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$FNQRZOHGJHPHQWYV

J)LUVW RI DOO WKDQN \RX WR 3URIHVVRU 5RQ 'RXJODV

RI WKLV ZRUN DQG LQ SDUWLFXODU IRU WKH *HUPDQ V

/IRQJ KRXUV LQ WKH ODERUDWRU\ ZHUH PDGH PRUH HQ

HVSHFLDOO\ 3URIHVVRU *RUGRQ 5XVNHOOfV VWLPXOD

,Q 7TXHELQJHQ 3URIHVVRU +RDFKLP :DJQHU DQG KLV L
WUHPHQGRXYV KHOS LQ WHDFKLQJ HOHFWURQ PLFURVF
PLFURVFRS\ WKH UHVXOWYVY RI WKH ODWWHU WZR ZLO(
SDUWLFXODU WKDQN \RX WR 80L ODWWKLXV IRU UH FI
ZKHQHYHU LW EURNH GRZQ ZKLFK ZDV RIWHQ DQG DW

7XHELQJHQ ZHUH PDGH SRVVLEOH E\ WKH JHQHURXYV I.

'U &KULV +XOOfYVY DGYLFH RQ VWDWLVWLFDO PHWKRG|
$V WKH pROG PDQY RI WKH JURXS LW ZDV D SULYLOHJ
KDSS\ DQG IXQ JURXS RI IHOORZ 3K' VWXGHQWYV $ VSt
I[ULHQG 5XWK IRU ORWV RI IXQ DQG PXVLF )LQDOO\
JLDQWYV ZKRP , VSHQW PDQ\ KRXUV OLVWHQLQJ WR ZK
%URZQ )DWV 1DYDUUR /HH ORUJDQ %RRNHU /LWWOH
S3DUNHU OLOHV 'DYLV &KHW %DNHU 6RQQ\ 5RO0OLQYV

6WLWW $UW %ODNH\ -DQXV] &DUPHOOR %ORVVRP 'HI

[L



SEWUW FW

SHWLQRPRWRU PRYHPHQWY DUH WKH PRYHPHQWV RI F
HSLWKHOLXP 53( PHODQRVRPHV DVVRFLDWHG ZLWK \
GDUNQHVV 7KH\ DUH PRVW SUHYDOHQW DQG VWURQJt
UHSWLOHV DQG ELUGV DQG OHDVW LQ PDPPDOV 'XU|
53( PHODQRVRPHV RFFXS\ SRVLWLRQV GLIIHUHQW WR
SKDVH 1RW RQO\ GR UHWLQRPRWRU PRYHPHQWYV RFF}
DPELHQW OLJKW OHYHOV EXW WKH\ DUH DOVR XQGHU
UK\WKPLF FRQWLQXDWLRQ LQ FRQVWDQW GDUNQHVYV
PHODQRVRPHV PRYH WR OLJKW DGDSWHG SRVLWLRQV

DGDSWHG SRVLWLRQV GXULQJ pH[SHFWHGY QLJKW

7KLV ZRUN FRPPHQFHV E\ RXWOLQLQJ WKH EDVLF UK\V
PHODQRVRPH PRYHPHQWY GXULQJ D QRUPDO OLJKW G
GDUNQHVV LQ DQ HTXDWRULDO WHIROLHRDWPIXVK WKH .
HU\WKURJRROXK WKH FRQH DQG 53( PHODQRVRPHV PRYl
IDU ORQJHU LQ FRQVWDQW GDUNQHVV WKDQ LQ DQ\ R!
LV LQWHUSUHWHG DV EHLQJ GXH WR VWURQJ FLUFDGL
WKH JORZOLJKW WHWUD )XUWKHU DIWHU UHYLHZLQJ
WKDW WKH JORZOLJKW WHWUD DQG RWKHU HTXDWRUL

FLUFDGLDQ GULYH WKDQ VSHFLHV IURP PRUH WHPSHU

7KH UHODWLYHO\ ORQJ GXUDWLRQ RI UHWLQRPRWRU |

DIIRUGHG D JRRG RSSRUWXQLW\ WR VWXG\ FLUFDGLDC(



LPRUH GHWDLO )RU H[DPSOH WKH OLJKW FRQWURO F
PRYHPHQWY ZHUH H[DPLQHG 7KH OLJKW FRQWURO RI
SRRU LQ UHVSRQVH WR OLJKW H[SRVXUH DQG GDUN S¢
DQRG OLJKW SKDVHV UHVSHFWLYHO\ ,Q FRPSDULVRQ
PHODQRVRPH PRYHPHQW ZDV IRXQG GXULQJ OLJKW LQ
EXW QRW WR D GDUN SXOVH LQ WKH PLGGOH RI WKH C
FRQWURO RI FRQH PRYHPHQW ZDV UHFRUGHG DW WZR
FRQH PRYHPHQWY VXJIJHVWLQJ WKDW WKHUH LV D FLU
FRQH PRYHPHQWY $OWKRXJK WKHVH LQWHUYDOV R (
ZHUH UHODWLYHO\ VKRUW LQ FRPSDULVRQ WR WKH SF
RI' FRQH PRYHPHQWY LQ JORZOLJKW WHWUDV HQWUDL

F\FOH LQ D VLPLODU WLPH IRXQG LQ RWKHU DQLPDOV

$V WKH JORZOLJKW WHWUD LV DQ HTXDWRULDO VSHFL
RVFLOODWRUY JRYHUQLQJ UHWLQRPRWRU PRYHPHQW\
+RZHYHU WKH UK\WKP RI FRQH PRYHPHQW ZDV IRXQG
OLJKW GDUN F\FOHV ZLWK SKRWRSHULRGYV YDU\LQJ IU
RU WZR FRPSRQHQW RVFLOODWRU ZHUH DEOH WR H[S
UK\WKP RI FRQH PRYHPHQWY LQ WKH JORZOLJKW WHW
OLJKW F\FOHV )XUWKHU IROORZLQJ HQWUDLQPHQW V

UXQQOLQJ SHULRG UHPDLQHG DW KRXUV

$QRWKHU RFXODU UK\WKP WKH IRUPDWLRQ DQG GHJU
ZDV H[DPLQHG LQ WKH JORZOLJKW WHWUD ,Q FRQVWLI

G\QDPLFV VKRZHG VLIJQV RI GDPSLQJ ZLWKLQ WKH ILU



DV UHSUHVHQWLQJ OHVV VWURQJ FLUFDGLDQ GULYH V
PHODQRVRPH PRYHPHQW ,Q FRPSDULVRQ WR ERWK W]
PRYHPHQWY VSLQXOH G\QDPLFV ZDV DIIHFWHG E\ ERY
SODFHPHQW LQ WKH PLGGOH RI WKH GDUN DQG OLJKW
HISRVXUH WR OLJKW LQ WKH PLGGOH RI WKH GDUN SK

WLPH FRXUVH VLPLODU WR DOO RWKHU VSHFLHV H[DP!

5 HWLQRPRWRU PRYHPHQWY LQ SDUWLFXODU WKH PRY
PHODQRVRPHY ZHUH DOVR H[DPLQHG WR GHWHUPLQH
UROH LQ UHJXODWLQJ YLVXDO VHQVLWLYLW\ DV GHWH
"15 S5 HWLQRPRWRU UHVSRQVHYV LQ WKHDOD@QRZOLIJKW V
UHUERUH H[DPLQHG LQ WKLV VHULHV RI H[SHULPHQWYV
PLGGOH RI WKH GDUN SKDVH 53( PHODQRVRPHV EXW
PRYHPHQWY LQ WKH JORZOLJKW WHWUD ZKHUHDV ERWV
VKRZ UHWLQRPRWRU PRYHPHQWY LQ WKH JHEUDILVK

WKH PLGGOH RI WKH OLJKW SKDVH QR UHWLQRPRWRL
RIILVK +RZHYHU XQGHU ERWK FRQGLWLRQV RI1 OLJK)
OLJKW DQG GDUN SKDVHV WKHUH ZDV D VLPLODU FKD
'I5 LQ ERWK VSHFLHV 7KXV LW ZDV FRQFOXGHG WKD\

PRYHPHQWY KDYH D UROH WR SOD\ LQ VHQVLWLYLW\ F



&KDSWHU *HQHUDO ,QWURGXFWLRQ



5K\WKPLF EHKDYLRXU LV ZLGHVSUHDG 30DQWVYV RSHQ |
WLPH HDFK GD\ 'HVHUW UDWV UHPDLQ XQGHUJURXQG
HPHUJH LQ WKH GDUN WR IRUDJH IRU IRRG UHWUHDWL
VOHHS ZDNH F\FOH RFFXUV LQ PRVW DQLPDOV B6HDVRC
ELUGV ZKLOH VRPH DQLPDOV VXFK DV KDPVWHUV FKL¢
KLEHUQDWH LQ ZLQWHU ,W LV QRZ NQRZQ WKDW WKH
SURFHVVHV DUH QRW PHUHO\ D UHVXOW RI FKDQJHV L
GD\ QLJKW RU VHDVRQDO YDULDWLRQ 5DWKHU WKH\ I

FORFNV ZKLFK JRYHUQ QXPHURXVY SK\VLRORJLFDO IXQl

7KH XVH RI LQWHUQDO FORFNV WR FRQWURO VSHFLILF
DGYDQWDJHV WR WKH LQGLYLGXDO E\ VLIQDOOLQJ WK
SUHGDWRUV FDSWXUH SUH\ RU FRQVHUYH HQHUJ\ 5HI
WKHLU OHDYHV GXULQJ WKH GD\ VR WKDW WKH VXQOL.
HITHFWLYHO\ IRU SKRWRV\QWKHVLY DQG FORVH WKHP
UHVSRQGHG RQO\ WR WKH GD\ QLJKW FKDQJHV DQG GL
EHKDYLRXU LW ZRXOG QRW UHWXUQ XQGHUJURXQG XC

WR SUHGDWRUYV

2WKHU OHVV REYLRXV EXW LPSRUWDQW SK\VLRORJLFD
FRQWURO )RU H[DPSOH PHWDEROLF UDWH ERG\ WHP:
DQG XULQDU\ HIFUHWLRQ DUH JRYHUQHG E\ FORFNV L«
OHQDNHU 30D]D HW DO 5DVKRWWH HW DO

EXON RI WKLV VWXG\ FRQFHUQV RQH VXFK UK\WKP WK



UNLQRPRWRU PRYHPHQWYV LQ WKH H\H RI D WHOHRVW

+HPLJUDPPXV HU\WKUR]JRQXV

,Q WKH ILUVW SDUW RI WKLY LOWURGXFWLRQ JHQHUD
DUH GHVFULEHG EULHIO\ EHIRUH D PRUH GHWDLOHG G
UHWLQRPRWRU PRYHPHQWY LV JLYHQ 1H[W WKH ILHO
LOQWURGXFHG 7KHUH LV D ORQJ KLVWRU\ WR WKH VWX
ZRUNHUV KDYH LQWHUSUHWHG WKHLU ILQGLQJV LQ Wk
XS MELRORJLFDO UK\WKPVY ,W LV KRSHG WKDW E\ LQ\
ZKR KDYH VWXGLHG UHWLQRPRWRU PRYHPHQWYV PD\ E

XQGHUWDNHQ KHUH EXW DOVR E\ UHLQWHUSUHWLQJ \

*HQHUDO FKDUDFWHULVWLFV DQG KEC
WHWUD

7KH JORZOPIKWLWHBWRPXV HULW PDURHOQMRWV W ERQ\ ILVK
EHORQJLQJ WR WKH IDPLO\ &KDUDFLGDH ZKLFK LV D ¢
&KDUDFLIRUPHVY DUH PRVWO\ FDUQLYRUHV ZLWK ZHOO
D ERG\ WKDW LV VFDOHG DQG KDYH DQ DGLSRVH DQD
OHPEHUV RI WKLV RUGHU OLNH WKH JORZOLJKW WHW.L
H[WUHPHO\ FRORXUIXO 7KH &KDUDFLGDH DUH D ODUJ
WKH SRWHQWLDOO\ GHDIQUBWRNKKYEBEYKDSPHULFDQ Wk
A+HPLJUDPPEWLQG FDYHILVK LEVOWDER[ PRIDPADR XV

VSHFLHY WKDW G&W\J0FKWX WOWES®ORSHFLHY WKDW KD

GLVSHUVHG LQWR WKH VRXWKZH\WW WUVDRQQEHP LAHH IGF b i B W



7K JORZOLJKW WHWUD )LJXUH LV D IUHVKZDWHU |
FP DQG FDQ VXUYLYH LQ VKDOORZ ZDWHUV ZLWK D !
WURSLFDO FOLPDWH UDQJLQJ IURP f& )LVKEDVH

WKLV SLHFH RI ZRUN LV WKH JHRJUDSKLFDO GLVWULE

)LJ *ORZOLIJKW WHWUD
SKRWRJUDSK RI JORZOLJKW
1RWH LWV UHODWLYHO\ FR(
DSSHDUDQFH VFDOHG ERG
DGLSRVH DQDO ILQ W\SLFD
FKDUDFLIRUPHYV

7KH JORZOLJKW WHWUD LV DQ HTXDWRULDO VSHFLHV
LV JLYHQ YDULRXVO\ DV 3WKH *XLQHDV DQG DGMDFHQ
HW DO 31RUWK HDVWHUQ SDUWYV RI 6RXWK $PHUI
VLPSO\ 3*X\DQQD" 3D\VDQ 7KXV WKH JORZOLJKYV
RULJLQDWH LQ *X\DQQD ZKLFK VWUHWFKHV IURP f1 W
FDQ EH QDUURZHG E\ FRQFHQWUDWLQJ RQ WKH UHFRL
FROOHFWLRQV LQ PXVHXPV KDYH EHHQ LQ FUHHN WUL
OXVHXP RI 1DWXUDO +LVWRU\ &DOLIRUQLDQ $FDGHP\
WKH $\DQJDQD ORXQWDLQ 5DQJH LQ WKH 1RUWK 5XSX
PLOHV WR WKH (VVHTXLER 5LYHU $ UDQJH RI WKH FR
JLYHQ E\ WKRVH DW HLWKHU HQG RI WKH ULYHU DV LV
$\DQJDQQD WKH FR RUGLQDWHY DUH f 71 ODWLWXG

(VVHTXLER 5LYHU UXQV WR f1 ODWWLWXGH DQG i



QR UHFRUGHG ILQGLQJV WKLV IDU VRXWK LW VHHPV L
LOQKDELW WKHVH UHJLRQV 7KXV D QDUURZHU UDQJH |

LV f 91 ODWLWXGH DQG f : ORQIJLWXGH WR f1 DQ

7KH JHRJUDSKLFDO GLVWULEXWLRQ RI WKH JORZOLJK)
WKLV ZRUN DV LW DOORZV D IDLUO\ DFFXUDWH GHWHU
ZKLFK ILVK DUH H[SRVHG GXULQJ WKHLU OLIHWLPH 8\
ZH ZRXOG H[SHFW WKH JORZOLJKW WHWUDYV OLYLQJ F¢
5DQJH f 11 ODWLWXGH WR H[SHULHQFH WKH PRVW °
D \HDU ,Q WKH PD[LPXP DQG PLQLPXP YDOXHV LQ

$\DQJDQD DUH JLYHQ LQ WKH WDEOH EHORZ

7TDEOH O9DULDWLRQ LQ VXQULVH DQG VXQVHW WLPF

(DUOLHVW WXQUHWHIDW D\ OLJKW KRXQUW QG
K P
IDWHVW VX@XQVHWWW'D\ OLIJKW -DQXDU\
KRXUV O OK P
(DUOLHVW WXQWVHWHDIWW D\ OLIKW KRRYMPEHU
K P
IDWHVW VX@XG®WLDW DWD\ OLJKW ODUFK

KRXUV K P

7TDEOH YDOXHV WDNHQ IURP WKH 8 6 1DYDO 2EVHUYD



7TKX GXULQJ ILVK LQKDELWLQJ ZDWHUV QHDU WKH
H[SHULHQFHG GD\OLJKW KRXUV WKDW YDULHG IURP O
RQO\ PLQXWHV ,1 JORZOLJKW WHWUDYV GR LQKDELW
VRXWKHUQ SRLQW DV VSHFXODWHG DERYH WKHQ WKF

\HDU ZLOO EH OHVV WKDQ PLOQXWHYV

7KH H[SHULHQFH RI FRQVWDQW GD\ OHQJWKYV WKURXJFk
LV D WKHPH WKDW ZLOO UHRFFXU WKURXJKRXW WKLV

JORZOLJKW WHWUD ZDV FKRVHQ IRU VWXG\

/KH WHOHRVW UHWLQD

7R GDWH WKHUH KDYH EHHQ QR DQDWRPLFDO VWXGLH
WHWHPLJUDPPXV HUMMKURIRODXW DQ H[WHQVLYH OLWH
UHYHDOHG RQO\ VWXGLHV LQYROYLQJ JORZOLJKW WE
DQG LQYROYHG JORZOLJKW WHWUD LQVSHFWLRQ RI1 YL
FRXOG FRUUHFWO\ JXHVV FKHPLFDOV UHOHDVHG E\ SR

%URZQ HW DO %YURZQ HW DO +RZHYHU V
RFXODU DQDWRPLFDO VWXGLHYV LQ YDULRXV RWKHU W
GHVFULSWLRQ RI ERWK WKH VWUXFWXUH RI WKH H\H D
JORZOLJKW WHWUD LV D WHOHRVW LWV VWUXFWXUH I

SHUVRQQHO REVHUYDWLRQ

/I\LQJ GLUHFWO\ LQVLGH WKH FKRURLG LV WKH UHWLQL

FDQ EH GLYLGHG LQWR WHQ OD\HUV HLJKW RI| ZKLFK F



RQVLVW RI VWUXFWXUHY ZKLFK ORRN OLNH PHPEUDQ

WKH\ DUH QRW )URP WKH VFOHUD WR YLWUHRXV GLUL

HSLWKHOLDO OD\HU WKH SKRWRUHFHSWRU OD\HU
RXWHU QXFOHDU OD\HU WKH RXWHU SOH[LIRUP OD\
LQQHU SOH[LIRUP OD\HU 7KH JDQJOLRQ FHOO OD\H!

LQWHUQDO OLPLWLQJ PHPEUDQH )LJIXUH

)LJ *ORZOLJKW WHWUD UHWLQD

7UDQVYHUVH VHFWLRQ RI JORZOLJKW WHWUD
UHWLQD %UXFKfV PHPEUDQH LV PLVVLQJ
+HUH WKH DUURZ JLYHV WKH SRVLWLRQ ZKHUH
%UXFKJV PHPEUDQH LV QRUPDOO\

IRXQG SLJPHQW HSLWKHOLDO OD\HU
SKRWRUHFHSWRU OD\HU RXWHU OLPLWLQJ
PHPEUDQH RXWHU QXFOHDU OD\HU RXWHU
SOH[LIRUP OD\HU LQQHU QXFOHDU OD\HU
LQQHU SOH[LIRUP OD\HU JDQJOLRQ FHOO
OD\HU QHUYH ILEUH OD\HU LQWHUQDO
OLPLWLQJ PHPEUDQH %DU SP

%UXFKIYV PHPEUDQH

,Q WHOHRVWYV %UXFKIV PHPEUDQH LV D WULODPLQDU
EDVHPHQW PHPEUDQH RI WKH FKRULRFDSLOODU\ HQG|
WKH PHGLDO OD\HU DQG WKH LQQHU OD\HU LV FRPSR\
SLIJPHQW HSLWKHOLDO FHOOV %UDHNHYHOW D )

DQG PHWDEROLF H[FKDQJH RFFXUV DFURVV %UXFK{V



FHEBIWZHHQ %UXFKYV PHPEUDQH DQG WKH SLIPHQW H
SUHVHQW DW WKH LOWHUIDFH EHWZHHQ SKRWRUHFHS

D

7KH SLIPHQW HSLWKHOLDO OD\HU

3LIJIPHQW HSLWKHOLDO FHOOV FRQVLVW RI D EDVDO S
WKDW H[WHQG LQZDUGYVY DPRQJVW SKRWRUHFHSWRUV
LQ VKDSH DQG IRUPV D UHJXODU DUUD\ 7KLV UHJLRQ
PLWRFKRQGULD WXEXODU HQGRSODVPLF UHWLFXOXP
NLQGV RI O\WWRVRPHV ZKLFK GHVWUR\ SDFNHWV RI GLV
VHIPHQWY RI SKRWRUHFHSWRUV %UDHNHYHOW
DDQG E OHODQLQ JUDQXOHV RU PHODQRVRPHV I
DQG DUH FDSDEOH RI UHWLQRPRWRU PRYHPHQWYVY VHI
PRYH LQZDUG LQWR WKH SURFHVYV RI WKH SLIPHQW FF

LQ WKH EDVDO UHJLRQ RI WKH FHOO %XUQVLGH DQG

7KH SKRWRUHFHSWRU OD\HU

7KLV OD\HU FRQVLVWV RI SDUWV Rl SKRWRUHFHSWRU"
WKHUH DUH WZR W\SHV URGV DQG FRQHV B6LWXDWHG
VHIJPHQWYV RI ERWK W\SHVY Rl SKRWRUHFHSWRUV ZKLF
HFFHQWULF FRQQHFWLQJ VWDON FRQWDLQLQJ D PRGL

FRQVLVWY RI D VHULHYVY RI ODPHOOD VDFXOHV ZKLFK



WKDW OLH SDUDOOHO WR RQH DQRWKHU DQG XVXDOO\
VDFV DOVR FDOOHG GLVFV DUH IRUPHG E\ LQYDJLQD
LV LQ WKH PHPEUDQH RI WKHVH WKDW WKH YLVXDO SL
KDYH ORVW WKH FRQWLQXLW\ ZLWK WKH RXWHU SODV
ZLWKLQ WKH RXWHU VHIPHQW ZKHUHDV LQ FRQHV WK
WKH PHPEUDQH IURP ZKLFK WKH\ DULVH E\ LQIROGLQJ
DUH FRQWLQXDOO\ UHQHZHG E\ QHZ GLVFV EHLQJ DGG
ROG GLVFV GLVFDUGHG DW WKH WLS LQ GLVFUHWH SD
DOVR DQ DFFHVVRU\ RXWHU VHIJPHQW ZKLFK LV D FLOI
VHIPHQW FORVH WR WKH FRQQHFWLQJ FLOLXP W LV
VHULHV RI ILQH SURFHVVHY DQG FRQWDLQV ILQH JUDC
IXQFWLRQ LV \HW WR EH HVWDEOLVKHG (QJVWURP

SKRWRUHFHSWRU LV PDGH XS RI DQ HOOLSVRLG FRQW
P\RLG 7KH P\RLG ZKLFK LV YLWUHDG WR WKH HOOLS\
PHPEUDQH 2/0 DQG FRPSULVHV ULERVRPHV YHVLFOF
HQGRSODVPLF UHWLFXOXP *ROJL ERGLHV DQG PLFUR

IRFNHW IRU UHYLHZYV

7KH FRQWLQXDWLRQ RI WKH SKRWRUHFHSWRUYV OLHYV
QXFOHXV LV VLWXDWHG YLWUHDG WR WKH 2/0 LQ WKH
JROORZLQJ WKH QXFOHXV LQ D YLWUHDG GLUHFWLRQ
FRQWDLQV PDLQO\ PLFURWXEXOHY DQG OHDGV WR WK
SOH[LIRUP OD\HU VHH EHORZ DQG FRQWDLQV V\QDSW

:DIJQHU /IRFNHW IRU UHYLHZV



SRGV

,Q JHQHUDO URGV IDU RXWQXPEHU FRQHY DQG DUH V(
VHIPHQW +RZHYHU GHSHQGLQJ RQ VSHFLHV WKHUH

GLVWULEXWLRQ )RU H[DPSOH FDWILVK KDYH D VLQJO
VHIPHQWY ZKLOH LQ RWKHU VSHFLHYVY URGY DUH PRUH
RXWHU VHIPHQWY 2IWHQ LQ VKDOORZ ZDWHU VSHFLH
DV ZHOO DV EHLQJ VWDJIJHUHG LQ GHSWK ZKLFK DOOF
LOQWR WKH SKRWRUHFHSWRU OD\HU ,Q PDQ\ GHHS ZD
UHJXODUO\ LQ VHYHUDO WLHUV ZKLFK LV WKRXJKW WF
0OXQN /IRFNHW $Q DFFHVVRU\ URG RXWHU VH
RQO\ LQ VRPH ILVK DQG LV PXFK OHVV SURPLQHQW WK
WHUPLQDOV DUH VSKHULFDO DQG FDOOHG VSKHUXOHYV

EDVDO ILODPHQWY /REFENHW

&RQHV

&RQHV DUH XVXDOO\ ERWK IHZHU DQG EXONLHU WKDQ
RXWHU VHIPHQW 7KHUH DUH VHYHUDO NLQGV RI FRQF
YHU\ UDUHO\ TXDGUXSOH DV LQ VRPH F\SULQLGV (QJV
KDYH VLQJOH DQG GRXEOH FRQHV 'RXEOH FRQHV FRQ
FRQHV I WKH\ DUH RI HTXDO VL]H DQG LQGLVWLQJXL)\
UHIHUUHG WR DV WZLQ FRQHV ZKHUHDV ZKHQ WKH\ DU

LV UHIHUUHG WR DV WKH SULQFLSOH FRQH DQG WKH V



FROQORI WKH WZLQ FRQH FRQWDLQ WKH VDPH SLIJPHQW
WZLQV RWKHUZLVH WKH\ DUH WHUPHG QRQ LGHQWLFD
DUH IRUPHG E\ WKH IXVLRQ RI WZR VLQJOH FRQHV (Q.

7KH IXQFWLRQDO VLJQLILFDQFH RI GRXEOH FRQH
DUH XVXDOO\ DVVRFLDWHG ZLWK DQLPDOV WKDW LQKE
DQG FRGH IRU OXPLQRVLW\ UDWKHU WKDQ FRORXU YL

GRXEOH FRQHV DUH WKRXJKW WR HQKDQFH VHQV
FLUFXPVWDQWLDO HYLGHQFH WKDW GRXEOH FRQHV D!
ELUGYV &DPSHQKDXVHQ DQG .LUVFKIHOG DQG ILV

'KHQ WKHUH DUH VHYHUDO FRQH W\SHV SUHVHQW
WDSHULQJ FRQWDLQ ORQJHU ZDYHOHQJWK SLIPHQW W
6LQJOH FRQHV DOVR VKRZ PRUSKRORJLFDO YDULDWLR
VKRUW DQG PLQLDWXUH VL]HG FRQHV (QJVWURP E
FRQHV DUH EHOO VKDSHG FDOOHG SHGLFOHV IURP Z

PD\ DULVH :DJQHU

,Q PRVW VSHFLHV LW LV XVXDO WR ILQG WKDW WKH VI
D SDUWLFXODU RUGHU WR JLYH D VWUXFWXUHG PRVDI
PRVDLF W\SH GLVSOD\HG E\ WKH JORZOLJKW WHWUD

GRXEOH FRQHV JLYLQJ D VTXDUH PRVDLF (QJVWURP

DUH DOVR UHJLRQDO GLIITHUHQFHYVY LQ FRQH SDWWHUQ
HIDPSOH WKH DERYH VTXDUH PRVDLF PD\ RQO\ H[LVW
VXSHULRU UHWLQD FRQWDLQYVY D GLIITHUHQW SDWWHUC
PD\ DOVR GLIIHU GHSHQGLQJ RQ ZKHWKHU WKH UHWLC

DGDSWDWLRQ .XQ]



$v ZHOO DV FRQH SDWWHUQV WKHUH DUH UHJLRQDO °
SURSRUWLRQ RI FRQHV ZKLFK HIWHQG WR ELSRODU D¢
FRQFHQWUDWLRQV RI FRQHYV ZLOO JLYH UHJLRQV RI JI

NQRZQ DV DUHDH $OL DQG $QFWLO

)LJ 7TDQIJHQWLDO VHFWLRQ RI JORZOLJKW WHWUD UHW

7TDQIJHQWLDO VHFWLRQ RI JORZOLJKW WHWUD UHWLQD
FRQH PRVDLF ZKHUH D FHQWUDO VLQJOH FRQH 6 LV '
'& % DU SP

7KH RXWHU OLPLWLQJ PHPEUDOQH

7KH RXWHU OLPLWLQJ PHPEUDQH LV VLWXDWHG VOLJK
DOWKRXJK VRPH FRQH QXFOHL FDQ RYHUOLH WKLV PH
GLYLGLQJ OLQH EHWZHHQ WKH P\RLGV DQG WKH QXFO

RI WLIKW MXQFWLRQVY EHWZHHQ 0c.OOHU FHOOV DQG W



7TKH RXWHU QXFOHDU OD\HU

7KLY OD\HU FRQVLVWY RI WKH QXFOHL RI SKRWRUHFHS:¢
VPDOOHU DUH ORFDWHG YLWUHDG WR WKH ODUJHU FF

WKH RXWHU OLPLWLQJ PHPEUDQH 1LFRO

7KH RXWHU SOH[LIRUP OD\HU

7KH VI\QDSWLF WHUPLQDOV RI ERWK URGY DQG FRQHV
DQG ELSRODU FHOOV ZKLFK PDNH FRQWDFW ZLWK WKH
SKRWRUHFHSWRU WHUPLQDOV VKRZ LQYDJLQDWLRQV I
KRUL]JRQWDO DQG ELSRODU FHOOV DW FHQWUDO DQG ¢
FRQH SHGLFOHV PRVW RI WKH FHQWUDO SURFHVVHV F
KRULIRQWDO FHOOV DUH UHVSRQVLEOH IRU WKH ODWF
, QWHUSOH[LIRUP FHOOV VHH EHORZ IRUP D GLIIXVH ¢
VIQDSVHV ZLWK PDLQO\ FRQH W\SH KRUL]J]RQWDO FHOO

ELSRODU FRQH DQG URG WHUPLQDOV DUH VHHQ :DJQ

7KH LQQHU QXFOHDU OD\HU

7KLV LV FRPSRVHG RI WKUHH GLVWLQFW OD\HUV RI QH
RXWHU OD\HU WKH PRVW VFOHUDG FRPSULVHV KRUL]
RI ELSRODU FHOOV DQG WKH LQQHU PRVW YLWUHDG

DPDFULQH FHOOV LQWHUSOH[LIRUP FHOOV DUH ZLGHC



PXWXDOO\ HIFOXVLYH DQG VRPH PL[LQJ RI QHXURQV L\

,Q WHOHRVWVY WKH OD\HU RI KRULIRQWDO FHOOV FRQ
GHSHQGLQJ RQ WKH VSHFLHV )RU H[DPSOH LQ WKH FI
DO ZKLOVW WKH JROGILVK 6WHOO HW DO K
+RUL]JRQWDO FHOOV DUH XVXDOO\ IODW RU FXERLGDO
F\WRSODVP DQG JHQHUDOO\ IRUP D ODWHUDO VSUHDG
SOH[LIRUP OD\HU 1LFRO 7KH\ DUH FODVVLILHG D
FRQQHFW ZLWK URGV RU FRQHV ,Q JROGILVK DQG FDU
Rl KRULJRQWDO FHOO W\SHV WKDW FRQQHFW ZLWK FR(
URGV 7KH JROGILVK KRUL]JRQWDO FHOOV DUH FODVVH
LQFUHDVLQJ GLDPHWHU RI WKH GHQGULWLF WUHH GH
GHFUHDVLQJ GHQVLW\ RI FRQH FRQWDFWV + FRQWDF
KDYH VSHFELILF FRQQHFWLYLW\ ZLWK GLIIHUHQW W\SH
FRQWDFW UHG EOXH DQG JUHHQ VHQVLWLYH FRQHYV

89 VHQVLWLYH FRQHV ZKLOH WKH + FHOOV FRQWDEW
'MDPJR] DQG :DJQHU IRU UHYLHZ +RUL]JRQWDO FH
DFFRUGLQJ WR WKHLU HOHFWURSK\VLRORJLFDO UHVSF

FKDSWHU

%LSRODU FHOOV KDYH VOHQGHU FHOO ERGLHV URXQG
FDQ EH HODERUDWH 6KHUU\ DQG <D]XOOD THOHE
ELSRODUV /DUJH ELSRODUV H[WHQG VFOHUDO WR WKF

URGY EXW DOVR D IHZ FRQHVY DQG LQ FDUS DQG JROGI



PL[HG ELSRODUV ZKHUHDV VPDOO ELSRODUV V\QDSYV
WKH SHGLFOH DQG DUH FDOOHG & FRQH ELSRODUV ¢
ELSRODUV DUH IXUWKHU VXEGLYLGHG VXEW\SHV DO I
FRQHV ZKLOH D E DQG E FRQWDFW URGYV DQG ERWE
6WHOO HW DO JXUWKHU VXEGLYLVLRQ LV JLYHQ
LQQHU SOH[LIRUP OD\HU WKRVH WKDW WHUPLQDWH L
ZKLOH WKRVH WKDW WHUPLQDWH PRUH YLWUHDG LQ V
JLYH OD OE &D DQG &E W\SH ELSRODUV 1LQH GLIIHU
EHHQ LGHQWLILHG DFFRUGLQJ WR WKHLU WHUPLQDWL
JROGILVK 6KHUU\ DQG <D]XOOD JXQFWLRQDOO\

FDWRUJRUL]HG DFFRUGLQJ WR WKHLU UHVSRQVH WR C
JLYH K\SHUSRODUL]JLQJ UHVSRQVHV NQRZQ DV 21 FHQ
VXEODPLQDU E JLYH GHSRODUL]JLQJ UHVSRQVH WR OL.

6WHOO HW DO

$PDFULQH FHOOV DUH ODUJHU WKDQ ELSRODU FHOOV
WHUPLQDWH LQ WKH LQQHU SOH[LIRUP OD\HU *HQHUD
DQG ZLGH LQWHUFRQQHFWLRQV ZLWKLQ WKH LQQHU S
SUHV\QDSWLF DQG SRVWV\QDSWLF OLQNV ZLWK ELSRC

DQG SUHV\QDSWLF OLQNV WR JDQJOLRQ FHOOV :DJQH

,QWHUSOH[LIRUP FHOOV DUH GLVWULEXWHG DPRQJVW
H[WHQG LQWR ERWK WKH RXWHU DQG LQQHU SOH[LIRU
RFFXUV LQ WKH LQQHU SOH[LIRUP OD\HU DQG WKH RX\

SOH[LIRUP OD\HU DQG PDLQO\ RQWR FRQH W\SH KRUL]



QWHUSOH[LIRUP FHOOV FDQ EH FODVVLILHG DFFRUGL!
*$%$HUJIJLF JO\FLQHUJLF DQG VHURWRQHUJLF VXEW\S
SURPLQHQW DUH WKH GRSDPLQHUJLF W\SHV ZKLFK GL

KRULIRQWDO FHOOV DQG DUH WKRXJKW WR SOD\ D UR:

:XOOH

7KH LQQHU SOH[LIRUP OD\HU

7KH LQQHU SOH[LIRUP OD\HU LV D GHQVH QHWZRUN R
DQRG YHUWLFDOO\ WR JLYH DQ DSSHDUDQFH RI D PHVK
FHOO SURFHVVHV DPDFULQH FHOO SURFHVVHV LQWH
JDQJOLRQ FHOO GHQGULWHYV +HUH WKH JDQJOLRQ Ft

ELSRODU DQG DPDFULQH FHOO SURFHVVHYV

7KH JDQJOLRQ FHOO OD\HU

*DQJOLRQ FHOO ERGLHV DUH IRXQG LQ WKLV OD\HU 7
FHOOV ZKLFK DUH FODVVLILHG DFFRUGLQJ WR WKH V|
GHQGULWLF ILHOGY DQG ZKHUH WKH\ WHUPLQDWH LQ
HIDPSOH LQ WKH JROGILVK IRXU W\SHV RI JDQJOLRQ
WR WKH VL]H RI WKHLU VRPD DQG GHQGULWLF ILHOG I
IXUWKHU VXEGLYLGHG DFFRUGLQJ WR WKHLU VWUDWL
+LWFKFRFN DQG (DVWHU ,Q WKH JHEUDILVK G

RI JDQJOLRQ FHOOV FRXOG EH LGHQWLILHG ODQJUXP



YDLDWLRQ LQ PRUSKRORJLFDO W\SHV DPRQJVW GLIIHL
H[ISHFW WKHUH WR EH VHYHUDO W\SHV RI JDQJOLRQ FI
*DQJOLRQ FHOO GHQGULWHY DUH SRVWV\QDSWLF WR L

DQG WKHLU RXWSXW LV WR WKH RSWLF QHUYH :KHHOI

7KH QHUYH ILEUH OD\HU

Y%YHWZHHQ WKH JDQJOLRQ FHOO OD\HU DQG WKH LQWH!
FHOO D[RQV IRUP D GLVWLQFW OD\HU NQRZQ DV WKH (
FRQYHUJH LQ WKH UHJLRQ RI WKH RSWLF GLVF WR IRU
WKH UHWLQDO JDQJOLRQ FHOO D[RQV IRUP GLVFUHWH
ILEUH OD\HU LQ HIIHFW IRUPLQJ PXOWLSOH RSWLF QH

$QFWLO 'RXJODV HW DO

7KH LQWHUQDO OLPLWLQJ PHPEUDQH

7KLV pPHPEUDQHY VHSDUDWHY WKH QHUYH ILEUH OD\F
YLWUHDO YHVVHOV W FRQVLVWY RI D KRPRJHQRXYV K!

HQGYV RI WKH SURFHVVHYVY RI 0ceOOHU FHOOV



0«-OOHU FHOOV

0«-OOHU FHOOV VSDQ WKH UHWLQD IURP WKH RXWHU Ol
ERXQGDU\ 7KHLU HORQJDWHG ILEUHVY H[WHQG YHUWLF
IUDPHZRUN WKDW VXSSRUWYV WKH UHWLQD 7KHLU SHU
QXFOHDU OD\HU 1LFRO ,Q PDQ\ DYDVFXODU WHC
FRQWDLQV QXPHURXV PLWRFKRQGULD DQG WKHLU FHO

VXJIHVWLQJ WKDW 0.OOHU FHOOV DOVR KDYH D QXWU

SHWLQRPRWRU PRYHPHQWYV

5HWLQRPRWRU PRYHPHQWY DUH PRYHPHQWY RI URGYV
HSLWKHOLDO 53( PHODQRVRPHV WKDW DFFRPSDQ\ WE
7KH\ DUH VWURQJHVW LQ ILVK DQG DPSKLELD OHVV L«
PDPPDOV ([WHQVLYH WDEOHV JLYLQJ WKH SUHYDOHQT
DPRQJ YDULRXY YHUWHEUDWH JURXSY KDYH EHHQ FRC
:DIJQHU 7KH VWXG\ RI UHWLQRPRWRU PRYHPHQW\
DJR DQG E\ $UH\ ZURWH D FRQVLGHUDEOH UH
WKHQ LOQWHUHVW LQ UHWLQRPRWRU PRYHPHQWYV KDV
DQG VSRUDGLF SXEOLFDWLRQV IRU PRUH UHFHQW UH"

:DIJQHU HW DO D &DKLOO DQG %HVKDUVH

'XULQJ WKH GD\ RU OLJKW SKDVH FRQHV FRQVWULFW

HOOLSVRLG FORVH WR WKH RXWHU OLPLWLQJ PHPEUD (



HOPQJDWH WKHLU P\RLGVY SRVLWLRQLQJ WKHLU HOOLSYV
FORVH WR WKH SURFHVVHV RI WKH 53( FHOO :KLOH W
ZLWKLQ WKH 53( FHOOV GLVSHUVH DQG DFFXPXODWH
PLFURYLOOXV OLNH SURMHFWLRQV RI WKH 53( FHOOV
VKLHOGYVY WKH URGV IURP OLJKW )LJXUH 7KH UHY
FRQHVY HORQJDWH WKHLU P\RLGVY WR SRVLWLRQ WKHLI
PHPEUDQH ZKLOH WKH URGV FRQVWULFW WKHLU P\RLC
WKH RXWHU OLPLWLQJ PHPEUDQH OHDQZKLOH WKH 5.
WKH EDVH RI WKH 53( FHOOV )LJXUH ,Q JHQHUDO
OLJKW WR GDUN RU WKH UHYHUVH WDNH EHWZHHQ

WHPSHUDWXUH GHYHORSPHQWDO VWDJH VWUHVV DC

$0OL IRU UHYLHZ

)LJ /[LIJKW DGDSWHG WHOHRVW UHWLQD
'LDJUDP DQG PLFURJUDSK RI D WHOHRVW UHWLQD VKF
DQG 53( PHODQRVRPHYVY ZKHQ OLJKW DGDSWDWHG ,Q \



)LJ 'DUN DGDSWHG WHOHRVW UHWLQD
'LDJUDP DQG PLFURJUDSK RI D WHOHRVW UHWLQD VKR
DQG 53( PHODQRVRPHYV ZKHQ GDUN DGDSWHG ,Q WKH

9HU\ EULHI IODVKHV RI OLJKW DV VKRUW DV VHF
IXOO OLIJKW DGDSWLYH UHWLQRPRWRU PRYHPHQWYV L
ULGH WKH GDUN VLJQDO DQG RQFH OLJKW H[SRVXUH V
WKH IXOO SURFHVYVY ZLOO FRPSOHWH LUUHVSHFWLYH R
VLIQDO WR OLJKW DGDSW LV DOO WKDW LV UHTXLUHG

DGDSWDWLRQ O0XQW] DQG 5LFKDUG :DIJQHU DQG '

&RPSDULVRQ RI WKH DEVRUSWLRQ VSHFWUD RI NQRZQ
DFWLRQ VSHFWUD RI UHWLQRPRWRU PRYHPHQWY VKR:

DFDUD URGVYV WULJJHU OLJKW DGDSWLYH UHWLQRPRW



FRQHV WULJJHU GDUN DGDSWDWLYH PRYHPHQWYV .LUV
OHDQZKLOH 53( PHODQRVRPH PRYHPHQWYV LQ WURXW
LQGLFDWH UHJXODWLRQ E\ D URG SLIPHQW $0OL DQG !¢
PRQRFKURPDWLF FDWILVK KRZHYHU FRQH FRQWUDFW

UHG VHQVLWLYH FRQHV 'RXJODV DQG :DJQHU

7KH IXQFWLRQ Rl UHWLQRPRWRU PRYHPHQWYVY KDV OHC
HDUO\ LGHD FRQFHUQHG VSDFH XWLOLVDWLRQ DQG Wi
UHWLQDV 'XULQJ WKH OLJKW SKDVH WKH FRQH HOOL:
DQG GXULQJ GDUNQHVV WKH URG HOOLSVRLGV DUH SR
RSWLPXP FDSWXUH RI OLJKW E\ FRQHV GXULQJ SKRWR
VFRWRSLF FRQGLWLRQV ZLOO HQVXH +HU]RJ ([Q}
BWXGQLW] $QRWKHU LGHD WKDW DOVR UHFHLYHC
WKH OLJKW SKDVH WKH 53( PHODQRVRPHVY FRQWULEXW
WKHPVHOYHV EHWZHHQ FRQH RXWHU VHIJPHQWY DQG [
IURP FRQH HOOLSVRLGY RLO GURSOHWV RU SDUDERC
JHQHUDOO\ DFFHSWHG DUJXPHQW WR WKH SXUSRVH R
WKDW LW SURYLGHV D PRYDEOH VKLHOG IRU WKH URG
VKLHOGLQJ GXULQJ EULJKW OLJKWV DQG DOORZ H[SR\
FRQGLWLRQV +HU]RJ ([QHU DQG -DQXVFKNH

E ,W KDV DOVR EHHQ VXJJHVWHG WKDW SKRWRUHF
PRGLI\ WKHLU HOHFWULFDO UHVSRQVHV %XUQVLGH D
URGY DUH VKRUWHVW LQ OLJKW FRQGLWLRQV ZKHUH V

HORQJDWLRQ RI WKH SKRWRUHFHSWRU PLIJKW GHFUHD



FRGXFWHG IURP WKH RXWHU VHIJPHQW WR WKH V\QDSV
SKRWRUHFHSWRU DW WKH DSSURSULDWH WLPH RI GD\
$GXOW ILVK WKDW FRQWDLQ ERWK URG DQG FRQH SKR
\RXQJ ODUYDH 'XULQJ WKLV VWDJH RI GHYHORSPHQW
UHPDLQ LQ WKHLU IXOO\ OLJKW DGDSWHG SRVLWLRQV
DSSHDUDQFH FRPH WKH ILUVW VLJQV Rl UHWLQRPRWR!
PRYHPHQWV LQ URG IUHH ODUYDO UHWLQDV LV FRQVL)\
DGXOWV UHWLQRPRWRU PRYHPHQWY VHUYH WR UHJXC
VWULNLQJ URG RXWHU VHIJPHQWV +HU]RJ ([QHU T
DO 'RXJODYV E EXW GRHV QRW H[FOXGH WKH (

VDYH VSDFH

OHFKDQLVPV RI UHWLQRPRWRU PRYHPHQW

&RQH FRQWUDFWLRQ DQG HORQJDWLRQ

ODQ\ VWXGLHV KDYH VKRZQ WKDW DFWLQ ILODPHQWYV

DOO SOD\ D SDUW LQ UHWLQRPRWRU PRYHPHQWYVY VHH
UHYLHZ $V WKH YLWUHDG KDOI RI WKH FRQH LV IL[HG
RXWHU QXFOHDU OD\HU VKRUWHQLQJ RI WKH FRQH WL
FRQH LV IUHH 7KLV plUHHY KDOI FRQVLVWYV RI WKH RX
P\RLG UHJLRQ ZKLFK H[WHQGV LQWR WKH VSDFH EHWZ

OLPLWLQJ PHPEUDQH DQG LV ZKHUH PRVW RI WKH VKR



&ERYHFRQWDLQ DFWLQ ILODPHQWY WKDW DUH ORQJLW)>
EXQGOHYV RULIJLQDWH DW WKH EDVH RI WKH RXWHU VI
UHJLRQ )HZHU ILODPHQWY FDQ EH REVHUYHG H[WHQG
DQG IXUWKHU LQWR WKH SHGLFOH %XUQVLGH D LC
DUH IRXQG SUHGRPLQDQWO\ LQ WKH YLWUHDG UHJLRQC
DV ZHOO DV LQ WKH P\RLG UHJLRQ %XUQVLGH /
PLFURWXEXOHY KDYH DOVR EHHQ ORFDWHG LQ WKH P\

D )HUUHUz HW DO

&\WRFKDODVLQV LQKLELW DFWLQ SRO\PHUL]DWLRQ E\
DQG WKXV KDYH EHHQ XVHG WR LGHQWLI\ DFWLQ GHSI

D &ROFLKLQH GLVUXSWY PLFURWXEXOHY DOORZL(
SURFHVVHV FDQ EH LGHQWLILHG W LV WKRXJKW WR |
PLFURWXEXOHYV ZKLFK WKHQ FDSV WKH IUHH DVVHPEO

DVVHPEO\ %XUQVLGH DQG 1DJOH

8VLQJ F\AWRFKDODVLQV WR EORFN WKH DFWLRQ RI DFV
UHTXLUHY DFWLQ ILODPHQWY DQG LW LV WKRXJKW WK

D :DUUHQ DQG %XUQVLGH 21&RQQRU DQG %XU
DQG $73 DUH UHTXLUHG IRU FRQH FRQWUDFWLRQ LQG
VLPLODU WR WKDW IRXQG LQ VNHOHWDO PXVFOHV %X
IRU DQ DFWLQ P\RVLQ PHFKDQLVP ZDV VKRZQ E\ XVLQ
P\RVLQ WR EORFN DFFHVV RI QDWLYH P\RVLQ WR FRQ}
FRQWUDFWLRQ 3RUUHOOR HW DO 0\RVLQ ILODP]|

DFWLQ ILODPHQWY XVLQJ D VOLGLQJ PHFKDQLVP FRPF



PXVFOAHMWMIQVLGH $FWLQ ILODPHQWY DUH RUJDQL"
%XUQVLGH ,Q WKH plUHHY VFOHUDO KDOI ILODP
DUURZKHDGV ZKLOH LQ WKH IL[HG YLWUHDO KDOI PRV
GLVWDOO\ DOWKRXJK VRPH DUH SUR[LPDOO\ GLUHFW
YLWUHDO KDOI GXULQJ OLJKW P\RVLQ LV DFWLYDWHG
ILODPHQWY ZKLFK LQFUHDVHVY WKHLU RYHUODS DQG W
GDUNQHVV WKH P\RVLQ FURVV EULGJLQJ FRXOG GLVH

WR JOLGH SDVW HDFK RWKHU %XUQVLGH

,QKLELWLRQ VWXGLHV XVLQJ FROFKLFLQH VKRZ WKDW
PLFURWXEXOHY :DUUHQ DQG %XUQVLGH &ROFKL
DFWLQ ILODPHQWYV RU FRQH FRQWUDFWLRQ ZKLOH F\\
PLFURWXEXOHY RU FRQH HORQJDWLRQ :DUUHQ DQG %

7KXV FRQH HORQJDWLRQ UHTXLUHYV PLFURWXEXC
7KH PHFKDQLVPV RI PLFURWXEXOH FRQWULEXWLRQ WI
HVWDEOLVKHG DOWKRXJK RQH H[SODQDWLRQ LV WKDYV
UHGLVWULEXWLRQ RI PLFURWXEXOHY DORQJ WKH OHQ

FORVHO\ RYHUODS :DUUHQ DQG %XUQVLGH

5RG FRQWUDFWLRQ DQG HORQJDWLRQ

$V LQ FRQHV UHWLQRPRWRU PRYHPHQWYV LQ URGV DU
OHQIJWKHQLQJ RI WKH P\RLG UHJLRQ 7KH DUUDQJHPH
VLPLODU WR WKDW VHHQ LQ FRQHV DOWKRXJK WKH\ F

OHYHO RI WKH 2/0 21&RQQRU DQG %XUQVLGH



OLFURWXEXOHV KDYH DOVR EHHQ QRWHG LQ WKH P\RL
OLFURWXEXOH LQKLELWLRQ VWXGLHV XVLQJ FROF
PLFURWXEXOHVY DUH QRW UHTXLUHG IRU URG HORQJDW
F\WRFKDODVLQV LQGLFDWHY WKDW DFWLQ LV LPSRUWI|
DFWLQ ILODPHQW DVVHPEO\ DQG SRVVLEO\ WKH FURV\
EXQGOHV 27&RQQRU DQG %XUQVLGH ZKLOH LQKI
XVHG WR GHGXFH WKDW DFWLQ P\RVLQ PHFKDQLVPV D
FRQH FRQWUDFWLRQ 2Y&RQQRU DQG %XUQVLGH
PLFURWXEXOHVY SOD\ LQ URG UHWLQRPRWRU PRYHPHQ
WKDW RYHUDOO PLFURWXEXOH OHQJWK LV JUHDWHU L
FRPSDULVRQ WR WKH VKRUWHU GDUN DGDSWHG P\RLG
DVVHPEOHG GXULQJ URG HORQJDWLRQ DQG GLVDVVHP

DQG %XUQVLGH

53( PHODQRVRPH PRYHPHQW

,Q 53( FHOOV DFWLQ ILODPHQWY DUH DVVRFLDWHG ZL
PHPEUDQH VXUURXQGLQJ SLIJPHQW JUDQXOHV DQG Wl

D DQG E 8VLQJ LQKLELWLRQ VWXGLHV LW ZDV IRX
UHTXLUHG IRU ERWK OLJKW DGDSWLYH PRYHPHQWYV RI
PHODQRVRPHY LQ WKHLU OLJKW DGDSWHG SRVLWLRQV
PLFURWXEXOHY KDYH DOVR EHHQ QRWHG RULHQWDWH
PRYHPHQW LQ WKH DSLFDO SURMHFWLRQV RI 53( FHOC
QRW ZHOO XQGHUVWRRG EXW WKH\ DUH UHTXLUHG IRL

%XUQVLGH HW DO



%LRORJLFDO UK\WKPV

$VFKRII GHVFULEHV ELRORJLFDO UK\WKPV DV UH
VI\VWHP" 7KDW LV ELRORJLFDO SURFHVVHV WKDW RFF
WLPHY LQ DQ RUJDQLVPV OLIHWLPH 7KH UDWH DW ZK
YDULHV WUHPHQGRXVO\ 7KH\ PD\ WDNH SODFH HYHU\
WKH HOHFWULFDO DFWLYLW\ RI PDQ\ QHXURQV LQ WKF
D FRQVWDQW UK\WKP RI ILULQJ RU DV OLWWOH DV RQF

JURXQG VTXLUUHO

%LRORJLFDO UK\WKPV FDQ EH UHJDUGHG DV RVFLOOD!
ZKLFK JUDSKLFDOO\ DUH SRUWUD\HG DV UHSHDWLQJ F
SDUDPHWHU LV SORWWHG DJDLQVW WKH WLPH RI1 GD\

XVHG VIQRQ\PRXVO\ ZLWK WKH WHUPV RVFLOODWLRQ |
VHTXHQFH RI HYHQWYV WKDW UHSHDW WKHPVHOYHV WK
WKH VDPH LQWHUYDO 7KH SHULRG RI WKH F\FOH LV W
F\FOH DQG LV XVXDOO\ PHDVXUHG IURP HLWKHU SHDN
IUHTXHQF\ RI WKH F\FOH LV WKH QXPEHU RI F\FOHV SF
SHULRG ZKLOH WKH DPSOLWXGH RI WKH F\FOH LV WK
LQGLFDWHG E\ WKH KHLJKW RI WKH SHDN 7KH SKDVH

SDUW RI WKH F\FOH DV LQ WKH DVFHQGLQJ RU GHVFHC(
EH XVHG WR GHVFULEH WKH SRVLWLRQDO UHODWLRQYV
HIDPSOH D SHUVRQ ZDNLQJ DW GDZQ DQG VOHHSLQJ |

LQ SKDVH ZLWK WKH QDWXUDO OLJKW GDUN F\FOH



)LJ %LRORJLFDO F\FOH
*UDSKLFDO UHSUHVHQWDMW
W\SLFDO F\FOH VHHQ LQ D
ELRORJLFDO UK\WKP

%LRORJLFDO UK\WKPV DUH XVXDOO\ FODVVLILHG DFFF
IURP WKHLADADLGERXW D GD\ UK\WKPV DUH ELRORJLFI
DERXW RQFH HYHU\ KRXUV WKH PRVW REYLRXV FLU
VOHHS ZDNH F\FOH &LUFDGLDQ UK\WKPV DUH ZLGHVS
NLQIJGRPV UDQJLQJ IURP DFWLYLW\ QRQ DFWLYLW\ Ut
PRYHPHQW RI OHDYHV LQ SODQWYV 5HJXODU GDLO\ RV

UHFRUGHG XQGHU FRQWUROOHG FRQGLWLRQV LQ D YL

7TRPLRND HW DO ILVK 5H\QROGV HW DO UH
ELUGVY $VFKRII DQG YRQ 6DLQW 3DXO (ELKD
PDPPDOV 7DSS DQG 1DWHOVRQ .HQQHG\ HW DO

SK\VLRORJLFDO IXQFWLRQV DOVR VKRZ GDLO\ UK\WKP
HDWLQJ DQG GULQNLQJ 30OD]D HW DO =XFNHU
KHDUW UDWH DQG EORRG SUHVVXUH 6PLWK HW L
HW DO EORRG KRUPRQH FRQFHQWUDWLRQ OD\ZF
ELROXPLQHVFHQFH ORUVH HW DO DQG ERG\ WHF

SHILQHWWL DQG OHQDNHU "HLQHUW DQG :DWHUKI

8OWUDGLDQ UK\WKPV DUH UK\WKPV ZLWK SHULRGV OF
WKDQ KRXUV +HDUW UDWH DQG EUHDWKLQJ DUH Wtk

UK\WKPV $Q H[DPSOH RI DQ XOWUDGLDQ UK\WKP ZLW|



v WKH SURGXFWLRQ RI FDUERQ GLR[RGH E\ ELUGV DQ¢
7KH VHYHUDO VWDJHYVY LQYROYHG LQ VOHHS UHSHDW W

PDNH XS D ZHOO NQRZQ XWUDGLDQ UK\WKP /XFH

%LRORJLFDO UK\WKPV ZLWK D SHULRG ORQJHU WKDQ

KRXUV DUH NQRZQ DV LQIUDGLDQ 7\SLFDO LQIUDGLDQ
FLUFDWLGDO UK\WKPV &LUFDOXQDU UK\WKPV FORVHO
PRRQ WKDW PDNH XS D OXQDU PRQWK ZKLFK KDV D St
$GXOW PBRELOVD IRWXMWPSOH DSSHDU LQ ODUJH QX
$IULFD RQO\ DURXQG WKH WLPH RI IXO0 PRRQ DQG LW
UK\WKP Rl HPHUJHQFH IURP WKH ZDWHU ZKLOH LQFUH
PRRQ LQ -DYDGBYH FDRVARRDQG RIMULQJ IXOO PRRQ LQ -D
%XIR PHODPROUWXEXOH\ 7TKRPSVRQ 7KH KXPDQ P
SUREDEO\ WKH PRVW ZHOO NQRZQ FLUFDOXQDU F\FOH
S5HILQHWWL +RZHYHU EHFDXVH WKHUH LV D YDU
OHQJWK DQG V\QFKURQL]JDWLRQ EHWZHHQ LQGLYLGXD
WKH DUWLILFLDO OLJKWV Rl PRGHP OLYLQJ KDYH FDX\

PHQVWUXDO F\FOH LV QRW D FLUFDOXQDU UK\WKP

&LUFDWLGDO UK\WKPV DUH W\SLFDO LQIUDGLDQ UK\Wt
RI WKH WLGHY 7KH PRRQ DQG LWV GLIITHUHQW SKDVHYV
UK\WKPV DUH SDUWO\ FLUFDOXQDU 7KH ILGGOHU FUD
ORZ WLGH 3DOPHU Z RIQOHR VXKW DI QARW B R MADW WY/R

WKH VXUIDFH RI WKH VDQG GXULQJ WKH GD\ WLPH ORZ

vVDQG DV WKH WLGH ULVHY DQG DOVR DW QLJKW 6DXQ



YHVLGH FLUFDOXQDU DQG FLUFDWLGDO UK\WKPV WKH
ORQJHU SHULRGV VXFK DV FLUFDQQXDO UK\WKPV ZKLF
$ FRPPRQ H[DPSOH LV UHSURGXFWLRQ LQ PDQ\ VSHFLI
WKH JRQEDGV UHJUHVYV GXULQJ WKH ZLQWHU PDNLQJ W
*DVWRQ DQG OHQDNHU '‘DUN HW DO &DQDGL

LQVLGH WKHLU ORGJHV GXULQJ WKH ZLQWHU HYHQ WK

%LRORJLFDO FORFNYV

7KH REYLRXV TXHVWLRQ LV ZKDW LV DFWXDOO\ GULYL
PHUHO\ D UHVSRQVH WR D YDULDWLRQ LQ WKH H[WHU
LQ DPELHQW OLJKWLQJ DV RQH JRHV IURP GD\OLJKW V

LOQWHUQDO VLIJQDO D pFORFNY ZKLFK GLUHFWV WKH

7KH H[LVWHQFH RI ELRORJLFDO FORFNV JRYHUQLQJ Ul
SODFLQJ DQ RUJDQLVP XQGHU FRQVWDQW FRQGLWLRG
HQYLURQPHQW DQG ORRNLQJ IRU WKH SHUVLVWHQFH
FROQWLQXH LQ WKH ODERUDWRU\ XQGHU FRQVWDQW FF
SURSRQHQWYV RI WKH H[RJHQRXV WKHRU\ FODLPHG WK
FRQVWDQW FRQGLWLRQV DV WKHUH ZRXOG DOZD\V Et
PDJQHWLF RU HOHFWULF ILHOG IRU H[DPSOH GULYLDQ.
QDPHG GH ODLUDQ IRXQG WKDW SODQWY SODFHG

WKHLU GDLO\ UK\WKP RI OHDI PRYHPHQW $ FHQWXU\ ¢



PHDVXUHG WKH SHULRG LQ FRQWLQXRRRWBUNDHVV R
QRW H[DFWO\ KRXUV 2YHU RQH KXQGUHG \HDUV ODV
GHWHUPLQHG WKDW WKH OHDI PFRYCHVPHHRUARWYW QRO DMKHHG F R |
ZLWK D SHULRG R KRXUV LQ FRQVWDQW GDUNQHV'
WKH VLIQLILFDQFH RI WKLV WKH SHULRG RI WKH IUHH

QDWXUDO FRQGLWLRQV

7KH IUHH UXQQLQJ SHULRG KDV EHHQ GHWHUPLQHG LC
5RHQQHQEHUJ DQG ORUVH PROOXVNV 3DJH HW |
3DOPHU LQVHFWY :KLWH HW DO UHSWLOH\
ELUGV 2VKLPD HW DO DQG PDPPDOV =XFNHU

.HQQHG\ HW DO LQFOXGLQJ KXPDQV 3ROLDN DQG
ZDV IRXQG WR GLIIHU I[URP KRXUV EHLQJ HLWKHU JU
VSHFLHV EHLQJ H[DPLQHG 7KLV LV VWURQJ HYLGHQFF
KLGGHQ H[WHUQDO IRUFHV VXFK DV PDJQHWLF DQG HC
SHULRG RI KRXUV WKH (DUWKYV SHULRG RI UHYROX
UHPRYH DQ\ RWKHU SRVVLEOH H[WHUQDO IRUFH KDYH
KXPDQV LQ HLWKHU XQGHUJURXQG EXQNHUV RU LQ VS

DQG WKH IUHH UXQQLQJ SHULRG ZDV VWLOO IRXQ(

$V WKH IUHH UXQQLQJ SHULRG LV XVXDOO\ FORVH WR
MFLUFDGLDQY DERXW D GD\ VHH DERYH LV XVXDOO\ .
ZLWK D SHULRG RI DERXW KRXUV WKDW SHUVLVW LQ
GLVWLQJXLVKHG IURP WKRVH UK\WKPV REVHUYHG LQ (

HIWLQJXLVKHG LQ FRQVWDQW FRQGLWLRQV DQG WHUPF



$OWKRXJIK FLUFDOXQDU FLUFDWLGDO DQG FLUFDQQX
XQGHU FRQVWDQW FRQGLWLRQV PRVW UHVHDUFK KD\
FLUFDGLDQ FORFNV DQG WR D OHVVHU H[WHQW XOWL

PRVW DEXQGDQW DQG XVXDOO\ HDVLHU WR REVHUYH !

URSHUWLHYV RI D ELRORJLFDO FORFN

%LRORJLFDO FORFNV KDYH WKH IROORZLQJ SURSHUWI
WKH\ DOO VKRZ WKH DELOLW\ WR IUHH UXQ DV GHVF
WKH\ DUH WHPSHUDWXUH FRPSHQVDWHG DV QR FOR

WHPSHUDWXUH 0DQ PDGH FORFNV LQFRUSRUDWH EXL

WHPSHUDWXUH FKDQJHV DQG WKH VDPH VLWXDWLRQ I

XQXVXDO DV PRVW ELRORJLFDO SURFHVVHV DUH WHP:

GRXEOLQJ RU WULSOLQJ ZLWK HYHU\ f& ULVH LQ WH

FKDQJH LQ WHPSHUDWXUH ELRORJLFDO FORFNV ZLOO

DQG +DVWLQJ
WKH\ FDQ EH pHQWUDLQHGYT %LRORJLFDO FORFNV F

HQYLURQPHQWDO FXHV $VFEHRIWJIHEHORP® GRW KNMHP H

JLYHU" 7KH PRVW FRPPRQ =HLWJHEHU LV OLJKW §$ =

ELRORJLFDO UK\WKP WR PDLQWDLQ D FRQVWDQW UHO

DO ,Q WKH DEVHQFH RI GD\ QLJKW F\FOHV GDLC

VRFLDO FXHV FDQ DOVR DFW DV =HLWJHEHUV
DOO ELRORJLFDO FORFNV DUH XQGHU JHQHWLF FRQ

WKH I[UHH UXQQLQJ SHULRG FDQ EH DOWHUHG 5DOSK



&ORFN PRGHO

$ VLPSOLILHG PRGHO RI D ELRORJLFDO FORFN FDQ EH
FRPSRQHQWYV
D GHWHFWRU LV UHTXLUHG WR UHFHLYH WKH LQIRU
D FHQWUDO RVFLOODWRU ZKLFK JHQHUDWHV LWV R:
=HLWJHEHU IRU HQWUDLQPHQW LV SDVVHG RQWR WKH
RXWSXWV ZKLFK DUH D WUDQVODWLRQ RI WKH RVFL

UK\WKPV )LJ

=HLWJHEHU

)LJ &ORFN PRGHO
'LDJUDP VKRZLQJ =HLWJHEHU DQG D VLPSOLILHG PRGI
GHWHFWRU RVFLOODWRU DQG RYHUW RXWSXW UK\WK

(QWUDLQPHQW
$Q\ ELRORJLFDO FORFN JRYHUQLQJ D FLUFDGLDQ UK\\
H[WHUQDO HQYLURQPHQW RU =HLWJHEHU HQWUDLQP!
UXQQLQJ SHULRG [ LV WR EH HQWUDLQHG E\ WKH =HL\

UXQQLQJ SHULRG PXVW EH FKDQJHG WR PDWFK WKDW

WLPH WKDW QHHGV WR EH DGMXVWHG HDFK GD\ LV JL

$ow! [ 7 SBLWWHQGULJK



ZKHUH $W! GHQRWHYV WKH VKLIW LQ WKH ELRORJLFDO F
FLUFDGLDQ UK\WKP EHLQJ H[SUHVVHG 7TKXV LI WKH ¢

D IDVW FORFN LW ZLOO QHHG WR EH GHOD\HG E\ P

7KHUH DUH WZR ZD\V RI GRLQJ WKLV HLWKHU PDNH W
UHVHWWLQJ WKH FORFN GDLO\ &KDQJLQJ WKH VSHHG
MSDUDPHWULFY RU pFRQWLQXRXVY PRGHO RI HQWUDLC
WKDW WKH PDIJQLWXGH RI WKH =HLWJHEHU KDV D SUR
ELRORJLFDO FORFN $VFKRII SURSRVHG WKDW DF
WKH I[UHH UXQQLQJ SHULRG E\ GDLO\ FKDQJHV LQ WKH

ELRORJLFDO FORFN WR DGMXVW LWV SHULRG FRQWLQ

'DLO\ UHVHWWLQJ RI WKH FORFN NQRZQ DV WKH pQRC
FRQVWLWXWHY D PRUH VXFFHVVIXO WKHRU\ IRU WKH F
SLWWHQGULJK DQG OHQLV SLWWHQGULJK DQG 'D

+HUH WKH =HLWJHEHU WKH OLJKW GDUN F\FOH F
7KH EDVLF SUHPLVH LV WKDW DQ HQWUDLQHG ELRORJ
OLJKW GDUN F\FOH ZKHQ HDFK SXOVH IDOOV DW WKDW
WKDW LV HTXDO WR WK HUG HI IHWUPHQLFMHI ESHUZIRIEQ DQG 7
SHULRG ,Q QDWXUH WKH =HLWJHEHUV DUH WKH GDZ
DUH GLVFUHWH WLPH FXHV WKH PRGHO KDV EHHQ QDI

DQG GXVN FDQ EH VXEVWLWXWHG E\ SXOVHV RI OLJKW



7UDQVLHQWYV

,PPHGLDWHO\ DIWHU H[SRVXUH WR D QHZ OLJKW VFKH
XQGHUJR WHPSRUDU\ FKDQJHV 7KHVH DUH XVXDOO\ S
DQG FDXVH OHQIJWKHQLQJ RU VKRUWHQLQJ RI WKH UK
FDOOHG WUDQVLHQWY DQG XVXDOO\ ODVW IRU VHYHU

VWDEOH 3DOPHU

$IWHU HIITHFWYV

7KH IUHH UXQQLQJ SHULRG RI D FLUFDGLDQ UK\WKP F
OLJKW GDUN F\FOH WR ZKLFK WKH DQLPDO KDV EHHQ
F\FOHV ZLWK GLIIHUHQW SHULRGVY FDQ FKDQJH WKH IL
UK\WKP DQG WKH UHVXOWLQJ DOWHUDWLRQV LQ WKH
'DDQ DQG 3LWWHQGULJK E )RU H[DPSOH DQ DQLF
OLJKW GDUN F\FOH ZLWK D SHULRG RI KRXUV ZLOO
WKDQ DQ DQLPDO HQWUDLQHG WR D KRXU GD\ $IWH

IRU PDQ\ PRQWKYV EHIRUH GLVDSSHDULQJ

7KH OHQJWK RI WKH SKRWRSHULRG FDQ DOVR DIIHFW
,Q VSDUURZV WKH IUHH UXQQLQJ SHULRG RI ORFRPRYV
IROORZLQJ HQWUDLQPHQW WR D /' F\FOH ZDV IRXQ

HQWUDLQPHQW WR D /' F\FOH %LQNOH\ DQG ORVKH



3KDVH UHVSRQVH FXUYHYV

%LRORJLFDO FORFNV DUH QRW HTXDOO\ VHQVLWLYH W
KRXU GD\ ZLWK OLJKW VWLPXOL FDXVLQJ PRUH RI D S
DW RWKHUV 3LWWHQGULJK 3LWWHQGULJK DQG %UXF

3LWWHQGULJK DQG OLQLV 3LWWHQGULJK DQG
DQLPDOV PDLQWDLQHG LQ FRQVWDQW GDUNQHVV FRX
VKLIWHG FRQVLVWHQWO\ E\ XVLQJ EULHI SXOVHV R1 O
GXUDWLRQ $V WKH UK\WKP H[SUHVVHV WKH VWDWH F
LQ WKH UK\WKP UHSUHVHQWY D UHVHWWLQJ RI WKH F
GLUHFWLRQ RI WKLV SKDVH VKLIW GHSHQGV RQ WKH V
WKDW WKLV SXOVH LV JLYHQ 7KXV IRU HDFK DQLPDO
JLYHQ DW YDULRXV WLPHV DURXQG D KRXU SHULRG
SKDVH DGYDQFH RU KDYH QR HIIHFW 7KLV FDQ EH VK

UHVSRQVH FXUYHY 35& )LJXUH



E(Eiii
W

"HDGRQH

)LJ 'LDJUDP RI D W\SLFDO SKDVH UHVSRQVH FXUYH

'LDJUDP VKRZLQJ D W\SLFDO SKDVH UHVSRQVH FXUYH
OLJKW $ EULHI SXOVH RI OLJKW JLYHQ DW YDULRXV W
SKDVH VKLIWYV RI WKH ELRORJLFDO UK\WKP GHSHQGLQ
LV JLYHQ +HUH D SXOVH RI OLJKW JLYHQ DW FLUFDG
FDXVH D SKDVH GHOD\ R KRXUV ZKLOH D SXOVH RI O
WKH ELRORJLFDO UK\WKP E\' KRXUV 7KH pGHDG ]J]RQH
OLJKW JLYHQ KHUH ZLOO QHLWKHU DGYDQFH QRU GHO
WKH LOQWHUQDO FORFN WLPH RI WKH VSHFLHVY EHLQJ L
E\ WKH SHULRG RI WKH UK\WKP EHWQJ LQYHVWLJDWHG

35& FXUYHV KDYH EHHQ GHWHUPLQHG IRU PDQ\ VSHFL
SLWWHQGULJK D DQG E 6XPPHU HW DO SRVHQ

DQRG IRXQG WR GLIIHU PDLQO\ LQ DPSOLWXGH DQG
HOHPHQWY *HQHUDOO\ GHOD\ SKDVH VKLIWV RFFXU .

LQ WKH VXEMHFWLYH QLJKW WKDW LV WKH WLPH LQ

FRUUHVSRQG WR GDUNQHVYV LI D OLJKW GDUN F\FOH Z



DOLJKW SXOVH LV JLYHQ ODWH LQ WKH VXEMHFWLYH (
VKLIW ZLOO RFFXU $ pGHDG JRQHYT LV ZKHUH OLWWOH
XVXDOO\ RFFXUV GXULQJ WKH PLGGOH RI WKH VXEMHF
WKH UHVXOW RI D FKDQJH LQ VHQVLWLYLW\ RI WKH EL
LQ WKH VHQVLWLYLW\ RI GHWHFWLQJ WKH OLJKW SXO
SKDVH VKLIWLQJ DOVR RFFXUV DURXQG WKH PLGGOH |
FDOOHG WKH pVLQJXODULW\Y 7KHUH LV VRPH FRQIXV
SKDVH VKLIWLQJ VHHQ DW WKH pVLQJIJXODULW\YT 2QH ¢
FKDQJH IURP GHOD\ SKDVH VKLIWV WR DGYDQFH SKDV

LV WKDW OLJKW LV FDXVLQJ WKH RVFLOODWRU WR VW

/[LIHVW\OH GLIIHUHQFHYV FDQ H[SODLQ YDULDWLRQV L
WHQG WR KDYH ORQJHU GHOD\LQJ SRUWLRQV DV WKH)
OHVV WKDQ KRXUV ZKLFK LQGLFDWHV D IDVW FORF
HQWUDLQPHQW WR RFFXU 6LPLODUO\ GLXUQDO DQLP
ORQJHU WKDQ KRXUV LQGLFDWLQJ WKHLU FORFN L\
GDLO\ DGYDQFLQJ RI WKH FORFN DQG WKXV H[SODLQV

LQ GLXUQDO DQLPDOVYTYT 35&V 3LWWHQGULJK

35& FXUYHV FDQ EH VXEGLYLGHG LQWR pW\SH 91 DQG
UHODWLYHO\ VPDOO SKDVH VKLIWY DQG KDV D FRQWL
DGYDQFHY ZKHUHDV D W\SH 35& VKRZV ODUJH SKDV
UHYLHZ 35& FXUYHV FDQ DOVR EH FRQVWUXFWHG XV
FRQVWDQW OLJKW 7KLV UHYHUVHV WKH SDWWHUQ VH

MPLUURU LPDJHT -RKQVRQ HW DO



3KDVH UHVSRQVH FXUYHV DQG HQWUDLQ]

3KDVH UHVSRQVH FXUYHV DUH XVHG WR XQGHUVWDQG
ELRORJLFDO FORFN LV HQWUDLQHG WR WKH OLJKW =H

7KLV LV EHVW H[SODLQHG E\ WKH IROORZLQJ H[D
UXQQLQJ SHULRG R KRXUV PXVW HQWUDLQ WR WK
$V

$! W 7 VHH DERYH

WR HQWUDLQ WR WKH =HLWJHEHU WKH DQLPDO PXVW

KRXUV ([DPLQDWLRQ RI WKH 35& LQ )LJX
SXOVH JLYHQ DW &7 FDQ DFKLHYH WKLY D OLJKW SX
GHOD\ EXW DW WKLV SRLQW HQWUDLQPHQW LV XQVWD
SRUWLRQ RI WKH 35& 7TKHUHIRUH HQWUDLQPHQW LQ
SXOVH RI OLJKW HDFK GD\ DW &7 ZKLFK ZRXOG FDX\
, I D OLJKW SXOVH ZHUH JLYHQ HYHU\ KRXUV WKH D
GHOD\ RU UHPDLQ XQDIIHFWHG XQWLO WKH OLJKW SX

SRLQW UHTXLUHG IRU HQWUDLQPHQW



)LJ (I1'HFW RI D OLJKW SXOVH

35& VKRZLQJ WKDW D SXOVH RI OLJKW PXVW EH JLYHQ
KRXUV

3LWWHQGULJK VXFFHVVIXOO\ DSSOLHG VXFK 35&)
RIURVRSKIIDQDVXEVHTXHQW H[SHULPHQWV KDYH FRQIL
OLJKW SXOVH LV DOO WKDW LV UHTXLUHG IRU HQWUDI
DQG &KDQGUDVKHNDUDQ .HQQHG\ HW DO OLC
DO 6KDUPD DQG &KDQGUDVKHNDUDQ 'HL DQC
OLJKW GDUN F\FOH LV SUHVHQW WKH DERYH PHFKDQL
HQWUDLQPHQW 7KH H[WUD OLJKW LV FRQVLGHUHG WF
WKH MGHDGY JRQH 7KH SRVLWLRQ RI WKH pGHDGTY ]R¢
WKH IUHH UXQQLQJ SHULRG +RZHYHU SDUWV RI WKH
SRUWLRQV RI WKH FXUYH ZLOO EH VWLPXODWHG 7KH
GHWHUPLQLQJ WKH VXPPDWLRQ RI WKH DUHDV XQGHU

VWLPXODWHG E\ WKH OLJKW



7KH DPSOLWXGH RI WKH 35& JLYHV WKH UDQJH RI SHUL
WR ZKLFK LQ PRVW DQLPDOV DQG SODQWV LV EHWZH
RXWVLGH RI WKLY UDQJH WKH RUJDQLVPV ZLOO IUHH
DSSHDU WR HQWUDLQ WKH RUJDQLVP )RU H[DPSOH D
KRXUV RI OLIJKW DQG KRXUV RI GDUN /' ZLOO QR
UHPDLQ HQWUDLQHG WR D KRXU SHULRG 7KLV LV FI
DQG RFFXUV ZKHQ WKH =HLWJHEHU KDV D SHULRG WKI|

KRXUV 3LWWHQGULJK

35&V KDYH DOVR EHHQ XVHG IRU RWKHU SXUSRVHV VX
LOQYROYHG LQ VHWWLQJ WKH ELRORJLFDO FORFN 7KU
GHWHUPLQH WKH HIIHFWV RI FKHPLFDOV RQ WKH ELRC
2QH H[SODQDWLRQ RI ZK\ FLUFDGLDQ UK\WKPV KDYH L
KRXUV UHOLHV RQ XVLQJ 35&1TV 3LWWHQGULJK DQG 'L
UXQQLQJ SHULRG DQG 7 =HLWJHEHU SHULRG DUH QF
SRLQW RQ WKH 35& WKDW FDQ JLYH VWDEOH HQWUDLC

ZLOO DOZD\V KDYH D VSHFLILF SKDVH UHODWLRQVKLS

&ORFN PHFKDQLVPV

$ ELRFKHPLFDO ORRS FDQ IRUP WKH VLPSOHVW ELROF
ELRFKHPLFDO UHDFWLRQV WKDW UHSHDWYV LWVHOI DW
VWUXFWXUH ; SURGXFHG VXEVWDQFH < DQG VXEVWDC(

LQKLELW LWV RZQ SURGXFWLRQ WKHQ D ELRORJLFDO



7KH SHULRG RI WKLY RVFLOODWRU ZLOO EH WKH V
WR UHDFK LWV WKUHVKROG IRU DFWLQJ EDFN RQ ; SC
PHWDEROL]HG WR FRQFHQWUDWLRQV WKDW DUH EHOR
FRXUVH EH DURXQG KRXUV DQG WKHVH UHDFWLRQV
WHPSHUDWXUH 7R IXOILOO WKH UHTXLUHPHQWY RI1 D

FDSDEOH RI =HLWJHEHU HQWUDLQPHQW DQG DQ RYHU'

? -

)LJ $ ELRFKHPLFDO ORRS WKDW FRXOG IRUP WKH ED
RVFLOODWRU

'LDJUDP VKRZLQJ D VLPSOH ELRFKHPLFDO ORRS ZKHUI

ZKLFK LQ WXUQ IHHGVEDFN RQ ; LOQKLELWLQJ LWV SUR

ELRORJLFDO RVFLOODWRU

*HQHWLF VWXGLHV RRVR SIS BU M HWHD\OHG D PROHFXOD!
VXFK D ELRFKHPLFDO ORRS $ VLQJOH JHQH KDV EHHC
SHULRG R |UHHRMRS@IL KQV WKHUHIRSHUERKEQ FDOO
SHUHQH .RQRSND DQG %HQJHU IH BHRBIR WHIHQ S |
SURWHLQ 3(5 KDV EHHQ ORFDOL]JHG LQ PDQ\ GLIIHUHC
LQLWLDOO\ IRXQG WR EH SURGXFHG UK\WKPLFDOO\ LQ
6LZLFNL HW DO DOWKRXJK LW ZDV ODWHU VKRZ!

UK\WKPLFDOO\ LQ QHDUO\ DOO WLVVXHV RI WKH IO\fV



ERFKHPLFDO ORRS LV WKRXJKW WR RSHUDWH ZKHUH 3
+DUGLQ HW DOHUHQH7WHBEBBWSEAAKLFK DOORZV WKH
SURGXFWLRQ Rl 3(5 SURWHLQ ,Q WKH F\WRSODVP WK
SURWHLQ HQWHUV WKH QXFOHXV ZKHGH B $QKLELWYV
E\ ELQGLQJ WR WKH SUSRPIR\V@HU $WVH WMKS-H GRHNVIBIOMA R |
QRZ EHLQJ UHGXFHG WKH OHYHOV RI 3(5 SURWHLQ ZL
SURGXFWLRQ KDV FHDVHG $IWHU OHYHOV RI1 3(5 SUR\
VLIJQLILFDSHWEQHWVALIHD O QR ORQJHU EH LQKLELWHG DQ

ZLOO FRPPHQFH IRU DQRWKHU F\FOH +DUGLQ HW DO

$OWKRXJK VXFK D VLPSOH ELR BKHMHFHD O @R R B . GYURO
SURGXFW H[SODLQV KRZ WKH RVFLOODWRU PD\ IXQFW
HLWKHU HQWUDLQPHQW E\ WKH =HLWJHEHU RU KRZ W|

KRXUV WUDQVFULSWLRQ WUDQVODWLRQ DQG PRYH
WDNH PLQXWHV ,W LV QRZ NQRZQ WKDW WKHUH DUH
D ELRFKHPLFDO ORRS LV VWLOO RWHP B Q/H QPNQ @/ IGAL1IH L
LWV SURWHLQ SURGXFW 7,0 ZKLFK FRIRWRB®VODKH IU
DFWLQJ LQ D VLBHWODVPDQWRI EMHRY GLVFRYHUHG 6HJ
$IWHU WUDQVFULSWLRQ 3(5 DQG 7,0 ELQG LQ WKH F\\
FRPSOH[ EHIRUH HQWHULQJ WKH QXFOMBEY1Y B ¥XSSUH
WLP51$ $V 7,0 SURWHLQ LV VWDEOH LQ GDUNQHVV DQ
OLJKW LW LV WKRXJKW WR SOD\ D UROH LQ UHFHLYLC
6HJKDO HW DO $ FRIWKWM RIF KO RPNAHERYH KW WR EH
LQYROYHG LQ WKH PHFKDQLVP ZKLFK FDXVHV 7,0 WR ¢

SRVVLEO\ E\ DFWLQJ DV D SKRWRSLJPHQW (PHU\ HW I



IHLWKHU 3(5 QRU 7,0 QRU 3(5 7,0 FDQ ELQG WR '1$ WR
REHDQWLP51$ 2WKHBQREEFSFOH HQB WKHLU SURWHLQ
SURGXFWYV &/2&. DQG &<&/( &<& SOD\SHDRMGIP LQ WKH
P51$ WUDQVFULSWLRQ /HH HW DO &/2&. DQG &<«
FRPSOH[ ZKLFK ELQGY WR WKH SWRORRMAHQ WWH L@@V R
DFWLYDWHV WKH SURGXFWLRQ RI ERWK 3(5 DQG 7,0

FRPSOH[HV EHJLQ HQWHULQJ WKH QXFOHXV WKHVH E
WR LQKLELW WKH WSUHDIQVGBEPH Q@ WY R (H R IHER I @ 7K X
ELRFKHPLFDO ORRS RSHUDWHY ZKHUH 3(5 7,0 LQGLUH
WUDQVFULSWLRQ E\ LQKLELWLQJ &/2&. &<& ZKLFK LQ \
REHDQWLPKLY SURFHVV QHHGV WR EH GHOD\HG WR JL\
DERXW  KRXUYVGRXE OWKWM IEFRHDWEEVE X WHY WR WKLV GHC
SKRVSKRU\ODWLRQ RI IUHH 3(5 LQ WKH F\WRSODVP FD

DO

&ORFN JHQHV KDYH DOVR EHHQ LG&KQMMARLGIRBPIR® DAKH >
OLWWDJ DQG :DJQHU 1HXU RWKSHKEBOXIXY HW DO DQ
PDPPDOV 5DOSK DQG OHQDNHU 9LWDWHUQD HW I
PHFKDQLVP IURP LQVHFWY WR PDPPDOV KDV UHPDLQH
PDPPDOLDQ URYRBKD®E EHHQ IRXQG PDPPDOLDQ 3H
P3HWPGHU P3HMWEUHFKW BWRFOQWRFK HW DO

%0$/ ZKLFK LV WKH PDP P DI\HDR @ F R LY\ HQW R |
&U\SWRFKURPH JHQHV P&U\O DQG P&U\ .XPH HW DO

HSVLORQ &., ( ZKLFK L@ BWEHHKDKODLEHUW H YWD &/ R



TKH 6 XSUDFKDLVPDWLF QXFOHL 6&1

,Q PDPPDOV D 3PDVWHU" FORFN WKDW GULYHV ORFRP
VXSUDFKLDVPDWLF QXFOHL 6&1 D GLVWLQFW JURXS
K\SRWKDODPXV Rl WKH EUDLQ &RPSOHWH GHVWUXFW
FLUFDGLDQ UK\WKPV B6WHSKHQ DQG =XFNHU ORR
DQG :DWVRQ :KLWP\UH 5XE\ HW DO :DUUHQ H
KDV EHHQ IRXQG WR VKRY YIXARDK P L WIWK\PE RDVB Q G
.DZDPXUD 6DWLQRII HW DO 7UDQVSODQWHG
UK\WKPLFLW\ IROORZLQJ SUHYLRXV GHVWUXFWLRQ RI
WKH UK\WKP LV GHSHQGHQW RQ WKH GRQRU 6&1 QRW
6DLWRK HW DO 6, R0 ® DWASRS WHIOR | WKH HOHFW
DFWLYLW\ Rl VLQJOH FHOOV LQ 6&1 VOLFHV RU FHOO |
WKDW GLIITHUHQW FHOOV KDYH GLIIHUHQW SHULRGV R
RI RVFLOODWLRQ JHQHUDWHG E\ WKH 6&1 LV WKH DYH
FHOOV :HOVK HW DO /ILX HW DO +RQPD HW D
,Q HDFK FHOO RI WKH 6&1 PDPPDOLDQ FORFN JHQHV |

JHQHUDWH DQ LOQWULQVLF UK\WKP WR WKH 6&1 FHOO

&ORFHU]JRJ HW DO

7KH 6&1 UHFHLYHVY SKRWLF LQIRUPDWLRQ IURP WKH U
FLUFDGLDQ UK\WKP RI KDPVWHUV WKDW KDYH KDG WK
OLJKW VWLPXOL )RVWHU HW DO JUHHGPDQ HW D¢
5HFHQW HYLGHQFH VXJIJHVWYV WKDW WKLV LQIRUPDWL
FRQHY OLFH WKDW DUH WRWDOO\ EOLQG EHFDXVH RI

FKDQJHV LQ FLUFDGLDQ UK\WKP LQ UHVSRQVH WR OL.



WQDIJHQLF PLFH ZLWK WRWDO ODFN RI URGYV DQG FRQl
WR OLJKW /XFDV HW DO JUHHGPDQ HW DO /X
QRYHO SKRWRUHFHSWRU DQG SKRWRSLIJPHQW RWKHU

EHLQJ XVHG IRU JHQHUDWLQJ WKH VLIJIQDO WR WKH 6&

7KHUH DUH WKUHH PDMRU SDWKZD\V WKDW WDNH LQIF
LV WKH UHWLQR K\SRWKDODPLF WUDFW 5+7 D ILEUH
SRSXODWLRQ RI UHWLQDO JDQJOLRQ FHOOV GLUHFWO
R1 JDQJOLRQ FHOOV SURMHFW WR WKH 6&1 3URYHQFL
DOZD\V WKH 5+7 ILEUHV SURMHFW WR WKH YHQWURO
/HQQ ORRUH JROORZLQJ OHVLRQV WR WKH K
UK\WKPV FRXOG QR ORQJHU EH UHVHW E\ OLJKW \HW
FROQWLQXHG WR IUHH UXQ VXJJHVWLQJ WKDW WKH 5+
FLUFDGLDQ LQIRUPDWLRQ IURP WKH H\HV WR WKH 6&1
JHQLFXOR K\SRWKDODPLF WUDFW *+7 LV DQ LQGLUHI
SKRWLF LQIRUPDWLRQ IURP WKH ODWHUDO JHQLFXOD
K\SRWKDODPXV ,W SURMHFWYVY IURP WKH LQWHUJHQLF
YHQWURODWHUDO VHFWLRQ RI WKH 6&1 3LFNDUG

DX[LOLDU\ UROH LQ HQWUDLQPHQW WR WKH OLJKW GEC
SRVVLEOH UROH LQ HQWUDLQPHQW PHGLDWHG E\ QRQ
+DUULQJWRQ DQG 5XVDN 5XVDN HW DO 7KH
SDWKZD\ LV WKH UDSKH K\SRWKDODPLF WUDFW ZKLFK
YDULRXV SDUWV RI WKH EUDLQ LQFOXGLQJ WKH 6&1
LQYROYHG LQ HQWUDLQPHQW PRGXODWLQJ WKH 6&1 L

OLQW] HW DO OLVWOEHUJHU HW DO 7TKUHH |



UDW 6&1 KDYH DOVR EHHQ UHFRUGHG DOWKRXJK WKHL

ORRUH

7KHUH DUH VHYHUDO HIITHUHQW SURMHFWLRQV IURP W
LSVLODWHUDO DQG FRQWUDODWHUDO SURMHFWLRQV .

$QRWKHU PDMRU SURMHFWLRQ LV WR WKH VXESD
K\SRWKDODPXV IURP ZKLFK WKHUH DUH SURMHFWLRQ\
VIPSDWKHWLF QHXURQV ZKLFK LQ WXUQ LQQHUYDWH
WKLV SDWKzZzD\ WKH 6&1 UHIJXODWH WKH FLUFDGLDQ L
PHODWRQLQ VHH EHORZ 2ZWKHU HIITHUHQW SDWKZD\V
WR WKH DQWHULRU K\SRWKDODPXV WKH WKDODPXV \

K\SRWKDODPXV WKH ,*/ WKH VWULD WHUPLQDOLV DQ

7KH SLQHDO JODQG DQG PHODWRQL

,Q PDPPDOV WKH SLQHDO JODQG LV XQGHU GLUHFW F
LQGHSHQGHQW RVFLOODWRU +RZHYHU LQ ELUGV UH
JODQG DOVR DSSHDUV WR FRQWDLQ DQ DGGLWLRQDO
UK\WKPV RI ORFRPRWRU DFWLYLW\ ,Q WKH KRXVH VSI
FLUFDGLDQ UK\WKPV Rl ORFRPRWRU DFWLYLW\ DQG EI
FRQVWDQW GDUNQHVV *DVWRQ DQG OHQDNHU $
D KRVW KRXVH VSDUURZ WKH SHULRG RI WKH UHVXOW
WKDW RI WKH GRQRU VSDUURZ VKRZLQJ WKDW WKH S

FORFN =LPPHUPDQ DQG OHQDNHU 7KH GHJUHH W



AUFDGLDQ UK\WKPV YDULHV QRW RQO\ EHWZHHQ GLII
ZLWKLQ FORVHO\ UHODWHG VSHFLHV VXFK DV ELUGV

LQ SLJHRQ &KDERW DQG OHQDNHU DQG TXDLO 8
SLQHDORFWRP\ DQG UHPRYDO RI ERWK H\HV LV UHTXL
UK\PLFLW\ ,Q OL]DUGVYV SLQHDOHFWRP\ ZLOO HLWKHU
SHULRG RI WKH UK\WKP FDXVH VSOLWWLQJ LQWR VHY
QRWKLQJ GHSHQGLQJ RQ WKH VSHFLHV EHLQJ H[DPLQ
8QGHUZRRG -DQLN DQG OHQDNHU (IDPLQDW]|
VLPLODU UHVXOWADP,RHWKID © DFEEEGHANTD ORULWD H\

DQG WKH+ ADMILR/EQH X VWHM IRYELEXYGDUDUDM

SLQHDOHFWRP\ FDXVHVY EUHDNGRZQ RI FLUFDGLDQ UK
SLQHDO RUJDQ DOWHUHG WKH [UH&RIHYQ XY JSOK B ERX
.DYDOLHUV DQG FDXVHG VSOLWWLQJ RI IUHH UX

VXFN&EADWRVWRPXV FROPYHHIUNHRIQYL

7KH KRUPRQH PHODWRQLQ L9 DFHW\O PHWKR[\WU\SYV
WKH SLQHDO JODQG 7KH ILUVW VWHS LQ WKH ELRV\Q'
RI WU\WRSKDQH WR K\GUR[\WUSWRSKDQH LQYROYLQ
K\GUR[\ODVH 732+ 1H[W K\GUR[\WURSKDQH LV FRQ
HQ]J]\PH DPLQR DFLG GHFDUER[\ODVH 6HURWRQLQ LV V
WKH DFWLRQ RI WZR HQ]J\PHV $U\ODON\ODPLQH 9 DFH
FRQYHUWY VHURWRQLQ WR L9 DFHW\OVHURWRQLQ DQC(
PHWK\OWUDQVIHUDVH +,207 PHWK\ODWHV $ DFHW\O
'"XERFRYLFK ,Q PDPPDOV WZR PHODWRQLQ UHFI

LVRODWHG FORQHG DQG VHTXHQFHG OHOL$ DQG OHO



YHUWHEUDWHY DQ DGGLWLRQDO WKLUG VXEW\SH OHOL
S5HSSHUW $00 UHFHSWRU VXEW\SHV DUH FR>
SURWHLQ UHGXFH DGHQ\ODWH F\FODVH DFWLYLW\ DQ

YHU\ VLPLODU

OHODWRQLQ LV UK\WKPLFDOO\ VHFUHWHG IURP WKH S
XQGHU GLUHFW FRQWURO RI WKH 6&1 LQ PDPPDOV LQ
ZKHUH LWV UK\WKPLF UHOHDVH LV XQGHU WKH JXLGD¢
DO , W LV DOVR SURGXFHG UK\WKPLFDOO\ LQ DOC
FXOWXUH LVRODWHG QRQ PDPPDOLDQ SLQHDO RUJDQ
UHOHDVH DV VHHQ LQ ELUGV %LQNOH\ HW DO Ol
DQG ILVK &DKLOO J)DOFRQ HW DO *HP D
6WXGLHVY RQ WZR FORVHO\ UHODWHG VSHFLHV RI VDO
KDELWDWY UHYHDOHG RQH VSHFLHVY WR KDYH D FORF
PHODWRQLQ SURGXFWLRQ ZKLOH LQ WKH RWKHU PHOL
FRQVWDQW GDUNQHVYV LJR HW DO F TKXV LW ZLC
DV ZHOO DV SK\ORJHQLF GLIIHUHQFHY DUH LPSRUWDQ

SLQHDO PHODWRQLQ

,Q QRQ PDPPDOV WKH SLQHDO JODQG FRQWDLQV LWV
QHDU WKH VXUIDFH Rl WKH EUDLQ ZKHUH OLJKW FDQ |
VNXOO DQG VNLQ )DOFRQ 6RPH ILVK FRQWDLQ C
DOORZ WKH SDVVDJH RI HYHQ PRUH OLJKW OHLVVO D¢
VWURQJ HYLGHQFH WKDW WKH SLQHDO SKRWRUHFHSW

RI PHODWRQLQ VHH )DOFRQ IRU UHYLHZ 3LQHDC



DQG :HOOHU ELUG %LQNOH\ HW DO DQC
KDYH GHPRQVWUDWHG WKDW WKH UK\WKP LQ PHODWR
RI $$ 1$7 ZKHUHDV WKH DFWLYLW\ RI +,207 UHPDLQV
OLJKW GDUN F\FOH LQ ILVK )DOFRQ HW DO DOWK

OHYHOV EHWZHHQ QLJKW DQG GD\WLPH KDYH EHHQ VF

,QGLYLGXDO SLQHDO SKRWRUHFHSWRUV VKRZ D GLXU
PHODWRQLQ SURGXFWLRQ $@ROR W K= BVIKRHDRIDBROOGL0E) @ H
7DQJ D Q G( WK[HOXLIFBRRY O OHW HW DO LQGL
LQGLYLGXDO SLQHDO SKRWRUHFHSWRUV FRQWDLQ WK
UK\WKP Rl PHODWRQLQ SURGXFWLRQ LQ LVRODWHG Sl
WKH WLPH RI GDPSLQJ LV VSHFLHY GHSHQGDQW %RO«

DQG WKLV LQ WXUQ UHIOHFWY WKH VWUHQJWK RI
'DPSLQJ LV WKRXJKW WR EH GXH WR GHV\QFKURQL]DW
SKRWRUHFHSWRU FHOOV DQG PHODWRQLQ PD\ DFW DV

SRSXODWLRQ RI SKRWRUHFHSWRU FHOOV %ROOLHW F

OHODWRQLQ LV WKRXJKW WR EH WKH VLJQDO RI GDUN
LQ DOO YHUWHEUDWHY VWXGLHG $UHQGW DQG 'HDFR
DO ,Q QHDUO\ DOO VSHFLHV PHODWRQLQ OHYHO
GXULQJ WKH GD\ DQG WKLV UK\WKP RI VHFUHWLRQ LV

7KH GXUDWLRQ RI QLJKW WLPH PHODWRQLQ UHO
LQ FLUFDGLDQ DGMXVWPHQWY WR VHDVRQDO GD\OHDQ.

FKDSWHU



6HYUDO VWXGLHV KDYH VKRZQ WKH HIIHFWV RI PHODW
'"HVWUXFWLRQ RI WKH SLQHDO JODQG DQG UHPRYDO R
FLUFDGLDQ UK\WKPLFLW\ ZKLFK LV UHVWRUHG ZLWK G
OHQDNHU ,Q PDPPDOV WKH 6&1 FRQWDLQ WKH P
UHFHSWRUV 5HSSHUW DQG :HDYHU 'HDYHU DQG
GULYHQ UK\WKP RI SLQHDO PHODWRQLQ VHFUHWLRQ |
OHODWRQLQ LQMHFWLRQV HQWUDLQ FLUFDGLDQ UK\W]

DQG WKLV HIIHFW FDQ EH HOLPLQDWHG E\ OHVLRC

6LPLODUO\ PHODWRQLQ FDQ SKDVH VKLIW FLUFD
DO VKHHS :RRG HW DO ELUGV +HLJO DQG
8QGHUZRRG DQG +DUOHVV 3KDVH VKLIWV FDXVF
S GDUN SXOVH SDWWHUQ WKDW LV RSSRVLWH WR WK
DQG $UPVWURQJ 7KXV UDWV WKDW KDYH KDG W
VKLIW PRUH UDSLGO\ WR QHZ OLJKW F\FOHV WKDQ GR
$UPVWURQJ DQG 5HGPDQ OHODWRQLQ DGPLQVW
OHVV HIIHFW WKDQ ZKHQ DGPLQLVWHUHG WR UDWV G:

LQ FRQVWDQW OLJKW 5HGPDQ DQG $UPVWURQJ

SHWLQDO DQG SHULSKHUDO FORFNYV

$vV ZHOO DV WKH pPDVWHU FORFNVY LQ WKH 6&1 RI PD
QRQ PDPPDOLDQ YHUWHEUDWHY FORFNV DUH DOVR G
ERGLHYVY :KLWPRUH HW DO <DPD]DNL HW DO

HSHULSKHUDOY FORFNV DQG WKHLU IXQFWLRQV DUH S

RI FORFN JHQHV WKH\ ZHUH IRXQG LQ ORFDWLRQV RV



ZLWK WKHLU FRUUHVSRQGLQJ P51% SURGXFWV VKRZLQ
YDULHW\ RI WLVVXHV LQFOXGLQJ OLYHU PXVFOH NLG
IRU UHYLHZ ,Q MDRRNMNHFEODIDWKRQ ZDV IRXQG LQ W

DV ZHOO DV WKH H\H NLGQH\ KHDUW DQG RWKHU SHL
SHULSKHUDO FORFNV DUH GHSHQGHQW RQ WKH F
GHFRXSOHG IURP WKH FHQWUDO FORFN WR RSHUDWH
WLPH XQGHU FHUWDLQ FRQGLWLRQV VXFK DV UHVWUL
8QOLNH WKH 6&1 RU SLQHDO RUJDQ SHULSKHUDO FOR

ZKHQ SODFHG LQ LVRODWLRQ :KLWPRUH HW DO <

7KH YHUWHEUDWH UHWLQD LV DQ H[DPSOH RI VXFK D
RWKHU SHULSKHUDO WLVVXHV UHWLQDO UK\WKPV GR
YHUWHEUDWH UHWLQDH VHYHUDO UK\WKPV FDQ EH Gl
FHOOXODU DQG PROHFXODU OHYHOV WKDW DUH UHJXC
&LUFDGLDQ FRQWURO RI WKHVH UK\WKPV LV WKRXJKW

ODUJH GLIITHUHQFH LQ LOOXPLQDWLRQ EHWZHHQ GD\ L

8VLQJ ERWK HOHFWURSK\VLRORJLFDO DQG SV\FKRSK\\
WKDW YLVXDO VHQVLWLYLW\ LQ D QXPEHU RI VSHFLHYV
%HKDYLRXUO\ PHDVXUHG YLVXDO VHQVLWLYLW\ LQ IL\
DQG 3RZHUV ZKLOH IRU KXPDQV NHSW LQ FRQVW
WKUHVKROG GHFUHDVHV E\ DERXW GXULQJ WKH VX

,Q UbDWV WKH DELOLW\ WR GHWHFW IODVKHV RI1 O
GD\ DQG WKLV VHQVLVWLYLW\ YDULDWLRQ WR IODVKH

5RVHQZDVVHU HW DO &LUFDGLDQ UK\WKPV KDY}



ZDYARPSRQHQW RI WKH HOHFWURUHWLQRJUDP (5* LQ
RFFXUULQJ DW QRRQ 1R]DNL HW DO +DQNLQV HW

%DUORZ ZKHUH YDOXHVY SHDNHG GXULQJ WKH QL

SKRWRUHFHSWRU GLVF VKHGGLQJ LV DOVR XQGHU FRC(
VHIPHQWY RI SKRWRUHFHSWRUYVY DUH UHQHZHG FRQWI
PHPEUDQH GLVFV DW WKH EDVH DQG VKHGGLQJ RI RO
SDFNHWV VHH VHFWLRQ S5RG GLVF VKHGGLQJ XV
DIWHU OLJKW RQVHW ZKLOH LQ VRPH VSHFLHV FRQH V
DQG LQ RWKHU VSHFLHV LW RFFXUV DIWHU GXVN %HYV
WZR SHDNV RI GLVF VKHGGLQJ ZHUH IRXQG RQH DW W
GXH WR WKH FRQHY DQG D VHFRQG SHDN DW WKH EHJ
URGV 271'D\ DQG <RXQJ SRG EXW QRW FRQH Gl
VKRZQ WR EH XQGHU FORFN FRQWURO DV UDW URG Sk

FRQVWDQW GDUNQHVV /D 9DLO

2QH RI WKH PRVW REYLRXV FHOOXODU VWUXFWXUDO F
UK\WKPLFLW\ LV WKH UHWLQRPRWRU PRYHPHQWYV RI F
ZLWKLQ WKH 53( FHOOV &RQWURO RI WKHVH ZLOO EH
+RUL]JRQWDO FHOO VSLQXOHV ZKLFK DUH VPDOO ILQJ

GHQGULWHY LQYDJLQDWLQJ FRQH SHGLFOHY DOVR VK

IHXURFKHPLFDOV LQ WKH UHWLQD KDYH DOVR EHHQ |

LQ WKH SLQHDO PHODWRQLQ LQ WKH UHWLQD LV SUR



HRPHV DQG ELRVI\QWKHWLF SDWKZD\ 5HWLQDO PHOD\
UHVSRQVLEOH IRU LWV VIQWKHVLV KDV EHHQ IRXQG \
URGHQWY 3DQJ HW DO <X HW DO IXFDV DQG
IDYULNRYD )XNXKDUD HW DO ELUG %LQNOH
DQG OHQDNHU 3DQJ HW DO 5HSSHUW DQG 6D

IURJ 3DQJ HW DO 'LHFKPDQ HW DO DQ

)XUWKHU SHUVLVWHQW UK\WKPV Rl PHODWRQLQ
LQGLFDWLQJ FORFN FRQWURO RI UHWLQDO PHODWROQL
VHYHUDO VSHFLHV LQFOXGLQJ ELUG +DPP DQG OHQD?
%HVKDUVH &DKLOO DQG %HVKDUVH DV ZHOO
OHQDNHU ,Q KDOVYIMNUORIBWHQDI PHODWRQLQ LQ F
VKRZHG FLUFDGLDQ UK\WKPLFLW\ ZKHUH WKH PHODWF
ORZ LQ WKH GD\ GXULQJ D QRUPDO OLJKW GDUN F\FOt
GDUNQHVV IUHH UXQQLQJ ZLWK D SHULRG FORVH WR
FORFN 7RVLQL DQG OHQDNHU 7KH FLUFDGLDQ L\
WHPSHUDWXUH FRPSHQVDWHG 7RVLQL DQG OHQDNHU
UHWLQDO FORFN &LUFDGLDQ UK\WKPV Rl PHODWRQLQG
EHHQ UHSRUWHG IRU ERWK WKH PRXVH DQG UDW 7RV

DO

,Q ILVK ERWK WKH UK\WKP RI UHWLQDO PHODWRQLQ
GHSHQGHQW OS5HWLQDO PHODWRQLQ OHYHOV VKRZ SHI
&DKLOO ,LJR HW DO D F G EXW SHDNV LQ P
GXULQJ WKH GD\ LQ VDOPRQLGV *HP HW DO =DF¥k

=DXQUHLWHU HW DO E 6LPLODUO\ WKH UK\WKP R



FROWLQXHG LQ FRQVWDQW&A&BDDNYHXV L BDKWK \DFOO G | L \

G |JHEUDIQVK UHIDKRL OO D Q G 2UIFIRUEKR @ AKX R X W
P\NLV¥DXQUHLWHU HW DO D +RZHYHU UHWLQDO
QR UK\WKPLFLW\ LQ FRQVWDQW GDWFNRQ HBODHIQSHKH F\!
LQ DQRWKHU F\SULLERD RGRH) XIDMWRA@HKPVRV UHWLQDO P
SURGXFWLRQ FRXOG EH VHHQ LQ FRQVWDQW GDUNQH)
VXJIJHVWHG WKDW DV LQ WKH SLQHDO RUJDQ UHWLQE

HFRORJLFDO QLFKHV DV ZHOO DV SK\ORJHQ\ ,LJR HW

OHODWRQLQ UHFHSWRU VXEW\SHV K DH® REKHW LQMF D O L
OHOL$ OHOL% DQG OHOLF UHFHSWRU VXEW\SH P51$ D
SLIPHQWHG HSLWKHOLXP DQG QHXUDO UHWLQD :LHF}
6PLWK ZKLOH OHOP DQG OHOLF DUH DOVR H[SUHYV
RI SKRWRUHFHSWRU FHOOV ZLWKLQ WKH LQQHU QXFO
'LHFKPDQQ DQG 6PLWK ,Q WKH FKLFN UHWLQD

QXFOHDU OD\HU DQG OHVV VR LQ WKH JDQJOLRQ FHOC
ZKLOH OHOLF ZDV H[SUHVVHG LQ WKH LQQHU QXFOHD!I
UDW UHWIUGHF HEBHMR U P51$ LV H[SUHVVHG LQ DPDFULQH!

WKH LQQHU QXFOHDU OD\HU DV ZHOO DV LQ JDQJOLRC

7TKHUH LV VXEVWDQWLDO HYLGHQFH IURP QXPHURXYV \
PHODWRQLQ SURGXFWLRQ LV WKH SKRWRUHFHSWRUYV
1$7 DFWLYLW\ 9LYLHQ 5RHOV HW DO *HP DQG .DI

DQG +,207 OLNH :LHFKPDQQ HW DO 'LHFEKPDC

LPPXQRUHDFWLYLW\ KDYH EHHQ ORFDOL]HG ZLWK



RVKHU YHUWHEUDWHYV +,207 DQG $$ 1$7 HQFRGLQJ P!
&UDIW %HUQDUG HW DO 1LNL HW DO 7R\
PHODWRQLQ ELQGLQJ VLWHVY :HLFKPDQQ HW DO |

KDYH DOVR EHHQ ORFDOL]HG PDLQO\ WR WKH RXW
FXOWXUHG FKLFNHQ UHWLQDH LV LQFUHDVHG E\ WUHEL
SKRWRUHFHSWRU OLNH FHOOV ;HMPROBMHW @D DQG %
%HVKDUVH DQG FKLFNHQ =DZLOVND DQG ,XYRQH
H\HFXS SUHSDUDWLRQV ODFNLQJ WKH LQQHU UHWLQD
VKRZ FLUFDGLDQ UK\WRRISBEOW\LDKQRKQPOHG ERWK E\ O
GRSDPLQHUJLF GUXJV &DKLOO DQG %HVKDUVH 7
WKDW SKRWRUHFHSWRUV DUH UHVSRQVLEOH IRU UK\W
KDV EHHQ VKRZQ XVLQJ GLIIHUHQW VWUDLQV RI PLFH
VIQWKHVLVY RI PHODWRQLQ EXW DUH QHHGHG IRU WKH
VIQWKHVLY VXJJHVWLQJ WKDW FRQHV DUH WKH VLWH
ERWK URGVY DQG FRQHV DUH UHTXLUHG WR JHQHUDWH

OHQDNHU D

8QOLNH LWV UROH LQ WKH SLQHDO RUJDQ WKHUH LV
PHODWRQLQ DOWKRXJK LW LV DOVR WKRXJKW WR DFW
PHODWRQLQ KDV EHHQ VKRZQ WR EH LQYROYHG LQ G
VKHGGLQJ %HVKDUVH DQG 'XQLV 'KLWH DQG )LVI
PHODWRQLQ FDXVHV 53( 5DOMHVEND BV ISMHSIHDWY FOR G /HF
_HPDOL HW DO D Q GHPRG KN \H G R B M/ IDR)G
%HVKDUVH 'DUN DGDSWLYH SLIPHQW DJJUHJDWL

JXLQHD SLJV 3DQJ DQG <HZ DQG KDPVWHU .UDV



INK WKH UROH RI PHODWRQLQSIWMLOXKV\PROSDAVR Q WK
WURBRPWPR LURIKBGIXWRQLQ FDXVHV GDUN DGDSWLYH 53(
DQG $OL ZKLOH LQ&W KB \&MIXXAL D@ ULHDMNS N QDX U D W X\
PHODWRQLQ ZDV VKRZQ WR EH LQYROYHG LQ WKH GDL
VSLOQXOHYV %HKUHQV HW DO +RZHYHU QR GDUN
WHOHRVW FRQH PRYHPH QW FLK®D W\KRP P L BIDW UR IORAK@MQ@ X5P

OF&RUPDFN DQG %XUQVLGH /' H FRRP WK I\ DWQHHHOM XX Q | 1

'"HDUU\ DQG % XUQVLGH

2QH ZD\ LQ ZKLFK PHODWRQLQ LV WKRXJKW WR EH LQ"
LV LQ LWV LOQWHUDFWLRQV ZLWK WKH QHXURFKHPLFD(
KDYH D OLJKW DGDSWLYH UROH VHH VHFWLRQ 'R
VKRZV D UHYHUVH UK\WKP Rl SURGXFWLRQ LQ FRPSDU
VIQWKHVL]HG LQ WKH UHWLQD IURP WKH DPLQR DFLG
HQJ\PHV WKH UDWH OLPLWLQJ HQ]J]\PH W\URVLQH K\GU
DFLG GHFDUER[\ODVH 'XERFRYLFK 7KH JHQHUDC
VIQWKHVLY VKRZV SHDN OHYHOV GXULQJ WKH GD\ ZK
UHYHDOLQJ FORFN FRQWURO LQ PDPPDOV :LU] -XVWL
IDYULNRYD ELUGVY $GDFKL HW DO 0DQJODS
DO D DQG E DQG ILVK .LUVFK DQG :DJQHU F
OF&RUPDFN DQG %XUQVLGH =DXQUHLWHU HW DO
5LEHOD\JD HW DO SHFHQW HYLGHQFH VXJJHVWYV
FRQWUROOLQJ UHWLQDO GRSDPLQH SURGMRMIRRQ LV :
VWXGLHYV RI LVRODWHG ILVK UHWLQDH VKRZHG D UK\W

OHDVW KRXUV LQ FRQVWDQW GDUNQHVYV S5LEHOD\JLC



7KH UHWLQDO DFWLRQV RI GRSDPLQH DUH EHWWHU NQ
UHWLQD GRSDPLQH FDQ PRGXODWH D YDULHW\ RI IXQ
UHFHSWRUV 7KHUH DUH DW OHDVW ILYH W\BGIE RI GR:
" ZKLFK DUH IXUWKHU FODVVLILHG LQWR WZR IDPLO\ |
FRQVLVWLQJ RI 'L DQG 'V WXNEW \B/HKBHQ'C Y EEWKSIH'Y

UHFHSWRUV 6WUDQJH OLNH'UEMIEWRQEY DUH FKDUDF
DFFRUGLQJ WR WKHLU HITHFWV RQ DGHQRVLQH T T F
SURGXFWLRQ .HEDELDQ DQG &DLQH $FWLYDWLR
F$03 SURGXFWLRQ ZKHUGODMHOBWEMBWRRY BHFUHDVH
SURGXFWLRQ )XUWKMHINHLUBENIS VDRWGYV' LOQWHUDFW GLII
VHOHFWLYH SKDUPDFRORJLFDO DORQHVWVFB W ROQ/WIDL
RUGHUV RI PDJQLWXGH PRUH VHQVLWLYH WR GRSDPLC
DQG &DLQH OLNH'UHFHSWRUV DUH ORFDWHG RQ SKRYV
%XUQVLGH +DUVDQ\L DQG 0ODQJHO <D]XOOD |

UHFHSWRUV RFFXU RQ FRQH KRUL]J]RQWDO FHOOV 0DQ

,Q PDQ\ YHUWHEUDWHY UHWLQDO GRSDPLQHUJLF FHO
WHOHRVW ILVK DQG 1HZ :RUOG ORQNH\V WKH\ DUH LQ

<D]X0OOD DQG =XFNHU 0DQ\ VWXGLHV VKRZ C
OLJKW DGDSWLYH VLIJQDO ZLWKLQ WKH UHWLQD 'MDP
ILVK IRU H[DPSOH DSSOLFDWLRQ RI GRSDPLQH WR G|
DGDSWHG FRQH FRQWUDFWLRQ URG HORQJDWLRQ 53
DQG %HVKDUVH %UXHQQHU DQG %XUQVLGH '

YLD UHFHSWRUVY DQG VSLQXOH IRUPDWLRQ VHH FKDS



.RKOHU DQG :HLOHU .LUVFK HW DO DV ZHOO

FHOOV %DOGULGJH HW DO YLD 'L UHFHSWRU

1RW RQO\ DUH WKH UK\WKPV RI PHODWRQLQ DQG GRSI
Lv bOVR DQ LQWHUDFWLRQ EHWZHHQ WKH WZR OHOD\
YDULRXV SDUWV Rl WKH UHWLQD VHH DERYH LQFOXG
WKHLU DFWLYDWLRQ LQKLELWY WKH UHOHDVH GRSDPL
)XMLHGD HW DO $W WKH VDPH WLPH GRSDPL
VIOWKHVLY DQG RU UHOHDVH 1JX\HQ /HJURV HW DO
, W KDV EHHQ SURSRVHG WKDW PHODWRQLQ GULYHV G
PRGXODWHYV WKH PHODWRQLQ UK\WKP EXW LV QRW QH
UK\PLFLW\ &DKLOO DQG %HVKDUVH SHFHQWO\ X
EHHQ VKRZQ WKDW WKH PHODWRQLQ UK\WKP LV QRW
DQG WKDW WKH UK\WKP LQ GRSDPLQH LQ SDUWLFXOD
QLJKW LV DFKLHYHG E\ WKH UHWLQDO FORFN DFWLYD
DO 7KXV WKH PHODWRQLQ UK\WKP GULYHV WKH
PLFH ZKLFK FDQQRW V\QWKHVL]H SLQHDO RU UHWLQD
GRSDPLQH SURGXFWLRQ LV VHHQ LQ FRQVWDQW GDUN
PHODWRQLQ LV UHVSRQVLEOH IRU WKH UK\WKP LQ GR
LQ WKH 5R\DO &ROOHJH RI 6XUJHRQV UDW ODFNLQJ S
GRSDPLQH PHWDEROLVP FRXOG VWLOO EH GHWHFWHG
GULYH WKLV UK\WKP DQG VXJIJHVWLQJ DW OHDVW WZR

'R\OH HW DO



2ZWKHU UHWLQDO FLUFDGLDQ UK\WKPV LQFOXGH WKH
FRQH SKRWRSLIJPHQWYV YRQ 6FKDQW] HW DO *$
-DOLIID HW DO SURWHLQ NLQDVH & LPPXQRUHDF

WKH OHYHOV RI VHYHUDO DPLQR DFLGV 3R]JGH\HY HW

BWXGLHV W\DBGXW IVEW KDPVWHU KDYH VXJIJHVWHG WKD
D VLPLODU PDQQHU WR WKH 6&1 DW D PROHFXODU OH
ZHOO DV GLVF VKHW BROQW DUKWWKKIPPA/ IMH UV VKRZHG VKR
SHULRGY LQGLFDWLQJ WKDW WKH\ XVH WKH VDPH ED
FORFN *UDFH HW DO 7RVLQL DQG OHQDNHU
GHWHFWHG JHQHV LQ WKH UHWLQD WKDW DUH SDUW F
DQG )XNXKDUD IRQ RIS HERRBNV DO &U\ DQG
=KX DQG *UHHQ KRPRORJXHV DUH H[SUHVVHG SU
SKRWRUHFHSWRBIUW HPXWIOWVHG SUHGRPLQDQWO\ LQ WK
&U\ +DTXH HW D@&U\ %DDL@G\ HW DO KDYH DO
ORFDOL]JHG WR WKH SKRWR U QFHBWMRG VHR | \FKKR E NAHKQH UR
JHQHV WR EH PRUH ZLGBO®F N[ UMY @EBEHUWKH U O
GHWHFWHG LQ WKH LQQHU QXFOHHBQ RSD4KXDIMJGHWWD Q J
DO D ® @A\ DUH DOVR IRXQG LQ WKH JDQJOLRQ |
%DLOH\ HW DO +DTXH HW HDWBD R B WGRD POPP DOV
H[SUHVVHG PDLQO\ LQ WKH LQQHU UHWLQD RI PRXVH
VHHQ LQ SKRWRUHFHSWRUV *HND N B\ HDAERIO OR.
DUH H[SUHVVHG LQ JDQJOLRQ FHOOV DV ZHOO DV FHO

OL\DPRWR DQG 6DQFDU 7TKRPSVRQ HW DO



,QHQRSXV LYHWKRXJKW WR SOD\ D UROH LQ SKDVH VH\
HIKLELWY D OLJKW GULYHQ GLXUQDOHWKDQNKEBVSHDNLQ.
LQGXFHG E\ ERWK OLJKW DQG GRSDPLQH 6WHHQKDUG
3(5 SURWHLQ PD\ WKHQ LOQWHUDFW ZLWK RWKHU FRP
DOWHU WKH FLUFDGLDQ SKDVH 7KH HQWUDLQPHQW P

PDPPDOLDQ UHWLQDH DUH QRW NQRZQ 7RVLQL DQG O

7KH PHFKDQLVP E\ ZKLFK WKH UHWLQDO FORFN FRQW!U
QRW ZHOO XQGHUVWRRG +RZHYHU VWXGLHV LQ FKLF
+ DQG $$ 1$7 WR EH UK\WKPLF LQ WKHLUPYLWD®G DF
DQIX YLY®RGHUVRQ DQG *UHHQ $D QPRARWIQ GHMLQDO

1$7 DFWLYLW\ VKRZ FLUFDGLDQ FKDQJHV LQ ERWK WK

,VKLGD D DQG E

&LUFDGLDQ UHJXODWLRQ RI UHWLQF

2] SDUWLFXODU LPSRUWDQFH LQ WKH FRQWH[W Rl WK
PRYHPHQWY DUH XQGHU HQGRJHQRXV FLUFDGLDQ UHJ
PRYHPHQWY ZHUH WKH ILUVW UHWLQDO SURFHVV GLV
"HOVK DQG 2VERUQH ILUVW SODFHG FDWILVK LQ |
WKH FRQHVY FRQWLQXHG WKHLU F\FOLF PRYHPHQWYV $
GD\ WKH FRQHV ZHUH FRQVWULFWHG DQG GXULQJ ZKD
HORQJDWHG 6LQFH WKHQ WKHUH KDYH EHHQ PDQ\ VYV

FLUFDGLDQ FRQWUROOHG UHWLQRPRWRU PRYHPHQWYV



7KH EHKDYLRXU RI WKH UHWLQRPRWRU PRYHPHQWYV LC(
GHJUHH WR ZKLFK WKH\ DUH XQGHU HQGRJHQRXV FRQ
ILVK :DJQHU HW DO D ,Q UHWLQRPRWRU OLWHUD
FRQVLGHUHG WR EH WKRVH WKDW SUHVHUYH WKHLU U
FRQWLQXDO GDUNQHVYV IRU DW OHDVW GD\V DQG WK
PRYHPHQWY LQ FRQWLQXDO OLJKW FRQGLWLRQV :HDI
FROQWLQXDWLRQ RI WKH UHWLQRPRWRU PRYHPHQWYV L
PRYHPHQWY LQ FRQWLQXDO OLJKW $UUK\WKPLF ILVK

LQ FRQWLQXDO GDUNQHVV :DJQHU HW DO D

SHIXODWLRQ RI UHWLQRPRWRU PRY|

6HYHUDO VWXGLHY KDYH DGGUHVVHG WKH TXHVWLRQ
XQGHU ORFDO FRQWURO ZLWKLQ WKH H\H RU LI WKHLL
%HVKDUVH IRU UHYLHZ JRU SKRWRUHFHSWRUV |
FHQWUH JRYHUQLQJ WKHLU PRYHPHQWY LV ORFDWHG
VLWXDWLRQ LV OHVV FOHDU IRU PLJUDWRU\ 53( PHOD
RI OLJKW RQWR WKH GDUN DGDSWHGLEFKOYDYRHADRI LQW
ELRFHOOWWDR EHHQ VKRZQ WKDW OLJKW DGDSWLYH !
PHODQRVRPHVY DUH VKDUSO\ UHVWULFWHG WR WKH D
(DVWHU DQG ODF\ 7KLV HIITHFW ZDV DOVR VHHQ
ODF\ DQG JROGOWIKXY DKUDPKWQG :DJQHU UHWL

RSWLF QHUYH VHFWLRQ LQGLFDWLQJ WKDW LQGXFWLF



PHGLDWHG ORFDOO\ E\ WKRVH UHWLQDO FHOOV GLUHTE

WKHUH LV LQIOXHQFH IURP D PRUH JOREDO KXPRUDO

,QHQRSHK\WWHWFXSVY UHWLQRPRWRU PRYHPHQWYV SHUVLVW
DQG ,XYRQQH DOVR LQGLFDWLQJ WKHLU FRQWUR
H\H /LJKW DGDSWHG UHWLQRPRWRU PRYHPHQWV ZHU|
%XUQVLGH DQG %DVLQJHU DJDLQ LQGLFDWLQJ \
HPDQDWLQJ IURP RXWVLGH WKH H\H DUH QRW UHTXLU
ERWK WKH JUHHR FIX\WQ FL\DKRIDOOXWQG %DUORZ DQ
OLGDV FLEIKRKIEDVRPD FIOWKRQADPXMQG %XUQVLGH

UHWLQRPRWRU PRYHPHQWY ZHUH UHFRUGHG IROORZL
ERWK WKHVH UHVXOWYV GR QRW H[FOXGH WKH SRVVLE]
IURP OLGDV FLFKOLGV KDYH EHHQ FXOWXUHG DQG FRC
GD\V LQ FXOWXUH OF&RUPDFN DQG OF'RQQHOO J
HYLGHQFH WR GDWH WKDW FRQH PRYHPHQWY DUH JRY

VDPH FDQQRW \HW EH VDLG IRU 53( PHODQRVRPHYV

,(QWUDFHOOXODU UHJXODWLRQ RI UF

6HYHUDO VWXGLHY KDYH LQYHVWLIJDWHG WKH LQWUDT
PRYHPHQWY %XUQVLGH IRU UHYLHZ $Q LQFUHD\
FDXVHV GDUN DGDSWLYH UHWLQRPRWRU PRYHPHQWYV
PHODQRVRPHYVY %XUQVLGH HW DO %XUQVLGH DQ(

$FNODQG $Q LQFUHDVH LQ F\FOLF $03 LV VHHQ G



OLWKGDUN F\FOH DQG GXULQJ FRQVWDQW GDUNQHVV L
FRXSOH UHWLQRPRWRU PRYHPHQWY WR ERWK WKH GL
$03 DFWV E\ PRELOLVLQJ WKH SKRWRUHFHSWRU F\WR
SKRVSKRU\ODWLRQ /LHSH DQG %XUQVLGH 5H\ DQ
FHOOV F\FOLF $03 DFWV YLD SKRVSKRU\ODWLRQ RI S
%XUQVLGH )RU OLJKW DGDSWLYH UHWLQRPRWRI
GHFUHDVH LQ LQWUDFHOOXODU F\FOLF $03 DQG DQ L
ZHOO DV $73 LV UHTXLUHG %XUQVLGH HW DO X F
FRQHV FDOFLXP DFWV DV LQ RWKHU PXVFOH DQG QRC
DFWLYDWLRQ RI WKH P\RVLQ $73DVH UHVSRQVLEOH IR
FRQWUDFWLRQ ,Q URGV WKH IRUFH UHTXLUHG IRU H(
URG P\RLG DFWLQ ILODPHQWV 27&RQQRU DQG %XUQV
OHYHOV DFWLYDWHYV DFWLQ P\RVLQ LQWHUDFWLRQ DC

OLIJIKW LQGXFHG PHODQRVRPH GLVSHUVLRQ LQ 53( FH¢

((WUDFHOOXODU UHJXODWLRQ RI1 UF

(IWUDFHOOXODU UHJXODWLRQ E\ GRSDPLQH FDXVHV C
PHODQRVRPH PRYHPHQW 'HDUU\ DQG %XUQVLGH

VHH VHFWLRQ ,Q WHOHRVWVY GRSDPLQH LV ORFI
LQWHUSOH[LIRUP FHOOV 'RZOLQJ DQG (KLQJHU

YDULHW\ RI FRQWDFWV LQ WKH LQQHU SOH[LIRUP OD\
RXWHU SOH[LIRUP OD\HU WKH\ VIQDSVH ZLWK KRUL]RC
VSHFLHY PDNH FRQWDFW ZLWK SKRWRUHFHSWRUV L

'RSDPLQH KDV DOVR EHHQ VKRZQ WR SOD\ D UROH LQ



PRYHPHQW DFWHGHYWRUYV .ROELQJHU HW DO 'RX
OF&RUPDFN DQG %XUQVLGH :DIJQHU HW DO D L
LV XQOLNHO\ WR EH WKH RQO\ FRQWULEXWRU WR OLJI
PRYHPHQWY DV WKHVH SHUVLVW DOWKRXJK ZLWK UH
LOQWHUSOH[LIRUP FHOOV ZLWK K\GUR[\GRSDPLQH 'R:
D DQG E 'RSDPLQH LV UHOHDVHG IURP LQWHUSOH|
SOH[LIRUP OD\HU DQG LV WKRXJKW WR GLIIXVH LQ D S
FROQOWUDFWQOQRRHYUBFHSWRUV GXULQJ QRUPDO OLJKW L
%XUQVLGH +RZHYHU DV FRQH FRQWUDFWLR
GRSDPLQH GHSOHWHG UHWLQDH 'RXJODV HW DO

WKH RQO\ RQH LQYROYHG

7KH H[WUDFHOOXODU UHJXODWLRQ RI GDUN DGDSWLY
2QH SULPH FDQGLGDWH WR VLJQDO WKH RQVHW RI GD
GDUN DGDSWLYH UHWLQRPRWRU PRYHPHQWYVY LV PHOI
PHODWRQLQ DQG WKH HQJ\PHV LQYROYHG LQ LWV V\Q
WHOHRVW UHWLQD ,LJR HW DO D F G 6DQFK
=DXQUHLWHU HW DO DDQG E OHODWRQLQ ELQGL
FKDUDFWHULVHG LQ WKH JROGILVK UHWLQD ,LJR HW
DXWRUHFHSWRUV KDYH EHHQ VKRZQ LQ WKH PRXVH ¥
$OWKRXJK SDWWHUQV RI PHODWRQLQ OHYHOV LQ ILVK
VRPH ILVK VSHFLHV VKRZ SHDN OHYHOV GXULQJ WKH
DW QLJKW VHH PHODWRQLQ LV VWLOO FRQVLGHL
LQ ILVK UHWLQD IRU VHYHUDO UHDVRQV

D WKH RYHUZKHOPLQJ HYLGHQFH WKDW LW LV WKH G



E LW KDV EHHQ VKRZQ WR EH LQYROYHG LQ WKH GDUN
LQ ILVK UHWLQD %HKUHQV HW DO
GWKH PHODWRQLQ GRSDPLQH DQWDJRQLVWLF LQWHU

UHWLQD %HKUHQV HW DO

%»DVLF ILVK FLUFDGLDQ RUJDQL]DWL

,Q ILVK ORFRPRWRU DFWLYLW\ LV EHOLHYHG WR EH U
ORRVHO\ FRXSOHG RVFLOODWRUV VIQFKURQL]JHG WR }
$V SUHYLRXVO\ GHVFULEHG FLUFDGLDQ RVFLOODWRU\
DQG SLQHDO JODQG RI D ODUJH QXPEHU RI VSHFLHV

,Q VRPH WHOHRVWY WKHUH LV DOVR DQRWKHU QI
ORFDWHG LQ WKH EUDLQ DOWKRXJK LWV H[DFW ORFD
EUDLQ SKRWRUHFHSWRUV 7DEDWD SLQHDOHFWI
H\HV FRXOG VWLOO EH HQWUDLQHG WR D OLJKW GDUN
SKRWRUHFHSWRU FRQWUROOLQJ ORFRPRWRU DFWLYL!
FDWILVK ZDV FRYHUHG LQ IRLO WKH ILVK EHFRPH DUI

ORFDWHG ZLWKLQ WKH EUDLQ 7DEDWD HW DO

,Q GLITHUHQW VSHFLHV Rl ILVK WKH FRXSOLQJ DQG K
PD\ YDU\ ,Q WKB PSMHRESWIHWMDBS K QWD ORULWD HW L
DQG D FEMWIMKRSQHXVWHNM IRYE LEXIQ/GDUDUDM Sl
FDXVHV EUHDNGRZQ RI ORFRPRWRU DFWDOWUWWKY ZKHUH
DVRWXWHDOHFWRP\ UHPRYDO RI ERWK H\HV DQG VKI

UHTXLUHG WR GHVWUR\ ORFRPRWRU DFWLYLW\ 7DED\



6LOXUXV WKRW>AHMIUHH WR ZKLFK WKH SLQHDO JODQG
FROQWULEXWH WR WKH FLUFDGLDQ UK\WKPLFLW\ YDULE
FRQGLWLRQV ,Q GLP OLJKW WKH SLQHDO JODQG LV L

ORFRPRWRU DFWLYLW\ ZKLOH LQ EULJKW OLJKWV WKH

,Q HDFK FHOO RI WKH SLQHDO UHWLQDO DQG WKH GH
ZRXOG EH H[SHFWHG WR IRUP ELRFKHPLFDO ORRSV W|
WKH RVFLOODWRUV $OWKRXJK WKHUH KDYH EHHQ QR
WKH JORZOLJKW WHWUD LW LV OLNHO\ WR FRQIRUP W
WKXV LW SUREDEO\ KDV D SLQHDO UHWLQDO DQG SH

RVFLOODWRU WRIJHWKHU ZLWK SLQHDO UHWLQDO DQ

ORVW RI WKLV WKHVLY GHDOV ZLWK WKH VWXG\ Rl UH
JORZOLJKW WHWUD 3UHYLRXVO\ QHDUO\ DOO VWXGL
UHWLQRPRWRU PRYHPHQWY VKRZ VLIJQV RI GDPSLQJ X
FRPSDULVRQ HDUO\ H[SHULPHQWYV RQ WKH JORZOLJK
GD\V LQ FRQVWDQW GDUNQHVV WKH UK\WKP RI FRQH
GXULQJ D QRUPDO OLJKW GDUN F\FOH ZLWK QR VLJQV
SHUVLVWHQFH RI WKH FRQH UK\WKP LQ FRQVWDQW GL
RSSRUWXQLW\ WR FRQGXFW FODVVLF FLUFDGLDQ UK\\
FRQVLGHULQJ ZKHWKHU WKLV UREXVW FRQH UK\WKP
RVFLOODWRU FDSDEOH RI PDLQWDLQLQJ JORZOLJKW

IROORZLQJ SLQHDORFWRP\



&KDSWHU *HQHUDO OHWKRGYV



, QWKLY FKDSWHU WKH JHQHUDO PHWKRGV XVHG WKUF
RXWOLQHG 2WKHU H[SHULPHQWDO SURFHGXUHV ZLOC

FKDSWHU

)LVK

$00 ILVK ZHUH REWDLQHG IURP D ORFDO GHDOHU ZKI
6LQJDSRUH *ORZ8PILKWDW AU BV \ WKULFK] PQXIVWKH EXO
WKH ILVK XVHG LQ WKLV WKBYLKR UMHIHARO PDDL Q WHH QMHIE
D WHPSHUDWXUH RI f& DQG D S+ RI 7TKH\ UDQJHG

FP IRU JORZOLJKW WHWUDYV DQG FP IRU WKH ]H
RI THWUDPLQ IODNHV ILYH GD\V D ZHHN ILVK ZHUH JH
JHHGLQJ DOZD\V RFFXUUHG GXULQJ WKH OLJKW SKDVFH
DQ\ XQZDQWHG OLJKW GXULQJ WKH GDUN SKDVH )HHC

HOLPLQDWH DQ\ SRVVLEOH HQWUDLQPHQW HIIHFW

JLVK 7DQNV

JRU ERWK PDLQWHQDQFH RI ILVK DQG H[SHULPHQWDO
GLITHUHQW WDQNYVY RI VLPLODU GLPHQVLRQV FP [ F

SDLQWHG ZKLWH H[WHUQDOO\ FRYHUHG E\ D OD\HU R/



VXUIDFH UHIOHFWHG OLJKW EDFN LQWR WKH WDQN DQ

WR SUHYHQW WKH HQWU\ RI OLJKW

$ ZRRGHQ OLJKW ER[ KRXVLQJ D IOXRUHVFHQW EXOE |
VXUIDFH RI WKLV ER[ ZDV DOVR SDLQWHG ZKLWH DQG
$ FOHDU VKHHW RI 3HUVSH[ UHVWLQJ RQ D FP ZRRGF
I[lURP WKH ZDWHU VXUIDFH 7KLV ULP HQVXUHG PLQLPL
DQ DGGHG SUHFDXWLRQ WKH OLJKW ER[ DQG WDQN Z

SUHYHQW WKH SRVVLELOLW\ RI DQ\ VWUD\ OLJKW HQW

JOXRUHVFPW EXOE 8AO0OW

3H% _OF

)LJ JLVK WDQN VHW XS
'LDJUDP VKRZLQJ VHW XS RI OLJKW ER[ DQG ILVK WDQ
E\ EODFN VKHHWYVY WR HQVXUH WKDW QR VWUD\ OLJKW



7KH ZDWHU LQVLGH HDFK WDQN ZDV ERWK DHUDWHG Z
WR NHHS WKH ZDWHU DW D FRQVWDQW WHPSHUDWXUH
GDLO\ EDVLV XVLQJ IORDWLQJ WKHUPRPHWHUYV

7KH WDQNV ZHUH NHSW LQ D GDUN URRP ZLWK RQO\ U
DOORZ PDQRHXYULQJ LQ WKH URRP GXULQJ IHHGLQJ K
OLJKW VFKHGXOHYVY ZHUH XVHG ZLWKLQ WKH VDPH URR
HDFK RWKHU DOWKRXJK WKH DERYH SUHFDXWLRQV H
HVFDSLQJ IURP DQ\ WDQN 7KH WHPSHUDWXUH RI WKH

DSSUR[LPDWHO\ f&

,OOXPLQDWLRQ

7KH ILVK WDQN OLJKWLQJ ZzDV SURYLGHG E\ D IOXRUH
' 7KH LOOXPLQDWLRQ LQ HDFK WDQN ZDV PHDVXUH
30 LQ GLIITHUHQW ORFDWLRQV FRYHULQJ WKH HQ\

DQ DYHUDJH LOOXPLQDWLRQ UDQJLQJ IURP P: FP W

&RPSDULVRQ ZLWK OLJKW OHYHOV XVHG LQ RWKHU VV
XVHG SKRWRPHWULF XQLWV VXFK DV OX[ UDWKHU WK
KHUH 6LQFH SKRWRPHWULF XQLWVY DUH DGMXVWHG IF
UHOHYDQFH WR DQLPDO VWXGLHV +RZHYHU OLJKWYV
OLNHO\ WR EH FRPSDUDEOH DV PRVW XVHG IOXRUHVF
KHUH DOWKRXJK SUHFLVH GHWDLOV DUH UDUHO\ JLY|

200D DQG ODUFKLRQL /JHYLQVRQ DQG %XUQV]

DQG E OF&RUPDFN DQG %XUQVLGH OF&RUPDFN D



.ROELQJHU HW DO IDWXUDO GD\OLJKW ZLOO XV X
LOOXPLQDWLRQ SURGXFHG LQ WKH ODERUDWRU\ 7KX)\
PRVW RWKHU VWXGLHY DUH RQO\ D VPDOO SHUFHQWD
6RPH VWXGLHY WKDW KDYH VDPSOHG ILVK LQ WKHLU (

-RKQ DQG *ULQJ RU RXWGRRUV LQ ILVK IDUP\

I[LIKW VFKHGXOHYV

7KH WLPH WKH OLJKWYVY FDPH RQ DQG ZHQW RII ZDV FR
FRQQHFWHG WR WKH OLJKW VRXUFH ,Q DOO H[SHULPI
SDUWLFXODU OLJKW VFKHGXOH IRU D PLQLPXP R Gl
UHWLQRPRWRU H[SHULPHQWY KDYH HQWUDLQHG ILVK
FKDSWHU LW LY VKRZQ WKDW WKLV LV PRUH WKDQ V

WKH OLJKW GDUN F\FOH

7KH OLJKW ZLWKLQ WDQNV FDPH RQ DQG RII DEUXSWC
GDZQ GXVN WUDQVLWLRQV ZKLFK ODVW IRU PXFK ORQ
WZLOLJKW DQG ODWLWXGH SRVLWLRQ 6KDUS FXW RI
DWWHPSWLQJ WR VLPXODWH WKH JUDGXDO QDWXUDO
ZLWK RWKHU VWXGLHVY DOO UHWLQRPRWRU H[SHULPH
KDYH XVHG VKDUS FXW RIIV WR VLPXODWH GDZQ DQG
ZKLFK FRPSDUHG UHWLQRPRWRU PRYHPHQWY LQ ILVK
OLJKW GDUN F\FOH DQG WKRVH HQWUDLQHG WR DQ DL
IRXQG QR GLITHUHQFH LQ WKH UHWLQRPRWRU PRYHPH

F\FOH RU VXEVHTXHQWO\ LQ FRQVWDQW GDUNQHVV ']



([SHULPHQWDO SURFHGXUHYV

,Q GDUNQHVYV

$Q\ H[SHULPHQW FDUULHG RXW LQ UGDUNQHVVY ZDV S
YJLIXUH $FWLRQ VSHFWUD .LUVFK HW DO VHE
ORQJ ZDYHOHQJWKY DUH LQHIIHFWLYH LQ FDXVLQJ FR
WKURXJK OLJKW DEVRUSWLRQ E\ URGV )XUWKHU DOQL
ZHUH DOZD\V PRUSKRORJLFDOO\ GDUN DGDSWHG ZLWtk

DGDSWDWLRQ EHLQJ FDXVHG E\ WKH GLP UHG OLJKW

JLIXUH 7TUDQVPLVVLRQ VSHFWUXP RI UHG ILOWHU DQC
7KH EOXH FXUYH DERYH JLYHV WKH UHODWLYH DEVRU
;PD[ VHH EHORZ IRU GHWHUPLQDWLRQ ILWWHG X\
*RYDUGRYVNLL HW DO 7KH UHG FXUYH VKRZV WKI
UHG ILOWHU FRYHULQJ WKH WRUFK XVHG WR DFFHVV
VFDQQLQJ VSHFWURSKRWRPHWHU 6KLPDG]X 89 3&
WKH UHG OLJKW LV WRR ORQJ WR VWLPXODWH JORZOI



6DPSOLQJ ILVK

2Q WKH HYHQLQJ EHIRUH WKH H[SHULPHQW ZDV GXH W
EHIRUH GXVN OLJKWV RLO ILVK ZHUH GLYLGHG LQWI|
QHWWHG MDUV EHIRUH EHLQJ UHWXUQHG WR WKH KRP
OHVV WKDQ PLOQXWHYV VR WKDW ILVK ZHUH EDFN LQ
ZHQW RIl *URXSV RI WKUHH ILVK ZHUH SODFHG LQWR
$-WKUHH ILVK ZHUH VDPSOHG SHU WLPH SRLQW

% VWUHVV VXFK DV WKDW H[SHULHQFHG GXULQJ FDS
DGDSWDWLRQ LQ ERWK WKH ILVK EHLQJ FDSWXUHG DC
WKURXJK WKH UHOHDVH RI SKHURPRQHYV .LUVFK HW D
WR MDUV WKH\ FRXOG EH UHPRYHG IURP WKHLU KRPH
PLQLPLVLQJ WKH FKDQFH RI WKHLU WDQN PDWHV ZKL
WLPH EHLQJ DIIHFWHG E\ SKHUHPRQHYVY G6LQFH WKH V
LPPHUVHG LQ ILIDWLRQ VROXWLRQ ZLWKLQ VHFRQG
XQOLNHO\ WKDW VLJQLILFDQW VWUHVV LQGXFHG OLJK
FDXVHG ZLWKLQ WKH VDPSOLQJ JURXS DV OLJKW UHW
WDNHV ORQJHU WKDQ PLQXWHYV

& ILVK FRXOG EH VDPSOHG DW H[DFWO\ WKH UHTXLUF

WKHP

W LV XQOLNHO\ WKDW SODFLQJ JURXSV RI ILVK LQW
VHYHUDO UHDVRQV
$ LQ DOO H[SHULPHQWYVY UHWLQRPRWRU HOHPHQWYV Z

GDUN SKDVH LQ FRPSDULVRQ WR WKH OLJKW SKDVH ,



EHHQSHFWHG WKDW FRQHV DQG 53( PHODQRVRPHV UH
SRVLWLRQV WKURXJKRXW WKH OLJKW GDUN F\FOH

% 6DPSOLQJ ILVK GXULQJ D QRUPDO OLJKW GDUN F\F1
ILUVW GRQH ZLWKRXW WKH XVH RI MDUV ILVK ZHUH

VPDOO QHW DW WKH DSSURSULDWH VDPSOLQJ WLPH 7
FRPSDUHG WR VDPSOLQJ XQGHU WKH VDPH OLJKW GD
ZHUH SODFHG LQWR QHWWHG MDUV DV GHVFULEHG DE
ZDV QR GLIIHUHQFH LQ WKH FRQH LQGH[ VHH EHORZ

S! XQSDLUHG VWXGHQW W WHVW

&OURXSV Rl ILVK OHIW LQ WKH MDU GXULQJ WKH PLC
FRPPHQFH HDWLQJ 7THWUDPLQ IODNHV DIWHU RQO\ K
LQGLFDWLQJ WKDW WKH\ DUH QRW XQGHU XQGXH VWU
WKH WLPH WDNHQ WR UHFRPPHQFH IHHGLQJ IROORZLC

LQGLFDWRU RI WKH VWUHVY OHYHOV H[SHULHQFHG E\

SUHSDUDWLRQ IRU WLJKW PLFURVFRS\

$IWHU UHPRYLQJ ILVK IURP WKH H[SHULPHQWDO WDQN
ZDV XVHG WR NLOO DOO ILVK ,I WKLY QHHGHG WR EH
OLJKW ZDV XVHG $IWHU NLOOLQJ WKH ILVK WKH FHQ
ILVK SODFHG LQWR D ILIDWLRQ VROXWLRQ FRQVLVWLC
JOXWDWDOGHK\GH VHH DSSHQGL] $IWHU KRXUV R
WKH H\HV ZHUH HQXFOHDWHG KHPLVHFWHG DQG SUH!

WKH VWHSZLVH SURFHGXUHYV RXWOLQHG EHORZ



$ J)LIHG SRVWHULRU H\HFXSV ZHUH ZDVKHG ZLWK ZDW
IRU PLQXWHYV EHIRUH XQGHUJRLQJ D VHULHV RI JUD
% 7KH GHK\GUDWLRQ FRPPHQFHG ZLWK LPPHUVLRQ L¢

HWKDQRO ZDWHU PL[WXUH IRU PLOQXWHYV 7KLV ZDV I/

& ,PPHUVLRQ LQ VROXWLRQ RI HWKDQRO ZDWHU

" ,PPHUVLRQ LQ VROXWLRQ RI HWKDQRO ZDWHU |
( ,PPHUVLRQ LQ VROXWLRQ RI HWKDQRO ZDWHU |
) ,PPHUVLRQ LQ VROXWLRQ RI HWKDQRO ZDWHU IF
* ,PPHUVLRQ LQ HWKDQRO WKUHH WLPHV HDFK W

WKH H\HFXSV
7KH GHK\GUDWLRQ ZDV QRZ FRPSOHWH DQG WKH QH[W
HWKDQRO DQG SUHSDULQJ WKH H\HFXSV IRU HPEHGGL
E\
+ ,PPHUVLRQ LQWR D VROXWLRQ RI +LVWRFOHDU IRU
,PPHUVLRQ LQWR D VROXWLRQ RI +LVWRFOHDU
URWDWLQJ
- ,PPHUVLRQ LQWR UHVLQ DQG URWDWLQJ WKH H\
WHPSHUDWXUH
(DFK H\HFXS ZDV SODFHG LQWR DQ LQGLYLGXDO ED
UHVLQ 7KH H\HFXSV ZHUH RULHQWDWHG WR DOORZ JI
FXW
/| ORXOGV ZHUH SODFHG LQWR DQ RYHQ DW f& IRU

DQG KDUGHQLQJ RI WKH UHVLD



JRU VHFWLRQLQJ UHVLQ EORFNV FRQWDLQLQJ LQGLYL
PDQXDOO\ XVLQJ D UDJRU EODGH )ROORZLQJ WKLV E
SHLFKHUW -XQJ 8OWUDFXW ( PLFURWRPH IRU VHFWLRC
D VWDQGDUG NQLIHPDNHU /.% .QLIHPDNHU 7\SH , %
VHFWLRQLQJ E\ DWWDFKLQJ VPDOO HERDWVY QHDU Wk
PDGH IURP ZDWHU UHVLVWDQW WDSH DQG FRXOG EH |
WKH WLVVXH UHVLQ FRPSOH[ ZDV FXW LW ZRXOG IORI

WKH VHFWLRQ IURP WKH ZDWHU

SP WKLFN UDGLDO VHFWLRQV ZHUH FXW FROOHFWHC
UHPRYHG XVLQJ D VPDOO V\ULQJH )URP WKH VNULQJH
GURSOHW RI ZDWHU UHVWLQJ RQ D FOHDQ JODVV VOL!
LQGLYLGXDO JODVYV VOLGHV WR PD[LPLVH WKH FKDQF!
PLQLPLVH WLVVXH ORVV GXULQJ WKH VWDLQLQJ SURF
KRW SODWH VHW WR DSSUR[LPDWHO\ f& ZKLFK DOOR
VOLIJKWO\ ZLWKRXW IROGLQJ DV LW DGKHUHG WR WKI
HYDSRUDWHG WKH JODVV VOLGH ZDV KHOG RYHU D VI

HQVXUH WKDW WKH VHFWLRQ ZDV VWXFN WR WKH VOL

, QLWLDOO\ GXULQJ DOO H[SHULPHQWY WKH UHVLQ Z

DV IROORZV

$ 7KH JODVV VOLGH zZDV LPPHUVHG LQ VRGLXP PHWKHF

UHPRYHG WKH UHVLQ



% 7KH VOLGH ZDV ULQVHG ZLWK GLOXHQW VHH DSSHC
PHWKR[LGH
& W ZDV ULQVHG ZLWK DFHWRQH LQ RUGHU WR UHPR

" 'LVWLOOHG ZDWHU ZDV XVHG WR ULQVH RII WKH DFF

7KH WLVVXH ZDV QRZ UHDG\ IRU VWDLQLQJ %HIRUH D
HYDSRUDWHG GURSOHWYV RI WROXLGLQH EOXH VHF
IRU DSSUR[LPDWHO\ VHFRQGYV EHIRUH EHLQJ ULQ\

VOLGH ZDV SODFHG LQ DQ RYHQ DW f& IRU GU\LQJ

/IDWHU LW ZDV GHFLGHG QRW WR UHPRYH WKH UHVLQ
WR WR[LF FKHPLFDOV ,Q FKDSWHU DORQH RYHU

HIDPLQHG ZHUH SUHSDUHG XVLQJ WKLV PHWKRG DQG
UHPRYDO ZRXOG DGG XS WR D VLIJQLILFDQW OLPH VSF
VLPSOHU DQG PRUH FRPPRQ PHWKRG WR VWDLQ WKH
$-$IWHU KHDWLQJ WKH VOLGH ZLWK WKH IODPH VHH I
KRWSODWH 'URSOHWYV R WROXLGLQH EOXH ZHUH D
DQG DOORZHG WR VWDQG IRU EHWZHHQ VHFRQGYV
% 7KH VWDLQ ZzDV WKHQ ULQVHG RII ZLWK GLVWLOOH

RYHQ DW f& WR GU\

2QFH WKH VOLGHYVY ZHUH FRPSOHWHO\ GU\ FRYHUVOL?
'3, 7KH VOLGHV DQG FRYHUVOLSY ZHUH DOORZHG WR
IRU KRXUV %\ WKLV WLPH WKH FRYHUVOLSV ZHUH

LPPHUVLRQ PLFURVFRS\



'HWHUPLQDWLRQ RI FRQH DQG 53( LQ

7R DFFXUDWHO\ GHVFULEH WKH SRVLWLRQ RI ERWK W
FRQH DQG 53( LQGLFHVY ZHUH GHWHUPLQHG 7KH FRQH
RXWHU OLPLWLQJ PHPEUDQH 2/0 WR WKH MXQFWLRQ
VHIPHQWYVY GLYLGHG E\ WKH GLVWDQFH IURP WKH 2/0

6LPLODUO\ WKH 53( LQGH[ FRPPRQO\ NQRZQ DV \
GLVWDQFH EHWZHHQ WKH 53( PHODQRVRPHV QHDUHVYV
PHPEUDQH GLYLGHG E\ WKH GLVWDQFH EHWZHHQ WKH
)LIXUH 5DWKHU WKDQ VLPSO\ XVLQJ FRQH SLJPH!
FRPSHQVDWH IRU LQGLYLGXDO GLIIHUHQFHV LQ UHWL
VHFWLRQLQJ 5RGV ZHUH QRW DQDO\VHG DV LW LV GL

SRVLWLRQV GXH WR ERWK WKHLU ODUJH QXPEHUV DQ



)LJ '"HWHUPLQDWLRQ RI FRQH DQG SLIPHQW LQGLFHYV
7TUDQVYHUVH VHFWLRQ RI JORZOLJKW WHWUD UHWLQD
DQG SLIPHQW LQGLFHYVY ZHUH GHWHUPLQHG 7KH FRQH
LV WKH GLVWDQFH IURP WKH MXQFWLRQ EHWZHHQ WK
2/0 DQG pEY LV WKH GLVWDQFH IURP WKH 2/0 WR %UXI
LQGH[ LV JLYHQ E\ pF ET ZKHUH pFY LV WKH GLVWDQFI
QHDUHVW WR WKH 2/0 WR %UXFK{YV PHPEUDQH

$ FRPPRQ SUREOHP LQ WKH KLVWRORJLFDO SUHSDUD\
IRU WKH UHWLQD WR GHWDFK IURP %UXFKTV PHPEUDQ
DGGLWLRQ R FHW\OS\ULGLXP FKORULGH WR WKH |

SUREOHP OF&RUPDFN DQG %XUQVLGH +RZHYHU



JORZOLJKW WHWUD SUHSDUDWLRQV $V D FRQVHTXHQTF
SLJPHQW LQGLFHV LQ PDQ\ UHWLQDV LQVWHDG RI PH
PHDVXUHPHQWY ZHUH WDNHQ IURP WKH VFOHUDG HGJ
LW LV QRUPDOO\ DWWDFKHG WR %UXFKTV PHPEUDQH
%RWK OLJKW DQG HOHFWURQ PLFURVFRS\ UHYHDOHG
VLQJOH FRQHV DQG GRXEOH FRQHV 7KH DEVRUSWLRQ
JORZOLJKW WHWUD UHWLQD ZHUH GHWHUPLQHG E\ PL
VLQJOH SKRWRUHFHSWRU FHOOV E\ 3URIHVVRU - . %
2SKWKDOPRORJ\ /RQGRQ 9LVXDO SLIJPHQWYV ZLWK P
“ QP “ QP DQG “ QP FRUUHVSRQGLQJ WR WKH

UHFRUGHG ZKLOH D SLIJPHQW ZLWK PDJ[ “ QP ZDV

7R GHWHUPLQH ZKHWKHU WKHUH ZHUH UHWLQDO UHJL
GLITHUHQW WLPHV GXULQJ WKH OLJKW GDUN F\FOH W

SP VWHSVY RQH DORQJ WKH GRUVDO YHQWUDO DQG \
GLITHUHQW WLPHYVY GXULQJ WKH PLGGOH RI WKH OLJK!
DQG KRXU EHIRUH GDZQ ZKHQ WKH FRQHV ZHUH PRY
SUHOLPLQDU\ HIDPLOQDWLRQ RI HDFK VHFWLRQ GXULQ.
UHYHDOHG DOO FRQHV DQG 53( PHODQRVRPHV WR EH
6LPLODUO\ DOO VOLGHV FROOHFWHG IURP H\HFXSV V
GDUN SKDVH VKRZHG ERWK FRQHV DQG 53( PHODQRVR
&RQHV DQG 53( PHODQRVRPHY DSSHDUHG WR EH LQ L

VHFWLRQV FROOHFWHG IURP ILVK VDPSOHG KRXU EH



:DYHOHQJWK QP

:DYHOHQJWK QP :DYHOHQJWK QP

)LJ $ERUSWLRQ VSHFWUD RI JORZOLJKW WHWUD SKR)
$EVRUSWLRQ VSHFWUD RI JORZOLJKW WHWUD SKRWRL
u$9Y JLYHV D YLVXDO SLIJPHQW ZLWK D PD[LPXP VHQVL
LQ VPDOO V LQuOQK IFFRODWMNY D YLVXDO SLIPHQW ZLWK D

WR “ QP Q ORFDWHEB&EVWKYQVWEE SREPVHQW ZLW
PD[LPXP VHQVLWLYLW\ DW * QP Q DWWULEXWHG
WIKDV D PD[LPXP VHQVLWLYLW\ DW “ QP Q DQG L

FRQHV 5RGV ZHUH ILWWHG ZLWK D SXUH $L WHPSODW
$$ WHPSODWH EDVHG RQ WKH WHPSODWHV RI *RY



7R TXDQWLI\ WKH SUHOLPLQDU\ ILQGLQJ WKDW ERWK \
QRW YDU\ WKURXJKRXW WKH UHWLQD WKH\ ZHUH GHW
WKURXJKRXW WKH UHWLQD )RU WKH OLJKW DGDSWHG
GRUVDO YHQWUDO D[LV PHDVXUHG SP DQG VHFWLF
DQG SP IURP WKH GRUVDO HGJH ZH

GHWHUPLQH WKH DYHUDJH FRQH DQG 53( LQGLFHV RI
VHFWLRQ 6LPLODUO\ VHFWLRQV ZHUH WDNHQ DORQJ
DQG SP IURP WKH QDVDO HGJH |
WRWDO QDVDO FDXGDO UHWLQDO GLDPHWHU RI SP
LQGLFHVY ZHUH GHWHUPLQHG )RU HDFK VHFWLRQ VDF
ZDV VSUHDG DORQJ WKH HQWLUH VHFWLRQ &OHDUO\
Rl HDFK SHU VHFWLRQ PHDVXUHG ZDV OHVV LQ VH|
WKH UHWLQD ZKLFK DUH VPDOOHU WKDQ ORQJHU VH!
FRXQWLQJ FRQHV LQ WKH FHQWUDO VHFWLRQV PLJK
DYHUDJH FRQH LQGH[ LQ FRPSDULVRQ WR FRXQWLQJ
HGJH 7R RIIVHW WKLV HIIHFW PRUH VHFWLRQV ZHUH
VHFWLRQV ZHUH WDNHQ LQ WKH FHQWUDO DUHD DOVR
H[SHULPHQWDO VDPSOLQJ ZDV GRQH DV H[SODLQHG E
SLJPHQW LQGLFHV ZHUH FRPSDUHG LQ DOO ORFDWL

VLPLODU XVLQJ RQH ZD\ $129% )RU FRQHV ) S

) S

7KH VDPH SURFHGXUH ZDV XVHG WR GHWHUPLQH WKH

GLITIHUHQW ORFDWLRQV IRU ERWK WKH GDUN DGDSWH



@DUN DGDSWHG UHWLQD WKHUH ZDV QR YDULDWLRQ L
WKURXJKRXW WKH UHWLQD RQH ZD\ $129% IRU FRQH\
WKH SLIPHQW LQGH[ )2 220 S O +RZHYHU IRU W
ZDV D YDULDWLRQ LQ ERWK WKH FRQH DQG SLJPHQW |

DQG IRU SLIPHQW ) s

$V ERWK WKH FRQH DQG SLJPHQW LQGLFHV YDULHG ZlI
WUDQVLWLRQDO VWDWHYV ZKLOH FRQHV DQG PHODQR!
VDPSOLQJ Rl WKH UHWLQD XVXDOO\ XVHG VHFWLRQV |
WKH GRUVDO YHQWUDO D[LV RU WKH QDVDO FDXGDO L
ELVHFWLQJ WKH H\HFXS JLYH WKH ORQJHVW VWULS R
PHODQRVRPHV FDQ EH DQDO\VHG 3UHYLRXVO\ PRVW
SRVVLELOLW\ RI YDULDWLRQ LQ FRQH DQG SLJPHQW L
SRSXODU PHWKRG LQ FKRRVLQJ UHWLQDO ORFDWLRQ
SUHGHWHUPLQHG DUHD RI UHWLQD XVXDOO\ QH[W WR
EHHQ IL[HG IRU VHYHUDO KRXUV 7KLV SLHFH RI UHWL
KLVWRORJLFDO H[DPLQDWLRQ DQG WKH UHPDLQLQJ Ul
/HYLQVRQ DQG %XUQVLGH 'RXJODV DQG :DJQHU

%XUQVLGH

7R GHWHUPLQH WKH DYHUDJH FRQH DQG SLIJPHQW LQC
WKUHH ILVK ZHUH VDPSOHG DQG VL[ UHWLQDH ZHUH D
DQG SLIJPHQW LQGLFHV RI FRQHV DQG PHODQRVRF
DYHUDJH FRQH DQG SLJPHQW LQGH[ DW HDFK WLPH SF

OHDVW FRQH DQG SLIPHQW LQGLFHV IRU HDFK WLF



WDW puQY ZDV WDNHQ DV WKH QXPEHU RI UHWLQDH UDWKHU Wt
WKHUH LV JRRG HYLGHQFH WKDW FRQHV DUH XQGHU C
VHFWLRQ 7KXV HDFK H\H FDQ EH WKRXJKW RI DV
JRYHUQLQJ FRQH DQG 53( PHODQRVRPH PRYHPHQW ,C
FHOO VSLQXOHV VHH FKDSWHU DUH DQDO\VHG Q

WKH IRUPDWLRQ RI KRULJRQWDO FHOO VSLQXOHV LQ \

LQGHSHQGHQW 'H-XDQ HW DO

W VKRXOG EH QRWHG WKDW WKH 53( RI JORZOLJKW W
PHODQRVRPHV URG VKDSHG PLJUDWRU\ PHODQRVRPH
PRYHPHQWY DQG QRQ PLJUDWRU\ VSKHULFDO VKDSHC
VWDWLRQDU\ DQG DUH SRVLWLRQHG QHDU %UXFK{V P
F\FOH 7KLV LV VLPLODBDWDR KHK K FOGIREKUWRHMY Q G

6KDQG ,Q WKLV WKHVLV WKH SLIPHQW LQGH][ RC

VKDSHG PHODQRVRPHYV DV RQO\ WKHVH XQGHUJR UHW

6WDWLVWLFDO DQDO\VLYV
8QSDLUHG VWXGHQW W WHVWYV DQG RQH ZD\ $129% LQ
WR DQDO\VH GDWD 6366 VWDWLVWLFDO VRIWZDUH 7

IRU DOO VWDWLVWLFV SHUIRUPHG



&KDSWHU 7KH EDVLF UK\WKP RI UHW
PRYHPHQWY LQ WKH JHHRPAOUDKW XWH W |
HU\WWKUR]JRQXYV



$SEVWUDFW

,Q WKLV FKDSWHU WKH EDVLF UK\WKP RI UHWLQRPRWI
SLIPHQW HSLWKHOLXP 53( PHODQRVRPHV LQ WKH UH
+HPPLJUDPPXV HUDWKURIROQXYPHG 'XULQJ D QRUPDO (
WKH FRQHV DQG XQXVXDOO\ WKH 53( PHODQRVRPHV F
PRYHPHQWY EHIRUH WKH RQVHW RI OLJKW LQGLFDWL
FRQWURO %\ GDZQ OLJKW RQVHW ERWK FRQHV DQG
WKHLU PD[LPXP OLJKW DGDSWLYH OHYHO ZKHUH WKH\
$IWHU GXVN LW WRRN KRXUV IRU PD[LPXP GDUN DC
ZKLFK ZHUH PDLQWDLQHG WKURXJKRXW WKH GDUN SK

FRPPHQFHG

,Q FRQVWDQW GDUNQHVV WKH JORZOLJKW WHWUD UK
HORQJDWLRQ FRQWLQXHG ZLWKRXW GDPSLQJ IRU D Pl
53( PHODQRVRPHY FRQWLQXHG WKHLU F\FOLF PRYHPH
GDPSHG UK\WKP SHUVLVWHG GXULQJ WKH WK GD\ RI
RI FRQWLQXDO GDUNQHVYVY WKH UK\WKPV RI ERWK WK}
DEROLVKHG DQG ERWK UHPDLQHG LQ WKHLU IXOO\ OL.
FRQVWDQW OLJKW IRU KRXUV WKH UK\WKP RI ERWK
ZDV H[WLQJXLVKHG DV ERWK UHPDLQHG LQ WKHLU OL.

OLJKW H[SRVXUH

7KH RFXODU UK\WKP RI PHODWRQLQ GXULQJ D OLJKW
ZDV GHWHUPLQHG W GLIIHUHG IURP RWKHU VSHFLHV

ZD\ WR WKH REVHUYHG UHWLQRPRWRU PRYHPHQWYV



L, QWURGXFWLRQ

SHWLQRPRWRU DOVR NQRZQ DV SKRWRPHFKDQLFDO
XQGHU ERWK HQGRJHQRXV FLUFDGLDQ DQG GLUHFW O
DQG 2VERUQH ,Q FRQVWDQW GDUNQHVV FDWILV
KDYH EHHQ GDZQ DQG HORQJDWHG ZKHQ GXVN ZDV GX
HVWDEOLVKHG WKDW HQGRJHQRXV FLUFDGLDQ FRQWLU
ZLGHVSUHDG DPRQJVW ILVK DQG DPSKLELD IRU UHYL

:DIJQHU HW DO D &DKLOO DQG %HVKDUVH

:KLOH PDQ\ VSHFLHV RI ILVK KDYH EHHQ IRXQG WR KD
WKHLU FRQH PRYHPHQWY HQGRJHQRXV FRQWURO RI |
PRYHPHQW KDV EHHQ VKRZQ LQ IDU IHZHU VSHFLHV )
DFFXUDWH GHWHUPLQDWLRQ RI WKHLU SRVLWLRQ ZLW
JUHDW QXPEHUV DQG VOHQGHU ZLGWK 7KLV ZDV HVS|
ZKR XVHG SDUDIILQ HPEHGGLQJ $OWKRXJK LPDJH UH\
DGYHQW RI SODVWLF HPEHGGLQJ PRVW LQWHUHVW KI
PHODQRVRPHV DV WKH\ DUH HDVLHU WR TXDQWLI\ .R¢(
VWXGLHV H[DPLQLQJ UHWLQRPRWRU PRYHPHQWYV KDY
WKH SHUVLVWHQFH Rl URG PRYHPHQWY LQ FRQVWDQW
$FNODQG ,Q FRQWUDVW WR URGV 53( PHODQRVF
H[DPLQHG LQ PDQ\ VSHFLHY DQG FLUFDGLDQ FRQWUR
ZKHQ FRQHV ZHUH VXEMHFW WR FLUFDGLDQ FRQWURDO

:DIJQHU HW DO D &DKLOO DQG %HVKDUVH



,Q QHDUO\ DOO ILVK VWXGLHG WR GDWH FLUFDGLDQ F
EHHQ VKRZQ E\ SODFLQJ ILVK LQ FRQWLQXDO GDUNQH
FRQHV DQG 53( PHODQRVRPHV WKURXJKRXW WKH VXE N
RQH VWXG\ 'RXJODV DQG :DJQHU LQ FRPSDULVR
PRYHPHQWYV GXULQJ WKH OLJKW GDUN F\FOH FRQH PF
ZHUH RI GHFUHDVHG DPSOLWXGH ZKLOVW WKH UK\WK
VKRZHG VXFK GDPSLQJ LQ DOO VWXGLHV ,Q LVRODWF
GDUNQHVV WKH RQVHW RI GDPSLQJ RI WKH PHODWRQ
LV WKRXJKW WR EH DQ LQGLFDWRU WR WKH VWUHQJW
OXUDNDPL HW DO VHH LQWURGXFWLRQ ,Q WKH V
FRQVWDQW GDUNQHVV WKH RQVHW RI GDPSLQJ RI WK
PHODQRVRPH PRYHPHQW PD\ JLYH DQ LQGLFDWLRQ WF

FROWUROOLQJ WKHLU PRYHPHQWYV

$OWKRXIK WKHUH LV D ORQJ KLVWRU\ WR WKH VWXG\
VXUSULVLQJO\ IHZ VWXGLHVY RQ HTXDWRULDO ILVK $V
WKH JORZOtHBHRWLWHIMNIXY HU\WPBOQRHRG@RWRULDO DQLP
LWV QDWXUDO KDELWDW LQ *X\DQD H[SHULHQFHV VLP|
\HDU 7KHUHIRUH FLUFDGLDQ FRQWURO RI WKHLU UHYV
UHWLQRPRWRU HOHPHQWY LQ WKHLU OLJKW RU GDUN
VDPH WLPH HDFK GD\ WKURXJKRXW WKH \HDU ,Q FRPS
FORFNV WKDW QRW RQO\ FDQ SXW WKH UHWLQRPRWRL
VWDWH DW WKH DSSURSULDWH WLPHV HDFK GD\ EXW
WKH \HDU 7KDW LV WHPSHUDWH VSHFLHVY FORFNV Q

SKRWRSHULRG



, QKLY FKDSWHU JORZOLJKW WHWUDY DUH SODFHG L
WKH UK\WKP RI UHWLQRPRWRU PRYHPHQWY FRQHV DC
GDPSLQJ LV GHWHUPLQHG 7KH UHVXOWY DUH FRPSDU
HTXDWRULDO DQG WHPSHUDWH VSHFLHV XVLQJ WKH G

FRQVWDQW GDUNQHVY DV DQ LQGLFDWRU RI WKH VWU

7TKHUH LV PXFK HYLGHQFH VKRZLQJ PHODWRQLQ LV LC
UK\WKPLF UHWLQDO SURFHVVHV LQ D QXPEHU RI VSHF
PHODWRQLQ SOD\V D UROH LQ WKH FLUFDGLDQ FRQWL
PHODQRVRPHV LQ WKH JORZOLJKW WHWUD RFEFXODU P

GXULQJ D QRUPDO OLJKW GDUN F\FOH IROORZHG E\

ODWHULDOV DQG OHWKRGYV

ILIKW VFKHGXOH

,Q DOO H[SHULPHQWYV ILVK ZHUH HQWUDLQHG WR D

OLIJKW VFKHGXOH IRU D PLQLPXP R GD\V

$V DFWXDO H[SHULPHQWDO WLPHV GLIIHUHG LQ VRPH
H[SHULPHQW HQWUDLQHG ILVK WR D OLJKW VFKHGXOF
DQG DQRWKHU HQWUDLQHG ILVK ZLWK OLJKWV RQ

ZHUH VWDQGDUGLVHG 7KXV DOO WLPHV KDYH EHHQ |



WPIH W GHQRWHV WKH WLPH WKH OLJKWYVY FRPH RQ Gl

WKH OLJKWYV JR RIlI GXVN

([SHULPHQWDO SURFHGXUHYV
OLJKW GDUN F\FOH ILUVW KRXUV LQ FRQVWI
FRQVWDQW OLJKW IRU KRXUYV
$W W O RQ WKH HYHQLQJ EHIRUH WKH H[SHULPHQW 2
GLYLGHG LQWR JURXSV RI WKUHH DQG SODFHG LQWR

WR WKH KRPH WDQN DV GHVFULEHG LQ FKDSWHU V H

2Q WKH GD\ RI WKH H[SHULPHQW ILVK ZHUH VDPSOHG
VDPSOLQJ LQWHUYDOV R PLQXWHYV ZHUH XVHG DUR

WKDW FRQH DQG PHODQRVRPHYVY DUH H[SHFWHG WR EH

JRU FRQVWDQW GDUNQHVV WKH DERYH SURFHGXUH Z
WXUQHG SHUPDQHQWO\ RII DW W GXVN RQ WKH HY
GXH WR EHJLQ ZKLOH IRU FRQVWDQW OLJKW WKH OLJ
F\FOH DQG FRQVWDQW GDUN H[SHULPHQWY ZHUH UHS

UHVXOWY SRROHG

GD\V RI FRQWLQXDO GDUNQHVYV

7KH VDPH SURFHGXUH DV RXWOLQHG DERYH ZDV HPSC

PRGLILFDWLRQ 3HOOHWY RI ILVK IODNHV ZHUH SODF



ILW FRXOG HDW DW VRPH WLPH GXULQJ WKHLU ZHHN L(

PRUH WKDQ RIILVK VXUYLYHG WKH FRXUVH RI WKH

DQG GD\V RI FRQWLQXDO GDUNQHVV

JRU WKHVH H[SHULPHQWYV D GLIIHUHQW DSSURDFK ZD
OLJKWV ZHUH GXH WR EH WXUQHG RII SHUPDQHQWO\

DQG SODFHG LQWR IRXU VHSDUDWH VPDOO WDQNV 7K
H[SHULPHQWYV ILVK FRXOG EH IHG DV WKH\ ZHUH QRW
WDQNV ZHUH XVHG WR PLQLPLVH GLVWXUEDQFH WR IL
HQVXUHG E\

$-XVLQJ VPDOO WDQNV VR WKDW ILVK FRXOG EH IRXQ
% XVLQJ D VDPSOLQJ RUGHU ZKHUH VDPSOLQJ IURP W
HYHU\ IRXUWK WLPH LQWHUYDO

J)LVK ZHUH IHG LQ WKH GDUN HYHU\ VHFRQG GD\ )HHG

HQVXUH ILVK FRXOG QRW HQWUDLQ WR IHHGLQJ

OHODWRQLQ DVVD\V

7KH VDPH VDPSOLQJ SURFHGXUHV XVHG GXULQJ WKH
PRYHPHQW SRVLWLRQ ZHUH UHSHDWHG H[FHSW WKDW
QHWWHG MDUV DW W O GXULQJ WKH HYHQLQJ EHIRUI
H[SHULPHQW ILVK ZHUH VDPSOHG DW WLPHV W w

w 7KLV ZDV UHSHDWHG IRU WKH IROORZLQJ KR XL



,PPHGLDWHO\ DIWHU NLOOLQJ HDFK ILVK WKH\ ZHUH €S
VXUURXQGHG E\ HPEHGGLQJ FRPSRXQG %ULJKW &\UF
IUHH]LQJ DHURVRO &L\R -HW /DPEfV XQWLO IURJHQ
PLQXWH )URJHQ VSHFLPHQV ZHUH WUDQVIHUUHG WR |
XQWLO WKHLU WUDQVIHU RQ GU\ LFH WR 7+ELQJHQ *H
H\HFXSV 7KH PHODWRQLQ FRQWHQW RI H\HFXSV ZDV
(/,6$ NLW ,%/ +DPEXUJ VWDQGDUGLVHG DFFRUGLQJ V
SURFHGXUHVY ZHUH FDUULHG RXW E\ D WHDP OHG E\ 3
6FKRRO Rl 1HXUDO DQG %HKDYLRXUDO 6FLHQFHV DQG
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,Q WKH OLJKW SKDVH RI WKH F\FOH ERWK FRQHV DQG
DGDSWHG SRVLWLRQV 7KH FRQH P\RLG ZDV FRQVWUL
WKH RXWHU OLPLWLQJ PHPEUDQH 53( PHODQRVRPHYV
DSLFDO SURMHFWLRQV RI WKH 53( FHOO DQG FRXOG E

HOOLSVRLGV )LJXUH D

'XULQJ WKH GDUN SKDVH RI WKH F\FOH WKH FRQH P\F
HOOLSVRLGY SRVLWLRQHG QHDUHU %UXFK{V PHPEUDC

ZLWKGUDZQ DQG DFFXPXODWHG DW WKH EDVH RI WKH
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SRVLWLRQV WKH FRQHV OD\ LQ LOQWHUPHGLDWH SRVL
FRQVWULFWHG DQG WKH PHODQRVRPHY LQ FRUUHVSR
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*ORZOLJKW WHWUD FRQHV DQG 53( PHODQRVRPHV DQ\
WKHLU OLJKW DGDSWLYH PRYHPHQWY DSSUR[LPDWHO!
ZHUH DOPRVW IXOO\ OLJKW DGDSWHG E\ GDZQ )LJXUF
DGDSWHG SRVLWLRQV XQWLO KRXUV DIWHU GXVN

PHODQRVRPHVY SUHGLFW GXVN OD[LPXP GDUN DGDSWI

53( PHODQRVRPHYVY ZHUH QRW UHDFKHG XQWLO
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5RG RXWHU
VHIPHQW
OD\HU
53( OHO
)LJ D /LJKW DGDSWHG JORZOLJKW WHWUD UHWLQD

7TUDQVYHUVH VHFWLRQ OHIW DQG FRUUHVSRQGLQJ V
JORZOLJKW WHWUD DW W PLGGOH RI OLJKW SKDVH
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EFRQH LQGH[ R SLIPHQW LQGH]

DYHUDJH S L

WLPH

yLJ &RQH DQG SLIPHQW LQGLFHV GXULQJ D QRUPDO C
FRQWLQXDO GDUNQHVV

&RQH F L DQG SLIJPHQW LQGLFHV S L GXULQJ D QRU
IROORZHG E\  KRXUV RI FRQWLQXDO GDUNQHVV /LJK
DUH SHUPDQHQWO\ WXUQHG RII DW W (DFK WLPH SI
VWDQGDUG HUURU 6( IRUD PLQLPXP Rl UHWLQDV C
VHYHUDO WLPH SRLQWV )RU WKH FRQH LQGH[ EHWZH
IROORZLQJ WLPHV W

DQG (IWUD UHWLQDH IRU WKH SLIPHQW
EHWZHHQ DQG DW W 7KH GRW
QRUPDO OLJKWVY RQ DQG RIIl WLPHYVY DQG DOVR ZKHQ W
DQG RII LQ FRQWLQXDO GDUNQHVYV RQ DW W  RII DW
H[SHFWHG RII DW W ZKLOH WKH OLJKW GDUN EDU V
H[SHULPHQWDWLRQ

JRU VWDWLVWLFDO DQDO\VLY WKH DYHUDJH FRQH DQ
DQG PHODQRVRPHV ZHUH LQ IXOO\ OLJKW DQG GDUN L
JRU WKH DYHUDJH OLJKW DGDSWHG YDOXH WKH LQGL

W WR W ZKHQ ERWK FRQHV DQG PHODQRVRPHV ZHI



XWveG 7KH DYHUDJH GDUN DGDSWHG LQGLFHV ZHUH
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EHFDXVH WKH DYHUDJH FRQH LQGH[ ZDV GHWHUPLQHC
LQGH[ VHH ILIJXUH

JLUVW  KRXUV LQ FRQVWDQW GDUNQHV

%YRWK WKH FRQHV DQG 53( PHODQRVRPHV FRQWLQXHG
ILUVW KRXUV LQ FRQWLQXDO GDUNQHVYV FORVHO\ IR
QRUPDO OLJKW GDUN F\FOH )LJXUH 7TKXV OLJKW
DSSUR[LPDWHO\ KRXUV EHIRUH GDZQ OLJKW DGDS
XQWLO KRXUV DIWHU ZKDW ZRXOG KDYH EHHQ GXVI
ODWHU IXOO GDUN DGDSWHG SRVLWLRQV ZHUH UHDFK
PLIJUDWLRQV FRPPHQFHG 'XULQJ WKH VXEMHFWLYH G
SLIPHQWV LQGLFHV ZHUH VWDWLVWLFDOO\ VLPLODU \
VDPSOHG WLPH SRLQWV S! DW DOO SRLQWV XQSDL
w WKH FRQH DQG SLIPHQW LQGLFHYVY ZHUH VLPI

DW DOO SRLQWYV H[DPLQHG S! DW DOO SRLQWV XQ!
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yLJ F *ORZOLJKW WHWUD UHWLQD DW W GXULQJ
GDUNQHVV

7UDQVYHUVH VHFWLRQ RI JORZOLJKW WHWUD UHWLQD

QRUPDO OLJKW GDUN F\FOH %DU SP

GD\V RI FRQVWDQW GDUNQHVYV

2Q WKH WK GD\ RI FRQWLQXDO GDUNQHVV FRQHV KDC
WKDW GLVSOD\HG GXULQJ WKH OLJKW GDUN F\FOH )L
VWDWLVWLFDOO\ VLIQLILFDQW GLIIHUHQFH LQ WKH FF
GDUNQHVY DQG GXULQJ WKH OLJKW GDUN F\FOH S
FRQVWDQW GDUNQHVV 53( PHODQRVRPHV PRVWO\ IRC
VHHQ GXULQJ WKH OLJKW GDUN F\FOH H[FHSW DW W
PHODQRVRPHYV ZHUH VLIJQLILFDQWO\ OHVV OLJKW DGD
WHVW DQG DWW O VXEMHFWLYH PLGQLJKW ZKHUH
OHVV GDUN DGDSWHG WKDQ GXULQJ WKH OLJKW GDUN
JLIXUHV DQG 7KH LQDELOLW\ WR UHDFK PD[LP

LQGLFDWHYVY WKDW WKH DPSOLWXGH RI WKH 53( PHODC
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)LJ SLIJPHQW LQGLFHV GXULQJ WKH WK GD\ LQ FRQVMW
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)LJ *ORZOLJKW WHWUD UHWLQDYV GXULQJ WK GD\ LQ

7TUDQVYHUVH VHFWLRQV RI JORZOLJKW WHWUD UHWLQ
GD\ LQ FRQVWDQW GDUNQHVYV 7KH WRS PLFURJUDSK |
PLGGOH RI WKH OLJKW SKDVH DQG PLFURJUDSK RQ V
PLGGOH RI WKH GDUN SKDVH RI WKH OLJKW GDUN F\F(

GD\V RI FRQVWDQW GDUNQHVV

&RQHV PDLQWDLQHG WKHLU EDVLF F\FOLF UK\WKP P