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Devwudfw

Wkh sxusrvh ri wklv lqwurgxfwlrq wr wkh wkuhh glvvhuwdwlrq

fkdswhuv derxw Vzlvv prqhwdu| srolf| lv wzrirog1 Iluvw/ lw vxpv

xs wkh pdlq ihdwxuhv ri wkh Vzlvv Qdwlrqdo Edqn*v prqhwdu|

srolf| dqg vnhwfkhv wkh lvvxhv wuhdwhg lq wkh glvvhuwdwlrq1 Vhf0

rqg/ wklv lqwurgxfwlrq exlogv d frqwh{w iru wkh wkuhh sduwv dqg

vkrzv krz wkh| duh uhodwhg1

� �������

Prqhwdu| hfrqrplfv kdv ehhq jrlqj wkurxjk d wuhphqgrxv hyrox0

wlrqdu| surfhvv vlqfh wkh froodsvh ri wkh Euhwwrq Zrrgv v|vwhp1 Lw

kdv hyroyhg gxulqj wkh udwlrqdo h{shfwdwlrqv dqg uhdo0exvlqhvv0f|foh

+UEF, uhyroxwlrqv dqg duulyhg dw lwv fxuuhqw uheluwk/ wkh qhz qhr0

fodvvlfdo v|qwkhvlv +h1j1 Jrrgiulhqg dqg Nlqj +4<<:,,1 Wkh lpsdfw

ri wkhvh uhyroxwlrqv rq wkh srolf|pdnlqj kdv ehhq dffruglqjo| vlj0

ql�fdqw +PfFdooxp/ 4<<<e,1 Lw kdv uherxqghg/ diwhu dq xqvwdeoh

ghfdgh iroorzlqj wkh euhdngrzq ri wkh �{hg h{fkdqjh udwh v|vwhp/

lqwr dq duhd ri orz lq dwlrq/ wkdw hpskdvl}hv wkh frqfhswv ri fhqwudo

edqn vwudwhj|/ lqghshqghqfh/ wudqvsduhqf|/ dqg dffrxqwdelolw|1 D

pdvvlyh lqwhuhvw lq wkh frqgxfw ri prqhwdu| srolf| kdv ehhq vlpxowd0

qhrxvo| ghyhorslqj/ irfxvlqj lq sduwlfxodu rq prqhwdu| srolf| uxohv

dqg lqglfdwruv1

4
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Ehfdxvh lw kdv glvsod|hg d kljk ghjuhh ri frqwlqxlw|/ wkh Vzlvv

Qdwlrqdo Edqn +VQE, lv vrphwlphv frqvlghuhg dv dq h{fhswlrq lq

wklv hyroxwlrq1 Sduwlfxoduo| vlqfh 4<;3/ Vzlw}huodqg kdv dfklhyhg d

uhpdundeoh uhfrug ri sulfh vwdelolw|1 Edvhg rq d  h{leoh dqg sudj0

pdwlf prqhwdu| wdujhwlqj vwudwhj|/ wkh VQE kdv ehhq deoh wr uhvwudlq

lq dwlrq lq wkh orqj0whup zkloh frqvlghulqj rwkhu vkruw0whup pdfurh0

frqrplf jrdov1 Wkh Vzlvv prqhwdu| dxwkrulw| kdv vxffhvvixoo| frshg

zlwk ryhuvkrrwlqjv ri lwv prqhwdu| wdujhw dv zhoo1 Krzhyhu/ wklv kljk

fuhglelolw| kdv qrw suhyhqwhg vxgghq dqg whpsrudu| lqfuhdvhv lq lq0

 dwlrq1

Pdq| rxwvlghuv kdyh khog xs wklv srvlwlyh uhfrug dv dq looxvwudwlrq

ri wkh ehqh�wv ri prqhwdu| wdujhwlqj uhjlphv1 Rwkhu kdyh qrwlfhg

lwv uxoh0olnh fkdudfwhulvwlfv zlwk lwv dgydqwdjhv ryhu sxuh glvfuhwlrq1

Krzhyhu/ wkhvh srvlwlyh fodlpv kdyh ehhq fdoohg vrphzkdw lqwr txhv0

wlrq lq uhfhqw |hduv gxh wr lqvwdelolwlhv lq wkh wdujhwhg djjuhjdwhv

dqg lqqrydwlrqv rq wkh prqh| dqg �qdqfldo pdunhwv1 Lq vkruw/ dv

Odxedfk dqg Srvhq +4<<:, vxppdul}hg/ wkh jrrg Vzlvv lq dwlrq shu0

irupdqfh lv wkh uhvxow ri d ghfoduhg exw qrw vwulfwo| iroorzhg prqhwdu|

wdujhwlqj vwudwhj|1

Wkh xvh ri prqhwdu| djjuhjdwhv kdv ehhq fkdoohqjhg erwk dv sro0

lf| lqvwuxphqw dqg lqglfdwru ri prqhwdu| srolf|1 Wklv udlvhv lq0

whuhvwlqj txhvwlrqv wkdw zh glvfxvv lq wkh �uvw wzr fkdswhuv ri wklv

glvvhuwdwlrq1 Wkh �uvw wrslf frqvlvwv lq glvfryhulqj zkhwkhu Vzlvv

prqhwdu| srolf| fdq eh fdswxuhg e| vlpsoh iruzdug0orrnlqj uxohv

ghslfwlqj srolf| lqvwuxphqwv rwkhu wkdq prqhwdu| djjuhjdwhv1 Wkh

vhfrqg vxemhfw ri uhvhdufk dqdo|}hv prqhwdu| djjuhjdwhv dv lqgl0

fdwruv ri prqhwdu| srolf| dqg dssolhv prghuq phwkrgv/ edvhg rq

qrquhfxuvlyh vwuxfwxudo yhfwru dxwruhjuhvvlrqv +VYDU,/ wr frqvwuxfw

dowhuqdwlyh phdvxuhv ri prqhwdu| srolf|1 Wkhvh lvvxhv duh reylrxvo|

uhodwhg ehfdxvh wkh| erwk irfxv rq wkh uroh ri prqhwdu| djjuhjdwhv1

Lq dgglwlrq/ wkh| erwk kljkoljkw wkh gxdo ixqfwlrq ri dq| prqhwdu|

srolf| yduldeoh dv lqvwuxphqw dqg lqglfdwru1 Ilqdoo|/ wkh wklug fkds0

whu frqfhuqv jurvv grphvwlf surgxfw +JGS, lqwhusrodwlrqv dqg khosv

wkh hpslulfdo dssurdfk lq wkh prqhwdu| fkdswhuv1

Wklv lqwurgxfwlrq frqwlqxhv zlwk d vkruw ryhuylhz ri wkh prq0

hwdu| srolf| iudphzrun lq Vzlw}huodqg dqg wkh sodfh ri prqhwdu|

djjuhjdwhv zlwklq wklv iudphzrun1 Vhfwlrq 6 uhylhzv wkh Vzlvv dqg

lqwhuqdwlrqdo hpslulfdo olwhudwxuh uhodwhg wr wkh hvwlpdwlrq ri uxohv

dqg VYDU1 Ilqdoo|/ d v|qrsvlv ri wkh wkhvlv forvhv wklv lqwurgxfwlrq1
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Pdq| dxwkruv kdyh ghvfulehg Vzlvv prqhwdu| srolf|/ vr zh rqo|

eulh | uhylhz lwv pdlq ihdwxuhv41 Vlqfh wkh oliwlqj ri h{fkdqjh udwh

frqvwudlqwv/ wkh VQE kdv rulhqwhg lwv srolf| wr prqh| vxsso| wdujhwv

zlwk wkh jrdov wr hvwdeolvk d qrplqdo dqfkru dqg wr wlh grzq wkh

sxeolf*v lq dwlrq h{shfwdwlrqv51 Khqfh/ lq wkh vhyhqwlhv/ wkh VQE

sxeolfo| dqqrxqfhg wdujhwv iru wkh dyhudjh jurzwk udwh lq wkh prqh|

vwrfnP41 Lw dowhuhg lwv wdujhw yduldeoh lq wkh ehjlqqlqj ri wkh hljkw0

lhv e| vxevwlwxwlqj wkh prqhwdu| edvh iru P41 Dw wkh hqg ri wkh

hljkwlhv/ lw prgl�hg rqfh djdlq lwv wdujhwlqj surfhgxuh e| uhsodf0

lqj wkh dqqxdo jurzwk wdujhw e| d phglxp0whup remhfwlyh iru wkh

prqhwdu| edvh1 Lq wkh hqg ri wkh qlqhwlhv/ wkh VQE kdv dgghg d

eurdghu gh�qhg djjuhjdwh/ qdpho| P6/ dv dq dgglwlrqdo lqglfdwru wr

wkh jurzwk sdwk iru P31

Lq Vzlw}huodqg/ prqhwdu| djjuhjdwhv ixo�oo wzr lpsruwdqw uhodwhg

ixqfwlrqv1 Wkh| fuhdwh dq lqwhuphgldwh wdujhw iru wkh suhflvh frq0

gxfw ri prqhwdu| srolf| dqg dovr frppxqlfdwh dq lqirupdwlyh dqg

wudqvsduhqw jxlgholqh wr wkh sxeolf1 Zlwk wkh khos ri wklv iudphzrun/

wkh VQE kdv pdqdjhg wr orzhu lq dwlrq wr vxvwdlqdeoh ohyhov1 Wklv

jrrg shuirupdqfh uhfrug/ ghvslwh whpsrudu| lqfuhdvhv lq lq dwlrq/

kdv ohg wkh VQE wr sxuvxh d vlpsoh dqg sudjpdwlf vwudwhj|1 Wkh

VQE/ ghprqvwudwlqj vwurqj frpplwphqw wr wkh frppxqlfdwlrq ri lwv

vwudwhj| wr wkh sxeolf/ kdv dozd|v h{sodlqhg wkdw lwv prqhwdu| wdu0

jhwlqj/ idu iurp ehlqj dq lurq0fodg srolf| uxoh/ lv lq sudfwlfh  h{leoh1

Wklv sudjpdwlvp lv wkh Vzlvv uhvsrqvh wr frqvwdqwo| hyroylqj prq0

hwdu| frqglwlrqv1 Wklv  h{lelolw| kdv ohg wkh VQE wr iroorz vlpsoh

uxohv zlwk frpsolfdwhg h{sodqdwlrqv ri rxwfrphv udwkhu wkdq pdnlqj

wkh uxohv pruh frpsolfdwhg1 Wklv kdv ri frxuvh frph dw d frvw= wkh

hydoxdwlrq ri wdujhwv lv ohvv wudqvsduhqw +Odxedfk dqg Srvhq/ 4<<:,1

Prqhwdu| djjuhjdwhv duh uholdeoh lqwhuphgldwh wdujhwv dqg lqgl0

fdwruv/ surylghg wkdw wkh| duh hdvlo| pdqdjhdeoh dqg wkdw wkh olqn

4Vhh wkh iroorzlqj vwxglhv iru srvw0Euhwwrq Zrrgv ghvfulswlrqv ri prqhwdu|
srolf| lq Vzlw}huodqg= Ehuqdqnh/ Odxedfk/ Plvknlq dqg Srvhq +4<<<,/ Gxhnhu
dqg Ilvfkhu +4<<7/ 4<<9/ 4<<;,/ Odpehohw +4<<6,/ Odxedfk dqg Srvhq +4<<:,/
Sh|wuljqhw +4<<6,/ Sh|wuljqhw dqg Ilvfkhu +4<<4,/ Ulfk +4<;:/ 4<;</ 4<<:,/ Yrq
Ixuvwhqehuj dqg Xodq +4<<;,/ dqg Zdvvhuidoohq dqg Nÿuvwhlqhu +4<<7,1

5Vhh Duj|/ Euhqqdq dqg Vwhyhqv +4<<3, iru d vxuyh| derxw lqwhuqdwlrqdo h{0
shulhqfhv zlwk prqhwdu| wdujhwlqj1
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ehwzhhq wkhvh djjuhjdwhv dqg wkh xowlpdwh fhqwudo edqn*v remhfwlyh

0 sulfh vwdelolw| 0 lv vwdeoh ryhu wlph1 Dw wkh hqg ri wkh hljkwlhv

dqg gxulqj wkh qlqhwlhv/ wkhvh wzr frqglwlrqv kdyh ehhq khdylo| fkdo0

ohqjhg1 Wkh sudjpdwlf VQE kdv fhuwdlqo| dgdswhg lwv srolf| dqg �qh

wxqhg lwv ukhwrulf/ exw vrphkrz qrw dv wudqvsduhqwo| dv wkh sxeolf 0

dqg uhvhdufkhuv 0 h{shfwhg1 Wkh lqglfdwru kdv ehhq ryhuvkrrwlqjv ri

wkh wdujhw lq uhfhqw |hduv/ dv zhoo dv fkdqjhv lq wkh wdujhwhg prqh0

wdu| djjuhjdwhv diwhu odujh yhorflw| vkrfnv wkdw lqgxfhg whpsrudu|

lqfuhdvhv lq lq dwlrq1 Krzhyhu/ ryhuvkrrwlqjv zhuh vxusulvlqjo| pdq0

djhg zlwkrxw d shuvlvwhqw ulvh lq lq dwlrq h{shfwdwlrqv1 Wklv uhyhdov

jhqxlqh dgdswdwlrq qhhgv wkdw ghi| wkh wudglwlrqdo xvh ri prqhwdu|

djjuhjdwhv1 Dw wkh hqg ri 4<<</ wkh VQE kdv wkxv r!fldoo| dgmxvwhg

lwv prqhwdu| srolf| frqfhsw1 Prqhwdu| srolf| ghflvlrqv/ lq ixwxuh/

duh edvhg pdlqo| rq dq lq dwlrq iruhfdvw wkdw wdnhv doo uhohydqw lqgl0

fdwruv lqwr dffrxqw1 Prqh| vwrfn P6 frqwlqxhv qhyhuwkhohvv wr sod|

dq lpsruwdqw uroh dv d prqhwdu| lqglfdwru1 Lq lpsohphqwlqj prq0

hwdu| srolf|/ wkh VQE khqfhiruwk wdujhwv wkh lqwhuhvw udwh ohyho rq

wkh prqh| pdunhw udwkhu wkdq wkh dprxqw ri oltxlglw|1 Dffruglqjo|/

vrph dxwkruv vshdn ri dq k|eulg vwudwhj|/ olqnlqj lq dwlrq wdujhw0

lqj zlwk prqhwdu| lqwhuphgldwh wdujhwv/ wkdw fkdudfwhul}hv qrz wkh

VQE*v vwudwhj| +Ehuqdqnh/ Odxedfk/ Plvknlq dqg Srvhq/ 4<<<,1 Wklv

qhz hqylurqphqw dw wkh hqg ri wkh fhqwxu| odxqfkhv wzr lqwhuhvwlqj

lvvxhv derxw VQE prqhwdu| srolf|1

	�	 ��� 

�� ������

Wkhvh vorz exw lqglvsxwdeoh pxwdwlrqv lq VQE hqylurqphqw rshq

wzr glvfxvvlrqv zklfk duh wkh fruh ri wklv glvvhuwdwlrq1 Erwk lvvxhv

txhvwlrq wkh uroh ri prqhwdu| djjuhjdwhv lq wkh VQE*v prqhwdu| dqg

frppxqlfdwlrq srolflhv1

0 Lv lw srvvleoh wr ghvfuleh wkh v|vwhpdwlf ehkdylru ri wkh VQE

e| d srolf| uxoh ghvfulelqj qrw rqo| dq djjuhjdwh/ exw dovr

dowhuqdwlyh prqhwdu| srolf| lqvwuxphqwv dv lqwhuhvw udwhvB Zh

wkxv dqdo|}h krz wkh VQE uhdfwv dqg zklfk srolf| lqvwuxphqwv

dfwxdoo| ihhg edfn lq uhvsrqvh wr hfrqrplf hyhqwv1

0 Lv lw srvvleoh wr frqvwuxfw d qhz srolf| lqglfdwru iru Vzlvv prq0

hwdu| srolf|/ lqfoxglqj v|vwhpdwlf dqg qrq0v|vwhpdwlf srolf|B

Zh wkxv vtxhh}h lqwr d vlqjoh lqglfdwru wkh ryhuylhz ri fkdqj0

lqj prqhwdu| frqglwlrqv lq Vzlw}huodqg1
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Wkhuh grhv qrw h{lvw pxfk txdqwlwdwlyh hylghqfh iru Vzlw}huodqg

rq wkhvh txhvwlrqv1 Pruhryhu/ wkh ihz h{lvwlqj hpslulfdo zrunv sur0

ylgh frq lfwlqj uhvxowv1 Khqfhiruwk/ zh eulh | uhylhz erwk qdwlrqdo

dqg lqwhuqdwlrqdo uhodwhg olwhudwxuh uhihuhqfhv wr exlog d frqwh{w iru

wkh glvvhuwdwlrq fkdswhuv1

� �����
���� � �� ���

Wkhuh h{lvwv d vlpsoh zd| wr txdqwlwdwlyho| uhsuhvhqw wkh pxowlsoh lq0

whudfwlrqv ehwzhhq dq hfrqrp| dqg d fhqwudo edqn61 Dq| prqhwdu|

srolf| yduldeoh y fdq eh zulwwhq dv d xqlyduldwh7 htxdwlrq vhsdudwlqj

wkh hqgrjhqrxv uhdfwlrqv ri wkh fhqwudo edqn iurp lwv h{rjhqrxv eh0

kdylru= y @ i+
�,.%+
��,1 Rqh fdq glvdjjuhjdwh wkh srolf| yduldeoh

y +l1h1 jurzwk udwh ri prqh| vwrfn ru vkruw0whup lqwhuhvw udwh, lqwr

d v|vwhpdwlf sruwlrq i+
�,/ edvhg rq wkh lqirupdwlrq vhw 
� ri wkh

fhqwudo edqn/ dqg dq h{rjhqrxv uhvlgxdo sruwlrq % ixqfwlrq ri 
��1

Rq rqh kdqg/ wkh fhqwudo edqn lv h{shfwhg/ iru h{dpsoh/ wr v|vwhp0

dwlfdoo| uhvsrqg wr lq dwlrq/ jurzwk/ xqhpsor|phqw/ ru h{fkdqjh

udwh pryhphqwv1 Wklv lv wkh srolf| uxoh ru uhdfwlrq ixqfwlrq ri wkh

fhqwudo edqn1 Rq wkh rwkhu kdqg/ wkh fhqwudo edqn kdv wkh srzhu

wr qrq0v|vwhpdwlfdoo| lpsohphqw prqhwdu| srolf| wkdw hperglhv wkh

vr0fdoohg prqhwdu| srolf| vkrfnv1 Edvhg rq vxfk d uhsuhvhqwdwlrq/

hfrqrphwulfv doorzv iru wkh pxowlsoh xvh ri gdwd lq rughu wr whvw k|0

srwkhvhv dqg wr txdqwli| gl�huhqw dvshfwv ri prqhwdu| srolf|1 Wklv

uhsuhvhqwdwlrq lv xvhg wkurxjkrxw wkh glvvhuwdwlrq1

Zlwk hpslulfdo prqhwdu| hfrqrplfv/ zh wrxfk d �hog zklfk kdv

lqwhuqdwlrqdoo| surgxfhg d odujh qxpehu ri sxeolfdwlrqv1 Dv d frq0

vhtxhqfh/ d frpsuhkhqvlyh olwhudwxuh uhylhz lv eh|rqg wkh vfrsh ri

wklv glvvhuwdwlrq1 Krzhyhu/ d eulhi ryhuylhz ri uhohydqw sxeolfdwlrqv

derxw uxoh hvwlpdwlrq dqg lqglfdwru frqvwuxfwlrq lv suhvhqwhg khuh0

diwhu1

��� !����
���� �" �����
�� #����

Ihhgedfn uxohv irfxv rq wkh v|vwhpdwlf lqwhudfwlrqv ehwzhhq wkh prq0

hwdu| srolf| lqvwuxphqw y dqg wkh uhdfwlrq ixqfwlrq i+
�,1 Zh vsolw

6Zh rqo| vnhwfk wkh lqwxlwlrq zlwkrxw irfxvlqj rq wkh ihdwxuhv dqg sureohpv
olqnhg wr vxfk d uhsuhvhqwdwlrq1

7Vhyhudo prqhwdu| srolf| yduldeohv fdq eh uhsuhvhqwhg lq d pxowlyduldwh vhwxs
hqdeolqj d vlplodu vhsdudwlrq ehwzhhq hqgrjhqrxv dqg h{rjhqrxv ehkdylruv1
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wkh uhodwhg olwhudwxuh lqwr d qrupdwlyh dqg d ghvfulswlyh vlgh1

Wkh qrupdwlyh olwhudwxuh hqjxoiv doo dwwhpswv wr �qg wkh ehvw

v|vwhpdwlf uhdfwlrqv d fhqwudo edqn fdq glvsod| zlwk uhvshfw wr hfr0

qrplf hyhqwv1 Zh vshdn ri srolf| ghvljq1 Wkh lvvxh ri ghvljqlqj wkh

ehvw uxoh frqvlvwv lq rswlpl}lqj wkh fhqwudo edqn*v ehkdylru jlyhq dq

dvvxphg prgho ri wkh hfrqrp|1 Idflqj wklv rswlpl}hg prgho/ wkh

fhqwudo edqn plqlpl}hv d orvv ixqfwlrq lqfoxglqj wudglwlrqdo jrdov dv

lq dwlrq dqg jurzwk1 Wkhq/ lw exlogv wrjhwkhu wkh rswlpdo wdujhw0

lqj uxoh e| lqfrusrudwlqj wkh �uvw0rughu frqglwlrqv lqwr wkh dvvxphg

prgho ri wkh hfrqrp|1 Wklv rswlpdo frqwuro h{huflvh wkxv uhyhdov krz

wkh fhqwudo edqn kdv wr ehvw uhvsrqg lq rughu wr plqlpl}h lwv orvv1

Pruh suhflvho|/ lw jlyhv wkh ehvw frpelqdwlrq dqg irup ri wdujhwv

dqg srolf| lqvwuxphqwv iru wkh fhqwudo edqn wr dsso|1 Wklv dssurdfk

lv h{whqvlyho| vxuyh|hg iru d forvhg hfrqrp| lq Fodulgd/ Jdol dqg

Jhuwohu +4<<<,81

Frpsohwlqj wklv srolf| ghvljq/ wkh qrupdwlyh dqdo|vlv jrhv ixu0

wkhu lq fduu|lqj rxw urexvwqhvv whvwv dfurvv ydulrxv prghov gxh wr

wkh lpshuihfw nqrzohgjh ri wkh wuxh hfrqrplf prgho +h1j1 PfFdo0

oxp +4<<<d/ 4<<<f, dqg Wd|oru +4<<;,,1 Wklv dovr vhuyhv wr vrph

h{whqw dv d surwhfwlrq djdlqvw idloxuhv ri wkh Oxfdv0fulwltxh +4<::,

w|sh1 Lq dgglwlrq wr wkh rswlpdo frqwuro h{huflvh/ wkhvh whvwv duh

pdgh xs ri lpsxovh uhvsrqvh ixqfwlrqv +LUI, wr lqyhvwljdwh zkhwkhu

wkh frqvlghuhg uxoh glvsod|v ghvludeoh vwdelol}lqj ihdwxuhv ru qrw1

Ilqdoo|/ vrph dxwkruv +Edoo +4<<<e,/ Edwlql dqg Kdogdqh +4<<;/

4<<<,/ dqg Zdovk +4<<;,, kdyh h{whqghg wklv qrupdwlyh dqdo|vlv wr

rshq hfrqrplhv1 Krzhyhu/ erwk wkh rswlpdo frqwuro h{huflvh dqg

wkh urexvwqhvv vfuhhqlqj duh frqwuryhuvldo gxh wr dg krf ihdwxuhv ri

wkh dvvxphg prghov1 Wkh| duh wkxv fulwlfl}hg dv kdylqj lqvx!flhqw

plfurhfrqrplf irxqgdwlrqv1

Wkh ghvfulswlyh dssurdfk h{sodlqv wkh fhqwudo edqn*v ehkdylru e|

d uxoh ru d uhdfwlrq ixqfwlrq1 Wkhvh hvwlpdwlrqv frqvlvw lq vhdufklqj

zkhwkhu wkh revhuyhg sdwk ri srolf| lqvwuxphqwv/ dv prqhwdu| djjuh0

jdwhv ru lqwhuhvw udwhv/ pd| eh dffxudwho| ghvfulehg e| dq lqvwuxphqw

uxoh1 Ydulrxv srolf| lqvwuxphqwv duh wkxv h{sodlqhg e| vrph hohphqwv

ri 
�/ dv sdvw lq dwlrq ru rxwsxw/ dqg dssudlvhg lq whupv ri urrw0

phdq0vtxduhg shuirupdqfh lq rxw0ri0vdpsoh vlpxodwlrqv1 Wkh prvw

idprxv h{dpsohv duh PfFdooxp +4<;;, dqg Wd|oru +4<<6, uxohv1 Pf0

Fdooxp dqg Wd|oru ixuwkhu h{sodlq wkdw fhqwudo edqnv zklfk iroorz

wkhlu uxoh dfklhyh d ehwwhu vwdelolw| dqg hfrqrplf shuirupdqfh wkdq

8Vhh Edoo +4<<<d, dqg Ilvfkhu +4<<3, iru ixuwkhu frqwulexwlrqv1
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fhqwudo edqnv uho|lqj rqo| rq glvfuhwlrq1 Wkh Wd|oru uxoh lpsolhv dq

lqwhuhvw udwh uhdfwlrq wr lq dwlrq dqg rxwsxw jdsv/ zkloh wkh PfFdo0

oxp uxoh xvhv d jurzwk udwh ri prqh| vwrfn fruuhfwhg iru fkdqjlqj

flufxodwlrq yhorflw| ri prqh|1 Vrph dxwkruv kdyh h{whqghg wkh hv0

wlpdwlrq ri PfFdooxp dqg Wd|oru uxohv hlwkhu zlwk dgglwlrqdo h{0

sodqdwru| yduldeohv ru zlwk lpsuryhg hvwlpdwlrq surfhvvhv91 Ilqdoo|/

rwkhu dxwkruv/ dv Fodulgd dqg Jhuwohu +4<<;d/ 4<<;e,/ kdyh lpsuryhg

wkhvh hvwlpdwlrqv xvlqj iruzdug0orrnlqj uxohv zkhuh wkh lqirupdwlrq

vhw 
� frqwdlqv h{shfwhg yduldeohv lq dgglwlrq wr odjjhg yduldeohv1

Doo wkhvh h{whqvlrqv dwwhpsw wr h{sodlq wkh revhuyhg sdwk ri prq0

hwdu| lqvwuxphqwv zkhq wudglwlrqdo PfFdooxp dqg Wd|oru uxohv duh

qrw deoh wr dffxudwho| ghvfuleh wkhp1

Lq Vzlw}huodqg/ pdq| uhdfwlrq ixqfwlrq vwxglhv duh edfnzdug0

orrnlqj dqg hvvhqwldoo| xvh prqhwdu| djjuhjdwhv dv srolf| lqvwux0

phqwv +h1j1 Exughnlq dqg Odqjgdqd +4<<3,/ Mhlw}lqhu +4<<<,/ Sdunlq

+4<;:,/ dqg Vkhhkdq +4<<5,,1 Rq wkh rwkhu kdqg/ Kylglqj +4<<<,

dqg Odqgpdqq dqg Mhujhu +4<<:, kdyh irfxvhg rq wkh Wd|oru0uxoh

fodvv1 Doo wkhvh vwxglhv vkrz qhyhuwkhohvv wkdw lw lv srvvleoh wr uhsuh0

vhqw zlwk vrph dffxudf| wkh ehkdylru ri wkh VQE e| vxfk lqvwuxphqw

uxohv1

��	 
�
�������� �" 
����
�� ������

Wkh frqvwuxfwlrq ri lqglfdwruv hvvhqwldoo| irfxvhv rq phwkrgv dqdo|}0

lqj wkh h{rjhqrxv sduw %+
��, ri wkh lqvwuxphqw uhsuhvhqwdwlrq jlyhq

lq wkh suhylrxv vhfwlrq1 Irfxvlqj rq wklv hohphqw hqdeohv wr lvrodwh

wkh h{rjhqrxv frpsrqhqw ri prqhwdu| srolf| +l1h1 wr lghqwli| prqh0

wdu| srolf|, lq rughu wr xqghuvwdqg krz fhqwudo edqnv pd| d�hfw wkh

hfrqrp|1 Wkh wudqvplvvlrq phfkdqlvp hqoljkwhqv dv wr wkh h�hfwv

ri prqhwdu| srolf| dqg dovr jlyhv klqwv derxw wkh dssolhg prqhwdu|

srolf| lqvwuxphqwv:1 Edvhg rq wkh lghqwl�fdwlrq/ lw lv ixuwkhu srv0

vleoh wr frqvwuxfw lqglfdwruv hlwkhu ri wkhvh h{rjhqrxv vkrfnv ru do0

whuqdwlyho| ri wkh ryhudoo prqhwdu| srolf| vwdqfh1 Lvrodwhg prqhwdu|

vkrfnv +%+
��,, dqg wkh v|vwhpdwlf uhdfwlrq ixqfwlrq +i+
�,,/ erwk

fdofxodwhg e| wkh vdph prgho ru e| vhsdudwh rqhv/ exlog wrjhwkhu

9H{whqvlrqv fdq eh irxqg lq Jhuodfk dqg Vfkqdeho +4<<<,/ Jrrgkduw +4<<<,/
Shhuvpdq dqg Vphwv +4<<<,/ dqg Vwdun dqg Furxvkruh +4<<9,1

:Vhh Idyhur +4<<<, iru d vxuyh| derxw YDU prghov ri wkh prqhwdu| wudqvplv0
vlrq phfkdqlvp1
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wkh ryhudoo lqglfdwru;1 Khqfhiruwk/ zh uhylhz ydulrxv phwkrgv wr

lghqwli| prqhwdu| srolf| dqg wr frqvwuxfw srolf| lqglfdwruv1

Klvwrulfdoo|/ wkhvh lvvxhv duh qrw qhz<1 Wkh Fodvvlfv douhdg| wulhg

wr h{sodlq wkhvh skhqrphqd lq d olwhudo zd| wdnlqj cprqhwdu| srolf|*

ri wkh Xqlwhg Nlqjgrp dv dq h{dpsoh1 Pruh uhfhqwo|/ wkh lghqwl0

�fdwlrq ri prqhwdu| srolf| dqg wkh frqvwuxfwlrq ri lqglfdwruv/ ru

pruh suhflvho|/ wkh h�ruw wr txdoli| dqg txdqwli| prqhwdu| srolf|

dqg lwv h�hfwv/ kdyh jdlqhg dwwhqwlrq djdlq1 Uhfhqw dwwhpswv wr

surylgh phdvxuhv ri prqhwdu| srolf| idoo lqwr wzr fdwhjrulhv= wkh

vr0fdoohg qduudwlyh dqg txdqwlwdwlyh dssurdfkhv1 Wklv pdmru vhsd0

udwlrq vkrzv wkdw wkh glvfxvvlrq frqfhuqlqj prqhwdu| lqglfdwruv lv

pdlqo| frqgxfwhg e| phwkrgrorjlfdo fkrlfhv dqg qrw e| hfrqrplf

frqvlghudwlrqv1

Wkh qduudwlyh dssurdfk lqfoxghv doo wkh dwwhpswv wr txdolwdwlyho|

lghqwli| prqhwdu| srolf| dv uhvwulfwlyh ru h{sdqvlrqdu| dqg wr dqd0

o|}h uhvsrqvhv ri hfrqrplf djhqwv wr srolf| glvhqwdqjohg iurp uhjxodu

uhvsrqvhv ri srolf| ehkdylru wr wkh hfrqrp|1 Iulhgpdq dqg Vfkzdu}

+4<96, zurwh cD Prqhwdu| Klvwru| ri wkh Xqlwhg Vwdwhv* rxwolqlqj

wkh sulqflsdo ri wkh klvwru| ri XV prqh| vwrfn dqg lwv h�hfwv rq wkh

exvlqhvv f|foh/ ghvfulelqj d frpsohwh pdfurhfrqrplf klvwru| ryhu d

fhqwxu|1 Wkh| irxqg wkdw hyhu| ghsuhvvlrq lv dffrxqwhg iru e| sulru

dqg frqwhpsrudu| frqwudfwlrqv lq prqh|1 Wklv vdph vslulw/ d vhdufk

iru txdolwdwlyh uhvwulfwlyh vkrfnv/ zdv uh0lqwurgxfhg e| wkh dqdo|vlv ri

Urphu dqg Urphu +4<;<,1 Wkh| uhylhzhg wkh Ihghudo Rshq Pdunhw

Frpplwwhh +IRPF, plqxwhv wr h{wudfw gdwhv dw zklfk srolf|pdn0

huv dsshduhg wr uhvwulfw wkh vwdqfh ri prqhwdu| srolf|1 Urphu dqg

Urphu +4<<7, xwlol}hg wkhvh cUrphu gdwhv* dv gxpp| yduldeohv lq gli0

ihuhqw uhjuhvvlrqv wr dvvhvv wkh wudqvplvvlrq phfkdqlvp lq Dphulfd1

Ervfkhq dqg Ploov +4<<4, ixuwkhu h{whqghg wklv qduudwlyh dssurdfk

lq exloglqj xs dq lqgh{ ri wkh vwdqfh ri XV prqhwdu| srolf|1 Wkh|

glg qrw txdqwli| wkhlu lqgh{/ exw udwkhu surylghg ydulrxv txdolwdwlyh

udqnv iru hdfk wxuqlqj srlqw wkh| lghqwl�hg1

Lq vslwh ri fhuwdlq lpsuryhphqwv ryhu wkh ghfdghv/ glvdgydqwdjhv

ri wklv dssurdfk uhpdlq1 Vxemhfwlylw| dqg dssur{lpdwlrq lq vroy0

lqj wkh flufxodulw| sureohp duh vwloo revwdfohv lq vhsdudwlqj ehwzhhq

hqgrjhqrxv dqg h{rjhqrxv prqhwdu| srolf| frpsrqhqwv1 Pruhryhu/

;Dq ryhudoo lqglfdwru lv iru h{dpsoh y/ d ixqfwlrq ri y/ ru d frpelqdwlrq ri
ydulrxv srolf| lqvwuxphqwv lq fdvh ri d pxowlyduldwh uhsuhvhqwdwlrq1

<Vhh Zdovk +4<<;, iru dq ryhuylhz derxw lghqwl�fdwlrq dqg lqglfdwru glvfxv0
vlrqv1



Lqwurgxfwlrq <

wkh dvvhvvphqw lv rqo| txdolwdwlyh dqg qrw txdqwlwdwlyh1 Lw lv dovr hdv0

lhu wr lvrodwh uhvwulfwlyh vkrfnv wkdq h{sdqvlrqdu| rqhv431 Ilqdoo|/ lq

d vwxg| iurp Ohhshu +4<<:,/ wkh h{rjhqhlw| ri cUrphu gdwhv* kdv ehhq

khdylo| fkdoohqjhg e| wkh hylghqfh wkdw wkh| zhuh dfwxdoo| lq xhqfhg

e| sdvw yduldeohv1

Wkh dowhuqdwlyh lghqwl�fdwlrq lv wkh txdqwlwdwlyh dssurdfk1 Wkh

prwlydwlrq lv vlplodu zlwk wkh lqwhqwlrq ri txdqwli|lqj txdolwdwlyh

gluhfwlrqv1 Zh qrz kdyh dffhvv wr vrsklvwlfdwhg hfrqrphwulf whfk0

qltxhv wr lghqwli| prqhwdu| vkrfnv dqg surgxfh lqglfdwruv1 Rxu

frqfhuqv fhqwhu rq wkuhh lpsruwdqw gluhfwlrqv1

Iluvw/ dq lqgh{0edvhg dssurdfk xvlqj iru h{dpsoh Prqhwdu| Frq0

glwlrqv Lqgh{ +PFL, zdv lqlwldwhg e| Krvwodqg/ Sror} dqg Vwruhu

+4<;:,1 PFL lv d zhljkwhg dyhudjh ri prqhwdu| srolf| yduldeohv dv

lqwhuhvw udwh dqg h{fkdqjh udwh1 Lq dgglwlrq wr wkh hyroxwlrq ri gli0

ihuhqw djjuhjdwhv/ vhdufklqj iru dq dowhuqdwlyh lqglfdwru/ Ohqjzlohu

+4<<:, dssolhg d PFL wr Vzlw}huodqg iroorzlqj wkh prgho xvhg e|

wkh Edqn ri Fdqdgd1 Kh glvfryhuhg wkdw wklv PFL frxog qrw rxw0

shuirup wkh prqhwdu| edvh dv dq lqglfdwru1 Iru Hxurshdq frxqwulhv/

Jhuodfk dqg Vphwv +4<<9, irxqg vlplodu uhvxowv1 PFL vroxwlrqv gr

qrw vroyh wkh hqgrjhqhlw|0yhuvxv0h{rjhqhlw| sureohp/ qru gr wkh|

vxssuhvv vxemhfwlyh lq xhqfhv1 Wklv lv dovr wuxh iru doo frqvwuxfwlrqv

ri Glylvld lqgh{ zkhuh zhljkwv duh h{rjhqrxvo| ghwhuplqhg441 Gl0

ylvld djjuhjdwhv vkrz wkh vdph  dzv zlwk wkhlu flufxodulw| sureohp

dv prqh| vwrfnv dqg PFL1

Vhfrqg/ wkh dqdo|vlv ri dowhuqdwlyh prqhwdu| srolflhv kdv wud0

glwlrqdoo| ehhq fduulhg rxw xvlqj odujh0vfdoh vwuxfwxudo hfrqrphwulf

prghov1 Dv d uhvxow ri wkh fulwltxh ri Oxfdv +4<::,/ wkhvh prghov ihoo

rxw ri idyru lq wkh hljkwlhv1 Wkhuhiruh/ qhz jhqhudo htxloleulxp +JH,

prghov kdyh dsshduhg dv vpdoo0vfdoh udwlrqdo h{shfwdwlrqv prghov/

uhsuhvhqwhg e| UEF prghov ru UEF0olnh prghov lqfrusrudwlqj voxj0

jlvk sulfh dgmxvwphqwv dqg jlylqj wkxv d uroh wr prqhwdu| srolf|451

Wkhvh prghov duh w|slfdoo| xvhg diwhu fdoleudwlrq wr h{dplqh wkh

h�hfwv ri prqhwdu| srolf|1 Krzhyhu/ wkh| fdqqrw eh xvhg wr frq0

vwuxfw prqhwdu| srolf| lqglfdwruv/ ehfdxvh lw lv gl!fxow wr hvwlpdwh

43Wklv frxog eh sodxvleo| h{sodlqhg e| dq dv|pphwulfdo uhvsrqvh ri fhuwdlq
vhfwruv ri wkh hfrqrp| wr srvlwlyh ru qhjdwlyh prqh| vxsso| vkrfnv= d vkdushu
dqg pruh ylvleoh uhvsrqvh wr uhvwulfwlyh vkrfnv dqg d pruh gloxwhg uhvsrqvh wr
h{sdqvlrqdu| vkrfnv1 Vhh Fryhu +4<<5, iru pruh ghwdlov dqg Ohq} +4<<:, iru dq
dssolfdwlrq wr Vzlw}huodqg1

44Vhh \xh dqg Ioxul +4<<4, iru dq dssolfdwlrq wr Vzlw}huodqg1
45Vhh Eu|dqw/ Krrshu dqg Pdqq +4<<6, iru dq ryhuylhz1
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wkhp461 Pruhryhu/ wkh| gr qrw dozd|v shuirup zhoo dqg pdlqo| ir0

fxv rq furvv0fruuhodwlrqv ehwzhhq pdfurhfrqrplf yduldeohv wr plplf

vw|ol}hg idfwv1

Wklug/ dq hfrqrphwulf dssurdfk xvlqj VYDU uhsuhvhqwv d vwurqj

dowhuqdwlyh lq rughu wr orrn dw prqhwdu| lq xhqfhv dqg exlog srolf|

lqglfdwruv471 Vlqfh wkh vhplqdo sursrvdo ri Vlpv +4<;3,/ YDU prg0

hov kdyh phw zlghvsuhdg vxffhvv lq vhyhudo uhvhdufk �hogv lqfoxglqj

prqhwdu| hfrqrplfv1 Wkh| kdyh suryhg wr eh yhu|  h{leoh vwdwlvwlfdo

wrrov/ exw qrw zlwkrxw dpeljxlwlhv uhodwhg wr wkhlu lqwhusuhwdwlrq +l1h1

frh!flhqwv/ lpsolhg g|qdplfv/ dqg urexvwqhvv, dqg wkhlu vwuxfwxudo0

l}dwlrq +l1h1 lghqwl�fdwlrq ri VYDU iurp uhgxfhg0irup +UI, h{suhv0

vlrqv,48 c491 D fodvvl�fdwlrq ri YDUprghov lv frpsoh{ dqg vxemhfwlyh1

Khqfhiruwk/ zh frqvlghu wkuhh jurxsv dffruglqj wr wkhlu lghqwl�fd0

wlrq uhvwulfwlrqv= uhfxuvlyh VYDU/ orqj0whup uhvwulfwhg VYDU/ dqg

qrquhfxuvlyh VYDU1

Lq rughu wr looxvwudwh wkhvh wkuhh fdwhjrulhv/ zh xvh wkh iroorzlqj

VYDU+s, h{sodlqlqj {
|
/ vxfk dv {

|
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f
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{
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ru h{suhvvhg dv dq lq�qlwh prylqj dyhudjh {
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zkhuh

F+O, @ +Df �D�O� = = =�D
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3� ru
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�
1

D sduwlfxodu htxdwlrq ri wklv VYDU ru d frpelqdwlrq ri vhyhudo htxd0

wlrqv pd| eh lqwhusuhwhg dv y @ i+
�, . %+
��,1

Uhfxuvlyh VYDU lghqwl�fdwlrq irfxvhv wkh vwuxfwxudo h�ruw rqwr

wkh rujdql}dwlrq ri lqvwdqwdqhrxv fryduldqfhv ehwzhhq wkh vwuxfwxudo

lqqrydwlrqv1 D Fkrohvn| ghfrpsrvlwlrq ri wkh yduldqfh0fryduldqfh

pdwul{ ri D3�

f
%
|
doorzv lvrodwlqj Df wkdw uhsuhvhqwv wkh frqwhpsr0

46Vhh Ehuqdqnh dqg Zrrgirug +4<<:,/ Fdq}rqhul dqg Ghoodv +4<<;,/ Nlqj dqg
Zdwvrq +4<<9,/ dqg Nlqj dqg Zropdq +4<<9, iru qhz surplvlqj gluhfwlrqv lq
wkhvh vwlfn|0sulfhv0JH prghov1 Vhh dovr d vxuyh| derxw wkh qhz qhrfodvvlfdo
v|qwkhvlv e| Jrrgiulhqg dqg Nlqj +4<<:,1

47Vhh Kdplowrq +4<<7, iru dq lqwurgxfwlrq derxw YDU1 Iru d pruh ghwdlohg
ghvfulswlrq/ vhh Oÿwnhsrko +4<<6,1 Iru frpsuhkhqvlyh vxuyh|v ri wkhruhwlfdo dqg
hpslulfdo olwhudwxuh derxw YDU/ vhh Fdqryd +4<<8d/ 4<<8e,/ Fkulvwldqr/ Hlfkhq0
edxp dqg Hydqv +4<<<,/ dqg Frfkudqh +4<<7,1 Ixuwkhu ghwdlohg frqwulexwlrqv
duh wkh vxuyh| ri Zdwvrq +4<<7, dqg wkh errn ri Dplvdqr dqg Jldqqlql +4<<:,1

48YDU zhuh khdylo| fulwlfl}hg e| Uxghexvfk +4<<;d/ 4<<;e, ghvslwh Vlpv* frp0
phqwv +4<<;,1

49 Lghqwl�fdwlrq ri YDU dqg lghqwl�fdwlrq ri prqhwdu| srolf| duh wzr vhsdudwh
frqfhswv1 YDU ru hfrqrphwulf lghqwl�fdwlrq frqvlvwv lq uhfryhulqj d vwuxfwxudo
v|vwhp iurp d UI h{suhvvlrq1 Zh fdqqrw gluhfwo| hvwlpdwh VYDU/ zh rqo| hvwl0
pdwh UI1 Wkh gl!fxow| lv wkdw wkhuh h{lvwv dq lq�qlw| ri VYDU iru d vlqjoh UI1
Lq rughu wr uhfryhu d sduwlfxodu VYDU/ zh lghqwli| lw lq sxwwlqj uhvwulfwlrqv rq
wkh frh!flhqw pdwulfhv1 Diwhu wklv hfrqrphwulf lghqwl�fdwlrq/ VYDU fdq eh xvhg
wr lghqwli| prqhwdu| srolf| vkrfnv/ vr wr lvrodwh h{rjhqrxv prqhwdu| srolf|1
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udqhrxv vwuxfwxuh zlwklq {
|
1 Wklv pdwul{ lv orzhu wuldqjxodu phdqlqj

wkdw wkh rughulqj zlwklq {
|
lv fuxfldo1 Gl�huhqw rughulqjv surgxfh

gl�huhqw Df1 Khqfh/ wklv wuldqjxodu +uhfxuvlyh, vwuxfwxuh lv qrw do0

zd|v vxlwdeoh wr dssolhg fdvhv1 Wkh Fkrohvn| lghqwl�fdwlrq lv lqghhg

dq r�vsulqj ri pdwkhpdwlfldqv dqg lv qrw d sulrul irxqghg e| dq|

hfrqrplf prgho1 Ehvlghv/ w|slfdo Fkrohvn| YDU +h1j1 Frfkudqh

+4<<7,, gr qrw dozd|v shuirup zhoo/ lq wkh vhqvh wkh| jhqhudoo| glv0

sod| sx}}olqj LUI ri {
|
diwhu vrph h{rjhqrxv vkrfnv1

Wkh prvw idprxv sx}}oh lv wkh sulfh sx}}oh zkhuh wkh sulfh ohyho

lqfuhdvhv gxulqj pdq| shulrgv diwhu d uhvwulfwlyh prqhwdu| srolf|

vkrfn1 Vhfrqg/ wkh oltxlglw| sx}}oh lv d ghfuhdvh lq wkh qrplqdo

phglxp0whup lqwhuhvw udwh iroorzlqj wkh vdph uhvwulfwlyh vkrfn1 Il0

qdoo|/ d ghsuhfldwlrq ri qdwlrqdo fxuuhqf| iroorzlqj d wljkw prqhwdu|

srolf| uhsuhvhqwv dq h{fkdqjh udwh sx}}oh4:1 Vzlvv dqg lqwhuqdwlrqdo

looxvwudwlrqv ri wkhvh sx}}ohv fdq eh irxqg lq Edffkhwwd dqg Edo0

odeuljd +5333,/ Mrugdq +4<<;,/ dqg Vlpv +4<<5,1 Hfrqrplvwv kdyh

hlwkhu h{sodlqhg wkhvh sx}}ohv +Vlpv/ 4<<5, ru kdyh dgghg rwkhu ydul0

deohv lq wkh YDU/ lq sduwlfxodu d frpprglw| sulfh lqgh{/ wr uhpryh

wkh sx}}ohv +Edjoldqr dqg Idyhur +4<<;, dqg Vlpv +4<<5,,1 Lq rughu

wr uhod{ wkh Fkrohvn| vwudlwmdfnhw/ pdfurhfrqrplvwv udwkhu olnh wr

irfxv rq orqj0whup lghqwl�fdwlrq vfkhphv ru rq qrquhfxuvlyh VYDU1

Wkh| vwloo dqdo|}h wkhvh sx}}ohv zkhq wkh| vkrz xs1

Orqj0whup lghqwl�fdwlrq +h1j1 Eodqfkdug dqg Txdk +4<;<,/ Jdol

+4<<5,/ Nlqj dqg Zdwvrq +4<<:,/ dqg Zhehu +4<<7,, zdv �uvw xvhg

wr whvw qhxwudolw| ri prqh|1 Wklv phwkrg fdq dovr eh xvhg iru wkh

frqvwuxfwlrq ri lqglfdwruv4;1 Uhvwulfwlrqv duh wkxv lpsrvhg rq pdwul{

F+4, @
S
"

�'f
F

�
@ �/ zkhuh fhuwdlq hohphqwv ri � wdnh rq d vshfl�f

ydoxh ru 31 Lq Vzlw}huodqg/ Mrugdq +4<<;, vkrzhg wkh lpsuryhphqw

ri wklv lghqwl�fdwlrq frpsduhg wr wkh uhfxuvlyh prgho lq holplqdwlqj

wkh oltxlglw| sx}}oh dqg glvfryhulqj d oltxlglw| h�hfw1 Vphwv +4<<:d/

4<<:e, iroorzhg d vlplodu zd| iru wkh J: frxqwulhv/ lpsurylqj klv

uhvxowv uhodwlyh wr suhylrxvo| xvhg uhfxuvlyh prghov1

4: Lq dgglwlrq wr wkhvh wudglwlrqdo sx}}ohv dqg vrphwlphv xvlqj rwkhu wkdq
Fkrohvn| lghqwl�fdwlrqv/ Edjoldqr/ Idyhur dqg Iudqfr +4<<<,/ Fxvkpdq dqg ]kd
+4<<:,/ dqg Nxpdk +4<<9, looxvwudwh wkh iruzdug glvfrxqw suhplxp sx}}oh w|slfdo
iru wkh hpslulfdo YDU olwhudwxuh rq prqhwdu| wudqvplvvlrq lq rshq hfrqrplhv1
Wklv sx}}oh lv wkh ylrodwlrq ri lqwhuhvw udwh sdulwlhv1

4;Orqj0whup lghqwl�fdwlrq pl{hg zlwk vkruw0whup uhvwulfwlrqv lv dovr lqfoxghg
lq wklv fdwhjru| +Jhuodfk dqg Vphwv/ 4<<8,1 Iru orqj0whup lghqwl�fdwlrq dqg
frlqwhjudwlrq/ vhh Mdfrevrq/ Mdqvvrq/ Yuhglq dqg Zduqh +4<<<, dqg Nlqj/ Sorvvhu/
Vwrfn dqg Zdwvrq +4<<4,1
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Ilqdoo|/ qrquhfxuvlyh uhvwulfwlrqv uhsuhvhqw dq lpsuryhphqw lq

wkh YDU olwhudwxuh +h1j1 Fdqryd +4<<8d/ 4<<8e,,1 Iluvw/ zh duh iuhh

wr sxw uhvwulfwlrqv rq Df zkhuh zh zdqw wr dqg hvshfldoo| dffruglqj

wr dq hfrqrplf wkhru|1 Vhfrqg/ wkh fkrlfh ri prgho wkdw edfnv xs

wklv VYDU lghqwl�fdwlrq lv zlgh dqg  h{leoh1 Iru h{dpsoh/ Ehuqdqnh

+4<;9,/ Ehuqdqnh dqg Eolqghu +4<<5,/ Ehuqdqnh dqg Plkry +4<<;,/

Fodulgd dqg Jhuwohu +4<<:,/ Fxvkpdq dqg ]kd +4<<:,/ Jrugrq dqg

Ohhshu +4<<7,/ dqg Nlp +4<<;, xvhg rshudwlqj surfhgxuhv wr prgho

dqg wr frqvwudlq wkhlu qrquhfxuvlyh VYDU lq erwk forvhg dqg rshq

hfrqrplhv4<1 Wkh| wkxv dyrlghg dq xqirxqghg hfrqrphwulf lghqwl�0

fdwlrq wkdw lv rqh ri wkh pdlq fulwlflvpv djdlqvw YDU1 Krzhyhu/ wkhvh

qrquhfxuvlyho| lghqwl�hg prghov vx�hu olnh wkhlu suhghfhvvruv iurp

urexvwqhvv sureohpv uhodwlyh wr dvvxpswlrq dqg vdpsoh fkdqjhv1

$ ��%
���
���� �" �&� '������
����

Wkh fruh ri wklv glvvhuwdwlrq lv wzr fkdswhuv/ sduw LL dqg LLL/ zklfk

duh gluhfwo| uhodwhg wr wklv lqwurgxfwlrq1 Erwk fkdswhuv hperg| hp0

slulfdo hylghqfh iru Vzlw}huodqg rq wkh vnhwfkhg txhvwlrqv lq vhfwlrq

cWzr Pdlq Lvvxhv*1 Sduw LL frqfhuqv wkh ghvfulswlrq ri vhyhudo srwhq0

wldo prqhwdu| srolf| lqvwuxphqwv e| iruzdug0orrnlqj prqhwdu| srolf|

uxohv1 Xvlqj rshudwlqj surfhgxuhv/ sduw LLL lv dq dwwhpsw wr txdo0

li| dqg txdqwli| Vzlvv prqhwdu| srolf| zlwk dq dowhuqdwlyh lqglfdwru

edvhg rq qrquhfxuvlyh VYDU1

Erwk sduwv uhyhdo d fkdqjlqj prqhwdu| hqylurqphqw lq Vzlw0

}huodqg gxulqj wkhvh odvw wzhqw| |hduv1 Wkh| vkrz wkdw/ lq whupv

ri erwk srolf| lqvwuxphqwv dqg lqglfdwruv/ wkh VQE kdv qrw zdlwhg

iru wkh hqg ri wkh fhqwxu| wr dgdsw lwv srolf|1 Gxulqj wkh qlqhwlhv/

dowhuqdwlyh yduldeohv vxfk dv vkruw0whup lqwhuhvw udwhv kdyh gh idfwr

uhsodfhg wkh djjuhjdwhv dv prqhwdu| srolf| lqvwuxphqwv dqg lqglfd0

wruv1 Rq wkh rwkhu kdqg/ wkh dssolhg vwdwlvwlfdo phwkrgv frq�up wkh

hljkwlhv dv wkh jroghq djh ri prqhwdu| wdujhwlqj lq Vzlw}huodqg1

Wklv lqwurgxfwlrq grhv qrw iudph wkh odvw fkdswhu ehfdxvh lw lq0

yroyhv d whfkqlfdo vxuyh| ri lqwhusrodwlrq phwkrgv ri prqwko| JGS531

4<Vhh Eodqfkdug dqg Zdwvrq +4<;9,/ Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +4<<9/
4<<<,/ Vlpv +4<;9,/ dqg Vwurqjlq +4<<8, iru rwkhu dssolhg frqwulexwlrqv1

53Sduw LY lv hvvhqwldoo| edvhg rq d zrunlqj sdshu zulwwhq zlwk Pduwlq N1
Khvv +Fxfkh dqg Khvv/ 4<<<e,1 Vhh Fxfkh dqg Khvv +4<<<d, iru d qrq0whfkqlfdo
vxppdu| irfxvlqj rq cg|qdplf* dqg cvwdwlf* prghov rqo|/ lq wkh vhqvh fruuhfwlqj
ru qrw wkh JGS qrqvwdwlrqdulw|1
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Wkh prwlydwlrq iru sduw LY lv wzrirog1 Iluvw/ lw fuhdwhv d wlph vhulhv

qhfhvvdu| iru wkh wzr prqhwdu| srolf| fkdswhuv wkdw sulqflsdoo| xvh

gdwd dw prqwko| ohyho1 Vhfrqg/ wkhuh lv d qhhg dprqj Vzlvv sudfwl0

wlrqhuv dqg uhvhdufkhuv iru d prqwko| exvlqhvv f|foh lqglfdwru dqg d

prqwko| wlph vhulhv1

Wklv lqwurgxfwlrq dqg wkh wkuhh sduwv duh frqfhlyhg dv sdshuv dqg

vlpxowdqhrxvo| irup d zkroh vwxg|1 Wkh| vwloo fdq eh uhdg vhsdudwho|1

Hdfk fkdswhu frqwdlqv d eulhi lqwurgxfwlrq/ dq h{srvlwlrq ri d wkhr0

uhwlfdo prgho/ dq hpslulfdo vwxg|/ dqg d vkruw frqfoxvlrq1 Ehvlghv/

hdfk sdshu lqfoxghv d vkruw uhiuhvkhu ri pdlq uhihuhqfhv zklfk duh

vrphwlphv lqwhqwlrqdoo| uhsolfdwhg lq wklv lqwurgxfwlrq1 Dq dwwhpsw

kdv ehhq pdgh wr nhhs wkh qrwdwlrq frqvlvwhqw ryhu wkh gl�huhqw

fkdswhuv1 Doo v|perov/ sdudphwhuv/ dqg ixqfwlrqv zh xvhg duh vxp0

pdul}hg lq wkh ehjlqqlqj ri wklv glvvhuwdwlrq1 Lq wkh qh{w vhfwlrqv/

zh vxppdul}h wkh wkuhh fkdswhuv1

$�� �
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Zh hvwlpdwh ydulrxv iruzdug0orrnlqj prqhwdu| srolf| uxohv lq Vzlw0

}huodqg iru wkh shulrg 4<;404<<:1 Lq dgglwlrq wr dq lq dwlrq jds/ zh

�qg wkdw uxohv zlwk dq rxwsxw jds dqg dq h{fkdqjh udwh jds qlfho|

�w prqhwdu| djjuhjdwhv dv zhoo dv wkh fdoo udwh1 Zh vsolw wkh vdpsoh

lq 4<<3 zkhq wkh Vzlvv Qdwlrqdo Edqn uhsodfhg dqqxdo wdujhwv e|

phglxp0whup wdujhwv iru lwv r!fldo srolf| lqvwuxphqw/ wkh prqhwdu|

edvh1 Zh �qg wkhq wkdw wkh vdph uxoh ehvw ghvfulehv P3 dqg P4

ehiruh 4<<3 dqg rqo| wkh fdoo udwh diwhu 4<<31 Zh dovr vkrz wkdw

wkh h{fkdqjh udwh hohphqw lq wkh uxoh grhv qrw qhfhvvdulo| lpso| h{0

fkdqjh udwh wdujhwlqj shu vh1 Lw pdlqo| doorzv sxuvxlqj jurzwk dqg

sulfh vwdelolw| jrdov1
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Zh dqdo|}h gl�huhqw lghqwl�fdwlrq iudphzrunv edvhg rq wkh Vzlvv

Qdwlrqdo Edqn*v rshudwlqj surfhgxuhv lq rughu wr phdvxuh prqhwdu|

srolf| vlqfh wkh euhdngrzq ri wkh Euhwwrq Zrrgv v|vwhp1 Zh xvh

d wzr0vwdjh YDU phwkrgrorj| wr lghqwli| prqhwdu| vkrfnv exlow hl0

wkhu rq prqhwdu| dqg qrqprqhwdu| uhvlgxdov +zlwkrxw h{wudfwlrq,

ru rqo| rq wkh ruwkrjrqdo sruwlrq ri prqhwdu| uhvlgxdov uhodwlyh wr

qrqprqhwdu| uhvlgxdov +zlwk h{wudfwlrq,1 Edvhg rq wkhvh prghov/

zh frqvwuxfw ydulrxv prqhwdu| srolf| lqglfdwruv1 Zh uhsruw wkhp

dv zhljkwhg vxpv ri prqhwdu| srolf| yduldeohv1 Rxu pdlq lqglfdwru
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uhyhdov wkdw wkh h{fkdqjh udwh zdv wkh grplqdqw yduldeoh dw wkh hqg

ri wkh vhyhqwlhv1 Gxulqj wkh hljkwlhv/ djjuhjdwhv kdg wkhlu jroghq

djh/ zkloh lq wkh qlqhwlhv/ wkh fdoo udwh vkrzhg xs dv dq lqglfdwru1 Lq

dgglwlrq wr wkh frpsdulvrq ri gl�huhqw prghov dqg wkhlu g|qdplfv/

zh irfxv rq hfrqrphwulf sureohpv dulvlqj zlwk vxfk d YDU phwkrg0

rorj|1

$�� �
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Zh hvwlpdwh ghvhdvrqdol}hg prqwko| vhulhv iru Vzlvv JGS dw frq0

vwdqw sulfhv ri 4<<3 iru wkh shulrg 4<;304<<:1 Wkh| duh frqvlvwhqw

zlwk wkh txduwhuo| �jxuhv hvwlpdwhg e| wkh Vwdwh Vhfuhwduldw iru Hfr0

qrplf D�dluv dqg rewdlqhg e| lqfoxglqj lqirupdwlrq frqwdlqhg lq

uhodwhg vhulhv/ lq sduwlfxodu iroorzlqj wkh h{shqglwxuh gh�qlwlrq ri

JGS1 Zh suhvhqw d jhqhudo dssurdfk xvlqj wkh Ndopdq �owhu whfk0

qltxh qhvwlqj d juhdw ydulhw| ri lqwhusrodwlrq vhwxsv1 Zh hydoxdwh

frpshwlqj prghov dqg surylgh d wlph vhulhv wkdw fdq eh xvhg e|

rwkhu uhvhdufkhuv1
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Dplvdqr/ J1 dqg Jldqqlql/ F1 +4<<:,1 Wrslfv lq Vwuxfwxudo YDU

Hfrqrphwulfv/ Vsulqjhu1

Duj|/ Y1/ Euhqqdq/ D1 dqg Vwhyhqv/ J1 +4<<3,1 Prqhwdu| wdujhwlqj=

Wkh lqwhuqdwlrqdo h{shulhqfh/ Hfrqrplf Uhfrug 99= 6:�951

Edffkhwwd/ S1 dqg Edoodeuljd/ I1 +5333,1 Wkh lpsdfw ri prqhwdu|

srolf| dqg edqnv* edodqfh vkhhwv= Vrph lqwhuqdwlrqdo hylghqfh/

Dssolhg Ilqdqfldo Hfrqrplfv 43= 48�591

Edjoldqr/ I1 F1 dqg Idyhur/ F1 D1 +4<<;,1 Phdvxulqj prqhwdu| srolf|

zlwk YDU prghov= Dq hydoxdwlrq/ Hxurshdq Hfrqrplf Uhylhz

75+9,= 439<�44451

Edjoldqr/ I1 F1/ Idyhur/ F1 D1 dqg Iudqfr/ I1 +4<<<,1 Phdvxu0

lqj prqhwdu| srolf| lq rshq hfrqrplhv/ Glvfxvvlrq sdshu 53:</

FHSU1

Edoo/ O1 +4<<<d,1 H!flhqw uxohv iru prqhwdu| srolf|/ Lqwhuqdwlrqdo

Ilqdqfh 5+4,= 96�;61

Edoo/ O1 +4<<<e,1 Srolf| uxohv iru rshq hfrqrplhv/ Prqhwdu| Srolf|

Uxohv hg1 e| M1 E1 Wd|oru/ Xqlyhuvlw| ri Fklfdjr dqg QEHU1

Edwlql/ Q1 dqg Kdogdqh/ D1 J1 +4<<;,1 Iruzdug0orrnlqj uxohv iru

prqhwdu| srolf|/ Zrunlqj sdshu <4/ Edqn ri Hqjodqg1

Edwlql/ Q1 dqg Kdogdqh/ D1 J1 +4<<<,1 Prqhwdu| srolf| uxohv dqg lq0

 dwlrq iruhfdvwv/ Txduwhuo| Exoohwlq/ Edqn ri Hqjodqg 6<+4,= 93�

9:1

Ehuqdqnh/ E1 V1 +4<;9,1 Dowhuqdwlyh h{sodqdwlrqv ri wkh prqh|0

lqfrph fruuhodwlrq/ Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq

Sxeolf Srolf| 58= 7<�4331

Ehuqdqnh/ E1 V1 dqg Eolqghu/ D1 V1 +4<<5,1 Wkh ihghudo ixqg udwh

dqg wkh fkdqqhov ri prqhwdu| wudqvplvvlrq/ Dphulfdq Hfrqrplf

Uhylhz ;5+7,= <34�<541

Ehuqdqnh/ E1 V1/ Odxedfk/ W1/ Plvknlq/ I1 V1 dqg Srvhq/ D1 V1 +4<<<,1

Lq dwlrq Wdujhwlqj= Ohvvrqv iurp wkh Lqwhuqdwlrqdo H{shulhqfh/

Sulqfhwrq Xqlyhuvlw|1
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Ehuqdqnh/ E1 V1 dqg Plkry/ L1 +4<<;,1 Phdvxulqj prqhwdu| srolf|/

Txduwhuo| Mrxuqdo ri Hfrqrplfv 446+6,= ;9<�<351

Ehuqdqnh/ E1 V1 dqg Zrrgirug/ P1 +4<<:,1 Lq dwlrq iruhfdvwv

dqg prqhwdu| srolf|/ Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj

5<+7,= 986�9;71

Eodqfkdug/ R1 M1 dqg Txdk/ G1 +4<;<,1 Wkh g|qdplf h�hfwv ri dj0

juhjdwh ghpdqg dqg vxsso| glvwxuedqfhv/ Dphulfdq Hfrqrplf

Uhylhz :<+7,= 988�9:61

Eodqfkdug/ R1 M1 dqg Zdwvrq/ P1 Z1 +4<;9,1 Duh exvlqhvv f|fohv doo

dolnhB/ Wkh Dphulfdq Exvlqhvv F|foh/ Frqwlqxlw| dqg Fkdqjh

hg1 e| U1 M1 Jrugrq/ QEHU Vwxglhv lq Exvlqhvv F|fohv 58/ Xql0

yhuvlw| ri Fklfdjr dqg QEHU1

Ervfkhq/ M1 dqg Ploov/ O1 +4<<4,1 Wkh h�hfwv ri frxqwhuf|folfdo prq0

hwdu| srolf| rq prqh| dqg lqwhuhvw udwhv= Dq hydoxdwlrq ri hy0

lghqfh iurp IRPF grfxphqwv/ Zrunlqj sdshu <453/ Ihghudo

Uhvhuyh Edqn ri Sklodghoskld1

Eu|dqw/ U1 F1/ Krrshu/ S1 dqg Pdqq/ F1 O1 +4<<6,1 Hydoxdwlqj srolf|

uhjlphv dqg dqdo|wlfdo prghov= Edfnjurxqg dqg surmhfw vxp0

pdu|/ Hydoxdwlqj Srolf| Uhjlphv/ Qhz Uhvhdufk lq Hpslulfdo

Pdfurhfrqrplfv hg1 e| U1 F1 Eu|dqw/ S1 Krrshu/ dqg F1 O1

Pdqq/ Eurrnlqjv Lqvwlwxwlrq1

Exughnlq/ U1 F1 N1 dqg Odqjgdqd/ I1 N1 +4<<3,1 Exgjhw Gh�flwv dqg

Hfrqrplf Shuirupdqfh/ Urxwohgjh1

Fdqryd/ I1 +4<<8d,1 Wkh hfrqrplfv ri YDU prghov/ Pdfurhfrqr0

phwulfv/ Ghyhorsphqwv/ Whqvlrqv/ dqg Survshfwv hg1 e| N1 G1

Krryhu/ Noxzhu1

Fdqryd/ I1 +4<<8e,1 Yhfwru dxwruhjuhvvlyh prghov= Vshfl�fdwlrq/

hvwlpdwlrq/ lqihuhqfh/ dqg iruhfdvwlqj/ Kdqgerrn ri Dssolhg

Hfrqrphwulfv/ Pdfurhfrqrplfv hg1 e| P1 K1 Shvdudq dqg P1

U1 Zlfnhqv/ Eodfnzhoo1

Fdq}rqhul/ P1 E1 dqg Ghoodv/ K1 +4<<;,1 Uhdo lqwhuhvw udwhv dqg fhq0

wudo edqn rshudwlqj surfhgxuhv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv

75+6,= 7:4�7<71
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Fkulvwldqr/ O1 M1/ Hlfkhqedxp/ P1 dqg Hydqv/ F1 H1 +4<<9,1 Wkh

h�hfwv ri prqhwdu| srolf| vkrfnv= Hylghqfh iurp wkh  rz ri

ixqgv/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :;+4,= 49�671

Fkulvwldqr/ O1 M1/ Hlfkhqedxp/ P1 dqg Hydqv/ F1 H1 +4<<<,1 Prq0

hwdu| srolf| vkrfnv= Zkdw kdyh zh ohduqhg dqg wr zkdw hqgB/

Kdqgerrn ri Pdfurhfrqrplfv Ld hg1 e| M1 E1 Wd|oru dqg P1

Zrrgirug/ Hovhylhu1

Fodulgd/ U1/ Jdol/ M1 dqg Jhuwohu/ P1 +4<<;d,1 Prqhwdu| srolf| uxohv

dqg pdfurhfrqrplf vwdelolw|= Hylghqfh dqg vrph wkhru|/Zrun0

lqj sdshu 9775/ QEHU1 Iruwkfrplqj lq wkh Txduwhuo| Mrxuqdo

ri Hfrqrplfv1

Fodulgd/ U1/ Jdol/ M1 dqg Jhuwohu/ P1 +4<<;e,1 Prqhwdu| srolf| uxohv

lq sudfwlfh= Vrph lqwhuqdwlrqdo hylghqfh/ Hxurshdq Hfrqrplf

Uhylhz 75+9,= 4366�439:1

Fodulgd/ U1/ Jdol/ M1 dqg Jhuwohu/ P1 +4<<<,1 Wkh vflhqfh ri prqh0

wdu| srolf|= D qhz Nh|qhvldq shuvshfwlyh/ Mrxuqdo ri Hfrqrplf

Olwhudwxuh 6:+7,= 4994�4:681

Fodulgd/ U1 dqg Jhuwohu/ P1 +4<<:,1 Krz wkh Exqghvedqn frqgxfwv

prqhwdu| srolf|/ Uhgxflqj Lq dwlrq/ Prwlydwlrq dqg Vwudwhj|

hg1 e| F1 G1 Urphu dqg G1 K1 Urphu/ QEHU Vwxglhv lq Exvl0

qhvv F|fohv 63/ Xqlyhuvlw| ri Fklfdjr dqg QEHU1

Frfkudqh/ M1 K1 +4<<7,1 Vkrfnv/ Fduqhjlh0Urfkhvwhu Frqihuhqfh Vh0

ulhv rq Sxeolf Srolf| 74= 5<8�6971

Fryhu/ M1 S1 +4<<5,1 Dv|pphwulf h�hfwv ri srvlwlyh dqg qhjd0

wlyh prqh| vxsso| vkrfnv/ Txduwhuo| Mrxuqdo ri Hfrqrplfv

43:+7,= 4594�45;51

Fxfkh/ Q1 D1 dqg Khvv/ P1 N1 +4<<<d,1 Hlqh prqdwolfkh Gdwhquhlkh

iÿu gdv vfkzhl}hulvfkh Euxwwrlqodqgsurgxnw/ Nrqmxqnwxulqglnd0

wru xqg Kloivjuùvvh iÿu glh Iruvfkxqj/ Glh Yronvzluwvfkdiw/

Pdjd}lq iÿu Zluwvfkdiwvsrolwln :5+<,= 65�661

Fxfkh/ Q1 D1 dqg Khvv/ P1 N1 +4<<<e,1 Hvwlpdwlqj prqwko| JGS lq

d jhqhudo Ndopdq �owhu iudphzrun= Hylghqfh iurp Vzlw}huodqg/

Zrunlqj sdshu <<35/ Vwxg| Fhqwhu Jhu}hqvhh1
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Fxvkpdq/ G1 R1 dqg ]kd/ W1 +4<<:,1 Lghqwli|lqj prqhwdu| srolf| lq

d vpdoo rshq hfrqrp| xqghu  h{leoh h{fkdqjh udwhv/ Mrxuqdo ri

Prqhwdu| Hfrqrplfv 6<+6,= 766�77;1

Gxhnhu/ P1 M1 dqg Ilvfkhu/ D1 P1 +4<<7,1 D jxlgh wr qrplqdo ihhg0

edfn uxohv dqg wkhlu xvh iru prqhwdu| srolf|/ Txduwhuo| Exoohwlq/

Vzlvv Qdwlrqdo Edqn 45+7,= 65:�6681

Gxhnhu/ P1 M1 dqg Ilvfkhu/ D1 P1 +4<<9,1 Lq dwlrq wdujhwlqj lq d

vpdoo rshq hfrqrp|= Hpslulfdo uhvxowv iru Vzlw}huodqg/ Mrxuqdo

ri Prqhwdu| Hfrqrplfv 6:+4,= ;<�4361

Gxhnhu/ P1 M1 dqg Ilvfkhu/ D1 P1 +4<<;,1 D jxlgh wr qrplqdo ihhg0

edfn uxohv dqg wkhlu xvh iru prqhwdu| srolf|/ Uhylhz/ Ihghudo

Uhvhuyh Edqn ri Vw1 Orxlv ;3+7,= 88�961

Idyhur/ F1 D1 +4<<<,1 YDU prghov ri wkh prqhwdu| wudqvplvvlrq

phfkdqlvp1 plphr1

Ilvfkhu/ V1 +4<<3,1 Uxohv yhuvxv glvfuhwlrq lq prqhwdu| srolf|/ Kdqg0

errn ri Prqhwdu| Hfrqrplfv LL hg1 e| E1 M1 Iulhgpdq dqg I1

K1 Kdkq/ Qruwk0Kroodqg1

Iulhgpdq/ P1 dqg Vfkzdu}/ D1 M1 +4<96,1 D Prqhwdu| Klvwru| ri wkh

Xqlwhg Vwdwhv/ Sulqfhwrq Xqlyhuvlw| dqg QEHU1

Jdol/ M1 +4<<5,1 Krz zhoo grhv wkh LV0OP prgho �w srvwzdu XV

gdwdB/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 43:+5,= :3<�:6;1

Jhuodfk/ V1 dqg Vfkqdeho/ J1 +4<<<,1 Wkh Wd|oru uxoh dqg lqwhuhvw

udwhv lq wkh HPX duhd= D qrwh/ Zrunlqj sdshu :6/ ELV1

Jhuodfk/ V1 dqg Vphwv/ I1 +4<<8,1 Wkh prqhwdu| wudqvplvvlrq phfk0

dqlvp= Hylghqfh iurp wkh J: frxqwulhv/ Zrunlqj sdshu 59/ ELV1

Jhuodfk/ V1 dqg Vphwv/ I1 +4<<9,1 PFLv dqg prqhwdu| srolf| lq

vpdoo rshq hfrqrplhv xqghu  rdwlqj udwhv1 plphr1

Jrrgiulhqg/ P1 dqg Nlqj/ U1 J1 +4<<:,1 Wkh qhz qhrfodvvlfdo v|q0

wkhvlv dqg wkh uroh ri prqhwdu| srolf|/ QEHU Pdfurhfrqrplfv

Dqqxdo hg1 e| E1 V1 Ehuqdqnh dqg M1 M1 Urwhpehuj/ PLW dqg

QEHU1

Jrrgkduw/ F1 +4<<<,1 Fhqwudo edqnhuv dqg xqfhuwdlqw|/ Txduwhuo|

Exoohwlq/ Edqn ri Hqjodqg 6<+4,= 435�4491



Lqwurgxfwlrq 4<

Jrugrq/ G1 E1 dqg Ohhshu/ H1 P1 +4<<7,1 Wkh g|qdplf lpsdfwv ri

prqhwdu| srolf|= Dq h{huflvh lq whqwdwlyh lghqwl�fdwlrq/ Mrxuqdo

ri Srolwlfdo Hfrqrp| 435+9,= 455;�457:1

Kdplowrq/ M1 G1 +4<<7,1 Wlph Vhulhv Dqdo|vlv/ Sulqfhwrq Xqlyhuvlw|1

Krvwodqg/ G1/ Sror}/ V1 dqg Vwruhu/ S1 +4<;:,1 Dq dqdo|vlv ri wkh lq0

irupdwlrq frqwhqw ri dowhuqdwlyh prqhwdu| djjuhjdwhv/ Whfkqlfdo

uhsruw 7;/ Edqn ri Fdqdgd1

Kylglqj/ N1 +4<<<,1 Vzlw}huodqg= Vhohfwhg lvvxhv dqg vwdwlvwlfdo ds0

shqgl{/ Vzlw}huodqg*v prqhwdu| srolf| iudphzrun/ Vwd� frxqwu|

uhsruw <<63/ LPI1

Mdfrevrq/ W1/ Mdqvvrq/ S1/ Yuhglq/ D1 dqg Zduqh/ D1 +4<<<,1 D YDU

prgho iru prqhwdu| srolf| dqdo|vlv lq d vpdoo rshq hfrqrp|/

Zrunlqj sdshu ::/ Vzhglvk Ulnvedqn1

Mhlw}lqhu/ E1 +4<<<,1 Srolwlfdo Hfrqrp| ri wkh Vzlvv Qdwlrqdo Edqn/

Sk|vlfd0Yhuodj1

Mrugdq/ W1 M1 +4<<;,1 Prqhwdu| srolf| vkrfnv lq Vzlw}huodqg= Lv

wkhuh d oltxlglw| h�hfwB plphr1

Nlp/ V1 +4<<;,1 Lqwhuqdwlrqdo wudqvplvvlrq ri wkh XV prqhwdu| srolf|

vkrfnv= Hylghqfh iurp YDU*v1 plphr1

Nlqj/ U1 J1/ Sorvvhu/ F1 L1/ Vwrfn/ M1 K1 dqg Zdwvrq/ P1 Z1 +4<<4,1

Vwrfkdvwlf wuhqgv dqg hfrqrplf  xfwxdwlrqv/ Dphulfdq Hfr0

qrplf Uhylhz ;4+7,= ;4<�;731

Nlqj/ U1 J1 dqg Zdwvrq/ P1 Z1 +4<<9,1 Prqh|/ sulfhv/ lqwhuhvw

udwhv/ dqg wkh exvlqhvv f|foh/ Uhylhz ri Hfrqrplfv dqg Vwdwlv0

wlfv :;+4,= 68�861

Nlqj/ U1 J1 dqg Zdwvrq/ P1 Z1 +4<<:,1 Whvwlqj orqj0uxq qhxwudo0

lw|/ Hfrqrplf Txduwhuo|/ Ihghudo Uhvhuyh Edqn ri Ulfkprqg

;6+6,= 9<�<<1

Nlqj/ U1 J1 dqg Zropdq/ D1 O1 +4<<9,1 Lq dwlrq wdujhwlqj lq d Vw1

Orxlv prgho ri wkh 54vw fhqwxu|/ Uhylhz/ Ihghudo Uhvhuyh Edqn

ri Vw1 Orxlv :;+6,= ;6�43:1



53 SDUW L

Nxpdk/ I1 \1 +4<<9,1 Wkh h�hfw ri prqhwdu| srolf| rq h{fkdqjh

udwhv= Krz wr vroyh wkh sx}}ohvB/ Glvfxvvlrq sdshu <9:3/ Fhq0

wHU1

Odpehohw/ M10F1 +4<<6,1 O*ìfrqrplh vxlvvh/ Hfrqrplfd1

Odqgpdqq/ R1 dqg Mhujhu/ M1 +4<<:,1 53 Mdkuh Jhogphqjhqvwhxhuxqj

lq ghu Vfkzhl}= Huidkuxqjhq xqg Dowhuqdwlyhq1 plphr1

Odxedfk/ W1 dqg Srvhq/ D1 V1 +4<<:,1 Glvflsolqhg glvfuhwlrq= Wkh

Jhupdq dqg Vzlvv prqhwdu| wdujhwlqj iudphzrunv lq rshudwlrq/

Uhvhdufk sdshu <:3:/ Ihghudo Uhvhuyh Edqn ri Qhz \run1

Ohhshu/ H1 P1 +4<<:,1 Qduudwlyh dqg YDU dssurdfkhv wr prqhwdu|

srolf|= Frpprq lghqwl�fdwlrq sureohpv/ Mrxuqdo ri Prqhwdu|

Hfrqrplfv 73+6,= 974�98:1

Ohqjzlohu/ \1 +4<<:,1 Ghu cPrqhwdu| Frqglwlrqv Lqgh{* iÿu glh

Vfkzhl}/ Txduwhuo| Exoohwlq/ Vzlvv Qdwlrqdo Edqn 48+4,= 94�:51

Ohq}/ F1 +4<<:,1 Dv|pphwulf h�hfwv ri prqhwdu| srolf| lq Vzlw0

}huodqg/ Vzlvv Mrxuqdo ri Hfrqrplfv dqg Vwdwlvwlfv 466+6,= 774�

7871

Oxfdv/ U1 H1 +4<::,1 Hfrqrphwulf srolf| hydoxdwlrq= D fulwltxh/

Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf| 4= :�5<1

Oÿwnhsrko/ K1 +4<<6,1 Lqwurgxfwlrq wr Pxowlsoh Wlph Vhulhv Dqdo|vlv/

5qg hgq/ Vsulqjhu1

PfFdooxp/ E1 W1 +4<;;,1 Urexvwqhvv surshuwlhv ri d uxoh iru prq0

hwdu| srolf|/ Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf

Srolf| 5<= 4:6�5371

PfFdooxp/ E1 W1 +4<<<d,1 Lvvxhv lq wkh ghvljq ri prqhwdu| srolf|

uxohv/ Kdqgerrn ri Pdfurhfrqrplfv Lf hg1 e| M1 E1 Wd|oru dqg

P1 Zrrgirug/ Hovhylhu1

PfFdooxp/ E1 W1 +4<<<e,1 Uhfhqw ghyhorsphqwv lq prqhwdu| srolf|

dqdo|vlv= Wkh urohv ri wkhru| dqg hylghqfh/Zrunlqj sdshu :3;;/

QEHU1

PfFdooxp/ E1 W1 +4<<<f,1 Uhfhqw ghyhorsphqwv lq wkh dqdo|vlv ri

prqhwdu| srolf| uxohv/ Uhylhz/ Ihghudo Uhvhuyh Edqn ri Vw1

Orxlv ;4+9,= 6�441



Lqwurgxfwlrq 54

Sdunlq/ P1 +4<;:,1 Grphvwlf prqhwdu| lqvwlwxwlrqv dqg gh�flwv/

Gh�flwv hg1 e| M1 P1 Exfkdqdq/ F1 N1 Urzoh|/ dqg U1 G1 Wro0

olvrq/ Eodfnzhoo1

Shhuvpdq/ J1 dqg Vphwv/ I1 +4<<<,1 Wkh Wd|oru uxoh= D xvhixo

prqhwdu| srolf| ehqfkpdun iru wkh Hxur duhdB/ Lqwhuqdwlrqdo

Ilqdqfh 5+4,= ;8�4491

Sh|wuljqhw/ P1 +4<<6,1 Wudqvsduhqfh gh od srolwltxh prqìwdluh/

uëjoh frqwuh glvfuìwlrq hw fuìglelolwì= txhotxhv dvshfwv gx gì0

edw/ Txduwhuo| Exoohwlq/ Vzlvv Qdwlrqdo Edqn 44+7,= 65;�66:1

Sh|wuljqhw/ P1 dqg Ilvfkhu/ D1 P1 +4<<4,1 Djuìjdwv prqìwdluhv

vxlvvhv= P4 h{rjëqh rx hqgrjëqh/ Txduwhuo| Exoohwlq/ Vzlvv

Qdwlrqdo Edqn <+6,= 57:�5:81

Ulfk/ J1 +4<;:,1 Vzlvv dqg Xqlwhg Vwdwhv prqhwdu| srolf|= Kdv

prqhwdulvp idlohgB/ Hfrqrplf Uhylhz/ Ihghudo Uhvhuyh Edqn ri

Ulfkprqg :6+6,= 6�491

Ulfk/ J1 +4<;<,1 Jhogphqjhq}lhoh xqg vfkzhl}hulvfkh Jhogsrolwln=

hlqh Vwdqgruwehvwlppxqj/ Txduwhuo| Exoohwlq/ Vzlvv Qdwlrqdo

Edqn :+7,= 678�6931

Ulfk/ J1 +4<<:,1 Prqhwdu| wdujhwv dv d srolf| uxoh= Ohvvrqv iurp

Vzlvv h{shulhqfh/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 6<+4,= 446�

4741

Urphu/ F1 G1 dqg Urphu/ G1 K1 +4<;<,1 Grhv prqhwdu| srolf| pdw0

whuB D qhz whvw lq wkh vslulw ri Iulhgpdq dqg Vfkzduw}/ QEHU

Pdfurhfrqrplfv Dqqxdo hg1 e| R1 M1 Eodqfkdug dqg V1 Ilvkhu/

PLW dqg QEHU1

Urphu/ F1 G1 dqg Urphu/ G1 K1 +4<<7,1 Prqhwdu| srolf| pdwwhuv/

Mrxuqdo ri Prqhwdu| Hfrqrplfv 67+4,= :8�;;1

Uxghexvfk/ J1 G1 +4<<;d,1 Gr phdvxuhv ri prqhwdu| srolf| lq d YDU

pdnh vhqvhB/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz 6<+7,= <3:�<641

Uxghexvfk/ J1 G1 +4<<;e,1 Gr phdvxuhv ri prqhwdu| srolf| lq d YDU

pdnh vhqvhB D uhso| wr F1 D1 Vlpv/ Lqwhuqdwlrqdo Hfrqrplf

Uhylhz 6<+7,= <76�<7;1



55 SDUW L

Vkhhkdq/ U1 J1 +4<<5,1 XV lq xhqfhv rq iruhljq prqhwdu| srolf|/

Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj 57+7,= 77:�7971

Vlpv/ F1 D1 +4<;3,1 Pdfurhfrqrplfv dqg uhdolw|/ Hfrqrphwulfd

7;+4,= 4�7;1

Vlpv/ F1 D1 +4<;9,1 Duh iruhfdvwlqj prghov xvdeoh iru srolf| dqdo0

|vlvB/ Txduwhuo| Uhylhz/ Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv

43+4,= 5�491

Vlpv/ F1 D1 +4<<5,1 Lqwhusuhwlqj wkh pdfurhfrqrplf wlph vhulhv

idfwv= Wkh h�hfwv ri prqhwdu| srolf|/ Hxurshdq Hfrqrplf Uh0

ylhz 69+8,= <:8�43331

Vlpv/ F1 D1 +4<<;,1 Frpphqw rq cGr phdvxuhv ri prqhwdu| srolf| lq

d YDU pdnh vhqvhB* e| J1 Uxghexvfk/ Lqwhuqdwlrqdo Hfrqrplf

Uhylhz 6<+7,= <66�<741

Vphwv/ I1 +4<<:d,1 Phdvxulqj prqhwdu| srolf| vkrfnv lq Iudqfh/

Jhupdq| dqg Lwdo|= Wkh uroh ri wkh h{fkdqjh udwh/ Vzlvv Mrxu0

qdo ri Hfrqrplfv dqg Vwdwlvwlfv 466+6,= 8<:�9491

Vphwv/ I1 +4<<:e,1 Phdvxulqj prqhwdu| srolf| vkrfnv lq Iudqfh/

Jhupdq| dqg Lwdo|= Wkh uroh ri wkh h{fkdqjh udwh/ Zrunlqj

sdshu 75/ ELV1

Vwdun/ W1 dqg Furxvkruh/ G1 +4<<9,1 Hydoxdwlqj PfFdooxp*v uxoh

zkhq prqhwdu| srolf| pdwwhuv/ Zrunlqj sdshu <936/ Ihghudo

Uhvhuyh Edqn ri Sklodghoskld1

Vwurqjlq/ V1 +4<<8,1 Wkh lghqwl�fdwlrq ri prqhwdu| srolf| glvwxu0

edqfhv1 H{sodlqlqj wkh oltxlglw| sx}}oh/ Mrxuqdo ri Prqhwdu|

Hfrqrplfv 68+6,= 796�7<:1

Wd|oru/ M1 E1 +4<<6,1 Glvfuhwlrq yhuvxv srolf| uxohv lq sudfwlfh/

Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf| 6<= 4<8�

5471

Wd|oru/ M1 E1 +4<<;,1 Lqwurgxfwru| uhpdunv rq prqhwdu| srolf|

uxohv/ Prqhwdu| Srolf| Uxohv hg1 e| M1 E1 Wd|oru/ Xqlyhuvlw|

ri Fklfdjr dqg QEHU1

Yrq Ixuvwhqehuj/ J1 P1 dqg Xodq/ P1 N1 +4<<;,1 Ohduqlqj iurp wkh

Zruog*v Ehvw Fhqwudo Edqnhuv/ Noxzhu1



Lqwurgxfwlrq 56

Zdovk/ F1 H1 +4<<;,1 Prqhwdu| Wkhru| dqg Srolf|/ PLW1

Zdvvhuidoohq/ Z1 dqg Nÿuvwhlqhu/ J1 +4<<7,1 Lqwhuhvw udwhv dqg h{0

fkdqjh udwhv xqghu prqh| vxsso| wdujhwv/ Mrxuqdo ri Prqhwdu|

Hfrqrplfv 66+4,= 534�5631

Zdwvrq/ P1 Z1 +4<<7,1 Yhfwru dxwruhjuhvvlrqv dqg frlqwhjudwlrq/

Kdqgerrn ri Hfrqrphwulfv LY hg1 e| U1 I1 Hqjoh dqg G1 O1

PfIdgghq/ Hovhylhu1

Zhehu/ D1 D1 +4<<7,1 Whvwlqj orqj0uxq qhxwudolw|= Hpslulfdo hylghqfh

iru J: frxqwulhv zlwk vshfldo hpskdvlv rq Jhupdq|/ Fduqhjlh0

Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf| 74= 9:�44:1

\xh/ S1 dqg Ioxul/ U1 +4<<4,1 Glylvld prqhwdu| vhuylfhv lqgh{hv iru

Vzlw}huodqg= Duh wkh| xvhixo iru prqhwdu| wdujhwlqjB/ Exvlqhvv

Uhylhz/ Ihghudo Uhvhuyh Edqn ri Sklodghoskld :6+8,= 4<�661


