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$VIQFKURQRXV FURS UHFRUG H[SDQVLRQV UHY}

VWUXFWXUHV LQ +RORFHQH &KLQD
OLQIJMXQ XXR/L =KDQVHQ $KHPQQ 34XJUQ =KOKQLIL <DR
6KDQJ
.H\ /DERUDWRU\ Rl :HVWHUQ &KLQDYT V (QYLURQPHQWDO 6\VW
IDQ]KRX 8QLYHUVLW\ /DQ]KRX &KLQD
&ROOHJIH RI (DUWK DQG (QYLURQPHQWDO 6FLHQFHV /DQ]KRX
.H\ /DERUDWRU\ Rl 3R\DQJ /DNH :HWODQG DQG :DWHUVKHG 5H
6FKRRO Rl *HRJUDSK\ DQG (QYLURQPHQW -LDQJ[L 1RUPDO 8QL
6FKRRO Rl *HRJUDSKLF 6FLHQFHV ;LQ\DQJ 1RUPDO 8QLYHUVL
&KLQD
&RUUHVSRQGLQJ DXWKRU (PDLO OL\X#0O]X HGX FQ
$EVWUDR@WRFHQH DJULFXOWXUH LQ &KLQD HPHUJHG WKURXJK
FRQYHUJHQFH DQG UHRUJDQL]DWLRQ RI PXOWLSOH FURS V\VWH!
GLVSHUVDO SURFHVVHV UHPDLQ GLIILFXOW WR FRIRISPHHHDW WK
DUFKDHRORJLFDO FURS HYLGHQFH ZLWK HQYLURQPHQWDO GDWD
ORFDO GLIIXVLRQ PRGHO WR HVWLPDWH WKH UHODWLYH SUREDI
%3 OLOOHW ULFH DQG ZKHDW EDUOH\ IROORERGGWLVWLQ

H[SDQGHG EURDGO\ DFURVV QRUWKHUQ DQG WUDQVLWLRQDO U
DJULFXOWXUDO IRXQGDWLRQV DQG UHJLRQDO FRQWLQXLW\ 5LF
ORZODQG HQYLURQPHQWY FRQVLVWHQW ZLWK VWURQJHU HQYLU
FRXSOLQJ LQ WKH PRGHO :KHDW EDUOH\ UHFRUGV LQWHQVLILHG
DFFHVVLELOLW\ FRQVLVWHQW ZLWK WKH UHGLVWDQEX@ERQ RI |
H[FKDQJH QHWZRUNV 2XU UHVXOWV WKHUHIRUH VXJJHVW WKD\
GLVSHUVDO LQ &KLQD ZDV FKDUDFWHUL]JHG E\ D PXOWEFHQWUHG
SURFHVV RI VSDWLDO UHRUJDQL]DWLRQ VKDSHG EWRWDRS VSHFLI
E\ WKH XQLIRUP H[SDQVLRQ RI D VLQJOH DJULFXOWXUDO IURQWL
.H\ZRUGRORFHQH DJULFXOWXUH FURS GLVSHUVDO QRQ ORFDO
VWUXFWXUHV DUFKDHRORJLFDO FURS UHFRUGV

,QWURGXFWLRQ

$JULFXOWXUDO GLIIXVLRQ ZDV D FHQWUDO SURFHWV Rl VRFLD(
WKH +RORFHQH > @ ,W FKDQJHG QRW RQO\ IRRG SURGXFWLR
GHPRJUDSKLF FDSDFLW\ ODQG XVH LQWHQVLW\ DQG UHJLRQDO
DUFKDHRERWDQLFDO VWXGLHV VKRZ WKDW WKH VSUHDG RI FU!
H[WHQVLRQ GHOD\ DQG UHJLRQDO UHRUJDQLJDWAR REUDIMISNU WK
HQFRXQWHUHG HFRORJLFDO ERXQGDULHV WHUUDLQ FRQVWUDLQ
PRYHPHQW FRXOG EH DFFHOHUDWHG LQ VRPH UHJLRQV DQG GHOTL
DJULFXOWXUDO H[SDQVLRQ ZDV XQOLNHO\ WR KDYH EHHQ GULYH:
FRPELQHG LQIOXHQFH Rl HFRORJLFDO FRQGLWLRQV KLVWRULF
SURFHVVHV > @

+RORFHQH DJULFXOWXUH LQ &KLQD SURYLGHYV DQ LPSRUWDQ
EHFDXVH LW ZDV DVVHPEOHG WKURXJK WKH DV\QFKURQRXV H[SD
VIVWHPV UDWKHU WKDQ WKH VSUHDG R IDNML.QHON DRUR ABOWRHK
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IRXQGDWLRQ RI GU\ODQG DJULFXOWXUH LQ QRUWKHUQ &KLQD D
VHWWOHPHQW H[SDQVLRQ LQ WKH <HOORZ 5LYHU EDRR® WKH 1RL
> @ 5LFH ZDV GRPHVWLFDWHG PDLQO\ LQ WKH <DWRWI]H 5LYH!L
KXPLG ORZODQGY ODNH PDUVK SODLQV DOOXYLDO HQYLURQPH:!
> @ ,WV ODWHU PRYHPHQW EH\RQG WKH <DQJW]H UHJLRQ DO
FKDQJLQJ GLVSHY VIO SKHDKZ MG EDUOH\ LQ FRQWUDVW ZHUH
HOQWHUHG &KLQD GXULQJ WKH ODWH +RORFHQH WKURXUK &HQWUD
LQFRUSRUDWHG LQWR QRUWKHUQ DJULFXOWXUDO H[FKDQJH QH\
DUFKDHRERWDQLFDO VWXGLHV KDYH HVWDEOLVKHG LPSRUWDQW
WKHVH FURS V\VWHPV > @ +RZHYHU WKH PHFKDQLVPV WKDW
UHPDLQ GLIILFXOW WR FRPSDUH DFURVYV FURS V\VWHPV

2QH OLPLWDWLRQ LV WKDW PDQ\ VWXGLHV IRFX\WF)R@MDD VLQJO
FXOWXUDO VHTXHQFH PDNLQJ LW GLIILFXOW WR HYDOXDWH ZKH\
SURFHVVHV RU ZHUH VKDSHG E\ GLVWLQFW FRPELQDWLRQV RI HF
> @ $QRWKHU OLPLWDWLRQ LV WKDW H[SODQDNMHR®MWIRI FURS
TXDOLWDWLYH URXWH GHVFULSWLRQV VXFK DV WKHQ®HYHORSPH
ULYHU YDOOH\V DQG IRRWKLOOV > @ H[SDQVLRQ WKURXJK W
DJULFXOWXUDO ODQGVFDSHV > @ RU PRYHPHQW YLD WKH +H]
30DWHDX PDUJLQ DQG EURDGHU LQWHUUHJLRQDO H[FKDQJH UR
DJULFXOWXUDO GLIIXVLRQ LQYROYHV ERWK KLVWRULFDO FRQWL!
PD\ DOVR UHIOHFW ORFDO DUFKDHRORJLFDOO\ YLVLEOH FRQWLQX
VKRZ WKDW HDUOLHU FURS XVH LQ D UHJLRQ FDQ FRQGLWLRQ OD
XVH > @ 7KH\ DUH DOVR VKDSHG E\ QRQ ORFDO DFFHVVLELOLW\
WKURXJK PRYHPHQW H[FKDQJH DQG LQWHUDFWLRQ ZLWK DOUHD
WKH VDPH WLPH HQYLURQPHQWDO VXLWDELOLW)\ FPIDQ BRW DV D
DGRSWHG PDLQWDLQHG RU DUFKDHRORJLFDOO\ YLVLEOH > @
VSDWLDO SDWWHUQV DQG GLVWLQJIXLVKLQJ DPRQJRVXRP UHTXLU
HQYLURQPHQWDO ILOWHULQJ ORFDO SHUVLVWHQFH DQG QRQ C
DQDO\WLFDO IUDPHZRUN

+HUH ZH DVN ZKHWKHU WKH VSDWLDO H[SDQVLRQ RI PLOOHWYV
FDQ EH H[SODLQHG E\ D FRPPRQ GLIIXVLRQ PHFKDQLVP RU ZKHW
GLVWLQFW FRPELQDWLRQ Rl HQYLURQPHQWDO ILOWHULQJ LQKF
DFFHVVLELOLW\ ,I WKHVH FURSV GLIIHUHG LQ HF[RWORDIF®O UHT
WUDQVPLVVLRQ QHWZRUNV WKHLU H[SDQVLRQ VKRXD®G VKRZ GL
SUHGLFWLRQ 7R DGGUHVV WKLV TXHVWLRQ ZH FRPSLOHG JHRU
UHFRUGY DQG FURS DVVRFLDWHG UDGLRFDUERQ GDWHV IURP WZF
WKHP ZLWK JULGGHG SDODHRFOLPDWH WRSRJUDSKLF DQG ULYH
ORFDO GLIIXVLRQ IUDPHZRUN ZLWK FURS VSHFLILF SDUDPHW
ZKHDW EDUOH\> @ 7KH PRGHO HVWLPDWHYV WKH SHREDELOLW
ULFH DQG ZKHDW EDUOH\ GXULQJ %3 XVLQJ RQH VWHS FRC
UROOLQJ VLPXODWLRQV ,W LQFRUSRUDWHV VDPH FURS SHUYV
HQYLURQPHQWDO VXLWDELOLW\ DQG WKHLU LQWHUDBWLRQ :H \
FRPSDULVRQV DUHD FRQVWUDLQHG HYDOXDWLRQ WHPSRUDO Wl
WR WHVW ZKHWKHU WKH REVHUYHG GLVWULEXWLRQV FDQ EH H[S
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E\ VSDWLDO FOXVWHULQJ RU DUFKDHRORJLFDO VDPSOLQJ DORC
KLVWRULFDO URXWH RI FURS WUDQVPLVVLRQ QRU WR UHGXFL!
GHWHUPLQLVP ,QVWHDG ZH XVH D FRPSDUDWLYH PRGHOOLQJ Il
VIVWHPV RFFXSLHG UHXVHG DQG UHRUJDQL]HG VSDWLDO RSSRU\

SHVXOWYV

$UFKDHRORJLFDO FURS UHFRUGYV VKRZ DV\QFKURQRXYV H]

7KH FRPSLOHG DUFKDHRORJLFDO FURS UHFRUGYV VKRZ D PXOWI
VSDWLRWHPSRUDO SDWWHUQ )LJ OLOOHW UHFRUG® DSSHDUH
WKH <HOORZ 5LYHU EDVLQ FRQVLVWHQW ZLWK WKH B[WHQVLYH
WKH QRUWK )LJ DE 5LFH UHFRUGVY ZHUH FRQFHQWUDWHG PDL
KXPLG ORZODQGV EXW DOVR DSSHDUHG LQ WUDQVLWLRQDO DC
6KDQGRQJ DQG -LDQJVX VKRZLQJ WKDW DUFKDHRORJLFDOO\ YLV
GRPHVWLFDWLRQ JRQH )LJ DE %\ FRQWUDVW WKH HDUOLHVVW
JHQHUDOO\ ODWHU DQG ILUVW FRQFHQWUDWHG LQ QRUWKZHVWH
DQG WKH &HQWUDO 30DLQV FRQVLVWHQW ZLWK WKH LQWURGXF
FRUULGRUV IROORZHG E\ UHJLRQDO UHGLVWULEXWLRQ )LJ D E

7KH WHPSRUDO UHFRUG IXUWKHU VKRZV WKDW FURS GLYHUVL\
DIWHU %3 )LJ F :LWKLQ WKH DUFKDHRORJLFDQOOEMOO UHS
UHFRUGY UHDFKHG WKHLU KLJKHVW FRPSLOHG IUHTXHQF\ DURXQ
WRZDUG WKH \RXQJHU HQG Rl WKH PRGHOOLQJ LQWHUYDO %HF
GHVLJQHG SULPDULO\ IRU SUHKLVWRULF DQG HDUO\ KLVWRULFD (
QRW LQWHUSUHWHG DV D GLUHFW PHDVXUH Rl FURSLBEXQGDQFH
UHFRUGV IROORZHG D EURDGO\ VLPLODU WHPSRUDO SDWWHUC
KHDW EDUOH\ DSSHDUHG ODWHU DURXQG %3 DQG LQFUHDVFH
%3 7KH LQWHUYDO + %3 WKHUHIRUH FDSWXUHV D PDMRU
H[SDQVLRQ Rl PLOOHW DQG ULFH UHFRUGVY WRJHWKHU ZLWK WKF
PDNLQJ LW DQ DSSURSULDWH FRUH SHULRG IRU G\QDPLF GLIIXVL!
‘'\QDPLF VLPXODWLRQV UHIOHFW FURS VSHFLILF H[SDQVLEF

7R VLPXODWH WKH G\QDPLF H[SDQVLRQ RI WKH WKUHH FURS V
FRQVWUXFWHG D GLVFUHWH WLPH JULGGHG FURS WHMGBWGYSURED
SUREDELOLW\ WKDW D QHZ DUFKDHRORJLFDO FURS UHFRUG RI FI
GXULQJ WLPH ZLQGRZ W 7KLV SUREDELOLW\ LV GHFRPSRVHG L
SHUVLVWHQFH GLVFUHWH QRQ ORFDO GLIIXVLRQ G\QDPLF HQ
HQYLURQPHQW LQWHUDFWLRQ 7KH PRGHO WKHUHIRUH GRHV QRW
FXOWLYDWLRQ ,QVWHDG LW HVWLPDWHV ZKHUH QHZ DUFKDHRO
JLYHQ SUHYLRXV FURS UHFRUGYV HQYLURQPHQWDO FRQWH[W DQC

2QH VWHS FRQGLWLRQDO VLPXODWLRQV VKRZ WKDW WKH W
SUREDELOLW\ VXUIDFH WUDMHFWRULHV )LJ FOH.Q\@ H DMWKHL.G KL G U F
QRUWKHUQ &KLQD DQG WKH <HOORZ 5LYHU EDVLQ DQG VXEV}H
QRUWKHDVWHUQ DQG SDUWV RI QRUWKZHVWHUQ &KLQD 7KLV
IRXQGDWLRQ RI GU\ODQG DJULFXOWXUH DQG UHJLRQDO FRQWLQX
GLVWULEXWLRQ ZDV VWURQJO\ DVVRFLDWHG ZLWK HDUOLHU FUR

5LFH VKRZHG D PRUH VSDWLDOO\ FRQVWUDLQHG SDWWHUQ
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FROQOFHQWUDWHG LQ WKH <DQJW]H 5LYHU EDVLQ VRXWKHUQ KXP
&RPSDUHG ZLWK PLOOHW ULFH ZDV OHVV OLNH®RQVR FR N QBGWH @\
ZLWK VWURQJHU HQYLURQPHQWDO ILOWHULQJ E\ KXPLG FRQGLWI
WKH VSDWLDO SDWWHUQ RI ULFH UHFRUG SUREDBDEVWIWM E XI/V FDQYW |
DQG GLVSHUVDO RSSRUWXQLWLHY EXW DOVR ZLWK HQYLURQPHQ
:KHDW EDUOH\ IROORZHG D GLIIHUHQW WUDMHFWRU\ [URP Wtk
SUREDELOLW\ DUHDV LQWHQVLILHG ODWHU DORQHMKHQQ REUIHDK\Z\H \
DQG VKRZHG FURVYV UHJLRQDO H[SDQVLRQ DFURVYV PXOWLSOH WL
ZKHDW EDUOH\ DV DQ LQWURGXFHG FURS V\VWHP ZKRVH DUFKDH
H[SODLQHG E\ VDPH FURS ORFDO SHUVLVWHQFH DORQH +RZHYHL
PLIJUDWLRQ URXWHY H[FKDQJH QHWZRUNV RU FXOWXUDO WUD(
FRUULGRU OLNH DFFHVVLELOLW\ SDWWHUQV LQIHUUH&G IURP GL\
DFFHVVLELOLW\ DQG IL[HG FURS VSHFLILF UHJLRQDO DFFHVVLELC
ZHLIJKWYV ZHUH LPSOHPHQWHG DV ZHDN QRQ H[FOXWXWHYSDWLDC
PDVNV RU KLVWRULFDO SDWKZD\V OHDUQHG IURP WKH FURS UHFF
ZHUH WKHUHIRUH PRUH FRQVLVWHQW ZLWK QRQ ORFDO DFFHYV
UHGLVWULEXWLRQ WKDQ ZLWK D VWULFWO\ ORFDO FRQWLQXDWLI
&EROQWLQXRXVY UROOLQJ VLPXODWLRQV KDG ORZHU SUHGLFWLY
VLPXODWLRQV DV H[SHFWHG EHFDXVH HDUO\ HUURUV DFFXPXOD
WKH PDLQ VSDWLDO WHQGHQFLHV RI WKH WKUHH FURS VA\VWHPYV
DEOH WR SUHGLFW ZLQGRZ OHYHO FKDQJHV IURP REVHUYHG SU|I
JHQHUDWH ORQJ WHUP FURS VSHFLILF H[SDQVLRQ SDWWHUQV W
FRQGLWLRQDO VLPXODWLRQVY DV WKH PDLQ EDVLV IRU PHFKDQLV
VLPXODWLRQV DV VXSSOHPHQWDU\ HYLGHQFH IRU ORQJ WHUP SU
ORGHO YDOLGDWLRQ VXSSRUWYV VSDWLDOO\ HQULFKHG Fl
7KH IXO0O G\QDPLF PRGHO VKRZHG FRQVLVWHQW VSDWLDO HQL
DOO WKUHH FURS VA\VWHPV XQGHU RQH VWHS FRQGLWLRQDO VLP)>
FKDUDFWHUSSNYP GXKHWYHRU PLOOHW ULFH DQG ZKHDW EDUOH\ Z
DQG UHVSHFWLYHO\ DQG WKH DYHUDJH SUHFLVLRQ $3 YDO
KLIKHU WKDQ WKH UDQGRP $3 EDVHOLQH 7KHVH UHVXOWYV LQGL
FURS UHFRUG FHOOV DERYH EDFNJURXQG FDQGLGDWH FHOOV PR
VSDUVH DUFKDHRORJLFDO SUHGLFWLRQ VHWWLQJ +RZHYHU WK
RI UHODWLYH VSDWLDO UDQNLQJ DQG HQULFKPHQW IKHRW DV HYL
WUXH HIWHQW RI FURS FXOWLYDWLRQ
$UHD FRQVWUDLQHG HYDOXDWLRQ IXUWKHU VKRZHG WKDW WK
E\ DVVLIJQLQJ KLJK SUREDELOLWLHYVY WR RYHUO\ EURDG UHJLRQV
FHOOV ZLWK WKH KLIJIKHVW SUHGLFWHG SUREDEIHGEL WLAHNVUIHUH U
SURSRUWLRQ RI REVHUYHG QHZ FURS UHFRUGV ZLWKQWRS UHF|
IRU PLOOHW ULFH DQG ZKHDW EDUOH\ UHVSHHWRVYIB®\ 7KLV
ZHUH HQULFKHG ZLWKLQ D OLPLWHG KLJK SUREDEHL NN WBED |\
UDQNHG FHOOV ODFNHG FURS FXOWLYDWLRQ EHFDXVH WKH PRG
UHFRUGY UDWKHU WKDQ FRPSOHWH DJULFXOWXUDO SUHVHQFH
&RPSDULVRQV ZLWK VSDWLDO QXOO PRGHOV DPREBOSOLQJ E
FDSWXUHG VSDWLDO VWUXFWXUH EH\RQG VHYHUDRKLVKRHSOH DOW
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WKDQ WKDW Rl WKH VSDWLDOO\ XQLIRUP QX0OO PRGHO WKH SUF
.'( QX000 PRGHO DQG WKH WRWDO FURS VDPSOL®XD@WMIQN LW\
SUHGLFWLRQV ZHUH QRW UHGXFLEOH WR UDQGRP H[SHFWDWLRC
DUFKDHRORJLFDO VDPSOLQJ LQWHQVLW\ 1HYHUWKHOHVV WKH
FRQWUROV DJDLQVW PDMRU VRXUFHV RI VSDWLDO ERDRV UDWKHU
DQG H[FDYDWLRQ ELDVHV KDYH EHHQ HOLPLQDWHG
1HVWHG PRGHO FRPSDULVRQV IXUWKHU VKRZHG WKDW PRGH
FRQVHTXHQFH RI LQFUHDVLQJ PRGHO FRPSOH[LW\ $GGLQJ QRQ O
EH\RQG VDPH FURS ORFDO SHUVLVWHQFH LQGLFDWLQJ WKDW
DGGLWLRQDO SUHGLFWLYH LQIRUPDWLRQ $GGLQJ HQYLURQPHQ
LQWHUDFWLRQ WHUPV LPSURYHG VRPH HYDOXDWLRQ PHWULFV |
FULWHULRQ %,& RU %ULHU VFRUH EXW GLG QRRKW B ORADH VQ RO UH
EH LQWHUSUHWHG DV D XQLYHUVDOO\ VXSHULRU PRGHO WKDW D
,QVWHDG WKH YDOLGDWLRQ UHVXOWY LQGLFDWH WKDW GLIIHUH:
VSDWLDO RUGHULQJ FDOLEUDWLRQ DQG H[WHQW RI SUHGLFWHG
3DUDPHWHU VWDELOLW\ DQG SVHXGR SRVWHULRU DQDO\VHV I
HQYLURQPHQWDO VXLWDELOLW\ UHVSRQVHV ZKHUHDV VHYHUDO
PRGHUDWH VXSSRUW DQG ZHUH WKHUHIRUH LQWHUSUHWHG FDXW
SUHFLVH KLVWRULFDO URXWH SDUDPHWHUV 6XSSOHPHQWDU\ )LJ
SUREDELOLW\ FDOLEUDWLRQ WHVWYV DOVR VKRZHG WKDW SUH
YDOXH 5HOLDELOLW\ GLDJUDPV LQGLFDWHG WKDW REVHUYHG FU
PHDQ SUHGLFWHG SUREDELOLW\ DFURVV TXDQWLOH ELQV EXW G
WKDW WKHVH YDOXHV VKRXOG EH LQWHUSUHWHG DV SUREDELO
HYLGHQFH UDWKHU WKDQ DEVROXWH SUREDELOLWLHV RI UHDO
7HPSRUDO WUDQVIHU YDOLGDWLRQ SURYLGHG DGGLWLRQDO VX
GLYLGLQJ %3 LQWR HDUO\ DQG ODWH SHULRGBLER@X HDUC
HDUO\ WHVWLQJ H[SHULPHQWY SURGXFHG $3 YDOXKNW BRYH WKH
PRGHO GLG QRW RQO\ ILW WKH VWDWLF VSDW L DIDEVSMUXFWRUH F
HQULFK QHZ FURS UHFRUGV DFURVV GLIIHUHQW WHPSRUDO VWDJ
$GGLWLRQDO UREXVWQHVV DQDO\WHV VXSSRUWHG WKH UHOL
YDULDEOH GLDJQRVWLFV VKRZHG WKDW 9,) YDOXHV UHPDLQHG EF
WKDW HQYLURQPHQWDO WHUPV VKRXOG EH LQWHUSUHWHG DV FF
FDXVDO HIIHFWV Rl VLQJOH YDULDEOHV 6XSSOHPHQWDU\ )LJ 6
ORZHU WKDQ WKH VSDWLDO DXWRFRUUHODWLRQ RI WKH REVHUY
DQG UHJLRQDO YDOLGDWLRQ UHWDLQHG SUHGLFWLYHBEUIRUPDGC
WKH PLGGOH ORZHU <DQJW]H UHJLRQ DQG WKH +H[& EDRQVX 4LQJK
&KURQRORJLFDO XQFHUWDLQW\ ORQWH &DUOR H[SHULPHQWV ED
UHPDLQHG VWDEOH XQGHU DJH SHUWXUEDWLRQV DOWKRXJK $3 Z
HVSHFLDOO\ IRU VSDUVH ZKHDW EDUOH\ UHFRUGYV 6XSSOHPHQWL
XVLQJ \HDU WHPSRUDO DJJUHJDWLRQ DQG f VSDWLDO DJJUHJ
PHWULFV YDULHG ZLWK VFDOH EXW PRGHO SHUIRUPDQFH UHPDLG
FURS VSHFLILF LQWHUSUHWDWLRQV ZHUH QRW UHYHUVHG 6XSSC
OHFKDQLVWLF DQG SDOHRFOLPDWH GLDJQRVWLFV UHY
SURFHVVHYV
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7HPSRUDO WUDQVIHU H[SHULPHQWY DOUHDG\ VXJJHVWHG WKD
WUDQVIHUDEOH PHFKDQLVPV OLOOHW SUHGLFWLRQ ZDV PDLQO\
DQG QRQ ORFDO GLIIXVLRQ ULFH JDLQHG PRUH IURP HQYLURQI
ZKHDW EDUOH\ LPSURYHG PRUH FOHDUO\ DIWHU WKH LQFOXVLRQ
FRXQWHUIDFWXDO DEODWLRQ HQYLURQPHQWDO JDWLQJ DQG IL
GRPLQDQW H[SDQVLRQ PHFKDQLVPV RI HDFK FURS V\VWHP

&RXQWHUIDFWXDO DEODWLRQ VKRZHG WKDW UHPRYLQJ VDPH |
GHFOLQH LQ $3 IRU DOO WKUHH FURS V\VWHPV ZLWK DYHUDJH $3
IRU PLOOHW ULFH DQG ZKHDW EDUOH\ UHVSHFWLYHO\ 7KLV LQG
WKH VWURQJHVW SUHGLFWRU RI ODWHU FURS UHFRUG RFFXUUHGC
YLVLEOH FRQWLQXLW\ UHJLRQV ZLWK HDUOLHU FURS HYLGHQFH
UHFRUGY LQ ODWHU SHULRGY D SDWWHUQ WKDW GRH\R QRMVWHQ)\
GHPRQVWUDWH XQLQWHUUXSWHG FXOWLYDWLRQ +RZHYHU WKL
FXOWLYDWLRQ ZLWKLQ WKH VDPH JULG FHOO QRU GRHV LW LJQ
YLVLELOLW\ ,WV PHFKDQLVWLF PHDQLQJ LV VXSSRUWHG RQO\ LC
QX00O PRGHOV WKH IXO0O PRGHO RXWSHUIRUPHG ERWBPRWHKH WRWI
FURS .'( QXO0O PRGHO LQGLFDWLQJ WKDW LWV SUHOGUFWLYH DEL
LQWHQVLW\ RU VLPSOH VSDWLDO FOXVWHULQJ RI SUHYLRXV UHFF

'HVSLWH WKLV FRPPRQ GHSHQGHQFH RQ VDPH FURS ORFDO S
GLIIHUHG LQ WKHLU VHQVLWLYLW\ WR QRQ ORFDEHBRMK®ILRQ DQG
QRQ ORFDO GLIIXVLRQ UHGXFHG $3 E\ DERXW IRU ULFH DQG
GHFOLQH IRU PLOOHW ZDV VPDOOHU 7KLV VXJJHVAVOWHMKDW QRQ
WR WKH VSDWLDO RUGHULQJ Rl QHZ ULFH DQG ZKHDW EDUOH\ L
FRQVLVWHQW ZLWK QRQ ORFDO DFFHVVLELOLW\ DQG DUFKDHROR
&HQWUDO 30DLQV FRQQHFWLQJ EHOWYV

'\QDPLF HQYLURQPHQWDO VXLWDELOLW\ PDGH GLIIHUHQW FRQ
LWV UROH VKRXOG EH LQWHUSUHWHG DV D FRPSRVLWH HQYLUR(
FDXVDO HIIHFW Rl DQ\ VLQJOH FOLPDWH YDULDEOH 5HPRYLQJ W
ULFH $3 E\ DERXW LQGLFDWLQJ WKDW ULFH UHFRUGV ZHUH |
RUGHULQJ SURYLGHG E\ KXPLG DQG ORZODQG HQYLURQPHQWDO
HFRORJLFDO GHSHQGHQFH RI ULFH FXOWLYDWLRQ RQ PRLVWXUH
%\ FRQWUDVW UHPRYLQJ HQYLURQPHQWDO VXLWDELOLW\ GLG Qf
HIITHFW RQ ZKHDW EDUOH\ )RU WKHVH WZR FURS V\VWHPV WKH
KDYH DGMXVWHG WKH LQWHQVLW\ H[WHQW RU ERXQGDU\ RI S|
LQGHSHQGHQWO\ GHWHUPLQLQJ ZKHUH QHZ UHFRUGYV ZHUH UDQN
VXLWDELOLW\ DFWHG DV D ILOWHULQJ FRQWH[W ZKRWH LPSRUW
XQLYHUVDO GULYHU RI FURS UHFRUG H[SDQVLRQ

(QYLURQPHQWDO JDWLQJ DQG IURQWLHU PRELOLW\ GLDJQRVW
VXLWDELOLW\ LQWHUDFWHG ZLWK VSDWLDO WUDQNRAVWLRQ SL
HQYLURQPHQWDO JDWLQJ UDWLR LQGLFDWLQJ WKDW KLJK GLIIX)
KLJK QHZ UHFRUG SUREDELOLW\ ZKHUH KXPLG HQYLURQPHQW V>
PHDQ WKDW PRLVWXUH DORQH GHWHUPLQHG ULFH H[SDQVLRQ 5C
IRU ULFH EHFDPH DUFKDHRORJLFDOO\ YLVLEOH PDLQO\ ZKHQ Wk
ORZODQG VHWWLQJV OLOOHW VKRZHG D ORZHU JDWWOHQIDWLR D
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ZLWK EURDG HQYLURQPHQWDO WROHUDQFH ZLWKLQ QRUWKHUQ
ZKHUH SUHYLRXV DJULFXOWXUDO IRXQGDWLRQV DQG UHJLRQDO F
QHZ UHFRUGV :KHDW EDUOH\ VKRZHG WKH KLJKHVW IURQWLHU
VXEVWDQWLDOO\ KLJKHU WKDQ WKRVH RI PLOOHW [RMU3 ULFH 1H
OLNHO\ WR DSSHDU IDUWKHU IURP SUHYLRXV VDPH FURS UHFRL
DUFKDHRORJLFDOO\ YLVLEOH VSUHDG RI LQWURGXFHG FURSV WK
+RZHYHU FRUULGRU PHGLDWHG DFFHVVLELOLW\ VKRXOG EH LQ\
UDWKHU WKDQ D GLUHFWO\ REVHUYHG WUDQVPLVVLRI® URXWH 7
UHFRUGV ZHUH PRUH VWURQJO\ DVVRFLDWHG ZLWK EURDG +H[
VWUXFWXUHV EXW LW GRHV QRW GLVWLQJXLVK ZKHWKHU WKHYV
WHFKQRORJLFDO DGRSWLRQ HOLWH FRQVXPSWLRQ ORFDO H[SH!

7JRIHWKHU WKHVH UHVXOWY LQGLFDWH WKDW WKH DUFKDHRO
ZHUH DVVRFLDWHG ZLWK GLIIHUHQW FRPELQDWLRQV RI PRGHOO}
ZDV PRVW VWURQJO\ DVVRFLDWHG ZLWK SDWK GHSHQGHQFH VI
IURQWLHU DGYDQFHPHQW ZLWKLQ EURDGO\ VXLWDEOH GU\ODQG
VKRZHG WKH VWURQJHVW DVVRFLDWLRQ ZLWK KXPLG HQYLURQF
JDWLQJ ZLWK KLJK GLIIXVLRQ RSSRUWXQLWLHV PRIEOBGILNHO\ W
PRLVWXUH FRQGLWLRQV :KHDW EDUOH\ UHFRUGV ZHUH PRUH FR(
ORFDO UHGLVWULEXWLRQ DORQJ QRUWKZHVW DQG QRUWKHUQ DF
LQ &KLQD GXULQJ + %3 ZDV FKDUDFWHUL]HG E\ FURS VSHFLI
HQYLURQPHQWDO ILOWHULQJ DQG QRQ ORFDO GLVSHUVDO

5SHJLRQDO SDOHRFOLPDWH FRPSDULVRQV SURYLGH DGGLWL
LQWHUSUHWDWLRQ 6XSSOHPHQWDU\ )LJ 6 &URS UHFRUG LQW!
DQG GLG QRW IROORZ D VLQJOH K\GURFOLPDWLF WMADMHFWRU\
UHPDLQHG KLJK RU LQFUHDVHG GXULQJ SKDVHV RI ZHDNHQLQJ PF
,Q VRXWKHUQ &KLQD ULFH DQG PLOOHW UHFRUGV UHDFKHG UH(
FRQGLWLRQV ZKHUHDV ZKHDW EDUOH\ VWUHQJWKHQHG ODWHU
PLOOHW GRPLQDWHG UHFRUGV WR LQFUHDVLQJ ZKHDW EDUOH\ |
VIQFKURQRXV K\GURFOLPDWLF VKLIW 7KHVH FRPSDULVRQV DUH
EXW WKH\ LQGLFDWH WKDW K\GURFOLPDWH DFWHG DV D UHJLRC
PHGLDWHG E\ FURS HFRORJ\ SUHYLRXV DJULFXOWXUDO GLVWULE
RI FURS DGRSWLRQ

'LVFXVVLRQ

JURP GLIIXVLRQ URXWHV WR VSDWLDO RSSRUWXQLW\ VWL

2XU UHVXOWV VXJIJHVW WKDW FURS GLVSHUVDOPISOW+RORFH
DV WKH RXWZDUG PRYHPHQW RI FURSV IURP YHYHUSDWRDIOIL G
UHRUJDQL]DWLRQ SURFHVV )LJV DQG "H OOV VWK K H VF RVQRF H ¢
GHVFULEH FURS VSHFLILF VSDWLDO FRQGLWLRQWWURGXFHG
LQKHULWHG DJULFXOWXUDO ODQGVFDSHV DQG FRDULGRU OL
EURDGHU VSDWLDO SURFHVV SHUVSHFWLYH WOKDWG HPEXKD VL]H
FRQQHFWLYLW\ DQG H[SDQVLRQ IURQWLHU G\QDPLFV LQ VKD
FKDQJH > @ ,Q WKLV SHUVSHFWLYH HQYLDER® NISQOWD D OFXD (
XQLIRUP WULJJHU RI KXPDQ H[SDQVLRQ RU GHFIOR\WW DEMW DV
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PHGLDWHG E\ LQKHULWHG ODQGVFDSHV DQG UHJLRQDO FRQC
SHUVSHFWLYH WR FURS UHFRUG GLVSHUVDO LQ +RORFHQH
HQFRXQWHUHG GLIIHUHQW HFRORJLFDO FRQVWUDQQWYV DJ
RSSRUWXQLWLHV > @ 7KH PRGHOOHG FURS ®HHARWIG SDW)\
GLIIHUHQW VSDWLDO RSSRUWXQLW\ VWUXFWXUHVY SURGXFHG
ILOWHULQJ SUHYLRXV FURS GLVWULEXWLRQV DUHRWRUULGEF
H[SDQVLRQ GLUHFWLRQV RI WKHVH FURS V\VWHPRUZBIUG QRW (
5DWKHU QHZ FURS UHFRUGV ZHUH PRUH OLNHO\ WRSRFFXU ZK|
GLVWULEXWLRQV DQG UHJLRQDO FRQQHFWLRQV RYHUODSSHG

)RU PLOOHW KLJK SUREDELOLW\ DUHDV ZHWREZ BVYRBLDWHG
EDVLQ WKH 1RUWK &KLQD 30DLQ DQG QRUWKHDVWHUQ H[SDQ
WKH EURDG HFRORJLFDO DGDSWDELOLW)\ RI W UR®MDOGUBIW RO
>@ ,W LV DOVR FRQVLVWHQW ZLWK UHJPRQOBW RRDWQXDW\L
HVSHFLDOO\ LQ DUHDV ZKHUH SUHYLRXV DJULFRQWXRBDO ODQ
ODWHU FURS UHFRU@&7RBHUAMDWLIHDEXFRYHUODS DPRQJ PLOOHW U
SODLQV VHWWOHPHQW GHQVLW\ DQG SUHYLRX®\W DWIGXOW XL
ORZODQG FRUULGRUV PD\ KDYH IDFLOLWDIWSBQWHWR @ O HP H@ W
+RZHYHU H[SOLFLW ULYHU WHUPV GLG QRW BWHWKH DDWQREB
JULG VFDOH 7KLV GRHV QRW LPSO\ WKDW UHLW HAUKD WHUHY K QL |
HITHEWV ZHUH GLIILFXOW WR VHSDUDWHAUR\RPVSEBDQQJ H[QWW (
DQG EURDGHU UHJLRQDO FRQWLQXLW\ 7KH EHOOHW BSR B WHG
EHLQJ DVVRFLDWHG ZLWK ULYHU DQG SODLQ UWGIBWBAG FRQW
FRQWUROOHG E\ ULYHU GLVWDQFH RU ULYHU GLUHFWLRQ DOR

5LFH FURS UHFRUG H[SDQVLRQ VKRZV D GLIIHUHQW W\SH R
SUHGLFWHG KLJK SUREDELOLWLHV PDLQO\ LQ WKH <DQJW]H 5
DGMDFHQW WUDQVLWLRQDO JRQHV LQGLFDWQQ O GWKDD\S HK/XP L
FRQVLVWHQW ZLWK KXPLG HQYLURQPHQWY DQ®WREZWRQLHI ¢
DUFKDHRORJLFDOO\ YLVLEOH ULFH GLVSHUVDO®KEHUH@HWRZHY
PRLVWXUH FRQGLWLRQV ZHUH VXLWDEOH ,WG IH %DQ EXRQ P@W
ORFDO DGRSWLRQ UHJLRQDO FXOWXUDO QBWARVWYW M\Q G KHK H
REVHUYHG ULFH UHFRUG SDWWHUQ LV WKHUHIRRH FRQVLV)
HQYLURQPHQWDO FRQVWUDLQWY DQG KLVWRUQFIX) BDRHK ZD\V
UHFRUGV DSSHDUHG LQ UHJLRQV VXFK DV WKH &HQWUDO 30L
VRXWKZHVWHUQ &KLQD 7KHVH RFFXUUHQFHV GR RRW QHFHV
ZHVWZDUG VKLIW Rl WKH ULFH HFRORJWKH LRERYGRUD \E XRQPR
LQWR QHZ PXOWL FURS VI\VWHPV XQGHU ORFDORQWXLWDEOH H

@

‘KHDW DQG EDUOH\ UHSUHVHQW D IXUWKHU W\BSVRI VSDWL
UDWKHU WKDQ FURSV LQGHSHQGHQWO\ GRPHVWLFDWHG ZLW
GLIIHUHG IURP WKDW RI| P@DIOHHW DQGKWDIHRERWDQLFDO DSSHD
EHHQ OLQNHG WR ZHVW HDVW WUDQVPLVVLRQUWRURXQIK QRU
LQWHUDFWLRQ JRQHV > @ ,Q RXU PRGHO ZIKOHDW BADKHO H\ ¢
QRUWKZHVW +H[L &RUULGRU *XDQ]KRQJ DQG &HQWUDO 30DL
SDWWHUQ DV EHLQJ FRQVLVWHQW ZLWK GRUKNEG RUHPR QM VWDEFX F
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RI D VLQJOH WUDQVPLVVLRQ URXWH 7KH PRGHO BRPHUQHV G
UHODWHG DFFHVVLELOLW\ DQG FURS VSHFLILF UWIRQDO Z
FRQGLWLRQV XQGHU ZKLFK LQWURGXFHG FURSV ZHUH PRUH O
7KHVH VSDWLDO FRQGLWLRQV DUH EURDGO\ FRQVLVWHQW ZLW
DJULFXOWXUDO LQQRYDWLRQ DFURVV QRUWKZHVW@&KLQD DQ
+RZHYHU WKH PRGHO GRHV QRW E\ LWVHOI GLVWLQJXLVK DF
FXOWXUDO WUDQVPLVVLRQ ORFDO D@RSWLRQ RU ORFDO H[SH

2YHUDOO WKH FRQFHSW RI VSDWLDO RSSRUWXQLW\ VWU
GHVFULSWLYH URXWH EDVHG QDUUDWLYH ZKIRQH IDG/ARUL'G LDQUH W
H[DFW KLVWRULFDO SDWKZD\V 7KH <HOORZ GVXHUW QIBQIW]H
UHJLRQ DQG QRUWKHUQ WUDQVPLVVLRQ EHOWV VKRXOG QRW
FURSVY PRYHG PHFKDQLFDOO\ 7KH\ DUH EHWWHU XQGHUVWR
VXLWDELOLW\ SUHYLRXV DJULFXOWXUDQ VD\FWH]F KW D J K HBVWGEO |
DUFKDHRORJLFDO YLVLELOLW)\ PD\ KDYH RYHURDGBH® V&URS |
WKHUHIRUH QRW D VLQJOH IURQWLHU H[SDQVRRQVPEXW D
UHRUJDQL]DWLRQ RI DJULFXOWXUDO VSDFH VVIRH IPIRGH® ZIGWI \
WKLV UHRUJDQL]DWLRQ UDWKHU WKDQ GLUHFWO\ REVHUYLQJ
&OLPDWH DV D ERXQGDU\ FRQGLWLRQ UDWKHU WKDQ D G

7KH PRGHO EDVHG HQYLURQPHQWDO GLDJQRVWHFV VXJJHV
EHWWHU XQGHUVWRRG DV ERXQGDU\ FRQGLWLRQV DQG ILOW
UDWKHU WKDQ DV GLUHFW VKRUW WHQR WULJJH&X/SRO BB H QRXE
YL 6 7KH HQYLURQPHQWDO WHUP LQ RXU PBGFHI® LQWHJL
SURGXFWLYLW\ WHPSHUDWXUH DQG ODNH UHORWHGEK\GURO
LQWHUSUHWHG DV FRPSRVLWH HQYLURQPHQW DHOI N RWWRIERO L V
VLQJOH YDULDEOH QRU GRHV LW GHILQH SK\QUWRGRILFDW WK
HVWLPDWHV ZKHWKHU WKH HQYLURQPHQWDO EDFNJURXQG R
DSSHDUDQFH RI D JLYHQ FURS VI\VWHP PRUR 8 & D\HW ¥ LEXNHARQ |
DQG VSDWLDO WUDQVPLV@&LRQ RSSRUWXQLWLHV >

7KLV GLVWLQFWLRQ LV LPSRUWDQW EHFDXVH WRH WKUHH
HQYLURQPHQWDO ILOWHULQJ 5LFH UHFRK)GPL GHUHY PRR QP VW W
VXLWDELOLW\ DQG VKRZHG WKH FOHDUHVW GLIISWHILR@BGBIQYLUR
RSSRUWXQLWLHY ZHUH PRUH OLNHO\ WR SURGXEH ROG DUFK
ORZODQG FRQGLWLRQV ZHUH IDYRXUDEOH > @ GH@OMOHW UH
RQ WKH HQYLURQPHQWDO VXLWDELOLW\ WHZPWK FSRWNEBDO® U
WROHUDQFH DFURVV QRUWKHUQ GU\ODQG DQG WUDQVLWLRQD
RQ LOQKHULWHG GU\ODQG DJULFXOWXUDO ODQGWPINSHHY > G
HQYLURQPHQWDO JDWLQJ DQG KLJKHU IURQWKHWY H R DMOLR\G X E ¢
FURSYV ZDV PRUH FORVHO\ UHODWHG WR QR Q. QRFDS®RIMAHMR/Q E
LQWR H[LVWLQJ IDUPLQJ V\VWHPV > @ &COLPHD\RH AURIBUH IR
DGRSWLRQ EXW WKH DUFKDHRORJLFDO UHDOL]DWLRQ RI FURS
EHWZHHQ HQYLURQPHQWDO VXLWDELOLW)\ KDWQWRWH FIDROQ DO F K
FRQQHFWLYL@\ >
7KHVH SDWWHUQV PDNH LW GLIILFXOW WR HEXODLQLREORFHQ!
PRGHO LQ ZKLFK D VLQJOH FOLPDWLF HYHQW FDQVHRQVLPXOW
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$ PRUH SODXVLEOH LQWHUSUHWDWLRQ LVSDKBW @ QIKRFW H WS/
FRXOG EH DGRSWHG DQG PDLQWDLQHG ZKLOH WKH DFWXDO |
ZKHWKHU VXLWDEOH HQYLURQPHQWY RYHUODWBISW®& G WHKQM[ L V
VIVWHPV WHFKQRORJLFDO WUDQVPLVVLRQ@QG UHJLRQDO HI[F

7KLV LQWHUSUHWDWLRQ LV HVSHFLDOO\ QWSRB Q& UG\ D R/IH X
PLGWR ODWH +RORFHQH WUDQVLWLRQV 7KH GHFOQ&M RI VRPH
QHFHVVDULO\ LPSO\ D GLUHFW DQG XQLIRLDFGF QUKD WL FH FR D QI
K\GURFOLPDWLF FKDQJH ZHUH PHGLDWHG E\ FURS HFRORJ\
FRQWHBKX8SOHPHQWDY\ )@ SLFH ZDV PRUH VWURQJO\ FRQVWU
HQYLURQPHQWDO VXLWDELOLW\ PLOOHW XBIGXP U& DDEHI \DHPD.S
KXPLG UHJLRQV DQG ZKHDW EDUOH\ H[SDQGHG ODWHBU WKURX
VI\VWHPV > @ &OLPDWLF VWUHVV PD\ WKHUHLRWKN KDYH L
DQG VSDWLDO OLPLWV RI GLIIHUHQW FURSYKHXW DWW GEXO@RM
DFWLYLW\ H{SDQGHGARU GHFOLQHG >

,Q WKLV VHQVH FOLPDWH DFWHG DV RQH FRREROWGWHRI D
BUHFLSLWDWLRQ ZDWHU EDODQFH SURGXFWLRQGLW MWRH{PSHU
VKDSHG WKH SRWHQWLDO VSDFH IRU FURS UHFRVYIGVHE®MQ VLR
RQO\ ZKHQ FRPELQHG ZLWK KXPDQ VHWWOH PMHDWG BWR 5RIDROS V
LQWHUDFWLRQ > @ 7KLV SHUVSHFWLYH KHGSYUR[GOMH Q ZK!
GLIIHUHQW DJULFXOWXUDO RXWFRPHV LQ GLUHWHOQWQEHILRQ
SUHYLRXV VWXGLHV PD\ UHIOHFW WKH EXIIHXUQD DQBWHOWHU
> @
(QYLURQPHQWDO ILOWHULQJ DUFKDHRORJLFDOO\ YLVLE
UHGLVWULEXWLRQ

7KH FURS VSHFLILF SDWWHUQV LGHQWLILHG E\ WKH G\QDPL
WHUPV Rl WKUHH OLQNHG GLPHQVLRQV HYQMLIURIP FQWW OQIX D!
DQG FRUULGRU OLNH UHGLVWULEXWLRQ 7KHVH VBKIRFHVVHYV
FRPELQHG LQ GLIIHUHQW ZD\V WR FUHDWH WKH VSDWLDO RSS!
FURSV H[SDQ@HG >

6DPH FURS SHUVLVWHQFH SURYLGHG WKH VWURQJHVW FRP
FURS V\WVWHPV EXW LW VKRXOG EH GLVWLQJXLVKHG IURP W.
SUHGLFWDELOLW\ )LUVW DUFKDHRORJLFDO WBPLSROQ\W Z LYK HQ
PRUH LQWHQVLYH H[FDYDWLRQ EHWWHU SUWHUYD@®LRQ RU
BHFRQG VSDWLDO FOXVWHULQJ PD\ DULVH EHFDXOMUHH DUFKD
JHRJUDSKLFDOO\ DJJUHJDWHG HYHQ ZLWKRXW D VSHFLILF F
YDOLGDWLRQ IUDPHZRUN ZDV GHVLJQHG WR VWHSPHUDWH WKHYV

7KH VDPSOLQJ LQWHQVLW)\ .'( QXOO PRGHO RISSWHIRRALGEN V Wk
WR RFFXU LQ ZHOO VDPSOHG DUHDV ZKHUHDV WIDH) VDPH FUI
FOXVWHULQJ DURXQG SUHYLRXV UHFRUGV RRWHKE MPPHHBUIRSS
WKHVH QX0OO H[SHFWDWLRQV VXJJHVWV WKBWHWHG FFHIRISOS HDU.
VDPSOLQJ ELDV RU VSDWLDO DXWRFRUUHORWLRDRO ,\Q\M\WBDGL Q
ZKLFK HDUOLHU FURS UHFRUG GLVWULEXWLROQVYEZMUELOVWRFI
IHYHUWKHOHVV WKLV VLJQDO UHPDLQV DQGL@KRXOTFHEHURP
XQGHUVWRRG DV DUFKDHRORJLFDOO\ YLVLEKQH QARIQWLQN WG
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FXOWLYDWILRQ >

(QYLURQPHQWDO ILOWHULQJ DQG FRUULGRUKMHGKDWHG UH
FURS VA\VWHPV 5LFH VKRZHG WKH VWURQJHVWKWHQV KW VW W\ V
HQYLURQPHQWDO JDWLQJ UDWLR LQGLENWQQ W R K BIW HGLD WK LJ
UHFRUGVY ZKHUH KXPLG FRQG@W LKRHDWZ BD bl OH LWKIRZBHG 3V WU R Q .
H[SDQVLRQ DQG KLJKHU IURQWLHU PRELOLW\ PRQWRXWHQW Z|
QRUWKZHVW DQG QRUWKHUQ H[FKDQJH FRUULGRUV > @ 7
DJULFXOWXUDO DQG H[FKDQJH QHWZRUNV IXUVEKMUWRGQJIIHVW
RSHUDWHG WKURXJK DOUHDG\ VWUXFWXUHG LQWHRXWWLRQ V\
> @ OLOOHW E\ FRQWUDVW ZDV PRUH FORVURROWXVURBLDW
ODQGVFDSHV DQG UHJLRQDO FRQWLQXLW\ > @ DNXV WKH \
UHDOL]HG WKURXJK GLIIHUHQW PHFKDQLVP FRPELQDWLRQV LQ

7RIHWKHU WKHVH PRGHO UHVXOWYV VXJJH\WKLWRBDIDF¥URS U
QHLWKHU HQYLURQPHQWDOO\ GHWHUPLQLVWLF HQRUD G5 XUHO\
VXLWDELOLW\ ZDV DVVRFLDWHG ZLWK EURFG® RS BWUDOVWLFQN
FDSWXUHG DUFKDHRORJLFDOO\ YLVLEOH FRQBN\DRAMDW B G & EW
WKH QRQ ORFDO UHGLVWULEXWLRQ Rl FURS RIHERUGD @
+RORFHQH DJULFXOWXUDO ODQGVFDSH FDQWNXKHWRISR B X CBMLL G
SDWKZD\ VSDWLDO UHRUJDQL]DWLRQ LQYROYLQOVWHRISQUSHFL
DUFKDHRORJLFDOO\ YLVLEOH FRQWLQXLW\ DQG UHJLRQDO FRC

ILPLWDWLRQV

7KLV VWXG\ KDV VHYHUDO OLPLWDWLRQV REWHWHBRGHD HVV
DUFKDHRORJLFDO FURS HYLGHQFH UDWKH U\ LVHIOIEQ @/KHHWDEW X
FRQWULEXWLRQ RU SRSXODWLRQ PRYHPHQW S$URKIHRERWDOQ
LQWHQVLW\ SXEOLFDWLRQ ELDV SUHVHUYDW IWRKY HFIRIQFSKL W L R
WUDGEWLBQWOWKRXJK DUHD FRQVWUDLQHG HYDOX®DWLRQ WF
QX0OO PRGHOV DQG VDPSOLQJ LQWHQVLW\ FRQWURI@QWVFHZHQH X\
VSDWLDOO\ DQG WHPSRUDOO\ VWUXFWXUHG GBDHMWDXOIUFKDHR
HOLPLQmWKIB DEVHQFH Rl FURS UHFRUGV LQ D JULG FHOO RU V
EH LQWHUSUHWHG DV WKH DEVHQFH RI FXOWLYDWILEQHEXW D
FXUUHQWO\ FRPSLOHG HYLGHQFH > @ VDG LMWHRRY W K
VKRXOG EH LQWHUSUHWHG DV VLPSOLILHG PHBPKERQLWWLF UF
UHVSRQVHV VKRXOG QRW EH LOQWHUSUHWHG DV SK\VLRORJLFI
PRGHO EDVHG HQYLURQPHQWDO ILOWHUV WKLV BH\HWS i [FS\OHDQ.\
PRGHOOLQJ IUDPHZRUN /LNHZLVH QRQ ORFDO GLIIXVLRQ
DFFHVVLELOLW\ WHUPV DSSUR[LPDWH VXD LWDIFRQD\WYREW HR
KLVWRULFDO URXWHV RU GLVWLQJXLVK DPRQJ PLXUDWLRQ HI[F
WUDQVPLVVLRQ 7KH UHVXOWV VKRXOG WKHUHIRBBVEH LQWHF
DVVRFLDWHG ZLWK FURS UHFRUG H[SDQVLRQVWDMEKEBXVWRD Q
SDWKZD\V

&RQFOXVLRQ

%\ LQWHJUDWLQJ DUFKDHRORJLFDO FURS UHFRUGV WRSRJL
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SDOHRFOLPDWH UHFRQVWUXFWLRQV WKLV VWXG\ GHYHORSHG
H[DPLQH FURS UHFRUG H[SDQVLRQ LQ &KLQD GXULQJ + %
DUFKDHRORJLFDO GLVWULEXWLRQV Rl WKH WKUHH RWQR/S VI\VWHP"
RI PRGHOOHG SURFHVVHV OLOOHW FURS UHFRUG H[SDQVLRQ Z
SHUVLVWHQFH DUFKDHRORJLFDOO\ YLVLEOH FRQWLQXLW\ DQG LU
DGMDFHQW WUDQVLWLRQDO ]JRQHV 5LFH FURS UHFRUG H[SDQVLF
HQYLURQPHQWDO VXLWDELOLW\ DQG GLIIXVLRQ HQYLURQPHQW |
RFFXU ZKHUH GLVSHUVDO RSSRUWXQLWLHY RYHUODSSHG ZLWK |
"KHDW EDUOH\ FURS UHFRUG H[SDQVLRQ VKRZHG VWURQJHU QR
PRELOLW\ FRQVLVWHQW ZLWK DUFKDHRORJLFDOO\ YLVLEOH UHG
DFFHVVLELOLW\ EHOWV ORGHO YDOLGDWLRQ DQG URBRVWQHVV \
H[SODLQHG E\ DUFKDHRORJLFDO VDPSOLQJ KRWVSRWV VSDWLI
LQFUHDVLQJ PRGHO FRPSOH[LW\ DORQH 7KHVH DUFKDHRORJLFD
ZLWK D PXOWL FHQWUHG PXOWL FRUULGRU DQG FURWRK SHFLILF
WKH XQLIRUP RXWZDUG H[SDQVLRQ RI D VLQJOH DJULFXOWXUD
TXDQWLWDWLYH ZD\ WR FRPSDUH KRZ FURS VSHFLILF HQYLURQF
GLVWULEXWLRQV DQG UHJLRQDO DFFHVVLELOLW\ ZHUH DVVRF
UHRUJDQL]DWLRQ RI FURS VI\VWHPV LQ +RORFHQH &KLQD

OHWKRG

$UFKDHRORJLFDO FURS UHFRUGYV HQYLURQPHQWDO YDL
‘H FRPSLOHG DUFKDHRORJLFDO FURS HYLGHQFH IURP WZR FRF
&KURQRORJ\ RI (DUO\ &KLQD GDWDEDVH FRQWDLQV UDGLRFI
ILYH UHIJLRQDO GDWDVHWY > @ &URS DVVRFLDWHG UHFRUGYV Z|
DQG FRQWH[WXDO LQIRUPDWLRQ DQG WKH FDOLEUDWHG PHGL!
FDOLEUDWHG DJH UDQJH ZHUH UHWDLQHG :H DGGLWLRQDOO\ XVF
GDWDVHW FRQWDLQLQJ VLWH RU DVVHPEODJH UHFRUGYV IURP (
UHWDLQHG ZKHQ HLWKHU WKH UHSRUWHG DEVROXWH FRXQW RU
SURFHGXUHV \LHOGHG FURS DVVRFLDWHG UDGLRFDUERQ UHI
REVHUYDWLRQV JLYLQJ VRXUFH REVHUYDWLRQV EHIRUH V
WD[RQRPLF KDUPRQL]DWLRQ 2XU GDWDEDVH LV UHVWULFWHG WHF
DQG GRHV QRW LQFRUSRUDWH FURS RFFXUUHQFHV UHSRUWHG
DJULFXOWXUDO WUHDWLVHVY RU WD[DWLRQ UHFRUGYV 7KHVH GF
GLIITHUHQW REVHUYDWLRQ DQG SUHVHUYDWLRQ SURFHVYV IURP DU
WKHUHIRUH ZHUH QRW FRPELQHG ZLWK WKH DUFKDHRORJLFDO R
GDWDVHWYVY DUH ZHLJKWHG WRZDUG SUHKLVWRULF DQG HDUO\ KL
FRPSLOHG DUFKDHRORJLFDO FURS UHFRUGYV WRZDUG DQG DIWHU
VFRSH RI WKH VRXUFH GDWDVHWY DQG D WUDQVLWLRQ LQ WKH G
LQ FURS FXOWLYDWLRQ ‘H WKHUHIRUH UHVWULFW TXPQWLWDWLY
% 3

7TD[RQRPLF ODEHOV ZHUH KDUPRQL]JHG LQWR WKUHH FURS V\\
PLOOHW ZHUH JURXSHG DV PLOOHWY ULFH ZDV WUHDWHG DV D
ZHUH FRPELQHG DV ZKHDW EDUOH\ 6R\EHDQ DQG UHFRUGV LGHC(
HI[FOXGHG IURP WKH FURS VSHFLILF DQDO\WVHV 7KHVH WKUHH
DJULFXOWXUDO WUDMHFWRULHY LQ +RORFHQH &KLYV URFOXGLQ
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DQG WKH LOQOWURGXFWLRQ DQG VXEVHTXHQW VSUHDG RI :HVW (°
FKURQRORJLFDO DQG WD[RQRPLF VFUHHQLQJ DQG UHPRYDO RI G
FRPSULVHG XQLTXH DUFKDHRORJLFDO FURS UHFRUGV LQFC
ZKHDW EDUOH\ UHFRUGV 21 WKHVH RFFXUUHG »$WKLQ WKH

%3 5HFRUGYV ZHUH DVVLIJQHG WR FRQVHFXWLYH \HDU WLPF
FDOLEUDWHG pBIHVWAFKWHUYDO ZDV XVHG IRU WKH PDLQ PRGHC
HQFRPSDVVHV WKH PDMRU VSDWLDO H[SDQVLRQ RI PROOHW DQG
ZKHDW EDUOH\ LOQWURGXFWLRQ DQG VXEVHTXHQW VSUHDG LQ &K
ZHUH UHWDLQHG RQO\ WR HVWDEOLVK WKH SUHFHGLQJ REVHUYH
7KH HITHFWV RI FKURQRORJLFDO XQFHUWDLQW\ ZHUH HYDOXDWH(
DQDO\WHV XVLQJ WKH UHSRUWHG FDOLEUDWHG DJH UDQJHV ZKHL

$00 DUFKDHRORJLFDO DQG HQYLURQPHQWD®=p@DWD ZHUH UH
ORQ JpMDVBIHV XGH JULG FRYHULQJ WKH VWXG\ UHJLRQ &DQGLGDW
ZLWK YDOLG FRUH WHUUDLQ DQG HQYLURQPHQWDO LQIRUPDWLRQ
WR WKH JULG FHOO FRQWDLQLQJ WKH REVHUYDWLRQ UDWKHU WK
JRU FURS V\WDANHPL G D WEH DIQUE GVER BPOZAH) GRIZLQHG D ELQDU\N DUFKDH
RFFXUUHQFH YDULDEOH DV

o S8 LFURSVUWHREVHUGHBX UZRQ GRE
athad; 4 RWKH& ZLVH

OXOWLSOH DUFKDHRORJLFDO REVHS WA IORGRYZ FIRPEILLQ DWH IR QV
WKHUHIRUH FRQWULEXWHG D VLQJOH SRVLWLYH RFFXUUHQFH ZKk
PRUH WKDQ RQH WLPH ZLQGRZ +HUH DQ REVHUYH8WURRHRFFXUU
RI D FURS ZLWKLQp® LPHUWLFERDU,WUGBHYVY QRW LPSO\ WKH ILUV
FXOWLYDWLRQ RI WKDW FURS FRQWLQXRXV FXOWLYDWLRQ WKUF
SURGXFWLRQ 3UHYLRXV RFFXUUHQFH ZDV UHSUHVHQWHG VHSDU|
LQ WKH G\QDPLF PRGHO

6WDWLF ODQGVFDSH FRQGLWLRQV ZHUH FKDUDFWHUL]HG XV
*07(" > @ WRJIJHWKHU ZLWK ULYHU SUR[LPLW\ DQG ULYHU GLU
WKH JOREDO ULYHU K\GURJUDSK\ DQG QHWZRUN URRWLQJ GDWI
GHVFULEH WHUUDLQ FRQVWUDLQWYV DFFHVVLELOLW\ DQG SF
HQYLURQPHQWDO FRQGLWLRQV ZHUH UHSUHVHQWHG E\ UHFF
SUHFLSLWDWLRQ PLQXV HYDSRUDWLRQ QHW SULPDU\ SURGXFV
K\GURORJLFDOp¥ & WIKHMH WUBGLFWRUYV ZHUH VHOHFWHG WR FKI
DYDLODELOLW\ WKHUPDO FRQGLWLRQV HFRV\WVWHP SURGXFWL)
LPSRVH GHWHUPLQLVWLF SK\WLRORJLFDO WKUHVKROGV IRU FLl
DFFHVVLELOLW\ YDULDEOHY ZHUH DGGLWLRQDOO\ LQFOXGHG LC
GLIIHUHQFHY LQ DFFHVV WR SUHYLRXVO\ RFFXSLHG RU SRWHQWL

‘'\QDPLF HQYLURQPHQWDO ILHOGYVY ZHUH VSDWLDOO\ LQWHUSRC
ZLWKLQ HDFK \HDU WLPH ZLQGRZ O5HPDLQLQJ PLVVLQJ YDOX
SUHFLSLWDWLRQ PLQXV HYDSRUDWLRQ DQG QHW SULPDU\ SURGX|
WKH FRUUHVSRQGLQJ WLPH ZLQGRZ ZKHUHDV PLVVRQJ ODNH Y
&RQWLQXRXV SUHGLFWRUYV ZHUH VXEVHTXHQWO\ VWDGDUGL]HG
GLIITHUHQFHYV LQ QXPHULFDO VFDOH DPRQJ YDULDEOHY DQG IDFL(

"\QDPLF FURS UHFRUG RFFXUUHQFH SUREDELOLW\ PRGH
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7R VLPXODWH WKH VSDWLDO H[SDQVLRQ RI FURS V\VWHPV
DFFHVVLELOLW\ FRQGLWLRQV ZH GHYHORSHG D GLVFUHWH WLPH
PRGHO 7KH PRGHO HVWLPDWHV WKH UHODWLYH SUREDELOLW\ W
VIVWHPFFXUV LQ FDQGNGOUALKR JJ WLEH R GRGHO GRHV QRW DWW
UHFRQVWUXFW WKH DFWXDO ERXQGDU\ RI FURS FXOWLYDWLRQ
FRQWULEXWLRQ ,QVWHDG DUFKDHRORJLFDO FURS UHFRUGV DUF
DFWLYLW\ DQG WKH PRGHO IRFXVHV RQ WKH UHODWLYH VSDWLD
JRU FURS WV\WDMHPLGDWR G UNLIGP P MURIE S REDELOLW\ RI QHZ FUF
RFFXUULQJ LV GHILQHG DV
ORAEWR=L WEU.... .76 TR EU. .. & TR EU.... .. &T&d
EU e &0 TR 5 TR A
' KHUlW, LV WKH LQWHUFHSW WHWHSRHY¥HRQ B WA\ Wikl &Z HALK K W
VDPH FURS ORFDO SHUVLVWHQFH WKD? UHFRUFOW R Q ¥ IZAKIHONDKUH EJU\R
WKH FXUUH®@INT ZALYGWEKH GLVFUHWH QRQ ORFDO GLIIXVLRQ WHU
DWWHQXDWLRQ SURSDJDWLRQ SUHVVXUH H[HUWHG E\ SUHYLR.
JULB\WTARV WKH G\QDPLF HQYLURQPHQWDO VXLWDELOLW\ WHU
DIIHFWL@$ FAUBSAPDUH GLIIXVLRQ HQYLURQPHQW LQWHUDFWLRQ '
UHODWLRQVKLS EHWZHHQ GLIIXVLRQ RSSRUWXQLWLHY DQG HQY!
UHSUHVHQWY FURS UHFRUG H[SDQVLRQ XVLQJ IRXU LQWHUFR(
SHUVLVWHQFH DVVRFLDWHG ZLWK SUHYLRXVO\ REVHUYHG FURS
SUHYLRXVO\ UHFRUGHG JULGV FURS VSHFLILF HQYLURQPHQWD
LQWHUDFWLRQ 7KH PRGHO GRHV QRW SUHGLFW WKH DEVROXWH
UDWKHU WKH UHODWLYH SUREDELOLW\ RI D FDQGLGDWH JULG JH!
6DPH FURS ORFDO SHUVLVWHQFH
7KH VDPH FURS ORFD®y $& PAQG/IWBD@FRH VK H PP KDV FRUORSHD\EW H P
DSSHDUHG LQ FDBBIRIHWW KHJ IFX U U QW WILIP& UHDGREDY D FURS
VIVWHP UHFRUG EHIRUH WKH FXUUHQW ZLQGRZ WKHQ
7o:TaP; L sa
2WKHUZLVH
7o:TaP; Lra
JRU DUFKDHRORJLFDO FURS GDWD WKH VDPH FURS ORFDO SH!
LV FRQWLQXRXVO\ SODQWHG ZLWKLQ WKH VDPH JULG EXW UDW
YLVLEOH HYLGHQFH Rl WKH FURS VI\VWHP PDNLQJLQXRRWR OLNH
EH SURGXFHG LQ VXEVHTXHQW WLPH ZLQGRZ Wy T FFRRHPIWWHS VLPX
IURP WKH DFWXDO REVHUYHG FURS UHFRUG VWDWH SULRU WR Wtk
SUHGLFWLRQ LV EDVHG RQ WKH GLVWULEXWLRQ RI WHBHYLRXV UF
PRGHO FDQ SUHGLFW WKH ORFDWLRQ RI QHZ UHFRURB® LQ WKH Qt
WKH SUHYLRXV VWDJH ,Q WKH FRQWisQ@%RKXR PH\P XIOFDPVW IR @ PVRHGH 6}
XSGDWHG VWDWH LQ WKH SUHYLRXV WLPH ZLQGRZ XVHG WR WHV
H[SDQVLRQ SDWWHUQ ZLWKRXW UHDO ZRUOG IROORZ XS REVHL
WKBWA4 PRRUH DFFXUDWHO\ UHSUHVHQWY VDPH FURS ORFDO SHU)\
ORFDO GLIIXVLRQ 'LIIXVLRQ XVXDOO\ UHIHUV WR SURSDJDWLRQ
76 TAPLQGLFDWHY WKH LPSDFW RI DQ H[LVWLQJ UHFRUGHG VWDW!
VDPH JULG
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'LVFUHWH QRQ ORFDO GLIIXVLRQ

7KH QRQ ORFDO &4 TIXRY.RYWCHWR UHSUHVHQW WKH VSDWLDO
HIHUWHG E\ SUHYLRXVO\ UHFRUGHG RU VLPX8DOANG FBRY LFGHOWI\Q
RQO\ ORFDO GLIIXVLRQ I[URP DGMDFHQW JULGYV WKLIMWWXG\ XVH\
RQ FDQGLGDWH JULGV ,Q RWKHU ZRUGV WKHYGYLRIW VA RW HUPHMX
VROHO\ EN\ LWV QHLJKERXULQJ JULG FHOOV EXW LV REWDLQHG U
FHOOV

7KH GLIIXVLRQ SUHVVXUHTRD ¥ DRDEAOFGODWNYHGLBGVFW&®SBS QRUPDO
LQIOXHQFH RI SUHYLRXV VRXUFH FHOOV

& TaP; L e«"eN i(ji'Ué.PF-(ETé.U;O
iDh: ¢;

ZKHB4O0 ALV WKH VHW RI SUHYLRXV VRXUYRH FROBYLFPWHRHVRS V
ZKHWKHU VRKDBHSHHOORXYVY HYLGHQFH RU VLPXODWH® WDWH L
-ooT&4UV WKH FURS VSHFLILF VRXUFH GHVWRQEDNLARLG HWHOFHID QURF
RSHUDKMRUGHQRWHY QRUPDOL]DWLRQ RI WKH UHVXOWLQJ GLIIX\
ORJLVWLF RFFXUUHQFH PRGHO

7KH SURSDJDWLRQ NHUQHO ZDV GHILQHG DV

F@:TauU; . . N )
6 TaU; b:m;m% FaoabnT; Fudadi T; EduuduT; Ecbudig TA U;

+HU@®:TAV;WKH GLVWDQFH HEBQYGHHDD & G DG FINQ® FURS
VSHFLILF GLVWD GERLEHWEKH VEROPDOL]HG: V;0R SMK W HURPU PID®G | H G
HOHYDWLRQ UHGDTMBIES BRVWQWMNUPLYHU S#:R[ABHE U HDWFH G WV L BIKOH
FRQVLVWHQF\ EHWZHHQ WKH VRXUFH GHVWLQDWLRQ GLUHFWLRG
36 TAUY WKH FURS VSHFLILFTEVUMKMW L R[GIBOFSRISRUSHFLILF UHJLRQ
ZHLJKW RI WKH FDQGLGDWH FHOO

7KH SDU D& bildBidbay Lo doosdd Qe RQWURO KRZ VORSH HOHYD\
SUR[LPLW\ ULYHU DOLJQPHQW DQG WKH GLUHFMWIPR JKGI\VSHJLRU F
SDUDPHWHUV FRUUHVSRQG WR WKH GLIIXVLRQ NHUQHO SDUDPH)
FRQWA4DN\ZWY IL[HG EHIRUH PRGHO ILWWLQJ DQG XVHG RQO\ DV [
PRGLILHU ,W GLG QRW H[FOXGH FDQGLGDWH JULG FHOOV RU IRU

"\QDPLF HQYLURQPHQWDO VXLWDELOLW\

'"\QDPLF HQYLURQPHQWDO' V% PWBSUNMAQWWHURKH FRPSUHK
HQYLURQPHQWDO VXLWDEQGHW \FRIQRUEDN W MRIMPZ T IQLOR W H U P
FRQVLVWV Rl SUHFLSLWDWLRQ 3 SUHFLSLWDWLR®3HYDSRUDW
WHPSHUDWXUH 7 DQG YLUWXDO ODNH OHYHO // BRQG LV XVHG
WKH SUREDELOLW\ Rl FURS UHFRUGY GXH WR ORFDO K\GURORJLI
KHDW FRQGLWLRQV

'o'TaP; EaB 2:TAR@BsoE Fud:2 F':TaPeA.dfrnik TaB22: TAP;
ES:6:TaP /&S :TaP:a

'KHUSE 46 Se2%a05ceas SiaoDQSaaoDUH WKH ZHLIJKWV RI HDFK HQYL

FRPSRQHQW 7KH VXLWDELOLW\ RI 3 DQG 3 ( LV H[SUHVVHG XVLQ.
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+HUW LV WKH HQYLURQPHQWDO YDULDEOH YDOXHVLYKMHKH FXU
FDQGLGDWH RSWVPWKHDWHYVSRQVH ZLGWK 7KLV IXQFWLRQ LQG
HQYLURQPHQWDO YDULDEOH LV WR WKH FDQGLGDWHORSWLPDO YD
7KH IDUWKHU LW GHYLDWHY IURP WKH RSWLPDO YDOXH WKH ORZ

133 7 DQEHUH QRUPDOL]JHG WR D UDQJH EHIRUH HQWHULQJ
WKH WHPSHUDWXUH WHUP LQGLFDWHY VXLWDELOLWKHHRU UHODYV
WHPSHUDWXUH WHUP LV LOQWURGXFHG DV UHODWLYH FRRO VXLW
FRROHU RU GU\ HQYLURQPHQWYV ' gWa\WPKR XOU)GHEHY HPB & P N QW B OWKDI
LQGLFDWRU XVHG WR SUHGLFW WKH SUREDELOLW\ RI QHZ DUFKD
SK\WVLRORJLFDO PRGHO RI FURS HFRORJLFDO QHHGYV

"LITXVLRQ HQYLURQPHQW LQWHUDFWLRQ

7KH GLIIXVLRQ HQYLURQPH&RW® B; TlaPMWH XIVHVGL RVR WHSPHVHQW
FRXSOLQJ UHODWLRQVKLS EHWZHHQ WUDQVPLVVLRQ RSSRUWXQL
KDV KLJK HQYLURQPHQWDO VXLWDELOLW\ EXW ODFNVKWSDWLDO |
SUREDELOLW\ RI QHZ FURS UHFRUGVYV PD\ UHPDLQ WREZQXRQYHU'
DIJULFXOWXUDO DUHDV RU XQGHU KLJK WUDQVPLVVIHRXQNSUHVV XU
LW PD\ EH GLIILFXOW WR IRUP QHZ FURS UHFRUGYV 7KHUHIRUH G
DV LOQOWHUDFWLQJ PRGHO FRPSRQHQWY WKDW MRLGWRS FRQWULE
UHFRUG RFFXUUHQFH

7R DYRLG LQWHUSUHWLQJ WKH LQWHUDFWLR®@®WPREHWDROHO\
IOH[LELOLW\ WKLV VWXG\ IXUWKHU FDOFXODWHY WAKH HQIYWURQP |
HITHFW 6SHFLILFDOO\ ZH FRPSDUH WKH SUHGLFMWA RQWSKIREDK L O
GLIIXVLRQ SUHVVXUH DQG KLJK HQYLURQPHQWDO VXLWDELOLW\
ORZ HQYLURQPHQWDO VXLWDELOLW\ DQG D JULGIXVMWRQKLJIK HC
SUHVVXUH ,I| WKH SUHGLFWLRQ SUREDELOLW\ IRW MWXGIL FIDUNNW VID\
FRXSOLQJ UHODWLRQVKLS EHWZHHQ GLIIXVLRQ RSSRUWXQLW\ DC
WHUP LV HVSHFLDOO\ LPSRUWDQW IRU GLVWLQJXLVKRQJ WKH H[S
JRU ULFH LI GLIIXVLRQ SUHVVXUH PDLQO\ WUDQVIKKWHY LQWR [
KXPLGLW\ VXLWDELOLW\ LW LQGLFDWHYV WKDW ULFHVM[SDQVLRQ
HQYLURQPHQW JDWLQJ FKDUDFWHULVWLFV )RU PYROIHV WM WKH
WKDW H[SDQVLRQ LV PRUH OLNHO\ WR GHSHQG RQ H[LVWLQJ GU\
IURQWLHU FRQWLQXDWLRQ )RU ZKHDW EDUOH\ LI JKAW)RQ ORFD
DQG WKH PRLVW HQYLURQPHQW JDWLQJ LV ZHDNHU LW LQGLFDW
GLIIXVLRQ DQG VSDWLDO UHDFKDELOLW\ SURFHVVHYV

THPSRUDO LQWHQVLW\ DQG SUREDELOLW\ FRUUHFWLRC(

7KH H[SDQVLRQ UDWHV RI WKHVH WKUHH V\VWHPV DOVR GLIIH
DQRG ULFH UHFRUGHG KLJKHU LQWHQVLW\ LQ WKH PLGGOH VWDJH
ODWHU VWDJH 7R HQVXUH WKH FRQWLQXRXV VLPXODUMLRQ VHH
DQG WHPSRUDO UK\WKP RI FURS UHFRUG H[SDQVLRQ LQVWHDG R
WLPH LQWHFNLURU WIIBBR FURS V\VWHP

Jb:P;LiéLlIgSA! @é§:P;I%éE$:Fﬁoé
+HUH:P,LV WKH VWDQG DYHUW ] h® @ JHD UHOWKH WLPH LQWHQVLW\ S
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RI FURS VA\VWHP F 7KLV WHUP LV REWDLQHG E\ ILWWLQJ WKH LQV
HDFK WLPH ZLQGRZ DQG LV XVHG WR DGMXVW WKH RWHUDOO SU
VKRXOG EH HPSKDVL]HG WKDW WKH WLPH LQWHQVLW\ WHUP LV Q
XVHG WR H[SODLQ WKH VSHFLILF GULYLQJ IRUFH EHKLQG WKH HJ[
WR FRQWURO GLIITHUHQFHV LQ UHFRUGLQJ GHQVLW\ EHWZHHQ GL
WKH PRGHO IURP EHLQJ V\VWHPDWLFDOO\ VKLIWHG EQD IHZ KLJK
RWKHU ZRUGV WKH VSRWAPOHSUREBDBVOML XKMHUBRHZ UHFRUGV D!
DSSHDU ZKLOH WKH ¥EBPPAFRUQWHWY LUWRU VGHUPPUHQFHY LQ RYHUDO!
DFURVV GLIIHUHQW WLPH ZLQGRZV

$IWHU FRUUHFWLQJ IRU WLPH LQWHQVLW\ DQ®/VZXYBRZIFOHQJIW
VLPXODWLRQ LV H[SUHVVHG DV

A TaP; Lew¥AaRBP;EP;4dnAad

:KHU3:P;LV WKH ZLQGRZ OHQJWK DQG ZLQGRZ OHYHO LQWHQV
WKH SUREDELOLW\ OLPLW XVHG WR SUHYHQW X REDEQOLWLF GH\
JULGV LQ FRQWLQXRXV UROOLQJ VLPXODWLRQV

20H VWHS DQG FRQWLQXRXV VLPXODWLRQ

‘H XVig TAWR GHQRWH WKH REVHUYHG RU LQSXW SHUVLVWHQFFH
DQ&® TAWR GHQRWH WKH VLPXODWHG VWDWH LQWHQVLW\ XSGDWH
,Q RQH VWHS VLPXODWLRQ WKH PRGHO XVHV UHQ@G B HVRURS UH
LW LV PDLQO\ XVHG WR WHVW ZLQGRZ OH YKHOWIKRHIWH MDMWHVR R G HFD SO
PDLQWDLQ D ORQJ WHUP H[SDQVLRQ SDWWHUQ ZLWKRXW UHO\
REVHUYDWLRQV WKLV VWXG\ FRQGXFWHG FRQWLQXRXV UROOI
VLPXODWLRQ VWDUWYV ZLWK WKH LQLWLDO FURPNWDWGRENIRUH

% TaPE P;L:sF.8TaP; E>§F&HPsTI&AP ;A

KHUR: TaR,V WKH VLPXODWHG VWDWH EHIRH RMKHVRKUUHQW
SUREDELOLW\ RI QHZ UHFRUGYV DIWHU WLPH 1BQRHQW.KH DW0EWHQ
ORVV UDWH 7KLV XSGDWH HTXDWLRQ:$R@\W D:xpTAMPWIRHYHRFMHW V H \
WKH UHWHQWLRQ RI H[LVWLQJ FURS VWDWHY PHDQLQJ WKDW JU
VWDWHYVY FDQ FRQWLQXH WR PDLQWDLQ D FHUWDLQ YWDWH LQWtE
>s FpTa P T@EPHSUHVHQWY D JULG WKDW SUHYLRXVO\ KDG QR FUR
LQ WKH FXUUHQW ZLQGRZ EDVHG RQ WKH S RHINEXUHW\WR QHZ
UHSUHVHQW VWDWH GHFOLQH FDXVHG E\ IDFWRUV VXFK DV G|
DUFKDHRORJLFDO YLVLELOLW\ UHJLRQDO DJULFXOWXUDO V\VWH
&RQWLQXRXV VLPXODWLRQ LV QRW LQWHQGHG WR UHSODFH RQH
OHYHO IRUHFDVW EXW UDWKHU WR WHVW ZKHWKHUWKKH PRGHO
ORQJ WHUP FURS UHFRUG H[SDQVLRQ SDWWHUQV HYHQ DV HUURL

ORGHO ILWWLQJ DQG SDUDPHWHU VHOHFWLRQ

JRU HDFK FURS VA\VWHP PRGHO FRHIILFLHQWY ZHUH ILWWHG X
UHFRUG RFFXUUHQFH DV WKH ELQDU\ UHVSRQVH YDULDEOH 7KH
VDPH FURS ORFDO SHUVLVWHQFH QRQ ORFDO GLIIXVLRQ HQY
HQYLURQPHQW LQWHUDFWLRQ WHUPV :H GLVWLQJXLWVWK EHWZHH
RFFXUUHQFH FRHIILFLHQWY 'LIIXVLRQFNRMWUHIO SKORID P 8 WK VH GH
ULYHU SUR[LPLW\ ULYHU DOLJQPHQW DQG GLUHF&ILTRR@DO SULRUYV
/IRJILVWLF FRHIILFLHQW\D Q®HQ\RWKIE HENHFWY Rl VDPH FURS ORFDC
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GLIIXVLRQ HQYLURQPHQWDO VXLWDELOLW\ DQG WKHLU LQWHUDF
6SDWLDO GLIIXVLRQ SDUDPHWHUV HQYLURQPHQWDO VXLWD
SDUDPHWHUY ZHUH VHOHFWHG IURP SUHGHILQHG FDQGLGDWH VH
WHUUDLQ FRVW ZHLJKWY ULYHU UHODWHG ZHLJKW¥ UHJLRQD
HQYLURQPHQWDO UHVSRQVH SURILOHYVY )RU HDFK FDQGLGDWH SI
SUREDELOLW\ VXUIDFHVY DFURVVY WLPH ZLQGRZV DQG SUHGLFWLY
SUHFLVLRQ $8& DQG SUREDELOLW\ FDOLEUDWLRQ PHWULFYV
7KH PRGHOOLQJ IUDPHZRUN GLVWLQJXLVKHG DPRQJ IL[HG GHVI
ILWWHG VWDWLVWLFDO FRHIILFLHQWYV )L[HG GHVLFPH FKRLFHV L
ZLQGRZ OHQJWK FDQGLGDWH FHOO PDVN DQG SUREDELOLW\ FHL
GLIIXVLRQ NHUQHO SDUDPHWHUY DQG HQYLURQPHQWDO VXLWDEL
VHSDUDWHO\ IRU HDFK FURS VA\VWHP 7KH ILQDO SDUBPHWHU FRQ
DUH VXPPDUL]JHG LQ 6XSSOHPHQWDU\ 7DEOH 6
7R DYRLG RYHU LOWHUSUHWLQJ VLQJOH EHVW ILW SDUDPHWH
FRPELQDWLRQV DQG SVHXGR SRVWHULRU VXSSRUW EDVHG RQ OL
VXSSRUW DFURVYV QHDU RSWLPDO FRPELQDWLRQVY DQG ERRWVW
UHOLDEOH LQGLFDWRUV Rl FURS VSHFLILF H[SDQVLRQ PHFKDQL
VXSSRUW ZHUH LQWHUSUHWHG FDXWLRXVO\ DV SUHGLFWLYH ZI
SDUDPHWHUYV
ORGHO HYDOXDWLRQ DQG UREXVWQHVV WHVWYV
ORGHO SHUIRUPDQFH ZDV HYDOXDWHG XVLQJ $8& DQG DYHUDJ
WUXH QHZ UHFRUG FHOOV DUH UDQNHG KLJKHU WKDQ QRQ UHFRU
$8& EHFDXVH SRVLWLYH FURS UHFRUG FHOOV ZHUH VSDUVH UHOD
VI\IVWHP DQG WLPH ZLQGRZ WKH UDQGRP $3 EDVHOLQH ZDV FDOF
JULG FHOOV ORGHO $3 zDV WKHQ FRPSDUHG ZLWKRMGKHLOY/ UDQGRI
HQULFKHG WUXH QHZ UHFRUGY LQ KLJK SUREDELOLW\ DUHDV
$UHD FRQVWUDLQHG HYDOXDWLRQ ZDV XVHG WR WHVW ZKHWK
E\ DVVLIJQLQJ KLJK SUREDELOLWLHVY WR RYHUO\ EURDG DUHDV &l
SUREDELOLW\ DQG ZH FDOFXODWHG WKH SURSRUWRE8Q RI REVHU
DQG RI SUHGLFWHG DUHDV 7RS N SUHFLVLRQ ZDV DOVR
KLJK SUREDELOLW\ JULG FHOOV
6SDWLDO QXOO PRGHOV ZHUH XVHG WR FRQWURO IRU VSDWLD
ELDV 7KH IXOO0 PRGHO ZDV FRPSDUHG ZLWK WKUHH QX0OO PRGHO
FURS ."( QXOO PRGHO EDVHG RQ SUHYLRXV UHFRUGV RI WKH VDPFL
'( QX0O0O PRGHO EDVHG RQ DOO FURS UHFRUGY 7KHVH FRPSDU|]
SHUIRUPHG EHWWHU WKDQ UDQGRP H[SHFWDWLRQ SUHYLRX\
DUFKDHRORJLFDO VDPSOLQJ LQWHQVLW\
1HVWHG PRGHO FRPSDULVRQV ZHUH XVHG WR HYDOXDWH ZKHW
IURP LQFUHDVLQJ PRGHO FRPSOH[LW\ )RXU PRGHO OHYHOV ZHUH
/ra@TaP;
/lsa@TaP;ERAP;
/taQ:TaP;ERAP;ETAP;
fluaTaP;ERAP;ETAaP;ERaR;TAP;
+HUH LQFOXGHV RQO\ VDPH FURSDGBNDQRHOREM® HEAHX VLR
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DGGV G\QDPLF HQYLURQP HQWD QVKBKLWDBLQQWWHUDFWLRQ PRGHC
FRPSDUHG XVLQJ $8& $3 $,& %,& DQG %ULHU VFRUH

BUREDELOLW\ FDOLEUDWLRQ ZDV HYDOXDWHG XVLQJ %YULHU VI
FURS UHFRUGY DUH VSDUVH FDOLEUDWLRQ FXUYHVY ZHUH FRQV\
ELQVY UDWKHU WKDQ IL[HG SUREDELOLW\ LQWHUYDOV 3UHGLFW
SUREDELOLWLHY RI QHZ DUFKDHRORJLFDO FURS UHFRUG RFFXUUFL
FXOWLYDWLRQ

THPSRUDO WUDQVIHU YDOLGDWLRQ ZDV XVHG WR WHVW ZKHW|
GLITHUHQW SDUWV RI WKH VWXG\ SHULRG 7KH %3 LQWHUYI
,Q RQH H[SHULPHQW WKH PRGHO ZDV ILWWHG XWLQD HDKIO\ ZLQ
UHYHUVH H[SHULPHQW WKH PRGHO ZDV ILWWHG XVLQJ ODWH
SHUIRUPDQFH ZDV HYDOXDWHG DJDLQVW WKH UDQGRP $3 EDVHO
HISHFWDWLRQ LQ WKH WHVW SHULRG WKH PRGHO ZDV FRQVLGHL

$GGLWLRQDO UREXVWQHVY WHVWY HYDOXDWHG HQYLURQPHQ
UHIJLRQDO YDOLGDWLRQ FKURQRORJLFDO XQFHUWDLQW\ DQG
(QYLURQPHQWDO FROOLQHDULW\ ZDV DVVHVVHG XVLQJ FRUUHOD
SULQFLSDO FRPSRQHQW VWUXFWXUH DQG UHVLGXDO VSDWLDO L
IRU REVHUYHG UHFRUGY SUHGLFWHG SUREDELOLWLHY DQG UHVL
LQ WKH <HOORZ 5LYHU 1RUWK &KLQD UHJLRQ WKH PLGGOH ORZF
&KURQRORJLFDO XQFHUWDLQW\ ORQWH &DUOR WHVWYV UDQGRP
XQFHUWDLQW\ UDQJHY DQG UHFDOFXODWHG PRGHO PHWULFV |
HYDOXDWHG E\ FRPSDULQJ WKH EDVHOLQH \HDU f VHWWLQJ
f VSDWLDO DJJUHJIJDWLRQ

OHFKDQLVWLF GLDJQRVWLFV

7R LGHQWLI\ FURS VSHFLILF H[SDQVLRQ PHFKDQLVPV ZH FR
HISHULPHQWY HQYLURQPHQWDO JDWLQJ GLDJQRVWLFV DQG IURC

,Q WKH DEODWLRQ H[SHULPHQWYVY RQH PHFKDQLVPHWHUP ZDV |
ZKLOH RWKHU SDUDPHWHUY ZHUH NHSW XQFKDQJHG 7KH DEODWI
ORFDO SHUVLVWHQFH QRQ ORFDO GLIIXVLRQ HQYWHRE@NFHQWDO )\
JRU HDFK VFHQDULR ZH UHFDOFXODWHG SUHGLFWHG SUREDELOL

#2L #deopwifRlaoo

$ ODUJH QHADNGULYVFDWHY WKDW WKH UHPRYHG PHFKDQLVP FRQW
UDQNLQJ RI QHZ FURS UHFRUGYV I $3 FKDQJHG OLWWOH EXW V
VXEVWDQWLDOO\ WKH PHFKDQLVP ZzDV LQWHUSUHWXHGDIFHDIIHFW
H[WHQW UDWKHU WKDQ GLUHFWO\ FRQWUROOLQJ WKH UDQNLQJ R

(QYLURQPHQWDO ILOWHULQJ ZDV HYDOXDWHG E\ JURXSLQJ
HOYLURQPHQWDO VXLWDELOLW\ TXDQWLOHY DQG FRPSDULQJ SUF
IUHTXHQFLHY DPRQJ TXDQWLOHYV 6WURQJ FRQFHQWUDWLRQ RI
LQGLFDWHY VWURQJHU HQYLURQPHQWDO ILOWHULQJ

(QYLURQPHQWDO JDWLQJ zZzDV DVVHVVHG E\ FRPSDULQJ SUH
GLIIXVLRQ KLJK VXLWDELOLW\ FHOOV KLJK GLIITXXLBRK ORZ VXL\
VXLWDELOLW\ FHOOV $ VWURQJ LQFUHDVH LQ SUREDEFIOLMNY XQG
WKDW GLIIXVLRQ SUHVVXUH ZDV PRUH OLNHO\ WRR®®HWDRQVQHZ
ZHUH IDYRXUDEOH
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JURQWLHU PRELOLW\ ZDV DVVHVVHG E\ FDOFXODWRQJ WKH GL

WKH QHDUHVW SUHYLRXV VDPH FURS UHFRUG FHOO )JURQWLHU Y
%:TaPL; g'égTéP;

DQG FRQYHUWHG WR NLORPHWUHV SHU \HDUV 7KLV LQGH]
SRSXODWLRQ PRYHPHQW RU FURS FXOWLYDWLRQ ,QVWHDG LW
DUFKDHRORJLFDOO\ YLVLEOH FURS UHFRUGV +LJKHU IURQWLHU |
ORFDO RU OHDSIURJ VW\OH FURS UHFRUG H[SDQVLRQ

7RIHWKHU WKHVH GLDJQRVWLFV ZHUH XVHG WR GLVWLQJXLVEk
DVVRFLDWHG ZLWK VDPH FURS SHUVLVWHQFH HQYLURQPHQWD(
PHGLDWHG DFFHVVLELOLW\ RU GLIIXVLRQ HQYLURQPHQW FRXSOL
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=KDQJ & +XQJ + & 7KH HPHUJHQFH RI DJULFXOWXUH LQ VRXW
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UHPDLQV IURP %DOLJDQJ 1DQ\DQJ %DVLQ &HQWUDO &KLQ
H
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DUFKDHRORJ\ 6FL 'DWD
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&KLQD D GDWDVHW RI DUFKDHRERWMD@LFWBAP PBOFIUHRYMHP D'IDC
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'DQLHOVRQ -- *HVFK '% *OREDO P