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dXqlyhuvlw| ri Odxvdqqh eXqlyhuvlw| ri Ehuq fVwxglhq}hqwuxp Jhu}hqvhh

Zrunlqj Sdshu/ Dxjxvw 4<<<

Devwudfw

Jurvv Grphvwlf Surgxfw +JGS, lv d nh| lqglfdwru wr phdvxuh wkh hfr0
qrplf srzhu ri d frxqwu| ghvslwh lwv xqglvsxwhg zhdnqhvvhv1 Wklv exvlqhvv
f|foh lqglfdwru lv d zlghvsuhdg edvlv iru lqirupdwlrq dqg sodqqlqj ri vwudwh0
jlf ghflvlrqv1 Hfrqrplf uhvhdufk kdv dozd|v wdnhq wklv xvh lqwr dffrxqw/
sodflqj JGS lq wkh fhqwhu ri qxphurxv hfrqrplf prghov1

Prghuq hvwlpdwlrq phwkrgv lq txdqwlwdwlyh uhvhdufk uhtxluh odujh vdp0
sohv lq rughu wr |lhog uholdeoh uhvxowv1 Wkh JGS vhulhv gh�qhg dffruglqj wr
wkh fxuuhqw vwdqgdug +HVD:;, lqfoxghv dssur{lpdwho| :3 txduwhuo| hvwlpd0
wlrqv/ zklfk lv lqvx!flhqw iru pdq| prghov1 Dq lqwhusrodwhg wlph vhulhv
fryhulqj d vkruwhu revhuydwlrq lqwhuydo zrxog vxsso| pruh gdwd dqg rshq
wkh zd| wr prqwko| prghov1

Wr dyrlg wkh glvdgydqwdjh ri txduwhuo| ru orqjhu iuhtxhqflhv/ wkh xvh
ri d prqwko| yduldeoh wkdw fruuhodwhv zlwk JGS lv dydlodeoh dv dq dowhuqd0
wlyh wr wkh JGS lqwhusrodwlrq1 Lq iruhljq vwxglhv iru h{dpsoh/ lqgxvwuldo
surgxfwlrq lv riwhq xvhg dv d sur{| yduldeoh1 Exw jhqhudoo|/ lqgxvwuldo sur0
gxfwlrq ohdgv wkh exvlqhvv f|foh e| d ihz prqwkv1 Ixuwkhupruh/ wklv vhulhv
grhv qrw h{lvw iru Vzlw}huodqg1 D glvdjjuhjdwlrq ri JGS lqwr prqwko| gdwd
srlqwv wkxv ehfrphv d orjlfdo fkrlfh1

Wkh olwhudwxuh ghvfulehv wzr gl�huhqw zd|v ri lqwhusrodwlrq ri gdwd vh0
ulhv1 Zlwklq wkh �uvw/ wkh plvvlqj revhuydwlrqv duh irxqg e| d jhrphwulf

�Zh wkdqn Udpvhv Dexo Qdjd/ Pduohqh Dpvwdg/ Sklolssh Edffkhwwd/ Kduulv Ghoodv/ Jlr0
ydqql Ohrqdugr/ Lzdq Phlhu/ Mh�uh| Qlovhq/ Euxqr Sduqlvdul/ Zdowhu Zdvvhuidoohq/ dqg Pdun
Zdwvrq iru wkhlu khosixo frpphqwv dqg vxjjhvwlrqv1 Zh wkdqnZhuqhu Dhehukduw/ Nçwkl Jihoohu/
Pduwlq Z|vv/ dqg Ehuqdug \huo| iru khosixo vxjjhvwlrqv iru wkh sxeolfdwlrq ri wkh qrq0whfkqlfdo
devwudfw lq Glh Yronvzluwvfkdiw 0 Pdjd}lq iÿu Zluwvfkdiwvsrolwln dqg lq Od Ylh ìfrqrpltxh 0
Uhyxh gh srolwltxh ìfrqrpltxh1 Doo uhpdlqlqj huuruv duh rxuv1

|Qlfrodv D1 Fxfkh/ Vwxglhq}hqwuxp Jhu}hqvhh/ Srvwidfk 54/ FK06448 Jhu}hqvhh/
qlfrodv0doh{lv1fxfkhCdoxpql1xqlvj1fk/ kwws=22zzz1v}jhu}hqvhh1fk2fxfkh1 Pduwlq N1 Khvv/
Vwxglhq}hqwuxp Jhu}hqvhh/ Srvwidfk 54/ FK06448 Jhu}hqvhh/ pkhvvCv}jhu}hqvhh1fk/
kwws=22zzz1v}jhu}hqvhh1fk2khvv1
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fxuyh ixqfwlrq wkdw lv rswlpl}hg e| wkh dydlodeoh JGS gdwd vhulhv rqo|1
Wkh glvdgydqwdjh ri wklv glvdjjuhjdwlrq phwkrg lv wkdw wkh lqwhusrodwhg
vhulhv gr qrw frqwdlq dgglwlrqdo lqirupdwlrq frpsduhg wr wkh ruljlqdo gdwd1
Frqvhtxhqwo|/ lw fdqqrw lpsuryh wkh hvwlpdwlrq ri hfrqrplf uhodwlrqvklsv
lq hpslulfdo prghov1 Iru wklv uhdvrq/ dq dowhuqdwlyh surfhgxuh wkdw �o0
whuv rxw lqirupdwlrq iurp dydlodeoh prqwko| vhulhv 0 wkh vr0fdoohg uhodwhg
vhulhv 0 lv fohduo| suhihuuhg1 Wkhvh uhodwhg vhulhv pxvw eh fruuhodwhg zlwk
JGS dqg jlyh wkh g|qdplf lpsxovhv lq rughu wr uhdolvwlfdoo| glvdjjuhjdwh
wkh txduwhuo| gdwd1 Vr/ prqwko| JGS hvwlpdwlrqv duh fdofxodwhg edvhg rq
hfrqrplf dqg vwdwlvwlfdo fulwhuld1

Wkh ehvw phwkrg wr hvwlpdwh d vhulhv lq kljkhu iuhtxhqflhv lv zlwk d
Ndopdq �owhu1 Wklv yhuvdwloh dojrulwkp zdv ghyhorshg lq wkh �hog ri sk|vlfv
dqg lv xvhg lq pdq| sudfwlfdo dssolfdwlrqv/ h1j1 lq qdyljdwlrq v|vwhpv ri
dlusodqhv1 Dssur{lpdwho| 48 |hduv djr lw hqwhuhg wkh hfrqrplf olwhudwxuh/
wrr1 Wkh Ndopdq �owhu lv d g|qdplfdoo|0lwhudwlyh phwkrg wr pdnh iruhfdvwv
wkdw fdq eh frqwlqxrxvo| lpsuryhg e| frqvlghudwlrq ri suhylrxv uhdol}hg
iruhfdvw huuruv1 Lq rxu vwxg|/ d iruhfdvw ydoxh iru wkh xqrevhuyhg JGS
lv frpsxwhg hyhu| prqwk zklfk lv edvhg rq wkh dvvxphg ghyhorsphqw ri
hfrqrplf jurzwk dqg lqirupdwlrq iurp suhghwhuplqhg uhodwhg vhulhv1 Dggl0
wlrqdoo|/ wkh dojrulwkp dxwrpdwlfdoo| fruuhfwv zlwk dq dgmxvwlqj phfkdqlvp
wkh prqwko| hvwlpdwlrqv dw wkh hqg ri hyhu| txduwhu wr hqvxuh wkdw wkh vxp
ri wkuhh prqwkv fruuhvsrqgv wr wkh sxeolvkhg txduwhuo| ydoxh1

Wkh vhohfwlrq ri uhodwhg vhulhv dqg dvvxpswlrqv iru wkh g|qdplf gh0
yhorsphqw ri hfrqrplf jurzwk duh txlwh gl!fxow vlqfh qr wuxh uhihuhqfh lv
dydlodeoh1 Rqo| wkurxjk d frpelqdwlrq ri vwdwlvwlfdo dqg hfrqrplf vhohfwlrq
fulwhuld fdq dq rswlpdo lqwhusrodwlrq eh dfklhyhg1

Xvlqj wkh Ndopdq �owhu/ zh fdofxodwh d prqwko| gdwd vhulhv ri uhdo
JGS wkdw lqfoxghv 537 revhuydwlrqv iurp 4<;4 wr 4<<:1 Wkh uhodwhg vhulhv
duh wdnhq iurp wkh h{shqglwxuh vlgh ri JGS1 Zkloh qhw h{sruwv duh udlvhg
prqwko| zh xvh uhwdlo vdohv dv d prqwko| dssur{lpdwh ydoxh iru sulydwh
frqvxpswlrq1 Frqvwuxfwlrq dqg htxlsphqw lqyhvwphqwv duh qrw dydlodeoh
prqwko| dqg duh wkhuhiruh uhsodfhg e| cqrw xwlol}hg frqvwuxfwlrq ordqv* wkdw
uhdfw lq wkh rssrvlwh gluhfwlrq1 Zh h{foxgh jryhuqphqw vshqglqj ehfdxvh
ri dw|slfdo exvlqhvv f|foh ehkdylru1 D vhw ri dowhuqdwlyh uhodwhg vhulhv wkdw
uho| rq wkh lqwhuqdwlrqdo hfrqrplf f|foh wxuqhg rxw wr eh lqvx!flhqwo|
lqirupdwlyh gxh wr odujh glyhujhqfhv ehwzhhq wkh Vzlvv dqg wkh iruhljq
hfrqrplf f|fohv lq wkh plggoh ri wkh 4<<3*v1

Wkh uhvxowlqj prqwko| vhulhv wxuqv rxw wr eh vwdwlvwlfdoo| pruh yrodwloh
wkdq h{shfwhg dw txduwhuo| iuhtxhqf|1 Krzhyhu/ wkh vhulhv grhv qrw frqwdlq
dq| vhdvrqdo h�hfwv1 Lw surylghv dq dghtxdwh srvvlelolw| wr ghvfuleh wkh
Vzlvv exvlqhvv f|foh lq ghwdlo dqg surplvhv wr eh yhu| xvhixo lq ixwxuh
hpslulfdo uhvhdufk1
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4 Lqwurgxfwlrq

Jurvv Grphvwlf Surgxfw +JGS, lv d nh| lqglfdwru wr phdvxuh wkh hfrqrplf srzhu
ri d frxqwu| ghvslwh lwv xqglvsxwhg zhdnqhvvhv1 Wklv exvlqhvv f|foh lqglfdwru lv d
zlghvsuhdg edvlv iru lqirupdwlrq dqg sodqqlqj ri vwudwhjlf ghflvlrqv1 Hfrqrplf
uhvhdufk kdv dozd|v wdnhq wklv xvh lqwr dffrxqw/ sodflqj JGS lq wkh fhqwhu ri
qxphurxv hfrqrplf prghov1

Krzhyhu/ iru hfrqrplf vwxglhv xvlqj txduwhuo| gdwd/ d orz qxpehu ri revhu0
ydwlrqv fdq fdxvh vhulrxv  dzv lq wkh txdolw| ri txdqwlwdwlyh dqdo|vlv1 Xvlqj
uhodwlyho| vkruw wlph vhulhv lq yhfwru dxwruhjuhvvlrqv +YDU, iru h{dpsoh/ pdq|
ghjuhhv ri iuhhgrp duh xvhg xs lq wkh hvwlpdwhv/ uhgxflqj gudvwlfdoo| wkh srzhu
ri wkh hvwlpdwlrq1 Pruhryhu/ prqwko| iuhtxhqf| lv vrphwlphv lpsolhg e| wkh dv0
vxpswlrqv ri wkh prgho ehlqj hvwlpdwhg/ zkloh rqo| txduwhuo| gdwd duh uhohdvhg1
Hvwlpdwhv ri Vzlvv JGS iru hyhu| txduwhu duh gdwlqj edfn wr 4<9841

Wkhuhiruh/ hfrqrplvwv duh vrphwlphv irufhg wr xvh yduldeohv wkdw sur{| JGS
dqg wkdw duh dydlodeoh dw d kljkhu iuhtxhqf|1 D frpprq sur{| lq pdq| frxqwulhv
lv lqgxvwuldo surgxfwlrq +LS, zklfk lv riwhq uhfrughg prqwko| dqg zklfk frpryhv
forvho| zlwk JGS1 Lq Vzlw}huodqg/ lw lv gl!fxow wr �qg vxfk d prqwko| lqglfdwru
iru djjuhjdwh surgxfwlyh dfwlylw|1 Wkh LS lqgh{ lv d vhulhv dw d txduwhuo| iuhtxhqf|/
dqg rwkhu vhulhv olnh exvlqhvv vxuyh|v ru �oohg rughuv fdq rqo| eh xvhg dv yhu|
lpshuihfw JGS sur{lhv1 Khqfh/ lq fdvhv zkhuh dghtxdwh sur{lhv duh qrw dw kdqg/
prqwko| hvwlpdwhv ri JGS e| lqwhusrodwlrq5 duh dq dssursuldwh vroxwlrq wr wklv
sureohp1 Wkh jrdo ri wklv sdshu lv wr surylgh d prqwko| ghvhdvrqdol}hg6 uhdo
JGS vhulhv iru sudfwlwlrqhuv dqg hpslulfdo uhvhdufkhuv1

Fkrz dqg Olq +4<:4, zhuh wkh �uvw wr suhvhqw d frkhuhqw dqg hdvlo| dssol0
fdeoh hfrqrphwulf dssurdfk wkdw kdqgohv lqwhusrodwlrq sureohpv iru vwrfn dqg
 rz yduldeohv1 Dvvxplqj d olqhdu uhodwlrq ehwzhhq wkh vhulhv ri lqwhuhvw +vhulhv
iru zklfk revhuydwlrqv duh plvvlqj/ l1h1 prqwko| JGS, dqg rwkhu gdwd zlwk pruh
iuhtxhqw uhfruglqj +vr0fdoohg uhodwhg vhulhv,/ wkh| hvwlpdwh d xqlyduldwh uhjuhv0
vlrq htxdwlrq1 Wklv pxowlsoh uhjuhvvlrq dssurdfk lv  h{leoh hqrxjk wr wdnh lqwr
dffrxqw khwhurvnhgdvwlflw| dqg dxwrfruuhodwlrq lq wkh uhvlgxdov1

Pruh uhfhqw dssurdfkhv xvh ri wkh Ndopdq �owhu +Kduyh| dqg Slhuvh +4<;7,/

4Wkh r!fldo �jxuhv ri txduwhuo| JGS hvwlpdwhv duh sxeolvkhg e| wkh Vwdwh Vhfuhwduldw
iru Hfrqrplf D�dluv +vhfr,1 Ixuwkhupruh/ dq r!fldo dqqxdo JGS lv udlvhg e| wkh Ihghudo
Vwdwlvwlfv R!fh iurp wkh qdwlrqdo lqfrph dffrxqwv1 Wkh txduwhuo| hvwlpdwhv duh wkhq fruuhfwhg
dqg sxeolvkhg djdlq wr pdwfk wkh r!fldo dqqxdo vwdwlvwlfv1

5Zh uhjdug lqwhusrodwlrq dv d surfhvv ri frpsxwlqj  rz ru vwrfn vhulhv dw d kljkhu iuhtxhqf|
wkdq wkh ruljlqdo rqh1 Lq wklv whuplqrorj| zh gr qrw glvwlqjxlvk ehwzhhq lqwhusrodwlrq dqg
glvwulexwlrq zklfk lv riwhq grqh lq vwxglhv zlwk erwk/ vwrfn dqg  rz yduldeohv1 Khuh/ zh suhvhqw
prghov wkdw vhuyh h{foxvlyho| iru lqwhusrodwlrq dqg qrw iru rxw0ri0wkh0vdpsoh suhglfwlrqv1

6Lq rxu ylhz/ ghvhdvrqdol}hg wlph vhulhv duh ri juhdwhu lqwhuhvw dv wkh| duh kdqg| wr xvh lq
hfrqrplf prghov1 Wr hvwlpdwh d vhdvrqdol}hg vhulhv/ wkh vhdvrqdolw| zrxog kdyh wr eh hvwlpdwhg
vhsdudwho| dqg wkhq dgghg wr wkh ghvhdvrqdol}hg vhulhv/ dv grqh iru h{dpsoh e| wkh Vwdwh
Vhfuhwduldw iru Hfrqrplf D�dluv iru txduwhuo| JGS hvwlpdwhv1
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dqg Ehuqdqnh/ Jhuwohu dqg Zdwvrq +4<<:,,1 Wklv g|qdplf iudphzrun lv pxfk
pruh  h{leoh/ vlqfh lw lv fdsdeoh ri qhvwlqj ydulrxv prghov dqg lv pruh surplvlqj
ehfdxvh wkh �uvw wzr hvwlpdwhv zlwklq d txduwhu duh xsgdwhg hyhu| wlph qhz
lqirupdwlrq derxw JGS duulyhv1

Lq wklv sdshu/ wkh irfxv lv gluhfwhg rq hfrqrphwulf ghwdlov vxfk dv prgho dv0
vxpswlrqv derxw wkh wuhdwphqw ri vwdwlrqdulw| dqg rq wkh hydoxdwlrq ri ydulrxv
uhodwhg vhulhv1 Frpshwlqj vwdwh0vsdfh irupxodwlrqv duh dqdo|}hg wkhruhwlfdoo| dqg
wkhq hydoxdwhg hpslulfdoo|1 Pruh suhflvho|/ zh hydoxdwh wzr vhwxsv zlwk gl�hu0
hqw dvvxpswlrqv derxw wkh vwrfkdvwlf ehkdylru ri prqwko| JGS 0 d vwdwlf dqg
d g|qdplf prgho 0 xvlqj uhodwhg vhulhv zlwk wkh dlp wr jhw wkh prvw dssursul0
dwh lqwhusrodwhg vhulhv1 Sulru wr hvwlpdwlqj wkh prgho/ zh hydoxdwh frpshwlqj
uhodwhg vhulhv1 Wkh srwhqwldo uhodwhg prqwko| vhulhv duh edvhg rq wkh h{shqglwxuh
gh�qlwlrq ri JGS dqg rq vwdwlvwlfdo surshuwlhv ri wkh frpryhphqw zlwk JGS1
Krzhyhu/ wkh ghduwk ri Vzlvv gdwd dw kljkhu iuhtxhqf| olplwv vhyhuho| wkh fkrlfh
ri wkhvh yduldeohv1 Wkhuhiruh/ zh frqvlghu rwkhu uhodwhg vhulhv/ iru h{dpsoh/ iru0
hljq djjuhjdwh hfrqrplf dfwlylw|/ dv dowhuqdwlyhv iru lqwhusrodwlrq1 Lq idfw/ doo
uhodwhg vhulhv wkdw forvho| dqg urexvwo| pryh wrjhwkhu zlwk txduwhuo| JGS frxog
eh dssursuldwh vhulhv khoslqj wr h{wudfw prqwko| JGS1 Wkhq/ zh vruw rxw vhulhv
zlwk orz lqirupdwlrq frqwhqw iru wkh lqwhusrodwlrq1 Zlwk wkh uhpdlqlqj uhodwhg
vhulhv dydlodeoh/ zh wkhq hvwlpdwh prqwko| JGS iru Vzlw}huodqg iru 4<;304<<;7

zlwklq wkh wzr vhwxsv1
Wkh sdshu lv rujdql}hg dv iroorzv1 Lw vwduwv lq vhfwlrq 5 zlwk d vkruw vxuyh|

ri wkh lqwhusrodwlrq olwhudwxuh1 Lq vhfwlrq 6/ zh eulh | uhylhz wkh Ndopdq �owhu
phwkrgrorj| dqg suhvhqw rxu wzr lqwhusrodwlrq prghov1 Lq vhfwlrq 7/ ydulrxv
uhodwhg vhulhv duh hydoxdwhg dqg ghvfulehg1 Zh frpphqw rxu uhvxowv lq vhfwlrq 81
Zh wkhq hydoxdwh wkh dssursuldwhqhvv ri wkhvh lqwhusrodwlrqv1 Vhfwlrq 9 frqfoxghv1

5 Uhodwhg Olwhudwxuh

Dv Odqqlqj +4<;9, looxvwudwhv/ hfrqrplvwv idflqj plvvlqj gdwd kdyh edvlfdoo| wzr
gl�huhqw zd|v xvlqj h{whuqdo lqirupdwlrq wr vroyh wkdw sureohp1 D �uvw dssurdfk
lv wr hvwlpdwh wkh plvvlqj gdwd vlpxowdqhrxvo| zlwk wkh hfrqrplvw*v prgho sd0
udphwhuv/ wkhuhe| frqvlghulqj wkh plvvlqj revhuydwlrqv dv dq| rwkhu sdudphwhuv1
D vhfrqg zd| lv d wzr0vwhs dssurdfk zkhuh lq d �uvw vwhs wkh plvvlqj gdwd/ zklfk
frxog eh lqghshqghqw iurp wkh uhvhdufkhu*v prgho/ duh lqwhusrodwhg1 Lq d vhfrqg
vwhs/ wkh qhz dxjphqwhg vhulhv duh xvhg wr hvwlpdwh wkh hfrqrplvw*v prgho1 Odq0

7Zh h{foxvlyho| frqfhqwudwh rxu lqyhvwljdwlrq rq wkh shulrg 4<;304<<; ehfdxvh wkhvh �jxuhv
duh frpsdwleoh zlwk wkh qhz qdwlrqdo dffrxqwlqj v|vwhp lq Vzlw}huodqg/ wkh Hxurshdq V|vwhp
ri Lqwhjudwhg Hfrqrplf Dffrxqwv +HVD:;,1 Lq Vzlw}huodqg lw zdv lqwurgxfhg lq 4<<9/ zklfk
wkh Vwdwh Vhfuhwduldw iru Hfrqrplf D�dluv xvhg wr uhwursrodwh txduwhuo| JGS �jxuhv edfn wr
4<;31 Vhh Vfkzdoohu dqg Sduqlvdul +4<<:, iru d yhu| jrrg vxuyh|1 Wkh vwuxfwxudo euhdn lv wrr
lpsruwdqw ehwzhhq wkh iruphu dqg qhz v|vwhp iru qrw frqvlghulqj lw1
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qlqj irxqg wkdw wkh vlpxowdqhrxv dssurdfk |lhogv hvwlpdwhv ri wkh hfrqrplvw*v
prgho sdudphwhuv wkdw kdyh d juhdwhu yduldqfh dqg wkxv duh ohvv uholdeoh wkdq
wkh prgho sdudphwhuv hvwlpdwhg zlwk frpsohwh gdwd lq wkh vhfrqg vwdjh1 Edvhg
rq wkhvh hpslulfdo �qglqjv/ kh vxjjhvwv wkh xvh ri wkh wzr0vwhs dssurdfk1 Uh0
odwhg olwhudwxuh rq wkh odwwhu surfhgxuh fdq eh vxeglylghg lq wkh iroorzlqj wkuhh
fodvvhv81

Iluvw/ wkh vhplqdo dssurdfk iru wkh xvh ri wkh xqlyduldwh pxowlsoh uhjuhvvlrq
whfkqltxh zlwk uhodwhg vhulhv zdv hvwdeolvkhg e| Fkrz dqg Olq +4<:4/ 4<:9, zkr
suhvhqwhg d xql�hg iudphzrun zklfk doorzv wr wuhdw wkh lqwhusrodwlrq ri vwrfnv
dqg  rzv yduldeohv1 Wklv dssurdfk zdv deoh wr ryhufrph wkh sureohpv idfhg e|
Iulhgpdq +4<95, zkr wuhdwhg vwrfnv dqg  rzv lq gl�huhqw zd|v1 Vshfl�fdoo|/
wkh| frxog ghdo zlwk wkh uhtxluhphqw wkdw li dq revhuyhg  rz ydoxh lv glvwulexwhg
dprqj wkh fruuhvsrqglqj vxelqwhuydov/ wkh kljkhu iuhtxhqf| hvwlpdwhv pxvw dgg
xs wr wkh revhuydwlrq ri wkh ruljlqdo orzhu iuhtxhqf| yduldeoh1 Xqwlo qrz/ wklv
vwdwlf uhjuhvvlrq dssurdfk kdv ehhq zlgho| xvhg iru lqwhusrodwlrq gxh wr lwv hdv|
lpsohphqwdwlrq frpsduhg wr wkh vwdwh0vsdfh dssurdfk1 Wklv dujxphqw vhhpv wr
pruh wkdq mxvw rxwzhljk wkh srwhqwldo dgydqwdjhv ri pruh vrsklvwlfdwhg surfh0
gxuhv olnh wkh Ndopdq �owhu1 Dq dqqxdo JGS zdv iru h{dpsoh lqwhusrodwhg iru
Ph{lfr e| GhDoed +4<<3,1 Vfkplgw +4<;9, jlyhv d jrrg vxuyh| ri wklv phwkrg
lqwhusrodwlqj shuvrqdo lqfrph ri XV uhjlrqv1

Vhfrqg/ Ghqwrq +4<:4,/ Ihuqdqgh} +4<;4,/ dqg Olwwhupdq +4<;6, sursrvhg dq
dssurdfk wkdw plqlpl}hv d zhljkwhg txdgudwlf orvv ixqfwlrq ri wkh gl�huhqfh eh0
wzhhq wkh vhulhv wr eh hvwlpdwhg dqg d olqhdu frpelqdwlrq ri wkh revhuyhg uhodwhg
vhulhv1 Wklv vwudwhj| qhvwv wkh Fkrz dqg Olq uhjuhvvlrq/ exw doorzv iru pruh
frpsolfdwhg dvvxpswlrqv derxw wkh gulylqj surfhvv ri wkh lqwhusrodwhg yduldeoh
dqg wkh xvh ri gdwd lq �uvw gl�huhqfh1 Dq looxvwudwlrq zlwk Sruwxjxhvh gdwd lv
jlyhq lq Slqkhlur dqg Frlpeud +4<<6,1

Wklug/ Ehuqdqnh/ Jhuwohu dqg Zdwvrq +4<<:, kdyh uhfhqwo| xvhg d vwdwh0vsdfh
prgho wr lqwhusrodwh uhdo JGS lq wkh XV1 Wkhlu dssurdfk lv wr �uvw hvwlpdwh
prqwko| frpsrqhqwv ri qrplqdo JGS soxv wkh JGS gh dwru dqg wkhq wr djjuh0
jdwh wkh lqglylgxdo hvwlpdwhv1 Wkh odfn ri gdwd lq Vzlw}huodqg suhyhqwv xv iurp
lqwhusrodwlqj wkhvh frpsrqhqwv dqg khqfh/ surfhhglqj dv Ehuqdqnh/ Jhuwohu dqg
Zdwvrq1 Wkh phwkrgrorj| wkh| iroorzhg zdv vxjjhvwhg e| Kduyh| dqg Slhuvh
+4<;7, zkr surylgh d jhqhudo iudphzrun 0 vwdwh0vsdfh irupxodwlrq iru vwrfn dqg
 rz yduldeohv/ dqg iru vwdwlrqdu| dqg qrqvwdwlrqdu| vhulhv/ zlwk dqg zlwkrxw uh0
odwhg vhulhv9 0 wr hvwlpdwh plvvlqj revhuydwlrqv lq hfrqrplf wlph vhulhv1 Vroylqj
vxfk vwdwh0vsdfh prghov uhtxluhv wkh xvh ri wkh Ndopdq �owhu1 D Ndopdq �owhu

8Wkh vljqdo h{wudfwlrq olwhudwxuh lv yhu| ydvw dqg gl!fxow wr remhfwlyho| fodvvli|1 Khuh/ zh
rqo| uhylhz wkh lqwhusrodwlrq olwhudwxuh/ zlwkrxw frqvlghulqj jhqhudo dssurdfkhv vxfk dv wkh
sureohp ri xqrevhuyhg frpsrqhqwv lq hfrqrplf wlph vhulhv ru wkh hvwlpdwlrq ri luuhjxoduo|
plvvlqj gdwd1

9Wklv sdshu grhv qrw lqwhusrodwh zlwkrxw uhodwhg vhulhv1 Iru d eurdghu glvfxvvlrq ri wklv
lvvxh vhh Fxfkh dqg Khvv +4<<<,1

8



lqwhusrodwlrq zdv grqh iru Fdqdgldq JGS e| Jxd|/ Ploerxuqh/ Rwwr dqg Vplwk
+4<<3,1

6 Prghov

614 Ndopdq Ilowhu

Wkh pxowlyduldwh Ndopdq +4<93/ 4<96, �owhu lv dq dojrulwkp iru vhtxhqwldoo| xs0
gdwlqj d olqhdu surmhfwlrq rq wkh yhfwru ri lqwhuhvw1 D jhqhudo uhylhz lv jlyhq khuh
dqg d pruh ghwdlohg ghvfulswlrq lq wkh dsshqgl{:1 Lq wkh qh{w vhfwlrq/ zh suhvhqw
wzr frq�jxudwlrqv ri wkh vwdwh0vsdfh v|vwhp xvhg iru JGS lqwhusrodwlrq1

Wkh jhqhudo vwdwh0vsdfh uhsuhvhqwdwlrq lv jlyhq e| d v|vwhp ri wzr yhfwru htxd0
wlrqv1 Iluvw/ wkh vwdwh ru wudqvlwlrq htxdwlrq ghvfulehv wkh g|qdplfv ri wkh vwdwh
yhfwru E�

|
� frqwdlqlqj wkh xqrevhuyhg yduldeohv zh zdqw wr hvwlpdwh1 Wkh vhfrqg

w|sh ri htxdwlrq uhsuhvhqwv wkh revhuydwlrq ru phdvxuhphqw htxdwlrq olqnlqj wkh
vwdwh yhfwru wr wkh yhfwru frqwdlqlqj wkh revhuyhg yduldeohv

�
)n

|

�
1 Wkh htxdwlrqv

ri wklv v|vwhp iru | ' �c � � � c A zkhuh A lv wkh qxpehu ri prqwko| revhuydwlrqv
duh wkh iroorzlqj=

�
|n� ' 6|�|

n��

|
 |n� n+|�|n�c +4,

)n
|

' O�

|
��

|
n�|�|� +5,

Lq dgglwlrq wr wkh xqrevhuyhg dqg wkh revhuyhg yduldeohv ri lqwhuhvw/ yhfwru
htxdwlrq +4, frqwdlqv wkh uhodwhg vhulhv E |� dv h{rjhqrxv dqg h{sodqdwru| ydul0

deohv1 Erwk htxdwlrqv kdyh huuru whupv
�
�| �|

�
�

pxowlqrupdoo| glvwulexwhg

�

��
f

f

�
c

�
" f

f B

��
1 Suhpxowlsolhg e| pdwulfhv +| dqg �|/ wkhvh ruwkrjr0

qdo glvwxuedqfhv wudqvirup lqwr qrq0ruwkrjrqdo uhvlgxdov zlwklq hdfk yhfwru htxd0
wlrq1 Wkh frh!flhqwv pdwulfhv 6|c�

�

|
c+|cO

�

|
c�|c dqg wkh wzr yduldqfh0fryduldqfh

pdwulfhv" dqgB duh hvwlpdwhg e| pd{lpl}lqj wkh orj0olnholkrrg ixqfwlrq ri wklv
v|vwhp1

615 Lqwhusrodwlrq Prghov

61514 Ryhuylhz

Lq wklv vhfwlrq/ zh dgdsw wkh jhqhudo vwdwh0vsdfh uhsuhvhqwdwlrq; +4, dqg +5, wr
rxu sureohp lq wzr gl�huhqw zd|v dffruglqj wr wkh dvvxphg vwrfkdvwlf surfhvvhv

:Yhu| ghwdlohg ghvfulswlrqv ri wkh Ndopdq �owhu whfkqltxh fdq eh irxqg lq wkh Kdqgerrn
ri Hfrqrphwulfv e| Kdplowrq +4<<7d, dqg lq klv wh{werrn +Kdplowrq/ 4<<7e,1 Rwkhu xvhixo
frqwulexwlrqv fdq eh irxqg lq Drnl dqg Kdyhqqhu +4<<4,/ Kduyh| +4<;<,/ dqg Oÿwnhsrko +4<<6,1

;Wkh Ndopdq �owhu dojrulwkp dqg wkh ghulydwlrq ri wkh orj0olnholkrrg ixqfwlrq duh glvsod|hg
lq Dsshqgl{ D1

9



iru prqwko| JGS zh fdq lpsohphqw lq pdwul{ 61 Wkh lqwhusrodwlrq iudphzrun<

iru | ' �c � � � c A lv=

�
|n� ' 6�

|
n�� |n� n+�|n�c +6,

+n
|

' ��

|
��

|
� +7,

Rq rqh kdqg/ wkh vwdwh yhfwru htxdwlrq +6, ghvfulehv wkh yhfwru g|qdplfv
ri wkh xqrevhuyhg yduldeoh/ prqwko| JGS ++|,/ vwdfnhg lq wkh vwdwh yhfwru �

|

@
�
+| +|3� +|32

�
�

1 Wkh d�� �o glphqvlrq vhuyhv wr wdnh wkh wkuhh prqwkv
zlwklq d txduwhu wrjhwkhu lq rughu wr vdwlvi| wkh vxp0xs frqvwudlqw1 Wkh h{dfw
irupxodwlrq ri wklv yhfwru htxdwlrq lv gl!fxow/ ehfdxvh wkhuh lv qr sulru nqrzohgjh
derxw wkh wuxh surfhvv gulylqj prqwko| JGS1 Lq rughu wr vkhg oljkw rq wklv lvvxh/
zh frpsduh wzr edvlf dvvxpswlrqv lq wkh qh{w vhfwlrqv1 Wkurxjkrxw wklv sdshu
zh dvvxph wlph0lqyduldqw frh!flhqwv iru wkh pdwulfhv 6c �� dqg +1

Rq wkh rwkhu kdqg/ htxdwlrq +7, uhodwhv wkh vwdwh yhfwru wr wkh revhuyhg txdu0
whuo| JGS ++n

|
,1 Iroorzlqj Kduyh| dqg Slhuvh +4<;7,/ wklv revhuydwlrq htxdwlrq

uhsuhvhqwv wkh frqvwudlqw wkdw wkh vxp ri wkuhh prqwko| revhuydwlrqv zlwklq d
txduwhu pxvw htxdo wkh txduwhuo| revhuyhg JGS1 Khqfh/ wklv htxdolw| frqvwudlqw
lpsolhv wkdw wkh huuru whup +�|�|, glvdsshduv iurp wkh revhuydwlrq htxdwlrq1
Wkh vxp0xs frqvwudlqw lv rqo| lqwurgxfhg e| wkh frh!flhqwv yhfwru ��

|
1

Erwk vshfl�fdwlrqv ri wkh vwdwh0vsdfh prgho ghvfulehg khuhdiwhu fruuhvsrqg wr
gl�huhqw dvvxpswlrqv derxw wkh vwrfkdvwlf surfhvv ri prqwko| JGS dqg lq xhqfh
wkhuhiruh wkh uhsuhvhqwdwlrq ri wkh vwdwh htxdwlrq1 Iluvw/ zh dvvxph prqwko| JGS
qrw wr iroorz dq| vwrfkdvwlf surfhvv +vwdwlf prgho, e| vlpso| vhwwlqj 6 ' f1 Wklv
lpsolhv wkdw zh gr qrw vshfl�fdoo| fruuhfw rxu prgho iru wkh JGS qrqvwdwlrqdulw|1
Wkh Ndopdq �owhu wdnhv wklv ihdwxuh lqwr dffrxqw1 Dowhuqdwlyho|/ zh dvvxph
wkdw wkh jurzwk udwh ri prqwko| JGS iroorzv d �uvw0rughu dxwruhjuhvvlyh surfhvv
+g|qdplf prgho,1 Zh wkxv lpsrvh d fruuhfwlrq iru vwdwlrqdulw| rq wkh vwdwh0vsdfh
prgho1 Erwk vhohfwhg dvvxpswlrqv duh dovr jxlghg e| vlpsolflw| dqg whfkqlfdo
frqvlghudwlrqv frqfhuqlqj wkh frqvwuxfwlrq ri wkh Ndopdq �owhu1

D fodvv ri prghov zh gr qrw frqvlghu khuh/ exw zklfk frxog eh xvhg iru lqwhu0
srodwlrq lv ghvljqhg zlwkrxw uhodwhg vhulhv1 Wkh| h{wudfw lqirupdwlrq iurp wkh
txduwhuo| vhulhv/ lwv dxwrfryduldqfh ixqfwlrq/ dqg iurp dvvxphg hfrqrplf jurzwk
sur�ohv ri prqwko| JGS1 Krzhyhu/ vxfk lqwhusrodwhg vhulhv duh sxuho| hfrqrphw0
ulf surgxfwv dqg gr qrw |lhog dgglwlrqdo hfrqrplf lqirupdwlrq dv frpsduhg wr
wkh txduwhuo| vhulhv1 Wkhuh h{lvw hyhq pruh cqdlyh* prghov wkdw gr qrw h{klelw d
vwrfkdvwlf jurzwk sdwwhuq1 Rqh ri wkhvh prghov fdofxodwhv wkuhh prqwko| JGS
ydoxhv iroorzlqj d txduwhuo| olqhdu wuhqg fhqwhuhg durxqg wkh txduwhuo| phdq431
Zh wdnh wklv prgho dv d ehqfkpdun iru rxu hydoxdwlrq surfhgxuh1

<Lq doo wkh prghov/ txduwhuo| JGS
�
|.
w

�
lv jlyhq hdfk prqwk/ |.4 @ 3> |.5 @ 3> |.6 @ �uvw

txduwhuo| ydoxh/ |.7 @ 3> |.8 @ 3> |.9 @ vhfrqg txduwhuo| ydoxh/ |.: @ 3> = = = / hwf1 Qrwh wkdw zlwk
W prqwkv wr lqwhusrodwh zh revhuyh W

6
txduwhuo| ydoxhv1

43Prqwko| revhuydwlrqv duh lqwhusrodwhg olqhduo| zlwklq d txduwhu/ zkhuh zh dvvxph wkdw zh
fdq vsolw hdfk txduwhu +h{fhsw wkh �uvw rqh, lqwr dq lqlwldo ydoxh |w�6 zklfk lv wkh odvw prqwk

:



61515 Vwdwlf Prgho

Lq wkh vwdwlf vhwxs/ zh dvvxph wkdw rqo| uhodwhg vhulhv fdq h{sodlq prqwko| JGS1
Vr/ prqwko| JGS grhv qrw iroorz d vshfl�f jurzwk sdwwhuq1 Wkh dxwruhjuhv0
vlyh sduw lv gursshg iurp wkh vwdwh htxdwlrq dqg wkh uhodwhg vhulhv44 duh h{huwlqj
lq xhqfh yld wkh d�� �o pdwul{ ��1 Wkh revhuydwlrq htxdwlrq lv vlpso| lqfrusr0
udwlqj wkh vxp0xs frqvwudlqw1 Wklv lpsolhv wkdw ��

|
wdnhv rq wzr gl�huhqw ydoxhv

ghshqglqj rq wkh prqwk1 Xvlqj wklv Ndopdq �owhu prgho/ zh gr qrw kdyh wr
dvvxph d gulylqj surfhvv iru wkhp1 Zh hvwlpdwh wkh S frh!flhqwv e| qxphulfdoo|
pd{lpl}lqj wkh orj0olnholkrrg ixqfwlrq1 Wkh vwdwh0vsdfh irup dqg wkh ydoxhv iru
��

|
duh jlyhq ehorz=

3
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+n
|

' ��

|
��

|
c +9,

zkhuh ��

|
wdnhv rq wkh ydoxh

�
f f f

�
iru | ' �c 2c ec Dc .c � � � c A � �/ dqg�

� � �
�
iru | ' �c Sc bc � � � c A 1 Zh dvvxph wkdw wkh hohphqwv ri �|n� duh qru0

pdoo| glvwulexwhg1

61516 G|qdplf Prgho

Lq wklv prgho/ zh dvvxph wkdw wkh �uvw gl�huhqfh ri prqwko| JGS iroorzv d
vwdwlrqdu| DU+4, surfhvv= {+| ' �{+|3� n �|1 {+| lv wkh �uvw gl�huhqfh ri
prqwko| JGS/ � lv d frh!flhqw frqvwudlqhg wr olh lqvlgh wkh xqlw flufoh1 Lq wkh
wuhdwphqw ri wkh qrqvwdwlrqdulw|/ zh uhzulwh wklv DU+4, dv dq DU+5, ri wkh vhulhv
lq ohyho=

+| ' E� n �� +|3� � �+|32 n �|� +:,

Wklv htxdwlrq zulwwhq lq frpsdqlrq irup |lhogv wkh qhz vwdwh htxdwlrq +;,
iru | ' �c � � � c A / 3

C +|n�
+|
+|3�

4
D '

3
C � n � �� f

� f f
f � f

4
D

3
C +|

+|3�
+|32

4
D

ri wkh suhylrxv txduwhu dqg d vwhs gw iru w @ 7> 8> = = = > W dffruglqj wr wkh iroorzlqj htxdwlrq=

+*|w�6 . gw, . +*|w�6 . 5gw, . +*|w�6 . 6gw, @ |.
w

Dv wkh txduwhuo| JGS +|.
w
,/ wkh vwhs gw lv jlyhq hdfk prqwk/ g7 @ 3/ g8 @ 3/ dqg g9 @ vhfrqg

txduwhu vwhs/ hwf1 * lv d vfdodu wkdw wdnhv rq 4 iru w @ 9> <> = = = > W dqg 3 iru w @ 7> 8> :> = = = > W �41
44Qrwh wkdw d irupxodwlrq zlwkrxw uhodwhg vhulhv vlpso| vhwv F3 @ 3 lq htxdwlrq +6,1
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Htxdwlrq +9, uhpdlqv xqfkdqjhg1 Lqwurgxflqj dq DU vwuxfwxuh/ zh krsh wr
jhw ydoxdeoh qhz lqirupdwlrq iru ghvfulelqj prqwko| JGS ehvlghv fruuhfwlqj iru
wkh JGS qrqvwdwlrqdulw|1

7 Gdwd

714 Vljqdo H{wudfwlrq iurp Uhodwhg Vhulhv

D nh| idfwru lq wkh suhvhqw lqwhusrodwlrq sureohp lv wkh vljqdo h{wudfwlrq iurp
uhodwhg vhulhv1 Ehvlghv wkh dvvxpswlrq derxw wkh g|qdplfv ri JGS lq wkh g|qdplf
iudphzrun/ uhodwhg vhulhv gdwd uhsuhvhqw wkh pdlq lqirupdwlrq vrxufh iru erwk
w|shv ri lqwhusrodwlrq1 Wkhvh uhodwhg vhulhv pxvw ixo�oo wzr uhtxluhphqwv1

Iluvw/ wkh| qhhg wr eh fruuhodwhg zlwk wkh vhulhv wr lqwhusrodwh1 Wkh kljkhu
wkh v|vwhpdwlf frpryhphqwv zlwk JGS duh/ wkh vwurqjhu lv wkh vljqdo wkdw fdq eh
h{sorlwhg wr �oo wkh jdsv1 Rq wkh rwkhu kdqg/ li wkhuh lv rqo| d prghvw lqirupdwlrq
frqwhqw/ uhodwhg vhulhv frph dw wkh frvw ri d orw ri qrlvh wkdw lv lqwurgxfhg lq wkh
lqwhusrodwhg vhulhv1 Wkh fkrlfh ri wkh uhodwhg vhulhv lv wkhuhiruh fuxfldo lq rughu
wr vxffhvvixoo| hvwlpdwh d vhulhv dw kljkhu iuhtxhqf|1

Vhfrqg/ wkh uhodwhg vhulhv qhhg wr eh dydlodeoh lq wkh ghvluhg kljkhu iuhtxhqf|
ri wkh lqwhusrodwhg JGS1 Wkh idfw wkdw wkhuh duh qrw pdq| pdfurhfrqrplf vhulhv
dydlodeoh dw prqwko| iuhtxhqf| lpsrvhv d vwurqj uhvwulfwlrq lq Vzlw}huodqg1 Wklv
ohdgv xv wr xvh rwkhu wkdq Vzlvv yduldeohv wkdw zh dvvxph wr eh kljko| fruuhodwhg
zlwk wkh ghvluhg uhodwhg vhulhv1

Wkh fkrlfh ri wkh fruuhfw uhodwhg vhulhv uhtxluhv d wkrurxjk lqyhvwljdwlrq dorqj
wkhvh wzr srlqwv1 Dphpl|d +4<;3, vxjjhvwv d mrlqw vwudwhj| edvhg rq hfrqrplf0
wkhruhwlf frqvlghudwlrqv dqg rq vwdwlvwlfdo hylghqfh1 Hfrqrplf lqwxlwlrq fdq riwhq
lqglfdwh zklfk uhodwhg vhulhv wr fkrrvh dqg zkdw ixqfwlrqdo irup wkh| vkrxog kdyh1
Pruhryhu/ lw lv frqyhqlhqw wr kdyh d vlqjoh vwdwlvwlfdo phdvxuh wr fkrrvh uhodwhg
vhulhv wkdw surgxfh wkh cehvw* uhvxow1 Wkhvh wzr dvshfwv/ lqwxlwlyh dssurdfk dqg
fkrlfh phwulfv/ vkrxog eh ylhzhg dv iruplqj d vlqjoh fkrlfh sdfndjh udwkhu wkdq
ehlqj lq frpshwlwlrq zlwk hdfk rwkhu1 Wkh| doorz wr pdnh d �qdo fkrlfh ri wkh
vhulhv zklfk zh xvh lq rxu prghov1 Erwk hohphqwv ri wkh vhohfwlrq surfhvv zloo eh
suhvhqwhg lq ghwdlo lq wkh iroorzlqj vhfwlrq1

<



715 Fkrlfh ri Uhodwhg Vhulhv

71514 Hfrqrplf Lqwxlwlrq

Wkh prvw qdwxudo zd| wr dssurdfk wkh vhulhv vhohfwlrq sureohp lv wr vsolw xs
JGS lqwr lwv h{shqglwxuh frpsrqhqwv/ sulydwh frqvxpswlrq E��/ sulydwh grphvwlf
lqyhvwphqwv EU�/ jryhuqphqw h{shqvhv EC� dqg qhw h{sruwv Ef ���=

t ' � n U nCnf ��� +<,

Zlwk wkh h{fhswlrq ri h{sruwv dqg lpsruwv/ qrqh ri wkhvh vhulhv lv dydlodeoh dw wkh
kljkhu iuhtxhqf|1 Wkhuhiruh/ lw lv qhfhvvdu| wr lghqwli| uhodwhg gdwd vhulhv wkdw
sur{| iru wkh ghvluhg frpsrqhqwv1

Dq dowhuqdwlyh wr euhdnlqj JGS lqwr lwv h{shqglwxuh frpsrqhqwv lv wr ehqh�w
iurp wkh fkdudfwhulvwlfv ri Vzlw}huodqg dv d vpdoo rshq hfrqrp| dqg wkh lp0
sruwdqw frpryhphqw ehwzhhq grphvwlf dqg iruhljq exvlqhvv f|fohv1 Wdnlqj lqwr
frqvlghudwlrq prqwko| iruhljq pdlq hfrqrplf lqglfdwruv doorzv xv wr fkrrvh wkh
uhodwhg vhulhv iurp d eurdghu gdwd vhw dv Vzlw}huodqg*v forvhvw wudgh sduwqhuv kdyh
wudglwlrqdoo| odujh vwdwlvwlfdo gdwdedvhv451

71515 Vwdwlvwlfdo Hydoxdwlrq

Zh glvfxvv khuh wkh vhdufk iru lqglylgxdo sur{| yduldeohv lq hfrqrplf prghov461
Ohw wkhuh eh d vhw ri uhodwhg gdwd vhulhv  rxw ri zklfk yduldeoh %& lv xqrevhuydeoh1
Ixuwkhupruh/ wkh yduldeoh + zklfk lv ehlqj lqwhusrodwhg ghshqgv olqhduo| rq  /
dffruglqj wr htxdwlrq +43,1

+| ' kf n k�%�c| n k2%2c| n � � �n k&%&c| n � � �n �| +43,

Wkh jrdo lv wr fkrrvh wkh ehvw revhuydeoh sur{| iru %&1 Lq fdvhv olnh wklv/ dq
lqirupdo phwkrg riwhq dssolhg lv uhsodflqj %& zlwk wkh yduldeoh 5& zklfk |lhogv
wkh kljkhvw -2 ri doo srvvleoh yduldeohv 5 lq htxdwlrq +43,1 Ohdphu +4<;6, vkrzv
wkdw li wkh sur{| yduldeohv 5 duh dvvxphg wr ghshqg olqhduo| rq %& dqg wkh huuru
whupv ehlqj Qllg/ wkh ehvw sur{| lv wkh rqh wkdw surgxfhv wkh kljkhvw -21 Lq wkh
xqlyduldwh uhjuhvvlrq 5�c| ' B�%&c|n 0�c|/ wkh sduwlfxodu 5� zklfk |lhogv wkh vpdoohvw
yduldqfh j2

0�
frxog eh gh�qhg dv wkh ehvw sur{|1 Ohdphu +4<;6, xvhv d olnholkrrg

udwlr whvw wr vkrz wkh xqdpeljxrxvo| qhjdwlyh uhodwlrqvkls ehwzhhq wkh yduldqfh
ri wkh huuru whup dqg wkh -21

Dqrwkhu srsxodu phwkrg zklfk fdq eh dssolhg wr d zlghu udqjh ri frpshwlqj
prghov wkdq wkh rqh -2 fulwhulrq deryh lv wkh phwkrg ri shqdol}hg olnholkrrg1 Wkh

45Iurp wkh olplwhg ghjuhhv ri iuhhgrp lq dsso|lqj hfrqrplf wkhrulhv gxh wr gdwd dydlodelolw|
uhvwulfwlrqv iroorzv wkdw wkh vwdwlvwlfdo hydoxdwlrq pxvw wdnh d pruh lpsruwdqw sodfh wkdq lw
xvxdoo| zrxog dffruglqj wr Dphpl|d +4<;3,1

46Dw wklv vwdjh ri wkh wh{w/ zh ghvfuleh wkh gdwd vhohfwlrq zlwklq rqh jurxs ri uhodwhg vhulhv
dv ghvfulehg lq vhfwlrq 715141 Fkrrvlqj wkh ehvw vhw ri uhodwhg vhulhv lv dovr lqghshqghqw ri wkh
gl�huhqw prghov suhvhqwhg lq vhfwlrq 61
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ehvw nqrzq h{dpsohv lq wklv fodvv ri fulwhuld zklfk kdv jurzq d orw lq wkh odvw
wzhqw| |hduv duh wkh Dndlnh +4<:7, Lqirupdwlrq Fulwhulrq +DLF, dqg wkh Vfkzdu}
+4<:;, Lqirupdwlrq Fulwhulrq +VLF,1 Lq wklv fodvv ri fulwhuld/ d whup wkdw dfwv wr
sxqlvk dgglwlrqdo frh!flhqwv lv dgghg wr wkh olnholkrrg ixqfwlrq1

716 Gdwd Ghvfulswlrq

Iru d orqj wlph/ Vzlw}huodqg kdv vwd|hg idu ehklqg rwkhu Hxurshdq frxqwulhv
lq wkh ghyhorsphqw ri hfrqrplf vwdwlvwlfdo gdwd1 Lq 4<<9/ dv sduw ri d uhirup
surjudp/ qdwlrqdo dffrxqwlqj zdv dgdswhg wr HVD:;471 Wkhuhdiwhu/ JGS zdv
fdofxodwhg gl�huhqwo|1 Wkh Ihghudo Vwdwlvwlfv R!fh gdwhg wkh vhulhv edfn wr 4<;3
vxfk wkdw wkhuh lv qrz d gdwd vdpsoh ri pruh wkdq 4; |hduv ru :6 txduwhuo|
revhuydwlrqv1 Wkh �jxuhv wr eh lqwhusrodwhg duh gh dwhg dqg ghvhdvrqdol}hg481

Wkh uhodwhg vhulhv49 lq wkh qdwlrqdo dffrxqwlqj dssurdfk kdyh ehhq lghqwl�hg
dv uhwdlo vdohv +or, wr sur{| iru sulydwh frqvxpswlrq dqg dv wkh ohyho ri qrw xwl0
ol}hg frqvwuxfwlrq ordqv wr lqyhuvho| sur{| iru lqyhvwphqw +?,,1 Wkhvh prqwko|
dydlodeoh sur{lhv kdyh ehhq vhohfwhg edvhg rq wkh wkuhh fulwhuld ghvfulehg lq wkh
suhylrxv vhfwlrq1 Ixuwkhupruh/ zh lqfoxgh h{sruwv +f, dqg lpsruwv +�,1 Doo
vhulhv duh hqwhuhg lq ohyhov4:1 Jryhuqphqw h{shqglwxuh zdv gursshg lq wkh qd0
wlrqdo dffrxqwlqj dssurdfk gxh wr lwv orz fryduldqfh zlwk wkh exvlqhvv f|foh1 Wklv
zrxog kdyh lqwurgxfhg wrr pxfk qrlvh dqg pruhryhu/ wkhuh lv qr vhqvleoh sur{|
dw prqwko| iuhtxhqf| iru lw1

Dv iruhljq vhulhv lq rxu dowhuqdwlyh vhw ri uhodwhg vhulhv/ zh xvh d frpsrvlwh
LS lqgh{ +SJ6�R,4;/ Eulwlvk LS +�&�R,/ dqg Jhupdq LS +Ko_�R,1 LS duh wkh iruhljq
prqwko| dydlodeoh vhulhv wkdw pryh forvhvw zlwk wkh Vzlvv exvlqhvv f|foh +}_R, ri
doo wkh uhodwhg iruhljq vhulhv frqvlghuhg +uhvxowv qrw uhsruwhg,1

Sulru wr hvwlpdwlrq/ zh kdyh glvfdughg vhyhudo srwhqwldo vhulhv edvhg rq hfr0
qrplf dujxphqwv ru rq wkh vwdwlvwlfdo hydoxdwlrq ri wkh suhylrxv vhfwlrq1 Iuhqfk
LS/ Lwdoldq LS/ vxuyh| gdwd e| wkh NRI4</ oderu pdunhw �jxuhv/ h{fkdqjh udwhv
dqg frpprglw| sulfhv zhuh holplqdwhg vwdwlvwlfdoo|1 Zh kdyh qhlwkhu lqfoxghg
yduldeohv wkdw kdyh suryhg wr kdyh suhglfwlqj srzhu iru JGS vxfk dv wkh whup
vsuhdg ehfdxvh ri xquhdolvwlf dvvxpswlrqv rq wkh ohdg0odj uhodwlrqvkls wkdw zrxog
kdyh ehhq qhfhvvdu|1 Iljxuh 4 dqg wdeoh 4 jlyh dq ryhuorrn ryhu wkh vhulhv xvhg

47Xs wr dqg lqfoxglqj 4<<9/ Vzlvv JGS zdv uhfrughg iroorzlqj wkh RHFG vwdqgdug 8;1
Dffruglqj wr wkh Ihghudo Vwdwlvwlfv R!fh/ lw lv sodqqhg wr dgrsw wkh HVD<8 vwdqgdug zlwklq d
ihz |hduv1

48Ghvhdvrqdol}dwlrq zdv h{hfxwhg xvlqj wkh [452DULPDphwkrg ri wkh XV Exuhdx ri Fhqvxv1
49Doo wkh vhulhv/ zlwk wkh h{fhswlrq ri uhdo JGS jlyhq e| wkh Vwdwh Vhfuhwduldw iru Hfrqrplf

D�dluv/ duh surylghg e| Gdwdvwuhdp1
4:Wkh prghov wudqvirup wkh ohyho yhfwruv lqwr wkh ghvluhg irup1 dv ghvfulehg lq vhfwlrq 6151
4;LS ri �yh frxqwulhv +pdmru wudgh sduwqhuv ri Vzlw}huodqg, duh zhljkwhg dffruglqj wr wkh

vkduh ri Vzlvv h{sruwv wr wkh uhvshfwlyh frxqwulhv lq 4<<91
4<Lqvwlwxwh iru Exvlqhvv F|foh Uhvhdufk ri wkh Vzlvv Ihghudo Lqvwlwxwh ri Whfkqrorj|/ ]ÿulfk1
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lq wklv sdshu1
Ilj1 4 dqg Wdeoh 4 khuh

Gxulqj wkh 4; |hduv ri revhuydwlrqv/ wkh vwdwh ri wkh Vzlvv hfrqrp| fdq eh
urxjko| glylghg lq wzr sduwv1 Iljxuh 4 fohduo| vkrzv wkh skdvhv ri hfrqrplf
jurzwk dqg survshulw| lq wkh 4<;3*v dqg ri vwdjqdwlrq lq wkh 4<<3*v1 Gxulqj
lwv uhfhvvlrq/ Vzlw}huodqg h{klelwhg wkh orzhvw uhdo JGS jurzwk ri doo Hxurshdq
frxqwulhv531

Wdeoh 4 uhsruwv edvlf vxppdu| vwdwlvwlfv ri wkh txduwhuo| dqg prqwko| vhulhv
wkdw zloo eh xvhg iru lqwhusrodwlrq1 Iurp dxjphqwhg Glfnh|0Ixoohu +DGI, whvwv/
zh �qg wkdw wkh ohyho ri doo wkh vhulhv lv qrqvwdwlrqdu|1 Khqfh/ zh uhsruw wkh �jxuhv
iru jurzwk udwhv1 Wkh DGI whvwv dqg wkh DU+4, uhjuhvvlrqv rq wkh jurzwk udwhv
frq�up wkdw wkh ohyho ri wkh vhulhv lv qrw vwdwlrqdu|1 Wkh gl�huhqw ydoxhv ri wkh
frqwhpsrudu| furvv0fruuhodwlrqv dovr frq�up wkh uhtxluhphqw ri wkh frpryhphqwv
ri wkh uhodwhg vhulhv zlwk txduwhuo| JGS1 Ilqdoo|/ wkhvh furvv0fruuhodwlrqv dovr
vkrz zk| zh rqo| frqvlghu frqwhpsrudu| uhodwlrqvklsv ehwzhhq wkh uhodwhg vhulhv
dqg wkh txduwhuo| JGS1 Lw lv dfwxdoo| yhu| gl!fxow wr �qg urexvw ohdgv dqg odjv
ehwzhhq JGS dqg rxu uhodwhg yduldeohv1

8 Uhvxowv

814 Ryhuylhz

Wkh ghvfulswlyh vwdwlvwlfv ri wkh lqwhusrodwlrq uhvxowv duh glvsod|hg lq wdeoh 51
Lw frqwdlqv iru hdfk prgho vwdwlvwlfdo lqirupdwlrq derxw wkh hvwlpdwhg vhulhv iru
wkh shulrg 4<;404<<:54/ wkh uhodwhg vhulhv/ wkh lqirupdwlrq fulwhulrq/ wkh orj0
olnholkrrg/ dqg nh| lqglfdwruv iru wkh dqqxdol}hg jurzwk udwh ri wkh prqwko|
lqwhusrodwhg JGS1 D phdq vtxduh huuru +PVH, zlwk rxu olqhdu ehqfkpdun zlwk0
rxw uhodwhg vhulhv iru wkh hydoxdwlrq ri wkh prghov lv jlyhq1 Wdeoh 5 surylghv wkh
uhvxowv ri frpshwlqj prghov 0 vwdwlf +&406, dqg g|qdplf +&709, 0 wr lghqwli| wkh
prvw dssursuldwh uhodwhg vhulhv dqg vwrfkdvwlf dvvxpswlrqv derxw prqwko| JGS1
Iru erwk fdvhv/ wkh| uhsuhvhqw rxu ehvw hvwlpdwlrqv xvlqj dowhuqdwlyho| SJ6�R/ ?,
ru wrjhwkhu or/ ?,/ f/ dqg � 1

Wdeoh 5 khuh

53Wr nhhs wklqjv vlpsoh dqg iru ixuwkhu uhvhdufk/ zh ghflghg qrw wr wdnh lqwr dffrxqw wklv
vwuxfwxudo euhdn wkdw zrxog phdq wr frpelqh rxu lqwhusrodwlrqv prghov zlwk wlph0ydu|lqj
sdudphwhuv jhqhudoo| ghdow zlwklq wkh Ndopdq �owhu iudphzrun ru zlwk wkh xvh ri gxpp|
yduldeohv1

54Gxh wr lqlwldo rvfloodwlrqv zh glvfdug wzhoyh prqwkv ri revhuydwlrqv zklfk rwkhuzlvh zrxog
kdyh khdylo| lq xhqfhg wkh uhvxowv1
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815 Vwdwlf yv G|qdplf Prgho

G|qdplf prghov v|vwhpdwlfdoo| surgxfh d uhjxodu sdwwhuq zlwklq d txduwhu55 dv
vkrzq lq �jxuh 51 Uhvxowv vkrz wkdw uhodwhg vhulhv fdqqrw euhdn wklv sdwwhuq
ehfdxvh ri wkhlu orz lq xhqfh rq prqwko| JGS1 Frpsduhg wr wkh vwdwlf prgho
zkhuh uhodwhg vhulhv lqwurgxfh d orw ri yduldqfh wkurxjk wkh frh!flhqw pdwul{ ��/
g|qdplfdoo| lqwhusrodwhg vhulhv duh yhu| vprrwk lqglfdwlqj wkdw wkh lq xhqfh ri
uhodwhg vhulhv uhpdlqv zhdn dqg fdqqrw euhdn wkh v|vwhpdwlf uhjxodulw| fdxvhg
e| wkh dxwruhjuhvvlyh vwuxfwxuh1

Ilj1 5 khuh

Iljxuh 5 vkrzv wkh sorw ri vhulhv &9 dqg wkh sxeolvkhg txduwhuo| JGS hv0
wlpdwhv561 Wkh f|folfdo sdwwhuq zlwklq wkh txduwhu lv looxvwudwhg dv dq dyhudjh
gl�huhqfh iru wkh wkuhh prqwkv zlwklq wkh txduwhu ehwzhhq vhulhv &9 dqg wkh
ehqfkpdun iru jurzwk dqg ghfolqh shulrgv/ uhvshfwlyho|1 Wkh ghyldwlrqv duh vlj0
ql�fdqw iru wkh �uvw dqg wkh odvw revhuydwlrq zlwklq wkh txduwhu dqg ohdg xv wr
uhmhfw wkh g|qdplf prghov iru hfrqrplf uhdvrqv1 Wkh vkdsh ri wkh sdwwhuq gh0
shqgv rq wkh vljq ri JGS jurzwk1 Wkh rqo| zd| wr holplqdwh wkh sdwwhuq lv wr
uhpryh lwv vrxufh/ wkh dxwruhjuhvvlyh vwuxfwxuh/ dqg wr xvh prghov dvvxplqj qr
dxwrfruuhodwlrq/ rxu vwdwlf vhwxs1 Lq wkhvh prghov zh fdq vhh wkh uhodwhg vhulhv
lpsohphqwlqj wkhlu pryhphqwv lq wkh lqwhusrodwhg JGS ohdglqj wr wkh ghvluhg
rvfloodwlrqv dqg wkh Ndopdq �owhu wdnlqj lqwr dffrxqw wkh qrqvwdwlrqdulw| sure0
ohp571

Lq rxu fdvh/ qxphurxv prqwko| vhulhv glvsod| wrr pxfk qrlvh lq rughu wr pdnh
dq hfrqrplf vhqvh581 Wkh vwdqgdug ghyldwlrq ri wkh jurzwk udwhv ri gl�huhqw
lqwhusrodwhg vhulhv lv d jrrg lqglfdwru1 Khqfh/ doo wkh prghov jhqhudwlqj wrr
pxfk yrodwlolw| uhodwlyh wr wkh dqqxdol}hg vwdqgdug ghyldwlrq ri wkh txduwhuo|
JGS hvwlpdwhv duh qrw glvsod|hg59 lq wdeoh 51

Uhjduglqj wkh wzr vhwv ri uhodwhg vhulhv/ rqh revhuyhv wkdw lq jhqhudo uhodwhg
vhulhv edvhg rq wkh rshq hfrqrp| dvvxpswlrq lqwurgxfh ohvv yrodwlolw| lq wkh jhq0

55Wkh sdwwhuq lv v|vwhpdwlfdoo| frqyh{ ru frqfdyh li wkh prgho kdv dq dxwruhjuhvvlyh vwuxfwxuh/
ghshqglqj rq jurzwk vwdwh ri wkh hfrqrp|1

56Wkh wkuhh prqwkv ri hdfk txduwhu vxp wr wkh ydoxh ri wklv txduwhu1 Krzhyhu/ wkh olqh ri
wkh prqwko| lqwhusrodwhg JGS grhv qrw h{dfwo| sdvv wkurxjk wkh srlqwv ri txduwhuo| JGS dv
wkh odwwhu lv vlpso| vfdohg e| d idfwru ri 4261 Wkh idfw wkdw wkh grwv duh qrw h{dfwo| rq wkh olqh
fdqqrw eh lqwhusuhwhg dv d txdolw| lqglfdwru1

57Lq d vlpsoh prgho xvlqj d frqvwdqw whup dv uhodwhg vhulhv/ wkh Ndopdq �owhu fruuhfwv wklv
skhqrphqrq lq surgxflqj prqwko| ydoxhv ri d wklug ri wkh txduwhuo| revhuydwlrq hdfk1

58Dgglwlrqdo uhodwhg vhulhv dozd|v frph dw d frvw ri lqwurgxflqj qrlvh lq wkh lqwhusrodwhg
vhulhv1

59Zh uhvwulfw rxuvhoyhv wr prghov wkdw surgxfh vhulhv zlwk dq dqqxdol}hg vwdqgdug ghyldwlrq
orzhu wkdq irxu wlphv wkh yduldelolw| ri wkh jurzwk udwh ri wkh r!fldo txduwhuo| JGS hvwlpdwhv
+46(,1 Frpsdulvrqv ehwzhhq prqwko| dqg txduwhuo| ydoxhv ri lqgxvwuldo surgxfwlrq jurzwk
lq ydulrxv frxqwulhv vkrz wkdw wkh dqqxdol}hg ydoxhv ri prqwko| vwdqgdug ghyldwlrq duh 5 wr 7
wlphv kljkhu wkdq txduwhuo| rqhv zklfk vhuyh dv d uhihuhqfh1
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hudwhg jurzwk udwhv wkdq wkh qdwlrqdo dffrxqwlqj yduldeohv +qrw uhsruwhg,1 Iru wkh
uhsruwhg uhodwhg vhulhv SJ6�R dqg ?, wklv uhodwlrq lv uhyhuvhg1 Krzhyhu/ lqfoxglqj
dgglwlrqdo yduldeohv lq wkh qdwlrqdo dffrxqwlqj dssurdfk lqfuhdvhv wkh yrodwlolw|
frqvlghudeo|1 Wr ixuwkhu lqyhvwljdwh wkh fkdudfwhulvwlfv ri wkh prvw dssursuldwh
uhodwhg vhulhv/ qrwh wkdw zlwklq hdfk prgho wkh orj0olnholkrrg ydoxhv vkrz wkdw
wkh qdwlrqdo dffrxqwlqj dssurdfk lv suhihudeoh hyhq li qrw dozd|v vljql�fdqwo|1

Dqrwkhu hydoxdwlrq fulwhulrq lv wkh phdq vtxduhg huuru +PVH, ri d prgho
vhulhv zlwk uhvshfw wr wkh ehqfkpdun1 Zh wklqn h{0srvw wkdw wklv fulwhulrq lv
d udwkhu vriw rqh dqg/ dv wkhuh lv qr fohdu0fxw hylghqfh wkdw wkh vpdoohvw PVH
fruuhvsrqgv wr d ehwwhu prgho1 Wklv ehqfkpdun grhv qrw vhhp vxlwdeoh iru prgho
hydoxdwlrq1 Pruhryhu/ lw lv rqo| irxqghg rq sudfwlfdo uhdvrqv dqg khqfh/ fdqqrw
eh uhjdughg dv dq remhfwlyh phdvxuh iru prgho hydoxdwlrq1

816 D Prqwko| JGS Hvwlpdwh

Edvhg rq wklv pl{hg hylghqfh/ zh uhfrpphqg dqg uhsruw wkh vhulhv &61 Wkh uh0
vxowlqj prqwko| vhulhv wxuqv rxw wr eh vwdwlvwlfdoo| pruh yrodwloh wkdq h{shfwhg dw
txduwhuo| iuhtxhqf|1 Krzhyhu/ wkh vhulhv grhv qrw frqwdlq dq| vhdvrqdo h�hfwv qru
grhv lw glvsod| dq| uhjxodu sdwwhuq gxh wr wkh devhqfh ri dxwruhjuhvvlyh vwuxfwxuh1

Wkh judsk lv jlyhq lq �jxuh 6 dqg wkh fruuhvsrqglqj ydoxhv lq wdeoh 61

Ilj16 dqg Wdeoh 6 khuh

Wklv vhulhv lv edvhg rq wkh vwdwlf dssurdfk xvlqj uhodwhg vhulhv iurp wkh qdwlrqdo
dffrxqwlqj dssurdfk1 Wkhvh uhodwhg vhulhv sulpdulo| frqwdlq pruh lqirupdwlrq
ehfdxvh JGS lv shu gh�qlwlrq d frpsrvlwh1 Pruhryhu/ wkh zhdnqhvv ri iruhljq lq0
gxvwuldo surgxfwlrq lv wkh whpsrudo plvpdwfk ehwzhhq Vzlvv dqg iruhljq exvlqhvv
f|fohv1 Dv d frqvhtxhqfh/ wkhuh uhvxowv d orzhu lqirupdwlrq frqwhqw iurp iruhljq
lqgxvwuldo surgxfwlrq/ d idfw zklfk lv xqghuslqqhg e| wkh revhuydwlrq wkdw wkh
Vzlvv lqgxvwuldo surgxfwlrq lv ohdglqj JGS1 Zh h{foxgh doo g|qdplf vhulhv iru
hfrqrplf uhdvrqv1 Iluvw/ dv phqwlrqhg deryh/ wkh dxwruhjuhvvlyh vwuxfwxuh uh0
gxfhv wkh lq xhqfh ri uhodwhg vhulhv frqvlghudeo| dqg vhfrqg/ wkh uhjxodu sdwwhuq
fdqqrw eh mxvwl�hg hfrqrplfdoo|1

Iurp doo wkhvh dujxphqwv/ vhulhv &6 surylghv dq dghtxdwh srvvlelolw| wr gh0
vfuleh wkh Vzlvv exvlqhvv f|foh lq ghwdlo dqg surplvhv wr eh yhu| xvhixo lq ixwxuh
hpslulfdo uhvhdufk1

9 Frqfoxvlrq

Gxh wr xqdydlodeoh sur{| yduldeohv iru wkh Vzlvv exvlqhvv f|foh dw prqwko| iuh0
txhqf|/ lqwhusrodwlqj JGS r�huv dq dffxudwh zd| wr surylgh d juhdw qxpehu ri
revhuydwlrqv wr hpslulfdo uhvhdufkhuv dqg sudfwlwlrqhuv1 Dgdswlqj wkh Ndopdq
�owhu phwkrgrorj| lv suredeo| wkh ehvw zd| wr surfhhg ehfdxvh ri lwv  h{lelolw|
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dqg g|qdplfv1 Zh edvh rxu lqwhusrodwlrq rq lqirupdwlrq h{wudfwhg iurp uhodwhg
prqwko| vhulhv lq rughu wr hfrqrplfdoo| mxvwli| wkh yduldwlrq lq prqwko| JGS1

Wkh uhvxowlqj vhulhv lvvxhv iurp dq dssurdfk zlwk wkh irxu uhodwhg vhulhv h{0
sruwv/ lpsruwv/ uhwdlo vdohv dqg qrw xwlol}hg frqvwuxfwlrq ordqv/ wkh odwwhu wzr
ri zklfk duh sur{|lqj iru frqvxpswlrq dqg lqyhvwphqw1 Wkh fkrlfh ri wkh uh0
odwhg vhulhv lv edvhg rq vhyhudo hfrqrplf dv zhoo dv vwdwlvwlfdo vhohfwlrq fulwhuld1
Ixuwkhupruh/ zh �qg wkdw wkh ehvw uhvxowv duh dfklhyhg zkhq dvvxplqj qr dx0
wrfruuhodwlrq lq prqwko| uhdo JGS jurzwk1 Jlyhq d vwdwh0vsdfh uhsuhvhqwdwlrq
ri wkh prgho wklv uhvxowv lq xvlqj qrqvwdwlrqdu| vhulhv zklfk wkh Ndopdq �owhu
dxwrpdwlfdoo| fruuhfwv iru1

Prqwko| JGS hvwlpdwhv wudfn zhoo wkh Vzlvv exvlqhvv f|foh ehwzhhq 4<;3 dqg
4<<: exw glvsod| d idluo| kljk yrodwlolw|1 Lw grhv qrw frqwdlq dq| vhdvrqdo ru rwkhu
uhjxodu sdwwhuq dqg uhsuhvhqwv dq lghdo pdqqhu wr lqwurgxfh Vzlvv uhdo dfwlylw|
lqwr dq| hpslulfdo hfrqrplf uhvhdufk1
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Uhihuhqfhv

Dndlnh/ K1 +4<:7,1 D qhz orrn dw wkh vwdwlvwlfdo prgho lghqwl�fdwlrq/ LHHH

Wudqvdfwlrqv rq Dxwrpdwlf Frqwuro DF04<= :49�:561

Dphpl|d/ W1 +4<;3,1 Vhohfwlrq ri uhjuhvvruv/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz

54+5,= 664�6871

Drnl/ P1 dqg Kdyhqqhu/ D1 +4<<4,1 Vwdwh vsdfh prgholqj ri pxowlsoh wlph vhulhv/
Hfrqrphwulf Uhylhz 43+4,= 4�8<1

Ehuqdqnh/ E1 V1/ Jhuwohu/ P1 dqg Zdwvrq/ P1 +4<<:,1 V|vwhplf prqhwdu| srolf|
dqg wkh h�hfwv ri rlo sulfh vkrfnv/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|

+4,= <4�48:1

Fkrz/ J1 F1 dqg Olq/ D10O1 +4<:4,1 Ehvw olqhdu xqeldvhg lqwhusrodwlrq/ glvwul0
exwlrq/ dqg h{wudsrodwlrq ri wlph vhulhv e| uhodwhg vhulhv/ Wkh Uhylhz ri

Hfrqrplfv dqg Vwdwlvwlfv 86+7,= 6:5�6:81

Fkrz/ J1 F1 dqg Olq/ D10O1 +4<:9,1 Ehvw olqhdu xqeldvhg hvwlpdwlrq ri plvvlqj
revhuydwlrq lq dq hfrqrplf wlph vhulhv/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo

Dvvrfldwlrq :4+688,= :4<�:541

Fxfkh/ Q1 D1 dqg Khvv/ P1 N1 +4<<<,1 Hvwlpdwlqj prqwko| JGS lq d jhqhudo
Ndopdq �owhu iudphzrun= Hylghqfh iurp Vzlw}huodqg/ Zrunlqj sdshu <<35/
Vwxglhq}hqwuxp Jhu}hqvhh1

GhDoed/ H1 +4<<3,1 Hvwlpdflöq gho SLE wulphvwudo sdud Pì{lfr/ Hvwxglrv

Hfrqöplfrv 8+5,= 68<�6:31

Ghqwrq/ I1 W1 +4<:4,1 Dgmxvwphqw ri prqwko| ru txduwhuo| vhulhv wr dqqxdo wrwdov/
Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq 99+666,= <<�4351

Ihuqdqgh}/ U1 E1 +4<;4,1 D phwkrgrorjlfdo qrwh rq wkh hvwlpdwlrq ri wlph vhulhv/
Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv 96+6,= 7:4�7:91

Iulhgpdq/ P1 +4<95,1 Wkh lqwhusrodwlrq ri wlph vhulhv e| uhodwhg vhulhv/ Mrxuqdo
ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq 8:+633,= :5<�:8:1

Jxd|/ U1/ Ploerxuqh/ U1 G1/ Rwwr/ J1 dqg Vplwk/ J1 Z1 +4<<3,1 Hvwlpdwlrq
gx SLE phqvxho fdqdglhq= 4<95 ã 4<;8/ O*Dfwxdolwì ìfrqrpltxh/ Uhyxh

g*dqdo|vh ìfrqrpltxh 99+4,= 47�631

Kdplowrq/ M1 G1 +4<<7d,1 Vwdwh0vsdfh prghov/ Kdqgerrn ri Hfrqrphwulfv LY hg1

e| U1 I1 Hqjoh dqg G1 O1 PfIdgghq/ Hovhylhu1

Kdplowrq/ M1 G1 +4<<7e,1 Wlph Vhulhv Dqdo|vlv/ Sulqfhwrq Xqlyhuvlw|1
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Kduyh|/ D1 F1 +4<;<,1 Iruhfdvwlqj/ Vwuxfwxudo Vhulhv Prghov dqg wkh Ndopdq

Ilowhu/ Fdpeulgjh Xqlyhuvlw| Suhvv1

Kduyh|/ D1 F1 dqg Slhuvh/ U1 J1 +4<;7,1 Hvwlpdwlqj plvvlqj revhuydwlrqv
lq hfrqrplf wlph vhulhv/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq

:<+6;8,= 458�4641

Ndopdq/ U1 H1 +4<93,1 D qhz dssurdfk wr olqhdu �owhulqj dqg suhglfwlrq sureohpv/
Mrxuqdo ri Edvlf Hqjlqhhulqj/ Wudqvdfwlrqv ri wkh DVPH Vhulhv G ;5= 68�781

Ndopdq/ U1 H1 +4<96,1 Qhz phwkrgv lq Zlhqhu �owhulqj wkhru|/ Surfhhglqjv ri

wkh �uvw v|psrvlxp ri hqjlqhhulqj dssolfdwlrqv ri udqgrp ixqfwlrq wkhru|

dqg suredelolw| hg1 e| M1 O1 Erjgdqr� dqg I1 Nr}lq/ Zloh|1

Odqqlqj/ V1 J1 +4<;9,1 Plvvlqj revhuydwlrqv= D vlpxowdqhrxv dssurdfk yhuvxv
lqwhusrodwlrq e| uhodwhg vhulhv/ Mrxuqdo ri Hfrqrplf dqg Vrfldo Phdvxuhphqw

47+4,= 488�4961

Ohdphu/ H1 H1 +4<;6,1 Prgho fkrlfh dqg vshfl�fdwlrq dqdo|vlv/ Kdqgerrn ri

Hfrqrphwulfv L hg1 e| ]1 Julolfkhv dqg P1 G1 Lqwuloljdwru/ Qruwk0Kroodqg1

Olwwhupdq/ U1 E1 +4<;6,1 D udqgrp zdon/ Pdunry prgho iru wkh glvwulexwlrq ri
wlph vhulhv/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv 4+5,= 49<�4:61

Oÿwnhsrko/ K1 +4<<6,1 Lqwurgxfwlrq wr Pxowlsoh Wlph Vhulhv Dqdo|vlv/ 5qg hgq/
Vsulqjhu1

Slqkhlur/ P1 dqg Frlpeud/ F1 +4<<6,1 Glvwulexwlrq dqg h{wudsrodwlrq ri wlph
vhulhv e| uhodwhg vhulhv xvlqj orjdulwkpv dqg vprrwklqj shqdowlhv/ Hfrqrpld

45+6,= 68<�6:71

Vfkplgw/ M1 U1 +4<;9,1 D jhqhudo iudphzrun iru lqwhusrodwlrq/ glvwulexwlrq/ dqg
h{wudsrodwlrq ri d wlph vhulhv e| uhodwhg vhulhv/ Uhjlrqdo Hfrqrphwulf Prg0

holqj hg1 e| P1 U1 Shuu|pdq dqg M1 U1 Vfkplgw/ Noxzhu1

Vfkzdoohu/ D1 dqg Sduqlvdul/ E1 +4<<:,1 Glh Txduwdovvfkçw}xqjhq ghv Euxw0
wrlqodqgsurgxnwhv dxi Juxqgodjh ghu uhylglhuwhq Yronvzluwvfkdiwolfkhq
Jhvdpwuhfkqxqj +HVYJ:;,/ Plwwhloxqjveodww iÿu Nrqmxqnwxuiudjhq/ Ihghudo

R!fh iru Hfrqrplf Ghyhorsphqw dqg Oderxu +4,= 6�571

Vfkzdu}/ J1 +4<:;,1 Hvwlpdwlqj wkh glphqvlrq ri d prgho/ Dqqdov ri Vwdwlvwlfv

9= 47:�4971
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mean 1.330 3.198 -0.966 4.087 4.289 1.402 1.310 1.516

st.dev. 2.947 46.289 21.386 49.032 51.113 21.732 13.170 12.163

AR(1)4
0.252 -0.653 * 0.249 * -0.569 * -0.609 * -0.428 * -0.220 * -0.323 *

JB test 0.050 77.884 * 199.177 * 53.174 * 85.518 * 1370.582 * 6.710 * 68.533 *

ADF -4.379 * -11.043 * -2.981 * -7.913 * -8.064 * -6.261 * -5.298 * -5.632 *

gdp,series (-4)
5

0.086 0.361 -0.082 0.060 0.098 -0.117 0.069

gdp,series (-3) 0.001 0.296 0.103 0.156 0.031 0.030 0.049

gdp,series (-2) 0.124 0.372 0.147 0.175 0.118 0.092 0.176

gdp,series (-1) -0.006 0.304 0.183 0.202 0.336 0.168 0.409

gdp,series (0) 0.089 0.232 0.261 0.088 0.248 0.050 0.267

gdp,series (1) 0.126 0.235 0.254 0.257 0.352 -0.012 0.302

gdp,series (2) 0.123 0.145 -0.019 -0.053 0.212 -0.088 0.187

gdp,series (3) 0.022 0.164 -0.073 0.035 0.143 -0.172 0.089

gdp,series (4) 0.191 0.027 -0.057 -0.186 -0.076 -0.064 -0.120

Note:
1Annualized statistical figures are calculated for quarterly growth rates of gdp  and for monthly growth rates for all other variables.
2gdp  = Gross domestic product; rs  = Value of retail sales; nl  = Level of not utilized construction loans; X  = Exports volume; M  = Imports

volume; brdip  = Industrial production in Germany; ukip  = Industrial productin in UK; comip  = Composite index of industrial production

of four neighboring countries.
3All variables except comip are seasonally adjusted.
4 ** = significant at 5 % level; * = significant at 1 % level, for the t-test of a zero coefficient on an AR(1) process, for the Jarque-

Bera (JB) test of normal distribution, and for the augmented Dickey-Fuller test of unit root (ADF).
5Cross-correlation of leads and lags of quarterly growth rates of related series with quarterly gdp  growth rate. 

Table 1 - Descriptive Statistics of Observed Time Series1

gdp 2,3 rs nl X M brdip ukip comip



Static Model
Related Series
AIC 11.4703 13.9672 10.9534
log likelihood -569.7796 -707.0603 -564.4899
mean 1.3820 1.2766 1.3828
standard deviation 9.9682 5.2332 12.1565
AR(1)3

-0.3851 * -0.0188 -0.5220 *

Jarque-Bera test 17.7948 * 216.2845 * 2.5033
ADF test -5.6695 * -5.2316 * -6.2078 *

MSE w. benchmark4
19095.04 7152.71 23682.66

Dynamic Model
Related Series
AIC 8.0537 8.0498 8.0407
log likelihood -562.5552 -562.5514 -562.5456
mean 1.3181 1.2846 1.2839
standard deviation 4.3022 4.3011 4.5758
AR(1)3

0.2155 * 0.2235 * 0.1080
Jarque-Bera test 289.2578 * 306.5034 * 156.8350 *

ADF test -5.4785 * -5.4467 * -5.5563 *

MSE w. benchmark4
3304.75 3282.52 3701.94

Note: 1rs  = Value of retail sales; nl  = Level of not utilized construction loans;

X  = Exports volume; M  = Imports volume; brdip  = Industrial production in Germany; ukip  = Industrial production in UK;

comip  = Composite index of IP. All estimations include a constant.
2The descriptive statistics are for growth rates of the interpolated GDP for 81-97.
3 ** = significant at 5 % level; * = significant at 1 % level, for all the tests.
4Level MSE with benchmark is for the period 81-97.

nl rs, nl, X, M

nl

Table 2 - Interpolation Results1,2

comip rs, nl, X, M

#2 #3

#4 #5

#1
comip

#6



M1 81 21547.19 M1 84 22122.76 M1 87 23741.70 M1 90 25950.00 M1 93 26339.71 M1 96 26518.88
M2 81 21533.94 M2 84 22101.38 M2 87 23803.74 M2 90 26338.53 M2 93 26149.14 M2 96 26319.14
M3 81 21445.75 M3 84 22180.70 M3 87 23399.89 M3 90 26390.93 M3 93 26062.83 M3 96 26454.22

64526.88 66404.84 70945.33 78679.46 78551.69 79292.24
M4 81 22019.38 M4 84 22288.97 M4 87 23659.96 M4 90 26353.83 M4 93 26225.01 M4 96 26180.06
M5 81 21924.48 M5 84 22173.38 M5 87 23309.09 M5 90 26370.57 M5 93 26071.01 M5 96 26518.21
M6 81 22034.11 M6 84 22294.04 M6 87 23444.59 M6 90 26636.30 M6 93 25949.31 M6 96 26416.75

65977.97 66756.39 70413.63 79360.69 78245.33 79115.02
M7 81 22086.77 M7 84 22293.96 M7 87 23656.61 M7 90 26551.29 M7 93 26208.54 M7 96 26317.14
M8 81 22146.44 M8 84 22646.49 M8 87 24066.38 M8 90 26577.40 M8 93 25932.67 M8 96 26438.84
M9 81 22146.51 M9 84 22427.77 M9 87 23619.80 M9 90 26478.80 M9 93 25968.73 M9 96 26159.72

66379.72 67368.22 71342.79 79607.48 78109.94 78915.70
M10 81 22190.22 M10 84 22592.54 M10 87 23942.52 M10 90 26339.18 M10 93 26281.98 M10 96 26123.76
M11 81 21879.02 M11 84 22566.74 M11 87 23608.97 M11 90 26735.52 M11 93 25952.01 M11 96 26452.74
M12 81 22076.78 M12 84 22839.18 M12 87 24130.27 M12 90 26642.29 M12 93 25779.11 M12 96 26234.10

66146.02 67998.45 71681.76 79716.98 78013.10 78810.60
M1 82 21847.19 M1 85 22692.26 M1 88 23754.84 M1 91 26570.56 M1 94 26189.55 M1 97 25970.37
M2 82 21828.27 M2 85 22877.37 M2 88 23911.03 M2 91 26354.49 M2 94 25849.91 M2 97 26326.17
M3 82 21836.34 M3 85 23192.12 M3 88 24526.80 M3 91 26655.18 M3 94 26473.88 M3 97 26708.77

65511.80 68761.75 72192.67 79580.23 78513.34 79005.32
M4 82 21805.96 M4 85 23141.78 M4 88 24283.51 M4 91 26104.60 M4 94 25860.55 M4 97 26663.08
M5 82 21659.71 M5 85 22895.66 M5 88 24334.66 M5 91 26236.97 M5 94 26172.53 M5 97 26507.56
M6 82 21559.15 M6 85 23053.29 M6 88 24376.48 M6 91 26021.44 M6 94 26226.25 M6 97 26585.48

65024.82 69090.73 72994.65 78363.01 78259.34 79756.12
M7 82 21523.04 M7 85 23286.67 M7 88 24443.01 M7 91 26166.88 M7 94 26131.31 M7 97 26782.24
M8 82 21550.88 M8 85 23230.96 M8 88 24622.28 M8 91 26205.93 M8 94 26249.00 M8 97 26895.27
M9 82 21466.62 M9 85 23163.66 M9 88 24644.74 M9 91 26140.26 M9 94 26370.52 M9 97 26514.14

64540.54 69681.29 73710.03 78513.07 78750.83 80191.65
M10 82 21575.79 M10 85 23263.82 M10 88 24587.87 M10 91 26184.97 M10 94 26160.96 M10 97 27035.96
M11 82 21351.93 M11 85 23598.24 M11 88 24587.23 M11 91 26350.56 M11 94 26235.31 M11 97 26692.67
M12 82 21411.29 M12 85 23314.73 M12 88 25109.68 M12 91 25896.47 M12 94 26618.72 M12 97 26882.25

64339.01 70176.79 74284.78 78432.01 79015.00 80610.89
M1 83 21510.41 M1 86 23465.24 M1 89 24803.75 M1 92 26614.96 M1 95 26334.31
M2 83 21272.26 M2 86 23281.20 M2 89 24914.50 M2 92 26701.74 M2 95 26438.23
M3 83 21626.39 M3 86 23743.55 M3 89 25381.97 M3 92 26519.75 M3 95 26354.10

64409.06 70489.99 75100.23 79836.45 79126.64
M4 83 21385.29 M4 86 23254.29 M4 89 25386.43 M4 92 26382.97 M4 95 26220.37
M5 83 21689.72 M5 86 23544.85 M5 89 25186.00 M5 92 26210.13 M5 95 26224.09
M6 83 21784.81 M6 86 23446.60 M6 89 25533.21 M6 92 26267.09 M6 95 26516.54

64859.83 70245.74 76105.64 78860.19 78961.00
M7 83 21713.98 M7 86 23467.64 M7 89 25667.20 M7 92 26001.89 M7 95 26283.06
M8 83 21681.48 M8 86 23499.52 M8 89 25378.94 M8 92 26293.35 M8 95 26333.46
M9 83 22044.53 M9 86 23614.40 M9 89 25847.39 M9 92 25957.61 M9 95 26425.39

65439.99 70581.57 76893.53 78252.86 79041.90
M10 83 21981.35 M10 86 23652.42 M10 89 25529.57 M10 92 26116.96 M10 95 26088.01
M11 83 22055.13 M11 86 23764.32 M11 89 25970.32 M11 92 25782.27 M11 95 26460.65
M12 83 21890.95 M12 86 23549.15 M12 89 26289.12 M12 92 25643.24 M12 95 26582.78

65927.43 70965.89 77789.01 77542.47 79131.45

1 Quarterly values are in italics.
2 in mio CHF.

Table 3 - Interpolated GDP1,2



1 gdp  = Quarterly Gross Domestic Product; rs  = Value of retail sales;

nl  = Level of not utilized construction loans; X  = Exports

volume; M  = Imports volume; brdip  = Industrial production

in Germany; ukip  = Industrial production in UK; comip  = 

Composite index of industrial productions.
2 Source: Datastream.

Figure 1 - GDP (-) and Related Series (--)1,2
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Figure 2 - Quarterly GDP and Interpolated Series with Pattern
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Figure 3 - Monthly GDP 1981-1997
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