
Orqj0uxq yrodwlolw| ghshqghqflhv lq lqwudgd| gdwd dqg pl{wxuh ri

qrupdo glvwulexwlrqv�
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Pdufk 5</ 5333

Devwudfw

Lq wklv sdshu/ zh vwxg| wkh ehkdylrxu ri wkh orqj0phpru| lq wkh uhwxuq yrodwlolw| xvlqj kljk0iuhtxhqf|

gdwd rq wkh Ghxwvfkhpdun0XV groodu1 Lq sduwlfxodu/ zh surylgh hylghqfh ri wkh ryhuhvwlpdwlrq ri wkh orqj0

phpru| zkhq zh gr qrw wdnh lqwr dffrxqw wkh suhvhqfh ri mxpsv +rxwolhuv, lq wkh vhulhv1 Diwhu �owhulqj wkh

vhulhv iurp lwv vhdvrqdo sdwwhuq/ dqg e| xvlqj d pl{wxuh ri qrupdo glvwulexwlrqv/ wkh orqj0phpru| sdudph0

whu lv irxqg wr eh frqvwdqw dfurvv gl�huhqw vdpsolqj iuhtxhqflhv/ kljko| uhgxfhg +frpsduhg wr wkh qrupdo

glvwulexwlrq, exw vwloo vljql�fdqw1

MHO Fodvvl�fdwlrqv= F55/ I641

Nh|zrugv= Lqwudgd| H{fkdqjh udwh g|qdplfv/ Iudfwlrqdoo| Lqwhjudwhg JDUFK/ pl{wxuh ri qrupdo glvwulex0

wlrqv1

WWkh dxwkruv zrxog olnh wr wkdqn P1 Erxwloolhu/ M1 Fdl dqg F1 Ohfrxuw iru khosixo frpphqwv1 Ri frxuvh/ wkh xvxdo glvfodlphu

dssolhv1 Wkh Rovhq dqg Dvvrfldwhv gdwdvhw +KIGI<6, zdv surylghg e| wkh RIFH wr U1 Wrsro zkr nlqgo| ohqw lw1
_HSHH/ Xqlyhuvlwì g*Hyu|0Ydo0g*Hvvrqqh +Iudqfh,/ Erxohydug I1 Plwwhuudqg/ <4358 Hyu| Fhgh{/ h0pdlo= erxehoChfr1xqly0hyu|1iu

0 FHGL/ Xqlyhuvlwì gh Sdulv Qrug1
hXqlyhuvlwì gh Olëjh +Ehojlxp,1 h0pdlo= V1OdxuhqwCxoj1df1eh1



4 Lqwurgxfwlrq

Wkh whpsrudo ghshqghqfh lq wkh yrodwlolw| lv rqh ri wkh prvw vwulnlqj ihdwxuhv ri �qdqfldo vhulhv uhfrughg dw

ydulrxv iuhtxhqflhv1 Txlwh uhfhqwo|/ d kxjh hpslulfdo hfrqrphwulf olwhudwxuh +vhh Judqjhu dqg K|xqj/ 4<<</ dqg

Plnrvfk dqg Vw
c

dulf
c

d/ 4<<</ dprqj rwkhuv,/ kdv ehhq ghyrwhg wr h{sodlq wkh orqj0phpru| ehkdylrxu ri vxfk

d vhulhv dv wkh uhvxow ri qhjohfwlqj vwuxfwxudo fkdqjh1 Rq wkh frqwudu|/ dffruglqj wr Dqghuvhq dqg Eroohuvohy

+4<<:d/ 4<<;, dqg Dqghuvhq/ Eroohuvohy dqg Fdl +4<<<,/ wkh orqj0phpru| fkdudfwhulvwlf dsshduv lqkhuhqw wr

wkh lqwudgdlo| uhwxuq vhulhv ehfdxvh wkh| pdqlihvw wkhpvhoyhv udwkhu wkdq wlhg wr lqiuhtxhqw vwuxfwxudo vkliwv

dv vxjjhvwhg e| Odprxuhx{ dqg Odvwudshv +4<<3,1 Glherog dqg Lqrxh +4<<<, surylgh/ lq wkh fdvh ri ydulrxv

vlpsoh prghov/ dq dqdo|wlfdo surri wkdw orqj0phpru| dqg vwuxfwxudo fkdqjh duh hdvlo| frqixvhg dqg dujxh wkdw

�hyhq li wkh wuxwk lv vwuxfwxudo fkdqjh/ orqj0phpru| pd| eh d frqyhqlhqw vkruwkdqg ghvfulswlrq/ zklfk pd|

uhpdlq xvhixo iru wdvnv vxfk dv suhglfwlrq�1 Lq sduwlfxodu/ wkh| vkrz wkdw vwrfkdvwlf uhjlph vzlwfklqj +iru

lqvwdqfh/ pl{wxuh prgho/ VWRSEUHDN/ Hqjoh dqg Vplwk/ 4<<< dqg Pdunry0Vzlwfklqj prgho/ Kdplowrq/ 4<;<,

lv revhuydwlrqdoo| htxlydohqw wr orqj0phpru|/ vr orqj dv rqo| d vpdoo dprxqw ri uhjlph vzlwfklqj rffxuv1 Wkh

deryh phqwlrqhg vwrfkdvwlf uhjlph vzlwfklqj prghov uhvhpeoh d vwdqgdug suredelolw| glvwulexwlrq wkdw lv fdoohg

d pl{wxuh ri qrupdo glvwulexwlrqv +vhh Mrulrq/ 4<;;/ Yoddu dqg Sdop/ 4<<6,1 Lq wklv uhvshfw/ Ehlqh dqg Odxuhqw

+4<<<, vkrz wkdw wkh orqj0phpru| sdudphwhu pd| eh kljko| uhgxfhg +e| rqh kdoi, zkhq prgholqj irxu gdlo|

h{fkdqjh udwhv ylv0d0ylv wkh XVG kdv ehlqj jhqhudwhg iurp d pl{wxuh ri qrupdo glvwulexwlrqv +d ehuqrxool0qrupdo

glvwulexwlrq,1

Lq wklv sdshu/ zh vwxg| wkh ehkdylrxu ri wkh orqj0phpru| lq wkh uhwxuq yrodwlolw| xvlqj kljk0iuhtxhqf|

gdwd rq wkh Ghxwvfkhpdun0XV groodu vsrw h{fkdqjh udwh +GP0XVG,14 Wkh dlp ri wkh sdshu lv erwk wr surylgh

hylghqfh ri wkh ryhuhvwlpdwlrq ri wkh orqj0phpru| zkhq zh gr qrw wdnh lqwr dffrxqw wkh suhvhqfh ri mxpsv

+rxwolhuv, lq wkh vhulhv dqg wr uhlqirufh wkh dujxphqw wkdw orqj0phpru| pd| eh dq lqwulqvlf surshuw| ri wkh

h{fkdqjh udwh uhwxuqv1

Wkh lqwudgd| yrodwlolw| surfhvv ri wkh h{fkdqjh udwh lv txlwh lqyroyhg1 Qhz skhqrphqd ehfrph ylvleoh

dv rqh surfhhgv iurp gdlo| uhwxuqv wr lqwudgd| uhwxuqv1 Dqghuvhq dqg Eroohuvohy +4<<:d/e/ 4<<;,/ Dqghuvhq/

Eroohuvohy dqg Fdl +4<<<, dqg Jxloodxph hw do1 +4<<8, lqwhusuhw wkh ryhudoo yrodwlolw| surfhvv dv wkh vlpxowdqhrxv

lqwhudfwlrq ri qxphurxv lqghshqghqw yrodwlolw| frpsrqhqwv= shulrglf yrodwlolw| frpsrqhqwv +dvvrfldwhg zlwk

fdohqgdu h�hfwv,/ vkruw0uxq yrodwlolw| frpsrqhqwv +dvvrfldwhg zlwk hfrqrplf qhzv, dqg orqjhu0uxq yrodwlolw|

frpsrqhqwv +dvvrfldwhg zlwk shuvlvwhqw xqrevhuyhg idfwruv,1 Dv srlqwhg rxw e| Dqghuvhq dqg Eroohuvohy +4<<:e,/

lw lv qhfhvvdu| wr suh0�owhu wkh gdwd iru lwv shulrglflw| ehiruh hvwlpdwlqj d +Iudfwlrqdoo| Lqwhjudwhg, JDUFK

prgho1

Lq rughu wr prwlydwh wkh hpslulfdo uhohydqfh ri wkhvh lghdv/ Iljxuh 4 sorwv wkh odj 8 wkurxjk 4773 vdpsoh

dxwrfruuhodwlrq iru wkh �yh0plqxwh devroxwh uhwxuqv/ mUw>qm15

4D pruh ghwdlohg ghvfulswlrq dqg dqdo|vlv ri wkh gdwd lv frqwdlqhg lq Dsshqgl{ 41
5Devroxwh uhwxuqv duh riwhq xvhg dv d sur{| ri wkh yrodwlolw|/ vhh Glqj hw do1 +4<<6,1
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LQVHUW ILJXUH 4 DERXW KHUH

Wkh gdlo| shulrglflw| skhqrphqrq lv dssduhqw1 Dqghuvhq dqg Eroohuvohy +4<<:e/ 4<<;, sursrv dq dwwudfwlyh

phwkrgrorj| edvhg rq wkh Ioh{leoh Irxulhu Irup +III, wkdw doorzv d gluhfw lqwhudfwlrq ehwzhhq wkh ohyho ri wkh

gdlo| yrodwlolw| dqg wkh vkdsh ri wkh lqwudgdlo| sdwwhuq1 Wkhlu prgho lv d jrrg vwduwlqj srlqw iru kljk0iuhtxhqf|

yrodwlolw| prgholqj lq d frkhuhqw iudphzrun1 Zh dsso| wkhlu jhqhudo iudphzrun zlwk vrph gl�huhqfhv= zh wdnh

lqwr dffrxqw h{solflwo| wkh Gd|oljkw Vdylqj Wlph/ rqo| wkh XV pdfurhfrqrplf dqqrxqfhphqwv duh vwxglhg dqg

wkh gdlo| yrodwlolw| frpsrqhqw lv fdofxodwhg iurp d ILJDUFK prgho1 Jlyhq wkh hvwlpdwhv ri wkh ghwhuplqlvw

shulrglflw| h�hfwv/ zh �owhu wkh �yh0plqxwh devroxwh uhwxuqv wr rewdlq dq lqqrydwlrq surfhvv mUw>qm@evw wkdw

vkrxog eh ulg ri shulrglflw| h�hfwv1 Ghwdlov rq wklv �owhulqj surfhgxuh duh sursrvhg lq wkh iroorzlqj vhfwlrqv1

Iljxuh 5 ghslfwv wkh �iw| gd|v fruuhorjudp ri �owhuhg �yh0plqxwh devroxwh uhwxuqv/

�
�
� �Uw>q

�
�
�1

LQVHUW ILJXUH 5 DERXW KHUH

Wklv �jxuh vkrzv d vwulfwo| srvlwlyh dqg vorzo| ghfolqlqj fruuhorjudp1 Vslnhv duh dssduhqw dw wkh gdlo|

iuhtxhqflhv exw wkh| duh plqru dqg gr qrw glvwruw wkh ryhudoo sdwwhuq16 Wkh prvw vwulnlqj ihdwxuh lv wkh lqlwldo

udslg ghfd| lq wkh dxwrfruuhodwlrqv iroorzhg e| dq h{wuhpho| vorz udwh ri ghfd|1 Wklv lv frq�uphg e| wkh kljk

ydoxh ri wkh Omxqj0Er{ vwdwlvwlf +58;783, dw odj 4773 +�yh gd|v,1 Wklv fruuhodwlrq vwuxfwxuh lv qrw frpsdwleoh zlwk

wkh vwdqgdug JDUFK surfhvv lqwurgxfhg e| Eroohuvohy +4<;9,1 Lqvwhdg/ Iljxuh 5 fohduo| vxjjhvwv wkh suhvhqfh ri

d orqj0phpru| surfhvv lq wkh devroxwh uhwxuqv zklfk lv frqvlvwhqw zlwk wkh iudfwlrqdoo| lqwhjudwhg orqj0phpru|

yrodwlolw| prgho sursrvhg e| Edloolh/ Eroohuvohy dqg Plnnhovhq +4<<9,1 Zkhq dsso|lqj wkh iudfwlrqdo gl�huhqflqj

rshudwru +4 � O,3=7 wr wkh �owhuhg �yh0plqxwh devroxwh uhwxuqv/ zh revhuyh wkdw wkh dxwrfruuhodwlrqv glvsod|

pxfk ohvv orqj whup ghshqghqfh +vhh Iljxuh 6,1 Wkh Omxqj0Er{ vwdwlvwlf lv uhgxfhg wr 763:/ zklfk lv orzhu wkdq

lq wkh suhylrxv fdvh dqg iru �uvw gl�huhqfhg gdwd +498;3,1

LQVHUW ILJXUH 6 DERXW KHUH

E| dsso|lqj vhpl0sdudphwulf wrrov rq wkh vdph gdwdvhw/ Dqghuvhq dqg Eroohuvohy +4<<;, �qg dq hylghqfh

ri orqj phpru| lq wkh yrodwlolw| dqg frqfoxgh wkdw wkh orqj0phpru| fkdudfwhulvwlf dsshduv lqkhuhqw wr wkh

devroxwh uhwxuq vhulhv1 Lq wklv uhvshfw/ zh hvwlpdwh wkh ILJDUFK prgho iru vhyhudo revhuydwlrq iuhtxhqflhv

+80/ 430/ 480/ 530/ dqg 630plqxwhv,1 Lqvwhdg ri �uvw �owhulqj wkh gdwd dqg wkhq fkdqjlqj wkh iuhtxhqf|/ dv

sursrvhg e| Dqghuvhq dqg Eroohuvohy +4<<:e,/ zh �uvw fkdqjh wkh iuhtxhqf| dqg wkhq �owhu wkh vhulhv e| xvlqj

wkh fruuhvsrqglqj �owhu1 Rxu hvwlpdwlrq uhvxowv vxjjhvw wkdw doorzlqj iru mxpsv lq wkh vhulhv +hvshfldoo| lq wkh

yduldqfh,/ kljko| uhgxfhv wkh orqj0phpru| surshuw| ri wkh vhulhv exw uhlqirufh wkh lghd wkdw wkh orqj0phpru|

lv dq lqwulqvlf surshuw| ri wkh h{fkdqjh udwh uhwxuqv1 Wklv lv frqvlvwhqw zlwk wkh hpslulfdo hylghqfh rq vwrfn

uhwxuqv yrodwlolw| surylghg e| Judqjhu dqg K|xqj +4<<<, dqg zlwk Glherog dqg Lqrxh +4<<<, zduqlqjv derxw

�wkh whpswdwlrq wr mxps wr frqfoxvlrqv ri vwuxfwxudo fkdqjh surgxflqj vsxulrxv lqihuhqfhv rq orqj phpru|�17

6Wkh uhjxodulw| ri wkh fruuhorjudp lq Iljxuh 5 fdq eh frpsduhg wr wkrvh ri vlploduo| �owhuhg devroxwh uhwxuqv suhvhqwhg lq Sd|qh

+4<<9, dqg Dqghuvhq dqg Eroohuvohy +4<<:e/ 4<<;,1
7Vhh Glherog dqg Lqrxh +4<<<, s1581
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Lq rwkhuv whupv/ erwk ihdwxuhv duh qhfhvvdu| wr fdswxuh wkh vkruw uxq g|qdplfv ri h{fkdqjh udwh yrodwlolw|1

Pruhryhu/ xqolnh wkh qrupdo dvvxpswlrq/ prghoolqj wkh vhulhv dv ehlqj jhqhudwhg iurp d pl{wxuh ri qrupdo

glvwulexwlrqv whqgv wr vwdelol}h wkh g sdudphwhu dfurvv gl�huhqw vdpsolqj iuhtxhqflhv1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 dqg lwv vxevhfwlrqv suhvhqw Dqghuvhq dqg

Eroohuvohy*v phwkrg wr �owhu wkh vhulhv iurp lwv lqwudgd| shulrglflw|1 Vhfwlrq 6 ghvfulehv wkh ILJDUFK prgho/

wkh hvwlpdwlrq phwkrgv dqg frpphqwv wkh uhvxowv1 Ilqdoo|/ vhfwlrq 7 frqfoxghv1

5 Wkh lqwudgd| yrodwlolw|

Wkh yrodwlolw| g|qdplfv ri lqwudgd| iruhljq h{fkdqjh udwh uhwxuqv duh lqyroyhg1 Wkhuh duh lqwudgd| yrodwlolw|

sdwwhuqv/ uh hfwlqj wkh gdlo| dfwlylw| f|foh ri wkh uhjlrqdo fhqwhuv dv zhoo dv zhhnhqg dqg Gd|oljkw Vdylqj Wlph

h�hfwv/ wkh pdfurhfrqrplf dqqrxqfhphqw h�hfwv +lpphgldwho| iroorzlqj wkh uhohdvh, dqg vwdqgdug yrodwlolw|

foxvwhulqj dw wkh gdlo| ohyho1 Wkxv/ zh dvvxph wkdw wkh yrodwlolw| surfhvv lv gulyhq e| wkh vlpxowdqhrxv lqwhudfwlrq

ri qxphurxv frpsrqhqwv zklfk duh ghvfulehg ehorz1

514 Vwxg| ri wkh gl�huhqw yrodwlolw| frpsrqhqwv

51414 Shulrglf yrodwlolw| frpsrqhqwv

Dv Gdfrurjqd hw do1 +4<<6, zurwh= �Wkh ehkdylru ri d wlph vhulhv lv fdoohg vhdvrqdo li lw vkrzv d shulrglf

vwuxfwxuh lq dgglwlrq wr ohvv uhjxodu pryhphqwv�1 Wkh iruhljq h{fkdqjh +I[, pdunhw vkrz vwurqj vhdvrqdo

h�hfwv fdxvhg e| wkh suhvhqfh ri wkh wudghuv lq wkh wkuhh pdmru pdunhwv dffruglqj wr wkh krxu ri wkh gd|/ wkh

gd| ri wkh zhhn dqg wkh Gd|oljkw Vdylqj Wlphv1 Wkh pdmru pryhphqwv ri lqwudgdlo| uhwxuqv yrodwlolw| fdq eh

dwwulexwhg wr wkh sdvvdjh ri pdunhw dfwlylw| durxqg wkh joreh1 Wkh joredo I[ pdunhw frqvlvwv ri wkuhh pdmru

pdunhwv= wkh Idu Hdvw/ Hxursh dqg Qruwk Dphulfd1 Iljxuh 7 ghslfwv wkh dyhudjh devroxwh uhwxuqv ryhu wkh +5;;,

�yh0plqxwh lqwhuydov1

LQVHUW ILJXUH 7 DERXW KHUH +vhh Dsshqgl{ 5,

Wklv lqwudgd| sdwwhuq lv txlwh vlplodu dfurvv doo gd| ri wkh zhhn zlwk glvfuhwh fkdqjhv lq txrwlqj dfwlylw|

pdunlqj wkh rshqlqj dqg forvlqj ri exvlqhvv krxuv lq wkh wkuhh pdmru uhjlrqdo fhqwhuv/ doo ri zklfk kdyh wkhlu

rzq dfwlylw| sdwwhuq1 Wkh iroorzlqj krxuv fdq eh xvhg dv lqglfdwlyh= wkh Idu Hdvw lv rshq iurp 54=33 JPW

wr 9=33 JPW/ Hxursh wudghv ehwzhhq :=33 JPW dqg 49=33 JPW dqg wudglqj lq Qruwk Dphulfd rffxuv iurp

45=33 JPW wr 54=33 JPW1 Xvlqj wkh glvfxvvlrq ri pdunhw rshqlqj dqg forvxuhv suhvhqwhg deryh/ zh h{sodlq

wkh lqwudgd| vhdvrqdo yrodwlolw| dv iroorzv1 Dw 3=33 JPW/ wkh Idu Hdvwhuq pdunhw kdv douhdg| ehhq wudglqj iru

durxqg wkuhh krxuv dqg pdunhw dfwlylw| lv kljk1 Iurp 3=33 JPW xqwlo derxw 6=33 JPW/ dfwlylw| ohyhov dqg

yrodwlolw| uhpdlq kljk1 Wkh oxqfkwlph lq Wrn|r +6=33 JPW0 7=78 JPW, lv wkh srlqw ri wkh gd| fruuhvsrqglqj

wr wkh prvw surplqhqw ihdwxuh ri wkh vhulhv1 Yrodwlolw| gursv vkduso| dqg uhjdlqv lwv iruphu ydoxh dw derxw
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8=33 JPW1 Jhqhudoo|/ Hxursh ehjlqv wr frqwulexwh wr dfwlylw| dw durxqg :=33 JPW dv wkh Idu Hdvwhuq pdunhw

ehjlqv wr zdqh= wkhuh lv d vpdoo shdn lq yrodwlolw|1 Gxulqj Hxurshdq oxqfk krxuv +44=63 JPW,/ erwk dfwlylw|

dqg yrodwlolw| nqrz d voljkw oxoo1 Wkh prvw dfwlyh shulrg ri wkh gd| lv fohduo| zkhq erwk wkh Hxurshdq dqg

Qruwk Dphulfdq pdunhwv duh rshq +ehwzhhq 45=33 JPW dqg 49=33 JPW,1 Yrodwlolw| vwduwv wr ghfolqh dv �uvw

wkh Hxurshdq dqg wkhq XV pdunhwv zlqg grzq1 Dw durxqg 54=33 JPW/ wkh Sdfl�f pdunhw ehjlqv wr wudgh

djdlq dqg wkh gdlo| f|foh lv uhshdwhg diwhu plgqljkw1 Wklv lqwudgd| sdwwhuq lv frqvlvwhqw zlwk suhylrxv hylghqfh

uhsruwhg lq Pÿoohu hw do1 +4<<3,/ Gdfrurjqd hw do1 +4<<6,/ Jxloodxph hw do1 +4<<7, dqg Dqghuvhq dqg Eroohuvohy

+4<<:e/ 4<<;,1

Dq rwkhu lqwudgd| sdwwhuq riwhq uhfrjql}hg lq kljk iuhtxhqf| uhwxuqv lv gd|0ri0wkh0zhhn ghshqghqflhv1 Dqghu0

vhq dqg Eroohuvohy +4<<;,/ zlwk wkh vdph gdwd vhw/ �qg wkdw Prqgd| dsshduv wkh ohdvw yrodwloh/ zkloh Wkxuvgd|v

dqg Iulgd|v duh wkh prvw yrodwloh1 Hylghqfh kdv vkrzq wkhvh h�hfwv wr eh wkh uhvxow ri pdfurhfrqrplf qhzv

dqqrxqfhphqwv/ zklfk duh uhohdvhg pdlqo| rq wkhvh wzr gd|v +Kduyh| dqg Kxdqj/ 4<<4,1

Gd|oljkw Vdylqj Wlphv +GVW , kdv dovr dq h�hfw rq wkh vhdvrqdo sdwwhuq1 Lqghhg/ GVW fkdqjhv zloo lq xhqfh

wkh orfdo wlph uhodwlyh wr JPW dqg wkxv wkh lqwudgd| yrodwlolw| sdwwhuq lq uhihuhqfh wr JPW1 Erwk Qruwk Dphulfd

dqg Hxursh orvh rqh krxu uhodwlyh wr JPW lq vxpphu prqwkv1 Wkh Idu Hdvwhuq orfdo wlph uhpdlqv xqfkdqjhg1

Dqghuvhq dqg Eroohuvohy +4<<;, dqg Sd|qh +4<<:, vwxglhg wkh GVW sureohp1 Dqghuvhq dqg Eroohuvohy vkrz

wkdw wkh yrodwlolw| sdwwhuq dsshduv wudqvodwhg ohiwzdug e| h{dfwo| rqh krxu ehwzhhq 9=33 JPW dqg 54=33 JPW

gxulqj wkh XV Vxpphu Wlph uhjlph1

Wkh vhdvrqdo sdwwhuq/ suhvhqwhg deryh/ vhhpv ixoo| h{sodlqdeoh1 Idloxuh wr wdnh dffrxqw ri wkrvh lqwudgdlo|

vhdvrqdov lv olnho| wr uhvxow lq plvohdglqj vwdwlvwlfdo dqdo|vhv1 Wkh �uvw dxwkruv zkr kdyh uhsruwhg lqwudgd|

dqdo|vlv +Zdvvhuidoohq dqg ]lpphupdqq/ 4<;8/ Ihlqvwrqh/ 4<;:/ Lwr dqg Uroh|/ 4<;:/ Zdvvhuidoohq/ 4<;< dqg

Jrrgkduw dqg Iljolxrol/ 4<<4, olplwhg wkhpvhoyhv wr fhuwdlq shulrgv ri wkh gd|/ jhqhudoo| wkh prvw dfwlyh rqhv

iru d sduwlfxodu pdunhw fhqwhu/ vr wkh sureohp ri gdlo| dqg zhhno| vhdvrqdolw| zdv dyrlghg1

Wkh vhdvrqdo skhqrphqd lq wkh yrodwlolw| ri I[ pdunhwv fdq eh prghohg lq d ydulhw| ri zd|v1 Edloolh

dqg Eroohuvohy +4<<4, xvh d JDUFK vshfl�fdwlrq zlwk vhdvrqdo gxpp| yduldeohv iru prgholqj wkh frqglwlrqdo

yrodwlolw| rq krxuo| iruh{ uhwxuqv rq gdwd iurp wkh �uvw vl{ prqwkv ri 4<;91 Iru wkh fxuuhqw vwxg|/ wklv zrxog

uhtxluh hvwlpdwlqj 5;; wlph0ri0gd| sdudphwhuv/ li rqh gxpp| yduldeoh zhuh fuhdwhg iru hdfk �yh0plqxwh lqwhuydo1

Wkh qxpehu ri yduldeohv uhtxluhg lv yhu| odujh dqg lw lv xqolnho| wr eh h�hfwlyh lq fdswxulqj wkh frpsoh{lw| ri

wkh vhdvrqdo sdwwhuqv1 Dqrwkhu srvvlelolw| wr dffrpprgdwh vhdvrqdolw| lv wr prgli| wkh wudglwlrqdo JDUFK

w|sh prghov +Eroohuvohy dqg Jk|vhov/ 4<<7,1 Dowhuqdwlyho|/ wkh pdunhw yrodwlolw| fdq eh wlhg wr wkh lqwhqvlw|

ri wudglqj yld d vxeruglqdwh vwrfkdvwlf surfhvv uhsuhvhqwdwlrq/ dv vxjjhvwhg e| Fodun +4<:6,1 Wklv dssurdfk

kdv ehhq dgrswhg lq vrph uhfhqw zrunv e| uhvhdufkhuv iurp Rovhq ) Dvvrfldwhv +vhh iru h{dpsoh/ Gdfrurjqd

hw do1/ 4<<6/ Pÿoohu hw do1/ 4<<5,1 Lqvwhdg ri prgholqj dvvhw sulfh ehkdylru lq fdohqgdu wlph/ sulfh pryhphqwv

fdq eh uhsuhvhqwhg dv ehlqj gulyhq e| dq lqirupdwlrq duulydo surfhvv zklfk lwvhoi hyroyhv udqgrpo| zlwk fhuwdlq

suhglfwdeoh sdwwhuqv wkurxjk wlph1 Lq Gdfrurjqd hw do1/ hvshfldoo|/ wkh vhdvrqdo yrodwlolw| sdwwhuqv duh prghohg

8



e| d qhz wlph vfdoh/ qdphg  0wlph/ xqghu wkh dvvxpswlrq ri wkuhh pdlq jhrjudsklfdo duhdv zkhuh prvw ri wkh

zruogzlgh wudglqj dfwlylw| lv fhqwhuhg= Hdvw Dvld/ Hxursh dqg Dphulfd1 Wkhlu wlph vfdoh frqyhuvlrq h{sdqgv

shulrgv zlwk kljk dyhudjh yrodwlolw| dqg frqwudfwv wkrvh zlwk orz yrodwlolw|1 Wkhlu phwkrg vprrwkv wkh vhdvrqdo

sdwwhuq1 Dqrwkhu vwudwhj|/ wkh rqh xvhg lq wklv sdshu/ lv wr vhdvrqdoo| dgmxvw wkh gdwd1 Zh gh�qh wkh �owhuhg

uhwxuq vhulhv Uw>q@evw>q zkhuh evw>q uhihuv wr wkh shulrglf lqwudgd| yrodwlolw| frpsrqhqw zklfk pd| eh prghohg e|

gl�huhqw zd|v +vhh/ iru lqvwdqfh/ Wd|oru dqg [x/ 4<<8/ Fkdqj dqg Wd|oru/ 4<<9 dqg Dqghuvhq dqg Eroohuvohy/

4<<:e,1 Wkh phwkrg/ dgrswhg lq wklv sdshu/ lv wkh Ioh{leoh Irxulhu Irup ghyhorsshg e| Dqghuvhq dqg Eroohuvohy

+4<<:e,= lqwudgd| vhdvrqdolw| zdv prghohg xvlqj vhyhudo vlqxvrlgdo dqg txdgudwlf sdudphwhuv18 Wkh jhqhudo

irupxodwlrq ri wkh  h{leoh Irxulhu irup lv wkh iroorzlqj=

i+w> q, @ �
3
. �

4

q

Q4

. �
5

q5

Q5

.
S[

l@4

+�
l
frv�lq. �l vlq�lq, .

5[

m@4

$mGVWm

.

G[

n@4

�nLn+w> q, +4,

zkhuh zh frqvlghu wkh q� wk lqwhuydo
9 lq wkh w� wk gd|/ Q lv wkh qxpehu ri lqwhuydov shu gd|/ Q4 @ +Q .4,@5

dqg Q5 @ +Q . 4,+Q . 5,@9 duh qrupdol}lqj frqvwdqwv dqg �l @
5�l

Q
= Dv phqwlrqhg hduolhu/ wkh GVW dowhuv

wkh irup ri wkh vhdvrqdo1 Wkhuhiruh/ zh hvwlpdwh wzr vhdvrqdo uhjlphv= Vxpphu Wlph: dqg Wudqvlwlrq shulrg1;

Khqfh/ wkhuh duh wzr gl�huhqw gxpp| yduldeohv +GVWm, dffruglqj wkh wlph ri wkh |hdu/ m @ 4 lv wkh Wudqvlwlrq

Wlph shulrg zlwk GVW4 @ 4 rq wklv shulrg dqg 3 rwkhuzlvh > m @ 5 lv wkh Vxpphu Wlph shulrg zlwk GVW5 @ 4

rq wklv shulrg dqg 3 rwkhuzlvh1

Wkh vprrwk vhdvrqdo jhqhudwhg iurp wkh Irxulhu whupv lv xqolnho| wr frsh zhoo wkh vkdus gurs lq yrodwlolw|/ iru

lqvwdqfh/ durxqg oxqfk lq wkh Idu Hdvw dqg wkh gd| ri wkh zhhn ghshqghqflhv1 Wr �o wklv jds/ zh dgg
GS

n@4

�nLn+w> q,

zkhuh Ln+w> q, lv dq lqglfdwru yduldeoh iru hyhqw n gxulqj lqwhuydo q rq gd| w1 Wkh hyhqwv pd| eh dv zhoo fdohqgdu

h�hfwv dv dqqrxqfhphqw h�hfwv +vhh qh{w vhfwlrq,1 Iroorzlqj Dqghuvhq dqg Eroohuvohy +4<<;,/ zh lpsrvh d

uhdvrqdeoh ghfolqlqj zhljkw vwuxfwxuh rq wkh yrodwlolw| uhvsrqvh sdwwhuq �+n> l, @ �n=�+l,> l @ 3> 4> 5> ===>Qn

zkhuh wkh suh0vshfl�hg �+l, frh!flhqwv duh ghwhuplqhg e| d vshfl�f sro|qrpldo dqg hyhqw n lpsdfwv yrodwlolw|

ryhu Qn lqwhuydov1 Iru wkh Wrn|r rshq +3=3303=68 JPW,/ zh fkrrvh d olqhdu yrodwlolw| ghfd|1 Wkh yrodwlolw|

ghfd| sdwwhuq durxqg wkh zhhnhqgv +hduo| prqgd| pruqlqj +54=33055=63 JPW,/ odwh iulgd| +4:=33054=33 JPW/

XV Zlqwhu Wlph ru 49=33054=33 JPW/ XV Vxpphu Wlph, lv uhvwulfwhg wr d vhfrqg rughu sro|qrpldo1

8Sd|qh +4<<:, xvhv d vlplodu phwkrg lq klv vwrfkdvwlf yduldqfh prgho ri wkh GP0XVG h{fkdqjh udwh1 Ehdwwlh dqg Iloolrq +4<<<,

dovr xvh lw wr dvvhvv wkh h�hfwlyhqhvv ri Fdqdgd*v r!fldo iruhljq h{fkdqjh lqwhuyhqwlrqv rq lqwudgd| yrodwlolw| ri wkh Fdq0XVG

h{fkdqjh udwh1
9Iru �yh0plqxwh uhwxuqv/ ? htxdov 477 dw 45=33 JPW1
:
(7A fkdqjhv rffxuuhg lq Jhupdq| dqg rwkhu Hxurshdq frxqwulhv lq wkh odvw zhhnhqg ri Pdufk dqg Vhswhpehu1 Lq wkh XV/

fkdqjhv rffxuuhg lq wkh �uvw zhhnhqg ri Dsulo dqg odvw zhhn ri Rfwrehu1 Mdsdq glg qrw kdyh Gd|oljkw Vdylqj Wlphv fkdqjhv1
;Ehwzhhq wkh odvw zhhnhqgv ri Vhswhpehu dqg Rfwrehu/ wkh XVD lv vwloo lq Vxpphu Wlph/ exw Hxursh lv douhdg| lq Zlqwhu Wlph1

Wklv shulrg odvwv 7 zhhnv1 Lq wkh zhhn ehiruh wkh �uvw zhhnhqg lq Dsulo/ wkh XVD lv vwloo lq Zlqwhu Wlph exw Hxursh lv douhdg| lq

Vxpphu Wlph1

9



51415 Vkruw0uxq yrodwlolw| frpsrqhqwv= pdfurhfrqrplf dqqrxqfhphqwv h�hfwv

Pdfurhfrqrplf dqqrxqfhphqwv duh uhohydqw iru surshu prgholqj ri wkh yrodwlolw| surfhvv1 Lqghhg/ Hghulqjwrq

dqg Ohh +4<<6, vkrzhg wkdw wkh odujhvw uhwxuqv dsshdu olqnhg wr wkh uhohdvh ri sxeolf lqirupdwlrq +lq sduwlfxodu/

fhuwdlq pdfurhfrqrplf dqqrxqfhphqwv,1 Vwxglhv wkdw h{dplqh wkh lpsdfw ri vfkhgxohg qhzv dqqrxqfhphqwv

rq kljk iuhtxhqf| yrodwlolw| duh ydulrxv +iru lqvwdqfh/ Dqghuvhq dqg Eroohuvohy/ 4<<;/ Hghulqjwrq dqg Ohh/ 4<<6/

4<<8/ Jrrgkduw hw do1 4<<6/ Kduyh| dqg Kxdqj 4<<4/ Lwr dqg Uroh|/ 4<;:/ GhJhqqdur dqg Vkulhyhv/ 4<<: dqg

Sd|qh/ 4<<:,1 Wkh �qglqjv ri wkhvh vwxglhv duh frqvlvwhqw/ lqglfdwlqj wkdw wkh uhohdvhv lqgxfh txlwh gudpdwlf

sulfh dgmxvwphqwv exw wkh dvvrfldwhg yrodwlolw| vkrfnv dsshdu vkruw0olyhg1< Wkhvh vwxglhv duh dovr lqwhuhvwlqj wr

phdvxuh ri wkh vljql�fdqfh wkdw wkh pdunhw dwwulexwhv wr hdfk w|sh ri dqqrxqfhphqw1

Zh fdq jhw d suhflvh hfrqrplf lpsdfw e| xvlqj wkh iruhfdvw huuruv dvvrfldwhg zlwk dqqrxqfhphqwv +Dophlgd

hw do1/ 4<<9 dqg Sd|qh/ 4<<:,1 Wkh iruhfdvw huuruv duh fuhdwhg dv wkh gl�huhqfh ehwzhhq wkh dfwxdo dqqrxqfhg

�jxuh dqg d phgldq vxuyh| h{shfwdwlrq1 Zh fdq dovr jhw wkh jhqhudo lpsdfw ri dqqrxqfhphqwv e| xvlqj d

vlpsoh gxpp| vshfl�fdwlrq iru dqqrxqfhphqwv1 Rxu dqdo|vlv irfxvhv rq d vhw ri prqwko|/ XV/ pdfurhfrqrplf

dqqrxqfhphqwv1 Wkhvh dqqrxqfhphqwv duh doo uhodwhg wr wkh uhdo hfrqrp|1 Lw frqvlvwv ri wkh Hpsor|phqw

Uhsruw/ wkh Phufkdqglvh Wudgh Gh�flw/ wkh Surgxfhu Sulfh Lqgh{/ Gxudeoh Jrrgv Rughuv/ Uhwdlo Vdohv/ Krxvlqj

Vwduwv/ Ohdglqj Lqglfdwruv/ Lqgxvwuldo Surgxfwlrq dqg Fdsdflw| Xwlol}dwlrq43 / Frqvxphu Sulfh Lqgh{/ Frqvxphu

Frq�ghqfh Lqgh{/ QDSP vxuyh| dqg Jurvv Grphvwlf Surgxfw +JGS,1 Wkh fdwhjru| ri qhzv lv h{wudfwhg iurp

wkh Uhxwhuv qhzv lwhpv44 xvlqj ydulrxv nh|zrug frpelqdlvrqv1

Lq htxdwlrq +4,/ wkh Ln+w> q, lqglfdwruv doorzv iru wkh lqfoxvlrq ri hlwkhu uhjxodu gxpp| yduldeohv ru d suh0

vshfl�hg yrodwlolw| uhvsrqvh sdwwhuq dvvrfldwhg zlwk d fdohqgdu uhodwhg fkdudfwhulvwlf ru qhzv pdfurhfrqrplf

dqqrxqfhphqwv h�hfwv1 Wkh h�hfw ri qhzv rq yrodwlolw| ehiruh dqqrxqfhphqw lv qrw vwxglhg khuh1 Krzhyhu/ li

dqqrxqfhphqwv d�hfwv yrodwlolw| iru d krxu/ wkhuh duh 46 vhsdudwh hyhqw0vshfl�f frh!flhqwv wr hvwlpdwh1 Jlyhq wkh

olplwhg qxpehu ri rffxuhqfhv ri hdfk w|sh ri qhzv dqqrxqfhphqw/ lw lv qrw srvvleoh wr vlpxowdqhrxvo| hvwlpdwh

vhsdudwh frh!flhqwv iru hdfk hyhqw dqg wlph lqwhuydo iroorzlqj wkh qhzv uhohdvhv1 Lqvwhdg/ iroorzlqj Dqghuvhq

dqg Eroohuvohy +4<<;,/ zh lpsrvh d uhdvrqdeoh ghfolqlqj zhljkw vwuxfwxuh rq wkh yrodwlolw| uhvsrqvh sdwwhuq1 Wkh

uhvsrqvh sdwwhuq iroorzlqj hdfk ri wkh dqqrxqfhphqwv lv dssur{lpdwhg e| d wklug0rughu sro|qrpldo uhvwulfwhg

wr uhdfk }hur dw wkh hqg ri wkh rqh krxu uhvsrqvh krul}rq1 Wkh g|qdplf uhvsrqvh sdwwhuq lv �+n> l, @ �n=�+l,>

l @ 3>4> 5> ===> 45/ zkhuh wkh suh0vshfl�hg �+l, frh!flhqwv duh ghwhuplqhg e| d wklug0rughu sro|qrpldo dqg �n lv

wkh dqqrxqfhphqw vshfl�f ordglqj frh!flhqw1

<Wkhuh duh vljqv ri kljkhu yrodwlolw| iru vhyhudo krxuv iroorzlqj wkh dqqrxqfhphqw1
43Wkh Lqgxvwuldo Surgxfwlrq dqg wkh Fdsdflw| Xwlol}dwlrq duh dqqrxqfhg wrjhwkhu1
44Wkh R)D gdwd dovr lqfoxgh doo ri wkh qhzv khdgolqhv wkdw dsshduhg rq wkh Uhxwhuv prqh| qhzv0dohuwv vfuhhqv1 Dv zlwk wkh

txrwdwlrqv/ wkhvh duh wlph vwdpshg wr wkh vhfrqg lq JPW dqg frqvwlwxwh wkh edvlv iru rxu dqdo|vlv ri dqqrxqfhphqw h�hfwv1

Frpsdudlvrq ri wkh wlph vwdpsv iru vfkhgxohg qhzv uhohdvhv zlwk wkh nqrzq uhohdvh vfkhgxohv lqglfdwhv wkdw Uhxwhuv lv wlpho| zlwk

uhvshfw wr vfkhgxohg qhzv1 Gxulqj wkh vdpsoh shulrg/ d wrwdo ri 438398 vxfk khdgolqhv dsshduhg1

:



51416 Gdlo| yrodwlolw| frpsrqhqwv

Qxphurxv vwxglhv vxjjhvw wkdw gdlo| dqg prqwko| iruhljq h{fkdqjh uhwxuqv h{klelw vljql�fdqw yrodwlolw| foxv0

whulqj1 Wkxv/ wkhvh DUFK h�hfwv dw orzhu iuhtxhqflhv fdqqrw h{lvw h{foxvlyho| dw wkhvh iuhtxhqflhv dv wkh

djjuhjdwlrq ri lqwudgd| uhwxuqv zrxog qrw eh deoh wr dffrprgdwh wkh shuvlvwhqw yrodwlolw| surfhvvhv suhvhqw dw

wkh gdlo| ohyho1 Lw lv qhfhvvdu| wkdw wkh orz0iuhtxhqf| yrodwlolw| hperglhg lq kljk iuhtxhqf| gdwd kdv wr eh

prghohg1 Pruhryhu/ Dqghuvhq dqg Eroohuvohy +4<<;, ghprqvwudwhg wkdw gdlo| JDUFK yrodwlolw| suhglfwlrqv

duh vwurqjo| uhodwhg wr wkh vxp ri wkh devroxwh lqwudgd| fkdqjhv lq wkh iruhljq h{fkdqjh iru wkh iroorzlqj gd|1

Lqghhg/ wkh| qrwhg wkdw wkh fruuhodwlrq ehwzhhq wkh wzr vhulhv lv 319:5/ ru dq U�vtxduhg ri +319:5,5@7815(1

Vr/ wr wdnh lqwr dffrxqw wkh gdlo| frpsrqhqw ri iruhljq h{fkdqjh yrodwlolw|/ zh xvhg d gdlo| yrodwlolw| iruhfdvw

+a�w,145

Dv Dqghuvhq dqg Eroohuvohy +4<<;, zulwh= �Xqiruwxqdwho|/ prvw hpslulfdo zrun kdv vwxglhg hdfk ri wkh deryh

skhqrphqd 0 wkh lqwudgd| dqg lqwudzhhno| sdwwhuqv +fdohqgdu h�hfwv,/ wkh dqqrxqfhphqwv +sxeolf lqirupdwlrq

h�hfw,/ dqg wkh lqwhugd| yrodwlolw| shuvlvwhqfh +DUFK h�hfwv, 0 lq lvrodwlrq1 Wklv lv xowlpdwho| qrw vdwlvidfwru|�1

Lqghhg/ hduolhu vwxglhv whqg wr hpskdvl}h rqh ri wkh iroorzlqj wkuhh frpsrqhqwv1 Uhfhqw �qglqjv vxjjhvw wkdw

wkh wkuhh idfwruv vkrxog eh dffrxqwhg iru vlpxowdqhrxvo| wr fdswxuh wkh ryhudoo lqwudgd| sdwwhuq1

515 Prgholqj vlpxowdqhrxvo| wkh v|vwhpdwlf frpsrqhqwv ri yrodwlolw|

Dqghuvhq dqg Eroohuvohy +4<<:e, sursrvhg d phwkrg edvhg rq wkh Ioh{leoh Irxulhu Irup +III, wr prgho

wkh lqwudgd| yrodwlolw| shulrglflw|/ wkh h�hfwv ri pdfurhfrqrplf qhzv dqqrxqfhphqwv dqg wkh shuvlvwhqw gdlo|

yrodwlolw| ghshqghqflhv irxqg lq iruhljq h{fkdqjh gdwd1 Zh dsso| wkhlu iudphzrun zklfk frqvlvwv lq ghfrpsrvlqj

wkh �yh0plqxwh uhwxuqv +Uw>q, dv=

Uw>q �
�Uw>q @ �w>q=vw>q=]w>q +5,

zkhuh �Uw>q lv wkh h{shfwhg �yh0plqxwh uhwxuq/ �w>q lv d gdlo| yrodwlolw| idfwru/ vw>q uhsuhvhqwv erwk wkh fdohq0

gdu ihdwxuhv dqg wkh pdfurhfrqrplf dqqrxqfhphqw h�hfwv dqg ]w>q lv dq l1l1g1 phdq }hur dqg xqlw yduldqfh

lqqrydwlrq whup1 Lq rughu wr rewdlq dq rshudwlrqdo uhjuhvvlrq htxdwlrq/ Dqghuvhq dqg Eroohuvohy sursrvh wr

lpsrvh vrph uhvwulfwlrqv dqg vrph dgglwlrqdo vwuxfwxuh +vhh Dqghuvhq dqg Eroohuvohy/ 4<<:e iru pruh ghwdlov,1

Zh hvwlpdwh wkh iroorzlqj rshudwlrqdo uhjuhvvlrq=46

45Wklv gdlo| yrodwlolw| lv rewdlqhg e| hvwlpdwlqj dq DU+4,0ILJDUFK+4/_/4, ryhu wkh shulrg Mdqxdu| 4<;3 wr Vhswhpehu 4<<61
46Wkh III hvwlpdwlrq lqyroyhv d wzr0vwhs surfhgxuh +Dqghuvhq dqg Eroohuvohy/ 4<<:,1

;
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zkhuh �U ghqrwhv wkh vdpsoh phdq ri wkh �yh0plqxwh uhwxuqv/ f @ H+orj]5

w>q, .H+orj�5w>q � orj a�5
w>q, dqg exw>q

lv wkh huuru whup zklfk lv vwdwlrqdu|1 a�w lv dq hvwlpdwh ri wkh gdlo| yrodwlolw| frpsrqhqw1 Wkh gdlo| yrodwlolw|

frpsrqhqw lv a�w>q @ a�w@Q
4@5 zkhuh a�w lv ghulyhg iurp d gdlo| DU+4,0ILJDUFK+4> g>4, prgho1 Doo frh!flhqwv

duh hvwlpdwhg vlpxowdqhrxvo| +devroxwh w0vwdwlvwlfv duh urexvw iru khwhurvnhgdwlflw|,1 Wkh hvwlpdwlrq uhvxowv

uhodwlyh wr wkh �yh0plqxwh uhwxuqv duh uhsruwhg lq Wdeoh 41
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µ0+c -10.0708 6.151
µ1 13.6421 2.890
µ2 -4.3987 2.864
γ1 1.9814 2.131
γ2 0.2966 1.556
γ3 0.4883 6.601
γ4 0.2621 3.737
γ5 0.2407 3.799
γ6 -0.0304 1.229
δ1 0.4203 2.630
δ2 0.5181 5.801
δ3 -0.1062 2.402
δ4 0.1032 3.255
δ5 0.2156 5.897
δ6 0.1607 3.426
ω1 -0.1961 0.810
ω2 0.0243 0.192
Tokyo opening 1.4236 4.303
Tokyo lunch 1 -1.3415 9.551
Tokyo lunch 2 -0.1036 3.127
Monday 1 0.2985 1.185
Monday 2 0.0471 0.776
Friday late 1 -0.0009 0.004
Friday late 2 -0.0355 1.804
Tuesday 0.2471 2.697
Wednesday 0.2606 2.505
Thursday 0.2681 2.378
Friday 0.0994 0.549
Consumer Confidence 0.4722 1.374
Consumer Price Index 1.1652 4.356
Capacity Utilization Industrial production 0.0391 0.167
Durable Goods Orders 1.5073 4.788
Index of Leading Indicators 0.2691 1.524
US NAPM survey -0.1448 0.337
Housing starts 0.6387 1.972
Producer Price Index 0.4658 1.099
Advance Retail Sales 0.5657 1.337
Merchandise Trade Balance 1.2874 3.232
GDP 1.3731 5.501
Jobless Rate 2.7441 8.218
Robust absolute t-statistics are reported in the third column.

TABLE 1: Results of the FFFestimation on five-minute returns

Diwhu vrph h{shulphqwdwlrq/ zh irxqg wkdw S @ 9 lv vx!flhqw wr fdswxuh wkh edvlf vkdsh ri wkh vhulhv1

Wklv III surylghv dq hvwlpdwhg vhdvrqdo sdwwhuq wkdw �w uhdvrqdeo| zhoo wkh lqwudgd| shulrglflw|1 Doo fr0

h!flhqwv dvvrfldwhg zlwk wkh vlpsoh Irxulhu irup duh vljql�fdqw/ h{fhsw iru wkh vhfrqg dqg wkh odvw frvlqxv

whupv1 Wkh Wrn|r pdunhw rshqlqj h�hfw lv fdswxuhg e| d vlqjoh frh!flhqw +lw doorzv iru d olqhdu ghfd| lq wkh

dvvrfldwhg yrodwlolw| exuvw,1 Zh qrwh d vwurqj pdunhw rshqlqj h�hfw1 Lqghhg/ lw kdv dq lpphgldwh uhvsrqvh

frh!flhqw ri 4175 lpso|lqj wkdw yrodwlolw| mxpsv e| 475 shufhqw dw < d1p1 Wrn|r wlph1 Wkh dvvhvvphqw ri

wkh uhpdlqlqj fdohqgdu dqg dqqrxqfhphqw h�hfwv lv pruh frpsolfdwhg ehfdxvh wkh uhjuhvvruv duh qrw vlpsoh

43



lqglfdwruv/ exw lpso| suh0vshfl�hg g|qdplf uhvsrqvh sdwwhuqv1 Iru lqvwdqfh/ wkh Wrn|r oxqfk dqg wkh iul0

gd| odwh h�hfwv duh dffrpprgdwhg e| d vhfrqg0rughu sro|qrpldo ryhu wkh fruuhvsrqglqj lqwhuydov/ uhvxowlqj

lq wzr uhjuhvvlrq frh!flhqwv +Wrn|r oxqfk 4/ Wrn|r oxqfk 5/ Iulgd| odwh 4111/ vhh Wdeoh 4, iru hdfk shulrg1

Ehvlghv/ zh qrwh wkdw wkh Wrn|r oxqfk h{huwv d frqvlghudeoh h�hfw1 Iru wkh dqqrxqfhphqwv/ zh xvh d wklug0

rughu sro|qrpldo wr fdswxuh wkhlu lpsdfw rq wkh yrodwlolw|1 Wkh dfwxdo hvwlpdwhv iru wklv sro|qrpldo lv jlyhq

e| �+l, @ 4=<55;
�
4� +l@46,6

�
� 3=:538

�
4� +l@46,5

�
l . 3=3<;;

�
4� +l@46,6

�
l
5
= Khqfh/ wkh lqvwdqwdqhrxv mxps

lq wkh yrodwlolw| htxdov h{s+�n=�+3,@5, � 41 Lq sduwlfxodu/ wkh lqvwdqwdqhrxv mxps iru wkh Mreohvv Udwh htxdov

h{s+5=:774=+4=<56;@5,,�4 @ 4=96 ru 496(1 E| wkh zd|/ wkh uhvsrqvh dw wkh l
wk odj htxdov h{s+�n=�+l,@5,= Wdeoh

4 uhsruwv hvwlpdwhv ri vhsdudwh �n frh!flhqwv iru hdfk w|sh ri dqqrxqfhphqw1 Wkh Mreohvv Udwh fohduo| kdv wkh

juhdwhvw h�hfw rq yrodwlolw|/ wkh frh!flhqw �mreohvv ehlqj wkh kljkhvw1 Wkh qh{w prvw lpsruwdqw dqqrxqfhphqwv

duh wkh JGS/ wkh Phufkdqglvh Wudgh Edodqfh/ wkh wkh Gxudeoh Jrrgv Rughuv dqg wkh Frqvxphu Sulfh Lqgh{1

Wkh Frqvxphu Frq�ghqfh/ wkh Krxvlqjv vwduwv/ wkh Surgxfhu Sulfh Lqgh{ dqg wkh Dgydqfh Uhwdlo Vdohv �jxuhv

irup d phglxp lpsdfw vxe0jurxs1 Ilqdoo|/ wkhuh lv d jurxs ri orz lpsdfw dqqrxqfhphqwv zklfk frpsulvhv

wkh Fdsdflw| xwlol}dwlrq2Lqgxvwuldo Surgxfwlrq/ wkh Lqgh{ ri Ohdglqj Lqglfdwruv dqg wkh XV QDSP vxuyh|1 Lq

wkh uhjuhvvlrq/ zh lqfrusrudwhg gd|0ri0wkh zhhn gxpplhv iru doo zhhngd|v h{fhsw Prqgd|1 Wkhuh lv d fohdu

glvwlqfwlrq ehwzhhq plgzhhn gd|v dqg Prqgd|v dqg Iulgd|v1 Krzhyhu/ erwk wkh Prqgd| pruqlqj dqg wkh

Iulgd| diwhuqrrq h�hfwv duh lqvljql�fdqw1

Iroorzlqj Dqghuvhq dqg Eroohuvohy +4<<:e,/ wkh olqn ehwzhhq evw>q dqg ai+w> q, lv dv iroorzv=

evw>q @

W h{s

� ei+w> q,@5
�

S
W

w@4

S
Q

q@4
h{s

�
ei+w> q,@5

�

zkhuh evw>q lv wkh hvwlpdwru ri wkh lqwudgd| shulrglf frpsrqhqw iru lqwhuydo q rq gd| w= Iljxuh 8 vkrzv wkh

dyhudjh rqh0gd| hvwlpdwhg vhdvrqdolw| +evw>q, ri wkh �yh0plqxwh uhwxuqv1

LQVHUW ILJXUH 8 DERXW KHUH

6 Orqj0phpru| iurp lqwudgd| uhwxuqv

Txlwh uhfhqwo|/ Dqghuvhq dqg Eroohuvohy +4<<:e, vwuhvvhg wkh gdqjhu ri hvwlpdwlqj JDUFK prghov rq kljk0

iuhtxhqf| gdwd zlwkrxw uhprylqj lwv lqwudgd| sdwwhuq1 Diwhu dsso|lqj wkh III rq wkh udz gdwd/ Iljxuhv 5

dqg 6 fohduo| vxjjhvw wkh suhvhqfh ri orqj0phpru| lq wkh yrodwlolw| ri wkh �owhuhg GP0XVG/ zklfk lv ehfdph

d vw|olvhg idfw lq wkh hpslulfdo olwhudwxuh1 Lw lv zhoo nqrzq wkdw wkh ghjuhh ri iudfwlrqdo lqwhjudwlrq vkrxog eh

lghqwlfdo dfurvv gl�huhqw vdpsolqj iuhtxhqflhv xqghu txlwh jhqhudo glvwulexwlrq dvvxpswlrq +vhh Dqghuvhq dqg

Eroohuvohy/ 4<<:d dqg Eroohuvohy dqg Zuljkw/ 4<<;,1 Iurp iuhtxhqf|0grpdlq phwkrgv/ Dqghuvhq/ Eroohuvohy dqg

Fdl +4<<<, hvwlpdwh wkh ghjuhh ri iudfwlrqdo lqwhjudwlrq iru wkh 80/ 430/ 480 dqg 630plqxwh devroxwh Qlnnhl 558
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uhwxuqv +iurp Mdqxdu| 5/ 4<<7 wr Ghfhpehu 64/ 4<<:,1 Wkh g sdudphwhuv duh uhvshfwlyho| 3=75<> 3=737> 3=7;5

dqg 3=7;8 zklfk duh lqglvwlqjxlvkdeoh dqg wkh| frqfoxgh wkdw wkh orqj0phpru| ihdwxuh lv dq lqkhuhqw surshuw|

ri wkh Qlnnhl 558 yrodwlolw|1

47

Wkh dlp ri wklv vhfwlrq lv wr surylgh d sdudphwulf hvwlpdwlrq ri wkh orqj0phpru| surshuw|1 Wkh ILJDUFK

+4> g>4, prgho sursrvhg e| Edloolh hw do1 +4<<9, lv jlyhq e| wkh wzr iroorzlqj htxdwlrqv=

�Uw>q @ � . � �Uw>q�4 . �w>q> �w>q m 
w>q � G+3> �5

w>q, +7,

�
5

w>q @ $ .

k
4� +4� �

4
O,�4 +4� !

4
O, +4�O,g

l
�
5

w>q +8,

zkhuh dq DU+4, surfhvv lv doorzhg iru �Uw>q/ � lv wkh phdq ri wkh surfhvv dqg 
w>q lv wkh lqirupdwlrq vhw dw wlph

w dqg lqwhuydo q1 �> �> $>�
4
> !

4
dqg g duh sdudphwhuv wr eh hvwlpdwhg zlwk g ehlqj wkh iudfwlrqdo lqwhjudwlrq

sdudphwhu dqg �qdoo|/ O lv wkh odj rshudwru148 Iru d ILJDUFK+4> g>4,/ vx!flhqw frqglwlrqv iru wkh frqglwlrqdo

yduldqfh wr eh vwulfwo| srvlwlyh duh jlyhq lq Edloolh hw do1 +4<<9,149 Iru kljkhu rughuv/ wkhvh frqglwlrqv duh

fxpehuvrph wr ghulyh/ zklfk reylrxvo| kdpshuv wkh jhqhudolvdwlrq ri wkh ILJDUFK vshfl�fdwlrq wr kljkhu

rughuv1 Lqwhuhvwlqjo|/ wkh ILJDUFK+4> g>4, prgho qhvwv wkh JDUFK+4/4, prgho +Eroohuvohy/ 4<;9, iru g @ 3

dqg wkh LJDUFK prgho +Hqjoh dqg Eroohuvohy/ 4<;9, iru g @ 41 Dv dgyrfdwhg e| Edloolh hw do1 +4<<9,/ wkh

LJDUFK surfhvv pd| eh vhhq dv wrr uhvwulfwlyh dv lw lpsolhv lq�qlwh shuvlvwhqfh ri d yrodwlolw| vkrfn1 Vxfk

d g|qdplfv lv frqwudu| wr wkh revhuyhg ehkdylru ri djhqwv dqg grhv qrw pdwfk wkh shuvlvwhqfh revhuyhg diwhu

lpsruwdqw hyhqwv +vhh Edloolh hw do1/ 4<<9/ Eroohuvohy dqg Hqjoh/ 4<<6,1 E| frqwudvw/ iru 3 ? g ? 4/ wkh ILJDUFK

prgho lpsolhv d orqj0phpru| ehkdylru/ l1h1 d vorz ghfd| ri wkh lpsdfw ri d yrodwlolw| vkrfn1

Wkh �uvw fdqglgdwh glvwulexwlrq +G, iru wkh hvwlpdwlrq ri wklv prgho lv wkh qrupdo rqh1 Lq wkh Jdxvvldq

fdvh/ wkh orj0olnholkrrg ri wkh prgho wdnhv wkh iroorzlqj irup=

Oq+OQrup, @
W[

w@4

Q[

q@4

�
�3=8 oq

�
5��

5

w>q

�
. +�5

w>q@�
5

w>q,
�

+9,

zkhuh W dqg Q duh uhvshfwlyho| wkh qxpehu ri gd|v dqg wkh qxpehu ri lqwhuydov shu gd|1

Uhfhqw ghyhorsphqwv lq wlph vhulhv hfrqrphwulfv kdyh ehhq frqfhuqhg zlwk wkh lqwhudfwlrq ehwzhhq vwuxfwxudo

fkdqjh dqg orqj0phpru|1 Glherog dqg Lqrxh +4<<<, vkrz wkdw vwrfkdvwlf uhjlph vzlwfklqj pd| eh revhuydwlrqdo|

htxlydohqw wr orqj0udqjh ghshqghqfh1 Wkh nh| lghd ghyhorsshg e| wkhvh dxwkruv lv wkdw uhjdugohvv ri wkh vdpsoh

vl}h/ orqj0phpru| fdq eh ghwhfwhg li uhdol}dwlrqv whqg wr kdyh mxvw d ihz euhdnv1 Judqjhu dqg K|xqj +4<<<,

47Qrwlfh wkdw wkh| dovr �qg _ ' f�e.S rq d orqjhu wlph vhulhv ri gdlo| Qlnnhl 558 devroxwh uhwxuqv1

48Zh iroorz Edloolh hw do +4<<9, dqg wuxqfdwh wkh lq�qlwh Wd|oru dssur{lpdwlrq ri E�3 u�_ dw d qxpehu ri odjv htxdo wr 43331

Fkxqj +4<<<, sursrvhv dq dowhuqdwlyh vshfl�fdwlrq ri wkh ILJDUFK gxh wr wkh vwurqj uhodwlrqvkls ehwzhhq / dqg wkh wuxqfdwlrq

rughu1 Zh gr qrw wdfnoh wklv lvvxh lq wklv sdshu ehfdxvh wkh sdudphwhu ri lqwhuhvw lv _c zklfk lv qrw d�hfwhg e| wklv fkrlfh/ dv vkrzq

e| Fkxqj +4<<<,1
49Vrph ri wkhvh vx!flhqw frqglwlrqv duh qhyhuwkhohvv qrw qhfhvvdu|1 Iru lqvwdqfh/ wkh| vshfli| / : f� E| frqwudvw/ rxu hvwlpdwlrq

surfhgxuh doorzv / wr eh qhjdwlyh exw fkhfnv wkh srvlwlyhqhvv ri wkh frqglwlrqdo yduldqfh rq d fdvh0e|0fdvh edvlv +vhh Qhovrq dqg

Fdr/ 4<<5,1
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xqghuolqh wkh idfw wkdw fruuhfwlqj iru rxwolhuv pd| vljql�fdqwo| ghfuhdvh wkh orqj0phpru| sdudphwhu1 Wr frsh

zlwk wklv lvvxh/ zh xvh d pl{wxuh ri qrupdo glvwulexwlrqv +ehuqrxool0qrupdo, wkdw doorzv iru wkh srvvlelolw| ri

hqgrjhqhrxvo| ghwhuplqhg mxpsv1 Pl{wxuhv kdyh ehhq lqwurgxfhg lq hfrqrphwulfv e| Mrulrq +4<;;, dqg pruh

uhfhqwo| dgdswhg wr wkh JDUFK iudphzrun +zlwk zhhno| gdwd, e| Yoddu dqg Sdop +4<<7,/ Qhho| +4<<<, dqg

wr wkh ILJDUFK +zlwk gdlo| gdwd, e| Ehlqh dqg Odxuhqw +4<<<,1 Wkh pdmru �qglqjv ri wkhvh sdshuv lv wkdw

wkh yrodwlolw| shuvlvwhqfh vljql�fdqwo| ghfuhdvhv zkhq dffrxqwlqj iru mxpsv lq wkh vhulhv1 Wklv lqydolgdwhv wkh

LJDUFK prgho/ zklfk lv d frpprq uhvxow lq wkh hpslulfdo olwhudwxuh1

Frqvlghulqj wklv glvwulexwlrq/ htxdwlrq +7, fdq eh uhzulwwhq dv iroorzv=

�Uw>q @ �. �� . � �Uw>q . �w +:,

zkhuh � lv wkh suredelolw| ri d mxps dqg � lv wkh vl}h ri wkh mxps/ zkloh htxdwlrq +8, uhpdlqv xqfkdqjhg1 Wkh

orj0olnholkrrg wkhq wdnhv wkh iroorzlqj irup=

Oq+OEhuq�Qrup, @ �
W

5
oq+5�,.

S
W

w@4 oq

q
+4��,
�
5

w>q

h{s

k
�+�5w>q.�� ,5

5�5w>q

l
+;,

.
�s

�
5

w>q.�5
h{s

k
�+�5w>q�+4��,� ,5

5+�5
w>q

.�5,

l�

zkhuh �
5 lv wkh yduldqfh ri wkh mxps vl}h1

Pd{lpxp olnholkrrg hvwlpdwlrqv kdyh ehhq frqgxfwhg iru �yh iuhtxhqflhv/ 80/ 430/ 480/ 530 dqg 630plqxwh

uhwxuqv iru wkh qrupdo dqg wkh ehuqrxool0qrupdo glvwulexwlrqv14: Dqghuvhq dqg Eroohuvohy +4<<:e, �uvw �owhu wkh

�yh0plqxwh uhwxuqv +Uw>q, dqg wkhq hvwlpdwh wkh JDUFK prghov rq wklv �owhuhg vhulhv + hUw>q,1 Wkh phwkrg xvhg

wr fkdqjh wkh iuhtxhqf| iurp 8 wr 8 � n plqxwhv +n @ 4>5> ===, lv vwudljkwiruzdug= U
+n,
w>q @

S
l@+q�4,n.4>qn Uw>l/

zkhuh w @ 4>5> ===> W / q @ 4>5> ===> Q dqg Q @ 5;;@n= E| wkh vdph zd|/ wkh| fdofxodwh wkh �owhuhg 8 � n plqxwh

uhwxuqv dv �U
+n,
w>q @

S
l@+q�4,n.4>qn

�Uw>l= Lq rughu wr dyrlg dq djjuhjdwlrq sureohp/ zh sursrvh wr fkdqjh wkh

iuhtxhqf| dqg diwhu �owhu wkh vhulhv +�qglqj wkh III uhodwlyh wr wkh iuhtxhqf| ri lqwhuhvw,1 Ghwdlov frqfhuqlqj

wklv fkrlfh duh uhsruwhg lq Dsshqgl{ 51

Uhvxowv ri wkh hvwlpdwlrqv duh jlyhq lq Wdeohv 5 dqg 6=

4: Lqwudgd| uhwxuqv duh yhu| vpdoo ydoxhv1 Iru lqvwdqfh/ wkh phdq ri wkh �owhuhg �yh0plqxwh uhwxuqv htxdov 419{43� � Wr dyrlg

frqyhujhqfh sureohpv/ zh pxowlsolhg wkh uhwxuqv e| 43D� Doo wkh frpsxwdwlrqv kdyh ehhq grqh lq JDXVV 615 dqg Pd{oln 7131 D

Jdxvv surfhgxuh wr frpsxwh htxdwlrq +8, lv dydlodeoh dw wkh iroorzlqj xuo= kwws=22zzz1hjvv1xoj1df1eh2hfrqrphwulh2ILJDUFK1VUF
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5-min 10-min 15-min 20-min 30-min
µ -0.6231 -1.5974 -0.1238 -1.7981 1.1771

[0.532] [0.678] [0.035] [0.372] [0.161]
ρ -0.0981 -0.0983 -0.1035 -0.0886 -0.0729

[26.084] [17.675] [15.423] [11.155] [7.218]

ω x 10-4 1.9519 4.0851 7.4404 10.5540 18.2861
[46.928] [33.743] [33.016] [27.074] [23.662]

d 0.4252 0.4009 0.3332 0.2879 0.2607
[60.604] [43.411] [37.232] [29.970] [26.090]

β1 0.7109 0.6634 0.5811 0.3582 0.2265
[157.351] [98.022] [46.916] [8.156] [5.044]

φ1 0.5401 0.4653 0.4227 0.2237 0.1236
[78.490] [43.719] [29.995] [5.516] [2.833]

b 3 0.3470 *** 0.0988 *** 0.0634 *** -0.0322 ** 0.1767 ***
b 4 22.1597 *** 9.8128 *** 8.2316 *** 4.0885 *** 6.0243 ***

AIC 14.9607 15.5806 15.9550 16.1788 16.5811
SBIC 14.9615 15.5819 15.9570 16.1813 16.5846
S(1) 0.0056 0.1152 4.2131 ** 1.6411 0.3304

Log Lik x 10 -4 -56.2272 -29.2777 -19.9871 -15.2002 -10.3849
Absolute t-statistics of maximum likelihood estimates are in brackets.
Statistics are computed on normalized residuals.
b3 and b4 are excess skewness and kurtosis.

AIC and SBIC are Akaike and Schwarz Bayesian information criteria.
** and *** indicate that the statistic is significant at 5 and 1%, respectively.
The data have been multiplied by 105.

Table 2: AR(1) - FIGARCH(1,d,1) with the normal distribution

5-min 10-min 15-min 20-min 30-min
µ 3.1289 3.1848 3.9089 7.8521 1.1855

[2.531] [1.257] [1.062] [1.559] [0.161]
ρ -0.1078 -0.1018 -0.1081 -0.0984 -0.0846

[27.351] [18.335] [15.965] [12.521] [8.743]
ω -3.2143 -4.4563 -1.7655 0.4062 4.5819

[0.006] [0.002] [0.000] [0.000] [0.000]
d 0.1159 0.1272 0.1204 0.1270 0.1460

[27.371] [19.940] [18.250] [16.214] [12.002]
β1 0.8560 0.8884 0.9702 0.9748 0.8319

[164.243] [66.507] [166.127] [115.803] [11.226]
φ1 0.9131 0.9099 0.9770 0.9796 0.8176

[232.678] [80.593] [216.450] [141.426] [10.463]
λ 0.1061 0.1231 0.1061 0.1235 0.1261

[37.840] [27.068] [20.4697] [16.102] [15.265]
τ -32.4123 -23.9715 -29.8268 -68.9173 13.1748

[2.641] [1.130] [0.854] [1.710] [0.220]

δ2 x 10-5 5.8670 10.0062 16.6840 17.1796 29.1330
[130.685] [63.925] [41.3787] [25.878] [25.781]

b 3 -0.0338 *** -0.0200 -0.0107 -0.0132 0.0276
b 4 0.4658 *** 0.5226 *** 0.5878 *** 0.3588 0.3895 ***

AIC 14.8607 15.4903 15.8560 16.0977 16.4781
SBIC 14.8618 15.4923 15.8589 16.1015 16.4834
S(1) 2.1986 0.8726 1.4177 0.2187 0.0001

Log Lik x 10 -4 -55.8509 -29.1076 -19.8627 -15.1237 -10.3201
Note: See Table 2.

Table 3: AR(1) - FIGARCH(1,d,1) with the bernoulli-normal distribution

Vhyhudo frpphqwv duh lq rughu1
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Iluvw/ wkh ehuqrxool0qrupdo glvwulexwlrq vhhpv dssursuldwh wr ghvfuleh wkh vhulhv1 Olnholkrrg udwlr whvwv

+OUW,/ qrw uhsruwhg khuh/ dqg wkh lqirupdwlrq fulwhuld fohduo| idyrxu wkh ehuqrxool0qrupdo glvwulexwlrq iru hdfk

vdpsolqj iuhtxhqflhv1 Orrnlqj dw wkh ehuqrxool sdudphwhuv uhyhdov wkdw wkh suredelolw| ri d mxps lv derxw

43(1 Lqwhuhvwlqjo|/ dv lq Ehlqh dqg Odxuhqw +4<<</ 5333,/ zh fdq glvwlqjxlvk wzr uhjlphv +glvwulexwlrqv,= d orz

yrodwlolw| uhjlph dqg d kljk yrodwlolw| uhjlph +� dqg �
5 ehlqj uhvshfwlyho| kljko| qrq vljql�fdqw dqg vljql�fdqw,1

Vhfrqg/ uho|lqj rq wkh qrupdol}hg uhvlgxdov +vhh Yoddu dqg Sdop/ 4<<7,/ doo h{fhvv nxuwrvlv +e7, duh irxqg

wr eh vljql�fdqw dw wkh 8( ohyho zkloh wkhuh lv qr h{fhvv vnhzqhvv +e6,1 Qhyhuwkhohvv/ e7 wxuqv rxw wr eh pxfk

orzhu wkdq wkrvh rewdlqhg iru wkh qrupdo glvwulexwlrq/ zklfk frq�upv wkdw dffrxqwlqj iru d qrq xqlirup  rz ri

lqirupdwlrq uhgxfhv h{fhvv nxuwrvlv1 Wr whvw iru srvvleoh uhpdlqlqj DUFK h�hfwv/ zh xvh wkh udqn whvw sursrvhg

e| Zuljkw +4<<;, wkdw lw lv pruh srzhuixo wkdq dowhuqdwlyh whvwv zkhq wkh uhvlgxdov duh kljko| qrq qrupdo

+vrphwklqj zh vxvshfw khuh,14; Dffruglqj wr wklv vwdwlvwlf/ wkh wkuhh prghov fruuhfwo| dffrxqw iru wkh foxvwhu ri

yrodwlolw| skhqrphqd iru erwk glvwulexwlrqv1

Wklug/ frqfhuqlqj wkh frqvwdqfh ri wkh g sdudphwhu/ wkh qrupdo dqg wkh ehuqrxool0qrupdo glvwulexwlrqv ohdg

wr gl�huhqw uhvxowv1 Zkloh g kljko| ghfuhdvhv zkhq wkh vdpsolqj iuhtxhqf| ghfuhdvhv lq wkh qrupdo fdvh +iurp

3=75 wr 3=59,/ g wxuqv durxqg 3145 lq wkh odwhu fdvh14< Txlwh lqwhuhvwlqjo|/ zlwk wkh qrupdo glvwulexwlrq/ $ hyroyhv

lq wkh rssrvlwh zd| ri wkh g sdudphwhu +dqg lv dozd|v vljql�fdqw,1 Vlploduo|/ �5 lqfuhdvhv zkhq wkh vdpsolqj

iuhtxhqf| ghfuhdvhv lq wkh ehuqrxool0qrupdo fdvh +dqg lv dozd|v vljql�fdqw, exw $ lv qrw vljql�fdqw iru wkh �yh

iuhtxhqflhv153 Vr/ wkhuh lv d vwurqj uhodwlrq ehwzhhq wkh orqj0phpru| sdudphwhu dqg wkh yduldqfh ri wkh mxps

vl}h +�5, dqg qhjohfwlqj wkh suhvhqfh ri rxwolhuv pd| ohdg wr dq ryhuhvwlpdwlrq ri wkh orqj0phpru| ehkdylrxu1

7 Frqfoxvlrq

Dv srlqwhg rxw e| Dqghuvhq/ Eroohuvohy dqg Fdl +4<<<,/ �lw uhpdlqv dq rshq lvvxh wr lghqwli| wkh vshfl�f

hfrqrplf irufhv wkdw pd| jhqhudwh wkh orqj0uxq shuvlvwhqfh sdwwhuqv1 Dw dq devwudfw ohyho/ rqh srvvlelolw| lv wkdw

lw pd| dulvh iurp wkh lqwhudfwlrq ri d odujh qxpehu ri khwhurjhqrxv lqirupdwlrq duulydo surfhvvhv�1

Dffruglqj wr Dqghuvhq dqg Eroohuvohy54 +4<<:d/ 4<<;, dqg Dqghuvhq/ Eroohuvohy dqg Fdl +4<<<,/ wkh orqj0

4;Wkh qrqsdudphwulf udqn whvw lqwurgxfhg e| Zuljkw +4<<;, fdq eh xvhg dv d plvvshfl�fdwlrq whvw vxlwdeoh iru JDUFK dqg

ILJDUFK prghov1 Iru �{hg ,c wkh whvw vwdwlvwlfv 7E,� lv jlyhq e| 7E,� ' A
S

,

�'�
4Er�|c r�|3��

2 zkhuh 4E�c �� ghqrwhv wkh vdpsoh

dxwrfruuhodwlrq ixqfwlrq dqg r�| lv jlyhq e| r�| ' EoEe2
|
�3 An�

2
�*
t

EA3��EAn��
�2

zkhuh e| duh wkh vwdqgduglvhg +khuh/ qrupdol}hg,

uhvlgxdov dqg oEe|� lv wkh udqn ri e| dprqj e�c e2c���c eA 1 Xqghu wkh qxoo ri d fruuhfw vshfl�fdwlrq lq wkh frqglwlrqdo yduldqfh/ Zuljkw

+4<<;, sursrvhv wr xvh d �2E,� glvwulexwlrq +wkh whvw lv qrw shuihfwo| h{dfw,1 Uhvxowv duh rqo| uhsruwhg iru , ' � exw duh frqvlvwhqw

zlwk rwkhu ydoxhv ri , EDc �f dqg 2f iru lqvwdqfh�1
4<E| hvwlpdwlqj d Pdunry0Vzlwfklqj ILJDUFKE�c _c f�c Ehlqh dqg Odxuhqw +5333, �qg _ ' f�fb rq d orqjhu vdpsoh ri gdlo|

GP0XVG h{fkdqjh udwh uhwxuqv +zkloh wkh vwdqgdug ILJDUFKE�c _cf� ohdg wr d _ ' f�2.,1
53Fkxqj +4<<<, sursrvhv d gl�huhqw vshfl�fdwlrq ri wkh ILJDUFK prgho/ pruh lq olqh zlwk wkh DUILPD prgho1 Htxlydohqfh

ehwzhhq wkh wzr vshfl�fdwlrqv uhtxluhv wkdw / ' f� Rxu uhvxowv vxjjhvw wkdw wkh qrupdo glvwulexwlrq idlov wr dffhsw wklv uhvwulfwlrq1

Fkxqj +4<<<, lqwhusuhwv wklv srvlwlyhqhvv ri / +zkrvh wkhruhwlfdo ydoxh lv }hur, dv dq duwhidfw ri wkh vxemhfwlyh fkrlfhv ri wkh

wuxqfdwlrq rughu ri E� 3 u�_1 Krzhyhu/ wkh ehuqrxool0qrupdo glvwulexwlrq ohdgv wr d gl�huhqw frqfoxvlrq/ / ehlqj dozd|v qrq

vljql�fdqw1 E| wkh zd|/ zh dujxh wkdw �qglqj / : f pd| dovr eh gxh wr wkh fkrlfh ri wkh glvwulexwlrq dqg xvlqj d pruh dssursuldwh

glvwulexwlrq +wkdw wdnhv lqwr dffrxqw wkh suhvhqfh ri rxwolhuv, pd| ryhufrph wklv sureohp1
54Dqghuvhq dqg Eroohuvohy +4<<:d, ghyhorsshg d wkhruhwlfdo iudphzrun zklfk lv exlow rq wkh lghd wkdw wkh djjuhjdwh pdunhw
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phpru| fkdudfwhulvwlf dsshduv lqkhuhqw wr wkh uhwxuq vhulhv ehfdxvh wkh| pdqlihvw wkhpvhoyhv/ hyhq ryhu vkruwhu

wlph vsdqv1 Wkh| frqfoxghg wkdw wkh vrxufh ri iudfwlrqdo lqwhjudwlrq lq wkh yrodwlolw| lv uhodwhg wr wkh gdwd jhq0

hudwlqj surfhvv lwvhoi/ udwkhu wkdq wlhg wr lqiuhtxhqw vwuxfwxudo vkliwv dv vxjjhvwhg e| Odprxuhx{ dqg Odvwudshv

+4<<3,1 E| xvlqj sdudphwulf hvwlpdwlrqv/ zh dovr �qg hylghqfh ri orqj0phpru| lq wkh GP0XVG1 Krzhyhu/ diwhu

doorzlqj iru mxpsv lq wkh vhulhv +hvshfldoo| lq wkh yduldqfh,/ zh frqfoxgh lq idyrxu ri ohvv orqj0phpru| wkdq

Dqghuvhq/ Eroohuvohy +4<<:d, hyhq li zh uhlqirufh wkhlu dujxphqw wkdw orqj0phpru| lv dq lqwulqvlf surshuw| ri

wkh h{fkdqjh udwh uhwxuqv1

AIurp rxu uhvxowv/ zh fdq dujxh wkdw wkh yrodwlolw| ri wkh GP0XVG ghvfulehv wkh vdph orqj0phpru| eh0

kdylrxu dffurvv gl�huhqw vdpsolqj iuhtxhqflhv1 Krzhyhu/ dffrxqwlqj iru mxpsv lq wkh vhulhv +ru iru wkh suhvhqfh

ri rxwolhuv, kljko| uhgxfhv wklv orqj0phpru|/ zklfk uhpdlqv uhohydqw dw dq| vljql�fdqfh ohyhov1 Zkloh g udqjhv

iurp 3=59 wr 3=75 lq wkh qrupdo fdvh/ g udqjhv iurp 3=44 wr 3=47 lq wkh ehuqrxool0qrupdo rqh1 Wklv uhvxow lv lq

olqh zlwk wkh zrun ri Ehlqh dqg Odxuhqw +5333, zkr �qg d odujh ghfuhdvh ri wkh g sdudphwhu +exw vwloo vljql�0

fdqw, zkhq prgholqj gdlo| GP0XVG e| d Pdunry0Vzlwfklqj ILJDUFK wr dffrxqw iru wkh srvvleoh vwuxfwxudo

fkdqjh155

Uhihuhqfhv

^4` Dophlgd/ D1/ Jrrgkduw/ F1/ Sd|qh/ U1/ 4<<9/ Wkh h�hfwv ri pdfurhfrqrplf �qhzv� rq kljk iuhtxhqf|

h{fkdqjh udwh ehkdylrxu/ Ilqdqfldo Pdunhwv Jurxs/ Orqgrq Vfkrro ri Hfrqrplfv/ Rfwrehu1

^5` Dqghuvhq/ W1/ Eroohuvohy/ W1/ 4<<:d/ Khwhurjhqhrxv lqirupdwlrq duulydov dqg uhwxuq yrodwlolw| g|qdplfv=

xqfryhulqj wkh orqj0uxq lq kljk iuhtxhqf| uhwxuqv/ Wkh Mrxuqdo ri Ilqdqfh/ 85/ <:8043381

^6` Dqghuvhq/ W1/ Eroohuvohy/ W1/ 4<<:e/ Lqwudgd| shulrglflw| dqg yrodwlolw| shuvlvwhqfh lq �qdqfldo pdunhwv/

Mrxuqdo ri Hpslulfdo Ilqdqfh/ 7/ 448048;1

^7` Dqghuvhq/ W1/ Eroohuvohy/ W1/ 4<<;/ GP0Groodu yrodwlolw|= lqwudgd| dfwlylw| sdwwhuqv/ pdfurhfrqrplf dq0

qrxqfhphqwv/ dqg orqjhu uxq ghshqghqflhv/ Wkh Mrxuqdo ri Ilqdqfh/ 86 +4,1

^8` Dqghuvhq/ W1/ Eroohuvohy/ W1/ Fdl/ M1/ 4<<</ Lqwudgd| dqg Lqwhugd| Yrodwlolw| lq wkh Mdsdqhvh Vwrfn Pdunhw/

zrunlqj sdshu/ Ghsduwphqw ri Ilqdqfh/ Nhoorjj Judgxdwh Vfkrro ri Pdqdjhphqw/ Qruwkzhvwhuq Xqlyhuvlw|/

58:1

^9` Edloolh/ U1/ Eroohuvohy/ W1/ 4<<3/ Lqwud0gd| dqg lqwhu0pdunhw yrodwlolw| lq iruhljq h{fkdqjh udwhv/ Uhylhz ri

Hfrqrplf Vwxglhv/ 8;/ 89808;81

yrodwlolw| uhsuhvhqwv wkh pdqlihvwdwlrq ri qxphurxv khwhurjhqrxv lqirupdwlrq duulydo surfhvvhv +vrph zlwk vkruw0uxq yrodwlolw|

ghshqghqflhv dqg rwkhuv srvvhvvlqj pruh kljko| shuvlvwhqw sdwwhuqv,1 Zkhq wlph sdvvhv/ wkh vkruw0uxq surfhvvhv ghfd| vljql�fdqwo|

zkloh wkh pruh shuvlvwhqw surfhvvhv uhpdlq lq xhqwldo1
55Xqolnh wkh Ehuqrxool0Qrupdo glvwulexwlrq/ Pdunry0Vzlwfklqj prghov fdq eh ylhzhg dv wlph0ydu|lqj pl{wxuhv1 Wkh| duh pruh

 h{leoh exw dovr pruh frpsxwdwlrqdo| ghpdqglqj/ zklfk pdnh wkhuh xvh xqdwwudfwlyh zlwk odujh gdwdedvh +uhphpehu wkdw zh kdyh

pruh wkdq :8333 revhuydwlrqv iru �yh0plqxwh uhwxuqv,1
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^:` Edloolh/ U1/ Eroohuvohy/ W1/ Plnnhovhq/ K1/ 4<<9/ Iudfwlrqdoo| Lqwhjudwhg Jhqhudol}hg Dxwruhjuhvvlyh Frqgl0

wlrqqdo Khwhurvnhgdvwlflw|/ Mrxuqdo ri Hfrqrphwulfv/ :7/ 60631

^;` Ehdwwlh/ Q1/ Iloolrq/ M1I1/ 4<<</ Dq lqwudgd| dqdo|vlv ri wkh h�hfwlyhqhvv ri iruhljq h{fkdqjh lqwhuyhqwlrq/

zrunlqj sdshu/ <<07/ Edqn ri Fdqdgd/ Iheuxdu|1

^<` Ehlqh/ P1/ Odxuhqw/ V1/ 4<<</ Fhqwudo Edqn Lqwhuyhqwlrqv dqg Mxpsv lq Grxeoh Orqj Phpru| Prghov ri

Gdlo| H{fkdqjh Udwhv/ Pdqxvfulsw/ Xqlyhuvlw| ri Olëjh/ IHJVV1

^43` Ehlqh/ P1/ Odxuhqw/ V1/ 5333/ Vwuxfwxudo Fkdqjh dqg Orqj Phpru| lq Yrodwlolw|= Qhz Hylghqfh iurp Gdlo|

H{fkdqjh Udwhv/ Pdqxvfulsw/ Xqlyhuvlw| ri Olëjh/ IHJVV1

^44` Eroohuvohy/ W1/ 4<;9/ Jhqhudol}hg Dxwruhjuhvvlyh Frqglwlrqdo Khwhurvnhgdvwlflw|/ Mrxuqdo ri Hfrqrphwulfv/

64/ 63:065:1

^45` Eroohuvohy/ W1/ Grprzlw}/ L1/ 4<<6/ Wudglqj sdwwhuqv dqg sulfhv lq wkh lqwhuedqn iruhljq h{fkdqjh pdunhw/

Wkh Mrxuqdo ri Ilqdqfh/ 7; +7,1

^46` Eroohuvohy/ W1/ Hqjoh/ U1I1/ 4<<6/ Frpprq Shuvlvwhqfh lq Frqglwlrqdo Yduldqfhv/ Hfrqrphwulfd/ 94/ 49:04;91

^47` Eroohuvohy/ W1/ Zuljkw/ M1K1/ 4<<;/ Hvwlpdwlqj orqj0phpru| yrodwlolw| ghshqghqflhv= Wkh uroh ri kljk0

iuhtxhqf| gdwd/ zrunlqj sdshu/ Ghsduwphqwv ri Hfrqrplfv/ Gxnh Xqlyhuvlw|1

^48` Eroohuvohy/ W1/ Zuljkw/ M1K1/ 4<<</ Vhplsdudphwulf hvwlpdwlrq ri orqj phpru| yrodwlolw| ghshqghqflhv= wkh

uroh ri kljk iuhtxhqf| gdwd/ Iruwkfrplqj lq Mrxuqdo ri Hfrqrphwulfv1

^49` Fkdqj/ \1/ Wd|oru/ V1/ 4<<9/ Lqirupdwlrq duulydov dqg lqwudgd| h{fkdqjh udwh yrodwlolw|/ Ghsduwphqw ri

Dffrxqwlqj dqg Ilqdqfh/ Wkh Pdqdjhphqw Vfkrro/ Odqfdvwhu/ Rfwrehu1

^4:` Fkxqj/ F10I1/ 4<<</ Hvwlpdwlqj wkh Iudfwlrqqdo| Lqwhjudwhg JDUFK Prgho/ Qdwlrqdo Wdlzdq Xqlyhuvlw|

zrunlqj sdshu1

^4;` Gdfrurjqd/ P1/ Pÿoohu/ X1/ Qdjohu/ U1/ Slfwhw/ R1/ 4<<6/ D jhrjudsklfdo prgho iru wkh gdlo| dqg zhhno|

vhdvrqdo yrodwlolw| lq wkh iruhljq h{fkdqjh pdunhw/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 45/ 7460

76;1

^4<` GhJhqqdur/ U1/ Vkulhyhv/ U1/ 4<<8/ Sxeolf lqirupdwlrq uhohdvhv/ sulydwh lqirupdwlrq duulydo dqg yrodwlolw|

lq wkh iruhljq h{fkdqjh pdunhw/ Mrxuqdo ri Hpslulfdo Ilqdqfh/ 7/ 5<806481

^53` Glherog/ I1[1/ Lqrxh/ D1/ 4<<</ Orqj Phpru| dqg Vwuxfwxudo Fkdqjh/ Pdqxvfulsw/ Ghsduwphqw ri Ilqdqfh/

Vwhuq Vfkrro/ Q\X/ Pd| 4<<<1

^54` Glqj/ ]1/ Judqjhu/ F1/ Hqjoh/ U1I1/ 4<<6/ D Orqj Phpru| Surshuw| ri Vwrfn Pdunhw Uhwxuqv dqg d Qhz

Prgho/ Mrxuqdo ri Hpslulfdo Ilqdqfh/ 4/ ;604381
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^55` Hghulqjwrq/ O1/ Ohh/ M1/ 4<<6/ Krz pdunhwv surfhvv lqirupdwlrq= qhzv uhohdvhv dqg yrodwlolw|/ Wkh Mrxuqdo

ri Ilqdqfh/ 7; +7,/ Vhswhpehu1

^56` Hghulqjwrq/ O1/ Ohh/ M1/ 4<<8/ Wkh vkruw0uxq g|qdplfv ri wkh sulfh dgmxvwphqw wr qhz lqirupdwlrq/ Mrxuqdo

ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ 63 +4,/ 44:04671

^57` Hqjoh/ U1I1/ Eroohuvohy/ W1/ 4<;9/ Prgholqj wkh Shuvlvwhqfh ri Frqglwlrqdo Yduldqfhv/ Hfrqrphwulf Uhylhzv/

8/ 40831

^58` Hqjoh/ U1I1/ Vplwk/ D1G1/ 4<<</ Vwrfkdvwlf Shupdqhqw Euhdn/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ ;4/

iruwkfrplqj1

^59` Ihlqvwrqh/ O1/ 4<;:/ Plqxwh e| plqxwh= h!flhqf|/ qrupdolw| dqg udqgrpqhvv lq lqwud0gdlo| dvvhw sulfhv/

Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 5/ 4<605471

^5:` Jrrgkduw/ F1/ Iljolxrol/ O1/ 4<<4/ Hyhu| plqxwh frxqwv lq �qdqfldo pdunhwv/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh|

dqg Ilqdqfh/ 43/ 560851

^5;` Judqjhu/ F1Z1M1/ K|xqj/ Q1/ 4<<</ Rffdvlrqdo Vwuxfwxudo Euhdnv dqg Orqj Phpru|/ XFVG Glvfxvvlrq

Sdshu <<047/ Mxqh 4<<<1

^5<` Jxloodxph/ G1/ Gdfrurjqd/ P1/ Gdyì/ U1/ Pÿoohu/ X1/ Rovhq/ U1/ Slfwhw/ R1/ 4<<7/ Iurp wkh Elug*v h|h wr

wkh plfurvfrsh= d vxuyh| ri qhz vw|ol}hg idfwv ri wkh lqwudgdlo| iruhljq h{fkdqjh pdunhwv/ Lqwhuqdwlrqdo

Hfrqrplfv Uhvhdufk Sdshu/ 43:1

^63` Jxloodxph/ G1/ Slfwhw/ R1/ Gdfrurjqd/ P1/ 4<<8/ Rq wkh lqwudgdlo| shuirupdqfh ri JDUFK surfhvvhv/

zrunlqj sdshu/ Rovhq ) Dvvrfldwhv/ Dxjxvw1

^64` Kdplowrq/ M1G1/ 4<;</ D Qhz Dssurdfk wr wkh Hfrqrplf Dqdo|vlv ri Qrqvwdwlrqdu| Wlph Vhulhv dqg wkh

Exvlqhvv F|foh/ Hfrqrphwulfd/ 8:/ 68:06;71

^65` Kduyh|/ F1/ Kxdqj/ U1/ 4<<4/ Yrodwlolw| lq wkh fxuuhqf| ixwxuhv pdunhw/ Uhylhz ri Ilqdqfldo Vwxglhv/ 7 +6,/

876089<1

^66` Lwr/ W1/ Uroh|/ Y1/ 4<;:/ Qhzv iurp wkh X1V1 dqg Mdsdq= zklfk pryhv wkh \hq2Groodu h{fkdqjh udwhB/

Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 4</ 58805::1

^67` Mrulrq/ S1/ 4<;;/ Rq Mxps surfhvvhv lq wkh Iruhljq H{fkdqjh dqg Vwrfn Pdunhwv/ Wkh Uhylhz ri Ilqdqfldo

Vwxglhv/ 4/ 75:07781

^68` Odprxuhx{/ F1/ Odvwudshv/ Z1/ 4<<3/ Shuvlvwhqfh lq yduldqfh/ vwuxfwxudo fkdqjh dqg wkh JDUFK prgho/

Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ ;/ 55805671
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^69` Plnrvfk/ W1/ F1/ Vw
c

dulf
c

d/ 4<<</ Fkdqjh ri Vwuxfwxuh lq Ilqdqfldo Wlph vhulhv/ Orqj Udqjh Ghshqghqfh dqg

wkh Jdufk Prgho/ Pdqxvfulsw/ Ghsduwphqw ri Vwdwlvwlfv/ Xqlyhuvlw| ri Shqqv|oydqld1

^6:` Pÿoohu/ X1/ Gdfrurjqd/ P1/ Rovhq/ U1/ Slfwhw/ R1/ Vfkzdu}/ P1/ Prujhqhjj/ F1/ 4<<3/ Vwdwlvwlfdo vwxg| ri

iruhljq h{fkdqjh udwhv/ hpslulfdo hylghqfh ri d sulfh fkdqjh vfdolqj odz/ dqg lqwudgd| dqdo|vlv/ Mrxuqdo ri

Edqnlqj dqg Ilqdqfh/ 47/ 44;<0453;

^6;` Qhho|/ F1M1 +4<<<,/ Wdujhw }rqhv dqg frqglwlrqdo yrodwlolw|= wkh uroh ri uhdoljqphqwv/ Mrxuqdo ri Hpslulfdo

Ilqdqfh/ 9 +5,/ 4::04<51

^6<` Qhovrq/ G1E1/ Fdr/ F1T1/ 4<<5/ Lqhtxdolw| frqvwudlqwv lq wkh Xqlyduldwh JDUFKPrgho/ Mrxuqdo ri Exvlqhvv

dqg Hfrqrplf Vwdwlvwlfv/ 43/ 55<05681

^73` Sd|qh/ U1/ 4<<:/ Dqqrxqfhphqw h�hfwv dqg vhdvrqdolw| lq wkh lqwud0gd| iruhljq h{fkdqjh pdunhw/ Orqgrq

Vfkrro ri Hfrqrplfv zrunlqj sdshu/ Ilqdqfldo Pdunhwv Jurxs Glvfxvvlrq Sdshu 56;1

^74` Wd|oru/ V1/ [x/ [1/ 4<<:/ Wkh lqfuhphqwdo yrodwlolw| lqirupdwlrq lq rqh ploolrq iruhljq h{fkdqjh txrwdwlrqv/

Mrxuqdo ri Hpslulfdo Ilqdqfh/ 7/ 64:06731

^75` Yoddu/ S1M1J1/ Sdop/ I1F1/ 4<<6/ Wkh Phvvdjh lq Zhhno| H{fkdqjh Udwhv lq wkh Hxurshdq Prqhwdu|

V|vwhp= Phdq Uhyhuvlrq/ Frqglwlrqdo Khwhurvnhgdvwlflw| dqg Mxpsv/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf

Vwdwlvwlfv/ 44/ 6/ 68406931

^76` Zdvvhuidoohq/ Z1/ ]lpphupdqq/ K1/ 4<;8/ Wkh ehkdylru ri lqwudgdlo| h{fkdqjh udwhv/ Mrxuqdo ri Edqnlqj

dqg Ilqdqfh/ </ 880:51

^77` Zdvvhuidoohq/ Z1/ 4<;</ Ioh{leoh h{fkdqjh udwhv= d forvhu orrn/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 56/ 84408541

^78` Zuljkw/ M1K1/ 4<<;/ Udqn Whvwv lq Jdufk Prghov/ Plphr/ Qryhpehu1

^79` ]krx/ E1/ 4<<9/ Kljk iuhtxhqf| gdwd dqg yrodwlolw| lq iruhljq h{fkdqjh udwhv/ Mrxuqdo ri Exvlqhvv )

Hfrqrplf Vwdwlvwlfv/ 47 +4,/ 780851
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Dsshqgl{ 4= Gdwd frqvwuxfwlrq

Wkh h{fkdqjh udwh gdwd duh wlfn0e|0wlfn revhuydwlrqv rq wkh Jhupdq pdun sulfh ri wkh XV groodu +GP0XVG,

dv glvsod|hg rq wkh Uhxwhuv I[I[ vfuhhq iurp Rfwrehu 4/ 4<<5/ wkurxjk Vhswhpehu 63/ 4<<61 Wkhuh zhuh

47:5574 txrwdwlrqv lq wklv |hdu1 Hdfk txrwh frqwdlqv d elg dqg dq dvn sulfh dorqj zlwk wkh wlph wr wkh qhduhvw

hyhq vhfrqg1 Pruhryhu/ zh xwlol}h d gdlo| wlph vhulhv ri 68;9 vsrw GP0XVG h{fkdqjh udwhv iurp Mdqxdu| 6/

4<;3 wkurxjk Vhswhpehu 63/ 4<<61 Lq wklv sdshu/ rqo| wkh elg sulfhv duh xvhg ehfdxvh elg sulfh lv txrwhg lq lwv

hqwluhw| e| Uhxwhuv1 Dv qrwhg e| Gdfrurjqd hw do1 +4<<6, dqg ]krx +4<<9,/ rqo| wkh odvw wzr ru wkuhh gljlwv ri

wkh dvn sulfh duh txrwhg1 Qrwh wkdw wkh uhfruglqj hyhqwv m +iru zklfk wkh wlphv duh pdunhg e| wm, duh xqhtxdoo|

vsdfhg1 Dv zh duh lqyhvwljdwlqj wkh wlph vhulhv xvlqj htxdoo| vsdfhg wlph lqwhuydov/ zh kdyh wr �qg d pdsslqj

surfhgxuh wr �{hg wlph vwhsv/ zklfk duh ghqrwhg e| wl1 Rxu wlph vwhsv duh gh�qhg e| xvlqj wlph lqwhuydov ri

�w @ 8 plqxwhv ohqjkw156 Zh dssolhg d olqhdu lqwhusrodwlrq57 dv dq dssursuldwh phwkrg iru lqwhusrodwlqj wkh

sulfhv ehwzhhq wkh suhylrxv wm�4 dqg wkh qh{w wm gdwd uhfrug vxuurxqglqj wkh wlph vwhs wl zlwk wm�4 ? wl ? wm=

Lq jhqhudo/ d wudghu lv qrw lqwhuhvwhg lq wkh sulfh/ udwkhu wkh| duh lqwhuhvwhg lq wkh uhwxuq wkdw wkh| zloo jdlq

iurp wkdw lqyhvwphqw1 Vwdwlvwlfdoo| vshdnlqj orrnlqj dw wkh udz sulfhv lv qrw yhu| frqvwuxfwlyh/ dv wkh sulfhv

fdq eh kljko| fruuhodwhg dqg lq jhqhudo duh qrw vwdwlrqdu|1 Wkh qwk uhwxuq zlwklq gd| w/ Uw>q/ fdq eh gh�qhg

dv wkh fkdqjh lq wkh orjdulwkpv ri sulfhv= Uw>q @ 433 ^orj+Sw>q,� orj+Sw>q�4,` > w @ 4>5> ===> W / q @ 4>5> ===> Q=

Doo Q @ 5;; lqwhuydov gxulqj wkh 570krxu f|foh dqg W @ 594 zhhngd|v lq wkh vdpsoh duh xvhg1 Wr uhgxfh

wkh lq xhqfh ri wkh vorz0wudglqj sdwwhuq ryhu wkh zhhnhqg/ zh iroorz wkh dgmxvwphqw surfhvv ri Dqghuvhq dqg

Eroohuvohy +4<<9, e| h{foxglqj uhwxuqv iurp Iulgd| 54=33 JPW wkurxjk Vxqgd| 54=33 JPW1 Wkhuh duh :849:

uhwxuqv58 iru �yh0plqxwh lqwhuydov diwhu wkh dgmxvwphqw iru wkh zhhnhqg shulrgv1

Dsshqgl{ 5= Gdwd wudqvirupdwlrq

Frqvlghu wkh iroorzlqj h{wuhph fdvh1

Ohw Uw>q eh 45 krxuv gdwd +n @ 4,1 Wkh wzr �uvw uhwxuqv duh U4>4 dqg U4>5 zkloh wkh fruuhvsrqglqj �owhuv

duh ev4>4 dqg ev4>5= Iroorzlqj Dqghuvhq dqg Eroohuvohy +4<<:e,/ wkh �uvw �owhuhg 57 krxuv +4 gd|/ n @ 5, uhwxuq lv=

hU
+5,
4>4 @

U4>4

ev4>4

.
U4>5

ev4>5

@

U4>4ev4>5 .U4>5ev4>4

ev4>4ev4>5

Uhfdoolqj wkdw li zh rqo| lqfoxgh lq wkh III yduldeohv wkdw duh uhodwhg wr d rqh gd| krul}rq +h{foxglqj iru

lqvwdqfh gdlo| h�hfwv,/ 4

Q

S
Q

l@4 evl>w @ 4/ zklfk phdqv wkdw hU
+5,
4>4 vkrxog eh htxdo wr U

+5,
4>4= Krzhyhu/ iroorzlqj

Dqghuvhq dqg Eroohuvohy +4<<:e,=

56Sdshuv e| Lwr dqg Uroh| +4<;:, dqg Hghulqjwrq dqg Ohh +4<<6, vxjjhvw wkdw vdpsolqj iuhtxhqflhv dv vkruw dv rqh krxu pd|

eh wrr orqj wr dvvhvv wkh lpsdfw ri pdfurhfrqrplf dqqrxqfhphqw rq yrodwlolw| dffxudwho|1 Vr/ zh frpsxwh sdfhv dw �yh0plqxwh

lqwhuydov ehfdxvh zh vwxg| dqqrxqfhphqwv1
57 Lw lv dq lqwhusrodwlrq ehwzhhq wkh suhfhglqj dqg lpphgldwho| iroorzlqj txrwhv zhljkwhg olqhduo| e| wkhlu lqyhuvh uhodwlyh glvwdqfh

wr wkh ghvluhg srlqw lq wlph1
58Wr suhvhuyh wkh qxpehu ri uhwxuqv dvvrfldwhg zlwk rqh zhhn zh pdnh qr fruuhfwlrqv iru dq| zruogzlgh ru frxqwu| vshfl�f

krolgd|v wkdw rffxuuhg gxulqj wkh vdpsoh shulrg1
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hU
+5,
4>4 @

U4>4ev4>5 .U4>5ev4>4

ev4>4ev4>5

9@ U4>4 .U4>5=

Iljxuhv=

Iljxuh 4= Ilyh gd|v fruuhorjudp ri �yh0plqxwh devroxwh uhwxuqv1

Qrwh= Wkh �jxuh sorwv wkh odj 8 wkurxjk 4773 vdpsoh dxwrfruuhodwlrq iru wkh �yh0plqxwh devroxwh uhwxuqv

rq wkh GP0XVG iurp Rfwrehu 4/ 4<<5 wkurxjk Vhswhpehu 63/ 4<<61 Wkh <8( Eduwohww frq�ghqfh edqgv iru

qr vhuldo ghshqghqfh duh dovr uhsruwhg lq wkh �jxuh1

Iljxuh 5= Iliw| gd|v fruuhorjudp ri �owhuhg +lqwudgd| shulrglf frpsrqhqwv dqg dqqrxqfhphqw h�hfwv,

�yh0plqxwh devroxwh uhwxuqv
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Qrwh= Wkh �jxuh sorwv wkh odj 8 wkurxjk 47733 vdpsoh dxwrfruuhodwlrq iru wkh �owhuhg �yh0plqxwh devroxwh

uhwxuqv rq wkh GP0XVG iurp Rfwrehu 4/ 4<<5 wkurxjk Vhswhpehu 63/ 4<<61 Wkh <8( Eduwohww frq�ghqfh

edqgv iru qr vhuldo ghshqghqfh duh dovr uhsruwhg lq wkh �jxuh1 Zh gh�qh wkh �owhuhg �yh0plqxwh uhwxuq vhulhv

dv �Uw>q � Uw>q@evw>q zkhuh evw>q lv wkh hvwlpdwru ri wkh lqwudgd| shulrglf frpsrqhqw iru lqwhuydo q rq gd| w=

Zh xvh d Ioh{leoh Irxulhu irup wr suh0�owhu wkh gdwd iru vhdvrqdolw|1

Iljxuh 6= Iliw| gd|v fruuhorjudp ri wkh iudfwlrqqdoo| gl�huhqfhg �owhuhg �yh0plqxwh devroxwh uhwxuqv +g @ 3=37,

Qrwh= Wkh �jxuh judskv wkh odj 8 wkurxjk 47733 vdpsoh dxwrfruuhodwlrq iru wkh iudfwlrqqdoo| gl�huhqfhg

�owhuhg �yh0plqxwh devroxwh uhwxuqv/ +40O,3=7

�
�
� �Uw>q

�
�
� zkhuh w@4/5/111/594/ q@4/5/111/5;;1 Wkh <8( Eduwohww

frq�ghqfh edqgv iru qr vhuldo ghshqghqfh duh dovr uhsruwhg lq wkh �jxuh1

Iljxuh 7= Lqwudgd| dyhudjh devroxwh uhwxuqv iru wkh GP0XVG

Qrwh= Wkh �jxuh judskv wkh dyhudjh devroxwh �yh0plqxwh uhwxuq iru hdfk �yh0plqxwh lqwhuydo/ vwduwlqj

zlwk wkh lqwhuydo 3=3303=38 JPW dqg hqglqj dw 56=8803=33 JPW1 Wkh uhwxuqv duh fdofxodwhg iurp d olqhdu

lqwhusrodwlrq +iru pruh ghwdlov/ vhh dsshqgl{ 4, ryhu wkh Rfwrehu 4/ 4<<5 wr Vhswhpehu 63/ 4<<6 vdpsoh
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shulrg1 Txrwhv iurp Iulgd| 54=33 JPW wkurxjk Vxqgd| 54=33 JPW duh h{foxghg/ uhvxowlqj lq d wrwdo ri

:849: uhwxuq revhuydwlrqv1 Doo 594 zhhngd|v duh hpsor|hg lq fdofxodwlqj wkh dyhudjhv1

Iljxuh 8= Dyhudjh Ioh{leoh Irxulhu ixqfwlrqdo irup ri lqwudgd| �yh0plqxwh uhwxuqv iru wkh GP0XVG
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