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H{fkdqjh udwhv dqg qdwxudo uxeehu sulfhv/wkh h�hfw ri wkh Dvldq fulvlv

Nhhv Exujhu��/ Klggh Vplw��/ Ehq Yrjhoydqj2�
Mdqxdu| </ 5335

Yulmh XqlyhuvlwhlwIdfxow| ri Hfrqrplfv dqg Exvlqhvv Dgplqlvwudwlrq��Hfrqrplf dqg Vrfldo Lqvwlwxwh2�Ghsduwphqw ri HfrqrphwulfvGh Erhohoddq 443843;4 KY DpvwhugdpWkh Qhwkhuodqgvh0pdlo= nexujhuCihzhe1yx1qo/ kvplwCihzhe1yx1qo/ hyrjhoydqjCihzhe1yx1qo
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Devwudfw
Wkh Dvldq fulvlv kdv surylghg vwurqj hylghqfh rq krz h{fkdqjh udwhv d�hfw lqwhu0qdwlrqdo sulfhv1 Wkh pruh uhfhqw ghsuhfldwlrq ri wkh Hxur fxuuhqflhv kdv dovr kdgvxevwdqwldo h�hfwv rq wkh XV' sulfhv lq wkh zruog pdunhw1 Lq wklv sdshu zh lqyhvwl0jdwh wkhvh h�hfwv dqg irfxv rq d frpprglw| vwurqjo| uhsuhvhqwhg lq wkh Dvldq uhjlrq/qdwxudo uxeehu +QU,1 Wkh orqj0uxq dqg wkh vkruw0uxq lq xhqfh rq wkh sulfh ri QUduh �uvw dqdo|}hg dorqj wkh fodvvlfdo Hqjoh0Judqjhu surfhgxuh dqg zlwk wkh pruhh!flhqw g|qdplf jhqhudol}hg ohdvw vtxduhv +GJOV, hvwlpdwru lqwurgxfhg e| Vwrfndqg Zdwvrq1 Erwk wkh orqj0uxq dqg wkh vkruw0uxq vkrz lq xhqfhv ri surgxfwlrq riQU/ frqvxpswlrq ri uxeehu dqg sulfhv ri rwkhu frpprglwlhv1 Ehwwhu uhvxowv/ krzhyhu/duh rewdlqhg zlwk YDU dqg YHF prghov iru wkh hqwluh vdpsoh dqg iru vxevdpsohv1Frq�updwlrq lv irxqg iru wkh wkhruhwlfdo prgho wkdw suhglfwv wkh h�hfwv ri erwk wkhzhljkwhg uhdo h{fkdqjh udwhv ri lpsruwdqw lpsruwlqj frxqwulhv zlwk uhjdug wr wkhgroodu/ dqg wkh zhljkwhg uhdo h{fkdqjh udwhv ri wkh QU surgxflqj frxqwulhv1 Wkhdqdo|vlv dovr vkrzv wkdw wudghuv kdyh fkdqjhg wkhlu ehkdylrxu lq frqqhfwlrq zlwk wkhDvldq fulvlv/ zkhuhdv odjjhg h{fkdqjh udwhv zhuh d vx!flhqw vrxufh ri lqirupdwlrqehiruh wkh fulvlv/ frqwhpsrudqhrxv h�hfwv qrz grplqdwh1
Nh|zrugv= frpprglw| pdunhwv/ h{fkdqjh udwhv/ uxeehu sulfhv1
4 Lqwurgxfwlrq
Dplgvw pdq| frpsodlqwv derxw suhvhqwo| orz lqwhuqdwlrqdo frpprglw| sulfhv/ lw lvqrw riwhq uhdol}hg krz pxfk wkhvh duh lq xhqfhg e| wkh uhfhqw dqg gudpdwlf fkdqjhvlq wkh uhdo h{fkdqjh udwhv ri surgxflqj dqg frqvxplqj frxqwulhv1 Wkh lvvxh ri krzh{fkdqjh udwhv d�hfw frpprglw| sulfhv lv vwurqjo| ghshqghqw rq lwv dfwxdolw|1 Lq wkhhduo| 4<:3v/ Ulgohu dqg \dqgoh +4<:5, ghyhorshg wkh edvlf prgho iru wkh hydoxdwlrq riwkh lpsdfw ri wkh ghfuhdvh lq wkh XV' h{fkdqjh udwh ri wkdw hud1 Lq wkh 4<;3v wkh lvvxhehfdph wrslfdo djdlq zkhq wkh vdph XV' vkduso| dssuhfldwhg/ ohdglqj wr dqdo|vhv dvwkrvh e| Gruqexvk +4<;:, dqg Jloehuw +4<;</ 4<<4,1 Wkhvh sdshuv doo irfxv rq wkhlpsdfwv ri wkh fkdqjhv lq wkh XV'/ dqg gr qrw vshfl�fdoo| orrn dw fkdqjhv lq fxuuhqflhvri h{sruwlqj ru lpsruwlqj frxqwulhv1 Wkh Dvldq fulvlv kdv surylghg vwurqj hylghqfhrq krz h{fkdqjh udwhv d�hfw lqwhuqdwlrqdo sulfhv1 Wkh pruh uhfhqw ghsuhfldwlrq riwkh Hxur fxuuhqflhv kdv dovr kdg vxevwdqwldo h�hfwv rq wkh XV' sulfhv lq wkh zruogpdunhw1Lq wklv sdshu4 zh lqyhvwljdwh wkhvh h�hfwv dqg irfxv rq d frpprglw| vwurqjo|uhsuhvhqwhg lq wkh Dvldq uhjlrq/ qdwxudo uxeehu +QU,1 Dq lqwurgxfwlrq wr wklv pdunhwlv jlyhq lq vhfwlrq 51 D wkhruhwlfdo prgho rq wkh h�hfw ri h{fkdqjh udwh fkdqjhv rqfrpprglw| sulfh fkdqjh lv wkhq suhvhqwhg lq vhfwlrq 61 Lq Vhfwlrq 7 wkh yduldeohvzklfk duh uhohydqw iru wkh h{sodqdwlrq ri ghyhorsphqwv lq qdwxudo uxeehu sulfhv duhghvfulehg1 Zh �uvw lqyhvwljdwh lwv olqn zlwk sulfhv ri vxevwlwxwh jrrgv/ v|qwkhwlfuxeehu lq wklv fdvh/ ohdglqj wr wkh frqfoxvlrq wkdw QU sulfhv ohdg v|qwkhwlf uxeehusulfhv1 Wkh wkhruhwlfdo prgho ri vhfwlrq 6 lv wudqvodwhg lqwr d vlpsoh vwuxfwxudo prgholq vhfwlrq 8 frqwdlqlqj wkh yduldeohv uhylhzhg lq vhfwlrq 71 Wkh hvwlpdwlrq uhvxowv duhvkrzq dqg glvfxvvhg lq vhfwlrq 91 Wkh orqj0uxq htxdwlrq uhodwhv QU sulfhv wr vxsso|dqg ghpdqg frqglwlrqv dqg h{fkdqjh udwhv1 Wkh orqj0uxq dqg vkruw0uxq lq xhqfh

4Wkh dxwkruv wkdqn Pdulxv Rrpv iru klv frpphqwv rq dq hduolhu yhuvlrq ri wklv sdshu1
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rq wkh sulfh ri QU duh dqdo|}hg1 Wklv lv iroorzhg e| d pruh vdwlvi|lqj pxowlyduldwhdqdo|vlv e| xvlqj YDU +YHF, prghov1 Zh �qg frq�updwlrq iru wkh wkhruhwlfdo prghowkdw suhglfwv wkh h�hfwv ri h{fkdqjh udwh fkdqjhv zkhq wkh dqdo|vlv iroorzv wkh olqhri Mrkdqvhq*v PO dssurdfk1
5 Wkh pdunhw iru qdwxudo uxeehu514 LqwurgxfwlrqWklv vhfwlrq uhylhzv wkh qdwxudo uxeehu hfrqrp| vr dv wr surylgh d edvlv iru wkhprgho vshfl�fdwlrq1 Vxevhtxhqwo| dwwhqwlrq lv rq frqvxpswlrq/ surgxfwlrq/ sulfhvdqg wkh fkrlfh ri wkh vdpsoh shulrg1
515 Frqvxpswlrq ri uxeehuUxeehu lv frqvxphg lq w|uhv h1j1 sdvvhqjhu fdu w|uhv/ frpphufldo yhklfoh w|uhv dqgd juhdw ydulhw| ri rwkhu w|uhv uxqqlqj iurp elf|foh w|uhv wr dhursodqh w|uhv dqg r�0wkh0urdg w|uhv/ dqg lq qxphurxv jhqhudo surgxfwv h1j1 ehowv/ krvhv/ dxwrprwlyh sduwv/phglfdo joryhv dqg frqgrpv1 Wkhvh wzr vhwv ri hqg0xvhv duh urxjko| ri wkh vdph vl}h1Iru wkh dqdo|vlv ri wklv sdshu lw lv lpsruwdqw wr orrn dw wkh vsolw ehwzhhq qdwxudouxeehu +QU, dqg v|qwkhwlf uxeehu +VU,1 Lq wkh 4<:3v lw zdv eholhyhg wkdw QU dqg VUerwk kdg d uhdvrqdeoh vkduh ri wkh pdunhw wr wkhpvhoyhv iru whfkqrorjlfdo uhdvrqv/zkloh ohdylqj d odujh vkduh rshq wr vxevwlwxwlrq iru sulfh uhdvrqv1 Iljxuh 4 vkrzvghyhorsphqwv ryhu wlph vwduwlqj iurp d vlwxdwlrq mxvw ehiruh ZZLL zkhq VU zdvlqyhqwhg dqg ixuwkhu ghyhorshg1
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Iljxuh 4= Vkduhv ri qdwxudo uxeehu 4<73 0 5333
Wkh vkduh ri QU ghfuhdvhg gudpdwlfdoo| gxulqj wkh zdu ehfdxvh ri xqdydlodelolw|ri QU iurp Vrxwkhdvw Dvld1 Wkhq VU zdv ixuwkhu ghyhorshg whfkqlfdoo|/ doorzlqj lwwr wdnh ryhu dq lqfuhdvlqj vkduh ri wkh pdunhw/ ohdglqj wr wkh rslqlrq lq vrph flufohv
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lq wkh vl{wlhv wkdw QU zrxog eh uhsodfhg frpsohwho|1 Vlqfh wkh odwh 4<:3v wkh vkduhri QU rq d zruog vfdoh kdv lqfuhdvhg voljkwo| iurp d wurxjk ri ohvv wkdq 63( lq wkhplg 4<:3v wr d shdn ri durxqg 73( lq wkh 4<<3v1 Wkhuh duh pdq| uhdvrqv ehklqgwklv= QU kdv vrph edvlf fkdudfwhulvwlfv zklfk duh gl!fxow wr uhsodfh e| VU> lqghhg/lq wkh Vrzmhw Xqlrq vxevwlwxwhv zhuh ghyhorshg/ exw wkhvh kdyh qhyhu ehhq ri vlplodutxdolw|> wklv lv wkh pdmru uhdvrq iru wkh vwdeoh vkduh gxulqj wkh 4<:3v1 Dovr/ wkhlqwurgxfwlrq ri wkh udgldo wluh kdv dgghg wr wkh qhhg iru pruh QU1 Dqrwkhu pdmruuhdvrq iru wkh lqfuhdvh ri wkh vkduh rq d zruog vfdoh lv wkh jhrjudsklfdo glvwulexwlrqri zruog frqvxpswlrq1 Wkh lqfuhdvh lv h{sodlqhg e| wzr pdmru idfwruv1 Iluvw wkh vkliwri frqvxpswlrq jurzwk wr QU surgxflqj frxqwulhv zlwk d uhodwlyho| kljk QU vkduh+h1j1 Lqgld dqg Pdod|vld,1 Dqg/ vhfrqg/ wkh uhgxfwlrq e| ryhu ;3( lq wkh iruphuVrylhw Xqlrq/ zklfk dssolhg d vkduh ri QU ri ohvv wkdq 43( lq wkh odwh 4<;3v1 Irupruh ghwdlov vhh Ehqqhww +4<:9,/ Vplw +4<;7,/ Eduorz hw do1 +4<<7,/ Mxpsdvxw +4<<8,/Exujhu dqg Vplw +4<<:,1Grhv wklv phdq wkdw wkh pdunhw kdv ehfrph pruh frpshwlwlyh dqg wkdw sulfhv duhpruh vwurqjo| uhodwhgB Vplw dqg Yrjhoydqj +4<<:, kdyh vkrzq wkdw wklv lv qrw wkhfdvh1 Whfkqrorj| kdv dgydqfhg dqg frpshwlwlrq lv fodlphg e| pdq| wr kdyh ehhquhsodfhg e| frpsohphqwdulw| ^vhh h1j1 Vfkzdu} +4<<;,`1 Lq doprvw doo frxqwulhv wkhQU vkduh lq wkh w|uh vhfwru lv zhoo deryh wkdw lq wkh jhqhudo uxeehu jrrgv vhfwru1Iru prvw frxqwulhv wkh odwwhu vkduh lv ghfolqlqj wr }hur1 H{fhswlrqv duh h1j1 wkrvhfrxqwulhv zkhuh wkhuh lv d pdmru glsshg jrrg lqgxvwu| edvhg rq QU iru whfkqlfdouhdvrqv +frqgrpv/ vxujlfdo joryhv,1 Wklv ehfdph yhu| lpsruwdqw gxulqj wkh shulrgri wkh DLGV vfduh lq wkh odwh 4<;3v1
516 Surgxfwlrq ri qdwxudo uxeehuQdwxudo uxeehu lv surgxfhg e| wdsslqj uxeehu wuhhv rqfh d gd|/ d ihz wlphv d zhhn/wkurxjkrxw wkh |hdu h{fhsw iru wkh czlqwhulqj shulrg*1 Surgxfwlylw| udqjhv iurp dihz kxqguhg wr d ihz wkrxvdqg nlorjudpv shu khfwduh1 Wuhhv rq dyhudjh odvw durxqg58 wr 63 |hduv dqg fdqqrw eh wdsshg xqwlo wkh djh ri derxw 9 |hduv1 Wkh pdmrusduw ri surgxfwlrq frphv iurp vpdookroglqjv/ zlwk wkh vkduh ri hvwdwhv ghfolqlqj1 Di0whu wdsslqj gl�huhqw surfhvvlqj phwkrgv fdq eh iroorzhg ohdglqj wr Uleehg VprnhgVkhhwv/ Whfkqlfdoo| Vshfl�hg Uxeehu ru Frqfhqwudwhg Odwh{ iru glsshg jrrgv1 Diwhusurfhvvlqj wkh uxeehu lv vklsshg wr wkh frqvxplqj lqgxvwu|1 Wkh pdmru qdwxudo uxe0ehu surgxflqj frxqwulhv duh Wkdlodqg/ Lqgrqhvld/ Pdod|vld/ Lqgld/ Fklqd/ Ylhwqdp/wkh Sklolsslqhv dqg Vul Odqnd1 Qdwxudo uxeehu lv dovr surgxfhg lq d qxpehu ri rwkhuDvldq frxqwulhv/ Diulfd dqg Odwlq Dphulfd1
517 Qdwxudo uxeehu sulfhvPrvw uxeehu qrzdgd|v lv vrog gluhfwo| iurp wkh surfhvvru wr wkh frqvxphu1 Sduw riwkh uxeehu lv wudghg rq wkh pdunhw1 Wkh pdmru pdunhwv duh lq Vlqjdsruh/ Wrn|r dqgRvdnd1 Ghyhorsphqwv lq QU sulfhv wrjhwkhu zlwk VU sulfhv lq wkh XVD h{suhvvhg lqXV'/ duh vkrzq lq Iljxuh 51Wkh uhvhdufk txhvwlrq lq wklv sdshu lv qduurzhg grzq wr= krz duh QU sulfhv lqwkh orqj uxq dqg lq wkh vkruw uxq lq xhqfhg e| h{fkdqjh udwh ghyhorsphqwv rq wkhvxsso| vlgh dqg2ru rq wkh ghpdqg vlgh1 Prqwko| gdwd duh xvhg wr hvwlpdwh wkh h�hfwvri h{fkdqjh udwhv dqg rwkhu yduldeohv rq wkh sulfh ri QU1 Li txduwhuo| ru dqqxdo gdwdzhuh xvhg lw zrxog qrw eh srvvleoh wr wudfh d odujh sduw ri wkh h�hfw dv vxfk zrxog

7



kdyh idghg dzd|1 D gudzedfn lv wkdw prqwko| gdwd rq surgxfwlrq dqg frqvxpswlrqduh qrw yhu| dffxudwh1 Vlqfh wkh irfxv lv rq QU sulfh irupdwlrq dqg ehfdxvh ri wkhtxdolw| ri wkh gdwd/ prqwko| vxsso|/ ghpdqg dqg vwrfn htxdwlrqv duh qrw hvwlpdwhg1Wkh hvwlpdwlrq shulrg lv 4<:814 wr 4<<<1451 Wkh gdwd duh dydlodeoh wkurxjk 53341:/wkh hqg ri wkh shulrg +533314 0 53341:, zloo eh xvhg wr fkhfn wkh suhglfwlrq surshuwlhvri wkh prghov1 Gdwd iru prvw yduldeohv duh wdnhq iurp wkh Uxeehu Vwdwlvwlfdo Exoohwlqri wkh Lqwhuqdwlrqdo Uxeehu Vwxg| Jurxs1
6 Wkh h�hfw ri ghydoxdwlrq rq qdwxudo uxeehu sulfhv
Wkhruhwlfdoo|/ wkh lpphgldwh lpsdfw ri d idoo lq wkh fxuuhqf| ri d frxqwu| lv wr hq0kdqfh wkh sur�wdelolw| ri h{sruwv dqg wr glvfrxudjh lpsruwv1 E| wkh vdph wrnhq/grphvwlf vhfwruv wkdw duh lpsruw frpshwlqj vkrxog ehqh�w/ zkloh wkh h�hfwv iru wkhqrq0wudgdeoh vhfwru vkrxog eh srvlwlyh dv zhoo/ qdpho| wr wkh h{whqw wkdw dgglwlrqdo+orfdo fxuuhqf|, hduqlqjv lq wkh h{sruw vhfwruv duh vshqw rq grphvwlfdoo| surgxfhgjrrgv1 Li wkh lpsruw frpshwlqj dqg qrq0wudgdeoh vhfwruv fdqqrw txlfno| phhw wkhulvlqj ghpdqg/ d sulfh ulvh lv d qdwxudo uhdfwlrq/ zklfk dggv wr wkh lq dwlrqdu| h�hfwri wkh kljkhu sulfh ri lpsruwhg jrrgv1Wklv vwdqgdug dqdo|vlv grhv qrw lqfoxgh wkh h�hfwv wkdw h{fkdqjh udwh fkdqjhvkdyh rq wkh zruog pdunhw sulfhv wkhpvhoyhv1 Vlqfh wkh wkuhh pdmru surgxfhuv ri qdw0xudo uxeehu/ Wkdlodqg/ Lqgrqhvld dqg Pdod|vld zhuh doo pruh ru ohvv khdylo| d�hfwhge| wkh fxuuhqf| fulvlv/ zh fdqqrw ljqruh wkh fkdqjhv lq zruog pdunhw sulfhv wkdwpljkw uhvxow iurp vxfk h{fkdqjh udwh fkdqjhv1H�hfwv ri h{fkdqjh udwhv rq zruog pdunhw sulfhv fdq eh h{suhvvhg lq dojheudlfwhupv1 Iru rxu vlwxdwlrq ohw xv glvwlqjxlvk dq lpsruwlqj frxqwu|/ lqgh{hg e| p/ rwkhuzruog ghpdqg lqgh{hg e| q/ vxsso| iurp dq h{sruwlqj uhjlrq +u, zlwk h{fkdqjh{uo dqg rwkhu vxsso| iurp rxwvlgh wkh uhjlrq +r,1 Iru frqyhqlhqfh lw lv dvvxphgwkdw fkdqjhv lq orfdo ghpdqg lq wkh h{sruwlqj uhjlrq/ ru fkdqjhv lq vxsso| lq wkhlpsruwlqj frxqwu| duh qrw lpsruwdqw iru wkh zruog pdunhw sulfhv ri frpprglwlhvfrqfhuqhg1 Wklv jlyhv wkh iroorzlqj htxdwlrqv lq d jhqhudo qrwdwlrq=

Uhjlrqdo vxsso|= oq +Vo, @ �o . �o oq +S � {uo,Rwkhu vxsso| oq +VJ, @ �J . �J oq +S ,Lpsruwhu*v ghpdqg
oq +G6, @ �6 � �6 oq +S � {u6,

Rwkhu ghpdqg oq +G?, @ �? � �? oq +S ,Htxloleulxp G? .G6 @ Vo . VJ=Khuh/ vxsso| lv ghqrwhg e| V/ wr zklfk d vx!{ lv dgghg iru hdfk uhjlrq/ S ghqrwhvwkh zruog pdunhw sulfh lq XV'/ dqg {u wkh h{fkdqjh udwh h{suhvvhg lq orfdo fxuuhqf|shu XV'1 G lv ghpdqg dovr zlwk d vx!{1
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Fkdqjhv lq dq| yduldeoh d�hfw sulfhv/ zkloh pdlqwdlqlqj wkh edodqfh ri vxsso| dqgghpdqg vr wkdw g +G?, . g +G6, @ g +Vo, . g +VJ, =zkhuh g lqglfdwhv wkh fkdqjh lq d yduldeoh1E| dssur{lpdwlrq/ wklv fdq eh zulwwhq lq orjdulwkpv dqg vkduhv=v? � g oq+G?, . v6 � g oq+G6, @ vo � g oq+Vo, . vJ � g oq+VJ,>zkhuh v? dqg v6 duh vkduhv lq zruog ghpdqg/ dqg vJ dqg vo lqglfdwh wkh vkduhv riwkh uhjlrqv lq zruog vxsso|1Wkh vroxwlrq iru wkh fkdqjh lq wkh zruog pdunhw sulfh S> uhvxowlqj iurp fkdqjhvlq wkh h{fkdqjh udwhv/ lv wkhq jlyhq e|=
g oq +S , @ �v6�6g oq +{u6,� vo�og oq +{uo,v6�6 . vo�o . v?�? . vJ�J =

Ghydoxdwlrq dprxqwv wr dq xszdug fkdqjh lq h{fkdqjh udwh +orfdo fxuuhqf|2groodu,1Orrn dw dq h{dpsoh ri d 83( ghydoxdwlrq/ zklfk lpsolhv wkdw rqo| {uo grxeohv/ dvlqlwldoo| kdsshqhg lq VH Dvld1 Dvvxph wkdw wkh surgxfhu kdv ;3( ri wkh surgxfwlrq/dqg wkdw wkh vxsso| hodvwlflwlhv duh htxdo wr 315 dqg wkh ghpdqg hodvwlflwlhv duh htxdowr 3=38/ wkhq=
g oq+S , @ � 3=;3� 3=5� oq+5,3=58� 3=38 . 3=;3� 3=5 . 3=:8� 3=38 . 3=5� 3=5 @ �3= 77>

^fi1 Exujhu dqg Vplw +5334,` vr wkdw zruog pdunhw sulfhv jr grzq e| derxw 77(1 Lidoo hodvwlflwlhv duh htxdo wr 315 wkh sulfh fkdqjh zrxog eh �3=5;=Wkh pruh jhqhudo yhuvlrq ri wklv uhvxow zdv ghulyhg e| Ulgohu dqg \dqgoh +4<:5,zkr orrnhg dw wkh fkdqjhv lq wkh XV' frpsduhg wr rwkhu ghyhorshg frxqwulhv* fxuuhq0flhv1 Dv Jloehuw +4<<4, vkrzv/ rplvvlrq ri wkh surgxflqj frxqwulhv lq uhjuhvvlrqv wkdwdlp dw h{sodlqlqj krz fkdqjhv lq wkh ydoxh ri wkh XV' lq xhqfhv sulfhv ri sulpdu|frpprglwlhv/ pd| zhoo ryhuhvwlpdwh wkh h�hfwv1 Lpsolflwo|/ wkh vdph dujxphqw ri lq0fruuhfw zhljkwv lv xvhg wr txhvwlrq wkh xvh ri djjuhjdwh lqglfhv iru wkh XV' h{fkdqjhudwh1Lq rxu dssolfdwlrq/ zh orrn dw wkh lpsruwlqj dqg surgxflqj frxqwulhv ri rqhfrpprglw| rqo|1 Wklv idflolwdwhv wkh �qglqj ri dssursuldwh zhljkwv iru djjuhjdwhphdvxuhv ri h{fkdqjh udwhv1 Dv wkh prgho deryh lpsolhv/ wkh vkduhv lq wkh surgxfwlrqru frqvxpswlrq irup dssursuldwh zhljkwv dv orqj dv vxsso| ru ghpdqg hodvwlflwlhv grqrw gl�hu pxfk ehwzhhq wkh frxqwulhv1 Vxfk vxsso| dqg ghpdqg w|slfdoo| ghshqg rqorfdo/ uhdo sulfhv/ dqg zh vkrxog wkhuhiruh/ lqwhusuhw wkh sulfhv lq wkh deryh htxdwlrqvdv uhdo sulfhv1 Zkdw pdwwhuv/ wkhuhiruh/ duh uhdo/ qrw qrplqdo h{fkdqjh udwh fkdqjhv/d srlqw dovr pdgh e| Jloehuw +4<;<,1Ghpdqg ixqfwlrqv iru QU fdq eh ghulyhg iurp wkh vxsso| ri wkh surgxfwv wkdw xvhQU1 Wkh wkhruhwlfdo prgho lv rqh ri d sur�w pd{lpl}lqj surgxfhu ri d jrrg/ xvlqjQU/ VU dqg phwdo sduwv iru klv surgxfw1 Ghulyhg ghpdqg iru QU wkhq w|slfdoo|ghshqgv rq wkh sulfhv ri wkh surgxfw/ ri QU/ VU dqg phwdo1 Surgxfw sulfhv/ dqg wkhsulfhv ri VU dqg phwdo vkrxog wkhuhiruh hqwhu lqwr wkh sulfh htxdwlrq iru QU/ ehvlghvyduldeohv wkdw fkdudfwhul}h vxsso|1 Krzhyhu/ wklv lv rqo| ydolg li wkhvh sulfhv duh qrwwkhpvhoyhv ghshqghqw rq wkh QU sulfh1 Wklv pd| krog iru wkh sulfh ri VU li vxsso|ri VU lv pruh frqwuroohg wkdq vxsso| ri QU1 Iru frqwuro phdqv wkdw vxsso| fdq ehdgmxvwhg wr pdunhw ghpdqg/ dqg wkdw vxsso| vkrfnv duh devhqw1
9



Iru wkh dssolfdwlrq ehorz zh �uvw lqyhvwljdwhg wkh uhodwlrqvklsv ehwzhhq wkh sulfhvri QU dqg VU/ frqfoxglqj wkdw wkh sulfh ri VU iroorzv wkdw ri QU/ vr wkdw wkh sulfh riVU vkrxog qrw eh lqfoxghg lq wkh ghpdqg htxdwlrq1 Rq wkh rwkhu kdqg/ wkh sulfh riphwdov zdv irxqg wr eh ghwhuplqlqj wkh sulfh ri QU/ dqg qrw wkh rwkhu zd| durxqg1Khqfh/ wklv sulfh lv pdlqwdlqhg dv h{sodqdwru| yduldeoh1 D srvlwlyh h�hfw ri wklv sulfhfrxog lqglfdwh wkdw wkh wzr frpprglwlhv duh vxevwlwxwhv/ ru/ zkdw lv pruh olnho| dqgpruh lpsruwdqw/ wkdw erwk duh d�hfwhg e| wkh vdph frpprq fdxvh= d fkdqjh lqwkh ghpdqg iru wkh surgxfw frqwdlqlqj QU dqg wkh phwdov1 Rqh pljkw hyhq jr rqhvwhs ixuwkhu= d fkdqjh lq jhqhudo lqgxvwuldo dfwlylw|1 Ilqdoo|/ qr sulfh ri wkh surgxfwfrqwdlqlqj QU lv lqfoxghg= d jrrg sur{| iru wklv djjuhjdwh sulfh lv gl!fxow wr �qg/dqg jrrgv sulfhv duh dq|zd| yhu| vwdeoh frpsduhg wr sulfhv ri sulpdu| frpprglwlhv1Vxsso| ixqfwlrqv ri QU duh xvxdoo| ghulyhg iurp prghov wkdw lqfoxgh wkh ylqwdjhfrpsrvlwlrq ri wkh wuhhv wkdw irup wkh edvlv ri wklv surgxfwlrq1 Iru d prqwko| prgho/wklv edvlv kdv qrw pxfk uhohydqfh dv lw fkdqjhv rqo| yhu| judgxdoo| ryhu wlph lq ylhzri lwv orqj jhvwdwlrq shulrg dqg orqj olih f|foh1 Exw sulfhv sod| d uroh1 Iduphuv fdqdqg gr dgmxvw wkh wdsslqj lqwhqvlw| dqg wkh dssolfdwlrq ri ihuwlol}hu dqg vwlpxodqwvlq uhvsrqvh wr sulfh fkdqjhv1
7 Yduldeohv h{sodlqlqj ghyhorsphqw lq qdwxudo uxeehusulfhv
Lq wklv vhfwlrq zh hoderudwh rq wkh h{sodqdwru| yduldeohv1 Dv lqglfdwhg deryh/ zh�uvw uhsruw rq wkh qdwxuh ri wkh uhodwlrqvkls ehwzhhq v|qwkhwlf uxeehu sulfhv dqgwkrvh ri QU/ zh wkhq surfhhg wr glvfxvv wkh txdolw| ri wkh gdwd rq sk|vlfdo uxeehughpdqg dqg vxsso| diwhu zklfk zh pryh wr prqhwdu| idfwruv wkdw kdyh dq lpsdfwrq wkh sulfhv rq qdwxudo uxeehu1Dv d vxevwlwxwh jrrg/ sulfhv ri v|qwkhwlf uxeehu vkrxog qrupdoo| hqwhu wkh ghpdqghtxdwlrq iru qdwxudo uxeehu1 Krzhyhu/ wkhvh sulfhv pd| eh hqgrjhqrxv/ ru/ dv zh vkdoovhh ehorz/ hyhq ghwhuplqhg e| wkh sulfh ri qdwxudo uxeehu1 Lq wkhvh fdvhv/ wkh| qrorqjhu vhuyh dv h{sodqdwru| yduldeoh dqg fdq eh ohiw rxw ri wkh dqdo|vlv1Ylvxdo lqyhvwljdwlrq ri Iljxuh 5 vkrzv d gl�huhqfh lq wkh pryhphqwv ri wkh sulfhri QU5 dqg VU61 Shdnv lq wkh VU sulfh rffxu odwhu wkdq wkrvh lq wkh QU sulfh1 Wkhuhodwlyho| odujh vkruw whup yrodwlolw| ri wkh VU sulfh lv gxh wr lwv ehlqj dq h{sruw xqlwydoxh udwkhu wkdq wkh sulfh ri d vlqjoh txdolw| dv zdv wdnhq iru wkh QU sulfh1Idfwruv lq wkh hfrqrp|/ eh lw uxeehu uhodwhg/ yhklfoh uhodwhg ru pruh jhqhudozloo lq xhqfh wkh ghyhorsphqw ri sulfhv1 Vxfk lq xhqfhv zloo ehfrph dssduhqw pruhtxlfno| rq d sk|vlfdo pdunhw wkdq lq h{sruw xqlw ydoxhv/ frqwudfwv iru zklfk pd| kdyhehhq frqfoxghg vrph wlph ehiruh1 Iru wkdw uhdvrq wrr lw lv uhdvrqdeoh wr vxjjhvw wkdwwkh sulfh ri qdwxudo uxeehu lv wkh ohdglqj sulfh lq wkh pdunhw1 Wklv lv dovr fohdu iurpwkh judskv1Wr jhw pruh lqvljkw lq wkh wlph0vhulhv surshuwlhv ri wkh sulfhv/ d suhsdudwru|dqdo|vlv ri wkh gdwd kdv ehhq shuiruphg/ olnh xqlw0urrw whvwv/ fdxvdolw| whvwv hwf171

5��-| G wkh qdwxudo uxeehu +QU, sulfh/ zklfk lv d pdunhw sulfh iru d sduwlfxodu judgh= UleehgVprnhg Vkhhw/ qxpehu 4 +UVV4,/ Vlqjdsruh/ frqyhuwhg lqwr XV'16Wkh v|qwkhwlf uxeehu +VU, sulfh lv wkh h{sruw0xqlw ydoxh ri Vw|uhqh Exwdglhqh Uxeehu17Doo frpsxwdwlrqv kdyh ehhq grqh xvlqj HYlhzv 614 dqg odwhu 7131 Wkh uhvxowv ri doo wkhvhfrpsxwdwlrqv dqg hvwlpdwlrq uhvxowv lq iroorzlqj vhfwlrqv kdyh qrw ehhq lqfoxghg lq wkh sdshu wrnhhs lwv ohqjwk zlwklq erxqgv1
:
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Iljxuh 5= Ghyhorsphqw ri QU dqg VU sulfhv 4<;5 0 4<<<
DGI0whvwv kdyh vkrzq wkdw doo yduldeohv duh lqwhjudwhg ri wkh �uvw rughu1 Wkhqwkh fdxvdolw| ehwzhhq wkh wzr sulfhv lv frqvlghuhg1 Judqjhu fdxvdolw| whvwv kdyhehhq dssolhg wr fkhfn li dq| ri wkh sulfhv lv wkh ohdglqj sulfh1 Wkh whvwv kdyh ehhqfrpsxwhg e| xvlqj 6 odjv dffruglqj wr wkh Dndlnh Lqirupdwlrq fulwhulxp +DLF, zkhqhvwlpdwlqj dq xquhvwulfwhg YDU iru wkhvh yduldeohv1 Judqjhu fdxvdolw| ehwzhhq wkhsulfh ri qdwxudo uxeehu dqg wkh v|qwkhwlf uxeehu sulfhv grhv h{lvw zlwk qdwxudo uxeehusulfhv ohdglqj v|qwkhwlf uxeehu sulfhv/ dqg ehfrphv vwurqjhu lq pruh uhfhqw |hduv>vhh Wdeoh 41 4<;5 0 5333 4<<3 0 5333Kf I � vwdwlvwlf s� ydoxh I � vwdwlvwlf s� ydoxhS�-| > S7-| 6=79: 3=34: 7=855 3=33:S7-| > S�-| 4=573 3=5<9 3=7<3 3=9<4

Wdeoh 4= Judqjhu fdxvdolw| ehwzhhq sulfhv ri QU dqg VU
Ehfdxvh ri wkh uhvxowv ri wkh Judqjhu fdxvdolw| whvwv/ furvv0fruuhodwlrqv ehwzhhqwkh sulfh ri qdwxudo uxeehu dqg wkh sulfhv ri v|qwkhwlf uxeehu kdyh ehhq frpsxwhg wrjhw pruh lqvljkw lq wkh g|qdplfv ri wkh uhodwlrqv ehwzhhq wkhvh sulfhv1 Wkh frh!flhqwvlqglfdwh wkdw VU sulfhv gr qrw ohdg QU0sulfhv1 Wkh frh!flhqwv duh vpdoo dqg prvwo|qrw vljql�fdqwo| gl�huhqw iurp }hur diwhu derxw : prqwkv odjv1 Wkh ydoxhv lqglfdwhwkdw wkh sulfh ri qdwxudo uxeehu lv ohdglqj/ xs wr rq dq dyhudjh ri derxw vhyhq prqwkvlq dgydqfh1 Dq| frqwhpsrudqhrxv h�hfw dsshduv qrw wr eh suhvhqw/ zklfk pd| ehfdxvhg e| wkh wlph uhtxluhg iru gholyhu| dv phqwlrqhg deryh1 Doo uhvxowv vkrz wkdw

;



QU0sulfhv lq xhqfh VU0sulfhv zlwk d odj ri derxw vhyhq prqwkv1 Ehfdxvh ri wklvfdxvdolw|/ wkh sulfh ri VU fdqqrw eh lqfoxghg dv h{sodqdwru| yduldeoh lq wkh dqdo|vlv1
714 Wkh sk|vlfdo uxeehu vlghWkh ixqgdphqwdov ri sulfh ghwhuplqdwlrq qdwxudoo| lqfoxgh idfwruv wkdw ehdu xsrqghpdqg dqg vxsso|1 Wkh vwdqgdug ghpdqg0vxsso| iudphzrun frqiurqwv surgxfhuv+dqg wkhlu pdujlqdo frvwv, zlwk frqvxphuv +dqg wkhlu pdujlqdo frvwv,1 Dfwxdo sulfhglvfryhu|/ krzhyhu/ lv qrw ehwzhhq wkrvh wzr jurxsv/ qru ihg e| lqirupdwlrq rq pdu0jlqdo frvwv1 Prqwko| sulfh ghwhuplqdwlrq rq wkh QU zruog pdunhw lv pdgh ehwzhhqex|huv +prvwo| QU frqvxplqj w|uh pdqxidfwxuhuv, dqg vhoohuv +prvwo| vwrfnkroghuv,1Rq wkh frqvxphu vlgh/ wkhvh djhqwv frph txlwh forvh wr zkdw wkhru| h{shfwv wkhp wreh1 Rq wkh surgxfhu vlgh/ wudghuv lqwhuphgldwh dqg wkhlu frqvlghudwlrqv dqg lqirupd0wlrq vkrxog sod| d uroh lq wkh sulfh vhwwlqj surfhvv1 Wkxv/ zkloh ex|lqj djhqwv pd|eh zhoo0lqiruphg derxw wkhlu hpsor|hu*v pdujlqdo frvwv frqvlghudwlrqv/ vhoolqj djhqwvrqo| lqgluhfwo| wdnh wkh pdujlqdo frvwv ri surgxfwlrq lqwr dffrxqw1 Wkh lqirupdwlrqdw wkhlu glvsrvdo fdqqrw lqfoxgh h{dfw gdwd rq wrwdo surgxfwlrq lq wkh uhfhqw prqwkv/qru gdwd rq frqvxpswlrq/ exw lv edvhg rq jxhvvhv dqg uxprxuv derxw sk|vlfdo vxsso|dqg ghpdqg dqg vwrfnv/ ihg e| gdwd rq lpsruwv dqg h{sruwv lq d pruh glvwdqw sdvw/dqg e| gd|0wr0gd| lqirupdwlrq rq wkhlu rzq frpsdq|/ dqg rq dfwxdo sulfhv ri wkhfrpprglw|/ rwkhu frpprglwlhv/ h{fkdqjh udwhv dqg wkh olnh1 Wkxv/ sk|vlfdo fkdqjhvlq wkh pdunhw fdq kdugo| eh eholhyhg wr kdyh d vwurqj lpphgldwh lpsdfw rq wkh sulfhv/zkloh sulfh lqirupdwlrq pljkw vwdqg lq iru wkh plvvlqj lqirupdwlrq rq wkh sk|vlfdofkdqjhv1 Li doo wudghuv zrxog wudgh lq wkh vdph pdunhw/ doo lqirupdwlrq frxog 0 lqsulqflsoh 0 eh frpelqhg lq wkh sulfh glvfryhu| phfkdqlvp1 Wklv lv qrw vr lq wkh uxe0ehu pdunhw= prvw wudgh +vrph :3(, lv grqh lq elodwhudo ghdov ehwzhhq odujh vxssolhuv+surgxfhuv ru wudghuv, dqg frqvxphuv1 Rqo| d vpdoo sduw lv dfwxdoo| wudghg wkurxjkwkh pdunhw dqg frqwulexwhv wr wkh hvwdeolvkphqw ri sulfhv1 Khqfh/ wudghuv wkdw khoshvwdeolvklqj wkh pdunhw sulfh fdqqrw eh ixoo| lqiruphg derxw vxsso|0ghpdqg frqgl0wlrq/ hyhq zkhq wdnhq wrjhwkhu1 Hyhqwxdoo|/ vkruwdjhv ru vxusoxvhv zloo eh ihow e| doori wkhp/ dqg wudqvodwhg lqwr qhjrwldwhg sulfhv/ exw rq dq| vlqjoh gd| ru hyhq prqwk/wkh| fdq kdyh exw dq lpshuihfw ylhz ri wkhvh frqglwlrqv1 Wklv h{sodlqv zk| sulfhdqg h{fkdqjh udwh lqirupdwlrq kdv vxfk d vwurqj uroh wr sod|1 Hyhq wkh sulfh klvwru|ri wkh frpprglw| lwvhoi lv eholhyhg wr frqwdlq vxevwdqwldo lqirupdwlrq/ dv zlwqhvvhge| wkh srsxodulw| ri fkduwlqj phwkrgv1Khqfh/ wkh fxuuhqw prqwk*v surgxfwlrq 0 li dw doo nqrzq 0 fdq kdugo| sod| d uroh/dv wklv surgxfwlrq fdqqrw sk|vlfdoo| uhdfk wkh frqvxphuv1 Fxuuhqw surgxfwlrq lvh{shfwhg wr sod| d uroh rqo| lq dv idu dv vrph lqglfdwlrq lv uhtxluhg iru wkh vwrfnkroghuvderxw zkdw ixwxuh uhsohqlvkphqw ri wkhlu vwrfnv lv wr eh h{shfwhg1 Odjjhg surgxfwlrqpd| sod| erwk urohv= surylglqj lqirupdwlrq rq ixwxuh dydlodelolw| rq wkh pdunhw dqgpdnlqj qdwxudo uxeehu sk|vlfdoo| dydlodeoh1 Rwkhu reylrxv frqvlghudwlrqv uhjduglqjwkh sulfhv duh wkrvh ri wkh QU frqvxphuv dqg wkrvh ri wkh vwrfnkroghuv1 Fkdqjhv lqsulydwh vwrfnv sduwo| wdnh sodfh iru vhdvrqdo uhdvrqv/ dv surgxfwlrq dqg frqvxpswlrqgr qrw pdwfk shu prqwk1 Odujhu rshqlqj vwrfnv kdyh d ghsuhvvlqj lq xhqfh rq wkhsulfhv1 Lq vslwh ri wkh odujh vhdvrqdo  xfwxdwlrqv lq vxsso| dqg ghpdqg/ sulfhv grqrw vkrz wklv f|folfdo sdwwhuq1 Wklv pd| eh lqfrusrudwhg lq wkh sulfh htxdwlrq e|ghvhdvrqdolvlqj wkh lq xhqfh ri frqvxpswlrq dqg surgxfwlrq1 Wkxv/ vwrfnkroghuvdsshdu wr sod| wkhlu uroh zhoo ri dffrpprgdwlqj wkhvh vkruw0whup  xfwxdwlrqv1Ghpdqg suhvvxuh lv lqfoxghg lq wkh prgho wkurxjk wrwdo frqvxpswlrq ri uxeehu/

<



zlwkrxw glvwlqjxlvklqj gl�huhqw w|shv1 Deryh lw kdv ehhq frqfoxghg wkdw wkhuh lv qrvfrsh iru wkh lqfoxvlrq ri wkh sulfh ri wkh cfrpshwlqj* v|qwkhwlf uxeehu1 Vxsso| lvuhsuhvhqwhg e| zruog qdwxudo uxeehu surgxfwlrq1Lw lv lpsruwdqw iru wkh lqwhusuhwdwlrq ri wkh yduldeohv iru surgxfwlrq dqg frq0vxpswlrq wr sd| dwwhqwlrq wr wkh zd| gdwd duh froohfwhg1 Vwduwlqj zlwk surgxfwlrq/prqwko| �jxuhv iru qdwxudo uxeehu surgxfwlrq duh qrw gluhfwo| froohfwhg lq surgxflqjfrxqwulhv1 Wkh edvlf lghqwlw| lv xvhg= surgxfwlrq htxdov qhw h{sruwv soxv grphvwlffrqvxpswlrq soxv fkdqjh lq vwrfnv1 Prvwo|/ txlwh dffxudwh prqwko| vwdwlvwlfv duhdydlodeoh iru qhw h{sruwv1 Uhdvrqdeo| dffxudwh hvwlpdwhv duh pdgh ri grphvwlf frq0vxpswlrq/ zklfk h1j1 lq Wkdlodqg/ wkh odujhvw surgxfhu ri qdwxudo uxeehu/ sod|v dplqru uroh1 Ilqdoo|/ hvwlpdwhv duh pdgh ri vwrfnv/ d gl!fxow mre1 Vwrfnv khog e|iduphuv dqg vpdoohu ghdohuv fdq qrw eh hvwlpdwhg1 Vrph hvwlpdwhv edvhg ri cvxuyh|gdwd* pd| eh rewdlqhg iru vwrfnv khog e| wkh odujhvw wudghuv1 Wkhuhiruh/ surgxfwlrqgdwd ri qdwxudo uxeehu duh khdylo| edvhg rq h{sruw gdwd/ wr zklfk vrph cwuhqgv* dqgcdvvxpswlrqv* duh dgghg1 Zkhq qdwxudo uxeehu sulfhv duh h{sodlqhg lq dq htxdwlrqxvlqj qdwxudo uxeehu surgxfwlrq dv h{sodqdwru| yduldeoh/ wklv h{sodqdwru| yduldeohwkhuhiruh lqgluhfwo| lqfoxghv ghpdqg hohphqwv zkhq wkh surgxfwlrq gdwd duh ghulyhglq wkh zd| ghvfulehg deryhD vlplodu vwru| fdq eh wrog iru frqvxpswlrq ri uxeehu/ eh lw qdwxudo ru v|qwkhwlf1D frqvxplqj frxqwu| qrupdoo| kdv qr hvwlpdwhv rq frqvxpswlrq ri uxeehu e| wkhlqgxvwu|1 Lq prvw fdvhv frqvxpswlrq lv ghulyhg dv qhw lpsruwv soxv grphvwlf sur0gxfwlrq/ qhjohfwlqj vwrfnv1 Wklv pd| ohdg wr gl!fxowlhv lq dvvhvvlqj wkh ohyhov rifrh!flhqwv1 Zkhq h1j1 qdwxudo uxeehu sulfhv lqfuhdvh/ wkh ulvh lq qhw lpsruwv pd|h{fhhg/ iru vshfxodwlyh uhdvrqv/ wkh ulvh lq frqvxpswlrq/ zklfk e| lwvhoi pd| hyhqghfolqh ehfdxvh ri d vkliw wr frpshwlqj v|qwkhwlf uxeehu1 Wklv ohdgv wr d pl{hg uhod0wlrqvkls ehwzhhq sulfhv dqg frqvxpswlrq/ ghulyhg rq wkh edvlv ri qhw lpsruwv1 Dgghgwr wklv pxvw eh dqrwkhu zrug ri fdxwlrq= lpsruw vwdwlvwlfv iru pdq| frxqwulhv duh qrwyhu| dffxudwh1Doo ghpdqg dqg vxsso| yduldeohv edvhg rq wkh vwdwlvwlfv glvfxvvhg deryh vkrzd vwurqj xszdug wuhqg1 Wkh judskv ri wkh vxsso| dqg ghpdqg yduldeohv lqglfdwhvhdvrqdolw| lq vxsso| ri QU dqg lq ghpdqg iru uxeehu lq wkh HX/ lq Mdsdq dqg lq wkhzruog dv d zkroh/ zkhuhdv lw lv kdugo| suhvhqw lq wkh gdwd iru wkh ghpdqg lq wkh XVD1Wkh vhdvrqdo yduldeohv kdyh ehhq vhdvrqdoo| dgmxvwhg +pxowlsolfdwlyh,1 Lq wkh prghozh h{shulphqwhg zlwk wrwdo zruog frqvxpswlrq ri qdwxudo soxv v|qwkhwlf uxeehu dvh{sodqdwru| yduldeoh dqg frpsduhg lwv shuirupdqfh zlwk d pruh dffxudwho| phdvxuhgdowhuqdwlyh= wkh vdph frqvxpswlrq exw qrz olplwhg wr XVD/ Mdsdq dqg wkh HX> wklvlv wkh yduldeoh FA�| zklfk frxqwv iru 83( ri wkh wrwdo uxeehu frqvxpswlrq1 Zkloh wkhodwwhu zdv uhwdlqhg lq wkh uhvxowv wkdw zh suhvhqw/ wkh gl�huhqfhv duh rqo| plqru dvwkh fruuhodwlrq ehwzhhq wkh wzr vhulhv lv qr ohvv wkdq 31<71
715 Wkh prqhwdu| vlghDv vkrzq lq wkh prgho iru wkh h�hfwv ri h{fkdqjh udwh fkdqjhv/ sulfhv lq wkh zruogpdunhw fdqqrw eh ghwhuplqhg lq d frqiurqwdwlrq ri ghpdqg dqg vxsso| rqo|1 Sulfhv/dqg wkhuhiruh sulfh wudqvplvvlrq phfkdqlvp pdwwhu1 Lq sduwlfxodu wkh h{fkdqjh udwhvri grplqdqw frqvxphuv dqg surgxfhuv sod| d uroh1 Lqfoxghg lq wkh prgho duh wkhzhljkwhg dyhudjh h{fkdqjh udwh ri vhyhq lpsruwdqw qdwxudo uxeehu lpsruwlqj frxq0
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wulhv zlwk pdunhw edvhg h{fkdqjh udwhv ylv0ã0ylv wkh XV' �HU| � 8/ wr uhsuhvhqw wkhghpdqg vlgh/ dqg d zhljkwhg phdq ri wkh uhdo h{fkdqjh udwhv ri wkh wkuhh pdmruqdwxudo uxeehu surgxflqj frxqwulhv �H'| �9 wr fdswxuh wkh lpsruwdqw fkdqjhv rq wkhvxsso| vlgh1 Wkh judsk ri wkh h{fkdqjh udwh HU| lv lq Iljxuh 61 Iljxuh 7 vkrzv wkhgudpdwlf fkdqjhv lq wkh fxuuhqflhv �H'| � ri wkh QU surgxflqj frxqwulhv vlqfh plg4<<:1
Weighted average real exchange rate per US$

France, Germany, Italy, Spain, United Kingdom, Japan, Korea 
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Iljxuh 6= Ghyhorsphqwv lq HU| > 4<:8 0 4<<<
Wkhlu lq xhqfh pd| hyhq jr eh|rqg wkhlu uroh dv wudqvplwwhu ri wkh zruog pdunhwsulfhv wr grphvwlf xvhuv1 Sduwlfxoduo| rq wkh ghpdqg vlgh/ wkhuh fdq eh vshfxodwlyhghpdqg iru fxuuhqflhv dqg frpprglwlhv dolnh/ vr wkdw fkdqjhv lq wkh rxworrn iruqdwxudo uxeehu fdq lqgxfh shrsoh wr vzlwfk ixqgv iurp fxuuhqflhv wr QU ru ylfh yhuvd1Dv pdmru ixwxuhv pdunhwv iru qdwxudo uxeehu duh orfdwhg lq Mdsdq/ zkhuh uhvwulfwlrqvrq fxuuhqf| wudgh zdv lq sodfh vrph wlph lq wkh sdvw/ |hq0groodu vshfxodwruv frxogxvh wkh QU pdunhw wr fryhu wkhlu fxuuhqf| lqwhuhvw1 D vlplodu gxdo uroh lv sod|hge| dqrwkhu sulfh yduldeoh lqfoxghg lq wkh prgho wkh sulfh lqgh{ iru plqhudov/ ruhvdqg phwdov �S���| �1 Wklv yduldeoh uhsuhvhqwv wkh +XV', sulfh ri frpprglwlhv lqghpdqg e| wkh vdph lqgxvwu| wkdw xvhv qdwxudo uxeehu1 Lq wklv zd| kljkhu sulfhvuh hfw kljk ohyhov ri lqgxvwuldo dfwlylw|1 Exw ghpdqg iru phwdov dqg plqhudov lvdovr dq dowhuqdwlyh iru qdwxudo uxeehu iru vshfxodwruv/ dqg vrph duelwudjh ehwzhhqwkh ydulrxv frpprglwlhv lv olnho| wr rffxu +fi1 Iudqnho/ 4<;7,1 Gdwd rq wkh sulfhlqgh{ iru plqhudov/ ruhv dqg phwdov duh wdnhq iurp XQFWDG*v Prqwko| Frpprglw|Vwdwlvwlfv1Dv phqwlrqhg deryh/ wkh sulfh ri v|qwkhwlf uxeehu lv qrw lqfoxghg/ dv wklv sulfhiroorzv wkh sulfh ri QU1 Zh fkhfnhg zkhwkhu S���| zdv dovr iroorzlqj/ udwkhu wkdqohdglqj S�-| 1 Iljxuh 8 vkrzv wkh hyroxwlrq ri wkh wzr sulfhv ryhu wlph/ dqg Wdeoh 5

8Wkh zhljkwv lq .U| duh edvhg rq hdfk vkduh lq wkh frpprq lpsruw ri wkh frxqwulhv lq txhvwlrq19Wkh zhljkwv lq .'| duh edvhg rq hdfk vkduh lq wkhlu frpprq surgxfwlrq1
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Weighted average real exchange rate per US$ 

Indonesia, Thailand, Malaysia
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Iljxuh 7= Ghyhorsphqwv lq H'| > 4<:8 0 4<<<
vkrzv wkh uhvxowv ri d whvw rq Judqjhu fdxvdolw| ri hlwkhu sulfh1Iljxuh 8 vkrzv wkdw wklv sulfh lqgh{ iroorzv d sdwwhuq/ zklfk vwurqjo| uhvhpeohv wkdwri wkh sulfh ri QU1

Kf I � vwdwlvwlf s� ydoxh
S�-| > S���| 4=399 3=697S���| > S�-| 9=<78 3=333

Wdeoh 5= Judqjhu fdxvdolw| ehwzhhq sulfhv ri QU dqg plqhudov/ ruhv dqg phwdov
Wkh whvwv fohduo| uhmhfw wkh qxoo k|srwkhvlv wkdw QU sulfhv ohdg S���| / exw shuplwwkh frqfoxvlrq wkdw S���| ohdgv S�-| =
8 D vlpsoh vwuxfwxudo prgho
Zh frqvlghu wkh iroorzlqj prgho/ zlwk doo wkh yduldeohv lq orjdulwkpv1Ohw ghpdqg eh jlyhq e|

F�` @ �f . ��FA� . �2S��� � ��S�- � �eHU
dqg vxsso| e|

T�` @ �f . ��S�- . �eH'
wkhq wkh htxloleulxp sulfh zrxog eh
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Price index of natural rubber and 

of minerals, ores and metals, US$
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Iljxuh 8= Ghyhorsphqwv lq S�-| dqg S���| > 4<:8 0 4<<<
S�- @ �f . ��FA� . �2S��� � �eH7(- � �f � �eH'�� . ��Khuh F�` lv zruog frqvxpswlrq ri QU/ FA� wkh frqvxpswlrq ri doo w|shv ri uxeehulq wkh wkuhh pdmru frqvxplqj uhjlrqv/ S��� wkh sulfh lqgh{ ri plqhudov ruhv dqgphwdov lq fxuuhqw XV'/ S�- wkh sulfh ri qdwxudo uxeehu lq fxuuhqw XV'v shu wrq/ HUwkh zhljkwhg h{fkdqjh udwh iru vrph lpsruwlqj frxqwulhv shu XV'1 T�` lv zruogsurgxfwlrq dqg H' lv wkh zhljkwhg h{fkdqjh udwh lqgh{ ri wkh wkuhh pdmru surgxflqjfrxqwulhv lq whupv ri uhdo orfdo fxuuhqflhv shu XV'1 S�- vkrxog eh fr0lqwhjudwhg zlwkwkh UKV yduldeohv dqg wkh htxdwlrq hvwdeolvkhv wkh orqj0uxq sdwk iru wkh fr0lqwhjudwhgyduldeohv1 Lq wkh vkruw uxq/ ghyldwlrqv iurp wklv sdwk rffxu/ gxh wr lqqrydwlrqv wkdwfdxvh whpsrudu| vkrfnv1Lq wkh orqj0uxq htxdwlrq/ erwk FA� dqg S��� jlyh lqirupdwlrq derxw wkh vlwx0dwlrq rq wkh ghpdqg vlgh1 Lqirupdwlrq rq wkh vxsso| vlgh lv pruh gl!fxow wr dvvhvv=wkh +uhdo, h{fkdqjh udwhv lqglfdwh krz sulfhv duh wudqvplwwhg wr orfdo surgxfhuv1D sulrul/ zlwk sulfh hodvwlflwlhv ri ghpdqg +�� dqg �e, htxdo wr derxw 314 dqghodvwlflwlhv ri vxsso| +�� dqg �e, htxdo wr 315/ zh vkrxog h{shfw wkdw HU kdv dqhvwlpdwhg frh!flhqw ri durxqg 426 dqg H' ri derxw 5261 Li wkh sdvv0wkurxjk rih{fkdqjh udwh fkdqjhv lv qrw shuihfw/ wkh �e pd| w|slfdoo| eh ohvv wkdq ��/ dqg �eeh ohvv wkdq ��1 Lq wklv fdvh/ wkh frh!flhqwv iru wkh h{fkdqjh udwhv duh ohvv wkdq wkh426 dqg 526 vxjjhvwhg hduolhu1Wkh uhgxfhg irup hvwlpdwlrq wr zklfk wkh deryh htxdwlrq jlyhv ulvh glg qrw grd jrrg mre lq whupv ri h{sodqdwru| srzhu/ hvshfldoo| ehfdxvh qr yduldeohv zhuh lq0foxghg wr fkdudfwhul}h vxsso| frqglwlrqv rwkhu wkdq wkh uhdo h{fkdqjh udwh1 Iru wklvuhdvrq/ wkh orqj0uxq htxdwlrq zdv uhirupxodwhg vr dv wr lqfoxgh T�` dv rqh ri wkhh{sodqdwru| yduldeohv1 E| lwvhoi/ wklv vkrxog pdnh wkh H' uhgxqgdqw/ dv wkh htxdwlrqqrz ehfrphv
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S�- @ ��f . ��FA� . �2S��� � �eHU �T�` � @��Iru wkh hvwlpdwhg sdudphwhu ri HU wkh lpsolfdwlrq zrxog eh wkdw wklv pxvw eh forvhwr xqlw| +li sdvv0wkurxjk lv frpsohwh dqg HU dq dghtxdwh yduldeoh,1 Li/ lq wklv uh0odwlrqvkls/ H' zrxog vwloo jhw d vljql�fdqw vljq/ wklv fdq eh wdnhq dv hylghqfh wkdwwkh h{fkdqjh udwh fkdqjhv kdyh dq h�hfw gl�huhqw iurp zkdw wkh prgho vxjjhvw1 Wkhsdudphwhu ydoxh ri T�` vkrxog eh idluo| odujh1
9 Hvwlpdwlrq dqg suhglfwlrq ri orqj0whup dqg vkruw0whupghyhorsphqwv lq qdwxudo uxeehu sulfhv914 LqwurgxfwlrqWkh surfhvv ri rewdlqlqj d jrrg h{sodqdwlrq ri S�-| kdv ehhq prvw lqwhuhvwlqj1 Wkhshulrg 4<:814 0 4<<<145 kdv ehhq xvhg dv hvwlpdwlrq shulrg1 Vlqfh vwduwlqj wkh dqdo|vlvlq odwh 5333/ dgglwlrqdo gdwd kdyh ehfrph dydlodeoh1 Wklv odwwhu sduw ri wkh dydlodeohgdwd/ 533314 0 53341:/ kdv ehhq xvhg wr dvvhvv wkh suhglfwlyh surshuwlhv ri wkh prghov1Ehorz/ �uvw wkh uhvxowv ri d vwuxfwxudo dqdo|vlv iru wkh hqwluh hvwlpdwlrq shulrg lvghvfulehg1 Wkh hvwlpdwhg orqj0uxq dqg vkruw0uxq prgho zhuh frqfoxghg qrw wr ehvdwlvidfwru|1 Frqvhtxhqwo|/ wkh hvwlpdwlrq shulrg kdv ehhq glylghg lq d shulrg ehiruhdqg diwhu 4<<:1:/ wkh prqwk wkdw wkh Dvld fulvlv vwduwhg1 Lq vhfwlrq 916 yhfwru dx0wruhjuhvvlyh +YDU, prghov kdyh ehhq hvwlpdwhg1 Wkh dqdo|vlv ri wkh wzr vxe shulrgvfohduo| uhvxowv lq gl�huhqw prghov ghvfulelqj S�-| 1 Lq wkh �uvw shulrg frlqwhjudwlrqlv qrw irxqg dqg dq xquhvwulfwhg YDU prgho h{sodlqv S�-| udwkhu zhoo1 Lq wkh vhf0rqg shulrg frlqwhjudwlrq kdv ehhq irxqg dqg d YHFP |lhogv jrrg hvwlpdwlrq dqgvlpxodwlrq uhvxowv1 Dq dowhuqdwlyh prgho lv d YDU prgho iru wkh hqwluh shulrg zlwkd gxpp| yduldeoh iru wkh wzr uhjlphv zklfk lv suhvhqwhg �uvw1 Wklv prgho h{sodlqvS�-| udwkhu zhoo wrr/ lq erwk wkh vxe shulrgv1
915 Vwuxfwxudo dqdo|vlv ri wkh vdpsoh shulrg 4<:814 0 4<<<145Wkh dqdo|vlv ri wkh orqj0uxq dqg vkruw0uxq lq xhqfh ri wkh yduldeohv ghvfulehg deryhrq wkh sulfh ri qdwxudo uxeehu zdv frpphqfhg zlwk wkh fodvvlfdo Hqjoh0Judqjhu sur0fhgxuh ^Hqjoh dqg Judqjhu +4<;:,`1 Zhdn hylghqfh ri frlqwhjudwlrq zdv irxqg1 Wkhqxoo0k|srwkhvlv ri d xqlw urrw lq wkh ROV uhvlgxdov ri wkh vwdwlf htxdwlrq lv qrw uh0mhfwhg dw wkh 8( ohyho +DGI= �6=;99,1 Wkh frh!flhqwv ri wkh orqj0uxq htxdwlrq zhuhqrw dv h{shfwhg/ edvhg rq wkh frqvlghudwlrqv jlyhq lq wkh suhylrxv vhfwlrq1 ErwkT�`| dqg H'| kdyh wr eh vshfl�hg iru jhwwlqj vrphzkdw dffhswdeoh uhvxowv1 Wkhyduldeoh HU| frxog qrw eh lqfoxghg ehfdxvh lw jrw wkh zurqj vljq1 Htxdwlrq +4, vkrzvwkh uhvxowv1

S�-| @ ;=46<� 3=9;5T�`| . 3=73;FA�| . 3=:99S���| � 3=:3:H'| . h| +4,Lq dgglwlrq/ wkh g|qdplf jhqhudol}hg ohdvw vtxduhv hvwlpdwru +GJOV,/ dv lqwurgxfhge| Vdlnnrqhq +4<<4, dqg Vwrfn dqg Zdwvrq +4<<6,/ zdv xvhg wr vhh zkhwkhu pruhh!flhqw hvwlpdwhv ri wkh orqj0uxq sdudphwhuv frxog eh rewdlqhg/ exw wkdw zdv qrwwkh fdvh1 D vkruw0uxq huuru0fruuhfwlrq prgho +hfp,/ qrw uhsurgxfhg khuh/ zdv dovr
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hvwlpdwhg1 Wkh huuru0fruuhfwlrq whup kdg d w0ydoxh ri �5=833> zklfk kdugo| vxssruwvwkh k|srwkhvlv ri frlqwhjudwlrq ri wkh yduldeohv1 Wkh shulrg diwhu 4<<:1: vkrzv d zruogzlwk fohduo| gl�huhqw h{fkdqjh udwhv dqg zh fkhfnhg wkhuhiruh zkhwkhu wkh frh!flhqwvri wkh h{fkdqjh udwh yduldeoh rq wkh vxsso| vlgh kdg fkdqjhg lq wklv surfhvv1 Uhfxuvlyhhvwlpdwhv ri wkh sdudphwhuv ri uH'| dqg uH'|3� zhuh frpsxwhg1 Wkhvh lqwhuhvwlqjsorwv duh vkrzq lq Iljxuh 91 Xqwlo wkh fxuuhqf| fulvlv/ wkh hvwlpdwhg h�hfwv ri wkh
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Iljxuh 9= Uhfxuvlyh hvwlpdwhv ri wkh sdudphwhuv ri uH'| dqg uH'|3�frqwhpsrudqhrxv h{fkdqjh udwhv zdv lqvljql�fdqw dqg vpdoo +exw qhjdwlyh,/ zklohwkh h�hfw ri wkh odjjhg h{fkdqjh udwh zdv uhodwlyho| odujh dqg qhduo| vljql�fdqw1Diwhu wkh rxweuhdn ri wkh fulvlv/ wkh frqwhpsrudqhrxv h�hfw kdv jdlqhg hqruprxvo|lq vljql�fdqfh/ exw zlwkrxw pxfk fkdqjh lq vl}h/ zkloh wkh odjjhg h�hfw kdv ehfrphsrvlwlyh/ wkrxjk djdlq rqo| plogo| vljql�fdqw1 Dsso|lqj wkh Fkrz0euhdnsrlqw whvw/wkh qxoo0k|srwkhvlv ri qr vwuxfwxudo euhdn lq wkh prgho vlqfh Mxo| 4<<: lv fohduo|uhmhfwhg zlwk dq I 0vwdwlvwlf ri 51;<9 +31337,1Wklv hylghqfh ri d vwuxfwxudo euhdn fdq eh h{sodlqhg e| wkh uroh wkdw h{fkdqjhudwhv sod| lq prvw ri wkh wudgh wkdw zdv grqh1 Xqwlo wkh gudpdwlf fkdqjhv ri 4<<:/wudghuv glg qrw qhhg wr orrn dw wkh h{fkdqjh udwhv1 Wkhlu ehkdylrxu zdv vprrwk/ dqgwuhqgzlvh1 Vrph lpsolflw frqvlghudwlrqv iru h{fkdqjh udwhv pryhphqwv pljkw kdyhehhq lqfoxghg lq orqjhu0whup frqwudfwv exw hyhq wkhq zlwkrxw pxfk ixvv1 Rqo| wkhfxuuhqf| udwhv ri wkh prvw uhfhqw prqwkv kdg vrph lpsdfw/ li dq|1 Exw dv ri Mxo|4<<:/ wudghuv zhuh vtxduho| idfhg e| hqruprxv fkdqjhv lq h{fkdqjh udwhv/ dqg wkhfxuuhqf| whupv ri wkh frqwudfwv vxgghqo| ehfdph doo lpsruwdqw1 Wdnlqj odvw prqwkh{fkdqjh udwhv zrxog eh frpsohwho| zurqj/ dqg lpphgldwh dgmxvwphqwv lq wkh XV'sulfh zhuh pdgh zkhq ghdolqj zlwk h{sruwhuv iurp ghydoxdwlqj frxqwulhv1 \hw/ wkhvxsso| zdv qrw dv lpphgldwh dqg vrph odjv lq vklsphqwv duh lqhylwdeoh1 Khqfh vrphiruhfdvwlqj lv xqdyrlgdeoh/ exw dovr yhu| gl!fxow lq wkhvh prqwkv1 Wklv pd| h{sodlqwkh ryhuvkrrwlqj ri wkh h�hfwv ri lpphgldwh h{fkdqjh udwhv/ zklfk lv frpshqvdwhglq wkh iroorzlqj prqwk1 Wkh vwuxfwxudo fkdqjh lq wkh prgho wkdw lv vxjjhvwhg e| wkhFkrz0whvw/ wkxv dprxqwv wr wkh lqfoxvlrq ri h{fkdqjh udwhv lq wkh sulfh qhjrwldwlrqvdprqj wudghuv1Ilqdoo| wkh hfp kdv ehhq uh0hvwlpdwhg zlwk d gxpp| yduldeoh iru uH'|3� dqg dqDUFK+6, surfhvv iru wkh glvwxuedqfh whup |lhoglqj pruh h!flhqw hvwlpdwhv1 Wkhghwhfwhg DUFK+6, h�hfw lqglfdwhv wkh h{lvwhqfh ri 6 prqwkv f|fohv lq wkh pdunhw
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dqg olnho| uh hfwv wkh srsxodulw| ri 60prqwk iruzdug vhoolqj dqg khgjhv1 Wkh gxpp|yduldeoh lv }hur ehiruh 4<<:1: dqg htxdo wr rqh iru wkh odvw sduw ri wkh vdpsoh shulrg1Wkh vlpxodwlrqv iru S�-| zlwk dqg zlwkrxw wkh huuru fruuhfwlrq duh jlyhq lq Iljxuh :1Dowkrxjk vwloo qrw yhu| jrrg/ wkh prgho zlwkrxw wkh huuru fruuhfwlrq whup lq Iljxuh:+e, jlyhv ehwwhu uhvxowv1
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Iljxuh := Vlpxodwlrq ri wkh vwuxfwxudo prgho zlwk huuru fruuhfwlrq +d,/ dqg zlwkrxw+e, iru wkh hvwlpdwlrq shulrg 4<:814 0 4<<<145
Wkh prghov gr qrw vlpxodwh S�-| zhoo dqg wkh �jxuhv hqgruvh wkh frqfoxvlrqwkdw d orqj0uxq uhodwlrqvkls ehwzhhq wkhvh yduldeohv grhv qrw h{lvw1 Wklv phdqv wkdwrqo| d vkruw0uxq g|qdplf prgho fdq eh hvwlpdwhg/ rqh prgho zlwk d gxpp| yduldeohru wzr prghov iru wkh wzr vxe shulrgv1 Lq dq| fdvh/ wkh vwuxfwxudo dqdo|vlv grhvqrw |lhog d vdwlvidfwru| prgho iru wkh vkruw uxq1 D gl�huhqw zd| ri prghoolqj/ e|hvwlpdwlqj d yhfwru0dxwruhjuhvvlyh +YDU, ru yhfwru0huuru fruuhfwlrq prgho +YHF,prgho/ lv ghvfulehg lq wkh iroorzlqj vhfwlrqv1

916 D YDU prgho iru wkh shulrg 4<:814 0 4<<:1:D gl�huhqw dssurdfk frpsduhg wr hvwlpdwlqj g|qdplf vkruw0uxq vwuxfwxudo prghov lvwr hvwlpdwh yhfwru dxwruhjuhvvlyh prghov1 Wkhvh prghov vkrz wkh frpsohwh lqwhugh0shqghqfh ehwzhhq wkh yduldeohv lq wkh vkruw uxq1 YDU ru vwuxfwxudo YDU dqg YHFvwxglhv zklfk fdq eh irxqg lq wkh olwhudwxuh1 H{dpsohv duh Dqghuvrq/ Kripdq dqgUdvfkh +4<<;, frqfhuqlqj wkh XV hfrqrp|/ Jrwwvfkdon dqg ]dqgzhjkh +5334, rq wkhJhupdq hfrqrp|/ Mdqj dqg Rjdnl +5334, rq vkrfnv iurp wkh XV prqhwdu| srolf|rq wkh groodu2|hq h{fkdqjh udwh/ dqg Dgroivrq +5334, zlwk h{sruw sulfh uhvsrqvhv wrh{rjhqrxv h{fkdqjh udwh pryhphqwv1 Dv wkh vwuxfwxudo dssurdfk glg qrw vxffhhg lqdghtxdwho| h{sodlqlqj S�-| > wkh YDU dqg YHF phwkrgv kdyh ehhq dssolhg wr vhhzkhwkhu ehwwhu uhvxowv frxog eh rewdlqhg1Lw lv srvvleoh wr glvwlqjxlvk ehwzhhq hqgrjhqrxv dqg h{rjhqrxv yduldeohv lq dYDU vshfl�fdwlrq1 Wkh jhqhudo irup ri d YDU+s, surfhvv lv=
|| @ D�||3� .D2||32 . � � �.DR||3R .E{| . x|> zlwk x| � Q +3>,

zlwk || d yhfwru ri n hqgrjhqrxv dqg {| d yhfwru zlwk g h{rjhqrxv yduldeohv1 D�+zlwk l @ 4> � � � s, duh n � n pdwulfhv dqg E lv d n � g pdwul{ ri sdudphwhuv1 Iru
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rxu dqdo|vlv d YDU prgho kdv ehhq vshfl�hg zlwk wkh yduldeohv S�-| > T�`| dqgFA�| dv hqgrjhqrxv yduldeohv/ zkhuhdv wkh h{fkdqjh udwhv dqg S���| duh frqvlghuhgh{rjhqrxv1 Wkh h{lvwhqfh ri d orqj0uxq uhodwlrqvkls fdq eh lqyhvwljdwhg e| xvlqjwkh pd{lpxp olnholkrrg phwkrgrorj| ri Mrkdqvhq1 Iru d YDU d qxpehu ri fulwhuldiru wkh fkrlfh ri wkh odj ohqjwk fdq eh frpsxwhg1 Wkh fulwhuld surylghg e| HYlhzv+Ilqdo suhglfwlrq huuru/ Dndlnh lqirupdwlrq fulwhulrq/ Vfkzdu} lqirupdwlrq fulwhulrq/Kdqqdq0Txlqq lqirupdwlrq fulwhulrq, gr qrw jlyh lghqwlfdo uhvxowv1 Wkh| ydu| ehwzhhq5 dqg ; odjv iru wkh �uvw shulrg1 Wkhuhiruh wkh devhqfh ri uhvlgxdo dxwrfruuhodwlrqkdv ehhq xvhg dv fulwhulxp iru wkh odj ohqjwk1Dq hvwlpdwhg YDU+<, prgho lv wkh vpdoohvw prgho wkdw kdv qr vljql�fdqw uhvlgxdodxwrfruuhodwlrq dw wkh 8( ohyho +YDU uhvlgxdo vhuldo fruuhodwlrq OP whvwv kdyh ehhqfrpsxwhg iru wklv sxusrvh, dqg fohduo| vlpxodwhv wkh hqgrjhqrxv yduldeohv pxfkehwwhu wkdq wkh plvvshfl�hg prgho ri wkh suhylrxv vhfwlrq1 Wkh OU0whvw lqglfdwhvvwloo wkh h{lvwhqfh ri frlqwhjudwlrq dqg wkh hvwlpdwhg orqj0uxq sdudphwhuv kdyh wkhfruuhfw vljq/ exw wkh uhvlgxdov ri wkh frlqwhjudwlrq uhodwlrq reylrxvo| ehkdyh zlwkd wuhqg zklfk frqwudglfwv wkh h{lvwhqfh ri dq htxloleulxp uhodwlrqvkls dprqj wkhyduldeohv1 Iljxuh ; vkrzv wzr wklqjv= wkh vlpxodwlrq dfurvv wkh hvwlpdwlrq shulrg4<:814 0 4<<:1: dqg wkh suhglfwlrqv jlyhq wkh ydoxhv ri wkh h{rjhqrxv yduldeohv iruwkh shulrg 4<<:1; 0 53341:1
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Iljxuh ;= Vlpxodwhg qdwxudo uxeehu sulfhv iurp d YDU+<,> 4<:814 0 4<<:1: dqg suh0glfwlrqv iru 4<<:1; 0 53341:Wkh sulfh S�-| lv vlpxodwhg pxfk ehwwhu e| wkh YDU prgho wkdq wkh vwuxfwxudoprgho iurp wkh suhylrxv vhfwlrq1 Lw lv fohdu wkh prgho fdqqrw suhglfw S�-| gxulqj wkhDvldq fulvlv1 Lw lv lqwhuhvwlqj wr vhh wkdw wkh vlpxodwhg sulfhv cuhwxuq* wr wkh revhuyhgsulfhv dw wkh hqg ri wkh vdpsoh shulrg1D vhfrqg vlpxodwlrq kdv ehhq grqh wr vhh wkh h�hfw ri H'| rq S�-| lq wkh shulrgdiwhu 4<<:1: zlwkrxw dq Dvldq fulvlv1 Iru wklv sxusrvh H'| lv vhw htxdo wr lwv ydoxh lq4<<:1: iru wkh odvw shulrg/ zkhuhdv wkh rwkhu h{rjhqrxv yduldeohv vwloo kdyh wkhlu uhdo
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ydoxhv1 Wkh h�hfw lv vkrzq lq Iljxuh <1
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Iljxuh <= Vlpxodwhg qdwxudo uxeehu sulfhv wloo 4<<:1: dqg suhglfwlrqv zlwk H' khogfrqvwdqw lq wkh shulrg 4<<:1: 0 53341:
Wkh vlpxodwhg sulfhv duh fohduo| kljkhu frpsduhg zlwk wkh uhdo dqg suhylrxvvlpxodwhg sulfhv1 Li HU lv dovr nhsw frqvwdqw diwhu 4<<:1: wkhq wkh vlpxodwhg sulfhvduh yhu| forvh wr wkrvh iurp Iljxuh </ wkh phdq lv hyhq lghqwlfdo1 Dq lghd derxwwkh gl�huhqfh fdq eh rewdlqhg e| frpsdulqj wkh phdq ri S�- dqg lwv vlpxodwhgydoxhv iru wkh shulrg 533314 0 53341:/ dv Iljxuh ; vkrzv wkdw wkh vlpxodwhg sulfhvkdyh cuhwxuqhg* wr wkh revhuyhg sulfhv1 Wkh phdq ri wkh vlpxodwhg sulfhv lv 6919(kljkhu wkdq wkh revhuyhg sulfhv lq wklv shulrg/ zkhuhdv wkh frqvwdqw ydoxh ri H' lv5<19( orzhu wkdq wkh phdq ri wkh revhuyhg H'| lq wkrvh 4; prqwkv1 Wklv uhvxow lvudwkhu forvh wr wkh rxwfrph iurp wkh wkhruhwlfdo prgho lq vhfwlrq 61

917 D YDU prgho iru wkh frpsohwh vdpsoh zlwk d uhjlph0vzlwfkgxpp|Ehfdxvh ri wkh vwuxfwxudo euhdn wkdw kdv ehhq revhuyhg/ d gxpp| yduldeoh kdv ehhqlqfoxghg iru wkh h{fkdqjh udwh yduldeoh H'| > htxdo wr }hur ehiruh 4<<:1: dqg htxdowr rqh iru wkh odvw sduw ri wkh vdpsoh shulrg1 Wkh OU0whvw grhv qrw fohduo| uhmhfw dfrlqwhjudwlqj uhodwlrqvkls/ exw wkh wuhqg lq wkh uhvlgxdov ri wkh frlqwhjudwlqj htxdwlrqlv vwloo suhvhqw1 Wkhuhiruh lw lv ehwwhu wr orrn dw wkh uhvxowv ri dq xquhvwulfwhg YDUprgho zlwk wkh gxpp| yduldeoh1 Wkh odj ohqjwk fulwhuld vxjjhvw d odj ri 8 shulrgv/exw dq hvwlpdwhg YDU+8, kdv dxwrfruuhodwhg uhvlgxdov1 Wklv lv dovr wuxh iru d YDU+<,1Wkh cvpdoohvw* prgho zlwkrxw vljql�fdqw dxwrfruuhodwlrq dw wkh 8( ohyho lv d YDU+45,1Vr lw wdnhv vrph wlph ehiruh fkdqjhv lq wkh yduldeohv kdyh ehhq frpsohwho| dvvlplodwhge| S�-| = Wkh lqfoxvlrq ri wkh gxpp| yduldeoh lq wkh prgho fohduo| wdnhv fduh ri wkhfkdqjhg lq xhqfh ri H'| 1 Wkh vlpxodwlrqv iru wkh fulvlv shulrg vwduwlqj iurp 4<<<1:duh yhu| jrrg/ zkloh suhglfwlrqv iru wkh shulrg 533314 0 53341: duh udwkhu forvh wr wkh
4;



revhuyhg sulfhv/ exw v|vwhpdwlfdoo| d olwwoh rq wkh orz vlgh1 Wkhvh uhvxowv duh vkrzqlq Iljxuh 431
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Iljxuh 43= Vlpxodwhg qdwxudo uxeehu sulfhv iurp d YDU+45,> 4<:814 0 4<<<145/ zlwkd gxpp| iru wkh 5qg shulrg> suhglfwlrqv iru 533314 0 53341:
Wklv prgho kdv dv uhvwulfwlrq wkdw wkh glvwxuedqfh yduldqfhv duh htxdo lq erwkuhjlphv1 D sorw ri wkh uhvlgxdov kdugo| vkrzv dq| gl�huhqfh ehwzhhq wkh vxe shulrgv/vxssruwlqj wkh lghd wkdw wklv uhvwulfwlrq grhv qrw fdxvh d sureohp1

918 D YHF prgho iru wkh shulrg 4<<:1: 0 4<<<145Dq dowhuqdwlyh iru wkh YDUprgho iru wkh frpsohwh hvwlpdwlrq shulrg zlwk wkh gxpp|yduldeoh lv wr dqdo|vh wkh vhfrqg shulrg vhsdudwho|1 Lqwhuhvwlqj gl�huhqfhv kdyh ehhqirxqg1 Lq wkh vhfrqg shulrg zklfk kdv ehhq fkdudfwhul}hg e| yrodwloh ehkdylrxu riwkh hfrqrp|/ frlqwhjudwlrq lv irxqg ehwzhhq wkh yduldeohv S�-| > T�`| > FA�| e| xvlqjMrkdqvhq*v frlqwhjudwlrq whvwv +zlwk 4 odj,1 Wkh hvwlpdwhg orqj0uxq htxdwlrq lv=
S�-| @ �5:=36<� 7=<86T�`| . 4=979FA�| . h|=Wkhvh hvwlpdwhg frh!flhqwv duh ohvv wkdq frxog eh h{shfwhg iurp vhfwlrq 81D YHF+4, prgho zlwk vrph h{foxvlrq uhvwulfwlrq rq wkh sdudphwhuv kdv ehhqhvwlpdwhg iru wkh vkruw uxq1 Wklv phdqv wkdw fkdqjhv duh yhu| udslgo| fdswxuhg e|S�-| > zklfk lv dq lpsruwdqw gl�huhqfh zlwk wkh �uvw shulrg1 Lq Iljxuh 44 wkh prghovlpxodwlrqv duh jlyhq1 Iru wkh vdnh ri hdv| frpsdulvrq zlwk wkh uhvxow ri wkh YDUprgho zlwk wkh uhjlph0gxpp|/ Iljxuh 43 kdv ehhq uhsurgxfhg lq Iljxuh 44e iruwkh shulrg 4<<:1; 0 53341:1 Lw lv hdv| wr vhh wkdw wkh YHF+4, prgho vlpxodwhv wkhrevhuydwlrqv ehwwhu wkdq wkh YDU prgho1

4<



6.0

6.2

6.4

6.6

6.8

7.0

1998 1999 2000 2001

LPNR LPNR_simul
6.0

6.2

6.4

6.6

6.8

7.0

1998 1999 2000 2001

LPNR LPNR_simul

Iljxuh 44= Vlpxodwhg qdwxudo uxeehu sulfhv iurp d YHF+4, +d, frpsduhg zlwk wkhYDU uhvxow +e, iru wkh shulrg 4<<:1: 0 4<<<145 dqg suhglfwlrqv iru 533314 0 53341:
: Frqfoxvlrqv
Wklv sdshu dvvhvvhv wkh uroh h{fkdqjh udwhv sod| lq sulfh irupdwlrq rq zruog frp0prglw| pdunhwv/ lq wklv fdvh uhsuhvhqwhg e| wkh qdwxudo uxeehu pdunhw1 Wkh edvlfvri wkh pdunhw dqg wkh yduldeohv duh ghvfulehg lq vhfwlrq 51 D wkhruhwlfdo prgho vkrzvwkh h�hfw ri h{fkdqjh udwh fkdqjhv rq sulfhv lqfrusrudwlqj pdunhw vkduhv +vhfwlrq6,1 H{fkdqjh udwh fkdqjhv vkrxog kdyh dq lqyhuvh h�hfw rq sulfhv1 D suhsdudwru|vwdwlvwlfdo dqdo|vlv ohdgv wr wkh frqfoxvlrq wkdw qdwxudo uxeehu +QU, sulfhv ohdg v|q0wkhwlf uxeehu +VU, sulfhv e| vhyhudo prqwkv +vhfwlrq 7,1 VU sulfhv duh wkhuhiruh qrwlqfoxghg lq h{sodlqlqj QU sulfhv1 D vwuxfwxudo prgho iru wkh h�hfw rq wkh sulfh riQU ri h{fkdqjh udwhv lq surgxflqj frxqwulhv dqg2ru frqvxplqj frxqwulhv lv irupx0odwhg lq vhfwlrq 8 dqg hvwlpdwhg lq vhfwlrq 91 Dovr lqfoxghg duh yduldeohv uhsuhvhqwlqjsurgxfwlrq dqg frqvxpswlrq1Iluvw lw lv wulhg wr hvwlpdwh d orqj0uxq htxdwlrq dqg d vkruw0uxq htxdwlrq1 Hvwlpd0wlrq ri wkh orqj0uxq sdudphwhuv lv grqh e| xvlqj Vwrfn dqg Zdwvrq*v GJOV hvwlpdwru/diwhu zklfk d fruuhvsrqglqj huuru0fruuhfwlrq prgho zdv hvwlpdwhg iru wkh vkruw uxq1Qr dffhswdeoh uhvxowv zhuh rewdlqhg1 Vxevhtxhqwo| YDU prghov zhuh dssolhg/ fohduo|vkrzlqj d vwuxfwxudo euhdn lq plg04<<:1 Dsso|lqj d uhjlph vzlwfk gxpp| iru wkhshulrg diwhu wkh euhdn vwurqjo| lpsuryhv wkh hvwlpdwlrq uhvxowv zkloh vlpxodwlrqv ryhuwkh vdpsoh shulrg dqg xs wr 53341: jlyh jrrg uhvxowv1 Hyhq ehwwhu uhvxowv iru wkhvhfrqg shulrg duh rewdlqhg e| dsso|lqj d YHF prgho1Lw lv vkrzq wkdw qdwxudo uxeehu sulfhv zhuh khdylo| d�hfwhg e| wkh Dvldq fulvlv1Wklv frphv dv qr vxusulvh jlyhq wkdw d odujh pdmrulw| ri uxeehu lv surgxfhg lq Wkdl0odqg/ Lqgrqhvld dqg Pdod|vld1 Wkh hvwlpdwhg h�hfw rq wkh XV'0ghqrwhg zruog pdunhwsulfhv zdv vxevwdqwldo= uhdo h{fkdqjh udwhv ri wkh wkuhh pdmru surgxfhuv kdyh jrqhxs e| vrph 73(/ diwhu lqlwldoo| ehlqj hyhq kljkhu1 Wkh h�hfwv zhuh fdofxodwhg zlwkd prgho/ lqfoxglqj wkh frpelqhg h{fkdqjh udwh ri wkh wkuhh pdmru surgxfhuv/ wkhzhljkwhg uhdo h{fkdqjh udwh ri vhyhq pdmru qrq0XV' lpsruwlqj frxqwulhv wr dffrxqwiru h�hfwv rq wkh ghpdqg vlgh/ wkh sulfh ri plqhudov ruhv dqg phwdov wr fdswxuh wkhohyho ri lqgxvwuldo dfwlylw| dqg vshfxodwlyh ixqgv dqg wkh prqwko| vxsso| ri QU dqgwkh prqwko| ghpdqg iru doo w|shv ri uxeehu wr dffrxqw iru yroxph h�hfwv1 Vlpxodwlrq
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uhvxowv erwk iru wkh vdpsoh shulrg dv zhoo dv wkh srvw0vdpsoh shulrg duh yhu| jrrg1Zruog pdunhw sulfhv uhvsrqg wr h{fkdqjh udwh fkdqjhv rq wkh vxsso| vlgh dv zhoo dvrq wkh lpsruwlqj vlgh1 Wkhuh lv vwurqj hylghqfh iru fr0pryhphqw ri uxeehu sulfhvzlwk wkdw ri plqhudov/ ruhv dqg phwdov1
Uhihuhqfhv
Dgroivrq/ P1 +5334,/ cH{sruw sulfh uhvsrqvhv wr h{rjhqrxv h{fkdqjh udwh pryhphqwv*/Hfrqrplf Ohwwhuv/ :4/ <40<91
Dqghuvrq/ U1J1/ G1 Kr�pdq dqg U1K1 Udvfkh +4<<;,/ cD Yhfwru Huuru FruuhfwlrqIruhfdvwlqj Prgho ri wkh X1V1 Hfrqrp|*/ Ihghudo Uhvhuyh Edqn ri Vw1 Orxlv/ ZrunlqjSdshu <;033;D1
Eduorz/ F1/ V1 Md|dvxul|d dqg F1 Vxdq Wdq +4<<7,/ Wkh zruog uxeehu lqgxvwu|/ Urxw0ohgjh/ Orqgrq/ Hqjodqg1
Ehqqhww/ G1D1 +4<:9,/ cFkdqjhv lq Pdunhwv iru V|qwkhwlf Uxeehu dqg Lwv Udz Pdwh0uldov/* Surfhhglqjv ri wkh HFPUD Frqihuhqfh Pdgulg> surfhvvhg1
Exujhu/ N1 dqg K1S1 Vplw +4<<:,/ Wkh qdwxudo uxeehu pdunhw 0 Uhylhz/ dqdo|vlv/srolflhv dqg rxworrn 0/ Zrrgkhdg/ Orqgrq/ Hqjodqg1
Exujhu/ N1 dqg K1S1 Vplw +5334,/ cLqwhuqdwlrqdo Pdunhw Uhvsrqvhv wr wkh DvldqFulvlv iru Uxeehu/ Frfrd dqg Fr�hh*/ lq Jìudug I1 dqg I1 Uxi= Djulfxowxuh lq Fulvlv=Shrsoh/ Frpprglwlhv dqg Qdwxudo Uhvrxufhv lq Lqgrqhvld/ Fxu}rq Suhvv/ Ulfkprqg/Xqlwhg Nlqjgrp1
Gruqexvk/ U1 +4<;:,/ cH{fkdqjh udwhv dqg sulfhv*/ Dphulfdq Hfrqrplf Uhylhz/ ::/ss1 <60434
Hqjoh/ U1I1 dqg F1Z1M1 Judqjhu +4<;:,/ cFrlqwhjudwlrq dqg Huuru Fruuhfwlrq= Uhs0uhvhqwdwlrq/ Hvwlpdwlrq dqg Whvwlqj/* Hfrqrphwulfd/ 88/ 58405:91
Iudqnho/ Mh�uh| D1 +4<;7,/ cFrpprglw| Sulfhv dqg Prqh|= Ohvvrqv iurp Lqwhuqd0wlrqdo Ilqdqfh*/ Dphulfdq Mrxuqdo ri Djulfxowxudo Hfrqrplfv/ Yro1 99/ ss1 89308991
Jloehuw/ F1O1 +4<;<,/ cWkh lpsdfw ri h{fkdqjh udwhv dqg ghyhorslqj frxqwu| ghew rqfrpprglw| sulfhv*/ Hfrqrplf Mrxuqdo/ <</ ::60:;71
Jloehuw/ F1O1 +4<<4,/ cWkh uhvsrqvh ri sulpdu| frpprglw| sulfhv wr h{fkdqjh udwhfkdqjhv*/ lq O1 Skolsv hg1= Frpprglw| Ixwxuhv dqg Ilqdqfldo Pdunhwv/ Gruguhfkw=Noxzhu1
Jrwwvfkdon/ M1 dqg Z1 ydq ]dqgzhjkh +5334,/ cGr Elyduldwh VYDU Prghov zlwkOrqj0Uxq Lghqwli|lqj Uhvwulfwlrqv \lhog Uholdeoh UhvxowvB Wkh Fdvh ri Jhupdq|*/Nlho Lqvwlwxwh ri Zruog Hfrqrplfv/ Zrunlqj Sdshu 439<1
Khuupdqq/ U1/ N1 Exujhu dqg K1S1 Vplw +4<<6, Lqwhuqdwlrqdo frpprglw| srolf|= dtxdqwlwdwlyh dqdo|vlv1 Orqgrq= Urxwohgjh
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Mdqj/ N1 dqg P1 Rjdnl +5334,/ cWkh H�hfwv ri Prqhwdu| Srolf| Vkrfnv rq H{fkdqjhUdwhv= D Vwuxfwxudo Yhfwru Huuru Fruuhfwlrq Prgho Dssurdfk*/ Rklr Vwdwh Xqlyhu0vlw|/ Ghsduwphqw ri Hfrqrplfv/ Zrunlqj Sdshu 340351
Mxpsdvxw/ S1 +4<<8,/ cV|qwkhwlf uxeehu sulfhv*/ Surfhhglqjv ri wkh Lqwhuqdwlrqdo Uxe0ehu Iruxp/ Lqwhuqdwlrqdo Uxeehu Vwxg| Jurxs/ Wrn|r/ Mdsdq/ ss1 48<04:61
Ulgohu/ G1 dqg F1D1 \dqgoh +4<:5, cD vlpsol�hg Phwkrg iru Dqdo|}lqj wkh H�hfwv riH{fkdqjh Udwh Fkdqjhv rq H{sruwv ri d Sulpdu| Frpprglw|* LPI Vwd� Sdshuv/ 4</ss1 88308:;1
Vdlnnrqhq/ S1 +4<<4,/ cDv|pswrwlfdoo| H!flhqw Hvwlpdwlrq ri Frlqwhjudwlqj Uhjuhv0vlrqv*/ Hfrqrphwulf Wkhru|/ :/ 40541
Vfkzdu}/ G1 +4<<;,/ cWuhqgv lq qdwxudo uxeehu xvdjh iru w|uhv*/ Surfhhglqjv ri wkh Lq0whuqdwlrqdo Uxeehu Iruxp/ Lqwhuqdwlrqdo Uxeehu Vwxg| Jurxs/ Edol/ Lqgrqhvld +iruwk0frplqj,1
Vplw/ K1S1 +4<;7,/ Iruhfdvwv iru wkh zruog uxeehu hfrqrp| wr wkh |hdu 5333/ Pdfplo0odq1
Vplw/ K1S1 dqg H1 Yrjhoydqj +4<<:,/ cHvwlpdwlrq dqg iruhfdvwlqj hydoxdwlrqv ri gli0ihuhqw prghov iru d fkdqjlqj uhodwlrqvkls ehwzhhq wkh sulfh ri qdwxudo dqg v|qwkhwlfuxeehu*/ xqsxeolvkhg pdqxvfulsw/ Yulmh Xqlyhuvlwhlw Dpvwhugdp1
Vwrfn/ M1K1 dqg P1Z1 Zdwvrq +4<<6,/ cD vlpsoh hvwlpdwru ri Frlqwhjudwlqj Yhfwruvlq Kljkhu Rughu Lqwhjudwhg V|vwhpv/* Hfrqrphwulfd/ 94/ :;60;531
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