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Zkdw jrhv xs vrphwlphv vwd|v xs= vkrfnv
dqg lqvwlwxwlrqv dv ghwhuplqdqwv ri

xqhpsor|phqw shuvlvwhqfh�

Jldqql Dplvdqr_dqg Pdvvlploldqr Vhudwlh

Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Euhvfld/ Lwdo|
Lqvwlwxwh ri Hfrqrplfv /Fdwwdqhr Xqlyhuvlw|0OLXF/ Lwdo|

Wklv yhuvlrq= Mxqh 5335

Devwudfw

Zh dqdo|vh wkh ghwhuplqdqwv ri xqhpsor|phqw shuvlvwhqfh lq irxu RHFG
frxqwulhv e| hvwlpdwlqj d vwuxfwxudo Ed|hvldq YDU zlwk dq lqirupdwlyh sulru
edvhg rq dq lqvlghuv2rxwvlghuv prgho1 Zh h{solflwo| lqvhuw xqhpsor|phqw ehq0
h�wv dqg oderxu wd{hv vr wkdw rxu lghqwl�fdwlrq lv qrw d�hfwhg e| wkh Idxvw dqg
Ohhshu +4<<:, fulwltxh1 Zh �qg zlghvsuhdg k|vwhuhvlv= ghpdqg vkrfnv sod| d
grplqdqw uroh lq h{sodlqlqj xqhpsor|phqw dovr lq wkh phglxp0uxq1 Pruhryhu
uhdo zdjhv kdyh orz vhqvlwlylw| wr f|folfdo  xfwxdwlrqv dqg wr oderxu pdunhw
glvhtxloleuld1 Rxu uhvxowv hpskdvlvh wkh uhdo srzhu ri wkh xqlrqv dqg wkhlu lq0
whudfwlrqv zlwk vwuxfwxudo vkrfnv dqg rwkhu lqvwlwxwlrqv dv fuxfldo ghwhuplqdqwv
ri k|vwhuhvlv1

MHO fodvvl�fdwlrq= H57/ M97/ F44/ F48/F65
Nh|zrugv= xqhpsor|phqw shuvlvwhqfh/ lqvlghuv0rxwvlghuv/ k|vwhuhvlv/ Vwuxfwxudo

YDU dqdo|vlv/ Ed|hvldq lqihuhqfh1

WZh wkdqn Jxlgr Dvfdul/ Idelr Edjoldqr/ Jlxvhssh Ehuwrod/ Sdror Ehuwrohwwl/ Ulffdugr Idlql/
Fodxglr Oxflirud/ Sdror Sdqwhjklql dqg Iudqfr Vslqhool iru khosixo glvfxvvlrqv/ Mrkq Jhzhnh iru wkh
EDFF urxwlqhv zh kdyh xvhg lq vrph vwhsv ri wkh dqdo|vlv/ dqg Vwhidqr Vfdushwwd +RHFG, iru jlylqj
xv klv lqvwlwxwlrqv gdwdvhw1

_Fruuhvsrqglqj dxwkru= Glsduwlphqwr gl Vflhq}h Hfrqrplfkh/ Xqlyhuvlwã gl Euhvfld/ yld vdq
Idxvwlqr :72e/ 58455 Euhvfld / Lwdo|> who= +.6<,3635<;;;46/ id{= +.6<,3635<;;;46> h0pdlo=
dplvdqrChfr1xqlev1lw

hpvhudwlColxf1lw



Frqwhqwv

4 Lqwurgxfwlrq 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 1 1 1 1 1 4
5 D vwuxfwxudo YDU prgho 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 6

514 Wkh wkhruhwlfdo prgho dqg orqj0uxq surshuwlhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6
51414 Orqj0uxq frh!flhqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8
51415 Lpsdfw frh!flhqwv 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 9
51416 Krz wr rewdlq lqirupdwlrq rq wkh vwuxfwxudo sdudphwhuv 1 1 1 1 9

515 Krz wr frqvwuxfw d wkhru|0lqvwljdwhg sulru 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9
6 Hvwlpdwlrq uhvxowv dqg frpphqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

614 Ghpdqg vkrfnv= wkh �uhdo srzhu� ri wkh xqlrqv dv d ghwhuplqdqw ri
k|vwhuhvlv1 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 1 1 1 ;

615 Whfkqrorjlfdo vkrfnv 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 ;
616 Sduwlflsdwlrq vkrfnv 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 <
617 Shupdqhqw fkdqjhv lq wkh h{rjhqrxv yduldeohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43

7 Frqfoxvlrqv 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 1 1 1 1 1 44
8 Dsshqgl{ 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 1 1 1 1 1 1 46

814 Hvwlpdwlrq dqg vlpxodwlrq lvvxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46
81414 Wkh hvwlpdwhg prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46
81415 Wkh sulru glvwulexwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46
81416 Srvwhulru vlpxodwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47

815 Prgho vshfl�fdwlrq 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 48
816 Gdwd gh�qlwlrq dqg vrxufhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48
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41 Lqwurgxfwlrq

Wzr zhoo0nqrzq vw|ol}hg idfwv fkdudfwhulvhg pdq| frqwlqhqwdo Hxurshdq frxqwulhv xs
xqwlo wkh plg04<<3v1 Wkh �uvw rqh lv wkh kljk ghjuhh ri xqhpsor|phqw shuvlvwhqfh1
Wkh vhfrqg rqh lv wkh voxjjlvkqhvv ri wkh glvlq dwlrqdu| surfhvv dffrpsdq|lqj wkh
ulvlqj xqhpsor|phqw1 Lq frqwudvw/ wkh Xqlwhg Vwdwhv dqg wkh Xqlwhg Nlqjgrp h{sh0
ulhqfhg d pruh f|folfdo hyroxwlrq ri xqhpsor|phqw dqg d orzhu sulfh vwlfnlqhvv1

Wkhvh idfwv kdyh vsdunhg dq lqwhqvh ghedwh dprqj hfrqrplvwv rq wkh fdxvhv ri
xqhpsor|phqw/ lwv shuvlvwhqfh/ dqg ri lwv furvv0frxqwu| gl�huhqwldov1 Wkh lvvxh ri
shuvlvwhqfh lv yhu| lpsruwdqw vlqfh lw fdq eh lqwhusuhwhg/ wrjhwkhu zlwk lq dwlrq vwlfn0
lqhvv/ dv vljqdoolqj vkliwv lq wkh QDLUX1 Frkhuhqwo| zlwk wklv ylhz/ pdq| vwxglhv kdyh
lqwhusuhwhg wkh Hxurshdq xqhpsor|phqw skhqrphqrq dv �vwuxfwxudo�/ srlqwlqj rxw
wkh uhohydqfh ri oderxu pdunhw uljlglwlhv dqg wkh lqwuxvlyh uroh ri �lqvwlwxwlrqv�/ vxfk
dv xqhpsor|phqw ehqh�wv vfkhphv dqg zrunhuv surwhfwlrq v|vwhpv1 Ehqwrolod dqg
Ehuwrod ^6` xvh wkh h{suhvvlrq �Hxurvfohurvlv� wr ghvfuleh wklv skhqrphqrq1

D qdwxudo hyroxwlrq ri wkh Hxurvfohurvlv lghd hpskdvlvhv wkh uhohydqfh ri orqj0
uxq xqhpsor|phqw dqg frpelqhv wkh uroh ri lqvwlwxwlrqdo uljlglwlhv zlwk wkh lqwuxvlyh
dfwlylw| ri wkh xqlrqv dv wkh fdxvhv ri d k|vwhuhvlv phfkdqlvp zklfk frxog surorqj
lqgh�qlwho| wkh rwkhuzlvh whpsrudu| h�hfwv ri djjuhjdwh ghpdqg shuwxuedwlrqv1 Lq
dffrugdqfh zlwk wkh rslqlrq wkdw xqlrqv sod| d uhohydqw uroh/ d wudglwlrqdo iudphzrun
iru wkh dqdo|vlv ri k|vwhuhvlv lv wkh Lqvlghu2Rxwvlghu prgho +khqfhiruwk L2R, dv lq
Eodqfkdug dqg Vxpphuv ^:`/ Od|dug/ Qlfnhoo dqg Mdfnpdq ^49` +khqfhiruwk OQM,/ dqg
Olqgehfn dqg Vqrzhu ^4:`1 OQM frqvwuxfw d prgho lq zklfk wkh xqlrqv/ vrph rwkhu
uljlglw| idfwruv/ vxfk dv xqhpsor|phqw ehqh�wv dqg oderxu wd{hv +khqfhiruwk XE dqg
OW uhvshfwlyho|,/ dqg vkrfnv jhqhudwhg rq wkh djjuhjdwh ghpdqg vlgh lqwhudfw dffrug0
lqj wr dq L2R phfkdqlvp/ lq rughu wr surgxfh srwhqwldoo| shuvlvwhqw xqhpsor|phqw1

Zlwkrxw uhihuulqj wr dq L2R iudphzrun/ lq wkh olwhudwxuh rwkhu dwwhpswv kdyh
ehhq pdgh dw dqdo|vlqj wkh uroh ri lqwhudfwlrqv ehwzhhq vkrfnv dqg lqvwlwxwlrqv> vhh
iru lqvwdqfh/ Eodqfkdug +^7` dqg ^8`,/ Eodqfkdug h Zroihuv ^;` dqg Omxqjtylvw dqg
Vdujhqw ^4;`1

Iurp wkh hfrqrphwulf srlqw ri ylhz/ d ydolg phwkrgrorj| wr lqyhvwljdwh wkh uhoh0
ydqfh ri gl�huhqw vkrfnv lv wkh Vwuxfwxudo Yhfwru Dxwruhjuhvvlrq dssurdfk +khqfhiruwk
VYDU,/ yhu| riwhq edvhg rq orqj0uxq lghqwli|lqj uhvwulfwlrqv dv lq Eodqfkdug dqg Txdk
^9`1 Iru lqvwdqfh/ Jdpehu dqg Mrxw} +khqfhiruwk JM/ ^46`,/ xvlqj d YDU prgho rq uhdo
zdjh fkdqjhv/ uhdo rxwsxw jurzwk dqg xqhpsor|phqw/ lghqwli| d ghpdqg vkrfn dqg
wzr ruwkrjrqdo vxsso| vkrfnv +surgxfwlylw| dqg oderxu vxsso|,> Edopdvhgd hw do1 ^5`
+khqfhiruwk EGO, lpsuryhv rq JM*v dqdo|vlv/ e| h{whqglqj lw wr gl�huhqw lqgxvwuldol}hg
frxqwulhv dqg doorzlqj iru lghqwli|lqj orqj0uxq uhvwulfwlrqv ghulyhg iurp d wkhruhwlfdo
prgho lq wkh L2R iudphzrun1 Iurp wklv srlqw ri ylhz/ wkh EGO sdshu frqmxjdwhv wkh
OQM dssurdfk zlwk Eodqfkdug dqg Txdk*v vwuxfwxudo YDU phwkrgrorj|1

Lq wklv sdshu/ lq olqh zlwk suhylrxv vwxglhv +vhh JM +^46`,/ EGO +^5`,,/ zh xvh
d Vwuxfwxudo YDU prgho wr lqyhvwljdwh wkh srwhqwldo ghwhuplqdqwv ri xqhpsor|phqw
shuvlvwhqfh xvlqj gdwd iru wkh shulrg 4<:804<<;/ dqg iru irxu gl�huhqw RHFG frxqwulhv/
qdpho| Lwdo|/ Vzhghq/ XN dqg XVD1 Wkhvh frxqwulhv zhuh vhohfwhg lq rughu wr pdnh
rxu dqdo|vlv pruh lqirupdwlyh/ vlqfh wkh oderxu pdunhwv zh frqvlghu kdyh gl�huhqw
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fkdudfwhulvwlfv= d w|slfdoo| �Hxurvfohurwlf� frxqwu| +Lwdo|,/ d Vfdqglqdyldq frxqwu|
+Vzhghq, zlwk odujh exw vwurqjo| frruglqdwhg lqvwlwxwlrqv dqg yhu| dfwlyh oderxu
srolflhv dqg wzr Dqjor0Vd{rq frxqwulhv/ XVD dqg XN1

Zh dovr sduwldoo| iroorz Eodqfkdug +^7` dqg ^8`,/ Eodqfkdug dqg Zroihuv ^;` dqg
Omxqjtylvw dqg Vdujhqw ^4;`/ lq h{solflwo| wdnlqj lqwr dffrxqw wkh lqwhudfwlrqv ehwzhhq
vkrfnv dqg lqvwlwxwlrqv1 Wr wklv hqg/ zh lqwurgxfh vrph lqqrydwlrqv zlwk uhvshfw wr
wkh suhylrxv VYDU edvhg hpslulfdo olwhudwxuh rq wkh wrslf1

Iluvw ri doo/ zh h{solflwo| lqwurgxfh vrph revhuydeoh uljlglw| lqwr wkh hvwlpdwhg
prgho/ vxfk dv xqhpsor|phqw ehqh�wv dqg oderxu wd{hv +khqfhiruwk XE dqg OW uh0
vshfwlyho|,> wklv doorzv xv wr lghqwli| wkh xqrevhuydeoh vkrfnv dqg wkhlu h�hfwv pruh
suhflvho| wkdq lq suhylrxv vwxglhv1 Dv dq h{dpsoh/ EGO ghvfuleh wkh h�hfw ri wkhvh
yduldeohv e| dgrswlqj dq lqgluhfw dssurdfk= wkh| lghqwli| wkh xqrevhuydeoh vwuxf0
wxudo vkrfnv/ hvwlpdwh wkhlu g|qdplf h�hfwv dqg/ jlyhq wkh k|srwkhvlv wkdw XE dqg
OW fkdqjhv pd| eh frqvlghuhg dv zdjh0sxvk vkrfnv/ lqwhusuhw wkhlu frqvhtxhqfhv dv
htxlydohqw wr wkrvh ri srvlwlyh oderxu vxsso| vkrfnv ru qhjdwlyh surgxfwlylw| vkrfnv1
Krzhyhu/ erwk hfrqrplf wkhru| dqg wkh h{lvwlqj hpslulfdo olwhudwxuh srlqw rxw wkdw
XE dqg OW fkdqjhv fdqqrw eh wuhdwhg lq wklv zd|1 Jlyhq wkdw wkhuh lv zlghvsuhdg
frqfhuq derxw wkh uhohydqfh ri wkhvh idfwruv lq dffrxqwlqj iru xqhpsor|phqw lq pdq|
Hxurshdq frxqwulhv +vhh iru lqvwdqfh Vlhehuw ^56`,/ zh wklqn wkdw EGO*v vwudwhj| ri
ohdylqj wkhp �klgghq� dv xqrevhuydeoh vwuxfwxudo vkrfnv lv ri gxelrxv ydoxh1 Lq rxu
ylhz/ wklv vwudwhj| lv h{srvhg wr wkh Idxvw dqg Ohhshu ^44` fulwltxh/ zklfk vwdwhv wkdw
orqj0uxq lghqwli|lqj uhvwulfwlrqv duh xquholdeoh zkhq vwuxfwxudo lghqwl�hg vkrfnv fdq
eh ylhzhg dv djjuhjdwhv ri d odujhu qxpehu ri xqghuo|lqj vkrfnv d�hfwlqj wkh hfrqrp|
lq gl�huhqw zd|v1 Iru doo wkhvh uhdvrqv/ lq rughu wr fruuhfwo| lghqwli| wkh xqrevhuydeoh
vkrfnv/ zh lqfoxgh lq rxu VYDU prgho h{solflw phdvxuhv ri XE dqg OW dv h{rjhqrxv
yduldeohv4 dqg e| frqvlghulqj wkh g|qdplf h�hfwv ri wkhlu fkdqjhv1

Lw lv zruwk srlqwlqj rxw wkdw wkh Hxurvfohurvlv olwhudwxuh irfxvvhv rqo| rq wkh
�ohyho� ri lqvwlwxwlrqdo idfwruv/ zklfk Eodqfkdug dqg Zroihuv ^;` xvh lq rughu wr frq0
glwlrq rq wkhp wkh g|qdplf h�hfwv ri vkrfnv1 Qr dwwhpsw kdv ehhq pdgh vr idu wr
dqdo|vh wkh g|qdplf h�hfwv ri fkdqjhv ri wkhvh lqvwlwxwlrqdo yduldeohv1

Wkh vhfrqg lqqrydwlyh dvshfw ri rxu sdshu frqfhuqv wkh wkhruhwlfdo uhihuhqfh prgho=
vlqfh xqhpsor|phqw g|qdplfv uh hfw vhsdudwh pryhphqwv ri oderxu ghpdqg dqg vxs0
so|/ zh surylgh d pruh uhdolvwlf dqg lqirupdwlyh uhsuhvhqwdwlrq ri oderxu irufh ehkdy0
lrxu1 Lq sduwlfxodu/ zh olqn sduwlflsdwlrq wr wkh h{shfwhg dqg qrw wkh dfwxdo uhdo zdjh>
pruhryhu/ lq rughu wr jlyh d pruh uhdolvwlf uhsuhvhqwdwlrq ri wkh k|vwhuhvlv skhqrp0
hqrq/ lqvwhdg ri srvwxodwlqj dq lqvwdqwdqhrxv uhodwlrqvkls ehwzhhq xqhpsor|phqw
dqg sduwlflsdwlrq/ zh prgho dq hqfrxudjhphqw2glvfrxudjhphqw phfkdqlvp lq zklfk
dfwxdo sduwlflsdwlrq lv qhjdwlyho| olqnhg wr sdvw xqhpsor|phqw ehkdylrxu1

Wklugo|/ zh dgrsw d ixoo| Ed|hvldq dssurdfk wr hvwlpdwlrq1 Wklv fkrlfh hqdeohv xv
wr rewdlq pruh suhflvh hvwlpdwhv/ wr rewdlq wkh �qlwh vdpsoh srvwhulru glvwulexwlrqv
ri wkh g|qdplf surshuwlhv ri wkh prgho +lpsxovh uhvsrqvh ixqfwlrqv/ iruhfdvwlqj huuru
yduldqfh ghfrpsrvlwlrq hwf11,/ dqg wr hvwdeolvk d frqqhfwlrq ehwzhhq wkhru| dqg hp0

4Wkh uhdvrq zk| zh irfxv rqo| rq xqhpsor|phqw ehqh�wv dqg oderxu wd{hv dqg qrw rq rwkhu
uljlglw| lqglfdwruv/ vxfk dv wkh xqlrq ghqvlw| ru lwv fryhudjh/ lv wkdw wkhvh lqglfdwruv duh dffrxqwhg
iru lq wkh L2R iudphzrun ri wkh prgho1
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slulfdo hylghqfh/ e| xvlqj d wkhru|0lqvwljdwhg sulru rq wkh frh!flhqwv ri wkh hvwlpdwhg
VYDU1 Dqrwkhu dgydqwdjh ri xvlqj d Ed|hvldq dssurdfk lv uhodwhg wr dqrwkhu dvshfw
ri wkh Idxvw dqg Ohhshu fulwltxh wr VYDU lghqwl�fdwlrq/ qdpho| wkdw e| lpsrvlqj
orqj0uxq frqvwudlqwv lw lv vhogrp srvvleoh wr dfklhyh d uholdeoh lghqwl�fdwlrq/ vlqfh
orqj uxq lpsxovh uhvsrqvhv duh yhu| lpsuhflvho| hvwlpdwhg lq �qlwh vdpsohv1 Fohduo|/
e| xvlqj d Ed|hvldq dssurdfk edvhg rq dq lqirupdwlyh sulru lw lv srvvleoh wr dfklhyh
pruh suhflvh hvwlpdwhv1

Dv iru wkh frqqhfwlrqv ri rxu sdshu zlwk wkh olwhudwxuh rq wkh lqwhudfwlrqv ehwzhhq
vkrfnv dqg lqvwlwxwlrqv/ vlqfh rxu jrdo lv wr rewdlq d ghhshu lqvljkw lqwr wkh sursdjd0
wlrq ri vkrfnv dqg phdvxuh wkhlu shuvlvwhqfh/ zh shuirup d wlph vhulhv VYDU dqdo|vlv
rq txduwhuo| gdwd/ xqolnh Eodqfkdug dqg Zroihuv ^;` zkr xvh d sdqho gdwd dssurdfk
edvhg rq dqqxdo gdwd1 Iru wklv uhdvrq/ wkh vkrfnv wkdw zh lghqwli| gr qrw frlqflgh
zlwk wkrvh frqvlghuhg e| Eodqfkdug +^7` dqg ^8`, dqg Eodqfkdug h Zroihuv ^;`1 Lq idfw/
zh iroorz d pruh gdwd0lqvwljdwhg dssurdfk zkhuh vkrfnv duh lghqwl�hg rq wkh jurxqgv
ri wkhlu orqj0uxq surshuwlhv dqg wkh gdwd duh ohiw wr whoo xv derxw wkh h�hfwv ri wkhvh
vkrfnv dqg wkhlu uhodwlyh lpsruwdqfh wr wkh vhulhv ehlqj frqvlghuhg1

Jlyhq rxu dlp ri dvvhvvlqj wkh uhodwlyh lpsruwdqfh ri vkrfnv dqg wkhlu lqwhudfwlrqv
zlwk lqvwlwxwlrqv/ zh hvwlpdwh d eduherqh prgho/ lqvwhdg ri fdoleudwlqj d uljrurxvo|
plfurirxqghg rqh/ dv Omxqjtylvw dqg Vdujhqw ^4;` gr1

Wkh vwuxfwxuh ri wkh sdshu lv dv iroorzv1 Lq vhfwlrq +5, zh glvfxvv rxu prgl�hg dqg
h{whqghg yhuvlrq ri wkh EGO prgho dqg zh eulh | ghvfuleh krz wr frqvwuxfw rxu sulru
glvwulexwlrq1 Lq vhfwlrq +6, zh surylgh d ghwdlohg uhsruw ri wkh hpslulfdo hylghqfh1
Vhfwlrq +7, frqwdlqv wkh frqfoxvlrqv1 Hvwlpdwlrq whfkqlfdolwlhv/ prgho vshfl�fdwlrq
ghwdlov dqg gdwd gh�qlwlrqv dqg vrxufhv duh uhohjdwhg wr wkh Dsshqgl{51

51 D vwuxfwxudo YDU prgho

5141 Wkh wkhruhwlfdo prgho dqg orqj0uxq surshuwlhv

Wkh prgho ghvfulehg lq wklv vhfwlrq lv d prgl�hg yhuvlrq ri wkh rqh frqwdlqhg lq
EGO ^5`1 Rxu pdlq prgl�fdwlrq lv wkdw/ iroorzlqj wkh L2R wudglwlrq/ zh lqfoxgh
xqhpsor|phqw ehqh�wv +XE, dqg oderxu wd{hv +OW , zklfk hqwhu wkh prgho dv d zdjh
sxvk idfwru erwk lq wkh zdjh +}zw , dqg lq wkh sduwlflsdwlrq htxdwlrq +}ow,1 Wkh prgho
lv=

DG = |w @ !+gw � sw, . d�w +514,

DV = |w @ qw . �w +515,

SV = sw @ zw � �w +516,

ZV = zw @ izw = q
h
w @ qw � }zw j +517,

qw @ �ow�4 . +4� �,qw�4> +518,

SH = ow @ �+zw � shw ,� exw�4 . }ow . � w +519,

}zw @ �XEw . �OWw> }
o
w @ �XEw � �OWw +51:,

5D pruh ghwdlohg yhuvlrq ri wkh dsshqgl{ fdq eh rewdlqhg dw wkh iroorzlqj
XUO=zzz1hfr1xqlev1lw2�dplvdqr2xqhps2xqhpsbdss1sgi1
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��w @ %vw >�gw @ %gw >�� w @ %ow +51;,

Htxdwlrq +514,/ +515, dqg +516, duh h{dfwo| dv lq wkh EGO sdshu= rq wkh djjuhjdwh
ghpdqg +DG, vlgh/ rxwsxw ghshqgv rq uhdo djjuhjdwh ghpdqg +gw�sw, dqg rq surgxf0
wlylw| +�w, 1 Djjuhjdwh vxsso| +DV , ghshqgv rqo| rq oderxu +qw, dqg rq surgxfwlylw|1
Sulfh vhwwlqj lv dffruglqj wr d �{hg pdun0xs phfkdqlvp +sulfh vhwwlqj/ ru SV htxd0
wlrq,1 Wkh zdjh vhwwlqj htxdwlrq +ZV, vwdwhv wkdw wkh qrplqdo zdjh +zw, lv vhw lq
dgydqfh lq rughu wr dfklhyh dq h{shfwhg ohyho ri hpsor|phqw zklfk lv d frqyh{ frp0
elqdwlrq ri wkh suhylrxv ohyho ri hpsor|phqw dqg wkh suhylrxv ohyho ri sduwlflsdwlrq/
zlwk d zdjh sxvk idfwru }zw wkdw uhvxowv iurp wkh suhvhqfh ri XE dqg OW1 Lq wklv zd|/
wkh h{shfwhg ohyho ri hpsor|phqw +qh

w , lv orzhu wkdq qw1 Qrwh wkdw lqvhuwlqj wkh zdjh
sxvk idfwru }zw surgxfhv wkh vdph h�hfwv dv doorzlqj � wr eh wlph yduldeoh1 Lq idfw/
vxssrvh wkdw xw�4 A 3= Lq wklv flufxpvwdqfh/ lq vhwwlqj z xqlrqv dlp dw d kljkhu hp0
sor|phqw ohyho qh

w yld �= Li zh kdyh dq lqfuhdvh lq }zw / vlqfh frhwhulv sdulexv vdodu| lv
edujdlqhg dw d ohyho wkdw fruuhvsrqgv wr d orzhu ohyho ri hpsor|phqw wkdq qw/ wklv kdv
wkh vdph h�hfw dv d uhgxfwlrq ri � +wkh zhljkw ri wkh rxwvlghuv lq zdjh vhwwlqj,1 Zh
eholhyh wkdw wklv lv txlwh d vlpsoh dqg qhdw zd| ri lqfrusrudwlqj revhuydeoh phdvxuhv
ri oderxu pdunhw glvwruwlrqv/ zklfk dprxqwv wr dffrxqwlqj iru d wlph0ydu|lqj �1

Wkh sduwlflsdwlrq htxdwlrq +SH, +519, olqnv sduwlflsdwlrq +ow, wr h{shfwhg diwhu0wd{
uhdo zdjh / wr sdvw xqhpsor|phqw +glvfrxudjhphqw h�hfw,/ wr XE dqg wr d vwrfkdvwlf
glvwxuedqfh � w 1 Qrwlfh wkdw rxu SH dqg ZV htxdwlrqv doorz xv wr h{solflwo| wdnh lqwr
dffrxqw wkh h�hfwv ri lqwhudfwlrqv dprqj gl�huhqw lqvwlwxwlrqv1

H{suhvvlrq +51;, vwdwhv wkdw vxsso|/ qrplqdo ghpdqg dqg sduwlflsdwlrq glvwxu0
edqfhv hyroyh olnh udqgrp zdonv1 Zh fdoo wkh lqqrydwlrqv wr gw>�w dqg � w djjuhjdwh
ghpdqg/ djjuhjdwh vxsso| +ru surgxfwlylw|, dqg sduwlflsdwlrq vkrfnv/ uhvshfwlyho|/ zlwk
d fohdu uhihuhqfh wr vwdqgdug pdfurhfrqrplf dqdo|vlv1

E| frpelqlqj htxdwlrqv +514, wr +517,/ zh fdq rewdlq wkh iroorzlqj zdjh htxdwlrq=

zw @ gw�4 .
+!. d� 4,

!
�w�4 � 4

!
qw .

4

!
}zw

Wklv vkrzv wkdw wkh zdjh lv frpsdwleoh zlwk d ohyho ri hpsor|phqw orzhu wkdq qw/
gxh wr wkh zdjh sxvk idfwru }zw =

Rxu phdvxuh ri OW lv wkh h�hfwlyh wd{ udwh rq oderxu/ iroorzlqj Phqgr}d hw do1
^53`1 Dovr Eodqfkdug dqg Zroihuv ^;` �qg wkdw XE dqg OW duh uhohydqw lq dpsoli|lqj
wkh h�hfwv ri vkrfnv rq xqhpsor|phqw61 Vlplodu frqfoxvlrqv duh dovr uhdfkhg e|
Qlfnhoo ^54`/ zkr vkrzv wkdw XE dqg OW +wr d ohvvhu h{whqw, d�hfw x1

Wkh prgho fdq eh vroyhg rewdlqlqj wkh iroorzlqj 6 htxdwlrqv=

�+z � s,w @ %vw +51<,

�|w @ +!%gw.+!.d,%vw�}zw ,.�
^}zw�4 .�}ow�4 . +4� !� d,%vw�4 . %ow�4 � !%gw�4 . �%vw�5`

+4� +4� e� �,O� eO5,
+5143,

6 Lq Eodqfkdug dqg Zroihuv +4<<<, dqg Qlfnhoo +4<<:, dovr wkh xqlrq ghqvlw| yduldeoh lv irxqg wr
eh uhohydqw1 Dv iru wkh uroh ri L�/ Eodqfkdug dqg Zroihuv �qg rxw wkdw wkhlu uhohydqfh lqfuhdvhv
zlwk wkh ohqjwk ri wkh ehqh�w gxudwlrq1
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+4� +4� e� �,O� eO5,xw @ }zw .�}ow . +4� !� d,%vw . %ow � !%gw . �%vw�4 +5144,

Qrwh wkdw +z�s,w> |w> qw dqg ow duh doo L+4,/ jlyhq wkh vwdwlvwlfdo surshuwlhv ri �w> gw dqg
� w> dqg wkdw xw lv vwdwlrqdu|/ l1h1 qw dqg ow duh frlqwhjudwhg1 Wklv uxohv rxw frpsohwh
k|vwhuhvlv dqg lw lv wkhuhiruh lpsruwdqw wr orrn dw krz idvw wkh h�hfwv rq x ri gl�huhqw
vkrfnv glh rxw1

514141 Orqj0uxq frh!flhqwv

Wkh v|vwhp ri htxdwlrqv +51<, wr +5144, fdq eh zulwwhq lq lwv �qdo irup dv=

|w @ F+O,Ehw .G+O,{w> |w @

5
997

+z � s,w
|w
wS

�@4
x�

6
::8 >{w @

�
XEw

OWw

�
> 0w @

5
7 %vw

%ow
%gw

6
8 >

0w @ Ehw> hw 9 QLG+^3`> L6, @

5
7 hvw

how
hgw

6
8 >E @

5
7 �v 3 3

3 �o 3
3 3 �g

6
8 +5145,

Khqfh/ wkh orqj0uxq uhvsrqvhv ri wkh hqgrjhqrxv yduldeohv zlwk uhvshfw wr qrupdolvhg
vwuxfwxudo vkrfnv duh=

F+4,E @

5
7 �v 3 3

+4 . �,�v �o 3

� +�4� �. !. d, �v

�
4
��o �!

��g

6
8 +5146,

Dv lq EGO/ qrwh wkdw lq wkh orqj0uxq uhdo zdjh lv d�hfwhg rqo| e| surgxfwlylw| vkrfnv
dqg wkdw ghpdqg vkrfnv gr qrw lq xhqfh rxwsxw1 Wkhvh frqvwudlqwv h{dfwo| lghqwli|
wkh vwuxfwxudo vkrfnv1 Dv iru wkh orqj0uxq uhvsrqvh wr d shupdqhqw fkdqjh lq dq
h{rjhqrxv yduldeohv/ zh kdyh=

5
9999997

olp
n$4

nS
v@3

C+z�s,w.v

CXEw
olp
n$4

nS
v@3

C+z�s,w.v

COWw

olp
n$4

nS
v@3

C|w.v

CXEw
olp
n$4

nS
v@3

C|w.v

COWw

olp
n$4

nS
v@3

Cxw.v

CXEw
olp
n$4

nS
v@3

Cxw.v

COWw

6
::::::8
@

5
7 3 3

��. � ��� �
4
��

4
��

6
8 +5147,

Qrwh wkdw wkh orqj0uxq h�hfwv ri shupdqhqw fkdqjhv lq XE dqg OW rq uhdo zdjh
duh }hur= wkh uhdo zdjh lv rqo| d�hfwhg e| surgxfwlylw| vkrfnv1 Wkh orqj0uxq h�hfwv
ri shupdqhqw fkdqjhv lq XE rq rxwsxw fdq eh hlwkhu srvlwlyh ru qhjdwlyh/ ghshqglqj
rq zkhwkhu ru qrw wkh srvlwlyh h�hfw rq sduwlflsdwlrq +�, suhgrplqdwhv ryhu wkh zdjh
sxvk h�hfw +�,1 Dovr wkh orqj0uxq h�hfw rq rxwsxw ri d shupdqhqw lqfuhdvh lq OW lv
xqfhuwdlq/ jlyhq wkdw � frxog eh qhjdwlyh/ lq wkh fdvh ri d odujh lqfrph h�hfw wkdw
ryhufrphv wkh zdjh sxvk h�hfw +�,1 Wkh h�hfwv ri shupdqhqw fkdqjhv lq XE dqg OW
rq xqhpsor|phqw duh srvlwlyh iru srvlwlyh ydoxhv ri � dqg �1
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514151 Lpsdfw frh!flhqwv

Wkh lpsdfw h�hfwv ri qrupdolvhg vwuxfwxudo vkrfnv dqg wkh lpsdfw uhvsrqvhv wr shu0
pdqhqw fkdqjhv lq wkh h{rjhqrxv yduldeohv duh uhvshfwlyho|=

F3E @

5
7 �v 3 3

+!. �,�v 3 !�g

+4� !� d,�v �o �!�g

6
8 >

5
97

C�+z�s,w
CXEw

C�+z�s,w
COWw

C�|w

CXEw

C�|w

COWw
Cxw

CXEw

Cxw

COWw

6
:8 @

5
7 3 3

�� ��
�. � �� �

6
8

+5148,

514161 Krz wr rewdlq lqirupdwlrq rq wkh vwuxfwxudo sdudphwhuv

Fdoolqj=
F3E @ F�

3>F+4,E @ F�>G+4, @ G

lw lv hdv| wr vhh wkdw zh fdq rewdlq lqirupdwlrq rq wkh vwuxfwxudo sdudphwhuv iurp
lpsdfw dqg orqj0uxq pxowlsolhuv dv iroorzv=

� @ f�55@f
�
65> � @ f�54@f

�
44 � 4> ! @ f�3>54@f

�
3>44 � �> d @ �f�3>64@f�3>44 � !. 4>

� @ �g�3>54> � @ �g�3>55> � @ g�3>64 � �

Wkhvh uhodwlrqvklsv zloo eh xvhg lq rughu wr vlpxodwh iurp wkh srvwhulru glvwulexwlrq
ri wkh vwuxfwxudo sdudphwhuv yld gluhfw wudqvirupdwlrq ri wkh vlpxodwlrq ri wkh VYDU
prgho1

5151 Krz wr frqvwuxfw d wkhru|0lqvwljdwhg sulru

Lq pdq| dssolfdwlrqv lw lv gl!fxow wr lqfrusrudwh sulru eholhiv lq wkh irup ri dq
lqirupdwlyh sulru glvwulexwlrq wr eh xvhg lq Ed|hvldq dqdo|vlv1 Lq rxu fdvh zh kdyh
d wkhruhwlfdo prgho fkdudfwhulvhg e| d vhw ri vwuxfwxudo sdudphwhuv zklfk zh uh0
sdudphwhulvh dv d vwuxfwxudo YDU prgho1 Rxu dlp lv wr xvh rxu wkhruhwlfdo prgho
lq rughu wr frqvwuxfw d sulru glvwulexwlrq iru wkh VYDU sdudphwhuv1 Wkh lghd lv
txlwh vlpsoh dqg zrunv dv iroorzv= ohw xv fdoo 1 wkh yhfwru ri wkh wkhruhwlfdo prgho
sdudphwhuv rq zkrvh olnho| ydoxhv zh kdyh vrph eholhiv=

1 @
�
� � � ! d � � �

�3
dqg fdoo w wkh yhfwru frqwdlqlqj wkh �uvw rughu sdudphwhuv ri wkh VYDU prgho zh
hvwlpdwh1 Fohduo|/ w lv d ixqfwlrq ri 1=

w @ w+1,

Vxssrvh zh kdyh vrph sulru eholhiv frqfhuqlqj 1 dqg wkdw wkhvh fdq eh sxw lqwr
wkh irup ri dq lqirupdwlyh sulru glvwulexwlrq s+1,1 Rxu lghd lv wr wudqvirup wklv sulru
lqwr d sulru rq wkh sdudphwhuv w/ xvlqj d prgl�fdwlrq ri wkh sursrvdo frqwdlqhg lq
Lqjudp dqg Zklwhpdq ^48`1 Wkh whfkqlfdo ghwdlov duh surylghg lq Dsshqgl{ +814,1 Lq
wklv zd| zh duh deoh wr rewdlq dq lqirupdwlyh/ wkhru|0edvhg sulru glvwulexwlrq wr eh
xvhg lq rxu Ed|hvldq dqdo|vlv1
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61 Hvwlpdwlrq uhvxowv dqg frpphqwv

Zh fduu| rxw wkh Ed|hvldq hvwlpdwlrq +vhh Jhzhnh/ ^47`, ri d vwuxfwxudo YDU prgho1
Wkh hvwlpdwlrq ghwdlov duh olvwhg lq Dsshqgl{ +814, dqg wkh gdwd vrxufhv duh surylghg
lq Dsshqgl{ +816,1 Zh frqgxfw lqihuhqfh rq gl�huhqw ihdwxuhv ri wkh prgho7=

� wkh g|qdplf uhvsrqvhv ri hqgrjhqrxv yduldeohv zlwk uhvshfw wr vwuxfwxudo vkrfnv1
Zh hydoxdwh lpsxovh uhvsrqvh ixqfwlrqv +LUIv/ vhh �jxuhv 614 wr 617, dqg iruh0
fdvwlqj huuru yduldqfh ghfrpsrvlwlrqv +IHYGv/ vhh �jxuhv 618 wr 61;, xs wr 53
vwhsv dkhdg +8 |hduv,>

� wkh g|qdplf uhvsrqvhv ri hqgrjhqrxv yduldeohv zlwk uhvshfw wr shupdqhqw fkdqjhv
lq wkh h{rjhqrxv yduldeohv +vhh �jxuhv 61< wr 6145,>

� wkh vwuxfwxudo sdudphwhuv +vhh wdeoh 615,1

Uholdeoh gdwd rq XE dqg OW duh qrw dydlodeoh1 Rxu vrxufh lv Vfdushwwd +^57`,/ exw
wkdw vrxufh lv xsgdwhg rqo| xs wr wkh hqg ri 4<<8/ zkhuhdv wkh vdpsoh shulrg zh zrun
zlwk lv 4<:81404<<;171 Dv d frqvhtxhqfh/ zh xvh klvwrulfdo gdwd iru wkh hqgrjhqrxv
yduldeohv dqg surmhfwhg gdwd iru wkh h{rjhqrxv rqhv1 Krzhyhu/ wkh hylghqfh vkrzq lq
wklv vhfwlrq lv vwulfwo| vlplodu wr rqh rewdlqhg rqo| rq wkh edvlv ri klvwrulfdo gdwd ryhu
wkh uhgxfhg vdpsoh 4<:81404<<8178 1

Wkh vwduwlqj srlqw ri rxu dqdo|vlv lv rxu uhihuhqfh wkhruhwlfdo prgho/ zklfk lv fd0
sdeoh ri jhqhudwlqj= +d, whpsrudu| +f|folfdo, xqhpsor|phqw/ gxh wr ghpdqg vkrfnv>
+e, fkdqjhv lq htxloleulxp xqhpsor|phqw/ l1h1 lq �vwuxfwxudo� orqj uxq xqhpsor|0
phqw +QDLUX,/ gxh wr lqvwlwxwlrqdo uljlglw| idfwruv> +f, k|vwhuhvlv skhqrphqd zklfk
fdq eoxu wkh glvwlqfwlrq ehwzhhq +d, dqg +e,> wkhvh skhqrphqd duh fdxvhg e| wkh
lqwhudfwlrq ehwzhhq vkrfnv dqg lqvwlwxwlrqv dqg dprqj wkh lqvwlwxwlrqv wkhpvhoyhv1

Wr dqwlflsdwh vrph ri wkh frqfoxvlrqv=

� Wkurxjk rxu hvwlpdwhg prgho zh rewdlq pxowl0idfhwhg hpslulfdo hylghqfh/ lq
zklfk wkh pdlq hohphqw lv k|vwhuhvlv1 Jlyhq wklv/ lw lv zklpvlfdo wr wu| wr
glvwlqjxlvk ehwzhhq vkliwv rq wkh Skloolsv fxuyh gxh wr ghpdqg vkrfnv/ dqg
vkliwv ri wkh Skloolsv fxuyh lwvhoi fdxvhg e| lqvwlwxwlrqv fkdqjhv1

� Wkh uhvsrqvlyhqhvv ri uhdo zdjh zlwk uhvshfw wr ghpdqg vkrfnv lv qrw qhfhvvdu0
lo| d jrrg lqglfdwru ri oderxu pdunhw  h{lelolw|/ vlqfh lw dsshduv wr eh doprvw
h{foxvlyho| gulyhq e| vxsso| vkrfnv hyhu|zkhuh1

� Wkh hpslulfdo uhohydqfh ri k|vwhuhvlv pljkw vxjjhvw wkdw wkh xqlrqv kdyh d fhq0
wudo uroh1 Lw lv lpsruwdqw wr hpskdvlvh wkdw wkh wudglwlrqdo lqglfdwruv ri xqlrqv
vwuhqjwk +ghqvlw| dqg2ru fryhudjh, duh qrw dozd|v deoh wr jlyh d suhflvh phdvxuh
ri wkh fdsdflw| ri wkh xqlrqv wr fuhdwh +dqg shushwxdwh, glvwruwlrqv1 Wklv fdq
eh vdlg dovr iru rwkhu wudglwlrqdo phdvxuhv ri oderxu pdunhw lqvwlwxwlrqv/ vxfk dv

7Iru wkh dgrswhg vshfl�fdwlrq vhh dsshqgl{ 8151
8 Lq wkh uhvxowv vhfwlrq ri wklv sdshu zh srlqw rxw wkh yhu| ihz fdvhv lq zklfk wkhuh duh gl�huhqfhv

ehwzhhq wkh uhvxowv ri wkh wzr vdpsoh shulrgv1
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wkh uhsodfhphqw udwlr/ wkh dyhudjh wd{ udwh dqg vr iruwk1 Lw lv rqo| e| frpelqlqj
wrjhwkhu wkh lqvwlwxwlrqv dqg e| hydoxdwlqj wkhlu lqwhudfwlrqv zlwk vkrfnv lq d
g|qdplf frqwh{w/ dv zh gr/ wkdw lw lv srvvleoh wr vroyh vrph dssduhqw sdudgr{hv/
vxfk dv wkh shuvlvwhqfh ri xqhpsor|phqw hyhq zkhq wkh wudglwlrqdo phdvxuhv
vhhp wr pryh wrzdugv ohvv lqwuxvlyh lqvwlwxwlrqv1

6141 Ghpdqg vkrfnv= wkh �uhdo srzhu� ri wkh xqlrqv dv d ghwhuplqdqw ri
k|vwhuhvlv1

Lw dsshduv wkdw ghpdqg vkrfnv sod| d fuxfldo uroh lq d�hfwlqj wkh phglxp0uxq ehkdy0
lrxu ri xqhpsor|phqw1 Wzr idfwv vxssruw wklv ylhz iru doo frxqwulhv= d, DG vkrfnv
+%g, jhqhudwh xqhpsor|phqw uhdfwlrqv zklfk glvdsshdu rqo| lq wkh orqj uxq > e, IHYG
dqdo|vlv uhyhdov wkdw %g vkrfnv h{sodlq d odujh sduw ri xqhpsor|phqw yduldelolw| dw doo
krul}rqv91 Wkh iruphu idfw 0 shuvlvwhqw h�hfwv ri ghpdqg vkrfnv 0 uhfdoov d k|vwhuhvlv
phfkdqlvp dqg/ pruh jhqhudoo|/ vxssruwv wkh uhohydqfh ri oderxu pdunhw uljlglwlhv
hyhq lq wkrvh frxqwulhv/ olnh XVD/ xvxdoo| frqvlghuhg dv � h{leoh�1 Lq frpsdudwlyh
whupv/ krzhyhu/ wkh h�hfwv ri DG vkrfnv glh rxw pruh txlfno| lq wkh XVD +: txduwhuv,
wkdq lq doo rwkhu frxqwulhv frqvlghuhg +46 txduwhuv iru Lwdo| dqg XN/ 49 txduwhuv iru
Vzhghq,1

Wkh hpslulfdo hylghqfh ri d xeltxlwrxv orz zdjh vhqvlwlylw| erwk wr f|folfdo  xfwx0
dwlrqv +%g, dqg wr oderxu pdunhw glvhtxloleuld +%o, vwuhqjwkhqv wkh dujxphqw lq idyrxu
ri k|vwhuhvlv uhohydqfh:1 Lq idfw/ zh �qg wkdw wkh uhdo zdjh uhdfwv srvlwlyho| wr DG
vkrfnv rqo| lq wkh yhu| vkruw uxq dqg rqo| lq XVD; +vhh �jxuhv 616 dqg 617, zklfk lv
d uhvxow frpprq wr EGO dqg JM1

Dw wkh vdph wlph/ xqolnh EGO/ zh �qg wkh devhqfh ri frxqwhu0f|folfdo ehkdylrxu ri
zdjhv lq doo wkh rwkhu frxqwulhv1 Zh eholhyh wkdw wklv srlqw lv sduwlfxoduo| lqwhuhvwlqj/
vlqfh lw lv zlgho| ghedwhg lq wkh olwhudwxuh1 Rxu uhvxowv/ zklfk duh fohduo| lq olqh zlwk
wkh wkhruhwlfdo prgho/ fdq eh vxssruwhg e| d gl�huhqw dqdo|vlv= zh kdyh frpsxwhg
vdpsoh fruuhodwlrqv ri rxwsxw jds dqg yduldwlrqv ri uhdo zdjhv iru doo wkh frxqwulhv zh
frqvlghu lq wklv vwxg|1 Wkh uhvxowv< duh frqwdlqhg lq Wdeoh 614/ dqg wkh| duh shuihfwo|
frqvlvwhqw zlwk rxu �qglqjv= uhdo zdjhv gr qrw vkrz vljqv ri frxqwhuf|folflw|1

6151 Whfkqrorjlfdo vkrfnv

Rxu hylghqfh vkrzv wkdw lw lv zkhuh xqlrqv duh vwurqjhu wkdw wkh srvlwlyh h�hfwv
ri whfkqrorjlfdo vkrfnv rq xqhpsor|phqw duh zhdnhu1 Wkh phglxp0orqj uxq h�hfwv
ri DV vkrfnv rq x duh qrw vljql�fdqw lq dq| frxqwu|1 Wklv idfw/ zklfk lv shuihfwo|
lq dffrugdqfh zlwk rxu wkhruhwlfdo prgho/ lv lq frqwudvw zlwk sduw ri wkh suhylrxv
olwhudwxuh1 Lq sduwlfxodu/ Eodqfkdug +^7` dqg ^8`, �qgv wkdw DV vkrfnv/ lq wkh irup ri
d uhgxfwlrq lq wkh jurzwk udwh ri WIS/ duh uhohydqw iru h{sodlqlqj xqhpsor|phqw lq

9Rqo| wkh XN xqhpsor|phqw lv vljql�fdqwo| d�hfwhg dovr e| 0, dw ohdvw lq wkh vkruw uxq�
:Urphu +4<<9,/ sdj 79:/ vd|v= �111lqvlghu0rxwvlghu frqvlghudwlrqv uhgxfh wkh f|folfdo vhqvlwlylw| ri

wkh pdujlqdo frvw ri oderxu wr �upv11�
;Exw wkhuh duh qr uhdo zdjh uhdfwlrqv li zh hvwlpdwh wkh VYDU ryhu wkh shulrg 4<:804<<;1
<Iru hdfk frxqwu|/ zh frpsxwh wkh rxwsxw jds dv wkh gl�huhqfh ehwzhhq dfwxdo dqg KS �owhuhg

JGS1
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wkh phglxp0orqj uxq1 D srvvleoh uhdvrq iru rxu gl�huhqw �qglqjv frxog eh wkdw rxu
vdpsoh vwduwv iurp 4<:8/ zkhuhdv iru wkh lqgxvwuldolvhg frxqwulhv wkh wxuqlqj srlqw
ri wkh wrwdo idfwru surgxfwlylw| jurzwk lv lq 4<:61 Pruhryhu/ lq rxu lqvlghu2rxwvlghu
prgho lq zklfk zdjh edujdlqlqj lv grqh lq rughu wr pd{lplvh rqo| lqvlghuv* xwlolw|/
wkh srwhqwldoo| idyrxudeoh h�hfwv rq x ri d whfkqrorjlfdo vkrfn duh sduwldoo| glvvlsdwhg
e| wkh lqfuhdvh lq uhdo zdjh1

EGO dqg JM �qg dw ohdvw vkruw0uxq srvlwlyh h�hfwv ri %v rq x iru doo frxqwulhv
wkh| frqvlghu/ dqg zh �qg qr vxfk h�hfw lq rxu hvwlpdwhv431

Pruh pl{hg lv wkh hylghqfh rq rxwsxw h�hfwv ri DV vkrfnv= rxwsxw lqfuhdvhv erwk
lq wkh vkruw dqg lq wkh orqj0uxq/ dv suhglfwhg e| wkh wkhruhwlfdo prgho/ rqo| lq Vzhghq/
zkhuhdv lq XVD wkh h�hfwv duh vljql�fdqw rqo| lq wkh phglxp0orqj uxq44> vxusulvlqjo|/
zh �qg qr vljql�fdqw h�hfwv dw doo lq Lwdo| dqg XN1 Iru wkhvh frxqwulhv wkh g|qdplf
h�hfwv ri vxsso| vkrfnv rq rxwsxw lv yhu| lpsuhflvho| hvwlpdwhg1

6161 Sduwlflsdwlrq vkrfnv

Zkhq zh dqdo|vh wkh h�hfwv ri sduwlflsdwlrq vkrfnv zh kdyh wr nhhs lq plqg wkdw
wkh wkhruhwlfdo prgho vxjjhvwv wkdw srvlwlyh sduwlflsdwlrq vkrfnv uhgxfh wkh �uhdo
srzhu� ri wkh xqlrqv dqg ylfhyhuvd1 Pljudwlrq skhqrphqd/ srsxodwlrq jurzwk dqg
lqfuhdvh lq wkh sduwlflsdwlrq udwhv gr qrw vhhp wr eh xvhixo idfwruv lq h{sodlqlqj orqj0
uxq xqhpsor|phqw pryhphqwv lq wkh frxqwulhv ehlqj frqvlghuhg1 Lq jhqhudo/ xqolnh
EGO45/ sduwlflsdwlrq vkrfnv kdyh qr h�hfwv rq xqhpsor|phqw dw dq| krul}rq/ wkh
rqo| h{fhswlrq ehlqj wkh XN +vhh �jxuh 616,/ zkhuh zh �qg d srvlwlyh h�hfw lq wkh
vkruw uxq1

Lq rxu ylhz wkhvh �qglqjv lqglfdwh wkdw d srvlwlyh %ow orrvhqv wkh fdsdflw| frqvwudlqw
dqg wuljjhuv dq lqfuhdvh lq q zklfk pdwfkhv wkh lqfuhdvh lq sduwlflsdwlrq1 Hylghqfh rq
rxwsxw lv jhqhudoo| frqvlvwhqw zlwk wklv ylhz46= sduwlflsdwlrq vkrfnv lqfuhdvh rxwsxw
lq wkh orqj0uxq lq doo frxqwulhv> iru Lwdo|/ Vzhghq dqg XVD zh kdyh dovr vkruw0uxq
h�hfwv +vhh �jxuhv 614 dqg 615,471

Lq wkh oljkw ri wkhvh �qglqjv/ sduwlflsdwlrq vkrfnv pd| eh ylhzhg dv kdylqj srvlwlyh
h�hfwv rq wkh oderxu pdunhw +lq wkh vhqvh ri vwlpxodwlqj pruh hpsor|phqw,1 Lq idfw/ dv
lv zlgho| nqrzq/ prghov zlwk k|vwhuhvlv +vhh Eodqfkdug dqg Vxpphuv ^:` ru Olqgehfn
dqg Vqrzhu ^4:`, srvwxodwh wkdw lqvlghuv fdq rewdlq d ohyho ri zdjh kljkhu wkdq wkh
frpshwlwlyh rqh dqg vwloo h{foxgh wkh rxwvlghuv rqo| li wkh iroorzlqj wzr frqglwlrqv
duh phw= 4, wkh rxwvlghuv duh qrw frpshwlwlyh +jlyhq wkdw kxpdq fdslwdo ghsuhfldwhv,>
5, klulqj dqg �ulqj frvwv suhyhqw �upv iurp vxevwlwxwlqj lqvlghuv zlwk rxwvlghuv1 D
srvlwlyh vkrfn rq sduwlflsdwlrq dggv qhz zrunhuv wr wkh ryhudoo oderxu vxsso|1 Wkhvh

43Jdol +4<<<, �qgv d vkruw uxq qhjdwlyh h�hfw ri whfkqrorj| vkrfnv rq krxuv1
44Exw wkh| dsshdu vljql�fdqw ryhu wkh zkroh vlpxodwlrq krul}rq/ li zh orrn dw wkh hvwlpdwhv rewdlqhg

rq wkh edvlv ri wkh �h{whqghg� vdpsoh +4<:804<<;,1 Wkhuh/ wkh uhfhqw surgxfwlylw|0edvhg jurzwk ri
wkh XVD hfrqrp| lv dw zrun1

45EGO +5333, �qg srvlwlyh vkruw dqg phglxp uxq h�hfwv iru prvw ri wkh frxqwulhv wkh| frqvlghu1
46Wkh IHYGv surylgh d sduwldo vxssruw wr wklv slfwxuh= 0, h{sodlqv prvw ri wkh rxwsxw yduldqfh

erwk lq wkh vkruw dqg lq wkh orqj uxq lq Lwdo| dqg XVD dqg dw ohdvw lq wkh orqj uxq lq Vzhghq +lq
wkh vkruw uxq 0_ kdv d vwurqj uhohydqfh,1 Rqo| XN rxwsxw ehkdylrxu lv pdlqo| lq xhqfhg e| 0_ dw
doo krul}rqv1

47 Lw lv zruwk uhfdoolqj wkdw EGO �qg vljql�fdqw h�hfwv rq rxwsxw dw doo krul}rqv1
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zrunhuv duh reylrxvo| qrw pdujlqdolvhg dqg wklv flufxpvwdqfh zloo prghudwh lqvlghuv*
zdjh uhtxhvwv1 Wklv skhqrphqrq vkrxog judgxdoo| hurgh wkh srzhu ri wkh lqvlghuv1

Rxu uhvxowv srlqw rxw wkdw sduwlflsdwlrq vkrfnv kdyh qr orqj0uxq h�hfwv rq uhdo
zdjhv1 Wklv lv kdugo| d vxusulvh/ vlqfh wklv ihdwxuh lv lpsrvhg lq rughu wr lghqwli| wkh
prgho1 Dv iru vkruw0uxq h�hfwv/ wkh wkhruhwlfdo prgho lqglfdwhv wkdw wkh uhdo zdjh
vkrxog qrw eh d�hfwhg dw dq| krul}rq e| oderxu vxsso| vkrfnv dqg rxu uhvxowv duh
frqvlvwhqw zlwk wkhvh suhvfulswlrqv ri wkh wkhruhwlfdo prgho1 Qhyhuwkhohvv/ wkh| vljqli0
lfdqwo| gl�hu iurp wkh rqhv rewdlqhg e| EGO/ zkr �qg wkdw wkh uhdo zdjh vljql�fdqwo|
ghfuhdvhv lq wkh vkruw uxq iru prvw ri wkh frxqwulhv wkh| frqvlghu1 Wklv rffxuv lq sdu0
wlfxodu lq Iudqfh dqg Jhupdq|/ exw +ohvv vwurqjo|, dovr lq XVD dqg XN1 Lq frqwudvw/
zh �qg shuihfw dqg udslg hpsor|phqw uhdfwlrqv +zlwk wkh h{fhswlrq ri wkh XN, vr
wkdw wkh oderxu pdunhw htxloleulxp lv jxdudqwhhg dqg wkhuh duh qr grzq0suhvvxuhv rq
uhdo zdjhv1

6171 Shupdqhqw fkdqjhv lq wkh h{rjhqrxv yduldeohv

Zhpxvw uhfdoo wkdw wkh lqvhuwlrq lq wkh prgho ri revhuydeoh phdvxuhv ri wkh lqvwlwxwlrq
yduldeohv lv pdlqo| prwlydwhg e| wkh qhhg wr fruuhfwo| lghqwli| wkh vwuxfwxudo vkrfnv/
zlwkrxw lqfxuulqj lq wkh Idxvw dqg Ohhshu fulwltxh1 Rxu �qglqjv vxjjhvw wkdw wkh
vljqv ri wkh orqj0uxq uhvsrqvhv wr XE dqg OW yduldwlrqv qhhg qrw frlqflgh48/ hlwkhu
lq wkh wkhruhwlfdo prgho ru lq wkh hvwlpdwhg v|vwhpv1 Pruhryhu/ wkhvh yduldwlrqv kdyh
h�hfwv zklfk duh gl�huhqw iurp wkrvh ri wkh vwuxfwxudo vkrfnv %v dqg %o1 Wklv fdvwv
vrph grxewv rq EGO*v uhvxowv/ zkhuh yduldwlrqv lq XE dqg OW duh wuhdwhg dv srvlwlyh
oderxu vxsso| ru qhjdwlyh surgxfwlylw| vkrfnv1

Wxuqlqj wr wkh ghwdlov ri rxu �qglqjv +vhh �jxuhv 61< wr 6145,/ lq prvw fdvhv wkh
hvwlpdwhg uhvsrqvhv wr fkdqjhv lq XE dqg OW fruurerudwhv rxu pdlq srlqw/ l1h1 wkdw
wkh prvw lpsruwdqw idfwru lv wkh �uhdo srzhu� ri wkh xqlrqv= zh kdyh douhdg| vhhq +vhh
vhfwlrq 614, wkdw OW lv d idfwru fdsdeoh ri dpsoli|lqj wkh h�hfwv rq x ri ghpdqg vkrfnv
dqg ri vwuhqjwkhqlqj wkh k|vwhuhvlv phfkdqlvp1 Khqfh/ d kljk ohyho ri OW dqg kljk
ghjuhh ri uhdo srzhu ri wkh xqlrqv mrlqwo| surgxfh shuyhuvh h�hfwv rq xqhpsor|phqw491

Krzhyhu/ oderxu wd{hv dsshdu wr eh uhohydqw lq h{sodlqlqj orqj0uxq xqhpsor|phqw
lq dq hyhq pruh gluhfw zd|1 Lq idfw/ lq wkuhh rxw ri wkh irxu frxqwulhv frqvlghuhg/ OW
vkrfnv kdyh phglxp0dqg orqj0uxq h�hfwv rq xqhpsor|phqw4:= lq XVD zh kdyh dq
lqfuhdvh ri xqhpsor|phqw dw doo krul}rqv +vhh �jxuh 6145,/ zkhuhdv lq Lwdo| zh kdyh
dq lqfuhdvh lq x lq wkh phglxp uxq +9 wr 45 txduwhuv/ vhh �jxuh 61<,1

Zh eholhyh wkdw wklv hylghqfh frxog eh wkh vljqdo ri srvlwlyh ydoxhv iru � +uhohydqw
lpsdfw ri �OW rq uhdo zdjhv,= lq idfw/ mxvw iru Lwdo| dqg XVD/ wkh srvwhulru glvwul0
exwlrq ri � +�jxuhv 6146 wr 6149, dvvljqv wkh prvw sduw ri wkh suredelolw| wr srvlwlyh
ydoxhv 4;1

Dv lv vxjjhvwhg e| wkh wkhruhwlfdo prgho/ uhdo zdjh uhpdlqv xqfkdqjhg lq doo
frxqwulhv edu XVD zkhuh lw ghfuhdvhv erwk lq wkh vkruw dqg orqj uxq +vhh �jxuh

48Hyhq li rxu uhvxowv frqfhuqlqj wkh uroh ri wkhvh yduldeohv duh qrw dozd|v yhu| fohdu0fxw ru hdv| wr
lqwhusuhw1

49Dovr Eodqfkdug dqg Zroihuv +5333, hpskdvlvh wkh uhohydqfh ri vlplodu lqwhudfwlrq phfkdqlvpv1
4: Lq XN/ wkhuh duh qr vljql�fdqw h�hfwv rq � dqg �R1
4;Wkh rssrvlwh rffxuv iru XN dqg Vzhghq1
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6145,1 Wkh XVD hylghqfh lq wklv uhjdug lv qrw frqvlvwhqw zlwk wkh wkhruhwlfdo prgho/
dffruglqj wr zklfk wkhuh vkrxog eh qr orqj0uxq h�hfwv ri OW rq +z�s, +vhh h{suhvvlrq
+5147,, dqg frxog eh gxh wr wkh lqdelolw| ri xqlrqv wr suhyhqw surgxfhuv iurp vkliwlqj
wkh wd{ exughq rqwr zrunhuv dqg frqvxphuv +l1h1 zh kdyh d uhgxfwlrq ri z dqg2ru dq
lqfuhdvh lq s,1 Wklv lv dqrwkhu h{dpsoh ri krz uhohydqw lv wkh lqwhudfwlrq ehwzhhq OW
dqg wkh uroh ri xqlrqv1

Lq Vzhghq/ jlyhq dq OW lqfuhdvh/ zh �qg d ghfuhdvh ri x lq erwk wkh vkruw dqg
orqj0uxq4</ zkloh +z� s, lqfuhdvhv exw rqo| xs wr wkh phglxp uxq +5 wr 48 txduwhuv/
vhh �jxuh 6143,1 Erwk uhvxowv duh kdug wr h{sodlq xqohvv rqh lv suhsduhg wr frqvlghu
OW dv qrw h{rjhqrxv +jlyhq srolwlfdo hfrqrp| frqvlghudwlrqv53,1

Wxuqlqj wr wkh h�hfwv ri shupdqhqw fkdqjhv ri XE/ zh �qg qr vljql�fdqw h�hfw rq
x lq dq| frxqwu| dqg dw dq| krul}rq/ edu d yhu| vpdoo qhjdwlyh h�hfw lq Vzhghq 541 Lw
lv gl!fxow wr �qg d vhqvleoh h{sodqdwlrq iru wkh luuhohydqfh ri XE rq xqhpsor|phqw1
Shukdsv wklv frxog eh dvfulehg wr d vwdwlvwlfdo sureohp/ olnh wkh orz wlph yduldelolw| ri
XE lq hdfk frxqwu|/ ru wkh lqwhudfwlrqv dprqj gl�huhqw zdjh sxvk idfwruv +wkh uroh
ri wkh xqlrqv/ XE dqg OW , lpsolhg e| rxu zdjh vhwwlqj htxdwlrq +517,1 Krzhyhu/ wkh
hylghqfh vxssruwv wkh lghd ri yhu| orz ydoxhv iru �> lq idfw/ orrnlqj dw wdeoh 615/ wkh
xsshu erxqg ri wkh ;3( srvwhulru frq�ghqfh lqwhuydo iru � lv 3=3348 iru XVD/ 3=3377
iru Lwdo|/ 3=337: iru XN dqg 3=3664 iru Vzhghq1

71 Frqfoxvlrqv

Lq wklv sdshu zh dqdo|vh wkh pdlq ghwhuplqdqwv ri xqhpsor|phqw shuvlvwhqfh lq irxu
RHFG frxqwulhv lq wkh 4<:804<<; shulrg1 Wr wklv hqg/ zh kdyh fulwlfdoo| uhylvlwhg
d prgho douhdg| xvhg lq wkh olwhudwxuh/ zklfk lv edvhg rq wkh k|srwkhvhv ri lpshu0
ihfw frpshwlwlrq erwk rq oderxu dqg jrrgv pdunhwv +L2R dssurdfk,1 Wkh lqqrydwlyh
hohphqwv ri rxu dqdo|vlv duh wkh iroorzlqj= +d, zh h{solflwo| lqvhuw oderxu pdunhw
uljlglw| yduldeohv/ vxfk dv xqhpsor|phqw ehqh�wv dqg oderxu wd{hv> +e, zh lqvhuw d
pruh vhqvleoh glvfrxudjhphqw phfkdqlvp lq wkh oderxu vxsso| ehkdylrxu> +f, zh xvh
d Ed|hvldq hvwlpdwlrq dssurdfk lq rughu wr rewdlq pruh h!flhqw hvwlpdwhv dqg wr eh
deoh wr exlog dq lqirupdwlyh sulru vxjjhvwhg e| wkh wkhruhwlfdo prgho iru wkh VYDU
sdudphwhuv1

Rxu hpslulfdo hylghqfh rq xqhpsor|phqw shuvlvwhqfh frq�upv vrph frpprq
ylhzv dqg lv sduwo| frqvlvwhqw zlwk wkh �qglqjv ri suhylrxv h{lvwlqj olwhudwxuh/ exw
lw dovr lqwurgxfhv qhz xvhixo hohphqwv lqwr wkh slfwxuh1 Iluvw ri doo/ wkh frpprq
ylhz +vhh iru h{dpsoh Gdyhul dqg Wdehoolql ^<`, wkdw wkh Dqjor0Vd{rq/ frqwlqhqwdo
dqg Qruwk0Hxurshdq oderxu pdunhwv gl�hu lq whupv ri wkhlu ghjuhhv ri uljlglw| lv rqo|
sduwo| frq�uphg1 Lq idfw/ zh irxqg wkh h�hfwv ri ghpdqg vkrfnv wr eh kljko| shu0
vlvwhqw lq Vzhghq/ Lwdo| dqg XN/ dqg ohvv orqj0odvwlqj lq XVD1 Krzhyhu/ lq sduwldo

4<Wkh srvwhulru suredelolw| ri d qhjdwlyh > lv durxqg f�bD�
53Wkh vdpsoh fruuhodwlrq frh!flhqw ehwzhhq � dqg uA lq Vzhghq iru wkh shulrg 4<:804<<8 lv

031;:9/ dqg wkh vdpsoh fruuhodwlrq ehwzhhq �R dqg uA lv 031641
54Wkhuh lv hylghqfh ri uhyhuvh fdxvdwlrq +L� dqg uA qrw ixoo| h{rjhqrxv, lq Vzhghq/ zkhuh wkh

lqwhudfwlrq dprqj zrunhuv/ surgxfhuv/ xqlrqv dqg jryhuqphqw lv gl�huhqw zlwk uhvshfw wr wkh rwkhu
frxqwulhv dqg lv fkdudfwhulvhg e| d kljk ghjuhh ri frruglqdwlrq1
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dffrugdqfh zlwk Eodqfkdug dqg Txdk ^9`/ EGO ^5` dqg JM ^46`/ wkh IHYG dqdo|vlv
vkrzv wkdw djjuhjdwh ghpdqg vkrfnv sod| d grplqdqw uroh lq h{sodlqlqj xqhpsor|0
phqw  xfwxdwlrqv qrw rqo| lq wkh vkruw uxq/ exw dovr lq wkh phglxp2orqj0uxq/ dqg
dovr lq  h{leoh oderxu pdunhwv olnh wkh XVD1

Dv iru wkh frxqwu| vshfl�f ihdwxuhv/ wkh| vhhp wr eh odujho| ghwhuplqhg e| gl�huhqw
ghjuhhv ri lqvlghu srzhu/ frq�uplqj xqlrqv dv d uhohydqw idfwru lq xhqflqj xqhpsor|0
phqw shuvlvwhqfh1 D ohvv lqwuxvlyh uroh ri Dphulfdq xqlrqv lv frq�uphg e| d nlqg ri
dx{loldu| hylghqfh= rqo| lq XVD gr �upv dsshdu wr eh deoh wr vkliw wkh exughq ri
kljkhu wd{hv rqwr zrunhuv dqg frqvxphuv dqg rqo| lq XVD grhv wkh h�hfwlyh zdjh
lqfuhdvh dv d frqvhtxhqfh ri d ulvh lq wkh uhvhuydwlrq zdjh1 Wklv lv wkh frqvhtxhqfh ri
wkh juhdw srzhu ri qrq0xqlrqlvhg zrunhuv dqg kljk mre wxuq0ryhu +orz dyhudjh ohqjwk
ri xqhpsor|phqw vshoov,1

Dv iru wkh h�hfwv ri XE dqg OW / zh �qg wkdw wkhvh yduldeohv gr qrw jhqhudwh lghq0
wlfdo uhvsrqvhv rq wkh revhuydeoh yduldeohv dqg wkdw wkh| gr qrw kdyh wkh vdph h�hfw
dv srvlwlyh oderxu vxsso| ru qhjdwlyh surgxfwlylw| vkrfnv1 Wklv fdvwv vrph grxewv
rq wkh ydolglw| ri EGO dssurdfk/ zkhuh XE dqg OW duh qrw h{solflwo| lqwurgxfhg lq
wkh prgho1 Lq sduwlfxodu/ OW dovr vhhpv wr eh deoh wr lq xhqfh phglxp2orqj0uxq
xqhpsor|phqw dw ohdvw lq XVD dqg Lwdo| +dqg lq Vzhghq/ dowkrxjk wkh vljq ri wkh
h�hfw lv frxqwhu0lqwxlwlyh, wkurxjk lwv lqwhudfwlrq zlwk wkh srzhu ri wkh xqlrqv> oderxu
wd{hv duh yhu| kljk lq Lwdo|/ d kljk xqhpsor|phqw frxqwu| dqg wkh| fdq eh uhdvrqdeo|
eodphg iru wkh shuvlvwhqfh ri kljk xqhpsor|phqw wkhuh1/

Zh dovr irxqg vrph lqwhuhvwlqj vlplodulwlhv dprqj frxqwulhv> lq sduwlfxodu/ uhdo
zdjhv srvlwlyho| uhdfw wr surgxfwlylw| vkliwv hyhu|zkhuh dqg dw doo krul}rqv1 Pruhryhu/
lq frqwudvw zlwk suhylrxv �qglqjv/ wkh uhdo zdjh uhvsrqvhv wr djjuhjdwh ghpdqg vkrfnv
lv qrzkhuh frxqwhuf|folfdo1 Lq dgglwlrq/ uhdo zdjh lv qrw vhqvlwlyh wr oderxu vxsso|
vkrfnv/ vr lwv hyroxwlrq lv qrw d uholdeoh vljqdo ri wkh oderxu pdunhw frqglwlrqv1

Dqrwkhu gl�huhqfh zlwk uhvshfw wr wkh suhylrxv olwhudwxuh +h1j1 EGO ^5` dqg JM
^46`, lv wkdw zh gr qrw �qg dq| hylghqfh ri vkruw0uxq srvlwlyh h�hfwv rq xqhpsor|phqw
dv d frqvhtxhqfh ri d surgxfwlylw| vkliw> wkhuhiruh/ wkh uroh ri whfkqrorjlfdo eldv dv d
uhohydqw h{sodqdwlrq iru vkruw0uxq xqhpsor|phqw pd| eh h{foxghg1

Dv iru srolf| lpsolfdwlrqv dqg ghyhorsphqwv/ zh gr qrw lqwhqg wr sursrvh dq|
pludfxorxv uhphg| iru wkh Hxurshdq xqhpsor|phqw shuvlvwhqfh sureohp/ eh|rqg
wkrvh frqwdlqhg lq wkh h{whqvlyh olwhudwxuh rq wklv wrslf/ dv lw zrxog eh d ixwloh rs0
hudwlrq1 Qhyhuwkhohvv/ rq wkh edvlv ri rxu hpslulfdo �qglqjv/ d vlpsoh dqg jhqhudo/
doehlw riwhq ljqruhg/ phwkrgrorjlfdo uxoh pd| eh vxjjhvwhg wr ghdo zlwk wkh sureohp
dw kdqg1 Wkh fuxfldo srlqwv duh wkh lqwhudfwlrqv ehwzhhq vkrfnv dqg lqvwlwxwlrqv/
douhdg| vwuhvvhg lq Eodqfkdug ^7` dqg Eodqfkdug dqg Zroihuv ^;`/ dqg/ ryhudoo/ wkh lq0
whudfwlrqv dprqj wkh gl�huhqw lqvwlwxwlrqv1 Wkh h�hfwv rq xqhpsor|phqw ri fkdqjlqj
d vlqjoh lqvwlwxwlrq ghshqg rq wkh vl}h dqg wkh ihdwxuhv ri doo wkh rwkhuv1 Dv d frqvh0
txhqfh/ qr sduwldo srolf| phdvxuh zklfk dfwv rq d vlqjoh dvshfw ri wkh txhvwlrq +iru
h{dpsoh/ ehqh�wv,/ pd| eh h�hfwlyh lq vroylqj wkh sureohp1 Rqo| d jhqhudo dssurdfk/
surgxflqj d wkrurxjk dqg ixoo uhirup ri oderxu pdunhwv/ jrrgv pdunhwv dqg zhoiduh
vwdwh lv erxqg wr jhw vdwlvidfwru| uhvxowv1

Dq|zd|/ wklv sdshu lv rqo| wkh �uvw dwwhpsw wr hpslulfdoo| dqdo|vh wkh k|vwhuhvlv
sureohp zlwk d jhqhudo htxloleulxp dssurdfk dqg zlwklq d wlph vhulhv iudphzrun1
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Ydulrxv ixwxuh olqhv ri uhvhdufk duh srvvleoh1 Rq wkh phwkrgrorjlfdo vlgh/ lpsruwdqw
lpsuryhphqwv pljkw ghulyh iurp wkh hvwlpdwlrq ri d srwhqwldoo| ryhu0lghqwl�hg vwuxf0
wxudo prgho edvhg rq wkh xvh ri Pdunry Fkdlq Prqwh Fduor +PFPF, whfkqltxhv1
Wklv zrxog doorz xv wr whvw wkh vwuxfwxuh djdlqvw wkh gdwd1 Pruhryhu/ d vwdwlvwlfdoo|
vrxqg frpsdulvrq dprqj gl�huhqw frxqwulhv frxog eh rewdlqhg rqo| e| dgrswlqj d
Sdqho0YDU iudphzrun1

81 Dsshqgl{

8141 Hvwlpdwlrq dqg vlpxodwlrq lvvxhv

814141 Wkh hvwlpdwhg prgho

Wkh prgho zh hvwlpdwh lv d YDU zlwk ghwhuplqlvwlf dqg h{rjhqrxv yduldeohv +YDU[,/
zklfk fdq eh frqvlghuhg dv wkh uhgxfhg irup ri rxu vwuxfwxudo prgho1 Zh duh lq d
vlwxdwlrq ri h{dfw lghqwl�fdwlrq +vhh Dplvdqr dqg Jldqqlql ^4`,1

Lq rughu wr ghvfuleh wkh hvwlpdwlrq dssurdfk zh iroorz/ yld vxlwdeoh gh�qlwlrq ri
wkh yhfwru | dqg wkh pdwul{ ] / zh zulwh wkh uhgxfhg irup YDU[ prgho dv=

| @ ]w . 0> 0 @ yhfH> 0 9 Q+3>K�4 
 LW , +814,

zkhuh H lv d +W � q, huuru whup pdwul{1

814151 Wkh sulru glvwulexwlrq

D frqyhqlhqw fkrlfh iru wkh sulru lv d Qrupdo0Zlvkduw glvwulexwlrq=

w 9 Q+�>K�
�4

w

,>K 9 Zl+�>V, +815,

Wklv sulru glvwulexwlrq kdv wkh dgydqwdjh ri gholyhulqj txlwh wudfwdeoh srvwhulru
glvwulexwlrqv iru wkh sdudphwhu ri wkh prgho dqg ri ehlqj vlpsoh hqrxjk wr dffrp0
prgdwh uhdvrqdeoh sulru eholhiv1 Zh vwduw iurp wkh YDUPD+[, uhsuhvhqwdwlrq ri wkh
wkhruhwlfdo prgho +51<,0+5144,=

|w @ D4|w�4 .D5|w�5 .E3{w .E4{w�4 .E5{w�5 .�30w.�40w�4 .�50w�5

Lw lv hdv| wr vkrz wkdw sodxvleoh ydoxhv iru wkh sdudphwhuv � dqg e hqvxuh wkdw wkh
YPD sduw lv ixqgdphqwdo dqg fdq eh lqyhuwhg wr |lhog=

D�+O,|w @ E�+O,{w . 0w +816,

D�+O, @ ^��+O,`�4
D+O, @ L6 �D�

4O�D�
5O

5>

E�+O, @ ^��+O,`�4E+O, @ E�
3 .E�

4O +817,

Qrwlfh wkdw doo wkh D�+O, dqg E�+O, kdyh �qlwh rughu dqg wklv ghvfhqgv iurp wkh
xqlprgxodulw| ri wkh YPD frpsrqhqw +vhh O wnhsrko ^4<`/ fk1 :,1 Lw lv dovr srvvleoh
wr vkrz wkdw lq rxu fdvh wkh wudqvirupdwlrq iurp wkh wkhruhwlfdo prgho sdudphwhuv
wr wkh VYDU prgho sdudphwhuv lv olqhdu1 Iru wklv uhdvrq/ frpsxwdwlrq ri wkh sulru
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glvwulexwlrq iru wkh VYDUprgho frxog eh fduulhg rxw dovr dqdo|wlfdoo|1 Wkh vlpxodwlrq
dssurdfk wkdw zh duh derxw wr ghvfuleh zrunv lq wklv vlpsoh iudphzrun dqg lw fdq
eh dssolhg dovr wr pruh frpsolfdwhg vhwwlqjv1 Lq rughu wr lqfrusrudwh wkhruhwlfdo
frqvlghudwlrqv lq wkh sulru vwuxfwxuh/ zh sduwldoo| iroorz Lqjudp dqg Zklwhpdq +^48`,=
ohw xv froohfw wkh �uvw rughu sdudphwhuv ri wkh wkhruhwlfdo prgho suhvhqwhg lq vhfwlrq
+5, lq wkh yhfwru 11 Zh kdyh vrph lghdv derxw wkh olnho| ydoxhv ri wkhvh sdudphwhuv
dqg zh fdq uhsuhvhqw wkhvh lghdv vwrfkdvwlfdoo|/ yld d wudfwdeoh sulru glvwulexwlrq=

1 9WQ+1>K�4
� , +818,

zkhuh WQ vwdqgv iru dssursuldwho| wuxqfdwhg qrupdo glvwulexwlrq1 Wkh fkrlfh ri d
wuxqfdwhg qrupdo glvwulexwlrq lv mxvwl�hg rqo| e| lwv frqyhqlhqfh/ exw lw lv srvvleoh wr
xvh rwkhu glvwulexwlrqv1 Zh fdq rewdlq duelwudulo| dv pdq| LLG gudzv iurp wkh sulru
glvwulexwlrqv +818, dv zh zdqw/ dqg pds wkhp rqwr gudzv iurp d sulru glvwulexwlrq
iru wkh �uvw0rughu sdudphwhuv w ri wkh YDU uhsuhvhqwdwlrq +816, ri wkh prgho=

w+l, @ w+1
+l,
,> 1+l, 9 WQ+1>K�4

� ,> l @ 4> 5> ===>P +819,

Jlyhq wkhvh gudzv/ rqh fdq frpsxwh wP dqg KwP / wkh �uvw dqg vhfrqg prphqwv
iurp wkhvh gudzv1 Zh fdq wkhq xvh wkhvh prphqwv dv prphqwv iru d qrupdo sulru
glvwulexwlrq ri w/ zklfk zh qdph WLVE +wkhru| lqvwljdwhg/ vlpxodwlrq0edvhg sulru,1

Wkh gh�qlwlrq ri sulru �uvw dqg vhfrqg prphqwv iru 1 uh hfwv erwk jhqhudo wkhr0
uhwlfdo frqvlghudwlrqv dqg frxqwu|0vshfl�f ihdwxuhv=

� ! 5 ^3>4,> zh vhw lwv sulru phdq +iru doo frxqwulhv, htxdo wr 31; zlwk d vwdqgdug
ghyldwlrq +VG, ri 3161

� � 5 ^3> 4`>zh vhw lwv sulru phdq wr 3=: iru XVD dqg Vzhghq +kljk rxwvlghu srzhu,/
wr 3=8 iru XN dqg wr 3=6 iru Lwdo|1 Lq doo fdvhv zh vhw VG @ 3=431

� � =zh wklqn lw vhqvleoh wkdw lwv ydoxh eh vpdoohu wkdq 4131 Zh vhw lwv sulru phdq
wr 3=63 dqg lwv VG @ 3=43 iru doo frxqwulhv1

� e = zh vhw lwv sulru phdq wr 3=43 iru doo frxqwulhv exw Lwdo|/ zkhuh zh vhw lw wr
3=48> wkh sulru VG lv vhw wr 3=38 hyhu|zkhuh1

� �> �> � = zh kdyh wkh sulru eholhi wkdw wkhvh frh!flhqwv duh vpdoo1 Iru wkh vdnh ri
vlpsolflw|/ zh vhw wkhlu sulru phdq iru doo frxqwulhv dw wkh ydoxh 3163 dqg wkhlu
VG wr 3=431

� d lv vhw wr 3=63 +lq doo frxqwulhv,/ zlwk vwdqgdug ghyldwlrq htxdo wr 3=431

Wkh sulru vhwwlqjv duh vxppdul}hg lq wdeoh 8141

814161 Srvwhulru vlpxodwlrq

Jlyhq wkh sulru/ wkh mrlqw srvwhulru glvwulexwlrq lv=

oq s+w>Km\>[, @ f. +W@5 .  � 4� q, oq mKm � 4

5
^+| � ]w,3+K
 LW ,+| � ]w,.

.+w� w�,
3
K� w

+w� w�, . wu+VK� ,` +81:,
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zklfk fdq eh hdvlo| vdpsohg e| phdqv ri d vlpsoh wzr0eorfn +rqh iru w dqg rqh iru K,
Jleev vdpsolqj dojrulwkp +^47`,/ jlyhq wkh xvxdo frqglwlrqdoo| frqmxjdwhg dqdo|vlv1
Lw lv srvvleoh wr vdpsoh vhtxhqwldoo| iurp wkhvh wzr frqglwlrqdo srvwhulru glvwulexwlrqv
dqg wr kdyh dq duelwudulo| odujh vdpsoh +P gudzv, ri Pdunry Fkdlq gudzv iurp wkh
mrlqw srvwhulru glvwulexwlrq ri doo sdudphwhuv ri wkh YDU[ prgho=

k+l, @

�
w+l,

yhfk+K+l,,

�
> l @ 4> 5> ===P= +81;,

Ilqdoo|/ lw lv hdv| wr rewdlq dojheudlfdoo| P gudzv iru zkdwhyhu ixqfwlrq �+l,ri k+l,

mxvw e| dsso|lqj wkh uhtxluhg pdsslqj iurp k+l, wr �+l,1 Wkh srvwhulru glvwulexwlrq
ri � +dqg ri dq| frqwlqxrxv ixqfwlrq ri wkhp, fdq wkhuhiruh eh hdvlo| vlpxodwhg551

8151 Prgho vshfl�fdwlrq

Iru doo frxqwulhv frqvlghuhg wkh prgho zh xvh lv d YDU vshfl�fdwlrq zlwk 6 odjv lq wkh
hqgrjhqrxv yduldeohv dqg wkh fxuuhqw ydoxh dqg �uvw 5 odjv rq wkh h{rjhqrxv yduldeohv1
Zh kdyh lqwurgxfhg d frqvwdqw whup dqg d yhu| vpdoo vhw ri lpsxovh gxpplhv wr
holplqdwh vrph rxwolhuv1 Wkh frpsohwh olvw ri gxpp| yduldeohv lv dv iroorzv=

Lwdo|= :9T4/ :9T5/ <5T7> Vzhghq= ;3T4/ <6T5> XN= :<T5> XVD= qr gxpplhv1

8161 Gdwd gh�qlwlrq dqg vrxufhv

Wkh vrxufh ri gdwd lv Gdwdvwuhdp/ h{fhsw iru XE dqg OW / iru zklfk wkh vrxufh lv
wkh RHFG gdwdvhw surylghg wr xv e| V1 Vfdushwwd1 Doo vhulhv kdyh ehhq vhdvrqdoo|
dgmxvwhg dqg rxwsxw dqg zdjhv duh h{suhvvhg lq uhdo whupv1 Lq wkh hvwlpdwlrq zh
xvhg wkhlu orjdulwkplf wudqvirupdwlrq +vdyh iru XE dqg OW> zklfk duh shufhqwdjh
phdvxuhv,1

Vhulhv gh�qlwlrqv=

� Rxwsxw = Jurvv Grphvwlf Surgxfw1

� Uhdo zdjh= udwlr ehwzhhq krxuo| zdjh udwh iru wkh zkroh hfrqrp| dqg JGS
gh dwru1 Xqhpsor|phqw = vwdqgduglvhg xqhpsor|phqw udwh +zkroh hfrqrp|,1

� Xqhpsor|phqw Ehqh�wv = dyhudjhv ri uhsodfhphqw udwlrv iru wzr hduqlqj ohyhov/
wkuhh idplo| vlwxdwlrqv dqg wkuhh gxudwlrqv ri xqhpsor|phqw +^57`,1 Txduwho|
gdwd duh rewdlqhg e| lqwhusrodwlrq ri wkh dqqxdo vhulhv1

� Oderxu wd{hv= rewdlqhg dv wkh udwlr ehwzhhq wkh vxp ri lqfrph wd{hv/ lqgluhfw
wd{hv dqg Vrfldo Vhfxulw| Frqwulexwlrqv +VVF erwk rq zrunhuv dqg �upv, dqg
wkh vxp ri dyhudjh jurvv zdjh dqg VVF rq �upv +^57`,1 Txduwho| gdwd duh
rewdlqhg e| lqwhusrodwlrq ri wkh dqqxdo vhulhv1

55Zh kdyh frghg doo wkh qhfhvvdu| frpsxwdwlrqv lq Iruwudq1 Wkh urxwlqhv duh dydlodeoh rq uhtxhvw1
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Uhihuhqfhv

^4` Dplvdqr/ J1 dqg F1 Jldqqlql +4<<:,/ Wrslfv lq VYDU Hfrqrphwulfv/ Vsulqjhu
Yhuodj/ Ehuolq1

^5` Edopdvhgd/ P1/ M1 Grodgr dqg G1 Orsh} Vdolgr +5333,/ �Wkh g|qdplf h�hfwv ri
vkrfnv wr oderxu pdunhwv= hylghqfh iurp RHFG frxqwulhv�/ R{irug Hfrqrplf
Sdshuv/ 85/ 60561

^6` Ehqwrolod/ V dqg J1 Ehuwrod +4<<3,/ �Ilulqj frvwv dqg oderxu ghpdqg= krz edg
lv HxurvfohurvlvB�/ Uhylhz ri Hfrqrplf Vwxglhv/ 8:/ 6;407351

^7` Eodqfkdug/ R1 +4<<;d,/ �Uhylvlwlqj Hxurshdq xqhpsor|phqw1 Xqhpsor|phqw/
fdslwdo dffxpxodwlrq dqg idfwru sulfhv�/ sdshu zulwwhq iru wkh Frqihuhqfh lq
krqru ri Plfkdho Euxqr/ Mhuxvdohp/ Qryhpehu 4<<:1

^8` Eodqfkdug/ R1 +4<<;e,/ �Wklqnlqj derxw xqhpsor|phqw�/ sdshu zulwwhq iru wkh
Ed! ohfwxuh/ Urph/ Rfwrehu 4<<;1

^9` Eodqfkdug/ R1 dqg Txdk/ G1 +4<;<,/ �Wkh g|qdplf h�hfwv ri djjuhjdwh ghpdqg
dqg djjuhjdwh vxsso| glvwxuedqfhv�/ Dphulfdq Hfrqrplf Uhylhz/ :</ 98809:6

^:` Eodqfkdug/ R1 dqg O1 Vxpphuv +4<;9,/ �K|vwhuhvlv dqg wkh Hxurshdq xqhpsor|0
phqw sureohp�/ lq Vwdqoh| Ilvkhu hg1/ QEHU Pdfurhfrqrplfv Dqqxdo1

^;` Eodqfkdug/ R1 dqg M1Zroihuv +4<<<,/ �Wkh uroh ri vkrfnv dqg lqvwlwxwlrqv lq
wkh ulvh ri Hxurshdq xqhpsor|phqw= wkh djjuhjdwh hylghqfh�/ QEHU Zrunlqj
Sdshuv/ q1 Z:5;5

^<` Gdyhul I1/ Wdehoolql J1 +5333,/ Xqhpsor|phqw/ jurzwk dq wd{dwlrq lq lqgxvwuldo
frxqwulhv�/ Hfrqrplf Srolf|= d Hxurshdq Iruxp/ Dsulo 5333/ 3+63,/ 7:0;;1

^43` Grdq/ W1/ U1 Olwwhupdq/ F1 Vlpv +4<;7,= Iruhfdvwlqj dqg frqglwlrqdo surmhfwlrqv
xvlqj uhdolvwlf sulru glvwulexwlrqv/ Hfrqrphwulf Uhylhzv/ 6/ 404331

^44` Idxvw/ M dqg Ohhshu/ H1P1 +4<<:,/ �Zkhq gr orqj0uxq lghqwli|lqj uhvwulfwlrqv
jlyh uholdeoh uhvxowvB/ Mrxuqdo ri Exvlqhvv ) Hfrqrplf Vwdwlvwlfv/ 48/ 6/ 67806861

^45` Jdol/ M1 +4<<<,= �Whfkqrorj|/ hpsor|phqw dqg wkh exvlqhvv f|foh= gr whfkqrorj|
vkrfnv h{sodlq djjuhjdwh  xfwxdwlrqvB�/ Dphulfdq Hfrqrplf Uhylhz/ ;</ 57<0:41

^46` Jdpehu/ H1 dqg Mrxw}/ I1 +4<<6,/ �Wkh g|qdplf h�hfwv ri djjuhjdwh ghpdqg
dqg vxsso| glvwxuedqfhv= Frpphqw�/ Dphulfdq Hfrqrplf Uhylhz/ Sdshuv dqg
Surfhhglqjv/ ;6/ 46;:0<61

^47` Jhzhnh/ M1/ +4<<<,=�Xvlqj vlpxodwlrq phwkrgv iru Ed|hvldq hfrqrphwulf prg0
hoolqj= lqihuhqfh/ ghyhorsphqw dqg frppxqlfdwlrq�/ Hfrqrphwulf Uhylhzv/ 4;/
40:71
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^48` Lqjudp/ E1I1 dqg F1K1 Zlwkhpdq +4<<7,= �Vxssodqwlqj wkh cPlqqhvrwd* sulru =
iruhfdvwlqj pdfurhfrqrplf wlph vhulhv xvlqj uhdo exvlqhvv f|foh prgho sulruv�/
Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 67/ 7<:08431

^49` Od|dug U/ Qlfnhoo V/ Mdfnpdq U/ +4<<4, �Xqhpsor|phqw 0 Pdfurhfrqrplf shu0
irupdqfh dqg wkh oderxu pdunhw�/ R{irug/ R{irug Xqlyhuvlw| Suhvv1

^4:` Olqgehfn/ D1 dqg G1 Vqrzhu +4<;;,/ �Wkh Lqvlghu2Rxwvlghu wkhru| ri hpsor|phqw
dqg xqhpsor|phqw�/ PLW Suhvv/ Fdpeulgjh Pdvv1

^4;` Omxqjtylvw/ O1 dqg W1M1 Vdujhqw +4<<;,/ �Wkh Hxurshdq xqhpsor|phqw glohp0
pd�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 439/ 84708841

^4<` O wnhsrko/ K1 +4<<6,/ �Lqwurgxfwlrq wr Pxowlsoh Wlph Vhulhv Dqdo|vlv�/ Vsulqjhu
0 Yhuodj Ehuolq1

^53` Phqgr}d/ H1J1/ D1 Ud}lq/ O1O1 Whvdu +4<<7,= �H�hfwlyh wd{ udwhv lq pdfurhfr0
qrplfv�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 67/ 5<:06561

^54` Qlfnhoo V1 +4<<:,/ �Xqhpsor|phqw dqg oderu pdunhw uljlglwlhv= Hxursh yhuvxv
Qruwk Dphulfd�/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 44 +6,/ 880:71

^55` Urphu/ G1 +4<<9,/ Dgydqfhg pdfurhfrqrplfv/ PfJudz0Kloo/ Qhz \run1

^56` Vlhehuw/ K1 +4<<:,= �Oderu pdunhw uljlglwlhv= dw wkh urrwv ri xqhpsor|phqw lq
Hxursh�/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 44+6,/ 6:0871

^57` Vfdushwwd/ V1 +4<<9,/ �Dvvhvvlqj wkh uroh ri oderxu pdunhw srolflhv dqg lqvwl0
wxwlrqdo vhwwlqjv rq xqhpsor|phqw= d furvv0frxqwu| vwxg|�/ RHFG Hfrqrplf
Vwxglhv/ 59/ 760<;1
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Table 3.1: Sample correlations between output gap and changes of salaries
(sample period: 1975:2-1998:4)
Italy Swed. UK USA
0.0075 0.1798 0.0180 0.1973

Table 3.2: structural parameters; posterior median and lower and upper confid. bounds (80%)
ITALY SWEDEN
parameter lower median upper parameter lower median upper
λ 0.3776 0.6497 0.9237 λ 0.5269 0.7594 0.9666
α -0.7552 -0.2779 0.1566 α -0.9347 -0.8073 -0.6786
κ -0.0041 0.0004 0.0049 κ -0.0105 0.0130 0.0368
µ -0.0055 0.0014 0.0082 µ -0.0208 -0.0123 -0.0037
φ -0.1372 0.2711 0.7764 φ 0.6969 0.9172 1.1348
γ -0.0074 -0.0024 0.0025 γ -0.0367 -0.0150 0.0068
a 0.5941 0.9719 1.3222 a -0.5673 -0.0747 0.3828
UK USA
parameter lower median upper parameter lower median upper
λ 0.0970 0.1887 0.3017 λ 0.2097 0.5074 0.8868
α -0.3430 0.0645 0.4683 α -0.8292 -0.3000 0.2780
κ -0.0184 -0.0061 0.0060 κ -0.0155 -0.0078 0.0001
µ -0.0217 -0.0078 0.0058 µ -0.0049 0.0048 0.0145
φ -0.7517 0.0892 0.9085 φ 0.2595 0.9201 1.6430
γ 0.0012 0.0126 0.0241 γ 0.0029 0.0094 0.0158
a 0.2027 0.9212 1.6534 a -1.7539 0.0840 1.9044

Table 5.1: Prior mean settings (standard deviations in brackets)
φ λ α b κ,µ,γ,a

Italy 0.8(0.3) 0.3(0.1) 0.3(0.1) 0.15(0.05) 0.3(0.1)

Swed. 0.8(0.3) 0.7(0.1) 0.3(0.1) 0.10(0.05) 0.3(0.1)

UK 0.8(0.3) 0.5(0.1) 0.3(0.1) 0.10(0.05) 0.3(0.1)

USA 0.8(0.3) 0.7(0.1) 0.3(0.1) 0.10(0.05) 0.3(0.1)
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