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Vrflr0Hfrqrplf Glvwdqfh dqg Vsdwldo Sdwwhuqv lq
Xqhpsor|phqw

Wlprwk| J1 Frqoh|/ Qruwkzhvwhuq Xqlyhuvlw|
Jlrujlr Wrsd/ Qhz \run Xqlyhuvlw|�

Iheuxdu| 43/ 4<<<

Devwudfw

Wklv sdshu h{dplqhv wkh vsdwldo sdwwhuqv ri xqhpsor|phqw lq Fklfdjr eh0
wzhhq 4<;3 dqg 4<<31 Zh vwxg| xqhpsor|phqw foxvwhulqj zlwk uhvshfw wr gli0
ihuhqw vrfldo dqg hfrqrplf glvwdqfh phwulfv wkdw uh hfw wkh vwuxfwxuh ri djhqwv*
vrfldo qhwzrunv1 Vshfl�fdoo|/ zh xvh sk|vlfdo glvwdqfh/ wudyho wlph/ dqg gl�hu0
hqfhv lq hwkqlf dqg rffxsdwlrqdo glvwulexwlrq ehwzhhq orfdwlrqv1 Rxu jrdo lv wr
ghwhuplqh zkhwkhu rxu hvwlpdwhv ri vsdwldo ghshqghqfh duh frqvlvwhqw zlwk prg0
hov lq zklfk djhqwv* hpsor|phqw vwdwxv lv d�hfwhg e| lqirupdwlrq h{fkdqjhg
orfdoo| zlwklq wkhlu vrfldo qhwzrunv1 Zh suhvhqw qrq0sdudphwulf hvwlpdwhv ri
fruuhodwlrq dfurvv Fhqvxv wudfwv dv d ixqfwlrq ri hdfk glvwdqfh phwulf dv zhoo dv
sdluv ri phwulfv/ erwk iru xqhpsor|phqw udwh lwvhoi dqg diwhu frqglwlrqlqj rq d
vhw ri wudfw fkdudfwhulvwlfv1 Rxu uhvxowv lqglfdwh wkdw wkhuh lv d vwurqj srvlwlyh
dqg vwdwlvwlfdoo| vljql�fdqw ghjuhh ri vsdwldo ghshqghqfh lq wkh glvwulexwlrq ri
udz xqhpsor|phqw udwhv/ iru doo rxu phwulfv1 Krzhyhu/ rqfh zh frqglwlrq rq d
vhw ri fryduldwhv/ prvw ri wkh vsdwldo dxwrfruuhodwlrq lv holplqdwhg/ h{fhsw iru
sk|vlfdo dqg rffxsdwlrqdo glvwdqfh1

MHO= M97/ U45/ F541
Nh|zrugv= Vrfldo qhwzrunv/ hfrqrplf glvwdqfh/ vsdwldo hfrqrphwulfv/ xq0

hpsor|phqw1

�Fruuhvsrqglqj dxwkru= Jlrujlr Wrsd/ Ghsw1 ri Hfrqrplfv/ Qhz \run Xqlyhuvlw|/ 59< Phufhu Vw1
0 Q\/ Q\ 433361 Jlrujlr1WrsdChfrq1q|x1hgx1 Wkh dxwkruv duh judwhixo wr Doehuwr Elvlq/ Fdwhulqd
Pxvdwwl/ Fkulv Wdehu/ Zloehuw ydq ghu Noddxz/ dqg Iudqn Yhood iru khosixo frpphqwv1 Durq Ehwux
dqg Pdujduhw Exunh surylghg h{fhoohqw uhvhdufk dvvlvwdqfh1 Jlrujlr Wrsd judwhixoo| dfnqrzohgjhv
�qdqfldo vxssruw iurp wkh F1Y1 Vwduu Fhqwhu iru Dssolhg Hfrqrplfv dw Qhz \run Xqlyhuvlw|1 Wkh
dxwkruv duh ri frxuvh uhvsrqvleoh iru doo huuruv1
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4 Lqwurgxfwlrq
Lq wklv sdshu zh h{dplqh wkh vsdwldo sdwwhuqv ri xqhpsor|phqw lq Fklfdjr ryhu wzr
ghfdghv/ 4<;3 dqg 4<<31 Zh vwxg| xqhpsor|phqw foxvwhulqj zlwk uhvshfw wr gl�huhqw
hfrqrplf glvwdqfh phwulfv wkdw uh hfw wkh vwuxfwxuh ri djhqwv* vrfldo qhwzrunv1 Rxu
jrdo lv wr fkdudfwhul}h vsdwldo sdwwhuqv ri xqhpsor|phqw zlwk uhvshfw wr wkhvh phw0
ulfv/ lq rughu wr ghwhuplqh zkhwkhu wkh| duh frqvlvwhqw zlwk prghov lq zklfk djhqwv*
hpsor|phqw vwdwxv pd| eh d�hfwhg e| lqirupdwlrq h{fkdqjhg orfdoo| zlwklq wkhlu
vrfldo qhwzrunv1

Wkhuh lv frqvlghudeoh hylghqfh wkdw vrfldo qhwzrunv duh lpsruwdqw iru mre vhdufk1
D ydvw erg| ri uhvhdufk lq hfrqrplfv dqg vrflrorj| kdv vkrzq wkdw dw ohdvw 83( ri
doo mrev duh irxqg wkurxjk lqirupdo fkdqqhov/ vxfk dv wdonlqj wr rqh*v iulhqgv/ idplo|/
qhljkeruv/ dqg vrfldo frqwdfwv lq jhqhudo1 Lq d vwxg| ri 5;5 pdoh surihvvlrqdo dqg
whfkqlfdo zrunhuv lq wkh Ervwrq duhd/ Judqryhwwhu ^9` �qgv wkdw derxw 8:( ri fxuuhqw
mrev zhuh irxqg wkurxjk shuvrqdo frqwdfwv ru uhihuudov1 Rffxsdwlrqdo frqwdfwv dqg
zhdn wlhv zhuh hvshfldoo| lpsruwdqw14 Frufrudq hw do1 ^6` �qg yhu| vlplodu uhvxowv xvlqj
d pxfk odujhu gdwd vhw iurp wkh 4<:; zdyh ri wkh SVLG1 Prqwjrphu| ^4:` uhsruwv
dgglwlrqdo hylghqfh dqg ghyhorsv dq dgyhuvh vhohfwlrq prgho lq zklfk lqirupdo klulqj
+uhihuudov, frh{lvwv lq htxloleulxp zlwk pruh irupdo klulqj fkdqqhov1

Vxfk lqirupdwlrq h{fkdqjh surfhvvhv rffxuulqj zlwklq djhqwv* qhwzrunv fdq jhqhu0
dwh revhuydeoh lpsolfdwlrqv li wkh qhwzrun vwuxfwxuh lv dw ohdvw sduwldoo| revhuydeoh wr
wkh hfrqrphwulfldq1 Iru h{dpsoh/ li vrfldo qhwzrunv duh jhrjudsklf lq qdwxuh/ l1h1 lq0
glylgxdov wdon prvwo| wr wkrvh zkr duh sk|vlfdoo| qhdue|/ wkhq lqglylgxdov* rxwfrphv
zloo eh uhodwhg wr wkhlu sk|vlfdo glvwdqfh1 D mre dftxlvlwlrq surfhvv wkdw rshudwhg
wkurxjk vxfk d qhwzrun zrxog jhqhudwh foxvwhulqj ri xqhpsor|phqw zlwk uhvshfw wr
sk|vlfdo glvwdqfh1 Ri frxuvh/ vrfldo qhwzrunv qhhg qrw eh vwulfwo| jhrjudsklf1 Qhw0
zrunv ghyhors dorqj rwkhu glphqvlrqv/ vxfk dv udfh ru hwkqlflw|/ uholjlrxv d!oldwlrq/
hgxfdwlrq1 Lq dgglwlrq/ wkh lqirupdwlrq h{fkdqjh ehwzhhq dq| sdlu ri djhqwv lv olnho|
wr eh pruh surgxfwlyh +lq whupv ri jhqhudwlqj mre r�huv, li wkh wzr djhqwv duh forvh
lq whupv ri wkhlu uhvshfwlyh rffxsdwlrqv1 Li wkhvh qrq0sk|vlfdo phwulfv duh lpsruwdqw/
wkh| zloo eh v|vwhpdwlfdoo| uhodwhg wr djhqwv* rxwfrphv1

Lq wklv sdshu zh lqyhvwljdwh wkh uhodwlrqvkls ri sdwwhuqv lq xqhpsor|phqw wr
vhyhudo phwulfv1 Rxu jrdo lv wr lghqwli| wkh prvw dssursuldwh phwulfv iru ghvfulelqj
foxvwhulqj ri xqhpsor|phqw1 Zh fdq wkhq xvh wkh uhohydqw phdvxuhv ri ghshqghqfh
dffruglqj wr wkhvh phwulfv wr fdoleudwh ru hvwlpdwh vwuxfwxudo prghov ri ehkdylrxu1
Iru h{dpsoh/ d orfdo lqwhudfwlrq prgho ri lqirupdwlrq h{fkdqjh fdq eh hvwlpdwhg e|
fkrrvlqj sdudphwhuv wr pdwfk vsdwldo dxwrfruuhodwlrq sdwwhuqv ri xqhpsor|phqw dv
d ixqfwlrq ri d jlyhq phwulf/ yld d Vlpxodwhg Phwkrg ri Prphqwv ru dq Lqgluhfw
Lqihuhqfh surfhgxuh1 Wrsd ^56` surylghv dq h{dpsoh ri wklv hvwlpdwlrq whfkqltxh1
Wkxv/ wklv sdshu lv lqwhqghg dv d �uvw h{huflvh lq d zlghu uhvhdufk djhqgd/ dlphg dw

4Wzr shuvrqv D dqg E kdyh zhdn wlhv li djhqw D*v vrfldo qhwzrun kdv yhu| olwwoh ryhuods zlwk
djhqw E*v vhw ri frqwdfwv1 Wkh| kdyh vwurqj wlhv li wkh| wdon wr urxjko| wkh vdph jurxs ri shrsoh1
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eulqjlqj irupdo prghov ri orfdo lqwhudfwlrqv wr wkh gdwd1
Zh frqvwuxfw vhyhudo gl�huhqw phwulfv ryhu Fklfdjr Fhqvxv wudfwv wkdw dwwhpsw

wr fdswxuh wkh qrq0jhrjudsklf glphqvlrqv ri vrfldo qhwzrunv dqg mre lqirupdwlrq
h{fkdqjhv1 Wkhvh phwulfv duh phdvxuhv ri wkh wudyho wlph ehwzhhq wudfwv/ gl�huhqfh
lq hwkqlf dqg rffxsdwlrq glvwulexwlrqv/ dqg sk|vlfdo glvwdqfh ehwzhhq wudfwv1 Vxfk
phwulfv duh riwhq ghvfulehg e| wkh vrflrorjlfdo olwhudwxuh dv olnho| glphqvlrqv dorqj
zklfk qhwzrunv ghyhors1 Wr looxvwudwh wkh gl�huhqfhv ehwzhhq phwulfv dqg krz wkh|
kdyh fkdqjhg ryhu wlph/ zh suhvhqw d judsklfdo uhsuhvhqwdwlrq ri hdfk phwulf xvlqj
d phwkrg fdoohg pxowlglphqvlrqdo vfdolqj15 Frpsdulvrqv ri wudfwv* uhodwlyh glvwdqfhv
xqghu hdfk phwulf duh vwudljkwiruzdug wr pdnh1 Fkdqjhv lq uhodwlyh glvwdqfhv iurp
4<;3 wr 4<<3 xqghu hwkqlf dqg rffxsdwlrq phwulfv duh dovr hdvlo| ylvleoh1

Xsrq frqvwuxfwlrq ri rxu phwulfv/ zh suhvhqw qrqsdudphwulf hvwlpdwhv ri fruuhod0
wlrq dfurvv wudfwv dv d ixqfwlrq ri hdfk glvwdqfh phwulf1 Iluvw/ zh hvwlpdwh wkhvh vsdwldo
Dxwr0Fruuhodwlrq Ixqfwlrqv +DFIv, iru xqhpsor|phqw udwhv wkhpvhoyhv1 Wkhq/ zh
hvwlpdwh DFIv iru uhvlgxdov iurp d uhjuhvvlrq ri xqhpsor|phqw rq d vhw ri revhuydeoh
wudfw fkdudfwhulvwlfv wkdw duh olnho| wr d�hfw wkh xqhpsor|phqw udwh ri wkh duhd dqg
wr eh vsdwldoo| fruuhodwhg gxh wr wkh vruwlqj ri lqglylgxdov dfurvv duhdv1 Zh frpsduh
wkhvh wzr hvwlpdwhv wr jhw dq lghd ri zkhwkhu wkh foxvwhulqj zlwk uhvshfw wr d jlyhq
phwulf fdq eh ch{sodlqhg* e| frqglwlrqlqj rq wkhvh yduldeohv1

Zh dovr suhvhqw qrqsdudphwulf hvwlpdwhv ri fruuhodwlrq dv ixqfwlrqv ri frpelqd0
wlrqv ri phwulfv1 Iru h{dpsoh/ zh hvwlpdwh wkh dxwr0fruuhodwlrq ri xqhpsor|phqw
dv d ixqfwlrq ri erwk sk|vlfdo dqg hwkqlf glvwdqfh dqg dqdo|}h wkh uhvxowlqj wzr0
glphqvlrqdo dxwr0fruuhodwlrq vxuidfh1 Zh hvwlpdwh wzr0glvwdqfh DFIv iru vhyhudo
frpelqdwlrqv ri phwulfv/ doorzlqj xv wr h{dplqh wkh foxvwhulqj sdwwhuqv ri xqhpsor|0
phqw dffruglqj wr wkh �uvw phwulf/ iru wkh vhw ri fhqvxv wudfwv wkdw duh dw d jlyhq
glvwdqfh zlwk uhvshfw wr wkh vhfrqg1

Ilqdoo|/ zh surylgh d vlpsoh whvw ri wkh k|srwkhvlv ri vsdwldo lqghshqghqfh iru d
jlyhq phwulf edvhg rq rxu DFI hvwlpdwhv1 Zh xvh d errwvwuds phwkrg wr jhqhudwh dq
dffhswdqfh uhjlrq iru DFI hvwlpdwhv xqghu wkh k|srwkhvlv ri vsdwldo lqghshqghqfh1
Lq dgglwlrq wr ehlqj hdv| wr lpsohphqw/ wkhvh whvwv ryhufrph wkh sureohp wkdw xvxdo
glvwulexwlrq dssur{lpdwlrqv iru orfdo dyhudjh hvwlpdwhv whqg wr ryhuvwdwh wkhlu suhfl0
vlrq zkhq wkh gdwd lv ghshqghqw1 Rxu whvwv duh dovr urexvw wr phdvxuhphqw huuru lq
rxu phwulfv1 Lq vr idu dv rxu phdvxuhphqwv ri glvwdqfh duh mxvw sur{lhv iru wkh h{whqw
ri frqqhfwlrqv ehwzhhq djhqwv/ wkh| zloo fhuwdlqo| frqwdlq huuru1

Rxu pdlq uhvxowv lqglfdwh wkdw wkhuh lv d vwurqj srvlwlyh dqg vwdwlvwlfdoo| vljql�0
fdqw ghjuhh ri vsdwldo ghshqghqfh lq wkh glvwulexwlrq ri udz xqhpsor|phqw udwhv/ dw
glvwdqfhv forvh wr }hur/ iru doo rxu phwulfv1 Wkh fruuhodwlrq ghfd|v urxjko| prqrwrq0
lfdoo| zlwk glvwdqfh1 Wkh wzr0phwulf DFI hvwlpdwhv r�hu vrph dgglwlrqdo lqvljkwv1
Zkhq wkh sk|vlfdo ru wudyho wlph phwulf lv frxsohg zlwk wkh hwkqlf phwulf/ wkh odwwhu
gulyhv prvw ri wkh yduldwlrq lq vsdwldo foxvwhulqj= wudfwv wkdw duh dw d jlyhq hwkqlf

5Pdugld hw1 do1 ^47` surylgh dq h{fhoohqw ghvfulswlrq ri wklv phwkrg1 Lq Dsshqgl{ D/ zh surylgh
d eulhi ghvfulswlrq1
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glvwdqfh h{klelw d urxjko| frqvwdqw ghjuhh ri dxwr0fruuhodwlrq qr pdwwhu zkdw wkh
sk|vlfdo glvwdqfh lv ehwzhhq wkhp1 Rq wkh rwkhu kdqg/ zkhq sk|vlfdo ru wudyho wlph
phwulfv duh frpelqhg zlwk glvwdqfh lq rffxsdwlrqv/ wkh hvwlpdwhg DFI vxuidfh lv
urxjko| ghfuhdvlqj lq erwk glvwdqfhv1

Wkh DFI hvwlpdwhv iru wkh uhvlgxdov iurp wkh uhjuhvvlrq ri xqhpsor|phqw rq d
vhw ri revhuydeoh wudfw fkdudfwhulvwlfv duh txlwh  dw1 Rqfh zh frqglwlrq rq fryduldwhv/
prvw ri wkh vsdwldo foxvwhulqj lv holplqdwhg1 Wkh rqo| h{fhswlrqv duh wkh rqh phwulf
DFI hvwlpdwhg xvlqj sk|vlfdo glvwdqfh/ dqg wkh wzr phwulf DFI vxuidfhv edvhg rq
d frpelqdwlrq ri sk|vlfdo dqg rffxsdwlrqdo phwulf1 Wkhuhiruh/ lw vhhpv wkdw prvw ri
wkh vsdwldo foxvwhulqj revhuyhg lq wkh gdwd pd| eh gulyhq e| vruwlqj ri khwhurjhqhrxv
djhqwv dfurvv orfdwlrqv1

Zh dovr pdnh d vwduw dw wu|lqj wr lghqwli| wkh vshfl�f frqglwlrqlqj yduldeohv wkdw
duh prvw lpsruwdqw lq holplqdwlqj wkh revhuyhg vsdwldo ghshqghqfh ri xqhpsor|phqw1
Rxu suholplqdu| uhvxowv lqglfdwh wkdw wkh udfldo dqg hwkqlf frpsrvlwlrq zlwklq hdfk
wudfw frqwulexwhv wkh prvw wr ch{sodlqlqj* wkh vsdwldo fruuhodwlrq suhvhqw lq wkh udz
gdwd1 Phdvxuhv ri kxpdq fdslwdo kdyh d olplwhg lpsdfw/ zkhuhdv vr0fdoohg vsdwldo
plvpdwfk yduldeohv gr qrw vhhp wr sod| d uroh1

Wkh phwkrgv lq wklv sdshu pd| suryh xvhixo iru gdwd h{sorudwlrq dqg ghvfulswlrq
ri vw|ol}hg idfwv lq pdq| rwkhu frqwh{wv1 Rxu dssurdfk frxog eh dssolhg wr rwkhu
vrflr0hfrqrplf rxwfrphv ri lqwhuhvw/ vxfk dv sduwlflsdwlrq lq zhoiduh surjudpv/ fulph/
gursslqj rxw ri vfkrro/ ru whhqdjh fklogehdulqj1 Doo wkdw lv uhtxluhg lv phdvxuhv
ri wkh uhohydqw phwulf+v, ghvfulelqj wkh uhodwlrqvkls ehwzhhq xqlwv ri revhuydwlrq �
krxvhkrogv/ lqglylgxdov/ ru Fhqvxv wudfwv1

Wkh uhpdlqghu ri wklv sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh
gdwd1 Vhfwlrq 6 glvfxvvhv wkh gl�huhqw glvwdqfh phwulfv xvhg lq rxu dqdo|vlv/ dv zhoo d
frpsdulvrq ri wkh frq�jxudwlrqv lpsolhg e| hdfk ri wkh phwulfv yld pxowlglphqvlrqdo
vfdolqj1 Wkh vsdwldo hfrqrphwulf prgho lv suhvhqwhg lq Vhfwlrq 71 Vhfwlrq 8 uhsruwv
wkh uhvxowv ri rxu DFI hvwlpdwhv iru wkh gl�huhqw phwulfv1 Ilqdoo|/ Vhfwlrq 9 suhvhqwv
suholplqdu| frqfoxvlrqv dqg glvfxvvhv h{whqvlrqv ri wkh fxuuhqw sdshu1

5 Gdwd
Prvw ri wkh gdwd frph iurp wkh Exuhdx ri wkh Fhqvxv6 iru wkh flw| ri Fklfdjr/ dw wkh
wudfw ohyho/ iru 4<;3 dqg 4<<317 Wkhuh duh ;99 Fhqvxv wudfwv lq wkh flw| ri Fklfdjr/
dqg wkh| duh jurxshg lqwr :8 Frppxqlw| Duhdv/ zklfk duh frqvlghuhg wr kdyh d
glvwlqfwlyh lghqwlw| dv d qhljkerukrrg18 Rxu xqlw ri revhuydwlrq lv wkh Fhqvxv wudfw1

6Vxppdu| Wdsh Ilohv 6D1
7Wudyho wlphv ehwzhhq orfdwlrqv zhuh fdofxodwhg xvlqj sxeolvkhg FWD grfxphqwdwlrq1
8D vhw ri wudfwv lv gh�qhg dv d Frppxqlw| Duhd li lw kdv �d klvwru| ri lwv rzq dv d frppxqlw|/ d

qdph/ dq dzduhqhvv rq wkh sduw ri lwv lqkdelwdqwv ri frpprq lqwhuhvwv/ dqg d vhw ri orfdo exvlqhvvhv
dqg rujdql}dwlrqv rulhqwhg wr wkh orfdo frppxqlw|� +Hueh hw do1 ^7`/ s1 {l{,1
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Lq wklv sdshu zh h{dplqh wkh foxvwhulqj sdwwhuqv ri xqhpsor|phqw udwhv dfurvv
Fhqvxv wudfwv1 Rxu rxwfrph yduldeoh lv gh�qhg dv wkh shufhqwdjh ri xqhpsor|hg
shuvrqv ryhu wkh flyloldq oderu irufh +49 |hduv dqg roghu,1 Xqhpsor|hg shuvrqv duh
shrsoh zkr zhuh qhlwkhu �dw zrun� qru �zlwk d mre exw qrw dw zrun� gxulqj wkh
uhihuhqfh zhhn xvhg e| wkh Fhqvxv/ dqg zkr zhuh dfwlyho| orrnlqj iru zrun gxulqj
wkh odvw irxu zhhnv sulru wr wkh uhihuhqfh zhhn1

Dv zh phqwlrqhg deryh/ zh zdqw wr h{dplqh wkh vsdwldo sdwwhuqv ri xqhpsor|phqw
erwk xqfrqglwlrqdoo| dqg qhw ri wkh foxvwhulqj h�hfw wkdw pd| eh vlpso| gxh wr
vruwlqj ri lqglylgxdov lqwr orfdwlrqv1 Wkhuhiruh/ zh frqwuro iru d udwkhu orqj olvw ri
revhuydeoh qhljkerukrrg dwwulexwhv/ wkdw pd| eh fruuhodwhg zlwk wkh suredelolw| ri
ehlqj hpsor|hg rq wkh rqh kdqg/ dqg pd| eh glphqvlrqv dorqj zklfk shrsoh vruw
zkhq ghflglqj zkhuh wr uhvlgh rq wkh rwkhu1 Zh xvh wkh iroorzlqj wkuhh vhwv ri
fryduldwhv1

Iluvw ri doo/ zh gh�qh d vhw ri vruwlqj yduldeohv/ l1h1/ yduldeohv wkdw pd| d�hfw wkh
ghflvlrqv e| gl�huhqw w|shv ri lqglylgxdov wr orfdwh lq d jlyhq duhd1 Wkhvh lqfoxgh
dyhudjh krxvlqj ydoxhv lq wkh Fhqvxv wudfw/ phgldq jurvv uhqwv/ wkh iudfwlrq ri ydfdqw
krxvlqj xqlwv lq wkh duhd/ wkh iudfwlrq ri shuvrqv zlwk pdqdjhuldo ru surihvvlrqdo mrev/
wkh shufhqwdjh ri qrq0zklwh shuvrqv/ wkh shufhqwdjh ri Klvsdqlf shuvrqv/ d vhjuhjdwlrq
lqgh{/ dqg wkh qxpehu ri shuvrqv shu krxvhkrog1

Vhfrqgo|/ zh frqvlghu yduldeohv wkdw pd| eh olqnhg pruh gluhfwo| wr wkh suredelolw|
ri ehlqj hpsor|hg1 Wkhvh lqfoxgh wkh shufhqwdjh ri shuvrqv zlwk dw ohdvw d kljk vfkrro
glsorpd/ wkh iudfwlrq ri shuvrqv zlwk dw ohdvw d froohjh ghjuhh/ wkh djh frpsrvlwlrq
lq wkh wudfw +wr sur{| iru srwhqwldo h{shulhqfh,/ wkh iudfwlrq ri ihpdohv 49 |hduv dqg
roghu/ dqg wkh shufhqwdjh ri pdohv dqg ihpdohv rxw ri wkh oderu irufh lq wkh wudfw1

Ilqdoo|/ wkhuh lv d uhodwlyho| odujh olwhudwxuh lq xuedq dqg oderu hfrqrplfv wkdw
glvfxvvhv wkh vsdwldo plvpdwfk k|srwkhvlv1 Wkh olwhudwxuh dlpv dw h{sodlqlqj wkh
kljk xqhpsor|phqw ohyhov lq prvwo| eodfn/ lqqhu flw| qhljkerukrrgv e| orfdo oderu
pdunhw frqglwlrqv1 Wkh edvlf lghd lv wkdw gxulqj wkh 4<:3*v dqg 4<;3*v pdq| mrev
+hvshfldoo| orz0vnloo rqhv lq wkh vhuylfh lqgxvwu|, kdyh pryhg iurp fhqwudo flw| duhdv
wr wkh vxexuev1 Lq dgglwlrq/ wkh frqwhqwlrq lv wkdw wkhuh lv orz uhvlghqwldo prelolw|
dqg d fhuwdlq ghjuhh ri krxvlqj vhjuhjdwlrq iru lqqhu0flw| eodfnv1 Iru h{dpsoh/ lw pd|
eh yhu| frvwo| iru d eodfn krxvhkrog wr uhorfdwh wr wkh vxexuev lq d prvwo| zklwh
qhljkerukrrg/ zkhuh wkh vrfldo fdslwdo surylghg e| d eodfn frppxqlw| zrxog eh
plvvlqj1 Vhyhudo dxwkruv/ vxfk dv Kro}hu ^;` dqg Lkodqihogw dqg Vmrtxlvw ^43`/ ^44` kdyh
dqdo|}hg wklv lvvxh hpslulfdoo|1 E| qrz/ wkhuh lv d fhuwdlq frqvhqvxv wkdw sk|vlfdo
sur{lplw| wr mrev h{sodlqv d sruwlrq ri eodfn2zklwh xqhpsor|phqw gl�huhqfhv/ iru
lqvwdqfh1 Wkhuhiruh/ zh lqfoxgh wkh phgldq frppxwlqj wlph wr zrun iru zrunhuv zkr
uhvlgh lq hdfk wudfw dv rxu phdvxuh ri sur{lplw| wr mrev1
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6 Glvwdqfh phwulfv
Lq wklv Vhfwlrq zh lqwurgxfh vhyhudo gl�huhqw glvwdqfh phwulfv wkdw zh xvh lq wkh
uhpdlqghu ri wkh sdshu wr hvwlpdwh vsdwldo DFIv1 Lq hdfk lqvwdqfh/ zh wu| wr prwlydwh
wkh sduwlfxodu fkrlfh ri phwulf1 Lw lv lpsruwdqw wr nhhs lq plqg wkdw rxu dqdo|vlv lv
dw wkh Fhqvxv wudfw ohyho/ dqg qrw dw wkh lqglylgxdo djhqw ohyho1 Wkhuhiruh/ zh gr
qrw wudfh rxw lqglylgxdo djhqwv* qhwzrunv/ exw udwkhu zh gh�qh glvwdqfhv ehwzhhq
sdluv ri wudfwv wkdw dwwhpsw wr uh hfw wkh glphqvlrqv dorqj zklfk vrfldo qhwzrunv
duh vwudwl�hg1 Lq vr grlqj/ zh uhihu wr d ulfk vrflrorjlfdo olwhudwxuh wkdw grfxphqwv
wkh sdwwhuqv ri uhodwlrqv dprqj djhqwv1 Rqh xqli|lqj wkhph lq wkh olwhudwxuh lv wkdw
qhwzrunv dsshdu wr eh idluo| krprjhqhrxv zlwk uhjdug wr fhuwdlq vrflr0ghprjudsklf
dwwulexwhv1

614 Frvwv ri lqwhudfwlrq

Wkh �uvw reylrxv fkrlfh iru d glvwdqfh phwulf lv sk|vlfdo glvwdqfh1 Wkh xqghuo|lqj lghd
lv wkdw djhqwv h{fkdqjh lqirupdwlrq pruh iuhtxhqwo| zlwk shrsoh zkr olyh sk|vlfdoo|
forvh1 Lq idfw/ wkh ghyhorsphqw dqg pdlqwhqdqfh ri vrfldo frqwdfwv pd| eh olplwhg e|
sk|vlfdo glvwdqfh dqg e| wudqvsruwdwlrq rssruwxqlwlhv1 Wkhuh pd| eh prqhwdu| dqg
wlph frvwv wr pdlqwdlqlqj dfwlyh wlhv zlwk shuvrqv zkr uhvlgh idu dzd|1 Lq dgglwlrq/
orfdo rujdql}dwlrqv vxfk dv fkxufkhv/ orfdo exvlqhvvhv/ qhljkerukrrg foxev/ ru gd|fduh
fhqwhuv/ sod| dq lpsruwdqw uroh lq irvwhulqj vrfldo wlhv dqg idflolwdwlqj lqirupdwlrq
h{fkdqjhv dw wkh orfdo qhljkerukrrg ohyho1

Ri frxuvh/ wkhuh lv d ohjlwlpdwh frqfhuq wkdw sk|vlfdo glvwdqfh pd| kdyh ehfrph
ohvv dqg ohvv lpsruwdqw lq vkdslqj vrfldo qhwzrunv/ dv pdq| lqwhudfwlrqv wdnh sodfh
ehwzhhq shrsoh zkr uhvlgh lq gl�huhqw qhljkerukrrgv ru hyhq flwlhv1 Kljk uhvlghqwldo
prelolw| dqg wkh dydlodelolw| ri frppxqlfdwlrq wrrov vxfk dv wkh whohskrqh ru wkh
Lqwhuqhw zhdnhq wkh frqvwudlqwv wkdw jhrjudsklf vsdfh lpsrvhv rq frppxqlwlhv1

Krzhyhu/ wkhuh lv vrph hylghqfh wkdw vhhpv wr vxjjhvw wkdw sk|vlfdo glvwdqfh vwloo
sod|v dq lpsruwdqw uroh1 Lq d vwxg| ri Wrurqwr lqkdelwdqwv lq wkh 4<;3*v/ Zhoopdq
^58` �qgv wkdw d vxusulvlqjo| kljk iudfwlrq ri lqwhudfwlrqv wdnhv sodfh dprqj shrsoh
zkr olyh ohvv wkdq 8 plohv dsduw1 Wkh vwxg| dvnv uhvsrqghqwv +hjrv, wr qdph d vhw ri
shuvrqv +dowhuv, zlwk zkrp wkh| kdyh dfwlyh vrfldo wlhv/ dqg uhfrugv zkhuh uhvsrqghqwv
dqg dowhuv uhvlgh/ dv zhoo dv wkh iuhtxhqf| ri lqwhudfwlrqv zlwklq hdfk hjr0dowhu sdlu1
Wkh gdwd vkrz wkdw derxw 6;( ri |hduo| frqwdfwv lq doo qhwzrunv wdnh sodfh ehwzhhq
hjr0dowhu sdluv wkdw olyh ohvv wkdq 4 ploh dzd|1 Urxjko| 97( ri doo frqwdfwv wdnh sodfh
ehwzhhq djhqwv zkr olyh dw prvw 8 plohv dzd|1

Rqh lpsruwdqw txdol�fdwlrq lv wkdw vxfk vwxglhv gr qrw whoo xv dq|wklqj derxw
wkh frqwhqw ri wkhvh frqwdfwv= lghdoo|/ zh zrxog olnh wr uhvwulfw rxu dwwhqwlrq wr
qhwzrunv zkrvh sulpdu| frqwhqw lv wkh lqirupdwlrq h{fkdqjh derxw mre rshqlqjv1
Exw rqh dvshfw uhsruwhg e| Zhoopdq lv hqfrxudjlqj1 Kh revhuyhv wkdw wlhv zlwk rqh*v
qhljkeruv duh zhdnhu +lq wkh vhqvh vshfl�hg lq wkh Lqwurgxfwlrq, wkdq wlhv zlwk iulhqgv

9



ru nlq1 Lw lv suhflvho| wklv nlqg ri wlhv wkdw lv pruh frqgxflyh wr jhqhudwlqj xvhixo
lqirupdwlrq derxw mrev +vhh Judqryhwwhu ^9`,1 Ilqdoo|/ wkhuh lv vrph hylghqfh uhsruwhg
lq Ilvfkhu ^8`/ vkrzlqj wkdw qhwzrunv ri orzhu0lqfrph/ dv zhoo dv |rxqjhu/ shrsoh duh
hvshfldoo| olplwhg e| sk|vlfdo vsdfh1

Zh xvh wzr gl�huhqw phwulfv wr uhsuhvhqw frvwv ri lqwhudfwlrq= sk|vlfdo glvwdqfh
dqg wudyho wlph1

Sk|vlfdo glvwdqfh1 �(�� lv wkh cdv wkh elug  lhv* glvwdqfh lq np1 ehwzhhq wkh
fhqwurlgv ri wudfw � dqg �1 Wklv phwulf lv udwkhu urxjk/ dv lw grhv qrw wdnh lqwr dffrxqw
sk|vlfdo eduulhuv/ vxfk dv ulyhuv ru kljkzd|v1 Lw pd| dovr eh zruwkzkloh wr h{dplqh
yduldwlrqv ri wklv phwulf wkdw wdnh lqwr dffrxqw wkh srsxodwlrq vl}h ru ghqvlw| lq hdfk
fhqvxv wudfw1 Wkh glvwulexwlrq ri sdluzlvh glvwdqfhv dfurvv wudfwv xvlqj wklv phwulf lv
ghslfwhg ehorz1

0 5 10 15 20 25 30 35 40 45
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2
x 105 Distribution of pairwise distances using physical metric

Physical distance

F
re

qu
en

cy

Wudyho Wlph glvwdqfh1 A(�� lv wkh wudyho wlph glvwdqfh +lq plqxwhv,/ xvlqj
sxeolf wudqvsruwdwlrq +FWD,/ ehwzhhq wkh fhqwhuv ri wkh Frppxqlw| Duhdv lq zklfk
wudfw � dqg � duh orfdwhg1 Wudyho wlphv zhuh fdofxodwhg iurp FWD wlphwdeohv sxeolvkhg
lq 4<<: dqg uh hfw ehvw0fdvh wudyho wlphv19

9Zh krsh wkdw wudyho wlphv gxulqj wkh 4<;3*v duh qrw yhu| gl�huhqw iurp fxuuhqw rqhv1 Zh wulhg
dv pxfk dv srvvleoh qrw wr frqvlghu qhz olqhv wkdw zhuh rshqhg lq wkh plg04<<3*v1

:
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615 Udfh dqg Hwkqlflw|

Hyhq fdvxdo revhuydwlrq vxjjhvwv wkdw shuvrqdo qhwzrunv pd| eh vwudwl�hg dorqj vsh0
fl�f vrflr0ghprjudsklf dwwulexwhv/ vxfk dv udfh/ hwkqlflw|/ uholjlrxv d!oldwlrq/ odq0
jxdjh/ djh/ jhqghu/ hgxfdwlrq ohyhov1 Lq rwkhu zrugv/ djhqwv duh olnho| wr gudz d
glvsursruwlrqdwh vkduh ri wkhlu vrfldo frqwdfwv dprqj vhwv ri shrsoh wkdw duh yhu|
vlplodu wr wkhpvhoyhv1 Wklv whqghqf| lv ghqrwhg dv lqeuhhglqj/ ru krprsklo|/ dprqj
vrflrorjlvwv1 Hfrqrplvwv/ rq wkh rwkhu kdqg/ uhihu wr wklv skhqrphqrq dv srvlwlyh
vruwlqj/ ru dvvruwdwlyh pdwfklqj1:

Exw krz h{dfwo| zlghvsuhdg lv lqeuhhglqj dprqj djhqwv* shuvrqdo qhwzrunvB Wkhuh
lv vrph hylghqfh wkdw lqeuhhglqj lv yhu| vwurqj dprqj lppljudqw frppxqlwlhv +vhh/
h1j1/ Oljkw hw do1 ^45`,1 Wkh vwurqjhvw hylghqfh/ krzhyhu/ frphv iurp wkh 4<;8 Jhq0
hudo Vrfldo Vxuyh|1 Wklv vwxg|/ ehjxq lq 4<:5/ lv dq dqqxdo; vxuyh| ri wkh dwwlwxghv
dqg ehkdylruv ri Dphulfdqv rq d zlgh ydulhw| ri wrslfv1 Wkh 4<;8 hglwlrq lqfoxghg d
prgxoh rq vrfldo qhwzrunv ri 4867 lqglylgxdov/ gudzq dv d qdwlrqdoo| uhsuhvhqwdwlyh
vdpsoh1 Uhvsrqghqwv zhuh dvnhg wr qdph shrsoh zlwk zkrp wkh| �glvfxvvhg lp0
sruwdqw pdwwhuv�1 Vhyhudo fkdudfwhulvwlfv ri wkhvh dowhuv zhuh wkhq froohfwhg/ dprqj
zklfk wkhlu djh/ vh{/ hgxfdwlrq/ udfh/ hwkqlflw|/ dqg uholjlrxv d!oldwlrq1

:Vhh Ehfnhu dqg Pxusk| ^4`/ iru h{dpsoh1
;Wkh JVV surgxfhg vxuyh|v dqqxdoo| lq 4<:60:; dqg 4<;604<<61 Vlqfh 4<<7/ lw kdv ehhq frqgxfwhg

hyhu| wzr |hduv1

;



Pduvghq ^48`/ ^49` kdv xvhg wkh JVV gdwd lq rughu wr dqdo|}h wkh txhvwlrq ri
lqeuhhglqj1 Wkh uhvxowv lqglfdwh wkdw shuvrqdo qhwzrunv duh txlwh krprjhqhrxv dorqj
vhyhudo glphqvlrqv1 Lq sduwlfxodu/ qhwzrun krprjhqhlw| zlwk uhvshfw wr udfh dqg
hwkqlflw| lv yhu| kljk1 Rqo| ;( ri wkh uhvsrqghqwv uhsruwhg dowhuv zlwk dq| udfldo
ru hwkqlf glyhuvlw| +erwk ehwzhhq hjr dqg dowhuv/ dqg dprqj dowhuv,1 Lq dgglwlrq/
udfldo dqg hwkqlf khwhurjhqhlw| ri dowhuv lv rqo| 46( ri wkh wrwdo udfldo dqg hwkqlf
khwhurjhqhlw| dprqj uhvsrqghqwv1

Pduvghq ^49` wkhq orrnv vshfl�fdoo| dw hjr0dowhu sdluv/ dqg ghfrpsrvhv wkh fhoo iuh0
txhqflhv +h1j1/ wkh uhodwlyh iuhtxhqf| ri eodfn0eodfn sdluv ryhu doo wkh hjr0dowhu sdluv,
lqwr d sruwlrq wkdw lv gxh wr sxuho| udqgrp pdwfklqj +edvhg rq wkh pdujlqdo glvwul0
exwlrqv ri wkh udfh2hwkqlf fdwhjrulhv dprqj uhvsrqghqwv dqg dowhuv,/ dqg d sruwlrq
wkdw lv gxh wr lqeuhhglqj1 Lw wxuqv rxw wkdw wkh vwurqjhvw ohyho ri dvvrfldwlrq/ ryhu
dqg deryh udqgrp pdwfklqj/ wdnhv sodfh iru wkh udfh2hwkqlflw| dwwulexwh1< Iru h{dp0
soh/ wkh fkdqfh ri revhuylqj d eodfn0eodfn wlh lv 715 wlphv kljkhu wkdq wkdw jhqhudwhg
e| sxuh udqgrp pdwfklqj/ jlyhq wkh uhodwlyh sursruwlrqv ri wkh gl�huhqw udfldo dqg
hwkqlf fdwhjrulhv lq wkh srsxodwlrq143

Vlqfh rxu vwxg| lv edvhg rq djjuhjdwhg gdwd dqg qrw rq lqglylgxdo qhwzrun gdwd/
zh zrxog olnh wr lqfrusrudwh wkh lqeuhhglqj ihdwxuh ri vrfldo qhwzrunv lqwr d glvwdqfh
phwulf/ wkdw frqvlghuv wzr wudfwv zlwk yhu| vlplodu hwkqlf frpsrvlwlrqv wr eh forvh1
Wkh remhfwlyh lv wr wudfn pruh forvho| wklv lpsruwdqw glphqvlrq dorqj zklfk shuvrqdo
qhwzrunv duh vwuxfwxuhg1 Zh sursrvh wkh iroorzlqj phwulf wr wdnh lqwr dffrxqw udfldo
dqg hwkqlf dwwulexwhv1

Udfh dqg Hwkqlflw| glvwdqfh1 .(�� lv wkh hxfolghdq glvwdqfh ehwzhhq wkh
yhfwru e� ri shufhqwdjhv ri qlqh udfhv dqg hwkqlflwlhv44 suhvhqw lq wudfw � dqg wkh
fruuhvsrqglqj yhfwru e� lq wudfw �=

.(�� '

yxxw b[
&'�
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Wkxv wzr wudfwv zlwk h{dfwo| wkh vdph udfldo dqg hwkqlf frpsrvlwlrq zloo eh
frqvlghuhg wr eh dw udfldo dqg hwkqlf glvwdqfh }hur1 Wzr wudfwv zlwk h{wuhph udfldo
dqg hwkqlf frpsrvlwlrqv +h1j1/ rqh lv 433( Lwdoldq zkhuhdv wkh rwkhu lv 433( Srolvk,
zloo kdyh d pd{lpdo u2h glvwdqfh ri �ff

s
21 Zh glvsod| wkh glvwulexwlrq ri hwkqlf

glvwdqfhv iru 4<;3= dv lv zhoo nqrzq iurp hyhq fdvxdo revhuydwlrq/ Fklfdjr lv lqghhg
txlwh vhjuhjdwhg/ zlwk wkh prgdo glvwdqfh ehlqj ehwzhhq 453 dqg 4731

<Pduvghq dovr frqvlghuhg djh/ jhqghu/ hgxfdwlrq/ dqg uholjlrq1 Doo wkhvh dwwulexwhv h{klelw d
vwdwlvwlfdoo| vljql�fdqw srvlwlyh ghjuhh ri dvvruwdwlyh pdwfklqj/ ryhu dqg deryh udqgrp pdwfklqj1

43Wkh vdph vwdwlvwlf lv 51< iru klvsdqlfv/ 614 iru dvldqv/ 519 iru zklwhv1
44Zh xvh wkh shufhqwdjh ri Eodfn/ Qdwlyh Dphulfdq/ Dvldq dqg Sdfl�f/ Klvsdqlf/ Zklwh/ Jhupdq/

Lulvk/ Lwdoldq/ dqg Srolvk shuvrqv 49 |hduv dqg roghu lq hdfk wudfw1

<
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616 Rffxsdwlrqv

Wkh odvw glvwdqfh phwulf wkdw zh sursrvh irfxvhv rq wkh lqirupdwlrqdo frqwhqw ri vrfldo
lqwhudfwlrqv1 Iurp rxu xqhpsor|phqw shuvshfwlyh/ qrw doo frqwdfwv duh phdqlqjixo1
Zh zrxog olnh wr nhhs wudfn ri wkrvh vrfldo wlhv wkdw duh pruh olnho| wr frqyh| xvhixo
lqirupdwlrq derxw mre rshqlqjv/ ru wr jhqhudwh uhihuudov1 Iru h{dpsoh/ li djhqw D
lv d judsklf ghvljqhu dqg djhqw E lv d grfwru/ hyhq li wkh| dsshdu lq hdfk rwkhu*v
shuvrqdo qhwzrun lw lv xqolnho| wkdw wkh| zrxog frppxqlfdwh dq| xvhixo lqirupdwlrq
derxw mrev wr hdfk rwkhu1

Djdlq/ wkhuh h{lvwv d fhuwdlq dprxqw ri hylghqfh rq wklv1 Iru h{dpsoh/ Vfkudghu
^55` xvhv d vxuyh| ri derxw 633 plggoh ohyho pdqdjhuv lq wkh frqwh{w ri wkh X1V1
vshfldow| vwhho lqgxvwu|1 Kh �qgv vwurqj vxssruw iru wkh k|srwkhvlv wkdw lqirupdwlrq
 rzv txlwh iuhho| wkurxjk surihvvlrqdo qhwzrunv1 Judqryhwwhu ^9` uhsruwv wkdw d vljqli0
lfdqw iudfwlrq ri wlsv rq mre rshqlqjv frphv iurp exvlqhvv dftxdlqwdqfhv dqg frqwdfwv
zlwk vlplodu rffxsdwlrqv1 Ilqdoo|/ d vwxg| e| R*Uhjdq dqg Txljoh| ^4;` �qgv wkdw d
|rxwk*v lqgxvwu| d!oldwlrq lv srvlwlyho| d�hfwhg e| zkhwkhu klv2khu sduhqwv zrun lq
wkh vdph lqgxvwu|1 Lq rwkhu zrugv/ d mre rshqlqj phqwlrqhg e| djhqw D wr djhqw E
lv olnho| wr eh lq wkh vdph lqgxvwu| dv wkdw lq zklfk djhqw D zrunv145

Wkhuhiruh/ zh wklqn lw pd| eh uhohydqw wr frqvwuxfw d glvwdqfh phwulf ehwzhhq
sdluv ri wudfwv wkdw lv edvhg rq wkh zlwklq0wudfw glvwulexwlrq ri rffxsdwlrqv/ lq rughu

45Dowkrxjk wklv revhuyhg fruuhodwlrq pd| dovr eh gxh wr ghpdqg vkrfnv1

43



wr wdnh lqwr dffrxqw wkh srwhqwldo xvhixoqhvv ri wkh lqirupdwlrqdo frqwhqw ri vrfldo
qhwzrunv1 Zh sursrvh wkh iroorzlqj1

Rffxsdwlrqdo glvwdqfh1 �(�� lv wkh hxfolghdq glvwdqfh ehwzhhq wkh yhfwru J�
ri shufhqwdjhv ri zrunhuv lq 46 gl�huhqw rffxsdwlrqv lq wudfw � dqg wkh fruuhvsrqglqj
yhfwru J� lq �=46

�(�� '
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Wkh lqwhusuhwdwlrq ri wklv phwulf dqdorjrxv wr wkdw ri wkh udfh2hwkqlflw| rqh/ wudfwv
zlwk vlplodu rffxsdwlrq sursruwlrqv duh forvh1 Krzhyhu dv fdq eh vhhq ehorz/ wkh
glvwulexwlrq ri rffxsdwlrqdo glvwdqfhv lv txlwh gl�huhqw wkdq wkdw iru udfh2hwkqlflw|
glvwdqfh1
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617 Frpelqdwlrqv ri glvwdqfh phwulfv

Dffruglqj wr wkh gh�qlwlrq ri wkh udfldo2hwkqlf phwulf/ ru wkh rffxsdwlrqdo phwulf/
wzr wudfwv duh jrlqj wr eh dw }hur glvwdqfh li wkh| kdyh wkh vdph udfldo2hwkqlf +ru

46Wkh rffxsdwlrqv duh= h{hfxwlyh/ dgplqlvwudwlyh/ dqg pdqdjhuldo> surihvvlrqdo vshfldow|> whfkql0
fldqv> vdohv> dgplqlvwudwlyh vxssruw> sulydwh krxvkhrog> surwhfwlyh vhuylfh> rwkhu vhuylfh> iduplqj/
iruhvwu|/ dqg �vklqj> suhflvlrq surgxfwlrq/ fudiw/ dqg uhsdlu> pdfklqh rshudwruv/ dvvhpeohuv/ dqg lq0
vshfwruv> wudqvsruwdwlrq dqg pdwhuldo prylqj> kdqgohuv/ htxlsphqw fohdqhuv/ khoshuv/ dqg oderuhuv1

44



rffxsdwlrqdo, frpsrvlwlrq/ hyhq wkrxjk wkh| duh orfdwhg dw wkh rssrvlwh sk|vlfdo
hqgv ri wkh flw|1 Wklv pd| qrw eh hqwluho| vdwlvidfwru|1 Rqh pljkw wklqn wkdw wkh
dssursuldwh vrfldo glvwdqfh phwulf/ lq rughu wr lghqwli| zkr lv pruh olnho| wr wdon wr
zkrp/ lv vrph frpelqdwlrq ri sk|vlfdo glvwdqfh +ru wudyho wlph, dqg udfldo2hwkqlf
ru rffxsdwlrqdo glvwdqfh1 Wkxv duhdv zlwk h{dfwo| wkh vdph hwkqlf frpsrvlwlrq exw
dw wkh rssrvlwh hqgv ri wkh flw| pd| lqwhudfw ohvv wkdq duhdv zlwk voljkwo| gl�huhqw
hwkqlf frpsrvlwlrqv exw pxfk forvhu jhrjudsklfdoo|1

Lq rughu wr wdnh wklv srvvlelolw| lqwr dffrxqw/ zh dovr hvwlpdwh DFIv ri xqhp0
sor|phqw dv d ixqfwlrq ri sdluv ri phwulfv1 Lq wklv fdvh/ wkh hvwlpdwhg fruuhodwlrq
ehwzhhq dq| wzr wudfwv zloo eh d ixqfwlrq ri wkhlu glvwdqfhv zlwk uhvshfw wr erwk
phwulfv1 Zh fdq wkhq h{dplqh krz xqhpsor|phqw foxvwhulqj ghshqgv rq gl�huhqw
frpelqdwlrqv ri wkh wzr glvwdqfhv1 Frqvlghu/ iru h{dpsoh/ sk|vlfdo dqg udfldo2hwkqlf
glvwdqfh1 Il{lqj udfldo2hwkqlf glvwdqfh dw d ohyho forvh wr }hur +vd| 53,/ dqg wudflqj
wkh DFI dv d ixqfwlrq ri sk|vlfdo glvwdqfh dorqh/ rqh fdq jhw dq lghd ri krz vsdwldo
fruuhodwlrq ydulhv zlwk sk|vlfdo glvwdqfh/ frqglwlrqdo rq hwkqlf glvwdqfh ehlqj htxdo
wr 531 Vhyhudo srvvlelolwlhv pd| dulvh1 Wkh DFI pd| ghfd| prqrwrqlfdoo| lq erwk
gluhfwlrqv/ ru eh  dw zlwk uhvshfw wr rqh phwulf dqg rqo| ydu| zlwk wkh rwkhu1

Zh frqvlghu wkh iroorzlqj frpelqdwlrqv ri gl�huhqw phwulfv= sk|vlfdo dqg udfldo2
hwkqlf glvwdqfh> sk|vlfdo dqg rffxsdwlrqdo glvwdqfh> wudyho wlph dqg udfldo2hwkqlf
glvwdqfh> wudyho wlph dqg rffxsdwlrqdo glvwdqfh1 Lq rwkhu zrugv/ zh wdnh frpelqdwlrqv
ri wkh wzr w|shv ri jhrjudsklf glvwdqfh zlwk udfldo2hwkqlf phwulf rq wkh rqh kdqg/
dqg zlwk wkh rffxsdwlrqdo phwulf rq wkh rwkhu kdqg1

618 Frpsdulvrq ri Hfrqrplf Glvwdqfh Phwulfv

Wklv vxevhfwlrq ghvfulehv gl�huhqfhv lq uhodwlyh orfdwlrqv ri wudfwv xqghu hdfk ri rxu
phwulfv1 Zh xvh d phwkrg wr uhsuhvhqw hdfk ri rxu frqvwuxfwhg phwulfv dv d frq�j0
xudwlrq ri srlqwv rq wkh sodqh/ dqg frpsduh wklv frq�jxudwlrq wr d pds ri wudfwv*
sk|vlfdo orfdwlrqv1 Vshfl�fdoo|/ zh xvh d phwkrg fdoohg pxowlglphqvlrqdo vfdolqj
+PGV, wr frqvwuxfw d frq�jxudwlrq ri srlqwv lq wzr glphqvlrqv zkrvh lqwhusrlqw
glvwdqfhv dssur{lpdwh wkrvh iru hdfk ri wkh phwulfv1 Hvvhqwldoo|/ rxu dojrulwkp frq0
vwuxfwv d frq�jxudwlrq xvlqj wkh �uvw wzr sulqflsdo frpsrqhqwv ri d vwdqgdugl}hg
yhuvlrq ri d glvwdqfh pdwul{1 Ri frxuvh wkh PGV frq�jxudwlrq lv xqltxh rqo| xs wr
d fkrlfh ri orfdwlrq dqg rulhqwdwlrq/ vr zh fdq rqo| frpsduh uhodwlyh glvwdqfhv xqghu
hdfk phwulf147 D jrrgqhvv ri �w vwdwlvwlf iru wkh PGV frq�jxudwlrq lv dydlodeoh wkdw
fdq eh urxjko| lqwhusuhwhg dv wkh shufhqwdjh ri wkh yduldwlrq lq ruljlqdo glvwdqfhv
fdswxuhg e| wkh �wwhg frq�jxudwlrq1 Lw lv urxjko| dqdorjrxv wr wkh shufhqwdjh ri
yduldqfh h{sodlqhg e| wkh �uvw wzr sulqflsdo frpsrqhqwv ri d fryduldqfh pdwul{1 D
eulhi ghvfulswlrq ri PGV dqg wklv jrrgqhvv ri �w vwdwlvwlf lv frqwdlqhg lq Dsshqgl{

47Wr idflolwdwh frpsdulvrqv/ zh kdyh wudqvodwhg dqg urwdwhg hdfk �wwhg frq�jxudwlrq wr olqh xs +wr
wkh h{whqw srvvleoh, zlwk wkdw edvhg rq sk|vlfdo glvwdqfh xvlqj d phwkrg fdoohg Surfxvwhv urwdwlrq1
Vhh Pdugld hw1 do1 +4<:<, iru d frpsohwh h{sodqdwlrq ri wklv surfhgxuh1
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D +vhh/ h1j1/ Pdugld hw1 do1 +4<:<, iru d wkrurxjk h{srvlwlrq,1
Zh sorw wkh �uvw wudfw lq hdfk ri wkh :8 frppxqlw| duhdv wr jlyh dq lghd ri wkhvh

frq�jxudwlrqv xqghu ydulrxv phwulfv1 Iliwhhq ri wkhvh wudfwv duh odehohg zlwk wkhlu
frppxqlw| qdph vr wkdw fkdqjhv lq uhodwlyh srvlwlrqv dqg foxvwhulqj ri wkhvh wudfwv
fdq eh h{dplqhg1 Wkhvh duhdv duh Duprxu Vtxduh/ Dxvwlq/ Eulgjhsruw/ Fohdulqj/
Gxqqlqj/ Hqjohzrrg/ Jdjh Sdun/ K|gh Sdun/ Olqfroq Sdun/ Orrs/ Prujdq Sdun/
Urjhuv Sdun/ Vrxwk Fklfdjr/ Vrxwk Vkruh/ dqg Xswrzq1

Wkh sk|vlfdo orfdwlrqv ri wkh wudfwv duh ghslfwhg lq Iljxuh 41 Wkh ruljlq rq
wklv pds lv fhqwhuhg dw wkh jhrjudsklf fhqwhu ri wkh srlqwv/ qhdu wkh Eulgjhsruw
qhljkerukrrg1 Wkh yhuwlfdo dqg krul}rqwdo d{lv uhsuhvhqw ghyldwlrqv lq nlorphwhuv
iurp wkh fhqwhu1 Wkh d{hv duh qrw odehohg/ krzhyhu/ lq rughu wr hpskdvl}h wkdw
uhodwlyh glvwdqfhv ehwzhhq wudfwv duh wkh remhfwv ri frpsdulvrq dfurvv phwulfv/ xqlwv
zloo ydu|1

Iljxuh 5 uhsruwv wkh PGV frq�jxudwlrq iru wkh FWD wudyho wlph phwulf1 Wkh
jrrgqhvv ri �w vwdwlvwlf iru wklv phwulf lv 69(1 Wkh uhdvrq iru wklv uhodwlyho| srru �w
lv wkdw wkhuh duh pdq| orfdwlrqv dfurvv Fklfdjr wkdw duh forvh wr ehlqj htxlglvwdqw
lq whupv ri wudyho wlph yld sxeolf wudqvsruwdwlrq1 Wkxv pdq| srlqwv duh htxlglvwdqw
xqghu wklv phwulf/ pdnlqj lw gl!fxow wr uhsuhvhqw lq d orz0glphqvlrqdo Hxfolghdq
vsdfh1 Qhyhuwkhohvv wkh pdlq ihdwxuhv ri wkh wudyho wlph phwulf duh dssduhqw lq Iljxuh
51 Qhljkerukrrgv wkdw olh rq hohydwhg wudlq olqhv wkdw udgldwh iurp wkh fhqwhu flw| duh
forvh lq wudyho wlph wr wkh Orrs1 Wklv lv zk| Urjhuv Sdun lv uhodwlyho| forvh wr wkh
Orrs lq Iljxuh 5 ghvslwh ehlqj dw wkh sk|vlfdo hgjh ri wkh flw|1 Wkh odujhvw glvwdqfhv
lq wudyho wlphv duh ehwzhhq wkrvh wudfwv wkdw duh sk|vlfdoo| idu dsduw dqg gr qrw kdyh
wudlq olqhv frqqhfwlqj wkhp olnh Gxqqlqj dqg Prujdq Sdun1

Wkh PGV frq�jxudwlrqv iru rxu phdvxuh ri hwkqlf glvwdqfh lq 4<;3 dqg 4<<3 duh
suhvhqwhg lq Iljxuhv 6 dqg 7/ uhvshfwlyho|1 Wkhvh PGV frq�jxudwlrqv fdswxuh doprvw
doo wkh yduldwlrq lq wkh hwkqlf phwulfv/ kdylqj jrrgqhvv ri �w vwdwlvwlfv ri <3( iru 4<;3
dqg <9( iru 4<<31 Wkh foxvwhulqj ri frppxqlw| duhdv lv vwulnlqj1 Suhgrplqdqwo|
plqrulw| duhdv ri Vrxwk Vkruh/ Hqjohzrrg/ dqg Prujdq Sdun foxvwhuhg dw wkh erwwrp
ri wkh Iljxuhv lq erwk |hduv1 Wkhvh wkuhh Frppxqlw| Duhdv kdyh d sursruwlrq ri
eodfn shuvrqv wkdw udqjhv ehwzhhq <7( dqg 433( lq 4<;3/ ehwzhhq <:( dqg 433(
lq 4<<31 Rq wkh rwkhu kdqg/ wkh foxvwhu frpsrvhg e| Fohdulqj/ Gxqqlqj/ Olqfroq
Sdun/ dqg wkh Orrs lv suhgrplqdqwo| zklwh= lq wkhvh Duhdv/ zklwhv pdnh xs ehwzhhq
;<( dqg <;( ri wkh srsxodwlrq lq 4<;3/ ehwzhhq ;:( dqg <;( lq 4<<31 Wkh hwkqlf
frpsrvlwlrq lq wkhvh foxvwhuv lv uhpdundeo| vwdeoh dfurvv wkh wzr Fhqvxv |hduv148

Rq wkh rwkhu kdqg/ rqh fdq qrwlfh vrph lqwhuhvwlqj hwkqlf g|qdplfv lq wkh duhdv
fdoohg Dxvwlq dqg Jdjh Sdun1 Lq 4<;3/ urxjko| 63( ri wkh srsxodwlrq lq erwk wkhvh
wzr duhdv zdv Klvsdqlf/ dqg derxw ;3( zdv zklwh> wkxv wkh| zhuh uhodwlyho| forvh
wr wkh pdlqo| zklwh foxvwhu phqwlrqhg hduolhu1 E| 4<<3/ Klvsdqlfv pdgh xs ehwzhhq
78( dqg 93( ri wkh srsxodwlrq/ dqg wkh iudfwlrq ri zklwhv kdg ghfuhdvhg wr ohvv

48Erwk Fohdulqj dqg Gxqqlqj kdyh d vljql�fdqw suhvhqfh ri shuvrqv ri Srolvk ruljlq1 Wklv suhvhqfh
lv yhu| vwdeoh dw durxqg 48( lq erwk |hduv1
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wkdq 83( lq erwk duhdv1 Wklv lv uh hfwhg lq wkh PGV frq�jxudwlrq iru 4<<3= Dxvwlq
dqg Jdjh Sdun duh vwloo forvh wrjhwkhu ehfdxvh wkh| kdyh d vlploduo| vwurqj Klvsdqlf
frpsrqhqw/ exw kdyh pryhg dzd| iurp wkh suhgrplqdqwo| zklwh foxvwhu1

Iljxuhv 8 dqg 9 uhsruw wkh frq�jxudwlrqv iru rffxsdwlrq glvwdqfh iru 4<;3 dqg
4<<3/ uhvshfwlyho|1 Wkh jrrgqhvv ri �w vwdwlvwlfv iru 4<;3 dqg 4<<3 duh 87( dqg
93(/ uhvshfwlyho|1 Dv zlwk wkh hwkqlf phwulf/ rqh fdq lghqwli| fhuwdlq foxvwhuv lq wkh
PGV frq�jxudwlrqv1 Iru h{dpsoh/ Vrxwk Fklfdjr/ Hqjohzrrg/ dqg Prujdq Sdun duh
txlwh forvh lq whupv ri wkhlu rffxsdwlrq glvwulexwlrqv lq erwk |hduv1 Lq idfw/ wkh| doo
kdyh ehwzhhq 58( dqg 63( ri wkhlu zrunhuv lq dgplqlvwudwlyh vxssruw rffxsdwlrqv1
Wkh rwkhu prvw srsxodu rffxsdwlrq lq doo wkuhh duhdv lv rwkhu vhuylfh1 Rqh fdq dovr
qrwlfh d vkliw ehwzhhq 4<;3 dqg 4<<3 iurp pdqxidfwxulqj wr vhuylfh vhfwruv= suhflvlrq
surgxfwlrq/ uhsdlu/ dqg pdfklqh rshudwruv ehfrph ohvv suhvhqw/ dqg vdohv shuvrqqho
ru surwhfwlrq vhuylfhv lqfuhdvh1

Wkh rwkhu prvw qrwlfhdeoh foxvwhu lv iruphg e| Olqfroq Sdun/ K|gh Sdun dqg wkh
Orrs1 Khuh wkh prvw srsxodu rffxsdwlrqv duh h{hfxwlyh/ pdqdjhuldo/ dqg surihvvlrqdo
vshfldow|1 Vdohv dqg dgplqlvwudwlyh vxssruw duh dovr vwurqj149 Rqh fdq qrwlfh wkdw
wkh Vrxwk Fklfdjr/ Hqjohzrrg/ Prujdq Sdun foxvwhu kdv jrwwhq forvhu wr wklv odwwhu
foxvwhu ehwzhhq 4<;3 dqg 4<<3/ suredeo| gxh wr wkh vkliw rxw ri pdqxidfwxulqj dqg
lqwr vhuylfhv1

7 Vsdwldo Hfrqrphwulf Prgho
Wklv vhfwlrq frqwdlqv d eulhi ghvfulswlrq ri rxu vsdwldo hfrqrphwulf prgho14: Zhprgho
revhuydwlrq � dv ehlqj orfdwhg dw d srlqw r� lq d Hxfolghdq vsdfh1 Wkh edvlf prgho
ri ghshqghqfh lv wkdw wkh glvwdqfh ehwzhhq revhuydwlrqv* srvlwlrqv/ fruuhvsrqglqj wr
wkhlu hfrqrplf glvwdqfhv/ fkdudfwhul}hv wkh ghshqghqfh ehwzhhq wkhlu udqgrp ydul0
deohv1 Li revhuydwlrqv � dqg � duh forvh/ wkhq wkhlu udqgrp yduldeohv/ vd| fr� dqg fr� c
pd| eh yhu| kljko| fruuhodwhg1 Dv wkh glvwdqfh ehwzhhq r� dqg r� jurzv odujh/ fr�

dqg fr� ehfrph forvhu wr ehlqj lqghshqghqw1
Irupdoo|/ zh dvvxph wkdw rxu yhfwru ri yduldeohv fr lv vwdwlrqdu| dqg vdwlv�hv

uhjxodulw| frqglwlrqv lq Frqoh| ^5`14; Vwdwlrqdulw| phdqv wkdw wkh mrlqw glvwulexwlrq
ri fr iru dq| froohfwlrq ri orfdwlrqv ir�j6�'� +l1h1/ ifr�c fr2c ���c fr6j, lv lqyduldqw wr
vkliwv lq wkh hqwluh vhw ri orfdwlrqv ir�j6�'�1 Vr/ iru h{dpsoh/ wkh fryduldqfh ri fr� dqg
fr� lv d ixqfwlrq ri r�� r�� Ixuwkhupruh zh dvvxph wkdw wklv fryduldqfh lv d ixqfwlrq

49Lw lv lqwhuhvwlqj wr qrwh wkdw K|gh Sdun kdv dq lqfuhdvlqj iudfwlrq ri dgplqlvwudwlyh vxssruw
shuvrqqho ryhu wlph/ shukdsv gxh wr wkh h{sdqvlrq ri wkh Xqlyhuvlw| ri Fklfdjr1

4:D pruh frpsohwh ghvfulswlrq ri wklv prgho fdq eh irxqg lq Frqoh|^5`1
4;Wkh dvvxpswlrq ri vwdwlrqdulw| fdq eh uhod{hg wr doorz qrq0h{sorvlyh surfhvvhv wkdw kdyh fr0

yduldqfhv wkdw ydu| ryhu vsdfh1 Lq wklv fdvh rxu fryduldqfh ixqfwlrq fdq eh lqwhusuhwhg dv dq dyhudjh
ri qrq0vwdwlrqdu| fryduldqfhv1
Wkh iruhprvw uhjxodulw| frqglwlrq lv wkdw wkh surfhvv lv pl{lqj/ wkdw [v dqg [u ehfrph dv|ps0

wrwlfdoo| lqghshqghqw dv wkh glvwdqfh ehwzhhq v dqg u jrhv wr lq�qlw|1
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ri glvwdqfh/ qrw wkh gluhfwlrq ri wkh yhfwru r� � r�=

SJ�Efr�c fr�� ' sEnr� � r�n�� +4,

Zh zloo xvh hvwlpdwhv ri wklv vsdwldo fryduldqfh ixqfwlrq wr ghvfuleh wkh frpryhphqw
ri yduldeohv dv d ixqfwlrq ri glvwdqfhv1

Wr hvwlpdwh wkh vsdwldo dxwrfryduldqfh ixqfwlrq lq Htxdwlrq 4/ zh xvh d qrqsdud0
phwulf hvwlpdwru ri wkh vsdwldo dxwrfryduldqfh ixqfwlrq1 Wkh hvwlpdwru lv hvvhqwldoo|
wkdw sursrvhg e| Kdoo hw1 do1 ^:`1 Wkh dxwrfryduldqfh dw glvwdqfh B lv hvwlpdwhg e|
d orfdo dyhudjh ri furvv0surgxfwv ri gh0phdqhg revhuydwlrqv wkdw duh forvh wr B xqlwv
dsduw1 Ohwwlqj (�� ' nr� � r�n/ zh hvwlpdwh sEB� zlwk=

	sEB� '
�[
�'�

�[
�'�

`� dmB �(��moEfr� � 7f�Efr� � 7f��

Zkhuh 7f lv wkh vdpsoh phdq ri f/ dqg wkh zhljkw ixqfwlrq `�E�� lv qrupdol}hg
wr vxp wr rqh1 Lq rwkhu zrugv/ zh uxq d nhuqho uhjuhvvlrq ri Efr� � 7f�Efr� � 7f�
rq (��� Zh uhtxluh `�E�� wr eh d ixqfwlrq ri vdpsoh vl}h wkdw zloo frqfhqwudwh lwv
pdvv dw }hur dv wkh vdpsoh ehfrphv duelwudulo| odujh dw dq dssursuldwh udwh1 Wkxv/ lq
odujh vdpsohv/ wkh vsdwldo fryduldqfh dw glvwdqfh B zloo eh hvwlpdwhg e| dq dyhudjh ri
furvv0surgxfwv ri rqo| wkrvh revhuydwlrqv wkdw duelwudulo| forvh wr B xqlwv dsduw dqg
	s zloo eh frqvlvwhqw1

Zh zloo dovr hvwlpdwh d jhqhudol}dwlrq ri wklv prgho wkdw h�hfwlyho| doorzv xv wr
frqvlghu wzr gl�huhqw glvwdqfh phwulfv1 Wr gr wklv/ zh fdq vlpso| lqwhusuhw hdfk
revhuydwlrq*v srvlwlrq dv uh hfwlqj wzr phwulfv1 Iru h{dpsoh li r�c� fruuhvsrqgv wr
wkh sk|vlfdo orfdwlrq ri revhuydwlrq � dqg r2c� ghvfulehv lwv hwkqlf frpsrvlwlrq/ wkhq

zh frxog lqgh{ wklv revhuydwlrq e|= r� '
�
r�c�
r2c�

�
� Qrz/ udwkhu wkdq uhvwulfwlqj fr0

yduldqfhv wr ghshqg rq wkh glvwdqfh ehwzhhq r� dqg r� zh fdq doorz wkhp wr ghshqg
rq glvwdqfhv ehwzhhq wkhvh wzr frpsrqhqwv=

SJ�Efr�c fr�� ' sEnr�c� � r�c�n c nr2c� � r2c�n�� +5,

Fryduldqfhv khuh fdq ghshqg rq glvwdqfh dffruglqj wr erwk phwulfv1 Zh hvwlpdwh wklv
pruh jhqhudo fryduldqfh ixqfwlrq zlwk d qrqsdudphwulf uhjuhvvlrq dv deryh1 Hvwlpdwhv
ri 5 zloo eh nhuqho uhjuhvvlrqv ri Efr� � 7f�Efr� � 7f� rq wzr gl�huhqw phdvxuhv ri
glvwdqfh ehwzhhq revhuydwlrqv � dqg ��

714 Whvwlqj Vsdwldo Lqghshqghqfh

Zh wdnh d voljkwo| xqxvxdo dssurdfk wr frqgxfwlqj d whvw ri zkhwkhu wkhuh lv vsdwldo
lqghshqghqfh1 Lqvwhdg ri xvlqj d olplwlqj glvwulexwlrq ri 	s wr whvw wkh lpsolfdwlrq
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wkdw wkhuh lv }hur vsdwldo fruuhodwlrq/ sEB� ' f/ zh sorw dq dffhswdqfh uhjlrq iru wkh
vshfl�f qxoo k|srwkhvlv ri vsdwldo lqghshqghqfh1 Wkhq rxu k|srwkhvlv whvw fdq eh
grqh e| vlpso| revhuylqj zkhwkhu rxu srlqw hvwlpdwh ri s olhv lqvlgh wkh dffhswdqfh
uhjlrq1

Wr frpsxwh dq dffhswdqfh uhjlrq iru wkh k|srwkhvlv ri vsdwldo lqghshqghqfh zh
hpsor| d vlpsoh errwvwuds whfklqtxh1 Zh krog wkh vdpsoh orfdwlrqv �{hg dqg vlpxodwh
gudzv iurp d glvwulexwlrq zlwk wkh vdph vwdwlrqdu| +pdujlqdo, glvwulexwlrq dv rxu
gdwd exw zlwk vsdwldo lqghshqghqfh1 Wr gr wklv vlpxodwlrq/ zh mxvw vdpsoh zlwk
uhsodfhphqw iurp wkh hpslulfdo pdujlqdo glvwulexwlrq ri rxu yduldeohv1 Iru hdfk ri
wkhvh errwvwuds vdpsohv/ zklfk e| frqvwuxfwlrq duh vsdwldoo| lqghshqghqw/ zh fdq
fdofxodwh dq errwvwuds hvwlpdwh ri s h{dfwo| dv zh kdg grqh iru wkh ruljlqdo gdwd1 Iru
hdfk ydoxh ri B zh wdnh dq hqyhorsh frqwdlqlqj vd| <8( ri rxu errwvwuds hvwlpdwhv wr
jlyh xv dq dssur{lpdwh dffhswdqfh uhjlrq iru wkh k|srwkhvlv ri vsdwldo lqghshqghqfh1

Zh suhihu wklv errwvwuds phwkrg wr whvwv edvhg rq olplwlqj glvwulexwlrqv iru uhd0
vrqv eh|rqg lwv vlpsolflw|1 Whvwv edvhg rq wkh olplwlqj glvwulexwlrqv iru rxu orfdo dy0
hudjh hvwlpdwhv ri s zloo whqg wr eh xquholdeoh lq wkh suhvhqfh ri vsdwldo ghshqghqfh1
Ehfdxvh wkh hvwlpdwru uholhv rq orfdo dyhudjhv/ hvwlpdwhv ri dv|pswrwlf yduldqfhv zloo
eh wkh vdph dv li wkh gdwd zhuh vsdwldoo| lqghshqghqw1 Wkhuh lv hylghqfh wkdw vxfk
dv|pswrwlf dssur{lpdwlrqv fdq eh yhu| plvohdglqj lq wlph vhulhv dssolfdwlrqv ri or0
fdo dyhudjh phwkrgv wr gdwd zlwk d kljk ghjuhh ri ghshqghqfh +vhh h1j1 Urelqvrq
^53`/ Sulwvnhu^4<`,1 Vlqfh/ d sulrul/ zh h{shfw wkhuh wr eh d vljql�fdqw ghshqghqfh
ehwzhhq revhuydwlrqv zh zdqw wr dyrlg ryhuvwdwlqj wkh lqirupdwlrq lq rxu vdpsoh e|
xvlqj wkhvh hvwlpdwruv wr gholyhu srlqwzlvh vwdqgdug huuruv1 Ixuwkhupruh/ zh zdqw
wr hqwhuwdlq wkh srvvlelolw| wkdw rxu hfrqrplf glvwdqfhv duh phdvxuhg zlwk huuru1 Lq
wklv fdvh/ rxu hvwlpdwru 	s zloo uhfryhu d zhljkwhg dyhudjh ri wkh wuxh dxwrfryduldqfhv1
Wkh srvlwlyh zhljkwv zloo eh dq xqnqrzq ixqfwlrq ri phdvxuhphqw huuruv vr zh zloo
eh xqdeoh wr frpsxwh vwdqgdug huuruv edvhg rq d olplwlqj glvwulexwlrq1 Krzhyhu/ rxu
errwvwuds vwloo frpsxwhv d ydolg dffhswdqfh uhjlrq iru wkh qxoo ri vsdwldo lqghshqghqfh
iru wkh uhvxowlqj vwdwlvwlf1

8 DFI Hvwlpdwhv

814 Rqh Phwulf Vsdwldo DFI hvwlpdwhv

Zh qrz uhsruw wkh uhvxowv ri rxu vsdwldo DFI hvwlpdwhv iru hdfk phwulf vhsdudwho|1
Wkhvh DFI hvwlpdwhv duh iruphg xvlqj wkh nhuqho uhjuhvvlrq ghvfulehg deryh wr hvwl0
pdwh s dqg wkhq qrupdol}lqj lw e| glylglqj e| wkh vdpsoh vhfrqg prphqw wr irup d
fruuhodwlrq ixqfwlrq hvwlpdwh14< Lq hdfk sorw/ zh uhsuhvhqw erwk wkh hvwlpdwhg DFI
iru wkh udz xqhpsor|phqw udwh +dv d vrolg olqh,/ dqg wkh DFI iru wkh uhvlgxdov iurp

4<Wkh nhuqho xvhg zdv d qrupdo nhuqho lq doo fdvhv zlwk vwdqgdug ghyldwlrqv ri= 316 iru sk|vlfdo/
6 iru wudyho wlph/ 43 iru hwkqlf/ dqg 518 iru rffxsdwlrq glvwdqfh1
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wkh uhjuhvvlrq ri xqhpsor|phqw rq rxu fryduldwhv +dv d gdvkhg olqh,1 Lq dgglwlrq/ wkh
sruwlrqv ri wkh DFIv wkdw olh rxwvlgh wkh <8( dffhswdqfh edqgv iru wkh qxoo k|srwkhvlv
ri vsdwldo lqghshqghqfh duh pdunhg zlwk dvwhulvnv dqg flufohv/ uhvshfwlyho|153

Iljxuhv : wkurxjk < frqwdlq DFI hvwlpdwhv iru wkh sk|vlfdo glvwdqfh phwulf1 Wkh
hvwlpdwlrq lv frqgxfwhg iru 4<;3/ 4<<3/ dqg iru wkh fkdqjh lq xqhpsor|phqw udwh eh0
wzhhq 4<;3 dqg 4<<3154 Iljxuhv 43045 frqwdlq vlplodu sorwv iru wkh wudyho wlph phwulf>
Iljxuhv 46048 xvh wkh udfldo2hwkqlf glvwdqfh phwulf/ dqg Iljxuhv 4904; frpsohwh wklv
vhw ri sorwv iru wkh rffxsdwlrq phwulf1

Wkh �uvw uhvxow wr eh qrwhg lv wkdw wkh vsdwldo DFI ri xqhpsor|phqw lv vwurqjo|
dqg vljql�fdqwo| srvlwlyh dw glvwdqfhv forvh wr }hur/ dqg ghfuhdvhv urxjko| prqr0
wrqlfdoo| zlwk glvwdqfh iru doo phwulfv/ lq erwk |hduv dqg lq wkh �uvw0gl�huhqfh fdvh1
Wkhuhiruh/ vsdwldo foxvwhulqj ri xqhpsor|phqw lv txlwh urexvw wr wkh gl�huhqw fkrlfhv
ri phwulfv1 Wkh vhfrqg lqwhuhvwlqj uhvxow wkdw lv frpprq dfurvv phwulfv lv wkdw foxv0
whulqj lqfuhdvhv ryhu wlph= Wkh DFI hvwlpdwhv iru wkh fkdqjh lq xqhpsor|phqw udwh
ryhu wkh ghfdgh lqglfdwh d srvlwlyh dqg vwdwlvwlfdoo| vljql�fdqw dxwr0fruuhodwlrq/ wkdw
djdlq ghfd|v zlwk glvwdqfh1 Wkhvh sdwwhuqv duh urxjko| frqvlvwhqw zlwk d prgho ri
orfdo lqwhudfwlrqv/ lq zklfk wkh hyroxwlrq ri wkh vwdwh ri hdfk duhd lv d�hfwhg e| wkh
fxuuhqw vwdwh ri wkh qhljkerulqj duhdv1

Dq lpsruwdqw gl�huhqfh h{lvwv ehwzhhq wkh DFI sorwv xvlqj sk|vlfdo dqg wudyho
wlph phwulfv rq wkh rqh kdqg/ dqg hwkqlf ru rffxsdwlrq phwulfv rq wkh rwkhu kdqg1
Iru wkh iruphu rqhv/ wkh DFI lv srvlwlyh iru vpdoo glvwdqfhv dqg ghfd|v wr }hur dw
odujh glvwdqfhv/ zkhuhdv iru wkh odwwhu phwulfv wkh DFI dfwxdoo| ehfrphv vwurqjo| dqg
vljql�fdqwo| qhjdwlyh dw odujh glvwdqfhv1 Wklv lv hvshfldoo| wuxh iru wkh hwkqlf phwulf1
Wkxv/ wzr fhqvxv wudfwv zlwk yhu| gl�huhqw udfldo2hwkqlf frpsrvlwlrqv duh olnho| wr
h{shulhqfh glyhujhqw sdwwhuqv ri hpsor|phqw1 W|slfdoo|/ d prvwo| zklwh wudfw lq/ vd|/
Olqfroq Sdun/ lv olnho| wr h{shulhqfh yhu| orz xqhpsor|phqw/ zkhuhdv d wudfw zlwk
d kljk sursruwlrq ri plqrulwlhv lq/ vd|/ Hqjohzrrg/ lv olnho| wr h{klelw udwkhu kljk
xqhpsor|phqw udwhv1

Wxuqlqj qrz wr wkh DFI sorwv iru wkh uhvlgxdov ri xqhpsor|phqw/ rqh fdq qrwlfh
lpsruwdqw gl�huhqfhv dfurvv phwulfv1 Iru wkh sk|vlfdo phwulf/ xqhpsor|phqw uhvlgxdov
vwloo glvsod| d srvlwlyh dqg vwdwlvwlfdoo| vljql�fdqw ohyho ri vsdwldo dxwr0fruuhodwlrq dw
glvwdqfhv forvh wr }hur1 Lqwhuhvwlqjo|/ wklv uhvxow krogv wuxh hyhq iru wkh uhjuhvvlrq
lq �uvw gl�huhqfhv155 D pruh jhqhudo srlqw fdq eh pdgh khuh derxw furvv vhfwlrqdo
ghshqghqfh lq sdqho gdwd1 Lqglylgxdo lqwhufhsw h�hfwv duh riwhq xvhg wr wu| dqg
dffrxqw iru/ dprqj rwkhu wklqjv/ furvv0vhfwlrqdo ghshqghqfh lq sdqho gdwd1 Iljxuh
< vkrzv txlwh fohduo| wkdw gdwd fdq vwloo eh vsdwldoo| fruuhodwhg hyhq diwhu lqglylgxdo
h�hfwv kdyh ehhq gl�huhqfhg rxw1

Wkh ghjuhh ri vsdwldo ghshqghqfh vwloo suhvhqw lq wkh uhvlgxdov ri xqhpsor|phqw

53573 errwvwuds gudzv zhuh xvhg wr fuhdwh wklv dffhswdqfh uhjlrq1
54Lq wkh odwwhu fdvh/ wkh fryduldwhv duh �uvw0gl�huhqfhg dv zhoo1
55Wklv lv wkh w|sh ri vsdwldo ghshqghqfh wkdw zdv xvhg lq Wrsd ^56` wr hvwlpdwh d phdvxuh ri orfdo

vslooryhuv1
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lv zhdnhu iru wkh wudyho wlph phwulf/ dqg glvdsshduv dowrjhwkhu iru wkh hwkqlf dqg
rffxsdwlrq phwulfv/ lq wkh ohyho uhjuhvvlrqv1 Iru wkh fkdqjh uhjuhvvlrqv/ wkh dxwr0
fruuhodwlrq ri xqhpsor|phqw uhvlgxdov lv vwloo vljql�fdqwo| gl�huhqw wkdq }hur/ exw wkh
srlqw hvwlpdwhv duh yhu| vpdoo1 Wkxv lw vhhpv wkdw diwhu rqh frqwurov iru fryduldwhv
wkdw pd| d�hfw ru uh hfw wkh vruwlqj ghflvlrqv ri lqglylgxdo djhqwv/ wkhuh lv yhu| olwwoh
vsdwldo foxvwhulqj ohiw1 Wklv lv hvshfldoo| wuxh dv rqh pryhv wrzdugv phwulfv wkdw duh
wkrxjkw wr uhsuhvhqw wkh glphqvlrqv dorqj zklfk djhqwv* qhwzrunv ghyhors ehwwhu wkdq
phuh sk|vlfdo glvwdqfh1

Wkhuhiruh/ wkhuh dsshduv wr eh olwwoh vxssruw lq wkh gdwd iru d orfdo lqwhudfwlrq
vwru| edvhg rq orfdo lqirupdwlrq h{fkdqjhv dprqj djhqwv/ rqfh zh xvh phwulfv wkdw
vkrxog ehwwhu fdswxuh vxfk vslooryhuv1 Lw vhhpv wkdw vruwlqj ri lqglylgxdov ri gl�huhqw
w|shv lq gl�huhqw duhdv pd| vx!fh wr h{sodlq wkh foxvwhulqj revhuyhg lq wkh udz
gdwd1 Krzhyhu/ lw pd| eh xowlpdwho| yhu| kdug wr glvwlqjxlvk hpslulfdoo| ehwzhhq
d vruwlqj dqg d orfdo lqwhudfwlrq lqwhusuhwdwlrq1 Wkh revhuyhg vruwlqj ri lqglylgxdov
pd| douhdg| uh hfw dqg lqfrusrudwh wkh srvvlelolw| ri orfdo vslooryhuv1 Djhqwv pd|
dqwlflsdwh wkdw wkh| fdq ehqh�w iurp orfdo lqirupdwlrq h{fkdqjhv dqg wkxv fkrrvh
orfdwlrqv dffruglqjo|1 Wkh jurvv uhqw dqg krxvlqj ydoxh gl�huhqwldov revhuyhg dfurvv
fhqvxv wudfwv pd| dovr lqfrusrudwh/ dprqj rwkhu wklqjv/ wkh prqhwdu| jdlq iurp dq|
vxfk orfdo vslooryhuv1 Wkxv/ zkhq rqh frqwurov iru d vhw ri vruwlqj yduldeohv/ wklv pd|
douhdg| holplqdwh d sruwlrq ri vsdwldo ghshqghqfh wkdw lv gxh wr orfdo lqwhudfwlrqv1

815 Wzr Phwulf Vsdwldo DFI hvwlpdwhv

Wkh hvwlpdwhv ri vsdwldo dxwr0fruuhodwlrqv dv d ixqfwlrq ri sdluv ri phwulfv duh uhsruwhg
lq Iljxuhv 4< wkurxjk 6;1 Wkh %0d{lv uhsuhvhqwv sk|vlfdo ru wudyho wlph glvwdqfh/
zkhuhdv wkh +0d{lv uhsuhvhqwv hwkqlf ru rffxsdwlrqdo glvwdqfh1 Dv lq wkh rqh phwulf
fdvh/ wkh hvwlpdwlrq lv fduulhg rxw erwk iru xqhpsor|phqw lwvhoi dqg iru lwv uhvlgxdov
iurp d uhjuhvvlrq rq wkh fryduldwhv ghvfulehg lq Vhfwlrq 5> djdlq/ xqhpsor|phqw
glvwulexwlrqv lq 4<;3/ lq 4<<3/ dqg lq �uvw0gl�huhqfhv duh frqvlghuhg iru hdfk phwulf1
Iru wkh sorwv wkdw duh edvhg rq udz xqhpsor|phqw udwhv/ rqo| wkh srlqw hvwlpdwhv
duh uhsruwhg1 Frqwrxu olqhv duh dovr lqfoxghg/ wr khos lghqwli| wkh judglhqw ri wkh
ixqfwlrq1 Iru wkh sorwv lqyroylqj uhvlgxdov/ wkh DFI vxuidfhv duh uhsuhvhqwhg dv d
phvk1 Wkh sruwlrqv wkdw olh rxwvlgh wkh <8( ohyho dffhswdqfh edqgv iru wkh vsdwldo
lqghshqghqfh k|srwkhvlv/ duh �oohg lq dqg vkdghg156

Iljxuh 4< uhsruwv wkh DFI ri udz xqhpsor|phqw lq 4<;3/ zkhq sk|vlfdo dqg
hwkqlf phwulfv duh hpsor|hg1 Li rqh devwudfwv iurp wkh shdn dw E�( � fc .( � �ff�/
zklfk lv lpsuhflvho| hvwlpdwhg gxh wr d sdxflw| ri wudfwv dw wkrvh glvwdqfhv/ wkh
sdwwhuq lv yhu| fohdu1 Frqglwlrqdo rq dq| jlyhq sk|vlfdo glvwdqfh/ wkhuh lv d yhu|
vwurqj srvlwlyh dxwr0fruuhodwlrq dw orz hwkqlf glvwdqfhv1 Wkh DFI lv txlwh  dw zlwk

56Zh xvhg d surgxfw nhuqho frpsulvhg ri xqlyduldwh qrupdo nhuqhov kdylqj wkh iroorzlqj vwdqgdug
ghyldwlrqv= 19 iru sk|vlfdo/ 43 iru hwkqlf/ dqg 518 iru rffxsdwlrq/ dqg 6 iru wudyho wlph glvwdqfhv1
Wkh errwvwuds dffhswdqfh uhjlrqv zhuh iruphg zlwk ;3 gudzv1
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uhvshfw wr sk|vlfdo glvwdqfh/ zkhuhdv lw ghfuhdvhv urxjko| prqrwrqlfdoo| zlwk hwkqlf
glvwdqfh1 Lq rwkhu zrugv/ frqglwlrqdo rq dq| �{hg hwkqlf glvwdqfh/ sk|vlfdo glvwdqfh
grhv qrw d�hfw vsdwldo foxvwhulqj pxfk1 Wklv sdwwhuq lv hyhq pruh vwulnlqj lq 4<<3
+Iljxuh 54,/ dqg lv suhvhqw dovr lq wkh �uvw gl�huhqfhg gdwd +Iljxuh 56,1 Wkxv lw vhhpv
wkdw prvw ri wkh vsdwldo foxvwhulqj ri xqhpsor|phqw lv gulyhq e| wkh udfldo dqg hwkqlf
glvwulexwlrq ryhu wkh flw| ri Fklfdjr/ dqg rqfh zh frqglwlrq rq lw sk|vlfdo glvwdqfh
kdv olwwoh/ li dq|/ h{sodqdwru| srzhu1 Wklv pd| eh frqvlvwhqw zlwk d orfdo lqwhudfwlrq
prgho ri lqirupdwlrq h{fkdqjh/ jlyhq wkh hylghqfh zh kdyh uhylhzhg57 rq wkh vwurqj
lqeuhhglqj ri vrfldo qhwzrunv dorqj udfldo ru hwkqlf olqhv1 Krzhyhu/ lw pd| eh gl!fxow
wr glvwlqjxlvk vxfk d prgho iurp d frpshwlqj dvvruwdwlyh pdwfklqj h{sodqdwlrq1

Wkh vsdwldo DFI hvwlpdwhv iru wkh xqhpsor|phqw uhvlgxdov zlwk uhvshfw wr sk|vl0
fdo dqg hwkqlf phwulfv duh uhsruwhg lq Iljxuhv 53/ 55/ dqg 571 Wkhuh lv d vpdoo vljql�0
fdqw duhd dw dssur{lpdwho| E�( � fc .( � f� lq doo wkuhh sorwv/ exw lw lv udwkhu wlq|1
Wkhuh lv dovr d vljql�fdqw sruwlrq iru 4<;3 dw durxqg E�( � fc .( � �2f�/ exw lw
lv dovr lpsuhflvho| hvwlpdwhg gxh wr d vpdoo qxpehu ri revhuydwlrqv lq wkdw duhd1 Dv
iru wkh rqh phwulf fdvh/ rqfh zh frqwuro iru d vhw ri revhuydeoh fkdudfwhulvwlfv lq hdfk
wudfw/ wkh vsdwldo glvwulexwlrq ri xqhpsor|phqw orvhv prvw ri lwv vsdwldo foxvwhulqj1

Wkh vsdwldo DFI hvwlpdwhv iru udz xqhpsor|phqw zlwk uhvshfw wr sk|vlfdo dqg
rffxsdwlrqdo phwulfv uhyhdo d gl�huhqw sdwwhuq +Iljxuhv 58/ 5:/ 5<,1 Khuh erwk sk|v0
lfdo dqg rffxsdwlrqdo glvwdqfh gr pdwwhu1 Wkh ghjuhh ri vsdwldo dxwr0fruuhodwlrq lv
vwurqjhvw dw derxw E�( � fc �( � f� dqg lv ghfuhdvlqj lq erwk �( dqg �(� E|
orrnlqj dw wkh frqwrxu olqhv/ lw vhhpv wkdw wkh sk|vlfdo phwulf sod|v d odujhu uroh dw
vkruw glvwdqfhv/ zkhuhdv wkh rffxsdwlrq phwulf ehfrphv pruh lpsruwdqw dw phglxp
wr odujh sk|vlfdo glvwdqfhv1

Dv iru wkh uhvlgxdov/ wkh DFI vxuidfh lv djdlq udwkhu  dw +Iljxuhv 59/ 5;/ 63,1
Krzhyhu/ wkhuh lv d odujhu vwdwlvwlfdoo| vljql�fdqw duhd ri wkh DFI vxuidfh dw durxqg
E�( � fc �( 5 dfc �fo� wkdq zh revhuyhg iru wkh sk|vlfdo dqg hwkqlf phwulf frpel0
qdwlrq1 Wklv lv wuxh erwk lq 4<;3 dqg 4<<3/ dqg lq wkh fkdqjh uhjuhvvlrq1 Wkhuhiruh/
wkhuh lv vrph uhvlgxdo vsdwldo ghshqghqfh ri xqhpsor|phqw/ hyhq diwhu frqwuroolqj iru
fryduldwhv wkdw vkrxog uh hfw vruwlqj ghflvlrqv e| djhqwv1 Ixuwkhupruh/ wklv vljqli0
lfdqw sruwlrq ri wkh DFI vxuidfh rffxuv lq wkh udqjh ri sk|vlfdo dqg rffxsdwlrqdo
glvwdqfh wkdw zh h{shfw wr eh prvw frqgxflyh wr xvhixo lqirupdwlrq h{fkdqjhv derxw
mrev zlwklq djhqwv* vrfldo qhwzrunv1 Lq idfw/ zh kdyh uhylhzhg vrph hylghqfh iurp wkh
vrflrorjlfdo olwhudwxuh dffruglqj wr zklfk surihvvlrqdo frqwdfwv dqg vrfldo wlhv zlwk
shuvrqv lq vlplodu rffxsdwlrqv duh yhu| lpsruwdqw lq jhqhudwlqj uhihuudov ru vlpso|
lqirupdwlrq derxw mre rshqlqjv wkdw lqfuhdvh rqh*v hpsor|phqw rssruwxqlwlhv1

Ilqdoo|/ Iljxuhv 64 wr 6; uhsruw DFI sorwv zkhq zh xvh wudyho wlph lqvwhdg ri
sk|vlfdo glvwdqfh dv d phwulf1 Djdlq/ zh orrn dw frpelqdwlrqv ri wklv phwulf zlwk
hwkqlf dqg rffxsdwlrqdo phwulfv1 Vlplodu sdwwhuqv dulvh wr wkh rqhv zh kdyh glvfxvvhg
deryh/ iru wkh hvwlpdwhv wkdw lqyroyh xqhpsor|phqw lwvhoi1 Zkhq frpelqhg zlwk hwk0
qlf glvwdqfh/ wudyho wlph grhv qrw kdyh pxfk lpsdfw rq wkh vsdwldo dxwr0fruuhodwlrq ri
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xqhpsor|phqw= prvw ri wkh vsdwldo foxvwhulqj lv gulyhq e| wkh udfldo dqg hwkqlf glvwul0
exwlrq ryhu fhqvxv wudfwv1 Rq wkh rwkhu kdqg/ sk|vlfdo glvwdqfh sod|v wkh odujhu uroh
zkhq frxsohg zlwk wkh rffxsdwlrqdo phwulf1 Dv iru wkh xqhpsor|phqw uhvlgxdov/ prvw
ri wkh DFI vxuidfhv olh zlwklq wkh <8( dffhswdqfh edqgv iru wkh qxoo k|srwkhvlv ri
qr vsdwldo ghshqghqfh1 Rqo| iru wkh wudyho wlph dqg rffxsdwlrqdo phwulf frpelqdwlrq
lq 4<;3 +Iljxuh 69, wkhuh lv d vpdoo vwdwlvwlfdoo| vljql�fdqw uhjlrq dw dssur{lpdwho|
EA( � fc �( � �f��

816 Fryduldqfh Ghfrpsrvlwlrqv lq wkh Rqh Phwulf Fdvh

Zh kdyh vhhq lq Vhfwlrq 814 wkdw wkh vsdwldo fruuhodwlrq sdwwhuqv ri wkh uhvlgxdov
ri xqhpsor|phqw glvsod| olwwoh/ li dq|/ vljql�fdqw vsdwldo ghshqghqfh/ h{fhsw iru wkh
sk|vlfdo glvwdqfh phwulf1 Wkxv lw vhhpv wkdw wkh vhw ri revhuydeoh fkdudfwhulvwlfv/
wkdw zh kdyh frqvlghuhg wr dffrxqw iru djhqw khwhurjhqhlw| dv zhoo dv vruwlqj dfurvv
orfdwlrqv/ holplqdwhv prvw ri wkh vsdwldo ghshqghqfh lq xqhpsor|phqw udwhv1

Lw vhhpv zruwkzkloh wkhq wr orrn pruh forvho| dw wkhvh fryduldwhv/ wr wu| wr lghqwli|
wkh vlqjoh fkdudfwhulvwlfv wkdw frqwulexwh wkh prvw wr ch{sodlqlqj* wkh vwurqj foxvwhu0
lqj wkdw dsshduv lq wkh udz xqhpsor|phqw gdwd1 Iurp h{shulphqwdwlrq zlwk vhwv ri
frqglwlrqlqj yduldeohv/ lw vhhpv wkdw wkh prvw lpsruwdqw vhwv ri uhjuhvvruv lq whupv
ri pdujlqdo lqfuhdvhv lq dgmxvwhg -2 duh udfldo frpsrvlwlrq dqg kxpdq fdslwdo phd0
vxuhv158 Wkhvh uhjuhvvruv duh olnho| wr eh wkh prvw lq xhqwldo lq fdswxulqj vsdwldo fru0
uhodwlrq dv zhoo1 Dq lvvxh dulvhv khuh rq krz wr ehvw ghfrpsrvh vsdwldo fruuhodwlrq1
Dq ruwkrjrqdo ghfrpsrvlwlrq ri rxu vsdwldo fruuhodwlrq hvwlpdwhv lqwr frpsrqhqwv
wkdw frxog eh dwwulexwhg wr vd| phdvxuhv ri kxpdq fdslwdo/ hwkqlf frpsrvlwlrq dqg
rwkhu jurxsv ri fryduldwhv zrxog eh lghdo1 Krzhyhu/ rewdlqlqj vxfk d ghfrpsrvlwlrq
lv frpsolfdwhg e| wkh idfw wkdw rxu fryduldwhv duh fhuwdlqo| qrw lqghshqghqw dqg wkhuh
duh pxowlsoh zd|v wr ruwkrjrqdol}h wkhp1

Dv d �uvw vwhs/ zh shuirup wkh iroorzlqj vlpsoh h{shulphqw1 Zh uh0hvwlpdwh wkh
rqh0phwulf vsdwldo DFIv uhsruwhg lq Iljxuhv : wkurxjk 4; e| wdnlqj rxw ri wkh vhw ri
uhjuhvvruv wkuhh vhsdudwh w|shv ri yduldeohv rqh dw d wlph +zlwk uhsodfhphqw,/ wr vhh
krz hdfk sduwlfxodu fkdudfwhulvwlf d�hfwv wkh hvwlpdwhg DFI1 Zh �uvw h{foxgh wkh
vsdwldo plvpdwfk yduldeoh +wkh phgldq frppxwlqj glvwdqfh wr mrev, dqg lqfoxgh doo
uhpdlqlqj yduldeohv dv uhjuhvvruv1 Zh wkhq h{foxgh wkh udfldo dqg hwkqlf frpsrvlwlrq
yduldeohv +wkh shufhqwdjh ri qrq0zklwhv dqg Klvsdqlfv lq wkh Fhqvxv wudfw, iurp wkh
ruljlqdo vhw ri uhjuhvvruv +lqfoxglqj vsdwldo plvpdwfk,1 Ilqdoo|/ zh holplqdwh wkh
hgxfdwlrq yduldeohv iurp wkh ruljlqdo vhw ri fryduldwhv= l1h1/ wkh iudfwlrq ri shrsoh zlwk
dw ohdvw d kljk vfkrro ru froohjh ghjuhh lq wkh wudfw1 Wkh uhvxowlqj DFI hvwlpdwhv duh
uhsruwhg lq Iljxuhv 6< wkurxjk 791

Lq wkh �uvw h{huflvh/ lw dsshduv wkdw h{foxglqj wkh vsdwldo plvpdwfk yduldeoh grhv
qrw dowhu wkh DFI hvwlpdwhv lq d vljql�fdqw zd|1 Iljxuhv 6< dqg 73 uhsruw wkhvh
hvwlpdwhv iru hpsor|phqw udwhv lq 4<;3/ xvlqj sk|vlfdo dqg hwkqlf glvwdqfh phwulfv1

58Wdeoh 4 uhsruwv wkh fkdqjhv lq dgmxvwhg U5 iroorzlqj wkh h{foxvlrq ri rqh uhjuhvvru dw d wlph1
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Wkhuh lv qr qrwlfhdeoh gl�huhqfh ehwzhhq wkhvh sorwv dqg wkh fruuhvsrqglqj Iljxuhv
: dqg 46 zlwk wkh ixoo vhw ri fryduldwhv159 Wkhuhiruh/ wkhuh lv olwwoh vxssruw iru wkh
vsdwldo plvpdwfk k|srwkhvlv sod|lqj dq lpsruwdqw uroh lq h{sodlqlqj wkh revhuyhg
sdwwhuqv ri vsdwldo ghshqghqfh/ dw ohdvw jlyhq rxu sur{| iru dffhvv wr mrev15:

Dv lw frxog eh h{shfwhg/ wkh udfldo dqg hwkqlf frpsrvlwlrq yduldeohv gr kdyh dq
lpsdfw/ iru doo phwulfv sursrvhg khuh1 Iljxuhv 74 wkurxjk 77 uhsruw wkh uhylvhg DFI
hvwlpdwhv iru doo phwulfv/ xvlqj 4<<3 gdwd15; H{foxglqj wkh iudfwlrq ri qrq0zklwhv dqg
Klvsdqlfv iurp wkh ruljlqdo vhw ri fryduldwhv ohdyhv d vwdwlvwlfdoo| vljql�fdqw srvlwlyh
dprxqw ri vsdwldo fruuhodwlrq dw glvwdqfhv forvh wr }hur1 Wkh pd{lpxp dprxqw ri
dxwrfruuhodwlrq udqjhv iurp derxw 315 lq wkh sk|vlfdo phwulf fdvh wr derxw 3138 lq
wkh fdvh ri rffxsdwlrqdo glvwdqfh1 Frpsduhg wr wkh ruljlqdo vhw ri fkdudfwhulvwlfv/
wkh srlqw hvwlpdwhv ri vsdwldo dxwrfruuhodwlrq lqfuhdvh vxevwdqwldoo|1 Krzhyhu/ wkh
uhvlgxdo vsdwldo ghshqghqfh lv vwloo txlwh vpdoo uhodwlyh wr wkh dxwrfruuhodwlrq lq wkh
udz xqhpsor|phqw gdwd1

Ilqdoo|/ wkh hgxfdwlrq yduldeohv kdyh d olplwhg lpsdfw rq rxu DFI hvwlpdwhv1
Wkh rqo| fdvhv lq zklfk wkh DFI fkdqjhv vljql�fdqwo| duh iru 4<<3/ xvlqj hlwkhu
wkh sk|vlfdo ru wkh rffxsdwlrq phwulf1 Iljxuh 78 dqg 79 uhsruw wkh qhz DFIv dqg
fdq eh frpsduhg zlwk Iljxuhv ; dqg 4:/ uhvshfwlyho|1 Lq erwk fdvhv ohdylqj rxw
rxu kxpdq fdslwdo phdvxuhv eulqjv derxw d vwdwlvwlfdoo| vljql�fdqw dprxqw ri vsdwldo
ghshqghqfh/ dw orz glvwdqfhv1 Krzhyhu/ wkh dprxqw ri vsdwldo fruuhodwlrq lv vwloo txlwh
vpdoo li frpsduhg wr wkh udz dxwrfruuhodwlrq1

Ryhudoo/ lw vhhpv wkdw vshfl�f w|shv ri frqglwlrqlqj yduldeohv/ wdnhq rqh dw d wlph/
gr qrw frqwulexwh pxfk wr holplqdwlqj wkh revhuyhg vsdwldo ghshqghqfh lq xqhpsor|0
phqw1 Udwkhu/ lw lv wkh frpelqhg lpsdfw ri d zlgh udqjh ri wudfw fkdudfwhulvwlfv wkdw
mrlqwo| ch{sodlqv* xqhpsor|phqw*v dxwrfruuhodwlrq sdwwhuqv1 Wkhuhiruh/ xvlqj d vlqjoh
lqgh{/ vxfk dv wkh sryhuw| ohyho ru phgldq lqfrph/ wr vxppdul}h wkh fkdudfwhulvwlfv
ri d jlyhq qhljkerukrrg pd| eh plvohdglqj1

Nhhslqj wkh deryh txdol�fdwlrq lq plqg/ lw vhhpv wkdw wkh udfldo dqg hwkqlf frp0
srvlwlrq zlwklq hdfk fhqvxv wudfw lv wkh vlqjoh prvw lpsruwdqw idfwru lq h{sodlqlqj wkh
revhuyhg ghjuhh ri vsdwldo fruuhodwlrq ri xqhpsor|phqw1 Vhyhudo h{sodqdwlrqv frxog
eh jlyhq iru wklv uhvxow1 Rqh srvvlelolw| lv wkdw wkh udfldo dqg hwkqlf glvwulexwlrq
ryhu wkh pds ri Fklfdjr pd| eh lwvhoi yhu| vwurqjo| vsdwldoo| fruuhodwhg/ ehfdxvh ri
vruwlqj1 Zh h{soruh wklv dvshfw lq Iljxuhv 7: dqg 7;/ wkdw uhsruw vsdwldo DFI hvwl0
pdwhv iru wkh iudfwlrq ri qrq0zklwhv dqg Klvsdqlfv lq 4<;3/ xvlqj sk|vlfdo glvwdqfh1
Erwk ghshqghqw yduldeohv h{klelw d odujh srvlwlyh ghjuhh ri vsdwldo fruuhodwlrq/ wkdw
ghfd|v zlwk glvwdqfh15< Wkh vdph sdwwhuq krogv lq 4<<3 dqg xvlqj �uvw gl�huhqfhv1 Lq

59Wkh vdph odfn ri qrwlfhdeoh fkdqjh krogv iru doo phwulfv dqg iru doo wkuhh wlph shulrgv frqvlghuhg/
4<;3/ 4<<3 dqg 4<<30;31 Wkh ixoo vhw ri DFI sorwv lv dydlodeoh xsrq uhtxhvw iurp wkh dxwkruv1

5:D vlplodu �qglqj zdv uhsruwhg lq Wrsd ^56`1
5;Djdlq/ wkh Iljxuhv wkdw uhihu wr wkh 4<;3 dqg fkdqjh uhjuhvvlrqv lqglfdwh vlplodu uhvxowv dqg duh

qrw uhsruwhg lq wkh sdshu iru euhylw| ri h{srvlwlrq1
5<Lw lv lqwhuhvwlqj wr qrwh wkdw wkh vsdwldo fruuhodwlrq iru qrq0zklwhv uhdfkhv }hur dw derxw 9

np/ zkhuhdv iru Klvsdqlfv lw uhdfkhv }hur idvwhu/ dw urxjko| 6 np1 Wklv lqglfdwhv wkdw foxvwhuv ri
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dgglwlrq/ udfh dqg hwkqlflw| pd| eh lpsruwdqw h{sodqdwru| yduldeohv iru xqhpsor|0
phqw/ hlwkhu ehfdxvh wkh| pd| sur{| iru xqrevhuyhg khwhurjhqhlw| lq vnloov ru kxpdq
fdslwdo/ ru ehfdxvh wkh| pd| uh hfw gl�huhqwldo dffhvv wr wkh oderu pdunhw= d fhuwdlq
ghjuhh ri glvfulplqdwlrq pd| eh lqyroyhg163

Wkh rwkhu srvvlelolw| lv wkdw wkh udfldo dqg hwkqlf frpsrvlwlrq zlwklq hdfk wudfw
pd| eh d vx!flhqw vwdwlvwlf iru wkh dprxqw ri orfdo lqwhudfwlrqv dqg lqirupdwlrq h{0
fkdqjhv derxw mrev1 Lq rwkhu zrugv/ lqirupdwlrq h{fkdqjhv pd| wdnh sodfh qrw rqo|
dfurvv qhdue| wudfwv exw dovr zlwklq wudfwv wkhpvhoyhv1 Wklv/ frxsohg zlwk wkh revhu0
ydwlrq wkdw vrfldo qhwzrunv iroorz udfldo dqg hwkqlf olqhv txlwh forvho|/ zrxog h{sodlq
zk| dq| uhvlgxdo vsdwldo fruuhodwlrq ri xqhpsor|phqw zrxog eh holplqdwhg rqfh zh
frqglwlrq rq hwkqlf frpsrvlwlrq yduldeohv1 Ri frxuvh/ wkhvh duh exw frqmhfwxuhv wkdw
uhtxluh ixuwkhu h{dplqdwlrq ri wkh gdwd1

9 Frqfoxvlrq
Wklv sdshu kdv wulhg wr fkdudfwhul}h vsdwldo sdwwhuqv ri xqhpsor|phqw lq wkh flw| ri
Fklfdjr1 Zh gh�qhg vhyhudo glvwdqfh phwulfv wkdw/ iroorzlqj hfrqrplf dqg vrflrorjl0
fdo frqvlghudwlrqv/ zh h{shfwhg wr forvho| wudfn wkh glphqvlrqv dorqj zklfk qhwzrunv
duh frqvwuxfwhg1 Lq sduwlfxodu zh xvhg sk|vlfdo glvwdqfh/ wudyho wlph/ dqg wkh gli0
ihuhqfh ehwzhhq wkh hwkqlf ru rffxsdwlrqdo glvwulexwlrq zlwklq dq| wzr duhdv1 Zh
suhvhqwhg PGV uhsuhvhqwdwlrqv ri wkhvh phwulfv wkdw looxvwudwhg vrph ri wkhlu gl�hu0
hqfhv1 Zh wkhq suhvhqwhg qrqsdudphwulf hvwlpdwhv ri wkh dxwr0fruuhodwlrq ixqfwlrq
zlwk uhvshfw wr hdfk phwulf dqg sdluv ri phwulfv/ erwk iru xqhpsor|phqw dqg iru
uhvlgxdov iurp lwv uhjuhvvlrq xsrq wudfw fkdudfwhulvwlfv1

Rxu uhvxowv duh pl{hg1 Iru wkh rqh phwulf fdvh/ zkhq wkh yduldeoh lv udz xqhp0
sor|phqw/ zh �qg d vwurqj dqg srvlwlyh ohyho ri dxwr0fruuhodwlrq ri xqhpsor|phqw
dw glvwdqfhv forvh wr }hur/ iru doo wkh phwulfv sursrvhg khuh1 Wklv vsdwldo fruuhodwlrq
ghfd|v urxjko| prqrwrqlfdoo| zlwk glvwdqfh1 Krzhyhu/ zkhq zh orrn dw wkh uhvlgx0
dov iurp d uhjuhvvlrq ri xqhpsor|phqw rq d vhw ri revhuydeoh wudfw fkdudfwhulvwlfv/
prvw ri wkh vsdwldo ghshqghqfh lv holplqdwhg/ hvshfldoo| zkhq zh frqvlghu hwkqlf ru
rffxsdwlrqdo phwulfv1

Lq wkh wzr phwulf fdvh/ vrph dgglwlrqdo sdwwhuqv hphujh1 Zkhq frpelqdwlrqv
ri sk|vlfdo ru wudyho wlph glvwdqfh duh xvhg wrjhwkhu zlwk hwkqlf glvwdqfh/ wkh odw0
whu vhhpv wr gulyh prvw ri wkh vsdwldo ghshqghqfh ri udz xqhpsor|phqw gdwd1 Wkh
DFI duh urxjko| frqvwdqw zlwk uhvshfw wr sk|vlfdo glvwdqfh/ rqfh zh frqglwlrq rq
dq| jlyhq hwkqlf glvwdqfh1 Rq wkh rwkhu kdqg/ zkhq rqh frqvlghuv sdluv ri sk|vl0
fdo ru wudyho wlph phwulf dqg rffxsdwlrqdo phwulf/ wkh ghjuhh ri vsdwldo ghshqghqfh
ri udz xqhpsor|phqw ydulhv wkh prvw zlwk sk|vlfdo glvwdqfh +ru wudyho wlph,/ exw

qrq0zklwhv +suhgrplqdqwo| eodfnv, duh odujhu jhrjudsklfdoo| wkdq wkrvh ri Klvsdqlfv1
63Kro}hu ^<` uhsruwv wkdw hpsor|huv pd| dyrlg klulqj shrsoh ri d fhuwdlq udfh ru hwkqlflw|/ ru zkr

frph iurp vshfl�f qhljkerukrrgv1
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rffxsdwlrqdo glvwdqfh sod|v d uroh wrr1 Dv lq wkh rqh phwulf fdvh/ frqglwlrqlqj rq
vruwlqj yduldeohv holplqdwhv prvw ri wkh vsdwldo ghshqghqfh ri xqhpsor|phqw1 Wkh
orqh h{fhswlrq rffxuv lq wkh fdvh ri sk|vlfdo dqg rffxsdwlrq phwulf frpelqdwlrqv1

Ilqdoo|/ zh uhsruw vrph suholplqdu| uhvxowv wr dgguhvv wkh txhvwlrq ri zklfk uh0
juhvvruv duh prvw lpsruwdqw wr holplqdwh wkh vsdwldo fruuhodwlrq suhvhqw lq wkh udz
gdwd1 Lw vhhpv wkdw rxu udfldo dqg hwkqlf frpsrvlwlrq yduldeohv duh wkh vlqjoh prvw
lpsruwdqw idfwru lq uhgxflqj wkh dprxqw ri vsdwldo ghshqghqfh suhvhqw lq wkh udz
gdwd/ iru doo |hduv dqg xqghu doo phwulfv1 Rq wkh rwkhu kdqg/ hgxfdwlrq yduldeohv sod|
d olplwhg uroh/ rqo| lq 4<<3 dqg xvlqj sk|vlfdo dqg rffxsdwlrq glvwdqfh phwulfv1 Wkh
vsdwldo plvpdwfk yduldeoh grhv qrw fkdqjh rxu lqlwldo uhvxowv lq dq| qrwlfhdeoh zd|1

: Dsshqgl{ D
Wklv Dsshqgl{ r�huv d eulhi ghvfulswlrq ri fodvvlfdo Pxowlglphqvlrqdo Vfdolqj +PGV,1
Lw eruurzv khdylo| iurp wkh suhvhqwdwlrq lq Pdugld hw1 do1 ^47` zkr r�hu d pxfk pruh
frpsohwh ghvfulswlrq1 Rxu jrdo lv wr rewdlq d frq�jxudwlrq ri A srlqwv lq ?2 zlwk
glvwdqfh pdwul{ ( ri glvwdqfhv wkdw lv forvh wr wkh udz hfrqrplf glvwdqfhv iru d jlyhq
phwulf1 Ri frxuvh wkh frq�jxudwlrq lv xqltxh rqo| xs wr wudqvodwlrqv dqg urwdwlrqv1
Iru wkh vdnh ri h{srvlwlrq/ frqvlghu d jhqhudo glvwdqfh pdwul{- wkdw kdv }hur hohphqwv
rq wkh pdlq gldjrqdo dqg zkrvh rwkhu hohphqwv -�� duh srvlwlyh1 Gh�qh d fhqwhulqj
pdwul{ M � U � �

A
���c d pdwul{ � zkrvh hohphqwv ��� � ��

2
-2

��c dqg � � M�M�
Wkh edvlf dssurdfk ri PGV fdq eh pdgh fohdu e| frqvlghulqj zkdw wkh pdwul{ �

zrxog orrn olnh iru d Hxfolghdq glvwdqfh pdwul{1 Dv zdv �uvw suryhg e| Vfkrhqehuj
^54` - fdq eh d glvwdqfh pdwul{ iru d frq�jxudwlrq ri srlqwv lq d &0glphqvlrqdo
Hxfolghdq vsdfh qrw o|lqj lq d surshu vxevsdfh li dqg rqo| li � lv srvlwlyh vhpl0
gh�qlwh dqg udqn &1 Frqvlghu d vnhwfk ri wkh surri ri wklv sursrvlwlrq iru & ' 2�

Iluvw wdnh wkh �li� sduw/ li - zhuh d pdwul{ ri Hxfolghdq lqwhusrlqw glvwdqfhv iru
d frq�jxudwlrq ~ ' E5�c 52c ���c 5A �

� lq ?2 wkhq

-2

�� ' �2��� ' E5� � 5��
� E5� � 5�� +6,

Wkh pdwul{ � fdq eh zulwwhq dv=

� ' M�M ' �� �

A
� E����� �

A
E�����n

�

A 2
E����� E����

Gh�qh=

��u '
�

A

A[
�'�

���c �u� '
�

A

A[
�'�

���/ �uu '
�

A 2

A[
�'�

A[
�'�

��� +7,

Wkhq wkh hohphqwv ri � fdq eh h{suhvvhg dv=

��� ' ��� � ��u � �u� n �uu +8,
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Xvlqj htxdwlrqv 6 dqg 7 wr uhzulwh htxdwlrq 8 |lhogv dq h{suhvvlrq iru wkh hohphqwv
ri �=

��� ' E5� � 75��
�
5� � 75

�
ru lq pdwul{ irup= � ' EM~� EM~��

Wkxv wkh pdwul{ �/ uhihuuhg wr dv d fhqwhuhg lqqhu surgxfw pdwul{/ lv srvlwlyh vhpl0
gh�qlwh dqg udqn wzr +dvvxplqj wkh srlqwv lq ~ duh qrw rq d olqh,1

Qrz frqvlghu wkh �rqo| li� sduw1 Vlqfh � lv srvlwlyh vhpl0gh�qlwh dqg udqn 5/ ohw
lwv qrq}hur hljhqydoxhv eh ghqrwhg b dqg >� Wdnh wkh hljhqyhfwruv � dqg 6 dvvrfldwhg
zlwk wkhvh qrq}hur hljhqydoxhv dqg qrupdol}h wkhp vr wkdw ��� ' b dqg 6�6 ' >�
Ohw d frq�jxudwlrq ri srlqwv ~ ' E5�c 52c ���c 5A �

� lq ?2 kdyh dv �uvw frruglqdwhv ��
dqg vhfrqg frruglqdwhv jlyhq e| 6�/ l1h1 ~ '

�
� 6

�
1 Wkh vshfwudo ghfrpsrvlwlrq

wkhruhp lpsolhv wkdw=

� '
�
�
�

�
2

� � b f
f >

� �
�
�

�
2

�
�

iru ��

�
�
�
' ��

2
�
2
' �� Wkh gh�qlwlrqv ri � dqg 6 lpso| wkdw � ' b3�*2�

�
dqg 6 '

>3�*2�
�
c wkhuhiruh=

� '
�
� 6

� �
� 6

�
�

' ~~ �

Vr ��� ' 5��5�� Qrz 8 fdq eh xvhg wr vkrz wkdw wkh lqwhusrlqw glvwdqfhv ri wklv
frq�jxudwlrq htxdo -�

E5� � 5��
� E5� � 5�� ' 5��5� � 25��5� n 5��5�
' ��� � 2��� n���

Htxdwlrq 8 lpsolhv=

��� � 2��� n��� ' ��� � 2��� n ���

��� ' f vr=

��� � 2��� n ��� ' �2��� ' -2

��

Wkhuhiruh wkh frq�jxudwlrq ~ kdv lqwhusrlqw glvwdqfhv jlyhq e| -�
Zkhq - lv qrw Hxfolghdq ru lv d Hxfolghdq glvwdqfh pdwul{ ri d frq�jxudwlrq

lq juhdwhu wkdq & glphqvlrqv/ wkh deryh uhvxow r�huv wkh edvlv ri wkh PGV �wwhg
frq�jxudwlrq +Wrujhuvrq ^57`,1 Vlqfh wkh qrupdol}hg hljhqyhfwruv ri wkh frqvwuxfwhg
pdwul{ � surgxfh d frq�jxudwlrq zlwk glvwdqfh pdwul{ htxdo wr - zkhq lw lv d
Hxfolghdq glvwdqfh pdwul{ lq & glphqvlrqv/ lw lv uhdvrqdeoh wr vxvshfw wkdw wkh &
hljhqyhfwruv zlwk wkh odujhvw hljhqydoxhv pljkw/ zkhq qrupdol}hg dv deryh/ jlyh d
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frq�jxudwlrq lq & glphqvlrqv zkrvh glvwdqfhv duh forvh wr -� Wklv lv lq idfw wkh PGV
vroxwlrq wr �qglqj d uhsuhvhqwdwlrq lq &0glphqvlrqdo Hxfolghdq vsdfh ri srlqwv zlwk
lqwhusrlqw glvwdqfhv - G wdnh wkh hljhqyhfwruv +qrupdol}hg dv deryh, fruuhvsrqglqj wr
wkh & odujhvw hljhqydoxhv ri wkh frqvwuxfwhg pdwul{ � dv wkh srlqwv* frruglqdwhv1 Ohw
wkh PGV vroxwlrq lq & glphqvlrqv eh vxppdul}hg e| d glvwdqfh pdwul{ (� Wkh PGV
vroxwlrq lv rswlpdo lq wkh vhqvh wkdw wkh frq�jxudwlrq vxppdul}hg e| ( plqlpl}hv

wkh txdqwlw|= |o
�
� � 	�

�2
ryhu doo 	� zkhuh 	� lv wkh fhqwhuhg lqqhu surgxfw pdwul{

ri d frq�jxudwlrq lq ?& +Pdugld ^46`,1 Ixuwkhupruh/ li wkh pdwul{ - fruuhvsrqgv
wr d frq�jxudwlrq lq ?? zkhuh ? : &/ wkh PGV vroxwlrq lv dq rswlpdo surmhfwlrq
wkdw plqlpl}hv

S
�

S
�

�
-2

�� � 	(2

��

�
iru dq| surmhfwlrq ri wkh frq�jxudwlrq - rqwr &

glphqvlrqdo vxevsdfhv ri ?? 1 64

Dphdvxuh ri wkh jrrgqhvv ri �w ri d frq�jxudwlrq lq & glphqvlrqv wr wkh glvwdqfhv
lq wkh pdwul{ - fdq eh rewdlqhg e| orrnlqj dw wkh udwlr ri wkh vxp ri wkh �uvw &
hljhqydoxhv ri � wr wkh vxp ri wkh devroxwh ydoxh ri doo ri lwv hljhqydoxhv1 Wklv udwlr
surylghv d phdvxuh ri wkh glvwdqfh lqirupdwlrq lq wkh pdwul{ - fdswxuhg e| wkh PGV
frq�jxudwlrq1

64Surriv ri erwk ri wkhvh rswlpdo surshuwlhv fdq eh irxqg lq Pdugld hw1do1 ^47` Vhf1 47171
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Uhihuhqfhv
^4` Ehfnhu/ Jdu| V1 dqg Nhylq P1 Pxusk| +4<<7,/ �Wkh Vruwlqj ri Lqglylgxdov lqwr

Fdwhjrulhv zkhq Wdvwhv dqg Surgxfwlylw| Ghshqg rq wkh Frpsrvlwlrq ri Php0
ehuv�/ xqsxeolvkhg pdqxvfulsw/ Xqlyhuvlw| ri Fklfdjr1

^5` Frqoh|/ Wlprwk| J1 +4<<8,/ �Hfrqrphwulf Prgholqj ri Furvv0Vhfwlrqdo Ghshq0
ghqfh�/ xqsxeolvkhg Sk1G1 Glvvhuwdwlrq/ Xqlyhuvlw| ri Fklfdjr1

^6` Frufrudq/ Pdu|/ Olqgd Gdwfkhu dqg Juhj Gxqfdq +4<;3,/ �Lqirupdwlrq dqg
Lq xhqfh Qhwzrunv lq Oderu Pdunhwv�/ lq Ilyh Wkrxvdqg Dphulfdq Idplolhv=
Sdwwhuqv ri Hfrqrplf Surjuhvv/ hglwhg e| Juhj Gxqfdq dqg Mdphv Prujdq/ yro1
:/ ss1 406:/ Dqq Dueru/ PL= Lqvwlwxwh Iru Vrfldo Uhvhdufk1

^7` Hueh/ Zlooldp hw do1 +4<;7,/ Orfdo Frppxqlw| Idfw Errn= Fklfdjr Phwursrolwdq
Duhd/ Fklfdjr= Wkh Xqlyhuvlw| ri Fklfdjr Suhvv1

^8` Ilvfkhu/ Fodxgh V1 +4<;5,/ Wr Gzhoo dprqj Iulhqgv= Shuvrqdo Qhwzrunv lq Wrzq
dqg Flw|/ Fklfdjr= Wkh Xqlyhuvlw| ri Fklfdjr Suhvv1

^9` Judqryhwwhu/ Pdun V1 +4<:7,/ Jhwwlqj d Mre= D Vwxg| ri Frqwdfwv dqg Fduhhuv/
Fdpeulgjh/ PD= Kduydug Xqlyhuvlw| Suhvv1

^:` Kdoo/ S1/ Q1L1 Ilvkhu/ dqg E1 Kr�pdq +4<<5,/ �Rq wkh Qrq0Sdudphwulf Hvwl0
pdwlrq ri Fryduldqfh Ixqfwlrqv�/ xqsxeolvkhg pdqxvfulsw/ Dxvwudoldq Qdwlrqdo
Xqlyhuvlw|1

^;` Kro}hu/ Kduu| M1 +4<<4,/ �Wkh Vsdwldo Plvpdwfk K|srwkhvlv= Zkdw Kdv wkh
Hylghqfh VkrzqB�/ Xuedq Vwxglhv/ Yro1 5;/ ss1 43804551

^<` Kro}hu/ Kduu| M1 +4<<9,/Zkdw Hpsor|huv Zdqw= Mre Survshfwv iru Ohvv0Hgxfdwhg
Zrunhuv/ Qhz \run= Uxvvhoo Vdjh Irxqgdwlrq1

^43` Lkodqihogw/ Nhlwk U1/ dqg Gdylg O1 Vmrtxlvw +4<<3,/ �Mre Dffhvvlelolw| dqg Udfldo
Gl�huhqfhv lq \rxwk Hpsor|phqw Udwhv�/ Dphulfdq Hfrqrplf Uhylhz/ Yro1 ;3/
ss1 59:05:91

^44` Lkodqihogw/ Nhlwk U1/ dqg Gdylg O1 Vmrtxlvw +4<<4,/ �Wkh H�hfw ri Mre Dffhvv
rq Eodfn dqg Zklwh \rxwk Hpsor|phqw= D Furvv0vhfwlrqdo Dqdo|vlv�/ Xuedq
Vwxglhv/ Yro1 5;/ ss1 58805981

^45` Oljkw/ Lydq/ Sduplqghu Ekdfkx/ dqg Vwdyurv Ndudjhrujlv +4<<6,/ �Pljudwlrq Qhw0
zrunv dqg Lppljudqw Hqwuhsuhqhxuvkls�/ lq Lppljudwlrq dqg Hqwuhsuhqhxuvkls/
hglwhg e| L1 Oljkw dqg S1 Ekdfkx/ Qhz Euxqvzlfn/ QM= Wudqvdfwlrq1

^46` Pdugld/ N1Y1 +4<:;,/ �Vrph Surshuwlhv ri Fodvvlfdo Pxowl0glphqvlrqdo Vfdolqj�
Frppxqlfdwlrqv lq Vwdwlvwlfv> D= Wkhru| dqg Phwkrgv1 :=46/ 4566045741
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^47` Pdugld/ N1Y1/ Nhqw/ M1W1/ dqg Elee|/ M1P1+4<:<,/ Pxowlyduldwh Dqdo|vlv1 Dfd0
ghplf Suhvv/ Orqgrq1

^48` Pduvghq/ Shwhu Y1 +4<;:,/ �Fruh Glvfxvvlrq Qhwzrunv ri Dphulfdqv�/ Dphulfdq
Vrflrorjlfdo Uhylhz/ Yro1 85/ ss1 45504641

^49` Pduvghq/ Shwhu Y1 +4<;;,/ �Krprjhqhlw| lq Frq�glqj Uhodwlrqv�/ Vrfldo Qhw0
zrunv/ Yro1 43/ ss18:0:91

^4:` Prqwjrphu|/ Mdphv G1 +4<<4,/ �Vrfldo Qhwzrunv dqg Oderu0Pdunhw Rxwfrphv=
Wrzdug dq Hfrqrplf Dqdo|vlv�/ Wkh Dphulfdq Hfrqrplf Uhylhz/ yro1 ;4/ qr1 8/
ss1 473;0474;1

^4;` R*Uhjdq/ Ndwkhulqh P1/ dqg Mrkq P1 Txljoh| +4<<6,/ �Idplo| Qhwzrunv dqg
\rxwk Dffhvv wr Mrev�/ Mrxuqdo ri Xuedq Hfrqrplfv/ Yro1 67/ ss1 563057;1

^4<` Sulwvnhu/ P1 +4<<9, �Qrqsdudphwulf Ghqvlw| Hvwlpdwlrq dqg Whvwv ri Frqwlqxrxv
Wlph Lqwhuhvw Udwh Prghov� Uhylhz ri Ilqdqfldo Vwxglhv/ Iruwkfrplqj1

^53` Urelqvrq/ S1P1 +4<;6, �Qrqsdudphwulf Hvwlpdwruv iru Wlph Vhulhv� Mrxuqdo ri
Wlph Vhulhv Dqdo|vlv

^54` Vfkrhqehuj/ L1M1 +4<68,/ �Uhpdunv wr Pdxulfh Iuhfkhw*v Duwlfoh cVxu od Gh�ql0
wlrq D{lrpdwltxh g*Xqh Fodvv g*Hvsdfh Glvwdqfhv Yhfwrulhoohphqw dssolfdeoh vxu
o*hvsdfh Kloehuw�* Dqqdov ri Pdwkhpdwlfv 69=:570:651

^55` Vfkudghu/ Vwhskdq +4<<4,/ �Lqirupdo Whfkqrorj| Wudqvihu ehwzhhq Ilupv= Fr0
rshudwlrq wkurxjk Lqirupdwlrq Wudglqj�/ Uhvhdufk Srolf|/ Yro1 53/ ss1 48604:31

^56` Wrsd/ Jlrujlr +4<<:,/ �Vrfldo Lqwhudfwlrqv/ Orfdo Vslooryhuv/ dqg Xqhpsor|0
phqw�/ xqsxeolvkhg pdqxvfulsw/ Qhz \run Xqlyhuvlw|1

^57` Wrujhuvrq/ Zduuhq V1 +4<8;,/ Wkhru| dqg Phwkrgv ri Vfdolqj/ Qhz \run= Zloh|1

^58` Zhoopdq/ Eduu| +4<<9,/ �Duh Shuvrqdo Frppxqlwlhv OrfdoB D Gxpswduldq Uh0
frqvlghudwlrq�/ Vrfldo Qhwzrunv/ Yro1 4;/ ss1 67:06871
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Fig. 5 Occupation Distance 1980 MDS

Hyde Pk

Rogers Pk

Uptown

Loop

Austin

S.Shore

Bridgeport

Englewood

Gage Pk

Lincoln Pk

S.Chicago

Armour Sq

DunningMorgan Pk

Clearing

Iljxuh 8= PGV frq�jxudwlrq xvlqj rffxsdwlrq glvwdqfh lq 4<;31

65



-50 -40 -30 -20 -10 0 10 20 30 40
-40

-30

-20

-10

0

10

20

30

40
Fig. 6 Occupation Distance 1990 MDS

Hyde Pk

Rogers Pk Uptown

Loop

Austin

S.Shore
BridgeportEnglewoodGage Pk

Lincoln Pk

S.Chicago

Armour Sq

Dunning

Morgan PkClearing

Iljxuh 9= PGV frq�jxudwlrq xvlqj rffxsdwlrq glvwdqfh lq 4<<31

66



0 2 4 6 8 10 12 14 16
−0.2

−0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

Physical distance (Km)

A
C

F

FIGURE 7 − ACF for Employment rate, 1980
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FIGURE 41 − ACF for Empl(90) on X minus racial/ethnic variables
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FIGURE 42 − ACF for Empl(90) on X minus racial/ethnic variables
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FIGURE 45 − ACF for Empl(90) on X minus education variables
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FIGURE 47 − ACF for fraction of non−white persons in 1980
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FIGURE 48 − ACF for fraction of Hispanic persons in 1980



TABLE 1 - Dependent variable: unemployment rate among civilians 16 years and older.

1980 1990 1990-80

Baseline adjusted R^2 0.6096 0.7322 0.3150

change in change in change in 
adjusted R^2 adjusted R^2 adjusted R^2

segregation index 0.0046 0.0042 0.0050
% non whites 0.0470 0.0064 0.0053
% Hispanics 0.0081 0.0580 0.0487
% females 0.0039 0.0001 0.0103
% 0-18 year old 0.0019 0.0002 0.0155
% 0-24 year old -0.0005 0.0007 0.0293
% 18-24 year old 0.0000 -0.0002 0.0351
% high school graduates 0.0300 0.0198 0.0243
% college graduates 0.0028 0.0026 0.0076
% managerial/profess. workers 0.0000 -0.0003 0.0060
% males out of labor force -0.0005 0.0002 0.0170
% females out of labor force 0.0000 -0.0003 0.0217
persons per household 0.0078 0.0009 -0.0005
% vacant housing units -0.0004 0.0219 0.0284
median gross rent -0.0005 0.0051 -0.0003
average housing value -0.0002 -0.0002 0.0072
median commuting time to work -0.0001 0.0001 -0.0005

The baseline adjusted R^2 refers to the OLS regression of unemployment rate on a constant term
and the full set of regressors listed in the first column.
Each cell reports the change in adjusted R^2 caused by eliminating the corresponding variable
from the baseline regression. A positive sign indicates a decrease in adjusted R^2.


