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7KH HYROXWLRQ RI RUJDQLF DHURVROV DQG DHURVRO VL]H C
XQFHUWDLQ GXH WR WKH YDULDELOLW\ LQ UDWHV RI FRDJXO
FRQGHQVDWLRQ HYDSRUDWLRQ DFURVV GLITHUHQW VPRNH SC
ZLWKLQ D VLQJOH SOXPH ‘H XVH DLUFUDIW GDWD IURP WKH
FDPSDLJQ WR HYDOXDWH GLIIHUHQFHY LQ DHURVRO VL]H GLV

QP LQ VHYHUDO KRXUV 2% PDVV DQG 2[\JHQ WR &DUERQ |
FROQFHQWUDWLRQV DQG DPRXQWYV RI GLOXWLRQ 7KH REVHUY
LQ PRUH FRQFHQWUDWHG SOXPHV GHVSLWH WKHVH SOXPHV J
LQ WKH OHVV FRQFHQWUDWHG SOXPHV ,QLWLDO REVHUYDWL
DQG RU VHFRQGDU\ 2$ IRUPDWLRQ EHWZHHQ HPLVVLRQ DQG \
E\ SOXPH FRQFHQWUDWLRQ :H HVYWLPDWH WKH LVRODWHG UF
PRGHO VLPXODWLRQVY DQG ZH HVWLPDWH WKH UROH RI 2% FR
XVLQJ WKH REVHUYHG WLPH HYROXWLRQ RI WKH REVHUYHG 2
DORQH H[SODLQV WKH PDMRULW\ RI WKH GLDPHWHU JURZWK
RFFEFXUULQJ LQ SOXPHV ZLWK KLIJIKHU LQLWLDO QXPEHU DQG 2
VPRNH SOXPHY DQDO\]JHG LQFOXGLQJ 2$ HYDSRUDWLRQ FRQC

RQ WKH VLPXODWHG GLDPHWHU FRPSDUHG WR WKH FKDQJHYV

LL



GLIIHUHQFHY LQ HYROXWLRQ EHWZHHQ WKH GLOXWH DQG FR(
FRQFHQWUDWLRQ WR H[SDQG WKH UDQJH Rl SOXPH FRQFHQW
GHWHUPLQH LI WKHVH LQ SOXPH FRQFHQWUDWLRQ JUDGLHQW
RXWVLGH RI WKH UDQJH RI WKH VDPSOHG DYHUDJH FRQFHQW
FRQFHQWUDWHG SOXPH UHJLRQV LQGHSHQGHQWO\ QR PL[LQ
SOXPH UHJLRQ WKH PRGHO XQGHUHVWLPDWHY SDUWLFOH Jl
SOXPH DQG RYHUHVWLPDWHVY SDUWLFOH JURZWK LQ WKH PRL
VXJIJHVWV WKDW WXUEXOHQW PL[LQJ EHWZHHQ WKH PRUH DC
WLPHVFDOHV WRR IDVW IRU WKH UHJLRQV WR HYROYH LQGHS
GLIIHUHQFHY DUH VWLOO VHHQ EHWZHHQ WKH UHJLRQV 7KH
FRQFOXVLRQV RQ YDULDWLRQV LQ JURZWK DQG FRQGHQVDWL
WR RWKHU SOXPHV RI D VLPLODU FRQFHQWUDWLRQ 2YHUDOC
JURZWK ZLWK SOXPH FRQFHQWUDWLRQV EHLQJ LPSRUWDQW L

JURZWK LV REVHUYHG

LLL
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, ZRXOG OLNH WR WKDQN P\ DGYLVRU -HIIUH\ 3LHUFH DV
LQ WKLV ZRUN , ZRXOG DOVR OLNH WR WKDQN WKH FR FRQW
SURYLGHG LQVLIJKWY LQWR WKH DQDO\VLV $QQD +RGVKLUH
&ODLUH ( 5RELQVRQ . /HH 7KRUQKLOO .HYLQ - 6DQFKH] 51
+RQJ\X *XR 3HGUR &DPSX]DQR -RVW -RVH / -LPHQH] ODWWK
$OYDUDGR 7KLV ZRUN ZLOO EH VXEPLWWHG WR D SHHU UHYL
),5(; $4 VFLHQFH WHDP IRU WKHLU HIIRUWYV LQ FUHDWLQJ WKI

VXSSRUWHG E\ WKH 8 6 1DWLRQDO 6FLHQFH )RXQGDWLRQ

LY
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&KDSWHU

 QWURGXFWLRQ

2SHQ ELRPDVV EXUQLQJ ODQGVFDSH ILUHV LQFOXGLQJ
DHURVROV DQG YDSRUV LQ WKH DWPRVSKHUH $NDJL HW DO

-HQ HW DO 5HLG HW DO <RNHOVRQ HW DO
ELRPDVV EXUQLQJ DUH PDLQO\ FRPSRVHG Rl RUJDQLF DHURYV
EODFN FDUERQ %& ZLWK LQRUJDQLF VSHFLHV %RQG HW DO

&XELVRQ HW DO +HFRELDQ HW DO ODUGL HW D
DHURVRO SDUWLFOHV LPSDFW WKH LPSDFW WKH KHDOWK DQ¢
DV ZHOO DV DIIHFW WKH (DUWKfV UDGLDWLYH EXGJHW DQG F
*DQ HW DO /LX HW DO 29'HOO HW DO SHWWHU
5HLG HW DO 6KULYDVWDYD HW DO 5HIJDUGLQJ WK
SDUWLFOHV KDYH D GLUHFW UDGLDWLYH HIIHEFW E\ VEDWWHU
DO &KDUOVRQ HW DO +D\ZRRG DQG %RXFKHU

$V ZHOO WKH DHURVROV KDYH DQ LQGLUHFW DHURVRO |
FRQGHQVDWLRQ QXFOHL &&1 PRGLI\LQJ WKH FORXG DOEHGRF

3LHUFH DQG $GDPV 5DPQDULQH HW DO 6SUDFN

3DUWLFOH VL]H LQIOXHQFHY WKH GHJUHH WR ZKLFK WKH
Rl WKH GLUHFW DQG LQGLUHFW UDGLDWLYH HIIHEWV .RGURYV
3DQGLV 6SUDFNOHQ HW DO 3DUWLFXODWH PDWWH
WKH UHVSLUDWRU\ WUDFW EDVHG RQ SDUWLFOH VL]H +LQGV

SDUWLFXODWH PDWWHU IURP ZLOGILUHY KDV DOVR EHHQ OLC



"-RKQVWRQ HW DO /JHRQDUG HW DO 7KH DEVRUSWL
LV GHWHUPLQHG E\ WKHLU VL]H DQG FRPSRVLWLRQ 6HLQIHO
$QJVWURP H[SRQHQW RI ELRPDVV EXUQLQJ DUH FRUUHODWHC
GHSHQGHQFH RQ DHURVRO VL]H -XQJKHQQ 1R\HV HW DO
DHURVROV WR DFW DV &&1 DQG WKHQ LPSDFW FORXG SURSHL
DQG K\JURVFRSLFLW\ /HH HW DO 3HWWHUV DQG .UHLGH
HW DO IRXQG WKDW &&1 FRQFHQWUDWLRQV ZHUH KLJKO
EXUQLQJ GLDPHWHU DQG 5DPQDULQH HW DO VKRZHG EF
GLUHFW UDGLDWLYH HIIHFW RI ELRPDVV EXUQLQJ ZHUH VHQV
DFFXUDWHO\ GHWHUPLQH WKH FOLPDWH DQG KHDOWK HIIHFW
PXVW EH ZHOO XQGHUVWRRG
$HURVRO VL]H GLVWULEXWLRQV IURP ELRPDVV EXUQLQJ |

GLVWULEXWLRQV WHQGLQJ WR VKLIW WR ODUJHU VL]HV DQG
FRQGHQVDWLRQ HYDSRUDWLRQ DQG FRDIJXODWLRQ +RGVKLU
/HYLQ HW DO 6DNDPRWR HW DO -DQKIOO HW DO
KRXU KDG PHGLDQ GLDPHWHUV UDQJLQJ IURP QP WR Ql

DQG ZKLOH DJHG VPRNH VHYHUDO KRXUV WR VHYHUDO
UDQJLQJ IURP QP WR QP ZLWK PRGDO ZLGWKV RI WR
2EVHUYDWLRQ 3URMHFW % %23 FDPSDLJQ REVHUYHG SDUWLF
DJLQJ ZLWK VPRNH VDPSOHG a PLQXWHV DIWHU HPLVVLRQ K
QP DQG VPRNH ZLWK DQ DJH Rl a KRXUV KDYLQJ PHGLDQ GL
+RGVKLUH HW DO 2EVHUYDWLRQV RI UHJLRQDO KD]H G

REVHUYHG WR KDYH DQ LOQFUHDVH LQ SDUWLFOH GLDPHWHU



ZLGWK W R DV LW DJHG 5HLG HW DO 3DVW PRG
GLVWULEXWLRQ FKDQJHV REVHUYHG LQ ELRPDVV EXUQLQJ SC
FRQGHQVDWLRQ HYDSRUDWLRQ DQG FRDIJXODWLRQ +RGVKLU
Rl WKHVH VWXGLHY HVYWLPDWHG WKDW FRDJXODWLRQ KDG W|
FRQFHQWUDWLRQV ZLWK VORZ GLOXWLRQ UDWHV ,Q +RGVKL
FKDQJH GXH WR ERWK FRQGHQVDWLRQ DQG FRDJXODWLRQ Vt
SOXPHV WR QP LQ FRQFHQWUDWHG SOXPHV

&RDJIJXODWLRQ UHGXFHV SDUWLFOH QXPEHU VKLIWV WKH
WKH PRGDO ZLGWK RI WKH VL]JH GLVWULEXWLRQ +RGVKLUH H
DO 6HLQIHOG DQG 3DQGLYV 7KH FRDJXODWLRQ UDW
QXPEHU FRQFHQWUDWLRQ PHDQLQJ WKDW PRUH FRQFHQWUD
GXH WR FRDJXODWLRQ +HQFH WKH LQLWLDO FRQFHQWUDWL
DQG EHFDXVH GLOXWLRQ Rl FOHDQ EDFNJURXQG DLU LQWR \
WKH SOXPH GLOXWLRQ UDWH DOVR LPSDFWV WKH FRDJXODW|
PRVW FKHPLFDO WUDQVSRUW DQG FOLPDWH PRGHOV DUH WR
GLOXWLRQ ,Q WKHVH PRGHOV WKH HPLVVLRQV DUH LQVWDQ
XQGHUHVWLPDWLQJ WKH UROH RI FRDJXODWLRQ 7R UHPHG\
SDUDPHWHUL]DWLRQ RI FRDJXODWLRQ ZLWKLQ VXE JULG VFD

XVHG WKLV VXE JULG SDUDPHWHUL]DWLRQ RI ELRPDVV E
LQ SOXPH FRDJXODWLRQ LPSDFWV WKH UDGLDWLYH HIIHFW R
UDGLDWLYH HIIHFW E\ XS WR DQG WKH LQGLUHFW HIIHFW [

RI QHDU VRXUFH VXE JULG FRDJXODWLRQ LQ VKDSLQJ WKH D



2UJDQLF DHURVRO 2% FRQGHQVDWLRQ HYDSRUDWLRQ FDQ D
GLDPHWHU +RGVKLUH HW DO E S5LLSLQHQ HW DO =t
RUJDQLF DHURVRO 62% IRUPDWLRQ LQ WKH VPRNH SOXPH W
SDUWLFOHYVY OHDGLQJ WR JURZWK RI WKH VL]H GLVWULEXWLR
ELRPDVYV EXUQLQJ DHURVRO DQG LQ SDVW ILHOG FDPSDLJQV
+RGVKLUH HW DO E S5HLG HW DO <RNHOVRQ HW DO
RUJDQLF DHURVRO 32% LQ ELRPDVV EXUQLQJ SOXPHV LV VHI
32%$ IURP SDUWLFOHY DV WKH SOXPH GLOXWHYV DQG FOHDQHL
&XELVRQ HW DO +XI1IPDQ HW DO -ROOH\V HW D
+HQFH VLPLODU WR FRDIJXODWLRQ WKH LQLWLDO FRQFHQW
HYDSRUDWLRQ RI 328 LQ WKH SOXPH 7KLV HYDSRUDWLRQ DF
LQ 2% LQ WKH VPRNH SOXPH GHWHUPLQHYVY WKH RYHUDOO LPS
DHURVRO VL]H
JLHOG REVHUYDWLRQV KDYH VKRZQ WKDW 2% HQKDQFHPH
UHPDLQ FRQVWDQW LQ WKH ILUVW K RI SK\VLFDO VPRNH DJ
+REEV HW DO -ROOH\V HW DO OD\ HW DO
DO <RNHOVRQ HW DO =KRX HW DO 2% HQKDQI
ZLWK WKH EDFNJURXQG RXW RI SOXPH FRQFHQWUDWLRQ RI
FRUUHFWHG 2% QRUPDOL]JHG E\ DQ LQHUW VSHFLHV W\SLFL
2% HQKDQFHPHQW UDWLRYVY FRUUHFW IRU GLOXWLRQ DQC
DJHV 6RPH SULRU ZRUNV VXJJHVW 62%$ FRQGHQVDWLRQ DQG
RFFXUULQJ LQ VPRNH SOXPHYV ZLWK WKH EDODQFH EHWZHHQ

%LDQ HW DO +RGVKLUH HW DO E D OD\ HW DO



SHUIRUPHG 2$ VLPXODWLRQV RI ZLOGILUH SOXPHV PHDV
FDPSDLJQ ZKLFK VXSSRUW WKLV FRQGHQVDWLRQ HYDSRUDW
GLOXWLRQ GULYHQ HYDSRUDWLRQ RI 32$ DQG VLPXOWDQHRX
FKDQJH LQ 2$ HQKDQFHPHQW UDWLRV RIWHQ REVHUYHG LQ IL
VKRZQ WKDW 2$ HQKDQFHPHQW UDWLR DQG FRPSRVLWLRQ FK
FRQFHQWUDWLRQ %LDQ HW DO +RGVKLUH HW DO E
VKRZHG ZLWK %%23 GDWD QR VWDWLVWLFDOO\ VLIQLILFDQW
DJH RU LQLWLDO SOXPH FRQFHQWUDWLRQ

$V WKH VPRNH SOXPH DJHV 2$ DOVR XQGHUJRHV FKDQJH
2 & HOHPHQWDO UDWLRV RI 2$ FDQ EH XVHG DV D WUDFHU ||
SOXPHV )LHOG DQG ODE FDPSDLJQV KDYH VKRZQ WKDW 2 & W
DJHV 'H&DUOR HW DO +RGVKLUH HW DO D 7KH
SOXPHV KHOS WR H[SODLQ WKH QR REVHUYHG QHW FKDQJH L
32$ VR DV 62$ LQFUHDVHYV DQG 32%$ GHFUHDVHV 2 & LQFUHD\
DO D ,Q %%23 DQG :( &$1 2 & LQFUHDVHV ZHUH LQY
FRQFHQWUDWLRQV PHDVXUHG DW WKH ILUVW WUDQVHFWYV $I
WKHVH ILUVW WUDQVHFWYV DUH DW PLQXWHV RI VPRNH D.
FKDQJHV RFFXUULQJ SULRU WR WKH ILUVW WUDQVHFW GXH \
DOVR EH LPSRUWDQW +RGVKLUH HW DO D 7KHUHIRUH \
WKH 32$ HYDSRUDWLRQ SOXPHV ZLWK ORZHU FRQFHQWUDWL
DQG D ORZHU 2$ HQKDQFHPHQW UDWLR DW WKH WLPH RI WKH

$V GHVFULEHG DERYH WKH SOXPH FRQFHQWUDWLRQV D¢

HYROXWLRQ RI WKH VPRNH SOXPH LQFOXGLQJ FRDIJXODWLRGQ



SOXPH FRQFHQWUDWLRQV DQG GLOXWLRQ UDWHV VSDQ RUGH
LQ VPRNH SOXPHV YDU\ ZLWK SOXPH VL]H DQG DWPRVSKHULF
VWDELOLW\ FRQGLWLRQV D ODUJHU SOXPH ZLOO GLOXWH PR
ORQJHU IRU WKH EDFNJURXQG DLU WR PL[ LQWR WKH FRUH R
E 7KH YDULDELOLW)\ LQ SOXPH VL]H FDQ OHDG WR GLIIHU
QXPEHU DQG 2$ DW WKH WLPH RI WKH ILUVW PHDVXUHPHQW
FRDIJXODWLRQ DQG 2$ HYDSRUDWLRQ FRQGHQVDWLRQ 6LQFH
FRQVLGHU WKH SOXPH FRQFHQWUDWLRQV LQ VWXGLHV ZRUNI|
VWXGLHV XVLQJ ILHOG ZRUN WR GHWHUPLQH WKLV UHODWLR
,Q DGGLWLRQ WR FRQFHQWUDWLRQV DQG GLOXWLRQ UDW
DOVR YDU\ EDVHG RQ WKH UDGLDO SRVLWLRQ LQ WKH VPRNH
3HQJ HW DO OHDGLQJ WR GLIIHUHQFHV LQ FRDJXOI
EHWZHHQ WKH HGJH DQG FRUH RI D SOXPH +RGVKLUH HW DO
PDJQLWXGH LQ VL]H ZLWK D ODUJH QXPEHU RIL HQG ¥ EXSMLLID
WHQG WR VDPSOH ILUHV WKLV VL]H DQG ODUJHU +RGVKLUH |
VHJUHJDWH VDPSOHG SOXPHV LQWR UHODWLYHO\ FRQFHQWU
XQGHUVWDQGLQJ RI KRZ VPDOOHU XQGHUVDPSOHG SOXPHV P
OHVV FRQFHQWUDWHG SOXPH HGJHV +RGVKLUH HW DO
H[DPLQH WKH UHODWLRQVKLS RI WKH IROORZLQJ LQGLYLGXD
DQG SK\WLFDO VPRNH DJH XVLQJ WKH %%23 FDPSDLJQ 2$ PD)\
GLDPHWHU DQG DHURVRO QXPEHU FRQFHQWUDWLRQ 7KH DQ
SOXPH HGJH DQG FRUH HYROXWLRQ ZLWK HYLGHQFH RI 2 & F

WUDQVHFW LQ OHVV FRQFHQWUDWHG SOXPHV DQG SOXPH HG



DJH DQG FRQFHQWUDWLRQ +RGVKLUH HW DO +RZHYHU
FRQVLGHU PL[LQJ EHWZHHQ UDGLDO SRUWLRQV RI WKH SOXP
LPSOLFLWO\ DVVXPLQJ WKDW HDFK PRUH DQG OHVV FRQFHQW
QRWHG WKH QHHG IRU LPSURYHPHQW LQ XQGHUVWDQGLQJ 2 .
LQLWLDO SOXPH FRQFHQWUDWLRQV DV ZHOO DV IXHO W\SH -

,Q WKLV ZRUN ZH XVH WKH REVHUYDWLRQV RI SOXPHV L
FDPSDLJQ WR H[DPLQH WKH UROH RI SOXPH FRQFHQWUDWLRC
HYROXWLRQ EHWZHHQ DQG ZLWKLQ VPRNH SOXPHV )XUWKHU
FRQGHQVDWLRQ HYDSRUDWLRQ LQ WKH DHURVRO VL]H FKDQJ
FRQFHQWUDWLRQ RQ ELRPDVV EXUQLQJ DHURVRO VL]H DQG 2
ERWK WUDQVHFW DYHUDJHG VPRNH DHURVRO SURSHUWLHV D
FRQFHQWUDWHG SRUWLRQV RI WKH VPRNH SOXPH :H XVH DQ
KRZ PXFK RI WKH DHURVRO VL]H FKDQJHV JURZWK LV GXH WR
FRQGHQVDWLRQ HYDSRUDWLRQ )LQDOO\ ZH LQYHVWLJDWH V
OHVV FRQFHQWUDWHG UHJLRQV Rl SOXPHV WR GHWHUPLQH L
DVVXPHG WR RFFXU LQGHSHQGHQWO\ ,Q &KDSWHU ZH GHV]
SUHVHQW RXU UHVXOWV EDVHG RQ WKH ),5(; $4 REVHUYDWLR
WKH DHURVRO VL]H FKDQJHV GXH WR FRDJXODWLRQ DQG FRQ

FRQFOXVLRQV LQ &KDSWHU



&KDSWHU

OHWKRGYV
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JLIXUH D ODS RI LQ SOXPH VHFWLRQV IRU WKH HLIKW VHWYV F
WKH ),5(; $4 FDPSDLJQ EHWZHHQ -XO\ DQG $XJIXVW E
VHFWLRQV RI WKH ILYH VHWV RI WUDQVHFWY RI WKH :LOOLDP
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7KH ),5(; $4 FDPSDLJQ WRRN SODFH LQ -XO\ $XJXVW \
WKH :HVWHUQ 86 DQG DJULFXOWXUDO VPRNH LQ WKH 6RXWKH
KWWSV ZZZ DLU ODUF QDVD JRY PLVVLRQV ILUH[ DT ,Q R
SVHXGR /DJUDQJLDQ WUDQVHFWYV IURP WKH :HVWHUQ 8QLWHC
FURVVHG WKH SOXPH UHSHDWHGO\ JHQHUDOO\ PRYLQJ IURP

6DPSOHV IURP WKH 6RXWKHDVWHUQ SRUWLRQ RI WKH FDPSDLI



FDPSDLJQ KDG D OLPLWHG QXPEHU RI SVHXGR /DJUDQJLDQ W
SVHXGR /DJUDQJLDQ WUDQVHFWY DUH IURP IRXU GLITHUHQW
ZDV VDPSOHG WZLFH RQ WZR RI WKH GD\V 7KH IXHOV EXUQH
WKH GLIITHUHQW VDPSOLQJ GD\V RI WKH :LOOLDPV )ODWYV ILUE
VDPSOLQJ VDPSOLQJ WKH VDPH DLU UHSHDWHGO\ RYHU WLP|
IRULVRODWLQJ WKH SURFHVVHV LQIOXHQFLQJ DHURVRO DJL(
DW WZR WR IRXU WLPHV WKH ZLQG VSHHG DW WKH VDPSOLQJ
VDPSOHG IDUWKHU IURP WKH ILUH KDG JHQHUDOO\ EHHQ HPL
VPRNH VDPSOHG FORVH WR WKH ILUH $V D EDVHOLQH WHVW
WKH WLPHV ZKHUH WKH VDPSOHG VPRNH ZDV HPLWWHG ZH H
WKH ZHVWHUQ SRUWLRQ RI WKH FDPSDLJQ GXH WR WKRVH SC
UHODWLRQVKLS EHWZHHQ PRGLILHG FRPEXVWLRQ HIILFLHQF\
:LOOLDPYV )ODWYV ILUH SOXPEHDVIHHEOKQHRB G ENIWRWORQ SVHXC
VDPSOLQJ ORUH GHWDLOV RQ KRZ ZH VHOHFW DQG PRGLI\ SC

+RZHYHU ZH H[SHFW WKDW WKH GHYLDWLRQ IURP SHUIH
UHPDLQLQJ VHWV RI WUDQVHFWY PD\ VWLOO LQIOXHQFH RXU

SRWHQWLDO LQIOXHQFH WKURXJKRXW



7TDEOH,QIRUPDWLRQ RQ WKH )LUHYV

)OLJKY )LUH 1XPEHU RI VHWV )XHO JOLJKW 7LP
'DWH SVHXGR ODJUDQ 6PRNH $JH ¢
6KDG\ 7LPEHU 6KUXE
*UDVV
1RUWK 7LPEHU 6KUXE
*UDVYV
:LOOLD *UDVV
)ODW YV
:LOOLD 7LPEHU *UDVYV
)ODWV
:LOOLD 7LPEHU *UDVYV
)ODW YV
&DVWO *UDVV 7LPEHU

$LUFUDIW ,QVWUXPHQWYV

7KH 76, ODVHU DHURVRO VSHFWURPHWHU /$6 PHDVXUHC
DQRG —P DW +] UHVROXWLRQ WKHVH PHDVXUHPHQWYV KD
HYDSRUDWLRQ 7KH /$6 XVHV D KHOLXP QHRQ JDV ODVHU ZLW
QP LQ GLDPHWHU DQG DV ODUJH DV —P ZLWK XQFHUW
FDOLEUDWHG XVLQJ VL]H FODVVLILHG DPPRQLXP VXOIDWH DH
HW DO ‘H DSSO\ FRUUHFWLRQV WR WKH /$6 PHDVXUHPHC
LQ WKH VDPSOLQJ OLQHVY DQG RSWLFDO VDWXUDWLRQ RI WK&
PHDVXUHPHQWY ZH XVH ZRUN IURP 1DXOW HW DO WKDV
DHURVRO QXPEHU FRQFHRRPWBRWLRFPY WRRFRRUDHFW IRU WKLYV
$OWKRXJIJK LW LV ZHOO NQRZQ WKDW WKH /$6 VDWXUDWHYV DW

GHSHQGHQFH RI WKLV LV XQNQRZQ WKHUHIRUH WKHUH DUH



OLQHDU GHSHQGHQFH )LJXUH $ DQG ZH LQYHVWLIJDWH WK
PRGHO VLPXODWLRQV RI PHGLDQ GLDPHWHU ZKHQ XVLQJ D O
TXDGUDWLFDOO\ HHWUDSRODWHG FRUUHFWLRQ RU QR VDWXI
RSHUDWHG ZLWK D GLOXWLRQ V\VWHP DQG WKLV GLOXWLRQ
PHDVXUHPHQWY 1H[W ZH DSSO\ DQ HYDSRUDWLRQ FRUUHFW
WHPSHUDWXUH GLITHUHQFHYV ZLWK WKH DPELHQW DLU HYDSHF
WR EH PLQRU DQG LV QRW LQFOXGHG 7KH HYDSRUDWLRQ FRI
GLDPHWHUVY FDOFXODWHG IURP WKHVH VL]H GLVWULEXWLRQV
UHPDLQLQJ 0)5 7KH 0)5 LV XQLTXH IRU HDFK IOLJKW EDVHG
WHPSHUDWXUHY DQG 2$ FRQFHQWUDWLRQ LQ WKH IOLJKWV
WHPSHUDWXUHY ZHUH W\SLFDOO\ . DQG . UHVSHFWLYH
WKH IUDFWLRQDO FKDQJH LQ GLDPHWHU IURP WKH HYDSRUDYV

IRXQG IURP WKH IROORZLQJ HTXDWLRQ

X XpZ
X f %<\UMI[]ZM4_@

2

JLIXUH $ D VKRZV WKLV HYDSRUDWLRQ FRUWRIFWLR® IRU

P DVVXPLQJ D SDUWLFOH GLDPHWHU RI QP IRU DQDPELHQ)\
WHPSHUDWXUH RI . DQG D SUHVVXUH RI PE )LJXUH $ E
DQG WKH GLDPHWHU FRUUHFWLRQ |RU TRQWH VAR QUFKHHQ WHIDWAL VR
UHVXOWV WR WKH DVVXPSWLRQ WKDW WKH HYDSRUDWLRQ RF
ZH XVH WKH VORSH RI J)LJXUH $ E DQG WKH 0)5 WRRU AU G D VAHD

VL]H GHSHQGHQW HYDSRUDWLRQ FRUUHFWLRQ



7KH $HURG\QH KLJK UHVROXWLRQ WLPH RI IOLJKW DHURYV
2$ 7KH $06 RSHUDWHG LQ IDVW VSHFWUXP PRGH WR SURYLGtE
XQFHUWDLQW\ IRU WKH $06 PHDVXUHG RUJDQLFV ZDV G.
HITLFLHQF\ ,( 7KH UHODWLYH LRQL]DWLRQ HIILFLHQF\ IRU 2
ODERUDWRU\ 3DJRQLV HW DO *XR HW DO DQG DVVX
‘H DOVR DSSOLHG WKH 3DJRQLV HW DO HYDSRUDWLRQ
LQOHW UHVLGHQFH WLPH IRU WKH $06 ZDV PXFK VKRUWHU Wk
JHQHUDOO\ PXFK FORVHU WR WKDQ WKDW RI WKH /$6 OHVV

SHIDUGLQJ RWKHU '& LQVWUXPHQWY XVHG LQ WKLV VW)
/*5 DW +] UHVROXWLRQ 7KH LQVWUXPHQW RSHUDWHG ZLWK
FDPSDLJQ 7KH PHWHRURORJLFDO PHDVXUHPHQW V\VWHP 00!
ZLQG ILHOG WHPSHUDWXUH DQG WXUEXOHQW GLVVLSDWLRQ
PHDVXUHPHQWY LQVWHDG RI +] WR KDYH D KLJKHU WHPSR

SDUDPHWHUYV

'"HULYHG 3DUDPHWHUYV IURP 2ZEVHUYDWLRQV

7KH ),5(; $4 GDWDVHW SURYLGHV EDFNJURXQG IODJV XVH
FRQFHQWUDWLRQV RI VSHFLHV (DFK ILUH VDPSOHG KDV D ILI|
WKH '& ZDV VDPSOLQJ LQ D SOXPH 7KH EDFNJURXQG FRQFH
LQ RXU DQDO\VLYVY UDQJHG IURP WR SSE ZLWK WKH PLQL
UDQJLQJ IURP WR SSE 7KH VPRNH DJH ZDV SURYLGHG L«
DLURRHBDDWXUHG ZLQG VSHHGYVY DQG VWUDLJKW OLQH KRUL]JRQYV

DLUFUDIW SRVLWLRQ



7TKH FRQFHQWUDWLRQ HQKDQFHPHQW RI VSHFLHV ; GXH V
GHWHUPLQHG E\ VXEWUDFWLQJ WKH DYHUDJH EDFNJURXQG F
LQ SOXPH PHDVXUHPHQWY ‘H FRUUHFW IRU GLOXWLRQ E\ FU}I
UHIHUUHG WR DV D QRUPDOL]JHG H[FHVV PL[LQJ UDWLR 1(05
UDWLRYV DUH IRXQG E\ QRUPDOL]LQJ WKH EDFNJURXQG FRUUF

&2 0&2 VLQFH &2 LV LQHUW RQ WLPHVFDOHV RI QHDU ILHOG

™ f FQVXT]UI&JIKSOZW]VL

™ 1 = = ~ =
1= 1_QVXT]UI%_JIKSOZW]VL

,QFUHDVHYVY RU GHFUHDVHV LQ WKLV HQKDQFHPHQW UDWLR @
WKDW VSHFLHV LQ WKH VPRNH SOXPH SURYLGHG WKDW WKH
YDULDELOLW\ LQ HPLVVLRQV GR QRW LPSDFW FKDQJHV LQ Wk
ZH ORRN DW 01 G&2 QXPEHU HQKDQFHPHQW UDWLR DQG 02%
UDWLR UHIHUUHG WR DV 2%(5

JROORZLQJ +RGVKLUH HW DO PDVV FRQFHQWUDWLF
WKH $06 PHDVXUHPHQWY RI WKH 2 & DQG + & UDWLRV :H DVYV

DQG & DOORZLQJ XV WR FDOFXODWH EDFNJURXQG FRUUHFWE

™ =

f :QVXT]UI\i]IKSOZW]VL
™ s
1 QVXT]U&UIKSOZW]VL

7KH PHGLDQ GLOpPHPEHU FRQFHQWUDWLRQ 1 DQG PRGDO
GLVWULEXWLRQ 1 DUH FDOFXODWHG E\ ILWWLQyJ D ORJQRUP
PHDVXUHPHQWYVY IURP WKH /$6 1 LV WKH QXPEHU FRQFHQWUD
UDQJH RI GLDPHWHUV XYRHDWRUHMHQYWN GH B®PLQH WKH FKE

HQKDQFHPHQW UDWLR ZLWKLQ WKLV VL]H UDQJH



)RU HDFK Rl WKH YDULDEOMLVIGEYVBDXPEME DIEXKDH FHPHQW
2$(5 02 0& DQ RUGLQDU\ OHDVW VTXDUHV UHJUHVVLRQ LV X
VPRNH DJHV )RU HDFK YDULDEOH WKH FRQILGHQFH LQWH
Rl WUDQVHFWV 'XH WR WKHVH YDU\LQJ XQFHUWDLQWLHV D |
LQIOXHQFH RI LQLWLDO ;28 @ R\KHI B WRIDXWLIRRQ RK2$WKHVH YDUL
GHWHUPLQH WKH UHODWLRQVKLS GHIWZ HHI@GWIKKE W B W B WRL REXV
RI D OLQHDU UHJUHVVLRQ ZHUH SGWIRRIP HG ZKLQB INCLBX RO W
LWV FRQILGHQFH LQWHUYDO IURP WKH OLQHDU UHJUHVVLF
UHODWLRQVKYL 6 VE HDWQZEHMIBHW HUPLQHG EDVHG RQ WKH DQG
VORSHV IURP WKH ORQWH &DUOR OLQHDU UHJUHVVLRQV :H D
GsGW WR EH WKH FHQWHU RI WKH FRQILGHQFH LQWHUYDO
WUDQVHFWVY DW D WLPH 7KH ORQWH &DUOR DQG WKH UHPRYL
YLVXDOL]H DQG TXDQWLI\ WKH XQFHUWDLQWLHVY RI WKH UHOI
RXU YDULDEOHV R LQWHUHVW DQG 02$

,Q DGGLWLRQ WR XWLOL]LQJ WUDQVHFW DYHUDJH YDOXH
FRQFHQWUDWHG SRUWLRQV Rl WKH SOXPHV HYROYH GLIIHUH
SHUFHQWLOHY WR HYDOXDWH WKH GLOXWH DQG FRQFHQWUD!
SHUFHQWLOHV XVHG DUH WR W R W R DQG WR
WKH WK SHUFHQWLOH WR SURYLGH D EXIIHU EHWZHHQ WKH [
WKH ORFDWLRQV Rl WKH SHUFHQWLOHYV LQ HDFK RI WKH HLJK
VSDWLDO GLVWULEXWLRQ Rl WKHVH SHUFHQWLOHV ZLWKLQ H

FRQFHQWUDWHG SHUFHQWLOHYV QRW DOZD\V IDOOLQJ LQ WKFE



7KH DELOLW\ WR JDLQ LQVLJKW LQWR WKH GLIIHUHQFHV
FRQFHQWUDWHG SRUWLRQV RI WKH VDPH SOXPHV PD\ EH OLP
UHJLRQV LV RFFXUULQJ RQ WLPHVFDOHV IDVWHU WKDQ VHYH
DLUFUDIW :H XVH WKH IROORZLQJ SURFHGXUH WR HVWLPDW
SOXPH 7KH PHDQ DQG VWDQGDUG GHYLDWLRQV RI HDFK Z
DYHUDJLQJ WLPH DSSUR[LPDWHO\ HTXDO WR WKH OHQJWK RI
WUDQVHFW 7KH VWDQGDUG GHY\L IDQICR YN RN L\WW B @ GZRVGWHK 16
PHDQ (DVW :HVW ZLQG | DUH XVHG WR D®SURHWPBMFHD &/ KH O
WXUEXOHQFH LQWHQVLWLHYV 7KH 3DVTXLOO VWDELOLW\ F:
WXUEXOHQFH LQWHQVLWLHY 7DEOH $ *DXVVLDQ GLVSH!
WXUEXOHQW GLIIXVLYLW\ IURP ZKLFK D PL[LQJ OHQJWK LV G
7KH GLVWDQFH DQG PL[LQJ WLPH EHWZHHQ WKH WR  SHUF]|
LV FDOFXODWHG E\ XVLQJ WKH JHRJUDSKLF FRRUGLQDWHV R
ELQ DQG WKH DYHUDJH JHRJUDSKLF FRRUGLQDWHV RI WKH

OHQIJWK DQG GLVWDQFH EHWZHHQ WKH SHUFHQWLOHV LV XVl

,GHQWLILFDWLRQ RI XVHDEOH WUDQVHFWYV

0&( WUHQGY ZHUH FKHFNHG WR GHWHUPLQH ZKLFK RI WK
FDPSDLJQ KDYH VXIILFLHQWO\ FRUKW HIQWK WDWLRKNWM X ¥ H® G
GR QRW KDYH D VWDWLVWLFDOO\ VLIQLILFDQW WUHQG S YD
JLIXUH $ $GGLWLRQDOO\ WKH VHOHFWHG IOLJKWV KDYH V

DUH DEOH WR DSSO\ ERWK WKH VDWXUDWLRQ DQG HYDSRUDW



JRU WKH ILUVW VHW RI WUDQVHFWY RI WKH :LOOLDPV )OL
ILIXUHVY WUDQVHFWYVY DUH OLPLWHG WR WKRVH WKDW DUH W
TKHVH ZHUH GHWHUPLQHG EDVHG RQ ORFDWLRQV ZLWKI
/,’$5 PHDVXUHPHQWY 7KH WUDQVHFWV QRW XVHG LQ RXU DQ
ZKLOH WKH WUDQVHFWY XVHG LQ RXU DQDO\VLV DUH YHUWLF
HW DO
7KH WUDQVHFW XVHG WR LQLWLDOL]H WKH FRDJXODWLRC
VPRNH VDPSOHG LQ FDVHV 7DEOH $ :LOOLDPV )ODWYV :
VPRNH VDPSOHG GXH WR WKH XVH RI WKH /DJUDQJLDQ WUDQ
VDPSOLQJVY WKH OQ (&2 ZLWK VPRNH DJH LQ FRPELQDWLRQ
GHWHUPLQH LI WKH ILUVW WUDQVHFW VKRXOG EH PRGLILHG
OLQHDUO\ GHFUHDVH ZLWK VPRNH DJH WKHUHIRUH WKH \RXC
OQ &2 ,I WKLV LV QRW WKH FDVH WKHQ ZH UHPRYH WKH FC
SRVVLEOH WKDW WUDQVHFW ZDV YHUWLFDOO\ LQ D GLIITHUHQ
WLPH GLITHUHG IURP WKH VXEVHTXHQW WUDQVHFWY G6SHFLIL

WKH PRGHO DUH LQ 7DEOH $

&RDJIJXODWLRQ ORGHO

‘H XVH DQ DHURVRO PLFURSK\VLFV ER[ PRGHO WR VLPXOI
GLVWULEXWLRQ GXH WR FRDJXODWLRQ DQG GLOXWLRQ LQ Wl
WKH PHGLDQ GLDPHWHU WRWDO QXPEHU FRQFHQWUDWLRQ |
0&2 SHUFHQWLOH EDVHG RQ D ORJQRUPDO ILW RI WKH REVHU

UXQ VHYHQ DQG D KDOI KRXUV IRUZDUG LQ WLPH 7KH DHURYV



ORJDULWKPLFDOO\ VSDFHG VLQJOH PRPHQW VL]H ELQV EHW:Z
PD[LPXP GLDPHWHU —P GLG QRW DIIHFW WKH UHVXOWYV HQ
DVVXPH WKDW WKH SDUWLFOHV7KBYRROHHGVERWO RWHYV MU RPZ¢
FRDIJXODWLRQ XVLQJ WKH )XFKV IRUP RI WKH %YURZQLDQ FRD

JRU HDFK VHW RI WUDQVHFWY GLOXWLRQ LV LQFOXGHG I
GHFD\ UDWH Rl 0&2 7KH,GY XXWGRQRIBBWRXODWH WKH UDWH |

GLOXWLRQ LQ HDFK VL]H ELQ

L<

L\ LQtI" <JQ§QT
,Q WKH EDVH VLPXODWLRQV Rl WKLV PRGHO WKH DHURVRO V
RQO\ WKURXJK WKH FRPELQHG HIIHFWV RI GLOXWLRQ DQG FR
‘H VKRZ DGGLWLRQDO UHVXOWVY ZKHUH WKH HYDSRUDWL
DUH DOVR WDNHQ LQWR DFFRXQW E\ XVLQJ WKH REVHUYHG O
DJH IRU HDFK VHW RI WUDQVHFWV ,Q WKLV FDOFXODWLRQ Z
IRUPDWLRQ VR DOO 62% FRQGHQVHV RQWR H[LVWLQJ SDUWLF
WR EH FRQVWDQW DFURVYV DOO VL]HV VXFK WKDW WKH IUDFW
‘H DVVXPH WKDW WKH HYDSRUDWLRQ DQG FRQGHQVDWLRQ GF
VPDOO FKDQJHV GXH WR FRQGHQVDWLRQ HYDSRUDWLRQ WKt
VKRXOG QRW KDYH D VLJQLILFDQW LPSDFW RQ WKH FRDJXOD
IDFWRU FKDQJH LQ 2$ PDVV WKHUH ZRXOG EH D VPDOO FKD
FRDJXODWLRQ UDWH RI OHVV WKDQ 6DNDPRWR HW DO
VKRZ LQ WKH UHVXOWV WKH XQFHUWDLQW\ GXH WR WKHVH D
WKH PHDVXUHPHQWY HJ VDWXUDWLRQ DQG HYDSRUDWLRQ

2$ SURGXFWLRQ ORVV LV LQFOXGHG XVLQJ WKH IROORZLQJ H



L TM:/ETM - sz
2XU\_=/]c U\KWIO L\ 1\ - X

ZKHUH kb WKH VLPXODWHG GLDPHWHU DW HDFK WLPH VWHS |

™1 =

G L O X3 LV WKH REVHUYHG FKDQJHLQ WKH 2$ HQKD

\

VLPXODWLRQ WLPH



&KDSWHU

SHVXOWYV

2EVHUYDWLRQV

2Q DYHUROHFUHDVHY PRUH UDSLGO\ LQ WKH PRUH FRQFHQ
WKH WUDQVHFW DYHUDJHYV DQG WKH 0&2 SHUFHQWLOHV )LJX
KDYH D PRUH FRQVLYVAYWEW PR RUHDMHWMKDQ RWKHUV )RU H[D
DQG :LOOLDPV )ODWYV 3 KD YELDVRRPWRMNDBIQDV H @EWHKD Y i UL QO
IURP RQH WUDQVHFW WR WKH QH[W WKLV JLYHV WKH VORSH
FRPSDUHG WR D GD\ ZL W URRRPUW UYDDQMHDFEW ON RV WILD QVHFW V X F

8VLQJ WKH ORQWH &DUOR ILWWLQJ PHWKRG WR FRQVLGHL
FKDQJHZRWK VPRNHGDMHL@GEUHDVHWEY — J@R VKK WKH
FRQILGHQFH LQWHUYDOV LQ 7DEOH *URXSLQJ E\ 0&2 SHUF
ZLGHU UDQJH Rl FRQFHQWUDWLRQV DOEHLW PL[LQJ EHWZH}
ZKLFK ZLOO EH H[SORUHG ODWHIQ FWH B VIHHDQ G ISROXWPKIL 5 REHWM
VWUHQJWKHQHG DV VHHQ E\ WKH UHGXFWLRQ LQ WKH VL]H R

DYHUDJH VWDWMVWLFV :LWK WKH &2 SHUFHQWLOHV WKH OR!

QP KORJ —J PDEOH 7KH 3HDUVRQ FR UUGMD DWQGRA2BRHITLFL
DQG IRU WKH WUDQVHFW DYHUDJHV DQG 0&2 SHUFHQWLO}
IRU D FRUUHODWLRQ FRHIILFLHQW LV YHU\ ZHDN

LV VWURQJ DQG W R LV YHU\ VWURQJ (YDQV

EHWZHHRWGD QG660 ODUO\ WKH %%23 FDPSDLJQ VKRZHG PRG
'sDQG VPRNH DJH +RGVKLUH HW DO 7KH JURZWK VKRZC(C

FRPELQHG LPSDFW Rl FRDJXODWLRQ QHW FRQGHQVDWLRQ H



LQIOXHQFH RI SDUFHO FKDQJHVY GXH WR LPSHUIHFW /DJUDQJL

TXDQWLI\ KRZ PXFK RI WKH GLDPHWHU FKDQJH LV GXH WR FR
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JLIXUH2EVHUYHG VORSHV RI PHGLDQ GLDPHWHU ZLWK VPRNH
OLQHDU UHJUGIWVDRQY IX5Q FWQRWLMIOIEHPFNIURXQG FRUUHFWH
IRU D WKH WUDQVHFW DYHUDJHVY DQG E WKH (0&2 EDFNJUR
HDFK VHW RI WUDQVHFWYV )LJXUH $ 7KH HUURU EBDUV LQGL
VORSH EHVW ILW OLQHYV IURP D ORQWH &DUOR WHFKQLTX
VORSH DQG LQWHUFHSW ZLWK WKHLU UHVSHFWLYH FRQILG
VKRZQ LQ 7DEOH 7KH GDUNHU JUD\ OLQHVY DUH WKH UHYV X(
UHPRYHG 7KH VROLG EODFN OLQH LV WKH OLQHDU UHJUHVVL
WKH HTXDWLRQ IRU WKLV OLQH LV VKRZQ RQ HDFK SDQHO



TDEOH6KRZQ KHUH DUH VWDWLVWLFV RQ WKH YDULRXV ILWV (
ZKHUH WKH OHIW FROXP—LlQV LV D UDWH RI FKDQJH WKH VC

IURP WKH ORQWH &DUOR PHWKRG RI ILWWLQJ EDVHG RQ WKH
UHJUHVVLRQO

LW 60R ,QWHU ,QWHUFH
&RQILGH &RQILGH

7UDQVHFWLT2$YHUD@HYV O Ki WR WR

>0RJ —@ P

0&2 3HUFHOWLO® Y\> QPRI U2 WR WR

>0RJ —@ P

7UDQVHFW-S¥HUDIBSEKU >F W R WR

ORJ —J@ YV ORJQORY —@ P

0&2 SHUFHGWEDH SSEXUOFR) - WR WR

P @ YV OR>QORY —@ P

7UDQVHFW $Y HUDI B B\@5Y V WR WR

ORJ (2$0RJ —@ P

(&2 3HUFHQW*OH RSE® YV WR W R

ORJ (2$0RJ —@ P

7UDQVHFW$¥AUDIHS SEX @YY W R W R

ORJ (2$0RJ —@ P

(&2 BHUFHEWLOH SSENU@IYF WR WR

ORJ (2$0RJ —@ P

7UDQVHFW $YHYDJB RR SR J W R WR

P @

0&2 3HUFHQWNWH GR JI&DIRJ — W R WR

P @

7TUDQVHFWFHUD@HYV ORKU WR WR

>ORJ —@ P

1&2 SHUFHBWLO® YV ORU 02 WR WR

>0RJ —@ P




7KH DHURVRO QXPEHU HQKDQFHPHQW UDWLR LV PRGHUD)
DYHUDJH 6SHDUPDQ FRUUHODWLRQ FRHJZLPLKH@MWRRH DJH KD B
YHU\ VWURQJ UHODWLRQVKLS ZLWK DQ DYHUDJH 6SHDUPDQ F
FDPSDLJQ DOVR VKRZHG WKH QXPEHU HQKDQFHPHQW UDWLR
DJH WKDQ GLDPHWHU +RGVKLUH HW DO | WKH GLDPHW
FRDIJXODWLRQ ZH ZRXOG H[SHFW WKDW WKH PRUH FRQFHQW
WKH QXPEHU HQKDQFHPHQW UDWLR 6DNDPRWR HW DO
EHWZHHQ WKH UDWH RI FKDQJH Rl QXPEH U H QIK® QKHP WQ W QU
DYHUDJHV DQG LQ WKH 0&2 SHUFHQWLOHV 7KXV WKLV T
ERWK WKH UDWH RI FKDQJH RI QXPHEHF K Q KD QFV ZHQW WKW LU
6DNDPRWR HW DO IRU SOXPHV H[SHULHQFLQJ VL]H GLVV
FRDIJXODWLRQ $OWKRXJK WKH FRUUHODWLRQ FRHIILFLHQW |
UHODWLRQVKLS EHWZHHQ WKH QXPEHU H QK® QWHP WQ\T QMHF W
DYHUDJHV WDNLQJ LQWR DFFRXQW WKH XQFHUWDLQW\ RI WK
JLYHV D QRQ VWDWLVWLFDOO\ VRIQLILFEBSEGWUORDBWLRQVKLS
JLJXUH $ D 7DEOH 7KH ODUJH FRQILGHQFH LQWHUYD!
GXH WR WKH KLJK XQFHUWDLQW)\ Rl UDWH RI FKDQJH Rl QXPE
VDPSOLQJ EHFDXVH Rl YDULDELOLW\ LQ QXPEHU HQKDQFH|
JLIXUH $ ,Q WKH 0&2 SHUFHQWLOHV WKHUH LV D VWDWLYV
UDWH RI QXPEHU HQKDQFHPHQW UD W,IZR ¥ K CDGQJ D YZH WIXJ M PVR I Hi ¢
FESSEKUORJ —J MOWKRXJK WKLV PD\ EH LQIOXHQFHG E\ Pl

SHUFHQWLOHYV )LJXUH $ E 7DEOH ,Q DGGLWLRQ WR WKH



GLVFXVVHG DERYH WKH QXPEHU HQKDQFHPHQW UDWLR WUHC

DQG FKDQJHV LQ HPLVVLRQV

7KH LQLWLDO 2$(5 LQFUHDVHY DV WKH LQLWLDO (2% LQFL
YDOXHV DW WKH LQLWLDO WUDQVHFW S\SKELD/R U H-OXYR WKV K L S
S YDOXH OHVV WKDQ DQG D 5 RI 'KHQ GLYLGHG E\ 0&2
LQFUHDVHVY ZLWK LQFUHDVLQJ LQISAY D PZLWW D S DWBXH Ol
WKDQ DQG DQ 5 RI 7KH ORZHU 2%$(5 LQ GLOXWH SOXPH
VLIJQLILFDQW HYDSRUDWLRQ SULRU WR WKH ILUVW WUDQVHF
VWURQJHU LQ PRUH GLOXWH SOXPHV FRQVLVWHQW ZLWK :( &
$NKHUDWL HW DO DQG VLPXODWLRQV RI VPRNH SOXPH)\
‘H FDQQRW UXOH RXW WKDW WKLV VWURQJ WR YHU\ VW!
DOVR LPSDFWHG E\ WKH EXUQ FRQGLWLRQV DOWKRXJK WKLV
GLOXWH SOXPHV WR KDYH WKH ORZHVW 2% &2 HPLVVLRQV UD'
WKDW D VLIJQLILFDQW IUDFWLRQ RI VPRNH SULPDU\ 2$ LV VHF

HYDSRUDWLRQ RI D IUDFWLRQ RI WKLV SULPDU\ 2% ZLWK GLO.
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JLIXUH,QLWLDO LQLWLDO 2%$(5 YHUVXV LQLWLDO (2%$IRU D W
SHUFHQWLOH ZLWK DQ 2/6 UHJUHVVLRQ OLQH LQ JUD\ 7KH VYV
7KH 2%$(5 WUHQGV ZLWK VPRNH DJH EDVHG RRU2/B 1WW W ML DOV
DYHUDJHVY DQG G E\ (&2 SHUFHQWLOH UHVSHFWLYHO\ 2Q HI
VKRZQ LQ VROLG EODFN ZLWK WKH HTXDWLRQ RI WKLV OLQH
WKH UHVXOWY RI OLQHDU UHJUHVVLRQV ZLWK RQH VDPSOH U
IURP D ORQWH &DUOR WHFKQLTXH DUH DOVR LQFOXGHG LQ Ol
LQ 7TDEOH 7KH EODFN GDVKHG OLQH RQ F DQG G LV WKF

'LWK DJLQJ 2$(5 HLWKHU LQFUHDVHY GHFUHDVHV RU UH
PRGHUDWH WR VWURQJ QHJDWLYH FRUUHODWLRQ ZLWK LQFU

LQ WKH WUDQVHFW DYHUDJHV DQG (&2 SHUFHQWLOHV 7
P SSENUORJ —JLR WKH WUDQVHFW DYSISBDMNBORIQGILR —J P
1&2 SHUFHQWLOHYV )LIJXUH F G WKH FRQILGHQFH LQWH

JHUR 7KH SRVLWLYH VORSHVY VHHQ DW ORZHU FRQFHQWUDWL



OHDVW PLOQXWHYV GRZQZLQG LV VXSSRUWHG E\ SULRU WKHR
VKRZHG WKDW IRU GLOXWH SOXPHV WKHUH ZDV DQ LQLWLDO
2%(5 VWDUWLQJ DIWHU DERXW PLOQXWHV %LDQ HW DO
( &%1 DQG %%23 FDPSDLJQ VKRZHG QR VLJQLILFDQW FKDQJH
+RGVKLUH HW DO 3DbOP HW DO 7ZR VDPSOLQJV LQ
:LOOLDPV )ODWYV 3 KDYH QR VWDWLVWLFDOO\ VLIJQLILFDC
2%$(5 LV YDULDEOH EHWZHHQ WUDQVHFWYV IRU 6KDG\ KRZFE
FRQVLVWHQW DV WKH VPRNH DJHV )LJXUH $ 3bOP HW DO
HYDSRUDWLRQ RI 32% ZDV D VRXUFH RI 62%$ LQ WKH ILUHV FU
DV WKH VPRNH DJHG WKLV PD\ EH ZKDW LV RFFXUULQJ LQ Wtk
UHGXFWLRQ RI 2$(5 VHHQ DW KLJK FRQFHQWUDWLRQV ZDV QF
KRZHYHU WKH XSSHU HQG RI FRQFHQWUDWLRQV VKRZQ K
WKRVH IURP :( &%1 $OWKRXJK WKHUH LV OLNHO\ 62%$ IRUPDWI
SOXPHV LW LV QRW HQRXJK WR LQFUHDVH WKH 2%$(5 UHODWL
GLOXWLRQ GULYHQ HYDSRUDWLRQ RI VHPL YRODWLOH VSHFL
),5(; $4 VPRNH SOXPHV +RGVKLUH HW DO D 7KH GHFUHD
FKHPLFDO DJLQJ RFFXUULQJ LQ WKHVH SOXPHV 0D\ HW DO
HYLGHQFH WR VvVD\ IRU FHUWDLQ WKDW VORZ SKRWRFKHPLVWI
'"HVSLWH WKH GHFUHDVH LQ 2%$(5 IRU FRQFHQWUDWHG ILUHYV
GLDPHWHU WKH FRQFHQWUDWHG ILUHV VWLOO VHH PRUH JUI
FRDIJXODWLRQ IRU JURZWK DQG ZLOO EH LQYHVWLIJDWHG IXU
7KH LQLWLDO YDOXHV RI (2 64 LQFUHDVH DV SOXPH FRQF

UHODWLRQVKLS )LJXUH D E , Q WKH WUDQVISFWDDXHUDJHV



5 DQG LQ WKH 0&2 SHUFHQWLOHYV SYXKDOXWHJHQG BV

02 0& LV KLIJIKHU LQ 62%$ WKDQ WKH HYDSRUDWLQJ 32%

DO D $GGLWLRQDOO\ WKH HYDSRUDWLQJ 32% KDV E
WKH UHPDLQLQJ 32%$ WKDW GRHV QRW HYDSRUDWH $NKHUDW
SOXPHV WKHUH PD\ EH IDVWHU HYDSRUDWLRQ DQG RU 62% IR
LQLWLDO 02 0& LQ GLOXWH SOXPHVY FRPSOHPHQWY WKHP WHC
DE ERWKLQGLFDWH IDVWHU HYDSRUDWLRQ SULRU WR WEK
HYLGHQFH IRU WKLV LQ WKH :( &$1 SOXPHV DV ZHOO $NKHUD
( &$1 SOXPHV $NKHUDWL HW DO VKRZHG WKDW LW LV C
WR WKH ILUVW WUDQVHFW KDV D ORZHU 02 G& OHDYLQJ WKH
WKH PRUH GLOXWH SOXPHV FRQWDLQHG D KLJKHU IUDFWLRQ
WKH 02 6& RI WKH PRUH GLOXWH SOXPHV 2XU UHVXOWYV DSSt

$NKHUDWL HW DO
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JLIXUH7KH LQLWLDO 02 0& DW WKH ILUVW WUDQVHFW YHUVXV
DQG E E\ &2 SHUFHQWLOH 7KH OLQHDU ILW VQRSHW RI 02
WKH WUDQVHFW DYHUDJHV DQG G E\ (&2 SHUFHQWLOH 2Q F
VKRZQ LQ VROLG EODFN ZLWK WKH HTXDWLRQ RI WKLV OLQH
WKH UHVXOWYV RI OLQHDU UHJUHVVLRQV ZLWK RQH VDPSOH U
IURP D ORQWH &DUOR WHFKQLTXH DUH DOVR LQFOXGHG LQ Ol
LQ 7DEOH

$O00 SOXPHVY DQG 0&2 SHUFHQWLOHYV ZLWK LQ SOXPHV VK
ZLWK VPRNH DJH ZLWK 6SHDUPDQ FRUUHODWLRQ FRHIILFLHQ'
LQ WKH &2 SHUFHQWLOHYV )LJXUH $ EXW WKHUH LV QR V

02 04 LQFUHDVHY DV WKH SOXPH DJHV ZLWK WMQKHLMWXHML B O VH



JLJXUH F G 7DEOH 7KHUHIRUH WKH OHVV FRQFHQWUD
WR FRQWLQXH WR KDYH KLJKHU 02 0& UDWLRYV DV WKH SOXPH
LQLWLDO 02 0& WKH\ FRQWLQXH WR KDYH KLJKHU (2 a& YDO)
HDFK SOXPH DJH 7KH %%23 FDPSDLJQ KDG D PRGHUDWH UHO
+RGVKLUH HW DO JURP WKH FRPSUHKHQVLYH UHYLHZ ¢
WKDW PRVW ILHOG FDPSDLJQV QHDUO\ DOZD\V REVHUYH 02 a.
DO UDQ VLPXODWLRQV IRU WKH :( &$1 FDPSDLJQ ZKLFK
ZLWK VPRNH DJH 7KH\ IRXQG WKDW GLOXWLRQ GULYHQ HYDS
VWURQJHVW UROH RI LQFUHDVLQJ 02 0& DV RSSRVHG WR 62%
SRVVLEOH WKDW WKLV GLOXWLRQ GULYHQ HYDSRUDWLRQ LV
2$(5 GHFUHDVHV VHHQ LQ WKH FRQFHQWUDWHG ),5(; $4 VPRN
DQ LQFUHDVH RU QR FKDQJH LQ 2%(5 DQG DQ LQFUHDVH LQ a:
ERWK GLOXWLRQ GULYHQ 32%$ HYDSRUDWLRQ DQG VLJQLILEDQ
FRPSRXQGY DQG YRODWLOH RUJDQLF FRPSRXQGV

(VWLPDWLQJ WKH 'ULYHUV RI 2EVHUYHG *URZWK

&RDIXODWLRQ LV WKH SULPDU\ FDXVH RI JURZWK LQ WKH
LPSDFWHG E\ GLOXWLRQ DV VKRZQ E\ WKH VROLG OLQH LQ )l
FRDIJXODWLRQ H[SODLQV WKH PDMRULW\ RI WKH JURZWK VHH
FRDIJXODWLRQ GLG H[SODLQ WKH PDMRULW\ RI WKH JURZWK
WKH JURZWK RI WKH PHGLDQ GLDPHWHU ZLWKLQ WKH XQFHUYV
J)LIXUH $IWHU WKH ILUVW WUDQVHFW ZKHUH WKH PRGHC
PRGHOHG DQG REVHUYHG PHGLDQ GLDPHWHUYVY KDYH D YHU\ V

FRUUHODWLRQ FRHIILFLHQW RI 2YHUDOO DFURVY DOO FD



WUDQVHFW LV QP KRZHYHU WKLV HUURU LV ZLWKLQ WKH X
$GGLWLRQDOO\ FRDIJXODWLRQ DORQH GRHV ZHOO DW HVWLP
ZLWK VPRNH DJH ZLWK D YHU\ VWURQJ 3HDUVRQ EBRWUHODW
DQG WKH REGMURHG G)LJXUH $ 2XU ILQGLQJYV DUH VXSSRU
+RGVKLUH HW DO DQG 6DNDPRWR HW DO WKDW FR
FKDQJLQJ WKH GLDPHWHU LQ VPRNH SOXPHV 7KH GLOXWLRQ
'sJURZWK :LOOLDPV )ODWYV 3 LV WKH VORZHVW GLOXWLQJ
ZLWK DQ DYHUDJH VLPXODWHKRAHRZAHNK WRWHLRIOLDPR RODWYV
VLPXODWLRQ ZKLFK KDG D VLPLODU LQLWLDO QXPEHU FRQFF

KRQO\ KDG DQ DYHUDJH VLPXODWKIB WWRREZ VGK JDMODH/RIG JQ
DIWHU WKH ILUVW WZR KRXUV ,Q ERWK FDVHV WKH VLPXODYV
UDWHV RI LQQR&KOLDPV )ODWV LQ 3DQGBXSKVRUKMLYH RI ILQGLC
6DNDPRWR HW DO WKDW D SOXPH ZLWK D IDVWHU GLO X\
GXH WR WKH GHFUHDVH LQ QXPEHU FRQFHQWUDWLRQ IURP G

7KH DJUHHPHQW EHWZHHQ AR/GSFROW IEQMNA® ®RE VIHRISIHFGV'H G |
DVVXPSWLRQV WKDW ZH PDGH GXULQJ RXU DQDO\VLV LQFOX:
VDWXUDWLRQ FRUUHFWLRQ HIWHQVLRQ )LJXUH $ DQG DVV]
FRUUHFWLRQ )LJXUH $ , 1 ZH ZHUH WR DVVXPH QR /$6 VDW.:
REVHUYHG PHGLDQ GLDPHWHU JURZWK LV XQGHUSUHGLFWHG
FROQOFHQWUDWLRQV VR VORZHU FRDJXODWLRQ ZKHUHDYV LI Z
VDWXUDWLRQ FRUUHFWLRQ HIWHQVLRQ WKH REVHUYHG PHG
KLIJIKHU LQLWLDO SDUWLFOH FRQFHQWUDWLRQV VR IDVWHU

QRQ VLIH GHSHQGHQW HYDSRUDWLRQ FRUUHFWLRQ WR D VL]I



JLIXUH $ E GRHV QRW FKDQJH WKH DJUHHPHQW RI WKH PRG]

JLIXUH $
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JLIXUH7KH REVHUYHG PHGLDB®R IGQW V HWEGH WHRGFRDJIJXODWLRQ
GLOXWLRQ DORQH VROG&XH WRAFRD QXGCOPRMGHRQHBQ'G GLOXWLRC
GXH WR 2$ HYDSRUDWLRQ FRQGHQVDWLRQ GDVKHG OLQH DV
HLIKW VPRNH SOXPHV XVHG LQ RXU DQDO\VLV 7KHsHUURU ELC
ZLWKLQ WKH WUDQVHFW DR®G HDKHK DBHDURMIR OVQIXPPEHU FRQFHQW
EHWZHHQ QP DQG QP PHDVXUH® DW WHKIHH ILQ VRW GWHID Q V H!

2%

7KH REVHUYHG WUHQGY LQ WKH QXPEHU HQKDQFHPHQW |
EXW WKH PRGHO VWLOO LV DEOH WR FDSWXUH VRPH RI WKH |

JLIXUH $ /KH DYHUDJH 6SHDUPDQ DQG 3HDUVRQ FRUUHO



REVHUYHG QXPEHU HQKDQFHPHQW UDWLR DUH DQG Ul
7KHVH FRUUHODWLRQ YDOXHVY DUH QHJDWLYHO\ LPSDFWHG E
REVHUYDWLRQV RQ 1RUWK +LOOV DQG :LOOLDPV )ODWYV
QXPEHU HQKDQFHPHQW UDWLR RQ ERWK RI WKHVH GD\V KRZ
LQ VOLIJKWO\ QHIJDWLYH FRUUHODWLRQ EHWZHHQ WKH PRGHC
7TKH UHPRYDO RI WKHVH WZR VDPSOLQJV LQFUHDVHYVY WKH DY|
D YHU\ VWURQJ UHODWLRQVKLS VLPLODU  WRKIWK DW VEXHDW
VXJIJHVWY WKH PRGHO LV UHDVRQDEO\ VLPXODWLQJ WKH GHF
FRDIJXODWLRQ EXW LW LV XQFOHDU ZK\ WKH REVHUYHG WUH:
QRLVN WKDQ WKH REVHUYHG WUHQG LQ PHGLDQ GLDPHWHU
,Q VRPH FDVHV 2%$ FRQGHQVDWLRQ HYDSRUDWLRQ FDQ 1)
KRZHYHU WKLV HIIHFW LV RIWHQ DQ DGMXVWPHQW WKDW LV
PHDVXUHPHQWY 2% FRQGHQVDWLRQ HYDSRUDWLRQ ZDV LQFC
WUHQGV LQ 2% )LJIXUH F DQG (T &RQVLVWHQW ZLWK W
JURZV WKH SDUWLFOHV LQ FRPSDULVRQ WR WKH FRDJXODWLI
HYDSRUDWLRQ VKULQNV WKH PRGHO SDUWLFOH GLDPHWHU L
ODUJHVW LPSURYHPHQW DV D UHVXOW RI LQFOXGLQJ WKH RE
WKLV GD\ FRDJXODWLRQ RQO\ LQFUHDVHG WKH GLDPHWHU E
FRPELQHG LQFUHDVHG WKH GLDPHWHU E\ QP ZKLFK ZDV FC
2YHUDOO WKH FKDQJHV GXH WR LQFOXGLQJ WKH 2% FRQGHQ
WKLV LV UHIOHFWHG LQ WKH PHDQ DEVROXWH HUURU RQO\ FI
UHODWLYHO\ VPDOO FKDQJH LQ PRGHO SHUIRUPDQFH VXJJHYV

PLOQRU HIIHFW RQ WKH FKDQJLQJ RI WKH GLDPHWHU LQ WKHYV



WKH GLDPHWHU PHDVXUHPHQWY LW LV XQFOHDU LI LQFOXGL
LPSURYHV WKH PRGHO :H UHFRJQL]H WKDW WKHUH LV XQFHU
FRQGHQVDWLRQ HYDSRUDWLRQ GXH WR WKH LPSHUIHFW /DJU
XQFHUWDLQWLHY LQ WKH OLQHDU UHJUHVVLRQV RI 2$(5 YV L
VDPSOHG PRUH WKDQ RQFH RQ WKH VDPH GD\ DQG WKH WLPF
FRQGHQVDWLRQ HYDSRUDWLRQ KDV D PLQRU HIIHFW GXH WR
DQ\ Rl WKH HLJKW VLPXODWLRQV ,Q VRPH SULRU ZRUNV 32%
IRUPDWLRQ OHDGLQJ WR QR QHW FKDQJH LQ 2%$(5 ,Q WKHVH
KDYH QR HIIHFW RQ WKH PHGLDQ GLDPHWHU DQG FRDJXODWL
%LDQ HW DO +RGVKLUH HW DO E D OD\HW DO
VKRZQ WKDW HYHQ LQ FDVHV ZKHUH 2$(5 LV FKDQJLQJ DV WK
SULPDU\ PHFKDQLVP WKURXJK ZKLFK WKH GLDPHWHU FKDQJH
FRQGHQVDWLRQ HYDSRUDWLRQ DUH PLQRU

7KH PRGHOHG UHVXOWYV ZKHQ VHJUHJDWHG E\ 0&2 SHUFH
RYHUSUHGLFWLRQ RI JURZWK LQ WKH KLIJKHVW SHUFHQWLOH
ZKHQ FRQGHQVDWLRQ HYDSRUDWLRQ DUH DGGHG DQG DQ X
SHUFHQWLOH ELQ )LJXUH 2Q DYHUDJH WKH PHDQ ELDV |
FRQGHQVDWLRQ HYDSRUDWLRQ LV ODUJHU WKDQ WKH W\SLFI
PHDVXUHPHQWYVY DW QP DQG QP LQ WKH DQG 08&:
3HDUVRQ FRUUHODWLRQ FRHIILFLHQW\ & WWYWHH @ HDKH P R GHQ@

(&2 SHUFHQWLOH DQG YHU\ VWURQJ LQ WKH 08&2
RYHUSUHGLFWLRQ RI JURZWK :KLOH WKH 0&2 SHUFHQW

PRGHOHG DQG;FCBEW DWVYWKHGWUDQVHFW DYHUDJHV WKH FRUUH



LV ZHDNHU GXH WR OHVV FRKHUHQW JURZWK WUHQGV LQ WKt
SHUFHQWLOH ELQVY 6LPLODU WR WKH WUDQVHFW DYHUDJHG |
EDVHG RQ WKH REVHUYHG FKDQJHV LQ 2%$(5 RQO\ FKDQJHV Wi

XQFHUWDLQW\ RI WKH PHDVXUHPHQWY ZLWK D PHDQ ELDV RI
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JLIXUH7KH REVHUYHG SRLQWYV FRDIJXODWLRQ PRGHOHG VR
FKDQJHYVY GXH WR 2$ HYDSRUDWLRQ FRQGHQVDWLRQ GDVKHG
VPRNH DJH IRU HDFK RI WKH HLIJKW VPRNH SOXPHV XVHG LQ
7KH HUURU EDUV UHSUHYVHQW MWXKIL QWWDKHS YU G GHHYALW WAEKRRYZ R |
PHDVXUHG DW WKH | LLLQV WD BQWKHFWHURY RO QXPEHU FRQFH!
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LQLWLDO (2%



7KH ODUJHU PDJQLWXGH RI ELDV LQ WKH H[WUHPLWLHYV F
WKH WUDQVHFW DYHUDJHV VXJJHVWYV WKDW PL[LQJ EHWZHHQ
RQ D WLPH VFDOH VORZ HQRXJK WKDW WKHUH DUH DSSDUHQ\
FROQFHQWUDWHG SRUWLRQV RI WKH VPRNH SOXPH EXW WKH I
DQG HGJH RI WKH SOXPH WR EH WUHDWHG VHSDUDWHO\ ZKHC
WLPHV EHWZHHQ WKH FRUH DQG HGJH RI WKH SOXPH ZHUH FL
GHULYHG VWDELOLW\ FODVYV DQG *DXVVLDQ SOXPH UHODWLR
DURXQG WR KRXUV DV VKRZQ LQ 7DEOH ‘H EHOLHYH WK
UHVXOWYV LQ )LIJXUH VLQFH LW LV FRPSDUDEOH WR WKH O
VDPSOLQJ D SOXPH 7KH H[FHSWLRQ WR WKLV LV WKH PL[LQJ
LQ WKH RWKHU FDVHV SDUWLFXODUO\ IRU 3 7KH PL[LQJ
YDULDELOLW\ LQ WKH ZLQGV UHVXOWLQJ LQ D PRUH VWDEOH
KDG WKH ORQJHVW PL[LQJ WLPH DWLQ ERWIDOWKHHKH RQQGFDV
0&2 SHUFHQWLOHYV ZDV VLPXODWHG ZLWKLQ WKH XQFHUWDLQ
HYLGHQFH WKDW LQ WKLV FDVH WKH PL[LQJ ZDV VORZ HQRXJ
ZDV D YDOLG DVVXPSWLRQ :LOOLDPV )ODWYV 3 DOVR KDG
KRZHYHU WKHUH ZDV ODUJH RYHUSUHGLFWLRQ LQ WKH
XQGHUHVWLPDWLRQ LQ WKH 0&2 SHUFHQWLOH QP 7Kl
WKH SOXPH RQ WKLV GD\ QRW FDSWXUHG E\ WKH KRUL]JRQWD
KHUH PD\ DOVR LQIOXHQFH UHVXOWY RQ RWKHU GD\V DV ZHO
RQ $XJXVW ZDV HYLGHQW LQ ODUJH HGG\ VLPXODWLRQV /(6
DO ,Q WKH /(6 VLPXODWLRQ GLOXWLRQ DQG SK\VLFDO

ZLWKLQ WKH VPRNH SOXPH EXW WKLV VWXG\ GLG QRW H[DPL



GLDPHWHUV LQ WKH VPRNH SOXPH :DQJ HW DO $ FDVH
/,’$5 GDWD UHSRUWHG WKDW WXUEXOHQW HGGLHV KDG D ODL
FROQOFHQWUDWLRQV RQ WKH HGJHV RI D VPRNH SOXPH WKDQ L
&OHPHQWYV ZKLFK PD\ EH HYLGHQW LQ RXU PRGHOLQJ U
SHUFHQWLOH PRGHOHG GLDPHWHU JHQHUDOO\ KDV PRUH GLV
0&2 SHUFHQWLOH

T DEOH7KH GLVWDQFH EHWZHHQ WKH DYHUDJH ORFDWLRQ RI W

WKH LQQHUPRVW ORFDWLRQ LQ WKH WR SHUFHQWLOH ELC
WKH SOXPH WR PL[ WKDW GLVWDOQEH

)OLJ] &RUH (GJH 'LV OL[LQJ 7LPH >H




&KDSWHU

&RQFOXVLRQV

8VLQJ GDWD IURP HLJKW SVHXGR /DJUDQJLDQ VDPSOLQJ\
WKH ),5(; $4 FDPSDLJQ DQG VLPXODWLRQV RI JURZWK XVLQJ |
PRGHO ZH H[DPLQHG WKH LPSDFW RI 2$ PDVV FRQFHQWUDWL
RUJDQLF DHURVRO HQKDQFHPHQW UDWLR 2$(5 DQG 02 (& H
SK\WLFDO VPRNH DJLQJ 2EVHUYDWLRQV VKRZHG WKDW GHVS
WHQGLQJ WR KDYH PRUH HYDSRUDWLRQ WKH\ KDYH PRUH GL
RI WKH VPRNH SOXPHV LQGLFDWH WKDW WKH GLDPHWHU JUR:
FRDJXODWLRQ H[SODLQHG WKH PDMRULW\ RI WKH JURZWK W
GHFUHDVHG ZDV QRW VLJQLILFDQWO)\ ¢GRWHBI\OHDGV K G GHR \L Y DWW
KRZ WKH HPLVVLRQV FKDQJHG DV WKH VPRNH ZDV EHLQJ VDP
/DJUDQJLDQ VDPSOLQJ DQG LPSURYHG XQGHUVWDQGLQJ RI k
FRQFHQWUDWLRQV PD\ KHOS WR UHVROYH GLVFUHSDQFLHV E
GLDPHWHU DQG QXPEHU HQKDQFHPHQW UDWLR $W WKH ILUV
VXJIJHVW WKDW OHVV FRQFHQWUDWHG SOXPHV KDYH IDVWHU
ILUVW WUDQVHFW :KLOH G2 0& DOZD\V LQFUHDVHG LQ WKH V
SOXPH FRQFHQWUDWLRQ UDWHV LQ 2%$(5 FKDQJH DV WKH SO>
VXFK WKDW QHW HYDSRUDWLRQ DV WKH SOXPH DJHV LV PRUF
'LOXWLRQ GULYHQ HYDSRUDWLRQ LV OLNHO\ LPSRUWDQW LQ
VHHQ LQ WKHVH VPRNH SOXPHV :KLOH LQ SOXPHV ZLWK QR V

EDODQFH EHWZHHQ 32$ HYDSRUDWLRQ DQG 62$%$ IRUPDWLRQ



FRPSRVLWLRQ ZRXOG LPSURYH XQGHUVWDQGLQJ RI WKH UHO
IRUPDWLRQ LQ SOXPHV RI YDU\LQJ FRQFHQWUDWLRQV :KLOH
FRQFHQWUDWHG VHFWLRQV EDVHG RQ 0&2 SHUFHQWLOHV V|
HQKDQFHPHQW UDWLR DQG 2$(5 ZLWK VYPRNN LIFTHOWPR [E B JGHILS
WKH SOXPH OLPLWV WKH DELOLW\ WR VLPXODWH 0&2 SHUFHQ
VPRNH SOXPHV ZKLFK H[SHULHQFHG PRUH JURZWK WKDQ VLP
ORFDWLRQ ZLWKLQ WKH SOXPH WR H[WHQG WKH UDQJH RI SO
DSSO\ RXU SHUFHQWLOH EDVHG UHVXOWY WR SOXPHV ZLWK V
VDPSOLQJ RI' D ZLGHU UDQJH RI SOXPHV RU VDPSOLQJ SOXPFH
OLPLWHG PL[LQJ ZRXOG KHOS WR LPSURYH WKH XQGHUVWDAQ
LQIOXHQFHYVY LWV HYROXWLRQ

JXWXUH ZRUN LQFOXGHV XVLQJ D GLVSHUVLRQ UHVROYLC
DHURVRO PLFURSK\VLFV VFKHPHVY WR EHWWHU H[DPLQH WKH
JUDGLHQWYV DQG 2$ HYDSRUDWLRQ FRQGHQVDWLRQ 6LPXODV
TXDQWLI\ YHUWLFDO DQG KRUL]JRQWDO PL[LQJ RFFXUULQJ LQ
ZRUN LQ XQGHUVWDQGLQJ KRZ WKH GHWDLOV RI YDU\LQJ VSt

ZRXOG EH EHQHILFLDO DV RXU UHVXOWY KHUH GR QRW WDNH



SHIHUHQFHYV

$NDJL 6 . <RNHOVRQ 5 - :LHGLQP\HU & $OYDUDGR 0 -
' DQG :HQQEHUJ 3 2 (PLVVLRQ IDFWRUV IRU RSHQ DQG GR
DWPRVSKHULF PRGHOV $WPRVSKHULF &KHP 3K\V *

KWWSV GRL RUJ DFS

$NDJL 6 . &UDYHQ - 6 7D\ORU - : OFOHHNLQJ * 5 <RN
B8UEDQVNL 6 3 ::ROG & ( 6HLQIHOG - + &RH + $0OYDUD
(YROXWLRQ RI WUDFH JDVHV DQG SDUWLFOHYV HPLWWHG E\ D
&KHP 3K\V * KWWSV GRL RUJ DFS
$NKHUDWL $ +H < *DURIDOR / $ +RGVKLUH $ / )DUPHL
3HUPDU : +X [/ )LVFKHU ( 9 -HQ & 1 *ROGVWHLQ $ +
&DPSRV 7 / )ORFNH ) 5HHYHV - 0 7RRKH\ ' : 3LHUFH

SKRWRR[LGDWLRQ 'ULYHQ 3URFHVVHV ([SODLQ WKH (YROXWLI
VXEPLWWHG WR (QYLURQPHQWDO 6FLHQFH $WPRVSKHUHV

$OEUHFKW % $ $HURVROV &ORXG OLFURSK\VLFV DQG )UDF

KWWSV GRL RUJ VFLHQFH
$ORQVR %ODQFR ( &DOYR $ , 3RQW 9 ODOOHW 0 )UDL
%LRPDVV %XUQLQJ RQ $HURVRO 6L]H 'LVWULEXWLRQ $HURVR
5DGLDWLYH )RUFLQJ $HURVRO $LU 4XDO 5HV +
KWWSV GRL RUJ DDTU
$U\D 6 3 $LU 3ROOXWLRQ OHWHRURORJ\ DQG 'LVSHUVLRQ :
%LDQ 4 -DWKDU 6 + .RGURV - . %DUVDQWL . & +DWF
0 DQG 3LHUFH - 5 6HFRQGDU\ RUJDQLF DHURVRO IRUPDWI
WKHRUHWLFDO DQDO\VLV Rl ODE VWXGLHY DQG DPELHQW SO
+ KWWSV GRL RUJ DFS
%RQG 7 & 'RKHUW\ 6 - )DKH\ ' : )RUVWHU 3 0 %HUQW
0 * *KDQ 6 .IUFKHU % .RFK ' .LQQH 6 .RQGR < 4XLC
6FKXOW] 0 * 6FKXO] 0 O9HQNDWDUDPDQ & =KDQJ + =KL
. +RSNH 3 . -DFREVRQ 0 = .DLVHU - : .OLPRQW = /R
6KLQGHOO ' 6WRUHOYPR 7 :DUUHQ 6 * DQG =HQGHU &
LQ WKH FOLPDWH V\VWHP $ VFLHQWLILF DVVHVVPHQW - *HR
KWWSV GRL RUJ MJUG
&DSHV * -RKQVRQ % OF)LJJDQV * :LOOLDPV 3 , +D\ZRF

ELRPDVV EXUQLQJ DHURVROV RYHU :HVW $IULFD $LUFUDIW P
PLFURSK\VLFDO SURSHUWLHV DQG HPLVVLRQ UDWLRV - *HR
KWWSV GRL RUJ -

&DUULFR & 0 3HWWHUV 0 ' .UHLGHQZHLV 6 0 &ROOHW)
& $HURVRO KV\JURVFRSLFLW\ DQG FORXG GURSOHW DFWLYDW



EXUQLQJ H[SHULPHQWYV - *HRSK\V 5HV $WPRVSKHUHV
KWWSV GRL RUJ -

&KDUOVRQ 5 - /DQJQHU - B5RGKH + /HRY\ & % DQG :DL
QRUWKHUQ KHPLVSKHUH UDGLDWLYH EDODQFH E\ EDFNVFDW\
7HOOXV '\Q OHWHRURO 2FHDQRJU + KWWSV GRL RI
&XELVRQ 0 - 2UWHJID $ 0 +D\HV 3 / )DUPHU ' . 'D\
+ $SHO ( 'LVNLQ * 6 )LVKHU - $ )XHOEHUJ + ( +HFRI
7 GS5LHPHU ' 6DFKVH * : B6HVVLRQV : :HEHU 5 - :HLQKH
-LPHQH] - / (IIHFWV RI DJLQJ RQ RUJDQLF DHURVRO IURP R

DQG ODERUDWRU\ VWXGLHV $WPRVSKHULF &KHP 3K\V
KWWSV GRL RUJ DFS

'H&DUOR 3 ) 'XQOHD ( - .LPPHO - 5 $LNHQ $ & 6XHSFH
2 (PPRQV / B6KLQR]JXND < &ODUNH $ =KRX - 7RPOLQVR
‘HLQKHLPHU $ - ORQW]ND ' ' &DPSRV 7 DQG -LPHQH] -
DQG FKHPLVWU\ PHDVXUHPHQWY DERYH OH[LFR &LW\ DQG &H{(
FDPSDLJQ $WPRVSKHULF &KHP 3K\V + KWWSV GRL

'"HEFNHU = & - :DQJ 6 %RXUJHRLV , &DPSX]DQR -RVW 3
'LVNLQ * 6 )ORFNH ) 0 )UDQFKLQ $ )UHGULFNVRQ &
+DOOLGD\ + +D\GHQ . +ROPHV & ' +XH\ / * -LPHQH] -
OLGGOHEURRN $ 0 ORQWIND ' ' 1HXPDQ - $ 1RZDN - Y%
3HLVFKO - 3LHO ) 5LFNO\ 3 6 G5RELQVRQ 0 $ 5ROOLQV
7KRUQWRQ - $ 7\QGDOO * 6 80OPDQQ . 9HUHV 3 5 :D
‘HLQKHLPHU $ - :LVWKDOHU $ :RPDFN & DQG %URZQ 6
30XPH &URVVZLQG +HWHURJHQHLW\ $SSOLHG WR %LRPDVV %;
+ KWWSV GRL RUJ DFV HVW F

(YDQV - ' O6WUDLJKWIRUZDUG 6WDWLVWLFV IRU WKH %HKDY
&RPSDOQ\ SS

JRUG % 9DO ODUWLQ 0 =HODVN\ 6 ( )LVFKHU ( 9 $QHQ
- 5 )XWXUH )LUH ,PSDFWV RQ 6PRNH &RQFHQWUDWLRQV 9L
8QLWHG 6WDWHV *HR+HDOWK + KWWSV GRL RUJ
)XFKV 1 $ 7KH OHFKDQLFV RI $HURVROV 5HY DQG HQO HG
SS

*DQ 5 : )RUG % /DVVPDQ : 3ILVWHU * 9DLG\DQDWKDQ
3LHUFH - 5 DQG ODJ]JDPHQ 6 &RPSDULVRQ RI ZLOGILUH VF
DVVRFLDWLRQV ZLWK FDUGLRSXOPRQDU\ UHODWHG KRVSLWD
KWWSV GRL RUJ * 4



*LOPDQ - % /HUQHU % 0 .XVWHU : & *ROGDQ 3 ' :DUC
0 GH *RXZ - $ %XUOLQJ , 5 DQG <RNHOVRQ 5 - %LRPEL
DLU TXDOLW\ LPSDFWV Rl YRODWLOH RUJDQLF FRPSRXQGV DC
WKH 86 $WPRVSKHULF &KHP 3K\V +

KWWSV GRL RUJ DFS

+DWFK / ( /XR : 3DQNRZ - ) <RNHOVRQ 5 - G6WRFNZHO
,GHQWLILFDWLRQ DQG TXDQWLILFDWLRQ RI JDVHRXV RUJDQLI
XVLQJ WZR GLPHQVLRQDO JDV FKURPDWRJUDSK\+WLPH RI IOL

&KHP 3K\V + KWWSV GRL RUJ DFS

+D\ZRRG - DQG %RXFKHU 2 (VWLPDWHV RI WKH GLUHFW DG
WURSRVSKHULF DHURVROV $ UHYLHZ 5HY *HRSK\V .

KWWSV GRL RUJ 5 *

+HFRELDQ $ /LX = +HQQLJDQ & - +XH\ / * -LPHQH] -

'LVNLQ * 6 6DFKVH * : :LVWKDOHU $ OLNRYLQ\ 7 :HLQI
- ‘HQQEHUJ 3 2 .«UWHQ $ &URXQVH - ' &ODLU - 6 :D
&RPSDULVRQ RI FKHPLFDO FKDUDFWHULVWLFV R ELRPDVV
1$6%$ '& DLUFUDIW GXULQJ WKH $5&7%$6 &$5% ILHOG FDPSIE
3K\V . KWWSV GRL RUJ DFS

+LQGV : & $HURVRO 7THFKQRORJ\ 3URSHUWLHV %HKDYLRU
SDUWLFOHV :LOH\ SS

+REEV 3 9 6LQKD 3 <RNHOVRQ 5 - &KULVWLDQ 7 - %O
1RYDNRY 7 DQG 3LOHZVNLH 3 (YROXWLRQ RI JDVHV DQG S
$IULFD - *HRSK\V 5HV $WPRVSKHUHYV KWWSV GRL RUJ

+RGVKLUH $ / $NKHUDWL $ $OYDUDGR 0 - %URZQ 6WHL
.UHLGHQZHLY 6 0 /RQVGDOH & 5 2QDVEFK 7 % 2UWHJD
(IHTHEWV RQ %LRPDVV %XUQLQJ $HURVRO 0DVV DQG &RPSRVLW
IDERUDWRU\ 6WXGLHV (QYLURQ 6FL 7HFKQRO +
KWWSV GRL RUJ DFV HVW E D

+RGVKLUH $ / %LDQ 4 G5DPQDULQH ( /RQVGDOH & 5 $¢
-DWKDU 6 + DQG 3LHUFH - 5 ORUH 7KDQ (PLVVLRQV DQG
%DFNJURXQG $HURVRO $OVR *UHDWO\ ,QIOXHQFH 1HDU )LHOG
*HRSK\V 5HV $WPRVSKHUHYV + KWWSV GRL RUJ

+RGVKLUH $ / B5DPQDULQH ( $NKHUDWL $ $OYDUDGR O

.UHLGHQZHLY 6 0 /RQVGDOH & 5 2QDVFK 7 % 6SULQJV

.OHLQPDQ / , 6HGODFHN ,,, $ - DQG 3LHUFH - 5 'LOXWI

LQ %LRPDVV %XUQLQJ 2EVHUYDWLRQ 3URMHFW %%23 GDWD
+ KWWSV GRL RUJ DFS



+XIIPDQ - $ 'RFKHUW\ . 6 $LNHQ $ & &XELVRQ 0 - 80

6XHSHU ' -D\QH - 7 :RUVQRS ' 5 =LHPDQQ 3 - DQG -LI

DHURVRO YRODWLOLW\ PHDVXUHPHQWY IURP WZR PHJDFLW\ |
+ KWWSV GRL RUJ DFS

-DFREVRQ 0 = 6WURQJ UDGLDWLYH KHDWLQJ GXH WR WKH |

DHURVROV 1DWXUH + KWWSV GRL RUJ

-DODYD 3 , 6DORQHQ 5 2 +IOLQHQ $ , 3HQWWLQHQ 3

( +LOODPR 5 DQG +LUYRQHQ 0 5 ,Q YLWUR LQIODPPDWR
VL]H VHJUHJDWHG SDUWLFXODWH VDPSOHY FROOHFWHG GXUI
+HOVLQNL 7R[LFRO $SSO 3KDUPDFRO + KWWSV G

-DQKIOO 6 $QGUHDH 0 2 DQG 3|VFKO 8 %LRPDVV EXUQL
ILUHV SDUWLFOH QXPEHU DQG PDVV HPLVVLRQ IDFWRUV DQCGC
3K\V + KWWSV GRL RUJ DFS

-HQ & 1 +DWFK / ( 6HOLPRYLF 9 <RNHOVRQ 5 - :HEHL
1 0 %DUVDQWL . & DQG *ROGVWHLQ $ + 6SHFLDWHG DC
RUJDQLFV IURP EXUQLQJ ZHVWHUQ 86 ZLOGODQG IXHOV DQG
HIILELHQF\ $WPRVSKHULF &KHP 3K\V + KWWSV GF

-RKQVWRQ + - OXHOOHU : O6WHLQOH 6 9DUGRXODNLV 6
&KHUULH - : +RZ +DUPIXO ,V 3IDUWLFXODWH ODWWHU (PLWW
SHUVSHFWLYH &XUU 3ROOXW 5HS + KWWSV GRL R
-ROOH\V 0 ' &RH + OF)LJIDQV * 7D\ORU - : 27M6KHD 6
- % OROOHU 6 'L &DUOR 3 $UXIIR ( 3DOPHU 3 , J/HH
0 : 3URSHUWLHY DQG HYROXWLRQ RI ELRPDVV EXUQLQJ RUJ
ILUHV $WPRVSKHULF &KHP 3K\V * KWWSV GRL RU

-XQJKHQQ 1R\HV . .DKQ 5 $ J/LPEDFKHU - $ /L = )HQQ
© _DWLFK - 0 ORRUH 5 + B5RELQVRQ & ( 6DQFKH] . -

‘LJIJLQV ( % DQG :LQVWHDG ( / :LOGILUH 6PRNH 3DUWLFC
6SDFH %DVHG 0XOWL $QJOH ,PDJLQJ ,, 7KH :LOOLDPV )ODWYV
5HPRWH 6HQV KWWSV GRL RUJ uv

.OHLQPDQ / , 6HGODFHN ,,, $ - $GDFKL . %XVHFN 3 5

+RGVKLUH $ / /HZLV ( 2QDVFK 7 % 3LHUFH - 5 B6KLOO

=KDQJ 4 =KRX 6 DQG <RNHOVRQ 5 - 5DSLG HYROXWLRQ

SURSHUWLHY GRZQZLQG RI ZLOGILUHV LQ WKH ZHVWHUQ 86
+ KWWSV GRL RUJ DFS

.RGURV - . 9ROFNHQV - -DWKDU 6 + DQG 3LHUFH - 5



'LVWULEXWLRQV 'ULYH 5HJLRQDO DQG *OREDO 9DULDELOLW\ |

7UDFW *HR+HDOWK + KWWSV GRL RUJ x4
/IDUHDX 1 3 DQG &OHPHQWY & % 7KH OHDQ DQG 7XUEXOHC
30XPH - $SSO OHWHRURO &OLPDWRO +

KWWSV GRL RUJ -$08&

/IHH / $ 3ULQJOH . - 5HGGLQJWRQ & / O0ODQQ * : 6WLH

5 DQG &DUVODZzZz . 6 7TKH PDJQLWXGH DQG FDXVHV RI XQFH
FORXG FRQGHQVDWLRQ QXFOHL $WPRVSKHULF &KHP 3K\V
KWWSV GRL RUJ DFS

/IHRQDUG 6 6 &DVWUDQRYD 9 &KHQ % 7 6FKZHJOHU %H!I
*DXJKDQ ' 0 3DUWLFOH VLIH GHSHQGHQW UDGLFDO JHQHUL
7TR[LFRORJ\ + KWWSV GRL RUJ M WR][

/IHYLQ ( - 7 OFOHHNLQJ * 5 &DUULFR & O ODFN [/ ( .U
ORRVP.OOHU + $UQRWW : 3 +DR : 0 &ROOHWW -U - [/

VPRNH DHURVRO SURSHUWLHV PHDVXUHG GXULQJ )LUH /DERU
- *HRSK\V 5HV $WPRVSKHUHYV KWWSV GRL RUJ

/ILX - & 3HUHLUD * B8KO 6 $ %UDYR 0 $ DQG %HOO O
SK\WLFDO KHDOWK LPSDFWV IURP QRQ RFFXSDWLRQDO H[SRV
* KWWSV GRL RUJ M HQYUHYV

obuGL $ + 'DGDVKD]DU + ODF'RQDOG $ % %UDXQ 5 $
- &RJJRQ O O )HQQ O $ )HUUDUH 5 $ +DLU - : :RRGYV
)ODJDQ 5 & G6HLQIHOG - + DQG 6RURRVKLDQ $ %LRPDV)
&DOLIRUQLD &RDVW $LUERUQH &KDUDFWHUL]DWLRQ RI 3K\VL
6SDWLRWHPSRUDO )HDWXUHV - *HRSK\V 5HV $WPRVSKHUHYV
KWWSV GRL RUJ -

oD\ $ $ /HYLQ ( - 7 +HQQLJDQ & - 5LLSLQHQ , /HH 7
.UHLGHQZHLVY 6 0 DQG 5RELQVRQ $ / *DV SDUWLFOH SDU
HPLVVLRQV %LRPDVV EXUQLQJ - *HRSK\V 5HV $WPRVSKH
KWWSV GRL RUJ MJUG

ob\ $ $ /HH 7 OFOHHNLQJ * 5 $NDJL 6 6XOOLYDQ $ 3
DQG .UHLGHQZHLY 6 0 2EVHUYDWLRQV DQG DQDO\VLV RI R
SUHVFULEHG ILUH VPRNH SOXPHV $WPRVSKHULF &KHP 3K\V
KWWSV GRL RUJ DFS

29"HOO . )RUG % )LVFKHU ( 9 DQG 3LHUFH - 5 &RQWU
86 30 DQG ,WV ,QIOXHQFH RQ 5SHFHQW 7UHQGV (QYLURQ ©6F
KWWSV GRL RUJ DFV HVW E



3DOP % % 3HQJ 4 )UHGULFENVRQ & ' /HH % + *DURIDC

.UHLGHQZHLY 6 0 )DUPHU "' . SRNKUHO 5 3 6KHQ < O0X
&DPSRV 7 / +DOO 6 5 80OOPDQQ . =KDQJ ; )ORFNH )
$ AXDQWLILFDWLRQ RI RUJDQLF DHURVRO DQG EURZQ FDUEF
1DWO $FDG 6FL + KWWSV GRL RUJ SQDV
3HQJ 4 3DOP % % OHODQGHU . ( /HH % + +DOO 6 5
'HLQKHLPHU $ - $SHO ( & +RUQEURRN 5 6 +LOOV $ -
S3HUPDU : :LHOJDV] & /LQGDDV - 3ROODFEN , % )LVFKHI
- $ +212 (PLVVLRQV IURP :HVWHUQ 8 6 :LOGILUHYV 3URYLGH
:LOGILUH 6PRNH (QYLURQ 6FL 7HFKQRO * KWWSV

SHWWHUVY 0 ' DQG .UHLGHQZHLV 6 0 $ VLQJOH SDUDPHWH
DQG FORXG FRQGHQVDWLRQ QXFOHXV DFWLYLW\ $WPRVSKHU
KWWSV GRL RUJ DFS

SHWWHUV 0 ' &DUULFR & 0 .UHLGHQZHLV 6 0 3UHQQL
DQG ORRVP.OOHU + &ORXG FRQGHQVDWLRQ QXFOHDWLRQ D
*HRSK\V 5HV $WPRVSKHUHYV KWWSV GRL RUJ

SLHUFH - 5 DQG $GDPV 3 - (IILFLHQF\ RI FORXG FRQGHQV
SDUWLFOHV $WPRVSKHULF &KHP 3K\V * KWWSV G
5DPQDULQH ( .RGURV - . +RGVKLUH $ / /RQVGDOH & 5

5 (IIHFWV RI QHDU VRXUFH FRDJXODWLRQ RI ELRPDVV EXUQ
DHURVRO VL]H GLVWULEXWLRQV DQG LPSOLFDWLRQV IRU DHU
3K\V * KWWSV GRL RUJ DFS

S5HLG & ( %UDXHU 0 -RKQVWRQ ) + -HUUHWW 0 %DOPI
5HYLHZ RI +HDOWK ,PSDFWYV RI :LOGILUH 6PRNH ([SRVXUH (Q

+ KWWSV GRL RUJ HKS
5HLG - 6 +REEV 3 9 )JHUHN 5 - %ODNH ' 5 O0ODUWLQV
& 3K\WLFDO FKHPLFDO DQG RSWLFDO SURSHUWLHV RI UHJL
*HRSK\V 5HV $WPRVSKHUHYV + KWWSV GRL RUJ
5HLG - 6 .RSSPDQQ 5 (FN 7 ) DQG (OHXWHULR ' 3 $ U
HPLVVLRQV SDUW ,, LQWHQVLYH SK\VLFDO SURSHUWLHV RI E
5LLSLQHQ , 3LHUFH - 5 <OL -XXWL 7 1LHPLQHQ 7 +INN
JHKWLSDOR . 3HWIMI 7 B6ORZLN - &KDQJ 5 6KDQW] 1 &

.HUPLQHQ 9 0 :RUVQRS ' 5 3DQGLV 6 1 'RQDKXH 1 0
FRQGHQVDWLRQ D YLWDO OLQN FRQQHFWLQJ DHURVRO IRUP
FRQFHQWUDWLRQV $WPRVSKHULF &KHP 3K\V +



KWWSV GRL RUJ DFS

6DNDPRWR . 0 $00ODQ - ' &RH + 7D\ORU - : 'XFN 7 -

ELRPDVV EXUQLQJ DHURVRO VL]H GLVWULEXWLRQV IURP %257
* KWWSV GRL RUJ DFS

6DNDPRWR . 0 /DLQJ - 5 6WHYHQV 5 * -DIIH ' $ DQG

ELRPDVV EXUQLQJ DHURVRO VL]H GLVWULEXWLRQV GXH WR F
PHWHRURORJLFDO GHWDLOVY DQG SDUDPHWHUL]DWLRQ $WPR
KWWSV GRL RUJ DFS

BHLQIHOG - + DQG 3DQGLV 6 1 $WPRVSKHULF &KHPLVWU\
&OLPDWH &KDQJH -RKQ :LOH\ 6RQV ,QFRUSRUDWHG 1HZ <R

6KULYDVWDYD 0 &DSSD & ' )DQ - *ROGVWHLQ $ + *XH
& I/DVNLQ $ ODUWLQ 6 7 1J 1 / 3HWDMD 7 3LHUFH -
-+ BKLOOLQJ - 6PLWK - 1 7KRUQWRQ - $ O9RONDPHU
5 $ =HOHQ\XN $ DQG =KDQJ 4 5HFHQW DGYDQFHV LQ XQ
DHURVRO ,PSOLFDWLRQV IRU JOREDO FOLPDWH IRUFLQJ 5HY
KWWSV GRL RUJ 5 *

6SUDFNOHQ ' 9 &DUVODZ . 6 3|VFKO 8 5DS $ DQG )RU
FRQGHQVDWLRQ QXFOHL LQIOXHQFHG E\ FDUERQDFHRXV FRP]
+ KWWSV GRL RUJ DFS

7ZRPH\ 6 3ROOXWLRQ DQG WKH SODQHWDU\ DOEHGR $WPR\
KWWSV GRL RUJ

ODNNDUL 9 .HUPLQHQ 9 0 %HXNHV - 3 7LLWWD 3 YDQ
' -DDUV . ‘RUVQRS ' 5 . XOPDOD O DQG /DDNVR / ©&5DSI
DHURVROV E\ DWPRVSKHULF R[LGDWLRQ *HRSK\V 5HV /HWW
KWWSV GRL RUJ */

:DQJ 6 &RJJRQ O O *NDW]HOLV * | :DUQHNH & %RXUJH
9HUHV 3 5 1HXPDQ - $ +DLU - 6KLQJOHU 7 )HQQ 0 'l
$SHO ( & +RUQEURRN 5 6 +LOOV $ - +DOO 6 5 80OO0OP
.XPDU 5 2UODQGR - - )ORFNH ) 0 DQG (PPRQV [/ . &Kl
'LOGODQG )LUH 30XPH $ /DUJH (GG\ 6LPXODWLRQ (6 6WXG\
H - KWWSV GRL RUJ
<RNHOVRQ 5 - &URXQVH - ' 'H&DUOR 3 ) .DUO 7 S8UED
6KLQR]XND < .DSXVWLQ 9 &ODUNH $ ' HLQKHLPHU $ .«
+ROORZD\ - :HLEULQJ 3 )ORFNH ) =KHQJ : 7RRKH\ " :F
ODXOGLQ / )ULHG $ S5LFKWHU ' :DOHJD - -LPHQH] - /

5 DQG 6KHWWHU 5 (PLVVLRQV IURP ELRPDVV EXUQLQJ LQ
+ KWWSV GRL RUJ DFS



=KDQJ ; 3DQGLV 6 1 DQG 6HLQIHOG - + 'LIIXVLRQ /LPLV
$HURVRO *URZWK $HURVRO 6FL 7HFKQRO +
KWWSV GRL RUJ

=KRX 6 &ROOLHU 6 -DIIH " $ %ULJJV 1 / +HH - 6HGO
2QDVFK 7 % DQG =KDQJ 4 OS5HJLRQDO LQIOXHQFH RI ZLOGI
ZHVWHUQ 86 DQG LQVLIJKWY LQWR DWPRVSKHULF DJLQJ RI EL
$WPRVSKHULF &KHP 3K\V * KWWSV GRL RUJ
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7TDEOH™H DJH RI WKH \RXQJHVW VDPSOHG WUDQVHFW WKH \
WKH VLPXODWLRQV LQ RXU VWXG\ DQG WKH UHDVRQ
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<RXQJ
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$JH >V @

5HDVRQ

JLUVW VDPSOHG WUDQVHFWV\
0Q 0&2 W R WKHQ LQF|
VWDUWLQJ WR OLQHDUO\ GHF
IROORZ WKH WUHQG WKDW EH
WKLV LV VHOHFWHG

1R GHFUHDVH LQ OQ (&2 EHW
DQG DW D GLIITHUHQW DOW

8VLQJ /DJUDQJLDQ WUDQVHFW

<RXQJHVW VDPSOHG DJH KDG
WKDQ WKH VHFRQG VDPSOHG
WUDQVHFW DW

5HPRYHG WKH VHFRQG VDPSO
OQ 0&2 EHLQJ KLJKHU WKDQ \
IROORZLQJ D VLPLODU UDWH H

1R FKDQJH

OQ &2 RI WKH \RXQJHVW VDH
DOO RWKHU WUDQVHFWYV VDP S

6LPLODU DJH DQG OQ (&2 IRU
GLDPHWHU QP DQG QP
FRQFHQWUDWLRQG FFFP

IRU PRG
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== Best Fit Monte Carlo Method — Removing 1 Set Method
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JLIXUH Z2EVHUYHG VORSHV RI 01 0&2 ZLWK VPRNH DJHEDVHG F
UHJUHVVLRQV DV DRXQPWWXHRMNURGVHFWDYHUDJHY DQG E
HDFK VHW RI WUDQVHFWY 7KH HUURU EDUV LQGLFDWH WKH

EHVW ILW OLQHYV IURP D ORQWH &DUOR WHFKQLTXH DUH V
DUH WKH UHVXOWY RI OLQHDU UHJUHVVLRQV ZLWK RQH VDPS
UHJUHVVLRQ IRU WKH SRLQWY DW WKH FHQWHU RI WKH HUUR
SDQHO



JLIXUH 3 KH RUJDQLF DHURVRO H[FHVV PL[LQJ UDWLR 2%$(5 YH
HLIKW IOLJKWYV RUJDQL]JHG VR WKDW D K DUH LQ RUGHU R



JLIXUH $KH 02 0& YHUVXV VPRNH DJH IRU HDFK RI WKH HLJKW
DUH LQ RUGHU RL LQFUHDVLQJ 02$%



JLIXUH $KH PRGHOHG UDWH RI FKDQJH RI PHGLDQ GLDPHWHU
REVHUYHG UDWH RI FKDQJH RI PHGLDQ GLDPHWHU ZLWK VPR

UHVSHFWLYH FRQILGHQFH LQWHUYDOV RI WKH UDWHYV RI F
JUD\ OLQH LV WKH OLQHDU UHJUHVVLRQ



J)LIXUH §KH WUDQVHFW DYHUDJHG REVHUYHG PHGLDQ GLDPHYV
GLDPHWHU ZLWK FRDJXODWLRQ DQG GLOXWLRQ EDVHG RQ HL
HIWHQGHG VDWXUDWLRQ FRUUHFWLRQ EOXH RU D TXDGUDYV

HUURU EDUV UHSUHVHQW M KWRMDWEB W UGRYHBPWLREQ RNR K
RUGHU RI LQRUHDVLQJ 02%



J)LIXUH §KH REVHUYHG DQG FRDJXODWLRQ VLPXODWHG WUDQ
IXQFWLRQ RI VPRNH DJH ZLWK WKH /$6 HYDSRUDWLRQ FRUUH
DQG ZLWK WKH HYDSRUDWLRQ FRUUHFWLRQ IRU WKH /$6 KDY

EDUV UHSUHVHQW WK Hg ¥ WDIQLGDW KHGW YDMW HR® RID' WR K DL
LQFUHDVLQJ 02$



JLIXUH §KH REVHUYHG DQG VLPXODWHG QXPEHU HQKDQFHPH
IRU HDFK Rl WKH HLJKW VHWV RI WUDQVHFWV ZLWK D WR k



