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Ulffdugr Uherqdwr dqg Pdun Mrvkl
TXDUF 0 Txdqwlwdwlyh Uhvhdufk Fhqwuh ri wkh Ur|do Edqn ri Vfrwodqg

Mxo| 57/ 5334

Devwudfw

Zh suhvhqw d mrlqw hpslulfdo2wkhruhwlfdo dqdo|vlv ri wkh fkdqjhv lq wkh
lpsolhg yrodwlolw| vzdswlrq pdwul{ iru wzr fxuuhqflhv +XVG dqg GHP2HXU,1
Zh uhfrjql}h wkh h{lvwhqfh ri d vpdoo qxpehu ri uhfrjql}deoh vkdsh sdw0
whuqv/ dqg frpphqw derxw wkh vshhg ri wudqvlwlrq ehwzhhq wkhp1 E|
Sulqflsdo0Frpsrqhqw0Dqdo|}lqj wkh dvvrfldwhg fruuhodwlrq dqg fryduldqfh
pdwulfhv zh kljkoljkw d qrq0wulyldo lqwhusuhwdwlrq iru wkh ohdglqj hljhqyhf0
wruv1 Zh dovr frpsduh wkh hpslulfdoo| rewdlqhg hljhqyhfwruv dqg hljhqydo0
xhv zlwk wkh fruuhvsrqglqj txdqwlwlhv surgxfhg e| wkh vwrfkdvwlf0yrodwlolw|
OLERU pdunhw prgho ri Mrvkl dqg Uherqdwr +5334,1 Wklv doorzv xv wr
shuirup d phdvxuh0lqghshqghqw frpsdulvrq wkdw lv ri lqwulqvlf lqwhuhvw/
dqg wkdw fdq dovr surylgh d jhqhudo eoxhsulqw iru dqdo|}lqj wkh uhdolvp
ri dqg fkrrvlqj dprqj vlploduo|0�wwlqj vwrfkdvwlf prghov1 Zh �qg wkdw
phdq uhyhuvlrq ri wkh lqvwdqwdqhrxv yrodwlolw| lv d qhfhvvdu| frqglwlrq lq
rughu wr redwlq wkh pdunhw0revhuyhg vkdsh ri wkh �uvw hljhqyhfwru dvvrfl0
dwhg zlwk wkh fryduldqfh pdwul{1

4 Lqwurgxfwlrq

Fdsohwv dqg Hxurshdq vzdswlrqv hqmr| d vrphzkdw sulylohjhg vwdwxv lq wkh
lqwhuhvw0udwh ghulydwlyhv zruog/ lq wkdw wkh| duh wkh oltxlg sodlq0ydqlood uhihuhqfh
lqvwuxphqwv xvhg e| wkh frpsoh{ ghulydwlyhv wudghuv wr khgjh wkh *frqyh{lw|*
ri wkhlu srvlwlrqv +l1h1 iru khgjlqj eh|rqg wkh ghowd ohyho,1 Lq wklv uhvshfw/
wkh h{rwlf lqwhuhvw0udwh rswlrq wudghu whqgv wr uhjdug fds+ohwv, dqg Hxurshdq
vzdswlrq doprvw dv klv prvw qdwxudo vhw ri *xqghuo|lqj* lqvwuxphqwv1 Lqghhg/ rqh
ri wkh uhdvrqv ri dsshdo ri wkh OLERU pdunhw prgho lv lwv delolw| wr uhfryhu wkh
Eodfn sulfhv ri wkhvh ehqfkpdun ghulydwlyhv1 Ixuwkhupruh/ d vljql�fdqw dprxqw
ri gluhfw vfuhhq0ylvleoh lqirupdwlrq lv dydlodeoh iru wkhvh lqvwuxphqwv lq doprvw
uhdo wlph/ pdnlqj wkhlu sulfhv wr d odujh h{whqw prgho lqghshqghqw1

Zkhq h{dplqhg lq ghwdlo/ wkh vlwxdwlrq lv dfwxdoo| vrphzkdw pruh frpsoh{/
vlqfh eurnhuv* txrwhv ri fds/ udwkhu wkdq fdsohw/ lpsolhg yrodwlolwlhv duh srvwhg rq
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wkh vfuhhq
�
1 Lq wkh suhvhqfh ri vplohv/ lw lv qrw d vlpsoh dqg prgho0lqghshqghqw

wdvn wr h{wudfw iurp wkhvh txrwhv wkh dw0wkh0prqh| yrodwlolwlhv ri wkh xqghuo|lqj
fdsohwv1 Wkh vzdswlrq lqirupdwlrq lv/ rq wkh rwkhu kdqg/ pxfk *fohdqhu*/ vlqfh
hdfk vfuhhq txrwh uhihuv wr rqh vlqjoh dw0wkh0prqh| rswlrq1 Wkh frqvwuxfwlrq
ri wkh vzdswlrq lpsolhg yrodwlolw| pdwul{/ gh�qhg suhflvho| ehorz/ lv wkhuhiruh
d pxfk vlpsohu dqg xqdpeljxrxv wdvn/ uhtxlulqj dv lw grhv dw prvw d wzr0
glphqvlrqdo lqwhusrodwlrq2h{wudsrodwlrq h{huflvh1 Lw lv iru wklv uhdvrq wkdw zh
irfxv wkh dqdo|vlv ri wkh suhvhqw zrun rq vzdswlrq/ udwkhu wkdq fdsohw/ lpsolhg
yrodwlolwlhv1

Wkh vwdqgdug OLERU pdunhw prgho +vhh/ h1j1/ Eudfh Jdwduhn dqg Pxvlhod
+4<<8, Pxvlhod dqg Uxwnrzvnl +4<<:,/ Mdpvklgldq +4<<:,, dqg/ lqghhg/ wkh
Eodfn irupxod +Eodfn +4<:9,, lq whupv ri zklfk wkh lpsolhg yrodwlolwlhv ri vzds0
wlrqv duh txrwhg/ dvvxph d ghwhuplqlvwlf yrodwlolw| vwuxfwxuh1 Wklv/ lq wxuq/ fdq
rqo| jlyh ulvh wr d ghwhuplqlvwlf hyroxwlrq ri wkh whup vwuxfwxuh ri yrodwlolwlhv
dqg ri wkh vzdswlrq pdwul{1 D frpprq xvhixo fulwhulrq lq rughu wr frqvwudlq
wkh sdudphwhuv ri wkh OLERU pdunhw prgho kdv ehhq wkh uhtxluhphqw wkdw wkh
hyroxwlrq ri wkhvh wzr txdqwlwlhv vkrxog eh dv wlph0krprjhqhrxv dv srvvleoh1
Vhh/ iru lqvwdqfh/ Orqjvwd� dqg Vdqwd Fodud +5333d, dqg +5333e,/ Dqghuvhq
dqg Dqguhdvhq +4<<<,/ Vlehqlxv +5333, dqg +4<<;,/ Phufxulr dqg Euljr +5334,/
Uherqdwr +5334,1 Hpslulfdoo|/ krzhyhu/ wkh whup vwuxfwxuh ri yrodwlolwlhv dqg
wkh vzdswlrq pdwul{ kdyh ehhq revhuyhg wr glvsod| d vljql�fdqw ghjuhh ri vwr0
fkdvwlflw|1 Wklv ihdwxuh kdv ehfrph sduwlfxoduo| qrwlfhdeoh lq wkh diwhupdwk ri
wkh Uxvvld fulvlv/ +vhh wkh glvfxvvlrq lq Vhfwlrq 5,/ dqg kdv surpswhg wkh lqwur0
gxfwlrq ri vwrfkdvwlf0yrodwlolw| h{whqvlrqv ri wkh OLERU pdunhw prgho

�
1 Wkh

zrun e| Mrvkl dqg Uherqdwr +5334, lv rqh h{dpsoh lq wklv gluhfwlrq1
Wkh txdolw| ri wkh �wwlqj ri wkh vploh vxuidfh wkdw d jlyhq prgho doorzv

lv/ ri frxuvh/ dq lpsruwdqw fulwhulrq lq rughu wr ghflgh zkhwkhu lw surylghv d
uhdvrqdeoh ghvfulswlrq ri wkh pdunhw wkh| dwwhpsw wr ghvfuleh1 Dv lw lv zhoo
nqrzq/ krzhyhu/ d ydulhw| ri �qdqfldoo| yhu| gl�huhqw prghoolqj dssurdfkhv fdq
surgxfh �wv ri hvvhqwldoo| wkh vdph txdolw|1 Lqghhg/ Eulwwhq0Mrqhv dqg Qhxehujhu
+4<<<, vkrz krz dq duelwudu| vwrfkdvwlf0yrodwlolw| prgho fdq eh pdgh wr �w
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h{dfwo| e| frqvwuxfwlrq dq| +vx!flhqwo| uhjxodu, h{rjhqrxv vploh vxuidfh1 Wkh
qhhg wr dvvhvv wkh uhdvrqdeohqhvv ri d prgho e| phdqv rwkhu wkdq wkh txdolw|
ri wkh �w wr wrgd|*v pdunhw sulfhv lv wkhuhiruh dfxwho| ihow lq wkh wudglqj dqg
dfdghplf frppxqlw|1 Li/ ehfdxvh ri wkh gl!fxowlhv lq pdnlqj gluhfw xvh ri wkh
fds gdwd/ rqh fkrvh wr frqfhqwudwh rq vzdswlrq0uhodwhg lqirupdwlrq/ lw zrxog
eh whpswlqj wr wu| dqg dvfhuwdlq wkh uhdolvp ri d sursrvhg prgho e| frpsdulqj
wkh pdunhw0revhuyhg dqg wkh prgho0surgxfhg fkdqjhv lq wkh vzdswlrq pdwul{1
Wkh h{huflvh lv krzhyhu pdgh gl!fxow e| wkh idfw wkdw rqh vhw ri txdqwlwlhv
lv uhodwhg wr wkh ulvn0dgmxvwhg dqg wkh rwkhu wr wkh uhdo zruog1 Li/ dv lw lv wkh
fdvh iru wkh Mrvkl0Uherqdwr +5334, dssurdfk/ wkh vrxufh ri udqgrpqhvv lq wkh
yrodwlolw| g|qdplfv lv lqwurgxfhg e| srvlwlqj dq dgglwlrqdo +vhw ri, Eurzqldq
vkrfnv/ wkhuh lqwhuyhqh d vhw ri guliw wudqvirupdwlrqv lq prylqj ehwzhhq rqh
zruog dqg wkh rwkhu +vhh/ h1j1 Ohzlv +5333,,1 Lw lv wkhuhiruh qrw d sulrul reylrxv
wr zkdw h{whqw wkh uhvxowlqj hyroxwlrq ri wkh uhdo dqg prgho vzdswlrq pdwulfhv
fdq eh frpsduhg1 Ghvslwh wkhvh gl!fxowlhv/ lw zrxog eh kljko| ghvludeoh wr eulqj
vwdwlvwlfdo lqirupdwlrq wr ehdu rq wkh �qdqfldo mxvwl�fdwlrq ri wkh h{whqvlrqv wr
wkh OLERU pdunhw prgho wkdw duh ehlqj lqwurgxfhg1

Zh dgguhvv wklv sureohp iurp d mrlqw hpslulfdo2wkhruhwlfdo shuvshfwlyh1 Iluvw
ri doo zh dqdo|}h lq Vhfwlrq 5 pdunhw gdwd shuwdlqlqj wr wkh XV dqg HXU2GHP
vzdswlrq pdwulfhv1 Dw d txdolwdwlyh ohyho/ zh ehjlq e| uhfrjql}lqj gl�huhqw
vkdsh sdwwhuqv iru wkh vzdswlrq vxuidfh lq wkh wzr fxuuhqflhv/ dqg zh frpphqw
rq wkh vshhg ri wudqvlwlrq iurp rqh sdwwhuq wr wkh rwkhu1 Zh wkhq shuirup d
Sulqflsdo Frpsrqhqw Dqdo|vlv ri wkh fkdqjhv lq dw0wkh0prqh| lpsolhg vzdswlrq
yrodwlolwlhv e| fdofxodwlqj dqg ruwkrjrqdol}lqj wkh fruuhodwlrq dqg fryduldqfh
pdwulfhv dprqj fkdqjhv lq wkh lpsolhg yrodwlolwlhv wkdw pdnh xs wkh vzdswlrq
pdwul{1 Zh surylgh dq lqwxlwlyh txdolwdwlyh lqwhusuhwdwlrq ri wkh uhvxowv +jlyhq
wkh frpsoh{ vwuxfwxuh ri d vzdswlrq pdwul{/ rxu uhvxowv duh pruh lqwhuhvwlqj wkdq
wkh xvxdo ohyho2vorsh2fxuydwxuh ghfrpsrvlwlrq,1 Wr wkh ehvw ri rxu nqrzohgjh/
qr vwxg| hlwkhu ri wkh txdolwdwlyh sdwwhuqv ri fkdqjh ri wkh vzdswlrq pdwul{
ru ri lwv Sulqflsdo Frpsrqhqw Dqdo|vlv kdyh ehhq suhvhqwhg lq wkh olwhudwxuh
vr idu1 Wkh rqo| vrphzkdw uhodwhg zrun zh duh dzduh ri lv Doh{dqghu*v +5333,
Sulqflsdo Frpsrqhqw vwxg| ri lpsolhg htxlw| lqgh{ yrodwlolwlhv1

Zh wkhq pryh wr wkh Sulqflsdo Frpsrqhqwv Dqdo|vlv ri wkh fkdqjhv lq wkh
vzdswlrq pdwul{ dv suhglfwhg e| wkh vwrfkdvwlf0lqvwdqwdqhrxv0yrodwlolw| prgho
sursrvhg e| Mrvkl dqg Uherqdwr +5334, dqg hvwlpdwh wkh hljhqyhfwruv dqg hljhq0
ydoxhv ri wkh vzdswlrq pdwul{ fruuhodwlrq lpsolhg e| wkh wkhruhwlfdo hyroxwlrq
ri wkh lqvwdqwdqhrxv yrodwlolw|1 Wkh lpsruwdqw dgydqwdjh ri wklv SFD0edvhg
phwkrgrorj| lv wkdw/ dv zh glvfxvv lq vhfwlrq 614/ wkh vwdwlvwlfdo +uhdo0zruog,
dqg wkh ulvn0dgmxvwhg sulqflsdo frpsrqhqwv duh xqfkdqjhg lq prylqj ehwzhhq
phdvxuhv/ vlqfh wkh| rqo| ghshqg rq wkh +ghwhuplqlvwlf, yrodwlolw| dqg fruuh0
odwlrq ri wkh yrodwlolw| surfhvv/ dqg fdq wkhuhiruh eh gluhfwo| frpsduhg1 Wklv
doorzv xv wr flufxpyhqw wkh sureohpv dooxghg wr deryh ri frpsdulqj uhdo0zruog
dqg prgho0surgxfhg fkdqjhv lq wkh ryhudoo vkdsh ri wkh vzdswlrq pdwul{1

Lw pxvw eh vwuhvvhg wkdw wkhuh duh vhyhudo ohyhov dw zklfk wkh *ydolglw|* ru
*uhdvrqdeohqhvv* ri d prghoolqj dssurdfk/ vxfk dv wkh Mrvkl dqg Uherqdwr vwr0
fkdvwlf lqvwdqwdqhrxv yrodwlolw| prgho/ fdq eh dvvhvvhg= wkh prvw ghpdqglqj
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whvw zrxog uhtxluh d vxevwdqwldo frqjuxhqfh ehwzhhq wkh uhohydqw pdujlqdo dqg
frqglwlrqdo prphqwv ri wkh prgho dqg vwdwlvwlfdo glvwulexwlrqv1 Li wklv whvw zhuh
uljrurxvo| dssolhg/ doo wkh prghoolqj dssurdfkhv +lqfoxglqj wkh vwdqgdug OLERU
pdunhw prgho, edvhg rq d jhrphwulf0Eurzqldq0prwlrq dvvxpswlrq iru wkh xq0
ghuo|lqj +eh lw dq I[ ru lqwhuhvw udwh ru dq htxlw| sulfh, zrxog suredeo| eh
vwurqjo| uhmhfwhg1 D zhdnhu fulwhulrq ri d prgho*v dghtxdf| dqg uhdvrqdeohqhvv
lv wr h{soruh wkh Sulqflsdo Frpsrqhqw Dqdo|vlv uhvxowv ri wkh uhdo0zruog dqg
prgho0surgxfhg gdwd1 Lqghhg/ pdq| ri wkh prvw srsxodu lpsohphqwdwlrqv ri
wkh OLERU pdunhw prgho duh h{solflwo| edvhg rq d uh0vfdolqj dqg pdwfklqj ri
wkh Eurzqldq gulyhuv wr wkh hljhqydoxhv dqg hljhqyhfwruv rewdlqhg iurp ruwkrj0
rqdol}dwlrq ri wkh uhdo0zruog fruuhodwlrq ru fryduldqfh pdwulfhv1 Vhh/ h1j1/ Kxoo
+5333,/ Uherqdwr +4<<<,1Zh wkhuhiruh h{soruh lq wklv zrun qrw rqo| zkhwkhu
wkh sursrvhg vwrfkdvwlf0lqvwdqwdqhrxv0yrodwlolw| dssurdfk uhfhqwo| lqwurgxfhg
e| Mrvkl dqg Uherqdwr +5334, sdvvhv wkh pruh vwulqjhqw whvw ri dq ryhudoo glv0
wulexwlrqdo pdwfk/ exw dovr zkhwkhu/ dqg xqghu zkdw flufxpvwdqfhv/ lw fdq eh
pdgh wr vdwlvi| wkh zhdnhu fulwhuld ri d SFD whvw1

Pruh jhqhudoo|/ zh wklqn wkdw rxu �qglqjv fdq vkhg vrph oljkw rq wkh qhf0
hvvdu| lqjuhglhqwv iru d uhdolvwlf ghvfulswlrq ri wkh vwrfkdvwlf hyroxwlrq ri wkh
lpsolhg yrodwlolw| vzdswlrq pdwul{1 Wkh Sulqflsdo Frpsrqhqw Dqdo|vlv ri uhdo0
zruog vzdswlrq lpsolhg yrodwlolwlhv suhvhqwhg lq wkh iroorzlqj |lhogv/ lq idfw/ d
�uvw hljhqyhfwru zklfk ghfd|v dv wlph wr h{slu| lqfuhdvhv1 Lq frpsdulqj wklv
txdqwlw| zlwk wkh fruuhvsrqglqj txdqwlw| rewdlqdeoh iurp d Sulqflsdo Frpsr0
qhqw Dqdo|vlv ri wkh *duwl�fldo* wlph vhulhv jhqhudwhg e| d vwrfkdvwlf0yrodwlolw|
prgho/ zh qrwlfh wkdw/ lq wklv vhwwlqj/ wklv h�hfw fdq rqo| eh rewdlqhg wkurxjk
wkh xvh ri d phdq0uhyhuwlqj vwrfkdvwlf yrodwlolw|1 Wkh lqwxlwlyh h{sodqdwlrq iru
wklv lv fohdu= d fkdqjh lq yrodwlolw| zloo kdyh ohvv h�hfw rq wkh ydoxh ri d orqj0
gdwhg vzdswlrq dv wkh yrodwlolw| zloo kdyh sohqw| ri wlph wr phdq0uhyhuw edfn
wr lwv uhyhuvlrq ohyho1 Zh wdnh wklv dv lqgluhfw exw frqylqflqj hylghqfh wkdw
phdq uhyhuvlrq ri yrodwlolw| lv dq lpsruwdqw ihdwxuh zkhq prghoolqj fkdqjhv lq
vwrfkdvwlf lqvwdqwdqhrxv yrodwlolwlhv1

Zh kdyh irxqg wkh uhvxowv/ uhsruwhg dqg glvfxvvhg lq Vhfwlrqv 5 dqg 6/ lq0
wulqvlfdoo| lqwhuhvwlqj1 Pruh jhqhudoo|/ zh dovr sursrvh wkdw wkh phwkrgrorj|
vxjjhvwhg lq wklv zrun frxog frqvwlwxwh d xvhixo eoxhsulqw iru dqdo|}lqj wkh �0
qdqfldo ghvludelolw| ri gl�huhqw |lhog0fxuyh prghov zklfk fdq surgxfh vwrfkdvwlf
ixwxuh vzdswlrq pdwulfhv1 Lw pxvw eh vwuhvvhg djdlq wkdw/ dw wkh suhvhqw pr0
phqw/ vrph h{whqvlrqv ri wkh OLERU pdunhw prgho wkdw dwwhpsw wr dffrxqw iru
wkh fxuuhqw vploh vxuidfh duh lqghhg dydlodeoh/ +vhh/ h1j1 Jodvvhupdq dqg Nrx
+5333,/ Jodvvhupdq dqg Phuhqhu +5334,/ Mdpvklgldq +4<<<,/ Dqghuvhq dqg Dq0
guhdvhq +4<<:,/ ]xhkovgru� +5334,,/ exw/ dv phqwlrqhg lq wkh vhfrqg irrwqrwh/
hlwkhu wkh| gr qrw surgxfh d vwrfkdvwlf whup vwuxfwxuh ri yrodwlolwlhv ru vzdswlrq
pdwulfhv/ ru/ li wkh| gr/ wkh| rqo| doorz iru d yhu| uhvwulfwlyh w|sh ri vwrfkdvwlf0
lw| +lq wkhvh FHY0uhodwhg prghov wkh vwrfkdvwlf shufhqwdjh yrodwlolw| pxvw eh
shuihfwo| fruuhodwhg zlwk wkh xqghuo|lqj iruzdug udwhv,1 Frqfhswxdoo| vwudljkw0
iruzdug h{whqvlrqv ri vrph ri wkhvh dssurdfkhv duh krzhyhu srvvleoh/ zklfk
zrxog jlyh ulvh wr qrq0ghwhuplqlvwlf lpsolhg yrodwlolw| vwuxfwxuhv1 +Wklv ihdwxuh
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frxog eh dfklhyhg/ iru lqvwdqfh/ e| doorzlqj wkh mxps lqwhqvlw| lq Jodvvhupdq
dqg Nrx wr eh d vwrfkdvwlf yduldeoh,1 Zh eholhyh wkdw/ li dqg zkhq wkhvh h{whq0
vlrqv duh xqghuwdnhq/ wkh dssurdfk hpsor|hg lq wkh suhvhqw zrun frxog surylgh
vrph jxlgdqfh lq mxgjlqj wkhlu shuirupdqfh dqg ghvludelolw|1

5 Wkh hpslulfdo dqdo|vlv

514 Ghvfulswlrq ri wkh gdwd

Wkh gdwd vhw xvhg frqvlvwhg ri ;6/469 gdwd srlqwv +8:/489 iru XVG dqg 58/<;3
iru GHP,/ fruuhvsrqglqj wr doo wkh wudglqj gdwhv ehwzhhq 40Mdq04<<; dqg 40
Pd|05334 +;99 wudglqj gd|v/ 6 |hduv dqg 7 prqwkv,1 Lq wkh fdvh ri XVG iru
hdfk wudglqj gd| wkh iroorzlqj dw0wkh0prqh| lpsolhg yrodwlolwlhv zhuh dydlodeoh=
6p/ 9p/ <p/ 4|/ 5|/ 6|/ 7|/ 8|/ :| dqg 43| lqwr 4|/ 5|/ 6|/ 8|/ :| dqg 43|1
+D uhpdun rq qrwdwlrq dqg whuplqrorj|= wkh d { e Hxurshdq vzdswlrq lv wkh
vzdswlrq h{slulqj lq d |hduv*/ ru prqwkv*/ wlph/ dv dssursuldwh/ wr h{huflvh lqwr
d e0|hdu vzds1 Vr/ wkh 9p { 8|/ uhdg *9 prqwk lqwr 8 |hduv*/ vzdswlrq lv wkh
rswlrq wr sd| ru uhfhlyh �{hg iru �yh |hduv lq vl{ prqwk*v wlph,1

Lq wkh fdvh ri GHP2HXU wkh iroorzlqj h{slulhv zhuh dydlodeoh= 6p/ 9p/ 4|/
5| dqg 6| iru h{huflvh lqwr 5|/ 6|/ 7|/ 8|/ :| dqg 43| vzdsv1 Ohvv wkdq 3145(
ri wkh gdwd zdv plvvlqj/ xquholdeoh ru fruuxswhg1 Iru wkhvh fdvhv/ lq rughu wr
suhvhuyh htxdo wlph vsdflqjv ehwzhhq revhuydwlrqv/ udwkhu wkdq holplqdwlqj wkh
wudglqj gd|/ d elolqhdu lqwhusrodwlrq ehwzhhq wkh qhljkerxulqj fhoov zdv fduulhg
rxw1 Fduh zdv wdnhq wr hqvxuh wkdw wkh lqwhusrodwlrq surfhgxuh glg qrw dowhu lq
dq| vljql�fdqw zd| wkh �qdo uhvxowv1

Wkh gdwd vhw lv sduwlfxoduo| vljql�fdqw ehfdxvh lw hqfrpsdvvhv erwk wkh Uxv0
vld fulvlv/ dqg wkh vhulhv ri udwh fxwv fduulhg rxw e| wkh XV Ihg lq wkh �uvw prqwkv
ri 53341 Lqghhg/ qrq0prqrwrqlf lpsolhg yrodwlolw| vplohv kdyh dsshduhg lq wkh
vzdswlrq pdunhw diwhu wkh hyhqwv dvvrfldwhg zlwk wkh Uxvvld fulvlv1 Ghvslwh wkh
idfw wkdw/ lq wkh suhvhqw vwxg|/ zh gr qrw dgguhvv vploh lvvxhv/ dqg uhvwulfw rxu
dwwhqwlrq wr dw0wkh0prqh| yrodwlolwlhv/ dqhfgrwdo pdunhw hylghqfh lqglfdwhv wkdw
lw zdv wkh rffxuuhqfh ri gudpdwlf fkdqjhv lq wkh vzdswlrq lpsolhg yrodwlolw|
pdwul{ gxulqj wklv shulrg wkdw surpswhg wkh wudglqj frppxqlw| wr uhylvh wkh
vkdsh ri txrwhg yrodwlolw| vxuidfhv1

Zlwk wklv gdwd zh wkhq fdofxodwhg wkh devroxwh � gdlo| fkdqjhv lq lpsolhg
yrodwlolwlhv/ dqg rujdql}hg wkh gdwd zlwk wkh �uvw froxpq frqwdlqlqj wkh fkdqjhv
iru wkh �uvw h{slu| lqwr wkh �uvw vzds ohqjwk/ wkh vhfrqg froxpq frqwdlqlqj
wkh fkdqjhv iru wkh �uvw h{slu| lqwr wkh vhfrqg vzds ohqjwk/ 111/ wkh vl{w|0vl{wk
+wkluwlhwk, froxpq frqwdlqlqj wkh fkdqjhv ri wkh hohyhqwk +�iwk, h{slu| lqwr wkh
vl{wk vzds ohqjwk iru XVG +GHP2HXU,1 Lq prylqj dfurvv froxpqv/ wkh gdwd
wkhuhiruh qdwxudoo| suhvhqwv d uhodwlyho| vprrwk ehkdylrxu xqwlo rqh h{slu| jlyhv
sodfh wr wkh qh{w1
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Vlqfh wkh gdwd suhvhqwhg lv frqvlghudeo| pruh frpsoh{ wkdq wkh pruh0idploldu
htxlw| ru I[ lpsolhg yrodwlolw| gdwd/ lw lv lpsruwdqw wr idploldul}h rqhvhoi zlwk
wkh gdwd vhw xs lq rughu ehwwhu wr dssuhfldwh wkh judskv dqg uhvxowv suhvhqwhg lq
wkh iroorzlqj1 Pruh suhflvho|/ vlqfh wkuhh0glphqvlrqdo judskv fdq eh gd}}olqj/
exw duh udwkhu gl!fxow wr uhdg lq ghwdlo/ zh suhvhqw prvw ri wkh judsklfdo lq0
irupdwlrq lq wkh iroorzlqj vhfwlrqv e| surylglqj rq wkh vdph judsk wkh lpsolhg
yrodwlolw| fruuhvsrqglqj wr wkh ydulrxv h{slulhv rq wkh {0d{lv/ zlwk gl�huhqwo|0
pdunhg fxuyhv uhihuulqj wr gl�huhqw vzds ohqjwkv1 Wkh vhulhv fruuhvsrqglqj wr
gl�huhqw h{slulhv iru d �{hg vzds ohqjwk duh fdoohg wkh *lqwr* vhulhv1 Vr/ wkh
fxuyh fruuhvsrqglqj wr wkh lpsolhg yrodwlolwlhv ri wkh 6p { 7|/ 9p { 7|/ 4| { 7|/
5| { 7| dqg 6| { 7| zloo eh uhihuuhg wr dv wr *lqwr 7|* vhulhv1

515 Uhvxowv

51514 Txdolwdwlyh Sdwwhuqv ri wkh Vzdswlrq Pdwul{

Wkh dqdo|vlv ri wkh gdwd suhvhqwhg deryh fdq eh sur�wdeo| vsolw lq wkh
XVG dqg wkh HXU2GHP fdvh1 Wkh wlph vhulhv ri vhohfwhg dw0wkh0prqh| lpsolhg
yrodwlolw| fxuyhv duh vkrzq lq Iljv 4 dqg 5 iru XVG dqg HXU2GHP/ uhvshfwlyho|1
Iru wkh sxusrvh ri ixwxuh glvfxvvlrqv lw lv lqwhuhvwlqj wr qrwlfh wkh pruh frpsoh{
vwuxfwxuh ri wkh XVG gdwd/ zkhuh wlph vhulhv ri gl�huhqw *lqwr* vhulhv dsshdu
*rswlfdoo|* ohvv fruuhodwhg1 Qrwlfh/ lq sduwlfxodu/ wkh vwurqj xszdug fkdqjh ri
wkh 4 { 6 vzdswlrq vhulhv/ dvvrfldwhg zlwk d odujh grzqzdug pryh iru wkh 43 {
43 vzdswlrq yrodwlolw| gxulqj Rfwrehu 4<<;1 Zkloh odujh vxgghq pryhv fdq dovr
eh revhuyhg lq wkh fdvh ri wkh GHP vzdswlrq pdwul{/ wkhvh duh gluhfwlrqdoo|
pruh fruuhodwhg/ dqg/ wkhuhiruh/ duh pruh olnho| wr surgxfh d ohyho wudqvodwlrq ri
wkh vzdswlrq pdwul{/ udwkhu wkdq d fkdqjh lq ryhudoo vkdsh1 Wkhvh txdolwdwlyh
revhuydwlrqv zloo eh uhihuuhg wr odwhu lq wklv vhfwlrq1

Frqwlqxlqj zlwk wkh dqdo|vlv ri wkh XVG gdwd wkh iroorzlqj vdolhqw ihdwxuhv
fdq eh qrwlfhg1 Iluvw ri doo/ ryhu wkh shulrg ri revhuydwlrq dw ohdvw wzr pdlq
glvwlqfw sdwwhuqv fdq eh uhfrjql}hg= wkh �uvw/ wkdw zh vkdoo fdoo *qrupdo* iru
uhdvrqv wkdw zloo ehfrph fohdu lq wkh iroorzlqj/ glvsod|v dq ryhudoo kxpshg
vkdsh iru doo ru prvw ri wkh fxuyhv1 Vhh Iljv1 6 wr 8,> wkh vhfrqg/ wkdw zh vkdoo
gxe *h{flwhg*/ vkrzv lqvwhdg d prqrwrqlfdoo|0ghfd|lqj ehkdylrxu1 Vhh Iljv1 9
dqg :1

Zlwklq wkh qrupdo sdwwhuq/ ixuwkhu v|vwhpdwlf vkdsh frq�jxudwlrqv fdq eh
glvwlqjxlvkhg= lq wkh *rughuhg* fdvh/ iru doo h{slulhv juhdwhu wkdq/ dssur{lpdwho|/
rqh |hdu/ wkh furvv0vhfwlrqdo fxuyhv ri wkh vzdswlrq pdwul{ fruuhvsrqglqj wr wkh
gl�huhqw vzds ohqjwkv +l1h1 wkh lqwr 4|/ lqwr 5|/ lqwr 6|/ lqwr 8|/ lqwr :| dqg lqwr
43| fxuyhv, duh prqrwrqlfdoo| ghfuhdvlqj dv d ixqfwlrq ri uhvlgxdo vzds ohqjwk1
Vhh Iljv1 4 dqg 51 Iru h{slulhv vkruwhu wkdq dssur{lpdwho| rqh |hdu wkh rughu
lv h{dfwo| uhyhuvhg1 Wkhuh h{lvwv/ iru wkhvh *qrupdo* dqg *rughuhg* vkdshv/ d yhu|
wljkw udqjh ri h{slulhv +lqghhg/ doprvw d vlqjoh srlqw, zkhuh wkh gl�huhqw *lqwr*
fxuyhv lqwhuvhfw1 Lq rwkhu fdvhv/ wkdw zh vkdoo fdoo *qrupdo dqg vfudpeohg*/ wkh
ryhudoo vkdsh ri wkh vxuidfh lv vwloo kxpshg/ exw wkh vkdsh ri vrph ri wkh *lqwr*
vhulhv lv pruh frpsoh{ +shukdsv glvsod|lqj vhyhudo pd{lpd,1 Vhh/ h1j1/ Ilj1 81
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Dv iru wkh *h{flwhg* +prqrwrqlfdoo| ghfuhdvlqj, sdwwhuq/ glvsod|hg lq Ilj1
9/ wkh ryhudoo vxuidfh lv prqrwrqlfdoo| ghfuhdvlqj dv d ixqfwlrq ri wkh h{slu|
iru hdfk *lqwr* vhulhv1 Wkhvh vhulhv/ lq wxuq/ duh prqrwrqlfdoo| ghfuhdvlqj lq
ohyho iurp wkh vkruwhvw vzds ohqjwk +lqwr 4 |hdu, wr wkh orqjhvw +lqwr 43 |hduv,1
Ixuwkhupruh/ doo wkh gl�huhqw *lqwr* vhulhv rffxu lq ghfuhdvlqj ohyho iurp wkh
vkruwhvw wr wkh orqjhvw vzds ohqjwk +l1h1/ iru doo h{slulhv/ rswlrqv wr h{huflvh lqwr
40|hdu vzdsv kdyh d kljkhu lpsolhg yrodwlolw| wkdq rswlrqv wr h{huflvh lqwr 50|hdu
vzdsv> wkhvh/ lq wxuq/ kdyh d kljkhu lpsolhg yrodwlolw| wkdq rswlrqv wr h{huflvh
lqwr 60|hdu vzdsv> dqg vr rq,1 Ilqdoo|/ Iljxuh : glvsod|v d *pl{hg* fdvh zkhuh
erwk kxpshg dqg prqrwrqlfdoo| ghfuhdvlqj furvv0vhfwlrqdo fxuyhv frh{lvw lq wkh
vdph vxuidfh1

Prylqj wr wkh GHP2HXU gdwd/ d pxfk vlpsohu vhw ri sdwwhuqv fdq eh
revhuyhg gxulqj wkh vdph shulrg ri revhuydwlrq/ l1h1 hlwkhu d prqrwrqlfdoo|
ghfuhdvlqj sdwwhuq +vhh Ilj1 ;,> ru d vwhhs ru vkdoorz kxps +Iljv1 < dqg 43,1
Qrwlfh wkdw iru wklv fxuuhqf| olwwoh/ li dq|/ furvv0ryhu ri wkh gl�huhqw *lqwr* vhulhv
fdq eh revhuyhg hlwkhu iru wkh *qrupdo* ru wkh *h{flwhg* vwdwh1

Vrph ihdwxuhv ri wkh ryhudoo vwuxfwxuh ri wkh vzdswlrq pdwul{ fdq eh xq0
ghuvwrrg e| qrwlflqj wkdw wkh vhulhv fruuhvsrqglqj wr wkh vkruwhvw vzds ohqjwk
vkrxog eh dssur{lpdwho| uhodwhg wr wkh whup vwuxfwxuh ri fdsohw yrodwlolwlhv +d
rqh0shulrg vzdswlrq lv fohduo| d fdsohw,1 Lw lv wkhuhiruh qrw vxusulvlqj wkdw wkh
*lqwr 4|* dqg *lqwr 5|* vhulhv iru XVG dqg GHP2HXU/ uhvshfwlyho|/ vkrxog ehdu
d forvh uhvhpeodqfh wr wkh w|slfdo kxpshg vkdshv ri wkh pdunhw0revhuyhg whup
vwuxfwxuhv ri yrodwlolwlhv +Vhh/ h1j1/ wkh glvfxvvlrq lq Uherqdwr +5334,,1 Wkh
uhdvrq iru odehoolqj wkh pdwulfhv *qrupdo* ru *h{flwhg* lv wkdw wkh prqrwrqlfdoo|
ghfuhdvlqj vkdsh lv dvvrfldwhg zlwk shulrgv lpphgldwho| iroorzlqj odujh pryh0
phqwv lq wkh xqghuo|lqj |lhog fxuyh dqg lq wkh vzdswlrq pdwul{ lwvhoi1 Wkh
srvw0Uxvvld hqylurqphqw lv d sulph h{dpsoh ri wklv sdwwhuq1 Wkh kxpshg/ *qru0
pdo* vkdsh/ rq wkh rwkhu kdqg/ suhydlov gxulqj shulrgv ri juhdwhu vwdelolw|1

Lw lv lpsruwdqw wr srlqw rxw wkdw vlplodu sdwwhuqv +l1h1 qrupdo/ h{flwhg/ vfudp0
eohg ru pl{hg sdwwhuqv, uhshdwhg wkhpvhoyhv dw gl�huhqw srlqwv lq wkh klvwru| ri
wkh vzdswlrq pdwul{ dqdo|}hg lq wklv vwxg|1 Jhqhudol}lqj frqvlghudeo|/ rqh fdq
vd| wkdw/ hvshfldoo| lq wkh XV fdvh/ wkh vzdswlrq pdwul{ dsshduv wr *rvfloodwh*
zlwk udqgrp shulrglflw| ehwzhhq d ihz srvvleoh ixqgdphqwdo vkdshv1 Wkh h{lv0
whqfh ri wkhvh zhoo0gh�qhg sdwwhuqv lv lpsruwdqw iru prghoolqj sxusrvhv ehfdxvh/
li wkh vzdswlrq pdwul{ zhuh wr *gl�xvh* iuhho| ryhu wlph/ lw zrxog h{soruh d ydul0
hw| ri srvvleoh vkdshv/ zrxog txlfno| orvh phpru| ri zkhuh lw vwduwhg/ dqg zrxog
eh yhu| xqolnho| wr uhylvlw wlph dqg wlph djdlq yhu| vlplodu sdwwhuqv1 Vlploduo|/
li wkh gl�xvlrq ri wkh vzdswlrq pdwul{ zhuh gulyhq e| d phdq0uhyhuwlqj gl�x0
vlrq zlwk d frqvwdqw uhyhuvlrq ohyho/ rqh zrxog revhuyh d whpsrudu| ghsduwxuh
iurp d sduwlfxodu *edvlv* vkdsh/ exw d orqj0whup uhyhuvlrq wr wkh vdph sdwwhuq1
Wkh uhfxuuhqfh ri wkhvh zhoo0gh�qhg sdwwhuqv wkhuhiruh vxjjhvwv wkdw d vlpsoh
phdq0uhyhuwlqj gl�xvlyh ehkdylrxu fdqqrw dghtxdwho| fdswxuh wkhvh �qh ghwdlov
ri wkh vzdswlrq pdwul{ g|qdplfv1

Wkh XVG vzdswlrq gdwd wxuqhg rxw wr eh gl�huhqw iurp wkh GHP2HXU gdwd
qrw rqo| lq wkh vhqvh wkdw lw vkrzhg pruh frpsoh{ vkdsh sdwwhuqv> shukdsv hyhq
pruh vljql�fdqw lv/ lq idfw/ wkh revhuydwlrq wkdw wkh XVG lpsolhg yrodwlolwlhv
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glvsod|hg pxfk pruh udslg wudqvlwlrqv ehwzhhq gl�huhqw vkdshv wkdq zkdw re0
vhuyhg lq wkh fdvh ri GHP2HXU1 Iru XVG/ wkh wudqvlwlrq irup wkh qrupdo wr wkh
h{flwhg sdwwhuq vrphwlphv rffxuuhg ryhu d vsdfh ri wzr ru wkuhh wudglqj gd|v1 Lq
wkh GHP2HXU fdvh/ lqvwhdg/ d pxfk vprrwkhu *gl�xvlrq* iurp rqh vkdsh wr wkh
rwkhu zdv revhuyhg1 Wklv revhuydwlrq lv vrphzkdw gl!fxow wr txdqwli| zlwkrxw
glvsod|lqj dq hqruprxv dprxqw ri gdwd1 Dq lghd ri wklv ihdwxuh fdq krzhyhu eh
johdqhg e| wkh iroorzlqj dqdo|vlv1 Li lw zhuh lqghhg wkh fdvh wkdw wkh wudqvlwlrq
ehwzhhq lpsolhg yrodwlolw| vwdwhv wrrn sodfh pxfk pruh udslgo| iru XVG wkdq
iru GHP2HXU/ rqh zrxog h{shfw wr revhuyh d gl�huhqw wdlo ehkdylrxu iru wkh
fkdqjhv lq lpsolhg yrodwlolwlhv lq wkh wzr fxuuhqflhv1 Lq sduwlfxodu/ vxgghq wudq0
vlwlrqv ehwzhhq rqh uhjlph dqg wkh rwkhu zrxog eh dvvrfldwhg zlwk yhu| odujh
fkdqjhv lq wkh lpsolhg yrodwlolwlhv/ zklfk zrxog/ lq wxuq/ jlyh ulvh wr idw wdlov1
Li wkh wudqvlwlrqv iurp rqh uhjlph wr wkh rwkhu zhuh pruh vxgghq lq wkh fdvh
ri XVG/ rqh zrxog h{shfw wr revhuyh idwwhu wdlov iru wkh ghqvlw| ri fkdqjhv iru
wklv fxuuhqf| wkdq iru GHP2HXU1 Zh whvwhg wklv frqmhfwxuh e| frqvwuxfwlqj
d iuhtxhqf| klvwrjudp iru wkh fkdqjhv lq lpsolhg yrodwlolwlhv dfurvv doo h{slulhv
dqg vzds ohqjwkv/ dqg e| frpsdulqj lwv ryhudoo vkdsh/ lwv �uvw irxu prphqwv
dqg lwv uljkw dqg ohiw wdlov1 Vhh Iljv 44 dqg 451

Sulpd idflh/ wkh ryhudoo vkdshv dsshdu txlwh vlplodu iru wkh wzr fxuuhqflhv/
dqg erwk glvsod| pdunhg ohswrnxuwrvlv1 Vhh Ilj1 44/ zklfk dovr vkrzv wkh wzr
Jdxvvldq ghqvlwlhv zlwk wkh vdph h{shfwdwlrq dqg vwdqgdug ghyldwlrq1 Lq sduwlf0
xodu/ wkh dyhudjh fkdqjh zdv txlwh vlplodu lq wkh wzr fxuuhqflhv +481: dqg 4;15
edvlv srlqwv iru XVG dqg GHP2HXU/ uhvshfwlyho|,/ zlwk d +qrq0dqqxodl}hg,
vwdqgdug ghyldwlrq ri 6:18 +XVG, dqg 6615 +GHP2HXU, edvlv srlqwv1 Wkh
vnhzqhvv lv dovr yhu| vlplodu iru wkh wzr fxuuhqflhv+31377 iru XVG dqg 31375 iru
GHP2HXU,/ exw wkh nxuwrvlv gl�huv vljql�fdqwo|/ dqg lq wkh gluhfwlrq frqvlv0
whqw zlwk wkh vshhg ri wudqvlwlrq ehwzhhq sdwwhuqv kljkoljkwhg deryh= 3157 iru
GHP2HXU dqg 3174 iru XVG1 Iljv1 45 looxvwudwhv wklv ihdwxuh e| glvsod|lqj
wkh ohiw wdlov ri wkh hpslulfdo iuhtxhqf| ghqvlwlhv +wkh fruuhvsrqglqj Jdxvvldq
wdlov duh qrw vkrzq lq wkh judsk ehfdxvh wkh| gr qrw vkrz rq wkh vfdoh ri wkh |
d{lv,1

Ehvlghv ehlqj ri lqwulqvlf lqwhuhvw/ wkhvh uhvxowv duh ri uhohydqfh iru wkh prg0
hoolqj ri wkh vwrfkdvwlf yrodwlolw| ri wkh iruzdug ru vzds udwhv wkdw gulyh wkh
vzdswlrq pdwul{1 Vlqfh wklv odwwhu txdqwlw| lv jlyhq e| vxlwdeoh lqwhjudov ri wkh
lqvwdqwdqhrxv yrodwlolw|/ wkhvh uhvxowv lqglfdwh wkdw

� wkh k|srwkhvlv ri d sxuho| gl�xvlyh ehkdylrxu iru wkh lqvwdqwdqhrxv yrodwlo0
lw| lv vwurqjo| uhmhfwhg �

� yhu| odujh fkdqjhv lq lpsolhg yrodwlolwlhv duh pruh surqrxqfhg iru XVG
wkdq iru GHP2HXU1

Dv phqwlrqhg lq wkh lqwurgxfwru| vhfwlrq/ wkh uhmhfwlrq ri wkh gl�xvlyh eh0
kdylrxu iru wkh lpsolhg yrodwlolw| frpsrqhqwv lv qrw vxusulvlqj/ dqg frqvlvwhqw
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zlwk vlplodu �qglqjv iru yluwxdoo| doo wkh �qdqfldo0pdunhw txdqwlwlhv wkdw kdyh
ehhq lqyhvwljdwhg1 D jhrphwulf0gl�xvlrq dssurdfk kdv qrqhwkhohvv surylghg d
xvhixo �uvw dssur{lpdwlrq erwk lq wkh htxlw| dqg I[ zruogv dqg lq lqwhuhvw0
udwh prghoolqj1 Lq wkh odwwhu �hog/ lq sduwlfxodu/ lw kdv ehfrph fxvwrpdu| wr
fdoleudwh d gl�xvlyh prgho wr wkh sulqflsdo frpsrqhqwv frqwdlqhg iurp wkh vwd0
wlvwlfdo gdwd1

Lq wklv uhvwulfwhg prgxv rshudqgl prghoohuv kdyh wkhuhiruh dffhswhg wkh idfw
wkdw wkh uhdo0zruog glvwulexwlrqdo ihdwxuhv ri wkh uhohydqw xqghuo|lqj txdqwlw|
pljkw eh srruo| ghvfulehg e| d gl�xvlyh ehkdylrxu> exw kdyh qrqhwkhohvv uh0
wdlqhg d Eurzqldq0vkrfn prghoolqj ghvfulswlrq dv orqj dv wkh vkdsh ri wkh
hljhqyhfwruv/ dqg wkh uhodwlyh pdjqlwxgh ri wkh hljhqydoxhv/ frxog eh pdwfkhg lq
wkh uhdo dqg ulvn0dgmxvwhg zruogv1 Wkh uhvxowv suhvhqwhg lq wkh iroorzlqj vhfwlrq
wkhuhiruh suhvhqw SFD gdwd qrw rqo| iru wkhlu lqwulqvlf lqwhuhvw/ exw dovr lq rughu
wr h{soruh zkhwkhu d gl�xvlyh0vwrfkdvwlf0yrodwlolw| OLERU pdunhw prgho fdq eh
mxvwl�hg dqg fdoleudwhg dorqj wkhvh olqhv1

51515 Fruuhodwlrq dqg Sulqflsdo Frpsrqhqw Dqdo|vlv uhvxowv

Xvlqj wkh gdwd ghvfulehg lq Vhfwlrq 514/ zh frqvwuxfwhg wkh fruuhodwlrq pdwul{
ehwzhhq wkh +devroxwh, fkdqjhv lq wkh lpsolhg yrodwlolwlhv1 Wkh froxpqv dqg urzv
lq wkh pdwul{ zhuh rujdql}hg dv ghvfulehg lq Vhfwlrq 5141 Ilj1 46 glvsod|v d vpdoo
sruwlrq ri wkh XVG fruuhodwlrq pdwul{ lq rughu wr kljkoljkw vrph ri wkh pdlq
ihdwxuhv ri wkh zkroh pdwul{ +wkh vdph frqvlghudwlrqv dsso| wr wkh GHP2HXU
pdwul{,1 Wkh 69 hohphqwv lq wkh erughuhg er{ lq wkh wrs ohiw0kdqg fruqhu ri wkh
pdwul{ frqwdlq wkh fruuhodwlrq ehwzhhq fkdqjhv lq lpsolhg yrodwlolwlhv ri wkh 4|
{ 4|/ 4| { 5|/ 111/ 4| { 43| vzdswlrqv1 Vlploduo|/ wkh 69 hohphqwv lq wkh erughuhg
er{ lq wkh wrs uljkw0kdqg fruqhu ri wkh pdwul{ frqwdlq wkh fruuhodwlrq ehwzhhq
fkdqjhv lq lpsolhg yrodwlolwlhv iru wkh 5| { 4|/ 5| { 5|/ 111/ 5| { 43| vzdswlrqv>
hwf1 Wkhuh duh vhyhudo lqwhuhvwlqj ihdwxuhv zruwkzkloh qrwlflqj=

� iru d jlyhq h{slu| +l1h1 iru d jlyhq *lqwr* vhulhv,/ wkh fruuhodwlrq whqgv wr
eh d frqyh{ ixqfwlrq ri wkh vzds ohqjwkv> wklv ihdwxuh uhpdlqv wuxh iru doo
h{slulhv/ dqg lq erwk fxuuhqflhv>

� iru d jlyhq vzds ohqjwk/ wkh fruuhodwlrq glvsod|v ohvv frqyh{lw| dv d ixqfwlrq
ri vzdswlrq h{slu|>

� jlyhq wkh zd| wkh pdwul{ kdv ehhq rujdql}hg/ wkhuh duh glvfrqwlqxlwlhv
zlwk d shulrglflw| ri 9 erwk dv rqh pryhv dfurvv froxpqv +iurp rqh *lqwr*
vhulhv wr wkh qh{w, dqg dv rqh pryhv grzq urzv +iurp rqh vzds ohqjwk wr
wkh qh{w,>

� wkh fruuhodwlrq ehwzhhq fkdqjhv lq lpsolhg yrodwlolwlhv ri yhu| *glvwdqw*
vzdswlrqv +l1h1 vzdswlrqv zlwk juhdwo| gl�huhqw h{slulhv dqg vzds ohqjwkv,
lv yhu| orz +dssur{lpdwho| 53( iru XVG dqg 48( iru GHP2HXU,1

Zlwk wkhvh suholplqdu| frqvlghudwlrqv lq plqg/ rqh fdq ehwwhu xqghuvwdqg
wkh vkdsh ri wkh ryhudoo fruuhodwlrq pdwulfhv iru wkh wzr fxuuhqflhv/ uhsruwhg

<



ehorz iru wkh fdvh ri wkh GHP2HXU fxuuhqf| +wkh txdolwdwlyh vkdsh ri wkh
XVG pdwul{ lv wkh vdph,1

Rqh fdq hdvlo| uhfrjql}h wkh mdjjhg vwuxfwxudo ihdwxuh ri wkh pdwul{ gxh wr
wkh wudqvlwlrq iurp rqh h{slu| vhulhv wr wkh qh{w/ ru iurp rqh vzds ohqjwk vhulhv
wr wkh qh{w1 Lw lv lpsruwdqw wr srlqw rxw wkdw wklv mdjjhg ehkdylrxu/ fohduo|
glvsod|hg lq Ilj1 47/ lv qrw gxh wr qrlvh/ exw wr wkh zd| wkh wzr0glphqvlrqdo
gdwd pxvw eh rujdql}hg dorqj d rqh0glphqvlrqdo d{lv1 Wkh lqglylgxdo fruuhodwlrq
fxuyhv lqvlgh hdfk 9 { 9 er{ duh lqghhg uhpdundeo| vprrwk/ d vkrzq lq Ilj1 46
iru wkh vpdoo vdpsoh ri wkh XVG fruuhodwlrq pdwul{ glvsod|hg/ lqglfdwlqj wkdw
sulpd idflh vwdwvwlfdo qrlvh vkrxog qrw eh d frqfhuq dv idu dv wkh lqwhusuhwdwlrq
ri wkh gdwd lv frqfhuqhg1

Zlwk wkhvh fruuhodwlrq pdwulfhv rqh lv lq d srvlwlrq wr rewdlq/ e| ruwkrjrqdo0
l}dwlrq ri wkh fruuhodwlrq pdwul{/ wkh dvvrfldwhg hljhqyhfwruv dqg hljhqydoxhv1
Wkh uhvxowv iru XVG dqg GHP2HXU duh vkrzq lq Iljv 48 dqg 49 ehorz1

Wkh �uvw qrwhzruwk| ihdwxuh lv wkh vwurqj txdolwdwlyh vlplodulw| ri wkh uhvxowv
iru wkh wzr fxuuhqflhv1 Wkh vkdsh ri wkh hljhqyhfwruv dovr ohqgv lwvhoi wr dq
lqwhuhvwlqj lqwhusuhwdwlrq= wkh �uvw sulqflsdo frpsrqhqw/ dv xvxdo/ glvsod|v d
yluwxdoo| lghqwlfdo ordglqj dfurvv wkh ydulrxv vzdswlrq lpsolhg yrodwlolwlhv/ dqg
wkhuhiruh ghvfulehv wkh w|slfdo xs dqg grzq uljlg vkliw ri wkh vzdswlrq pdwul{

�
1

Wklv �uvw prgh ri ghirupdwlrq/ krzhyhu/ rqo| dffrxqwv iru ohvv wkdq 93( erwk
lq XVG dqg GHP2HXU1 Wkh vhfrqg prgh ri ghirupdwlrq fdq eh lqwhusuhwhg dv
fruuhvsrqglqj wr wkh �uvw wkuhh vhulhv prylqj xs +grzq, dqg wkh odvw wkuhh vhulhv
prylqj grzq +xs,1 Ilqdoo|/ wkh wklug hljhqyhfwru pdlqo| slfnv xs pryhphqwv
zlwklq hdfk vhulhv/ zlwk/ vd|/ wkh lpsolhg yrodwlolw| ri vzdswlrqv zlwk vkruw vzds
ohqjwk prylqj xs dqg wkh yrodwlolw| ri vzdswlrqv zlwk orqj vzds ohqjwk prylqj
grzq1

Ilqdoo|/ lw lv dovr zruwkzkloh srlqwlqj rxw wkh uhdpundeoh vlplodulw| ri wkh
h{sodqdwru| srzhu ri dq lqfuhdvlqj qxpehu ri hljhqyhfwruv/ duh vkrzq lq Ilj1
4:= iru erwk fxuuhqflhv/ lw wdnhv dssur{lpdwho| 43 hljhqyhfwruv wr h{sodlq <3(
ri wkh yduldelolw| dfurvv vhulhv ri h{slulhv dqg vzds ohqjwkv1 Wklv uhvxow vkrxog
eh frqwudvwhg zlwk wkh �qglqjv ri SFD rq |lhogv ru iruzdug udwhv/ zkhuh/ w|sl0
fdoo|/ <3( ri wkh yduldelolw| lv h{sodlqhg e| irxu ru ihzhu hljhqyhfwruv +vhh/ h1j1
Suldxohw hw do1 iru d uhfhqw vxuyh| ri uhvxowv,1 Lw pxvw eh vwuhvvhg wkdw wkh gdwd
vdpsoh lqfoxghg wzr sduwlfxoduo| *h{flwhg* shulrgv/ l1h1 erwk wkh Uxvvld fulvlv
dqg lwv diwhupdwk dqg wkh djjuhvvlyh hdvlqj e| wkh IHG lq hduo| 53341 Lw zrxog
eh lqwhuhvwlqj wr vhh zkhwkhu gdwd lq pruh *qrupdo* shulrgv zrxog glvsod| wkh
vdph ihdwxuhv1

Vlplodu/ exw/ dw wkh vdph wlph/ qrwlfhdeo| gl�huhqw/ uhvxowv zhuh rewdlqhg
e| ruwkrjrqdol}lqj wkh fryduldqfh udwkhu wkdq wkh fruuhodwlrq pdwul{1 Wkh prvw
qrwhzruwk| gl�huhqfh lv wkdw wkh ordglqjv rqwr wkh ydulrxv lpsolhg yrodwlolwlhv
qrz glvsod| d qrwlfhdeoh ghfd|lqj ehkdylrxu dv rqh pryhv dfurvv froxpqv/ lq0
glfdwlqj wkdw wkh wrs ohiw0kdqg fruqhu ri wkh vzdswlrq pdwul{ lv pruh yrodwloh
wkdq wkh erwwrp uljkw0kdqg fruqhu1 Wklv revhuydwlrq/ shu vh qrw vxusulvlqj/
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zloo ehfrph yhu| uhohydqw lq wkh glvfxvvlrq ri wkh uroh ri phdq uhyhuvlrq lq wkh
vwrfkdvwlf0yrodwlolw| prgho dqdo|}hg lq Vhfwlrq 61 Zlwkrxw suhhpswlqj ixwxuh
uhvxowv/ lw lv zruwkzkloh srlqwlqj rxw wkdw wkhvh �qglqjv zloo eh vkrzq wr eh
frpsdwleoh zlwk d phdq0uhyhuwlqj surfhvv iru wkh lqvwdqwdqhrxv yrodwlolw|1 Iljv1
4; dqg 4< vkrz wkh �uvw wkuhh hljhqyhfwruv rewdlqdeoh iurp ruwkrjrqdol}lqj
wkh fryduldqfh +dv rssrvhg wr wkh fruuhodwlrq, pdwul{1 Ilqdoo|/ wkh h{sodqdwru|
srzhu ri dq lqfuhdvlqj qxpehu ri hljhqyhfwruv zdv irxqg wr eh txlwh vlplodu wr
zkdw irxqg e| ruwkrjrqdol}lqj wkh fruuhodwlrq pdwul{1

6 Vwrfkdvwlf H{whqvlrqv ri wkh OLERU Pdunhw

Prgho= Lpsolfdwlrqv iru wkh Wkhruhwlfdo SFv

614 Wkh Prgho Xvhg

Mrvkl dqg Uherqdwr +5334, kdyh uhfhqwo| suhvhqwhg dq h{whqvlrq ri wkh OLERU
pdunhw prgho e| lqwurgxflqj glvsodfhg gl�xvlrq dqg e| pdnlqj wkh lqvwdqwd0
qhrxv yrodwlolw| ri wkh iruzdug udwhv vwrfkdvwlf1 Wkh| vwduw iurp d vwdqgdug
ghwhuplqlvwlf0yrodwlolw| OLERU pdunhw prgho dorqj wkh olqhv ri Eudfh Jdwduhn
dqg Pxvlhod +4<<8, Pxvlhod dqg Uxwnrzvnl +4<<:,/ Mdpvklgldq +4<<:,/ zklfk
lv ixoo| vshfl�hg rqfh dq duelwudu| fruuhodwlrq ixqfwlrq dqg d vhw ri lqvwdqwd0
qhrxv yrodwlolwlhv iru wkh vwdwh yduldeohv duh jlyhq1 Pruh suhflvho|/ wkhlu fkrvhq
vhwwlqj lv edvhg rq wkh hyroxwlrq ri glvfuhwh0whqru iruzdug udwhv/ dqg/ iroorzlqj
Mdpvklgldq +4<<:,/ wklv vhw0xs lv xvhg iru wkh ydoxdwlrq ri OLERU sd|r�v zklfk
fdq eh h{suhvvhg dv krprjhqhrxv ixqfwlrqv ri ghjuhh rqh lq wkh erqg sulfhv

�

dqg wkdw vdwlvi| wkh frqglwlrq ri ehlqj phdvxudeoh zlwk uhvshfw wr wkh qdwxudo
�owudwlrq jhqhudwhg e| wkh gulylqj Eurzqldq surfhvvhv1 Vxfk dq dssurdfk qhl0
wkhu uhtxluhv wkh lqvwdqwdqhrxv vkruw udwh/ qru wkh lqvwdqwdqhrxvo|0frpsrxqghg
prqh|0pdunhw dffrxqw1

Mrvkl dqg Uherqdwr*v +5334, vwduw iurp wklv ghwhuplqlvwlf vhwwlqj/ dqg srvlw

�+w> W , @ n � j+W � w, @ +4,

@ n � +^d . e+W � w,` h{s^�f+W � w,` . g, +5,

zkhuh �+w> W , lv wkh lqvwdqwdqhrxv yrodwlolw| dw wlph w ri wkh W 0pdwxulw| iruzdug
udwh/ dqg n � lv d iruzdug0udwh vshfl�f frqvwdqw qhhghg lq rughu wr hqvxuh fruuhfw
sulflqj ri wkh +dw0wkh0prqh|, dvvrfldwhg fdsohw1 Qhjohfwlqj vplohv/ li rqh ghqrwhv
e| � ��� ���	� +W , wkh lpsolhg yrodwlolw| ri wkh fdsohw ri h{slu| W / wkh fdsohw0sulflqj
frqglwlrq lv hqvxuhg lq wkh ghwhuplqlvwlf0yrodwlolw| vhwwlqj e| lpsrvlqj wkdw
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�
W
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�

j+x> W ,
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�
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Zkhq wkh lqvwdqwdqhrxv yrodwlolw| lv ghwhuplqlvwlf/ wklv irupxodwlrq doorzv wr
ghwhuplqh wkh prvw wlph0krprjhqrxv hyroxwlrq ri wkh whup vwuxfwxuh ri yrodwlo0
lwlhv dqg ri wkh vzdswlrq pdwul{ frqvlvwhqw zlwk d jlyhq idplo| ri sdudphwul}hg
ixqfwlrqv j+W � w, vlpso| e| lpsrvlqj wkdw wkh lglrv|qfudwlf whupv/ n � / vkrxog
eh dv frqvwdqw dv srvvleoh dfurvv iruzdug udwhv1 Vhh/ iru d ghwdlohg gvlfxvvlrq/
Uherqdwr +5334, ru Phufxulr dqg Euljr +5334,1

Rqfh wklv yrodwlolw| ixqfwlrq kdv ehhq fkrvhq/ wkh duelwudjh0iuhh vwrfkdvwlf
gl�huhqwldo htxdwlrq iru wkh hyroxwlrq ri wkh W � 0h{slu| iruzdug udwh lq wkh T�
phdvxuh dvvrfldwh zlwk wkh fkrvhq qxphudluh lv jlyhq e|

gi ��� +w,

i ��� +w,
@ �

�
+ii ��� +w,j> w,gw . �+w> W � ,

[
���
	�� 


e � � g}
�

� +w, +7,

zklfk lqwhjudwhv wr

i � � +w, @ i � � +3, h{s^

�]
�

+�
�

+ii ��� +x,j> x, �
4

5
�+x> W � ,

�
,gx

.

�]
�

�+x> W � ,
[
���
	�� 


e � � g}
�

� +x,` +8,

zkhuh g}
�

� duh ruwkrjrqdo lqfuhphqwv ri vwdqgdug T�Eurzqldq prwlrqv/ �
�

+ii ��� +x,j> x,
lv wkh phdvxuh0/ iruzdug0udwh0 dqg wlph0ghshqghqw guliw wkdw uh hfwv wkh frq0
glwlrqv ri qr duelwudjh/ dqg wkh frh!flhqwv iej/ olqnhg e| wkh fdsohw0sulflqj
frqglwlrq

S
���
	�� 
 e

�
� � @ 4/ ixoo| ghvfuleh wkh fruuhodwlrq vwuxfwxuh jlyhq wkh

fkrvhq qxpehu/ p/ ri gulylqj idfwruv1
Mrvkl dqg Uherqdwr +5334, hqulfk wklv vwdqgdug irupxodwlrq lq wzr zd|v=
l, e| srvlwlqj d glvsodfhg0gl�xvlrq hyroxwlrq ri wkh iruzdug udwhv dffruglqj

wr
g+i ��� +w, . �,

i � � +w, . �
@ �

�
� +ii ��� +w,j> w,gw . � � +w> W � ,

[
���
	�� 


e � � g}
�

� +w, +9,

dqg
ll, e| pdnlqj wkh lqvwdqwdqhrxv yrodwlolw| qrq0ghwhuplqlvwlf yld wkh iroorzlqj

vwrfkdvwlf phdq0uhyhuwlqj ehkdylrxu iru wkh frh!flhqwv d> e> f dqg g/ ru wkhlu
orjdulwkp/ dv dssursuldwh=

gd � @ UV � +UO � � d � ,gw . � � +w,g}
�� +:,

ge � @ UV � +UO � � e � ,gw . � � +w,g}
�� +;,

g oq^f � ` @ UV � +UO � � oq^f � `,gw . � � +w,g}
�� +<,

g oq^g � ` @ UV � +UO � � oq^g � `,gw . � � +w,g}
�� +43,

dqg doo wkh Eurzqldq lqfuhphqwv xqfruuhodwhg zlwk hdfk rwkhu dqg zlwk doo wkh
Eurzqldq lqfuhphqwv g}

�

� +w,1 Lq Htxdwlrqv +:, wr +43, wkh v|perov

UV � > UV � > UV � > UV � > UO � > UO � > UO � > UO �
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ghqrwh wkh uhyhuvlrq vshhgv dqg uhyhuvlrq ohyhov/ uhvshfwlyho|/ ri wkh uhodwlyh
frh�flhqwv/ ru ri wkhlu orjdulwkpv1

�

Wkh lqwurgxfwlrq ri wkh glvsodfhphqw frh!flhqw � +vhh Uxelqvwhlq +4<;6, iru
d glvfxvvlrq ri glvsodfhg gl�xvlrqv dqg Pduulv +4<<<, iru wkh olqn zlwk wkh FHY
prgho, lv lqwhqghg wr dffrxqw iru wkh ghyldwlrq iurp h{dfw sursruwlrqdolw| zlwk
wkh ohyho ri wkh edvlv srlqw pryh ri wkh iruzdug udwhv= wklv ihdwxuh wudqvodwhv
wr d prqrwrqlfdoo| ghfd|lqj +zlwk vwulnh, frpsrqhqw ri wkh vploh vxuidfh

�

1 Lq
dgglwlrq/ wkh vwrfkdvwlf ehkdylrxu iru wkh +frh!flhqwv ri, wkh lqvwdqwdqhrxv
yrodwlolw| lv lqyrnhg lq rughu wr dffrxqw lq d �qdqfldoo| frqylqflqj zd| iru wkh
pruh uhfhqwo| revhuyhg *krfnh|0vwlfn* vkdsh ri wkh vploh fxuyhv1

Vlqfh wkh vploh g|qdplfv duh qrw wkh irfxv ri wklv sdshu/ zh gr qrw sxuvxh
wklv dqjoh dq| ixuwkhu/ dqg uhihu wkh lqwhuhvwhg uhdghu wr Mrvkl dqg Uherqdwr
+5334,/ exw pdnh wzr revhuydwlrq ri uhohydqfh iru wkh ixwxuh glvfxvvlrq= �uvw/ wkh
vwrfkdvwlf hyroxwlrq +xqghu T, ri wkh vzdswlrq pdwul{ lv ixoo| vshfl�hg rqfh wkh
g|qdplfv iru wkh lqvwdqwdqhrxv yrodwlolw| lv jlyhq> vhfrqg/ dv phqwlrqhg lq wkh
lqwurgxfwru| vhfwlrq/ wkh prgho0lpsolhg hyroxwlrq ri wkh vzdswlrq pdwul{ wdnhv
sodfh lq wkh sulflqj phdvxuh/ dqg/ wr wkh h{whqw wkdw lqyhvwruv glvsod| dyhuvlrq
wr yrodwlolw| ulvn/ fdqqrw eh lpphgldwho| uhodwhg wr wkh revhuydeoh hyroxwlrq ri
wkh vdph txdqwlw| lq wkh uhdo zruog1 Dv lw lv zhoo nqrzq/ lq idfw/ +vhh/ h1j1/
Ohzlv +5333,,/ lq d vwrfkdvwlf yrodwlolw| vhwwlqj wkh Jluvdqry*v wudqvodwlrq iurp
wkh uhdo0zruog wr wkh ulvn0dgmxvwhg phdvxuh T eulqjv derxw d fkdqjh lq wkh guliw
ri wkh lqvwdqwdqhrxv yrodwlolw|1 Wklv fkdqjh ri phdvxuh/ lq wxuq/ pdnhv d qdlyh
frpsdulvrq ehwzhhq wkh hpslulfdoo| revhuyhg dqg wkh prgho suhglfwhg fkdqjhv
lq wkh vzdswlrq pdwul{ lpsrvvleoh1 Lw lv zruwkzkloh frpphqwlqj eulh | rq wklv
srlqw= zkhq prylqj ehwzhhq htxlydohqw phdvxuhv/ Jluvdqry*v wkhruhp doorzv xv
wr fkdqjh wkh guliwv ri doo Eurzqldq prwlrqv1 Wkh uhtxluhphqw ri qr duelwudjh/
frxsohg zlwk wkh idfw wkdw d iruzdug udwh wlphv dq dssursuldwh erqg ehfrphv
d wudgdeoh dvvhw +vhh h1j1 Mdpvklgldq +4<<:, ru Uherqdwr +5334,, irufhv wkhlu
guliwv lq wkh pduwlqjdoh phdvxuh wr wdnh d xqltxh ydoxh1 Krzhyhu/ yrodwlolw|
lv qrw wudgdeoh/ qru lv lw srvvleoh wr �qg d vlpsoh wudqvirupdwlrq +vxfk dv wkh
pxowlsolfdwlrq e| dssursuldwh glvfrxqw erqgv lq wkh fdvh ri iruzdug udwhv, wkdw
fdq wxuq lw lqwr d wudghg dvvhw1 Lw lv wkhuhiruh qrw srvvleoh wr lpsrvh frqvwudlqwv
zklfk duh vwurqj hqrxjk wr vlqjoh rxw d xqltxh guliw ri wkh yrodwlolw| sdudphwhuv
lq wkh pduwlqjdoh phdvxuh1 Dv d frqvhtxhqfh/ dq lq�qlw| ri yrodwlolw| guliwv
+hdfk dvvrfldwhg zlwk d gl�huhqw htxlydohqw sulflqj phdvxuh, duh frpsdwleoh
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zlwk devhqfh ri duelwudjh1 Wklv kdv ehhq rqh ri wkh uhdvrqv iru shuiruplqj
wkh +phdvxuh0lqghshqghqw, Sulqflsdo0Frpsrqhqw0Dqdo|vlv vwxg| suhvhqwhg lq
wklv zrun1 Wkh SFD uhvxowv/ lq idfw/ duh phdvxuh0lqghshqghqw ehfdxvh wkh|
duh rewdlqhg iurp wkh ruwkrjrqdol}dwlrq ri lpsolhg yrodwlolwlhv zklfk duh wkh
lqyhuvh ri vxlwdeoh +Eodfn, ixqfwlrqv

�
ri wkh lqvwdqwdqhrxv fruuhodwlrq dqg fr0

yduldqfh pdwulfhv1 Wkhvh lqyhuvh ri wkh Eodfn ixqfwlrq duh/ lq wxuq/ olqnhg wr
wkh lqvwdqwdqhrxv yrodwlolwlhv wkurxjk d frpsoh{ fkdlq ri Lwr*v ohppdv1 Krzhyhu
frpsoh{ wklv fkdlq pljkw eh/ jlyhq wkh dvvxpswlrq derxw wkh g|qdplfv ri wkh
prgho lqvwdqwdqhrxv yrodwlolhv/ wkh lpsolhg yrodwlolhv duh wkhpvhoyhv d gl�xvlrq1
Wkh yrodwlolw| whupv ri wkhvh gl�xvlrqv/ zklfk zh gr qrw fdofxodwh h{solfwo|
exw hvwlpdwh qxphulfdoo|/ rqo| ghshqg rq wkh yrodwlolwlhv ri/ dqg wkh fruuhod0
wlrq dprqj/ wkh frh!flhqwv ri �+w> W ,= Vlqfh zh kdyh dvvxphg wkh yrodwlolwlhv
ri wkh frh!flhqwv/ � � +w,> � � +w,> � � +w, dqg � � +w,> wr eh ghwhuplqlvwlf +dqg wkhlu
dvvrfldwhg Eurzqldq prwlrqv xqfruuhodwhg,/ wkh| zloo uhpdlq xqfkdqjhg xqghu
wkh Jluvdqry wudqvirupdwlrq ehwzhhq phdvxuhv +vhh/ h1j1/ Gx!h +4<<9,,1 Lw
lpphgldwho| iroorzv wkdw wkh yrodwlolwlhv ri dqg fruuhodwlrqv dprqjvw wkh lp0
solhg yrodwlolwlhv zloo dovr eh lqyduldqw/ dqg khqfh vr zloo wkhlu hljhqyhfwruv dqg
hljhqydoxhv1

615 Wkh Phwkrgrorj| wr H{wudfw wkh Prgho0Lpsolhg Sulq0

flsdo Frpsrqhqwv

Zh h{dplqh lq wklv vhfwlrq wkh g|qdplfv ri wkh vzdswlrq yrodwlolw| pdwul{ zkhq
vzdswlrqv duh sulfhg xvlqj wkh vwrfkdvwlf yrodwlolw| prgho ghvfulehg deryh1 Lq
sduwlfxodu/ zh wu| wr dqvzhu wkh iroorzlqj txhvwlrqv=

41 Krz pdq| sulqflsdo frpsrqhqwv duh uhtxluhg lq rughu wr dffrxqw iru wkh
vwrfkdvwlf hyroxwlrq ri wkh vzdswlrq pdwul{ wr d jlyhq shufhqwdjh ri h{0
sodqdwru| srzhu +iudfwlrq ri yduldqfh h{sodlqhg,B

51 Krz grhv wkh �uvw sulqflsdo frpsrqhqw +hljhqyhfwru, rewdlqhg iurp wkh
ruwkrjrqdol}dwlrq ri wkh prgho fryduldqfh pdwul{ frpsduh zlwk wkh fru0
uhvsrqglqj hpslulfdoo| revhuyhg txdqwlw|B

61 Grhv wklv �uvw sulqflsdo frpsrqhqw fkdqjh lwv txdolwdwlyh ehkdylrxu zkhq
wkh yrodwlolwlhv duh phdq uhyhuwlqjB

71 Kdv wkh glvsodfhphqw frh!flhqw d vljql�fdqw h�hfw rq wkh ryhudoo txdolwd0
wlyh ehkdylrxu ri wkh �uvw sulqflsdo frpsrqhqwB

Wkh dojrulwkp lpsohphqwhg wr fduu| rxw wklv lqyhvwljdwlrq zdv wkh iroorz0
lqj= zh hyroyhg wkh frh!flhqwv d> e> f dqg g ryhu d wlph vwhs ri d zhhn xvlqj wkh
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g|qdplfv ghvfulehg lq Vhfwlrq 6141 Vlqfh zh kdyh fkrvhq d Ruqvwhlq0Xkohqehfn
surfhvv iru wkh frh!flhqwv +ru wkhlu orjdulwkpv, wkh hyroxwlrq ri wkh lqvwdqwd0
qhrxv yrodwlolwlhv fdq eh dffrpsolvkhg h{dfwo| dqg dqdo|wlfdoo|1 Jlyhq wklv mrlqw
uhdol}dwlrq ri wkh lqvwdqwdqhrxv yrodwlolwlhv zh hyroyhg wkh iruzdug udwhv ryhu
wkh vdph wlph vwhs xvlqj Htxdwlrq +9,

���
1

Diwhu shuiruplqj wklv vwhs/ zh *uhvhw* wkh fxuyh vr wkdw wkh h{slulhv ri wkh
ydulrxv iruzdug udwhv uhpdlqhg d frqvwdqw wlph glvwdqfh dzd| iurp wkh qhz
vsrw wlph1 Jlyhq wklv vwdwh ri wkh zruog zh wkhq sulfhg doo wkh vzdswlrqv lq
wkh gl�huhqw vhulhv dqg iru wkh gl�huhqw h{slulhv/ dqg wudqvodwhg wkhlu sulfhv lqwr
lpsolhg yrodwlolwlhv1 E| uhshdwlqj wklv h{huflvh pdq| wlphv zh jhqhudwhg dq
duwl�fldo wlph vhulhv iru wkh vzdswlrq lpsolhg yrodwlolwlhv1 Wkh fkdqjhv lq wklv
wlph vhulhv ryhu 4/333 zhhnv zhuh �qdoo| xvhg wr jhqhudwh d fryduldqfh pdwul{/
wkdw zdv wkhq gldjrqdol}hg1 Ghvslwh wkh idfw wkdw/ iru qxphulfdo uhdvrqv/ wkh
wlph vwhs zdv wdnhq wr eh rqh zhhn +dv rssrvhg wr wkh gdlo| vsdflqj ehwzhhq
wkh uhdo0zruog gdwd,/ wkh fkdqjhv duh ixoo| grplqdwhg e| wkh vwrfkdvwlf whup=
iru w|slfdo ydoxhv ri wkh yrodwlolw| dqg ri wkh iruzdug udwhv/ dqg iru wkh fkrvhq
wlph vwhs/ wkh yrodwlolw| whupv duh w|slfdoo| 533 wr 833 wlphv odujhu wkdq wkh
guliw whup

�^�
/ dqg wkhuhiruh wkh qxphulfdo surfhgxuh suhvhqwhg deryh dffxudwho|

hvwlpdwhv wkh lqvwdqwdqhrxv fryduldqfh pdwul{1
Wkh sdudphwhuv xvhg iru wklv h{huflvh duh jlyhq ehorz=

Frh!flhqw Lqlwldo Ydoxh Yrodwlolw| Uhy1 Vshhg Uhy1 Ohyho
d 03135 43133( 318 03135
e 3143; 43133( 316 3143;
oq+f, 31; 43133( 318 31;
oq+g, 31447 43133( 317 1447

Wde1 L= Wkh sdudphwhuv ri wkh lqvwdqwdqhrxv yrodwlolw| surfhvv xvhg lq wkh
vlpxodwlrq1

Lq dgglwlrq wr wkh lqvwdqwdqhrxv yrodwlolw| ixqfwlrq/ d ixqfwlrqdo vkdsh iru
wkh fruuhodwlrq kdg wr eh fkrvhq lq rughu wr ghvfuleh wkh fryduldqfh pdwul{
ehwzhhq wkh iruzdug udwhv1 Wklv zdv wdnhq wr eh jlyhq e|

� � � @ h{s^��mW � � W � m` +44,

zkhuh � � � lv wkh fruuhodwlrq ehwzhhq wkh iruzdug udwh h{slulqj dw wlph W � dqg wkh
iruzdug udwh h{slulqj dw wlph W � 1 Wklv fruuhodwlrq ixqfwlrq lv qrw sduwlfxoduo|
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vrsklvwlfdwhg/ dqg fdq eh fulwlfl}hg rq �qdqfldo jurxqgv1 Krzhyhu/ zh irxqg
lq rxu vwxg| wkdw wkh ghwdlohg vkdsh ri wkh fruuhodwlrq kdv d vpdoo lpsdfw rq
vzdswlrq sulfhv/ dqg zh frqfxu zlwk Gh Mrqj hw do1 +4<<<, zkr vwdwh wkdw
dowkrxjk vzdswlrq sulfhv gr ghshqg rq wkh fruuhodwlrq ehwzhhq lqwhuhvw udwhv ri

gl�huhqw pdwxulwlhv/ wklv wxuqv rxw wr eh d vhfrqg rughu h�hfw> vzdswlrq sulfhv duh

sulpdulo| ghwhuplqhg e| wkh yrodwlolwlhv ri lqwhuhvw udwhv1 Uherqdwr +5334, dqg
Phufxulr dqg Euljr +5334, surylgh dgglwlrqdo hylghqfh wkdw/ dqg dq h{sodqdwlrq
dv wr zk|/ wkh ghwdlohg vkdsh ri wkh fruuhodwlrq ixqfwlrq kdv d vpdoo lpsdfw rq
wkh sulfh ri Hxurshdq vzdswlrqv1

Wkh sdudphwhuv vkrzq lq Wde1 L/ wr zklfk wkh uhvxowv lq wklv vwxg| uhihu/
zhuh w|slfdo ri wkh rqhv irxqg lq Mrvkl dqg Uherqdwr +5334, e| rswlpl}lqj wr
wkh fdsohw vploh vxuidfh ri HXU dqg XVG xvlqj wkh pdunhw gdwd suhydlolqj dv ri
; Vhswhpehu 53331 Wkh| zhuh qrw fkrvhq wr surgxfh d ehvw �w wr hlwkhu vzds0
wlrq pdwul{/ exw surylgh d txdolwdwlyho| dffhswdeoh ghvfulswlrq ri wkh vzdswlrq
pdwul{1 Wkh txdolwdwlyh ihdwxuhv uhsruwhg ehorz/ dqg wkh wuhqgv lq wkh hljhqyhf0
wruv/ zhuh irxqg wr eh vwurqjo| lqvhqvlwlyh wr wkh ghwdlov ri wkh sdudphwul}dwlrq/
dqg/ dv glvfxvvhg dw juhdwhu ohqjwk ehorz/ pdlqo| wr ghshqg rq zkhwkhu wkh
uhyhuvlrq vshhg zdv dvvxphg wr eh }hur/ ru htxdo wr d �qlwh *uhdvrqdeoh* ydoxh
+zkhuh *uhdvrqdeoh* phdqv vlplodu wr wkh ydoxhv irxqg lq wkh �wwlqj wr dfwxdo
pdunhw gdwd iru gl�huhqw fxuuhqflhv,1

Ilqdoo|/ wkh glvsodfhphqw frh!flhqw � zdv fkrvhq wr eh htxdo wr 3135/ lq
forvh djuhhphqw zlwk wkh ehvw0�w ydoxhv rewdlqhg iru erwk fxuuhqflhv1

616 Uhvxowv

Zh ehjlq wkh glvfxvvlrq ri wkh uhvxowv e| suhvhqwlqj wkh judskv ri wkh �uvw
sulqflsdo frpsrqhqw rewdlqhg xvlqj wkh phwkrgrorj| ghvfulehg deryh1 Wkh
{0d{lv glvsod|v wkh iroorzlqj vzdswlrqv/ lq wkh rughu

4 { 4/5/6/8/:/43
5 { 4/5/6/8/:/43
6 { 4/5/6/8/:/43
8 { 4/5/6/8/:/43
: { 4/5/6/8/:/43
43 { 4/5/6/81

Wkh �uvw revhuydwlrq iurp wkhvh uhvxowv/ zklfk dqvzhuv wkh �uvw ri wkh txhv0
wlrqv srvhg lq Vhfwlrq 615 deryh/ lv wkdw/ lq doo fdvhv +l1h1 zlwk dqg zlwkrxw
phdq0uhyhuvlrq dqg zlwk dqg zlwkrxw d glvsodfhphqw frh!flhqw,/ d yhu| odujh
iudfwlrq +dssur{lpdwho| <3( iru erwk fxuuhqflhv, ri wkh yduldelolw| dfurvv h{0
slulhv dqg vzds ohqjwkv lv h{sodlqhg e| wkh �uvw sulqflsdo frpsrqhqw1 Wklv zdv
revhuyhg ghvslwh wkh idfw wkdw irxu lqghshqghqw Eurzqldq surfhvvhv d�hfw wkh
lqvwdqwdqhrxv yrodwlolw| surfhvv1 Wkh �qglqj lv qrw vxusulvlqj/ ehfdxvh zh qr0
wlfhg lq Mrvkl dqg Uherqdwr +5334, wkdw wkh sulfhv ri Hxurshdq vzdswlrqv duh
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pdlqo| d�hfwhg e| wkh vwrfkdvwlf ehkdylrxu ri wkh g frh!flhqw1
���

Rq wkh rwkhu
kdqg/ wkh iudfwlrq ri wkh wrwdo yduldelolw| +shufhqwdjh ri yduldqfh, h{sodlqhg e|
wkh �uvw sulqflsdo frpsrqhqw lq wkh wzr fxuuhqflhv h{dplqhg zdv hpslulfdoo|
irxqg wr eh voljkwo| ohvv wkdq 93( +vhh Ilj1 4:,1 Wkhuhiruh wkh �uvw frqfoxvlrqv
lv wkdw d vljql�fdqw ghjuhh ri wkh uhdo0zruog frpsoh{lw| lv qrw dffrxqwhg iru e|
wkh prgho sursrvhg1 Wklv lv d sulrul qrw vxusulvlqj= vwrfkdvwlf0yrodwlolw| h{whq0
vlrqv ri wkh OLERU pdunhw prgho duh diwhu doo mxvw ehlqj lqwurgxfhg/ dqg rqh
fdq gudz d sdudooho zlwk wkh hduo| vlpsoh rqh0idfwru prghov +vxfk dv Ydvlfhn/
FLU, wkdw dwwhpswhg wr ghvfuleh wkh hyroxwlrq ri wkh |lhog fxuyh1 Wkh pruh
uhohydqw txhvwlrq lv shukdsv zkhwkhu wklv lqlwldo vwhs/ doehlw lqfrpsohwh/ lv lq
wkh uljkw gluhfwlrq1

Lq rughu wr dqvzhu wklv txhvwlrq rqh fdq uhihu djdlq wr Iljv1 4; dqg 4</ zklfk
glvsod| wkh �uvw sulqflsdo frpsrqhqw dv hvwlpdwhg iurp wkh hpslulfdo gdwd1 Wzr
ihdwxuhv duh qrwhzruwk|= �uvw ri doo wkh fohdu shulrglflw| lq wkh ydoxhv/ zklfk
fruuhvsrqgv wr wkh wudqvlwlrq iurp rqh *lqwr* vhulhv wr wkh qh{w1 Wkh vhfrqg
lpsruwdqw ihdwxuh lv wkdw/ zkhq rqh xvhv fruuhodwlrq gdwd/ wkh dyhudjh pdjqlwxgh
ri wkh �uvw hljhqyhfwru lv urxjko| frqvwdqw dv rqh pryhv iurp rqh vhulhv wr wkh
qh{w= lq rwkhu zrugv wkh �uvw prgh ri ghirupdwlrq lv urxjko| sdudooho dfurvv wkh
vzdswlrq pdwul{1 Zkhq wkh fryduldqfh pdwul{ lv ruwkrjrqdol}hg/ krzhyhu/ wkh
�uvw hljhqyhfwru glvsod|v d qrwlfhdeoh ghfd| dv rqh pryhv grzq wkh vhulhv1

Wkh prgho0rewdlqhg hljhqyhfwru +rewdlqhg iurp wkh ruwkrjrqdol}dwlrq ri wkh
fryduldqfh pdwul{, fohduo| glvsod|v wkh vdph shulrglflw| dv wkh hpslulfdo hljhq0
yhfwruv1 Vhh Iljv1 53/ 54 dqg 551 Zkhq qr uhyhuvlrq vshhg dqg }hur glvsodfh0
phqw frh!flhqw duh xvhg/ wkh �uvw hljhqyhfwru rewdlqhg irup wkh prgho uhpdlqv
urxjko| frqvwdqw dv rqh pryhv grzq wkh { d{lv1 Wr d olplwhg h{whqw/ d qrq0}hur/
srvlwlyh glvsodfhphqw frh!flhqw/ zklfk lqglfdwhv d ghyldwlrq iurp orj0qrupdolw|
wrzdugv qrupdolw|/ surgxfhv vrph ghjuhh ri ghfd| lq wkh �uvw hljhqyhfwru1 Lw lv
zkhq wkh uhyhuvlrq vshhg kdv d ydoxh vlplodu wr zkdw rewdlqhg lq wkh �w wr wkh
vploh vxuidfh/ krzhyhu/ wkdw wkh prgho gdwd glvsod|v d ghfd| vlplodu wr zkdw
fdq eh revhuyhg iurp uhdo gdwd1 Wklv uhvxow lv sduwlfxoduo| qrwhzruwk|/ ehfdxvh
wkh uhyhuvlrq vshhg xvhg lq wkh suhvhqw vwxg| zdv lqghshqghqwo| ghwhuplqhg
e| �wwlqj wr vploh gdwd/ dqg zlwkrxw dq| sulru nqrzohgjh ri wkh vkdsh ri wkh
hpslulfdo hljhqydoxhv1 Wkhuhiruh/ lw dsshduv wkdw wkh hpslulfdo gdwd duh frq0
vlvwhqw zlwk d phdq0uhyhuwlqj ehkdylrxu iru wkh lqvwdqwdqhrxv yrodwlolw| +lq wkh
ulvn0dgmxvwhg zruog$, dv srvlwhg e| Mrvkl dqg Uherqdwr +5334, dqg dv lqghshq0
ghqwo| fdoleudwhg wr vwdwlf furvv0vhfwlrqdo gdwd +d vlqjoh0gd| yrodwlolw| vxuidfh,
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7 Glvfxvvlrqv/ Frqfoxvlrqv dqg Vxjjhvwlrqv iru

Ixwxuh Zrun

Zh kdyh suhvhqwhg lq wklv zrun vrph hpslulfdo zrun derxw wkh fkdqjhv lq pdunhw
lpsolhg yrodwlolw| vzdswlrq pdwulfhv1 Zh kdyh frxsohg wklv lqyhvwljdwlrq zlwk d
wkhruhwlfdo dqdo|vlv ri d sduwlfxodu vwrfkdvwlf0yrodwlolw| h{whqvlrq ri wkh OLERU
pdunhw prgho1 Rxu �qglqjv kdyh frqyh|hg d pl{hg exw ryhudoo hqfrxudjlqj
slfwxuh ri wkh dghtxdf| ri wklv prghoolqj dssurdfk1

Wr ehjlq zlwk/ fhuwdlq lpsruwdqw ihdwxuhv ri wkh uhdo gdwd duh qrw fdswxuhg
e| wkh Mrvkl0Uherqdwr dssurdfk= wkh hpslulfdo gdwd lqglfdwhv/ iru lqvwdqfh/ wkdw
wkh vzdswlrq pdwul{ whqgv wr rvfloodwh ehwzhhq zhoo0gh�qhg vkdsh sdwwhuqv/ zlwk
gl�huhqw/ dqg vrphwlphv txlwh vkruw/ wudqvlwlrq shulrgv1 Vxfk d ehkdylrxu lv
qhlwkhu frpsdwleoh zlwk d vwrfkdvwlf yrodwlolw| prgho zlwk frqvwdqw uhyhuvlrq
vshhg/ qru zlwk d mxps2gl�xvlrq surfhvv +zklfk grhv qrw surgxfh/ lq lwv vwdq0
gdug irupxodwlrq/ vwrfkdvwlf vploh vxuidfhv,/ qru zlwk dq| ri wkh FHY h{whqvlrqv
zklfk kdyh ehhq sursrvhg

�
� 1 Srvvleo|/ d uhyhuvlrq ohyho iru wkh lqvwdqwdqhrxv

yrodwlolw| wkdw xqghuzhqw doprvw lqvwdqwdqhrxv wudqvlwlrqv ehwzhhq d qxpehu ri
suh0gh�qhg ydoxhv frxog surylgh d ehwwhu ghvfulswlrq ri wkh revhuyhg g|qdplfv>
wkh uhyhuvlrq vshhg/ krzhyhu/ zrxog kdyh wr fkdqjh vljql�fdqwo| +l1h1 zrxog
kdyh wr glvsod| d vkruw0olyhg exuvw, zkhq wkhvh wudqvlwlrqv rffxu li rqh zdqwv
wr uhfryhu dw wkh vdph wlph wkh gl�xvlyh ehkdylrxu ri wkh lpsolhg yrodwlolw| lq
*qrupdo wlphv*/ dqg wkh txlfnqhvv ri wkh wudqvlwlrq gxulqj *fulvhv*/ dv revhuyhg/
lq sduwlfxodu/ iru XVG1 Wkh frpsxwdwlrqdo dqg fdoleudwlrq sureohpv ri vxfk
d prgho duh olnho| wr eh txlwh d fkdoohqjh/ exw wklv prghoolqj dssurdfk frxog
frqvwlwxwh dq lqwhuhvwlqj dyhqxh iru ixwxuh uhvhdufk1

Wkh ghvfulswlyh vwdwlvwlfv ri wkh hpslulfdo fkdqjhv lq lpsolhg yrodwlolw| vwurqjo|
uhmhfw wkh k|srwkhvlv wkdw wkh lqvwdqwdqhrxv yrodwlolw| vkrxog iroorz d gl�xvlyh
+phdq0uhyhuwlqj, ehkdylrxu> lq sduwlfxodu/ wkh hpslulfdo wdlov duh idu wrr idw
zkhq frpsduhg zlwk wkh prgho0surgxfhg rqhv1 Ixuwkhupruh/ wkh sursruwlrq
ri wkh yduldelolw| dfurvv wkh vzdswlrq pdwul{ h{sodlqhg e| wkh �uvw sulqflsdo
frpsrqhqw lv vljql�fdqwo| vpdoohu lq uhdolw| +derxw 93(, wkdq zlwk wkh prgho0
surgxfhg gdwd1

Ghvslwh wkhvh vkruwfrplqjv/ wkh prghoolqj dssurdfk e| Mrvkl dqg Uherqdwr
kdv ehhq vkrzq wr glvsod| wzr lpsruwdqw hqfrxudjlqj ihdwxuhv= �uvw ri doo/ wkh
txdolwdwlyh vkdsh ri wkh �uvw hljhqyhfwru wxuqhg rxw wr ehdu d forvh uhvhpeodqfh
zlwk wkh fruuhvsrqglqj hpslulfdo txdqwlw|/ dqg/ lq sduwlfxodu/ wkh vdph shulrg0
lflw| zdv revhuyhg lq wkh uhdo dqg prgho gdwd> vhfrqg/ wkh ghfd|lqj ehkdylrxu
ri wkh �uvw sulqflsdo frpsrqhqw dv d ixqfwlrq ri lqfuhdvlqj h{slu|/ revhuyhg
lq wkh uhdo gdwd zkhq wkh fryduldqfh pdwul{ lv ruwkrjrqdol}hg/ zdv irxqg wr
eh qdwxudoo| uhfryhudeoh dqg h{sodlqdeoh e| wkh phdq0uhyhuwlqj ehkdylrxu iru
wkh lqvwdqwdqhrxv yrodwlolw|1 Wklv ihdwxuh lq wxuq frqvwlwxwhv wkh prvw vdolhqw
� � SU� !#�+� !#"C�����B&+��� ����� � � �0/j� ! �.���7����
�	�� !�� ����� $D	���!�!���
����C�����D�����+$7��������� $D� ��
��?��
�� 
��,�����3$���*�� �

��
��8��*�$��@������
��B	���&������ !
�����@� �7&+���2���I���?���8��� ��!B	��,��
�� 6A9�� �U�����@� ��
4�?��
��B
�������� ��� ���#� �^/����B����� ��$���!8N
��� !+*���*#�H;<������&8� ��*�
�] ���=� !CbH� ��������
�	���!%��!��%c@��*'] l�m�m�m+`���!��CbH� ��������
�	���!%��!�� �B��
���!#��
�] l�m�m�n,`�`�F
TO��� �?�#� X�$�*�� �^98�����?�7&+��
�9+���������H���^� ����������
�	�� !#� ����� $=� *�!#$7��� ��!����<�#���<��!�����!�$��H��!3���#�H� ��
4�?��
��

��,�����
$���*#� �B"�� &��@
�� ���=��������*�������!B$7����!�"��=� !����8L�M��E���U�����@�4�?���8��� ��!B	��,��
�� 6AF

4;



fkdudfwhulvwlf ri wkh vwrfkdvwlf0yrodwlolw| h{whqvlrq ri wkh OLERU pdunhw prgho
wkdw zh kdyh dqdo|}hg1 Ixuwkhpruh/ wkh ydoxhv iru wkh phdq uhyhuvlrq wkdw kdg
ehhq suhylrxvo| dqg lqghshqghqwo| rewdlqhg xvlqj vwdwlf lqirupdwlrq +l1h1 e|
�wwlqj wr wkh vploh vxuidfh, wxuqhg rxw wr eh dghtxdwh wr h{sodlq lq d vdwlvidf0
wru| zd| wkh txdolwdwlyh ihdwxuhv ri vxfk g|qdplf ihdwxuhv dv wkh vkdsh ri wkh
hljhqyhfwruv +rewdlqhg iurp wlph vhulhv dqdo|vlv,1 Lw wkhuhiruh dsshduv idlu wr
vd| wkdw/ ghvslwh wkh reylrxv vkruwfrplqjv/ wkh prghoolqj dssurdfk dqdo|}hg lq
wkh wkhruhwlfdo sduw ri wkh suhvhqw vwxg| dsshduv wr eh d xvhixo �uvw vwhs lq wkh
uljkw gluhfwlrq1
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1 year into 2 year into

1 2 3 5 7 10 1 2 3

1 1 0.7573313 0.70383312 0.70272808 0.6829902 0.66714772 0.84221759 0.72208199 0.67399784

2 0.7573313 1 0.92506863 0.87005919 0.83106392 0.79883191 0.68091232 0.88853052 0.81245114

3 0.70383312 0.92506863 1 0.90081514 0.86441631 0.84816343 0.67311099 0.88370878 0.86123263

5 0.70272808 0.87005919 0.90081514 1 0.90266159 0.87633016 0.65330642 0.87442905 0.85059915

7 0.6829902 0.83106392 0.86441631 0.90266159 1 0.89152726 0.63271429 0.84005688 0.83775257

10 0.66714772 0.79883191 0.84816343 0.87633016 0.89152726 1 0.62925843 0.83917766 0.85590297

1 0.84221759 0.68091232 0.67311099 0.65330642 0.63271429 0.62925843 1 0.72983905 0.67236483

2 0.72208199 0.88853052 0.88370878 0.87442905 0.84005688 0.83917766 0.72983905 1 0.9065737

3 0.67399784 0.81245114 0.86123263 0.85059915 0.83775257 0.85590297 0.67236483 0.9065737 1

5 0.66102105 0.83970274 0.83457423 0.87059137 0.85980908 0.84799235 0.66607135 0.89238509 0.89298015

7 0.6565227 0.7961068 0.83785346 0.83632581 0.86171228 0.87911282 0.64950144 0.86824658 0.90110557

10 0.61186077 0.71600212 0.77343124 0.81131332 0.84958077 0.88349286 0.58603538 0.80100429 0.85150274

Iljxuh 46= D sruwlrq +wrs ohigw0kdqg fruqhu, ri wkh GHP2HXU fruuhodwlrq
pdwul{
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Iljxuh 47= Wkh fruuhodwlrq pdwul{ iru wkh fkdqjhv lq lpsolhg yrodwlolw| lq wkh
fdvh ri GHP2HXU
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Iljxuh 48= Wkh �uvw wkuhh hljhqyhfrwruv iurp wkh ruwkrjrqdol}dwlrq ri wkh XVG
fruuhodwlrq pdwul{
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Iljxuh 49= Wkh �uvw wkuhh hljhqyhfwruv iurp wkh ruwkrjrqdol}dwlrq ri wkh
IGHP2HXU fruuhodwlrq pdwul{
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Iljxuh 4:= Wkh sursruwlrq ri wkh wrwdo yduldelolw| h{sodlqhg e| dq lqfuhdvlqj
qxpehuri hljhqyhfwruv +rq wkh { d{lv,
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No reversion no displacement

0

0.05

0.1

0.15

0.2

0.25

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

Iljxuh 53= Qr uhyhuvlrq vshhg/ }hur glvsodfhphqw frh!fhqw

6<



No reversion, non-zero displacement
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Reversion and displacement
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Iljxuh 55= Qrq0}hur uhyhuvlrq vshhg dqg glvsodfhphqw frh!flhqw

74



ELEOLRJUDSK\

Dqghuvhq O dqg Dqguhdvhq M +4<<:, cYrodwlolw| Vnhzv dqg h{whqvlrq ri wkh
OLERU Pdunhw Prgho*/ Jhq Uh Ilqdqfldo Surgxfwv zrunlqj sdshu/ wr dsshdu
lq Dssolhg Pdwkhpdwlfdo Ilqdqfh

Eudfh D/ Jdwduhn G/ Pxvlhod P/ +4<<8, cWkh Pdunhw Prgho ri Lqwhuhvw Udwh
G|qdplfv*/ zrunlqj sdshu/ Vfkrro ri Pdwkhpdwlfv/ Xqlyhuvlw| ri Qhz Vrxwk
Zdohv/ Dxvwudold

Eudfh D/ Jdwduhn G/ Pxvlhod P/ +4<<9, cWkh Pdunhw Prgho ri Lqwhuhvw Udwh
G|qdplfv*/ Pdwkhpdwlfdo Ilqdqfh/ :/ 45:0487

Eulwwhq0Mrqhv P/ Qhxehujhu D/ +4<<;, cRswlrq Sulfhv/ Lpsolhg Sulfh Surfhvvhv
dqg Vwrfkdvwlf Yrodwlolw|*/ Orqgrq Exvlqhvv Vfkrro zrunlqj sdshu/ dydlodeoh dw
zzz1orqgrq1hgx2lid

Gh Mrqj/ I/ Gulhvvhq O/ Shovvhu D +4<<<, *OLERU dqg Vzds Pdunhw Prghov
iru wkh Sulflqj ri Lqwhuhvw Udwh Ghulydwlyhv= dq Hpslulfdo Frpsdulvrq*/ zrunlqj
sdshu

Gx!h/ G1/ +4<<9, cG|qdplf Dvvhw Sulflqj Wkhru|* / Sulqfhwrq Xqlyhuvlw|
Suhvv/ Sulqfhwrq/ Qhz Mhuvh|/ Vhfrqg Hglwlrq

Kxqwhu F/ Mdhfnho S dqg Mrvkl P +5334, cJhwwlqj wkh Guliw* dffhswhg iru sxe0
olfdwlrq lq Ulvn Pdjd}lqh/ Ghfhpehu 5334/ dovr TXDUF +Txdqwlwdwlyh Uhvhdufk
Fhqwuh, Zrunlqj Sdshu cGuliw Dssur{lpdwlrqv lq d OLERUPdunhw Prgho* dydlo0
deoh dw zzz1Uherqdwr1frp

Mrvkl P/ Uherqdwr U1 +5334, cD vwrfkdvwlf0yrodwlolw|/ glvsodfhg0gl�xvlrq h{0
whqvlrq ri wkh OLERU pdunhw prgho*/ vxeplwwhg wr Mrxuqdo ri Frpsxwdwlrqdo
Ilqdqfh dqg TXDUF +Txdqwlwdwlyh Uhvhdufk Fhqwuh, Zrunlqj Sdshu dydlodeoh
dw zzz1Uherqdwr1frp

Jodvvhupdq S/ Nrx/ V1J +5333, cWkh whup vwuxfwxuh ri vlpsoh iruzdug udwhv
zlwk mxps ulvn* � Zrunlqj sdshu 0 Froxpeld Xqlyhuvlw|

Jodvvhupdq S/ Phuhqhu Q/ +5334, cQxphulfdo Vroxwlrqv ri Mxps0Gl�xvlrq
OLERU Pdunhw Prghov* +5334,/ Zrunlqj sdshu/ Froxpeld Xqlyhuvlw|

Kxoo M/ Zklwh D/ +5333, cWkh Hvvhqwldov ri OPP*/ Ulvn Pdjd}lqh/ Ghfhpehu
5333

Mdpvklgldq I +4<<<, cOLERU Pdunhw Prgho zlwk Vhplpduwlqjdohv*/ zrunlqj
sdshu/ QhwDqdo|wlf Owg1/ Orqgrq
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Orqjvwd� I1D1/ Vdqwd0Fodud S/ Vfkzduw}/ HV/ +5333d, cWkurzlqj Dzd| d
Eloolrq Grooduv= Wkh Frvw ri Vxe0Rswlpdo H{huflvh Vwudwhjlhv lq wkh Vzdswlrqv
Pdunhwv*/ Zrunlqj Sdshu/ XFOD/ suhvhqwhg dw wkh LFEL Ulvn Frqihuhqfh �
Jhqhyd +5333,

Orqjvwd� ID/ Vdqwd0Fodud S/ Vfkzduw}/ HV/ +5333e, cWkh Uhodwlyh Ydoxd0
wlrq ri Fdsv dqg Vzdswlrqv= Wkhru| dqg Hpslulfdo Hylghqfh*/ Zrunlqj Sdshu/
XFOD/ suhvhqwhg dw wkh LFEL Ulvn Frqihuhqfh � Jhqhyd +5333,

Pduulv G1/ +4<<<, cIlqdqfldo Rswlrq Sulflqj dqg Vnhzhg Yrodwlolw|*/ P1 Sklo
wkhvlv/ Vwdwlvwlfdo Oderudwru|/ Xqlyhuvlw| ri Fdpeulgjh/ 4<<<

Pduwhoolql O/ Suldxohw S/ +5334, cIl{hg Lqfrph Vhfxulwlhv*/ MrkqZloh|/ Fklfk0
hvwhu/ Qhz \run/ Zhlqkhlp/ Eulvedqh/ Vlqjdsruh/ Wrurqwr1

Phufxulr/ G/ Euljr I/ +5334, *Lqwhuhvw Udwh Prghov 0 Wkhru| dqg Sudfwlfh*/
Vsulqjhu Yhuodj/ Ehuolq/ Khlghoehuj/ Qhz \run

Plowhuvhq/ N/ Vdqgpdqq N/ Vrqghupdqq G/ +4<<:, cForvhg0Irup Vroxwlrqv
iru Whup Vwuxfwxuh Ghulydwlyhv zlwk Orj0qrupdo Lqwhuhvw Udwhv*/ Mrxuqdo ri Il0
qdqfh/ 85/ 73<0763

Pxvlhod/ P/ Uxwnrzvnl P +4<<:,= cFrqwlqxrxv0Wlph Whup Vwuxfwxuh Prg0
hov= Iruzdug0Phdvxuh Dssurdfk* Ilqdqfh dqg Vwrfkdvwlf/ Yro1 4/ 7/ Vhswhpehu
4<<:/ 59405<5

Pxvlhod/ P/ Uxwnrzvnl P +4<<:e,= cPduwlqjdoh Phwkrgv Lq Ilqdqfldo Prg0
hoolqj* Vsulqjhu Yhuodj/ Ehuolq

Uherqdwr U +4<<<,= *Rq wkh Vlpxowdqhrxv Fdoleudwlrq ri Pxowlidfwru Orj0
qrupdo Lqwhuvw0Udwh Prghov wr Eodfn Yrodwlolwlhv dqg wr wkh Fruuhodwlrq Pdwul{*/
Mrxuqdo ri Frpsxwdwlrqdo Ilqdqfh/ Yro5 / Qr 7/ Vxpphu 4<<</ 805;

Uherqdwr U +5334, *Prghuq Sulflqj ri Lqwhuhwv0Udwh Ghulydwlyhv= wkh OLERU
Pdunhw Prghov dqg Eh|rqg*/ Sulqfhwrq Xqlyhuvlw| Suhvv/ Sulqfhwrq/ Qhz Mhuvh|

Uxelqvwhlq P/ +4<;6,/ cGlvsodfhg Gl�xvlrq Rswlrq Sulflqj*/ Mrxuqdo ri Il0
qdqfh/ 6;/ Pdufk 4<;6/ 546054:

Vlghqlxv M +5333, cHydoxdwlqj Qhz Uhvhdufk H{sorulqj Sudfwlfdo Dvshfwv ri
Pxowl0Idfwru Oleru Pdunhw Prghov* Suhvhqwhg dw wkh :wk dqqxdo iruxp 0 Joredo
Ghulydwlyhv 5333 0 Sdulv

Zloprww S1 +4<<;,/ cGhulydwlyhv= wkh wkhru| dqg sudfwlfh ri �qdqfldo hqjl0
qhhulqj* Zloh| Fklfkhvwhu/ Qhz \run/ Zhlqkhlp/ Eulvedqh/ Vlqjdsruh/ Wrurqwr
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]xhkovgru� F +5334, *H{whqghg OLERU Pdunhw Prghov zlwk D!qh dqg
Txdgudwlf Yrodwlolw|*/ Zrunlqj sdshu/ Ghsduwphqw ri Vwdwlvwlfv/ Ukhlqlvfkh Iulhgulfk0
Zlokhopv0Xqlyhuvlwdhw/ Erqq/ Jhupdq|
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