
$QDO\VH SK\VLTXH HW PRGuHOLVDWLRQ GHV SURFHVVXV
K\GURG\QDPLTXHV HQ ]RQH GH VXUI

3KLOLSSH %RQQHWRQ
'uHSDUWHPHQW GH JuHRORJLH HW G
RFuHDQRJUDSKLH� 805 &156 �����
DYHQXH GHV )DFXOWuHV� 8QLYHUVLWuH %RUGHDX[ �� ����� 7DOHQFH� )UDQFH

S�ERQQHWRQ#HSRF�X�ERUGHDX[��IU

0RWV FOuHV � YDJXHV� GuHIHUOHPHQW� ]RQH GH VXUI� RQGH LQIUDJUDYLWDLUH� FRXUDQW PR\HQ
.H\ZRUGV � VXUIDFH ZDYH� ZDYH EUHDNLQJ� VXUI ]RQH� LQIUDJUDYLW\ ZDYH� PHDQ FXUUHQW

5uHVXPuH

1RXV GuHFULYRQV GDQV FHW DUWLFOH OHV SULQFLSDX[ SURFHVVXV K\GURG\QDPLTXHV TXH O
RQ
SHXW REVHUYHU HQ ]RQH GH VXUI� HQ SUuHFLVDQW OHXUV GLmuHUHQWHV uHFKHOOHV FDUDFWuHULVWLTXHV� (Q
SDUWLFXOLHU� QRXV GuHYHORSSRQV XQH DQDO\VH GHV PuHFDQLVPHV GH JuHQuHUDWLRQ SDU OHV YDJXHV GHV
FRXUDQWV PR\HQV HW GX VHW�XS� )LQDOHPHQW� QRXV SUuHVHQWRQV XQH V\QWKtHVH GHV SULQFLSDOHV
VWUDWuHJLHV GH PRGuHOLVDWLRQ GHV SURFHVVXV RQGXODWRLUHV HW WRXUELOORQQDLUHV HQ ]RQH GH VXUI�

$EVWUDFW � 3K\VLFDO DQDO\VLV DQG PRGHOOLQJ RI K\GURG\QDPLF SURFHVVHV LQ WKH VXUI ]RQH�
,Q WKLV SDSHU� ZH GHVFULEH WKH PDLQ K\GURG\QDPLF SURFHVVHV ZKLFK FDQ EH REVHUYHG

LQ WKH VXUI ]RQH� DQG ZH VSHFLI\ WKHLU GLmHUHQW FKDUDFWHULVWLF WLPH DQG VSDFH VFDOHV� ,Q
SDUWLFXODU� ZH GHYHORS DQ DQDO\VLV RI PHFKDQLVPV ZKLFK FRQWURO WKH SKHQRPHQD RI ZDYH�
LQGXFHG FXUUHQWV DQG ZDYH VHW�XS� )LQDOO\� ZH SUHVHQW D V\QWKHVLV RI WKH PDLQ PRGHOOLQJ
VWUDWHJLHV IRU ZDYH DQG YRUWH[ SURFHVVHV LQ WKH VXUI ]RQH�
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� ,QWURGXFWLRQ
/HV YDJXHV HQ VH SURSDJHDQW YHUV OD FARWH VH UDLGLVVHQW HQ PAHPH WHPSV TXH OD SUR�

IRQGHXU G
HDX GLPLQXH ��]RQH GH OHYuHH��� FH TXL FRQGXLW JuHQuHUDOHPHQW DX SKuHQRPtHQH GH
GuHIHUOHPHQW� TXH O
RQ TXDOLnH GH �GuHIHUOHPHQW EDWK\PuHWULTXH�� /HV YDJXHV GuHIHUOuHHV FRQWLQ�
XHQW tD VH SURSDJHU GDQV XQH ]RQH GuHQRPPuHH �]RQH GH VXUI�� MXVTX
tD FH TX
HOOHV DWWHLJQHQW
OH ULYDJH HW JuHQuHUHQW GHV MHWV GH ULYH ��]RQH GH VZDVK��� /D ]RQH GH VXUI HVW OH VLtHJH GH
PRXYHPHQWV WXUEXOHQWV HW GH FRXUDQWV G
XQH JUDQGH LQWHQVLWuH� TXL MRXHQW XQ UAROH HVVHQWLHO
GDQV OD G\QDPLTXH VuHGLPHQWDLUH GHV SODJHV VDEOHXVHV� 'DQV FHWWH ]RQH� OHV SURFHVVXV K\GUR�
G\QDPLTXHV VRQW DXVVL ELHQ GH QDWXUH RQGXODWRLUH �KRXOH� PHU GX YHQW HW RQGHV LQIUDJUDYL�
WDLUHV� TXH WRXUELOORQQDLUH �WXUEXOHQFH WULGLPHQVLRQQHOOH tD SHWLWH uHFKHOOH� WRXUELOORQV TXDVL
ELGLPHQVLRQQHOV GH PR\HQQH uHFKHOOH DVVRFLuHV DX[ LQVWDELOLWuHV GHV FRXUDQWV LQGXLWV SDU OD
KRXOH�� HW LOV LQWHUDJLVVHQW IRUWHPHQW HQWUH HX[� $LQVL TXH O
LOOXVWUH OD nJXUH �� FHV SURFHVVXV
FRXYUHQW XQH JDPPH G
uHFKHOOHV VSDWLR�WHPSRUHOOHV H[WUAHPHPHQW ODUJH� /D FRPSUuHKHQVLRQ
SXLV OD PRGuHOLVDWLRQ GH O
HQVHPEOH GH FHV SKuHQRPtHQHV K\GURG\QDPLTXHV HW GH OHXUV LQWHU�
DFWLRQV UHSUuHVHQWHQW XQ YuHULWDEOH GuHn VFLHQWLnTXH�

/
REMHFWLI GH FHW DUWLFOH HVW GH GuHFULUH OHV SURFHVVXV K\GURG\QDPLTXHV TXH O
RQ REVHUYH
HQ ]RQH GH VXUI HW GH GRQQHU XQ DSHUzFX GHV SULQFLSDOHV VWUDWuHJLHV GH PRGuHOLVDWLRQ GH FHV
SKuHQRPtHQHV� 3RXU XQ uHFODLUDJH FRPSOuHPHQWDLUH VXU FH YDVWH VXMHW� OH OHFWHXU SRXUUD VH
UuHIuHUHU DX[ DUWLFOHV GH V\QWKtHVH GH %DWWMHV ������� +DPP HW DO� ������ HW 6YHQGVHQ 	
3XWUHYX ������ HW tD O
RXYUDJH GH $UFLOOD 	 /HPRV �������

$SUtHV DYRLU LQWURGXLW GDQV OD VHFWLRQ � OHV PuHFDQLVPHV GH JuHQuHUDWLRQ GH O
uHFRXOHPHQW
PR\HQ LQGXLW SDU OD KRXOH� QRXV SUuHVHQWRQV GDQV OD VHFWLRQ � XQH EUtHYH DQDO\VH GHVFULSWLYH
GHV SULQFLSDX[ SURFHVVXV K\GURG\QDPLTXHV SUuHVHQWV HQ ]RQH GH VXUI� HQ SUuHFLVDQW OHXUV
GLmuHUHQWHV uHFKHOOHV VSDWLR�WHPSRUHOOHV FDUDFWuHULVWLTXHV� 1RXV SUuHVHQWRQV nQDOHPHQW GDQV OD
VHFWLRQ � OHV SULQFLSDOHV VWUDWuHJLHV GH PRGuHOLVDWLRQ GH FHV SURFHVVXV�

� 0uHFDQLVPHV SK\VLTXHV UuHJLVVDQW O
uHFRXOHPHQW PR\HQ
LQGXLW SDU OD KRXOH
/RUVTXH O
RQ PHVXUH OH FKDPS GH YLWHVVH KRUL]RQWDOH HQ ]RQH GH VXUI� RQ FRQVWDWH

TX
LO H[LVWH� PAHPH HQ O
DEVHQFH GH PDUuHH� XQH FRPSRVDQWH PR\HQQH QRQ QXOOH �PR\HQQH
WHPSRUHOOH VXU XQ WHPSV uHJDO tD OD SuHULRGH FDUDFWuHULVWLTXH GHV YDJXHV�� TXL HVW VRXYHQW GH
IRUWH LQWHQVLWuH� &HWWH FRPSRVDQWH SHXW AHWUH OLuHH tD OD SUuHVHQFH G
RQGHV GH VXUIDFH EDVVHV
IUuHTXHQFHV� GuHQRPPuHHV �RQGHV LQIUDJUDYLWDLUHV�� PDLV DXVVL tD GHV FRXUDQWV QRQ SURSDJDWLIV
LQGXLWV SDU OD WUDQVIRUPDWLRQ GHV YDJXHV� TXH MH GuHQRPPHUDL SDU OD VXLWH �FRXUDQWV PR\HQV��
'LmuHUHQWV W\SHV GH FRXUDQWV PR\HQV SHXYHQW AHWUH LGHQWLnuHV � OH �FRXUDQW GH UHWRXU� RULHQWuH
YHUV OH ODUJH � OH �FRXUDQW GH GuHULYH� SDUDOOtHOH DX ULYDJH� SUuHVHQW ORUVTXH OHV YDJXHV VH
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)LJ� �� u(FKHOOHV VSDWLR�WHPSRUHOOHV GHV SURFHVVXV K\GURG\QDPLTXHV HQ ]RQH GH VXUI�

SURSDJHQW DYHF XQ DQJOH G
LQFLGHQFH QRQ QXO SDU UDSSRUW tD OD QRUPDOH tD OD FARWH � DLQVL TXH
OHV �FRXUDQWV VDJLWWDX[� TXL FRUUHVSRQGHQW tD GHV FRXUDQWV ORFDOLVuHV RULHQWuHV YHUV OH ODUJH�
TXH O
RQ REVHUYH SDU H[HPSOH HQ SUuHVHQFH GH EDUUHV VDEOHXVHV D\DQW XQH WRSRJUDSKLTXH
WULGLPHQVLRQQHOOH �H[� � EDUUHV HQ FURLVVDQW��

'DQV FHWWH VHFWLRQ� M
LQWURGXLV OHV FRQFHSWV SK\VLTXHV� GuHYHORSSuHV LQLWLDOHPHQW SDU
/RQJXHW�+LJJLQV 	 6WHZDUW ������ ������ TXL SHUPHWWHQW GH GuHFULUH O
uHFRXOHPHQW
PR\HQ LQGXLW SDU OHV YDJXHV� 3RXU VLPSOLnHU OD SUuHVHQWDWLRQ GH FHV FRQFHSWV� QRXV QRXV
OLPLWRQV tD O
uHWXGH G
XQH KRXOH UuHJXOLtHUH GH SuHULRGH 7 � /
DSSOLFDWLRQ GH FHWWH DSSURFKH DX
FDV GH KRXOHV UuHHOOHV DOuHDWRLUHV VHUD SUuHVHQWuHH tD OD VHFWLRQ ����

��� 0RGtHOH WKuHRULTXH �'+
'DQV OD ]RQH OLWWRUDOH� O
uHFKHOOH KRUL]RQWDOH FDUDFWuHULVWLTXH GH O
uHFRXOHPHQW PR\HQ

HVW WUtHV JUDQGH GHYDQW OD SURIRQGHXU G
HDX� ,O HVW GRQF QDWXUHO G
HVVD\HU GH UuHGXLUH OD
FRPSOH[LWuH GX SUREOtHPH HQ WUDYDLOODQW QRQ SOXV VXU OHV uHTXDWLRQV WULGLPHQVLRQQHOOHV GX
PRXYHPHQW� PDLV VXU XQ V\VWtHPH G
uHTXDWLRQV ELGLPHQVLRQQHOOHV REWHQX SDU LQWuHJUDWLRQ
VXLYDQW OD YHUWLFDOH GHV uHTXDWLRQV GH 1DYLHU 6WRNHV� 2Q FRQVLGtHUH GH SOXV TXH OH FKDPS GH
YLWHVVH KRUL]RQWDOH aY � �[� \� ]� W� �aY �  �Y � � ������� � � HVW OD VRPPH G
XQH FRPSRVDQWH oXFWXDQWH
OLuHH tD OD KRXOH aaX�[� \� ]� W� �aaX  �aX � � ���	�
� � � HW G
XQH FRPSRVDQWH PR\HQQH a8�[� \� W� �a8  
�8 � � ���	��� � � LQYDULDQWH VXLYDQW OD YHUWLFDOH� 'DQV FHWWH VHFWLRQ� QRXV QuHJOLJHRQV OD FRPSRVDQWH
WXUEXOHQWH GH OD YLWHVVH� TXL HVW QRUPDOHPHQW LQFOXVH GDQV OD FRPSRVDQWH oXFWXDQWH aX � �FI�
VHFWLRQ ����� (Q LQWuHJUDQW YHUWLFDOHPHQW OHV uHTXDWLRQV GH FRQVHUYDWLRQ GH OD PDVVH HW GH OD
TXDQWLWuH GH PRXYHPHQW KRUL]RQWDOH HQWUH OD FRWH GX IRQG ]  bG�[� \� HW OD VXUIDFH OLEUH
]  r�[� \� W� �OD KDXWHXU G
HDX K�[� \� W� HVW GRQQuHH SDU K  r � G�� SXLV HQ DSSOLTXDQW
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O
RSuHUDWHXU GH PR\HQQH WHPSRUHOOH GuHnQL SDU �
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RQ REWLHQW �3KLOOLSV� ���� �%RQQHWRQ� ����� OH V\VWtHPH G
uHTXDWLRQV UuHJLVVDQW O
uHFRXOHPHQW
PR\HQ �
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RtX �[ � � ���	�
� �  �[� \�� x4 � HVW OH oX[ GH PDVVH WRWDO � x4 �  5 �
��� Y � G] �� | OD GHQVLWuH GH O
HDX�

J OD JUDYLWuH� ~ 
� OD WHQVLRQ PR\HQQH GH FLVDLOOHPHQW DX IRQG HW 6 � 	 HVW GRQQuH SDU �
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RtX 3 HVW OD SUHVVLRQ� HW a4 � HVW OH oX[ GH PDVVH LQGXLW SDU OD KRXOH � a4 �  5 �
��� aX � G] ��

/RUVTXH O
RQ DSSOLTXH O
RSuHUDWHXU GH PR\HQQH WHPSRUHOOH ��� VXU O
uHTXDWLRQ GH FRQVHU�
YDWLRQ GH OD TXDQWLWuH GH PRXYHPHQW KRUL]RQWDOH� OH FDUDFWtHUH QRQ OLQuHDLUH GH FHWWH GHUQLtHUH
HQWUDArQH O
DSSDULWLRQ GDQV O
uHTXDWLRQ PR\HQQuHH ��� GH YDULDEOHV VXSSOuHPHQWDLUHV VRXV OD
IRUPH G
XQ WHQVHXU 6 � 	 � GuHQRPPuH WHQVHXU GHV WHQVLRQV GH UDGLDWLRQ� &HV WHQVLRQV GH UDGLD�
WLRQ 6 � 	 UHSUuHVHQWHQW O
H[FtHV GH oX[ GH TXDQWLWuH GH PRXYHPHQW PR\HQ DVVRFLuH DX[ PRXYH�
PHQWV GHV YDJXHV� /H JUDGLHQW GHV WHQVLRQV GH UDGLDWLRQ FDUDFWuHULVH OH WUDQVIHUW GH TXDQWLWuH
GH PRXYHPHQW GH OD KRXOH YHUV O
uHFRXOHPHQW PR\HQ�

/
uHWDEOLVVHPHQW GX V\VWtHPH G
uHTXDWLRQV � HW � V
DSSXLH SULQFLSDOHPHQW VXU GHX[ DS�
SUR[LPDWLRQV� /D SUHPLtHUH HVW G
XWLOLVHU OH FRQFHSW GH VXUIDFH OLEUH PRQRYDOXuHH SRXU GuHFULUH
O
LQWHUIDFH DLU�HDX� HW OD VHFRQGH GH FRQVLGuHUHU TXH OD SUHVVLRQ PR\HQQH VXU OH IRQG HVW K\�
GURVWDWLTXH� 'DQV XQ VRXFL GH VLPSOLnFDWLRQ GH FHWWH SUuHVHQWDWLRQ� QRXV DYRQV DXVVL QuHJOLJuH
OD WHQVLRQ PR\HQQH GH FLVDLOOHPHQW tD OD VXUIDFH OLEUH� DLQVL TXH OD FRQWULEXWLRQ PR\HQQH GHV
FRQWUDLQWHV YLVTXHXVHV TXL HVW IDLEOH GHYDQW 6 � 	 �

/H FDOFXO GHV WHQVLRQV GH UDGLDWLRQ 6 � 	 HW GX oX[ GH PDVVH a4 � QuHFHVVLWH O
XWLOLVDWLRQ
G
XQ PRGtHOH VWDWLRQQDLUH GH SURSDJDWLRQ GH OD KRXOH� &H GHUQLHU� FRXSOuH DX[ uHTXDWLRQV
� HW �� SHUPHW DORUV GH GuHFULUH O
uHFRXOHPHQW PR\HQ LQGXLW SDU OD KRXOH� 3DU OD VXLWH� FH
W\SH GH PRGtHOH FRXSOuH ELGLPHQVLRQQHO KRXOH�FRXUDQW VHUD GuHQRPPuH �PRGtHOH �'+�� 3RXU
XQH SUuHVHQWDWLRQ GuHWDLOOuHH GHV PRGtHOHV GH YDJXHV VWDWLRQQDLUHV� OH OHFWHXU SRXUUD VH UuHIuHUHU
DX[ RXYUDJHV GH0HL ������ HW GH 'LQJHPDQV ������ SRXU OHV PRGtHOHV �PLG�VORSH� HW DX[
DUWLFOHV GH %HFT ������ HW GH %RRLM HW DO� ������ SRXU OHV PRGtHOHV VSHFWUDX[ VWRFKDVWLTXHV�

8QH IRLV x4 � HW xK REWHQXV tD SDUWLU GX PRGtHOH FRXSOuH �'+� OH FKDPS GH YLWHVVH 8 � VH
GuHGXLW GH OD UHODWLRQ �

8 �  x4 � b a4 �

xK ���
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TXL H[SULPH TXH OH oX[ GH PDVVH WRWDO x4 � HVW uHJDO tD OD VRPPH GX oX[ GH PDVVH DVVRFLuH tD
OD KRXOH a4 � HW GX oX[ GH PDVVH OLuH tD O
uHFRXOHPHQW PR\HQ xK8 � �

��� 'uHnQLWLRQ GH OD GuHFRPSRVLWLRQ KRXOH�FRXUDQW
-XVTX
LFL� QRXV Q
DYRQV SDV GuHnQL H[SOLFLWHPHQW OD GuHFRPSRVLWLRQ GX FKDPS GH YLWHVVH

HQ XQH FRPSRVDQWH PR\HQQH 8 � HW XQH FRPSRVDQWH �oXFWXDQWH� aX � DVVRFLuHH tD OD KRXOH�
/HV GHX[ GuHnQLWLRQV OHV SOXV FRXUDPPHQW XWLOLVuHHV SRXU OH FRXUDQW PR\HQ VRQW FHOOHV GH
3KLOOLSV ������ �

8 �  xY �  � aX �  � ���
HW GH 0HL ������ �

8 �  �
xK x4 �  �

xK
= �

���
Y � G]  � a4 �  

= �

���
aX � G]  � ���

/D GuHnQLWLRQ GH 3KLOOLSV HVW OD SOXV QDWXUHOOH GX SRLQW GH YXH SK\VLTXH� HW HOOH HVW
IDFLOHPHQW DFFHVVLEOH H[SuHULPHQWDOHPHQW tD SDUWLU GH OD PHVXUH ORFDOH GH OD YLWHVVH DX PR\HQ
G
XQ FRXUDQWRPtHWUH� (Q UHYDQFKH� OH FRXUDQW PR\HQ DLQVL GuHnQL Q
D GH VHQV TXH SRXU OHV
SRLQWV GH O
HVSDFH HQ SHUPDQHQFH LPPHUJuHV� F
HVW�tD�GLUH VH VLWXDQW VRXV OH FUHX[ GHV YDJXHV�
'H SOXV� SRXU uHWDEOLU OH V\VWtHPH G
uHTXDWLRQV � HW �� LO HVW QuHFHVVDLUH GH IDLUH XQH K\SRWKtHVH
VXSSOuHPHQWDLUH VXU OD IDLEOH YDULDELOLWuH YHUWLFDOH GX FRXUDQW PR\HQ 8 � � &RQWUDLUHPHQW tD OD
GuHnQLWLRQ GH 3KLOOLSV� FHOOH GH 0HL HVW PDWKuHPDWLTXHPHQW ELHQ SRVuHH� &HSHQGDQW� RQ SHXW
PRQWUHU TXH OD YLWHVVH PR\HQQH DLQVL GuHnQLH QH GuHFULW SDV OH FRXUDQW GH UHWRXU� GRQW OD
FRQWULEXWLRQ GRLW AHWUH LQFOXVH GDQV OD FRPSRVDQWH �oXFWXDQWH��

8QH DOWHUQDWLYH tD FHV GHX[ GuHnQLWLRQV HVW GH GuHnQLU OH FRXUDQW PR\HQ 8 � FRPPH OD
PR\HQQH WHPSRUHOOH GH OD YLWHVVH KRUL]RQWDOH PR\HQQuHH VXLYDQW OD YHUWLFDOH �

8 �  �
K
= �

���
Y � G]  � �

K
= �

���
aX � G]  � ���

&RQWUDLUHPHQW tD FH TX
DpUPH 'LQJHPDQV ������� OD GLmuHUHQFH HQWUH OHV GuHnQLWLRQV ��� HW
��� Q
HVW SDV WRXMRXUV QuHJOLJHDEOH� HQ SDUWLFXOLHU HQ ]RQH GH VXUI� $LQVL� DYHF OD GuHnQLWLRQ
��� OD FRQWULEXWLRQ GX FRXUDQW GH UHWRXU HVW LQFOXVH GDQV 8 � �%RQQHWRQ� ������

��� $SSOLFDWLRQ GH OD WKuHRULH �'+ DX FDOFXO GHV FRXUDQWV PR\HQV
2Q DSSOLTXH OD WKuHRULH �'+ GH 3KLOOLSV tD XQH VLWXDWLRQ LGuHDOLVuHH GDQV ODTXHOOH OH

FKDPS GH KRXOH HVW LQYDULDQW GDQV OD GLUHFWLRQ SDUDOOtHOH tD OD SODJH HW O
uHFRXOHPHQW PR\HQ
TX
LO LQGXLW HVW VWDWLRQQDLUH� /
D[H [� SHUSHQGLFXODLUH tD OD SODJH� HVW RULHQWuH YHUV OH KDXW
GH SODJH� 2Q FRQVLGtHUH TXH OD SHQWH GH FHWWH GHUQLtHUH HVW VXpVDPPHQW IDLEOH SRXU TXH OD
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UuHoH[LRQ GHV YDJXHV VRLW QuHJOLJHDEOH� /H V\VWtHPH G
uHTXDWLRQV � HW � VH UuHGXLW� VL O
RQ QuHJOLJH
OH WHUPH GH IURWWHPHQW ~ 
� � tD �

x4 �  a4 � � xK8 �  � ���
b|JxK#xr#[ b #6 ���

#[  � ����
b#6 ���

#[ b ~ 
�  � ����
'DQV OH FDGUH G
XQH DSSURFKH TXDOLWDWLYH� OD WKuHRULH OLQuHDLUH GH OD KRXOH SHXW GRQQHU XQH
HVWLPDWLRQ GHV TXDQWLWuHV LQWuHJUuHHV a4 � � 6 ��� HW 6 ��� �

a4 �  FRV t (|F
6 ���  

t
�� � FRV � t�F �F b �

�
u
(

6 ���  F �
F VLQ t FRV t(

RtX ( HVW O
uHQHUJLH GH OD KRXOH �(  �
� |J+ � � + HVW OD KDXWHXU GHV YDJXHV�� t O
DQJOH GH

SURSDJDWLRQ GH OD KRXOH SDU UDSSRUW tD O
D[H [� F HW F � OHV PRGXOHV GH OD YLWHVVH GH SKDVH HW
GH OD YLWHVVH GH JURXSH� t$ O
DSSURFKH GX ULYDJH� O
uHQHUJLH GHV YDJXHV YD FURArWUH GDQV OD ]RQH
GH OHYuHH� SXLV GuHFURArWUH GDQV OD ]RQH GH VXUI� GX IDLW GH OD GLVVLSDWLRQ G
uHQHUJLH WXUEXOHQWH
OLuHH DX GuHIHUOHPHQW� &HWWH uHYROXWLRQ VSDWLDOH GH O
uHQHUJLH ( HQWUDArQH XQH YDULDWLRQ GH a4 � �
6 ��� HW 6 ��� � TXL FRQWUAROH �uHTXDWLRQV �� �� HW ��� O
LQWHQVLWuH GX FRXUDQW GH UHWRXU 8 � � GX
FRXUDQW GH GuHULYH 8 � HW OD SRVLWLRQ GX QLYHDX PR\HQ GH OD VXUIDFH OLEUH xr�

$nQ G
LOOXVWHU O
uHFRXOHPHQW PR\HQ LQGXLW SDU XQH KRXOH REOLTXH� MH SUuHVHQWH VXU OD
nJXUH � XQH VROXWLRQ GX V\VWtHPH G
uHTXDWLRQV �� ��� ��� UHSRVDQW VXU O
XWLOLVDWLRQ GX PRGtHOH
GH KRXOH OH SOXV VLPSOH SRVVLEOH� TXL SHUPHWWH GH UHSURGXLUH TXDOLWDWLYHPHQW OD SK\VLTXH
GX SUREOtHPH� 'DQV OD ]RQH GH OHYuHH� OD KDXWHXU GHV YDJXHV HVW GuHWHUPLQuHH SDU OD WKuHRULH
OLQuHDLUH GH OD UuHIUDFWLRQ� HW OD GLVVLSDWLRQ G
uHQHUJLH GDQV OD ]RQH GH VXUI HVW GuHFULWH SDU
+  �� �xK �nJXUH �$�� /
uHYROXWLRQ GHV TXDQWLWuHV LQWuHJUuHHV a4 � � 6 ��� HW 6 ��� HVW UHSURGXLWH VXU
OHV nJXUHV �%� & HW '�

/
uHTXDWLRQ ��� LVVXH GH OD FRQVHUYDWLRQ GH OD TXDQWLWuH GH PRXYHPHQW VXLYDQW [� SHUPHW
G
REWHQLU OH JUDGLHQW VXLYDQW [ GX QLYHDX PR\HQ GX SODQ G
HDX xr HQ IRQFWLRQ GX JUDGLHQW
GH WHQVLRQ GH UDGLDWLRQ � #xr

#[  b �
|JxK

#6 ���

#[
2Q HQ GuHGXLW �nJXUH �(� XQH VRXV�uHOuHYDWLRQ GX SODQ G
HDX SDU UDSSRUW DX QLYHDX G
HDX DX
UHSRV� GuHQRPPuHH �VHW�GRZQ�� DX GuHEXW GH OD ]RQH GH GuHIHUOHPHQW HW XQH VXUuHOuHYDWLRQ GX
SODQ G
HDX GDQV OD ]RQH GH VXUI� GuHQRPPuHH �VHW�XS��

/
uHTXDWLRQ � LVVXH GH OD FRQVHUYDWLRQ GH OD PDVVH WUDGXLW OH IDLW TXH SRXU XQ IRUzFDJH
VWDWLRQQDLUH OH oX[ GH PDVVH WRWDO YHUV OD SODJH HVW QXO� 2Q HQ GuHGXLW TXH 8 �  b ���
	��



������ v �
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set-up

set-down

x (m) x (m)

début du
déferlement

)LJ� �� 0RGuHOLVDWLRQ �'+ LGuHDOLVuHH GH O
uHFRXOHPHQW PR\HQ �$� + � %� a4 � � &� 6 ���  | � '� 6 ���  | �
(� xr � )� 8 � �� SRXU XQH KRXOH PRQRFKURPDWLTXH GH SuHULRGH 7  �� V VH SURSDJHDQW VXU XQH SODJH
GH SHQWH FRQVWDQWH uHJDOH tD � �� +DXWHXU GHV YDJXHV + �  � P HW DQJOH GH SURSDJDWLRQ t �  �� �
SRXU XQH SURIRQGHXU G �  �� P�

�nJXUH �)�� /D FRPSRVDQWH VXLYDQW [ GX FRXUDQW PR\HQ HVW RULHQWuHH YHUV OH ODUJH HW VHUW tD
FRQWUHEDODQFHU O
DSSRUW GH PDVVH GHV YDJXHV YHUV OD SODJH� &HWWH FRPSRVDQWH GX FRXUDQW�
GuHQRPPuHH �FRXUDQW GH UHWRXU�� HVW SURSRUWLRQQHOOH tD O
uHQHUJLH GHV YDJXHV HW G
DXWDQW SOXV
LQWHQVH TXH OD GLUHFWLRQ GH SURSDJDWLRQ GH OD KRXOH HVW SURFKH GH OD QRUPDOH tD OD SODJH�

3RXU XQH KRXOH REOLTXH� OH JUDGLHQW GH WHQVLRQ GH UDGLDWLRQ �������
� � GHYLHQW QRQ QXO GDQV

OD ]RQH GH VXUI �FI� nJXUH �'�� &H WHUPH DJLW FRPPH XQ WHUPH GH IRUzFDJH GDQV O
uHTXDWLRQ
GH FRQVHUYDWLRQ GH OD TXDQWLWuH GH PRXYHPHQW VXLYDQW \� &HOD HQWUDArQH OD JuHQuHUDWLRQ G
XQ
FRXUDQW PR\HQ VXLYDQW \� GuHQRPPuH �FRXUDQW GH GuHULYH�� &H IRUzFDJH HVW uHTXLOLEUuH SULQFL�
SDOHPHQW SDU OD FRPSRVDQWH GX IURWWHPHQW DX IRQG ~ 
� � /H PD[LPXP GX FRXUDQW GH GuHULYH
HVW VLWXuH GDQV OD ]RQH GH VXUI� OH SOXV VRXYHQW SURFKH GH OD ]RQH GH GuHEXW GX GuHIHUOHPHQW�

/D PRGuHOLVDWLRQ �'+ LGuHDOLVuHH TXH QRXV DYRQV SUuHVHQWuHH GDQV FHWWH VHFWLRQ D SHUPLV

�



G
LQWURGXLUH GH IDzFRQ TXDOLWDWLYH OHV SKuHQRPtHQHV K\GURG\QDPLTXHV LPSRUWDQWV HQ ]RQH
GH VXUI� TXH VRQW OH VHW�XS� OH FRXUDQW GH UHWRXU HW OH FRXUDQW GH GuHULYH� 8QH GHVFULSWLRQ
TXDQWLWDWLYH GH FHV SKuHQRPtHQHV QuHFHVVLWH OD PLVH HQ }XYUH GH PRGtHOHV G
XQH SOXV JUDQGH
FRPSOH[LWuH� GRQW OHV SULQFLSDOHV FDUDFWuHULVWLTXHV VHURQW SUuHVHQWuHHV tD OD VHFWLRQ ��

� 3URFHVVXV K\GURG\QDPLTXHV HW uHFKHOOHV GH WHPSV
FDUDFWuHULVWLTXHV
'DQV OD VHFWLRQ SUuHFuHGHQWH� DnQ G
LQWURGXLUH VLPSOHPHQW OHV FRQFHSWV WKuHRULTXHV SHU�

PHWWDQW GH GuHFULUH OD JuHQuHUDWLRQ GHV FRXUDQWV PR\HQV� QRXV QRXV VRPPHV OLPLWuHV DX[ FDV
GHV uHFRXOHPHQWV LQGXLWV SDU XQH KRXOH PRQRFKURPDWLTXH� /RUVTXH QRXV QRXV WURXYRQV VXU
XQH SODJH HW TXH QRXV REVHUYRQV OD G\QDPLTXH GHV PDVVHV G
HDX[� QRWUH SHUFHSWLRQ YLVXHOOH
VH OLPLWH DXVVL HQ JUDQGH SDUWLH DX[ PRXYHPHQWV TXDVL SuHULRGLTXHV DVVRFLuHV tD OD KRXOH� (Q
UuHDOLWuH� OD ]RQH GH VXUI HVW OH VLtHJH G
XQ JUDQG QRPEUH GH SURFHVVXV K\GURG\QDPLTXHV TXL
FRXYUHQW XQH JDPPH WUtHV ODUJH G
uHFKHOOHV VSDWLR�WHPSRUHOOHV �FI� nJXUH ��� $nQ G
LOOXVWUHU
FHV GLmuHUHQWV SURFHVVXV� QRXV SUuHVHQWRQV VXU OD nJXUH �$ XQ VSHFWUH W\SH GH OD YLWHVVH HQ
]RQH GH VXUI� 2Q GLVWLQJXH WURLV SULQFLSDX[ W\SHV GH SURFHVVXV K\GURG\QDPLTXHV � OHV RQGHV
GH JUDYLWuH GH VXUIDFH� TXL UHSUuHVHQWHQW O
DJHQW K\GURG\QDPLTXH PRWHXU GH O
uHFRXOHPHQW TXH
QRXV uHWXGLRQV � OD WXUEXOHQFH WULGLPHQVLRQQHOOH� TXL YD GLVVLSHU O
uHQHUJLH DSSRUWuHH SDU OHV
RQGHV � HW OHV FRXUDQWV PR\HQV JuHQuHUuHV SDU OHV YDJXHV HW� uHYHQWXHOOHPHQW� OD PDUuHH�

��� 2QGHV GH JUDYLWuH GH VXUIDFH
/H VSHFWUH G
uHQHUJLH GHV RQGHV GH JUDYLWuH HVW FHQWUuH DXWRXU G
XQH IUuHTXHQFH I� �SURFKH

GH ��� +]�� TXL FRUUHVSRQG tD OD IUuHTXHQFH SLF GHV YDJXHV SURYHQDQW GX ODUJH� /HV FDU�
DFWuHULVWLTXHV GX VSHFWUH DXWRXU GH I� YRQW AHWUH HQ SDUWLH GuHWHUPLQuHHV SDU OD QDWXUH GHV
RQGHV LQFLGHQWHV � KRXOH� PHU GX YHQW RX OD FRPELQDLVRQ GHV GHX[� /H VSHFWUH LGuHDOLVuH TXH
QRXV SUuHVHQWRQV VXU OD nJXUH �$ HVW SOXWARW UHSUuHVHQWDWLI G
XQH KRXOH UuHJXOLtHUH� PDLV OD GLV�
FXVVLRQ TXL YD VXLYUH V
DSSOLTXH DXVVL HQ JUDQGH SDUWLH tD GHV YDJXHV GH PHU GX YHQW D\DQW XQ
VSHFWUH SOXV ODUJH� t$ O
DSSURFKH GX ULYDJH� GDQV OD ]RQH GLWH GH �OHYuHH�� OD G\QDPLTXH GHV
YDJXHV GHYLHQW IRUWHPHQW QRQ OLQuHDLUH� /HV LQWHUDFWLRQV QRQ OLQuHDLUHV WULDGLTXHV HQWUDArQHQW
XQ WUDQVIHUW G
uHQHUJLH GDQV OH GRPDLQH IUuHTXHQWLHO GHV IUuHTXHQFHV FDUDFWuHULVWLTXHV GHV YDJXHV
LQFLGHQWHV �DXWRXU GH I� � YHUV OHV IUuHTXHQFHV KDUPRQLTXHV RX VRXV�KDUPRQLTXHV �)UHLOLFK
	 *X]D� ������ 'DQV OD ]RQH GH VXUI� RQ LGHQWLnH JuHQuHUDOHPHQW GHX[ FRPSRVDQWHV GX
PRXYHPHQW � XQH FRPSRVDQWH KDXWH IUuHTXHQFH I � >I�  �� � +]@ TXL FRUUHVSRQG tD OD EDQGH
IUuHTXHQWLHOOH GH OD KRXOH RX GH OD PHU GX YHQW� HW XQH FRPSRVDQWH EDVVH IUuHTXHQFH� FRPSULVH
HQWUH �� ��� +] HW I�  �� TXH O
RQ TXDOLnH �G
RQGH LQIUDJUDYLWDLUH��

/HV RQGHV LQIUDJUDYLWDLUHV �2, VXU OD nJXUH �� SHXYHQW AHWUH JuHQuHUuHHV SDU OH YHQW DX
ODUJH� RX AHWUH �OLuHHV� DX[ JURXSHV GH YDJXHV LQFLGHQWHV� &HV �RQGHV OLuHHV� VRQW JuHQuHUuHHV
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)LJ� �� 6SHFWUH GH OD YLWHVVH HQ ]RQH GH VXUI� $� VSHFWUH VFKuHPDWLVuH LOOXVWUDQW OHV SULQFLSDX[
SURFHVVXV K\GURG\QDPLTXHV � %� VSHFWUH GH OD YLWHVVH FURVV�VKRUH PHVXUuHH VXU OD SODJH DTXLWDLQH
GX 7UXF 9HUW� SRXU XQH KRXOH GH SuHULRGH SLF �� V HW GH KDXWHXU VLJQLnFDWLYH ��� P �6uHQuHFKDO HW
DO�� ������ 2, � 2QGHV LQIUDJUDYLWDLUHV � ,& � ,QVWDELOLWuHV GX FRXUDQW PR\HQ � I� � IUuHTXHQFH SLF GH
OD KRXOH� �'+ � PRGuHOLVDWLRQ VWDWLVWLTXH �'+� %69 � PRGuHOLVDWLRQ %RXVVLQHVT HW 6DLQW 9HQDQW�
16' � PRGuHOLVDWLRQ 1DYLHU 6WRNHV GLSKDVLTXH�

SDU OHV LQWHUDFWLRQV QRQ OLQuHDLUHV HQWUH OHV JURXSHV G
RQGHV� /
H[SOLFDWLRQ WKuHRULTXH GH FH
SKuHQRPtHQH tD SDUWLU GX FRQFHSW GH WHQVLRQ GH UDGLDWLRQ D uHWuH SURSRVuHH SRXU OD SUHPLtHUH
IRLV SDU /RQJXHW�+LJJLQV 	 6WHZDUW ������� 2XWUH FHV �RQGHV OLuHHV�� GHV RQGHV LQIUD�
JUDYLWDLUHV SHXYHQW DXVVL VH SURSDJHU �OLEUHPHQW�� /RUVTXH FHV RQGHV �OLEUHV� VH SURSDJHQW
GDQV XQH GLUHFWLRQ SURFKH GH OD QRUPDOH tD OD SODJH� HOOHV VRQW UuHouHFKLHV tD OD OLJQH G
HDX
YHUV OH ODUJH� 3RXU GHV DQJOHV G
LQFLGHQFH SOXV LPSRUWDQWV� FHV RQGHV �OLEUHV� VRQW SLuHJuHHV
SDU UuHIUDFWLRQ GDQV OD ]RQH SURFKH GH OD OLJQH G
HDX HW VRQW GuHQRPPuHHV �RQGHV GH ERUG�
��HGJH ZDYH� HQ DQJODLV�� &RQWUDLUHPHQW tD OD FRPSRVDQWH KDXWH IUuHTXHQFH� O
uHQHUJLH GHV
RQGHV LQIUDJUDYLWDLUHV HVW SHX GLVVLSuHH HQ ]RQH GH VXUI� /HXU FRQWULEXWLRQ SDU UDSSRUW tD
OD FRPSRVDQWH KDXWH IUuHTXHQFH� HQ WHUPHV GH oXFWXDWLRQV GH YLWHVVH HW G
uHOuHYDWLRQ GH OD
VXUIDFH OLEUH� HVW JuHQuHUDOHPHQW GRPLQDQWH GDQV OD ]RQH GH VZDVK� PDLV DXVVL SDUIRLV GDQV OD
]RQH GH VXUI LQWHUQH �6uHQuHFKDO HW DO�� ������ 'H QRPEUHXVHV REVHUYDWLRQV H[SuHULPHQWDOHV
HQ ODERUDWRLUH RX LQ VLWX RQW PRQWUuH TXH OHV RQGHV LQIUDJUDYLWDLUHV MRXHQW XQ UAROH HVVHQWLHO
GDQV O
uHYROXWLRQ PRUSKRORJLTXH GHV EDUUHV VDEOHXVHV OLWWRUDOHV �5H\� ������
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/HV LQWHUDFWLRQV QRQ OLQuHDLUHV HQ PLOLHX SHX SURIRQG LQGXLVHQW DXVVL XQ WUDQVIHUW
G
uHQHUJLH YHUV OHV IUuHTXHQFHV KDUPRQLTXHV ��I� � �I� � ����� TXL HQWUDArQH XQH GLVWRUVLRQ GX SURnO
GHV YDJXHV� &H WUDQVIHUW QRQ OLQuHDLUH DWWHLQW XQH YDOHXU PD[LPDOH DX GuHEXW GX GuHIHUOHPHQW�
8QH LOOXVWUDWLRQ GX WUDQVIHUW G
uHQHUJLH YHUV OHV IUuHTXHQFHV KDUPRQLTXHV HVW SUuHVHQWuHH VXU OH
VSHFWUH GH YLWHVVH GH OD nJXUH �%� REWHQX tD SDUWLU GH PHVXUHV GH KRXOH UuHDOLVuHHV HQ ]RQH GH
VXUI VXU OD SODJH DTXLWDLQH GX 7UXF 9HUW �6uHQuHFKDO HW DO�� ������ 6XU FHWWH nJXUH� RQ GLV�
WLQJXH XQ SLF G
uHQHUJLH VHFRQGDLUH� DVVRFLuH tD OD IUuHTXHQFH KDUPRQLTXH � I� � /
RQGH DVVRFLuHH
tD FHWWH IUuHTXHQFH KDUPRQLTXH VH SURSDJH JuHQuHUDOHPHQW HQ SKDVH DYHF O
RQGH SULPDLUH I� �
2Q GLW DORUV TXH OD FRPSRVDQWH KDUPRQLTXH HVW �OLuHH� tD O
RQGH SULPDLUH� &HSHQGDQW� HQ
SUuHVHQFH G
DFFLGHQW WRSRJUDSKLTXH� WHO TX
XQH EDUUH VDEOHXVH� OD FRPSRVDQWH KDUPRQLTXH
SHXW AHWUH OLEuHUuHH� FH TXL FRQGXLW tD OD IRUPDWLRQ G
RQGHV VHFRQGDLUHV GH IUuHTXHQFH � I� VH
SURSDJHDQW tD XQH YLWHVVH GH SKDVH GLmuHUHQWH GH FHOOH GH O
RQGH SULPDLUH �6uHQuHFKDO HW DO��
������ 'X IDLW GX FDUDFWtHUH DOuHDWRLUH GH OD KRXOH HQ PLOLHX QDWXUHO� OHV VSHFWUHV GH YDJXHV QH
SUuHVHQWHQW JuHQuHUDOHPHQW SDV GH SLFV uHQHUJuHWLTXHV DX[ IUuHTXHQFHV KDUPRQLTXHV� PDLV SOXWARW
XQH UuHSDUWLWLRQ FRQWLQXH GH O
uHQHUJLH� 3RXU OHV oXFWXDWLRQV GH YLWHVVH tD KDXWHV IUuHTXHQFHV
�I ! �I� �� GDQV OH GRPDLQH IUuHTXHQWLHO TXH O
RQ TXDOLnH GH �GRPDLQH RUELWDO�� GHV PHVXUHV
HQ ODERUDWRLUH �+DWWRUL 	 $RQR� ����� HW LQ VLWX �7KRUQWRQ� ���� � *HRUJH HW DO��
����� RQW PRQWUuH TXH OH VSHFWUH G
uHQHUJLH HVW SURFKH G
XQH ORL HQ I ��� �FI� nJXUH ���

��� 7XUEXOHQFH LQGXLWH SDU OH GuHIHUOHPHQW
3RXU GHV IUuHTXHQFHV VXSuHULHXUHV tD FHOOHV GX UuHJLPH RUELWDO� +DWWRUL 	 $RQR ������

HW *HRUJH HW DO� ������ REVHUYHQW XQH GuHFURLVVDQFH GX VSHFWUH HQ I ��� � � � FDUDFWuHULVWLTXH GH
OD WXUEXOHQFH WULGLPHQVLRQQHOOH GuHFULWH SDU OD WKuHRULH GH .ROPRJRURY� /HV PRXYHPHQWV RU�
ELWDX[ HW WXUEXOHQWV RQW XQH G\QDPLTXH WUtHV GLmuHUHQWH� 6
LO H[LVWH XQH WUtHV IRUWH FRUUuHODWLRQ
HQWUH OHV oXFWXDWLRQV GH YLWHVVH RUELWDOH HW OHV oXFWXDWLRQV GH OD VXUIDFH OLEUH� HQ UHYDQFKH OHV
PRXYHPHQWV WXUEXOHQWV DmHFWHQW SHX OD VXUIDFH OLEUH� ,O Q
H[LVWH FHSHQGDQW SDV GH WUDQVLWLRQ
QHWWH HQWUH OH �GRPDLQH LQHUWLHO WXUEXOHQW� HW OH �GRPDLQH RUELWDO�� 'H JURVVHV VWUXFWXUHV
WRXUELOORQQDLUHV WULGLPHQVLRQQHOOHV SHXYHQW SDU H[HPSOH VH GuHYHORSSHU tD GHV IUuHTXHQFHV FDU�
DFWuHULVWLTXHV DSSDUWHQDQW DX GRPDLQH RUELWDO� /D WXUEXOHQFH HVW JuHQuHUuHH tD OD IRLV tD SUR[LPLWuH
GH O
LQWHUIDFH DLU�HDX SDU OH GuHIHUOHPHQW� PDLV DXVVL GDQV OD FRXFKH OLPLWH GH IRQG� &HSHQ�
GDQW� HQ ]RQH GH VXUI� OD VRXUFH SULQFLSDOH GH WXUEXOHQFH SURYLHQW GX GuHIHUOHPHQW� 0AHPH VL
O
uHQHUJLH WXUEXOHQWH HVW IDLEOH SDU UDSSRUW tD FHOOH GHV YDJXHV� OD WXUEXOHQFH WULGLPHQVLRQQHOOH
MRXH XQ UAROH HVVHQWLHO tD OD IRLV HQ GLVVLSDQW O
uHQHUJLH DSSRUWuHH SDU OHV YDJXHV� PDLV DXVVL HQ
IDYRULVDQW OD PLVH HQ VXVSHQVLRQ HW OH WUDQVSRUW GHV VuHGLPHQWV�

��� ,QVWDELOLWuHV GHV FRXUDQWV PR\HQV
1RXV DYRQV LQWURGXLW tD OD VHFWLRQ � OHV PuHFDQLVPHV SK\VLTXHV GH JuHQuHUDWLRQ SDU OD

KRXOH GHV FRXUDQWV PR\HQV� WHOV TXH OH FRXUDQW GH UHWRXU HW OH FRXUDQW GH GuHULYH� 'HV RE�
��



VHUYDWLRQV UuHFHQWHV HQ PLOLHX QDWXUHO HW GHV H[SuHULHQFHV HQ ODERUDWRLUH RQW PRQWUuH TXH OHV
FRXUDQWV PR\HQV VRQW JuHQuHUDOHPHQW LQVWDEOHV� /D FDPSDJQH GH PHVXUH 683(5'8&. ����
D SHUPLV SDU H[HPSOH GH PHWWUH HQ uHYLGHQFH TXH OH FRXUDQW GH GuHULYH uHWDLW OH VLtHJH G
XQH
LQVWDELOLWuH GH FLVDLOOHPHQW �%RZHQ 	 +ROPDQ� ���� � 2OWPDQ�6KD\ HW DO�� ������ 3DU
DLOOHXUV� +DOOHU 	 'DOU\PSOH ������ RQW REVHUYuH tD SDUWLU G
H[SuHULHQFHV HQ ODERUDWRLUH
OD SUuHVHQFH G
RVFLOODWLRQV GDQV OHV FRXUDQWV VDJLWWDX[� DORUV TXH OH IRUzFDJH GH OD KRXOH uHWDLW
VWDWLRQQDLUH� ,OV RQW PRQWUuH TXH FHV RVFLOODWLRQV SRXYDLHQW V
H[SOLTXHU SDU XQ PuHFDQLVPH
G
LQVWDELOLWuH GH MHW� (Q PLOLHX QDWXUHO� 6PLWK 	 /DUJLHU ������ RQW DQDO\VuH� DX PR\HQ GH
WHFKQLTXHV DFRXVWLTXHV 'RSSOHU� OD VWUXFWXUH KRUL]RQWDOH GX FKDPS GH YLWHVVH GHV FRXUDQWV
VDJLWWDX[ HW PRQWUuH OH FDUDFWtHUH IRUWHPHQW LQWHUPLWWHQW GH FHV FRXUDQWV� /HV GLmuHUHQWHV
LQVWDELOLWuHV GHV FRXUDQWV PR\HQV FRQGXLVHQW tD OD IRUPDWLRQ GH VWUXFWXUHV WRXUELOORQQDLUHV
TXDVL ELGLPHQVLRQQHOOHV� &HV VWUXFWXUHV FRQWULEXHQW tD OD GLmXVLRQ GH OD TXDQWLWuH GH PRXYH�
PHQW PR\HQ HW MRXHQW WUtHV FHUWDLQHPHQW XQ UAROH LPSRUWDQW GDQV OH WUDQVSRUW VuHGLPHQWDLUH�
/D G\QDPLTXH GH FHV VWUXFWXUHV WRXUELOORQQDLUHV HQ PLOLHX SHX SURIRQG HVW HQFRUH DVVH]
PDO FRQQXH� FH TXL VXVFLWH DFWXHOOHPHQW GHV UHFKHUFKHV VXU FH WKtHPH �%RQQHWRQ HW DO��
������

/HV LQVWDELOLWuHV GHV GLmuHUHQWV W\SHV GH FRXUDQWV PR\HQV �,& VXU OD nJXUH �� FRXYUHQW
XQ GRPDLQH IUuHTXHQWLHO FRPSULV DSSUR[LPDWLYHPHQW HQWUH �� ��� +] HW �d �� � � +] �'RGG
HW DO�� ������ &H GRPDLQH UHFRXYUH HQ SDUWLH FHOXL GHV RQGHV LQIUDJUDYLWDLUHV� 0AHPH VL
OD G\QDPLTXH GH FHV GHX[ SKuHQRPtHQHV HVW WUtHV GLmuHUHQWH� LO SHXW V
DYuHUHU GLpFLOH GH OHV
GLVWLQJXHU ORUVTXH O
RQ QH GLVSRVH TXH G
XQH PHVXUH ORFDOH GH O
K\GURG\QDPLTXH� 2Q SHXW
FHSHQGDQW V
DSSX\HU VXU OH IDLW TXH SRXU OHV 2, SURSDJDWLYHV OD YLWHVVH HVW FRUUuHOuHH DX[
GuHSODFHPHQWV GH O
LQWHUIDFH DYHF XQH uHQHUJLH FLQuHWLTXH GX PAHPH RUGUH GH JUDQGHXU TXH
O
uHQHUJLH SRWHQWLHOOH� DORUV TXH SRXU OHV ,& OH FKDPS GH YLWHVVH HVW WUtHV IDLEOHPHQW FRUUuHOuH
DX[ GuHSODFHPHQWV GH OD VXUIDFH OLEUH� HW O
uHQHUJLH SRWHQWLHOOH HVW IDLEOH GHYDQW O
uHQHUJLH
FLQuHWLTXH �/LSSPDQQ HW DO�� ������

/D SURSDJDWLRQ GH OD PDUuHH YD� HOOH DXVVL� LQGXLUH GHV FRXUDQWV PR\HQV� 6XU GHV SODJHV
uHORLJQuHHV GHV ]RQHV G
HPERXFKXUH� OHV FRXUDQWV PR\HQV WLGDX[ VRQW GH IDLEOHV LQWHQVLWuHV�
PDLV OD YDULDWLRQ GH KDXWHXU GX SODQ G
HDX LQGXLW XQH IRUWH uHYROXWLRQ GH OD ORFDOLVDWLRQ GH
OD ]RQH GH VXUI HW� GRQF� XQH WUtHV IRUWH YDULDELOLWuH WHPSRUHOOH GHV FRXUDQWV PR\HQV JuHQuHUuHV
SDU OD KRXOH� 'DQV FH FDV� OH SLF G
uHQHUJLH DVVRFLuH tD OD IUuHTXHQFH GHV PDUuHHV FDUDFWuHULVH
SULQFLSDOHPHQW OD YDULDELOLWuH WLGDOH GHV FRXUDQWV PR\HQV JuHQuHUuHV SDU OD KRXOH HW� GDQV XQH
PRLQGUH PHVXUH� OD YDULDELOLWuH GX FRXUDQW GH PDUuHH�

� 6WUDWuHJLHV GH PRGuHOLVDWLRQ
1RXV DYRQV YX tD OD VHFWLRQ SUuHFuHGHQWH TXH OD JDPPH G
uHFKHOOHV WHPSRUHOOHV tD SUHQGUH

HQ FRPSWH SRXU O
uHWXGH GH O
K\GURG\QDPLTXH HQ ]RQH GH VXUI YD MXVTX
tD 2��� � � HW RQ SHXW
HVWLPHU TXH OD JDPPH G
uHFKHOOHV VSDWLDOHV HVW GX PAHPH RUGUH GH JUDQGHXU �FI� nJXUH ���

��



,O HVW uHYLGHPPHQW LPSRVVLEOH GH UuHVRXGUH OHV uHTXDWLRQV GX PRXYHPHQW SRXU O
HQVHPEOH
GH FHV uHFKHOOHV VSDWLR�WHPSRUHOOHV� 1RXV SUuHVHQWRQV GDQV FHWWH VHFWLRQ WURLV DSSURFKHV GH
PRGuHOLVDWLRQ FRPSOuHPHQWDLUHV� TXL UHSRVHQW VXU OD UuHVROXWLRQ H[SOLFLWH GHV SURFHVVXV VXU
WURLV JDPPHV G
uHFKHOOHV GLmuHUHQWHV �EDQGHV IUuHTXHQWLHOOHV 16'� %69 HW �'+ VXU OD nJXUH
���

��� 0RGuHOLVDWLRQ 16'
/D PRGuHOLVDWLRQ G
uHFRXOHPHQWV WXUEXOHQWV VLPSOHV� tD QRPEUH GH 5H\QROGV PRGuHUuH�

SHXW AHWUH DERUGuHH HQ UuHVROYDQW OHV uHTXDWLRQV GH 1DYLHU 6WRNHV WULGLPHQVLRQQHOOHV SRXU
O
HQVHPEOH GHV uHFKHOOHV GX PRXYHPHQW � GHV SOXV JUDQGHV uHFKHOOHV MXVTX
tD O
uHFKHOOH GH GLV�
VLSDWLRQ GH OD WXUEXOHQFH� &HV GHUQLtHUHV DQQuHHV� FH W\SH GH PRGuHOLVDWLRQ� TXH O
RQ TXDOLnH
GH �VLPXODWLRQ QXPuHULTXH GLUHFWH�� D IDLW G
LPSRUWDQWV SURJUtHV HW D SHUPLV G
DYDQFHU GDQV
OD FRPSUuHKHQVLRQ GH OD G\QDPLTXH QRQ OLQuHDLUH GHV uHFRXOHPHQWV WXUEXOHQWV� /D VLPXODWLRQ
QXPuHULTXH GLUHFWH DVVRFLuHH tD GHV PuHWKRGHV GH VXLYL G
LQWHUIDFH GH W\SH 92) �6FDUGRYHOOL
	 =DOHVNL� ����� D uHWuH UuHFHPPHQW PLVH HQ }XYUH SRXU O
uHWXGH G
uHFRXOHPHQWV GLSKDVLTXHV�
1RXV GuHQRPPHURQV FHWWH PuHWKRGH 16' �1DYLHU 6WRNHV GLSKDVLTXH�� 3RXU O
DSSOLTXHU tD OD
PRGuHOLVDWLRQ GH O
K\GURG\QDPLTXH HQ ]RQH GH VXUI� LO HVW QuHFHVVDLUH GH OLPLWHU OD JDPPH
G
uHFKHOOHV tD VLPXOHU HW GRQF GH UuHGXLUH OH QRPEUH GH SURFHVVXV SK\VLTXHV� HQ FRQVLGuHUDQW
GHV VLWXDWLRQV LGuHDOLVuHHV� �DFDGuHPLTXHV�� 8QH WHOOH DSSURFKH D uHWuH PLVH HQ }XYUH� SDU H[�
HPSOH� SDU $EDGLH HW DO� ������ HW *XLJQDUG HW DO� ������� DnQ G
uHWXGLHU OD G\QDPLTXH
GHV YDJXHV ORUV G
XQ GuHIHUOHPHQW SORQJHDQW� /D PRGuHOLVDWLRQ 16' V
DSSDUHQWH DORUV tD GH
�O
H[SuHULPHQWDWLRQ QXPuHULTXH� GX GuHIHUOHPHQW� PDLV VRQ GRPDLQH G
DSSOLFDWLRQ VH OLPLWH tD
O
uHWXGH GHV SURFHVVXV K\GURG\QDPLTXHV uHOuHPHQWDLUHV� /HV UHFKHUFKHV GDQV FH GRPDLQH VRQW
WUtHV DFWLYHV DX QLYHDX LQWHUQDWLRQDO HW HOOHV V
RULHQWHQW DFWXHOOHPHQW YHUV OH GuHYHORSSHPHQW
GH PuHWKRGHV GH �VLPXODWLRQ GHV JUDQGHV uHFKHOOHV� �/HVLHXU 	 0uHWDLV� ������ TXL SHUPHW�
WURQW GH VLPXOHU GHV uHFRXOHPHQWV WXUEXOHQWV HQ ]RQH GH VXUI SOXV FRPSOH[HV �&KULVWHQVHQ
	 'HLJDDUG� ������

��� 0RGuHOLVDWLRQ %69
3RXU VLPXOHU OD G\QDPLTXH GHV RQGHV GH VXUIDFH HQ ]RQH GH VXUI GDQV OHV FRQGL�

WLRQV FRPSOH[HV GX PLOLHX QDWXUHO� LO HVW QuHFHVVDLUH G
DGRSWHU XQH DXWUH DSSURFKH TXH OD
PRGuHOLVDWLRQ 16'� /D SURSDJDWLRQ GHV RQGHV GH VXUIDFH HQ PLOLHX SHX SURIRQG SHXW AHWUH
PRGuHOLVuHH SDU OHV uHTXDWLRQV ELGLPHQVLRQQHOOHV GH W\SH %RXVVLQHVT HW 6DLQW 9HQDQW �%69��
'H QRPEUHXVHV uHWXGHV RQW PRQWUuH TXH OHV PRGtHOHV %69 GuHFULYHQW GH IDzFRQ WUtHV VDWLVIDLVDQWH
OD WUDQVIRUPDWLRQ GH OD KRXOH HW GHV RQGHV LQIUDJUDYLWDLUHV tD O
DSSURFKH GX ULYDJH� \ FRPSULV
HQ ]RQH GH VXUI �.RED\DVKL HW DO�� ���� � 6FK�DIIHU HW DO�� ���� � &R[� ���� � 0DGVHQ
HW DO�� ����D�E � %D\UDP 	 /DUVRQ� ���� � %RQQHWRQ 	 'XSXLV� ���� � %RQQHWRQ�
������ 'DQV FHWWH DSSURFKH� OD YDULDELOLWuH YHUWLFDOH GH O
uHFRXOHPHQW DLQVL TXH OD WXUEXOHQFH

��
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)LJ� �� u(OuHYDWLRQ GHV YDJXHV HQ ]RQH GH VXUI LQWHUQH� SRXU XQH KRXOH PRQRFKURPDWLTXH GH SuHULRGH
7  ��� V VH SURSDJHDQW VXU XQH SODJH GH SHQWH FRQVWDQWH � ��� &RPSDUDLVRQ HQWUH XQH VLPXODWLRQ
QXPuHULTXH %69 �%RQQHWRQ� ����� HW OHV H[SuHULHQFHV GH &R[ ������� $� uHYROXWLRQ WHPSRUHOOH HQ
[  �� � P � %� uHYROXWLRQ VSDWLDOH GH O
uHOuHYDWLRQ�

QH VRQW SDV H[SOLFLWHPHQW FDOFXOuHHV� &HOD QuHFHVVLWH O
LQWURGXFWLRQ GH SDUDPuHWULVDWLRQV GH
FHV SURSULuHWuHV EDVuHHV� SDU H[HPSOH� VXU OHV FRQFHSWV GH �UROOHU� �0DGVHQ HW DO�� ����D�
RX �G
RQGH GH FKRF� �%RQQHWRQ� ������ /
DPuHOLRUDWLRQ GH FHV SDUDPuHWULVDWLRQV HVW XQ
GRPDLQH GH UHFKHUFKH DFWLI� TXL QuHFHVVLWH XQH FRQQDLVVDQFH SUuHFLVH GH OD VWUXFWXUH YHUWLFDOH
GHV YDJXHV HQ ]RQH GH VXUI� 'DQV FHWWH RSWLTXH� OD PRGuHOLVDWLRQ 16' DLQVL TXH OHV PuHWKRGHV
H[SuHULPHQWDOHV GH W\SH 3,9 �3DUWLFOH ,PDJH 9HORFLPHWU\� VRQW G
XQH WUtHV JUDQGH LPSRU�
WDQFH� 'HV HmRUWV GH UHFKHUFKH LPSRUWDQWV SRUWHQW DXVVL DFWXHOOHPHQW VXU O
uHYDOXDWLRQ GH
OD SRWHQWLDOLWuH GHV PRGtHOHV %69 tD UHSURGXLUH OHV PRXYHPHQWV EDVVHV IUuHTXHQFHV DVVRFLuHV
DX[ LQVWDELOLWuHV GHV FRXUDQWV PR\HQV �.LUE\ 	 &KHQ� ������ /H SULQFLSDO LQWuHUAHW GH OD
PRGuHOLVDWLRQ %69 HVW G
REWHQLU O
uHYROXWLRQ WHPSRUHOOH tD KDXWH IUuHTXHQFH GH O
K\GURG\�
QDPLTXH �nJXUH �$�� PDLV FHWWH DSSURFKH SHXW DXVVL VHUYLU tD FDOFXOHU DYHF SUuHFLVLRQ OHV
YDULDEOHV K\GURG\QDPLTXHV� PR\HQQuHHV VXU XQH SuHULRGH GHV YDJXHV �nJXUH �%�� QuHFHVVDLUHV
tD OD PRGuHOLVDWLRQ PRUSKRG\QDPLTXH GHV SODJHV� &HSHQGDQW� SRXU GH WHOOHV DSSOLFDWLRQV� OH
FRAXW GHV FDOFXOV %69 GHYLHQW YLWH SURKLELWLI�

��� 0RGuHOLVDWLRQ VWDWLVWLTXH �'+
'DQV XQ FRQWH[WH GH PRGuHOLVDWLRQ GH O
uHYROXWLRQ PRUSKRORJLTXH GHV SODJHV VDEOHXVHV

SRXU GHV uHFKHOOHV GH WHPSV TXL YRQW GH TXHOTXHV F\FOHV GH PDUuHH tD TXHOTXHV PRLV� LO HVW

��



)LJ� �� 0RGuHOLVDWLRQ �'+ GHV FRXUDQWV LQGXLWV SDU OD KRXOH DX�GHVVXV G
XQ V\VWtHPH GH EDUUHV HQ
FURLVVDQW �6DLQW�&DVW HW DO�� ������ $� KDXWHXU GHV YDJXHV SRXU XQH KRXOH DX ODUJH G
LQFLGHQFH
�� � HW GH KDXWHXU ��� P� OHV LVREDWKHV VRQW HQ WLUHWuHV� HW OD OLJQH EODQFKH FRUUHVSRQG tD OD OLJQH GH
GuHIHUOHPHQW � %� FKDPS GH FRXUDQW PR\HQ �DX VHQV GH OD GuHnQLWLRQ GH 3KLOOLSV ������� uHTXDWLRQ
���

SUuHIuHUDEOH G
DGRSWHU XQH DXWUH DSSURFKH SRXU OD PRGuHOLVDWLRQ GH O
K\GURG\QDPLTXH� /
DS�
SURFKH FODVVLTXHPHQW XWLOLVuHH UHSRVH VXU OD WKuHRULH �'+ LQWURGXLWH tD OD VHFWLRQ �� 'DQV
FHWWH VHFWLRQ� QRXV QRXV uHWLRQV OLPLWuHV DX[ FDV G
uHFRXOHPHQWV PR\HQV LQGXLWV SDU XQH KRXOH
PRQRFKURPDWLTXH� 1RXV DYRQV YX tD OD VHFWLRQ � TX
HQ PLOLHX QDWXUHO O
K\GURG\QDPLTXH GH
OD ]RQH GH VXUI HVW EHDXFRXS SOXV FRPSOH[H� FDU HOOH PHW HQ MHX XQ JUDQG QRPEUH GH SUR�
FHVVXV VXU XQH JDPPH WUtHV ODUJH G
uHFKHOOHV WHPSRUHOOHV� /
LGuHH GX PRGtHOH VWDWLVWLTXH �'+
HVW GH WUDLWHU GH IDzFRQ GuHWHUPLQLVWH OHV SURFHVVXV OHQWV� HW GH IDzFRQ VWDWLVWLTXH OHV SURFHV�
VXV UDSLGHV� 3RXU FHOD� LO HVW QuHFHVVDLUH GH FRQVLGuHUHU TX
LO H[LVWH XQH VuHSDUDWLRQ G
uHFKHOOH
WHPSRUHOOH DXWRXU G
XQH IUuHTXHQFH I � HQWUH GHV PRXYHPHQWV �EDVVHV IUuHTXHQFHV� HW GHV
PRXYHPHQWV �KDXWHV IUuHTXHQFHV�� 3RXU TXH OH nOWUDJH GHV uHTXDWLRQV tD SDUWLU GH O
RSuHUDWHXU
GH PR\HQQH �

x���  �
7 �

= � � ��� � �

����� � � �
��� G~ 7 �  � I �

DLW XQ VHQV SK\VLTXH� LO HVW HQ HmHW QuHFHVVDLUH TX
LO \ DLW XQH YuHULWDEOH VuHSDUDWLRQ GHV uHFKHOOHV
WHPSRUHOOHV DXWRXU GH I � � F
HVW�tD�GLUH XQH SODJH GH IUuHTXHQFHV DVVH] uHWHQGXH SUuHVHQWDQW XQ
PLQLPXP PDUTXuH GH O
uHQHUJLH�

��



,O HVW GRQF LPSRUWDQW G
DYRLU XQH FRQQDLVVDQFH SUuHDODEOH GX VSHFWUH G
uHQHUJLH GH
O
uHFRXOHPHQW TXH O
RQ GuHVLUH PRGuHOLVHU� ,O HVW QuHFHVVDLUH GH FKRLVLU DXVVL XQH UuHVROXWLRQ
VSDWLDOH TXL VRLW HQ DFFRUG DYHF OD UuHVROXWLRQ WHPSRUHOOH� 3OXV I � HVW JUDQG HW SOXV OD JDPPH
GH SKuHQRPtHQHV VLPXOuHV H[SOLFLWHPHQW HVW LPSRUWDQWH� HW GRQF SOXV OH FRAXW QXPuHULTXH GHV
VLPXODWLRQV �WHPSV GH FDOFXO HW SODFH PuHPRLUH� HVW uHOHYuH� /D VWUXFWXUH PDWKuHPDWLTXH GX
V\VWtHPH G
uHTXDWLRQV PR\HQQuHHV �'+ QH GuHSHQG SDV GX FKRL[ GH I � �

#xr
#W �

# x4	

#[	  � ����

|# x4 �

#W � | #
#[	

t x4 � x4	
xK

u
 b|JxK #xr

#[ � b
#6 � 	
#[	 ����

b |& 
 Na8N8 �_ ^] `
�
�
�

� | � ��� & � N a:N: �_ ^] `
����

� #
#[	

t
|. 	 xK

t#8 �

#[	 �
#8 �

#[	
uu

_ ^] `
� �

RtX ~ 

� HVW OD WHQVLRQ PR\HQQH GH FLVDLOOHPHQW tD OD VXUIDFH OLEUH �& � HVW XQ FRHpFLHQW GH

WUDLQuHH HW a: OD YLWHVVH GX YHQW tD �� P GH OD VXUIDFH� HW ' � FDUDFWuHULVH OD GLmXVLRQ GH
OD TXDQWLWuH GH PRXYHPHQW PR\HQ �. 	 HVW XQ FRHpFLHQW GH PuHODQJH GH OD TXDQWLWuH GH
PRXYHPHQW PR\HQ�� (Q UHYDQFKH� OD PRGuHOLVDWLRQ VWDWLVWLTXH HW OHV SDUDPuHWULVDWLRQV GHV
SKuHQRPtHQHV nOWUuHV� TXL RQW SRXU EXW G
uHYDOXHU 6 � 	 � a4 � � ~ 
� � ~ 


� HW ' � � GuHSHQGHQW uHYLGHPPHQW
GH I � � 'DQV OHV DSSOLFDWLRQV �'+ GuHFULWHV GDQV OD OLWWuHUDWXUH� OH FKRL[ GH FHWWH IUuHTXHQFH
GH FRXSXUH I � � TXL GuHnQLW FH TXH O
RQ HQWHQG SDU uHFRXOHPHQW PR\HQ� HVW VRXYHQW LPSOLFLWH
HW OHV LPSOLFDWLRQV HQ WHUPHV GH PRGuHOLVDWLRQ VWDWLVWLTXH GHV SURFHVVXV �KDXWHV IUuHTXHQFHV�
VRQW UDUHPHQW GLVFXWuHHV� 1RXV DOORQV PDLQWHQDQW EULtHYHPHQW uHYRTXHU FH SUREOtHPH HQ QRXV
DSSX\DQW VXU OH VSHFWUH W\SH GH OD YLWHVVH HQ ]RQH GH VXUI SUuHVHQWuH GDQV OD nJXUH �$�

'DQV OH FDGUH G
DSSOLFDWLRQV PRUSKRG\QDPLTXHV �+RULNDZD� ���� � 6DLQW�&DVW�
���� � &DPHQHQ 	 /DUURXGuH� ���� � &DVWHOOH HW DO�� ������ TXL QuHFHVVLWHQW GHV FDOFXOV
VXU GHV WHPSV ORQJV� LO HVW QDWXUHO GH FKRLVLU SRXU I � XQH IUuHTXHQFH EDVVH �I �  I � � VXU
OD nJXUH �$�� 'DQV FH FDV� OD YDULDELOLWuH WLGDOH GHV FRXUDQWV LQGXLWV SDU OHV YDJXHV HVW
H[SOLFLWHPHQW VLPXOuHH SDU OHV uHTXDWLRQV �� HW ��� PDLV OHV LQVWDELOLWuHV GX FRXUDQW VRQW
WUDLWuHHV GH IDzFRQ VWDWLVWLTXH �HOOHV VRQW SULVHV HQ FRPSWH GDQV OD SDUDPuHWULVDWLRQ GH ' � FDU
HOOHV FRQWULEXHQW DX PuHODQJH GH OD TXDQWLWuH GH PRXYHPHQW PR\HQ�� DX PAHPH WLWUH TXH OHV
YDJXHV HW OD WXUEXOHQFH� 3RXU FHV DSSOLFDWLRQV� OD FRQWULEXWLRQ GHV RQGHV LQIUDJUDYLWDLUHV VXU
O
uHFRXOHPHQW PR\HQ� TXL LQWHUYLHQW GDQV OH WHUPH 6 � 	 � HVW QuHJOLJHDEOH� &HOD QH YHXW SDV GLUH
TXH OH UAROH GHV RQGHV LQIUDJUDYLWDLUHV VXU O
uHYROXWLRQ PRUSKRORJLTXH GH OD SODJH HVW OXL DXVVL
QuHJOLJHDEOH� 'DQV OH FDV RtX FHV RQGHV RQW XQ LPSDFW LPSRUWDQW VXU OD PRUSKRG\QDPLTXH�
LO HVW DORUV QuHFHVVDLUH G
XWLOLVHU HQ SOXV GX PRGtHOH VWDWLVWLTXH �'+� XQ PRGtHOH G
RQGH
LQIUDJUDYLWDLUH �5HQLHUV HW DO�� ������ t$ WLWUH G
LOOXVWUDWLRQ� OD nJXUH � SUuHVHQWH OH FKDPS
GH FRXUDQW PR\HQ LQGXLW SDU OD KRXOH VXU XQ V\VWtHPH GH EDUUH HQ FURLVVDQW� FDOFXOuH SDU
PRGuHOLVDWLRQ �'+ �6DLQW�&DVW HW DO�� ������

��



(Q SUHQDQW XQH IUuHTXHQFH GH FRXSXUH SOXV uHOHYuHH �I �  I � � VXU OD nJXUH �$�� LO HVW
DORUV SRVVLEOH GH VLPXOHU H[SOLFLWHPHQW DYHF OH V\VWtHPH G
uHTXDWLRQV �� HW �� OHV LQVWDELOLWuHV
GHV FRXUDQWV PR\HQV HW OHV RQGHV LQIUDJUDYLWDLUHV TXL DYDLHQW uHWuH nOWUuHHV SRXU I �  I � � �
&HWWH DSSURFKH D uHWuH VXLYLH SDU GLmuHUHQWV DXWHXUV SRXU uHWXGLHU OHV LQVWDELOLWuHV GHV FRXUDQWV
PR\HQV� TXH FH VRLW OH FRXUDQW GH GuHULYH �'RGG HW DO�� ����� RX OHV FRXUDQWV VDJLWWDX[
�+DOOHU 	 'DOU\PSOH� ������ PDLV DXVVL SRXU O
uHWXGH GH OD JuHQuHUDWLRQ GHV RQGHV LQIUD�
JUDYLWDLUHV SDU GHV JURXSHV G
RQGHV �/RQJXHW�+LJJLQV 	 6WHZDUW� ���� � 6FK�DIIHU�
������

'HV DXWHXUV GH UuHIuHUHQFH� WHOV TXH +RULNDZD ������� $UFLOOD 	 /HPRV ������ HW
6YHQGVHQ 	 3XWUHYX ������� uHWDEOLVVHQW OHXUV uHTXDWLRQV �'+ HQ SDUWDQW GHV uHTXDWLRQV
GH 5H\QROGV HW QRQ SDV GHV uHTXDWLRQV GH 1DYLHU 6WRNHV� 3RXU FHOD� LO HVW QuHFHVVDLUH GH VXS�
SRVHU TX
LO H[LVWH DXVVL XQH VuHSDUDWLRQ G
uHFKHOOH WHPSRUHOOH HQWUH OHV YDJXHV HW OD WXUEXOHQFH�
/D WHQVLRQ GH UDGLDWLRQ 6 � 	 QH GuHSHQG DORUV TXH GX PRXYHPHQW GHV YDJXHV� DORUV TXH GDQV
QRWUH DSSURFKH 6 � 	 LQFOXW DXVVL OD FRQWULEXWLRQ GH OD WXUEXOHQFH JuHQuHUuHH SDU OHV YDJXHV� 1RXV
DYRQV YX tD OD VHFWLRQ � TX
HQ ]RQH GH VXUI LO Q
H[LVWH SDV HQ UuHDOLWuH GH VuHSDUDWLRQ G
uHFKHOOH
HQWUH OD WXUEXOHQFH HW OHV YDJXHV� /H FKRL[ G
XQ PRGtHOH �'+ EDVuH VXU OHV uHTXDWLRQV GH
5H\QROGV HVW GRQF GLpFLOH tD MXVWLnHU HW SHXW FRQGXLUH tD O
XWLOLVDWLRQ GH SDUDPuHWULVDWLRQV GH
OD WXUEXOHQFH TXL QH UHSRVHQW SDV VXU GHV EDVHV SK\VLTXHV� +RULNDZD ������� SDU H[HPSOH�
H[SULPH OHV WHQVLRQV GH 5H\QROGV LQWuHJUuHHV VXLYDQW OD YHUWLFDOH� HQ IRQFWLRQ GHV FRXUDQWV
PR\HQV� SDU O
LQWHUPuHGLDLUH G
XQ FRHpFLHQW GH PuHODQJH WXUEXOHQW� &HWWH PRGuHOLVDWLRQ GH
OD WXUEXOHQFH D GRQF SRXU HmHW GH GLmXVHU OD TXDQWLWuH GH PRXYHPHQW PR\HQ HW GRQF GH
GLVVLSHU O
uHQHUJLH GH O
uHFRXOHPHQW PR\HQ� &HWWH GuHPDUFKH HVW YDODEOH SRXU GuHFULUH OD IDLEOH
FRQWULEXWLRQ GH OD WXUEXOHQFH LQGXLWH SDU OHV FRXUDQWV PR\HQV �SDUDPuHWULVDWLRQ GX WHUPH
' � �� PDLV HOOH QH SHXW SDV AHWUH DSSOLTXuHH tD OD WXUEXOHQFH JuHQuHUuHH SDU OH GuHIHUOHPHQW� TXL
HVW SUDWLTXHPHQW LQGuHSHQGDQWH GH O
uHFRXOHPHQW PR\HQ� /D PRGuHOLVDWLRQ GH OD WXUEXOHQFH
LQGXLWH SDU OHV YDJXHV� TXL MRXH XQ UAROH LPSRUWDQW GDQV OD ]RQH GH VXUI� GRLW GRQF AHWUH
LQFOXVH GDQV OHV PRGtHOHV VWDWLVWLTXHV GH SURSDJDWLRQ GHV YDJXHV HW QRQ AHWUH WUDLWuHH tD SDUWLU
G
XQH SDUDPuHWULVDWLRQ VLPSOHPHQW IRQFWLRQ GHV FRXUDQWV PR\HQV�

� &RQFOXVLRQ
/D ]RQH GH VXUI HVW OH VLtHJH G
XQ JUDQG QRPEUH GH SURFHVVXV RQGXODWRLUHV HW WRXUELOORQ�

QDLUHV� TXL LQWHUDJLVVHQW IRUWHPHQW� /D FRPSUuHKHQVLRQ GH O
HQVHPEOH GH FHV SURFHVVXV HW GH
OHXUV LQWHUDFWLRQV UHVWH XQ GuHn LPSRUWDQW SRXU OHV FKHUFKHXUV WUDYDLOODQW GDQV OHV GRPDLQHV
GH O
RFuHDQRJUDSKLH FARWLtHUH HW GH OD PuHFDQLTXH GHV oXLGHV� G
DXWDQW SOXV TXH O
LGHQWLnFDWLRQ
H[SuHULPHQWDOH GH FHV SURFHVVXV Q
HVW FHUWDLQHPHQW SDV DFKHYuHH�

/HV HmRUWV LPSRUWDQWV TXL VRQW FRQVDFUuHV GDQV OH GRPDLQH GH O
H[SuHULPHQWDWLRQ �LQ
VLWX HW HQ ODERUDWRLUH� SHUPHWWHQW G
DYDQFHU GDQV OD FRPSUuHKHQVLRQ GH OD WUDQVIRUPDWLRQ

��



QRQ OLQuHDLUH GHV YDJXHV� /
XWLOLVDWLRQ GH PuHWKRGHV H[SuHULPHQWDOHV� WHOOHV TXH OD 3,9 �3DUWL�
FOH ,PDJH 9HORFLPHWU\� RX OD YuHORFLPuHWULH WULGLPHQVLRQQHOOH XOWUDVRQRUH� GHYUDLHQW FRQGXLUH
tD XQH PHLOOHXUH FDUDFWuHULVDWLRQ GH OD VWUXFWXUH YHUWLFDOH GX FKDPS GH YLWHVVH GHV YDJXHV� &HV
PuHWKRGHV YRQW DXVVL SHUPHWWUH G
uHWXGLHU SOXV nQHPHQW OD G\QDPLTXH GHV VWUXFWXUHV WRXU�
ELOORQQDLUHV WULGLPHQVLRQQHOOHV GH SHWLWH uHFKHOOH HW GHV VWUXFWXUHV TXDVL ELGLPHQVLRQQHOOHV
JuHQuHUuHHV SDU OHV LQVWDELOLWuHV GHV FRXUDQWV PR\HQV�

&HV GHUQLtHUHV DQQuHHV� OHV PRGtHOHV GH VLPXODWLRQ GH O
K\GURG\QDPLTXH HQ ]RQH GH VXUI
RQW IRUWHPHQW SURJUHVVuH� SDUDOOtHOHPHQW RX HQ LQWHUDFWLRQ DYHF OHV DYDQFuHHV H[SuHULPHQWDOHV�
3RXU O
DSSURFKH 16'� OHV UHFKHUFKHV V
RULHQWHQW YHUV OH GuHYHORSSHPHQW GH PuHWKRGHV GH
�VLPXODWLRQ GHV JUDQGHV uHFKHOOHV� HQ PLOLHX GLSKDVLTXH� TXL SHUPHWWURQW GH VLPXOHU GHV
uHFRXOHPHQWV WXUEXOHQWV G
XQH SOXV JUDQGH FRPSOH[LWuH TXH FHX[ TXL VRQW DFWXHOOHPHQW DERUGuHV�
3RXU OHV PRGtHOHV %69� O
DPuHOLRUDWLRQ GH OD SDUDPuHWULVDWLRQ GH OD WXUEXOHQFH HW GH OD YDUL�
DELOLWuH YHUWLFDOH GX FKDPS GH YLWHVVH� HQ SDUWLFXOLHU GDQV OD ]RQH GX URXOHDX GH GuHIHUOHPHQW�
UHVWH XQ REMHFWLI GH UHFKHUFKH LPSRUWDQW�

6L OHV PRGtHOHV 16' HW %69 SHUPHWWHQW GH VLPXOHU GH IDzFRQ GuHWDLOOuHH OHV SURFHVVXV
K\GURG\QDPLTXHV HQ ]RQH GH VXUI� O
DSSURFKH VWDWLVWLTXH �'+ UHVWH LQGLVSHQVDEOH ORUVTXH
O
RQ YHXW HmHFWXHU GHV FDOFXOV VXU GHV WHPSV ORQJV� HQ SDUWLFXOLHU GDQV OH FDGUH G
DSSOLFDWLRQV
PRUSKRG\QDPLTXHV� 'HV HmRUWV LPSRUWDQWV UHVWHQW tD IDLUH GDQV FH GRPDLQH� SDU H[HPSOH
VXU OD SDUDPuHWULVDWLRQ GX IURWWHPHQW HW VXU OD PRGuHOLVDWLRQ GHV VWUXFWXUHV WRXUELOORQQDLUHV
TXDVL ELGLPHQVLRQQHOOHV� 6L OD PRGuHOLVDWLRQ WULGLPHQVLRQQHOOH GHV FRXUDQWV VH GuHYHORSSH
DYHF VXFFtHV GDQV OH GRPDLQH GHV uHFRXOHPHQWV OLWWRUDX[ FRQWUAROuHV SDU OD PDUuHH �HVWXDLUH HW
ODJXQH�� XQH WHOOH DSSURFKH UHVWH GLpFLOH tD PHWWUH HQ }XYUH SRXU GuHFULUH O
K\GURG\QDPLTXH
HQ ]RQH GH VXUI� (Q HmHW� PAHPH VL GHV DSSURFKHV TXDVL WULGLPHQVLRQQHOOHV FRPPHQFHQW tD
AHWUH GuHYHORSSuHHV �6YHQGVHQ 	 3XWUHYX� ������ OD GuHFRPSRVLWLRQ WULGLPHQVLRQQHOOH GH
O
uHFRXOHPHQW �YDJXH�WXUEXOHQFH�FRXUDQW PR\HQ� HW OD PRGuHOLVDWLRQ GHV LQWHUDFWLRQV HQWUH
OHV GLmuHUHQWHV FRPSRVDQWHV GX PRXYHPHQW UHSUuHVHQWHQW XQ GRPDLQH G
uHWXGH HQWLtHUHPHQW
RXYHUW�

5HPHUFLHPHQWV � &HW DUWLFOH GH V\QWKtHVH V
DSSXLH VXU OHV UHFKHUFKHV TXL VRQW UuHDOLVuHHV
GDQV O
uHTXLSH 0HWK\V GX 'uHSDUWHPHQW GH JuHRORJLH HW G
RFuHDQRJUDSKLH GH O
XQLYHUVLWuH GH
%RUGHDX[ ,� HW SOXV SDUWLFXOLtHUHPHQW VXU OHV uHWXGHV PHQuHHV HQ FROODERUDWLRQ DYHF +uHOtHQH
'XSXLV� DLQVL TXH GDQV OH FDGUH GHV WKtHVHV GH %UXQR &DVWHOOH� )UuHGuHULF 6DLQW�&DVW HW 1D�
GLD 6uHQuHFKDO� &HV WUDYDX[ VRQW VRXWHQXV SDU GHX[ SURJUDPPHV QDWLRQDX[ GH O
,QVX � OH
3QHF �3URJUDPPH QDWLRQDO G
HQYLURQQHPHQW FARWLHU� HW OH 3DWRP �3URJUDPPH $7PR�
VSKtHUH 2FuHDQ tD 0XOWL�uHFKHOOHV��

��



5uHIuHUHQFHV
$EDGLH 6�� %RQQHWRQ 3� 	 &DOWDJLURQH -��3�� �����_ 1XPHULFDO VLPXODWLRQ RI D
SOXQJLQJ EUHDNHU� ,Q �/HFWXUH 1RWHV LQ 3K\VLFV� ��WK ,QW� &RQI� RQ 1XP� 0HWKRGV LQ
)OXLG '\Q�� Q � ���� S� �������� 6SULQJHU� $UFDFKRQ�

$UFLOOD $�6� 	 /HPRV &�0�� �����_ 6XUI ]RQH K\GURG\QDPLFV� 3LQHULGJH 3UHVV�
%DUFHORQH� ��� S�

%DWWMHV -�$�� �����_ 6XUI�]RQH G\QDPLFV� $QQX� 5HY� )OXLG 0HFK�� Q � ��� S� ��������
%D\UDP $� 	 /DUVRQ 0�� �����_ :DYH WUDQVIRUPDWLRQ LQ WKH QHDUVKRUH ]RQH � FRP�
SDULVRQ EHWZHHQ D %RXVVLQHVT PRGHO DQG nHOG GDWD� &RDVW� (QJ�� Q � ��� S� ��������

%HFT )�� �����_ ([WHQVLRQ GH OD PRGuHOLVDWLRQ VSHFWUDOH GHV uHWDWV GH PHU YHUV OH GRPDLQH
FARWLHU� 7KtHVH GH O
 8QLYHUVLWuH GH 7RXORQ�9DU� )UDQFH�

%RQQHWRQ 3� �����_ 0RGuHOLVDWLRQ GHV FRXUDQWV JuHQuHUuHV SDU OD KRXOH HQ PLOLHX OLWWRUDO�
5DSSRUW ,QWHUQH 'uHSDUWHPHQW GH *uHRORJLH HW G
2FuHDQRJUDSKLH� MXLOOHW ����� 7DOHQFH� ��S�

%RQQHWRQ 3� �����_ '\QDPLTXH QRQ OLQuHDLUH GHV YDJXHV HQ ]RQH GH VXUI LQWHUQH� 5HYXH
)UDQzFDLVH GH *uHQLH &LYLO� QXPuHUR VSuHFLDO �*uHQLH�&ARWLHU�� Q � �� S� ����������

%RQQHWRQ 3� 	 'XSXLV +�� �����_ 7UDQVIRUPDWLRQ RI LUUHJXODU ZDYHV LQ WKH LQQHU VXUI
]RQH� 3URF� ��WK ,QW� &RQI� RQ &RDVWDO (QJ�� 6\GQH\� $XVWUDOLD� Q � �� S� ��������

%RQQHWRQ 1�� 6RXV '�� %RQQHWRQ 3�	 6RPPHULD -�� �����_ '\QDPLFV RI ODUJH�VFDOH
YRUWLFHV LQ WKH QHDU VKRUH� 6RXV SUHVVH tD -� &RDVW� 5HV�

%RRLM 1�� 5LV 5�&� 	 +ROWKXLMVHQ /�+�� �����_ $ WKLUG�JHQHUDWLRQ ZDYH PRGHO IRU
FRDVWDO UHJLRQV� 3DUW ,� 0RGHO GHVFULSWLRQ DQG YDOLGDWLRQ� -� *HRSK\V� 5HV�� &�� Q � ����
S� ����������

%RZHQ $�-� 	 +ROPDQ 5�$�� �����_ 6KHDU LQVWDELOLWLHV RI WKH PHDQ ORQJVKRUH FXUUHQW�
�� 7KHRU\� -� *HRSK\V� 5HV�� Q � ��� S� ������������

&DPHQHQ %� 	 /DUURXGuH 3� �����_ 0RGuHOLVDWLRQ GH OD IRUPDWLRQ GHV EDUUHV VDEOHXVHV�
2FuHDQLV� FH IDVFLFXOH�

&DVWHOOH %��%RQQHWRQ 3�� 6uHQuHFKDO 1��'XSXLV +��%XWHO 5�	 0LFKHO '� �����_
'\QDPLFV RI ZDYH�LQGXFHG FXUUHQWV RYHU D PXOWL�EDUUHG EHDFK RQ WKH $TXLWDQLDQ FRDVW�
6RXV SUHVVH tD &RQW� 6KHOI 5HV�

&KULVWHQVHQ (�'� 	 'HLJDDUG 5�� �����_ /DUJH HGG\ VLPXODWLRQ RI EUHDNLQJ ZDYHV�
&RDVW� (QJ�� Q � ��� S� ������

&R[ '�7�� �����_ ([SHULPHQWDO DQG QXPHULFDO PRGHOOLQJ RI VXUI ]RQH K\GURG\QDPLFV�
3K�' GLVVHUWDWLRQ� 8QLY� RI 'HODZDUH� 1HZDUN� ��� S�

'LQJHPDQV0�:�� �����_ :DWHU ZDYH SURSDJDWLRQ RYHU XQHYHQ ERWWRPV� 3DUW � � /LQHDU
ZDYH SURSDJDWLRQ � 3DUW � � 1RQ�OLQHDU ZDYH SURSDJDWLRQ� :RUOG 6FLHQWLnF� /RQGRQ� ���S�

��



'RGG 1�� ,UDQ]R 9� 	 5HQLHUV $G� �����_ 6KHDU LQVWDELOLWLHV RI ZDYH�GULYHQ DORQJ�
VKRUH FXUUHQWV� 5HY� *HRSK\V�� Q � ��� S� ��������

)UHLOLFK0�+� 	 *X]D 5�7�� �����_ 1RQOLQHDU HmHFWV RQ VKRDOLQJ VXUIDFH JUDYLW\ ZDYHV
3KLO� 7UDQV� 5� 6RF� /RQG�� $� Q � ���� S� �����

*HRUJH 5�� )OLFN 5�(� 	 *X]D 5�7�� �����_ 2EVHUYDWLRQV RI WXUEXOHQFH LQ WKH VXUI
]RQH� -� *HRSK\V� 5HV�� Q � �� �&��� S� ��������

*XLJQDUG 6�� 0DUFHU 5�� 5H\ 9�� .KDULI &� 	 )UDXQLuH 3� �����_ 6ROLWDU\ ZDYH
EUHDNLQJ RQ VORSLQJ EHDFKHV � ��' WZR SKDVH oRZ QXPHULFDO VLPXODWLRQ E\ 6/�92)
PHWKRG� (XU� -� 0HFK� % � )OXLGV� Q � ��� S� ������

+DOOHU 0�&� 	 'DOU\PSOH 5�$�� �����_ 5LS FXUUHQW LQVWDELOLWLHV� -� )OXLG 0HFK��
Q � ���� S� ��������

+DPP /�� 0DGVHQ 3�$� 	 3HUHJULQH '�+�� �����_ :DYH WUDQVIRUPDWLRQ LQ WKH
QHDUVKRUH ]RQH � D UHYLHZ� &RDVW� (QJ�� Q � ��� S� �����

+DWWRUL 0� 	 $RQR 7�� �����_ ([SHULPHQWDO VWXG\ RQ WXUEXOHQFH VWUXFWXUHV XQGHU
EUHDNLQJ ZDYHV� &RDVW� (QJ� -DS�� Q � ��� S� �������

+RULNDZD .�� �����_ 1HDUVKRUH G\QDPLFV DQG FRDVWDO SURFHVVHV� 8QLYHUVLW\ RI 7RN\R
3UHVV� 7RN\R� ��� S�

.LUE\ -�7� 	 &KHQ 4�� �����_ ([DPLQLQJ WKH ORZ IUHTXHQF\ SUHGLFWLRQV RI %RXVVLQHVT
ZDYH PRGHOV� ,Q � 3URF� ��WK ,QW� &RQI� RQ &RDVWDO (QJ� &DUGLm� Q � �� S� ����������

.RED\DVKL 1�� 'H6LOYD *�6� 	 :DWVRQ .�'�� �����_ :DYH WUDQVIRUPDWLRQ DQG VZDVK
RVFLOODWLRQ RQ JHQWOH DQG VWHHS VORSHV� -� *HRSK\V� 5HV�� Q � �� �&��� S� ��������

/HVLHXU 0� 	 0uHWDLV 2�� �����_ 1HZ WUHQGV LQ ODUJH�HGG\ VLPXODWLRQV RI WXUEXOHQFH
$QQX� 5HY� )OXLG 0HFK�� Q � ��� S� ������

/LSSPDQQ 7�&�� +HUEHUV 7�+�&� 	 7KRUQWRQ (�%�� �����_ *UDYLW\ DQG VKHDU ZDYH
FRQWULEXWLRQV WR QHDUVKRUH LQIUDJUDYLW\ PRWLRQV� -� 3K\V� 2FHDQRJU�� Q � �� ���� S� ��������

/RQJXHW�+LJJLQV0�6� 	 6WHZDUW 5�:�� �����_ 5DGLDWLRQ VWUHVV DQG PDVV WUDQVSRUW
LQ JUDYLW\ ZDYHV ZLWK DSSOLFDWLRQV WR 
VXUI�EHDW
� -� )OXLG 0HFK�� Q � �� S� ��������

/RQJXHW�+LJJLQV 0�6� 	 6WHZDUW 5�:�� �����_ 5DGLDWLRQ VWUHVV LQ ZDWHU ZDYHV� D
SK\VLFDO GLVFXVVLRQ ZLWK DSSOLFDWLRQ� 'HHS�6HD 5HV�� Q � ��� S� ��������

0DGVHQ 3�$�� 6RUHQVHQ 2�5� 	 6FK�DIIHU +�$�� ����D�_ 6XUI ]RQH G\QDPLFV VLPX�
ODWHG E\ D %RXVVLQHVT W\SH PRGHO� 3DUW ,� 0RGHO GHVFULSWLRQ DQG FURVV�VKRUH PRWLRQ RI
UHJXODU ZDYHV� &RDVW� (QJ�� Q � ��� S� ��������

0DGVHQ 3�$�� 6RUHQVHQ 2�5� 	 6FK�DIIHU +�$�� ����E�_ 6XUI ]RQH G\QDPLFV VLPX�
ODWHG E\ D %RXVVLQHVT W\SH PRGHO� 3DUW ,,� 6XUI EHDW DQG VZDVK RVFLOODWLRQV IRU ZDYH
JURXSV DQG LUUHJXODU ZDYHV� &RDVW� (QJ�� Q � ��� S� ��������

��



0HL &�&�� �����_ LW 7KH DSSOLHG G\QDPLFV RI RFHDQ VXUIDFH ZDYHV� :RUOG 6FLHQWLnF� /RQ�
GRQ� ��� S�

2OWPDQ�6KD\ -�� +RZG 3�$� 	 %LUNHPHLHU :�$�� �����_ 6KHDU LQVWDELOLWLHV RI WKH
PHDQ ORQJVKRUH FXUUHQW� �� )LHOG REVHUYDWLRQV� -� *HRSK\V� 5HV�� Q � ��� S� ������������

3KLOOLSV 2�0�� �����_ 7KH G\QDPLFV RI WKH XSSHU RFHDQ� 6HFRQG HGLWLRQ� &DPEULGJH
8QLYHUVLW\ 3UHVV� &DPEULGJH� ��� S�

5HQLHUV $��7KRUQWRQ (�� 6WDQWRQ 7�	 0DFPDKDQ -�� �����_ 5,3(; � 5LS�FXUUHQW
SXOVDWLRQ PRGHOLQJ� ,Q � 3URF� ��WK ,QW� &RQI� RQ &RDVWDO (QJ� S� ��������

5H\ 9�� �����_ 5AROH GHV LQWHUDFWLRQV RQGHV�RQGHV GDQV OD IRUPDWLRQ GHV EDUUHV OLWWRUDOHV�
2FuHDQLV� FH IDVFLFXOH�

6DLQW�&DVW )�� �����_ 0RGuHOLVDWLRQ GH OD PRUSKRG\QDPLTXH GHV
FRUSV VDEOHX[ HQ PLOLHX OLWWRUDO� 7KtHVH GH O
XQLYHUVLWuH %RUGHDX[ ,�
KWWS ���ZZZ�HQVFSE�IU�PDVWHU�SGI�WKHVH I VWFDVW�SGI� ��� S�

6DLQW�&DVW )�� &DVWHOOH %�� %RQQHWRQ 3� 	 &DOWDJLURQH� -�3�� �����_
0RGuHOLVDWLRQ GHV uHFRXOHPHQWV LQGXLWV SDU OD KRXOH VXU OHV SODJHV G
$TXLWDLQH� ,Q � � �

&RQI� GH *uHQLH &ARWLHU� $QJOHW�
6FDUGRYHOOL 5� 	 =DOHVNL 6�� �����_ 'LUHFW QXPHULFDO VLPXODWLRQ RI IUHH�VXUIDFH DQG
LQWHUIDFLDO oRZ� $QQX� 5HY� )OXLG 0HFK�� Q � ��� S� ��������

6FK�DIIHU +�$�� �����_ ,QIUDJUDYLW\ ZDYHV LQGXFHG E\ VKRUW�ZDYH JURXSV� -� )OXLG 0HFK��
Q � ���� S� ��������

6FK�DIIHU +�$�� 0DGVHQ 3�$� 	 'HLJDDUG 5�� �����_ $ %RXVVLQHVT PRGHO IRU ZDYHV
EUHDNLQJ LQ VKDOORZ ZDWHU� &RDVW� (QJ�� Q � ��� S� ��������

6uHQuHFKDO 1�� 'XSXLV +�� %RQQHWRQ 3�� +RZD +� 	 3HGUHURV 5�� �����_
2EVHUYDWLRQ RI LUUHJXODU ZDYH WUDQVIRUPDWLRQ LQ WKH VXUI ]RQH RYHU D JHQWO\ VORSSLQJ
VDQG\ EHDFK� 2FHDQR� $FWD� Q � �� ���� S� ��������

6uHQuHFKDO 1�� %RQQHWRQ 3� 	 'XSXLV +�� �����_ )LHOG H[SHULPHQW RQ VHFRQGDU\ ZDYH
JHQHUDWLRQ RQ D EDUUHG EHDFK DQG WKH FRQVHTXHQW HYROXWLRQ RI HQHUJ\ GLVVLSDWLRQ RQ WKH
EHDFK IDFH� &RDVW (QJ�� Q � ��� S� ��������

6PLWK -�$� 	 /DUJLHU -�/�� �����_ 2EVHUYDWLRQV RI QHDUVKRUH FLUFXODWLRQ � 5LS FXUUHQWV�
-� *HRSK\V� 5HV� Q � ��� �&��� S� ������������

6YHQGVHQ ,�$� 	 3XWUHYX 8�� �����_ 6XUI�]RQH K\GURG\QDPLFV� ,Q � $GYDQFHV LQ
&RDVWDO DQG 2FHDQ (QJLQHHULQJ� Q � �� :RUOG 6FLHQWLnF� /RQGRQ� S� �����

7KRUQWRQ (�%�� �����_ (QHUJHWLFV RI EUHDNLQJ ZDYHV ZLWKLQ WKH VXUI ]RQH� -� *HRSK\V�
5HV� Q � ��� S� ����������

��


