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(TXLSH GpYHORSSHPHQW HW SODVWLFLWp GHV Up

5{OH GX FLO SULPDLUH GDQV OD PLJUD
FRXUDQW GH PLIJUDWLRQ URVW

3DU OD[LPH &KDXOHW

TKgVH GH GRFWRUDW GH 1HXURVFLHQF

‘'LULIJpH SDU ,VDEHOOH &DLOOP

UpVHQWpH HW VRXWHQXH SXEOLTXHPHQW OH ¢

'"HYDQW XQ MXU\ FRPSRVp GH

' (YHO\QH %ORFK *DOOHJR 'LUHFWULFH GH 5HFKHUFKH
3U %pQpGLFWH 'XUDQG 'LUHFWULFH GH SHFKHUFKH
1DWKDOLH 6SDVVN\ 'LUHFWULFH GH 5HFKHUFKH

6\OYLH 6FKQHLGHU ODXQRXU\ 'LUHFWULFH GH 5SHFKHUFI
$OH[DQGUH %DIIHW &KDUJp GH 5HFKHUFKH

,VDEHOOH &DLOOp ODLWUH GH &RQIpUHQFHYV

c ccc
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/H FLO SULPDLUH HVW XQ SHWLW RUJDQLWH VHQVRULHO HQ
pPHUJH GH OD VXUIDFH GH OD SOXSDUW GHV FHOOXOHV HXFD
PXOWLSOHV pWDSHV GX GpYHORSSHPHQW GX V\VWgPH QHUYHX
FRPSUHQGUH OH U{OH GX FLO SULPDLUH GDQV OD PLJUDWLRQ Q
HVW OD PLJUDWLRQ WDQJHQWLHOOH GHSXLV OD JRQH VRXV YHQ
GH PLJUDWLRQ URVWUDO &05 TXL HVW SUpVHQW GDQV OD VF
QHXURQHV GX &05 SUPVHQWHQW XQH PLIJUDWLRQ VDOWDWRLUH
PRXYHPHQW VWpUpPpRW\Sp GH OHXU FHQWURVRPH 1RXV DQDO\VR!
SDU YLGpR PLFURVFRSLH VXU WUDQFKH GH FHUYHDX YLYDQW
ODERUDWRLUH
'DQV XQH SUHPLQUH pWXGH GHVFULSWLYH QRXV QRXV VRPPH)\
H[LVWDQW HQWUH OD PLJUDWLRQ SRVWQDWDOH HW OD PLJUDYV
PTXLYDOHQWHYV GDQV OD OLWWpUDWXUH DORUV PrPH TXH OH .
LPSRUWDQWY GDQV OHV WURLV SUHPLQUHV VHPDLQHV GH YLH 1
OHV SDUDPqQWUHV GH 1. pWDLHQW VLPLODLUHV HQWUH 3 H
GLUHFWLRQQDOLWpP VRQW PRGLILpV VXJIJpUDQW GH SRVVLEOHV
DQDO\WVHU XQ SRVVLEOH U{OH GLIIpUHQWLHO GX FLO SULPDLUH
JpQPWLTXH GX FLO SULPDLUH SDU LQMHFW L ROl GR&HIUWHHUBIE® P WL
SURGXLW GHV HIIHWV GLIIpUHQWYV j3 HW 3 j3 HOOH DIIHFV
GLUHFWLRQQDOLWpP DORUV TX |3 HOOH DIIHFWH VHXOHPHQW
TXL UHVWHQW SUpOLPLQDLUHV VXJJqQUHQW TXH OH FLO SULPDI
KIHV

'DQV XQH GHX[LgPH pWXGH PRQ WUDYDLO D FRQYHUJp DYl
YHUV O DQDO\VH GH OD G\QDPLTXH GH OD VLJQDOLVDWLRQ $03
QRXV LPDJHRQV XQ ELRVHQVHXU )5(7 $03F VSpFLILTXH SDU PLFU
WHFKQLTXH D UpYpOp GDQV OHV QHXURQHV GX &05 j 3 XQ KR\
OH FHQWURVRPH SUpVHQW SHQGDQW OD 1. HW DEVHQW SHQGD
TXH OH NQRFN GRZQ GH O DGpQ\ODWH F\FODVH FLOLDLUH P
GLVSDULWLRQ UpVXOWH HQ XQ UDOHQWLVVHPHQW GH OD PLJUL
XQH IUpTXHQFH GH 1. GLPLQXpH 'H SOXV FHV PRGLILFDWLRQV C
GpIDXWV GH G\QDPLTXH FHQWURVRPDOH DYHF XQH YLWHVVH G
GLVWDQFH PD[LPDOH HQWUH QR\DX HW FHQWURVRPH HW XQ Gp
1. 3DU DLOOHXUV XQH GpORFDOLVDWLRQ JpQpWLTXH GH OD S
FHQWURVRPDOH UpFDSLWXOH FHV SKpQRW\SHV GH PLJUDWLRQ



GX KRWVSRW G $03F 1RV GRQQpHV PRQWUHQW GRQF TXH O $0:
G\QDPLTXH DX QLYHDX GX FHQWURVRPH TXL DJLW ORFDOHPHQ\
PLJUDWLRQ QHXURQDOH HW OH FRXSODJH FHQWURVRPH QR\DX
OHV QHXURQHV HQ PLJUDWLRQ SXLVTXH QRXV UHWURXYRQV FH
GDQV OH EXOEH ROIDFWLI GDQV OH &05 GX MHXQH DGXOWH H\
FRUWH[ HPEU\RQQDLUH

&HWWH pWXGH YD SURFKDLQHPHQW rWUH VRXPLVH SRXU
&RPSDUWLPHQWDOL]HG F$03 G\QDPLFV UHJXODWHY QHXURQDO |
/| HQVHPEOH GH FH WUDYDLO DPgQH XQ QRXYHDX SRLQW GH YXH
SULPDLUH UpJXOH OD PLJUDWLRQ QHXURQDOH 1RXV VXJJpURQYV
D XQH LQIOXHQFH GLUHFWH VXU OH FHQWURVRPH HW O RUJDQL
SULPDLUH Q DSSDUDLW GRQF SOXV FRPPH XQH XQLWp GH VL.
GLUHFWHPHQW FRXSOp DX FHQWURVRPH YLD OD GLIIXVLRQ GH
UpJXOHU GLUHFWHPHQW OD G\QDPLTXH GX FHQWURVRPH HW FHO
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-H UHPHUFLH (YHO\QH %ORFK *DOOHJR %pQpGLFWH 'XUDQ
ODXQRXU\ HW $OH[DQGUH %DIIHW GH PH IDLUH OTKRQQHXU

H YHX[ GIDERUG UHPHUFLHU XQH SHUVRQQH ,VDEHOOH 7
VRLV UHWURXYp VDQV VWDJH GH 0 HW GHSXLV WX QfDV Ft
7X HV XQH IHPPH SDVVLRQQpH MDPDLV j FRXUW GIH[FHOO
QRQ SOXV WX PIDV WRXMRXUV SRXVVp j DOOHU SOXV ORL
XQH PRQWDJQH GIpFKHFV 3RXU OHV ,)7 TXDQG oD QH P
SRXU OD UpYpODWLRQ %$7*DO « (W PrPH TXDQG LO QH
WRXMRXUV RXYHUWH j OD GLVEXVVLRQ VXU WRXW HW VXU
DXWRXU GX IRRW GXUDQW OHVTXHOOHV WX DV WRXMRXUYV
FH FOXE %UHI SRXU WRXW oD PHUFL PHUFL EHDXFRXS HYV

OHUFL -XOLH PD FROOQJXH HW SOXV FHUWDLQHPHQW HQFF
FHV WURLY GHUQLQUHVY DQQpHV 2Q D VDFUpPHQW ULJROp
GHVVXV WRXW RQ D IRUPp XQ VDFUp GXR GH FKRF j WRX
ERQERQV (W SXLV MYDL WURXYp XQH YpULWDEOH DPLH D"
IRRW IDXW SDV GpFRQQHU HW MH WYHQ UHPHUFLH 7X D
EODJXHV HW PRQ IRRW SHQGDQW WURLV DQV HW ULHQ TXH
-H QH WH GHPDQGHUDLYV TXfXQH FKRVH FRQWLQXH HQ VF
KRUV SDLU SDVVLRQQpPH HW GRXpH TXL DUULYH j WURXYH
SXEOLFDWLRQV 7X IHUDV XQH H[FHOOHQWH FKHUFKHXVH H

OHUFL $ODLQ HW ,VDEHOOH YRXV PYDYH] DFFXHLOOL GD
UpSRQGUH j WRXWHYV PHV SHWLWHYV TXHVWLRQV TXDQG YRX

OHUFL &RUDOLH 7X HV XQH FROOQJXH IRUPLGDEOH WRXNM
WHFKQLTXH WHOOHPHQW LPSUHVVLRQQDQWH 8QH SLHUU
PH VRXYLHQGUDLY WRXMRXUV GX SUHPLHU FRQVHLO UHoX
TXHVWLRQ GHPDQGH j &RUDOLH HOOH VDXUD WH UpSRQGU



OHUFL 2ULDQH 7RXW FRPPH -XOLH HQ SOXV GTXQH FRO
DGRUDEOH WRXMRXUV SUrWH j pFRXWHU HW j] GLVFXWHU SF
HQWUH GHX[ PDQLSYVY HW ULJROHU 3HXW rWUH PrPH WHVWEF
SDV SRXUULHYV

OHUFL 2ULDQHWWH 3DUPL WRXWHV OHV SHUVRQQHV TXH M
SOXV FKqUH OHUFL SRXU WRXV FHV VRXULUHV WRXV FHV |
SDLOODVVH PDLV VXUWRXW HQ PDQJHDQW 79DV VXSSRUW|
EUDYR FH QYfpWDLW SDV VLPSOH GX WRXW DORUV PrPH TXI
YD IDOORLU TXH MH PH WURXYH XQH QRXYHOOH FRPSOLFH
ERQERQV HW OHV JKWHDX[ WX PIDV OLWWpUDOHPHQW QRX

OHUFL &DUR 7X DV WRXMRXUV pWp DGRUDEOH HW VRXULD
RX GHV SHWLWHV EODJXHV -fHVSqUH TXH WX QH OHV DXUI
GHYLHQQHV FRPPH PRL DSUQqV

OHUFL ODULH 3LHUUH SRXU WHV FRQQDLVVDQFHYVY GDQV OH)
TXHVWLRQV GH ODER HW pJDOHPHQW EL]J]DUUHYVY TXH MH SR>

OHUFL ORKDPHG SRXU WRQ H[SHUWLVH SRXU OHV VWDWLVW
VWDWV«XQ YPULWDEOH OR]DUW GHV FKLIITUHV HW XQH SHUV

OHUFL ODU\VH WX HV WRXMRXUV VRXULDQWH HW WRXMRXU
MDPDLVY VDQV WRQ ERQMRXU 7RQ DLGH DX ODER HVW SUpF

OHUFL DX[ DQFLHQV /DXUD HW 4XHQWLQ HW PHUFL j WRXWI
QRWDPPHQW ODUJDX[ HW 6DUXMDQ OHUFL SRXU WRXWHYV
SDLOODVVH HW WRXV OHV ULUHV TXYfRQ D HX HQVHPEOH -}
%RQ FRXUDJH 6DOLPD WX DV EULOOHPHQW UpXVVL OH FR
WKgqgVH DFFURFKHV WRL FfHVW WHOOHPHQW HQULFKLVVDC

OHUFL DX[ DXWUHV SHUVRQQHV GX % 3LHUUH eULF &
JUDQFHVFD $XUpOLH ORUJDQH HW WRXV FHX[ TXL VRQW



FRQQDLWUH /H % HVW XQH IDPLOOH XQ SHX EL]DUUH PDL’
VIDJIJLW GIXQ SHX GYDLGH RX GYXQH GLVFXVVLRQ j OD FDIp

OHUFL j OD SODWHIRUPH GYLPDJHULH 6X]DQQH )UDQFH H
Oj SRXU UpSRQGUH j PHV TXHVWLRQV PH FRQVHLOOHU |
VIPSDWKLTXH HQWUH GHX[ DFTXLVLWLRQV ORQ WUDYDLO
GRLJWV GH IpH QL YRWUH JHQWLOOHVVH 9RXV rWHV IRUPL
QR\p VL MHXQH«

OHUFL DX FOXE ,'3& 2Q D SDVVp XQH DQQpH LQFUR\DEOH H
GH YRXV F{WR\HU HW GH YRXV FRQQDLWUH M{DL UHQFRQ\
GXUDQW WRXWHVY FHV UpXQLRQVigG H HoHMHK) GDE DHVN VR DR QC
MDPDLV pWp DXVVL UpXVVLHV TXYfDYHF YRXV HW YRXV DYH
MDMD YRXV DOOH] PH PDQTXHU

OHUFL $UWXUR 2Q D RUJDQLVp OD SOXV EHOOH FRXSH GX
HQVHPEOH 7X HV XQ PHF HQ RU HW MITHVSqUH TXH WD FDU
FRXUDJH SRXU OD VXLWH GH WD YLH PRQ SRWH ,0 YD IDO:
IRRW DSUqV WRXWHV FHV EHOOHYVY GLVFXVVLRQV DXWRXU G

&ODLUH«$SUqV WRXWHV FHVY MRXUQpHV TXH WX DV HQGXUj|
WITRXEOLHU OHUFL SRXU WD JHQWLOOHVVH WRQ VRXULUH
IRXV ULUHV TXY{RQ DXUD HX HQVHPEOH GXUDQW OHV 73V R
TXH WX UpXVvVvLUDV SDU OD VXLWH GHV IHPPHV FRPPH WF
YpULWDEOH DPLH DXVVL HW WX YDV PH PDQTXHU

OHUFL DX[ JHQV GH 909'& &ODLUH (OLD *DEULHOOH [/pF
&TpWDLW XQH DYHQWXUH XQ SHX IROOH XQH EXOOH j SDU
PRPHQWYV HW F{pWDLW XQH VXSHU H[SPpULHQFH GTHQVHLJQ

OHUFL j WRXV OHV DXWUHV FHX[ TXH MH FURLVH UDUHPHQ
TXL MH WDSH XQ ERXW GH GLVFEFXWY GDQV OH FRXORLU %
+HUYp 6WHYH 6RSKLH $QQH &ODLUH HW WRXV FHX[ TXH N



OHUFL j PHVY SDUHQWYV PD V°XU HW 1LFRODV 9RXV PIDYH]
HW HQFRXUDJp GDQV OHV PRPHQWYVY GH MRLH -H VXLV OfK!
HW MH YRXV GRLV EHDXFRXS -H YRXV GpGLH FHWWH WKqgV
GLV SDV DVVH] PDLV MH YRXV DLPH WHQGUHPHQW

OHUFL PRQ SHWLW FKDW 7X DV GpEDUTXp GDQV PD YLH VI
DYHQWXUH DYHF WRL PYD IDLW pQRUPpPHQW GH ELHQ 7X
WHQGUHVVH j FKDTXH IRLV TXH MH WH YRLV OHUFL SRXU \
TXH WX PIDV GRQQp GHSXLV OH GpEXW PD SHWLWH EORQG'H

OHUFL DX[ PHLOOHXUV PHV SRWRV /XGR 1RXFK &KORX HW
GpEXW HW RQ D WRXW YpFX PDLV PrPH VL RQ IDLW PDLQWF
UHVWH XQL -fHQ VXLV Oj JUKFH j YRXV DXVVL YRXV PYDYF
DXWDQW TXH YRXV SRXYLH] HW MH YRXV GRLV DXVVL FHWYV
F°XU ORYH VXU YRXV

OHUFL DXVVL j PD FOLTXH GH IDF /pR $OLVRQ &OpPHQW
2Q HQ D EDYp HQVHPEOH SHQGDQW OH ODVWHU RQ D ULQF
OHV H[DPHQV HW SHQGDQW OHV FRXUV 2Q \ HVW DUULYp
LQFUR\DEOH PHUFL SRXU WRXV FHV PRPHQWY SDVVpV j OD

SHWLWH GpGLFDFH VSpFLDOH SRXU WRL /pR PRQ SRWH PF
GH NUDY RQ VIpWDLW SURPLV GIDYRLU XQH WKgVH RQ V
XQH SUpVHQWDWLRQ GYDUWLFOH SRXU GHV TXHVWLRQV GR
VLPSOH UHJDUG PDLQWHQDQW 6RXYLHQV WRL GH FH OHQG

OD PHLOOHXUH SUpVHQWDWLRQ GI{DUWLFOH gXYRQ D MDPD
6L MH VXLV DUULYp MXVTXH Oj FTHVW DXVVL JUKFH j WRL P

OHUFL j OT(&.0 SRXU WRXV FHV HQWUDLQHPHQWYV 8Q HV
GLVDLHQW PDLV oD IDLW WHOOHPHQW GH ELHQ GH WRXW L
OHUFL DX[ PRQLWHXUV /pR $GULHQ 3LHUUH $UQDXG YR
MTDL FRPSULVY TXH oD VH MRXDLW GDQV OD WrWH HW TXTlI
SRXUFHQW GH UpXVVLWH HQ SOXV -1DL GpFRXYHUW GHYV
MXPHDX[ YRXV rWHV GHV EURYV (Q URXWH YHUV OD FHLQV

a

(0]



(QILQ PHUFL 3DULV PD YLOOH GH F°XU HW PRQ FOXE GH |
TXH OHV UDUHV GpIDLWHV DXURQW U\WKPp FHVY WURLV DC
DX ODER

2K YLOOH OXPLqUH VHQV OD FKDOHXU GH QRWUH F°XU VI
SUgV GH WRL«

/ID WKqQVH FTHVW UpSRQGUH j XQH TXHVWLRQ VFLHQWLILTXFE
FLQT PDLV YRXV VDYH] PRL MH QH FURLV SDV TXYLO \ DLW
VL MH GHYDLYV UpVXPHU PD YLH DXMRXUGITIKXL DYHF YRXYV

GHV JHQV TXL PfRQW WHQGX OD PDLQ SHXW rWUH j XQ PF
FKH] PRL (W FYHVW DVVH] FXULHX[ GH VH GLUH TXH OHY\
GHVWLQpH«3DUFH TXH TXDQG RQ D OH JR€W GH OD FKRVH

OH EHDX JHVWH SDUIRLV RQ QH WURXYH SDV OTLQWHUORF
j DYDQFHU $ORUV FH QTfHVW SDV PRQ FDV FRPPH MH OH
S X HW MH GLV PHUFL j OD YLH MH OXL GLV PHUFL MH I
GIDPRXU (W ILQDOHPHQW TXDQG EHDXFRXS GH JHQV DX
IDLV WX SRXU DYRLU FHWWH KXPDQLWp " 2 (K ELHQ MH OHX
GH OYDPRXU FH JR€W GRQF TXL PYD SRXVVp DXMRXUGT
PpFDQLTXH PDLV GHPDLQ TXL VDLW SHXW rWUH VLPSOH
FRPPXQDXWp jIDLUH OH GRQ OH GRQ GH VRL« & 2WLV $V

JOXFWXDW 1HF OHUJLWXU
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 QWURGXFWLRQ

J)LIXUH 6FKpPD GHV GLIIpUHQWHYV YRLHV GH PLJUDWLRQ
GpYHORSSHPHQW GX 61&
J)LIXUH ORGHVY GH PLIJUDWLRQ GHV QHXURQHYV

J)LIXUH &RPSRVLWLRQ FHOOXODLUH GH OD JRQH YHQWUL
J)LIXUH &RXUDQW GH PLIJUDWLRQ URVWUDOH GDQV OH FH

YLIXUH 'PYHORSSHPHQW GHV QHXURQHV JUDQXODLUHV G
YLIXUH /H YHQWULFXOH ROIDEWLI HVW SUpVHQW j OD QU
OH URQJHXU

JLIXUH ORGLILFDWLRQ GHV LQWHUDFWLRQV HQWUH OHYV
PLJUDWLRQ URVWUDOH

YLIXUH 6FKpPD GHV FKDQJHPHQWY PRUSKRORJLTXHV H
OTpYROXWLRQ GX &05 GX VWDGH SpULQDWDO DX VWDGH DG
JLIXUH &RXUDQWY GH PLJUDWLRQ GH MHXQHV QHXURQH
GH QRXYHDX Qp

YLIXUH 9RLH GH PLJUDWLRQ GHVY LQWHUQHXURQHYV GDQ)
JLIXUH OLJUDWLRQ QHXURQDOH GXUDQW OH GpYHORSSH
JLIXUH 6FKpPD GIXQ QHXUREODVWH HQ PLJUDWLRQ GDC
YLIXUH 6FKpPD GH OD PLJUDWLRQ VDOWDWRLUH HW GHV
YLIXUH /H FLO SULPDLUH HVW XQ SHWLW RUJDQLWH SU|
HXFDU\RWHV HW MRXH OH U{OH GIDQWHQQH SRXU OD FHOO
JLIXUH /D FLOLRJpQQVH HVW UpDOLVpH HQ pWDSHV GL!
JLIXUH 7DEOHDX UpFDSLWXODWLI QRQ H[KDXVWLI GH
SUPVHQWY DX QLYHDX GX FLO SULPDLUH

YLIXUH 6FKpPD UpFDSLWXODWLI GHVY FDUDFWpPULVWLTX|
PWDSHV GH PLJUDWLRQ HW GH GLIIpUHQFLDWLRQ GHV QHXL
YJLIXUH /D YRLH GH VLIQDOLVDWLRQ $03F HVW H[WUrPHP
YLIXUH BULQFLSH GH IRQFWLRQQHPHQW GX ELRVHQVHXL

JLIXUH OpFDQLVPHYVY GH JpQpUDWLRQ GHVY GRPDLQHV VXI



SDUWLH , + 'LIlTpPUHQFHY GH FRPSRUWHPHQW GH PLJUDWLRC
DGXOWH 5{OH GLIIpUHQWLHO GX FLO

J)LIXUH $QDO\WH HQ FRPSRVDQWH SULQFLSDOH $&3 | 3
J)LIXUH /IHV QHXURQHV HQ PLJUDWLRQ GDQV OH &05
PRUSKRORJLTXHV GLIITpUHQWHY DX FRXUV GX GpYHORSSHPE
J)LIXUH /IHV SDUDPgQWUHV GH PLJUDWLRQ GHV QHXURQHYV
J)LIXUH /ID GLUHFWLRQQDOLWp GH PLJUDWLRQ GHV QHXU
J)LIXUH /I YTDEODWLRQ GX FLO SULPDLUH j 3 HW 3 Qf
PLIJUDWLRQ HW GH QXFOpRNLQgVH

J)LIXUH /I YDEODWLRQ GX FLO SULPDLUH j 3 SURYRTXH X
SDU UDSSRUW j 3

J)LIXUH /ID YRLH 6KK Q HVW SDV DFWLYpH GDQV OHV QHX
SDUWLH ,, £ $57,&/( &RPSDUWLPHQWDOL]HG F$03 G\QDF

PLIJUDWLRQ

J)LIXUH F$03 G\QDPLFV LQ PLIJUDWLQJ QHXURQV RI WKH P
J)LIXUH BULPDU\ FLOLXP DEODWLRQ OHDGV WR GLVDSSHD!
J)LIXUH &LOLDU\ $& GHOHWLRQ OHDGV WR GLVDSSHDUDQ!
J)LIXUH OLJUDWLRQ GHIHFWV DIWHU SULPDU\ FLOLXP DEOI
J)LIXUH 5ROH RI FHQWURVRPDO 3.%

J)LIXUH 7KH F$03 KRWVSRW LV SUHVHQW LQ GLITHUHQW Nl
JLIXUH VXS 5SJULS O OLJUDWLRQ GHIHFWV DIWHU SULPDU

'LVEXVVLRQ &RQFOXVLRQ *pQpUDOH

YLIXUH 6FKpPD UpFDSLWXODQW OJDUWLFOH

YLIXUH 6FKpPD GH OD PLJUDWLRQ QXFOpDLUH LQWHU NI
OH QHXURpPSLWKpPOLXP



/,67( '(6 $%5(9,$7,216

$& $GHQ\ODWH &\FODVH .,) .LQHVLQ ,QWUD)ODJHOODLU
$&3 $QDO\WH HQ &RPSRVDQWR 3QRERL3OWH

$.$3 $ .LQDVH $QFKRULQJ 3URSWHLYWHY UKRPELTXHV 5RVWU
$03F $GpQRVLQH ORQR3WRVSKDMWKWRVFRSLH (OHFWURQ
F\FOLTXH 7UDQVPLVVLRQ

$73 $GPQRVLQH 7UL3KRVSKDWMWBY OpWDOOR3URWpPDVHV 0DWU
%'1l) %UDLQ GHULYHG 1HXURM$R SKLFU PIOF WIROO $GKHVLRQ 0
%2 %XOEH 20IDFWLI 1. 1XFOpR.LQQgVH

&. &HQWUR.LQQgVH 253, 2DN 5LGJH 3RO\F\VWLF
&1* &\FOLF 1XFOHRWLGH *D\®HGHDRMQ QH O

&05 &RXUDQW GH OLJUDWLR®$BRYWUWXHWDU\ $GHQ\ODWH

&75 &HQWURVRPH $FWLYDWLQJ 3RO\SHSWLGH

'&& 'HOHWHG LQ &RORUHFWBQ SXRNISKR'L(VWHUDVH

'&; 'RXEOH&RUWLQ 3.$ 3URWHLQ .LQDVH $
GQ3.$RPLQDQW 1HJDWLYH )RUP*RIpEMSWHXU &RXSOp j XQH
(*0 (PLQHQFHV *DQJOL*RQQDLUHYV

OpGLDQHYV BKK6RQLF +HGJHKRJ

(3$& ([FKDQJH 3URWHLQ DEWLMNWEPEDIHUYHX[ &HQWUDO
OT$03F 67,) 6\VWqPH GH 7UDQV¢

)5(7 )JUVWHU 5HVRQDQFH (Q,QWV IJ)UIDYJWHIGIO®D L U H
*)$3 *OLDO )LEULOODU\ $FLALF) 3WMWHAXQDU (QGRWKHOLDO
*Y3 *UHHQ )OXRUHVFHQW 3 U)DFWLRQ
*03F *XDQRVLQH ORQR3KRYSRMMHIRXY 9HQWULFXODLUFH
F\FOLTXH =7 =RQH GH 7UDQVLWLRQ

.QRFN 'RZQ =9& =RQH 9HQWULFXODLUH &pUg
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/$ 0,*5$7,21
,PSRUWDQFH GH OD PLJUDWLRQ QHXURQDOH
5{OH GH OD PLJUDWLRQ QHXURQDOH

/IH VA\VWqgqPH QHUYHX[ FHQWUDO GHV PDPPLIQUHV HVW
FKDFXQH OHXU SURSUH RUJDQLVDWLRQ HW OHXU SURSL
QHXURQDOH HVW XQH pWDSH FOp GX GpYHORSSHPHQW HW
OIDUFKLWHFWXUH FpUpEUDOH HW GDQV OD FRPSRVLWLRQ ¢

Midbrain

Forebrain:
—> Cajal-Retzius cells
—> Projection neurons
—> Cortical interneurons
—> Striatal interneurons

Hindbrain

—> OB interneurons
Oligodendrocytes

Hindbrain:

—> Precerebellar neurons
(Inferior olive nucleus)

—> Precerebellar neurons
(Lateral reticular nucl.)

S @IML Spinal cord:
—> Oligodendrocytes

—>» Sympathetic preganglionic

\ neurons

YJLIXUH 6FKpPD GHV GLIIpUHQWHY YRLHV GH PLJUDWLRC
FRXUV GX GpYHORSSHPHQW GX 61&

30XVLHXUV YRLHV GH PLJUDWLRQ FRH[LVWHQW GXUDQW
GLIIpPUHQWHYV JRQHV GX V\VWqPH QHUYHX[ FHQWUDO S$EUp)
GH OD PRHOOH pSLQLQUH ,2 QR\DX[ GH OJROLYH LQIpUL
ODWpUDOHV /51 QR\DX[ ODWpUDX[ UpWLFXOpV 0*( pP
1&][ QpRFRUWH[ 2% EXOEHV ROIDFWLIV 'H 0DUtQ HW DO

Spinal cord

/JHV FHOOXOHV SURJPQLWULFHV TXL JpQqUHQW OHV QF
UpSDUWLHY OH ORQJ GH OYD[H DQWpUR SRVWPpPULHXU G
GPYHORSSHPHQW GHV GLIIpPUHQWHY VWUXFWXUHV FpUpEUL
GH OHXU YROXPH HW GH OD GLVWDQFH TXL VpSDUH OHV ]R
QHXURQHV VH GpSODFHQW GRQF VXU GH ORQJXHV GLVWD(
SRXU WURXYHU OHXU ORFDOLVDWLRQ ILQDOH 'DQV OH FHU



H[HPSOH OHV QHXURQHV LQKLELWHXUV GX FRUWH[ VRQW
PpGLDQHV HW PLJUHQW MXVTXYDX FRUWH[ )LIXUH 10qFK
EXOEHV ROIDFWLIV VRQW JpQpUpV GDQV OH FHUYHDX SRVW
=69 GX YHQWULFXOH ODWpUDO HW PLJUHQW VXU XQH OR
YJLIXUH IOJFKH YLROHWWH &H W\SH GH PLJUDWLRQ VX
SRXU FHUWDLQV QHXURQHV GX WURQF FpUpPEUDO RX GH OD
VSLQDO FRUG VXU OD ILJXUH

/D PLJUDWLRQ SHUPHW SDU DLOOHXUV GH PpODQJHU
QHXURQHV G RULJLQH GLIIpUHQWH 3DU H[HPSOH OHV Q
HPEU\RQQDLUH VRQW JpQpUpV ORFDOHPHQW SDU OHV SURJ
JRQH YHQWULFXODLUH WDQGLV TXH OHV QHXURQHV LQKL
PPLQHQFHYV JDQJOLRQQDLUHV 0DUtQ DQG 5XEHQVWHLQ
SURYLHQQHQW pJDOHPHQW GH GLIIpUHQWHY UpJLRQV SL
*$%$HUIJLTXHV VRQW SURGXLWHV GDQV OD JRQH YHQWULFX
JUDLQV JOXWDPDWHUJLTXHV QDLVVHQW DX QLYHDX GHV

/D PLJUDWLRQ GHV QHXURQHV HVW WUDGLWLRQQHOC
PLJUDWLRQ UDGLDLUH HW OD PLJUDWLRQ WDQJHQWLHOOH
PLJUDWLRQ UpVLGH GDQV OfD[H GH PLJUDWLRQ HPSUXQWp
WXEH QHXUDO +DWWHQ 0DUtQ DQG 5XEHQVWHLQ
PLJUDWLRQ UDGLDLUH VXLYHQW XQH WUDMHFWRLUH SHU:
SDUDOOQGOH j OTD[H GRUVR YHQWUDOH )LIXUH JDXFKH
GpSODFHQW SDUDOOQOHPHQW j OD VXUIDFH GHV YHQWULF:
UDGLDLUH ILJXUH GURLWH &HUWDLQV W\SHV GH QHXUI
FRUWLFDX[ SDU H[HPSOH XWLOLVHQW XQLTXHPHQW OD PLJ
ODUWtQH] ODUWtQH] HW DO '"f{DXWUHV DWWHLJQHQW
WDQJHQWLHOOH VXLYLH GH OD PLJUDWLRQ UDGLDLUH RX
QHXUREODVWHV LVVXV GH OD =69 PLJUHQW GYDERUG GH
PLJUDWLRQ URVWUDOH &05 SXLV VH UpRULHQWHQW HW
ROIDFWLI 2% 6XQ HW DO



P Nl JLIXUH ORGHV GH PLJUDW
Migration OHXURQHV

Tangentie”e /IHV QHXURQHV HQ PLJUDWLRQ

FODLU PLIJUHQW SDUDOOQ(Q!

SURORQJHPHQWY GH JOLH UD

/IHV QHXURQHV HQ PLJUDWLRC

YLROHW PLJUHQW SHUSHQGL

SURORQJHPHQW GH JOLH UDGL

SDWKRORJLHYVY GH PLIJUDWLRQ QHXURQDOH

/ID PLJUDWLRQ QHXURQDOH HVW XQH pWDSH FULWLTXH
FHQWUDO /D FRPSUpKHQVLRQ GH FH SURFHVVXV D SURJU
PLIJUDWLRQ QHXURQDOH FKH] Of+RPPH HQ SDUWLFXOLHU (
VRXULY PXWDQWHYV OXL FRUUHVSRQGDQW .DWR DQG 'RE\Q"

/ID OLVHQFpSKDOLH HVW SULQFLSDOHPHQW FDUDFWj
HQWLqQUHPHQW OLVVH GX FHUYHDX (OOH FRPSUHQG HQ |
FRUWLFDOHY DOODQW GH OD UpGXFWLRQ GX QRPEUH GH
OYDEVHQFH FRPSOgWH GH FLUFRQYROXWLRQV DJ\ULH /D
] OD SUpVHQFH GH EDQGHV VRXV FRUWLFDOHV KpWpURWR S
TXL VRQW GHV EDQGHV HFWRSLTXHV GH QHXURQHV SUpVHC
FL SDU XQH ILQH FRXFKH GH PDWLqUH EODQFKH %DUNRYLF

/IHV OLVHQFpSKDOLHVY VH FDWpJRULVHQW HQ SOXVLHXL
SDWLHQWY DWWHLQWY GH FHWWH SDWKRORJLH %DUNRY
OLVHQFpSKDOLH GH W\SH , RX OLVHQFpSKDOLH FODVVLTXH
GH OfpSDLVVHXU GX FRUWH[ HW OD UpGXFWLRQ GX QRPEUL
TXDWUH /D OLVHQFpSKDOLH GH W\SH ,, RX OLVHQFpSKD
OIDEVHQFH WRWDOH GH FRXFKHV FRUWLFDOHV GLVWLQF
JUDQXOHXVH HW OHV FLUFRQYROXWLRQV VRQW SOXV RX P
pJDOHPHQW GLODWpPV HW GIDXWUHV RUJDQHV FRPPH OHV \
HW DO



$ FH MRXU FLQT JgQHV RQW pWp LGHQWLILpVY FRPPH F
GH FHV SDWKRORJLHV FKH] OT+RPPH /x6.DVWR DBQ/A 'BE)QHWA
e /,6 OLVVHQFHSKDO\ HW '&; 'RXEOHFRUWLQH OLp
FRXUDPPHQW WRXFKpV
/IHV GpIDXWV GH PLJUDWLRQ QHXURQDOH VRQW pJDOH
UHWDUGYV PHQWDX[ HW GTpSLOHSVLHV FKH] OHV HQIDQWYV
SRXUUDLHQW DXVVL SDUWLFLSHU j GHV SDWKRORJLHV FRF
VSHFWUH DXWLVWLTXH SHLQHU DQG 6DSLU

/,6

/ID PDMRULWp GHV FDV GH OLVHQFpSKDOLHV HVW DVVR
OH JgQH /,6 3%)$+ % OHL HW DO ,O FRGH SRXU OD
FRPPH XQH VRXV XQLWp UpIJXODWULFH GH OD SODWHOHW D
DO /ILV HVW H[SULPpH GH PDQLqQUH SUpGRPLQDQWH C
OL]XJXFKL HW DO /ILV VIDVVRFLH DYHF OHV PLFL
VWDELOLVDWLRQ LQ YLWUR o6DSLU HW DO

SOXVLHXUV pWXGHV OLHQW GH PDQLqUH pYLGHQWH /
QHXURQDOH GDQV OH FHUYHDX HQ GpYHORSSHPHQW 'HV
REVHUYpV GDQV GH PXOWLSOHY PRGgOHV GH VRXULV PRC

GHV VRXULIMWURWVXQH HW DO ORI ORIG WVR WRXQHVHM VD O
RX SDU ." GX JgOQH HQ XWLQRQVROWMWAIBY HO\H BWUR SR UDMQ\R Q H
DYHF XQ QLYHDX GYH[SUHVVLRQ GH /LV UpGXLW OHV PRX"
PRLQV FRXSOpV 6KX HW DO 7TDQDND HW DO 19X\
WUDQVORFDWLRQ QXFOpDLUH VDQV DIIHFWHU OTH[WHQVLEF

'‘DQV OHV FHOOXOHV HQ JUDLQ GX FHUYHOHW HQ PLJ
LQGXLW OH EORFDJH GH OD PLJUDWLRQ QXFOpDLUH VDQV
PLFURWXEXOHY GDQV OH SURORQJHPHQW GH PLJUDWLRQ
/LY DIIHFWH pJDOHPHQW OD PLJUDWLRQ WDQJHQWLHOOH
OFODQXV HW DO

e
el



|&;

'HV PXWDWLRQV GDQV OH JgQH '&; FRQGXLW j OD O
O KpWpURWRSLH VXEFRUWLFDOH FKH] OD IHPPH GHV 3RUW
/IH JgQH '&; FRGH SRXU OD 'RXEOHFRUWLQ 'F[ TXL H®

PLFURWXEXOHV )UDQFLV HW DO (OOH HVW H[SULPpH
HW DO 'F[ SURPHXW OD QXFOpDWLRQ OYDVVHPEOD.
ORRUHVY HW DO /ID SURWPLQH LQWHUDJLW pJDOHI

SRO\PpULVDWLRQ GHV PLFURWXEXOHV GH PDQLqUH HIILFI
LPSOLTXp GDQV OD UpJXODWLRQ GX F\WRVTXHOHWWH GYDF
HW DO

'DQV OHV VRXULV .2 SRXU 'F[ OD ODPLQDWLRQ GHV FI
TXH GHV GpIDXWV VpYqQUHV GH ODPLQDWLRQ VRQW REVHUY
/H ." GH 'F[ SDU pOHFWX\ERERDWLROXULY HW OH UDW D XQ ¢
SXLVTX LO LQKLEH OD PLJUDWLRQ GHV QHXURQHV FRUWL

/H .2 GH '&; D XQ HIIHW SOXV LPSRUWDQW HQFRUH GD
HQWUDLQDQW GHV SUREOQPHV GH QXFOpPRNLQQVH HW GH E!
pJDOHPHQW XQ U{OH LPSRUWDQW GDQV OD PLJUDWLRQ GH\
GH OD VRXULV DGXOWH SXLVTXH VRQ .' GLPLQXH OD PLJU
2FELQD HW DO

/I NMLQWHUDFWLRQ HQWUH 'F[ HW OHV PLFURWXEXOHV HV
SDU DX PRLQV NLQDVHV GLIIpUHQWHY -1. *GDO\DKX HW
OD SURWpPLQH NLQDVH $ 3.% 6FKDDU HW DO HW *¢
PWXGHV LQ YLWUR LQGLTXHQW TXH OHV SKRVSKRU\ODWL
OTDIILQLWp GH OD SURWpPLQH SRXU OHV PLFURWXEXOHV 6F

/ID YRLH GH PLJUDWLRQ GHSXLV OD =69 YHUV OH %2

IHXURJpQgVH GDQV OD JRQH VRXV YHQWULFXODL

/ID =69 HVW OD QLFKH QHXURJpQLTXH OD SOXV LPSRU
DGXOWH 'DQV FHWWH QLFKH )LJXUH OHV FHOOXOHV VEFK
GHV DVWURF\WHV SUROLIQUHQW OHQWHPHQW HW SURGXL)

A



DFWLYHPHQW &HV FHOOXOHV JpQqUHQW GH PDQLgqUH WU
PLIUHQW MXVTXYDX[ %2 'RHWVFK 'RHWVFK HW DO

/ID PDWXUDWLRQ GHVY QHXUREODVWHY GH OD =69 MXVTX{DX
GLVWLQFWHY FRUUHVSRQGDQW j GHV FDUDFWpPULVWLTXHV

. o YLIXUH &RPSRVLWLRQ FHO
"X oD JRQH YHQWULFXODL
- YHQWULFXODLUH DGXOWH

6HFWLRQ FRURQDOH GJXQ FH!
DGXOWH GDQV OH FRLQ GURL)
W\SH % JpQQUHQW OHV FHOO
TXL SURGXLURQW OHV FHOOX
$EUPYLDWLRQV $ FHOOXOH
| QHXUREODVWH % FHOOXOH

; . [#% FHOOXOH VRXFKH QHXUDOH
1 f % %¥ VDQJXLQ & FHOOXOH GH
SURJPQLWHXU j IRUWH DFWLYLWp 'H /LP DQG $OYDUH] % X\C

B1 domains
0 ugE mm

'H OD =69 DX[ %2V OH FRXUDQW GH PLJUDWLRQ

$SUQV DYRLU pWp JpQpUpHV GDQV OD =69 OHV FHOOX(
FRQVLGPUDEOH MXVTXYj] SOXVLHXUV PLOOLPgQWUHV j WUD
$ &H FRXUDQW VIpWHQG GH OD =69 MXVTXYTj OTHQWUpH G

YLIXUH &RXUDQW GH PLJUDW
GDQV OH FHUYHDX GH VRXULV D

$/HV QHXUREODVWHV PLJUH
GDQV OHV EXOEHV ROIDFWLIV j
GH PLJUDWLRQ URVWUDOH 'DQ
FHOOXOHV HQ PLJUDWLRQ IRUP}
VRQW HQWRXUpHV GH WXEHV JO
GX &05 GHV YDLVVHDX[ VDQJXL
XQ VXSSRUW GH PLJUDWLRQ VXS
& 'RXEOH LPPXQRPDUTXDJH GH
HQ PLJUDWLRQ '&; HQ URXJH |
JOLDX[ *)$3 HQ YHUW GDQV O
&RXSH VDJLWWDOH & &RXS
$EUPYLDWLRQV $ QHXUREOD)
&& FRUSV FDOOHX[ * WXEH
YHQWULFXOH ODWPpPUDOH 6 W L
YDLVVHDX VDQJXLQ $GDSWp G




'DQV OH FRXUDQW OHV MHXQHV QHXURQHV VH GpSODFHQW
PRUSKRORJLH GH FHV FHOOXOHV HQ PLJUDWLRQ HVW G
QHXUREODVWHV IRUPHQW GHV LQWHUDFWLRQV [KRRPRHQVSL
FKDLQHV GH QHXURQHV HQ PLJUDWLRQ )LJXUH % & $OYI
/IRLV HW DO &HV FKDLQHV VRQW HQWRXUpHV GH SUF
MHXQHV QHXURQHYV GH O HQYLURQQHPHQW DGXOWH H[WpUL

'‘DQV OHV %2V

8QH IRLVY DUULYpV GDQV OH EXOEH ROIDFWLI OHV QHX
VH UpRULHQWHQW HW PLIJUHQW GH PDQLqUH UDGLDLUH GD
SRXU HQWDPHU OHXU GLIIpPUHQFLDWLRQ HW OHXU LQWp
FODVVLILFDWLRQ GHV MHXQHYV QHXURQHYV DX[ GLIIpUHQWH)
PWDEOLH GDQV 3HWUHDQX DQG $OYDUH] %X\0OOD )LIXL

YLIXUH 'PYHORSSHPHQW GHV QHXURQHI
EXOEH ROIDFWLI DGXOWH

(Q KDXW FODVVLILFDWLRQ GHV GLIIpUHQV
QHXURQHV JUDQXODLUHV GX EXOEH ROIDF\
$OFDOLQH SKRVSKDWDVH GHV GLIIpUHQW!
PLJUDWLRQ GDQV OH EXOEH ROIDFWLI DGX
OLFURSKRWRJUDSKLH FRORQQH GH JDXFKI
HQ FDPHUD OXFLGD FRORQQH GH GURLWI
7\SH *  7\SH -/ 7\SH 02 7\SH
DQG $OYDUH] %X\00D

/HV MHXQHV QHXURQHYV HQ PLJUDWLRQ WD«
DSSHOpV 7\SH  )LIJXUH $ & /HV 7\SH VI
PLJUHQW GH PDQLqUH UDGLDLUH GDQV OD
') (OOHV PDLQWLHQQHQW XQH PRUSKRO
SURORQJHPHQW GH PLJUDWLRQ HW OHXU ¢
SOXV ORQJV TXH OHV 7\SH /H SURORQJF
IUpTXHPPHQW EUDQFKp HW OHXU F{QH G}
YLVLEOH TXH GDQV OHV FHOOXOHV GH 7\St
/JHV FHOOXOHV TXL RQW WHUPLQp OHXU

GPEXWHQW OHXU GLIIpUHQFLDWLRQ VRQW

-

=1



, /IHXU PRUSKRORJLH FKDQJH GUDVWLTXHPHQW HOOHV C
OHXU FRUSV FHOOXODLUH HVW SOXV ODUJH HW DUURQGL H
HW OHVY GHQGULWHY DSLFDOHV FRPPHQFHQW j VH GpYHORS
/IHV FHOOXOHV GH 7\SH FROQWLQXHQW OHXU GLIIpUHQFLDYV
IUDQFKL OD FRXFKH GHV FHOOXOHV PLWUDOHYVY (OOH HVW I
/IHV FHOOXOHV GH 7\SH VRQW FRPSOqQWHPHQW GLIIpUHQFI
PSLQHV VXU OHXU ORQJXH HW EUDQFKpH GHQGULWH DSLFD

&KDQIJHPHQWY GDQV OH &05 DX FRXUV GX GpYHO!

/IH FRXUDQW GH PLJUDWLRQ H[LVWH GpMj DX VWDGH SR
OfkJH DGXOWH 5RXVVHORW DQG 1RWWHERKP ID PL.
VRXYHQW FRQVLGpUpH FRPPH XQ PRGqOH JpQpUDO GH OD P
HI[HPSOH GDQV +DQLFV HW DO 2WD HW DO 1pD
TXH OHV PLIJUDWLRQV GLIIUHQW HQWUH SRVW QDWDO HW
PLIJUDWLRQ pYROXH 'DYLG HW DO J)DVROR HW DO

/ID SUHPLqUH GLIIpUHQFH PRUSKRORJLTXH LPSRUWDQW
VWDGH SpULQDWDO SUpFRFH OHV YHQWULFXOHYVY ODWpUD
YHQWULFXOH ROIDFWLI TXL ORQJH OH &05 MXVTXYj OD ED)
SDUWLU GX WURLVLgPH MRXU DSUqV OD QDLVVDQFH )LJXL
XQH PRGLILFDWLRQ PDMHXUH HVW OH FKDQJHPHQW GH O
SUREDEOHPHQW FRQVpFXWLYH j OD GLPLQXWLRQ GX U\WKP

JLIXUH /IH YHQWULFXOH ROIDFWLI HVW SUpVHQW j OD QD
FKH] OH URQJHXU

,PPXQRPDUTXDJH DQWL YLPHQWLQH VXU FRXSH VDJLWWDO|
29 YHQWULFXOH ROIDFWLI 'H SBHUHWWR HW DO

8Q DXWUH FKDQJHPHQW PDMHXU FRQFHUQH OHV LQWHUDF
&05 3HUHWWR HW DO 'XUDQW OD SUHPLQUH VHPDLQ



GDQV OH &05 IRUPHQW XQH PDVVH XQLIRUPH GH FHOOXOHYV
OH FRXUDQW /HV LPDJHV GH PLFURVFRSLH pOHFWURQLTXH
GH VRXULV PRQWUHQW TXH OHV QHXUREODVWHY pWDEOLV
XQV DYHF OHV DXWUHV )LIJXUH $ HW & /HV QHXURQHYV D
FROQWDFW GLUHFW DYHF OHV FHOOXOHY HQGRWKpPOLDOHYV (
FHWWH RUJDQLVDWLRQ FHOOXODLUH FKDQJH GUDVWLTXHP
IRUPH GH FKDLQHV GH QHXURQHYV GH TXHOTXHV FRUSV FHC
FHOOXOHV RQ QRWH OD SUpVHQFH GH ODUJHV HVSDFHV LQ

YLIXUH ORGLILFDWLRQ GHV LQWHUDFWLRQV HQWUH OH
FRXUDQW GH PLJUDWLRQ URVWUDOH

$ % (WXGH HQ PLFURVFRSLH pOHFWURQLTXH GH OfXOWUD
SUPFRFH $ HWS$j)DLE®H JURVVLVVHPHQW GX &05 PRQWUD
GH FHOOXOHV GH W\SH $ D GRQW FHUWDLQHV VRQW HQ
EY % $ 3 OHV FKDLQHV GH QHXUREODVWHV FK VROQ\
DVWURF\WDLUHV E 'HV HVSDFHV LQWUDFHOOXODLUHV D
3HUHWWR HW& D3 pSDUDWLRQ HQ © ZKROH PRXQW 2 GH YF
JDXFKH 3 FHQWUH HW 3 GURLWH PRQWUDQW OfDS
QHXURQHV HQ PLJUDWLRQ DYHF XQ PDUTXDJH LPPXQRKLYV
*RQJiIOH] HW DO



$ FH VWDGH OHV QHXURQHV HQ PLJUDWLRQ j SUR[LPLWp
FRQWDFW GLUHFW DYHF FHX[ FL j FDXVH GH OD SUpVHQFH
HW OHV YDLVVHDX[ VDQJXLQV )LIJXUH % HW & 3buDOOQqgO
FHOOXOHV HQ PLIJUDWLRQ OHV FHOOXOHV JOLDOHV GX
PRUSKRORJLTXHV -XVWH DSUqV OD QDLVVDQFH GH OfLQ
WUDQVIRUPHQW HQ DVWURF\WHV /HXUV SURORQJHPHQWY

IOqgFKHV ILIJXUH $ %

VH UpRULHQWHQW SRXU GHYHQLL

IRUPDWLRQ HW OHV HQWRXUHU j SDUWLU GH OD WURLVLQP

HW DO

-

(@)

YLIXUH 6FKpPD GHV FKDQ.
PRUSKRORJLTXHV HW PROpFX
VWDGH SpULQDWDO DX VWDGH
FRURQDOH

$X FRXUV GX GPYHORSSHPHQW
UpVHDX JOLDO VH GpYHORSSH
SUROLIpUDWLRQ GX QRPEUH
SRLQWV QRLUV HW OD UpR
SURORQJHPHQWY UDGLDLUHV
ORQJV HQ SURORQJHPHQWV F
QRPEUHX[ DX VHLQ GX &05 WU

/I TRUJDQLVDWLRQ SURJUHVYV
SURORQJHPHQWYV JOLDX[ VH
DVVRFLpH j OD FRPSDUWLPH

QHXURQHV HQ PLJUDWLRQ GD
EODQF HW MDXQH 'H 3HUHWMW



&05 FKH] Of+RPPH

'XUDQW OHV  GHUQLQUHV DQQpHV LO D\ HX XQH IRU
VXU OD QHXURJpQgVH DGXOWH GDQV GLIIpUHQWY PRGQgOH"
JHQUH GIpWXGH pWDLW TXH GHV SURFHVVXV VLPLODLUHV
DOWpPUDWLRQV GH FHWWH QHXURJpQqVH SRXYDLW rWUH j O
GH OD QHXURJpQqVH DGXOWH SRXYDLW rWUH XQH IRUPLG
SDWKRORJLHY QHXURORJLTXHV /D GLIILFXOWp GJREWHOQMW
WHFKQLTXHV VSPFLILTXHV SRXU OfpWXGH FKH] Of+RPPH D
FHWWH TXHVWLRQ HW GH VD SRWHQWLHOOH SHUVLVWDQFH
$UWXUR $OYDUH] %X\00D HW VHV FROOQJXHV RQW pWXGL
Of+RPPH VXU XQH FHQWDLQH GH FHUYHDX[ 6DQDL HW DO
Of+RPPH HVW GLIIpUHQWH GH FHOOH GpFULWH FKH] OD VR
XQH EDQGH GH FHOOXOHV DVWURF\WDLUHV *)$3 SRVLWL
PSHQG\PDLUHYV

JLIXUH &RXUDQWYV
PLJUDWLRQ GH  MHX
QHXURQHV GDQV OH

IURQWDO GH FHUYHDX |
GH QRXYHDX Qp

9XH HQ FRXSH VDJLW\
JDXFKH HW FRURQDOH
GH QHXURQHV HQ PLJL
SRLQWV YHUWYV 3DU
DO

/ID SURGXFWLRQ GH QR
QHXURQHV GDQV OH F
KXPDLQ GLPLQXH
FRQVLGPUDEOHPHQW GXUDQW OHV VL[ SUHPLHUV PRLV GH
FRXUDQW GH PLJUDWLRQ URVWUDOH FKH] Of+RPPH UHVWH
HW DO 6DQDL HW DO 8QH pWXGH GH &XUWLV t
VXJJpUDLHQW SDU XWLOLVDWLRQ GH PDUTXDJH LPPXQRKLYV
SUROLIpUDWLRQ HW PLJUDWLRQ DX VHLQ GfXQ &05 SDU\

70



V pWHQGDQW MXVTX DX %2 &HSHQGDQW SDU OD VXLWH ¢

$OYDUH] %X\00D VXJJQUHQW IRUWHPHQW TXH OH &05 GLVS

QDWDO HW SDU DLOOHXUV TXH GIDXWUHV YRLHV GH PLJUD

OD =69 YHUV OH FRUWH[ FKH] OH QRXYHDX Qp )LJXUH 3L

/H GPEDW VXU OD QHXURJpQqVH DGXOWH FKH] OJKXPDLQ U

SDUWLFXOLqQUHPHQW HQ FH TXL FRQFHUQH VRQ H[LVWHQF}
7DUWW HW DO

$XWUHV HI[HPSOHVY GH QHXURQHYV HQ PLJUDWLRQ

/IHV QHXURQHYVY FRUWLFDX[ HPEU\RQQDLUHYV

/H FRUWH[ HVW SULQFLSDOHPHQW FRQVWLWXp GH Gl
JOXWDPDWHUJLTXHY HW OHV LOQWHUQHXURQHYV *$%$HUJILT X
GHX[ VRXV SRSXODWLRQV HVW LQGLVSHQVDEOH j VRQ ERQ

/JHV QHXURQHV FRUWLEDX[ H[FLWDWHXUV VRQW SURG X
FRPSRVp GH FHOOXOHV GH JOLH UDGLDLUH ERUGDQW OH\
QHXURQHV SRVW PLWRWLTXHV PLJUHQW GH PDQLgUH UDG
UDGLDLUH GHSXLV OD JRQH YHQWULFXODLUH YHUV OD VXU
PLJUDWLRQ FHV QHXURQHV DGRSWHQW G DERUG XQH P
LQWHUPPGLDLUH HW OD JRQH VRXV YHQWULFXODLUH FKDQ
DYDQW GH PLJUHU GH PDQLQUH UDGLDLUH YHUV OD VXUID]
/HV QHXURQHV VIDMRXWHQW VXFF®VNVGOHRHYMWQ & B RX XA [
GH OJLQWpPULHXU YHUV OfH[WpPULHXU SHUPHWWDQW DLQV
QpRFRUWH[ /fDGGLWLRQ GH FHV FHOOXOHV GXUDQW FHW\
UpVXOWH HQ XQH DXJPHQWDWLRQ SURJUHVVLYH GH OfpSDL

3DUDOOQGOHPHQW OHV LQWHUQHXURQHV LQKLELWHXU
QLYHDX GHV pPLQHQFHV JDQJOLRQQDLUHV PpGLDQHV (*0
(*0 /HV LQWHUQHXURQHV FRUWLFDX[ PLJUHQW VDQV LQW
TXL VPSDUH OH FHUYHDX YHQWUDO GX FRUWH]



JLIXUH 9RLH GH PLJUDWL
LOQWHUQHXURQHYV GDQV OH FRUW
JHV LQWHUQHXURQHV VRQW Jp
PPLQHQFHV JDQJOLRQQDLUHV
PLJUHQW j WUDYHUV GHX[ FRXUL
TXL VRQW UpSDUWLV DXWRXU GH
,OV VH UpRULHQWHQW HQVXLW
PDQLqQUH UDGLDLUH SRXU FROR
FRUWLFDOH $EUpPYLDWLRQV (
JDQJOLRQQDLUHV PpGLDQHYV

FRUWLFDOH 6WU 6WULDWXP
LQWHUPpPGLDLUH =9 ]JRQH Y
OpWLQ

$SUQqV DYRLU WUDYHUVp FHWWH IURQWLQUH OHV QHXURQH
FRUWLFDOH HW VJRUJDQLVHQW HQ GHX[ IOX[ SDUDOOQOHYV
GH OD SODTXH FRUWLFDOH WDQGLV TXH OH VHFRQG V{pWD
IOgQFKHY YLROHWWHY /HVY QHXURQHV TXLWWHQW SDU OD
PLJUHQW GH PDQLgUH UDGLDLUH SRXU FRORQLVHU OD SOD
DO ODUtQ DQG 5XEHQVWHLQ

/IHV QHXURQHYVY GX FHUYHOHW

/IHV QHXURQHYV GX FHUYHOHW GpULYHQW GH GHX[ JRQHV JF
FPUpEHOOHXVH =9& HW OHV OqYUHV UKRPELTXHV URV\
FPUpEHOOHXVH JpQqUH OHV FHOOXOHYV GH 3XUNLQMH OHV
FHOOXOHY HQ FRUEHLOOH %XWWV HW DO IHV FHOC
FPUPEHOOHX[ VRQW SURGXLWHV SDU OHV OqYUHV UKRPE
VPpTXHQFHVY GH PLJUDWLRQ GH FHV FHOOXOHV VRQW H[W
FHOOXODLUH PLJUH GH PDQLqQUH GLIIpUHQWH )LIXUH 5D



JLIXUH OLJUDWLRQ QHX
GXUDQW OH GpYHORSSHP}
QDWDO GX FHUYHOHW

L OOXVWUDWLRQ VFKpPDW
GpYHORSSHPHQW FpUpPEHO(
FRXSH VDJLWWDOH GH FI
VRXULV SRVW QDWDO /HV
3XUNLQMH YHUW  OHV F
JUDLQ YLROHW HW OHV
QR\DX[ FHUHEHOOHX[ UR>
UHSUpPVHQWpPV DX FRXUW G
VWDGHY GH GpYHORSSHPHC
%DODHL HW DO

8QH IRLVY TXH OHV FHOOXOHV GH 3XUNLQMH VRQW SRVW PI
VXU XQH FRXUWH GLVWDQFH OH ORQJ GHV SURORQJHPHQ!
IRUPHU XQH PXOWLFRXFKH LUUpJXOLqUH DSSHOpH OD SODT
OL\DWD HW DO 8Q SHX SOXV WDUG GXUDQW OH G

PDQLgUH WDQJHQWLHOOH SRXU IRUPHU XQH PRQRFRXFKH
HW DO

/IHV LQWHUQHXURQHYV *$%$HUILTXHV &HOOXOHV HQ p\
=9& MXVTXYj] OD PDWLqQUH EODQFKH HQ FRQWLQXDQW j VH
3XLV LOV PLIJUHQW GH PDQLqUH UDGLDLUH YHUV OD FRXFK
GH OD ERUGXUH LQWHUQH GH OD FRXFKH JUDQXODLUH |
WDQJHQWLHOOH SRXU VILQVWDOOHU GH PDQLgqUH GplILQLW

/IHV FHOOXOHV JUDQXODLUHV FHOOXOHV YLROHWWH\
PDQLqQUH WDQJHQWLHOOH SRXU DWWHLQGUH OD J]RQH JHUP
pWDSH UpDOLVpH OHV FHOOXOHV FKDQJHQW GH GLUHFWLR
ORQJ GHV SURORQJHPHQWYV GH OD JOLH GH %HUJPDQQ H
SXUNLQMH HQ GpYHORSSHPHQW SRXU IRUPHU OD FRXFKH
PLIJUDWLRQ HVW SDUWLFXOLqUH SXLVTXH OHV FHOOXOHYV
OfRUJDQH /HWR HW DO



/IHV QHXURQHV GHV QR\DX[ FPUPEHOOHX[ FHOOXOHV L
PDQLJUH WDQJHQWLHOOH j SDUWLU GHV /55 j WUDYHUV X
PLOLHX GX SULPRUGLXP FpPUPEHOOHX[ SXLV FKDQJH GH ¢
WUDQVLWRLUH QXFOpDLUH SRXU IRUPHU XQH PDVVH GH FFh
SRXU IRUPHU OHV QR\DX[ FPUPEHOOHX[ PpGLDQV ODWpUDX

&DUDFWpPULVWLTXHVY FHOOXODLUHY GHV QHXURQHYV

ORUSKRORJLH

/IHV FHOOXOHV HQ PLJUDWLRQ GX &05 RQW XQH PRUSK
QRPEUHX[ DXWUHV QHXURQHYVY HQ PLJUDWLRQ .LVKL I R
/ID SRODULWp GH OD FHOOXOH HVW GpWHUPLQpH SDU OD ¢
FHOOXODLUH ,0 HVW OH FHQWUH RUJDQLVDWHXU GHV PLF

,O FRRUGRQQH OH UpVHDX GH PLFURWXEXOHV TXL IR
FDJH SpULQXFOpDLUH HQWRXUDQW OH QR\DX 5LYDV DQG -
GH OD FHOOXO i RRB VY HWROOBIOAKL FRQWLHQW OH QR\DX
WHPSV HQ SWHPGSRQXGBPHQ®RW GHNTUOHXOH QJ SURFHVYV 2 O HVW
GX FRUSV FHOOXODLUH GXUDQW OH SUpFqQGHQW F\FOH C
VXEFHOOXODLUH HVW pJDOHPHQW ULFKH HQ DFWLQH HW
LPSRUWDQWH SRXU OD JpQpUDWLRQ GHV IRUFHV GH SRXVV,

$ OfDYDQW GX QR\DX OH FHQSWROMRPIH K HQGIIEMD FHJ G
FRXUV GHV GLIIpUHQWHY pWDSHV GH OD PLJUDWLRQ VDOW
GDQV OD GLUHFWLRQ GH PLJUDWLRQ ,0 VI{DJLW GH OD SD
VIDOORQJH HW VH UpWUDFWH DX FRXUV GH OD PLJUDWLI
PROPEXOHV GH JXLGDJH DWWUDFWLYHV RX UpSXOVLYHV Gj

/H SURORQJHPHQW GH PLJUDWLRQ VH WHUPLQH SDU
FURLVVDQFHV GHV D[RQHV HQ PLJUDMQRQGHXFHUG PR B DMFSH
FRPSRVp PDMRULWDLUHPHQW GYDFWLQH HW GH PLFURWXE>
PLJUDWLRQ



YLIXUH 6FKpPD GIXQ QHXUREODVWH HQ PLJUDWLRQ GDC
/HV FHOOXOHV HQ PLJUDWLRQ GDQV OH &05 VRQW ELSROL
H[WUpPLWp GH OD FHOOXOH /H FHQWURVRPH FRRUGRQQ}
FHOOXOHV WUDLWV JULV /H SURORQJHPHQW GH PLJUDW
$EUPYLDWLRQV &75 FHQWURVRPH 1 QR\DX]

/D PLJUDWLRQ VDOWDWRLUH

7TRXV OHV QHXURQHV XWLOLVHQW OD PLJUDWLRQ VDO
&THVW XQ SURFHVVXV HQ WURLYV pWDSHV TXL LPSOLTXH L
LL OD IRUPDWLRQ GH OD GLODWDWLRQ HW OD PLJUDWLRQ

JLIXUH 'LFKWHUOH HW DO %HOOLRQ HW DO 6 F
DO
JLIXUH 6FKpPD GH OD PLJUDWLRQ VDOWDWRLUH HW GHV

*DXFKH /H QHXURQH VXLW XQ VFKpPD FODVVLTXH HQ
SURORQJHPHQW GH PLJUDWLRQ SXLV OD FHQWURNLQQgVH
F\WWRVTXHOHWWH HW OHV PRWHXUV PROpFXODLUHY VRQW C

(s}



LL

/ID GLUHFWLRQ GX SURORQJHPHQW GH PLJUDWLRQ ¢
ODUWLQL HW DO '‘DQV OHV QHXUREODVWHYV L
YHQWULFXODLUH GHV ILODPHQWY GH ) DFWLQH VI
GH PLJUDWLRQ GXUDQW VRQ H[WHQVLRQ &HWWH
SHWLWHYV *73DVHV DSSDUWHQDQW |j OD IDPLOOH !
SKDUPDFRORJLTXH GH QHXUREODVWHY HQ PLJUDW
OfHIWHQVLRQ GX SURORQJHPHQW GH PLJUDWLRQ
'"IDXWUHV pWXGHV RQW PRQWUp TXH OD PXWDWLF
NLQDVH &GN RX GRXEOHFRUWLQ "F[ WR X"
OTRUJDQLVDWLRQ GHV PLFURWXEXOHV LQGXLW
SURORQJHPHQW GH PLIJUDWLRQ GHV QHXURQHV S
HW DO .RL]XPL HW DO &HFL VXJJqUH T
DXVVL LPSOLTXpV GDQV FHWWH pWDSH

/D GLODWDWLRQ HVW XQ JRQIOHPHQW F\WRVROLTX
GDQV OD SDUWLH SUR[LPDOH GX SURORQJHPHQW
UHQIOHPHQW VH GpURXOH DSUQqQV OfJH[WHQVLRQ GX
OD WUDQVORFDWLRQ QXFOpDLUH (OOH FRQWLHQW
FHQWURVRPH HW OfDSSDUHLO GH *ROJL %HOOLRQ
5KR$ XQH SHWLWH *73DVH GRQW OD IRQFWLRQ H
F\WRVTXHOHWWH HW GH OD FRQWUDFWLOLWpP GF
GLODWDWLRQ RX GDQV OD SDUWLH SUR[LPDOH G
IRQFWLRQ GH OD SKDVH GH PLJUDWLRQ 2WD HW D
SDU 5KR$ HVW pJDOHPHQW SUpVHQWH (OOH LQKLE
IUpTXHQFH GH IRUPDWLRQ GH OD GLODWDWLRQ 2W
5KR$ HVW UHTXLV SRXU OD PLJUDWLRQ GX FHQWU
DXWDQW DIIHFWHU VD IRUPDWLRQ 6KLQRKDUD H
SURWPLQHV IRQFWLRQQH HQVHPEOH SRXU OD UpDC
GLODWDWLRQ HW GH OD PLJUDWLRQ GX FHQWURVR

LLL/D WUDQVORFDWLRQ QXFOpDLUH HVW GpWHUPLQ¥

DFWRP\RVLQH UpJXOpH SDU 5KR$ 'XUDQW OD
OTDFFXPXODWLRQ GH QRQ PXVFOH P\RVLQH ,, HW G
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GH OD SDUWLH SUR[LPDO GX SURORQJHPHQW GH P
GDQV OH SURORQJHPHQW GH TXHXH ODUWLQL C
SHUWXUEDWLRQ GH 5KR$ RX GH OD P\RVLQH ,, SC
LQGXLW OD VXSSUHVVLRQ GH OD WUDQVORFDWLRQ
GH OJDFWRP\RVLQH FRQWU{OpH SDU 5KR$ HVW C
QXFOpRNLQgVH 2WD HW DO '"IDXWUHV SDUV
QXFOpDLUH VDQV SUREOQPH GH SRVLWLRQQHPHQW
GHV QHXUREODVWHV SRUWDQW XQH PXWDWLRQ GD
&HFL VXJJqQUH TXH OHV PLFURWXEXOHV HW OHV P
LPSOLTXpV GDQV OD WUDQVORFDWLRQ QXFOpDLUH
GIDFWRP\RVLQH 6HORQ OH PRGgOH DFWXHO OH P
SUPpFpGDQW FHOXL GX QR\DX SHUPHW OYDGGLWLRQ
GH PLFURWXEXOHV HQWRXUDQW OH QR\DX DSSHO
HQVXLWH WLUp YHUV OH FHQWURVRPH JUKFH j OfD
PLFURWXEXOHV 5LYDV DQG +DWWHQ BROHFENL

'LH HW DO /JHV IRUFHV GH SRXVVpH JpQ
FHOOXODLUH SDU OD FRQWUDFWLRQ GH OfDFWRP\|
QXFOpPRNLQgVH HIILFDFH %HOOLRQ HW DO 0l
6FKDDU DQG OF&RQQHOO

OpFDQLVPHY GH FRQWU{OH GH OD PLJUDWLRQ QHXU

ob WKgVH VH FRQFHQWUH VXU OD PLJUDWLRQ GHYV
PILQWpUHVVHUDL GRQF GDQV FHWWH SDUWLH XQLTXHPEH
WDQJHQWLHOOH GDQV FH V\VWqgPH

J)DFWHXUV FKLPLTXHYV

'H QRPEUHX[ IDFWHXUV VROXEOHYV GpFULWV FRPPH DW!'
DI[IRQDOH VRQW pJDOHPHQW LPSOLTXpV GDQV OD UpJXODWI
LFL TXHOTXHV H[HPSOHYV
" 60LMYV YHQWULFXOHY ODWpUDX[ VRQW FRXYHUWYV GH F

EDWWHPHQW V\QFKURQLVp FUpH XQ IOX[ FDXGR URVWUDO
YHQWULFXOHV 'DQV GHVRYRRUDVWXWIVQWWWRWDPPHQW S

i®



FLOV pSHQG\PDLUHV OH IOX[ GH /&5 HVW SHUWXUEp HW G
LVVXV GH OD =69 VRQW REVHUYpV 6DZDPRWR HW DO

OHV EDWWHPHQWY FLOLDLUHYV SHUPHWWDLHQW GH IRUPHU
TXL HVW QpFHVVDLUH j OTRULHQWDWLRQ GH OD PLJUDWLF
PWXGH D PRQWUp TXH 60LW pWDLW VpFUpWp GDQV OD S
UpFHSWHXUV 5RERV VRQW H[SULPpV GDQV OD =69 HW SD
&05 1JX\HQ %D &KDUYHW HW DO

* BRQLF +HGJHKM®RGIKK $QJRW HW VHV FROOgJXHV RQW FD
GDQV OH OLTXLGH FpSKDORUDFKLGLHQ /&5 HW OD SUp
6PRRWKHQHG GDQV OHV QHXURQHV HQ PLJUDWLRQ GDQV ¢
FHOOXOHV H[SULPDQW 6KK j SUR[LPLWp GX &05 FRQGXLW D
GX &05 HW OHXU PLJUDWLRQ YHUV OD VRXUFH GH 6KK ,C
LOQMHFWLRQ LQWUDYHQWULFXODLUH GIXQ DQWLFRUSV FRQ
QHXURQHV DYHF XQH DXJPHQWDWLRQ GH OHXU YLWHVVH G
SUpPVHQW GDQV OH /&5 IUHLQH OD PLJUDWLRQ GHV MHXQHYV

" 9(*) %'1) 30XVLHXUV IDFWHXUV GH FURLVVDQFHV RX QH?
FRPPH PROpFXOHVY DWWUDFWLYHV SRXU OD PLJUDWLRQ GD¢
/IH 9ODVFXODU (QGRWKHOLDO *URZWK )DFWRU 9(*) HVW HI[S
JOLDOHV GX &05 %DOHQFL HW DO /IRUVTXTRQ LQDF
VRXULY GH PDQLqUH FRQVWLWXWLYH OD PLIJUDWLRQ GDQV
/IH %UDLQ GHULYHG 1HXURWURSKLF )DFWRU %'1) HW VRQ
&05 HW OHV %2 FKH] OH URQJHXU DGXOWH ODFND\ 6LPD
SKDUPDFRORJLTXH GH OD YRLH %'l) 7TUN% LQKLEH OD PL
&KLDUDPHOOR HW DO

" 6pURWREIL@QWH XQ DUWLFOH UpFHQW O pTXLSH G +DQQDK C
SURMHFWLRQV VpURWRQLQHUJLTXHV LVVXHV GX UDSKp SR
VLIJQDOLVDWLRQ GH OD VPURWRQLQH VXU VRQ UpFHSWHXU
GHV QHXURQHV *DUFtD *RQJ]iOH] HW DO



J)DFWHXUV GYDGKpVLRQ

/IHV LQWHUDFWLRQV FHOOXODLUHY HW DYHF OD PDWUL
IRQGDPHQWDO GDQV OD PRGXODWLRQ GH OD PLJUDWLRQ G

" /HY PpWDOORSURWpPDVHV&RADWRWWF LEHKDVWO BYRWBEBDNVNHY SULQF

SRXU OHXU U{OH GDQV OHV PpWDVWDVHYVY HW OfLQYDVLRC
FHOOXOHV GX &05 H[SULPHQW FHUWDLQHY 003V HW OHXU |
GHV QHXURROBVWPWNHQFH GTXQ LQKLELWHXU GH 003 OD
QHXUREODVWHY HVW UpGXLWH %RYHWWL HW DO

" JHV _LOWpJUV@BW .pJDOHPHQW H[SULPpHV SDU OHV QHXU|

&05 HW HOOHV LQWHUDJLVVHQW DYHF OD ODPLQLQH SUp\

JXLGHU OD PLJUDWLRQ (PVOH\ DQG +DJJ /IH EORFCLC
SHUWXUEDWLRQ GH OD PLJUDWLRQ HQ FKDLQH DYHF OD G
DQG +DJJ OXUDVH DQG +RUZLW]

" 1&%$0/HV LQWHUDFWLRQV KRPRSKLOLTXHV VRQW HVVHQWI
PLJUDWLRQ 1&%0 1HXUDO &HOO $GKHVLRQ OROHFXOH HV
PDMHXUH H[SULPpH SDU OHV QHXURQHVY HQ PLJUDWLRQ 'D
EXOEH ROIDFWLI HVW SHWLW HW OHV QHXURQHV HQ PLJULI
&05 SUqV GH OD =69 &UHPHU HW DO +X HW DO

SRO\WLDO\OpHV +X HW DO SHWLUHU OH PRWLI GH S|
QHXURQHV LQ YLYR HW LQ YLWUR %DWWLVWD DQG 5XWLVK

"1 &DGKpUHYHY &DGKpULQHYV VRQW H[SULPpHV GDQV OHV C

<DJLWD HW DO HW VRQW LPSOLTXpHV GDQV OHV L
FRPSOH[HV GH SVHXGR MRQFWLRQV DGKpUHQWHYVY <DJLWD

" /H V\VWgPH YSODVWAXIOPLSHH pIJDOHPHQW j OD PLJUDWLRQ GH
DVVXUH GfXQH SDUW OH WUDQVSRUW GH OYR[\JgQH GHV Q
GIDXWUH SDUW VHUW GYpFKDIDXGDJH SK\VLTXH VXU OHTXF
%RYHWWL HW DO 6QDS\DQ HW DO



/( &,/ 35,0$,5(
+LVWRULTXH

1RP HW GpFRXYHUWH GX FLO SULPDLUH

'DQV FHWWH SDUWLH HW OD VXLYDQWH OHV DUWLFOI
%ORRGJRRG FDU LOV QH VRQW SDV SUpVHQWY GDQV 3!

$ OTRULIJLQH RQ SDUODLW GH FLO ORUVTXH OD VXUID
wbQGLY TXH OH WHUPH GH IODJHOOH FHQWUDO pWDLW XWI
SDUWLU GIpWXGHYV GpMj SXEOLpHVY 6HUJHL 6RURNLQ REVH
] rWUH FRQVWUXLW j OD VXUIDFH GH OD FHOOXOH DYDQW G
DX[ FLOV PRWLOHV ,0 pFULW © OH FLO UXGLPHQWDLUH I
YDULpWp GH FHOOXOHV HW TXTLO QYD TXIXQH H[LVWHQFH
DORUV OH WHUPH GH FLO SULPDLUH TXL HVW HQFRUH
DFWXHOOHPHQW

/I TREVHUYDWLRQ GX FLO SULPDLUH IXW GLIILFLOH SHQ
TXDOLWp GHV SUpSDUDWLRQV HW GH OD PDXYDLVH UpVRO
GITpWXGH D HQWUHWHQX OH IORX DXWRXU GH VD IRQFWL
1pDQPRLQV OHV SUHPLqUHV REVHUYDWLRQV GX FLO SULPL
(QWUH HW SOXVLHXUV pWXGHV GH GLIIpUHQWY ODE
RUJDQLWH j OD VXUIDFH GH FHOOXOHV pSLWKpOLDOHV GF
GLIIpUHQWHY OD ODPSURLH HW OYDPSKLR[XV 3DU H[HPSC
FHOOXOHV >«@ VRQW FRXYHUWHV GH QRPEUHX[ FLOV HW
XOWpULHXUH SRXU rWUH UHPSODFpV SDU XQ IODJHOOH V>
VRXYHQW ] WRUW OD GpFRXYHUWH GX FLO SULPDLUH |
=LPPHUPDQQ HVW HQ IDLW OH SUHPLHU j OTDYRLU GpFULYV
GDQV XQ DUWLFOH SXEOLp HQ WLUp GTYfREVHUYDWLROQ!
PDPPLIQUHYV



OTK\SRWKqVH +HQQHJIX\ /HQKRVVHN

3HQGDQW ORQJWHPSV OHV GLIIpUHQWHY IRQFWLRQ\
UHSUpVHQWpP XQ FDVVH WrWH SRXU OHV VFLHQWLILTXHV
IJHQKRVVHN + / (O +HQQHJIX\ HW /HQKRVVHN SXEOLHC
SURSRVHQW OfLGpH VLPSOH TXH OH FHQWURVRPH HW OH F
FRQVPTXHQFH GH FHWWH K\SRWKqVH HVW TXH OHV FHOO X(
TXH OH FLO HVW SUpVHQW SXLVTXH OH FHQWURVRPH HVW F
/HV FHQWULROHV HW OHV FRUSV EDVDX[ SDUWDJHQW GHYV
IRUPH VLPLODLUH SRVLWLRQ LQWUDFHOOXODLUH VLPLODL
DYHF OD PLFURVFRSLH SRODULVpH (Q HW JULHGO
PRQWUHQW GDQV OHV FHOOXOHV PpLRWLTXHV GH VSHUPDYV
IRUPDWLRQ GX IXVHDX PLWRWLTXH SXLV GH FRUSV EDVD!
'DKUPDQ ID)RXQWDLQ 0DOJUp OD SUpVHQFH GH
O K\SRWKgVH + / FHUWDLQV SHUVLVWDLHQW j OD UpIXWHU
OTK\SRWKgVH (UKDUG IDLW ILIJXUH GH OHDGHU DYHF VHYV
ODOKHXUHXVHPHQW SRXU OXL XQ FHUWDLQ QRPEUH GYRE'
GH FHOOXOHV FLOLpHV HW GH FHOOXOHV HQ GLYLVLRQ
$XMRXUGTKXL OTK\SRWKgVH + / HVW FRPPXQpPHQW DGPL
HQWHQGX SDUOHU GH FHWWH WKpRULH SDU VRQ YUDL QRP

OLFURVFRSLH pOHFWURQLTXH HW UHGpFRXYHUWEL

'DQV OHV DQQpHYV OH GpYHORSSHPHQW GH OD PLFL
0(7 HW VRQ DSSOLFDWLRQ | GLIIpUHQWY WLVVXV HW
© UHGPFRXYHUWH 8 GX FLO SULPDLUH /HV QRPEUHX[ UL
OfXWLOLVDWLRQ GH FHWWH PpWKRGH GH PLFURVFRSLH RQ
QRXYHDX[ W\SHV FHOOXODLUHV FRPPH OHV QHXURQHV RX
QIDYDLHQW SDV pWp REVHUYpVY DXSDUDYDQW 3DOD)\ 6
/H VHFRQG DYDQWDJH GH FHWWH WHFKQLTXH HVW GH SRXY
OfRQ REVHUYH 6RWHOR UDSSRUWH GDQV VRQ pWXGH OD
/ITDVVRFLDWLRQ GH OJD[RQgPH DX[ FHQWULROHV HVW GpFF
DYHF OfpWXGH GX FLO SULPDLUH GHV FHOOXOHV GH OD J¢
IXW OD GpFRXYHUWH GX SURFHVVXV G{DVVHPEODJH GX FL(

oi



GITXQH JUDQGH TXDQWLWp GH WLVVXV OHV DXWHXUV R(
FLOLRJIJpQqVH GHV FLOV SULPDLUHVY HW GHV FLOV PRWLOHYV

/ITkJH GTRU GX FLO SULPDLUH

IHV DQQpHV UHSUpVHQWHQW XQH SpULRGH GH VWI
SULPDLUH ODLV OHV SURMHFWHXUV VH VRQW j QRXYHDX
WUDQVSRUW LQWUDIODJHOQRRODIP\GRBRQO MV PILOCDVIMIO GBIV  (

.R]JPLQVNL HW DO 3bUuU OD VXLWH LO D pWp PRQWU
QpFHVVDLUH SRXU OYDVVHPEODJH HW OH PDLQWLHQ GX FL(
(QWUH HW XQ FHUWDLQ QRPEUH GYpYgQHPHQW

IRUWH GH OfLQWpUrW SRUWp DX FLO VIYpWHQGDQW DX]|
GpYHORSSHPHQWDOH OD VLJQDOLVDWLRQ FHOOXODLUH HYV
U{OH GH GpWHFWLRQ GH IOX[ SDU OHV FLOV SULPDLUHV GX
OD GpFRXYHUWH GH GpIDXWV FLOLDLUH GDQV OD VRXUL\
253. /HKPDQ HW DO OD GpFRXYHUWH GX U{OH F
OfpWDEOLVVHPHQW GH OYfDV\PpWULH JDXFKH GURLWH 6DW
SULPDLUH DYHF OHV V\VWgPHV GH VLJQDOLVDWLRQ FHOO
SDUWLFXOLHU 6KK *RHW] DQG $QGHUVRQ +XDQJIX HW
$XSDUDYDQW VHXOHPHQW GHX[ FLOLRSDWKLHV pWDLHQW
.DUWDJHQHU HW OH VIQGURPH GY8VKHU &fTHVW OTpWXGH G
OXPLgUH OHV QRPEUHXVHV FLOLRSDWKLHY GDQV OHVTXHC
GpFULWH SRXU OD SUHPLqUH IRLV HQ OR\HU HW DO

GH GpIDXWV D pWp REVHUYp LQFOXDQW GHV PDOIRUPDW
GpIJpQpUHVFHQFH UpWLQLHQQH GHV SUREOQPHVVG&EM XV XHOQO
LQYHUXXN K\GURFpSKDOLH /HKPDQ HW DO ITpWXGH |
HQ pYLGHQFH OH U{OH HVVHQWLHO GX FLO SULPDLUH GDQ\
GITpWHQGUH OH QRPEUH GH FLOLRSDWKLHY GpWHFWPpPHYV

6WUXFWXUH

*UkFH DX[ pWXGHV HQ PLFURVFRSLH pOHFWURQLTXH
DXMRXUGTKXL FRQQXH (OOH HVW FDUDFWpULVpH SDU WUR
SOXSDUW GHV FHOOXOHV HXFDU\RWHV :KHDWOH\ HW DO

oi



DSSHOp D[RQgPH FHQWUDO FRQVWLWXp GH QHXI SDLUHV
WUDQVSRUW LQWUDIODJHOODLUH TXL DFEKHPLQH OHV GLIIp
.R]JPLQVNL HW DO

/ID ILIXUH UpVXPH OHV FDUDFWPpPULVWLTXHV SULQFLSDO
SDUDJUDSKHV VXLYDQWYV

J)LIXUH /IH FLO SULPDLUH HVW XQ SHWLW RUJDQLWH SU
FHOOXOHYV HXFDU\RWH HW MRXH OH U{OH GIDQWHQQH SRXL
,O HVW UHOLp DX FRUSV EDVDO SDU XQ D[RQgPH FHQWUD
V\VWgPH GH WUDQVSRUW LQWUDIODJHOODLUH HW HVW LV
WUDQVLWLRQ VLWXpH j VD EDVH $EUpYLDWLRQ =7 =RQH

$[RQqPH

/IHV QHXIV WULSOHWV GH PLFURWXEXOHV TXL IRUPH
WUDQVIRUPHQW HQ QHXIV GRXEOHWYV GH PLFURWXEXOHV T
MXVTXYj OfDSH[ GX FLO /HV FLOV PRWLOHV SRVVgQGHQW HC(
OHTXHO GHV G\QpLQHV VH GpSODFHQW FH TXL SHUPHW XQ
(Q IRQFWLRQ GH OD SUpVHQFH RX GH OYDEVHQFH GHV G
GLVWLQJXH GHX[ PRGgQOHV GH FLO /HV FLOV PRWLOHV IRQ
QHXI GRXEOHWYVY GH PLFURWXEXOHYV HW GHX[ GRXEOHWYV F|
QRQ PRWLOHYV VRQW DVVRFLpV DX PRGgOH J)LIXUH F
GLFKRWRPLH SHXW rWUH QXDQFpH SXLVTXJLO H[LVWH GHYV
QRWDPPHQW OHV H[HPSOHV GHV FLOV SULPDLUHV GH FHU\
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ROIDFWLI GHV PDPPLIQUHVY RX GHVY FHOOXOHYV FLOLpHV GH !

YORFN DQG 'XYDOO JHXUV FLOV VRQW PDLV VRQW
PDQTXHQW OHV G\QpLQHV D[RQpPDOHV QpFHVVDLUHV j OD
GHV FLOV TXL VRQW FDSDEOHV GH ERXJHU FRPPH FKH

&RUELqUH 7LFKDQH

=RQH GH WUDQVLWLRQ HW DGUHVVDJH

0ODOJUp OD FRQWLQXLWp HQWUH OD PHPEUDQH SODVP
FHOOXOH OH FLO SULPDLUH HVW XQ RUJDQLWH j SDUW H(
ILOWUH OHVY HQWUpHVY HW VRUWLHY GX FLO SULPDLUH )LJX
HVW HIWUrPHPHQW VLPLODLUH DX[ SRUHV QXFOpDLUHV &K

$ OJKHXUH DFWXHOOH DXFXQH WUDGXFWLRQ ORFDOH DX (
SURWPLQHV SUPpVHQWHY DX QLYHDX GX FLO SULPDLUH GRL
SDVVHU OD ]JRQH GH WUDQVLWLRQ

3RXU OHV SURWpPLQHV WUDQVPHPEUDQDLUHV GHX[ |
XWLOLVpPY /HV SURWPLQHYV VRQW FRQFHQWUpPHY GDQV GHYV
GH OfDSSDUHLO WUDQVJROJLHQ /HV YpVLFXOHV VRQW W
IXVLRQQHQW DYHF OD PHPEUDQH FLOLDLUH &HV PROpF
GIDGUHVVDJH DX FLO GH SHWLWH WDLOOH 9:3; Re ; UF
&KULVWHQVHQ DQG 2WW &H SURFHVVXV D pWp SDU
HIWHUQH GHV SKRWRUpPFHSWHXUV GH OD UpWLQH FKH] OHV
/HV SURWPLQHYV SHXYHQW pJDOHPHQW GLIIXVHU SDU WUDQ!
OD PHPEUDQH FLOLDLUH 3DU H[HPSOH OH UpFHSWHXU j OI
VRQW DGUHVVpPV DX FLO SULPDLUH SDU GLIIXVLRQ ODWpU
F\WRSODVPLTXHV HW GHV FRPSOH[HV GH WUDQVSRUW LQW!
OLOHQNRYLF HW DO

'DQV OH FDV GH SURWPLQHV F\WRVROLTXHV OfDGUHYV
GH YpPVLFXOHV GH WUDQVSRUW /HV SURWPLQHV GRLYHQW |
EDUULQUH GH GLIIXVLRQ $ FH QLYHDX OHV SURWDPLQHV L¢
FLOLDLUHV GX V\WVWgPH GH WUDQVSRUW LQWUDIODJHOODL

oi



7TUDQVSRUW LQWUDIODJHOODLUH

/IH VI\VWqPH GH WUDQVSRUW LQWUDIODJHOODLUH 6
ELGLUHFWLRQQHO XWLOLVDQW OYD[RQgPH FRPPH UDLO SR
G\QDPLTXH GH WUDQVSRUW LQWUDIODJHOODLUH D pWp RE\
FRQWUDVWH LQWHUIpUHQWLHO HW PLFUR&KB@SPHGRPROWV
.R]JPLQVNL HW DO 'H JURV FRPSOH[HV VRQW GpSODF
GLVWDO JUKFH j OD NLQHVLQ /H WUDQVSRUW UpWURJUDG
OD G\QpLQH F\WRSODVPLTXH 5RVHQEDXP DQG :LWPDQ
NLQpVLQH HVW IRUPpH GH GHX[ FRPSOH[HV DSSHOpV .,)
GpOpWLRQ FRQGLWLRQQHOOH GX JgQH .,) $ GDQV GHV PRG«
SHUPLV OfpWXGH GX U{OH GX FLO SULPDLUH GDQV GH QF
QHXURQDOH SDU H[HPSOH %DXGRLQ HW DO

&LOLRJpQqVH

/ID FLOLRJpQgVH RX DVVHPEODJH GX FLO SULPDLUH H\
ELHQ GpFULWHYV HW TXL GpPDUUH ORUVTXH OD FHOOXOH
DEVHQFH GH PROpFXOHV PLWRJgQHV RX GH IDFWHXUV GH

SHGHUVHQ HW DO 6RURNLQ ‘'H SHWLWHV Yp
*ROJL VIDFFXPXOHQW DXWRXU GH OfH[WUpPLWp GLVWDOH
DXWRXU GX FHQWULROH SHUPHW OD FUpDWLRQ GH OD Y
FRPPHQFH j pPHUJHU )LJXUH pWDSH 'H QRXYHOOHV Y
QRXYHOOH PHPEUDQH SRXU FUpHU XQH SRFKH FLOLDLUH I
SDLUHVY GH PLFURWXEXOHY YLHQQHQW VIDMRXWHU HW SDU
pWDSH &H JURV FRPSOH[H HVW DGUHVVp j OD PHPEUD
SHUPHWWDQW OfYH[SRVLWLRQ GX MHXQH FLO SULPDLUH j O
FLOLRIJpQqVH VH WHUPLQH DYHF OYDMRXW GH GRXEOHWYV
SULPDLUH MXVTXYfj FH TXYfLO DWWHLJQH OD WDLOOH UHTX
SULPDLUH HVW UpDOLVpPH JUKFH DX 67,)
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YLIXUH /D FLOLRJpQQVH HVW UpDOLVpH HQ pWDSHV GL\
/H FLO SULPDLUH HVW DVVHPEOpP j SDUWLU GX FHQWULROH
/JHV PLEURWXEXOHV VRQW HQVXLWH DMRXWpV VXFFHVVLYH
TXH OH FLO QH VRLW DGUHVVp j OD PHPEUDQH HW H[SRVp j

TUDQVGXFWLRQ GHV VLIJQDX[ SDU OH FLO SULPDLUH

'"PWHFWLRQ GHV PROpFXOHV FKLPLTXHYV

ID GpPFRXYHUWH GH OD QpFHVVLWp GX FLO SULPDLUH SRXU
SURSXOVp OH FLO SULPDLUH DX FHQWUH GH OTLQWpUrwW SF

HW D PHQp j OD GpFRXYHUWH GH QRPEUHXVHV YRLHYV
WDEOHDX GH OD ILJXUH SUpVHQWH VRXV IRUPH GH WDEC
QLYHDX GX FLO SULPDLUH DLQVL TXH OHV UpVXOWDWYV LPS

'"PWHFWLRQ GHV VLIQDX[ PpFDQLTXHYV

/IH FLO SULPDLUH HVW SUpVHQW j OD VXUIDFH GHV FH
HI WUDFHOOXODLUH 6D ORFDOLVDWLRQ HW VD IRUPH DPQgQl
SRVVLEOH GH PpFDQRWUDQVGXFWLRQ2QQWVRXUUBDIPYPHUDPDA
LPDIJLQHU TXH FH GpOLFDW IODJHOOH GRQW OHV PRXYH
VLIQLILFDWLI VXU OHV VpFUpWLRQV SUpVHQWHYV GDQV OL
FRPPH XQH VRUWH GTRUJDQH VHQVRULHO 'HV FKDQJHPHQYV

of



GHYV
/IRNYV

&RUELW HW

6FKQHLGHU HW

QRQ H[KDXVWLI

.RHPHWHU &R[ HW DO

%UDLORY HW DO
2PRUL HW DO

TDEOHDX UpFDSLWXODWLI
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+IQGHO HW DO

DQG YRQ =DVWURZ

SUpVHQWY DX QLYHDX GX FLO SULPDLUH
%DXGRLQ HW DO

JLIXUH



VpFUpPpWLRQ > OfLQWpULHXU GH OD OXPLqUH GHV JODQGH
IODJHOOH DX PR\HQ GXTXHO OD IRQFWLRQ VpFUpWULFH SR
RX TXDQWLWDWLYH

(Q %RZVHU HW VHV FROOqgqJXHV PRQWUqQUHQW TXH OH F
pwWDLW FDSDEOH GH VH SOLHU HQ UpSRQVH j GHY YAXRGH
GDQV OH WXEXOH UpQDO 6FKZDUW] HW DO 30XV WL

GDQV GHV FHOOXOHV UpQDOHV HQ FXOWXUH SHUPLV j OfpT
DXJPHQWDWLRQ GH FDOFLXP LQWUDFLOLDLUH HQ UpSRQVH
6SULQJ

ODLV HQ OHV GRQQpPHV SXEOLpHV SDU 'HOOLQJ VR
BUDHWRULXV 0DOJUp OfDGUHVVDJH VSpFLILTXH DX FLO
VHQVLEOH DX FDOFLXP HW GH OYDSSOLFDWLRQ GH GLIIpU
FHUWDLQ QRPEUH GH W\SHV FHOOXODLUHV LOV QH SXU
FRQFHQWUDWLRQ GH FDOFLXP GDQV OH FLO (Q UHYDQFKH
GH OD FRQFHQWUDWLRQ FDOFLTXH REVHUYpH GDQV OHV S
OD GLIIXVLRQ SDVVLYH GX FDOFLXP GHSXLV OH F\WRSODVI
'HOOLQJ HW DO

'DQV FH FRQWH[WH GH GpEDW DXWRXU GX U{OH GH PpF
OH FDOFLXP FRPPH VHFRQG PHVVDJHU OfpTXLSH GH 1DJ
PDWKpPDWLTXHLORXUOMRRGEHIPUHQWHY K\SRWKgVHV (Q X
ELRSK\WLTXHV GH QRPEUHXVHV SXEOLFDWLRQV OHXU PRG
MRXHU FH U{OH PDLV TXH OH FDOFLXP QfpWDLW SDV QpFH
DQG 5HVQLFN /1$03F SRXUUDLW UHSUpVHQWHU XQH D
JUDQGH FRQFHQWUDWLRQ GDQV OH FLO SULPDLUH ORRUH |

5{OH GDQV OH QHXURGpPYHORSSHPHQW

/IHV SURJpQLWHXUV QHXURQDX[ HW OHV QHXURQHV H
SULPDLUH /H U{OH GX FLO SULPDLUH GDQV OH GpYHORSS't
FHUYHDX HVW pYLGHQW ORUVTXH OfRQ UHJDUGH OD VWUX
SDU H[HPSOH OHV VIQGURPHV GH -RXEHUW GH OHFNHO *UX
$OQWRQ D IRUPp XQH OLEUDLULH GH VK$51 TXL FLEOHQW XQ
] GHV FLOLRSDWKLHV KXPDLQHV HW GHV GpIDXWV QHXURO
FHY VK SDU pOHFWURSRUDWLRQ LQ XWHUR GDQV GHV FHU
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PHWWUH HQ OXPLqUH GH PDQLgqUH SOXV SUpFLVH OH U{OH
PWDSHV GH FRUWLFRJpQQVH GHSXLV OD QHXURJpQgVH MX)\
SDU OD PLJUDWLRQ *XR HW DO

1HXURJpQQqVH

'qV VD GpFRXYHUWH OH FLO SULPDLUH D pWp LGHQWLI
FHOOXOH VHUYDQW j OD GpWHFWLRQ GH PRUSKRJqQHV HW
OHV FHOOXOHV VRXFKHV QHXUDOHV GH OD =69 TXL ERUGH
XQLTXH GDQV OD OXPLQUH GHV YHQWULEXOHV VXJJqUH TX!
GPpWHFWLRQ GH VLJQDX[ GX OLTXLGH FpSKDOR UDFKLGLHQ
UpDOLVp OfDEODWLRQ GX FLO SULPDLUH GDQV OHV FHOOX
HQ XWLOLVDQW GHV DOOQOHV FRQGLWLRQQHOV GH JgQH\
FRPPH ,IW RX .LID &HWWH GpOpWLRQ LQGXLW OD GLF
GRPDLQH GH OD =69 YHQWUDOH TXL UpSRQG j 6KK PRQWUI
OD PRGXODWLRQ GH OD QHXURJpQQqVH GDQV OD =69 7RQJ
'DQV OfKLSSRFDPSH VHFRQG VLqJH GH QHXURJpQgVH DGX
pJDOHPHQW XQ U{OH FUXFLDO +DQ HW DO 'DQV F
FLOLRJpQgVH RX GH OD YRLH GH VLJQDOLVDWLRQ 6KK F
,QYHUVHPHQW OfH[SUHVVLRQ GTXQH IRUPH FRQVWLWXWL)
SHUPHWWDQW XQH VXUDFWLYDWLRQ GH OD YRLH DXJPHC
QHXURQHV JpQpUpV GDQV OfKLSSRFDPSH VH WUDGXLVDQW
QHXURJpQqVH SRVW QDWDOH KLSSRFDPSLTXH UHTXLHUW G
SULPDLUH IRQFWLRQQHO

3DU DLOOHXUV O pWXGH GH *XR HW DO *XR HW DO P
GHV FLOLRSDWKLHV %8%5 )7 RX .,) QRWDPPHQW
SUROLIpUDWLRQ GH SURJpQLWHXUV FRUWLFDX]

30XV SUpFLVpPHQW OD PXWDWLRQ GH %8%5 HVW j OfRL
FKURPDWLGHY SUpPDWXUpH XQH FLOLRSDWKLH FDUDFWpDP

PHQWDO 6XLMNHUEXLMN HW DO %XEU HVW ORFDOI
FRPSRVDQW FOp GX FRPSOH[H SURWPpPLTXH QpFHVVDLUH j O
PLWRVH +LOGHEUDQGW HW DO 8Q QLYHDX GYH[SUF

GpUpJXODWLRQ GX F\FOH FHOOXODLUH HW GHV GpIDXWV GF
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OLJUDWLRQ QHXURQDOH

/IHV ILEUREODVWHY VRQW XQLKQ[FHGIAYRD VW IPIRIRGYVOLR G H 1D
(Q $OEUHFKW %XHKOHU REVHUYH DSUqV PDUTXDJH DYl
PLIUDWLRQ XQH FRUUpODWLRQ HQWUH OD GLUHFWLRQ YHU
GH PLJUDWLRQ $OEUHFKW %XHKOHU ,O HQ FRQFOXW
GbQEV OH FRQWU{OH GLUHFWLRQQHO GH OD PLJUDWLRQ C
&KULVWHQVHQ D PRQWUp TXH OH FLO SULPDLUH DJLVVDL
VHQVRULHOOH TXL pWDLW FDSDEOH GH GpWHFWHU GHV VI
3'*). HW GH PRGLILHU HQ FRQVpPpTXHQFH OD GLUHFWLRQ G

(Q FH TXL FRQFHUQH OHV QHXURQHV SULQFLSDOHPH
VLPLODLUH GX FLO SULPDLUH GDQV OD PLJUDWLRQ QHXUR
DO
'f{DERUG OYTLQYDOLGDWLRQ JpQpWLTXH GX FLO SBLPDLUH
HW 9RVORDOWQUH OD FDSDFLWp GHV QHXURQHV FRUWLFDX]
UpRULHQWHU DX QLYHDX GH OD SODTXH FRUWLFDOH %DX
FKHUFKp j LGHQWLILHU OD YRLH GH UpJXODWLRQ LPSOLT:
GpSHQGDQWH GX FLO SULPDLUH /D YRLH GH VLJQDOLVDWL
rWUH GpSHQGDQWH GX FLO SULPDLUH HW VRQ UpFHSWH X
+XDQJIX HW DO 3DO DQG OXNKRSDGK\D\ /IH EORF
OD F\FORSDPLQH XQ DQWDJRQLVWH GX UpFHSWHXU 6PR L
FHX[ UHWURXYpV FKH] OHV PXWDQWY FLOLDLUHV %DXGRL
FHWWH YRLH GH VLJQDOLVDWLRQ DYHF OfLQMHFWLRQ GH
FDSDFLWp GH UpRULHQWDWLRQ GHV QHXURQHV &HFL VXJ.
FRUWLFDX[ HVW XQ SURFHVVXV TXL UHTXLHUW OYJDFWLRQ C
3DUDOOGOHPHQW OfpTXLSH GT(YD $QWRQ D UpDOLVp OD F
GpOPpWLRQ GX FLO SULPDLCHH GCpmONURQPHGEIYOOEE FRQGXLV
GYH[SUHVVLRQ GY$UO E XQH *73DVH FLOLDLUH FRQQXH S
FLOLRSDWKLH 'DQV FHWWH pWXGH +LJILQERWKDP HW VI
GI$UO E SHUWXUEH OfDGUHVVDJH GH FHUWDLQV UpFHSWF
+LJIJLQERWKDP HW DO /JHV QHXURQHV PXWpV VRQW



DWWUDFWLIV OLEpUpV SDU OHV FHOOXOHV FRUWLFDOHV C
FRUUHFWHPHQW XQ SKpQRW\SH VLPLODLUH j FHOXL GH OTj
&HV pWXGHV pWDEOLVVHQW FODLUHPHQW XQ OLHQ HQWUH
FRQGXLW j pWXGLHU OH U{OH GX FLO SULPDLUH GDQV OD P

3DU DLOOHXUV XQH DXWUH pWXGH D pJDOHPHQW PRQV
PLJUDWLRQ QHXURQDOH j WUDYHUV OH FRQWU{OH GH OD
FHOOXOHV DVVHPEOHQW XQ FLO SULPDLUH VXU OHXU VXU
FPUPEUDX[ 'DQV OMV SRROUGYOPWOLRE) GI$UO E GXUDQW !
GYHPEU\RJpQqVH SHUWXUEH OD SRODULWp DSLFR EDVDOH
FHOOXOHV GH JOLH UDGLDLUH /HV QHXURQHV VRQW LQFD
LQYHUVp FH TXL FRQGXLW j XQ SODFHPHQW DEHUUDQW G
FRPSOqQWH GH OJRUJDQLVDWLRQ GX FRUWH[ +LJIJLQERWKDI

,QWpJUDWLRQ

/ID SHUVLVWDQFH GX FLO SULPDLUH GDQV OHV QHXUR
TXJLO SRXUUDLW pJDOHPHQW MRXHU XQ U{OH GDQV OHV
FLUFXLWV H[LVWDQWYV

'DQV OJKLSSRFDPSH GH VRXULV DGXOWHV OHV FHOOX
OHXU FLO SULPDLUH SDUDOOQOHPHQW DX GpYHORSSHPHQW
DO /H EORFDJH GH OJDVVHPEODJH GX FLO GDQV FHYV
JpQPWLTXHV GRPLQDQW QpJDWLI .LI D RX VK ,IW FRQG:
VIQDSVHV JOXWDPDWHUJLTXHV /H QRPEUH GH FRXUDQWYV
GH FHV FRXUDQWYV HW OHXU IUpTXHQFH VRQW UpGXLWV G
SKpPQRW\SH VIQDSWLTXH HVW DVVRFLp j XQH DEVHQFH GH U
'DQV OH FRUWH[ OD SHUWXUEDWLRQ GHV IRQFWLRQV FLOL
OHV LOQWHUQHXURQHV LQGXLW XQH VLPSOLILFDWLRQ GH Ot
OHXU WDLOOH FRQGXLVDQW j GHV GpIDXWV GH EDODQFH t
VDXYp SDU OYDFWLYDWLRQ GH 5&3*V FLOLDLUHV RX SDL
VRPDWRVWDWLQH 667 5 FRQQX SRXU rWUH FLOLDLUH GEC
DO &HV UpVXOWDWY PRQWUHQW TXH OH FLO SULPDL
LQKLELWHXUV HW OD FRQQHFWLYLWp LQWHUQHXURQDOH G|
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I THQVHPEOH GH FHV pWXGHV VXJJqUH TXH OH FLO SULPDLU
YLH GHV QHXURQHY GHSXLVY OHXU QDLVVDQFH MXVTXYj] OHX
1RXV DYRQV G DLOOHXUV SX FRQVWDWHU SHQGDQW PRQ O
SDU OD =69 DGXOWH SRXYDLHQW DVVHPEOHU XQ FLO j F
PDLQWHQX GDQV OHV QHXURQHY PDWXUHV FH TXL HVW Up\

JLIXUH 6FKpPD UpFDSL)\
GHY FDUDFWPpPULVWLTXHV
SULPDLUH DX FRXUV
GLIIpUHQWHY pWDSHV GH
HW GH GLIIpUHQFLDWLR
QHXURQHV JUDQXODLUHYV
DGXOWH UpVXOWDWYV GH 0
+DXWPPXQRKLVWRFKLPLH
FRXSH GH FHUYHDX GH VR
LOQOMHFWpPH DYHF XQ OHQV
GDQV OD =69 ODUTXDJH D
YHUW WHEWQLQH URXJH
DQWL $UO E JULV /D
PRQWUH OH VHQV GH PLJL
FHOOXOHV 2Q REVHUYH HC
XQH FHOOXOH DYHF OD P
FDUDFWpULVWLTXH GH FI
PLJUDWLRQ WDQJHQWLHOOH
SULPDLUH DVVRFLp j VRQ FH
QLYHDX GH VRQ FRUSV F
LQVHUW %DUUH GJpFKHOO
_%DVHV SRXUFHQWDJHV GH
TXL DVVHPEOHQW XQ FLO
FKDTXH VWDGH GH PDWXU
LQGLTXpV HQ EDV 8Q FLO
FRPPH DSSDUWHQDQW | XC
ORUVTXYIXQ FHQWERVRPH
LPPXQRSRVLWLI HVW FODLU
GDQV OD FHOOXOH HW TX{>
SRVLWLI \ HYW DWWDFKp FR
/IHV FHOOXOHV GRQW OH FH(
SDV GpWHFWp QH VRQW SDV FRPSWDELOLVpHV /HV GLIIpU
FODVVLILFDWLRQ GH 3HWUHDQX DQG $OYDUH] %X\00D
SRXUFHQWDJH GH FHOOXOHV SUpVHQWDQW XQ FLO GpWH
REWHQXV VXU WLVVX IL[p PRQWUHQW TXH FKDTXH VWDGH ¢
QH VRQW SDV IDFLOHV | LOWHUSUpWHU 3DU H[HPSOH OH
SRUWDQW XQ FLO SHXW UHIOpWHU OH IDLW TXH SHX GH FH
XQ ODUJH SRXUFHQWDJH GH FHOOXOHV PDLV TX LO HVW
&&* FRXFKH GHV FHOOXOHV JUDQXODLUHV &&0 FRXFKH
GH PLJUDWLRQ URVWUDO &3( FRXFKH SOH[LIRUPH H[WHUC
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/1$'(126,1( 02123+263+$7( &<&/,48( $03F
5{OHV GH OY$03F GDQV OH GpYHORSSHPHQW GX V\V'

'H PXOWLSOHY pWDSHV GX GpYHORSSHPHQW GX V\VWQPH Q
GH VLJQDOLVDWLRQ LPSOLTXDQW OfDGpPQRVLQH PRQRSKR
1LFRO 3DU H[HPSOH OD SRODULVDWLRQ QHXURQDOH
XQ GH FHV QHXULWHV FRPPH D[RQH QpFHVVLWH OD VLJQ
$03F HW *03F *XDQRVLQH PRQRSKRVSKDWH F\FOLTXH 6KH
HQ FRXUV GH GLIIpUHQFLDWLRQ GDQV GHV QHXURQHV KLSS
GH OT$03F HW GX *03F DFWLYHQW HW VXSSULPHQW UHVSH
H[HUFH GHV HIIHWV RSSRVpV VXU OD IRUPDWLRQ GHV GH
FRQFHQWUDWLRQ GY$03F HW GH *03F SHUPHW GRQF GH FRF
HW GH SOXVLHXUV GHQGULWHV

/| $03F MRXH pJDOHPHQW XQ U{OH HVVHQWLHO GDQV O
FRQFHQWUDWLRQ G $03F IDYRULVH O pORQJDWLRQ GH O DJ
5RLVHQ HW DO 6KHZDQ HW DO

'H PrPH O $03F HVW IRQGDPHQWDO SRXU OH JXLGDJH D[RC
FURLVVDQFHV GHV QHXURQHV HQ GpYHORSSHPHQW OfDFW
&DQFHU '&& SDU OD 1HWULQ LQGXLW XQH DXJPHQWDWLI
GT$03F TXL FRQGXLW j XQH DXJPHQWDWLRQ GH OD IUpTXt}
SDUWLH GX QHXURQH 1LFRO HW DO /1$03F SURGXL'
UpJXOH OH JXLGDJH D[RQDO HQ RULHQWDQW OH F{QH GH
DWWUDFWLYH FRPPH 1HWULQ (QILQ OD SHUWXUEDWLRC
FRPPLVVXUDX[ GH OD PRHOOH FKH] OH ;pQRSH OHXU IDLW T
/| $03F LQWHUYLHQW pJDOHPHQW SOXV WDUGLYHPHQW GDQ"
GDQV OD FRPSPpWLWLRQ VI\QDSWLTXH GpSHQGDQWH GH O DF
QH GpWDLOOHUDL SDV LFL

&\FOH GH O $03F

6\QWKgVH HW FLEOHYV

/IHV DFWHXUV SULQFLSDX[ GH OD FDVFDGH GH VLJQDC
J)LIXUH /IHV DGpQ\ODWHV F\FODVHV $& VRQW OHV HQ]

At



O $03F j SDUWLU GH O $73 (OOHV VRQW JpQpUDOHPHQW D
OLJDQG ,O H[LVWH JgOQHV GLVWLQFWV TXL FRGHQW
WUDQVPHPEUDQDLUHY HW XQH HVW VROXEOH &RRSHU DQG
/[1$03F VH OLH SULQFLSDOHPHQW j WURLV FLEOHV SURWp
FKDQQHO &1* OHV HI[FKDQJH SURWHLQV DFWLYpHV SDU C
GpSHQGDQW GH Of$03F 3.$ .DZDVDNL HW DO ODWXO!

/ID 3.$ HVW FRQVWLWXpH GH TXDWUH VRXV XQLWpV GHX]|
XQLWpV UpJXODWULFHV 'HX[ PROpFXOHV Gf$03F SHXYHQ
UpJXODWULFHY &HWWH OLDLVRQ LQGXLW OD OLEpUDWLR
SKRVSKRU\OHU XQ FHUWDLQ QRPEUH GH FLEOHV 7D\ORU H'

'pJUDGDWLRQ

8QH IRLV SURGXLW OY$03F HVW GpJUDGpP SDU XQH IDI
SKRVSKRGLHVWpPUDVHV 3'(V XRPWPH DO .RYWHUIHY 3'(V SD
DFWLYHPHQW j OD UpJXODWLRQ GX VLJQDO $03F HQ GpJUD
FDUDFWQqUH WUDQVLWRLUH GH VD VLIQDOLVDWLRQ
,O H[LVWH GLIIpUHQWHY IDPLOOHV GH 3'(V 3'(

SDU GLIIpUHQWY JgQHV TXL SHXYHQW rWUH GLIIpUHQWLHO
LVRIRUPHV =DFFROR /HV GLIIpUHQWHYV LVRIRUPHV G}
GDQV OHV WLVVXV HW FKDTX
H[SULPHU SOXVLHXUV LVRIRUPF

JLIXUH /D YRLH GH VLJQDOL
$03F HVW H[WUrPHPHQW FRPSOI
/1$03F HVW SURGXLW SDU OH\
DFWLYDWLRQ GH PXOWLSOHV
GpJUDGp SDU OHV 3'(V [HV
HITHFWHXUV GH Of$03F VRQW
URXJH S$EUpPYLDWLRQV $&
F\FODVH (3%$& H[FKDQJH IDFW
DFWLYDWHG E\ F$03 (5 Ug
HQGRSODVPLTXH *3&5 UpFHS
i XQH SURWpPLQH * 3
SKRVSKRGLHVWpUDVH 30
SODVPLTXH 323'& 3RSH\H G
FRQWDLQLQJ SURWHLQ OXVKHYV



&RPSDUWLPHQWDWLRQ GH O $03F

'"PWHFWLRQ GH O $03F SDU ELRVHQVHXU )5(7

/D VLIQDOLVDWLRQ $03F D pWp FODVVLTXHPHQW pWX
SHX UpVROXWLYHV DX[ QLYHDX[ VSDWLDO HW WHPSRUHO
JPQPWLTXHPHQW SDU O pTXLSH GH 7VLHQ $GDPV HW DO
GRPDLQH ,0V SHUPHWWHQW HQ HIIHW GH UpDOLVHU GHYV
FHOOXOHVY YLYDQWHY DYHF XQH JUDQGH UpVROXWLRQ VSD
HW DO
,O V DJLW SULQFLSDOHPHQW GH ELRVHQVHXUV )5(7 )|UV)
OHVTXHOV OHV FKDQJHPHQWV GH FRQFHQWUDWLRQ G $03
G RQGH G pPLVVLRQ +DPHUV HW DO
/H ELRVHQVHXU TXH QRXV DYRQV XWLOLV.© BUHYE B R W UHW

/H GRPDLQH GH UHFRQQDLVVDQFH GH FH ELRVHQVH;
SURWPLQH (3$& GRQW OH VLWH FDWDO\WLTXH D pWp LQDF!
/JHV IOXRURSKRUHV TXL O HQFDGUHQW VRQW OD PWXUTXRL
G $03F OD FRQIRUPDWLRQ GX ELRVHQVHXU HVW WHOOH T
LQGXLW XQ WUDQVIHUW G pQHUJLH )5(7 HQWUH OD P7XUTX
VXU OH GRPDLQH (3$& LQGXLW XQ pORLJQHPHQW SK\VLTX
DEVHQFH GH )5(7 $ FKDTXH SRLQW GH WHPSV G XQ ILOP F
OHV ORQJXHXUV G RQGH )5(7 HW QRQ )5(7 SRXU pYDOXHU O

fiTivu

YLIXUH BULQFLSH GH IRQFWLRQOHPHQW GX ELRVHQVHXL
(Q O DEVHQFH G $03F OD FRQIRUPDWLRQ GX ELRVHQVHX!
SURFKHV FH TXL LQGXLW XQ WUDQVIHUW G pQHUJLH )5(7
SUPVHQFH GY$03F OHV GHX[ IOXRURSKRUHV VI{pORLIJQHQW
)5(7 GLPLQXH



4XHOTXHY H[HPSOHVY GH FRPSDUWLPHQWDWLRQ °

/| $03F D pWp RULJLQHOOHPHQW FRQVLGpUp FRPPH
OLEUHPHQW GDQV OD FHOOXOH FH TXL SRVDLW OD TXHVW
FLEOHVY /HV pWXGHV XWLOLVDQW OHV ELRVHQVHXUV )5
FRPSDUWLPHQWpP GDQV OHV FHOOXOHV HW TXH FHWWH FRF
VRQ DFWLRQ -LDQJ HW DO OXVKHVKH HW DO
PDUTXDQWY GH FHWWH FRPSDUWLPHQWDWLRQ

ODQXHOD =DFFROR IXW OD SUHPLQUH j PHWWUH HQ p
OT$03F DYHF XQ ELRVHQVHXU )5(7 VHQVLEOH j Of$03F =DF
FDUGLRP\RF\WHV GH UDW QRXYHDX Qp XQH VWLPXODWLRC
PLFURGRPDLQHV ULFKHV HQ $03F DX QLYHDX GH UpJLRQ
UpWLFXOXP VDUFRSODVPLTXH &HV PLFURGRPDLQHV SHXYH
GH O $03F HVW OLPLWpPH SDU GHV 3'(V HW FHV JUDGLHQW)\
DQFUpPHV j SUR[LPLWp
(Q SDU XWLOLVDWLRQ G XQ ELRVHQVHXU )5(7 DGUHVV|
GDQV OHV FHOOXOHV &+2 O H[LVWHQFH G XQH JRQH IDLEOF

&H PLFURGRPDLQH HVW G\QDPLTXH GLVSDUDLW GXI
LQGLVSHQVDEOH j OD SURJUHVVLRQ GX F\FOH FHOOXODLUH
30XV UpFHPPHQW FKH] OD GURVRSKLOH OfH[SUHVVLRQ W!I
PRWRQHXURQHV JOXWDPDWHUJLTXHV GH 7\SH E GH OD M|
PHWWUH HQ pYLGHQFH XQ FRQWU{OH ORFDO GH OD VLJ
ODLHOODUR HW DO &HV QHXURQHV VRQW DFWLYpV ¢
VIQDSWLTXHV / DSSOLFDWLRQ ORFDOH G REFWRSDPLQH DX
UpSRQVH $03F GX QHXURQH HQ DYDO VH OLPLWH DX ERXWR
ORFDO GH FRQWU{OH GH OD VSpFLILFLWp VIQDSWLTXH SDU
(QILQ GHX[ SDSLHUV UpFHPPHQW SXEOLpV XWLOLVDQMW
VSPFLILTXHPHQW GDQV OH FLO SULPDLUH GH ILEUREODVW
PRQWUp TXH OH FLO SULPDLUH pWDLW XQ PLFURGRPDLQH |
HW DO HW GRQW OD FRQFHQWUDWLRQ pWDLW MXVT)
FHOOXOH ORRUH HW DO /JHV FKDQJHPHQWV GH Q
LQGPSHQGDQWY GHV FKDQJHPHQWYV GH QLYHDX F\WRSOD
UpJXODWLRQ GH Of$03F DX QLYHDX GX FLO SULPDLUH
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OpFDQLVPHV GH FRPSDUWLPHQWDWLRQ

/D GLYHUVLWp GH UpJXODWLRQ HW GH ORFDOLVDWLRQ
GH LVRIRUPHV RIIUH XQH ODUJH YDULpWp GH FRPELQD
.RWHUD /D FRRSpUDWLRQ HQWUH OHV DGpPpQ\ODWHYV
FUXFLDOH SRXU FRQWU{OHU OfDFWLYDWLRQ GX VLJQDO $0
SHUPHWWDQW DLQVL VRQ XWLOLVDWLRQ GDQV GHV FDVFDC
/JHV $&V SHXYHQW rWUH ORFDOLVpHV DX QLYHDX VXEFH{(
VHQVLEOHV DX FDOFLXP $& HW  SHXYHQW rWUH SL
OD PHPEUDQH SODVPLTXH GH OD FHOOXOH ,QYHUVHPHQW
FDOFLXP $& HW  VRQW H[FOXHV GHV UDIWV OLSLG!
(QILQ Of$& TXL HVW VROXEOH HVW SUpVHQWH GDQV OH
DO =LSSLQ HW DO /TDGUHVVDJH j GLIIpUHQWH\
SUHPLHU QLYHDX GH FRPSDUWLPHQWDWLRQ GH Of$03F SD
PROpFXOH

/H VHFRQG QLYHDX GH FRPSDUWLPHQWDWLRQ SURYL
FRPSDUWLPHQWDWLRQ GHV 3'(V HVW UHVSRQVDEOH GH OL
PrPH ORLQ GH OD JRQH GH SURGXFWLRQ 7HUULQ HW DO
FHOOXOH PDLV OfJDFWLYDWLRQ VSpPFLILTXH GIHIIHFWHXUV
SDU OHV 3'(V ORFOOMHPWIIMA GHV $&V HW GHV 3'(V SHXW r
PWURLWH SDU OD $ NLQDVH DQFKRULQJ SURWHLQ RX $.%$3
PRQWUpHV FRPPH OLDQW SULQFLSDOHPHQW OD 3.$ 3URW
FHUWDLQHV $.$3V RQW pWp PRQWUpHV FRPPH LQWHUDJLVYV
HW DO 7HUULQ HW DO 2Q VDLW SDU H[HPSOH
VWUXFWXUH FOp SRXU OD PLJUDWLRQ HW OH F\FOH FHOOX
PWURLWH SDU 3'(' HW OD 3.$ TXL VRQW DQFUp j $.$3 7k



YLIXUH OpFDQLVPHV GH Jp
GHV GRPDLQHV VXEFHOOXO
O7$03F

/IRFDOLVDWLRQ VXEFHOOXODLL
DGpQ\ODWHYV F\FODVHYV H
SKRVSKRGLHVWpPUDVHYV SHUTF
JpQpPUDWLRQ GH GRPDLQHV \
GT$03F /HV $&V WUDQVPHPE
VHQVLEOHV DX FDOFLXP VRQW
UDIWV OLSLGLTXHV URXJH V
$&V LQVHQVLEOHV DX FDOFLXF
GHV UDIWV OLSLGLTXHV /HV
VIQWKpWLVHQW Of$03F GDQV
SDUWLEXOLHUV GH OD FHOOXC
HW OD PLWRFKRQGULH /HV 3

Of$03F SUgV GH OHXU VLWH GH V\QWKgVH HW OLPLWHQW
$YHUDLPR DQG 1LFRO

FHOOXOH
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&217(;7(

/IH FLO SULPDLUH HVW HVVHQWLHO j OD PLJUDWLRQ GH
%DXGRLQ HW DO +LJIJLQERWKDP HW DO I pWXG
O LPSRUWDQFH GX FLO SULPDLUH SRXU OD UpRULHQWDWLF
PLIJUDWLRQ UDGLDLUH GDQV OH FRUWH[ &RPPH OHV QHXU!
PLJUDWLRQ WDQJHQWLHOOH j UDGLDLUH DX QLYHDX GX
FROODERUDWLRQ DYHF & OpWLQ DX U{OH GX FLO SULPDLU

3HQGDQW PRQ VWDJH GH 0 MH PH VXLV LQWpPUHVVp j
FDUDFWpPULVWLTXHVY ORUV GHV GLIIpUHQWHY pWDSHV GH

QRXYHOOHPHQW JpQpUpV SDU OD- 69 [®XGWHQWRRE V)HLUX |
IL[p TXH O DEODWLRQ GX FLO LQGXLVDLW XQ UHWDUG GH P
i GPYHORSSHU OD WHFKQLTXH G LPDJHULH VXU WUDQFKH [
DLQVL TXH OHXU WUDFNLQJ VXU ,PDJH - - DL UpDOLVp FHV
VXU FHUYHDX DGXOWH HW SRVW QDWDO HW M DL SX UHPDU
PRUSKRORJLH HW XQ FRPSRUWHPHQW GH PLJUDWLRQ GLII
OLWWpUDWXUH EHDXFRXS FRQVLGQUH TXH OD PLJUDWLRC
PRGqOH GH OD PLJUDWLRQ D G X{OGDH G LHI PUHH DX IHV G3-R DR PLSRW|
PLJUDWLRQ GHV QHXURQHV GX &05 HQWUH OH VWDGH SR)
SRWHQWLHO U{OH GLIIpUHQWLHO GX RDUWWHPDLUH GDQV O

3DUDOOQOHPHQW XQH DXWUH pWXGLDQWH HQ WKqVH
GpPDUUp XQH pWXGH GH OD G\QDPLTXH GH Of$03F GDQV OF
j XQ ELRVHQVHXU )5(7 $03F VSpFLILTXH PpOHEWURSRUp
HQFDGUHPHQW ,VDEHOOH &DLOOp 3LHUUH 9LQFHQW [/ RE
DX QLYHDX GX FHQWURVRPH HW GRQF j OD EDVH GX FLO
SULPDLUH GDQV FH FR QM WHRX W RXR/X8HPXLFREDQLVPH GH |
PLJUDWLRQ QHXURQDOH LPSOLTXDQW XQH SURGXFWLRQ FL
QLYHDX GX FHQWURVRPH GHV3RQHWWURQH V' HIQWREKONMD BML\R QF O |
WUDYDLO VIHVW FRQFHQWUp VXU OD FDUDFWpPULVDWLRQ
VRXULV )JLIXUH % $ HW OHV H[SPULHQFHV G LPDJHULH
FHQWURVRPH GDQV WRXWHV OHV FRQGLWLRQV SUpVHQWpH
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/ILIJQpHV GH VRXULYV

/[HV VRXULV RQW pWp pOHYpHV GDQV GHV FDJHV FRQV
F\FOH MRXU QXLW GH KHXUHV /HV VRXULV SRVW QDWDOI
SDUHQWV /HV VRXULV XWLOLVpHV SURYLHQQHQW GfXQ IR
FRQGLWLRQQHOSRI'PRI@DUM]JIDDHN HW DO KW 'SEguLs
9LHUNRWWHQ HW DO RQW pWp JpQRW\SpHV GYDSUqV

3O0DVPLGHYVY HW YLUXV

/HV SODVPLGHV S&DJJV *)3 S&DJJV &5( ,5(6 *)3 HW S&D
RQW pWp FRQoXV GDQV OH ODERUDWRHVW XK S®&DISP L(S B FS
6" GRQQp SDU .HHV -DOLQN .ODUHQEHHN HW DO
PLQHXUHV SRXU UpGXLUH OD UHGRQGDQFH /H SODVPLGH
DSSHOp SGQ 3.$ D pWp IRXUQLV SDU (OLVD ODUWL 6DDC
&HQWULQ 5)3 D pWp FRPPDQGpP VXU DGGJHQH
7RXV OHV SODVPLGHV RQW pWp XWLOLVpPV j XQH FRQFHQW
)DVWJUHHQ SRXU OHV pOHFWURSRUDWLRQV SRVW QDWD
POHFWURIS® XDWMLRRQV]) —/ SRXU OHV pOHFWURSRUDWLRQV F
3RXU OH PDUTXDJH GHV QHXURQHV HQ PLJUDWLRQ j 3 Q
SRXU PDUTXHU OHV FHOOXOHV FRQWU{OHV RX XQ YLUXV &
FLO SULPDLUH GH PDQLQUH VSpPFLILTXH /HV YLUXV RQW
SUpPpFpGHPPHQW 'DUROHV HW DO

OL51$%

/IH PL5 FRQWUH $& D pWp IDEULTXp DYHBR®mH,NPW5,QY
51$L ([SUHVVLRQ 9HFWRU /HV ROLJRV GRXEOHY EULQV RC(
*» (P*)3 PL5 1RXV DYRQV XWLOLVp OH ,QYLWURJHQTV 51%L
VLPSOH EULQ HW DXJPHQWHU OTHIILFDFLWp GH NQRFNGRZ
XWLOLVpV VRQW GLVSRQLEWHWVLEBDQNQGDP VMHSRIBRIQ2 /1V Gt
GLIIpUHQWHY FRQVWUXFWLRQV RQW pWp VpTXHQFpHV SRX
GRXEOHV EULQV 3RXUP°SURGXKGWRPDWRBFLS OD *)3 D pWp
XWLOLVDQW OHV HQ]J\PHV 'UD, HW %DPK, WDQGLV TXH OD W

O



/THIILFDFLWp GHV PL5V D pWp YDOLGpP SDU 57 T3&5 VXU GH'
WUDQVIHFWpPHYV DYHF XQ SODVPLGH H[SULPDQW $& HW XOQ
KHXUHV GH WUDQVIHFWLRQ DSUQV OHV 1,+ 7 RQW pWp UpF

(OHFWUR3IRUBWHRR
'"HV IHPHOOHV & %O JHVWDQWHYV j( RQW pWp DQHVW
OD SURFpGXUH OHV VRXULV RQW pWp SODFpHV VXU XQH S
WHPSpUDWXUH FRUSRUHOOH /HV FRUQHV XWpULQHV RQW
GDQV OH YHQWULFXOH FpUpPEUDO ODWpPUDO DYHF XQH PLFU
PWp LOQMHFWpH /HV DQLPDX[ LQMHFWpV RQW HQVXLWH pW
PV HVSDFpV GH P HQ XWLOLVDQW OH &8< 6& (OHFWUI
WZHH]HU &8< 1HSDJHQH /HV FRUQHV XWpPULQHV RQW t
GHV SRLQWYV GH VXWXUHV RQW pWp SRVpV /HV DQLPDX[ R
UpFXSpUHU OHXU WHPSpUDWXUH FRUSRUHOOH DYDQW GH U

(OHFWURSRUDWLRQV SRVW QDWDOHYV
/HV pOHFWURSRUDWLRQV SRVW QDWDOHV RQW pWp Upl
DQHVWKpVLpHY SDU K\SRWKHUPLH 'HV LQMHFEWLRQV SVHXC
PLFURSLSHWWH HQ YHUUH HW OHV FRRUGRQQpPHV VXLYDQW
$ 3 "9 3RXU FKDTXH LQMHFWLRQ —/ GH SC
YHQWULFXOH GURLW /HV DQLPDX[ LQMHFWpV RQW HQVXLYV
GXUDQW PV HVSDFpV GH PV HQ XWLOLVDQW OH &8< 66
PP WZHH]HU &8< /JHV DQLPDX[ RQW pWp SODFpV V
UHVWDXUHU OHXU WHPSpUDWXUH FRUSRUHOOH DYDQW GH
RQW pWp FRQVLGpUpV FRPPH DSWHV ORUVTXH OHV SHWLW
FRXOHXU GH SHDX HVW UHYHQX DX URVH

(OHFWURSRUDWLRQV DGXOWHYV

/JHV VRXULV & %O 3 RQW pWp DQHVWKpVLpPHV DYHF
[\ODJLQH /HV LQMHFWLRQV VWpUpRWD[LTXHV RQW pWp UpL
FRRUGRQQpPHV VXLYDQWHVY RQW pWp XWLOLVpHV | SDUWL
FKDTXH LQMHFWLRQ — 0O GH SODVPLGH j —J —/ D pWp
DQLPDX[ RQW pWp UHWLUp GHV FDGUHV VWpUpPRWD[LTXHV t

00



PV HVSDFpV GH PV HQ XWLOLVDQW OfpOHFWURSRUDW !
WZHH]HU &8< /JHV DQLPDX[ RQW HQVXLWH pWp SODF
UHVWDXUHU OHXU WHPSpUDWXUH FRUSRUHOOH DYDQW GH |

 QMHFWLRQV VWpUpRWD[LTXHV j 3
/HV VRXULV 3 RQW pWp DQHVWKpVLpHY DYHF XQ PpOD
PWp SODFp VXU XQ FDGUH VWpUpPpRWD[LTXH HW PDLQWHQX L
PWp LQFLVpPH HW OJRV GX FUKQH SHUFp j OTDLGH GTXQH Sk
UpDOLVpPpHVY DYHF XQH PLFURSLSHWWH HQ YHUUH GDQV OD
$ 3 ‘9 /JHV DQLPDX[ RQW HQVXLWH pWp VXWXUp H
f& SRXU UHVWDXUHU OHXU WHPSpUDWXUH FRUSRUHOOH D

S3UpSDUDWLRQ GHV WUDQFKHY GH FHUYHDX

/HV WUDQFKHV GH FHUYHDX[j ( RQW pWp SUpSDUpHYV
VDFULILpH SDU GLVORFDWLRQ FHUYLFDOH HW OHV HPEU\RC
SODFpV GDQV OD VROXWLRQ GH FRXSH IURLGH /HV HPEU\F
UDSLGHPHQW UHWLUp GX FUKQH 'HV WUDQFKHV GH  —P
VROXWLRQ GH FRXSH IURLGH DYHF OD FRPSRVLWPRQ VXLY
0J&0O PO 1D+ 32 P0 1D+&2P0 VRGLXP S\UXYDWH PO JOXFI
DFLGH N\QXUHQLTXH VDHWXUpH HDWMFUDQEXHY RQW HQVXLW
SHQGDQW PLQ GDQV FHWWH VROXWLRQ j WHPSpUDWXU|
GIHQUHJILVWUHPHQW LGHQWLTXH j OD VROXWYRQGGH FFR X S
HW QRXV QYDYRQV SDV DMRXWp GIDFLGH N\QXUHQLTXH
GILPDJHU

/IHV WUDQFKHV GH FHUYHDX[ GH VRXULV kJpHV GH 3 j

SUpFpGHPPHQW &DVWUR HW DO /IHV QRXYHDX QpV RQ
UDSLGHPHQW GX FUDQH 'HV WUDQFKHV VDIJLWWDOHV GH
FRXSpHV DYHF XQ PLFURWRPH 97, 6 /HLFD /IHV WUDQF

VROXWLRQ GH FRXSH IURLGH DYHF OD PrPH FRPSRVLWLR(
SUpFqQGHQW /H UHVWH GX SURWRFROH HVW LGHQWLTXH
/HV WUDQFKHV GH FHUYHDX[ j 3 RQW pWp SUpSDUpH
VDFULILpHY SDU GLVORFDWLRQ FHUYLFDOH HW OH FHUYHD.
VDIJLWWDOHYV GH FHUYHDX[ GH —P GYpSDLVVHXU RQW pW



/JHLFD /HV WUDQFKHV RQW pWp SUpSDUpHV GDQV XQH V
VXLYDQWH PO SRWDVVLXP JOXFRQDWH PO .&0 PO (*
JOXFRVH PO &D&0O DQG PO 0J&0 VXSSOpPHQWpH DYHF
DSUQV pTXLOLEUDWLRQ HW VDWXUDPXHPBRE[ HW2DO
WUDQFKHV RQW HQVXLWH pWp SODFpHV SHQGDQW | PLQ
FRPSRVLWLRQ VXLYDQWH PO ' PDQQLWRO PO .&O
1D+&2 PO JOXFRVH PO &D&0O HW PO 0J&0O 4XLTXHPSR
DYHF &PW RDYDQW GYrWUH SODFpHV GDQV OD VROXW
pJDOHPHQW DX GHVVXV | f&HYWW VEMQXGDEW DKXFPRI&RYV P

9LGpRPLFURVFRSLH

3RXU DQDO\VHU OD PLJUDWLRQ QHXURQDOH GHV LPDJ
FRQIRFDO LQYHUVp 63 "' /HLFD J/HV VWDFNV GYLPDJHV DYH

SULV WRXWHYVY OHV PLQ GXUDQW | KDYHF XQ REMHFWLI
/IHV LPDJHV GH ELRVHQVHXU RQW pWp DFTXLVHV DYHF
03,, bDBYHF XQ REMHFWLI ;1 $ XQ ]JRRP RSWLTXH GH

ID ORQJXHXU GYRQGH GTH[FLWDWLRQ D pWp UpJOpH j (
ELRVHQVHXU /HV GHX[ ORQJXHXUV GYfRQGHV GYpPLVVLRQ |
ILOWUH GH QP HW QP /HV VWDFENV GYLPDJH DY
RQW pWp SULV WRXWHY OHV PLQXWHV GXUDQW K /D SUpV
GH OD &5( UHFRPELQDVH RX GX PL51% D pWp WHVWpH DYHF
KHXUH GIDFTXLVLWLRQ SRXU GpWHFWHU OfYH[SUHVVLRQ ¢
DFTXLVLWLRQV )5(7 DYHF OH PXOWL SKRWRQ RQW pWp DOW
OD WrWH FRQIRFDOH GX PLFURVFRSH

/ID WHPSpUDWXUH GDQV OD FKDPEUH GYDFTXLVLWLRQ pWD
HPEU\RQQDLUHV HW SRVW QDWDOV RX j f& SRXU OHV pFK
RQW pWp FROQWLQXHOOHPHQW SHUIXVpHY DYHF OD VROXWL

GH &HW 2

$QDO\WH GH OD PLJUDWLRQ

/IHV DQDO\WHV RQW pWp FRQGXLWHYV j OIDLGH GX ORJL
OHLMHULQJ HW DO /IH FRUSV FHOOXODLUH HW OH Ft

00



PDQXHOOHPHQW HQWUH FKDTXH SRLQW GH WHPSV GXUDQ)
FDUDFWpPULVWLTXHV GH PLJUDWLRQ QHXURQDOH OHV FDO]
SDXVH GH OD IUpTXHQFH GH WUDQVORFDWLRQ QXFOpDLUF
RQW pWp UpDOLVpHY DYHF OHV FRRUGRQQpPHV [ \ W GX F
GpIDXWV GX FHQWURVRPH OD YLWHVVH GX FHQWURVRPH

OH FRXSODJH FHQWURNLQQgVH QXFOpRNLQgVH RQW pWp F
FHQWURVRPH HW GX FRUSV FHOOXODLUH GH FKDTXH FHOO
RQW pWp VXLYLHV PRLQV GH PLQ RQW pWp H[FOXHV GH Of

9LWHVVH GH PLJUDWLRQ

REPAO®ALsF T;°E 1YssF U;~H tr

/HPSV GH SDXVH
3RXU DQDO\WHU OH SRXUFHQWDJH GH WHPSV GH SDXVH X
DSSOLTXp SRXU GLVFULPLQHU OHV WHPSV GH SDXVH GHYV
GLVWDQFH HVW pJDOH RX VXSpULHXUH j —P HQWUH GHX
FRPPH PLIJUDQWH 6L OD GLVWDQFH GH PLJUDWLRQ HVW L
FRPPH HQ SDXVH

OKI>NA @A L=0 @A PAILO AJ L=QOA

SAILO @A L=QCfkT>NA PrkP=H @A L=0 &4 PAILOFs

'LVWDQFH GH QXFOpRNLQQqVH
/D GLVWDQFH GH QXFOpRNLQgVH D pWp FDOFXOpH FRPPH O
XQH QXFOpPRNLQQVH

JUPpTXHQFH GH QXFOpRNLQQgVH

N M AJ,?AOHKI >SNA @A JQ?H+KGEJ°OA
(N+MQ "7 T6AILO PKP=H

30XVLHXUV SDV GH WHPSV VXFFHVVLIV GXUDQW OHVTXHOV
XQH VHXOH QXFOpRNLQQVH

6LOXRVLWp

§kTUUad:B UavU (;@Jd;fszbUa§BuJaU(;@JOB
+J@AT @A OEBE3QKOEP+1
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SPpWURPLIJUDWLRQ

1>@ AQ G EJA@ = H® A $H
£ PEKJ
4P NKIECN= >@ A.Q 2KG EGARK P = H

5DGDU GH PLJUDWLRQ

/D GLUHFWLRQQDOLWpP GH PLJUDWLRQ D pWp DQDO\VpH HQ
OD SRVLWLRQ LQLWLDOH HW OD SRVLWLRQ ILQDOH GH OD |
GH OTDFTXLVLWLRQ B3RXU FKDTXH FHOOXOH Q&XV DYRQV

OfDLGH GHV FRRUGRQQpV [mﬁg@ﬁﬂ\ﬁPlﬁ@E%qlDOHv HW ILQDOHV R

NOUI%ITOUOROI X

'H OD PrPH PDQLqUH QRXV DYRQV FDOFXOp X}QZ“;{HGI’WHXU (

FKDTXH DFTXLVLWLRQ DILQ GH QRUPDOLVHU OD GLUHFWLRC(
o5 Tadly e Gl £
¥REQHT 2 E U ee

aL ..

/IHV YDOHXUV VRQW H[SULPpHV HQ GHJUpV HW FRPSULVHV F
PDQLgqgUH SDUIDLWH OD GLUHFWLRQ GH PLJUDWLRQ DX FHQ!'
DQJOH GH PLJUDWLRQ pJDO j f ,QYHUVHPHQW XQH FHOOX
=69 DXUDLW XQ DQJOH GH PLJUDWLRQ pJDO j f

&RXSODJH FHOWURNLQqVH QXFOpRNLQQgVH

3RXU DQDO\WHU OD FHQWURNLQQgVH XQ VHXLO D pWp DS
PLJUDWLRQV GX FHQWURVRPH FHQWURNLQQVH 6L OD Gl
FHOOXODLUH DXJPHQWH GH —P RX SOXV OH FHQWURVR
YDULDWLRQ GH GLVWDQFH HVW LQIpULHXUH OH FHQWUF
QXFOpPRNLQgVH QRXV DYRQV UHJDUGpP VL XQH QXFOpPRNLQq
VXLYLH GTXQH QXFOpRNLQgVH QRXV FRQVLGPURQV TXH
FRXSOpH 6L XQH FHQWURNLQQgVH QTHVW SDV VXLYLH GTX
FHQWURNLQQVH HW OD QXFOpRNLQQgVH QYHVW SDV FRXSOpt

KO Lins . - L DKI>N@#-F0- 2KQ#AH
oKQ o 0KI>NRKP@ B - srr




'LVWDQFH 1 & PD[LPDOH

/D GLVWDQFH PD[LPDOH HQWUH OH FHQWURVRPH & HW OF
FDOFXOpH

$QDO\VH GHV LPDJHVY DYHF OH ELRVHQVHXU

/HV VWDFNV GYLPDJHV REWHQXV DYHF OHV pPLVVLR
DFFHSWHXUV RQW pWp DQDO\VpV DYHF XQ FRGH GpYHO
':DYHPHWULFV /DNH 2VZHJR 25 (WDWV 8QLV /fLQWHQVL\
SURMHWDpPH VXU OfD[H YHUWLFDO SRXU JpQpUHU XQH LPDJ
GRQQHXU HW GH OfDFFHSWHXU RQW pWp XWLOLVpV SRXU
GIDFWLYDWLRQ GX ELRVHQVHXU SRXU FKDTXH SL[HO
3RXU FKDTXH QHXURQH HQ PLJUDWLRQ OH UDWLR D pWp Pl
FDOFXOp FRPPH VXLW 8QH VpULH GH SRLQWYV GYDQFUDJH
GH OD FHOOXOH HW OH SURILO GX UDWLR HW GH OfLQWHQ
PSDLVVHXU GH —P /H SURILO GJLQWHQVLWp D pWp DQQRW
OHV ERUGV GX QR\DX HW OH ERXW GX SURORQJHPHQW GH F
/D SDUWLH GpWDLOOpPH GH FHWWH DRID/ONWH HCH D/GER R M WG\
OfDUWLFOH

 PPXQRKLVWRFKLPLH
'"HV VRXULYI %81 ® RQW pWp DQHVWKpVLpHVY SURIRQGpPPHQ
SHUIXVLRQ LQWUD FDUGLDTXH DYHF XQH VROXWLRQ SDU
IL[HU OHV WLVVXV /HV FHUYHDX[ RQW pWp UpFXSpUpV HW
GH IL[DWLRQ /HV FHUYHDX[ RQW pWp ULQFpV WURLV IRLV
'HV FRXSHV VDJLWWDOHV IORWWDQWHV GH —P GTp
PLFURWRPH 97 6 /HLFD /HV FRXSHV RQW pWp LQFXEpH
IRHWDO ERYLQH VHUXP 7ULWRQ ; GDQV GX 3%6 [ G
/IHV DQWLFRUSY SULPDLUHV XWLOLVpPV VRQW *)3 $YHV *)
7HFKQRORJ\ $& 6DQWD &UX] & VF $
1HXURODE )DFLOLW\ a WXEXOLQ 6LJPD $OGULFK 7
/IHV FRXSHV RQW pWp LQFXEpHV DYHF OHV DQWLFRUSV GDC
VRXV DIJLWDWLRQ /HV FRXSHV VRQW HQVXLWH ULQFpHV WL



/IHV DQWLFRUSVY VHFRQGDLUHV XWLOLVpV VRQW DQWL FKL

,PPXQR5HVHDUFK FRQWUH XQ DQWL *)3 DQWL UL
,PPXQR5HVHDUFK FRQWUH XQ DQWL 3.$F DQWL U
,PPXQR5HVHDUFK FRQWUH XQ DQWEXE&ODDVYWL
VSHFLILF DOH[D )OXRU -DFNVRQ ,PPXQR58VHDUFK
WXEXOLQ DQWL DRXERODYV )FD VSHFLILF DOH[D )OXRU

,PPXQR5HVHDUFK FRQWUH XQ DQWL $UO E /HV F

DOQOWLFRUSYVY VHFRQGDLUHYV GDQV OD VROXWLRQ GH VDWXU|
DILWDWLRQ /HV FRXSHV RQW pWp ULQFpHV WURLV IRLV DY
FRORUpH DYHF GX +RHVFK —O HW PRQWp HQWUH ODPH H\

6WDWLVWLTXHYV

7TRXWHV OHV GRQQpHVY UHFXHLOOLHV VRQW DQDO\VpHV DYH
/IHV YDULDEOHYVY TXDQWLWDWLYHV VRQW DQDO\VpHV HQ XW!
SRXU OD FRPSDUDLVRQ JURXSHV HW OTDQDO\VWH GH OD Y
+6' ORUVTX{ILO \ D SOXV GH JURXSHYV /IHV YDULDEOHYV (
YDOLGLWp GHV WHVWV SDUDPpWULTXHV QRUPDOLWpP GH

DQERDO\VpHY DYHF GHV WHVWYV QRQ SDUDPpWULTXHVY WHVW
YDULDEOHYV HW SDU OH WHVW GH .UXVNDO :DOOLV VXLYL SI
TXL VDWLVIDLVDLHQW OH WHVW GH QRUPDOLWpP RQW pWp D
WHVW SRVW KRF GH 7XNH\ SRXU OHV FRPSDUDLVRQV PXC
FRPSDUDLVRQ GHX[ j GHX[ /HV YDULDEOHYVY TXDOLWDWLYH\
.KL RX OH WHVW H[DFW GH )LVFKHU

/I fDQDO\WH HQ FRPSRVDQWH SULQFLSDOH $&3 D pWp UpD
DQDO\VWpHV GDQV OfpWXGH HW OHV FRQGLWLRQV H[SpULPF
VXSSOpPHQWDLUHYV

Ol



3$57,(, £ 'LIIpUHQFHY GH FRPSRUWHPHQW G
VWDGHYVY SRVW QDWDO HW MHXQH DGXOWH 5

o]



(@

-



/ITDEODWLRQ GX FLO SULPDLUH j 3 FRQGXLW j XQH KpWpUF
GHV QHXURQHV GDQV OH &05
/IRUV GH PRQ 0 HW DX GpEXW GH PD WKqVH QRXV QRXV VR
GDQV OD PLJUDWLRQ GHV QHXURQHV GX %2 FKH] OD VRXUL
DYRQV LQMHFWp GDQV OD 2BIo°RH WLRIXWL V) D GRFROQNGH. WLLIRID V  F
XQ YLUXV &UH ,5(6 7TRPDWR SRXU LQGXLUH OYDEODWLRQ
PLJUDWLRQ GX &05 JURXSH PXWDQW 'HV WUDQFKHV VDJL
&05 RQW pWp LPDJpHV DX PLFURVFRSH FRQIRFDO GXUDQW
DYRQV DQDO\Vp GLIIpUHQWY SDUDPgWUHV GH PLJUDWLRQ
GH SDXVH UpWUR PLJUDWLRQ HWF« 3XLV XQH DQDO\VH
XWLOLVpH SRXU DQDO\WHU OHV UpVXOWDWYV /RUVTXH O
SRSXODWLRQV VH FURLVHQW RQ SHXW FRQFOXUH j XQH \
LQYHUVH XQH DEVHQFH GH FURLVHPHQW VLJQLILH XQ FRF
FHOOXOHV 7RPDWR SRVLWLYHV GDQV OH JURXSH PXWDC
SRSXODWLRQV GLVWLQFWHV )LIJXUH $ HQ QRLU HW % H
PORLJIJQPHV )LJIXUH 3DU DLOOHXUV OD SRSXODWLRQ %
FRPPH OHV FRQWU{OHV &HFL WUDGXLW XQH GLIIpUHQFH
JURXSH PXWDQW /H JURXSH PXWDQW HVW GRQF KpWpURJq
DYHF GHV FDUDFWpPULVWLTXHV WUQV GLIIpUHQWHYV 3DU H
YLWHVVH GH PLJUDWLRQ HW WURXYp TXH OHV FHOOXOHV F
—P K WDQGLV TXH OHV FHOOXOHV GX JURXSH PXWDQW I
“ —P K GDQV OD SRSXODWLRQ $ GX JURXSH PXWDQW YL
GHV FHOOXOHV GX JURXSH FRQWU{OH HW GH " GD
YDOHXU VWDWLVWLTXHPHQW LQIpULHXUH j FHOOH GHV FHC
/JRUVTXH OH YLUXV &UH ,5(6 7TRPDWR HVW LQMHFWp GDQV O
FHOOXOHV GH W\SH $ % HW & TXL FRPSRVHQW OD =69
SDUWLFLSHU j O KpWpURJpQpLWpP GX SKpQRW\SH 'H SOXV
FHOOXOHV QH JDUDQWLW SDV TXH OD &UH D IRQFWLRQQp
FHOOXOHV GRQW QRXV DYRQV DQDO\Vp OD PLJUDWLRQ
SRSXODWLRQ GH FHOOXOHV PXWDQWHY VRLW FRQVWLWXpt
pWp UpDOLVpH HW GH FHOOXOHV GDQV OHVTXHOOHV OYDE
SDUWLHOOHPHQW
3RXU pYLWHU FH SUREOQPH QRXV DYRQV GRQF GpFLGp GH
XQ YLUXV H[SULPDQW VRLW OD *)3 FHOOXOHV FRQWU{OH
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PXWDQWHYV GDQV OH YHQWULFXOH ODWpUDO GH VRXULV j
] 3 VRXULY © DGXOWHV & /IDYDQWDJH GH FHWWH WHFKC
OH YHQWULFXOH j 3 VRQW PDUTXpHV HW TXTRQ REWLHQW
PDUTXpHVY KRPRJgQHV GDQV OH &05 'X IDLW GHV FRQWUD
O DQDO\WVH GH OD PLJUDWLRQ j 3 HW j 3

JLIXUH $ODO\WH HQO FRPSRVDOWH SULQFLSDOH $&3 | 3

$&3 UpDOLVpH DYHF OHV GRQQpPHV GH PLJUDWLRQ REWHQXHV |
7RPDWR GDQV OD =69 j 3 /HV FHOOXOHV&FRQWW{P BV TDX\DHWHQF
/HV FHOOXOHY PXWDQWHY D\DQW UHoX OH YLUXV &UH ,UHV 7RPC
% /D SRSXODWLRQ $ VH FRPSRUWH GLIIpUHPPHQW GH OD SRS
GLVWDQFH HQWUH OHV HOOLSVHV GH FRQILDQFHV WUDGXLW XGC
GLIIpUHQWYV JURXSHYV
/JHV FHOOXOHV HQ PLJUDWLRQ j 3 VRQW GLIIpUHQWHV P
PLJUDWLRQ j 3

1RXV QRXV VRPPHV LQWpPUHVVpVY WRXW G DERUG j OD P
i 3 HW j 3 DSUqV LQMHFWLRQ GH YLUXV *)3 RX &UH 7RP
JLIXUH $

1RXV DYRQV GJYDERUG PHVXUp OD WDLOOH HW OD FRPS
3 OH SURORQJHPHQW GH PLJUDWLRQ GHV QHXURQHV GI
JLIXUH $ JDXFKH HW % /H SURORQJHPHQW GH PLJU
VLIJQLILFDWLYHPHQW SOXV JUDQG DYHF XQH ORQJXHXU GH
3 1 0 3 1 0 WHVW GH 0DQQ :KLWQH\ S

1RXV DYRQV pJDOHPHQW pWXGLp OD FRPSOH[LWp GX

& $3 RX 3 OH SURORQJHPHQW GH PLIJUDWLRQ HVW W
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3DUIRLY OH SURORQJHPHQW GH PLJUDWLRQ SRVVQGGH XQ
HVW UpDOLVpH SOXV IUpTXHPPHQW j 3 TXTj 3 i 3
SURORQJHPHQW j 3 3 1 Q 3 1 Q 7THVW G
GRQQpPHV VXJIJqQUHQW GRQF TXH OH SURORQJHPHQW GH PLJ
i3 TX |3

'XUDQW OHXU PLJUDWLRQ GDQV OH &05 OHV QHXURQ!
VXUIDFH FI )LJXUH HW )LIJXUH % GH O DUWLFOH 1F
SDUWLFXOLQUHPHQW j VD WDLOOH HW j VD SUpPVHQFH j ¢
LPPXQRKLVWRFKLPLTXH FRQWUH $UO E D pWp UpDOLVp VX
GH VRXURRICAIB D 3 3 3 HW 3 $UO E HVW XQH SHWL
H[FOXVLYHPHQW GDQV OH FLO SULPDLUH .DVDKDUD HW DC
OH &05 D pWp DQDO\Vp SDU FRPSWDJH DXWRPDWLTXH
DXJPHQWDWLRQ SURJUHVVLYH HW VLJQLILFDWLYH GH O
GpYHORSSHPHQW SRVW QDWDO $ 3 OH FLO SULPDLUH PH

i 3 “ —P j 3 “ P HW j 3 “ —P )LIXUH
Q 3 1 Q 3 1 Q 3 1 Q 3 1 Q
VXLYL GIXQ WHVW SRVW KRF GH 7XNH\ S /D WDLOOH

O DQLPDO DORUV PrPH TXH O kJH GH OD FHOOXOH GDQV
SULPDLUH HVW XQ RUJDQLWH G\QDPLTXH GRQW OD WDLOO
/D OLWWpUDWXUH HW QRV GRQQpHV VXJJqQUHQW GRQF
XQH GLIIpUHQFH GH IRQFWLRQQDOLWpP HQWUH 3 HW 3
3DUDOOGOHPHQW QRXV QRXV VRPPHV LQWpUHVVpV j O
'HV LPPXQRPDUTXDJHY FRQWUH $UO E SRXU OH FLO HW JI
pPWp UpDOLVpV VXU WLVVX IL[p 8Q FLO HVW FRQVLGpUp
FHQWURVRPH DXTXHO LO HVW UDWWDFKp HVW LGHQWLILp |
REVHUYH XQH GLPLQXWLRQ SURJUHVVLYH GX SRXUFHQWDJ
GX YLHLOOLVVHPHQW GH OYDQLPDO )LJXUH ( $ 3
SULPDLUH REVHUYDEOH $ 3 VHXOHPHQW oGHV FHOO
3 Q WHVW GX .KL S &H SRXUFHQWDJH HVW VL
REVHUYp FKH] GHV VRXULV 3 9RLU )LJXUH &HV UpVXOV



YLIXUH /JHV QHXURQHV HQ PLJUDWLRQ GDQV OH &05 SR
PRUSKRORJLTXHV GLIIpUHQWHY DX FRXUV GX GPYHORSSHPHQW S
$ THXURQH HQ PLJUDWLRQ GDQV OH &053j7D L OIDHK BKHS IRKOR Q JEI L

PLJUDWLRQ HQ —P 7HVW GH 0DQQ :KLWQH\ S &3 1
3RXUFHQWDJH GH FHOOXOHV DYHF XQ RX SOXVLHXUV SURORQJI
3 1 Q 3 1 'Q7DLOOH GX FLO SULPDLUH HQ —P $129%$ V.
7XENH\ 3 1 Q 3 1. Q 3 1 Q 3 1 Q 3
( 3BRXUFHQWDJH GH FHOOXOHV DYHF XQ FLO SULPDLUH GpWHFW
3 1 0Q
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PLJUDWLRQ j 3 DVVHPEOHQW SOXV VRXYHQW XQ FLO VR
GLIITpUHQWH FH TXL SRXUUDLW FRUUHVSRQGUH j] XQH IRQF'
'RQF OTHQVHPEOH GHV GRQQpHVY PRQWUH TXH OD PRUSKR
&05 YDULH HQWUH 3 HW 3 HW TXH OH FLO SULPDLUL
FDUDFWpPpULVWLTXHV GLIITpUHQWHY 1RXV QRXV VRPPHV GR
GHV GLIIpUHQFHY GH FRPSRUWHPHQW PLJUDWRLUH HW VL (
OfkJH GHV VRXULYV

)LIXUH /HV SDUDPqWUHY GH PLJUDWLRQ GHV QHXURQHV | 3

$ 9LWHVVH PR\HQQH GH PLJUDWLRQ GHV QHXURQHV /D OLJQH C
GIXQ WHVW SRVW KRF GH 7XNH\ S 3 % 3RXUBHQWDJH IGH
GH SDXVH GHV QHXURQHV HR ;PWwIiDWALRQ 33  11r;QQLro

Qoxve & 'LVWDQFH PR\HQQH GH QXFOpRNLQQgVH /D OLJQH QRLU
VXLYL GIXQ WHVW SRVW KRF GH 7XNH\ S ' 3)UpTIXHQFH GH

QXFOpRNLQQVH /D OLJQH QRLUH UHSUpVHQWH OD PpGLDQH $:
S 3 1 Q 3 1 Q

00



/HV SDUDPqQWUHV GH PLJUDWLRQ KRUV GLUHFWLRQQDOLW;
PLJUDWLRQ j 3 HW j 3

1RXV DYRQV FDUDFWpULVp OD PLIUDWLRQ GHV QHXURC
'HV FRXSHV DLJ*HV GH &6OBl @G VROUBY .ERQWHQDQW OHYV
PLJUDWLRQ RQW pWp LPDJpHV DYHF XQ PLFURVFRSH FRQIR
PLQXWHYV
1RXV DYRQV DQDO\Vp GLIIpUHQWY SDUDPQWUHV FDUDFW,|
PLJUDWLRQ j 3 HW 3 PLJUHQW j OD PrPH YLWHVVH PR\HC
3 FRQWUH “ _—_PKj3 $129% S VXLYL GIXQ W
S| 'XUDQW OHXU PLJUDWLRQ FHV QHXURQHV DOWHUC
PLJUDWLRQ TXH QRXV DYRQV TXDQWLILpHV 1RXV QIDYRQ
GDQV OH SRXUFHQWDJH GH WHPSV GH SDXVH HQWUH OHV
GH WHPSV HQ SDXVH j 3 FRQWUH j 3 WHVW GX .KL
1RXV DYRQV pJDOHPHQW DQDO\Vp GHV SDUDPqQWUHV GH OL
GLVWDQFH HW OD IUpTXHQFH GH QXFOpRNLQgVH QH VR
5HVSHFWLYHPHQW “ —P j 3 FRQWUH “ i 3 H
FRQWUH “ 1.Kj3 $129% S VXLYL GIXQ WHVW S
&HV UpVXOWDWYVY PRQWUHQW TXH OHV QHXURQHV HQ PLJUL
FDUDFWpPULVWLTXHYV GH PLJUDWLRQ HW GH QXFOpRNLQQVH

'LUHFWLRQQDOLWpPp GH PLJUDWLRQ GLIITpUHQWH HQWUH 3 k

/IHV MHXQHV QHXURQHV GX &05 RQW XQ FRPSRUWHPHC(
OHXU PLJUDWLRQ ODUWLQH] OROLQD HW DO 1RXV DY/
XQ FRPSRUWHPHQW GLIIpUHQW HQWUH 3 HW 3 1RXV I
PLJUDWLRQ GHV FHOOXOHYV DSUqV PDUTXDJH HW DFTXLVLW
FHUYHDX[ DLJ*HV 1RXV GpILQLVVRQV OD GLUHFWLRQQDOL"
QHXURQH j PLJUHU GLUHFWHPHQW YHUV OH %2 HW OD PH)
VLOQXRVLWp OD UpWUR PLIUDWLRQ HW O RULHQWDWLRQ JO
I TLQGH[ GH VLQXRVLWp HVW OH UDSSRUW GH OD GLVWDQ
WUDMHFWRLUH ,0 HVW VLPLODLUH j$329% S HWXBYL
GIXQ WHVW SRVW KRF GH 7XNH\ )LJXUH $ &ODVVLTXHP
GDQV OH &05 GHSXLV OD =69 YHUV OH %2 3DUIRLVY RQ RE
GLUHFWLRQ RSSRVpH RX UpWUR PLJUDWLRQ FYHVW j GLUI
WHPSV SDVVp HQ UpWUR PLJUDWLRQ )LIJXUH %

a
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YLIXUH /D GLUHFWLRQQDOLWpP GH PLJUDWLRQ GHV QHXURQHYV
$ ,QGH[ GH VLQXRVLWp /D OLJQH QRLUH UHSUpVHQWH OD PpGL

KRF GH 7XNH\ 3 1 Q B 3IRXUFQQWDJH GH WHPSV SDVVp H
7THVW GH .KL S 3 1 Q & 5DADU @H GLUHFWLRQQDOL
5DGDU GH GLUHFWLRQQDOLWpPp GH PLJUDWLRQ | FDGUDQV '"UR
FDGUDQV 7HVW GX .KL S; ; & ;1Q;Q Q; ; 3 1

Qr Q ¢ Qr Qr

$ 3 OHV FHOOXOHV SDVVHQW GH WHPSV HQ UpWUR PL
SDVVHQW GH WHPSV HQ UpWUR PLJUDWLRQ 7HVW GX .KL
/I fDQDO\WH GH OD SRVLWLRQ ILQDOH SDU UDSSRUW j OD SR
© UDGDU 2 LQGLTXDQW OYDQJOH GH PLJUDWLRQ JOREDOH
QHXURQHYV PLIJUHQW WUqV PDMRULWDLUHPHQW YHUV OH %

OHV F{WpV HW YHUV OfYDUULqUH 'H PDQLqUH IUDSSL
VLIQLILFDWLYHPHQW PRLQV YHUV ODYDQW HW SOXV YHU\
F{WpV HW YHUV OfDUULqUH VXJJpUDQW DLQVL XQH G

PLJUDWLRQ HQWUH 3 HW 3 7THVW GH )LVFKHU S
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[ UpTXHPPHQW XQH WUDMHFWRLUH RULHQWpPH YHUV O DUU|
WHPSV SDVVp HQ UpWUR PLJUDWLRQ FL GHVVXV (Q UHYDC
V pFDUWHU G XQH WUDMHFWRLUH UHFWLOLJQH YHUV OH %2
/| HQVHPEOH GH FHV GRQQpHV VXJJqUH TXH OD GLUHFWLR
PRGLILpH HQWUH 3 HW 3 &HWWH GLIIpUHQFH SRXUUDLYV
GLIITpUHQWY HQWUH FHV GHX[ kJHV HW RX GHV GLIIpUHQFFE
OfDSSDULWLRQ GHV FKDLQHYVY GH PLJUDWLRQ YHUV 3 3HU

/I YTDEODWLRQ GX FLO SULPDLUH LQGXLW GHV HIIHWV GLIIpl
GHV FHOOXOHV GX &05 j 3 HW 3

1RXV DYRQV DQDO\Vp OH DX U{OH GX FLO SULPDLUH |
LOMHFWpP XQ YLUXV *)3 RX XQ YLUXV &UH ,URRI %BRADWR |
DQDO\Vp OHV PrPHV SDUDPqWUHV GH PLJUDWLRQ HW GH GL
/ HIILFDFLWp G DEODWLRQ GX FLO D pWp YpUIZIXEH SDU
FRQWU{OHV RX JREDWR SRXUEHQWDJH GH FHOOXOHV D'
GLPLQXH VLJQLILFDWLYHPHQW DX[ GHX[ kJHV )LJXUH $ :
FKH] OHV FRQWU{OHYV FKH] OHV PXWDQWV 7HVW GX .}
FRQWU{OHYV FKH] OHV PXWDQWV 7HVW GX .KL S

(IlTHW GH OD GpOpWLRQ GX FLO j 3
/IHV FHOOXOHV PXWDQWHY SUPVHQWHQW XQH YLWHVV]

FRQWU{OHV )LJXUH % “ —P K FKH] OHV FRQWU{Ol
PXWDQWYV $129% S VXLYL GTXQ WHVW SRVW KRF
DXJPHQWDWLRQ GX WHPSV GH SDXVH )LJXUH & GX
FRQWU{OHV HW SRXU OHV FHOOXOHV PXWDQWHYV WHYV
QXFOpRNLQgVH VRQW pJDOHPHQW SHUWXUEpPV 8QH GLPLQ.
REVHUYp )LJXUH ' “ —P FKH] OHV FHOOXOHV FRQ\
FHOOXOHV PXWDQWHV $129% S VXLYL GIXQ WHVW SR
XQH GLPLQXWLRQ GH OD IUpTXHQFH GH QXFOpRNLQqgqVH )LJ
HW ¢ 1. K $129% S VXLYL GIXQ WHVW SRVW KRF

UpVXOWDWY VRQW JOREDOHPHQW FHX[ TXL VRQW pJDOHPH
SDUWLH ,,



)LIXUH /I YTDEODWLRQ GX FLO SULPDLUH j 3 HW 3 QYfLQGXLW
HW GH QXFOpRNLQQgVH

$ 3RXUFHQWDJH GH FHOOXOHV DYHF XQ FLO SULPDLUH GpWH
LQMHFWLRQ GH YLUXV *)3 :7 RX7&UHN, Y . KRPDSVR 0§73 HW S

3 7 3 1 Q 087 3 1 Q 7 3 1 Q 08
1 Q % 9LWHVVH PR\HQQH GH PLJUDWLRQ GHV QHXURQHV /
3 :7 1. Q 3 087 1 ©Q 3 :7 1 Q 3 087 1 Q

S VXLYL GTXQ WHVW SRVW KRF GH 7XNH\ & 3RXUFHQWD.

PLIJUDWLRQ 3 Flbupwlro §BXvH 3 087 lpLsu@wLro §DxVH 3

7 1 PQubwLrg §bxVH 3 087 1pLiu@QwLro §bxVH 7THVW GX .KL
'LVWDQFH PR\HQQH GH QXFOpPRNLQQGVH /D OLJQH QRLUH UHSUpV
087 1 Q 3°:7 1 Q 3 087 1 Q $1298% S VX
SRVW KRF GH 7XNH\ ( )JUpTXHQFH GH QXFOpPRNLQQVH /D OLJQI
1 Q 3 087 1 Q 3 :7 1 Q 3 087 1 Q  $129%
VXLYL GIXQ WHVW SRVW KRF GH 7XNH\



(IlTHW GH OD GpOpWLRQ GX FLO j 3

/ITDEODWLRQ GX FLO SULPDLUH GDQV OHV QHXURQHV H
HITHWV GLIIpUHQWY &RQWUDLUHPHQW DX[ 3 OD YLWHV
JLIXUH % “ —P K FKH] OHV FRQWU{OHV HW “
OH WHPSV GH SDXVH )LJXUH & GH WHPSV HQ SDXV

GH WHPSV HQ SDXVH SRXU OHV QHXURQHV PXWDQWYV
pJDOHPHQW REVHUYp TXH OHV SDUDPqWUHY GH QXFOpPRNLQ
1L OD GLVWDQFH GH QXFOpRNLQQgVH " —P FKH] OHV :
OHV 3 PXWDQWV QL OD IUpTXHQFH GH QXFOpRNLQQgVH
HW “ 1. K GDQV OHV FHOOXOHV PXWDQWHV QH VRQW
HIITHW PRLQGUH VXU OD PLJUDWLRQ j 3 TX | 3 DORU"
SURIRQGPPHQW DOWpUp SDU O DEODWLRQ GX FLO j 3 LO
VXJJgUH GRQF XQ U{OH GLIIpUHQW GX FLO HQWUH 3 HW 3

/ID GLUHFWLRQQDOLWp GH PLJUDWLRQ HVW SHUWXUEpPH SD
3

1RXV DYRQV pJDOHPHQW DQDO\VWp OD GLUHFWLRQQCL
FRQVpFXWLYHPHQW j OTDEODWLRQ GX FLO SULPDLUH /D VL
HW OHV 3 PXWDQWY HQ FRPSDUDLVRQ UHVSHFWLYH GH
FRQWU{OHV FRQWUH ¢ PXWDQWYV | 3 HW ¢ FRQW
3 $129% S VXLYL GITXQ WHVW SRVW KRF GH 7XN

UHVSHEWLYH P¥

AAAAAAA

WQWUH OHV GHX[ kJHV QH VHPEO!
i3 HW i 3
/D UpWUR PLJUDWLRQ HVW pJDOHPHQW DXJPHQWpPH FKH]

FHOOXOHV FRQWU{OHYV | 3 HW j 3 JLIXUH % FRQW
OHV 3 HW FRQWU{OHV FRQWUH PXWDQWV FKH] O
Q 3 a4

aaéa@aagaaE{BQ’WlRH OHV GHX[ kJHV QH VF
SOXV rWUH GLIIpUHQW i 3 HW i 3 /TDEODWLRQ G
PrPHV GpIDXWV GH VLQXRVLWp GH PLJUDWLRQ HW GH Up
VLPLODLUHV &HFL VXJJqQUH TXH OH FLO SULPDLUH SRXUUI
YHUV OH %2 j 3 HW 3

OHV GHX[ FRPSDUE

(@)}
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)LIXUH /I TDEODWLRQ GX FLO SULPDLUH j 3 SURYRTXH
DJJUDYp SDU UDSSRUW j 3

$ ,OGH[] GH VLQXRVLWp /D OLJQH QRLUH UHSUpVHQWH O
087 1 O 3 7 1 QO 3 087 1 Q $129% S
GTXQ WHVW SRVWOKBRK IGAFH Q@WNHH GH UpWUR PLJUDWLRQ G
1 € IJUDWLRQEHWURPLIUDWLRQD 87 lrLiBWLRQEHWURPLIUDBLRO& 7/

1 ®QIUDWLRQ GHWURPLIUDWARQO87 1 PLo@wLro GQHWURPLIUDWIERQ

5DGDU GH GLUHFWLRQQDOLWp +DXW 5DGDU GH GLUHFWI
5DGDU GH GLUHFWLRQQDOLWpP GH PLJUDWERQQ] (FDGUDOQ\
Q¢ ¢ Qf ¢ 3 087 1 Q@ & ¢ Qf ¢ Qf

3 &7/ 1 Qs & r Qr Qr r 3 087 1 rQ

f & ¢ Qr r  Qf ¢



&RQFHUQDQW OD GLUHFWLRQQDOLWp JOREDOH PHVXUpH D
SDV GH GLIIpUHQFH j 3 HQWUH OHV FHOOXOHV FRQWU{O
PLIJUHQW GDQV OD PrPH GLUHFWLRQ RFFXSDQW GH OD PrPH

SRVVLEOHV 3 FRQWU{OHV YHUV OYDYDQW YHUV
PXWDQWYV YHUV OYDYDQW YHUV OHV F{WpV HW
S| 'H PDQLqUH LQWpPUHVVDQWH LO H[LVWH HQ UHYDQ
PLJUDWLRQ j 3 DYHF XQ FRPSRUWHPHQW SOXV GLVSHU
FRQWU{OHYV YHUV OYDYDQW YHUV OHV F{WpV H\

YHUV OfDYDQW YHUV OHV F{WpV HW YHUV C

1RV DQDO\WVHV PRQWUHQW GRQF TXH OYDEODWLRQ GX FL
PLJUDWLRQ SOXV HUUDWLTXH DYHF XQH VpYpULWp GX SKpQC



'LVFEXVVLRQ SDUWLH ,

'DQV FHWWH SDUWLH GH PD WKgVH O DQDO\VH GHV FR
D PRQWUp TXH OD YLWHVVH HW OHV SDUDPqWUHV GH 1.
UHYDQFKH OHV FHOOXOHV SUpVHQWHQW GHV SDUDPgWUH
IRUWH SURSHQVLRQ GHV FHOOXOHYV j 3 SRXU OD PLJUDWLI

3DU DLOOHXUV O DQDO\WVH GHV PXWDQWV FLOLDLUHYV
GHV HIIHWV GLIIpUHQWYV j 3 HW 3 $ 3 HOOH DIIHFWH
GLUHFWLRQQDOLWpPp DORUV TX j 3 HOOH DIITHFWH VHXOHP

OpWKRGRORJLH

&HV UpVXOWDWY UHVWHQW SUpOLPLQDLUHV SXLVTXYLC
GIDQLPDX[ /D FDUDFWpULVDWLRQ PRUSKRORJLTXH HW OH\
pWp REWHQXHV j SDUWLU GfXQ QRPEUH IDLEOH GYDQLPDX]
i 3 1RXV VRXKDLWRQV GRQF DQDO\VHU XQ SOXV JUDC
pJDOHPHQW PRQWUp TXH OH FLO SULPDLUH MRXDLW XQ U{
HQWUH 3 HW 3 1RXV DYROK SR XO LWpDOD VCH U GHAV W H Db W X
OH IDLW TX LO V DJLW ELHQ GH SKpPQRW\SHVY GLUHFWHPHQV
OHV PrPHV H[SPULHQFHV DYHERIMH MXIWPH BDIIQIpH GDQV (
SRVVLEOH GYLQGXLUH JpQpWLTXHPHQW OYDEODWLRQ GX Fl

1RXV DYRQV DQDO\Vp OD PLJUDWLRQ j 3 GX IDLW
FRQVLGpUDQW TX HOOH SRXYDLW UHIOpWHU OD PLJUDWLR(
qPH VHPDLQH GH YLH 2Q SHXW GRQF VH GHPDQGHU VL C
UHIOQWH FHOXL GH YUDLV DGXOWHV j 3 /| DQDO\VH S
LOQMHFWLRQ GH YLUXV j 3 DQDO\VH j 3 Q FHOOXOHYV
YLWHVVH GH PLJUDWLRQ VHPEOH GLPLQXpH SDU UDSSRUW
VXJIJqQUH TXH OHV FKDQJHPHQWY SRVWQDWDX[ DIIHFWDQW ¢
i 3 HW TXH SRXU YUDLPHQW SDUOHU GH PLJUDWLRQ DGXC
SOXV WDUGLYHPHQW

IHXURQHYV VDXYDJHV 3 YHUVXV 3

/IHV QHXURQHV | 3 PLIJUHQW GH PDQLqUH JOREDOHPHC(
HQ FH TXL FRQFHUQH OHV FKRL[ GH GLUHFWLRQ 'H PDQL
FKDQJHPHQWY HQYLURQQHPHQWDX[ SURIRQGY GDQV OHYV

0f



FRQVWLWXHQW OD IHUPHWXUH GX YHQWULFXOH ROIDFWLI
FKDLQHV Q LQIOXHQW SDV VXU OHV SDUDPgqWUHV GH YLWH
'H SOXV QRXV DYRQV REVHUYp TXH OHV QHXURQHV j 3 DY
XQ SURORQJHPHQW GH PLJUDWLRQ PRLQV EUDQFKp HW
PRUSKRORJLTXHVY QH VHPEOHQW GRQF SDV DIIHFWHU QR(
SDUDPQWUHV GH 1.

(WDQW GRQQp TXH OD VHXOH GLIIpUHQFH HQWUH OHV ¢
LO HVW SUREDEOH TXH OHV FKDQJHPHQWY HQYLURQQHPH
FKDLQHV DLHQW XQH LQIOXHQFH GpWHUPLQDQWH VXU Ft
SDUDPQWUHV GH 1. / LPSRUWDQFH GH O HQYLURQQHPHQW
PLV HQ pYLGHQFH VXU OHV LQWHUQHXURQHV HPEU\RQQDLL
LQ YLWDRPRGLILFDWLRQ GHV FRQWUDLQWHY VSDWLDOHYV
OfpWDEOLVVHPHQW GH GLIIpUHQWHY PRUSKRORJLHV EUI
GLIIpUHQWY PLJUDWLRQ GpWHUPLQpH RX HUUDWLTXH 'l
LQWHUFHOOXODLUHYV SUpVHQWY j 3  YRLU )LIJXUH SRXU
VHLQ GHV FKDLQHV HW OHXU GRQQHU GH O HVSDFH SRXU |
PLVH HQ SODFH GHV WXEHV DVWURF\WDLUHV DXWRXU GH
UpGXLUH OHV GHJUpV GH OLEHUWpPV DFFRUGpPV DX[ FHOOX
WXEHV HPSIrFKHUDLHQW OHV FHOOXOHV GH PLJUHU SHUS
URVWUDO OHXU ODLVVDQW OfXQLTXH SRVVLELOLWpP GH PL

3RXU WHVWHU OfK\SRWKgVH GH OJLQIOXHQFH GH O
OTK\SRWKgqVH GIXQ FRPSRUWHPHQW DXWRQRPH FHOOXO
KPWpURFKURQLTXHV ,0 VIDJLW GH UpDOLVHU GHV JUHIIH)
VRXULV 3 GDQV GHV VRXULV 3 HW LQYHUVHPHQW

3UPVHQFH GX FLO j 3 HW 3

/ID GLIIpUHQFH GH SRXUFHQWDJH GH FHOOXOHV DY
OYDXJPHQWDWLRQ SURJUHVVLYH GH OD WDLOOH GX FLO D»
TXH OH FLO SULPDLUH SRVVqGHUDLW XQH G\QDPLTXH GLII
'HX[ DUWLFOHY RQW DQDO\Vp OH U{OH GX FLO SULPDLUH G
HPEU\RQQDLUHV %DXGRLQ HW DO +LJJLQERWKDP HW
QRWDPPHQW PRQWUp HQ LPDJHDQW OH FLO DYHF XQH FR
FRPSRUWHPHQW GH PLJUDWLRQ GHV LQWHUQHXURQHV pWLC
GH PRXYHPHQW GX FLO SULPDLUH &HOOH GH &KULVWLQH

a
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PLFURVFRSLH pOHFWURQLTXH TXH OH FLO SULPDLUH GLVSI
GRQQpPHV SHXYHQW GRQF ODLVVHU SHQVHU TXH OH FLO Sl
3 HW 3 TXL OH UHQGUDLW SOXV IUpTXHPPHQW REVHUYLC
SURYHQLU G XQH SOXV JUDQGH VWDELOLWp DX FRXUV GX
IDXGUDLW UpDOLVHU XQH pWXGH HQ YLGpRPLFURVFRSLH GiI
PLJUDWLRQ DYHF SDU H[HPSOH XQ SODVPLGH $UO E *)3 SH

,O HVW j QRWHU TX HQ DQDO\VDQW OD SUpVHQFH GX
VRXULV 3 GH OD PrPH PDQLQUH TX HQ )LIXUH RQ YRLW
REVHUYDEOH FRQWLQXH j GLPLQXHU UHQGDQW O DQ
DEODWLRQ GX FLO HQ FRQGLWLRQV PXWDQWHV TXDVL LPSF
UHVWHU FRQVWDQWH

5HPDUTXH FH SRXUFHQWDJH HVW GLIIpUHQW GH FHO
UpVXOWDWY GH 0 SUREDEOHPHQW FDU LO QH V DJLW SDV
OLJQpH .LI D VXU IRQG & %O - SRXU OD WKqVH

IHXURQHV PXWDQWYV 3 YHUVXV 3 SUREOQPHV GH GLUHF

/| DEODWLRQ GX FLO D GH IRUWV HIIHWV VXU OD YLWH)
Q HQ D SDV j 3 1RXV GLVFXWHURQV FHOD HQ OLDLVRQ I
G $03F GDQV OD GLVFXVVLRQ ILQDOH &HWWH SDUWLH FRQ
GX FLO VXU OD GLUHFWLRQQDOLWp

/| DEODWLRQ GX FLO DIIHFWH OD GLUHFWLRQQDOLWp G
V LQWHUSUpWHU FRPPH XQH DOWpPUDWLRQ GX JXLGDJH &¢*
VLQXRVLWp REVHUYpH DSUqV DEODWLRQ GX FLO GDQV O
%DXGRLQ HW DO 'DQV FHW DUWLFOH O pTXLSH GH &
OH FLO GHV QHXURQHV HPEU\RQQDLUHV HQ PLJUDWLRQ HYV
PLJUDWLRQ WDQJHQWLHOOH YHUV UDGLDLUH 8Q DUWLEC
FKHPRDWWUDFWHXU GH 6KK VXU OD PLJUDWLRQ GHV QHXUF
DX QLYHDX GX YHQWULFXOH HW IUHLQHUDLW OD VRUWLH
GRQF SRVp OD TXHVWLRQ GH VDYRLU VL OHV QHXURQHV G
3RXU FHOD QRXV DYRQV XWLOLVp GHV VRXULV UDSSRUWU
%DODVNDV HW DO 'DQV FHV VRXULV XQH VLJIJQDOLV
*)3 GDQV OHV FHOOXOHV 1RXV DYRQV REVHUYp TXH O LPF



3 HW 3 PWDLHQW *)3 QpJDWLYHV )LJXUH ,O SDUDLW
JXLGDJH REVHUYpV GDQV OHV PXWDQWYV FLOLDLUHY UpVXO

YLIXUH /D YRLH 6KK Q HVW SDV DFWLYpH GDQV OHV QH>
,PPXQRPDUTXDJH FRQWUH OD *)3 9HUW HW '&; 5RXJH VXl
KDXW HW FKH] OfDGXOWH EDV GDQV OD OLJQpH *OL%6 *
QHXURQHV TXL PLJUHQW QH IRUPHQW SDV GH FKDLQHV $
SRVLWLYH PRQWUDQW TXH OD YRLH 6KK QfHVW SDV DFWL
VWUXFWXUHV *)3 SRVLWLYHYVY UHVVHPEOHQW j GHV YDULFR"
HVW SOXV ILQ HW OHV QHXURQHV PLJUHQW HQ FKDLQHV .
*3 QpJDWLYHV ([FHSWLRQQHOOHPHQW RQ SHXW YRLU XQ
GURLWH I0OgFKH

2Q SRXUUDLW GRQF VXVSHFWHU O LPSOLFDWLRQ G DX
SRXUUDLHQW rWUH GH ERQV FDQGLGDWYVY &H VRQW GHV ID
FKRURwWGH GDQV OHV YHQWULFXOHV TXL UHSRXVVHQW OF
1JX\HQ %D &KDUYHW HW DO 6DZDPRWR HW DO /
H[SULPpV SDU OHV MHXQHV QHXURQHV HW VRQW SUpVHQW
SOXV HW GH PDQLqUH WUqV LQWpUHVVDQWH SDU UDSSRU
LQGXLWH SDU 6/, 7 D XQ U{OH HVVHQWLHO GDQV OD PRGX(

(@)}
o



&05 +LIJIJLQERWKDP HW DO 'DQV FH FRQWH[WH RQ St
VLIQDOLVDWLRQ 60LW SDU DEODWLRQ GX FLO SRXUUDLW
TXH QRXV REVHUYRQV FKH] OHV PXWDQWYV j 3 HW 3 3DL
SOXV ORQJ j 3 RX FKH] O DGXOWH SHUPHWWUDLW DX[ QF
TXDQWLWpV GH 60LW DSUqV OD IHUPHWXUH GX YHQWULFXO

o
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Compartmentalized cAMP dynamics regulates neuronal

migration

Maxime Chaulet*, Julie Stoufflet*, Mohamed Doulazmi, Coralie Fouquet, Caroline Dubacq, Christine

Métin, Alain Trembleau, Pierre Vincent and Isabelle Caillé

Introduction
3',5tcyclicadenosine monophosphate (CAMP) is traditionally considered as a loneactimge

second messenger, freely diffusing in the whole cell. The development of genetrcaiyed

FRET (Forster Resonance Energy Transbaged biosensors has challenged thisvvgy
allowing reaitime imaging of cAMP dynamics in living cells with high spatémporal
resolution(Calebiro and Maiellaro,®.4; Lefkimmiatis and Zaccolo, 2014l)his revealed that
CAMP signals are highly compartmentalized at the subcellular level and that thiarfete
compartmentalization ensures the intracellular specificity of the pathway.

cAMP signaling plays fundamental roles in multiple steps of the nervous system development
such as neuronal polarizatiq®helly et al., 2010h)axon guidancgNicol et al., 2006;
Nishiyama et al., 2003nd synaptogenesiMunno et al., 2003Monitoring of CAMP signal

in neurons with FRE®ased biosensors unveiled its dynamic compartmentalization in
microdomains of axons, dendrites or growth cofgeraimo et al., 2016; Calebiro and
Maiellaro, 2014; Maiellaro et.a2016b) However, the dynamics of CAMP signaling has never
been studied in migrating neurons.

Neuronal migration is a crucial step for the establishment of brain circuitry since all neurons
have to migrate from theirs sites of birth to their finaésiof integration. Dysfunction in
neuronal migration leads to severe cortical malformations such as lissencephalies and
periventricular or subcortical band heterotopia and might be involved in psychiatric disorders
(Bertipaglia et al., 2018; Silva et al., 2019jligrating neurons display a cyclic saltatory
migration with alternations of somal translocation and pauses. For each somal translocation,
nucleus and centrosome move forward in a “stroke" cycle, with the centrosome moving

first within a swelling of he leading process (centrokinesis, CK) and the nucleus following
subsequently (nucleokinesis, NKBellion et al., 2005b; Beglndrah et al., 2017; Schaar and
McConnell, 2005h) This nucleus to centrosome coupling involves local cytoskeleton
remodeling and molecular motors activation. The cCAMP dependent protein kinase A (PKA) is
a highly compartmentalized protein of paramaumportance for cellular migration in general

(Bradshaw et al., 2011a; Howe, 201dnd neuronal migration in particul@daase, 2003;
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Toriyama et al., 2012)This led us to assesghether CAMP compartmentalization might
dynamically participate in the spatiemporal regulation of this twstep migration.

Our model for studying migration is the ventricular/subventricular zone (V/SVZ) to olfactory
bulb (OB) migration in the postnatahouse. Neurons produced in the V/SVZ migrate
tangentially over a long distance in the Rostral Migratory Stream (RM#9 and Alvarez

Buylla, 194; Lois et al., 1996bBiphotonic imaging of migrating neurons electroporated with

a FRETbased biosensor (Ep&1®) (Klarenbeek et al., 2015k acute slices of the RMS
revealed a dynamic cAMPolspot localized around the centrosome, present during NK and
absent during pauses. Genetic ablation of the primary cilium as well as-&oackof the

ciliary Adenylate Cyclase 3 (AC3) induced permanent disappearance of the hotspot, showing
the importancef cAMP ciliary production for its formation. The hotspot disappearance led to

a sloweddown migration with increased pausing phases and reduced frequency of NK. This
was accompanied by defects in centrosome movement with reduced speed, decreased maximum
distance from the nucleus and increased uncoupling of CK and NK. Moreover, genetic
delocalization of the centrosomal PKA recapitulated this migratory phenotype, showing its
importance as a downstream effector of the cAMP hotspot. Our data thus shouiahat ci
produced cAMP forms a dynamic centrosomal hotspot, which locally acts on centrosomal PKA
to regulate migration and efficient coupling of centrosome and nucleus. This
compartmentalized cAMP dynamics is widely used in migrating neurons since we dhlserve

in radially migrating postnatal OB interneurons, in adult RMS and in radially migrating

embryonic neurons.

Results
cAMP dynamics in migrating neurons of the postnatal RMS: a transient centrosomal

hotspot during NK

A massive amount of young neurongynate from the postnatal V/SVZ to the OB in the RMS

(Fig 1A) (Lois and AlvarezBuylla, 1994; Lois et al., 1996bThey migrate by alternatiord

pauses and NK (Fig 1A). We observed that they spend 80% of their time in pauses and perform
in average 35+ 0,21NK per hour (see fig 4B).

To investigate CAMP dynamics in migrating neurons, we electroporated neonate mice with an
intraventricularlyinjected plasmid to express the FRET cAlgifecific biosensor Epe8t8’

(fig 1B and 1C). This recent biosensor displays high affinity for cAMP allowing detection of
limited changes in cCAMP concentrations with high dynamic rgK¢grenbeek et al., 2015b)
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Biosensotexpressing neurons were imaged in live acute @esf the RMS with a biphoton
microscope (ondour movies with oneninute intervals). Ratiometric analysis revealed that a
cAMP-rich region (hereafter called hotspot) was transiently present during NK and disappeared
during pauses (Fig 1D and movie 1).igHotspot specifically reflected a cAMP local
enrichment since it was absent in neurons transfected with a version e8'E&pasith mutated

CcAMP binding site (movie 2).

Extensive analysis of migrating neurons (ie performing at least one NK during-fzoone
movie) showed that 82% of them displayed such a dynamic hotspot (101 neurons performing
134 NK from 10 mice). A limited percentage of cells displayed several cAMP rich zones,
usually two, which likely corresponded to the two centrioles (movie 3).

Thehotspot stereotypically appeared at the front of the cell body before moving into the leading
process, where it remained until after the nucleus performed a NK. It then disappeared during
the following pause and could reappear later following the samermpdiefore the neuron
undertook another NK.

As this movement resembled the classically described centrosome movement during saltatory
migration, we ceelectroporated the biosensor with cerfRRP to label the centrosome (Fig

1E). We saw that the hotspoas/present around the centrosome before its movement into the
leading process and stayed around it during NK before disappearance during the pause.
Measurement of the ratiometric characteristics of the hotspot showed that its average diameter
was of 965,4nm +£95,48nm. In addition, the maximum hotspot ratiometric intensity was
constant during NK being in average 52% (£2%) higher than the mean cell intensity (n=12 cells
with 16 NK).

Use of a sensitive CAMP biosensor with a high signal to noise ratio cowjletive biphoton
imaging in slices thus allowed us to discover a dynamic cCAMP hotspot at the centrosome of

RMS migrating neurons.

Primary cilium is necessary for centrosomal hotspot formation

The primary cilium is a small reshaped organelle linked to the centrosome (fig 2A). It is
present on most eukaryotic cells including neur@sanezGamboa et al., 2015ls absence

or dysfunction in ciliopathies lead to severe brain defects, suggesting its major importance for
brain developmeniGuo et al., 2017b; Higginbotham et al., 2012b)

Immunostaining of GFP positive RMS migrating neurons with Arl13B, a small ciliary GTPase,
coupled with -tubulin, marker of the centrosomshjowed that they assemble a cilium during

migration (Fig 1B). The primary cilium length was in aver@6+0,02 nn{N=1, n=1030)
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The primary cilium was recently reported to be a CANR region by using a ciliurargeted

CcAMP biosensofMoore et al., 2016b; Sherpa et al., 2019 thus wondered whethereth
CAMP hotspot that we observed at the centrosome could emanate from the primary cilium. To
answer this question, we used two mouse lines in which deletion of the primary cilium could
be genetically induced by cre recombination. Kif3a is part of a kimesiar required for cilium
maintenance(Rosenbaum and Witman, 2002bRpgripll (retinitis pigmentosa GTPase
regulatorinteractng protein 1 like) is a protein located at the basis of the primary cilium, whose
mutation leads to ciliopathies in huma(&rts et al., 2007)

We performed Cre recombination thie floxed genes in migrating RMS neurons by injecting

a Cre expressing virus coupled to the GFP into the ventricle of neonate Kif3alox/lox and
RPGriplllox/lox mice. This led to an efficient ablation of the primary cilium in both mouse
lines. The percentagof GFP positive RMS neurons displayingtabulin positive centrosome
associated with an Arl13B positive primary cilium was significantly reduced irinjreted
Kif3alox/lox (25% in Cre versu§83,21% in GFP control animals, n=109 cells from 3 mice in
GFP animals and n=140 cells from 3 animals in Cre animals) and Rpgriplllox/lox mice (16.2%
in Cre versus 47% in GFP control animals, n=68 cells from 2 mice in GFP animals and n=99
cells from3 animals in Cre animals).

Cotransfectiorof the cAMP biosensor with Cre in neonate floxed mice showed that cilium
disappearance led to a concomitant disappearance of the hotspot in both mouse lines (Fig 2C
and D and movie 4 and 5). Whereas 82% of cells displayed a hotspot during NK in WT mice,
this number was reduced to 30% in @ansfected Kif3alox/lox (36 cells of 46 NK in 4 mice)

and to 20% in Crdransfected Rpgripll (52 cells of 73 NK in 7 mice) (Fig 2E). When cells
displayed two successive NK, the phenotype of absence or presence of dotsg NK was
persistent. Moreover, the more efficient disappearance of the hotspot in RPgrip1l mice is in line
with the more efficient genetic ablation of the primary cilium, strongly suggesting that the

primary cilium is necessary for formation of thetspot.

Ciliary type 3 Adenylate Cyclase 3 (AC3) is necessary for centrosomal hotspot formation

AC3 is described as the predominant cAMP producer in neuronal primary (Hishop et al.,

2007) We thus assessed its presence in the primary cilium of RMS migrating neurons through
immunocytochemistry (Fig 3A). We observed that more than 40% of Arl13B positive primary
cilia in the RMS were also AC3 positive (n= 141l€é&om 2 mice).

We thus produced an anti AC3 microRNA coupled to GFP to knock down AC3. Its efficiency
was verified by gRTPCR on cells transfected with miRAC3 or a control miR and AC3 (Fig
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3B). Transfection of the miRACI&d to a 40% decrease of the asgressed AC3 mRNA as
compared to control miR suggesting the efficiency of the designed microRNA.
Co-electroporation of the MirAC3 with the biosensor showed that AC3 kdogkn led to
similar disappearance of the hotspot as primary cilium ablation (Fign8Gmovie 6). Only
22% (N=2, n=17cells) of MirAC3 transfected cells displayed a visible hotspot during NK.
This shows that the primary cilium produces the hotspot through AC3.

Migration defects in the absence of hotspot

Given the dynamics of the hotspotdaits subcellular localization, we wondered whether it
could regulate the dynamics of migration. We thus compared the migration of WT neurons with
the migration of ciliumsablated and AC3 knockedbwn neurons, in which the hotspot was
absent. To this endif3alox/lox neonate mice were intraventricularly transfected with GFP,
Cre recombinase coupled with GFP or MirAC3 coupled with GFP. Live acute sections of the
RMS were imaged with a confocal microscopdi(3novies with 3minute intervals). Tracking

of the GFP positive cells showed that cilium ablation as well as AC3 ke significantly

slowed down migration (GFP 75,49+3,48um/h versus 55,81+2,74um/h and 58,08triZtD8

in CRE and MirAC3, p <0.001, n=3 mice, Fig 4A, movie 7, 8 and 9). This was accmupan

by an increased percentage of pausing time (76% in WT versus 87% and 84% in Cre and
MirAC3, p < 0.001, n=3 mice, Fig 4B). Detailed analysis of the NK showed that the average
frequency of NK reduced (3,15+0,21 NK/h in WT versus 2,06+0,20NK/h and 224K h

in Cre and MirAC3 p < 0.001, n=3 mice, Fig 4C).

Given the centrosomal location of the hotspot, we wondered whether it could directly play a
role in the dynamics of CK. To assess this question, weaogfected centritRFP along with

GFP, Cre cougd with GFP or MiIrAC3 coupled with GFP and-ttacked cell body and
centrosome (movies). We defined a CK as an increase of the centrosome to nucleus distance of
at least 2um followed by a decrease of at least 2um. The maximum distance between nucleus
and entrosome during CK was reduced in cilkatlated and AC3 knockedbwn neurons as
compared to WT (GFP 12,32+0,42um versus 10,42+0,35um and 9,85+0,63um in CRE and
MirAC3, p < 0.001, n=3 mice, Fig 4D). Additionally, we defined two types of CK: a CK
followedby a NK was considered efficient whereas a CK not followed by a NK was considered
inefficient. Interestingly, we saw an increase of the percentage of inefficient CK in cilium
ablated and AC3 knockedbwn neurons as compared to WZ6% in WT versus 43% and

37% in Cre and MirAC3, p =0.002, n=3 mice, Fig 4E), which suggested that the hotspot was

necessary for proper coupling of nucleus and centrosome. Finally, analysis of the overall speed
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of the centrosome showed that it was reduced in ciabilated and ACXnockeddown
neurons as compared to WT (GFP 75,82+3,44um/h versus 56,54+2,31um and 55,69+3,74um
in CRE and MirAC3, p=0.02, n=3 mice Fig 4F).

Our results thus suggest that AC3 ciliary cCAMP production of the hotspot regulates migration

by acting orcentrosome dynamics and centrosome/nucleus coupling.

Centrosomal PKA is the downstream effector of the hotspot

PKA was described to be localized at the centrosome in certain cel(8queede et al., 2017b)
Immunohistochemical staining for the catalytic subunit of PKA (cPKA) showed tthveds

indeed the case in RMS migrating cells, where cPKA appeared as a diffuse area surrounding
the centrosome (Fig 5A). We thus transfected a dominant form of PKA (dnPKA) coupled with
the GFP to delocalize PKA. This dnPKA is a regulatory subunit of PKégwcannot bind the
centrosome and thus traps the endogenous catalytic subunit of PKA in the cytoplasm (Fig 5B).
Counting of the percentage of cells displaying cPKA at the centrosome showed that dnPKA
efficiently delocalized PKA (26,67% in dnPKA versus@®% in WT, data not shown).

We thus analyzed the migration and centrosomal dynamics of dnPKA transfected neurons.
Similarly to cilium deletion and AC3 knoeatown, dnPKA transfection slowed down migration

( GFP 75,49+3,48um/h versus 55,76+1,90um/h and73B2,85um/h in dnPKA and
CREdNnPKA, p <0.001, n=3 mice, Fig 5C movie 7, 10 and 11), increased pausing phases (76%
in WT versus 86% and 84% in dnPKA and CREdnPKA, p <0.001, n=3 mice, Fig 5D) and
reduced frequency of NK (3,15+0,21 NK/h in WT versus 2,2340KIB and 2,09£0,16NK/h

in dnPKA and CREdnPKA p <0.001 n=3 mice, Fig 4C). Moreover, cotransfection with eentrin
RFP revealed that centrosome dynamics was also altered in the same way as cilium ablation
and AC3 knockdown: centrosome speed was reduced (GERBZ#3,44um/h versus
68,18+2,08 um dnPKA, p= 0,051, n=3 mice Fig 5H) as well as the maximum distance between
centrosome and nucleus during CK (GFP 12,32+0,42um versus 10,46+0,38um dnPKA, p <
0.001 n=3 mice, Fig 5F) and the percentage of efficient @5%in WT versus 37% in dnPKA,

p =0.02, n mice, Fig 5G) Delocalization of PKA from the centrosome thus phenocopies cilium
deletion and AC3 knoeckown. This strongly suggests that centrosomal PKA is the downstream
effector of the ciliary dependent hotspot. Testt this possibility, we performed a double
mutation of Kif3a lox/lox mice by transfecting Cre to ablate the cilium and dnPKA to delocalize
PKA. Interestingly, double mutated neurons displayed the same migratory defects as the simply
mutated ones, with nadditivity of the phenotypes. This strongly suggests that dnPKA acts

downstream of the ciliary produced cAMP to regulate migration.

98



The hotspot is present in different kind of migrating neurons

In order to know whether this pattern of cCAMP dynamics igifipeof postnatal RMS neurons

or generally used by migrating neurons, we assessed its presence in other types of neurons.
Postnatally generated SVZ neurons reorient radially in the olfactory bulb after their migration

in the RMS. Ratiometric analysis dfe biosensor showed that they too displayed a transient
centrosomal hotspot (Fig 6A movi@.1n addition, analysis of tangentially migrating neurons

of the adult RMS also displayed the same hotspot (Fig 6B, movie 13). Finally, the hotspot was
also presenn radially migrating neurons of the embryonic cortex (Fig 6C, movie 14).

We can thus conclude that this type of CAMP dynamics appears to be generally used by

migrating neurons.

Discussion
Our work provides evidence that control of gaigration relies on highly compartmentalized

and temporally regulated centrosomal cAMP/PKA signals. We show that the primary cilium
localized AC3 produces a highly dynamic cAMP microdomain visible at the centrosome during
NK. This hotpot regulates migratidhrough centrosomal PKA activation, tuning centrosome
dynamics and nucletentrosome coupling. This discovery was made possible by the
development of a challenging technique involving electroporation of neonatal mice with a
sensitive FRET biosensor, qdad with spatially and temporally resolutive biphotonic imaging
on acute brain sections.

cAMP signaling microdomains analyzed thanks to FRET biosensors have previously
been described in different cell types. Interestingly, a study performed in Chinestera
Ovary cells transfected with a centrosome targeted biosensor reported a similar centrosomal
PLFURGRPDLQ ZKLFK FRQWUDULO\ WR XV GLVSOD\HG OR
dynamic, disappeared during mitosis and was important for cell cycleegsigmn(Terrin et al.,
2012b) cAMP microdomains were also described in diverse neuronal subcompartments such
as growth cones, axons and dendr{@seraimo et al., 2016; Calebiro aniaiellaro, 2014)
However, to our knowledge, we are the first to perform this type of analysis in migrating
neurons.
We detect a surprisingly dynamic cAMP hotspot at the centrosome, cyclically present during
NK and absent during pauses. We show thatptfimary cilium and ciliary localized AC3 are

necessary for formation of the hotspot. We thus think that the signal that we observe at the
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centrosome is a consequence of a small range diffusion of the cAMP concentrated in the
primary cilium by AC3 produadn. Two studies using a ciliary targeted FREdsed cAMP
sensor in fibroblasts and kidney epithelial cells indeed showed that the primary cilium is a
CAMP rich microdomain(Moore et al., 2016b; Sherpa et al., 2019®aching levels of
concentration as high as 5 fold higher than the rest of the cytoplasm.

The cyclical presence of the hotspot raises interesting questions. A mechanical explanation of
the cyclicity could be the dynamics of the cilium itself. Two studies reported that the cilium is
highly dynamic during migration of tangentially migrating entmg neurongBaudoin et al.,

2012b; Higginbotham et al., 2012®ith one of them suggesting a transient disappearance of
the cilium during pausg8audoin et al., 2012b}f this is the case in RMS migrating neurons,

this could explain the disappearance of the hotspot during pauses. The other possible
explanaion would be the cyclical regulation of AC3 either by intermittent signalization at the
level of an upstream signaling receptor or by a cyclical downstream mechanism.

The hotspot disappearance in cilium ablated and AC3 kned&eth neurons is
accompaniedby migration defects, which strongly suggests that the hotspot regulates
migration. The migration defects that we observe are very similar to the ones observed in
cilium ablated(Baudoin et al., 2012)r Arl13B mutated migrating embryonic interneurons
(Higginbotham et al., 2012bAs we observed the hotspot in all types of neurons that we
analyzed, one could thus imagine that the migratory defects observed in those papers might be
the consequence of a defective cAMP/PKA signaling atémérosome.

PKA subcellular localization closed to its effectors is an essential determinant of CAMP
signaling compartmentalizatiofif orresQuesada et al., 2017and is ensuredoy A Kinase
Anchoring Proteins (AKAP). In RMS migrating neurons, PKA detected by
immunocytochemistry is mainly associated with the ceotres Such a centrosomal
localization was reported in diverse cell types including radial glial (@#lade et al., 2017b)

RMS neurons strongly express the centrosomal AKAP pericébtivrani et al., 2000; Endceh
Yamagami et al., 2010)Interestingly, pericentrin mutant mice devoid of PACT domain
(pericentrinRrAKAP450 centrosomal targeting domainlisplay a very similar migratory
phenotype as our mutated cells. This suggests that pericentrin is the main AKAP responsible
for PKA centrosomal localization in RMS cellgVe used the dominant negative form of PKA
described by Saade et al, which is a faguy subunit of PKA devoid of the domain interacting

with pericentrin. This led to efficient PKA delocalization from the centrosome and to the same
migratory defects as cilium ablation and AC3 knaldkvn. This shows that PKA centrosomal

localization thraigh interaction with pericentrin is necessary for proper migration and that PKA
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is the main downstream effector of the hotspot. The subcellulrcatzation of the cAMP
hotspot with PKA might ensure that the concentration of the second messengeebaczdigs
the activation threshold of PKA, as suggeste(Kioschinski and Zaccolo, 2017)

Our data show that the activation of PKA by the ciliary produced cAMP hotspot
regulates the speed of migration and the centrosome dynamics. A likely PKA downstream
effector could be the LIS@lyneinndetndeL1l complex, which is localized at the centrosome
(Sasaki et al., 2000; Tanaka et al., 20Q4psential for neuronal migration in diverse types of
neurongBradshaw et al., 2011a; Shu et al., 2004b; Tsai et al., 2@@ddhvolved in nucleus
centrosome couplin@heng et al., 2018; Tsai et al., 2007KA phosphorylates Ndell and
Ndel, which induces the release of LIS1 andettyfrom the compleBradshaw et al., 2011a;

Tsai et al., 2007bbhus allowing their action on microtubule stabil{tfendrickset al., 2012;

Sapir, 1997) Interestingly, depletion of LIS1 induces a decrease-@f tstances, a reduced
centrosomal speed and a decrease in NK frequ@rasyaka et al., 2004b; Tsai et al., 20Q7b)
which is very similar to our phenotype. This suggests that defectuous LIS1 releasetoansecu
to the hotspot disappearance might be important in our phenotype. This would lead to
destabilization of microtubuldSapir, 1997)riggering a defect of microtubule tension between
centrosome anducleugBertipaglia et al., 2018)I'his could explain the defects of centrosome

dynamics anaf nucleus/centrosome coupling leading to defects in NK.

We thus describe a cAMRch microdomain generated in the primary cilium of migrating
neurons and extending its action towards the centrosome. This allows localized regulation of
centrosomal PKA lading to finetuned regulation of neuronal migration. This mode of
regulation is present in all types of migrating neurons that we have analyzed. We thus unveil a
new regulatory pathway whereby a cilitgenerated signal exerts a direct action on the

centresome dynamics with consequences on neuronal migration.
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Materiel and Method

Mouse lines

Mice were housed in a 4ur light/dark cycle, in cages containing 2 females and one

male. The postnatal mice were housed in the cages with their pahantsal care was

conducted in accordance with standard ethical guidelines (National Institutes of Health
publication no. 883, revised 1985 and European Committee Guidelines on the Care and Use

of Laboratory Animals 86/609/EEC). The experiments were apprdyy the local ethics
FRPPLWWHH &RPLWpPp GT(WKLTXH HQ ([SpPULPHQ3WDH¥LRQ $Q
PLFH XVHG ZHUH LQ D & %/ EDFNJURXQG .LI D FRQGLWLR!
et al, 1999, Proc. Natl. Acad. Sci. USA) and RpgriplL coRIf DO NQRFNRXW 5SJUL

(Vierkotten et al, 2007, Development), were genotyped according to the original protocols.

Plasmid constructions

pCaggsEpacSi8’was derived from pCDNAEpacS™8’kindly given by Kees Jalink
(Klarenbeeket al, 2015). Minor modification on the Ep&t!®’ sequence was performed to
reduce redundancy. pCag@$P, pCagg€REIRES-GFP and pCagg€REIRES Tdtomato
were designed in the laboratory. pCREA RI (2-6 wt subunit flagged (call later on pdKA)
was kindly given by Elisa Marti (Saade et al, 2017). pC&htrinRFP was ordered in addgene
(#26753). All the plasmids were used at a concentration between 5 to 8ug/pL (0,01% Fast
green) for postnatal electroporation, 2ug/uL (0,01% Fast green) for in utenmptaation and
10pg/uL for adult electroporation.

MIRNA production

miRNA against AC3 has been performed using BLOGTK! Pol Il miR RNAI
Expression Vector kits from invitrogen. To generate the single stranded oligos we used
,QYULWRJIHQ YV 5 lhde indrédsé el pbssibRty to have high rate of knockdown.
The sequence of the single stranded oligos arfr miRNA AC3.1: Top
TGCTGAAAGGATGATGTCCAACACCAGTTTTGGCCACTGACTACGTGTTGCATCA
TCCTTT, Bottom
CCTGAAAGGATGATGCAACACCAGTCAGTCAGTGGCCAAAACTGGTGTTGGACA
TCATCCTTTC, for miRNA AC3.2: Top: TGCTGTGTACATGGTATTGAACTGCTGTTT
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TGGCCACTGACTGACAGCAGTTCTAGGATGTACA, bottom:
CCTGTACATGGTAGAA
CTGCTGTCAGTCAGTGGCCAAAACAGCAGTTGAATAGGATGTACAC, for miRNA
AC3.3: Top:
TGCTGTTAGGATGGAGCACACGGCATGTTTTGGCCACTGACTGACATG
CCGTGCTCCATCCTAA, bottom: CCTGTTAGGATGGAGCACGGCATGTCAGTCAGT
GGCCAAAACATGCCGTGTGCTCCATCCTAAC. The different step of the kit was
followed. The double stranded oligos were inserted in a pcY8AR-GW/EmGFPmIR. The
three different construction have been sequenced forathe proper insertion of the double
stranded oligos. To produce the pcDN&.2-GW/TdtomatemiR, GFP was removed using
Dral and BamH1 and tdTomato was added at its place.

To validate miRNA efficiency, R§PCR on NIH3T3 were performed. NIH3T3 were
transfected with a plasmid expressing AC3 and miRNAneg or mHARNA. 48h post
transfection, NIH3T3 cells were fixed and RNA were extracted.

Postnatal electroporation

Postnatal ectroporation was performed at P2. The postnatal mice were anesthetized by
hypothermia. Pseudstereotaxic injection (from lambda ME1,2, A/P:2, D/V: 2,82) using
glass micropipette (Drummond scientific company, wiretol | 504008-1050) was performed
and2pL of plasmid was injected. Animals, that were successfully injected, were subject to 5
pulses of 99,99V during 50ms space out of 950ms using the CUY21 SC Electroporator and
10mm tweezer electrode (CUY680 Nepagene). The animals were placed on & Prates
to restore their body temperature before returning with their mother. Animal were considered

as full restored when pups were moving naturally and their skin color return to pink.

In utero electroporation

Timed pregnant E15 C57BI6 mice were anes8ted with isoflurane. During the
experiment the mice was on a 37°C plate. The uterine horns were exposed, and the embryos
were injected in the lateral ventricle with a glass micropipette. 1uL of plasmid (2ug/pL) was
injected. The successfully injectedimals were then subject to 5pulse of 45V during 50ms
space out of 950ms using the CUY21 SC Electroporator and 5mm tweezer electrode (CUY650
5 Nepagene). The uterine horns were then replaced in the belly and the belly was sew up. The
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animals were placed ia cage on a 37°C plates to restore their body temperature before

returning in their own cage.

Adult electroporation

P21 C57BI6 animals were anesthetized with a mixed of ketamine and xylazine.
Stereotaxic injection (from the bregma M/L: 1, A/P:0, D/V:2x8s performed with a glass
micropipette and 2uL of the plasmids (10ug/pL) was injected in the right lateral ventricle. The
animals were then removed from the stereotaxic setting and subject to 5 pulse of 200V during
50ms space out of 950ms using the etguirator NEPA21 with 10mrweezer electrode
(CUY650-10). The animals were then placed on a 37°C plates to restore their body temperature

before returning in their cage.

Acute brain slices

Brain slices from mice aged from P6 to P10 were preparqueasously described
(Castro et al. 2010). Pups were killed by decapitation and the brain was quickly removed from
the skull. 250um sagittal brain slices were cut with a VT1200S microtome (Leica). Slices were
prepared in the iceold cutting solution of té following composition: 125mM NaCl, 0.4mM
CaCh, 1ImM MgCb, 1.25mM NaH2P@ 26mM NaHCQ, 5mM sodium pyruvate, 20mM
glucose and 1mM kynurenic acid, saturated with 5% &l 95% Q. Slices were incubated
in this solution for 30 min at room temperature #meh placed in recording solution (identical
to the solution used for cutting, except that thé'€ancentration was 2mM and kynurenic acid
was absent) for at least 30 min at 32°C before image acquisition.

Brain slices from E18 were prepared as followse Thother was killed by cervical
dislocation and the embryos were removed from the horn and placed in-@idarutting
solution (same composition as above). The embryos were decapitated, and the brain was
quickly removed from the skull. 300um sagittabin slices were cut in the same -wad
solution. Then the same protocol as above was followed.

P30 brain slices were prepared as follows. The mice were killed by cervical dislocation.
The brain was quickly removed from the skull. 200pum sagittal bratesswere cut with a
VT1200S microtome (Leica). Slices were prepared in arcabeé solution of the following
composition: 130mM potassium gluconate, 15mM KCI, 2mM EGTA, 20mM HEPES, 25mM
glucose, 1mM CaCl2 and 6mM MgCI2, supplemented with 0.05mAPY (304mOsm, pH
7.4 after equilibration) saturated with 5% £&hd 95% Q (Quiquempoix et al., 2018 hen
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the slices were places for 3 to 5 minutes in acmie solution of the following composition:
225mM D-mannitol, 2.5mM KC| 1.25mM NaH2PO4, 25mM NaHCO3, 25mM glucose, 1mM
CaCl2 and 6mM MgCI2Quiquempoix et al., 201&pturated with 5% C£and 95% Qbefore

being placed in the recording solution (described above) at 32°C and saturated with,5% CO
and 95% Qfor at least 30 min.

Time-lapse video microscopy

To andyze cell migration, images were obtained with an inverted SP5D confocal
microscope (Leica). Images were taken every 3 min{8in Bsing a 40X/ N.A. 1,25 objective
with 1.5 optical zoom.

Biosensor images were acquired with an upright multiphoton micrescejga SP5
MPIl with a 25x/ N.A 0,95, objective, 4x optical zoom, and GaAsP hybrid detector. The
excitation wavelength was set at 850 nm to activate the mTurquoise2. The two emission
wavelength were acquired at the same time with filters of 420-xm axd 540+/50 nm. Image
stacks with 2 um vertical interval were taken every minute for 1h. The presence of tdTomato,
indicative of CRE recombinase or miRNA, was assessed with a confocal head were taken
before and after 1hour movies to detect the expressiddTaimato. For the centHRFP,
alternation of the FRET acquisition with the multiphoton and RFP with a confocal laser was
performed.

The temperature in the microscope chamber was maintained at 32°C, for embryos and
postnatal imaging, or 35°C, for P8@aging, and brain slices were continuously perfused with

heated recording solution (see above) saturated with 5%a@{®5%

Analyses of neuronal migration

Analyses were performed using ImageJ (NIH Image; National Institutes of Health,
Bethesda, MD}¥oftware and MTrackJ pluggin®leijering et al., 2012)The nucleus and the
centrosome of each cell were tracked manually on each time frame during the whole movie.
For cell migration characteristics, calculation of speed, nuclear translocation frequency and
pausing time were performed using the x,y,t coatdis of the nucleus of each cell.

For centrosome defect, calculation of speed of centrosome, maximal Noefgussome
distance and CHNK coupling were performed using the x,y,t coordinates of centrosome and

nucleus of each cell.
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Nuclear Speetbrmula:

Speed=¥¢ (Xe-Xt.1)2+(Yr-yr1)? )X 20

NK frequency was calculated as followed:

__ CAcOw@a
NKfracy = smad

60

Percentage of pausing time was calculated as followed:

Cells were excluded from the analysis if we tracked them less3 min or did not performed
any nuclear translocation during the whole tracking. To analyse the percentage of pausing time,
a distance cutoff was used to discriminate pausing time from nuclear translocation. If the
distance of migration was equal or supr to 6um, cells were considered as migrating. If the
distance of migration was inferior to 6um, cells were considered as pausing.

cOoaladeae Ldlh g

0 RV o
Yo pausing time I,MO@Mjéa@m%x 100

Centrosome Speddrmula:

Speed=¥ (Xe-Xt.1)2+(y-yt.1)? ) X 20

NK-CK coupling was calculated as followed:

To analyse centrokinesis, a cutoff was used to discriminate pause and migration. If the distance
of centrosome movement was equal or superior to 2um, centrosomecwesielered as
migrating. If the distance of migration was inferior to 2um, cells were considered as pausing.
At every centrokinesis, we observed if a nucleokinesis was associated to it. If a nucleokinesis
was following a centrokinesis, NKK was considecoupling. When a centrokinesis was not

followed by a nucleokinesis, NKK was considered uncoupling.

COzaU.ADanrRae@ig A

Thcoglageaoom < 00

NK-CK coupling Frgcy =

N-C max distance was calculated as fokal:

Maximal distance between centrosome and nucleus of every centrokinesis was considered.
Averages of the NC maximal distances of every centrokinesis per cell was used to create the

graph.
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Quantification of biosensor images

Image stack®btained for donor and acceptor emission were processed with a custom code
developed in the IGOR Pro environment (Wavemetrics, Lake Oswego, OR, USA). The
maximum intensity was projected vertically to form a 2D image. The fluorescence intensity of
donor andacceptor were averaged to build an image indicating biosensor concentration. The
fluorescence intensity of donor and acceptor were ratioed for each pixel to report biosensor
activation level. For each experiment, ratio values were multiplied by a cossintthat
baseline ratio was 1. These images were combined to produce pseudocolor images, with the
ratio used as hue (from blue to red) and the intensity as value, while the saturation was set to
the maximuniPolito et al., 2014; Tsien and Harootunian, 1990)

For each migrating neuron, the ratio laesn measured along its migration direction, calculated

as follows. A series of anchor points were manually positioned along the length of the cell, and
the profile of ratio and intensity was calculated along these line segments, over a total width of
1 pum. The intensity profile was annotated manually, marking the rear of the cell and the tip of
the leading process of the migrating neuron, and both sides of the nucleus. The movement of
the nucleus was then used to determine the orientation of the mighstifitting a line to the
positions of the nucleus for all time points. Coordinates in the frame of reference of the image
were then converted to a single position along the axis of cell migration.

Ratio measurements in the frame of reference of cell trogravere then used to build
kymographs with the same color coding as pseudocolor biosensor images. Profiles showing a

hotspot were further analyzed by fitting the peak with a gaussian curve.

Immunohistochemistery

P7-P10 mice were lethally anesthetizedhgseuthasol. Intracardiac perfusion with 4%
paraformaldehyde were performed. Brain were postfixed overnight in 4% paraformaldehyde.
Three rinse were done with PBS 1x (gibco 1:0807). 50um sagittal slices were cut with
VT1200S microtome (Leica). Slices meeplaced one hour in a saturated solution (10% fetal
bovine serum; 0,5% TriteX in PBS). The primary antibodies used in this study were: GFP
(Aves, GFP1020, 1/1000), PKAc (Cell Signaling Technology, #4782 1/250), AC3 (Santa Cruz,
C-20 se588, 1/200), Ail3b (UC Davis/NIH NeuroMab Facility, 7887, 1/1000),atubulin
(SigmaAldrich, T6557, 1/500). The antibodies were diluted in saturation solution. Slices were
incubated 48 to 72h at 4°C with agitation with the antibodies. Three rinse were done with PBS
1x. The secondary antibodies used were -@mtiken IgYalexa Fluor 488 (1/1000, Jackson
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ImmunoResearch: 76345155) against aMGFP, antirabbit 1IgG Cy5 (1/1000, Jackson
ImmunoResearch: 71175152) against arPKAc, antirabbit IgG Cy3 (1/2000, Jackson
ImmunoResearch: 71165 152) against anthC3, ant-Mouse IgG, FOSubclass 1 specific
alexa Fluor 594 (1/2000, Jackson ImmunoResearch58%205) against antBtubulin, antt

Mouse IgG, F@subclass 2a specific alexa Fluor 647 (1/1000, Jackson ImmunoResearch: 115
605-206) against anthrl13b . The antiboes were diluted in saturation solution. Slices were
incubated 1h at room temperature with agitation with the secondary antibody solution. Three
rinse with PBS 1X were done. Slices were count#ored with Hoeschest and mounted with

mowiol.

Statistics

All manipulations and statistical analyses were implemented with R (3.5.1). Normality
in the variable distributions was assessed by the Sh#filkotest. Furthermore, the Levene
test was performed to probe homogeneity of variances across groups. Vanabfaged the
ShapireWilk or the Levene test were analyzed with nonparametric statistics using thagne
Kruskal#Vallis analysis of variance on ranks followed by Nemenyi test post hoc and#Mann
Whitney rank sum tests for panise multiple comparison¥ariables that passed the normality
test were analyzed by means of aveey ANOVA followed by Tukey post hoc test for multiple
comparisons or by Student's t test for comparing two groups. Categorical variables were
compared using Pearson's Ghuared tesbr Fisher's exact test. All the statistical analyses

have been performed on the fifth group together.

Principal component analysis (PCA) was performed using all the variables analyzed in the

study, and the experimental conditiomare included as supplemtary variables.
A p value of < 0.05 was used as a cutoff for statistical significance. Results are presented as the
meant SD or medians and the given values in the text are the mean + SEM, unless otherwise

stated. The statistical tests are describeghich figure legend.

All the statistics have been performed between theifferent groups.

108



Bibliography

Arts, H.H., Doherty, D., van Beersum, S.E.C., Parisi, M.A., Letteboer, S.J.F., Gorden, N.T.,
Peters, T.A., Marker, T., Voesenek, K., Kartono, A., et al. (2007). Mutations in tige ge
encoding the basal body protein RPGRIP1L, a nephroegsimeractor, cause Joubert
syndrome. Nat. Gene39, 882:888.

Averaimo, S., Assali, A., Ros, O., Couvet, S., Zagar, Y., Genescu, |., Rebsam, A., and Nicol,
X. (2016). A plasma membrane microdomaompartmentalizes ephrgenerated cAMP
signals to prune developing retinal axon arbNie&. Commun7, 12896.

Baudoin, JP., Viou, L., Launay, PS., Luccardini, C., Espeso Gil, S., Kiyasova, V.,
Irinopoulou, T., Alvarez, C., Rio, <P., Boudier, T.et al.(2012). Tangentially Migrating
Neurons Assemble a Primary Cilium that Promotes Their Reorientation to the Cortical Plate.
Neuron76, 11084122.

Bellion, A., Baudoin, 3P., Alvarez, C., Bornens, M., and Métin, C. (2005). Nucleokinesis in
Tangentally Migrating Neurons Comprises Two Alternating Phases: Forward Migration of
the Golgi/Centrosome Associated with Centrosome Splitting and Myosin Contraction at the
Rear. J. Neurosc25, 56915699.

Belvindrah, R., Natarajan, K., Shabajee, P., Bdugigerman, E., Bernard, J., Goutierre, M.,
Moutkine, 1., Jaglin, X.H., Savariradjane, M., Irinopoulou, T., et al. (2017). Mutation of the
.-tubulin Tubala leads to straighter microtubules and perturbs neuronal migration. J. Cell
Biol. 216, 24432461.

Bertipaglia, C., Gongalves, J.C., and Vallee, R.B. (2018). Nuclear migration in mammalian
brain development. Semin. Cell Dev. Bi8R, 5766.

Bishop, G.A., Berbari, N.F., Lewis, J., and Mykytyn, K. (2007). Type Il adenylyl cyclase
localizes to primaryita throughout the adult mouse brain. J. Comp. Ne&@h, 562571.

Bradshaw, N.J., Soares, D.C., Carlyle, B.C., Ogawa, F., Davigsoth, H., Christie, S.,

Mackie, S., Thomson, P.A., Porteous, D.J., and Millar, J.K. (2011). PKA Phosphorylation of
NDEL1 Is DISC1/PDE4 Dependent and Modulates Its Interaction with LIS1 and NDELL1. J.
Neurosci.31, 90439054.

Calebiro, D., and Maiellaro, I. (2014). cAMP signaling microdomains and their observation by
optical methods. Front. Cell. Neuros8i.

Diviani, D., Langeberg, L.K., Doxsey, S.J., and Scott, J.D. (2000). Pericentrin anchors protein
kinase A at the centrosome through a newly identifiedbiRitling domain. Curr. Bioll0,
417#420.

EndohYamagami, S., Karkar, K.M., May, S.R., Cobos, I., Thwin, M.T., Lahg,, Ashique,
A.M., Zarbalis, K., Rubenstein, J.L.R., and Peterson, A.S. (2010). A mutation in the
pericentrin gene causes abnormal interneuron migration to the olfactory bulb in mice. Dev.
Biol. 340 4153.

GuemezGamboa, A., Coufal, N.G., and GleesdrG. (2015). Primary cilia in the developing

109



and mature brain. 21.

Guo, J., Otis, J.M., Higginbotham, H., Monckton, C., Cheng, J., Asokan, A., Mykytyn, K.,
Caspary, T., Stuber, G.D., and Anton, E.S. (2017). Primary Cilia Signaling Shapes the
Developmenbdf Interneuronal Connectivity. Dev. Cdip, 286:300.€e4.

Haase, A. (2003). Nitric oxide and cyclic nucleotides are regulators of neuronal migration in an
insect embryo. Developmeh80, 397783987.

Hendricks, A.G., Lazarus, J.E., Perlson, E., Gardner, M.K., Odde, D.J., Goldman, Y.E., and
Holzbaur, E.L.F. (2012)Dynein Tethers and Stabilizes Dynamic Microtubule Plus Ends.
Curr. Biol.22, 632637.

Higginbotham, H., Eom, TY., Mariani, L.E., Bachleda, A., Hirt, J., Gukassyan, V., Cusack,
C.L., Lai, C., Caspary, T., and Anton, E.S. (2012). Arl13b in Primary Ridigulates the
Migration and Placement of Interneurons in the Developing Cerebral Cortex. De23Cell
925038.

Howe, A.K. (2011). Crostalk between calcium and protein kinase A in the regulation of cell
migration. Curr. Opin. Cell BioR3, 554561.

Jreng, G-W., Hur, S.S., Chang, @4., Wu, C:C., Cheng, JS., Lee, HH., Chung, B-C.,
Wang, Y-K., Lin, K.-H., del Alamo, J.C., et al. (2018). Lis1 dysfunction leads to traction
force reduction and cytoskeletal disorganization during cell migrationhBmcBiophys.
Res. Commu/97, 869875.

Klarenbeek, J., Goedhart, J., van Batenburg, A., Groenewald, D., and Jalink, K. (2015). Fourth
generation epabased FRET sensors for cAMP feature exceptional brightness,
photostability and dynamic range: charaizt&ion of dedicated sensors for FLIM, for
ratiometry and with high affinity. PloS Ori®, e0122513.

Koschinski, A., and Zaccolo, M. (2017). Activation of PKA in cell requires higher
concentration of CAMP than in vitro: implications for compartmentabratof cAMP
signalling. Sci. Repz, 14090.

Lefkimmiatis, K., and Zaccolo, M. (2014). cAMP signaling in subcellular compartments.
Pharmacol. Thell43 295:04.

Lois, C., and AlvareBuylla, A. (1994). To investigate whether SVZ cells from adult mice
could differentiate into neuron264, 5.

Lois, C., GaraVerdugo, JM., and AlvarezBuylla, A. (1996). Chain Migration of Neuronal
Precursors. Scien@1, 978981.

Maiellaro, I., Lohse, M.J., Kittel, R.J., and Calebiro, D. (2016). cAMP Signals in Drosophila
Motor Neurons Are Confined to SirggSynaptic Boutons. Cell Rep7, 1238H246.

Meijering, E., Dzyubachyk, O., and Smal, I. (2012). Methods for Cell and Particle Tracking. In
Methods in Enzymology, (Elsevier), pp. 1280.

110



Moore, B.S., Stepanchick, A.N., Tewson, P.H., Hartle, C.M., Zhan@uinn, A.M., Hughes,
T.E., and Mirshahi, T. (2016). Cilia have high cAMP levels that are inhibited by Sonic
Hedgehogegulated calcium dynamics. Proc. Natl. Acad. $t8 130694.3074.

Munno, D.W., Prince, D.J., and Syed, N.I. (2003). Synapse NuamoeSynaptic Efficacy Are
Regulated by Presynaptic cCAMP and Protein Kinase A. J. NeuR3&146#4155.

Nicol, X., Bennis, M., Ishikawa, Y., Chan, G:&., Repérant, J., Storm, D.R., and Gaspar, P.
(2006). Role of the calcium modulated cyclases in the development of the retinal projections.
Eur. J. Neurosci24, 34018414,

Nishiyama, M., Hoshino, A., Tsdl,., Henley, J.R., Goshima, Y., Tesslavigne, M., Poo,
M., and Hong, K. (2003). Cyclic AMP/GMBependent modulation of Ca2+ channels sets
the polarity of nerve growthone turning. Naturd23 990095.

Polito, M., Vincent, P., and Guiot, E. (2014). Biosor imaging in brain slice preparations.
Methods Mol Biol.

Quiguempoix, M., Fayad, S.L., Boutourlinsky, K., Leresche, N., Lambert, R.C., and Bessaih,
T. (2018). Layer 2/3 Pyramidal Neurons Control the Gain of Cortical Output. CelRRep.
27992807.e4.

Rosenbaum, J.L., and Witman, G.B. (200@)raflagellar transport. Nat. Rev. MdLell Biol.
3, 813825.

Saade, M., GonzaleZobartt, E., Escalona, R., Usieto, S., and Matrti, E. (2017}n&idiated
centrosomal recruitment of PKA promotes symmetriclifgmative neuroepithelial cell
division. Nat. Cell Biol19, 493503.

Sapir, T. (1997). Reduction of microtubule catastrophe events by LIS1, pkdBletting
factor acetylhydrolase subunit. EMBO1&, 69776984.

Sasaki, S., Shionoya, A., Ishida, Neambello, M.J., Yingling, J., WynshaBoris, A., and
Hirotsune, S. (2000). A LIS1/NUDEL/Cytoplasmic Dynein Heavy Chain Complex in the
Developing and Adult Nervous System. NeuB&)681696.

Schaar, B.T., and McConnell, S.K. (2005). Cytoskeletal coaidimaduring neuronal
migration. Proc. Natl. Acad. Sci. U. S. 202, 136524.3657.

Shelly, M., Lim, B.K., Cancedda, L., Heilshorn, S.C., Gao, H., and PoenM2010). Local
and LongRange Reciprocal Regulation of cAMP and cGMP in Axon/Dendrite Formation
Science327, 547552.

Sherpa, R.T., Mohieldin, A.M., Pala, R., Wachten, D., Ostrom, R.S., and Nauli, S.M. (2019).
Sensory primary cilium is a responsive CAMP microdomain in renal epithelia. Sci9Rep.
6523.

Shu, T., Ayala, R., Nguyen, MD., Xie, Z., Gleeson, J.G., and Tsai,-H. (2004). Ndell

Operates in a Common Pathway with LIS1 and Cytoplasmic Dynein to Regulate Cortical
Neuronal Positioning. Neurofd, 263277.

111



Silva, C.G., Peyre, E., and Nguyen, L. (2019). Cell migration promotes dynamitarcellu
interactions to control cerebral cortex morphogenesis. 12.

Tanaka, T., Serneo, F.F., Higgins, C., Gambello, M.J., Wyn8aeg, A., and Gleeson, J.G.
(2004). Lis1 and doublecortin function with dynein to mediate coupling of the nucleus to the
centrosome in neuronal migration. J. Cell Bi@5 709#21.

Terrin,A., Monterisi, S., Stangherlin, A., Zoccarato, A., Koschinski, A., Surdo, N.C., Mongillo,
M., Sawa, A., Jordanides, N.E., Mountford, J.C., et al. (2012). PKA and PDE4D3 anchoring
to AKAP9 provides distinct regulation of cCAMP signals at the centrosomellBiGI. 198,
607621.

Toriyama, M., Mizuno, N., Fukami, T., Iguchi, T., Toriyama, M., Tago, K., and Itoh, H. (2012).
Phosphorylation of Doublecortin by Protein Kinase A Orchestrates Microtubule and Actin
Dynamics to Promote Neuronal Progenitor Cell Mign. J. Biol. Chem287, 12691+
12702.

TorresQuesada, O., Mayrhofer, J.E., and Stefan, E. (2017). The many faces of
compartmentalized PKA signalosomes. Cell. SigBal1#1.

Tsai, J:W., Bremner, K.H., and Vallee, R.B. (2007). Dual subcellular rfolesIS1 and dynein
in radial neuronal migration in live brain tissue. Nat. Neurd€gi970979.

Tsien, R.Y., and Harootunian, A.T. (1990). Practical design criteria for a dynamic ratio imaging
systemCell Calciuml1, 93#09.

112



Figures

Figure I cAMP dynamics in migrating neurons of the mouse postnatal RMS

A) Scheme of V/SVAB migration pathway and description of cyclic saltatory migration.

B) Scheme of the postnatal experimental procedure.

C) Scheme of the biosensor Ega®’. The cAMP biosensor is composed of a part of Epac protein
coupled to a donor and an acceptor fluorophore. The biosensor is in FRET conformation when cAMP
is absent (emission at 530 nm upon biphotonic excitation at 850 nm) adREGhconformation when
CAMP is present (emission at 470 nm upon biphotonic excitation at 850 nm). Changes in cAMP
concentration are analyzed by ratiometry and represented by false colors as in D.

D) Live biphotonic imaging of a representative migrating neuron transfected by3§acThe white
arrows show a dynamic cAMP hotspot present during NK. Scale bar 10um

E) Live biphotonic and confocal imaging of a representative migrating neuron transfected {8/£pac

and CentrirRFP. The white arrows show a dynamic cAMP hotspot ptedering NK and the
centrosome. Scale var 1um.
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Figure 2 Primary cilium ablation leads to disappearance of the cAMP hotspot.
A) Scheme of a primary cilium.
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B) Immunocytochemistry of a GFP positive RMS neuron showing a short Arl13b positive
primary cilium (gray) connected to thgtubulin positive centrosome (magenta) . Scale bar 10
pm
C) Live biphotonic imaging of a representative migrating neuron transfected bysE§aand
Cre recombinase in a Kif3alox/lox mousehe cAMP hotspot is aent.
D) Live biphotonic imaging of a representative migrating neuron transfected bysE¥@and
Cre recombinase in a RPGriplox/lox moudéne cAMP hotspot is absent.
E) Percentage of neurons with no hotspot, one or more than one hotspot in WTabfLkif3
and RpgriplL/L CRE transfected migrating neurons. (WT: N=10 mice, n=101 cells, Kif3a: N=
Q 5S8JULS / 1 Q JLVKHUYV ([DFWHVW IRU &RXQW

115



Figure 3 Ciliary AC3 deletion leads to disappearance of the cAMBotspot

A) Immunocytochemistry of a GFP positive RMS neuron showing AC3 subcellular localization
(magenta) in the Arl13B positive primary cilium (gray). Scale bar 1 pm

B) Histogram representing the efficacy of the miRAC3 observed by RT qPCR.

C) Live biphotonic imaging of a representative migrating neuron transfected by-¥facand
MirAC3. The cAMP hotspot is absent.
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Figure 4 Migration defects after primary cilium ablation and AC3 knock-down

A) Average speed of neurons electroporated with GFP,-GRE or MirAC3GFP in Kif3alL/L
background. The black line represents the median. (one way anmgEF.94, p < 0.001, followed by
Tukey HSD test (* p < 0.05, *** p < 0.001), WT: N=3, n=48, CRE3\n=40, MirAC3: N=2, n=48)

B) Percentage of pausing time of neurons electroporated with GFRGEREor MirAC3GFP in

.LI D/ / EDFNJURXQG :7 1 Q &5( 1 Q OLUS$&- 1 Q
squared test % 40.032, pvalue < 0.001)

C) Nuckar translocation frequency of neurons electroporated with GFPR.GFHREor MirAC3GFP in
Kif3aL/L background. The black line represents the median.-{(neKruskatWallis test (Chi square
X2=19.79, p < 0.001, df = 4, followed by Nemeigst (* p < 0.05, *** p < 0.001), WT: N=3, n=48,

CRE: N=3, n=40, miRNAAC3: N=2, n=48)

D) Maximal distance between nucleus and centrosome during CK of neurons electroporated with
centrinRFP and GFP, CRBFP or MirAC3GFP in Kif3aL/L background. The bladie represents

the median. (Ongvay KruskatWallis test (Chi square?¢ 8.11, p < 0.001, df = 3, followed by Nemenyi

test (* p < 0.05, ** p < 0.01), WT: N=3, n=50, CRE: N=3, n=46, miRN&3: N=2, n=22)

E) Percentage of CK not followed by a NK in nenscelectroporated with centrRFP and GFP,
CREGFP or MiIrAC3*)3 LQ .LI D/ / EDFNJUR X Q€uar&iHd3t3y/ R QJ| gvatuk L
=0.002)

F) Average centrosome speed of neurons electroporated with éeRirmand GFP, CREFP or
MirAC3-GFP in Kif3al/L background. The black line represents the median.( one way anova(
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F(319247918, p = 0.02, followed by Tukey HSD test (* p < 0.05, *** p < 0.001), WT: N=3, n=50, CRE:
N=3, n=46, miIRNAAC3: N=2, n=22)
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Figure 5:Role ofcentrosomal PKA

A) Immunocytochemistry of a GFP positive RMS neuron showing PKAc subcellular localization (grey)
around 5tubulin positive centrosome (magenta). Scale bar 10 pm

B) Immunocytochemistry of a dnPK&FP positive RMS neuron showing a deloclmn of PKAc
subcellular localization (grey)stubulin labelled the centrosome (magenta). Scale bar 10 pum.

C) Average speed of neurons electroporated with GFP, drBRRA or dnPKAGFP plus CRE
TdTomato in Kif3aL/L background. The black line represergstiedian. (one way anovag ks=7.94,
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p < 0.001, followed by Tukey HSD test (* p < 0.05, *** p < 0.001), WT: N=3, n=48, dnPKA: N=3,
n=146, CREdnPKA: N=3, n=86)

D) Percentage of pausing time of neurons electroporated with GFP, d&FRAr dnPKAGFP/CRE
TdTomato in Kif3aL/L background. The black line represents the median.(WT: N=3, n=48, dnPKA:
1 Q &5(GQR3.% 1 Q BHUBreMdRON67 . 28 Kplalue < 0.001)

E) Nuclear translocation frequency of neurons electroporated with GHKAIGFP or dnPKA
GFP/CRETdTomato in Kif3aL/L background. The black line represents the median.-w@yne
KruskaltWallis test (Chi square2¢ 19.79, p < 0.001, df = 4, followed by Nemenyi test (* p < 0.05, ***

p <0.001), WT: N=3, n=48, dnPKA: N=3, n=14BREdnPKA: N=3, n=86)

F) Maximal distance between nucleus and centrosome during CK of neurons electroporated with
centrinrRFP and GFP or dnPK&FP in Kif3aL/L background. The black line represents the median.
(Oneway KruskatWallis test (Chi square 2 8.11, p < 0.001, df = 3, followed by Nemenyi test ( ** p
<0.01), WT: N=3, n=50, dnPKA: N=3, n=86)

G) Percentage of CK not followed by a NK in neurons electroporated with c&fifnand GFP or
dnPKA-*)3 LQ .LI D/ / EDFNJUR X Gsguaregi teb 8£\6 RO/ ®ué& +01027, WT: N=3,
n=50, dnPKA: N=3, n=86)

H) Average centrosome speed of neurons electroporated with eRRtfimand GFP or dnPKGFP in
Kif3aL/L background. The black line represents the median. (one way angwaE®18, p = 0.02,
followed by Tukey HSD test (* p < 0.05, *** p < 0.001WT: N=3, n=50, dnPKA: N=3, n=86)
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Figure 8 The cAMP hotspot is present in different kind of migrating neurons
A) Live biphotonic imaging of a radially migrating neuron in titeactory bulb transfected by Epac
S*187. The cAMP hotspot is present during NK.
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B) Live biphotonic imaging of a tangentially migrating neuron in the adult RMS transfected by Epac

$H187 The cAMP hotspot is present during NK.
C) Live biphotonic imaging of a radially migrating neuron in the embryonic cortex transfected by Epac

S1187 The cAMP hotspot is present during NK.
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'‘DQV XQ SUHPLHU WHPSV MH YDLV GpYHORSSHU TXHOT
SHUVSHFWLYHV TXL Q RQW SDV pWp WUDLWpV GDQV O DUWI
VFEFKpPDWLTXHPHQW O DUWLFOH

J)LIXUH 6FKpPD UpFDSLWXODQW O DUWLFOH

ID SURGXFWLRQ GY1$03F SDU O DGpQ\ODWH F\FODVH FLOL!
JpQpUDWLRQ GTXQH J]RQH ULFKH HQ $03F DXWRXU GX FHC
FHQWURVRPDOH TXL UpJXOH OD PLJUDWLRQ HW HQ SDUWLF

/D YHUVLRQ GH O DUWLFOH SUpVHQWH GDQV OD WKqV
SXEOLHU GDQV %LR5[LY SXLV VRXPHWWUH j GLYHUV MF
YRORQWDLUHPHQW RPLV XQ FHUWDLQ QRPEUH GH SRLQWV
YXH GHV UHIHUHHV

(Q SDUWLFXOLHU QRXV QH SDUORQV SDV GDQV O DUW
XSVWUHDP GH O $& 1RV GRQQpPHV VXU OHV VRXULV *OL%¢
TXH FH Q HVW SDV 6KK 1RWUH FDQGLGDIW XDWRWL $EMQ\|
&\FODVH $FWLYDWLQJ 3RO\SHSWLGH 3$&$3 3$&$3 VH OLH
XQH $& HW OD 3.$ 6FKRX HW DO 9DXGU\ HW DO
DXWRFULQH SDUDFULQH :LQWHUV DQG ORRUH FH TXL
3$&%$3 UpJXOH OD PLJUDWLRQ GHV FHOOXOHV JUDQXODLUH
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PLJUDWLRQ UDGLDLUH GHV QHXURQHV FRUWLFDX[ HPEU\RQ

'H SOXV VRQ UpFHSWHXU HVW H[SULPp GDQV OHV QH>
HW DO 1RXV HQYLVDJHRQV G DQDO\WHU ORFDOLVD\
LPPXQRKLVWRFKLPLH 6 LO V DYqQUH TX LO HVW FLOLDLUH
RX GH VRQ LQDFWLYDWLRQ SKDUPDFRORJLTXH VXU OD PL.
V DIJLW GX ERQ FDQGLGDW OH SKpQRW\SH GH PLJUDWLRQ ¢
DXWUHV PXWDQWY GH O pWXGH

'H SOXV SRXU PLHX[ FRPSUHQGUH OD F\FOLFLWp GX
QXFOpPpRNLQgVH HW DEVHQW SHQGDQW OHV SDXVHV )LJIXUF
G\QDPLTXH GH O $03F HQ PrPH WHPSV TXH FHOOH GX FLO S
$UO % 5)3 1RXV SHQVRQV HQ HIIHW TXH OD GLVSDULWLF
QHXURQHV SRXUUDLW rWUH OD FRQVPTXHQFH G XQH GLVSI
%DXGRLQ HW DO

3RXU YpULILHU VL OH FRPSOH[H LPSOLTXp GDQV O DF\
FRPSOH[H '"\QpLQ /LV 1GH 1GHO FRPPH QRXV OH VXJJpURC
QRXV HQYLVDJHRQV GH WHVWHU O HIIHW VXU OD PLJUDWLI
QRQ SKRVSKRU\ODEOH SDU OD 3.$ %UDGVKDZ HW DO
PWp HQYR\p SDU FHWWH pTXLSH HW QRXV FRPSWRQV DQDO\

(QILQ O H[SPULHQFH TXL PRQWUHUDLW GpILQLWLYHPH
OD SUPpVHQFH GX KRWVSRW HW XQH PLJUDWLRQ FRUUHFWH
GH OD 3.$ DX QLYHDX GX FHQWURVRPH VXU OD PLJUDWLRQ
GX FLO & HVW XQH H[SPULHQFH H[WUrPHPHQW FKDOOHQJ
SRVVLEOH /D SUHPLqQUH VROXWLRQ VHUDLW GH GpFDJHU
$03F SKRWR DFWLYDEOH SRXU HQ YRLU O HIIHW VXU OD PL.
VROXWLRQ VHUDLW G XWLOLVHU XQH 3.$ SKRWR DFWLYDE

TXH QRXV DGUHVVHULRQV DX FHQWURVRPH 3RXU VLPS
H[SPULHQFHYV VXU GHV QHXURQHV PLJUDQW HQ FXOWXUH H\
FH W\SH G H[SPULHQFH QpFHVVLWHUDLW EHDXFRXS G DMXV
PWDQW QRWDPPHQW OD UpVROXWLRQ WHPSRUHOOH HW VSE

'DQV OD SDUWLH PHV UpVXOWDWY PRQWUHQW TXH
GLUHFWLRQQDOLWpP GHV QHXURQHV j 3 )LIJXUH 2U DXJPH
GDQV O DUWLFOH QRXV QH SUpVHQWRQV SDV FHV GRQQpH
OHV GRXEOHV PXWDQWV GQ3.$ SOXV DEODWLRQ GX FLO Q

s AN



TX LO Q\ D SDV G DGGLWLYLWp GDQV OHV SKpPQRW\SHV |
&5(GQ3.$ (Q UHYDQFKH QRXV DYRQV pJDOHPHQW DQDO\Vj
DGGLWLYLWp GHV HIIHWV GHV GHX[ PXWDWLRQV QRQ PROQ
3.$ QH VRQW SDV GDQV OD PrPH YRLH GH VLJQDOLVDWLRQ
OD UpJXODWLRQ GH OD 1. 8QH LQWHUSUpWDWLRQ SRVVLE
LQGPSHQGDQWHY GH OD VLQXRVLWp HW SRWHQWLHOOHPHQ
3.$ HW XQH YRLH H[WUDFLOLDLUH GpSHQGDQWH GH 3.$ /
SRXUUDLW SDU H[HPSOH rWUH 60LW TXL JXLGH OHV QHXUR
UpFHSWHXU 5RER HVW FLOLDLUH +LJJLQERWKDP HW DO

SKR*73DVH FGF 'RQJ HW DO /ID YRLH H[WUD FLOLDL
H[HPSOH r'WUH OD YRLH 1HWULQ '&& TXL UpJXOH OD GLL
SRVWQDWDO O0OXUDVH DQG +RUZLW] HW GRQW OD YRL

OLQJ HW DO

‘DQV O DUWLFOH OQRXV DYRQV YpULILp OD SUpVHQFH
% GH O DUWLFOH 1RXV PRQWURQV TXH OD GLVSDULWLR
HOQWUDLQH OD GLVSDULWLRQ GX KRWVSRW G $03F 2Q SHXV
HQWUDLQH OD GLVSDULWLRQ GX KRWVSRW pJDOHPHQW
DWWULEXRQVY DX KRWVSRW GDQV OD PLIJUDWLRQ LO HVW C
SDV GH SKpQRW\SH GH 1. DSSDUHQWV )LJXUH 1RXV QR
G XQH FRPSHQVDWLRQ GH OD PXWDWLRQ DX FRXUV GX WHI
&UH GDQV OHV FHOOXOHV SURJpQLWULFHY j 3 HW REVHUY|
VL FHV FHOOXOHYVY Q RQW SDV HX OH WHPSV GH JpQpUHU G
FLO 3RXU YpULILHU FHOD LO IDXGUDLW DQDO\WHU OH SKp
XQH GDWH SOXV SURFKH GH OD GDWH G LPDJLQJ

&21&/86,21

3RXU FRQFOXUH JpQpUDOHPHQW QRV GRQQpPHV PRQW!
OHTXHO OH FLO SULPDLUH SRXUUDLW UpJXOHU OD PLJUDYV
GDQV OD PLJUDWLRQ QHXURQDOH D pWp PLVH HQ pYLGHQ
OpWLQ %DXGRLQ HW DO HW FHOOH G ( $QWRQ *XR

E /HY UHYXHV UpVXPDQW O LPSRUWDQFH GX FLO GDQV
IDLW TXH OH FLO SULPDLUH HVW HVVHQWLHO j OD PLJUDW,
DO 9HODQG HW DO ,O HVW DORUV FRQVLGpUp



SDUWLFXOLHU HQ FH TXL FRQFHUQH OD VLJQDOLVDWLRQ 6
FLOLDLUH SRXUUDLW GLUHFWHPHQW DIIHFWHU OD PLJUDW
FHOOXODLUHV UHVWH ODUJHPHQW REVFXUH 6 &KULVWHQ)
SULPDLUH DYHF OD PLJUDWLRQ QHXURQDOH 9HODQG HW I
FLOLD PHGLDWHG VLJQDOLQJ LV FRQYHUWHG LQWR D PL.
XQGHUVWRRG 1RXV VXJJpURQV TXH OD VLIJQDOLVDWLRQ |
GLUHFWH VXU OH FHQWURVRPH HW O RUJDQLVDWLRQ GHV
SOXV FRPPH XQH XQLWp GH VLIQDOLVDWLRQ GLVWLQFWH
FHQWURVRPH YLD OD GLIIXVLRQ GH O $03F MXVTX j FHOXL
OH FLO DVVRFLp DX FHQWURVRPH XQH K\SRWKgVH GpMj pY
SDU & OpWLQ TXL SDUOH GX SULPDU\ FLOLXP DQG WKH
FHQWHU DEOH WR FRQYHUW H[WULQVLF VLJQDO LQWR F
PRYHPHQW 1RV GRQQpHVY PRQWUHQW GLUHFWHPHQW O LQ
DX QLYHDX GX FHQWURVRPH HW UpJXODQW VD G\QDPLTX]
UpVXOWDWY GH QRWUH IXWXU DUWLFOH SDU FRQWUH Q HI[S
SRXUUDLW LQIOXHQFHU OH JXLGDJH GHV QHXURQHV FH T
OLWWpPUDWXUH 1RV GRQQpPHV VXJJqUHQW SOXW{W FRPPH
PPFDQLVPH GH JXLGDJH GpSHQGDQW GX FLO LQGPSHQGDQMW
HW GpSHQGDQW GH OD 3.%
/| HILVWHQFH GH FHWWH XQLWp GH VLIQDOLVDWLRQ DVVRF]
SRXUUDLW rWUH WHVWpH GDQV FHOOXOHV HW pYpQHPHQW
FHQWURVRPH DVVRFLpPV j XQ UHPRGHODJH GHV PLFURWXEX
'DQV XQ SUHPLHU WHPSV QRXV SRXUULRQV DQDO\VHU OD
FLOLpPHV PLJUDQWHY TXH OHV QHXURQHV 1RXV FRPSWRQ)
GDQV OH WHVW GH FLFDWULVDWLRQ FRPPH GDQV $OEUHF
1RXV SRXUULRQV pJDOHPHQW DQDO\VHU OD SUpVHQFH RX
GDQV OH F\FOH FHOOXODLUH HW GRQF HQ FRUUpODWLRQ D
,O VHUDLW pJDOHPHQW SDVVLRQQDQW G REVHUYHU OD G\Q
JOLH UDGLDLUH $UO % HVW XQH SURWPLQH FLOLDLUH GRC
GH -RXEHUW XQH FLOLRSDWKLH *XR HW DO / pTXLS
G $UO % DX VWDGH QHXUR pSLWKpOLDO PgQH j XQH LQY!
FHOOXOHV GH JOLH UDGLDLUH +LJJLQERWKDP HW DO
G\QDPLTXH GH O $03F SHQGDQW O pWDEOLVVHPHQW GH O
FHOOXOHV GH JOLH UDGLDLUH SUpVHQWHQW XQH IRUPH G

s A
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PLJUDWLRQ QXFOpDLUH LQWHUNLQpPWLTXH )LIXUH &HW
GHV PpFDQLVPHV GH UpJXODWLRQ LQWUDFHOOXODLUHV F
OHVTXHOOHVY O LPSRUWDQFH GH OD G\QpLQH %HUWLSDJC
G DQDO\WVHU OD G\QDPLTXH FHQWURVRPDOH GH O $03F GDC
SRXU GH YRLU VL HOOH SRXUUDLW rWUH DVVRFLpH j OD PL
XQ PRXYHPHQW GX QR\DX VDQV PRXYHPHQW GX FHQWURVR]|
FRXUV GH OD GpODPLQDWLRQ GH FHV FHOOXOHV TXL LPSOL
GX FHQWURVRPH

YLIXUH 6FKpPD GH
PLJUDWLRQ QXFOpEL
LQWHUNLQPWLTXH GHV FlI
JOLH UDGLDLUH GDQV
QHXUpSLWKpPOLXP  +X H\

/IH FLO QYHVW SDV UHSUpV

-

(@]
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%,%/,2*5$3+, (

$GDPV 6 5 +DURRWXQLDQ $ 7 NWXHFKOHU < - 7D\ORL
JOXRUHVFHQFH UDWLR LPDJLQJ RI F\FOLF£$03 LQ VLQJO!

$OEUHFKW %XHKOHU * SKDJRNLQHWLF WUDFNV RI
RULHQWDWLRQ RI WUDFN VHIPHQWY DQG RI FHOOXODU
&HOO =

$OYDUH] %X\OOD $ DQG *DUFLD 9HUGXJR - 0 1HXU
JRQH - 1HXURVFL 211 - 6RF 1HXURVFL

$QIJRW ( /RXOLHU . 1IX\HQ %D &KDUYHW . 7 *DGHDX

&KHPRDWWUDFWLYH $FWLYLW\ RI 6RQLF +HGJHKRJ
ORGXODWHYV WKH 1XPEHU RI 1HXUDO 3UHFXUVRUV 5HD
& (/16 +

$R\DJL < +LEL 7 .LPRUL < 6DZDGD 0O .DZDNDPL 5 6

+HWHURJHQHRXV GLVWULEXWLRQ RI GRXEOHFRUYV

URVWUDO PLJUDWRU\ VWUHDP LQ WKH MX¥HQLOH PRXVH

$UFKHU )/ DQG :KHDWOH\ ' 1 &LOLD LQ FHOO FXO
PLWRWLF DQG SRVW PLWRWLF %+. & ILEUREODVWV -

$YHUDLPR 6 DQG 1LFRO ; J QWHUPLQJOHG F$03 F*
G\QDPLFV LQ GHYHORSLQJ QHXURQDO FLUFXLWV )JURQW

%DODVNDV 1 G5LEHLUR $ 3DQRYVND - 'HVVDXG ( 6D\
5LEHV 9 *HQH 5HIJXODWRU\ /RJLF IRU 5HDGLQJ W
*UDGLHQW LQ WKH 9HUWHEUDWH 1HXUDO 7XEH &HOO

%DOHQFL / 6DRXGL < *UXQZDOG ' 'HORXOPH - & 9%RX
- ,4*$3 UHJXODWHV DGXOW QHXUDO SURJHQLWRL
JURZWK IDFWRU WULJJHUHG QHXUDO SURJHQLWRU PLJL
1HXURVFL ¢

%DUNRYLFK $ - .X]QLHFN\ 5, 'RE\QV : % -DFNVRQ *

$ FODVVLILFDWLRQ VFKHPH IRU PDOIRUPDWLR

1HXURSHGLDWULFV

%DUQHV % * &LOLDWHG VHFUHWRU\ FHOOV LQ WKH
S8OWUDVWUXFW 5HV



%DWWLVWD ' DQG 5XWLVKDXVHU 8 SHPRYDO RI 3R
6XEYHQWULFXODUO\ '"HULYHG 1HXUREODVWY LQWR 6XUl

+

%DXGRLQ - 3 O9LRX / /DXQD\ 3 6 /XFFDUGLQL & (
JULQRSRXORX 7 $OYDUH] & 5LR - 3 %RXGLHU 7
OLJUDWLQJ 1HXURQV $VVHPEOH D 3ULPDU\ &LOLXP WKDYV
&RUWLFDO 30DWH+ 1HXURQ

%DXGRLQ - 3 O9LRX / /DXQD\ 3 6 /XFFDUGLQL & (
,JULQRSRXORX 7 $OYDUH] & 5LR - 3 %RXGLHU 7
OLJUDWLQJ 1HXURQV $VVHPEOH D 3ULPDU\ &LOLXP WKDYV
&RUWLFDO 30DWH+ 1HXURQ

%HOOLRQ $ %DXGRLQ - 3 $OYDUH] & %RUQHQV 0 D
7DQJHQWLDOO\ OLJUDWLQJ 1HXURQV &RPSULVHV 7ZR
OLJUDWLRQ RI WKH *ROJL &HQWURVRPH $VVRFLDWHG ZLl
&RQWUDFWLRQ DW WKH 5HDU - 1HXURVFL

%HUJPDQQ 2 6SDOGLQJ ./ DQG )ULVpQ - $GXOW
6SULQJ +DUE 3HUNSHFW %LRO

%HUWLSDJOLD & *RQODOYHV -& DQG 9DOOHH 5 %
EUDLQ GHYHORSPHQW 6HPL®) &HOO 'HY %LRO

%LOLPRULD 3 0 GH OD 7RUUH 8ELHWD / ,NHXFKL < %H

$ -,3 5HIXODWHG *6. '&; 6LJQDOLQJ 3DWKZD\ 5H"
- 1HXURVFL 21l - 6RF WHXURVFL

%ORRGJRRG 5 $ JURP FHQWUDO WR UXGLPHQWDU)!
XQGHUDSSUHFLDWHG RUJDQHOOH ZKRVH WLPH KDV FRF
%LRO

%RFFDFFLR $ 6DJKHGGX & DQG OHQLQL $ )OD VK
LQ WKH &LOLD RI 20IDFWRU\ 6HQVRU\ 1HXURQV - 9LV (

%RYHWWL 6 +VLHK < & %RYROLQ 3 3HUURWHDX |,
%ORRG 9HVVHOV )RUP D 6FDIIROG IRU 1HXUREODVW OLJ
IHXURVFL %

%UDGVKDZ 1 - 6RDUHV '& &DUO\OH % & 2JDZD ) 'L
ODFNLH 6 7KRPVRQ 3 $ 3RUWHRXV '- DQG OL
3KRVSKRU\ODWLRQ RI 1'( ,V ',6& 3'( 'HSHQGHQW DQG
ZLWK /,6 DQG 1'(/ - 1HXURVFL 21l -+ 6RF 1HXURVFL

iTo



%UDLORY %DQFLOD O %YULVRUJXHLO O - OLTXHO 0 &
/IRFDOL]DWLRQ RI +7 UHFHSWRUV DW WKH SODVPD P
EUDLQ %UDLQ 5HV

%URHNKXLV -5 /HRQJ :< DQG -DQVHQ * 5HJXC
LQWUDIODJHOODU WUDQVSRUW QW 5HY &HOO ORO %l
%XWWV 7 *UHHQ O - DQG :LQJDWH 5 -7 'HYHORS

VWHSV WR PDNH D 3OLWWOH EUD+£Q ~ 'HY &DPE (QJO

&DKDQD $ (VFEDPH] 7 1RZDNRZVNL 5 6 +D\HV 1/ *L
6KPXHOL 2 6DSLU 7 OF&RQQHOO ©6 . XUVW HW [
RI /LV GLVUXSWV FRUWLFDO GHYHORSPHQW DQG /,6 |
6FL 8 6 $ <

&DL ' 4L X - &DR = OF$WHH O %UHJIJPDQ % 6 DQG
F\FOLF $03 FRQWUROV WKH GHYHORSPHQWDO ORVV L(
IHXURVFL 211 - 6RF 1HXURVFL

&DPHURQ "% S5DRXOW ( *DODV [/ -LDQJ < [HH . + X

5ROH RI 3%&%$3 LQ FRQWUROOLQJ JUDQXOH FHOO F
+
&DVSL O $WODV 5 .DQWRU % 6DSLU 7 DQG 5HLQHU
DQG GRXEOHFRUWLQ WZR OLVVHQFHSKDO\#ZHQH SURGX
&KD]DO * 'XUEHF 3 -DOQNRYVNL $ B5RXJRQ * DQG &UFHE
1HXUDO &HOO $GKHVLRQ OROHFXOH 'HILFLHQF\ RQ &HOC
6WUHDP RI WKH ORXVH -+ 1THXURVFL

&KLDUDPHOOR 6 'DOPDVVR * %H]LQ / ODUFHO ' -RXU
'H ODUFKLV 6 %'l) 7UN% LQWHUDFWLRQ UHJXOL
FHOOV YLD 3, . DQG 0%$3 . VLIJIQDOOLQJ SDWKzD\V (XU -

&KULVWHQVHQ 6 7 DQG 2WW & O &HOO VLIQDOLQJ

+

&RRSHU ' 0) DQG &URVVWKZDLWH $ - +LJKHU RUG
DGHQ\O\O F\FODVHV 7UHQGY 3KDUPDFRO ©6FL

&RUELqUH 7LFKDQH * >8O0WUDVWUXFWXUH RI WKH VH
RI §ROpRSWgqUH FDYHUQLFROH 6SHRSK\HV OXFLGXOXV
SHV *

&RUELW . & $DQVWDG 3 6LQJOD 9 1RUPDQ $5 6WDL
S9HUWHEUDWH 6PRRWKHQHG IXQFWLRQV DMW WKH SULPDU

iin



&RUELW . & 6K\HU $ ( 'RZGOH : ( *DXOGHQ - 6LQJOL
7 DQRG 5HLWHU -) .LI D FRQVWUDLQV EHWD FD
WKURXJK GXDO FLOLDU\ DQG QRQ FLOLDERU\ PHFKDQLVPYV

&RUER - & ‘HXHO 7 % /RQJ -0 /D3RUWH 3 7vDL (

& $ '‘RXEOHFRUWLQ LV UHTXLUHG LQ PLFH IRU ODP
WKH QHRFRUWH[ - 1HXURVFL 2HM - 6RF 1HXURVFL
&RUUHGRU 5 * 7TUDNKWHQEHUJ () 3LWD 7KRPDV : -LC

6ROXEOH DGHQ\O\O F\FODVH DFWLYLW\ LV QHFHV\
DQG D[RQ JURZWK - 1HXURVFL 21 - 6RF 1HXURVFL

&UHPHU + IDQJH 5 &KULVWRSK $ 3ORPDQQ O 9RS
%DOGZLQ 6 .UDHPHU 3 DQG 6FKHII 6 ,QDFWL
PLFH UHVXOWY LQ VL]H UHGXFWLRQ RI WKH ROIDFWRU
IDWXUH +

&XUWLV 0 $ .DP O 1DQQPDUN 8 $QGHUVRQ 0) $[HO
6 YDQ 5RRQ ORP : 0 & %M|UN (ULNVVRQ 7 1RUGERL
QHXUREODVWY PLJUDWH WR WKH ROIDFWRU\ EXOE YLD L

+

'DUROHV / *ULEDXGR 6 'RXOD]JPL 0 6FRWWR /RPDVVH\
*UHHU & $ 'LGLHU $ 7UHPEOHDX $ DQG &DLOOp
SHWDUGDWLRQ 3URWHLQ DQG 'HQGULWLF /RFDO 7UDQ
&DOFLXP &DOPRGXOLQ 'HSHQGHQW .LQDVH ,, OHVVHQJI
BWUXFWXUDO 30DVWLFLW\ 8QGHUO\LQJ 20MDFWRU\ /HDU

'DYLG /6 6FKDFKQHU O DQG 6DJKDWHO\DQ $
*O\FRSURWHLQ 7HQDVFLQ 5 $IIHFWV $GXOW %XW 1RW '

20IDFWRU\ % XOE - 1HXURVFL
'H 5SDVPR ' 6LIQRULOH $ 6DQWHUDPR $ /IDUL]]D O /
3DSD 6 ,QWUDPLWRFKRQGULDO DGHQ\O\O F\FOD)\

HQFRGHG VXEXQLWY DQG DFWLYLW\ RI PDPPDOLDQ FF
%LRFKLP %LRSK\V $FWD

'"HOOLQJ O ,QG]K\NXOLDQ $$ /LX ; /ILX < LH 7 &R

3ULPDU\ &LOLD $UH 1RW &DOFLXP 5HVSRQWL.LYH OH|



'RE\QV : % $QGHUPDQQ ( $QGHUPDQQ ) &]DSDQVN\ %t
2 *XHUULQL 5 +LUVFK % J/HGEHWWHU '+ /HH
PDOIRUPDWLRQV RI QHXURQDO RLJUDWLRQ 1HXURORJ\

'RHWVFEFK ) $ QLFKH IRU DGXOW QHXUDO VWHP FHOOV

'"RHWVFEFK ) &DLOOp , ILP ' $ *DUFtD 9HUGXJR - 0 D
6XEYHQWULFXODU =RQH $VWURF\WHV $UH 1HXUDO 6WHF
&HOO =

(PVOH\ - * DQG +DJJ 7 DOSKD EHWD LQWHJULQ
SUHFXUVRUV LQ DGXOW PRXVH IRUHEUDLQ ([S 1HXURO

J)DUUHOO 0 $ '"H5RVD O - &XUubQ - * 6HFRU '/ &R
SHDFREN = - 6KLHOGV ' DQG 9LQWHUV + 9 1

FRUWLFDO UHVHFWLRQV LQFOXGLQJ KHPLVSKHUHFWR
LOQWUDFWDEOH FKLOGKRRG HSLOHSW $FWD 1HXURSDWK

)DVROR $ 3HUHWWR 3 DQG %RQIDQWL / &HOO PL:
&KHP 6HQVHY

JLOQN $ - (QJOXQG & ‘DID 5 $ 0 3KDP ' /DX & 1LYLV
+HYQHU 5) "HYHORSPHQW RI WKH GHHS FHUHEH:

DQG FHOO PLJUDWLRQ IURP WKH UKRPELF OLS * 1HXUI

)JORFN $ DQG 'XYDOO $ - 7+( 8/75$6758&785( 2) 7+(
7+( 6(1625< &(//6 ,1 7+( ,11(5 ($5 $1' /$7(5%/ /,1( 25*$16
&HOO %LRO

JUDQFLV ) .RXODNRII $ %RXFKHU ' &KDIH\ 3 6FKDD!
OF'RQQHOO 1 B5HLQHU 2 .DKQ $ HW DO 'RXE(
UHJXODWHG PLFURWXEXOH DVVRFLDWHG SURWHLQ H[S
QHXURQV 1HXYRQ

JULHGOIQGHU 0 DQG :DKUPDQ - 7KH VSLQGOH DV D
WKH PHLRVLV RI WKH PDOH VLONZRUP PRWK %RPE\[ PRL

*DUFtD *RQJiOH] ' OXUFLD %HOPRQWH 9 (VWHEDQ 3)
9HUD , /HEUyQ *DOiQ 5 (VFREDU &DVWDXRQGR / OC
HW DO $QRVPLQ RYHU H[SUHVVLRQ LQFUHDV}
VXEYHQWULFXODU JRQH DQG QHXUREODVW PLJUDWLRQ

+



*DUFtD *RQ]JIiOH] .KRGRVHYLFK . :DWDQDEH < SROOF

ORQ\HU + BHURWRQHUJLF 3URMHFEWLRQV *RYHUQ
1IHXURQ H
*GDO\DKX $ *KRVK , J/HY\ 7 6DSLU 7 6DSR]JQLN 6
SHLQHU 2 '&; D QHZ PHGLDWRU RI WKH -1. SDWKZ
*OHHVRQ -* $OOHQ .0 )R[ -: /DPSHUWL (' %HUNR

(& 'RE\QV : % OLQQHUDWK 65 5RVV 0 ( HW DO
VSHFLILF JHQH PXWDWHG LQ KXPDQ ; OLQNHG OLVVHQF
HQFRGHV D SXWDWLYH VLJ@DOLQJ SURWHLQ &HOO

*RHW] 6 & DQG $QGHUVRQ . 9 7KH SULPDU\ FLOL:
YHUWHEUDWH GHYHORSPHQW 1DW 5HY *HQHW

*XHPH] *DPERD $ &RXIDO 1 * DQG *OHHVRQ - * 3U
DQG PDWXUH EUDL@ 1HXURQ

*XR - +LJIJLQERWKDP + /L - 1LFKROV - +LUW - *KXU
'HYHORSPHQWDO GLVUXSWLRQV XQGHUO\LQJ EUDLQ I
&RPPXQ

*XR - 2WLV -0 +LJILQERWKDP + ORQFNWRQ & &KHC
&DVSDU\ 7 BWXEHU *' DQG $QWRQ ( 6 3ULPD!
'HYHORSPHQW RI ,QWHUQHXURQDO &RGIQHFWLYLW\ 'HY

+DPHUV ' YDQ 9RRUVW 9DGHU / %RUVW -: DQG *RHC(

)5(7 ELRVHQVRUV IRU PDPPDOLDQ DQG SOHDQW V\VWHPYV
+DQ < * 6SDVVN\ 1 5RPDJXHUD 5RV 0 *DUFLD 9HUGXJF
ODXQRXU\ 6 DQG $OYDUH] %X\OOD $ +HGJHKRJ
UHTXLUHG IRU WKH IRUPDWLRQ RI DGXOW £H)HXUDO VWHPF
+IQGHO O 6FKXO] 6 6WDQDULXV $ 6FKUHII O (UGWHF

ROl * DQG +|OOW 9 6HOHFWLYH WDUJHWLQJ
QHXURQDO FLOLD 1HXURVFLHQFH

+DQLFV - 6]RGRUDL ( 7RUWRULHOOR * ODOHQF]\N
IXW] 0, .RIJVXUHN O 3XVNiIU = HW DO 6HFU

PHWDOORSURWHDVH UHOHDVH IURP QHXURQV UHJXOI
$FDG 6FL 8 6 $ =(
+DWWHQ 0 ( &HQWUDO QHUYRXV VI\VWHP QHXURQDO

t



+LJIJLQERWKDP + 7DQDND 7 %ULQNPDQ % & DQG *OH
3.&]HWD IXQFWLRQ LQ FHQWURVRPH ORFDOL]DWLRQ D
PHGLDWHG QHXURQDO UHSRODUL]DWLRQ ORO &HOO 1H

+LJJLQERWKDP + (RP 7 < O0ODULDQL /( %DFKOHGD $
& /DL & &DVSDU\ 7 DQG $QWRQ ( 6 D $UO E |
PLJUDWLRQ DQG SODFHPHQW RI LQWHUQHXURQV LQ WK

+

+LJJLQERWKDP + (RP 7 < O0ODULDQL /( %DFKOHGD $
&/ /DL & &DVSDU\ 7 DQG $QWRQ ( 6 E $UO E
WKH OLJUDWLRQ DQG 30DFHPHQW RI ,QWHUQHXURQV LC
&HOO =

+LJJLQERWKDP + *XR - <RNRWD < B8PEHUJHU 1/ 6X
*KXNDV\DQ 9 &DVSDU\ 7 HW DO $UO E UHJXOTL
IRU SRODUL]HG UDGLDO JOLDO VFDIIR®G IRUPDWLRQ 1C

+LOGHEUDQGW ) %HQJLQJ 7 DQG .DWVDQLV 1 &

+

+LURWD < 2KVKLPD 7 .DQHNR 1 ,NHGD 0 ,ZDVDWR
2NDQR + DQG 6DZDPRWR . &\FOLQ GHSHQGHQW
RI QHXUREODVW PLJUDWLRQ LQ WKH SRVWQDWDO VXEY
1IHXURVFEL +

+LURWVXQH 6 )OHFN O : *DPEHOOR 0 - %L[ * - &KH
'+ O0F%DLQ & - DQG :\QVKDZ %RULV $ *UD G H ¢
/LV DFWLYLW\ UHVXOWV LQ QHXURQDO PLJUDWLRQ GF
*HQHW

+X '- . %DIIHW $' 1D\DN 7 $NKPDQRYD $ 'R\H O

"\QHLQ UHFUXLWPHQW WR QXFOHDU SRUHV DFWLYDWHYV
LQ EUDLQ SURJHQLWRW FHOOV &HOO
+X + 7RPDVLHZLF] + ODJQXVRQ 7 DQG 5XWLVKDXVHU
DFLG LQ PLJUDWLRQ RI ROIDFWRU\ EXOE LQWHUQHXUR
1IHXURQ =
+XDQJIX ' J/LX $ 5DNHPDQ $6 OXUFLD 16 1LVZDQG
+HGJHKRJ VLJQDOOLQJ LQ WKH PRXVH UHTXLUHV
IDWXUH



,KULH 5% DQG EOYDUH] %X\00D $ IDNH )URQW 3UF
E\ WKH /DWHUDO 9HQWULFOHV RI WKH $GXOW %UDLQ 1H

-LDQJ - < )DOFRQH -/ &XUFL 6 DQG +RIHU $ 0
VLIQDOLQJ XVLQJ RSWLFDO DSSURDFKHV &HOO &DOFLX

.DSSHOHU & B6DLOORXU < %DXGRLQ - 3 7X\ )3' $0O)
+DPDUG * &KHOO\ - OpWLQ & HW DO % UDQFK
PLJUDWLQJ LQWHUQHXURQV GHULYHG IURP GRXEOHFRU\

+

.DVDKDUD . OL\RVKL . OXUDNDPL 6 OL\D]JDNL , C
9LVXDOL]DWLRQ Rl DVWURF\WLF SULPDU\ FLOLD LQ Wtk
DQDO\VLV XVLQJ WKH FLOLD PDUNHU O E $FWD OHG

.DWR 0 DQG 'RE\QV : % ILVVHQFHSKDO\ DQG WKH
PLJUDWLRQ +XP O5FB® F*HRHW

.DZDVDNL + 6SULQJHWW * 0 ORFKL]XNL 1 7RNL 6 1D}

'( DQG *UD\ELHO $ 0 $ IDPLO\ RI F$03 ELQGLQ
DFWLYDWH 5DS 6FL HQFH

.HVVHQEURFN . 30DNV 9 DQG :HUE = ODWUL[ PHW
WXPRU PLFURHQYLUR@PHQW &HOO

LVKL . *ROJL VWXGLHVY RQ WKH GHYHORSPHQW RI J
ZLWK UHIHUHQFH WR PLJUDWLRQ LQ WKH VXEHSHQG\PDC

.ODUHQEHHN - *RHGKDUW - YDQ %DWHQEXUJ $ *URF

JRXUWK JHQHUDWLRQ HSDF EDVHG )5(7 VHQVRUV IRU F%§
SKRWRVWDELOLW\ DQG G\QDPLF UDQJH FKDUDEWHUL]D
UDWLRPHWU\ DQG ZLWK KLHK DIILQLW\ 30OR6 2QH

.RHPHWHU &R[ $, 6KHUZRRG 7 : *UHHQ -$ 6WHLQHU
.DXIIPDQ $6 ORQVPD 3 & %URZQ $ $VNZLWK & &
HQKDQFH NLVVSHSWLQ UHFHSWRU VLJQDOLQJ RQ JRQI
3URF 1DWO $FDG 6FL 8 6 $

.RL]XPL + +LJJLQERWKDP + 3RRQ 7 7DQDND 7 %UL

'RXEOHFRUWLQ PDLQWDLQV ELSRODU VKDSH DC

PLJUDWLRQ LQ WKH DGXOW IRMHEUDLQ 1DW 1HXURVFL

.R]JPLQVNL .* -RKQVRQ .$ )RUVFKHU 3 DQG 5RVHQED:
HXNDU\RWLF IODJHOOXP XQUHODWHG WR IODJHOODU E*

+

ioi



.ULHJVWHLQ $5 DQG 1RFWRU 6 & 3DWWHUQV RI Q
FRUWH[ 7UHQGV 1HMXURVFL
. XPDPRWR 1 *X < :DQJ - -DQRVFKND 6 7DNHPDUX
$ UROH IRU SULPDU\ FLOLD LQ JOXWDPDWHUJLF
QHXURQV 1DW 1HXURVFL
. XUOHPDQQ * G6FKXLHUHU * . XFKHOPHLVWHU . .OHLQF
JLVVHQFHSKDO\ VIQGURPHVY FOLQLFDO DVSHFWV .
6RF 3HGLDWU 1HXURVXUJ
ID)RXQWDLQ - 5 $QDO\VLV RI ELUHIULQJHQFH DQG X
VSHUPDWRF\WHV RI 1IHSKURWRPD VXWXUDOLV GXULQJ I

/IHDI $ DQG 9RQ =DVWURZ 0 'RSDPLQH UHFHSWRUYV
) DQG 5DE LQ GHOLYHULQJ VSHFLILF UHFHSWRUV W

IHFOHFK & SHQQHU O 9LOODUG & DQG OpWLQ &
PRUSKRORJ\ DQG G\QDPLFV RI PLIJUDWLQJ FRUWLFDO

/JHKPDQ -0 OLFKDXG (- 6FKRHE 75 $\GLQ 6RQ < 0
7KH 2DN 5LGJH 3RO\F\WWLF .LGQH\ PRXVH PRGHO
PHQ 'HY '\Q 2l 3XEO $P $VWRF $QDW
/JHRSROG $ 9 &KHUQRY .* DQG 9HUNKXVKD 9 9
SURWHLQ NLQDVHV IRU UHJXODWLRQ RI FH®OXODU VLJQ

IHSDQWR 3 %DGDQR -/ DQG =ROHVVL ) 5 1IHXURQ
FLOLD LQ QHXURJHQHVLV 1HIXURJHQHVLV $XVWLQ 7H]
/JHWR . $UDQFLOOR 0 %HFNHU (% ( %XIIR $ &KLDQ

'XVDUW , +DOGLSXU 3 +DWWHQ O ( HW DO
'HYHORSPHQW &HUHEHOOXP /RQG (QJO
/ILP '$ DQG $OYDUH] %X\00OD $ 7KH $GXOW 9HQW L

69= DQG 20IDFWRU\ %XOE 2% 1HXURJHQHVLV &ROG 68

/RLV & *DUFtD 9HUGXJR -0 DQG $OYDUH] %X\00D $
SUHEXUVRUV 6FEHQFH

/IRNWHY $ 9 DQG -DFNVRQ 3 . IHXURSHSWLGH < |
%DUGHW %LHGO VIQGURPH SDWKZD\ WR VLIQDOH Q QHX

iofi



IXVNLQ 0 % 1HXUREODVWY RI WKH SRVWQDWDO PDPF

IDWH - 1HXURELRO

ODFND\ 6LPD $ DQG &KXDKE 0 , IHXURWURSKLF ID
SDWKZD\ 3URJ 1HXYRELRO

ODLHOODUR , /RKVH 0 - .LWWHO 5 - DQG &DOHELUR '
ORWRU 1HXURQV $UH &RQILQHG WR 6LQJOH+6\QDSWLF %]

ODUtQ 2 DQG 5XEHQVWHLQ - / $ ORQJ UHPDUNDEC
WKH WHOHQFHSKDORQ 1DW 5HY 1HXURVFL

ODUtQ 2 DQG 5XEHQVWHLQ -/5 &HOO PLJUDWLR
1IHXURVFL =

ODUtQ 2 9DOLHQWH O *H ; DQG 7VDL [/ + *XLG
&ROG 6SULQJ +DUE IHUVSHFW %LRO

ODUOH\ $ DQG YRQ =DVWURZ 0 ' 6& UHJXODWHV S

GRSDPLQH UHFHSWRUV 30R6 2QH

ODUV]DOHN -5 5XL] /RIDQR 3 B5REHUWV ( &KLHQ .5
LQYHUVXV DQG HPEU\RQLF FLOLDU\ PRUSKRJHQHVLV Gl
.,) $ VXEXQLW RI NLQHVLQ ,, 3URF 1DWO $FDG 6FL 8

ODUWtQH] ODUWtQH] 0 E &LFHUL * (VSLQyV $ )HUQIQG

(IWHQVLYH EUDQFKLQJ Rl UDGLDOO\ PLIUDWLQJ Q
FRUWH[ - &RPS 1HXURO

ODUWLQL )- DQG 9DOGHROPLOORV 0 $FWRP\RVLQ
QXFOHDU WUDQVORFDWLRQ LQ PLJUDWLQJ FRUWLFDO
1IHXURVFL %

ODUWLQL ) - O9DOLHQWH O /ySH] %HQGLWR * 6]DEy *
ODUtQ 2 %LDVHG VHOHFWLRQ Rl OHDGLQJ SURF}
GXULQJ WDQJHQWLDO QHXURQDO PWUDWLRQ 'HY &DPE

ODWVXQR 5 2KWDNL + 1DNDPDFKL 7 :DWDQDEH - <
1RQDND 1 6HNL O 1DNDPXUD 0O HW DO "LV W
SLWXLWDU\ DGHQ\ODWH F\FODVH DFWLYDWLQJ SRO\SH:
URVWUDO PLJUDWRU\ VWUHDP RI WKH L@IDQW PRXVH EU

ODWXOHI . DQG =DJRWWD : 1 &\FOLF QXFOHRWLGH
'"HY %LRO %



OFODQXV 0) 1DVUDOODK , 0 3DQFRDVW 00 :\QVKDZ
/JLV ,V 1HFHVVDU\ IRU 1RUPDO 1RQ 5DGLDO OLJUD\
$P - 3DWKRO%

OHL ' /HZLV 5 3DUULQL ( /D]JDURX /3 O0DULQL & 3L
+LJK IUHTXHQF\ Rl JHQRPLF GHOHWLRQV DQG D GXS
OLVVHQFHSKDO\ LPSOLFDWLRQV IRU PROHFXODU GLDJQ

OpWLQ & &LOV HW PLJUDWLRQV QHX#)RQDOHV OpGHF

OLOHQNRYLF / 6FRWW 03 DQG 5RKDWJL 5 /IDWHU I
SODVPD PHPEUDQH WR WKH PHPEUDQH RI WKH FLOLXP -

0LQJ */ B6RQJ + - %HUQLQJHU % +ROW & ( 7HVVLH

F$03 GHSHQGHQW JURZWK FRQH JXLGRQFH E\ QHWI

OL\DPRWR 7 3RUDJLQVNL 6 :DQJ + %RURYLQD $ &L
LNXFKL $ )XUXWDQL 6HLNL 0O DQG ODWVXXUD 6
PLWRWLF VSLQGOH FKHFNSRLQW UHJXODWRU FDXVHV L
ORO *HQHW +

OL\DWD 7 2QR < 2NDPRWR O ODVDRND O 6DNDNLEDUI
0 DQG 2JDZD O OLJUDWLRQ HDUO\ D[RQRJHQHVL
IRUPLQJ EHKDYLRU Rl HDUO\ SRVWHULRU ERUQ 3XUNLQN
FHUHEHOOXP 1HXUDO 'HYHORS

OL]XJXFKL 0 7DNDVKLPD 6 .DNLWD $ <DPDGD 0O DQG
JHQH SURGXFW /RFDOL]DWLRQ LQ WKH FHQWUDO QHUY

LQ OLOOHU 'LHNHU VI\QGURPH £$P - 3DWKRO
ORRUH % 6 6WHSDQFKLFN $ 1 7THZVRQ 3 + +DUWOH
+XJIKHV 7 ( DQG OLUVKDKL 7 &LOLD KDYH KLJK

E\ 6RQLF +HGJHKRJ UHJXODWHG FDOFLXP G\QDPLFV 3U

+

ORRUHV & $ 3HUGHULVHW 0 )UDQFLV ) &KHOO\ - +RX
OHFKDQLVP RI PLFURWXEXOH VWDELOL]DWHRQ E\ GRXEO
OR\HU - + /IHH 7LVFKOHU O - ZRQ + < 6FKULFN - - 1

*RGIUH\ 9/ &DFKHLUR 1/ :LONLQVRQ - ( DQG :R\F
JHQH DVVRFLDWHG ZLWK D PXWDWLRQ FDXVLQJ UHFHV)
6FLHQFH +

ol



OXUDVH 6 DQG +RUZLW] $)

'"HOHWHG LQ FRORUH
H[ISUHVVHG LQWHJULQVY PHGLDWH WKH GLUHFWLRQDO P|
PLJUDWRU\ VWUHDP

OXVKHVKH 1

I1HXURVFL 21|

6RF 1HXURVFL
6FKPLGW O

DQG =DFFROR O F$03
OHVVHQJHU WR 1DQRGRPDLQ 6LJQDOOL®I 7UHQGV 3KDU

1DJ 6 DQG 5HVQLFEN $ WLRSK\VLFV DQG ELRIOXLG
IRU DQG DJDLQVW WKH

IORZ VHQVLQJ IXQFWDRQ $P
)

1JX\HQ %D &KDUYHW 7 SLFDUG 5LHUD
6RWHOR &

1
DQG &KpGRWDO $

7THVVLHU /DY

OXOWLSOH 5ROH\
OLJUDWLRQ LQ WKH 5RVWUDO OLJUDWRU\ 6WUHDP
1LFRO ;

. +RQJ .3 DQG 6SLW]HU
FRGHV IRU JURZWK FRQH WXUQLQJ 3URF+1DWO $FDG ¢
2FELQD 3 - 'L]JRQ 0/ 9 DQG 6]HOH ) * 'R
WKH PLJUDWLRQ RI DGXOW VXEYHQWULFXODU JRQH FHO
+

- 1HD

1 & 6SDWLDO D

6KLQ /

2PRUL DQG .RWHUD -

2YHUYLHZ RI
+
2PRUL <

RI *

3'(V DQG WK

&KD\D 7

<RVKLGD 6 ,ULH 6 IVXMLL 7 DQG
SURWHLQ &RXSOHG S5HFHSWRUV

*3&5V LQ 3ULPI
,QYROYHPHQW LQ %RG\ :HLJKW &RQWURO 30R6 2QH
2WD +

+LNLWD 7 6DZDGD O

I1LVKLRND 7
.DPL\D < OL\DPRWR 7

$vDL 1 HW DO 6SHHG F
LQ WKH SRVWQDWDO EUDLQ E\ *PLS PHGLDWHG ORFDO

l

ODWVXPR!

3DO DQG OXNKRSDGK\D\ 6

SULPDU\ FLOLXP DQG \
QHXUDO WXEH SDWWHUQLQJ UROH RI *3&5V DQG VHFR

+
3DOD\ 6 /

7KH ILQH VWUXFWXUH RI

VHFUHWRU\ QHX
JROGLVK &DUDVVLXV DXUDWXYV

$QDW 5HF
3DUHGHV 0) -DPHYV *LO 3BHURWLQ 6 .LP + &RWW
5RZLWFK '+ X OF4XLOOHQ 3 6 HW DO ([W
QHXURQV LQWR WKH LQIDQW KXPDQ

IURQWDO OREH ©6FL

ioo



SDUHGHV 0) 6RUUHOOV 6 ) &HEULDQ 6LOOD $ 6DQGRY
OD\HU 6 &KDQJ - $XIXVWH ., HW DO 'RHV $
WKH +XPDQ +LSSRFDPSXV" &H0O0O 6WHP &HOO

SHDUULQJ -1 6DOLQDV b5 < %DNHU 6 $ DQG $UVKDY'
WDUJHWLQJ DQG WUDIILFNLQJ LQ SKRWRUHMFHSWRU FHO

SHGHUVHQ [/ % 9HODQG , 5 6FKUiGHU - 0 DQG &KULYV
SULPDU\ FLOLD 'HY "\Q 2II 3XEO &P $VVRF $QDW

SHUHWWR 3 *LDFKLQR & $LPDU 3 )DVROR $ DQG %R
JOLDO WXEH DVVHPEO\ LQ WKH VKLIW IURP QHRQDWDO

IRUHEUDLQ - &RPS AHXURO

SHWUHDQX / DQG $OYDUH] %X\00D $ ODWXUDWLRC
%XOE *UDQXOH 1HXURQV 5ROH RI 280IDFWLRQ - 1HXUR)

SLJJRWW [/ $ %DXPDQ $/ 6FRWW -' DQG 'HVVDXHU &
SURWHLQ <RWLDR ELQGY DQG UHJXODWHV DGHQ\0O\O F\
6 $ +

GHV 3RUWHV 9 3LQDUG -0 %LOOXDUW 3 9LQHW 0 &
'XSXLV ( ORWWH - %HUZDOG 1HWWHU < HW DO

QHXURQDO PLJUDWLRQ DQG LQYROYHG LQ ; OLQNHG \
OLVVHQFHSKDO\ VIQ&G&URPH &HOO

SBUDHWRULXV + $ DQG 6SULQJ . 5 $ SK\WVLRORJLFDO
5HY S3K\VLRG
4LQ + NXUQHWWH ' 7 %DH < . JRUVFKHU 3 %DUU O

, QWUDIODJHOODU WUDQVSRUW LV UHTXLUHG IRU WKH Y
FLOLDU\ PHPEUDQH &XUtJ %LRO &%

AXLTXHPSRL[ 0 )D\DG 6/ %RXWRXUOLQVN\ . J/HUHVFKF
7 /D\HU 3\UDPLGDO 1HXURQV &RQWURO WKH *D|
H
5DKLPL %DODHL 0 %HUJHQ + .RQJ - DQG ODU]JEDQ
'XULQJ '"HYHORSPHQW Rl WKH &HUHEHOOXP )URQW &HO
5HLQHU 2 DQG 6DSLU 7 3RODULW\ UHIJXODWLRQ LC
1HXURELR®D
5LYDV 5 - DQG +DWWHQ 0 ( ORWLOLW\ DQG F\WR\
FHUHEHOODU JUDQXOH QHXURQV - 1HXURVFL 21l - 6R



5RLVHQ ) - OXUSK\ 5% 3LFKLFKHUR 0 ( DQG %UDGHQ
PRQRSKRVSKDWH VWLPXODWLRQ RI DHRQDO HORQJDWLR
5RVHQEDXP -/ DQG :LWPDQ * % ,QWUDIODJHOODU

+

SRXVVHORW 3 DQRG 1RWWHERKP ) ([SUHVVLRQ RI S
QHUYRXV VA\VWHP RI DGXOW FDQDULHY DQG LWV SRVVLE

+

6DDGH 0 *RQ]DOH] *REDUWW ( (VFDORQD 5 8VLHWR 6
FHQWURVRPDO UHFUXLWPHQW RI 3.$ SURPRWHV V\PPL
FHOO GLYLVLRQ 1DW &HOO %LRO

6DQDL 1 7TUDPRQWLQ $° 4XLXxRQHV +LQRMRVD % %DUE
IDZWRQ 0 7 OF " HUPRWW O : 3buvD $ 7 ODQXHO *I

8QLTXH DVWURF\WH ULEERQ LQ DGXOW KXPDQ EU
ODFNV FKDLQ PLIJUDWERQ 1DWXUH

6DQDL 1 %HUJHU 06 *DUFLD 9HUGXJR - 0 DQG $0YDU
3+XPDQ QHXUREODVWY PLJUDWH WR WKH ROIDFWRU\ EX
6FLHQFH DXWKRU UHSO\

6DQDL 1 1JX\HQ 7 ,KULH 5% OLU]JDGHK = 7VDL + +
06 +XDQJ ( *DUFLD 9HUGXJR - 0 HW DO &R UL
WKH KXPDQ EUDLQ DQG WKHLU GHFORQH GXULQJ LQIDQF

6DSLU 7 (OEDXP 0 DQG 5HLQHU 2 SHGXFWLRQ RI
/,6 SODWHOHW DFWLYDWLQJ IDFWRU DFHW\OK\GURODV

6DWLU 3 DQG &KULVWHQVHQ 6 7 2YHUYLHZ RI VW
FLOLD $QQX 5HY 3K\VLRO
6DZDPRWR . :LFKWHUOH + *RQ]DOH] 3HUH] 2 &KROILC

OXUFLD 1 6 *DUFLD 9HUGXJR - O obuLQ 2 SXEHQVW
1HXURQV )ROORZ WKH )ORZ Rl &4HUHEURVSLQDO 30XLG L

6FKDDU % 7 DQG OF&RQQHOO 6 . &S\WRVNHOHWD
PLJUDWLRQ 3URF 1DWO $FD&G 6FL 8 6 $
6FKDDU % 7 .LQRVKLWD . DQG OF&RQQHOO 6 . "R

UHJXODWHG E\ D EDODQFH RI NLQDVH DQG SKRVSKDW
PLJUDWLQJ QHXURQY 1HXURQ

ioo



6FKQHLGHU / &OHPHQW & $ 7HLOPDQQ 6 & 3D]RXU *
&KULVWHQVHQ 6 7 3'*)5DOSKDDOSKD VLIJQDOLQJ
FLOLXP LQ ILEUREODVWYV #&XUU %LRO &%

6FKQHLGHU / 6WRFN & O 'LHWHULFK 3 -HQVHQ % +
&KULVWHQVHQ 6 7 DQG 3HGHUVHQ 6 ) 7KH 1D +
IRU GLUHFWLRQDO PLJUDWLRQ VWLPXODWHG YLD 3'*)5
%LRO +

6FKQHLGHU / &DPPHU 0 /HKPDQ - 1LHOVHQ 6 . *XHU
+RIIPDQQ (. <RGHU % . 6FKZDE $ HW DO ‘LU
&KHPRWD[LV LQ :RXQG +HDOLQJ 5HVSRQVH WR 3'*) $$ DI
&LOLXP LQ )LEUREODVWY &HO® 3K\VLRO %LRFKHP

6FKROH\ - 0 .LQHVLQ ,, D PHPEUDQH WUDIILF PRWRU
- &HOO %LRO

BFKRX . % 3HGHUVHQ / % DQG &KULVWHQVHQ 6 7
SULPDU\ FLOLD (0%25HS

6FKZDUW] ($ /HRQDUG 0/ %L]JLRV 5 DQG %RZVHU 6 ¢
RI WKH SULPDU\ FLOLXP EHQGLQJ UHVSRQNVH WR IOXLG \

BKHOO\ 0 /LP % . &DQFHGGD / +HLOVKRUQ 6 & *DR -
ORQJ UDQJH UHFLSURFDO UHJXODWLRQ RI F$03 DQG F
6FLHQFH =

BKHUSD 57 ORKLHOGLQ $ 0 3DOD 5 :DFKWHQ ' 2VWwL
BHQVRU\ SULPDU\ FLOLXP LV D UHVSRQVLYH F$03 PLFUR

6KHZDQ ' 'ZLYHG\ $ $QGHUVRQ 5 DQG +ROW & (
VZLWFK LQ QHWULQ UHVSRQVLYHQHVV DV JURZWK FRQ
1IHXURVFL#

BKLQRKDUD 5 7KXPNHR ' .DPLMR + .DQHNR 1 6D:
7DNHED\DVKL + .L\RQDUL + ,VKL]DNL 7 )XUX\DVKL
PLD D 5KR UHJXODWHG DFWLQ QXFOHDWRU LQ WD
SUHFXUVRUV 1DW #HXWRVFL

6KX 7 $\DOD 5 1JX\HQ O ' ;:LH = *OHHVRQ -* DQ
RSHUDWHY LQ D FRPPRQ SDWKZD\ ZLWK /,6 DQG F\WRS
QHXURQDO SRVLWLRQ@LQJ 1HXURQ

ioo



6QDS\DQ O /IHPDVVRQ O %ULOO O0 6 %ODLV O ODVVR

%HUWKRG ) *|W] O %DUNHU 3$ HW DO or
QHXURQDO SUHFXUVRUV LQ WKH DGXOW PDPPDOLDQ IR
IDFWRU VLJQDOLQJ - 1HXURVFL 211 - 6RF 1HXURVFL

BROHFNL '- ORGHO / *DHW] - .DSRRU 70 DQG +DWV
FRQWUROV JOLDO JXLGHG QHXURQDO PLJUDWLRQ 1DW

6RURNLQ 6 &HQWULROHV DQG WKH IRUPDWLRQ RI
VPRRWK PXVFOH FHOOV: - &HOO %LRO

BRURNLQ 6 3 SHFRQVWUXFWLRQV Rl FHQWULROH IRL
OXQJV - &HO® 6FL

BRWHOR -5 DQG 7UXMLOOR &HQR] 2 (OHFWURQ PLI

FLOLDU\ FRPSRQHQWYV RI WKH QHXUDO HSLWKHOLXP F
OLNURVN $QDW 9LHQQDI $XVWULD
6SLHJHOPDQ % 0 /RSDWD 0$ DQG .LUVEFKQHU 0 :
RI PLFURWXEXOH DVVHPEO\ LQ PPPPDOLDQ FHOOV &HOC
6XLMNHUEXLMN 6 - ( YDQ 2VFK 0 + - %RV )/ +DQNV 6
OROHFXODU FDXVHV IRU %8%5 G\VIXQFWLRQ LQ W
VIQGURPH PRVDLF YDULHJDWHG DQHXSORLG\ &DQFHU 5

6XQ .LP + DQG ORRQ < &RQWURO RI QHXURQ
PLJUDWRU\ VWUHDP LQ PLFHt $QDW &HOO %LRO
TDEDWD + DQG 1DNDMLPD . OXOWLSRODU PLJUDWL

PLJUDWLRQ LQ WKH GHYHORSLQJ FHUHEUDO FRUWH][ -
+

7DQDND 7 6HUQHR )) +LJIJLQV & *DPEHOOR 0 - :\QVI
/LV DQG GRXEOHFRUWLQ IXQFWLRQ ZLWK G\QHLQ

WR WKH FHQWURVRPH LQ QHXURQD® PLJUDWLRQ - &HO
7DUWW $ 1 )XOPRUH & $ /LX < B5RVRNOLMD * % 'ZRUN
- - DQG %ROGULQL 0 &RQVLGHUDWLRQV IRU $VV
IHXURJHQHVLY LQ WKH $GXOW DQG $JLQJ+#XPDQ %UDLQ
7D\ORU 6 6 =KDQJ 3 B6WHLFKHQ -0 .HVKZDQL 00 D
OHVVRQV OHDUQHG DIWHU WZHQW\ \HDWV %LRFKLP %L]
7HUULQ $ 'L %HQHGHWWR * 3HUWHJDWR 9 &KHXQJ
(OYDVVRUH 1 3ULQ] $ +HUEHUJ ): +RXVOD\ 0



VWLPXODWLRQ RI +(. FHOOV JHQHUDWHYV PXOWLSOH
>F$03@ UROH RI FRPSDUWPHQWDOL]HG SKRVSKRGLHVW
7THUULQ $ ORQWHULVL 6 6WDQJKHUOLQ $ =RFFDUDW
ORQJLOOR O 6DZD $ -RUGDQLGHV 1 ( ORXQWIRUG
3'('" DQFKRULQJ WR $.$3 SURYLGHV GLVWLQFW UHJXC
FHQWURVRPH - &HHO %LRO
7TRQJ & . +DQ < * 6KDK - . 2EHUQLHU . *XLQWR &
B3ULPDU\ FLOLD DUH UHTXLUHG LQ D XQLTXH VXESR
1DWO $FDG 6FL 8 & $
7TRUL\DPD O OL]XQR 1 )XNDPL 7 ,2JXFKL 7 7RUL\DPD
SKRVSKRU\ODWLRQ RI 'RXEOHFRUWLQ E\ BURWHLQ
DQG $FWLQ '"\QDPLFV WR 3URPRWH 1HXURQDO 3URJHQL

+

7VDL / + DQG *OHHVRQ - * IXFOHRNLQHVLW LQ 1HX

7VDL - : %UHPQHU .+ DQG 9DOOHH 5 % 'XDO V
G\QHLQ LQ UDGLDO QHXURQDO PLJUDWLRQ £Q OLYH EUD
7VXNDGD 0 3URNVFKD $ B8QJHZLFNHOO ( DQG (LFKHOH
ZLWK DFWLQ ILODPHQWYV LV UHJXODWHG E\ QHXUDELQ ,,

TVXNDGD O SURNVFKD $ DQG (LFKHOH * 1HXUD
GHSKRVSKRU\ODWLRQ RQ DFWLQ ILODPHQWYV #LRFKHP
8PHVKLPD + +LUDQR 7 DQRQG .HQJDNX O OLFURWX

RFFXUV LQGHSHQGHQWO\ Rl FHQWURVRPH SRVLWLRQLQ.
6FL 8 6 $ +
9DXGU\ ' *RQJDOH] % - %DVLOOH 0 )RXUQLHU $ DOQC
DFWLYLW\ RI SLWXLWDU\ DGHQ\ODWH F\FODVH DFWLYD!
GXULQJ GHYHORSPHQW 3URF 1DWO $FDG 6FL 8 6 $
9HODQG ,5 /LQGE N / DQG &KULVWHQVHQ 6 7 /L
OLJUDWLRQ LQ 7LVVXH 5HSDLU DQG %UDI#Q 'HYHORSPHQ
9LHUNRWWHQ - 'LOGURS 5 3HWHUV 7 :DQJ % DQG 5
ERG\ SURWHLQ RI FLOLD LQYROYHG LQ 6KK+VLJQDOOLQJ
‘HIHUV $ . +DEHUODQGW & B6XUFKHY / B6WHLQKIXVHU &
OLJUDWLRQ RI ,QWHUQHXURQ 3UHFXUVRUV LQ WKH 1D
/IRQG (QJO=



KHDWOH\ ' 1 :DQJ $ 0 DQRG 6WUXJIJQHOO * ( ([suU
ODPPDOLDQ &HOOV &HOO %LRO ,QW

'LFKWHUOH + *DUFtD 9HUGXJR - 0 DQG $OYDUH] %X\0O
+RPRW\SLF *OLD ,QGHSHQGHQW 1HXWRQDO OLJUDWLRQ

:LOORXJKE\ ' DQRG &RRSHU ' 0) /ILYH FHOO LPDJL(
OHWKRGW
'LQWHUV 6 - DQG ORRUH - 3 3$&%3 DQ DXWRF

JRQDGRWURSKYV %LRO 5HSURG

'LWWNR , 0 6FKIQJHU $ .X]PLFKHY $ 6FKQHLGHU ) 7
o+ 9(*)5 UHJXODWHYV DGXOW ROIDEFWRU\ EXOE C
QHXUDO SURJHQLWRUV LQ WKH URVWUDO PLJUDWRU\ \
1IHXURVFL %

'RQJ . BHQ :5 +XDQJ <= ;:LH < J/LX * B6DLWR +
.DOQD\ 60 OHL / HW DO 6LJQDO WUDQVGXFWL
*73DVH DFWLYDWLQJ SURWHLQV DQG WKH VPDOO *73DV#

+

'LH = 6DQDGD . 6DPXHOV % $ 6KLK + DQG 7VDLI
SKRVSKRU\ODWLRQ RI )$. E\ &GN LV LPSRUWDQW IRU |
PRYHPHQW DQG QHXURQDO#LJUDWLRQ &HOO

<DJLWD < 6DNXUDL 7 7DQDND + .LWDJDZD . &ROPD
FDGKHULQ PHGLDWHY LQWHUDFWLRQ EHWZHHQ SUHEXU
UHJXODWHV IXUWKHU GLITHUHQW+DWLRQ - 1HXURVFL ¢

<XDVD 6 .DZDPXUD . .XZDQR 5 DQG 2QR . 1HXU
PLJUDWLRQ RI 3XUNLQMH FHOOV LQ WKH PRXVH HPEU\R
211 - ,QW 6RF 'HY 1HXURVFL

=DFFROR 0 F$03 VLIQDO WUDQVGXFWLRQ LQ WKH KF
WKH GHYHORSPHQW RI QRYHO WKHUDSHXMWLF VWUDWHJL

=DFFROR 0 DQG 3R]]DQ 7 'LVFUHWH PLFURGRPDLQV
LQ VWLPXODWHG UDW QHRQDWDO FDUGLDF P\RF\WHV 6F

=HFHYLF 1 &KHQ < DQG )LOLSRYLF 5 &RQWULE:
=RQH WR WKH 'HYHORSPHQW RI WKH +XPDQ &HUHEUDO



=LSSLQ - + &KDGZLFN 3 % IHYLQ [/ 5 %XEFN - DQG
DGHQ\O\O F\FODVH GHILQHVY D QXFOHDU F$03 PLF
K\SHUSUROLIHUDWLYH VNLQ GLVHDYHV - ,QYHVW 'HUP



