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Sruwirolr Doorfdwlrq lq Wudqvlwlrq
Hfrqrplhv

Devwudfw

Ghvljqlqj dq lqyhvwphqw vwudwhj| lq wudqvlwlrq hfrqrplhv lv d gl!fxow wdvn ehfdxvh vwrfn0

pdunhwv rshqhg wkurxjk wlph/ wlph vhulhv duh vkruw/ dqg wkhuh lv olwwoh jxlgdqfh krz wr rewdlq

h{shfwhg uhwxuqv dqg fryduldqfh pdwulfhv qhfhvvdu| iru phdq0yduldqfh sruwirolr doorfdwlrq1

Dovr/ vwuxfwxudo euhdnv duh olnho| wr rffxu1 Zh ghyhors dq dg0krf lqyhvwphqw vwudwhj| zlwk d

 dyru ri Ed|hvldq ohduqlqj1 Dq revhuydwlrq lv wkdw riwhq dq h{wuhph hyhqw zloo khudog d qhz

vwdwh ri wkh hfrqrp|1 Zh xvh wklv revhuydwlrq wr uh0lqlwldol}h ohduqlqj zkhq xqolnho| uhwxuqv

pdwhuldol}h1 E| xvlqj d Fruqhoo ehqfkpdun/ zh duh deoh wr vkrz wkh xvhixoqhvv ri rxu vwudwhj|

iru fhuwdlq w|shv ri uh0lqlwldol}dwlrqv1
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4 Lqwurgxfwlrq

Lq wklv zrun/ zh frqvlghu wkh gl!fxowlhv lqyroyhg zlwk rswlpdo sruwirolr fkrlfh lq wudqvlwlrq

hfrqrplhv dqg sursrvh d vwudwhj| edvhg rq Ed|hvldq ohduqlqj1 Wklv vwudwhj| lv irxqg wr eh ri

ydoxh iru fhuwdlq sdudphwhuv1

Wkh phdq0yduldqfh iudphzrun ri Olqwqhu/ Vkdush/ dqg Pdunrzlw} dvvxphv wkdw lqyhvwruv

kdyh d phdvxuh ri wkh h{shfwhg uhwxuqv dqg wkh fryduldqfh pdwul{1 Iurp d vwdwlvwlfdo ylhz0

srlqw/ wkh gl!fxow| lv wr hvwlpdwh wkhvh sdudphwhuv1 Hvwlpdwlrq whfkqltxhv pd| udqjh iurp

d vlpsoh frqvwdqw sdudphwhu prgho wr d prgho zlwk wlph0ydu|lqj h{shfwhg uhwxuqv dqg ydul0

dqfhv1 Iru frxqwulhv zlwk d orqj wudglwlrq ri uhodwlyho| vwdeoh pdunhwv/ vxfk sdudphwhuv pd| eh

rewdlqhg iurp udwkhu vrsklvwlfdwhg prghov/ vxfk dv JDUFK prghov ru vzlwfklqj uhjuhvvlrqv14

Iru wudqvlwlrq hfrqrplhv/ zkhuh vwuxfwxudo fkdqjhv rffxu iuhtxhqwo|/ hvwlpdwlrq ri wkh lqsxwv

iru d phdq0yduldqfh prgho lv udwkhu frpsolfdwhg/ vlqfh wkh| duh olnho| wr eh yhu| xqvwdeoh ryhu

wlph1 Dv d frqvhtxhqfh/ wkh ghflvlrq wr lqyhvw lq vxfk frxqwulhv lv uhqghuhg gl!fxow ehfdxvh

ri wkh juhdw xqfhuwdlqw| derxw ixwxuh shuirupdqfh ri wkh vwrfn pdunhwv1

Zlwklq wkh frqwh{w ri lqwhuqdwlrqdo sruwirolr fkrlfh/ lqyroylqj rqo| ghyhorshg hfrqrplhv/

Vroqln +4<<6, iruhfdvwv ixwxuh ulvn suhpld dqg vkrzv krz d vlpsoh lqyhvwphqw uxoh pd| lpsuryh

sruwirolr shuirupdqfh1 Dqrwkhu vwxg| lq wklv olqh lv e| Ndqgho dqg Vwdpedxjk +4<<9, zkr

lpehg suhglfwdelolw| zlwklq d Ed|hvldq iudphzrun1 Ixuwkhu vwxglhv wkdw frqvlghu suhglfwdelolw|

ri dvvhw uhwxuqv duh e| Shvdudq dqg Wlpphupdqq +4<<8,/ Nlp dqg Rpehuj +4<<9,/ Euhqqdq/

Vfkzduw}/ dqg Odjqdgr +4<<:,/ Fdpsehoo dqg Ylfhlud +4<<<,/ ru Eduehulv +5333,1 Lq wkh �uvw

sduw ri wklv sdshu/ zh zloo vkrz wkdw vwrfn pdunhwv lq wudqvlwlrq hfrqrplhv duh qrw suhglfwdeoh1

D srvvleoh h{sodqdwlrq lv wkdw vwuxfwxudo euhdnv rffxu lq vxfk pdunhwv1

Dqrwkhu vwudqg ri wkh olwhudwxuh dvvxphv Ed|hvldq ohduqlqj ri wkh sdudphwhuv1 Vxfk h{0

whqvlrqv pd| eh irxqg lq Mrulrq +4<;8/ 4<;9,/ Gxpdv dqg Mdftxloodw +4<<3,/ ru Kduyh| dqg

]krx +4<<3,1 Sävwru dqg Vwdpedxjk +5334, vkrz krz/ zlwklq d Ed|hvldq iudphzrun/ rqh pd|

ohduq derxw pxowlsoh vwuxfwxudo fkdqjhv1 Wkhlu prgho dvvxphv/ krzhyhu/ wkh dydlodelolw| ri

orqj wlph vhulhv1 Frprq +5333, vkrzv krz h{wuhph uhdol}dwlrqv pd| d�hfw sruwirolr doorfdwlrq

xqghu ohduqlqj1 Wkhvh frqwulexwlrqv hpskdvl}h wkh lpsruwdqfh ri ohduqlqj derxw sdudphwhuv

iru sruwirolr doorfdwlrq1 Dq lqkhuhqw sureohp ri vwuxfwxudo prghov vxfk dv JDUFK prghov/

vzlwfklqj uhjuhvvlrqv/ ru Ed|hvldq ohduqlqj/ lv wkdw orqj wlph vhulhv duh uhtxluhg iru wkh sdud0

4Uhfhqw frpsolfdwhg prghov vxfk dv e| Fkhuqry/ Jdoodqw/ Jk|vhov/ dqg Wdxfkhq +5333, vkrz wkdw prgholqj

uhwxuqv hyhq ri d zhoo0nqrzq vhulhv vxfk dv wkh GMLD lv qrw d wulyldo pdwwhu1
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phwhu hvwlpdwlrq1 Iru wudqvlwlrq hfrqrplhv/ vxfk orqj wlph vhulhv duh qrw dydlodeoh1 Hyhq li

wkh| zhuh dydlodeoh/ jlyhq wkh iuhtxhqw vwuxfwxudo euhdnv wkdw rffxu lq wudqvlwlrq hfrqrplhv/

zkhuh hdfk qhz uhjlph kdv olwwoh wr gr zlwk wkh suhylrxv rqh/ lw pd| eh h{shfwhg wkdw hyhq d

frpsoh{ prgho pd| qrw eh hvwlpdeoh1 Wkhvh revhuydwlrqv hpskdvl}h wkh qhhg iru d sduvlpr0

qlrxv whfkqltxh/ ghyhorshg lq wklv sdshu/ wkdw doorzv hvwlpdwlrq ri sruwirolr sdudphwhuv hyhq

li rqo| yhu| uhvwulfwhg lqirupdwlrq lv dydlodeoh1

Rwkhu uhfhqw frqwulexwlrqv kdyh gudzq dwwhqwlrq wr wkh idfw wkdw sdudphwhu xqfhuwdlqw|

pd| gluhfwo| d�hfw wkh xwlolw| ri lqyhvwruv1 Iru lqvwdqfh/ Eduehulv +5333, frqvlghuv wkh fdvh

zkhuh wkhuh lv suhglfwdelolw| ri ixwxuh uhwxuqv/ dqg/ pruhryhu/ zkhuh sdudphwhuv duh xqfhuwdlq1

Vhh dovr Nohlq dqg Edzd +4<:9, iru dq hduo| hpskdvlv rq wklv sureohp1 Fkdpehuodlq +5333,

vkrzv krz sdudphwhu dqg prgho xqfhuwdlqw| d�hfwv wkh xwlolw| ri djhqwv1 Pdhqkrxw +4<<<,

frqvlghuv wkh fdvh ri dq lqyhvwru zkr khgjhv djdlqvw zruvh0fdvh plv0vshfl�fdwlrqv ri wkh prgho1

Udwkhu wkdq irfxvlqj rq wkhvh dvshfwv/ zh lqyhvwljdwh/ khuh/ zkdw fdq eh dfklhyhg zlwklq wkh

wudglwlrqdo phdq0yduldqfh prgho1

Lq wkh iroorzlqj sdshu/ zh frqvlghu/ �uvw/ d odujh vhw ri wudqvlwlrq hfrqrplhv lq Fhqwudo dqg

Hdvwhuq Hxursh1 Wkhvh frxqwulhv lqfoxgh hyhq yhu| vpdoo dqg uhfhqwo| rshqhg pdunhwv/ vxfk

dv Furdwld ru Hvwrqld/ iru zklfk rqo| yhu| ihz revhuydwlrqv duh dydlodeoh1 Lq sduwlfxodu/ iru

vxfk frxqwulhv/ olwwoh pruh gdwd lv dydlodeoh wkdq wkh h{fkdqjh udwh dqg d vwrfn lqgh{1 Lw lv/

wkhuhiruh/ qrw hyhq srvvleoh wr ghvfuleh wkh ulvn suhplxp zlwk pdfurhfrqrplf yduldeohv +vxfk

dv lq Ehndhuw dqg Kduyh|/ 4<<8/ ru lq wkh pruh gluhfw zd| ri Vroqln/ 4<<6,1 Iru wklv w|sh ri

hfrqrp| d prgho wkdw lv rshudwlrqdo hyhq li wkh vdpsoh0vl}h lv vpdoo lv ri sduwlfxodu ydoxh1

Lq wklv sdshu/ zh �uvw dgguhvv wkh lvvxh ri zkdw fdq eh ohduqhg iurp 6 wr ; |hduv ri klvwru|

ri wudqvlwlrq hfrqrplhv1 Zh fduhixoo| lqyhvwljdwh zkhwkhu wkhuh lv vrph suhglfwdelolw| ri vwrfn

uhwxuqv iru wkh pruh hyroyhg wudqvlwlrq hfrqrplhv vxfk dv Srodqg/ wkh F}hfk Uhsxeolf/ ru

Kxqjdu|1 Zh dovr vwxg| wkh uroh ri wkh ihz yduldeohv wkdw duh dydlodeoh iru wkrvh frxqwulhv

lq whupv ri suhglfwlyh srzhu ri ixwxuh ulvn suhpld1 Rxu hvwlpdwlrqv vkrz wkdw ulvn suhpld

duh kdugo| suhglfwdeoh iru vxfk pdunhwv1 Wklv lpsolhv wkdw prghov vxfk dv ri Vroqln +4<<6, ru

ri Ehndhuw dqg Kduyh| +4<<8, fdqqrw eh xvhg lq wkh hduo| vwdjhv ri hphujhqfh ri d pdunhw1

Qh{w/ zh lqyhvwljdwh wkh shuirupdqfh ri d sruwirolr wkdw iroorzv Ed|hvldq xsgdwlqj uxohv vxfk

dv e| Mrulrq +4<;8, dqg Gxpdv dqg Mdftxloodw +4<<3,1 Zh vkrz wkdw Ed|hvldq ohduqlqj pd|

eh xvhixo wr lpsuryh sruwirolr shuirupdqfh/ zkhq wudqvlwlrq hfrqrplhv duh lqyroyhg1
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5 Ghvfulswlrq ri gdwd dqg d suholplqdu| dqdo|vlv

514 Gdwd dqg qrwdwlrq

Jlyhq rxu lqwhuhvw lq sruwirolr doorfdwlrq/ wkh krul}rq ryhu zklfk wkh gdwd lv vdpsohg lv

lpsruwdqw1 Vlqfh hphujlqj pdunhwv duh vxemhfw wr pdq| vkrfnv/ zh eholhyh wkdw lqyhvwruv

zloo vwlfn wr d zhhno| udwkhu wkdq wr wkh prqwko| krul}rq xvhg lq prvw sdshuv rq sruwirolr

doorfdwlrq lqyroylqj ghyhorshg hfrqrplhv1

Zh xvh gdwd iru vwrfn0pdunhw lqglfhv/ h{fkdqjh udwhv/ dv zhoo dv vkruw0whup dqg orqj0

whup lqwhuhvw udwhv1 Ehvlghv gdwd iru wkh XN dqg Jhupdq|/ zh xvh vhulhv iru whq Fhqwudo

dqg Hdvwhuq Hxurshdq frxqwulhv1 Wkhvh frxqwulhv duh wkh F}hfk Uhsxeolf/ Kxqjdu|/ Srodqg/

Uxvvld/ Vorydnld/ iru zklfk dovr vkruw0whup dqg orqj0whup lqwhuhvw udwhv duh dydlodeoh1 Wkhq

wkhuh lv Furdwld/ Hvwrqld/ Olwxdqld/ Urpdqld dqg Voryhqld iru zklfk zh frxog qrw rewdlq

lqwhuhvw0udwhv1 Hvvhqwldoo|/ wkh gdwd fryhuv wkh shulrg iurp Mdqxdu| 4<<4 wr Ghfhpehu 53331

Wdeoh 4 uhsruwv/ iru hdfk frxqwu| wkh uhwdlqhg odeho/ wkh qdph ri wkh vwrfn lqgh{/ dqg wkh

gdwh zkhq hdfk vhulhv ehfrphv dydlodeoh1 Wklv wdeoh dovr surylghv vrph lqirupdwlrq rq wkh

dydlodelolw| ri wkh h{fkdqjh udwhv dv zhoo dv lqwhuhvw udwhv1 Lq rxu gdwd edvh/ wkh Kxqjduldq

dqg Srolvk vwrfn pdunhwv ehfdph �uvw dydlodeoh1 Iru vrph frxqwulhv/ zh xvh wkh rqh0zhhn

lqwhuedqn lqwhuhvw udwh dv ulvn0iuhh udwh dqg wkh 90prqwk lqwhuedqn udwh dv orqj0whup lqwhuhvw

udwh1 Lq prvw hphujlqj pdunhwv/ lqwhuedqn udwhv duh wkh rqo| dydlodeoh pdunhw udwhv1

Zh gh�qh o�c|n� ' *? E��c|n�*��c|� wkh zhhno| vwrfn uhwxuq ri frxqwu| �/ ryhu wkh shulrg iurp

| wr | n �c h{suhvvhg lq orfdo fxuuhqf|1 Zh ghqrwh e| r��c|n� ' *? E7��c|n�*7��c|� wkh uhwxuq ri

wkh iruhljq fxuuhqf|/ zlwk 7��c| wkh dprxqw ri +iruhljq, fxuuhqf| ri frxqwu| � wkdw pd| eh

rewdlqhg iru d xqlw ri +orfdo, fxuuhqf| ri frxqwu| �1 Ohw o7�c|n� dqg ou�c|n� ghqrwh wkh vkruw0whup

dqg wkh orqj0whup lqwhuhvw udwhv ri frxqwu| �/ uhvshfwlyho|1 Wkhvh udwhv duh zhhno|/ fryhu wkh

shulrg iurp | wr | n � dqg wkh| duh nqrzq dw wlph |1 Zh dovr h{suhvv vwrfn uhwxuqv lq d

frpprq fxuuhqf| dqg vlqfh zh irfxv rq Hxurshdq vwrfn pdunhwv/ zh frqvlghu wzr uhihuhqfh

fxuuhqflhv/ wkh Vwhuolqj dqg Jhupdq Pdun1 Wkxv/ wkh vwrfn uhwxuq ri frxqwu| �/ ghqrplqdwhg

lq wkh fxuuhqf| ri frxqwu| �/ lv gh�qhg dv o��c| ' o�c| � r��c|1 Odvw/ wkh fruuhvsrqglqj h{fhvv

uhwxuq lv gh�qhg dv eo�c| ' o�c|� o7�c| lq orfdo fxuuhqf| dqg eo��c| ' o��c|� o7�c| lq frpprq fxuuhqf|1
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515 Ghvfulswlyh vwdwlvwlfv

Dv d �uvw orrn dw wkh gdwd/ zh frpsxwh xqlyduldwh vxppdu| vwdwlvwlfv iru vwrfn uhwxuqv/

h{suhvvhg lq Vwhuolqj1 Wdeoh 5 uhsruwv xqlyduldwh prphqwv dqg wkh whvw vwdwlvwlfv iru qrupdolw|/

vhuldo fruuhodwlrq dqg khwhurvnhgdvwlflw|1 Zh �qg wkdw phdq uhwxuqv udqjh ehwzhhq ��( d

zhhn lq Urpdqld dqg 316:( lq Hvwrqld1 Wklv frpsduhv zlwk wkh 31536( iru XN dqg 315:8( iru

Jhupdq|1 Dvvhw yrodwlolw| ri wkh wudqvlwlrq hfrqrplhv lv kljk zkhq frpsduhg wr wkh XN dqg

Jhupdq|1 Iru lqvwdqfh/ wkh yrodwlolw| ri wkh Olwxdqldq dqg F}hfk pdunhwv/ zklfk duh wkh ohdvw

yrodwloh/ lv qhduo| wzlfh dv kljk dv iru wkh XN ru Jhupdq|1 Vl{ rxw ri wkh whq Hdvw Hxurshdq

vwrfn lqglfhv duh irxqg wr eh ohiw vnhzhg1 Wklv uhvxow lqglfdwhv wkdw fudvkhv duh pruh olnho|

wr rffxu wkdq errpv1 Exw/ zkhq vwdqgdug huuruv duh frpsxwhg zlwk wkh JPP surfhgxuh

sursrvhg e| Ulfkdugvrq dqg Vplwk +4<<6,/ prvw ri wkhvh vnhzqhvv frh!flhqwv duh irxqg wr

eh qrq0vljql�fdqwo| gl�huhqw iurp 31 Frqwudu| wr zkdw lv xvxdoo| irxqg iru pdwxuh pdunhwv/

zh rewdlq d srvlwlyh vnhzqhvv lq Vorydnld/ Olwxdqld/ wkh F}hfk Uhsxeolf/ dqg Voryhqld1 Rq

wkhvh vwrfn pdunhwv/ wkh odujhvw lqfuhdvh lq uhwxuq h{fhhgv wkh odujhvw ghfuhdvh1 Wkhvh srvlwlyh

rxwolhuv pd| eh h{sodlqhg e| srolwlfdo hyhqwv wkdw ohg wr kxjh lq rzv ri iruhljq fdslwdo1 Iru

doo vwrfn pdunhwv/ zh dovr rewdlq d vljql�fdqw srvlwlyh h{fhvv nxuwrvlv1 Wkxv/ vwrfn0uhwxuq

glvwulexwlrqv kdyh idwwhu wdlov wkdq wkh qrupdo glvwulexwlrq1 Ilqdoo|/ zh whvw iru qrupdolw|/

xvlqj wkh Zdog vwdwlvwlf +Ulfkdugvrq dqg Vplwk/ 4<<6,1 Xqghu wkh qxoo/ vnhzqhvv dqg h{fhvv

nxuwrvlv duh mrlqwo| htxdo wr }hur1 Dv uhsruwhg lq Wdeoh 5/ vwrfn uhwxuqv lq wudqvlwlrq hfrqrplhv

duh qrw qrupdoo| glvwulexwhg/ zkhuhdv qrupdolw| ri uhwxuqv lq wkh wzr ghyhorshg pdunhwv ryhu

wkh jlyhq vdpsoh dqg iuhtxhqf| fdqqrw eh uhmhfwhg1

Zh rewdlq d vljql�fdqw vhuldo fruuhodwlrq lq vtxduhg uhwxuqv/ dv lqglfdwhg e| wkh Hqjoh

whvw vwdwlvwlfv1 Lq prvw frxqwulhv/ zh dovr �qg d vwurqj vhuldo fruuhodwlrq lq uhwxuqv/ zkhq

phdvxuhg e| wkh xvxdo Omxqj0Er{ whvw vwdwlvwlf1 Zkhq wklv vwdwlvwlf lv fruuhfwhg wr dffrxqw

iru khwhurvnhgdvwlflw|/ krzhyhu/ zh gr qrw rewdlq vxfk d vwurqj vhuldo fruuhodwlrq/ h{fhsw iru

Kxqjdu|1 Fkdqjlqj wkh fxuuhqf| uhihuhqwldo grhv qrw dowhu wkh pdlq frqfoxvlrqv gudzq xvlqj

Vwhuolqj1

Zh dovr frpsxwhg wkh fruuhodwlrq pdwul{ ehwzhhq vwrfn uhwxuqv/ h{suhvvhg lq orfdo fxuuhqf|

dv zhoo dv lq Vwhuolqj1 Wdeoh 6 uhsruwv wkhvh fruuhodwlrqv1 Iru hdfk sdlu ri vwrfn pdunhwv/

fruuhodwlrq zdv frpsxwhg ryhu wkh odujhvw vdpsoh dydlodeoh1 Wkh odujhvw fruuhodwlrqv zklfk

duh lqglfdwhg lq erog iru orfdo fxuuhqf| dqg Vwhuolqj ghqrplqdwhg fxuuhqf| uhwxuqv/ vkrz

wkdw fruuhodwlrq sdwwhuqv duh yhu| vlplodu1 Dq h{sodqdwlrq iru wklv vlplodulw| lv dgydqfhg
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e| Urfnlqjhu dqg Xujd +5333, zkr dujxh wkdw prvw Hdvwhuq Hxurshdq frxqwulhv dgrswhg d

fudzolqj shj1 Iru wklv uhdvrq/ zh irfxv qrz rq wkh glvfxvvlrq ri fruuhodwlrqv xvlqj Vwhuolqj0

ghqrplqdwhg uhwxuqv1 Iluvw/ zh �qg d yhu| vwurqj olqn ehwzhhq wkh XN dqg wkh Jhupdq

vwrfn lqglfhv/ zlwk d fruuhodwlrq dv kljk dv 3191 Vhfrqg/ pruh ghyhorshg vwrfn pdunhwv lq

wudqvlwlrq hfrqrplhv +wkh F}hfk Uhsxeolf/ Kxqjdu|/ Srodqg/ Uxvvld/ zlwk wkh h{fhswlrq ri

Vorydnld, duh udwkhu vwurqjo| lqwhuuhodwhg/ dqg wkh| duh dovr pruh frqqhfwhg zlwk ghyhorshg

pdunhwv1 Wklv uhvxow lv dpsol�hg zkhq uhwxuqv duh h{suhvvhg lq frpprq fxuuhqf|1 Odvw/ ohvv

ghyhorshg pdunhwv duh jhqhudoo| fkdudfwhul}hg e| orzhu fruuhodwlrqv/ zlwk wkh h{fhswlrq ri

Furdwld1 Ryhu wkh shulrg 4<<:05333/ wkh Furdwldq uhwxuq kdv ehhq vwurqjo| olqnhg wr wkh F}hfk/

Kxqjduldq/ dqg Srolvk uhwxuqv +zlwk d fruuhodwlrq odujhu wkdq 317,1 Vlqfh fruuhodwlrqv ehwzhhq

rog hfrqrplhv dqg wudqvlwlrq hfrqrplhv duh/ eurdgo| vshdnlqj/ udwkhu orz zkhq frpsduhg zlwk

fruuhodwlrqv dfurvv rog hfrqrplhv dorqh/ sruwirolr glyhuvl�fdwlrq lqyroylqj wudqvlwlrq hfrqrplhv

frxog eh yhu| khosixo wr uhgxfh sruwirolr ulvn1

516 Suhglfwdelolw| ri uhwxuqv

Qh{w/ zh dgguhvv wkh lvvxh ri iruhfdvwlqj vwrfn uhwxuqv1 Zh xvh d uhjuhvvlrq dssurdfk vlplodu wr

wkh rqh vxjjhvwhg e| Vroqln +4<<6,/ zkr xvhv/ krzhyhu/ ghyhorshg hfrqrplhv1 Li suhglfwdelolw|

ri uhwxuqv lv irxqg/ wklv frxog eh lqfrusrudwhg lq d g|qdplf phdq0yduldqfh sruwirolr doorfdwlrq1

Iluvw/ zh frqvlghu grphvwlf uhjuhvvlrqv= h{fhvv uhwxuqv duh ghqrplqdwhg lq orfdo fxuuhqf| dqg

lqirupdwlrq yduldeohv duh wkh vkruw0whup dqg wkh orqj0whup udwhv1 Zh fdqqrw lqfoxgh wkh

glylghqg |lhog lq wkh uhjuhvvlrq iru sudfwlfdo uhdvrqv15 Wkhuhiruh/ zh hvwlpdwh wkh iroorzlqj

uhjuhvvlrq

eo�c|n� ' @�f n @��eo�c| n @�2o
7
�c|n� n @��o

u
�c|n� n @�er

Lg
�c| n 0�c|n� +4,

zkhuh 0�c|n� lv d iruhfdvw huuru1 Doo h{sodqdwru| yduldeohv duh nqrzq dw gdwh |1

Zh dovr frqvlghu wkhvh uhjuhvvlrqv iurp dq dvvhw0doorfdwlrq shuvshfwlyh e| xvlqj uhwxuqv

ghqrplqdwhg lq Vwhuolqj1 Lq wklv fdvh/ zh lqwurgxfh lq wkh uhjuhvvlrq vwrfn uhwxuqv ri wkh

Jhupdq dqg wkh XN pdunhw1 Zkhq grphvwlf lqwhuhvw udwhv duh dydlodeoh/ zh hvwlpdwh wkh

uhjuhvvlrq

eoLg�c|n� ' K�fn K��eo
Lg
�c| n K�2

�
o7�c|n� � o7Lgc|n�

�
n K��

�
ou�c|n� � ouLgc|n�

�
n K�eeoLgc|n K�Deo

Lg
C.c|n�0�c|n�

+5,
5Glylghqg |lhogv duh qrw dydlodeoh iru prvw wudqvlwlrq hfrqrplhv1 Iru lqvwdqfh/ PVFL sxeolvkhv glylghqg

|lhogv iru wkh F}hfk Uhsxeolf/ Kxqjdu|/ Srodqg/ dqg Uxvvld iurp 4<<8 rqo|1
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dqg zkhq wkhuh lv qr grphvwlf lqwhuhvw udwh lq wkh gdwd vhw zh hvwlpdwh

eoLg�c|n� ' K�f n K��eo
Lg
�c| n K�2o

7
Lgc|n� n K��o

u
Lgc|n� n K�eeoLgc| n K�Deo

Lg
C.c| n �0�c|n�� +6,

Uhvxowv ri uhjuhvvlrq +4, duh uhsruwhg lq Wdeoh 7d/ zkhuhdv uhvxowv ri uhjuhvvlrqv +5, dqg

+6, duh uhsruwhg lq Wdeoh 7e1 Wkh pdlq frqfoxvlrqv gudzq iurp wkhvh uhjuhvvlrqv duh wkh

iroorzlqj1 Orfdo yduldeohv +vkruw0whup dqg orqj0whup udwhv, duh xvhohvv wr iruhfdvw vwrfn uhwxuqv

ri wudqvlwlrq hfrqrplhv1 Lq doo fdvhv/ wkh dgmxvwhg -2 iurp uhjuhvvlrq +4, lv ohvv wkdq :1;(

dqg prvw sdudphwhuv @� dqg @2 duh qrq vljql�fdqwo| gl�huhqw iurp 31 Vhfrqg/ vwrfn uhwxuqv

ri ghyhorshg frxqwulhv dsshdu wr eh khosixo wr iruhfdvw vwrfn uhwxuqv iru vrph wudqvlwlrq

hfrqrplhv1 Wkh sdudphwhu K� lv vljql�fdqwo| srvlwlyh lq vrph fdvhv1 \hw/ wkh -2 dvvrfldwhg wr

uhjuhvvlrq +5, uhpdlq yhu| orz/ vpdoohu wkdq 7(1 Dgmxvwhg -2 duh doo ohvv wkdq 518(1

Lw lv qrwhzruwk| wkdw vxfk d orz suhglfwdelolw| ri vwrfn uhwxuqv lv dovr irxqg iru ghyhorshg

pdunhwv1 Iru lqvwdqfh/ Fdpsehoo +4<<4, uhjuhvvhv wkh uhdo uhwxuq ri wkh Q\VH lqgh{ rq wkh

odjjhg uhwxuq/ wkh glylghqg0sulfh udwlr/ dqg wkh 40prqwk W0eloo udwh plqxv lwv sdvw wzhoyh0

prqwk dyhudjh1 Ryhu wkh shulrg 4<5:0;;/ kh rewdlqv dq -2 htxdo wr 313571

Wkh lqdelolw| wr rewdlq ydoxdeoh iruhfdvwv ri vwrfn uhwxuqv lq wudqvlwlrq hfrqrplhv lv olnho|

wr eh uhodwhg wr wkh edg vwdwlvwlfdo surshuwlhv ri wkh vhulhv/ vxfk dv vwuxfwxudo euhdnv1 Wklv grhv

qrw phdq wkdw qr dwwhpsw vkrxog eh pdgh wr ghdo zlwk wklv gl!fxow|1 Lqghhg/ Ndqgho dqg

Vwdpedxjk +4<<9, vkrz wkdw vwrfn uhwxuqv fdq vhhp wr eh rqo| zhdno| suhglfwdeoh dffruglqj

wr xvxdo vwdwlvwlfdo phdvxuhv/ vxfk dv wkh -2 ri wkh uhjuhvvlrq1 \hw/ li rqh frqvlghuv qrqhwkh0

ohvv wklv zhdn suhglfwdelolw|/ lw fdq vxevwdqwldoo| lq xhqfh wkh lqyhvwru*v sruwirolr ghflvlrq1

Vlqfh suhglfwdelolw| vhhpv wr eh gl!fxow wr fdswxuh iru wudqvlwlrq hfrqrplhv xvlqj uhjuhvvlrq

whfkqltxhv/ dowhuqdwlyh phwkrgv pd| eh uhohydqw1 Qrz/ zh xvh dq dg0krf ohduqlqj surfhgxuh

zlwk vrph Ed|hvldq  dyru/ lq rughu wr iruhfdvw wkh �uvw wzr prphqwv ri uhwxuqv1

6 Ed|hvldq ohduqlqj

614 Wkh prgho

Dv vkrzq lq wkh suhylrxv vhfwlrq/ whfkqltxhv wr iruhfdvw uhwxuqv edvhg rq frqglwlrqlqj yduldeohv

gr qrw vhhp wr zrun lq wudqvlwlrq hfrqrplhv1 Lq wklv vhfwlrq/ zh rxwolqh d whfkqltxh zklfk

dlpv dw fdswxulqj wkh ohduqlqj ri dvvhw0uhwxuqv lqwulqvlf sdudphwhuv1 Wklv whfkqltxh vkrxog

wdnh lqwr dffrxqw wkh vshfl�flwlhv ri wudqvlwlrq hfrqrplfv1 Dprqj wkhvh vshfl�flwlhv/ zh kdyh

;



wkh idfw wkdw rqo| d yhu| vpdoo klvwru| ri gdwd h{lvwv/ wkdw wkh hfrqrplhv zhuh vxemhfw wr

vwuxfwxudo fkdqjhv/ wkdw vwuxfwxudo fkdqjhv zhuh olnho| wr rffxu diwhu d vwrfn pdunhw uhdfwhg

zlogo|/ dqg wkdw qhz hfrqrplhv hphujhg1

Wkh �uvw vshfl�flw|/ wkh vkruw wlph vhulhv/ lpsolhv wkdw dq lqyhvwru pxvw kdyh vrph lghd

derxw wkh ixqgdphqwdo sdudphwhuv ri wkh hfrqrp|1 Dv wlph jrhv e| dqg qhz revhuydwlrqv

ehfrph dydlodeoh/ wkh lqyhvwru zloo xsgdwh wkhvh sulruv1 Wklv w|sh ri revhuydwlrq pd| eh

fdswxuhg zlwklq d Ed|hvldq iudphzrun1 Zh zloo qrz looxvwudwh krz Ed|hvldq xsgdwlqj zrunv1

Wr vlpsoli|/ zh dvvxph wkdw wkh yhfwru ri uhwxuqv +| ' Eeo�c|c eo2c|c � � � c eo�c|�
� lv glvwulexwhg

qrupdoo|=

+| � Q E>|cP|� c | ' �c ���c A� +7,

Li >| dqg P| zhuh nqrzq/ wkhq wkh| frxog eh xvhg lq d phdq0yduldqfh sruwirolr doorfdwlrq1 Lq

sudfwlfh/ wkh lqyhvwru kdv wr ohduq wkh dfwxdo ydoxhv ri wkhvh sdudphwhuv16 Ed|hvldq xsgdwlqj

dvvxuhv wkdw > dqg P iroorz d fhuwdlq glvwulexwlrq1 Ohduqlqj derxw d qhz revhuydwlrq |lhogv dq

xsgdwh ri wkh glvwulexwlrq1 Fduh pxvw eh wdnhq wkdw wkh qhz glvwulexwlrq uhpdlqv frpsdwleoh

zlwk wkh sulru1 Iru wkh qrupdo prgho +7,/ zh fdq dfklhyh wklv frpsdwlelolw| e| fkrrvlqj dv

frqmxjdwh sulru glvwulexwlrq dq lqyhuwhg0Zlvkduw glvwulexwlrq iru wkh pdujlqdo sulru sgi ri

P dqg d qrupdo glvwulexwlrq iru wkh frqglwlrqdo sulru ri >mP +vhh ]hooqhu/ 4<:4/ ]hooqhu dqg

Fkhww|/ 4<98/ ru Er{ dqg Wldr/ 4<<5,=

P � lqyhuwhg0ZlvkduwE\fc Df�

>mP � Q E>fcP*Vf�

zkhuh sulru sdudphwhuv duh \f/ Df/ >f dqg Vf1 Khqfh/ \f*Df dqg >f duh sulru ydoxhv iru P dqg

>1 Wkh sdudphwhuv Df dqg Vf ghwhuplqh wkh vwuhqjwk ri eholhi lq \f dqg >f1 Wkh sdudphwhu

Df lv wkh ghjuhh ri iuhhgrp ri wkh lqyhuwhg0Zlvkduw glvwulexwlrq1 Zhoo0nqrzq frpsxwdwlrqv

jlyh wkh iroorzlqj mrlqw srvwhulru ghqvlw| ri > dqg P
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6Zh dvvxph lq wklv vwxg| wkdw wkh phdq0yduldqfh dqdo|vlv vwloo krogv1 Lq rwkhu zrugv/ zh dvvxph wkdw

wkh lqyhvwru grhv qrw fkdqjh klv remhfwlyh ixqfwlrq wr h{solflwo| wdnh lqwr dffrxqw wkh udqgrpqhvv ri wkh

sdudphwhuv � dqg 	1
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zkhuh srvwhulru hvwlpdwhv �> dqg �\ duh jlyhq e| +vhh Jhopdq/ Fduolq/ Vwhuq/ dqg Uxelq/ 5333/

fkds1 6,=
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A
��1 Wkh Ed|hvldq hvwlpdwh ri wkh

fryduldqfh pdwul{ lv jlyhq e| �PA ' �\A* E�f n A �1 Wkhvh hvwlpdwhv duh htxdo/ iru odujh A /

wr wkrvh jlyhq/ iru lqvwdqfh/ lq Eurzq +4<:<, ru Iurvw dqg Vdydulqr +4<;9,1 Vrph dxwkruv

surylghg hvwlpdwhv iru sulru sdudphwhuv ghulyhg iurp wkh gdwd +vhh dovr Pruulv/ 4<;6,1 Xvlqj

wklv hpslulfdo Ed|hvldq dssurdfk/ Mrulrq +4<;8, ghvfulehv krz wr rewdlq dq hqgrjhqrxv ydoxh

iru Vf dqg >f1 Iurvw dqg Vdydulqr +4<;9, surylgh PO hvwlpdwlrq whfkqltxhv iru hvwlpdwlqj Vf

dqg Df1

Lq wkh prgho suhvhqwhg vr idu/ lw lv dvvxphg wkdw/ dw wlph |/ rqh xvhv doo sdvw gdwd wr

frpsxwh wkh Ed|hvldq hvwlpdwhv ri wkh sdudphwhuv1 Lw lv dovr srvvleoh wr frqvlghu d yhuvlrq

ri wkh Ed|hvldq xsgdwlqj dssurdfk/ zkhuh wkh ohduqlqj lv vhtxhqwldo/ dqg zkhuh rqh xsgdwhv

wkh sulru zlwk hdfk qhz revhuydwlrq1 Lq vxfk d fdvh/ srvwhulru hvwlpdwhv �>
|
dqg �\| duh jlyhq

e| V| ' V|3� n �c D| ' D|3� n �/ b| ' EV| � ��*V|c �>|
' b|�>|3�n E�� b� +|c dqg �\| ' �\|3�n

b|E+|� �>
|3�

�E+|� �>
|3�

��/ zkhuh �>
f
/ �\f/ Vf dqg Df duh sulru sdudphwhuv1 Wkh srvwhulru hvwlpdwh

ri wkh fryduldqfh pdwul{ lv qrz gh�qhg dv �P| ' �\|*D|1 Lw lv nqrzq/ h1j1 ]hooqhu +4<:4,/

wkdw wkh hvwlpdwhv �>
|
dqg �\| rewdlqhg e| wklv qhz dssurdfk duh htxdo wr wkrvh rewdlqhg zlwk

irupxodh +8, dqg +9, iru gdwh |1

Zh qrz wxuq wr wkh rwkhu vshfl�flwlhv ri hphujlqj pdunhwv wkdw zh wuhdw vlpxowdqhrxvo|1

Riwhq d fkdqjh lq wkh vwuxfwxuh ri wkh hfrqrp| rffxuv diwhu d odujh pryhphqw ri dq lqgh{1

Dqhfgrwdo hylghqfh ri wklv revhuydwlrq fdq eh hdvlo| surylghg iru wudqvlwlrq hfrqrplhv1 Iru

lqvwdqfh/ zkhq Howvlqh uhsodfhg Jruedfkry/ zruogzlgh wxuexohqfhv frxog eh ihow lq �qdqfldo

pdunhwv1 Fohduo|/ Howvlqh sxuvxhg d gl�huhqw srolf| wkdq Jruedfkry1 Lqvsluhg e| prghov

zkhuh d fkdqjh lq vwuxfwxuh rffxuv dv d wkuhvkrog lv h{fhhghg/ vxfk dv lq Wrqj +4<<6,/ zh

zloo uhlqlwldol}h rxu ohduqlqj prgho zkhqhyhu d uhwxuq lv ri d pdjqlwxgh lqfrpsdwleoh zlwk d

qrupdo glvwulexwlrq1 Zh vshfli| d kljk txdqwloh/ dqg zkhq wkh uhwxuq dw wlph | h{fhhgv wklv

wkuhvkrog/ zh vwduw d qhz ohduqlqj surfhvv1 Wkh uh0lqlwldol}dwlrq kdv wkh dgydqwdjh wkdw lw

wdnhv fduh ri wkh srvvlelolw| wkdw frpsohwho| qhz vlwxdwlrqv dulvh17 Jlyhq wkdw rxu �qdo GJS
7Lq pdq| prghov zkhuh ohduqlqj rffxuv/ lw lv dvvxphg ehiruhkdqg wkdw rqo| d jlyhq qxpehu ri vwdwhv pd|
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zloo frqvlvw ri d frpsoh{ pl{wxuh ri qrupdo ghqvlwlhv/ zh vhh wkdw wkh uhvxowlqj uhwxuqv zloo

eh qdwxudoo| qrq0qrupdo1

Hyhq wkrxjk zh uh0lqlwldol}h wkh ohduqlqj surfhgxuh zkhq dq deqrupdo uhwxuq rffxuv/ zh

sursrvh wr uh0lqlwldol}h wkh ohduqlqj rqo| iru d frxqwu| zkhuh wkh deqrupdo hyhqw wrrn sodfh/

udwkhu wkdq iru doo frxqwulhv1 Wklv phdqv wkdw zh duh deoh wr nhhs xvhixo lqirupdwlrq/ vhh

Vwdpedxjk +4<<<,1

Dqdorjrxvo|/ zkhq d qhz hfrqrp| ehfrphv dydlodeoh/ zh vwduw ohduqlqj derxw wkh sdud0

phwhuv1 Jlyhq wkh vkruwqhvv ri wkh wlph vhulhv/ wkh vwdwlvwlfldq idfhv d glohppd lq wkdw wrrov

vxfk dv vzlwfklqj uhjuhvvlrqv ru JDUFK prghov fdqqrw eh hvwlpdwhg1 Dv dq dowhuqdwlyh/ zh

vxjjhvw d uxoh0ri0wkxpe ohduqlqj surfhgxuh1

Zh qrz irupdol}h wkhvh lghdv1 Frqvlghu wkh uhwxuq ri frxqwu| � dw wlph |1 Wklv uhwxuq

vkrxog eh glvwulexwhg pdujlqdoo| dv d qrupdo glvwulexwlrq zlwk phdq >�c| dqg yduldqfh P��c|c

wkh �wk hohphqw rq wkh gldjrqdo ri wkh fryduldqfh pdwul{ P|1 Dvvxph wkdw dq h{wuhph hyhqw

rffxuv dw wlph | rq pdunhw �1 Iru lqvwdqfh/ wkdw meo�|m h{fhhgv wkh <<( wkuhvkrog ri wkh

qrupdo ghqvlw| zlwk phdq >�c| dqg yduldqfh P��c|� Lq wkdw fdvh/ zh uh0lqlwldol}h wkh prgho dv

zloo eh glvfxvvhg ehorz1 Ehfdxvh/ lq d uh0lqlwldol}dwlrq zh glvfdug doo wkh sdvw revhuydwlrqv

frqfhuqlqj frxqwu| �/ lw ehfrphv qhfhvvdu| wr shuirup d pruh vxewoh dffrxqwlqj ri hohphqwv1

Lq sduwlfxodu/ zhljkwv iru wkh phdq yhfwru/ +b|,/ dqg iru wkh fryduldqfh pdwul{/ +D|,/ pd|

gl�hu iurp rqh pdunhw wr wkh rwkhu1 Frqfhuqlqj wkh zhljkwv/ wkh xsgdwlqj ri V/ D/ dqg b lv

pdlqwdlqhg= V�c| ' V�c|3� n �/ D�c| ' D�c|3� n �/ dqg b�c| ' V�c|3�*V�c|1 Ixuwkhupruh/ zh qhhg wr

wdnh dffrxqw ri wkh idfw wkdw wkh zhljkw ri wkh revhuydwlrqv ri vhulhv � lv qrw wkh vdph dv iru

frxqwu| �1 Wklv ohdgv xv wr frqvlghu
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V�c| � V�c|

c
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c

rffxu1 Wklv lv wkh fdvh zlwk Kdplowrq*v +4<<7, vzlwfklqj uhjuhvvlrq1 Prghov zkhuh wkh vsdfh ri vwdwhv pd|

lqfuhdvh lv jlyhq e| Fkle +4<<;,1 Vhh dovr Nlp dqg Qhovrq +4<<<, iru d uhylhz ri d odujh vhohfwlrq ri prghov

doorzlqj vhyhudo vwdwhv1 Wkhuh/ d odujh qxpehu ri gdwd srlqwv lv/ krzhyhu/ uhtxluhg lq wkh hvwlpdwlrq1
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zkhuh � ghqrwhv wkh hohphqw e| hohphqw pxowlsolfdwlrq ri pdwulfhv dqg U?c6 lv wkh E?�6�

pdwul{ +srvvleo| ghjhqhudwhg wr d urz ru froxpq yhfwru, ri rqhv18 Li dq h{wuhph ydoxh rffxuv

rq pdunhw � dw wlph | � �/ prphqwv dvvrfldwhg zlwk wklv pdunhw duh +uh0,lqlwldol}hg dw wlph

|= V�c| ' V�cfc D�c| ' D�cfc �>�c| ' �>�cfc dqg �\��c| ' �\��cf� Zh wulhg ydulrxv lqlwldol}lqj dqg

uh0lqlwldol}lqj uxohv/ zklfk duh ghvfulehg lq wkh qh{w vhfwlrq1

615 Lqlwldol}lqj sulruv

Vhyhudo phwkrgv wr uh0lqlwldol}h sulruv duh srvvleoh1 Lw lv srvvleoh wr xvh rqh k|shusulru iurp

zklfk vrph vwduwlqj ydoxhv frxog eh gudzq1 Vlqfh wkh w|sh ri glvwulexwlrq zklfk vkrxog eh

fkrvhq iru wudqvlwlrq hfrqrplhv lv qrw fohdu/ zh ghflghg wr xvh dq dg0krf uxoh dv pd| eh xvhg

rq d wudglqj  rru1 Pruh suhflvho|/ zh vxjjhvw wkdw wkh lqyhvwru xqghu frqvlghudwlrq zdlwv iru

vrph wlph wr vhh krz wkh pdunhw hyroyhv1 Klv krul}rq lv vxssrvhg wr odvw 6 zhhnv19 Wkhuhiruh/

�>�cf dqg �P��cf duh hvwlpdwhg/ lq wkh xvxdo zd|/ dv wkh vdpsoh phdq dqg wkh fryduldqfh ryhu

wkuhh revhuydwlrqv1 Jlyhq wkh zd| zh frqvwuxfw rxu sulru/ zh vhw V�cf ' D�cf ' �1 Gxulqj wklv

ohduqlqj shulrg/ lw lv dvvxphg wkdw wkh lqyhvwru grhv qrw sxw klv prqh| lq frxqwu| �� Zh duh

dzduh wkdw wklv dvvxpswlrq lv vwurqj1 Lq sduwlfxodu/ lw lpsolhv wkdw lqyhvwruv/ zkr duh udwlrqdo

lq rxu hfrqrp|/ pd| e| klv dfwlrq dpsoli| qhjdwlyh pryhphqwv1 Lq rwkhu zrugv/ zh sodfh

rxuvhoyhv lq d sduwldo htxloleulxp iudphzrun1 Lqghhg/ li qrerg| vkrxog lqyhvw prqh| iru vrph

wlph/ wklv zrxog qdwxudoo| eulqj xs wkh Jurvvpdq0Vwljolw} qr0wudglqj sdudgr{1

Zkhq frxqwu| � h{shulhqfhv dq h{wuhph hyhqw dw wlph |� �/ wkh phdq/ wkh yduldqfh/ dqg

doo fryduldqfhv kdyh wr eh uh0lqlwldol}hg1 Jlyhq wkdw wkh odvw revhuydwlrq lv dq h{wuhph hyhqw/

lw lv olnho| qrw wr eh ydoxdeoh/ vhh dovr Gxpdv dqg Mdftxloodw +4<<3,1 Wr frqvwuxfw hvwlpdwhv ri

ixwxuh sdudphwhuv/ wkhuhiruh/ zh lqlwldol}h wkh phdq uhwxuq dv �>�cf ' k�+�/ zkhuh k� 5 dfc �o

dqg +� lv wkh vdpsoh phdq ryhu wkh odvw wkuhh revhuydwlrqv ehiruh wkh fudvk1 Zh glvfxvv ehorz

wkh uroh sod|hg wkh k� �

Frqfhuqlqj wkh fryduldqfh pdwul{/ zh xvh �P��cf ' kT r
2

� / zkhuh kT 5 dfc �o dqg r2� ghqrwhv

wkh vdpsoh yduldqfh ryhu wkh odvw wkuhh revhuydwlrqv1 Odvw/ fryduldqfhv duh vhw xs vxfk wkdw

�P��cf ' k�4��c|3�

t
�P��cf

�P��c|/ zkhuh 4��c|3� ghqrwhv wkh fruuhodwlrq hvwlpdwh mxvw ehiruh wkh

h{wuhph hyhqw1 Wkh fkrlfh ri k� lv txlwh fkdoohqjlqj1 Rq rqh kdqg/ vlqfh dq h{wuhph hyhqw

8Iru lqvwdqfh/ li D @ idl>mj dqg E @ iel>mj wkhq D�E @ idl>mel>mj zlwk D dqg E wzr frqirupdeoh pdwulfhv1
9Wklv lv wkh orzhu erxqg wr rewdlq d vhqvleoh fryduldqfh pdwul{1 Dowkrxjk wklv dvvxpswlrq pd| dsshdu

gudvwlf/ Eruhqv}whlq dqg Jhodv +5333, uhsruw pdvvlyh  rzv ri lqvwlwxwlrqdo lqyhvwruv durxqg fulvhv1 Qrwlfh wkdw

rxu uhsruwhg uhvxowv uhpdlq txdqwlwdwlyho| wkh vdph li wkh wlph shulrg lv h{whqghg wr vhyhudo pruh zhhnv1
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rffxuuhg rq pdunhw �/ zh duh uhoxfwdqw wr vhw d odujh sdudphwhu k�/ wr dyrlg �frqwdplqdwlqj�

rwkhu vwrfn pdunhwv1 Rq wkh rwkhu kdqg/ vrph hpslulfdo hylghqfh rewdlqhg zlwk ydulrxv

whfkqltxhv lqglfdwhv wkdw fruuhodwlrq whqgv wr lqfuhdvh lq shulrg ri wxuexohqfh/ vr wkdw vwrfn

pdunhwv duh pruh uhodwhg gxulqj fudvkhv dqg errpv +Udpfkdqg dqg Vxvpho/ 4<<;/ Orqjlq

dqg Vroqln/ 5334,1 Srvvleoh ydoxhv iru k� duh
k
��*4��c|3�c �*4��c|3�

l
/ exw zh w|slfdoo| wulhg

ydoxhv lq wkh udqjh dfc �o1 Ilqdoo|/ �\��cf lv vhw htxdo wr �D��cf�P��cf/ zlwk �D��cf '
t
�D�cf�D�c|1

616 Dvvhvvphqw ri Ed|hvldq ohduqlqj

Zh fkhfnhg wkdw/ zlwkrxw dq| uh0lqlwldol}dwlrq/ wkh odvw frqglwlrqdo h{shfwhg h{fhvv uhwxuq

+�>A , dqg wkh odvw fryduldqfh pdwul{ +�PA , htxdo wkh xqfrqglwlrqdo h{fhvv uhwxuq ++A , dqg

xqfrqglwlrqdo fryduldqfh pdwul{ +7A*A ,/ uhvshfwlyho|1

Lq rughu wr dvvhvv rxu Ed|hvldq0ohduqlqj surfhgxuh/ zh shuiruphg vhyhudo h{shulphqwv1 Wd0

eoh 8 uhsruwv vrph vwdwlvwlfv rq Ed|hvldq ohduqlqj1 Iluvw/ zh lqglfdwh �uvw dqg vhfrqg xqfrq0

glwlrqdo prphqwv ri h{fhvv uhwxuqv1: Zh wkhq uhsruw dyhudjhv ri �uvw dqg vhfrqg frqglwlrqdo

prphqwv ri h{fhvv uhwxuqv dvvrfldwhg zlwk ydulrxv vhwv ri uh0lqlwldol}dwlrqv k ' ik� c kT c k�j1
Zh dovr suhvhqw wkh qxpehu ri uh0lqlwldol}dwlrqv iru hdfk vwrfn pdunhw1 D �uvw uhvxow lv wkdw

wkh qxpehu ri uh0lqlwldol}dwlrqv lqfuhdvhv zkhq zh ghfuhdvh wkh sdudphwhu kT � D orz ydoxh

ri kT lv dvvrfldwhg zlwk d orz ydoxh ri wkh yduldqfh lq fdvh ri d uh0lqlwldol}dwlrq1 Wklv lp0

solhv wkdw/ hyhu|wklqj hovh ehlqj htxdo/ d ixuwkhu uh0lqlwldol}dwlrq lv pruh olnho| wr rffxu vlqfh

wkh vwdqgdugl}hg uhwxuq lv pruh olnho| wr h{fhhg wkh uh0lqlwldol}dwlrq wkuhvkrog1 Iru lqvwdqfh/

zkhq zh fkrvh k ' E�c �c ��c wkh qxpehu ri uh0lqlwldol}dwlrqv lv 54 lq Kxqjdu|/ ; lq Uxvvld/

dqg 43 lq Urpdqld1 Zkhq zh fkrrvh k ' E�c f�Dc ��/ wklv qxpehu lv dv kljk dv 65/ 54 dqg 4:/

uhvshfwlyho|1

Lq sdudooho/ wkh frqglwlrqdo vwdqgdug ghyldwlrq dovr ghfuhdvhv zlwk wkh sdudphwhu kT � Lq

prvw hphujlqj pdunhwv/ wkh frqglwlrqdo vwdqgdug ghyldwlrq lv orzhu wkdq wkh xqfrqglwlrqdo

vwdqgdug ghyldwlrq zkdwhyhu wkh uh0lqlwldol}dwlrq sdudphwhu1 Vxfk d uhvxow grhv qrw krog iru

wkh sdudphwhu k� dvvrfldwhg wr wkh uhwxuq uh0lqlwldol}dwlrq1 Wkh srvlwlrq ri wkh xqfrqglwlrqdo

phdq zlwk uhvshfw wr wkh frqglwlrqdo phdq lv vwurqjo| uhodwhg wr wkh vnhzqhvv ri wkh glvwule0

xwlrq1 Srvlwlyh vnhzqhvv lqglfdwhv wkdw errpv duh pruh olnho| wr rffxu wkdq fudvkhv/ vr wkdw

uh0lqlwldol}lqj ohduqlqj lv olnho| wr ghfuhdvh wkh frqglwlrqdo phdq1 Zh revhuyh vxfk d skhqrp0

:Wkh gl�huhqfh ri wkh vwdwlvwlfv glvsod|hg khuh dqg wdeoh 5 lv wkdw/ qrz/ zh xvh h{fhvv uhwxuqv udwkhu wkdq

uhwxuqv1

46



hqrq lq Vorydnld/ Olwkxdqld/ dqg Voryhqld1 Lq hphujlqj pdunhwv/ uhgxflqj wkh sdudphwhu k�

iurp 4 wr 3 jhqhudoo| ohdgv wr d frqglwlrqdo phdq wkdw lv pxfk forvhu wr wkh xqfrqglwlrqdo

phdq1 Wklv wudqvodwhv wkh idfw wkdw h{wuhph uhwxuqv duh qrw shuvlvwhqw1 Lw lv dovr qrwhzru0

wk| wkdw/ iru vrph pdunhwv/ uhgxflqj wkh sdudphwhu k� lpsolhv d ghfuhdvh lq wkh qxpehu ri

uh0lqlwldol}dwlrqv/ dv lq wkh F}hfk Uhsxeolf ru Kxqjdu|1

7 Sruwirolr doorfdwlrq xqghu Ed|hvldq ohduqlqj

714 Wkh dvvhw doorfdwlrq

Qrz/ zh xvh rxu Ed|hvldq0ohduqlqj surfhgxuh wr frqvwuxfw d g|qdplf sruwirolr doorfdwlrq1

Iluvw/ lqyhvwruv iruhfdvw wkh h{shfwhg uhwxuq dqg wkh fryduldqfh pdwul{/ iru wkh shulrg ehwzhhq

| dqg |n�/ zlwk wkhlu fxuuhqw hvwlpdwhv �>| dqg �P|/ uhvshfwlyho|1 Vhfrqg/ wkh| vroyh wkh phdq0

yduldqfh dvvhw0doorfdwlrq sureohp=

4@ 
t�|�

w �|�>| � ��
|
�P|�|c +:,

��c| � fc ;� ' �c ���c �|c +;,
�|[

�'�

��c| � �c +<,

zkhuh �| ghqrwhv wkh froxpq yhfwru ri sruwirolr zhljkwv/ fkrvhq dw gdwh | iru wkh shulrg

d|( |n �o1 Wkh sdudphwhu w ghqrwhv wkh frh!flhqw ri ulvn wrohudqfh1 Zkhqhyhu zh wdnh d vxp

lqyroylqj d ydu|lqj qxpehu ri hohphqwv/ zh dvvxph wkdw wkh rughulqj ri wkh vhulhv lv vxfk wkdw

� uxqv ryhu wkh h{lvwlqj vhulhv1 Zh dvvxph wkdw wkhuh duh qr wudqvdfwlrq frvwv1 Jlyhq wkdw

vkruw0vhoolqj lv qrw doorzhg lq pdq| frxqwulhv/ zh dovr gr qrw doorz lw khuh1 Iru wklv uhdvrq/ doo

zhljkwv duh frqvwudlqhg wr eh srvlwlyh/ dv lq +;,1 Wkh zhljkwv duh qrw dvvxphg wr vxp wr rqh/

vlqfh d sduw ri wkh zhdowk frxog eh lqyhvwhg lq wkh ulvn0iuhh dvvhw1 Lq +<,/ zh dovr lpsrvh wkh

frqvwudlqw wkdw pdujlq sxufkdvhv duh qrw doorzhg1 Uxqqlqj wkh phdq0yduldqfh surjudp xvlqj

wkh wlph0ydu|lqj phdq dqg fryduldqfh pdwul{ |lhogv d wlph vhulhv ri dvvhw0doorfdwlrq zhljkwv1;

Wkh vxp ri zhljkwhg uhwxuqv jlyhv d vhulhv ri fxpxodwlyh h{fhvv uhwxuqv1

;Zh vroyh wklv txdgudwlf rswlpl}dwlrq sureohp xvlqj wkh JDXVV TS prgxoh1
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715 Wkh ehqfkpdun

Dv vwuhvvhg e| Vroqln +4<<6,/ wkhruhwlfdo lqwhuqdwlrqdo dvvhw sulflqj prghov gr qrw surylgh

d ehqfkpdun sruwirolr wkdw frxog eh xvhg wr jdxjh dowhuqdwlyh lqyhvwphqw vwudwhjlhv1 Wkh

uhdvrq iru wklv lv wkdw khgjlqj djdlqvw fxuuhqf| ulvn uhtxluhv kroglqj d frpelqdwlrq ri wkh gr0

phvwlf ulvn0iuhh dvvhw dqg wkh zruog pdunhw sruwirolr soxv d srvlwlrq lq iruhljq ulvn0iuhh dvvhwv1

Wkhuhiruh/ wkh whvw ri rxu Ed|hvldq ohduqlqj fdqqrw eh edvhg rq d suhghwhuplqhg ehqfkpdun1

Khqfh/ zh dsso| wkh dssurdfk sursrvhg e| Fruqhoo +4<:<,1 Wklv lv dovr wkh dssurdfk iroorzhg

e| Gxpdv dqg Mdftxloodw +4<<3,1 Wr xqghuvwdqg wkh lqwxlwlrq ri wklv dssurdfk/ zh dvvxph wzr

w|shv ri lqyhvwruv1 Iluvw/ Ed|hvldq lqyhvwruv wkdw xvh wkh dg0krf ohduqlqj surfhgxuh ghvfulehg

deryh wr iruhfdvw wkh h{shfwhg uhwxuq dqg wkh fryduldqfh pdwul{ dqg zkr lqyhvw lq dvvhwv xvlqj

wkh lqyhvwphqw uxoh +:,1 Vhfrqg/ qdlyh +ru xqlqiruphg, lqyhvwruv zkr dvvxph wkdw wkh uhwxuq

yhfwru dqg wkh fryduldqfh pdwul{ duh qrw iruhfdvwdeoh1 Xqghu wklv dvvxpswlrq/ wkh| xvh xq0

frqglwlrqdo uhwxuqv dqg fryduldqfh pdwul{ wr ghwhuplqh wkhlu rswlpdo sruwirolr1 Frpsdulvrq

ri wkh fxpxodwlyh h{shfwhg uhwxuq uhdol}hg e| wkh wzr w|shv ri lqyhvwruv doorzv xv wr jdxjh

wkh ydoxh ri wkh Ed|hvldq whfkqltxh1 Li Ed|hvldq ohduqlqj zhuh zruwkohvv/ wkh frqglwlrqdo

glvwulexwlrq uhgxfhv wr wkh xqfrqglwlrqdo glvwulexwlrq/ dqg erwk rswlpdo sruwirolrv vkrxog eh

lghqwlfdo1

Zh �uvw kdyh wr dgguhvv wkh phdvxuh ri xqfrqglwlrqdo uhwxuqv dqg fryduldqfh pdwul{1

Fruqhoo +4<:<, phdvxuhg wkh xqfrqglwlrqdo prphqwv ryhu wkh vdpsoh shulrg suhfhhglqj shulrg

|1 Frshodqg dqg Pd|huv +4<;5, vxjjhvwhg wkdw wkh zkroh vdpsoh shulrg +lqfoxglqj wkh shulrg

srvwhulru wr gdwh |, zrxog eh ehwwhu/ li wkh iruhfdvwlqj prgho lv hvwlpdwhg ryhu wkh zkroh

shulrg1 Khuh/ wkh Ed|hvldq ohduqlqj rqo| xvhv sdvw lqirupdwlrq uhjduglqj uhwxuqv1 Vroqln

+4<<6,/ xvlqj kljko| ghyhorshg hfrqrplhv/ dujxhg wkdw eldvhv gxh wr wkh xvh ri wkh zkroh

vdpsoh duh olnho| wr eh vpdoo dqg hvwlpdwhg dq xqfrqglwlrqdo phdq zlwk wkh odujhvw gdwd

vdpsoh1

Dq dvvxpswlrq ehklqg Fruqhoo*v ehqfkpdun lv vwdwlrqdulw|1 Fohduo|/ rxu prgho lv udwkhu dw

rggv zlwk wklv dvvxpswlrq1 Iru wklv uhdvrq/ zh zloo frpsduh erwk vwudwhjlhv1 Dv d pdwwhu ri

idfw/ vlqfh rxu vdpsoh lv udwkhu vkruw/ gl�huhqfhv ehwzhhq phdq uhwxuqv frpsxwhg xvlqj sdvw

gdwd dqg xvlqj wkh zkroh vdpsoh duh olnho| wr eh odujh/ dw ohdvw iru vrph vwrfn pdunhwv/ zlwk

yhu| djlwdwhg pryhphqwv1

Ohw xv surfhhg zlwk d irupdo ghvfulswlrq ri rxu whvw1 Wr gr vr/ zh frqvlghu dq lqyhvwru

zlwk d Vwhuolqj uhihuhqwldo xvlqj rxu ohduqlqj uxoh1 Xvlqj wkh rswlpdo sruwirolr zhljkwv �|c kh
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rewdlqv wkh h{fhvv uhwxuq/ -�
|n�/ ryhu wkh shulrg ehwzhhq | dqg |n � dv

-�
|n� '

�|[

�'�

��c|eo
Lg
�c|n��

Iru ixuwkhu frqyhqlhqfh/ zh lqwurgxfh wkh fxpxodwlyh h{fhvv uhwxuq iru wkh Ed|hvldq ohduqlqj

uxoh

FHUE|n� '
|n�[

r'�

-R
r� +43,

Iru wkh qdlyh lqyhvwruv/ dv lq Fruqhoo +4<:<,/ zh dvvxph wkdw wkh rswlpdo zhljkwv duh frp0

sxwhg e| Ed|hvldq lqyhvwruv/ exw wkdw wkh h{shfwhg uhwxuqv dqg wkh fryduldqfh pdwul{ xvhg wr

ghwhuplqh wkrvh zhljkwv duh ljqruhg1 Wkh h{shfwhg h{fhvv uhwxuq ri wkh sruwirolr lv wkhuhiruh

.FRU

| d-R
|n�o '

�|[

�'�

��c|eo
Lg
�c|n� zkhuh eoLg�c|n� '

�

|�

|�3�[

r'f

eoLg�cr c

dqg zkhuh eoLg�c| ghqrwhv wkh phdq h{fhvv uhwxuq ri frxqwu| � +ghqrplqdwhg lq Vwhuolqj, frp0

sxwhg ryhu wkh vdpsoh shulrg xs wr gdwh |n�1 Fohduo|/ |� uhsuhvhqwv wkh qxpehu ri revhuydwlrqv

wkdw duh dydlodeoh iru frxqwu| � dw gdwh |n �1

Iru wkh qdlyh lqyhvwruv/ dv lq Frshodqg dqg Pd|huv +4<;5,/ h{shfwdwlrqv duh frpsxwhg

zlwk

.FP

| d-R
|n�o '

�|[

�'�

��c|eo
Lg
�cA zkhuh eoLg�cA '

�

A�

A�3�[

r'f

eoLg�cr c

zlwk A� wkh qxpehu ri revhuydwlrqv dydlodeoh iru frxqwu| � lq wkh hqwluh vdpsoh1 Iurp wkhuh

rq/ zh pd| gh�qh xqh{shfwhg h{fhvv uhwxuqv iru wkh wzr ehqfkpdunv=

�FRU|n� ' -R
|n� � .FRU

| d-R
|n�o dqg �FP|n� ' -R

|n� �.FP

| d-R
|n�o �

Xqghu wkh qxoo k|srwkhvlv wkdw Ed|hvldq ohduqlqj lv zruwkohvv/ wkh xqh{shfwhg uhwxuq

�|n� vkrxog eh }hur1 Wr frqvwuxfw d whvw ri wklv k|srwkhvlv/ zh dovr gh�qh wkh xqlqiruphg

yduldqfh ri wkh sruwirolr uhwxuq1 Iru Fruqhoo/ wklv lv frpsxwhg xvlqj rswlpdo zhljkwv �| dqg

wkh fryduldqfh pdwul{ T|/ frpsxwhg ryhu wkh vdpsoh shulrg xs wr gdwh |� Iru Frshodqg dqg

Pd|huv/ wklv lv frpsxwhg xvlqj wkh yduldqfh0fryduldqfh pdwul{ T / frpsxwhg ryhu wkh hqwluh

vdpsoh1 Zh rewdlq

EjFRU|n� �2 ' ��

|T|�|c EjFP|n��
2 ' ��

|T �|1

Wkhq/ zh frpsxwh wkh vwdqgdugl}hg xqh{shfwhg h{fhvv uhwxuq dqg exlog d w0vwdwlvwlf1 Wkhvh

duh
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�FP '
�s

A � �

A3�[

|'�

�FP|n�
j|n�

c +44,

�FRU '
�s

A � �

A3�[

|'�

�FRU|n�

j|n�
� +45,

Iru wkh fdvh wkdw wkh ohduqlqj vwudwhj| grhv qrw dgg nqrzohgjh ryhu d qdlyh vwudwhj|/ wkh qxoo

k|srwkhvlv lv �FP ' f dqg �FRU ' f fdq qrw eh uhmhfwhg1 Erwk vwdwlvwlfv duh glvwulexwhg/

xqghu wkh qxoo/ dv d qrupdo/ Q Efc ��1

Lw lv xvhixo wr frqvlghu krz wkh sruwirolrv zruwk zrxog kdyh hyroyhg wkurxjk wlph1 Iru

wklv uhdvrq/ zh dovr gh�qh fxpxodwlyh h{fhvv uhwxuqv/ FHU1 Wkhvh duh

FHUFRU| '
|[

r'�

�r[

�'�

��creo
Lg
�crn�c +46,

FHUFP| '
|[

r'�

�r[

�'�

��creo
Lg
�cA c dqg +47,

FHUE| '
|[

r'�

�r[

�'�

��creo
Lg
�crn�c iru | ' �c � � � c A � �� +48,

716 Uhvxowv

Lq wklv vhfwlrq/ zh glvfxvv wkh uhvxowv ri wkh lpsohphqwdwlrq ri rxu Ed|hvldq prgho1 Lq rughu

wr lpsohphqw wklv prgho/ lw lv qhfhvvdu| wr vhohfw d ohyho ri wkh ulvn wrohudqfh sdudphwhu1 Wkh

fkrlfh ri wklv sdudphwhu lv duelwudu|1 Iru prqwko| gdwd/ Fkhsud dqg ]lhped +4<<6, xvh dv d

suhihuuhg frh!flhqw ri ulvn wrohudqfh w ' Df1 Wkh| fodlp wkdw wklv sdudphwhu fruuhvsrqgv wr

odujh X1V1 shqvlrq ixqgv dqg rwkhu lqvwlwxwlrqdo lqyhvwruv1 Ulvn wrohudqfhv ri 58 dqg :8 zrxog

fkdudfwhul}h vwurqjo| frqvhuydwlyh dqg djjuhvvlyh lqyhvwruv/ uhvshfwlyho|1

71614 Xqfrqglwlrqdo sruwirolr doorfdwlrq

Dv d �uvw fdvh/ iru ydulrxv ohyhov ri ulvn wrohudqfh/ zh frqvlghu wkh doorfdwlrqv/ �/ rewdlqhg e|

xvlqj wkh phdq dqg wkh fryduldqfh pdwul{ hvwlpdwhg iurp wkh hqwluh vdpsoh1 Lq Wdeoh 9/ zh

suhvhqw ydulrxv uhvxowv iru wkh xqfrqglwlrqdo iudphzrun1

Sdqho D glvsod|v wkh zhljkwv dvvxplqj wkdw wkh zhljkwv duh uhvwulfwhg wr eh srvlwlyh1 Wklv

phdqv wkdw lqyhvwruv pd| dovr lqyhvw lq wkh ulvnohvv dvvhw1 Iru yhu| frqvhuydwlyh lqyhvwruv/

l1h1 zlwk orz wc zh �qg/ dv h{shfwhg/ wkdw wkh| lqyhvw yhu| vpdoo dprxqwv lq htxlw|1 Dv ulvn
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wrohudqfh lqfuhdvhv/ wkh iudfwlrq ri zhdowk lqyhvwhg lq wkh ulvn| dvvhwv lqfuhdvhv1 Lqwhuhvwlqjo|/

hyhq iru udwkhu kljk ulvn wrohudqfhv/ lqyhvwruv sxw dw prvw 63( ri wkhlu zhdowk lq wkh XN dqg

Jhupdq lqglfhv1 Wklv frphv iurp wkh idfw wkdw/ gxulqj wkh shulrg frqvlghuhg/ vwrfn pdunhwv

r�huhg d udwkhu orz h{fhvv uhwxuq1 Zh revhuyh wkdw qr prqh| zrxog kdyh ehhq sxw lq wkh vhw ri

wudqvlwlrq hfrqrplhv1 Wklv fdq eh h{sodlqhg e| wkh idfw wkdw/ jlyhq wkh uhodwlyho| orz ohyho ri

h{shfwhg uhwxuqv/ wkh wudqvlwlrq hfrqrplhv gr qrw r�hu vx!flhqw glyhuvl�fdwlrq rssruwxqlwlhv/

dv wr r�vhw wkh udwkhu kljk ohyho ri yrodwlolw|1

Sdqho E ri Wdeoh 9 glvsod|v sruwirolr zhljkwv xqghu wkh dvvxpswlrq wkdw wkh zhljkwv vxp wr

rqh1 Wklv phdqv wkdw doo wkh zhdowk kdv wr eh lqyhvwhg lqwr wkh ulvn| dvvhwv1 Iru d frh!flhqw

ri ulvn wrohudqfh ri w ' Df/ zh �qg wkdw dq lqyhvwru zrxog kdyh sxw ;51;( ri klv zhdowk lq

wkh XN pdunhw dqg wkh uhvw lq wkh Jhupdq pdunhw1 Qrwklqj zrxog kdyh ehhq lqyhvwhg lq wkh

wudqvlwlrq hfrqrplhv1

Vr idu/ zh frqvlghuhg wkh frqvhtxhqfh rq sruwirolr zhljkwv1 Dq dowhuqdwlyh txhvwlrq lv

krz pxfk d jlyhq vwudwhj| zrxog |lhog lq whupv ri fxpxodwlyh h{fhvv uhwxuqv +FHUA ,1 Wr

dqvzhu wklv txhvwlrq/ zh suhvhqw lq Sdqho F ri Wdeoh 9/ iru ydulrxv ohyhov ri ulvn wrohudqfh/

wkh fxpxodwlyh h{fhvv uhwxuqv/ rqfh iru wkh rswlpdo phdq0yduldqfh doorfdwlrq/ dqg rqfh iru dq

htxdoo| zhljkhg lqyhvwphqw vwudwhj|1

Dv wkh ohyho ri ulvn wrohudqfh lqfuhdvhv/ wkh phdq0yduldqfh vwudwhj| |lhogv d kljkhu ohyho ri

uhwxuqv1 Rq wkh rwkhu kdqg/ wkh ulvn ri wkh vwudwhj| lqfuhdvhv1 Dv d frqvhtxhqfh/ revhuydwlrq

ri wkh ixoo vdpsoh FHU rqo| lv plvohdglqj1 D ulvn0dgmxvwhg phdvxuh lv jlyhq e| wkh Vkdush

udwlr1 Zkhq zh frqwhpsodwh wklv vwdwlvwlf/ zh rewdlq d vljql�fdqw lqfuhdvh zkhq zh vkliw

iurp htxdo zhljkwv wr rswlpdo zhljkwv/ exw rqo| d pdujlqdo lqfuhdvh iru kljkhu ohyhov ri ulvn

wrohudqfh1 Zh �qg wkdw wkh lqyhvwru zkr kdg lqyhvwhg dffruglqj wr phdq0yduldqfh dqdo|vlv

zrxog kdyh uhdol}hg d vljql�fdqw ehqh�w ryhu wkh htxdo0zhljkw lqyhvwru1

Wkh uhvxowv ghvfulehg vr idu duh vwdwlf1 Zh qrz wxuq wr lqyhvwljdwh wkh frqwulexwlrq ri wkh

Ed|hvldq ohduqlqj uxoh1

71615 Frqglwlrqdo sruwirolr doorfdwlrq

Lq Wdeoh :/ zh iroorz Fruqhoo/ dv zhoo dv Frshodqg dqg Pd|huv/ dqg suhvhqw wkh fxpxodwlyh

h{fhvv uhwxuqv wkdw duh uhtxluhg lq wkh shuirupdqfh phdvxuhphqw1 Zh suhvhqw wkh ixoo vdpsoh

fxpxodwlyh h{fhvv uhwxuq/ FHUFP
A

/ FHUFRU
A

dqg wkh ed|hvldq rqh FHU�
A
� Wkhq/ zh suhvhqw/ lq

wkh odvw wzr froxpqv/ wkh �FP0 dqg �FRU0vwdwlvwlfv +45, uhvshfwlyho| +44,1 Wkh �uvw vwdwlvwlfv
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frpsduhv wkh delolw| ri wkh sruwirolr edvhg rq Ed|hvldq ohduqlqj wr rxwshuirup d qdlyh vwudwhj|

edvhg rq xqfrqglwlrqdo prphqwv frpsxwhg ryhu d ixoo vdpsoh +vwdwlf phdvxuh,1 Wkh vhfrqg

vwdwlvwlf frpsduhv wkh shuirupdqfh ri wkh Ed|hvldq sruwirolr wr wkh rqh ri d qdlyh vwudwhj|

edvhg rq xqfrqglwlrqdo prphqwv frpsxwhg ryhu wkh vdpsoh shulrg suhfhhglqj wkh fxuuhqw

shulrg +g|qdplf phdvxuh,1 Wkh wzr vwdwlvwlfv duh suhvhqwhg iru ydulrxv ohyhov ri ulvn wrohudqfh

dqg ydulrxv ohyhov ri lqlwldol}dwlrq1 Jlyhq wkdw wkh uhvxowv duh txdqwlwdwlyho| wkh vdph dv ulvn

wrohudqfhv fkdqjh/ zh irfxv lq wkh glvfxvvlrq rq wkh rqh iru w ' Df1 Iru wklv ohyho/ zh �qg wkdw/

zkdwhyhu wkh ohyho ri lqlwldol}dwlrq/ wkh vwdwlf phdvxuh surylghv d yhu| vpdoo h{fhvv uhwxuq1 Zh

�qg wkdw wkh ohyho lv yhu| gl�huhqw iru wkh g|qdplf phdvxuh1 Zh h{sodlq wklv uhvxow e| wkh

idfw wkdw lq wudqvlwlrq hfrqrplhv pdq| hyhqwv rffxuuhg wkdw fkdqjhg vljql�fdqwo| wkh ohyho ri

wkh phdq uhwxuqv1 Xvlqj wkh Ed|hvldq ohduqlqj/ zh rewdlq yhu| kljk fxpxodwlyh h{fhvv uhwxuqv

iru vrph ri wkh lqlwldol}dwlrqv1 Zh �qg wkdw rxu Ed|hvldq ohduqlqj lv vljql�fdqwo| ehwwhu wkdq

wkh vwdwlf phdvxuh iru orz ohyhov ri yduldqfh uh0lqwldol}dwlrqv1 Lw lv pdujlqdoo| ehwwhu wkdq wkh

g|qdplf phdvxuh1

Zh wxuq qrz wr glvfxvv wkh fkdqjhv lq shuirupdqfh dv wkh lqlwldol}dwlrqv fkdqjh1 Dv zh

vkliw k� iurp 4 wr 3/ phdqlqj wkdw zh xvh dv sulru/ iru h{shfwhg uhwxuqv/ 3 udwkhu wkdq d wkuhh0

zhhn dyhudjh/ rxu w0vwdwlvwlfv gurs1 Wklv vkrzv wkdw lqyhvwruv vkrxog/ zkhq wkh| uhedodqfh

wkhlu sruwirolrv/ xvh sdvw lqirupdwlrq1

Zkhq zh frpsduh wkh lqlwldol}dwlrqv iru wkh yduldqfh/ prylqj iurp k ' Ek� c kT c k�c � '

E�c �c �� wr +4/314/4,/ ru wr +4/3138/4,/ zh qrwlfh dq lpsuryhphqw lq wkh w0vwdwlvwlfv1 Dv yduldqfh

ehfrphv vpdoohu/ lw phdqv wkdw rxu ohduqlqj prgho zloo frqvlghu pruh djjuhvvlyho| hyhq prg0

hudwh uhwxuqv dv wuljjhu ydoxhv iru d uh0lqlwldol}dwlrq1 Wklv uhvxow lqglfdwhv wkdw fduhixo olvwhqlqj

wr wkh pdunhw lv qhfhvvdu| diwhu d wxuexohqw hyhqw rffxuuhg/ dqg wkdw/ lq wudqvlwlrq hfrqrplhv/

ryhu wkh vdpsoh frqvlghuhg/ lw pd| eh qhfhvvdu| wr uhvwuxfwxuh wkh sruwirolr iuhtxhqwo|1 Lw dovr

vxjjhvwv wkdw uhdol}dwlrqv wkdw rffxu uljkw diwhu dq h{wuhph hyhqw vkrxog qrw eh xvhg lq wkh

frpsxwdwlrq ri yduldqfhv1

Odvw/ zh wxuq wr wkh lqlwldol}dwlrq ri fryduldqfhv e| frpsdulqj wkh vlwxdwlrq k ' E�c �c ��

zlwk +4/4/318,1 Wklv phdqv wkdw zh grzqzhljk fruuhodwlrq dfurvv wkh pdunhwv diwhu d fudvk1 Zh

�qg d uhodwlyho| vpdoo lqfuhdvh lq wkh w0vwdwlvwlfv1 Wkhuhiruh/ wkh lpsdfw ri fruuhodwlrq fkdqjhv/

iru wkh frxqwulhv frqvlghuhg/ zloo qrw eh ri pdmru lpsruwdqfh1 Wklv pd| eh h{sodlqhg e| wkh

idfw wkdw/ lq hphujlqj pdunhwv/ fkdqjhv lq fruuhodwlrq duh grplqdwhg e| fkdqjhv lq uhwxuq dqg

iru yduldqfh iurp dq dvvhw doorfdwlrq ylhzsrlqw1
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Lq Iljxuh 4/ zh glvsod| wkh hyroxwlrq ri fxpxodwlyh h{fhvv uhwxuqv xvlqj wkh vwdwlf dqg wkh

g|qdplf phdvxuhv dv ehqfkpdunv dqg d Ed|hvldq0ohduqlqj prgho1 Wkh orzhvw fxuyh uhsuhvhqwv

wkh fxpxodwlyh h{fhvv uhwxuqv iru dq xqlqiruphg lqyhvwru zkr xvhv doo wkh vdpsoh lqirupdwlrq

wr frpsxwh dyhudjhv1 Wkh irupxod kdv ehhq suhvhqwhg lq +47,1 Wklv fruuhvsrqgv wr wkh

ehqfkpdun fkrvhq e| Vroqln +4<<6,1 Wkh fxuyh lq wkh plggoh fruuhvsrqgv wr wkh nqrzohgjh

dvvxphg e| Fruqhoo +4<:<,1 Wkh irupxod iru wklv fxuyh lv jlyhq e| +46,1 Odvw/ wkh kljkhvw

fxuyh fruuhvsrqgv wr wkh dfwxdo h{fhvv uhwxuqv uhdol}hg e| wkh Ed|hvldq vwudwhj| +43,1 Wkh

gl�huhqfh ehwzhhq wkh kljkhvw dqg wkh wzr rwkhu fxuyhv/ zkhq frqyhqlhqwo| vwdqgdugl}hg/

|lhogv wkh vwdwlvwlfv suhvhqwhg lq Wdeoh :1

Wkh lqlwldol}dwlrqv fruuhvsrqg wr k ' E�c f�fDc ��1 Gxulqj wkh �uvw 433 revhuydwlrqv/ iurp

4<<4 wr wkh ehjlqqlqj ri 4<<6/ rxu lqiruphg vwudwhj| lv frpsdudeoh zlwk wkh xqliruphg rqhv1

Wudqvlwlrq hfrqrplhv/ qdpho| Kxqjdu| dqg Srodqg/ uhsuhvhqwhg dq lqwhuhvwlqj lqyhvwphqw

rssruwxqlw|1 Wkh Ed|hvldq ohduqlqj zrxog kdyh wr uhfrjql}hg wklv shuirupdqfh1

Lq Iljxuh 5/ zh glvsod| wkh zhljkwv ri dq lqyhvwphqw lq wkh XN dqg Jhupdq| yhuvxv wkh

zhljkw ri wkh joredo lqyhvwphqw lq doo dydlodeoh wudqvlwlrq hfrqrplhv/ gxulqj wklv shulrg1 Zh

qrwlfh wkdw rqh vkrxog kdyh lqyhvwhg djjuhvvlyho| lq wkh wudqvlwlrq hfrqrplhv gxulqj fhuwdlq

shulrgv1 Uhwxuqlqj wr Iljxuh 4/ zh qrwlfh wkdw ehiruh plg04<<6/ rqo| vpdoo jdlqv zkhuh

uhdol}hg1 Iljxuh 5 vkrzv wkdw gxulqj wklv hduo| shulrg zlog  xfwxdwlrqv lq h{shfwhg uhwxuqv

rffxuhg/ ohdglqj wr odujh yduldwlrqv ri wkh lqyhvwphqwv1 Lq rwkhu zrugv/ uhwxuqv zhuh kdugo|

suhglfwdeoh/ phdqlqj wkdw qr lqirupdwlrq frxog eh rewdlqhg iurp sdvw uhwxuqv1

Iurp 4<<7 rq/ wkh g|qdplf phdvxuh uhpdlqv udwkhu vwdeoh/ vxjjhvwlqj wkdw wkh xqghuo|lqj

sdudphwhuv ehfdph pruh vwdeoh1 Rxu Ed|hvldq vwudwhj| kdg wzr shulrgv ri kljkhu uhwxuqv/ wkh

�uvw rqh zdv gxh wr d kljkhu lqyhvwphqw lq Kxqjdu| lq 4<<71 Wkh vhfrqg shulrg/ 4<<90: lq0

yroyhg Kxqjdu|/ Srodqg/ Uxvvld/ dqg Vorydnld1 Wkh jdlq ri rxu vwudwhj| lv/ wkhuhiruh/ qrw rqo|

gxh wr d vlqjoh frxqwu| exw wr d sruwirolr1 Zh qrwlfh wkdw wkh Ed|hvldq ohduqlqj uxoh |lhoghg

uhwxuqv/ zklfk duh lqfuhdvlqj vwhdglo| zlwk uhvshfw wr wkh qdlyh vwudwhjlhv1 Wklv vxjjhvwv

wkdw rxu uhvxowv duh qrw gulyhq e| rxwolhuv/ exw uh hfw fkdqjhv lq lqyhvwphqw rssruwxqlwlhv lq

wudqvlwlrq hfrqrplhv1
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8 Frqfoxvlrq

Lq wklv sdshu/ zh lqyhvwljdwh �uvw/ lq wkh vslulw ri Vroqln +4<<6,/ zkhwkhu h{fhvv uhwxuqv lq

wudqvlwlrq hfrqrplhv duh suhglfwdeoh1 Xqiruwxqdwho|/ zh �qg wkdw vwrfn0pdunhw lqglfhv duh

qrw suhglfwdeoh iru wkhvh frxqwulhv1< Wklv pd| eh gxh wr wkh idfw wkdw wkhuh h{lvwv qr vwdeoh

uhodwlrq ehfdxvh ri vwuxfwxudo fkdqjhv lq wkh hfrqrplhv1 Wklv �qglqj suhfoxghv d sruwirolr

doorfdwlrq vwudwhj| edvhg rq vrph suhghwhuplqhg yduldeohv1

Lq wkh oljkw ri wklv uhvxow/ zh dgguhvv wkh lvvxh zkdw dq lqyhvwru +zlwk vrph hfrqrphwulf

edfnjurxqg, frxog udwlrqdoo| gr wr lpsohphqw d g|qdplf sruwirolr doorfdwlrq1 Wkh gl!fxo0

wlhv duh qxphurxv zkhq lqyhvwlqj lq wudqvlwlrq hfrqrplhv1 Iluvw/ vwrfn0pdunhwv rqo| rshqhg

wkurxjk wlph1 Vhfrqg/ yhu| olwwoh lv nqrzq derxw wkhvh qhz pdunhwv/ iurp wkh srlqw ri ylhz

ri h{shfwhg uhwxuqv dqg fryduldqfh pdwulfhv1 Wklug/ vwuxfwxudo euhdnv duh olnho| wr rffxu1

Wr ryhufrph wkhvh gl!fxowlhv/ zh frqvlghu d Ed|hvldq0xsgdwlqj prgho1 Rxu prgho lv qryho

lqvridu wkdw zh irufh d uh0lqlwldol}dwlrq ri wkh ohduqlqj surfhvv dv uhwxuqv h{fhhg d fhuwdlq

wkuhvkrog1 Lq rwkhu zrugv/ zh iroorz wkh lqwxlwlrq wkdw/ lq wudqvlwlrq hfrqrplhv/ h{wuhph

vwrfn0pdunhw yduldwlrqv duh dffrpsdqlhg e| d fkdqjh lq h{shfwhg uhwxuqv dqg wkh fryduldqfh

pdwul{1

Zh �qg wkdw rxu Ed|hvldq0ohduqlqj prgho rxwshuirupv dq htxdo0zhljkw vwudwhj|1 Zkhq

frpsduhg zlwk d vwdwlf qdlyh vwudwhj|/ rxu prgho shuirupv vljql�fdqwo| ehwwhu1 Zkhq frp0

sduhg zlwk dq xsgdwhg qdlyh vwudwhj|/ iru fhuwdlq lqlwldol}dwlrqv/ rxu prgho uhpdlqv ehwwhu

hyhq wkrxjk rqo| pdujlqdoo|1 Lq wklv oljkw/ zh eholhyh wkdw Ed|hvldq whfkqltxhv pd| eh ri

ydoxh lq d sruwirolr doorfdwlrq vwudwhj| lqyroylqj wudqvlwlrq hfrqrplhv1

<Dw ohdvw/ qrw zlwk wkh yduldeohv dw kdqg1
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^5<` Pruulv/ F1 Q1 +4<;6,/ Sdudphwulf Hpslulfdo Ed|hv Lqihuhqfh= Wkhru| dqg Dssolfdwlrqv/

Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ :;+6;4,/ 7:�881

^63` Sävwru/ O1/ dqg U1 I1 Vwdpedxjk +5334,/ Wkh Htxlw| Suhplxp dqg Vwuxfwxudo Euhdnv/

Mrxuqdo ri Ilqdqfh/ 89+7,/ 453:�45781

^64` Shvdudq/ P1 K1/ dqg D1 Wlpphupdqq +4<<8,/ Suhglfwdelolw| ri Vwrfn Uhwxuqv= Urexvwqhvv

dqg Hfrqrplf Vljql�fdqfh/ Mrxuqdo ri Ilqdqfh/ 83+7,/ 4534�455;1

^65` Udpfkdqg/ O1/ dqg U1 Vxvpho +4<<;,/ Yrodwlolw| dqg Furvv Fruuhodwlrq dfurvv Pdmru Vwrfn

Pdunhwv/ Mrxuqdo ri Hpslulfdo Ilqdqfh/ 8+7,/ 6<:�7491

^66` Ulfkdugvrq/ P1/ dqg W1 Vplwk +4<<6,/ D Whvw iru Pxowlyduldwh Qrupdolw| lq Vwrfn Uhwxuqv/

Mrxuqdo ri Exvlqhvv/ 99+5,/ 5<8�6541

^67` Urfnlqjhu P/ dqg J1 Xujd +5334,/ D Wlph0Yduldelolw| Sdudphwhu Prgho wr Whvw iru

Suhglfwdelolw| dqg Lqwhjudwlrq lq wkh Vwrfn Pdunhwv ri Wudqvlwlrq Hfrqrplhv/ Mrxuqdo ri

Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 4<+4,/ :6�;71

^68` Vroqln/ E1 +4<<6,/ Wkh Shuirupdqfh ri Lqwhuqdwlrqdo Dvvhw Doorfdwlrq Vwudwhjlhv Xvlqj

Frqglwlrqlqj Lqirupdwlrq/ Mrxuqdo ri Hpslulfdo Ilqdqfh/ 4/ 66�881

^69` Vwdpedxjk/ U1 I1 +4<<<,/ Suhglfwlyh Uhjuhvvlrqv/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 87+6,/

6:8�7541

^6:` Wrqj/ K1 +4<<6,/ Qrq0Olqhdu Wlph Vhulhv= D G|qdplfdo V|vwhp Dssurdfk/ R{irug Xql0

yhuvlw| Suhvv/ R{irug1

^6;` ]hooqhu/ D1 +4<:4,/ Dq Lqwurgxfwlrq wr Ed|hvldq Lqihuhqfh lq Hfrqrphwulfv/ Mrkq Zloh|

dqg Vrqv/ Qhz \run1
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^6<` ]hooqhu/ D1/ dqg N1 Fkhww| +4<98,/ Suhglfwlrq dqg Ghflvlrq Sureohpv lq UhjuhvvlrqPrghov

iurp wkh Ed|hvldq Srlqw ri Ylhz/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ 93/

93;�9491
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Fdswlrqv

Wdeoh 4= Wklv wdeoh vxppdul}hv wkh qdphv dqg dydlodelolw| ri ydulrxv �qdqfldo vhulhv iru wkh

lqyhvwljdwhg hfrqrplhv1 Wkh vkruw0whup lqwhuhvw udwh/ dqg wkh orqj0whup lqwhuhvw udwh duh jlyhq

e| wkh rqh0zhhn/ uhvshfwlyho| wkh 90prqwk lqwhuedqn udwh1

Wdeoh 5= Wkh �uvw urz lqglfdwhv wkh gdwh zkhq d vhulhv vwduw1 Doo vhulhv hqg zlwk Mxqh 5<

53341 ?JKr lv wkh qxpehu ri revhuydwlrqv lq hdfk vhulhv1 Vwdqgdug huuruv +vwg1 huu1, duh

frpsxwhg xvlqj wkh JPP surfhgxuh vxjjhvwhg e| Ulfkdugvrq dqg Vplwk +4<<6,1 Wkh Zdog

vwdwlvwlf whvwv wkh qxoo k|srwkhvlv wkdw vnhzqhvv dqg h{fhvv nxuwrvlv duh mrlqwo| htxdo wr 31

Xqghu wkh qxoo/ wkh vwdwlvwlf lv glvwulexwhg dv d �2 zlwk 5 ghjuhhv ri iuhhgrp1 4E�� uhsuhvhqwv

wkh �0wk rughu dxwrfruuhodwlrq1

HqjohEg� uhsuhvhqwv wkh Hqjoh0whvw vwdwlvwlf iru khwhurvnhgdvwlflw| rewdlqhg e| uhjuhvvlqj

vtxduhg uhwxuqv rq g odjv1 Xqghu wkh qxoo k|srwkhvlv ri krprvnhgdvwlflw|/ wklv vwdwlvwlf

lv glvwulexwhg dv d �2 zlwk g ghjuhhv ri iuhhgrp1 ' Eg� uhsuhvhqwv wkh Er{0Omxqj vwdwlvwlfv

zlwkrxw fruuhfwlrq iru khwhurvnhgdvwlflw|1 Wkh vwdwlvwlf zlwk fruuhfwlrq iru khwhurvnhgdvwlflw| lv

ghqrwhg'` Eg�1 Xqghu wkh qxoo k|srwkhvlv ri qr vhuldo fruuhodwlrq/ wkh vwdwlvwlf lv glvwulexwhg

dv d �2 zlwk g ghjuhhv ri iuhhgrp1 Dw wkh <8( ohyho/ zh kdyh wkh iroorzlqj fulwlfdo ydoxhv=

�2
e G b�bec �

2
H G �D�D1

Wdeohv 6d/ 6e= Wkh fruuhodwlrqv duh frpsxwhg xvlqj iru hdfk sdlu ri vwrfn pdunhwv wkh odujhvw

dydlodeoh vdpsoh1 Fruuhodwlrqv odujhu wkdq 315 duh suhvhqwhg zlwk erog �jxuhv1

Wdeohv 7d/ 7e= Khuh/ zh lqyhvwljdwh zkhwkhu h{fhvv uhwxuqv duh suhglfwdeoh1 Wr gr vr/ zh

suhvhqw

Htxdwlrq 4= eo�c|n� ' @�f n @��eo�c| n @�2o
7
�c|n� n @��o

u
�c|n� n @�er

Lg
�c| n 0�c|n�c
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Htxdwlrq 6= eoLg�c|n� ' K�f n K��eo
Lg
�c| n K�2o

7
Lgc|n� n K��o

u
Lgc|n� n K�eeoLgc|

nK�Deo
Lg
C.c| n �0�c|n�c

zkhuh wkh phdqlqj ri wkh yduldeohv lv ghvfulehg lq vhfwlrq 5141 Wkh qxpehuv xqghu wkh hvwl0

pdwhv duh w0udwlrv1 Vljql�fdqw w0udwlrv/ dw wkh 43( ohyho/ duh suhvhqwhg zlwk erog �jxuhv1

Wdeoh 8= Zh �uvw glvsod| xqfrqglwlrqdo �uvw dqg vhfrqg prphqwv ri h{fhvv uhwxuqv iru

ydulrxv frxqwulhv1 Xvlqj rxu Ed|hvldq0ohduqlqj surfhgxuh zh rewdlq vhulhv ri frqglwlrqdo

59



uhwxuqv �>
|
dqg fryduldqfh pdwulfhv �P|1 Zh suhvhqw dyhudjhv ri wkhvh frqglwlrqdo phdqv dqg

dvvrfldwhg vwdqgdug ghyldwlrqv iru ydulrxv vhwv ri k ' Ek� c kT c k��1 Wkh sdudphwhuv k� / kT /

dqg k� zhljkw/ diwhu d uh0lqlwldol}dwlrq/ wkh 60zhhn phdq/ vwdqgdug ghyldwlrq dqg fryduldqfh

xvhg lq wkh ohduqlqj surfhvv1 Zh dovr glvsod| krz riwhq lq d jlyhq frxqwu| ohduqlqj lv uh0

lqlwldol}hg1

Wdeoh 9= Khuh/ zh glvsod| wkh zhljkwv +iudfwlrqv ri zhdowk, wr eh lqyhvwhg lq wkh ydulrxv

lqglfhv iru ydulrxv ohyhov ri ulvn wrohudqfh w/ zkloh xvlqj dowhuqdwlyh sruwirolr doorfdwlrq uxohv1

Lq Sdqho D/ lqyhvwruv pd| lqyhvw lq vwrfnv dqg wkh XN ulvn0iuhh dvvhw +zh dozd|v lpsrvh d

qr0vkruwvdoh frqvwudlqw,1 Lq Sdqho E/ lqyhvwruv pd| rqo| lqyhvw lq ulvn| dvvhwv1 Lq Sdqho F

zh frpsduh fxpxodwlyh h{fhvv uhwxuqv +FHU, dqg Vkdush udwlrv iru vhyhudo vwudwhjlhv1 cHtxdo

zhljkwv* fruuhvsrqgv wr htxdo iudfwlrqv ri zhdowk lq hdfk lqgh{1 cRswlpdo zhljkwv +srvlwlyh,*

fruuhvsrqgv wr wkh zhljkwv irxqg lq Sdqho D dqg cRswlpdo zhljkwv +vxp wr rqh,* fruuhvsrqgv

wr Sdqho E1

Wdeoh := Khuh/ zh suhvhqw wkh fxpxodwlyh h{fhvv uhwxuq dw wlph A wkdw pd| kdyh ehhq dfklhyhg

xvlqj Frshodqg dqg Pd|huv +4<;5,/ Fruqhoo +4<:<,/ ru wkh Ed|hvldq prgho= FHUFPA c FHUFRUA c

FHUEA � Zh dovr suhvhqw wkh vwdwlvwlfv iru d whvw ri vljql�fdqfh ri wkh Ed|hvldq ohduqlqj ryhu

wkh Frshodqgv dqg Pd|huv ru wkh Fruqhoo ehqfkpdunv
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Iljxuh 5= Khuh/ zh suhvhqw wkh djjuhjdwhg zhljkwv lqyhvwhg hlwkhu lq wkh XN dqg Jhupdq|

ru lq wkh vhw ri wudqvlwlrq hfrqrplhv1 Zhljkwv duh rewdlqhg e| vroylqj wkh phdq0yduldqfh dvvhw

doorfdwlrq sureohp +:, 0 +<, iru hdfk gdwh |1
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Table 1: Date of availability of asset prices
Short-term rate Long-term rate

Czech Republic CZ PX 50 06/04/94 Koruna 01/01/91 22/04/92 22/04/92
Hungary HU BUX 02/01/91 Forint 01/01/91 18/01/93 18/01/93
Poland PO Warsaw General Index 16/04/91 Zloty 01/01/91 04/06/93 31/12/93
Russia RU RUR 01/09/94 Rouble 11/01/93 01/09/94 01/09/94
Slovakia SL SAX16 14/09/93 Koruna 11/01/93 27/04/93 29/12/95
Croatia CR Crobex 02/01/97 Kuna 03/06/94 - -
Estonia ES Aripaev index 07/04/95 Kroon 12/10/92 - -
Lituania LI Litin A 29/12/95 Lita 04/10/93 - -
Romania RO BET 19/09/97 Leu 01/01/91 - -
Slovenia SV SBI 03/01/94 Tolar 12/10/92 - -

Stock index Currency



Table 2: Summary statistics for stock returns in Sterling
UK GE CZ HU PO RU SL CR ES LI RO SV

beginning date 91/01/01 91/01/01 93/09/14 91/01/08 91/04/16 94/09/06 93/09/14 97/01/07 95/04/11 96/01/02 97/09/23 93/09/14
nobs 522 522 381 521 507 330 381 208 299 261 171 381
mean 0.203 0.275 0.064 0.174 0.315 0.032 -0.113 -0.074 0.378 0.051 -1.009 -0.113
   std. err. 0.082 0.102 0.318 0.233 0.344 0.621 0.385 0.393 0.443 0.334 0.540 0.385
standard deviation 2.091 2.803 4.462 4.525 6.693 8.759 4.796 5.427 5.985 4.197 6.721 4.796
   std. err. 0.111 0.170 0.421 0.421 0.493 0.739 0.940 0.626 0.762 0.584 0.571 0.940
skewness -0.210 -0.397 0.593 -0.152 -0.333 -0.386 2.716 -0.205 -1.670 1.653 -0.239 2.716
   std. err. 0.256 0.218 0.391 0.575 0.227 0.274 1.255 0.365 0.741 0.828 0.332 1.255
excess kurtosis 1.753 1.645 3.016 6.279 2.925 2.436 22.929 3.228 10.302 11.933 1.797 22.929
   std. err. 0.694 0.887 1.232 1.556 0.579 0.704 5.545 1.435 4.027 3.200 0.704 5.545
Wald stat. 6.468 3.565 6.520 16.464 25.684 12.148 19.121 12.124 6.548 14.216 6.523 19.121
   p -value 0.039 0.168 0.038 0.000 0.000 0.002 0.000 0.002 0.038 0.001 0.038 0.000
minimum -9.435 -14.133 -13.800 -26.533 -29.123 -38.242 -21.401 -27.300 -41.652 -18.408 -25.417 -21.401
median 0.291 0.312 -0.115 0.153 0.201 0.233 -0.132 -0.264 0.329 -0.214 -0.898 -0.132
maximum 8.722 8.708 23.987 26.900 25.052 31.586 41.835 19.802 18.548 27.387 20.767 41.835
ρ(1) -0.107 -0.103 0.142 -0.003 0.081 0.115 0.424 0.005 0.109 0.329 0.028 0.424
ρ(2) 0.034 -0.029 0.176 0.140 0.040 0.158 0.265 0.055 0.168 0.119 -0.022 0.265
ρ(3) -0.001 0.027 0.103 0.163 0.073 0.094 0.104 0.025 0.091 -0.009 -0.037 0.104
ρ(4) -0.084 -0.076 0.048 -0.048 -0.051 0.007 0.059 -0.057 -0.044 -0.018 0.108 0.059
Engle(1) 0.108 12.567 33.201 13.280 25.947 1.516 51.045 28.483 0.802 19.851 2.181 51.045
   p -value 0.742 0.000 0.000 0.000 0.000 0.218 0.000 0.000 0.371 0.000 0.140 0.000
Engle(4) 13.055 27.730 58.805 30.825 46.050 15.188 51.501 28.116 30.645 20.483 3.268 51.501
   p -value 0.011 0.000 0.000 0.000 0.000 0.004 0.000 0.000 0.000 0.000 0.514 0.000
Q(4) 10.344 9.512 24.621 25.470 8.218 15.696 101.648 1.484 15.305 32.377 2.533 101.648
   p -value 0.035 0.049 0.000 0.000 0.084 0.003 0.000 0.829 0.004 0.000 0.639 0.000
Q(8) 18.062 9.884 42.348 42.043 13.282 17.753 107.599 2.496 20.858 34.942 3.564 107.599
   p -value 0.021 0.273 0.000 0.000 0.103 0.023 0.000 0.962 0.008 0.000 0.894 0.000
QW(4) 9.036 5.715 5.786 10.946 4.125 6.305 6.420 1.298 7.504 10.344 2.459 6.420
   p -value 0.060 0.221 0.216 0.027 0.389 0.177 0.170 0.862 0.112 0.035 0.652 0.170
QW(8) 13.395 6.161 13.703 21.420 8.276 9.179 7.423 1.990 11.895 13.313 5.304 7.423
   p -value 0.099 0.629 0.090 0.006 0.407 0.327 0.492 0.981 0.156 0.102 0.725 0.492



Table 3a: Cross-correlation between stock returns in local currency
UK GE CZ HU PO RU SL CR ES LI RO

GE 0.652
CZ 0.245 0.218
HU 0.391 0.392 0.393
PO 0.218 0.243 0.306 0.301
RU 0.306 0.340 0.239 0.277 0.189
SL 0.031 -0.022 0.149 0.181 0.116 0.073
CR 0.376 0.344 0.424 0.485 0.511 0.306 0.067
ES 0.233 0.262 0.238 0.278 0.234 0.322 0.079 0.223
LI 0.000 0.002 0.125 0.168 0.172 0.083 0.071 0.158 0.187

RO 0.043 0.149 0.189 0.241 0.214 0.128 -0.150 0.125 0.123 0.098
SV 0.188 0.204 0.091 0.212 0.072 0.108 0.129 0.349 0.125 0.099 0.231

Table 3b: Cross-correlation between stock returns in Sterling
UK GE CZ HU PO RU SL CR ES LI RO

GE 0.625
CZ 0.246 0.271
HU 0.407 0.406 0.408
PO 0.248 0.281 0.353 0.327
RU 0.394 0.375 0.262 0.393 0.280
SL 0.068 0.061 0.201 0.231 0.163 0.113
CR 0.351 0.398 0.478 0.513 0.544 0.317 0.218
ES 0.221 0.262 0.256 0.276 0.276 0.343 0.146 0.247
LI 0.061 0.072 0.177 0.205 0.229 0.159 0.136 0.239 0.216

RO 0.073 0.146 0.203 0.255 0.265 0.203 -0.135 0.146 0.121 0.174
SV 0.185 0.239 0.117 0.216 0.113 0.133 0.163 0.418 0.148 0.133 0.181



Table 4a: Estimation of excess returns in local currency
a0 a1 a2 a3 a4 see R2 Adj. R 2 DW T

Equation (1)
Czech Republic 0.027 0.176 -6.780 6.378 0.090 - 4.137 0.040 0.030 2.026 380
   (t-ratio) 0.046 1.866 -1.281 0.959 0.615
Hungary -1.701 -0.012 -7.174 12.981 0.042 - 4.708 0.013 0.004 2.001 414
   (t-ratio) -1.841 -0.143 -1.634 2.292 0.261
Poland 0.082 -0.169 14.305 -14.631 -0.390 - 4.627 0.031 0.018 1.981 289
   (t-ratio) 0.062 -2.149 0.812 -0.809 -1.227
Russia 0.218 -0.071 -0.663 0.785 -0.408 - 9.539 0.089 0.078 1.997 329
   (t-ratio) 0.210 -0.630 -0.200 0.271 -2.709
Slovakia 1.281 0.059 -0.773 -6.275 0.160 - 2.823 0.060 0.049 2.011 334
   (t-ratio) 2.873 0.849 -0.490 -2.638 1.474

Table 4b: Estimation of excess returns in sterling
b0 b1 b2 b3 b4 b5 see R2 Adj. R 2 DW T

Equation (2)
Czech Republic -0.156 0.144 -9.156 11.992 -0.007 -0.093 4.422 0.035 0.022 2.015 380
   (t-ratio) -0.474 1.625 -1.321 1.401 -0.039 -0.737
Hungary -1.192 -0.019 -6.341 12.874 -0.168 0.106 4.844 0.018 0.006 1.982 415
   (t-ratio) -1.679 -0.230 -1.512 2.407 -0.925 0.760
Poland -0.798 -0.127 1.192 2.144 -0.185 0.210 5.238 0.018 0.000 1.970 289
   (t-ratio) -0.601 -1.806 0.049 0.083 -0.786 1.192
Russia -0.290 0.084 -6.743 4.893 0.098 -0.043 8.713 0.032 0.017 2.042 329
   (t-ratio) -0.323 1.094 -2.271 1.885 0.296 -0.190
Slovakia 0.421 0.005 -0.002 -6.875 -0.102 0.061 3.139 0.039 0.025 2.009 334
   (t-ratio) 1.540 0.070 -0.001 -2.686 -0.933 0.778
Equation (3)
Croatia 2.660 -0.020 -22.688 -2.561 -0.110 0.149 5.424 0.010 -0.015 2.010 207
   (t-ratio) 0.816 -0.203 -0.375 -0.046 -0.377 0.834
Estonia 5.781 0.115 -48.577 0.808 -0.014 -0.132 5.966 0.028 0.011 2.015 298
   (t-ratio) 1.479 2.001 -0.972 0.018 -0.085 -0.772
Lituania 1.762 0.324 -43.217 26.151 0.046 -0.046 3.996 0.115 0.098 2.000 260
   (t-ratio) 1.082 2.968 -1.300 0.697 0.418 -0.528
Romania 7.033 0.007 -12.065 -56.400 -0.573 0.198 6.689 0.051 0.022 1.951 170
   (t-ratio) 1.636 0.086 -0.174 -0.780 -2.511 1.195
Slovenia -0.247 0.022 11.331 -9.495 -0.082 0.022 4.036 0.002 -0.012 2.004 364
   (t-ratio) -0.142 0.324 0.465 -0.365 -0.608 0.217



Table 5: Statistics on Bayesian learning
α=(αM, αV, αC) UK GE CZ HU PO RU SL CR ES LI RO SV
Unconditional moments of excess returns
mean 0.074 0.146 -0.048 0.045 0.189 -0.083 -0.226 -0.190 0.262 -0.063 -1.124 -0.105
standard deviation 2.092 2.806 4.468 4.531 6.701 8.775 4.804 5.441 5.997 4.206 6.744 4.007
α=(1,1,1)
Conditional moments
mean 0.165 0.031 -0.234 0.237 -0.299 -0.505 0.553 -0.203 -0.304 0.282 -0.390 0.027
standard deviation 2.405 3.377 4.384 5.665 8.326 8.613 6.320 4.378 5.819 4.043 4.453 4.040
Reinitializations
number 15 13 12 21 13 8 5 7 10 8 10 12
as a % of sample 0.029 0.025 0.032 0.041 0.026 0.024 0.013 0.034 0.034 0.031 0.060 0.033
α=(0.5,1,1)
Conditional moments
mean 0.206 0.135 -0.254 0.332 -0.033 -0.475 0.198 -0.059 -0.067 0.029 -0.255 -0.095
standard deviation 2.346 3.238 4.305 5.502 8.010 8.528 6.013 4.376 5.616 3.860 4.408 3.860
Reinitializations
number 15 11 12 19 12 7 4 6 10 7 10 12
as a % of sample 0.029 0.021 0.032 0.037 0.024 0.021 0.011 0.029 0.034 0.027 0.060 0.033
α=(0,1,1)
Conditional moments
mean 0.212 0.227 -0.109 0.119 0.367 -0.418 -0.152 0.167 0.235 -0.209 -0.229 -0.145
standard deviation 2.457 3.370 5.196 6.110 8.476 8.861 6.787 4.565 6.322 4.343 4.971 4.167
Reinitializations
number 12 8 3 15 12 6 5 5 6 6 5 10
as a % of sample 0.023 0.015 0.008 0.029 0.024 0.018 0.013 0.024 0.020 0.023 0.030 0.028
α=(1,0.5,1)
Conditional moments
mean 0.776 -0.068 -0.886 0.832 -1.676 -2.147 2.191 -0.672 -0.098 0.807 -1.696 -0.633
standard deviation 8.719 11.472 14.915 19.093 29.005 30.244 24.386 14.343 17.880 14.604 14.668 13.342
Reinitializations
number 21 28 19 32 21 21 7 9 23 11 17 21
as a % of sample 0.040 0.054 0.050 0.062 0.042 0.064 0.019 0.044 0.078 0.043 0.101 0.058
α=(1,1,0.5)
Conditional moments
mean 0.595 0.267 -0.410 -0.039 0.595 -0.859 -0.534 -0.256 0.614 -0.197 -1.839 -0.469
standard deviation 3.674 5.294 5.941 8.183 10.883 10.201 5.066 9.343 5.796 3.172 6.280 5.376
Reinitializations
number 246 238 156 200 224 166 180 81 159 152 83 148
as a % of sample 0.474 0.459 0.413 0.386 0.444 0.508 0.476 0.395 0.537 0.589 0.494 0.409
α=(0.5,0.5,1)
Conditional moments
mean 0.613 0.077 -0.965 0.904 -1.239 -2.044 2.185 -0.829 -1.241 1.110 -1.572 0.081
standard deviation 9.619 13.506 17.536 22.661 33.305 34.454 25.279 17.512 23.275 16.173 17.812 16.160
Reinitializations
number 15 13 12 21 13 8 5 7 10 8 10 12
as a % of sample 0.029 0.025 0.032 0.041 0.026 0.024 0.013 0.034 0.034 0.031 0.060 0.033



Table 6: Optimal weights computed using unconditional moments (sample: 1994:09-2000:12)
UK GE CZ HU PO RU SL SV

Panel A: Optimal weights when weights are only assumed to be positive

θ=25 0.031 0.067 0.000 0.000 0.000 0.000 0.000 0.000
θ=50 0.062 0.134 0.000 0.000 0.000 0.000 0.000 0.000
θ=75 0.093 0.201 0.000 0.000 0.000 0.000 0.000 0.000

Panel B: Optimal weights when weights sum to one

θ=25 0.831 0.088 0.000 0.000 0.000 0.000 0.017 0.063
θ=50 0.828 0.172 0.000 0.000 0.000 0.000 0.000 0.000
θ=75 0.766 0.234 0.000 0.000 0.000 0.000 0.000 0.000

Panel C: CER and Sharpe ratio

CER CER CER
θ=25 -166.936 -0.814 65.092 0.424 13.758 0.742
θ=50 -166.936 -0.814 108.887 0.672 27.517 0.742
θ=75 -166.936 -0.814 112.743 0.690 41.275 0.742

Sharpe ratio Sharpe ratio Sharpe ratio

Equal weights Optimal weights Optimal weights
 (positive)  (sum to one) 



Table 7: Statistics on Bayesian learning - weights are less than or equal to one
α=(αM, αV, αC)

Copeland/Mayers Cornell Bayesian
CERT

CM CERT
COR CERT

B τCM τCOR

Tol = 25
α=(1,1,1) 0.219 3.875 6.328 1.290 -0.241
α=(0.5,1,1) 0.310 3.524 4.487 0.670 -0.438
α=(0,1,1) 0.333 2.837 2.892 0.531 -0.582
α=(1,0.1,1) 0.069 6.362 17.157 3.326 1.503
α=(1,0.05,1) 0.132 5.554 17.423 3.169 1.880
α=(1,1,0.5) 0.215 4.036 6.609 1.330 -0.197
Tol = 50
α=(1,1,1) 0.270 5.099 8.147 1.441 -0.275
α=(0.5,1,1) 0.485 4.394 6.376 0.852 -0.541
α=(0,1,1) 0.628 3.757 4.254 0.618 -0.722
α=(1,0.1,1) 0.061 7.510 18.859 3.348 1.341
α=(1,0.05,1) 0.159 6.112 18.084 3.222 1.745
α=(1,1,0.5) 0.269 5.316 8.356 1.529 -0.244
Tol = 75
α=(1,1,1) 0.257 5.986 9.329 1.553 -0.251
α=(0.5,1,1) 0.537 4.980 6.956 0.938 -0.482
α=(0,1,1) 0.804 4.190 4.671 0.696 -0.711
α=(1,0.1,1) 0.070 7.785 18.872 3.309 1.267
α=(1,0.05,1) 0.172 6.281 17.881 3.158 1.623
α=(1,1,0.5) 0.256 6.168 9.375 1.616 -0.235

Cumulative Excess returns t-stat






