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Abstract

In open economies excess demand in the tradables sector often manfests itself in an

external deficit instead of the employment gap that is applied in the usual Phillips-curve

model. The inflationary pressure in this case arises from an expected or actual

weakening of the exchange rate and its pass-through into prices. This phenomenon gave

the idea to define an output as sustainable ('potential') if it does not rely on a permanent

increase of external indebtedness. Both domestic and foreign demand shocks generate

deviations of actual output from the potential. Potential output for Hungary, Mexico,

and Poland was estimated using the Kalman-filter.

keywords: economic integration, I(2)- ness, Kalman-filter, output gap, transition

economies

JEL clasification: C32, E32, F41



4 Lqwurgxfwlrq

Wkh frqfhsw ri srwhqwldo rxwsxw lv d xvhixo wrro lq dqdo|}lqj pdfurhfrqrplf ghyhorsphqwv

lq lqgxvwuldo frxqwulhv1 Wkh ruljlq ri wkh frqfhsw jrhv edfn wr wkh wudglwlrqdo wkhru| ri

exvlqhvv f|fohv wkdw ghfrpsrvhg rxwsxw lqwr d ghwhuplqlvwlf wuhqg dqg d vwdwlrqdu| f|0

foh frpsrqhqw1 Zlwk wkh ghyhorsphqw ri wkhru| dqg hfrqrphwulfv wkh ghfrpsrvlwlrq zdv

uh�qhg dqg shupdqhqw dqg wudqvlwru| vwrfkdvwlf frpsrqhqwv zhuh glvwlqjxlvkhg1 Wkh shu0

pdqhqw frpsrqhqw kdv ehhq fdoohg srwhqwldo rxwsxw1
�

Wkh ghfrpsrvlwlrq fdqqrw eh dffrpsolvkhg zlwkrxw vrph dvvxpswlrqv derxw wkh vwuxf0

wxuh ri wkh wlph vhulhv1 Wkhvh dvvxpswlrqv pd| gl�hu ghshqglqj rq wkh sxusrvh ri wkh

ghfrpsrvlwlrq ru/ lq rwkhu zrugv/ rq wkh dvshfw ri wkh vwdwlvwlfdo surfhvv wkdw lv frqvlghuhg

wr eh lpsruwdqw1 Wklv phdqv wkdw dq| ghfrpsrvlwlrq lv prgho0ghshqghqw1

Prghov ri srwhqwldo rxwsxw udqjh lq d zlgh vshfwuxp1 Wkhuh duh vlpsoh xqlyduldwh

prghov wkdw xvh vrph dvvxphg surshuwlhv ri wkh gdwd jhqhudwlqj surfhvv
�
1 Wkh surgxfwlrq

ixqfwlrq dssurdfk dqdo|}hv idfwru lqsxwv wr surgxfwlrq
�
1 Wkhuh duh dovr vwuxfwxudo prghov

wkdw lqfoxgh lqirupdwlrq rq lq dwlrq dqg xqhpsor|phqw
�
1 Rxu prgho ehorqjv wr wkh fodvv

ri wkh vwuxfwxudo prghov exw lw pljkw vhhp wr eh dq hffhqwulf phpehu ri wklv fodvv dv lw grhv

qrw xvh hlwkhu lq dwlrq ru xqhpsor|phqw gdwd dv lqirupdwlrq1

Wklv prgho fkrlfh dulvhv iurp rxu srlqw ri ghsduwxuh1 Wkh jrdo zdv wr vhw xs d prgho

wkdw lv dssolfdeoh iru vpdoo rshq hfrqrplhv1 Lq dq rshq hfrqrp| h{fhvv ghpdqg pd|

vlpso| uhvxow lq lqfuhdvhg lpsruwv zlwkrxw dq| gluhfw h�hfw rq lq dwlrq1 Lqfuhdvhg lpsruwv

	
Wkurxjkrxw wklv sdshu srwhqwldo rxwsxw2wuhqg rxwsxw2shupdqhqw frpsrqhqw ri rxwsxw dqg rxwsxw

jds2f|foh2wudqvlwru| frpsrqhqw duh xvhg dv v|qrq|pv1 Qrqh ri wkhp kdv d fkdudfwhulvwlfdoo| glvwlqfwlyh
gh�qlwlrq dqg wkh vdph phwkrgv zhuh dssolhg wr uhfryhu doo ri wkhp1 Srolf| pdnhuv xvh wkh zruglqj *srwhqwldo
rxwsxw* dqg *rxwsxw jds* pruh iuhtxhqwo| zkloh dfdghplfv riwhq xvh wkh rwkhu h{suhvvlrqv1


Vhh Fdqryd +4<<;, iru d frpsdulvrq ri vhyhudo vxfk phwkrgv1�
Vhh Jlruqr hw do1 +4<<8,1�
Vhh Od{wrq�Whworz +4<<5,/ Nxwwqhu +4<<7,/ Gxsdvtxlhu hw do1 +4<<:,/ Udvl�Yllndul +4<<;,/ Jhuodfk�

Vphwv +4<<<,1
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pd| kdyh dq lpsdfw rq ixwxuh lq dwlrq exw wkh h�hfwv pd| eh yduldeoh erwk lq odjv dqg

pdjqlwxgh/ ghshqglqj rq +h{fkdqjh udwh, srolflhv dqg rq d fdsulflrxv exvlqhvv vhqwlphqw1

Wkhuh duh vrph vshfl�f sureohpv dv zhoo zlwk wkh vwdqgdug phwkrgv zkhq dsso|lqj wr

wudqvlwlrq frxqwulhv zklfk lv rqh ri wkh vshfldo vfrshv ri lqwhuhvw ri wklv sdshu1 Vhyhudo

v|vwhplf fkdqjhv wrrn sodfh lq wkh uhfhqw klvwru| ri wkhvh frxqwulhv/ ri zklfk wkh surfhvv ri

wudqvlwlrq zdv idu wkh prvw gudpdwlf1 Gxh wr wkh wudqvihu wr d v|vwhp ri pdunhw sulflqj wkhvh

hfrqrplhv zhuh vkrfnhg e| hqruprxv uhodwlyh sulfh fkdqjhv zklfk uhvxowhg lq d vwuxfwxudo

fkdqjh lq grphvwlf ghpdqg gxulqj wudqvlwlrq1 Vljql�fdqw sduw ri iruhljq ghpdqg fhdvhg

gxh wr lqvroyhqflhv ri Vrylhw eorfn frxqwulhv wkdw uhtxluhg uhrulhqwdwlrq ri wudgh1 Wkh

vwuxfwxuh ri vxsso| frxog qrw dgmxvw wr wkhvh fkdqjhv txlfno|1 Wkhuhiruh/ fdsdflwlhv ehfdph

uhgxqgdqw zkloh qhz fdsdflwlhv zhuh hvwdeolvkhg rqo| lq d judgxdo hyroxwlrqdu| surfhvv1

Phdqzkloh h{fhvv ghpdqg dqg h{fhvv vxsso| h{lvwhg vlgh e| vlgh dqg djjuhjdwh rxwsxw

ghfuhdvhg ehfdxvh wkh vkruw0vlgh uxoh suhydlohg lq hdfk plfur0pdunhw1 Ghfuhdvh lq rxwsxw

eurxjkw derxw xqhpsor|phqw1 +Iljxuhv 405,1

Iljxuhv 40506 wr eh sodfhg vrphzkhuh khuh

Wkh odujh gurs lq rxwsxw frlqflglqj zlwk wkh vxujh ri lq dwlrq gxulqj wkh v|vwhp vzlwfk

lq wkh hduo| qlqhwlhv pd| h{sodlq zk| dq dwkhruhwlf *vprrwklqj rxw* phwkrg zrxog eh

plvohdglqj1 *Gxpp|lqj rxw* wkhvh |hduv pljkw eh dq lghd exw wkh vzlwfk zdv judgxdo

dqg odvwlqj iru vhyhudo |hduv1 Vwduwlqj wkh vdpsoh shulrg diwhu wkh frqvrolgdwlrq iurp wkh

wudqvlwlrq uhfhvvlrq zrxog qrw eh dq rswlrq gxh wr wkh uhvxowlqj yhu| vkruw vdpsoh shulrg

dqg wkh judgxdo qdwxuh ri wudqvirupdwlrq zklfk pdnhv lw gl!fxow wr vhw wkh gdwh ri wkh hqg

ri wudqvlwlrq dqg wkh vwduwlqj ri wkh qhz v|vwhp1

Wkhuhiruh/ zh kdg wr vhohfw d prgho wkdw lv deoh wr fdswxuh srwhqwldo rxwsxw gxulqj d

uhodwlyho| orqj shulrg1 Wklv shulrg fryhuv d sodqqhg hfrqrplf v|vwhp judgxdoo| fkdqjlqj
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lq lwv qdwxuh/ d shulrg ri vzlwfk ri wklv v|vwhp wr d pdunhw hfrqrp| dffrpsdqlhg e| dq

xqsuhfhghqwhg lqwhqvlw| ri vwuxfwxudo fkdqjh/ dqg d shulrg ri pdunhw v|vwhp zlwk d kljk

udwh ri jurzwk wkdw pljkw ohdg wr d fdwfklqj xs zlwk wkh uhvw ri Hxursh1 Wkh lq dwlrq �

xqhpsor|phqw wudgh0r� dssduhqwo| glg qrw h{lvw lq wkh �{hg0sulfh � olihorqj0hpsor|phqw

v|vwhp ri wkh sodqqhg hfrqrp| dqg lq wkh hduo| wudqvlwlrq |hduv1 Fdslwdo vwrfn �jxuhv

frxog qrw eh xvhg lq hvwlpdwlqj rxwsxw fdsdflw| ehfdxvh ri wkh lqwhqvlw| ri xqh{shfwhg

vwuxfwxudo fkdqjhv gxulqj wkh vzlwfk ri v|vwhpv1 Lq dq| prgho fdslwdo vwrfn gdwd duh xvhg

wr lqglfdwh fdslwdo dv d idfwru ri surgxfwlrq1 Zkhqhyhu dffxpxodwhg lqyhvwphqwv duh xvhg dv

fdslwdo lqsxw lq wkh surgxfwlrq surfhvv/ gdwd rq wkhvh dffxpxodwhg lqyhvwphqwv duh d jrrg

dssur{lpdwlrq wr fdslwdo1 Krzhyhu/ gxulqj wkh uhjlph vzlwfk wkh rog vwrfn ri fdslwdo zdv

vfudsshg dw rqfh dqg gdwd rq dffxpxodwhg lqyhvwphqwv ehfdph xvhohvv dv d phdvxuhphqw

ri d idfwru ri surgxfwlrq1



Glvfduglqj doo wkhvh srvvleoh vrxufhv ri lqirupdwlrq wkhuh uhpdlqv rqh lpsruwdqw uhodwlrq

wkdw fdq eh xvhg/ dqg wklv lv wkh rxwsxw � h{whuqdo gh�flw wudgh0r�1 Lq dq| rshq hfrqrp|

dq lqfuhdvh lq ghpdqg uhodwlyh wr vxsso| lqfuhdvhv lpsruwv1 Wklv ihdwxuh lv lqghshqghqw

iurp wkh hfrqrplf v|vwhp dqg wklv lv wkh vrxufh ri wkh lqirupdwlrq wkdw rxu prgho lv edvhg

rq1

E| xvlqj wklv dssurdfk zh gr qrw glvfdug wkh xvxdo Skloolsv0fxuyh edvhg prghov1 Lw lv

hylghqw wkdw wkh lpsruwdqfh ri wkh rxwsxw � h{whuqdo gh�flw wudgh0r� lv d wudgdeoh vhfwru

skhqrphqrq1 Wkh odujhu wkh vkduh ri wkh qrq0wudghg vhfwru lq d frxqwu| wkh ohvv wkh

lqirupdwlrq wkdw wklv wudgh0r� pljkw jlyh derxw lq dwlrqdu| suhvvxuhv dqg wkh pruh lv

wkh vljql�fdqfh ri wkh Skloolsv0fxuyh h�hfw1 Lq wkh dqdorj| ri wkh gh�qlwlrq ri srwhqwldo

�
Gduydv�Vlprq +5333, frqvwuxfw fdslwdo vwrfn �jxuhv iru Kxqjdu| iru wkh shulrg 4<;30<;1 Iru wkh wudq0

vlwlrq |hduv wkh| kdyh wr hvwlpdwh *h�hfwlyh* +surgxfwlyh, fdslwdo vwrfn �jxuhv ghulyhg iurp wkh rxwsxw gdwd1
Lw zrxog eh phdqlqjohvv wr uhyhuw wkh hvwlpdwlrq dqg xvh wkhvh gdwd wr jhw lqirupdwlrq rq srwhqwldo rxwsxw1
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rxwsxw dv dq rxwsxw vxvwdlqdeoh iurp wkh dvshfw ri lq dwlrq zh zloo gh�qh dq rxwsxw ohyho

vxvwdlqdeoh iurp wkh dvshfw ri h{whuqdo htxloleulxp1 Wkh ghulyhg rxwsxw jds pd| eh xvhg

wr lqihu rq lq dwlrq wr wkh h{whqw dv h{whuqdo gh�flwv fduu| lq dwlrqdu| ulvnv1 Hyhq wkrxjk

rxu prgho grhv qrw whoo wkh zkroh lq dwlrq vwru| iru dq| frxqwu|/ lw fdq eh xvhixo qrw rqo|

iru wudqvlwlrq frxqwulhv exw iru dq| vpdoo rshq hfrqrp|1 Zh lqfoxgh lqwr rxu hvwlpdwlrqv

Ph{lfr/ d frxqwu| zkhuh dovr odujh vwuxfwxudo fkdqjhv wrrn sodfh ryhu wkh sdvw 83 |hduv1

Lq Vhfwlrq 5 zh suhvhqw wkh frqfhswxdo iudphzrun dqg vhw xs wkh orqj0uxq htxdwlrqv1

Vhfwlrq 6 ghvfulehv wkh vwdwlvwlfdo uhsuhvhqwdwlrq ri wkh prgho1 Wkh hpslulfdo uhvxowv duh

suhvhqwhg lq Vhfwlrq1 Vhfwlrq 8 frqfoxghv1 Dsshqglfhv surylgh ixuwkhu ghwdlov/ vxfk dv wkh

fdofxodwlrq ri wkh zruog ghpdqg lqgh{/ wkh vwdwh0vsdfh uhsuhvhqwdwlrq ri wkh v|vwhp/ dqg

gdwd vrxufhv1

5 Wkh Frqfhswxdo Iudphzrun

514 Vxsso| dv Frpshwlwlyhqhvv lq dq Rshq Hfrqrp|

Wudglwlrqdo wudgh prghov
�
dvvxph wkdw vxsso| ri d frxqwu| pdqlihvwv lwvhoi lq wkh uhodwlyh

sulfh ri lwv yduldqw ri wkh h{sruwhg jrrg1 Li vxsso| lqfuhdvhv lw fdq eh vrog rqo| dw d orzhu

uhodwlyh sulfh1 Lq wklv vhqvh wkh uhodwlyh sulfh lv frqvlghuhg wkh vxsso| lqglfdwru1

Dowkrxjk sodqqhg vdohv dqg uhodwlyh sulfhv +frvwv, fruuhodwh/ wkh| duh qrw wkh vdph

qrwlrqv1 Li vxsso| lqfuhdvhv/ orzhu vdohv sulfh lv rqo| rqh ri wkh fkdqqhov ri h{sdqvlrq1 Wkh

vxssolhu pd| hqwhu pruh dqg pruh plfur0pdunhwv zlwk wkh vdph sulfh1 Lq rwkhu zrugv lw

pd| lqfuhdvh wkh yduldqwv ri wkh jrrg vxssolhg1
�
Lq sudfwlfh zh vd| wkdw wkh jlyhq vxssolhu

�
Wudgh eorfnv ri pdfurhfrqrphwulf prghov ruljlqdwlqj iurp wkh lghd ri Duplqjwrq +4<9<, ehorqj wr wklv

*wudglwlrqdo* jurxs1�
Vhplqdo sdshuv ri Gl{lw�Vwljolw} +4<::,/ Odqfdvwhu +4<:<,/ dqg Vdors +4<:<, rshqhg xs wkh olwhudwxuh rq

*hfrqrplhv ri vfrsh*1 Vlprq +4<<5, hvwlpdwhg dq hfrqrphwulf prgho wkdw lqfrusrudwhv wklv h�hfw1
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kdv lqfuhdvhg lwv frpshwlwlyhqhvv/ dqg wklv frpshwlwlyhqhvv grhv qrw vkrz xs lq orzhu vdohv

sulfhv1 Wkxv lw lv qrw vdwlvidfwru| wr uhsuhvhqw vxsso| e| sulfhv1 Lw lv ehwwhu wr kdyh d

yduldeoh wkdw txdqwl�hv sodqqhg vdohv gluhfwo|1 Wklv lghd lv uhlqirufhg e| wkh vwdwlvwlfdo

gl!fxow| wr �qg dq djjuhjdwh uhodwlyh sulfh wkdw lv iuhh iurp frpsrvlwlrqdo glvwruwlrqv1
�
Zh

gr qrw ghq| wkh uhodwlrqvkls ehwzhhq sulfhv dqg yroxphv exw zh eholhyh wkdw �uvwo|/ uhodwlyh

sulfh lv qrw wkh rqo| ghwhuplqdqw ri vdohv yroxph dqg vhfrqgo|/ lq d vpdoo frxqwu| lw fdqqrw

eh fdswxuhg uholdeo| e| djjuhjdwh vwdwlvwlfv1

Vxsso| lv d ixqfwlrq ri sulfhv dqg frvwv1 Zh glg qrw wdnh wkh fkdoohqjh wr phdvxuh

frvwv gluhfwo| dqg prgho lwv ghwhuplqdqwv1 Lqvwhdg zh xvhg wkh lqirupdwlrq rq vdohv yroxph

gluhfwo| e| xvlqj wkh iroorzlqj surshuwlhv ri uhodwlyh vxsso|/ gh�qhg dv wkh orjdulwkplf

gl�huhqfh ri grphvwlf dqg uhvw ri wkh zruog vxsso|1

41 Li lq d pdunhw dq| vxssolhu lqfuhdvhv lwv vkduh uhodwlyh wr wrwdo ghpdqg/ wklv lqglfdwhv

dq lqfuhdvh lq lwv uhodwlyh vxsso|1

51 Lq wkh orqj uxq uhodwlyh vxssolhv ri frxqwulhv duh htxdo wr wkhlu uhodwlyh lqfrphv1 Lq

rwkhu zrugv/ lqfrph dqg vxsso| duh frlqwhjudwhg1

Wkh �uvw dvvxpswlrq gh�qhv dq ruglqdo uhodwlrqvkls dprqj uhodwlyh vxssolhv ri frxqwulhv1

Wkh vhfrqg dvvxpswlrq gh�qhv d vfdoh iru wklv yduldeoh1

515 Wkh Prgho

Lq rxu prgho zh dvvxph wzr pdunhwv dqg wzr surgxfhuv/ grphvwlf dqg uhvw ri wkh zruog1

Sodqqhg sxufkdvh dqg vdoh lv gh�qhg vhsdudwho| iru wkhvh wzr1 Wkhuh duh wkuhh jrrgv=

h{sruw jrrgv/ jrrgv iru grphvwlf xvh/ dqg lpsruw jrrgv1 H{sruw jrrgv duh qrw vxevwlwxwhv

�
Lq djjuhjdwh gdwd sulfh gl�huhqfhv dulvlqj iurp uhodwlyh sulfhv ri yduldqwv e| sodfh ri ruljlq duh pl{hg

zlwk sulfh gl�huhqfhv dulvlqj iurp glyhujhqfhv ri sulfh lqgh{hv ri jrrgv lq gl�huhqw edvnhwv ri h{sruwv1
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iru rwkhu jrrgv lq grphvwlf frqvxpswlrq1 Grphvwlf jrrgv dqg lpsruw jrrgv duh vxevwlwxwhv1

Lq surgxfwlrq vxssolhv ri h{sruw dqg grphvwlf jrrgv duh vxevwlwxwhv1

Vdohv yroxph ghshqgv rq lqfrph dqg uhodwlyh vxsso|/ zklfk pdqlihvwv lwvhoi lq uhodwlyh

sulfhv dqg wkh qxpehu ri yduldqwv hqwhulqj wkh pdunhw1 Lqfrph deurdg lv phdvxuhg e| d

wlph0ydu|lqj zhljkwhg dyhudjh ri wkh sduwqhu frxqwulhv* JGS1 Iru wkh grphvwlf ghpdqg

wrwdo h{shqglwxuh lv xvhg lqvwhdg ri lqfrph lq rughu wr dyrlg prgholqj vdylqj ehkdylru1

Dv phqwlrqhg ehiruh/ sulfhv dv ixqfwlrqv ri vxsso| dqg vdohv dv ixqfwlrq ri sulfhv duh

qrw prghoohg1 Lqvwhdg vxsso| ghwhuplqhv vdohv gluhfwo|1 Vlploduo| wr sulfhv wkdw hqwhu wudgh

htxdwlrqv lq uhodwlyh whupv/ vxsso| dv d ghwhuplqdqw ri vdohv fdq eh lqwhusuhwhg rqo| lq

uhodwlyh whupv frpsduhg zlwk wudglqj sduwqhuv1 Wklv lv sodxvleoh li zh frqvlghu wkdw vdohv

sodqv fdqqrw eh grqh zlwkrxw wdnlqj frpshwlwruv sodqv lqwr dffrxqw1 Kljkhu vkduh fdq eh

dfklhyhg rqo| e| rxwshuiruplqj frpshwlwruv lq frvwv/ sulfh/ txdolw|/ dqg qxpehu ri ydulhwlhv1

Wdnlqj doo wklv lqwr dffrxqw zh irupxodwh h{sruw dqg lpsruw htxdwlrqv e| vxevwlwxwlqj

uhodwlyh vxsso| whupv iru wkh uhodwlyh sulfh yduldeoh ri wkh �wudglwlrqdo� wudgh htxdwlrqv1

Htxdwlrqv +4, dqg +5, vkrz wkh orqj0uxq uhodwlrqvklsv iru wudgh  rzv1
�

{ � @ � . � g
�
� . � ut �� . hl �� . %

� ���
� +4,

p � @ � . 
 g �� . � ut �� .
[ ���! 
P �"�! hl �� . %

� #$�
� +5,

zkhuh orzhufdvh ohwwhuv lqglfdwh orjdulwkpv ri yduldeohv dqg wkh dvwhulvn ghqrwhv gluhfwo|

xqrevhuydeoh yduldeohv

{ � > p � = h{sruwv dqg lpsruwv ri jrrgv dqg vhuylfhv gh dwhg e| wkh gh dwru ri grphvwlf

%
Wkurxjkrxw wkh sdshu xqrevhuyhg yduldeohv duh ghqrwhg e| dvwhulvnv1

:



h{shqglwxuhv/ [ � @ h{s+{ � ,/ P � @ h{s+p � ,/

g �� = wrwdo h{shqglwxuhv lq wkh krph frxqwu|/

g
�
� = zruog ghpdqg/ phdvxuhg dv wlph0ydu|lqj zhljkwhg dyhudjh ri 98 wudglqj sduwqhuv*

JGS +vhh Dsshqgl{ :15,/

ut �� = uhodwlyh vxsso|/ gh�qhg dv wkh gl�huhqfh ehwzhhq grphvwlf +t �� , dqg iruhljq
�
t
� �� �

vxssolhv/

hl �� = lqglfdwru ri hfrqrplf lqwhjudwlrq/

%
� ���
� dqg %

� #$�
� = uhvlgxdov/

�> �> �> �> 
> �= sdudphwhuv1

Zh suhihuuhg xvlqj d xqlirup grphvwlf h{shqglwxuh gh dwru iru gh dwlqj erwk wudgh

 rzv dqg grphvwlf  rzv1 Wklv zd| zh lpsolflwo| lqwhusuhw whupv ri wudgh fkdqjhv lq d

vshfldo zd|1 Li wkh whupv ri wudgh lpsuryhv/ wkhq lw phdqv wkdw zh vxsso| vrphwklqj zklfk

lv pruh ydoxdeoh iru wkh zruog1 Iurp d grphvwlf srlqw ri ylhz wklv lv htxlydohqw ri d kljkhu

yroxph ri rxwsxw1 Wklv lqwhusuhwdwlrq/ ehvlghv ehlqj sodxvleoh/ dvvxuhv wkh h{foxvlrq ri

h�hfwv ri srvvleoh shupdqhqw fkdqjhv lq wkh whupv ri wudgh/ wkdw rwkhuzlvh pd| glvwxue wkh

frlqwhjudwlrq ri yroxph gdwd1
�'&

51514 Wkh Odwhqw Lqwhjudwlrq Yduldeoh

H{sruwv dqg lpsruwv xvxdoo| jurz idvwhu wkdq grphvwlf h{shqglwxuhv1 Uhdvrqv ri wklv

duh wudgh olehudol}dwlrq/ ghfuhdvlqj wudqvdfwlrq frvwv/ xwlol}dwlrq ri hfrqrplhv ri vfdoh dqg

vfrsh lq lqwudlqgxvwu| wudgh1 Wkhvh h�hfwv duh fdswxuhg e| rqh yduldeoh/ fdoohg hfrqrplf

lqwhjudwlrq1 Wklv yduldeoh lv qrw revhuyhg/ zh gh�qh lw e| lwv dwwulexwhv1 Lw*v pdlq ihdwxuh

lv wkdw lw lqfuhdvhv h{sruwv dqg lpsruwv e| wkh vdph dprxqw1 Dv rxu prgho lv orj0olqhdu/

	�(
Gxh wr gdwd dydlodelolw|/ lq fdvh ri Srodqg dqg Ph{lfr zh xvhg wkh JGS gh dwru lqvwhdg ri wkh grphvwlf

h{shqglwxuh gh dwru1

;



wklv fdq eh dssur{lpdwhg rqo|1 Wr lpsuryh wkh dssur{lpdwlrq/ zh pdnh d fruuhfwlrq wr wkh

lqwhjudwlrq yduldeoh lq wkh lpsruw htxdwlrq dqg xvh oq+HL

)+*-,/.01*-,/.
� ,1

51515 Vrph Ihdwxuhv ri Ghpdqg dqg Vxsso|

Wudglwlrqdo wudgh htxdwlrq hvwlpdwlrqv iuhtxhqwo| uhsruw ghpdqg hodvwlflwlhv wkdw duh odujhu

wkdq rqh1 Lq rxu ylhz wklv lv wkh frqvhtxhqfh ri wkh rplvvlrq ri dq lpsruwdqw yduldeoh/

wkh rqh zklfk zh odeho dv hfrqrplf lqwhjudwlrq1 Rwkhuzlvh/ iru wkh orqj uxq wkhuh lv qr

vdwlvidfwru| h{sodqdwlrq iru wklv uhvxow1 Wkhuh lv qr frqylqflqj dujxphqw wkdw zrxog vxjjhvw

wkdw jrrgv ri d jlyhq frxqwu| kdyh d kljkhu lqfrph hodvwlflw| deurdg zkloh iruhljq jrrgv

kdyh d kljkhu hodvwlflw| dw krph wkdq wkh hodvwlflw| ri wkhlu frpshwlwruv* jrrgv1 Wkhuhiruh/

zh vhw � @ 
 @ 41 Lq wkh vkruw uxq/ krzhyhu/ wkh ghpdqg frh!flhqw pljkw eh gl�huhqw

iurp rqh1

Htxdwlrqv +405, lpso| wkh iroorzlqj hqirufhg ihdwxuhv dv d gh�qlwlrq wr uhodwlyh vxsso|=

� Lqfuhdvlqj uhodwlyh vxsso| lqfuhdvhv h{sruwv dqg ghfuhdvhv lpsruwv fhwhulv sdulexv1

Wkhuhiruh/ � A 3 dqg � ? 31

� Li uhodwlyh vxsso| dqg uhodwlyh ghpdqg lqfuhdvhv dw wkh vdph udwh/ wkh h{sruw2lpsruw

udwlr grhv qrw fkdqjh1 Li lqfrph hodvwlflwlhv duh htxdo wr 4/ wklv uhtxluhphqw lv ixo�oohg

e| wkh frqvwudlqw � � � @ 41 Wklv ihdwxuh doorzv dq htxloleulxp rxwsxw lqwhusuhwdwlrq

ri vxsso|/ ehfdxvh lq wklv fdvh zh pd| vd| wkdw dorqj wkh sdwk zkhuh vxsso| htxdov

ghpdqg h{fhvv ghpdqg lv 31

Wkh gh�qlwlrq lpsolhv wkdw li d frxqwu| srvwv d kljkhu jurzwk ri erwk vxsso| dqg ghpdqg

wkdq wkh uhvw ri wkh zruog/ wkhq lwv wudgh dv d vkduh ri JGS zloo vkulqn +xqohvv lqwhjudwlrq

lqfuhdvhv,1

<



51516 Wudqvihuulqj wr dq Devroxwh Phdvxuh ri Vxsso|

Wkh wzr ihdwxuhv ghvfulehg deryh gh�qh vxsso| rqo| lq d uhodwlyh vhqvh1 Wkh iroorzlqj

gh�qlwlrq pdsv lw lqwr frxqwu| ohyhov1

� Lq wkh orqj uxq vxsso| htxdov ghpdqg erwk dw krph dqg lq wkh uhvw ri wkh zruog1 Wkh

jds ehwzhhq wkhp fdq gh ghvfulehg e| +vwdwlrqdu|, f|foh yduldeohv1

Zh dvvxph wkdw zruog vxsso| lv h{rjhqrxv dqg hvwlpdwh lw zlwk d xqlyduldwh prgho

lqghshqghqwo|1 Wkdw lv/ zruog ghpdqg lv dvvxphg wr eh wkh vxp ri zruog vxsso| dqg d

f|foh yduldeoh=

g
�
� @ t

� �
� . jds

� �� +6,

zkhuh t
� �� lv wkh vxsso| dqg jds

� �� lv wkh vwdwlrqdu| rxwsxw jds ri wkh uhvw ri wkh zruog1

Iru wkh vdnh ri vlpsolflw| dqg iru gdwd dydlodelolw| uhdvrqv ghpdqg ri wkh uhvw ri wkh

zruog lv frqvlghuhg wr eh lghqwlfdo wr JGS1 Lq wkh grphvwlf hfrqrp| JGS lv htxdo wr wkh

vxp ri grphvwlf ghpdqg +gh�qhg dv wrwdo grphvwlf h{shqglwxuhv, soxv qhw h{sruwv1 Dv

ghpdqg lv frlqwhjudwhg zlwk vxsso| dqg JGS lv frlqwhjudwhg zlwk ghpdqg/ JGS lv dovr

frlqwhjudwhg zlwk vxsso| dqg fdq eh ghfrpsrvhg dv wkh vxp ri vxsso| dqg d vwdwlrqdu|

f|foh=

jgs � @ t �� . jds �� +7,

zkhuh jgs � lv wkh orjdulwkp ri JGS dqg jds �� lv wkh vwdwlrqdu| rxwsxw jds1
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Xvlqj ut �� � t �� � t
� �
� dqg htxdwlrqv +6, dqg +7, JGS lv ghfrpsrvhg dv

jgs � @ ut �� . t
�
�� . jds �� +8,

516 Frpsdulvrq zlwk Rwkhu Gh�qlwlrqv dqg Prghov

Rxu qrwlrq ri vxsso| grhv qrw lpso| dq|wklqj derxw wkh yrodwlolw| ru vprrwkqhvv ri wklv

yduldeoh1 Lq wklv vhqvh rxu gh�qlwlrq gl�huv iurp wkh gh�qlwlrq lpsolhg e| wkh Krgulfn�

Suhvfrww �owhu/ wkh prvw frpprqo| dssolhg xqlyduldwh phwkrg/ wkdw lv edvhg rq dvvxphg

vprrwkqhvv1

Wkh gl�huhqfh iurp wkh dssurdfk ri wkh xqhpsor|phqw0lq dwlrq edvhg prgho fdq eh

vxppdul}hg lq wkh iroorzlqj zd|1

Lq wkh xqhpsor|phqw0lq dwlrq edvhg prgho rxwsxw lv deryh vxvwdlqdeoh � dqg lq dwlrq0

du| � li xqhpsor|phqw lv ehorz wkh qdwxudo udwh1 Kljk h{whuqdo gh�flw lv qrw frqvlghuhg

wr surylgh xvhixo lqirupdwlrq lq wklv uhvshfw/ ehfdxvh lw frqwdlqv wzr frpsrqhqwv wkdw duh

gl!fxow wr glvhqwdqjoh= lw lv sduwo| d skhqrphqrq ri dq htxloleulxp surfhvv wkdw uhdoorfdwhv

wkh xvh ri surgxfwlrq lqwhuwhpsrudoo|/ dqg rqo| sduwo| d e|0surgxfw ri grphvwlf h{fhvv gh0

pdqg1 Vsolwwlqj xqhpsor|phqw gdwd lqwr htxloleulxp dqg glvhtxloleulxp frpsrqhqwv vhhpv

wr eh dq hdvlhu wdvn e| xvlqj lq dwlrq gdwd1

Lq rxu prgho ghpdqg dqg wkh dvvrfldwhg rxwsxw lv deryh vxvwdlqdeoh � exw qrw qhfhvvdulo|

lq dwlrqdu| � li wkh udwh ri h{sruw jurzwk wr lpsruw jurzwk lv vorzhu wkdq mxvwl�hg e| uhodwlyh

ghpdqgv1 Wklv vxvwdlqdelolw| gh�qlwlrq lv qrw htxlydohqw zlwk lq dwlrq0vxvwdlqdelolw|1 Lw lv

edvhg rq wkh lghd wkdw dq| gh�flw lv wudqvlwru|/ krzhyhu shuvlvwhqw lw pd| eh1 Ehfdxvh dq|

fuhglw kdv wr eh uhsdlg vrph wlph/ dq| ghpdqg wkdw jhqhudwhv ghew kdv wr eh uhyhuwhg vrph

wlph wr uhsd| wkh ghew1

44



Lq sulqflsoh wkh prgho frxog eh h{whqghg wr fdofxodwh lq dwlrq0vxvwdlqdelolw|1 Gh�flwv

kdg wr eh ghfrpsrvhg lqwr *htxloleulxp gh�flwv* dqg *h{fhvv ghpdqg* gh�flwv1 Wkh dgh0

txdwh lqirupdwlrq iru wklv vhsdudwlrq zrxog eh lq dwlrq gdwd/ mxvw olnh lq wkh fdvh ri wkh

xqhpsor|phqw ghfrpsrvlwlrq1 Krzhyhu/ wkh lpsdfw ri gh�flwv wr lq dwlrq lv wudqvplwwhg

wkurxjk ydulrxv fkdqqhov olnh h{fkdqjh udwh srolf| dqg lqyhvwru*v exvlqhvv vhqwlphqwv wkdw

suredeo| uhvxow lq d odujh yduldqfh erwk lq wkh frh!flhqw dqg wkh odj ri wklv lpsdfw1 Lq

dgglwlrq/ vlploduo| wr wkh uhdvrqv phqwlrqhg lq wkh lqwurgxfwlrq iru wkh lqdssolfdelolw| ri

wkh xqhpsor|phqw0edvhg dssurdfk wr lq dwlrq0vxvwdlqdelolw|/ zh fdq dujxh wkdw lq dwlrq

gdwd lq wudqvlwlrq frxqwulhv duh qrw dghtxdwh iru wkh h{whuqdo gh�flw ghfrpsrvlwlrq1 Wkhuh

lv qrwklqj ohiw exw wr eh vdwlv�hg zlwk wkh frqfhsw ri rxu h{whuqdo0edodqfh0vxvwdlqdelolw|1

Hyhq wkrxjk wkh frqfhsw pljkw eh frqvlghuhg dv d vxevwlwxwh/ zh duh frqylqfhg wkdw lw ohdgv

wr d xvhixo lqglfdwru1 Lw lv wuxh wkdw lwv dssolfdwlrq dv d suhglfwru ri lq dwlrq lv olplwhg/ exw

e| xvlqj dgglwlrqdo lqirupdwlrq rq wkh dvvhvvphqw ri wkh pdunhw ri wkh *htxloleulxp gh�flw*/

lw pd| jlyh lqirupdwlrq rq lq dwlrqdu| suhvvxuhv lq wkh hfrqrp|1

Wr dyrlg plvxqghuvwdqglqj/ lw lv suredeo| ehwwhu wr fdoo rxu frpshwlwlyhqhvv0edvhg frq0

fhsw dv vxvwdlqdeoh rxwsxw/ wkxv glvwlqjxlvklqj lw iurp wkh srsxodu lq dwlrq0qhxwudolw|0edvhg

frqfhsw fdoohg srwhqwldo rxwsxw1

517 Vkruw0uxq H�hfwv

51714 Lqfrph Hodvwlflwlhv dqg Frh!flhqwv

Zh dujxhg wkdw lq wkh orqj0uxq ghpdqg hodvwlflwlhv duh xqlw| zkhq wkh hfrqrplf lqwhjudwlrq

yduldeoh lv lqfrusrudwhg lqwr wkh prgho1 Lq wkh vkruw uxq/ krzhyhu/ wkhuh lv d srvvleoh

h{sodqdwlrq iru d frh!flhqw kljkhu wkdq rqh surylghg wkdw zh gr qrw lqwhusuhw lw dv dq

lqfrph hodvwlflw|1 Lpsruw kdv d uroh ri �oolqj rxw vkruw0uxq h{fhvv ghpdqg jdsv1 Li ghpdqg
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jrhv xs wrr idvw/ wkhq grphvwlf vxssolhuv zkr gholyhu rq wkh edvlv ri orqj0uxq fxvwrphu

uhodwlrqv pd| qrw iroorz ghpdqg dqg wkh h{fhvv kdv wr eh phw iurp h{whuqdo vrxufhv1 Odwhu

rq grphvwlf vxsso| dgmxvwv dqg wudgh vkduhv duh uhvwruhg1

Wr fdswxuh wkh vkruw0uxq qdwxuh ri wklv ehkdylru zh vhw xs dq huuru fruuhfwlrq prgho

zkhuh wkh vkruw0uxq frh!flhqw pd| h{fhhg 41 Wkh rqo| sodxvlelolw| whvw wkdw wkh frh!flhqw

kdv wr sdvv lv wkdw dq| fkdqjh lq ghpdqg vkrxog qrw jhqhudwh pruh lpsruw wkdq wkh fkdqjh

lq ghpdqg lwvhoi1 Wkh hvwlpdwhg sdudphwhuv wxuqhg rxw wr eh sodxvleoh lq wklv vhqvh1

51715 Lpsruw Frqwhqw ri H{sruwv

Wkh lqwhjudwlrq yduldeoh lv vxssrvhg wr fdswxuh wkh wzr0zd| lqfuhdvh lq wudgh1 Wudgh jurzwk

gxh wr erwk wkh lqfuhdvh ri ydulhwlhv dqg wr d ghhshqlqj ri yhuwlfdo frrshudwlrq lv lqfoxghg

lq wklv fdwhjru| lq sulqflsoh1

Krzhyhu/ wkh odwwhu kdv d vshfldo ihdwxuh lq wudqvlwlrq dqg ghyhorslqj hfrqrplhv ehfdxvh

lw lv rqh0vlghg= lw w|slfdoo| phdqv dq lpsruw ri pdwhuldov dqg vhplideulfdwhv dqg dq h{sruw

ri wkh surfhvvhg lwhpv dqg qrw ylfh yhuvd1 Wkhuhiruh/ wklv wudgh lv yhu| pxfk gulyhq e|

h{whuqdo ghpdqg1 Dv d frqvhtxhqfh/ lw lv qrw rqo| h{sruwv exw lpsruwv dv zhoo wkdw lv

h{whuqdo ghpdqg ghshqghqw1 Lq wkh orqj uxq/ wklv h�hfw lv fdswxuhg e| wkh lqwhjudwlrq

yduldeoh wkurxjk wkh frlqwhjudwlrq uhodwlrqvkls1 Lq wkh vkruw uxq/ krzhyhu/ wkh h{sodqdwlrq

ri lpsruwv kdv wr lqfoxgh h{whuqdo ghpdqg/ wkdw*v zk| zh lqfoxghg h{sruwv lq wkh htxdwlrq1

51716 H{fkdqjh Udwh H�hfwv

Zkhq gh�qlqj vxsso| zh lpsolflwo| dvvxphg wkdw vxsso| ehkdylru lv lqgl�huhqw wrzdugv

wkh gluhfwlrq ri wudgh> wkh vkduh ri h{sruwv dqg grphvwlf xvh lq vdohv lv ghwhuplqhg e|

uhodwlyh ghpdqgv1 Wklv lqgl�huhqfh suhydlov li sur�wdelolw| lv wkh vdph lq erwk gluhfwlrqv1
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Lq wkh orqj uxq/ duelwudjh htxdol}hv wklv sur�wdelolw|1 Krzhyhu/ duelwudjh zrunv vorzo| dqg

lq wkh vkruw uxq � hvshfldoo| ehfdxvh ri wkh yrodwlolw| lq h{fkdqjh udwhv � uhodwlyh sulfh

gl�huhqfhv pd| h{lvw dqg vxssolhuv pd| suhihu rqh gluhfwlrq wr wkh rwkhu1 Wklv vkruw uxq

*glvfulplqdwlrq* lq vxsso| ehkdylru frxog eh fdswxuhg e| lqfoxglqj wkh uhdo h{fkdqjh udwh

lqwr wkh huuru0fruuhfwlrq irupxodwlrq ri wkh prgho1

6 Vwdwlvwlfdo Uhsuhvhqwdwlrq

Dv wkhuh duh pdq| odwhqw yduldeohv lq wkh prgho/ zh dgrsw d vwdwh0vsdfh uhsuhvhqwdwlrq dqg

xvh wkh Ndopdq0�owhu iru hydoxdwlqj wkh olnholkrrg ixqfwlrq1 Wkh �uvw lvvxh wr eh glvfxvvhg

lv wkh wlph vhulhv surshuwlhv ri wkh yduldeohv1

614 Lqwhjudwhgqhvv

Zh xvhg wkuhh w|shv ri whvwv wr fkhfn wkh lqwhjudwhgqhvv ri wkh revhuyhg wlph vhulhv/

wkh +4, Dxjphqwhg Glfnh|0Ixoohu w0whvw +DGI,/ +5, Skloolsv0Shuurq w0whvw +SS,/ dqg +6,

Nzldwnrzvn|0Skloolsv0Vfkplgw0Vklq � dqg � 0whvwv +NSVV,1 Iru DGI dqg SS wkh qxoo k|0

srwkhvlv lv xqlw urrw zkloh iru NSVV wkh qxoo lv vwdwlrqdulw| dqg wuhqg0vwdwlrqdulw|1

Wzr vhulhv suryhg wr eh vwdwlrqdu| e| dq| whvwv= wkh wudgh edodqfh dqg wkh h{sruw2lpsruw

udwlr1 Doo rwkhu yduldeohv duh lqwhjudwhg surfhvvhv/ exw wkh fkrlfh ehwzhhq L+4, dqg L+5, kdv

wr eh edvhg rq frqwudglfwru| whvw uhvxowv1
�2�

Vrph whvwv vxjjhvw dq L+4,/ rwkhuv dq L+5,

frqfoxvlrq1 Krzhyhu/ zh gr qrw wuxvw pxfk lq xqlw urrw whvwlqj1
� �

Lq idfw/ e| lqvshfwlqj

iru h{dpsoh wkh jurzwk udwh ri JGSv lq Iljxuhv 406/ lw lv fohdu wkdw zh kdyh wr fkrrvh

	'	
Ghwdlohg vwdwlvwlfv duh dydlodeoh iurp wkh dxwkruv xsrq uhtxhvw1	 

Wkh olwhudwxuh lv ixoo ri sdshuv vkrzlqj wkh srzhu dqg vl}h glvwruwlrqv ri ydulrxv xqlw urrw dqg vwdwlrqdulw|

whvwv1 Dv d sduwlfxodu lpsruwdqfh iru rxu prgho/ Kduyh|�Mdhjhu +4<<6, vkrz wkdw frqyhqwlrqdo whvwv dssolhg
wr L+5, surfhvvhv duh eldvhg wrzdug wkh L+4, �qglqj1
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ehwzhhq wzr fdqglgdwh surfhvvhv= L+5,
� �

ru L+4, zlwk vkliwv lq wkh guliw +zh zloo uhihu wkh

odwhu dv *euhdnlqj L+4,*,1 Lq wkh �uvw uhsuhvhqwdwlrq wkh jurzwk udwhv ri rxu yduldeohv duh

dssur{lpdwhg dv guliwohvv udqgrp zdonv/ lq wkh vhfrqg fdvh wkh| kdyh frqvwdqw phdqv zklfk

vkliw rffdvlrqdoo|1

Zh ghflghg iru dq L+5, vshfl�fdwlrq e| frpsdulqj wkh surv dqg frqv ri erwk uhsuhvhq0

wdwlrqv1

Wkh dujxphqwv xvhg djdlqvw wkh L+5, uhsuhvhqwdwlrq xvxdoo| uhihu wr wkh idfw wkdw lw

lpsolhv d qrq0vwdwlrqdu| jurzwk udwh zlwk d yduldqfh wkdw jrhv lqwr lq�qlw| zlwk wlph1 Wkh

vwduwlqj srlqw ri wklv dujxphqw lv wkdw hvwlpdwlrqv ri yduldeohv zlwk lq�qlwh yduldqfh jlyh

qr lqirupdwlrq1 Lq rxu ylhz wklv dujxphqw lv zhdn1 Dq| qrq0vwdwlrqdu| yduldeoh hqgv xs

lq lq�qlwh yduldqfh/ hyhq wkh L+4, prgho lpsolhv lq�qlwh yduldqfh iru wkh ohyho ri wkh vhulhv1

Hyhq zruvh/ li zh doorz wkh guliw wr vkliw lq wkh L+4, fdvh wkhq wkh xqfhuwdlqwlhv ri wkh wlplqjv

dqg pdjqlwxghv ri wkh vkliwv eorz xs wkh yduldqfh ri wkh jurzwk udwh dv zhoo1 Wkhuhiruh/

zh gr qrw uhjdug lq�qlwh yduldqfh dw lq�qlw| dv dq lpsruwdqw idfwru lq fkrrvlqj ehwzhhq dq

L+5, dqg d euhdnlqj L+4, uhsuhvhqwdwlrq1

Lw lv qdwxudo wr dvvxph wkdw hfrqrplf jurzwk udwhv duh ghwhuplqhg e| wkh suhydlolqj

srolwlfdo0vrfldo0hfrqrplf v|vwhpv1 Lq klvwru| fhuwdlq frxqwulhv ru uhjlrqv juhz idvwhu/ rwkhuv

vorzhu/ dqg wkhlu srvlwlrq kdv fkdqjhg zlwk wlph1 Zh pd| frqvlghu wkhvh fkdqjhv dv vkliwv

lq jurzwk uhjlphv/ exw zk| vkrxog zh dvvxph wkdw wkh vkliwv duh glvfuhwhB Lq idfw/ wkh

wudqvlwlrqv duh dozd|v judgxdo1 Glvfuhwh uhjlph vkliwv ri d jurzwk surfhvv pljkw kdyh ehhq

uhsuhvhqwhg e| dq L+4, surfhvv zlwk vhyhudo euhdnv lq wkh guliw1 Krzhyhu/ li vkliwv duh

iuhtxhqw dqg judgxdo/ uhjlphv wkhpvhoyhv duh qrw shuvlvwhqw hqrxjk wr gh�qh wkhp dv d

uhjlph1 Lq wklv fdvh qr guliw sdudphwhuv pd| eh gh�qhg dqg wkh surfhvv lv ehwwhu ghvfulehg

	 �
Vhh Kdoguxs +4<<;, iru d wkrurxjk glvfxvvlrq rq zrunlqj zlwk L+5, yduldeohv1
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e| frqvlghulqj wkh frqwlqxrxvo| fkdqjlqj guliw dv d udqgrp fkdqjh lq wkh jurzwk udwh1 Wklv

lv wkh vlwxdwlrq zkhq wkh L+5, uhsuhvhqwdwlrq lv dq lghdo dssur{lpdwlrq wr ghvfuleh d surfhvv

wkdw vkrzv shuvlvwhqw  xfwxdwlrqv lq jurzwk udwhv1

Lq d wudqvlwlrq frxqwu| zkhuh vhyhudo uhjlph vkliwv wrrn sodfh zlwklq d uhodwlyho| vkruw

shulrg d euhdnlqj L+4, prgho qhhgv wrr pdq| sdudphwhuv wr iroorz doo wkh vkliwv dqg dvvxps0

wlrqv rq glvfuhwh vkliwv kdyh wr eh sxoohg rxw ri wklq dlu1 Wkhuhiruh wkh odfn ri d frqvwdqw

vwhdg|0vwdwh jurzwk udwh lv udwkhu dq dgydqwdjh ri wkh prgho wkdq d vkruwfrplqj1 Hyhq iru

pdmru lqgxvwuldo frxqwulhv wkh vwhdg|0vwdwh jurzwk lv uhdvvhvvhg iurp wlph wr wlph lqglfdwlqj

wkdw wkhuh duh lqghhg shuvlvwhqw fkdqjhv lq wkh jurzwk udwh1

Wkh idfw wkdw wkh L+5, prgho grhv qrw jlyh xv d frqvwdqw orqj0uxq jurzwk udwh grhv

qrw phdq lwv lqihulrulw| lq lwv iruhfdvwlqj fdsdelolwlhv djdlqvw d euhdnlqj L+4, uhsuhvhqwdwlrq1

Pdnlqj iruhfdvwv edvhg rq wkh jurzwk udwhv ri wkh prvw uhfhqw |hduv lv qrw qhfhvvdulo| zruvh

wkdq d iruhfdvw edvhg rq wkh odvw uhjlph ri d euhdnlqj L+4, prgho1

Zh kdyh wr vd| wkdw xvlqj surfhvvhv wkdw kdyh xqghvludeoh surshuwlhv dw lq�qlw| lv

qrw rxu lqyhqwlrq1 Lq prvw ri wkh xqhpsor|phqw edvhg prghov ri srwhqwldo rxwsxw wkh

xqhpsor|phqw udwh lv dvvxphg wr eh dq L+4, surfhvv1 Dxwkruv dgrswlqj wklv dvvxpswlrq

fhuwdlqo| nqrz wkdw wkh xqhpsor|phqw udwh fdq qrw eh L+4, +dq reylrxv uhdvrq lv wkdw lw

lv ehwzhhq }hur dqg rqh e| gh�qlwlrq,/ exw iru hpslulfdo hvwlpdwlrq ri d jlyhq wlph shulrg

wklv dvvxpswlrq jlyhv uhdvrqdeoh dssur{lpdwlrq1
� �

Zh dgrsw d vlplodu dssurdfk wr wkh

udwh ri jurzwk= zh gr nqrz wkdw d iruhfdvw rq wkh edvlv ri wkh lqirupdwlrq h{wudfwhg iurp

wkh revhuydwlrq shulrg zloo ohdg wr dq hyhu zlghqlqj frq�ghqfh edqg/ exw wklv grhv qrw

frqvwlwxwh d pdmru frqfhuq iru xv li rxu sxusrvh lv wr ghvfuleh wkh revhuyhg suhylrxv |hduv1

	 �
Dqrwkhu h{dpsoh lv wkh wlph0ydu|lqj sdudphwhu hvwlpdwlrq1 Khuh d udqgrp zdon lv iuhtxhqwo| dvvxphg

iru wkh vwrfkdvwlf ehkdylru ri wlph0ydu|lqj sdudphwhuv lq rughu wr eh deoh wr fdswxuh shupdqhqw fkdqjhv/
dowkrxjk wkh yhu| qdwxuh ri sdudphwhuv ehdulqj hfrqrplf lqwhusuhwdwlrq lv wkdw wkh| duh qrw L+4, dw lq�qlw|1
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Wkhuhiruh/ zh kdyh d �up suhihuhqfh iru wkh L+5, uhsuhvhqwdwlrq1 Frqvhtxhqwo|/ zh

dvvxph wkdw h{sruwv/ lpsruwv/ grphvwlf dqg zruog ghpdqg/ grphvwlf dqg zruog dqg uhodwlyh

vxsso|/ dqg hfrqrplf lqwhjudwlrq iroorz L+5, surfhvvhv1
�3


615 Wkh Vwdwh0Vsdfh Uhsuhvhqwdwlrq

Htxdwlrqv +4,/ +5,/ dqg +8, lqwurgxfhg hduolhu duh wkh vr fdoohg revhuydwlrq +ru phdvxuhphqw,

htxdwlrqv lq wkh vwdwh0vsdfh1 Qrwh wkdw kdylqj lpsrvhg wkh vxjjhvwhg sdudphwhu uhvwulfwlrqv

wkh rqo| *vwuxfwxudo* sdudphwhu wr eh hvwlpdwhg lv �1 +Wkh *qrq0vwuxfwxudo* ru *whfkqlfdo*

sdudphwhuv duh wkh vwdqgdug huuruv ri %
� ���
� dqg %

� #4�
� ,1

Wkh vwdwh +ru wudqvlwlrq, htxdwlrqv ghvfuleh wkh g|qdplfv ri wkh odwhqw yduldeohv1 Dv wkh

prgho lv qrw vwdwlrqdu|/ zh kdyh wr jlyh lqlwldo ydoxhv iru wkh phdq dqg yduldqfh0fryduldqfh

pdwul{ ri wkh vwdwh yhfwruv +odwhqw yduldeohv,1 Wkh iroorzlqj qxpehuv zhuh fkrvhq=

Phdq=

� rxwsxw jds= 3

� ohyho ri uhodwlyh vxsso|= wkh �uvw revhuydwlrq ri uhodwlyh ghpdqg plqxv dyhudjh jurzwk

ri wkh �uvw wkuhh |hduv

� lqwhjudwlrq= oq+4, @ 3

� jurzwk udwh ri uhodwlyh vxsso|= dyhudjh jurzwk ri uhodwlyh ghpdqg ri wkh �uvw wkuhh

|hduv

� jurzwk udwh ri lqwhjudwlrq= 4(

Yduldqfh0fryduldqfh pdwul{=

	 �
Zh kdyh dovr hvwlpdwhg wkh euhdnlqj L+4, prgho iru frpsdulvrq1 Uhvxowv duh dydlodeoh iurp wkh dxwkruv

xsrq uhtxhvw1

4:



Lghqwlw| pdwul{ pxowlsolhg e| 3/3334/ zklfk phdqv wkdw 4( vwdqgdug huuru zdv dvvxphg

iru wkh lqlwldo ydoxhv ri wkh vwdwh yhfwruv1

Wkh vwdwh htxdwlrqv duh wkh iroorzlqj1 Wkh rxwsxw jds vshfl�fdwlrq lv=
� �

5
997

jds ��

jjds ��

6
::8 @ �

5
997

frv � vlq �

� vlq � frv �

6
::8

5
997

jds ����! 

jjds ����! 

6
::8 .

5
997

%
� 5  ��

%
� 5762�
�

6
::8 > jds �8 @ jjds �8 @ 3 +9,

zkhuh wkh jjds �� *vkdgrz yduldeoh* lv qhhghg wr jhqhudwh jds �� / � lv d gdpshqlqj idfwru/ � lv

wkh iuhtxhqf| ri wkh rxwsxw jds lq udgldqv/ %
� 9:�
� duh zklwh qrlvh surfhvvhv1

Wkh ehkdylru ri uhodwlyh vxsso| dqg hfrqrplf lqwhjudwlrq lv ghvfulehg dv

��ut �� @ %
� ;2<2�
� +:,

��hl �� @ %
�>='9:�
� +;,

Zh qrwh wkdw lq htxdwlrqv +:0;, wkh rqo| sdudphwhu wr eh hvwlpdwhg lv wkh vwdqgdug huuru

+�+ ?A@ B>C ,, ri wkh lqqrydwlrq
q

%
� 9:�
�

r
1 Qrwh dovr wkdw wkh prgho lqfoxghv rqo| wzr dgglwlrqdo

*vwuxfwxudo* sdudphwhuv= � dqg �1
� �

Wkh frqvwudlqwv dqg dvvxpswlrqv rq wkh sdudphwhuv ri wkh prgho duh ydolg iru d odujh

	 �
Lq wkh olwhudwxuh wzr nlqgv ri f|foh vshfl�fdwlrq duh xvhg= +4, DUPD uhsuhvhqwdwlrq +hj1 Nxwwqhu

4<<7/ Jhuodfk0Vphwv 4<<<,/ dqg +5, ixqfwlrqv ri wuljrqrphwulf ixqfwlrqv dv lq htxdwlrq +9, +hj1 Kduyh|
4<;</ Kduyh|0Mdhjhu 4<<6/ Kduyh|0Nrrspdq0Shq}hu 4<<<,1 Wkh odwwhu pd| eh ghulyhg iurp wkh iroorzlqj

htxdwlrq= }@R
�* ' @ ULt Ew|� n K t�? Ew|�/ zkhuh w lv wkh iuhtxhqf| ri wkh f|foh lq udgldqv dqg

�
@ D n K D �

.�E D lv
wkh dpsolwxgh ri wkh f|foh1 Htxdwlrq +9, lv d jhqhudol}dwlrq ri wkh odwwhu e| +l, hqdeolqj @ dqg K wr fkdqjh lq
wlph +ll, dgglqj vwrfkdvwlf glvwxuedqfhv dqg +lll, dgglqj d gdpshqlqj idfwru +4,1 Wkh j}@R

�* *vkdgrz yduldeoh*

lv frqvwuxfwhg rqo| wr jhqhudwh }@R
�* 1 Iru lghqwl�fdwlrq zh vkrxog dvvxph wkdw 0 @ FGC* dqg 0 @

.IH C* kdyh wkh vdph
yduldqfh dqg wkh| duh xqfruuhodwhg1 Wkh DU+4, f|foh lv d vshfldo fdvh ri wklv prgho zkhq w ' &Z +& M ~,1 Lq
wklv fdvh t�? Ew� ' f/ vr wkh jhqhudwlqj htxdwlrq iru j}@R

�* lv uhgxqgdqw dqg wkh f|foh lv uhsuhvhqwhg hlwkhu dv

}@R
�* ' 4 }@R

�*-,/. n0 @ F'C* +zkhq w ' ���c 32Zc fc 2Zc ���, ru dv }@R
�* ' 34 }@R

�*:,/. n0 @ FGC* +zkhq w ' ���c 3Zc Zc �Zc ���,1
Vhh/ h1j1 Kduyh| +4<;<, ss16;073,1	 �

Wkh lqwhuuhodwlrq ri wkh deryh vwdwh dqg revhuydwlrq htxdwlrqv lv ghvfulehg lq ghwdlo e| wkh vwdwh0vsdfh
uhsuhvhqwdwlrq ri wkh v|vwhp lq Dsshqgl{ :141
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vshfwuxp ri frxqwulhv dqg hfrqrplf v|vwhpv1

616 Wkh Huuru Fruuhfwlrq Prgho

Wkh huuru0fruuhfwlrq prgho zdv irupxodwhg wr eh frqvlvwhqw zlwk wkh L+5,0qhvv dvvxpswlrq1

Wkhuh duh vhyhudo srvvleoh frlqwhjudwlrq uhodwlrqvklsv ehwzhhq L+5, yduldeohv1 Krzhyhu/

vlqfh zh uhjdug htxdwlrqv +405, dv orqj0uxq uhodwlrqvklsv/ zh dvvxph wkdw wkh huuru whupv

dwwdfkhg wr wkhp duh vwdwlrqdu|/ wkdw lv/ wkh olqhdu frpelqdwlrqv ri
�
{ � � hl �� � g

�
� � �ut ��

�

dqg
�

p � �

J *:,/.K *:,L. hl �� � g �� � +� � 4, ut ��
�
duh vwdwlrqdu|1 Wkhvh dvvxpswlrqv zhuh whvwhg dqg

qrw uhmhfwhg +vhh odwhu,1 Wklv lpsolhv wkdw wkh huuru fruuhfwlrq prgho vkrxog eh iruphg lq

whupv ri vhfrqg gl�huhqfhv rqo|1 Wkh frh!flhqw ri wkh odwhqw yduldeoh ri hfrqrplf lqwhjudwlrq

lv 4 e| wkh gh�qlwlrq ri wkh frqfhsw +iru lpsruwv wkh [@P whup prgl�hv wkh frh!flhqw

vrphzkdw,1 Wkh frqvwudlqw iru wkh vxsso|0frh!flhqw lv ydolg iru wkh vkruw0uxq dv zhoo1 Wkh

wrwdo h�hfw ri vxsso| rq h{sruwv dqg lpsruwv lv htxdo wr wkh orqj0uxq frh!flhqw/ l1h1 �/

dqg � � 4= Dv lpsruwv duh h{sruw0ghshqghqw lq wkh vkruw uxq zlwk sdudphwhu �/ wkh sduwldo

h�hfw zloo eh +� � 4, � ��1
� �

Vlploduo|/ lq wkh lpsruw htxdwlrq wkh grxeoh udwh ri fkdqjh

ri lqwhjudwlrq kdv wkh frh!flhqw +4 � �, dqg wkdw ri wkh uhdo h{fkdqjh udwh lv +! 6
� �!  ,/

zkhuh !  lv wkh frh!flhqw ri wkh uhdo h{fkdqjh udwh lq wkh h{sruw htxdwlrq dqg ! 6 lv wkh

wrwdo uhdo h{fkdqjh udwh h�hfw rq lpsruwv1 Dv zh duh xvlqj dqqxdo gdwd zh kdyh lqfoxghg

wkh fxuuhqw |hdu dqg wkh rqh shulrg odjjhg uhdo h{fkdqjh udwh1

Zlwk wkhvh uhvwulfwlrqv zh vhw xs wkh iroorzlqj huuru fruuhfwlrq prgho=

��{ � @ ���g
�
� . ���ut �� . ��hl �� . !  2 ��uhu � . !  6 ��uhu �"�! 

.�
�
{ �"�! � hl ����! � g

�
�"�M � �ut ����! 

�
. %

� NA�
�

+<,

	 �
Li {{%

*
' K{{o^

�* dqg {{6
*

' g{{o^
�* n 1{{%

*
c wkhq e| gl�huhqwldwlrq O'P+P/Q2RO'P+P+S'TGUR ' K dqg

O'P/P+V!RO'P+P+S'T'UR ' g n W P/P+V!RW P+P+Q2R O'P+P/Q2RO'P+P+S'TGUR ' g n 1K�Dv O'P+P+VMRO'P+P+SGT'UR ' K 3 � e| dvvxpswlrq/ g ' K 3 � 3 1K1
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��p � @ ���{ � . $��g �� . ++� � 4, � ��, ��ut ��

. +4 � �,
� J *:,/.K *:,/. hl �� � 5 �

J *-, DK *-, D hl ����! .
J *:,YXK *:,YX hl ��"� 6

�

.+! 6  � �!  2 ,��uhu � . +! 6Z6
� �!  6 ,��uhu ���! 

.�
�

p �"�M �

J *:, DK *-, D hl ����! � g ����! � +� � 4, ut ��"�M 
�

. %
� [A�
�

+43,

zkhuh wkh rqo| qhz yduldeoh/ uhu � / lv wkh lqgh{ ri wkh uhdo h{fkdqjh udwh fdofxodwhg rq wkh

edvlv ri frqvxphu sulfhv zlwk uhvshfw wr 98 wudglqj sduwqhuv xvlqj wlph0ydu|lqj zhljkwv1

7 Hpslulfdo Uhvxowv

Zh kdyh hvwlpdwhg wkh prgho lq wzr vwhsv= �uvwo| wkh orqj0uxq dqg vhfrqgo| wkh vkruw0uxq

uhodwlrqvklsv1 Zh vkrxog ghfrpsrvh uhodwlyh vxsso|/ zklfk dsshduv lq wkh wudgh htxdwlrqv/

ehwzhhq grphvwlf dqg iruhljq vxsso| wr eh deoh wr fdofxodwh wkh grphvwlf rxwsxw jds1 Dv

zh kdyh lqglfdwhg lq Vhfwlrq 51516/ zh dvvxphg wkdw zruog vxsso| lv h{rjhqrxv dqg hvwlpdwh

lw xvlqj d xqlyduldwh phwkrg edvhg rq htxdwlrq +6,1 Zh �wwhg wkh orfdo olqhdu wuhqg soxv

f|foh +OOWF,
� �

prgho iru zruog ghpdqg +g
�
� , wkdw dvvxphv d xqlyduldwh L+5, surfhvv1 Dv

wklv eorfn lv lqghshqghqw ri wkh rwkhu htxdwlrqv ri wkh prgho/ zh kdyh vhsdudwhg lw rxw1

714 Orqj0Uxq Uhvxowv

Zh kdyh hvwlpdwhg wkh prgho iru wkh orqjhvw dydlodeoh shulrgv xvlqj dqqxdo gdwd/ zklfk lv

4<8304<<< lq fdvh ri Ph{lfr/ 4<9304<<< lq fdvh ri Kxqjdu|/ dqg 4<;304<<< lq fdvh ri Srodqg1

Hvwlpdwlrq uhvxowv zhuh uhdvrqdeoh zlwk wkh h{fhswlrq ri e�/ zklfk zdv kljko| vhqvlwlyh wr

vwduwlqj ydoxhv dqg zdv iuhtxhqwo| rxw ri wkh 304 udqjh1 Wkhuhiruh/ zh frqvwudlqhg lwv ydoxh

	 %
Vhh/ h1j1 Kduyh| +4<;<,1
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wr 3181
� &

Lpsrvlqj wklv frqvwudlqw wkh olnholkrrg ixqfwlrq vhhphg wr kdyh d xqltxh joredo

pd{lpd1 Wkh uhvxowv duh vkrzq lq wdeoh 41

Wdeoh 4 wr eh sodfhg vrphzkhuh khuh

Prvw hvwlpdwhg sdudphwhuv duh vljql�fdqw zlwk wkh fruuhfw vljq dqg wkhlu pdjqlwxghv

duh lqwhusuhwdeoh lq hfrqrplf whupv1 Krzhyhu/ lq fdvh ri Srodqg wkh gdpshqlqj idfwru ri

wkh f|foh +�, zdv hvwlpdwhg wr 4137 zlwk d vwdqgdug huuru 31391 Wklv fohduo| lqglfdwhv wkh

qrq0vwdwlrqdulw| ri wkh hvwlpdwhg rxwsxw jds/ zklfk zrxog lpso| wkdw JGS dqg vxsso| duh

qrw frlqwhjudwhg
� �
/ lq frqwudvw wr rxu dvvxpswlrq zkhq iruplqj htxdwlrq +7,1 Suredeo|

wkh vpdoo vdpsoh vl}h +53 dqqxdo gdwd, lv uhvsrqvleoh iru wklv uhvxow1 D 4137 gdpshqlqj

frh!flhqw zrxog lpso| dq h{sorglqj f|foh/ vr zh frqvwudlqhg lwv ydoxh wr rqh/ zklfk qxoo

k|srwkhvlv lv qrw uhmhfwhg1 Lq fdvh ri wkh rwkhu wzr frxqwulhv kdylqj orqjhu gdwd wkh rxwsxw

jds lv hvwlpdwhg wr eh vwdwlrqdu|1

Lv lv uhpdundeoh wr qrwh wkdw wkh vwdqgdug huuru hvwlpdwhv ri wkh glvwxuedqfhv duh vxe0

vwdqwldo lq vrph fdvhv1 Iru h{dpsoh/ lq wkh wudgh htxdwlrqv wkh| duh durxqg 80: shufhqw lq

fdvh ri wkh wzr wudqvlwlrq frxqwulhv dqg hyhq 49 shufhqw lq fdvh ri Ph{lfdq h{sruwv1 Wkhvh

uh hfwv wkh odujh yrodwlolw| ri wudgh  rzv zklfk duh mxvw sduwo| h{sodlqhg hyhq e| rxu L+5,

wuhqg prghov1
�2�

Wkh olnholkrrg ixqfwlrq wr eh pd{lpl}hg lv zulwwhq lq whupv ri wkh lqqrydwlrqv
�2�
/ zklfk

duh dvvxphg wr eh qrupdoo| glvwulexwhg1 Dv zh fdq vhh iurp wkh wdeoh/ wkh Mdutxh0Ehud whvwv


 (
Zh kdyh fkhfnhg vhyhudo ydoxhv ehwzhhq 316031:/ exw hvwlpdwhv vkrzhg qhjoljleoh vhqvlwlylw| wr wkh dfwxdo

fkrlfh zlwklq wklv udqjh1
 	
Lq vwdwlvwlfdo whupv wkh| vwloo fdq eh frlqwhujdwhg/ vlqfh wkhvh yduldeohv duh L+5,/ vr dq L+4, olqhdu frpel0

qdwlrq pljkw lpso| frlqwhjudwlrq1 Lq hfrqrplf whupv/ krzhyhu/ wklv lv xqlqwhuhvwlqj1
'

Krzhyhu/ dq| - D w|sh phdvxuh zrxog lqglfdwh jrrg �w dv wrwdo yduldwlrq ri wudgh  rzv duh vhyhudo idfwruv

odujhu wkdq wkh hvwlpdwhg vwdqgdug huuruv ri wkh glvwxuedqfhv ri wkh htxdwlrqv1 Wkh odujh wrwdo yduldwlrq
lv gxh wr qrq0vwdwlrqdulw|/ exw hyhq wkh vwdqgdug ghyldwlrq ri wkh vhfrqg gl�huhqfhv ri wudgh  rzv duh rq
dyhudjh wzlfh dv odujh dv wkh hvwlpdwhg vwdqgdug huuruv ri wkh glvwxuedqfhv ri wkh ohyho htxdwlrqv vkrzq lq
wkh wdeoh/ zlwk wkh h{fhswlrq ri Ph{lfdq h{sruwv/ zklfk lv urxjko| wkh vdph1
"�

Lqqrydwlrqv duh gh�qhg dv �
*

' +
*

3 .
*:,/.

d+
*
o/ zkhuh +

*
ghqrwhv wkh yhfwru ri ohiw kdqg vlgh revhuydeoh

yduldeohv= +
*

' d%
*

6
*

}_R
*
o1
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lqglfdwh wkdw wkh dvvxpswlrq ri qrupdolw| fdq qrw eh uhmhfwhg lq prvw fdvhv1 Kxqjduldq

lpsruw lv d erughuolqh fdvh zlwk d 8 shufhqw fulwlfdo ydoxh dqg lq fdvh ri Kxqjduldq JGS

wkh k|srwkhvlv lv vrxqgo| uhmhfwhg1 Krzhyhu/ hyhq li wkh lqqrydwlrqv zhuh qrw qrupdoo|

glvwulexwhg/ wkh Ndopdq��owhu zrxog vwloo doorz txdvl pd{lpxp olnholkrrg hvwlpdwlrq1
�2�

NSVV dqg SS vwdwlvwlfv vkrzq lq wkh wdeoh whvw iru wkh vwdwlrqdulw| dqg xqlw urrw ri wkh

frlqwhjudwlqj yhfwruv1 Wkhuh duh qr fulwlfdo ydoxhv dydlodeoh iru rxu prghov1 Xvlqj fulwlfdo

ydoxhv ghyhorshg iru ROV hvwlpdwlrq wkh SS whvw grhv qrw uhmhfwv xqlw urrw lq wkh fdvh ri

wkh Ph{lfdq h{sruw frlqwhjudwlrq yhfwru dqg lv forvh wr wkh fulwlfdo ydoxh lq fdvh ri wkh

Kxqjduldq dqg Srolvk lpsruw frlqwhjudwlrq yhfwru/ lq rwkhu fdvhv lw lqglfdwhv vwdwlrqdulw|1

Wkh NSVV whvw zrxog qhyhu uhmhfw wkh qxoo k|srwkhvlv ri vwdwlrqdulw| lq doo vl{ fdvhv1 Nhhslqj

lq plqg wkh zhdnqhvvhv ri xqlw urrw dqg vwdwlrqdulw| zh whqg wr frqfoxgh wkdw rxu prgho

lqghhg pdsv wkh L+5, vhulhv lqwr L+3,1

Iljxuhv 70809 wr eh sodfhg vrphzkhuh khuh

Iljxuhv 70809 vkrz wkh �owhuhg odwhqw yduldeohv lq d wzr wlphv vwdqgdug huuru edqg soxv

uhodwlyh ghpdqg dqg lwv jurzwk udwh1 Dowkrxjk frq�ghqfh edqgv duh zlgh/ wkh srlqw hvwl0

pdwhv kdyh sodxvleoh hfrqrplf lqwhusuhwdwlrq1 Iru h{dpsoh/ Kxqjduldq dqg Srolvk uhodwlyh

vxsso| vkrzhg vlplodu sdwwhuq= wkh| ghfolqhg ehiruh dqg slfnhg xs vxevwdqwldoo| diwhu wudq0

vlwlrq1 Lq Ph{lfr uhodwlyh ghpdqg iroorzhg wkh xszdug wuhqglqj uhodwlyh vxsso| lq d pruh ru

ohvv edodqfhg zd| xqwlo wkh ghew fulvlv ri wkh hduo| hljkwlhv1 Diwhu wkdw wlph uhodwlyh ghpdqg

ehfdph pruh yduldeoh durxqg d idoolqj uhodwlyh vxsso|1

Lqwhjudwlrq lq Kxqjdu| ghhshqhg idvw gxulqj wkh uhirup shulrg ri 4<9;0:7/ wkhq gh0

fuhdvhg gxulqj wkh ghfolqlqj shulrg ri wkh sodqqhg v|vwhp/ erwwrphg rxw zkhq wkh vwuxf0

wxudo vzlwfk ri wudgh wrrn sodfh diwhu wkh froodsvh ri wkh Vrylhw0grplqdwhg v|vwhp/ dqg


��
Vhh h1j1 Kdplowrq +4<<7, Fkdswhu 46
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uherxqg djdlq diwhu wudqvlwlrq1 Lqwhjudwlrq lq Srodqg vkrzv d vlplodu sdwwhuq lq wkh odvw

wzr ghfdghv/ exw wkh idoo zdv pxfk kljkhu gxulqj wkh fulvlv dqg pduwldo odz shulrg ri wkh

hduo| hljkwlhv1 Lqwhjudwlrq lq Ph{lfr vwduwhg wr slfn xs lq wkh hduo| vhyhqwlhv dqg zdv qrw

shupdqhqwo| h�hfwhg e| wkh fulvhv ri vxevhtxhqw |hduv1 Lw lv uhpdundeoh wr qrwh wkdw uhodwlyh

vxsso| dqg lqwhjudwlrq vhhpv wr eh srvlwlyho| uhodwhg lq wkh wzr wudqvlwlrq frxqwulhv exw

lqyhuvho| lq Ph{lfr1

Iljxuhv :0;0< wr eh sodfhg vrphzkhuh khuh

Iljxuhv :0;0< vkrz wkh dfwxdo dqg srwhqwldo jurzwk udwhv dqg wkh rxwsxw jds1 Wkh

lqihuhqfh iru wkh wudqvlwlrq |hduv duh vlplodu lq fdvh ri Kxqjdu| dqg Srodqg1 Wkh wudqvlwlrq

zdv dffrpsdqlhg e| d vljql�fdqw idoo ri vxsso| vr wkh uhvxowlqj qhjdwlyh jds zdv vpdoo1

Wkh slfn xs ri vxsso| zdv pruh judgxdo lq Kxqjdu| wkdq lq Srodqg/ zklfk pljkw uh hfw

wkh *elj0edqj* yhuvxv *judgxdolvp* hfrqrplf sklorvrsklhv dgrswhg e| Srolvk dqg Kxqjduldq

srolf|pdnhuv/ uhvshfwlyho|1 Lq Kxqjdu| lq wkh �uvw kdoi ri wkh qlqhwlhv wkh vorzo| jurzlqj

vxsso| odjjhg ehklqg dfwxdo jurzwk zklfk ohg wr d 7 shufhqw rxwsxw jds dqg d fxuuhqf|

fulvlv lq hduo| 4<<81 Wkh vwdelol}dwlrq phdvxuhv vhw edfn wkh dfwxdo jurzwk udwh/ exw vxsso|

grhv qrw vhhp wr eh h�hfwhg1 Lq Srodqg wkh uhfryhu| ri vxsso| jurzwk diwhu wkh wudqvlwlrq

vkrfn zdv idvwhu lq wkh hduo| qlqhwlhv dqg lw vhhpv wr kdyh ehhq vwdeoh vlqfh wkhq1 Krzhyhu/

lq wkh plggoh ri wkh qlqhwlhv dfwxdo jurzwk zdv kljkhu wkdq vxvwdlqdeoh dqg frqvhtxhqwo|

wkh rxwsxw jds uhdfkhg d uhodwlyho| kljk srvlwlyh ydoxh +7 shufhqw,1

Lq Ph{lfr wkh jurzwk udwh ri vxvwdlqdeoh rxwsxw zdv uhdvrqdeo| vwdeoh xqwlo wkh ghew

fulvlv ri 4<;5/ zklfk vhhpv wr kdyh fdxvhg d orqj0odvwlqj h�hfw rq jurzwk1 Qrqhwkhohvv wkh

idoo ri vxsso| jurzwk diwhu wkh fulvlv zdv hvwlpdwhg wr eh judgxdo dqg ohvv yrodwloh wkdq dfwxdo

jurzwk1 Wkh Ghfhpehu 4<<7 fulvlv fruuhfwhg wkh suhylrxvo| exlow xs 7 shufhqw rxwsxw jds

dqg kdg rqo| d vpdoo vkruw0uxq h�hfw rq vxsso| jurzwk wkdw frqwlqxhg lwv uhylydo diwhuzdugv1
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715 Vkruw0Uxq Uhvxowv

Zh frxog qrw ghwhfw vljql�fdqw uhodwlyh sulfh h�hfwv iru wkh wzr wudqvlwlrq frxqwulhv1 Wkh

uhdo h{fkdqjh udwh h�hfw zdv vljql�fdqw iru 4<<504<<<
� 


lq dq h{shulphqwdo hvwlpdwlrq ri

wkh Kxqjduldq lpsruw dqg Srolvk h{sruw htxdwlrq exw qrw lq wkh Kxqjduldq h{sruw dqg

Srolvk lpsruw htxdwlrqv1 Zh glg qrw lqfoxgh lw lqwr wkh �qdo vshfl�fdwlrq sduwo| ehfdxvh

wkh dv|pphwulf ehkdylru ri h{sruwv dqg lpsruwv zrxog uhpdlq d sx}}oh dqg sduwo| ehfdxvh

wkhuh duh jrrg dujxphqwv djdlqvw lwv lqfoxvlrq1 Xqwlo 4<<3 wkh hfrqrplf uroh ri wkh h{fkdqjh

udwh zdv yhu| vpdoo gxh wr wkh pxowlsoh h{fkdqjh udwh v|vwhpv dqg fhqwudo sodqqlqj vr lw

vkrxog qrw eh vxusulvlqj wkdw d pdunhw ehkdylrudo h�hfw frxog qrw eh vxevwdqwldwhg1 Wkh

dfwxdo uhdo h{fkdqjh udwh fdofxodwhg rq wkh edvlv ri dydlodeoh gdwd vkrzv d udwkhu vwudqjh

sdwwhuq lq wklv shulrg hvshfldoo| lq wkh Srolvk fdvh +Iljxuh 43,1 Iurp 4<<4 ehkdylru kdv

fkdqjhg exw wkhuh zdv kdugo| dq| revhuydwlrq vxlwdeoh iru whvwlqj wkh h{fkdqjh udwh h�hfw1

Xqwlo wkh plggoh ri wkh qlqhwlhv wkh sdwk ri wkh uhdo h{fkdqjh udwh glg qrw jlyh lqirupdwlrq

rq sur�wdelolw| lq wudgdeohv ehfdxvh ri wkh edfnjurxqg ri d uhvwuxfwxulqj surfhvv ri wkh

sulfh dqg vxevlg| v|vwhp1 Frqvhtxhqwo|/ zh kdyh rplwwhg wkh uhdo h{fkdqjh udwh lq fdvh ri

wkh wudqvlwlrq frxqwulhv1

Iljxuh 43 wr eh sodfh vrphzkhuh khuh

Kdylqj rplwwhg wkh uhdo h{fkdqjh udwh lq fdvh ri wkh wzr wudqvlwlrq frxqwulhv/ hvwlpdwhg

sdudphwhuv kdg wkh h{shfwhg vljq dqg prvw ri wkhp suryhg wr eh vljql�fdqw1 Krzhyhu/ 7 ri

wkh 9 huuru fruuhfwlrq sdudphwhuv zhuh hvwlpdwhg wr eh ohvv wkdq 04 zklfk duh qrw frqvlvwhqw

zlwk wkh xqghuo|lqj prgho1 Krzhyhu/ wkh hvwlpdwhg vwdqgdug huuruv zhuh vr odujh wkdw �

zlwk rqh h{fhswlrq � zh frxog qrw uhmhfw wkh qxoo k|srwkhvlv wkdw wkhvh sdudphwhuv htxdo


"�
Wkdw lv/ zh frqvwudlqhg lwv sdudphwhu wr }hur iru hduolhu |hduv1
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wr 031<1 Wkhuhiruh/ zh hvwlpdwhg wkh prghov lpsrvlqj wklv frqvwudlqw1 Wdeoh 51vkrzv wkh

uhvxowv1

Wdeoh 5 wr eh sodfhg vrphzkhuh khuh

Lqfoxglqj h{sruw jurzwk lqwr wkh lpsruw htxdwlrq vhhpv wr eh mxvwl�hg lq fdvh ri Kxqjdu|

dqg Ph{lfr exw qrw lq wkh fdvh ri Srodqg1 Wklv pljkw eh wkh frqvhtxhqfh wkdw wkh Srolvk

hfrqrp| lv d uhodwlyho| forvh rqh dqg wkh lpsruw0lqwhqvlyh rxwsxw edvhg rq iruhljq gluhfw

lqyhvwphqwv frqfhqwudwhv rq wkh grphvwlf pdunhw udwkhu wkdq rq h{sruwv1

Uhdo h{fkdqjh udwh h�hfwv duh frq�uphg iru Ph{lfr1 Dffruglqj wr rxu hvwlpdwhv/ Ph{0

lfdq h{sruwv duh uhdvrqdeo| vhqvlwlyh wr h{fkdqjh udwh fkdqjhv/ exw lpsruwv duh qrw1 Hyhq

wkh frqwhpsrudqhrxv sdudphwhu kdv d qhjdwlyh vljq exw vlqfh lwv pdjqlwxgh lv pxfk ohvv

wkdq wkdw lq wkh h{sruw htxdwlrq/ wkh olnholkrrg ri d M0fxuyh h�hfw lv doprvw }hur1

Uhvxowv vxssruw rxu vxvslflrq wkdw ghpdqg frh!flhqwv pljkw eh odujhu wkdq rqh lq wkh

vkruw uxq1 Wkh srlqw hvwlpdwhv duh odujhu wkdq rqh lq doo fdvhv dowkrxjk prvw ri wkhp qrw

vljql�fdqwo|1

8 Frqfoxvlrqv

Wkh prwlydwlrq ri wklv sdshu zdv wr jlyh dq hvwlpdwh ri srwhqwldo rxwsxw lq frqglwlrqv zkhq

*wudglwlrqdo* phwkrgv idlo1 Wkhvh frqglwlrqv duh wkh iroorzlqj= +4, lq d vpdoo rshq hfrqrp|

h{fhvv ghpdqg pd| ohdg wr lqfuhdvhv lq lpsruwv zlwkrxw dq h�hfw rq lq dwlrq/ dqg +5, wkh

xqhpsor|phqw0lq dwlrq edvhg ghfrpsrvlwlrq ri rxwsxw lqwr d srwhqwldo dqg d wudqvlwru|

frpsrqhqw lv xqihdvleoh lq wkh fdvh ri wudqvlwlrq dqg pdq| ghyhorslqj frxqwulhv1 Wkhuhiruh/

zh vhw xs d prgho wkdw xvhv lqirupdwlrq jlyhq e| h{whuqdo wudgh1

Wkh khduw ri wkh prgho lv d vhw ri wudgh htxdwlrqv dxjphqwhg zlwk wzr odwhqw yduldeohv/
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uhodwlyh vxsso| dqg hfrqrplf lqwhjudwlrq1 Zh dujxh wkdw lq jhqhudo/ wudgh htxdwlrqv vkrxog

lqfrusrudwh d vxsso| yduldeoh gluhfwo| dqg vkrxog dovr lqfoxgh d yduldeoh fdswxulqj wkh h�hfw

ri lqwudlqgxvwu| wudgh dqg rwkhu frqvhtxhqfhv ri hfrqrplf lqwhjudwlrq1 Zh kdyh wuhdwhg

wkhvh yduldeohv dv xqrevhuyhg dqg gh�qhg wkhp e| wkhlu surshuwlhv1 Wkh Ndopdq0�owhu zdv

dgrswhg iru lqihuhqfh rq wkhvh yduldeohv1 Wkh orqj0uxq uhodwlrqvklsv gh�qhg e| wkh wudgh

htxdwlrqv duh jhqhudo hqrxjk wr eh dssolhg wr erwk sodqqhg dqg pdunhw hfrqrplf v|vwhpv

dqg hyhq wr d v|vwhp lq wudqvlwlrq ehwzhhq wkh wzr1

Iru hvwlpdwlrq ri wkh prgho zh dujxhg iru wkh L+5, uhsuhvhqwdwlrq wkdw surylghv d  h{leoh

dssur{lpdwlrq ri wkh fdvh zkhq jurzwk udwhv ri wkh xqghuo|lqj surfhvvhv fkdqjh shupd0

qhqwo| dqg judgxdoo|1 Lqghhg/ wkh L+5,0qhvv ri vxsso| fdq hdvlo| fdswxuh wkh odujh vwuxfwxudo

fkdqjhv lq wkh hfrqrplhv rffxuuhg gxulqj rxu vdpsoh shulrg 4<830<<1 Hvwlpdwlrq uhvxowv

doorzhg xv wr jlyh dq lqwhusuhwdwlrq ri vwuxfwxudo vkliwv lq vxsso| dqg ghpdqg/ vxfk dv wkh

surfhvv ri wudqvlwlrq lq Kxqjdu| dqg Srodqg dqg wkh fulvlv hslvrghv lq Ph{lfr1
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9 Uhihuhqfhv

Duplqjwrq/ S1V1 4<9<1 D Wkhru| ri Ghpdqg iru Surgxfwv Glvwlqjxlvkhg e| Sodfh ri Sur0

gxfwlrq/ LPI Vwd� Sdshuv149/ 48<04:;1

Fdqryd/ I1 4<<;1 Ghwuhqglqj dqg Exvlqhvv F|foh Idfwv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv

74/ 7:808451

Gduydv/ ]1/ Vlprq/ D1 53331 Fdslwdo Vwrfn dqg Hfrqrplf Ghyhorsphqw lq Kxqjdu|/ Hfr0

qrplfv ri Wudqvlwlrq ;/ 4<:05571

Gxsdvtxlhu/ F1/ Jxd|/ D1/ Vw0Dpdqw/ S1 4<<:1 D Frpsdulvrq ri Dowhuqdwlyh Phwkrgrorjlhv

iru Hvwlpdwlqj Srwhqwldo Rxwsxw dqg wkh Rxwsxw Jds/ Edqn ri FdqdgdZrunlqj Sdshu

Qr1 <:081

Gl{lw/ D1N1 � Vwljolw}/ M1H1 4<::1 Prqrsrolvwlf Frpshwlwlrq dqg Rswlpxp Surgxfw Glyhu0

vlw|/ Dphulfdq Hfrqrplf Uhylhz 9:/ 5<:063;1

Jhuodfk/ V1/ Vphwv/ I1 4<<<1 Rxwsxw Jdsv dqg Prqhwdu| Srolf| lq wkh HPX Duhd/ Hxur0

shdq Hfrqrplf Uhylhz 76/ ;340;451

Jlruqr/ F1/ Ulfkdugvrq/ S1/ Urvhyhduh/ G1/ ydq ghq Qrrug/ S1 4<<81 Hvwlpdwlqj Srwhqwldo

Rxwsxw/ Rxwsxw Jdsv dqg Vwuxfwxudo Exgjhw Edodqfhv/ RHFG Hfrqrplfv Ghsduw0

phqw Zrunlqj Sdshuv Qr1 4851

Kdoguxs/ Q1 4<<;1 Dq Hfrqrphwulf Dqdo|vlv ri L+5, yduldeohv/ Mrxuqdo ri Hfrqrplf Vxuyh|v

45/ 8<809831

Kduyh|/ D1F1 4<;<1 Iruhfdvwlqj/ Vwuxfwxudo Wlph Vhulhv Prghov/ dqg wkh Ndopdq Ilowhu1

Fdpeulgjh X1N1= Fdpeulgjh Xqlyhuvlw| Suhvv1
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Kduyh|/ D1F1/ Mdhjhu/ D1 4<<61 Ghwuhqglqj/ Vw|ol}hg Idfwv dqg wkh Exvlqhvv F|foh/ Mrxuqdo

ri Dssolhg Hfrqrphwulfv ;/ 56407:1

Kduyh|/ D1F1/ Nrrspdq/ V1/ Shq}hu/ M1 4<<;1 Phvv| Wlph Vhulhv= D Xql�hg Dssurdfk1 Lq=

Dgydqfhv lq Hfrqrphwulfv/ Yro1 461

Nxwwqhu/ N1Q1 4<<71 Hvwlpdwlqj Srwhqwldo Rxwsxw dv d Odwhqw Yduldeoh/ Mrxuqdo ri Exvlqhvv

) Hfrqrplf Vwdwlvwlfv 45/ 694069;1

Odqfdvwhu/ N1 4<:<1 Ydulhw|/ Htxlw|/ dqg H!flhqf|1 Qhz \run/ Froxpeld Suhvv1

Od{wrq/ G1/ Whworz/ U1 4<<51 D Vlpsoh Pxowlyduldwh Ilowhu iru wkh Phdvxuhphqw ri Srwhqwldo

Rxwsxw1 Edqn ri Fdqdgd Whfkqlfdo Uhsruw Qr1 8<1

Udvl/ F10P1/ Yllndul/ M1P1 4<<;1 Wkh Wlph0Ydu|lqj QDLUX dqg Srwhqwldo Rxwsxw lq

Ilqodqg1 Edqn ri Ilqodqg Glvfxvvlrq Sdshuv 92<;1

Vdors/ V1F1 4<:<1 Prqrsrolvwlf Frpshwlwlrq zlwk Rxwvlgh Jrrgv/ Ehoo Mrxuqdo ri Hfr0

qrplfv 43/ 47404891

Vlprq/ D1 4<<51 Dq Hdvw Dvldq Prgho ri Sulfh dqg Ydulhw| Frpshwlwlrq1 Lq Gxwwd/ P1

+hg,= Hfrqrplfv/ Hfrqrphwulfv/ dqg wkh OLQN1 Hvvd|v lq Krqru ri Odzuhqfh U1 Nohlq1

Qruwk Kroodqg1

Vwljolw}/ M1H1 4<<51 Fdslwdo Pdunhwv dqg Hfrqrplf Ioxfwxdwlrqv lq Fdslwdolvw Hfrqrplhv/

Hxurshdq Hfrqrplf Uhylhz 69/ 59<06391
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: Dsshqgl{

:14 Vwdwh0Vsdfh Uhsuhvhqwdwlrq ri wkh Prgho

Xqrevhuyhg frpsrqhqwv +XF, ru odwhqw yduldeoh prghov duh iuhtxhqwo| dssolhg wr srwhqwldo

rxwsxw hvwlpdwhv1 Wkhvh prghov fdq eh frqyhqlhqwo| uhsuhvhqwhg lq d vwdwh0vsdfh irup1 Wkh

vwdwh0vsdfh uhsuhvhqwdwlrq ri wkh g|qdplfv ri dq +q�4, revhuyhg yhfwru wlph vhulhv | � frqvlvwv

ri d vwdwh htxdwlrq +ru wudqvlwlrq htxdwlrq, ghvfulelqj wkh g|qdplfv ri wkh xqrevhuyhg +u�4,

vwdwh yhfwru � �� / dqg dq revhuydwlrq htxdwlrq + ru phdvxuhphqw htxdwlrq, ghvfulelqj | � dv d

ixqfwlrq ri wkh vwdwh yhfwru dqg srvvleo| rwkhu h{rjhqrxv yduldeohv { � 1 Vhh Kdplowrq +4<<7,/

Fkdswhu 46 iru dq h{fhoohqw glvfxvvlrq1 Kduyh| +4<;<, jlyhv dq h{whqvlyh dqg vsohqglg jxlgh

wkurxjk vshfl�fdwlrq/ hvwlpdwlrq/ dqg whvwlqj lvvxhv ri vwdwh0vsdfh prghov1

vwdwh htxdwlrqv= � ��� ;]\  � @ W �� ;]\Y;Z� � ����! � ;]\  � . f �� ;]\  � . U �� ;]\^57� y �� 5Y\  � +44,

revhuydwlrq htxdwlrqv= | �� _`\  � @ D �� _`\Lab� { ��>aY\  � . ] �� _`\Y;2� � ��� ;]\  � . g �� _`\  � . z �� _`\  � +45,

zkhuh

H +y � , @ 3 / H +z � , @ 3 iru doo w +46,

H
�
y � y cd �

@

� T �� 5Y\^57� iru w @ �

3 rwkhuzlvh
+47,

5<



H
�
z � z cd �

@

� K �� _`\Y_^� iru w @ �

3 rwkhuzlvh
+48,

Lw lv dvvxphg wkdw wkh glvwxuedqfh yhfwruv y � dqg z d duh qrw fruuhodwhg zlwk hdfk rwkhu

dqg wkh vwdwh dqg wkh revhuyhg yduldeohv iru frqwhpsrudqhrxvo| dqg zlwk doo ohdg dqg

odjv dv zhoo1 H{rjhqhlw| ri { � lq wkh revhuydwlrq htxdwlrq +45, phdqv wkdw { � surylghv qr

lqirupdwlrq derxw � ��fe!g dqg z �Ie!g iru v @ 3> 4> 5> === eh|rqg wkdw frqwdlqhg lq | ���! > | ��� 6 > ===> |  

1

Wklv v|vwhp fdq eh jhqhudol}hg wr d v|vwhp lq zklfk wkhuh lv frqwhpsrudqhrxv fruuhodwlrq

ehwzhhq y � dqg z cd 1

Jlyhq sdudphwhuv/ wkh xqrevhuyhg vwdwh yhfwru dqg lwv yduldqfh0fryduldqfh pdwul{ fdq

eh fdofxodwhg e| wkh Ndopdq��owhu1 Dsduw iurp wkh sdudphwhuv/ zh pljkw eh lqwhuhvwhg

lq wkuhh w|shv ri lqihuhqfhv iru wkh xqrevhuyhg vwdwh yhfwru= � ��Gh ���! / � ��'h � / � ��'h i / wkdw lv/ wkh

iruhfdvw iurp wkh suhylrxv shulrg/ lqihuhqfh iru fxuuhqw shulrg w edvhg rq doo lqirupdwlrq xs

wr w/ dqg lqihuhqfh iru w xvlqj wkh ixoo vdpsoh1 � ��'h � lv fdoohg dv �owhuhg hvwlpdwh/ zkloh � ��'h i

lv fdoohg dv vprrwkhg hvwlpdwh ri wkh vwdwh yhfwru1 Vlplodu pdjqlwxghv fdq eh fdofxodwhg iru

wkh yduldqfh0fryduldqfh pdwul{ ri wkh vwdwh yhfwru1

Zkhq wkh sdudphwhuv duh xqnqrzq/ Ndopdq��owhu dovr doorzv wkh hydoxdwlrq ri wkh

olnholkrrg ixqfwlrq/ wkhuhiruh/ shuplwv pd{lpxp olnholkrrg +ru txdvl pd{lpxp olnholkrrg,

hvwlpdwlrq ri wkh sdudphwhuv uhjdugohvv zkhwkhu | � dqg � �� duh vwdwlrqdu| ru qrw1

Zh xvhg WVP iru JDXVV iru hvwlpdwlqj wkh vwdwh0vsdfh irup ri rxu prgho1 Vlqfh wkhuh

lv qr D � pdwul{ lq wklv vriwzduh zh lqfrusrudwhg h{rjhqrxv yduldeohv lqwr g � 1 Wkh yhfwruv

dqg pdwulfhv ri wkh vwdwh0vsdfh uhsuhvhqwdwlrq ri wkh orqj0uxq prgho lq wkh L+5, fdvh lv wkh

iroorzlqj1
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:15 Ghpdqg Lqgh{ ri wkh Uhvw ri wkh Zruog

D wlph0ydu|lqj zhljkwhg dyhudjh ri wudglqj sduwqhuv* JGS lqglfhv zdv xvhg wr uhsuhvhqw

zruog ghpdqg1 98 frxqwulhv zhuh glylghg lqwr 7 jurxsv=

+4, Lqgxvwuldo frxqwulhv= Dxvwuld/ Dxvwudold/ Ehojlxp/ Fdqdgd/ Ghqpdun/ Ilqodqg/

Iudqfh/ Jhupdq|/ Juhhfh/ Lfhodqg/ Luhodqg/ Lwdo|/ Mdsdq/ Qhwkhuodqgv/ Qhz ]hdodqg/ Qru0

zd|/ Sruwxjdo/ Vsdlq/ Vzhghq/ Vzlw}huodqg/ Xqlwhg Nlqjgrp/ Xqlwhg Vwdwhv1

+5, Iruphu Vrylhw Xqlrq= XVVU/ Uxvvld/ Xnudlqh/ Ehoduxv/ Hvwrqld/ Nd}dnkvwdq/

N|uj|} Uhsxeolf/ Odwyld/ Olwkxdqld1

+6, Iruphu qrq0vrylhw vrfldolvw frxqwulhv= Doedqld/ Exojduld/ Furdwld/ F}hfkrvor0

ydnld/ F}hfk Uhsxeolf/ Hdvwhuq Jhupdq|/ Kxqjdu|/ Srodqg/ Urpdqld/ Voryhqld/ Vorydn

Uhsxeolf/ \xjrvodyld1

+7, Rwkhuv= Dojhuld/ Dujhqwlqd/ Eud}lo/ Fkloh/ Fklqd/ Frorpeld/ Hj|sw/ Krqj Nrqj/ Lq0

gld/ Lqgrqhvld/ Ludq/ Lvudho/ Nruhd/ Pdod|vld/ Ph{lfr/ Sklolsslqhv/ Vdxgl Dudeld/ Vlqjdsruh/

Vrxwk Diulfd/ Wkdlodqg/ Wxunh|/ Yhqh}xhod1

Zh xvhg h{sruw gdwd iru fdofxodwlqj zhljkwv zklfk duh dydlodeoh iru 4<:904<<<1 Xs wr

4<:9 zh xvhg frqvwdqw 4<:9 zhljkwv dqg iru wkh uhvw ri wkh |hduv zhljkwv zhuh edvhg rq gdwd

odjjlqj rqh |hdu1 Wkh uhdvrq iru xvlqj suhylrxv |hduv*v zhljkwv lv wkdw fxuuhqw |hduv zhljkwv
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zrxog lqfoxgh vxevwlwxwlrq h�hfwv lq uhvsrqvh wr ghpdqg ghyhorsphqwv1 Iru hdfk |hdu zh

zhljkwhg JGS jurzwk udwhv ri wudglqj sduwqhuv1 Zruog ghpdqg lqgh{ lv wkh fkdlqhg lqgh{

ri zruog ghpdqg jurzwkv1

Vlqfh frxqwu| uhsuhvhqwdwlrq lq wkh �uvw wkuhh jurxs lv +doprvw, shuihfw/ zh ghulyhg wkh

zhljkw ri wkh irxuwk jurxs dv rqh plqxv wkh zhljkw ri wkh rwkhu wkuhh1 Lqglylgxdo frxqwu|

zhljkwv zlwklq d jurxs zhuh fdofxodwhg dv wr vxp xs wr wkhlu jurxs zhljkw1

Wkh wrwdo uhsuhvhqwdwlrq ri wkh 98 wudglqj sduwqhuv rq dyhudjh zdv <51<( iru Kxqjdu|/

<513( iru Srodqg/ dqg <617( iru Ph{lfr1

Dv JGS gdwd iru vrph frxqwulhv iru fhuwdlq |hduv zhuh plvvlqj/ wkh jdsv zhuh �oohg zlwk

wkh dyhudjh ri wkh vdph jurxs1

:16 Gdwd Vrxufhv

Zh kdyh xvhg ydulrxv gdwd vrxufhv=

� Ph{lfdq dqg Srolvk qdwlrqdo dffrxqwv= LPI 0 Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv

� Kxqjduldq qdwlrqdo dffrxqwv= sxeolfdwlrqv ri wkh Kxqjduldq Fhqwudo Vwdwlvwlfdo R!fh

� H{sruwv iru fdofxodwlqj wkh zhljkwv ri wkh zruog ghpdqg dqg wkh uhdo h{fkdqjh udwh=

LPI � Gluhfwlrqv ri Wudgh Vwdwlvwlfv

� JGS �jxuhv ri uhvw ri wkh zruog frxqwulhv= wkuhh vrxufhv zhuh xvhg= +4, LPI �

Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv/ +5, RHFG � Zruog Ghyhorsphqw Lqglfdwruv/ +6,

SHQQ Zruog Wdeohv/ iru Hdvwhuq Jhupdq| JGS �jxuhv iru 4<;30;< duh iurp wkh

Vwdwlvwlvfkhv Exqghvdpw

� Qrplqdo h{fkdqjh udwhv= LPI � Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv +olqh ui,

� Frqvxphu sulfhv= LPI � Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv +olqhv 97 dqg 97d,
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Olvw ri Wdeohv

4 Hvwlpdwhg sdudphwhuv dqg gldjqrvwlfv ri wkh vwdwh0vsdfh prgho 1 1 1 1 1 1 1 68

5 Hvwlpdwhg sdudphwhuv dqg gldjqrvwlfv ri wkh huuru0fruuhfwlrq prgho 1 1 1 1 69
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; Wdeohv

Wdeoh 4= Hvwlpdwhg sdudphwhuv dqg gldjqrvwlfv ri wkh vwdwh0vsdfh prgho

Kxqjdu| Srodqg Ph{lfr
hvw vh hvw vh hvw vh

� ? � ��� 31385 3133< 3138: 31349 31496 31353
� ? � #4� 31397 31343 313:8 31353 3139< 31345
� ? � ;2<2� 31347 31338 31376 3133< 3133: 31336
� ? � =G9:� 31366 3133; 31477 31375 31364 31347
d 31937 31368 51;:5 3137; 0318:: 31384
g 318<; 31369 51;8< 31385 0318:4 31378
� 31998 31465 4 31:95 313<5
i m 4145< 31778 3185; 313<9 3187: 314:5
� ? � 5bprqs� 31348 31338 3133< 3133; 31355 31336

Gldjqlrvwlfv
OO 4:316 8<17 48;19
W 73 53 83
MEb{ 3197 3143 41<7
MEbp 918; 6138 718:
MEbjgs 5516: 4147 51;4
NSVV frly0{ 313<3 31569 31449
NSVV frly0p 31453 31596 313<<
SS frly0{ 07184: 071667 051<64
SS frly0p 0617:; 061688 081596

Qrwhv1 OO= ydoxh ri wkh orj0olnholkrrg ixqfwlrq/ W = qxpehu
ri revhuydwlrqv shu htxdwlrq/ MEbl = Mdutxh0Ehud qrupdolw|
whvw iru wkh lqqrydwlrqv ri wkh wkuhh revhuydwlrq htxdwlrqv/
NSVV frlybl = NSVV whvw iru vwdwlrqdulw| ri wkh frlqwhjudwlqj
yhfwruv/ SS frlybl = SS whvw iru xqlw urrw ri wkh frlqwhjudwlqj
yhfwruv1
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Wdeoh 5= Hvwlpdwhg sdudphwhuv dqg gldjqrvwlfv ri wkh huuru0fruuhfwlrq prgho

Kxqjdu| Srodqg Ph{lfr
hvw1 vh1 hvw1 vh1 hvw1 vh1

H{sruwv

� 031< 031< 031648 313<:
� 4165: 31957 41467 41994 41<<9 3193;
!  2 0317<6 313;6
!  6 031447 313:8
W 6; 4; 7:

U
6

31;73 31;:< 319;:
V=H= 31375 313:: 313;:
V=G=+��{ � , 31438 31554 31488
GZ 5177: 616:5 51866

Lpsruwv

� 031;63 314:8 031< 031<
$ 41844 31539 41765 315:8 41533 3154;
� 31694 31459 31355 31585 3146< 313;9
! 6  031399 31397
! 626 313:8 31384
W 6; 4; 7:

U
6

31;7; 31;;6 31;35
V=H= 31387 313:5 3138;
V=G=+��p � , 3146< 31543 31463
GZ 5167; 51<4< 51<<:

Qrwhv1 W = qxpehu ri revhuydwlrqv/ U
6
= dgmxvwhg U

6
/ V=H==

vwdqgdug huuru ri uhjuhvvlrq/ V=G=+��� � ,= vwdqgdug ghyld0
wlrq ri wkh ghshqghqw yduldeoh/ GZ = Gxuelq0Zdwvrq vwdwlv0
wlfv1 Vhh htxdwlrqv +<043, rq sdjh 4< iru wkh vshfl�fdwlrq ri
wkh huuru0fruuhfwlrq prgho1 Zh kdyh hvwlpdwhg wkh lpsruw
htxdwlrqv lpsrvlqj wkh uhvwulfwlrqv ri htxdwlrq +43, wr jhw
wkh sdudphwhuv ri wrwdo h�hfwv gluhfwo|1
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Olvw ri Iljxuhv

4 Kxqjdu|= Wudgh edodqfh/ JGS jurzwk/ xqhpsor|phqw udwh/ lq dwlrq/ 4<930<< 6;

5 Srodqg= Wudgh edodqfh/ JGS jurzwk/ xqhpsor|phqw udwh/ lq dwlrq/ 4<;30<< 6<

6 Ph{lfr= Wudgh edodqfh/ JGS jurzwk/ xqhpsor|phqw udwh/ lq dwlrq/ 4<830<< 73

7 Kxqjdu|= Hvwlpdwhg vwdwh yhfwruv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74

8 Ph{lfr= Hvwlpdwhg vwdwh yhfwruv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75

9 Srodqg= Hvwlpdwhg vwdwh yhfwruv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76

: Kxqjdu|= Dfwxdo dqg srwhqwldo jurzwk dqg wkh ohyho ri rxwsxw jds 1 1 1 1 1 77

; Ph{lfr= Dfwxdo dqg srwhqwldo jurzwk dqg wkh ohyho ri rxwsxw jds 1 1 1 1 1 1 78

< Srodqg= Dfwxdo dqg srwhqwldo jurzwk dqg wkh ohyho ri rxwsxw jds 1 1 1 1 1 1 79

43 Uhdo h{fkdqjh udwhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7:
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Iljxuh 7= Kxqjdu|= Hvwlpdwhg vwdwh yhfwruv
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Iljxuh 8= Ph{lfr= Hvwlpdwhg vwdwh yhfwruv
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Iljxuh 9= Srodqg= Hvwlpdwhg vwdwh yhfwruv

76



Iljxuh := Kxqjdu|= Dfwxdo dqg srwhqwldo jurzwk dqg wkh ohyho ri rxwsxw jds
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Iljxuh ;= Ph{lfr= Dfwxdo dqg srwhqwldo jurzwk dqg wkh ohyho ri rxwsxw jds

78



Iljxuh <= Srodqg= Dfwxdo dqg srwhqwldo jurzwk dqg wkh ohyho ri rxwsxw jds
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