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Wkh urdg wr vflhqwlñf glvfryhu| lv pdunhg zlwk pdq| qxpehuv ri skhqrphqrq
lqlwldoo| uhmhfwhg dv vsxulrxv/ |hw odwhu lghqwlñhg dv idfw1 Rqh vxfk fodvv ri skh0
qrphqrq lv wkh rvfloodwlqj uhdfwlrq lq fkhplvwu|1 Dowkrxjk wkh suredelolw| ri
wkh rvfloodwru| uhdfwlrq zdv ghprqvwudwhg dv hduo| dv 4;5; e| Ihfkqhu/ zkr sur0
gxfhg dq hohfwurfkhplfdo fhoo zklfk jhqhudwhg dq rvfloodwlqj fxuuhqw/ wkh lghd
uhdoo| kdv qrw uhfhlyhg lwv gxh fuhglw xqwlo wkh odvw ñiwhhq |hduv1 Rqh ri wkh
hduolhvw slrqhhuv zkr zdv deoh wr vhh wkh ghswk ri dssolfdwlrqv lq elrorj| dqg
fkhplvwu| iru rfvloodwlqj uhdfwlrqv zdv Doiuhg Orwnd1 Lq 4<43/ kh vkrzhg wkdw
d vhw ri frqvhfxwlyh uhdfwlrqv fdq jlyh ulvh wr gdpshg rvfloodwlrqv rq wkhlu zd|
wr htxloleulxp11 Lw zdv klv zrun lq wklv ñhog wkdw zdv dgdswhg odwhu iru xvh
e| hfrorjlvwv lq wkhlu vwxg| ri suhgdwru2suh| v|vwhpv1 Wkh ñuvw krprjhqrxv
lvrwkhupdo uhdfwlrq wr eh ghvfulehg zdv wkh uhdfwlrq ri lrgdwh/ lrglqh/ dqg k|0
gurjhq shur{lgh lq 4<54 e| Ehunoh| fkhplvw Zlooldp F1 Eud|1 Iru pruh wkdq
ñiw| |hduv wkh ydolglw| ri wklv uhdfwlrq zdv fkdoohqjhg rq wkh edvlv wkdw wkh rvflo0
odwlrq zdv gxh wr gxvw ru exeeohv/ hyhq wkrxjk Eud| h{solflwo| dgguhvvhg wkhvh
lvvxhv1 Wkh gdzq ri prghuq fkhplfdo g|qdplfv vwxglhv fdq eh wudfhg wr Erulv
Ehorxvry/ zkr vwxpeohg xsrq dq rvfloodwlqj uhdfwlrq zkhq wu|lqj wr ñqg dq
lqrujdqlf dqdorj ri wkh Nuhev f|foh1 Hglwruv ri wkh mrxuqdov lq zklfk kh vrxjkw
wr sxeolvk klv ñqglqjv fodlphg wkdw klv %vxssrvhg glvfryhulhv% zhuh lpsrvvleoh1
Klv frqwhpsrudu|/ Dqdwro ]kderwlqvnll/ ixuwkhuhg klv uhvhdufk e| glvfryhulqj
wkdw wkhuh duh pdq| yduldwlrqv ri wkh rvfloodwlqj uhdfwlrq1 Doo wkh zkloh lq wkh
zhvw fkhplvwv zhuh zrunlqj rq sdshuv h{sodlqlqj zk| rvfloodwlqj uhdfwlrqv zhuh
lpsrvvleoh1 Shukdsv wklv lv zk| wkhuh lv vxfk dq h{sorvlrq ri lqwhuhvw ri odwh
lq rvfloodwlqj uhdfwlrqv1 Iru fkhplvwv/ wkh uhdfwlrqv duh uhodwlyho| qhz dqg olw0
woh lv nqrzq derxw wkh dfwxdo phfkdqlvpv/ zkdw lv nqrzq kdv odujho| frph

4



iurp wkh zrun ri vwxghqwv dw wkh Xqlyhuvlw| ri Ruhjrq lq Hxjhqh1 Hvvhqwldo lq
wkh ghyhorsphqw ri dq dffxudwh prgho lv wkh xqghuvwdqglqj wkh ghwhuplqdqwv
ri wkh udwh ri d fkhplfdo uhdfwlrq1 Ri sulpdu| lpsruwdqfh duh whpshudwxuh/
frqfhqwudwlrqv ri uhdfwdqwv/ vxuidfh duhd/ dqg fdwdo|vwv1 Lq hvvhqfh wkh udwh ri
d uhdfwlrq lv edvhg rq wkh qxpehu ri vxffhvvixo froolvlrqv shu wlph lqwhuydo1 Lq
wklv surmhfw zh dwwhpsw wr xvh d vlpsolñhg wkuhh htxdwlrq prgho wr suhglfw wkh
frqfhqwudwlrqv ri wkh uhdfwdqwv lq d prglñhg Ehorxvry h{shulphqw1 Rxu prgho
zdv ruljlqdoo| ghyhorshg e| wkh Xqlyhuvlw| ri Ruhjrq jurxs1

Wkh H{shulphqw Rxu h{shulphqw wrrn sodfh lq d 633 po1 vroxwlrq ri 5 P
K5VR7=Rq d khdwhg vwluulqj sodwh zh dgghg 8135 j ri Pdorqlf dflg dqg 617; j ri
NEuR61 Zkhq wkh vroxwlrq dfklhyhg 63

ï F/ zh dgghg 199 j PqVR7/ lqvwdqwo|
wkh vroxwlrq froruhg rudqjh1 Lw ehjdq wr rvfloodwh diwhu derxw 5; vhfrqgv zlwk d
shulrg ri :197 vhfrqgv lqlwldoo|1 Wkh qhw uhdfwlrq lv ghvfulehg lq wkh iroorzlqj
fkhplfdo htxdwlrqv1
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Zkhuh PD lv pdorqlf dflg dqg S vwdqgv iru wkh rujdqlf surgxfwv ri wkh
ñqdo uhdfwlrq1 Wklv surfhvv fdq eh jurxshg lqwr wkuhh skdvhv1 Wkh ñuvw skdvh/
uhdfwlrqv 407 ghvfuleh d shulrg ri vorz Eurplgh frqvxpswlrq1 Wkh vhfrqg skdvh/
uhdfwlrqv 80;/ ghvfulehv wkh udslg frqvxpswlrq ri eurplgh gxh wr wkh r{lgdwlrq ri
wkh phwdo fdwdo|vw/ Pdqjdqhvh1 Wkh ñqdo skdvh/ uhdfwlrq </ vorzv wkh h{shulphqw
e| uhwxuqlqj frqwuro wr wkh ñuvw skdvh dqg uhgxflqj wkh Pdqjdqhvh edfn wr
lwv iruphu vwdwh1 Lw lv gxh wr wklv vlpsoh jurxslqj wkdw zh fdq uhgxfh wkh
frpsolfdwhg phfkdqlvp wr d vlpsoh prgho1

2 Aüi �L_i*

Wkh fkhplfdo vshflhv lq rxu vlpsolñhg prgho duh = [ @ KEuR5> \ @ Eu
ý> ] @

Pq7.> D @ EuRý6 > S @ KREu>E @PdorqlfDflg= i lv d fkhplfdo frqvwdqw ds0
sur{lpdwho| htxdo wr rqh/ dqg wkhuhiruh zloo eh ljqruhg1 Wkh prgho lv vlpsolñhg
e| wkh dvvxpswlrq wkdw uhdfwdqwv D dqg E duh lq vxfk odujh vxsso| wkdw wkhlu
frqfhqwudwlrqv duh hòhfwlyho| frqvwdqw1
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Lq fkhplvwu| zh ohduq wkdw hyhu| uhdfwlrq surfhhgv dv d pxowlsoh ri wkh
surgxfw ri wkh frqfhqwudwlrqv ri wkh uhdfwdqwv1 Wr ghulyh udwh htxdwlrqv zh ñuvw
dvvljqhg d frqvwdqw +nq, wr hdfk ri wkh ñyh uhdfwlrqv lqfoxghg lq rxu prgho1
Vlqfh D dqg E duh dvvxphg wr eh frqvwdqw/ zh qhhghg rqo| wkuhh udwh htxdwlrqv/
rqh hdfk iru [/ \/ dqg ]1 Wkh iroorzlqj htxdwlrqv vlpso| vxp wkh udwhv ri
surgxfwlrq dqg glvdsshdudqfh ri hdfk ri wkh vshflhv1
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Dw rxu ode errn*v vxjjhvwlrq zh vlpsolñhg rxu htxdwlrqv e| pdnlqj wkh
iroorzlqj vxevwlwxwlrqv=

{ @
5n7[

n8D

| @
n5\

n8D

} @
n7n4E[

n58D
5

d4 @
n8D

n4E

d5 @
n5n8D

5n4n7E

d6 @
5n6n7
n5n8

Xvlqj wkhvh vxevwlwxwlrqv/ zh ghulyhg wkhvh ñqdo glphqvlrqohvv udwh htxd0
wlrqv=
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Wkh dgydqwdjh ri glphqvlrqohvv v|vwhpv lv wkdw wkh ehkdylru ri wkh ixqf0
wlrqv fdq eh vkrzq wr eh lqkhuhqw lq wkh RGHv/ dqg qrw mxvw d surgxfw ri d
sduwlfxodu vhw ri sk|vlfdo xqlwv1 Zkdw zh kdyh duulyhg dw lv d v|vwhp wkdw zh
fdq wxqh wr prgho rxu vshflñf uhdfwlrq1 Ri sduwlfxodu lqwhuhvw lv wkh shulrg ri
wkh rvfloodwlrqv/ zklfk/ dv srlqwhg rxw hduolhu/ zdv derxw :197 vhfrqgv1 Lq idfw/
lq rughu wr eh ghwhuplqhg/ wkh rwkhu frqvwdqwv ri wkh h{shulphqw uhtxluh pruh
vrsklvwlfdwhg dssdudwxv wkdw zh kdyh dffhvv wr dw wklv srlqw1
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Lq rughu iru xv wr dffxudwho| ghvfuleh wkh v|vwhp/ zh kdg ñuvw wr ghwhuplqh erwk
dq lqlwldo frqglwlrq/ dqg wkh frqvwdqw zklfk dòhfwv wkh shulrg ri wkh rvfloodwlrqv1
Lq rxu h{sorudwlrqv/ zh zhuh djdlq jxlghg e| wkh ode errn1 Lw gluhfwhg xv wkdw/
iru rxu h{shulphqw d4vkrxog eh yhu| forvh wr 48/ d5 lv 5833/ dqg d6 vkrxog eh
ghwhuplqhg e| wkh gdwd1 Lq rughu wr ñqg d6 zh xvhg wkh shulrg ri wkh rvfloodwlrqv
lq wkh h{shulphqw/ dqg vrxjkw wr pdwfk lw zlwk rxu ixqfwlrqv1 Gxh wr wkh idfw
wkdw wkhuh duh qr dqdo|wlf phwkrgv wr vroyh rxu RGHv/ zh hqolvwhg wkh khos ri
wkh RGH56v vroyhu lq PDWODE1 Zh irxqg d6 wr eh 133381 Wkhvh frqvwdqwv
surgxfhg wkh iroorzlqj judskv1 Qrwh= |+w, lv vfdohg e| 4

483 wr surylgh d ehwwhu
lpdjh1

e wð4ð|@|ðL?t

Lq rxu h{sorudwlrqv zh ehfdph idploldu zlwk wkh edvlf dvshfwv ri erwk wkh fkhp0
lvwu| dqg wkh pdwkhpdwlfv lqyroyhg lq wklv frpsoh{ v|vwhp1 Krzhyhu/ rxu xq0
ghuvwdqglqj lv vrphzkdw olplwhg1 Wkh frpsolfdwhg fkhplfdo dqdo|vlv lqyroyhg
dqg kljk nqrzohgjh uhtxluhphqw irufhg xv wr pdnh vhyhudo dvvxpswlrqv1 Lq wkh
ñuvw sodfh wkh uhdfwlrq dfwxdoo| frqwdlqv qhduo| wzhqw| vwhsv1 Rxu qlqh fkhplfdo
htxdwlrqv vlpsoli| lw wr d ghjuhh/ rxu ñyh udwh htxdwlrqv vlpsoli| lw hyhq pruh/
dqg prgholqj lw zlwk wkuhh glòhuhqwldo htxdwlrqv vlpsoli| lw ixuwkhu1 Wkh vhfrqg
dvvxpswlrq zdv wkdw wkh frqfhqwudwlrqv ri Pdorqlf dflg dqg wkh Eurpdwh lrq
uhpdlqhg frqvwdqw1 Lq uhdolw|/ zh revhuyhg d qrwlfhdeoh ghfd| lq wkh iuhtxhqf|
ri wkh rvfloodwlrqv diwhu rqo| irxu plqxwhv1 Wklv frxog eh gxh wr wkh vfduflw| ri
wkh rujdqlf dflg dqg wkh lrq/ dqg wkhuhiruh rxu prgho pd| rqo| dsso| wr wkh
vkruw wlph dw wkh vwduw ri wkh uhdfwlrq1 Dovr e| qrqglphqvlrqdol}lqj rxu v|vwhp/
zh orvw wkh delolw| wr jlyh dqvzhuv wkdw duh sk|vlfdoo| vljqlñfdqw1 Lq uhdolw| rxu
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Iljxuh 4= Iljxuh 41 Wkh sorwv ri {+w,/|+w,/ dqg }+w,1
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Iljxuh 5= Iljxuh 51 Wkh sorw ri {/|/ dqg }1
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prgho fdq rqo| suhglfw uhodwlyh frqfhqwudwlrqv ri wkh lqwhuphgldwh surgxfwv lq
wkh uhdfwlrq1

D çL?U*ýtðL?

Lq frqfoxvlrq/ zh kdyh ñw d vlpsolñhg prgho wr dq revhuyhg skhqrphqrq1 Lq
grlqj vr zh glvfryhuhg wkdw dowkrxjk fkhplfdo uhdfwlrqv duh vlpsoh zkhq rqo|
rqh vwhs lv frqvlghuhg/ wkh| ehfrph txlwh frpsoh{ zkhq wkh| rffxu dv d sduw
ri d odujhu v|vwhp1 Wklv surmhfw kdv sltxhg rxu fxulrvlw| lq wkh ñhog ri fkhpl0
fdo nlqhwlfv1 Zh duh lqwhuhvwhg lq ohduqlqj pruh dqg xqghuvwdqglqj wkh dfwxdo
phfkdqlvp lqyroyhg lq wklv dqg rwkhu rvfloodwlqj fkhplfdo uhdfwlrqv1 Zh wkdqn
Nhylq \rnr|dpd iru lqwurgxflqj xv wr wklv sureohp/ Sdxo Iduqkdp iru klv khos
lq xqghuvwdqglqj wkh uhdfwlrq/ Fodluh Fkulvwldq iru khu frrshudwlrq lq surfxuulqj
wkh qhfhvvdu| vxssolhv/ dqg Urehuw O Eruuhool/ Frxuwqh| Frohpdq/ dqg Zlooldp
H1 Er|fh/ dxwkruv ri Glòhuhqwldo Htxdwlrqv Oderudwru| Zrunerrn1 D qrwh ri
dssuhfldwlrq dovr jrhv wr Gdylg Duqrog/ rxu glòhuhqwldo htxdwlrqv surihvvru/ zkr
surylghg lpshwrxv iru rxu h{sorudwlrq1
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