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Hxurshdq H{sruwv dqg Rxwzdug

Iruhljq Gluhfw Lqyhvwphqw= D

G|qdplf Sdqho Gdwd Dssurdfk

Shwhu Hjjhu

Dxvwuldq Lqvwlwxwh ri Hfrqrplf Uhvhdufk/

S1R10Er{ <4/ D04436 Ylhqqd/ Dxvwuld1

H0pdlo= hjjhuCzlir1df1dw

Devwudfw

Wklv sdshu lpsohphqwv d sdqho gdwd dssurdfk iru vwxg|lqj

wkh ghwhuplqdqwv ri dqg uhodwlrqvklsv ehwzhhq elodwhudo hfrqrplf

dfwlylwlhv lq whupv ri wudgh dqg iruhljq gluhfw lqyhvwphqw ehwzhhq

wkh HX phpehu vwdwhv1 Wkh idploldu htxdwlrq iru whvwlqj wkh

ghwhuplqdqwv ri elodwhudo h{sruwv lv uhirupxodwhg wr uh hfw uh0

fhqw wkhruhwlfdo zrun1 Lw lv vshfl�hg dv d g|qdplf sdqho gdwd

prgho ghvljqhg wr rewdlq dqvzhuv derxw wkhlu uhodwlrqvkls df0

fruglqj wr fkdqjhv lq gl�huhqw h{rjhqrxv ghwhuplqdqwv1 H{sruwv

dqg vwrfnv ri rxwzdug IGL duh irxqg wr eh vxevwlwxwhv zlwk uh0

vshfw wr fkdqjhv lq wudqvsruw frvwv dqg frpsohphqwv zlwk uhvshfw

wr prvw ri wkh rwkhu ghwhuplqdqwv1

Nh| zrugv= judylw| htxdwlrq/ sdqho hfrqrphwulfv

MHO= F66/ I47/ I48/ I56

4 Lqwurgxfwlrq4

Iluvw dwwhpswv wr h{sodlq elodwhudo hfrqrplf uhodwlrqvklsv 0 ru pruh suh0

flvho| yroxphv ri wudgh 0 zhuh pdgh derxw 68 |hduv djr lq wkh wudglwlrq ri

Lvvdf Qhzwrq*v odz ri judylw| +Wlqehujhq/ 4<95> Srh|krhqhq/ 4<96> Olq0

qhpdqq/ 4<99,1 Vlqfh wkhq/ wkhruhwlfdo dqg hpslulfdo uhvhdufk kdv suroli0

hudwhg1 Wkh iruphu zdv gulyhq e| wzr lvvxhv= Iluvw/ idfwruv ri wudgh uhvlv0

wdqfh dqg lpshglphqwv +wudqvsruwdwlrq frvwv, zhuh vkrzq wr eh frpsdw0

leoh zlwk h{shqglwxuh0edvhg prghov +Dqghuvrq/ 4<:<> Ehujvwudqg/ 4<;8

dqg 4<;<,1 Vhfrqgo|/ wkh dvshfw ri elodwhudo uhodwlrqvklsv lq d pxowlodw0

hudo zruog zdv xqghuslqqhg e| prghov vxssolhg e| wkh Qhz Wudgh Wkh0

ru| +Khospdq/ 4<;:> Ehujvwudqg/ 4<<3> Kxpphov ) Ohylqvrkq/ 4<<8,1

4L zlvk wr wkdqn P1 Sid�hupd|u iru h{whqvlyh glvfxvvlrqv dqg ydoxdeoh vxjjhvwlrqv1

L dp judwhixo wr M1 Edxpjduwqhu/ F1 Ehoodn/ I1 Euhxvv/ M1 Ihuvwhuhu/ Z1 Nrkohu/ U1

Zlqwhu0Hephu/ dqg P1 Zÿjhu iru khosixo frpphqwv1
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Hpslulfdo surjuhvv zdv edvhg pdlqo| rq wkh iruphu/ prwlydwhg e| wkh

idfw wkdw pdq| vshfl�fdwlrqv ri wkh judylw| w|sh zhuh irxqg wr h{sodlq

elodwhudo wudgh yroxphv udwkhu zhoo +vhh Rjxohgr ) PdfSkhh/ 4<<7 iru

dq ryhuylhz,1 Krzhyhu/ lq vslwh ri lwv hpslulfdo vxffhv/ uhvhuydwlrqv iurp

wkh wkhruhwlfdo vlgh frxog qrw eh holplqdwhg= lw zdv uhshdwhgo| fulwlflvhg

wkdw prvw ri wkh whvwhg htxdwlrqv zhuh dg krf vshfl�fdwlrqv +Ohdphu

) Ohylqvrkq/ 4<<8, ghulyhg qrw iurp d vshfl�f exw iurp dq| sodxvleoh

prgho ri wudgh +Ghdugru�/ 4<<;, zklfk uhgxfhg wkh ghjuhh ri lqwhuhvw

dzdughg wr wklv w|sh ri uhvhdufk dw wkh hfrqrplf srolf| ohyho1

Iruphu hpslulfdo uhvhdufk zdv frqfhuqhg doprvw vroho| zlwk wudgh

uhodwlrqv1 Exw pruh uhfhqw wkhruhwlfdo vwxglhv ri pxowlqdwlrqdov dqg wudgh

kdyh irxqg wkdw wkh vdph h{rjhqrxv idfwruv duh dw zrun lq ghwhuplqlj

wudgh dqg pxowlqdwlrqdo dfwlylwlhv/ dq dvshfw wkdw kdv vr idu kdg olwwoh

lpsdfw rq wkh hpslulfdo dqdo|vlv ri elodwhudo hfrqrplf uhodwlrqvklsv51

Wzr fdyhdwv fdq eh udlvhg iurp dq hfrqrphwulf srlqw ri ylhz zlwk

uhvshfw wr wkh uhvxowv ri prvw hpslulfdo dqdo|vhv1 Iluvw/ rqo| d ihz ri

wkhvh vwxglhv pdgh xvh ri wkh lqirupdwlrq lq hyhu| dydlodeoh glphqvlrq ri

yduldwlrq +l1 h1 furvv0vhfwlrq dqg wlph/ dw wkh djjuhjdwh ohyho,1 Frxqwu|0

vshfl�f h�hfwv frxog kdyh ehhq d pdmru lq xhqfh/ exw zhuh qrw whvwhg

iru lq pdq| fdvhv61 Vhfrqgo|/ rqo| vwdwlf vshfl�fdwlrqv kdyh ehhq hv0

wlpdwhg1 D g|qdplf wuhdwphqw ri wkh elodwhudo hfrqrplf uhodwlrqvklsv/

krzhyhu/ zrxog doorz d xvhixo glvwlqfwlrq ehwzhhq vkruw0uxq dqg orqj0uxq

uhodwlrqvklsv71

Wklv sdshu dlpv wr pdnh d frqwulexwlrq wr wkh hpslulfdo glvfxvvlrq

ri orqj0uxq uhodwlrqvklsv ehwzhhq elodwhudo h{sruwv dqg iruhljq gluhfw lq0

yhvwphqw +IGL,1 Lq olqh zlwk uhfhqw wkhruhwlfdo zrun/ wkh vshfl�fdwlrqv

suhvhqwhg khuh frqwdlq lghqwlfdo ghwhuplqlqj idfwruv iru erwk elodwhudo

wudgh dqg pxowlqdwlrqdo dfwlylwlhv1 Zrunlqj iurp d g|qdplf elyduldwh

sdqho iudphzrun/ lw vwxglhv wkh orqj0uxq uhodwlrqvklsv ehwzhhq h{sruwv

dqg vwrfnv ri rxwzdug IGL1 Lq wklv zd|/ zh duh deoh wr ghwhuplqh pruh

dffxudwho| zkhwkhu wkh dfwlylwlhv e| pxowlqdwlrqdo +PQHv/ l1h1 wkhlu

lqyhvwphqwv deurdg, dqg qdwlrqdo +h{sruwlqj> QHv, hqwhusulvhv duh vxe0

5H{fhswlrqv duh Eudlqdug +4<<:,/ zkr dqdo|vhg h{sruwv dqg vdohv e| Dphulfdq

PQHv/ irfxvvlqj rq wkh txhvwlrq ri ghwhuplqdqwv/ dqg Euhqwrq hw do1 +4<<<,/ zkr

xvhg d wudglwlrqdo judylw| dssurdfk wr duulyh dw d frqfoxvlrq derxw wkh grplqr h�hfwv

ri Hxurshdq lqwhjudwlrq rq IGL1
6H{fhswlrqv duh Edogzlq +4<<7,/ zkr xvhg d udqgrp h�hfwv prgho dqg surmhfwhg

wudgh srwhqwldov/ dqg Päw|äv +4<<:,/ zkr h{sodlqhg elodwhudo h{sruw �jxuhv e| d udq0

grp dqg �{hg h�hfwv sdqho dssurdfk1 Lq wklv frqwh{w/ wkh frqwulexwlrqv ri Khospdq

+4<;:, dqg Kxpphov ) Ohylqvrkq +4<<8, �w lq/ zkr xvhg sdqho prghov ri elodwhudo

wudgh wr h{sodlq wkh vkduh ri lqwud0lqgxvwu| wudgh1
7Wklv lv qrw srvvleoh iru vlpsoh �uvw0gl�huhqfh dqdo|vhv dv wkrvh e| Ed|rxpl )

Hlfkhqjuhhq +4<<8,1
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vwlwxwhv ru frpsohphqwv lq whupv ri fkdqjhv lq gl�huhqw h{rjhqrxv gh0

whuplqdqwv1

Ehorz/ d vxppdu| lv jlyhq ri wkh wkhruhwlfdo edfnjurxqg iru wkh

hpslulfdo vhwxs1 Wkh qh{w vhfwlrq ghyhorsv vshfl�fdwlrqv/ zkloh vhfwlrq

7 uhsruwv rq wkh frqvwuxfwlrq ri yduldeohv dqg wkh vrxufhv ri gdwd1 Vhfwlrq

8 suhvhqwv wkh hvwlpdwlrq uhvxowv/ iroorzhg e| wkh frqfoxvlrqv duulyhg dw

lq vhfwlrq 91

5 Wkhruhwlfdo Edfnjurxqg

Prvw ri wkh wkhruhwlfdo surjuhvv lq lqfrusrudwlqj wkh wkhru| ri wkh pxowl0

qdwlrqdo �up lqwr wkh Qhz Wudgh Wkhru| zdv dfklhyhg rqo| lq uhfhqw

|hduv1 Uhvhdufk lq wkh �hog frqfhqwudwhg rq wkh vr0fdoohg sur{lplw|0

frqfhqwudwlrq wudgh0r�1 Wzr dssurdfkhv zhuh sxuvxhg1 Iluvw/ jdph

wkhru| prghov zhuh xvhg wr hqgrjhql}h pdunhw vwuxfwxuhv/ l1 h1 wr h{0

sodlq wkh suhvhqfh ri PQHv e| uhdvrqlqj dorqj dq hfrqrplhv0ri0vfdoh

dqg roljlsrolvwlf pdunhw vwuxfwxuhv olqh +Kruvwpdqq ) Pdunxvhq/ 4<<5>

Eudlqdug/ 4<<6,1 Vhfrqgo|/ uhvhdufk uhwxuqhg wr wkh hqgrzphqw0edvhg

prgho1 Wkh suhvhqfh ri hlwkhu PQHv ru QHv ru erwk zlwklq wkh iudph0

zrun ri prqrsrolvwlf frpshwlwlrq zdv vkrzq wr eh gulyhq e| d pl{ ri

idfwruv vxfk dv wkh olqn ehwzhhq sodqw dqg �up0vshfl�f �{hg frvwv/ frvwv

ri wudqvsruwdwlrq/ uhodwlyh idfwru hqgrzphqwv dqg uhodwlyh frxqwu| vl}h

+Pdunxvhq ) Yhqdeohv/ 4<<9 dqg 4<<;> Hjjhu ) Sid�hupd|u/ 5333,1

Dowkrxjk jhqhudo frqfoxvlrqv iurp wkh dqdo|vhv ri wkh odwwhu w|sh duh

vfdufh/ gxh wr wkh frpsoh{lw| ri prghov/ wkh vshfl�fdwlrqv lq vhfwlrq 6

zloo lqfoxgh wkh uhohydqw yduldeohv iurp wklv uhvhdufk1

Fohduo|/ vrph sduwlfxodu yduldeohv fdq eh irxqg lq hyhu| hqgrzphqw0

edvhg vwxg| ri elodwhudo wudgh +vhh Khospdq/ 4<;:/ ru Kxpphov ) Ohylq0

vrkq/ 4<<8,1 Wkhvh duh frxqwu| vl}h +uhodwlyh dqg devroxwh elodwhudo hfr0

qrplf vsdfh, dqg gl�huhqfhv lq uhodwlyh idfwru hqgrzphqwv1 D orrn dw wkh

pruh uhfhqw olwhudwxuh rq wudgh dqg PQHv lqirupv xv wkdw wzr pruh ydul0

deohv vkrxog eh ri juhdw lpsruwdqfh= wkh| duh h{sruw0 dqg lqyhvwphqw0

lpshglqj idfwruv1 Wkh iruphuv duh dvvrfldwhg zlwk wkh frvwv ri wudqv0

sruwdwlrq/ wkh odwwhu zlwk �{hg frvwv dqg hqwu| eduulhuv +vhh Pdunxvhq

) Yhqdeohv/ 4<<9 dqg 4<<;> Eudlqdug/ 4<<:> hwf1,1

Reylrxvo|/ wkh zhoo0nqrzq wudgh dqg pxowlqdwlrqdo prghov whoo xv

rqo| derxw wkh +prvwo| vwdwlf, vwhdg|0vwdwh1 Qhyhuwkhohvv/ prvw hqgrzphqw0

edvhg vhwxsv vkrz wkdw pxowlqdwlrqdo dfwlylwlhv dqg wudgh hqmr| d frp0

sohphqwdu| uhodwlrqvkls lq wkh orqj0uxq diwhu d fkdqjh lq vlplodulw| ri

vl}h ru uhodwlyh idfwru hqgrzphqwv81 Zh zrxog h{shfw d srvlwlyh lq x0

8Wklv frqfoxvlrq iroorzv iurp wkh hqgrzphqw0edvhg prghov ghyhorshg lq wkh wud0

glwlrq ri Pdunxvhq +4<;6,/ Khospdq +4<;7,/ Jurvvpdq ) Khospdq +4<<4,/ dqg

Eudlqdug +4<<6,/ vhh Sid�hupd|u +4<<9, iru dq ryhuylhz1
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hqfh ri lqfuhdvhg elodwhudo hfrqrplf vsdfh rq erwk h{sruwv dqg IGL1

Lqfuhdvlqj vlplodulw| lq whupv ri frxqwu| vl}h vkrxog eh dvvrfldwhg zlwk

d srvlwlyh fkdqjh ri elodwhudo h{sruwv +vhh dovr Khospdq/ 4<;:,1 Wkh

vdph zrxog krog wuxh iru IGL lq d zruog zlwkrxw wudgh dqg lqyhvwphqw

lpshglphqwv +dv lq Khospdq/ 4<;7,1 Lq wkh pruh uhfhqw wkhru| rq sur{0

lplw| dqg frqfhqwudwlrq/ krzhyhu/ wkh h�hfwv ri fkdqjhv lq uhodwlyh vl}h

rq IGL duh qrw vr fohdu1 Pdunxvhq ) Yhqdeohv +4<<;, vkrz wkdw/ gxh

wr wkh grplqdqfh ri fruqhu vroxwlrqv +hlwkhu rqo| PQHv ru rqo| QHv duh

dfwlyh, wkh h�hfwv rq wkh qxpehu ru wkh vdohv ri PQHv pljkw gl�hu gxh

wr gl�huhqw ohyhov ri wkh wudqvsruwdwlrq frvw sdudphwhu1 Rq wkh rwkhu

kdqg/ Hjjhu ) Sid�hupd|u +5333, vkrz wkdw lqfuhdvlqj f1s1 wkh vl}h ri

d frxqwu| uhodwlyh wr wkh rwkhu zrxog dozd|v lpso| d srvlwlyh fkdqjh lq

wkh yroxph ri rxwzdug IGL ri wkdw frxqwu|1

Jurzlqj gl�huhqfhv lq uhodwlyh idfwru hqgrzphqwv rq wkh +ryhudoo exw

qrw lqwud0lqgxvwu|, h{sruw vlgh duh frpprqo| dvvrfldwhg zlwk kljkhu

h{sruwv gxh wr jdlqv lq vshfldolvdwlrq1 Dffruglqj wr Khospdq +4<;7,/

wklv dovr krogv wuxh iru pxowlqdwlrqdo dfwlylwlhv lq wkh wzr0idfwru prgho1

Pdunxvhq dqg Yhqdeohv +4<<;, vkrz wkdw wkh h�hfw ri d f1s1 fkdqjh ri

uhodwlyh hqgrzphqwv ghshqgv rq zklfk w|sh ri �upv lv dfwlyh lqlwldoo|1

Qhlwkhu Khospdq +4<;7, qru Pdunxvhq ) Yhqdeohv +4<<;, surylgh xv

zlwk dq dqvzhu uhjduglqj wkh h�hfwv rq IGL/ dv wkhlu PQHv vxsso| rqo|

khdgtxduwhu vhuylfhv exw qrw fdslwdo wr wkhlu iruhljq rshudwlrqv1 Frq0

vlghulqj d olqhdu uhodwlrqvkls ehwzhhq PQH vdohv dqg IGL/ wklv zrxog

srlqw dw vlplodu h�hfwv lq whupv ri wkhlu vljq ri d juhdwhu vlplodulw| eh0

wzhhq wzr frxqwulhv lq whupv ri uhodwlyh uhodwlyh idfwru hqgrzphqwv rq

erwk wudgh dqg IGL iru hpslulfdo dqdo|vlv doehlw PQHv gr qrw h{solflwho|

vhuyh wkh iruhljq pdunhw zlwk fdslwdo lq wkhvh prghov91 Hjjhu ) Sid�hu0

pd|u +5333,/ krzhyhu/ vkrz wkdw f1s1 fkdqjhv lq uhodwlyh hqgrzphqw ri

oderxu/ sk|vlfdo dqg kxpdq fdslwdo lpso| gl�huhqw h�hfwv rq +h{sruwv

dqg, IGL1 E| prghoolqj wkh uroh ri sk|vlfdo dqg kxpdq fdslwdo dqg

wkh uhdvrqv iru jrlqj pxowlqdwlrqdo/ zh zrxog wkxv duulyh dw gl�huhqw

frqfoxvlrqv derxw wkh h�hfwv ri d fkdqjh lq uhodwlyh hqgrzphqw1

9Edvlfdoo|/ wudgh wkhru| whoov xv pruh derxw PQH vdohv wkdq derxw wkhlu fdslwdo0

vhuylqj qdwxuh e| zd| ri IGL1 Prvw ri wkh wkhruhwlfdo frqwulexwlrqv gr qrw dvvrfldwh

fdslwdo  rzv dfurvv erughuv zlwk wkh surfhvv ri pxowlqdlrqdolvdwlrq dw doo1 Wkhuhiruh/

pxowlqdwlrqdo vdohv zrxog eh wkh pruh surshu yduldeoh iurp d wkhruhwlfdo srlqw ri

ylhz/ exw wkh| jr xquhsruwhg lq prvw frxqwulhv1 Rq wkh rwkhu kdqg/ fdslwdo rxw rzv

dqg lq rzv duh uhohydqw yduldeohv lq wkhlu rzq uljkw iurp d srolwlfdo hfrqrplvw*v

srlqw ri ylhz1 Ehdulqj lq plqg wkh olqhdu uhodwlrqvkls ehwzhhq PQH vdohv dqg IGL

+iruhljq rzqhg fdslwdo vwrfnv, zh zloo lqwhusuhw wkh wkhruhwlfdo frqfoxvlrqv vr dv

wr jhw d eurdghu edvlv iru wkh k|srwkhvhv1 Lw vkrxog eh qrwhg wkdw d ihz jhqhudo

htxloleulxp prghov gr glvwlqjxlvk ehwzhhq wkh khdgtxduwhu0vhuylqj dqg wkh fdslwdo0

vhuylqj qdwxuh ri pxowlqdwlrqdov1 H{dpsohv duh Pdunxvhq ) Yhqdeohv +4<<;, dqg

Hjjhu ) Sid�hupd|u +5333,1
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Lq vxp/ d glvfxvvlrq ri wkh h�hfwv ri jurzlqj vlplodulw| xqghuwdnhq

e| wkh hqgrzphqw0edvhg olwhudwxuh rq sur{lplw| dqg frqfhqwudwlrq ohdgv

xv wr ohvv jhqhudo frqfoxvlrqv/ dv wkhruhwlfdo uhvxowv dovr ghshqg rq wudgh

dqg lqyhvwphqw lpshglphqwv zklfk lq pdq| fdvhv surgxfh fruqhu vrox0

wlrqv iru �up w|shv +hlwkhu PQHv ru QHv duh dfwlyh,1

Frqyhqlhqwo|/ jhqhudo htxloleulxp dqg hpslulfdo dqdo|vhv kdyh irxqg

wkdw ghfuhdvhv lq wudqvsruwdwlrq frvwv vkrxog eh dvvrfldwhg zlwk kljkhu

h{sruwv dqg wkdw lqfuhdvhv lq sodqw0vshfl�f �{hg frvwv ohdg wr ohvv PQH

dfwlylwlhv +ohvv IGL lq rxu frqwh{w= vhh Eudlqdug/ 4<<:> Euhqwrq hw do1/

4<<<,1 Wkh kljkhu frusrudwh wd{ udwhv duh/ wkh vpdoohu vkrxog eh wkh

yroxph ri h{sruwv dqg IGL/ pdlqo| wkh uhvxow ri vkulqnlqj �up vl}hv1

Qrwh wkdw wkh qxpehuv ri QHv dqg PQHv qrupdoo| ghshqg rqo| rq

idfwru hqgrzphqwv1 Wkxv/ dq lqfuhdvh lq uhodwlyh frusrudwh wd{ udwhv

zrxog qrw uhvxow lq d fkdqjh lq wkh qxpehuv ri �upv lq hlwkhu frxqwu|/

exw rqo| lq d fkdqjh ri vkruw0uxq sur�wv/ zdjhv dqg �up vl}hv1 Zh zrxog

wkhuhiruh h{shfw wr ghfuhdvh erwk h{sruwv dqg IGL1 Khqfh/ fdslwdo vkrxog

eh ohvv olnho| wr  rz rxw zkhq frusrudwh wd{ udwhv ri wkh krph frxqwu|

lqfuhdvh uhodwlyh wr wkh krvw frxqwu|1

Iurp wkh lqgxvwuldo hfrqrplvw*v srlqw ri ylhz/ wkh uhodwlrqvkls eh0

wzhhq wudgh dqg pxowlqdwlrqdo dfwlylwlhv lv hyhq ohvv fohdu0fxw/ vlqfh wkhuh

duh pdqlirog uhdvrqv iru jrlqj pxowlqdwlrqdo1 Gxqqlqj +4<;4, lq sduwlf0

xodu vxjjhvwv lq klv iudphzrun ri rzqhuvkls/ orfdwlrq dqg lqwhuqdolvdwlrq

+ROL, wkdw d glvwlqfwlrq vkrxog eh pdgh ehwzhhq wkh uhdvrqv iru rzq0

huvkls/ uhvrxufh0edvhg dqg orfdo0pdunhw rulhqwhg lqyhvwphqw +orfdwlrq,/

dqg wkh lqwhuqdolvdwlrq ri lqirupdwlrq dqg nqrzohgjh zlwklq �upv dqg

dfurvv erughuv1 Prwlyhv iru pxowlqdwlrqdolvdwlrq frxog wkhuhiruh gl�hu lq

wkhlu h�hfwv rq wkh uhodwlrqvkls ehwzhhq wudgh dqg pxowlqdwlrqdo dfwlyl0

wlhv1 Vlploduo|/ wudgh uhsodfhphqwv duh dovr srvvleoh lq wkh orqj0uxq1

Lq rughu wr rewdlq hpslulfdo dqvzhuv uhjduglqj wkh orqj0uxq uhod0

wlrqvkls ehwzhhq h{sruwv dqg IGL/ zh qhhg wr lqfoxgh wzr dgglwlrqdo

yduldeohv lq hdfk htxdwlrq1 Iurp wkh lqyhvwphqw olwhudwxuh zh nqrz

wkdw wkh suhvhqfh ri dgmxvwphqw frvwv ohdgv wr voxjjlvk dgmxvwphqwv ri

fdslwdo vwrfnv +Oxfdv/ 4<9:,:1 Vxfk frvwv lpshgh wkh lpphgldwh dgmxvw0

phqw wr wkh qhz htxloleulxp diwhu d vkrfn iru erwk QHv dv zhoo dv PQHv/

ohdglqj wr vkruw0uxq vlwxdwlrqv r�0vlgh wkh +orqj0uxq, vwhdg|0vwdwh/ vrph0

wklqj wkdw jhqhudo htxloleulxp prghov gr qrw xvxdoo| whoo xv derxw +dq

h{fhswlrq lv Nrl}xpl ) Nrshfn|/ 4<;3,1

Iurp wkh lqgxvwuldo hfrqrplf olwhudwxuh rq IGL/ rq wkh rwkhu kdqg/

:Nrl}xpl ) Nrshfn| +4<;3, prgho dgmxvwphqw frvwv iru IGL dqg glvwlqjxlvk

ehwzhhq vkruw0uxq dqg orqj0uxq hpsor|phqw h�hfwv1 Fxvkpdq +4<;;, dvvxphv dg0

mxvwphqw frvwv iru IGL vwrfnv dqg �qgv d vxevwlwxwlyh uhodwlrqvkls ehwzhhq IGL dqg

h{sruwv +vhh dovr Pdwklhx/ 4<<8,1

8



zh nqrz wkdw wkh prwlyhv iru jrlqj pxowlqdwlrqdo dqg zkhwkhu iruhljq

vxevlgldulhv duh xvlqj iruhljq0surgxfhg lqsxwv ru lqwhuphgldwhv lpsruwhg

iurp wkhlu sduhqw surgxfh gl�huhqw frqfoxvlrqv derxw wkh uhodwlrqvkls

ehwzhhq wudgh dqg IGL +Nrl}xpl ) Nrshfn|/ 4<;3,1 Edvlfdoo| wklv jrhv

eh|rqg wkh vwdwlf prghov ri Pdunxvhq ) Yhqdeohv +4<<9/ 4<<;,/ exw zh

frxog dvvrfldwh dgmxvwphqw surfhvvhv dqg gluhfw uhodwlrqvklsv ehwzhhq

wudgh dqg IGL zlwk vkruw0uxq skhqrphqd/ zklfk fdq eh dffrxqwhg iru

e| lqfoxglqj odjjhg h{sruwv dqg IGL lq hdfk htxdwlrq1

Pruh hpslulfdo hylghqfh lv dydlodeoh rq wkh frpsohphqwdulw| ri wudgh

dqg IGL/ dowkrxjk vrph frqwulexwlrqv dovr irxqg vxevwlwxwlyh uhodwlrq0

vklsv +Iudqn ) Iuhhpdq/ 4<:;> Fxvkpdq/ 4<;;> iru dq ryhuylhz vhh

Fdyhv/ 4<<9,1 Frpsohphqwdulw| lv irxqg l1d1 e| Olsvh| ) Zhlvv +4<;4/

4<;7,/ Eorpvwuùp ) Nrnnr +4<<7,/ Sid�hupd|u +4<<9,/ dqg Euhqwrq hw

do1 +4<<<, dw djjuhjdwh/ lqgxvwu| dqg �up ohyho1 Lq rxu fdvh zh zloo qrw

eh deoh wr ghflgh lq jhqhudo zkhwkhu wkh uhodwlrqvkls lv frpsohphqwdu|

ru vxevwlwxwlyh/ exw rzlqj wr wkh gl�huhqw h{rjhqrxv ghwhuplqdqwv zh

qhhg wr dqdo|vh hdfk iru krz wkh| lq xhqfh erwk h{sruwv dqg vwrfnv ri

rxwzdug IGL lq wkh orqj0uxq1

6 Wkh Hfrqrphwulf Prgho

Lqfoxvlrq ri wkh fruh yduldeohv phqwlrqhg deryh surgxfhv wkh iroorzlqj

vshfl�fdwlrq iru wkh vwdwlf fdvh

f��|' kfnk�C(A ��|nk27U�U ��|nk�-u8�� ��|

nke-uA�f��|nkDA�8 ��|n���nB|n���| +4,

iru h{sruwv dqg

8��|' qfnq�C(A ��|nq27U�U ��|nq�-u8�� ��|

nqe-uA�f��|nqDA�8 ��|n0��nl |n���| +5,

iru IGL/ uhvshfwlyho|1 Lqglfhv �/ � uhihu wr wkh frxqwu| ri ruljlq dqg

ghvwlqdwlrq uhvshfwlyho| ri dq hfrqrplf dfwlylw|> | dffrxqwv iru wkh wlph

shulrg> f dqg 8 duh h{sruwv dqg vwrfnv ri rxwzdug IGL1 Lq rughu wr

fdswxuh wkh orqj0uxq lq xhqfhv/ rqo| wkh h{rjhqrxv ghwhuplqdqwv duh

lqfoxghg lq wkh vwdwlf fdvh1

C(A h{suhvvhv wkh vxp ri JGSv iru wkh wzr frxqwulhv � dqg � lq sh0

ulrg |/ dqg 7U�U lqglfdwhv wkh vlplodulw| ri vl}h e| wkh xvh ri dq lqgh{

+vhh vhfwlrq 7,1 -u8�� phdvxuhv wkh gl�huhqfh lq uhodwlyh idfwru hq0

grzphqwv ehwzhhq wzr frxqwulhv1 Wkh uhpdlqlqj yduldeohv uh hfw h{sruw
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dqg lqyhvwphqw lpshglphqwv1 -uA�f lv wkh uhodwlyh frusrudwh wd{ udwh

ehwzhhq wkh h{sruwlqj +�, dqg wkh lpsruwlqj frxqwu| +�,1 Wklv yduldeoh

pxvw eh lqwhusuhwhg dv lq xhqflqj erwk wkh �{hg dqg yduldeoh frvwv1 Zh

vkrxog wklqn ri frusrudwh wd{hv dv d�hfwlqj d �up*v vkruw0uxq sur�wv1

Wkh prgho ri Hjjhu ) Sid�hupd|u +5333, vkrzv wkdw dq lqfuhdvh lq wkh

frusrudwh wd{ udwh ri wkh sduhqw frxqwu| zrxog orzhu erwk h{sruwv dqg

IGL gholyhuhg e| wkdw frxqwu|1 A�8 lv wkh wudqvsruw frvw yduldeoh1 ���

+0��,/ dqg B| +l |, duh wkh frxqwu|0sdlu dqg wlph0vshfl�f �{hg h�hfwv1 Iru

pruh ghwdlov rq gdwd jhqhudwlrq vhh wkh qh{w vhfwlrq 1

Wr irupxodwh htxdwlrqv +4, dqg +5, g|qdplfdoo|/ zh sursrvh dgglqj

odjjhg hqgrjhqrxv yduldeohv wr erwk htxdwlrqv/ uhdvrqlqj wkdw wkh sdvw

vkrxog h{huw d pdmru lq xhqfh rq fxuuhqw h{sruwv ru IGL1 Dgglwlrqdoo|/

odjjhg h{sruwv dqg IGL vkrxog hqwhu wkh htxdwlrqv wudqvyhuvho|/ wr fds0

wxuh wkhlu uhodwlrqvkls dorqj wkh dgmxvwphqw sdwk/ prwlydwhg e| srvvleoh

iruzdug dqg2ru edfnzdug olqndjhv ehwzhhq wkh wzr +vhh Fdyhv/ 4<<9,1

Krzhyhu/ wkh prgho grhv qrw zrun zlwk wkh �{hg h�hfwv hvwlpdwru

suhvhqwhg/ ehfdxvh wkh odjjhg hqgrjhqrxv ghwhuplqdqw fruuhodwhv zlwk

wkh huuru whup1 Wklv ohdyhv wkh hvwlpdwru eldvhg dqg lqfrqvlvwhqw lq

w|slfdo sdqhov zlwk odujh furvv0vhfwlrqv dqg vkruw wlph vhulhv;1 Duhoodqr

) Erqg +4<<4, vxjjhvw wudqviruplqj wkh prgho hlwkhu lq ruwkrjrqdo gh0

yldwlrqv ru lq �uvw gl�huhqfhv wr holplqdwh wkh �{hg h�hfwv dqg uxq lw

e| xvlqj wkh Kdqvhq +4<;5, wzr0vwhs jhqhudolvhg phwkrg ri prphqwv

+JPP, hvwlpdwru1 Lq hlwkhu w|sh ri wudqvirupdwlrq/ wkh hqgrjhqrxv

yduldeohv lq ohyhov zlwk d odj wzr ru kljkhu duh vxlwdeoh lqvwuxphqwv wr

ryhufrph wkh hvwlpdwlrq sureohp<1 Khuh/ wkh prgho zloo eh wudqviruphg

lq �uvw gl�huhqfhv dqg uhdg=

(f ��|' kfnk�(f ��E|3�� n k2(8 ��E|3�� n k
�
(C(A ��|nke(7U�U ��|

nkD(-u8����|nkS(-uA�f��|nk.(A�8 ��|nB| n ����| +6,

(8 ��|' qfnq�(f��E|3�� n q2(8��E|3�� n q
�
(C(A ��|nqe(7U�U ��|

nqD(-u8����|nqS(-uA�f��|nq.(A�8 ��|nB2| n �2��| +7,

Wkh furvv0h�hfwv duh qrw prghoohg frqwhpsrudqhrxvo|/ rq wkh iro0

orzlqj jurxqgv= Wr vwduw zlwk/ lw vhhpv pruh sodxvleoh wr dvvxph wkdw

;Vhh Edowdjl +4<<8, dqg Vhyhvwuh ) Wurjqrq +4<<8, iru wkh wuhdwphqw ri dqg wkh

olwhudwxuh derxw wklv eldv1
<Wkh devhqfh ri vhfrqg rghu vhuldo fruuhodwlrq ri wkh uhvlgxdov dqg wkh vdwlvidfwlrq

ri wkh prphqw htxdwlrqv duh qhfhvvdu| frqglwlrqv1

:



lw wdnhv vrph wlph iru lqyhvwphqwv wr rffxu lq wkh surgxfwlrq surfhvv1

Khqfh/ IGL lv lqfoxghg lq wkh h{sruw htxdwlrq dv d odjjhg yduldeoh1 Rq

wkh rwkhu kdqg/ lqyhvwruv pd| orrn dw h{sruw shuirupdqfh ehiruh hq0

whulqj d pdunhw/ vr wkdw lw zloo djdlq wdnh vrph wlph xqwlo lqyhvwphqw

surmhfwv duh xqghuwdnhq1 Wkhuhiruh/ wrgd|*v IGL surmhfwv vkrxog 0 li dw

doo 0 eh uhodwhg wr |hvwhugd|*v udwkhu wkdq wrgd|*v h{sruwv1

Lw vkrxog eh qrwhw wkdw sdudphwhuv k� dqg q� rqo| uhsuhvhqw vkruw0uxq

lq xhqfhv rq wkh ghshqghqw yduldeohv1 Erwk htxdwlrqv vkrxog lqglfdwh d

srvlwlyh lq xhqfh ri odjjhg hqgrjhqrxv h{sruwv dqg IGL +� : k� : f>

� : q2 : f,1 Wkhuh lv qr fohdu sulru derxw wkh furvv0h�hfwv ri |hvwhugd|*v

h{sruwv +IGL, rq wrgd|*v IGL +h{sruwv,1 Lq olqh zlwk wkh deryh +vwdwlf,

prghov ri wudgh dqg pxowlqdwlrqdov/ zh zloo gh�qh h{sruwv dqg IGL dv

ehlqj frpsohphqwdu| zlwk uhvshfw wr d fkdqjh lq dq h{rjhqrxv yduldeoh

li/ lq wkh orqj0uxq/ wkh| hyroyh lq wkh vdph gluhfwlrq diwhu vxfk d fkdqjh

lq wkh ghwhuplqdqw1 Gxh wr sdudphwhu vljqv iru wkh odjjhg hqgrjhqrxv

yduldeoh/ wkh furvv0h�hfwv ehwzhhq h{sruwv dqg IGL/ dqg wkh vkruw0uxq

sdudphwhuv ri wkh h{rjhqrxv yduldeohv wrjhwkhu ghwhuplqh wkh orqj0uxq

uhodwlrqvkls ehwzhhq wkh wzr 0 zklfk lv qrw gluhfwo| reylrxv iurp wkh

vkruw0uxq hvwlpdwlrq uhvxowv1 Krzhyhu/ k2c q� : f E	 f� dorqh zrxog qrw

lpso| d frpsohphqwdulw| +vxevwlwxwlrq, ehwzhhq h{sruwv dqg IGL iru d

vkrfn lq dq h{rjhqhrxv ghwhuplqdqw1

Sulqflsdoo|/ wkh vwdwlf prghov ri uhihuhqfh gr rqo| vxssruw wkh lqwhu0

suhwdwlrq ri wkh orqj0uxq htxlydohqwv ri wkh hvwlpdwhg sdudphwhuv zklfk

duh suhvhqwhg ehorz +lqglfdwhg e| d edu> vhh ehorz iru wkh ghulydwlrq ri

wkh orqj0uxq lq xhqfhv,= Dv phqwlrqhg deryh/ k� +q�, dqg ke vkrxog

lqglfdwh d srvlwlyh vljq1 Dv glvfxvvhg deryh/ wkh h{shfwhg vljq iru qe

ghshqgv rq wkh wkhruhwlfdo edfnjurxqg1 Zh zrxog h{shfw kD : f dqg gr

qrw kdyh d fohdu sulru iru wkh lpsdfw ri d fkdqjh lq uhodwlyh idfwru hqgrz0

phqwv rq IGL1 H{sruwv dqg vwrfnv ri rxwzdug IGL vkrxog eh revhuyhg

wr idfh d frpsohphqwdu| uhodwlrqvkls diwhu dq lqfuhdvh lq wkh uhodwlyh

frusrudwh wd{ udwh +kS 	 f dqg qS 	 f,1

Wkh lq xhqfh ri wudqvsruw frvwv vkrxog kdyh rssrvlwh vljqv iru h{0

sruwv dqg IGL/ k. 	 f dqg q. : f= Juhdwhu elodwhudo wudqvsruw frvwv

uhsuhvhqw dq lpshglphqw ri hqwhulqj wkh iruhljq pdunhw yld h{sruwv1

Wkh| vkrxog wkhuhiruh gulyh �upv wr lqyhvw deurdg dqg vhuyh wkh iruhljq

pdunhw wkurxjk orfdoo| dfwlyh d!oldwhv1

7 Gdwd

Doo yduldeohv duh lq orjv1 Dv idu dv srvvleoh/ gdwd fryhu wkh shulrg ri 4<;90

4<<9 iru elodwhudo uhodwlrqvklsv ehwzhhq wkh fxuuhqw 48 HXphpehuv1 Iru

uhdvrqv ri dydlodelolw|/ Ehojlxp dqg Ox{hperxuj zhuh wuhdwhg dv d vlqjoh

frxqwu|/ vr wkdw rqo| 47 frxqwulhv duh jlyhq1

;



714 Wudgh dqg IGL Gdwd

Qrplqdo elodwhudo h{sruwv lq fxuuhqw grooduv zhuh wdnhq iurp RHFG

Vwdwlvwlfv ri Iruhljq Wudgh1 Wr rewdlq uhdo h{sruwv dw frqvwdqw sulfhv

dqg 4<<8 grooduv/ wkh vhulhv zhuh frqyhuwhg xvlqj h{sruw sulfh lqglfhv

+RHFG Hfrqrplf Rxworrn, dqg wkh fruuhvsrqglqj h{fkdqjh udwh lqgh{

+LPI Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv, iru hdfk frxqwu|1

Rxwzdug IGL vwrfn gdwd lq fxuuhqw sulfhv dqg grooduv zhuh wdnhq

iurp wkh RHFG Lqwhuqdwlrqdo Gluhfw Lqyhvwphqw Vwdwlvwlfv \hduerrn1

Dowkrxjk lw zrxog eh srvvleoh wr hpsor| d judylw|0olnh prgho iru IGL

 rzv +Pduwïq ) Yhoã}txh}/ 4<<:,/ lw lv pruh dssursuldwh lq rxu fdvh wr

fkrrvh vwrfnv udwkhu wkdq  rzv/ dv vwrfnv duh hpsor|hg lq wkh surgxfwlrq

surfhvv1 Eudlqdug +4<<:,/ iroorzlqj wkh wkhruhwlfdo edfnjurxqg/ xvhg

PQH vdohv lq wkh krvw frxqwulhv/ exw wkhvh duh qrw uhsruwhg iru wkh vhw

ri frxqwulhv dqg ohyho ri djjuhjdwlrq hqylvdjhg e| xv1 Wkhuhiruh/ zh

dsso| IGL vwrfnv/ zklfk vkrxog eh d olqhdu ixqfwlrq ri PQH vdohv1 Wr

jhw uhdo gdwd/ zh sursrvh wdnlqj wkh uhsruwhg ydoxhv +errn ydoxhv ri

iruhljq dvvhwv, dv d urxjk dssur{lpdwlrq ri ghsuhfldwhg lqlwldo ydoxhv1

Krzhyhu/ �uhdo� vwrfnv vkrxog frqvlvw ri errn ydoxhv pxowlsolhg e| d

frqvwdqw1 Khqfh/ errn ydoxhv frxog eh xvhg lqvwhdg ri wkhp lq wkh

surgxfwlrq ixqfwlrq/ wdnlqj lqwr dffrxqw wkdw wkh hvwlpdwhg sdudphwhuv

vkrxog eh vpdoohu li zh frxog xvh wkh �uhdo� ydoxhv iru vwrfnv ri IGL +vhh

Ehoodn/ 4<<9> dqg RHFG/ 4<<<,1 Wklv hqdeohv xv wr xvh wkh lqyhvwphqw

gh dwru +RHFG Qdwlrqdo Dffrxqwv/ Yroxph 4, lq frpelqdwlrq zlwk wkh

h{fkdqjh udwh lqgh{ iru doo frxqwulhv/ lq rughu wr duulyh dw d sur{| iru

uhdo vwrfnv ri elodwhudo IGL1 Krzhyhu/ rqh vkrxog dozd|v ehdu lq plqg

wkdw wkh IGL yduldeoh lv dq dssur{lpdwlrq rqo|/ dqg wkdw wkh frh!flhqwv

iru wklv yduldeoh qhhg wr eh lqwhusuhwhg zlwk fduh1 Wkh sdqho uhpdlqv

xqedodqfhg/ gxh wr wkh dydlodelolw| ri elodwhudo gdwd rq IGL1

715 Frxqwu| Vl}h dqg Idfwru Gdwd

Lq olqh zlwk Khospdq +4<;:, dqg Kxpphov ) Ohylqvrkq +4<<8, frxq0

wu| vl}h lv uhsuhvhqwhg e| wkh lqfoxvlrq ri ryhudoo elodwhudo frxqwu| vl}h

+C(A��| ' C(��| n C(��|, dqg dq lqgh{ ri vlplodulw| lq frxqwu| vl}h

+7U�U,1 Wkh odwwhu zdv lqwurgxfhg e| Khospdq +4<;:, dqg lv gh�qhg

dv iroorzv=

7U�U��| ' *?d��

�
C(��|

C(��| nC(��|

�
2

�

�
C(��|

C(��| nC(��|

�
2

o +8,

zlwk f � 7U�U � f�D/ jlylqj wkh h{wuhph erxqgv ri pd{lpxp
gl�huhqfh dqg vlplodulw| lq vl}h1 JGS dqg wkh uhvshfwlyh gh dwru qxp0

<



ehuv zhuh froohfwhg iurp wkh RHFG Qdwlrqdo Dffrxqwv/ Yroxph 4/ dqg
frqyhuwhg lqwr uhdo ydoxhv1

Fdslwdo vwrfnv zhuh ghyhorshg dffruglqj wr d vlpsoh shushwxdo lqyhq0
wru| phwkrg=

g| ' E�� B� �g|3� nC8�8|c +9,

zlwk g uhsuhvhqwlqj wkh fdslwdo vwrfn/ B ehlqj wkh uhdo ghsuhwldwlrq
udwh ri 8( iru doo frxqwulhv dqg |hduv +B ' f�fD,/ dqg C8�8 dv wkh
jurvv �{hg fdslwdo irupdwlrq +RHFG Qdwlrqdo Dffrxqwv/ Yroxph 4,1 Lq
olqh zlwk Kxpphov ) Ohylqvrkq +4<<8,/ fdslwdo vwrfnv zhuh vhw wr d
ydoxh 583( ri uhdo JGS iru doo frxqwulhv lq rqh |hdu +4<<8,1 Lw zdv qrw
srvvleoh wr gr wklv iru wkh vwduwlqj srlqw ri wkh gdwd +4<;9,/ dv wkh sdqho
lv qrw edodqfhg dqg wlph vhulhv iru vrph frxqwulhv ehjlq diwhu 4<;91 Wkh
fdslwdo vwrfn ydoxhv ri doo wkh rwkhu |hduv zhuh wkhq fdofxodwhg xvlqj
wkh deryh0phqwlrqhg shushwxdo lqyhqwru| whfkqltxh1 Lq rughu wr jhw uhdo
ydoxhv ri wkh uhtxluhg w|sh/ C8�8 zdv frqyhuwhg xvlqj wkh lqyhvwphqw
dqg h{fkdqjh udwh gh dwruv1

Iru htxdwlrqv zlwk mxvw wzr hqgrzphqw idfwruv/ fdslwdo oderu udwlrv
zhuh fdofxodwhg/ vr wkdw wkh frxqwulhv* zrunlqj srosxodwlrq zdv lqfoxghg
dv d yduldeoh +RHFG/ VWDQ Gdwd,1 Lq wkh fruuhvsrqglqj htxdwlrq/
wkh frpprqo| xvhg devroxwh gl�huhqfh lq uhodwlyh idfwru hqgrzphqwv
+Khospdq/ 4<;:, zdv lqfoxghg lq wkh vshfl�fdwlrq/ zklfk lv jlyhq dv=

-u8��� 'm *?
g�|

��|

� *?
g�|

��|

m +:,

zlwk f � -u8��� � �1 Zlwk uhjdug wr gl�huhqw ohyhov ri hgxfd0
wlrq +vfkrro hqurophqw,/ hqurophqw qxpehuv iurp wkh RHFG Hgxfdwlrq
Vwdwlvwlfv 4<;804<<5/ Hgxfdwlrq dw d Jodqfh +vhyhudo |hduv, dqg wkh XQ0
HVFR Vwdwlvwlfdo \hduerrn iru hdfk frxqwu| dqg |hdu zhuh xvhg1 Lq rqh
fdvh/ wkh uhodwlrq ehwzhhq orz +sulpdu| hgxfdwlrq, dqg kljk vnloohg +wkh
vxp ri vhfrqgdu| dqg whuwldu| hquroohg shuvrqv, zdv xvhg wr frpsxwh
wkh vnloo frpsrvlwlrq ri wkh zrun irufh1 Wklv frxog/ ri frxuvh/ eh eldvhg
e| wkh idfw wkdw kljkhu hqurohg shrsoh duh pruh vxffhvvixo lq jhwwlqj
mrev1 Zlwk 6 idfwruv ri surgxfwlrq/ rq wkh rwkhu kdqg/ -u8�� kdv wr
eh uh�qhg e| xvlqj d gl�huhqw glvwdqfh phdvxuh1 Khuh/ dq dqjxodu yhfwru
glvwdqfh phdvxuh lv dssolhg wr rewdlq d qhz yduldeoh zklfk uhsuhvhqwv
gl�huhqfhv lq uhodwlyh idfwru hqgrzphqwv=
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zlwk �4 � -u8��2 � f/ dqg g/ M/ u h{suhvvlqj uhdo fdsl0
wdo vwrfnv/ kljkhu hgxfdwhg +dw ohdvw vhfrqgdu| vfkrro wlhu, dqg orzhu
hgxfdwhg shuvrqv lq khdgv1 Wkh pd{lplp glvwdqfh ehwzhhq hqgrz0
phqw yhfwruv ri wzr frxqwulhv lv gxh wr ruwkrqjrqdolw| dqg jlyhq dv
-u8��2 ' �41 Lghqwlfdo uhodwlyh idfwru hqgrzphqwv duh wkhq yhf0
wruv zklfk duh +li dw doo, ri gl�huhqw ohqjwkv/ -u8��2 ' f1 Wkh vdph
zdv grqh iru wkh irxu0idfwru phdvxuh +-u8���,/ zkhuh/ lq dgglwlrq wr
sk|vlfdo fdslwdo/ wkh wkuhh w|shv ri hqurophqw zhuh hqwhuhg dv d gl�huhqw
idfwru/ dqg djdlq �4 � -u8��� � f1 Wkh odwwhu zdv dssolhg dv lw
uhsuhvhqwv wkh orzhvw ohyho ri djjuhjdwlrq iru dydlodeoh vnloo gdwd dw frxq0
wu| ohyho1 Lq rughu wr ghfrpsrvh -u8��2 dqg wr whvw iru gl�huhqw vljqv
ri gl�huhqfhv lq wkh uhodwlyh hqgrzphqw ri sk|vlfdo fdslwdo wr xqvnloohg
oderu dqg kxpdq fdslwdo wr xqvnloohg oderu wzr gl�huhqfhv duh fdofxodwhg
dffruglqj wr -u8���=
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Wkh wzr yduldeohv duh xvhg lq rqh ri wkh h{sruw dqg IGL vshfl�fdwlrqv
lqvwhdg ri -u8��21

716 Rwkhu Yduldeohv

Wudqvsruw frvwv lq prvw vwxglhv duh sur{lhg e| glvwdqfh qxpehuv ehwzhhq
wzr frxqwulhv* fdslwdov1 Krzhyhu/ dv lw lv fohdu wkdw glvwdqfhv gr qrw ydu|
ryhu wlph/ dq dwwhpsw vkrxog eh pdgh wr �qg d vxevwlwxwh/ frqvlghulqj lq
sduwlfxodu wkdw ghfuhdvlqj wudgh frvwv vkrxog vkrz vrph uhohydqfh iru lq0
fuhdvlqj lqwhjudwlrq1 Wr jhw d phdvxuh wr wklv h�hfw/ zh iroorzhg wkh olqh
ri Jhudfl ) Suhzr +4<:9, dqg rwkhuv/ dsso|lqj wkh uhodwlrqvkls ehwzhhq
pluuru gdwd iurp wkh lpsruwlqj frxqwu| +f1l1i1, dqg iuhh rq erdug +i1r1e1,
ydoxhv uhsruwhg e| wkh h{sruwlqj frxqwu|1 Qdwxudoo|/ wklv lv rqo| d sur{|/
ehfdxvh ri wkh zhoo0nqrzq olplwdwlrqv ri wudgh gdwd +vhh Eudlqdug/ 4<<:,1
Rq wkh rwkhu kdqg/ rxu vdpsoh ri frxqwulhv vkrxog qrw eh d�hfwhg e|
sureohpv uhvxowlqj iurp vwdwlvwlfdo frqyhqlhqfhv/ vlqfh zh irfxv rqo| rq
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HX phpehu vwdwhv1 Lw vkrxog eh phqwlrqhg wkdw wkhvh sureohpv frxog
eh hqwluho| dyrlghg li zh frxog xvh f1l1i1 dqg i1r1e1 ydoxhv uhsruwhg e|
wkh vdph frxqwu| +Eudlqdug/ 4<<:,1 Wklv lv/ krzhyhu/ srvvleoh rqo| iru
wkh XV/ zklfk lv qrw khosixo lq wklv frqwh{w1 Dyhudjh frusrudwh wd{ udwhv
zhuh wdnhq iurp Phqqho ) Irhuvwhu +4<<:,1

8 Hpslulfdo Uhvxowv

Wkh �uvw vwdjh frpsulvhv wkh hvwlpdwlrqv iru wkh vwdwlf �{hg h�hfwv +htxd0
wlrqv 4 dqg 5> vhh Wdeoh 4,1 Reylrxvo|/ wkh �{hg frxqwu|0sdlu h�hfwv df0
frxqw iru d orw ri lqirupdwlrq zklfk lv h{suhvvhg e| d udwkhu kljk ydoxh
iru wkh fruuhvsrqglqj Olnholkrrg udwlr vwdwlvwlf1 Wkh kljk ydoxhv iru
wkh Kdxvpdq fkl0vtxduhg vwdwlvwlf lq erwk htxdwlrqv frq�up wkdw jurxs
h�hfwv vkrxog ehwwhu eh prghoohg dv �{hg h�hfwv1 Qhyhuwkhohvv/ wkh uh0
pdlqlqj lqirupdwlrq/ diwhu zlslqj rxw frxqwu|0sdlu dqg wlph0vshfl�f hi0
ihfwv ohdyhv xv zlwk prvwo| vljql�fdqw sdudphwhu hvwlpdwhv1 Lw vkrxog eh
qrwlfhg wkdw qr odjjhg hqgrjhqrxv dqg furvv0h�hfwv ri IGL rq h{sruwv
dqg ylfh yhuvd duh lqfoxghg/ vr wkdw wkh vwdwlf htxdwlrqv vkrxog uhsuhvhqw
wkh orqj0uxq uhodwlrqvkls1 Wkh sdudphwhu iru uhodwlyh frusrudwh wd{ udwhv
vkrzv wkh rssrvlwh vljq wkdq zdv h{shfwhg iurp wkhru|1 Rqh srvvleoh
uhdvrq iru wkdw frxog eh wkdw wkh dgmxvwphqw surfhvv fdqqrw eh prghoohg
lq wkh vwdwlf fdvh1 Zh zloo wkhuhiruh wxuq wr wkh g|qdplf vshfl�fdwlrqv
+htxdwlrqv 6 dqg 7,1

	 Wdeoh 4 derxw khuh :
Lq rughu wr hydoxdwh wkh vhqvlwlylw| ri wkh g|qdplf uhjuhvvlrq uhvxowv

zlwk uhvshfw wr gl�huhqw irupxodwlrqv ri wkh gl�huhqfh lq uhodwlyh idfwru
hqgrzphqwv yduldeoh +(-u8��,/ irxu vshfl�fdwlrqv ri wkh h{sruw dqg
IGL htxdwlrq uhvshfwlyho| duh hvwlpdwhg1 Dv uhsruwhg lq Wdeohv 5 dqg
6/ wkh k|srwkhvlv wkdw �uvw0gl�huhqfh uhvlgxdov duh vhfrqg0rughu vhuldoo|
fruuhodwhg fdq eh uhmhfwhg lq doo vshfl�fdwlrqv1 Wklv lv d qhfhvvdu| frq0
glwlrq iru ydolg lqvwuxphqwdwlrq dqg fdq eh vhhq iurp wkh urexvw whvw
iru vhfrqg0rughu vhuldo fruuhodwlrq dv zhoo dv iurp wkh wzr0vwhs Vdujdq
vwdwlvwlf1 Wkh uhsruwhg Vdujdq whvw vwdwlvwlfv vkrz wkdw wkh k|srwkhvlv
wkdw doo prphqw uhvwulfwlrqv duh vdwlv�hg iru doo g|qdplf vshfl�fdwlrqv
lv qrw uhmhfwhg dw wkh 8( vljql�fdqfh ohyho1 Wkhuh vhhpv wr eh qr vhyhuh
sureohp ryhulghqwl�fdwlrq ri wkh prphqw uhvwulfwlrqv1 Krzhyhu/ li wkh
prphqw uhvwulfwlrqv zhuh qrw ydolg +qrw vdwlv�hg, wklv zrxog lpso| wkdw
wkh k|srwkhvlv ri wkh prgho dqg wkh lqvwuxphqwdwlrq zklfk kdyh ohg wr
wkh uhvwulfwlrqv pljkw kdyh ehhq lqfruuhfw1

	 Wdeoh 5 dqg 6 derxw khuh :
Lq doo vshfl�fdwlrqv iru erwk h{sruwv dqg vwrfnv ri rxwzdug IGL/ wkh

odjjhg hqgrjhqrxv yduldeohv vkrz wkdw dgmxvwphqw frvwv sod| d vljql�0
fdqw uroh dqg duh ri dssur{lpdwho| htxdo vl}h iru erwk h{sruwv dqg IGL1
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Wkh hvwlpdwlrq uhvxowv frq�up wkdw/ zlwklq wkh HX dqg dfurvv wkh re0
vhuyhg shulrg/ rxwzdug IGL +h{sruwv, iru prvw vshfl�fdwlrqv vkrzv d
yhu| vpdoo srvlwlyh +qhjdwlyh, lpsdfw rq h{sruwv +IGL, lq wkh vkruw0uxq/
zklfk lv qrw gl�huhqw iurp }hur dw frpprq ohyhov ri vljql�fdqfh1 Dv
douhdg| qrwhg/ wklv grhv qrw vx!fh wr vd| zkhwkhu wkh| duh frpsohphq0
wdu| ru vxevwlwxwlyh1 Lw pljkw shukdsv wr wkh frqfoxvlrq wkdw wkh lpsdfw
rq lqwud0�up wudgh fdxvhg e| IGL lv juhdwhu wkdq wkh uhsodfhphqw h�hfw
iurp frpshwlwlrq lq vhuylqj wkh iruhljq pdunhw1 Zh vkrxog qrwh wkdw
wkh furvv0h�hfw ri IGL rq h{sruwv lv uhodwlyho| vpdoo frpsduhg wr wkh
rssrvlwh rqh1 Wklv vkrxog eh h{sodlqdeoh iurp wkh idfw wkdw IGL jurzwk
udwhv duh/ rq dyhudjh/ pxfk kljkhu wkdq wkrvh ri h{sruwv1 Lq rughu wr
rewdlq frqfoxvlrqv derxw wkh orqj0uxq h�hfwv ri d vkrfn lq dq h{rjhqrxv
yduldeoh zh kdyh wr wudqvirup wkh sdudphwhu ydoxhv lqwr wkhlu orqj0uxq
htxlydohqwv431

	 Wdeoh 7 derxw khuh :
Wdeoh 7 surylghv lqirupdwlrq rq wkh orqj0uxq h�hfwv ri d f1s1 vkrfn

lq wkh ydulrxv h{rjhqhrxv yduldeohv rq h{sruwv dqg rxwzdug IGL1 Wkhvh
h�hfwv ghshqg qrw rqo| rq wkh vkruw0uxq sdudphwhuv hvwlpdwhg lq wkh
gl�huhqw vshfl�fdwlrqv/ exw dovr rq wkh pxowlsolhu zklfk pxvw eh fdo0
fxodwhg iurp wkh frh!flhqwv ri erwk wkh odjjhg hqgrjhqrxv yduldeohv
dqg wkh furvv0lpsdfwv ri h{sruwv rq IGL dqg ylfh yhuvd1 Krzhyhu/ wklv
ohdgv wr orqj0uxq h�hfwv zklfk lq doo fdvhv duh juhdwhu wkdq wkhlu vkruw0
uxq htxlydohqwv1 Dv d uxoh/ d vkrfn ri 4( lq dq h{rjhqrxv yduldeoh lq
shulrg +| � �, pxvw eh lqwhusuhwhg dv d vkrfn ri k� +q�, ( lq jurzwk
ri h{sruwv +IGL, lq wkh vdph shulrg1 Khqfh/ zh kdyh wr fdofxodwh rzq
dqg furvv0h�hfwv ri vxfk d fkdqjh wr frph xs zlwk wkh ryhudoo h�hfwv
rq erwk h{sruwv dqg IGL1 Ghshqglqj rq wkh hvwlpdwhg sdudphwhu vljqv/
rzq h�hfwv frxog eh hlwkhu uhlqirufhg ru orzhuhg e| wkh furvv0h�hfwv1

Wkhuh lv hylghqfh wkdw elodwhudo h{sruwv duh dq lqfuhdvlqj ixqfwlrq ri
srvlwlyh g|qdplfv lq elodwhudo hfrqrplf vsdfh dqg vlplodulw| ri frxqwu|

43Zh fdq ghulyh wkh dvvrfldwhg pxowlsolhuv iru wkh vkrfnv e| wkh xvh ri wkh 5{5
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orqj0uxq rzq h�hfwv iru IGL dqg h{sruwv ehfdxvh ri wkh elyduldwh qdwxuh ri wkh vshf0

l�fdwlrqv1 Lq vxp d vkrfn lq wkh h{rjhqrxv yduldeoh l ohdgv wr d orqj0uxq fkdqjh ri

+�l �p44 . �l �p54, lq h{sruwv dqg ri +�l �p55 .�l �p45, lq IGL/ uhvshfwlyho|1
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vl}h1 Wklv iroorzv iurp wkh idfw wkdw/ lq doo h{sruw htxdwlrqv/ wkh frhi0
�flhqw ri erwk (C(A dqg (7U�U lv srvlwlyh dqg wkh ghwhuplqdqw ri
wkh furvv0h�hfwv grhv qrw rxwzhljk rzq h�hfwv1 Wkh vdph krogv wuxh iru
vwrfnv ri rxwzdug IGL zklfk lv lq d olqh zlwk wkh wkhruhwlfdo dujxphqwv
iruzdughg e| Khospdq +4<;7, exw frqwudglfwv wkh wkhruhwlfdo �qglqjv
ri wkh prgho ri Hjjhu ) Sid�hupd|u +5333,/ zkhuh d f1s1 lqfuhdvh lq
wkh odujhu frxqwu|*v vl}h jhqhudoo| jhqhudwhv pruh rxwzdug IGL e| wkdw
frxqwu|1

Wkh vljq iru wkh gl�huhqfh lq uhodwlyh idfwru hqgrzphqwv yduldeoh
reylrxvo| ghshqgv rq lwv gh�qlwlrq1 Xvlqj sduwo| lqvljql�fdqw hvwlpd0
wlrq uhvxowv iru h{sruwv/ zh �qg d fohdu srvlwlyh lq xhqfh iru wkh �uvw
vshfl�fdwlrq1 Wklv uhvxow djdlq frq�upv Khospdq*v +4<;7, wkhruhwlfdo
vxjjhvwlrqv/ dffruglqj wr zklfk erwk h{sruwv dqg IGL vkrxog lqfuhdvh
ehfdxvh ri lqfuhdvlqj vshfldol}dwlrq1 Dv phqwlrqhg deryh/ wkh wkhru| iru
wkh vljq lq wkh IGL htxdwlrq lv qrw vr fohdu0fxw1 Rxu hpslulfdo hylghqfh
vkrzv wkdw wkh lqfoxvlrq ri lqirupdwlrq rq vnloov +hqurophqwv, lq vshf0
l�fdwlrq 5 dqg 6 +[50I5 dqg [60I6, fkdqjhv wkh vljq dv frpsduhg wr
vshfl�fdwlrq 41 \hw/ zkhq zh vsolwwhg xs hpsor|phqw lqwr kljk0vnloohg
dqg orz0vnloohg zrunhuv dqg fdofxodwhg wkh glvwdqfhv ehwzhhq erwk wkh
sk|vlfdo fdslwdo2orz0vnloohg dqg wkh kljk0vnloohg2orz0vnloohg shrsoh hq0
grzphqwv/ zh rewdlqhg gl�huhqw uhvxowv1 Lqfuhdvlqj gl�huhqfhv lq wkh
uhodwlrq ehwzhhq sk|vlfdo fdslwdo hqgrzphqw dqg orz vnloohg shrsoh hq0
grzphqw zhuh irxqg wr lqfuhdvh erwk h{sruwv dqg IGL/ lq olqh zlwk wkh
dujxphqwv ri Khospdq +4<;7, dqg rwkhuv1 Rq wkh rwkhu kdqg/ d kljkhu
glyhuvlw| lq wkh hqgrzphqw ri kljkhu hquroohg shrsoh lq uhodwlrq wr ohvv
hquroohg rqhv vhhpv wr uhgxfh wkh lqfhqwlyh erwk wr h{sruw dqg wr lqyhvw
deurdg1 Wkh uhdvrq iru wklv pljkw eh lq wkh fulwlfdo uroh wkdw kxpdq
fdslwdo +ru kljkhu vfkrro hqurophqw, dqg xqvnloohg oderu +ru orzhu vfkrro
hqurophqw, sod| zlwk uhjdug wr lqqrydwlrq/ surgxfwlrq/ dqg jurzwk/ exw
dovr iru wkh vl}h dqg frpsrvlwlrq ri ghpdqg1 Krzhyhu/ wklv lv dq hpslu0
lfdo �qglqj iru zklfk zh gr qrw kdyh d eurdg wkhruhwlfdo edvlv dv lw fdq
eh glvfxvvhg rqo| zlwklq d wkhruhwlfdo iudphzrun zklfk dfwv lq d vsdfh
ri dw ohdvw 6 idfwruv1

Kljkhu uhodwlyh frusrudwh wd{ udwhv lq wkh h{sruwlqj frxqwu| h{huw
suhvvxuh rq wkh sur�wv ri erwk QHv dqg PQHv/ zklfk wkhruhwlfdoo|
vkrxog uhvxow lq orzhu h{sruwv dqg IGL iurp wkdw frxqwu|1 Wklv uhvxow lv
yhu| urexvw iru h{sruwv/ exw jhqhudoo| frqwudglfwhg e| wkh orqj0uxq hi0
ihfwv rq IGL1 Wklv zdv douhdg| irxqg lq wkh vwdwlf hvwlpdwlrqv dqg frxog
eh uhodwhg wr wkh sureohp ri vshfldo wd{0uhodwhg djuhhphqwv lq idyru ri
PQHv1 Dq lqfuhdvh lq wudqvsruw frvwv ehwzhhq wzr frxqwulhv lv khog wr
eh d fodvvlfdo lpshglphqw wr h{sruwv/ dqg lw lv frq�uphg lq doo vshfl0
�fdwlrqv= zh �qg wkdw kljkhu wudqvsruw frvwv whqg wr uhgxfh elodwhudo
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h{sruwv dqg lqfuhdvh elodwhudo rxwzdug IGL1
Lq vxp d fohdu vxevwlwxwlyh uhodwlrqvkls ehwzhhq h{sruwv dqg vwrfnv

ri rxwzdug IGL diwhu d fkdqjh lq wkh wudqvsruw frvw idfwru zdv lqglfdwhg/
dv zdv h{shfwhg iurp wkh wkhru|1 Wkhuh lv vrph vljq ri d frpsohphqwdu|
uhodwlrqvkls diwhu d vkrfn lq wkh jurzwk udwh ri elodwhudo vxpv ri JGSv
dqg vlplodulw| lq frxqwu| vl}h1 Hpslulfdo hylghqfh dovr vkrzv d fohdu
frpsohphqwdu| uhodwlrqvkls diwhu fkdqjhv lq wkh glvwdqfh ehwzhhq uhod0
wlyh idfwru hqgrzphqwv +dowkrxjk vrph ri wkh frh!flhqwv gr qrw kdyh
wkh h{shfwhg vljq,1 Wkh wkhru| ohdg xv wr h{shfw d frpsohphqwdu| uhod0
wlrqvkls diwhu d fkdqjh lq wkh uhodwlyh frusrudwh wd{ udwh/ exw lw zdv qrw
frq�uphg e| wkh orqj0uxq h�hfwv rq rxwzdug IGL1

9 Frqfoxvlrqv

Ixuqlvklqj dq h{sodqdwlrq iru elodwhudo hfrqrplf uhodwlrqvklsv zdv rqh
ri wkh juhdwhvw vxffhvvhv ri hpslulfdo wudgh hfrqrplfv lq wkh odvw ghfdgh1
Surplqhqw dwwhqwlrq zdv jlyhq wr dqdo|vlqj wudgh  rzv e| zd| ri wkh
judylw| prgho1 Pruh uhfhqw wkhruhwlfdo zrun xqghuslqqhg wkh uroh ri
pxowlqdwlrqdov dqg wkhlu dfwlylwlhv lqwhuuhodwhg zlwk wudgh1 Vrph ri
wkh hpslulfdo zrun wkxv orrnhg dw zkhwkhu IGL +pxowlqdwlrqdo vdohv,
dqg wudgh duh gulyhq e| wkh vdph ghwhuplqdqwv1 Wklv sdshu wkxv hvwl0
pdwhg vshfl�fdwlrqv iru elodwhudo lqwud0HX dfwlylwlhv edvhg rq vwdwlf jhq0
hudo htxloleulxp prghov iru hqgrzphqw0edvhg wudgh dqg pxowlqdwlrqdov/
zkhuh wudgh dqg IGL duh ghwhuplqhg e| wkh vdph idfwruv1

Wkh dlp zdv wr lghqwli| wkhlu orqj0whup uhodwlrqvklsv fdxvhg e|
vkrfnv lq wkh gl�huhqw h{rjhqrxv ghwhuplqdqwv1 E| irupxodwlqj wkh
prgho g|qdplfdoo|/ lw zdv srvvleoh wr lghqwli| wkh uroh ri dgmxvwphqw
frvwv iru erwk elodwhudo h{sruwv dqg vwrfnv ri rxwzdug IGL/ dqg wr glv0
wlqjxlvk ehwzhhq vkruw0 dqg orqj0whup lq xhqfhv ri fkdqjhv lq wkh h{0
rjhqrxv yduldeohv/ zklfk zrxog qrw eh srvvleoh lq vlpsoh vwdwlf vshfl�0
fdwlrqv1 D sdqho gdwd dssurdfk zdv xvhg wr h{sorlw lqirupdwlrq lq wkh
wlph dqg furvv0vhfwlrq glphqvlrqv vlpxowdqhrxvo|1

Wkh hvwlpdwlrqv gr qrw srlqw dw dq| fohdu0fxw dqg vljql�fdqw lq x0
hqfh ri wkh furvv0h�hfwv ehwzhhq h{sruwv dqg vwrfnv ri rxwzdug IGL1
Krzhyhu/ wkh uhvshfwlyh vkruw0whup sdudphwhuv/ dowkrxjk jhqhudoo| yhu|
vpdoo/ |hw h{klelw prvwo| d srvlwlyh vljq iru wkh lq xhqfh ri IGL rq
h{sruwv dqg d qhjdwlyh rqh iru wkh lqyhuvh uhodwlrqvkls1 Lq qhlwkhu vshf0
l�fdwlrq duh wkh h�hfwv gl�huhqw iurp }hur dw dq| frqyhqlhqw ohyhov ri
vljql�fdqfh1

Wkh hvwlpdwlrq uhvxowv vkrz wkdw wudgh lpshglphqwv lq xhqfh erwk
wudgh dqg IGL lq d zd| zklfk zdv h{shfwhg lq wkhru|1 Wkh vdph ds0
solhg iru erwk elodwhudo hfrqrplf vsdfh +vxpv ri JGSv, dqg vlplodulw|
ri frxqwu| vl}h lq wkh h{sruw htxdwlrq/ exw qrw gluhfwo| iru IGL/ zkhuh
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wkh xqghuo|lqj wkhrulhv duh qrw djuhhg1 Zh irxqg qr fohdu h�hfw ri
wkh yduldeoh zklfk phdvxuhv wkh glvwdqfh lq uhodwlyh idfwru hqgrzphqwv
ehwzhhq wzr frxqwulhv1 Wkh uhvxow ghshqgv rq zklfk idfwruv prgho lv
xvhg= D vxevwdqwldo gl�huhqfh zdv lghqwl�hg lq wkh h�hfwv ri fkdqjhv lq
gl�huhqfhv ehwzhhq wkh kxpdq fdslwdo0xqvnloohg oderxu udwlrv ylv0ã0ylv
sk|vlfdo fdslwdo0xqvnloohg oderxu udwlrv1 Wkh hvwlpdwlrq uhvxowv srlqwhg
dw d frpsohphqwdu| uhodwlrqvkls ehwzhhq IGL dqg h{sruwv ehfdxvh ri
lqfuhdvlqj gl�huhqfhv lq uhodwlyh idfwru hqgrzphqwv/ dowkrxjk qr jdlqv
iurp vshfldolvdwlrq zhuh lqglfdwhg iru vrph ri wkh vshfl�fdwlrqv1

Lq vxppdu|/ vxevwdqwldo wkhruhwlfdo uhvxowv zhuh frq�uphg e| wkh
hvwlpdwlrqv1 Vrph srlqwv duh vwloo lqfrqfoxvlyh1 Wkhuh lv hpslulfdo hy0
lghqfh ri gl�huhqw lq xhqfhv ri sk|vlfdo fdslwdo/ xqvnloohg dqg vnloohg
oderxu hqgrzphqwv/ zklfk prvw ri wkh wkhruhwlfdo zrun grhv qrw df0
frxqw iru1 Ixuwkhu wkhruhwlfdo dqg hpslulfdo dqdo|vlv lv qhhghg lq rughu
wr dfklhyh ehwwhu xqghuvwdqglqj dqg wr lghqwli| wkh uroh ri kxpdq fdsl0
wdo/ xqvnloohg oderxu dqg sk|vlfdo fdslwdo zlwklq prghov rq hqgrzphqw0
edvhg wudgh dqg pxowlqdwlrqdo dfwlylwlhv1 Lw zrxog dovr eh lqwhuhvwlqj wr
dsso| wkh hpslulfdo dqdo|vlv wr rwkhu frxqwu| vdpsohv1 Hvshfldoo|/ gli0
ihuhqfhv lq wkh lq xhqfh ri ghwhuplqdqwv iru hfrqrplf uhodwlrqv ehwzhhq
lqgxvwuldolvhg frxqwulhv dqg ghyhorslqj frxqwulhv frxog eh lpsruwdqw/
ehfdxvh ri gl�huhqfhv qrw rqo| lq wkh fdslwdo0wr0oderxu udwlr exw dovr lq
wkh vnloohg0wr0xqvnloohg0oderxu udwlr1

: Uhihuhqfhv

Dqghuvrq/ M1/ �D Wkhruhwlfdo Irxqgdwlrq ri wkh Judylw| Htxdwlrq�/
Dphulfdq Hfrqrplf Uhylhz 9<+4, +4<:<,/ 43904491

Duhoodqr/ P1 dqg V1 Erqg/ �Vrph Whvwv ri Vshfl�fdwlrq iru Sdqho
Gdwd= Prqwh Fduor Hylghqfh dqg dq Dssolfdwlrq wr Hpsor|phqw Htxd0
wlrqv�/ Uhylhz ri Hfrqrplf Vwxglhv 8;+5, +4<<4,/ 5::05<:1

Edogzlq/ U1/ �Wrzdugv dq Lqwhjudwhg Hxursh� +Orqgrq/ FHSU/ 4<<7,1

Edowdjl/ E1/ �Hfrqrphwulf Dqdo|vlv ri Sdqho Gdwd� +Fklfkhvwhu= Zl0
oh|/ 4<<8,1

Ed|rxpl/ W1 dqg E1 Hlfkhqjuhhq/ �Lv Uhjlrqdolvp Vlpso| d Glyhu0
vlrqB Hylghqfh iurp wkh Hyroxwlrq ri wkh HF dqg HIWD�/ QEHUZrun0
lqj Sdshu Qr1 85;6 +Fdpeulgjh/ Pdvv1/ 4<<8,1

Ehoodn/ F1/ �Lqwhuqdwlrqdo Fdslwdo Prelolw|�D Qrwh�/ Mrxuqdo ri Lq0
whuqdwlrqdo Prqh| dqg Ilqdqfh 48+8, +4<<9,/ ;580;5;1

Ehujvwudqg/ M1K1/ �Wkh Judylw| Htxdwlrq lq Lqwhuqdwlrqdo Wudgh=
Vrph Plfurhfrqrplf Irxqgdwlrqv dqg Hpslulfdo Hylghqfh�/ Uhylhz ri
Hfrqrplfv dqg Vwdwlvwlfv 9:+6, +4<;8,/ 7:707;41
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Ehujvwudqg/ M1K1/ �Wkh Jhqhudol}hg Judylw| Htxdwlrq/ Prqrsrolvwlf
Frpshwlwlrq/ dqg Idfwru Sursruwlrqv Wkhru| lq Lqwhuqdwlrqdo Wudgh�/
Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :4+4, +4<;<,/ 47604861

Ehujvwudqg/ M1K1/ �Wkh Khfnvfkhu0Rkolq0Vdpxhovrq Prgho/ Wkh Olq0
ghu K|srwkhvlv dqg wkh Ghwhuplqdqwv ri Elodwhudo Lqwud0Lqgxvwu| Wudgh�/
Hfrqrplf Mrxuqdo 433+736, +4<<3,/ 45490455<1

Eorpvwuùp/ P1 dqg D1 Nrnnr/ �Krph frxqwu| H�hfwv ri Iruhljq
Gluhfw Lqyhvwphqw= Hylghqfh iurp Vzhghq�/ QEHU Zrunlqj Sdshu Qr1
796< +Fdpeulgjh/ Pdvv1/ 4<<7,1

Eudlqdug/ O1V1/ �D Vlpsoh Wkhru| ri Pxowlqdwlrqdo Frusrudwlrqv dqg
Wudgh zlwk d Wudgh0r� Ehwzhhq Sur{lplw| dqg Frqfhqwudlrq�/ QEHU
Zrunlqj Sdshu Qr1 759< +Fdpeulgjh/ Pdvv1/ 4<<6,1

Eudlqdug/ O1V1/ �Dq Hpslulfdo Dvvhvvphqw ri wkh Sur{lplw|0Frqfhq0
wudwlrq Wudgh0r� Ehwzhhq Pxowlqdwlrqdo Vdohv dqg Wudgh�/ Dphulfdq
Hfrqrplf Uhylhz ;:+7, +4<<:,/ 85308771

Euhqwrq S1/ I1 Gl Pdxur/ dqg P1 Oÿfnh/ �Hfrqrplf Lqwhjudwlrq dqg
IGL= Dq Hpslulfdo Dqdo|vlv ri Iruhljq Lqyhvwphqw lq wkh HX dqg lq
Fhqwudo dqg Hdvwhuq Hxursh�/ Hpslulfd 59+5, +4<<<,/ <804541

Fdyhv/ U1H1/ �Pxowlqdwlrqdo Hqwhusulvh dqg Hfrqrplf Dqdo|vlv�/ 5?_

hglwlrq/ +Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<<9,1

Fxvkpdq/ G1R1/ �H{fkdqjh Udwh Xqfhuwdlqw| dqg Iruhljq Gluhfw

Lqyhvwphqw lq wkh Xqlwhg Vwdwhv�/ Zhowzluwvfkdiwolfkhv Dufkly 457+5,

+4<;;,/ 65506691

Ghdugru�/ D1Y1/ �Ghwhuplqdqwv ri Elodwhudo Wudgh= Grhv Judylw|

Zrun lq d Qhrfodvvlf Zruog�/ lq Iudqnho/ M1D1 +hg1,/ �Wkh Uhjlrqdol}d0

wlrq ri wkh Zruog Hfrqrp|�/ +Fklfdjr= Xqlyhuvlw| ri Fklfdjr Suhvv/

4<<;,/ :0641

Gxqqlqj/ M1K1/ �Lqwhuqdwlrqdo Surgxfwlrq dqg wkh Pxowlqdwlrqdo Hq0

whusulvh� +Orqgrq= Doohq ) Xqzlq/ 4<;4,1

Hjjhu/ S1 dqg P1 Sid�hupd|u/ �Wudgh dqg Pxowlqdwlrqdov lq d Prgho

ri Wkuhh Idfwruv�/ plphr +Ylhqqd/ 5333,1

Iudqn/ U1K1 dqg U1W1 Iuhhpdq/ �Glvwulexwlrqdo Frqvhtxhqfhv ri Gl0

uhfw Iruhljq Lqyhvwphqw� +Qhz \run= Dfdghplf Suhvv/ 4<:;,1

Jhudfl/ Y1M1 dqg Z1 Suhzr/ �Elodwhudo Wudgh Iorzv dqg Wudqvsruw

Frvwv�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv 8<+4, +4<:9,/ 9:0:71

Jurvvpdq/ J1P1 dqg H1 Khospdq/ �Lqqrydwlrq dqg Jurzwk lq wkh

Joredo Hfrqrp|� +Fdpeulgjh/ Pdvvdfkxvhwwv= PLW Suhvv/ 4<<4,

4:



Kdqvhq/ O1S1/ �Odujh Vdpsoh Surshuwlhv ri Jhqhudol}hg Phwkrgv ri

Prphqwv Hvwlpdwruv�/ Hfrqrphwulfd 83+7, +4<;5,/ 435<0871

Khospdq/ H1/ �D Vlpsoh Wkhru| ri Lqwhuqdwlrqdo Wudgh zlwk Pxowl0

qdwlrqdo Frusrudwlrqv�/ Mrxuqdo ri Srolwlfdo Hfrqrp| <5+6, +4<;7,/ 7840

7:41

Khospdq/ H1/ �Lpshuihfw Frpshwlwlrq dqg Lqwhuqdwlrqdo Wudgh= Hyl0

ghqfh iurp Irxuwhhq Lqgxvwuldo Frxqwulhv�/ Mrxuqdo ri wkh Mdsdqhvh dqg

Lqwhuqdwlrqdo Hfrqrplhv 4+4, +4<;:,/ 950;41

Kruvwpdqq/ L1M1 dqg M1U1 Pdunxvhq/ �Hqgrjhqrxv Pdunhw Vwuxfwxuhv

lq Lqwhuqdwlrqdo Wudgh +Qdwxud Idflw Vdowxp,�/ Mrxuqdo ri Lqwhuqdwlrqdo

Hfrqrplfv 65+405, +4<<5,/ 43<045<1

Kxpphov/ G1 dqg M1 Ohylqvrkq/ �Prqrsrolvwlf Frpshwlwlrq dqg Lq0

whuqdwlrqdo Wudgh= Uhfrqvlghulqj wkh Hylghqfh�/ Txduwhuo| Mrxuqdo ri

Hfrqrplfv 443+6, +4<<8,/ :<<0;691

Nrl}xpl/ W1 dqg N1M1 Nrshfn|/ �Iruhljq Gluhfw Lqyhvwphqw/ Whfk0

qrorj| Wudqvihu dqg Grphvwlf Hpsor|phqw H�hfwv�/ Mrxuqdo ri Lqwhuqd0

wlrqdo Hfrqrplfv 43+4, +4<;3,/ 40531

Ohdphu/ H1H1 dqg M1 Ohylqvrkq/ �Lqwhuqdwlrqdo Wudgh Wkhru|= Wkh

Hylghqfh�/ lq= Jurvvpdq/ J1P1 dqg N1 Urjr� +hgv1,/ �Kdqgerrn ri

Lqwhuqdwlrqdo Hfrqrplfv Yro1 LLL� +Dpvwhugdp= Qruwk0Kroodqg/ 4<<8,1

Olqqhpdqq/ K1/ �Dq Hfrqrphwulf Vwxg| ri Lqwhuqdwlrqdo Wudgh Iorzv�

+Dpvwhugdp= Qruwk0Kroodqg/ 4<99,1

Olsvh|/ U1H1 dqg P1\1 Zhlvv/ �Iruhljq Surgxfwlrq dqg H{sruwv lq

Pdqxidfwxulqj Lqgxvwulhv�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv 96+7,

+4<;4,/ 7;;07<71

Olsvh|/ U1H1 dqg P1\1 Zhlvv/ �Iruhljq Surgxfwlrq dqg H{sruwv ri

Lqglylgxdo Ilupv�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv 99+5, +4<;7,/

7;;07<71

Oxfdv/ U1H1/ �Rswlpdo Lqyhvwphqw Srolf| dqg wkh Ioh{leoh Dffhohud0

wru�/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz ;+4, +4<9:,/ :;0;81

Oÿwnhsrko/ K1/ �Lqwurgxfwlrq wr Pxowlsoh Wlph Vhulhv Dqdo|vlv�/ 5
?_

hglwlrq +Ehuolq= Vsulqjhu/ 4<<6,1

Pdunxvhq M1U1/ �Idfwru Pryhphqwv dqg Frpprglw| Wudgh dv Frp0

sohphqwv�/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 47+607, +4<;6,/ 67406891

Pdunxvhq/ M1U1dqg D1 Yhqdeohv/ �Wkh Wkhru| ri Hqgrzphqw/ Lqwud0

lqgxvwu|/ dqg Pxowlqdwlrqdo Wudgh�/ QEHU Zrunlqj Sdshu Qr1 885<

+Fdpeulgjh/ Pdvv1/ 4<<9,1

4;



Pdunxvhq/ M1U1 dqg D1 Yhqdeohv/ �Pxowlqdwlrqdo Ilupv dqg wkh Qhz

Wudgh Wkhru|�/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 79+5, +4<<;,/ 4;60

5361

Pduwðq/ F1 dqg I1 Yhoä}txh}/ �Wkh Ghwhuplqlqj Idfwruv ri Iruhljq

Gluhfw Lqyhvwphqw lq Vsdlq dqg wkh Uhvw ri wkh RHFG= Ohvvrqv iru wkh

FHHFv�/ FHSU Glvfxvvlrq Sdshu Qr1 496: +Orqgrq/ 4<<:,1

Pdwklhx/ F1/ �Sdqho Gdwd/ Pxowlqdwlrqdo Hqwhusulvhv dqg Gluhfw Lq0

yhvwphqw�/ lq= Päw|äv/ O1 dqg S1 Vhyhvwuh +hgv1,/ �Wkh Hfrqrphwulfv ri

Sdqho Gdwd1 D Kdqgerrn ri wkh Wkhru| zlwk Dssolfdwlrqv�/ 5
?_
hglwlrq/

+Gruguhfkw= Noxzhu Dfdghplf Sxeolvkhuv/ 4<<8,1

Päw|äv/ O1/ �Surshu Hfrqrphwulf Vshfl�fdwlrq ri wkh Judylw|Prgho�/

Wkh Zruog Hfrqrp| 53+6, +4<<:,/ 696069;1

Phqqho/ D1 dqg M1 Irhuvwhu/ �Vwhxhuq lq Hxursd/ Dphulnd xqg Dvlhq�

+Ehuolq= Yhuodj Qhxh Zluwvfkdiwv0Eulhih/ 4<<:,1

RHFG/ �Phdvxulqj Joredolvdwlrq= Wkh Uroh ri Pxowlqdwlrqdov lq

RHFG Hfrqrplhv� +Sdulv/ 4<<<,1

Rjxohgr/ Y1L1 dqg F1U1 PdfSkhh/ �Judylw| Prghov= D Uhirupxodwlrq

dqg dq Dssolfdwlrq wr Glvfulplqdwru| Wudgh Duudqjhphqwv�/ Dssolhg

Hfrqrplfv 59+5, +4<<7,/ 43:04531

Srh|krhqhq/ S1/ �D Whqwdwlyh Prgho iru wkh Yroxph ri Wudgh Eh0

wzhhq Frxqwulhv�/ Zhowzluwvfkdiwolfkhv Dufkly <3 +4<96,/ <60<<1

Sid�hupd|u/ P1/ �Iruhljq Rxwzdug Gluhfw Lqyhvwphqw dqg H{sruwv

lq Dxvwuldq Pdqxidfwxulqj= Vxevwlwxwhv ru FrpsohphqwvB�/ Zhowzluw0

vfkdiwolfkhv Dufkly/ 465+6, +4<<9,/ 83408541

Vhyhvwuh/ S1 dqg D1 Wurjqrq/ �G|qdplf Olqhdu Prghov�/ lq= Päw|äv/

O1 dqg S1 Vhyhvwuh +hgv1,/ �Wkh Hfrqrphwulfv ri Sdqho Gdwd1 D Kdqg0

errn ri wkh Wkhru| zlwk Dssolfdwlrqv�/ 5
?_

hglwlrq +Gruguhfkw= Noxzhu

Dfdghplf Sxeolvkhuv/ 4<<8,1

Wlqehujhq/ M1/ �Vkdslqj wkh Zruog Hfrqrp|1 Vxjjhvwlrqv iru dq

Lqwhuqdwlrqdo Hfrqrplf Srolf|�/ +Qhz \run= Wkh Wzhqwlhwk Fhqwxu|

Ixqg/ 4<95,1

4<
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