

HW� DO���������$Q� LQWHUSUHWDWLRQ�RI�D�JUDYLW\�SURILOH� LQGLFDWHV� WKDW� WKH� EDVHPHQW� LQ� WKH� 1HNRU�

EDVLQ� LV� WLOWHG� HDVWZDUG� WRZDUGV�WKH�7URXJRXW� IDXOW� �*DOLQGR�=DOGLYDU�HW� DO��� ������� DQG� LV�

ILOOHG�ZLWK� D� ����P� WKLFN� 3OLR�4XDWHUQDU\� VHTXHQFH� RYHUO\LQJ� XQGDWHG� PDUOV� �$wW� %UDKLP��

�������7KHVH�GHSRVLWV�XQFRQIRUPDEO\� RYHUOLH� WKH�.HWDPD� XQLWV�� 7KH�5DV�7DUI�KLJK��D�����WR�

��0D�DJHG�DQGHVLWLF�EDVDOWLF�SURYLQFH��LV� WKH�HDVWHUQ�ERXQGDU\�RI�WKH�1HNRU�EDVLQ��)LJ��

�F���'XJ�� JHQ�HW�DO���������(O�$]]RX]L�HW�DO����������5HOLFV�RI�D�0HVVLQLDQ� UHHI�� QRZ�

ORFDWHG�DW�����P�DERYH�WKH�VHD�OHYHO�� VKRZ�WKH�XSOLIW�RI�WKLV�YROFDQLF�SURYLQFH��$PPDU�

HW�DO��� �������$PPDU�HW�DO���������HVWLPDWHG�DQ�DYHUDJH�UHJLRQDO� XSOLIW�UDWH�RI�����PP�\U�

VLQFH�WKH�0HVVLQLDQ��3RXMRO�HW�DO���������SURSRVHG�D�UHJXODUO\�GHFUHDVLQJ�XSOLIW�UDWH�IRU�WKH�

5DV�7DUI�SURYLQFH��IURP�DERXW�����PP�\U����N\�DJR��WR����PP�\U�EHWZHHQ����N\�DQG�

���N\� DJR�� DQG� WR������ PP�\U� VLQFH� ���N\��0RVW� UHFHQW� ILHOG� VWXGLHV� IRXQG� 1::–66(�

H[WHQVLRQDO�VWUXFWXUHV�DIIHFWLQJ�WKH�0HVVLQLDQ�DQG�3OLRFHQH�VHGLPHQWV��*DOLQGR�=DOGLYDU�HW�DO���

�������7KH�EHJLQQLQJ�RI�VXEVLGHQFH�LQVLGH�WKH�1HNRU� EDVLQ� KDV� QRW� EHHQ� DFFXUDWHO\� GDWHG��

0RUHO� ������� DQG�3RXMRO� HW� DO�� ������� DVVXPHG� WKDW� WKH� VXEVLGHQFH� EHJDQ� GXULQJ� WKH�

4XDWHUQDU\��5HFHQW� ZRUNV� RI� YDQ� GHU� :RHUG� HW� DO�� �������� G¶$FUHPRQW� HW� DO�� ������� DQG�

*DOLQGR�=DOGLYDU�HW�DO���������K\SRWKHVL]H�WKDW�ORFDO�QRUPDO�IDXOWV�EUDQFK�RQ�D�FRPPRQ�FUXVWDO�

GHWDFKPHQW�OHYHO�DW�WKH�EDVH�RI�WKH�1HNRU�EDVLQ��2QVKRUH��WKH�1HNRU�EDVLQ�VRXWKHUQ�ERXQGDU\�

IROORZV�WKH�1HNRU�IDXOW��ZKLFK�VXJJHVWV�WKDW�FUXVWDO�DQLVRWURSLHV�FRQ��WURO�WKH�JHRPHWU\�RI�WKH�

EDVLQ� DQG� FRQVWUDLQ� WKH� SUHVHQW�� GD\� VHLVPLFLW\� �3RXMRO� HW� DO��� ������ YDQ� GHU�:RHUG� HW� DO���

������*DOLQGR�=DOGtYDU�HW�DO����������

������� �5HFHQW�GHIRUPDWLRQ�

$W� SUHVHQW�GD\�� NLQHPDWLF� GDWD� VKRZ� D� ODWHUDO� HVFDSH� RI� WKH�%HWLFR�5LILDQ�EORFN�WRZDUGV�WKH�

6(�ZLWK�UHVSHFW�WR�WKH�$IULFD� SODWH� �9HUQDQW� HW�DO��� ������.RXODOL� HW�DO��� ������3DODQR� HW�DO���

������� )URP� *36� GDWD�� WKH� %HWLFR�5LILDQ� EORFN�PRWLRQ� WRZDUGV� WKH� VRXWK�ZHVW� LV� ��PP�\�

JUHDWHU� WKDQ� WKH� FD�� ��PP�\HDU� $IULFD�(XUDVLD� FRQYHUJHQFH� �1RFTXHW��������3DODQR�HW� DO���

�������6WXGLHV�RI�WKH�UHJLRQDO�VHLVPLFLW\�KDYH�PRVWO\�ORFDWHG�K\SRFHQWUHV�ZLWKLQ�WKH� ILUVW� ���
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NP�RI� WKH� FUXVW�� DQG�EHWZHHQ� WKH�%RXVHNNRXU– $JKGDO�DQG�WKH�7URXJRXW�IDXOWV��H�J��&DOYHUW�

HW� DO��� ������ 7DKD\W�HW� DO����������&DOYHUW�HW� DO���������VWXGLHG�WKH�ORFDO� VHLVPLFLW\� DQG� �'�

VHLVPLF�SURILOHV� LQ� WKH�RIIVKRUH�SDUW�RI�WKH�1HNRU�EDVLQ��7KH\�GHVFULEHG�DQ�RQVKRUH�RIIVKRUH�

1–6�EDVLQ�ZKLFK�WUDQVIHU�WKH�GHIRUPDWLRQ�IURP�WKH�$OERUDQ�5LGJH�WR�WKH�1RUWK�WR�WKH�5LILDQ�

XQLWV� DQG� WKH�1HNRU�)DXOW�WR�WKH�VRXWK��)LJ�� �D���

,QYHUVLRQ�RI�WKH�PRPHQW�WHQVRUV�RI�WKH�PDLQ�VKRFNV�RI� WKH� ����� DQG� ����� HYHQWV� LQGLFDWHV� D�

VWULNH�VOLS�PRWLRQ��)LJ�� �F���3DUW�RI� WKH�VHLVPLFLW\�UHODWHG�WR�WKHVH�HYHQWV� LV� ORFDWHG�RIIVKRUH�

�0HGLQD��������&DOYHUW�HW� DO���������%H]]HJKRXG�	�%XIRUQ��������6WLFK�HW� DO���������-DERXU�

HW� DO��� ������� 6WLFK� HW� DO��� ������ YDQ� GHU� :RHUG� HW� DO��� ������� G¶$FUHPRQW�HW� DO���������

IRXQG�WKDW�WKH�%RXVHNNRXU– $JKEDO�1�����IDXOW�WUDFH�RQ�WKH�VHDIORRU�PDWFKHV�ZLWK�WKH�ORFDWLRQ�

RI�RQH�RI�WKH�K\SRWKHVL]HG�HSLFHQWUHV�RI�WKH������ HDUWKTXDNH��)LJ�� �F���2QVKRUH�ILHOG�VWXGLHV�

IROORZLQJ�WKH� �����HDUWKTXDNH�VKRZHG�FUDFNV� WKURXJK�WKH�7LVLUHQH�)O\VFKV�DQG�WKH�.HWDPD�

XQLWV�� ZLWK� D� JHQHUDO� RULHQWDWLRQ�RI� ı�� DURXQG� 1���� �$wW� %UDKLP� HW� DO��� ������ *DOLQGR�

=DOGoYDU� HW� DO��� ������ 7DKD\W� HW� DO��� ������� +RZHYHU�� QR�FOHDU� SULPDU\� VXUIDFH� UXSWXUH� FDQ�

EH�REVHUYHG��$NRJOX�HW�DO���������%LJJV�HW�DO����������*DOLQGR�=DOGtYDU�HW�DO���������SURSRVHG�

WKDW�WKLV�FRXOG�EH�WKH�UHVXOWV�RI�RYHUO\LQJ�GHWDFKPHQWV�EOLQGLQJ�WKH�IDXOW��)URP�WKH�LQYHUVLRQ�RI�

PRPHQW� WHQVRU��PRVW�RI� WKH�DXWKRUV� DJUHH�RQ� D�ORFDO�VWULNH�VOLS�VWUHVV�ILHOG�QHDU�$O�+RFHLPD�

ZLWK�D�6KPD[�URXJKO\� RULHQWHG�1����������0HGLQD��������&DOYHUW�HW�DO���������(O�$ODPL�HW�DO���

������%H]]HJKRXG�	�%XIRUQ�� ������ 6WLFK� HW� DO��� ������ ������ ������ 3DODQR� HW� DO��� ������

2XVDGRX�HW�DO���������YDQ�GHU�:RHUG�HW�DO���������DQG�D�1(–6:� GLUHFWLRQ� RI� H[WHQVLRQ�� LQ�

DFFRUGDQFH� ZLWK�1�����RSHQ� MRLQWV� IRXQG� LQ�4XDWHUQDU\�EUHFFLD�QHDU� WKH�QRUWKHUQ�WLS�RI�WKH�

,P]RXUHQ�IDXOW��*DOLQGR�=DOGtYDU�HW�DO����������7KH�VHLVPLFLW\�DQG�WKH�PRGHOOLQJ�RI�WKH�ORFDO�

VWUHVV� ILHOG� VKRZ� WKDW� WKH� ODWWHU� LV� URWDWHG� DURXQG�$O�+RFHLPD�ZLWK� UHVSHFW� WR� WKH� IDU� ILHOG�

VWUHVV� GLUHFWLRQ� JLYHQ� E\� GLUHFWLRQ� RI� (XUDVLD�$IULFD� FRQYHUJHQFH� �)DGLO� HW� DO��� ������

)HUQDQGH]�,EDxH]�HW�DO���������3HURXVH�HW�DO���������3HGUHUD�HW�DO��� ������&XQKD�HW�DO��� ������

3DODQR� HW� DO��� ������ 2XVDGRX� HW� DO��� ������� 7KLV� URWDWLRQ� LPSOLHV� D� ORFDO� HIIHFW� RI� FUXVWDO�

VWUXFWXUHV�RQ�WKH�VWUHVV�ILHOG��

�����'$7$�$1'�0(7+2'2/2*<�

,Q� WKLV� VWXG\�� WKUHH� DFDGHPLF� VXUYH\V� �0DUOERUR���� 0DUOERUR���� 6$5$6�� H[SORUH� WKH�

FRQWLQHQWDO� VKHOI� LQ� WKH� YLFLQLW\� RI� $O�+RFHLPD� �G¶$FUHPRQW� HW� DO��� ������ ������� ZLWK� D�

FRPELQDWLRQ�RI�WZR�GLPHQVLRQDO�VHLVPLF� UHIOHFWLRQ� SURILOHV�� D� WRSRJUDSKLF� SDUDPHWULF� VRQDU�

�723$6�� VXE�ERWWRP� SURILOHU� DQG� PXOWLEHDP� EDWK\PHWU\��)LJ������'XULQJ�WKH�0DUOERUR���
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FUXLVH�RQ�ERDUG�WKH�5�9�&ARWHV� GH� OD�0DQFKH�� KLJK�UHVROXWLRQ� VHLVPLF� UHIOHFWLRQ�GDWD�ZHUH�

UHFRUGHG�XVLQJ�D�PLQL�*,�DLU�JXQ�DQG�D����FKDQQHO�VWUHDPHU��'XULQJ�WKH�0DUOERUR���FUXLVH�RQ�

ERDUG�WKH�5�9�7HWK\V�,,��VKDOORZ�ZDWHU�VZDWK�EDWK\PHWU\��5HVRQ�����V\VWHP��DQG�YHU\�KLJK�

UHVROXWLRQ�VHLVPLF�UHIOHFWLRQ�SUR��ILOHV��VSDUNHU�VRXUFH��VL[�FKDQQHO�VWUHDPHU��ZHUH�DFTXLUHG�

�G¶$FUHPRQW�HW�DO����������'XULQJ�WKH�6$5$6�FUXLVH�RQ� ERDUG�WKH�5�9�5DPRQ�0DUJDOHI��

VZDWK�EDWK\PHWU\� �(0����V\VWHP��DQG�KLJK�DQG�YHU\�KLJK�UHVROXWLRQ�VHLVPLF� UHIOHFWLRQV�

�VSDUNHU� VRXUFH�� VL[�FKDQQHO� VWUHDPHU�� 723$6� IXOO� RFHDQ� GHSWK� KXOO�PRXQWHG� V\VWHP�

UHVSHFWLYHO\��ZHUH�DFTXLUHG��7KLV�FRPSUHKHQVLYH�DFRXVWLF�GDWD� VHW�ZDV�FRPELQHG�ZLWK�WKH�

DYDLODEOH�LQGXVWULDO�GDWD��ZKLFK� DOORZHG�WKH� LPDJLQJ�RI� WKH�GHHS� WR�VKDOORZ�VHGLPHQWDU\�

ILOOLQJ�RI�WKH�EDVLQ�ZLWK�D�JRRG�FRPSURPLVH�EHWZHHQ�SHQHWUDWLRQ� �3�� DQG� UHVROXWLRQ� �5���

723$6��5� ���� FP�� 3� �����P�� VSDUNHU�� 5� ���P�� 3� ����P�� DFDGHPLF� ���FKDQQHO�

VWUHDPHU��5� ���P��3� �����P��DQG� LQGXVWULDO�PXOWLFKDQQHO�VWUHDPHU��5� ����P��3� �����

P��7KH� VZDWK�EDWK\PHWU\��)LJ���F��KDG�D�GHILQLWLRQ�RI����P��SHU� SL[HO��ZKLOH�LWV�YHUWLFDO�

UHVROXWLRQ�ZDV�DURXQG�����P�IRU�ZDWHU�GHSWKV�EHORZ�����P��

7KH�PRUSKR�EDWK\PHWU\�DQDO\VLV�LGHQWLILHG�WHFWRQLF�� UHODWHG� VFDUSV� RQ� WKH� VHDIORRU� �)LJ�� ����

)ROORZLQJ� 1DVK� �������� OLQHDU� WRSRJUDSKLF� IHDWXUHV� DW� WKH� VHDIORRU� DUH� LQWHUSUHWHG� DV� IDXOW�

VFDUS��%RXQGDU\�IDXOWV�RI�WKH�1HNRU�EDVLQ�DUH�YLVLEOH�DW�WKH�VHDIORRU��G¶$FUHPRQW�HW�DO����������

DOWKRXJK�IDXOWV�ZLWK�YHUWLFDO�GLVSODFHPHQW�UDWHV�LQIHULRU�WR�WKH�VHGLPHQWDWLRQ�UDWH�PLJKW�QRW�EH�

YLVLEOH��H�J��%DUQHV�	�3RQGDUG�� ������� ,QGHSHQGHQWO\�� ZH� SORWWHG� WKH� IDXOW� WUDFHV�DORQJ�WKH�

VHLVPLF�SURILOHV��$V�WKH�QXPEHU�RI�IDXOWV�SHU�SURILOH�LV�KLJK��D�WRWDO�RI������IDXOWV�ZHUH�SORWWHG�

DORQJ�DOO�VHLVPLF�SURILOHV���DQG�WKH�GLVWDQFH�EHWZHHQ�WKH�OLQHV� LV� VPDOO��YDU\LQJ�IURP�����P�

WR����� P���LW�LV�SRVVLEOH�WR�IROORZ� WKH� IDXOWV� DFURVV� DGMDFHQW� SURILOHV�� )RU� WKDW� SXUSRVH�� ZH�

VHSDUDWHO\�SORWWHG� WKH� IDXOWV�GLSSLQJ�ZHVW�DQG�WKH� IDXOWV�GLSSLQJ�HDVW��)LJ�� ���DQG�IROORZLQJ�

VHLVPLF�SURILOHV��� 7KH�DSSDUHQW� IDXOW� GLS�ZDV� FRPSXWHG�DVVXPLQJ� D� VLPSOH� 3�ZDYH� YHORFLW\�

PRGHO� RI� �����P�V� IRU� WKH� VHGLPHQWDU\�FRYHU��$V�WKH�GHSWK�RI�DFTXLVLWLRQ�UHPDLQHG�VKDOORZ�

�WZR��ZD\�WUDYHO�WLPH�>WZWW@�≤ ����PV���ZH�FRQVLGHUHG�WKH�FRPSDFWLRQ� WR� EH� QHJOLJLEOH� DQG�

WKH� 3�ZDYH� YHORFLW\� RI� WKH� VKDOORZ� VHGLPHQWV� WR� EH� FORVH� WR� WKDW� RI�ZDWHU� �ZDWHU� FROXPQ�

PHDVXUHPHQWV�SHUIRUPHG�GXULQJ�WKH�0DUOERUR���DQG�6$5$6�FUXLVHV�JLYH�D�ZDWHU�YHORFLW\�RI�

DURXQG� ����� P�V��� :H� WHQWDWLYHO\� IL[HG� WKH� DSSDUHQW� IDXOW� GLSV�E\� FRQVLGHULQJ� WKH�DQJOH�

EHWZHHQ� WKH� D]LPXWK� RI� WKH� IDXOW� WUDFH� RQ� WKH� VHDIORRU� �RU� WKH� LQWHUSUHWHG� FRQWLQXRXV� IDXOW�

VHJPHQW�RQ�VXFFHVVLYH�VHLVPLF�SURILOHV��DQG�WKH�GLUHFWLRQ�RI�WKH�VHLVPLF�SURILOHV��

'HVSLWH� WKH� WLJKW� VHLVPLF�FRYHUDJH�� WKHUH�DUH� VRPH�PHWKRGRORJLFDO� DQG� LQWHUSUHWDWLYH� ELDVHV�

WR� KLJKOLJKW�� WR� WKH�:HVW� RI� WKH�1HNRU� EDVLQ�� WKH� VWUXFWXUDO�PDS� LV� GLIILFXOW�WR�FRPSOHWH�RQ�

WKH�LQQHU�VKHOI�GXH�WR�WKH�SRRU�SHQHWUDWLRQ�RI�3�ZDYHV�LQ�WKH�VXE�RXWFURSSLQJ�EDVHPHQW�XQGHU�
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WKH� WKLQ�VHGLPHQWDU\�FRYHU��0RUHRYHU��VRPH�IDXOWV�PD\�EH�SDUDOOHO�WR�WKH�VKLS�WUDFN�DQG�PD\�

QRW�FURVV�VHLVPLF�SURILOHV��RU�FURVV�ZLWK�ORZ�DQJOHV���������+RZHYHU��WKH�PDLQ�DFWLYH�QRUPDO�

IDXOWV� DFFXPXODWH� WKH�PRVW� YHUWLFDO�RIIVHW�REVHUYHG�RQ�WKH�VHLVPLF�SURILOHV�DQG�PDWFK�ZLWK�WKH�

IDXOW� WUDFN� GHGXFH� IURP� WKH� EDWK\PHWU\�� $V� ZH� FDQQRW� REVHUYH� PHDVXUDEOH� ODWHUDO�

GLVSODFHPHQW� RQ� WKH� VDPSOHG� IDXOWV��ZH�FDQQRW� HYLGHQFH�REOLTXH�VOLS��&RQVHTXHQWO\�� IDXOWV�

GHVFULEHG�KHUHDIWHU�DUH�GHVFULEHG�KDV�DSSDUHQW�QRU��PDO�IDXOWV��7KH�LQWHUSRODWLRQ�RI�PRUSKR�

EDWK\PHWULF�IHDWXUHV� DQG� VHLVPLF� UHIOHFWLRQ� GDWD� DQDO\VHV� OHG� WR� D� QHZ�VWUXFWXUDO�PDS�RI�WKH�

VWXGLHG�DUHD��)LJ�� ����

������6(,60,&�)$&,(6�$1'�0253+2/2*<�2)�7+(�6+(/)�

7R�WKH�QRUWK�RI�WKH�VWXGLHG�DUHD��ZH�REVHUYH�WKUHH�VHLVPLF�XQLWV�RQ�WKH�0$%����SURILOH��)LJ��

����8QLW� �� �8���� WKH� EDVDO�VWUDWD��LV�FKDUDFWHUL]HG�E\�WUDQVSDUHQW�VHLVPLF�IDFLHV� ZLWK� ORZ�

DPSOLWXGH�UHIOHFWLRQV�RI�XQGHWHUPLQHG�WKLFN��QHVV��8QLW� �� �8��� LV� D� VXFFHVVLRQ� RI� KLJK�

DPSOLWXGH� DQG� ORZ�DPSOLWXGH� FRQWLQXRXV� UHIOHFWRUV� DQG� ZLWK� LWV� WRS� PDUNHG� E\� DQ�

XQFRQIRUPLW\�VXUIDFH� �[�GLVWDQFH������–��� NP�� )LJ�� ���� 8QLW� �� �8��� LV� FKDUDFWHUL]HG� E\�

PHGLXP�DPSOLWXGH� KLJK�IUHTXHQF\� FRQWLQXRXV� UHIOHFWRUV�� IURP�WKH�VKHOI�WR�WKH�EDVLQ��2Q�WKH�

VKHOI�� WKH�EDVH�RI�8QLW� �� LV� GHILQHG� E\�DJJUDGLQJ–SURJUDGLQJ� VLJPRLG� FOLQRIRUPV�� HYROYLQJ�

XSZDUGV� WR� SURJUDGLQJ� REOLTXH�WDQJHQWLDO� FOLQRIRUPV� DW� WKH� WRS�RI� WKH�XQLW��7KH� UHVSHFWLYH�

WKLFNQHVVHV�RI�8��DQG�8��LQFUHDVH�JHQWO\� WRZDUGV�WKH�HDVW��8��LV�SHUYDVLYHO\�FXW�E\�QRUPDO�

IDXOWV�ZLWK�WHQV�RI�PHWHUV�LQ�VSDFLQJ��6RPH�RI�WKHVH�IDXOWV�RIIVHW�WKH�XQFRQIRUPLW\�VXUIDFH��EXW�

GR�QRW�UHDFK�WKH�VHDIORRU���
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�
���ǯȱ řǯȱ�D��,QWHUSUHWHG�VWUXFWXUDO�PDS�RI�WKH�VWXG\�DUHD�RYHULPSRVHG�RQ�WKH�VKDGHG�EDWK\PHWU\���E��/RZHU�VSKHUH�
VWHUHRJUDSKLF�SURMHFWLRQ�RI�WKH�IDXOW�GDWD�VHW���F��5RVH�GLDJUDP�RI�WKH�IDXOW�D]LPXWKV���G��.DPE�FRQWRXULQJ�RI�WKH�
FRPSOHWH�IDXOW�GDWD�VHW��1�  � �����FRQ��WRXU�LQWHUYDO�  � [�ı��FRXQWLQJ�DUHD�  � �����RI�WKH�QHW�DUHD��VLJQLILFDQFH�
OHYHO�  � [��ı��ı LV�WKH�VWDQGDUG�GHYLDWLRQ���H��.DPE�FRQWRXULQJ� RI�WKH�SROHV�RI�WKH�QRUPDO�IDXOWV��6WHUHRJUDSKLF�
SURMHFWLRQV�RI�HTXDO�DUHD��1� ������FRQWRXU�LQWHUYDO� � [��ı��FRXQWLQJ�DUHD� ������RI� WKH�QHW�DUHD��VLJQLILFDQFH�
OHYHO� �[��ı��'HVLJQHG�ZLWK�WKH�KHOS�RI�6WHUHRQHW����$OOPHQGLQJHU�HW� DO���������&DUGR]R�	�$OOPHQGLQJHU�� �������
ı�K��PLQLPXP�KRUL]RQWDO�VWUHVV�GLUHFWLRQ��7KH�UHG�DUHD�LQGLFDWHV�WZR�VWDQGDUG�GHYLDWLRQV�RI�SROHV�D]LPXWV��

�

)URP� WKH� FRUUHODWLRQ�EHWZHHQ� VHLVPLF� UHIOHFWRUV� LQ� WKH�6RXWK�$OERUDQ� EDVLQ� DQG� WKH�2'3�

GULOO� 6LWH� ����� 0DUWtQH]�*DUFtD�HW�DO���������GHVFULEHG�WKH�VXFFHVVLRQ�RI� WKUHH� 4XDWHUQDU\�

VHLVPLF�IDFLHV�� ����4��LV�VHPLWUDQVSDUHQW� ZLWK� DPSOLWXGHV� LQFUHDVLQJ� WRZDUGV� WKH� WRS� DQG�

UHSUHVHQWV�WKH�EDVH�RI�WKH�4XDWHUQDU\��EHWZHHQ�����–����� 0D���4�� LV� D� VHW� RI� FRQWLQXRXV�

SDUDOOHO� KLJK�DPSOLWXGH� UHIOHFWRUV�ZKLFK�UHSUHVHQWV�WKH�����–�����0D�SHULRG�DQG�4�� LV� D�

VHW� RI� PRGHUDWH� WR� KLJK� DPSOLWXGH� UHIOHFWRUV� ZKLFK� UHSUHVHQWV� WKH� ����� 0D�3UHVHQW� WLPH�

SHULRG�� :H� SURSRVH� IURP� VHLVPLF� IDFLHV� FRUUHODWLRQ� WKDW�8���8�� DQG�8�� IDFLHV� FRUUHVSRQG�

WR� WKH� ORFDO� UHSUHVHQWDWLRQ� RI� 4���4��DQG�4��UHVSHFWLYHO\��7KHUHIRUH��ZH�GDWH�WKH�WUDQVLWLRQ�

EHWZHHQ�8��DQG�8��DURXQG������0D��RUDQJH�VXUIDFH�RQ�VHLVPLF�SURILOH�)LJ�� ����

2Q�WKH�ZHVWHUQ�SDUW�RI�WKH�1HNRU�EDVLQ��WKH�WRS�RI�WKH�DFRXVWLF� EDVHPHQW� LV� FKDUDFWHUL]HG�RQ�

WKH� VHLVPLF� UHIOHFWLRQ� OLQHV� E\� WKUHH� KLJK�DPSOLWXGH� ORZ�IUHTXHQF\� FRQWLQXRXV�KRUL]RQV�WKDW�



�����
�

�

FRUUHVSRQG�WR�D�VWURQJ�LPSHGDQFH� FRQWUDVW�EHWZHHQ�WKH�DFRXVWLF�EDVHPHQW�DQG�WKH�3OLR�4XD��

WHUQDU\�VKHOI��)LJV��–����2Q�WKH�HDVWHUQ�SDUW�RI�WKH�EDVLQ��WKH�DFRXVWLF�EDVHPHQW�YLVLEOH�RQ�WKH�

0$%����FRUUHVSRQG�WR�WKH�VKDUS�WUDQVLWLRQ�EHWZHHQ�D�WUDQVSDUHQW�IDFLHV�DVVRFLDWHG�WR�YROFDQR�

FODVWLF� GHSRVLW� IURP� WKH�5DV�7DUI� YROFDQLF� PDVVLI�� DQG� D� SDUDOOHO� UHIOHFWRU� IURP� WKH� 3OLR�

4XDWHUQDU\�VKHOI� �[�GLVWDQFH�� ��� ����P�� )LJ�� ��� �G¶$FUHPRQW� HW�DO����������

2VFLOODWLRQ�RI� WKH� HXVWDWLF� VHD� OHYHO�PD\� LQIOXHQFH� WKH� UHFRJQLWLRQ� RI� WKH� IDXOW� WUDFH� RQ� WKH�

VKHOI�� $V� LQ� PDQ\�DUHDV� RYHU� WKH�0HGLWHUUDQHDQ� �H�J��/RER�	�5LGHQWH��������� WKH� VKDOORZ�

4XDWHUQDU\�VKHOI� LQ�WKH�$O�+RFHLPD�UHJLRQ�VKRZV�D�VXFFHVVLRQ�RI�SURJUDGLQJ�DQG�DJJUDGLQJ�

VHLVPLF� XQLWV� �H�J�� )LJ�� ����$� WHFWRQLF� LQIOXHQFH� LV� YLVLEOH� LQ�WKH�VHGLPHQWDU\�UHFRUG��2Q�WKH�

ZHVWHUQ�SDUW�RI�WKH�VHLVPLF�OLQH��)LJ�� ����IURP�HLWKHU�SDUW�RI�D�UHFHQW�1�����:���� IDXOW�FDOOHG�

$��YDULDWLRQV�RI�VHLVPLF�UHIOHFWRU�SDFNDJHV� WKLFNQHVV� �FRQVLGHULQJ� WKDW� WKH� VHGLPHQWV� IOX[� LV�

VWDEOH�GXULQJ� WKLV� WLPH� LQWHUYDO�� VKRZ� WKH� FRQWUDVWV� RI� VXEVLGHQFH� UDWHV� LQ� WKH�1HNRU�EDVLQ��

YDULDWLRQV� RI� WKLFNQHVV� LQGLFDWH� WKDW�DFFRPPRGDWLRQ� VSDFH� LV�PRUH� LPSRUWDQW� LQ�WKH�ZHVWHUQ�

SDUW�RI�WKH�ED\��ZKHUH�WKH�VXEVLGHQFH�LV�IDVWHU� WKDQ�LQ�WKH�HDVWHUQ�SDUW��

�

�
)LJ�����0$%����VHLVPLF�UHIOHFWLRQ�SURILOH�IURP�WKH�0DUOERUR���VXUYH\��*UHHQ�DUURZV��WRSODS��RUDQJH�UHIOHFWRU��
XQFRQIRUPLW\�VXUIDFH�GDWHG�DURXQG������0\��9HUWLFDO�H[DJJHUDWLRQ� �����8���8���8���IRUPDWLRQV�GHILQHG�IURP�
DFRXVWLF�IDFLHV��VHH�PDLQ�WH[W���

�

���ǯȱ śǯȱ
0$%���� VHLVPLF� UHIOHFWLRQ� SURILOH� IURP� WKH� 0DUOERUR��� VXUYH\�� *UHHQ� UHIOHFWRU�� HURVLYH� VXUIDFH�� 1RWH� WKH�
WUXQFDWHG� IDXOWV� RQ� WKH� HDVWHUQ� SDUW� RI� WKH� EDVLQ��1RWH� WKH�ZHVW�GLSSLQJ� IDXOW�$�ZKLFK�ERXQGV� WKH� HDVW� RI� WKH�
GHSRFHQWUH�DERYH�WKH�JUHHQ�VXUIDFH��9HUWLFDO�H[DJJHUDWLRQ������JUHHQ�UHIOHFWRU��WRS�RI�WKH�SUH�H[WHQVLRQ�IRUPDWLRQ��

$W�WKH�VHDIORRU��WKH�VKHOI�EUHDN�LV�DURXQG�����P�EHORZ�VHD�OHYHO��PEVO��LQ�IURQW�RI�WKH�5DV�(O�

$ELG��WKH�5DV�7DUI�DQG�LQ�WKH�1HNRU�ED\��DQG�PDUNV�WKH�WUDQVLWLRQ�EHWZHHQ�WKH�VORSH�WRZDUGV�
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WKH�GHHS�EDVLQ�DQG� WKH�FRQWLQHQWDO� VKHOI� �)LJV���±�����$ERYH� WKH�VKHOI�EUHDN��ZH�REVHUYH�D�

VXFFHVVLRQ�RI�VFDUSV�SDUDOOHO�WR�WKH�VKHOI�EUHDN�OLPLWLQJ�IODW�VXU��IDFHV��)LJV������DQG��D�E���7KH�

���P�LVREDWK�LV�WKH�PD[LPXP�YDOXH�RI�VHD�OHYHO�IDOO�DIWHU�5DELQHDX�HW�DO����������$ERYH�����

PEVO��WKH�VKHOI�ZDV�H[SRVHG�WR�DHULDO�DQG�VXE�DHULDO�HURVLRQ�GXULQJ�WKH�ODVW�ORZVWDQG�SHULRG�DW�

WKH�/DVW�*ODFLDO�0D[LPXP��/*0�WLPHV���7KH�PDULQH�WHUUDFHV�REVHUYHG�DW�WKH�YLFLQLW\�RI�$O�

+RFHLPD�OLNHO\�PDUN�VHYHUDO�VWDQGVWLOOV�GXULQJ�WKH�ULVH�RI�WKH�ODVW�WUDQVJUHVVLRQ��H�J��5DELQHDX�

HW�DO���������=HFFKLQ�HW�DO����������7KH�SUHVHQFH�RI�WKRVH�PDULQH�WHUUDFHV��QRWHG�DV�W�RQ�)LJ������

LPSOLHV�WKDW�WKH�WHFWRQLF�IHDWXUHV�DW�WKH�VHDIORRU�ORFDWHG�DERYH�����PEVO�ZHUH�VXEMHFW�WR�ZDYH�

UDYLQHPHQW�DQG�VXE�DHULDO�RU�DHULDO�HURVLRQ�VLQFH�WKH�ODVW�ORZVWDQG��=HFFKLQ�HW�DO����������$V�D�

FRQVHTXHQFH��WHFWRQLF�IHDWXUHV�XQGHU�WKH�����PEVO�DUH�OLNHO\�WR�EH�OHVV�DIIHFWHG�E\�HURVLRQ��EXW�

PD\�EH�PDVNHG�E\�PRUH�LPSRUWDQW�VHGLPHQW�DFFXPXODWLRQV�DW�WKH�ODVW�ORZVWDQG�SHULRG��

ȱ

���ǯȱ Ŝǯȱ �D��0$%���� VHLVPLF�SURILOH�� �E��0$%���VHLVPLF�SURILOH��<HOORZ�GDVKHG� OLQH�� WRS� RI� WKH�DFRXVWLF�
EDVHPHQW�� WKLQ� UHG� OLQH�� QRQ�� RXWFURSSLQJ� IDXOWV�� WKLFN� UHG� OLQH�� RXWFURSSLQJ� IDXOW�� UHG� DUURZV�� RQODS�
WHUPLQDWLRQ�DQG�V\Q�VHGLPHQWDU\�GHSRVLWV�GXULQJ�WKH�JURZWK�RI�WKH�IROG��)��IDXOW��7KH�VKDOORZ�VHDIORRU�SUHYHQWV�
WKH�LPDJLQJ�RI�WKH�GHHSHU�SDUW�RI�WKH�EDVLQ��:KLWH�WUDQVSDUHQW�PDVN��PXOWLSOHV��)��DQG�)���IDXOW�QXPEHU��VHH�)LJ��
�����\HOORZ�UHIOHFWRU��WRS�RI�WKH�SUH�H[WHQVLRQ�IRUPDWLRQ��,QVHWV��3RVLWLRQ�RI�WKH�VHLVPLF�SURILOHV�RQ�D�V\QWKHWLF�PDS��
YHUWLFDO�VFDOH�XVLQJ�D�YHORFLW\�RI�3�ZDYHV�YDOXHV�HTXDOV�WR������ P�V��9HUWLFDO�H[DJJHUDWLRQ�  � ���IRU�WKH�VHD�
ERWWRP��DVVXPLQJ�9S�LQ�ZDWHU� ������P�V��

�
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�����0253+27(&721,&�)($785(6�

������� 7KH�%RXVHNNRXU±$JKEDO�IDXOW�]RQH�

7KH�IDXOW�WUDFH�RI�WKH�%RXVHNNRXU–$JKEDO�IDXOW�DW�WKH�VHD��IORRU�LV�����NP�ORQJ�DQG�FRUUHVSRQGV�

WR� WKH� QRUPDO� IDXOW� )�� �1���(��������� )LJV� �� DQG� ����� 7KH� IRRWZDOO� RI� WKH� %RXVHNNRXU–

$JKEDO�IDXOW�IRUPV� D�URXJK�SDWFK�RQ�WKH� EDWK\PHWU\� DQG� GLVDSSHDUV� WRZDUGV� WKH� QRUWKZHVW�

XQGHU� UHFHQW� VHGLPHQWV� �)LJ�� ����� 7KH�PD[LPXP� RIIVHW� RI� WKH�VHDEHG�LV�DURXQG���P�DQG�WKH�

DSSDUHQW�RIIVHW�RI�WKH�EDVHPHQW�DW�WKH�IRRWZDOO�LV���� P��)LJ�� ����)��DQG�)���WRJHWKHU� ZLWK�D�

EXULHG�IDXOW�WR�WKH�ZHVW�RI�)���FRUUHVSRQG�WR�ULJKW��VWHSSLQJ�HQ�HFKHORQ�IDXOWV��)LJ�������$ORQJ�

WKH�IDXOW��WKH�UHIOHFWRU� WHUPLQDWLRQV� LQGLFDWH� D� SURJUHVVLYH� WLOWLQJ�� DQG�UHFRUG� WKH� FRQWLQXRXV�

GHIRUPDWLRQ� RI� WKH� VHGLPHQWDU\� VHTXHQFH� �)LJ�� �E��� 7KH� WLOW� RI� KLJK�DQJOH� SURJUDGLQJ�

UHIOHFWRUV�DW�WKH�WRS�RI�WKH�VHTXHQFH��)LJ���E��DWWHVWV�WR�D�UHFHQW�XSOLIW�RI� WKH�ZHVWHUQ�ZDOO�RI�

WKH�)��IDXOW��7R�WKH�HDVW�� WKH� GHIRUPDWLRQ� RI� WKH� VHGLPHQWDU\� FRYHU� TXLFNO\�IDGHV� �)LJ�� �����

7KHVH� IDXOWV� VKRZ� WKH� V\QWHFWRQLF� VHGLPHQWDU\�UHFRUG�RI� WKH� ORQJ�WHUP�GHIRUPDWLRQ�RI� WKH�

VKHOI�HDVW�RI�5DV�(O�$ELG��ZKLFK�ZDV�ERXQGHG�D���NP�ZLGH�HQ� HFKHORQ� IDXOW� ]RQH�� ZLWK� D�

SURQRXQFHG� QRUPDO� FRPSRQHQW��

�

)LJ�����6HLVPLF�UHIOHFWLRQ�SURILOHV�0$%���DQG�0$%���IURP�WKH�0DUOERUR���VXUYH\��7KLFN�UHG�OLQHV��PDMRU�IDXOWV�
DW�WKH�EDVLQ�VFDOH��WKLQ�UHG�OLQHV��VHFRQGDU\�IDXOWV��UHG�DUURZV��DSSDUHQW�YHUWLFDO�PRWLRQ�DORQJ�IDXOW�SODQHV��\HOORZ�
UHIOHFWRU�� WRS�RI� WKH�SUH�H[WHQVLRQ� IRUPDWLRQ�� VKDGHG�DUHD�� ILUVW�PXOWLSOHV��)�±)��� IDXOW� QXPEHU� �VHH�)LJ�������
9HUWLFDO�H[DJJHUDWLRQ� �����

�
�
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���ǯȱ Şǯȱ�D��0$%���XQLQWHUSUHWHG�VHLVPLF�UHIOH[LRQ�SURILOH� IURP�WKH�0DUOERUR���VXUYH\��9HUWLFDO�H[DJJHUDWLRQ��
�����E��/LQH�GUDZLQJ�RI�WKH�0$%���SURILOH��6PDOO�DUURZV��PXOWLSOH�GLVFRUGDQFHV�LQVLGH�WKH�VHGLPHQWDU\�UHFRUG��

�

���ǯȱ şǯȱ0$%����VHLVPLF�UHIOHFWLRQ�SURILOH�IURP�WKH�0DUOERUR���VXUYH\��9HUWLFDO�H[DJJHUDWLRQ�  � �����EOXH�OLQH��
ERWWRP�RI�WKH�LQFLVHG�SDOHR�FKDQQHOV��UHG�DUURZV��RQODS��\HOORZ�DUURZV��GRZQODS��
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�

)LJ�� ���� �D�� 723$6� SURILOH� ����� IURP� WKH� 6$5$6� VXUYH\�� �E�� /LQH� GUDZLQJ� RI� 723$6� SURILOH� ������ 9HUWLFDO�
H[DJJHUDWLRQ� �����0��6HDIORRU�ILUVW�PXOWLSOH��,QVHW��7RSRJUDSK\�DORQJ�WKH�$�$¶�WUDQVHFW��6HH�)LJ�����IRU�ORFDWLRQ�
RI�)���WR�)�����F��,='���SURILOH��PRGLILHG�DIWHU�&DOYHUW�HW�DO����������'DVKHG�SXUSOH�UHIOHFWRU��ERWWRP�UHIOHFWRU�RI�
WKH�EDVLQ��GDVKHG�JUHHQ�UHIOHFWRU��ILUVW�PXOWLSOH�RI�WKH�VHDIORRU��UHG�OLQH��IDXOWV�DIIHFWLQJ�WKH�ERWWRP�UHIOHFWRU�RI�WKH�
EDVLQ�LQ�WKH�1HNRU�EDVLQ��EODFN�OLQHV��IDXOWV�ZLWK�QR�LPSULQW�RQ�WKH�EDWK\PHWU\��7KH�SRVLWLRQ�RI�WKH�723$6�����
VHLVPLF�SURILOH�LV�DSSUR[LPDWLYHO\�SURMHFWHG�RQ�WKH�,='���VHLVPLF�SURILOH��

������� 7KH�%RNNR\D�IDXOW�]RQH�

7KH� )LJ�� ��� VKRZV� WKH� QRUWK�ZHVWHUQ� ERXQGDU\� RI� WKH� 1HNRU�EDVLQ��7KH�)���)���)��IDXOWV�

DUH�HQ�HFKHORQ�DQG�DUH� RULHQWHG�1������1�����DQG�1���� UHVSHFWLYHO\��7KH�PRVW� SURPLQHQW�

VFDUS�RI�RXWFURSSLQJ�EDVHPHQW�RQ�WKH�VKHOI�LV�����NP�ORQJ�DQG�FRUUHVSRQGV�WR�)���)LJV� ��DQG�

�����ZKLFK�SURGXFHV�D����P�YHUWLFDO�RIIVHW�RI�WKH�VHDIORRU�DQG�GLVDSSHDUV�QRUWKZDUGV��)XUWKHU�

WR�WKH�QRUWKHDVW��WKH�IDXOW�]RQH�FRUUHVSRQGV�WR�DQ�HORQJDWHG�1(–6:�EXOJH�RI�WKH�VHDIORRU��)LJ��

����DQG�PDWFKHV�ZLWK�D�����NP�ZLGH�IORZHU�VWUXFWXUH��ERXQGHG�E\�WKH�QRUWKHUQ�SURORQJDWLRQ�

RI�IDXOW�)��DQG�WKH�VRXWKHUQ�SURORQJDWLRQ�RI�IDXOW�)���0$%����)LJ������&RQWLQXRXV�UHIOHFWRUV�

RI�FRQVWDQW�WKLFNQHVV�RYHU�� ODS�WKH�IORZHU�VWUXFWXUH��0$%����)LJ�� ����2IIODSV�RQ�WKH�GUDSLQJ�

XQLW� LQGLFDWH� WKDW� WKH� XSOLIW� UDWH� EHFDPH� SURJUHVVLYHO\� JUHDWHU� WKDQ� WKH� DFFXPXODWLRQ� UDWH��
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7KLV�FRPSOHWH�VHGLPHQWDU\�VHTXHQFH�LV�DIIHFWHG�E\�IDXOWLQJ��)LJ������DOWKRXJK�D�VKDUS�VHDIORRU�

EUHDNXS�FDQQRW�EH�VHHQ�LQ�WKH�EDWK\PHWU\��)LJ�������

7KH�1�����)��IDXOW�WUDFH��)LJ�� ����GHILQHV�D���NP�ORQJ� IDXOW�ZKLFK�SURGXFHV�D����P�YHUWLFDO�

RIIVHW�RI�WKH�VHDIORRU�� )���)���)����)���DUH�HQ�HFKHORQ�DQG�SURGXFHV�D���P�YHUWLFDO� RIIVHW� RI�

WKH�VHDIORRU� �)LJ�������7KH�ZHVWHUQ�SDUW�RI�SURILOH�0$%����VKRZV�WKH�QRUWKHUQ�SURORQJDWLRQ�

RI� WKLV� 1(–6:� IDXOW� ]RQH� �;�GLVWDQFH�� ����–����� P�� )LJ�� ���� 7KH� VXEVLGHQFH� RI� WKH�

VHGLPHQWV�EHWZHHQ�WKH�ZDOOV�RI�WKH� IDXOW� ]RQH� �)���� )��� )LJ�� ��� LQGLFDWHV� UHFHQW� H[WHQVLRQ��

ZKLOH� WKH� DEVHQFH� RI� YHUWLFDO� VKLIW� RQ� HLWKHU� VLGH� RI� WKH� IDXOW�]RQH� LQGLFDWHV�D� VWULNH–VOLS�

EHKDYLRU�� 7KH� ULJKW�� VWHSSLQJ� IDXOW� VHJPHQWV� )�� WR� )��� �)LJ�� ���� IRUP� D� FRQWLQXRXV� IDXOW�

]RQH�ZKLFK�ILWV�ZLWK�WKH�SRVLWLRQ�RI�WKH�%RNNR\D�IDXOW�GHVFULEHG�E\�&DOYHUW�HW�DO���������ȱȱ

ȱ

���ǯȱ ŗŗǯȱ6KDGHG�UHOLHI�EDWK\PHWULF�PDS�VKRZLQJ�WKH�FRQWLQXLW\�RI�WKH�%RXVHNNRXU–$JKEDO� IDXOW��)���)��� IDXOWV��
36/�� SDOHR�VKRUHOLQH�� 7�� WHUUDFH�� 6%��VKHOI�EUHDN��GDUN�RUDQJH�OLQHV��SRVLWLRQV�RI�WKH�VHLVPLF�SURILOHV��VHH�)LJ��
����EODFN�OLQHV�� LVREDWKV�� 7KH�SXUSOH� OLQH� LQGLFDWHV�WKH� �����P� LVREDWKV��7KH�QXPEHULQJ� RI�WKH�IDXOWV�FRQWLQXHV�
LQWR�WKH�IROORZLQJ�ILJXUH��,QVHW��7RSRJUDSK\�DORQJ�$�$¶�DQG�%�%¶�WUDQVHFWV��

)DQQLQJ� JHRPHWULHV� RI� WKH� VHLVPLF� UHIOHFWRUV� DQG� QRU�� PDO� RIIVHW� RI� FKDRWLF� ERGLHV��

LQWHUSUHWHG�DV�0DVV�7UDQV��SRUW�'HSRVLW��07'���LOOXVWUDWH�WKH�H[WHQVLRQ�LQ�WKH�GLVWDO�SDUW�RI�

WKH� 1HNRU� EDVLQ� �0$%���� 0$%���� )LJ�� �� DQG� 723$6������ )LJ�� ��D�E��� 7KH� IDQ�

VHTXHQFH�VKRZV�WKDW�HDVW�GLSSLQJ�QRUPDO�IDXOWV�KDYH�DIIHFWHG�WKH�HQWLUH�VHGLPHQWDU\�FRYHU�

�)LJ������$W�WKH�VHDIORRU��WKH�WHFWRQLF�VFDUSV�DUH��ORFDOO\�DWWHQXDWHG�E\�UHFHQW�VHGLPHQW�ZDYHV�

�)LJ������7KH�1:–6(�QRUPDO�IDXOWV�GLVWULEXWH�WKH�GHIRUPDWLRQ�RYHU�D���NP�ZLGH�DUHD�ZLWK�
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D�FXPXODWLYH�RIIVHW�RI�DFRXVWLF� EDVHPHQW�YDU\LQJ�EHWZHHQ�����DQG�����PV� WZWW� �)LJ�� ���

0$%�����

������� 7KH7URXJRXW�IDXOW�]RQH�

2Q�WKH�HDVWHUQ�ERXQGDU\�RI�WKH�VHGLPHQWDU\�1HNRU�EDVLQ��D�!���P�KLJK�OLQHDU�11:–66(�VKLIW�

RI�WKH�VHDIORRU�FRUUHVSRQG�WR�WKH�1�����:�������QRUPDO�IDXOW�)����)LJV���DQG������7KH�IDXOW�

WUDFH�SURJUHVVLYHO\�GLVDSSHDUV� WRZDUGV� WKH� QRUWK� DQG� LQGLFDWHV� WKH� WHFWRQLF� FRQWDFW� EHWZHHQ�

WKH� 5DV�7DUI�YROFDQLF�SURYLQFH�DQG�WKH�3OLR�4XDWHUQDU\�VHGLPHQWV�RI�WKH�EDVLQ��)���ILWV�ZLWK�

WKH�RIIVKRUH�SURORQJDWLRQ�RI�WKH�RQVKRUH�7URXJRXW�IDXOW��G¶$FUHPRQW�HW�DO����������

:HVWZDUGV��VHFRQGDU\�VFDUSV�VWULNLQJ�1������)����DQG�1������)����FRQQHFW�WR�WKH�7URXJRXW�

IDXOW��)LJV���DQG������7KHVH�QRUPDO� IDXOWV� OLPLW�D� UHFHQWO\�VXEVLGLQJ�VXE��EDVLQ��;�GLVWDQFH��

��� ���� P� WR� ��� ���� P�� )LJ�� ���� 6HYHUDO�GHSRVLWLRQDO�VHTXHQFHV�FDQ�EH�IROORZHG�IURP�WKH�

1HNRU� EDVLQ� WR� WKHLU� WHUPLQDWLRQV� DJDLQVW� WKH� IDXOW�)���ZKHUH�GUDJ�IROGV�DW�WKH�KDQJLQJ�ZDOO�

RI�)���DUH�FRPSDWLEOH�ZLWK�D�QRUPDO�WHFWRQLF�VW\OH��)LJ������7KH�SURJUDGLQJ�JHRPHWU\�RI�ORZ�

DPSOLWXGH� UHIOHFWRUV� VKRZV� WKH� SHULRGLF� LQFUHDVH� LQ� DFFRPPRGDWLRQ� VSDFH� DQG� WKH� REOLTXH�

ILOOLQJ�RI� WKH�VXE�EDVLQ� OLPLWHG�E\�)���DQG�)����)LJ�� ����&RQVLGHULQJ� FRQVWDQW� VHGLPHQWDU\�

IOX[�� WKH� )��� IDXOWV� �)LJ�� ���� DSSHDUV�WR�KDYH�ORQJ�WHUP�WUDQVLHQW�DFWLYLW\��ZKLFK�LV� OLNHO\�WR�

EH�UHODWHG�WR�WKH�DFWLYLW\�RI�WKH�PDMRU�IDXOW�)����
�
�
:HDN�YHUWLFDO�RIIVHW�RI�SDOHR�FKDQQHOV��;�GLVWDQFH���������P��)LJ�����VKRZV�HLWKHU�WKH�ORFDO�

VWULNH–VOLS�FRPSRQHQW�RI� IDXOWV� WKDW� FURVV� WKH�EDVLQ�� RU�QRUPDO�PRWLRQV� DORQJ�WKH�IDXOW�]RQH�

WKDW�KDYH�QRW�FXPXODWHG�HQRXJK�YHUWLFDO�RIIVHW��7KLV�VXJJHVWV�HLWKHU�VWULNH–VOLS�IDXOWLQJ�LQVLGH�

WKH�EDVLQ�RU�VSDWLR�WHPSRUDO�HYROXWLRQ�RI�WKH�IDXOWLQJ��ZLWK�PRUH� UHFHQW� QRUPDO� IDXOWV� WR� WKH�

ZHVW�RI� WKH�0$%����SURILOH�WKDQ�WR�WKH�HDVW��

��������)DXOW�SDWWHUQ�WKURXJK�WKH�RIIVKRUH�RQVKRUH�1HNRU�EDVLQ�

7KURXJK�WKH�RIIVKRUH�1HNRU�EDVLQ��)����)����)����DQG�)����)LJ����D�E�DQG�����DUH�D�VHW�RI�

UHJXODUO\�VSDFHG�1:– 6(�ZHVW�GLSSLQJ�IDXOW�WUDFHV�REVHUYHG�RQ�WKH�VHDIORRU�DQG� GHYLDWLQJ�

PDULQH�LQFLVLRQV��)LJ�������7KH�DYHUDJH�D]LPXWK� RI�WKRVH�IDXOWV�LV�1���������7KHVH�IDXOWV�

SURGXFH��–��P� YHUWLFDO�RIIVHWV�ZLWK�QRUPDO�FRPSRQHQW��7KH�)���FRQWLQXHV�VRXWKZDUGV�DV�

WKH�IDXOW�VSOD\V� WKURXJK�PRUH�16�IDXOWV� DQG�EHFRPHV�GLIILFXOW�WR�IROORZ��7KH�)���IDXOW�

RXWFURSV�DV� D� ����NP�ORQJ� VHJPHQW�� 9HUWLFDO� VKLIWV� RI� WKH� VHDIORRU� EHFRPH�KDUGHU�WR�

REVHUYH�WR�WKH�HDVW�RI�)���ZKHUH�QRUPDO�IDXOWV�DSSHDU�WR�EH�FDSSHG�E\�D�07'��)LJ�������$W�
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WKHQ�QRUWK�HDVWHUQ�ERXQGDU\�RI�WKH�1HNRU�EDVLQ��1�����ZHVW�GLSSLQJ�QRUPDO� IDXOWV� IRUP� WKH�

NLORPHWUH�ZLGH�QRUWKHUQ�SURORQJDWLRQ�RI�WKH�7URXJRXW�IDXOW�]RQH��;�GLVWDQFH��������–�������

P��EXULDO�����PV�WZWW��)LJ������7KRVH�IDXOWV�GR�QRW�VKLIW�WKH�VHDIORRU�DQG�DSSHDU�WR�EH�EXULHG�

XQGHU� ��–��� PV� WZWW� RI� VHGLPHQWV�� $W� GHSWK�� WKH� JUDEHQ� VWUXFWXUH�ZLWKLQ� WKH�1HNRU�EDVLQ�

IDXOWV�ZDV�LOOXVWUDWHG�SUHYLRXVO\�E\�&DOYHUW�HW� DO����������6KDOORZ�QRUPDO�IDXOWV� REVHUYHG�RQ�

WKH� 723$6����� SURILOH� FRXOG� FRUUHVSRQG� WR� WKH� QRUPDO� IDXOWV� ZLWK� NLORPHWUH� LQ� VSDFLQJ��

YLVLEOH�LQ�WKH�GHHSHU�SHQHWUDWLRQ�,='���LQGXVWULDO�SURILOH��)LJ�� ��F���

�
�

���ǯȱ ŗŘǯȱ6KDGHG�EDWK\PHWU\�RI�WKH�RIIVKRUH�SDUW�RI�WKH�1HNRU�EDVLQ��)��WR�)����IDXOW�WUDFHV��OV��ODQGVOLGHV��6%��
VKHOI�EUHDN��%��EXOJH��0,��PDULQH�LQFLVLRQ��EODFN�OLQHV��LVREDWKV��,QVHWV��7RSRJUDSK\�DORQJ�WKH�$�$¶��%�%¶��&�&¶�
DQG�'�'¶� WUDQVHFWV��

7KH�QHZ�VWUXFWXUDO�PDS�IRU�WKH�RIIVKRUH�1HNRU�EDVLQ�LV�VKRZQ�LQ�)LJ�����,W�VKRZV�WKH�JHRPHWU\�

RI�WKH�IDXOWV�DFURVV�WKH�1HNRU�EDVLQ�DQG�DORQJ�LWV�HGJHV��)LJ�� ����7KUHH�IDPLOLHV� RI� IDXOWV� FDQ�

EH�GLVWLQJXLVKHG� �)LJ������ ���� WKH�%RXVHNNRXU–$JKEDO�IDXOW�]RQH�DQG�WKH�%RNNR\D�IDXOW�]RQH��

VWULNLQJ�EHWZHHQ�1����DQG�1��������DFURVV�WKH�EDVLQ�� WKH�GLVWULEXWHG�QRUPDO�IDXOWV�WKDW�VWULNH�

URXJKO\�1�����DQG�����WKH�7URXJRXW�1–6�IDXOW�]RQH�WKDW�GHILQHV� WKH� ERXQGDU\� EHWZHHQ�WKH�

3OLR�4XDWHUQDU\�GHSRVLWV� RI� WKH�EDVLQ� DQG� WKH�YROFDQRFODVWLF� IDFLHV� RI�5DV�7DUI��)LJ������

,Q�WKH�RIIVKRUH�SDUW�RI�WKH�1HNRU�EDVLQ��1:–6(�QRUPDO�IDXOWV�DIIHFW�WKH�VHDIORRU�DQG�FRQWLQXH�

WRZDUGV� WKH� FRDVWOLQH�� 7KRVH� IDXOWV� DUH� QRW� REVHUYHG� RQVKRUH�� ,W� FRXOG� EH� EHFDXVH� ���� WKH�

YHUWLFDO� FRPSRQHQW� RI� WKH� GHIRUPDWLRQ� LV�GLVWULEXWHG�RYHU�D�JUHDW�QXPEHU�RI�QRUPDO� IDXOWV��
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ORZHULQJ� WKH� YHUWLFDO� GHIRUPDWLRQ� UDWHV� RI� HDFK� LQGLYLGXDO� IDXOW�� ���� WKH� UHFRUG� RI� D� IDXOW�

YHUWLFDO� RIIVHW� KDV� SUREDEO\� EHHQ� HUDVHG� E\� DHULDO�� VXE�DHULDO� HURVLRQ�GXULQJ� ORZVWDQGV� DQG�

VRLO� HURVLRQ� GXULQJ� WKH� UHODWLYH� VHD�OHYHO� ULVH� �5DELQHDX� HW� DO��� ������ =HFFKLQ� HW� DO��� ������

���� WKH� VHGLPHQWDU\�VXSSO\�RQVKRUH�LV�JUHDWHU�WKDW�WKH�FXPXODWHG� YHUWLFDO�GHIRUPDWLRQ�RQ�WKH�

IDXOWV��
�

����� ',6&866,21�

������� ,QKHULWHG�IDEULFV�DQG�SUHVHQW�GD\�JHRPHWU\� RI�WKH�1HNRU�%DVLQ�

7R� WKH� QRUWKZHVW� RI� WKH� 1HNRU� EDVLQ�� WKH� %RXVHNNRXU– $JKEDO� DQG�%RNNR\D� IDXOW� ]RQHV�

FRQVLVWV�RI�VHYHUDO�ULJKW�� VWHSSLQJ� NLORPHWUH�ORQJ� IDXOWV� YLVLEOH� DW� WKH� VHDIORRU� �)LJ�� ��DQG�

����� $V�ZH� GR� QRW� REVHUYH� DQ\�PDMRU� WHFWRQLF� VWUXFWXUH� LQ� WKH� QRUWKHUQ� YLFLQLW\� RI� WKH�

%RNNR\D� IDXOW�]RQH��ZH�FRQVLGHU�WKDW�WKLV�IDXOW�]RQH�FRUUHVSRQGV�WR�WKH�DFWLYH�QRUWK�ZHVW�OHIW�

ODWHUDO�ERXQGDU\�RI�WKH�1HNRU�3OLR�4XDWHUQDU\� EDVLQ��:H� LQWHUSUHW� WKH� ���NP�ORQJ� VKHDU� DV�

WKH�QRUWKHUQ�3ULQFLSDO�'LVSODFHPHQW�=RQH��3'=��RI�WKH�1HNRU�EDVLQ��)LJ�� ��D���H�J��0F&OD\�

	�'RROH\��������� 7KH�HDVWHUQ�ERXQGDU\�RI� WKH�1HNRU�EDVLQ� LV�D����NP�ORQJ� 1–6�IDXOW�]RQH�

UXQQLQJ� IURP� WKH�1HNRU� IDXOW� WR� WKH� VRXWKHUQ� WLS� RI� WKH� $O�,GULVVL� IDXOW� DQG� LQFOXGLQJ� WKH�

7URXJRXW� DQG� WKH�%RX�+DGGDG� IDXOWV� �)LJ�� ��D��� 7KRVH� ODVW� WZR� IDXOWV� DUH� URXJKO\� SDUDOOHO�

WR� WKH� (O�+DPPDP� IDXOW�WR�WKH�:HVW�DQG�WRJHWKHU�UHSUHVHQW�WKH�DFWLYH�PDVWHU� IDXOWV� RI� WKH�

1HNRU� EDVLQ� �H�J�� 5DKH� HW�DO��� ������� 7KH�JHRPHWU\�RI�WKH�WHFWRQLF�1HNRU�EDVLQ�LV�WKHUHIRUH�

UKRPERKHGUDO�LQ�VKDSH��

$ORQJ�WKH�QRUWKHUQ�3'=��WKH�SDWWHUQ��H�J��1D\ORU�HW�DO���������RI�ULJKW�VWHSSLQJ�VHJPHQWV�RYHU�

D� ���NP�ORQJ� DQG� �–����NP�ZLGH� IDXOW� ]RQH�� WRJHWKHU� ZLWK� D� ZHDN� YHUWLFDO� RIIVHW� RI� WKH�

�����0D�UHIOHFWRU��)LJ�� ��� LQGLFDWH�D�VLQLVWUDO� NLQHPDWLF� RI� WKH� VKHDU� ]RQH� �)LJV� �� DQG� �����

:LWKLQ� WKH�IDXOW�]RQH�� WKH� VXEVLGHQFH�PDUNV� WKH�SDUWLWLRQLQJ�RI� WKH�GHIRUPDWLRQ�EHWZHHQ�WKH�

VLQLVWUDO� VOLS� FRPSRQHQW� DQG� WKH� H[WHQVLRQDO� GLS–VOLS� YHUWLFDO� FRPSRQHQW� LQVLGH� WKH�

VHGLPHQWDU\�FRYHU��7KH�JHRJUDSKLF�GLVSRVLWLRQ�RI�WKH�1(–6:�IDXOWV�FDQ�EH�LQWHUSUHWHG�HLWKHU�

DV�HQ�HFKHORQ�5�VKHDU� �H�J��:LOFR[�HW� DO����������RU�IURP�UHFHQW�DQDORJRXV�PRGHOOLQJ�� DV� HQ�

HFKHORQ� PDUJLQDO� IDXOWV� LQ� D� WUDQVWHQVLRQDO� SXOO�DSDUW� FRQWH[W� �:X� HW� DO��� ������� 7KH�

FRPSUHVVLYH�IORZHU�VWUXFWXUH�DW�WKH�VRXWKHUQ�WLS�RI�WKH�%RNNR\D�IDXOW�LV�UHODWHG�WR�D�UHVWUDLQLQJ�

VWHS�RYHU�EHWZHHQ�WZR�ULJKW�VWHSSLQJ�1�����VHJPHQWV��FRPSDWLEOH�ZLWK�WKH�VLQLVWUDO�VOLS�RI�WKH�

IDXOW�]RQH��)��DQG�)���)LJV���DQG�����,QVLGH�WKH�UHOD\�� WKH�JHRPHWU\�RI�WKH�UHIOHFWRU�SDFNDJHV�
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LV� SUREDEO\� GXH� WR� WKH� FRPELQHG� HIIHFWV� RI� WKH� GLVWULEXWLRQ� RI� WKH� GHIRUPDWLRQ� DFURVV� WKH�

IORZHU�VWUXFWXUH�DQG�WKH�VHGLPHQWDU\�VXSSO\�RYHUFRPLQJ�SHULRGLFDOO\�WKH�WHFWRQLF�JURZWK���

�

���ǯȱŗřǯȱ6KDGHG�EDWK\PHWU\�RI�WKH�7URXJRXW�)DXOW�]RQH��6:��VHGLPHQW�ZDYHV��)���WR�)����I���IDXOWV��

$V� VKRZQ� E\� DQDORJRXV� PRGHOOLQJ� �H�J�� 1D\ORU� HW� DO��� ������ 0F&OD\� 	� 'RROH\�� ������

5LFKDUG� HW� DO��� ������� WKH� XQ�DQDVWRPRVHG� 5LHGHO�VKHDU� SDWWHUQ� RFFXUV� LQ� WKH� VHGLPHQWDU\�

FRYHU�ZKHQ� WKH� GLVSODFHPHQW� DORQJ� D� EDVDO� GLV�� FRQWLQXLW\�� DQG� WKH� WRWDO� VWUDLQ� DSSOLHG� RQ�

WKH� VDQG�ER[� PRGHO�� DUH� VPDOO�� 7KH� VLPLODU� JHRPHWU\� RI� WKH� IDXOWV�REVHUYHG�DW�WKH�VHDIORRU�

VXJJHVWV�D�UHFHQW�DFWLYDWLRQ�RI�WKH�%RNNR\D�IDXOW�DV�D�ZUHQFK�IDXOW��&RQVHTXHQWO\��ZH�LQWHUSUHW�

WKH�HQ�HFKHORQ�%RNNR\D�IDXOW�VHJPHQWV�DV�HYLGHQFH�RI�DQ�LQKHULWHG�FUXVWDO�VFDOH�IDXOW�WKDW�VWULNHV�

1����� �)LJ�� ��E���$V�VXJJHVWHG�E\�&DOYHUW�HW� DO�� �������� WKH� GLUHFWLRQ�RI�WKH�%RNNR\D�IDXOW�

]RQH�LV�SDUDOOHO�WR�WKH�1HNRU� IDXOW�� ZKLFK� WKHUHIRUH� FRUUHVSRQGV� WR� WKH� VRXWKHUQ� 3'=� �)LJ��

��D���$VHEUL\�HW� DO����������$V�LQ�PDQ\�WUDQVWHQVLYH�
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DUHDV� �H�J�� $OOHQ� HW� DO��� ����� IRU� WKH� %RKDL� EDVLQ�� +|O]HO�HW� DO��������IRU�WKH�9LHQQD�EDVLQ��

DQG�WKH�UHYLHZ�RI�0DQQ�� ������� LW�DSSHDUV� WKDW� LQKHULWHG�IDEULFV�FRQWURO�WKH�JHRPHWU\�RI� WKH�

1HNRU� EDVLQ�� ,QGHHG�� WKH� 1HNRU� IDXOW� LV� D�PDMRU� VWUXFWXUDO� OLPLW� EHWZHHQ� WKH� .HWDPD� DQG�

7HPVDPDQH�8QLWV� �)LJ�� �F�� �&KDORXDQ�	�0LFKDUG��������0LFKDUG�HW� DO���������%HQ]DJJDJK�

HW� DO����������6LPLODUO\��ZH�SURSRVH�WKDW�WKH�%RNNR\D�EDVHPHQW�IDXOW��ZKLFK�LV�SDUDOOHO�WR� WKH�

1HNRU�IDXOW�DQG�WR�WKH�PDMRU�VRXWK�HDVW�YHUJLQJ�WKUXVW�RQVKRUH��UHXVHV�LQKHULWHG�$OSLQH�WKUXVWV�

RU�7RUWRQLDQ�1(–6:�ZUHQFK�IDXOWV�DW�GHSWK��7KH�3'=V�RI�WKH�1HNRU�EDVLQ� DUH� OLNHO\� WR� EH�

ORFDOL]HG� RQ�ZHDN� LQKHULWHG� VWUXFWXUDO�GLVFRQWLQXLWLHV��

�
���ǯȱ ŗŚǯȱ �D�� 6FKHPDWLF� VWUXFWXUDO� PDS� RI� WKH� UHFHQW� WHFWRQLF� VWUXFWXUHV� RI� WKH� 1HNRU� EDVLQ�� 3'=�� SULQFLSDO�
GLVSODFHPHQW� ]RQH�� UHG� IDXOWV�� DFWLYH� IDXOWV�� WKLFN� EODFN� DUURZV�� KRUL]RQWDO� VWUHVV� GLUHFWLRQ�� ı+�� PD[LPXP�
KRUL]RQWDO�VWUHVV��ıK��PLQLPXP�KRUL]RQWDO�VWUHVV��$EEUHYLDWLRQV�DV�LQ�)LJ�����,QVHW��GLUHFWLRQ�RI�WKH�$IULFD–(XUDVLD�
FRQYHUJHQFH�IURP�3DODQR�HW� DO����������E��6FKHPDWLF�GUDZLQJ�RI�WKH�RIIVKRUH�SDUW� RI� WKH�1HNRU�EDVLQ�DQG� LWV�
DGMDFHQW�VKDOORZHVW�WHFWRQLF�VWUXFWXUHV��7�I���WURXJRXW�IDXOW��%ODFN�$UURZ��KRUL]RQWDO�VWUHVV�GLUHFWLRQ��*UH\�DUURZ��
ODWHUDO�SOD\�DORQJ�VWULNH�VOLS�IDXOW�]RQH��ı+��PD[LPXP�KRUL]RQWDO�VWUHVV��ıK��PLQLPXP�KRUL]RQWDO�VWUHVV��7KH�1�����
GLUHFWLRQ�RI�WKH�EDVHPHQW�IDXOW�LV�LQWHUSUHWHG�IURP�WKH�JHQHUDO�WUHQG�RI�WKH�HQ�HFKHORQ�5�VKHDU�DW�WKH�VXUIDFH������Ǳȱ
6LPSOLILHG�VFKHPH�RI�WKH�1HNRU�EDVLQ��5��5�VKHDU�DERYH�D�VLQLVWUDO�EDVHPHQW�IDXOW��GDVKHG�OLQH���*UH\�VXUIDFH��
$IULFD�EORFN��ZKLWH�VXUIDFH��%HWLFR��5LILDQ�EORFN�DQG�WKH�1HNRU�EDVLQ��WKLFN�ZKLWH�DUURZ��GLUHFWLRQ�RI�HORQJDWLRQ�
RI�WKH�1HNRU�EDVLQ��

�

������� 6WUXFWXUDO�HYROXWLRQ�RI�WKH�1HNRU�EDVLQ�

7KH�KLJKHU�VXEVLGHQFH�DQG�WKH�LQWHQVH�VHLVPLF�DFWLYLW\�LQ� WKH�ZHVWHUQ�SDUW�RI�WKH�1HNRU�EDVLQ�

VXJJHVW�D�KLJKHU�VWUDLQ�LQ�WKH�ZHVWHUQ�DUHD�DW�SUHVHQW�GD\��(DVW�RI�WKH�7URXJRXW�IDXOW��QRUPDO�

IDXOWV�DSSHDU�QRW� WR�RIIVHW� WKH�VHDIORRU��7KH� GHSWK�RI� WKH�GHSRFHQWUH�RI� WKH�3OLR�4XDWHUQDU\�
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VHTXHQFH� LV�PD[LPXP�DW�WKH�IRRW�RI�WKH�7URXJRXW�IDXOW�ZLWK�D�����V� WZWW�YHUWLFDO�RIIVHW�RI�WKH�

EDVHPHQW��)LJ�� ��F���

7KH� JHRPHWU\� RI� WKH� EDVHPHQW� LQGLFDWHV� DV\PPHWULF�GHSRFHQWUH��LQ�D�YHU\�VLPLODU�ZD\�WR�WKH�

RQVKRUH�FURVV�VHFWLRQ�WKDW�ZDV�LOOXVWUDWHG�E\�*DOLQGR�=DOGtYDU�HW� DO����������7KH� H[WHQVLRQDO�

GHIRUPDWLRQ� RI� 8�� DQG� 8�� �)LJ�� ��� DQG� LQDFWLYH� IDXOWV� HDVW� RI� WKH� 7URXJRXW� IDXOW� DUH�

FRPSDWLEOH� ZLWK� WKH� UHVXOWV� RI� RQVKRUH� ILHOG� VWXGLHV� VKRZLQJ� D� 3OLR�4XDWHUQDU\� (–:�

H[WHQVLRQ� �H�J��$LW�%UDKLP�	�&KRWLQ��������*DOLQGR�=DOGtYDU�HW�DO����������7KH�H[WHQVLRQDO�

GHIRUPDWLRQ� RI�8�� DQG�8�� LV� GLVWULEXWHG� RYHU� D� JUHDW�QXPEHU�RI�IDXOWV��DQG�LV�QRW�ORFDOL]HG�

ZLWKLQ�WKH�SUHVHQW��GD\�OLPLWV�RI�WKH�EDVLQ��)LJ������7KH�DJH�RI�WKH�XQLWV�8��DQG�8��VXJJHVWV�

WKDW� WKH� SXOVH� RI� VKRUWHQLQJ� DURXQG� ����–�����0D� RQ� WKH� $OERUDQ� 5LGJH� DQG� LQ� WKH�

6RXWK� $OERUDQ�%DVLQ� LV�FRQFRPLWDQW�ZLWK�WKH�REVHUYHG�H[WHQVLRQ� LQ� WKH� 1HNRU� EDVLQ�

�0DUWtQH]�*DUFtD�HW�DO����������7KLV�WHFWRQLF�HSLVRGH�VHHPV�WR�EH�RYHU�DURXQG������0D��RUDQJH�

VXUIDFH�)LJ������ZKHQ�WKH�GHIRUPDWLRQ�RI�8��LV�ORFDOL]HG�RQ�WKH�7URXJRXW�IDXOW�]RQH�DW�WKH�

QRUWK�RI� WKH�1HNRU�EDVLQ�DQG�RQ�WKH�%RNNR\D�IDXOW�]RQH��)LJ�� ����7KH�WKLFN��QHVV�YDULDWLRQ�

LQ�UHIOHFWRU�SDFNDJHV�LQGLFDWHV�WKDW�WKH�VXEVLGHQFH�EHFRPHV�WKHQ�PRUH�LPSRUWDQW�LQ�WKH�ZHVWHUQ�

SDUW�RI�WKH�1HNRU�%D\�WKDQ�LQ�WKH�HDVWHUQ�SDUW��)LJ�� ����

7KH�IDPLOLHV�RI�1:–6(�DQG�5�6KHDU�SURGXFH�WKH�PRVW�LPSRUWDQW�YHUWLFDO�RIIVHWV�RI�WKH�VHDEHG�

DQG� RI� WKH� EDVHPHQW� LQ� WKH� YLFLQLW\� RI� %RNNR\D� IDXOW� ]RQHV� ZKHUH� WKH� PRVW� LPSRUWDQW�

DPRXQW�RI� WKH� VHLVPLFLW\� LV� UHFRUGHG� �)LJV�� �E���(DVWZDUG�� WKH� VSOD\V� IDXOWV� DW� WKH�QRUWKHUQ�

WLS� RI� WKH� 7URXJRXW� IDXOW� DUH� EXULHG� XQGHU� ��–���PV� WZWW��ZKLFK� DPRXQWV� WR� DURXQG� ��P�

RI� VHGLPHQWV� �)LJ������ ,I�ZH�FRQVLGHU�DQ�DYHUDJH�VHGLPHQWDWLRQ�UDWH�RI�����PP�\U��0DUWtQH]�

*DUFtD�HW�DO����������WKHUH�LV�QR�UHFRUG�RI�WHFWRQLF�DFWLYLW\�RQ�WKHVH�IDXOWV�VLQFH���–���N\��DW�

WKH� VFDOH�RI� WKH� VHLVPLF� UHIOHFWLRQ�� 2XU� UHVXOWV� DUH� LQ� DJUHHPHQW�ZLWK�3RXMRO�HW�DO���������

ZKLFK�VKRZV��EDVHG�RQ�FRVPRJHQLF�LVRWRSHV�DQDO\VLV�RQ�WKH�IDXOW�PLUURU�RI�WKH�7URXJRXW�IDXOW��

LQGLFDWLRQV� RI� D� UHJXODU� GHFUHDVH� LQ� WKH� VOLS� UDWH� RQ� WKH� 7URXJRXW� IDXOW� VLQFH� WKH� 0LGGOH�

3OHLVWRFHQH��7KH�FRQQHFWLRQ�RI�)���DQG�)���WR�WKH�7URXJRXW�IDXOW�VKRZ�WKDW�WKH�UHFHQW�1:–

6(�IDPLO\�RI�QRUPDO�IDXOWV�SRVW�GDWHV�WKH�1�6� 7URXJRXW� IDXOW�� DQG� E\� H[WHQVLRQ� WKH� UHJLRQDO�

1–6�VWUXFWXUHV��)LJV����DQG���E���7KH�FKDQJH�LQ�RULHQWDWLRQ�RI�WKH�QRUPDO�IDXOWV�LV�FRPSDWLEOH�

ZLWK� D� ORFDO� FRXQWHU�FORFNZLVH� URWDWLRQ� RI� WKH� VWUHVV� ILHOG� �$LW�%UDKLP�	�&KRWLQ�� ������

3DODQR�HW�DO���������DQG�ZLWK�WKH�QRUPDO�VLQLVWUDO�PRWLRQ�DORQJ�WKH�7URXJRXW�IDXOW�RQVKRUH�

�3RXMRO�HW�DO���������7KH�VXE�EDVLQ�ERXQGHG�E\�)��–)���LV�ZLGHU�WRZDUGV�WKH�7URXJRXW�IDXOW�

�)LJ�� ��� DQG������ZKLFK� VXJJHVWV�� WKDW� WKH�QRUPDO�IDXOWV�FDQ�DFFRPPRGDWH�SDUW�RI�WKH�UHFHQW�

REOLTXH�PRWLRQ� DORQJ� WKH� RIIVKRUH�RQVKRUH� VHJPHQW� RI� WKH� 7URXJRXW� IDXOW�� GHVSLWH� WKH� ODFN�
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RI� UHFRUGLQJ� RI� RQVKRUH� DFWLYLW\� �H�J��6WLFK�HW� DO���������YDQ�GHU�:RHUG�HW� DO��� ������� :H�

FRQFOXGH� IURP� WKH� LQWHUSUHWDWLRQ� RI� VHLVPLF� SURILOHV� WKDW� WKHUH� LV�D�FRQWLQXRXV�SUHVHQW�GD\�

VXEVLGHQFH�LQ�WKH�ZHVWHUQ�SDUW�RI�WKH�EDVLQ��7KH�H[WHQVLRQ�VHHPV�OHVV�DFWLYH�DQG�FRQWLQXRXV�LQ�

WKH�HDVWHUQ�SDUW�RI�WKH�EDVLQ��DQG�VHHPV�UHODWHG�WR�WKH�DFWLYLW\�RI�WKH�7URXJRXW�IDXOW��

7KH�REOLTXLW\� RI� WKH� DFWLYH�1:–6(�QRUPDO� IDXOWV� LQ�WKH�EDVLQ�EHWZHHQ�WKH�QRUWKHUQ�3'=�

DQG�WKH�PDVWHU�IDXOWV��L�H��WKH�7URXJRXW�IDXOW��FOHDUO\�GHPRQVWUDWHV�WKH�WUDQVWHQVLRQDO�EHKDYLRU�

RI� WKH�1HNRU�EDVLQ� �)LJV� ��DQG������H�J��:X�HW� DO����������$�ZHDN�EDVDO�GHWDFKPHQW�OHYHO�LV�

QHFHVVDU\� WR� FUHDWH� D� UROO�RYHU� VWUXFWXUH� ZLWKLQ� WKH� PDVWHU� IDXOWV� RI� D� SXOO�DSDUW� EDVLQ� LQ�

DQDORJRXV�PRGHOOLQJ� �H�J��5DKH�HW� DO���������:X�HW� DO����������7KH�DV\PPHWU\� RI�WKH�EDVLQ�

LV�FRPSDWLEOH�ZLWK�VXFK�UROO�RYHU�JHRPHWU\�DW�GHSWK� LQ�DFFRUGDQFH�ZLWK�D�FUXVWDO�GHWDFKPHQW�

REWDLQHG� DURXQG� �–��� NP� IURP� WRPRJUDSK\� VWXG\� IURP� �YDQ� GHU�:RHUG� HW� DO��� ������� 7KH�

7URXJRXW� IDXOW� OLPLWV� WKLV� UROO��RYHU�VWUXFWXUH�WR�WKH�HDVW��7KH�H[WHQVLRQ�FDQ�EH�D�GHWDFKPHQW�

URRWHG�RQ�DQ�LQKHULWHG�GLVFRQWLQXLW\�LQ�WKH�EDVHPHQW�(*DOLQGR�=DOGtYDU�HW�DO���������G¶$FUHPRQW�

HW�DO��������YDQ�GHU�:RHUG�HW�DO����������LQ�D�ZD\� VLPLODU� WR�ZKDW� LV� REVHUYHG� LQ� WKH� 9LHQQD�

EDVLQ� �)RGRU�� ������:X� HW�DO����������

7KH�1HNRU� EDVLQ� FDQ� WKHQ� EH� VHHQ� DV� DQ� K\EULG� WUDQVWHQVLRQDO�SXOO�DSDUW�EDVLQ�LQ�WKH�VHQVH�

RI� 5DKH� HW� DO�� �������� ZLWK� DFWLYH� 4XDWHUQDU\� 1�6� PDVWHU� IDXOWV� �L�H�� WKH� 5RXDGL� DQG� (O�

+DPPDP�IDXOWV�WR�WKH�ZHVW�DQG�WKH�7URXJRXW�%RX� +DGGDG� IDXOWV� WR� WKH� (DVW��� DQG� REOLTXH�

1:–6(�H[WHQVLRQDO�IDXOWV�LQ�WKH�EDVLQ��OLNHO\�URRWHG�RQ�D�ZHDN� OHYHO� LQ� WKH�EDVHPHQW��$V�D�

K\EULG�SXOO�DSDUW�EDVLQ�� WKH�FRQFHQWUDWLRQ�RI�VWUDLQ�DORQJ�SUHVHQW�GD\�DFWLYH�VWUXFWXUHV�LQ�WKH�

ZHVWHUQ�SDUW�RI�WKH�1HNRU�EDVLQ�FRXOG�UHIOHFW�WKH�DV\PPHWU\�RI�WKH�GHIRUPDWLRQ�UDWHV�EHWZHHQ�

WKH�ERXQGDULHV� RI� WKH�1HNRU� EDVLQ�ZLWK� LWV� DGMDFHQW� EORFNV��WKH�%HWLFR�5LILDQ�DQG�WKH�1XELD�

EORFNV�UHVSHFWLYHO\��LQVHW� )LJ�� ��E�� �5DKH� HW� DO��� ������� 7KH� HYROXWLRQ� RI� WKH� GHSRFHQWUHV�

DQG�RI� WKH� IDXOW� DFWLYLWLHV� LQGLFDWHV� WKDW� WKH�H[WHQVLRQ�LQ�WKH�EDVLQ�FRXOG�KDYH�PLJUDWHG�IURP�

WKH�HDVW�WR�WKH�ZHVW�DQG�LV�QRZ�ORFDOL]HG�LQ�WKH�ZHVWHUQ�SDUW�RI�WKH�EDVLQ�ZKHUH�WKH�HDUWKTXDNHV�

ZLWK� WKH� KLJKHVW� PDJQLWXGH� RFFXU�� 7KH� ORFDOL]DWLRQ� RI� WKH� GHIRUPDWLRQ� LQ� WKH� 1HNRU� EDVLQ�

DQG�WKH�PLJUDWLRQ�RI�WKH�GHIRUPDWLRQ�FRXOG�UHIOHFW�D�FKDQJH�LQ�WKH�ORFDO�NLQHPDWLF� LQ�D�3OLR�

4XDWHUQDU\�FRQWLQXXP�RI�H[WHQVLRQ��

�

������� 3UHVHQW�GD\�NLQHPDWLF�RI�WKH�1HNRU�%DVLQ�

$V�D�SXOO�DSDUW�EDVLQ��WKH�1HNRU�EDVLQ�HYLGHQFHV�PHFKDQLFDO� SURSHUWLHV� RI� D� WUDQVWHQVLYH� DUHD�

�)LJ����E���5HFHQW�QRUPDO�IDXOWV�FDQ�EH�XVHG�WR�GHWHUPLQH�WKH�VPDOO�D[LV�RI�WKH�VWUHVV�HOOLSVRLG�

LQ�D�VWULNH–VOLS�FRQWH[W��H�J��'RROH\�	�6FKUHXUV���������,I�ZH�K\SRWKHVL]H�WKDW�WKH�IDPLO\�RI�
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HDVW�DQG�ZHVW�GLSSLQJ�1:–6(�QRUPDO�IDXOWV�LV�D�VHW�RI�TXDVL��FRQMXJDWHG�QRUPDO�IDXOWV�LQ�DQ�

DQGHUVRQLDQ� VWUHVV� UHJLPH�� DQG� WKDW� D� FRXORPE� IDLOXUH� FULWHULD� LV� DVVXPHG�� WKHUHIRUH� WKH�

DYHUDJH�GLUHFWLRQV�RI�KRUL]RQWDO�VWUHVV�DUH�ı+� �1�������DQG�ıK� �1���������)LJ�� �G���

0RVW�VHLVPRORJLFDO�VWXGLHV�SURSRVHG�WKDW�DW�WKH�VFDOH�RI�WKH�1HNRU�EDVLQ�WKH�RULHQWDWLRQ�RI�WKH�

3� D[LV� LV� DURXQG�1������������0HGLQD�� ������&DOYHUW�HW� DO��� ������(O�$ODPL� HW� DO��� ������

%H]]HJKRXG�	�%XIRUQ�� ������ 6WLFK�HW�DO��� ������ ������ ������ 3DODQR� HW�DO��� ������ 2XVDGRX�

HW� DO��� ������ YDQ� GHU�:RHUG� HW� DO��� ������� )URP� VRPH� RI� WKRVH�VHLVPRORJLFDO�VWXGLHV�ı��LV�

RULHQWHG�11:�66(�DQG� ı��LV�RULHQWHG�1(–6:�ZLWK�D�KLJK�VWUHVV� UDWLR�� WKDW�LV�� WKH� YHUWLFDO�

VWUHVV� WHQGV� WR� EH� HTXDO� WR� WKH� PDLQ� KRUL]RQWDO� VWUHVV� �H�J��0HGLQD�� ������2XVDGRX� HW� DO���

������YDQ�GHU�:RHUG�HW�DO����������/RFDO�VWUHVV�GLUHFWLRQV�RI�PD[LPXP�VKRUWHQLQJ�REWDLQHG�

LQ� WKH� SUHVHQW� VWXG\� DUH� VLPLODU� DQG� LQ� WKH� HUURU� EDU� ZLWK� WKH� VWUHVV� GLUHFWLRQ� SUHYLRXVO\�

UHSRUWHG� IURP� &07� LQYHUVLRQ� �H�J�� 2XVDGRX� HW� DO��� �������7KH�RIIVKRUH�4XDWHUQDU\�IDXOWV�

PDSSHG�LQ�WKLV� VWXG\� DQG� RQVKRUH� DFWLYH� IDXOWV� DUH� SUREDEO\� IRUPHG� XQGHU� WKH�VDPH�VWUHVV�

D]LPXWKV�DV�WKH�RQHV�GHGXFHG�IURP�&07�LQYHUVLRQ��

+RZHYHU�� ı+� JRHV� DVWUD\� XS� WR� ���� RI� WKH� UHJLRQDO�GLUHFWLRQ�RI�FRQYHUJHQFH�REWDLQHG�E\�

'HPHWV�HW�DO���������DQG�3DODQR�HW�DO�� ������� �)LJ�� �����7KLV� UHVXOW� LPSOLHV� D�URWDWLRQ�RI�WKH�

ORFDO�VWUHVV�ILHOG�IURP�WKH�UHJLRQDO�FRQYHUJHQFH�� ,Q� DGGLWLRQ�� WKH� DQJOH� EHWZHHQ� WKH� 1�����

3'=V� DQG� WKH� 1����� SUHVHQW�GD\� GLUHFWLRQ� RI� FRQYHUJHQFH� VKRXOG� LQGXFH� GH[WUDO�

WUDQVSUHVVLRQ� LQ� WKH� 1HNRU� EDVLQ� �,QVHW�)LJ�� ��E���'HZH\��������:H� LQIHU� WKDW� WKH� VLQLVWUDO�

WUDQVWHQVLRQ�GHGXFHG� IURP�WKH�IDXOWV�SDWWHUQ�DQG�QXPHULFDO�PRGHOOLQJ�LV�FRPSDWLEOH�ZLWK� ı��

 � ı9�� ZLWK� ı+� DQG� ıK� RULHQWHG� 11:–66(�DQG�1(–6:�UHVSHFWLYHO\��)HUQDQGH]�,EDxH]�HW�

DO���������3RXMRO�HW�DO���������*DOLQGR�=DOGoYDU�HW�DO����������,QGHHG�� YHUWLFDO� VKRUWHQLQJ� DORQJ�

WKH� QRUPDO� IDXOW� VXJJHVWV�DQ�HORQJDWLRQ�RI�WKH�1HNRU�EDVLQ�RULHQWHG�1������LQ��VHW� )LJ�� ��E���

7KH� GLUHFWLRQ� RI� HORQJDWLRQ� LV� FRPSDWLEOH�ZLWK�D�GLUHFWLRQ�RI�WKH�PLQLPXP�KRUL]RQWDO�VWUDLQ�

SDUDOOHO� WR� ı+� �3DODQR� HW� DO��� ������� 7KH� 3'=V� �%RNNR\D– %RXVHNNRXU–$JKEDO�DQG�1HNRU�

IDXOW� ]RQHV�� DUH� LQKHULWHG� IURP� RURJHQLF� VWUXFWXUHV� DQG� DUH� UHDFWLYDWHG� RQ�ZHDN� VWUXFWXUDO�

GLVFRQWLQXLWLHV� ZLWK� D� VWULNH–VOLS� VW\OH�� 7KH� RULHQWDWLRQV� RI� WKH� 3'=V� ZLWK� UHVSHFW� WR� WKH�

GLUHFWLRQ�RI�WUDQVSRUW��L�H��WKH�UHJLRQDO�FRQYHUJHQFH�RU�WKH�GLUHFWLRQ�RI�5LI�HVFDSH��FRQWURO� WKH�

ORFDO� GHIRUPDWLRQ� �6DQGHUVRQ� 	�0DUFKLQL��������7H\VVLHU�HW� DO���������-RQHV�HW� DO����������

2XU� UHVXOWV� LPSO\� WKDW� WKH� (XUDVLD–$IULFD� FRQYHUJHQFH� DORQH� FDQQRW� H[SODLQ� WKH�

WUDQVWHQVLRQDO� EHKDYLRU� RI� WKH� 1HNRU�%DVLQ��7KH� WUDQVWHQVLRQDO� IDXOWLQJ� FRXOG� WKXV� LQGLFDWH�

GHHSHU�SURFHVVHV�LQ�DJUHHPHQW�ZLWK�WKH�%HWLFR�5LILDQ�EORFN�GLUHFWLRQ�RI�WUDQVSRUW��
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2XU� GDWD� VKRZ� WKDW� WKH� 1HNRU� %DVLQ� LV� ORFDWHG� LQ� DQ� DUHD� WUDQVIHUULQJ� WKH� VLQLVWUDO�

GLVSODFHPHQW�DORQJ�WKH�7$6=� WR� WKH�5LILDQ�8QLW� �)LJ������� 7KH� SDWWHUQ� DERYH�WKH�%RNNR\D�

IDXOW� ]RQH�� WKH� LQDFWLYLW\� RI� QRUPDO� IDXOWV�HDVW� RI� WKH�7URXJRXW� IDXOW�� DV�ZHOO� DV� WKH� FKDQJH�

IURP� GLVWULEXWHG�QRUPDO� IDXOWLQJ� LQ� WKH�HDUO\�3OHLVWRFHQH� WR� ORFDOL]DWLRQ� RQ� D� IHZ� 1:–6(�

QRUPDO� IDXOWV� VXJJHVWV� D� FKDQJH� LQ� WKH� ORFDO� NLQHPDWLFV� GXULQJ� WKH� 4XDWHUQDU\�� :H�

K\SRWKHVL]H��LQ�DFFRUGDQFH�ZLWK�WKH�UHVXOWV�RI�0DUWtQH]�*DUFtD�HW� DO����������WKDW�D�FRXQWHU�

FORFNZLVH�EORFN� URWDWLRQ�DORQJ�VWULNH�VOLS� IDXOWV�KDV� OHG� WR� WKH� IRUPDWLRQ�DQG�SURSDJDWLRQ�RI�

WKH� $O�,GULVVL� IDXOW� WRZDUGV� WKH� VRXWK� WR� WKH� 1HNRU� EDVLQ�� $V� D� UHVXOW�� ORFDO� FKDQJH� LQ�

NLQHPDWLFV� LQ� WKH� 1HNRU� EDVLQ�� WRJHWKHU� ZLWK� WKH� DFWLYDWLRQ� RI� WKH� QRUWKHUQ� 3'=�� FRXOG�

UHIOHFW� WKH�RQVHW�RI�WKH�SURSDJDWLRQ�RI�WKH�OHIW�ODWHUDO�7$6=� DFURVV� 5LILDQ� DOSLQH� VWUXFWXUHV��

7KH�%RNNR\D� IDXOW�LV� XVHG� DV� D� OHIW�ODWHUDO� WUDQVIHU� IDXOW� ERXQGLQJ� WKH� 1HNRU� EDVLQ� WR� WKH�

1RUWK�� 7KH� 1–6� QRUPDO� VWUXFWXUHV� DUH� UHDFWLYDWHG� DV� QRUPDO�GH[WUDO� DQG� 1:–6(� QRUPDO�

IDXOWLQJ� LQ� WKH� EDVLQ� EHFRPHV� GRPLQDQW��

,Q� ZHVWHUQ� 0HGLWHUUDQHDQ�� WKH� JHRG\QDPLF� SURFHVV� LV�PDLQO\�GULYHQ�E\� OLWKRVSKHULF�VFDOHG�

SURFHVVHV��H�J�� 3DODQR� HW� DO��� ������� 7KH� VODE� UROOEDFN� KDV� PRYHG� IURP� WKH�HDVWHUQ�SDUW�RI�

WKH�ZHVWHUQ�0HGLWHUUDQHDQ�WR�HQG� XS� ZHVWZDUG� LQWR� WKH� $O�+RFHLPD� UHJLRQ� �-ROLYHW� HW� DO���

������ )DFFHQQD� HW� DO��� ������� 5HFHQW� UHVXOWV� LQ� WRPRJUDSK\�KDYH�VKRZQ� WKDW� WKH�$OERUDQ�

VLQNLQJ�VODE�LV� GHWDFKHG� IURP� WKH� EDVH� RI� WKH� WKLQ� FUXVW� XQGHU� WKH� $O�+RFHLPD�DUHD�DQG�LV�

VWLOO�OLNHO\�WR�EH�DWWDFKHG�WR�WKH�WKLFN�FUXVW�XQGHU� WKH�5LI�0RXQWDLQV�ZHVWZDUG�DQG�VRXWKZDUG��

WKXV� FDXVLQJ� DFWLYH� PDQWOH� GHODPLQDWLRQ� DQG� FUXVWDO�WKLFNHQLQJ��)LJ�� �E���3DORPHUDV�HW� DO���

������7KXUQHU� HW� DO��� ������0DQFLOOD�	�'LD]��������3HWLW� HW� DO����������$V�GHPRQVWUDWHG�E\�

*36�PHDVXUHPHQWV�LQ�9HUQDQW� HW�DO�� ��������.RXODOL� HW�DO�� ������� DQG� 3DODQR�HW�DO����������

ZHVWHUQ�5LI�8QLWV�DUH�PRYLQJ�WRZDUGV�WKH�6:��UHODWLYH�WR�WKH�1XELD�JHRGHWLF�SODWH��)LJ���E���

,W� VXJJHVWV�WKDW�WKH�FRXSOLQJ�EHWZHHQ�WKH�$OERUDQ�VODE� DQG� WKH�5LILDQ�FUXVW�FRQWUROV� WKH�6:�

WUDQVSRUW� GLUHFWLRQ� RI� WKH� FHQWUDO� 5LI�� 6XFK� WUDQVSRUW� GLUHFWLRQ�ILWV�ZHOO� ZLWK� WKH� 1(�6:�

GLUHFWLRQ� RI� H[WHQVLRQ� GHGXFHG� LQ� WKH� 1HNRU� EDVLQ� IURP� WKH� JHRPHWU\� RI� DFWLYH� QRUPDO�

IDXOWLQJ� �)LJ�� �����7KH�PLJUDWLRQ�RI� WKH� GHIRUPDWLRQ� WRZDUGV� WKH� ZHVW� FRXOG� EH� UHODWHG� WR�

WKH� SURJUHVVLYH� ZHVWZDUG� GHODPLQDWLRQ� DQG� UROOEDFN� RI� WKH� VODE� EHQHDWK� WKH� RYHU�ULGGLQJ�

SODWH�� 7KH� PDQWOH� SURFHVV� �LQWHUQDO� G\QDPLFV�� UDWKHU� WKDQ� D� ODUJH�VFDOH� SODWH� FRQYHUJHQFH�

VHHPV�WR�H[HUW�D�SULPDU\�UROH�RQ�WKH�VXUIDFH�H[SUHVVLRQ�RI�WKH�DFWLYH� WHFWRQLFV� RI� WKH� VRXWKHUQ�

PDUJLQ� RI� WKH�$OERUDQ��
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1HZ� GDWD� DFTXLUHG� RIIVKRUH� QRUWKHUQ� 0RURFFR� SURYLGH� QHZ� LQVLJKWV� LQWR� WKH�4XDWHUQDU\�

WHFWRQLF�HYROXWLRQ�RI�WKH�1HNRU�EDVLQ��:H�KDYH�VKRZQ�KHUH�WKDW��

7KH�1HNRU�EDVLQ�LV�D�WUDQVWHQVLRQDO�EDVLQ�ZKLFK�LV�UKRPERKHGUDO�LQ�VKDSH��7KH�EDVLQ�LV�DIIHFWHG�

E\�QRUPDO�IDXOWV�WKDW�WUHQG�1������7KRVH�QRUPDO�IDXOWV�DUH�PRUH�UHFHQW� WKDQ� WKH�16� IDXOW� WR�

ZKLFK� WKH\� FRQQHFW�� DQG�WKH\�DUH�SDUDOOHO� WR� WKH�$MGLU�,P]RXUHQ� IDXOW�RQVKRUH��7KH�DYHUDJH�

1����IDXOW�WUDFHV�RQ�WKH�VHDIORRU�GHILQH�D�FRQWLQXRXV�VKHDU�]RQH�ZKLFK�SUREDEO\�FRQQHFWV�WR�

WKH� $O�,GULVVL� IDXOW� ]RQH� WR� WKH� QRUWK� DQG� LV� WKH� QRUWKHUQ� 3'=�RI�WKH�1HNRU�EDVLQ��7KH�

NLQHPDWLFV�RI�WKH�HQ�HFKHORQ� VWULNH–VOLS� IDXOW� ]RQH� LV� VLQLVWUDO�� 7KLV� VKHDU� ]RQH�DSSHDUV� WR�EH�

WKH� WUDFH� DW� WKH� VHDIORRU� RI� D� EDVHPHQW� IDXOW�ZKLFK� UXQV�SDUDOOHO� WR� WKH�1����1HNRU� IDXOW��

7KHVH� VWUXFWXUHV� UHSUHVHQW� WKH� PDLQ� GLVSODFHPHQW� ]RQHV� DQG� WKH� QRUWKHUQ� DQG� VRXWKHUQ�

ERXQGDULHV�RI�WKH�1HNRU� WUDQVWHQVLRQDO� EDVLQ� UHVSHFWLYHO\�� 7KHVH� 3'=V� DUH� SDUDOOHO� WR� WKH�

1:–6(� GLUHFWLRQ� RI�$OSLQH� VWUXFWXUHV��

7KH�JHRPHWU\�RI�WKH�1HNRU�EDVLQ�LPSOLHV�D�GHWDFKPHQW� DW�WKH�EDVHPHQW�OHYHO��&RQVHTXHQWO\��

WKH� 1HNRU� EDVLQ� LV� OLNHO\� WR� EH� DQ� K\EULG� EDVLQ� ZLWK�PDVWHU� IDXOWV� WKDW� ZHUH� DFWLYH� LQ� WKH�

4XDWHUQDU\��7KH�PLJUDWLRQ�RI�WKH�GHSRFHQWUH�IURP�WKH�HDVWHUQ�SDUW�RI�WKH�EDVLQ�ZHVWZDUG�PD\�

UHIOHFW� WKH� DV\PPHWU\� RI� WKH� GHIRUPDWLRQ� UDWHV� DW� WKH� ERXQGDULHV� RI� WKH� 1HNRU� EDVLQ�� LQ�

DJUHHPHQW�ZLWK� WKH�FKDQJH�LQ�WKH�GLUHFWLRQ�RI�WKH�*36�YHFWRUV�DW�ERWK�VLGHV�RI�WKH�EDVLQ��

7KH�QHWZRUN�RI�1�����QRUPDO�IDXOWV� LV�DFWLYH��LQGLFDWLQJ�WKH�ORFDO�GLUHFWLRQ�RI�WKH�VWUHVV��ı+�

 � 1������ ıK�  � 1�������DQG� LV�FRPSDWLEOH�ZLWK�WKH�RQH�GHGXFHG� IURP� ORFDO� LQYHUVLRQ� RI�

PRPHQW� WHQVRUV�� ,W� VXJJHVWV� WKDW� WKHUH� LV� QR� VKRUW�WHUP� URWDWLRQ� RI� WKH� VWUHVV� ILHOG�� 7KH�

WUDQVWHQVLRQDO� SDWWHUQ� LQGLFDWHV� YHUWLFDO� VKRUWHQLQJ� RI� WKH� 1HNRU� EDVLQ�� 7KH� WUDQVWHQVLRQ�

DQG� WKH�1(–6:� RULHQWDWLRQ� RI� WKH� 3'=� DUH� QRW� FRPSDWLEOH� ZLWK� WKH� UHJLRQDO� GLUHFWLRQ� RI�

FRQYHUJHQFH��1(–6:� IDXOWV� SRVW�GDWH� WKH�1–6�7URXJRXW�IDXOW��7KH�1HNRU�EDVLQ�DSSHDUV� WR�

KDYH� XQGHUJRQH� FRXQWHU�� FORFNZLVH�URWDWLRQ�RI�WKH�VWUHVV�GLUHFWLRQ�EHWZHHQ������0D� DQG� WKH�

SUHVHQW�SHULRG��7KH�DFWLYH� UROO�EDFN�DQG�GHWDFKPHQW�RI� D�SDUW�RI� WKH�7HWK\DQ� VODE� DW� WKH�$O�

+RFHLPD�UHJLRQ�LQ�DQ�RURJHQLF�EDFN�DUF�FRQWH[W�FRXOG� H[SODLQ� WKH� DFWLYH� VXEVLGHQFH� DQG� WKH�

WUDQVWHQVLYH� WHFWRQLFV�LQ� WKH�1HNRU� EDVLQ��0DQWOH�G\QDPLFV�� PRUH� WKDQ� WKH� $IULFD–(XUDVLD�

FRQYHUJHQFH��DSSHDUV�WR�EH�WKH�PDLQ�FRQWURO�RI� WKH� WUDQVWHQVLRQDO�VXUIDFH�GHIRUPDWLRQ� LQ�WKH�

RYHU�ULGGLQJ� SODWH� DW� WKH� VRXWKHUQ�PDUJLQ�RI�WKH�$OERUDQ�'RPDLQ��
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:H�WKDQN�*��(UFLOOD��%��(O�0RXPQL�DQG�$��%HQMRXDG�IRU�DIILUPDWLYH�KHOS�WR�WKH�SURJUDP��WKH�

0RURFFDQ�DXWKRULWLHV� DQG�$1&)&&� IRU� WKH�*36� GDWD�� DQG�'3'30� IRU� WKH� WLGH�JDXJH�

GDWD��7KH�&156�,168�SURYLGHG�PDULQH� IDFLOLWLHV��7KLV�ZRUN�ZDV�IXQGHG�E\�WKH�)UHQFK�

SURJUDP�$FWLRQV�0DUJHV�� WKH� /DEH[0(5� µ,QYHVWPHQW� IRU� WKH�IXWXUH¶��$15����/$%;�

�������� WKH�(852)/((76�SURJUDP� �)3������������� Q���������� SURMHFW� ),&76�����

�������7KH�SURFHVVHG�VHLVPLF�GDWD�ZHUH�LQWHUSUHWHG�WKDQNV�WR�WKH�.LQJGRP�6XLWH�VRIWZDUH��

:H� WKDQN� WKH� HGLWRU�&��(ELQJHU�� DQG� WKH�UHYLHZHUV� 6��&HUDPLFROD��0��$��*XWVFKHU�DQG�

DQ�DQRQ\PRXV�UHYLHZHU�ZKR�KHOSHG�XV�WR�HQKDQFH�WKH�TXDOLW\�RI�WKLV�DUWLFOH��

������&21)/,&7�2)�,17(5(67�

1R�FRQIOLFW�RI�LQWHUHVW�GHFODUHG��
�

�

������5()(5(1&(6�

'¶$&5(0217�� (��� $/2162�� %��� (5&,//$�� *� �	� 9$1'253(�� 7����������$FWLYH�6HGLPHQWDWLRQ�DQG�
7HFWRQLFV�LQ�WKH�6RXWK�$OERUDQ�6HD��3UHOLPLQDU\�5HVXOWV�RI�WKH�0DUOERUR�DQG�6DUDV�6XUYH\V��
'¶$&5(0217��(���*876&+(5��0��$���5$%$87(��$���GH�0(5&,(5� /(�3,1$<��%��� /$)266(��0���
32257�� -��� $00$5�� $��� 7$+$<7��$���/(� 52<��3���60,7��-���'2� &2872��'���&$1&28(¼7��5���
358��1,(5��&���(5&,//$��*��	�*25,1,��&���������+LJK�UHVROXWLRQ�LPDJHU\�RI�DFWLYH�IDXOWLQJ�RIIVKRUH�$O�
+RFHLPD��1RUWKHUQ�0RURFFR��7HFWRQRSK\VLFV����������±�����
$wW�%5$+,0�� /�� �������0LJUDWLRQ� 'HV� $LUHV� 'H� 6XEVLGHQFH�0D[LPXP�(W�5HRULHQWDWLRQ�'H�/D�'LUHFWLRQ�
'X�&KDPS�'H�&RQWUDLQWH�'DQV�/HV�%DVVLQV�1HRJHQHV�'X�0DURF�6HSWHQWULRQDO��%XOOHW��GH�O¶,QVWLW��6FLHQW���5DEDW��
�����±�����
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$wW�%5$+,0�� /��� 7$',/,�� %��� 1$.+&+$�� &��� 028$<1�� ,��� 5$0��'$1,�� 0��� /,0285,�� 0��� (/�
4$',�� $��� 6266(<�$/$28,�� )�� 	�%(1+$/,0$��0�� ������� 8VLQJ� DFWLYH� IDXOWV� DQG� VHLVPLFLW\� IRU� WKH�
VWURQJ� PRWLRQ� PRGHOLQJ� LQ� WKH� (DVWHUQ� 5LI� �1RUWKHUQ�0RURFFR���3XUH�$SSO��*HRSK\V������������±������
$.2*/8�� $�0��� &$.,5�� =��� 0(*+5$28,�� 0��� %(/$%%(6�� 6��� (O� $/$0,��6���(5*,17$9��6� �	�
$.<8¼�=��+�6�� �������7KH�����±�����$O�+RFHLPD��0RURFFR��HDUWKTXDNH�VHTXHQFH��&RQMXJDWH�IDXOW� UXSWXUHV�
GHGXFHG� IURP� ,QVDU�� (DUWK�3ODQHW�� 6FL�� /HWW�����������±�����
$//(1�� 0�%��� 0$&'21$/'�� '�,�0��� ;81�� =��� 9,1&(17�� 6�-�� 	�%528(7�0(1=,(6�� &�� �������
7UDQVWHQVLRQDO�GHIRUPDWLRQ�LQ� WKH�HYROXWLRQ�RI�WKH�%RKDL�%DVLQ��1RUWKHUQ�&KLQD��*HRO��6RF��/RQGRQ��6SHF��3XEO���
��������±�����
$//0(1',1*(5�� 5�:��� -25'$1�� 7�(��� .$<�� 6�0�� 	� ,6$&.6�� %�/�� ������� 7KH� HYROXWLRQ� RI� WKH�
$OWLSODQR�3XQD�SODWHDX�RI� WKH�FHQWUDO� $QGHV��$QQX�� 5HY��(DUWK� 3ODQHW�� 6FL��� �������±�����
$//0(1',1*(5��5�:���&$5'2=2��1�&��	�),6+(5��'��������6WUXFWXUDO�*HRORJ\�$OJRULWKPV��9HFWRUV�	�
7HQVRUV��&DPEULGJH�8QLYHUVLW\�3UHVV��&DPEULGJH��(QJODQG��
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-��$IU��(DUWK�6F�������±����



�����
�

�

$6(%5,<�� /��� %285*2,6�� -��� &+(5.$28,�� 7�(�� 	� $=',0286$�� $��������� (YROXWLRQ� 7HFWRQLTXH�
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%,**6�� -��� %(5*0$1�� (��� (00(5621�� %��� )811,1*�� *�-��� -$&.�� 621�� -��� 3$56216�� %�� 	�
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'(01$7,��$���������$Q�LQWHJUDWHG�JHR��SK\VLFDO�LQYHVWLJDWLRQ�RI�UHFHQW�VHLVPLFLW\�LQ� WKH�$O�+RFHLPD�UHJLRQ�
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(O�$/$0,�� 6�2��� 7$',/,�� %�$��� &+(5.$28,��7�(���0(',1$�� )��� 5$0'$1,��0���%5$+,0��/�$��	�
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'H� /$528=,(
5(�� )�'��� %2/=(�� -��� %25'(7�� 3��� +(51$1'(=�� -��� 0217(1$7�� &�� 	� 277�
'¶(67(928�� 3�� ������� 7KH� %HWLF� VHJPHQW� RI� WKH� OLWKRVSKHULF� WUDQV�$OERUDQ� 6KHDU� ]RQH� GXULQJ� WKH� ODWH�
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�����
�

�
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([WHQVLRQDO�%DVLQ��:HVWHUQ�0HGLWHUUDQHDQ��7HFWRQLFV���������±�����
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&KDSLWUH�����,QWHUDFWLRQV�HQWUH�WHFWRQLTXH�DFWLYH�HW�JODFLR�
HXVWDWLVPH�VXU�OHV�SODWHIRUPHV�FRQWLQHQWDOHV�

0pGLWHUUDQpHQQH����
pWXGH�GH�FDV�VXU�OD�0DUJH�0DURFDLQH���
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��� ,QWURGXFWLRQ��

/HV�SODWHIRUPHV�4XDWHUQDLUHV�GH�0pGLWHUUDQpH�RFFLGHQWDOH�VRQW�GHV�REMHWV�ELHQ�pWXGLpHV�VXU�OD�

PDUJH�(XURSpHQQH�PDLV�SHX�GX�FRWp�$IULFDLQ���$ORQVR�DQG�0DOGRQDGR�������(UFLOOD��$ORQVR��

DQG�%DUD]D�������(UFLOOD��$ORQVR��DQG�%DUD]D�������&KLRFFL�������&KLRFFL�DQG�2UODQGR�������

+HUQiQGH]�0ROLQD��6RPR]D��DQG�5H\�������(VWUDGD��(UFLOOD��DQG�$ORQVR�������/RIL�HW�DO��������

5DELQHDX�HW�DO��������5LGHQWH�DQG�7ULQFDUGL�������%DVVHWWL�HW�DO��������-RXHW�HW�DO��������%DVVHWWL�

HW�DO��������%iUFHQDV��)HUQiQGH]�6DODV��DQG�/RER�������'HQQLHORX�HW�DO��������=HFFKLQ�HW�DO��

������0DVHOOL�HW�DO��������)ULJROD�HW�DO��������5LGHQWH�HW�DO��������)DQJHW�HW�DO��������=HFFKLQ�

HW� DO�� ������� &HV� SODWHIRUPHV� FRQWLQHQWDOHV� VRQW� OHV� DUFKLYHV� JpRORJLTXHV� GHV� SURFHVVXV�

FOLPDWLTXHV��WHFWRQLTXHV�HW�ELRORJLTXHV�HW�GH�OHXUV�LQWHUDFWLRQV�FRPSOH[HV�DX�FRXUV�GX�WHPSV�

�H�J���&KLRFFL�DQG�&KLYDV�������/RER�DQG�5LGHQWH���������

(Q�0pGLWHUUDQpH�RFFLGHQWDOH��OHXU�PRUSKRORJLH�DFWXHOOH�HVW�OH�UpVXOWDW�GHV�LQWHUDFWLRQV�HQWUH�OHV�

YDULDWLRQV�GX�QLYHDX�PDULQ��HQ�SDUWLFXOLHU� OHV�SURFHVVXV�pURVLIV�HW�GH�GpS{W� OLpV�j� OD�GHUQLqUH�

UHPRQWpH�HXVWDWLTXH��O¶K\GURG\QDPLVPH��OHV�ULYLqUHV��HW�OD�WHFWRQLTXH�DFWLYH��/¶LQWHUDFWLRQ�HQWUH�

OHV�RVFLOODWLRQV�GX�QLYHDX�PDULQ�HW�OD�WHFWRQLTXH�4XDWHUQDLUH��REVHUYpH�GDQV�GH�QRPEUHX[�VLWHV�

DXWRXU�GX�JOREH��3HGRMD�HW�DO���������HW�WRXW�DXWRXU�GH�OD�PDUJH�,EpULTXH��0DHVWUR�HW�DO��������

HVW� FDUDFWpULVpH� SDU� GHV�PRUSKRORJLHV� SDUWLFXOLqUHV� HQ�PDUFKH� G¶HVFDOLHU� OH� ORQJ� GH� OD� ]RQH�

F{WLqUH��&HWWH�PRUSKRORJLH� JODFLR�HXVWDWLTXH� YHUVXV� WHFWRQLTXH� UHIOqWH� GRQF� XQH� pYROXWLRQ� j�

PR\HQ�WHUPH�GHV�SODWHIRUPHV�FRQWLQHQWDOHV��(OOH�SHUPHW�GH�TXDQWLILHU�OHV�PRXYHPHQWV�YHUWLFDX[�

HQ�SUHPLqUH�DSSUR[LPDWLRQ��&HV�GL[�GHUQLqUHV�DQQpHV��O¶DFTXLVLWLRQ�G¶XQH�LPDJHULH�DFRXVWLTXH�

j� WUqV� KDXWH� UpVROXWLRQ� GH� WUqV� ERQQH� TXDOLWp�� \� FRPSULV� SRXU� OHV� ]RQHV� F{WLqUHV� �FDPSDJQH�

RFpDQRJUDSKLTXH�0$5/%252����������D�SHUPLV�OD�PLVH�HQ�pYLGHQFH�GH�SURFHVVXV�DFWLIV�IRQG�

GH� PHU�� HQ� SDUWLFXOLHU� OH� ORQJ� GH� OD� ]RQH� OLWWRUDOH� GH� O¶RIIVKRUH� 0DURFDLQ�� /HV� SURFHVVXV�

JUDYLWDLUHV�HW�O¶K\GURG\QDPLTXH�\�IDoRQQHQW�OH�IRQG�PDULQ�HQ�FUpDQW�GH�IRUPHV�VpGLPHQWDLUHV�

FDUDFWpULVWLTXHV��&HWWH�G\QDPLTXH�©�IRQG�GH�PHU�ª�HVW�IRQFWLRQ�GH�OD�WUDQFKH�G¶HDX�HW�GRQF�GH�

OD�PRUSKRORJLH� GH� OD� SODWHIRUPH� SRXU� XQ� QLYHDX�PDULQ� UHODWLI� GRQQp��/¶pWXGH� GH� OD� VXUIDFH�

�FDUDFWpULVDWLRQ� PRUSKRORJLTXH��� FRXSOpH� SDU� XQH� pWXGH� GH� VWUDWLJUDSKLH� VLVPLTXH� �HQ�

SURIRQGHXU��P¶RQW�SHUPLV�GH�SURSRVHU�SRXU�OH�4XDWHUQDLUH�GH�OD�PDUJH�6XG�$OERUDQ��XQ�PRGqOH�

VWUDWLJUDSKLTXH� LQWpJUDQW� OD� WHFWRQLTXH�DFWLYH� ORFDOH�HW� OH�JODFLR�HXVWDWLVPH�SRXU� OHV�GHUQLHUV�

������� DQV�� /HV� SURFHVVXV� GH� VXUIDFHV�� SURFHVVXV� JUDYLWDLUHV� HW� K\GURG\QDPLTXH� VHURQW�

pJDOHPHQW�GLVFXWpV���
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�8QH�SURFKDLQH�FDPSDJQH�RFpDQRJUDSKLTXH�GH�SUpOqYHPHQW��$OEDFRUH�SURJUDPPpH�HQ�������

GHYUDLW� SHUPHWWUH� j� QRWUH� pTXLSH� GH� SUpFLVHU� FH� PRGqOH� WHFWRQR�VWUDWLJUDSKLTXH� j� KDXWH�

UpVROXWLRQ�HW�j�WHUPH�GH�TXDQWLILHU�OD�GpIRUPDWLRQ���

/H� FRXSODJH� VWUDWLJUDSKLH� VLVPLTXH� HW� pWXGH� GH� OD� PRUSKRORJLH� GH� VXUIDFH� QRXV� SHUPHW� GH�

SURSRVHU� XQ� GpFRXSDJH� VpTXHQWLHO� �SRXU� OHV� GHUQLHUV� ���ND�� HW� GH� FDUDFWpULVHU� O¶LQIOXHQFH�

WHFWRQLTXH�VXU�OD�JpRPpWULH�GH�FRUWqJHV�GH�GpS{WV�DVVRFLpV�j�GHV�VpTXHQFHV�GH�GpS{W�GX��HPH�

RUGUH����������DQV���'DQV�OHV�FKDSLWUHV�SUpFpGHQWV��QRXV�DYRQV�YX�TXH�OD�PDUJH�6XG�GX�EDVVLQ�

G¶$OERUDQ�HVW�GpFRXSpH�SDU�XQ�HQVHPEOH�GH�IDLOOHV�QRUPDOH��GpFURFKDQWHV�TXL�RQW�SRXU�HIIHWV�

GH�VHJPHQWHU�OD�PDUJH�HQ�WURQoRQV�GH���NP�j���NP�GH�ODUJH��&HV�VHJPHQWV�FRUUHVSRQGHQW�j�

GHV�KRUVWV�RX�GHV�JUDEHQV�j�WHUUH��*DOLQGR�=DOGtYDU�HW�DO���������HW�j�GHV�YLWHVVHV�GH�PRXYHPHQWV�

YHUWLFDX[�GLIIpUHQWLHOV�GH�SDUW�HW�G¶DXWUH�GH�]RQHV�G¶DFFRPPRGDWLRQ�GH�OD�GpIRUPDWLRQ��&HWWH�

VHJPHQWDWLRQ� LQIOXHQFH� GLUHFWHPHQW� OD� SK\VLRJUDSKLH� GH� OD� PDUJH�� HW� SDU� FRQVpTXHQW�

O¶RUJDQLVDWLRQ�GHV�FRUWqJHV�GH�GpS{WV�HQ�UpSRQVH�DX[�YDULDWLRQV�HXVWDWLTXHV���

1RXV�SUpVHQWHURQV�QRV�UpVXOWDWV�VRXV�IRUPH�G¶XQ�DUWLFOH�j�VRXPHWWUH�j�0DULQH�DQG�3HWUROHXP�

*HRORJ\�SRUWDQW�VXU�OD�O¶DUFKLWHFWXUH�VWUDWLJUDSKLTXH�GX�EDVVLQ�GH�1HNRU�DXWRXU�GX�GHUQLHU�F\FOH�

GH�FKXWH�HW�GH�UHPRQWpH�GX�QLYHDX�PDULQ�UHODWLI��&HW�DUWLFOH�SUpVHQWHUD�XQH�pWXGH�PRUSKRORJLTXH�

GH� OD�SODWHIRUPH�FRQWLQHQWDOH�HW�XQH�pWXGH�VWUDWLJUDSKLTXH��&HWWH�pWXGH�PRUSKR�VpGLPHQWDLUH�

QRXV�SHUPHW�G¶DYDQFHU�GHV�DUJXPHQWV�SRXU�FDOHU�XQ�PRGqOH�G¶kJH�GHV�FRUWqJHV�GH�GpS{WV��/D�

YDULDELOLWp�GHV�DUFKLWHFWXUHV�GH�GpS{W�OH�ORQJ�GHV�GLIIpUHQWV�VHJPHQWV�GH�OD�PDUJH�SRXU�OD�SpULRGH�

©�GHUQLHU� EDV�QLYHDX� PDULQ� HW� UHPRQWpH� 3RVW�*ODFLDLUH�ª� GpPRQWUH� XQ� FRQWU{OH�

WHFWRQLTXH�6SpFLILFLWpV�GH�OD�VWUDWLJUDSKLH�GX�4XDWHUQDLUH���OHV�YDULDWLRQV�JODFLR�HXVWDWLTXHV�

������� )RUoDJH�DVWURQRPLTXH�

$�O¶pFKHOOH�GX�4XDWHUQDLUH��OHV�YDULDWLRQV�GH�FRPSRVLWLRQ�LVRWRSLTXH�GHV�HDX[�RFpDQLTXHV�VRQW�

OLpHV�DX[�YROXPHV�GHV�FDORWWHV�GH�JODFHV�HOOHV�PrPH�OLpHV�DX[�F\FOHV�DVWURQRPLTXHV��6KDFNOHWRQ�

DQG�3LVLDV� �������/HV� YDULDWLRQV� GHV� LVRWRSHV� GH� O¶R[\JqQH� HQUHJLVWUpV� GDQV� GHV� FDURWWHV� GH�

VpGLPHQWV�EHQWKLTXHV�GH�O¶2XHVW�GH�O¶2FpDQ�3DFLILTXH�SHXYHQW�rWUH�FRUUpOpV�j�GHV�pOpYDWLRQV�GH�

UpFLIV�GDWpV�HQWUH�O¶DFWXHO�HW�����ND�GDQV�OHV�%DUEDGHV��6KDFNOHWRQ��������,O�D�pWp�DORUV�SRVVLEOH�

GH�UHOLHU�YDULDWLRQ�HXVWDWLTXH��IRUoDJH�DVWURQRPLTXH��HW�DUFKLWHFWXUH�GHV�PDUJHV�FRQWLQHQWDOHV�j�

GHV�pFKHOOHV�GH�WHPSV�GH�O¶RUGUH�GH�OD�FHQWDLQH�GH�PLOOLHU�G¶DQQpHV��&HV�SUHPLqUHV�pWXGHV�TXL�

UHOLHQW�OHV�IOXFWXDWLRQV�GX�QLYHDX�PDULQV�HW�OHV�YDULDWLRQV�GH�FRPSRVLWLRQV�LVRWRSLTXHV�VH�EDVHQW�

VXU�OD�FURLVVDQFH�GHV�V\VWqPHV�UpFLIDX[�GXUDQW�OHV�KDXW�QLYHDX[�PDULQV���

'DQV� OHXUV� WUDYDX[�SRUWDQW� VXU� OHV�DPSOLWXGHV�GH�YDULDWLRQ�GX�QLYHDX�PDULQV�GHSXLV�����ND��

5RKOLQJ�HW�DO����������RQW�FDOLEUp��j�SDUWLU�GH�FDURWWHV�UpDOLVpHV�GDQV�OH�EDVVLQ�SURIRQG�GH�OD�0HU�
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5RXJH��OHV�DPSOLWXGHV�GH�FKXWH�HQWUH����P�HW�������P�SRXU�OHV�GHUQLHUV����ND��'HSXLV��GHV�

SURJUqV�GDQV�OD�FDOLEUDWLRQ�GHV�FRXUEHV�GX�QLYHDX�PDULQ�RQW�pWp�DFFRPSOLV�QRWDPPHQW�JUkFH�DX[�

FDOFXOV�GH�O¶LQIOXHQFH�GH�OD�UpSRQVH�pODVWLTXH�GH�OD�OLWKRVSKpUH�DX[�FKDQJHPHQWV�GH�YROXPH�GH�

JODFHV��H�J��/DPEHFN�HW�DO��������/DPEHFN�HW�DO���������j�OD�FDOLEUDWLRQ�GHV�FRXUEHV�GX�QLYHDX�

PDULQV�JUkFH�j�GHV�WHUUDVVHV�FRUDOOLHQQHV��3HOWLHU�������&KDSSHOO�������3HOWLHU�DQG�)DLUEDQNV�

������&DPRLQ� HW� DO�� ������ HW� j� O¶DPpOLRUDWLRQ� GHV�PpWKRGHV� LVRWRSLTXHV� HW� O¶HVWLPDWLRQ� GHV�

SDOpR�WHPSpUDWXUHV�GDQV�OHV�IRQGV�PDULQV��)LJ��������H�J��/HD�HW�DO��������/LVLHFNL�DQG�5D\PR�

������5RKOLQJ�HW�DO��������*UDQW�HW�DO���������

/HV�PRGqOHV�GH�YDULDWLRQV�HXVWDWLTXHV�OHV�SOXV�UpFHQWV�VRQW�FDOLEUpV�j�SDUWLU�GH�O¶HVWLPDWLRQ�GX�

YROXPH�GHV�JODFHV�SRODLUHV��HX[�PrPH�HVWLPpV�j�SDUWLU�GHV�SDOpR�WHPSpUDWXUHV��5RKOLQJ�HW�DO��

�������/D�FDOLEUDWLRQ�GX�QLYHDX�PDULQ�UHODWLI�j�*LEUDOWDU�HVW�UpDOLVp�j�SDUWLU�GHV�HVWLPDWLRQV�GH�

IOX[� RFpDQLTXHV� FRUULJpV� GHV� HIIHWV� LVRVWDWLTXHV� �OLpV� j� O¶pSDLVVHXU� HW� j� OD� YLVFRVLWp� GH� OD�

OLWKRVSKqUH��HW�FRQWUDLQWV�SDU�OHV�GRQQpHV�GH�į��2�REWHQXHV�j�SDUWLU�GH�FDURWWHV�GH�VpGLPHQWV�

SURIRQGV�GDQV�OD�0pGLWHUUDQpH�2ULHQWDOH��5RKOLQJ�HW�DO��������:DQJ��7LDQ��DQG�/RXUHQV�������

/RXUHQV��������&HV�HVWLPDWLRQV�FRQWUDLJQHQW�OH�QLYHDX�PDULQ�HXVWDWLTXH��(6/��HQ�IRQFWLRQ�GX�

QLYHDX�PDULQ�UHODWLI�j�*LEUDOWDU��56/JLE��HQ�XQ�WHPSV�GRQQp�DYHF�OD�IRUPXOH�VXLYDQWH��)LJ�������

��

ܮܵܧ ൌ ሺͳǤʹ͵� േ ͲǤͲͺሻ כ ௚௜௕ܮܴܵ ൅ ሺͲǤͷ േ ͳǤͻሻ�� ሺͳሻ�
2��OHV�LQFHUWLWXGHV�VRQW�OLpHV�DX[�LQFHUWLWXGHV�VXU�OHV�YROXPHV�GHV�JODFHV�HW�VXU�OHV�YLVFRVLWpV�GH�

GLIIpUHQWV�QLYHDX[�GDQV�OD�OLWKRVSKqUH��&HWWH�IRUPXOH�HVW�YDODEOH�SRXU�FKDTXH�SDV�GH�WHPSV�DYHF�

XQH�LQFHUWLWXGH�VXU�OH�WHPSV�OLp�j�O¶LQFHUWLWXGH�GH�GDWDWLRQV�GHV�IRUDPLQLIqUHV�EHQWKLTXHV�j���ND�

HQWUH���0D�HW��0D���/LVLHFNL�DQG�5D\PR��������(QWUH����0D�HW�O¶DFWXHO�j�*LEUDOWDU��LO�H[LVWH�GHV�

ODFXQHV�GDQV�OD�FRXUEH�GX�QLYHDX�PDULQ�UHODWLI�OLpHV�j�XQH�DQR[LH�DX[�JUDQGHV�SURIRQGHXUV�HW�

XQH�SUpVHUYDWLRQ�GH�PDWLqUH�RUJDQLTXH�GDQV�GHV�SpULRGHV�GH�GpJODFLDWLRQV��YRLU�OD�UHYLHZ�GH�

5RKOLQJ��0DULQR��DQG�*UDQW��������
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�
)LJXUH�������'pILQLWLRQ�GDQV�OH�PRGqOH�/5���GHV�VWDGHV�LVRWRSLTXHV�GHSXLV�OD�EDVH�GX�3OLRFqQH�MXVTX¶j�O¶DFWXHOOH�
SDU�OD�FRUUpODWLRQ�GHV�UDSSRUWV�į��2�GDQV����HQUHJLVWUHPHQW�EHQWKLTXHV�UpSDUWLV�j�OD�VXUIDFH�GX�JOREH��WLUp�GH�
/LVLHFNL�DQG�5D\PR���������

'HSXLV����ND��OHV�FRXUEHV�GH�QLYHDX[�PDULQV�UHODWLIV�HW�LVRWRSLTXHV�PRQWUHQW�TXH�OD�ORQJXHXU�

G¶RQGH�GHV�F\FOHV�GH�FKXWH�HW�GH�UHPRQWp�HVW�G¶HQYLURQ����ND�HW�HVW�GRQF�OLpH�DX[�YDULDWLRQV�GH�

O¶H[FHQWULFLWp� WHUUHVWUH�� &HV� YDULDWLRQV� VRQW� DV\PpWULTXHV� DYHF� GHV� SpULRGHV� GH� UHPRQWpHV�

EHDXFRXS� SOXV� FRXUWHV� TXH� OHV� SpULRGHV� GH� FKXWHV�� 'XUDQW� OHV� SpULRGHV� GH� FKXWH�� RQ� SHXW�

FRQVWDWHU�XQ�VLJQDO�j�SpULRGH�GH���ND�FRUUHVSRQGDQW�j�OD�SUpFHVVLRQ�GHV�pTXLQR[HV��H�J��+RGHOO�

HW�DO���������&HV�YDULDWLRQV�LQGXLVHQW�GHV�DFFpOpUDWLRQV�GX�WDX[�GH�YDULDWLRQ�GX�QLYHDX�PDULQ�

MXVTX¶j���PP�DQ�VXU�GHV�SpULRGHV�GH�O¶RUGUH�GH��ND�GDQV�OHV�UHPRQWpHV�DORUV�TXH�OHV�WDX[�GH�

YDULDWLRQV�GXUDQW�OHV�FKXWHV�VRQW�LQIpULHXUV�j��PP�DQ��H�J��*UDQW�HW�DO����������
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)LJXUH�������&RXUEHV�GX�QLYHDX�PDULQ�UHODWLI�j�*LEUDOWDU��RUDQJH��HW�GDQV�OD�0HU�5RXJH��QRLU��PRGLILpH�GH�5RKOLQJ�
HW�DO�����������D��SRXU�XQH�SpULRGH�GH��ND����ND�HW��E��VXU�O¶LQWHUYDOOH��ND�j����ND��/HV�ODFXQHV�VRQW�OLpV�j�GHV�
pYqQHPHQWV�GLW�j�VDSURSHOV�FRUUHVSRQGDQW�j�GHV�FRQGLWLRQV�G¶DQR[LH�HQ�JUDQGH�SURIRQGHXU�HQ�UHODWLRQ�DYHF�GHV�
DSSRUWV�G¶HDX�GRXFH��H�J��5RKOLQJ��0DULQR��DQG�*UDQW��������

'H� SOXV�� OD� GHUQLqUH� UHPRQWpH� GX� QLYHDX�PDULQ� HVW�PDUTXpH� SDU� GHV� YLWHVVHV� GH� UHPRQWpHV�

pSLVRGLTXHPHQW�WUqV�LPSRUWDQWHV�SUpFpGpH�SDU�GHV�UDOHQWLVVHPHQWV�LPSRUWDQWV�DYHF�GHV�WDX[�GH�

YDULDWLRQ�DOODQW� MXVTX¶j����PP�DQ��/DPEHFN�HW�DO��������'HVFKDPSV�HW�DO��������3HOWLHU�DQG�

)DLUEDQNV� ������� &HV� SpULRGHV� GH� UHPRQWpHV� UDSLGHV� GX� QLYHDX�PDULQ� VRQW� DVVRFLpHV� j� GHV�

GpEkFOHV�JODFLDLUHV�HW�QRPPpHV�0HOWZDWHU�3XOVH��$�HW��%��0:3��$�HW�0:3��%���H�J��/LX�

DQG�0LOOLPDQ�������:HEVWHU�HW�DO���������/H�0:3��$�LQWHUYLHQW�DX�GpEXW�GH�OD�WUDQVLWLRQ�GX�

%�OOLQJ�:DUP�7UDQVLWLRQ�HW�OH���%�j�OD�ILQ�GX�<RXQJHU�'U\DV�j������D��/DPEHFN�HW�DO���������

/HV�GRQQpHV�UpFHQWHV�VXJJqUHQW�TXH�OH�0:3���$�FRUUHVSRQG�j�XQH�SpULRGH�GH�UHPRQWpH�GDWpH�

j�HQYLURQ������D�DYHF�GHV�WDX[�DWWHLJQDQW�SOXV�GH���PP�DQ�SHQGDQW����DQV��/LX�HW�DO��������

RX�ELHQ����PP�DQ�VHORQ�/DPEHFN�HW�DO�����������

/HV� IRUWHV� DPSOLWXGHV� GH� FKXWHV� HW� GH� UHPRQWpHV� RQW� pWp� UHFRQQXHV� VXU� GH� QRPEUHXVHV�

SODWHIRUPHV��&HV�YDULDWLRQV�GX�QLYHDX�PDULQV�VRQW�HQUHJLVWUpV�SDU�O¶DUFKLWHFWXUH�GHV�SODWHIRUPHV�

VpGLPHQWDLUHV�FRQWLQHQWDOHV�SDU�GHV�VXFFHVVLRQV�GH�FRUWqJHV�SURJUDGDQWV�HW�G¶DFFpOpUDWLRQ�GH�

FKXWH��GRZQZDUG�VKLIW�GHV�OLJQHV�GH�ULYDJH���GH�FRUWqJHV�WUDQVJUHVVLIV��HQ�EDFNVWHSSLQJ��HW�GH�

FRUWqJHV�GH�KDXW�QLYHDX��/HV� FRUWqJHV�GH�KDXW�QLYHDX�HW�GH� WUDQVJUHVVLRQ� VRQW�JpQpUDOHPHQW�

DEVHQWV�RX�SDUWLHOOHPHQW�SUpVHUYpV�HQ�ERUGXUH�GH�SODWHIRUPH�HQ�UDLVRQ�GH�O¶pURVLRQ�VXEDpULHQQH�

ORUV� GH� O¶H[RQGDWLRQ� GH� FHV� SODWHIRUPHV� SHQGDQW� OD� FKXWH� GX� QLYHDX� PDULQ� UHODWLI� HW�RX� GH�
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O¶pURVLRQ�OLpH�DX[�YDJXHV�ORUV�GH�OD�UHPRQWpH�GX�QLYHDX�PDULQ�UHODWLI��H�J��/RER�DQG�5LGHQWH�

�������/HV�GpS{WV�DVVRFLpV�DX[�EDV�QLYHDX[�PDULQV�RQW�VHUYL�j�FDOLEUHU�O¶DPSOLWXGH�GHV�FKXWHV�

GHV�QLYHDX[�PDULQV�UHODWLIV��5DELQHDX�HW�DO��������-RXHW�HW�DO��������&DVDOERUH�HW�DO��������HW�OHV�

WHUUDVVHV�REVHUYpHV�OH�ORQJ�GHV�F{WHV��HQ�RIIVKRUH��RQW�DLGp�j�FDOLEUHU�O¶DPSOLWXGH�GHV�UHPRQWpHV�

�H�J��9DFFKL�HW�DO���������

������� &DOLEUDWLRQ�GHV�FRXUEHV�GH�QLYHDX�PDULQ�UHODWLI�SDU�OHV�FRUWqJHV�GH�GpS{WV�

/D�FDOLEUDWLRQ�GH�FRXUEHV�GH�YDULDWLRQV�GX�QLYHDX�PDULQ�DYHF�OD�FRPSRVLWLRQ�LVRWRSLTXH�OH�ORQJ�

G¶XQH�SODWHIRUPH�VLOLFR�FODVWLTXH�HVW�SRVVLEOH�VL�RQ�pWXGLH�O¶DUFKLWHFWXUH�G¶REMHWV�IRUPpV�GXUDQW�

GHV�SpULRGHV�WUDQVLWRLUHV��F¶HVW�j�GLUH�TXDQG�OHV�YDULDWLRQV�GX�QLYHDX�PDULQ�UHODWLI�VRQW�IDLEOHV�

RX�QXOOHV��3LSHU�DQG�$NVX��������&HV�SpULRGHV�WUDQVLWRLUHV�FRUUHVSRQGHQW�DX[�SpULRGHV�GH�ILQ�

GH�FKXWH�GX�QLYHDX�PDULQ�RX�DX[�SpULRGHV�GH�ILQ�GH�UHPRQWpH��3DU�H[HPSOH��O¶DUFKLWHFWXUH�GHV�

GHOWDV� TXDWHUQDLUHV� GH� OD�PDUJH�7XUTXH�PRQWUH� XQ� HPSLOHPHQW� HW� XQH�SUpVHUYDWLRQ� OLpH� j� OD�

VXEVLGHQFH��3LSHU�DQG�$NVX�� �������RQW�GpPRQWUp�TXH� O¶kJH�HW� OD�SRVLWLRQ�GHV�SDOpR�ULYDJHV�

SRXYDLHQW�rWUH�UHOLp�DX[�YDULDWLRQV�GX�QLYHDX�PDULQ�UHODWLIV��)LJ��������/HV�SRVLWLRQV�GHV�RIIODS�

EUHDN� GHV� GHOWDV� HQIRXLV� �OLPLWH� HQWUH� OD� SODWHIRUPH� GHOWDwTXH� HW� OD� SHQWH� GH� O¶DYDQW� GHOWD��

SHXYHQW� rWUH� DVVLPLOpHV� j� OD� SRVLWLRQ� GHV� SDOpR�ULYDJHV� VXFFHVVLIV� DX� FRXUV� GX� WHPSV�� TXL�

V¶pORLJQH�RX�VH�UDSSURFKHQW�GH�OD�SRVLWLRQ�GX�ULYDJH�DFWXHO�VHORQ�OHXUV�kJHV��

'DQV�OH�*ROIH�GH�/LRQ��OHV�GRQQpHV�VLVPLTXHV�VXJJqUHQW�GHV�QLYHDX[�PDULQV�UHODWLIV�j�����P���

���P�� ����P�� ����P�� HW� ����P�SRXU� OHV�0DULQH� ,VRWRSLTXH� VWDJHV� �0,6�� ��� ��� ��� ��� HW� ���

�5DELQHDX�HW�DO���������$SUqV�FRUUHFWLRQ�GH�OD�WHFWRQLTXH�ORFDOH��OHV�HVWLPDWLRQV�GRQQHQW�GHV�

YDOHXUV�G¶DPSOLWXGHV�GH�FKXWHV�j�±�����P�SRXU�0,6������HW���HW�������P�SRXU�0,6����HW�����

&HV�UpVXOWDWV�REWHQXV�j�SDUWLU�GHV�LQWHUSUpWDWLRQV�GH�OLJQHV�GH�VLVPLTXHV�UpIOH[LRQV�HW�GH�GRQQpHV�

GH� FDURWWHV� VRQW� DSSUR[LPDWLYHPHQW� FRPSDWLEOHV� DYHF� OHV� HVWLPDWLRQV� GX� QLYHDX� PDULQ� j�

*LEUDOWDU�SRXU�OHV�0,6������HW����,O�VHPEOH�FHSHQGDQW�TXH�OHV�DPSOLWXGHV�GH�FKXWH�SRXU�OHV�0,6�

���HW����VRQW�VXUpYDOXpHV�SDU�UDSSRUW�j�OD�FRXUEH�GH�QLYHDX�PDULQ�UHODWLI�SRXU�*LEUDOWDU�PDLV�

GDQV�O¶RUGUH�GH�JUDQGHXU�GHV�DPSOLWXGHV�GH�FKXWHV�GX�QLYHDX�PDULQ�UHODWLI�GDQV�OD�0HU�5RXJH��

&HV�LQFHUWLWXGHV�UpYqOHQW�GHV�ELDLV�PpWKRGRORJLTXHV���
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�
)LJXUH�������$���FRXUEH� LVRWRSLTXH� �,PEULH�HW�DO���������%���3RVLWLRQ�GHV�SDOpR�OLJQHV�GH�ULYDJHV�SDU�UDSSRUWV�
DFWXHO�PRGpOLVpV�QXPpULTXHPHQW��&���3RVLWLRQ�GH�OLJQHV�GH�ULYDJHV�SRXU�XQ�GHOWD�VXU�OD�PDUJH�7XUTXH�SDU�UDSSRUW�
j� OD� SODWHIRUPH� G¶DSUqV� OHV� GRQQpHV� GH� VLVPLTXH� UpIOH[LRQ� VXU� OD� PDUJH� 7XUTXH�� '��� (OpYDWLRQ� GHV� VXUIDFHV�
WUDQVJUHVVLYHV�DX[�VRPPHWV�GH�SULVPHV�GH�ERUGXUH�GH�SODWHIRUPH��/D�SHQWH�GRQQH�OD�VXEVLGHQFH�ORFDOH��3XLVTX¶XQ�
SDOpR�ULYDJH� FRUUHVSRQG� j� XQ� QLYHDX� PDULQ� GH� �P�� OD� SRVLWLRQ� HQ� SURIRQGHXU� HW� O¶kJH� SHUPHW� GH� FDOFXOHU�
VLPSOHPHQW�OD�SRVLWLRQ�GX�QLYHDX�PDULQ�j�FKDTXH�kJH��3XLVTXH��OD�SRVLWLRQ�G¶XQ�SDOpR�ULYDJH�G¶kJH�GRQQp�YDULH�
OH�ORQJ�GH�OD�SODWHIRUPH�HQ�SURIRQGHXU�HW�HQ�pORLJQHPHQW�SDU�UDSSRUW�j�O¶DFWXHO��HW�TXH�OH�SDOpR�ULYDJH�PDUTXH�XQ�
QLYHDX�PDULQ�GH��P�j�O¶pFKHOOH�UpJLRQDOH��O¶HVWLPDWLRQ�GH�YDULDWLRQV�GH�SURIRQGHXU�HW�G¶pORLJQHPHQW�GX�SDOpR�
ULYDJH�SDU�UDSSRUW�j�O¶DFWXHO�LQGLTXH�OHV�YDULDWLRQV�GH�IOX[�VpGLPHQWDLUH�HW�GH�GXUpH�SHQGDQW�ODTXHOOH�OH�GHOWD�D�SX�
VH�FRQVWUXLUH�DLQVL�TXH�OD�TXDQWLWp�GH�VXEVLGHQFH�OH�ORQJ�GH�OD�SODWHIRUPH����

/¶HVWLPDWLRQ�GHV�YDULDWLRQV�GX�QLYHDX�PDULQ�JUkFH�j�FHWWH�PpWKRGH�VLVPLTXH�HVW�FHSHQGDQW�SHX�

SUpFLVH��/¶LGpH�HVVHQWLHOOH� HVW�TXH� OH� FKDQJHPHQW�GH�SHQWH�GHV�FOLQRIRUPHV�FRUUHVSRQG�j�XQ�

SDOpR�ULYDJH��H�J��&DWXQHDQX��������(Q�UDLVRQ�GX�PDQTXH�GH�GRQQpHV�VpGLPHQWRORJLTXH��FHWWH�

K\SRWKqVH� Q¶HVW� VRXYHQW� SDV� YpULILpH�� 'H� SOXV�� OHV� FRUWqJHV� SURJUDGDQWV� j� O¶H[WUpPLWp� GHV�

SODWHIRUPHV� FRQWLQHQWDOH� �SODWHIRUPH� H[WHUQH� HW� KDXW� GH� SHQWH�� RQW� SX� rWUH� pURGpV� SDU� GHV�

SKpQRPqQHV�G¶pURVLRQ�VRXV�PDULQH��O¶DFWLRQ�GHV�YDJXHV�GH�WHPSrWHV�RX�GH�EHDX�WHPSV��HQ�EDV�

QLYHDX�PDULQ� SXLV� GDQV� OD� UHPRQWpH� �H�J�� &DWWDQHR� HW� DO�� ������� /¶HVWLPDWLRQ� GHV� TXDQWLWpV�

G¶pURVLRQ� OLpHV� j� O¶DFWLRQ�GH�YDJXHV� HW� OD� SURIRQGHXU� HVW� GpOLFDWH��3DU� H[HPSOH�� -RXHW� HW� DO���

�������PRQWUHQW�GDQV�OH�*ROIH�GX�/LRQ��DX�SLHG�GH�FRQVWUXFWLRQ�FDUERQDWpH�FLPHQWDQW�GHV�IDFLqV�

GH�SODJH��TXH�O¶pURVLRQ�OLpH�j�O¶DFWLRQ�GHV�YDJXHV�HVW�HIIHFWLYH�MXVTX¶j���P�VRXV�OH�SDOpR�ULYDJH��

'¶DSUqV�O¶LQWHUSUpWDWLRQ�GHV�GRQQpHV�GH�VLVPLTXH�UpIOH[LRQ�HW�OD�PRUSKRORJLH�GHV�FRUWqJHV�GH�

FKXWH�GH�OD�SODWHIRUPH�FRQWLQHQWDOH�HQ�0HU�7\UUKpQLHQQH��&DVDOERUH�HW�DO���������HVWLPHQW�OD�
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OLPLWH�G¶DFWLRQ�GHV�YDJXHV�j������P��3DU�FRQVpTXHQW��LO�HVW�GpOLFDW�GH�GpILQLU�OHV�YDULDWLRQV�GX�

QLYHDX�PDULQ�UHODWLI�j�SDUWLU�GHV�REVHUYDWLRQV�GH�EDWK\PpWULH�HW�GH�VLVPLTXHV�UpIOH[LRQV�VDQV�

FRPSUHQGUH�OHV�SURFHVVXV�VpGLPHQWDLUHV�VFXOSWDQW�OD�SODWHIRUPH�FRQWLQHQWDOH���

9DULDWLRQV� GH� IOX[� HW� LQIOXHQFH� GX� FOLPDW�/HV� WUDQVSRUWV� GHV� VpGLPHQWV� GHSXLV� OHV� ]RQHV� HQ�

DPRQWV�GH�EDVVLQV�VpGLPHQWDLUHV�MXVTX¶DX[�]RQH�G¶DFFXPXODWLRQV�GH�VpGLPHQWV�HVW�XQ�V\VWqPH�

FRPSOH[H�FRQWU{Op� OHV� WDX[�G¶pURVLRQ�HW� G¶DOWpUDWLRQ�HX[�PrPH�FRQWU{OpV�SDU� OH� FOLPDW� HW� OD�

WRSRJUDSKLH�GHV�]RQHV�pPHUJpHV��$OOHQ�DQG�$OOHQ���������

/¶DOWpUDWLRQ�HVW�OD�GpJUDGDWLRQ�HW�OD�GpVLQWpJUDWLRQ�GHV�URFKHV�j�OD�VXUIDFH�GX�VRO��/HV�YDULDWLRQV�

GH�WDX[�G¶DOWpUDWLRQV�HW�GH�SURGXFWLRQ�GH�VRO�SHXYHQW�rWUH�UHOLpHV�DX[�YDULDWLRQV�FOLPDWLTXHV��j�

O¶DFWLYLWp� RUJDQLTXH�� DX[� FLQpPDWLTXHV� GH� UpDFWLRQV�PLQpUDORJLTXHV�� j� OD� FRPSRVLWLRQ� GX� OLW�

URFKHX[��j�OD�WRSRJUDSKLH�HW�DX[�WHPSV��6WUDNKRY��������/D�PDUJH�VXG�GX�EDVVLQ�G¶$OERUDQ�HVW�

FODVVLILpH�j�O¶DFWXHO�FRPPH�XQH�UpJLRQ�PRQWDJQHXVH�DYHF�GHV�WDX[�G¶DOWpUDWLRQV�YDULDEOHV�HW�SHX�

G¶DFFXPXODWLRQ��6WUDNKRY���������

8Q�GHV��PRWHXUV�GH�O¶pURVLRQ�j�WHUUH�HVW�OH�FRXSODJH�GH�O¶pURVLRQ�GHV�YHUVDQWV�HW�GHV�ULYLqUHV�HQ�

UpSRQVH�j�OD�WHFWRQLTXH��$OOHQ�DQG�$OOHQ��������$X�GHVVXV�G¶XQH�SHQWH�FULWLTXH�OH�PpFDQLVPH�

TXL� GRPLQH� O¶pURVLRQ� GHV� YHUVDQWV� HVW� OD� GpVWDELOLVDWLRQ� GH� SHQWH� �%XUEDQN� HW� DO�� �������&H�

FRPSRUWHPHQW�D�pWp�PRQWUp�SDU� O¶pWXGH�HW� OD�GDWDWLRQ�GH� OD�PRUSKRORJLH�GHV�YHUVDQWV�HW�GHV�

SURILOV�G¶LQFLVLRQ�GH�ULYLqUHV�VXU�OH�SODWHDX�WLEpWDLQ��2XLPHW��:KLSSOH��DQG�*UDQJHU��������(Q�

GHVVRXV�GH�FH�VHXLO�GH�SHQWH�FULWLTXH��OH�PpFDQLVPH�G¶pURVLRQ�GHV�YHUVDQWV�SHXW�rWUH�GpFULW�SDU�

OHV�pTXDWLRQV�GH�GLIIXVLRQV�SUHQDQW�HQ�FRPSWH�OH�JUDGLHQW�GH�SHQWH��/¶pURVLRQ�GHV�ULYLqUHV�HVW�

OLpH�DX[�YDULDWLRQV�GX�QLYHDX�GH�EDVH�RX�DX[�PRXYHPHQWV�YHUWLFDX[�GX�OLW�URFKHX[��H�J��+DFN��

������.LUE\� DQG�:KLSSOH�� ������:KLSSOH� HW� DO��� �������/¶pWXGH� GHV� SURILOV� G¶pTXLOLEUH� GHV�

ULYLqUHV� GDQV� OD� UpJLRQ� GX� ULIW� GH� 3DSRXDVLH� 1RXYHOOH�*XLQpH� D� PRQWUp� TXH� OD� UpSRQVH� GH�

O¶pURVLRQ�GHV�ULYLqUHV�DX[�PRXYHPHQWV�YHUWLFDX[�\�HVW�LQVWDQWDQpH�j�O¶pFKHOOH�GX�4XDWHUQDLUH�

�0LOOHU��%DOGZLQ��DQG�)LW]JHUDOG��������/¶pURVLRQ�SDU�OHV�RXHGV�PDURFDLQV��SRXU�UHWURXYHU�OHXU�

SURILO�G¶pTXLOLEUH�VXLWH�DX[�PRXYHPHQWV�YHUWLFDX[�TXDWHUQDLUHV�D\DQW�DIIHFWp�OHV�VHJPHQWV�GH�

PDUJH� VXG� $OERUDQ�� SRXUUDLW� GRQF� PRGLILHU� GH� IDoRQ� TXDVL�LQVWDQWDQpH� �j� O¶pFKHOOH� GX�

4XDWHUQDLUH��OHV�DSSRUWV�VpGLPHQWDLUHV�VXU�OD�SODWHIRUPH���

������� 7UDQVIHUW�GHV�VpGLPHQWV�GHSXLV�OHV�EDVVLQV�YHUVDQWV�5LIDLQ�MXVTX¶j�OD�PDUJH�VXG�
G¶$OERUDQ�

/H�WUDQVIHUW�GHV�VpGLPHQWV�GHSXLV�OHV�]RQHV�HQ�pURVLRQ�GHV�EDVVLQV�YHUVDQWV�MXVTX¶j�O¶RIIVKRUH�

SURIRQG��VRXUFH�WR�VLQN��Q¶HVW�SDV�GLUHFW��HW�OHV�VpGLPHQWV�SHXYHQW�rWUH�SLpJpV�GDQV�OHV�]RQHV�

DPRQWV�GHV�EDVVLQV� �)LJ�������H�J��&DVWHOOWRUW�HW�9DQ�'HQ�'ULHVVFKH��������/¶DSSOLFDWLRQ�GH�
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PRGqOHV� GLIIXVLIV� DX[� ULYLqUHV� GDQV� GHV� PRGpOLVDWLRQV� QXPpULTXHV� PRQWUH� TXH� OHV� ORQJXHV�

ULYLqUHV� �!���NP�� IRQFWLRQQHQW� FRPPH� GHV� ]RQHV� GH� GpS{WV� WHPSRUDLUHV� TXL� OLVVHQW� OHV�

YDULDWLRQV� UDSLGHV� �!���N\�� GHV� WDX[� WUDQVIHUWV� GH� VpGLPHQWV� GHSXLV� OHV� ]RQHV� HQ� pURVLRQV�

MXVTX¶DX[�VRXUFHV�HQ�DPRQW��&DVWHOOWRUW�DQG�9DQ�'HQ�'ULHVVFKH��������3DU�FRQVpTXHQW��GDQV�

XQ�V\VWqPH�VRXUFH�WR�VLQN��WHFWRQLTXHPHQW�DFWLI��OHV�YDULDWLRQV�UDSLGHV�GH�PRXYHPHQWV�YHUWLFDX[�

SHXYHQW� LQGXLUH� GHV� FKDQJHPHQWV� GH� GpELW� VpGLPHQWDLUH� GDQV� OH� EDVVLQ�� F¶HVW�j�GLUH� XQ�

FKDQJHPHQW�GH�IOX[�VpGLPHQWDLUH�PHVXUDEOH�j�O¶HPERXFKXUH���

�
)LJXUH�������6FKpPD�LGpDOLVp�GX�WUDQVIHUW�GHV�VpGLPHQWV�GHSXLV�OHV�]RQHV�HQ�DPRQW�HQ�pURVLRQ�DX[�]RQHV�HQ�DYDO�
WLUp�GH�&DVWHOOWRUW�HW�9DQ�'HQ�'ULHVVFKH���������/¶pURVLRQ�GpSHQG�GX�FOLPDW�HW�GH�OD�WHFWRQLTXH��/H�WUDQVIHUW�GH�
VpGLPHQWV�MXVTX¶DX[�EDVVLQV�HQ�DYDO�HVW�FRQWUROpH�SDU�OD�ORQJXHXU�GH�OD�]RQH�GH�WUDQVIqUW��FH�TXL�D�SRXU�HIIHW�GH�
WDPSRQQHU�OHV�YDULDWLRQV�GH�IOX[�VpGLPHQWDLUHV�GDQV�OHV�EDVVLQV�R��VH�SURGXLW�OD�VpGLPHQWDWLRQ��

&HSHQGDQW��VL�OHV�ORQJXHXUV�G¶RQGH�GHV�YDULDWLRQV�GH�IOX[�VpGLPHQWDLUHV�VRQW�FRXUWHV�HW�VL�OHV�

ORQJXHXUV�GHV�ULYLqUHV�VRQW�WURS�ORQJXHV��DORUV�OHV�WUDQVIHUWV�GH�VpGLPHQWV�GHSXLV�OHV�]RQHV�HQ�

pURVLRQV� MXVTX¶DX[� EDVVLQV� VRQW� VXVFHSWLEOHV� G¶rWUH� DPRLQGULW�� $� O¶LQYHUVH�� OHV� ULYLqUHV� GH�

ORQJXHXUV� LQIpULHXUHV� j� ���NP� VRQW� VXVFHSWLEOHV� GH� QH� SDV� OLVVHU� OHV� YDULDWLRQV� GH� IOX[�

VpGLPHQWDLUHV�LQIpULHXUV�j����ND��3DU�FRQVpTXHQW�OHV�YDULDWLRQV�G¶DUFKLWHFWXUHV�VpGLPHQWDLUHV�

VRQW� VXVFHSWLEOHV� GH� UHIOpWHU� OHV� YDULDWLRQV� GH� IOX[� VpGLPHQWDLUHV� OLpHV� j� GHV� PRXYHPHQWV�

WHFWRQLTXHV�UDSLGHV�RX�j�XQ�FRQWU{OH�FOLPDWLTXH��'DQV�OH�FDGUH�GH�O¶pWXGH�GHV�PDUJHV�UpFHQWHV�

�!���N\��HW�DFWLYHV�WHFWRQLTXHPHQW��OHV�YDULDWLRQV�GH�IOX[�VpGLPHQWDLUHV�OLpHV�j�GH�WHOV�FRQWU{OHV�

QH�SHXYHQW�SDV�rWUH�pFDUWpHV���

&HV� ]RQHV�PRQWDJQHXVHV�SRVVqGHQW�XQ� UHOLHI�PR\HQ�pOHYp�� TXL� V¶DPRUWLW� YHUV� O¶(VW�GDQV� OHV�

GRPDLQHV�$WODVLTXH��/HV� IOHXYHV� TXL� VH� MHWWHQW� HQ�0pGLWHUUDQpH�RQW� GHV� ORQJXHXUV�YDULDEOHV�

FRPSULVHV�HQWUH�����NP��O¶RXHG�0RXORX\D��HW����NP��O¶RXHG�7URXJRXW��%DUFRV�HW�DO��������/H�

UpVHDX� GH� GUDLQDJH� GHV� XQLWpV� 5LIDLQHV� VLWXpHV� j� O¶2XHVW� GX� EDVVLQ� GH� 1HNRU�� HVW� FRQVWLWXp�

G¶2XHGV�GH�ORQJXHXU�PR\HQQH�GH���NP��%DUFRV�HW�DO���������/HV�RXHGV�1HNRU�HW�5KLVV�VH�MHWWHQW�

GDQV� OD� EDLH� G¶$O�+RFHLPD� HW� SDUWLFLSHQW� j� OD� FRQVWUXFWLRQ�GH� OD� SODWHIRUPH�SURJUDGDQWH� GX�

EDVVLQ�GX�1HNRU��&HV�RXHGV�RQW�XQH�ORQJXHXU�GH����NP�HW����NP�UHVSHFWLYHPHQW��%DUFRV�HW�DO��

�������'¶DSUqV�FH�TXH�O¶RQ�D�GLW�SOXV�KDXW��LO�HVW�SUREDEOH�SRXU�FHV�GHUQLHUV�TXH�OHV�WUDQVIHUWV�GH�

VpGLPHQWV�GHV�]RQHV�HQ�pURVLRQ�HQ�DPRQW�YHUV�OD�SODWHIRUPH�FRQWLQHQWDOH�VRLW�LPPpGLDW��&HOD�
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LPSOLTXH� TXH� OHV� F\FOHV� VWUDWLJUDSKLTXHV� KDXWH� IUpTXHQFHV� OLpHV� DX[� YDULDWLRQV� JODFLR�

HXVWDWLTXHV�FRQWU{OHQW�GLUHFWHPHQW�OHV�DSSRUWV��IOX[��VXU�OD�SODWHIRUPH�GX�EDVVLQ�GH�1HNRU���

� �
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��� /DWH�4XDWHUQDU\�+RORFHQH�KLVWRU\�RI�D�WHFWRQLFDOO\�DFWLYH�VKHOI��1HNRU�
%DVLQ��:HVWHUQ�0HGLWHUUDQHDQ��0RURFFR�����$UWLFOH����

$XWKRUV��/DIRVVH��0����*RULQL�&����/H�5R\�3����G¶$FUHPRQW�(����(UFLOOD�*�����5DELQHDX��0�����

$ORQVR�%�����5DEDXWH��$�����9DVTXH]�-�7�����$PPDU�$���

$IILOLDWLRQV��
���6RUERQQH�8QLYHUVLWpV��830&�8QLY��3DULV�����&156��,QVWLWXW�GHV�6FLHQFHV�GH�OD�7HUUH�GH�

3DULV��L67H3�����3ODFH�-XVVLHX�������3DULV��)UDQFH�

��� 8QLYHUVLWp� (XURSpHQQH� GH� %UHWDJQH�� 8QLYHUVLWp� GH� %UHVW�� &156�� 805� ����� 'RPDLQHV�

2FpDQLTXHV��,QVWLWXW�8QLYHUVLWDLUH�(XURSpHQ�GH�OD�0HU��3ODFH�&RSHUQLF�������3ORX]DQp��)UDQFH�

���,QVWLWXW�GH�&LqQFLHV�GHO�0DU��&6,&���&RQWLQHQWDO�0DUJLQV�*URXS��������%DUFHORQD��6SDLQ�

���*0&��,QVWLWXWR�(VSDxRO�GH�2FHDQRJUDItD��&HQWUR�2FHDQRJUiILFR�GH�0iODJD��3XHUWR�3HVTXHUR�

V�Q��)XHQJLUROD��0iODJD��(VSDxD��-XDQWRPDV�YD]TXH]#PD�LHR�HV��

���)DFXOWp�GHV�6FLHQFHV��8QLYHUVLWp�0RKDPPHG�9��5DEDW��0RURFFR�

&RUUHVSRQGLQJ�DXWKRU��0DQIUHG�/DIRVVH�

$GUHVVH��830&���,QVWLWXW�GHV�6FLHQFHV�GH�OD�7HUUH�GH�3DULV��L67H3�����3ODFH�-XVVLHX�������

3DULV��)UDQFH�

7HO�����������������������
(PDLO��PDQIUHG�ODIRVVH#XSPF�IU�

����� $EVWUDFW��

/DWH�4XDWHUQDU\� WUDQVWHQVLYH�1HNRU�EDVLQ� VKRZV�D� VKHOIDO� VWUDWLJUDSKLF�VWDFNLQJ�SDWWHUQ� WKDW�

LQGLFDWHV�D�WHFWRQLF�FRQWURO�RI�WKH�VKHOI�DUFKLWHFWXUH��7KH�0RURFFDQ�PDUJLQ�LV�RQH�RI�WKH�PRVW�

VHLVPLFDOO\� DFWLYH� UHJLRQV� RI� WKH�:HVWHUQ�0HGLWHUUDQHDQ� DUHD��$FWLYH� GHIRUPDWLRQ� LQFOXGHV�

DFWLYH� IDXOWLQJ�� JUDEHQ� OLNH� VXEVLGHQFH� DQG� LV� XOWLPDWHO\� H[SUHVVHG� DV� GLIIHUHQFHV� LQ�

DFFRPPRGDWLRQ� DORQJ� GLIIHUHQW� VHJPHQWV� RI� WKH� PDUJLQ�� 'HSRVLWLRQDO� VHTXHQFHV� FDQ� EH�

LQWHUSUHWHG�LQ�DOO�WKH�WHFWRQLF�VHJPHQWV��6XUIDFHV�WHUUDFHG��DW�����P�����������P��DQG����P�GHHS��

UHSUHVHQW�WKH�WRS�RI�SURJUDGLQJ�ZHGJHV�DQG�KDYH�EHHQ�PDSSHG��$�VXFFHVVLRQ�RI�DJJUDGLQJ�WR�

SURJUDGLQJ�VHLVPLF�XQLWV�LV�SUHFHGLQJ�EDFN�VWHSSLQJ�SURJUDGLQJ�ZHGJHV�LGHQWLILHG�DW�WKH�VKHOI�

HGJH�RI�WKH�0RURFFDQ�0DUJLQ��$O�+RFHLPD��0RURFFR��:HVWHUQ�0HGLWHUUDQHDQ���3URJUDGLQJ�WR�

DJJUDGLQJ�ZHGJHV�ORFDWHG�DW���������P�GHHS�DUH�LQWHUSUHWHG�DV�XSEXLOGLQJ�GXULQJ�WKH�ODVW�SKDVH�

RI� WKH� ORZVWDQG��7KLV� ORZVWDQG�DQG� WKH� IROORZLQJ�HDUO\� WUDQVJUHVVLYH�V\VWHP�WUDFW� �/67�DQG�

HDUO\�767�� UHVSHFWLYHO\��DUH� LQWHUSUHWHG� WR�EH� WKH�/DVW�*ODFLDO�0D[LPXP��/*0���0LG�VKHOI�
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GHSRVLWLRQDO� WHUUDFHV� DUH� EDFN�VWHSSLQJ�SURJUDGLQJ� ZHGJHV� GHSRVLWHG� GXULQJ� WKH� SHULRGLF�

VWLOOVWDQGV�GXULQJ�WKH�SRVW�JODFLDO�WUDQVJUHVVLRQ���

2WKHUV�IHDWXUHV�DW�WKH�VHDIORRU��SUR�GHOWDLF�XQGXODWLRQ��VXE�DTXHRXV�GXQHV�ILHOGV��DQG�FUHVFHQW�

VKDSH�EHG� IRUPV� LQ� WDOZHJV�� IXUQLVK�PRUSKRORJLFDO� DUJXPHQWV� IRU� K\GURG\QDPLF� SURFHVVHV�

DVVRFLDWHG�WR�WKH�ODVW�WUDQVJUHVVLRQ�DQG�KLJK�VWDQG��:H�GLVFXVV�DERXW�WKH�LQWHUDFWLRQ�EHWZHHQ�

ORQJ�WHUP�VXEVLGHQFH��DFWLYH�WHFWRQLF�DQG�KLJK�IUHTXHQF\�F\FOLFLWLHV��7KLV�QRUPDO�RI�SRVW�JODFLDO�

WUDQVJUHVVLRQ�KDV�EHHQ�DIIHFWHG�E\�GLIIHUHQWLDO�YHUWLFDO�PRYHPHQW�DORQJ�VWULNH�PDUJLQ�DV�QHYHU�

REVHUYHG�EHIRUH��

����� ,QWURGXFWLRQ�

7KH� 0LG� WR� /DWH� 3OHLVWRFHQH� HXVWDWLF� VHD�OHYHO� FKDQJHV� DUH� ZHOO� GRFXPHQWHG� DORQJ� WKH�

0HGLWHUUDQHDQ�FRQWLQHQWDO�VKHOYHV��H�J��&KLRFFL�HW�DO���������&KLRFFL�DQG�&KLYDV��������/RER�

HW�DO���������5DELQHDX�HW�DO���������5LGHQWH�HW�DO����������7KH�DV\PPHWU\�DQG� WKH�DPSOLWXGH�

�PD[LPXP����P���P��RI�WKH�YDULDWLRQ�RI�WKH�JODFLR�HXVWDWLF�F\FOHV�FRQWURO�WKH�JHRPHWU\�DQG�

WKH�VWUDWDO�RUJDQL]DWLRQ�RI�WKH�TXDWHUQDU\�FRQWLQHQWDO�VKHOYHV��DQG�RQO\�IHZ�SODFHV�DOORZ�D�JRRG�

SUHVHUYDWLRQ�RI�FRPSOHWH� WUDQVJUHVVLYH�UHJUHVVLYH�VHTXHQFH��(UFLOOD�HW�DO���������+HUQiQGH]�

0ROLQD�HW�DO���������&KLRFFL�HW�DO���������5DELQHDX�HW�DO���������&DWXQHDQX�HW�DO���������/RER�

DQG�5LGHQWH��������/HURX[�HW�DO����������,Q�WKH�*XOI�RI�/LRQ��6RXWK�RI�)UDQFH��SUHYLRXV�ZRUNV�

IURP�5DELQHDX��������������-RXHW���������%DVVHWL�HW�DO���������EDVHG�RQ�DQ�H[WHQVLYH�GDWDVHW�

RI�VHLVPLF�SURILOHV��FRUHV�DQG�RQ�QXPHULFDO�PRGHOOLQJ�VWDWHG�WKDW�WKH�IRXUWK�RUGHU�F\FOLFLW\�RI�

GHSRVLWLRQDO� VHTXHQFHV� REVHUYHG� DW� WKH� RXWHU� VKHOI� ZDV� FRQWUROOHG� E\� WKH� ���N\� FOLPDWLF�

RVFLOODWLRQ�GXULQJ�WKH�PLGGOH�ODWH�3OHLVWRFHQH��5DELQHDX�HW�DO����������REVHUYHG�WKH�UHSHWLWLRQ�

RI�SDLUHG�SULVPV�FRUUHVSRQGLQJ�WR�F\FOLF�SDWWHUQ�RI����.\�GXUDWLRQ��7KLV�UHSHWLWLRQ�FRUUHVSRQGV�

WR� D� VXFFHVVLRQ� RI� ORZ� DQG� KLJK� HQHUJ\� HQYLURQPHQW� RI� �WK� RUGHU� GHSRVLWLRQDO� VHTXHQFH�

�5DELQHDX�HW�DO�����������������L��ORZ�DQJOH�FOLQRIRUPV�FRUUHVSRQGV�WR�SUR�GHOWDLF�HQYLURQPHQW�

DW�WKH�ERWWRP�RI�WKH�XQLW�DQG�WR�WKH�GLVWDO�SDUW�RI�WKH�KLJK�VWDQG�V\VWHP�WUDFW��+67����LL��+LJK�

DQJOH�FOLQRIRUPV�FRUUHVSRQGV�WR�GHOWDLF�WR�VKRUHIDFH�HQYLURQPHQW�DW�WKH�WRS�RI�WKH�XQLW�DQG�WR�

IDOOLQJ�VWDJH�V\VWHP�WUDFW��)667����

,Q�WKHLU�UHYLHZ�RI�WKH�������/RER�DQG�5LGHQWH�DOVR�VKRZHG�WKDW���N\�F\FOLFLW\�FRXOG�EH�GHFRGHG�

ZLWKLQ�WKH����N\�ORQJ�F\FOLFLW\�RQ�VHYHUDO�VLOLFR�FODVWLF�FRQWLQHQWDO�VKHOYHV��)XUWKHUPRUH��WKH�

+RORFHQH�WUDQVJUHVVLRQ�ZDV�PDUNHG�E\�WKH�PLJUDWLRQ�RI�WKH�SDOHR�VKRUHOLQH��DVVRFLDWHG�ZLWK�

WKH�IRUPDWLRQ�RI�PRUSKRORJLFDO�VWHSV�GXULQJ�VWLOOVWDQGV�RU�VORZVWDQGV�VXFK�DV�PHOW�ZDWHU�SXOVHV�

�$�DQG��%��5DELQHDX�HW�DO��������%HUQp�HW�DO��������0DUDQJRQL�HW�DO���������*UHHQ��HW�DO��������



�����
�

�

=HFFKLQ�HW�DO���������)LQDOO\��WKH�FRPSDULVRQ�RI�GLIIHUHQW�:HVWHUQ�0HGLWHUUDQHDQ�FRQWLQHQWDO�

PDUJLQV�E\�&KLRFFL�HW�DO����������VKRZHG�WKDW�WKH�WHFWRQLF�FRQWH[W�PRGXODWHV�WKH�LQIOXHQFH�RI�

WKH�JODFLR�HXVWDWLF�VHD�OHYHO�YDULDWLRQV�RQ�WKH�JHRPHWU\�DQG�SDWWHUQ�RI�ORZVWDQG�V\VWHP�WUDFW�RI�

WKH�ODWH�4XDWHUQDU\�VWUDWLJUDSKLF�DUFKLWHFWXUH��

�1HYHUWKHOHVV��HYHQ�WKRXJK����N\�HXVWDWLF�F\FOHV�DUH�FRQVLGHUHG�DV�WKH�PDLQ�IDFWRU�FRQWUROOLQJ�

WKH�/DWH�4XDWHUQDU\�DUFKLWHFWXUH�RI�WKH�0HGLWHUUDQHDQ�FRQWLQHQWDO�VKHOYHV��WKH�LQIOXHQFH�RI�WKH�

LQWHUSOD\� EHWZHHQ� KLJKHU� RUGHU� �L�H� ����N\�� HXVWDWLF� F\FOHV� DQG� DFWLYH� WHFWRQLFV� FRXOG� EH�

VLJQLILFDQWO\� LPSURYHG� DQG� PRUH� GRFXPHQWHG�� 7KH� VWXG\� RI� 1HNRU� EDVLQ� ORFDWHG� LQ� WKH�

0RURFFDQ�VLGH�RIIHUV�WKH�RSSRUWXQLW\�WR�GHSLFW�DQG�WR�GHFLSKHU�WKHVH�ERWK�LQIOXHQFHV��

�7KH� 1HNRU� EDVLQ� LV� DIIHFWHG� E\� DFWLYH� WHFWRQLFV� �VWLFK�� ������ DQG� LWV� RIIVKRUH� VWUXFWXUDO�

IUDPHZRUN�ZDV�UHFHQWO\�FKDUDFWHUL]HG��G¶$FUHPRQW�HW�DO�������/DIRVVH�HW�DO���������7KH�DLP�RI�

WKLV�VWXG\�LV�WKXV�WR�DQDO\]H�WKH�JHRPHWU\�DQG�WKH�VWUDWD�SDWWHUQ�RI�WKH�0LG�WR�/DWH�4XDWHUQDU\�

GHSRVLWLRQDO� XQLWV� LQ� WKLV� PDUJLQ�� 7KH� DFTXLVLWLRQ� RI� QHZ� KLJK�UHVROXWLRQ� VHLVPLF� DQG�

EDWK\PHWULF� GDWD� RIIHUV� WKH� RSSRUWXQLW\� WR� VWXG\� WKH� FRQWURO� RI� VWUDWLJUDSKLF� SDWWHUQ� DQG�

VHGLPHQWDU\� SURFHVVHV� RQ� WKLV� VKHOI� LQ� UHODWLRQ�ZLWK� ODVW� JODFLR�HXVWDWLF� F\FOH� FRXSOHG�ZLWK�

WHFWRQLF�DFWLYLW\�DQG�K\GURG\QDPLF�SURFHVVHV��

������� *HRORJLFDO�DQG�WHFWRQLF�VHWWLQJ�

7KH�1HNRU�EDVLQ�LV�ORFDWHG�LQ�WKH�UHJLRQ�RI�$O�+RFHLPD��1RUWK�RI�WKH�HDVWHUQ�5LI��)LJXUH�������

DORQJ�WKH�VRXWKHUQ�PDUJLQ�RI�WKH�$OERUDQ�6HD��7KH�$O�+RFHLPD�ED\�DUHD�LV�WKH�RXWOHW�RI�WKH�

5KLV�DQG�1HNRU�ULYHUV��ZKLFK�GUDLQ�WKH�PRVW�LPSRUWDQW�ZDWHUVKHG�RI�WKH�DUHD��)LJXUH�������7KH�

1HNRU� EDVLQ� LV� D� SUHVHQW�GD\� DFWLYH� WUDQVWHQVLYH� SXOO�DSDUW� EDVLQ� �&DOYHUW� HW� DO��� ������

G¶$FUHPRQW� HW� DO��� ������ /DIRVVH� HW� DO��� ������ ZKLFK� DFWLYLW\� LV� DWWHVWHG� E\� LPSRUWDQW�

HDUWKTXDNHV��0Z ����LQ�������DQG�0Z ����LQ�������H�J��%H]]HJKRXG�DQG�%XIRUQ��������6WLFK�

HW�DO����������,WV�ERXQGLQJ�QRUPDO�IDXOWV�FURVV�WKH�FRQWLQHQWDO�VKHOI�ZLWK�1(�6:�WR�11(�66:�

WUHQG��7KH�RQVKRUH�WHFWRQLF�ERXQGDULHV�RI� WKH�1HNRU�EDVLQ�DUH�WKH�QRUPDO�VLQLVWUDO�7URXJRXW�

IDXOW�HDVWZDUG�DQG�WKH�QRUPDO�,P]RXUHQ�$MGLU�IDXOW�ZHVWZDUG��)LJXUH�����3RXMRO�HW�DO���������

9DQ�GHU�:RHUG�HW�DO����������6RXWKZDUG��WKH�EDVLQ�LV�ERXQGHG�E\�WKH�1HNRU�IDXOW��)LJXUH�������

2IIVKRUH�� WKH�1HNRU�EDVLQ� LV� ERXQGHG� WR� WKH�1(�E\� WKH�%RXVHNNRXU�%RNNR\D� IDXOW� V\VWHP��

ZKLFK�LV�DQ�HQ�HFKHORQ�VLQLVWUDO�IDXOW�]RQH��G
$FUHPRQW�HW�DO��������/DIRVVH�HW�DO���������7KHVH�

PDMRU� IDXOWV� FRQWURO�YHUWLFDO�PRYHPHQWV� ��7KH� ,P]RXUHQ�$MGLU� IDXOW�KDV�XSOLIWHG� IDQ�VKDSHG�

WHUUDFHV�OLQNHG�WR�WKH�5KLV�5LYHU��9DQ�GHU�:RHUG�HW�DO����������7KH�EDVHPHQW�RI�WKH�5DV�7DUI�

3URPRQWRU\� LV� PDLQO\� FRPSRVHG� RI� EDVDOWLF� DQG� DQGHVLWLF� URFNV� ZKLFK� DUH� RIIVHW� E\� WKH�

7URXJRXW�)DXOW��H�J��$]]RX]L�HW�DO���������7KH�WLOW�RI�WKH�0HVVLQLDQ�8QFRQIRUPLW\�RIIVKRUH�DQG�
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WKH����P�XSOLIW�RI�FRUDOV� IURP�0HVVLQLDQ�7HUPLQDO�&RPSOH[�DW� WKH�VXPPLW�RI� WKH�5DV�7DUI�

SURPRQWRU\�GHPRQVWUDWHV�WKDW�WKH�VKHOI�LQ�WKH�YLFLQLW\�RI�WKH�1HNRU�EDVLQ�ZDV�WLOWHG�DQG�XSOLIWHG�

DIWHU�WKH�0HVVLQLDQ�6DOLQLW\�&ULVLV��0RUHO�DQG�0HJKUDRXL���$PPDU�HW�DO���������������3RXMRO�HW�

DO����������2Q�WKH�HGJH�RI�WKH�5DV�7DUI�SURPRQWRU\��3RXMRO�HW�DO���������REVHUYHG�WKUHH�XSOLIWHG�

PDULQH�WHUUDFHV�DW����P������P�DQG����P�IURP�WKH�SUHVHQW�GD\�VHD�OHYHO��7KH�ORZHVW�WHUUDFH�

ZDV�GDWHG�ZLWK�8�7K�PHWKRG�DQG�DJHG�EHWZHHQ����N\�DQG����N\��3RXMRO�HW�DO��������LQGLFDWLQJ�

DQ�XSOLIW�UDWH�RI�����PP�\���

1�����VWULNLQJ�QRUPDO�IDXOWV�FRQWURO�WKH�VXEVLGHQFH�RI�WKH�1HNRU�EDVLQ��/DIRVVH�HW�DO���������

2QVKRUH�WKH�%RXJHU�DQRPDO\�DQDO\VLV�LQGLFDWHV�WKDW�WKH�1HNRU�EDVLQ�LV�ILOOHG�ZLWK����P�RI�3OLR�

4XDWHUQDU\�VHGLPHQWV��ZLWK�D�GHSRFHQWUH�RI�WKH�EDVLQ�DW�WKH�IHHW�RI�WKH�RQVKRUH�7URXJRXW�IDXOW�

VHJPHQW��*DOLQGR�=DOGtYDU�HW�DO����������7KH�%RXGLQDU�IDXOW�HDVWZDUG�RI�WKH�1HNRU�EDVLQ�ZDV�

DFWLYH�WLOO�WKH�4XDWHUQDU\�DQG�PD\�KDYH�DQ�RIIVKRUH�H[SUHVVLRQ��3RXMRO�HW�DO���������*DOLQGR�

=DOGtYDU�HW�DO����������

,Q� WKH�$OERUDQ� 6HD�� WKH� VWUDWDO� DUFKLWHFWXUH� RI�4XDWHUQDU\� GHSRVLWV� KDV� EHHQ� VWXGLHG� LQ� WKH�

1RUWKHUQ� SDUW� �(UFLOOD� HW� DO��� ������ ������ +HUQiQGH]�0ROLQD� HW� DO��� ������� ,Q� FRQWUDVW�� WKH�

4XDWHUQDU\�DUFKLWHFWXUH�RI�WKH�VRXWK�$OERUDQ�FRQWLQHQWDO�VKHOI��1RUWK�0RURFFDQ�PDUJLQ��KDV�

UHPDLQHG�SRRUO\�VWXGLHG�VLQFH�WKH�GHYHORSPHQW�RI�WKH�+LJK�UHVROXWLRQ�VHLVPLF�LPDJHU\�LQ�WKH�

��¶V��6RPH�SUHFXUVRU�VWXGLHV��*HQVRXV�HW�DO���������7HVVRQ�HW�DO���������7HVVRQ�DQG�*HQVRXV��

������VKRZHG�DQ�LPSRUWDQW�ORQJLWXGLQDO�YDULDWLRQV�LQ�WKH�VWUDWDO�DUFKLWHFWXUH�RI�WKH�FRQWLQHQWDO�

VKHOI�IURP�HLWKHU�VLGHV�RI�WKH�1HNRU�EDVLQ��*HQVRXV�HW�DO����������KLJKOLJKWLQJ�D�WHFWRQLF�FRQWURO�

LQ�WKH�VW\OH�DQG�JHRPHWU\�RI�WKH�GHSRVLWLRQDO�XQLWV��
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)LJXUH�������7RSRJUDSKLF�DQG�VWUXFWXUDO�PDS�RI�WKH�VWXG\�DUHD��2QVKRUH��WKH�WRSRJUDSK\�LV�H[WUDFWHG�IURP�WKH�
$67(5� *'(0� �KWWS���JGHP�HUVGDF�MVSDFHV\VWHPV�RU�MS���� $�� %�&�� '� DQG� (�� ZDWHUVKHG� DUHD� FRPSXWHG� ZLWK�
*OREDOPDSSHU���$��2XHG�1HNRU�ZDWHUVKHG��%�2XHG�5KLV�ZDWHUVKHG��&��2XHG�7DUPDVW�ZDWHUVKHG��'��XQQDPHG�
RXHG�ZDWHUVKHG��(�2XHG�$PHNUDQH�ZDWHUVKHG��WHFWRQLF�VWUXFWXUHV�DUH�IURP�9DQ�GHU�:RHUW�HW�DO���������DQG�3RXMRO�
HW� DO�� �������� 2IIVKRUH�� EDWK\PHWU\� IURP� 6$5$6� DQG� 0$5/2%2��� VXUYH\V� VXULPSRVHG� RYHU� WKH� *(%&2�
EDWK\PHWU\��2IIVKRUH� WHFWRQLF� VWUXFWXUHV� DUH� IURP�/DIRVVH� HW� DO�� �������� %)��%RXVVHNRXU�)DXOW��%RI��%RNNR\D�
)DXOW�%L)��%RXGLQDU�IDXOW��,$)��$MGLU�,P]RXUHQ�IDXOW��7)��7URXJRXW�IDXOW��1)��1HNRU�IDXOW��6$%��6RXWK�$OERUDQ�
%DVLQ��:KLWH�GDVKHG�UHFWDQJOH��VWXG\�]RQH�RI�WKH�SUHVHQW�SDSHU��,QVHW��5HG�UHFWDQJOH���VWXG\�DUHD��($*���(DVWHUQ�
$OERUDQ�*\UH��:HVWHUQ�$OERUDQ�*\UH��

����� 0HWKRGRORJ\�

������� 'DWD��

,Q� WKLV� SDSHU�� ZH� SUHVHQW� VHLVPLF� OLQHV� IURP� WKUHH� RFHDQRJUDSKLF� VXUYH\V�� WKH�0DUOERUR����

0DUOERUR���DQG�WKH�6$5$6�VXUYH\V��)LJXUH����D���+LJK�UHVROXWLRQ�VHLVPLF�UHIOHFWLRQ�GDWD�ZHUH�

UHFRUGHG�XVLQJ�D�PLQL�*,�DLU�JXQ�DQG�D����FKDQQHO�VWUHDPHU�GXULQJ�WKH�0DUOERUR���FUXLVH��7KH�

�'�63$5.(5�VHLVPLF�UHIOHFWLRQ�DQG�WKH�VZDWK�EDWK\PHWU\�GDWD�ZHUH�DFTXLUHG�LQ������GXULQJ�

WKH�0$5/2%252���DQG�6$5$6�VXUYH\V��'XULQJ�WKH�VXUYH\��ZH�XVHG�D�63$5.(5�VRXUFH�

DQG�D�VL[�FKDQQHO�VWUHDPHU��7KH�VHLVPLF�GDWD�ZHUH�SURFHVVHG��L�H��VWDFNHG��ILOWHUHG�DQG�PLJUDWHG��

ZLWK�6(,60,&�81,;�VRIWZDUH��&RORUDGR�8QLYHUVLW\��DQG�LPSRUWHG�LQ�WKH�,+6�.LQJGRP�6XLWH�

VRIWZDUH�IRU�VHLVPLF�LQWHUSUHWDWLRQ��7KH�VZDWK�EDWK\PHWU\�ZDV�DFTXLUHG�ZLWK�D�VKDOORZ�ZDWHU�
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5HDVRQ������V\VWHP��IURP�805������GXULQJ�WKH�0$5/%252���FUXLVH�DQG�ZLWK�DQ�(0����

V\VWHP�GXULQJ� WKH�6$5$6� VXUYH\��:H�SURFHVVHG� WKH� VZDWK�EDWK\PHWU\�ZLWK�48,1&<�DQG�

&$5$,%(6� �,)5(0(5�� VRIWZDUH�� $IWHU� SURFHVVLQJ�� WKH� VZDWK� EDWK\PHWU\� IURP� WKH�

0$5/%252���VXUYH\�KDV�D�KRUL]RQWDO�GHILQLWLRQ�RI����Pð�DQG�D�YHUWLFDO�UHVROXWLRQ�RI�����P�

EHORZ�����P��7KH�KRUL]RQWDO�GHILQLWLRQ�RI�WKH�EDWK\PHWU\�IURP�WKH�6$5$6�VXUYH\�ZDV����Pð�

DQG�LWV�YHUWLFDO�UHVROXWLRQ�ZDV���P��

������� 0HWKRG�

7KUHH�GRPDLQV�FDQ�EH�GLVWLQJXLVKHG��WKH�FRQWLQHQWDO�VORSH��WKH�VKHOI�HGJH�DQG�WKH�LQWHUQDO�VKHOI��

:H�GHILQH�DUELWUDU\�WKRVH�DUHDV�DV�D�IXQFWLRQ�RI�WKH�DYHUDJH�VORSH�DQG�WKH�EDWK\PHWU\��7KH�PLG�

VKHOI�LV�GHILQHG�DERYH�WKH�RXWHU�VKHOI�EHWZHHQ�����P�E�V�O�DQG����P�E�V�O���P�E�V�O���PHWHUV�EHORZ�

VHDOHYHO���7KH�LQQHU�VKHOI�LV�GHILQHG�IURP����PV�E�V�O��WR��P��7KH�RXWHU�OLPLW�RI�WKH�VKHOI��L�H��

VKHOI�EUHDN�� LV� D�PRUSKRORJLFDO� IHDWXUH� WKDW� GRHV� QRW� UHDFK� D� FRQVHQVXV�� DQG�PDQ\� VWXGLHV�

FKRRVH�GLIIHUHQW�GHILQLWLRQV�RI�VORSH�DQG�EDWK\PHWU\��H�J��'XUiQ�HW�DO���������*DPEHUL�HW�DO���

������/LQNODWHU�HW�DO����������)URP�WKH�EDWK\PHWU\��ZH�GHILQH�WKH�VKHOI�EUHDN�DV�WKH�DUHD�ZKHUH�

WKH�VORSH�EHFRPHV�!���EHWZHHQ�����DQG�����P��EURDGO\�DFFRUGLQJ�WR�WKH�GHILQLWLRQ�RI�WKH�,�+�2���

������,QWHUQDWLRQDO�+\GURJUDSKLF�2UJDQLVDWLRQ��)LJXUH����E���7KH�LQWHUSUHWHG�PDS�LV�SUHVHQWHG�

RQ�WKH�)LJXUH������:H�GLYLGH�WKH�FRQWLQHQWDO�VKHOI�LQ�WKUHH�VHJPHQWV���WKH�ERXQGDULHV�RI�1HNRU�

EDVLQ�� WKH� VKHOI�ZHVW� RI�5DV� HO�$ELE� SURPRQWRU\� �)LJXUH� ���� )LJXUH� ����� DQG� WKH�5DV�7DUI�

SURPRQWRU\��)LJXUH�������WKH�FHQWHU�RI�WKH�1HNRU�EDVLQ��$O�+RFHLPD�%D\��)LJXUH���������
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)LJXUH����� ��$�/RFDWLRQ�RI� WKH� VHLVPLF� UHIOHFWLRQ� OLQHV�XVHG� LQ� WKLV� VWXG\� �0DUOERUR����0DUOERUR���DQG�6DUDV�
VXUYH\V��VXUYH\V�0$5/%252���DQG�6$5$6��%��6KDGHG�WRSRJUDSK\�DQG�EDWK\PHWU\�RI�WKH�VWXGLHG�DUHD��:KLWH�
GDVKHG�OLQH��VKHOI�EUHDN�DV�GHILQHG�LQ�WKH�WH[W��%ODFN�GDVKHG�UHFWDQJOH��SRVLWLRQ�RI�WKH�ILJXUHV�)LJXUH������)LJXUH�
�����)LJXUH�������

� �
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)LJXUH�������6HDIORRU�IHDWXUHV�LQWHUSUHWHG�IURP�WKH�VHLVPLF�VHFWLRQV�DQG�WKH�PRUSKRORJLFDO�DQDO\VLV�RI�WKH�VHDIORRU�
SURMHFWHG�RQ�WKH�VKDGHG�EDWK\PHWU\��2QVKRUH�FRQWRXU�OLQHV�RI�WKH�WRSRJUDSK\�IURP�WKH�$VWHU�*'(0��

0RUSKR�VHGLPHQWDU\� IHDWXUHV� DUH� LGHQWLILHG� UHJDUGLQJ� WKHLU� JHQHVLV� EHFDXVH� WKHVH� IHDWXUHV�

UHSUHVHQW� WKH� LQWHUDFWLRQ� EHWZHHQ� VHD� OHYHO� YDULDWLRQ�� RFHDQRJUDSKLF� FXUUHQWV� DQG� DFWLYH�
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WHFWRQLFV�� )RU� WKH� GHVFULSWLRQ� RI� WKH� VWDLU� FDVH� PRUSKRORJ\�� ZH� XVH� WKH� ZRUGV� WHUUDFHV� DV�

PRUSKRORJLFDO�UHJXODU�ORZ�JUDGLHQW�VXUIDFHV�DQG�VWHSV�IRU�VXUIDFHV�ZLWK�UHODWLYHO\�KLJKHU�VORSH�

DQG�YDULDELOLW\��L�H�VSDWLDO�YDULDWLRQV�RI�WKH�VORSH�JUDGLHQW���UHJDUGOHVV�RI�WKH�SURFHVVHV��)DXOW�

VHJPHQWV�FDQ�EH�GHFLSKHUHG�IURP�OLQHDU�IHDWXUHV�DW�WKH�VHDIORRU��LQ�EODFN�RQ�)LJXUH������/DIRVVH�

HW� DO�� �������$V� WKH� EDVLQ� DQG� LWV� ERXQGDU\� DUH� H[WHQVLYHO\� IDXOWHG�� GHSRVLWLRQDO� VHTXHQFHV�

FDQQRW�EH�VWULFWO\�FRUUHODWHG�RQ�WKH�ZKROH�EDVLQ�IURP�WKH�HGJHV�WR�WKH�FHQWHU�RI�WKH�EDVLQ��DW�WKH�

H[FHSWLRQ� RI� WKH� VKDOORZHVW� GHSRVLWLRQDO� VHTXHQFHV� �)LJXUH� ����)LJXUH� ����)LJ�� ����)LJXUH�

��������

7KH�KLJK�UHVROXWLRQ�RI�WKH�63$5.(5�VHLVPLF�XVHG�LQ�WKLV�VWXG\���P�YHUWLFDO�UHVROXWLRQ��DOORZV�

WKH�FRUUHODWLRQ�RI�GHSRVLWLRQDO�VHTXHQFHV�DQG�EHGIRUPV�ZLWK�WKH�EDWK\PHWU\� �&KLRFFL��������

0DUWRUHOOL�HW�DO���������&DVDOERUH�HW�DO����������,QWHUSUHWDWLRQ�RI�VHLVPLF�GDWD�ZDV�LPSOHPHQWHG�

DFFRUGLQJ� WR� WKH� JHQHUDO� SULQFLSOHV� RI� KLJK� UHVROXWLRQ� VHLVPLF� DQG� VHTXHQFH� VWUDWLJUDSK\��

DGHTXDWH�WR�DGGUHVV�DQDO\VHV�RI�4XDWHUQDU\�KLJK�IUHTXHQF\��JODFLR�HXVWDWLF��VLJQDOV���IRXUWK��DQG��

ILIWK�RUGHUV�� FLUFD� �������N\�� ��N\� DQG� ��N\� GHSRVLWLRQDO� F\FOHV�� �7HVVRQ� HW� DO��� ������

3RVDPHQWLHU�HW�DO���������+XQW�DQG�7XFNHU��������3OLQW�DQG�1XPPHGDO��������3RVDPHQWLHU�DQG�

0RUULV��������&DWXQHDQX�HW�DO�����������������

����� 0RUSKRORJ\�RI�WKH�VHDIORRU�

,Q�WKH�PRVW�ZHVWHUQ�SDUW�RI�WKH�PDSSHG�DUHD��WKH�5DV�HO�$ELG�FRQWLQHQWDO�VKHOI�H[WHQWV�IURP�WKH�

SUHVHQW�GD\�VKRUHOLQH�XS�WR���NP�LQ�WKH�QRUWKHDVWHUQ�H[WUHPLW\�RI�WKH�5DV�(O�$ELG�SURPRQWRU\�

�)LJXUH�������$URXQG�WKH�5DV�7DUI�SURPRQWRU\��WKH�ZLGWK�RI�WKH�VKHOI�YDULHV�IURP��NP�WR���NP�

WRZDUG�WKH�1RUWK��)LJXUH�������7KH�5DV�7DUI�SURPRQWRU\�EDVHPHQW�PHUJHV�DW�WKH�VHDEHG�DORQJ�

WKH�PLGGOH�VKHOI�DQG�FRUUHVSRQGV�WR�WKH�KHDG�RI�D�WLOWHG�EORFN��)LJXUH������$PPDU�HW�DO��������

/DIRVVH�HW�DO��������,Q�WKH�FHQWUDO�ED\�RI�$O�+RFHLPD��LQWHUDFWLRQ�EHWZHHQ�DFWLYH�VXEVLGHQFH�

DQG�K\GURG\QDPLF�SURFHVVHV�FRQWURO�WKH�PRUSKRORJ\�RI�WKH�VHD�IORRU��7KH�VHDIORRU�PRUSKRORJ\�

H[KLELWV�D�JHQWO\�GLSSLQJ�UDPS��DYHUDJH�DQJOH�DERXW�����IURP�WKH�DFWXDO�VHD�VKRUH�WR�WKH�GHHS�

EDVLQ��)LJXUH��������7KUHH�PDMRU�IDXOWV�VHJPHQWV�DIIHFWV�WKH�VHDIORRU��WKH�1(�6:�%RXVHNNRXU�

IDXOW� �%)��)LJXUH����E��� WKH�1�6�7URXJRXW�)DXOW� �)LJXUH����E��DQG� WKH�11(�66:�%RNNR\D�

IDXOWV��)LJXUH����E���7KHVHV�IDXOWV�VHJPHQWV�DUH�DFWLYH�DQG�DFFRPPRGDWH�WKH�H[WHQVLRQ�LQ�WKH�

1HNRU�EDVLQ��/DIRVVH�HW�DO�����������
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)LJXUH������$��6ORSH�PDS�RI�WKH�FRQWLQHQWDO�VKHOI�ZHVW�RI�WKH�$O�+RFHLPD��%�	�&��&URVV�VHFWLRQV�WKURXJK�WKH�VKHOI��
'��=RRP�IURP�WKH�GDVKHG�EODFN�UHFWDQJOH�LQ�$��7KH�FRORU�PDS�KDV�EHHQ�FKDQJH�WR�HQKDQFH�WKH�GHWDLOV��<HOORZ�
DUURZV�SRLQW�WR�VFRXU�PDUNV�� �5RXJKHU�WH[WXUH�RQ�WKH�HDVWHUQ�VHFWLRQ�RI�WKH�PDULQH�WHUUDFHV�UHYHDOV�WKH�OHVVHU�
EXULDO�RI�WKH�PDULQH�WHUUDFH�XQGHU�+RORFHQH�GULIWHG�VHGLPHQWV��6'7��VXEPHUJHG�GHSRVLWLRQDO�WHUUDFHV��)��IDXOW��
%)��%RXVHNNRXU�IDXOW��%R)��%RNNR\D�IDXOW��5%��5LEERQ�OLNH�EHGIRUP��56��UDYLQHPHQW�VXUIDFH��

������� 3RFNPDUNV�

$W�WKH�IRRW�RI�WKH�FRQWLQHQWDO�VORSH�LQ�WKH�%RXVHNNRXU�DUHD��FLUFXODU�GHSUHVVLRQV�RI�IHZ�WHQV�RI�

PHWHUV�RI�GLDPHWHU�DW�WKH�VHD�IORRU�DUH�LQWHUSUHWHG�DV�SRFNPDUNV��)LJXUH�������7KHVH�SRFNPDUNV�

FRXOG� EH� UHODWHG� WR� FRQWRXULWLF� SURFHVVHV� DIIHFWLQJ� WKH�$OERUDQ� 6HD� �H�J�� /HRQ� HW� DO��� ������

6RPR]D�HW�DO����������7KH�WUHQG�RI�WKHVH�SRFNPDUNV��VKRZLQJ�D�QRUWKHUQ�FRQWLQXDWLRQ�RI�WKH�

%RXVHNNRXU� )DXOW� FRXOG� HYLGHQFH� UHODWLRQ� EHWZHHQ� IOXLG� HVFDSHV� DQG� WKH� ODWH�3OHLVWRFHQH�

DFWLYLW\�RI�WKLV�IDXOW��%)��)LJXUH�������

������� &RQWLQHQWDO�VORSH�OHGJH�

7KH�FRQWLQHQWDO�VORSH�VKRZ�VWHS�OLNH�HORQJDWHG�PRUSKRORJLHV�EHWZHHQ������DQG�����P�E�V�O��

�FRQWLQHQWDO�VORSH�OHGJH�RQ�)LJXUH�����)LJXUH�����)LJXUH��������FRUUHVSRQGLQJ�WR�D�GHFUHDVH�LQ�

VXUIDFH�VORSH�JUDGLHQW������������7KHVH�HORQJDWHG�PRUSKRORJLHV�PDWFK�ZLWK�WKH�SLQFK�RXW�RI�WKH�

SURJUDGDWLRQDO� VKHOI� HGJH�ZHGJHV� �)LJXUH� �����)LJXUH� ������� RXWOLQLQJ� WKH� ODWHUDO� H[WHQG� RI�

WKHVH�IHDWXUHV��)LJXUH�������7KH\�FRXOG�KDYH�EHHQ�UHVKDSHG�E\�ORQJVKRUH�FXUUHQWV��H�J��5LGHQWH�

HW�DO���������RU�DQG�VWRUP�ZDYHV��H�J��&DVDOERUH�HW�DO�������)LJXUH���������
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)LJXUH������$��6ORSHPDS�RI� WKH�5DV�7DUI�SURPRQWRU\��2UDQJH�OLQH��0$%����VHLVPLF�OLQH��%ODFN�GDVKHG�OLQHV��
LVREDWKV��,QVHW��WRSRJUDSKL\�RYHU�WH�&�&¶�DQG�WKH�'�'¶�FURVV�VHFWLRQ��%��&URVV�VHFWLRQ�&&¶��&��FURVV�VHFWLRQ�''¶��
07'��0DVV�7UDQVSRUW�'HSRVLW��6'7��6XEPHUGHG�'HSRVLWLRQDO�7HUUDFH��56��5DYLQPHQW�6XUIDFH��6:��VHGLPHQW�
ZDYHV��(5��(URVLRQDO�5LGJHV��

�
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������� 6XEPHUJHG�GHSRVLWLRQDO�WHUUDFHV��

)URP� WKH� RXWHU�VKHOI� WR� WKH� PLGGOH�VKHOI�� ZH� REVHUYH� D� VXFFHVVLRQ� RI� WKUHH� WHUUDFHV� DQG�

VXEPDULQH� HVFDUSPHQW� RU� FOLIIV� �)LJXUH� ����� )LJXUH� ����� )LJXUH� ���� )LJXUH� ������� ,Q� WKH�

%RXVHNNRXU�DUHD��)LJXUH�������WKH�GHHSHVW�IODW�VXUIDFH��6'7���LV�QDUURZ�DQG�OLPLWHG�VHDZDUG�

E\�WKH�VKHOI�EUHDN�DURXQG�����P�E�V�O��DQG�ODQGZDUG�E\�WKH�WRH�RI�D�VWHS�DURXQG�����P�E�V�O��

�)LJXUH� ���D�� F��� $� VHFRQG� IODW� VXUIDFH� LV� YLVLEOH� LQ� WKH� PLGGOH�VKHOI� IURP� ���P�E�V�O�� WR� �

��P�E�V�O���6'7���)LJXUH�������7KH�%RXVHNNRXU�IDXOW�WLOWV�WKLV�VXUIDFH��6'7���%)��)LJXUH����E��

WRZDUG� WKH�:HVW��2Q� WKH�5DV�7DUI�SURPRQWRU\�� WKH�6'7�� LV� ORFDWHG�EHWZHHQ� WKH� LVREDWKV� �

���PE�V�O�� DQG� ���PE�V�O�� DQG� OLPLWHG� ODQGZDUG�E\�D���P�FOLII� �)LJXUH�������$�VHFRQG�YHU\�

QDUURZ�GHSRVLWLRQDO� WHUUDFH� �6'7�RQ�)LJXUH������ LV� ORFDWHG�DW� ���P�LQ� WKH�PLGGOH�VKHOI�DQG�

FDQQRW�EH�FRUUHODWHG�ODWHUDOO\��,Q�WKH�1HNRU�%D\��)LJXUH��������WKH�6'7��LV�VLPLODUO\�OLPLWHG�

VHDZDUG� DURXQG� ����P�E�V�O�� %HWZHHQ� ���PE�V�O�� DQG� ���P�E�V�O�� D� VHFRQG� VORSH� EUHDN�

XQGHUOLQHG�E\�D��P�VWHS�FRUUHVSRQGV�WR�WKH�RXWHU�OLPLW�RI�D�VHFRQG�WHUUDFH��6'7���XSVORSH���

������� (URVLYH�PRUSKRORJLHV�

3DUDOOHO� WR� WKH� VKHOI� EUHDN�� OLQHDU� ULGJHV� DUH� REVHUYHG� DW� WKH� RXWHU�VKHOI� LQ� WKH�5DV�(O�$ELG�

SURPRQWRU\��DURXQG�����P�E�V�O����DORQJ�VKHOI�5LGJHV��)LJXUH�����)LJXUH�������ZLWK�DQ�HOHYDWLRQ�

RI�RQH�PHWHU�DERYH� WKH� ODQGZDUG� WHUUDFHV��7KHVH�$ORQJ�VHOI�ULGJHV�DUH� ORFDWHG�RQWRS�6'7��

XQGHUOLQH�WKH�WUXQFDWLRQ�RI�IRUVHWV�RI�VKHOI�HGJH�ZHGJHV��)LJXUH����)LJXUH��������

2Q�WKH�5DV�7DUI�3URPRQWRU\��D�WHUUDFH�ORFDWHG�EHWZHHQ�WKH�LVREDWKV����P�E�V�O��DQG����P�E�V�O�

�GDVKHG�VXUIDFH��)LJXUH������56��)LJXUH�������7KH�PHDQ�HOHYDWLRQ�RI�WKH�HGJH�RI�WKH�WHUUDFH�LV�

DURXQG����P�E�V�O���&&¶��)LJXUH����E���1(�6:�OLQHDU�EHGIRUPV�LQ�WKH�WHUUDFH��(URVLRQDO�ULGJHV��

(5� RQ� )LJXUH� ����� FRUUHVSRQGV� WR� WUXQFDWHG� FOLQRIRUPV� LOOXVWUDWLQJ� WKH� GLIIHUHQWLDO� HURVLRQ�

DIIHFWLQJ�WKLV�VXUIDFH���%HWZHHQ�����P�E�V�O��DQG�����P�E�V�O��RQ�WKH�HDVWHUQ�IODQN�RI�WKH�5DV�

7DUI� SURPRQWRU\� �''¶�� )LJXUH� ���F��� WKH� VWHSV� YLVLEOH� FRXOG� UHFRUGHG� WKH� ODVW� VKRUH� OLQH�

ODQGZDUG�UHWUHDW�DQG�FRXOG�EH�JHQHUDWHG�E\�ZDYH�UDYLQHPHQW��

������� 3UR�GHOWDLF�XQGXODWLRQV�

$ERYH� WKH� VKHOI�EUHDN� LQ� WKH�$O�+RFHLPD�%D\�� WKH�6'7�DUH�GUDSHG�E\�FRQWLQXHV�XQGXODWHG�

EHGIRUPV��38��)LJXUH��������7KLV�ILHOG�RI�EHGIRUPV�LV�ORFDWHG�DW�WKH�RXWOHW�RI�WKH�5LV�DQG�1HNRU�

ULYHUV��)LJXUH������5LV�ZDWHUVKHG�LQ�SXUSOH��1HNRU�ZDWHUVKHG�EDVLQ�LQ�UHG���7KH�XQGXODWLRQV�DUH�

V\PPHWULF�ZLWK�D�KXQGUHG�RI�PHWHUV�RI�ZDYHOHQJWK�DQG�PHWULF�DPSOLWXGHV��)LJXUH�������(�(¶���

6LPLODU� PRUSKRORJLHV� KDYH� EHHQ� REVHUYHG� LQ� WKH� 0HGLWHUUDQHDQ� $UHD� �%HUQp� HW� DO��� ������
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8UJHOHV�HW�DO��������DQG�LQ�WKH�QRUWKHUQ�PDUJLQ�RI�WKH�$OERUDQ�6HD��/RER�HW�DO����������7KLV�

PRUSKRORJ\� RI� VHGLPHQW� ZDYH� LV� W\SLFDO� RI� +RORFHQH� 3UR�GHOWDLF� 8QGXODWLRQV� �38��� 7KH�

ORQJLWXGLQDO�H[WHQW�RI�WKRVH�SUR�GHOWDLF�XQGXODWLRQV�VKRZV�WKH�QDUURZ��D�IHZ�NLORPHWHUV�ZLGH��

IOXYLDO�LQIOXHQFH�RI�WKH�ULYHUV�RXWOHW�LQ�WKH�$O�+RFHLPD�ED\��)LJXUH��������

������� ,QFLVLRQ�DQG�FUHVFHQW�VKDSH�EHGIRUPV�RQ�WKH�VORSH�

,Q� WKH�$O�+RFHLPD�%D\�� D� FHQWUDO�PDULQH� LQFLVLRQ� H[WHQGV� IURP� ����P�E�V�O�� WR� ����P�E�V�O��

�)LJXUH��������/LQNLQJ�WKH�VKHOI�EUHDN�DQG�WKH�KHDG�RI�WKH�PDULQH�LQFLVLRQ�RQ�WKH�VORSH��WKUHH�

OLQHV� RI� FUHVFHQW� VKDSH� EHGIRUPV� DUH� YLVLEOH� EHORZ� ����P�E�V�O�� �&6%)�� )LJXUH� ������� 7KH�

FUHVFHQW�VKDSH�EHGIRUPV�XQGHUOLQH���P�GHSUHVVLRQV�LQ�WKH�FHQWUDO�FKDQQHO�WDOZHJ��)LJXUH��������

6XFK� IHDWXUHV� VKRZLQJ� F\FOLF� VWHS� VW\OH� JHRPHWULHV� KDYH� EHHQ� GHVFULEHG� SUHYLRXVO\� E\� WKH�

DXWKRUV���F\FOLF�VWHS�EHGIRUPV�FUHDWHG�E\�WXUELGLW\�FXUUHQWV��H�J��&DUWLJQ\�HW�DO���������6\PRQV�

HW�DO���������DQG�DUH�FRQVLGHUHG�SURGXFHG�E\�WXUELGLW\�FXUUHQWV��7KHVH�LQFLVLRQV�ZKHUH�SUREDEO\�

FRQQHFWHG�WR�5LV�DQG�1HNRU�ULYHU�GXULQJ�WKH�ORZ�VWDQGV�DV�VKRZQ�RQ�ILJXUH����E\�WKH�SRVLWLRQ�

RI�WKH�SDOHR�VKRUHOLQH�DW����P���

������� 6XEDTXHRXV�GXQHV�ILHOGV�

7KH� VXEDTXHRXV�GXQH� ILHOG�RQ� WKH�5DV�(O�$ELG�SURPRQWRU\� LV�SRRUO\�YLVLEOH�RQ� WKH� VKDGHG�

EDWK\PHWU\� EHWZHHQ� ����P� DQG� ����P� GHHS� �)LJXUH� ���� DQG� )LJXUH� ����D�� EXW� LV� FOHDUO\�

KLJKOLJKWHG�RQ�WKH�VORSH�GLUHFWLRQ�PDS��)LJXUH�����E���7KH�DPSOLWXGHV�RI�WKH�VXEDTXHRXV�GXQHV�

DUH�ORZ����P��DQG�WKHLU�ZDYHOHQJWK�DUH�DURXQG����P��7KH�5DV�7DUI�VXEDTXHRXV�GXQH�ILHOG�LV�

VKDOORZHU� �IURP� ����� WR� ���P�E�V�O���)LJXUH����)LJXUH�����F���6XEDTXHRXV�GXQH�KHLJKWV�DQG�

ZDYHOHQJWK� UDQJH� IURP��P� WR��P�DQG����P����P�� UHVSHFWLYHO\�� ,Q�ERWK� ILHOG�� WKH�FUHVWV�RI�

VXEDTXHRXV�GXQHV�DUH�VLQXRXV�DQG�URXQGHG��)LJXUH��������7KH�GXQHV�RI�WKH�5DV�7DUI�ILHOG�DUH�

DV\PPHWULFDO�ZLWK�HDVWZDUG�LQFUHDVLQJ�VORSH�YDOXHV��)LJXUH�����F���7KH�FUHVWV�RI�WKH�ZHVWHUQ�

VXEDTXHRXV� GXQH� VHHP� VWUDLJKWHU� WKDQ� WKH� HDVWHUQ� RQHV�� VKRZLQJ� D� JUDGLHQW� RI� VLQXRVLW\��

$FFRUGLQJ�WR�WKH�FODVVLILFDWLRQ�RI�.RFXUHN�HW�DO�����������WKH�GXQHV�DUH�OLQJXRLG�RU�EDUFKDQRLG�

�)LJXUH�������.OHLQKDQV���������7KH�SURJUHVVLYH�WUDQVLWLRQ�EHWZHHQ��'�WR��'�PRUSKRORJLHV�LV�

FKDUDFWHUL]HG�E\�KLJKHU�PLJUDWLRQ�YHORFLWLHV��.OHLQKDQV���������7KHVH�VXEDTXHRXV�GXQHV�ILHOGV�

VHHPV�OLQNHG�WR�HDVWZDUG�ORQJVKRUH�VHGLPHQW�WUDQVSRUW��6XEDTXHRXV�GXQHV�DERYH�WKH�6'7��LQ�

WKH�5DV�7DUI��)LJXUH������)LJXUH����D�E��FRXOG�FRUUHVSRQG�WR�D�ODWHUDO�HTXLYDOHQW�RI�WKH�VLQXRXV�

PRUSKRORJ\��DW�D�GHHSHU�SRVLWLRQ�WRXJK��
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&URVVLQJ�WKH�FRQWLQHQWDO�VKHOI��VLQXRXV�PRUSKRORJLHV�RI�VXEDTXHRXV�GXQHV��)LJXUH����D��ZLWK�

PHWULF�RUGHUV�RI�DPSOLWXGHV��)LJXUH����E��RYHUOD\�WKH�VXEPHUJHG�WHUUDFH�LQ�WKH�GHSUHVVLRQ�DW�

WKH�IRRW�RI�WKH�%RXVHNNRXU�IDXOW��)LJXUH�������7KH\�ORFDOO\�WHQG�WR�EHFRPH�SDUDOOHO�WR�WKH�VKHOI�

DQG�FRXOG�EH�LQWHUSUHW�DV�ULEERQ�OLNH�EHGIRUPV��)LJXUH������$PRV�DQG�.LQJ��������*RII�HW�DO���

��������7KH\�KDYH�D�ZHVWZDUG�OHH�VORSH�DQG�LQGLFDWH�DQ�HDVWZDUG�GLUHFWLRQ�RI�WUDQVSRUW���

������� &XUUHQW�PDUNV��

&XUUHQW�PDUNV�DQG�VFRXUV�GHSUHVVLRQV�DUH�REVHUYHG�RQ�WKH�VHDIORRU�EHWZHHQ����P�E�V�O��DQG��

��P�E�V�O���)LJXUH����G���6LPLODU�VFRXU�PDUNV�ZHUH�GHVFULEHG�DW�D�VLPLODU�UDQJH�RI�EDWK\PHWU\�

RQ�RWKHU�FRQWLQHQWDO�VKHOIV��H�J��*UHHQ��������*RII�HW�DO���������DQG�FDQ�LQGLFDWH�D� WUDQVSRUW�

IORZ� DURXQG� DQ� REVWDFOH�� 7KHVH� EHGIRUPV� FRXOG� EH� OLQN� WR� SRVW�JODFLDO� WR� SUHVHQW�GD\�

K\GURG\QDPLF� FRQGLWLRQ� DV� GHVFULEHG� SUHYLRXVO\� RQ�1HZ� -HUVH\� 3ODWIRUP� �H�J�� *RII� HW� DO���

�������7KH�VFRXU�PDUNV�DUH�DV\PPHWULF�ZLWK�FRQYH[�VORSH�WRZDUG�WKH�:HVW�DQG�FRQFDYH�WRZDUG�

WKH�(DVW��)LJXUH����G���7KHVH�REVHUYDWLRQV�LQGLFDWH�D�VHGLPHQW�WUDQVSRUW�GLUHFWLRQ�IURP�:HVW�WR�

(DVW��

����� 6HLVPLF�6WUDWLJUDSK\�

7KH�VHLVPLF�VWUDWLJUDSKLF�DQDO\VLV�UHYHDOV�D�SDWWHUQ�RI�VWDFNHG�DJJUDGDWLRQDO�DQG�SURJUDGDWLRQDO�

ZHGJHV� WKDW� WRJHWKHU�FRQVWLWXWH� UHSHWLWLYH� VHLVPLF�XQLWV�ERXQGHG�E\�DQJXODU�XQFRQIRUPLWLHV��

)URP�WKH�JHRPHWU\�RI�FOLQRIRUPV��LQWHUQDO�DUFKLWHFWXUH��DQG�SRVLWLRQ�RQ�WKH�VKHOI��WKH�VHLVPLF�

XQLWV�ZHUH�JURXSHG�LQWR�VHYHQ�GLVWLQFWLYH�VWUDWLJUDSKLF�VHWV�GHVFULEHG�EHORZ�DQG�LQ�WDEOH����:H�

GHVFULEHG� �� UHSHWLWLYH�PRWLIV� �X��� X��� X��� X��� X��� FRUUHVSRQGLQJ� WR� D� VXFFHVVLRQ� RI� VHLVPLF�

VXEXQLWV�D��E��F�DQG�G��WDEOH�����:H�FDQ�GLVWLQFW�DJDLQ�VXEXQLWV�LQ�WKH�VXEXQLW�F��WKDW�ZH�QDPH�F�

�� DQG� F���� 7KH� GLIIHUHQW� FRORUV� �SLQN�� JUHHQ�� EOXH�� SXUSOH� DQG� EURZQ��� )LJXUH� ����)LJXUH�

����)LJ��������)LJXUH�������DUH�XVHG�WR�GHILQH�WKH�VHLVPLF�XQLWV�LQ�WKH�ILJXUHV�WKDW�FRUUHVSRQG�

WR�GLIIHUHQW�W\SH�RI�VWUDWLJUDSKLF�SDWWHUQ�LQ�UHODWLRQ�ZLWK�GHSRVLWLRQDO�VHTXHQFHV��

� �
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6HLVPLF�8QLW� *HRPHWU\� 6HLVPLF�IDFLHV�

3RVLWLRQ�RQ�WKH�

VKHOI�>�

%DWK\PHWU\�RI�

WKH�URRIWRS@��

([DPSOH�RI�JHRPHWU\�

$JJUDGDWLRQ
DO�ZHGJH�
>X�E��X�E��

X�E��X���X�E@�
�

:HGJH�RI�ORZ�DQJOH�����
������ FRQWLQXRXV� DQG�
HYHQ� UHIOHFWRU� ZLWK�
FRDVWDO� RQODS� DQG� ORFDO�
GLVWDO�GRZQODS�

/RZ�DPSOLWXGH�DQG�ORZ�
IUHTXHQF\�

,QQHU� WR� RXWHU�
VKHOI��

�

'LVWDO�
KXPPRFN\�
>X�G��X�G@�

:HGJH� RI� KXPPRFN\�
UHIOHFWRUV� ZLWK� PDULQH�
RQODS�

0HGLXP� DPSOLWXGH� DQG�
IUHTXHQF\�

8SSHU�
FRQWLQHQWDO�
VORSH�

�

3URJUDGDWLRQ
DO�ZHGJH��,��
>X�F���X�F����

@�

:HGJH� RI� KLJK� DQJOH�
SDUDOOHO� UHIOHFWRUV� ���� �
����ZLWK�ODQGZDUG�WRSODS�
WHUPLQDWLRQ�

0HGLXP�DPSOLWXGH��
+LJK�IUHTXHQF\�

2XWHU�VKHOI�
0LGGOH�VKHOI���
>����P������P@�
�

�

3URJUDGDWLRQ
DO�ZHGJH��,,��
>X�F���X�F����

@�

:HGJH� RI� KLJK�DQJOH�
UHIOHFWRUV� ��������
VOLJKWO\�FRQYHUJLQJ�ZLWK�
ODQGZDUG� WRSODS�
WHUPLQDWLRQ�

0HGLXP� DPSOLWXGH� ��
PHGLXP�IUHTXHQF\�

2XWHU�VKHOI�
>����P������P@�

�
/RFDO�

DJJUDGLQJ�
ZHGJH�

>X�D��X�D��
X�D��X�D��
X�D@�

:HGJH�RI�ORZ�DQJOH�����
������� SDUDOOHO� UHIOHFWRUV�
ZLWK� FRQFRUGDQW�
ODQGZDUG� WHUPLQDWLRQ� WR�
PDULQH�RQODS�

/RZ�DPSOLWXGH�DQG�ORZ�
IUHTXHQF\�

8SSHU�
FRQWLQHQWDO�
VORSH��

�

3URJUDGDWLRQ
DO�PLG�VKHOI�

ZHGJH�
>X�E@�

:HGJH�RI� KLJK�DQJOH� WR�
ORZ� DQJOH� ����������
VLJPRLG� UHIOHFWRUV�
GLYHUJLQJ�VHDZDUG�

+LJK� DPSOLWXGH� ZLWK�
KLJK� IUHTXHQF\� WR�
PHGLXP� DPSOLWXGH�
ZKLWK� PHGLXP�
IUHTXHQF\�

0LGGOH�6KHOI��
>���������P@�

�

:DY\�PLG�
VKHOI�XQLW�
>X�F@�

:HGJH� RI� ZDY\�
VXESDUDOOHO� UHIOHFWRUV�
SLQFKLQJ� VHDZDUG�
DURXQG�����P�GHHS��

0LGGOH� DPSOLWXGH� ORZ�
IUHTXHQF\�

0LG�VKHOI�>�����
��P@�

�
7DEOH�����7DEOH�RI�WKH�VHLVPLF�VXE�VXQLWV�DQG�XQLWV�GHVFULEHG�LQ�WKH�WH[W�DQG�LQ�WKH�ILJXUHV��

6XUIDFHV� 6��� 6��� 6��� 6��� 6�� FRUUHVSRQG� WR� DQJXODU� XQFRQIRUPLWLHV� DQG�RU� KLJK� DPSOLWXGH�

UHIOHFWRU� FKDUDFWHUL]LQJ�PDMRU� HURVLRQDO� WUXQFDWLRQV� DW� WKH� VFDOH� RI� WKH� VHLVPLF� OLQHV�� 7KH� 6�

VXUIDFHV�DUH�GUDZQ�WR�FRUUHVSRQG�WR�PD[LPXP�RI�UHJUHVVLYH�VXUIDFHV��7KH�EDVDO�VXUIDFH�RI�WKH�

SURJUDGDWLRQDO� VKHOI�HGJH� ZHGJHV� �EDVDO� VXUIDFH� RI� SURJUDGDWLRQ�� %63�� GDVKHG� JUHHQ� OLQHV��

)LJXUH� ����)LJXUH� ������ )LJ�� ������ FRUUHVSRQGV� WR� D� KLJK� DPSOLWXGH� UHIOHFWLRQ� LQGLFDWLQJ�

FRQWUDVWHG�DFRXVWLF�LPSHGDQFHV��7KHVH�VXUIDFHV�DUH�PHUJLQJ�UHVSHFWLYHO\�ZLWK�WKH�6���6���6���

6��DQG�6��XSVORSH�DQG�GRZQVORSH��:H�REVHUYH�ORFDOO\�D�VXSSOHPHQWDU\�XQLW�X��RYHU�WKH�X���

:H�ZLOO�VKRZ�WKDW�WKLV�ODVW�VHLVPLF�XQLW�FRUUHVSRQGV�WR�WKH�SUHVHUYHG�EDFN�VWHSSLQJ�XQLW�RI�SRVW�

JODFLDO�GHSRVLWV�KLJKOLJKWHG�E\�WKH�SK\VLRJUDSK\�RI�WKH�VKHOI���
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������� $JJUDGDWLRQDO�ZHGJHV�

$JJUDGDWLRQDO� ZHGJHV� FRQVLVW� RI� DSSDUHQW� VXE�WDEXODU� ORZ�DQJOH� ��������� ORZ� WR� PHGLXP�

DPSOLWXGH�UHIOHFWRUV�ZLWK�ORZ�IUHTXHQFLHV��EOXH�VHLVPLF�XQLWV�X�E��X�E��X�E��X�E��X�E��)LJXUH�

������)LJXUH������DQG�)LJ���������

�
)LJXUH��������6ORSHPDS�LQ�WKH�%D\�RI�$O�+RFHLPD��1HNRU�%DVLQ���)��IDXOWV��&��FDQ\RQV��&6%)��
&UHVFHQW� VKDSHG� EHGIRUPV�� 56�� UDYLQPHQW� VXUIDFH�� 38�� SUR�GHOWDLF� XQGXODWLRQ�� 6'7��
VXEPHUJHG�GHSRVLWLRQDO�WHUUDFHV�%R)��%RNNR\D�IDXOW��'DVKHG�5HG�/LQHV��SRVLWLRQ�RI�WKH�VHLVPLF�
OLQHV�)LJ�������DQG�)LJ��������

7KHVH�XQLWV�DUH�SRRUO\�SUHVHUYHG�RQ�WKH�HGJHV�RI�WKH�1HNRU�EDVLQ��)LJXUH������DQG�)LJXUH�������

ZKHUH�WKH\�DUH�GUDSLQJ�SUHYLRXV�VHLVPLF�XQLWV��,Q�WKH�GHOWDLF�HQYLURQPHQW�RI�WKH�$O�+RFHLPD�

%D\��WKLFNHVW�VHULHV�DUH�SUHVHQW�LQ�WKH�FHQWUDO�SDUW��7KH�DJJUDGLQJ�ZHGJHV�DUH�ZHOO�SUHVHUYHG��

6HDZDUG�WHUPLQDWLRQV�RI�LQWHUQDO�UHIOHFWRUV�DUH�SURJUDGLQJ�RQ�WKH�EDVDO�XQFRQIRUPLWLHV��6���6���

DQG�6��RQ�)LJ���������,W�GHPRQVWUDWHV�KLJKHU�UDWHV�RI�DFFRPPRGDWLRQ�DQG�VHGLPHQW�VXSSO\�LQ�

WKH�$O�+RFHLPD�%D\�FRPSDUH�WR�WKH�ERUGHUV�RI�WKH�1HNRU�%DVLQ���
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������� 3URJUDGDWLRQDO�ZHGJH���W\SH���

3URJUDGDWLRQDO�VKHOI�HGJH�ZHGJHV�DUH�YLVLEOH�DW�WKH�PRVW�VHDZDUG�SRVLWLRQ�RI� WKH�VKHOI��XQLWV�

X�F�� X�F�� X�F�� X�F���� X�F���� WDEOH� ��� )LJXUH� ����� )LJXUH� ������� 7KH\� FRQVLVW� RI�PD[LPXP�

��PVWZW� WKLFN� GHSRVLWLRQDO� XQLWV� ZLWK� KLJK� DQJOHV� ��������� PLGGOH� DPSOLWXGHV� DQG� KLJK�

IUHTXHQFLHV�UHIOHFWRUV��7DEOH�����7KH\�DUH�SURJUDGLQJ�RQ�KLJKHU�DPSOLWXGH�UHIOHFWRUV�GUDSLQJ�

WKH�SUHYLRXV�GHSRVLWLRQDO�VHTXHQFH�DQG�SLQFK�RXW�VHDZDUG�EHWZHHQ�����P�E�V�O�DQG�����P�E�V�O��

DQG� ODQGZDUG� EHWZHHQ� ����P�E�V�O� WR� DURXQG� ���P�E�V�O�� 7KH� JHRPHWU\� RI� WKRVH� VKHOI�HGJH�

ZHGJHV� ZLWK� WUXQFDWHG� UHIOHFWRUV� DW� WKH� WRS� LQGLFDWHV� D� SURJUHVVLYH� EDVH�OHYHO� IDOO� DQG� WKH�

VHDZDUG�PLJUDWLRQ�RI�WKH�VKRUHOLQH��FOLQRIRUPV�VKRZ�ORFDOO\�FOHDU�GRZQZDUG�VKLIWV�RI�WKH�RIIODS�

EUHDN� �)LJXUH� ����� )LJXUH� ������� 7KH� LQFLVLRQ� �HURVLRQDO� WUXQFDWXUH�� RI� WKH� WRSODS� VXUIDFH�

ODQGZDUG�VXJJHVWV�D�VXE�DHULDO�HQYLURQPHQW�LQ�UHVSRQVH�WR�D�EDVH�OHYHO�IDOO��)LJXUH������)LJXUH�

��������

������� 3URJUDGDWLRQDO�ZHGJH���W\SH���

7KH� W\SH��� SURJUDGDWLRQDO� ZHGJHV� DUH� \RXQJHU� WKDQ� W\SH��� SURJUDGDWLRQDO� ZHGJHV� DQG� DUH�

FKDUDFWHUL]HG�E\�PHGLXP�DPSOLWXGH��PHGLXP�IUHTXHQF\�DQG�������GLSSLQJ�FOLQRIRUPV��WDEOH�����

7KHVH�W\SH���SURJUDGDWLRQDO�ZHGJHV�DUH�ORFDWHG�DW�WKH�RXWHU�VKHOI�HGJH�LQ�WKH�$O�+RFHLPD�%D\�

DQG� WKH� VKHOI�ZHVWZDUG� �VHLVPLF� XQLW� X�F�� )LJXUH� ����E� DQG� X�F�� X�F�� )LJ�� ����E��� 7\SH���

ZHGJHV�FRXOG�EH�DWWDFKHG�WR�W\SH���ZHGJHV�RQ�WKH�ZHVWHUQ�ERXQGDU\�RI�WKH�1HNRU�EDVLQ��X�F�

���X�F����)LJXUH�����E��RU�GHWDFKHG�WR�7\SH���ZHGJHV�LQ�WKH�$O�+RFHLPD�%D\��X�F����X�F���

)LJ������E���,Q�WKH�$O�+RFHLPD�%D\���)LJ������E��W\SH���DQG���SURJUDGDWLRQDO�ZHGJHV�UHVW�RQ�

WRS�RI�WKH�ORZ�DQJOH�FOLQRIRUPV��$W�WKH�HGJH�RI�WKH�SUHVHQW�GD\�FRQWLQHQWDO�VKHOI��)LJXUH������

)LJXUH�������)LJ��������WKH�RIIODS�EUHDN�DW�WKH�WRS�RI�WKH�SURJUDGDWLRQDO�VKHOI�HGJH�ZHGJHV�PDUNV�

WKH�PRVW�VHDZDUG�SRVLWLRQ�RI�WKH�VKRUHOLQH�DQG�LV�DURXQG�����P�E�V�O��WR����P�E�V�O��7KH�WRS�RI�

X�F�VHLVPLF�XQLWV�LV�FRUUHODWHG�ZLWK�WKH�RXWHU�WHUUDFH�DW�����P��6'7���)LJXUH�������

7KH� FOLQRIRUPV� JHRPHWU\� RI� WKH� W\SH� �� SURJUDGLQJ�DJJUDGLQJ�ZHGJHV� LV� FRPSDWLEOH�ZLWK� D�

QRUPDO�UHJUHVVLRQ��:H�LQWHUSUHW�WKH�W\SH���ZHGJHV�DV�DQ�LPSULQW�RI�D�VORZ�GRZQ�LQ�WKH�EDVH�

OHYHO�IDOO�RU�DQG�WUDQVLWLRQ�WR�WKH�EHJLQQLQJ�RI�WKH�EDVH�OHYHO�ULVH��RU�D�ORFDO�WHFWRQLF�YDU\LQJ�WKH�

DFFRPPRGDWLRQ� UDWHV�� DVVXPLQJ� FRQVWDQW� VHGLPHQWDU\� IOX[HV�� /DWHUDO� FKDQJHV� LQ�

SURJUDGDWLRQDO�DJJUDGDWLRQDO� VKHOI�HGJH� ZHGJHV� JHRPHWULHV� FRXOG� KLJKOLJKW� ORFDO� KLJK�

IUHTXHQFLHV� YDULDWLRQV� RI� WKH� UDWHV� DFFRPPRGDWLRQV� DQG� VHGLPHQWDU\� IOX[HV� �X�F���� X�F����

)LJXUH�����)LJ����������
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)LJXUH�������$�DQG�%��XQ�LQWHUSUHWHG�VHLVPLF�VHFWLRQ�DQG�WKH�FRUUHVSRQGLQJ�OLQH�GUDZLQJ�RI�WKH�
0$%����VHLVPLF�SURILOH�&�DQG�'��XQ�LQWHUSUHWHG�VHLVPLF�VHFWLRQ�DQG�WKH�FRUUHVSRQGLQJ�OLQH�
GUDZLQJ�DERYH�RI� WKH�0$%���� VHLVPLF�SURILOH�� ,QVHWV�� SRVLWLRQV�RI� WKH� VHLVPLF� VHFWLRQ�DQG�
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YHUWLFDO� H[DJJHUDWLRQ�� 7KH� VHLVPLF� VHFWLRQ� LV� ORFDWHG� RQ� WKH� HDVWHUQ� IODQN� RI� WKH� 5DV� 7DUI�
SURPRQWRU\��'DVKHG�EODFN�OLQH��ORFDO�XQFRQIRUPLW\��5HG�OLQH��0D[LPXP�5HJUHVVLYH�6XUIDFH�
�056��� JUHHQ� OLQH�� VXEPHUJHG� GHSRVLWLRQDO� VXUIDFHV�� GDVKHG� JUHHQ� OLQH�� EDVDO� VXUIDFH� RI�
SURJUDGDWLRQ�� 56�� UDYLQHPHQW� VXUIDFH�� 68�� 6XEDHULDO� XQFRQIRUPLW\�� 6'7�� VXEPHUJHG�
GHSRVLWLRQDO�WHUUDFH��2Q�DOO�WKH�VHLVPLF�OLQHV��YHUWLFDO�H[DJJHUDWLRQ�LV�FRPSXWHG�XVLQJ�D�3�ZDYH�
YHORFLW\�LQ�WKH�ZDWHU�RI�����P�V��&RORUHG�UHIOHFWRUV�FRUUHVSRQG�WR�VHLVPLF�XQLWV�GHILQHG�LQ�WKH�
WDEOH��

������� 'LVWDO�KXPPRFN\�VHLVPLF�ZHGJHV�

'LVWDO�KXPPRFN\� VHLVPLF�ZHGJHV�DUH�SUHVHQW� LQ� WKH�FHQWHU�RI� WKH�1HNRU�EDVLQ�DW� WKH�XSSHU�

FRQWLQHQWDO� VORSH� �VHLVPLF� XQLW� X�G�� X�G�� X�G�� WDEOH� ��� )LJ�� ������� 7KH\� FRQVLVW� RI� GLVWDO�

DJJUDGLQJ� VHLVPLF� XQLW� RI� KXPPRFN\� WR� ZDY\� VXE�SDUDOOHO� UHIOHFWRUV�� 7KHVH� ZHGJH� FRXOG�

FRUUHVSRQG� WR� DQ� GLVWDO� GHSRVLWLRQDO� XQLW� HTXLYDOHQW� RI� WKH� SURJUDGDWLRQDO� VKHOI�HGJH� DV�

GHVFULEHG�LQ�WKH�*XOI�RI�/LRQ��-RXHW�HW�DO�����������

������� 'LVWDO�DJJUDGLQJ�ZHGJHV��

7KHVH�GLVWDO�DJJUDGLQJ�ZHGJHV�DUH�SUHVHQW�DW�WKH�VKHOI�HGJHV�RQ�WKH�ERXQGDULHV�RI�WKH�1HNRU�

EDVLQ��SXUSOH�XQLWV��)LJXUH�������������)LJ�������DQG�)LJXUH��������7KH�DUHD�VHDZDUG�RI�WKH�SLQN�

SURJUDGLQJ�DJJUDGLQJ�VKHOI�HGJH�ZHGJHV�LV�SURJUHVVLYHO\�LQILOOHG�E\�WKHVH�GLVWDO�XQLWV��X�D��X�D��

X�D�)LJXUH�������������)LJ�������DQG�)LJXUH��������7KLV�GHSRVLWLRQDO�XQLWV�FRXOG�FRUUHVSRQG�WR�

WKH� VWDUW� RI� WKH� VHD� OHYHO� ULVH� DQG� WKH� VORZ� EDFN� VWHS� RI� WKH� VKRUH� OLQH� DVVRFLDWHG�ZLWK� WKH�

UHZRUNLQJ�RI�WKH�SUHYLRXV�GHSRVLWV�XSVORSH�E\�ZDYH�UDYLQHPHQW��KHDOLQJ�SKDVH�LQ�3RVDPHQWLHU�

DQG�$OOHQ���������7KHVH�GHSRVLWV�FRXOG�ORFDOO\�EH�DVVRFLDWHG�WR�ORZVWDQG�GHSRVLWV�LQ�DUHD�FORVH�

WR�WKH�DFWLYH�IDXOWV��$ORQJ�WKH�VKHOI�LQ�WKH�%RXVHNNRXU�DUHD��ZH�REVHUYH�WKDW�GLVWDO�DJJUDGLQJ�

ZHGJH�FDQ�EH�SUHVHUYHG�RQWR�WKH�SURJUDGLQJ�VKHOI�HGJH�ZHGJHV�DVVRFLDWHG�ZLWK�WKH�%RXVHNNRXU�

IDXOW�]RQH� �)LJXUH�����G���'LVWDO�DJJUDGLQJ�ZHGJH�FRXOG� WKHUHIRUH� LQGLFDWH�VXSHULRU� UDWHV�RI�

DFFRPPRGDWLRQ��OLQNHG�WR�EORF�WLOWLQJ�DQG�YHUWLFDO�XSOLIW���

������� 3URJUDGDWLRQDO�PLGGOH�VKHOI�ZHGJHV�

7KH�SUHVHQFH�LQ�WKH�PLGGOH�RI�WKH�VKHOI�RI�D�PD[LPXP���P�WKLFN�SURJUDGDWLRQDO�ZHGJH��X�E��

LQ�JUHHQ��)LJXUH�����)LJ�������� ORFDWHG�DERYH�SURJUDGDWLRQDO�VKHOI�HGJH�ZHGJHV� LV�D�NQRZQ�

IHDWXUH�RI�WKH�$OERUDQ�VKHOI��+HUQiQGH]�0ROLQD�HW�DO����������0LGGOH�VKHOI�HGJHV�DUH�FOHDUO\�

EDFN�VWHSSLQJ�FRPSDUHG�WR�SURJUDGDWLRQDO�VKHOI�HGJH�ZHGJHV�DQG�HYLGHQFHV�D�WUDQVJUHVVLYH�XQLW�

�)LJXUH������)LJ����������

7KH� JHRPHWU\� RI� LQWHUQDO� UHIOHFWRUV� DQG� WKH� FRQFDYH�XS� VKRUHOLQH� WUDMHFWRULHV� �JUHHQ� DUURZ��

)LJXUH�����%��LQGLFDWHV�WKDW�WKH�UDWHV�RI�DJJUDGDWLRQ�LQFUHDVH�ZLWK�WLPH�DQG�WKLV�VHLVPLF�XQLW�
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FDQ�EH�LQWHUSUHWHG�DV�DQ�RXWEXLOGLQJ�DQG�XS�EXLOGLQJ�GXULQJ�D�VWLOO�VWDQG�GXULQJ�D�WUDQVJUHVVLRQ��

7KH� HGJH� RI� WKH� WHUUDFH� �JUHHQ� GRW�� )LJXUH� ����� DQG� )LJ�� ������ LV� DURXQG� ���PE�V�O�� LQ� WKH�

%RXVHNNRXU�DUHD�DQG�LQ�WKH�$O�+RFHLPD�%D\���

7KH�WRS�IODW�VXUIDFH�LV�YHU\�ZHOO�H[SUHVVHG�RQ�WKH�EDWK\PHWU\��)LJXUH������)LJXUH�����DQG�)LJXUH�

������DQG�FRXOG�EH�DQ�HURVLRQDO�VXUIDFH�RI� WUDQVJUHVVLRQ� ODQGZDUG� �UDYLQHPHQW�VXUIDFH��56��

)LJXUH��������6HDZDUG��WKH�WRS�IODW�VXUIDFH�RI�WKH�PLG�VKHOI�ZHGJH��)LJXUH������DQG�)LJ��������

LV�WKH�WHUUDFH�DW�WKH�PLG�VKHOI�EHWZHHQ����P�E�V�O��DQG����P�E�V�O���6'7���)LJXUH�������7KHVH�

WHUUDFHV� KDYH� EHHQ� GHVFULEHG� SUHYLRXVO\� DW� VLPLODU� GHSWK� �&DVDOERUH� HW� DO��� ������0DUWLQH]�

0DUWRV�HW�DO���������=HFFKLQ�HW�DO�������D���%DVHG�RQ�WKH�JHRPHWULF�SDWWHUQ�DQG�RQ�WKH�SRVLWLRQ�

LQ� WKH� VKHOI�� WKLV� VXUIDFH� FRUUHVSRQGV� WR� WKH� GHILQLWLRQ� RI� D� VXEPHUJHG� GHSRVLWLRQDO� WHUUDFH�

IRUPHG�GXULQJ�D�VWLOO�VWDQG�DW�WKH�ODVW�EDVH�OHYHO�ULVH���

������� :DY\�PLG�VKHOI�ZHGJHV�

,Q�WKH�FHQWUDO�SDUW�RI�WKH�1HNRU�ED\��WKH�\RXQJHVW�PLGGOH�VKHOI�ZHGJH�VHLVPLF�XQLW�FRQVLVWV�RI�

ZDY\�VXE�SDUDOOHO�UHIOHFWRUV�ZLWKLQ�D�ZHGJH�SLQFKLQJ�RXW�VHDZDUG�DURXQG�����P�E�V�O��ODQGZDUG�

DERYH�6���X�F��)LJ���������7KH�SUR�GHOWDLF�XQGXODWLRQV�DW�WKH�WRS�RI� WKH�VHTXHQFH�RI� WKH�$O�

+RFHLPD�%D\�DUH�DERYH�DQG�WKHUHIRUH�SRVWHULRU� WR� WKH�PLGGOH�VKHOI�HGJH�ZHGJH��)LJ���������

7KLV�VHLVPLF�XQLW�FRUUHVSRQGV�WR�WKH�ERWWRP�VHW�RI�WKH�+RORFHQH�SUR�GHOWDLF�8QGXODWLRQV��38��

)LJXUH�������H�J��8UJHOHV�HW�DO����������5HSHWLWLRQ�RI�WKLV�IDFLHV�LV�QRW�REVHUYHG�RQ�WRS�ROGHU�

VHLVPLF�VXFFHVVLRQV��VXJJHVWLQJ�WKDW�SUR�GHOWDLF�XQGXODWLRQV�FRXOG�FRUUHVSRQG�WR�D�QRW�SUHVHUYHG�

WUDQVLHQW�DUFKLWHFWXUH���

������� ,QQHU�VKHOI�ZHGJHV�

7KRVH�LQQHU�VKHOI�ZHGJHV�DUH�GLUHFWO\�RYHUO\LQJ�WKH�DFRXVWLF�EDVHPHQW�DQG�VHHP�DV\PPHWULF�

ZLWK�D�VWHHSHU�VORSH�WRZDUG�WKH�:HVW��)LJXUH��������7KHLU�WRS�IODW�VXUIDFH�LV�DURXQG������P�E�V�O�

�&URVV�VHFWLRQ�%�%¶��)LJXUH�������7KH�DV\PPHWU\�VXJJHVWV�WKDW�WKH\�DUH�OLNHO\�LQIOXHQFHG�E\�D�

ORQJ�VKRUH�ZHVWZDUG�GLUHFWLRQ�RI�WUDQVSRUW��7KRVH�ZHGJHV�URXJKO\�ILW�ZLWK�WKH�DFWXDO�VKRUHOLQH��

LQGLFDWLQJ�WKDW�WKH\�FDQ�EH�UHODWLYHO\�\RXQJ�FRDVWDO�ZHGJH��7KH�EDWK\PHWU\�DQG�WKH�SRVLWLRQ�RQ�

WKH�VKHOI�RI�WKHVH�ZHGJHV�DUH�YHU\�VLPLODU�WR�WKRVH�GHVFULEHG�SUHYLRXVO\�RQ�WKH�1RUWK�$OERUDQ�

0DUJLQ� DQG� DWWULEXWHG� WR� +RORFHQH� GHSRVLWV� JHQHUDWHG� E\� GRZQ� ZHOOLQJ� VWRUP� FXUUHQWV�

�+HUQiQGH]�0ROLQD�HW�DO����������7KHVH�ZHGJHV�FRXOG�KDYH�DOVR�EHHQ�GHSRVLWHG�LQ�VKDOORZ�ZDWHU�

VXEVHTXHQW�WR�WKH�DGYDQFH�RI�WKH�VKRUHOLQH��)LJXUH�������DV�GHVFULEHG�SUHYLRXVO\�RQ�WKH�1HZ�
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-HUVH\�FRQWLQHQWDO�VKHOI��1RUGIMRUG�HW�DO���������6LPLODU�XQLWV�KDYH�EHHQ�GHVFULEHG�RQ�WKH�1RUWK�

$OERUDQ�PDUJLQ�DV�QHDU�VKRUH�VXEPHUJHG�GHSRVLWLRQDO�WHUUDFHV��&DVDOERUH�HW�DO�����������

�
)LJXUH��������$�DQG�%��XQLQWHUSUHWHG�DQG�LQWHUSUHWHG�VHLVPLF�OLQH�0$%�����2Q�WKH�(DVWHUQ�VLGH�RI�WKH�VHLVPLF�
OLQH��WKH�WUDQVLWLRQ�EHWZHHQ�WKH�VHLVPLF�IDFLHV�RI�KLJK�DPSOLWXGH�FRQWLQXRXV�UHIOHFWRUV�DQG�WKH�WUDQVSDUHQW�IDFLHV�
FRUUHVSRQG� WR� WKH�7URXJRXW� IDXOW�� �3LQN�XQLW�� SURJUDGLQJ� WR� DJJUDGLQJ� VHLVPLF� XQLWV�� SXUSOH�XQLWV�� DJJUDGLQJ�
VHLVPLF�XQLW��EOXH�XQLW��DJJUDGLQJ�SURJUDGLQJ�VHLVPLF�XQLW��7)��7URXJRXW�IDXOW���

������� 'HSRVLWLRQDO�XQLWV�ERXQGDULHV�

7KH�6�VXUIDFHV�FRUUHVSRQG�WR�ODQGZDUG�HURVLRQDO�XQFRQIRUPLWLHV�SDVVLQJ�VHDZDUG�WR�FRQFRUGDQW�

VXUIDFHV��)LJXUH������WR�)LJXUH��������3URJUDGDWLRQDO�VKHOI�HGJH�ZHGJHV�W\SH�,��X�F����X�F����

WDEOH����VXJJHVW�D�UDSLG�GRZQZDUG�VKLIW�RI�WKH�VKRUHOLQH�DVVRFLDWHG�ZLWK�WKH�EDVH�OHYHO�IDOO��7KLV�

IDOOLQJ� VWDJH� LV� IROORZHG� E\� D� VORZGRZQ� RI� WKH� DFFRPPRGDWLRQ� UDWH� FRUUHVSRQGLQJ� WR� WKH�

PD[LPXP�RI� WKH� UHJUHVVLRQ� �X�F����X�F����)LJXUH�����)LJ���������$W� WKH�VFDOH�RI� WKH�1HNRU�

EDVLQ��WKH�6���6���6���6���6��VXUIDFHV�DUH�DVVXPHG�WR�PDUN�WKH�PD[LPXP�RI�UHJUHVVLRQ�DFFRUGLQJ�

WR�WKH�DXWKRUV���+XQW�DQG�7XFNHU��������3OLQW�DQG�1XPPHGDO��������&DWXQHDQX��������=HFFKLQ�

DQG�&DWXQHDQX����������
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����������6SDWLDO�GLVWULEXWLRQ�RI�WKH�VKHOI�HGJH�VHLVPLF�XQLWV�

7KH�VKDOORZHVW�W\SH�,�DQG�W\SH�,,�SURJUDGDWLRQDO�ZHGJHV��X�F��)LJXUH������WR�)LJXUH�������DQG�

WKH�DJJUDGLQJ�VHLVPLF�XQLWV�EHORZ��X�D��X�E��)LJXUH������WR�)LJXUH�������VKRZV�ORQJLWXGLQDO�

YDULDWLRQ�RI�WKLFNQHVVHV�ZKHQ�WKH\�DUH�SUHVHUYHG��)LJXUH��������7KH�056��6��WR�6���VXUIDFH�LV�

PHUJHG�LQ�WKH�GLVWDO�SDUW�RI�$O�+RFHLPD�%D\�ZLWK�WKH�PDULQH�LQFLVLRQ��)LJXUH�����)LJ���������

7KH�6��VXUIDFH�PHUJHV�ZLWK�WKH�DFWXDO�PDULQH�LQFLVLRQ��)LJXUH������)LJXUH�����)LJ���������$W�

SUHVHQW�WLPH��WKH�LQFLVLRQ�LV�SUREDEO\�QRW�DFWLYH�DQG�FRXOG�EH�SDUWLDOO\�LQILOOHG�E\�SRVW�JODFLDO�

VHGLPHQWV��3UHYLRXV�SDOHR�PDULQH� LQFLVLRQV�DUH�FRQVLGHUHG�WR�EH�DFWLYH�GXULQJ�DOO� WKH�IDOOLQJ�

VWDJH�IRU�HDFK�VHTXHQFH��2Q�)LJXUH�������WKH�PDULQH�LQFLVLRQ�LV�FOHDUO\�FRQWUROOHG�E\�WKH�DFWLYH�

IDXOWV�VKRZLQJ�D�SURJUHVVLYH�PLJUDWLRQ�RI�WKH�GHIRUPDWLRQ�ZHVWZDUGV���

7KH�UHVXOWLQJ�LVRSDFK�PDSV�RI�WKH�PHUJHG�X�D�DQG�X�E�XQLWV�DQG�RI�WKH�X�F�XQLW��)LJXUH�����D��

FRQILUP� WKDW� WKH� VXEVLGHQFH� RI� WKH� 1HNRU� EDVLQ� FRQWUROV� WKH� ODWHUDO� FKDQJHV� RI� VHGLPHQWV�

DFFXPXODWLRQ�DQG�WKH�PRUSKRORJ\�RI�WKH�VKHOI��7KH�FRQWUDVW�RI�WKLFNQHVV�DW�WKH�HDVWHUQ�ERXQGDU\�

RI�WKH�$O�+RFHLPD�%D\�FRUUHVSRQGV�WR�WKH�GHOLPLWDWLRQ�RI�WKH�1HNRU�EDVLQ�E\�WKH�7URXJRXW�IDXOW�

�)LJXUH�����D���7KH�WKLFNHU�GHSRVLWV�ZHVW�RI�WKH�7URXJRXW�IDXOW��)LJXUH�����D��GHQRWHV�WKH�UHFHQW�

VXEVLGHQFH�RI�WKH�1HNRU�ED\��/DIRVVH�HW�DO��������DV�HYLGHQFHG�RQVKRUH��H�J��3RXMRO�HW�DO����������

)RU�WKH�IDOOLQJ�VWDJH��WKH�LVRSDFK�PDS��)LJXUH�����E��RI�WKH�XQLWV�X�F�VKRZV�WKDW�WKH�WKLFNHU�

SDFNDJHV�DUH�GHSRVLWHG�DORQJ�WKH�VKHOIV�RI�WKH�%RXVHNNRXU�DUHD�DQG�WKH�5DV�7DUI�SURPRQWRU\�

�)LJXUH� ����E��� 7KLV� PDS� LOOXVWUDWHV� WKH� GHWDFKHG� JHRPHWU\� RI� WKH� UHJUHVVLYH� XQLWV� LQ� WKH�

VXEVLGLQJ�$O�+RFHLPD�%D\��,Q�WKH�$O�+RFHLPD�%D\��D���PV�WZWW�WKLFN�SDFNDJH�RI�VHGLPHQW�LQ�

ORFDWHG� LQ� WKH� PLGGOH� RI� WKH� DFWXDO� VKHOI� �GDVKHG� OLQH� ����� )LJXUH� ����D��� 7R� WKH� 1RUWK�� D�

��PVWZWW�WKLFN�SDFNDJH�RI�VHGLPHQWV�LV�VXU�LPSRVHG�WR�WKH�SRVLWLRQ�RI�WKH�VKRUHOLQH�DW�WKH�HQG�

RI�WKH�ODVW�VHD�OHYHO�IDOO��GDVKHG�OLQH������)LJXUH�����E����
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)LJ��������$�DQG�%��XQ�LQWHUSUHWHG�VHLVPLF�VHFWLRQ�DQG�WKH�FRUUHVSRQGLQJ�OLQH�GUDZLQJ�RI�WKH�
FRPSRVLWH�VHLVPLF�UHIOHFWLRQ�VHFWLRQ�DFURVV�WKH�ED\�RI�$O�+RFHLPD���
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�
)LJXUH�������$�DQG�%��XQ�LQWHUSUHWHG�VHLVPLF�VHFWLRQ�RI�WKH�0$%����VHLVPLF�SURILOH�DQG�WKH�
FRUUHVSRQGLQJ�OLQH�GUDZLQJ��7KH�VHLVPLF�VHFWLRQ�LV�ORFDWHG�LQ�WKH�ZHVWHUQ�IODQN�RI�WKH�5DV�7DUI�
SURPRQWRU\��&�DQG�'��XQ�LQWHUSUHWHG�VHLVPLF�VHFWLRQ�RI�WKH�0$%����VHLVPLF�SURILOH�DQG�WKH�
FRUUHVSRQGLQJ�OLQH�GUDZLQJ��7KH�VHLVPLF�VHFWLRQ�LV�ORFDWHG�RQ�WKH�HDVWHUQ�IODQN�RI�WKH�5DV�7DUI�
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SURPRQWRU\�� 7KLV� ILJXUH� LOOXVWUDWHV� WKH� VXFFHVVLRQ� RI� D� UHSHWLWLYH� VHGLPHQWDU\� PRWLI�� SLQN�
SURJUDGLQJ� XQLWV� DQG� SRRUO\� SUHVHUYHG� DJJUDGLQJ� EOXH� XQLWV�� )LJXUH� ����F� DQG� G�� WKH� GLVWDO�
DJJUDGLQJ�ZHGJHV�DUH�DEVHQW��$QG�WKUHH�WR�ILYH�UHSHWLWLYH�VHLVPLF�XQLWV�DUH�LGHQWLILHG�DERYH�WKH�
ROGHVW�LGHQWLILHG�LQFLVLRQ��UHG�VXUIDFH���7KH�WRS�RI�WKH�\RXQJHVW�SURJUDGLQJ�VKHOI�HGJH�ZHGJHV�
LV�FDSSHG�E\�DQ�(DVW�GLSSLQJ�WRSODS�VXUIDFH��VHH�DOVR�WKH�+��SURILOH�LQ�WKH�)LJ��D�LQ�*HQVRXV�HW�
DO����������

����� 'LVFXVVLRQ�

$FWLYH� QRUPDO� IDXOWV� ERXQG� D� JUDEHQ� ZKRVH� DV\PPHWU\� LV� HYLGHQW� LQ� WKH� WRSRJUDSK\� DQG�

EDWK\PHWU\�E\�WKH�OLJKW�RI�WKH�QHZ�GDWD��7KH\�DFFRPPRGDWH�WKH�UDSLG�H[WHQVLRQ�LQ�FHQWUDO�1HNRU�

EDVLQ�DQG�ODUJHO\�FRQWURO�WKH�JHRPRUSKRORJ\�DQG�WKH�VHGLPHQWDU\�VHTXHQFHV�LGHQWLILHG�DFURVV�

WKH�0RURFFDQ�0DUJLQ��7KH�VHJPHQWDWLRQ�RI�WKH�0RURFFDQ�PDUJLQ�E\�WKH�DFWLYH�IDXOWV�OHDGV�WR�

YDULDWLRQ�RI�YHUWLFDO�PRYHPHQWV�DQG�VHGLPHQWDU\�IOX[HV�DORQJ�WKH�PDUJLQ��7KH�VXEVLGHQFH�RI�

WKH�1HNRU�JUDEHQ�SUHVHUYHV�WKH�JODFLR�HXVWDWLF�LQIOXHQFH�RQ�WKH�JURZWK�SDWWHUQ�RI�WKH�VKHOI��

7KH� FRUUHODWLRQ� EHWZHHQ� WKH� VHDIORRU� PRUSKR�VHGLPHQWDU\� VWUXFWXUHV� DQG� WKH� VHLVPLF�

VWUDWLJUDSK\� LV� D� SRZHUIXO� WRRO� WR� SURSRVH� D�PRGHO� RI� D� FRQWLQHQWDO� VKHOI� JURZWK� UHFRUGLQJ�

VHGLPHQWDU\� SURFHVVHV�� WHFWRQLF� DQG� JODFLR�HXVWDWLF� LQIOXHQFH�� %DVHG� RQ� WKH� VHTXHQWLDO�

VWUDWLJUDSK\�DQDO\VLV�IRU�WKH�$O�+RFHLPD�EDVLQ�/DWH�3OHLVWRFHQH�VHTXHQFH��WKLV�PRGHO�UHOLHV�RQ�

WKH�QLFH�LGHQWLILFDWLRQ�RQ�WKH�GRPDLQ�RI�D�UHSHWLWLYH�PRWLI�RI�VHGLPHQWDU\�VHTXHQFHV�FRPSDUDEOH�

DOO�DURXQG�WKH�0HGLWHUUDQHDQ�WR����N\�JODFLR�HXVWDWLF�VHTXHQFHV��)RU�WKH�WKLV�/DWH�3OHLVWRFHQH�

VHTXHQFH� VHTXHQFH�� WKH� KLJK�UHVROXWLRQ� VWXG\� GRFXPHQWV� V\VWHPV� WUDFNV� UHFRUGLQJ� KLJK�

IUHTXHQF\�YDULDWLRQV�RI�WKH�DFFRPPRGDWLRQ��VXEVLGHQFH�YHUVXV�HXVWDWLVP��DORQJ�WKH�VKHOI��$W�

KLJK� UHVROXWLRQ� WKH� VHDIORRU� PRUSKRORJ\� UHYHDOV� WKH� LQWHUDFWLRQ� EHWZHHQ� WKH� G\QDPLF�

WRSRJUDSK\��K\GURG\QDPLF�DQG�VHGLPHQWDU\�SURFHVVHV���

������� 0RGHUQ�DQG�VXE�UHFHQW�JHRORJLFDO�SURFHVVHV�

7KH�DV\PPHWU\�RI�VXEDTXHRXV�GXQHV�ILHOGV�LQ�WKH�LQQHU�VKHOI�VXJJHVWV�D�XQLGLUHFWLRQDO�VHGLPHQW�

WUDQVSRUW�GLUHFWLRQ��)LJXUH��������,W�LOOXVWUDWHV�WKH�ORQJVKRUH�LQIOXHQFH�RQ�WKH�/DWH�4XDWHUQDU\�

VKHOI�JURZWK�DV�GHVFULEHG�LQ�:HVWHUQ�0HGLWHUUDQHDQ��H�J��5LGHQWH�HW�DO����������7KH�GLUHFWLRQ�

RI�PLJUDWLRQ� LV� OLQNHG� WR� WKH� QHW� GLUHFWLRQ� RI� VHGLPHQW� WUDQVSRUW� DQG� LV� LQGLFDWHG� E\� RI� WKH�

RULHQWDWLRQ�RI�WKH�OHH�DQG�ORVV�VORSHV��H�J��)UDQ]HWWL�HW�DO���������/RER�HW�DO���������3DUVRQV�HW�

DO����������7KH�VXEDTXHRXV�GXQH� ILHOGV� LQGLFDWH� WKHUHIRUH�DQ�HDVWZDUG�GLUHFWLRQ�RI� VHGLPHQW�

WUDQVSRUW�DW�WKH�WLPH�RI�WKHLU�IRUPDWLRQV���

7KH�GXQH�ILHOGV�KDYH�XQNQRZQ�JUDQXORPHWULHV�EXW�WKH�ZDYHOHQJWK�UDWLR�IRU�WKH�5DV�(O�$ELG�DQG�

WKH�5DV�7DUI�ILHOGV�DUH�XQGHU�WKH�FXUYH�RI�)OHPPLQJ���������IURP�JOREDO�REVHUYDWLRQV��)LJXUH�



�����
�

�

����H���VXSSRUWLQJ�WKDW�WKH�URXQGHG�GXQHV�DUH�GHJUDGHG��$V�WKH�GXQH�ILHOGV�DUH�VLPLODU�LQ�ZDWHU�

GHSWK�� JHRPHWU\� �L�H�� DV\PPHWULF��� ZDYHOHQJWK� DQG� KHLJKW� WKDQ� RWKHUV� GXQHV� ILHOGV� RI� WKH�

0HGLWHUUDQHDQ�,EHULDQ�PDUJLQ��H�J��/R�,DFRQR�HW�DO����������ZH�VXJJHVW�IROORZLQJ�)OHPPLQJ��

�������WKDW�WKH�GXQHV�ILHOGV�DUH�FROODSVLQJ�VLQFH�WKHLU�RULJLQDO�IRUPDWLRQ��0RUHRYHU��WKH�DEVHQFH�

RI�VXSHULPSRVHG�VPDOOHU�VWUXFWXUHV�DUJXHV�IRU�FRQVLGHULQJ�WKHVH�GXQHV�DV�IRVVLOL]HG�IHDWXUHV��

7KH�FLUFXODWLRQV�RI�WKH�VKDOORZHVW�ZDWHU�PDVVHV�LQ�WKH�$OERUDQ�6HD��WKH�:HVW�$OERUDQ�J\UH��

:$%��LQVHW�)LJXUH������LQGLFDWHV�DQ�DQWL�F\FORQLF�FLUFXODWLRQ�DQG�D�OLNHO\�VHGLPHQWDU\�WUDQVSRUW�

IURP�(DVW�WR�:HVW�LQ�WKH�$O�+RFHLPD�DUHD��)RQW�HW�DO���������3DVFXDO�HW�DO���������9L~GH]�HW�DO���

�������������(UFLOOD�HW�DO����������SURSRVH�WKDW�WKH�0RURFFDQ�VKHOI�DQG�WKH�XSSHU�VORSHV�DUH�QRZ�

XQGHU�WKH�LQIOXHQFH�RI�D�ZHVWZDUG�PL[�RI�WKH�0HGLWHUUDQHDQ�DQG�$WODQWLF�ZDWHU�PDVVHV��6KHOI�

:DWHUV��6+:�LQ�(UFLOOD�HW�DO��������ZKLFK�DUH�RSSRVLWH�WR�WKH�VHQVH�RI�WUDQVSRUW�LQGLFDWHG�E\�

WKH�DV\PPHWU\�RI� WKH�GXQHV��7KHUHIRUH�� WKH�FLUFXODWLRQ�RI� WKH�ZDWHU�PDVVHV�GXULQJ�WKH�SRVW�

/*0�WUDQVJUHVVLRQ�ZDV�VLPLODU�WR�WUDQVLHQW�IORZ�GLUHFWLRQ�RI�JHRVWURSKLF�FXUUHQW�PHDVXUHG�E\�

VDWHOOLWHV��3DVFXDO�HW�DO����������LQGLFDWLQJ�WKDW�WKH�VXEDTXHRXV�GXQHV�RI�5DV�7DUI�DUH�ROGHU�WKDQ�

SUHVHQW�GD\�KLJKVWDQG���

������� $JH�FRUUHODWLRQ�RI�WKH�VXEPHUJHG�GHSRVLWLRQDO�WHUUDFHV��

7KH�SRVW�/*0�WUDQVJUHVVLRQ�LQIOXHQFHG�WKH�PRUSKRORJ\�RI�WKH�PRGHUQ�FRQWLQHQWDO�VKHOYHV�DW�D�

JOREDO�VFDOH��IDYRULQJ�WKH�IRUPDWLRQ�RI�IODW�HURVLRQDO�WHUUDFHV�DQG�EDFN�VWHSSLQJ�GHSRVLWV��H�J��

0DHVWUR�HW�DO����������&DOLEUDWLRQ�RI�WKH�UHODWLYH�VHD�OHYHO�FXUYH�LQ�*LEUDOWDU�IRU�WKH�4XDWHUQDU\�

LQGLFDWH� WKDW� WKH� UHODWLYH� VHD� OHYHO� ORZVWDQG�FRQWUROOHG�E\����.\�F\FOHV� LQ�$OERUDQ� UHDFKHV�

EHWZHHQ�����P�DQG����P�GXULQJ�ORZVWDQG�SHULRG�VLQFH�����N\��*UDQW�HW�DO���������5RKOLQJ�HW�

DO���������

,Q�,RQLDQ�&DODEULDQ�PDUJLQ��WKH�SRVLWLRQ�RI�VFDUSV�UHODWHG�WR�WKH�SRVW�JODFLDO�HYROXWLRQ�RI�WKH�

PRUSKRORJ\�RI�WKH�FRQWLQHQWDO�VKHOI�VHHPV�WR�EH�FOXVWHUHG�LQ�WZR�UDQJHV�RI�HOHYDWLRQ�����P�WR��

��P�DQG�������P��=HFFKLQ�HW�DO���������VWURQJO\�FRUUHODWLQJ�ZLWK�WKH�SRVLWLRQ�RI�WKH�VHD�OHYHO�

DURXQG� WKH�0DLQ�:DWHU�3XOVH�$�DQG�%��)LJXUH��������)URP�FRUUHODWLQJ�D� UHODWLYH�VHDO�OHYHO�

FXUYH� WR� WKH�PRUSKRORJ\�RI� WKH� VKHOI�RI� WKH�QRUWKHUQ�PDUJLQ�RI� WKH�$OERUDQ� VHD� �0DUWLQH]�

0DUWRV�HW�DO���������=HFFKLQ�HW�DO���������GHPRQVWUDWH�D�����P�E�V�O��HOHYDWLRQV�IRU�VHD�OHYHO�

GXULQJ�WKH�ODVW�JODFLDO�0D[LPXP�DQG����P�E�V�O��WR�D�PDULQH�FXW�WHUUDFH�DJLQJ�WKRVH�DURXQG��

��N\��)URP�WKH�SRVLWLRQ�RI�WKH�VKHOI�DQG�WKH�EDWK\PHWU\��ZH�DVVXPH�WKDW�WKH�RII�ODS��DQG�WKH�

XQLW�EHORZ�ZDV�EXLOW�GXULQJ�WKH�/DVW�*ODFLDO�0D[LPXP��DURXQG����N\�DQG����N\��)LJXUH��������
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)LJXUH�������$��&��VKDGHG�EDWK\PHWU\��RYHU�WKH�5DV�(O�$ELG��OHIW��DQG�5DV�7DUI��5LJKW��SURPRQWRULHV��&RQWRXU�
OLQHV�HYHU\���P��%��'��DVSHFW�PDS�RYHU�WKH�WKH�VKDGHG�EDWK\PHWU\��1RWH�WKH�URXQGHU�PRUSKRUORJ\�RI� WKH�VXE�
DTXHRXV� GXQHV� LQ� RYHU� WKH�5DV�(O�$ELG�SURPRQWRU\��(�� SORW� RI� WKH� KHLJKW� RI� WKH� VXE�DTXHRXV� GXQHV� RYHU� WKH�
ZDYHOHQJWK��7KH�KHLJKWV�DQG�ZDYHOHQJWK�RI�WKH�VXE�DTXHRXV�GXQHV�KDYH�EHHQ�PHVXUH�DORQJ�����5DV�7DUI��DQG����
�5DV�(O�$ELG��UHJXODUO\�VSDFHG�WUDQVHFWV��

�

&RQVHTXHQWO\�� WKH� PLG�VKHOI� VXEPHUJHG� GHSRVLWLRQDO� WHUUDFH� WRSSLQJ� VHGLPHQWDU\� ZHGJHV�

�6'7���)LJXUH������LQ�WKH�$O�+RFHLPD�%D\�DQG�LQ�WKH�%RXVHNNRXU�DUHD�DUH�IRUPHG�GXULQJ�D�

VORZLQJ�GRZQ�RI�WKH�DFFRPPRGDWLRQ�UDWH�RU�LQFUHDVLQJ�VHGLPHQWDU\�IOX[HV�GXULQJ�WKH�ODVW�VHD�

OHYHO�ULVH���7KLV�VXUIDFH�LV�REVHUYHG�DURXQG����P�E�V�O��LQ�WKH�%RXVHNNRXU�DUHD�DQG�LQ�WKH�$O�

+RFHLPD�%D\��6'7���)LJXUH�������6XFK�ORZ�DFFRPPRGDWLRQ�UDWHV�RFFXUUHG�GXULQJ�WZR�SRVW�

/*0�2OG�DQG�<RXQJ�'U\DV�SHULRGV�RI� WLPH��DURXQG� ���N\�DQG�DURXQG� ���N\��)LJXUH�������

/DPEHFN�HW�DO���������7KH�DSSUR[LPDWLYHO\����P�E�V�O��EDWK\PHWU\�RI�WKLV�WHUUDFH�VXJJHVWV�DQ�

DJH�DURXQG����N\��DV�VXJJHVWHG�RQ�WKH�1RUWK�$OERUDQ�VKHOI�E\�0DUWLQH]�0DUWRV�HW�DO�����������

7KLV�DVVXPSWLRQ�LV�UHLQIRUFHG�E\�WKH�IDFW�WKDW�LQ�WKH�$O�+RFHLPD�%D\��WKH�WRS�RI�WKLV�PLG�VKHOI�

ZHGJH�LV�UHFRYHUHG�E\�SUR�GHOWDLF�XQGXODWLRQV�YHU\�VLPLODU�WR�WKRVH�GHVFULEHG�LQ�WKH�+RORFHQH�
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SUR�GHOWDV�LQ�QRUWKHUQ�$OERUDQ��)LJXUH�������-DEDOR\�6iQFKH]�HW�DO���������/RER�HW�DO���������RU�

LQ�WKH�$GULDWLF�VKHOI��&DWWDQHR�HW�DO����������

������� 6HTXHQFH�VWUDWLJUDSK\�DQG�PDUJLQ�JURZWK�SDWWHUQV�RI�WKH�0RURFFDQ�FRQWLQHQWDO�
VKHOI�

:H�REVHUYH�WZR�VXSHULPSRVHG�DOORF\FOLF�FRQWUROV�RQ�WKH�DUFKLWHFWXUH�RI�WKH�VHGLPHQWDU\�UHFRUGV�

ORFDOO\� SHUVHYHUHG� E\� WKH� VXEVLGHQFH�� ���� D� UHSHWLWLYH� PRWLYH� WRSSHG� E\� HURVLRQDO� VXUIDFHV�

FKDUDFWHULVWLF�RI�D�JODFLR�HXVWDWLF�FRQWUROV�����WKH�WHFWRQLF�FRQWURO�HYLGHQFHG�E\�ODWHUDO�YDULDWLRQ�

RI�DFFRPPRGDWLRQ��%HORZ�WKH�VHDIORRU��WKH�VHLVPLF�XQLWV�DQG�VXE�XQLWV�HYLGHQFH�D�F\FOLF�SDWWHUQ�

YDU\LQJ�DV�D�IXQFWLRQ�RI�WKH�SRVLWLRQ�RI�WKH�VKHOI�LQ�WKH�1HNRU�%DVLQ��/RFDO�YDULDWLRQ�RI�JHRPHWU\�

DQG�JURZWK�SDWWHUQ�GHPRQVWUDWHV�D�FOHDU�WHFWRQLF�LQIOXHQFH���

���������+LJKVWDQG�V\VWHP�WUDFW��+67��

,Q�WKH�VRXWKHUQ�$OERUDQ�PDUJLQ��WKH�+RORFHQH�+67�DUH�LOOXVWUDWHG�E\�LQQHU�VKHOI�ZHGJHV�DQG�

GHOWDLF� VHGLPHQWDWLRQ��%DVHG�RQ�RXU�REVHUYDWLRQV� �)LJXUH��������ZH� LQWHUSUHW� WKH� LQQHU�VKHOI�

ZHGJHV�RQ�WKH�VLGHV�RI�WKH�1HNRU�EDVLQ�DV�+RORFHQH�KLJKVWDQG�GHSRVLWV�RU�ODWH�WUDQVJUHVVLYH�

GHSRVLWV���

�,Q�$O�+RFHLPD�ED\��SUR�GHOWDLF�XQGXODWLRQV�DUH�UHFRJQL]HG�WR�WKH�IURQW�RI�PRGHUQ�ULYHU�RXWOHWV�

�)LJXUH� ����� 8UJHOHV� HW� DO��� ������ DQG� UHIHUHQFH� WKHUHLQ��� 7KH\� DUH� GHYHORSHG� DURXQG�

0HGLWHUUDQHDQ�LQ�+RORFHQH�SUR�GHOWDLF�PXG�DQG�UHSUHVHQW�PRGHUQ�+67��H�J��&DWWDQHR�HW�DO���

�������7KHVH�XQGXODWLRQ�FRXOG�EH� LQWHUSUHWHG� DV� VHGLPHQW�ZDYHV� FRQWUROOHG�E\� UHJXODU�KLJK�

GHQVLW\�IORZV�GXULQJ�SLF�ULYHU�IORRGV��0LJHRQ�HW�DO���������������DV�WKH�K\GURORJLFDO�UHJLPH�RI�

WKH�ULYHUV�FRQYHUJLQJ�LQ�WKH�1HNRU�EDVLQ�LV�YHU\�OLNHO\�GRPLQDWHG�E\�IODVK�IRRG�HYHQWV�DV�IRU�

WKH�RWKHU�UHJLRQ�RI�VHPL�DULG�FOLPDWH��H�J��$EGDOOD�HW�DO����������7KHVH�EHGIRUPV�FRXOG�DOVR�KDYH�

EHHQ�LQLWLDWHG�E\�GHVWDELOL]DWLRQ�DQG�FUHHSLQJ�RI�WKH�VHDIORRU�HYHQWV�LQ�WKLV�YHU\�DFWLYH�DUHD��H�J��

3DXOO�HW�DO����������
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�
)LJXUH� ������ $� DQG� %�� VHLVPLF� SURILOH� 0$%��� FURVVLQJ� WKH� 5DV� (O� $ELG� QRUWK� RI� $O�+RFHLPD� �WRS�� DQG� LWV�
LQWHUSUHWHG�OLQH�GUDZLQJ��7KLFN�EOXH�UHG�OLQH��GRZQODS�VXUIDFH��5HG�GRW��RIIODS�EUHDN��*UHHQ�DUURZ�RIIODS�EUHDN�
WUDMHFWRU\��7KH�VXFFHVVLRQ�RI�SURJUDGLQJ�ZHGJH�DERYH�WKH�EOXH�VXUIDFH�VXJJHVWV�D�UHFRUG�RI�KLJK�RUGHU�YDULDWLRQ�
RI�DFFRPPRGDWLRQV�UDWHV��

%HORZ�WKH�VHDIORRU��+67�FRXOG�UHSUHVHQW�WKLFN�VXE�XQLWV�SUHVHUYHG�E\�WKH�WHFWRQLF��)LJ���������

:H� LQWHUSUHW� WKH�HURGHG� ORZ�DQJOH�VXE�WDEXODU�FOLQRIRUPV�RI� WKH�DJJUDGLQJ�SURJUDGLQJ�XQLWV�

�³EOXH�XQLWV´��)LJXUH�����)LJ��������DV�WKH�UHPQDQWV�RI�SUR�GHOWDLF�VHGLPHQWV�GHSRVLWHG�GXULQJ�

WKH�KLJK�VWDQG�SHULRGV��,Q�WKH�GLVWDO�SDUW�RI�WKH�EDVLQ��WKH�SXUSOH�WUDQVJUHVVLYH�XQLWV�DUH�FOHDUO\�

YLVLEOH�RQODSSLQJ�WKH�056��)LJXUH��������,Q�7KH�5DV�7DUI�$UHD��+67�DUH�UHSUHVHQWHG�E\�GUDSLQJ�

UHIOHFWRUV�DERYH�WKH�SURJUDGLQJ�ZHGJHV��$ORQJ�WKH�GLIIHUHQW�4XDWHUQDU\�0HGLWHUUDQHDQ�VKHOYHV�

�+67��UHSUHVHQWV�UHODWLYHO\�VPDOO�YROXPHV�RI�VHGLPHQWV�LQ�WKH�VHGLPHQWDU\�UHFRUG�EHFDXVH�WKH\�

DUH� EXLOW� GXULQJ� UHODWLYHO\� VKRUW� SHULRG� RI� WLPH� �H�J�� /RER� DQG�5LGHQWH�� ������� 7KH� WKLFNHU�

GHSRVLWV�LQ�WKH�$O�+RFHLPD�%D\�GHPRQVWUDWH�WKDW�DFWLYH�VXEVLGHQFH�FDQ�EH�UHODWHG�WR�LPSRUWDQW�

VHGLPHQWDU\�IOX[HV���

��������)RUFHG�UHJUHVVLYH�WR�/RZVWDQG�6\VWHP�WUDFW��)667��

,Q� WKH�$O�+RFHLPD�%D\�� WKH� W\SH� ,�ZHGJHV�DUH� VKDOORZHU� WKDQ� WKH� W\SH� ,,�EXW� DSSHDUV� WR�EH�

FDSSHG�E\�WKH�VDPH�VXUIDFH��X�F����DQG�X�F����XQLWV��6��DQG�6��VXUIDFHV��)LJ���������7KH�PRVW�

UHFHQW� HURVLYH� WRS� RI� WKH� W\SH�,� ZHGJH� LV� DURXQG� ���P�E�V�O�� �X�F���� )LJ�� ������� ZKLFK�

FRUUHVSRQGV�WR�WKH�EDWK\PHWU\�RI�WKH�VHD�OHYHO�GXULQJ�WKH�0,6��VWLOOVWDQG�SHULRG��5RKOLQJ�HW�DO��

������� 6WHHS� LQWHUQDO� UHIOHFWLRQ� DQG� WRSODS� WHUPLQDWLRQ� RI� WKH� 7\SH�,� DUH� W\SLFDO� RI� IRUFHG�

UHJUHVVLYH�V\VWHP�WUDFW��)667��+XQW�DQG�7XFNHU��������3OLQW�DQG�1XPPHGDO��������3RVDPHQWLHU�

HW� DO��� ������ 3RVDPHQWLHU� DQG� 0RUULV�� ������� 7KH� JHRPHWU\� RI� W\SH�,,� SURJUDGLQJ� ZHGJHV�

FRPSRVHG�RI�SURJUDGLQJ�WR�DJJUDGLQJ�VLJPRLG�UHIOHFWRUV�GHQRWHV�VHGLPHQWDU\�IOX[�RYHUFRPLQJ�

WKH�DFFRPPRGDWLRQ�UDWHV�DQG�DUH�W\SLFDO�RI�UHJUHVVLYH�V\VWHP�WUDFW��H�J��&DWXQHDQX�HW�DO���������
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VHWWOHG� DURXQG� /RZVWDQG� SHULRG�� 7KH� \RXQJHVW� W\SH�WZR� ZHGJH� LV� WRSSHG� E\� WKH� 6'7��

LQGLFDWLQJ� D� GHSRVLWLRQ� EHORZ� WKH� PD[LPXP� RI� UHODWLYH� VHD�OHYHO� IDOO�� ,Q� D� PRGHO� RI�

WUDQVJUHVVLYH�UHJUHVVLYH�VHTXHQFH��H�J��&DWXQHDQX�HW�DO��������DQG�UHIHUHQFH�WKHULQ��UHJUHVVLYH�

V\VWHP�WUDFWV�DUH�OLPLWHG�E\�056��)URP�RXU�REVHUYDWLRQ��W\SH�,,�ZHGJHV�REVHUYHG�DW�WKH�SDVW�

DQG�SUHVHQW�GD\�HGJHV�RI� WKH�FRQWLQHQWDO�VKHOI�FRUUHVSRQG� WR�QRUPDO� UHJUHVVLRQ�V\VWHP�WUDFW�

WULJJHUHG�E\�WKH�ULVH�RI�WKH�EDVH�OHYHO�DW�WKH�HQG�RI�WKH�JODFLR�HXVWDWLF�VHD�OHYHO�IDOO��7\SH�,�DQG�

,,�DUH�GHWDFKHG�DW�WKH�EDVLQ�VFDOH�EXW�DUH�SURJUDGLQJ�RYHU�WKH�VDPH�EDVDO�VXUIDFH��JUHHQ�GDVKHG�

OLQH��)LJ���������7KH\�EHORQJ�WR�WKH�VDPH�UHJUHVVLYH�VHTXHQFH���

�%HORZ� WKH� VKHOI� EUHDN�� WKH� 6��� 6��� 6��� 6�� DQG�6�� VXUIDFHV�PHUJHV�ZLWK� WKH� SDOHR�LQFLVLRQ�

VKRZLQJ�WKH�DFWLYLW\�RI�WKH�VORSH�LQFLVLRQ�GXULQJ�ORZVWDQG�SHULRG��)LJ���������/RFDWHG�VHDZDUG�

WKH�RIIODS�EUHDNV�� WKH�ZDY\�VHLVPLF�XQLW�X�G��DQG�X�G�FRXOG� LQGLFDWH�D� ORZVWDQG�SUR�GHOWDLF�

GHSRVLWLRQ� DV� GHVFULEHG� DW� VLPLODU� VWUDWLJUDSKLF� SRVLWLRQ� LQ� WKH� *XOI� RI� /LRQ� IRU� ��N\� ROG�

VHGLPHQWV�LQ�DQ�FRDUVHQLQJ�XS�VHTXHQFH��-RXHW�HW�DO����������2Q�WKH�%RXVHNNRXU�DUHD�WKH�W\SH�

,��W\SH�,,�LV�FOHDU�LQ�WKH�WLOWLQJ�%RXVHNNRXU�IDXOW�]RQH��)LJXUH�����E���,Q�WKH�5DV�7DUI�DUHD��VXFK�

GLVWLQFWLRQ�LV� LQDSSOLFDEOH��)LJXUH�����E���7KH�ODWHUDO�YDULDEO\�RI�JHRPHWU\�GHPRQVWUDWHV�WKH�

LQIOXHQFH�RQ�DFWLYH�VXEVLGHQFH�RQ�WKH�JHRPHWU\�RI�)667�DQG�ORZVWDQG�GHSRVLWV��

��������+HDOLQJ�SKDVH�±HDUO\�WUDQVJUHVVLYH�V\VWHP�WUDFW���

$URXQG�WKH�VKHOI�EUHDNV��ZH�REVHUYH�DJJUDGLQJ�VHLVPLF�XQLW�RQODSSLQJ�RQ�WKH�SURJUDGLQJ�VKHOI�

HGJH�ZHGJHV��X�D��X�D��X�D��X�D��X�D��)LJXUH������WR�)LJXUH��������,Q�WKH�$O�+RFHLPD�ED\��DQG�

LQ� WKH�:HVWHUQ� IODQN� RI� WKH� 5DV� 7DUI� 3URPRQWRU\�� WKH� WKLFNQHVV� RI� WKH� UHIOHFWRUV� SDFNDJHV�

LQGLFDWHV�UHODWLYHO\�LPSRUWDQW�VHGLPHQWDU\�IOX[HV�ZKLFK�FDQ�UHIOHFW�WKH�IOXYLDO�LQSXW�LQ�WKH�$O�

+RFHLPD�%D\��)LJXUH�����D���7KH�IODW�KLJK�DPSOLWXGH�UHIOHFWRU�RQWR�WKH�6'7���)LJ��������FDQ�

FRUUHVSRQG�WR�D�UDYLQHPHQW�VXUIDFH�VWDFNHG�ZLWK�D�WUDQVJUHVVLYH�ODJ��,Q�7KH�%RXVHNNRXU�DUHD��

WKH�FRUUHVSRQGLQJ�ZHGJHV��X�D��X�D��)LJXUH�������VKRZV�D�ORFDOO\�FOHDU�WUDQVJUHVVLYH�WUHQG���

7KH�JHRPHWU\�RI�WKH�ZHGJHV�LQGLFDWHV�PDULQH�LQILOOLQJ�DQG�LQFUHDVLQJ�DFFRPPRGDWLRQ�ZKLFK�

FDQ� FRUUHVSRQG� WR� WUDQVJUHVVLYH� ODJ� DQG� VKRUHOLQH� UDYLQHPHQW� �&DWWDQHR� DQG� 6WHHO�� ������

3RVDPHQWLHU� DQG� $OOHQ�� ������ 3RVDPHQWLHU� DQG� 0RUULV�� ������� 7KH\� GLIIHU� IURP� 7\SH�,,�

SURJUDGLQJ�DJJUDGLQJ�VKHOI�HGJH�ZHGJHV�EHFDXVH�WKH\�DUH�FOHDUO\�WUDQVJUHVVLYH��%HFDXVH�RI�WKH�

DFWLYH� WHFWRQLF� FRQWH[W� RI� WKH� 1HNRU� EDVLQ�� WKH� X�D� WR� X�D� VXEXQLWV� UHFRUGV� DQ� LQFUHDVH� RI�

DFFRPPRGDWLRQ�ZKLFK�FDQ�EH�OLQN�WR�WHFWRQLF�UDWKHU�WKDQ�D�JODFLR�HXVWDWLF�FRQWURO�RI�WKH�EDVH�

OHYHO�� 7KHVH� ZHGJHV� UHIOHFW� DW� D� WUDQVLWLRQ� IURP� ORZVWDQG�ODWH� ORZVWDQG�HDUO\� WUDQVJUHVVLYH�

V\VWHP� WUDFW�ZKLFK� UHPDLQ� HOXVLYH�ZLWK� WKH� VSDUNHU� VHLVPLF� UHVROXWLRQ� DQG�ZLWKRXW� JURXQG�

HYLGHQFHV��
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�
)LJXUH��������,QQHU�VKHOI�ZHGJHV�LQ�WKH�%RXVHNNRXU�DUHD��7KH�UHG�OLQH�FRUUHVSRQGV�WR�WKH�6��
VXUIDFH�VWDFNHG�ZLWK�WKH�VXUIDFH�DW�WKH�WRS�RI�WKH�6'7����

��������7UDQVJUHVVLYH�V\VWHP�WUDFW��767��

2Q�WKH�0RURFFDQ�VKHOI��WKH�VXFFHVVLRQ�RI�EDFN�VWHSSLQJ�SURJUDGDWLRQDO�ZHGJHV�FRUUHVSRQGV�WR�

WKH�VWHSV�DQG�GHSRVLWLRQDO�WHUUDFHV�IURP�WKH�RXWHU�VKHOI��6'7���WR�WKH�LQQHU�VKHOI�ZHGJHV��7KH�

PLG�VKHOI�ZHGJHV�DUH�GHSRVLWHG�EHORZ�WKH�6'7���7KHLU�JHRPHWU\�LV�VLPLODU�WR�PLG�VKHOI�ZHGJHV�

DWWULEXWHG�WR�767�GHVFULEHG�LQ�WKH�,RQLDQ�&DODEULDQ�PDUJLQ��=HFFKLQ�HW�DO�������F��DQG�LQ�WKH�

QRUWKHUQ�$OERUDQ�PDUJLQ��DERYH�WKH�ODVW�SURJUDGDWLRQDO�VKHOI�HGJH�ZHGJH��+HUQiQGH]�0ROLQD�

HW�DO����������,Q�WKH�,RQLDQ�&DODEULDQ�PDUJLQ�DQG�LQ�WKH�*XOI�RI�/LRQ�WUDQVJUHVVLYH�V\VWHP�WUDFW�

ZHUH� UHODWHG� WR� ZDYH�UDYLQHPHQW� SURFHVVHV� DQG� ODQGZDUG� PRWLRQ� RI� WKH� VKRUHOLQH� GXULQJ�

VORZVWDQG�RU�VWLOOVWDQG�ZLWKLQ�WKH�ODVW�WUDQVJUHVVLYH�SHULRG��%HUQp�HW�DO��������=HFFKLQ�HW�DO���

�����DQG��������767�DUH�GHILQHG�DERYH�WKH�056�ODQGZDUG�DQG�DERYH�WKH�ZDYH�UDYLQHPHQW�

VXUIDFH�UHZRUNLQJ�WKH�056�DW�WKH�RXWHU�VKHOI��L�H��DERYH�WKH�6'7���H�J��=HFFKLQ�DQG�&DWXQHDQX��

�������7KH�SHUVHYHUDWLRQ�DQG�WKH�REVHUYDWLRQ�DW�D�VHLVPLF�VFDOH�RI�WUDQVJUHVVLYH�GHSRVLWV�GHSHQG�

RQ� WKH� FRQILJXUDWLRQ� RI� WKH� VKHOI� DQG� RQ� WKH� DFFXPXODWLRQ� UDWHV� GHOLYHUHG� GXULQJ� WKH� ODWH�

4XDWHUQDU\�WUDQVJUHVVLYH�SHULRGV���(UFLOOD�HW�DO���������&DWWDQHR�DQG�6WHHO����������7KHUHIRUH��

WKH�REVHUYHG�EDFN�VWHSSLQJ�SURJUDGLQJ�ZHGJH�FDQ�FRUUHVSRQG�WR�WKH�SUHVHUYHG�ODVW�SRVW�JODFLDO�

767��

:H�VXJJHVW�WKDW�767�FRXOG�EH�SUHVHUYHG�LQ�WKH�$O�KRFHLPD�%D\��DW�WKH�ERWWRP�RI�WKH�KLJKVWDQG�

SURJUDGLQJ��DJJUDGLQJ�ZHGJH��7UDQVJUHVVLYH�GHSRVLWV�FDQ�EH�UHSUHVHQWHG�E\�WKLFN�DJJUDGDWLRQDO�

VHLVPLF�XQLWV� LQ� VXEVLGLQJ�GHOWDLF� HQYLURQPHQW�ZLWK� UHODWLYHO\�KLJK� VHGLPHQWDU\� IOX[HV� �H�J��

�&KLRFFL�HW�DO���������(UFLOOD�HW�DO���������/RER�HW�DO����������%HFDXVH����N\�F\FOH�WUDQVJUHVVLYH�

SHULRG�DUH�VKRUW�WLPH�SHULRG�ZLWK�KLJK�WUDQVJUHVVLYH�UDWH��WKH�767�FRXOG�EH�SUHVHUYHG�DW�GHSWK�

DW� WKH� EDVH� RI� WKH� DJJUDGLQJ±SURJUDGLQJ� VXE�XQLW� �X�E�� X�F�� X�E� XQLWV�� )LJXUH� ����� )LJXUH�

��������RU�FRXOG�EH�PHUJHG�LQ�WKH�WKLQ�GUDSLQJ�EOXH�VXE�XQLWV��H�J��&DWWDQHR�DQG�6WHHO����������
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��������&\FOLFLW\�RI�WKH�JURZWK�RI�SDWWHUQ��

,Q�WKH�$O�+RFHLPD�DUHD��WKH�6'7��PDUNV�WKH�DPSOLWXGH�RI�WKH�IDOO�RI�WKH�UHODWLYH�VHD�OHYHO�DW�

���P�E�V�O��IRU�WKH�ODVW�/*0�DQG�WKH�6'7��PDUNV�D�SRVVLEOH�VORZGRZQ�GXULQJ�WKH�SRVW�/*0�

VHD�OHYHO�ULVH��%HORZ��WKH�F\FOLFLW\�RI�WKH�VHLVPLF�XQLWV�DQG�WKHLU�DVVRFLDWHG�ERXQGLQJ�VXUIDFHV�

LOOXVWUDWH�WKH�VXFFHVVLRQ�RI�D�KLJKVWDQG�IROORZHG�E\�D�IDOOLQJ�VWDJH��)LJXUH������)LJXUH��������

5HFHQW� FDOLEUDWLRQ� RI� WKH�5HODWLYH� VHD�OHYHO� FXUYH� LQGLFDWHV� UDWHV� RI� YDULDWLRQ� UHDFKLQJ� ����

PP�\�VLQFH����N\��)LJXUH�������*UDQW�HW�DO���������/DPEHFN�HW�DO����������FOHDUO\�KLJKHU�WKDQ�

WKH�NQRZQ�YHUWLFDO�PRWLRQ�UDWHV�LQ�WKH�DUHD����������PP�\��3RXMRO�HW�DO����������%DVHG�RQ�DQ�DJH�

FDOLEUDWLRQ�RI�WKH�056�EDVHG�RQ�WKH�UHFRJQLWLRQ�RI�WKH�6'7��ZH�DVVXPH�WKDW�WKH�F\FOLFLW\�RI�WKH�

GHSRVLWLRQDO�VHTXHQFHV�FDQ�FRUUHVSRQG�WR�WKH�JODFLR�HXVWDWLF�LQIOXHQFH�DQG�RI�WKH�UHFRUGV�RI�WKH�

���N\�F\FOH�VLQFH����N\��6���6���6���6���6��FDQ�FRUUHVSRQG�WR�PD[LPXP�RI�UHJUHVVLRQ�GXULQJ�

WKH�ORZVWDQG�SHULRGV�VLQFH�����N\��2XU�LQWHUSUHWDWLRQ�LV�VXSSRUWHG�E\�WKH�FRPSDULVRQ�ZLWK�RWKHU�

0HGLWHUUDQHDQ�PDUJLQV���
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�
)LJXUH� ������ $�� 7KLFNQHVV� RI� WKH� DJJUDGLQJ�SURJUDGLQJ� XQLW� �EOXH� XQLW�� DERYH� 6�� SORWWHG� RYHU� WKH� VKDGHG�
EDWK\PHWU\��%ODFN�EDUGHG�OLQHV�VKRZ�WKH�DFWLYH�IDXOWV�%��7KLFNQHVV�RI�WKH�SURJUDGLQJ�XQLW�XQLWV�EHORZ�6��SORWWHG�
RYHU� WKH� VKDGHG� EDWK\PHWU\�� 7KH� EODFN� DUURZ� LOOXVWUDWH� WKH� GHWDFKHG� )667� ���� DQG� ����� 7KH� PDS� VKRZV� WKH�
GLVWULEXWLRQV�RI�WKH�VHGLPHQWV�GXULQJ�WKH�ODVW�IDOO�RI�WKH�EDVH�OHYHO��7KH�VKDUS�WUDQVLWLRQ�IURP�WKLFN�GHSRVLWV�WR�WKLQ�
GHSRVLWV�EHWZHHQ�����:�DQG������:�LV�OLQNHG�WR�WKH�7URXJRXW�IDXOW��7)����

,W�LV�ZHOO�NQRZQ��WKDW�VLQFH����N\��YDULDWLRQ�RI�WKH�UHODWLYH�VHD�OHYHO�IROORZHG�D�SDWWHUQ�LQGXFHG�

E\�����N\�0LODQNRYLWFK�HFFHQWULFLW\�F\FOHV�ZLWK�ORQJHU�UHJUHVVLYH�WKDQ�WUDQVJUHVVLYH�SHULRGV�

�H�J�5RKOLQJ�HW�DO����������7KH�)LJXUH������LOOXVWUDWHV�D�F\FOH�RI�JURZWK�RI�WKH�0RURFFDQ�VKHOI�

IURP� WKH� ODVW� IDOO� RI� WKH� VHD�OHYHO� WR� WKH� SUHVHQW�GD\� KLJK�VWDQG�� 7KH� GHSRVLWLRQDO� PRWLI� LV�

ERXQGHG� E\� VWDFNHG� VXUIDFHV� FRUUHVSRQGLQJ� WR� WKH�0D[LPXP�5HJUHVVLYH� 6XUIDFH� �056� LQ�

&DWXQHDQX� HW� DO��� ������� DQG� PD[LPXP� IORRGLQJ� VXUIDFH�� 7KH�056� LV� UHZRUNHG� E\� ZDYH�

UDYLQHPHQW�GXULQJ�WKH�FRQVHFXWLYH�ULVH�RI�WKH�VHD�OHYHO��%DFKH�HW�DO���������������5DELQHDX�HW�

DO����������7KH�ORFDO�GLVFUHSDQFLHV�RI�VKHOI�DUFKLWHFWXUH�DUH�UHVXOWLQJ�IURP�WKH�SK\VLRJUDSK\�RI�

WKH�VKHOI��ORFDO�WHFWRQLF�DQG�YDULDWLRQV�RI�WKH�VHGLPHQWDU\�IOX[���

�
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)LJXUH� ����� �� 5HODWLYH� VHD�OHYHO� FXUYH� DW�
*LEODWDU� VLQFH� �����N\� �WRS�� DQG� WKH�
FRUUHVSRQGLQJ� ILUVW� GHULYDWLYH� �ERWWRP��
PRGLILHG� DIWHU� �/DPEHFN� HW� DO�� ������
5RKOLQJ�HW�DO����������
�

���������7HFWRQLF�LQIOXHQFHV�RQ�WKH�JURZWK�
SDWWHUQ�

���������3K\VLRJUDSK\�RI�WKH�PDUJLQ�

7KH� SK\VLRJUDSKLF� GLIIHUHQFH� EHWZHHQ� WKH�

QDUURZ�KLJK�JUDGLHQW�VKHOI�ZHVWZDUG�RI�WKH�

$O�+RFHLPD� %D\�� DQG� D� UDPS�OLNH� ORZ�

JUDGLHQW� VKHOI� H[SODLQ� WKH� GLIIHUHQFH� RI�

JHRPHWU\� RI� RXU� UHJUHVVLYH� GHSRVLWV�� 7KH�

RYHUDOO� JHRPHWU\� FKDUDFWHUL]HV� WKH�

DV\PPHWU\� RI� WKH� WUDQVWHQVLYH� EDVLQ�

�/DIRVVH�HW�DO���������7HFWRQLF�VXEVLGHQFH�LQ�

WKH� $O�+RFHLPD� DQG� IRFXVHG� IOXYLDO� LQSXW�

GXH�WR�ZLGHU�FDWFKPHQW�DQG�DFWLYH�WHFWRQLF�

RQVKRUH� OHDG� WR�� ���� 7KLFNHU� KLJKVWDQG�

GHSRVLWV�LQ�WKH�$O�+RFHLPD�ED\��)LJXUH������������ORZ�JUDGLHQW�WRSRJUDSK\�LQ�WKH�%D\�DURXQG�

WKH�SUHYLRXV�KLJKVWDQG��)LJXUH���������

�7KH�UDPS�OLNH�JHRPHWU\�LQ�WKH�$O�+RFHLPD�%D\�OHDGV�WKH�)667�LQ�WKH�PLG�VKHOI��06'5'��

)LJXUH������� WR�EH�SUHVHUYHG�DERYH�\RXQJHU�SUHVHUYHG� UHJUHVVLYH�GHSRVLWV� DW� WKH� VKHOI� HGJH�

�6('5'��)LJXUH�����E���'XULQJ�WKH�/67�DQG�WKH�HDUO\�WUDQVJUHVVLRQ��VXE�DHULDO�HURVLRQ�DQG�

ZDYH�HURVLRQ�FDQ�UHZRUN�)667��DQG�LQFUHDVHV�WKH�GLVWDQFH�EHWZHHQ�WKH�ZHGJHV��)LJXUH�����F���

,Q�WKH�QDUURZ�VKHOI��WKH�LQQHU�VKHOI�ZHGJHV�FRUUHVSRQG�WR�D�ODWHU�GHSRVLW��)LJXUH�����G����



�����
�

�

�
)LJXUH��������6FKHPDWLF�HYROXWLRQ�RI�WKH�0RURFFDQ�RSHQ�VKHOI��OHIW��DQG�RI�WKH�VXEVLGLQJ�1HNRU�EDVLQ��ULJKW���DW�
NH\�WLPHVWHSV�DURXQG�WKH�/*0���D��DURXQG�0,6����E��IRUPDWLRQ�RI�WKH�GHSRVLWRQDO�WHUUDFH���GXULQJ�WKH�/*0���F��
IRUPDWLRQ�RI�WKH�GHSRVLWRQDO�WHUUDFH���GXULQJ�WKH�VWLOOVWDQG�RI�WKH�VHD�OHYHO�ULVH�DW�������\�DQG��G��IRUPDWLRQ�RI�
WKH� LQQHU�VKHOI� ZHGJHV�RSHQ� VKHOI�� DQG� RI� WKH� SUR�GHOWDwF� XQGXODWLRQV� �1HNRU� EDVLQ�� GXULQJ� WKH� +RORFH� ODWH�
WUDQVJUHVVLRQ�DQG�KLJKVWDQG��'DUN�EOXH�VSLUDO��ORQJVKRUH�FXUUHQW��GDUN�EOXH�DUURZV��IOXYLDO�LQIOXHQFH��06'5'��
PLG�VKHOI�GHWDFKHG�UHJUHVVLYH�GHSRVLW��6('5'�6KHIO�(GJH�GHWDFKHG�UHJUHVVLYH�GHSRVLW��

2Q�WKH�5DV�7DUI�SURPRQWRU\��VXEPHUJHG�GHSRVLWLRQDO�WHUUDFHV�DURXQG����P�E�O��DUH�DEVHQW�DQG�

WKH�WHUUDFH�DW����P�E�V�O��LV�HURVLYH��)LJXUH�����)LJXUH��������7KH�DEVHQFH�RI�WKLFN�WUDQVJUHVVLYH�

GHSRVLWLRQDO�FDQ�EH�H[SODLQ�E\�WKH�ORZ�VORSH�JUDGLHQW�FRQILJXUDWLRQ�RI�WKH�SURPRQWRU\�OHDGLQJ�

WR�ORZ�DFFXPXODWLRQ�UDWHV�GXULQJ�WKH�SRVW�/*0�WUDQVJUHVVLRQ��&DWWDQHR�DQG�6WHHO���������7KLV�

WKLQ� GUDSLQJ� RI� WUDQVJUHVVLYH� GHSRVLWV� LV� DERYH� WKH� YHUWLFDO� UHVROXWLRQ� RI� WKH� VHLVPLF� OLQH�

�&DWWDQHR�DQG�6WHHO���������

�
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���������7HFWRQLF�DFFRPPRGDWLRQ�DQG�WLOWLQJ��

7KH�WDOZHJV�PLJUDWLRQ�RI�WKH�PDMRU�LQFLVLRQ�WRZDUG�WKH�:HVW�RI�WKH�EDVLQ�VXJJHVWV�D�WHFWRQLF�

FRQWURO��)LJ���������,Q�WKH�5DV�7DUI�SURPRQWRU\��WKH�ORQJLWXGLQDO�YDULDWLRQ�RI�DFFRPPRGDWLRQV�

UDWHV�VHHPV�OLQNHG�WR�DQ�DFWLYH�WLOWLQJ�GXULQJ�WKH�GHSRVLWLRQ�LQ�UHODWLRQ�WR�WKH�7URXJRXW�IDXOW�

DFWLYLW\�� 7KH� DV\PPHWU\� EHWZHHQ� WKH� HDVWHUQ� IODQN� DQG� WKH� ZHVWHUQ� IODQN� RI� WKH� 5DV� 7DUI�

3URPRQWRU\��)LJXUH�������VXJJHVWV�D�GLIIHUHQWLDO�DFFRPPRGDWLRQ�RQ�HDFK�VLGH�OLQNHG�7URXJRXW�

IDXOW��)LJXUH������DQG��������7R�WKH�(DVW�RI�WKH�IDXOW��RQVKRUH�PDULQH�WHUUDFHV��\HOORZ�WULDQJOH��

)LJXUH������KDYH�EHHQ�XSOLIWHG� �3RXMRO�HW�DO���������7KH�SUHVHUYDWLRQ�RI� WKH�F\FOLFLW\�RI� WKH�

VHGLPHQWDU\� VHTXHQFHV� FDQ� EH� OLQNHG� WR� D� ORFDO� VXEVLGHQFH� OLQN� WR� WKH� WHUPLQDWLRQ� RI� WKH�

7URXJRXW�IDXOW��H�J��)LJ����LQ�*DZWKRUSH�HW�DO�����������

7KH�VXEVLGHQFH�DORQJ�WKH�%RXVHNNRXU�IDXOW�H[SODLQ�WKH�YDULDELOLW\�RI�GHSWK�RI�WKH�6'7���)LJXUH�

�����DQG�RI�WKH�DJJUDGDWLRQDO�ZHGJHV��EOXH�XQLWV�LQ�)LJXUH��������7KH�:�(�FURVV�VHFWLRQ�$$¶�

�)LJXUH������VXJJHVWV�WKDW�WKH�%RXVHNNRXU�IDXOW�FRQWURO�WKH�YDULDWLRQV�RI�WHFWRQLF�VXEVLGHQFH�

DQG�WKH�EORFN�WLOWLQJ�WRZDUG�WKH�:HVW��7KH�VXEDTXHRXV�GXQHV�DW�WKH�IRRW�RI�WKH�%RXVHNNRXU�IDXOW�

�)LJXUH������VXJJHVWV� WKDW�GXULQJ� WKH� WUDQVJUHVVLYH�DQG�KLJKVWDQG� LQWHUYDOV� WKH�RSHQ�VKHOI� LQ�

LQIOXHQFHG�E\�ORQJVKRUH�WUDQVSRUW�DQG�WKDW�WUDQVJUHVVLYH�DQG�KLJKVWDQG�GHSRVLWV�DUH�E\�WHFWRQLF�

VXEVLGHQFH�DQG�WLOWLQJ��

5DSLG�WHFWRQLF�VXEVLGHQFH�FRXOG�EH�UHFRUGHG�GXULQJ�SHULRG�RI�ORZ�UDWHV�RI�VHD�OHYHO�YDULDWLRQ��

7KH�ORFDO�YDULDWLRQ�RI�JHRPHWU\�RI�WKH�)667�DQG�/67�LQ�WKH�%RXVHNNRXU�DUHD�DQG�LQ�WKH�$O�

+RFHLPD� %D\� LOOXVWUDWHV� LQWHUDFWLRQV� RI� KLJK�IUHTXHQF\� YDULDWLRQV� RI� UDWHV� RI� WKH� WHFWRQLF�

VXEVLGHQFH� DQG� UHODWLYH� VHD�OHYHO�� ,W� LV� OLNHO\� WKDW� WKH� KLJK� IUHTXHQF\� FKDQJH� RI� WHFWRQLF�

DFFRPPRGDWLRQ�DUH�EHWWHU�UHFRUGHG�GXULQJ�SHULRG�RI�ORZ�UDWHV�RI�VHD�OHYHO�YDULDWLRQ�WKDQ�GXULQJ�

SHULRG� RI� UDSLG� HXVWDWLF� FKDQJH�� 7RZDUG� WKH� 5DV� (O� $ELG� SURPRQWRU\�� WKH� VXFFHVVLRQ� RI�

SURJUDGLQJ�XQLWV��)LJXUH�������FRXOG�LQ�RQH�KDQG�LQGLFDWH�D�UDSLGO\�LQFUHDVLQJ�DFFRPPRGDWLRQ�

FRPSDWLEOH�ZLWK�WKH�ORFDO�VXEVLGHQFH�RI�WKH�1RUWK�(DVW�RI�WKH�5DV�(O�$ELG��)LJXUH��������,Q�WKH�

VHFRQG� KDQG�� WKH� VXFFHVVLRQ� RI� SURJUDGLQJ� ZHGJHV� VKRZV� KLJK� IUHTXHQFLHV� FKDQJHV� RI�

VHGLPHQWDU\�IOX[HV�DVVXPLQJ�D�FRQVWDQW�VXEVLGHQFH�ZKLFK�FRXOG�EH�H[SODLQ�E\�HSLVRGHV�RI�UDSLG�

FKDQJH�RI�UDWHV�RI�DFFRPPRGDWLRQ�RU�DFFXPXODWLRQ��7KHVH�SURJUDGLQJ�VXE�XQLWV�FRXOG�EH�OLQN�

WR���N\�F\FOHV�DV�UHFRUGHG�RQ�WKH�LVRWRSLF�UHFRUGV��/HD�HW�DO���������/LVLHFNL�DQG�5D\PR��������

:DHOEURHFN�HW�DO���������RU�LOOXVWUDWHG�RQ�0HGLWHUUDQHDQ�0DUJLQ��H�J��/RER�DQG�5LGHQWH��������

)XWXUH� VDPSOLQJ� LQ� WKH� DUHD� ZLOO� KHOS� WR� GHFLSKHU� ZKDW� DUH� WKH� FRQWUROV� RI� KLJK�IUHTXHQF\�

SDWWHUQV�LQ�DFWLYH�DUHD���
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����� &RQFOXVLRQ�

,Q�� WKH� 0HGLWHUUDQHDQ� 0RURFFDQ� PDUJLQ�� WKH� HXVWDWLF� FRQWURO� RQ� WKH� ODWH� 4XDWHUQDU\� VKHOI�

GHSRVLWV�GR�QRW�GLIIHU�IURP�RWKHU�0HGLWHUUDQHDQ�VKHOYHV� �H�J��&KLRFFL�HW�DO���������/RER�DQG�

5LGHQWH��������5DELQHDX�HW�DO���������=HFFKLQ�HW�DO����������6R�LW�KDV�EHHQ�SRVVLEOH�WR�GLVWLQJXLVK�

WKH�DFWLYH�WHFWRQLF�FRQWUROV�IURP�WKH����N\�HXVWDWLF�LPSDFW�RQ�WKH�PRUSKRORJ\�DQG�VWUDWLJUDSK\�

RI� WKH�VKHOI��7KH�KLJK�UHVROXWLRQ�VWUDWLJUDSK\�RI�DQ�DFWLYH� WUDQVWHQVLYH�EDVLQ� LV� WKH�ILUVW�VWHS�

EHIRUH�KLJK�UHVROXWLRQ�TXDQWLILFDWLRQ�RI� WKH�GHIRUPDWLRQ�DQG� WRZDUG�D�PRGHO�RI� WUDQVWHQVLYH�

EDVLQ�LQILOOLQJ��7KLV�PRGHO�VKRXOG�LQYROYH�WKH�UHVSRQVH�RI�WKH�1HNRU�EDVLQ�WR�KLJK�IUHTXHQF\�

VXEVLGHQFH�UDWHV�DQG�VHGLPHQWDU\�IOX[HV��

7KH�KLJK�UHVROXWLRQ�LPDJHU\�RI�WKH�EDWK\PHWU\�KDV�UHYHDOHG�WKH�VWDLUFDVH�PRUSKRORJ\�RI�WKH�

VKHOI��WKH�SDOHR�VHGLPHQWDU\�WUDQVSRUW�DQG�WKH�LQIOXHQFH�RI�ORQJVKRUH�WUDQVSRUW�RQ�WKH�JURZWK�

SDWWHUQ�RI�WKH�VKHOI��'HSRVLWLRQDO�WHUUDFHV�FDQ�EH�FRUUHODWHG�WR��WK�RUGHU�HXVWDWLF�YDULDWLRQV�GXULQJ�

WKH� ODVW�VHD� OHYHO�ULVH�DQG�DUH�SRZHUIXO� WRROV� IRU� WKH�DVVHVVPHQW�RI� WKH�56/�YDULDWLRQV��7KLV�

GHSRVLWLRQDO�KDYH�EHHQ�FRUUHODWHG�WR�VHLVPLF�XQLWV�JLYLQJ�DJH�FRQVWUDLQW�IRU�UHFHQW�WUDQVJUHVVLYH�

GHSRVLW�DQG�FDOLEUDWHV�RXU�DJH�PRGHO��7KH�VL[�HOHPHQWDU\�PRWLIV�FKDUDFWHUL]HG�E\�SURJUDGLQJ�

DQG� DJJUDGLQJ� JHRPHWULHV� DUH� LQWHUSUHWHG� DV� GHSRVLWLRQDO� VHTXHQFHV� OLQNHG� WR� WKH� ���N\�

HFFHQWULFLW\�F\FOHV�RI�JODFLR�HXVWDWLF�56/�YDULDWLRQV�IRU�WKH�ODVW����N\��7KH�VWDFNLQJ�SDWWHUQ�

YDULHV�DFFRUGLQJ�WR�WKH�ORFDO�VXEVLGHQFH��

����$JJUDGLQJ�VHLVPLF�XQLWV�DUH�LQWHUSUHWHG�DV�PHUJHG�KLJKVWDQG�DQG�WUDQVJUHVVLYH�V\VWHP�WUDFWV��

SRRUO\�SUHVHUYHG�RQ� WKH�ERXQGDULHV�RI� WKH�1HNRU�EDVLQ��EXW�FRQVWLWXWLQJ� WKLFNHU�XQLWV� LQ� WKH�

1HNRU�%D\�GXH�WR�WKH�DFWLYH�VXEVLGHQFH��6XEVLGLQJ�DUHD�DUH�SURQH�WR�IRFXV�WKH�IOXYLDO�LQSXW��

HYLGHQFHG� E\� WKLFN� WUDQVJUHVVLYH� KLJKVWDQG� V\VWHP� WUDFW� LQ� WKH�1HNRU� EDVLQ� DQG� SUR�GHOWDLF�

XQGXODWLRQ������0LG�VKHOI�DQG�LQQHU�VKHOI�SURJUDGLQJ�ZHGJHV�DUH�FOHDUO\�EDFN�VWHSSLQJ�IURP�WKH�

RXWHU�VKHOI�ZHGJHV�LOOXVWUDWLQJ�767��7KH�EXLOGLQJ�RI�WKRVH�GHSRVLWLRQDO�ZHGJHV�DVVRFLDWHG�ZLWK�

WKH�VXEPHUJHG�GHSRVLWLRQDO�WHUUDFHV�DERYH�SURGXFH�VWDLUFDVH�PRUSKRORJ\�RI�WKH�VHDIORRU������

9DULDWLRQV�RI�JHRPHWU\�RI� V\VWHP� WUDFWV�GHPRQVWUDWH� WKH� LQIOXHQFH�RI� DFWLYH� WHFWRQLF�RQ� WKH�

JHRPHWU\�RI�WKH�VKHOI�GHSRVLW�ZLWK�DQ�HPSKDVLV�RQ�SHULRG�RI�ORZ�UDWHV�RI�VHD�OHYHO�YDULDWLRQ��WKH�

ORZVWDQG�HDUO\�WUDQVJUHVVLYH�SHULRG����

7KH� DFWLYH� WHFWRQLF� LV� D� PDMRU� LQIOXHQFH� RQ� WKH� SK\VLRJUDSK\� RI� WKH� VKHOI� DQG� RQ� WKH�

VHJPHQWDWLRQ�RI�WKH�PDUJLQ��7KH�1HNRU�EDVLQ�EHWZHHQ�WKH�7URXJRXW�IDXOW�DQG�WKH�%RXVHNNRXU�

IDXOW� LV� VXEVLGLQJ�ZKLFK� OHDGV� WR�GHWDFKHG� UHJUHVVLYH�ZHGJHV�DQG�D� UDPS� OLNH�FRQILJXUDWLRQ�

ZKHUHDV� WKH� 5DV� 7DUI� XSOLIWLQJ� ZLWK� DEVHQWH� GHSRVLWLRQDO� WHUUDFHV� GXH� WR� WKH� ORZ� JUDGLHQW�

FRQILJXUDWLRQ���
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����� $NQRZOHGJPHQWV�

:H�WKDQN�WKH�PHPEHUV�RI�WKH�6$5$6�DQG�0DUOERUR�FUXLVHV��UHDOL]HG�LQ������DQG�������7KLV�

ZRUN� ZDV� IXQGHG� E\� WKH� )UHQFK� SURJUDP� $FWLRQV� 0DUJHV�� WKH� (852)/((76� SURJUDP�

�)3������������� Q���������� SURMHFW� ),&76������������� 6HLVPLF� UHIOHFWLRQ� GDWD� ZHUH�

SURFHVVHG�XVLQJ�WKH�6HLVPLF�8QL[�68�DQG�*HRYHFWHXU�VRIWZDUH��7KH�SURFHVVHG�VHLVPLF�GDWD�

ZHUH�LQWHUSUHWHG�WKDQNV�WR�WKH�.LQJGRP�,+6�6XLWH�VRIWZDUH��7KLV�ZRUN�DOVR�EHQHILWHG�IURP�D�

6WDWH� *UDQW� IURP� WKH� )UHQFK� $JHQFH� 1DWLRQDOH� GH� OD� 5HFKHUFKH� �$15�� LQ� WKH� 3URJUDP� ©�

,QYHVWLVVHPHQWV� G
DYHQLU� ª� ZLWK� WKH� UHIHUHQFH� $15����/$%;�������� /DEH[� 0HU�� 5RPDLQ�

&DQFRsW��&KULVWRSKH�3UXQLHU�DUH�WKDQNHG�IRU�WKHLU�KHOS�ZLWK�EDWK\PHWU\�DQG�VHLVPLF�DFTXLVLWLRQ��

� �
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� �
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&KDSLWUH�����(YROXWLRQ�GH�OD�WUDQVSUHVVLRQ�3OLR�
4XDWHUQDLUH�VXU�OD�PDUJH�6XG�GX�EDVVLQ�G¶$OERUDQ�

� �
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��� ,QWURGXFWLRQ�

'DQV�FH�FKDSLWUH��QRXV�SURSRVRQV�VRXV�IRUPH�G¶XQ�DUWLFOH�j�VRXPHWWUH�GDQV�7HFWRQLFV��XQ�PRGqOH�

G¶pYROXWLRQ�GHV�VWUXFWXUHV�5LIDLQHV�HW�GX�EDVVLQ�G¶$OERUDQ�GHSXLV� OH�3OLRFqQH��/H�EXW�GH�FHW�

DUWLFOH� HVW� GH� FRQWUDLQGUH�� JUkFH� j� OD� V\QWKqVH� GH� QRV� GRQQpHV� GH� VLVPLTXH� UpIOH[LRQ�� GH�

EDWK\PpWULH�HW�GH�GRQQpHV�LVVXHV�GH�OD�OLWWpUDWXUH��OD�GpIRUPDWLRQ�j�ORQJ�WHUPH�HW�OHV�VWUXFWXUHV�

WHFWRQLTXHV� DFWLYHV�� 1RXV� HVVDLHURQV� DLQVL� GH� UpFRQFLOLHU� OD� JpRGpVLH� HW� OD� WHFWRQLTXH� GHV�

SODTXHV��(Q�HIIHW��OHV�REVHUYDWLRQV�*36�HW�OHV�PRGqOHV�QpRWHFWRQLTXHV�LQGLTXHQW�XQH�H[WUXVLRQ�

GX� EORF� %pWLFR�5LIDLQ� YHUV� OH� 6XG�2XHVW� �$IULTXH� IL[H��� $VVRFLpHV� j� FHWWH� H[WUXVLRQ�� OD�

VLVPRORJLH�HW�OD�FDUWRJUDSKLH�GHV�VWUXFWXUHV�DFWLYHV�RQW�PRQWUp�TXH�OD�GpIRUPDWLRQ�GDQV�OD�UpJLRQ�

G¶$O�+RFHLPD�HVW�HQ�UpJLPH�WUDQVWHQVLI��6WLFK�HW�DO���������������3OXV�DX�1RUG��OD�VLVPLFLWp�HVW�

DVVRFLpH� j� XQ� UpJLPH� GpFURFKDQW� FDUDFWpULVp� SDU� XQH� UXSWXUH� UpFHQWH� ���� MDQYLHU� ������

SUREDEOHPHQW�OLpH�j�OD�IDLOOH�G¶$O�,GULVVL��0HGLQD����������

(Q�PHU��OHV�GpIRUPDWLRQV�SOLRFqQHV�j�O¶DFWXHO�RQW�pWp�pWXGLpHV�VXU�OD�5LGH�G¶$OERUDQ���0DUWtQH]�

*DUFtD�HW�DO���������PDLV�GH�PDQLqUH�SDUFHOODLUH�VXU�OD�SDUWLH�6XG��7HVVRQ�HW�DO���������%RXUJRLV�

HW�DO���������&KDORXDQ�HW�DO����������(Q�QRXV�EDVDQW�VXU�OH�PRGqOH�G¶kJH�SURSRVp�SDU�-XDQ�HW�DO��

������ j� SDUWLU� GH� O¶LQWHUSUpWDWLRQ� GHV� GRQQpHV� GH� SXLWV� HQ� $OERUDQ�� QRXV� SURSRVHURQV� XQ�

FDOHQGULHU�GHV�GpIRUPDWLRQV�GH�OD�5LGH�6XG�$OERUDQ�GHSXLV�OH�3OLRFqQH�MXVTX¶DX�4XDWHUQDLUH��

1RXV�YHUURQV�TXH� OD� FURLVVDQFH�GHV�SOLV� HVW� DVVRFLpH� j� XQ� FLVDLOOHPHQW� VHQHVWUH� DX�3OLRFqQH�

LQIpULHXU��SUREDEOHPHQW�OLp�DX�IRQFWLRQQHPHQW�WUDQVSUHVVLI�GH�OD�5LGH�G¶$OERUDQ��$�SDUWLU��GHV�

OLJQHV�VLVPLTXHV�HW�GHV�GDWDWLRQV�QRXV�PRQWUHURQV�OH�GLDFKURQLVPH�GX�SOLVVHPHQW�j�O¶pFKHOOH�GH�

OD� 5LGH� 6XG�$OERUDQ� PDUTXpH� SDU� GHV� GLVFRUGDQFHV� LQWHUQHV� GDQV� O¶HQVHPEOH� GHV� VpULHV�

3OLRFqQHV���

1RXV� PRQWUHURQV� OD� SUpVHUYDWLRQ� GH� SODWHIRUPHV� FRQWLQHQWDOHV� 3OLR�4XDWHUQDLUHV� HQIRXLHV��

ORFDOLVpHV�VXU�OD�PDUJH�0DURFDLQH�DX�QRUG�GX�EDVVLQ�GH�1HNRU�HW�OH�ORQJ�G¶XQ�KDXW�VRXV�PDULQ��

G¶RULJLQH� SUREDEOHPHQW� YROFDQLTXH�� 1RXV� YHUURQV� TXH� OD� WUDQVJUHVVLRQ� GH� FHV� SODWHIRUPHV�

FRQWLQHQWDOHV�HVW�4XDWHUQDLUH��1RXV�PRQWUHURQV�HQILQ�XQ�UpVHDX�GH�IDLOOHV�DFWLYHV�DIIHFWDQW�OH�

IRQG�GH�PHU�������XQH�]RQH�GH�IDLOOHV�1�6�DIIHFWDQW�OH�KDXW�VRXV�PDULQ�GDQV�OD�FRQWLQXLWp�1(�GH�

OD�IDLOOH�GH�%RXGLQDU�HW�OD�IDLOOH�GH�7URXJRXW�����OD�IDLOOH�G¶$O�,GULVVL�HW�GHV�VSOD\�IDXOWV�VXU�VD�

WHUPLQDLVRQ�6XG�VH�FRQQHFWDQW�j�OD�IDLOOH�GH�%RNNR\D�������XQH�]RQH�GH�IDLOOHV�QRUPDOHV�RULHQWpH�

11:�66(�LQGLTXDQW�OD�WUDQVWHQVLRQ�ORFDOH�GH�OD�5LGH�6XG�$OERUDQ����

1RXV�GLVFXWHURQV�GH� OD�FKURQRORJLH�GH� OD�GpIRUPDWLRQ�DX�UHJDUG��� ����GX�GLDFKURQLVPH�GH� OD�

WUDQVSUHVVLRQ�3OLRFqQH�DX�QLYHDX�GH�OD�5LGH�6XG�$OERUDQ�HW�GHV�PDUTXHXUV�GH�VRXOqYHPHQW�GDQV�

OH�5LI�j� OD�PrPH�SpULRGH��� ����GH� OD�SUpVHUYDWLRQ�GHV�SODWHIRUPHV�4XDWHUQDLUH�PDUTXDQW�XQH�
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VXEVLGHQFH�ORFDOH�OLpH�j�OD�IDLOOH�G¶$O�,GULVVL�����GHV�IDLOOHV�DFWXHOOHV�DIIHFWDQW�OH�IRQG�GH�PHU�

PRQWUDQW�XQH� ORFDOLVDWLRQ�GH� OD�GpIRUPDWLRQ�HQ�GpFURFKHPHQW� HW� OD� WUDQVWHQVLRQ�DVVRFLpH��$�

O¶pFKHOOH� UpJLRQDOH�� QRXV� YHUURQV� TXH� FHWWH� FKURQRORJLH� FRUUHVSRQG� j� O¶pYROXWLRQ� HQ�

WUDQVSUHVVLRQ� GX� EORF� %pWLFR�5LIDLQ� DVVRFLpH� j� OD� FRQYHUJHQFH� $IULTXH�(XUDVLH�� 1RXV�

SURSRVHURQV� XQ� PRGqOH� G¶pYROXWLRQ� WHFWRQLTXH� j� O¶pFKHOOH� GH� OD� 5LGH� G¶$OERUDQ� HW� GX� 5LI�

V\QWKpWLVDQW�OHV�GRQQpHV�GLVSRQLEOHV�HQ�LQFOXDQW�OHV�GHUQLHUV�PRGqOHV�GH�WHFWRQLTXH�GH�SODTXHV�

�'H0HWV� HW� DO�� ������ TXL� QH� WpPRLJQHQW� SDV� GH� URWDWLRQ� GH� OD� FRQYHUJHQFH�$IULTXH�(XUDVLH�

GHSXLV��0D���

� �
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�

��� $FWLYH�WUDQVSUHVVLYH�GHIRUPDWLRQ�LQ�WKH�6RXWK�$OERUDQ�%DVLQ�
�:HVWHUQ�0HGLWHUUDQHDQ��±��$UWLFOH����

$XWKRUV��/DIRVVH�0DQIUHG��G¶$FUHPRQW�(OLD��5DEDXWH�$ODLQ��)HUUDQ�(VWUDGD��0��-ROOLYHW�&DVWHORW��*��(UFLOOD��%��
$ORQVR��&��*RULQL�

����� ,QWURGXFWLRQ�

)ROGHG�EHOWV�UHVXOW�IURP�JUDYLWDWLRQDO�RU�WHFWRQLF�IRUFHV�ZKLFK�DUH�QRW�QHFHVVDULO\�FRPSUHVVLYH�

�)RVVHQ�DQG�7LNRII��������������7LNRII�DQG�7H\VVLHU���������,Q�EULWWOH�UHJLPH��REOLTXH�VKHDU�

OHDG�WR�D�VWUDLQ�SDUWLWLRQLQJ�ZLWK�WKH�IRUPDWLRQ�RI�IROGV�DQG�ODWHUDO�WUDQVSRUW��)RVVHQ�DQG�7LNRII��

�������:LWK�WLPH�EORFN�URWDWLRQ�WULJJHUV�FKDQJH�RI�WKH�ORFDO�VWUHVV�ILHOG�DQG�OHDG�WR�QHRIRUPDWLRQ�

RI�EHWWHU�RULHQWHG�WHFWRQLF�VWUXFWXUHV��H�J��1XU�HW�DO���������5RQ�HW�DO���������6FKRO]�HW�DO����������

,W� PD\� UHVXOW� WR� D� FRPSOH[� SDWWHUQ� RI� GLVWULEXWHG� GHIRUPDWLRQ� ZLWK� WUDQVSUHVVLYH� DQG�RU�

WUDQVWHQVLYH�VWUXFWXUHV��

7KH� IRUPDWLRQ�RI� WKH�$OERUDQ�%DVLQ�KDV�EHHQ� OLQNHG� WR�EDFN�DUF�H[WHQVLRQ�DQG� OLWKRVSKHULF�

WHDULQJ��H�J��-ROLYHW�HW�DO����������������:LWKLQ�WKH�$IULFD�(XUDVLD�REOLTXH�FRQYHUJLQJ�UHJLPH��

WKH� OLWKRVSKHULF� SURFHVVHV� OHG� WR� D� WHFWRQLF� UHRUJDQL]DWLRQ� LQWR� D� WUDQVSUHVVLYH� GHIRUPDWLRQ�

SDWWHUQ��&RPDV�HW�DO���������'R�&RXWR�HW�DO����������DFFRPPRGDWHG�DORQJ�VHYHUDO�VWULNH�VOLS�

VKHDU�]RQHV�UXQQLQJ�IURP�WKH�,EHULDQ�WR�WKH�0RURFFDQ�PDUJLQV��WKH�$GUD�DQG�&DUERQHUDV�IDXOW�

]RQHV�RQ�WKH�,EHULDQ�VLGH��WKH�$O�,GULVVL��WKH�-KHED�DQG�WKH�1HNRU�IDXOW�]RQHV�RQ�WKH�0RURFFDQ�

RQH��)LJXUH�������7KLV�EURDG�VKHDU�]RQH��WKDW�HYROYHG�IURP�0LRFHQH�WR�SUHVHQW�GD\�LV�FDOOHG�WKH�

7UDQV�$OERUDQ�6KHDU�=RQH���7$6=���)LJXUH�������/HEODQF�DQG�2OLYLHU���������

8VLQJ�D�EORFN�URWDWLRQ�SLQQHG�PRGHO���0HJKUDRXL�DQG�3RQGUHOOL��������KDYH�GHPRQVWUDWHG�WKDW�

REOLTXH� FRQYHUJHQFH� FDQ� OHDG� WR� D� ULJLG� EORFN� URWDWLRQ� ZKLFK� FDQ� EH� DFFRPPRGDWHG� E\�

WUDQVFXUUHQW�IDXOWV��H�J���WKH�7$6=��)LJXUH��������
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�
)LJXUH�������7RSRJUDSKLF�PDS�DQG�PDMRU�VWUXFWXUDO�XQLWV�RI�WKH�$OERUDQ�UHJLRQ��6WUXFWXUDO�XQLWV�PRGLILHG�IURP�
�&KDORXDQ�HW�DO���������&RPDV�HW�DO���������/HEODQF�DQG�2OLYLHU��������5RPDJQ\�HW�DO����������*36�GDWD�IURP�
�.RXODOL�HW�DO����������7KH�7UDQV�$OERUDQ�6KHDU�=RQH��7$6=��LQGLFDWHV�WKH�PRWLRQ�LQIHUUHG�IRU�WKH�/DWH�0LRFHQH��
��$&��$OERUDQ�&KDQQHO��$5��$OERUDQ�5LGJH��&)��&DUERQHUDV�)DXOW��($%��(DVW�$OERUDQ�%DVLQ��-)��-HEKD�IDXOW��
1)��1HNRU�)DXOW��6$%��6RXWK�$OERUDQ�%DVLQ��6$5��6RXWK�$OERUDQ�5LGJH��<)��<XVXI�)DXOW��:$%��:HVW�$OERUDQ�
EDVLQ��

'H0HWV�HW�DO����������VKRZHG�UHFHQWO\�WKDW�LW�LV�SRVVLEOH�WR�SHUIRUP�D�SUHFLVH�UHFRQVWUXFWLRQ�RI�

WKH� URWDWLRQ� SROHV� EHWZHHQ� (XUDVLD�� 1RUWK� $PHULFD�� DQG� $IULFD� GXULQJ� WKH� 1HRJHQH� DQG�

4XDWHUQDU\�SHULRGV��7KHVH�DXWKRUV�VKRZ�WKDW� WKH�GLUHFWLRQ�RI�$IULFD�(XUDVLD�FRQYHUJHQFH�DW�

*LEUDOWDU� UHPDLQV� FRQVWDQW� GXULQJ� WKH� 3OLRFHQH� DQG� WKH� 4XDWHUQDU\�� 7KH� PLJUDWLRQ� RI� WKH�

URWDWLRQ�SROH�WRZDUG�WKH�6(�UHVXOWV�LQ�DQ�LQFUHDVH�RI�WKH�FRQYHUJHQFH�UDWHV�IURP�DSSUR[LPDWHO\�

���PP�\� WR� ���PP�\� DW� ���1���:� IURP����0D� WR� SUHVHQW�GD\� UHVSHFWLYHO\� �'H0HWV� HW� DO���

�������

6HYHUDO�DXWKRUV�UHSRUW�D�FKDQJH�RI�WKH�VWUHVV�GLUHFWLRQ�LQ�WKH�%HWLF�DQG�WKH�5LI�UHODWLYHO\�WR�WKH�

RQVKRUH�0LRFHQH�WUDQVFXUUHQW�IDXOWV��H�J��&DUERQHUDV��-HEKD��1HNRU��GXULQJ�WKH�3OLR�4XDWHUQDU\�

�$wW�%UDKLP�DQG�&KRWLQ��������*DOLQGR�=DOGtYDU�HW�DO���������*LDFRQLD�HW�DO���������0DUWtQH]�

'tD]� DQG� +HUQiQGH]�(QULOH�� ������� 7KH� FKDQJH� RI� KRUL]RQWDO� VWUHVV� GLUHFWLRQV� KDV� OHG� WR�

FRPSUHVVLRQ�DQG�XSOLIW�RI�3OLR�4XDWHUQDU\�VHGLPHQWV�RIIVKRUH�WKH�3DORPHUDV�DUHD�RQ�WKH�,EHULDQ�

0DUJLQ��*LDFRQLD�HW�DO����������*LDFRQLD�HW�DO���������SURSRVH�WKDW�WKH�4XDWHUQDU\�FKDQJH�RI�

VWUHVV�GLUHFWLRQ�FRXOG�KDYH�DOVR�EHHQ�UHFRUG�LQ�WKH�$OERUDQ�5LGJH�DQG�LWV�VRXWKZDUG�WHUPLQDWLRQ�

�)LJXUH�������$W�SUHVHQW�WLPH��WKH�PD[LPXP�KRUL]RQWDO�VWUHVV�GLUHFWLRQ�DORQJ�WKH�$OERUDQ�5LGJH�

VHHPV� RUWKRJRQDO� WR� WKH� 1(�6:� VWUXFWXUHV� RI� WKH� 7$6=� �1HUHV� ������ )LJXUH� ������ 7KH�

GLVWULEXWLRQ� RI� WKH� VHLVPLFLW\� LQ� WKH� ZHVWHUQ� SDUW� RI� WKH� $OERUDQ� GRPDLQ� LQGLFDWHV� GHHS�
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HDUWKTXDNHV�DW�GHSWKV�!��NP��)LJXUH��������7KRVH�GHHS�HDUWKTXDNHV�DUH� ORFDWHG�EHQHDWK� WKH�

:HVW�$OERUDQ�EDVLQ�DORQJ�D�1�6�GLUHFWLRQ��LQ�WKH�FHQWUDO�%HWLF�DQG�WKH�5LI�0RXQWDLQV��DQG�DUH�

DVVRFLDWHG�WR�WKH�VLQNLQJ�VODE�PD\EH�GHWDFKHG�IURP�WKH�XSSHU�SODWH�DW�VRPH�SODFHV��7KXUQHU�HW�

DO����������,W�LV�UHFRJQL]HG�WKDW�WKH�$IULFD�(XUDVLD�SODWH�ERXQGDU\�LQ�WKH�$OERUDQ�GRPDLQ�FDQQRW�

EH� DVVLJQHG� WR� D� VLQJOH� IDXOW� RU� IDXOW� V\VWHP� �)DGLO� HW� DO�� �������7KH� VWUDLQ� DQG� VWUHVV�PDSV�

LQGLFDWH� WKDW� WKH� $OERUDQ� GRPDLQ� LV� QRW� D� ULJLG� EORFN�� LPSO\� GLVWULEXWHG� GHIRUPDWLRQ�

DFFRPPRGDWLQJ�SDUW�RI�WKH�$IULFD�(XUDVLD�FRQYHUJHQFH��1HUHV��HW�DO��������DQG�WKH�OLWKRVSKHULF�

VFDOH� SURFHVVHV� VXFK� DV� VODE� GHWDFKPHQW� �7KXUQHU� HW� DO��� ������� 7KH� GLVWULEXWLRQ� RI� WKH�

GHIRUPDWLRQ�LQ�WKH�$OERUDQ�6HD�UHPDLQV�ODUJHO\�XQNQRZQ�DQG�VWLOO�UHPDLQV�WR�EH�GHPRQVWUDWHG��

,Q� WKH�SUHVHQW�ZRUN�ZH�DGGUHVV� WHFWRQLF� LVVXHV�RI� WKH�6$5�� WKURXJK�DQ� LQWHJUDWHG�DSSURDFK�

LQYROYLQJ�DQDO\VLV�RI�PXOWL�UHVROXWLRQ�VHLVPLF�UHIOHFWLRQ�GDWD��723$6�SURILOHV��DQG�PXOWLEHDP�

GDWD��7KH�UHVXOWLQJ�VWUXFWXUDO�PDS�VKRZV�HYLGHQFHV�RI�3OHLVWRFHQH�WHFWRQLF�ZKLFK�UHIOHFWV�WKH�

SUHVHQW�GD\�VWUDLQ�SDUWLWLRQLQJ�RI�WKH�GHIRUPDWLRQ��/DIRVVH�HW�DO��������1HUHV�HW�DO���������:H�

SURSRVH�WKDW�WKH�$OERUDQ�5LGJH�DQG�WKH�6$5�FRUUHVSRQG�WR�7RUWRQLDQ�3OLRFHQH�WUDQVSUHVVLYH�

EHOW�� ODWHO\� DFWLYDWHG� LQ� D� SUREDEO\�PRUH� FRPSUHVVLYH�ZD\� WKHQ� DEDQGRQHG� GXULQJ� WKH� ODWH�

3OLRFHQH� DQG� WKH� 4XDWHUQDU\�� :H� SURSRVH� WKDW� WKH� JHRPHWU\� RI� WKHVH� VWUXFWXUHV� UHIOHFWV�

DOWRJHWKHU�WKH�HIIHFWV�RI�WKH�$IULFD�(XUDVLD�REOLTXH�FRQYHUJHQFH��WKH�URWDWLRQV�RI�GLVFUHWH�EORFNV�

DQG�OLWKRVSKHULF�VFDOH�SURFHVVHV�VXFK�DV�VODE�GHODPLQDWLRQ��6LQFH�WKH�HQG�RI�WKH�3OLRFHQH��WKH�

EDVLQ�VFDOH�GHIRUPDWLRQ�DQG�PRUH�VSHFLILFDOO\�WKH�GHIRUPDWLRQ�RI�WKH�$OERUDQ�5LGJH�DQG�RI�WKH�

6$5��DUH�DFFRPPRGDWHG�E\�D�QHZO\�IRUPHG�11:�66(�WUDQVWHQVLYH�IDXOW�QHWZRUNV��QRWDEO\�LQ�

WKH�1HNRU�EDVLQ���E\�WKH�VLQLVWUDO�$O�,GULVVL�VWULNH�VOLS�IDXOW��DQG�E\�WKH�IURQWDO�LQGHQWDWLRQ�RI�

WKH�QRUWKHUQ�SDUW�RI�WKH�$OERUDQ�5LGJH���

������� *HRORJLFDO�DQG�JHRG\QDPLFDO�VHWWLQJV�

7R�DFFRPPRGDWH� WKH�GHIRUPDWLRQ� VLQFH� WKH�7RUWRQLDQ�� WKH� WHFWRQLF�REOLTXH� LQYHUVLRQ�RI� WKH�

$OERUDQ�EDVLQ�KDV�UH�XVHG�VRPH�ROGHU�/DQJKLDQ�6HUUDYDOOLDQ�EDFN�DUF�VWUXFWXUHV��H�J��&UHVSR�

%ODQF�HW�DO����������7KLV� WHFWRQLF�KHULWDJH� LV�RQH�RI� WKH�UHDVRQV� WKH�%DVLQ�GLYLGHG� LQWR� WKUHH�

VHYHUDO� VXE�EDVLQV� �)LJ�� �����$X]HQGH� HW� DO��� ������2OLYHW� HW� DO��� ������ ������� WKH�:HVWHUQ�

$OERUDQ�%DVLQ��:$%���WKH�6RXWK�$OERUDQ�%DVLQ��6$%���DQG�WKH�(DVW�$OERUDQ�%DVLQ��($%���

7KRVH� VXE�EDVLQV� DUH� OLPLWHG� E\� WUDQVSUHVVLYH� DQG� WUDQVWHQVLYH� VWUXFWXUHV� DVVRFLDWHG� WR� WKH�

$OERUDQ�5LGJH�DQG�WR�WKH�<XVXI�IDXOW�]RQHV�UHVSHFWLYHO\��DV�ZHOO�DV�WR�VHYHUDO�YROFDQLF�DQG�RU�

PHWDPRUSKLF�KLJKV��(UURU��5HIHUHQFH�VRXUFH�QRW�IRXQG����
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�
)LJXUH�������1HRWHFWRQLF�PDS�RI�WKH�$OERUDQ�UHJLRQ�PRGLILHG�IURP��$OYDUH]�0DUUyQ�DQG�RWKHUV��������&KDORXDQ�
HW� DO��� ������ G¶$FUHPRQW� HW� DO��� ������ (VWUDGD� HW� DO��� ������*UjFLD� HW� DO��� ������ ������ /DIRVVH� HW� DO��� ������
0DUWtQH]�*DUFtD�HW�DO���������0XxR]�HW�DO���������3HUHD�HW�DO���������5HLFKHUWHU�DQG�5HLVV��������9i]TXH]�HW�DO���
������DQG�IURP�WKLV�VWXG\�*36�GDWD�IURP��.RXODOL�HW�DO���������ZLWK�UHVSHFW�WR�(XUDVLD�VHH�ILJXUH�����IRU�VFDOH��

7KH�$OERUDQ�5LGJH�LV�D�1(�6:�VWULNLQJ�VXEPDULQH�KLJK�RI����NP�ORQJ��)LJXUH�������0XxR]�HW�

DO���������ZKLFK�HQGV�VSOD\�WRZDUG�WKH�6RXWK�:HVW�LQWR�D�VHULHV�RI�IDXOWV�DQG�IROGV�DIIHFWLQJ�WKH�

3OLR�4XDWHUQDU\� GHSRVLWLRQDO� VHTXHQFHV� �)LJXUH� �����%RXUJRLV� HW� DO��� ������&KDORXDQ� HW� DO���

������ *HQVRXV� HW� DO��� ������0DUWtQH]�*DUFtD� HW� DO��� ������ 7HVVRQ� HW� DO��� ������� )ROORZLQJ�

&KDORXDQ�HW�DO�����������ZH�ZLOO�FDOO�WKH�VXEPDULQH�KLJKV�ORFDWHG�WR�WKH�6RXWKZHVW�RI�WKH�$OERUDQ�

5LGJH��)UDQFHVF�3DJHV��7RILQR�DQG�;DXHQ�%DQNV��DV�WKH�6RXWK�$OERUDQ�5LGJH��6$5��)LJXUH�

�������

,W�LV�QRWLFHDEOH�WKDW�WKH�6$5�LV�ORFDWHG�EHWZHHQ�WKH�WKLQQHG�FRQWLQHQWDO�FUXVW�OLQNHG�WR�EDFN�DUF�

H[WHQVLRQ�PDQWHOOLF�GHODPLQDWLRQ�WR�WKH�HDVW��DQG�WKH�WKLFN�FRQWLQHQWDO�FUXVW�DVVRFLDWHG�WR�5LILDQ�

XQLWV� WR� WKH�ZHVW� �H�J��'tD]�HW�DO����������7KH�VRXWKHUQ� IURQW�RI� WKH�6$5�FRUUHVSRQGV� WR� WKH�

QRUWKHUQ�IODQN�RI�D�VHULHV�RI�1(�6:�V\QFOLQHV�FDOOHG�WKH�6RXWK�$OERUDQ�7URXJK��)LJXUH����D���

7KH�QRUWKHUQ�IURQW�RI�WKH�6$5�FRUUHVSRQGV�WR�WKH�$OERUDQ�&KDQQHO��)LJXUH�������0RVW�RI�WKH�

6$5�LV�VWUXFWXUHG�E\�D�VHULHV�RI�IROGV��)LJXUH�������3UH�PHVVLQLDQ�GHSRVLWV�DUH�H[SRVHG�DW�WKH�

VHDIORRU�LQ�WKH�FRUH�RI�WKH�DQWLFOLQHV��IRU�LQVWDQFH�DW�WKH�HDVWHUQ�HGJH�RI�WKH�)UDQFHVF�3DJHV�EDQN�

�&KDORXDQ�HW�DO���������'R�&RXWR�HW�DO���������-XDQ�HW�DO���������7HVVRQ�HW�DO�����������
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)LJXUH��������*OREDO�VHLVPLFLW\�IURP�WKH�,*1�FDWDORJXH�VLQFH�WKH������������IRU�0Z!��DQG�0Z���EHWZHHQ��N�
DQG����NP�DQG�DOO�HYHQWV�EHWZHHQ���NP�DQG����NP��

8VLQJ�VHLVPLF�UHIOHFWLRQ�SURILOHV�DQG�D�UHLQWHUSUHWDWLRQ�RI�WKH�ZHOOV�DW�D�UHJLRQDO�VFDOH��'R�&RXWR�

HW�DO����������SURSRVHG�WKDW�WKH�6$5�LV�FRPSUHVVLYH�IURP��0D�LQ�DVVRFLDWLRQ�ZLWK�WKH�OHIW�ODWHUDO�

VWULNH�VOLS� RI� WKH� &DUERQHUDV� IDXOW� ]RQH�� &KDORXDQ� HW� DO��� ������� VXJJHVW� WKDW� WKH� 6$5� LV�

GHYHORSHG�RYHU�0LRFHQH�H[WHQVLYH�VWUXFWXUHV�DQG� WKDW� WKH�3OLR�4XDWHUQDU\�VKRUWHQLQJ�RI� WKH�

$OERUDQ�EDVLQ�KDYH�EHHQ�DFFRPPRGDWHG�LQ�WKH�6$5�E\�(�:�IROG�D[LV�DQG�1RUWK�DQG�6RXWK�

GLSSLQJ� WKUXVWV� �)LJXUH� ���E��� 7HVVRQ� HW� DO��� ������� KDYH� VKRZQ� IURP� 63$5.(5� OLQHV�

LQWHUSUHWDWLRQ�WKDW�WKH�FRPSUHVVLYH�IROGLQJ�RFFXUUHG�WLOO�WKH�4XDWHUQDU\�LQ�WKH�)UDQFHVF�3DJHV�

%DQN�DQG�KLJKOLJKW�HURVLRQ�SHULRGV�WKURXJK�WKLV�KLJK�GXULQJ�3OLR�4XDWHUQDU\�WLPH��2Q�WKH�ERWK�

IODQNV�RI�WKH�6RXWK�$OERUDQ�5LGJH��WKH�FRQWRXULWLF�VHGLPHQWDWLRQ�SURGXFHV�XQGXODWHG�OD\HUV��

ZKLFK�DUH�SLQFKLQJ�DQG�WKLQQLQJ�WRZDUG�WKH�IRRW�RI�WKH�VXEPDULQHV�KLJKV��-XDQ�HW�DO����������

0DUWtQH]�*DUFtD�HW�DO���������VXJJHVW�WKDW�WKH�URWDWLRQ�RI�WKH�IDU�ILHOG�GLUHFWLRQ�RI�FRQYHUJHQFH�

VLQFH� WKH� 0HVVLQLDQ� 6DOLQLW\� &ULVLV� �06&�� WR� WKH� SUHVHQW�GD\� FDQ� WULJJHU� WKH� SURJUHVVLYH�

FRQWUDFWLRQ� DORQJ� WKH�$OERUDQ�5LGJH� DQG� WKH� LQFLSLHQW� VWULNH�VOLS�$O�,GULVVL� VKHDULQJ�� 7KHVH�

DXWKRUV� GHVFULEHG� WKUHH� SKDVHV� RI� GHIRUPDWLRQ� DORQJ� WKH� $OERUDQ� 5LGJH� HYLGHQFHG� E\�

XQFRQIRUPLWLHV�DQG� LQFUHDVLQJ�DFFXPXODWLRQ� UDWHV��D� WHFWRQLF�SKDVH���GDWHG� IURP�����0D� WR�

����0D�� D� WHFWRQLF� SKDVH��� IURP� ����0D� WR� ����0D� DQG� WKH� ODVW� WHFWRQLF� SKDVH��� EHWZHHQ�

����0D�WR�����0D��
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'LOORQ� HW� DO��� ������� SURSRVH� WKDW� WKH� SUHVHQW�GD\� GHIRUPDWLRQ� RI� WKH� $OERUDQ� EDVLQ� LV�

DFFRPPRGDWHG�DORQJ�D�11(�66:�VKHDU�]RQH�FURVVLQJ�WKH�ROGHU�WHFWRQLF�VWUXFWXUHV��7KLV�PDMRU�

11(�66:�WUHQGLQJ�IDXOW�]RQH��FDOOHG� WKH�7$6=��H[WHQGV�DFURVV� WKH�$OERUDQ�6HD�EDVLQ� LQWR�

1RUWK� $IULFD� DQG� 6RXWK� ,EHULD� �/H%ODQF� DQG� 2OLYLHU�� ������ 'H� /DURX]LqUH� HW� DO��� �������

%DWK\PHWULF�DQG�VHLVPLF�UHIOHFWLRQ�GDWD�KDYH�VKRZQ�WKDW�WKH�GHIRUPDWLRQ�DW�WKH�QRUWKHUQ�IURQW�

RI�WKH�$OERUDQ�5LGJH�LV�DFFRPPRGDWHG�WKURXJK�D�VHULHV�RI�VLQLVWUDO�11(�66:�VWULNH�VOLS�IDXOWV��

FDOOHG�WKH�$O�,GULVVL�IDXOW�]RQH��)LJXUH����)LJXUH������%DOOHVWHURV�HW�DO���������0DUWtQH]�*DUFtD�

HW�DO���������7KH�$O�,GULVVL�IDXOW�]RQH�LQWHUVHFWV�WKH�$OERUDQ�5LGJH�WR�WKH�(DVW�DQG�WKH�6RXWK�

$OERUDQ� 5LGJH� WR� WKH� :HVW� DJDLQVW� WKH� )UDQFHVF� 3DJHV� %DQN� �)LJXUH� ���)LJXUH� ������ ,W�

SURSDJDWHV�WRZDUG�WKH�VRXWK�GXULQJ�WKH�4XDWHUQDU\��%DOOHVWHURV�HW�DO���������*UjFLD�HW�DO���������

0DUWtQH]�*DUFtD� HW� DO��� ������ ������ DQG� LV� OLQNHG� WR� WKH� WUDQVWHQVLYH� 1HNRU� %DVLQ� RQ� WKH�

0RURFFDQ�PDUJLQ��&DOYHUW�HW�DO���������G
$FUHPRQW�HW�DO��������/DIRVVH�HW�DO����������

7KH�$OERUDQ�'RPDLQ�LV�DW�WKH�ERXQGDU\�EHWZHHQ�$IULFD�DQG�(XUDVLD�SODWHV��*36�NLQHPDWLFV�

VKRZV�D�:1:�(6(�UHODWLYH�GLVSODFHPHQW�DW�D�VOLS�UDWH�RI�����PP�\HDU� �1RFTXHW�	�&DODLV��

������� 7KH� *36� GDWD� DOVR� LQGLFDWH� D� VRXWKZDUG� PRWLRQ� ��PP�\U�� RI� WKH� %HWLFR�5LILDQ�

0RXQWDLQV�ZLWK�UHVSHFW�WR�VWDEOH�$IULFD��)DGLO�HW�DO��������.RXODOL�HW�DO��������1RFTXHW���������

7KH�$O�,GULVVL�IDXOW�]RQH�DQG�WKH�1HNRU�EDVLQ�LQ�WKH�6RXWK�$OERUDQ�%DVLQ�KDYH�EHHQ�DIIHFWHG�

E\�SHULRGLF�VHLVPLF�FULVHV��ZLWK�PDLQ�VKRFNV�RI�0Z�DURXQG������)LJXUH�������7KH������DQG�

�����HDUWKTXDNHV�RI�WKH�$O�+RFHLPD�DUHD�UHDFKHG�0Z ����DQG�����UHVSHFWLYHO\��)LJXUH������

H�J��&XVWyGLR�HW�DO���������DQG�UHIHUHQFHV�WKHUHLQ���,Q�-DQXDU\�����������DQ�HDUWKTXDNH�ORFDWHG�

LQ�WKH�YLFLQLW\�RI�WKH�$O�,GULVVL�IDXOW�]RQH�UHDFKHG�0Z �����0HGLQD�DQG�&KHUNDRXL���������7KH�

IRFDO�PHFKDQLVPV�RI�WKRVH�WKUHH�PDLQ�VKRFNV�VKRZ�VXE�YHUWLFDO�QRGDO�SODQHV�DQG�D�OHIW�ODWHUDO�

GLVSODFHPHQW��)LJXUH�����)LJXUH������%H]]HJKRXG�DQG�%XIRUQ��������&DOYHUW�HW�DO���������(O�

$ODPL�HW�DO���������+DW]IHOG�HW�DO���������6WLFK�HW�DO���������������0HGLQD�HW�&KHUNDRXL���������

7KH�KLVWRULFDO�HDUWKTXDNHV�LQ�WKH�$O�+RFHLPD�UHJLRQ�RFFXU�DW�GHSWKV�DERYH���NP��%H]]HJKRXG�

DQG�%XIRUQ��������6WLFK�HW�DO����������11(�66:�IDXOW�WUDFNV�LGHQWLILHG�DW�WKH�VHDIORRU�LQ�WKH�

YLFLQLW\� RI� WKH� HSLFHQWUHV� DUH� LQ� DFFRUGDQFH� ZLWK� WKH� DFWLYH� IDXOW� SODQHV� GHGXFHG� IURP�

VHLVPRORJLFDO�GDWD� �)LJXUH������&DOYHUW�HW�DO���������G¶$FUHPRQW�HW�DO���������/DIRVVH�HW�DO���

�������&RQQHFWLQJ�WR�WKH�$O�,GULVVL�IDXOW�]RQH�WR�WKH�1RUWK��RIIVKRUH�1(�6:�DFWLYH�VWULNH�VOLS�

IDXOWV�QRUWK�RI�WKH�$O�+RFHLPD�UHJLRQ�GUDZ�D�VKHDU�]RQH�FDOOHG�WKH�%RNNR\D�IDXOW�]RQH��)LJXUH�

�����&DOYHUW�HW�DO���������G
$FUHPRQW�HW�DO��������/DIRVVH�HW�DO�����������

,Q� WKH� DUHD� RI� WKH�$O�,GULVVL� IDXOW�� WKH�PDMRULW\� RI� WKH� HDUWKTXDNHV� VHHPV� WR� RFFXU� DW� GHSWK�

EHWZHHQ��NP�DQG���NP��)LJXUH�������� ,Q� WKH�1HNRU�EDVLQ�� WKH�VHLVPRJHQLF�GHSWK�LQWHUYDO� LV�

EHWZHHQ�GHSWKV��NP�DQG���NP��9DQ�GHU�:RHUG�HW�DO����������,Q�WKH�:$%��WKH�GHHS�VHLVPLFLW\�
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LV�UHODWHG�WR�WKH�VLQNLQJ�RI�WKH�*LEUDOWDU�VODE��)LJ�������H�J��%H]DGD�HW�DO����������7KH�FRPSLODWLRQ�

RI�WKH�VHLVPRORJLFDO�FDWDORJXHV��&XVWyGLR�HW�DO���������VKRZV�GLIIHUHQW�VW\OHV�RI�GHIRUPDWLRQ�

IURP�HLWKHU�VLGHV�RI�WKH�$O�,GULVVL�%RNNR\D�IDXOW�]RQHV��)LJXUH�������$ORQJ�WKH�$OERUDQ�5LGJH�

DQG�WKH�)UDQFHVF�3DJHV�%DQN��DW�WKH�ZHVWHUQ�SDUW�RI�WKH�$O�,GULVVL�IDXOW�]RQH��IRFDO�PHFKDQLVPV�

VKRZ�1:�6(�QRGDO�SODQHV�ZLWK� OHIW�ODWHUDO�RU�QRUPDO�WHFWRQLF�VW\OHV� �SLQN�IRFDO�DQG�\HOORZ�

PHFKDQLVPV��)LJXUH�������$W�WKH�QRUWK�HDVWHUQ�SDUW�RI�WKH�$O�,GULVVL�IDXOW�]RQH��HDUWKTXDNH�IRFDO�

PHFKDQLVPV�VKRZ�1(�6:�QRGDO�SODQHV�SDUDOOHO�WR�WKH�$OERUDQ�5LGJH�ZLWK�WZR�WHFWRQLF�VW\OHV��

WKUXVW�DQG�VWULNH�VOLS�ZLWK�D�OHIW�ODWHUDO�PRWLRQ�DORQJ�WKH�1(�6:�QRGDO�SODQ��)LJXUH�������VKRZ�

VWULNH�VOLS�VW\OH�SDUDOOHO�WR�WKH�WUHQG�RI�WKH�$O�,GULVVL�IDXOW�ZLWK�PDLQO\�11(�66:�OHIW�ODWHUDO�

QRGDO�SODQH��)LJXUH������%DOOHVWHURV�HW�DO���������0DUWtQH]�*DUFtD�HW�DO����������$W�WKH�MXQFWLRQ�

RI�WKH�%RNNR\D�IDXOW�DQG�WKH�$O�,GULVVL�IDXOW��IRFDO�PHFKDQLVPV�LQGLFDWH�OHIW�ODWHUDO�DQG�QRUPDO�

VWULNH�VOLS�VW\OHV��,Q�WKH�1HNRU�%DVLQ��WKH�GHIRUPDWLRQ�LV�GLVWULEXWHG�LQ�D�QRUPDO�FRPSRQHQW�LQWR�

WKH�FHQWUH�RI�WKH�EDVLQ�DQG�LQ�D�OHIW�ODWHUDO�FRPSRQHQW�LQ�LWV�ERXQGDU\��)LJXUH��������
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)LJXUH��������D��6KDGHG�EDWK\PHWU\�RI�WKH�VWXGLHG�DUHD�FRPSLOHG�IURP�WKH�6$5$6�VXUYH\��G¶$FUHPRQW�HW�DO����������
WKH� &6,&� EDWK\PHWU\� �WKH� PXOWLEHDP� JULG� XVHG� LQFRUSRUDWH� GDWD� FROOHFWHG� GXULQJ� WKH� &217285,%(5�� WKH�
0217(5$��WKH�02:(5��WKH�$/%$�DQG�WKH�0$56,%$/�FUXLVHV��DQG�GDWD�REWDLQHG�IURP�WKH�)LVKLQJ�*HQHUDO�
6HFUHWDU\�6SDQLVK�*RYHUQPHQW�RI�0$*5$0$��7KH�GDVKHG�SXUSOH�OLQHV��SRVLWLRQ�RI�WKH�VHLVPLF�OLQHV�ILJXUHV�����
DQG������\HOORZ�DUURZV�LQGLFDWH�PXG�YROFDQRHV��6DXWNLQ�HW�DO���������6RPR]D�HW�DO���������7DOXNGHU�HW�DO����������
�E��)RFDO�PHFKDQLVP�WLOO������SHULRG�IURP�&XVWyGLR�HW�DO����������DQG�IRU�WKH�\HDU������IURP�*&07�SURMHFW���
KWWS���ZZZ�JOREDOFPW�RUJ���']LHZRQVNL�HW�DO���������(NVWU|P�HW�DO����������3RVLWLRQ�RI�WKH�HSLFHQWHUV�IRU�WKH������
SHULRG�IURP�,*1�FDWDORJXH��KWWS���ZZZ�LJQ�HV����6L]H�RI�WKH�IRFDO�PHFKDQLVPV�FRUUHVSRQGV�WR�WKH�PDJQLWXGH�YDOXHV�
�IURP�0Z �����WR�������6WUXFWXUDO�GDWD�FRPSLOHG�IURP��%DOOHVWHURV�HW�DO���������&KDORXDQ�HW�DO���������G¶$FUHPRQW�
HW�DO���������/DIRVVH�HW�DO���������0DUWtQH]�*DUFtD�HW�DO�����������07'��0DVV�7UDQVSRUW�'HSRVLWV��:$%��:HVW�
$OERUDQ�%DVLQ��6$%��6RXWK�$OERUDQ�%DVLQ��%)��%RXVHNNRXU�)DXOW��%RI��%RNNR\D�)DXOW��%L)��%RXGLQDU�)DXOW��1)��
1HNRU�)DXOW��$)��$O�,GULVVL�)DXOW��7URXJRXW�IDXOW��$,)��$GMLU�,P]RXUHQ�)DXOW��

�



�����
�

�

����� 0DWHULHO�DQG�PHWKRGV�

������'DWD�

7KH� GDWD� XVHG� LQ� WKLV� VWXG\�ZHUH� DFTXLUHG� GXULQJ� WKUHH� RFHDQRJUDSKLF� VXUYH\V�� ��� FKDQQHO�

VWUHDPHU�VHLVPLF�UHIOHFWLRQ�SURILOHV�ZHUH�DFTXLUHG�GXULQJ�WKH�0$5/%252���VXUYH\�LQ�������

63$5.(5� VRXUFH� VHLVPLF� UHIOHFWLRQ��723$6�SURILOHV��PXOWLEHDP�EDWK\PHWU\� RI� ��P�SL[HO�

UHVROXWLRQ�RI� WKH�GHHS� VXEPDULQH�HQYLURQPHQW�DQG� WKH� UHIOHFWLYLW\�ZHUH�DFTXLUHG�GXULQJ� WKH�

6$5$6�VXUYH\�LQ�������/DIRVVH�HW�DO��������5RGULJXH]�HW�DO���������63$5.(5�VRXUFH�VHLVPLF�

UHIOHFWLRQ� SURILOHV� DQG� VKDOORZ� PXOWLEHDP� EDWK\PHWU\� RI� VXEPDULQH� KLJKV� DQG� 0RURFFDQ�

FRQWLQHQWDO�VKHOI�RI��P�SL[HO� UHVROXWLRQ�ZHUH�DFTXLUHG�GXULQJ� WKH�0$5/%252���VXUYH\� LQ�

����� �G¶$FUHPRQW�HW�DO��������/DIRVVH�HW�DO��������� ,Q�DGGLWLRQ��ZH�XVH�D�'LJLWDO�(OHYDWLRQ�

0RGHO�GRZQORDGHG�IURP�WKH�(02'1(7�GDWD�VHW��KWWS���ZZZ�HPRGQHW�HX���WR�FRYHU�WKH�KROHV�

RI�RXU�GDWDVHW���

������0HWKRGV�

7KH�SUHVHQW�VWXG\�EXLOGV�RQ�WKH�UHVXOWV�REWDLQHG�E\�(UFLOOD�HW�DO���������DQG�-XDQ�HW�DO���������

IRU� WKH�VHLVPLF�VWUDWLJUDSKLF�DQDO\VLV�RI� WKH�3OLR�4XDWHUQDU\�VHTXHQFHV��)LJXUH�������:H�XVH�

ZHOO�ORJ�FRUUHODWLRQ�PDGH�IURP�WKH�VFLHQWL¿F�ZHOOV�'6'3�����DQG�2'3���������������DQG�����

DQG�IURP�FRPPHUFLDO�ZHOOV�$QGDOXFLD�*��DQG�+DELEDV����)LJ�������SUHVHQWHG�LQ�-XDQ�HW�DO���

��������:H� LQWHUSUHW�VHLVPLF� UHIOHFWLRQ� OLQHV�UHFRUGHG� LQ� WKH�6$5�DQG� LQ� WKH�6RXWK�$OERUDQ�

7URXJK�� D�1(�6:�FKDQQHO� ORFDOL]HG� EHWZHHQ� WKH�0RURFFDQ� FRDVWOLQH� DQG� WKH�6$5� �)LJXUH�

���D���,Q�WKH�VWXG\�DUHD��FRUUHODWLRQV�RI�VRPH�UHIOHFWRUV�KDYH�EHHQ�PDGH�ZLWK�WKH�2'3�����DQG�

����ZHOOV��)LJXUH�������7KH�FRPSOHWH�VWUDWLJUDSKLF�VXFFHVVLRQ�IRU�WKH�3OLR�4XDWHUQDU\�SHULRG�LV�

GHVFULEHG� LQ� -XDQ� HW� DO�� ������� DQG� DUH� EULHIO\�SUHVHQWHG� KHUHDIWHU�� ,Q� WKH� SDSHU�ZH� SUHVHQW�

SDUDOOHO����FKDQQHO�VWUHDPHU�VHLVPLF�UHIOHFWLRQ�OLQHV�IURP�WKH�0DUOERUR���VXUYH\�FURVVLQJ�WKH�

:�(�IROGV�RI�WKH�6RXWK�$OERUDQ�5LGJH��)LJXUH�������7KH�0HVVLQLDQ�(URVLRQDO�6XUIDFH��0(6��

LV� D� ZHOO�NQRZQ� VWUDWLJUDSKLF� PDUNHU� LQ� WKH� $OERUDQ� %DVLQ� �(VWUDGD� HW� DO��� ������ *DUFLD�

&DVWHOODQRV� HW� DO��� ������ *RULQL� HW� DO��� ������ DQG� FRUUHVSRQGV� WR� WKH� ROGHVW� XQFRQIRUPLW\�

GHVFULEHG�LQ� WKLV�SDSHU��)LJXUH�������$ERYH�WKH�0(6��GHHS�VHGLPHQWDWLRQ�LQ�$OERUDQ�6HD� LV�

GULYHQ�E\�FRQWRXULWLF�SURFHVVHV�WKDW�VKDSH�WKH�VHDIORRU�VLQFH�����0D��(UFLOOD�HW�DO���������-XDQ�

HW�DO����������0DULQH�HURVLRQ�FDQ�RFFXU�DW�WKH�PRDW�RI�WKH�FRQWRXULWLF�V\VWHPV�DW�WKH�IRRW�RI�WKH�

VORSHV�ZKHUHDV�GHSRVLWLRQ�RFFXUV�DW�GHHSHVW�SRVLWLRQ���



�����
�

�

7HFWRQLF�PDSSLQJ�LV�EDVHG�LQ�GHSWK�RQ�WKH�VHLVPLF�UHIOHFWLRQ�DQG�723$6�LQWHUSUHWDWLRQ�DQG�DW�

WKH�VHDIORRU�RQ�WKH�YLVXDO�IDXOW�VFDUS�UHFRJQLWLRQ�ZLWK�WKH�XVH�RI�WKH�VKDGHG�EDWK\PHWU\�DQG�RI�

WKH�FXUYDWXUH�PDSV��7KH�FXUYDWXUH�KDV�EHHQ�SURYHQ�DV�D�UHOHYDQW�SDUDPHWHU�WR�WUDFN�WKH�IDXOW�

RIIVHWV�RQ��'�VHLVPLF�VHFWLRQ��H�J��5REHUWV��������DQG�DW�WKH�VHDIORRU��H�J��3DXODWWR�HW�DO�����������

�%HWZHHQ�WKH�QRUWKHUQ�IURQW�DQG�WKH�VRXWKHUQ�IURQW�RI�WKH�IROGHG�GRPDLQ�LGHQWLILHG�DV�WKH�6$5��

WKH�ODFN�RI�VHLVPLF�SURILOHV�ZLWK�VXIILFLHQW�GHSWK�RI�SHQHWUDWLRQ�DQG�YHUWLFDO�UHVROXWLRQ�OHDGV�

ORFDOO\�WR�XQFHUWDLQ�IDFLHV�FRUUHODWLRQV��+RZHYHU��VWUDWLJUDSKLF�DUJXPHQWV�RQ�WKH�)UDQFHVF�3DJHV�

DQG�7RILQR�VKHOI�DOORZ�WKH�FRUUHODWLRQ�RI�HURVLRQDO�VXUIDFHV�DW�ORZVWDQG�SHULRGV�VLQFH�WKH�ODVW�

����.D��3UHYLRXV�VWXGLHV��&KLRFFL�HW�DO���������/RER�HW�DO���������5DELQHDX�HW�DO���������/DIRVVH�

HW�DO���LQ�SUHS��KDYH�VKRZQ�WKDW�WKH�F\FOLF�SDWWHUQ�RI�SURJUDGDWLRQ�DQG�DJJUDGDWLRQ�DW�WKH�VKHOI�

HGJH�LV� OLQNHG�WR�HXVWDWLF�YDULDWLRQV�GULYHQ�E\�WKH�HFFHQWULFLW\��$V�D�ILUVW�DSSUR[LPDWLRQ�DQG�

EHFDXVH�QR�FRUHV�DUH�DYDLODEOH��RXU�VHLVPLF�VWUDWLJUDSKLF�LQWHUSUHWDWLRQ�LV�EDVHG�RQ�WKH�VLPLODULW\�

RI�WKH�VHLVPLF�IDFLHV�ZLWK�WKH�0RURFFDQ�VKHOI�HGJH��/DIRVVH�HW�DO��LQ�SUHS����

����� 6HLVPLF�VWUDWLJUDSK\�RI�WKH�6RXWK�$OERUDQ�%DVLQ�

������� 6HLVPLF�XQLWV�

����7KH� 0HVVLQLDQ� XQFRQIRUPLW\� �0HVVLQLDQ� (URVLRQDO� 6XUIDFH�� 0(6�� ����� 0D�� LV� D�

SRO\JHQLF�VXUIDFH�WKDW�UHFRUGV�WKH�HPHUVLRQ�RI�FRQWLQHQWDO�PDUJLQV�RFFXUULQJ�GXULQJ�WKH�

0HVVLQLDQ�6DOLQLW\�&ULVLV��06&��DQG�WKH�VXEVHTXHQW�WUDQVJUHVVLRQ��%DFKH�HW�DO���������

(VWUDGD�HW�DO�����������WKH�0�UHIOHFWRU�LV�DQ�HURVLYH�VXUIDFH�GXH�WR��L��VXEDHULDO�HURVLRQ�

GXULQJ�WKH�VHD�OHYHO�IDOO�DQG�WKH�ORZVWDQG�DQG��LL��ZDYH�UDYLQHPHQW�GXULQJ�WKH�VHD�OHYHO�

ULVH��2Q�WKH�QRUWKHUQ�IODQN�RI�WKH�6$5��WKH�0�XQFRQIRUPLW\�FDQ�EH�WUDFHG�HDVLO\�GXH�WR�

WKH�VWURQJ�WUXQFDWLRQ�RI�WKH�EHORZ�XQLWV��/RFDOO\��WKLFN�FKDRWLF�XQLWV�DUH�SURJUDGLQJ�RQ�

WKH�0�HURVLRQDO�VXUIDFH�DQG�FDQ�FRUUHVSRQG�WR�UHZRUNHG�VHGLPHQWV�RI� WKH�0HVVLQLDQ�

WUDQVJUHVVLYH� VXUIDFH� �&DPHVHOOH� DQG� 8UJHOHV�� ������� 2Q� WKH� QRUWKHUQ� 0RURFFDQ�

PDUJLQ��SODQDWLRQ� VXUIDFHV�FDQ�EH� UHFRJQL]DEOH�DW� GLIIHUHQW�GHSWK� LQ� WKH� VHGLPHQWDU\�

FRYHU�� 7KH� SODQDWLRQ� VXUIDFHV� FRXOG� EH� DWWULEXWHG� WR� VHYHUDO� VWHSV� ZLWKLQ� WKH� SRVW�

PHVVLQLDQ�UHIORRGLQJ�EHWZHHQ������0D�DQG������0D��%DFKH�HW�DO����������,Q�WKH�$OERUDQ�

%DVLQ�� WKH�0�UHIOHFWRU� HPSODFHG�GXULQJ� WKH� LQFUHDVLQJ� WHFWRQLF�XSOLIW�RI� WKH�$OERUDQ�

5LGJH��0DUWtQH]�*DUFtD�HW�DO����������

�����$W�����0D��WKH�3��VXUIDFH�FRUUHVSRQGV�WR�D�KLDWXV�UHFRUGHG�LQ�WKH�2'3�VLWHV�����DQG�

�����)LJ�������DQG�WR�D�FRROLQJ�RI�WKH�JOREDO�WHPSHUDWXUH��-XDQ�HW�DO��������DQG�UHIHUHQFHV�
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WKHUHLQ���7KLV�3�� VXUIDFH�FDQ� ILW�ZLWK� WKH�HQG�RI� WKH� LQFUHDVLQJ� WHFWRQLF�XSOLIW�RI� WKH�

$OERUDQ�5LGJH��0DUWtQH]�*DUFtD�HW�DO�����������

����$W����0D��WKH�3��VXUIDFH�FRUUHVSRQGV�WR�D�\RXQJHU�KLDWXV�DW�2'3�����DQG�WR�D�VKDUS�

FRROLQJ�UHFRUGHG�LQ�WKH�į2���VLJQDOV��$Q�DQJXODU�XQFRQIRUPLW\�LV�DOVR�UHFRJQL]HG�DW�WKH�

IRRW�RI�WKH�$OERUDQ�5LGJH��-XDQ�HW�DO��������DQG�UHIHUHQFHV�WKHUHLQ��0DUWtQH]�*DUFtD�HW�

DO����������

����7KH�%DVH�RI�4XDWHUQDU\�'HSRVLW��%4'�ERXQGDU\��DW����0D�FRUUHVSRQGV�WR�D�PDMRU�VHD�

OHYHO� IDOO� OLQNHG�WR� WKH�1RUWKHUQ�KHPLVSKHUH�JODFLDWLRQ��H�J��+DT�HW�DO���������� ,Q� WKH�

$OERUDQ�6HD��WKLV�HYHQW�FRLQFLGHV�ZLWK�D�VHGLPHQWDU\�KLDWXV�LQ�WKH�2'3������ILWWLQJ�ZLWK�

DQ� DQJXODU�XQFRQIRUPLW\� DW� WKH�6RXWK�ZHVW�)ODQN�RI� WKH�$OERUDQ�5LGJH� �-XDQ�HW� DO���

������0DUWtQH]�*DUFtD�HW�DO�����������

$ERYH� WKH�%4'��PDMRU�XQFRQIRUPLWLHV�DQG�FKDQJHV�RI�VHLVPLF�IDFLHV�DQG�DUH�FRUUHODWHG�

ZLWK�WHFWRQLF�HYHQWV��-XDQ�HW�DO�����������

����7KH�4��VXUIDFH�FRUUHVSRQGV�WR�WKH�RQVHW�RI�D�VKRUWHQLQJ�HYHQW�LQ�WKH�$OERUDQ�%DVLQ�DW�

DERXW� ���0D�� ,W� PDUNV� D� FRROLQJ� RI� WKH� VHD� VXUIDFH� WHPSHUDWXUH� LQ� WKH� :HVWHUQ�

0HGLWHUUDQHDQ�6HD��/LQDUHV�HW�DO���������*RQ]iOH]�'RQRVR�HW�DO�����������

����7KH�4��ERXQGDU\�DW�FD�������0D�FRUUHVSRQGV�WR�WKH�SURJUHVVLYH�VKLIW�IURP���N\�WR����N\�

RUELWDO�F\FOHV� �+HDG�HW�DO����������DQG�DSSUR[LPDWHO\� WR�DQ� LQFUHDVH�RI�DFFXPXODWLRQ�

UDWHV�LQ�WKH�$OERUDQ�EDVLQ��0DUWtQH]�*DUFtD�HW�DO���������ZKLFK�FRXOG�FRUUHVSRQG�WR�DQ�

HURVLRQ�DW�WKH�FRQWLQHQWDO�VORSH��(UFLOOD�DQG�$ORQVR��������7HVVRQ�HW�DO����������

�����7KH�4�� VXUIDFH� FRUUHVSRQGV� WR� WKH�0,6��� DURXQG� ����0D� �&RPDV� HW� DO��� ������ GH�

.DHQHO�HW�DO����������,W�FRUUHVSRQGV�WR�WKH�RQVHW�RI�WKH����N\�JODFLDO�LQWHUJODFLDO�F\FOHV�

UHFRUGHG�LQ�WKH�$OERUDQ�%DVLQ��YRQ�*UDIHQVWHLQ�HW�DO���������DQG�WR�DQ�XQFRQIRUPLW\�

VXUIDFHV�LQ�WKH�(DVWHUQ�DQG�6RXWK�$OERUDQ�%DVLQ��0DUWtQH]�*DUFtD�HW�DO�����������
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�
)LJXUH�������:HOO�ORJ�FRUUHODWLRQ�WR�WKH�VHLVPLF�VHFWLRQ��VHLVPLF�OLQH�FURVVLQJ�WKH�ORFDWLRQ�RI�WKH�2'3�����VLWH��
YHUWLFDO�VWDFNLQJ�RI�WKH�3OLRFHQH�DQG�4XDWHUQDU\�XQLWV�DQG�DYDLODEOH�į2���FXUYH�IURP��-XDQ�HW�DO����������7KH�
FRORUV�RI�WKH�VWUDWLJUDSKLF�VXUIDFHV�DUH�WKH�VDPH�DV�WR�WKH�IROORZLQJ�VHLVPLF�OLQHV��

������ 1HRJHQH�YROFDQLVP�

1HRJHQH�YROFDQLVP�RFFXUV�EHWZHHQ�WKH�ODWH�0LRFHQH�DQG�WKH�3OLRFHQH�LQ�WKH�$OERUDQ�5LGJH�

DQG�WKH�%RXGLQDU�EDVLQ��'XJJHQ�HW�DO����������%DWK\PHWULF�PDSV�DQG�VHLVPLF�UHIOHFWLRQ�OLQHV�

LPDJH�WKH�SUHVHQFH�RI�3OLRFHQH�YROFDQLF�XQLWV�DURXQG�WKH�6$5��$�16�YROFDQLF�KLJK��DGMDFHQW�

WR�WKH�5DV�7DUI�YROFDQR�VRXWKZDUG��FRQVWLWXWHV�D�IODW�VXEPHUJHG�WRSRJUDSK\��%RXUJRLV�HW�DO��

������ERXQGHG�E\�D�SURJUDGLQJ�WR�DJJUDGLQJ�VKHOI��)LJ������DQG�������:H�FKRRVH�WR�QDPH�LW�WKH�

%LJ�$O�,GULVVL�9ROFDQR�DIWHU�WKH�LQWHUSUHWDWLRQ�RI�%RXUJRLV�HW�DO����������1R�VDPSOHV�H[LVW�WR�

QHLWKHU�GDWH�WKH�YROFDQLF�DFWLYLW\�QRU�FRQILUP�WKH�OLWKRORJ\�QDWXUH���

$W� WKH� FRQQHFWLRQ� EHWZHHQ� WKH� $O�,GULVVL� DQG� WKH� %RNNR\D� IDXOW� ]RQHV�� URXQGHG� WRS�

FKDUDFWHUL]HV�D�QDUURZ�VXEPDULQH�KLJK� �)LJXUH�����DQG�)LJ��������:H�FKRRVH� WR�QDPH� LW� WKH�

6PDOO�$O�,GULVVL�9ROFDQR��7KLV�KLJK�LV�DVVRFLDWHG�WR�D�FKDRWLF�VHLVPLF�IDFLHV�RI�KLJK�DPSOLWXGH�

UHIOHFWRUV� RYHUODLQ� E\� WKH� 3�� UHIOHFWRU�� DQG� KDV� D� VSDWLDO� H[WHQW� QRWLFHDEOH� RQ� WKH� GHSWK�WR�

PHVVLQLDQ�PDS��)LJXUH�������7KH�FKDRWLF�VHLVPLF�IDFLHV�VWRSV�DEUXSWO\�ZHVWZDUG��)LJXUH�������
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�
)LJXUH�������)UDQFHVF�3DJHV�DQG�7RILQR�EDQNV��D��SODQ�FXUYDWXUH�PDS�RYHUO\LQJ�WKH�VKDGHG�EDWK\PHWU\��GDVKHG�
EODFN�OLQHV��IDXOW�WUDFHV��GDVKHG�ZKLWH�VTXDUH��]RRP�RQ�WKH�PDS�LQ�E��GDVKHG�EODFN�OLQHV��IDXOW�WUDFH���GDVKHG�UHG�
OLQH��SRVLWLRQ�RI� WKH�VHLVPLF�OLQH�LQ�F��E��]RRP�RQ�WKH�HDVWHUQ�SDUW�RI�WKH�7RILQR�%DQN��F��723$6�SURILOH�RI�WKH�
VXEVXUIDFHV��5HG�OLQHV��IDXOWV��UHG�DUURZV��SRVLWLRQ�RI�WKH�IDXOW�WUDFHV�LQ�D��7KH�RXWFURSSLQJ�EDVHPHQW�DW�WKH�FRUH�
RI�WKH�IROG��GHOLQHDWLQJ�WKH�KLQJH�D[LV��FRUUHVSRQGV�WR�H[WUHPH�SRVLWLYH�SODQ�FXUYDWXUH�YDOXHV���

7KLV�VFDUS�LV�����PV�WZW�KLJK��ZKLFK�LV����P�KLJK�DFFRUGLQJ�WR�DQ�DYHUDJH�3�ZDYH�YHORFLW\�RI�

����P�V� IRU� WKH�3OLR�4XDWHUQDU\�SHODJLF� VHGLPHQWDWLRQ� �)LJXUH������6RWR� HW� DO��� ������� ,W� LV�
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FRPPRQO\�LQWHUSUHWHG�DV�D�IDXOW��VHH�WKH�,='���SURILOH�LQ�$PPDU�HW�DO����������DFWLYH�GXULQJ�

WKH�ORZHU�3OLRFHQH�DQG�LQDFWLYH�DIWHU����0D���

2XU�SUHIHUUHG�LQWHUSUHWDWLRQ��DFFRUGLQJ�WR�WKH�VHLVPLF�IDFLHV�DQG�WKH�ODWHUDO�FRQWLQXLW\�RI� WKH�

VWUXFWXUH��LV�WKDW�YROFDQLF�PDWHULDO�GHSRVLW�WULJJHUV�DQ�DFRXVWLF�PDVNLQJ�RI�WKH�UHIOHFWLRQV�EHORZ��

DV�REVHUYHG� LQ�GHEULV�DYDODQFKH�GHSRVLWV� OLQNHG� WR� UHFHQW�YROFDQLVP� LQ� WKH�$QWLOOHV�$UF� �/H�

)ULDQW�HW�DO����������������7KLV�VFDUS�DSSHDUV�WR�EH�FDSSHG�E\�WKH�3��UHIOHFWRUV�VXJJHVWLQJ�LW�LV�

ROGHU�WKDQ�����0D��DQG�LQGLFDWLQJ�D�UDSLG�VXEVLGHQFH�GXULQJ�WKH�ORZHU�3OLRFHQH��)LJXUH�������

7KLV�YROFDQLF�XQLW�FDQ�EH�FRQWHPSRUDQHRXV�WR�WKH�'MLERXWL�%DQN�YROFDQLVP�ORFDWHG�WR�WKH�1RUWK�

RI�WKH�$OERUDQ�5LGJH�DQG�GDWHG�EHWZHHQ����0\�DQG����0\��'XJJHQ�HW�DO��������DQG�UHIHUHQFH�

WKHUHLQ���7KH�ODWHUDO�FRQWLQXLW\�RI�WKH�VHLVPLF�IDFLHV�VXJJHVWV�WKDW�FRQWLQXLW\�H[LVW�EHWZHHQ�WKH�

6PDOO�DQG�WKH�%LJ�$O�,GULVVL�9ROFDQRHV�PDSSHG�LQ� WKH�)LJXUH������,Q�WKH�HDVWHUQ�SDUW�RI� WKH�

6$5��VHLVPLF�XQLWV�ZLWK�WUDQVSDUHQW�IDFLHV�FRXOG�EH�DVVRFLDWHG�ZLWK�D�YROFDQLF�DFWLYLW\��)LJXUH�

�������7KH�YROFDQLVP�LQ�WKHVH�VLWHV�LV�QRW�DFFXUDWHO\�GDWHG��VDPSOHV�/6*0��DQG���LQ�*LOO�HW�DO���

������EXW�WKH�OLWKRORJ\�FRUUHVSRQGV�WR�EDVDOWLF�URFNV�GDWHG�EHWZHHQ�����DQG�����0D�LQ�WKH�VDPH�

DUHD�E\�'XJJHQ�HW�DO������������

�
)LJXUH�������&RPSRVLWH�VHLVPLF�OLQH�IURP�WKH�0$5/%252���VXUYH\�FURVVLQJ�WKH�5DV�7DUI�3URPRQWRU\�DQG�WKH�
HURGHG� YROFDQR��'DVKHG� EODFN� UHIOHFWRU��PXOWLSOH� RI� WKH� VHDIORRU�5HG� SRLQWV�� RIIODS� EUHDN� �3DOHDR�VKRUH� OLQH��
PDUNLQJ�WKH�SURJUDGDWLRQ�RI�WKH�VKHOI�DQG�D�ILUVW�WUDQVJUHVVLRQ�EHIRUH�����0D��0D[LPXP�)ORRGLQJ�VXUIDFH��LQ�
UHG�� ������0\�,7��WUDQVJUHVVLYH�LQWHUYDO��

�
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�
)LJXUH�������&RPSRVLWH�VHLVPLF�OLQH�IURP�WKH�0$5/%252���VXUYH\�WKURXJK�WKH�6RXWK�$OERUDQ�7URXJK��/LQH�WUDFN�
RQ�ILJ������

�

)LJXUH� ������'HSWK� LQ� 7:77� RI� WKH�0HVVLQLDQ� XQFRQIRUPLW\� RYHUO\LQJ� WKH� VKDGHG� EDWK\PHWU\��'DVKHG� DUHDV��
VXEPHUJHG�YROFDQRHV��'DVKHG�EODFN�DUURZV��KLQJH�D[HV�RI�WKH�DQWLIRUPV�DQG�V\QIRUPV��

�
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����� 3OLRFHQH�DQG�HDUO\�4XDWHUQDU\�7HFWRQLF�GHIRUPDWLRQ�RI�WKH�6$5�DQG�DGMDFHQW�
EDVLQV�

������� )ROGHG�VWUXFWXUHV�RI�WKH�6RXWK�$OERUDQ�5LGJH�

:H�REVHUYH�D�ZLGH�1(�6:�]RQH�RI�GHIRUPDWLRQ�DQG�DVVRFLDWHG�FRQWRXULWLF�V\VWHPV�DORQJ�WKH�

6$5� IURP� WKH� :$%� WR� WKH� 6RXWK� $OERUDQ� 7URXJK� �)LJXUH� ���)LJXUH� ����D� WR� I��� 7RUWR�

0HVVLQLDQ�VHLVPLF�XQLWV�VKRZ�ORFDO�IROGV��)LJXUH�������'R�&RXWR�HW�DO���������������7KH�IROG�

RI�WKH�0�UHIOHFWRU�DQG�WKH�GHSRVLWV�DERYH�LQGLFDWHV�WKDW�WKH�3OLR�4XDWHUQDU\�XQLWV�UHFRUG�VHFRQG�

RUGHU�GHIRUPDWLRQ�SKDVHV�DERYH�WKH�ILUVW�7RUWRQLDQ�GHIRUPDWLRQ�SKDVH��)LJXUH���������

1RUWKZDUG�YHUJLQJ�DQWLFOLQHV�FKDUDFWHUL]H�WKH�QRUWKHUQ�IURQW�RI�GHIRUPDWLRQ��)LJXUH����)LJXUH�

������� 7KHUH�� WKH� ODWH� 3OLRFHQH�3OHLVWRFHQH� GHSRVLWV� DUH� WLOWHG� DQG� HURGHG� DW� WKH� IRRW� RI� WKH�

VORSHV�� LQGLFDWLQJ� ODWH�3OLRFHQH� GHIRUPDWLRQ� �)LJXUH� ���)LJXUH� ������� 7KH� DQWLFOLQH� GLSV�

XQGHUOLH�VHYHUDO�EOLQG�VRXWKZDUG�GLSSLQJ�WKUXVW�IDXOWV�DIIHFWLQJ�WKH�JHRPHWU\�RI�WKH�0�UHIOHFWRU�

�)LJXUH����)LJXUH�������7KUXVWLQJ�DSSHDUV�WR�EH�OLPLWHG�WR�WKH�0LRFHQH�8QLW���

$ORQJ�WKH�QRUWKHUQ�IODQN�RI�WKH�6$5��VHYHUDO�XQFRQIRUPLWLHV�DUH�LGHQWLILHG��)LJXUH��������:H�

REVHUYH�D�0LG�3OLRFHQH�XQFRQIRUPLW\�DW�WKH�IRRW�RI�WKH�)UDQFHVF�3DJHV�+LJK��)LJXUH�����)LJXUH�

����D���7KLV� LQWUD�3OLRFHQH�XQFRQIRUPLW\� LV�QRW�VHHQ� IXUWKHU� VRXWK�DW� WKH� IRRW�RI� WKH�5DPRQ�

0DUJDOHI�+LJK��)LJXUH�����)LJXUH�����E���:H�LQWHUSUHW�WKH�FKDQJH�RI�JHRPHWU\�RI�WKH�GHSRVLW�

DV�GLDFKURQH�GHIRUPDWLRQ��$ERYH��WKH�6RXWKZDUG�SLQFKLQJ�RI�4XDWHUQDU\�GHSRVLWV�LQGLFDWHV�WKH�

DJJUDGDWLRQ�RI�WKH�FRQWRXULWLF�GHSRVLWV��)LJ�������DQG�������-XDQ�HW�DO���������,W�KLJKOLJKWV�D�

ODWHUDO�YDULDWLRQ�RI� WKH�XSOLIW�DORQJ�WKH�1RUWKHUQ�)ODQN�RI� WKH�6$5�IURP�WKH�3OLRFHQH� WR� WKH�

4XDWHUQDU\���

,Q�WKH�6RXWK�$OERUDQ�7URXJK��WKH�VRXWKHUQ�V\QFOLQH�QDUURZV�IURP�(DVW�WR�:HVW��)LJXUH��������

,WV�QRUWKHUQ�IODQN�LV�VWHHSHU�WKDQ�WKH�VRXWKHUQ�RQH�LQ�WKH�YLFLQLW\�RI�WKH�VPDOO�7RILQR�DQG�;DXHQ�

%DQNV� �)LJXUH� ������ ,Q� WKH� 3OLRFHQH�� ORFDO� YDULDWLRQV� RI� WKLFNQHVVHV� FDQ� UHYHDO� SURJUHVVLYH�

IROGLQJ�RI�WKH�6RXWK�$OERUDQ�7URXJK��:H�REVHUYH�WKH�SURJUHVVLYH�WLOW�RI�3OLRFHQH�GHSRVLWV�DORQJ�

WKH�6RXWK�)ODQN�RI�WKH�6$5��UHYHDOLQJ�4XDWHUQDU\�WR�3OHLVWRFHQH�IROGLQJ��)LJXUH�����)LJXUH�

�������
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�
)LJXUH�������7ZR�ZD\� WUDYHO� WLPH� VHLVPLF�VHFWLRQ� IURP� WKH�0$5/%252���VXUYH\���5HG� UHIOHFWRU� LQ� WKH� VRXWK�
$OERUDQ�EDVLQ�FRUUHVSRQGV�WR�WKH�WRS�RI�D�YROFDQLF�XQLW��7KH�VHLVPLF�VHFWLRQ��D��WR��I��DUH�RUGHUHG�IURP�(�WR�:��
:$%��6RXWK�$OERUDQ�%DVLQ��6$7��6RXWK�$OERUDQ�7URXJK��

)URP�(DVW�WR�:HVW��VHULHV�RI�DQWLFOLQHV�DQG�V\QFOLQHV�GUDZ�D�VLJPRLGDO�SDWWHUQ��)LJXUH�������7KH�

VKRUWHQLQJ�LV�GLVWULEXWHG�RYHU�WKH����WR����NP�ZLGH�6$5�VWUXFWXUH�FRPSRVHG�RI�D�VHULHV�RI�WZR�

WR�IRXU���NP�ZDYHOHQJWK�DQWLFOLQHV��7KH�ZHVWHUQ�SDUW�RI�WKH�6$5�FRUUHVSRQGLQJ�WR�WKH�;DXHQ�

%DQN��)LJXUH������LV�GHIOHFWHG�WRZDUG�WKH�1RUWK��)LJXUH�������,Q�WKH�HDVWHUQ�SDUW�RI�WKH�6$5��

WKH�)UDQFHVF�3DJHV�EDQN�DQG�WKH�(XURIOHHW�+LJK��)LJXUH�������FRUUHVSRQG�WR�SLQFKHG�DQWLFOLQHV�

LQ�D���NP�QDUURZ�IROGLQJ�]RQH��0$%���DQG�����)LJXUH����)LJXUH�������RYHU�VRXWK�YHUJLQJ�

WKUXVWV��,Q�WKH�FHQWUDO�SDUW�RI�WKH�6$5��WKH�IROGV�DUH�GHIOHFWHG�WR�WKH�QRUWK��7KH�GHIOHFWLRQ�RI�WKH�
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KLQJH�D[LV�RI�WKH�IROGV�DQG�WKHLU�GLSSLQJ�KLJKOLJKW�D�OHIW±ODWHUDO�VKHDU�RI�WKH�6$5�DQG�D�QRQ�

F\OLQGULFDO�GHIRUPDWLRQ�RI�WKH�IROG�EHOW��)LJXUH�������

�
)LJXUH�������6HLVPLF�XQFRQIRUPLWLHV�DW�WKH�IRRW�VORSH�RI�WKH�QRUWKHUQ�IODQN�RI�WKH�6RXWK�$OERUDQ�5LGJH���D��VHLVPLF�
OLQH�DW�WKH�IRRW�RI�WKH�)UDQFHVF�SDJHV�EDQN���E��6HLVPLF�OLQH�DW�WKH�IRRW�RI�WKH�5DPRQ�0DUJDOHI�KLJK��7KH�VHLVPLF�
OLQHV�VKRZ�WKH�GLDFKURQLVP�RI�WKH�GHIRUPDWLRQ�DIIHFWLQJ�WKH�6$5�GXULQJ�WKH�3OLRFHQH��$IWHU����0\��WKH�PRDWV�RI�
WKH�FRQWRXULWHV�SLQFK�DW�WKH�IRRWV�RI�WKH�IROGV��

������� $O�,GULVVL�IDXOW�EHQGV�DQG�IROGLQJ�

7KH� JHRPHWU\� RI� WKH� $O�,GULVVL� IDXOW� ]RQH� FDQ� EH� LQIHUUHG� IURP� WKH� VHLVPLF� UHIOHFWLRQ�

LQWHUSUHWDWLRQ�DQG�WKH�GHSWK�WR�0HVVLQLDQ�UHIOHFWRU�PDS��)LJXUH����)LJXUH��������7KH�IDXOW�]RQH�

FRUUHVSRQGV�WR�D�11(�66:�EHQG��ZKLFK�FURVVHV�WKH�HDVWHUQ�HQG�RI�WKH�)UDQFHVF�3DJHV�EDQN�

DQG�WKH�ZHVWHUQ�HQG�RI�WKH�$OERUDQ�5LGJH��)LJ������1RUWKZDUG��WKH�$O�,GULVVL�VWULNH�VOLS�IDXOW�

]RQH�FRUUHVSRQGV� WR�D�FRQWUDFWLYH�EHQG��)LJXUH�����)LJXUH�������FKDUDFWHUL]HG�E\�D�SRVLWLYH�

IORZHU�VWUXFWXUH�ERXQGLQJ�WKH�$OERUDQ�ULGJH�WR�WKH�QRUWK�ZHVW��)LJXUH��������$W�WKH�FRQYHUJHQFH�

EHWZHHQ�WKH�$OERUDQ�ULGJH�DQG�WKH�$O�,GULVVL�IDXOW��WKH�IRUPHU�SOD\V�DV�DQ�DSSDUHQW�QRUWK�YHUJLQJ�

FRPSUHVVLYH�EHOW��)LJXUH��������:H�REVHUYH�LQWUD�3OLRFHQH�XQFRQIRUPLWLHV��)LJXUH��������7KH�

JHRPHWU\�RI�WKH�3OLRFHQH�IROGV�LQ�WKLV�IDXOWLQJ�DUHD�LQGLFDWHV�D�FRQWLQXLW\�RI�WKH�$OERUDQ�5LGJH�

ZLWK� WKH� 6RXWK� $OERUDQ� 5LGJH� GXULQJ� WKH� 3OLRFHQH� �)LJXUH� ������� 7KH� ORFDWLRQ� RI� WKLV�

WUDQVSUHVVLYH�EHQG�LV�KLJKOLJKWHG�DW�SUHVHQW�GD\�E\�WKH�FOXVWHU�RI�FRPSUHVVLYH�IRFDO�PHFKDQLVPV�

�)LJXUH������6WLFK�HW�DO���������0HGLQD�HW�&KHUNDRXL����������

�7KH� VRXWKHUQ� WLS� RI� WKH�$O�,GULVVL� IDXOW� ]RQH� LV� FKDUDFWHUL]HG�E\�11(�66:�IDXOW� VHJPHQWV�

�)LJXUH������ LQWHUSUHWHG�DV� VSOD\� IDXOWV�GLVWULEXWLQJ� WKH�GHIRUPDWLRQ� WKURXJK� WKH�SUHVHQW�GD\�

GHSRVLWV�� )DXOW� WUDFNV� FDQ� EH� IROORZHG� DFURVV� WKH� VPDOO� ,GULVVL� YROFDQR� DQG� UHODWHG� WR� WKH�

%RNNR\D�IDXOW�]RQH��)LJXUH����)LJXUH�������7R�WKH�(DVW�RI�WKH�6PDOO�$O�,GULVVL�9ROFDQR��WKH�
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UHVROXWLRQ�RI�WKH�VHLVPLF�UHIOHFWLRQ�GDWD�GRHV�QRW�DOORZ�WR�GHFLSKHU�D�FRQWLQXRXV�IDXOW�VHJPHQW�

WRZDUG�WKH�1�6�7URXJRXW�IDXOW�]RQH��)LJXUH��������

�
)LJXUH�������$�DQG�%��VHLVPLF�OLQH�DFURVV�WKH�$OERUDQ�5LGJH�6RXWK�:HVWHUQ�7HUPLQDWLRQ��$O��,GULVVL�UHOD\����

������ 'URZQHG�3OHLVWRFHQH�VKHOYHV�DURXQG�WKH�%RXGLQDU�DQG�1HNRU�%DVLQV�

3URJUDGLQJ�VKHOYHV�DUH�REVHUYHG�DW�GHSWK�WR�WKH�:HVW�RI�WKH�%LJ�$O�,GULVVL�YROFDQR�DQG�WKH�1RUWK�

RI�WKH�1HNRU�EDVLQ��)LJXUH�����)LJXUH��������1HDU�WKH�%LJ�$O�,GULVVL�YROFDQR��WKH�VXEPHUJHG�

SURJUDGLQJ�VKHOI�LV�GDWHG�EHWZHHQ������WR�����0D��)LJXUH��������

:H�REVHUYH�D�WKLUG�RUGHU�VHTXHQFH�RI�GHSRVLWV�GUDSLQJ�WKH�YROFDQLF�HGLILFH��)LJ������DQG�������

$� VHLVPLF� XQLW� RI� SURJUDGLQJ� WR� DJJUDGLQJ� VLJPRLG� UHIOHFWRUV� FKDUDFWHUL]HV� WKH� JURZWK� RI� D�

FRQWLQHQWDO� VKHOI� DERYH� WKH� ����0D� UHIOHFWRU� DW� WKH� EDVH� RI� WKH� VHTXHQFH�� :H� REVHUYH� ��

SURJUDGLQJ� VXE�XQLWV�ZLWKLQ� WKH� SURJUDGLQJ� XQLW�� 7KHVH� VXE�XQLWV� FDQ� FRUUHVSRQG� WR� VHYHUDO�

SDUDVHTXHQFHV��$� WUDQVJUHVVLYH� LQWHUYDO�VWDUWLQJ�EHIRUH�����0D�� UHFRUGV� WKH� ORFDO� LQFUHDVH�RI�

DFFRPPRGDWLRQ�VSDFH��)LJXUH�������$�WKLQ�XQLW�RI�IODW�O\LQJ�UHIOHFWRUV��FRUUHVSRQGLQJ�WKH�GLVWDO�

FRQWLQXLW\�RI�WKH�ERWWRP�VHW�RI�WKH�ODWH�3OHLVWRFHQH�5DV�7DUI�VKHOI��FKDUDFWHUL]HV�WKH�WRS�RI�WKH�

VHTXHQFH� �)LJXUH� ������ 7KH� WRS� RI� WKH� YROFDQR� LV� HURGHG� DW� DQ� DSSUR[LPDWH�PHDQ� GHSWK� RI�

���PE�V�O���)LJXUH������DQG�VKLIWHG�E\�QRUPDO�IDXOWLQJ�RQ�LWV�ZHVWHUQ�VLGH��)LJXUH�������6FDUSV�

RQ� WKH�ZHVWHUQ� IODQN�RI� WKH�%LJ�$O�,GULVVL�YROFDQR� �)LJXUH������FRUUHVSRQG� WR�:HVW�GLSSLQJ�

QRUPDO�IDXOWV��)LJXUH�����DQG�������7KH�WRS�IODW�VXUIDFH�FDQ�RQO\�EH�H[SODLQHG�E\�D�WHFWRQLF�

VXEVLGHQFH�� DV� WKH� VHDO�OHYHO� IDOO� GXULQJ� WKH� 3OLR�4XDWHUQDU\� GLG� QRW� UHDFK� WKLV� GHSWK� �H�J��
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5RKOLQJ�HW�DO����������7KH�JHRPHWU\�RI�WKH�VKHOI�XQLWV�DORQJ�WKH�YROFDQLF�HGLILFH�VKRZV�WKXV�

HYLGHQFH� RI� D� WHFWRQLF� GHIRUPDWLRQ� �� WKH� SURJUDGLQJ� VKHOI� XQLW� LV� EXULHG� LQ� UHODWLRQ� WR� WKH�

QRUPDO�VWULNH�VOLS�IDXOWLQJ��)LJ��������

1RUWK�RI� WKH�1HNRU�EDVLQ��)LJXUH��������ZH�REVHUYH� WKDW� WKH�4��UHIOHFWRU�FRUUHVSRQGV� WR�DQ�

XQFRQIRUPLW\�DW�WKH�EDVH�RI�D�VHLVPLF�XQLW�RI�SURJUDGLQJ�VLJPRLGV��7KH�SUHVHQFH�RI�D�EXULHG�

SURJUDGLQJ�VKHOI�DW�GHSWK�OLNHO\�LQGLFDWHV�WR�WKH�PD[LPXP�3OHLVWRFHQH�H[WHQW�RI�1HNRU�VKHOI��

7KH�PRVW�GLVWDO�RIIODSEUHDN�RI�WKH�SURJUDGLQJ�VLJPRLGV�LV�FDSSHG�E\�WKH������0D��4��UHIOHFWRU��

)LJXUH� ������ ZKLFK� FRUUHVSRQG� WR� D� IORRGLQJ� VXUIDFH�� 7KH� 4�� UHIHFWRU�� WR� WKH� WRS� RI� WKH�

VXEPHUJHG�1HNRU�VKHOI��)LJXUH��������FDQ�EH�IROORZHG�WRZDUG�WKH�WRS�RI�WKH�VXEPHUJHG�VKHOI�

VXUURXQGLQJ� WKH�%LJ�$O�,GULVVL�9ROFDQR� �)LJXUH� ������ ,W� LQGLFDWHV� WKDW� WKH� VXEVLGHQFH�RI� WKH�

1HNRU�VKHOI�VWDUW�EHIRUH�WKH�0LGGOH�3OHLVWRFHQH�7UDQVLWLRQ������0D��LQ�WKH�1HNRU�EDVLQ�DQG�LQ�

WKH�%LJ�$O�,GULVVL�YROFDQR��

,Q�WKH�VXEPHUJHG�VKHOI�RI� WKH�%LJ�$O�,GULVVL�YROFDQR��)LJXUH�������ZH�REVHUYH�WKDW� WKH�PRVW�

GLVWDO�RIIODS�EUHDN� LV�DURXQG������PVWZW��FRUUHVSRQGLQJ� WR�D�GHSWK�RI������P�E�V�O��ZLWK�D�

PHDQ�LQWHUYDO�YHORFLW\�IRU�3�:DYH�LQ�WKH�VHGLPHQWV�RI�����P�V���IRU�WKH�3OHLVWRFHQH��6RWR�HW�

DO���������DQG�D�����P�V���YHORFLW\�IRU�WKH�ZDWHU��:H�REVHUYH�WKDW�WKH�PRVW�GLVWDO�RIIODS�EUHDN�

LQ�WKH�YLFLQLW\�RI�$O�+RFHLPD��)LJXUH�������LV�ORFDWHG�DURXQG�������PVWZW�FRUUHVSRQGLQJ�WR�D�

GHSWK� RI� �����P�E�V�O�� ,Q� WKH� LVRODWHG� VKHOI� LW� LQGLFDWHV� D� PHDQ� VXEVLGHQFH� UDWHV� RI�

�����������PP�D� ZLWK� DQ� HXVWDWLF� DFFRPPRGDWLRQ� DW� *LEUDOWDU� RI� ���P� IURP� ����0D� WR�

SUHVHQW�WLPH� �5RKOLQJ�HW�DO���������:DQJ�HW�DO���������� ,Q� WKH�1HNRU�EDVLQ�� WKH�GHSWK�RI� WKH�

RIIODS�EUHDN�LQGLFDWHV�WKDW�WKH�VKHOI�VXEVLGHG�DW�D������������PP�D�UDWHV�VLQFH�DW�OHDVW������0D���
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)LJXUH�������6HLVPLF�/LQH�0$5���� IURP� WKH�0$5/%252���VXUYH\��7KH� OLQH�VKRZV� WKH� WUDQVJUHVVLRQ�RI�GHHS�
PDULQH� VHGLPHQW� RYHU� WKH� SURJUDGLQJ� VKHOI�� )ORRGLQJ� VXUIDFH� �LQ� UHG��  � ����� 0\�� $� VHLVPLF� XQLW� RI� SRRUO\�
FRQWLQXRXV�ZDY\� UHIOHFWRUV� GHSRVLWHG� DERYH� DQ� HURVLRQDO� VXUIDFH� LV� LQWHUSUHWHG� DV� D�0DVV� 7UDQVSRUW�'HSRVLW�
�07'���

������� 6HLVPLF�VWUDWLJUDSK\�RI�WKH�LVRODWHG�SODWIRUPV��

,Q�WKH�6$5��VHLVPLF�OLQHV�DFURVV�WKH�)UDQFHVF�3DJHV�DQG�WKH�7RILQR�%DQNV�VKRZ�D�VXFFHVVLRQ�

RI�SURJUDGLQJ�DQG�DJJUDGLQJ�GHSRVLWLRQDO�XQLWV��)LJXUH�����)LJXUH��������7KHVH�GHSRVLWLRQDO�

XQLWV� DUH� EXLOW� XSZDUG� DQG� RXWZDUG�� 7KLV� GHSRVLWLRQDO� XQLW� LV� ERXQGHG� DW� LWV� ERWWRP� E\� DQ�

XQFRQIRUPLW\��GDVKHG�RUDQJH�OLQH��)LJXUH��������7KH�VKHOI�HGJH�XQLWV��\RXQJHVW�WKDQ�WKH�EDVDO�

XQFRQIRUPLW\��DUH�SLQFKLQJ�VHDZDUG�DW�WKH�PLG�VORSH��SUHYHQWLQJ�IXUWKHU�FRUUHODWLRQ�ZLWK�WKH�

GHHS�EDVLQ�GHSRVLWV��)LJXUH��������%HWZHHQ�WKH�WRS�RI�WKH�EDQNV�DQG�WKH�EDVDO�XQFRQIRUPLW\��

WKH�GHSRVLWLRQDO�VHTXHQFHV��YDU\� LQ� WKLFNQHVV� IURP�RQH�EDQN� WR�DQRWKHU� �)LJXUH��������7KH\�

UHIOHFW�ORFDO�FKDQJHV�LQ�DFFRPPRGDWLRQ�UDWH��7KH�IODW�WRS�RI�%DQN�LV�JHQHUDOO\�REVHUYHG�DURXQG�

����P�������P�GHHS�EHORZ�VHD�OHYHO� �)LJXUH��������(URVLRQDO� WUXQFDWLRQV�RI� WKH�XQGHUO\LQJ�

UHIOHFWRUV� �)LJXUH� ������ LQGLFDWH� VXEDHULDO� HURVLRQ� RI� WKH� EDQNV� GXULQJ� WKH� /DVW� *ODFLDO�

0D[LPXP��H�J��0DUWLQH]�0DUWRV�HW�DO���������=HFFKLQ�HW�DO�����������
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�
)LJXUH��������D��DQG��E��6HLVPLF�VHFWLRQ�RI�WKH�7RILQR�EDQN�XQ�LQWHUSUHWHG��WRS��DQG�LQWHUSUHWHG�YLHZ��ERWWRP���
'DVKHG� JUH\� UHIOHFWRU�� VHDIORRU� ILUVW� PXOWLSOH�� %OXH� UHIOHFWRUV�� IORRGLQJ� VXUIDFHV�� 5HG� UHIOHFWRUV�� HURVLRQDO�
XQFRQIRUPLWLHV��5HG�GDVKHG�UHIOHFWRU��GRZQODS�VXUIDFH�RQ�WKH�ERWWRP�RI�WKH�SURJUDGLQJ�XQLW�RI�WKH�VKHOYHV��%OXH�
XQLW��DJJUDGLQJ�GHSRVLWLRQDO�XQLW��SLQN�XQLW��SURJUDGLQJ�GHSRVLWLRQDO�XQLW����F��DQG��G��6HLVPLF�OLQH�+������VHLVPLF�
OLQHV�IURP�7HVVRQ�HW�DO����������
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$V�SURSRVHG�LQ��*HQVRXV�HW�DO���������7HVVRQ�HW�DO����������WKHVH�WUXQFDWLRQV�FDQ�EH�OLQNHG�WR�

HXVWDWLF�YDULDWLRQV��+RZHYHU��LW�ZDV�UHFHQWO\�VXJJHVWHG�WKDW�WKH�WXUEXOHQW�IORZ�FRQFHQWUDWHG�DW�

WKH�PRDW�RI�D�FRQWRXULWLF�V\VWHP�FDQ�DOVR�WULJJHU�HURVLRQDO�WUXQFDWLRQV��(UFLOOD�HW�DO���������-XDQ�

HW�DO����������7KH�SUHVHUYDWLRQ�RI�HURVLRQDO�VXUIDFHV�WKURXJKRXW�WKRVH�3OHLVWRFHQH�GHSRVLWLRQDO�

VHTXHQFHV�� DV� ZHOO� DV� WKH� GHSWK� YDULDWLRQ� RI� WKH� WUXQFDWHG� EDQN� WRSV� VXJJHVW� LQGLFDWH�

VXSHULPSRVLWLRQ�RI�WHFWRQLF�YHUWLFDO�PRYHPHQW�RQ�JODFLR�HXVWDWLF�SURFHVVHV��)LJXUH���������

������� /DWH�3OHLVWRFHQH�GHIRUPDWLRQ�RI�WKH�6$5�

$W�WKH�QRUWKHUQ�IODQN�RI�WKH�6$5��1�����VWULNLQJ�OLQHDPHQWV�DW�WKH�VHDIORRU�FRUUHVSRQG�WR�VXE�

YHUWLFDO�QRUPDO�IDXOWV�DIIHFWLQJ�WKH�VXE�VXUIDFH�VHGLPHQWV�DV�REVHUYHG�RQ�WKH�723$6�SURILOHV�

�)LJXUH��������7KH�IDXOW�QHWZRUN�GHVFULEHV�D��NP�ZLGH�VKHDU�]RQH�DIIHFWLQJ�WKH�HURVLYH�SDUW�RI�

WKH�SUHVHQW�GD\�FRQWRXULWH��1RUWKZDUG��WKH�IDXOWV�EHFRPH�EOLQG�EXW�FDQ�EH�IROORZHG�DW�GHSWK�

XQGHU�WKH�SUHVHQW�GD\�GHSRVLWLRQDO�SDUW�RI�WKH�FRQWRXULWH��DIIHFWLQJ�4��DQG�4��VXUIDFHV��)LJXUH�

����E���7KH�UHFRJQLWLRQ�RI�SRFNPDUNV�DW�WKH�VHDIORRU�DQG�VLJQDO�DWWHQXDWLRQ�QHDU�WKH�IDXOWV�RQ�

WKH�VHLVPLF�UHIOHFWLRQ�GDWD�VXJJHVW�IOXLG�VHHSDJH�LQ�UHODWLRQ�ZLWK�DFWLYH�IDXOWLQJ��)LJXUH�����D��

-XGG�DQG�+RYODQG���������6RXWKZDUG��WKH�IDXOW�WUDFNV�DUH�ORVW�DJDLQVW�WKH�KLQJH�D[LV�RI�WKH�6$5�

IROGV��FHUWDLQO\�GXH�WR�D�SRRU�VHLVPLF�ZDYH�SHQHWUDWLRQ�LQWR�WKH�0LRFHQH�RXWFURSSLQJ�EDVHPHQW��

)XUWKHU�6RXWK�� DW� WKH�6RXWKHUQ� IODQN�RI� WKH�6$5�� VLPLODU�1:�6(� IDXOWV� DUH�REVHUYHG�DW� WKH�

VHDIORRU��)LJXUH����E�DQG�����F���7KH\�DUH�PDLQO\�ORFDOL]HG�DW�WKH�IRRW�RI�WKH�VXEPDULQH�KLJK�

DQG�LQ�WKH�HURVLYH�SDUW�RI�WKH�FRQWRXULWHV��)LJ���������7KH�1�����OLQHDPHQW�FRUUHVSRQGV�WR�WKH�

QRUPDO�IDXOW�SRLQWHG�LQ�UHG�RQ�WKH�723$6�SURILOH��)LJXUH����F���ZKLFK�XSOLIWV�WKH�ZHVWHUQ�EORFN�

RI�WKH�IDXOW�ZDOO��7KLV�IDXOW�LV�SDUW�RI�D�IDXOW�QHWZRUN��RUDQJH�DUURZV��)LJXUH����F�DQG�)LJXUH�

���F��RI�VLPLODU�1:�6(�VWULNHV��)XUWKHU�VRXWK�DW�GHSWK��D�VXFFHVVLRQ�RI�IROGV�DIIHFWV�WKH�6RXWK�

$OERUDQ�7URXJK��)LJ���������
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)LJXUH�������,Q�EHWZHHQ�DQG�QRUWK�RI� WKH�)UDQFHVF�3DJHV�DQG�5DPRQ�0DUJDOHI�KLJKV��D��SODQ�FXUYDWXUH�PDS�
RYHUO\LQJ�WKH�VKDGHG�EDWK\PHWU\��UHG�DUURZV�SRFNPDUNV�RQ�WKH�VHDIORRU��GDVKHG�EODFN�OLQHV��VHLVPLF�OLQHV�LQ�)LJ��
E�DQG�F��GDVKHG�UHG�OLQHV��SRVLWLRQV�RI�WKH�IDXOW�WUDFN��E��6SDUNHU�VHLVPLF�UHIOHFWLRQ�OLQH��UHG�OLQH��IDXOW�WUDFN�LQ�WKH�
QRUWKZHVWHUQ�FRQWLQXLW\�RI�WKH�IDXOWV�GUDZQ�LQ�D��4���4��GDVKHG�UHIOHFWRUV��GDWHG�VXUIDFHV��F���723$6�VHLVPLF�OLQH�
VKRZLQJ�WKH�VXEVXUIDFH�RI�WKH�VHDIORRU��5HG�DUURZV��SRVLWLRQ�RI�WKH�IDXOWV�GUDZQ�LQ�D��7KH�VXP�RI�WKH�SODQ�FXUYDWXUH�
YDOXHV�ZDV�PDGH�ZLWK�WKH�KHOS�RI�$UF*LV�9�����XVLQJ�WKH�IRFDO�VWDWLVWLFV�WRRO�LQ�RUGHU�WR�UHPRYH�WKH�HIIHFW�RI�WKH�
QRLVH�LQVLGH�WKH�EDWK\PHWU\�RQ�WKH�FXUYDWXUH�DQG�DW�GHSWKV�JUHDWHU�WKDQ� ����P��([WUHPH�SRVLWLYH�YDOXHV�LQ�UHG�
UHSUHVHQW�WRSRJUDSKLF�EXPSV�DW�WKH�VHDIORRU��H[WUHPH�QHJDWLYH�YDOXHV�LQ�EOXH�UHSUHVHQW�WRSRJUDSKLF�GHSUHVVLRQ�
RI�WKH�VHDIORRU��

3URJUHVVLYH� DQG� DQJXODU� XQFRQIRUPLWLHV� LQVLGH� WKH� 3OHLVWRFHQH� OHYHOV� LQGLFDWH� FRQWLQXRXV�

4XDWHUQDU\�IROGLQJ��7KH�IDXOW�GHQVLW\�LQFUHDVHV�WRZDUG�WKH�$O�,GULVVL�IDXOW�ZKHUHDV�IXUWKHU�ZHVW��

WKH�IDXOWV�DUH�ORFDOL]HG�DW�WKH�KLQJH�RI�WKH�IROGV�DQG�FRXOG�FRUUHVSRQG�WR�H[WUDGRV�IDXOWV��)LJXUH�

�������
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����� 'LVFXVVLRQ�

������� (YLGHQFH�RI�SRVW�0&6�GHIRUPDWLRQ�GHIRUPDWLRQ�SDUWLWLRQLQJ�DQG�VKRUWHQLQJ�
DORQJ�WKH�6$5�

�2IIVKRUH�DQG�RQVKRUH�JHRORJLFDO� VWXGLHV� VKRZ�D�FRPSOH[�XSOLIW�KLVWRU\�DORQJ� WKH�6$5�DQG�

WKURXJK�WKH�0RURFFDQ�PDUJLQ��:H�REVHUYH�WKH�SURJUDGDWLRQ�RI�WKH�VKHOI�DW�WKH�ZHVWHUQ�HGJH�RI�

%LJ� $O�,GULVVL� 9ROFDQR� �)LJXUH� ����� LQGLFDWLQJ� D� 3OLRFHQH� WR� 4XDWHUQDU\� LQILOOLQJ� RI� WKH�

DFFRPPRGDWLRQ�VSDFH��$V�HYLGHQFHG�E\�WKH�VHLVPLF�UHIOHFWLRQ�GDWD��)LJXUH��������WKH�VKRUWHQLQJ�

RI�WKH�$OERUDQ�5LGJH�DQG�WKH�6$5�EHJLQV�HDUOLHU�WKDQ�WKH�06&�DQG�LV�DFFRPPRGDWHG�E\�IROGV�

�$PPDU�HW�DO��������'R�&RXWR�HW�DO����������7KH�VKRUWHQLQJ�FRQWLQXHV�GXULQJ�WKH�HDUO\�3OLRFHQH�

�$PPDU�HW�DO���������'R�&RXWR�HW�DO���������0DUWtQH]�*DUFtD�HW�DO��������� WKLV� VWXG\���6\Q�

WHFWRQLF� GHSRVLWV� DVVRFLDWHG� WR� DQWLFOLQH� DQG� V\QFOLQH� DFWLYLWLHV� VKRZ� D� GLDFKURQLVP� RI� WKH�

GHIRUPDWLRQ��)LJXUH�����)LJXUH�����)LJXUH���������

2XU�VWXG\�UHYHDOV�WKDW�WKH�IROG�D[HV��LQ�WKH�6$5�DUHD��DUH�FKDUDFWHUL]HG�E\�D�VLJPRLGDO�VW\OH�

�)LJXUH�����)LJXUH��������7KLV�VLJPRLG�IROGLQJ�LV�DFFRPPRGDWHG�DW�GHSWK�E\�RSSRVLWH�GLSSLQJ�

WKUXVW�IDXOWV�DW�WKH�QRUWKHUQ�DQG�VRXWKHUQ�6$5�IODQNV��)LJXUH��������7KH�RYHUDOO�JHRPHWU\�RI�

WKH�6$5�GHIRUPDWLRQ�VXJJHVWV�D�GHYHORSPHQW�RI�LPEULFDWHG�IROGV�GLVWULEXWHG�WKURXJKRXW�D�OHIW�

ODWHUDO�VKHDU�]RQH��ZKLFK�FDQ�UHVXOW�RI�REOLTXH�FRQYHUJHQFH�DQG�VWUDLQ�SDUWLWLRQLQJ��.R\L�HW�DO��

������� GHPRQVWUDWH�ZLWK� DQDORJXH�PRGHOLQJ� WKDW� EDVHPHQW� VWULNH�VOLS� IDXOWV�� REOLTXH� WR� WKH�

FRQYHUJHQFH�GLUHFWLRQ��GLVWULEXWH�WKH�GHIRUPDWLRQ�LQWR�UKRPELF�VWUXFWXUHV��VLJPRLG��RI�IROG�DQG�

WKUXVW�EHOWV�DQG�DUH�DVVRFLDWHG�WR�REOLTXH�FRQYHUJHQFH��H�J��$JDUG�HW�DO����������7KH�UKRPELF�

VW\OH�LPSOLHV�YDU\LQJ�XSOLIW�UDWHV�DORQJ�WKH�6$5�FRKHUHQW�ZLWK�WKH�GLIIHUHQFH�RI�GHIRUPDWLRQ�

VWDJHV�UHFRUGHG�RQ�WKH�QRUWKHUQ�IODQN��)LJXUH�����)LJXUH���������

������� ,QWHUDFWLRQ�RI�FRQWRXULWLF�V\VWHP�DQG�WHFWRQLF�XSOLIW�

7KLFNQHVV� YDULDWLRQV� LQ� WKH� 3OLR�4XDWHUQDU\� XQLWV� WKURXJKRXW� WKH� 6$5� UHVXOW� ERWK� IURP�

FRQWRXULWLF�VHGLPHQWDWLRQ�DQG�DORQJ�ULGJH�XSOLIW�YDULDWLRQV��7KH�WLOWLQJ�RI�WKH�3OLRFHQH�GHSRVLWV�

DORQJ�1RUWK�DQG�6RXWK�IODQNV�RI�WKH�6$5�KLJKOLJKW�LWV�XSOLIW�DW�WKH�HQG�RI�WKH�3OLRFHQH��)LJXUH�

�������:H� REVHUYH� LQWUD�3OLRFHQH� DQG� LQWUD� 4XDWHUQDU\� XQFRQIRUPLWLHV� �)LJXUH� ����� )LJXUH�

����)LJXUH������)LJXUH��������:H�SURSRVH�WKDW�WKH�XSOLIW�RI�WKH�6$5�LV�D�FRQWLQXRXV�WHFWRQLF�

HSLVRGH�GXULQJ�WKH�3OLRFHQH���

6LQFH� DURXQG� ���0D�� WKH� LQWHQVLILFDWLRQ� RI� 0HGLWHUUDQHDQ� 2XWIORZ� :DWHU� �ERWWRP� FXUUHQW�

IORZLQJ�IURP�WKH�0HGLWHUUDQHDQ�WR�WKH�$WODQWLF��FKDQJHG�WKH�HURVLRQ�DQG�WKH�DFFXPXODWLRQ�UDWHV�
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LQ�WKH�$OERUDQ�EDVLQV��OLNHO\�LQ�UHVSRQVH�WR�WKH�XSOLIW�RI�WKH�$OERUDQ�0DUJLQ��-XDQ�HW�DO����������

,W�LV�GLIILFXOW�WR�GLVFULPLQDWH�WKH�LQIOXHQFH�DQG�IHHGEDFN�RI�WKLV�LQFUHDVH�RI�ERWWRP�FXUUHQW�IORZV�

IURP� WKH� GHIRUPDWLRQ� SKDVHV� UHFRUGHG� LQ� WKH� $OERUDQ� GRPDLQ�� DV� ERWK� FRXOG� FUHDWH� ORFDO�

WKLFNQHVV� YDULDWLRQV� �0DUWLQH]�*DUFLD� HW� DO�� ������ -XDQ� HW� DO�� ������� &RQVLGHULQJ� RXU�

REVHUYDWLRQ��WKH�JURZWK�RI�WKH�6$5�LV�D�PRUH�SURJUHVVLYH�WHFWRQLF�HYHQW��GLDFKURQRXV�LQ�VSDFH�

DQG�WLPH��WKDQ�WKRVH�LQIHUUHG�E\��0DUWtQH]�*DUFtD�HW�DO���������LQ�WKH�$OERUDQ�5LGJH��,W�LV�OLNHO\�

WKDW�WKH�JURZWK�SDWWHUQ�RI�FRQWRXULWLF�V\VWHP�DURXQG��'�IROGHG�VWUXFWXUHV�UHVXOWV�LQ�FRPSOLFDWHG�
PRUSKRORJ\�DQG�JURZWK�VWUDWD�ZKLFK�VKRXOGQ¶W�EH�GLUHFWO\�LQWHUSUHWHG�DV�WHFWRQLF�TXLHVFHQFH�

QRU�DV�WHFWRQLF�SXOVHV��,W�WKH�FDVH�RI�WKH�6$5��LW�LV�KRZHYHU�FOHDU�WKDW�3OLRFHQH�XQLWV�DUH�IROGHG�

LQGLFDWLQJ�ODWH�3OLRFHQH�4XDWHUQDU\�VKRUWHQLQJ��

�
)LJXUH�������6WUXFWXUDO�VFKHPH�RYHU�WKH�)UDQFHVF�3DJHV�DQG�;DXHQ�7RILQR�%DQNV�DUHD�IURP�WKLV�VWXG\��SURMHFWHG�
RYHU�WKH�VKDGHG�EDWK\PHWU\�IURP�WKH�6$5$6�DQG�0$5/%252���VXUYH\V�DQG�(02'1(7�GDWDVHW��

������� 3OLR�4XDWHUQDU\�HYLGHQFHV�RI�SRO\SKDVH�GHIRUPDWLRQ��

3OLRFHQH�SRO\�SKDVHG�GHIRUPDWLRQ�DV�SURSRVHG�IRU�WKH�$OERUDQ�5LGJH�E\��0DUWtQH]�*DUFtD�HW�

DO���������FDQ�EH�GLVFXVVHG�LQ�WKH�6$5�DQG�LQ�WKH�5LILDQ�UHJLRQDO�FRQWH[WV��7R�H[SODLQ�WKH�XSOLIW�

LQ� WKH� H[WHUQDO� 5LI� �5LILDQ� IRUHODQG��� VWUXFWXUDO� VWXGLHV� DQG� LQWHUSUHWDWLRQ� RI� �'� UHIOHFWLRQ�

VHLVPLF� VXJJHVW� D� WUDQVLWLRQ� LQ� WLPH� IURP� WKLQ� VNLQ�� WR� WKLFN�VNLQ�GHIRUPDWLRQ�� OLQNHG� WR� WKH�

LQYHUVLRQ�RI�WKH�0HVR]RLF�H[WHQVLRQDO�VWUXFWXUHV��&DSHOOD�HW�DO���������7KLV�WKLQ�WR�WKLFN�VNLQ�

WUDQVLWLRQ�LV�UHODWHG�WR�WKH�XSOLIW�RI�LQWUDPRQWDQHRXV�EDVLQV�DURXQG�WKH�1HNRU�IDXOW�DQG�VWDUWV�



�����
�

�

DURXQG�WKH�7RUWRQLDQ�HDUO\�0HVVLQLDQ�DQG�FRQWLQXH�GXULQJ�WKH�3OLRFHQH��)LJXUH�����D��&DSHOOD�

HW�DO����������,Q�WKH�FHQWUDO�5LI��D�JHQHUDO�XSOLIW�VWDUWV�DURXQG�����0D�DQG�LV�VWLOO�DFWLYH�DW�SUHVHQW�

WLPH��%HQPDNKORXI�HW�DO���������5RPDJQ\�HW�DO���������� ,Q� WKH�FHQWUDO�5LI�� WKH�FKDQJH� IURP�

PDULQH�WR�FRQWLQHQWDO�VHWWLQJ�RFFXUUHG�EHIRUH����0D��&RUQpH�HW�DO����������$IWHU�����0D��WKH�

%HQL�%RXVVHUD�DUHD�DQG�WKH�7HWRXDQ�EDVLQV�XQGHUJR�1(�6:�QRUPDO�IDXOWLQJ��ZKLFK�SURGXFHG�

D� WHFWRQLF� WLOWLQJ� RI� WKH�PDUJLQ� �)LJXUH� ����E��5RPDJQ\� HW� DO��� ������� LQ� DJUHHPHQW�ZLWK� D�

WUDQVLWLRQ�IURP�FRPSUHVVLRQDO�WR�UDGLDO�H[WHQVLRQ�SURSRVHG�E\�%HQPDNKORXI�HW�DO�����������

,Q�WKH�RULHQWDO�5LI��GXULQJ�WKH�HDUO\�3OLRFHQH��WKH�1HNRU�IDXOW�FRXOG�KDYH�DFWHG�DV�D�WUDQVSUHVVLYH�

VWUXFWXUH�DFFRPPRGDWLQJ�WKH�HIIHFW�RI�WKH�VKRUWHQLQJ�WKURXJK�PDUJLQ�XSOLIW��)LJXUH������D��$LW�

%UDKLP�HW�DO���������$wW�%UDKLP�DQG�&KRWLQ���������7KH�YHUWLFDO�PRYHPHQWV�UHFRUGHG�LQ�WKH�

%RXGLQDU�EDVLQ�GXULQJ�WKH�HDUO\�3OLRFHQH�VXJJHVW�D�IORRGLQJ�PD[LPXP�FD������0D��&RUQpH�HW�

DO��� ������ IROORZHG� E\� D� UHJUHVVLRQ�� 7KH� WUDQVLWLRQ� IURP� VKDOORZ� PDULQH� WR� FRQWLQHQWDO�

HQYLURQPHQWV� LQ� WKH�SUHVHQW�GD\�RQVKRUH�%RXGLQDU� EDVLQ� LV� QRW� GDWHG� �$FKDOKL� HW� DO��� ������

&RUQpH� HW� DO��� �������7KH�SURJUHVVLYH� WUDQVJUHVVLRQ�DQG� WKH� IROORZLQJ� IORRGLQJ�RI� WKLV� VKHOI�

GXULQJ�WKH�4XDWHUQDU\�VXJJHVW�WKDW�LWV�VXEVLGHQFH�LV�FRQWHPSRUDQHRXV�ZLWK�WKH�FHQWUDO�5LI�DQG�

WKH�%RXGLQDU�EDVLQ�XSOLIW��DV�ZHOO�DV�WKH�QRUWKZDUG�WLOWLQJ�RI�WKH�PDUJLQ��$PPDU�HW�DO�����������

7KRVH�UHVXOWV�LQ�WKH�5LILDQ�%HOW�VXJJHVW�VXJJHVWV�D�SURJUHVVLYH�LQFUHDVH�RI�WKH�VKRUWHQLQJ�WRZDUG�

WKH�LQWHUQDO�5LI�XQLWV�DQG�WKH�$OERUDQ�EDVLQ���

7KH� RQVHW� RI� WKH� VXEVLGHQFH� UHFRUGHG� LQ� WKH� 1HNRU� %DVLQ� DQG� DW� WKH� YROFDQLF� HGLILFHV� FDQ�

GHPRQVWUDWH�D�FKDQJH�LQ�WKH�ORFDO�NLQHPDWLFV�GXULQJ�WKH�4XDWHUQDU\�LQGLFDWLQJ�D�VHFRQG�SKDVH�

RI�GHIRUPDWLRQ��7KH�VXEVLGHQFH�RI� WKH�VKHOI�DW� WKH�ZHVWHUQ�HGJH�RI� WKH�$O�,GULVVL�YROFDQRHV��

GDWHG�EHIRUH�����0D��)LJXUH�������FRXOG�EH�UHODWHG�WR�WKH�DFWLYLW\�RI�WKH�$O�,GULVVL�VKHDU�]RQH��

7KH�DJH�RI�WKH�LQFHSWLRQ�RI�WKH�VXEVLGHQFH�DQG�WKH�FKDQJH�LQ�WKH�WHFWRQLF�KDYH�QRW�\HW�EHHQ�

XQDPELJXRXVO\�GHWHUPLQHG���

%HWZHHQ�WKH�6$5�DQG�WKH�$OERUDQ�5LGJH��ZH�REVHUYH�WKDW�WKH�$O�,GULVVL�IDXOW�]RQH�FRUUHVSRQGV�

WR�D�VXFFHVVLRQ�RI�FRPSUHVVLYH�DQG�H[WHQVLYH�EHQGV�FURVVLQJ�WKH�WHFWRQLF�VWUXFWXUHV�RI�WKH�7$6=�

�)LJXUH����)LJXUH��������:H�LQWHUSUHW�WKH�DEVHQFH�RI�4XDWHUQDU\�GHSRVLWV�RQ�WKH�WRS�RI�WKH�IROGV�

RI� WKH�$OERUDQ�5LGJH� �)LJXUH�����E��DQG� WKH� ORZ� WRSRJUDSK\�RI� WKH�0�UHIOHFWRU�HDVW�RI� WKH�

)UDQFHVF�3DJHV�%DQN��)LJXUH������DV�DQ�HYLGHQFH�RI�WKH�VXEVLGHQFH�RI�D�VHFWLRQ�RI�WKH�$OERUDQ�

ULGJH�QHDU�WKH�$O�,GULVVL�IDXOW�]RQH��7KH�LPSOLFDWH�PHFKDQLVP�UHPDLQV�KRZHYHU�XQFOHDU��7RZDUG�

WKH� 6RXWK�� ZH� FRQVLGHU� WKDW� WKH� 7URXJRXW� IDXOW�� WKH� %RXGLQDU� IDXOWV� DQG� WKH� QRUPDO� IDXOWV�

DIIHFWLQJ� WKH�ELJ�$O�,GULVVL�YROFDQR� UHSUHVHQW�D�1�6�QRUPDO� IDXOW�QHWZRUN��)LJXUH����)LJXUH�

������� 7KLV� 1�6� VHW� RI� RQVKRUH�RIIVKRUH� QRUPDO� IDXOWV� WULJJHUV� WKH� VXEVLGHQFH� DQG� WKH�
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VHJPHQWDWLRQ�RI�WKH�0RURFFDQ�PDUJLQ��)LJXUH����)LJXUH��������*DOLQGR�=DOGtYDU�HW�DO���������

3RXMRO�HW�DO�����������

'XULQJ�WKH�3OHLVWRFHQH��WKH�SURJUHVVLYH�GURZQLQJ�RI�WKH�VKHOI�DORQJ�WKH�$O�,GULVVL�YROFDQR�FDQ�

EH�DVVRFLDWHG�WR�WHFWRQLF�VXEVLGHQFH�OLQNHG�WR�WKLV�VHW�RI�1�6�IDXOWV��7KH�WUDQVJUHVVLRQ�RI�WKH�

PDULQH�VHGLPHQWV�DERYH�WKH�VKHOI�RI�WKH�LVRODWHG�YROFDQR��EHIRUH������0D��)LJXUH�����)LJXUH�

������LV�V\QFKURQRXV�RI�WKH�ODVW�VKRUWHQLQJ�HYHQW������WR������0D��GHVFULEHG�LQ��0DUWtQH]�*DUFtD�

HW�DO����������

,Q�WKH�6$5��WKH�1����������QRUPDO�IDXOWV��)LJXUH����)LJXUH�������KDYH�DQ�RULHQWDWLRQ�VLPLODU�

WR�1�����WKH�QRUPDO�IDXOWV�DFFRPPRGDWLQJ�WKH�ODWH�4XDWHUQDU\�H[WHQVLRQ�LQ�WKH�1HNRU�EDVLQ�

�/DIRVVH�HW�DO����������7KH\�DUH�DOLJQHG�DORQJ�D������WUHQG��)LJXUH�������DQG�GR�QRW�SURGXFH�DQ�

LPSRUWDQW�WRSRJUDSK\��VXJJHVWLQJ�WKDW�WKH\�DUH�UHFHQW�RU�WKDW�WKH\�DUH�SURGXFLQJ�ORZ�YHUWLFDO�

PRYHPHQWV��)URP�WKH�ORFDO�GLUHFWLRQ�RI�WKH�PD[LPXP�KRUL]RQWDO�VWUHVV�ILHOG��)LJ�������1HUHV�HW�

DO���������WKH�IDXOW�]RQH�LV�SUREDEO\�WUDQVWHQVLYH�DQG�DFFRPPRGDWHV�D�ULJKW�ODWHUDO�PRWLRQ��7KH�

1����������QRUPDO�IDXOWV�FDQ�FRQWURO�WKH�REVHUYHG�YDULDWLRQ�RI�WKLFNQHVV�ZLWKLQ�WKH�3OHLVWRFHQH�

VWDFNLQJ�SDWWHUQV�LQ�WKH�LVRODWHG�VKHOYHV�RI�WKH�)UDQFHVF�3DJHV�DQG�7RILQR�%DQNV��)LJXUH��������

,Q�WKH�1HNRU�EDVLQ��/DIRVVH�HW�DO�������SURSRVHG�WKDW�WKH�ORFDOL]DWLRQ�RI�WKH�GHIRUPDWLRQ�DORQJ�

WKH�VWULNH�VOLS�%RNNR\D�IDXOW�WR�VWDUWV�DIWHU����0D�DQG�WKH�1���������QRUPDO�IDXOWV�LQ�WKH�1HNRU�

EDVLQ�DUH�\RXQJHU�WKDQ�WKH�1�6�7URXJRXW�IDXOW��

7KHUHIRUH�� WKH� REVHUYDWLRQV� LQGLFDWH� D� SUH�����0D� VXEVLGHQFH� FRUUHVSRQGLQJ� WR� WKH�

WUDQVJUHVVLRQ�RI�WKH�VKHOYHV�DW�WKH�ZHVWHUQ�HGJH�RI�%LJ�$O�,GULVVL�YROFDQR�DQG�DW�WKH�1RUWK�RI�

WKH�1HNRU�EDVLQ��)LJXUH����)LJXUH��������7KH�VXEVLGHQFH�LV�FUHDWHG�E\�WKH�4XDWHUQDU\�DFWLYLW\�

RI�WKH�16�QRUPDO�IDXOWV��:H�SURSRVH�WKDW�WKDW�1�6�QRUPDO�IDXOW�FRUUHVSRQGV�WR�WHQVLRQ�IDXOWV�

LQGLFDWLQJ�WKH�SURJUHVVLYH�OLQNDJH�RI�WKH�IDXOW�VHJPHQWV�WR�WKH�11(�66:�VKHDU�]RQH��)LJXUH�

�������7KH�$O�,GULVVL�DQG�%RNNR\D�VWULNH�VOLS�IDXOW�]RQH�ORFDOL]H�WKH�GHIRUPDWLRQ�DW�D�\RXQJHU�

SHULRG� GXULQJ� WKH�3OHLVWRFHQH��$W� SUHVHQW�WLPH� WKH� GHIRUPDWLRQ� DORQJ� WKH�$O�,GULVVL� DQG� WKH�

1HNRU�%DVLQ�LV�GLVWULEXWHG�RQ�VWULNH�VOLS�IDXOWV�DQG�H[WHQVLYH�VWUXFWXUHV�11:�66(��

������� 6WUDLQ�SDUWLWLRQLQJ�DQG�VWUXFWXUDO�HYROXWLRQ�RI�WKH�6$5��JHRG\QDPLFDO�
LPSOLFDWLRQV�

7KH� WUDQVLWLRQ� IURP�D�3OLRFHQH� OHIW�ODWHUDO� VKHDULQJ�DQG� IROGLQJ�RI� WKH�6$5� WR�D�4XDWHUQDU\�

GHIRUPDWLRQ�ORFDOL]HG�RQ�WKH�$O�,GULVVL�IDXOW�UHIOHFWV�WKH�VWUDLQ�SDUWLWLRQLQJ�HYROXWLRQ�ZLWKLQ�WKH�

VRXWK�$OERUDQ�EDVLQ��)LJXUH���������

%DVHG�RQ�D�V\QWKHVLV�RI�RQVKRUH�VWUXFWXUDO�GDWD�DQG�PXOWL�VFDOH�RIIVKRUH�VHLVPLF�GDWD��*LDFRQLD�

HW� DO�� ������� SURSRVH� WKDW� WKH� LQYHUVLRQ� RI� WKH� :HVWHUQ� 0HGLWHUUDQHDQ� %DVLQV� KDV� EHHQ�
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DFFRPPRGDWHG�VLQFH�DSSUR[LPDWHO\���0D�IURP�WKH�$OJHULDQ�PDUJLQ�WR�WKH�$OERUDQ�5LGJH��DQG�

VLQFH�FD����0D�RQ� WKH�$O�,GULVVL� IDXOW��7KHVH�DXWKRUV�SURSRVH� WKDW� WKH�GHIRUPDWLRQ�PLJUDWHV�

ZHVWZDUG��7KLV�PLJUDWLRQ�LV�UHODWHG�WR�WKH�ZHVWZDUG�UHWUHDW�RI�WKH�*LEUDOWDU�VODE��H�J��)UL]RQ�GH�

/DPRWWH�HW�DO��������-ROLYHW�HW�DO���������,W�LV�LQIHUUHG�WKDW�ZKHQ�WKH�UROOEDFN�VWRSV��RU�GHFUHDVHV��

WKH�QHHG�WR�DFFRPPRGDWH�OHIW�ODWHUDO�PRWLRQ�GHFUHDVHV�DV�ZHOO�DQG�WKH�GHIRUPDWLRQ�UHFRUGV�WKH�

WUDQVLWLRQ�IURP�VXEGXFWLRQ�WR�FROOLVLRQ�SURFHVVHV��&DSHOOD�HW�DO���������%HIRUH�WKH�06&��WKH�

LQWUDPRQWDQRXV�DQG�$WODVLF�1HRJHQH�EDVLQV�ZHUH�WUDQVSUHVVLYH�VWUXFWXUHV��XOWLPDWHO\�OHDGLQJ�WR�

WKHLU�FORVXUH�DQG�XSOLIW��)LJXUH�����D�DQG�����E��/DYLOOH�HW�DO���������&DSHOOD�HW�DO����������1R�

HYLGHQFH�RI�VLJQLILFDQW�OHIW�ODWHUDO�GLVSODFHPHQW�LV�REVHUYHG�GXULQJ�WKH�3OLRFHQH��7KH�1(�6:�

1HNRU�IDXOW�LV�VHDOHG�RIIVKRUH�E\�3OLRFHQH�GHSRVLWV��:DWWV�HW�DO����������

6LQFH��0D��ZH�FRQVLGHU�WKDW�WKH�GLUHFWLRQ�RI�$IULFD�(XUDVLD�FRQYHUJHQFH�UHPDLQV�FRQVWDQW�IURP�

WKH�UHFHQW�VWXG\�RI�'H0HWV�HW�DO��µ�������)ROORZLQJ�1HUHV�HW�DO��������ZH�GHILQH�D�%HWLFR�5LILDQ�

EORFN�ZKLFK�UHIOHFW�WKH�UHJLRQ�ZLWKLQ�ZKLFK�WKH�*36�YHORFLWLHV�ORRN�LQFRPSDWLEOH�ZLWK�$IULFD�

RU�,EHULD��7KLV�EORFN�LV�OLPLWHG�RQ�WKH�:HVW�E\�WKH�7$6=��6RXWK�(DVW�RI�WKH�7$6=��LW�GHILQH�D�

UHJLRQ�FRUUHVSRQGLQJ�WR�WKH�6RXWK�$OERUDQ�%DVLQ�DQG�WKH�2ULHQWDO�([WHUQ�5LI�ZKLFK�EHKDYH�DV�

WKH�$IULFDQ�SODWH��7KLV�EORFN�FRXOG�EH�OLPLWHG�WR�WKH�(DVW�E\�WKH�<XVXI�)DXOW��)LJ������

�3DODQR�HW�DO��������DQG������VKRZ�XVLQJ�*36�PHDVXUHPHQWV�DQG�SUHVHQW�GD\�VWUHVV�DQG�VWUDLQ�

PRGHOOLQJ�WKDW�WKH�%HWLFR�5LILDQ�EORFN�LV�XQGHUJRLQJ�D�FORFNZLVH�URWDWLRQ�RI�������0D��7KLV�

YDOXH�LV�LQ�DJUHHPHQW�ZLWK�WKH�ORQJ�WHUP�FORFNZLVH�URWDWLRQ�RI�����Û�0D�WR����Û�0D�UHFRUGHG�LQ�

WKH�QRUWK�$IULFD��0HJKUDRXL�DQG�3RQGUHOOL���������,Q�WKH�VRXWKHUQ�SDUW�RI�WKH�$OERUDQ�%DVLQ��

WKH� WHFWRQLF� VWUXFWXUHV� RI� WKH� 7$6=� PXVW� KDYH� EHHQ� URWDWHG� DV� ZHOO� WR� DFFRPPRGDWH� WKH�

FRQYHUJHQFH��)LJXUH��������6LQFH�����0D��WKH�$OERUDQ�5LGJH�DQG�WKH�6$5�VWUXFWXUHV�KDYH�EHHQ�

URWDWHG� E\� DW� OHDVW� �������� FORFNZLVH� �)LJXUH� ������ 0HJKUDRXL� DQG� 3RQGUHOOL�� ������� 7KH�

REOLTXLW\�DQJOH�EHWZHHQ�PDMRU�IDXOW�SODQHV��L�H��WKH�1HNRU�DQG�-HEKD�IDXOWV�GXULQJ�WKH�0LRFHQH��

DQG�WKH�GLUHFWLRQ�RI�$IULFD�(XUDVLD�FRQYHUJHQFH�GHFUHDVHV�SURJUHVVLYHO\�EHWZHHQ�WKH�06&�DQG�

WKH�ODWH�3OLRFHQH��'H0HWV�HW�DO����������7R�DFFRPPRGDWH�WKH�FRQVWDQW�GLUHFWLRQ�RI�FRQYHUJHQFH��

WKH�HQG�RI�VODE� UHWUHDW�DQG� WKH�EORFN� URWDWLRQV�� WKH�GHIRUPDWLRQ�SURJUHVVLYHO\�VZLWFKHV� IURP�

WUDQVSUHVVLYH��OHIW�ODWHUDO�VKHDU�]RQH��WR�FRPSUHVVLYH��SUREDEO\�EHWZHHQ�WKH�ODWH�0LRFHQH�DQG�

WKH�ODWH�3OLRFHQH��
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7KH� UKRPELF� VWUXFWXUHV� VKRZ� WKDW� OHIW�ODWHUDO�

VKHDU� ZDV� PD[LPXP� DQG� FRQILQHG� LQ� WKH� 6$5�

GXULQJ� WKH� HDUO\� 3OLRFHQH� �)LJXUH� ����D�� 7KH�

6RXWK� $OERUDQ� 7URXJK� V\QFOLQH� GRHV� QRW� VKRZ�

HYLGHQFH�RI�WUDQVSUHVVLYH�GHIRUPDWLRQ��)LJ�������

7KLV�LPSOLHV�WKH�SUHVHQFH�RI�D�QHJDWLYH�JUDGLHQW�

RI�OHIW�ODWHUDO�GLVSODFHPHQW�IURP�WKH�QRUWK�RI�WKH�

6$5�WR�WKH�1HNRU�IDXOW�GXULQJ�WKH�HDUO\�3OLRFHQH�

�)LJ����D����

7KH� SUHVHQW�GD\� UDWHV� RI� H[WUXVLRQ� LQGLFDWHG� E\�

WKH�*36�GDWD��)LJ������DUH�PD[LPXP�EHWZHHQ�WKH�

-HEKD� DQG� 1HNRU� IDXOWV� �.RXODOL� HW� DO��� ������

9HUQDQW�HW�DO����������7KH�*36�GDWD�HYLGHQFH�WKDW�

WKH�DUHD�EHWZHHQ�WKH�-HEKD�DQG�WKH�1HNRU�IDXOWV�

SUHVHQWO\� EHKDYHV� DV� D� ODUJH� GLVWULEXWLQJ�

GHIRUPDWLRQ�]RQH��)LJXUH��������7KLV�H[WUXVLRQ�RI�

WKH� %HWLFR�5LILDQ� EORFN� WRZDUG� WKH� 6:� LV�

FXUUHQWO\�DVVRFLDWHG� WR� WKH�VODE� UROO�EDFN�DQG�RU�

PDQWHOOLF�GHODPLQDWLRQ��H�J��7KXUQHU�HW�DO���������

DQG�LPSOLHV�D� OLWKRVSKHULF�FRXSOLQJ�EHWZHHQ�WKH�

$OERUDQ� 'RPDLQ� DQG� WKH� $IULFDQ� 0DUJLQ� �H�J��

3HURXVH� HW� DO��� ������ 1HUHV� HW� DO��� ������� 7KH�

FORVXUH�RI�WKH�5LILDQ�&RUULGRUV��$WODQWLF�JDWHZD\��

DQG� WKH� LQYHUVLRQ� RI� 0HVR]RLF� H[WHQVLYH�

VWUXFWXUHV� DUH� LQ� IDYRU� RI� WKLV� PHFKDQLFDO�

FRXSOLQJ� EHWZHHQ� WKH� $IULFDQ� 0DUJLQ� DQG� WKH�

$OERUDQ�'RPDLQ��)LJ����E����

$�FRQVHTXHQFH�RI� WKH�DIRUHPHQWLRQHG�HYROXWLRQ�

IURP� VXEGXFWLRQ� WR� FROOLVLRQ� GXULQJ� WKH�

0HVVLQLDQ�3OLRFHQH� SHULRGV� LV� WKH� SURJUHVVLYH�

PHFKDQLFDO� FRXSOLQJ� DW� D� FUXVWDO� VFDOH� EHWZHHQ�

WKH�$OERUDQ�EORFN�DQG�WKH�$IULFD�SODWH��7KH�6$5�

KDV�EHHQ� LPDJHG�DV�D�PDMRU� OHIW�ODWHUDO� WUDQVIHU�

IDXOW� ]RQH� �ERXQGHG� E\� WKH� 1HNRU� DQG� -HEKD�

)LJXUH��������6FKHPDWLF�HYROXWLRQ�RI�WKH�6$5�IURP���
0D� WR� WKH� SUHVHQW�GD\XVLQJ� D� WRWDO� ��� �� FORFNZLVH�
URWDWLRQV�� $IULFD�(XUDVLD� FRQYHUJHQFH� UDWHV� DQG�
D]LPXWK�LV�FRPSXWHG�IURP�'H0HWV�HW�DO���������
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IDXOWV��� UHODWLYH� WR� WKH�ZHVWZDUG�SURSDJDWLRQ�RI� WKH�$OERUDQ�GRPDLQ��ZKLFK�IROORZV� WKH�VODE�

UHWUHDW��,W�FDQ�EH�DOVR�FRPSDUHG�WR�D�VWHS�IDXOW�SURSDJDWLQJ�WKH�VODE�WHDULQJ��*RYHUV�HW�:RUWHO��

�������7KH�DUHD�EHWZHHQ�WKH�1HNRU�IDXOW�DQG�WKH�QRUWKHUQ�IODQN�RI�WKH�6$5�ZDV�DIIHFWHG�E\�

VWUDLQ�SDUWLWLRQLQJ��ZLWK�OHIW�ODWHUDO�VKHDULQJ�DQG�REOLTXH�IROGV��)LJXUH������)LJXUH���������

�
)LJXUH��������D��0DS�RI�WKH�&*36�VWDWLRQ��EOXH�FURVVHV��SXEOLVKHG�E\�.RXODOL�HW�DO��������%ODFN�OLQH��WUDQVHFW�
DORQJ�D�1�����GLUHFWLRQ�QRUPDO�WR�WKH�6$5�DQG�1HNRU�]RQH��UHG�FURVV��SRVLWLRQ�RI�WKH�&*36�VWDWLRQ�SURMHFWHG�RQ�
WKH�WUDQVHFW���E��3ORW�RI�WKH�SURMHFWHG�QRUPV�RI�WKH�&*36�GDWD��)L[HG�(XUDVLD��DJDLQVW�WKH�GLVWDQFH�DFURVV�WKH�
SURILOH��7KH�*DXVVLDQ�ILW�VKRZV�WKH�FKDQJH�RI�UDWHV�RI�ODWHUDO�HVFDSH�LQ�WKH�FHQWUDO�5LI�FRPSDUHG�WR�VWDWLRQV�ORFDWHG�
LQ�WKH�1HNRU�%DVLQ��+2&0���IXUWKHU�HDVW�WKDQ�WKH�1HNRU�%DVLQ��0(/,��DQG�WR�WKH�6RXWK�RI�WKH�1HNRU�)DXOW��6RXWK�
RI�WKH�5$%7�VWDWLRQ�FRQVWDQW�YHORFLWLHV�GHQRWHV�WKH�$IULFD�ULJLG�EORF��

7KH�WUDQVSUHVVLRQ�ZDV�HIIHFWLYH�DORQJ�WKH�6$5�GXULQJ�WKH�HDUO\�3OLRFHQH��ZKHQ�WKH�FRQWLQHQWDO�

PDUJLQV�RI�WKH�$OERUDQ�%DVLQ�ZHUH�H[SHULHQFLQJ�OHVV�RUWKRJRQDO�VKRUWHQLQJ��:H�SURSRVH�WKDW�

WKH�IRUPDWLRQ�DQG�HYROXWLRQ�RI�WKH�6$5�GXULQJ�WKH�3OLRFHQH�LV�OLQNHG�WR�WKH�SODWH�FRQYHUJHQFH�

FRXSOHG�ZLWK�GHHS�OLWKRVSKHULF�SURFHVVHV��)LJ���������

������� 3OHLVWRFHQH�WR�SUHVHQW�GD\�VWUDLQ�SDUWLWLRQLQJ�DQG�LQGHQWDWLRQ�

7KH�SUHVHQW�GD\�SODWH�ERXQGDU\�EHWZHHQ�$IULFD�DQG�(XUDVLD�LV�GLIIXVHG�DQG�FRXOG�UHVXOW�RI�WKH�

WHFWRQLF�LQGHQWDWLRQ�RI�WKH�$IULFD�SODWH�LQWR�WKH�%HWLFR�5LILDQ�EORFN��)LJXUH�����DQG)LJXUH�������

H�J��3DODQR�HW� DO��� �������6LQFH� WKH�3OLRFHQH� VHYHUDO�REVHUYDWLRQV�SRLQW� WRZDUG�D�GLVWULEXWHG�

GHIRUPDWLRQ�ZKLFK�HYROYHV�WKURXJK�WLPH������D�SURJUHVVLYH�WUDQVLWLRQ�IURP�D�WUDQVSUHVVLYH�WR�D�

FRPSUHVVLYH�GHIRUPDWLRQ�DORQJ�WKH�$OERUDQ�5LGJH�DQG�WKH�6$5��)LJXUH������������D�4XDWHUQDU\�

ORFDO�VXEVLGHQFH�DVVRFLDWHG�WR�1�6�VHJPHQWV�RI�WKH�$O�,GULVVL�IDXOW��)LJXUH����)LJXUH������������

D�3OHLVWRFHQH�WR�SUHVHQW�GD\�DFWLYLW\�11(�66:�IDXOW�VHJPHQWV�VSOD\LQJ�DW�WKH�VHD�IORRU�DQG�
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OLQNLQJ� WR� WKH� VWULNH�VOLS� DFWLYH� VWUXFWXUH� RI� WKH�%RNNR\D� IDXOW� ]RQH� �)LJXUH� ���)LJXUH�� ����

)LJXUH�������

:H�SURSRVH�WKDW�WKLV�GHIRUPDWLRQ�VHWWLQJ�UHVXOWV�IURP�D�FORFNZLVH�URWDWLRQ�RI�WHFWRQLF�EORFNV�

VLQFH�WKH�ODWHVW�7RUWRQLDQ��%ORFN�URWDWLRQV��FRQVWULFWLRQ�LQ�WKH�(DVWHUQ�5LI�DQG�PLJUDWLRQ�RI�WKH�

$WODQWLF�URWDWLRQ�SROH��'H0HWV�HW�DO����������LQGXFH�D�URWDWLRQ�RI�WKH�VOLS�YHFWRU�UHODWLYHO\�WR�WKH�

7$6=�VWUXFWXUHV�VLQFH�WKH�3OLRFHQH��,W�OHDGV�WR�WKH�SUHVHQW�GD\�QHDUO\�RUWKRJRQDO�FRPSUHVVLRQ�

DORQJ�WKH�QRUWKHUQ�$OERUDQ�5LGJH��)LJXUH������&XQKD�HW�DO���������1HUHV�HW�DO���������DQG�WKH�

LQYHUVLRQ�RI�WKH�$OJHULDQ�0DUJLQ��'HUGHU�HW�DO���������+DPDL�HW�DO����������,Q�WKLV�IUDPHZRUN��

QRUPDO�VWULNH�VOLS�EHKDYLRU�REVHUYHG�WR�WKH�QRUWK�RI�WKH�$OERUDQ�5LGJH��*LDFRQLD�HW�DO���������

*UjFLD�HW�DO���������*UHYHPH\HU�HW�DO���������3DORPLQR�HW�DO���������VXJJHVWV�DQ�LQGHQWDWLRQ�RI�

WKH�$IULFD�SODWH�LQWR�WKH�%HWLFR�5LILDQ�EORFN��)LJXUH������3DODQR�HW�DO����������7KLV�LQGHQWDWLRQ�

LV�DFFRPPRGDWHG�WKURXJK�WKH�OHIW�ODWHUDO�$O�,GULVVL�IDXOW�]RQH�DQG�WKH�ULJKW�ODWHUDO�<XVXI�IDXOW�

]RQH��)LJXUH�������7KLV�LQWHUSUHWDWLRQ�LV�VLPLODU�WR�WKH�LQWHUSUHWDWLRQ�RI�*LDFRQLD�HW�DO���������

IRU�WKH�3DORPDUHV�IDXOW�]RQH�WUDQVIHUULQJ�WKH�RUWKRJRQDO�VKRUWHQLQJ�RI�,EHULDQ�PDUJLQ�WRZDUG�

WKH�&DUERQHUDV�IDXOW�]RQH���

$W�SUHVHQW�GD\��LQ�WKH�ZHVWHUQ�SDUW�RI�WKH�$OERUDQ�GRPDLQ��WKH�$O�,GULVVL�IDXOW�]RQH�DQG�WKH�DUHD�

ERXQGHG�E\�WKH�6$5�DQG�WKH�1HNRU�IDXOW�DFFRPPRGDWH�WKH�$IULFD�(XUDVLD�FRQYHUJHQFH��)LJXUH�

���)LJXUH�� ����)LJXUH� ������� 1:�6(� H[WHQVLYH� VWUXFWXUHV� LQ� WKH� 6$5� DQG� 1HNRU� EDVLQ� DUH�

DFFRPPRGDWLQJ� WKH�H[WUXVLRQ�DW� WKH�EDFN�RI� WKH�%HWLFR�5LILDQ�EORFN� �)LJXUH��������7KH�$O�

,GULVVL�IDXOW�]RQH�DQG�WKH�1HNRU�EDVLQ�FRUUHVSRQG�WKHQ�WR�WKH�SUHVHQW�GD\�ERXQGDU\�EHWZHHQ�WKH�

%HWLFR�5LILDQ�EORFN�DQG�WKH�$IULFD�SODWH��VHSDUDWLQJ�WKH�:$%�IURP�WKH�6$%�RIIVKRUH��LQVHW�

)LJ��������%HQHDWK�1RUWKHUQ�0RURFFR��D�VWURQJ�FUXVWDO�WKLFNQHVV�ODWHUDO�YDULDWLRQ�LV�REVHUYHG�DW�

WKH� $O� +RFHLPD� DUHD� �0DQFLOOD� HW� DO�� ������ 'LD]� HW� DO�� ������� ,W� LQGLFDWHV� D� FRQWUDVWHG�

OLWKRVSKHULF�VWUHQJWK�ZKLFK�FDQ�RULJLQDWHV�IURP����FUXVWDO�WKLFNQHVV�YDULDWLRQ�DVVRFLDWHG�WR�WKH�

0LRFHQH�H[WHQVLYH�EHKDYLRU�OLQNHG�WR�WKH�VXEGXFWLRQ�SHULRG��/H�3RXUKLHW�HW�DO���������������RU�

���ORZHU�FUXVW�UHPRYDO�DVVRFLDWHG�WR�GHODPLQDWLRQ�SURFHVVHV��3HWLW�HW�DO����������7KH�SUHVHQW�

GD\�PHFKDQLVPV�RI�FUXVWDO�GHIRUPDWLRQ�RI�WKH�$OERUDQ�GRPDLQ�UHIOHFW�WKH�0LRFHQH�WR�3UHVHQW�

GD\�VWUXFWXUDO�HYROXWLRQ�RI�0LRFHQH�LQKHULWHG�DQG�4XDWHUQDU\�FUXVWDO�GLVFRQWLQXLWLHV�OLQNHG�WR�

EORFN�URWDWLRQV��7KH�PHFKDQLFDO�EHKDYLRU�RI�WKH�OLWKRVSKHUH�LV�VWURQJO\�LQIOXHQFHG�E\�WKH�SODWH�

ERXQGDU\�FRQGLWLRQV�DQG�WKHLU�HYROXWLRQ��OLQNHG�WR�$IULFD�(XUDVLD�FRQYHUJHQFH�DQG�OLWKRVSKHULF�

VLQNLQJ�DQG�RU�GHODPLQDWLRQ��
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����� &RQFOXVLRQ�

:H�WU\�LQ�WKLV�VWXG\�WR�EHWWHU�H[SODLQ�WKH�JHRG\QDPLF�HYROXWLRQ�RI�WKH�$OERUDQ�GRPDLQ�DW�WKH�

VRXWKHUQ� WLS� RI� WKH� $OERUDQ� 5LGJH� GXULQJ� WKH� 3OLR�4XDWHUQDU\� SHULRG�� DQG� SDUWLFXODUO\� WKH�

GLVWLQFW�VWUXFWXUDO�HYROXWLRQV�DQG�LQWHUDFWLRQV�RI� WKH�$O�,GULVVL�IDXOW�]RQH�� WKH�$OERUDQ�5LGJH�

DQG�WKH�7$6=��DQG�WKH�PHFKDQLVPV�DVVRFLDWHG�WR�WKHLU�IRUPDWLRQ���

7KH�DQDO\VLV�RI�RQVKRUH�RIIVKRUH�WHFWRQLF�VWUXFWXUHV�DQG�DVVRFLDWHG�RIIVKRUH�FRQWRXULWLF�V\VWHPV�

�5RPDJQ\�������-XDQ�HW�DO��������*LDFRQLD�������DQG�&DSHOOD�HW�DO��������WKLV�VWXG\��OHDG�WR�

WKH�IROORZLQJ�JHRG\QDPLFDO�IUDPHZRUN��

����7KH�7$6=�ORFDOL]HV�WKH�GHIRUPDWLRQ�EHWZHHQ�WKH�0LRFHQH�DQG�WKH�HQG�RI�WKH�3OLRFHQH��

,WV�LQKHULWHG�RULHQWDWLRQ�IDYRUV�D�VWULNH�VOLS�PRYHPHQW�LQ�UHVSRQVH�WR�EDFN�DUF�H[WHQVLRQ��

7KH�$OERUDQ�5LGJH�DQG�WKH�6$5�UHSUHVHQW�DW�WKLV�WLPH�D�OHIW�ODWHUDO�VWULNH�VOLS�IDXOW�]RQH��

ZKLFK�DFFRPPRGDWHV�DV�D�VWHS�IDXOW�WKH�ZHVWZDUG�PLJUDWLRQ�RI�WKH�$OERUDQ�GRPDLQ��

����7KH� FRQFRPLWDQFH� RI� EDFN�DUF� H[WHQVLRQ� DQG�$IULFD�(XUDVLD� FRQYHUJHQFH� OHDGV� WR� D�

VW\OH� RI� GHIRUPDWLRQ� YDU\LQJ� LQ� VSDFH� DQG� WLPH�� 7KH� 6$5� XQGHUJRHV� WUDQVSUHVVLRQ�

ZKHUHDV�IXUWKHU�HDVW�WHFWRQLF�LQYHUVLRQ�RI�WKH�$OJHULDQ�DQG�,EHULDQ�PDUJLQ�RFFXUV��7KH�

UKRPELF� VWUXFWXUHV� RI� WKH� 6$5� LOOXVWUDWH� DQ� LPSRUWDQW� OHIW�ODWHUDO� GLVSODFHPHQW� VWLOO�

DFWLYH�GXULQJ�WKH�3OLRFHQH��

����7KH�LQYHUVLRQ�DQG�XSOLIW�RI�WKH�H[WHUQDO�5LI�XQLWV�UHFRUG�WKH�WUDQVLWLRQ�IURP�VXEGXFWLRQ�

WR�FROOLVLRQ�SURFHVVHV��7KH�DUHD�EHWZHHQ�WKH�6$5�DQG�WKH�1HNRU�IDXOW�LV�SURJUHVVLYHO\�

FRXSOHG�WR�WKH�$IULFD�SODWH�DJDLQVW�WKH�LQWHUQDO�5LI��7KH�WUDQVSUHVVLRQ�RI�WKH�6$5�OHDGV�

WR�FORFNZLVH�EORFN�URWDWLRQV���

����7KH�EORFN�URWDWLRQV�DQG�WKH�LQFUHDVH�RI�WKH�FRQYHUJHQFH�UDWHV�IURP��0D�WR�SUHVHQW�GD\�

OHDGV�WR�D�SURJUHVVLYH�FRPSUHVVLRQ�RQ�WKH�$OERUDQ�5LGJH�DQG�WKH�QXFOHDWLRQ�RI�WKH�$O�

,GULVVL�IDXOW�]RQH��7KLV�QXFOHDWLRQ�LV�UHFRUGHG�GXULQJ�WKH�3OHLVWRFHQH�E\�WKH�VXEVLGHQFH�

RI�ERWK�WKH�1HNRU�EDVLQ�DQG�WKH�$O�,GULVVL�YROFDQR��

7KH� SUHVHQW�GD\� WHFWRQLF� PDS� DQG� WKH� *36� GDWD� LQGLFDWH� WKDW� WKH� $OERUDQ� EDVLQ� FDQ� EH�

DVVLPLODWHG�WR�D�QRQ�ULJLG�EORFN��QDPHG�WKH�%HWLFR�5LILDQ�EORFN�ERXQGHG�E\�WKH�$IULFD�DQG�WKH�

(XUDVLD� SODWHV�� 7KLV� EORFN� SUHVHQWV� D� GLVWULEXWHG� GHIRUPDWLRQ� FKDUDFWHUL]LQJ� WKH� WHFWRQLF�

LQGHQWDWLRQ�RI�WKH�$IULFD�SODWH�LQ�WKH�$OERUDQ�'RPDLQ�DQG�LWV�H[WUXVLRQ�ZHVWZDUG��7KH�$O�,GULVVL�

IDXOW� WUDQVIHUV� WKLV� LQGHQWDWLRQ� WR� WKH� 1HNRU� %DVLQ�� 7KH� 1HNRU� EDVLQ� DFFRPPRGDWHV� WKH�

VKRUWHQLQJ�DQG�WKH�SUHVHQW�GD\�ZHVWZDUG�H[WUXVLRQ�RI�WKH�5LI��

�
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�&KDSLWUH�����'LVFXVVLRQ�HW�SHUVSHFWLYHV�

� �
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��� &DUDFWpULVDWLRQ�GH�OD�WHFWRQLTXH�DFWLYH�JUkFH�j�O¶pWXGH�PRUSKRORJLTXH�
GH�OD�SODWHIRUPH�

'DQV�OHV�FKDSLWUHV�SUpFpGHQWV�QRXV�DYRQV�FDUDFWpULVp�OHV�VWUXFWXUHV�3OLRFqQH�j�DFWXHOOHV�DIIHFWDQW�

OH�EDVVLQ�GH�1HNRU��OD�5LGH�6XG�$OERUDQ�HW�OD�]RQH�GH�IDLOOH�G¶$O�,GULVVL��1RXV�DYRQV�pJDOHPHQW�

FDUDFWpULVp�OD�PRUSKRORJLH�GH�OD�SODWHIRUPH�VpGLPHQWDLUH�0DURFDLQH�HW�SURSRVp�XQ�PRGqOH�G¶kJH�

H[SOLTXDQW�O¶DUFKLWHFWXUH�GH�FHWWH�SODWHIRUPH��*UkFH�j�FH�PRGqOH�G¶kJH��QRXV�SRXYRQV�SURSRVHU�

GHV�YDOHXUV�GH�VXEVLGHQFH�SRXU�OH�EDVVLQ�GH�1HNRU���

�����7DX[�GH�VXEVLGHQFH�DVVRFLp�j�OD�IDLOOH�GH�7URXJRXW�GHSXLV�OH�/*0�

1RXV�DYRQV�FRQVWDWp�VXU�OD�EDWK\PpWULH�XQ�UHMHW�YHUWLFDO�OLp�j�O¶H[SUHVVLRQ�HQ�VXUIDFH�GH�OD�IDLOOH�

GH�7URXJRXW��1RXV�SRXYRQV�FDOFXOHU�DSSUR[LPDWLYHPHQW�OH�UHMHW�GH�FHWWH�IDLOOH�j�SDUWLU�GH�SURILOV�

WRSRJUDSKLTXHV��)LJXUH�������/H�UHMHW�GH�OD�IDLOOH�HVW�FRPSULV�HQWUH����P��SURILO�3���)LJXUH������

HW����P��3URILOV�3��HW�3���)LJXUH�������(Q�FRQVLGpUDQW�XQ�WDX[�GH�VpGLPHQWDWLRQ�pJDO�GH�SDUW�HW�

G¶DXWUH� GH� OD� IDLOOH�� DORUV� OH� UHMHW� REVHUYp� FRUUHVSRQG� DX� UHMHW� UpHO�� &HSHQGDQW�� OH� WDX[� GH�

VpGLPHQWDWLRQ� HVW� IDLEOH� VXU� OH� PXU� (VW� GH� OD� IDLOOH� SXLVTXH� QRXV� Q¶REVHUYRQV� SDV�

G¶DFFXPXODWLRQV�VpGLPHQWDLUHV��,O�HVW�GRQF�SRVVLEOH�TXH�OH�UHMHW�YHUWLFDO�VRLW�VXSpULHXU�DX�UHMHW�

REVHUYp� VXU� OH� SURILO��/H� UHMHW� YHUWLFDO� REVHUYp� FRUUHVSRQG�GRQF� j� XQ� UHMHW� YHUWLFDO� DSSDUHQW�

PLQLPXP��/D�YDOHXU�PR\HQQH�GH�UHMHW�YHUWLFDO�pWDQW�GDQV�OD�UpVROXWLRQ�YHUWLFDOH�GH�OD�VLVPLTXH�

VSDUNHU��LO�Q¶HVW�SDV�SRVVLEOH�GH�YpULILHU�HQ�SURIRQGHXU� O¶pSDLVVHXU�HW�OD�JpRPpWULH�GHV�GpS{WV�

SRVW�UHMHWV���

1RXV�REVHUYRQV�XQH�YDULDWLRQ�1�6�GX�UHMHW�YHUWLFDO��)LJXUH�������/H�UHMHW�YHUWLFDO�HVW�PD[LPXP�

DX� QLYHDX� GHV� SOXV� IRUWV� JUDGLHQWV� GH� SHQWH� HW� GLPLQXH� YHUV� OH� 6XG� R�� QRXV� REVHUYRQV�

SDUWLHOOHPHQW�XQ�FRUSV�VpGLPHQWDLUH�LQWHUSUpWp�FRPPH�XQH�GXQH�ORFDOLVp�j�O¶DSORPE�GH�OD�IDLOOH�

�)LJXUH� ������ &H� FRUSV� VpGLPHQWDLUH� G¶DPSOLWXGH�PpWULTXH� FDFKqWH� OD� IDLOOH� GH� 7URXJRXW� HQ�

VLVPLTXH�UpIOH[LRQ�HW�HVW�GRQF�SRVWpULHXUH�j�O¶DFWLYLWp�GH�OD�IDLOOH��)LJXUH�������6LWXp�DX�GHVVXV�

GH���P�E�V�O���FH�FRUSV�VpGLPHQWDLUH�HVW�SUREDEOHPHQW�XQ�FRUSV�+RORFqQH�RX�SOXV�UpFHQW�TXH�OH�

<RXQJHU� 'U\DV� ������DQV��� /HV� GpS{WV� DVVRFLpV� FRPEOHQW� SDUWLHOOHPHQW� O¶HVSDFH�

G¶DFFRPPRGDWLRQ�WHFWRQLTXH�HQ�SURJUDGDQW��
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�
)LJXUH� ������ 9DULDWLRQV� GH� OD� EDWK\PpWULH� GH� SDUW� HW� G¶DXWUH� GH� OD� IDLOOH� GH� 7URXJRXW� j� SDUWLU� GHV� SURILOV�
EDWK\PpWULTXHV��'LDJUDPPHV�pOpYDWLRQV���'LDPDQW�URXJH��SRVLWLRQ�GX�PD[LPXP�GH�SHQWH��/HV�GURLWHV�MDXQHV�HW�
URXJHV� FRUUHVSRQGHQW� DX[� UpJUHVVLRQV� SRO\QRPLDOHV� G¶RUGUH� �� UpDOLVpHV� SRXU� OHV� VHFWLRQV� GH� FRXUEHV�
WRSRJUDSKLTXHV� �HQ� EOHX�� GH� SDUW� HW� G¶DXWUH� GX� PD[LPXP� GX� SURILO� GH� SHQWH�� /HV� SHQWHV� VRQW� FDOFXOpHV� VXU�
*OREDOPDSSHU�HW�VRQW�ILOWUpHV�SDU�XQ�ILOWUH�PR\HQ�DYHF�XQH�IHQrWUH�GH���P�j���P�VHORQ�OHV�SURILOV��/D�GLIIpUHQFH�
HQWUH�OHV�GURLWHV�URXJH�HW�MDXQH�j�OD�SRVLWLRQ�GX�PD[LPXP�GH�SHQWH�LQGLTXH�OH�UHMHW�YHUWLFDO�OH�ORQJ�GX�SURILO��

1RXV�REVHUYRQV�TXH�OHV�SHQWHV�PD[LPDOHV�DWWHLQWHV�OH�ORQJ�GX�SURILO�VRQW�FRPSULVHV�HQWUH������

HW� ��� DSUqV� SDVVDJH� G¶XQ� ILOWUH�PR\HQ� �)LJXUH� ������ &HW� DQJOH� VLPLODLUH� VXU� WRXV� OHV� SURILOV�

VXJJqUH�TXH�OD�SHQWH�DX�IURQW�GX�PLURLU�GH�IDLOOH�HVW�HIIRQGUpH�HW�OLVVpH�SDU�GHV�SURFHVVXV�pURVLI�

�HIIRQGUHPHQW� JUDYLWDLUH��� &HWWH� SHQWH� IDLEOH� SRXUUDLW� LQGLTXHU� TXH� OHV� PDWpULDX[� VRQW� SHX�

FRKpVLIV�HW�RQW�WHQGDQFH�j�QH�SDV�PDLQWHQLU�OD�SHQWH�DX�FRXUV�GX�WHPSV��H�J��$YRXDF�HW�3HOW]HU��

������ &DUUHWLHU� HW� DO��� ������� /HV� FRXUEHV� GHV� JUDGLHQWV� GH� SHQWHV� VRQW� DSSUR[LPDWLYHPHQW�

V\PpWULTXHV��'DQV� OHV�PRGqOHV� V\QWKpWLTXHV� FH� W\SH� GH�PRUSKRORJLH� LQGLTXH� XQ� pYqQHPHQW�

XQLTXH��H�J��&DUUHWLHU�HW�DO����������3DU�FRQVpTXHQW�QRXV�HVWLPRQV�TXH�OH�GpFDODJH�VXU�OD�IDLOOH�

GH�7URXJRXW�FRUUHVSRQG�j�XQ�RX�SOXVLHXUV�pYqQHPHQWV�SDU�DLOOHXUV�WUqV�UDSSURFKpV�GDQV�OH�WHPSV��
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�
)LJXUH�������3URILO�VLVPLTXH�0$%�����&H�SURILO�LQGLTXH�OD�SRVLWLRQ�GH�OD�IDLOOH�GH�7URXJRXW�j�O¶DSORPE�G¶XQH�GXQH�
DV\PpWULTXH�� /D� VXUIDFH� 6'7�� HVW� GpILQLH� GDQV� OH� FKDSLWUH� ��� (OOH� HVW� GpFDOpH� SDU� OD� IDLOOH� GH� 7URXJRXW�� /D�
UpVROXWLRQ�YHUWLFDOH�GX�SURILO�QH�SHUPHW�SDV�G¶REVHUYHU�GH�GpFDODJH�IODJUDQW�GHV�UpIOHFWHXUV�LQWHUQHV�j�OD�GXQH��
/HV�ELVHDX[�GH�SURJUDGDWLRQ�YHUV�OH�62�SRXUUDLHQW�rWUH�LQWHUSUpWpV�FRPPH�GHV�SURJUDGDWLRQV�OLpHV�j�OD�FUpDWLRQ�
G¶HVSDFH� ORUV�GX�GpSODFHPHQW� FR�VLVPLTXH��&HV�ELVHDX[�SRXUUDLHQW�DXVVL� rWUH� LQWHUSUpWpV� FRPPH�GHV�SLHGV�GH�
GXQHV�SUpVHUYpV�SDU� OD� VXEVLGHQFH��$� FHWWH�SRVLWLRQ�� OD�GXQH�SRXUUDLW� FRUUHVSRQGUH�DX�ERWWRPVHW�G¶XQ�SULVPH�
SURJUDGDQW�WUDQVJUHVVLI��/H�GpFDODJH�GX�UpIOHFWHXU�YHUW�FRUUHVSRQG�j�HQYLURQ����PVWZW�VRLW�HQYLURQ����P�j����P�
DYHF�YS ����P�V���

3RXU�GDWHU�O¶kJH�PD[LPDO�GX�UHMHW�YHUWLFDO��QRXV�SRXYRQV�IDLUH�O¶K\SRWKqVH�VXLYDQWH���OH�UHMHW�

YHUWLFDO�REVHUYp�FRUUHVSRQG�DX�UHMHW�WRWDO�HQUHJLVWUp�OH�ORQJ�GH�OD�IDLOOH�GH�7URXJRXW�GHSXLV�OD�

IRUPDWLRQ� GH� OD� WHUUDVVH� 6'7�� �)LJXUH� ������ 1RXV� DGPHWWRQV� GRQF� FRPPH� K\SRWKqVHV�

VHFRQGDLUHV�TXH�����O¶pURVLRQ�DpULHQQH�HW�VXE±DpULHQQH�D�UHPLV�OD�WRSRJUDSKLH�j�]pUR�����OH�WDX[�

GH�VpGLPHQWDWLRQ�HVW�FRQVWDQW�GH�SDUW�HW�G¶DXWUH�GX�SODQ�GH�IDLOOH��1RXV�DYRQV�FRUUpOp�OD�SHQWH�

UpJLRQDOH�j�GHV�IRQFWLRQV�DIILQHV�GH�SDUW�HW�G¶DXWUH�GH�OD�IDLOOH�HW�FRQVWDWp�TXH�O¶pFDUW�HQWUH�OHV�

SHQWHV�UpJLRQDOHV�ORLQ�GH�OD�IDLOOH�HVW�LQIpULHXUH�j��������

3RXU� XQ� kJH� PD[LPXP� GH� ��� ���� DQV�� FHV� K\SRWKqVHV� SHUPHWWHQW� GH� FDOFXOHU� XQ� WDX[� GH�

GpIRUPDWLRQ�YHUWLFDO�PLQLPXP�GHݒ�௭ ൌ ͲǤͲͻ േ ͲǤ͸ͲPP�DQ�j�SDUWLU�GHV�SURILOV�WRSRJUDSKLTXHV�
�UHMHW�YHUWLFDO�PLQLPXP�GH����P���'H�PrPH��OH�WDX[�GH�GpIRUPDWLRQ�YHUWLFDOH�PR\HQ�REWHQXH�j�
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SDUWLU�GX�GpFDODJH�GH��P�GH�OD�WHUUDVVH�6'7��LPDJpH�HQ�VLVPLTXH�UpIOH[LRQ��LPDJHULH�VLVPLTXH�

VSDUNHU�GH�UpVROXWLRQ�YHUWLFDOH�PpWULTXH���)LJXUH������HVWݒ�௭ ൌ Ͳǡͳ͵ͷ േ ͲǤʹͷPP�D���
&HV�WDX[�GH�GpIRUPDWLRQ�VRQW�GDQV�O¶RUGUH�GH�JUDQGHXU�GX�WDX[�GH�VRXOqYHPHQW�GH������PP�D�

FDOFXOp�VXU�GHV�WHUUDVVHV�PDULQHV�j�WHUUH�GHSXLV�����ND��3RXMRO�HW�DO����������

/HV� YLWHVVHV� GH� VRXOqYHPHQW� REWHQXHV� SDU� 3RXMRO� HW� DO�� ������� VXJJqUHQW� TXH� OH� WDX[� GH�

GpIRUPDWLRQ�HVW�VXSpULHXUH�YHUV�OH�ULYDJH��(Q�HIIHW�OH�WDX[�GH�VRXOqYHPHQW�j�WHUUH�FDUDFWpULVH�OH�

FRPSRUWHPHQW�GX�EORF�KDQJLQJ�ZDOO��2XHVW��GH�OD�IDLOOH�GH�7URXJRXW�HW�QH�FDUDFWpULVH�SDV�OH�

PRXYHPHQW�GX�EORF�IRRW�ZDOO��(VW����

/H� WDX[� GH� GpIRUPDWLRQ� YHUWLFDO� PR\HQ� DVVRFLp� j� OD� IDLOOH� GH� 7URXJRXW� QH� UHSUpVHQWH�

SUREDEOHPHQW�OD�WDX[�GH�GpIRUPDWLRQ�YHUWLFDO�HQWUH�OH�PRPHQW�R��OD�IDLOOH�HVW�FDFKpWpH�SDU�OH�

FRUSV� VpGLPHQWDLUH� VXU� VD� SDUWLH� 6XG� HW� OD� IRUPDWLRQ� GH� OD� WHUUDFH� VRXV�PDULQH�� &H� FRUSV�

VpGLPHQWDLUH�FXOPLQH�VXU�QRV�GRQQpHV�j�HQYLURQV���P�E�V�O��&H�TXL�FRUUHVSRQG�DX�QLYHDX�PDULQ�

j�OD�ILQ�GX�0:3��%��������DQV���(Q�DGPHWWDQW�TXH�FHWWH�EDWK\PHWULH�LQGLTXH�XQ�kJH�PD[LPDO��

/H�WDX[�GH�GpIRUPDWLRQ�YHUWLFDO�VHUDLW�FRPSULV�HQWUH����PP�DQ�HW����PP�DQ�VXU�XQH�SpULRGH�GH�

����DQV���

/HV� YLWHVVHV� GH� GpSODFHPHQWV� YHUWLFDX[� VXU� OD� IDLOOH� GH� 7URXJRXW� LQGLTXHQW� XQ� WDX[� GH�

GpIRUPDWLRQ�PR\HQ�GH�����PP�DQ�HW�XQ�WDX[����PP�DQ��/H�WDX[�GH�VXEVLGHQFH�j�ORQJ�WHUPH�

FRPSULV�HQWUH�����PP�DQ�HW�����PP�D�SRXUUDLW�LQGLTXHU�TXH�OD�VXEVLGHQFH�GX�EDVVLQ�GH�1HNRU�

HVW� DFFRPPRGpH�SDU� XQ�QRPEUH� UHVWUHLQW� GH� UXSWXUHV� DVVRFLpHV� j� OD� IDLOOH� GH�7URXJRXW�3RXU�

FRQWUDLQGUH�SOXV�SUpFLVpPHQW�O¶kJH�GX�GHUQLHU�HVFDUSHPHQW�GH�IDLOOH��LO�VHUDLW�SRVVLEOH�GH�UpDOLVHU�

XQ� HVFDUSHPHQW� V\QWKpWLTXH� HW� GH� FDOFXOHU� OD� GpJUDGDWLRQ� GH� FHWWH� HVFDUSHPHQW� OLpH� j�

O¶pIIRQGUHPHQW� JUDYLWDLUH� GX�SODQ�GH� IDLOOH��'HV� WUDYDX[� VLPLODLUHV� H[LVWHQW� j� WHUUH� �$YRXDF��

������&DUUHWLHU�HW�DO����������LOV�VH�EDVHQW�VXU�OH�IDLW�TXH�OH�SURGXLW�GH�O¶pURVLRQ�JUDYLWDLUH�VXU�OHV�

HVFDUSHPHQWV�GH�IDLOOH�HVW�DVVLPLODEOH�j�XQ�SURFHVVXV�GH�GLIIXVLRQ��'qV�ORUV��LO�HVW�SRVVLEOH�GH�

FDOFXOHU� OD� WRSRJUDSKLH� HQ� XWLOLVDQW� XQ� PRGqOH� HQ� GLIIpUHQFH� ILQLH� UpVROYDQW� O¶pTXDWLRQ� GH�

GLIIXVLRQ� j� FKDTXH� LQVWDQW� j� SDUWLU� G¶XQ� pWDW� LGpDOLVp� GH� O¶HVFDUSHPHQW� GH� IDLOOH�� /¶kJH�

PRUSKRORJLTXH�GH�OD�IDLOOH�FRUUHVSRQGUDLW�j�OD�VROXWLRQ�GH�O¶pTXDWLRQ�GH�GLIIXVLRQ�PLQLPLVDQW�

O¶HUUHXU�HQWUH�OH�PRGqOH�V\QWKpWLTXH�HW�OD�PRUSKRORJLH�REVHUYpH�GX�SODQ�GH�IDLOOH��'DQV�FH�FDGUH�

PpWKRGRORJLTXH��LO�VHUDLW�DXVVL�SRVVLEOH�G¶HVWLPHU�O¶LQIOXHQFH�GH�O¶DFFXPXODWLRQ�GH�VpGLPHQWV�

HW�GH�OD�UpVLVWDQFH�j�O¶pURVLRQ�VXU�OD�PRUSKRORJLH�GH�O¶HVFDUSHPHQW�GH�IDLOOH��
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�����7DX[�GH�VXEVLGHQFH�DVVRFLpH�j�OD�WHUPLQDLVRQ�1RUG�GH�OD�IDLOOH�GH�7URXJRXW�

/D� OLJQH�0$%����SHUPHW�G¶HVWLPHU� OHV� WDX[�GH�VXEVLGHQFH�j�SDUWLU�GHV�SRVLWLRQV�GHV�RIIODS�

EUHDNV� FRUUHVSRQGDQW� DX[� PD[LPXPV� GH� FKXWHV� OLpV� DX[� YDULDWLRQV� HXVWDWLTXHV�� &HV� RIIODS�

EUHDNV� FRUUHVSRQGHQW� j� GHV� SDOpR�ULYDJHV� �)LJXUH� ������ 1RXV� SRXYRQV� HVWLPHU� OHV� WDX[� GH�

VXEVLGHQFH�j�SDUWLU�GH�FHV�SDOpR�ULYDJHV�G¶DSUqV�OD�VLVPLTXH�UpIOH[LRQ��'DQV�QRV�UHFRQVWLWXWLRQV�

QRXV�QpJOLJHRQV� O¶HIIHW�GH� OD� FRPSDFWLRQ�TXH�QRXV�FRQVLGpURQV�QXO�SRXU�FHV�SURIRQGHXUV�HW�

DSSUR[LPRQV�OD�YDOHXU�GH�YLWHVVH�9S�GDQV�OD�FRORQQH�VpGLPHQWDLUH�j�����P�V�SRXU�OHV�VpGLPHQWV��

$�FHV�SURIRQGHXUV�XQH�YDULDWLRQ�GH���PV� LQGXLW�GDQV�QRV�PRGqOHV�XQH�YDULDWLRQ�GH� WDX[�GH�

VXEVLGHQFH�QpJOLJHDEOH��

1RXV�DYRQV�VpOHFWLRQQp�XQH�FRXUEH�GH�QLYHDX[�PDULQV�pWDEOLH�SRXU�OD�0HU�5RXJH��*UDQW�HW�DO��

������FDU�FHWWH�FRXUEH�PRQWUH�PRLQV�GH�ODFXQHV�TXH�OD�FRXUEH�GH�5RKOLQJ�HW�DO�������SRXU�OH�

56/�j�*LEUDOWDU��/HV�DPSOLWXGHV�GH�FKXWHV�VHURQW�VRXV�HVWLPpHV�FRPSDUDWLYHPHQW�DX[�UpVXOWDWV�

GH�5ROKLQJ�HW�DO�������SRXU�OHV�VWDGHV�LVRWRSLTXHV�0,6���0,6��HW�VXUHVWLPpV�SRXU�OHV�VWDGHV�

0,6��HW�0,6�����)LJXUH����E���3RXU�OH�VWDGH�0,6����XQ�pYqQHPHQW�VDSURSHO�PDVTXH�OH�VLJQDO��

/D� FRXUEH� GH�*UDQW� HW� DO�� �������PRQWUH� XQ�PD[LPXP� GH� FKXWH� j� ����P� DX�0,6��� FH� TXL�

FRUUHVSRQG�j�OD�EDWK\PpWULH�GH�OD�WHUUDVVH�6'7����

3XLVTXH�OHV�RIIODS�EUHDNV�FRUUHVSRQGHQW�j�GHV�QLYHDX[�PDULQV�GH��P��QRXV�SRXYRQV�pFULUH�TXH�

OH�WDX[�GH�VXEVLGHQFH�6�HQWUH�GHX[�SDV�GH�WHPSV�WL�HW�WL���SRXU�XQH�DPSOLWXGH�GH�FKXWH�GX�QLYHDX�

PDULQ�ܼெோௌ�L��HW�XQH�SURIRQGHXU�G¶RIIODS�EUHDN�ܼ௢௙௙�L����
ܵ ൌ � ሾܼ௢௙௙ሺ݅ ൅ ͳሻ െ�ܼ௢௙௙ሺ݅ሻ െ ܼ௠௥௦ሺ݅ ൅ ͳሻ ൅�ܼ௠௥௦ሺ݅ሻሿȀሺݐ௜ାଵ െ �௜ሻ�����������������������ሺʹሻݐ

8QH�VXUHVWLPDWLRQ�GH�O¶DPSOLWXGH�GH�FKXWH�UHYLHQW�GRQF�j�PLQRUHU�OH�WDX[�GH�VXEVLGHQFH�YRLUH�

j�FRQVLGpUHU�XQ�VRXOqYHPHQW��)LJXUH�������/¶HVWLPDWLRQ�GH�OD�VXEVLGHQFH�HVW�PLQRUp�SDU�OH�FKRL[�

G¶XQ�PD[LPXP�GH�FKXWH�j�����P�j�0,6���G¶DSUqV�OD�FRXUEH�GH�*UDQW�HW�DO��������/D�YDOHXU�GH�

���P�j�0,6����SRXU�OD�FRXUEH�GH�56/�j�*LEUDOWDU��5RKOLQJ�HW�DO��������SHUPHW�G¶DYRLU�XQ�WDX[�

GH�VXEVLGHQFH�SOXV�SURFKH�GHV�YDOHXUV�DYRLVLQDQWHV��)LJXUH��������

,QYHUVHPHQW�� SXLVTX¶XQH� VXUHVWLPDWLRQ� GHV� DPSOLWXGHV� GH� FKXWH� GX� QLYHDX�PDULQ� FRQGXLW� j�

PDMRUHU�OH�WDX[�GH�VXEVLGHQFH��OH�WDX[�GH�VXEVLGHQFH�HQWUH�0,6��HW�0,6��HVW�SUREDEOHPHQW�WURS�

pOHYp��/H�WDX[�GH�VXEVLGHQFH�SURFKH�GH��P�HQWUH�0,6���HW�O¶DFWXHO�LQGLTXH�SUREDEOHPHQW�TXH�

QRV�PHVXUHV�GHV�PRXYHPHQWV�YHUWLFDX[�j�FHW�HQGURLW�QH�SHUPHWWHQW�SDV�G¶REWHQLU�XQH�PHVXUH�

FRUUHFWH��
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)LJXUH��������$��([WUDLW�GH�OD�OLJQH�VLVPLTXH�0$%�����/HV�SRLQWV�URXJHV�FRUUHVSRQGHQW�DSSUR[LPDWLYHPHQW�j�OD�
SRVLWLRQ�GHV�RIIODS�EUHDNV���%��&DOFXO�GHV�WDX[�GH�VXEVLGHQFH�j�SDUWLU�GHV�RIIODS�EUHDNV�HW�G¶XQH�FRXUEH�GH�QLYHDX�
PDULQ�UHODWLI�PRGLILpH�GH�*UDQW�HW�DO�����������/HV�WDX[�GH�VXEVLGHQFH�VRQW�FDOFXOpV�HQWUH�OHV�PD[LPXPV�GH�EDV�
QLYHDX�PDULQ�UHSUpVHQWpV�SDU�GHV�GLDPDQWV�EOHXV��/HV�EDUUHV�JULVHV�FRUUHVSRQGHQW�DX[�WDX[�GH�VXEVLGHQFH�FDOpV�
VXU�OD�FRXUEH�GH�*UDQW�HW�DO��������HQ�URVH��SRXU�OD�YDOHXU�GH���P�0,6���GH�5RKOLQJ�HW�DO���������

/D�JpRPpWULH�GHV�SULVPHV�GH�FKXWH�SRXUUDLW�LQGLTXHU�GHV�YDULDWLRQV�GX�QLYHDX�PDULQ�UHODWLI�GH�

ORQJXHXUV� G¶RQGHV� SOXV� FRXUWHV� �RUGUH� ���� OLpV� DX� FOLPDW� RX� DX[� F\FOHV� GH� SUpFHVVLRQ���

&HSHQGDQW�� FHOD� UHYLHQGUDLW� j� SUpVHUYHU� GHV� SULVPHV� GH� FKXWHV�� TX¶LO� VHUDLW� WUqV� GLIILFLOH� GH�

GLIIpUHQFLHU�GHV�PD[LPXPV�GH�FKXWHV�OLpV�j�O¶H[FHQWULFLWp��3DU�FRQVpTXHQW��FHOD�UHYLHQGUDLW�j�

VXUHVWLPHU�SDU�XQ�IDFWHXU��� �SDVVDJH�G¶XQH�F\FOLFLWp����ND�j���ND��DX�PLQLPXP�OHV� WDX[�GH�

VXEVLGHQFH��&HWWH�VROXWLRQ�HVW�DVVH]�LPSUREDEOH�SXLVTXH��OHV�YDOHXUV�GHV�PRXYHPHQWV�YHUWLFDX[�

SOXV�DX�6XG�SHUPHWWHQW�GH�FRQWU{OHU�OHV�YDOHXUV�GH�PRXYHPHQWV�YHUWLFDX[���
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'DQV�OH�FKDSLWUH����QRXV�DYRQV�PLV�HQ�pYLGHQFH�OD�IDLEOH�

VXEVLGHQFH�GH� OD�SODWHIRUPH�DX�1RUG�(VW�GH� OD� IDLOOH�GH�

7URXJRXW� �)LJXUH� ����� HW� TXH� OH� 5DV� 7DUI� EDVFXOH� YHUV�

O¶(VW��3DUDOOqOHPHQW��OH�VRXOqYHPHQW�GHV�WHUUDVVHV�PDULQHV�

GH�KDXWV�QLYHDX[�D�pWp�PRQWUp�j�WHUUH��3RXMRO�HW�DO���������

/H� EDVFXOHPHQW� UHODWLI� GH� OD� PDUJH� YHUV� OH� 1RUG� HVW�

FRPSDWLEOH�DYHF�XQ�VRXOqYHPHQW�j�WHUUH�HW�XQH�VXEVLGHQFH�

HQ�PHU��/H�EDVFXOHPHQW�YHUV� O¶(VW�SRXUUDLW� rWUH� OLp� j� OD�

JpRPpWULH�GH�O¶H[WHQVLRQ���XQ�UHODLV�YHUV�OH�1RUG�(VW�GH�OD�

IDLOOH� GH� 7URXJRXW� DYHF� OD� IDLOOH� ERUGDQW� OH�+DXW� 6RXV�

0DULQ�GX�YROFDQ�*UDQG�$O�,GULVVL� SRXUUDLW� H[SOLTXHU� FH�

EDVFXOHPHQW��)LJXUH��������

����� ,QIOXHQFH�GH�OD�VLVPLFLWp�VXU�OD�JpRPpWULH�GHV�

FRUWqJHV�GH�GpS{WV���

1RV� REVHUYDWLRQV� GH� OD� PRUSKRORJLH� GH� OD� SODWHIRUPH�

FRQWLQHQWDOH�0DURFDLQH�RQW�PRQWUp�TX¶XQH�H[WHQVLRQ�GDQV�

OH� EDVVLQ� GH� 1HNRU� SURGXLW� XQH� VHJPHQWDWLRQ� GH� FHWWH�

SODWHIRUPH�� &HWWH� VHJPHQWDWLRQ� VH� FDUDFWpULVH� SDU� XQ�

UpVHDX� GH� IDLOOHV� DFWLYHV� SURGXLVDQW� XQH� VXEVLGHQFH� PHVXUDEOH� HQ� VLVPLTXH� UpIOH[LRQ� HW�

FDUDFWpULVpH�VXU�OH�IRQG�GH�PHU��/HV�UXSWXUHV�VXU�OD�IDLOOH�GH�7URXJRXW�HW�RX�VXU�OHV�VHJPHQWV�GH�

IDLOOHV�QRUPDOHV�1�����SRXUUDLHQW�rWUH�HQUHJLVWUpHV�SDU�OD�JpRPpWULH�GHV�FRUWqJHV�GH�GpS{WV�HW�

SRXUUDLHQW�rWUH�LPDJpHV�SDU�OD�VLVPLTXH�UHIOH[LRQ�KDXWH�UpVROXWLRQ�j�OD�PDQLqUH�GH�FH�TXL�HVW�IDLW�

VXU�OHV�IDLOOHV�DFWLYH�HQ�1RXYHOOH�=pODQGH��H�J��%DUQHV�DQG�3RQGDUG��������3RQGDUG�DQG�%DUQHV��

�������'DQV�XQ�FRQWH[WH�GH�WHFWRQLTXH�DFWLYH�LO�HVW�SRVVLEOH�GH�UHPRQWHU�j�GHV�HVWLPDWLRQV�GH�

GpSODFHPHQW�YHUWLFDO�FR�VLVPLTXH�VL�OHV�kJHV�VRQW�VXIILVDPPHQW�FRQWUDLQWV�GHV�GHX[�F{WpV�GH�OD�

IDLOOH��

1RXV�SRXYRQV�REVHUYHU�DX�QLYHDX�GH�OD�IDLOOH�GH�7URXJRXW��GHV�GLVFRUGDQFHV�FDUDFWpULVpHV�SDU�

GHV�ELVHDX[�GH�SURJUDGDWLRQ�IDLEOHPHQW�LQFOLQpV�HW�WUqV�SHX�pSDLV������UpIOHFWHXUV���)LJXUH�������

&HV�ELVHDX[�VRQW�OLPLWpV�YHUV�OH�ULYDJH�SDU�OD�IDLOOH�GH�7URXJRXW�HW�SRXUUDLHQW�FRUUHVSRQGUH�DX�

FRPEOHPHQW�GH�O¶DFFRPPRGDWLRQ�WHFWRQLTXH�FR�VLVPLTXH��/D�UpVROXWLRQ�YHUWLFDOH�GH�OD�VLVPLTXH�

VSDUNHU�QH�SHUPHW�SDV�GH�UpDOLVHU�XQH�pWXGH�GH�SDOpR�VLVPLFLWp�GH�OD�IDLOOH�GH�7URXJRXW�HQ�UDLVRQ�

)LJXUH� ������ 6FKpPD� GX� UHODLV� GH� IDLOOHV�
HQWUH� OD� IDLOOH� GH� 7URXJRXW� HW� OD� IDLOOH�
ERUGDQW� OH� KDXW� VRXV�PDULQ� GX� JUDQG�
,GULVVL���6��VXEVLGHQFH���8���XSOLIW���9Y�WDX[�
GH�GpIRUPDWLRQ�YHUWLFDO�
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GH�OD�IDLEOH�pSDLVVHXU�GH�FHV�SULVPHV�HW�GX�IDLEOH�UHMHW�YHUWLFDO�FXPXOp�VXU�OD�IDLOOH�GH�7URXJRXW�

���P���OHV�GRQQpHV�GH�VRXUFH�ERRPHU�SOXV�KDXWH�UpVROXWLRQ�Q¶RQW�SDV�pWp�DFTXLVHV�VXU�FHWWH�]RQH���

6XU�OH�5DV�7DUI��]RQH�HQ�VXUUHFWLRQ��QRXV�DYRQV�REVHUYp�XQH�WHUUDVVH�VRXV�PDULQH�pURVLYH�HQWUH�

���P�HW����P��&KDSLWUH����6XU�OHV�]RQHV�HQ�VXEVLGHQFH�QRXV�DYRQV�REVHUYp�XQH�WHUUDVVH�j����P�

HQYLURQ�DX�WRLW�G¶XQ�FRUWqJH�VpGLPHQWDLUH�SURJUDGDQW�TXH�QRXV�DYRQV�OLp�j�XQH�FKXWH�GX�QLYHDX�

PDULQ��6'7���)LJXUH�������/HV�GLIIpUHQFHV�GH�PRXYHPHQWV�YHUWLFDX[�HQWUH�OH�FHQWUH�VXEVLGDQW�

GX�EDVVLQ�GH�1HNRU�HW�OH�5DV�7DUI�HQ�VRXOqYHPHQW�H[SOLTXHQW�OHV�YDULDWLRQV�GH�PRUSKRORJLH�GH�

OD�SODWHIRUPH���

,O� HVW� SRVVLEOH� G¶HVWLPHU� OµDFFRPPRGDWLRQ� HW� OD� GXUpH� G¶pPHUVLRQ� G¶XQ� SRLQW� GDQV� O¶HVSDFH�

GXUDQW� OH�GHUQLHU� F\FOH�PDMHXU�GH� FKXWH� HW� GH� UHPRQWpH�GX�QLYHDX�PDULQ�� HQ� IRQFWLRQ�G¶XQH�

FRXUEH�GX�QLYHDX�PDULQ� UHODWLI�FRUULJpH�GHV�PRXYHPHQWV�YHUWLFDX[� ��'pILQLWLRQ�GH� OD�QRWLRQ�

G¶DFFRPPRGDWLRQ� HW� G¶DQJOH� GH� VXEVLGHQFH� PRGLILpH� G¶DSUqV� 5DELQHDX� HW� DO��� �������� $��

'pILQLWLRQ�GH� O¶DFFRPPRGDWLRQ�SDU� OD� VXEVLGHQFH� HW� OHV� YDULDWLRQV� HXVWDWLTXHV��%���([HPSOH�

G¶DFFRPPRGDWLRQ�j�GHX[�SDV�GH�WHPSV�W��HW�W���/D�YDULDWLRQ�G¶DFFRPPRGDWLRQ�©�$FFR�ª�HQWUH�

W��HW�W��HVW�IRQFWLRQ�GHV�pSDLVVHXUV�GH�VpGLPHQWV�HW�GH�OD�WUDQFKH�G¶HDX�DX�GHVVXV�H���H���E��HW�

E����οܣሺ௧మି௧భሻ ൌ οܵሺ௧మି௧భሻାοܧሺ௧మି௧భሻ ൌ ݁ଶ ൅ ܾଶ െ ݁ଵ െ ܾଵ���eTXDWLRQ����&���FDOFXO�GH�O¶DQJOH�GH�

VXEVLGHQFH��&HV�VFKpPDV�GpILQLV�GDQV�OH�FDGUH�VWUDWLJUDSKLTXH�GX�JROIH�GX�/LRQ�PRQWUHQW�TX¶LO�

HVW� SRVVLEOH� GH� GpWHUPLQHU� GHV� VLJQDX[� WHFWRQLTXHV� GH� SHWLWH� HW� JUDQGH� pFKHOOH�� LFL� XQH�

VXEVLGHQFH� ORFDOH� HW� OH� EDVFXOHPHQW� GH� OD� PDUJH� j� SDUWLU� GH� OD� JpRPpWULH� GHV� GpS{WV�� 'HV�

LQFHUWLWXGHV�GH�PHVXUHV�HW�WKpRULTXHV�H[LVWHQW�VXU�OD�SRVLWLRQ�HW�OD�VLJQLILFDWLRQ�GH�O¶RIIODS�EUHDN�

TXL�SHXYHQW�FRQGXLUH�j�XQH�PDXYDLVH�LQWHUSUpWDWLRQ�GH�FH�QLYHDX�UHSqUH��/D�GXUpH�G¶pPHUVLRQ�

QpJOLJH�OHV�SURFHVVXV�G¶pURVLRQ�HW�G¶DFFXPXODWLRQ�VpGLPHQWDLUH�PDLV�H[SOLTXH�DX�SUHPLHU�RUGUH�

OHV�YDULDWLRQV�GH�PRUSKRORJLHV�HQWUH�OHV�GLIIpUHQWV�VHJPHQWV�GH�OD�PDUJH�PDURFDLQH��/D�ILJXUH�

)LJXUH�����PRQWUH�TX¶XQ�SRLQW�VLWXp�j���P�E�V�O��SDU�UDSSRUW�j�O¶DFWXHO�HVW�pPHUJp�VL[�IRLV�SOXV�

ORQJWHPSV�TX¶XQ�SRLQW�j����P�E�V�O��OD�PRUSKRORJLH�GHV�SODWHIRUPHV�DFWXHOOHV�HVW�GLUHFWHPHQW�

FRQWU{OpH�SDU�OD�TXDQWLWp�GH�PRXYHPHQW�YHUWLFDO���OHV�]RQHV�HQ�VRXOqYHPHQW�YRQW�rWUH�pURGpHV�

SOXV�ORQJWHPSV�HW�YRQW�SURJUDGHU�SOXV�YLWHV�GRQF�RIIULU�SOXV�GH�VXUIDFHV�SRXU�O¶pURVLRQ�TXH�OHV�

]RQHV�HQ�VXEVLGHQFH���

,O� HVW� SUREDEOH� TXH� O¶DFFRPPRGDWLRQ� YDULH� IRUWHPHQW� SDU� UDSSRUW� DX� FDOFXO� SURSRVp� FDU� OD�

TXDQWLWp�G¶pURVLRQ�DX�QLYHDX�GX�ULYDJH�HVW�QRQ�OLQpDLUH�HQ�IRQFWLRQ�GX�WHPSV�H�HVW�IRQFWLRQ�GH�

OD�PRUSKRORJLH�GH�OD�]RQH�OLWWRUDOH��H�J��0DVH�DQG�,ZDJDNL��������7UHQKDLOH���������



�����
�

�

�
)LJXUH�������$�&���&RXUEHV�PRQWUDQW�OD�SVHXGR�GXUpH�G¶pPHUVLRQ�GH�GHX[�SRLQWV�LGpDX[�IL[pV�GDQV�OH�WHPSV�j��
��P�HW�j�����P�SDU�UDSSRUW�j�O¶DFWXHO�HQ�IRQFWLRQ�GHV�FRXUEHV�GX�QLYHDX�PDULQ�UHODWLI�GH�*UDQW�HW�DO���������
FRUULJpHV�GX�WDX[�GH�VRXOqYHPHQW��6XU�OHV�FRXUEHV�$�HW�&��OHV�SDUWLHV�JULVpHV�VRQW�OHV�SpULRGHV�GXUDQW�OHVTXHOOHV�
OHV�SRLQWV�QH�VRQW�SDV�pPHUJpV��/HV�FRXOHXUV�FRUUHVSRQGHQW�DX[�WUDFpV�GHV�GLIIpUHQWV�QLYHDX[�PDULQV�UHODWLIV�HQ�
IRQFWLRQ� GHV� WDX[� GH� PRXYHPHQWV� YHUWLFDX[� HQWUH� ������PP�DQV� �VXEVLGHQFH�� HW� �����PP�DQ� �VRXOqYHPHQW���
&KDTXH� WHLQWH� GH� FRXOHXU� FRUUHVSRQG� j� XQH� FRXUEH�� /HV� FRXOHXUV� YLROHWWHV� LQGLTXHQW� GHV� WDX[� GH� VXEVLGHQFH�
�QpJDWLIV��HW�OHV�FRXOHXUV�MDXQHV�LQGLTXHQW�GHV�WDX[�GH�VRXOqYHPHQW�LPSRUWDQWV��SRVLWLI���%��'���GXUpH�G¶pPHUVLRQ�
SDU�UDSSRUW�j�O¶DFWXHO�HQ�IRQFWLRQ�GX�WDX[�GH�PRXYHPHQWV�YHUWLFDX[�

6XU�OHV�SODWHIRUPHV�FRQWLQHQWDOHV��LO�Q¶HVW�SDV�FHSHQGDQW�SRVVLEOH�G¶REWHQLU�XQ�HQUHJLVWUHPHQW�

FRQWLQX�GHV�GpSODFHPHQWV�FR�VLVPLTXH�SRXU�GHV�kJHV�SOXV�YLHX[�TXH�OH�/*0��/¶HQUHJLVWUHPHQW�

GHV� GpSODFHPHQWV� FR�VLVPLTXHV� HVW� SDUWLHO� SXLVTXH� OHV� FKXWHV� GX� QLYHDX� PDULQ� SURYRTXHQW�

O¶H[RQGDWLRQ� GH� OD� SODWHIRUPH� HW� VRQ� pURVLRQ�� /HV� WDX[� GH� GpSODFHPHQW� FR�VLVPLTXH� HW� GH�

VXEVLGHQFH�GX�EDVVLQ�GH�1HNRU�SRXUUDLHQW�FHSHQGDQW�rWUH�PHVXUpV�GDQV�OH�EDVVLQ�VRXV�����P��
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(Q�SHUVSHFWLYH��SRXU�PRGpOLVHU�HW�FRPSUHQGUH�OHV�UHODWLRQV�HQWUH�PRUSKRORJLH�GHV�SODWHIRUPHV�

3OpLVWRFqQHV�HW�PRXYHPHQW�YHUWLFDX[��LO�VHUD�DORUV�QpFHVVDLUH�GH�SUHQGUH�SOHLQHPHQW�HQ�FRPSWH�

OHV�PpFDQLVPHV�G¶pURVLRQ�OLpV�j� O¶DFWLRQ�GHV�YDJXHV�GDQV� OD�]RQH�G¶DPSOLWXGH�GHV�YDULDWLRQV�

JODFLR�HXVWDWLTXHV���

����,QIOXHQFH�GHV�DSSRUWV�VpGLPHQWDLUHV�

/D�VHJPHQWDWLRQ�GH�OD�PDUJH�SDU�OH�MHX�GHV�IDLOOHV�DFWLYHV��SURYRTXH�GHV�PRXYHPHQWV�YHUWLFDX[�

GLIIpUHQWV�OH�ORQJ�GHV�WURLV�VHJPHQWV��&KDSLWUH�����6L�OHV�YDULDWLRQV�GH�IOX[�VpGLPHQWDLUHV�RQW�pWp�

MXVTX¶LFL�QpJOLJpHV�HQ�UDLVRQ�GX�PDQTXH�GH�FDOLEUDWLRQ�GX�PRGqOH�G¶kJH�SDU�GHV�GRQQpHV�ELR�

VWUDWLJUDSKLTXHV��LVRWRSLTXHV�RX�ELHQ�GHV�kJHV�DEVROXV��OHV�SURILOV�G¶LQFLVLRQ�GHV�ULYLqUHV�j�WHUUH�

PRQWUHQW�GHV�SRLQWV�G¶LQIOH[LRQ�DVVRFLpV�SUREDEOHPHQW�j�GHV�IDLOOHV�DFWLYHV��%DUFRV�HW�DO����������

'HV� TXDQWLILFDWLRQV� SOXV� SUpFLVHV� GHV� WDX[� G¶LQFLVLRQ� j� WHUUH� SRXUUDLHQW� SHUPHWWUH� GH�PLHX[�

FRQWUDLQGUH�O¶pYROXWLRQ�GX�SD\VDJH�HW�GH�FRPSUHQGUH�OHV�YDULDWLRQV�GH�IOX[�VRXV�PDULQV�OLpV�DX[�

UppTXLOLEUDJHV�GHV�EDVVLQV�YHUVDQWV�j�WHUUH��'HV�WUDYDX[�VLPLODLUHV�H[LVWHQW�GpMj�GDQV�OHV�%pWLTXHV�

�H�J�� )HUUDWHU� HW� DO��� ������� 'DQV� OH� 5LI�� DXFXQ� WUDYDLO� GH� FHWWH� QDWXUH� Q¶H[LVWH� j� QRWUH�

FRQQDLVVDQFH�j�FH�MRXU���

���0RUSKRORJLH�GHV�KDXWV�IRQGV�HW�GX�IODQF�1RUG�GH�OD�5LGH�'¶$OERUDQ�

'DQV�OHV�GLIIpUHQWV�FKDSLWUHV�QRXV�DYRQV�PLV�HQ�pYLGHQFH�OD�QDWXUH�G\QDPLTXH�GX�IRQG�PDULQ��

WHFWRQLTXH�DFWLYH�HW�SURFHVVXV�VpGLPHQWDLUHV� OLpV�DX[�YDJXHV�RX�DX[� FRXUDQWV�RQW�IDoRQQp� OH�

SD\VDJH�VRXV�PDULQ��GHSXLV�OH�EDVVLQ�SURIRQG�MXVTX¶j�OD�SODWHIRUPH�FRQWLQHQWDOH�LQWHUQH��'DQV�

OH�FKDSLWUH����QRXV�DYRQV�SX�PHWWUH�HQ�pYLGHQFH�GHV�UHSODWV�VXU�OH�KDXW�GH�OD�SHQWH�FRQWLQHQWDOH�

ERUGDQW�OD�SODWHIRUPH�PDURFDLQH��VORSH�OHGJH��)LJXUH�������&HV�UHSODWV�SHXYHQW�FRUUHVSRQGUH�

DX[� ERWWRPVHWV� GHV� ELVHDX[� GH� SURJUDGDWLRQ� VXU� OD� SHQWH� FRQWLQHQWDOH� HW� VRQW� DWWULEXpV� DX[�

SULVPHV�GH�FKXWHV��'¶DSUqV�5LGHQWH�HW�DO�����������FHV�UHSODWV�FRUUHVSRQGHQW�DSSUR[LPDWLYHPHQW�

DX[�VXUIDFHV�pURVLYHV�GH�UpJUHVVLRQ�VRXV�PDULQH��'DQV�FH�FDV��O¶pURVLRQ�VRXV�PDULQH�VHUDLW�OLpH�

j�GHV�FRXUDQWV�VXSHUILFLHOV�SDUDOOqOHV�j�OD�SODWHIRUPH��

1RXV�DYRQV�pJDOHPHQW�REVHUYp�GDQV�OH�FKDSLWUH����OD�SUpVHQFH�GH�KDXWV�IRQGVLVROpV���OHV�%DQFV�

GH�;DXHQ�HW�GH�)UDQFHV�SDJHV��OHV�EDQFV�GX�3HWLW�HW�GX�*UDQG�7RILQR��)LJXUH�������&HV�KDXWV�

VRXV�PDULQV�FXOPLQHQW�DX[�DOHQWRXUV�GH���P�E�V�O��HW�RQW�GHV�EDWK\PpWULHV�PR\HQQHV�G¶HQYLURQ�

���P�E�V�O���)LJXUH�������/HV�KDXWV�GX�*UDQG�7RILQR�HW�GH�)UDQFHVF�3DJHV�RQW�GHV�PRUSKRORJLHV�

VLPLODLUHV�FDUDFWpULVpHV�SDU�GHV�JUDQGHV�VXUIDFHV�SODQHV�DX[�DOHQWRXUV�GH�����P�VXU�OHV�ERUGXUHV��

9HUV�O¶LQWpULHXU��GHV�FUrWHV�VRQW�YLVLEOHV��)LJXUH����)LJXUH�������/HV�VRPPHWV�GHV�FUrWHV�VRQW�
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DSODQLV�DX[�DOHQWRXUV�GH���P�E�V�O��SRXU�7RILQR�HW���P�E�V�O��SRXU�)UDQFHVF�3DJHV��)LJXUH�������

1RXV�REVHUYRQV�GHV�]RQHV�GH�UHSODWV�HQWUH����P�E�V�O��HW����P�E�V�O��1RXV�SRXYRQV�FRPSDUHU�

FHV�UHSODWV��DX[�UHSODWV�REVHUYpV�VXU�OH�KDXW�GH�SHQWH�FRQWLQHQWDOH�PDURFDLQH�FRUUHVSRQGDQW�DX[�

ERWWRPVHWV� GHV� SULVPHV� GH� SURJUDGDWLRQ�� /HV� UHSODWV� VXU� OH� KDXW� GH� 7RILQR� VRQW� LQWHUSUpWpV�

FRPPH�OLp�j�OD�OLPLWH�G¶DFWLRQ�GHV�YDJXHV�HQ�EDV�QLYHDX�PDULQ��&HV�KDXWV�VRXV�PDULQV�PRQWUHQW�

GHV�WHUUDVVHV�FRQFHQWULTXHV�DXWRXU�G¶XQ�VRPPHW�GH�VXUIDFH�UpGXLWH�VLWXpH�DX�FHQWUH�GX�KDXW�VRXV�

PDULQ��)LJXUH�����)LJXUH�������&HWWH�PRUSKRORJLH�FRQFHQWULTXH�UDSSHOOH�OHV�PRUSKRORJLHV�GH�

PRQWV� VRXV�PDULQV� IRUPpV� DXWRXU� GH� KDXWV� YROFDQLTXHV� VXU� OD� SODWHIRUPH� (VW� $XVWUDOLHQQH�

�3\UDPLG�%DOO�,VODQG��/LQNODWHU�HW�DO����������

�
)LJXUH� ������&ODVVLILFDWLRQ�GHV� SURIRQGHXUV� SDU� O¶,QGH[�GH�3RVLWLRQ�7RSRJUDSKLTXH� FDUDFWpULVDQW� OHV� VXUIDFHV�
SODQHV�VXU�OH�EDQF�GH�)UDQFHVF�3DJHV�HW�GX�*UDQG�7RILQR��/HV�SLFV�FRUUHVSRQGHQW�DX[�EDWK\PpWULHV�GHV�VXUIDFHV�
SODQHV���

�

6XU� OHV� VXUIDFHV� SODQHV� HQWUH� ����P� E�V�O�� HW� �� ���P� E�V�O�� GHV� ULGHV� VpGLPHQWDLUHV� �'� VRQW�

YLVLEOHV�RULHQWpHV�DSSUR[LPDWLYHPHQW�(1(�:6:�VXU�OH�EDQF�GH�7RILQR��HW�1(�6:�VXU�OH�EDQF�

GH�)UDQFHVF�3DJHV��)LJXUH����)LJXUH�������&HV�ULGHV�VpGLPHQWDLUHV�VRQW�DV\PpWULTXHV�DYHF�GHV�

SHQWHV�SOXV�IRUWHV�YHUV�O¶H[WpULHXU�GH�OD�SODWHIRUPH��&HV�ULGHV�VpGLPHQWDLUHV�VRQW�ORFDOLVpHV�j�

O¶DUULqUH�GHV�SOXV�KDXWHV�FUrWHV��VXU�OHXUV�IODQFV�VXG��&HV�VWUXFWXUHV�VRQW�SUREDEOHPHQW�FRQWU{OpHV�

SDU�OHV�FRXUDQWV�GHV�PDVVHV�G¶HDX[�SURIRQGHV�GXUDQW�OD�WUDQVJUHVVLRQ��$�FHV�SURIRQGHXUV�FHV�
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VWUXFWXUHV�VRQW�SUREDEOHPHQW�IRVVLOHV��(OOHV�SRXUUDLHQW�FRUUHVSRQGUH�DX�GpPDQWqOHPHQW�SDU�OHV�

FRXUDQWV�GH�IRQGV�GHV�IRUPDWLRQV�GH�FRUDX[�IURLGV��FRPPXQHV�VXU�OHV�KDXWV�VRXV�PDULQV�GH�OD�

0HU� G¶$OERUDQ� �/R� ,DFRQR� HW� DO��� ������ 3DORPLQR� HW� DO��� �������8QH� pWXGH� GHV� GRQQpHV� GH�

FLUFXODWLRQV� GHV�PDVVHV� G¶HDX[� HQ� UHODWLRQ� DYHF� OHV� FUrWHV� GH� FHV� KDXWV� VWUXFWXUDX[�SRXUUDLW�

GpPRQWUHU�XQ�FRQWU{OH�SDU�OHV�FRXUDQWV�GH�OD�GLVSRVLWLRQ�GH�FHV�VWUXFWXUHV��'��

�
)LJXUH�������&DUWH�GHV�SHQWHV�GX�EDQF�GX�*UDQG�7RILQR�PRQWUDQW�VD�PRUSKRORJLH�HW�OHV�VWUXFWXUHV��'�DX�SLHG�GX�
KDXW� WRSRJUDSKLTXH� HQ� MDXQH�� 6XU� OH� IODQF� 1RUG�2XHVW�� GHV� IRUPHV� RQGXOpHV� VRXV� ����PE�V�O�� SRXUUDLHQW�
FRUUHVSRQGUH�j�GHV�FRUDX[�G¶HDX�IURLGH��&HSHQGDQW��FHV�VWUXFWXUHV�QH�VRQW�SDV�LPDJpHV�HQ�VLVPLTXH�UpIOH[LRQ��

�����0RQWV�FDUERQDWpV�

/HV�KDXWV�VRXV�PDULQV�GH�OD�PHU�G¶$OERUDQ�pWDQW�GHV�HQYLURQQHPHQWV�SURSLFHV�j�OD�SUpVHQFH�GH�

FRUDX[�G¶HDX[�IURLGH��/R�,DFRQR�HW�DO���������3DORPLQR�HW�DO���������6WDOGHU�HW�DO����������LO�VHUDLW�

LQWpUHVVDQW�G¶pWXGLHU�OD�UpSDUWLWLRQ�JpRJUDSKLTXH�GHV�FRORQLHV�FRUDOOLHQQHV�HQ�UHODWLRQ�DYHF�OD�

PRUSKRORJLH� GH� FHV� KDXWV� VRXV�PDULQV�� 'HV� pWXGHV� UpDOLVpHV� HQ� PHU� 0pGLWHUUDQpH� RQW� SDU�

H[HPSOH�PRQWUp�TXH�FHUWDLQH�FRORQLHV�FRUDOOLHQQHV�FURLVVHQW�GXUDQW�OHV�pYqQHPHQWV�$OOHU|G�HW�

<RXQJHU�'U\DV� �6WDOGHU�HW� DO��� �������'DQV� OHV�HQYLURQQHPHQWV�SOXV�FKDXGV�HW�PL[WH� VLOLFR�

FDUERQDWpV��LO�D�pWp�PRQWUp�TXH�OH�GpYHORSSHPHQW�HW�OD�GLVSRVLWLRQ�JpRJUDSKLTXH�GHV�FRORQLHV�

FRUDOOLHQQHV�RQW�HQUHJLVWUp� OHV�YDULDWLRQV�GX�QLYHDX�PDULQ� ORUV�GH� OD� UHPRQWpH�SRVW�JODFLDLUH�

�'UR[OHU�DQG�-RUU\���������,O�VHUDLW�LQWpUHVVDQW�GH�PRQWUHU�TXH�OHV�VWUXFWXUHV��'�REVHUYpHV�VXU�

FHV�KDXWV� VRQW� DVVRFLpHV��RX�QRQ�� j�GHV�FRORQLHV�GH�FRUDX[�G¶HDX[� IURLGHV�HW� VL� F¶HVW� OH� FDV��

G¶DQDO\VHU� VL� FHV� FRORQLHV� RQW� HQUHJLVWUp� GHV� FRQGLWLRQV� HQYLURQQHPHQWDOHV� SDUWLFXOLqUHV�

DVVRFLpHV�DX[�YDULDWLRQV�GX�QLYHDX�PDULQ��(Q�HIIHW��LO�D�pWp�GpPRQWUp�TX¶LO�H[LVWH�XQH�UHODWLRQ�
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HQWUH�OD�ORFDOLVDWLRQ�JpRJUDSKLTXH�GHV�ULGHV�VpGLPHQWDLUHV�OLpH�DX[�FRXUDQWV�VXU�OH�IRQG�PDULQ�

HW�GHV�FDUERQDWHV�G¶HDX[�IURLGHV�HQ�$WODQWLTXH�1RUG��H�J��+HEEHOQ�HW�DO����������,O�VHUDLW�DORUV�

SRVVLEOH�GH�SURSRVHU�GHV�kJHV�HW�GHV�UHFRQVWLWXWLRQV�SDOpR�HQYLURQQHPHQWDOHV�j�SDUWLU�GH�O¶pWXGH�

GHV�WHUUDVVHV�PDULQHV�GHV�KDXWV�VRXV�PDULQV���

�
)LJXUH�������&DUWH�GHV�SHQWHV�GX�EDQF�GH�)UDQFHVF�3DJHV��/HV�VWUXFWXUHV��'�DX�SLHG�GHV�HVFDUSHPHQWV�FHQWUDX[�
VHPEOHQW�LQGLTXHU�O¶LQIOXHQFH�VXU�OD�SODWHIRUPH�G¶XQ�FRXUDQW�YHQDQW�GX�QRUG��

����$UFKLWHFWXUH�VWUDWLJUDSKLTXH�GHV�KDXWV�IRQGV�

'DQV�OH�FKDSLWUH����GHX[�OLJQHV�LQWHUSUpWpHV�GH�VLVPLTXH�UpIOH[LRQ�LOOXVWUHQW�O¶DUFKLWHFWXUH�GHV�

SODWHIRUPHV� LVROpHV�GH�7RILQR�HW�GH�)UDQFHVF�3DJHV� �)LJXUH�������&HV�DUFKLWHFWXUHV�GLIIqUHQW�

VHORQ�OH�KDXW�VRXV�PDULQ�pWXGLp��FH�TXL�GDQV�XQ�FRQWH[WH�GH�WHFWRQLTXH�DFWLYH�WHQGUDLW�j�PRQWUHU�

GHV�GLIIpUHQFHV�G¶DFFRPPRGDWLRQ�FRQWU{OpHV�SDU�GHV�SURFHVVXV�WHFWRQLTXH���OD�SUpVHUYDWLRQ�GH�

VXUIDFH� pURVLYH� j� WHQGDQFH� j� GpPRQWUHU� XQH� VXEVLGHQFH� ORFDOH�� &HV� pURVLRQV� VRXV�PDULQHV�

SRXUUDLHQW�rWUH�DVVRFLpHV�j�GHV�SpULRGHV�GLIIpUHQWHV�HQ�FRQWH[WH�GH�SODWHIRUPH�VLOLFR�FODVWLTXH���

pURVLRQ�UpJUHVVLYH�GDQV�OD�FKXWH��pURVLRQ�OLpH�j�O¶DFWLRQ�GHV�YDJXHV�HQ�EDV�QLYHDX�HW�HQ�UHPRQWpH��

RX�ELHQ�pURVLRQ�OLpH�j�OD�FLUFXODWLRQ�GHV�PDVVHV�G¶HDX[�VXU�OHV�SHQWHV�FRQWLQHQWDOHV���

&HSHQGDQW�� GDQV� OH� FRQWH[WH� G¶$OERUDQ�� OHV� SODWHIRUPHV� VpGLPHQWDLUHV� VLWXpHV� DX� FHQWUH� GX�

EDVVLQ��SRXUUDLHQW�UHSUpVHQWHU�GHV�HQYLURQQHPHQWV�PL[WHV�VLOLFR�FDUERQDWpH��/HV�FRUDX[�G¶HDX[�

IURLGHV� HQ� $OERUDQ� SHXYHQW� DWWHLQGUH� GHV� WDX[� GH� FURLVVDQFH� G¶HQYLURQ� ���P�ND� GXUDQW� OH�

%ROOLQJ�DOOHU|G�HW�GRQF�UHSUpVHQWHU�GHV�YROXPHV�VpGLPHQWDLUHV�LPSRUWDQWV��6WDOGHU�HW�DO����������

3DU�FRQVpTXHQW��LO�HVW�HQYLVDJHDEOH�TXH�O¶DUFKLWHFWXUH�GHV�KDXWV�VRXV�PDULQV�VRLW�FRQWU{OpH�HQ�

SDUWLH�SDU� OD�FURLVVDQFH�GHV�FRUDX[�G¶HDX[�IURLGHV��j�OD�PDQLqUH�GHV�SODWHIRUPHV�FDUERQDWpHV�

G¶HDX� FKDXGH�� /HV� WDX[� GH� FURLVVDQFH� GHV� FRUDX[� G¶HDX[� IURLGH� pWDQW� UDSLGHV�� O¶DUFKLWHFWXUH�



�����
�

�

DVVRFLpHV�j�OD�FURLVVDQFH�GH�FRUDX[�G¶HDX�IURLGH�VHUDLW�VXVFHSWLEOH�G¶rWUH�LPDJpH�HQ�VLVPLTXH�

UpIOH[LRQ�VSDUNHU��UpVROXWLRQ�YHUWLFDOH��P����

�����(YROXWLRQ�GX�SD\VDJH�VRXV�PDULQ�OLpH�DX[�FRQWRXULWHV��DX[�VRUWLHV�GH�IOXLGH�HW�DX�
JOLVVHPHQW�VRXV�PDULQ�

6XU� OH� IODQF� 1RUG� GH� OD� ULGH� G¶$OERUDQ�� OHV� VpGLPHQWV� FRQWRXULWLTXHV� VRQW� DIIHFWpV� SDU� GHV�

JOLVVHPHQWV�VRXV�PDULQV��)LJXUH�������&HV�JOLVVHPHQWV�VRQW�GDWpV�3OpLVWRFqQH��/HV�JOLVVHPHQWV�

OHV�SOXV�UpFHQWV�SUpVHQWHQW�GHV�FLFDWULFHV�IUDLFKHV�VXU�OH�IRQG�PDULQ�DYHF�GHV�SHQWHV�LPSRUWDQWHV��

/HV�WUDYDX[�UpDOLVpV�SDU�0DUWLQ�-ROOLYHW�&DVWHORW��0��HQFDGUp�GXUDQW�FHWWH�WKqVH��PRQWUHQW�TXH�

OHV�JOLVVHPHQWV�VH�PHWWHQW�HQ�SODFH�UpFHPPHQW��j�SDUWLU�GH�����0D���GH�PDQLqUH�DV\PpWULTXH�GH�

SDUW�HW�G¶DXWUH�GH�OD�5LGH�G¶$OERUDQ��/D�GLVWULEXWLRQ�GDQV�OH�WHPSV�HW�O¶HVSDFH�GH�FHV�JOLVVHPHQWV�

VHPEOH�LQGLTXHU�O¶LQIOXHQFH�GH�OD�GpIRUPDWLRQ�GH�OD�5LGH�G¶$OERUDQ�VXU�OD�PLVH�HQ�SODFH�GH�FHV�

VWUXFWXUHV� JUDYLWDLUHV�� 'HV� VLPXODWLRQV� QXPpULTXHV� RQW� PRQWUp� TXH� FHV� JOLVVHPHQWV� VRQW�

VXVFHSWLEOHV�GH�FUpHU�GHV�WVXQDPLV�GRQW�O¶DPSOLWXGH�VXU�OH�ULYDJH�0DURFDLQ�SHXW�DWWHLQGUH�OP�

�5RGULJXH]�HW�DO�����������

(Q�FRQVLGpUDQW�TXH�OD�PRUSKRORJLH�GHV�FLFDWULFHV�pYROXH�VHORQ�GHV�SURFHVVXV�SK\VLTXH�FRQQX���

GpJUDGDWLRQ�SDU� HIIRQGUHPHQW� JUDYLWDLUH� HW� SDU� VpGLPHQWDWLRQ�XQLIRUPH�� LO� VHUDLW� SRVVLEOH� GH�

PRGpOLVHU�OD�GpJUDGDWLRQ�GHV�FLFDWULFHV�GHV�07'V�DILQ�GH�SURSRVHU�GHV�kJHV�PRUSKRORJLTXHV�HW�

GH� PHWWUH� HQ� pYLGHQFH� G¶pYHQWXHOOHV� VpTXHQFHV� GH� JOLVVHPHQWV�� /D� FDUDFWpULVDWLRQ�

PRUSKRORJLTXH� ILQH� GHV� JOLVVHPHQWV� SRXUUDLW� DLQVL� PHWWUH� HQ� pYLGHQFH� XQH� UHODWLRQ� HQWUH�

PRUSKRPpWULH� GHV� FLFDWULFHV� HW� kJH�� G¶XQH�PDQLqUH� VHPEODEOH� DX[� WUDYDX[� SRUWDQW� VXU� O¶kJH�

PRUSKRORJLTXH� GHV� HVFDUSHPHQWV� GH� IDLOOH�� &HWWH� pWXGH� LQWpJUpH� QpFHVVLWHUDLW� XQH� GDWDWLRQ�

SUpFLVH�SDU�H[HPSOH�JUkFH�DX[�PDUTXHXUV�ELRVWUDWLJUDSKLTXHV��
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)LJXUH�������&DUWH�GH�OD�GLVWULEXWLRQ�GHV�07'V�3OpLVWRFqQH��-ROLYHW�&DVWHORW�HW�DO��LQ�SUHS���&HWWH�FDUWH�GpFULW�OHV�
GLIIpUHQWV�07'�DIIHFWDQW�OH�IODQF�1RUG�GH�OD�6$5�HW�OH�%DVVLQ�2XHVW�$OERUDQ�j�SDUWLU�GHV�GRQQpHV�GH�VLVPLTXH�
UpIOH[LRQ�HW�GH�EDWK\PpWULH�DX�QLYHDX�GX�1RUG�GHV�EDQFV�GH�;DXHQ�HW�7RILxR��/HV�FRXOHXUV�DVVRFLpHV�DX[�GLIIpUHQWV�
pYqQHPHQWV�JUDYLWDLUHV�UpIqUHQW�j�OHXU�kJH��UHODWLI�DX[�UpIOHFWHXUV�GDWpV�0,6����0,6�����4��HW�4����/HV�FLFDWULFHV�
G¶DUUDFKHPHQW�HW�OHV�FRQWRXUV�GHV�V\VWqPHV�JUDYLWDLUHV��]RQH�HQ�pURVLRQ�HW�]RQH�GH�GpS{W��VRQW�UHSUpVHQWpV��/HV�
FRQWRXUV�GX�07'�0HVVLQLHQ�VRQW�WLUpV�G¶(O�$EEDVVL����������

�����&RQFOXVLRQ�HW�SHUVSHFWLYHV�VXU�OHV�KDXWV�IRQGV�

/HV� LQWHUDFWLRQV� HQWUH� V\VWqPHV� FRQWRXULWLTXHV�� FRUDX[� G¶HDX[� IURLGHV�� HW� VpGLPHQWDWLRQ�

JUDYLWDLUH�UHSUpVHQWHQW�XQ�HQMHX�GH�UHFKHUFKH�PDMHXU�SRXU�FRPSUHQGUH�OD�G\QDPLTXH�GX�IRQG�

GH�PHU�HW�pYHQWXHOOHPHQW�SURWpJHU�OHV�HQYLURQQHPHQWV�FRUDOOLHQV�PpGLWHUUDQpHQV��/¶pWXGH�GHV�

SODWHIRUPHV�FDUERQDWpHV�WHPSpUpHV�VXU�OHV�KDXWV�VRXV�PDULQV�GX�GRPDLQH�G¶$OERUDQ�SHUPHWWUDLW�

GH�PLHX[�FRPSUHQGUH�OHXU�pYROXWLRQ�HQ�UHODWLRQ�DYHF�OHV�pFKDQJHV�GHV�PDVVHV�G¶HDX[�DX�QLYHDX�

GH�*LEUDOWDU��H�J��5RJHUVRQ�HW�DO����������/D�FRPSDUDLVRQ�DYHF�OHV�GRQQpHV�VpGLPHQWRORJLTXHV�

GDQV�OH�*ROIH�GH�&DGL[�SHUPHWWUDLW�GH�PLHX[�FRQWUDLQGUH�FHV�pFKDQJHV�HW�OHV�SDOpR�FLUFXODWLRQV�

HQWUH�O¶$WODQWLTXH�HW�OD�0pGLWHUUDQpH��

'¶XQ�SRLQW�GH�YXH� VWUXFWXUDOLVWH�� FHV�HQYLURQQHPHQWV� ULFKHV�GH� OHXUV� FRPSOH[LWpV�SRXUUDLHQW�

SHUPHWWUH�GH�PLHX[�FRQWUDLQGUH�OHV�SDOpR�HQYLURQQHPHQWV�VRXV�PDULQV�HW�PLHX[�UHQVHLJQHU�VXU�

O¶pYROXWLRQ�GX�3OLRFqQH�j�DFWXHOOH�GH�OD�WRSRJUDSKLH�GX�EDVVLQ�G¶$OERUDQ��$LQVL��LO�VHUDLW�SRVVLEOH�

GH� PLHX[� FDUDFWpULVHU� O¶pYROXWLRQ� GHV� UHOLHIV� HQ� UHODWLRQ� DYHF� OD� FUpDWLRQ� HW� O¶DEDQGRQ� GHV�

VWUXFWXUHV�WHFWRQLTXHV�DFWLYHV���
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��� &DUDFWpULVDWLRQ�GH�OD�WHFWRQLTXH�3OLR�4XDWHUQDLUH�j�O¶pFKHOOH�GH�OD�PDUJH�
0DURFDLQH�HW�GX�5LI�

/D� 5LGH� 6XG� $OERUDQ�� OD� 5LGH� G¶$OERUDQ�� HW� OHV� IDLOOHV� GH� -HEKD� HW� GH� 1HNRU� j� WHUUH� VRQW�

LQWHUSUpWpHV� FRPPH� GHV� VWUXFWXUHV� WHFWRQLTXHV� DFFRPPRGDQW� OD� GpIRUPDWLRQ� GX� GRPDLQH�

G¶$OERUDQ�DX�0LRFqQH�MXVTX¶DX�3OLRFqQH��&HV�IDLOOHV�DXUDLHQW�DFFRPPRGp�XQH�PLJUDWLRQ�GH�OD�

GpIRUPDWLRQ�G¶(VW�HQ�2XHVW�UHFRQQXH�j�O¶pFKHOOH�GX�1pRJqQH�HW�GX�EDVVLQ�G¶$OERUDQ��*LDFRQLD�

HW�DO���������0pGDRXUL�HW�DO���������'HSXLV�OD�ILQ�GX�0LRFqQH�HW�MXVTX¶DX�3OLRFqQH��VRXV�O¶HIIHW�

G¶XQH� URWDWLRQ� GX� GRPDLQH� G¶$OERUDQ�� FHV� ]RQHV� GH� IDLOOHV� GHYLHQQHQW� SURJUHVVLYHPHQW�PDO�

RULHQWpHV� SRXU� DFFRPPRGHU� j� OD� IRLV� O¶H[WHQVLRQ� G¶DUULqUH�DUF� HW� OD� FRQYHUJHQFH� $IULTXH�

(XUDVLH�� $� SDUWLU� GX� 0HVVLQLHQ� OH� UDFFRXUFLVVHPHQW� GH� OD� FKDLQH� GX� 5LI� V¶DFFRPPRGH� GH�

PDQLqUH�WKLFN�VNLQ��&DSHOOD�HW�DO���������&HOD�VH�WUDGXLW�SDU�XQH�GLVWULEXWLRQ�GH�OD�GpIRUPDWLRQ�

FRPSUHVVLYH�HQWUH�OD�5LGH�6XG�$OERUDQ�HW�OHV�XQLWpV�GX�5LI�j�WHUUH��

,O�DSSDUDLW�TXH� OH�EDVVLQ�GH�1HNRU�HVW� UpFHQW�j� O¶pFKHOOH�GH� O¶LQYHUVLRQ�1pRJqQH�GX�GRPDLQH�

G¶$OERUDQ��/HV� VFKpPDV� VWUXFWXUDX[�GDQV� OH� EDVVLQ�GH�1HNRU� LQGLTXHQW� XQ� UpVHDX�GH� IDLOOHV�

DFWLYHV�HQ�PHU�ERUGDQW�FH�EDVVLQ�������/HV�IDLOOHV�11(�662�SODFpHV�HQ�UHODLV�OH�ORQJ�G¶XQH�]RQH�

GH�FLVDLOOHPHQW� FUXVWDOH�1(�62� ORFDOLVpH� VXU�XQ�KpULWDJH�VWUXFWXUDO��&HV� IDLOOHV�ERUGLqUHV�GX�

EDVVLQ�GH�1HNRU�VRQW�HQ�HIIHW�SDUDOOqOHV�j�OD�IDLOOH�GH�1HNRU�HW�j�OD�GLUHFWLRQ�JpQpUDOH�GHV�QDSSHV�

GDQV�OD�]RQH�G¶pWXGH��(OOHV�SRXUUDLHQW�GRQF�rWUH�JXLGpHV�HQ�SURIRQGHXU�SDU�OD�VWUXFWXUH�HQ�QDSSHV�

GX�5LI������'HV�IDLOOHV�ERUGLqUHV�j�O¶(VW�GX�EDVVLQ�GH�1HNRU�RULHQWpHV�16������(QILQ�DX�VXG��OD�

IDLOOH�GH�1HNRU��TXL�HVW�XQ�KpULWDJH�VWUXFWXUDO�GH�O¶KLVWRLUH�$OSLQH�ROLJRFqQH�HW�GH�OD�UpDFWLYDWLRQ�

H[WHQVLYH�0LRFqQH���

/HV� IDLOOHV� ERUGLqUHV� j� WHUUH� VRQW� FDUWRJUDSKLpHV� HW� LOOXVWUpHV� GDQV� SOXVLHXUV� DUWLFOHV�� HOOHV�

V¶H[SULPHQW�GDQV�OH�SD\VDJH��$wW�%UDKLP�HW�DO���������$wW�%UDKLP�DQG�&KRWLQ��������$VHEUL\�HW�

DO���������������������3RXMRO�HW�DO���������9DQ�GHU�:RHUG�HW�DO����������&HSHQGDQW��OHV�IDLOOHV�

GH�1HNRU��5RXDGL�HW�(O�+DPPDP�QH�VRQW�SDV�DVVRFLpH�j�XQH�DFWLYLWp�VLVPLTXH�GDQV�OD�OLWWpUDWXUH��

/H�VHJPHQW�GH�IDLOOH�GH�%RXVHNNRXU�HQ�PHU�SRXUUDLW�rWUH�OH�VHJPHQW�GH�IDLOOH�DFWLI�ORUV�GX�VpLVPH�

GH�������G¶$FUHPRQW�HW�DO����������8QH�FDUDFWpULVDWLRQ�GX�SODQ�GH�IDLOOH�SDU�GH�OD�EDWK\PpWULH�

KDXWH�UpVROXWLRQ����P���HW�XQH�LPDJHULH�YLGpR�SRXUUDLW�DPHQHU�GHV�DUJXPHQWV�VXSSOpPHQWDLUHV�

SRXU�GpPRQWUHU�TXH�FHW�HVFDUSHPHQW�HVW�ELHQ�OD�WUDFH�HQ�VXUIDFH�GH�OD�IDLOOH�D\DQW�URPSXH�ORUV�

GX�VpLVPH�GH�������

6HORQ� OHV� LQWHUSUpWDWLRQV�� OD� IDLOOH� GH� 1HNRU� HVW� LQDFWLYH� VXU� O¶HQVHPEOH� GH� VHV� VHJPHQWV�

�*DOLQGR�=DOGtYDU�HW�DO���������RX�DFWLYH�VXU�VRQ�HQVHPEOH��9DQ�GHU�:RHUG�HW�DO���������RX�

HQFRUH� VHXOHPHQW� DFWLYH� VXU� VRQ� VHJPHQW� 6XG�2XHVW� �3RXMRO� HW� DO��� ������ G
$FUHPRQW� HW� DO��
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�������$�OD�PDQLqUH�GH�OD�IDLOOH�GH�&DUERQHUDV�HW�GH�OD�ULGH�G¶$OERUDQ��OD�IDLOOH�GH�1HNRU�VRLW�

PDO�RULHQWpH�SRXU�MRXHU�DXMRXUG¶KXL�VHORQ�XQ�PRGH�GpFURFKDQW��H�J��1HUHV�HW�DO����������'DQV�

FH�FDV��OH�WDX[�GH�GpSODFHPHQW�KRUL]RQWDO�VXU�OH�ORQJ�WHUPH�GH�FHWWH�IDLOOH�HVW�IDLEOH��&XQKD�HW�

DO���������1HUHV�HW�DO����������'HV� ORQJXHV�SpULRGHV�GH�UHWRXU�VRQW�DWWHQGXHV�VXU�FHWWH�IDLOOH��

H[SOLTXDQW�DORUV�OH�PDQTXH�G¶HQUHJLVWUHPHQW�VLVPRORJLTXHV�HW� OH�IDLEOH�GpFDODJH�VpQHVWUH�GHV�

UpVHDX[�K\GURJUDSKLTXHV��3RXMRO�HW�DO�����������

/HV�IDLOOHV�GH�5RXDGL��(O�+DPPDP��7URXJRXW�HW�GH�%RXGLQDU�FRQVWLWXHQW�XQH�IDPLOOH�1�6��&H�

UpVHDX[� GH� IDLOOH� HVW� SUREDEOHPHQW� XQ� KpULWDJH� VWUXFWXUDO� 3OLRFqQH� �$wW�%UDKLP� DQG�&KRWLQ��

��������,O�HVW�SRVVLEOH�TXH�FHV�IDLOOHV�DLHQW�pWp�UpDFWLYpHV�SDUWLHOOHPHQW�ORUV�GH�OD�QXFOpDWLRQ�GH�

OD� ]RQH� GH� IDLOOH� G¶$O� ,GULVVL�� /HV� GRQQpHV� GH� VLVPLTXH� UpIOH[LRQ� LQGLTXHQW� XQH� VXEVLGHQFH�

GpPDUUDQW�DSSUR[LPDWLYHPHQW�j����0D�DX�QLYHDX�GX�+DXW�)RQG9ROFDQLTXH�GX�*UDQG�,GULVVL��

FHWWH� VXEVLGHQFH�D�pWp�DVVRFLpH�j�XQH� IDLOOH�QRUPDOH�1�6�TXL�SURYRTXH� OD� WUDQVJUHVVLRQ�SXLV�

O¶HQQRLHPHQW� GH� O¶pWURLWH� SODWHIRUPH� ERUGDQW� FH� KDXW� YROFDQLTXH�� /¶DFWLYLWp� GH� OD� IDLOOH� GH�

%RXGLQDU� HVW� GDWpH� GX� 3OLR�3OpLVWRFqQH�� /D� VXEVLGHQFH� GX� EDVVLQ� GH� 1HNRU� GpPDUUH� HQWUH�

����0D�HW����0D��&H�UpVHDX�GH�IDLOOH�VH�SURORQJH�YHUV�OH�1RUG�GX�5DV�7DUI�HW�DIIHFWH�OH�YROFDQ�

G¶$O�,GULVVL��/D�GDWDWLRQ�GH� FH�KDXW�GH� VRFOH� SDU� GHV�PpWKRGHV�ELR�VWUDWLJUDSKLTXHV� HW�.�$U�

SRXUUDLW�SHUPHWWUH�GH�FRQWUDLQWH�SOXV�SUpFLVpPHQW�OHV�kJHV�GH�VXEVLGHQFH�GX�EDVVLQ�GH�1HNRU�HW�

GX�YROFDQ�G¶$O�,GULVVL���

����([WHQVLRQ�REOLTXH�HW�UHODLV�HQWUH�OD�IDLOOH�GH�7URXJRXW�HW�OD�IDLOOH�ERUGLqUH�GX�YROFDQ�

JUDQG�$O�,GULVVL�

/¶H[WHQVLRQ�GDQV�OH�EDVVLQ�GH�1HNRU�HVW�DFFRPPRGpH�SDU�GHV�VWUXFWXUHV�j�IRUWHV�FRPSRVDQWHV�

QRUPDOHV�RULHQWpHV�SDUDOOqOHPHQW�j�OD�GLUHFWLRQߪ�ு��1HUHV�HW�DO���������9DQ�GHU�:RHUG�HW�DO���

������ /DIRVVH� HW� DO�� ������� &HWWH� GLUHFWLRQ� GH� FRQWUDLQWH� SULQFLSDOH� HVW� DSSUR[LPDWLYHPHQW�

1������ (OOH� HVW� FRPSDWLEOH� DYHF� O¶pWDW� GH� FRQWUDLQWH� REWHQX� j� WHUUH� SDU� OHV� pWXGHV�

PLFURVWUXFWXUDOHV� OH� ORQJ� GHV� IDLOOHV� GH� $GMLU�,P]RXUHQ�� OD� IDLOOH� GH� 7URXJRXW� HW� OD� IDLOOH�

GH�%RXGLQDU��*DOLQGR�=DOGtYDU�HW�DO���������3RXMRO�HW�DO���������9DQ�GHU�:RHUG�HW�DO����������/D�

IDLOOH�GH�7URXJRXW��SLWFK�����6���3RXMRO�HW�DO��������HVW�REOLTXH�SDU�UDSSRUW�DX[�GLUHFWLRQV�GX�

FKDPS�GH�FRQWUDLQWHV�DFWXHOOHV���

/¶DUFKLWHFWXUH�GH� OD�SODWHIRUPH�3OpLVWRFqQH� VXU� OHV�ERUGXUHV�GX�FDS�GH�5DV�7DUI� LQGLTXH�XQ�

EDVFXOHPHQW� YHUV� O¶(VW� GX� FDS� HW� XQH� VXEVLGHQFH� TXL� DXJPHQWH� YHUV� OH� 1RUG�� /D� IDLOOH� GH�

7URXJRXW�HVW�HQ�UHODLV�DYHF�OD�IDLOOH�ERUGDQW�OH�KDXW�IRQG�GX�JUDQG�,GULVVL�ORFDOLVp�j���NP�SOXV�

j�O¶(VW��)LJXUH�������&H�UHODLV�GH�IDLOOHV�QRUPDOHV�DFFRPPRGDQW�XQH�H[WHQVLRQ�ORFDOH�GHSXLV�OH�
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*pODVLHQ�SHXW�H[SOLTXHU�OH�JUDGLHQW�GH�VXEVLGHQFH�j�OD�PDQLqUH�GH�FH�TXL�D�pWp�GpFULW�GDQV�OH�

*ROIH�GH�&RULQWKH�j�SDUWLU�GH�OD�VWUDWLJUDSKLH��*DZWKRUSH�HW�DO����������'DQV�XQ�VFKpPD�GH�IDLOOHV�

TXL�pYROXHQW�GDQV�O¶HVSDFH�HW�GDQV�OH�WHPSV��OHV�IDLOOHV�TXL�VHPEOHQW�LQLWLDOHPHQW�GLVWLQFWHV�VRQW�

HQ�UpDOLWp�UHOLpHV�FLQpPDWLTXHPHQW�GHSXLV�OHXUV�LQLWLDWLRQV��:DOVK�HW�DO����������3DU�H[HPSOH��

GDQV�OH�FRQWH[WH�G¶DUULqUH�DUF�1pR�=pODQGDLV��OD�UpDFWLYDWLRQ�REOLTXH�GH�VWUXFWXUHV�H[WHQVLYHV�

FUpWDFpHV�D�FRQGXLW�j�OD�IRUPDWLRQ�GH�UDPSHV�HQ�UHODLV�LQGXLVDQW�GHV�YDULDWLRQV�GH�YLWHVVHV�GH�

VXEVLGHQFH�OH�ORQJ�GX�UHODLV��/HV�IDLOOHV�QRUPDOHV��DSSDUHPPHQW�GLVMRLQWHV�HQ�VXUIDFH��VRQW�HQ�

UpDOLWp� PHPEUH� G¶XQH� PrPH� VWUXFWXUH� H[WHQVLYH� HQ� SURIRQGHXU� �*LED� HW� DO��� ������� ,O� HVW�

SUREDEOH�TXH�OHV�IDLOOHV�GH�7URXJRXW�HW�GX�JUDQG�7RILQR�VH�FRPSRUWHQW�GH�PDQLqUH�VLPLODLUH��

'DQV� XQ� UpJLPH� FLQpPDWLTXH� FRPPXQ�� FHV� IDLOOHV� QRUPDOHV� SHX� HVSDFpHV�� SRXUUDLHQW� VH�

FRQQHFWHU�VXU�XQ�QLYHDX�GH�GpWDFKHPHQW�ORFDOLVp�GDQV�OD�FUR�WH���

�����*pRPpWULH�GX�EDVVLQ�GH�1HNRU��

/D�JpRPpWULH�UKRPERpGULTXH�GX�EDVVLQ�GH�1HNRU�GpSHQG�GH�OD�JpRPpWULH�HW�GH�O¶DFWLYLWp�GHV�

IDLOOHV�GH�5RXDGL��GH�%RXVHNNRXU�HW�G¶(O�+DPPDP�VLWXpHV�VXU�OD�ERUGXUH�2XHVW�GX�EDVVLQ��1RV�

LQWHUSUpWDWLRQV�VRQW�EDVpHV�VXU�OD�GpILQLWLRQ�GX�EDVVLQ�WUDQVWHQVLI�VHORQ�:X�HW�DO�����������'DQV�

OH�EDVVLQ�GH�1HNRU��OD�GLUHFWLRQ�G¶H[WHQVLRQ�HVW�REOLTXH�SDU�UDSSRUW�DX[�]RQHV�GH�GpSODFHPHQWV�

SULQFLSDOHV�FDUDFWpULVDQW�XQ�SXOO�DSDUW�WUDQVWHQVLI��&HWWH�GpILQLWLRQ�GX�EDVVLQ�GH�1HNRU�HQ�EDVVLQ�

WUDQVWHQVLI� HVW� YDOLGH� VHXOHPHQW� VL� OD� IDLOOH� GH� 1HNRU� HVW� FRQVLGpUpH� FRPPH� XQH� ]RQH� GH�

GpSODFHPHQW�SULQFLSDOH��&HWWH�IDLOOH�QH�ORFDOLVH�SDV�OD�VLVPLFLWp��PDLV�HOOH�GpFDOH�ORFDOHPHQW�OH�

OLW�GH�ULYLqUHV��3RXMRO�HW�DO����������

,O�HVW�QRWDEOH�TXH�OH�FKDPS�GH�YLWHVVH�*36�FRQWUDLQW�XQ�EORF�%pWLFR�5LIDLQ�TXL�V¶H[WUXGH�YHUV�OH�

6XG�2XHVW� �.RXODOL� HW� DO�� ������� $FFRPPRGHU� O¶H[WUXVLRQ� GX� 5LI� QpFHVVLWH� XQH� ]RQH� HQ�

FLVDLOOHPHQW�� OD� IDLOOH� GH�1HNRU� SRXUUDLW� OH� SHUPHWWUH�� &HWWH� K\SRWKqVH� HVW� IDYRULVpH� SDU� OHV�

PRGqOHV� QpRWHFWRQLTXHV� TXL� UHSURGXLVHQW� OH� PLHX[� OHV� GpIRUPDWLRQV� GH� O¶DUF� EpWLFR�5LIDLQ�

�&XQKD�HW�DO���������1HUHV�HW�DO����������'DQV�FH�FDV��OD�IDLOOH�GH�1HNRU�HVW�FRQVLGpUpH�FRPPH�

XQH�VWUXFWXUH�DFWLYH��/H�PDQTXH�GH�VLVPLFLWp�OH�ORQJ�GH�FHWWH�IDLOOH�HVW�H[SOLTXp�SDU�XQ�JOLVVHPHQW�

DVLVPLTXH� HW� SDU� XQH� GLVWULEXWLRQ� GH� OD� GpIRUPDWLRQ� GDQV� OH� EORF� 1RUG� GH� FHWWH� IDLOOH�� /D�

FRQWURYHUVH� DXWRXU� GH� O¶DFWLYLWp� GH� OD� IDLOOH� GH�1HNRU� SHXW� rWUH� FRPSDUpH� j� FHOOH� UHODWLYH� j�

O¶DFWLYLWp�4XDWHUQDLUH�GH� OD� IDLOOH�GH�.DUDNRUXP�GDQV� O¶+LPDOD\D� �6HDUOH�HW�DO���������������

3KLOOLSV� HW� DO��� ������ 5RELQVRQ�� �������� 'DQV� XQ� FRQWH[WH� XQ� SHX� VLPLODLUH�� FHWWH� IDLOOH� GH�

.DUDNRUXP�D�WRXW�G¶DERUG�pWp�GpFODUpH�DFWLYH��DFFRPPRGDQW����NP�GH�GpSODFHPHQW�ODWpUDO�DYHF�

GHV�SpULRGHV�GH�TXLHVFHQFH�WHFWRQLTXH��8Q�DUWLFOH�UpFHQW�D�FHSHQGDQW�ILQL�SDU�FRQFOXUH�TXH�FHWWH�
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IDLOOH� Q¶HVW� SOXV� DFWLYH� FDU� FDFKHWpH� SDU� GHV� IRUPDWLRQV� DOOXYLDOHV� 4XDWHUQDLUHV� �5RELQVRQ��

�������

6L�GH�QRXYHDX[�DUJXPHQWV�GH�GDWDWLRQ��GH�WHFWRQLTXH�VWUXFWXUDOH�RX�GH�PRGpOLVDWLRQ�YHQDLHQW�

FRQWUDLQGUH�SUpFLVpPHQW�O¶DFWLYLWp�GH�OD�IDLOOH�GH�1HNRU�DX�3OLRFqQH��DORUV�LO�VHUDLW�HQYLVDJHDEOH�

GH�OHYHU�O¶DPELJ�LWp�VXU�OH�U{OH�VWUXFWXUDOH�HW�JpRG\QDPLTXH�GH�OD�IDLOOH�GH�1HNRU��(Q�O¶pWDW��OD�

JpRPpWULH�SURSRVpH�GX�EDVVLQ�GH�1HNRU�HQ�SXOO�DSDUW�WUDQVWHQVLI�VH�UDSSURFKH�GH�FHOOH�GX�EDVVLQ�

GH� 9LHQQH� RX� G¶DXWUHV� EDVVLQV� DFFRPPRGDQW� XQ� GpFURFKHPHQW� VXU� OHV� ERUGXUHV� G¶XQ� DUF�

RURJpQLTXH��'HZH\�HW�DO����������'DQV�FHV�FRQGLWLRQV��O¶KpULWDJH�$OSLQ�FRQWU{OH�GLUHFWHPHQW�OD�

PDQLqUH�GRQW�HVW�DFFRPPRGpH�OD�GpIRUPDWLRQ�ORFDOHPHQW��)RGRU��������'HFNHU�HW�DO���������

+|O]HO�HW�DO����������

����(QUDFLQHPHQW�GHV�VWUXFWXUHV�H[WHQVLYHV�GX�EDVVLQ�GH�1HNRU�HW�SHUVSHFWLYH�VXU�OD�
UHVWDXUDWLRQ�GH�FRXSHV�pTXLOLEUpHV�

/D�JpRPpWULH�GH�OD�IDLOOH�GH�7URXJRXW�HW�GHV�VWUXFWXUHV�H[WHQVLYHV�H[SOLTXH�SUREDEOHPHQW�XQH�

SDUWLH� GH� OD� VLVPLFLWp�� 'DQV� OH� EDVVLQ� GH� 1HNRU�� OHV� VWUXFWXUHV� H[WHQVLYHV� 11:�66(� VRQW�

SUREDEOHPHQW� HQUDFLQpHV� VXU� XQ� QLYHDX� GH� IDLEOH� SHQGDJH� GDQV� OD� FUR�WH�� /D� SURIRQGHXU�

VLVPRJpQLTXHV�GDQV�OH�EDVVLQ�GH�1HNRU�HVW�j�HQYLURQ���NP�G
DSUqV�9DQ�GHU�:RHUG�HW�DO�����������

,O�H[LVWH�FHSHQGDQW�XQH�VLVPLFLWp�QRQ�QpJOLJHDEOH�MXVTX¶j���NP��HW�TXHOTXHV�VpLVPHV�SURIRQGV�

VRQW� UHFHQVpV� DX�GHOj� VRXV� OH� EDVVLQ� GH� 1HNRU� �)LJXUH� ������� ,O� HVW� SRVVLEOH� GH� FDOFXOHU� OD�

SURIRQGHXU�GH�WUDQVLWLRQ�FDVVDQW�GXFWLOH�GDQV�XQH�FUR�WH�FRQWLQHQWDOH�FODVVLTXH�j�SDUWLU�GHV�WDX[�

GH�GpIRUPDWLRQV�HVWLPpV�SDU�OHV�PRGqOHV�GH�GpIRUPDWLRQ�QpRWHFWRQLTXH���

(Q�XWLOLVDQW�XQ�JpRWKHUPH�OLQpDLUH�GH�����SDU�NLORPqWUH�G¶DSUqV�OHV�YDOHXUV�GH�IOX[�GH�FKDOHXU�

GDQV� OH� 5LI� �5LPL�� ������� XQ� EDVVLQ� GH� 1HNRU� GH� ��NP� GH� ODUJH�� XQ� WDX[� GH� GpIRUPDWLRQ�

G¶HQYLURQ��
������V���G¶DSUqV�OHV�YDOHXUV�DSSUR[LPDWLYHV�GH�1pUqV�HW�DO�������HW�GHV�SDUDPqWUHV�

UKpRORJLTXHV�SRXU�XQH�FUR�WH�FRQWLQHQWDOH�GXFWLOH�FODVVLTXH�VH�GpIRUPDQW�VHORQ�OD�ORL�GH�IOXDJH�

GLVORFDWLRQ�HPSLULTXH���

߳ሶ ൌ ܣ כ �௡݁ିொȀோ்ߪ
$YHF� $ �
����� 03D�Q�� 4 � ���N-� HW� Q ����� YDOHXUV� FODVVLTXHV� SRXU� XQH� TXDUW]LWH� G¶DSUqV�

3DWHUVRQ�DQG�/XDQ����������/D�SURIRQGHXU�GH�WUDQVLWLRQ�FDVVDQW�GXFWLOH�REWHQXH�HVW�HQWUH��NP�

HW� �NP� GH� OD� SURIRQGHXU� VLVPRJpQLTXH� GH� ��NP� REVHUYpH�� ,O� HVW� SRVVLEOH� TXH� OH� WDX[� GH�

GpIRUPDWLRQ�LVVX�GH�1HUHV�HW�DO���������VRLW�VRXV�HVWLPp�GDQV�OH�EDVVLQ�GH�1HNRU��3RXU�UHWURXYHU�

GHV�YDOHXUV�VHPEODEOHV�DX[�YDOHXUV�GH�SURIRQGHXU�VLVPRJpQLTXHV�G¶DSUqV�9DQ�GHU�:RHUG��OHV�

YDOHXUV�VXLYDQWHV�SHXYHQW�rWUH�XWLOLVpHV���XQ�WDX[�GH�GpIRUPDWLRQ�GH��
������SRXU�GHV�DQJOHV�GH�
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IULFWLRQ�LQWHUQH�FRPSULV�HQWUH�����HW������)RVVHQ����������1RXV�REWHQRQV�DORUV�GHV�SURIRQGHXUV�

GH�WUDQVLWLRQ�FDVVDQW�GXFWLOH�HQ�H[WHQVLRQ�FRPSULVH�HQWUH��NP�HW���NP�GDQV�OH�EDVVLQ�GH�1HNRU��

&H� WDX[� GH� GpIRUPDWLRQ� pOHYp� VHPEOH� FHSHQGDQW� LUUpDOLVWH� DX� YX� GHV� WDX[� GH� GpIRUPDWLRQV�

PRGpOLVpV��)LJXUH���������

�
)LJXUH� �������(QYHORSSHV� GH� UpVLVWDQFH�G¶XQH� FUR�WH� FRQWLQHQWDOH� HQ� H[WHQVLRQ�SRXU� Q ���� HW�4 ����HW� SRXU�
SOXVLHXUV�YDOHXUV�G¶DQJOH�GH�IULFWLRQ�LQWHUQH�HW�߳ሶ ൌ������V�����=��SURIRQGHXU�GH�OD�WUDQVLWLRQ�FDVVDQW�GXFWLOH��

,O�HVW�SUREDEOH�TXH�O¶H[WHQVLRQ�GDQV�OH�EDVVLQ�GH�1HNRU�VH�ORFDOLVH�HQ�SURIRQGHXU�VXU�XQ�QLYHDX�

PpFDQLTXHPHQW�IDLEOH��'HV�UpSOLTXHV�HQ�FRPSUHVVLRQ�DSUqV�OH�VpLVPH�GH�������9DQ�GHU�:RHUG�

HW�DO����������SRXUUDLHQW�LQGLTXHU�XQH�LQIOXHQFH�GH�O¶KpULWDJH���OHV�VWUXFWXUHV�FRPSUHVVLYHV�OLpHV�

j�OD�PLVH�HQ�SODFH�GHV�QDSSHV�ORUV�GH�O¶RURJpQqVH�GDQV�OH�7HUWLDLUH�SRXUUDLHQW�rWUH�UpDFWLYpHV�HQ�

SURIRQGHXU��'¶DXWUH� SDUW�� OD� IOH[XUH� DVVRFLpH� DX� VXU�pSDLVVLVVHPHQW� GX�5LI� SHXW�PRGLILHU� OH�

FKDPS�GH�FRQWUDLQWH�ORFDO��:DWWV�DQG�%XURY����������

8QH�UHVWDXUDWLRQ�GX�EDVVLQ�GH�1HNRU�j�GLIIpUHQWV�VWDGHV�GH�VRQ�pYROXWLRQ�SRXUUDLW�LGpDOHPHQW�

FRQWUDLQGUH�OD�TXDQWLWp�GH�GpIRUPDWLRQ�DFFRPPRGpH�DX�3OpLVWRFqQH�SDU�FH�EDVVLQ��'HV�WUDYDX[�

VLPLODLUHV� UpDOLVpV� VXU� OH�JUDEHQ�GH�*XOOIDONV� �(FRVVH��RQW�SDU�H[HPSOH�SHUPLV�GH�PHWWUH�HQ�

pYLGHQFH� XQH� H[WHQVLRQ� REOLTXH� DX[� VWUXFWXUHV� �5RXE\� HW� DO��� ������� 'HV� WUDYDX[� HQ� FRXUV�

SRUWDQW�VXU� OD� UHVWDXUDWLRQ�SDUWLHOOH�GX�EDVVLQ�GH�1HNRU�j�SDUWLU�GHV�VXUIDFH�G¶pURVLRQV� WDUGL�

3OHLVWRFqQH�SRLQWpHV�VXU�OHV�GRQQpHV�GH�VLVPLTXH�UpIOH[LRQ�SRXUURQW�SRWHQWLHOOHPHQW�SHUPHWWUH�
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GH�SURSRVHU�GHV�WDX[�GH�GpIRUPDWLRQV�KRUL]RQWDX[�SRXU�OHV�GHUQLHUV��������DQV��/H�UpVXOWDW�GH�

FHV�WUDYDX[�SRXUUDLW�SHUPHWWUH�GH�PLHX[�GLVFXWHU�OH�OLHQ�HQWUH�GpIRUPDWLRQ�DFWLYH�HW�GpIRUPDWLRQ�

SOXV�ORQJ�WHUPH���

�����6HJPHQWDWLRQ�GH�OD�PDUJH�PDURFDLQH�HW�LQYHUVLRQ�WUDQVSUHVVLYH�

$X�QLYHDX�ORFDO��OH�EDVVLQ�GH�1HNRU�HVW�j�OD�IURQWLqUH�HQWUH�OHV�XQLWpV�GX�5LI�2ULHQWDO�HW�&HQWUDO�

j�O¶2XHVW��SUREDEOHPHQW�HQ�VRXOqYHPHQW�j�O¶DFWXHO��HW�OHV�XQLWpV�H[WHUQH�GX�5LI�HW�GX�0R\HQ�

$WODV�j� O¶(VW��'H�SDUW�HW�G¶DXWUH�GH�FHOOH� OLPLWH�DFWLYH�� OHV�UHOLHIV�YDULHQW��� OHV�XQLWpV�LQWHUQHV�

5LIDLQHV�SRVVqGHQW�GHV�UHOLHIV�DVVH]�pOHYpV�VXSpULHXUV�j�����P�DORUV�TX¶j�O¶(VW�GX�EDVVLQ�GH�

1HNRU�� GH� JUDQGV� EDVVLQV� VpGLPHQWDLUHV� FXOPLQDQW� j� ���P� FRPSRVHQW� OH� SD\VDJH�� &HWWH�

pYROXWLRQ�GX�SD\VDJH�HVW�FHQVpH�UHIOpWHU�OD�VWUXFWXUH�FUXVWDOH��)LJXUH���������

�
)LJXUH� ������� &DUWH� GH� SURIRQGHXU� GX� 0RKR� GDQV� OD� UpJLRQ� GH� O¶DUF� %pWLFR� 5LIDLQ� HW� GX� EDVVLQ� G¶$OERUDQ��
SURMHFWLRQ�GH�0HUFDWRU��'LD]�HW�DO���������

'HV�GRQQpHV�SXEOLpHV�PRQWUHQW�OD�JpRPpWULH�GX�0RKR�DYHF�XQH�ERQQH�UpVROXWLRQ�KRUL]RQWDOH�

�)LJXUH� �������'LD]� HW� DO�� �������&HV�GRQQpHV�PRQWUHQW� FODLUHPHQW� XQ�JUDGLHQW� G¶pSDLVVHXUV�

FUXVWDOHV� GpFURLVVDQW� UDSLGHPHQW� GHSXLV� XQ�0RKR� j� ��NP� TXHOTXHV� GL]DLQHV� GH� NLORPqWUH� j�

O¶2XHVW�GX�EDVVLQ�GH�1HNRU� MXVTX¶j�HQYLURQ������NP�DX�QLYHDX�GX�EDVVLQ�GH�1HNRU��'¶XQH�

PDQLqUH�VXUSUHQDQWH��FHV�pSDLVVHXUV�FUXVWDOHV�QH�VRQW�SDV�HQ�DFFRUG�DYHF� OHV�UHOLHIV�PHVXUpV�

GDQV�OD�SDUWLH�FHQWUDOH�GX�5LI��(Q�HIIHW��SRXU�FHV�pSDLVVHXUV��OHV�PRGqOHV�G¶LVRVWDVLH�ORFDO�GH�W\SH�

$LU\�SUpYRLW�GHV�UHOLHIV�SOXV�LPSRUWDQWV��'XJJHQ�HW�DO���������3HWLW�HW�DO����������
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/D�VWUXFWXUH�FUXVWDOH�HVW�SUREDEOHPHQW�j�PHWWUH�HQ�UHODWLRQ�DYHF�OHV�YDULDWLRQV�GH�PRXYHPHQWV�

YHUWLFDX[� REVHUYpHV� VXU� OD� PDUJH� 0DURFDLQH�� 'DQV� OD� SDUWLH� FHQWUDOH� GX� 5LI�� XQH� ]RQH� HQ�

VRXOqYHPHQW� HVW� UHFRQQXH�� HW� GDQV� OD� SDUWLH� RULHQWDOH� GX�5LI�� XQH� ]RQH�PRLQV� VXMHWWH� j� GHV�

PRXYHPHQWV�YHUWLFDX[�LPSRUWDQWV�HVW�FDUDFWpULVpH�SDU�GH�YDVWHV�EDVVLQV�VpGLPHQWDLUHV�7RUWRQR�

3OLRFqQH��1RV�WUDYDX[�PRQWUHQW�TX¶XQH�VHJPHQWDWLRQ�HVW�LQGXLWH�GDQV�FHWWH�]RQH�PDUTXpH�SDU�

OH�EDVVLQ�GH�1HNRU�HW�TX¶HOOH�VH�SURORQJH�SDU�OD�]RQH�GH�IDLOOH�GH�%RNNR\D�$O�,GULVVL�GpFRXSDQW�

OH�EDVVLQ�G¶$OERUDQ�OH� ORQJ�G¶XQH�]RQH�GH�FLVDLOOHPHQW�11(�662��,O�HVW�QRWDEOH�G¶DSUqV�OHV�

GRQQpHV� G¶LPDJHULHV� SURIRQGHV� TXH� O¶DPLQFLVVHPHQW� FUXVWDO� VH� SURGXLW� OH� ORQJ� G¶XQH� ]RQH�

RULHQWpH� 112�66(� �H�J�� 'LD]� HW� DO�� ������� )LJXUH� ������ DSSUR[LPDWLYHPHQW� SDUDOOqOH� DX[�

VWUXFWXUHV�H[WHQVLYHV�GX�EDVVLQ�GH�1HNRU�HW�GHV�VWUXFWXUHV�WUDQVWHQVLYHV�DIIHFWDQW�OD�ULGH�6XG�

$OERUDQ��&HOD�VXJJqUH�TXH�OD�GpIRUPDWLRQ�GH�OD�PDUJH�HQUHJLVWUpH�VXU�OD�SODWHIRUPH�HW�GDQV�OH�

EDVVLQ�G¶$OERUDQ�HVW�FRQWUDLQWH�SDU�OD�VWUXFWXUH�FUXVWDOH�j�O¶DFWXHO��(Q�IDLVDQW�YDULHU�ORFDOHPHQW�

OD� FRQWUDLQWH� YHUWLFDOH�� LO� HVW� DORUV� SRVVLEOH� G¶LQYHUVHU� O¶RULHQWDWLRQ� GHV� D[HV� GHV� FRQWUDLQWHV�

SULQFLSDOHV�HW�GH�SURYRTXHU�ORFDOHPHQW�OHV�FRQGLWLRQV�G¶XQH�VXEVLGHQFH�ORFDOH�GDQV�XQ�FRQWH[WH�

WUDQVSUHVVLI�FRPPH�GLVFXWp�GDQV�3DODQR�HW�DO����������(Q�VH�EDVDQW�VXU�FH�PRGqOH�GH�FUR�WH��LO�

HVW�SUREDEOH�TXH�OD�]RQH�GH�IDLOOH�G¶$O�,GULVVL�HW�OH�EDVVLQ�GH�1HNRU�DFFRPPRGHQW�HQ�SDUWLH�XQH�

H[WHQVLRQ�OLp�GXH�j�O¶KpULWDJH�VWUXFWXUDO��G
XQH�PDQLqUH�pTXLYDOHQWH�j�O
H[WHQVLRQ�GDQV�OD�6LHUUD�

1HYDGD�� H�J�� /H� 3RXUKLHW� HW� DO�� ������� &HSHQGDQW�� FH� PpFDQLVPH� FRPSOH[H� QpFHVVLWH� GHV�

LQYHVWLJDWLRQV�SOXV�SRXVVpHV��SDU�H[HPSOH�EDVpHV�VXU�GHV�PRGqOHV�QXPpULTXHV�SRXU�H[SOLTXHU�

SRXUTXRL�OD�WRSRJUDSKLH�QH�FRUUHVSRQG�SDV�DX[�pSDLVVHXUV�FUXVWDOHV�GDQV�OH�5LI��

����/D�GpIRUPDWLRQ�GX�GRPDLQH�G¶$OERUDQ���HIIHWV�GH�OD�VXEGXFWLRQ�RX�ELHQ�HIIHW�GH�OD�

FRQYHUJHQFH�"�

������� ,QYHUVLRQ�2EOLTXH�GX�5LI�HW�GH�OD�PDUJH�GX�GRPDLQH�G¶$OERUDQ�

$X�ILO�GH�FHWWH�WKqVH��QRXV�DYRQV�REVHUYp�GLIIpUHQWV�DVSHFWV�GH�OD�GpIRUPDWLRQ�GH�OD�PDUJH�6XG�

GX�%DVVLQ�G¶$OERUDQ��1RXV�DYRQV�HVWLPp�TXH�O¶pYROXWLRQ�GH�OD�GpIRUPDWLRQ�GHSXLV�OH�3OLRFqQH�

MXVTX¶j� O¶DFWXHO� GDQV� OH� 6XG� $OERUDQ� FRUUHVSRQG� j� XQH� GpIRUPDWLRQ� GLVWULEXpH� OH� ORQJ� GHV�

VWUXFWXUHV�PLRFqQHV� GH� OD� 7UDQV�$OERUDQ� 6KHDU�=RQH��&HWWH� GpIRUPDWLRQ�� HQUHJLVWUpH� VXU� OD�

SODWHIRUPH�FRQWLQHQWDOH�DX�QLYHDX�GX�EDVVLQ�GH�1HNRU��GDQV�OH�EDVVLQ�SURIRQG�HW�DX�SLHG�GHV�

KDXWV�WRSRJUDSKLTXHV�GH�OD�5LGH�6XG�$OERUDQ�DYHF�OHXUV�V\VWqPHV�FRQWRXULWLTXHV��HVW�OLpH�DX�

SDVVDJH� GX� 0HVVLQLHQ� WHUPLQDO� DX� GpEXW� GX� 3OLRFqQH�� G¶XQH� GpIRUPDWLRQ� WUDQVSUHVVLYH�

DFFRPPRGDQW� OD� ILQ� GX� UHWUDLW� GX� SDQQHDX� SORQJHDQW� YHUV� O¶2XHVW�� j� XQH� GpIRUPDWLRQ�
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FRPSUHVVLYH�OLpH�j�OD�PLVH�HQ�SODFH�G¶XQH�GpIRUPDWLRQ�GH�VW\OH�WKLFN�VNLQ�FROOLVLRQHOOH�GDQV�OH�

5LI���

'DQV� OH� FKDSLWUH� ��SRUWDQW� VXU� O¶pYROXWLRQ�GH� OD� GpIRUPDWLRQ�GDQV� OH�5LI� HW� VXU� OD�5LGH�6XG�

$OERUDQ��QRXV�DYRQV�SURSRVp�TXH� OD�GpIRUPDWLRQ� WUDQVSUHVVLYH�D�SURYRTXp� OD� URWDWLRQ�G¶D[H�

YHUWLFDOH�GX�EORF�%pWLFR�5LIDLQ�GHSXLV�OH�7RUWRQLHQ�MXVTX¶j�O¶DFWXHO��&HWWH�URWDWLRQ�KRUDLUH�OHQWH�

�������0D���0HJKUDRXL�DQG�3RQGUHOOL��������3DODQR�HW�DO���������FRQWULEXH�j�GLPLQXHU�O¶DQJOH�

IDLW�SDU�OD�GLUHFWLRQ�QRUPDOH�DX[�VWUXFWXUHV�GH�OD�7$6=�0LRFqQH��DFFRPPRGDQW�OD�GpIRUPDWLRQ�

WUDQVSUHVVLYH�0HVVLQLHQ�3OLRFqQH��HW�OD�GLUHFWLRQ�GH�FRQYHUJHQFH�$IULTXH�(XUDVLH���

3RXU�SRXYRLU�GpILQLU�XQH�LQYHUVLRQ�REOLTXH�GX�5LI�HW�GH�OD�PDUJH�6XG�GX�EDVVLQ�G¶$OERUDQ��LO�D�

pWp�QpFHVVDLUH�GH�VH�UpIpUHU�DX[�SpULRGHV�SOXV�DQFLHQQHV�TXH�OH�3OLRFqQH�VXSpULHXU��(Q�HIIHW�DYDQW�

FHWWH�SpULRGH��O¶H[WHQVLRQ�G¶DUULqUH�DUF�SRVWpULHXUH�j�O¶RURJpQqVH�DOSLQH�DLQVL�TXH�O¶REOLTXLWp�GH�

OD�FRQYHUJHQFH�SHUPHWWHQW�GH�JpQpUHU�GH�OD�WUDQVSUHVVLRQ�DX�QLYHDX�GH�OD�5LGH�G¶$OERUDQ�HW�GX�

FRXOLVVHPHQW� OH� ORQJ� GH� OD� IDLOOH� GH� 1HNRU� GHV� XQLWpV� LQWHUQHV� GX� 5LI�� &H� FRQWH[WH� SHUPHW�

pJDOHPHQW�O¶DSSURIRQGLVVHPHQW�ORFDO�GHV�EDVVLQV�DX�0HVVLQLHQ���

$X�3OLRFqQH�VXSpULHXU��OD�GpIRUPDWLRQ�WKLFN�VNLQ�HVW�pWDEOLH�GDQV�OH�5LI�H[WHUQH�DX�QLYHDX�GHV�

EDVVLQV�LQWUDPRQWDJQHX[�ERUGDQW�OD�IDLOOH�GH�1HNRU��&DSHOOD�HW�DO����������/¶pWDW�GH�OD�WHFWRQLTXH�

j� O¶DFWXHO�FRUUHVSRQG�j�O¶pYROXWLRQ�GH�FH�V\VWqPH�WUDQVSUHVVLI�GHSXLV��PLOOLRQV�G¶DQQpHV��&H�

PRGqOH�HVW�FHSHQGDQW�VRXV�FRQWUDLQW�HQ�UDLVRQ�GHV�kJHV�DSSUR[LPDWLIV�TXL�GDWHQW�OHV�GLIIpUHQWHV�

pWDSHV�GH�GpIRUPDWLRQ���

������� (YROXWLRQ�GH�OD�WUDQVSUHVVLRQ�

/D�URWDWLRQ�GH�EORF�GDQV�OHV�]RQHV�HQ�WUDQVSUHVVLRQ�RX�WUDQVWHQVLRQ�HVW�XQ�HIIHW�ELHQ�GpPRQWUp�

SDU� OHV�PRGqOHV�QXPpULTXHV� �)LJ�������� H�J��/H�3RXUKLHW� HW� DO�� ������ HW� G¶DSUqV� OHV� WKpRULHV�

PpFDQLTXHV��'HZH\��������)RVVHQ�DQG�7LNRII��������-RQHV�HW�DO���������������0F.HQ]LH�DQG�

-DFNVRQ��������1XU�HW� DO��� ������6FKRO]�HW� DO���������7LNRII� DQG�7H\VVLHU���������/HV�HIIHWV��

PDMHXUV�GH�OD�WUDQVWHQVLRQ�LQLWLDOH�VRQW�G¶DPLQFLU�OD�FUR�WH�j�JUDQGH�pFKHOOH�HQ�H[KXPDQW�GHV�

G{PHV�PpWDPRUSKLTXHV�HW�GH�SURYRTXHU�OD�IRUPDWLRQ�GH�VWUXFWXUHV�GH�WUDQVIHUW��)LJ���������/HV�

G{PHV�VRQW�UHSUpVHQWpHV�GDQV�QRWUH�]RQH�G¶pWXGH�SDU�OHV�%pWLTXHV�HW�OH�5LI��H�J��%RRWK�5HD�HW�

DO���������������1HJUR�HW�DO���������2XDUDJOL�HW�DO���������HQ�DVVRFLDWLRQ�DYHF�GHV�]RQHV�GH�

WUDQVIHUW��SDU�H[HPSOH�OD�IDLOOH�GH�-HEKD�RX�GH�1HNRU���

/D�IRUPDWLRQ�GH�]RQHV�GH�WUDQVIHUW�UpFHQWHV�FRPPH�OD�IDLOOH�G¶$O�,GULVVL�DVVRFLpH�j�OD�IDLOOH�GH�

%RNNR\D� HVW� OD� FRQVpTXHQFH� GH� O¶KLVWRLUH� WUDQVSUHVVLYH� UpFHQWH�� /¶LQYHUVLRQ� GHV� VWUXFWXUHV�

PLRFqQHV�HQ�FRPSUHVVLRQ�SHUPHW�GH�UpXQLU�OHV�FRQGLWLRQV�QpFHVVDLUHV�j�OD�IRUPDWLRQ�GH�FHWWH�

QRXYHOOH�]RQH�GH�WUDQVIHUW��OD�IDLOOH�G¶$O�,GULVVL��TXL�HVW�PLHX[�DGDSWpH�SRXU�DFFRPPRGHU�OD�



�����
�

�

GpIRUPDWLRQ�j�SDUWLU�GX�*pODVLHQ��&HWWH�FRPSUHVVLRQ�OH�ORQJ�GHV�]RQHV�GH�WUDQVIHUW�0LRFqQH�HVW�

FRPSDWLEOH�DYHF�XQ�HIIHW�GH�OD�FRQYHUJHQFH�$IULTXH�(XUDVLH��

$YHF�VHV�]RQHV�FUXVWDOHV�DPLQFLHV�RX�pSDLVVLHV��OD�VWUXFWXUH�GH�OD�FUR�WH�GX�GRPDLQH�G¶$OERUDQ�

UHIOqWH�O¶KpULWDJH�OLp�j� OD�PLJUDWLRQ�GX�'RPDLQH�G¶$OERUDQ�OLp�j� O¶H[WHQVLRQ�G¶DUULqUH�DUF��/D�

WRSRJUDSKLH�DQRUPDOH�GX�5LI�FHQWUDO��3HWLW�HW�DO���������HW�GX�5LI�([WHUQH��O¶H[WUXVLRQ�GX�5LI�

FHQWUDO��.RXODOL�HW�DO�����������O¶LPSRUWDQWH�VXEVLGHQFH�GX�EDVVLQ�2XHVW�$OERUDQ��'R�&RXWR�HW�

DO����������OD�WRSRJUDSKLH�GX�0RKR��'LD]�������LQGLTXHQW�FODLUHPHQW�O¶LQIOXHQFH�G¶XQ�SURFHVVXV�

G¶pFKHOOH�OLWKRVSKpULTXH�LQIOXHQoDQW�OD�GpIRUPDWLRQ�j�O¶DFWXHO��/H�PpFDQLVPH�SUpIpUp�GDQV�OD�

OLWWpUDWXUH�SRXU�H[SOLTXHU�O¶HQVHPEOH�GHV�SURFHVVXV�LPSOLTXH�XQ�FRXSODJH�YLVTXHX[�GH�OD�FUR�WH�

VRXV�OH�5LI�HW�GX�PDQWHDX�OLWKRVSKpULTXH�WpWK\VLHQ�FH�TXL�SHUPHW�XQ�IOXDJH�GH�OD�FUR�WH�LQIpULHXUH�

YLVTXHXVH�YHUV� OD�]RQH�HQ�VXEGXFWLRQ� �9DOHUD�HW�DO���������3HWLW�HW�DO����������DPLQFLVVDQW� OD�

FUR�WH�j�O¶DYDQW�GX�SDQQHDX�SORQJHDQW��

$�O¶pFKHOOH�GH�OD�VWUXFWXUH�FUXVWDOH�G¶$OERUDQ�OHV�FRQWUDVWHV�G¶pSDLVVHXU�HW�GH�YLVFRVLWp�LQGXLWV�

SDU� OHV� GHX[� SURFHVVXV� G¶DPLQFLVVHPHQW� SRXUUDLHQW� H[SOLTXHU� GH� PDQLqUH� VDWLVIDLVDQWH� OD�

ORFDOLVDWLRQ�HW�O¶DFWLYLWp�j�OD�IRLV�GH�OD�IDLOOH�G¶$O�,GULVVL�HW�GX�EDVVLQ�GH�1HNRU��/D�GpIRUPDWLRQ�

DFWXHOOH� GX� EDVVLQ� G¶$OERUDQ� HVW� O¶KpULWDJH� GH� GHX[� SURFHVVXV� GLVWLQFWV� G¶DPLQFLVVHPHQWV�

FUXVWDX[��SUREDEOHPHQW�GDQV�OH�WHPSV��(Q�SHUVSHFWLYH�LO�VHUDLW�LQWpUHVVDQW�GH�IDLUH�OD�SDUW�HQWUH�

FHV�GHX[�SURFHVVXV��UHWUDLW�GX�VODE�HW�GpODPLQDWLRQ�RX�FRXSODJH�YLVTXHX[��DYHF�GHV�PRGqOHV�

QXPpULTXHV�PRQWUDQW�O¶LQIOXHQFH�FRQMRLQWH�GHV�GHX[�SURFHVVXV���
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)LJXUH��������0RGqOHV�QXPpULTXHV�UHSUpVHQWDQW�OD�IRUPDWLRQ�GH�G{PHV�H[WHQVLIV�HQWUH���0D�HW���0D�HW�O¶LQYHUVLRQ�
WHFWRQLTXH�j�SDUWLU�GH���0D��/¶H[WHQVLRQ�ODWpUDOH�HVW�LQGLTXpH�SDU�OHV�IOqFKHV�JULVHV��/HV�PRGqOHV�XWLOLVHQW�XQH�
FUR�WH�LQIpULHXUH�WUqV�IDLEOHPHQW�YLVTXHXVHV�������3D���/HV�FRQGLWLRQV�LQLWLDOHV�DX[�OLPLWHV�HW�OH�PRGqOH�HQ�HQWUpH�
VRQW�SXEOLpV�GDQV�/H�3RXUKLHW�HW�DO������������$��'pIRUPDWLRQ�HW�pSDLVVLVVHPHQW�GH�OD�FUR�WH�LQIpULHXUH��/H�FDGUH�
EODQF�LQGLTXH�R��VH�VLWXH�OD�GpIRUPDWLRQ�HW�O¶pSDLVVLVVHPHQW�j�FKDTXH�pWDSH�GH�WHPSV��6XU�OD�ERUGXUH�GX�G{PH�XQH�
]RQH�REOLTXH�HVW�IRUPpH��VRXV�O¶HIIHW�GH�OD�WUDQVSUHVVLRQ�GX�PRGqOH�j�SDUWLU�GH���0D��OD�]RQH�REOLTXH�LQLWLDOHPHQW�
WUDQVWHQVLYH� VXELW� XQH� URWDWLRQ�SURJUHVVLYH�PDUTXpH�SDU� OD� IOqFKH�EODQFKH�� �%��'pIRUPDWLRQ� ORFDOLVpH�GDQV� OD�
FUR�WH�PRQWUDQW�OH�GRPLQJ�DVVRFLp�j�O¶pWDSH�H[WHQVLYH��OHV�VWUXFWXUHV�REOLTXHV�DFFRPPRGDQW�OD�GpIRUPDWLRQ�HQ�
WUDQVWHQVLRQ�VXU�OH�ERUG�GX�G{PH�MXVTX¶j���0D�MRXH�HQ�GpFURFKHPHQW�j��0D�SXLV�VRQW�LQYHUVpHV�HQ�FRPSUHVVLRQ�
j�O¶DFWXHO�VRXV�O¶HIIHW�GH�OD�URWDWLRQ��)LJXUH�PRGLILpH�DYHF�OD�FRXUWRLVLH�GH�/DHWLWLD�/H�3RXUKLHW��QRQ�SXEOLpH����

� �
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����&RQFOXVLRQ�ILQDOH�

$�O¶RULJLQH��OH�EXW�GH�FHWWH�WKqVH�pWDLW�GH�FDUDFWpULVHU�OD�SODWHIRUPH�FRQWLQHQWDOH�0DURFDLQH�GX�

%DVVLQ�G¶$OERUDQ�DX�QLYHDX�GX�EDVVLQ�SpULSKpULTXH�GH�1HNRU��/D�VLVPLFLWp�GDQV�FHWWH�]RQH�HVW�

LPSRUWDQWH�PDLV�O¶DEVHQFH�GH�VWUXFWXUHV�DFWLYHV�FODLUHV�j�WHUUH�UHQGDLW�GLIILFLOH�O¶LQWHUSUpWDWLRQ�

GHV�HQUHJLVWUHPHQWV�VLVPRORJLTXHV��'H�SOXV��FH�EDVVLQ�HQ�PHU�QH�PRQWUDLW�SDV�GH�SUHXYH�GH�

VXEVLGHQFH�FRQWHPSRUDLQH�GHV�EDVVLQV�DOHQWRXUV�HW�UHVWDLW�QRQ�GDWp��/H�EDVVLQ�GH�1HNRU�pWDLW�

GRQF�IDLEOHPHQW�FDUDFWpULVp�GX�SRLQW�GH�YX�VpGLPHQWDLUH�HW�WHFWRQLTXH��'H�SOXV�GDQV�OH�FRQWH[WH�

UpJLRQDO��OD� UpJLRQ� GH� 1HNRU� HVW� LQWULJDQWH��� j� O¶LPSRUWDQWH� VLVPLFLWp� VH� UDMRXWHQW� �L�� GHV�

YDULLDWLRQV� G¶D]LPXWK� � HW� GH� YLWHVVH� GHV� YHFWHXUV�*36�GH� SDUW� HW� G¶DXWUH� GX� EDVVLQ�� �LL�� XQH�

VXEVLGHQFH�PDUTXpH�j�O¶DFWXHOOH�GDQV�OH�EDVVLQ�HW�XQ�VRXOqYHPHQW�GX�5LI���LLL��GHV�FKDQJHPHQWV�

G¶pSDLVVHXUV� FUXVWDOHV� GH� SDUW� HW� G¶DXWUH� GX� EDVVLQ�� /HV� FDPSDJQHV� RFpDQRJUDSKLTXHV�

0$5/%252��� �������� 0$5/%252��� ������� HW� 6$5$6� ������� DLQVL� TX¶XQH� PLVH� HQ�

FRPPXQ� GHV� GRQQpHV� GH� VLVPLTXH� UpIOH[LRQ� HW� GH� EDWK\PpWULH� j� O¶pFKHOOH� G¶$OERUDQ� HQ�

FROODERUDWLRQ�pWURLWH�DYHF�OHV�pTXLSHV�GH�JpRORJLH�6pGLPHQWDLUH�GH�JURXSH�&RQWLQHQWDO�0DUJLQ�

DX�&6,&�GH�%DUFHORQH� HW� O¶8QLYHUVLWp�0RKDPPHG�9�5DEDW� DX�0DURF� RQW� SHUPLV� GH�PLHX[�

FRPSUHQGUH�OHV�SURFHVVXV�j�O¶°XYUH�GDQV�FHWWH�UpJLRQ�GX�*OREH���

3RXU�FRPSUHQGUH�OD�WHFWRQLTXH�DFWLYH�GDQV�OD�UpJLRQ�G¶$O�+RFHLPD��LO�D�IDOOX�WUDLWHU�HW�DQDO\VHU�

OHV� GRQQpHV� GH� EDWK\PpWULH� LVVXHV� GH� FDPSDJQHV� RFpDQRJUDSKLTXHV� UpFHQWHV�� DQDO\VHU� HW�

LQWHUSUpWHU� OHV� VWUXFWXUHV� VXU� OH� IRQG� PDULQ�� *UkFH� j� OD� FRXYHUWXUH� LPSRUWDQWH� GH� VLVPLTXH�

UpIOH[LRQ��QRXV�DYRQV�SX�PRQWUHU�XQH�FRUUHVSRQGDQFH�HQWUH� OD�GpIRUPDWLRQ�GH� OD�SODWHIRUPH�

FRQWLQHQWDOH�HW�OHV�VWUXFWXUHV�PRUSKRORJLTXHV�VXU�OH�IRQG�GH�PHU��1RXV�DYRQV�SX�FDUWRJUDSKLHU�

SUpFLVpPHQW�OHV�IDLOOHV�DFWLYHV�HW�FDUDFWpULVHU�ILQHPHQW�OD�VWUXFWXUH�GX�EDVVLQ�GH�1HNRU�DYHF�VHV�

OLPLWHV� WHFWRQLTXHV�� 1RXV� DYRQV� PRQWUp� TXH� OD� PDUJH� PDURFDLQH� HVW� VHJPHQWpH� j� O¶DFWXHO��

&HSHQGDQW��OHV�VWUXFWXUHV�WHFWRQLTXHV�HW�OHV�GpSRFHQWUHV�LQGLTXHQW�GHV�FKDQJHPHQWV�SUREDEOHV�

GH�FLQpPDWLTXH�GXUDQW�OH�3OpLVWRFqQH���

1RXV�DYRQV�SX�REVHUYHU�OHV�YDULDWLRQV�GH�O¶DUFKLWHFWXUH�GH�OD�SODWHIRUPH�FRQWLQHQWDOH�PDURFDLQH��

OH�ORQJ�GH�WURLV�VHJPHQWV�GLVWLQFWV���GDQV�OH�EDVVLQ�GH�1HNRU��VXU�OD�SODWHIRUPH�j�O¶2XHVW�GDQV�OD�

UpJLRQ�GH�OD�IDLOOH�GH�%RXVHNNRXU��HW�VXU�OH�5DV�7DUI��1RXV�DYRQV�GH�SOXV�REVHUYp�G¶XQH�PDQLqUH�

JpQpUDOH� XQH� F\FOLFLWp� GHV� FRUWqJHV� VpGLPHQWDLUHV� VXU� OD� SODWHIRUPH�� &HWWH� F\FOLFLWp� QH�

V¶H[SULPDLW�SDV�GH�OD�PrPH�PDQLqUH�VHORQ�OH�VHJPHQW�GH�OD�PDUJH�0DURFDLQH�REVHUYp��6XU�OH�

IRQG�GH�PHU��QRXV�DYRQV�SX�REVHUYHU�XQH�PRUSKRORJLH�HQ�HVFDOLHU�GH�OD�SODWHIRUPH��PDUTXpH�

SDU�GHV�WHUUDVVHV�VRXV�PDULQHV��1RXV�DYRQV�SX�DVVRFLHU�FHWWH�PRUSKRORJLH�DX[�GpS{WV�GH�FRUSV�

VpGLPHQWDLUHV�SURJUDGDQWV�GDQV�OHV�]RQHV�HQ�VXEVLGHQFHV�RX�DYHF�XQH�VXUIDFH�pURVLYH�GDQV�OHV�
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]RQHV�HQ�VRXOqYHPHQW�FRPPH�DX�QLYHDX�GH�5DV�7DUI��/D�FRPSDUDLVRQ�DYHF�OHV�DXWUHV�PDUJHV�

PpGLWHUUDQpHQQHV�QRXV�D�SHUPLV�GH�PHWWUH�HQ�pYLGHQFH�OD�SUR[LPLWp�GHV�JpRPpWULHV�GX�EDVVLQ�

GH�1HNRU�DYHF�OHV�JpRPpWULHV�GH�SULVPHV�GH�ERUGXUHV�GH�SODWHIRUPHV�REVHUYpV�GDQV�OH�*ROIH�GX�

/LRQ��8QH�FROODERUDWLRQ�DYHF�O¶XQLWp�GH�*pRVFLHQFH�0DULQH�GH�%UHVW�D�SHUPLV�GH�PLHX[�FHUQHU�

OHV�SURFHVVXV�FRQWU{ODQW�O¶DUFKLWHFWXUH�GH�OD�SODWHIRUPH�HW�OD�G\QDPLTXH�GX�IRQG�GH�PHU�HQ�OD�

UHOLDQW�DX[�YDULDWLRQV�JODFLR�HXVWDWLVTXHV�HOOHV�PrPHV�OLpHV�j�O¶H[FHQWULFLWp�DVWURQRPLTXH�HW�j�

GHV�YDULDWLRQV�G¶RUGUH�VXSpULHXU��1RXV�DYRQV�SX�PRQWUHU�TXH�O¶DUFKLWHFWXUH�VpGLPHQWDLUH�pWDLW�

GLUHFWHPHQW�FRQWU{OpH�SDU�OD�WHFWRQLTXH�ORFDOH��1RXV�DYRQV�SURSRVp�XQ�PRGqOH�G¶pYROXWLRQ�GH�

O¶DUFKLWHFWXUH�G¶XQH�SODWHIRUPH�3OpLVWRFqQH�VHORQ�XQ�F\FOH�GH�FKXWH�HW�GH�UHPRQWpH�GX�QLYHDX�

PDULQ�HQ�SUHQDQW�HQ�FRPSWH�OHV�YDULDWLRQV�HXVWDWLTXHV��O¶LQIOXHQFH�GHV�SURFHVVXV�VpGLPHQWDLUHV�

GHOWDwTXHV�HW�GHV�FRXUDQWV�GH�FRQWRXUV��HW�O¶LQIOXHQFH�WHFWRQLTXH�VXU�OD�SUpVHUYDWLRQ�RX�QRQ�GHV�

GpS{WV�HW�VXU�OD�PRUSKRORJLH�GX�IRQG�GH�PHU���

$�SDUWLU�GH�FHWWH�FDUDFWpULVDWLRQ�GH�OD�SODWHIRUPH�FRQWLQHQWDOH�QRXV�DYRQV�SX�PLHX[�FRQWUDLQGUH�

OHV� SURFHVVXV� WHFWRQLTXHV� DFWLIV� DX� 3OpLVWRFqQH�� &HSHQGDQW�� LO� pWDLW� LQWpUHVVDQW� GH� UHOLHU� FHV�

SURFHVVXV�ORFDX[�DX[�SURFHVVXV�UpJLRQDX[�LQIOXHQoDQW�OD�WRSRJUDSKLH�HW�OD�SDOpR�RFpDQRJUDSKLH�

GXUDQW� OH�3OLR�4XDWHUQDLUH��(Q�pWHQGDQW� OD� ]RQH�G¶pWXGH�JUkFH� j� OD� FRPSLODWLRQ�GHV�GRQQpHV�

EDWK\PpWULTXHV�HW�GHV�OLJQHV�GH�VLVPLTXH�UpIOH[LRQ�GLVSRQLEOHV��HQ�VH�EDVDQW�VXU�OHV�FDODJHV�GHV�

VXUIDFHV�VWUDWLJUDSKLTXHV�HQ�$OERUDQ�REWHQXH�HQ�FROODERUDWLRQ�DYHF�OH�&6,&�%DUFHORQH�HW�VXU�OD�

ELEOLRJUDSKLH� j� O¶pFKHOOH� UpJLRQDOH�� QRXV� DYRQV� SX� SURSRVHU� XQH� FDUWRJUDSKLH� GHV� VWUXFWXUHV�

WHFWRQLTXHV� DFWLYHV� GDQV� XQH� UpJLRQ� FRPSULVH� HQWUH� OHV� ]RQHV� H[WHUQHV� GX� 5LI� HW� OD� 5LGH�

G¶$OERUDQ� GHSXLV� OD� EDVH� GX� 3OLRFqQH� MXVTX¶j� O¶DFWXHO�� 1RXV� DYRQV� SX� PRQWUHU� TXH� OD�

WRSRJUDSKLH� GH� OD� 5LGH� 6XG� $OERUDQ� HVW� SUREDEOHPHQW� OH� UpVXOWDW� G¶XQ� UpJLPH� WUDQVSUHVVLI�

GpPDUUp� DX� 7RUWRQLHQ� HW� V¶DFKHYDQW� DX� 3OLRFqQH�� $� SDUWLU� GX� 4XDWHUQDLUH�� HQ� UDLVRQ� GH� OD�

FRQYHUJHQFH�$IULTXH�(XUDVLH�HW�GH�URWDWLRQV�GH�EORFV��O¶pYROXWLRQ�GH�OD�WUDQVSUHVVLRQ�YHUV�XQ�

UpJLPH� SOXV� FRPSUHVVLI� D� HQWUDLQp� XQH� QpR�IRUPDWLRQ� GH� VWUXFWXUHV� PLHX[� RULHQWpHV� SRXU�

DWWHLQGUH�OH�PRGH�GH�GpIRUPDWLRQ�GpFURFKDQW�DFWXHO���

$�SDUWLU�GH�O¶HQVHPEOH�GH�FHV�UpVXOWDWV��HW�GH�OD�FRPSUpKHQVLRQ�GHV�SURFHVVXV�JODFLR�HXVWDWLTXHV�

HW�VpGLPHQWDLUHV�PLV�HQ�MHX[��QRXV�DYRQV�SX�HQILQ�SURSRVHU�TXHOTXHV�TXDQWLILFDWLRQV�GHV�WDX[�

GH�VXEVLGHQFHV�j�SDUWLU�GHV�SDOpR�ULYDJHV�GH�EDV�QLYHDX[��&HSHQGDQW��pWDQW�GRQQp�OH�FRQWH[WH�

WHFWRQLTXH� SDUWLFXOLHU� HW� OH�PDQTXH� GH� FDODJH� WHPSRUHO�� OHV� LQFHUWLWXGHV� VRQW� JUDQGHV� HW� GHV�

DPpOLRUDWLRQV�SRXUURQW�FHUWDLQHPHQW�rWUH�DSSRUWpHV�GDQV�OH�IXWXU��

'HV�TXHVWLRQV�SHUVLVWHQW�VXU�OHV�LQWHUDFWLRQV�HQWUH�VWUXFWXUHV�KpULWpHV�GH�OD�FROOLVLRQ�DOSLQH�HW�OHV�

VWUXFWXUHV�3OLRFqQH��8QH�FDUWRJUDSKLH�SOXV�ILQH�GH�OD�]RQH�GH�IDLOOH�G¶$O�,GULVVL�HW�GH�OD�WUDQVLWLRQ�

DYHF�OH�EDVVLQ�GH�1HNRU�SHUPHWWUDLW�GH�OHV�OHYHU�SDUWLHOOHPHQW��8QH�LPDJHULH�j�O¶pFKHOOH�FUXVWDOH�
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SDU� VLVPLTXH� UpIUDFWLRQ� SHUPHWWUDLW� GH� PHWWUH� HQ� pYLGHQFH� OD� JpRPpWULH� GHV� IDLOOHV� HQ�

SURIRQGHXUV��$�O¶pFKHOOH�UpJLRQDOH��QRWUH�PRGqOH�JpRG\QDPLTXH�GH�O¶pYROXWLRQ�GHV�VWUXFWXUHV�

5LIDLQHV�HW�GH�OD�PDUJH�G¶$OERUDQ�SHUPHW�GH�UpFRQFLOLHU�OD�WHFWRQLTXH�DFWLYH�DYHF�OD�WHFWRQLTXH�

j� ORQJ� WHUPH�� &HSHQGDQW�� LO� H[LVWH� HQFRUH� GH� QRPEUHXVHV� LQFHUWLWXGHV� VXU� OH� OLHQ� HW� OHV�

LQWHUDFWLRQV�HQWUH�FRQYHUJHQFH�$IULTXH�(XUDVLH�HW�VXEGXFWLRQ�GH�PDWpULHO�OLWKRVSKpULTXH���

/H� MHX�GH�GRQQpHV�Q¶D�SDV� pWp� HQFRUH� FRPSOqWHPHQW� H[SORLWp� HW� GH�QRPEUHXVHV� LQFHUWLWXGHV�

GHPHXUHQW��1RXV�DYRQV�FDUWRJUDSKLp�GHV�VWUXFWXUHV�SUREDEOHPHQW�FRUDOOLHQQHV�VXU�OH�IRQG�GH�

PHU�� HQ� SLHG� HW� VXU� OHV� KDXWV� VRXV�PDULQV�� 1RXV� DYRQV� PRQWUp� TXH� FHV� KDXWV� VRXV�PDULQV�

SRVVpGDLHQW� GHV� VLPLODULWpV� PRUSKRORJLTXHV� DYHF� OD� SODWHIRUPH� FRQWLQHQWDOH� PDURFDLQH��

&HSHQGDQW��HQ�UDLVRQ�G¶XQ�SUREDEOH�HQYLURQQHPHQW�PL[WH�VLOLFR�FDUERQDWp��LO�pWDLW�FRPSOLTXp�

GH�IDLUH�O¶DQDORJLH�HQWUH�O¶DUFKLWHFWXUH�GHV�FRUWqJHV�HQ�ERUGXUHV�GHV�KDXWV�VRXV�PDULQV�HW�VXU�OD�

SODWHIRUPH�PDURFDLQH��'¶XQH�PDQLqUH�JpQpUDOH��QRXV�DYRQV�pWp�OLPLWpV�GDQV�QRV�LQWHUSUpWDWLRQV�

SDU� OH� PDQTXH� GH� GDWDWLRQ� GLVSRQLEOH� GDQV� OH� 3OpLVWRFqQH�� /D� FDPSDJQH� RFpDQRJUDSKLTXH�

$OED&RUH�SURJUDPPpH�SRXU�����������VXU�OH�1�2�0DULRQ�'XIUHVQH�LUD�pFKDQWLOORQQHU�XQ�JUDQG�

QRPEUH�GH�VWUXFWXUHV�VRXV�PDULQHV�HW�HIIHFWXHU�GHV�FDURWWHV�VXU�FHV�SODWHIRUPHV��&HFL�SHUPHWWUD��

QRXV� O¶HVSpURQV�� GHV�GpYHORSSHPHQWV� LPSRUWDQWV� j� OD�SDOpR�RFpDQRJUDSKLH� HW� JpRG\QDPLTXH�

PpGLWHUUDQpHQQH��
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5ROH�RI�WHFWRQLF�EXULDO�DQG�WHPSHUDWXUH�RQ�WKH�LQYHUVLRQ�RI�
LQKHULWHG�H[WHQVLRQDO�EDVLQV�GXULQJ�FROOLVLRQ�
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$EVWUDFW�±�7KH�VW\OH�RI�LQYHUVLRQ�RI�LQKHULWHG�H[WHQVLRQDO�EDVLQV�LQ�WKH�:HVWHUQ�$OSV�LV�LQYHVWLJDWHG�
WKURXJK�WKHUPR�PHFKDQLFDO�PRGHOOLQJ��7ZR�GLPHQVLRQDO�PRGHOV�FRQVLVW�RI�D�KDOI�JUDEHQ�HPEHGGHG�
LQ�D�UHODWLYHO\�VWURQJ�FUXVW��EDVHPHQW��DQG�ILOOHG�ZLWK�ZHDN�V\Q�ULIW�VHGLPHQWV��FRYHU���:H�LQYHVWLJDWH�
WKH�UHODWLYH�LQIOXHQFH�RI�WKH�LQWHUQDO�IULFWLRQ�����RI�WKH�EDVLQ�ERXQGLQJ�QRUPDO�IDXOW��WHFWRQLF�EXULDO��K��
XQGHU�DQ�RYHUO\LQJ�QDSSH�DQG�WKH�JHRWKHUPDO�JUDGLHQW��:H�XVH�D�YLVFRSODVWLF�PRGHO�ZLWK�V\PPHWULFDO�
VKRUWHQLQJ��7KH�LQKHULWHG�QRUPDO�IDXOW�LV�LPSOHPHQWHG�DV�D�FXUYHG�WKLQ�ERG\�ZLWK�D�YDULDEOH�IULFWLRQ�
FRHIILFLHQW�����UDQJLQJ�IURP�����WR������7KH�VW\OH�RI�EDVLQ�LQYHUVLRQ�LV�FRQWUROOHG�DW�VKDOORZ�GHSWK�E\�
WKH�LQWHUQDO�IULFWLRQ�FRHIILFLHQW��ZKRVH�LQIOXHQFH�GHFUHDVHV�ZLWK�WKH�LQFUHDVH�RI�ERWK�EXULDO�GHSWK�DQG�
JHRWKHUPDO�JUDGLHQW��:LWK�LQFUHDVLQJ�EXULDO�DQG�RU�JHRWKHUPDO�JUDGLHQW��IDXOW�UHDFWLYDWLRQ�LV�LQKLELWHG�
DQG�GLVWULEXWHG�GHIRUPDWLRQ� LQ� WKH�EDVHPHQW� LQGXFHV� WKH�YHUWLFDO�H[WUXVLRQ�RI� WKH�FRYHU��7KH�EDVLQ�
LQYHUVLRQ�LV�DFFRPSDQLHG�E\�GLVWULEXWHG�GHIRUPDWLRQ�LQ�WKH�FRYHU�DQG�E\�WKH�VKHDULQJ�RI�WKH�EDVLQ�DQG�
EDVHPHQW�LQWHUIDFH��7KH�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�WKH�VW\OH�RI�LQYHUVLRQ�RI�LQKHULWHG�KDOI�JUDEHQV�LQ�
WKH�H[WHUQDO�:HVWHUQ�$OSV��ZKHUH�QR�VLJQLILFDQW�IDXOW�UHDFWLYDWLRQ�RFFXUUHG�RZLQJ�WR�WHFWRQLF�EXULDO�
XQGHUQHDWK�WKH�$OSLQH�LQWHUQDO�XQLWV�GXULQJ�WKH�HDUO\�$OSLQH�FROOLVLRQ��

.H\ZRUGV��([WHUQDO�&U\VWDOOLQH�0DVVLIV��WKHUPR�PHFKDQLFDO�PRGHOOLQJ��:HVWHUQ�$OSV��FROOLVLRQ��EDVLQ�
LQYHUVLRQ��
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Restoration of external units in worldwide orogens shows 
that, most of the time, continental collision in- volves a 
previously stretched lithosphere whose margin contains 
extensional basins inherited from pre-orogenic rifting (e.g. 
Jackson, 1980; Lemoine et al. 1989; Beau- mont et al. 2000; 
Marshak, Karlstrom & Timmons, 2000; Lacombe & 
Mouthereau, 2002; Butler, Tavar- nelli & Grasso, 2006; 
Bellahsen et al. 2012). In a thick-skinned deformation 
style setting (e.g. Lacombe 
& Bellahsen, 2016, this issue), basement shortening during 
the collision is indeed usually characterized by the 
reactivation of well-oriented inherited extensional structures 
(e.g. inherited pre-orogenic normal faults; Jackson, 1980). 
It is noteworthy that such a setting oc- curs within previously 
rifted lithosphere, presenting a thermal age (i.e. duration 
between stretching and short- ening, e.g. Burov & Diament, 
1995) lower than 1 Ga (Mouthereau, Watts & Burov, 2013). 

Beyond the inherited thermal state of the lithosphere, 
Bonini, Sani & Antonielli (2012) synthesized the ana- logue 
modelling literature to define three main factors governing 
the reactivation of an inherited normal fault: the steepness 
of the fault, its angle compared to the direction of 
compression and the fault frictional resist- ance. Depending 
on the variation of those three para- 
�
Ӓ$XWKRU� IRU� FRUUHVSRQGHQFH�� PDQIUHG�ODIRVVH#XSPF�IU�

meters, several types of reactivation can be defined: the 
development of low-angle thrusts, the propaga- tion in 
the cover of a normal fault reactivated as a reverse fault 
and the development of a basement short- cut (Bonini, Sani 
& Antonielli, 2012 and references therein). The style of 
inversion of inherited extensional basins was also investigated 
using numerical modelling (e.g. Buiter & Pfiffner, 2003; 
Buiter, Pfiffner & Beau- mont, 2009), which shows that post-
rift sediment thick- ness, the friction coefficient of faults, 
basin fill thermal conductivity and crustal geometry are 
important para- meters. Moreover, they highlighted that 
localization of compressional deformation in the basin 
during crustal shortening is due to the rheological contrast 
between the weak basin and strong underlying basement. 
This contrast is often considered high at shallow depth, i.e. 
in the upper part of the crust. What would the style of basin 
inversion be in the case of a low rheological con- trast, which 
can result, in particular, from significant burial and 
associated heating? 

The External Crystalline Massifs (ECM, Fig. 1), loc- ated 
in the hinterland of the Western Alps external zone, were 
shortened with a thick-skinned style and inherited 
extensional basins were inverted during Oligo-Miocene 
collision (e.g. Burkhard & Sommaruga, 1998; Butler, 
Tavarnelli & Grasso, 2006). There, inherited normal faults 
are either interpreted as reactivated (Gillcrist et al. 1987; 
Burkhard, 1988; Burkhard & Sommaruga, 1998; Bonnet et al. 
2007) or not (Bellahsen et al. 2012;
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Boutoux et al. 2014a). In the latter case, the shorten- ing is 
accommodated by vertical extrusion of the basin and 
distributed deformation in the basement. In the ECM, 
tectonic burial most likely induced a pressure of about 3 kbar 
and temperature of about 330 °C (Crouzet, Ménard & 
Rochette, 2001; Simon-Labric et al. 2009; Bellanger et al. 
2015). In the Subalpine chains, how- ever, where tectonic 
burial was probably not significant, inherited normal faults 
were clearly reactivated (Fig. 1; 
e.g. Deville et al. 1994; Roure & Colletta, 1996; Deville 
& Chauviere, 2000; Bellahsen et al. 2014). 

Thus, it appears that tectonic burial may have a strong effect 
on the style of basin inversion, especially the reactivation 
of inherited normal faults. In this contri- bution, we 
performed thermo-mechanical modelling in order to 
investigate the role of tectonic burial, fault in- ternal friction 
and geothermal gradient on normal fault reactivation and the 
mode of basin inversion. 

�
�

���*HRORJLFDO�VHWWLQJ�

��D�� 7KH�H[WHUQDO�:HVWHUQ�$OSV�

The Western Alps orogenic system results from the 
closure of the Ligurian Ocean followed by the contin- ental 
subduction of the distal parts of the European margin 
(now the internal Alpine units) and finally con- tinental 
collision with Adria. The European margin was previously 
stretched during Liassic to Dogger times, and its upper 
crust is structured by extensional basins and crustal-scale 
normal faults (Barféty et al. 1979; Lemoine et al. 1986; 
Tricart & Lemoine, 1986; de Gra- ciansky et al. 1989). The 
external part of the Western Alps (the Dauphinois zone) 
results from the inversion of the European proximal margin 
during the Alpine col- lision phase. During this phase, 
starting at 30–35 Ma, 

this margin was buried under the internal units ow- ing 
to the activation of the Penninic Frontal Thrust and then 
inverted (Fig. 1) (e.g. Rolland et al. 2008; Simon-Labric et 
al. 2009; Sanchez et al. 2011; Du- mont, Schwartz & 
Guillot, 2012; Bellahsen et al. 2012, 2014; Bellanger et al. 
2014, 2015). The external zone consists of the External 
Crystalline Massifs (ECM: Argentera, Oisans, Grandes 
Rousses, Belledonne, Ai- guilles Rouges,  Mont  Blanc,  
Aar-Gothard  massifs; Fig. 1) and the Subalpine chains 
(Vercors, Chartreuse, Bauges, Bornes massifs; Fig. 1). The 
ECM were bur- ied under the Alpine internal units to mid-
crustal depth (about 10 km in the Oisans massif and 15 
km in the Mont Blanc massif) reaching greenschist-facies 
con- ditions, from 300–350 to 400 °C and 3 kbar to 5 kbar 
from south to north (Jullien & Goffé, 1993; Kirschner, 
Masson & Sharp, 1999; Crouzet, Ménard & Rochette, 2001; 
Rolland et al. 2008; Boutoux et al. 2014b; Bel- langer et al. 
2015). It is noteworthy that the Subalpine chains did not 
experience much tectonic burial un- der the internal units, 
at least at the Oisans latitude (Fig. 1). 

Moreover, the shortening styles of the ECM and the 
Subalpine chains are very different. In the ECM, the 
normal faults bounding inherited extensional basins show 
no evidence of reactivation as thrust or shear zones (Fig. 
2; Tricart & Lemoine, 1986; Bellahsen et al. 2012, 2014; 
Boutoux et al. 2014a). Distributed shear zones in the 
basement produce kilometre-scale ‘basement folds’ and 
induce vertical extrusion of the inherited extensional 
basins. The cover of the inher- ited basins is not 
significantly detached from the base- ment and is 
dysharmonically folded above the basement shear zones (e.g. 
Bourg d’Oisans and Mizoën basins, Fig. 2). On the contrary, 
in the Subalpine chains, a de- collement level in the Liassic 
or Triassic series local- izes the shortening in the overlying 
sedimentary cover (e.g. Deville et al. 1994). In these belts, 
inherited nor- mal faults are inverted and connect to the 
decollement level in the sedimentary cover (e.g. Saint-Laurent 
fault, Valence fault, Fig. 2). Those decollements and inverted 
normal faults are connected to Miocene crustal ramps 
beneath the frontal ECM (e.g. Butler, 1989; Deville et al. 
1994; Burkhard & Sommaruga, 1998; Deville & Chauvière, 
2000). 

�
�

��E��2LVDQV�EDVLQ�LQYHUVLRQ�

In the ECM, two inherited extensional basins are loc- ated 
between the Belledonne, Grandes Rousses and Oisans 
massifs (Bourg d’Oisans and Mizoën basins) (e.g. Lemoine 
et al. 1989) (Fig. 3). They are filled with Liassic to Dogger 
marls and limestones. Two crustal- scale normal faults (the 
Ornon and the Mizoën normal faults, from west to east, 
respectively) bound the Jur- assic basins (Fig. 3; Barféty et 
al. 1972; Barbier et al. 1973). During the Alpine collision, 
these faults were not significantly reactivated (Bellahsen et 
al. 2012). The activation of the basement shear zones 
(Bellahsen et al. 2012; Bellanger et al. 2014) triggered the 
vertical 
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extrusion of the two basins while their cover was dys- 
harmonically folded above the basement (Fig. 3) (Tri- cart 
& Lemoine, 1986; Dumont et al. 2008; Bellahsen et al. 2012; 
Boutoux et al. 2014a). 

In the Bourg d’Oisans basin (Fig. 3), five shear zones are 
recognized and did not propagate in the cover where the 
deformation is diffuse and characterized by synfold- ing 
cleavage (Fig. 3). The shear zones, cutting across the 
inherited Variscan foliation, are characterized by mylonites 
and phyllonites (Bellahsen et al. 2012; Bel- langer et al. 2014). 
In the cover, five main kilometre- scale N–S folds are 
mapped in the field (Fig. 3; Bar- féty et al. 1972). They are 
disharmonic folds, with E-dipping axial surfaces, associated 
with internal layer deformation (Fig. 3; Gratier & Vialon, 
1980; Boutoux et al. 2014a). In the Mizoën basin (Fig. 3), 
two main ‘basement folds’ (Dumont et al. 2008) were 
mapped and are interpreted as the result of intense and 
local- 

ized Alpine shearing (Bellahsen et al. 2012). The cover 
deformation is similar to that in the Bourg d’Oisans basin. 
However, the cover is slightly detached above the Emparis 
plateau (Fig. 3). 

Two main different cleavages associated with the E–W 
shortening affect the cover (Fig. 3). S1 cleav- age, mainly 
W-dipping, can be identified only close to the basement 
(Fig. 3). S1 is the consequence of an early top-to-the-E 
shearing of the basement–cover in- terface (Bellahsen et al. 
2012; Boutoux et al. 2014a). This S1 cleavage is overprinted 
by a late E-dipping S2 cleavage (Fig. 3). S2 cleavage affects 
the whole of the basins in association with the main top-to-
the-W short- ening phase (Fig. 3; Dumont et al. 2008; 
Bellahsen et al. 2012; Boutoux et al. 2014a). A final cleavage 
dipping eastwards may have affected the metasedi- 
mentary cover (Gratier & Vialon, 1980; Dumont et al. 2008). 
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��D�� 1XPHULFDO�PHWKRG�

In this study, the numerical models were performed us- ing 
GALE code (v1.6.1), a finite element code based on the 
Arbitrary Lagrangian Eulerian particle-in-cell method 
(Moresi, Dufour & Mühlhaus, 2003). The code solves the 
incompressible Stokes flow for the velocity, v, and pressure, 
P, with variable effective viscosity coef- ficients, Șeff, and 
variable density, ȡ, following: 

Newtonian flow rule in which dependence on temperat- ure 
follows Frank-Kamenetskii, for which the number of 
parameters is limited to a reference viscosity Șo and a 
characteristic temperature ԕì1 in order to compute the 
effective viscosity (Șeff): 

ȘHII�� �ȘR�í�H[S�ì7��� ����

The Mohr–Coulomb yield criterion is simulated by a 
simplified Drucker–Prager viscoplastic flow rule, lowering 
the viscosity at high stress (Lemiale et al. 2008): 

ӆȘHII��-���-7��ì�ӆ3� �ìȡ�7�� ���� ��Ĳ\�ìș7�
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The Stokes flow solver is coupled with conservation of 

energy: 

ț�`�7�ì�Yӆ7� ���7� ����

�
where heat (T) is a function of the conduction and ad- 
vection through the constant thermal diffusivity ț. The 
computational mesh consisted of 256Ӓ64 Q1 (bilinear) 
elements. Evolution in time is obtained through advec- tion 
of particles (tracking lithology) and the equation of 
conservation of energy, with time steps limited to 10 % of the 
Courant criterion. Passive markers were added to compute 
the finite strain field (Le Pourhiet et al. 2012). We use a first-

order approximation of rock rheology and approximate the 
ductile behaviour of rocks via a where İ is the second 
invariant of strain rate and Ĳy is the yield stress computed 
from dynamic pressure P and a material parameter including 
strain-dependent rock friction ĳ(Ep) and cohesion C0, 

following: 

UȖ� �VLQ��O�(S���3����&��FRV��O�(S��� ����

In the models presented here, we apply plastic soften- ing 
to simulate wear inside the fault. The friction coef- ficient µ 
 �tan(�O) in the upper and lower crust varies 
from 0.6 to 0.1, with plastic strain (Ep) varying from 0 
to 103 MPa. 

�
�

��E�� ,QLWLDO�DQG�ERXQGDU\�FRQGLWLRQV�

We based the initial geometry of the model on pub- lished 
restored cross-sections for the Western Alps (Bellahsen 
et al. 2012; Boutoux et al. 2014a) and on non-inverted rift 
and half-graben geometry (e.g. Col- letta et al. 1988).  
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In order to avoid mechanical inter- ference resulting 
from the complicated geometry of structures insides the 
model, we simplified the model to a single half-graben 
bordered by a listric normal fault and covered with a 
constant thin layer of post- rift sediments (Fig. 4). 
Moreover, we implemented an overlying layer 
representing the allochthonous nappe of the internal 
units and allowing tectonic burial of the half-graben 
(Fig. 4a). We used passive markers to compute the total 
strain evolution and the direction of lineations to 
highlight the deformation pattern (Le Pourhiet et al. 
2012). Our model is two-dimensional and therefore does 
not take into account oblique deformations. 

We implemented two mechanical layers and a basin (Fig. 
4a). We used a 240 km width by 32 to 40 km height box 
to avoid perturbations due to side effects at the edges of the 
model. The sedimentary cover consists of 2 km thick post-
rift sediments and the nappe. We varied the thickness of 
the allochthonous nappe from 0 km to 8 km in order to 
simulate the variable tectonic burial of the basin. The 
basement is 30 km thick, except in the basin where it is 
thinner. We considered a 25 km long and 3.5 km deep half-
graben. The basin border normal fault in the model is 1 
km thick, and dips 70° 
towards the east (Fig. 4). The box is subjected to a 
symmetrical shortening of 3.3 mm yì1. We imposed free 
slip conditions at the lower surface and the edges of the box. 

We chose an initial linear geothermal gradient of 20 °C 
kmì1 across the model as indicated by thermoba- rometric 
data (Crouzet, Ménard & Rochette, 2001; Bel- 

langer et al. 2015). Moreover, we considered for simpli- 
fication that the system is thermally equilibrated; there is no 
heat provided by the base of the nappe. We also varied the 
geothermal gradient to test its influence on basin inversion: 
the geotherm was set to 15, 20, 25 or 30 °C kmì1 (Fig. 4b). 

Within the inherited extensional basins of the Alpine 
ECM, shortening is accommodated differently in the cover 
and in the basement. Indeed, while the basement is locally 
sheared, the cover is dysharmonically folded above the 
basement. This strongly suggests a mech- anical behaviour 
in the cover different to that in the basement. We 
therefore selected creep parameters in accordance with 
field observations and with the geo- thermal gradient 
deduced from the metamorphic facies (greenschist facies; 
e.g. Jullien & Goffé, 1993). We pre- computed yield strength 
envelopes that account for the geometry of our models to 
ensure that with no burial: 
(1) the brittle–ductile transition of the basement/nappe 
occurs at 12 km depth and (2) the brittle–ductile trans- ition 
of the syn/post-rift sediments occurs at 10 km depth. 

The fault zone is modelled with the same creep 
parameters as the basement; only the friction coeffi- cient 
(brittle strength) differs by varying from 0.1 to 0.6, the 
strongest fault having the same friction as the basement 
rocks and sediments. Table 1 summarizes the mechanical and 
thermal parameters of each of the three lithologies. 
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In the results, the fault zone and the basin–cover in- 

terface appear discontinuous in some models (Figs 5, 7, 8). 
With increasing deformation, the numerical method leads to 
the isolation of some material markers (Moresi, Dufour & 
Mühlhaus, 2003) and creates heterogeneity artefacts. Thus, 
the exact boundaries of the layers are difficult to delimit, 
which therefore leads to systematic but small errors in 
measurements in the models. 

�
�

��� 5HVXOWV�

��D�� 5ROH�RI�EXULDO�DQG�IDXOW�IULFWLRQ�

We focus here on models at 2.5 Ma after 7.2 km of 
shortening (Fig. 5). We observe in every model, ex- cept 
in model G, a synform of the basement below the 
basin. For low basin burial (hburial  �2 km) and µ  �0.4 to µ 
 �0.1 (Fig. 5a, d), the normal fault is reactivated and slightly 
steepened, along with the formation of a 
reverse shear zone just below the inherited fault, inter- 
preted as a shortcut fault. At depth, drag-folds along the 
fault plane characterize the reactivation (Fig. 5a). The fold 
of the basement–cover interface in the basin and the 
positive inversion of the normal fault lead to the slight 
vertical extrusion of the basin (Fig. 5a, d). Ad- ditional top-
to-the-E shear zones initiate in the normal fault hangingwall 
that, coupled with the normal fault reactivation, induce a 
pop-up structure centred on the basin (Fig. 5a, d). The cover 
is folded above basement antiforms with the same 
wavelength suggesting no de- 
collement between the basement and cover. For higher 
normal fault internal friction coefficients (µ  � 0.6), the 
normal fault is as resistant as the surrounding crust (µ  �0.6 
in both basement and normal fault) and the basin is not 
inverted (Fig. 5g). 

For intermediate basin burial (hburial  �6 km), the fault 
is slightly reactivated only for low values of µ (µ  � 0.1) (Fig. 
5b, see the offset at the basement top) and its 
upper part systematically steepens for all friction values (Fig. 
5b, e, h). At high friction values, the reactivation of the 
normal fault is inhibited and E-verging reverse shear zones 
develop into the fault hangingwall block inducing basement 
pop-up (Fig. 5e, h). The hanging- wall of the normal fault is 
slightly folded (Fig. 5b, e, h), which leads to the steepening 
of the normal fault and 

triggers the vertical extrusion of the basin. The basin cover 
displays disharmonic folding above the basement folds (Fig. 
5b, e, h). Moreover, we observe the extru- sion of the basin 
cover and top-to-the-E shearing at the basement–basin 
contact. 

For large basin burial (hburial  � 10 km), the border 
normal fault is never reactivated whatever its internal fiction 
(from µ  �0.1 to µ  �0.6) (Fig. 5c, f, i). The normal fault 
is deformed and steepened in its upper 
part. In the hangingwall, the basement is folded with a lower 
wavelength than for intermediate burial. Top-to- the-E 
basement shearing in the hangingwall develops only for µ 
 �0.6 (Fig. 5i). Thus, as for the intermediate burial case, the 
basin is vertically extruded. Dishar- monic folds form in 
the cover above the basement fold that affects the 
hangingwall. 

�
�
�

��E��/RFDOL]DWLRQ�RI�VKRUWHQLQJ�

To quantify the localization of shortening at the scale of 
the model, we introduced a geologically relevant 
measurement, R, which is defined as the ratio of basin 
shortening versus model shortening. Figure 6 shows the plot 
of the localization of shortening (R) as a function of the 
internal friction of the fault (µ) in the models, for the 
different burial depths and geothermal gradient values. 

The stronger the fault is, the more internally shortened 
the basin is (Fig. 6). Assuming a constant 
geothermal gradient, for intermediate (h  � 6 km) and 
maximum (h  �10 km) burial values, R ranges from 38 % 
to 61 % (Fig. 5) and increases with the fault in- 
ternal friction coefficient (µ) (Figs 5, 6). This trend is not 
observed for low burial values (h  �2 km) as model G (Fig. 
5, h  �2 km and µ  �0.6) has R values lower than for 
models A and D (Fig. 5, h  �2 km, µ  �0.1 and µ  �0.4, 
respectively). In model G basement, the basin and normal 
faults have similar internal friction 
coefficients and thus deformation is not localized in the basin 
and is distributed all over the model. 

The localization of the shortening in the inherited basin 
increases with the geothermal gradient (Fig. 6). Indeed, R 
values in models with intermediate burial (h  �6 km) and 
a weak fault (µ  �0.1) increase from 
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38 % to 63 % with the geothermal gradient varying from 
15 to 30 °C kmì1. For a similar geothermal gradi- ent (20 °C 
kmì1) and internal friction coefficient (µ), 
R is higher for intermediate burial models (h  �6 km) than 
for low (h  �2 km) and high burial models (h  � 10 km) 
(Figs 5, 6). Localization at the basin level is 
linked to the rheological contrast between the different layers 
(overlying nappe and post-rift, basin, basement at the 
structural level of the basin, and basement below the basin). 
Note the exception of model A (µ  �0.1, h 
 �2 km; Fig. 5), which presents an R value higher than 
model B (µ  �0.1, h  �6 km; Fig. 5). 

�

�
��F�� %DVLQ�LQWHUQDO�GHIRUPDWLRQ�

Finite deformation and stretching lineations in the basin after 
2.5 Ma of shortening are displayed for three values 
of burial (h  �2 km, h  �6 km and h  �10 km) with a fixed 
value of the friction coefficient of the fault (µ  � 0.1) (Fig. 
7). 

When burial is low (h  �2 km), finite strain is high (above 
1) in two shear zones (Fig. 7a, d). The W- 
verging thrust, located at the inherited normal fault or 
slightly below, has an offset higher than 2 km. This shear 
zone is interpreted as a shortcut fault. The E- verging 
back-thrust accommodates lower amounts of shortening. 
These two shear zones root at depth in the inherited normal 
fault that is reactivated as a kilometre- thick shear zone. No 
important deformation is recor- ded outside these shear 
zones (finite strain around 0, Fig. 7a), except in the lower 
part of the model where the deformation is distributed on 
the drag-folds along the fault plane (finite strain between 0.2 
and 0.66). 

For an intermediate burial value (h  �6 km), the de- 
formation in the basin cover is more distributed (finite 
strain between 0.3 and 1) (Fig. 7b, e). At the basement– cover 
interface, for both the hangingwall and footwall, 

lineations plunge around 45° and attest to opposite 
senses of shear (E- and W-verging shears, respectively). Yet 
except for these shear zones, deformation is low as finite 
strain is around 0.3. Moreover, two shear zones with 
opposite senses of shear can be deciphered in the overlying 
nappe. These shear zones are very similar to the ones 
described above for a low value of burial and root under 
the basin into the inherited normal fault (Fig. 7b, e). In the 
basement, the inherited normal fault is not reactivated (finite 
strain between 0 and 0.3) while both the hangingwall and 
footwall are slightly folded. These folds are due to low W-
verging shearing of the hangingwall and low E-verging 
shearing of the footwall (finite strain around 0.4; Fig. 7b, e). 

For a high burial value (h  �10 km) (Fig. 7c, f), the 
deformation in the basin cover is also distributed (finite 
strain between 0.5 and 1.3). Yet, the shortening local- izes 
at the basement–cover interface, where it is more important 
than for intermediate values of burial. In- deed, finite strain 
ranges from around 1.3 in the hanging wall to around 0.5 in 
the footwall (Fig. 7c). As for the intermediate burial value, 
the basement is slightly fol- ded owing to two conjugate E- 
and W-verging shear zones. Shearing is more intense and 
more distributed in the hangingwall than in the footwall. 
Finite strain ranges between 0.3 and 0.5 and shear zones are 
4 km to 6 km thick in the hangingwall while finite strain 
ranges between 0.2 and 0.3 and shear zones are 2 km to 3 
km thick in the footwall. Finally, the inherited normal fault is 
not reactivated, as finite strain is about zero along it (Fig. 7c, 
f). 

�
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��G�� (IIHFW�RI�WKH�JHRWKHUP�RQ�WKH�VW\OH�RI�LQYHUVLRQ�

The initial geothermal gradient ranges from 15 °C kmì1 to 30 
°C kmì1 and the brittle–viscous transition in the crust and 
in the cover varies accordingly (Fig. 4). As a consequence, 
with the warmest geothermal gradi- ent (from 20 °C kmì1 

to 30 °C kmì1), the basin is weaker than the basement at 
the structural level of the basin. 

The effective viscosity (Șeff) is a function in the model 
of the minimum of the simplified Drucker– Prager 
viscoplastic and the Frank-Kamenetskii equa- tion flow 
rules (eq. 6). Variations of Șeff  are due to 
the geothermal gradient, to İ (the second invariant of 
the strain rate tensor) and to the dynamic pressure, P 
(eq. 7). 

Figure 8 shows isocontours of Șeff (Fig. 8 left column) 
and the strain rate for the corresponding mod- els (Fig. 8 
right column), after 2.5 Ma of shortening. In Figure 8a, the 
internal friction coefficient and geo- thermal gradient are 
fixed (0.1 and 20 °C kmì1, re- spectively). In Figure 8b, 
the internal friction coeffi- cient and burial are fixed (0.1 
and 6 km, respectively). Results show the basement folding 
around the exten- sional basin inducing a pop-down of the 
model centred 
on the basin. Șeff values drop at the basement–cover 
interface for intermediate (h  �6 km, Fig. 8a, model 
B) and high burial conditions (h  �10 km, Fig. 8a, 
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model C). A similar drop can be deciphered for the 
intermediate geothermal gradient (25 °C kmì1, Fig. 8b, 
model K) and for the high geothermal gradient (30 °C kmì1, 
Fig. 8b, model L). This Șeff drop indicates the presence of 
a potential decoupling of the cover from the basement. For 
intermediate and high burial models and for intermediate 
and high geothermal gradient, Șeff values in the extensional 
basin are lower than into the basement for similar depths 
(Fig. 8, models B, C, K and L). 

The style of basin inversion deformation for models with 
increasing burial depth and constant geothermal gradient 
(models A to C, Fig. 8a) evolves like mod- els with 
increasing geothermal gradient and constant burial depth 
(models J to K, Fig. 8b). In the models A 
(µ  �0.1, h  �2 km, 20 °C kmì1; Fig. 8a) and J (µ  �
0.1, h  �6 km, 15 °C kmì1; Fig. 8b), deformation is 

localized along the reactivated normal fault and along an E-
verging shear zone in the basin. 

Model B (µ  �0.1, h  �6 km, 20 °C kmì1; Fig. 8a) 
behaves similarly to models J (µ  �0.1, h  �6 km, 15 °C kmì1; 
Fig. 8b) and K (µ  �0.1, h  �6 km, 25 °C kmì1; Fig. 8b) as 
the basin localized the deformation in the 
three models. Șeff values are high in the basement at the 
basin depth and strongly decrease into the basin (Fig. 8, 
models B, J, K). The fault footwall is folded, which triggers 
the clockwise rotation of the normal fault. In the models 
B and J, effective viscosity is at a minimum and strain rate 
values are high indicating the deformation distribution into 
the extensional basin. The drop in effective viscosity and the 
high strain rate values along the basin and basement 
interfaces in both the fault footwall and hangingwall 
indicates that those interfaces are sheared as suggested. Note 
that in model 
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J, the shear zone is localized into the basin and not at the 
basin and basement interface level. 

Models C (µ  �0.1, h  �10 km, 20°C kmì1, Fig. 8a) and 
L (µ  �0.1, h  �6 km, 30°C kmì1, Fig. 8b) are similar. 
The viscosity contrast between the extensional 
basin and the basement at similar depths is significantly lower 
than other models (Fig. 8). In models C and L, the 
basement is folded around the extensional basin and the 
normal fault is straightened. Deformation is localized at 
the basin and basement interface yet strain rate values along 
these interfaces are lower than for 
models B (µ  �0.1, h  �6 km, 20 °C kmì1; Fig. 8a) and K (µ 
 �0.1, h  �6 km, 25 °C kmì1; Fig. 8b). 
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��D�� 5ROH�RI�EXULDO�GHSWK�DQG�JHRWKHUPDO�JUDGLHQW��

Our results highlight that the inversion of inherited basins 
(i.e. reactivation of the normal faults, deform- ation of the 
basement and basin vertical extrusion) is controlled by 
three different factors: the fault internal friction, the crustal 
thermicity and the basin burial depth. The influence of 
fault friction is dominant at shallow depths and for cold 
geothermal gradients as the fault constitutes the main 
strength contrast at the basin depth. This influence 
decreases rapidly at depth and with increasing geothermal 
gradient. As suggested by our numerical models and Buiter 
& Pfiffner (2003), 

the normal fault localizes the deformation when the 
fault is weak (µ  �0.1) and the basin is as strong as the 

basement (Figs 5, 6). The basin becomes gradu- ally 
more difficult to invert as the strength of the fault 

increases. As suggested by our models and by Nilfour- 
oushan et al. (2013), block rotations in the uppermost 
basement prevent the reactivation of extensional faults. 

The depth of the brittle–ductile transition for the 
sediment rheology is above the depth of the brittle– 
ductile transition for the basement rheology. It places the 
depth of the brittle–ductile transition for the sedi- ment 
rheology at the structural level of the extensional basin for 
intermediate to high values of geothermal gradient and 
for intermediate to high values of burial (Fig. 4). For those 
input parameters, there is a strength contrast between the 
basin and the basement, which favours shortening 
localization in the basin. Increas- ing the burial depth or 
the geothermal gradient leads to weakening the inherited 
basin and the basement but preserves a stronger basement 
at the structural level of the basin (Fig. 4). As in Bauville & 
Schmalholz (2015), the contrast in viscosity between the 
sediments in the basin and the basement triggers the folding 
of the base- ment below the basin and its vertical extrusion. 
The strength contrast between the basement and the basin 
therefore controls the style of deformation. 

Figure 9 highlights how the inversion style of the 
inherited basin is controlled by rheological contrast 
between the basin and its basement. Initial integrated 
strengths of different structural levels were computed for 
different geotherms (15 °C kmì1, 20 °C kmì1, 25 °C 

�
kmì1 and 30 °C kmì1) and burial depths (2 km, 6 km and 
10 km) (Fig. 4b). In Figure 9a, we define four struc- tural 
levels: a nappe and post-rift layer (Sn), basin (Sb), 
basement at the structural level of the extensional basin 
(Ssup) and basement (Sinf) below the basin. In Figure 9b, 
Ssup/Sb is plotted versus Sn/Sinf. Sn/Sinf is the strength 
contrast between the overlying nappe (and post-rift layer) 
and the crust below the basin. Ssup/Sb is the strength 
contrast between the basin and the base- ment at similar 
depth and is a proxy for the weakening effect of the basin. 

The results suggest that there is a positive relation- ship 
between the two ratios (Fig. 9b). For each Ssup/Sb and Sn/Sinf  

point in the graph, we also provide corres- 
ponding interpretative sketches for models with µ  �
0.1 (Fig. 9b, models A, B, C, J, K, L). The differences 

between the sketches clearly show that the evolution of the 
style of basin inversion is controlled by both ratios. For low 

values of Ssup/Sb  (��1) and Sn/Sinf  (��0.2) (Fig. 9b, 
models A and J), the rheological contrast between the 

basin and the basement at the same struc- 
tural level is very low and the nappe ��post-rift layer is weaker 
than the basement. The inversion style is char- 
acterized by localized shearing along the normal fault, the 
associated shortcut fault and along an E-verging shear 
rooting in the basement and cutting across the basin. 

With higher values of Ssup/Sb (!�1) and Sn/Sinf (��1) (Fig. 
9b, models B and K), there is a significant rheolo- gical 
contrast between the basin and the basement at the same 
structural level while the nappe ��post-rift layer remains 
weaker than the basement below the basin. The folding of the 
basement and the inhibition of normal fault reactivation 
leads to the vertical extrusion of the 
basin (Fig. 9b, model K). The deformation in model K is 
more distributed than in model B (Fig. 9b). 

For Sn/Sinf !�1, the nappe layer is stronger than the 
basement below the basin, which leads to distribution of 
the deformation all over the model; conversely the 
inherited basin accommodates less shortening. There- fore, 
the localization of the shortening in the model 
(R) is lower for h  �10 km models than for h  �6 km 
models (Fig. 5; models C, F, I versus models B, E, H). 

�
�
��E��1RUPDO�IDXOW�UHDFWLYDWLRQ�

The normal fault reactivation is inhibited in models with 
a hot geothermal gradient (Fig. 5, models K, L) and high 
burial depth (Fig. 5, models C, F, H and I). Thus, two 
parameters control this process. (1) The strength contrast 
between the inherited basin and the basement at the same 
structural level. Indeed, high burial depth and high 
geothermal gradient tend to de- crease the strength contrast 
between the weak fault and the basement inhibiting normal 
fault reactivation. (2) The basement folds near the 
extensional basin rotate the normal fault in our models 
and in Nilfouroushan et al. (2013). The rotation of the 
normal fault, linked to the basement distributing the 
deformation, increases the dip of shearing along the normal 
fault and thus tends 
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to inhibit its reactivation (see Bonini, Sani & Antoni- elli, 
2012 and references therein for similar inhibition of normal 
fault reactivation due to rotation). 

�
�

��F�� &RPSDULVRQ�ZLWK�WKH�$OSLQH�FROOLVLRQ�

In the models, we assumed a constant (laterally and 
through time) thickness of the overlying nappe. This is an 
oversimplification as ECM burial depth increases from east 
to west (Bellahsen et al. 2012; Bellanger et al. 2015) and 
through time between the onset of nappe emplacement 
and the burial peak. However, most of the deformation in the 
ECM is estimated to have occurred at or close to the 
metamorphic peak (e.g. Rolland et al. 2003; Cenki-Tok et al. 
2013; Bellanger et al. 2015). 

Bonnet et al. (2007) studied the Alpine collision with 
the help of analogue models and proposed that most of 
the basement thrusts were reactivated inher- ited normal 
faults. The in-sequence propagation of the shortening, as 
proposed in Burkhard & Sommaruga (1998), is indeed 
the in-sequence propagation of the reactivation of 
inherited extensional structures. As in our numerical 
modelling, inherited normal faults were modelled as a thin 
layer with a weaker rheology than the surrounding basement 
and were buried under several kilometres of overlying 
nappe. Therefore, the major difference between the two 
modelling methodologies is the influence of temperature. 

Based on these results, we propose a direct rela- 
tionship between the style of basin inversion and the depth 
of burial in the external Western Alps (Fig. 10). In the 
Subalpine chains, collisional shortening is partly 
accommodated by the inversion of the inherited exten- 
sional basin. Those basins were not tectonically buried under 
the internal Alpine units and show reverse re- activation 
of their border normal fault (Fig. 10a, b). In the ECM, the 
Liassic inherited extensional basins loc- alized the collisional 
shortening. Indeed, those basins weakened the crust during 
its burial (Bellahsen et al. 2012). Thus, with burial and 
heating, ECM basins were extruded owing to the 
development of basement an- tiforms linked to basement 
shear zone development and normal fault reactivation 
inhibition (Fig. 10c). Good examples of such inverted 
basins are the inher- ited basins in the Oisans massif and 
surrounding area (Fig. 10c) and other Alpine ECM (e.g. the 
Chamonix basin; Gillcrist, Coward & Mugnier, 1987; 
Boutoux et al. 2014a). 

At a first order, in the ECM inherited basins, there is no 
decollement between the cover and basement. However, 
disharmonic deformation of the cover above basement folds 
suggests short local decollements and shearing of the cover 
over the basement (e.g. Burkhard, 1988; Escher, Masson & 
Steck, 1993; Boutoux et al. 2014a). In our models, the cover 
is progressively ex- truded from the basin and the basement–
cover interface 
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is sheared (Fig. 10f). In the hangingwall of the mod- elled 
inherited normal fault, the top-to-the-E shearing of the 
basement–cover interface could be linked to W- dipping S1 
cleavage observed in the Bourg d’Oisans and Mizoen 
basins at the base of the cover (Fig. 3, green cleavage). 
This W-dipping S1 cleavage can be only deciphered close 
to the basement–cover interface and is interpreted as due to 
an early top-to-the-E shear- ing of the basement–cover 
interface (Fig. 3). Moreover, small E-verging back-
thrust/shear zones are observed below the basement–cover 
interface in numerical mod- els (Fig. 5b, i) like in the Mizoën 
basin (Fig. 3, below the Alps decollement). 

Interestingly, in the Subalpine chains, the Saint- 
Laurent basin is restored as the cover of the west- ern 
Belledonne massif (Deville & Chauviere, 2000; Bellahsen 
et al. 2014; Fig. 2). This basin marked the approximate 
western limit of the internal units over- thrusting above 
the external zone and therefore was buried below a very 
thin nappe (Bellanger et al. 2015). The inherited normal fault 
was reactivated as a thrust fault associated with a shortcut 
fault in the basement (Figs 2, 10b). The kinematics of the 
inverted basin is similar to models where partial (Fig. 10e) 
or com- plete (Fig. 10d) normal fault reactivation 
occurred. Thus, the Saint-Laurent basin inversion could 
show an 
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intermediate state  between  a  complete  reactivation of the 
fault and a basin inversion without fault reactivation. 

�
�

��� &RQFOXVLRQV�
In this contribution, we investigated the inversion style of 
inherited extensional basins using 2D thermo- mechanical 
modelling. We show that the inversion style of well-oriented 
inherited extensional basins is con- trolled by internal fault 
friction at shallow depth and by burial of the basin and 
crustal thermicity at depth. Increasing temperature and 
tectonic burial favour dis- tributed deformation underneath 
the basin and inhibit normal fault reactivation independently 
of its effective friction. The absence of inherited fault 
reactivation and the occurrence of basement folding trigger 
the vertical extrusion of the basin. Then, the cover is extruded 
out of the basin leading to the shearing of the basement–
cover interface, which develops even when no pre-existing 
weak layer at the base of the cover is ascribed. 

These results are consistent with the collisional kin- 
ematics in the external Western Alps. In the Subalpine 
chains (e.g. Vercors-Chartreuse), there was (almost) no 
tectonic burial and the inherited normal faults were 
reactivated. Further east, in the Grandes Rousses and 
Oisans ECMs, burial of the inherited extensional basin 
reached about 10 km, the temperature peak exceeded 300 
°C and the inherited normal faults were not react- ivated. In 
those basins, the basement was deformed by distributed 
shear zones (responsible for basement an- tiforms) while 
the cover was dysharmonically folded. These results show 
that the role of temperature, es- pecially through tectonic 
burial, is critical in passive margin or rift inversion in 
mountain belts. 

�

�
$FNQRZOHGJHPHQWV��*$/(�LV�VRIWZDUH�KRVWHG�E\�WKH�&RP��
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GHV�3ODQqWHV���������±� ����

'(9,//(��e���0$6&/(��$���/$0,5$8;��&��	�/(�%5$6��$��
������7HFWRQLF� VW\OHV�� UHHYDOXDWLRQ� RI� SOD\V� LQ� VRXWK�� HDVWHUQ�)UDQFH��2LO�*DV�-RXUQDO�������±���

'80217��7���&+$03$*1$&��-��'���&528=(7��&��	�52&+$7��
3�� ������ 0XOWLVWDJH� VKRUWHQLQJ� LQ� WKH� 'DXSKLQp� ]RQH� �)UHQFK�$OSV��� WKH� UHFRUG� RI�$OSLQH� FROOLVLRQ� DQG� LP�� SOLFDWLRQV� IRU�
SUH�$OSLQH�UHVWRUDWLRQ��6ZLVV�-RXUQDO�RI�*HRVFLHQFHV��������±�����



�

'80217��7���6&+:$57=��6��	�*8,//27��6��������6WUXFWXUDO�
DQG�VHGLPHQWDU\�UHFRUGV�RI�WKH�2OLJRFHQH�UHYROXWLRQ�LQ� WKH�:HVWHUQ�$OSLQH�DUF��-RXUQDO�RI�*HRG\QDPLFV���±���� ��±����

(6&+(5��$���0$6621��+��	�67(&.��$��������1DSSH�JHR��
PHWU\�LQ�WKH�ZHVWHUQ�6ZLVV�$OSV��-RXUQDO�RI�6WUXFWXUDO�*HRORJ\��������±���

*,//&5,67��5���&2:$5'��0��	�08*1,(5��-��/��������6WUXF��
WXUDO�LQYHUVLRQ�DQG�LWV�FRQWUROV��H[DPSOHV�IURP�WKH�$OSLQH�IRUHODQG�DQG�WKH�)UHQFK�$OSV��*HRGLQDPLFD�$FWD�����±����

*/($621�� &��	� 78//,6�� -�� ������ $� IORZ� ODZ� IRU� GLVORFDWLRQ� FUHHS� RI� TXDUW]� DJJUHJDWHV� GHWHUPLQHG� ZLWK� WKH� PROWHQ� VDOW�FHOO��
7HFWRQRSK\VLFV������±�����±����

*5$&,$16.<��3��'(��'$5'($8��*���/(02,1(��0� 	�75,&$57��
3��������7KH�LQYHUWHG�PDUJLQ��RI�� WKH��)UHQFK��$OSV� DQG�IRUHODQG�EDVLQ�LQYHUVLRQ��,QYHUVLRQ�7HFWRQLFV��HGV�
0��$��&RRSHU�	�*��'��:LOOLDPV���SS����±�����*HROR��JLFDO�6RFLHW\�RI�/RQGRQ��6SHFLDO�3XEOLFDWLRQ�QR������

*5$7,(5�� -��3�� 	� 9,$/21�� 3�� ������ 'HIRUPDWLRQ� SDWWHUQ� LQ� D�KHWHURJHQHRXV�PDWHULDO�� IROGHG�DQG�FOHDYHG�VHGLPHQW�� DU\�FRYHU�
LPPHGLDWHO\�RYHUO\LQJ�D�FU\VWDOOLQH�EDVHPHQW� �2LVDQV��)UHQFK�$OSV���7HFWRQRSK\VLFV��������±����

-$&.621��-��������5HDFWLYDWLRQ�RI�EDVHPHQW�IDXOW�DQG�FUXVWDO� VKRUWHQLQJ�LQ�RURJHQLF�EHOWV��1DWXUH���������±���
-8//,(1��0��	�*2))e��%��������2FFXUHQFHV�GH�FRRNpwWH�HW� GH�S\URSK\OOLWH�GDQV�OHV�VFKLVWHV�GX�'DXSKLQRLV��,VqUH��

)UDQFH���FRQVpTXHQFHV�VXU�OD�UpSDUWLWLRQ�GX�PpWDPRUSK�� LVPH�GDQV�OHV�]RQHV�H[WHUQHV�DOSLQHV��6FKZHLUVFKH�0LQ�� HUDORJLVFKH�
XQG�3HWURJUDSKLVFKH�0LWWHLOXQJHQ��������±�
����

.,56&+1(5��'��/���0$6621��+��	�6+$53��=��'��������)OXLG�
PLJUDWLRQ�WKURXJK�WKUXVW�IDXOWV�LQ�WKH�+HOYHWLF�QDSSHV� �:HVWHUQ�6ZLVV�$OSV���&RQWULEXWLRQ�WR�0LQHUDORJ\�DQG�3HWURORJ\������
���±����

/$&20%(��2��	�%(//$+6(1��1��������7KLFN�VNLQQHG�WHF��WRQLFV�DQG�EDVHPHQW�LQYROYHG�IROG±WKUXVW�EHOWV��LQ��VLJKWV�IURP�VHOHFWHG�
&HQR]RLF�RURJHQV��*HRORJLFDO�0DJD]LQH�� SXEOLVKHG� RQOLQH� ��� $SULO� ������ GRL�� ��������6������������������

/$&20%(��2� 	�0287+(5($8��)��������%DVHPHQW�LQYROYHG� VKRUWHQLQJ�DQG�GHHS�GHWDFKPHQW�WHFWRQLFV�LQ�IRUHODQGV� RI�RURJHQV��
LQVLJKWV�IURP�UHFHQW�FROOLVLRQ�EHOWV��7DLZDQ��:HVWHUQ�$OSV��3\UHQHHV���7HFWRQLFV���������±�������GRL�� ������������7&��������

/(0,$/(��9���0h+/+$86��+��%���025(6,��/� 	�67$))25'��-��
������6KHDU�EDQGLQJ�DQDO\VLV�RI�SODVWLF�PRGHOV� IRUPX�� ODWHG� IRU� LQFRPSUHVVLEOH� YLVFRXV� IORZV�� 3K\VLFV� RI� WKH� (DUWK�DQG�
3ODQHWDU\�,QWHULRUV���������±����

/(02,1(��0���%$6��7���$51$8'�9$11($8��$���$51$8'��+��� '80217��7���*,'21��0���%285%21��0���*5$&,$16.<��
3��'(��58'.,(:,&=��-���0(*$5'�*$//,��-��	�75,&$57��
3��������7KH�FRQWLQHQWDO�PDUJLQ�RI�WKH�0HVR]RLF�7HWK\V� LQ�WKH�:HVWHUQ�$OSV��0DULQH�DQG�3HWUROHXP�*HRORJ\���� ���±����

/(02,1(��0���'$5'($8��*���'(/3(&+��3��<���'80217��7���'(� *5$&,$16.<��3��&���*5$+$0��5���-2/,9(7��/���52%(576��
'�� 	� 75,&$57�� 3�� ������ ([WHQVLRQ� V\QULIW� HW� IDLOOHV� WUDQVIRUPDQWHV�MXUDVVLTXHV�GDQV�OHV�$OSHV�RFFLGHQWDOHV�� &RPSWHV�
5HQGXV�GH�O¶$FDGpPLH�GHV�6FLHQFHV��6pULH����0pFDQLTXH�� 3K\VLTXH�� &KLPLH�� 6FLHQFHV� GH� O¶XQLYHUV�� 6FLHQFHV�GH�OD�7HUUH�����
����������±���

/(��3285+,(7�� /��� +8(7�� %��� 0$<�� '��� /$%52866(�� / � �	���
-2/,9(7��/��������.LQHPDWLF� LQWHUSUHWDWLRQ�RI� WKH��'� VKDSHV�RI�PHWDPRUSKLF�FRUH�FRPSOH[HV��*HRFKHP�� LVWU\�� *HRSK\VLFV��
*HRV\VWHPV� ��� ����� 4������� GRL�� ������������*&��������

0$56+$.��6���.$5/67520��.��	�7,00216��-��������,QYHU��
VLRQ�RI�3URWHUR]RLF�H[WHQVLRQDO�IDXOWV��DQ�H[SODQDWLRQ�IRU� WKH� SDWWHUQ� RI� /DUDPLGH� DQG� $QFHVWUDO� 5RFNLHV� LQWUDF�� UDWRQLF�

GHIRUPDWLRQ��8QLWHG�6WDWHV��*HRORJ\��������±���025(6,���/����'8)285���)���	��0h+/+$86���+��%����������$�
/DJUDQJLDQ�LQWHJUDWLRQ�SRLQW�ILQLWH�HOHPHQW�PHWKRG�IRU� ODUJH�GHIRUPDWLRQ�PRGHOLQJ�RI�YLVFRHODVWLF�JHRPDWHUL�� DOV��-RXUQDO�RI�
&RPSXWDWLRQDO�3K\VLFV���������±����

0287+(5($8��)���:$776��$��%� 	�%8529��(��������6WUXFWXUH�
RI�RURJHQLF�EHOWV�FRQWUROOHG�E\�OLWKRVSKHUH�DJH��1DWXUH�*HRVFLHQFH�������±���

1,/)285286+$1��)���3<6./<:(&��5���&58'(1��$��	�.2<,��
+��������7KHUPDO�PHFKDQLFDO�PRGHOLQJ�RI�VDOW�EDVHG�PRXQWDLQ�EHOWV�ZLWK�SUH�H[LVWLQJ�EDVHPHQW�IDXOWV��DS��SOLFDWLRQ�WR�WKH�
=DJURV�)ROG�DQG�7KUXVW�%HOW��6RXWKZHVW� ,UDQ��7HFWRQLFV�������������±����

52//$1'��<���&2;��6��)���%28//,(5��$��0���3(11$&&+,21,��
*��	�0$1&.7(/2:��1��6��������5DUH�HDUWK�DQG�WUDFH�HOHPHQW�PRELOLW\� LQ�PLG�FUXVWDO� VKHDU� ]RQHV�� LQVLJKWV� IURP�WKH�0RQW�
%ODQF�0DVVLI��:HVWHUQ�$OSV���(DUWK�DQG� 3ODQHWDU\�6FLHQFH�/HWWHUV���������±����

52//$1'�� <��� 5266,�� 0��� &2;�� 6�� )��� &256,1,�� 0���0$1&.7(/2:���1���6����3(11$&&+,21,���*����)251$5,��
0�� 	� %28//,(5�� $�� ������ ��$U���$U� GDWLQJ� RI� V\QN�� LQHPDWLF�ZKLWH�PLFD��LQVLJKWV�IURP�IOXLG±URFN�UHDFWLRQ� LQ� ORZ�JUDGH�
VKHDU� ]RQHV� �0RQW� %ODQF� 0DVVLI�� DQG� FRQVWUDLQWV� RQ� WLPLQJ� RI� GHIRUPDWLRQ� LQ� WKH� 1:� H[�� WHUQDO�$OSV��,Q�7KH�,QWHUQDO�
6WUXFWXUH�RI�)DXOW�=RQHV��,PSOLFDWLRQV��IRU��0HFKDQLFDO��DQG��)OXLG�)ORZ��3URS�� HUWLHV�� �HGV��&��$��-���:LEEHUOH\���:���.XU]���
-��� ,PEHU��

5��(��+ROGVZRUWK�	�&��&ROOHWWLQL���SS�����±�����*HROR�� JLFDO�6RFLHW\�RI�/RQGRQ��6SHFLDO�3XEOLFDWLRQ�QR������
5285(��)��	�&2//(77$��%��������&HQR]RLF�LQYHUVLRQ�VWUXF��WXUHV�LQ�WKH�IRUHODQG�RI�WKH�3\UHQHHV�DQG�$OSV��0pPRLUHV�GX�0XVpXP�QDWLRQDO�

G¶KLVWRLUH�QDWXUHOOH���������±�����
6$1&+(=�� *��� 52//$1'�� <��� 6&+1(,'(5�� -��� &256,1,��0���2/,27��(���*21&$/9(6��3���9(5$7,��&���/$5'($8;��-���

0��	�0$548(5��'��������'DWLQJ�ORZ�WHPSHUDWXUH�GH�� IRUPDWLRQ�E\���$U���$U�RQ�ZKLWH�PLFD��LQVLJKWV�IURP�WKH$UJHQWHUD�
0HUFDQWRXU�0DVVLI��6:�$OSV���/LWKRV������ ���±����

6,021�/$%5,&��7���52//$1'��<���'80217��7���+(<0(6��7��� $87+(0$<28��&���&256,1,��0��	�)251$5,��0��������
��$U���$U� GDWLQJ� RI� 3HQQLQLF� )URQW� WHFWRQLF� GLVSODFH��PHQW��:�$OSV��GXULQJ�WKH�/RZHU�2OLJRFHQH����±���0D���7HUUD�1RYD�
�������±����

75,&$57�� 3�� 	� /(02,1(�� 0�� ������ )URP� IDXOWHG� EORFNV� WR� PHJDPXOOLRQV� DQG� PHJDERXGLQV�� 7HWK\DQ� KHULWDJH� LQ�WKH�VWUXFWXUH�
RI�WKH�:HVWHUQ�$OSV��7HFWRQLFV���� ��±�����
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�
�� �
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���������Ǧ�����±�������±�����������

�
/HV�FDPSDJQHV�RFpDQRJUDSKLTXHV�0DUOERUR���HW���HW�6$5$6�RQW�HX�OLHX�HQ������HW������GDQV�

OD� SDUWLH�PpULGLRQDOH� GX�%DVVLQ� G¶$OERUDQ� �)LJ�� %�����&HV� FDPSDJQHV� SLORWpHV� SDU� O¶,67(3�

�&KHI�GH�3URMHW�&KULVWLDQ�*RULQL��FKHI�GH�0LVVLRQ�(OLD�G¶$FUHPRQW��VRQW�HQ�FROODERUDWLRQ�DYHF�

O¶8QLYHUVLWp�0RKDPPHG�9�±�$JGDO��O¶8QLYHUVLWp�$EGHOPDOHN�(VVDDGL��O¶2*6�7ULHVWH��O¶8%2�

%UHVW�HW�OH�&6,&�%DUFHORQH��(OOHV�RQW�SHUPLV�GH�FRPSOpWHU�OD�EDVH�GH�GRQQpHV�EDWK\PpWULTXH�HW�

GH�VLVPLTXH�UpIOH[LRQ�GpMj�GLVSRQLEOH�HQ�FROODERUDWLRQ�DYHF�OHV�GLIIpUHQWV�LQVWLWXWV�DVVRFLpV�j�FH�

SURMHW��

�
)LJXUH� %������ 3ODQ� GH� SRVLWLRQ� GHV� � &DPSDJQHV� 0DUOERUR���� 0DUOERUR��� HW� 6$5$6�� 0DUOERUR����� HQ� YHUW�
DFTXLVLWLRQ� GH� VLVPLTXH� UpIOH[LRQ�� 0DUOERUR����� HQ� URXJH� DFTXLVLWLRQ� GH� VLVPLTXH� KDXWH� UpVROXWLRQ� HW� GH�
EDWK\PpWULH� PXOWLIDLVFHDX[�� 6$5$6��� HQ� EOHX�� EDWK\PpWULH� PXOWLIDLVFHDX[� DYHF� HQUHJLVWUHPHQW� VLPXOWDQp� GH�
VLVPLTXH�WUqV�KDXWH�UpVROXWLRQ��723$6���GH�VRQGHXU�DFRXVWLTXH�($����HW�(.����LGHQWLILFDWLRQ�G¶DQRPDOLHV�GDQV�
OD�FRORQQH�G¶HDX���/D�WRSRJUDSKLH�HVW�UHSULVH��GHV�EDVHV�GH�GRQQpHV�*HEFR�HW� �6570��/D�EDVH�GH�GRQQpHV�GH�
VLVPLTXH�UpIOH[LRQ�GLVSRQLEOH�HVW�UHSUpVHQWpH�SDU�OHV�WUDLWV�JULV�

�
�



�

��� %DVH�GH�GRQQpHV���WHFKQLTXHV�PXOWLSOH�pFKHOOHV���

/D� WUqV� KDXWH� UpVROXWLRQ� �7+5�� GHV� SUR¿OV� GHV� FDPSDJQHV�0$5/%252��� HW� 6$5$6� VRQW�

FRPSOpPHQWDLUHV� DYHF� OHV� UpVROXWLRQV� LQIpULHXUHV� GHV� SUR¿OV� DFTXLV� ORUV� GHV� FDPSDJQHV�

DFDGpPLTXHV��H�J��0$5/%252����HW�LQGXVWULHOOHV��6XU�OD�]RQH�G¶pWXGH��JUkFH�j�OHXU�SURIRQGHXU�

G¶LQYHVWLJDWLRQ�MXVTX¶j�SOXV�GH��V�WHPSV�GRXEOH��OHV�SURILOV�GH�EDVVH�UpVROXWLRQ�QRXV�GRQQHQW�

GHV�LQGLFDWLRQV�VXU�OD�JpRPpWULH�SURIRQGH�GX�EDVVLQ�HW�SHUPHWWHQW�G¶HVWLPHU�OD�SURIRQGHXU�GHV�

VXUIDFHV� VWUDWLJUDSKLTXHV� PDMHXUHV�� /D� SURIRQGHXU� G¶LQYHVWLJDWLRQ� SRXU� OD� VLVPLTXH� 7+5� j�

IDLEOH�SURIRQGHXU�G¶HDX��HVW�OLPLWpH�SDU�OH�SUHPLHU�PXOWLSOH�GX�IRQG�HW�GRQF�SDU�O¶pSDLVVHXU�GH�

OD�WUDQFKH�G¶HDX��6HXOV�OHV�����SUHPLHUV�PqWUHV�RQW�SX�rWUH�pWXGLpV�VXU�OHV�OLJQHV�7+5�WLUpHV�ORUV�

GH�OD�FDPSDJQH�0DUOERUR����3RXU�LPDJHU�OHV�IDLOOHV��OHV�GRQQpHV�GH�VLVPLTXH�UpÀH[LRQ�7+5�

VHURQW�XWLOLVpHV�HQ�SDUDOOqOH�DX[�GRQQpHV�EDWK\PpWULTXHV�GH�IDoRQ�j�REWHQLU�DX�PRLQV�SRXU�OD�

SDUWLH�VXSHUILFLHOOH�XQH�LPDJH�HQ�©�SVHXGR�ª��'��$LQVL�O¶pWXGH�FRQMRLQWH�SHUPHWWUD�GH�FRPSDUHU�

PRUSKRORJLH�HW�VWUXFWXUH�HW�DLQVL�GH�GLVFXWHU�VXU�O¶HPSUHLQWH�PRUSKRORJLTXH�GHV�VWUXFWXUHV�HQ�

SURIRQGHXU� HW� HQ� VXUIDFH�� ,O� IDXW� QRWHU� TXH� OHV� GHX[� MHX[� GH� GRQQpHV� RQW� pWp� LQYHVWLJXpV�

VpSDUpPHQW�SRXU�O¶LGHQWLILFDWLRQ�GHV�IDLOOHV�DFWLYHV��DILQ�GH�QH�SDV�ELDLVHU�OHXU�LQWHUSUpWDWLRQ���

����� $FTXLVLWLRQ�VLVPLTXH�UpÀH[LRQ�

$X�WRWDO��VXU�O¶HQVHPEOH�GH�OD�]RQH�G¶pWXGH��PDUJH�6XG�GX�'RPDLQH�G¶$OERUDQ�HW�]RQH�SOLVVpH�

DX�6XG�2XHVW�GH�OD�5LGH�G¶$OERUDQ��OD�ORQJXHXU�GLVSRQLEOH�GH�OLJQHV�GH�VLVPLTXH�UpIOH[LRQ��'�

V¶pOqYH�j������NP��&HSHQGDQW��GH�QRPEUHXVHV�OLJQHV�DQFLHQQHV�VRQW�WLUpHV�G¶DUFKLYHV�SDSLHUV��

VRQW� PDO� SRVLWLRQQpHV� RX� SHXYHQW� SDUIRLV� DYRLU� GHV� UpVROXWLRQV� PpGLRFUHV�� 1pDQPRLQV�� OHV�

OLJQHV� GHV� FDPSDJQHV� 0$5/%252��� ������� VLVPLTXH� UDSLGH��� 0$5/%252��� �������

6LVPLTXH�6SDUNHU���HW�6$5$6��������6SDUNHU�HW�7RSDV��DLQVL�TXH�OHV�OLJQHV�&212&2��OLJQHV�

LQGXVWULHOOHV�������HW��������HW�,='��������OLJQHV�LQGXVWULHOOHV���IRXUQLVVHQW�XQ�FRQWLQJHQW�GH�

ERQQH�TXDOLWp���

/RUV� GH� OD� FDPSDJQH� 0$5/%252��� SOXV� GH� ���� SUR¿OV� RQW� pWp� WLUpV� GDQV� OD� EDLH� G¶$O�

+RFHLPD��VRLW������NP�GH�OLJQHV�HVSDFpHV�GH�����j����P��/D�VRXUFH�XWLOLVpH�HVW�XQH�VRXUFH�

VSDUNHU� GH� SXLVVDQFH� ���-� j� ���-�� HQ� IRQFWLRQ� GH� OD� SURIRQGHXU� LQYHVWLJXpH��/D� JDPPH�GH�

IUpTXHQFH� FRUUHVSRQGDQWH� HVW� �������+]�� /D� UpFHSWLRQ� HVW� XQH� À�WH� GH� �� WUDFHV� GH� �P� TXL�

SHUPHW�HQ�FRQVLGpUDQW�OH�SDV�GH�WLU�G¶REWHQLU�XQH�FRXYHUWXUH�GH����

/HV�OLJQHV�WUDLWpHV��j�ERUG�GX�QDYLUH��VRPPpHV��PLJUpHV��¿OWUpHV��ORUV�GH�OD�FDPSDJQH��RQW�pWp�

LQWpJUpHV�GDQV�XQ�SURMHW�.LQJGRP�6XLWH�GXUDQW�FHWWH�pWXGH��'HV�SUREOqPHV�GH�JpRORFDOLVDWLRQ�



�

GXV�j�OD�WUqV�KDXWH�UpVROXWLRQ�RQW�pWp�UHQFRQWUpV�HW�UpVROXV��/H�GpSRUW��TXL�HVW�OD�GLVWDQFH�HQWUH�OD�

VRXUFH�HW�OD�SUHPLqUH�WUDFH��D�pWp�FRUULJp�GH�O¶pORLJQHPHQW�j�OD�VWDWLRQ�*36�SRXU�ORFDOLVHU�DYHF�

SUpFLVLRQ� OHV�&'3��&H� GpSRUW�� SRUWp� j� ��P� D� G�� rWUH� FRUULJp� D� SRVWpULRUL��'¶DXWUH� SDUW�� GHV�

SUREOqPHV�GH�FRPSDWLELOLWp�GHV�V\VWqPHV�GH�SURMHFWLRQ�HQWUH�OHV�GLIIpUHQWV�SURMHWV�6,*�RQW�pWp�

UHQFRQWUpV�� ,OV� RQW� pWp� UpVROXV� HQ� FUpDQW� XQ� SURJUDPPH� HQ� )2575$1�GDQV� XQ� VFULSW� 6KHOO�

SHUPHWWDQW�GH�UHFDOFXOHU�OHV�SRVLWLRQV�GHV�SRLQWV�GH�WLU�GDQV�XQH�SURMHFWLRQ�870��1��

����� &DUWRJUDSKLH�GHV�IDLOOHV�

/HV� SUR¿OV� SUpVHQWHQW� WUqV� VRXYHQW� GH� PXOWLSOHV� GpFDODJHV� GHV� UpÀHFWHXUV�� FH� TXL� UHQG�

H[WUrPHPHQW�GLIILFLOH�OH�VXLYL�GH�SUR¿O�HQ�SUR¿O��1RXV�DYRQV�SRLQWp�PpWKRGLTXHPHQW�FKDTXH�

IDLOOH�DSSDUHQWH�VXU�OH�ORJLFLHO�.LQJGRP�6XLWH�VHORQ�GHX[�FULWqUHV�������OD�IDLOOH�TXL�HVW�SRLQWpH�

GRLW�GpFDOHU�XQ�UpÀHFWHXU� ��GH�FHWWH�PDQLqUH�RQ�pFDUWH�XQ�ELDLV�TXL�FRQVLVWHUDLW�j�GLVFULPLQHU�

DUELWUDLUHPHQW� XQH� IDLOOH� VXSSRVpH� SOXV� LPSRUWDQWH� TX¶XQH� DXWUH�� ���� /D� IDLOOH� SRLQWpH� GRLW�

GpFDOHU�GHV�VpGLPHQWV�4XDWHUQDLUH��(Q�HIIHW��QRXV�YHUURQV�TXH�OHV�KDXWV�IRQGV�j�O¶DSORPE�G¶$O�

+RFHLPD�HW�GH�5DV�7DUI�QH�PRQWUHQW�SDV�GH�GpS{WV�TXDWHUQDLUHV�VXIILVDPPHQW�pSDLV�SRXU�SRLQWHU�

OHV� IDLOOHV�� FH� TXL� SHXW� HQWUDvQHU� XQ� ELDLV� VWDWLVWLTXH�� (Q� VXLYDQW� FHWWH�PpWKRGH� QRXV� DYRQV�

pFKDQWLOORQQp� XQ� WUqV� JUDQG� QRPEUH� GH� IDLOOHV� �SOXV� GH� ����� pFKDQWLOORQV�� UpSDUWLHV� HQWUH� OD�

SRLQWH�G¶$O�+RFHLPD�HW�OD�SRLQWH�GH�5DV�7DUI��)LJ��%�����/D�SURMHFWLRQ�FDUWRJUDSKLTXH�GH�O¶DSH[�

�OH�VRPPHW�OH�PRLQV�SURIRQG�GX�SRLQWp��GH�FHV�IDLOOHV�QRXV�SHUPHW�GH�PHWWUH�HQ�pYLGHQFH�OD�

UpSDUWLWLRQ�GHV�FRXORLUV�GH� IDLOOHV�DFWLYHV�DX�TXDWHUQDLUH��(Q�SDUDOOqOH�GH� OD�FDUWRJUDSKLH�GHV�

IDLOOHV��QRXV�DYRQV�SRLQWp�OHV�UpÀHFWHXUV�UHPDUTXDEOHV�TXH�QRXV�GpFULURQV�XOWpULHXUHPHQW��GDQV�

OH�EXW�GH�TXDQWL¿HU�OD�GpIRUPDWLRQ��

/H�UpVXOWDW�GH�FHWWH�PpWKRGH�GH�SRLQWpV��HVW�O¶REWHQWLRQ�G¶XQ�¿FKLHU�GDQV�OHTXHO�OHV�IDLOOHV�VRQW�

GpFULWHV�SDU�OHXU�QXPpUR�GH�WLU�HW�SDU�OHXUV�FRRUGRQQpHV�VSDWLDOHV�GHV�H[WUpPLWpV�VXSpULHXUHV�HW�

LQIpULHXUHV��)LJ��%�����

����� &DOFXO�GHV�D]LPXWV��SHQGDJHV�GHV�IDLOOHV��DSSRUW�GHV�6,*��

1RXV�DYRQV�pFULW�XQ�VFULSW�VXU�0DWODE�TXL�SHUPHW�GH�FDOFXOHU��j�SDUWLU�GHV�¿FKLHUV�WLUpV�GX�SRLQWp�

GH�IDLOOHV��OHV�GLUHFWLRQV�DSSDUHQWHV�HW�OHV�YDOHXUV�GH�SHQGDJHV�DSSDUHQWV�GHV�IDLOOHV��GH�PDQLqUH�

j�SHUPHWWUH�XQH�OHFWXUH�HQ�FDUWH�SOXV�DLVpH��/H�SHQGDJH�DSSDUHQW�GpSHQG�GH�O¶DQJOH�IRUPp�SDU�OH�

SODQ�GH� IDLOOH� HW� OH�SUR¿O� �)LJ��%�����/¶DQJOH�GH�SHQGDJH� UpHO� HVW� pJDO� j� O¶DQJOH�GH�SHQGDJH�

DSSDUHQW��VL�OH�SUR¿O�HW�OD�VXUIDFH�GX�SODQ�GH�IDLOOHV�VRQW�RUWKRJRQDX[��/¶DQJOH�DSSDUHQW�WHQG�

YHUV�]pUR��VL�OHV�SUR¿OV�HW�OH�SODQ�GH�IDLOOH�WHQGHQW�j�VH�SDUDOOpOLVHU��/HV�D]LPXWV�GHV�IDLOOHV�VRQW�



�

FDOFXOpV�VHORQ�OD�FRQYHQWLRQ�$NL�HW�5LFKDUGV��������GH�WHOOH�VRUWH�TXH�OH�VHQV�GH�SHQGDJH�VRLW�

WRXMRXUV�YHUV� OD�GURLWH�SDU� UDSSRUW� j� O¶D]LPXW�DSSDUHQW�GH� OD� IDLOOH��SDU� H[HPSOH�XQ� VHJPHQW�

RULHQWp� j� ����1�SHQG�YHUV� O¶RXHVW�� VRQ� D]LPXW� DSSDUHQW� HVW� GH������ �)LJ��%�����/D� IRUPXOH�

XWLOLVpH�HVW�OD�VXLYDQWH���

�
SOXV�RX�PRLQV�ʌ�VHORQ�OH�TXDGUDQW�FRQWHQDQW�OD�SURMHFWLRQ�GH�VHJPHQW�GDQV�OH�SODQ�KRUL]RQWDO��

DYHF�[L��\L�FRRUGRQQpHV�GX�VHJPHQW�$%�VXU�OH�SODQ�KRUL]RQWDO��/H�VFULSW�FDOFXOH�pJDOHPHQW�OH�

SHQGDJH�DSSDUHQW�GH�OD�IDLOOH�HQ�XWLOLVDQW�XQH�ORL�GH�YLWHVVH�VLPSOH��&HWWH�ORL�GH�YLWHVVH�FRQVLGqUH�

XQ�PLOLHX�j�GHX[�FRXFKHV��/D�FRXFKH���MXVTX¶DX�UpÀHFWHXU�GX�IRQG�PDULQ�DYHF�XQH�YLWHVVH�9��

 ����P�Ví��G¶DSUqV�OHV�SUR¿OV�GH�YLWHVVHV�GH�SURSDJDWLRQ�GHV�RQGHV�FRPSUHVVLYHV�GDQV�O¶HDX�

WLUpH� GHV� DQDO\VHV� UpDOLVpHV� GXUDQW� OD� FDPSDJQH�0$5/%252���� HW� XQH� FRXFKH� �� DYHF� XQH�

YLWHVVH�9�� �����P�Ví��SRXU�O¶HQVHPEOH�GHV�VpGLPHQWV��&HWWH�DSSUR[LPDWLRQ�HVW�pWD\pH�SDU�OHV�

WUDYDX[� SRUWDQW� VXU� O¶pODVWLFLWp� GHV� VpGLPHQWV� PDULQV�� 3DU� H[HPSOH�� 'YRUNLQ� HW� DO��� �������

PRQWUHQW�TXH�OH�PRGXOH�G¶pODVWLFLWp�JOREDO�GHV�VpGLPHQWV�PDULQV�YDULH�HQ�IRQFWLRQ�GH�OD�SRURVLWp�

HW� GH� OD� VDWXUDWLRQ� HQ� HDX��(Q�GHoj�G¶XQH�SRURVLWp� FULWLTXH�� VLWXpV� HQWUH� ��� HW� ���P�VRXV� OH�

SODQFKHU�RFpDQLTXH��OD�YLWHVVH�GH�SURSDJDWLRQ�GHV�RQGHV�3�GHV�VpGLPHQWV�YDULH�HQWUH�����P�Ví��

HW� �����Ví�� HW� WHQG� YHUV� OD� YLWHVVH� GH� SURSDJDWLRQ� GDQV� O¶HDX� j� PHVXUH� TXH� O¶pSDLVVHXU� GH�

VpGLPHQWV�GLPLQXH��/D�IRUPXOH�SHUPHWWDQW�GH�FDOFXOHU�OD�SURIRQGHXU�]D�G¶XQ�SRLQW�$�SRXU�XQH�

ORL�GH�YLWHVVH�GRQQpH�HVW��)LJ��%�����

�
DYHF�W¶D�HQ�VWZWW�SURIRQGHXU�GX�UpÀHFWHXU�GX�IRQG�PDULQ�j�O¶DSORPE�GX�SRLQW�$��IRXUQL�SDU�OH�
SRLQWp�GX�UpÀHFWHXU�VXU�FKDTXH�SUR¿O�HW�W¶¶D�HQ�VWZWW�SURIRQGHXU�GX�SRLQW�$��]D�HW�]E�HQ�P��/HV�
FRRUGRQQpHV� FDOFXOpHV� GHV� SRLQWV� SHUPHWWHQW� GH� GpWHUPLQHU� OH� SHQGDJH� DSSDUHQW� ș� DYHF� OD�
IRUPXOH��

�
'HV� FDUWHV� LOOXVWUDQW� OHV� SDUDPqWUHV� GHV� SHQGDJHV� HW� D]LPXWV� DSSDUHQWV� GHV� IDLOOHV� HW� GH�

SURIRQGHXU�G¶HQIRXLVVHPHQW�RQW�pWp�SURGXLWHV��&KDSLWUH�����



�

�
)LJXUH�%������3URFHVVXV�GH�FDUWRJUDSKLH�GHV�IDLOOHV��

�

��� 'RQQpHV�EDWK\PpWULH���PpWKRGH�G¶DFTXLVLWLRQ�HW�WUDLWHPHQW��

/D�VHFRQGH�PpWKRGH�XWLOLVpH�SRUWH�VXU�OH�WUDLWHPHQW�GHV�GRQQpHV�GH�EDWK\PpWULH�GH�OD�FDPSDJQH�

0$5/%252���� /¶DFTXLVLWLRQ� GHV� GRQQpHV� GH� EDWK\PpWULH� VH� IDLW� JUkFH� j� XQ� VRQGHXU�

PXOWLIDLVFHDX[��60)��GLW�´�SHWLW�IRQG�´��F¶HVW�j�GLUH�FDOLEUp�SRXU�XQH�JDPPH�GH�SURIRQGHXU�GX�

IRQG�PDULQ�DOODQW�GH���j����P��/RUV�GH�O¶DFTXLVLWLRQ�OH�VRQGHXU�D�pWp�SRXU�OD�SUHPLqUH�IRLV�IL[p�

DX�ÀDQF�EDERUG�GX�1�2�7pWK\V�,,��j�XQH�SHUFKH�UHOLpH�j�XQ�DPRUWLVVHXU�UpGXLVDQW�OHV�YLEUDWLRQV��

/H� VRQGHXU� PXOWL�IDLVFHDX[� HQUHJLVWUH� XQH� ODUJHXU� GH� IDXFKpH� ���� VRQGHV� DFRXVWLTXHV��

FRUUHVSRQGDQW�GH���j���IRLV�OD�SURIRQGHXU�GX�IRQG�PDULQ��/D�IDXFKpH�XWLOLVDEOH�pWDLW�UDUHPHQW�



�

VXSpULHXUH� j� ���� HQ� UDLVRQ� GHV� EUXLWV� OLpV� j� O¶KpOLFH� GX� QDYLUH�� j� OD� VRXUFH� VSDUNHU�� HW� DX�

VSpFXODLUH��/H�WUDLWHPHQW�GH�OD�EDWK\PpWULH�D�pWp�UpDOLVp�HQ�XWLOLVDQW�OH�ORJLFLHO�&$5$Í%(6���

����NLORPqWUHV�FDUUpV�GH�SUR¿OV�RQW�pWp�WUDLWpV���

�
)LJXUH�%�����&KDLQH�GH�WUDLWHPHQW�GH�OD�EDWK\PpWULH�PXOWLIDLVFHDX[�j�SDUWLU�GHV�GRQQpHV�EUXWHV�����WUDLWpHV�����

MXVTX¶j�O¶REWHQWLRQ�G¶XQ�017�QHWWR\p������

/D�SUHPLqUH�SDUWLH�GX�WUDYDLO�GH�WUDLWHPHQW�D�FRQVLVWp�j�FRQWU{OHU�YLVXHOOHPHQW�HW�j�QHWWR\HU�OHV��

SUR¿OV�WUDQFKH�SDU�WUDQFKH�D¿Q�G¶LQYDOLGHU�OHV�VRQGHV�HUUDWLTXHV��)LJ��%�����/¶HUUHXU�VXU�OD�VRQGH�

DXJPHQWH�SRXU� OHV� IDLVFHDX[�H[WUrPHV�FH�TXL�GLPLQXH� OD�SUpFLVLRQ�GX�VLJQDO� �)LJ��%�����/HV�

IDLVFHDX[�PpGLDQV�GH�OD�IDXFKpH�PRQWUHQW�XQ�DUWpIDFW�DSSHOp�VSpFXODLUH��&HW�DUWHIDFW�HVW�G��j�

GHV�SUREOqPHV�GH�UpÀH[LRQ�GHV�VRQGHV�DFRXVWLTXHV�j�OD�YHUWLFDOH�GX�WUDQVGXFWHXU��4XDQG�LO�Q¶HVW�

SDV� HQOHYp�� VXU� OHV� FDUWHV�� OH� VSpFXODLUH�SURGXLW�GHV� OLQpDPHQWV� FRQWLQXV�� SDUDOOqOHV�HQWUH� OHV�

SUR¿OV��DLVpPHQW�LGHQWLILpV��8QH�IRLV�O¶LQYDOLGDWLRQ�GHV�VRQGHV�UpDOLVpH�SRXU�FKDTXH�SUR¿O��OH�

ORJLFLHO�FUpH�XQ�017��G¶XQH�UpVROXWLRQ�KRUL]RQWDOH�GH��P�HW�GH�UpVROXWLRQ�YHUWLFDOH���FP��HQ�



�

PR\HQQDQW�OD�SURIRQGHXU�GHV�VRQGHV�SRXU�FKDTXH�PDLOOH�GX�017��/D�TXDOLWp�HW�OH�FDODJH�GHV�

SUR¿OV�VRQW�FRQWU{OpV�HQ�FURLVDQW�OHV�SUR¿OV��PDLV�QH�SHUPHWWHQW�SDV�G¶pFDUWHU�XQ�SUR¿O�Gp¿FLDQW�

HQ�FDV�GH�PDXYDLVH�PHU�RX�GH�IRUW�FRXUDQW��

����� 0RUSKRPpWULH�GX�IRQG�GH�PHU�

'XUDQW�FHWWH�WKqVH�QRXV�DYRQV�SURGXLW�SOXVLHXUV�FDUWHV�LQWHUSUpWDQW�OHV�REMHWV�VpGLPHQWDLUHV�VXU�

OH� IRQG� GH�PHU�� 3RXU� SURGXLUH� FHV� FDUWHV� QRXV� DYRQV� XWLOLVp� OHV� ORJLFLHOV� GH� 6,*� FODVVLTXH�

�$UF*,6��*OREDO0DSSHU���&HSHQGDQW��SDU�FXULRVLWp��HW�OD�UHSUpVHQWDWLRQ�GHV�GRQQpHV�HQ��'�HW�

�'�� QRXV� DYRQV� GpYHORSSp� QRV� SURSUHV� RXWLOV� GH� FDOFXOV� HQ� VH� EDVDQW� VXU� OHV� SURJUDPPHV�

GpYHORSSpV�QRWDPPHQW�SRXU� O¶DUPpH�$PpULFDLQH� �<RXQJ�������� HW� UHSULV�SOXV� WDUG�GDQV� OHV�

ORJLFLHOV�GH�6,*��:RRG���������

'DQV�OHV�6,*��OD�FDUDFWpULVDWLRQ�GH�OD�JpRPRUSKRORJLH�HVW�REWHQXH�SDU�XQ�FDOFXO�HQ�FKDTXH�SRLQW�

GX� 017� GH� OD� VXUIDFH� TXDGUDWLTXH� SDVVDQW� SDU� OHV� KXLW� SRLQWV� DOHQWRXUV� �)LJ�� %����� /HV�

SDUDPqWUHV�GH�FHWWH�VXUIDFH�TXDGUDWLTXH�SHUPHWWHQW�DORUV�GH�FDOFXOHU�OD�SOXSDUW�GHV�SDUDPqWUHV�

PRUSKRORJLTXHV��SHQWH��DVSHFWV��HW�FRXUEXUHV����&HSHQGDQW�FH�FDOFXO�EDVp�VXU���SRLQWV�LQGXLW�GHV�

HUUHXUV�QXPpULTXHV� �5HXWHU�HW�DO��������-��3��:LOVRQ�������:RRG��������3OXV� OH�QRPEUH�GH�

SRLQWV�XWLOLVpV�SRXU�DSSUR[LPHU�OD�VXUIDFH�TXDGUDWLTXH�SDVVDQW�SDU�OH�SRLQW�FHQWUDOH�HVW�JUDQG��

PLHX[�OD�VXUIDFH�HVW�GpFULWH�HW�O¶HUUHXU�QXPpULTXH�IDLEOH���

�
)LJXUH�%�����*ULOOH�GH�FDOFXO�XWLOLVp�HQ�1 ���SRXU�1���SRLQW�HQYLURQQDQWV��:LOVRQ�HW�DO���������

/D�FDUDFWpULVDWLRQ�GH�VXUIDFH�TXDGUDWLTXH�SDVVH�SDU�OD�UpVROXWLRQ�GX�V\VWqPH�G¶pTXDWLRQ�VXLYDQW��

GDQV�XQ�UHSqUH�FDUWpVLHQ��SRXU�XQ�SRLQW�FHQWUp�HQ�;�<�HW�O¶HQVHPEOH�GHV�SRLQWV�GLVWDQWV�GX�SDV�



�

G¶pFKDQWLOORQQDJH�Q�GH�;�Q�j�;�Q�HW�<�Q�j�<�Q�HQ� IRQFWLRQ�GHV� pOpYDWLRQV� ]REV�REVHUYpHV� j�

FKDTXH�SRLQW��8QZLQ����������

�
3RXU�REWHQLU�OHV�SDUDPqWUHV�GH�OD�FRXUEH�TXDGUDWLTXH��E���E���E���E���E��HW�E��WHO�TXH�]WL�DX�SRLQW�

;��<�pJDO����

�
/HV�FRPSRVDQWHV�GHV�GpULYpHV�GH�FHWWH�VXUIDFH�VHORQ�;�HW�<�SHUPHWWHQW�GH�FDOFXOHU�OHV�GLIIpUHQWV�

SDUDPqWUHV�GH� IRUPH� HQ� FKDTXH�SRLQW� �SHQWHV�� DVSHFW� HW� FRXUEXUH��� OD� GLPHQVLRQ� IUDFWDOH� RX�

HQFRUH�OH�FRHIILFLHQW�GH�FURVV�FRUUpODWLRQ�SRXU�pOLPLQHU�OHV�RXWOLHUV�SDU�H[HPSOH��3RXU�FDOFXOHU�

OH�UpVXOWDW�QRXV�XWLOLVRQV�XQ�DOJRULWKPH�/8$�SRXU�GLDJRQDOLVHU�OD�PDWULFH�HW�OH�VROYHXU�POGLYLGH�

GH�0DWODE���

1RXV�DYRQV�GH�SOXV�LQWpJUp�GDQV�QRV�REVHUYDWLRQ�OH� WRSRJUDSKLF�SRVLWLRQ�LQGH[��73,��:HLVV��

������ SRXU�PHWWUH� HQ� pYLGHQFH� OHV�YDULDWLRQV� WRSRJUDSKLTXHV�GX� IRQG�PDULQ��&HW� � LQGH[� HVW�

XWLOLVp�SRXU�FDUDFWpULVHU�OHV�KDELWDWV�FRUDOOLHQV�RX�OHV�REMHWV�PRUSKRORJLTXH�VXU�OH�IRQG�GH�PHU��

�6DYLQL�HW�DO��������:HLVV�������0��)��-��:LOVRQ�HW�DO���������,O�FRQVLVWH�j�IDLUH�OD�GLIIpUHQFH�

G¶pOpYDWLRQ�HQWUH�XQ�SRLQW�;��<�HW�GHV�SRLQWV�HQYLURQQDQWV�GDQV�XQ�UD\RQ�GH�UHFKHUFKH�GpILQLH����

/¶XWLOLWp�GH�OD�SURJUDPPDWLRQ�GH�FHV�RXWLOV�HVW�HVVHQWLHOOHPHQW�SURVSHFWLI��LO�SRXUUDLW�SHUPHWWUH�

HQ� SOXV� G¶XQH� UpGXFWLRQ� GH� O¶HUUHXU� QXPpULTXH�� OD�PDQLSXODWLRQ� HW� OH� FURLVHPHQW� UDSLGH� GHV�

GRQQpHV� j� GLIIpUHQWHV� pFKHOOHV��'DQV� OH� IXWXU�� OH� GpYHORSSHPHQW� GX� FRGH� SRXUUDLW� SHUPHWWUH�

O¶DQDO\VH�VWDWLVWLTXH�SRXVVpH�GH�OD�PRUSKRORJLH�GX�IRQG�PDULQ��



�

�
)LJXUH�%�����9LVXDOLVDWLRQ�GX�PRQW�VRXV�PDULQ�*UDQG�7RILQR�DSUqV�XWLOLVDWLRQ�G¶XQ�SDV�GH���SRLQWV�SRXU�UpVRXGUH�
O¶pTXDWLRQ�GH�OD�VXUIDFH�TXDGUDWLTXH�j�FKDTXH�SRLQW�GX�017��/D�FDUWH�GH�FRXOHXU�FRUUHVSRQG�j�O¶LQGH[�73,�DYHF�
XQ�UD\RQ�GH�UHFKHUFKH�GH����P�SURMHWp�VXU�OD�WRSRJUDSKLH�GH�PDQLqUH�j�FDUDFWpULVHU�OD�ERUGXUH�GH�OD�SODWHIRUPH�
HW�OHV�KDXWV�WRSRJUDSKLTXHV��([DJpUDWLRQ�YHUWLFDOH�GH����

� �



�

��������������
$EGDOOD�� )��� ,�� (O� 6KDP\��$��2��%DPRXVD��$��0DQVRXU��$��0RKDPHG�� DQG�0��7DKRRQ�� ������ ³)ODVK� )ORRGV� DQG�*URXQGZDWHU�5HFKDUJH�

3RWHQWLDOV� LQ�$ULG�/DQG�$OOXYLDO�%DVLQV��6RXWKHUQ�5HG�6HD�&RDVW��(J\SW�´� ,QWHUQDWLRQDO� -RXUQDO�RI�*HRVFLHQFHV� ��� �����������
GRL���������LMJ�������������

$FKDOKL��0RKDPPHG��3KLOLSSH�0�QFK��-HDQ�-DFTXHV�&RUQpH��$OL�$]GLPRXVD��0LKDHOD�0HOLQWH�'REULQHVFX��)UpGpULF�4XLOOpYpUp��+DUD�'ULQLD��
HW�DO��������³7KH�/DWH�0LRFHQH�0HGLWHUUDQHDQ�$WODQWLF�&RQQHFWLRQV�WKURXJK� WKH�1RUWK�5LILDQ�&RUULGRU��1HZ�,QVLJKWV�IURP�WKH�
%RXGLQDU� DQG�$UEDD� 7DRXULUW� %DVLQV� �1RUWKHDVWHUQ�5LI��0RURFFR��´�3DODHRJHRJUDSK\�� 3DODHRFOLPDWRORJ\�� 3DODHRHFRORJ\� ����
�2FWREHU������±����GRL���������M�SDODHR��������������

$FUHPRQW��(��G¶��0���$��*XWVFKHU��$��5DEDXWH��%��0HUFLHU�GH�/pSLQD\��0��/DIRVVH��-��3RRUW��$��$PPDU��HW�DO��������³+LJK�5HVROXWLRQ�,PDJHU\�
RI�$FWLYH�)DXOWLQJ�2IIVKRUH�$O�+RFHLPD��1RUWKHUQ�0RURFFR�´�7HFWRQRSK\VLFV��GRL���������M�WHFWR��������������

$ILUL��$���*XH\GDQ��)���3LWUD��3���(VVDLIL��$���3UpFLJRXW��DQG�-��������³2OLJR�0LRFHQH�([KXPDWLRQ�RI�WKH�%HQL�%RXVHUD�3HULGRWLWH�WKURXJK�D�
/LWKRVSKHUH�6FDOH�([WHQVLRQDO�6KHDU�=RQH�´�*HRGLQDPLFD�$FWD�����)HEUXDU\�����±����GRL���������JD�����������

$JDUG��3���-��2PUDQL��/��-ROLYHW��DQG�)��0RXWKHUHDX��������³&RQYHUJHQFH�+LVWRU\�DFURVV�=DJURV��,UDQ���&RQVWUDLQWV�IURP�&ROOLVLRQDO�DQG�(DUOLHU�
'HIRUPDWLRQ�´�,QWHUQDWLRQDO�-RXUQDO�RI�(DUWK�6FLHQFHV������������±����GRL���������V������������������

$wW�%UDKLP��/��������³0LJUDWLRQ�'HV�$LUHV�GH�6XEVLGHQFH�0D[LPXP�HW�5pRULHQWDWLRQ�GH�/D�'LUHFWLRQ�'X�&KDPS�GH�&RQWUDLQWH�'DQV�/HV�
%DVVLQV�1pRJqQHV�'X�0DURF�6HSWHQWULRQDO�´�%XOOHWLQ�GH�O¶,QVWLWXW�6FLHQWLILTXH��5DEDW������±����

$wW�%UDKLP��/���DQG�3��&KRWLQ��������³2ULHQWDO�0RURFFDQ�1HRJHQH�9ROFDQLVP�DQG�6WULNH�6OLS�)DXOWLQJ�´�-RXUQDO�RI�$IULFDQ�(DUWK�6FLHQFHV����
����������±����

$LW�%UDKLP��/��3�&KRWLQ��6�+LQDM��$�$EGHORXDIL��$�(O�$GUDRXL��&�1DNFKD��'�'KRQW��HW�DO��������³3DOHRVWUHVV�(YROXWLRQ�LQ�WKH�0RURFFDQ�
$IULFDQ�0DUJLQ�IURP�7ULDVVLF�WR�3UHVHQW�´�7HFWRQRSK\VLFV��3DOHRVWUHVVHV�DQG�7HFWRQLFV�LQ�WKH�3HUL�7HWK\DQ�0DUJLQV��������±����
���±�����GRL���������6����������������������

$wW�%UDKLP��/���%��7DGLOL��&��1DNKFKD��,��0RXD\Q��0��5DPGDQL��0��/LPRXUL��$��(O�4DGL��)��6RVVH\�$ODRXL��DQG�0��%HQKDOLPD��������³8VLQJ�
$FWLYH�)DXOWV�DQG�6HLVPLFLW\�IRU�WKH�6WURQJ�0RWLRQ�0RGHOLQJ�LQ�WKH�(DVWHUQ�5LI��1RUWKHUQ�0RURFFR��´�3XUH�DQG�$SSOLHG�*HRSK\VLFV�
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$SSURDFK�´�%XOO��6RF��*pRO��)U���������±�����
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'HODPLQDWLRQ�� ,QVLJKWV� IURP� /DERUDWRU\� 0RGHOV�´� *HRFKHPLVWU\�� *HRSK\VLFV�� *HRV\VWHPV� ��� ����� 4�������
GRL�������������*&��������



�

%DODQ\D��-��&���&UHVSR�%ODQF��$���'LD]�$]SLUR]��0���([SRVLWR��HW�DO��������³$UF�3DUDOOHO�YV�%DFN�$UF�([WHQVLRQ�LQ�WKH�:HVWHUQ�*LEUDOWDU�$UF��
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.D�DQG�5DSLG�6HD�/HYHO�&KDQJHV�5HFRUGHG�E\�3URJUDGLQJ�6KHOI�6DQG�%RGLHV�LQ�WKH�*XOI�RI�/LRQV��:HVWHUQ�0HGLWHUUDQHDQ�6HD���
5$3,'�&<&/,&,7<�,1�6+25()$&(�'(326,76��*8/)�2)�/,216��´�*HRFKHPLVWU\��*HRSK\VLFV��*HRV\VWHPV���������Q�D�Q�D��
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)RUPDWLRQ��1XPHULFDO�6LPXODWLRQV�DQG�$SSOLFDWLRQV�WR�WKH�+HOYHWLF�1DSSH�6\VWHP��6ZLW]HUODQG�´�7HFWRQRSK\VLFV���������±����
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*DUULGR��������³,QYHUVLRQ�RI�7UDQVIHU�)DXOWV��7KH�-HEKD±&KUDIDWH�)DXOW��5LI��0RURFFR��´�-RXUQDO�RI�$IULFDQ�(DUWK�6FLHQFHV���±����
��±����GRL���������M�MDIUHDUVFL��������������
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%RQQHDX�� /XFLOH�� 6WpSKDQ� -�� -RUU\�� 6DPXHO� 7RXFDQQH�� -DFLQWR�� DQG� /DXUHQW� (PPDQXHO�� ������ ³0LOOHQQLDO�6FDOH� 5HVSRQVH� RI� D�:HVWHUQ�

0HGLWHUUDQHDQ�5LYHU�WR�/DWH�4XDWHUQDU\�&OLPDWH�&KDQJHV��$�9LHZ�IURP�WKH�'HHS�6HD�´�7KH�-RXUQDO�RI�*HRORJ\�������������±�����
GRL�����������������

%RRWK�5HD��*���-�0��$]DQRQ��9��*DUFLD�'XHQDV��DQG�5��$XJLHU��������³8SSHUPRVW�7RUWRQLDQ�WR�4XDWHUQDU\�'HSRFHQWUH�0LJUDWLRQ�5HODWHG�
ZLWK�6HJPHQWDWLRQ�RI�WKH�6WULNH�6OLS�3DORPDUHV�)DXOW�=RQH��9HUD�%DVLQ��6(�6SDLQ��´�&RPSWHV�5HQGXV�*HRVFLHQFH������6HSWHPEHU���
���±�����GRL���������V����������������������

%RRWK�5HD��*���$]DQRQ��-�0���*DUFLD�'XHQDV��9���$XJLHU��5���6DQFKH]�*RPH]��DQG�0��������³$�µFRUH�&RPSOH[�OLNH�6WUXFWXUH¶�)RUPHG�E\�
6XSHULPSRVHG� ([WHQVLRQ�� )ROGLQJ� DQG� +LJK�$QJOH� 1RUPDO� )DXOWLQJ�� 7KH� 6DQWL� 3HWUL� 'RPH� �:HVWHUQ� %HWLFV�� 6SDLQ��´� &�5��
*HRVFLHQFHV���������±�����

%RRWK�5HD��*���-�0��$]DQRQ��-�0��0DUWLQH]�0DUWLQH]��2��9LGDO��DQG�9��*DUFLD�'XHQDV��������³&RQWUDVWLQJ�6WUXFWXUDO�DQG�3�7�(YROXWLRQ�RI�
7HFWRQLF�8QLWV�LQ�WKH�6RXWKHDVWHUQ�%HWLFV��.H\�IRU�8QGHUVWDQGLQJ�WKH�([KXPDWLRQ�RI�WKH�$OERUDQ�'RPDLQ�+3�/7�&UXVWDO�5RFNV�
�:HVWHUQ�0HGLWHUUDQHDQ��´�7HFWRQLFV�����7&������
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%RRWK�5HD��*���&��5��5DQHUR�� -��0��0DUWtQH]�0DUWtQH]��DQG� ,��*UHYHPH\HU��������³&UXVWDO�7\SHV�DQG�7HUWLDU\�7HFWRQLF�(YROXWLRQ�RI� WKH�
$OERUiQ�6HD��:HVWHUQ�0HGLWHUUDQHDQ��$/%25È1�6($�&5867$/�7<3(6�´�*HRFKHPLVWU\��*HRSK\VLFV��*HRV\VWHPV���������Q�D�
Q�D��GRL�������������*&��������

%RRWK�5HD��*XLOOHUPR��-RVp�0LJXHO�$]DxyQ��$QWRQLR�$]RU��DQG�9ÕғFWRU�*DUFÕғD�'XHxDV��������³,QIOXHQFH�RI�6WULNH�6OLS�)DXOW�6HJPHQWDWLRQ�RQ�
'UDLQDJH�(YROXWLRQ�DQG�7RSRJUDSK\��$�&DVH�6WXG\��7KH�3DORPDUHV�)DXOW�=RQH��6RXWKHDVWHUQ�%HWLFV��6SDLQ��´�-RXUQDO�RI�6WUXFWXUDO�
*HRORJ\�������������±����GRL���������M�MVJ��������������

%RRWK�5HD��*XLOOHUPR��$QWRQLR�-DEDOR\�6iQFKH]��$OL�$]GLPRXVD��/DKFHQ�$VHEUL\��0HUFHGHV�9i]TXH]�9tOFKH]��DQG�-RVp�0LJXHO�0DUWtQH]�
0DUWtQH]�� ������ ³8SSHU�&UXVWDO� ([WHQVLRQ� GXULQJ� 2EOLTXH� &ROOLVLRQ�� 7KH� 7HPVDPDQH� ([WHQVLRQDO� 'HWDFKPHQW� �(DVWHUQ� 5LI��
0RURFFR���7KH�7HPVDPDQH�([WHQVLRQDO�'HWDFKPHQW��(DVWHUQ�5LI��0RURFFR��´�7HUUD�1RYD������������±����GRL���������M������
����������������[��

%RXUJRLV��-���$��0DXIIUHW��$��$PPDU��DQG�$��'HPQDWL��������³0XOWLFKDQQHO�6HLVPLF�'DWD�,PDJLQJ�RI�,QYHUVLRQ�7HFWRQLFV�RI�WKH�$OERUDQ�5LGJH�
�:HVWHUQ�0HGLWHUUDQHDQ�6HD��´�*HR�0DULQH�/HWWHUV������±�������±�����

%RXVNUL��*KL]ODQH��0RKDPPHG�(ODEEDVVL��$EGHOODK�$PPDU��'ULVV�(O�2XDL��DQG�0LPRXQ�+DUQDIL��������³6HLVPLF�5HIOHFWLRQ�,PDJLQJ�RI�$FWLYH�
)DXOWV�DQG�7KHLU�7HFWRQLF�%HKDYLRU�LQ�WKH�1RUWKHUQ�0RURFFDQ�0DUJLQ��,V�WKH�1HNRU�)DXOW�D�3XUH�6WULNH�6OLS�)DXOW"´�$UDELDQ�-RXUQDO�
RI�*HRVFLHQFHV��������������GRL���������V������������������

%RXVTXHW��-��&��������³4XDWHUQDU\�6WULNH�6OLS�)DXOWV�LQ�6RXWKHDVWHUQ�6SDLQ�´�7HFWRQRSK\VLFV������±�������±�����
%RX\EDRXHQH��0RKDPHG��$QGUH�0LFKDUG��DQG�%UXQR�*RIIH��������³+LJK�3UHVVXUH�*UDQXOLWHV�RQ�7RS�RI�WKH�%HQL�%RXVHUD�3HULGRWLWHV��5LI�%HOW��

0RURFFR��D�5HFRUG�RI�DQ�$QFLHQW�7KLFNHQHG�&UXVW�LQ�WKH�$OERUDQ�'RPDLQ�´�%XOOHWLQ�GH�/D�6RFLHWH�*HRORJLTXH�GH�)UDQFH����������
���±����

%URWKHUV��'��6���1��:��'ULVFROO��*��0��.HQW��$��-��+DUGLQJ��-��0��%DEFRFN��DQG�5��/��%DVNLQ��������³7HFWRQLF�(YROXWLRQ�RI�WKH�6DOWRQ�6HD�
,QIHUUHG�IURP�6HLVPLF�5HIOHFWLRQ�'DWD�´�1DWXUH�*HRVFLHQFH�����������±����GRL���������QJHR�����

%XIRUQ��(���8GtDV��$���0DGDULDJD��DQG�5��������³,QWHUPHGLDWH�DQG�'HHS�(DUWKTXDNHV�LQ�6SDLQ�´�3XUH�DQG�$SSOLHG�*HRSK\VLFV���������±�����
GRL���������EI����������

%XLWHU��6XVDQQH�-��+���DQG�2��$GULDQ�3ILIIQHU��������³1XPHULFDO�0RGHOV�RI�WKH�,QYHUVLRQ�RI�+DOI�*UDEHQ�%DVLQV�´�7HFWRQLFV���������������
GRL�������������7&��������

%XLWHU��6XVDQQH�-��+���2��$GULDQ�3ILIIQHU�� DQG�&KULVWRSKHU�%HDXPRQW��������³,QYHUVLRQ�RI�([WHQVLRQDO�6HGLPHQWDU\�%DVLQV��$�1XPHULFDO�
(YDOXDWLRQ� RI� WKH� /RFDOLVDWLRQ� RI� 6KRUWHQLQJ�´� (DUWK� DQG� 3ODQHWDU\� 6FLHQFH� /HWWHUV� ���� ��±���� ���±�����
GRL���������M�HSVO��������������

%XUEDQN��'RXJODV�:���-RKQ�/HODQG��(ULF�)LHOGLQJ��5REHUW�6��$QGHUVRQ��1LFKRODV�%UR]RYLF��0DU\�5��5HLG��DQG�&KULVWRSKHU�'XQFDQ��������
³%HGURFN� ,QFLVLRQ�� 5RFN� 8SOLIW� DQG� 7KUHVKROG� +LOOVORSHV� LQ� WKH� 1RUWKZHVWHUQ� +LPDOD\DV�´� 1DWXUH� ���� �������� ���±����
GRL���������������D���

%XWOHU�� 5REHUW� :�� +��� (QULFR� 7DYDUQHOOL�� DQG� 0DULR� *UDVVR�� ������ ³6WUXFWXUDO� ,QKHULWDQFH� LQ� 0RXQWDLQ� %HOWV�� $Q� $OSLQH±$SHQQLQH�
3HUVSHFWLYH�´�-RXUQDO�RI�6WUXFWXUDO�*HRORJ\��7HFWRQLF�LQYHUVLRQ�DQG�VWUXFWXUDO�LQKHULWDQFH�LQ�PRXQWDLQ�EHOWV���������������±������
GRL���������M�MVJ��������������

&DNLU��=���0��0HJKUDRXL��$��0��$NRJOX��1��-DERXU��6��%HODEEHV��DQG�/��$LW�%UDKLP��������³6XUIDFH�'HIRUPDWLRQ�$VVRFLDWHG�ZLWK�WKH�0Z������
���)HEUXDU\������$O�+RFHLPD��0RURFFR��(DUWKTXDNH�'HGXFHG�IURP�,Q6$5��,PSOLFDWLRQV�IRU�WKH�$FWLYH�7HFWRQLFV�DORQJ�1RUWK�
$IULFD�´�%XOOHWLQ�RI�WKH�6HLVPRORJLFDO�6RFLHW\�RI�$PHULFD�����������±����GRL���������������������

&DODLV��(���'H0HWV��&���1RFTXHW��DQG�-�0��������³(YLGHQFH�IRU�D�3RVW������0D�&KDQJH�LQ�1XELD�(XUDVLD�1RUWK�$PHULFD�3ODWH�0RWLRQV"´�(DUWK�
DQG�3ODQHWDU\�6FLHQFH�/HWWHUV��������±����

&DOYHUW��$���)��*RPH]��'��6HEHU��0��%DUD]DQJL��1��-DERXU��$��,EHQEUDKLP��DQG�$��'HPQDWL��������³$Q�,QWHJUDWHG�*HRSK\VLFDO�,QYHVWLJDWLRQ�
RI�5HFHQW�6HLVPLFLW\�LQ�WKH�$O�+RFHLPD�5HJLRQ�RI�1RUWK�0RURFFR�´�%XOOHWLQ�RI�WKH�6HLVPRORJLFDO�6RFLHW\�RI�$PHULFD������������±
�����

&DOYHUW��$���6DQGYRO��(���6HEHU��'���%DUD]DQJL��HW�DO��������³*HRG\QDPLF�(YROQWLRQ�RI�WKH�/LWKRVSKHUH�DQG�8SSHU�0DQWOH�EHQHDWK�WKH�$OERUDQ�
5HJLRQ�RI�WKH�:HVWHUQ�0HGLWHUUDQHDQ��&RQVWUDLQWV�IURP�7UDYHO�7LPH�7RPRJUDSK\�´�-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK�����������±
�������

&DPHVHOOH��$OHMDQGUD�/���DQG�5RJHU�8UJHOHV��������³/DUJH�6FDOH�0DUJLQ�&ROODSVH�GXULQJ�0HVVLQLDQ�(DUO\�6HD�/HYHO�'UDZGRZQ��7KH�6:�
9DOHQFLD�7URXJK��1:�0HGLWHUUDQHDQ�´�%DVLQ�5HVHDUFK��-DQXDU\��Q�D�Q�D��GRL���������EUH��������

&DPRLQ��*LOEHUW�)���&ODLUH�6HDUG��3LHUUH�'HVFKDPSV��-RG\�0��:HEVWHU��(OL]DEHWK�$EEH\��-XDQ�&��%UDJD��<DVXIXPL�,U\X��HW�DO��������³5HHI�
5HVSRQVH�WR�6HD�/HYHO�DQG�(QYLURQPHQWDO�&KDQJHV�GXULQJ�WKH�/DVW�'HJODFLDWLRQ��,QWHJUDWHG�2FHDQ�'ULOOLQJ�3URJUDP�([SHGLWLRQ�
�����7DKLWL�6HD�/HYHO�´�*HRORJ\������������±����GRL���������*���������

&DPSLOOR��$��&���$��0DOGRQDGR��DQG�$��0DXIIUHW��������³6WUDWLJUDSKLF�DQG�7HFWRQLF�(YROXWLRQ�RI�WKH�:HVWHUQ�$OERUDQ�6HD��/DWH�0LRFHQH�WR�
5HFHQW�´�*HR�0DULQH�/HWWHUV������±�������±�����

&DSHOOD��:DOWHU��/LYLX�0DWHQFR��(YHOLQD�'PLWULHYD��:LOPHU�0��-��5RHVW��6X]DQQH�+HVVHOV��0RKDPHG�+VVDLQ��$EGHOZDKLG�&KDNRU�$ODPL��
)UDQFLVFR�-��6LHUUR��DQG�:RXW�.ULMJVPDQ��������³7KLFN�6NLQQHG�7HFWRQLFV�&ORVLQJ�WKH�5LILDQ�&RUULGRU�´�7HFWRQRSK\VLFV��$FFHVVHG�
-DQXDU\�����GRL���������M�WHFWR��������������

&DUUHWLHU��6���-��)��5LW]��-��-DFNVRQ��DQG�$��%D\DVJDODQ��������³0RUSKRORJLFDO�'DWLQJ�RI�&XPXODWLYH�5HYHUVH�)DXOW�6FDUSV��([DPSOHV�IURP�WKH�
*XUYDQ�%RJG�)DXOW�6\VWHP��0RQJROLD�´�*HRSK\VLFDO�-RXUQDO�,QWHUQDWLRQDO�������������±�����

&DUWLJQ\��0DWWKLHX�-�%���'DULR�9HQWUD��*HRUJH�3RVWPD��DQG�-DQ�+��YDQ�'HQ�%HUJ��������³0RUSKRG\QDPLFV�DQG�6HGLPHQWDU\�6WUXFWXUHV�RI�
%HGIRUPV� XQGHU� 6XSHUFULWLFDO�)ORZ� &RQGLWLRQV�� 1HZ� ,QVLJKWV� IURP� )OXPH� ([SHULPHQWV�´� 6HGLPHQWRORJ\� ��� ����� ���±����
GRL���������VHG��������

&DVDOERUH��'���)��)DOHVH��(��0DUWRUHOOL��&��5RPDJQROL��DQG�)��/��&KLRFFL��������³6XEPDULQH�'HSRVLWLRQDO�7HUUDFHV�LQ�WKH�7\UUKHQLDQ�6HD�DV�D�
3UR[\� IRU� 3DOHR�6HD� /HYHO� 5HFRQVWUXFWLRQ�� 3UREOHPV� DQG� 3HUVSHFWLYH�´� 4XDWHUQDU\� ,QWHUQDWLRQDO��
GRL���������M�TXDLQW��������������

&DVWHOOWRUW�� 6pEDVWLHQ�� DQG� -HDQ� 9DQ�'HQ�'ULHVVFKH�� ������ ³+RZ� 3ODXVLEOH� $UH� +LJK�)UHTXHQF\� 6HGLPHQW� 6XSSO\�'ULYHQ� &\FOHV� LQ� WKH�
6WUDWLJUDSKLF�5HFRUG"´�6HGLPHQWDU\�*HRORJ\�������±�����±����GRL���������6����������������������

&DWWDQHR��$QWRQLR��$QQDPDULD�&RUUHJJLDUL��7DQLD�0DUVVHW��<DQQLFN�7KRPDV��%UXQR�0DUVVHW��DQG�)DELR�7ULQFDUGL��������³6HDIORRU�8QGXODWLRQ�
3DWWHUQ� RQ� WKH� $GULDWLF� 6KHOI� DQG� &RPSDULVRQ� WR� 'HHS�:DWHU� 6HGLPHQW� :DYHV�´� 0DULQH� *HRORJ\� ���� ��±���� ���±����
GRL���������M�PDUJHR��������������

&DWWDQHR��$QWRQLR��DQG�5RQ�-��6WHHO������D��³7UDQVJUHVVLYH�'HSRVLWV��$�5HYLHZ�RI�7KHLU�9DULDELOLW\�´�(DUWK�6FLHQFH�5HYLHZV������±�������±
�����GRL���������6����������������������

&DWXQHDQX�� 2��� 9�� $EUHX�� -�3�� %KDWWDFKDU\D�� 0�'�� %OXP�� 5�:�� 'DOU\PSOH�� 3�*�� (ULNVVRQ�� &�5�� )LHOGLQJ�� HW� DO�� ������ ³7RZDUGV� WKH�
6WDQGDUGL]DWLRQ�RI�6HTXHQFH�6WUDWLJUDSK\�´�(DUWK�6FLHQFH�5HYLHZV������±�����±����GRL���������M�HDUVFLUHY��������������

&DWXQHDQX��2FWDYLDQ��������³6HTXHQFH�6WUDWLJUDSK\�RI�&ODVWLF�6\VWHPV��&RQFHSWV��0HULWV��DQG�3LWIDOOV�´�-RXUQDO�RI�$IULFDQ�(DUWK�6FLHQFHV����
������±����GRL���������6����������������������
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&DWXQHDQX��2FWDYLDQ��:LOOLDP�(��*DOORZD\��&KULVWRSKHU�*��6W��&��.HQGDOO��$QGUHZ�'��0LDOO��+HQU\�:��3RVDPHQWLHU��$QGUp�6WUDVVHU��DQG�
0DXULFH�(��7XFNHU��������³6HTXHQFH�6WUDWLJUDSK\��0HWKRGRORJ\�DQG�1RPHQFODWXUH�´�1HZVOHWWHUV�RQ�6WUDWLJUDSK\������������±�����
GRL������������������������������

&KDORXDQ��$���*DOLQGR�=DOGLYDU��-���$NLO��0���0DULQ��HW�DO��������³7HFWRQLF�:HGJH�(VFDSH�LQ�WKH�6RXWKZHVWHUQ�)URQW�RI�WKH�5LI�&RUGLOOHUD�
�0RURFFR��´�,Q�7HFWRQLFV�RI�WKH�:HVWHUQ�0HGLWHUUDQHDQ�DQG�1RUWK�$IULFD��HGLWHG�E\�025$77,��*��	�&+$/28$1��DQG�$���HGV���
�������±�����/RQGRQ��*HRORJLFDO�6RFLHW\�RI�/RQGRQ��

&KDORXDQ��$���DQG�$��0LFKDUG��������³7KH�$OSLQH�5LI�%HOW��0RURFFR���$�&DVH�RI�0RXQWDLQ�%XLOGLQJ�LQ�D�6XEGXFWLRQ�6XEGXFWLRQ�7UDQVIRUP�
)DXOW�7ULSOH�-XQFWLRQ�´�3XUH�DQG�$SSOLHG�*HRSK\VLFV�������������±�����GRL���������V������������������

&KDORXDQ��$���$��(O�0ULKL��.K�(O�.DGLUL��$��%DKPDG��)��6DOKL�� DQG�5��+OLOD�������� ³0DXUHWDQLDQ�)O\VFK�1DSSH� LQ� WKH�1RUWKZHVWHUQ�5LI�
&RUGLOOHUD��0RURFFR���'HIRUPDWLRQ�&KURQRORJ\�DQG�(YLGHQFH�IRU�D�&RPSOH[�1DSSH�(PSODFHPHQW�´�*HRORJLFDO�6RFLHW\��/RQGRQ��
6SHFLDO�3XEOLFDWLRQV�������������±����GRL���������*6/�63�����������������

&KDORXDQ��$���6DML��5���0LFKDUG��$���%DOO\��DQG�$��:��������³1HRJHQH�7HFWRQLF�(YROXWLRQ�RI�WKH�6RXWKZHVWHUQ�$OERUDQ�%DVLQ�DV�,QIHUUHG�IURP�
6HLVPLF�'DWD�RII�0RURFFR�´�$DSJ�%XOOHWLQ�$PHULFDQ�$VVRFLDWLRQ�RI�3HWUROHXP�*HRORJLVWV�����-XO\�������±������

&KDORXDQ��$KPHG��DQG�$QGUp�0LFKDUG��������³7KH�*KRPDULGHV�1DSSHV��5LI�&RDVWDO�5DQJH��0RURFFR��$�9DULVFDQ�&KLS�LQ�WKH�$OSLQH�%HOW�´�
7HFWRQLFV��������±������GRL���������7&���L���S�������

&KDORXDQ��$KPHG��$QGUp�0LFKDUG��.KDOLO�(/�.$',5,��)��1HJUR��'RPLQLTXH�)UL]RQ�GH�/DPRWWH��-��,��6RWR��DQG�2PDU�6DGGLTL��������³7KH�5LI�
%HOW�´�,Q�&RQWLQHQWDO�(YROXWLRQ��7KH�*HRORJ\�RI�0RURFFR��6SULQJHU�%HUOLQ�+HLGHOEHUJ������±�����

&KDORXDQ��$KPHG��$QGUH�0LFKDUG��+XJXHV�)HLQEHUJ��5D\PRQG�0RQWLJQ\��DQG�2PDU�6DGGLTL��������³7KH�5LI�0RXQWDLQ�%XLOGLQJ��0RURFFR���
D�1HZ�7HFWRQLF�6FHQDULR�´�%XOOHWLQ�GH�/D�6RFLHWH�*HRORJLTXH�GH�)UDQFH�������������±����GRL��������������������

&KDORXDQ��$KPHG��$��2XD]DQL�7RXKDPL��/��0RXKLU��5��6DML��DQG�0RKDPHG�%HQPDNKORXI��������³/HV�)DLOOHV�1RUPDOHV�¬�)DLEOH�3HQGDJH�'X�
5LI�,QWHUQH��0DURF��HW�/HXU�(IIHW�6XU�/¶DPLQFLVVHPHQW�&UXVWDO�'X�'RPDLQH�G¶$OERUDQ�´�*HRJDFHWD��������±���

&KDSSHOO��-RKQ��������³6HD�/HYHO�&KDQJHV�)RUFHG�,FH�%UHDNRXWV�LQ�WKH�/DVW�*ODFLDO�&\FOH��1HZ�5HVXOWV�IURP�&RUDO�7HUUDFHV�´�4XDWHUQDU\�
6FLHQFH�5HYLHZV��������������±������

&KHUNDRXL��7DM�(GGLQH��DQG�0LPRXQ�+DUQDIL��������³/(�6e,60('¶$/�+2&(,0$�'8����)(95,(5�����ௗ��5DSSRUW�3UpOLPLQDLUH�GH�0LVVLRQ�
'X���$X���0DUV������´�$JGDO��8QLYHUVLWp�0RKDPPHG�9���$JGDO�,QVWLWX�6FLHQWLILTXH��

&KHUWRYD��0�9���:��6SDNPDQ��7��*HHQHQ��$�3��YDQ�GHQ�%HUJ��DQG�'�-�-��YDQ�+LQVEHUJHQ��������³8QGHUSLQQLQJ�7HFWRQLF�5HFRQVWUXFWLRQV�RI�
WKH�:HVWHUQ�0HGLWHUUDQHDQ�5HJLRQ�ZLWK�'\QDPLF�6ODE�(YROXWLRQ�IURP���'�1XPHULFDO�0RGHOLQJ��:(67(51�0(',7(55$1($1�
6/$%�(92/87,21�´�-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK��6ROLG�(DUWK��-XQH��Q�D�Q�D��GRL�������������-%��������

&KLRFFL��)��/��������³9HU\�+LJK�5HVROXWLRQ�6HLVPLFV�DV�D�7RRO�IRU�6HTXHQFH�6WUDWLJUDSK\�$SSOLHG�WR�2XWFURS�6FDOH��([DPSOHV�IURP�(DVWHUQ�
7\UUKHQLDQ�0DUJLQ�+RORFHQH�3OHLVWRFHQH�'HSRVLWV�´�$$3*�%XOOHWLQ������������±����

&KLRFFL��)��/���DQG�$��5��&KLYDV��������&RQWLQHQWDO�6KHOYHV�RI�WKH�:RUOG��7KHLU�(YROXWLRQ�'XULQJ�WKH�/DVW�*ODFLR�(XVWDWLF�&\FOH��*HRORJLFDO�
6RFLHW\�RI�/RQGRQ��

&KLRFFL�� )�� /���*�� (UFLOOD�� DQG� -�� 7RUUH�� ������ ³6WUDWDO�$UFKLWHFWXUH� RI�:HVWHUQ�0HGLWHUUDQHDQ�0DUJLQV� DV� WKH�5HVXOW� RI� WKH� 6WDFNLQJ� RI�
4XDWHUQDU\�/RZVWDQG�'HSRVLWV�EHORZ�µJODFLR�(XVWDWLF�)OXFWXDWLRQ�%DVH�/HYHO�¶´�6HGLPHQWDU\�*HRORJ\�������������±�����

&KLRFFL��)��/���DQG�$OODQ�5��&KLYDV��������³&KDSWHU���$Q�2YHUYLHZ�RI�WKH�&RQWLQHQWDO�6KHOYHV�RI�WKH�:RUOG�´�*HRORJLFDO�6RFLHW\��/RQGRQ��
0HPRLUV����������±���GRL���������0������

&KLRFFL��)UDQFHVFR�/���DQG�/XFLDQD�2UODQGR��������³/RZVWDQG�7HUUDFHV�RQ�7\UUKHQLDQ�6HD�6WHHS�&RQWLQHQWDO�6ORSHV�´�0DULQH�*HRORJ\�����
��±�������±����GRL�������������������������������

&KULVWLH�%OLFN�� 1LFKRODV�� ������ ³'HIRUPDWLRQ� DQG� %DVLQ� )RUPDWLRQ� DORQJ� 6WULNH�6OLS� )DXOWV�´�
KWWS���DUFKLYHV�GDWDSDJHV�FRP�GDWD�VHSPBVS�63���'HIRUPDWLRQBDQGB%DVLQB)RUPDWLRQB$ORQJ�SGI��

&KX��'H]KL��DQG�5LFKDUG�*��*RUGRQ��������³(YLGHQFH�IRU�0RWLRQ�EHWZHHQ�1XELD�DQG�6RPDOLD�DORQJ�WKH�6RXWKZHVW�,QGLDQ�5LGJH�´�1DWXUH�����
����������±����GRL����������������

&RPDV��0��&���9tFWRU�*DUFtD�'XHxDV��DQG�0��-��-XUDGR��������³1HRJHQH�7HFWRQLF�(YROXWLRQ�RI�WKH�$OERUDQ�6HD�IURP�0&6�'DWD�´�*HR�0DULQH�
/HWWHUV������±�������±�����

&RPDV��0��&���-��3��3ODWW��-��,��6RWR��DQG�$��%��:DWWV��������³7KH�2ULJLQ�DQG�7HFWRQLF�+LVWRU\�RI�WKH�$OERUDQ�%DVLQ��,QVLJKWV�IURP�/HJ�����
5HVXOWV�´�3URFHHGLQJV�RI�WKH�2FHDQ�'ULOOLQJ�3URJUDP�6FLHQWLILF�5HVXOWV���������±�����

&RUQpH��-��-���)HUUDQGLQL��0���6DLQW�0DUWLQ��-��3���0�QFK��HW�DO��������³7KH�/DWH�0HVVLQLDQ�(URVLRQDO�6XUIDFH�DQG�WKH�6XEVHTXHQW�5HIORRGLQJ�LQ�
WKH�0HGLWHUUDQHDQ��1HZ�,QVLJKWV�IURP�WKH�0HOLOOD±1DGRU�%DVLQ��0RURFFR��´�3DODHRJHRJUDSK\��3DODHRFOLPDWRORJ\��3DODHRHFRORJ\�
��������±�����GRL���������M�SDODHR��������������

&RUQpH�� -HDQ�-DFTXHV�� 3KLOLSSH� 0�QFK�� 0RKDPPHG� $FKDOKL�� *LOOHV� 0HU]HUDXG�� $OL� $]GLPRXVD�� )UpGpULF� 4XLOOpYpUp�� 0LKDHOD� 0HOLQWH�
'REULQHVFX��HW�DO��������³7KH�0HVVLQLDQ�(URVLRQDO�6XUIDFH�DQG�(DUO\�3OLRFHQH�5HIORRGLQJ�LQ�WKH�$OERUDQ�6HD��1HZ�,QVLJKWV�IURP�
WKH�%RXGLQDU�%DVLQ��0RURFFR�´�6HGLPHQWDU\�*HRORJ\������0DUFK������±����GRL���������M�VHGJHR��������������

&RUQpH�� -HDQ�-DFTXHV�� 3KLOLSSH� 0�QFK�� 0LKDHOD� 0HOLQWH�'REULQHVFX�� $EGHONKDODN� %HQ� 0RXVVD�� )UpGpULF� 4XLOOpYpUp�� +DUD� 'ULQLD�� $OL�
$]GLPRXVD��HW�DO��������³7KH�(DUO\�3OLRFHQH�5HIORRGLQJ�LQ�WKH�:HVWHUQ�0HGLWHUUDQHDQ��1HZ�,QVLJKWV�IURP�WKH�5LDV�RI�WKH�,QWHUQDO�
5LI��0RURFFR�´�&RPSWHV�5HQGXV�*HRVFLHQFH�������±������±����GRL���������M�FUWH��������������

&RUQpH��-HDQ�-DFTXHV��-HDQ�3DXO�6DLQW�0DUWLQ��*LOOHV�&RQHVD��3KLOLSSH�0�QFK��-HDQ�3LHUUH�$QGUp��6LPRQD�6DLQW�0DUWLQ��DQG�6WHIDQ�5RJHU��
������ ³&RUUHODWLRQV� DQG� 6HTXHQFH� 6WUDWLJUDSKLF� 0RGHO� IRU� 0HVVLQLDQ� &DUERQDWH� 3ODWIRUPV� RI� WKH� :HVWHUQ� DQG� &HQWUDO�
0HGLWHUUDQHDQ�´�,QWHUQDWLRQDO�-RXUQDO�RI�(DUWK�6FLHQFHV��GRL���������V������������������

&UHVSR�%ODQF��$���2UR]FR��0���(VWHEDQ��*DUFLD�'XHQDV��DQG�9��������³([WHQVLRQ�YHUVXV�&RPSUHVVLRQ�GXULQJ�WKH�0LRFHQH�7HFWRQLF�(YROXWLRQ�
RI�WKH�%HWLF�&KDLQ��/DWH�)ROGLQJ�RI�1RUPDO�)DXOW�6\VWHPV�´�7HFWRQLFV�������±����

&UHVSR�%ODQF��$QD��0HQFKX�&RPDV��DQG�-XDQ�&DUORV�%DODQ\i��������³&OXHV�IRU�D�7RUWRQLDQ�5HFRQVWUXFWLRQ�RI�WKH�*LEUDOWDU�$UF��6WUXFWXUDO�
3DWWHUQ��'HIRUPDWLRQ�'LDFKURQLVP�DQG�%ORFN�5RWDWLRQV�´�7HFWRQRSK\VLFV��GRL���������M�WHFWR��������������

&UXWFKOH\��*DUHWK�-���&KULVWLDQ�%HUQGW��'LUN�.ODHVFKHQ��DQG�'RXJ�*��0DVVRQ��������³,QVLJKWV�LQWR�$FWLYH�'HIRUPDWLRQ�LQ�WKH�*XOI�RI�&DGL]�
IURP� 1HZ� ��'� 6HLVPLF� DQG� +LJK�5HVROXWLRQ� %DWK\PHWU\� 'DWD�� $&7,9(� '()250$7,21� ,1� 7+(� *8/)� 2)� &$',=�´�
*HRFKHPLVWU\��*HRSK\VLFV��*HRV\VWHPV���������Q�D�Q�D��GRL�������������*&��������

&XQKD��7��$���/��0��0DWLDV��3��7HUULQKD��$��0��1HJUHGR��)��5RVDV��5��0��6��)HUQDQGHV��DQG�/��0��3LQKHLUR��������³1HRWHFWRQLFV�RI�WKH�6:�
,EHULD� 0DUJLQ�� *XOI� RI� &DGL]� DQG� $OERUDQ� 6HD�� $� 5HDVVHVVPHQW� ,QFOXGLQJ� 5HFHQW� 6WUXFWXUDO�� 6HLVPLF� DQG� *HRGHWLF� 'DWD��
1HRWHFWRQLFV� 6:� ,EHULD�*XOI� RI� &DGL]�$OERUDQ�´� *HRSK\VLFDO� -RXUQDO� ,QWHUQDWLRQDO� ���� ����� ���±���� GRL���������M������
���;������������[��

&XQQLQJKDP��:��'���DQG�3��0DQQ��������³7HFWRQLFV�RI�6WULNH�6OLS�5HVWUDLQLQJ�DQG�5HOHDVLQJ�%HQGV�´�*HRORJLFDO�6RFLHW\��/RQGRQ��6SHFLDO�
3XEOLFDWLRQV�����������±����GRL���������63�������

&XVWyGLR��6XVDQD��9kQLD�/LPD��'LQD�9DOHV��6LPRQH�&HVFD��DQG�)HUQDQGR�&DUULOKR��������³,PDJLQJ�$FWLYH�)DXOWLQJ�LQ�D�5HJLRQ�RI�'LVWULEXWHG�
'HIRUPDWLRQ�IURP�WKH�-RLQW�&OXVWHULQJ�RI�)RFDO�0HFKDQLVPV�DQG�+\SRFHQWUHV��$SSOLFDWLRQ�WR�WKH�$]RUHV±ZHVWHUQ�0HGLWHUUDQHDQ�
5HJLRQ�´�7HFWRQRSK\VLFV��������±����GRL���������M�WHFWR��������������

'��&��3��3HDFRFN� �����'�� -�� 6DQGHUV�� ������ ³*HRPHWU\� DQG�'HYHORSPHQW� RI�5HOD\�5DPSV� LQ�1RUPDO�)DXOW�6\VWHPV�´� $$3*�%XOOHWLQ� ����
GRL���������%'))������������'������������&����'��



�

'¶$FUHPRQW��(���%HOpQ�$ORQVR��*HPPD�(UFLOOD��0DUOERUR�7HDP��DQG�6DUDV�7HDP��������³3UHOLPLQDU\�5HVXOWV�RI�WKH�0DUOERUR�DQG�6$5$6�
6XUYH\V��3DVW�DQG�3UHVHQW�$FWLYH�6HGLPHQWDWLRQ�DQG�7HFWRQLFV�LQ�WKH�6RXWK�$OERUDQ�6HD�´�KWWS���GLJLWDO�FVLF�HV�KDQGOH��������������

'DZHUV��1DQF\H�+���DQG�0DUN�+��$QGHUV��������³'LVSODFHPHQW�/HQJWK�6FDOLQJ�DQG�)DXOW�/LQNDJH�´�-RXUQDO�RI�6WUXFWXUDO�*HRORJ\���������
���±����GRL����������������������������'��

'H�/DURX]LqUH��)�'���-��%RO]H��3��%RUGHW��-��+HUQDQGH]��&��0RQWHQDW��DQG�3��2WW�G¶(VWHYRX��������³7KH�%HWLF�6HJPHQW�RI�WKH�/LWKRVSKHULF�
7UDQV�$OERUDQ�6KHDU�=RQH�GXULQJ�WKH�/DWH�0LRFHQH�´�7HFWRQRSK\VLFV������������±����

'H�9LFHQWH��*���-��/��*LQHU��$��0XxR]�0DUWtQ��-��0��*RQ]iOH]�&DVDGR��DQG�5��/LQGR��������³'HWHUPLQDWLRQ�RI�3UHVHQW�'D\�6WUHVV�7HQVRU�DQG�
1HRWHFWRQLF�,QWHUYDO�LQ�WKH�6SDQLVK�&HQWUDO�6\VWHP�DQG�0DGULG�%DVLQ��&HQWUDO�6SDLQ�´�7HFWRQRSK\VLFV��'\QDPLFV�RI�([WHQVLRQDO�
%DVLQV�DQG�,QYHUVLRQ�7HFWRQLFV��������±�������±����GRL���������6����������������������

'HFNHU��.��+�3HUHVVRQ��DQG�5�+LQVFK��������³$FWLYH�7HFWRQLFV�DQG�4XDWHUQDU\�%DVLQ�)RUPDWLRQ�DORQJ�WKH�9LHQQD�%DVLQ�7UDQVIRUP�)DXOW�´�
4XDWHUQDU\�6FLHQFH�5HYLHZV������±�������±����GRL���������M�TXDVFLUHY��������������

'H0HWV��&���5��*��*RUGRQ��'��)��$UJXV��DQG�6��6WHLQ��������³&XUUHQW�3ODWH�0RWLRQV�´�*HRSK\VLFDO�-RXUQDO�,QWHUQDWLRQDO�������������±����
GRL���������M���������;������WE������[��

'H0HWV��&���*��,DIIDOGDQR��DQG�6��0HUNRXULHY��������³+LJK�5HVROXWLRQ�1HRJHQH�DQG�4XDWHUQDU\�(VWLPDWHV�RI�1XELD�(XUDVLD�1RUWK�$PHULFD�
3ODWH�0RWLRQ�´�*HRSK\VLFDO�-RXUQDO�,QWHUQDWLRQDO�������������±����GRL���������JML�JJY�����

'HQQLHORX�� %HUQDUG�� /DXUHQW� -DOOHW�� 1DELO� 6XOWDQ�� *ZHQDHO� -RXHW�� 3LHUUH� *LUHVVH��0LFKHO� 9RLVVHW�� DQG� 6HUJH� %HUQp�� ������ ³3RVW�*ODFLDO�
3HUVLVWHQFH�RI�7XUELGLWLF�$FWLYLW\�ZLWKLQ�WKH�5K{QH�'HHS�6HD�7XUELGLWH�6\VWHP��*XOI�RI�/LRQV��:HVWHUQ�0HGLWHUUDQHDQ���/LQNLQJ�
WKH�2XWHU�6KHOI�DQG�WKH�%DVLQ�6HGLPHQWDU\�5HFRUGV�´�0DULQH�*HRORJ\�������±������±����GRL���������M�PDUJHR��������������

'HUGHU��0��(��0���%��+HQU\��6��0DRXFKH��%��%D\RX��0��$PHQQD��-��%HVVH��0��%HVVHGLN��'��%HOKDL��DQG�0��$\DFKH��������³7UDQVSUHVVLYH�
7HFWRQLFV�DORQJ�D�0DMRU�(±:�&UXVWDO�6WUXFWXUH�RQ�WKH�$OJHULDQ�&RQWLQHQWDO�0DUJLQ��%ORFNV�5RWDWLRQV�5HYHDOHG�E\�D�3DOHRPDJQHWLF�
$QDO\VLV�´�7HFWRQRSK\VLFV���������±����GRL���������M�WHFWR��������������

'HVFKDPSV��3LHUUH��1LFRODV�'XUDQG��(GRXDUG�%DUG��%UXQR�+DPHOLQ��*LOEHUW�&DPRLQ��$OH[DQGHU�/��7KRPDV��*LGHRQ�0��+HQGHUVRQ��-XQ�¶LFKL�
2NXQR��DQG�<XVXNH�<RNR\DPD��������³,FH�6KHHW�&ROODSVH�DQG�6HD�/HYHO�5LVH�DW�WKH�%ROOLQJ�:DUPLQJ�������ௗ<HDUV�$JR�´�1DWXUH�
���������������±����GRL���������QDWXUH�������

'HZH\��-��)���5��(��+ROGVZRUWK��DQG�5��$��6WUDFKDQ��������³7UDQVSUHVVLRQ�DQG�7UDQVWHQVLRQ�=RQHV�´�*HRORJLFDO�6RFLHW\��/RQGRQ��6SHFLDO�
3XEOLFDWLRQV�����������±����GRL���������*6/�63�����������������

'HZH\��-RKQ�)��������³7UDQVWHQVLRQ�LQ�$UFV�DQG�2URJHQV�´�,QWHUQDWLRQDO�*HRORJ\�5HYLHZ������������±����GRL�����������������������������
'tD]�� -���$�� *LO�� 5�� &DUERQHOO�� -��*DOODUW�� DQG�0��+DUQDIL�� ������ ³&RQVWUDLQLQJ� WKH�&UXVWDO� 5RRW�*HRPHWU\� EHQHDWK�1RUWKHUQ�0RURFFR�´�

7HFWRQRSK\VLFV��6,�'HHS�6HLVPL[�������2FWREHU�����±����GRL���������M�WHFWR��������������
'LOORQ��:LOOLDP�3���-DPHV�0��5REE��+��*DU\�*UHHQH��DQG�-XDQ�&DUORV�/XFHQD��������³(YROXWLRQ�RI�WKH�&RQWLQHQWDO�0DUJLQ�RI�6RXWKHUQ�6SDLQ�

DQG�WKH�$OERUDQ�6HD�´�0DULQH�*HRORJ\������������±����GRL�������������������������������
'R�&RXWR��'DPLHQ��������³(YROXWLRQ�JpRG\QDPLTXH�GH�OD�PHU�G¶$OERUDQ�SDU�O¶pWXGH�GHV�EDVVLQ�VpGLPHQWDLUHV�´�3DULV��)5$1&(��8QLYHUVLWp�

3LHUUH�HW�0DULH�&XULH��
'R�&RXWR��'DPLHQ��&KULVWLDQ�*RULQL��/DXUHQW�-ROLYHW��1RsPLH�/HEUHW��5RPDLQ�$XJLHU��&KDUOHV�*XPLDX[��(OLD�G¶$FUHPRQW��$EGHOODK�$PPDU��

+DGGRX�-DERXU��DQG�-HDQ�/XF�$X[LHWUH��������³7HFWRQLF�DQG�6WUDWLJUDSKLF�(YROXWLRQ�RI�WKH�:HVWHUQ�$OERUDQ�6HD�%DVLQ�LQ�WKH�/DVW�
���0\UV�´�7HFWRQRSK\VLFV����±��������±�����GRL���������M�WHFWR��������������

'R�&RXWR��'DPLHQ��&KDUOHV�*XPLDX[��5RPDLQ�$XJLHU��1RsPLH�/HEUHW��1LFRODV�)ROFKHU��*ZHQDsO�-RXDQQLF��/DXUHQW�-ROLYHW��-HDQ�3LHUUH�6XF��
DQG�&KULVWLDQ�*RULQL��������³7HFWRQLF�,QYHUVLRQ�RI�DQ�$V\PPHWULF�*UDEHQ��,QVLJKWV�IURP�D�&RPELQHG�)LHOG�DQG�*UDYLW\�6XUYH\�LQ�
WKH�6RUEDV�%DVLQ�´�7HFWRQLFV�������������7&��������GRL�������������7&��������

'RFKHUW\��&UDLJ��DQG�(QULF�%DQGD��������³(YLGHQFH�IRU�WKH�(DVWZDUG�0LJUDWLRQ�RI�WKH�$OERUDQ�6HD�%DVHG�RQ�5HJLRQDO�6XEVLGHQFH�$QDO\VLV��
$�&DVH�IRU�%DVLQ�)RUPDWLRQ�E\�'HODPLQDWLRQ�RI�WKH�6XEFUXVWDO�/LWKRVSKHUH"´�7HFWRQLFV������������±����GRL�����������7&�������

'UR[OHU��$QGUp�:���DQG�6WpSKDQ�-��-RUU\��������³'HJODFLDO�2ULJLQ�RI�%DUULHU�5HHIV�$ORQJ�/RZ�/DWLWXGH�0L[HG�6LOLFLFODVWLF�DQG�&DUERQDWH�
&RQWLQHQWDO�6KHOI�(GJHV�´�$QQXDO�5HYLHZ�RI�0DULQH�6FLHQFH�����������±����GRL���������DQQXUHY�PDULQH����������������

'XJJHQ��6���.��+RHUQOH��3��YDQ�GHQ�%RJDDUG��/��5�SNH��DQG�-�3��0RUJDQ��������³'HHS�5RRWV�RI�WKH�0HVVLQLDQ�6DOLQLW\�&ULVLV�´�1DWXUH������
���±�����

'XJJHQ��6���.��+RHUQOH��$��.O�JHO��-��*HOGPDFKHU��0��7KLUOZDOO��)��+DXII��'��/RZU\��DQG�1��2DWHV��������³*HRFKHPLFDO�=RQDWLRQ�RI�WKH�
0LRFHQH�$OERUiQ�%DVLQ�9ROFDQLVP��:HVWHUQPRVW�0HGLWHUUDQHDQ���*HRG\QDPLF�,PSOLFDWLRQV�´�&RQWULEXWLRQV�WR�0LQHUDORJ\�DQG�
3HWURORJ\�������������±����GRL���������V������������������

'XJJHQ��6YHQG��.DM�+RHUQOH��3DXO� YDQ�GHQ�%RJDDUG�� DQG�&KULV�+DUULV�� ������ ³0DJPDWLF�(YROXWLRQ�RI� WKH�$OERUDQ�5HJLRQ��7KH�5ROH�RI�
6XEGXFWLRQ�LQ�)RUPLQJ�WKH�:HVWHUQ�0HGLWHUUDQHDQ�DQG�&DXVLQJ�WKH�0HVVLQLDQ�6DOLQLW\�&ULVLV�´�(DUWK�DQG�3ODQHWDU\�6FLHQFH�/HWWHUV�
������±������±�����GRL���������6��������;�������������

'XUiQ�� 5XWK��0LTXHO� &DQDOV�� -RVp� /XLV� 6DQ]�� *DOGHULF� /DVWUDV�� 'DYLG� $PEODV�� DQG� $DURQ�0LFDOOHI�� ������ ³0RUSKRORJ\� DQG� 6HGLPHQW�
'\QDPLFV�RI� WKH�1RUWKHUQ�&DWDODQ�&RQWLQHQWDO�6KHOI��1RUWKZHVWHUQ�0HGLWHUUDQHDQ�6HD�´�*HRPRUSKRORJ\����� �-DQXDU\����±����
GRL���������M�JHRPRUSK��������������

']LHZRQVNL��$��0���7��$��&KRX��DQG�-��+��:RRGKRXVH��������³'HWHUPLQDWLRQ�RI�(DUWKTXDNH�6RXUFH�3DUDPHWHUV�IURP�:DYHIRUP�'DWD�IRU�
6WXGLHV� RI� *OREDO� DQG� 5HJLRQDO� 6HLVPLFLW\�´� -RXUQDO� RI� *HRSK\VLFDO� 5HVHDUFK�� 6ROLG� (DUWK� ��� �%���� ����±����
GRL���������-%���L%��S�������

(FKHYHUULD��$QQD��*LRUJL�.KD]DUDG]H��(YD�$VHQVLR��-RUJH�*iUDWH��-RVp�0DUWtQ�'iYLOD��DQG�(PPD�6XULxDFK��������³&UXVWDO�'HIRUPDWLRQ�LQ�
(DVWHUQ�%HWLFV�IURP�&XD7H1HR�*36�1HWZRUN�´�7HFWRQRSK\VLFV������1RYHPEHU������±�����GRL���������M�WHFWR��������������

(NVWU|P�� *��� 0�� 1HWWOHV�� DQG� $�� 0�� ']LHZRĔVNL�� ������ ³7KH� *OREDO� &07� 3URMHFW� ����±������ &HQWURLG�0RPHQW� 7HQVRUV� IRU� �������
(DUWKTXDNHV�´�3K\VLFV�RI�WKH�(DUWK�DQG�3ODQHWDU\�,QWHULRUV����±������±���GRL���������M�SHSL��������������

(O�$ODPL��6��2���%��$��7DGLOL��7��(��&KHUNDRXL��)��0HGLQD��0��5DPGDQL��/��$��%UDKLP��DQG�0�+DUQDIL��������³7KH�$O�+RFHLPD�(DUWKTXDNH�RI�
0D\����������DQG�,WV�$IWHUVKRFNV��$�6HLVPRWHFWRQLF�6WXG\�´�$1$/,�',�*(2),6,&$������������±����

(O�$]]RX]L��0���+��%HOORQ��$��&RXWHOOH��DQG�-��3��5pKDXOW��������³0LRFHQH�0DJPDWLVP�DQG�7HFWRQLFV�ZLWKLQ�WKH�3HUL�$OERUDQ�2URJHQ��:HVWHUQ�
0HGLWHUUDQHDQ��´�-RXUQDO�RI�*HRG\QDPLFV��������±����GRL���������M�MRJ��������������

(O�%DNNDOL��6DPLU��$ODLQ�*RXUJDXG��-HDQ�/RXLV�%RXUGLHU��+HUYp�%HOORQ��DQG�1L\D]L�*XQGRJGX��������³3RVW�&ROOLVLRQ�1HRJHQH�9ROFDQLVP�RI�
WKH�(DVWHUQ�5LI��0RURFFR���0DJPDWLF�(YROXWLRQ�WKURXJK�7LPH�´�/LWKRV������±�������±����GRL���������6����������������������

(O� .DGLUL�� .KDOLO�� .DPDO�(GGLQH� (O� .DGLUL�� DQG� $VPDH� 5DKRXWL�� ������ ³6pGLPHQWRORJLH� HW� ,FKQRORJLH� 'HV� &DOFLWXUELGLWHV� 'X� &UpWDFp�
VXSpULHXU±2OLJRFqQH� ,QIpULHXU� GH� /D� 6pULH� 0DXUpWDQLHQQH� �1DSSH� 'HV� %pQL� ,GHU�� 5LI� 6HSWHQWULRQDO�� 0DURF��� ,PSOLFDWLRQV�
3DOpRJpRJUDSKLTXHV�´�%XOOHWLQ�GH�O¶,QVWLWXW�6FLHQWLILTXH��5DEDW��QR��������±����

(PHU\��.��2��������³5HODWLYH�6HD�/HYHOV�IURP�7LGH�*DXJH�5HFRUGV�´�3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV��������������±����
(UFLOOD��*��DQG�%�$ORQVR��������³6PDOO�7XUELGLWH�6\VWHPV�LQ�D�&RPSOH[�7HFWRQLF�6HWWLQJ��6:�0HGLWHUUDQHDQ�6HD���0RUSKRORJ\�DQG�*URZWK�

3DWWHUQV�´�0DULQH�DQG�3HWUROHXP�*HRORJ\��������������±����GRL���������6����������������������
(UFLOOD��*���%��$ORQVR��DQG�-��%DUD]D��������³6HGLPHQWDU\�(YROXWLRQ�RI�WKH�1RUWKZHVWHUQ�$OERUDQ�6HD�GXULQJ�WKH�4XDWHUQDU\�´�*HR�0DULQH�

/HWWHUV������±�������±����GRL���������%)����������



�

(UFLOOD�� *�� %� $ORQVR�� DQG� -� %DUD]D�� ������ ³3RVW�&DODEULDQ� 6HTXHQFH� 6WUDWLJUDSK\� RI� WKH� 1RUWKZHVWHUQ� $OERUDQ� 6HD� �6RXWKZHVWHUQ�
0HGLWHUUDQHDQ��´�0DULQH�*HRORJ\�������±�������±����GRL�������������������������������

(UFLOOD�� *HPPD�� &DUPHQ� -XDQ�� )�� -DYLHU� +HUQiQGH]�0ROLQD�� 0LJXHO� %UXQR�� )HUUDQ� (VWUDGD�� %HOpQ� $ORQVR�� 'DYLG� &DVDV�� HW� DO�� ������
³6LJQLILFDQFH� RI� %RWWRP� &XUUHQWV� LQ� 'HHS�6HD� 0RUSKRG\QDPLFV�� $Q� ([DPSOH� IURP� WKH� $OERUDQ� 6HD�´� 0DULQH� *HRORJ\��
GRL���������M�PDUJHR��������������

(VWUDGD��)���*��(UFLOOD��DQG�%��$ORQVR��������³3OLRFHQH�4XDWHUQDU\�7HFWRQLF�6HGLPHQWDU\�(YROXWLRQ�RI�WKH�1(�$OERUDQ�6HD��6:�0HGLWHUUDQHDQ�
6HD��´� 7HFWRQRSK\VLFV�� 6WUXFWXUDO� &RQWUROV� RQ� 6HGLPHQWDU\� %DVLQ� )RUPDWLRQ�� ���� ��±���� ���±���� GRL���������6�����
�����������������

(VWUDGD��)���-��7�9D]TXH]��*��(UFLOOD��%��$ORQVR��(��G¶$FUHPRQW��&��*RULQL��0��*RPH]��0�&��)HUQDQGH]�3XJD��$��$PPDU��DQG�%��(O�0RXPQL��
������³5HFHQW�7HFWRQLF� ,QYHUVLRQ�RI� WKH�&HQWUDO�$OERUDQ�=RQH�´�5HV~PHQHV�GH�/D��D�5HXQLyQ� ,EpULFD�6REUH�)DOODV�$FWLYDV�<�
3DOHRVLVPRORJtD������

(VWUDGD��)HUUDQ��*HPPD�(UFLOOD��&KULVWLDQ�*RULQL��%HOpQ�$ORQVR�� -XDQ�7RPiV�9i]TXH]��'DQLHO�*DUFtD�&DVWHOODQRV��&DUPHQ� -XDQ��$QGUpV�
0DOGRQDGR��$EGHOODK�$PPDU��DQG�0RKDPPHG�(ODEEDVVL��������³,PSDFW�RI�3XOVHG�$WODQWLF�:DWHU�,QIORZ�LQWR�WKH�$OERUDQ�%DVLQ�
DW�WKH�7LPH�RI�WKH�=DQFOHDQ�)ORRGLQJ�´�*HR�0DULQH�/HWWHUV������±�������±����GRL���������V������������������

)DFFHQQD��&���'DY\��3���%UXQ��-��3���)XQLFLHOOR��HW�DO��������³7KH�'\QDPLFV�RI�%DFN�$UF�([WHQVLRQ��$Q�([SHULPHQWDO�$SSURDFK�WR�WKH�2SHQLQJ�
RI�WKH�7\UUKHQLDQ�6HD�´�*HRSK\VLFDO�-RXUQDO�,QWHUQDWLRQDO������6HSWHPEHU������±�����GRL���������M���������;������WE������[��

)DFFHQQD��&ODXGLR��7KLHUU\�1DOSDV��-HDQ�3LHUUH�%UXQ��3KLOLSSH�'DY\��DQG�9LWWRULR�%RVL��������³7KH�,QIOXHQFH�RI�3UH�([LVWLQJ�7KUXVW�)DXOWV�RQ�
1RUPDO� )DXOW� *HRPHWU\� LQ� 1DWXUH� DQG� LQ� ([SHULPHQWV�´� -RXUQDO� RI� 6WUXFWXUDO� *HRORJ\� ��� ����� ����±���� GRL��������������
�����������������

)DFFHQQD��&ODXGLR��&ODXGLD�3LURPDOOR��$QD�&UHVSR�%ODQF��/DXUHQW�-ROLYHW��DQG�)HGHULFR�5RVVHWWL��������³/DWHUDO�6ODE�'HIRUPDWLRQ�DQG�WKH�
2ULJLQ� RI� WKH� :HVWHUQ� 0HGLWHUUDQHDQ� $UFV�� $5&6� 2)� 7+(� 0(',7(55$1($1�´� 7HFWRQLFV� ��� ����� Q�D�Q�D��
GRL�������������7&��������

)DGLO��$EGHODOL��3KLOLSSH�9HUQDQW��6LPRQ�0F&OXVN\��5REHUW�5HLOLQJHU��)UDQFLVFR�*RPH]��'ULVV�%HQ�6DUL��7DRXILN�0RXUDELW��.XUW�)HLJO��DQG�
0XDZLD�%DUD]DQJL��������³$FWLYH�7HFWRQLFV�RI� WKH�:HVWHUQ�0HGLWHUUDQHDQ��*HRGHWLF�(YLGHQFH� IRU�5ROOEDFN�RI�D�'HODPLQDWHG�
6XEFRQWLQHQWDO�/LWKRVSKHULF�6ODE�EHQHDWK�WKH�5LI�0RXQWDLQV��0RURFFR�´�*HRORJ\��������������GRL���������*���������

)DQJHW��$QQH�6RSKLH��6HUJH�%HUQp��*ZpQDsO�-RXHW��0DULD�$QJHOD�%DVVHWWL��%HUQDUG�'HQQLHORX��*UpJRLUH�0��0DLOOHW��DQG�0DWKLHX�7RQGXW��
������ ³,PSDFW� RI�5HODWLYH�6HD�/HYHO� DQG�5DSLG�&OLPDWH�&KDQJHV�RQ� WKH�$UFKLWHFWXUH� DQG�/LWKRIDFLHV� RI� WKH�+RORFHQH�5KRQH�
6XEDTXHRXV�'HOWD��:HVWHUQ�0HGLWHUUDQHDQ�6HD��´�6HGLPHQWDU\�*HRORJ\��������±����GRL���������M�VHGJHR��������������

)HUQDQGHV��5��0��6���%��$��&��$PEURVLXV��5��1RRPHQ��/��%DVWRV��0��-��5��:RUWHO��:��6SDNPDQ��DQG�5��*RYHUV��������³7KH�5HODWLYH�0RWLRQ�
EHWZHHQ�$IULFD�DQG�(XUDVLD�DV�'HULYHG�IURP�,75)�����DQG�*36�'DWD��7+(�5(/$7,9(�027,21�%(7:((1�$)5,&$�$1'�
(85$6,$�´�*HRSK\VLFDO�5HVHDUFK�/HWWHUV����������GRL�������������*/��������

)HUQDQGHV��5��0��6���-��0��0LUDQGD��'��'HOYDX[��'��6��6WDPSV��DQG�(��6DULD��������³5H�(YDOXDWLRQ�RI�WKH�.LQHPDWLFV�RI�9LFWRULD�%ORFN�8VLQJ�
&RQWLQXRXV�*166�'DWD�´�*HRSK\VLFDO�-RXUQDO�,QWHUQDWLRQDO�����������±����GRL���������JML�JJV�����

)HUQDQGHV��5��0��6���0LUDQGD��-��0���0HLMQLQJHU��%��0��/���%RV��HW�DO��������³6XUIDFH�9HORFLW\�)LHOG�RI�WKH�,EHUR�0DJKUHELDQ�6HJPHQW�RI�WKH�
(XUDVLD�1XELD�3ODWH�%RXQGDU\�´�*HRSK\VLFDO�-RXUQDO�,QWHUQDWLRQDO���������±�����GRL���������M���������;������������[��

)HUQiQGH]�,EixH]��)���-��,��6RWR��0��'��=REDFN��DQG�-��0RUDOHV��������³3UHVHQW�'D\�6WUHVV�)LHOG�LQ�WKH�*LEUDOWDU�$UF��:HVWHUQ�0HGLWHUUDQHDQ��´�
-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK������%����GRL�������������-%��������

)HUUDWHU��0DUWD��*XLOOHUPR�%RRWK�5HD��-RVp�9LFHQWH�3pUH]�3HxD��-RVp�0LJXHO�$]DxyQ��)ODYLR�*LDFRQLD��DQG�(XOjOLD�0DVDQD��������³)URP�
([WHQVLRQ�WR�7UDQVSUHVVLRQ��4XDWHUQDU\�5HRUJDQL]DWLRQ�RI�DQ�([WHQVLRQDO�5HODWHG�'UDLQDJH�1HWZRUN�E\�WKH�$OKDPD�GH�0XUFLD�
6WULNH�6OLS�)DXOW��(DVWHUQ�%HWLFV��´�7HFWRQRSK\VLFV������1RYHPEHU�����±����GRL���������M�WHFWR��������������

)OHPPLQJ��%��:��������³7KH�5ROH�RI�*UDLQ�6L]H��:DWHU�'HSWK�DQG�)ORZ�9HORFLW\�DV�6FDOLQJ�)DFWRUV�&RQWUROOLQJ�WKH�6L]H�RI�6XEDTXHRXV�
'XQHV�´� ,Q� 0DULQH� 6DQGZDYH� '\QDPLFV�� ,QWHUQDWLRQDO� :RUNVKRS�� ��±���� KWWS���ZZZ�VKRP�IU�ILOHDGPLQ�6+20�3')����
$FWLYLWHV�VHGLPHQWRORJLH�PDULG����73IOHPSUHP�SGI��

²²²��������³&RPPHQW�RQ�µ/DUJH�6FDOH�%HGIRUPV�DORQJ�D�7LGHOHVV�2XWHU�6KHOI�6HWWLQJ�LQ�WKH�:HVWHUQ�0HGLWHUUDQHDQ¶�E\�/R�,DFRQR�HW�$O��
������� LQ� &RQWLQHQWDO� 6KHOI� 5HVHDUFK� 9RO� ���� 3S�� ����±�����´� &RQWLQHQWDO� 6KHOI� 5HVHDUFK� ��� �-DQXDU\��� ���±���
GRL���������M�FVU��������������

)OLQFK�� -RDQ� )UDQFHVH�� ������ ³7HFWRQLF� (YROXWLRQ� RI� WKH� *LEUDOWDU� $UF�´� 7KHVLV�� 5LFH� 8QLYHUVLW\��
KWWSV���VFKRODUVKLS�ULFH�HGX�KDQGOH�������������

)RGRU��/��������³)URP�7UDQVSUHVVLRQ� WR�7UDQVWHQVLRQ��2OLJRFHQH�0LRFHQH�6WUXFWXUDO�(YROXWLRQ�RI� WKH�9LHQQD�%DVLQ�DQG� WKH�(DVW�$OSLQH�
:HVWHUQ�&DUSDWKLDQ�-XQFWLRQ�´�7HFWRQRSK\VLFV�������±�������±����GRL�������������������������������

)RQW��-RUGL��6WHSKDQ�5RXVVHDX��%HUQDUGR�6KLUDVDJR��(OLVD�*DUFtD�*yUUL]��DQG�5REHUW�/��+DQH\��������³0HVRVFDOH�9DULDELOLW\�LQ�WKH�$OERUDQ�
6HD�� 6\QWKHWLF� $SHUWXUH� 5DGDU� ,PDJLQJ� RI� )URQWDO� (GGLHV�´� -RXUQDO� RI� *HRSK\VLFDO� 5HVHDUFK�� 2FHDQV� ���� �&���� ��±���
GRL�������������-&��������

)RVVHQ��+DDNRQ��������6WUXFWXUDO�*HRORJ\��&DPEULGJH�8QLYHUVLW\�3UHVV��
)RVVHQ��+DDNRQ��DQG�%DVLO�7LNRII��������³7KH�'HIRUPDWLRQ�0DWUL[�IRU�6LPXOWDQHRXV�6LPSOH�6KHDULQJ��3XUH�6KHDULQJ�DQG�9ROXPH�&KDQJH��

DQG�,WV�$SSOLFDWLRQ�WR�7UDQVSUHVVLRQ�7UDQVWHQVLRQ�7HFWRQLFV�´�-RXUQDO�RI�6WUXFWXUDO�*HRORJ\��7KH�*HRPHWU\�RI�1DWXUDOO\�'HIRUPHG�
5RFNV�������±�������±����GRL����������������������������<��

²²²��������³([WHQGHG�0RGHOV�RI�7UDQVSUHVVLRQ�DQG�7UDQVWHQVLRQ��DQG�$SSOLFDWLRQ� WR�7HFWRQLF�6HWWLQJV�´�*HRORJLFDO�6RFLHW\��/RQGRQ��
6SHFLDO�3XEOLFDWLRQV������������±����

)UDQ]HWWL��0DUFDXUHOLR��3DVFDO�/H�5R\��&KULVWRSKH�'HODFRXUW��7KLHUU\�*DUODQ��5RPDLQ�&DQFRXsW��$OH[H\�6XNKRYLFK��DQG�$QQH�'HVFKDPSV��
������³*LDQW�'XQH�0RUSKRORJLHV�DQG�'\QDPLFV�LQ�D�'HHS�&RQWLQHQWDO�6KHOI�(QYLURQPHQW��([DPSOH�RI�WKH�%DQF�'X�)RXU��:HVWHUQ�
%ULWWDQ\��)UDQFH��´�0DULQH�*HRORJ\������'HFHPEHU�����±����GRL���������M�PDUJHR��������������

)ULJROD��-���0��&DQDOV��,��&DFKR��$��0RUHQR��)��-��6LHUUR��-��$��)ORUHV��6��%HUQp��HW�DO��������³$�����.\U�5HFRUG�RI�*OREDO�6HD�/HYHO�2VFLOODWLRQV�
LQ� WKH�*XOI�RI�/LRQ��0HGLWHUUDQHDQ�6HD��1HZ�,QVLJKWV� LQWR�0,6���6HD�/HYHO�9DULDELOLW\�´�&OLPDWH�RI� WKH�3DVW��� ���������±����
GRL���������FS��������������

)XOOHD��-���0��)HUQjQGH]��-�&��$IRQVR��-��9HUJpV��DQG�+��=H\HQ��������³7KH�6WUXFWXUH�DQG�(YROXWLRQ�RI�WKH�/LWKRVSKHUH±DVWKHQRVSKHUH�%RXQGDU\�
EHQHDWK�WKH�$WODQWLF±0HGLWHUUDQHDQ�7UDQVLWLRQ�5HJLRQ�´�/LWKRV�������±������±����GRL���������M�OLWKRV��������������

*DOLQGR�=DOGtYDU��-���$��&KDORXDQ��2��$]]RX]��&��6DQ]�GH�*DOGHDQR��)��$QDKQDK��/��$PH]D��3��5XDQR��HW�DO��������³$UH�WKH�6HLVPRORJLFDO�
DQG�*HRORJLFDO�2EVHUYDWLRQV�RI�WKH�$O�+RFHLPD��0RURFFR��5LI�������(DUWKTXDNH��0 �����&RQWUDGLFWRU\"´�7HFWRQRSK\VLFV�����
�������±����GRL���������M�WHFWR��������������

*DOLQGR�=DOGLYDU��-���$��-��*LO��&��6DQ]�GH�*DOGHDQR��0��&��/DF\��-��$��*DUFtD�$UPHQWHURV��3��5XDQR��$��0��5XL]��0��0DUWtQH]�0DUWRV��DQG�
3��$OIDUR��������³$FWLYH�6KDOORZ�([WHQVLRQ�LQ�&HQWUDO�DQG�(DVWHUQ�%HWLF�&RUGLOOHUD�IURP�&*36�'DWD�´�7HFWRQRSK\VLFV��6SHFLDO�
LVVXH� RQ� ,EHULD� JHRG\QDPLFV�� $Q� LQWHJUDWLYH� DSSURDFK� IURP� WKH� 7RSR�,EHULD� IUDPHZRUN�� ���� �1RYHPEHU��� ���±�����
GRL���������M�WHFWR��������������

*DOLQGR�=DOGtYDU�� -��� )�� *RQ]iOH]�/RGHLUR�� DQG� $�� -DEDOR\�� ������ ³6WUHVV� DQG� 3DODHRVWUHVV� LQ� WKH� %HWLF�5LI� &RUGLOOHUDV� �0LRFHQH� WR� WKH�
3UHVHQW��´�7HFWRQRSK\VLFV�������±�������±����GRL�������������������������������
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*DOLQGR�=DOGtYDU��-HV~V��2PDU�$]]RX]��$KPHG�&KDORXDQ��$QWRQLR�3HGUHUD��3DWULFLD�5XDQR��$QD�5XL]�&RQVWiQ��&DUORV�6DQ]�GH�*DOGHDQR��HW�
DO��������³([WHQVLRQDO�7HFWRQLFV��*UDEHQ�'HYHORSPHQW�DQG�)DXOW�7HUPLQDWLRQV�LQ�WKH�(DVWHUQ�5LI��%RNR\D±5DV�$IUDRX�$UHD��´�
7HFWRQRSK\VLFV��GRL���������M�WHFWR��������������

*DOLQGR�=DOGtYDU�� -HV~V�� $KPHG�&KDORXDQ�� 2��$]]RX]�� &DUORV� 6DQ]� GH�*DOGHDQR�� /�� $PH]D�� &��0DUtQ�/HFKDGR�� 3�� 5XDQR�� HW� DO�� ������
³7HFWyQLFD�5HFLHQWH�<�$FWLYD�(Q�/D�&RUGLOOHUD�'HO�5LI� �$OKXFHPDV��0DUUXHFRV��� ,PSOLFDFLRQHV�(Q�/D�3HOLJURVLGDG�6tVPLFD�´�
KWWS���GLJLWDO�FVLF�HV�KDQGOH��������������

*DPEHUL��)DELDQR��0DU]LD�5RYHUH��$OHVVDQGUD�0HUFRUHOOD��(OLVD�/HLGL��DQG�*LDFRPR�'DOOD�9DOOH��������³*HRPRUSKRORJ\�RI�WKH�1(�6LFLO\�
&RQWLQHQWDO�6KHOI�&RQWUROOHG�E\�7LGDO�&XUUHQWV��&DQ\RQ�+HDG�,QFLVLRQ�DQG�5LYHU�'HULYHG�6HGLPHQWV�´�*HRPRUSKRORJ\���������±
����GRL���������M�JHRPRUSK��������������

*DUFtD��0DUJD��%HOpQ�$ORQVR��*HPPD�(UFLOOD��DQG�(XOjOLD�*UjFLD��������³7KH�7ULEXWDU\�9DOOH\�6\VWHPV�RI�WKH�$OPHULD�&DQ\RQ��$OERUDQ�6HD��
6:�0HGLWHUUDQHDQ���6HGLPHQWDU\�$UFKLWHFWXUH�´�0DULQH�*HRORJ\�������±�������±����GRL���������M�PDUJHR��������������

*DUFLD�&DVWHOODQRV��'���(VWUDGD��)���-LPHQH]�0XQW��,���*RULQL��HW�DO��������³&DWDVWURSKLF�)ORRG�RI�WKH�0HGLWHUUDQHDQ�DIWHU�WKH�0HVVLQLDQ�6DOLQLW\�
&ULVLV�´�1DWXUH���������±�����

*DUFtD�0D\RUGRPR��-���-�0��,QVXD�$UpYDOR��-�-��0DUWtQH]�'tD]��$��-LPpQH]�'tD]��5��0DUWtQ�%DQGD��6��0DUWtQ�$OIDJHPH��-�$��ÈOYDUH]�*yPH]��
HW� DO�� ������ ³7KH� 4XDWHUQDU\� $FWLYH� )DXOWV� 'DWDEDVH� RI� ,EHULD� �4$),� Y������´� -RXUQDO� RI� ,EHULDQ� *HRORJ\� ��� �����
GRL���������UHYB-,*(������Y���Q���������

*DZWKRUSH��5REHUW�/���$ODVWDLU�-��)UDVHU��DQG�5LFKDUG�(��/L��&ROOLHU��������³6HTXHQFH�6WUDWLJUDSK\�LQ�$FWLYH�([WHQVLRQDO�%DVLQV��,PSOLFDWLRQV�
IRU�WKH�,QWHUSUHWDWLRQ�RI�$QFLHQW�%DVLQ�)LOOV�´�0DULQH�DQG�3HWUROHXP�*HRORJ\������������±����GRL����������������������������
���

*HQVRXV��%���0��7HVVRQ��DQG�(��:LQQRFN��������³/D�0DUJH�0HULGLRQDOH�GH�/D�0HU�'¶DOERUDQ��&DUDFWHUHV�6WUXFWXUR�6HGLPHQWDLUHV�HW�(YROXWLRQ�
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+RGHOO��'DYLG��6LPRQ�&URZKXUVW��/XNH�6NLQQHU��3RO\FKURQLV�&��7]HGDNLV��9DVLOLNL�0DUJDUL��-DPHV�(�7��&KDQQHOO��*HRUJH�.DPHQRY��6X]DQQH�
0DFODFKODQ��DQG�*X\�5RWKZHOO��������³5HVSRQVH�RI�,EHULDQ�0DUJLQ�6HGLPHQWV� WR�2UELWDO�DQG�6XERUELWDO�)RUFLQJ�RYHU� WKH�3DVW�
���ௗ.D�´�3DOHRFHDQRJUDSK\������������±����GRL���������SDOR��������

+ROODUG��+��*�&KRXEHUW��*�%URQQHU��-�0DUFKDQG��DQG�-�6RXJ\��������³&DUWH�*pRORJLTXH�'X�0DURF��6FDOH��������������´�6HUY��&DUWH�*pRO��
0DURF����������

+|O]HO��0RQLND��.XUW�'HFNHU��$QGUiV�=iPRO\L��3KLOLSS�6WUDXVV��DQG�0LFKDHO�:DJUHLFK��������³/RZHU�0LRFHQH�6WUXFWXUDO�(YROXWLRQ�RI�WKH�
&HQWUDO�9LHQQD�%DVLQ��$XVWULD��´�0DULQH�DQG�3HWUROHXP�*HRORJ\��7KH�OLQN�EHWZHHQ�VKDOORZ�DQG�GHHS�SURFHVVHV�LQ�VHGLPHQWDU\�
EDVLQV�������������±����GRL���������M�PDUSHWJHR��������������

+V���.���&LWD��0�%���5\DQ��DQG�:�%�)��������³7KH�2ULJLQ�RI�WKH�0HGLWHUUDQHDQ�(YDSRULWHV�´�'HHS�6HD�'ULOOLQJ�3URMHFW������±������
+V���.���:�%�)��5\DQ��DQG�0�%��&LWD��������³/DWH�0LRFHQH�'HVVLFDWLRQ�RI�WKH�0HGLWHUUDQHDQ�´�1DWXUH���������±�����
+XHW��%HQMDPLQ��/DHWLWLD�/H�3RXUKLHW��/RLF�/DEURXVVH��(YJHQLL�%XURY��DQG�/DXUHQW�-ROLYHW��������³3RVW�2URJHQLF�([WHQVLRQ�DQG�0HWDPRUSKLF�

&RUH�&RPSOH[HV�LQ�D�+HWHURJHQHRXV�&UXVW��7KH�5ROH�RI�&UXVWDO�/D\HULQJ�,QKHULWHG�IURP�&ROOLVLRQ��$SSOLFDWLRQ�WR�WKH�&\FODGHV�
�$HJHDQ�'RPDLQ��´�*HRSK\VLFDO�-RXUQDO�,QWHUQDWLRQDO�������������±����GRL���������M���������;������������[��

+XQW��'DYH��DQG�0DXULFH�(��7XFNHU��������³6WUDQGHG�3DUDVHTXHQFHV�DQG�WKH�)RUFHG�5HJUHVVLYH�:HGJH�6\VWHPV�7UDFW��'HSRVLWLRQ�GXULQJ�%DVH�
/HYHO�)DOO²UHSO\�´�6HGLPHQWDU\�*HRORJ\������±�������±����GRL����������������������������&��

,17(51$7,21$/�+<'52*5$3+,&�&200,66,21�������� ³6WDQGDUGL]DWLRQ�RI�8QGHUVHD�)HDWXUH�1DPHV� �*XLGHOLQHV��3URSRVDO�)RUP�
7HUPLQRORJ\��´�%����0RQDFR��

,ULEDUUHQ��/���-��9HUJpV��)��&DPXUUL��-��)XOOHD��DQG�0��)HUQjQGH]��������³7KH�6WUXFWXUH�RI�WKH�$WODQWLF±0HGLWHUUDQHDQ�7UDQVLWLRQ�=RQH�IURP�
WKH� $OERUDQ� 6HD� WR� WKH� +RUVHVKRH� $E\VVDO� 3ODLQ� �,EHULD±$IULFD� 3ODWH� %RXQGDU\��´� 0DULQH� *HRORJ\� ���� ��±���� ��±�����
GRL���������M�PDUJHR��������������

-DEDOR\�6iQFKH]��$QWRQLR��)UDQFLVFR�-RVp�/RER��$QWRQLR�$]RU��:HQFHVODR�0DUWtQ�5RVDOHV��-RVp�9LFHQWH�3pUH]�3HxD��3DWULFLD�%iUFHQDV��-RUJH�
0DFtDV��/XLV�0LJXHO�)HUQiQGH]�6DODV��DQG�0HUFHGHV�9i]TXH]�9tOFKH]��������³6L[�7KRXVDQG�<HDUV�RI�&RDVWOLQH�(YROXWLRQ�LQ�WKH�
*XDGDOIHR� 'HOWDLF� 6\VWHP� �6RXWKHUQ� ,EHULDQ� 3HQLQVXOD��´� *HRPRUSKRORJ\� ���� �)HEUXDU\��� ���±����
GRL���������M�JHRPRUSK��������������



�

-DERXU��1���0��.DVPL��0��0HQ]KL��$��%LURXN��/��+QL��<��+DKRX��<��7LPRXODOL��DQG�6��%DGUDQH��������³7KH�)HEUXDU\���WK�������$/�+RFHLPD�
(DUWKTXDNH�´�&6(0�(06&��:ZZ��(PVF�&VHP��2UJ���1HZVOHWWHU��KWWS���ZZZ�HDUWK�SULQWV�RUJ�KDQGOH������������

-DFNVRQ��-DPHV��DQG�'DQ�0F.HQ]LH��������³7KH�5HODWLRQVKLS�EHWZHHQ�3ODWH�0RWLRQV�DQG�6HLVPLF�0RPHQW�7HQVRUV��DQG�WKH�5DWHV�RI�$FWLYH�
'HIRUPDWLRQ� LQ� WKH� 0HGLWHUUDQHDQ� DQG� 0LGGOH� (DVW�´� *HRSK\VLFDO� -RXUQDO� ,QWHUQDWLRQDO� ��� ����� ��±���� GRL���������M������
���;������WE������[��

-DQRZVNL��0DULDQQH��1LFRODV�/RJHW��&pFLOH�*DXWKHURQ��-RFHO\Q�%DUEDUDQG��1LFRODV�%HOODKVHQ��-HDQ�9DQ�'HQ�'ULHVVFKH��-XOLHQ�%DEDXOW��DQG�
%HUWUDQG�0H\HU��������³1HRJHQH�([KXPDWLRQ�DQG�5HOLHI�(YROXWLRQ�LQ�WKH�(DVWHUQ�%HWLFV��6(�6SDLQ���,QVLJKWV�IURP�WKH�6LHUUD�GH�
*DGRU�´�7HUUD�1RYD��)HEUXDU\��GRL���������WHU��������

-HUYH\�� 0�� 7�� ������ ³4XDQWLWDWLYH� *HRORJLFDO� 0RGHOLQJ� RI� 6LOLFLFODVWLF� 5RFN� 6HTXHQFHV� DQG� 7KHLU� 6HLVPLF� ([SUHVVLRQ�´�
KWWS���DUFKLYHV�GDWDSDJHV�FRP�GDWD�VHSPBVS�63���4XDQWLWDWLYHB*HRORJLFDOB0RGHOLQJ�KWPO��

-LPpQH]�0XQW��,���5��6DEDGLQL��$��*DUGL��DQG�*��%LDQFR��������³$FWLYH�'HIRUPDWLRQ�LQ�WKH�0HGLWHUUDQHDQ�IURP�*LEUDOWDU�WR�$QDWROLD�,QIHUUHG�
IURP�1XPHULFDO�0RGHOLQJ� DQG�*HRGHWLF� DQG�6HLVPRORJLFDO�'DWD��$&7,9(�'()250$7,21� ,1�7+(�0(',7(55$1($1�´�
-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK��6ROLG�(DUWK������%����(7*�����(7*�������GRL�������������-%��������

-ROLYHW��/���)DFFHQQD��DQG�&��������³0HGLWHUUDQHDQ�([WHQVLRQ�DQG�WKH�$IULFD�(XUDVLD�&ROOLVLRQ�´�7HFWRQLFV���������±������
-ROLYHW��/DXUHQW��5RPDLQ�$XJLHU��&ODXGLR�)DFFHQQD��)UDQoRLV�1HJUR��*DHWDQ�5LPPHOH��3KLOLSSH�$JDUG��&pFLOH�5RELQ��)HGHULFR�5RVVHWWL��DQG�

$QD�&UHVSR�%ODQF��������³6XEGXFWLRQ��&RQYHUJHQFH�DQG�WKH�0RGH�RI�%DFNDUF�([WHQVLRQ�LQ�WKH�0HGLWHUUDQHDQ�5HJLRQ�´�%XOOHWLQ�
GH�/D�6RFLpWp�*pRORJLTXH�GH�)UDQFH�������������±�����

-ROLYHW��/DXUHQW�� DQG�&ODXGLR�)DFFHQQD�� ������³0HGLWHUUDQHDQ�([WHQVLRQ�DQG� WKH�$IULFD�(XUDVLD�&ROOLVLRQ�´�7HFWRQLFV���� ���������±������
GRL�������������7&��������

-ROLYHW��/DXUHQW��)DFFHQQD��&ODXGLR��+XHW��%HQMDPLQ��/DEURXVVH��HW�DO��������³$HJHDQ�7HFWRQLFV��6WUDLQ�/RFDOLVDWLRQ��6ODE�7HDULQJ�DQG�7UHQFK�
5HWUHDW�´�7HFWRQRSK\VLFV����±������±����GRL���������M�WHFWR��������������

-ROLYHW��/DXUHQW��&ODXGLR�)DFFHQQD��DQG�&ODXGLD�3LURPDOOR��������³)URP�0DQWOH�WR�&UXVW��6WUHWFKLQJ�WKH�0HGLWHUUDQHDQ�´�(DUWK�DQG�3ODQHWDU\�
6FLHQFH�/HWWHUV�������±�������±�����GRL���������M�HSVO��������������

-RQHV��5LFKDUG�5���5REHUW�(��+ROGVZRUWK��DQG�:D\QH�%DLOH\��������³/DWHUDO�([WUXVLRQ�LQ�7UDQVSUHVVLRQ�=RQHV��7KH�,PSRUWDQFH�RI�%RXQGDU\�
&RQGLWLRQV�´�-RXUQDO�RI�6WUXFWXUDO�*HRORJ\�������������±����GRL���������6����������������������

-RQHV��5LFKDUG�5���5REHUW�(��+ROGVZRUWK��3KLOOLS�&OHJJ��.HQQHWK�0F&DIIUH\��DQG�(QULFR�7DYDUQHOOL��������³,QFOLQHG�7UDQVSUHVVLRQ�´�-RXUQDO�
RI�6WUXFWXUDO�*HRORJ\�������������±����GRL���������M�MVJ��������������

-RXHW��*���6��%HUQp��0��5DELQHDX��0�$��%DVVHWWL��3��%HUQLHU��%��'HQQLHORX��)�-��6LHUUR��-�$��)ORUHV��DQG�0��7DYLDQL��������³6KRUHIDFH�0LJUDWLRQV�
DW�WKH�6KHOI�(GJH�DQG�6HD�/HYHO�&KDQJHV�DURXQG�WKH�/DVW�*ODFLDO�0D[LPXP��*XOI�RI�/LRQV��1:�0HGLWHUUDQHDQ��´�0DULQH�*HRORJ\�
������±������±����GRL���������M�PDUJHR��������������

-XDQ��&DUPHQ��*HPPD�(UFLOOD��)��-DYLHU�+HUQiQGH]�0ROLQD��)HUUDQ�(VWUDGD��%HOpQ�$ORQVR��'DYLG�&DVDV��0DUJD�*DUFtD��HW�DO��������³6HLVPLF�
(YLGHQFH� RI� &XUUHQW�&RQWUROOHG� 6HGLPHQWDWLRQ� LQ� WKH� $OERUDQ� 6HD� GXULQJ� WKH� 3OLRFHQH� DQG� 4XDWHUQDU\�� 3DODHRFHDQRJUDSKLF�
,PSOLFDWLRQV�´�0DULQH�*HRORJ\��GRL���������M�PDUJHR��������������

-XGG��$ODQ�� DQG�0DUWLQ�+RYODQG�� ������ 6HDEHG� )OXLG� )ORZ�� 7KH� ,PSDFW� RQ�*HRORJ\�� %LRORJ\� DQG� WKH�0DULQH� (QYLURQPHQW�� &DPEULGJH�
8QLYHUVLW\�3UHVV��

.DGLUL��(O��.���6HUUDQR��)���+OLOD��5���/LHPODKL��HW�DO��������³/LWKRVWUDWLJUDSK\�DQG�6HGLPHQWRORJ\�RI�WKH�/DWHVW�&UHWDFHRXV�(DUO\�%XUGLJDOLDQ�
7DPH]]DNKW�6XFFHVVLRQ��1RUWKHUQ�5LI��0RURFFR���&RQVHTXHQFHV�IRU�,WV�6HTXHQFH�6WUDWLJUDSKLF�,QWHUSUHWDWLRQ�´�)DFLHV�����$SULO���
���±�����GRL���������V������������������

.HLJZLQ��/OR\G��������³,VRWRSLF�3DOHRFHDQRJUDSK\�RI�WKH�&DULEEHDQ�DQG�(DVW�3DFLILF��5ROH�RI�3DQDPD�8SOLIW�LQ�/DWH�1HRJHQH�7LPH�´�6FLHQFH�
���������������±����GRL���������VFLHQFH���������������

.HOO\��3��*���'��-��6DQGHUVRQ��DQG�'��&��3��3HDFRFN��������³/LQNDJH�DQG�(YROXWLRQ�RI�&RQMXJDWH�6WULNH�6OLS�)DXOW�=RQHV�LQ�/LPHVWRQHV�RI�
6RPHUVHW�DQG�1RUWKXPEULD�´�-RXUQDO�RI�6WUXFWXUDO�*HRORJ\��������������±����GRL���������6����������������������

.LP��<RXQJ�6HRJ��DQG�'DYLG�-��6DQGHUVRQ��������³7KH�5HODWLRQVKLS�EHWZHHQ�'LVSODFHPHQW�DQG�/HQJWK�RI�)DXOWV��$�5HYLHZ�´�(DUWK�6FLHQFH�
5HYLHZV������±�������±����GRL���������M�HDUVFLUHY��������������

.LUE\��(ULF��DQG�.HOLQ�:KLSSOH��������³4XDQWLI\LQJ�'LIIHUHQWLDO�5RFN�8SOLIW�5DWHV�YLD�6WUHDP�3URILOH�$QDO\VLV�´�*HRORJ\������������±�����

.OHLQKDQV��0�*��������³6RUWLQJ� LQ�*UDLQ�)ORZV�DW� WKH�/HH�6LGH�RI�'XQHV�´�(DUWK�6FLHQFH�5HYLHZV������±������±�����GRL���������6�����
�����������������

.OLWJRUG��.'��DQG�+DQV�6FKRXWHQ��������³3ODWH�.LQHPDWLFV�RI�WKH�&HQWUDO�$WODQWLF�´�7KH�*HRORJ\�RI�1RUWK�$PHULFD����������±����

.RFXUHN��*DU\��5\DQ�&��(ZLQJ��DQG�'DYLG�0RKULJ��������³+RZ�'R�%HGIRUP�3DWWHUQV�$ULVH"�1HZ�9LHZV�RQ�WKH�5ROH�RI�%HGIRUP�,QWHUDFWLRQV�
ZLWKLQ�D�6HW�RI�%RXQGDU\�&RQGLWLRQV�´�(DUWK�6XUIDFH�3URFHVVHV�DQG�/DQGIRUPV�����������±����GRL���������HVS�������

.RXODOL��$���'��2XD]DU��$��7DKD\W��5�:��.LQJ��3��9HUQDQW��5�(��5HLOLQJHU��6��0F&OXVN\��7��0RXUDELW��-�0��'DYLOD��DQG�1��$PUDRXL��������
³1HZ�*36�&RQVWUDLQWV�RQ�$FWLYH�'HIRUPDWLRQ�DORQJ�WKH�$IULFD±,EHULD�3ODWH�%RXQGDU\�´�(DUWK�DQG�3ODQHWDU\�6FLHQFH�/HWWHUV�����
��±�������±����GRL���������M�HSVO��������������

.R\L��+HPLQ��)DUDPDU]�1LOIRXURXVKDQ��DQG�.KDOHG�+HVVDPL��������³0RGHOOLQJ�5ROH�RI�%DVHPHQW�%ORFN�5RWDWLRQ�DQG�6WULNH�6OLS�)DXOWLQJ�RQ�
6WUXFWXUDO� 3DWWHUQ� LQ� &RYHU� 8QLWV� RI� )ROG�DQG�7KUXVW� %HOWV�´� *HRORJLFDO� 0DJD]LQH� ���� ��±���� ���±����
GRL���������6������������������

.ULMJVPDQ��:���)�-��+LOJHQW�� ,��5DIIL��)�-��6LHUUR��DQG�'�6��:LOVRQ��������³&KURQRORJ\��&DXVHV�DQG�3URJUHVVLRQ�RI� WKH�0HVVLQLDQ�6DOLQLW\�
&ULVLV�´�1DWXUH���������±�����

.ULMJVPDQ��:���&�*��/DQJHUHLV��:�-��=DFKDULDVVH��0��%RFFDOHWWL��*��0RUDWWL��5��*HODWL��6��,DFFDULQR��*��3DSDQL��DQG�*��9LOOD��������³/DWH�
1HRJHQH�(YROXWLRQ�RI� WKH�7D]D±*XHUFLI�%DVLQ� �5LILDQ�&RUULGRU��0RURFFR��DQG�,PSOLFDWLRQV� IRU� WKH�0HVVLQLDQ�6DOLQLW\�&ULVLV�´�
0DULQH�*HRORJ\���������±�����

/DFRPEH��2OLYLHU��DQG�)UpGpULF�0RXWKHUHDX��������³%DVHPHQW�,QYROYHG�6KRUWHQLQJ�DQG�'HHS�'HWDFKPHQW�7HFWRQLFV�LQ�)RUHODQGV�RI�2URJHQV��
,QVLJKWV�IURP�5HFHQW�&ROOLVLRQ�%HOWV��7DLZDQ��:HVWHUQ�$OSV��3\UHQHHV��´�7HFWRQLFV�����������±���GRL�������������7&��������

/DFRPEH�� 2OLYLHU�� -RQDV� 5XK�� 'HQQLV� %URZQ�� DQG� )DUDPDU]� 1LOIRXURXVKDQ�� ������ ³,QWURGXFWLRQ�� 7HFWRQLF� (YROXWLRQ� DQG�0HFKDQLFV� RI�
%DVHPHQW�,QYROYHG�)ROG�DQG�7KUXVW�%HOWV�´�*HRORJLFDO�0DJD]LQH�������±�������±����GRL���������6������������������

/DIRVVH��0���(�� G¶$FUHPRQW��&��*RULQL��$��5DEDXWH��%��0HUFLHU� GH�/pSLQD\��$��$PPDU�� DQG�$��7DKD\W�� ������ ³(YLGHQFH� RI�4XDWHUQDU\�
7UDQVWHQVLRQDO�7HFWRQLFV�LQ�WKH�1HNRU�%DVLQ��1(�0RURFFR��´�%DVLQ�5HVHDUFK�,Q�SUHVV��

/DIRVVH��0DQIUHG��$OH[DQGUH�%RXWRX[��1LFRODV�%HOODKVHQ��DQG�/DHWLWLD�/H�3RXUKLHW��������³5ROH�RI�7HFWRQLF�%XULDO�DQG�7HPSHUDWXUH�RQ�WKH�
,QYHUVLRQ� RI� ,QKHULWHG� ([WHQVLRQDO� %DVLQV� GXULQJ� &ROOLVLRQ�´� *HRORJLFDO� 0DJD]LQH� )LUVW9LHZ�� �±����
GRL���������6������������������

/DPEHFN��.XUW��$QWKRQ\�3XUFHOO��1LFKRODV��&��)OHPPLQJ��&ODXGLR�9LWD�)LQ]L��$EGXOODK�0��$OVKDUHNK��DQG�*HRIIUH\�1��%DLOH\��������³6HD�
/HYHO�DQG�6KRUHOLQH�5HFRQVWUXFWLRQV�IRU�WKH�5HG�6HD��,VRVWDWLF�DQG�7HFWRQLF�&RQVLGHUDWLRQV�DQG�,PSOLFDWLRQV�IRU�+RPLQLQ�0LJUDWLRQ�
RXW�RI�$IULFD�´�4XDWHUQDU\�6FLHQFH�5HYLHZV�������±���������±����GRL���������M�TXDVFLUHY��������������

/DPEHFN��.XUW��+pOqQH�5RXE\��$QWKRQ\�3XUFHOO��<L\LQJ�6XQ��DQG�0DOFROP�6DPEULGJH��������³6HD�/HYHO�DQG�*OREDO�,FH�9ROXPHV�IURP�WKH�
/DVW� *ODFLDO� 0D[LPXP� WR� WKH� +RORFHQH�´� 3URFHHGLQJV� RI� WKH� 1DWLRQDO� $FDGHP\� RI� 6FLHQFHV� ���� ������ �����±�����
GRL���������SQDV�������������



�

/DPRWWH��)UL]RQ�GH��'RPLQLTXH��5DXOLQ��&DPLOOH��0RXFKRW��1LFRODV��:UREHO�'DYHDX��HW�DO��������³7KH�6RXWKHUQPRVW�0DUJLQ�RI�WKH�7HWK\V�
5HDOP� GXULQJ� WKH�0HVR]RLF� DQG� &HQR]RLF�� ,QLWLDO� *HRPHWU\� DQG� 7LPLQJ� RI� WKH� ,QYHUVLRQ� 3URFHVVHV�´� 7HFWRQLFV� ���� 7&������
GRL�������������WF��������

/DYLOOH��(���%��'HOFDLOODX��0��&KDUURXG��2��'XJXp��/��$LW�%UDKLP��*��&DWWDQHR��3��'HOXFD��DQG�$��%RXD]]D�� ������³7KH�3OLR�3OHLVWRFHQH�
(YROXWLRQ�RI�WKH�6RXWKHUQ�0LGGOH�$WODV�)DXOW�=RQH��60$)=��)URQW�RI�0RURFFR�´�,QWHUQDWLRQDO�-RXUQDO�RI�(DUWK�6FLHQFHV���������
���±�����GRL���������V������������������

/H�)ULDQW��$QQH��*HRUJHV�%RXGRQ��$GULHQ�$UQXOI��DQG�5LFKDUG�(�$��5REHUWVRQ��������³'HEULV�$YDODQFKH�'HSRVLWV�2IIVKRUH�6W��9LQFHQW��:HVW�
,QGLHV���,PSDFW�RI�)ODQN�&ROODSVH�(YHQWV�RQ�WKH�0RUSKRORJLFDO�(YROXWLRQ�RI�WKH�,VODQG�´�-RXUQDO�RI�9ROFDQRORJ\�DQG�*HRWKHUPDO�
5HVHDUFK�������±�����±����GRL���������M�MYROJHRUHV��������������

/H�)ULDQW��$QQH��*HRUJHV�%RXGRQ�� -HDQ�&KULVWRSKH�.RPRURZVNL�� DQG�&KULVWLQH�'HSOXV�� ������³/¶Õࡂ OH�GH�/D�'RPLQLTXH��¬�/¶RULJLQH�'HV�
$YDODQFKHV�GH�'pEULV�/HV�SOXV�9ROXPLQHXVHV�GH�/¶DUF�'HV�3HWLWHV�$QWLOOHV�´�&RPSWHV�5HQGXV�*HRVFLHQFH�������������±�����

/H�3RXUKLHW��/���%��+XHW��DQG�1��7UDRUp��������³/LQNV�EHWZHHQ�/RQJ�7HUP�DQG�6KRUW�7HUP�5KHRORJ\�RI�WKH�/LWKRVSKHUH��,QVLJKWV�IURP�6WULNH�
6OLS�)DXOW�0RGHOOLQJ�´�7HFWRQRSK\VLFV��2EVHUYDWLRQDO�DQG�0RGHOOLQJ�SHUVSHFWLYHV�RQ�WKH�0HFKDQLFDO�SURSHUWLHV�RI�WKH�/LWKRVSKHUH��
�����6HSWHPEHU������±����GRL���������M�WHFWR��������������

/H�3RXUKLHW��/DHWLWLD��0LFKDHO�*XUQLV��DQG�-DVRQ�6DOHHE\��������³0DQWOH�,QVWDELOLW\�EHQHDWK�WKH�6LHUUD�1HYDGD�0RXQWDLQV�LQ�&DOLIRUQLD�DQG�
'HDWK�9DOOH\�([WHQVLRQ�´�(DUWK�DQG�3ODQHWDU\�6FLHQFH�/HWWHUV�������±�������±����GRL���������M�HSVO��������������

/H�3RXUKLHW��/DHWLWLD��%HQMDPLQ�+XHW��'DYH�$��0D\��/RLF�/DEURXVVH��DQG�/DXUHQW�-ROLYHW��������³.LQHPDWLF�,QWHUSUHWDWLRQ�RI�WKH��'�6KDSHV�
RI�0HWDPRUSKLF�&RUH�&RPSOH[HV�´�*HRFKHPLVWU\��*HRSK\VLFV��*HRV\VWHPV���������4�������GRL�������������*&��������

/H�5R\��3DVFDO��0RKDPHG�6DKDEL��1LVVULQH�0DDG��0DULQD�5DELQHDX��0DUF�$QGUp�*XWVFKHU��1DWKDOLH�%DERQQHDX��%ULJLWWH�9DQ�9OLHW�/DQRH��HW�
DO��������³�'�$UFKLWHFWXUH�RI�4XDWHUQDU\�6HGLPHQW�DORQJ�WKH�1:�$WODQWLF�0RURFFDQ�5KDUE�&RQWLQHQWDO�6KHOI��$�6WUDWDO�3DWWHUQ�
XQGHU� WKH� 'XDO� &RQWURO� RI� 7HFWRQLFV� DQG� &OLPDWLF� 9DULDWLRQV�´� 0DULQH� DQG� 3HWUROHXP� *HRORJ\� ���� ���±����
GRL���������M�PDUSHWJHR��������������

/HD��'DYLG�:��� 3DPHOD�$��0DUWLQ��'RURWK\�.�� 3DN�� DQG�+RZDUG� -�� 6SHUR�� ������ ³5HFRQVWUXFWLQJ� D� ����.\�+LVWRU\� RI� 6HD�/HYHO�8VLQJ�
3ODQNWRQLF�0J�&D�DQG�2[\JHQ�,VRWRSH�5HFRUGV�IURP�D�&RFRV�5LGJH�&RUH�´�4XDWHUQDU\�6FLHQFH�5HYLHZV��(3,/2*�������±�������±
����GRL���������6����������������������

/HEODQF�� '��� DQG� 3�� 2OLYLHU�� ������ ³5ROH� RI� 6WULNH�6OLS� )DXOWV� LQ� WKH� %HWLF�5LILDQ� 2URJHQ\�´� 7HFWRQRSK\VLFV� ���� ��±���� ���±����
GRL�������������������������������

/HPDX[�� -DPHV��5LFKDUG�*��*RUGRQ�� DQG� -HDQ�<YHV�5R\HU�� ������ ³/RFDWLRQ�RI� WKH�1XELD�6RPDOLD�%RXQGDU\�DORQJ� WKH�6RXWKZHVW� ,QGLDQ�
5LGJH�´�*HRORJ\������������±����GRL���������������������������������/2716%!����&2����

/HPRLQH��0���*��'DUGHDX��3��<��'HOSHFK��7��'XPRQW��3��&��'H�*UDFLDQVN\��5��*UDKDP��/��-ROLYHW��'��5REHUWV��DQG�3��7ULFDUW��������³([WHQVLRQ�
V\QULIW�HW�IDLOOHV�WUDQVIRUPDQWHV�MXUDVVLTXHV�GDQV�OHV�$OSHV�2FFLGHQWDOHV�´�&RPSWHV�UHQGXV�GH�O¶$FDGpPLH�GHV�VFLHQFHV��6pULH����
0pFDQLTXH��3K\VLTXH��&KLPLH��6FLHQFHV�GH�O¶XQLYHUV��6FLHQFHV�GH�OD�7HUUH���������������±����

/HRQ��5���6RPR]D��/���0HGLDOGHD��7���*RQ]DOH]��HW�DO��������³6HD�)ORRU�)HDWXUHV�5HODWHG�WR�+\GURFDUERQ�6HHSV�LQ�'HHSZDWHU�&DUERQDWH�0XG�
0RXQGV� RI� WKH� *XOI� RI� &DGL]�� )URP� 0XG� )ORZV� WR� &DUERQDWH� 3UHFLSLWDWHV�´� *HR�0DULQH� /HWWHUV� ��� �-XQH��� ���±�����
GRL���������V������������������

/HURX[��(���0��5DELQHDX��'��$VODQLDQ��&��*RULQL��6��0ROOLH[��)��%DFKH��&��5RELQ��HW�DO��������³+LJK�5HVROXWLRQ�(YROXWLRQ�RI�7HUULJHQRXV�
6HGLPHQW�<LHOGV� LQ� WKH�3URYHQFH�%DVLQ�GXULQJ� WKH�/DVW���0D��5HODWLRQ�ZLWK�&OLPDWH�DQG�7HFWRQLFV�´�%DVLQ�5HVHDUFK��Q�D�Q�D��
GRL���������EUH��������

/HURX[��(VWHOOH��������³4XDQWLILFDWLRQ�'HV�)OX[�6pGLPHQWDLUHV�HW�GH�/D�6XEVLGHQFH�'X�%DVVLQ�3URYHQoDO�´�%UHVW��8QLYHUVLWp�GH�%UHWDJQH�
RFFLGHQWDOH��

/HURX[��(VWHOOH��0DULQD�5DELQHDX��'DQLHO�$VODQLDQ��&KULVWLDQ�*RULQL��6WpSKDQH�0ROOLH[��)UDQFRLV�%DFKH��&pFLOH�5RELQ��HW�DO�� ������³+LJK�
5HVROXWLRQ�(YROXWLRQ�RI�7HUULJHQRXV�6HGLPHQW�<LHOGV� LQ� WKH�3URYHQFH�%DVLQ�GXULQJ� WKH�/DVW���0D��5HODWLRQ�ZLWK�&OLPDWH�DQG�
7HFWRQLFV�´�%DVLQ�5HVHDUFK��-DQXDU\��Q�D�Q�D��GRL���������EUH��������

/HWRX]H\��-HDQ��3KLOLSSH�:HUQHU��DQG�$QGUp�0DUW\��������³*HRG\QDPLF�(YROXWLRQ�RI�WKH�(DVWHUQ�(XUDVLDQ�0DUJLQ�)DXOW�5HDFWLYDWLRQ�DQG�
6WUXFWXUDO� ,QYHUVLRQ�� %DFNDUF� DQG� ,QWUDSODWH� &RPSUHVVLYH� 'HIRUPDWLRQV�� ([DPSOH� RI� WKH� (DVWHUQ� 6XQGD� 6KHOI� �,QGRQHVLD��´�
7HFWRQRSK\VLFV�������������±����GRL�������������������������������

/HYDQGHU��$���0��-��%H]DGD��)��1LX��(��'��+XPSKUH\V��,��3DORPHUDV��6��0��7KXUQHU��-��0DV\��HW�DO��������³6XEGXFWLRQ�'ULYHQ�5HF\FOLQJ�RI�
&RQWLQHQWDO�0DUJLQ�/LWKRVSKHUH�´�1DWXUH����������������±����GRL���������QDWXUH�������

/LQNODWHU��0���%��3��%URRNH��6��0��+DP\OWRQ��6��/��1LFKRO��DQG�&��'��:RRGURIIH��������³6XEPHUJHG�)RVVLO�5HHIV�'LVFRYHUHG�EH\RQG�WKH�/LPLW�
RI�0RGHUQ�5HHI�*URZWK�LQ�WKH�3DFLILF�2FHDQ�´�*HRPRUSKRORJ\������2FWREHU������±����GRL���������M�JHRPRUSK��������������

/LVLHFNL��/RUUDLQH�(��� DQG�0DXUHHQ�(��5D\PR�� ������ ³$�3OLRFHQH�3OHLVWRFHQH�6WDFN� RI� ���*OREDOO\�'LVWULEXWHG�%HQWKLF� į��2�5HFRUGV�´�
3DOHRFHDQRJUDSK\���������3$������GRL�������������3$��������

/LX��-�3DXO��DQG�-RKQ�'�0LOOLPDQ��������³5HFRQVLGHULQJ�0HOW�:DWHU�3XOVHV��$�DQG��%��*OREDO�,PSDFWV�RI�5DSLG�6HD�/HYHO�5LVH�´�-RXUQDO�RI�
2FHDQ�8QLYHUVLW\�RI�&KLQD�����������±����

/LX��-HDQ��*OHQQ�$��0LOQH��5REHUW�(��.RSS��3HWHU�8��&ODUN��DQG�,DQ�6KHQQDQ��������³6HD�/HYHO�&RQVWUDLQWV�RQ�WKH�$PSOLWXGH�DQG�6RXUFH�
'LVWULEXWLRQ�RI�0HOWZDWHU�3XOVH��$�´�1DWXUH�*HRVFLHQFH�����������±����GRL���������QJHR������

/R�,DFRQR��&ODXGLR��(XOjOLD�*UjFLD��6XVDQD�'LH]��*UD]LHOOD�%R]]DQR��;LPHQD�0RUHQR��-XDQMR�'DxREHLWLD��DQG�%HOpQ�$ORQVR��������³6HDIORRU�
&KDUDFWHUL]DWLRQ�DQG�%DFNVFDWWHU�9DULDELOLW\�RI�WKH�$OPHUtD�0DUJLQ��$OERUDQ�6HD��6:�0HGLWHUUDQHDQ��%DVHG�RQ�+LJK�5HVROXWLRQ�
$FRXVWLF�'DWD�´�0DULQH�*HRORJ\�������±�����±����GRL���������M�PDUJHR��������������

/R�,DFRQR��&ODXGLR��-RUJH�*XLOOpQ��3HUH�3XLJ��0DUWD�5LEy��0DULD�%DOOHVWHURV��$OEHUW�3DODQTXHV��0DUFHO� Ot�)DUUiQ��DQG�-XDQ�$FRVWD��������
³/DUJH�6FDOH�%HGIRUPV�DORQJ�D�7LGHOHVV�2XWHU�6KHOI�6HWWLQJ�LQ�WKH�:HVWHUQ�0HGLWHUUDQHDQ�´�&RQWLQHQWDO�6KHOI�5HVHDUFK����������
����±����GRL���������M�FVU��������������

/RER��)��-���/��0��)HUQiQGH]�6DODV��,��0RUHQR��-��/��6DQ]��DQG�$��0DOGRQDGR��������³7KH�6HD�)ORRU�0RUSKRORJ\�RI�D�0HGLWHUUDQHDQ�6KHOI�)HG�
E\�6PDOO�5LYHUV��1RUWKHUQ�$OERUDQ�6HD�0DUJLQ�´�&RQWLQHQWDO�6KHOI�5HVHDUFK��������������±����GRL���������M�FVU��������������

/RER��)��-���-��$��*RII��,��0HQGHV��3��%iUFHQDV��/��0��)HUQiQGH]�6DODV��:��0DUWtQ�5RVDOHV��-��0DFtDV��DQG�9��'tD]�GHO�5tR��������³6SDWLDO�
9DULDELOLW\�RI�3URGHOWDLF�8QGXODWLRQV�RQ�WKH�*XDGDOIHR�5LYHU�3URGHOWD��6XSSRUW�WR�WKH�*HQHWLF�,QWHUSUHWDWLRQ�DV�+\SHUS\FQDO�)ORZ�
'HSRVLWV�´�0DULQH�*HRSK\VLFDO�5HVHDUFK��$XJXVW���±����GRL���������V������������������

/RER��)��-��)��-�+HUQiQGH]�0ROLQD��/�6RPR]D��-�5RGHUR��$�0DOGRQDGR��DQG�$�%DUQRODV��������³3DWWHUQV�RI�%RWWRP�&XUUHQW�)ORZ�'HGXFHG�
IURP�'XQH�$V\PPHWULHV�RYHU�WKH�*XOI�RI�&DGL]�6KHOI��6RXWKZHVW�6SDLQ��´�0DULQH�*HRORJ\�������±������±�����GRL���������6�����
�����������������

/RER��)��-���0��7HVVRQ��DQG�%��*HQVRXV��������³6WUDWUDO�$UFKLWHFWXUHV�RI�/DWH�4XDWHUQDU\�5HJUHVVLYH±WUDQVJUHVVLYH�&\FOHV�LQ�WKH�5RXVVLOORQ�
6KHOI��6:�*XOI�RI�/LRQV��)UDQFH��´�0DULQH�DQG�3HWUROHXP�*HRORJ\�������������±������GRL���������M�PDUSHWJHR��������������

/RER�� )UDQFLVFR� -��� DQG� 'RPHQLFR� 5LGHQWH�� ������ ³6WUDWLJUDSKLF� $UFKLWHFWXUH� DQG� 6SDWLR�7HPSRUDO� 9DULDELOLW\� RI� +LJK�)UHTXHQF\�
�0LODQNRYLWFK��'HSRVLWLRQDO�&\FOHV�RQ�0RGHUQ�&RQWLQHQWDO�0DUJLQV��$Q�2YHUYLHZ�´�0DULQH�*HRORJ\����WK�$QQLYHUVDU\�6SHFLDO�
,VVXH����������±����GRL���������M�PDUJHR��������������



�

/RIL��-���0��5DELQHDX��&��*RULQL��6��%HUQH��*��&ODX]RQ��3��'H�&ODUHQV��$��7DGHX�'RV�5HLV��HW�DO��������³3OLR±4XDWHUQDU\�3URJUDGLQJ�&OLQRIRUP�
:HGJHV�RI�WKH�:HVWHUQ�*XOI�RI�/LRQ�&RQWLQHQWDO�0DUJLQ��1:�0HGLWHUUDQHDQ��DIWHU�WKH�0HVVLQLDQ�6DOLQLW\�&ULVLV�´�0DULQH�*HRORJ\�
������±�������±�����GRL���������6����������������������

/RQHUJDQ��/���:KLWH��DQG�1��������³2ULJLQ�RI�WKH�%HWLF�5LI�0RXQWDLQ�%HOW�´�7HFWRQLFV��������±�����
/RXUHQV��/XFDV�-��������³5HYLVHG�7XQLQJ�RI�2FHDQ�'ULOOLQJ�3URJUDP�6LWH�����DQG�.&��%��0HGLWHUUDQHDQ��DQG�,PSOLFDWLRQV�IRU�WKH�į����2��

7HSKUD�� &DOFDUHRXV� 1DQQRIRVVLO�� DQG� *HRPDJQHWLF� 5HYHUVDO� &KURQRORJLHV� RI� WKH� 3DVW� ���� 0\U�� 3/(,672&(1(�
$6752120,&$/�7,0(6&$/(6�´�3DOHRFHDQRJUDSK\���������Q�D�Q�D��GRL�������������3$��������

/XFD��3��GH��������³/¶XQLWH�&KDRWLTXH�'HV�.HEGDQD��5HJLRQ�GH�=DLR��0DURF���5HODWLRQ�6WUXFWXUDOH�$YHF�/¶DYDQW�3D\V�'X�5LI�2ULHQWDO�´�
%XOOHWLQ�GH�/D�6RFLHWH�*HRORJLTXH�GH�)UDQFH�6HULHV���9RO��;;���������±����GRL���������JVVJIEXOO�6��;;��������

/XMDQ��0���&UHVSR�%ODQF��$���&RPDV��DQG�0��������³0RUSKRORJ\�DQG�6WUXFWXUH�RI� WKH�&DPDULQDO�6LOO� IURP�+LJK�5HVROXWLRQ�%DWK\PHWU\��
(YLGHQFH�RI�)DXOW�=RQHV�LQ�WKH�*LEUDOWDU�6WUDLW�´�*HR�0DULQH�/HWWHUV�����-XQH������±�����GRL���������V���������������\��

0DDG��1LVVULQH��3DVFDO�/H�5R\��0RKDPHG�6DKDEL��0DUF�$QGUp�*XWVFKHU��0��+VVDLQ��1DWKDOLH�%DERQQHDX��0DULQD�5DELQHDX��DQG�%ULJLWWH�9DQ�
9OLHW�/DQRs�������� ³6HLVPLF�6WUDWLJUDSK\�RI� WKH�1:�0RURFFDQ�$WODQWLF�&RQWLQHQWDO�6KHOI� DQG�4XDWHUQDU\�'HIRUPDWLRQ�DW� WKH�
2IIVKRUH�7HUPLQDWLRQ�RI�WKH�6RXWKHUQ�5LI�)URQW�´�&RPSWHV�5HQGXV�*HRVFLHQFH�������������±����GRL���������M�FUWH��������������

0DHVWUR��$GROIR��-HUyQLPR�/ySH]�0DUWtQH]��(VWHIDQtD�/ODYH��)HUQDQGR�%RKR\R��-XDQ�$FRVWD��)��-DYLHU�+HUQiQGH]�0ROLQD��$UDFHOL�0XxR]��
DQG�*ORULD�-DQp��������³*HRPRUSKRORJ\�RI�WKH�,EHULDQ�&RQWLQHQWDO�0DUJLQ�´�*HRPRUSKRORJ\��*HRPRUSKRORJ\�LQ�6SDLQ�6SHFLDO�
LVVXH�LQ�KRQRXU�RI�3URI��0DWHR�*XWLpUUH]���������±����GRL���������M�JHRPRUSK��������������

0DQFLOOD��)ORU�GH�/LV��*XLOOHUPR�%RRWK�5HD��'DQLHO�6WLFK��-RVp�9LFHQWH�3pUH]�3HxD��-RVp�0RUDOHV��-RVp�0LJXHO�$]DxyQ��5RVD�0DUWLQ��DQG�
)ODYLR� *LDFRQLD�� ������ ³6ODE� 5XSWXUH� DQG� 'HODPLQDWLRQ� XQGHU� WKH� %HWLFV� DQG� 5LI� &RQVWUDLQHG� IURP� 5HFHLYHU� )XQFWLRQV�´�
7HFWRQRSK\VLFV��6SHFLDO�LVVXH�RQ�,EHULD�JHRG\QDPLFV��$Q�LQWHJUDWLYH�DSSURDFK�IURP�WKH�7RSR�,EHULD�IUDPHZRUN�������1RYHPEHU���
���±����GRL���������M�WHFWR��������������

0DQFLOOD��)ORU�GH�/LV��DQG�-RUGL�'LD]��������³+LJK�5HVROXWLRQ�0RKR�7RSRJUDSK\�0DS�EHQHDWK�,EHULD�DQG�1RUWKHUQ�0RURFFR�IURP�5HFHLYHU�
)XQFWLRQ�$QDO\VLV�´�7HFWRQRSK\VLFV��GRL���������M�WHFWR��������������

0DQQ��3���&��'HPHWV��DQG�0��:LJJLQV�*UDQGLVRQ��������³7RZDUG�D�%HWWHU�8QGHUVWDQGLQJ�RI�WKH�/DWH�1HRJHQH�6WULNH�6OLS�5HVWUDLQLQJ�%HQG�
LQ�-DPDLFD��*HRGHWLF��*HRORJLFDO��DQG�6HLVPLF�&RQVWUDLQWV�´�*HRORJLFDO�6RFLHW\��/RQGRQ��6SHFLDO�3XEOLFDWLRQV�������������±����
GRL���������63�������

0DQVILHOG��&KULV��DQG�-RH�&DUWZULJKW��������³)DXOW�*URZWK�E\�/LQNDJH��2EVHUYDWLRQV�DQG�,PSOLFDWLRQV�IURP�$QDORJXH�0RGHOV�´�-RXUQDO�RI�
6WUXFWXUDO�*HRORJ\������������±����GRL���������6����������������������

0DUDQJRQL��0E��$QWRQLR�7DGHX�'RV�5HLV��&J�6LOYD��5HQDWR�0�'D�&RVWD�0DLD��0DULQD�5DELQHDX��-Y�*XHUUD��&KULVWLDQ�*RULQL��5RGULJR�$UDQWHV�
2OLYHLUD��0D\DUD�0RUDLV� 3DVVRV�� DQG�%HUQDUGR�*�'H�$OPHLGD�� ������ ³6WUDWLJUDSKLF� )UDPHZRUN� DQG�'HSRVLWLRQDO�&LFOLFLW\� RI�
0LGGOH�3OHLVWRFHQH�+RORFHQH�6HGLPHQWDU\�6\VWHPV�RI�WKH�6RXWKHUQ�6KHOI�RI�&DPSRV�%DVLQ��%UD]LO�´�%UD]LOLDQ�-RXUQDO�RI�*HRORJ\�
�����������±�����

0DUFKHVL��&ODXGLR��=ROWiQ�.RQF��&DUORV�-��*DUULGR��'HOSKLQH�%RVFK��.iURO\�+LGDV��0DUtD�,VDEHO�9DUDV�5HXV��DQG�$QWRQLR�$FRVWD�9LJLO��������
³0XOWL�6WDJH� (YROXWLRQ� RI� WKH� /LWKRVSKHULF� 0DQWOH� EHQHDWK� WKH� :HVWHUQPRVW� 0HGLWHUUDQHDQ�� *HRFKHPLFDO� &RQVWUDLQWV� IURP�
3HULGRWLWH�;HQROLWKV�LQ�WKH�(DVWHUQ�%HWLF�&RUGLOOHUD��6(�6SDLQ��´�/LWKRV��$FFHVVHG�-DQXDU\�����GRL���������M�OLWKRV��������������

0DUtQ�/HFKDGR��&DUORV��-HV~V�*DOLQGR�=DOGtYDU��/XLV�5REHUWR�5RGUtJXH]�)HUQiQGH]��,QPDFXODGD�6HUUDQR��DQG�$QWRQLR�3HGUHUD��������³$FWLYH�
)DXOWV�� 6HLVPLFLW\� DQG� 6WUHVVHV� LQ� DQ� ,QWHUQDO� %RXQGDU\� RI� D� 7HFWRQLF� $UF� �&DPSR� GH� 'DOtDV� DQG� 1tMDU�� 6RXWKHDVWHUQ� %HWLF�
&RUGLOOHUDV��6SDLQ��´�7HFWRQRSK\VLFV�������±������±����GRL���������M�WHFWR��������������

0DUWHO�� 6WHSKHQ� -�� ������ ³0HFKDQLFDO� &RQWUROV� RQ� )DXOW�*HRPHWU\�´� -RXUQDO� RI� 6WUXFWXUDO�*HRORJ\� ��� ����� ���±���� GRL���������6�����
�����������������

0DUWtQH]�'tD]�� -RVp� -��� DQG� -�� /�� +HUQiQGH]�(QULOH�� ������ ³1HRWHFWRQLFV� DQG� 0RUSKRWHFWRQLFV� RI� WKH� 6RXWKHUQ� $OPHUtD� 5HJLRQ� �%HWLF�
&RUGLOOHUD�6SDLQ��.LQHPDWLF� ,PSOLFDWLRQV�´� ,QWHUQDWLRQDO� -RXUQDO� RI�(DUWK�6FLHQFHV� ��� ����� ���±�����GRL���������V����������
�����\��

0DUWtQH]�*DUFtD��3���0��&RPDV��-��,��6RWR��/��/RQHUJDQ��DQG�$��%��:DWWV��������³6WULNH�6OLS�7HFWRQLFV�DQG�%DVLQ�,QYHUVLRQ�LQ�WKH�:HVWHUQ�
0HGLWHUUDQHDQ��7KH�3RVW�0HVVLQLDQ�(YROXWLRQ�RI�WKH�$OERUDQ�6HD�´�%DVLQ�5HVHDUFK������������±����GRL���������EUH��������

0DUWtQH]�*DUFtD��3���-XDQ�,��6RWR��DQG�0HQFKX�&RPDV��������³5HFHQW�6WUXFWXUHV�LQ�WKH�$OERUDQ�5LGJH�DQG�<XVXI�)DXOW�=RQHV�%DVHG�RQ�6ZDWK�
%DWK\PHWU\�DQG�6XE�%RWWRP�3URILOLQJ��(YLGHQFH�RI�$FWLYH�7HFWRQLFV�´�*HR�0DULQH�/HWWHUV�����������±����GRL���������V������
������������

0DUWtQH]�/RULHQWH��6DUD��9DOHQWt�6DOODUqV��(XOjOLD�*UjFLD��5DIDHO�%DUWRORPH��-XDQ�-RVp�'DxREHLWLD��DQG�1HYLR�=LWHOOLQL��������³6HLVPLF�DQG�
*UDYLW\� &RQVWUDLQWV� RQ� WKH� 1DWXUH� RI� WKH� %DVHPHQW� LQ� WKH� $IULFD�(XUDVLD� 3ODWH� %RXQGDU\�� 1HZ� ,QVLJKWV� IRU� WKH� *HRG\QDPLF�
(YROXWLRQ� RI� WKH� 6:� ,EHULDQ� 0DUJLQ�´� -RXUQDO� RI� *HRSK\VLFDO� 5HVHDUFK�� 6ROLG� (DUWK� ���� ����� ����-%��������
GRL�������������-%��������

0DUWtQH]�0DUWtQH]��-RVp�0LJXHO��*XLOOHUPR�%RRWK�5HD��-RVp�0LJXHO�$]DxyQ��DQG�)HGHULFR�7RUFDO��������³$FWLYH�7UDQVIHU�)DXOW�=RQH�/LQNLQJ�
D�6HJPHQWHG�([WHQVLRQDO�6\VWHP��%HWLFV��6RXWKHUQ�6SDLQ���,QVLJKW�LQWR�+HWHURJHQHRXV�([WHQVLRQ�'ULYHQ�E\�(GJH�'HODPLQDWLRQ�´�
7HFWRQRSK\VLFV�������±�������±����GRL���������M�WHFWR��������������

0DUWLQH]�0DUWLQH]��-��0���6RWR��-��,���%DODQ\D��DQG�-��&��������³(ORQJDWHG�'RPHV�LQ�([WHQGHG�2URJHQV��$�0RGH�RI�0RXQWDLQ�8SOLIW�LQ�WKH�
%HWLFV��6RXWKHDVW�6SDLQ��´�,Q�*QHLVV�'RPHV�LQ�2URJHQ\��HGLWHG�E\�:KLWQH\�DQG�'��/��7H\VVLHU�&��6LGGRZD\�&��6����������±�����
*HRORJLFDO�6RFLHW\�RI�$PHULFD�6SHFLDO�3DSHUV�����:26������������������

0DUWLQH]�0DUWRV��0DQXHO��-HVXV�*DOLQGR�=DOGLYDU��)UDQFLVFR�-RVp�/RER��$QWRQLR�3HGUHUD��3DWULFLD�5XDQR��0DQXHO�/RSH]�&KLFDQR��DQG�0LJXHO�
2UWHJD�6iQFKH]�������� ³%XULHG�0DULQH�&XW�7HUUDFHV� DQG�6XEPHUJHG�0DULQH�%XLOW�7HUUDFHV��7KH�&DUFKXQD�&DODKRQGD�&RDVWDO�
$UHD��6RXWKHDVW�,EHULDQ�3HQLQVXOD��´�*HRPRUSKRORJ\��������±����GRL���������M�JHRPRUSK��������������

0DUWRUHOOL�� (OHRQRUD�� )UDQFHVFR� /DWLQR�&KLRFFL�� DQG�/XFLDQD�2UODQGR�� ������ ³,PDJLQJ�&RQWLQHQWDO� 6KHOI� 6KDOORZ�6WUDWLJUDSK\� E\�8VLQJ�
'LIIHUHQW�+LJK�5HVROXWLRQ�6HLVPLF�6RXUFHV��$Q�([DPSOH�IURP�WKH�&DODEUR�7\UUKHQLDQ�0DUJLQ��0HGLWHUUDQHDQ�6HD��´�%UD]LOLDQ�
-RXUQDO�RI�2FHDQRJUDSK\�����63(������±����GRL���������6������������������������

0DVDQD��(���-�-��0DUWtQH]�'tD]��-�/��+HUQiQGH]�(QULOH��DQG�3��6DQWDQDFK��������³7KH�$OKDPD�GH�0XUFLD�)DXOW��6(�6SDLQ���D�6HLVPRJHQLF�)DXOW�
LQ� D� 'LIIXVH� 3ODWH� %RXQGDU\�� 6HLVPRWHFWRQLF� ,PSOLFDWLRQV� IRU� WKH� ,EHUR�0DJUHELDQ� 5HJLRQ�´� -�� *HRSK\V�� 5HV�� ����� %�������
GRL�������������ME��������

0DVH��+DMLPH��DQG�<XLFKL�,ZDJDNL��������³:DYH�+HLJKW�'LVWULEXWLRQV�DQG�:DYH�*URXSLQJ�LQ�6XUI�=RQH�´�,Q�&RDVWDO�(QJLQHHULQJ���������±
����KWWS���DVFHOLEUDU\�RUJ�GRL�DEV����������������������������

0DVHOOL��9LWWRULR��(ULF�:��+XWWRQ��$OEHUW�-��.HWWQHU��-DPHV�3��0��6\YLWVNL��DQG�)DELR�7ULQFDUGL��������³+LJK�)UHTXHQF\�6HD�/HYHO�DQG�6HGLPHQW�
6XSSO\�)OXFWXDWLRQV�GXULQJ�7HUPLQDWLRQ�,��$Q�,QWHJUDWHG�6HTXHQFH�6WUDWLJUDSK\�DQG�0RGHOLQJ�$SSURDFK�IURP�WKH�$GULDWLF�6HD�
�&HQWUDO�0HGLWHUUDQHDQ��´�0DULQH�*HRORJ\�������±������±����GRL���������M�PDUJHR��������������

0DXIIUHW��$���$��$PPDU��&��*RULQL��DQG�+��-DERXU��������³7KH�$OERUDQ�6HD��:HVWHUQ�0HGLWHUUDQHDQ��5HYLVLWHG�ZLWK�D�9LHZ�IURP�WKH�0RURFFDQ�
0DUJLQ�´�7HUUD�1RYD������������±�����GRL���������M����������������������[��

0DXIIUHW��$���$��0DOGRQDGR��DQG�$��&��&DPSLOOR��������³7HFWRQLF�)UDPHZRUN�RI�WKH�(DVWHUQ�$OERUDQ�DQG�:HVWHUQ�$OJHULDQ�%DVLQV��:HVWHUQ�
0HGLWHUUDQHDQ�´�*HR�0DULQH�/HWWHUV������±�������±�����



�

0DXIIUHW�� $ODLQ�� ������ ³7KH� 1RUWKZHVWHUQ� �0DJKUHE�� %RXQGDU\� RI� WKH� 1XELD� �$IULFD�� 3ODWH�´� 7HFWRQRSK\VLFV� ���� ��±���� ��±����
GRL���������M�WHFWR��������������

0DXIIUHW��$ODLQ��0DkPDU�(O�5REULQL��DQG�0DXULFH�*HQQHVVHDX[��������³,QGLFH�GH�/D�&RPSUHVVLRQ�5pFHQWH�(Q�0HU�0pGLWHUUDQpH��8Q�%DVVLQ�
/RVDQJLTXH�6XU�/D�0DUJH�1RUG�$OJpULHQQH�´�%XOOHWLQ�'H�/D�6RFLHWH�*HRORJLTXH�'H�)UDQFH������������±������

0F&DIIUH\��5REHUW��������³6OLS�9HFWRU�DQG�6WUHFKLQJ�RI�WKH�6XPDWUDQ�)RUHDUF�´�*HRORJ\��������±����
²²²��������³2EOLTXH�3ODWH�&RQYHUJHQFH��6OLS�9HFWRUV��DQG�)RUHDUF�'HIRUPDWLRQ�´�-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK��6ROLG�(DUWK�����%����

����±����GRL�����������-%�������
0F&OD\��.HQ��DQG�0DVVLPR�%RQRUD��������³$QDORJ�0RGHOV�RI�5HVWUDLQLQJ�6WHSRYHUV�LQ�6WULNH�6OLS�)DXOW�6\VWHPV�´�$$3*�%XOOHWLQ���������

���±�����
0F&OD\��.HQ��DQG�7LP�'RROH\��������³$QDORJXH�0RGHOV�RI�3XOO�$SDUW�%DVLQV�´�*HRORJ\������������±�����
0F.HQ]LH��'DQ��DQG�-DPHV�-DFNVRQ��������³7KH�5HODWLRQVKLS�EHWZHHQ�6WUDLQ�5DWHV��&UXVWDO�7KLFNHQLQJ��3DODHRPDJQHWLVP��)LQLWH�6WUDLQ�DQG�

)DXOW� 0RYHPHQWV� ZLWKLQ� D� 'HIRUPLQJ� =RQH�´� (DUWK� DQG� 3ODQHWDU\� 6FLHQFH� /HWWHUV� ��� ����� ���±����� GRL��������������
���;����������;��

0HGDRXUL��0���%UDFHQH��5���'HYHUFKHUH��-���*UDLQGRUJH��HW�DO��������³6WUXFWXUDO�6W\OHV�DQG�1HRJHQH�3HWUROHXP�6\VWHP�DURXQG�WKH�<XVXI�
+DELEDV�5LGJH��$OERUDQ�%DVLQ��0HGLWHUUDQHDQ�6HD��´�7KH�/HDGLQJ�(GJH��������±�����GRL���������WOH������������

0HGDRXUL��0RXUDG��-DFTXHV�'pYHUFKqUH��'DYLG�*UDLQGRUJH��5DEDK�%UDFHQH��5DELH�%DGML��$]LRX]�2XDEDGL��.DULP�<HOOHV�&KDRXFKH��DQG�)HWKL�
%HQGLDE��������³7KH�7UDQVLWLRQ�IURP�$OERUDQ�WR�$OJHULDQ�%DVLQV��:HVWHUQ�0HGLWHUUDQHDQ�6HD���&KURQRVWUDWLJUDSK\��'HHS�&UXVWDO�
6WUXFWXUH� DQG�7HFWRQLF�(YROXWLRQ� DW� WKH�5HDU� RI� D�1DUURZ�6ODE�5ROOEDFN�6\VWHP�´� -RXUQDO� RI�*HRG\QDPLFV�� 6,ௗ��*HRG\QDPLF�
HYROXWLRQ�RI�WKH�$OERUDQ�GRPDLQ���������±�����GRL���������M�MRJ��������������

0HGLDOGHD��7���6RPR]D��/���3LQKHLUR��/��0���)HUQiQGH]�3XJD��HW�DO��������³7HFWRQLFV�DQG�0XG�9ROFDQR�'HYHORSPHQW�LQ�WKH�*XOI�RI�&iGL]�´�
0DULQH�*HRORJ\��������±����GRL���������M�PDUJHR��������������

0HGLQD��)���DQG�6�2��(O�$ODPL��������³)RFDO�0HFKDQLVPV�DQG�6WDWH�RI�6WUHVV�LQ�WKH�$O�+RFHLPD�$UHD��&HQWUDO�5LI��0RURFFR��´�%XOO�,QVW�6FL��
5DEDW��6HFW�6FL�7HUUH�������±����

0HGLQD��)LGD��������³3UHVHQW�'D\�6WDWH�RI�6WUHVV�LQ�1RUWKHUQ�0RURFFR�IURP�)RFDO�0HFKDQLVP�$QDO\VLV�´�-RXUQDO�RI�6WUXFWXUDO�*HRORJ\����
���������±����

0HGLQD��)LGD��DQG�7DM�(GGLQH�&KHUNDRXL��������³7KH�6RXWK�:HVWHUQ�$OERUDQ�(DUWKTXDNH�6HTXHQFH�RI�-DQXDU\�0DUFK������DQG�,WV�$VVRFLDWHG�
&RXORPE�6WUHVV�&KDQJHV�´�2SHQ�-RXUQDO�RI�(DUWKTXDNH�5HVHDUFK�������������

0HJKUDRXL��0XVWDSKD��DQG�6LOYLD�3RQGUHOOL��������³$FWLYH�)DXOWLQJ�DQG�7UDQVSUHVVLRQ�7HFWRQLFV�DORQJ�WKH�3ODWH�%RXQGDU\�LQ�1RUWK�$IULFD�´�
$QQDOV�RI�*HRSK\VLFV���������GRL���������DJ�������

0LFKDUG��$���+��)HLQEHUJ��'��(O�$]]DE��0��%RX\EDRXHQH��DQG�2��6DGGLTL��������³$�6HUSHQWLQLWH�5LGJH�LQ�D�&ROOLVLRQDO�3DOHRPDUJLQ�6HWWLQJ��
7KH�%HQL�0DOHN�0DVVLI��([WHUQDO�5LI��0RURFFR�´�(DUWK�DQG�3ODQHWDU\�6FLHQFH�/HWWHUV�������������±�����

0LFKDUG��$���)��1HJUR��'��)UL]RQ�GH�/DPRWWH��DQG�2��6DGGLTL��������³6HUSHQWLQLWH�6OLYHUV�DQG�0HWDPRUSKLVP�LQ�WKH�([WHUQDO�0DJKUHELGHV��
$UJXPHQWV�IRU�DQ�,QWUDFRQWLQHQWDO�6XWXUH�LQ�WKH�$IULFDQ�3DOHRPDUJLQ��0RURFFR��$OJHULD��´�5HYLVWD�GH�/D�6RFLHGDG�*HROyJLFD�GH�
(VSDxD������±�������±�����

0LFKDUG�� $QGUp�� %UXQR� *RIIp�� 0RKDPHG� %RX\EDRXHQH�� DQG� 2PDU� 6DGGLTL�� ������ ³/DWH� +HUF\QLDQ±0HVR]RLF� 7KLQQLQJ� LQ� WKH� $OERUDQ�
'RPDLQ��0HWDPRUSKLF�'DWD�IURP�WKH�1RUWKHUQ�5LI��0RURFFR�´�7HUUD�1RYD�����������±����GRL���������M����������������G������[��

0LFKDUG��$QGUp��1HJUR�� )UDQoRLV�� 6DGGLTL��2PDU��%RX\EDRXHQH�� HW� DO�� ������ ³3UHVVXUH±WHPSHUDWXUH±WLPH�&RQVWUDLQWV� RQ� WKH�0DJKUHELGH�
0RXQWDLQ� %XLOGLQJ�� (YLGHQFH� IURP� WKH� 5LI±%HWLF� 7UDQVHFW� �0RURFFR�� 6SDLQ��� $OJHULDQ� &RUUHODWLRQV�� DQG� *HRG\QDPLF�
,PSOLFDWLRQV�´�&RPSWHV�5HQGXV�*HRVFLHQFH��������±�����GRL���������M�FUWH��������������

0LJHRQ��6���%��6DYR\H��(��=DQHOOD��7��0XOGHU��-���&��)DXJqUHV��DQG�2��:HEHU��������³'HWDLOHG�6HLVPLF�5HIOHFWLRQ�DQG�6HGLPHQWDU\�6WXG\�RI�
7XUELGLWH�6HGLPHQW�:DYHV�RQ�WKH�9DU�6HGLPHQWDU\�5LGJH��6(�)UDQFH���6LJQLILFDQFH�IRU�6HGLPHQW�7UDQVSRUW�DQG�'HSRVLWLRQ�DQG�
IRU� WKH�0HFKDQLVPV� RI� 6HGLPHQW�:DYH� &RQVWUXFWLRQ�´�0DULQH� DQG� 3HWUROHXP�*HRORJ\� ��� ����� ���±����� GRL���������6�����
��������������;��

0LJHRQ��6pEDVWLHQ��6LOYLD�&HUDPLFROD��'DQLHO�3UDHJ��(PPDQXHOOH�'XFDVVRX��$OH[DQGUH�'DQR��-RmR�0DUFHOR�.HW]HU��)ORUH�0DU\��DQG�-HDQ�
0DVFOH�������� ³3RVW�)DLOXUH�3URFHVVHV�RQ� WKH�&RQWLQHQWDO�6ORSH�RI� WKH�&HQWUDO�1LOH�'HHS�6HD�)DQ�� ,QWHUDFWLRQV�EHWZHHQ�)OXLG�
6HHSDJH��6HGLPHQW�'HIRUPDWLRQ�DQG�6HGLPHQW�:DYH�&RQVWUXFWLRQ�´�,Q�6XEPDULQH�0DVV�0RYHPHQWV�DQG�7KHLU�&RQVHTXHQFHV�����±
�����6SULQJHU��KWWS���OLQN�VSULQJHU�FRP�FKDSWHU��������������������������B����

0LOOHU��6FRWW�5���6X]DQQH�/��%DOGZLQ��DQG�3DXO�*��)LW]JHUDOG��������³7UDQVLHQW�)OXYLDO�,QFLVLRQ�DQG�$FWLYH�6XUIDFH�8SOLIW�LQ�WKH�:RRGODUN�5LIW�
RI�(DVWHUQ�3DSXD�1HZ�*XLQHD�´�/LWKRVSKHUH�����������±����GRL���������/�������

0ROQDU��3HWHU��DQG�.DWKHULQH�(��'D\HP��������³0DMRU�,QWUDFRQWLQHQWDO�6WULNH�6OLS�)DXOWV�DQG�&RQWUDVWV�LQ�/LWKRVSKHULF�6WUHQJWK�´�*HRVSKHUH�
����������±�����

0RUDWWL��*���/��3LFFDUGL��*��9DQQXFFL��0�(��%HODUGLQHOOL��0��'DKPDQL��$��%HQGNLN��DQG�0��&KHQDNHE��������³7KH������µ0HNQHV¶�(DUWKTXDNH�
�0RURFFR��� )LHOG�'DWD� DQG�*HRG\QDPLF� ,PSOLFDWLRQV�´�$FWLYH� )DXOWV�� $QDO\VLV�� 3URFHVVHV� DQG�0RQLWRULQJ� ��� ��±���� ���±����
GRL���������6����������������������

0RUHO��-��/���0��=RXLQH��DQG�$��3RLVVRQ��������³5HODWLRQV�(QWUH�/D�6XEVLGHQFH�'HV�%DVVLQV�0RXORX\HQV�HW�/D�&UHDWLRQ�'HV�5HOLHIV�$WODVLTXHV�
�0DURF���8Q�([HPSOH�'¶LQYHUVLRQ�7HFWRQLTXH�'HSXLV�/H�1HRJHQH�´�%XOOHWLQ�GH�/D�6RFLHWH�*HRORJLTXH�GH�)UDQFH��������������

0RUHO�� -��/��� DQG� 0�� 0HJKUDRXL�� ������ ³*RULQJH�$OERUDQ�7HOO� 7HFWRQLF� =RQH�� $� 7UDQVSUHVVLRQ� 6\VWHP� DORQJ� WKH� $IULFD�(XUDVLD� 3ODWH�
%RXQGDU\�´�*HRORJ\��������±�����

0RUHQR��;LPHQD��(XOjOLD�0DVDQD��5DLPRQ�3DOOjV��(XOjOLD�*UjFLD��ÈQJHO�5RGpV��DQG�-DXPH�%RUGRQDX��������³4XDWHUQDU\�7HFWRQLF�$FWLYLW\�RI�
WKH�&DUERQHUDV�)DXOW� LQ� WKH�/D�6HUUDWD�5DQJH� �6(� ,EHULD���*HRPRUSKRORJLFDO� DQG�&KURQRORJLFDO�&RQVWUDLQWV�´� 7HFWRQRSK\VLFV��
6SHFLDO� LVVXH� RQ� ,EHULD� JHRG\QDPLFV�� $Q� LQWHJUDWLYH� DSSURDFK� IURP� WKH� 7RSR�,EHULD� IUDPHZRUN�� ���� �1RYHPEHU��� ��±����
GRL���������M�WHFWR��������������

0�QFK�� 3KLOLSSH�� 6WHSKDQ� 5RJHU�� -HDQ�-DFTXHV� &RUQpH�� -HDQ�3DXO� 6DLQW� 0DUWLQ�� *LOEHUW� )pUDXG�� DQG� $EGHONKDODN� %HQ� 0RXVVD�� ������
³5HVWULFWLRQ�'HV�&RPPXQLFDWLRQV�(QWUH�O¶$WODQWLTXH�HW�/D�0pGLWHUUDQpH�$X�0HVVLQLHQ��$SSRUW�GH�/D�7pSKURFKURQRORJLH�'DQV�/D�
3ODWH�)RUPH�&DUERQDWpH�HW�/H�%DVVLQ�GH�0HOLOOD±1DGRU��5LI�1RUG�2ULHQWDO��0DURF��´�&RPSWHV�5HQGXV�GH�O¶$FDGpPLH�'HV�6FLHQFHV�
6HULHV�,,$�(DUWK�DQG�3ODQHWDU\�6FLHQFH�������������±�����

0XxR]��$���0��%DOOHVWHURV��,��0RQWR\D��-��5LYHUD��-��$FRVWD��DQG�(��8FKXSL��������³$OERUiQ�%DVLQ��6RXWKHUQ�6SDLQ²3DUW�,��*HRPRUSKRORJ\�´�
0DULQH�DQG�3HWUROHXP�*HRORJ\�����������±����GRL���������M�PDUSHWJHR��������������

1D\ORU��0��$���*��0DQGO��DQG�&��+��.��6XSHVWHLMQ��������³)DXOW�*HRPHWULHV�LQ�%DVHPHQW�,QGXFHG�:UHQFK�)DXOWLQJ�XQGHU�'LIIHUHQW�,QLWLDO�
6WUHVV�6WDWHV�´�-RXUQDO�RI�6WUXFWXUDO�*HRORJ\�����������±����GRL�������������������������������

1D\ORU��0�$���*��0DQGO��DQG�&�+�.��6LMSHVWHLMQ��������³)DXOW�*HRPHWULHV�LQ�%DVHPHQW�,QGXFHGZUHQFKIDXOWLQJ�XQGHU�'LIIHUHQW�,QLWLDO�6WUHVV�
6WDWHV�´�-RXUQDO�RI�6WUXFWXUDO�*HRORJ\�����������±����

1HJUHGR�� $QD� 0�� ������ ³1HRWHFWRQLF� 0RGHOLQJ� RI� WKH� ,EHUR�0DJKUHELDQ� 5HJLRQ�´� -RXUQDO� RI� *HRSK\VLFDO� 5HVHDUFK� ���� �%�����
GRL�������������-%��������



�

1HJUR��)���3��$JDUG��%��*RIIH��DQG�2��6DGGLTL��������³7HFWRQLF�DQG�0HWDPRUSKLF�(YROXWLRQ�RI�WKH�7HPVDPDQH�8QLWV��([WHUQDO�5LI��1RUWKHUQ�
0RURFFR���,PSOLFDWLRQV�IRU�WKH�(YROXWLRQ�RI�WKH�5LI�DQG�WKH�%HWLF�5LI�$UF�´�-RXUQDO�RI�WKH�*HRORJLFDO�6RFLHW\�������������±����
GRL����������������������������

1HJUR��)���2��%H\VVDF��%��*RIIp��2��6DGGLTL��DQG�0�/��%RX\EDRXqQH��������³7KHUPDO�6WUXFWXUH�RI�WKH�$OERUDQ�'RPDLQ�LQ�WKH�5LI� �1RUWKHUQ�
0RURFFR��DQG�WKH�:HVWHUQ�%HWLFV��6RXWKHUQ�6SDLQ���&RQVWUDLQWV�IURP�5DPDQ�6SHFWURVFRS\�RI�&DUERQDFHRXV�0DWHULDO�´�-RXUQDO�RI�
0HWDPRUSKLF�*HRORJ\��������±�����GRL���������M����������������������[��

1HUHV��0���0��0��&��&DUDID��5��0��6��)HUQDQGHV��/��0DWLDV��-��&��'XDUWH��6��%DUED��DQG�3��7HUULQKD��������³/LWKRVSKHULF�'HIRUPDWLRQ�LQ�WKH�
$IULFD�,EHULD�3ODWH�%RXQGDU\��,PSURYHG�1HRWHFWRQLF�0RGHOLQJ�7HVWLQJ�D�%DVDO�'ULYHQ�$OERUDQ�3ODWH�´�-RXUQDO�RI�*HRSK\VLFDO�
5HVHDUFK��6ROLG�(DUWK��������������-%��������GRL�������������-%��������

1LOIRXURXVKDQ�� )DUDPDU]�� 5XVVHOO� 3\VNO\ZHF�� $OH[DQGHU�&UXGHQ�� DQG�+HPLQ�.R\L�� ������ ³7KHUPDO�0HFKDQLFDO�0RGHOLQJ� RI� 6DOW�%DVHG�
0RXQWDLQ�%HOWV�ZLWK�3UH�([LVWLQJ�%DVHPHQW�)DXOWV��$SSOLFDWLRQ�WR�WKH�=DJURV�)ROG�DQG�7KUXVW�%HOW��6RXWKZHVW�,UDQ�´�7HFWRQLFV����
���������±����GRL���������WHFW��������

1XU�� $PRV�� +DJDL� 5RQ�� DQG� 2RQD� 6FRWWL�� ������ ³)DXOW� 0HFKDQLFV� DQG� WKH� .LQHPDWLFV� RI� %ORFN� 5RWDWLRQV�´� *HRORJ\� ��� ����� ���±����
GRL�������������������������������)0$7.2!����&2����

2OLYHW��-HDQ�/RXLV��-HDQ�0DULH�$X]HQGH��DQG�-HDQ�%RQQLQ��������³6WUXFWXUH�HW�eYROXWLRQ�7HFWRQLTXH�'X�%DVVLQ�G¶$OERUDQ�´�%XOOHWLQ�GH�/D�
6RFtpWp�*pRORJLTXH�GH�)UDQFH������������±�����

2OLYHW��-HDQ�/RXLV��*X\�3DXWRW��DQG�-HDQ�0DULH�$X]HQGH��������³6WUXFWXUDO�)UDPHZRUN�RI�6HOHFWHG�5HJLRQV�RI�WKH�:HVWHUQ�0HGLWHUUDQHDQ�´�
,QLWLDO�5HSRUWV�RI�WKH�'HHS�6HD�'ULOOLQJ�3URMHFW��������±�����

2XDUDJOL��%LODO�(O��0RKDPHG�1DMLE�=DJKORXO��+DMDU�(O�7DOLEL��DQG�5REHUWD�6RPPD��������³7HFWRQR�6HGLPHQWDU\�(YROXWLRQ�RI�WKH�0LRFHQH�
2XHG� 'D\U� )RUPDWLRQ� �*KRPDULGH� &RPSOH[�� ,QWHUQDO� 'RPDLQ� RI� WKH� 0DJKUHELDQ� 5LI� %HOW�� 0RURFFR��´� $UDELDQ� -RXUQDO� RI�
*HRVFLHQFHV��������������GRL���������V������������������

2XLPHW��:LOOLDP�%���.HOLQ�;��:KLSSOH��DQG�'DUU\O�(��*UDQJHU��������³%H\RQG�7KUHVKROG�+LOOVORSHV��&KDQQHO�$GMXVWPHQW�WR�%DVH�/HYHO�)DOO�
LQ�7HFWRQLFDOO\�$FWLYH�0RXQWDLQ�5DQJHV�´�*HRORJ\������������±����GRL���������*�����$����

2XVDGRX��)DULGD��/RXLV�'RUEDWK��$EGHOKDNLP�$\DGL��&DWKHULQH�'RUEDWK��DQG�6RILDQH�*KDUEL��������³6WUHVV�)LHOG�9DULDWLRQV�DORQJ�WKH�0DJKUHE�
5HJLRQ� 'HULYHG� IURP� ,QYHUVLRQ� RI� 0DMRU� 6HLVPLF� &ULVLV� )DXOW� 3ODQH� 6ROXWLRQV�´� 7HFWRQRSK\VLFV� ���� �6HSWHPEHU��� ���±����
GRL���������M�WHFWR��������������

3DODQR��0��� 3�� -�� *RQ]iOH]�� DQG� -�� )HUQiQGH]�� ������ ³6WUDLQ� DQG� 6WUHVV� )LHOGV� DORQJ� WKH� *LEUDOWDU� 2URJHQLF� $UF�� &RQVWUDLQWV� RQ� $FWLYH�
*HRG\QDPLFV�´�*RQGZDQD�5HVHDUFK�������������±����GRL���������M�JU��������������

3DODQR��0LPPR��3DEOR�-��*RQ]iOH]��DQG�-RVp�)HUQiQGH]��������³7KH�'LIIXVH�3ODWH�%RXQGDU\�RI�1XELD�DQG�,EHULD�LQ�WKH�:HVWHUQ�0HGLWHUUDQHDQ��
&UXVWDO�'HIRUPDWLRQ� (YLGHQFH� IRU�9LVFRXV�&RXSOLQJ� DQG� )UDJPHQWHG� /LWKRVSKHUH�´� (DUWK� DQG� 3ODQHWDU\� 6FLHQFH� /HWWHUV� ����
�1RYHPEHU������±����GRL���������M�HSVO��������������

3DORPHUDV�� ,��� 6�� 7KXUQHU�� $�� /HYDQGHU�� .�� /LX�� $�� 9LOODVHQRU�� 5�� &DUERQHOO�� DQG�0�� +DUQDIL�� ������ ³)LQLWH�)UHTXHQF\� 5D\OHLJK�:DYH�
7RPRJUDSK\� RI� WKH�:HVWHUQ�0HGLWHUUDQHDQ��0DSSLQJ� ,WV� /LWKRVSKHULF� 6WUXFWXUH�� 5$</(,*+�:$9(�9V�02'(/� ,1�:0�´�
*HRFKHPLVWU\��*HRSK\VLFV��*HRV\VWHPV������������±����GRL�������������*&��������

3DORPLQR��'HVLUpH��-XDQ�7RPiV�9i]TXH]��*HPPD�(UFLOOD��%HOpQ�$ORQVR��1LHYHV�/ySH]�*RQ]iOH]��DQG�9tFWRU�'tD]�GHO�5tR��������³,QWHUDFWLRQ�
EHWZHHQ�6HDEHG�0RUSKRORJ\�DQG�:DWHU�0DVVHV�DURXQG� WKH�6HDPRXQWV�RQ� WKH�0RWULO�0DUJLQDO�3ODWHDX� �$OERUDQ�6HD��:HVWHUQ�
0HGLWHUUDQHDQ��´�*HR�0DULQH�/HWWHUV������±�������±����GRL���������V���������������\��

3DUVRQV��'��5���-��/��%HVW��2��2UIHR��5��-��+DUG\��5��.RVWDVFKXN��DQG�6��1��/DQH��������³0RUSKRORJ\�DQG�)ORZ�)LHOGV�RI�7KUHH�'LPHQVLRQDO�
'XQHV��5LR�3DUDQi��$UJHQWLQD��5HVXOWV�IURP�6LPXOWDQHRXV�0XOWLEHDP�(FKR�6RXQGLQJ�DQG�$FRXVWLF�'RSSOHU�&XUUHQW�3URILOLQJ�´�
-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK��(DUWK�6XUIDFH������)����)��6����GRL�������������-)��������

3DVFXDO�� $QDQGD�� 6LPRQ� 5XL]�� $QWRQLR� 2OLWD�� &KDUOHV� 7URXSLQ�� 0DULRQD� &ODUHW�� %HQMDPLQ� &DVDV�� %DSWLVWH� 0RXUUH�� HW� DO�� ������ ³$�
0XOWLSODWIRUP�([SHULPHQW� WR�8QUDYHO�0HVR��DQG�6XEPHVRVFDOH�3URFHVVHV� LQ�DQ�,QWHQVH�)URQW��$OERU([��´�)URQWLHUV� LQ�0DULQH�
6FLHQFH����GRL���������IPDUV�������������

3DWHUVRQ��0��6���DQG�)��&��/XDQ��������³4XDUW]LWH�5KHRORJ\�XQGHU�*HRORJLFDO�&RQGLWLRQV�´�*HRORJLFDO�6RFLHW\��/RQGRQ��6SHFLDO�3XEOLFDWLRQV�
�����������±�����GRL���������*6/�63�����������������

3DXODWWR��0���$��%��:DWWV��DQG�&��3HLUFH��������³3RWHQWLDO�)LHOG�DQG�+LJK�5HVROXWLRQ�%DWK\PHWU\� ,QYHVWLJDWLRQ�RI� WKH�0RQRZDL�9ROFDQLF�
&HQWUH��.HUPDGHF�$UF��,PSOLFDWLRQV�IRU�&DOGHUD�)RUPDWLRQ�DQG�9ROFDQLF�(YROXWLRQ�´�*HRSK\VLFDO�-RXUQDO�,QWHUQDWLRQDO��)HEUXDU\��
JJW�����GRL���������JML�JJW�����

3DXOO��&��.���'��:��&DUHVV��(��/XQGVWHQ��5��*ZLD]GD��.��$QGHUVRQ��0��0F*DQQ��-��&RQUDG��%��(GZDUGV��DQG�(��-��6XPQHU��������³$QDWRP\�
RI� WKH� /D� -ROOD� 6XEPDULQH� &DQ\RQ� 6\VWHP�� 2IIVKRUH� 6RXWKHUQ� &DOLIRUQLD�´� 0DULQH� *HRORJ\� ���� �-DQXDU\��� ��±����
GRL���������M�PDUJHR��������������

3HDFRFN��'��&��3��������³'LVSODFHPHQWV�DQG�6HJPHQW�/LQNDJH�LQ�6WULNH�6OLS�)DXOW�=RQHV�´�-RXUQDO�RI�6WUXFWXUDO�*HRORJ\�������������±����
GRL����������������������������0��

3HGRMD��.HYLQ��/DXUHQW�+XVVRQ��0DUNHV�(��-RKQVRQ��'DQLHO�0HOQLFN��&HVDU�:LWW��6WpSKDQH�3RFKDW��0DsOOH�1H[HU��HW�DO��������³&RDVWDO�6WDLUFDVH�
6HTXHQFHV�5HIOHFWLQJ�6HD�/HYHO�2VFLOODWLRQV�DQG�7HFWRQLF�8SOLIW�GXULQJ�WKH�4XDWHUQDU\�DQG�1HRJHQH�´�(DUWK�6FLHQFH�5HYLHZV������
��±����GRL���������M�HDUVFLUHY��������������

3HGUHUD��$���$��5XL]�&RQVWiQ��-��*DOLQGR�=DOGtYDU��$��&KDORXDQ��&��6DQ]�GH�*DOGHDQR��&��0DUtQ�/HFKDGR��3��5XDQR��HW�DO��������³,V�7KHUH�DQ�
$FWLYH� 6XEGXFWLRQ� EHQHDWK� WKH� *LEUDOWDU� 2URJHQLF� $UF"� &RQVWUDLQWV� IURP� 3OLRFHQH� WR� 3UHVHQW�'D\� 6WUHVV� )LHOG�´� -RXUQDO� RI�
*HRG\QDPLFV�����������±����GRL���������M�MRJ��������������

3HGUHUD��$QWRQLR��0DUtQ�/HFKDGR��&DUORV��0DUWRV�5RVLOOR��6HUJLR��5ROGiQ��DQG�)UDQFLVFR�-DYLHU��������³&XUYHG�)ROG�DQG�7KUXVW�$FFUHWLRQ�
GXULQJ�WKH�([WUXVLRQ�RI�D�6\QRURJHQLF�9LVFRXV�$OORFKWKRQRXV�6KHHW��7KH�(VWHSD�5DQJH��([WHUQDO�=RQHV��:HVWHUQ�%HWLF�&RUGLOOHUD��
6SDLQ��´�7HFWRQLFV�����7&������GRL�������������WF��������

3HOWLHU��:��5��������³&KDSWHU���*OREDO�*ODFLDO�,VRVWDWLF�$GMXVWPHQW�DQG�0RGHUQ�,QVWUXPHQWDO�5HFRUGV�RI�5HODWLYH�6HD�/HYHO�+LVWRU\�´�,Q�
,QWHUQDWLRQDO�*HRSK\VLFV�� HGLWHG� E\�0LFKDHO� 6��.HDUQH\� DQG� 6WHSKHQ� 3�� /HDWKHUPDQ�%UXFH�&��'RXJODV�� �����±���� 6HD�/HYHO�
5LVH+LVWRU\�DQG�&RQVHTXHQFHV��$FDGHPLF�3UHVV��KWWS���ZZZ�VFLHQFHGLUHFW�FRP�VFLHQFH�DUWLFOH�SLL�6������������������

3HOWLHU��:��5���DQG�5��*��)DLUEDQNV��������³*OREDO�*ODFLDO�,FH�9ROXPH�DQG�/DVW�*ODFLDO�0D[LPXP�'XUDWLRQ�IURP�DQ�([WHQGHG�%DUEDGRV�6HD�
/HYHO� 5HFRUG�´� 4XDWHUQDU\� 6FLHQFH� 5HYLHZV�� &ULWLFDO� 4XDWHUQDU\� 6WUDWLJUDSK\�� ��� ���±����� ����±����
GRL���������M�TXDVFLUHY��������������

3HUHD��+���(��*UjFLD��3��$OIDUR��5��%DUWRORPp��&��/R�,DFRQR��;��0RUHQR��(��0DVDQD��DQG�(9(17�6+(/)�7HDP��������³4XDWHUQDU\�$FWLYH�
7HFWRQLF�6WUXFWXUHV�LQ�WKH�2IIVKRUH�%DMR�6HJXUD�%DVLQ��6(�,EHULDQ�3HQLQVXOD�±�0HGLWHUUDQHDQ�6HD��´�1DWXUDO�+D]DUGV�DQG�(DUWK�
6\VWHP�6FLHQFH��������������±����GRL���������QKHVV���������������

3HUHD��+HFWRU��(XOjOLD�*UjFLD��5DIDHO�%DUWRORPp��/��*yPH]�GH�OD�3HxD��6��0DUWtQH]�/RULHQWH��;LPHQD�0RUHQR��%HQ�'H�0RO��2��7HOOR��0��
%DOOHVWHURV��DQG�RWKHUV��������³(YLGHQFHV�RI�4XDWHUQDU\�$FWLYH�)DXOWV�$FURVV�WKH�'MLERXWL�+LJK�DQG�WKH�$GUD�5LGJH��$OERUDQ�6HD��´�
KWWS���ZZZ�UHVHDUFKJDWH�QHW�SURILOH�+HFWRUB3HUHD��SXEOLFDWLRQ����������B(YLGHQFHBRIBTXDWHUQDU\BDFWLYHBIDXOWVBDFURVVBWKHB'M
LERXWLB+LJKBDQGBWKHB$GUDB5LGJHB�$OERUDQB6HD��OLQNV���G�HE���FI�����G�H��D���SGI��



�

3HURXVH��(���3��9HUQDQW��-��&KHU\��5��5HLOLQJHU��DQG�6��0F&OXVN\��������³$FWLYH�6XUIDFH�'HIRUPDWLRQ�DQG�6XE�/LWKRVSKHULF�3URFHVVHV�LQ�WKH�
:HVWHUQ�0HGLWHUUDQHDQ�&RQVWUDLQHG�E\�1XPHULFDO�0RGHOV�´�*HRORJ\������������±����GRL���������*���������

3HWLW��&DUROH��/DHWLWLD�/H�3RXUKLHW��%UXQR�6FDODEULQR��0LFKHO�&RUVLQL��0LFNDsO�%RQQLQ��DQG�$GULHQ�5RPDJQ\��������³&UXVWDO�6WUXFWXUH�DQG�
*UDYLW\�$QRPDOLHV�EHQHDWK�WKH�5LI��1RUWKHUQ�0RURFFR��,PSOLFDWLRQV�IRU�WKH�&XUUHQW�7HFWRQLFV�RI�WKH�$OERUDQ�5HJLRQ�´�*HRSK\VLFDO�
-RXUQDO�,QWHUQDWLRQDO�������������±����GRL���������JML�JJY�����

3KLOOLSV��5LFKDUG�-���5DQGDOO�5��3DUULVK��DQG�0LFKDHO�3��6HDUOH��������³$JH�&RQVWUDLQWV�RQ�'XFWLOH�'HIRUPDWLRQ�DQG�/RQJ�7HUP�6OLS�5DWHV�
DORQJ�WKH�.DUDNRUDP�)DXOW�=RQH��/DGDNK�´�(DUWK�DQG�3ODQHWDU\�6FLHQFH�/HWWHUV�������±�������±����GRL���������M�HSVO��������������

3LSHU��'DYLG�-��:���DQG�$��(��$NVX��������³$UFKLWHFWXUH�RI�6WDFNHG�4XDWHUQDU\�'HOWDV�&RUUHODWHG�ZLWK�*OREDO�2[\JHQ�,VRWRSLF�&XUYH�´�*HRORJ\�
�����������±����GRL���������������������������������$264'&!����&2����

3ODWW��-�3���6�3��.HOOH\��$��&DUWHU��DQG�0��2UR]FR��������³7LPLQJ�RI�7HFWRQLF�(YHQWV�LQ�WKH�$OSXMDUULGH�&RPSOH[��%HWLF�&RUGLOOHUD��6RXWKHUQ�
6SDLQ�´�-RXUQDO�RI�WKH�*HRORJLFDO�6RFLHW\��/RQGRQ�������±����

3OLQW��$��*X\��DQG�'DJ�1XPPHGDO��������³7KH�)DOOLQJ�6WDJH�6\VWHPV�7UDFW��5HFRJQLWLRQ�DQG�,PSRUWDQFH�LQ�6HTXHQFH�6WUDWLJUDSKLF�$QDO\VLV�´�
*HRORJLFDO�6RFLHW\��/RQGRQ��6SHFLDO�3XEOLFDWLRQV�����������±����

3RQGDUG��1LFRODV��DQG�3KLOLS�0��%DUQHV��������³6WUXFWXUH�DQG�3DOHRHDUWKTXDNH�5HFRUGV�RI�$FWLYH�6XEPDULQH�)DXOWV��&RRN�6WUDLW��1HZ�=HDODQG��
,PSOLFDWLRQV� IRU� )DXOW� ,QWHUDFWLRQV�� 6WUHVV� /RDGLQJ�� DQG� 6HLVPLF� +D]DUG�´� -RXUQDO� RI� *HRSK\VLFDO� 5HVHDUFK� ���� �%�����
GRL�������������-%��������

3RVDPHQWLHU��+��:���*�3��$OOHQ��'�3��-DPHV��DQG�0��7HVVRQ��������³)RUFHG�5HJUHVVLRQV�LQ�D�6HTXHQFH�6WUDWLJUDSKLF�)UDPHZRUN�&RQFHSWV�
([DPSOHV�DQG�([SORUDWLRQ�6LJQLILFDQFH�´�$PHULFDQ�$VVRFLDWLRQ�RI�3HWUROHXP�*HRORJ\�%XOOHWLQ��QR����������±������

3RVDPHQWLHU�� +�� :��� DQG� 3�� 5�� 9DLO�� ������ ³(XVWDWLF� &RQWUROV� RQ� &ODVWLF� 'HSRVLWLRQ� ,,²VHTXHQFH� DQG� 6\VWHPV� 7UDFW� 0RGHOV�´�
KWWS���DUFKLYHV�GDWDSDJHV�FRP�GDWD�VHSPBVS�63���(XVWDWLFB&RQWUROVBRQB&ODVWLFB'HSRVLWLRQB,,�KWP��

3RVDPHQWLHU��+HQU\��DQG�*��3��$OOHQ��������³7KH�µ+HDOLQJ�3KDVH¶����D�&RPPRQO\�2YHUORRNHG�&RPSRQHQW�RI�WKH�7UDQVJUHVVLYH�6\VWHPV�´�,Q���
1HZ�2UOHDQV��/RXLVLDQD��$$3*�6HDUFK�DQG�'LVFRYHU\��

3RVDPHQWLHU��+HQU\�:��� DQG�*HRUJH� 3��$OOHQ�� ������ ³9DULDELOLW\� RI� WKH� 6HTXHQFH� 6WUDWLJUDSKLF�0RGHO�� (IIHFWV� RI� /RFDO�%DVLQ� )DFWRUV�´�
6HGLPHQWDU\� *HRORJ\�� %DVLQ� $QDO\VLV� DQG� '\QDPLFV� RI� 6HGLPHQWDU\� %DVLQ� (YROXWLRQ�� ��� ����� ��±����� GRL��������������
��������������5��

3RVDPHQWLHU��+HQU\�:��DQG�:LOOLDP�5�0RUULV��������³$VSHFWV�RI�WKH�6WUDWDO�$UFKLWHFWXUH�RI�)RUFHG�5HJUHVVLYH�'HSRVLWV�´�*HRORJLFDO�6RFLHW\��
/RQGRQ��6SHFLDO�3XEOLFDWLRQV������������±����

3RXMRO��$���-�� �)��5LW]��$��7DKD\W��3��9HUQDQW��0��&RQGRPLQHV��3�� �+��%ODUG��-��%LOODQW��HW�DO��������³$FWLYH�7HFWRQLFV�RI�WKH�1RUWKHUQ�5LI�
�0RURFFR��IURP�*HRPRUSKLF�DQG�*HRFKURQRORJLFDO�'DWD�´�-RXUQDO�RI�*HRG\QDPLFV��6,ௗ��*HRG\QDPLF�HYROXWLRQ�RI�WKH�$OERUDQ�
GRPDLQ��������±����GRL���������M�MRJ��������������

5DELQHDX��0��������³8Q�0RGqOH�*pRPpWULTXH�HW�6WUDWLJUDSKLTXH�'HV�6pTXHQFHV�GH�'pS{WV�4XDWHUQDLUHV�6XU�/D�0DUJH�'X�*ROIH�'X�/LRQ��
(QUHJLVWUHPHQW�'HV�&\FOHV�&OLPDWLTXHV�GH���������$QV�´�5HQQHV��8QLYHUVLWp�5HQQH����

5DELQHDX��0���6��%HUQp��'��$VODQLDQ��-��/��2OLYHW��3��-RVHSK��)��*XLOORFKHDX��-��)��%RXULOOHW��(��/HGUH]HQ��DQG�'��*UDQMHRQ��������³6HGLPHQWDU\�
6HTXHQFHV�LQ�WKH�*XOI�RI�/LRQ��$�5HFRUG�RI���������<HDUV�&OLPDWLF�&\FOHV�´�0DULQH�DQG�3HWUROHXP�*HRORJ\������±�������±�����
GRL���������M�PDUSHWJHR��������������

5DELQHDX��0���6��%HUQp��e�/HGUH]HQ��*��/HULFRODLV��7��0DUVVHW��DQG�0��5RWXQQR��������³�'�$UFKLWHFWXUH�RI�/RZVWDQG�DQG�7UDQVJUHVVLYH�
4XDWHUQDU\� 6DQG� %RGLHV� RQ� WKH� 2XWHU� 6KHOI� RI� WKH� *XOI� RI� /LRQ�� )UDQFH�´�0DULQH� DQG� 3HWUROHXP� *HRORJ\� ��� ����� ���±����
GRL���������6����������������������

5DELQHDX�� 0��� 6�� %HUQp�� -��/�� 2OLYHW�� '�� $VODQLDQ�� )�� *XLOORFKHDX�� DQG� 3�� -RVHSK�� ������ ³3DOHR� 6HD� /HYHOV� 5HFRQVLGHUHG� IURP� 'LUHFW�
2EVHUYDWLRQ�RI�3DOHRVKRUHOLQH�3RVLWLRQ�GXULQJ�*ODFLDO�0D[LPD��IRU�WKH�/DVW���������<U��´�(DUWK�DQG�3ODQHWDU\�6FLHQFH�/HWWHUV�����
��±�������±����GRL���������M�HSVO��������������
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LQ�WKH�$OERUDQ�6HD��:HVWHUQ�0HGLWHUUDQHDQ�6HD��´�*HRSK\VLFDO�-RXUQDO�,QWHUQDWLRQDO�������������±����
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6DQGHUVRQ�� 'DYLG� -�� DQG� :�� 5�� '� 0DUFKLQL�� ������ ³7UDQVSUHVVLRQ�´� -RXUQDO� RI� 6WUXFWXUDO� *HRORJ\� �� ����� ���±���� GRL��������������
�����������������

6DQL��)���'HO�9HQWLVHWWH��&���0RQWDQDUL��'���%HQGNLN��$���&KHQDNHE��DQG�0��������³6WUXFWXUDO�(YROXWLRQ�RI�WKH�5LGHV�3UHULIDLQHV��0RURFFR���
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���±�����GRL���������V������������������
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KWWS���RQOLQHOLEUDU\�ZLOH\�FRP�GRL���������*0���S�����VXPPDU\��
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�

6WDOGHU��&ODXGLR��$JRVWLQD�9HUWLQR��$QWRQLHWWD�5RVVR��$QGUHV�5�JJHEHUJ��&ODXGLXV�3LUNHQVHHU�� -RUJH�(��6SDQJHQEHUJ��6LOYLD�6SH]]DIHUUL��
2VYDOGR�&DPR]]L��6DFKD�5DSSR��DQG�,UND�+DMGDV��������³0LFURIRVVLOV��D�.H\�WR�8QUDYHO�&ROG�:DWHU�&DUERQDWH�0RXQG�(YROXWLRQ�
WKURXJK�7LPH��(YLGHQFH�IURP�WKH�(DVWHUQ�$OERUDQ�6HD�´�3/26�21(����������H���������GRL���������MRXUQDO�SRQH����������

6WHFNOHU��0��6���DQG�$��%��:DWWV��������³6XEVLGHQFH�RI�WKH�$WODQWLF�7\SH�&RQWLQHQWDO�0DUJLQ�RII�1HZ�<RUN�´�(DUWK�DQG�3ODQHWDU\�6FLHQFH�
/HWWHUV����������±����GRL�����������������;�������������

6WHJPDQ��'��5���-��)UHHPDQ��:��3��6FKHOODUW��/��0RUHVL��DQG�'��0D\��������³,QIOXHQFH�RI�7UHQFK�:LGWK�RQ�6XEGXFWLRQ�+LQJH�5HWUHDW�5DWHV�LQ�
��'�0RGHOV�RI�6ODE�5ROOEDFN�´�*HRFKHPLVWU\��*HRSK\VLFV��*HRV\VWHPV��������4�������GRL�������������*&��������

6WLFK��'���$OJXDFLO�$OJXDFLO�*���DQG�-��0RUDOHV��������³7KH�5HODWLYH�/RFDWLRQV�RI�0XOWLSOHWV�LQ�WKH�9LFLQLW\�RI�WKH�:HVWHUQ�$OPHUÕD��6RXWKHUQ�
6SDLQ��(DUWKTXDNH�6HULHV�RI�����±�����´�*HRSK\VLFDO�-RXUQDO�,QWHUQDWLRQDO��QR����������±����

6WLFK��'���&��$PPRQ��DQG�-��0RUDOHV��������³0RPHQW�7HQVRU�6ROXWLRQV�IRU�6PDOO�DQG�0RGHUDWH�(DUWKTXDNHV�LQ�WKH�,EHUR�0DJKUHE�5HJLRQ�´�
-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK������%����GRL�������������-%��������

6WLFK��'���-��%DWOOR��-��0RUDOHV��0��5DPRQ��DQG�'��6DYND��������³6RXUFH�3DUDPHWHUV�RI�WKH�0�:� ����������$GUD�(DUWKTXDNH��6RXWKHUQ�6SDLQ��´�
*HRSK\VLFDO�-RXUQDO�,QWHUQDWLRQDO��QR����������±����

6WLFK��'���)�G�/��0DQFLOOD��'��%DXPRQW��DQG�-��0RUDOHV��������³6RXUFH�$QDO\VLV�RI�WKH�0Z����������$O�+RFHLPD�(DUWKTXDNH��0RURFFR��8VLQJ�
5HJLRQDO�$SSDUHQW�6RXUFH�7LPH�)XQFWLRQV�´�-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK������%����GRL�������������-%��������

6WLFK��'DQLHO��5RVD�0DUWtQ��DQG�-RVH�0RUDOHV��������³0RPHQW�7HQVRU�,QYHUVLRQ�IRU�,EHULD±0DJKUHE�(DUWKTXDNHV�����±�����´�7HFWRQRSK\VLFV�
������±�������±����GRL���������M�WHFWR��������������

6WLFK��'DQLHO��(QULFR�6HUSHOORQL��)ORU�GH�/LV�0DQFLOOD��DQG�-RVH�0RUDOHV��������³.LQHPDWLFV�RI�WKH�,EHULD±0DJKUHE�3ODWH�&RQWDFW�IURP�6HLVPLF�
0RPHQW�7HQVRUV�DQG�*36�2EVHUYDWLRQV�´�7HFWRQRSK\VLFV�������±�������±�����GRL���������M�WHFWR��������������

6WUDNKRY��1��0��������3ULQFLSOHV�RI�/LWKRJHQHVLV��6SULQJHU��KWWS���ZZZ�VSULQJHU�FRP�OD�ERRN����������������
6\OYHVWHU�� $UWKXU� *�� ������ ³6WULNH�6OLS� )DXOWV�´� *HRORJLFDO� 6RFLHW\� RI� $PHULFD� %XOOHWLQ� ���� ������ ����±������ GRL��������������

�������������������66)!����&2����
6\PRQV��:LOOLDP�2���(VWKHU�-��6XPQHU��3HWHU�-��7DOOLQJ��0DWWKLHX�-��%��&DUWLJQ\��DQG�0LFKDHO�$��&ODUH��������³/DUJH�6FDOH�6HGLPHQW�:DYHV�

DQG� 6FRXUV� RQ� WKH�0RGHUQ� 6HDIORRU� DQG� 7KHLU� ,PSOLFDWLRQV� IRU� WKH� 3UHYDOHQFH� RI� 6XSHUFULWLFDO� )ORZV�´�0DULQH�*HRORJ\� ����
�-DQXDU\������±����GRL���������M�PDUJHR��������������

7DFNOH\��3DXO�-��������³0DQWOH�&RQYHFWLRQ�DQG�3ODWH�7HFWRQLFV��7RZDUG�DQ�,QWHJUDWHG�3K\VLFDO�DQG�&KHPLFDO�7KHRU\�´�6FLHQFH�������������
����±���GRL���������VFLHQFH����������������

7DKD\W��$���.�/��)HLJO��7��0RXUDELW��$��5LJR��5��5HLOLQJHU��6��0F&OXVN\��$��)DGLO��HW�DO��������³7KH�$O�+RFHLPD��0RURFFR��(DUWKTXDNH�RI����
)HEUXDU\�������$QDO\VLV�DQG�,QWHUSUHWDWLRQ�RI�'DWD�IURP�(19,6$7�$6$5�DQG�6327��9DOLGDWHG�E\�*URXQG�%DVHG�2EVHUYDWLRQV�´�
5HPRWH�6HQVLQJ�RI�(QYLURQPHQW�������������±����GRL���������M�UVH��������������

7DKD\W��$EGHOLODK��7DRXILN�0RXUDELW��$OH[LV�5LJR��.XUW�/��)HLJO��$EGHODOL�)DGLO��6LPRQ�0F&OXVN\��5REHUW�5HLOLQJHU��HW�DO��������³0RXYHPHQWV�
$FWXHOV� 'HV� %ORFV� 7HFWRQLTXHV� 'DQV� /¶DUF� %pWLFR�5LIDLQ� ¬� 3DUWLU� 'HV�0HVXUHV� *36� (QWUH� ����� HW� �����´�&RPSWHV� 5HQGXV�
*HRVFLHQFH�������������±�����GRL���������M�FUWH��������������

7DOXNGHU��$�5���0�&��&RPDV��DQG�-�,��6RWR��������³3OLRFHQH�WR�5HFHQW�0XG�'LDSLULVP�DQG�5HODWHG�0XG�9ROFDQRHV�LQ�WKH�$OERUDQ�6HD��:HVWHUQ�
0HGLWHUUDQHDQ��´�*HRORJLFDO�6RFLHW\��/RQGRQ��6SHFLDO�3XEOLFDWLRQV�������������±����GRL���������*6/�63�����������������

7HVVRQ��0���DQG�%��*HQVRXV��������³/HV�%DVHV�'¶XQH�6WUDWLJUDSKLH�6LVPLTXH�'X�1pRJqQH�3RVW�1DSSHV�(Q�0HU�G¶$OERUDQ��$X�/DUJH�'X�
0DURF��,PSOLFDWLRQV�6WUXFWXUDOHV�HW�3DOpRJpRJUDSKLTXHV�´�-RXUQDO�RI�$IULFDQ�(DUWK�6FLHQFHV��DQG�WKH�0LGGOH�(DVW��������������±
����

7HVVRQ��0���%��*HQVRXV��*�3��$OOHQ��DQG�&��5DYHQQH��������³/DWH�4XDWHUQDU\�/RZVWDQG�:HGJHV�RQ�WKH�5K{QH�&RQWLQHQWDO�6KHOI��)UDQFH�´�
0DULQH�*HRORJ\��������±����

7HVVRQ��0���%��*HQVRXV��DQG�0��/DPEUDLPL��������³6HLVPLF�$QDO\VLV�RI�WKH�6RXWKHUQ�0DUJLQ�RI�WKH�$OERUDQ�6HD�´�-RXUQDO�RI�$IULFDQ�(DUWK�
6FLHQFHV������������������±����GRL�������������������������������

7KXUQHU��6DOO\��,PPD�3DORPHUDV��$ODQ�/HYDQGHU��5DPRQ�&DUERQHOO��DQG�&LQ�7\�/HH��������³2QJRLQJ�/LWKRVSKHULF�5HPRYDO�LQ�WKH�:HVWHUQ�
0HGLWHUUDQHDQ�� (YLGHQFH� IURP� 3V� 5HFHLYHU� )XQFWLRQV� DQG� 7KHUPREDURPHWU\� RI� 1HRJHQH� %DVDOWV� �3,&$662� 3URMHFW��´�
*HRFKHPLVWU\��*HRSK\VLFV��*HRV\VWHPV�������������±����GRL�������������*&��������

7LNRII��%DVLO��DQG�&��7H\VVLHU��������³6WUDLQ�0RGHOLQJ�RI�'LVSOFHPHQW�)LHOG�3DUWLRQLQJ�LQ�7UDQVSUHVVLRQDO�2URJHQV�´�-RXUQDO�RI�6WUXFWXUDO�
*HRORJ\��������������±����

7RUDEL�� $QLWD�� DQG� 6LOMH� 6W¡UHQ� %HUJ�� ������ ³6FDOLQJ� RI� )DXOW� $WWULEXWHV�� $�5HYLHZ�´�0DULQH� DQG� 3HWUROHXP�*HRORJ\� ��� ����� ����±����
GRL���������M�PDUSHWJHR��������������

7RUUHV�5ROGDQ��5��/���3ROL��*���3HFFHULOOR��DQG�$��������³$Q�(DUO\�0LRFHQH�$UF�7KROHLLWLF�0DJPDWLF�'LNH�(YHQW�IURP�WKH�$OERUDQ�6HD�²�
(YLGHQFH� IRU� 3UHFROOLVLRQDO� 6XEGXFWLRQ� DQG� %DFN�$UF� &UXVWDO� ([WHQVLRQ� LQ� WKH� :HVWHUQPRVW� 0HGLWHUUDQHDQ�´� *HRORJLVFKH�
5XQGVFKDX�����)HEUXDU\������±�����GRL���������EI����������

7RWR��(��$���$��(O�0LORXGL��0��(O�%DVUL��0��+DILG��/��=RXKUL��6��(O�0RXUDRXDK��0��%HQDPPL��HW�DO��������³1HZ�*HRSK\VLFDO�DQG�*HRORJLFDO�
(YLGHQFH� IRU� WKH� 3UHVHQW� 'D\� 6RXWKHUQPRVW� $FWLYH� 'HIRUPDWLRQDO� )URQW� RI� WKH� 5LI� 7KUXVW�DQG�)ROG� %HOW� DQG� WKH� 2FHDQLF�
$FFUHWLRQDU\�3ULVP�RI�&DGL]��7KH�'KDU�'RXP±/DOOD�=DKUD�)DXOW��1RUWKZHVWHUQ�$WODQWLF�&RDVWDO�0RURFFR�´�(QYLURQPHQWDO�(DUWK�
6FLHQFHV�������������±����GRL���������V������������������

7UHQKDLOH��$��6��������³0RGHOOLQJ�WKH�(IIHFW�RI�:DYHV��:HDWKHULQJ�DQG�%HDFK�'HYHORSPHQW�RQ�6KRUH�3ODWIRUP�'HYHORSPHQW�´�(DUWK�6XUIDFH�
3URFHVVHV�DQG�/DQGIRUPV������������±����GRL���������HVS�������

7XUFRWWH��'RQDOG�/���DQG�*HUDOG�6FKXEHUW��������*HRG\QDPLFV�����HG��&DPEULGJH��&DPEULGJH�8QLY��3UHVV��
8UJHOHV��5RJHU��$QWRQLR�&DWWDQHR��3HUH�3XLJ��&DPLQR�/LTXHWH��%HQ�0RO��'DYLG�$PEOjV��1DELO�6XOWDQ��DQG�)DELR�7ULQFDUGL��������³$�5HYLHZ�

RI� 8QGXODWHG� 6HGLPHQW� )HDWXUHV� RQ� 0HGLWHUUDQHDQ� 3URGHOWDV�� 'LVWLQJXLVKLQJ� 6HGLPHQW� 7UDQVSRUW� 6WUXFWXUHV� IURP� 6HGLPHQW�
'HIRUPDWLRQ�´�0DULQH�*HRSK\VLFDO�5HVHDUFK������±������±����GRL���������V������������������

9DFFKL�� 0DWWHR�� 1LFN� 0DUULQHU�� &KULVWRSKH� 0RUKDQJH�� *LRUJLR� 6SDGD�� $OHVVDQGUR� )RQWDQD�� DQG� $OHVVLR� 5RYHUH�� ������ ³0XOWLSUR[\�
$VVHVVPHQW�RI�+RORFHQH�5HODWLYH�6HD�/HYHO�&KDQJHV�LQ�WKH�:HVWHUQ�0HGLWHUUDQHDQ��6HD�/HYHO�9DULDELOLW\�DQG�,PSURYHPHQWV�LQ�
WKH�'HILQLWLRQ�RI�WKH�,VRVWDWLF�6LJQDO�´�(DUWK�6FLHQFH�5HYLHZV���������±����GRL���������M�HDUVFLUHY��������������

9DLO��3��5���5��0��0LWFKXP�-U��DQG�6��7KRPSVRQ�,LL��������³6HLVPLF�6WUDWLJUDSK\�DQG�*OREDO�&KDQJHV�RI�6HD�/HYHO��3DUW����*OREDO�&\FOHV�RI�
5HODWLYH�&KDQJHV�RI�6HD�/HYHO���6HFWLRQ����$SSOLFDWLRQ�RI�6HLVPLF�5HIOHFWLRQ�&RQILJXUDWLRQ�WR�6WUDWLJUDSKLF�,QWHUSUHWDWLRQ´������
��±����

9DOHUD��-��/���1HJUHGR��$��0���-LPpQH]�0XQW��DQG�,��������³'HHS�DQG�QHDU�6XUIDFH�&RQVHTXHQFHV�RI�5RRW�5HPRYDO�E\�$V\PPHWULF�&RQWLQHQWDO�
'HODPLQDWLRQ�´�7HFWRQRSK\VLFV���������±�����GRL���������M�WHFWR��������������

9DQ� GHU�:RHUG�� -���&��'RUEDWK�� )��2XVDGRX��/��'RUEDWK��%��'HORXLV��(�� -DFTXHV�� 3��7DSSRQQLHU�� HW� DO�� ������ ³7KH�$O�+RFHLPD�0Z�����
(DUWKTXDNH� RI� ��� )HEUXDU\� ����� DQG� ,WV� $IWHUVKRFNV� 6HTXHQFH�´� -RXUQDO� RI� *HRG\QDPLFV� ���� ��±�����
GRL���������M�MRJ��������������

9DQ�'LVVHQ��5-��.5�%HUU\PDQ��-5�3HWWLQJD��DQG�1/�+LOO��������³3DOHRVHLVPLFLW\�RI�WKH�:HOOLQJWRQǦ+XWW�9DOOH\�6HJPHQW�RI�WKH�:HOOLQJWRQ�
)DXOW��1RUWK�,VODQG��1HZ�=HDODQG�´�1HZ�=HDODQG�-RXUQDO�RI�*HRORJ\�DQG�*HRSK\VLFV������������±����



�

9DQQXFFL��*���DQG�3��*DVSHULQL��������³7KH�1HZ�5HOHDVH�RI�WKH�'DWDEDVH�RI�(DUWKTXDNH�0HFKDQLVPV�RI�WKH�0HGLWHUUDQHDQ�$UHD��(00$�
9HUVLRQ����´�KWWS���ZZZ�HDUWK�SULQWV�RUJ�KDQGOH������������

9i]TXH]��-��7���)��(VWUDGD��5��9HJDV��*��(UFLOOD��(��G¶$FUHPRQW��/��0��)HUQiQGH]�6DODV��DQG�%��$ORQVR��������³4XDWHUQDU\�7HFWRQLFV�,QIOXHQFH�
2QWKH�$GUD�&RQWLQHQWDO�6ORSH�0RUSKRORJ\��1RUWKHUQ�$OERUDQ�6HD��´�

9HUJpV��-DXPH��DQG�0DQHO�)HUQjQGH]��������³7HWK\V±$WODQWLF�,QWHUDFWLRQ�DORQJ�WKH�,EHULD±$IULFD�3ODWH�%RXQGDU\��7KH�%HWLF±5LI�2URJHQLF�
6\VWHP�´�7HFWRQRSK\VLFV������'HFHPEHU������±����GRL���������M�WHFWR��������������

9HUQDQW��3KLOLSSH��$EGHODOL�)DGLO��7DRXILN�0RXUDELW��'ULVV�2XD]DU��$FKUDI�.RXODOL��-RVH�0DUWLQ�'DYLOD��-RUJH�*DUDWH��6LPRQ�0F&OXVN\��DQG�
5REHUW�5HLOLQJHU��������³*HRGHWLF�&RQVWUDLQWV�RQ�$FWLYH�7HFWRQLFV�RI�WKH�:HVWHUQ�0HGLWHUUDQHDQ��,PSOLFDWLRQV�IRU�WKH�.LQHPDWLFV�
DQG� '\QDPLFV� RI� WKH� 1XELD�(XUDVLD� 3ODWH� %RXQGDU\� =RQH�´� -RXUQDO� RI� *HRG\QDPLFV� ��� ��±���� ���±����
GRL���������M�MRJ��������������

9L~GH]��$���-��0��3LQRW��DQG�5��/��+DQH\��������³2Q�WKH�8SSHU�/D\HU�&LUFXODWLRQ�LQ�WKH�$OERUDQ�6HD�´�-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK��
2FHDQV������&����������±����GRL�����������-&�������

9L~GH]��ÈOYDUR��-RDTXtQ�7LQWRUp��DQG�5REHUW�/��+DQH\��������³&LUFXODWLRQ�LQ�WKH�$OERUDQ�6HD�DV�'HWHUPLQHG�E\�4XDVL�6\QRSWLF�+\GURJUDSKLF�
2EVHUYDWLRQV��3DUW�,��7KUHH�'LPHQVLRQDO�6WUXFWXUH�RI�WKH�7ZR�$QWLF\FORQLF�*\UHV�´�-RXUQDO�RI�3K\VLFDO�2FHDQRJUDSK\���������
���±�����GRL���������������������������������&,7$6$!����&2����

:DHOEURHFN��&���/��/DEH\ULH��(��0LFKHO��-��&��'XSOHVV\��-��)��0F0DQXV��.��/DPEHFN��(��%DOERQ��DQG�0��/DEUDFKHULH��������³6HD�/HYHO�DQG�
'HHS�:DWHU�7HPSHUDWXUH�&KDQJHV�'HULYHG�IURP�%HQWKLF�)RUDPLQLIHUD�,VRWRSLF�5HFRUGV�´�4XDWHUQDU\�6FLHQFH�5HYLHZV��(3,/2*��
�����±�������±�����GRL���������6����������������������

:DOVK��-��-��:��5�%DLOH\��&�&KLOGV��$�1LFRO��DQG�&��*�%RQVRQ��������³)RUPDWLRQ�RI�6HJPHQWHG�1RUPDO�)DXOWV��$���'�3HUVSHFWLYH�´�-RXUQDO�
RI�6WUXFWXUDO�*HRORJ\�������������±����GRL���������6�������������������;��

:DOVK��-��-���-��:DWWHUVRQ��:��5��%DLOH\��DQG�&��&KLOGV��������³)DXOW�5HOD\V��%HQGV�DQG�%UDQFK�/LQHV�´�-RXUQDO�RI�6WUXFWXUDO�*HRORJ\������±
��������±����GRL���������6����������������������

:DQJ��3LQ[LDQ�� -XQ�7LDQ��DQG�/XFDV� -��/RXUHQV��������³2EVFXULQJ�RI�/RQJ�(FFHQWULFLW\�&\FOLFLW\� LQ�3OHLVWRFHQH�2FHDQLF�&DUERQ� ,VRWRSH�
5HFRUGV�´�(DUWK�DQG�3ODQHWDU\�6FLHQFH�/HWWHUV�������±�������±����GRL���������M�HSVO��������������

:DWWV��$��%��������³$Q�$QDO\VLV�RI�,VRVWDV\�LQ�WKH�:RUOG¶V�2FHDQV����+DZDLLDQ�(PSHURU�6HDPRXQW�&KDLQ�´�-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK��
6ROLG�(DUWK�����%���������±������GRL���������-%���L%��S�������

:DWWV��$��%��DQG�(��%�%XURY��������³/LWKRVSKHULF�6WUHQJWK�DQG�,WV�5HODWLRQVKLS�WR�WKH�(ODVWLF�DQG�6HLVPRJHQLF�/D\HU�7KLFNQHVV�´�(DUWK�DQG�
3ODQHWDU\�6FLHQFH�/HWWHUV�������±�������±����GRL���������6��������;�������������

:DWWV��$��%���-��3��3ODWW��DQG�3��%XKO��������³7HFWRQLF�(YROXWLRQ�RI�WKH�$OERUDQ�6HD�%DVLQ�´�%DVLQ�5HVHDUFK�����������±����
:DWWV��$��%���DQG�:��%��)��5\DQ��������³)OH[XUH�RI�WKH�/LWKRVSKHUH�DQG�&RQWLQHQWDO�0DUJLQ�%DVLQV�´�7HFWRQRSK\VLFV��6HGLPHQWDU\�EDVLQV�RI�

FRQWLQHQWDO�PDUJLQV�DQG�FUDWRQV������������±����GRL�������������������������������
:HEVWHU��-RG\�0���'DYLG�$��&ODJXH��.ULVWLQ�5LNHU�&ROHPDQ��&KULVWLQD�*DOOXS��-XDQ�&��%UDJD��'RQDOG�3RWWV�� -DPHV�*��0RRUH��(GZDUG�/��

:LQWHUHU��DQG�&KDUOHV�.��3DXOO��������³'URZQLQJ�RI�WKH�í����0�5HHI�RII�+DZDLL��$�&DVXDOW\�RI�*OREDO�0HOWZDWHU�3XOVH��$"´�
*HRORJ\������������±����GRL���������*���������

:HUQOL��5�� ������ ³0LFURSDOpRQWRORJLH�'X�1pRJqQH�3RVW�1DSSHV�'X�0DURF�6HSWHQWULRQDO� HW�'HVFULSWLRQ�6\VWpPDWLTXH�'HV�)RUDPLQLIqUHV�
3ODQFWRQLTXHV�´�1RWHV�	�0pP��6HUY��*pRO��0DURF�����������
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