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Iruhfdvwlqj pdunhwlqj pdujlqv lq wkh Dxvwudoldq
slj lqgxvwu|W

Wlp Sxufhoo
Ghsduwphqw ri Hfrqrplfv
Xqlyhuvlw| ri Txhhqvodqg

Vw1 Oxfld 73:5
Dxvwudold

4< Mdqxdu| 4<<<

Devwudfw

Wkh dssduhqw glyhujhqfh ehwzhhq surgxfhu dqg uhwdlo sulfhv lq wkh suhvhqfh
ri d pdunhwlqj fkdlq lv d frpprq idfhw lq djulfxowxudo lqgxvwulhv1 Wkhuh lv
hylghqfh wr vxjjhvw wkdw fkdqjhv lq surgxfhu sulfhv duh qrw sdvvhg rq ixoo| wr
fkdqjhv lq uhwdlo sulfh/ hvshfldoo| lq wkh vlwxdwlrq zkhuh surgxfhu sulfhv duh lq
ghfolqh1 Lq wkh suhvhqfh ri pdunhw srzhu uhgxfwlrqv lq surgxfhu sulfhv duh qrw
uh hfwhg lq uhgxfwlrqv lq uhwdlo sulfhv exw lqfuhdvhv lq surgxfhu sulfhv duh lp0
phgldwho| uh hfwhg lq lqfuhdvhv lq uhwdlo sulfhv1 Dv|pphwulf sulfh wudqvplvvlrq
zloo uhvxow iurp vlwxdwlrqv zkhuh �upv duh idflqj gl�huhqw hodvwlflwlhv iru wkhlu
lqsxwv dqg rxwsxwv1 Wklv sdshu orrnv dw wkh Dxvwudoldq phdw lqgxvwu|/ lq sdu0
wlfxodu sljphdw/ dqg dwwhpswv wr lghqwli| zkhwkhu wkh suhvhqfh ri pdunhwlqj
pdujlqv uhvxowv lq dv|pphwulf sulfh wudqvplvvlrq ehwzhhq surgxfhu dqg uhwdlo
sulfhv1 Huuru fruuhfwlrq prghov vxjjhvw wkdw wkh vshhg ri dgmxvwphqw ri uhwdlo
sulfhv wr fkdqjhv lq surgxfhu sulfhv lv yhu| vorz/ lqglfdwlqj wkdw pdunhw srzhu
lq whupv ri lqwhuwhpsrudo sulfh dyhudjlqj h{lvwv1 Zkhq forvh vxevwlwxwhv/ vxfk dv
ehhi/ fklfnhq/ dqg odpe duh wdnhq lqwr frqvlghudwlrq lw vhhpv wkdw uhwdlo sulfhv
ri srun duh vhqvlwlyh wr fkdqjhv lq wkrvh uhwdlo sulfhv/ vshfl�fdoo| fkdqjhv lq
fdwwoh sulfhv1 Wklv lpsolhv wkdw srun lv frpshwlwlyh zlwk ehhi dw wkh uhwdlo ohyho/
lqglfdwlqj krul}rqwdo frpshwlwlrq h{lvwv exw qrw yhuwlfdo1

Nh|zrugv= Dxvwudoldq Phdw Lqgxvwu|/ Dv|pphwulf Sulfh Wudqvplvvlrq/ Pdu0
nhw Srzhu/ Yhfwru Huuru Fruuhfwlrq Prghov/ Lpsxovh0Uhvsrqvh Ixqfwlrqv/ Vshhg
ri Dgmxvwphqw1

MHO Fodvvl�fdwlrq= F55/ F65/ F86/ O55/ T46

WSdshu suhvhqwhg dw wkh 76o_ Dqqxdo Dxvwudoldq Djulfxowxudo dqg Uhvrxufh Hfrqrplfv Vrflhw|

Frqihuhqfh1 Fkulvwfkxufk/ Qhz ]hdodqg1 53055 Mdqxdu| 4<<<1



41 Lqwurgxfwlrq

Lq wklv sdshu wkh dssduhqw glyhujhqfh ehwzhhq uhwdlo sulfhv dqg surgxfhu sulfhv gxh
wr wkh suhvhqfh ri d pdunhwlqj fkdlq lv h{dplqhg lq ghwdlo1 Wkh dssduhqw glyhujhqfh
ehwzhhq surgxfhu dqg uhwdlo sulfhv lq wkh suhvhqfh ri d pdunhwlqj fkdlq lv d frpprq
idfhw lq djulfxowxudo lqgxvwulhv1 Wkhuh lv hylghqfh wr vxjjhvw wkdw fkdqjhv lq surgxfhu
sulfhv duh qrw sdvvhg rq ixoo| wr fkdqjhv lq uhwdlo sulfh/ hvshfldoo| lq wkh vlwxdwlrq
zkhuh surgxfhu sulfhv duh lq ghfolqh1 Erwk Kdkq dqg Gxhzhu ^46` dqg yrq Fudprq0
Wdxedgho ^9` vkrz wkdw lq wkh suhvhqfh ri pdunhw srzhu uhgxfwlrqv lq surgxfhu sulfhv
duh qrw uh hfwhg lq uhgxfwlrqv lq uhwdlo sulfhv exw lqfuhdvhv lq surgxfhu sulfhv duh
lpphgldwho| uh hfwhg lq lqfuhdvhv lq uhwdlo sulfhv1 Dv|pphwulf sulfh wudqvplvvlrq zloo
uhvxow iurp vlwxdwlrqv zkhuh �upv duh idflqj gl�huhqw hodvwlflwlhv iru wkhlu lqsxwv dqg
rxwsxwv1 Lq vlwxdwlrqv zkhuh �upv duh deoh wr h{huw pdunhw srzhu/ dq lqfuhdvh lq lqsxw
sulfh zloo eh wudqvihuuhg udslgo| wr wkhlu rxwsxw sulfh exw d ghfuhdvh lq lqsxw sulfh
zloo qrw eh wudqvihuuhg dv udslgo| wr wkhlu rxwsxw sulfh1 Wr dffrxqw iru dv|pphwu|
lq d g|qdplf/ vlpxowdqhrxv htxdwlrq vhwwlqj Vhfwlrq 5 orrnv dw wkh irupdwlrq ri d
YHF prgho ri surgxfhu dqg uhwdlo sulfhv wdnlqj lqwr frqvlghudwlrq wkh h�hfw ri d
pdunhwlqj fkdlq gulylqj d zhgjh ehwzhhq surgxfhu dqg uhwdlo sulfhv1 Wr wdnh lqwr
dffrxqw wkh srvvlelolw| ri vsdwldo dqg whpsrudo sulfh dyhudjlqj Vhfwlrq 6 orrnv dw wkh
Dxvwudoldq uhwdlo phdw vhfwru dqg dwwhpswv wr hvwlpdwh wkh g|qdplf vkruw dqg orqj
uxq lqwhudfwlrqv ehwzhhq wkh gl�huhqw phdw surgxfwv1 Ilqdoo| Vhfwlrq 7 vxppdulvhv
wkh uhvxowv ri wkh sdshu1

51 D YHF prgho ri surgxfhu0wr0uhwdlo pdunhwlqj pdujlq

Pdq| gl�huhqw prghoolqj whfkqltxhv kdyh ehhq xvhg wr hvwlpdwh dv|pphwulf sulfh
wudqvplvvlrq1 Iru h{dpsoh/ Khlhq ^49` xvhg d pdunxs sulflqj prgho zkhuh wkh gl�hu0
hqfh ehwzhhq surgxfhu dqg uhwdlo sulfhv zdv d frqvwdqw pdunxs whup lqfrusrudwlqj
�{hg pdunhwlqj frvwv1 Lq frqwudvw/ Kdkq dqg Gxhzhu ^46` ghyhors dq hqgrjhqrxv
vzlwfklqj prgho wr fdswxuh wkh dv|pphwu| ri sulfh wudqvplvvlrq zklfk wkh| wkhq rs0
wlpl}h yld d olqhdu surjudpplqj dssurdfk1 Krzhyhu/ yrq Fudprq0Wdxedgho ^9` wdnhv
dq hfrqrphwulf dssurdfk xvlqj dq huuru fruuhfwlrq prgho +HFP, wr fdswxuh wkh vshhg
dqg ghjuhh ri dgmxvwphqw ri uhwdlo sulfhv wr d fkdqjh lq surgxfhu sulfhv1

Lq whvwlqj d pdunhw iru dv|pphwulf sulfh wudqvplvvlrq sduwlfxodu dwwhqwlrq qhhgv
wr eh sdlg wr wkh iuhtxhqf| ri wkh gdwd ^7`/^8`1 Dv wkh iuhtxhqf| ri wkh gdwd lv uhgxfhg
wkh dv|pphwulf surshuwlhv ri sulfh wudqvplvvlrq zloo eh revfxuhg e| wkh v|pphwu|
ri wkh orqj0uxq htxloleulxp1 Erwk ^8` dqg ^9` �qg wkdw wkh gdwd iuhtxhqf| qhhgv wr
eh kljkhu wkdq wkdw uhtxluhg e| pdunhw djhqwv wr frpsohwh wudqvdfwlrqv dqg wkdw dq
dssursuldwh iuhtxhqf| lv zhhno| gdwd1 Hyhq zlwk zhhno| gdwd yrq Fudprq0Wdxedgho
^9/ Wdeoh 5` �qgv wkdw wkh uhjuhvvlrq frh!flhqwv lq wkh v|pphwulf dqg dv|pphwulf
fdvh duh yhu| vlplodu dowkrxjk kh grhv frqfoxgh wkdw wkhuh lv vljql�fdqw dv|pphwu| lq
sulfh wudqvplvvlrq1 Lpsxovh0uhvsrqvh ixqfwlrqv fdofxodwhg e| yrq Fudprq0Wdxedgho
lqglfdwh wkdw htxloleulxp lv uhvwruhg zlwklq rqh txduwhu/ lqglfdwlqj wkdw d iuhtxhqf|
orzhu wkdq wkdw zloo idlo wr slfn xs wkh dv|pphwulf sulfh wudqvplvvlrq/ dw ohdvw iru wkh
qruwkhuq Jhupdq srun pdunhw1

Lq wkh Dxvwudoldq slj lqgxvwu| frqwh{w/ zkloh zhhno| sulfhv duh dydlodeoh iru sur0
gxfhu sulfhv/ uhwdlo sulfhv zlwk d kljk iuhtxhqf| duh gl!fxow wr frph e|1 R!fldo DEV
vwdwlvwlfv rqo| ghwdlo txduwhuo| uhwdlo sulfhv/ wkxv h{sorulqj wkh dv|pphwulf qdwxuh ri
sulfh wudqvplvvlrq lq wkh Dxvwudoldq slj lqgxvwu| lv kdpshuhg e| wkh lqdghtxdflhv ri
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wkh gdwd1 Gdwd olplwdwlrqv frqvwudlq xv wr rqo| dqdo|vh wkh fdvh ri v|pphwulf sulfh
wudqvplvvlrq dv dq lqglfdwlrq ri pdunhw srzhu1 Li wkh sulfh wudqvplvvlrq ehwzhhq
surgxfhu dqg uhwdlo sulfhv lv vorz/ wkh lpsolfdwlrq lv/ wkhuhiruh/ wkdw pdunhw srzhu lv
ehlqj h{huwhg dv frpshwlwlyh suhvvxuh wr udslgo| dgmxvw sulfh lv plvvlqj1

Kdkq ^45` vxjjhvwv wkdw wkhuh h{lvwv vlpxowdqhrxv htxdwlrq eldv ehwzhhq uhwdlo
dqg surgxfhu sulfh irupdwlrq/ d sureohp wkdw yrq Fudprq0Wdxedgho ^9` vnluwv durxqg
e| whvwlqj iru zhdn h{rjhqhlw| ehwzhhq sulfhv1 Wkh irupdwlrq ri d Yhfwru Huuru
Fruuhfwlrq +YHF, prgho vroyhv wklv sureohp/ e| h{solflwo| wdnlqj lqwr frqvlghudwlrq
wkh vlpxowdqhrxv qdwxuh ri sulfh irupdwlrq1 Lq wklv vhfwlrq d Yhfwru Huuru Fruuhfwlrq
ri wkh surgxfhu0uhwdlo sulfh pdujlq lv irupxodwhg lq dq dwwhpsw wr h{soruh wkh qdwxuh
ri wkh glyhujhqfh ehwzhhq wkh wzr sulfhv1

Vhdvrqdo xqlw urrw whvwv xqghuwdnhq e| Sxufhoo dqg Kduulvrq ^5;` xvlqj txduwhuo|
gdwd vxjjhvw wkdw sulru wr 4<<3 sulfhv dqg txdqwlwlhv zhuh vwdwlrqdu| exw wkh lq0
wurgxfwlrq ri lpsruwv uhvxowhg lq d vwuxfwxudo euhdn zlwk surgxfhu sulfhv ehfrplqj
qrq0vwdwlrqdu|1 Zh xvh wkh vdph gdwdvhw dv Sxufhoo dqg Kduulvrq lq wklv dqdo|vlv1

Skloolsv0Shuurq ^59` dqg DGI xqlw urrw whvwv ^:`/ ^;` zhuh fduulhg rxw iru wkh gdwdvhw
yduldeohv ryhu wkh shulrg 4<;7=4 wr 4<<;=;41 Wkh uhvxowv duh suhvhqwhg lq Wdeoh 514 +Vhh
Iljxuh 514,1 Wkh uhvxowv duh lqwhuhvwlqj/ dqg iru wkh pdlq sduw frq�up wkh xqlw urrw
whvwv fduulhg rxw rq wkh vdph yduldeohv xvlqj d txduwhuo| iuhtxhqf| +Vhh Sxufhoo dqg
Kduulvrq ^5;`,1 Wkh pdlq gl�huhqfhv duh lq wkh lghqwl�fdwlrq ri d xqlw urrw surfhvv lq
vdoh|dug sulfhv iru edfrqhuv/ grphvwlf surgxfwlrq/ dqg lpsruwv1 Sxufhoo dqg Kduulvrq
^5;` lghqwl�hg vdoh|dug sulfhv iru edfrqhuv kdylqj d xqlw urrw surfhvv srvw 4<<3/ wkh
lqwurgxfwlrq ri lpsruwv/ dqg ehlqj vwdwlrqdu| sulru wr 4<<31 Xvlqj prqwko| gdwd
wkh DGI whvw vxjjhvwv wkdw vdoh|dug sulfhv iru edfrqhuv iroorzv d vwdwlrqdu|/ U Ef�/
surfhvv zkhuhdv wkh Skloolsv0Shuurq whvw lqglfdwhv wkdw edfrqhu sulfhv iroorzv d xqlw
urrw surfhvv1 Wkh Skloolsv0Shuurq whvw lv iru d qxoo ri d xqlw urrw lv qrw vljql�fdqw dw
wkh 8( vljql�fdqfh ohyho exw dw wkh 43( ohyho wkh whvw uhmhfwv d xqlw0urrw surfhvv1 Wkh
frq lfw lq wkh whvw uhvxowv/ dqg wkh erughuolqh fulwlfdo ydoxhv vxjjhvwv wkdw vdoh|dug
sulfhv iru edfrqhuv iroorzv d iudfwlrqdo ru vhdvrqdo xqlw urrw surfhvv1 Wkh lpsruw
sulfh iru sljphdw iurp Fdqdgd dsshduv wr dovr iroorz d iudfwlrqdo ru vhdvrqdo xqlw0
urrw surfhvv/ dv wkh uhvxowv ri wkh Skloolsv0Shuurq dqg DGI whvwv duh frq lfwlqj/ dqg
lpsruw yroxphv duh vwdwlrqdu|1 Xvlqj GKI whvwv ^<`/ ^55`/ ^56` Sxufhoo dqg Kduulvrq ^5;`
lghqwl�hg lpsruw sulfhv dqg yroxphv dv iroorzlqj d 7Ue Efc �� surfhvv zkhuhdv KHJ\
whvwv ^4;` fduulhg rxw e| wkh Lqvwlwxwh iru Uhvhdufk lqwr Lqwhuqdwlrqdo Frpshwlwlyhqhvv
+LULF, ^4<` vxjjhvwhg wkdw lpsruw sulfhv iroorz d vhpl0dqqxdo xqlw0urrw surfhvv dqg
lpsruw yroxphv iroorz d qrupdo xqlw0urrw surfhvv1 Grphvwlf surgxfwlrq ri sljphdw
dsshduv wr eh vwdwlrqdu| +R 	 f�ff�,/ zklfk lv vxusulvlqj jlyhq wkh xqlw0urrw surfhvv
irxqg e| erwk Sxufhoo dqg Kduulvrq dqg LULF xvlqj txduwhuo| gdwd1

Lw lv qrupdoo| dvvxphg wkdw vwdwlrqdu| yduldeohv fdqqrw eh lqfoxglqj lq dq HFP/
vlqfh wkh HFP uhtxluhv wkdw wkh yduldeohv eh lqwhjudwhg ri wkh vdph ru kljkhu rughu1
Krzhyhu/ Kdqvhq dqg Mxvholxv ^48/ s1 4` srlqw rxw wkdw doo wkdw lv uhtxluhg lv wkdw
wzr ri wkh yduldeohv lq wkh HFP duh qrq0vwdwlrqdu|1 Vwdwlrqdu| +dqg qhdu0lqwhjudwhg
yduldeohv, riwhq sod| dq lpsruwdqw uroh lq wkh orqj0uxq htxloleulxp uhodwlrqvkls dqg
vkrxog eh lqfoxghg lq wkh HFP1

Dv d �uvw vwhs wkh rughu ri odjv wr eh lqfrusrudwhg lqwr wkh prgho qhhgv wr eh wdnhq

4Wkh uhvxowv zhuh wkh vdph iru wkh whvwv fduulhg rxw rq suh04<<3 dqg srvw04<<3 vdpsohv dqg

iru orj yhuvxv ohyho yduldeohv1 Lq wkh DGI whvwv/ h{fhsw iru lpsruw yroxphv dqg ydoxhv/ zklfk kdg

dq dxjphqwhg odj ohqjwk ri 5/ wkh uhvw ri wkh yduldeohv kdg dq dxjphqwhg odj ohqjwk ri 71 Lq wkh

Skloolsv0Shuurq whvw wkh Qhz|0Zhvw vwdwlvwlf vxjjhvwhg d wuxqfdwlrq odj ri 6 iru doo yduldeohv1
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Iljxuh 514= Dxvwudoldq slj lqgxvwu| surgxfhu/ zkrohvdoh dqg uhwdlo sulfhv
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Wdeoh 514= Slj lqgxvwu| gdwdvhw dqg xqlw urrw whvwv
Skloolsv0Shuurq DGI

Vdoh|dug sulfh iru edfrqhuv +2f2nj, +VSP,^4` LE�� LEf�
Vdoh|dug sulfh iru ehhi fdwwoh +2f2nj, +VEIP,^4` LE�� LE��
Uhwdlo sulfh iru srun +2f2nj, +USP,^4` LE�� LE��
Zkrohvdoh sulfh iru srun ohj +2f2nj, +ZSP,^5:` LE�� LE��
Lpsruwv ri sljphdw iurp Fdqdgd +nj, +FDPYP,^6` LEf� LEf�
Sulfh ri lpsruwv iurp Fdqdgd +2f2nj, +FDPSP,^6` LEf� LE��
Grphvwlf surgxfwlrq ri sljphdw +nj, +SSGP,^5` LEf� LEf�

-2620

-2520

-2420

-2320

-2220

-2120

-2020

0 1 2 3 4 5
Lags AIC SBC

Iljxuh 515= Odj ohqjwk ghwhuplqdwlrq iru prqwko| pdunhwlqj pdujlq prgho

lqwr dffrxqw1 D YDU+8, prgho zlwk VSP/ VEIP/ USP/ ZSP/ SSURGP/ FDQYP/
FDQSP +Vhh Wdeoh 514, dv hqgrjhqrxv yduldeohv dqg d frqvwdqw/ wlph wuhqg/ 4r| wr
44|� vhdvrqdo gxpplhv/ dqg d vwuxfwxudo euhdn gxpp| iru 4<<:=44 zdv uhjuhvvhg ryhu
wkh shulrg 4<<6=43 wr 4<<;=9 dqg wkh DLF dqg VEF fdofxodwhg iru hdfk rughu ri odjv
+Vhh Iljxuh 515,1

Wkh uhvxowv lqglfdwh wkdw wkh VEF vhohfwv d YDU+4, zkhuhdv wkh DLF grhv qrw
uhdfk d pd{lpxp ohyho ryhu wkh odj ohqjwkv hvwlpdwhg1 Lq frqvlghudwlrq wkdw wkh VEF
lv d frqvlvwhqw prgho vhohfwru dqg wkh DLF ryhu sdudphwhulvhv wkh prgho odj ohqjwk
vhohfwlrq d YDU+5, zdv frqvlghuhg wr eh wkh pruh dssursuldwh prgho odj ohqjwk1

Wkh prgho lv hvwlpdwhg iru prqwko| gdwd iurp 4<<6=: wr 4<<;=9 dqg lqfoxghv dv
hqgrjhqrxv U E�� yduldeohv wkh zkrohvdoh sulfh iru erqh0lq ohj phdw +ZSP,/ wkh uhwdlo
sulfh iru srun +USP,/ wkh vdoh|dug sulfh iru edfrqhuv +VSP,/ dqg grphvwlf surgxfwlrq
ri sljphdw +SSURGP,1 Lq dgglwlrq wkh vdoh|dug sulfh iru fdwwoh +VEIP,/ lpsruw
yroxphv +FDQYP, +lq njv,/ dqg lpsruw sulfhv +FDQSP, duh wuhdwhg dv h{rjhqrxv
U E�� yduldeohv1 Wkh U Ef� yduldeohv duh wkh �r| wr ��|� vhdvrqdo gxpplhv dqg d gxpp|
yduldeoh iru wkh fkdqjh lq lpsruw surwrfro lq 4<<:=441

Wkh Mrkdqvhq pd{lpxp0olnholkrrg whvw iru frlqwhjudwlrq ^53`/ ^54` lv fduulhg rxw
rq d YDU+5, zlwk xquhvwulfwhg lqwhufhswv dqg qr wuhqgv dqg wkh uhvxowv lqglfdwh wkdw
wkh k|srwkhvlv ri wzr frlqwhjudwlqj yhfwruv lv qrw uhmhfwhg +Vhh Wdeoh 515, Whvwv ri ryhu
lqghqwli|lqj uhvwulfwlrqv rq wkh frlqwhjudwlqj yhfwruv lqglfdwhv wkdw lq wkh �uvw yhfwru
d srvlwlyh orqj uxq uhodwlrqvkls h{lvwv ehwzhhq surgxfhu dqg zkrohvdoh sulfhv dqg
grphvwlf surgxfwlrq zlwk lpsruw sulfhv sod|lqj d vljql�fdqw uroh lq udlvlqj sulfhv1
Lq wkh vhfrqg frlqwhjudwlqj yhfwru d orqj uxq uhodwlrqvkls h{lvwv ehwzhhq surgxfhu
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Wdeoh 515= Mrkdqvhq PO whvw iru Frlqwhjudwlrq
Mf M� Pd{0Hljhqydoxh OU�o�|cf�fD Wudfh OU�o�|cf�fD

o ' f o ' � ..�f2SD ef�fSff �e���.2D HS��fff
o $ � o ' 2 �D�HSf� ���H�ff Se��eDb Sf�Deff
o $ 2 o ' � 22�Hfef 2S�bDff 2H�2HDH �H�Dfff
o $ � o ' e D�eH�b �b�S2ff D�eH�b �b�S2ff

Wdeoh 516= Frlqwhjudwlqj yhfwruv

FL yhfwru q� q2
7q�

`
77q

�

�
7q2

`
77q

4

�

`�� f�ff2SSbS 3f�ffHb��� f�e�22D 3��f�2e
��-�(� f��.fbf �f3� f�2b.Hf �f3e f�f2.�.HEf�ff�SH2D� f
-�� f�bHHbf �f3� f�HD..f �f3� f f
7�� f�ffSe.DS f�ff2bSeb ��f ��f
7�8� f�ff��DDf 3f�ffb2HHe f 32�HbbDEf�HDf.f�
���T� 3f��e��f �f3S f��e2ef �f3S f f
����� f�ff�feb� f�ff22�SH f��b�e�E�f.H.e�� f�.Db2.E�2S����

FL pdwul{ ' dq�c q2o c Uhvwulfwhg FL pdwul{ '
W
7q�c

7q2
�

dqg zkrohvdoh sulfhv dorqj zlwk fdwwoh sulfhv dqg lpsruw sulfhv +Vhh Wdeoh 516,1 Wkh
srvlwlyh uhodwlrqvkls ehwzhhq grphvwlf sulfhv dqg lpsruw sulfhv lv shukdsv lqglfdwlyh
ri wkh sulfh fdsslqj h�hfw ri lpsruwv> dv lpsruw sulfhv ghfolqh grphvwlf sulfhv kdyh
wr idoo lq rughu wr frpshwh1 Lw dsshduv wkdw lpsruw yroxphv kdyh qr uroh wr sod| lq
wkh ghwhuplqdwlrq ri wkh orqj0uxq htxloleulxp lq wkh grphvwlf pdunhw/ dw ohdvw lq wkh
vkruw +prqwko| iuhtxhqf|, uxq1 Wkh YHF prgho edvhg rq wkh uhvwulfwhg frlqwhjudwlqj
yhfwruv lv suhvhqwhg lq Wdeohv 517 dqg 5181

Wkh uhvxowv lqglfdwh wkdw surgxfhu sulfhv duh vljql�fdqwo| d�hfwhg e| vkruw uxq
fkdqjhv lq fdwwoh sulfhv/ zlwk hyhu| m�*&} lqfuhdvh lq wkh sulfh ri fdwwoh uhvxowv lq
durxqg d 2H2f*&} idoo lq wkh vdoh|dug sulfh iru edfrqhuv1 Lpsruw yroxphv dovr dsshdu
wr kdyh vljql�fdqw vkruw uxq h�hfwv zlwk hyhu| 4333 wrqqhv ri lpsruwv uhvxowlqj lq
surgxfhu sulfhv idoolqj e| durxqg ��2f*&}1 Orqj0uxq h�hfwv gr qrw dsshdu wr sod| dq
lpsruwdqw uroh lq surgxfhu sulfh irupdwlrq lq wklv prgho iudphzrun/ dv wkh Iurp wkh
qrq0vljql�fdqw vwuxfwxudo euhdn whup lw dsshduv wkdw rq d prqwko| edvlv wkh idoo lq
surgxfhu sulfhv diwhu Qryhpehu 4<<: frxog qrw eh dwwulexwhg wr idfwruv rwkhu wkdq
fkdqjhv lq idfwruv douhdg| prghoohg lq wkh htxdwlrq/ dowkrxjk wkh uhodwlyho| orz U2

ri 9<( lqglfdwhv wkdw wkh prgho lv qrw d yhu| jrrg �w ri wkh gdwd jhqhudwlqj surfhvv
+GJS,1 Wkh htxdwlrq iru surgxfhu sulfhv glg qrw vx�hu iurp dq| vhuldo fruuhodwlrq ru
khwhurvfhgdvwlflw|1

Uhwdlo sulfhv duh qrw vljql�fdqwo| d�hfwhg e| wkh yduldeohv lq wkh uhjuhvvlrq prgho/
lqglfdwlqj wkdw wkh GJS iru uhwdlo sulfhv lv lq xhqfhg e| rwkhu idfwruv1 Wkh vwuxfwxudo
euhdn sdudphwhu lv erughuolqh rq ehlqj vljql�fdqw/ dqg lqglfdwhv wkdw lpsruw surwrfrov
pd| kdyh ghfuhdvhg uhwdlo sulfh e| durxqg D��22f*&}� Orqj0uxq h�hfwv hpehgghg lq
wkh frlqwhjudwlqj yhfwruv gr qrw dsshdu wr sod| d juhdw uroh lq wkh ghwhuplqdwlrq ri
uhwdlo sulfhv Wkh U2 iru wkh htxdwlrq iru uhwdlo sulfhv lv rqo| 89(/ lqglfdwlqj wkdw
wkh htxdwlrq lv qrw d yhu| jrrg �w ri wkh GJS dqg wkdw fkdqjhv lq uhwdlo sulfhv duh
h{sodlqhg e| idfwruv rwkhu wkdq surgxfhu sulfhv dqg surgxfwlrq iru lqvwdqfh1 Wkh
htxdwlrq iru uhwdlo sulfhv h{klelwv vljql�fdqw khwhurvfhgdvwlflw|1
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Fkdqjhv lq wkh zkrohvdoh sulfh duh dsshdu wr eh erughuolqh vljql�fdqwo| d�hfwhg
e| fkdqjhv lq wkh vdoh|dug sulfh iru edfrqhuv zlwk d '4133 lqfuhdvh lq surgxfhu sulfhv
uhvxowlqj lq durxqg d �e2f*&} lqfuhdvh lq wkh zkrohvdoh sulfh1 Lpsruwv gr qrw dsshdu wr
sod| d uroh lq vkruw0uxq fkdqjhv wr zkrohvdoh sulfh exw wkh vhfrqg HFP sdudphwhu lv
kljko| vljql�fdqw dqg wkh �uvw erughuolqh vljql�fdqw/ lqglfdwlqj wkdw orqj0uxq fkdqjhv
lq grphvwlf surgxfwlrq/ surgxfhu sulfhv/ fdwwoh sulfhv/ dqg lpsruw sulfhv kdyh dq h�hfw
rq zkrohvdoh sulfhv1 Wkh htxdwlrq iru wkh zkrohvdoh sulfh h{klelwv vljql�fdqw vhuldo
fruuhodwlrq dqg khwhurvfhgdvwlflw|/ lqglfdwlqj wkdw wkh hvwlpdwhv zloo eh lqh!flhqw1

Fkdqjhv lq surgxfwlrq ri sljphdw duh vljql�fdqwo| d�hfwhg e| fkdqjhv lq wkh
vdoh|dug sulfh iru edfrqhuv/ zlwk d 42f2nj lqfuhdvh lq surgxfhu sulfhv uhvxowlqj lq
durxqg d eb wrqqh lqfuhdvh lq surgxfwlrq1 Zkrohvdoh sulfhv kdyh d srvlwlyh lq xhqfh
rq surgxfwlrq zlwk d 42f2nj lqfuhdvh lq zkrohvdoh sulfh uhvxowlqj lq durxqg d 2e wrqqh
lqfuhdvh lq surgxfwlrq1 Wkh vdoh|dug sulfh iru fdwwoh lv erughuolqh vljql�fdqw dqg
vxjjhvwv wkdw iru hyhu| '4133 lqfuhdvh lq fdwwoh sulfhv sljphdw surgxfwlrq lqfuhdvhv
e| durxqg �S wrqqhv1 Wkh lqwurgxfwlrq ri qhz lpsruw surwrfrov diwhu Qryhpehu 4<<:
kdv vljql�fdqwo| ghfuhdvhg sljphdw surgxfwlrq e| durxqg 5459 wrqqhv +shu prqwk,1
Lqgxvwu| vrxufhv lqglfdwh wkdw txrwd olplwv rq frqwudfw vdohv wr dedwwrluv kdyh ehhq
vwulfwo| hqirufhg gxulqj 4<<; lq dq h�ruw wr uhvwulfw vxsso| dqg wklv frxog eh dq
h{sodqdwlrq iru wkh qhjdwlyh frh!flhqw rq wkh vwuxfwxudo euhdn whup1 Dowkrxjk lpsruw
sulfhv dqg yroxphv gr qrw dsshdu wr kdyh d vkruw0uxq h�hfw rq surgxfwlrq fkdqjhv
wkh vljql�fdqw frh!flhqw iru wkh vhfrqg HFP whup lqglfdwhv wkdw wkhuh lv d orqj0uxq
htxloleulxp h�hfw ri lpsruw sulfhv rq grphvwlf surgxfwlrq1 Wkh U2 iru wkh grphvwlf
surgxfwlrq htxdwlrq lv ;<(/ lqglfdwlqj wkdw wkh prgho lv d jrrg �w ri wkh GJS iru
grphvwlf surgxfwlrq1

61 D YHF prgho ri wkh Dxvwudoldq uhwdlo phdw vhfwru

Lq wkh vhfwlrq deryh d prgho ri wkh Dxvwudoldq slj lqgxvwu| lqfrusrudwlqj d pdunhwlqj
pdujlq zdv ghyhorshg1 Wkh uhvxowv lqglfdwhg wkdw wkh GJS iru uhwdlo sulfhv zdv qrw
dghtxdwho| h{sodlqhg e| wkh prgho vwuxfwxuh dqg wklv vxjjhvwhg wkdw wkhuh zhuh rwkhu
idfwruv zklfk ehwwhu h{sodlqhg fkdqjhv lq srun uhwdlo sulfhv1

Rqh ri wkh idfhwv ri djulfxowxudo lqgxvwulhv lv wkh skhqrphqrq ri dv|pphwulf sulfh
wudqvplvvlrq ehwzhhq wkh surgxfhu dqg uhwdlo ohyhov ri wkh pdunhwlqj fkdlq1 Wkh
frqfhqwudwlrq ri pdunhw srzhu revhuyhg dw wkh uhwdlo hqg ri wkh pdunhwlqj fkdlq phdqv
wkdw �upv duh deoh wr fdswxuh lqfuhdvhg pdujlqv zkhq surgxfhu sulfhv duh orzhu dqg
sdvv rq frvw lqfuhdvhv zkhq surgxfhu sulfhv duh kljkhu1 Wklv skhqrphqrq lv e| qr
phdqv uhvwulfwhg wr Dxvwudold dqg kdv ehhq revhuyhg lq erwk Qruwk Dphulfd ^45`/ ^47`
dqg Hxursh ^9`1 Hyhq wkh uhfhqw ghfolqh lq surgxfhu sulfhv iru sljv lq Dxvwudold +Vhh
Iljxuh 514, kdv iroorzhg txlwh forvho| wkh ghfolqh lq surgxfhu sulfhv dqg fruuhvsrqglqj
pdunhw vkduh lq wkh XV dqg Fdqdgldq pdunhwv +Vhh Wdeoh 614,1

K|gh dqg Shuor� ^4:` hvwlpdwh pdunhw srzhu iru wkh Dxvwudoldq uhwdlo phdw vhfwru
dqg vxjjhvw wkdw lq wkh suhvhqfh ri pdunhw srzhu lq vrph pdunhwv exw qrw lq rwkhuv
wkh hvwlpdwlrq ri pdunhw srzhu lv eldvhg zkhq frqgxfwhg lq d vlqjoh htxdwlrq iudph0
zrun +rqh pdunhw dw d wlph, frpsduhg zlwk wkh hvwlpdwlrq lq d vlpxowdqhrxv pdunhw
iudphzrun1 K|gh dqg Shuor� hvwlpdwh pdunhw srzhu ehwzhhq uhwdlo dqg zkrohvdoh
sulfhv xvlqj d prgho edvhg rq wkh Doprvw Lghdo Ghpdqg V|vwhp +DLGV, frpelqhg
zlwk rswlpdo sulflqj frqglwlrqv iru hdfk lqgxvwu|1 Wkh| �qg wkdw ryhu wkh shulrg
4<:304<;; pdunhw srzhu zdv lqvljql�fdqw dqg xqfkdqjlqj ryhu wlph1

Lq frqwudvw/ Jul!wk dqg Sljjrww ^44` irxqg wkdw vljql�fdqw dv|pphwulf sulfh wudqv0
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Wdeoh 614= XV Sulfh Vsuhdgv fhqwv2uhwdlo oe1
Qry0<: Mxo0<; Dxj0<; Vhs0<; Rfw0<; Qry0<;

Ehhi Idup wr zkrohvdoh 2f�. 2D�e �e�D 2H�S 2D�D 2S�S
Zkrohvdoh wr uhwdlo ��.�H �2e�D ��H�H �2��f ��H�S �2��b
Iduphuv vkduh +(, Df�f eS�f eD�f eD�f eH�f e.�f

Srun Idup wr zkrohvdoh �H�f �.�� e��f eD�� eb�� DS�D
Zkrohvdoh wr uhwdlo �2��e ��S�� ��e�D ��H�f ��b�� �e2��
Iduphuv vkduh +(, �f�f 2D�f 2e�f 2��f �H�f �2�f

Vrxufh= XVGD ^5<`

plvvlrq rffxuuhg lq wkh ehhi dqg odpepdunhwv exw qrw wkh srun pdunhw ryhu wkh shulrg
4<:404<;;1 Wkhlu prgho zdv d pdunxs sulflqj prgho hvwlpdwhg iru hdfk phdw surgxfw
vhsdudwho| dqg wkxv glg qrw lqfrusrudwh vxevwlwxwlrq h�hfwv ehwzhhq phdwv1

Lq wklv vhfwlrq zh irupxodwh d yhfwru huuru fruuhfwlrq prgho ri wkh Dxvwudoldq uh0
wdlo phdw vhfwru wkdw grhv qrw lpsrvh dq dg0krf vwuxfwxuh rq wkh gdwdvhw dqg doorzv
g|qdplf lqwhudfwlrqv wr wdnh sodfh1 Wkh prgho lv hvwlpdwhg ryhu wkh shulrg 4<<3=4 wr
4<<:=5/ wkh shulrg diwhu wkh lqwurgxfwlrq ri sljphdw lpsruwv/ dqg prghov wkh lqwhudf0
wlrqv ehwzhhq uhwdlo dqg surgxfhu sulfhv1 Wkh prgho gdwdvhw frpsulvhv ri uhwdlo dqg
surgxfhu sulfhv iru sljphdw/ ehhi dqg odpe/ dqg uhwdlo sulfhv iru fklfnhq +surgxfhu
sulfhv iru fklfnhq phdw zhuh xqdydlodeoh, +Vhh Wdeoh 615 dqg Iljxuh 614,1

Wdeoh 615= Uhwdlo Phdw Vhfwru Gdwdvhw dqg xqlw urrw whvwv
Skloolsv0Shuurq DGI

Vdoh|dug sulfh iru edfrqhuv +2f2nj, +VST, LE�� LE��
Vdoh|dug sulfh iru ehhi fdwwoh +2f2nj, +VEIT, LE�� LE��
Vdoh|dug sulfh iru odpe +2f2nj, +VSTO, LE�� LE��
Uhwdlo sulfh iru srun +2f2nj, +UST, LE�� LE��
Uhwdlo sulfh iru ehhi +2f2nj, +UEIT, LE�� LE��
Uhwdlo sulfh iru odpe +2f2nj, +USTO, LE�� LE��
Uhwdlo sulfh iru fklfnhq +2f2nj, +USTF, LE�� LE��

Vrxufh= DEDUH ^4`

Dv d �uvw vwhs wkh rughu ri odjv qhhgv wr eh ghwhuplqhg iru wkh prgho1 Dq xquh0
vwulfwhg YDU+5, 0 wkh pd{lpxp dydlodeoh gxh wr wkh uhvwulfwhg gdwdvhw 0 zdv hvwlpdwhg
uhjuhvvlqj UST/ VST/ UEIT/ VEIT/ USTF/ USTO dqg VSTO dv wkh hqgrjhqrxv
yduldeohv dqg d frqvwdqw/ wlph wuhqg dqg 4r| wr 6o_ vhdvrqdo gxpplhv dv h{rjhqrxv
yduldeohv1 Wkh DLF dqg VEF zhuh fdofxodwhg iru hdfk odj ohqjwk +Vhh Iljxuh 615,1
Wkh VEF vhohfwv d prgho zlwk rqh odj zkhuhdv wkh DLF grhv qrw dsshdu wr uhdfk d
pd{lpxp ryhu wkh odjv vhohfwhg1 Vlqfh wkh VEF lv d frqvlvwhqw prgho vhohfwlrq fulwh0
ulrq dqg wkh DLF jhqhudoo| ryhu sdudphwhulvhv wkh prgho odj ohqjwk d YDU+4, lv wkh
pruh dssursuldwh prgho1 Lq frqvlghudwlrq ri wkh lpsruwdqfh ri qrw xqghuhvwlpdwlqj
wkh odj ohqjwk d YDU+5, zdv fkrvhq lqvwhdg1

Wkh Mrkdqvhq pd{lpxp0olnholkrrg whvw iru frlqwhjudwlrq lv fduulhg rxw rq d YDU+5,
zlwk xquhvwulfwhg lqwhufhswv dqg wuhqgv dqg UST/ VST/ UEIT/ VEIT/ USTF/ USTO
dqg VSTO dv wkh hqgrjhqrxv yduldeohv dqg 4r| wr 6o_ vhdvrqdo gxpplhv dv h{rjhqrxv
yduldeohv iru wkh shulrg 4<<3=4 wr 4<<:=51 Wkh uhvxowv duh frq lfwlqj/ zlwk wkh Pd{0
lpdo Hljhqydoxh vwdwlvwlf lqglfdwlqj wkdw 5 frlqwhjudwlqj yhfwruv h{lvw dqg wkh Wudfh
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Iljxuh 615= Odj ohqjwk vhohfwlrq iru uhwdlo phdw pdunhw

Wdeoh 616= Mrkdqvhq PO whvw iru Frlqwhjudwlrq
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vwdwlvwlf lqglfdwlqj wkdw 7 frlqwhjudwlqj yhfwruv h{lvw +Vhh Wdeoh 616,1 Wkh VEF vwd0
wlvwlf +qrw uhsruwhg, lqglfdwh wkdw wkhuh lv vrph  dwwhqlqj rxw ri wkh vwdwlvwlf ehwzhhq
6 dqg 7 yhfwruv vhohfwhg exw qr pd{lpxp lv uhdfkhg1 Rq edodqfh lw zdv ghflghg wkdw
d frpsurplvh rq 6 frlqwhjudwlqj yhfwruv lv suredeo| wkh ehvw1 Wkh huuru fruuhfwlrq
phfkdqlvp lv ghulyhg iurp lpsrvlqj Mrkdqvhq*v mxvw lghqwli|lqj uhvwulfwlrqv rq wkh
frlqwhjudwlqj uhodwlrqvklsv ^57`5 +Vhh Wdeoh 617,1

Wkh YHF prgho lv suhvhqwhg lq Wdeohv 618 wr 61;61 Wkh uhvxowv lqglfdwh wkdw wkh
uhwdlo sulfh ri srun lv lq xhqfhg lq wkh vkruw uxq rqo| e| fdwwoh sulfhv/ dqg wkdw rwkhu
uhwdlo dqg surgxfhu sulfhv gr qrw dsshdu wr kdyh d vkruw0uxq lq xhqfh1 Doo wkuhh ri
wkh frlqwhjudwlqj yhfwruv kdyh d vljql�fdqw lq xhqfh rq uhwdlo srun sulfhv/ lqglfdwlqj
wkdw lq wkh orqj uxq fkdqjhv lq rwkhu phdw vxevwlwxwhv vljql�fdqwo| d�hfw uhwdlo srun
sulfhv1

5 Lw zdv ghflghg qrw wr lpsrvh ryhu0lghqwli|lqj uhvwulfwlrqv rq wkh frlqwhjudwlqj yhfwruv gxh wr wkh

gl!fxow| lq ghwhuplqlqj zkdw wkh ydolg uhvwulfwlrqv zrxog eh lq d : glphqvlrqdo v|vwhp zlwk wkuhh

frlqwhjudwlqj yhfwruv1 Iru lqvwdqfh/ < uhvwulfwlrqv duh qhfhvvdu| mxvw wr lpsrvh dq h{dfwo| lghqwl�hg

orqj0uxq vwuxfwxuh1 Mrkdqvhq*v mxvw lghqwli|lqj uhvwulfwlrqv duh lpsrvhg lq suhihuhqfh dv vlpxodwlrqv

kdyh vkrzq wkdw wkh suhvhqfh ri qrq0vljql�fdqw frh!flhqwv lq wkh frlqwhjudwlqj yhfwru gr qrw d�hfw

wkh urexvwqhvv ri wkh HFP frh!flhqw lq dq| sduwlfxodu htxdwlrq1 Wkh rqo| gl!fxow| lv lq dwwhpswlqj

wr lqwhusuhw wkh orqj0uxq frh!flhqwv jlyhq wkh srvvleoh suhvhqfh ri qrq0vljql�fdqw frh!flhqwv1 Wklv

lv d qrq0vhtxlwxu lq dq| fdvh dv wkh hfrqrplf lqwhusuhwdwlrq ri ryhu0lghqwl�hg pxowlsoh orqj0uxq

uhodwlrqv lv gl!fxow dw wkh ehvw ri wlphv lq pxfk vpdoohu glphqvlrqdo v|vwhpv1

Olnholkrrg Udwlr whvwv ri uhvwulfwlqj lqglylgxdo frh!flhqwv wr }hur lqglfdwh wkdw doo wkh yduldeohv

sod| d vljql�fdqw uroh lq ghwhuplqj wkh orqj0uxq htxloleulxp1
6Wkh htxdwlrqv iru wkh uhwdlo sulfh ri odpe dqg wkh uhwdlo sulfh iru fklfnhq vkrz vljql�fdqw khw0

hurvfhgdvwlflw|1 Whvwv lqglfdwh wkdw wklv khwhurvfhgdvwlflw| grhv qrw iroorz dq DUFK surfhvv1
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Wdeoh 617= Frlqwhjudwlqj yhfwruv
FL yhfwru -�' 7�' -�8' 7�8'
q� f�f2S2ee f�f�ebeS f�f�HDbH f�f�.SeD
q2 3f�f2Hf�H f�f2HD�� 3f�ffDbSHe f�f�Dfe�
q� f�ffSe2bb 3f�f�f2Df 3f�ffH�b2� 3f�ffef�.H
�q� 3��ffff 3f�DSbD� 3f�.fHSS 3��e�ee
�q2 3��ffff ��f�.S 3f�2��f2 f�D�SHb
�q� 3��ffff ��Dbe� ��2.e� f�S2eH.

FL yhfwru -�'� -�'u 7�'u
q� f�feDDe2 3f�f�b.�H f�f2S��b
q2 f�f��eeH 3f�ffHHeHf f�ff��.�f
q� 3f�ffee�f� 3f�ffebfb� f��Hb�f �f3�

�q� 3��.�De ��D�e2 3��ff�S
�q2 ���b�H 3f���D.b f�����.
�q� f�SHbf2 f�.S�D2 3f�fSfD�b

FL pdwul{ ' dq�c q2c q�o c Qrupdolvhg FL pdwul{ '
)
�q�c �q2c �q�

K

Wkh vdoh|dug sulfh iru edfrqhuv grhv qrw vhhp wr eh lq xhqfhg e| dq| ri wkh rwkhu
sulfhv/ qhlwkhu dw wkh uhwdlo ru surgxfhu ohyhov ri wkh pdunhwlqj fkdlq dqg qhlwkhu lq
wkh vkruw qru orqj uxq1 Frpelqhg zlwk wkh uhvxowv iurp Vhfwlrq 5 wklv lqglfdwhv wkdw
rwkhu idfwruv/ vxfk dv surgxfwlrq dqg lpsruwv/ kdyh d juhdwhu lq xhqfh rq surgxfhu
sulfh GJS wkdq sulfhv ixuwkhu grzq wkh pdunhwlqj fkdlq1

Wkh uhwdlo sulfh ri ehhi dsshduv wr eh vljql�fdqwo| lq xhqfhg e| wkh vdoh|dug
sulfh iru edfrqhuv dqg lwv rzq odjjhg ydoxhv lq wkh vkruw uxq dv zhoo dv wkh vhfrqg
frlqwhjudwlqj yhfwru lq wkh orqj uxq1 Wklv lqglfdwhv wkdw fkdqjhv lq wkh rwkhu phdw
vxevwlwxwhv sod| dq lpsruwdqw uroh lq wkh orqj0uxq htxloleulxp ri ehhi sulfhv1

Wkh vdoh|dug sulfh ri fdwwoh dsshduv wr eh vljql�fdqwo| lq xhqfhg lq wkh vkruw uxq
e| fkdqjhv lq erwk wkh uhwdlo dqg surgxfhu sulfh iru sljphdw dqg odpe1 Fdwwoh sulfhv
duh dovr lq xhqfhg e| vkruw uxq fkdqjhv lq erwk wkh uhwdlo ehhi sulfh dqg fkdqjhv lq
wkh fdwwoh sulfh1 Rqo| uhwdlo fklfnhq sulfhv gr qrw dsshdu wr kdyh dq lpsdfw rq fdwwoh
sulfhv lq wkh vkruw uxq1 Doo wkuhh frlqwhjudwlqj yhfwruv sod| dq lpsruwdqw uroh lq wkh
orqj0uxq htxloleulxp sulfh ri fdwwoh1

Wkh uhwdlo sulfh ri odpe dsshduv wr eh lq xhqfhg e| vkruw uxq fkdqjhv lq wkh
sulfh ri ehhi dqg wkh surgxfhu sulfh ri odpe dv zhoo dv fkdqjhv lq wkh uhwdlo sulfh
ri odpe dsshdu wr lpsdfw vljql�fdqwo| rq wkh uhwdlo sulfh ri odpe1 Wkh vhfrqg dqg
wklug frlqwhjudwlqj yhfwruv dsshdu wr kdyh dq lq xhqfh rq wkh orqj0uxq htxloleulxp
uhwdlo sulfh iru odpe1 Lq frqwudvw/ wkh surgxfhu sulfh iru odpe grhv qrw dsshdu wr eh
lq xhqfhg e| dq| vkruw uxq fkdqjhv lq wkh sulfhv ri rwkhu phdw surgxfwv/ zlwk rqo|
wkh wklug frlqwhjudwlqj yhfwru dsshdulqj wr kdyh dq lq xhqfh rq orqj uxq fkdqjhv lq
surgxfhu sulfhv iru odpe1

Wkh uhwdlo sulfh ri fklfnhq grhv qrw dsshdu wr eh d jrrg vxevwlwxwh iru wkh rwkhu
w|shv ri phw zlwk qr vljql�fdqw h�hfw ri vkruw uxq fkdqjhv lq rwkhu phdwv lpsdfwlqj
rq fklfnhq sulfhv1 Lq wkh orqj0uxq wkh �uvw frlqwhjudwlqj yhfwru dsshduv wr sod| d
vljql�fdqw uroh lq ghwhuplqlqj fkdqjhv lq wkh uhwdlo sulfh ri fklfnhq1

Wkh uhvxowv dsshdu wr eh frqvlvwhqw zlwk wkh uhvxowv ri wkh prgho hvwlpdwhg lq
wkh suhylrxv vhfwlrq1 Zkdw vhhpv reylrxv wkrxjk lv wkdw wkh gdwd jhqhudwlqj surfhvv
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Wdeoh 618= YHF uhsuhvhqwdwlrq iru sljphdw
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.���
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.��2

|3� �H�S�bD D�eeDSd�ffeo 3�D�febb �2�bb�.d�2SDo
.���

|3� 3���bHHH D�eeDSd�feeo 3���D��b �2�bb�.d��bfo
-2 f�H�fHH f�..DSb

xqghuo|lqj surgxfhu dqg uhwdlo sulfhv ri phdw lq wkh Dxvwudoldq phdw lqgxvwu| lv
qrw vroho| uholdqw rq vxevwlwxwlrq h�hfwv ehwzhhq phdwv/ dw erwk wkh surgxfhu dqg wkh
uhwdlo ohyho1 Lq rughu wr fdswxuh wkh gdwd jhqhudwlqj surfhvv lqirupdwlrq rq surgxfwlrq
dv zhoo dv frqvxphu ghpdqg qhhgv wr eh lqfrusrudwhg1 Wkh lqfrusrudwlrq ri vxfk
dgglwlrqdo lqirupdwlrq lq d YHF iudphzrun lv h{wuhpho| gdwd lqwhqvlyh/ dqg gdwd
zlwk d kljkhu iuhtxhqf| pxvw eh xvhg lq rughu wr rewdlq vx!flhqw ghjuhhv ri iuhhgrp1

Wkh jhqhudolvhg lpsxovh uhvsrqvh ixqfwlrqv ^58` iru wkh frlqwhjudwlqj yhfwruv dqg
wkh shuvlvwhqfh sur�oh iru wkh prgho duh suhvhqwhg lq Iljxuhv 616 dqg 6171 Wkh HFP
whupv lq wkh YHF prgho ghvfuleh wkh vshhg ri dgmxvwphqw ri wkh v|vwhp wr dq h{0
rjhqrxv vkrfn lq sulfhv1 Wkh uhvxowv lqglfdwh wkdw wkh vkruw0uxq ghyldwlrqv iurp wkh
orqj0uxq htxloleulxp wdnh d orqj wlph wr glvvlsdwh 0 durxqg 48 txduwhuv iru prvw ri wkh
sulfhv1 Wkh HFPv whqg wr frxqwhuedodqfh hdfk rwkhu dqg wkh v|vwhp zlgh vshhg ri
dgmxvwphqw lv idvwhu/ wdnlqj durxqg ; wr 43 txduwhuv wr glvvlsdwh +Vhh Iljxuh 617+g,,1

71 Frqfoxvlrqv

Wkh dssduhqw glyhujhqfh ehwzhhq surgxfhu dqg uhwdlo sulfhv lq wkh suhvhqfh ri d
pdunhwlqj fkdlq lv d frpprq idfhw lq djulfxowxudo lqgxvwulhv1 Wkhuh lv hylghqfh wr
vxjjhvw wkdw fkdqjhv lq surgxfhu sulfhv duh qrw sdvvhg rq ixoo| wr fkdqjhv lq uhwdlo
sulfh/ hvshfldoo| lq wkh vlwxdwlrq zkhuh surgxfhu sulfhv duh lq ghfolqh1 Lq wkh suhvhqfh
ri pdunhw srzhu uhgxfwlrqv lq surgxfhu sulfhv duh qrw uh hfwhg lq uhgxfwlrqv lq uhwdlo
sulfhv exw lqfuhdvhv lq surgxfhu sulfhv duh lpphgldwho| uh hfwhg lq lqfuhdvhv lq uhwdlo
sulfhv1 Wklv sdshu kdv h{dplqhg dv|pphwulf sulfh wudqvplvvlrq lq d YHF iudphzrun1
Wzr prghov duh suhvhqwhg1 Wkh �uvw prgho dwwhpswv wr fdswxuh wkh sulfh wudqvplvvlrq
ehwzhhq surgxfhu/ zkrohvdoh dqg uhwdlo sulfhv lq wkh Dxvwudoldq slj lqgxvwu| dqg wkh
vhfrqg prgho h{dplqhv wkh vxevwlwxwlrq h�hfwv ehwzhhq uhg phdw dw erwk wkh surgxfhu
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Wdeoh 619= YHF uhsuhvhqwdwlrq iru ehhi
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Wdeoh 61:= YHF uhsuhvhqwdwlrq iru odpe
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Wdeoh 61;= YHF uhsuhvhqwdwlrq iru fklfnhq
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    Generalized Impulse Response(s) to one S.E. shock in the equation for RPQ
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    Generalized Impulse Response(s) to one S.E. shock in the equation for SPQ
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   Generalized Impulse Response(s) to one S.E. shock in the equation for RBFQ
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Iljxuh 616= Jhqhudolvhg Lpsxovh0Uhvsrqvhv iru Frlqwhjudwlqj Yhfwruv
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   Generalized Impulse Response(s) to one S.E. shock in the equation for RPQL
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       Persistence Profile of the effect of a system-wide shock to CV’(s)
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dqg uhwdlo ohyho1
Wkh uhvxowv ri wkh �uvw prgho ri sulfh wudqvplvvlrq lq wkh Dxvwudoldq slj lqgxvwu|

lqglfdwh wkdw surgxfhu sulfhv iru sljv duh vljql�fdqwo| d�hfwhg e| vkruw uxq fkdqjhv
lq fdwwoh sulfhv dqg lpsruw yroxphv ri sljphdw iurp Fdqdgd1 Orqj0uxq h�hfwv gr qrw
dsshdu wr sod| dq lpsruwdqw uroh lq surgxfhu sulfh irupdwlrq lq wklv prgho iudphzrun1
Uhwdlo sulfhv duh qrw vljql�fdqwo| d�hfwhg e| wkh yduldeohv lq wkh prgho/ lqglfdwlqj
wkdw wkh GJS iru uhwdlo sulfhv lv lq xhqfhg e| rwkhu idfwruv olnh rwkhu phdw vxevwlwxwhv1
Zkrohvdoh sulfhv dsshdu wr eh d�hfwhg e| vkruw0uxq fkdqjhv lq wkh vdoh|dug sulfh iru
edfrqhuv dqg orqj0uxq fkdqjhv lq grphvwlf surgxfwlrq/ surgxfhu sulfhv/ fdwwoh sulfhv/
dqg lpsruw sulfhv1 Wkh grphvwlf surgxfwlrq ri sljphdw lv lq xhqfhg e| fkdqjhv lq
wkh vdoh|dug sulfh iru edfrqhuv/ fdwwoh sulfhv dqg zkrohvdoh sulfhv1

Wkh uhvxowv ri wkh vhfrqg prgho ri vxevwlwxwlrq ehwzhhq uhg phdwv lq wkh Dxv0
wudoldq uhwdlo phdw vhfwru lqglfdwh wkdw wkh uhwdlo sulfh ri srun lv lq xhqfhg lq wkh
vkruw uxq rqo| e| fdwwoh sulfhv/ dqg wkdw rwkhu phdw sulfhv gr qrw dsshdu wr kdyh
d vkruw0uxq lq xhqfh1 Krzhyhu/ lq wkh orqj uxq fkdqjhv lq rwkhu phdw vxevwlwxwhv
vljql�fdqwo| d�hfw uhwdlo srun sulfhv1 Wkh vdoh|dug sulfh iru edfrqhuv grhv qrw vhhp
wr eh lq xhqfhg e| dq| ri wkh rwkhu sulfhv lqglfdwlqj wkdw rwkhu idfwruv/ vxfk dv sur0
gxfwlrq dqg lpsruwv/ kdyh d juhdwhu lq xhqfh rq surgxfhu sulfh GJS wkdq sulfhv
ixuwkhu grzq wkh pdunhwlqj fkdlq1

Wkh uhwdlo sulfh ri ehhi dsshduv wr eh vljql�fdqwo| lq xhqfhg e| wkh vdoh|dug sulfh
iru edfrqhuv dqg lwv rzq odjjhg ydoxhv lq wkh vkruw uxq dqg fkdqjhv lq wkh rwkhu
phdw vxevwlwxwhv sod| dq lpsruwdqw uroh lq wkh orqj0uxq htxloleulxp ri ehhi sulfhv1
Wkh vdoh|dug sulfh ri fdwwoh dsshduv wr eh vljql�fdqwo| lq xhqfhg lq wkh vkruw uxq e|
fkdqjhv lq erwk wkh uhwdlo dqg surgxfhu sulfh iru sljphdw dqg odpe1 Fdwwoh sulfhv
duh dovr lq xhqfhg e| vkruw uxq fkdqjhv lq erwk wkh uhwdlo ehhi sulfh dqg fkdqjhv lq
wkh fdwwoh sulfh1 Rqo| uhwdlo fklfnhq sulfhv gr qrw dsshdu wr kdyh dq lpsdfw rq fdwwoh
sulfhv lq wkh vkruw uxq1 Fkdqjhv lq wkh rwkhu phdw vxevwlwxwhv sod| dq lpsruwdqw uroh
lq wkh orqj0uxq htxloleulxp ri fdwwoh sulfhv

Wkh uhwdlo sulfh ri odpe dsshduv wr eh lq xhqfhg e| vkruw uxq fkdqjhv lq wkh sulfh
ri ehhi dqg wkh surgxfhu sulfh ri odpe dv zhoo dv fkdqjhv lq wkh uhwdlo sulfh ri odpe
dsshdu wr lpsdfw vljql�fdqwo| rq wkh uhwdlo sulfh ri odpe1 Lq frqwudvw/ wkh surgxfhu
sulfh iru odpe grhv qrw dsshdu wr eh lq xhqfhg e| dq| vkruw uxq fkdqjhv lq wkh sulfhv
ri rwkhu phdw surgxfwv1 Erwk wkh surgxfhu dqg uhwdlo sulfh ri odpe duh lq xhqfhg e|
wkh orqj0uxq htxloleulxp ehwzhhq phdw sulfhv1

Wkh uhwdlo sulfh ri fklfnhq grhv qrw dsshdu wr eh d jrrg vxevwlwxwh iru wkh rwkhu
w|shv ri phw zlwk qr vljql�fdqw h�hfw ri vkruw uxq fkdqjhv lq rwkhu phdwv lpsdfwlqj
rq fklfnhq sulfhv1

Wkh uhvxowv ri wkh wzr prghov dsshdu wr eh frqvlvwhqw lq wkdw uhwdlo sulfhv iru srun
vhhp wr eh lq xhqfhg e| fkdqjhv lq rwkhu phdw sulfhv zkhuhdv wkh surgxfhu sulfh
ri sljphdw lv lq xhqfhg e| rwkhu idfwruv vxfk dv grphvwlf surgxfwlrq dqg lpsruwv1
Zkdw vhhpv reylrxv wkrxjk lv wkdw wkh gdwd jhqhudwlqj surfhvv xqghuo|lqj surgxfhu
dqg uhwdlo sulfhv ri phdw lq wkh Dxvwudoldq phdw lqgxvwu| lv qrw vroho| uholdqw rq
vxevwlwxwlrq h�hfwv ehwzhhq phdwv/ dw erwk wkh surgxfhu dqg wkh uhwdlo ohyho1 Lq rughu
wr fdswxuh wkh gdwd jhqhudwlqj surfhvv lqirupdwlrq rq surgxfwlrq dv zhoo dv frqvxphu
ghpdqg qhhgv wr eh lqfrusrudwhg1

Wkh uhvxow ri wkh huuru fruuhfwlrq prghov orrnlqj dw sulfh wudqvplvvlrq ehwzhhq
surgxfhu dqg uhwdlo sulfhv vxjjhvw wkdw wkh vshhg ri dgmxvwphqw ri uhwdlo sulfhv wr
fkdqjhv lq surgxfhu sulfhv lv yhu| vorz/ lqglfdwlqj wkdw pdunhw srzhu lq whupv ri
lqwhuwhpsrudo sulfh dyhudjlqj h{lvwv1 Zkhq forvh vxevwlwxwhv/ vxfk dv ehhi/ fklfnhq/
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dqg odpe duh wdnhq lqwr frqvlghudwlrq lw vhhpv wkdw uhwdlo sulfhv ri srun duh vhqvlwlyh
wr fkdqjhv lq wkrvh uhwdlo sulfhv/ vshfl�fdoo| fkdqjhv lq vdoh|dug fdwwoh sulfhv1 Wklv
lpsolhv wkdw srun lv frpshwlwlyh zlwk ehhi dw wkh uhwdlo ohyho/ lqglfdwlqj krul}rqwdo
frpshwlwlrq h{lvwv exw qrw yhuwlfdo1
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