
Vwdwh Ghshqghqw Mxps Prghov=

Krz gr XV Htxlw| Lqglfhv MxpsB

Plfkdho Mrkdqqhv dqg Urklw Nxpdu4

Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Fklfdjr

Qlfkrodv J1 Srovrq

JVE/ Xqlyhuvlw| ri Fklfdjr

Iluvw gudiw= Vhswhpehu 54/ 4<<;

Wklv gudiw= Qryhpehu 43/ 4<<<

Vxppdu|

Wklv sdshu lqwurgxfhv d fodvv ri vwdwh ghshqghqw mxps +VGM, prghov lq zklfk

wkh duulydo lqwhqvlw| dqg mxps vl}hv ghshqg rq d jlyhq vhw ri vwdwh yduldeohv/

lqfoxglqj odjjhg mxpsv1 Zlwk wklv prgho/ zh lqyhvwljdwh wkh vwuxfwxuh ri mxpsv

wr X1V1 htxlw| lqglfhv/ frqfhqwudwlqj rq wkh suhglfwdelolw| ri mxps wlphv dqg

vl}hv1 Hylghqfh iru vwurqj suhglfwdelolw| ri mxpsv wlphv lv irxqg iru doo ri wkh

lqglfhv frqvlghuhg= Vwdqgdug dqg Srru*v 833 dqg Plg0Fds/ wkh Uxvvhoo 4333/

5333 dqg 6333 lqglfhv/ wkh Zlovkluh 8333 dqg wkh Qdvgdt 433 +QG[,1 Jlyhq

wkh hylghqfh iru suhglfwdelolw|/ zh vkrz krz ulvn pdqdjhphqw ghflvlrqv duh

d�hfwhg e| vwdwh ghshqghqw mxps vwuxfwxuhv1 Xvlqj lqihuuhg mxps wlphv dqg

vl}hv/ zh dovr ghwdlo wkh vkruwfrplqjv ri srsxodu mxps prghov dqg ghprqvwudwh

krz mxps prghov �w ydulrxv hyhqwv vxfk dv wkh Fudvk ri 4<;:1 Xvlqj lpsolhg

yrodwlolw| gdwd/ zh lqyhvwljdwh wkh delolw| ri lpsolhg yrodwlolw| wr suhglfw erwk

mxps wlphv dqg vl}hv dqg �qg vwurqj hylghqfh wkdw lpsolhg yrodwlolw| fdq suhglfw

erwk mxps wlphv dqg vl}hv1

4Zh wkdqn Oduv Kdqvhq dqg Emruq Hudnhu iru wkhlu frpphqwv dqg vhplqdu sduwlflsdqwv dw Gxnh

Xqlyhuvlw|/ Xqlyhuvlw| ri Fklfdjr dqg sduwlflsdqwv dw wkh 4<<< Qruwk Dphuwlfdq Vxpphu Phhwlqjv

ri wkh Hfrqrphwulf Vrflhw| dqg 4<<< Vxpphu Phhwlqjv ri wkh DVD1 Dgguhvv fruuhvsrqghqfh wr

Plfkdho Mrkdqqhv/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Fklfdjr/ 4459 Hdvw 8<wk/ Fklfdjr/ LO

9396: ru yld hpdlo dw pvmrkdqqCplgzd|1xfklfdjr1hgx1 Wkh sdshu lv dovr dydlodeoh dw kwws=22vwxghqw0

zzz1xfklfdjr1hgx2xvhuv2pvmrkdqq21 Doo uhpdlqlqj huuruv duh rxuv1
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4 Lqwurgxfwlrq

Odujh/ vxgghq pryhphqwv rffxu shulrglfdoo| lq qhduo| doo �qdqfldo pdunhwv1 Zkhwkhu

uhihuuhg wr dv fudvkhv/ ghydoxdwlrqv/ fruuhfwlrqv/ ghidxowv ru mxpsv/ wkh| kdyh vxevwdqwldo

lpsolfdwlrqv/ hvshfldoo| iru ulvn pdqdjhuv dqg sduwlflsdqwv lq ghulydwlyh pdunhwv vlqfh wkhvh

pryhphqwv lqgxfh pdujlq fdoov/ rswlrq h{huflvh dqg vrphwlphv ghidxow e| frxqwhu0sduwlhv1

Uhfhqw h{dpsohv ri wkhvh pryhphqwv ryhu wkh odvw ihz |hduv lq htxlw|/ fxuuhqf| dqg �{hg

lqfrph pdunhwv lqfoxgh X1V1 htxlw| pdunhwv +Rfwrehu 4<;: dqg 4<<:,/ wkh Ph{lfdq Shvr

+4<<7,/ wkh Wkdl Ekdw +4<<:,/ wkh Pdod|vldq Ulqjjlw +4<<:,/ Uxvvldq JNR*v +4<<;, dqg

wkh Eud}loldq Uhdo +4<<<,1

Dqhfgrwdo hylghqfh vxjjhvwv wkdw wkhvh mxpsv whqg wr shuvlvw/ dw ohdvw lq htxlw| pdunhwv1

Wzr h{dpsohv grfxphqw wklv1 Gxulqj wkh fudvk ri Rfwrehu 4<;: wkh V)S 833 fdvk lqgh{ ihoo

8( rq Iulgd| +Rfw 49wk,/ ihoo 53( rq Prqgd| +Rfw 4<, dqg urvh 8( rq Wxhvgd| +Rfw153,1

Lq wkh plql0fudvk ri Rfwrehu 4<<:/ wkh QG[ +Qdvgdt 433, ihoo pruh wkdq :( rq Rfw 5:wk/

rqo| wr ulvh doprvw :( wkh iroorzlqj gd|/ zlwk olwwoh glvfhuqleoh lqfuhdvh lq yrodwlolw| ehiruh

ru diwhu1 Dv qrwhg lq Vfkzhuw +4<<3, lq klv vwxg| ri gdlo| htxlw| lqgh{ uhwxuqv ryhu wkh odvw

533 |hduv/ �wkhuh duh pdq| uhyhuvdov/ zkhq odujh gursv lq vwrfn sulfhv kdyh ehhq iroorzhg

e| odujh lqfuhdvhv lq vwrfn sulfhv� +s1 :<,1 Wklv shuvlvwhqfh lq wkh vljq dqg pdjqlwxgh lv

lq wkh rssrvlwh gluhfwlrq ri wkh �xvxdo� srvlwlyh dxwrfruuhodwlrq lq gdlo| uhwxuqv uhsruwhg

lq/ iru h{dpsoh/ Fdpsehoo/ Or dqg PdfNlqod| +4<<:, dqg Vfkzhuw +4<<3,1 Ixuwkhupruh/

wklv w|sh ri pryhphqw fdqqrw eh dffrpprgdwhg lq vwdqgdug prghov zlwk wlph ydu|lqj

yrodwlolw| dv wkh vkrfnv lq wkhvh prghov duh l1l1g1 dqg phdq }hur1

Dowkrxjk mxpsv kdyh ehhq lqfrusrudwhg lqwr prvw wkhruhwlfdo �hogv ri �qdqfh5/ vxusulv0

lqjo| olwwoh uhvhdufk kdv ehhq gluhfwhg wrzdug wkh hpslulfdo frqwhqw ri prghov zlwk mxpsv1

Wklv ohdyhv xqdqvzhuhg d qxpehu ri lpsruwdqw �qdqfldo txhvwlrqv= Duh mxps wlphv dqg

vl}hv suhglfwdeohB Li vr/ zkdw yduldeohv khos wr suhglfw wkhpB Gr mxpsv iroorz mxpsvB

Gr srvlwlyh mxpsv iroorz qhjdwlyh mxpsvB Krz gr mxpsv d�hfw wkh glvwulexwlrq ri gdlo|

uhwxuqvB Zkdw sursruwlrq ri yrodwlolw| frphv iurp mxpsvB

Wkh vwuxfwxuh ri mxpsv lv lpsruwdqw iru d qxpehu ri �qdqfldo dssolfdwlrqv lqfoxglqj

ulvn dqg sruwirolr pdqdjphqw dqg ghulydwlyhv sulflqj dqg khgjlqj1 Mxpsv/ li suhvhqw/ zloo

ghwhuplqh wkh wdlo ehkdylru ri uhwxuqv/ dqg wkxv fduhixo prgholqj ri mxpsv lv uhtxluhg wr

5H{dpsohv derxqg lq ydulrxv �hogv ri �qdqfh1 Iru h{dpsoh/ lq rswlrq sulflqj/ vhh Phuwrq +4<:9d/e,/

Edwhv +4<<9,/ Ednvkl/ Fdr dqg Fkhq +4<<:, dqg Gx!h/ Sdq dqg Vlqjohwrq +4<<;,/ lq �{hg lqfrph vhh

Gx!h dqg Ndq +4<<8,/ Emrun/ Ndedqry dqg Uxqjdoglhu +4<<:,,/ Gdv +4<<;,/ lq sruwirolr vhohfwlrq vhh

Phuwrq +4<:5,/ Edugkdq dqg Fkdr +4<<9,/ Ddvh +4<;7/ 4<;9, dqg Mhdqeodqf0Sltxh dqg Srqwlhu +4<<3,/

lq ulvn pdqdjhphqw vhh Gx!h dqg Sdq +4<<9/ 4<<;,/ ]dqjdul +4<<9/4<<;, dqg Yhqndwdudpdq +4<<:, dqg

lq jhqhudo htxloleulxp dvvhw sulflqj vhh Ddvh +4<<6,/ Qdln dqg Ohh +4<<3, dqg Edugkdq dqg Fkdr +4<<9,1

Ddvh +4<<6, r�huv d vlpsoh prgho zlwk mxpsv dv dq h{sodqdwlrq ri wkh htxlw| suhplxp sx}}oh1
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dffxudwh prgho wkh frqglwlrqdo glvwulexwlrq ri uhwxuqv1 Mxpsv duh hvshfldoo| lpsruwdqw

iru ulvn pdqdjhphqw surfhgxuhv vxfk dv Ydoxh0dw0Ulvn +YdU, zklfk lghqwli| wkh pd{lpxp

pryhphqw lq dvvhw sulfhv iru d jlyhq fryhudjh suredelolw|1 Lurqlfdoo|/ prvw prgho xvhg

wr frpsxwh YdU h{solflwo| uxoh rxw mxpsv/ dqg wkxv gr qrw frqwdlq wkh yhu| ihdwxuhv ri

wkh gdwd wkh| duh phdqw wr jxdug djdlqvw1 Dv qrwhg e| Ihghudo Uhvhuyh Fkdlupdq Dodq

Juhhqvsdq +�Zrun wkdw fkdudfwhul}hv wkh vwdwlvwlfdo glvwulexwlrq ri h{wuhph hyhqwv zrxog

eh xvhixo� +uhihuhqfhg lq Hpeuhfkwv hw do +4<<;,,,/ ghyhorslqj dqg dqdo|}lqj prghov wkdw

h{solflwo| dffrxqw iru wkhvh pryhphqwv lv lpsruwdqw1

H{lvwlqj vwdwh0lqghshqghqw mxps prghov suhfoxgh wkh ghshqghqflhv phqwlrqhg deryh

w|slfdoo| dvvxplqj mxps wlphv dqg vl}hv duh l1l1g161 Lq rughu wr dgguhvv wkh lvvxhv ri suh0

glfwdelolw| dqg vwdwh0ghshqghqfh/ zh lqwurgxfh d qhz iudphzrun iru prgholqj �qdqfldo

vwdwh yduldeohv vxemhfw wr shulrglf mxps pryhphqwv1 Wkh vwdwh ghshqghqw mxps +VGM,

prgho srvlwv mxpsv dv vwdwh ghshqghqw yduldeohv= wkh suredelolw| ri d mxps duulylqj dqg

wkh vl}h ri d mxps ghshqg rq jlyhq vwdwh yduldeohv/ zklfk frxog lqfoxgh suhylrxv mxpsv1

Wkh prgho surgxfhv d pruh  h{leoh prgho fdsdeoh ri fdswxulqj odujh sulfh pryhphqwv

zkloh qhvwlqj pdq| ri wkh srsxodu hpslulfdo prghov1

Phwkrgrorjlfdoo|/ zh surylgh dq frpsxwdwlrqdoo| h!flhqw phwkrg iru shuiruplqj vwd0

wlvwlfdo lqihuhqfh rq wkh VGM prgho1 H{lvwlqj phwkrgv iru lqihuhqfh lq prghov zlwk mxpsv

irfxv h{foxvlyho| rq sdudphwhu hvwlpdwlrq dqg gr qrw dwwhpsw wr hvwlpdwh wkh odwhqw mxps

wlphv ru vl}hv/ zklfk surylgh ydoxdeoh prgho gldjqrvwlfv dv zhoo dv lqirupdwlrq rq krz wkh

prgho �wv ydulrxv hyhqwv/ vxfk dv wkh Fudvk ri 4<;:1 Xvlqj Pdunry Fkdlq Prqwh Fduor

+PFPF, phwkrgv/ zh surylgh dq lqwhjudwhg dssurdfk wr hvwlpdwlrq dqg lqihuhqfh/ wkdw

vlpxowdqhrxvo| hvwlpdwhv sdudphwhuv dqg wkh odwhqw mxps wlphv dqg vl}hv iurp wkh revhuyhg

gdwd1 Ixuwkhupruh/ odwhqw yduldeoh hvwlpdwlrq lv shuiruphg dffrxqwlqj iru sdudphwhu xqfhu0

wdlqw|1 Wklv doorzv xv wr dqdo|}h wkh klvwrulfdo vwuxfwxuh ri mxpsv dqg surylghv dgglwlrqdo

lqvljkw lqwr lvvxhv uhjduglqj wkh vl}hv ri qhljkerulqj mxpsv dqg wkh suredelolwlhv wkdw mxpsv

rffxuuhg1

Hpslulfdoo|/ zh dqdo|}h wkh vwuxfwxuh ri mxpsv lq X1V1 htxlw| lqglfhv xvlqj wkh VGM

prgho iru wkh iroorzlqj lqglfhv= V)S 833 dqg Plg0Fds/ Uxvvhoo 4333/ 5333 dqg 6333/ wkh

Zlovkluh 8333 dqg wkh QG[1 Xvlqj hvwlpdwhg mxps wlphv dqg vl}hv/ zh �uvw grfxphqw

wkdw vwdqgdug vwdwh0lqghshghqw prghov ri uhwxuqv vxfk dv Phuwrq*v +4<:9d, mxps0gl�xvlrq

prgho fdqqrw fdswxuh wkh suhvlvwhqfh lq wkh gdwd1 Mxps wlphv duh foxvwhuhg/ lq frqwudvw

wr wkh l1l1g1 vshfl�fdwlrq dqg mxps vl}hv vhhp wr h{klelw whpsrudo ghshqghqfh zlwk odujh

qhjdwlyh mxpsv riwhq suhfhglqj odujh srvlwlyh mxpsv1 Wr h{sodlq wkhvh �qglqjv/ zh wxuq

wr wkh VGM prgho dqg irfxv rq wkh suhglfwdelolw| ri mxps wlphv dqg vl}hv iru hdfk ri wkh

6Ednvkl dqg Pdgdq +4<<<, vshfli| d gl�huhqw fodvv ri mxps prghov/ dowkrxjk wkh prghov duh vwloo

lqghshqghqw wkurxjk wlph/ xqdeoh wr dffrxqw iru wkh zhoo0grfxphqwhg shuvlvwhqfh lq uhwxuq gdwd1
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lqglfhv dqg wkh vwuxfwxuh ri wkh mxps surfhvvhv dfurvv gl�huhqw lqglfhv1 Zh �qg vwurqj

hylghqfh iru suhglfwdelolw| dqg vwdwh ghshqghqfh lq wkh mxps duulydov dqg vrph hylghqfh

iru suhglfwdelolw| ri mxps vl}hv1 Xvlqj vwdqgdug ydoxh0dw0ulvn fdofxodwlrqv/ zh ghprqvwudwh

wkh h�hfw ri vwdwh0ghshqghqflhv rq YdU1

Ilqdoo|/ zh xvh wkh prgho wr wdnh d qhz orrn dw wkh lqirupdwlrq frqwdlqhg lq lpsolhg

yrodwlolw|1 Xvlqj d jhqhudo phdvxuh ri lpsolhg yrodwlolw|/ wkh YL[ lqgh{/ zh dqdo|}h lwv

delolw| wr suhglfw wkh duulydov dqg vl}hv ri mxpsv1 Suhylrxv uhvhdufk rq lpsolhg yrodwlolw|

irfxvhv rq suhglfwdeoh frpsrqhqwv ri lpsolhg yrodwlolw| lwvhoi/ wkh delolw| ri lpsolhg yrodwlolw|

wr suhglfw ixwxuh yrodwlolw| dqg wkh delolw| ri lpsolhg yrodwlolw| wr suhglfw vrph phdvxuh ri

yrodwlolw|/ vxfk dv JDUFK71 Hylghqfh iru wkh delolw| ri lpsolhg yrodwlolw| lq wkhvh vhwwlqjv wr

h{sodlq uhdol}hg yrodwlolw| ru JDUFK yrodwlolw| lv dw ehvw pl{hg1 Zh �qg h{wuhpho| vwurqj

hylghqfh wkdw wkh YL[ lqgh{ fdq suhglfw erwk mxps duulydov dqg vl}hv/ zlwk lpsruwdqw

lpsolfdwlrqv iru rswlrq pdunhw sduwlflsdqwv dqg ulvn pdqdjhphqw surfhgxuhv1

Wkh uhvw ri wkh sdshu lv dv iroorzv1 Vhfwlrq 5 lqwurgxfhv wkh jhqhudo irup ri rxu vwdwh

ghshqghqw mxps prgho dqg uhodwhv lw wr lw wr wkh frqwlqxrxv wlph mxps gl�xvlrq prgho1

Vhfwlrq 6 ghvfulehv rxu jhqhudo klhudufklfdo iudphzrun iru lqihuhqfh xvlqj Phuwrq*v +4<:9d,

prgho dv dq h{dpsoh1 Vhfwlrq 7 lqwurgxfhv wkh vshfl�f vwdwh ghshqghqw prgho zh lpsohphqw

dqg ghulyhv dq dojrulwkp iru hvwlpdwlrq dqg lqihuhqfh1 Vhfwlrq 8 jlyhv vlpxodwlrq uhvxowv

mxvwli|lqj rxu delolw| wr h{wudfw mxps wlphv dqg vl}hv dqg jlyhv wkh qxphulfdo uhvxowv ri

hvwlpdwlrq dqg mxps wlphv dqg vl}h h{wudfwlrq1 Vhfwlrq 9 kdv frqfoxvlrqv dqg glvfxvvhv

srvvleoh h{whqvlrqv1

5 Vwdwh Ghshqghqw Mxps Prghov

Wkh prwlydwlrq iru wkh prgho zh frqvlghu lv yhu| vlpsoh dqg lv ghprqvwudwhg lq Iljxuh

4 zklfk glvsod|v wkh Qdvgdt 433 gxulqj 4<<:1 Wkh pdlq ihdwxuh lq Iljxuh 4 lv wkh odujh

ghfuhdvh +Rfw 5:|�c 0:1:(, iroorzhg e| d odujh lqfuhdvh/ doprvw :(/ wkh iroorzlqj gd|1 Wkhuh

duh wzr qrwdeoh ihdwxuhv ri wklv hyhqw1 Iluvw/ lw lv gl!fxow wr dwwulexwh wklv pryh wr wkh

vwdqgdug wlph ydu|lqj yrodwlolw| prghov/ vxfk dv DUFK/ JDUFK ru Vwrfkdvwlf Yrodwlolw|/

ehfdxvh wkhuh lv olwwoh hylghqfh ri lqfuhdvhg yrodwlolw| sulru wr odujhu pryhphqwv1 Lq wkh

suhfhglqj prqwk/ wkh QG[ 433 wudghg lq d uhodwlyho| wljkw edqg ri 	2I/ jlylqj olwwoh

lqglfdwlrq ri dq lqfuhdvh lq yrodwlolw|1 Lq idfw wkh yrodwlolw| ri uhwxuqv ryhu prqwk sulru

zdv dw wkh klvwrulfdo dyhudjh1 Xvlqj wkh suhylrxv prqwkv gdwd wr hvwlpdwh yrodwlolw|/ erwk

pryhphqwv h{fhhghg vl{ vwdqgdug ghyldwlrqv/ h{wuhpho| xqolnho|/ hvshfldoo| rq qhljkerulqj

gd|v1

7Vhh iru h{dpsoh/ Kduyh| dqg Zkdoh| +4<<5,/ Gd| dqg Ohzlv +4<<5,/ Fdqlqd dqg Iljohzvnl +4<<6, dqg

Odprxuhrx{ dqg Odvwudshv +4<<6,1
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Iljxuh 4= Qdvgdt 433 frqwlqxrxvo| frpsrxqghg uhwxuqv gxulqj 4<<:1

Vhfrqg/ diwhu wkh :( ghfolqh rq Rfw 5:|�/ wkh orvv zdv doprvw uhfrxshg wkh iroorzlqj gd|1

Wklv lpsolhv wkdw d mxps rq rqh gd| pd| lqfuhdvh wkh suredelolw| ri d mxps wkh iroorzlqj

gd| dqg wkh d odujh qhjdwlyh pryhphqw zloo eh iroorzhg e| d odujh srvlwlyh pryhphqw wkh

iroorzlqj gd|1 Erwk ri wkhvh ihdwxuhv duh qrw zhoo fdswxuhg e| vwdqgdug prghov ri pdunhw

yrodwlolw| vxfk dv JDUFK ru Vwrfkdvwlf yrodwlolw|/ dv wkh ohyhov ri wkh vkrfnv duh qrw uhodwhg

wkurxjk wlph1

514 Wkh Jhqhudo Prgho

Wr fdswxuh wkhvh h�hfwv/ wkh vwdwh ghshqghqw mxps +VGM, prgho vshfl�hv wkdw wkh vwdwh

yduldeoh/ f|c hyroyhv dffruglqj wr

f|n� ' f| n >| n j|0|n� n S|n�a|n� +4,

zkhuh f| frxog eh wkh ohyho ru orjdulwkp ri lqgh{ ohyho1ru uhwxuqv1 Wklv glvwulexwlrqdo

dvvxpswlrqv duh wkdw 0| � Q Efc ��/ S|n� ' SEf|c 1|n�cX�/ 1|n� � � lv wkh mxps vl}h dqg

a|n� 5 ifc �j lqglfdwhv wkh duulydo ri d mxps1 X jhqhulfdoo| uhihuv wr dq| xqnqrzq sdudp0

hwhuv ri wkh prgho1 Wkh jhqhudo VGM prgho kdv wkuhh idfwruv= wkh qrupdoo| glvwulexwhg

huuru whup/ wkh mxps wlphv dqg mxps vl}hv +lpsdfwv, dqg iroorzlqj wkh frqwlqxrxv wlph

olwhudwxuh zh uhihu wr >c j dqg S dv wkh guliw/ gl�xvlrq dqg mxps lpsdfw ixqfwlrqv +doo

srwhqwldoo| wlph0ydu|lqj,1 Wkurxjk mxglflrxv fkrlfh ri wkh wlph ydu|lqj frqglwlrqdo phdq
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dqg yrodwlolw|/ wklv prgho qhvwv pdq| ri wkh srsxodu wlph vhulhv prghov xvhg lq hpslulfdo

�qdqfh/ iru h{dpsoh/ DUFK/ JDUFK dqg vwrfkdvwlf yrodwlolw| prghov1

Wkh udwh ri duulydov lv frqwuroohg e| wkh lqwhqvlw| ixqfwlrq/ zklfk zh vshfli| dv

�oJK da|n� ' �mf|c a|cXo ' xEqf n q�a| n q2f|�

zkhuh x lv wkh vwdqgdug qrupdo fxpxodwlyh glvwulexwlrq ixqfwlrq1 Zh fkrrvh wklv vshfl�0

fdwlrq iru wzr uhdvrqv1 Iluvw/ wkh fxpxodwlyh qrupdo FGI vshfl�fdwlrq �wv qlfho| lqwr rxu

hvwlpdwlrq1 Vhfrqg/ wkh vshfl�fdwlrq uhwdlqv wkh dwwudfwlyh lqwxlwlrq ri d Surelw prgho lq

zklfk mxpsv wlphv duh h{sodlqhg wkurxjk wkh �uhjuhvvruv� lq wkh FGI1 Lq wklv uhjdug/ wkh

prgho surylghv iru d yhklfoh wr lghqwli| dq| yduldeohv d�hfwlqj wkh suredelolw| ri d mxps1

Zkhq d mxps duulyhv/ lwv lpsdfw rq wkh vwdwh yduldeoh lv S|n� ' SEf|c 1|n��1 Wklv lpsdfw

lv lq xhqfhg lq wzr pdmru zd|v +ljqrulqj sdudphwhul}dwlrq ri wkh ixqfwlrq,1 Iluvw/ li wkhuh

lv d v|vwhpdwlf uhodwlrqvkls ehwzhhq mxps lpsdfw dqg vwdwh yduldeohv/ wkh lpsdfw ri wkh

mxpsv fdq/ lq sduw/ eh h{sodlqhg e| wkh vwdwh yduldeohv1 Lq d ghjhqhudwh fdvh lq zklfk

wkh udqgrp mxps vl}h/ 1|n� lv frqvwdqw/ wkh vl}hv ri wkh mxpsv duh shuihfwo| h{sodlqhg e|

wkh vwdwh yduldeohv1 Djdlq wkh dgglwlrq ri h{rjhqrxv yduldeohv lv hdv| dw wklv vwdjh1 Wkh

vhfrqg zd| wr lq xhqfh wkh lpsdfw lv wkurxjk wkh glvwulexwlrq ri wkh mxps vl}hv/ �1 Wklv

glvwulexwlrq fdq eh hlwkhu glvfuhwh ru frqwlqxrxv ghshqglqj rq wkh dssolfdwlrq1 Dowkrxjk iru

wkh prvw sduw wkh olwhudwxuh dvvxphv qrupdoo| glvwulexwhg mxpsv wr orj0uhwxuqv lq htxlwlhv/

wkh prgho dqg rxu phwkrgrorj| lqwurgxfhg odwhu idflolwdwhv khdy|0wdlohg glvwulexwlrqv vxfk

dv d |ED� glvwulexwlrq ru rwkhu vfdoh pl{wxuhv ri qrupdo glvwulexwlrqv1

Wkh vlpsohvw h{dpsoh ri wklv prgho lv d wlph0glvfuhwl}dwlrq ri Phuwrq*v +4<:9d, prgho lq

zklfk frqwlqxrxvo| frpsrxqghg uhwxuqv kdyh vwdwh lqghshqghqw guliw/ gl�xvlrq dqg mxps

lpsdfwv=

o|n� ' *L}

�
f|n�

f|

�
' >n j0|n� n 1|n�a|n� +5,

zkhuh wkh mxpsv duulyh zlwk frqvwdqw lqwhqvlw| b1 Dvvxplqj wkdw wkh mxpsv wr wkh frqwlq0

xrxvo| frpsrxqghg uhwxuqv duh qrupdoo| glvwulexwhg +1 � �E1fc j
2
1�,/ wkh glvwulexwlrq ri

orj0uhwxuqv lv dq l1l1g1 pl{wxuh ri qrupdo glvwulexwlrqv1 Yduldqwv ri wklv prgho kdyh ehhq

hvwlpdwhg lq Krqruh +4<<;,/ Urvhqihog dqg Mduurz +4<;6,/ Edoo dqg Wrurxv +4<;6/4<;8,/

Mrulrq +4<;;, dqg Dqghuvhq/ Ehq}rql dqg Oxqg +4<<<,1 Phuwrq*v prgho lv lqghshqghqw

dfurvv wlph dqg lw wkhuhiruh zloo qrw dffrxqw iru wkh zhoo0grfxphqwhg shuvlvwhqfh vhhq lq

prvw �qdqfldo wlph vhulhv1

Wkh VGM prgho fdq eh vhhq dv d wlph0glvfuhwl}dwlrq ri d mxps0gl�xvlrq prgho/ zkhuh wkh

glvfuhwl}dwlrq lqwhuydo/ iru rxu dssolfdwlrqv/ lv rqh gd|1 Wkh prgho lq htxdwlrq +4,/ xqghu

plog uhjxodulw| frqglwlrqv/ frqyhujhv wr d mxps0gl�xvlrq/ surylghg wkh mxps lqwhqvlw| lv

lqghshqghqw ri a|� Vlqfh wkh glvfuhwl}dwlrq huuru lv yhu| vpdoo zkhq glvfuhwl}dwlrq lqwhuydo
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lv vpdoo/ vd| gdlo|/ wkh VGM prgho dqg d wlph glvfuhwl}dwlrq ri d mxps0gl�xvlrq prgho fdq

eh uhfrjql}hg dv ehlqj dssur{lpdwho| revhuydwlrqdoo| htxlydohqw1 Dsshqgl{ 4 uhylhzv wklv

olqn ehwzhhq wkh VGM prgho dqg wkh mxps0gl�xvlrq prgho1

Dv d prgho ri wkh frqglwlrqdo glvwulexwlrq ri htxlw| uhwxuqv/ wkh VGM prgho kdv lp0

sruwdqw lpsolfdwlrqv iru ulvn pdqdjhphqw dqg ghulydwlyh sulflqj1 Wr vhh wkh frqglwlrqdo

vwuxfwxuh/ vxssrvh lw zdv nqrzq zkhwkhu ru qrw d mxps rffxuuhg +a|n� ' �, rq d jlyhq gd|

dqg wkh vl}h ri wkh mxps +1|n�,1 Wkhq wkh vwdwh yduldeohv duh qrupdoo| glvwulexwhg=

REf|n� �f|mf|c a|n�c S|n�cX� � Q E>| n S|n�a|n�c j|�� +6,

Lq wklv vhqvh/ wkh prgho lv vlplodu lq irup wr d uhjlph vzlwfklqj prgho1 Krzhyhu/ vlqfh wkh

mxps lpsdfwv ghshqg rq erwk vwdwh dqg wkh udqgrp rxwfrph ri wkh mxps/ wkh vwdwh lv qrw

qhfhvvdulo| d �qlwh vwdwh Pdunry surfhvv/ zklfk lv w|slfdoo| dvvxphg lq wkh olwhudwxuh1

Lqwurgxflqj xqfhuwdlqw| uhjduglqj wkh wlphv dqg vl}hv ri mxpsv surgxfhv dq h{wuhpho|

 h{leoh fodvv ri pl{wxuh glvwulexwlrqv dv wkh mxps wlphv dqg vl}hv duh lqwhjudwhg rxw ri

htxdwlrq +6,1 Sduwlfxoduo| frqyhqlhqw dvvxpswlrqv dw wklv vwdjh wkdw ohdg wr forvhg irup

ghqvlwlhv duh hlwkhu glvfuhwh ru qrupdoo| glvwulexwhg mxpsv dqg vwdwh lqghshqghqw mxps

lpsdfwv +SEf|c 1|n�� ' 1|n�� zklfk lpsolhv/ lq wkh fdvh ri Phuwrq*v prgho=

REo|n�mX� � bQ E1f n >c j2{n j21� n E�� b�Q E>c j2{�1

Wklv prgho lv txlwh  h{leoh dorqj fhuwdlq glphqvlrqv vlqfh pl{wxuhv ri qrupdo glvwulexwlrqv

jhqhudwh d eurdg fodvv ri glvwulexwlrqv +pxowl0prgdo/ idw0wdlohg/ dv|pphwulf,1

Lw lv lpsruwdqw wr qrwh wkdw wkh VGM prgho kdv txlwh gl�huhqw frqglwlrqdo lpsolfdwlrqv

wkdq DUFK ru JDUFK prghov1 Xqolnh wkhvh prghov zklfk duh frqglwlrqdoo| qrupdoo| glv0

wulexwhg/ wkh VGM prgho kdv erwk frqglwlrqdo vnhzqhvv dqg nxuwrvlv1 Wklv kdv lpsruwdqw

lpsolfdwlrqv iru sruwirolr pdqdjhphqw dqg rswlrq sulflqj/ exw duh shukdsv prvw wudqv0

sduhqw iru ulvn pdqdjhphqw1 Gx!h dqg Sdq +4<<9 dqg 4<<;,/ ]dqjdul +4<<9 dqg 4<<:,/

dqg Yhqndwdudpdq +4<<:, dujxh wkdw mxpsv lpsuryh rq vwdqgdug Ydoxh0dw0Ulvn/ ru YdU/

fdofxodwlrqv xvhg lq ulvn pdqdjhphqw1 YdU lghqwl�hv wkh pd{lpxp pryhphqw ryhu duh

jlyhq shulrg ri wlph zlwk d fhuwdlq suredelolw|1 Jlyhq wkdw frqglwlrqdo uhwxuq glvwulexwlrqv

h{klelw vnhzqhvv dqg nxuwrvlv/ fduhixo prgholqj ri wkh wdlov ri wkh wkhvh glvwulexwlrqv lv

lpsruwdqw +vhh Juhhqvsdq txrwh lq wkh lqwurgxfwlrq,1 Zkhq suhvhqw/ mxpsv zloo grplqdwh

wkh rwkhu frpsrqhqwv lq wkh wdlov dqg dq| suhglfwdelolw| lq wkh mxps frpsrqhqwv zloo kdyh

lpsruwdqw lpsolfdwlrqv iru YdU1

Dv dq h{dpsoh/ vxssrvh wkhuh zdv d vwurqj shuvlvwhqfh lq mxpsv +q� : f, dqg wkdw d

mxps rffxuuhg dw wlph |� Lq wklv fdvh/ wkh suredelolw| ri d mxps wrpruurz lv pxfk kljkhu

dqg wrpruurz*v revhuydwlrq zloo eh grplqdwhg e| wkh mxps frpsrqhqw1 Ilwwlqj d vlpsoh

vwdwh lqghshqghqw prgho zrxog qhyhu fdswxuh wklv dqg frxog uhvxow lq vhyhuh plvfdofxodwlrqv

lq YdU xvlqj vwdqgdug prghov1

:



515 D Vshfl�f VGM prgho iru Htxlw| Lqglfhv

Iru hpslulfdo dssolfdwlrq/ zh qhhg wr vshfli| wkh ixqfwlrqdo irupv ri wkh guliw/ gl�xvlrq

dqg mxps lpsdfw ixqfwlrq1 Lq rughu wr frqfhqwudwh rq wkh suhglfwdelolw| ri mxps wlphv dqg

vl}hv/ zh uhwdlq wkh vwdwh lqghshqghqw gl�xvlrq ixqfwlrq1 Zkhq wkh vwdwh yduldeoh lv wkh

uhwxuq rq dq htxlw| lqgh{/ zh frqvlghu

o|n� ' >f n >�o| n j0|n� n S|n�a|n�

�oJK da|n� ' �mo|c a|o ' x Ekn q�a| n q2mo|m�
S|n� ' 1f n 1�o| n 1|n�c

1|n� � Q �
fc j21

�
1

Wkh pdlq dgydqwdjh lv wkh delolw| ri wkh prgho wr surylgh iru d phfkdqlvp wr h{sodlq

mxps wlphv dqg vl}hv1 Frqvlghu �uvw wkh mxps vl}hv1 Frqglwlrqdo xsrq d mxps duulylqj/ wkh

lpsdfw ri d mxps lv phdvxuhg e| S|n� zklfk frqwdlqv wkuhh frpsrqhqwv= d frqvwdqw whup/

1f/ d frpsrqhqw uhodwhg wr wkh suhylrxv shulrgv uhwxuq/ 1�o| dqg d udqgrp frpsrqhqw/ 1|n�1

Wkh frh!flhqw 1� ghwhuplqhv zkhwkhu ru qrw wkh mxps vl}hv kdyh d suhglfwdeoh frpsrqhqw1

Iru h{dpsoh/ li 1� 	 f/ mxpsv vl}hv zloo eh odujhu li uhwxuqv lq wkh suhylrxv gd| zhuh qhjdwlyh

zklfk fdswxuhv dq ryhuuhdfwlrq h�hfw dqg zrxog eh frqvlvwhqw zlwk wkh hslvrgh lq Iljxuh 41

Dw wklv vwdjh lw lv hdv| wr dgg dgglwlrqdo yduldeohv wkdw fdq h{sodlq wkh vl}hv ri wkh mxpsv1

Odwhu/ zh dgg lpsolhg yrodwlolw| wr h{sodlq mxps vl}hv1

Wkh mxps lqwhqvlw| ixqfwlrq/ glvfxvvhg lq pruh deryh/ dovr surylghv d phdqv wr h{sodlq

mxps wlphv dqg lghqwli| yduldeohv d�hfwlqj wkh duulydo udwhv ri mxpsv1 Zh dovr dgg odjjhg

uhwxuqv wr wkh guliw lq rughu wr dffrxqw iru wkh dxwrfruuhodwlrq lq uhwxuqv dqg wr dyrlg

wkh srvvlelolw| wkdw 1� zrxog eh vsxulrxvo| fdswxulqj rplwwhg dxwrfruuhodwlrq iurp wkh

guliw1 Wklv vshfl�fdwlrq surylghv iru wlph ydu|lqj frqglwlrqdo phdqv/ yrodwlolw|/ vnhzqhvv

dqg nxuwrvlv/ xqolnh DUFK dqg JDUFK prghov1 Ixuwkhupruh/ wkh qdwxuh ri wkh shuvlv0

whqfh fdswxuhg lq wkh mxps frpsrqhqwv ghfd|v pxfk txlfnhu wkdq vwdqgdug wlph0ydu|lqj

yrodwlolw| prghov1

Dowkrxjk zh uhwdlq d frqvwdqw yrodwlolw| lq rughu wr irfxv rq wkh vwuxfwxuh ri mxpsv/ lw

lv vwudljkwiruzdug +li vrphzkdw frpsxwdwlrqdoo| exughqvrph, wr dgg wlph0ydu|lqj yrodwlo0

lw| wr wkh prgho1 Lw lv xqfohdu li wlph0ydu|lqj yrodwlolw| lv uhtxluhg dv wkh mxps surfhvv

fdq fdswxuh shuvlvwhqfh lq qrw rqo| wkh yrodwlolw| exw dovr lq wkh frqglwlrqdo nxuwrvlv dqg

vnhzqhvv1 Lq wklv uhjdug/ wkh VGM prgho lv pruh  h{leoh wkdq wkh vwdqgdug wlph0ydu|lqj

yrodwlolw| prghov1

Wkh pdlq dgydqwdjh ri wklv vshfl�fdwlrq lv wkdw lw surylghv d lqwxlwlyh vhwwlqj wr vwxg|

suhglfwdelolw| ri mxps frpsrqhqwv1 Dowkrxjk/ wr rxu nqrzohgjh/ wklv lvvxh kdv qrw ehhq

dgguhvvhg wr gdwh/ lw vkrxog qrw eh d vxusulvh wkdw wkhuh pd| eh suhglfwdeoh frpsrqhqwv lq

;



wkh mxps surfhvv1 Yluwxdoo| doo �qdqfldo �qdqfldo vhulhv/ wr vrph h{whqw/ kdyh ehhq vkrzq

wr kdyh suhglfwdeoh frpsrqhqwv lq h{shfwhg uhwxuqv dqg yrodwlolw|1 Wklv prgho surylghv

6 Hvwlpdwlrq dqg Lqihuhqfh lq VGM prghov

614 Suhylrxv Phwkrgv dqg Vwxglhv

D qxpehu ri sdshuv kdyh vwxglhg wkh vwuxfwxuh ri mxpsv wr htxlw| lqglfhv/ dowkrxjk doo

ri wkhp frqvlghu vwdwh0lqghshqghqw mxps wlphv dqg vl}hv1 Iru h{dpsoh/ d sduwldo olvw ri

wkhvh sdshuv lqfoxgh Suhvv +4<9:,/ Ehfnhuv +4<;4,/ Edoo dqg Wrurxv +4<;6/ 4<;8,/ Mduurz

dqg Urvhqihog +4<;5,/ Mrulrq +4<;;,/ Krqruh +4<<;,/ Mldqj +4<<;, dqg Dqghuvhq/ Ehq}rql

dqg Oxqg +4<<;,1 Dqrwkhu uhodwhg olwhudwxuh/ frqvlghuv vwxg|lqj wkh lpsruwdqfh ri mxpsv

lq rswlrq sulflqj prghov1

Wkh jhqhudo frqfoxvlrq ri wkh sdshuv hvwlpdwlqj vwdwh0lqghshqghqw prghov lv wkdw mxpsv

sod| d vljql�fdqw uroh lq dvvhw uhwxuqv/ dowkrxjk wkh h{dfw lpsdfw ydulhv iurp vwxg| wr vwxg|

gxh wr gl�huhqw hvwlpdwlrq phwkrgv dqg gdwd vhwv1 Dowkrxjk wkhvh sdshuv d xqdqlqlprxv

uhjduglqj wkh jdlqv wr dgglqj mxpsv wr wkh vwdqgdug/ Eodfn0Vfkrohv orj0qrupdo prgho/ prvw

ri wkhp gr qrw txhvwlrq wkh delolw| ri wkh vwdwh0lqghshqghqw mxps prgho wr �w wkh revhuyhg

gdwd1 Wklv pd| eh gxh wr d vkruwfrplqj lq wkh hvwlpdwlrq surfhgxuhv xvhg1 Qrqh ri wkhvh

sdshuv/ dqg wkh hvwlpdwlrq phwkrgv frqwdlqhg zlwklq/ frqvlghu hvwlpdwlrq ri wkh odwhqw

mxps wlphv dqg vl}hv1

Lw lv lpsruwdqw wr qrwh wkdw lq prghov zlwk odwhqw yduldeohv/ wkhuh duh wzr jrdov= hvwl0

pdwlqj erwk sdudphwhuv dqg mxps wlphv dqg vl}hv1 Pxfk olnh vwrfkdvwlf yrodwlolw| prghov

zkhuh hvwlpdwhv ri wkh yrodwlolw| surfhvv surylgh lpsruwdqw lqirupdwlrq/ hvwlpdwhv ri wkh

odwhqw mxps wlphv dqg vl}hv duh d fuxfldo sduw ri wkh lqihuhqfh sureohp dv wkh| surylgh

sduwldo dqvzhuv wr pdq| ri wkh txhvwlrqv ri lqwhuhvw1 Wkh hvwlpdwlrq whfkqltxhv suhylrxvo|

dssolhg wr mxps prghov +POH/ JPP/ HPP dqg ydulrxv HP dojrulwkpv, ghdo h{foxvlyho|

zlwk sdudphwhu hvwlpdwlrq dqg gr qrw frqvlghu hvwlpdwlqj wkh odwhqw mxps wlphv dqg vl}hv1

Vlqfh wkh sdudphwhuv ri wkh v|vwhp duh xqnqrzq/ hvwlpdwlrq ri wkh mxps wlphv dqg vl}hv

pxvw eh grqh wdnlqj lqwr dffrxqw sdudphwhu xqfhuwdlqw|1

Wkxv lq frqvlghulqj dq hvwlpdwlrq phwkrg iru wkh VGM prgho/ zh uhtxluh wkdw lw shuirup

erwk sruwlrqv ri wkh hvwlpdwlrq sureohp1 Zh dujxh wkdw doo ri wkh h{lvwlqj phwkrgv idlo lq

rqh ri wzr zd|v= �uvw/ wkh| dsso| rqo| lq vlpsoh fdvhv dqg vhfrqg/ wkh| fdqqrw lqihu wkh

mxps wlphv dqg vl}hv lq wkh suhvhqfh sdudphwhu ulvn1 Wkh �uvw sduw ri wkh lqihuhqfh sureohp/

sdudphwhu hvwlpdwlrq/ lv vwudljkwiruzdug lq vlpsoh mxpsv prghov vxfk dv Phuwrq*v/ exw lv

pxfk pruh gl!fxow lq prghov zlwk vwdwh ghshqghqw mxps duulydov1 Lq Phuwrq*v prgho/

POH/ HPP/ JPP / wkh fodvvlfdo phwkrg ri prphqwv ru dq HP dssurdfk doo dsso|1 Lq

<



wkh vwdwh ghshqghqw prgho/ wkhvh prghov duh qrw ihdvleoh1

Iru h{dpsoh/ POH lq wkh VGM prgho lv lqihdvleoh dv wkh olnholkrrg ixqfwlrq lqyroyhv

pl{wxuh glvwulexwlrqv zkrvh zhljkwv frqwdlq whohvfrslqj whupv gxh wr wkh odjjhg mxps wlphv

lq wkh lqwhqvlw| ixqfwlrq18 Iru hyhq prghudwho| vl}hv gdwd vhwv/ wkh olnholkrrg ixqfwlrq lv

lqwudfwdeoh dqg lw lv xqfohdu li wkh uhtxluhg uhjxodulw| frqglwlrqv rq wkh olnholkrrg ixqfwlrq

zloo krog1 Rwkhu phwkrgv edvhg rq prphqwv +JPP/ fodvvlfdo phwkrg ri prphqwv, duh

lqwudfwdeoh hyhq lq wkh vlpsohvw VGM prgho jlyhq wkh qrqolqhdulw| lq wkh mxps lqwhqvlw|1

Dqrwkhu sureohp lv wkdw lq pdq| vlpsoh/ vwdwh lqghshqghqw prghov/ wkh olnholkrrg

ixqfwlrq +ru wkh prphqwv, duh qrw dydlodeoh lq forvhg irup li wkh glvwulexwlrq ri wkh mxpsv

fkdqjhv1 Wr vhh wklv/ frqvlghu d yduldqw ri Phuwrq*v prgho zkhuh wkh mxps vl}hv kdyh d

|ED�0glvwulexwlrq1 Wkh prgho lv vwloo dq l1l1g1 pl{wxuh/ exw wkh olnholkrrg ixqfwlrq/ wkh

glvwulexwlrq ri wkh gdwd jlyhq wkh xqnqrzq sdudphwhuv lv

REo|n�mX� '
]
Eb�Ej0|n� n 1mX�_1 n E�� b��Ej0|n�mX�

zkhuh �E%� lv wkh vwdqgdug qrupdo sgi1 Wkh lqwhjudo lq wkh �uvw whup lv qrw dydlodeoh lq

forvhg irup dqg wkxv POH lv lqihdvleoh1 Wkh vdph vkruwfrplqjv dsso| wr JPP/ fodvvlfdo

phwkrg ri prphqwv dqg ydulrxv HP dojrulwkpv1

Uhjduglqj wkh vhfrqg sduw ri wkh lqihuhqfh sureohp/ hvwlpdwlqj wkh mxps wlphv dqg vl}hv/

doo wkh suhylrxvo| phqwlrqhg phwkrgv idlo lq wkdw wkh| fdqqrw lqihu wkh mxps wlphv dqg vl}hv

lq wkh suhvhqfh ri xqnqrzq sdudphwhuv1 Wklv dssolhv qrw rqo| wr POH/ exw dovr HP dqg

HPP1 Wklv vwhs lv sdudprxqw wr wkh dqdo|vlv ri mxps prghov dqg vlqfh wkh sdudphwhuv duh

xqnqrzq +wkh| kdyh wr eh hvwlpdwhg,/ wkhlu hvwlpdwhv fdqqrw mxvw eh soxjjhg lqwr d �owhulqj

irupxod1 Iru h{dpsoh/ lq Phuwrq*v prgho/ li wkh sdudphwhuv zhuh nqrzq zlwk fhuwdlqw|/

wkh suredelolw| ri mxps frxog hdvlo| eh hvwlpdwhg xvlqj vlpsoh rggv udwlr1 Ixuwkhupruh/

li mxps wlphv dqg sdudphwhuv zhuh nqrzq/ wkhq wkh vl}h ri wkh mxpsv frxog eh hvwlpdwhg1

Krzhyhu/ vlqfh wkh jrdo lv wr hvwlpdwh wkh odwhqw yduldeohv dqg wkh sdudphwhuv dqg rwkhu

odwhqw yduldeohv duh xqnqrzq/ d qhz phwkrgrorj| pxvw eh ghyhorshg1 Wkh qh{w vhfwlrq

grhv wklv1

615 Klhudufklfdo Vwuxfwxuh

Wr lpsohphqw wkh VGM prgho/ zh uh0lqwhusuhw wkh prgho lq d klhudufklfdo iudphzrun wkdw

idflolwdwhv hvwlpdwlrq ri sdudphwhuv/ lqihuhqfh rq odwhqw mxps wlphv dqg vl}hv dqg suhglfwlrq1

Wkh klhudufklfdo iudphzrun lv d srzhuixo phwkrg iru vwdwlvwlfdo dqdo|vhv ri prghov zlwk

8Frpsxwlqj wkh lpsdfw ri hdfk ri wkh pl{wxuh zhljkwv rq wkh olnholkrrg ixqfwlrq iru wkh qwk gdwd srlqw

uhtxluhv hydoxdwlqj frpsolfdwhg surgxfwv ri 5q.4 qrupdo FGI*v1
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odwhqw yduldeohv dv lw doorzv wkh uhvhdufkhu wr dfw dv li wkh odwhqw yduldeohv duh nqrzq iru

fhuwdlq vwhsv lq wkh lqihuhqfh dqg h{wudfwlrq surfhgxuh1 Ixuwkhupruh/ dv sulru uhvwulfwlrqv

rq sdudphwhu ydoxhv duh riwhq uhtxluhg iru hvwlpdwlrq lq prghov zlwk mxpsv +vhh Krqruh

+4<<;, dqg Dqghuvhq/ Ehq}rql dqg Oxqg +4<<<,,/ wkh klhudufk| surylghv d qdwxudo vwdjh

iru lqfrusrudwlqj wklv lqirupdwlrq1

Wr fuhdwh wkh klhudufklfdo vwuxfwxuh/ frqvlghu wuhdwlqj wkh mxps wlphv dqg vl}hv dv

revhuyhg dorqj zlwk wkh vwdwh yduldeoh1 Pxfk olnh idfwrulqj d mrlqw ghqvlw| lqwr wkh surgxfw

ri frqglwlrqdov/ wkh klhudufk| euhdnv wkh prgho lqwr gl�huhqw ohyhov/ hdfk fkdudfwhul}hg

e| frqglwlrqdo glvwulexwlrqv= revhuydeoh yduldeohv frqglwlrqdo rq nqrzlqj sdudphwhuv dqg

odwhqw yduldeohv/ odwhqw yduldeohv frqglwlrqdo rq sdudphwhuv dqg wkhq sdudphwhuv1 Wkh

klhudufk| lv=

Ohyho 4 G f|n�m1|n�c a|n�cf|cX � Q �
>

|
n S|n�a|n�c j

2

|

�
Ohyho 5 G �oJK da|n� ' �mf|c a|cXo ' xEqf n q�a| n q2f|�

G 1|n�mX � �EX�

Ohyho 6 G X � REX�

Wkh wklug ohyho vshfl�hv wkh sulru glvwulexwlrq ri wkh dvvxphg udqgrp sdudphwhuv1 Qrwh wkdw

lq Ohyhov 4 dqg 5 e| xvlqj wkh xqrevhuyhg yduldeohv dv frqglwlrqlqj dujxphqwv/ zh �dfw� dv

li wkh frpsohwh gdwd lv
�
f|n�c a|n�c 1|n�

�A3�

|'f
1 Yld wkh klhudufk|/ lw lv hdv| wr dffrpprgdwh

wlph0ydu|lqj yrodwlolw|1 Iru h{dpsoh/ vhh Hudnhu/ Mrkdqqhv dqg Srovrq +4<<<, iru prghov

zlwk mxpsv wr uhwxuqv/ vwrfkdvwlf yrodwlolw| dqg mxpsv wr yrodwlolw|1

Wkh klhudufk| h{sorlwv wkh frqglwlrqdo lqghshqghqfh ri wkh Jdxvvldq huuru whup/ mxps

vl}hv dqg mxps wlphv wr fuhdwh dq lqwxlwlyh vwuxfwxuh wkdw euhdnv d frpsolfdwhg pl{wxuh

prgho lqwr d qxpehu ri vlpsohu sureohpv1 Iru h{dpsoh/ li wkh mxps vl}hv dqg mxps wlphv

zhuh nqrzq/ Ohyho 4 lv d qrqolqhdu qrupdo uhjuhvvlrq prgho zlwk khwhurvnhgdvwlflw|1 Wkh

frqglwlrqdo lqghshqghqfh lv dovr xvhixo dv lw vlpsol�hv dgmxvwphqwv e| doorzlqj rqh ohyho wr

eh fkdqjhg zlwkrxw d�hfwlqj rwkhu ohyhov1 Iru h{dpsoh/ fkdqjlqj wkh glvwulexwlrq ri mxps

vl}hv iurp d qrupdo glvwulexwlrq wr d w0glvwulexwlrq uhtxluhv prgli|lqj rqo| wkh vhfrqg vwdjh

lq ohyho 51

Dqrwkhu dgydqwdjh ri wklv vwuxfwxuh lv lq wkh wklug ohyho/ yld wkh vshfl�fdwlrq ri wkh

sulru glvwulexwlrqv1 Vlqfh VGM prghov lqyroyh pl{wxuhv ri glvwulexwlrqv dqg sdudphwhuv

jryhuqlqj odwhqw surfhvvhv/ dgglwlrqdo d sulrul lqirupdwlrq lv riwhq uhtxluhg wr lghqwli| fhu0

wdlq sdudphwhuv lq vdpsoh1 Iru h{dpsoh/ lq Phuwrq*v prgho vwdqgdug hvwlpdwlrq whfkqltxhv

vxfk dv POH ru HPP uhtxluh dgglwlrqdo sdudphwhu uhvwulfwlrqv wr lghqwli| sdudphwhuv lq

vdpsoh1 Iru wkh olnholkrrg ixqfwlrq wr eh zhoo ehkdyhg/ POH uhtxluhv d orzhu erxqg rq

wkh gl�xvlyh yrodwlolw| +vhh +Krqruh +4<<;, iru d glvfxvvlrq,1 Dq HPP lpsohphqwdwlrq e|

Dqghuvhq/ Ehq}rql dqg Oxqg +4<<<, ri Phuwrq*v prghov uhtxluhg frqvwudlqlqj wkh phdq
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mxps vl}h wr eh }hur/ zklfk lv d vwurqj irup ri sulru lqirupdwlrq1 Ixuwkhupruh/ HPP

surfhgxuhv dovr uhtxluh wkh vshfl�fdwlrq ri dq dx{loldu| prgho1 Wkh sulru glvwulexwlrqv lq

wkh wklug ohyho surylgh d v|vwhpdwlf zd| wr lqfrusrudwh sulru lqirupdwlrq1

Lq pdq| fdvhv wkh klhudufk| fdq eh vlpsol�hg1 Wr vhh wklv/ frqvlghu Phuwrq*v +4<:9d,

prgho iurp vhfwlrq 51 Wkh sdudphwhuv ri lqwhuhvw duh bc >c 1fc j
2 dqg j21 dqg gh�qh - '

do�c ���c oA o1 Hvwlpdwlrq ri wklv prgho fdq eh vljql�fdqwo| vlpsol�hg uh0sdudphwhul}lqj wkh

yduldqfh whupv1 Wklv lqgxfhv d Phwursrolv vwhs lqwr wkh PFPF dojrulwkp ghvfulehg ehorz/

exw vljql�fdqwo| lqfuhdvhv wkh vshhg ri wkh dojrulwkp e| holplqdwlqj d vwhs lq wkh vhfrqg

ohyho ri wkh klhudufk|1 Gh�qlqj 1| ' 1f n j15|/ 5| � Q Efc �� dqg �2 ' j21*j
2/ zh ghfrxsoh

wkh qrupdoo| glvwulexwhg mxps vl}h lqwr lwv frpsrqhqwv dqg gh�qh d phdvxuh ri wkh uhodwlyh

yduldqfh ri wkh frpsrqhqwv +uhfdoo wkdw j2 lv wkh dqqxdol}hg yduldqfh/ zkloh j21 grhv qrw

kdyh dq| wlph xqlwv dvvrfldwhg zlwk lw,1 Lw lv lpsruwdqw wr lpsrvh sulru lqirupdwlrq rq �2

dv d erxqghg � 2 suhyhqwv wkh olnholkrrg ixqfwlrq iurp eorzlqj xs1 � 2 dovr kdv lpsruwdqw

lpsolfdwlrqv iru rswlrq sulflqj +Phuwrq +4<:9e,,1 Wkh lpsruwdqfh ri wklv phdvxuh olhv lq

wkh idfw wkdw dv wkh uhodwlyh yduldqfh ri wkh mxps vl}hv lqfuhdvhv ylv0d0ylv wkh gl�xvlrq

frh!flhqw/ wkh ghyldwlrqv ri wkh rswlrq sulfhv ri wklv prgho lqfuhdvh uhodwlyh wr wkrvh ri

Eodfn0Vfkrohv prgho1

Diwhu wkh uh0sdudphwhul}dwlrq/ wkh klhudufk| froodsvhv wr

ohyho 4 G o|n�m1fc a|n�c >c j
2c �2 � Q �

>n 1fa|n�c j
2E� n �2a|n��

�
ohyho 5 G a|n�mb � �eoEb�

ohyho 6 G 1fc >c j
2c �2c b � RE1fc >c j

2c � 2c b�1

Wklv vlpsol�fdwlrq lv qrw xqltxh wr qrupdoo| glvwulexwhg mxps vl}hv91 Li zh zhuh qrw

frqfhuqhg zlwk wkh h!flhqf| ri rxu dojrulwkp/ zh frxog dovr nhhs wkh mxps vl}hv lq wkh

vhfrqg ohyho1 Dv fdq eh fohduo| vhhq iurp wkh klhudufk|/ li wkh mxps wlphv zhuh nqrzq

zlwk fhuwdlqw|/ ohyho 4 lv mxvw wkh qrupdo uhjuhvvlrq prgho zlwk khwhurvnhgdvwlf huuruv dqg

wkh vhfrqg ohyho lv htxdoo| vlpsoh1 Wkh sulru glvwulexwlrqv duh fkrvhq/ lq prvw fdvhv/ wr eh

frqmxjdwh1 Wkhlu vshfl�fdwlrq dqg wkh fkrlfh ri sulru sdudphwhuv lv glvfxvvhg lq Dsshqgl{

61 Iru doo sdudphwhuv h{fhsw � 2 zh kdyh surshu/ exw xqlqirupdwlyh sulruv1 Wkh fkrlfh

ri sulru glvwulexwlrq dqg sdudphwhuv iru � 2 pxvw eh pruh lqirupdwlyh dqg wklv lvvxh lv

glvfxvvhg lq ghwdlo lq Dsshqgl{ 61 Zlwkrxw dgglwlrqdo sulru lqirupdwlrq/ wkh olnholkrrg

edvhg dssurdfk zh xvh ghjhqhudwhv1 Lq d fodvvlfdo POH vhwwlqj wkh sureohp lv glvfxvvhg lq

Nlhihu +4<:;,/ Olqguhq +4<:;, dqg Krqruh +4<<;,1

Xvlqj wkh prgxodu qdwxuh ri wkh klhudufklfdo vwuxfwxuh/ wkh vwdwh ghshqghqw prgho fdq

eh exlow gluhfwo| rq wkh irxqgdwlrq odlg e| Phuwrq*v prgho lq wkh suhylrxv vhfwlrq1 Zh

9Vlqfh wkh w+�,0glvwulexwlrq lv d vfdoh pl{wxuh ri qrupdo glvwulexwlrqv/ zh frxog lqfrusrudwh w+�,0

glvwulexwhg mxpsv hdvlo| +vhh Fduolq dqg Srovrq +4<<4,,1
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�uvw irfxv rq wkh mxps lqwhqvlw|1 Wr lqfrusrudwh wkh surelw vshfl�fdwlrq lqwr wkh PFPF

dojrulwkp/ zh gudz rq wkh dqdo|vlv jlyhq lq Fduolq dqg Srovrq +4<<5, dqg Doehuw dqg Fkle

+4<<6,1 Zh gh�qh d odwhqw idfwru ~| zklfk lv uhodwhg wr wkh mxps wlphv e|

~|n� : f lpsolhv a|n� ' �

~|n� 	 f lpsolhv a|n� ' f

zkhuh zh dvvxph wkdw

~|n� ' qf n q�a| n q2f| n �|n� +7,

dqg �|n� lv vwdqgdug qrupdo1 ~|n� kdv wkh lqwhuhvwlqj lqwhusuhwdwlrq dv wkh �fdxvh� ri wkh

mxps duulydov1 Lq wklv irup/ vwdwh ghshqghqw mxps lqwhqvlwlhv fdq eh dgghg gluhfwo| wr rxu

klhudufk|/ zlwkrxw d�hfwlqj wkh �uvw ohyho1 Wkh frqvwdqw lv rqo| lghqwl�hg uhodwlyh wr wkh

wkuhvkrog iru wkh odwhqw yduldeoh1 Iroorzlqj vwdqgdug glvfuhwh fkrlfh prghov/ zh lqfoxgh

dqg hvwlpdwh lw1

Dgglqj wkh dgglwlrqdo odwhqw yduldeoh dqg vwdwh ghshqghqflhv/ wkh klhudufk| lv jlyhq e|=

ohyho 4 G o|n�mwc o|c a|n�c j
2c � 2 � Q �

>Ewc o|c a|n��c j
2E� n � 2a|n��

�
ohyho 5 G a|n�m~|n� ' �d~|n�:foc

~|mo|c a| � Q Eqf n q�a| n q2 mo|m c ��
ohyho 6 G 1fc 1�c >fc >�c j

2c �2c kc q � RE1fc 1�c >fc >�c j
2c � 2c kc q�1

zkhuh w ' E1fc >fc >�� dqg >E1fc o|c a|n�c >fc >�� ' >fn>�o|nE1fn1�o|�a|n�1 Qrwh wkdw ohyho

5 lpsolhv wkh Surelw lqwhqvlw|1 Qrwh wkdw h{fhsw iru dowhulqj wkh guliw/ wkh �uvw ohyho grhv

qrw fkdqjh1 Wklv lv wkh dgydqwdjh ri wkh klhudufklfdo vwuxfwxuh1 Wkh sdudphwhuv wkdw duh

lq frpprq zlwk Phuwrq*v uhwdlq wkh vdph sulru vwuxfwxuh1 Iru wkh dgglwlrqdo sdudphwhuv/

1�c >�k dqg q zh xvh surshu/ exw xqlqirupdwlyh sulruv glvfxvvhg lq Dsshqgl{ 61

616 Sdudphwhu lqihuhqfh

Uhwxuqlqj wr wkh jhqhudo prgho/ frpsohwh lqihuhqfh uhtxluhv qrw rqo| vwdwhphqwv uhjduglqj

wkh ydoxhv ri wkh sdudphwhuv/ X/ exw dovr vwdwhphqwv uhjduglqj wkh xqrevhuyhg mxps wlphv

dqg mxps vl}hv1 Wkh vroxwlrq wr erwk ri wkhvh sureohpv lv irxqg yld wkh ixoo srvwhulru

glvwulexwlrq ri wkh sdudphwhuv dqg xqrevhuyhg gdwd/ zklfk lv jlyhq e| Ed|hv Uxoh dv

R
�
Xc ac 1mf� 2 R

�
fmXc ac 1

�
REXc ac 1� +8,

zkhuh f ' df�c ���c fA o c a ' da�c ���c aA o dqg 1 ' d1�c c c �1A o duh yhfwruv frqwdlqlqj wkh vwdwh

yduldeohv/ mxps wlphv dqg mxps vl}hv1 Wkh srvwhulru vxppdul}hv doo ri wkh lqirupdwlrq

uhjduglqj wkh sdudphwhuv/ wkh mxps wlphv dqg vl}hv frqwdlqhg lq wkh gdwd1
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Wr vhh krz wkh srvwhulru lv xvhg wr vroyh rxu sureohpv/ frqvlghu lqihuhqfh rq wkh �|�

hohphqw riXcXE��1 Wkh lqirupdwlrq lq wkh gdwd uhjduglqjXE�� lv jlyhq e| pdujlqdo srvwhulru

glvwulexwlrq ri XE�� jlyhq wkh gdwd/ REXE��mf�1 Wr �qg wklv remhfw/ lqwhjudwh rxw wkh rwkhu

�qxlvdqfh� sdudphwhuv iurp wkh srvwhulru frqglwlrqdo glvwulexwlrq=

REXE��mf� '
A[
|'�

]
R
�
Xc a|n�c 1|n�mf

�
_aE|n��_1|n�_X

E��
3� +9,

zkhuh X
E��
3� frqwdlqv doo ri wkh hohphqwv ri X h{fhsw wkh �|� hohphqw ri X1

Wkh mrlqw srvwhulru lv d 2A n & glphqvlrqdo ghqvlw| +& lv wkh qxpehu ri sdudphwhuv,

dqg frpsxwlqj lqwhjudov djdlqvw lw duh yhu| gl!fxow1 Wr vdpsoh iurp R
�
Xc ac 1mf�

zh xvh

qrz vwdqgdug PFPF phwkrgv +vhh Dsshqgl{ 4 iru d eulhi glvfxvvlrq ri PFPF phwkrgv,1

PFPF vlpxodwlrq lv d frqglwlrqdo vlpxodwlrq vwudwhj| +dv rssrvhg wr dq xqfrqglwlrqdo

vlpxodwlrq vwudwhj|, dojrulwkp fuhdwhv C vdpsohv iurp R
�
Xc ac 1mf�

c
q
XE}�c a E}�c 1E}�

rC

}'�
c

zklfk duh xvhg wr hydoxdwh wkh lqwhjudov jlyhq deryh1 PFPF phwkrgv duh h{whqvlyho|

xvhg lq vwdwlvwlfv dv d frpsxwdwlrqdoo| h!flhqw zd| wr vroyh kljk glphqvlrqdo lqwhjudwlrq

sureohpv dqg ehhq suhylrxvo| xvhg lq �qdqfh dssolfdwlrqv e|/ iru h{dpsoh/ Mdftxlhu/ Srovrq

dqg Urvvl +4<<7,/ Vwdpedxjk +4<<<, dqg Vwdpedxjk dqg Sdvwru +4<<<,1

Dv glvfxvvhg lq Dsshqgl{ 5/ wkh lqsxwv lqwr wkh PFPF dojrulwkp duh wkh frqglwlrqdo

srvwhulruv ri wkh sdudphwhuv dqg odwhqw yduldeohv1 Iru Phuwrq*v prgho wkh| duh vwdwhg

lq Dsshqgl{ 6 zkhuh wkh fkrlfh ri sulru glvwulexwlrq dqg wkh sdudphwhuv ri wkh sulru

glvwulexwlrq duh dovr vwdwhg1

617 Lqihuulqj Mxps Wlphv dqg Vl}hv

Uhwxuqlqj wr wkh jhqhudo vwdwh ghshqghqw prgho/ wkh Eurzqldq lqfuhphqw/ wkh mxps wlphv

dqg wkh mxps vl}hv duh doo xqrevhuydeoh dqg vhsdudwlqj wkhlu lpsdfw dqg uhfrqvwuxfwlqj wkh

mxps wlphv dqg vl}hv lv yhu| gl!fxow/ hvshfldoo| jlyhq wkdw wkh sdudphwhuv duh xqnqrzq1

Wkh jrdo lv wr eh deoh wr dqvzhu txhvwlrqv vxfk dv wkh iroorzlqj=

Zkhq glg wkh mxpsv rffxuB

Zkdw duh wkh lqihuuhg vl}hv ri wkh mxpsvB

Gr mxpsv iroorz mxpsvB

Zh dqvzhu wkhvh txhvwlrqv e| frpsxwlqj wkh iroorzlqj pdujlqdo srvwhulru suredelolwlhv

REa|n� ' �mf�/ RE1
|n�mf� dqg REa|n�ma|cf�c
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Wr frpsxwh wkh srvwhulru iru wkh mxps dw wlph |n �/ zh xvh wkh mxps wlphv jhqhudwhg

e| wkh PFPF dojrulwkp1 Uhfdoo wkdw dw hdfk lwhudwlrq ri rxu dojrulwkp/ zh gudz wkh

hqwluh yhfwru ri mxps wlphv dorqj zlwk wkh rwkhu sdudphwhuv1 Wklv lv wkh nh| wr lqihuulqj

wkh odwhqw mxps wlphv dqg vl}hv1 Wkh dojrulwkp lwhudwhv ehwzhhq gudzlqj sdudphwhuv/ mxps

wlphv dqg mxps vl}hv iurp wkhlu uhvshfwlyh frqglwlrqdo srvwhulruv1 Iru h{dpsoh/ vxssrvh lw

kdv jhqhudwhg sdudphwhuv dqg mxps vl}hv1 Wkh dojrulwkp wkhq gudzv xsgdwhg mxps wlphv

wdnlqj lqwr dffrxqw wkh suhylrxv gudzv iru wkh sdudphwhu dqg mxps vl}hv/ frqvlvwhqw zlwk

wkh prgho vwuxfwxuh1 Wkhq/ jlyhq mxps wlphv/ vl}hv dqg gdwd wkh dojrulwkp xsgdwhv wkh

sdudphwhuv1 Diwhu lwhudwlqj edfn dqg iruwk/ wkh dojrulwkp frqyhujhv= lw gudzv iurp wkh

mrlqw glvwulexwlrq ri sdudphwhu ydoxhv/ mxps wlphv dqg mxps vl}hv1

Wkh iroorzlqj wkhruhp +d gluhfw dssolfdwlrq ri wkh Sursrvlwlrq lq wkh Dsshqgl{ 5, vkrzv

krz zh lghqwli| wkh mxps wlphv xvlqj wkh vdpsoh dyhudjhv ri gudzv a
E}�
| iurp rxu dojrulwkp1

Wkhruhp= Ohw a|n� '
�
C

CS
}'�

a
E}�
|n� eh wkh vdpsoh dyhudjh ri gudzv iru a|n�1 Wkhq

�oJK
k
a|n� �$ REa|n� ' �mf�mXEf� ' wEf�

l
' �

iru Z0doprvw doo vwduwlqj srlqwv ri wkh fkdlq/ wEf�1

Iru hyhu| wlph shulrg zh frpsxwh wkh srvwhulru suredelolw| wkdw d mxps rffxuuhg/ iru

h{dpsoh/ vd|/ REa|n� ' �mf� ' D.I1 Wklv lpsolhv wkdw zh hvwlpdwhg d mxps lq 8:( ri rxu

gudzv iurp rxu dojrulwkp ru wkdw zlwk srvwhulru suredelolw| f�D./ a|n� ' �1 Wr uhfrqvwuxfw

wkh mxps wlphv zh qhhg d vlpsoh ghflvlrq uxoh wr ghflgh li d mxps rffxuuhg1 Wkh vlpsohvw

uxoh lv wr lqihu d mxps surylghg wkh srvwhulru suredelolw| lv odujhu wkdq vrph vshfl�hg ydoxh=

aW

|n� '

�
� li REa|n� ' �mf� : /

f li REa|n� ' �mf� � /
1 +:,

Wr lqihu wkh mxps vl}hv/ l1h1 wkh frpsxwdwlrq ri R
�
1|n�mf

�
/ zh fdq xvh wkh rxwsxw ri

wkh PFPF dojrulwkp wr frpsxwh wkh iroorzlqj lqwhjudo

RE1|n�mf� '
[

a|n�ca|

]
R
�
1|n�mf|n�c f|c a|n�c a|cX

�
REXc a|n�c a|mf�_X1

Wkh ghwdlov duh jlyhq lq wkh dsshqgl{1 Zh uhsruw wkh srvwhulru phdq ri wklv glvwulexwlrq/

.
�
1
|n�mf

�
/ dv rxu hvwlpdwh ri wkh odwhqw mxps vl}h1

Dowkrxjk zh gr qrw irfxv rq lw/ wkh suhglfwlrq sureohp fdq dovr eh vroyhg xvlqj wkh

rxwsxw ri rxu dojrulwkp1 Wkhuh duh wkuhh suhglfwlyh glvwulexwlrqv ri lqwhuhvw/ wkh suhglf0

wlyh glvwulexwlrq ri uhwxuqv EREo|n�mf��/ wkh suhglfwlyh glvwulexwlrq ri qh{w shulrgv mxps

48



EREa|n�mf�� dqg wkh suhglfwlyh glvwulexwlrq ri wkh mxps vl}h
�
RE1

|n�mf
�
1 Wkh glvwulexwlrqv

dqg wkhlu PFPF hvwlpdwhv duh hdvlo| rewdlqhg1 Iru h{dpsoh/ lq Phuwrq*v prgho/ suhglfwlyh

glvwulexwlrq ri qh{w shulrgv uhwxuqv lv/ wdnlqj lqwr dffrxqw sdudphwhu xqfhuwdlqw| lv jlyhq

e|=

R Eo|n�mf� � �

C

C[
}'�

Q
�
>E}� n 1

E}�
f a

E}�
|n�c j

2E}�E� n �2E}�a
E}�
|n��

�
1

Wkhvh frqglwlrqdov/ dv vkrzq odwhu/ kdyh lpsruwdqw lpsolfdwlrqv iru Ydoxh0dw0Ulvn fdofxod0

wlrqv1 Fohduo|/ wkh suhglfwlyh glvwulexwlrq iru qh{w shulrgv uhwxuqv fdq eh khdy|0wdlohg dqg

vnhzhg dv rssrvhg wr frqglwlrqdo qrupdolw| lq wkh vwdqgdug DUFK2JDUFK iudphzrun1

7 Hpslulfdo uhvxowv

Wklv vhfwlrq hydoxdwhv wkh hylghqfh iru wkh suhvhqfh ri mxpsv lq d qxpehu ri surplqhqw

htxlw| lqglfhv= V)S 833 dqg V)SPlg0Fds lqglfhv/ wkh Uxvvhoo 4333/ 5333 dqg 6333 lqglfhv/

wkh Zlovkluh 8333 lqgh{ dqg wkh Qdvgdt +QG[ 433, lqgh{1 Prvw ri wkh lqglfhv kdyh rswlrqv

dqg2ru ixwxuhv frqwudfwv zulwwhq rq wkhp dqg duh ehqfkpdunv iru wkh pxwxdo ixqg lqgxvwu|1

Zh xvh gdlo| gdwd iru hvwlpdwlrq1 Li d jrdo ri lqihuhqfh lv wr hvwlpdwh mxps wlphv dqg

vl}hv/ gdlo| gdwd +ru hyhq kljkhu iuhtxhqf| gdwd, lv uhtxluhg1 Wr zk|/ frqvlghu d vlwxdwlrq

zkhuh uhwxuqv mxpsv grzq rq rqh d jlyhq gd| +Prqgd|/ Rfw 4</ 4<<:, dqg wkhq mxps xs

lq d iroorzlqj gd| +Rfw 53|� dqg 54r|,1 Wkhvh mxpsv zrxog qrw eh vhhq li wkh revhuydwlrq

lqwhuydo lv zhhno| ru orqjhu1 Lw lv yhu| gl!fxow wr lghqwli| mxps wlphv dqg vl}hv zlwk gdlo|

gdwd/ dqg zh grxew wkdw uholdeoh h{wudfwlrq ri mxps wlphv dqg vl}hv frxog eh rewdlqhg xvlqj

ohvv iuhtxhqwo| vdpsohg gdwd1

Wdeoh 41 Vxppdu| vwdwlvwlfv iru X1V1 Htxlw| Lqgh{ uhwxuqv

Hvwlpdwhv ri wkh phdq dqg yrodwlolw| duh dqqxdol}hg rq wkh edvlv ri d 585 gd| |hdu dqg Q lv wkh

qxpehu ri frqwlqxrxvo| frpsrxqghg uhwxuq revhuydwlrqv1

Lqgh{ Vdpsoh Shulrg � Phdq Vwg1 Ghy1 Vnhzqhvv Nxuwrvlv

V)S 833 451631;6 0 43141<; 6;7< 3144: 31488 061:7 ;;145
QG[ 433 451631;6 0 43141<; 6;7< 3147: 3153< 031;: 48156

V)S Plg0Fds 391451<4 0 43141<; 4<39 31448 31458 031;< <1<;
Uxvvhoo 4333 341341;; 0 43141<; 5;37 31453 31463 031;3 44153
Uxvvhoo 5333 341341;; 0 43141<; 5;36 313<7 31446 0414< 431:<
Uxvvhoo 6333 341341;; 0 43141<; 5;45 3144; 31458 031;9 44179
Zlovkluh 8333 341351;7 0 43141<; 6;7; 3143< 3146: 06135 8715<
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Wkh gdwd vrxufh zdv Gdwdvwuhdp dqg wkh vwduwlqj srlqwv ri wkh vdpsohv ydu|1 Vlqfh

rxu uhvxowv duh h{dfw �qlwh vdpsoh uhvxowv +frqglwlrqdo rq wkh sulru,/ wkh idfw wkdw vrph ri

rxu vhulhv duh orqjhu wkdq rwkhuv lv qrw d sureohp1 Vxppdu| vwdwlvwlfv iru wkh orj0uhwxuq

vhulhv duh jlyhq lq Wdeoh 41 Dv lqglfdwhg e| wkh phdvxuhv ri vnhzqhvv dqg nxuwrvlv/ wkh

orj0uhwxuqv duh h{wuhpho| qrq0qrupdo/ dowkrxjk wkh ghyldwlrq iurp qrupdolw| dsshdu wr

ydu| iurp lqgh{ wr lqgh{1

Ehiruh zh uhsruw hvwlpdwhv/ zh dvvhvv wkh delolw| ri rxu dojrulwkp wr dffxudwho| hvwlpdwh

sdudphwhuv/ mxps wlphv dqg mxps vl}hv yld d vpdoo Prqwh Fduor vlpxodwlrq vwxg|1 Vlqfh/ wr

rxu nqrzohgjh/ wkhuh kdyh ehhq qr h�ruwv wr hvwlpdwh mxps wlphv dqg vl}hv xqghu sdudphwhu

xqfhuwdlqw|/ lw lv lpsruwdqw wr grfxphqw wkh h!fdf| ri rxu phwkrg lq wklv uhjdug1

714 Vlpxodwlrq vwxg|

Wkh jrdo ri wkh vlpxodwlrq vwxg| lv wzrirog1 Iluvw/ wr dvvhvv wkh delolw| ri rxu dojrulwkp

wr dffxudwho| hvwlpdwh wkh sdudphwhuv E1fc >c bc j
2c j21�� Vlqfh wklv prgho lv l1l1g1 dqg wkh

vdpsoh vl}h lv odujh/ zh h{shfw wkh phwkrg wr eh h{wuhpho| dffxudwh1 Vhfrqg/ dqg pruh

lpsruwdqwo|/ zh zdqw wr dvvhvv wkh delolw| ri wkh PFPF dojrulwkp wr dffxudwho| lqihu wkh

mxps wlphv dqg mxps vl}hv iurp wkh gdwd/ dv wklv kdv qrw ehhq grqh ehiruh1 Zh dovr h{dplqh

wkh vhqvlwlylw| ri rxu uhvxowv wr wkh sulru sdudphwhuv dqg lqlwldo ydoxhv lq wkh dojrulwkp1

Wkh vlpxodwlrq vwxg| xvhv 433 vlpxodwhg vhulhv zlwk 5333 revhuydwlrqv iurp wkh vwdwh

lqghshqghqw prgho zlwk{ ' �*2D2 +dq h{dpsoh ri zklfk lv jlyhq lq wkh wrs sdqho ri Iljxuh

5,1 Wkh sdudphwhuv xvhg lq wkh vlpxodwlrqv duh jlyhq lq ohiw0kdqg froxpq ri Wdeoh 51 Wkh

vwxg| zdv dovr shuiruphg gudzlqj dw d gdlo| iuhtxhqf| iurp d vdpsoh sdwk vlpxodwhg dw

d kljkhu iuhtxhqf| + { ' �*�2Sf�1 Wkh uhvxowv zhuh yluwxdoo| xqfkdqjhg gxh wr wkh vwdwh

lqghshqghqfh ri wkh guliw dqg gl�xvlrq1 Wklv lpsolhv wkdw hyhq wkrxjk d wlph0glvfuhwl}dwlrq

lv xvhg/ zh fdq uholdeo| hvwlpdwh wkh sdudphwhuv ri wkh frqwlqxrxv wlph surfhvv1

Wdeoh 51 Vlpxodwlrq uhvxowv

Wkh sulru sdudphwhuv duh jlyhq lq Dsshqgl{ 5 dqg wkh prgho hvwlpdwhg lv=
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Zh uhsruw wkh phdqv dqg vwdqgdug ghyldwlrqv ri wkh srvwhulru pdujlqdo glvwulexwlrqv iru

hdfk sdudphwhu lq Wdeoh 5:1 Wkh sdudphwhuv duh hvwlpdwhg zlwk d kljk ghjuhh ri dffxudf|=

>c 1fc j
2 dqg b duh zlwklq 4( ri wkh wuxh ydoxh zkloh �2 +dqg wkxv j21, lv r� e| 46(1 Wkh wuxh

ydoxhv duh zhoo zlwklq d vwdqgdug ghyldwlrq ri rxu srvwhulru phdqv1 Wkdw zh fdq hvwlpdwh

1f dqg j21 vr dffxudwho| lv vxusulvlqj vlqfh wkh dojrulwkp rqo| ohduqv derxw wkh sdudphwhuv

ri wkh mxps vl}hv zkhq wkhuh lv d mxps dqg wkh vlpxodwhg surfhvv rqo| mxpsv rq dyhudjh

433 wlphv shu vdpsoh1 Wkh uhvxowv duh lqvhqvlwlyh wr fkrlfh ri sulru sdudphwhuv iru >c 1f/ b

dqg j21 Dv glvfxvvhg lq wkh Dsshqgl{/ vrph fduh zdv uhtxluhg lq wkh fkrlfh ri wkh sulru

sdudphwhuv iru � 21 Wklv lv qrw shfxoldu wr rxu hvwlpdwlrq phwkrgrorj|1 Krqruh +4<<;,

glvfxvvhv wkh lpsruwdqfh ri sulru frqvwudlqwv rq wklv sdudphwhu lq wkh vhwwlqj ri pd{lpxp

olnholkrrg1

Zh wxuq wr wkh shuirupdqfh ri wkh dojrulwkp lq hvwlpdwlqj mxps wlphv dqg vl}hv1 Wkh

wrs sdqho ri Iljxuh 5 glvsod|v d uhsuhvhqwdwlyh vdpsoh iurp wkh vlpxodwlrq vwxg|/ zkloh

wkh orzhu wzr sdqhov glvsod| wkh hvwlpdwhg mxps vl}hv dqg wlphv1 Wr ghwhuplqh krz pdq|

mxpsv zh dfwxdoo| lqihu +vlqfh zh rqo| hvwlpdwh d suredelolw|,/ zh vhw / ' DfI1 Qrwh wkdw

wkhuh duh wzr w|shv ri huuruv= qrw lqihuulqj d mxps zkhq rqh rffxuuhg +a| ' �c aW

| ' f, ru

lqihuulqj d mxps zkhq wkhuh zdv qrw rqh +a| ' fc aW

| ' �,1 Ryhu wkh 433 vdpsohv/ wkhuh

zhuh rq dyhudjh 4331<: mxpsv1

Wkh uhvxowv lqglfdwh wkdw zh glg qrw lqihu d mxps wkdw rffxuuhg 7616< wlphv rq dyhudjh1

Wkxv zh plvvhg derxw 73( ri wkh mxpsv wkdw rffxuuhg1 Rq dyhudjh zh lqihuuhg d mxps

wkdw glg qrw rffxu 6197 wlphv shu vdpsoh1 Wkhvh uhvxowv duh qrw vxusulvlqj1 Vlqfh wkh mxps

vl}hv duh qrupdoo| glvwulexwhg zlwk d vpdoo qhjdwlyh phdq/ pdq| ri wkh mxpsv zloo eh forvh

wr }hur1 Dv h{shfwhg/ zh fdq qrw slfn xs yhu| vpdoo mxpsv vlqfh wkh| duh wrr vpdoo wr �eh

qrwlfhg� e| rxu dojrulwkp1 Wr vhh wklv/ qrwh wkdw wkh phdq ri wkh dfwxdo devroxwh mxps

vl}hv lqihuuhg zdv 313658 frpsduhg wr 313463 iru wkh mxpsv wkdw zh glg qrw fruuhfwo| lqihu1

Wkxv zkhq zh gr qrw lqihu d mxps/ wkh dfwxdo mxpsv zhuh wrr vpdoo1 Lw lv lpsruwdqw wr qrwh

wkdw ghvslwh wklv huuru/ zh vwloo dffxudwho| hvwlpdwh b1 Wkh uhdvrq lv wkdw lq wklv vhwwlqj/

zh gr qrw kdyh wkh xvxdo hvwlpdwh ri b zklfk lv
SA

|'� a|*A / li wkh mxpsv zhuh nqrzq1

Iljxuh 6 vkrzv lq ghwdlo d uhsuhvhqwdwlyh sruwlrq ri wkh vlpxodwlrqv zlwk wuxh mxps vl}hv

+n,/ wkh vlpxodwhg uhwxuqv zkhq d mxps rffxuuhg +-, dqg wkh hvwlpdwhg mxps vl}hv zkhq

zh lqihuuhg d mxps +J,� Zh frpphqw rq wkuhh hslvrghv pdunhg lq Iljxuh 6 dv +D,/ +E,

dqg +F,1 Hslvrgh +D, lqglfdwhv wkdw zh glg qrw lqihu d mxps zkhq rqh dfwxdoo| rffxuuhg1

Krzhyhu/ wkh surfhvv ydoxh lq wkdw lqfuhphqw zdv rqo| 031349 dqg zdv wr vpdoo wr eh �vhhq�

:Zh udq rxu PFPF dojrulwkp iru 8333 lwhudwlrqv/ glvfdughg wkh �uvw 5333 gudzv +exuq lq shulrg,/ dqg

xvh wkh odvw 6333 dv rxu Prqwh Fduor vdpsoh1 Wkh dojrulwkp lv h{wuhpho| h!flhqw dv wkh rxwsxw pl{hv zhoo

dqg wkh gudzv frqyhujh iru dq| uhdvrqdeoh vwduwlqj ydoxh1 Wkh dojrulwkp wdnhv ohvv wkdq 518 plqxwhv wr

uxq 8333 wlphv rq d ghvnwrs SF xvlqj PDWODE lq wkh Zlqgrzv hqylurqphqw1
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Iljxuh 5= Vxppdu| ri mxps wlph dqg vl}h hvwlpdwlrq rq vlpxodwhg gdwd1 Wkh wrs sdqho

frqwdlqv d uhsuhvhqwdwlyh vlpxodwhg uhwxuqv vhulhv/ wkh plggoh sdqho wkh hvwlpdwhg mxps

vl}hv dqg wkh erwwrp sdqho wkh hvwlpdwhg suredelolw| wkdw d mxps rffxuuhg rq d jlyhq gd|1
4<



e| rxu dojrulwkp1 Hslvrgh +E, lqglfdwhv wkdw zh lqihuuhg d vpdoo mxps zkhq wkhuh zdv qrw

rqh1 Hslvrgh +F, lv pruh lqglfdwlyh ri rxu uhvxowv1 D 6( srvlwlyh mxps zdv qhduo| shuihfwo|

lqihuuhg1 Qrwlfh zh fruuhfwo| lqihuuhg +wr vrph ghjuhh, doo ri wkh odujh mxpsv1

Dowkrxjk zh gr qrw uhsruw lw/ zh fdq xvh wkh vdph phwkrgv wr h{wudfw wkh Eurzqldq

lqfuhphqwv1 D klvwrjudp ri wkh lqihuuhg Eurzqldq lqfuhphqwv lv yhu| forvh wr wkh klvwrjudp

d qrupdo udqgrp yduldeoh zlwk phdq }hur dqg yduldqfh {1 Wkh h{wudfwhg Eurzqldq lqfuh0

phqwv kdg voljkwo| wklqqhu wdlov/ exw vwloo kdg phdq }hur dqg yduldqfh dssur{lpdwho| {1

Wkh frqfoxvlrq ri wklv vlpxodwlrq vwxg| lv wkdw erwk sdudphwhu dqg mxps wlph dqg vl}h

hvwlpdwlrq lv dffxudwh1

715 Wkh Vwuxfwxuh ri Mxpsv wr Htxlw| Lqglfhv

71514 Vwdwh Lqghshqghqw Prgho

Iru wkh lqglfhv xqghu vwxg|/ sdudphwulf lqihuhqfh lv vxppdul}hg lq Wdeoh 61 Djdlq/ zh

uhsruw wkh srvwhulru phdq dqg vwdqgdug ghyldwlrq lq hdfk fdvh1 Wkh vljqv dqg pdjqlwxghv

ri doo wkh yduldeohv duh dv h{shfwhg1 Lq doo fdvhv/ dv lqglfdwhg e| wkh vpdoo srvwhulru vwdqgdug

ghyldwlrqv/ wkh hvwlpdwhv duh txlwh dffxudwh1

Wkh sdudphwhu > hvwlpdwhv wkh dqqxdol}hg uhwxuq jhqhudwhg e| wkh frqwlqxrxv sruwlrq

ri wkh surfhvv dqg lv dffxudwho| hvwlpdwhg iru doo lqglfhv1 Lq doo fdvhv/ d frpsdulvrq zlwk

Wdeoh 5 lqglfdwhv wkdw > lv odujhu wkdq wkh vdpsoh phdq/ dq lpsolfdwlrq ri wkh qhjdwlyh

phdq mxps vl}hv1 Wklv gl�huhqfh fdq eh txlwh odujh1 Iru wkh Uxvvhoo 5333/ wkh srvwhulru

phdq ri > lv 6418( zkloh wkh vdpsoh phdq zdv <17(1

Iru doo ri wkh lqglfhv/ wkh phdq mxps vl}hv duh qhjdwlyh dqg pxfk odujhu wkdq wkh srvlwlyh

guliwv +derxw 8 wlphv dv odujh rq d gdlo| edvlv,1 Iru prvw ri wkh lqglfhv/ wkh hvwlpdwh ri wkh

phdq mxps vl}h lv qhjdwlyh exw forvh wr }hur/ dowkrxjk lw lv gl�huhqw iurp }hur dv lq prvw

fdvhv wkh pdvv ri wkh srvwhulru lv dzd| iurp }hur1 Frpelqhg zlwk wkh uhvxowv iru >/ wkh

frqfoxvlrq lv wkdw wkh lqglfhv guliw xszdug dqg wkhq/ rq dyhudjh/ idoo gxh wr mxpsv wkdw duh

rq dyhudjh qhjdwlyh1

Wkh mxps lqwhqvlw| sdudphwhu/ b/ lv dovr hvwlpdwhg dffxudwho| dqg lqglfdwhv lqglfhv

mxps zlwk gl�huhqw lqwhqvlwlhv= wkh Qdvgdt 433 mxpsv rqfh hyhu| wzhqw| gd|v +�*b,/ zkloh

wkh Uxvvhoo 5333 mxpsv hyhu| vl{ gd|v1 Wklv lv qrw vxusulvlqj dv wkh lqglfhv riwhq kdyh

olwwoh ryhuods1 Iru h{dpsoh/ wkh Uxvvhoo 5333 lv d eurdg phdvxuh ri �vpdoo0fds� vwrfnv

zkloh wkh Qdvgdt 433 dqg V)S 833 frqvlvwv ri pxfk odujhu frpsdqlhv1 Wkhvh lqglfhv kdyh

gudpdwlfdoo| gl�huhqw ehkdylru/ zlwk wkh Uxvvhoo 5333 mxpslqj qhduo| wkuhh wlphv dv riwhq

dv wkh V)S 8331

Wklv dv|pphwu| dfurvv lqglfhv lv ixuwkhu glvsod|hg lq wkh odvw froxpq ri Wdeoh 6/ jlyhq

d yduldqfh ghfrpsrvlwlrq ri wkh uhwxuqv zklfk vkrzv krz/ lq wklv prgho/ wkh yduldqfh ri
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Iljxuh 6= D ghwdlohg sruwlrq ri d vlpxodwlrq vxppdul}lqj wkh delolw| wr hvwlpdwh mxpsv1
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wkh mxpsv grplqdwhv wkh gl�xvlrq yduldqfh iru prvw ri wkh lqglfhv;1 Wkh Uxvvhoo 5333 kdv

wkh kljkhvw sursruwlrq ri yduldqfh iurp wkh mxps frpsrqhqw dw 95( zkloh Qdvgdt kdv rqo|

6<(1 Wklv lv dq hqruprxv gl�huhqfh dqg kdv lpsruwdqw lpsolfdwlrqv iru rswlrq sulflqj1 Dv

qrwhg lq Phuwrq +4<:9e,/ � ' bj2

1*
�
j2 n bj2

1

�
c lv rqh ri wkh pdlq sdudphwhuv frqwuroolqj

wkh ghjuhh ri plv0sulflqj li wkh Eodfn0Vfkrohv irupxod lv lqfruuhfwo| xvhg zkhq wkh wuxh

gdwd jhqhudwlqj surfhvv zdv d mxps0gl�xvlrq1 Xvlqj wkh uhvxowv lq Phuwrq +4<:9e,/ wkh

hvwlpdwhv lqglfdwh/ iru h{dpsoh/ iru wkh Uxvvhoo 5333/ dqg ghshqglqj rq wkh pdwxulw| ri wkh

rswlrq/ wkh plv0sulflqj frxog eh dv pxfk dv 48053(/ d qrqwulyldo dprxqw1 Iru wkh Qdvgdt

lqgh{/ rq wkh rwkhu kdqg/ wkh plv0sulflqj zrxog eh vpdoohu/ w|slfdoo| ohvv wkdq 8(1

Wkh vwuxfwxuh ri wkh mxps vl}hv dovr jlyhv lqvljkw lqwr krz mxps prghov fdswxuh odujh

pryhphqwv1 Iru h{dpsoh/ iru wkh Qdvgdt 433/ d 43( ghfolqh pryh lv d 5177 vwdqgdug

ghyldwlrq pryh jlyhq wkh hvwlpdwhg mxps glvwulexwlrq1 Frpelqlqj wklv zlwk wkh suredelolw|

ri d mxps lpsolhv wkdw zh zloo vhh 43( ghfolqh lq wkh Qdvgdt 433 rffxuv rqfh hyhu| 43

|hduv1 Wkh lpsuryhphqw ryhu wkh jhrphwulf Eurzqldq prwlrq prgho lv fohdu1 Wdnlqj wkh

vdpsoh vwdqgdug ghyldwlrq dv wkh hvwlpdwh ri j/ d 43( idoo lv d :19 vwdqgdug ghyldwlrq

pryh/ lpso|lqj lw zrxog rffxu hyhu| 633 eloolrq |hduv1 Wklv lpsuryhphqw vkrxog qrw eh d

vxusulvh/ dv mxps prghov duh frqvwuxfwhg wr fdswxuh wklv h�hfw1

Iljxuhv 7/ 8 dqg 9 vxppdul}h wkh hvwlpdwhg mxps wlphv dqg vl}hv iru wkh QG[ 433

lqgh{1 Wklv fkrlfh zdv duelwudu| dqg wkh rwkhu vhulhv jlyh vlplodu uhvxowv1 Wkh wrs sdqho ri

Iljxuh 7 glvsod|v wkh wlph vhulhv ri QG[433 uhwxuqv/ wkh plggoh sdqho wkh hvwlpdwhg mxps

suredelolwlhv EREa| ' �m-�� dqg wkh erwwrp sdqho/ wkh hvwlpdwhg mxps vl}hv1 Qrwh wkdw iru

pdq| ri wkh mxpsv/ zh kdyh qhdu shuihfw fhuwdlqw| wkdw mxpsv rffxuuhg dv REa| ' �m-� � �1

Rxu ghflvlrq uxoh

aW

| '

�
� li REa| ' �m-� : /

f li REa| ' �m-� � /

uhsuhvhqwv d krul}rqwdo olqh gudzq dfurvv wkh plggoh sdqho ri Iljxuh 7 dw suredelolw| /�

D frpsdulvrq ri wkh wrs dqg erwwrp sdqhov lq Iljxuh 7 lqglfdwhv wkdw shulrgv ri wkh

kljk yrodwlolw| +Idoo 4<;:/ 4<<8 dqg 4<<:, zhuh dovr shulrgv zkhuh/ zlwk kljk srvwhulru

suredelolw|/ mxpsv rffxuuhg txlwh iuhtxhqwo|1 Dovr qrwh/ iru wkh �fudvkhv� lq Rfw 4<;: dqg

Rfw 4<<:/ zh lqihu wkdw REa| ' �m-� ' �/ zklfk lv wkh h{shfwhg uhvxow1

Wkh plggoh sdqho ri Iljxuh 7 jlyhv wkh hvwlpdwhg mxps vl}hv/ zkloh Iljxuhv 8 dqg 9

dqdo|}h wkh fudvkhv ri 4<;: dqg 4<<: lq ghwdlo1 Iurp wkhvh �jxuhv/ wkh dgydqwdjh ri wkh

MG prgho dqg rxu hvwlpdwlrq surfhgxuh lv fohdu= wkh mxps whupv fdswxuhv odujh pryhphqwv

zkloh wkh Eurzqldq prwlrq fdswxuhv wkdw zklfk lw lv ghvljqhg wr fdswxuh/ vpdoo gdlo|

pryhphqwv1 Wklv fdq eh prvw fohduo| vhhq lq Iljxuhv 8 dqg 91 Iru shulrgv sulru wr dqg

;Wklv lv wkh h{dfw yduldqfh ghfrpsrvlwlrq lv wkh phdqv ri wkh mxps vl}hv duh }hur1 Zh fkrrvh wklv wr

iroorz Phuwrq +4<:9 E, iru frpsdulvrq sxusrvhv1
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diwhu wkh fudvk/ zh lqihu qhduo| }hur mxps vl}hv1 Wkh mxps whup fdswxuhv erwk wkh srvlwlyh

dqg qhjdwlyh pryhphqwv durxqg wkh fudvk gdwhv/ dv h{shfwhg1

Wdeoh 61 Sdudphwhu hvwlpdwhv iru Phuwrq*v Prgho

Wkh sulru sdudphwhuv duh jlyhq lq Dsshqgl{ 5 dqg wkh prgho hvwlpdwhg lv wkh vdph

dv lq Wdeoh 51 � > �> dqg � duh dqqxdol}hg1 Wkh mxps iuhtxhqf|/ �/ lv uhsruwhg lq

xqlwv ri wkh suredelolw| ri d mxps lq d jlyhq gd|1

V)S QG[ V)S Uxvvhoo Uxvvhoo Uxvvhoo Zlovkluh

833 433 PlgFds 4333 5333 6333 8333

> 4:17 5514 5519 4<13 6418 5314 4<13

E��f32� +6153, +71:<, +7149, +6176, +6136, +6164, +51:<,

1f 07133 081<; 071<6 051;4 0816< 06145 06179

+516<, +6177, +41<9, +4187, +31<4;, +4173, +4177,

j 44143 4:133 <18< <17; :144 <13: <146

E��f32� +315<5, +31686, +316<:, +316;5, +31599, +316;:, +3158<,

� 315:6 31559 314<< 31539 314<< 31537 31576

+3134;;, +313494, +31346:, +31344:, +3133:75, +31343;, +313448,

b 81;; 813; <15; 4316 4918 4414 <186

E��f32� +4163, +4145, +518;, +5178, +518:, +51:4, +4187,

j1 6135 61;6 41<4 41<8 4175 41;8 5155

E��f32� +31593, +3164:, +314:8, +31495, +313::5, +31483, +3146:,

bj2
1

j2{nbj2
1

31856 316<7 317:9 3185: 31954 3186: 318;9

Dv phqwlrqhg lq hduolhu/ wkh h{wudfwhg mxps wlphv dqg vl}hv surylgh srzhuixo gldjqrvwlfv

zlwk zklfk wr dqdo|}h wkh prgho1 Lq wklv fdvh/ dowkrxjk wkh mxps wlph dqg vl}h uhvxowv

duh lqwhuhvwlqj/ wkh| lqglfdwh d srwhqwldo sureohp zlwk rxu prgho1 Wkh vwdwh lqghshqghqw

prgho vshfl�hv wkdw wkh mxps wlphv dqg vl}hv duh l1l1g11 Wkh erwwrp sdqho ri Iljxuh 7

lqglfdwhv vljql�fdqw dprxqwv ri foxvwhulqj lq wkh mxps wlphv/ zkloh wkh plggoh sdqho ri

Iljxuh 7 dqg Iljxuh 8 dqg 9 lqglfdwh wkdw odujh uhwxuqv dsshdu wr eh iroorzhg e| odujh

uhwxuqv ri wkh rssrvlwh vljq1
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Iljxuh 7= Vxppdu| ri mxps hvwlpdwlrq iru Qdvgdt 4331 Wkh wrs/ plggoh dqg erwwrp sdqhov

jlyh wkh revhuyhg uhwxuqv/ hvwlpdwhg mxps vl}hv dqg hvwlpdwhg mxps wlphv/ uhvshfwlyho|1

57



1 9 8 7 1 9 8 7 . 1 1 9 8 7 . 2 1 9 8 7 . 3 1 9 8 7 . 4 1 9 8 7 . 5 1 9 8 7 . 6 1 9 8 7 . 7 1 9 8 7 . 8 1 9 8 7 . 9 1 9 8 8
- 0 . 2

- 0 . 1 5

- 0 . 1

- 0 . 0 5

0

0 . 0 5

0 . 1

N
D

X
 

r
e

t
u

r
n

s

1 9 8 7 1 9 8 7 . 1 1 9 8 7 . 2 1 9 8 7 . 3 1 9 8 7 . 4 1 9 8 7 . 5 1 9 8 7 . 6 1 9 8 7 . 7 1 9 8 7 . 8 1 9 8 7 . 9 1 9 8 8
- 0 . 2

- 0 . 1 5

- 0 . 1

- 0 . 0 5

0

0 . 0 5

0 . 1

E
s

t
im

a
t

e
d

 
J

u
m

p
s

Iljxuh 8= Uhwxuqv dqg hvwlpdwhg mxps vl}hv wr wkh Qdvgdt 433 gxulqj 4<;:1

Wklv w|sh ri dxwrfruuhodwlrq lv rssrvlwh wkh xvxdo srvlwlyh dxwrfruuhodwlrq grfxphqwhg

iru gdlo| uhwxuqv1 Lw dsshduv wkdw wkhuh lv vwdwh ghshqghqfh lq wkh mxps wlphv dqg pd|eh

dovr lq wkh mxps vl}hv1 Wr fdswxuh wkhvh vwdwh ghshqghqflhv/ zh xvh wkh VGM prgho/ dv

ghvfulehg lq Vhfwlrq 5181

716 Vwdwh Ghshqghqw Prgho

Wdeoh 7 uhsruwv wkh srvwhulru phdqv dqg vwdqgdug ghyldwlrqv iru wkh VGM prgho1 Wkh

frqfoxvlrqv iurp wkh vwdwh lqghshqghqw prgho uhjduglqj wkh vljql�fdqfh ri >fc j dqg j1
vwloo krog lq wkh VGM prgho1 Iru doo wkhvh sdudphwhuv/ wkh srvwhulru phdqv duh zhoo dzd|

iurp }hur1 Wkh srvwhulru iru wkh yrodwlolw|/ j/ lv yhu| vlplodu wr wkdw hvwlpdwhg lq Phuwrq*v

prgho lqglfdwlqj wkdw wkh dgglwlrq ri vwdwh ghshqghqflhv grhv qrw vljql�fdqwo| dowhu wkh

yduldqfh frplqj iurp wkh qrupdo huuru whup1 Wkh srvwhulru phdq ri wkh mxps yduldqfh/ j1/

lv voljkwo| odujhu lq wkh VGM prgho wkdq Phuwrq*v prgho/ dowkrxjk wkh srvwhulru vwdqgdug

ghyldwlrq lv dovr odujhu1

Wkh frh!flhqw >� lv dqqxdol}hg dqg phdvxuhv vhuldo fruuhodwlrq ri wkh gl�xvlyh frpsr0

qhqw1 Lq doo exw rqh fdvh +V)S 833,/ wkh orfdwlrq ri wkh srvwhulru lv zhoo dzd| iurp }hur1

Wkxv/ hyhq lq wkh suhvhqfh ri mxpsv/ wkhuh lv vrph srvlwlyh dxwrfruuhodwlrq lq gdlo| uhwxuqv
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Iljxuh 9= Uhwxuqv dqg hvwlpdwhg mxps vl}hv wr wkh Qdvgdt 433 gxulqj 4<<:1

dqg wkh pdjqlwxghv duh urxjko| frqvlvwhqw zlwk suhylrxv vwxglhv<1

Wkh phdq mxps vl}h sdudphwhu/ qrz odehohg 1fc phdvxuhv wkh dyhudjh mxps vl}hv frq0

glwlrqdo xsrq d }hur uhwxuq lq wkh suhylrxv gd|1 Iru doo fdvhv h{fhsw wkh Uxvvhoo 4333/

vljql�fdqw dprxqwv ri srvwhulru pdvv duh ehorz }hur1 Wkh pdjqlwxghv vhhp txlwh vpdoo/

xvxdoo| durxqg 0318(1 Krzhyhu/ jlyhq wkh qrupdoo| glvwulexwhg mxpsv/ zh h{shfw wklv dv

wkh mxps kdv wr dffrpprgdwh erwk srvlwlyh dqg qhjdwlyh mxpsv1 Vlqfh iurp wkh lqihuuhg

mxps vl}hv/ zh nqrz wkdw wkh dojrulwkp rqo| slfnv xs odujh mxpsv lq devroxwh ydoxh/ lw

pd| eh dgydqwdjhrxv wr vshfli| d pruh  h{leoh mxps glvwulexwlrq vxfk dv d pl{wxuh ri wzr

qrupdo wr fdswxuh wklv el0prgdolw|1

Dv phdvxuhg e| wkh frh!flhqw 1
�
wkhuh lv vrph hylghqfh ri suhglfwdeoh mxps vl}hv

iru vrph ri wkh lqglfhv/ prvw qrwdeo| wkh V)S Plg0Fds1 Lq doo fdvhv wkh frh!flhqw lv

qhjdwlyh/ lqglfdwlqj d srwhqwldo ryhu0uhdfwlrq h�hfw= wkh pdunhw mxpsv wrr idu grzq dqg

wkhq uherxqgv rq wkh qh{w gd|1 Wkh frqglwlrqdo yrodwlolw| ri mxpsv lv urxjko| frqvlvwhqw

zlwk wkh uhvxowv lq wkh vwdwh lqghshqghqw prgho1

<Vhh/ iru h{dpsoh/ wkh glvfxvvlrq lq Fdpsehoo/ Or dqg PdfNlqod| +4<<:,/ fkdswhu 51
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Wdeoh 71 Srvwhulru sdudphwhu vxppdulhv iru wkh jhqhudo vwdwh

ghshqghqw prgho

Wkh sulru sdudphwhuv duh jlyhq lq Dsshqgl{ 51 �
2
> �

2/ �f dqg �� duh dqqxdol}hg1

Wkh prgho hvwlpdwhg lv jlyhq e|=

o|n� ' >f n >�o| n j0|n� n S|n�a|n�

�oJK da|n� ' �mo|c a|o ' x Eqf n q�a| n q2mo|m�
S|n� ' 1f n 1�o| n 1

|n�c 1
|n� � Q �

fc j21
�

Sdudphwhu V)S QG[ V)S Uxvvhoo Uxvvhoo Uxvvhoo Zlovkluh

833 433 PlgFds 4333 5333 6333 8333

>f 49175 4;18< 471;6 49185 531<: 4:16; 491::

+��f32, +61486, +71;93, +71396, +61766, +51;;4, +616:8, +51:93,

>� 81<7< 591795 7<1:73 <195: 991778 4518;3 4<1378

+715:5, +71699, +914;7, +81435, +81878, +8146<, +7144:6,

1f 07135< 071<:8 061<73 05179< 071583 051;45 0617::

+��f3�, +51878, +6194<, +51657, +41:3:, +<189:, +41886, +41894,

1� 041::7 081:46 0581<: 0416<; 046183 031:93< 0713:8

+��f32, +<1694, +431<6, +4717<, +41455, +:1:38, +431:3, +;16;7,

qf 041<97 051399 041;66 0419:4 04187: 0418<< 041975

+314436, +314649, +314948, +3144:;, +31438:, +314559, +313<649,

q� 316;44 318<:8 318;<9 315785 318873 315998 316;<:

+3156;;, +315993, +315:;:, +315647, +314937, +3153;7, +314;65,

q2 691;;: 591946 7714<< 681<47 951<83 671;4< 631;:3

+:1;85, +91476, 441<63 +<14<96, +431854, +<1;<;, +:13;95,

j 44153 4:137 <196: <1:<6 :13;6 <1685 <1656

+��f32, +31564;, +316953, +3166;:, +315:6;, +3154;7, +315:87, +3154:6,

� 5;165 56163 5416: 54179 531<6 5415: 5813;

+��f32, +41;85, +41:5<, +41998, +415<7, +31;:77, +41538, +41597,

j1 614:4 61<:5 51393 51434 417;5 41<;< 5166:

+��f32, +31583<, +31689;, +3153<8, +314999, +313;<39, +314846, +31489<,

5:



Wkh vwdwh ghshqghqf| lq wkh mxps lqwhqvlw| vhhpv wr kdyh wkh juhdwhvw lpsdfw1 Vlqfh

�oJK da|n� ' �mo|c a|cXo ' xEqf n q�a| n q2mo|m�

q� dqg q2 duh yhu| lpsruwdqw iru h{sodlqlqj wkh wlph vhulhv ghshqghqfh ri orj uhwxuqv1 Lq

hyhu| fdvh/ wkh srvwhulruv iru qf dqg q2 duh wljkw durxqg wkh srvwhulru phdq/ zkloh wkh

srvwhulru iru q� lqglfdwhv wkdw odjjhg mxps wlphv kdyh dq lpsruwdqw h�hfw iru �yh ri wkh

lqglfhv1 Wr lqwhusuhw wkh lpsdfw ri wkhvh uhvxowv/ Wdeoh 8 wdexodwhv wkh gdlo| lqwhqvlw|/ lq

shufhqwdjhv/ xqghu gl�huhqw frqglwlrqv rq zkdw rffxuuhg rq wkh suhylrxv gd|1 Wkh �uvw

urz ri Wdeoh 8 jlyhv xEqf�/ zklfk lv wkh suredelolw| ri d mxps li wkh uhwxuq rq wkh suhylrxv

gd| zdv }hur dqg a| zdv hvwlpdwhg wr eh }hur1 Fohduo|/ uhodwlyh wr wkh vwdwh lqghshqghqw

prgho/ wkh suredelolw| ri d mxps idoov gudvwlfdoo|/ zlwk lqwhqvlwlhv ehlqj durxqg 73( ri wkhlu

ydoxhv lq wkh fdvh ri Phuwrq*v prgho1 Djdlq/ wkh Uxvvhoo 5333 mxpsv prvw riwhq dqg wkh

QG[433 mxpsv wkh ohdvw1

Wdeoh 81 Lpsolfdwlrqv ri wkh Vwdwh Ghshqghqw Mxps Lqwhqvlwlhv1

Wklv wdeoh uhsruwv �+�f . ��M| . �2mu|m, iru wkh ydulrxv lqglfhv xqghu gl�huhqw frqglwlrqv

Mxps V)S QG[ V)S Uxvvhoo Uxvvhoo Uxvvhoo Zlovkluh

Suredelolw| 833 433 Plgfds 4333 5333 6333 8333

Eo| ' a| ' f� 5176 5144 6168 71:6 9149 818: 8137

mo|m ' f�fDc a| ' f 7819 5519 9717 8716 <717 8818 7913

mo|m ' f�fDc a| ' � 9316 7718 ;51< 9713 <<18 981< 9417

717 Lpsolfdwlrqv iru Ydoxh0dw0Ulvn

Wkh lpsolfdwlrqv ri wkh suhylrxv hvwlpdwhv duh txlwh vhyhuh iru vwdqgdug ulvn pdqdjhphqw

surfhgxuhv1 Wr vhh wklv/ frqvlghu wkh iroorzlqj vlwxdwlrq= wkh pdunhw ihoo 8( lq wkh suhylrxv

gd|1 Wkxv/ wklv vfhqdulr frxog eh wkh Iulgd| ehiruh wkh Fudvk lq 4<;:1 Vlqfh mxps wlphv

duh suhglfwdeoh/ wkh suredelolw| ri d mxps rffxuulqj lv pxfk kljkhu1 Wdeoh 8 vxppdul}hv

wkh suredelolw| ri d mxps rq wkh iroorzlqj gd|/ xvlqj wkh srvwhulru phdqv dv hvwlpdwhv ri

wkh sdudphwhuv1

Lq wkh fdvh wkdw d mxps zdv qrw lqihuuhg rq wkdw gd| Ea| ' f�/ wkh suredelolwlhv lqfuhdvh

gudvwlfdoo| dqg udqjh iurp d orz ri 5519( iru wkh QG[433 wr d kljk ri <717( iru wkh

Uxvvhoo 53331 Wklv lv dq lqglfdwlrq ri wkh h{wuhph dprxqwv ri shuvlvwhqfh lq shulrgv ri

5;



pdunhw vwuhvv1 Li a| ' � / wklv shuvlvwhqfh lv hyhq juhdwhu dqg ydulhv iurp d orz ri 7718( iru

wkh QG[433 wr d kljk ri <<18( iru wkh Uxvvhoo 53331 Wklv lpsolhv wkdw li wkhuh lv d odujh

pryhphqw rq wkh suhylrxv gd|/ wkh Uxvvhoo 5333 lv doprvw fhuwdlq wr mxpsv wkh iroorzlqj

gd|1

Wklv uhvxow/ frpelqhg zlwk wkh qhjdwlyh srvwhulru phdqv iru 1�/ lqglfdwhv wkdw wkh mxps

glvwulexwlrq kdv d srvlwlyh phdq iru wkh iroorzlqj gd|1 Wkxv d srvlwlyh mxps lv h{shfwhg

iroorzlqj odujh qhjdwlyh pryhphqwv1 Wkh hvwlpdwhg mxps wlphv dqg vl}hv duh yhu| vlplodu

wr wkrvh uhsruwhg lq wkh vwdwh lqghshqghqw prgho lq Iljxuh 7 dqg duh rplwwhg1 Wr vhh wkh

lpsdfw ri vwdwh ghshqghqfh/ frqvlghu xvlqj d frqglwlrqdo yduldqfh ghfrpsrvlwlrq1 Ljqrulqj

wkh phdq mxps vl}hv dqg guliw/ wkh frqglwlrqdo ghfrpsrvlwlrq/ frqglwlrqdo xsrq wkh suhylrxv

gd|v uhwxuqv dqg mxps wlph lv jlyhq e|=

xEqf n q�a| n q2mo|m�j21
j2{nxEqf n q�a| n q2mo|m�j21

1

Zh frpsxwh wklv iru wkh V)S833 dqg Qdvgdt 433 iru wkh wkuhh fdvhv lq Wdeoh 8 dqg wkh

sursruwlrq ri yduldqfh lv jlyhq dv E�e�fc bf�2c b2�e� dqg E22�ec .D�Sc HD�b� uhvshfwlyho|1 Wkxv/

dv zh h{shfw/ wkh 8( ghfolqh |hvwhugd| lpsolhv wkdw wkh suredelolw| ri d mxps wrgd| lv kljk

dqg wkhuhiruh wkh yduldqfh ri wrgd|*v uhwxuq lv forvh wr wkh yduldqfh ri wkh mxps/ dv wkh

mxps yduldqfh lv dq rughu ri pdjqlwxgh odujh wkdq wkh gdlo| gl�xvlyh yduldqfh1

Zkdw duh wkh lpsolfdwlrqv ri wklv iru YdUB Zh frqvlghu irxu gl�huhqw fdofxodwlrqv= +4,

qrupdo prgho +orjqrupdo uhwxuqv, zlwk vdpsoh phdq dqg vwdqgdug ghyldwlrq/ +5,/ Phuwrq*v

prgho/ zlwk wkh hvwlpdwhv lq Wdeoh 6/ +6, wkh vwdwh ghshqghqw prgho zlwk o| ' �DIc a| ' f

dqg +7, wkh vwdwh ghshqghqw prgho zlwk o| ' �DIc a| ' �1 Vlqfh wkh orj0qrupdo prgho dqg

Phuwrq*v prgho duh l1l1g1/ wkh YdU fdofxodwlrq lv lqghshqghqw ri wkh suhylrxv gd|v uhwxuq1

Wkh YdU iru wkh irxu prghov duh jlyhq e|= E�� � f�f22�c E2� � f�f�2bc E�� � f�fSb�c Ee�

�f�f.2b1 Qrwh wkdw wkh YdU lv lqfuhdvhg e| pruh wkdq 78( e| lqfrusrudwlqj l1l1g1 mxpsv

++4, wr +5,,1 Wkh YdU lqfuhdvhv iurp 5 wr 6 xvlqj Phuwrq dqg wkh YdU lq +7, lv pruh wkdq

grxeoh wkh YdU lq +5, dqg pruh wkdq wulsoh wkh YdU lq +4,1

Wklv uhvxow fdq prvw hdvlo| eh vhhq orrnlqj dw wkh glvwulexwlrq ri wrpruurz*v uhwxuq

jlyhq nqrzohgjh ri wrgd|*v uhwxuq dqg a|1 Iljxuh : glvsod|v wkh frqglwlrqdo ghqvlw| ri

uhwxuqv lq wkh Orj0qrupdo prgho +Eodfn0Vfkrohv,/ Phuwrq*v prgho dqg wkh VGM prgho zlwk

o| ' �DIc a| ' � iru Qdvgdt 433 uhwxuqv1 Vlqfh Eodfn0Vfkrohv dqg Phuwrq duh l1l1g1/ wkh|

ljqruh dq| lqirupdwlrq frqwdlqhg lq wkh suhylrxv gd|v uhwxuq dqg mxps1 Wkh frqglwlrqdo

ghqvlw| iru wkh VGM prgho kdv h{wuhpho| idw wdlov uhodwlyh wr wkh rwkhu prghov1

Dowkrxjk lw dsshduv wkdw wkh frqglwlrqdo glvwulexwlrq iru wkh VGM prgho lv fhqwhuhg ohiw

ri }hur/ wkh frqglwlrqdo phdq lv txlwh vpdoo +031337;;,1 Wklv uhvxowv iurp wkh hvwlpdwh ri

1� iru wkh QG[ ehlqj forvh wr }hur lpso|lqj wkdw wkh mxps vl}hv duh qrw suhglfwdeoh xvlqj

suhylrxv uhwxuqv1

5<



- 0 . 1 - 0 . 0 8 - 0 . 0 6 - 0 . 0 4 - 0 . 0 2 0 0 . 0 2 0 . 0 4 0 . 0 6 0 . 0 8 0 . 1
0

5

1 0

1 5

2 0

2 5

3 0

3 5

4 0

R e t u r n s

P
r

o
b

a
b

il
it

y
 

D
e

n
s

it
y

S D J  M o d e l
I . I . D .  J u m p  M o d e l
L o g - N o r m a l  M o d e l

Iljxuh := Frqglwlrqdo ghqvlwlhv iru Phuwrq*v l1l1g1 mxps prgho/ wkh orj0qrupdo prgho ri

Eodfn0Vfkrohv dqg wkh VGM prgho1

Iru ulvn pdqdjhuv zkr kdyh orqj qrwhg wkh qhhg wr idwwhq wdlov ri uhwxuq glvwulexwlrqv/

hvshfldoo| lq shulrgv ri pdunhw vwuhvv/ wkhvh duh lpsruwdqw uhvxowv1 Vlpsoh l1l1g1 prghov/

hyhq wkrvh lqfrusrudwlqj mxpsv fdqqrw fdswxuh wkhvh h{wuhpho| idw wdlov1 Ixuwkhupruh/

vwdqgdug JDUFK prghov xsgdwh yrodwlolw| yhu| vorzo| dqg wkxv yrodwlolw| fdqqrw lqfuhdvh

txlfno| hqrxjk wr jhqhudwh wkhvh idw wdlov1 Lq shulrgv ri pdunhw vwuhvv/ wkh gdwd lv txlwh

lqirupdwlyh derxw zkdw lv jrlqj wr rffxu qh{w= jlyhq wkdw wkhuh zdv d mxps wrgd|/ wkhuh

zloo prvw olnho| eh rqh wrpruurz1 Ulvn pdqdjhuv ghulydwlyh pdunhw sduwlflsdqwv pxvw eh

dzduh ri wklv ghshqghqfh dqg dgmxvw wkhlu sulflqj prghov dqg fdslwdo uhvhuyhv dffruglqjo|1

718 Vwrfkdvwlf Yrodwlolw| dqg Mxpsv

Wkh suhylrxv uhvxowv uholhg khdylo| rq wkh idfw wkdw wkh yrodwlolw| ri uhwxuqv/ dv phdvxuhg

e| j/ lv frqvwdqw1 Wklv vhfwlrq grfxphqwv wkdw wkh suhglfwdelolw| uhvxowv gr qrw ghshqg rq

wklv dvvxpswlrq1 Lq d voljkwo| gl�huhqw vhwwlqjv/ Hudnhu/ Mrkdqqhv dqg Srovrq +4<<<, �qg

wkdw erwk mxpsv wr uhwxuqv dqg vwrfkdvwlf yrodwlolw| duh lpsruwdqw frpsrqhqwv/ dowkrxjk

wkh| dvvxph d vlpsoh/ vwdwh0lqghshqghqw mxps surfhvv1

Lq rughu wr dgguhvv wklv lvvxh lq wkh vwdwh0ghshqghqw vhwwlqj/ frqvlghu d jhqhudol}dwlrq

zlwk d vwrfkdvwlf yrodwlolw| frpsrqhqw/ dv jlyhq lq Mdftxlhu/ Srovrq dqg Urvvl +4<<7,=
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zkhuh wkh mxps frpsrqhqwv duh wkh vdph dv lq wkh suhylrxv vhfwlrqv1 Wklv srsxodu vshfl�0

fdwlrq kdv ehhq xvhg lq pdq| dssolfdwlrqv dqg wkh vwrfkdvwlf yrodwlolw| frpsrqhqw dggv dq

dgglwlrqdo vrxufh ri qrq0qrupdolwlhv wr wkh surfhvv1 Dq dgydqwdjh ri rxu prgxodu klhudufkl0

fdo vwuxfwxuh lv wkdw zh fdq vlpso| dgg dgglwlrqdo vwhsv wr rxu dojrulwkp wr dffrprgdwh wkh

vwrfkdvwlf yrodwlolw|1 Vshfl�fdoo|/ zh qhhg wr hvwlpdwh wkuhh dgglwlrqdo sdudphwhuv +V�c V2
dqg j, dv zhoo dv wkh odwhqw yrodwlolw|1 Wkh rqo| gl!fxow vwhs lv xsgdwlqj wkh odwhqw yrodwlo0

lw| surfhvv/ dv wkh srvwhulru iru wkh yrodwlolw| lv qrw vwdqgdug1 Zh xvh wkh dojrulwkp ri

Vkhskdug dqg Slww +4<<:, wr xsgdwh yrodwlolw|1

Wkh hvwlpdwlrq uhvxowv duh jlyhq lq Dsshqgl{ 6 iru wkh V)S 833 +wkh rwkhu vhulhv duh

vlplodu,1 Wkh uhvxowv lqglfdwh wkdw dowkrxjk wkh suredelolw| ri d mxps jlyhq wkdw wkhuh

zdv qr mxps |hvwhugd| dqg qr uhwxuq +dv phdvxuhg e| qf� idoov/ wkh suhglfwdelolw| uhvxowv

duh urexvw wr wkh dgglwlrq ri vwrfkdvwlf yrodwlolw|1 Odjjhg uhwxuqv dqg odjjhg mxps wlphv

duh vwloo vwurqj suhglfwruv ri mxps wlphv1 Dv h{shfwhg wkh yduldqfh ri wkh mxps vl}hv

lqfuhdvhv +pdq| ri wkh vpdoo mxpsv duh qrz h{sodlqhg e| wlph0ydu|lqj yrodwlolw|, dqg wkh

phdq mxps vl}h lv vpdoohu= durxqg 05( frpsduhg wr 0313371 Erwk ri wkhvh uhvxowv duh dv

h{shfwhg1 Wkhvh uhvxowv duh lpsruwdqw dv wkh| grfxphqw wkdw wkhuh lv d shuvlvwhqfh lq wkh

gdwd/ qrw zhoo0fdswxuhg e| vwdqgdug vwrfkdvwlf yrodwlolw| prghov1

719 Wkh Suhglfwlyh Srzhu ri Lpsolhg Yrodwlolw|

Wkh VGM prgho kdv dqrwkhu lpsruwdqw dwwulexwh= wkurxjk wkh dgglwlrq ri h{rjhqrxv vwdwh

yduldeohv/ lw fdq eh xvhg wr suhglfw ru h{sodlq mxps wlphv dqg vl}hv1 Wr h{dplqh wklv h�hfw/

zh h{dplqh wkh delolw| ri lpsolhg yrodwlolw| wr suhglfw mxps wlphv dqg vl}hv1

Dowkrxjk lw kdv orqj ehhq uhfrjql}hg wkdw Eodfn0Vfkrohv lpsolhg yrodwlolw| lv dq lpsru0

wdqw phdvxuh/ lw lv gl!fxow wr txdqwli| h{dfwo| zkdw lw phdvxuhv lq wkh g|qdplfv ri wkh

uhwxuqv ehfdxvh lw idlov erwk dv dq rswlrq sulflqj dqg wlph vhulhv prgho1 Lq vslwh ri wklv

remhfwlrq/ Eodfn0Vfkrohv lpsolhg yrodwlolw| lv dq h{rjhqrxv yduldeoh wkdw frqwdlqv lpsruwdqw

pdunhw edvhg lqirupdwlrq qrw uh hfwhg lq mxvw wkh wlph vhulhv ri uhwxuqv1

Pxfk olnh dvvhw uhwxuq yrodwlolw|/ lpsolhg yrodwlolw| kdv suhglfwdeoh frpsrqhqwv dv du0

jxhg e| Kduyh| dqg Zkdoh| +4<<5,1 Krzhyhu/ wkh delolw| ri lpsolhg yrodwlolw| wr iruhfdvw

ixwxuh yrodwlolw| lv dw ehvw olplwhg/ vhh iru h{dpsoh/ Fdqlqd dqg Iljohzvnl +4<<5,/ dowkrxjk

lq d pruh uhfhqw vwxg|/ Fkulvwhqvhq dqg Sudekdod +4<<;, dujxh wkdw lw kdv juhdwhu delo0

lw| ryhu orqjhu wlph krul}rqv1 Wkhuh lv dovr vrph olplwhg hylghqfh wkdw lpsolhg yrodwlolw|
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r�huv suhglfwlyh srzhu lq vwdqgdug prghov ri wlph ydu|lqj yrodwlolw| vxfk dv JDUFK ru

HJDUFK1 Gd| dqg Ohzlv +4<<5, �qg wkdw lpsolhg yrodwlolwlhv fdq h{sodlq JDUFK dqg

HJDUFK yrodwlolw| xvlqj zhhno| uhwxuqv iurp Zhgqhvgd| wr Zhgqhvgd|/ exw fdqqrw h{0

sodlq yrodwlolw| xvlqj Iulgd| wr Iulgd| uhwxuqv1 Wkxv wkhuh lv olplwhg/ dw ehvw/ hylghqfh iru

lpsolhg yrodwlolw| wr h{sodlq yrodwlolw| lq vwdqgdug wlph ydu|lqj yrodwlolw| prghov vxfk dv

JDUFK dqg HJDUFK1

Rxu dssurdfk lv gl�huhqw1 Zh dujxh wkdw wkh uhohyhqfh ri lpsolhg yrodwlolw| lv dv d

suhglfwru ri mxpsv1 Wr lqyhvwljdwh wklv zh dgg lpsolhg yrodwlolw| dv d uhjuhvvru lq wkh mxps

lqwhqvlw| ixqfwlrq dqg lq wkh mxps lpsdfw ixqfwlrq=

�oJK da|n� ' �mo|c a|o ' xEqf n q�a| n q2 mo|mn q�j
�6R
| � +;,

S|n� ' 1f n 1�o| n 12j
�6R
| n 1|n�

zkhuh j�6R lv wkh lpsolhg yrodwlolw| ri V)S433 lqgh{ rswlrqv/ dv phdvxuhg e| wkh Pdunhw

Yrodwlolw| Lqgh{ +YL[, lqgh{1 Wkh YL[ lqgh{ lv d zlgh phdvxuh ri pdunhw yrodwlolw| rewdlqhg

e| xvlqj d edvnhw ri rswlrqv431 Zh xvh lw wr ghwhuplqh li lw lv deoh wr suhglfw mxpsv lq

V)S833 lqgh{ uhwxuqv1 Li mxpsv duh suhvhqw fohduo| wklv idfw zloo eh uh hfwhg e| pdunhw

sduwlflsdqwv lq wkh zd| wkh sulfh rswlrqv1 Deqrupdoo| kljk lpsolhg yrodwlolw| pljkw lpso|

wkdw wkh pdunhw dqwlflsdwhv wkdw d mxps +ru d qxpehu ri wkhp, zloo rffxu lq wkh qhdu ixwxuh1

Wklv vshfl�fdwlrq ixuwkhu doorzv dq dqdo|vlv ri mxps ulvn suhpld wkurxjk wkh mxps lp0

sdfw ixqfwlrq1 Vshfl�fdoo| yld 12 zh fdq phdvxuh li wkh pdunhw/ lv rq dyhudjh/ frpshqvdwhg

iru wdnlqj wkh mxps ulvn1Wklv phdq0yduldqfh w|sh lqwxlwlrq lpsolhv wkdw sduwlflsdqwv uhflhyh

d suhpld/ wkurxjk mxpsv/ zkhq wkh pdunhw lv h{wuhpho| yrodwlolw|/ dv phdvxuhg e| wkh YL[

lqgh{1 Lq rughu wr dyrlg vsxulrxvo| frqfoxglqj wkdw lpsolhg yrodwlolw| suhglfwv mxpsv zkhq

lw lq dfwxdoo| suhglfwv uhwxuqv +DUFK lq phdq h�hfw,/ zh lqfoxgh wkh yrodwlolw| dv d uh0

juhvvru lq wkh guliw1 Lq wklv fdvh wkh prgho frqvlghuhg lv jlyhq e| EH� dqg wkh iroorzlqj

htxdwlrq

o|n� ' >f n >�o| n >2j
�6R
| n j0|n� n S|n�a|n�

Gdlo| gdwd rq wkh YL[/ ehjlqqlqj rq Mdqxdu| 5/ 4<;9 wkurxjk Ghf1 63/ 4<<; zdv

rewdlqhg iurp wkh FERH zhevlwh dqg wkh wlph vhulhv lv jlyhq lq Iljxuh ;1 Wr dqdo|}h

wkh suhglfwdelolw| ri mxps wlphv dqg vl}hv zlwk lpsolhg yrodwlolw|/ zh udq wkuhh gl�huhqw

yhuvlrqv ri wkh prgho wr glvfhuq zkdw lpsdfw dgglqj lpsolhg yrodwlolw| kdg rq wkh uhvxowv1

Wkh uhvxowv duh jlyhq lq Wdeoh 91 Prgho 4 grhv qrw lqfoxgh lpsolhg yrodwlolw| dqg lv xvhg

dv d uhihuhqfh srlqw/ vlqfh wkh wlph vsdq lv gl�huhqw iurp wkdw xvhg suhylrxvo|1 Prgho 5

43Wkh h{dfw frqvwuxfwlrq ri wkh lqgh{ lv ghwdlohg rq wkh Fklfdjr Erdug ri H{fkdqjh zhevlwh/

zzz1ferh1frp1
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Iljxuh ;= Wkh YL[ lqgh{/ 4<;904<<<1

h{foxghv lpsolhg yrodwlolw| iurp wkh guliw ru mxps lpsdfw/ zkloh Prgho 6 lv wkh xquhvwulfwhg

prgho1

Wkh uhvxowv lqglfdwh d qxpehu ri lqwhuhvwlqj idfwv1 Iluvw/ dv lqglfdwhg e| Prgho*v 5 dqg

6/ wkh YL[ lv d vwurqj suhglfwru ri mxps wlphv1 Wkh vwuhqjwk ri wkh uhodwlrqvkls gulyhv

odjjhg uhwxuqv wr eh lqvljql�fdqw +frpsduh wkh frh!flhqw q
2
dfurvv wkh wkuhh prghov,1

Dovr/ dv phdvxuhg e| wkh frh!flhqw 1
2
wkh odjjhg YL[ lqgh{ lv fdsdeoh ri suhglfwlqj wkh

vl}h ri wkh mxpsv1 Wklv/ dw �uvw/ pd| vhhp frxqwhulqwxlwlyh/ krzhyhu wkhuh lv dq lqwxlwlyh

h{sodqdwlrq1 Frqlvghu wkh Fudvk lq 4<;:1 Rq Iulgd| ehiruh wkh Fudvk/ wkh YL[ zdv dw

69( zklfk lv deryh lwv klvwrulfdo dyhudjh1 Rq Prqgd|/ Wxhvgd| dqg Zhgqhvgd|/ wkh YL[

zdv 483(/ 473( dqg :6(1 Vlqfh rxu prgho xvhv odjjhg lpsolhg yrodwlolw| wr suhglfw ixwxuh

mxpsv/ wkh odujh uhwxuqv lq wkh V)S 833 rq Wxhvgd| +8(, dqg Zhgqhvgd| +;(, frlqflgh

zlwk wkh kljkhvw yrodwlolw| shulrgv1 Dovr qrwh/ wkdw dv phdvxuhg e| wkh frh!flhqw >
2
wkhuh

lv qr suhplxp dvvrfldwhg zlwk lpsolhg yrodwlolw| frplqj iurp wkh qrq0mxps frpsrqhqwv1
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Wdeoh 91 Srvwhulru sdudphwhu vxppdulhv iru wkh

VGM prgho lqfrusrudwlqj wkh YL[1

Wkh sulru sdudphwhuv duh jlyhq wkh vdph dv wkrvh lq Ds0

shqgl{ 51

Sdudphwhu Prgho 4 Prgho 5 Prgho 6
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8 Frqfoxvlrqv dqg H{whqvlrqv

Wkh uhvxowv jlyhq khuh duh lpsruwdqw iru wkuhh uhdvrqv1 Iluvw/ zh kdyh lqwurgxfhg d prgho

wkdw lv fdsdeoh ri fdswxulqj vwdwh ghshqghqflhv lq wkh mxps surfhvv1 Vhfrqg/ zh kdyh

ghyhorshg d phwkrg iru hvwlpdwlqj VGM prghov +dqg mxps0gl�xvlrq prghov, dqg h{wudfwlqj

mxps wlphv dqg vl}hv hyhq lq wkh fdvh ri txlwh jhqhudo vwdwh ghshqghqfh1 Ixuwkhupruh/ rxu

phwkrgrorj| lv frpsxwdwlrqdoo| h!flhqw1 Wkh wklug/ dqg prvw lpsruwdqw frqwulexwlrq ri

wkh sdshu lv hpslulfdo= zh �qg dqg grfxphqw vljql�fdqw hylghqfh vxssruwlqj wkh h{lvwhqfh

ri suhglfwdeoh frpsrqhqwv lq mxpsv lq wkh wlph vhulhv ri htxlw| uhwxuqv1 Wkh mxps wlphv

duh txlwh suhglfwdeoh rq wkh edvlv ri sdvw uhwxuqv dqg mxps wlphv1 Wkh lpsdfw ri wklv w|sh

ri vwdwh0ghshqghqf| iru YdU lv dovr dqdo|}hg1

Wkh phwkrgv ghyhorshg iru hvwlpdwlqj mxps gl�xvlrq prghov frxog eh dssolhg wr rwkhu

duhdv ri uhvhdufk/ iru h{dpsoh lqwhuhvw udwh dqg iruhljq h{fkdqjh udwh prgholqj1 Lq erwk

fdvhv/ wkhuh duh d sulrul mxvwl�fdwlrqv iru lqfoxglqj mxpsv1 Lq wkhvh fdvhv/ wkh vwdwh gh0

shqghqf| zrxog eh yld wkh ohyho ri wkh udwh1 Wkhuh lv vljql�fdqw hylghqfh iurp wkh

DUFK2JDUFK olwhudwxuh rq vwdwh ghshqghqflhv dqg wkhuh lv dovr vrph hylghqfh ri mxpsv

lq wkhvh pdunhwv1 Dq dssolfdwlrq wr hphujlqj pdunhwv frxog dovr eh lpsruwdqw jlyhq wkh

dqhfgrwdo hylghqfh iru h{wuhph mxps ehkdylru1

Jlyhq wkdw zh kdyh lghqwl�hg wkh lpsruwdqfh ri mxpsv dqg vrph lqglfdwlrq ri zk| wkh|

rffxu/ d qh{w orjlfdo vwhs lv wr lghqwli| rwkhu yduldeohv wkdw duh lpsruwdqw iru h{sodlqlqj

mxps wlphv dqg vl}hv1 Wr wklv hqg/ dq| hylghqfh wkdw h{sodlqv htxlw| fudvkhv/ fxuuhqf|

ghydoxdwlrq ru lqwhuhvw udwh fkdqjhv frxog eh xvhg lq wklv frqwh{w wr h{sodlq mxpsv1 Iru

h{dpsoh/ wkh V)S Ixwxuh2Vsrw vsuhdg ru wkh wlph vhulhv ri lpsolhg yrodwlolwlhv iru V)S

rswlrqv pljkw eh xvhixo lq h{sodlqlqj mxps wlphv dqg vl}hv lq rxu iudphzrun1 Zh ohdyh

wkhvh h{whqvlrqv iru ixuwkhu uhvhdufk1
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Gx!h/ G1 dqg M1 Sdq/ +4<<;,1�Dqdo|wlfdo Ydoxh dw Ulvn zlwk Mxps Gl�xvlrqv/� Judgxdwh

Vfkrro ri Exvlqhvv/ Vwdqirug Xqlyhuvlw|/ Ghfhpehu/ 4<<;1

Gx!h/ G1 dqg U1 Ndq/ +4<<9,1 �D \lhog0Idfwru Prgho ri Lqwhuhvw Udwhv1� Pdwkhpdwlfdo

Ilqdqfh1 yro1 9/ qr1 7/ 6:<07391

Gx!h/ G1/ M1 Sdq dqg N1 Vlqjohwrq/ +4<<;,1 �Wudqvirup Dqdo|vlv dqg Rswlrq Sulflqj iru

D!qh Mxps0Gl�xvlrqv1� Zrunlqj Sdshu/ Judgxdwh Vfkrro ri Exvlqhvv/ Vwdqirug Xqlyhu0

vlw|1

Jhoidqg/ D1 dqg D1 Vplwk/ +4<<3,1 �Vdpsolqj Edvhg Dssurdfkhv wr Fdofxodwlqj Pdujlqdo

Ghqvlwlhv1� Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ;8/6<;073<1

Kdplowrq/ M1/ +4<<3, �Dqdo|vlv ri Wlph Vhulhv Vxemhfw wr Fkdqjhv lq Uhjlph1� Mrxuqdo ri

Hfrqrphwulfv> y78 q405/1 ss1 6<0:31

Krqruh/ S1/ +4<<;,1 �Slwidoov lq Hvwlpdwlqj Mxps Gl�xvlrq Prghov1� Zrunlqj Sdshu/ Xql0

yhuvlw| ri Ddukxv1

Mdftxlhu/ H1/ Q1 Srovrq dqg S1 Urvvl/ +4<<7,1�Ed|hvldq Dqdo|vlv ri Vwrfkdvwlf Yrodwlolw|

Prghov� Uhylhz ri Hfrqrplfv dqg Exvlqhvv Vwdwlvwlfv/� zlwk glvfxvvlrq/ 45/ 7/ 6:406;<1

Mduurz/ U1 dqg H1 U1 Urvhqihog/ +4<;7,1 �Mxps Ulvnv dqg wkh Lqwhuwhpsrudo Fdslwdo Dvvhw

Sulflqj Prgho1� Mrxuqdo ri Exvlqhvv/ yro1 8:/ qr1 6/ 66:06841

Mldqj/ J1/ +4<<;,1 �Mxps0Gl�xvlrq Prghov ri H{fkdqjh Udwh G|qdplfv= Hvwlpdwlrq yld

Lqgluhfw Lqihuhqfh1� zrunlqj sdshu/ Wloehuj Xqlyhuvlw|1

Mhdqeodqf0Slftxì/ P1 dqg S1 Srqwlhu1 +4<<3,1 �Rswlpdo sruwirolr iru d vpdoo lqyhvwru lq d

pdunhw prgho zlwk glvfrqwlqxrxv sulfhv1� Dsso1 Pdwk1 Rswlp1 55/ qr1 6/ 5;:�6431

Mrulrq/ S1/ +4<;;,1 �Rq Mxps Surfhvvhv lq wkh Iruhljq H{fkdqjh dqg Vwrfn Pdunhwv1�

Uhylhz ri Ilqdqfldo Vwxglhv/ yro1 4/ qr1 7/ 75:07781

Nlhihu/ Q1/ +4<:;,1 �Glvfuhwh Sdudphwhu Yduldwlrq= H!flhqw Hvwlpdwlrq ri d Vzlwfklqj

Uhjuhvvlrq Prgho1� Hfrqrphwulfd/ yro1 79/ qr15/ 75:07671

Olqgjuhq/ J1/ +4<:;,1 �Pdunry Uhjlph Prghov iru Pl{hg Glvwulexwlrqv dqg Vzlwfklqj

Uhjuhvvlrqv1� Vfdqglqdyldq Mrxuqdo ri Vwdwlvwlfv/ qr18/ ;40<41

Phuwrq/ U11 +4<:4,1 �Rswlpxp frqvxpswlrq dqg sruwirolr uxohv lq d frqwlqxrxv0wlph

prgho1� M1 Hfrqrp1 Wkhru| 6/ qr1 7/ 6:6�7461
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Phuwrq/ U1/ +4<:9d,1 �Rswlrq Sulflqj zkhq wkh Xqghuo|lqj Vwrfn Uhwxuqv duh Glvfrqwlqx0

rxv1� Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 6/ 456804771

Phuwrq/ U1/ +4<:9e,1 �Wkh Lpsdfw rq Rswlrq Sulflqj ri Vshfl�fdwlrq lq wkh Xqghuo|lqj

Vwrfn Sulfh Uhwxuqv1� Mrxuqdo ri Ilqdqfh/ yro1 64/ qr15/ 66606831

Qdln/ Y1 dqg O1 Prrq/ +4<<3,1 �Jhqhudo Htxloleulxp Sulflqj ri Rswlrqv rq wkh Pdunhw

Sruwirolr zlwk Glvfrqwlqxrxv Uhwxuqv1� Uhylhz ri Ilqdqfldo Vwxglhv> y16 q17 / ss1 7<60

8541

Sodwhq/ H1 dqg U1 Uheroohgr/ +4<;8,1 �Zhdn Frqyhujhqfh ri Vhplpduwlqjodhv dqg Glv0

fuhwl}dwlrq Phwkrgv1� Vwrfkdvwlf Surfhvvhv dqg wkhlu Dssolfdwlrqv/ 53/7408;1

Suhvv/ V1 M1/ +4<9:,1�D Frpsrxqg Prgho iru Vhfxulw| Sulfhv1� Mrxuqdo ri Exvlqhvv/ 73/

64:06681

Vfkzhuw/ J1 Z1/ +4<<3,1 �Vwrfn Pdunhw Yrodwlolw|1� Uhylhz ri Ilqdqfldo Vwxglhv/ y6/ q4/

::04351

Yhqndwdudpdq/ V1 +4<<:,1 �Ydoxh dw ulvn iru d pl{wxuh ri qrupdo glvwulexwlrqv= Wkh xvh

ri txdvl0Ed|hvldq whfkqltxhv1� Ihghudo Uhvhuyh Edqn ri Fklfdjr Hfrqrplf Shuvshfwlyhv>

y154 q15 Pdufk0Dsulo 4<<:/ 50461

]dqjdul/ S1 +4<<9,1 �Dq lpsuryhg phwkrgrorj| ri phdvxulqj YdU wkdw doorzv iru pruh

uhdolvwlf prgho ri �qdqfldo uhwxuq wdlo glvwulexwlrqv1� Ulvn PhwulfvA� Prqlwru> Vhfrqg

txduwhu/ 4<<9/ :0581

]dqjdul/ S1 +4<<:,1 �Zkdw Ulvn Pdqdjhuv vkrxog nqrz derxw phdq uhyhuvlrq dqg mxpsv

lq sulfhv1� Ulvn PhwulfvA� Prqlwru> Irxuwk txduwhu/ 4<<:/ 450691
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Dsshqgl{ 4= Uhodwlrq wr Mxps0gl�xvlrq prghov

Iru ghulydwlyh sulflqj sxusrvhv/ mxps0gl�xvlrq prghov r�hu lqfuhdvhg  h{lelolw| dqg dq

delolw| wr dffrxqw iru pdq| ri wkh v|vwhpdwlf plvsulflqj +furvv0vhfwlrq dqg whup vwuxfwxuh

ri lpsolhg yrodwlolw|, wkdw rffxuv lq prghov zlwk frqwlqxrxv vwdwh yduldeohv441 Wklv vhfwlrq

rxwolqhv wkh uhodwlrqvkls ri wkh VGM prgho dqg wkh mxps0gl�xvlrq prgho1

Iru vlpsolflw|/ frqvlghu wkh fdvh ri vwdwh lqghshqghqw mxps duulydov +vxssuhvvlqj sdudp0

hwhu ghshqghqfh,=

fE|n��{ ' f|{ n >Ef|{�{ n jEf|{�0|n� n SEf|{c 1|n��aE|n��{1 +43,

zkhuh 1E|n��{ � � dqg �oJK
�
aE|n��{ ' �

�
' b{1 Zhdn frqyhujhqfh dujxphqwv +vhh Vnr0

urkrg +4<98, ru Sodwhq dqg Uheroohgr +4<;8,,/ lpso| wkdw xqghu vwdqgdug uhjxodulw| frq0

glwlrqv/ wkh olplw ri +43, dv { & f/ lv jlyhq dv wkh vroxwlrq ri wkh iroorzlqj vwrfkdvwlf

gl�huhqwldo htxdwlrq=

_f| ' >Ef|�_|n j Ef|� _`| n _a| '

]
s

SEf|3c 1�RE_1c _|� +44,

zkhuh RE_1c _|� lv d Srlvvrq udqgrp phdvxuh/ `| lv d vwdqgdug Eurzqldq prwlrq/ 1 5 s

dqg 1 � �1 Wkh Srlvvrq udqgrp phdvxuh vxpv mxpsv ri ydulrxv vl}hv=]
|

f

]
[

SEf|3c 1�RE_1c _|� '
�|[
�'�

SEf��3c 1|
�3
�

Wkh wlph0glvfuhwl}dwlrq lv vlplodu lq irup wr wkh Hxohu dssur{lpdwlrq iru gl�xvlrq surfhvv1

Wkh dffxudf| ri wklv dssur{lpdwlrq ghshqgv rq wzr idfwruv= wkh ohqjwk ri wkh lqwhuydo

dqg wkh iuhtxhqf| ri wkh mxpsv1 Lq rxu dssolfdwlrqv wkh lqwhuydo ehwzhhq revhuydwlrqv lv

rqh gd| dqg lw lv dvvxphg wkdw mxpsv duh lqiuhtxhqw hyhqwv lq htxlw| lqgh{ uhwxuqv +wkh

Eurzqldq prwlrq fdswxuhv gd|0wr0gd|  xfwxdwlrqv,/ lw lv qrw xquhdvrqdeoh wr dvvxph wkdw

dw prvw rqh mxps fdq rffxu lq dq lqwhuydo vlqfh wkh suredelolw| ri wzr ru pruh lv qhjoljleoh1

Iurp d sudfwlfdo vwdqgsrlqw/ li d jrdo ri lqihuhqfh lv lqihuulqj mxps wlph dqg vl}hv/ lw lv

fohduo| pruh gl!fxow wr lghqwli| wkhp li pruh wkdq rqh frxog rffxu ehwzhhq revhuydwlrqv1

Wkh surelw vshfl�fdwlrq zlwk odjjhg mxps wlph lqfoxghg kdv qr frqwlqxrxv wlph dqdorj1

Krzhyhu/ lq wkh fdvh zkhuh q� ' f/ hyhq lq wkh suhvhqfh ri vwdwh ghshqghqflhv/ d frqwlqxrxv

wlph dqdorj h{lvwv1 Wr vhh wklv +ljqrulqj sdudphwhu ghshqghqfh,/ wkh iroorzlqj olplw pxvw

h{lvw=

*�4
{�f

�

{
�oJK

�
aE|n��{ ' �mf|{ ' %

�
' bE%�

44Vhh Edwhv +4<<9, dqg Ednvkl/ Fdr dqg Fkhq +4<<:, ru Gdv dqg Vxqgdudp +4<<<, iru pruh ghwdlohg

dqdo|vlv ri wkhvh sureohpv1
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zkhuh b lv wkh lqwhqvlw| ixqfwlrq ri wkh mxps surfhvv1 Iru wkh surelw vshfl�fdwlrq/ wklv olplw

fdqqrw eh frpsxwhg lq forvhg irup dv wkh lqwhqvlw| ixqfwlrq lv qrw devroxwho| frqwlqxrxv

zlwk uhvshfw wr Ohehvjxh phdvxuh/ krzhyhu lw grhv h{lvw451

45Krzhyhu/ d uh0sdudphwhul}dwlrq grhv surylgh wkh surshu olplw1 Gh�qh �� dqg �
� iru hdfk { iurp wkh

iroorzlqj htxdwlrq= ��+�3 . �4{, @
4

�
^�+� +�� . ��{,,��+3,`1 Dv wkh qrupdo FGI lv prqrwrqlf/ d

vroxwlrq h{lvwv1 O*Krvslwdo*v uxoh lpsolhv wkdw iru hdfk {/ 4

�
^�+� +�� . ��{,,��+3,` �$

�&3
��. ��{ @ �+{,
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Dsshqgl{ 5= PFPF Phwkrgv

PFPF phwkrgv duh d frpsxwdwlrqdoo| h!flhqw phwkrg iru fuhdwlqj vdpsohv iurp

kljk glphqvlrqdo glvwulexwlrqv1 Wkh lghd ri PFPF lv vlpsoh1 Lq prvw fdvhv/ wkh ixoo

srvwhulru jlyhq wkh gdwd/ jhqhulfdoo| R EXmf�/ lv ixoo| fkdudfwhul}hg e| lwv frqglwlrqdov/

R EX�mX& G & 9' �cf�1 Lq rxu fdvh/ zh kdyh ZEw� / REXmf� ' R
�
kc ac 1mf�

1 Wklv fkdudfwhul0

}dwlrq doorzv xv wr fuhdwh udqgrp vdpsohv iurp R EXmf� e| vdpsolqj/ lq dq lwhudwlyh idvklrq/

iurp R EX�mX& G & 9' �cf�1 Wkh PFPF dojrulwkp irupdol}hv krz wr gr wkh vdpsolqj dqg

surgxfhv d vhtxhqfh ri gudzv zkrvh glvwulexwlrq frqyhujhv wr wkdw ri R EXmf�1

Ohw X ghqrwh wkh vwdwh vsdfh iru wkh Pdunry fkdlq/ XE�� wkh srvlwlrq ri wkh zkroh fkdlq

dw lwhudwlrq E�� dqg X
E��
� wkh srvlwlrq ri wkh �|� frpsrqhqw ri wkh Pdunry fkdlq dw lwhudwlrq

E��� Wkh PFPF dojrulwkp gudzv iurp hdfk ri wkh frqglwlrqdo srvwhulruv lq wxuq/ xsgdwlqj

wkh vwdwh vsdfh ri wkh fkdlq diwhu hdfk gudz1 Li doo ri wkh sdudphwhu2odwhqw yduldeohv fdq eh

gudzq gluhfwo| iurp wkhlu srvwhulruv/ wkh fkdlq lv uhihuuhg wr dv wkh Jleev vdpsohu1 Lw xvhv

wkh frqglwlrqdo srvwhulruv REX
E�n��
& mXE��

� G � 9' &cf� wr pdnh wkh wudqvlwlrq XE�� $ XE�n�� dv

h{sodlqhg lq Jhoidqg dqg Vplwk +4<<3,1

Vdpsolqj iurp vrph ri wkh frqglwlrqdo srvwhulruv lv riwhq gl!fxow ru frpsxwdwlrqdoo|

lqwudfwdeoh1 Lq wkhvh fdvhv d Phwursrolv dojrulwkp46 lv xvhg wr jhqhudwh gudzv1 DPhwursrolv

vwhs jhqhudwhv d fdqglgdwh gudz iurp d nhuqho/ 'EXE��cXE�n���/ nqrzq �eodqnhw1� dqg wkh

fdqglgdwh gudz lv dffhswhg zlwk suredelolw|

4�?

�
ZEXE�n���*'EXE��cXE�n���

ZEXE���*'EXE�n��cXE���
c �

�
+45,

rwkhuzlvh XE�n�� ' XE��1

Wkh dojrulwkp surylghv vdpsohv iurp REXmf� e| jhqhudwlqj d vhtxhqfh ri udqgrp ydul0

deohv XEf�cXE��cXE2�c111wkdw irupv d Pdunry fkdlq1 Wkh frqyhujhqfh ri wkh fkdlq wr lwv

wdujhw lv jxdudqwhhg yld wkh iroorzlqj sursrvlwlrq=

Sursrvlwlrq +Wlhuqh| +4<<7,,= Ohw +XEf�cXE��c ���, eh dq luuhgxfleoh Pdunry fkdlq rq wkh

vwdwh vsdfh X zlwk lqyduldqw glvwulexwlrq Z1 Ohw 8C ' �
C

CS
}'�

8 EXE}��� Wkhq iru Z�doprvw

doo wEf�

�h

�
8C �$

]
8 Ew�ZEw�_wmXEf� ' wEf�

�
' �

li
U
8 Ew�ZEw�_w 	 4 zkhuh XEf� ' wEf� lv wkh vwduwlqj srvlwlrq ri wkh fkdlq1

46Vhh Kdvwlqjv +4<:3, iru d ghvfulswlrq ri wkh Phwursrolv dojrulwkp dqg Urehuwv dqg Vplwk +4<<7, iru d

glvfxvvlrq dqg frqglwlrqv jxdudqwhhlqj wkh frqyhujhqfh ri wkh Phwursrolv dojrulwkp1
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Dsshqgl{ 6= Frqglwlrqdo Srvwhulruv dqg sulruv

Wklv dsshqgl{ ghulyhv wkh frqglwlrqdo srvwhulruv jlyhq lq wkh wh{w1 Wkh srvwhulruv frp0

elqh wkh sulru glvwulexwlrq zlwk wkh olnholkrrg yld Ed|hv irupxod1 Wkh uhohydqw olnholkrrg

lv jlyhq e|

OE1
f
c >

f
c � 2c j2c a m-� ' RE-m>

f
c 1

f
c j2c � 2c a�

dqg xs wr sursruwlrqdolw| zh kdyh

OE1fc >c �2c ac j2m-� 2 �

jA

A\
|'�

#
�s

{n �2a|n�

i T

�
��

2

Eo|n� � >{� 1fa|n��
2

j2E{ n � 2a|n��

�$
1

Qrwh wkh dgydqwdjh ri ghfrxsolqj wkh qrupdoo| glvwulexwhg mxps vl}hv dqg wuhdwlqj wkh mxps

wlphv dv odwhqw yduldeohv/ rxu olnholkrrg lv qrw d glvfuhwh pl{wxuh ri qrupdo glvwulexwlrqv1

Zh qrz vshfli| wkh sulru glvwulexwlrqv iru wkh sdudphwhuv E>c 1fc j
2c � 2c b� lq Phuwrq*v

prgho1 Zh dvvxph wkdw wkh yduldqfh sdudphwhuv/ wkh guliw sdudphwhuv dqg wkh mxps iuh0

txhqf| duh lqghshqghqw/ wkxv= RE>c 1fc j
2c �2c b� ' RE>c 1f�REj

2�RE� 2�REb�1 Iru wkh lqglylg0

xdo frpsrqhqwv/ zh xvh vwdqgdug frqmxjdwh sulruv=

>fc 1f � Q E@fc Kf�c

j2 � LJESfc _f�c
� 2 � LJEefc sf�c
b � EEkfc k��

zkhuh E dqg LJ ghqrwh wkh Ehwd dqg lqyhuvh Jdppd glvwulexwlrqv/ uhvshfwlyho|1 Khuh

E@fc Kfc Sfc _fc efc sfc kfc k�� duh doo suh0vshfl�hg1 E| ydu|lqj wkh sulru sdudphwhuv zh fdq

hdvlo| shuirup d vhqvlwlylw| dqdo|vlv ri rxu hvwlpdwlrq surfhgxuh1 Jlyhq rxu frqmxjdwh

sulruv/ wkh srvwhulru frqglwlrqdov iru >c 1fc b dqg j2 duh vwdqgdug1 > dqg 1f duh Qrupdoo|

glvwulexwhg/ b kdv d Ehwd srvwhulru dqg j2 kdv dq Lqyhuvh Jdppd srvwhulru1 Jhqhudwlqj

vdpsohv iurp wkhvh glvwulexwlrqv lv vwudljkwiruzdug1

Wkh srvwhulru glvwulexwlrqv ri wkh � 2 dqg wkh mxps wlphv duh jlyhq dv=

� 2m>c 1fc j2c ac - b
�
{n �2

�
3Pa|n�*2 ��2�3ef3� i T��C|n� � �

� 2sf

�
a|n�m>c 1fc j2c � 2c - � �eoER|�

1|n�m>c 1fc j21c a|n�c o|n� � Q E�|n�K|n�c �|n��
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zkhuh

C|n� '
[

|Ga|n�'�

Eo|n� � >{� 1fa|n��
2

2j2E{ n � 2�

R|n� ' REa|n� ' �m>c 1fc j2c �2c -� ' E� n�|n��
3�

*? E�|n�� ' *?

#
b
�

2

E�� b�
s
{n � 2

$
� Eo|n� � >{� 1f�

2

j2 E{ n � 2�
n

Eo|n� � >{�2

j2{

�3�|n� '
a|n�
j2{

n
�

j21
/ K|n� '

a|n�Eo|n� � >{�

j2{
n

�

j21

Wkh ghulydwlrq ri wkh srvwhulru iru �2 lv

RE� 2mj2c >c 1fc ac bc-� b RE� 2�RE-m�2c j2c >c 1fc a�

2
�

�

� 2

�efn�

i T

�
� �

� 2sf

�
�

A\
|'�

�s
{n � 2a|n�
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�
�Eo|n� � >{� 1fa|n��

2

2j2E{ n � 2a|n��

�

2
�

�

� 2

�efn� �
{n � 2

�S
|

a|n�

i TE�
[

|Ga|n�'�

�
Eo|n� � >{� 1f�

2

2j2E{ n � 2�
� �

� 2sf

�
�

Qrwh wkdw wkh vxppdwlrqv lq wkh odvw h{suhvvlrqv lqyroyh rqo| whupv zlwk a|n� ' �1 Zkhq

M| ' fc wkh uhohydqw sruwlrq ri wkh srvwhulru lv lqghshqghqw ri � 2 dqg lv wkxv devruehg lqwr

wkh sursruwlrqdolw| frqvwdqw1 Lqwxlwlyho|/ zh rqo| ohduq derxw wkh sdudphwhu � 2 zkhq wkh

surfhvv mxpsv1

Wkh srvwhulru iru wkh mxps wlphv lv jlyhq e| wkh rggv udwlr ri ia| ' �j yhuvxv ia| ' fj
zklfk lv fdofxodwhg e| glylglqj wkh srvwhulruv iru wkh wzr fdvhv/ xvlqj Ed|hv uxoh iru glvfuhwh

glvwulexwlrqv dqg wdnlqj wkh orj wr vlpsoli| wkh h{suhvvlrq1

�hEa|n� ' �mj2c >c 1fc � c -�
�hEa|n� ' fmj2c >c 1fc � c -�

'
�hEa|n� ' �mj2c >c 1fc � c o|n��
�hEa|n� ' fmj2c >c 1fc � c o|n��

'
�hEa|n� ' �mb� �hEo|n�ma|n� ' �c >c j2c �2c 1f�

�hEa|n� ' fmb� �hEo|n�ma|n� ' fc >c j2c �2c 1f�

'
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j2E{n�2�
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Eo|n�3>{31f�
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Wkh frqglwlrqdo srvwhulru iru wkh mxps vl}h 1| jlyhq wkh sdudphwhuv lv irxqg e| xvlqj

wkh frqglwlrqdo lqghshqghqfh ehwzhhq fxuuhqw mxpsv dqg doo rwkhu revhuydwlrqv/ jlyhq wr

gd|v revhuydwlrq/ R
�
1|m>c 1fc j21c ac c -

�
' R

�
1|ma|c >c 1fc j21c o|n�

�
/ uhyhuvlqj wkh frqglwlrqlqj

dqg frpsohwlqj wkh vtxduh lq wkh iroorzlqj h{suhvvlrq=

R
�
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Zh qrz eulh | ghvfuleh krz wkh uhvhdufkhu vhwv wkhvh sdudphwhuv1 Lq rxu hpslulfdo

zrun/ zh xvh surshu exw kljko| gl�xvh sulruv rq +�c 1fc j
2c b,1 Iru �2 dqg wkh fkrlfh ri
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2/ wkh sulru sdudphwhuv/ Eefc sf�/ duh lpsruwdqw

ehfdxvh wkh| shuplw xv wr vhsdudwh wkh yduldqfh ri wkh mxps vl}hv iurp wkh gl�xvlrq whup1

Qrq0lqirupdwlyh sulruv rq �2 +iru h{dpsoh/ wkh gl�xvh sulru/ �32c � : f�/ ohdg wr lpsurshu

srvwhulruv dqg wkxv zh pxvw eh voljkwo| lqirupdwlyh1 Wklv uhtxluhphqw lv vlplodu wr wkh

wuxqfdwlrq ri wkh sdudphwhu vsdfh xvhg wr rshudwlrqdol}h POH1

Wkh dfwxdo sulru sdudphwhu glvwulexwlrq zh xvh duh jlyhq e|=
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+�2 : f�S,/ zh vlpxodwhg vhulhv kroglqj mxps iuhtxhqf| frqvwdqw1 Wkh vl}hv ri wkh uhvxowlqj

mxpsv zhuh wrr odujh +pdq| ri wkh mxpsv zhuh odujhu lq devroxwh ydoxh wkdq 43(,1 Wkxv

rxu sulruv duh txlwh uhdvrqdeoh/ dqg/ lq idfw/ qrw yhu| lqirupdwlyh1 Vhqvlwlylw| dqdo|vlv

frq�uphg wklv1
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gudz wkh hqwluh yhfwru ri mxps wlphv/ a� Kdg zh qrw lqwhjudwhg wkh mxps vl}hv rxw ri wkh

klhudufk|/ zh zrxog dovr kdyh wr gudz wkh hqwluh yhfwru ri mxps vl}hv dw hdfk lwhudwlrq/ lq0

fuhdvlqj wkh vl}h ri rxu vwdwh vsdfh iurp W.8 wr 5W.8 glphqvlrqv1 Dv phqwlrqhg lq vhfwlrq

+5,/ wkh lqsxwv uhtxluhg wr fuhdwh wkhvh vdpsohv duh wkh srvwhulru frqglwlrqdo glvwulexwlrqv

ri hdfk sdudphwhu dqg wkh mxps wlphv jlyhq wkh revhuyhg gdwd dqg wkh rwkhu sdudphwhuv1
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Jlyhq wkh srvwhulru iru wkh mxps wlphv/ a|n�c lw lv hdv| wr xsgdwh wkh mxps wlphv lq wkh

dojrulwkp1 Iru � 2c krzhyhu/ wkh srvwhulru glvwulexwlrq lv qrqvwdqgdug dqg zh wkhuhiruh xvh d

Phwursrolv dojrulwkp wr xsgdwh � 21 Zh fkrrvh wkh fdqglgdwh ghqvlw| wr forvho| dssur{lpdwh

RE�2m>c 1fc j2c ac-�1
Wkh Sursrvlwlrq iurp Wlhuqh| +4<<7, lpsolhv wkdw wkh rxwsxw ri wklv dojrulwkp frqyhujhv

lq glvwulexwlrq wr wkh wuxh srvwhulru1 Lq rughu wr qhjdwh dq| d�hfwv ri wkh vwduwlqj ydoxhv/

zh glvfdug wkh �uvw 5333 gudzv iurp rxu dojrulwkp/ wkh �exuq lq� shulrg1 Wkxv/ rxu

dojrulwkp fuhdwhv vdpsohv wkdw duh duelwudulo| forvh wr wkh mrlqw srvwhulru glvwulexwlrq/
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wkh vwuxfwxuh exlow iru Phuwrq*v prgho1 Wr gr vr/ zh djdlq qhhg wr lghqwli| wkh frqglwlrqdo
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vwhs lq rxu dojrulwkp wkdw lv d�hfwhg lv krz zh gudz a|n� zkhuh zh qhhg rqo| vxevwlwxwh

wkh surelw suredelolwlhv iru b1 Rxu dojrulwkp qrz jhqhudwhv vdpsohv ri
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