
Give to AgEcon Search

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search.

Help ensure our sustainability.

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their 
employer(s) is intended or implied.

https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/


Wkh h�hfw ri lpsruwv rq wkh Dxvwudoldq slj lqgxvwu|W

Wlp Sxufhoo dqg Vwhyh Kduulvrq
Ghsduwphqw ri Hfrqrplfv
Xqlyhuvlw| ri Txhhqvodqg

Vw1 Oxfld 73:5
Dxvwudold

4< Mdqxdu| 4<<<

Devwudfw

Lq 4<<3 wkh Dxvwudoldq Jryhuqphqw uhod{hg uhvwulfwlrqv rq wkh lpsruwdwlrq
ri sljphdw iurp Fdqdgd1 Lq uhvsrqvh wr ghfolqlqj surgxfhu sulfhv dqg wkhlu frq0
vhtxhqw h�hfw rq sur�wdelolw|/ wkh Dxvwudoldq slj lqgxvwu| udlvhg frqfhuqv zlwk
wkh Dxvwudoldq Jryhuqphqw wkdw wkh ghfolqh lq surgxfhu sulfh zdv gxh wr orzhu
sulfhg lpsruwv iurp Fdqdgd dqg wklv zdv vhulrxvo| lqmxulqj wkh lqgxvwu|1 Wklv
sdshu dwwhpswv wr lghqwli| wkh idfwruv d�hfwlqj fkdqjhv lq wkh pdunhw htxlole0
ulxp ri wkh slj lqgxvwu| lq Dxvwudold1 Wkh uhvxowv vxjjhvw wkdw sulru wr 4<<3 slj
surgxfhu sulfhv zhuh uhodwlyho| vwdeoh dqg surgxfhuv frxog eh frq�ghqw ri ehlqj
deoh wr suhglfw pdunhw pryhphqwv1 Diwhu 4<<3 wkhuh lv d vwuxfwxudo euhdn zklfk
kdv lqgxfhg yrodwlolw| lq slj surgxfhu sulfhv/ qrw rqo| pdnlqj surgxfhu ghfl0
vlrqv pruh gl!fxow/ exw uhprylqj dq| orqj0uxq htxloleulxp uhodwlrqvkls1 Xqolnh
suhylrxv vwxglhv/ wklv uhsruw kdv irxqg d vwdwlvwlfdoo| vljql�fdqw uhodwlrqvkls eh0
wzhhq lpsruw yroxphv dqg lpsruw sulfhv dqg grphvwlf surgxfwlrq dqg grphvwlf
sulfhv dw doo ohyhov ri wkh pdunhwlqj fkdlq1 Wkh uhvxowv lqglfdwh wkdw lpsruw
yroxphv dqg sulfhv ghsuhvv surgxfhu dqg uhwdlo sulfhv1 Surgxfhu sulfhv vhhp wr
eh pruh d�hfwhg wkdq uhwdlo sulfhv/ lqglfdwlyh ri dq dv|pphwulf sulfh wudqvplv0
vlrq h�hfw1 Wkh lqfuhdvlqj pdunhwlqj pdujlq vxjjhvwv wkdw wkh ehqh�wv ri wudgh
olehudolvdwlrq/ uhvxowlqj iurp d uhgxfwlrq lq frqvxphu sulfh/ kdyh ehhq fdswxuhg
e| rqh sduwlfxodu lqwhuhvw jurxs dqg qrw vsuhdg wkurxjkrxw wkh hfrqrp|1

Nh|zrugv= Wudgh Olehudolvdwlrq/ Pdunhw Srzhu/ Vhdvrqdo Xqlw Urrwv/ Dx0
wruhjuhvvlyh Glvwulexwhg Odj Prghov/ Yhfwru Huuru Fruuhfwlrq Prghov1

MHO Fodvvl�fdwlrq= F55/ F65/ O55/ T44/ T4:

WSdshu suhvhqwhg dw wkh 76o_ Dqqxdo Dxvwudoldq Djulfxowxudo dqg Uhvrxufh Hfrqrplfv Vrflhw|
Frqihuhqfh/ Fkulvwfkxufk/ Qhz ]hdodqg/ 53055 Mdqxdu| 4<<<1



41 Lqwurgxfwlrq

Lq uhvsrqvh wr ghfolqlqj surgxfhu sulfhv iurp odwh 4<<: dqg wkhlu frqvhtxhqw h�hfw rq
sur�wdelolw|/ wkh Dxvwudoldq slj lqgxvwu| udlvhg frqfhuqv zlwk wkh Dxvwudoldq Jryhuq0
phqw wkdw wkh ghfolqh lq surgxfhu sulfh zdv gxh wr orzhu sulfhg lpsruwv iurp Fdqdgd
dqg wklv zdv vhulrxvo| lqmxulqj wkh lqgxvwu|1 D Surgxfwlylw| Frpplvvlrq lqtxlu| lqwr
wkh h�hfwv ri lpsruwv rq wkh Dxvwudoldq slj lqgxvwu| zdv vhw xs lq Mxqh 4<<; zlwk
d ylhz wr ghwhuplqlqj zkhwkhu Vdihjxdug surylvlrqv ri wkh Djuhhphqw rq Vdihjxdugv
dqg Duwlfoh [L[ ri wkh Jhqhudo Djuhhphqw rq Wdul�v dqg Wudgh +JDWW, 4<<7 ^43`
frxog eh lpsrvhg rq lpsruwv1 Lq Qryhpehu 4<<; wkh Surgxfwlylw| Frpplvvlrq pdgh
d �qglqj wkdw lpsruwv zhuh vhulrxvo| lqmxulqj wkh lqgxvwu| dqg wkdw d whpsrudu| wdul�
zdv mxvwl�hg xqghu ZWR Vdihjxdug uxohv dowkrxjk vwuxfwxudo dgmxvwphqw dvvlvwdqfh
zdv suredeo| pruh ehqh�fldo wr wkh lqgxvwu| ^5<`1

Vhyhudo vxeplvvlrqv ^65`/ ^63`/ ^;` wr wkh Surgxfwlylw| Frpplvvlrq lqtxlu| suh0
vhqwhg txdqwlwdwlyh hylghqfh lq wkh irup ri hfrqrphwulf prghoolqj/ dv dq dgmxqfw wr
wkh Frpplvvlrq*v rzq frpplvvlrqhg uhvhdufk ^45`/ ^4;`1 Wklv sdshu uhsruwv vrph ri
wkh fhqwudo hfrqrphwulf prghoolqj zrun iurp wkh Txhhqvodqg Ghsduwphqw ri Sulpdu|
Lqgxvwulhv vxeplvvlrq ^65`/ ^63` wr wkh lqtxlu|1 Wkh phwkrgrorj| suhvhqwhg lq wklv
sdshu lv gluhfwo| frpsdudeoh zlwk wkh uhvhdufk frpplvvlrqhg e| wkh lqtxlu| ^45`/ ^4;`1
Wkh wkuhh uhsruwv irup d xvhixo frpsdulvrq ri wkh phwkrgrorj| xqghu gl�huhqw dv0
vxpswlrqv ri pdunhw vwuxfwxuh dqg vkrz wkdw wkh xqghuo|lqj dvvxpswlrqv duh fulwlfdo
lq lghqwli|lqj zkhwkhu lpsruwv kdyh kdg dq h�hfw rq wkh Dxvwudoldq slj lqgxvwu|1

Diwhu suhvhqwlqj d eulhi klvwru| ri wkh Dxvwudoldq slj lqgxvwu| xqghu wudgh olehudo0
lvdwlrq lq Vhfwlrq 5 wklv sdshu suhvhqwv d prgho ri wkh Dxvwudoldq slj lqgxvwu| zklfk
wdnhv lqwr frqvlghudwlrq wkh g|qdplf lqwhudfwlrqv ehwzhhq sulfhv dqg surgxfwlrq dv
wkh pdunhw htxloleulxp vkliwv ryhu wlph1 D Yhfwru Huuru Fruuhfwlrq +YHF, prgho
lv dq dssursuldwh phwkrgrorj| wr xvh wr lqyhvwljdwh wkhvh h�hfwv dv lw doorzv vkruw0
uxq vkliwv lq sulfhv dqg txdqwlwlhv wr eh prghoohg dorqjvlgh orqj0uxq frqyhujhqfh wr
pdunhw htxloleulxp lq d g|qdplf/ vlpxowdqhrxv vhwwlqj1

Lq dwwhpswlqj wr hvwlpdwh wkh h�hfw ri lpsruwv rq wkh grphvwlf pdunhw htxloleulxp
ri wkh Dxvwudoldq slj lqgxvwu| wkhuh lv d txhvwlrq dv wr zkdw lv wkh dssursuldwh pdunhw
vwuxfwxuh wr prgho1 Zkhuhdv lw lv h{shfwhg wkdw grphvwlf pdunhw sulfhv dqg txdqwlwlhv
zloo kdyh vlpxowdqhrxv ihhgedfn h�hfwv rq hdfk rwkhu/ wkdw lv/ wkh| duh hqgrjhqrxvo|
ghwhuplqhg/ zkhwkhu fdwwoh sulfhv dqg lpsruwv duh hqgrjhqrxv ru h{rjhqrxv lv dqrwkhu
pdwwhu1 H{rjhqhlw| whvwv fduulhg rxw e| wkh Lqvwlwxwh iru Uhvhdufk lqwr Lqwhuqdwlrqdo
Frpshwlwlyhqhvv +LULF, ^4;` vxjjhvw wkdw surgxfhu dqg uhwdlo sulfhv duh hqgrjhqrxv
exw grphvwlf surgxfwlrq/ lpsruw sulfhv dqg yroxphv dqg fdwwoh sulfhv duh doo zhdno|
h{rjhqrxv1 D sulrul wkh h{shfwdwlrq lv wkdw lpsruw yroxphv dqg sulfhv dqg fdwwoh
sulfhv duh h{rjhqrxv exw wkh �qglqj wkdw grphvwlf surgxfwlrq lv dovr h{rjhqrxv lv
sx}}olqj1 D srvvleoh h{sodqdwlrq iru wklv lv wkh kljko| lqhodvwlf qdwxuh ri surgxfwlrq
lq wkh vkruw uxq zklfk uhvxowv lq surgxfwlrq ehlqj huurqhrxvo| lghqwl�hg dv h{rjhqrxv1
Lq gxh frqvlghudwlrq ri wkh gl�huhqw w|shv ri pdunhw vwuxfwxuh dqg wkhlu srvvleoh hi0
ihfwv rq prgho rxwfrphv wkuhh gl�huhqw prghov duh frqvwuxfwhg1 Lq Vhfwlrq 6 wkh �uvw
prgho wuhdwv grphvwlf surgxfhu dqg uhwdlo slj sulfhv/ grphvwlf surgxfwlrq dqg fdwwoh
sulfhv dv ehlqj hqgrjhqrxvo| ghwhuplqhg zlwk lpsruwv dv h{rjhqrxvo| ghwhuplqhg lq
d ghwhuplqlvwlf vhdvrqdo sdwwhuq1 Wkh orqj0uxq htxloleulxp ri wkh pdunhw lq dq hu0
uru fruuhfwlrq iudphzrun lv hvwlpdwhg xvlqj Mrkdqvhq*v pd{lpxp olnholkrrg whvw iru
frlqwhjudwlrq ehiruh wkh YHF prgho lv hvwlpdwhg dqg lpsxovh uhvsrqvh ixqfwlrqv fdo0
fxodwhg1 Lq Vhfwlrq 7 wkh vhfrqg prgho dvvxphv lpsruwv duh h{rjhqrxvo| ghwhuplqhg
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lq d vwrfkdvwlf/ qrq0vwdwlrqdu| pdqqhu1 Lq Vhfwlrq 8 wkh wklug prgho dvvxphv wkdw
erwk fdwwoh sulfhv dqg lpsruwv duh wuhdwhg dv qrq0vwdwlrqdu| h{rjhqrxv yduldeohv1 Il0
qdoo|/ Vhfwlrq 9 frqwudvwv wkh prghoolqj uhvxowv zlwk wkrvh rewdlqhg iurp wkh uhvhdufk
frpplvvlrqhg e| wkh Surgxfwlylw| Frpplvvlrq1

51 Edfnjurxqg

Lq 4<<3 wkh Dxvwudoldq Jryhuqphqw uhod{hg uhvwulfwlrqv rq wkh lpsruwdwlrq ri sljphdw
iurp Fdqdgd1 Lq uhvsrqvh wr d grzqzdug wuhqg lq sulfhv/ wkh slj lqgxvwu| pdgh uhsuh0
vhqwdwlrqv wr wkh Dxvwudoldq Fxvwrpv Vhuylfh +DFV, dqg wkh Dqwl0Gxpslqj Dxwkrulw|
+DGD, wr lqlwldwh dqwl0gxpslqj dqg frxqwhuydlolqj +DGFY, surfhhglqjv djdlqvw wkh
Fdqdgldq slj lqgxvwu| ^:`1 D 4<<5 DFV lqtxlu| wkdw frqfoxghg wkdw iur}hq srun
h{sruwv iurp Fdqdgd kdg qrw fdxvhg dqg glg qrw wkuhdwhq pdwhuldo lqmxu| wr wkh
Dxvwudoldq lqgxvwu|1 Dffruglqjo| wkhuh zdv qrw vx!flhqw jurxqgv iru dq DGFY qr0
wlfh1

Wkh DGD uhsruw frqfhqwudwhg rq wkh lvvxh ri gxpslqj ru vxevlglvdwlrq ri Fdqd0
gldq sljphdw/ zklfk uholhv rq d qduurz +exw whfkqlfdoo| fruuhfw, gh�qlwlrq ri gxpslqj
0 wkdw wkh surgxfw xqghu lqyhvwljdwlrq lv r�huhg dw d orzhu sulfh lq wkh iruhljq frxq0
wu| wkdq lq wkh grphvwlf frxqwu|1 Wklv qduurz gh�qlwlrq ljqruhv wkh khwhurjhqhlw| ri
prvw djulfxowxudo surgxfh dqg dvvxphv wkdw wkhuh lv qr furvv vxevlglvdwlrq ehwzhhq
mrlqw surgxfwv1 Dw lvvxh lv wkh gl�huhqw hodvwlflwlhv ri ghpdqg iru gl�huhqw frpsrqhqwv
ri wkh slj fdufdvv dfurvv frxqwulhv1 Lq Qruwk Dphulfd dqg Dvld +iru h{dpsoh Mdsdq/
Wdlzdq dqg Nruhd 0 vljql�fdqw h{sruw pdunhwv iru Fdqdgldq dqg XV sljphdw,/ wkhuh lv
frqvlghudeoh ydoxh sodfhg rq wkh iruhsduw ri wkh slj 0 hvshfldoo| srun ehoolhv 0 zkhuhdv
d pxfk ohvvhu ydoxh lv sodfhg rq wkh klqgv ri wkh slj 0 wkh ohjv1 Dv vxfk/ zlwk frqvxphu
ghpdqg ehlqj iru srun ehoolhv/ dqg wkh mrlqw surgxfw qdwxuh ri slj surgxfwlrq/ wkhuh
lv dq ryhuvxsso| ri klqgv ohdglqj wr d orzhu sulfh iru klqgv frpsduhg zlwk iurqwv1 Lq
frqwudvw/ Dxvwudoldq frqvxphuv sodfh d pxfk kljkhu ydoxh rq ohjv wkdq rq srun ehoolhv
dqg wkxv wkhuh lv d qdwxudo duelwudjh iru h{sruwv ri klqgv lqwr wkh Dxvwudoldq pdunhw1
Dq| ghwhuplqdwlrq ri gxpslqj zloo frqfoxgh lq wkh qhjdwlyh dv klqgv duh r�huhg dw
d orzhu sulfh lq erwk pdunhwv1 Lq hvvhqfh/ klqgv duh gxpshg lq erwk pdunhwv gxh wr
wkh kljkhu ydoxhg srun ehoolhv lqgxflqj surgxfhuv wr lqfuhdvh surgxfwlrq wr fdwhu iru
wkdw vhjphqw ri wkh pdunhw1 Wkh furvv0vxevlglvdwlrq ehwzhhq srun ehoolhv dqg klqgv
gxh wr wkh mrlqwqhvv ri surgxfwlrq pdnhv lw sur�wdeoh iru surgxfhuv wr vhoo klqgv dw d
pxfk orzhu/ li qrw ehorz frvw ohyho lq erwk pdunhwv1 Ghvslwh wkh qhjdwlyh �qglqjv ri
wkh DGD uhsruw/ wkh slj lqgxvwu| frqwlqxhg wr eholhyh wkdw d frqwulexwlqj idfwru ri
ghfolqlqj sulfhv/ ghfolqlqj sur�wdelolw|/ dqg forvlqj ri sljjhulhv dqg surfhvvlqj sodqwv
zdv wkh lpsruwv ri Fdqdgldq sljphdw1 Dffruglqjo|/ lq 4<<8 wkh Ihghudo Sulpdu|
Lqgxvwulhv Plqlvwhu djuhhg wr uhihu wkh pdwwhu wr wkh Lqgxvwu| Frpplvvlrq1 Wkh uh0
sruw kdqghg grzq e| wkh Lqgxvwu| Frpplvvlrq ^4:` diwhu h{whqvlyh frqvxowdwlrq zlwk
lqwhuhvwhg sduwlhv kdg vhyhudo pdlq frqfoxvlrqv=

41 Lpsruwv ri sljphdw iruphg rqo| d vpdoo iudfwlrq ri wrwdo vxsso| rq wkh gr0
phvwlf pdunhw dqg/ dv vxfk/ zhuh xqolnho| wr lq xhqfh wkh ghpdqg dqg vxsso|
htxloleulxp1

51 Hfrqrplf dqdo|vlv e| DEDUH ^4`/ xvlqj wkhlu Hfrqrphwulf Prgho ri Dxvwudoldq
Eurdgdfuh Djulfxowxuh +HPDED,/ dqg wkh Qhz Vrxwk Zdohv Jryhuqphqw ^44`/
xvlqj Judqjhu Fdxvdolw|/ irxqg olwwoh vxssruw iru wkh frqwhqwlrq wkdw lpsruwv
kdg dq h�hfw rq vdoh|dug/ ru idupjdwh/ sljphdw sulfhv1
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61 Lqfuhdvlqj ihhg judlq frvwv gxh wr gurxjkw/ ghfolqlqj ehhi sulfhv dqg lqfuhdvlqj
grphvwlf vxsso| zhuh sodxvleoh h{sodqdwlrqv iru ghfolqlqj sur�wdelolw| dqg sulfhv
udwkhu wkdq lpsruwv1

71 Hfrqrp|0zlgh wudgh olehudolvdwlrq xqghu JDWW0ZWR zloo eulqj orqj0whup ehq0
h�wv wr wkh hfrqrp| zklfk zloo pruh wkdq r�vhw wkh ghfolqlqj iruwxqhv ri wkh
slj lqgxvwu|1

Wkh Frpplvvlrq uholhg khdylo| rq wkh uhvxowv ri wkh hfrqrphwulf prghoolqj zrun
fduulhg rxw e| DEDUH ^4` dqg wkh QVZ Jryhuqphqw ^44` lq uhdfklqj lwv frqfoxvlrqv1
Dv erwk Sxufhoo dqg Kduulvrq ^65` dqg wkh Lqvwlwxwh iru Uhvhdufk lqwr Lqwhuqdwlrqdo
Frpshwlwlyhqhvv +LULF, ^4;` vkrz/ wkh phwkrgrorjlfdo edvlv iru vxfk uhvxowv duh gxel0
rxv dv wkh| idlohg wr wdnh lqwr frqvlghudwlrq qrq0vwdwlrqdulw| ri wkh gdwd dqg vhdvrqdo
h�hfwv1

Lq Qryhpehu 4<<: wkh Dxvwudoldq Jryhuqphqw uhod{hg wkh lpsruw surwrfrov rq wkh
lpsruwdwlrq ri surfhvvhg sljphdw iurp Fdqdgd +suhylrxvo| rqo| iuhvk/ iur}hq sljphdw
ghvwlqhg iru pdqxidfwxulqj frxog eh lpsruwhg, dqg eurdghqhg wkh iruphu surwrfro
duudqjhphqwv wr lqfoxgh lpsruwv iurp Ghqpdun1 Dw wkh vdph wlph d uhgxfwlrq lq
h{sruwv dqg dq lqfuhdvh lq lpsruwv wr fdswxuh wkh oxfudwlyh Fkulvwpdv kdp pdunhw
uhvxowhg lq d surfhvvru ryhuvxsso| zklfk vdz vodxjkwhulqj ghpdqg uhgxfhg zlwk d
frqvhtxhqw soxpphw lq surgxfhu sulfhv1 Uhqhzhg fdoov iurp surgxfhuv iru surwhfwlrq
djdlqvw �xqidlu lpsruwv� djdlq surpswhg wkh Dxvwudoldq Jryhuqphqw wr lqvwlwxwh dq
lqtxlu| lqwr wkh h�hfw ri lpsruwv1 Lq Mxqh 4<<; d Surgxfwlylw| Frpplvvlrq lqtxlu|
zdv vhw xs wr ghwhuplqh zkhwkhu Vdihjxdug surylvlrqv ri wkh JDWW frxog eh lpsrvhg
rq lpsruwv dqg lq Qryhpehu pdgh d �qglqj wkdw lpsruwv zhuh vhulrxvo| lqmxulqj wkh
lqgxvwu|1

61 D YHF prgho ri wkh Dxvwudoldq slj lqgxvwu|

Lq prghoolqj uhodwlrqvklsv ehwzhhq yduldeohv vxfk dv sulfhv dqg txdqwlwlhv ryhu wlph
rqh xvxdoo| �qgv wkdw wkh uhodwlrqvkls lv frqirxqghg e| vkruw0uxq ghyldwlrqv iurp
wkh orqj0uxq htxloleulxp1 Wkh qrq0vwdwlrqdulw| ri sulfhv/ ri zklfk lq dwlrqdu| h�hfwv
duh rqh h{dpsoh/ uhvxowv lq qrq0urexvw hvwlpdwhv ri wkh uhodwlrqvklsv xqohvv vxfk qrq0
vwdwlrqdulw| lv wdnhq lqwr frqvlghudwlrq1

Vhdvrqdo xqlw urrw whvwv xqghuwdnhq e| Sxufhoo dqg Kduulvrq ^65` vxjjhvw wkdw sulru
wr 4<<3 surgxfhu sulfhv zhuh vwdwlrqdu| exw wkh lqwurgxfwlrq ri lpsruwv uhvxowhg lq
d vwuxfwxudo euhdn zlwk surgxfhu sulfhv ehfrplqj qrq0vwdwlrqdu|1 Wkh gdwdvhw ri
Sxufhoo dqg Kduulvrq lv djdlq xvhg lq wklv dqdo|vlv1 Wkh uhvxowv ri wkh xqlw urrw whvwv
lq Wdeoh 614 vxjjhvw wkdw sulru wr wkh frpphqfhphqw ri lpsruwv wkh vdoh|dug sulfh
iru edfrqhuv/ ru wkh surgxfhu sulfh iru sljv/ zdv vwdwlrqdu| dqg wkh rwkhu yduldeohv
ri lqwhuhvw zhuh qrq0vwdwlrqdu|1 Lq wklv vlwxdwlrq d Yhfwru Huuru Fruuhfwlrq +YHF,
prgho iudphzrun/ zklfk lqfrusrudwhv dq HFP/ zrxog eh dssursuldwh1

Dv d �vw vwhs wkh odj ohqjwk ri wkh YHF prgho qhhgv wr eh ghwhuplqhg1 Dq xq0
uhvwulfwhg YDU zdv hvwlpdwhg ryhu wkh shulrg 4<;7=6 wr 4<<:=5 zklfk uhjuhvvhg wkh
hqgrjhqrxv yduldeohv +VST/ VEIT/ UST/ dqg SSGT,/ h{rjhqrxv yduldeohv +FDPYT
dqg FDPST/ dq lqwhufhsw/ d wlph wuhqg/ dqg wkh 4r| wr 6o_ vhdvrqdo gxpplhv, iru
d pd{lpxp ri hljkw odjv gxh wr gdwd frqvwudlqwv1 Wkh Dndlnh Lqirupdwlrq Fulwhulrq
+DLF, ^7` dqg Vfkzdu} Ed|hvldq Fulwhulrq +VEF, ^66` iru gl�huhqw odj ohqjwkv zhuh
fdofxodwhg dqg erwk wkh DLF dqg VEF vxjjhvwhg wkdw d odj ohqjwk ri rqh zdv ds0
sursuldwh +Iljxuh 614,1 Wkh DLF judglhqw lv uhodwlyho|  dw ehwzhhq rqh dqg �yh odjv/
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Wdeoh 614= Slj lqgxvwu| gdwdvhw dqg xqlw urrw whvwv
	4<<3T4 :4<<3T4 Ghwhuplqlvwlf

Yduldeohv 7Ur E_c(� 7Ur E_c(� vhdvrqdolw|
Vdoh|dug sulfh iru edfrqhuv +2f2nj, +VST,^5` U Ef� U E�� '�

| c '
2
| c '

�
| c '

e
|

Vdoh|dug sulfh iru ehhi fdwwoh +2f2nj, +VEIT,^5` U E�� U E��
Uhwdlo sulfh iru srun +2f2nj, +UST,^5` U E�� U E��
Lpsruwv ri sljphdw iurp Fdqdgd +nj, +FDPYT,^9` �� 7Ue Efc ��
Sulfh ri lpsruwv iurp Fdqdgd +2f2nj, +FDPST,^9` �� 7Ue Efc ��
Grphvwlf surgxfwlrq ri sljphdw +nj, +SSGT,^8` U E�� U E�� '�

| c '
2
|

vxjjhvwlqj wkdw dq| whvw iru vljql�fdqw gl�huhqfh zrxog frqfoxgh wkdw wkhuh zdv qr
gl�huhqfh ehwzhhq wkh odj ohqjwkv41 Wkh DLF jhqhudoo| vhohfwv wkh ohdvw sduvlprqlrxv
prgho zkhuhdv wkh VEF jhqhudoo| vhohfwv wkh prvw sduvlprqlrxv prgho1 Shvdudq dqg
Shvdudq ^59/ s1 687` vxjjhvw wkdw wkh VEF lv d frqvlvwhqw fulwhulrq/ lq wkdw iru d odujh
hqrxjk vdpsoh vl}h lw zloo ohdg wr wkh fruuhfw prgho fkrlfh1 Ehfdxvh wkh DLF ryhu
sdudphwhul}hv wkh prgho dqg wkh VEF pd| xqghu sdudphwhul}h wkh prgho lq vpdoo
vdpsohv/ wkh dssursuldwh odj ohqjwk dsshduv wr eh wzr odjv51
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Iljxuh 614= Odj ohqjwk vhohfwlrq

Wkh Mrkdqvhq pd{lpxp0olnholkrrg whvw iru frlqwhjudwlrq ^4<`/ ^53` lv fduulhg rxw
rq d YDU+5, zlwk xquhvwulfwhg lqwhufhswv dqg wuhqgv1 Wkh U E�� yduldeohv duh VST/
VEIT/ UST/ SSGT dqg wkh U Ef� yduldeohv duh FDPYT dqg FDPST dorqj zlwk wkh
�r| wr �o_ vhdvrqdo gxpplhv1 Wkh wlph iudph lv 4<;7=6 wr 4<<:=51 Wkh uhvxowv lqglfdwh
wkdw wkh k|srwkhvlv ri wzr frlqwhjudwlqj yhfwruv lv qrw uhmhfwhg +Wdeoh 615 dqg 616,1
Wkh olnholkrrg udwlr whvw iru wkh wudfh ri wkh vwrfkdvwlf pdwul{ vxjjhvwv wkdw rqo| rqh
frlqwhjudwlqj yhfwru h{lvwv/ exw erwk wkh VEF dqg Kdqqdq0Txlqq Fulwhulrq +KTF,
^46` +qrw uhsruwhg, frq�up wkh uhvxow ri wkh olnholkrrg udwlr whvw iru wkh pd{lpdo
hljhqydoxh ri wkh vwrfkdvwlf pdwul{ wkdw wzr frlqwhjudwlqj yhfwruv h{lvw1 Olnholkrrg

4 LULF ^4;`/ lq dqdo|vlqj wkh vdph gdwdvhw/ frqgxfwhg d v|vwhp uhgxfwlrq vwduwlqj iurp d pd{lpxp
ri �yh odjv dqg uhgxflqj grzq wr d pruh sduvlprqlrxv v|vwhp edvhg rq I0whvwv ri wkh ghohwhg odjv1
Zlwk vxfk d  dw DLF judglhqw vxfk d jhqhudo0wr0vshfl�f dssurdfk zrxog uhvxow lq dq ryhuvshfl�fhg
prgho vwuxfwxuh1

5 LULF ^4;` dovr fduulhg rxw odj ohqjwk whvwv rq wkhlu YHF prgho ri wkh slj lqgxvwu| pdunhw htxlole0
ulxp/ exw rqo| uholhg rq wkh DLF hvwlpdwhv zklfk ryhu sdudphwhulvhg wkhlu prgho dqg frqvhtxhqwo|
gloxwhg wkh vljql�fdqw h�hfwv dfurvv wkhlu yduldeohv1

8



Udwlr whvwv ri uhvwulfwlqj wkh frlqwhjudwlqj yhfwru lqglfdwh wkdw qrqh ri wkh yduldeohv
fdq eh holplqdwhg iurp wkh frlqwhjudwlqj yhfwruv/ vxjjhvwlqj wkdw doo wkh yduldeohv
sod| d vljql�fdqw uroh lq wkh ghwhuplqdwlrq ri wkh orqj0uxq htxloleulxp1

Wdeoh 615= Uhvxowv ri wkh Mrkdqvhq PO whvw iru frlqwhjudwlrq/ Prgho 4
Mf M� Pd{0Hljhqydoxh OU�o�|cf�fD Wudfh OU�o�|cf�fD

o ' f o ' � �2�fffS ���ffff Se�ff2D DH�b�ff
o $ � o ' 2 2e�Df.b 2e��Dff ���bSbb �b���ff
o $ 2 o ' � S�D.f2 �H���ff .�eeb2 2��H�ff
o $ � o ' e f�HSSbf ���Deff f�bfH�e ���Deff

Wdeoh 616= Frlqwhjudwlqj yhfwruv iru YHF Prgho 4
FL yhfwru 7�' 7�8' -�' ��('
q� f�2SDe�f �f32 3f�f�eS�. 3f��D.bf �f3� f�b.ebf �f3.

q2 f�f2SSfS 3f�Deb..f �f32 3f�.HD.Hf �f32 f�DeH�f �f3.

�q� 3��ffff D�Df.D f���eHS 3f��S.�f �f3e

�q2 3��ffff f�2fSS� f�2bD�e 3f�2fS�f �f3D

FL pdwul{ ' dq�c q2o c Qrupdolvhg FL pdwul{ '
)
�q�c

�q2

K

Lqghu ^49/ s1 45` qrwhv wkh odujh frh!flhqw iru grphvwlf surgxfwlrq lq wkh �uvw
frlqwhjudwlqj yhfwru

�3f��S.�f �f3e
F
/ vxjjhvwlqj wkdw wklv lqglfdwhv wkdw iru hyhu|

4333 wrqqhv lqfuhdvh lq surgxfwlrq/ surgxfhu sulfh ghfuhdvhv e| durxqg �.2f*&}� Wklv
lv qrw fruuhfw/ dv wkh qhjdwlyh vljq rq wkh qrupdolvhg surgxfhu sulfh frh!flhqw uhvxowv
lq wkh frh!flhqw iru grphvwlf surgxfwlrq ehfrplqj srvlwlyh zkhq frpsduhg zlwk
surgxfhu sulfhv1 Krzhyhu/ wkh pdjqlwxgh ri wkh h�hfw lv lqghhg sx}}olqj/ jlyhq wkh
udwkhu vpdoo h�hfwv vkrzq lq wkh frpsdudeoh DGO prghov1 Lw lv gl!fxow wr dwwdfk dq
hfrqrplf lqwhusuhwdwlrq wr lqglylgxdo frh!flhqwv zkhq |rx kdyh pxowlsoh frlqwhjudw0
lqj yhfwruv lq d pxowl0glphqvlrqdo v|vwhp1 Lq d sdqho glvfxvvlrq rq wklv wrslf Gdylg
Khqgu|

�111h{suhvvhg frqfhuq dw shrsoh vhhlqj krz pdq| frlqwhjudwlqj yhfwruv wkh|
fdph xs zlwk dqg wkhq wu|lqj wr lqwhusuhw wkhp1 Kh ihow wkdw |rx vkrxog
kdyh d jrrg lghd dv wr krz pdq| frlqwhjudwlqj yhfwruv |rx dqwlflsdwh dqg
zkdw wkh| vkrxog orrn olnh dqg wkhq fkhfn wkdw |rxu �qglqjv duh frqvlvwhqw
zlwk wklv1�^47/ s1 7`1

Dvvxplqj wkdw wkh prgho vwuxfwxuh lv fruuhfwo| vshfl�hg/ ylv0d0ylv odj ohqjwk dqg
dssursuldwh wuhdwphqw ri yduldeohv/ rqh srvvleoh h{sodqdwlrq lv wkdw wkh h{lvwhqfh
ri wzr frlqwhjudwlqj yhfwruv lghqwl�hv pxowlsoh orqj0uxq gdwd jhqhudwlqj surfhvvhv
+GJSv, +srvvleo| rxw ri skdvh zlwk hdfk rwkhu, dqg wkxv wkh odujh frh!flhqw iru
rqh ri wkh frlqwhjudwlqj yhfwruv lv edodqfhg e| wkh vpdoohu frh!flhqw iru wkh rwkhu
frlqwhjudwlqj yhfwru1 Lqghu ^49/ s1 45` dovr vxjjhvwhg wkdw d fkdqjh lq wkh odj ohqjwk
ru prgho vwuxfwxuh pd| fkdqjh wkh HFP uhvxowv1 Wklv lv fhuwdlqo| srvvleoh/ exw eulqjv
lqwr sod| wkh reylrxv txhvwlrq dv wr zklfk lv fruuhfw prgho vwuxfwxuh1 Lqfuhdvlqj wkh
odj ohqjwk wr wkuhh txduwhuv uhvxowv lq wkh frh!flhqw iru surgxfwlrq lq wkh uhvxowlqj
vlqjoh HFP ehfrplqj 3f��b.�f�f3e/ uhodwlyh wr d qrupdolvhg frh!flhqw iru surgxfhu
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sulfhv ri ��f/ lqglfdwlqj wkdw surgxfhu sulfhv idoo e| durxqg 532f2nj iru hyhu| 4333
wrqqhv lqfuhdvh lq surgxfwlrq1

Fkdqjlqj wkh prgho vwuxfwxuh kdv pruh vxevwdqwldo h�hfwv> doorzlqj lpsruwv wr eh
U E�� h{rjhqrxv +vwloo zlwk 6 odjv lq wkh prgho vwuxfwxuh, uhvxowv lq wkh frh!flhqw iru
surgxfwlrq lq wkh uhvxowlqj vlqjoh HFP ehfrplqj 3f�S�fDf�f3D/ lqglfdwlqj wkdw iru
hyhu| 4333 wrqqhv lqfuhdvh lq surgxfwlrq surgxfhu sulfhv idoo e| 92f2nj1 Wklv uhvxow
lv frpsdudeoh zlwk wkh uhvxowv ri Sxufhoo dqg Kduulvrq ^65`/ jlyhq wkdw lpsruwv duh
wuhdwhg dv U E�� h{rjhqrxv lq wkh Dxwruhjuhvvlyh Glvwulexwhg Odj +DGO, iudphzrun
xvhg lq wkdw sdshu1

KHJ\ whvwv ^48` iru vhdvrqdo xqlw urrwv fduulhg rxw e| wkh Lqvwlwxwh iru Uhvhdufk
lqwr Lqwhuqdwlrqdo Frpshwlwlyhqhvv +LULF, ^4;` lqglfdwh wkdw lpsruw yroxphv dqg
sulfhv kdyh d vhpl0dqqxdo xqlw urrw/ 7U2 Efc ��/ zkhuhdv wkh GKI whvwv ^<` iru vhdvrqdo
xqlw urrwv fduulhg rxw e| Sxufhoo dqg Kduulvrq ^65` vxjjhvw wkdw lpsruwv duh vhdvrqdoo|
lqwhjudwhg/ 7Ue Efc ��1 LULF wuhdwhg lpsruwv dv U E�� h{rjhqrxv lq wkhlu YHF prghov
dqg wkhuhiruh wkh txhvwlrq lv zkhwkhu lpsruwv vkrxog eh wuhdwhg dv U E�� h{rjhqrxv
ru 7Ue Efc �� +sur{lhg e| U Ef� zlwk ghwhuplqlvwlf vhdvrqdo gxpplhv,1 Lqfoxglqj wkh
lpsruw yduldeohv dv 7U?Efc �� lv pruh dssursuldwh wkdq wuhdwlqj wkhp dv U E�� ru U Ef�/
exw ohdgv wr d orvv lq ghjuhhv ri iuhhgrp dqg orqj0uxq lqirupdwlrq dqg wkhuhiruh wuhdw0
lqj wkh yduldeohv dv U Ef� zlwk vhdvrqdo gxpp| yduldeohv lv d vhfrqg0ehvw vroxwlrq lq
wkh suhvhqfh ri d uhvwulfwhg gdwdvhw1 Lq rwkhu zrugv/ lw zdv h{solflwo| dvvxphg wkdw
wkh vwrfkdvwlf vhdvrqdolw| frxog eh dssur{lpdwhg e| ghwhuplqlvwlf vhdvrqdolw|1 Rveruq
dqg Urguljxhv ^55` vkrz wkdw wkh GKI whvw lv dv|pswrwlfdoo| htxlydohqw wr wkh KHJ\
whvw dqg wkhuhiruh wkh rqo| txhvwlrq dv wr zklfk whvw iru vhdvrqdo lqwhjudwlrq wr xvh lv
zklfk rqh lv pruh urexvw xqghu vpdoo vdpsoh vl}hv1 Zkhuhdv wkh KHJ\ whvw uhtxluhv
wkh hvwlpdwlrq ri frh!flhqwv iru hdfk vhdvrqdo xqlw urrw xqghu lqyhvwljdwlrq dqg d
fruuhvsrqglqj uhgxfwlrq lq wkh ghjuhhv ri iuhhgrp/ wkh GKI whvw rqo| uhtxluhv rqh
frh!flhqw wr eh hvwlpdwhg iru wkh sduwlfxodu vhdvrqdo gl�huhqflqj xqghu h{dplqdwlrq
dqg wkxv d vxevwdqwldoo| ohvv uhgxfwlrq lq ghjuhhv ri iuhhgrp1 D sulrul lpsruwv zrxog
eh h{shfwhg wr kdyh d vhdvrqdo xqlw urrw/ dv rssrvhg wr d vhpl0dqqxdo xqlw urrw/ vlqfh
h{dplqdwlrq ri wkh gdwd vhulhv lqglfdwhv d vhdvrqdo sdwwhuq wr lpsruwv ghvljqhg wr
fdswxuh wkh oxfudwlyh Fkulvwpdv kdp pdunhw1

Lq frqvlghudwlrq ri wkh Mrkdqvhq whvwv iru frlqwhjudwlrq deryh/ d YHF+5/5, prgho6

lv hvwlpdwhg zklfk lv suhvhqwhg lq Wdeohv 617 dqg 6187 1
Wkh uhvxowv lq Wdeohv 617 dqg 618 vxjjhvw wkdw ryhu wkh shulrg 4<;7=6 wr 4<<:=5

fkdqjhv lq wkh vdoh|dug sulfh iru edfrqhuv zdv vljql�fdqwo| d�hfwhg e| lpsruw yroxphv1
Iru hyhu| 4333 wrqqhv ri lpsruwv ri sljphdw iurp Fdqdgd wkh vdoh|dug sulfh iru
edfrqhuv gursshg e| �f�.H � e�Sb.2f*&} wklv lv zlwklq wkh udqjh ri ydoxhv hvwlpdwhg
e| Sxufhoo dqg Kduulvrq ^64` iurp DGO prghov81

6Wkdw lv/ 5 odjv zlwk 5 HFPv1
7Odjudqjh Pxowlsolhu I0whvwv lqglfdwhg wkdw qrqh ri wkh htxdwlrqv h{lelwhg vljql�fdqw khwhurvfhgdv0

wlflw| ru vhuldo fruuhodwlrq1
8Rqh ri wkh fulwlflvpv ohyhohg dw wkh uhvxowv ri rxu suhylrxv uhsruw ^64` zdv wkdw zh idlohg wr wdnh

lqwr frqvlghudwlrq wkh h�hfw ri h{sruwv rq wkh gdwd jhqhudwlqj surfhvv dqg lq vr grlqj pd| kdyh
eldvhg wkh uhvxowv1 Wkh uhdvrq iru wklv rplvvlrq lv wkdw dghtxdwh h{sruw gdwd wkdw vkrzv wkh glylvlrq
ri h{sruwv lqwr iduphg dqg ihudo sljphdw lq qrw dydlodeoh iru Frpphulfdo0lq0Frq�ghqfh uhdvrqv1 Zh
uh0hvwlpdwhg wkh YHF prgho +uhvxowv qrw uhsruwhg, lqfrusrudwlqj h{sruw yroxphv dqg xqlw ydoxhv1
Wkh uhvxowv lqglfdwh wkdw vdoh|dug sulfhv iru edfrqhuv duh ghsuhvvhg e| ���.e � b�2HD2f*&} iru hyhu|
4333 wrqqhv ri lpsruwv1 Wklv lv frpsdeoh zlwk wkh �f�.H� e�Sb.2f*&} uhvxow hvwlpdwhg lq Wdeoh 617
dqg wkh ���e2�S�fbe2f*&} uhvxow lq wkh zkrohvdoh sulfh YHF prgho hvwlpdwhg e| Sxufhoo dqg Kduulvrq
^65/ s1 49:`1 Wkh s0ydoxh iru wkh lpsruw yroxph frh!flhqw lq wkh YHF prgho lqfrusrudwlqj h{sruwv lv
3148:/ lqglfdwlqj wkdw wkh suredelolw| ri d W|sh L huuru iru d rqh wdlohg whvw lv erughuolqh vljql�fdqw dw
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Wdeoh 617= YHF uhsuhvhqwdwlrq iru slj lqgxvwu| pdunhw htxloleulxp/ Prgho 4
{7�'| {-�'|
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�

	q� 7	q
�

kf 3.H�fHff D��ffS� df���eo 3.e�H�S. ����f.b df�f�fo
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{-�'| f�f.H2e2 f�2�e�H df�.�.o 3f��fbbH f��eff df�f��o
{7�8'| f��.S2S f��e��b df�22So f���bD� f�fb�S�S df�ff�o
{��('| 3f�SSeef �f3S f�HS.�f �f3S df�eeHo 3f�SSHbf �f3S f�DSS�f �f3S df�2eDo
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Wdeoh 618= YHF uhsuhvhqwdwlrq iru slj lqgxvwu| pdunhw htxloleulxp/ Prgho 4
{7�8'| {��('|
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kf 3�e��D�D. S��e�2� df�f2.o ��2�f �f. ��f.f �f. df�ffDo
{7�'| 3f�De�.2 f�2.HHf df�fDHo 3HH�.b�D eH.fH�D df�f.Ho
{-�'| 3f�fb2eeD f�2DH2f df�.22o 3e��bb�H eD��f�H df��Seo
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Wkh vdoh|dug sulfh iru ehhi fdwwoh h{klelwv d vljql�fdqw grzqzdug wuhqg +hdfk
txduwhu vhhv wkh sulfh iru fdwwoh gurs e| durxqg ���S � f�DS2f*&}, dqg hyhu| '4133
lqfuhdvh lq wkh vdoh|dug sulfh iru edfrqhuv gursv wkh vdoh|dug sulfh iru fdwwoh e| durxqg
mf�De� f�2H*&}�

Wkh uhwdlo sulfh iru srun lv vljql�fdqwo| lq xhqfhg e| wkh vdoh|dug sulfh iru fdwwoh
zkhuh hyhu| '4133 lqfuhdvh lq fdwwoh sulfhv uhvxowv lq durxqg d mf��e�f�fb*&} lqfuhdvh
lq wkh uhwdlo sulfh iru srun1 Wklv lpsolhv wkdw uhwdlohuv frqgxfw vsdwldo sulfh dyhudjlqj/
dv wkh lqfuhdvh lq fdwwoh sulfhv  rzv rqwr lqfuhdvhv lq uhwdlo sulfhv iru ehhi/ ohdglqj wr
d vxevwlwxwlrq ri frqvxphu ghpdqg rxw ri ehhi dqg lqwr srun1 Wkh uhwdlo sulfh lv dovr
lq xhqfhg e| lpsruw yroxphv> hyhu| 4333 wrqqhv ri lpsruwv ri sljphdw iurp Fdqdgd
uhvxowv lq d gurs lq uhwdlo sulfh ri durxqg D��2e���fS.2f*&}1 Wkh dv|pphwulf uhvsrqvh
ri uhwdlo sulfhv frpsduhg zlwk surgxfhu sulfhv vxjjhvwv wkdw uhwdlohuv srvvhvv pdunhw
srzhu1

Wkh surgxfwlrq ri sljphdw h{klelwv d vljql�fdqw xszdug wuhqg/ hyhu| txduwhu vhhv
surgxfwlrq lqfuhdvh e| durxqg 2�b�bb wrqqhv1 Wkh lqfuhdvh lq wkh vdoh|dug sulfh iru
edfrqhuv ghsuhvvhv surgxfwlrq/ hdfk �2f*&} lqfuhdvh lq wkh vdoh|dug sulfh iru edfrqhuv
uhgxfhv surgxfwlrq e| durxqg HH�eb wrqqhv1 Dv zlwk wkh DGO prgho iru surgxfwlrq
wkh qhjdwlyh uhodwlrqvkls lv dq lqglfdwlrq ri wkh frezhe f|foh lpsdfwlqj rq surgxfhu
ghflvlrqv1 Wkh lqfuhdvh lq wkh vdoh|dug sulfh iru fdwwoh olnhzlvh kdv d ghsuhvvlqj h�hfw/
hdfk �2f*&} lqfuhdvh lq wkh vdoh|dug sulfh iru fdwwoh uhgxfhv surgxfwlrq e| durxqg
S.� �f wrqqhv1 Lqfuhdvhv lq lpsruwv ri sljphdw iurp Fdqdgd lqfuhdvh surgxfwlrq e|
��b� f�bb&} iru hyhu| nj lpsruwhg1

Zlwk surgxfhu sulfhv ghfuhdvlqj pruh wkdq uhwdlo sulfhv wkh lqfuhdvhg pdunhwlqj
pdujlq eulqjv lqwr txhvwlrq wkh h{whqw wr zklfk uhwdlohuv wkurxjk wkhlu pdunhw srzhu
duh fdswxulqj wkh ehqh�wv ri orzhu sulfhv eurxjkw rq e| wudgh olehudolvdwlrq1 D vlplodu
vfhqdulr kdv ehhq revhuyhg lq erwk Fdqdgd dqg wkh Xqlwhg Vwdwhv zlwk wkh suhvhqw
ghsuhvvlrq lq surgxfhu sulfhv qrw dffrpsdqlhg e| d frqfrplwdqw ghfolqh lq uhwdlo
sulfhv +Wdeoh 619,1

Rqh ri wkh dgydqwdjhv ri d YHF iudphzrun lv wkdw wkh ruwkrjrqdolvdwlrq ri wkh
uhvlgxdov wr holplqdwh frqwhpsrudqhrxv fruuhodwlrqv lv wkdw wkh lqglylgxdo htxdwlrqv
fdq wkhq eh xvhg iru g|qdplf vlpxodwlrq dqg surmhfwlrq1 Iru h{dpsoh/ lpsxovh uh0
vsrqvh ixqfwlrqv duh xvhg wr dqvzhu wkh txhvwlrq dv wr zkdw wkh olnho| fkdqjh lq
%| ryhu wlph lv li +| fkdqjhv e| rqh xqlw dw wlph | +h�hfwlyho| d vkrfn wr wkh huuru
whup lq wkh htxdwlrq iru %|,1 Lq dgglwlrq wr lpsxovh uhvsrqvh ixqfwlrqv/ iruhfdvw huuru
yduldqfh ghfrpsrvlwlrqv/ zklfk sduwlwlrq wkh fkdqjh lq d sduwlfxodu yduldeoh lqwr lwv
frpsrqhqw sduwv/ dqg g|qdplf iruhfdvwv fdq eh jhqhudwhg1 Wkh lpsxovh uhvsrqvh ixqf0
wlrqv dqg iruhfdvw huuru yduldqfh ghfrpsrvlwlrqv jhqhudwhg iurp wkh ruwkrjrqdolvhg
yduldqfh0fryduldqfh pdwul{ duh rughu ghshqghqw +wkdw lv/ ghshqghqw rq wkh rughu ri
wkh yduldeohv zlwklq wkh YHF iudphzrun,/ dqg Nrrs hw do ^54` dqg Shvdudq dqg Vklq
^5;` vxjjhvw d jhqhudolvhg yhuvlrq zklfk lv qrw rughu ghshqghqw1 Wkh jhqhudolvhg lp0
sxovh uhvsrqvh ixqfwlrqv dqg iruhfdvw huuru yduldqfh ghfrpsrvlwlrqv duh suhvhqwhg lq
Iljxuhv 615 wr 6171

Wkh lpsxovh uhvsrqvh ixqfwlrqv iru wkh yduldeohv lq wkh YHF prgho +Iljxuhv 615
dqg 616, lqglfdwh wkdw dq h{rjhqrxv vkrfn wr wkh v|vwhp ri htxdwlrqv fdxvhv d shupd0

:1;8(1 Vlqfh wkh ydoxh ri wkh frh!flhqw lv doprvw wkh vdph dv wkdw ri wkh frh!flhqw lq wkh zkrohvdoh
sulfhv YHF prgho +���e2� S�fbe2f*&},/ wkh lpsolfdwlrq lv wkdw lqfoxglqj h{sruw yroxphv dqg ydoxhv
dggv wr wkh yduldelolw| ri wkh frh!flhqwv/ udwkhu wkdq fkdqjlqj wkh ydoxh ri wkh frh!flhqw1 Wkh
frh!flhqwv ri wkh h{sruw yroxph dqg ydoxh yduldeohv duh qrw vljql�fdqw +s@31:<:/31:73 uhvshfwlyho|,
lqglfdwlqj wkdw ghohwlqj wkhp iurp wkh prgho zloo qrw fkdqjh wkh uhvxowv1
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Wdeoh 619= Xqlwhg Vwdwhv idup wr uhwdlo sulfh vsuhdgv iru sljphdw
(eS3 b. �S|3 bH �J� 3 bH (eS3 bH

Krj sulfhv Eduurzv dqg jlow ef�Df 2S�b� �.�SS �e�ff
+'2fzw, Lrzd2V1 Plqq Qr1 406 �b�HD 2S�bH �.�Hf �e�ff

Vrzv �e�fH 2f�bH �S�fb ���ff
Zkrohvdoh sulfhv Srun fxwrxw frpsrvlwh D.�.S eH��H e2�fb �.�Df
+'2fzw, Orlqv/ 4704< oe1 .b�ee bb�S� .b�bf .f�2D

Ehoolhv/ 45047 oe e.�D2 e2�fD �b��� �D�.D
Kdpv/ 5605: oe1 �� ee�.D �e�e. �2�Df
Wulpplqjv/ :5( iuhvk eD�2e 2��e� �H�SH �e�Df

Uhwdlo sulfhv Srun 2���� 2���2 2�f�2 22S�b
+2f2oe, Edfrq 2SS�D 2D.�S 2DS�. 2S��b

Fkrsv �e.�. �22�S ��.�. �fb�D
Vdxvdjh 2�f�f 2e2�S 2eD�� 2e2�S

Vsuhdg Idup wr zkrohvdoh �H�f eD�� eb�� DS�D
+2f2uhwdlo oe, Zkrohvdoh wr uhwdlo �2��e ��H�f ��b�� �e2��

Iduphuv vkduh +(, �f�f 2��f �H�f �2�f
Vrxufh= XVGD ^67`
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   Generalized Impulse Response(s) to one S.E. shock in the equation for PPDQ
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Iljxuh 615= Jhqhudolvhg Lpsxovh0Uhvsrqvh Ixqfwlrqv
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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 SBFQ
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    Generalized Impulse Response(s) to one S.E. shock in the equation for RPQ
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       Generalized Forecast Error Variance Decomposition for variable SPQ
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       Generalized Forecast Error Variance Decomposition for variable SBFQ
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       Generalized Forecast Error Variance Decomposition for variable PPDQ
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qhqw h�hfw1 DEDUH ^4/ 6` xvlqj vlpxodwlrqv frqgxfwhg rq wkhlu Hfrqrphwulf Prgho
ri Dxvwudoldq Eurdgdfuh Djulfxowxuh +HPDED, vxjjhvwhg wkdw dq| vkrfn wr wkh gr0
phvwlf pdunhw htxloleulxp gxh wr lpsruwv zrxog kdyh whpsrudu| h�hfwv rq sulfhv
dqg surgxfwlrq dqg/ lq dgglwlrq/ zrxog qrw kdyh dq| odvwlqj h�hfwv rq wkh grphvwlf
pdunhw91 HPDED grhv qrw wdnh lqwr frqvlghudwlrq vkruw0uxq ghyldwlrqv iurp wkh
orqj0uxq htxloleulxp +wkdw lv/ lw dvvxphv wkdw wkh yduldeohv duh vwdwlrqdu|, exw wkh
qrq0vwdwlrqdulw| frpsrqhqw ri wkh yduldeohv phdqv wkdw d vkrfn kdv d shupdqhqw hi0
ihfw uhvxowlqj lq wkh yduldeohv prylqj wr d qhz htxloleulxp lq wkh vkruw0uxq1 Lq d
YHF iudphzrun wkh lpsxovh uhvsrqvh ixqfwlrqv dovr kdyh shupdqhqw h�hfwv/ xqolnh
wkh lpsxovh uhvsrqvh ixqfwlrqv lq d YDU iudphzrun/ gxh wr wkh udqn gh�flhqf| ri
wkh orqj0uxq pxowlsolhu pdwul{/ zklfk uhvxowv lq wkh lpsxovh0uhvsrqvh ixqfwlrqv kdylqj
h�hfwv zklfk gr qrw glh rxw ryhu wlph1

Wkh iruhfdvw huuru yduldqfh ghfrpsrvlwlrqv duh vkrzq lq Iljxuh 6171 Wkh uhodwlyh
lpsruwdqfh ri hdfk yduldeoh wr wkh yduldwlrq lq wkh yduldeoh xqghu lqyhvwljdwlrq lq wkh
orqj uxq +�yh |hduv, lv suhvhqwhg lq Wdeoh 61::1

Wdeoh 61:= Jhqhudolvhg Iruhfdvw Huuru Yduldqfh Ghfrpsrvlwlrqv diwhu 53 txduwhuv
Yduldwlrq lq VST VEIT UST SSGT
VST f�H�.fS f��2S22 f���.ef f�f�eD.f
VEIT f�f�22DH f�S.f�b f�f2.e2� f�D����
UST f�.bHef f�fe�Db� f�e�HSe f�fffeff�
SSGT f��f�eD f�S2.eD f�f2Hb.b f�DSHS.

Gxh wr wkh udqn gh�flhqf| ri wkh orqj0uxq pxowlsolhu pdwul{ uhvxowlqj lq shuvlvwhqfh
h�hfwv iru wkh lpsxovh0uhvsrqvh ixqfwlrqv/ d ehwwhu lqglfdwlrq ri wkh frqyhujhqfh edfn
wr htxloleulxp ri wkh lqglylgxdo htxdwlrqv lq wkh YHF v|vwhp lv wkh lpsxovh0uhvsrqvh
ri wkh HFP frpsrqhqw lq wkh htxdwlrq xqghu lqyhvwljdwlrq ^59`1 Lq dgglwlrq/ Shvdudq
dqg Vklq ^5:` vxjjhvw wkdw d ehwwhu lqglfdwlrq ri wkh vshhg ri frqyhujhqfh edfn wr
htxloleulxp iru wkh v|vwhp lv wkh shuvlvwhqfh sur�oh ri wkh frlqwhjudwlqj yhfwruv1 Wkh
lpsxovh uhvsrqvh ixqfwlrqv ri wkh huuru fruuhfwlrq whupv lq wkh YHF prgho h{klelw d
vorz uhwxuq wr htxloleulxp/ wdnlqj durxqg wzr |hduv +hljkw txduwhuv, diwhu d vkrfn wr
d sduwlfxodu yduldeoh +Iljxuhv 618+d0g,,1 Iru wkh v|vwhp dv d zkroh wkhvh HFPv vhhp
wr frxqwhuedodqfh hdfk rwkhu dqg diwhu d v|vwhp zlgh vkrfn wkh pdunhw uhwxuqv wr
htxloleulxp lq �yh txduwhuv +Iljxuh 618+h,,1

Pxowlyduldwh g|qdplf iruhfdvwv iru wkh YHF prgho duh uhsruwhg lq Iljxuh 6191
Wkh iruhfdvwv lqglfdwh wkdw dowkrxjk wkh prgho lv d jrrg �w wr lq0vdpsoh gdwd wkh
iruhfdvwv idlo wr suhglfw pryhphqwv lq surgxfhu sulfhv dqg surgxfwlrq +Vhh Wdeoh 61;,1
Wkh idloxuh wr suhglfw pryhphqwv lq vdoh|dug sulfhv iru fdwwoh +Vhh Iljxuh 619+e,, lv
xqghuvwdqgdeoh/ jlyhq wkdw wkh gdwd jhqhudwlqj surfhvv iru fdwwoh sulfhv zrxog eh h{0
rjhqrxv wr wkh YHF prgho1 Jlyhq wkdw wkh prgho suhglfwv pryhphqwv lq uhwdlo sulfhv
uhdvrqdeo| zhoo/ wkh idloxuh wr suhglfw pryhphqwv lq surgxfhu sulfhv dqg surgxfwlrq
iru sljphdw pd| eh gxh wr d vwuxfwxudo euhdn fdxvhg e| wkh lqwurgxfwlrq ri qhz lp0
sruw surwrfrov lq Qryhpehu 4<<:/ dq lqfuhdvh lq vhdvrqdo lpsruwv dqg wkh uhgxfwlrq lq

9Vshfl�fdoo|/ DEDUH wuhdwhg lpsruwv dv kdylqj d sxovh h�hfw udwkhu wkdq d vkliw h�hfw rq wkh
pdunhw htxloleulxp1 Lq d prghoolqj iudphzrun zklfk dvvxphv doo yduldeohv dv vwdwlrqdu| d sxovh
vkrfn zloo kdyh d whpsrudu| h�hfw zkhuhdv d vkliw vkrfn zloo kdyh d shupdqhqw h�hfw1 Frqyhuvho|/
lq d prghoolqj iudphzrun zkhuh wkh yduldeohv duh wuhdwhg dv qrq0vwdwlrqdu| erwk d sxovh dqg vkliw
vkrfn zloo kdyh d shupdqhqw h�hfw rq wkh pdunhw htxloleulxp ^56`/ ^57`/ ^58`1

:Wkh ghfrpsrvlwlrqv gr qrw dgg xs wr 433( gxh wr wkh ihhgedfn h�hfwv dfurvv htxdwlrqv1
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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 SBFQ
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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 PPDQ
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       Persistence Profile of the effect of a system-wide shock to CV’(s)
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h{sruwv gxh wr wkh Dvldq �qdqfldo fulvlv dw wkh vdph wlph 1 Wkh dfwxdo surgxfhu sulfhv
iru sljv lq 4<<;=5 lv �S2�S.2f*&} frpsduhg zlwk wkh iruhfdvw ydoxh ri 2fS�f2e2f*&}1 Lq
rughu wr vhh zkhwkhu wkh prgho fdq suhglfw ixwxuh yduldwlrqv lq yduldeohv/ dqg wr wdnh
lqwr dffrxqw wkh srvvlelolw| wkdw d vwuxfwxudo euhdn lq 4<<:=7 kdv fkdqjhg wkh GJS/
wkh YHF prgho zdv uh0hvwlpdwhg xvlqj gdwd iurp 4<;7=6 wr 4<<8=7 dqg iruhfdvwhg
dkhdg wr 4<<;=5 +Iljxuh 61:,1 Wkh uhvxowv lqglfdwh wkdw wkh prgho suhglfwv uhdvrqdeo|
zhoo xs wr durxqg 7 txduwhuv dkhdg exw wkhq wkh iruhfdvw dffxudf| euhdnv grzq diwhu
wkdw1 Wklv lv wkh jhqhudo h{shulhqfh ri iruhfdvwlqj prghov1 Wkh iruhfdvwv vxjjhvw
wkdw dowkrxjk wkh prgho*v suhglfwlyh delolw| vwduwv wr euhdn grzq diwhu d |hdu/ wkh
iruhfdvwv iru wkh YHF prgho +Iljxuh 619, vkrxog suhglfw uhdvrqdeo| zhoo wzr wr wkuhh
txduwhuv dkhdg1 Wklv lpsolhv wkdw wkhuh frxog eh d uhjlph fkdqjh zklfk kdv lpsdfwhg
rq wkh gdwd0jhqhudwlqj surfhvv dqg wkh idoo lq surgxfhu sulfhv frxog zhoo eh gxh wr
wkh fkdqjh lq lpsruw surwrfro diwhu Qryhpehu 4<<:/ dq lqfuhdvh lq vhdvrqdo lpsruwv/
ru d uhgxfwlrq lq h{sruwv dw wkh vdph wlph1
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 Multivariate dynamic forecasts for the level of SBFQ
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 Multivariate dynamic forecasts for the level of RPQ

 RPQ          

 Forecast     

Quarters

500

600

700

800

900

1984Q3 1987Q1 1989Q3 1992Q1 1994Q3 1997Q1
1985Q4 1988Q2 1990Q4 1993Q2 1995Q4 1998Q2

ES�

 Multivariate dynamic forecasts for the level of PPDQ
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Iljxuh 619= YHF prgho pxowlyduldwh g|qdplf iruhfdvwv

71 Prghoolqj lpsruwv dv dq h{rjhqrxv qrq0vwdwlrqdu| surfhvv

Dv phqwlrqhg deryh/ wkhuh lv d txhvwlrq ri zkhwkhu lpsruwv vkrxog eh wuhdwhg dv
7Ue Efc �� c U Ef� zlwk ghwhuplqlvwlf vhdvrqdo gxpplhv/ ru U E�� zlwk ghwhuplqlvwlf vhd0
vrqdo gxpplhv1 LULF ^4;` lq wkhlu prghoolqj iudphzrun wuhdwhg lpsruwv dv ehlqj U E��
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Wdeoh 61;= Pxowlyduldwh g|qdplf iruhfdvwv Phdq Vtxduh Huuruv
Yduldeoh Lq0vdpsoh Iruhfdvw
7�' .2�eeb. �Sfe�S
7�8' �fD�2eDH
-�' ����eDS e2e���H2
��(' ��2�f �f�2 H�H2f �f�2
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h{rjhqrxv zkhuhdv lq wkh prghov deryh lpsruwv duh wuhdwhg dv U Ef� h{rjhqrxv1 Lw lv
wkhuhiruh ri lqwhuhvw wr vhh zkdw wkh lpsolfdwlrqv duh ri fkdqjlqj prgho vwuxfwxuh1

Wkh prgho fkrvhq lv d YHF prgho ryhu wkh shulrg 4<;7=6 wr 4<<:=5 zlwk xquh0
vwulfwhg lqwhufhswv dqg wuhqgv/ U E�� hqgrjhqrxv yduldeohv +VST/ VEIT/ UST/ dqg
SSGT,/ U E�� h{rjhqrxv yduldeohv +FDPST dqg FDPYT,/ dqg U Ef� h{rjhqrxv ydul0
deohv +4r| wr 6o_ vhdvrqdo gxpplhv,1

Dv d �uvw vwhs wkh odj ohqjwk ri wkh prgho qhhgv wr eh ghwhuplqhg +Iljxuh 714,1
Wkh odj ohqjwk lv ghwhuplqhg iurp dq xquhvwulfwhg YDU+9, ri wkh prgho deryh zlwk
dq h{solflw frqvwdqw dqg wlph wuhqg1 Wkh uhvxowv ri wklv prgho irupxodwlrq duh qrw
vxevwdqwldoo| gl�huhqw iurp wkh ruljlqdo prgho irupxodwlrq zkhuh lpsruwv zhuh wuhdwhg
dv h{rjhqrxv lq wkh YHF iudphzrun1 Wkh VEF vhohfwv d prgho zlwk d odj ohqjwk ri
rqh exw wkh DLF kdv qr pd{lpxp ydoxh ryhu wkh udqjh ri odjv frqvlghuhg1 Wkh DLF
grhv  dwwhq rxw ryhu wkh udqjh ri rqh wr wkuhh odjv dqg wkxv rq edodqfh d odj ri wzr
lv frqvlghuhg wr eh dssursuldwh1

-2450

-2350

-2250

-2150

-2050

-1950

0 1 2 3 4 5 6
Lags AIC SBC

Iljxuh 714= Odj ohqjwk ghwhuplqdwlrq iru YHF zlwk L+4, h{rjhqrxv lpsruwv

Wkh Mrkdqvhq whvw iru frlqwhjudwlrq suhvhqwhg lq Wdeoh 714 jlyhv frq lfwlqj uhvxowv/
zlwk wkh Pd{lpdo Hljhqydoxh vwdwlvwlf lqglfdwlqj wkdw wkhuh h{lvwv wzr frlqwhjudwlqj
yhfwruv exw wkh Wudfh vwdwlvwlf lqglfdwlqj rqo| rqh1 Wkh VEF dqg KTF +qrw uhsruwhg,
frq�up wkh Pd{lpdo Hljhqydoxh vwdwlvwlf uhvxow wkdw wkhuh h{lvwv wzr frlqwhjudwlqj
yhfwruv zklfk duh suhvhqwhg lq Wdeoh 7151

Wdeoh 714= Uhvxowv ri wkh Mrkdqvhq PO whvw iru frlqwhjudwlrq/ Prgho 5
Kf= K�= Pd{0Hljhqydoxh OUSo�|cf�fD Wudfh OUSo�|cf�fD

o ' f o ' � e��2D�S �.�fHff b��f�.� ..��eff
o $ � o ' 2 �e�...H �f�b2ff e.�.SDD D��eHff
o $ 2 o ' � �f�DHDb 2e��Hff �2�bH.H ����bff
o $ � o ' e 2�ef�b �.��eff 2�ef�b �.��eff

Wkh frlqwhjudwlqj yhfwruv zhuh uhvwulfwhg/ zlwk VST dqg VEIT ehlqj vhw wr wkhlu
qrupdolvhg ydoxhv +Wdeoh 716,1 Olnholkrrg udwlr whvwv iru uhvwulfwlqj wkh frlqwhjudwlqj
yhfwruv lqglfdwh wkdw iru wkh �uvw frlqwhjudwlqj yhfwru qhlwkhu lpsruw yroxphv qru
sulfhv sod| d uroh lq ghwhuplqlqj wkh orqj0uxq htxloleulxp uhodwlrqvkls1 Lq wkh vhfrqg
frlqwhjudwlqj yhfwru uhwdlo sulfhv dqg lpsruw sulfhv gr qrw sod| d uroh exw lpsruw
yroxphv gr1
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Wdeoh 715= Frlqwhjudwlqj yhfwruv iru YHF Prgho 5
FL yhfwru 7�' 7�8' -�' ��('
q� f�f2f.Df 3f�ff�He.D 3f�ffSbD.S f�eH�ef �f3.

q2 3f�ff�S2fS 3f�f��D�H 3f�.b.bf �f3e f�HeH2f �f3.

	q� 3��ffff f��HDe2 f���D�f 3f�2��ff �f3D

	q2 3��ffff 3H��e�� 3f�feb2�� f�D2�ef �f3e

FL yhfwru ���T' ����'
q� 3f��.S�f �f3. 3f��f�Sf �f3�

q2 3f�2Sf.f �f3S f�22fff �f3�

	q� f��H��f �f3D f�ffeHbHe
	q2 3f��SfHf �f3� f���D.e

Wdeoh 716= Uhvwulfwhg Frlqwhjudwlqj Yhfwru= Prgho 5
Yduldeoh 7q� 77q

�

^s0ydoxh` 7q2 77q
4

^s0ydoxh`
7�' ��ffff 3 ��fff 3
7�8' 3f��HDef 3 3H��eff 3
-�' 3f���D�f f�fe.�DDdf�fffo 3f�.f�fS f�SbfSfdf�2�.o
��(' f�2��ff �f3D 3 f�DeS�f �f3e f�.22�f �f3Ddf�fffo
���T' 3f��H�2f �f3D f��DSSf �f3Ddf��D�o 3f��D.ef �f3� f�D��ef �f3edf�ffDo
����' 3f�ffeHbH. f�f��f�bdf��S2o f��2f2e f��Dbbfdf��f�o

Wkh �qdo uhvwulfwhg frlqwhjudwlqj yhfwruv/ suhvhqwhg lq Wdeoh 717 zhuh xvhg lq wkh
YHF prgho suhvhqwhg lq Wdeohv 718 wr 719;1 Wkh uhvxowv lqglfdwh wkdw xqolnh wkh YHF
prgho wkdw wuhdwhg lpsruwv dv U Ef� h{rjhqrxv/ lpsruwv gr qrw sod| d vljql�fdqw vkruw0
uxq uroh lq surgxfhu sulfh ghwhuplqdwlrq/ dowkrxjk wkh| gr sod| d kljko| vljql�fdqw
uroh lq ghwhuplqlqj wkh orqj0uxq htxloleulxp sulfh iru surgxfhuv1 Lq wklv prgho vshf0
l�fdwlrq vkruw0uxq h�hfwv gr qrw sod| d vljql�fdqw uroh iru surgxfhu sulfh irupdwlrq/
zlwk doo h�hfwv frplqj wkurxjk vhdvrqdo h�hfwv dqg wkh HFP1 Fdwwoh sulfh irupdwlrq
lv srruo| ghwhuplqhg zlwklq wklv prghoolqj iudphzrun/ zlwk rqo| slj surgxfhu sulfhv
kdylqj d vljql�fdqw vkruw0uxq h�hfw1 Wkh -2 iru wkh fdwwoh sulfh htxdwlrq lv 3165899/
lqglfdwlqj wkdw wkh prgho lv d srru �w ri wkh GJS iru fdwwoh sulfhv/ dv h{shfwhg1

Wdeoh 717= Ilqdo Uhvwulfwhg Frlqwhjudwlqj Yhfwruv= Prgho 5
FL yhfwru 	q� 7	q

�

	q2 7	q
4

7�' ��ffff 3 ��ffff 0
7�8' 3f��HDef 3 3H��eff 0
-�' 3f���HHH f�fe2eDS f�ffff 0
��(' f�2ee�f �f3D 3 f�D2bff �f3e f�SHbSf �f3D

���T' f�ffff 3 3f���D.f �f3� f�D��ff �f3e

����' f�ffff 3 f�ffff 0

Uhwdlo sulfh irupdwlrq lv ghwhuplqhg lq wkh vkruw uxq e| fkdqjhv lq fdwwoh sulfhv/
suredeo| pdqlihvwlqj wkhpvhoyhv lq fkdqjhv lq ehhi sulfhv zklfk duh qrw lqfrusrudwhg

;Odjudqjh Pxowlsolhu I0whvwv lqglfdwh wkdw wkh prgho htxdwlrqv gr qrw vx�hu iurp vhuldo fruuhodwlrq
ru khwhurvfhgdvwlflw|1
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Wdeoh 718= YHF prgho uhvxowv iru slj lqgxvwu|= Prgho 5
{7�' {7�8'

Frh!flhqwv 	q� 7	q
�

^s0ydoxh` 	q� 7	q
�

^s0ydoxh`
k 3DS�f�eD ef�b.b�d��.bo 3�����eSe D��SfH�d�f�eo
A 3f�SH.bD f�2b.22d�f2So 3f�bf2D� f��.e��d�f2�o
{7�'|3� f��HDf2 f�2��.Dd��b2o 3f�D2.HD f�2Sb2fd�fD.o
{7�8'|3� f��bbe� f���H2ed��D.o f��fbbH f��.e�fd�D��o
{-�'|3� f��D.f. f�2f�DHd�ee�o 3f��2S.D f�2D�H.d�S2fo
{��('|3� 3f��fe2f �f3D f�HeH.f �f3Sd�22.o 3f�DbeDf �f3S f��fSbf �f3Dd�DH�o
{���T'|3� 3f�S�Sff �f3D f�eDS�f �f3Dd��.�o f���2�f �f3D f�D.e.f �f3Dd�DS.o
{����'|3� 3f�ffb�H.e f�f2bHHed�.Sfo f�fe���b f�f�.S�Dd�2D.o
.���

|3� 3f���.Hb f�2fHfSd���2o f��eeDb f�2S2f2d��bSo
.��2

|3� f�fDf�H� f�f�SS.fd�ffDo f�f�2f�. f�f2fbbed���Do
'�

| 322�f.S2 e�e�Sbd�fffo f�e2f.D D�DS2Dd�befo
'2

| 32f�e�SH H�2bSHd�f�Ho D�DHeD �f�eeHHd�DbSo
'�

| H�22D. S�D�e�d�2�eo D�2HSf H�2fefd�D2�o
-2 f�..�HD f��2DSS

Wdeoh 719= YHF prgho uhvxowv iru slj lqgxvwu|= Prgho 5
{-�' {��('

Frh!flhqwv 	q� 7	q
�

^s0ydoxh` 	q� 7	q
�

^s0ydoxh`
k 3b2�SSe� 2.�2�.2d�ff2o 2�.Df �f. HHeSbHDd�ff�o
A 3f�e.DH2 f��b.DDd�f2�o �Hb��f�D Se�S.�fd�ffDo
{7�'|3� 3f�feD�SH f��e2f.d�.D2o 3.�SHb�H eS�e.�2d���Ho
{7�8'|3� f���fb. f�fb�HH�d�ff�o 3.SeHH�e 2bHee�.d�f�eo
{-�'|3� 3f�22ff� f����bHd��fbo 3e�2e.�f e�D�b�ed��ebo
{��('|3� 3f���fHf �f3D f�DSe�f �f3Sd�fD.o �ff�D�2H f��H�2�d�bb�o
{���T'|3� 3f�SHHff �f3D f��f��f �f3Dd�f2bo 3��HD�S f�bHD�Hd�SbHo
{����'|3� f�ffH2e.D f�f�bHS�d�SHfo 3H�DD�� SeD��.d�2�eo
.���

|3� f�SS�S� f���H2bd�fffo eD�Hf�H eeb�.�.d��2�o
.��2

|3� f�ffSf2�e f�f��fHfd�Dbfo 3�efDb�� �DbH�bd�fffo
'�

| 3S�.�.. 2�b�D.d�f2Ho 3SfH.�H� bD�DDb�fd�fffo
'2

| 3D��bHD D�D�eDd���eo 22DbDff �.b��bDd�2�Do
'�

| b�Sb.� e��2bHd�f��o 3DfSe2��H �efS�Sbd�.2�o
-2 f�Sb�D2 f�Hbf2S
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lq wklv prgho/ grphvwlf surgxfwlrq +hyhu| 4333 wrqqhv lqfuhdvh lq grphvwlf surgxfwlrq
gursv uhwdlo sulfhv e| 4142f2nj,/ dqg lpsruw yroxphv +hyhu| 4333 wrqqhv lqfuhdvh lq
lpsruwv gursv uhwdlo sulfhv e| 91;;2f2nj,1 Lq wkh orqj uxq/ uhwdlo sulfh irupdwlrq
lv lq xhqfhg vljql�fdqwo| e| wkh �uvw frlqwhjudwlqj yhfwru zklfk olqnv wkh grphvwlf
pdunhw sulfhv dqg txdqwlwlhv wrjhwkhu1

Fkdqjhv lq grphvwlf surgxfwlrq duh ghwhuplqhg wr d odujh h{whqw e| fkdqjhv lq
fdwwoh sulfhv lq wkh vkruw uxq dqg e| wkh vhfrqg frlqwhjudwlqj yhfwru lq wkh orqj uxq
0 lqglfdwlqj wkdw lpsruwv d�hfw grphvwlf surgxfwlrq1

81 Prghoolqj lpsruwv dqg fdwwoh sulfhv dv h{rjhqrxv qrq0vwdwlrqdu|
surfhvvhv

H{rjhqhlw| whvwv fduulhg rxw e| wkh Lqvwlwxwh iru Uhvhdufk lqwr Lqwhuqdwlrqdo Frpshwl0
wlyhqhvv +LULF, ^4;` vxjjhvw wkdw surgxfhu dqg uhwdlo sulfhv duh hqgrjhqrxv exw grphv0
wlf surgxfwlrq/ lpsruw sulfhv dqg yroxphv dqg fdwwoh sulfhv duh doo zhdno| h{rjhqrxv1
Wkh wklug prgho hvwlpdwhg wdnhv lpsruwv dqg fdwwoh sulfhv dv ehlqj qrq0vwdwlrqdu|
h{rjhqrxv yduldeohv dqg dvvxphv wkdw surgxfhu dqg uhwdlo sulfhv dqg grphvwlf surgxf0
wlrq duh hqgrjhqrxvo| ghwhuplqhg1 Wkh zhdn h{rjhqhlw| uhvxow iru grphvwlf surgxf0
wlrq irxqg e| LULF lv vxjjhvwhg wr eh gxh wr wkh kljko| lqhodvwlf qdwxuh ri surgxfwlrq
lq wkh vkruw uxq dqg wkhuhiruh grphvwlf surgxfwlrq vkrxog lq idfw eh hqgrjhqrxvo|
ghwhuplqhg1

Wkh hvwlpdwhg odj ohqjwk lv wkh vdph dv lq Vhfwlrq 7 dqg wkh uhvxowdqw YHF+5,
prgho lv uhjuhvvhg rq gdwd iurp 4<;7=6 wr 4<<:=5/ zlwk xquhvwulfwhg lqwhufhswv exw
zlwk uhvwulfwhg wuhqgv</ VST/ UST dqg SSGT ehlqj U E�� hqgrjhqrxv dqg VEIT/
FDPST/ dqg FDPYT ehlqj U E�� h{rjhqrxv zlwk ghwhuplqlvwlf vhdvrqdo gxpplhv1
Wkh Mrkdqvhq whvw iru frlqwhjudwlrq vxjjhvwv wkdw wkhuh h{lvwv rqh frlqwhjudwlqj yhfwru
+Wdeoh 814,1 Wkh frlqwhjudwlqj yhfwru dqg lw*v qrupdolvhg dqg �qdo uhvwulfwhg irup duh
suhvhqwhg lq Wdeoh 8151

Wdeoh 814= Uhvxowv ri wkh Mrkdqvhq PO whvw iru frlqwhjudwlrq/ Prgho 6
Kf= K�= Pd{0Hljhqydoxh OU�o�|cf�fD Wudfh OU�o�|cf�fD

o ' f o ' � e��f.2f �e�SDff ..��eS� S��Deff
o $ � o ' 2 2��bbeH 2.�Hfff �e�2.e� ef��.ff
o $ 2 o ' � �f�2.bD 2f�e.ff �f�2.bD 2f�e.ff

Wkh whvwv iru ryhu0lghqwli|lqj uhvwulfwlrqv lqglfdwh wkdw rqo| surgxfhu dqg uhwdlo
sulfhv sod| dq| uroh lq wkh orqj0uxq ghwhuplqdwlrq ri grphvwlf sulfhv1 Wkh YHF
prgho zdv hvwlpdwhg xvlqj wkh uhvwulfwhg HFP dqg wkh uhvxowv uhsruwhg lq Wdeohv 816
wr 817431 Wkh prgho uhvxowv lqglfdwh wkdw dowkrxjk lpsruwv gr qrw hqwhu lqwr wkh orqj0
uxq ghwhuplqdwlrq ri grphvwlf sulfhv dqg surgxfwlrq wkh| gr kdyh vkruw0uxq h�hfwv1
Lpsruw yroxphv vljql�fdqwo| ghsuhvv surgxfhu sulfhv lq wkh vkruw uxq/ zlwk hyhu|
4333 wrqqhv ri lpsruwv orzhulqj surgxfhu sulfhv e| durxqg H�22f*&}1 Wklv frpsduhv
zlwk wkh �f2f*&} gurs lq sulfhv gxh wr lpsruwv lq wkh YHF prghov vshfl�hg deryh1

<Zh dvvxph/ olnh wkh prgho hvwlpdwhg e| LULF ^4;`/ wkdw lq wklv fdvh wkhuh lv rqo| d wuhqg whup lq
wkh frlqwhjudwlqj yhfwru/ qrw d ghwhuplqlvwlf wuhqg1 Wkh ghwhuplqlvwlf wuhqg zdv lqfoxghg lq wkh rwkhu
prgho vshfl�fdwlrqv wr h{solflwo| dffrxqw iru lq dwlrqdu| h�hfwv qrw fdswxuhg e| �uvw gl�huhqflqj
wkh +qrplqdo, yduldeohv1

43Odjudqjh Pxowlsolhu I0whvwv lqglfdwh wkdw qrqh ri wkh htxdwlrqv h{klelw dq| hylghqfh ri vhuldo
fruuhodwlrq ru khwhurvfhgdvwlflw|1
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Wdeoh 815= Frlqwhjudwlqj yhfwruv iru YHF Prgho 6
Yduldeohv q �q 7q 77q

7�' 3f�f2f.fS 3��ffff ��ffff
-�' f�ffSb��D f����.b 3f�2�.�f f�f�S�fb
��(' 3f��DHDf �f3. 3f��.��f �f3D f
7�8' f�ff�b�H� f�fb�S�� f
���T' f�SS.Hf �f3H f��22Df �f3S f
����' f���b.f �f3� f�ffS.eH. f
Aoe?_ f�ff�b��b f�fb��ff f

FL Yhfwru @ dqo c Qrupdolvhg FL Yhfwru @
)
�q
K
c Uhvwulfwhg FL Yhfwru @

W
7q
�

Uhwdlo sulfhv duh dovr d�hfwhg e| lpsruw yroxphv/ zlwk hyhu| 4333 wrqqhv ri lpsruwv
ghsuhvvlqj uhwdlo sulfhv e| 92f2nj1 Wklv frpsduhv zlwk wkh D��2f*&}gurs lq uhwdlo sulfh
gxh wr lpsruwv lq wkh YHF prghov vshfl�hg deryh1 Grphvwlf surgxfwlrq grhv qrw
dsshdu wr eh d�hfwhg e| lpsruwv/ qhlwkhu lq wkh vkruw qru orqj0uxq144

Wdeoh 816= YHF uhsuhvhqwdwlrq iru slj lqgxvwu|= Prgho 6
{7�' {-�'

Frh!flhqwv 	q� 7	q
�

	q� 7	q
�

k 2e�bSDf .�fbDedf�ff�o 3�f�b.S2 e�H�Dedf�f2Ho
{7�'|3� f�����e f��bDb�df��2fo f��Sb2D f���2b.df�2�fo
{-�'|3� f��fe.f f�2�2H�df�S2Do 3f�2.D�H f��eeeedf�fSeo
{��('|3� f�.bfef �f3. f�.ff.f �f3Sdf�b��o 3f�H�eHf �f3. f�e.DDf �f3Sdf�HSDo
{7�8'|3� f�ffbHe�S f��2eeedf�b�.o f�2DS.. f�fHeeDDdf�ffeo
{���T'|3� 3f�H�HHf �f3D f�eDS2f �f3Ddf�fHfo 3f�Sf�Sf �f3D f��fbSf �f3Ddf�fDHo
{����'|3� 3f�f�D..� f�f�f��bdf�Sfeo 3f�f��S.� f�f2feDedf�D.�o
.���

|3� 3f��fH�e f��Sf�edf�fS2o f�e�S2� f��fHH2df�fffo
'�

| 32��fSHD e�eH2bdf�fffo 3D�2.eb ��fe2edf�fbfo
'2

| 322�eDbS H�SSSfdf�f��o 3H�fSfe D�HH��df��.Ho
'�

| e��.DS S�eSH�df�D22o e�H�.e e��HbHdf�2.bo
-2 f�.�.�D f�S2be.

Wkh uhvxowv lqglfdwh wkdw lpsruwv gr sod| d uroh lq wkh irupdwlrq ri grphvwlf sulfhv/
dqg wkdw wkh pdjqlwxghv ri wkh h�hfwv duh frqvlvwhqw zlwk wkh uhvxowv ri wkh suhylrxv
YHF prghov deryh1 Wkhuh lv d frq lfw lq wkh uhvxowv lq wkdw wkh lqfoxvlrq ri lpsruwv lq
wkh orqj0uxq frlqwhjudwlqj yhfwru lv ghshqghqw rq wkh sduwlfxodu prgho irupxodwlrq>
Wuhdwlqj lpsruwv dv U Ef� h{rjhqrxv uhvxowv lq lpsruwv kdylqj erwk d vkruw dqg d
orqj uxq h�hfw/ wuhdwlqj lpsruwv dv U E�� h{rjhqrxv/ zlwk grphvwlf lqgxvwu| yduldeohv
hqgrjhqrxv/ uhvxowv lq lpsruwv rqo| kdylqj d orqj0uxq h�hfw iru surgxfhu sulfhv exw d
orqj dqg vkruw uxq h�hfw rq uhwdlo sulfhv1 Ilqdoo|/ wuhdwlqj lpsruwv dv U E�� h{rjhqrxv/
dorqj zlwk fdwwoh sulfhv dqg qhjohfwlqj d ghwhuplqlvwlf wuhqg wr dffrxqw iru lq dwlrqdu|
h�hfwv/ uhvxowv lq lpsruwv rqo| kdylqj d vkruw0uxq h�hfw1

44Wkh vshfl�fdwlrq ri d ghwhuplqlvwlf wuhqg lq wkh YHF prgho grhv qrw vxevwdqwldoo| dowhu wkh
uhvxowv> iru h{dpsoh wkh h�hfw ri lpsruw yroxphv rq surgxfhu sulfhv lv 3f�HSf2f�f3D�f�eHfSf�f3D

iru wkh prgho zlwk d ghwhuplqlvwlf wuhqg frpsduhg zlwk 3f�H�HH f �f3D � f�eDS2 f �f3D iru wkh
prgho zlwkrxw d ghwhuplqvwlf wuhqg1
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Wdeoh 817= YHF uhsuhvhqwdwlrq iru slj lqgxvwu|= Prgho 6
{��('
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k 3�HH�fbH �Se2.�.df�2DHo
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'2

| 2bfHD�� 2ffS�.2df��DDo
'�

| bf�D.b�2 �eb.DeHdf�DDfo
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Wkhvh uhvxowv lqglfdwh wkdw wkh prgho vshfl�fdwlrq/ dqg xqghuo|lqj dvvxpswlrqv/
zloo kdyh d pdmru lpsdfw rq wkh vljql�fdqfh/ ru qrq0vljql�fdqfh/ ri d sduwlfxodu
yduldeoh lq d sduwlfxodu htxdwlrq1 Zkdw grhv dsshdu wr eh frqvlvwhqw dfurvv doo prgho
irupxodwlrqv lv wkdw lpsruwv/ dqg vshfl�fdoo| lpsruw yroxphv/ duh kdylqj d vljql�fdqw
qhjdwlyh h�hfw rq grphvwlf sulfhv lq wkh Dxvwudoldq slj lqgxvwu|1

91 Uhylhz ri wkh Surgxfwlylw| Frpplvvlrq*v frpplvvlrqhg uh0
vhdufk

Lq wkh prghov deryh wkh h�hfw ri lpsruwv rq grphvwlf sulfhv dsshduv wr eh fohdu fxw>
lpsruwv ghsuhvv erwk surgxfhu dqg uhwdlo sulfhv lq wkh vkruw dqg orqj uxq/ ghshqglqj
rq wkh prgho irupxodwlrq fkrvhq1 Prghoolqj dqdo|vlv fduulhg rxw e| Jul!wk ^45`
dqg wkh Lqvwlwxwh iru Uhvhdufk lqwr Lqwhuqdwlrqdo Frpshwlwlyhqhvv +LULF, ^4;` iru wkh
Surgxfwlylw| Frpplvvlrq duulyhg dw frqwudvwlqj frqfoxvlrqv1

Prghoolqj zrun e| Jul!wk ^45` rq wkh QVZ slj lqgxvwu| vxjjhvwhg wkdw uhwdlo
dqg zkrohvdoh sulfhv lq QVZ kdyh ehhq d�hfwhg e| lpsruwv exw wkhuh zdv lqvx!flhqw
gdwd wr frqfoxgh wkdw surgxfhu sulfhv kdg ehhq d�hfwhg1 Jul!wk xqghuwrrn Judqjhu
dqg Vlpv Fdxvdolw| whvwlqj lq d elyduldwh dqg YDU iudphzrun zklfk grhv qrw wdnh
lqwr dffrxqw wkh h�hfwv ri frlqwhjudwlrq lq wkh prgho vwuxfwxuh1 Dv zlwk doo wkh prgho
vwuxfwxuhv frqvlghuhg lq wklv sdshu wkh lvvxh ri odj ohqjwk lv fulwlfdo1 Jul!wk xvhg
prqwko| gdwd lq klv dqdo|vlv ri wkh QVZ slj lqgxvwu| dqg duelwudulo| vhohfwhg vhyhq
prqwkv dv wkh dssursuldwh odj ohqjwk lq frqvwuxfwlqj klv YDU prgho1 Lq klv Judqjhu
dqg Vlpv Fdxvdolw| dqdo|vlv Jul!wk frqvlghuhg odjv ri qlqh/ vl{/ wkuhh dqg rqh prqwkv
dqg whvwhg hdfk iru hylghqfh ri fdxvdolw|=

Fhuwdlqo| wkhuh lv qr frqvlvwhqw hylghqfh derxw wkh fdxvdo uhodwlrqvkls
ehwzhhq wkh ohyho ri Fdqdgldq lpsruwv ri sljphdw dqg idup/ zkrohvdoh
ru uhwdlo sulfhv lq QVZ1 Li wkhuh lv d sdwwhuq dw doo/ lw lv wkdw zkrohvdoh
sulfhv dqg Fdqdgldq lpsruwv pd| eh mrlqwo| ghwhuplqhg ryhu orqjhu odj
shulrgv/ wkdw qrqh ri wkh sulfh lpsdfw dw zkrohvdoh lv wudqvplwwhg wr wkh
uhwdlo srun pdunhw/ dqg wkdw QVZ sulfhv ri sljv duh rqo| fdxvdoo| h�hfwhg
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e| lpsruw yroxphv lq wkh yhu| vkruw uxq dv h{wud vxssolhv frph xs djdlqvw
yhu| lqhodvwlf ghpdqg dqg vxsso| vfkhgxohv1^45/ s1 43`

Lq frqvlghudwlrq ri wkh gl�hulqj h�hfwv ri lpsruwv dffruglqj wr odj ohqjwk fkrvhq
lw lv shukdsv uhohydqw wr dvn zklfk odj ohqjwk lv wkh pruh dssursuldwh rqh ryhu zklfk
wr frqgxfw dqdo|vlv1 Xvlqj prqwko| gdwd iru wkh Dxvwudoldq0zlgh slj lqgxvwu| dq
xquhvwulfwhg YDU+<, zdv hvwlpdwhg uhjuhvvlqj surgxfhu sulfhv/ uhwdlo sulfhv45/ fdwwoh
sulfhv/ surgxfwlrq yroxphv/ lpsruw yroxphv dqg sulfhv dv hqgrjhqrxv yduldeohv dqg
d frqvwdqw/ wlph wuhqg dqg 4r| wr 44|� vhdvrqdo gxpplhv dv h{rjhqrxv yduldeohv ryhu
wkh shulrg 4<<4=8 wr 4<<:=431 Wkh DLF dqg VEF iru odj ohqjwk vxjjhvw wkdw d YDU+4,
lv wkh pruh dssursuldwh prgho wr xvh/ zlwk wkh DLF ehlqj uhodwlyho|  dw ryhu wkh �uvw
vl{ odjv/ dv lqglfdwhg lq Iljxuh 9141
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Iljxuh 914= Odj ohqjwk vhohfwlrq iru prqwko| YDU prgho

Wkh uhvxowv vxjjhvw wkdw wkh vhohfwlrq ri wkh dssursuldwh odj ohqjwk iru wkh YDU
prgho ri wkh QVZ slj lqgxvwu| pd| kdyh vkhg vrph oljkw rq wkh uhdo h�hfwv ri
lpsruwv dqg wkdw d odj ohqjwk vhohfwlrq ri vhyhq prqwkv pd| kdyh uhvxowhg lq dq ryhu0
sdudphwhul}dwlrq ri wkh prgho dqg d frqvhtxhqw fkdqjh lq wkh dfwxdo vl}h ri wkh whvw
uhodwlyh wr lwv qrplqdo vl}h1

Lq frqwudvw wr Jul!wk*v �qglqj ri vrph h�hfw ri lpsruwv rq zkrohvdoh dqg uhwdlo
sulfhv wkh prghoolqj zrun fduulhg rxw e| LULF ^4;` vxjjhvwhg wkdw wkhuh zdv qr vlj0
ql�fdqw vkruw ru orqj0uxq uroh iru lpsruwv lq wkh ghwhuplqdwlrq ri pdunhw htxloleulxp
iru wkh Dxvwudoldq slj lqgxvwu|1 Wklv uhvxow klqjhv rq wkh prgho vshfl�fdwlrq xvhg
e| LULF1 Olnh dqdo|vlv fduulhg rxw lq wklv sdshu LULF frqgxfwhg whvwv ri dssursuldwh
odj ohqjwk ^4;/ s1 96/ Wdeoh 814`1 Rq wkh edvlv ri wkh DLF wkh| frqfoxghg wkdw wkh
dssursuldwh odj ohqjwk zdv wkuhh odjv1 Dv vkrzq lq wklv sdshu/ wkh uholdqfh rq wkh DLF
udwkhu wkdq rq wkh pruh sduvlprqlrxv/ dqg frqvlvwhqw/ VEF pd| uhvxow lq d plvvshf0
l�hg prgho zlwk frqvhtxhqw gloxwlrq ri vljql�fdqw h�hfwv1 Kdylqj vshfl�hg d YHF+6,
wkh LULF uhsruw hvwlpdwhg d frlqwhjudwlqj yhfwru edvhg vroho| rq wkh grphvwlf pdunhw
yduldeohv +surgxfhu sulfhv/ grphvwlf surgxfwlrq/ uhwdlo sulfhv dqg fdwwoh sulfhv, zkloh
ljqrulqj wkh srvvlelolw| ri lpsruwv sod|lqj d uroh lq wkh frlqwhjudwlqj yhfwru1 Wkh
uhvxowv ri wklv prgho vshfl�fdwlrq zloo eh eldvhg dv wkh suhvhqfh ri lpsruwv ryhu wkh
wlph shulrg xvhg lq hvwlpdwlqj wkh frlqwhjudwlqj yhfwru zloo lpsdfw rq wkh orqj0uxq

45Dxvwudold0zlgh uhwdlo sulfhv duh dydlodeoh rqo| dv txduwhuo| vhulhv dqg ehfdxvh uhwdlo sulfhv gr qrw
h{klelw vljql�fdqw yrodwlolw| iurp txduwhu wr txduwhu lw zdv ihow wkdw glvdjjuhjdwlqj wklv vhulhv zrxog
qrw eldv wkh uhvxowv vljql�fdqwo|1
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pdunhw htxloleulxp1 E| idlolqj wr wdnh lqwr frqvlghudwlrq wkh h�hfw ri lpsruwv rq
wkh frlqwhjudwlqj yhfwru wkh Mrkdqvhq whvw iru frlqwhjudwlrq zloo hvwlpdwh dq lqfruuhfw
frlqwhjudwlqj yhfwru1

Kdylqj hvwlpdwhg wkhlu frlqwhjudwlqj yhfwru LULF ^4;/ s1 9<` whvw iru h{rjhqhlw|
dqg frqfoxgh wkdw rqo| surgxfhu dqg uhwdlo sulfhv duh hqgrjhqrxv1 Zkhuhdv hfrqrplf
wkhru| vxjjhvwv wkdw wkhuh lv d fdvh iru h{rjhqhlw| ri fdwwoh sulfhv wkh �qglqj ri
h{rjhqhlw| ri grphvwlf surgxfwlrq lv kljko| vxvshfw1 D pruh sodxvleoh h{sodqdwlrq lv
wkh uhodwlyho| orz vxsso| hodvwlflw| iru grphvwlf surgxfwlrq1

Lq rughu wr whvw zkhwkhu lpsruwv kdyh kdg dq h�hfw rq wkh grphvwlf pdunhw htxl0
oleulxp/ LULF hvwlpdwhg d YHF+5, prgho doorzlqj lpsruwv/ grphvwlf surgxfwlrq dqg
fdwwoh sulfhv wr hqwhu dv U E�� h{rjhqrxv ^4;/ s1 ;3 Wdeoh 8144`1 Iurp wkhlu uhjuhv0
vlrq rxwsxw lw dsshduv wkdw LULF pdgh dq huuru lq wkhlu prgho irupxodwlrq1 Kdylqj
fodlphg wr hvwlpdwh d YHF+5, wkh| dfwxdoo| hvwlpdwh d YHF+5, lq gl�huhqfh irupdw/
wkdw lv/ wkh| kdyh wzr odjv ri hdfk orj0gl�huhqfhg yduldeoh hqwhu lqwr wkh prgho vwuxf0
wxuh1 Zkdw wklv phdqv lv wkdw wkh| dfwxdoo| hvwlpdwhg d YHF+6,/ qrw d YHF+5,1 Wkh
lpsolfdwlrq lv wkdw wkh| kdyh lqdgyhuwhqwo| gloxwhg wkh h�hfwv ri wkhlu yduldeohv grzq
e| ryhu0sdudphwhul}lqj wkhlu prgho1

D pruh vhulrxv huuru lv wkdw wkh| xvh wkh frlqwhjudwlqj yhfwru irupxodwhg iurp wkhlu
suhylrxv YHF+6, prgho zklfk glg qrw lqfrusrudwh lpsruwv exw lqfrusrudwhg grphvwlf
surgxfwlrq dqg fdwwoh sulfhv dv hqgrjhqrxv yduldeohv1 Wkh xvh ri wklv frlqwhjudwlqj
yhfwru iru d wrwdoo| gl�huhqw prgho vshfl�fdwlrq lv vsxulrxv dqg qr uholdqfh fdq eh
sodfhg rq wkh vxevhtxhqw uhvxowv1

:1 Frqfoxvlrqv

Lq wklv sdshu wkh h�hfw ri lpsruwv rq wkh Dxvwudoldq slj lqgxvwu| lv frqvlghuhg lq d
Yhfwru Huuru Fruuhfwlrq +YHF, iudphzrun1 Wkuhh prgho vshfl�fdwlrqv zhuh frqvlg0
huhg/ hdfk lqfrusrudwlqj d gl�huhqw dvvxpswlrq derxw wkh vwuxfwxuh ri wkh Dxvwudoldq
slj lqgxvwu|1 Lq wkh �uvw prgho/ zkhuh lpsruwv duh dvvxphg wr iroorz d vhdvrqdo
qrq0vwdwlrqdu| vwrfkdvwlf surfhvv dqg duh h{rjhqrxvo| ghwhuplqhg/ wkh prgho uhvxowv
vxjjhvw wkdw iru hyhu| 4333 wrqqhv ri lpsruwv wkh surgxfhu sulfh gursv e| durxqg
�f2f*&} dqg uhwdlo sulfhv idoo e| durxqg D2f*&}1 Wkh gl�hulqj h�hfwv ri lpsruwv rq
surgxfhu sulfhv dqg uhwdlo sulfhv vxjjhvwv dq dv|pphwulf sulfh wudqvplvvlrq ehwzhhq
wkh gl�huhqw ohyhov ri wkh pdunhwlqj fkdlq1 Wkhuh lv hylghqfh ri dq lqfuhdvhg pdu0
nhwlqj pdujlq zklfk dsshduv wr eh fdswxulqj wkh ehqh�wv ri wudgh olehudolvdwlrq dqg
suhyhqwlqj wkh ixoo  rz0rq ri wudgh ehqh�wv wr frqvxphuv1

Wkh uhvxowv ghshqg fulwlfdoo| rq wkh odj ohqjwk fkrvhq lq wkh prgho dqg dvvxps0
wlrqv xqghuo|lqj wkh wuhdwphqw ri lpsruwv1 Lq wkh vhfrqg prgho/ wuhdwlqj lpsruwv dv
�uvw0gl�huhqfh vwdwlrqdu|/ dv rssrvhg wr vhdvrqdoo| lqwhjudwhg/ vxjjhvwv wkdw lpsruwv
gr qrw sod| d vljql�fdqw vkruw0uxq uroh lq surgxfhu sulfh dqg surgxfwlrq ghwhupl0
qdwlrq/ dowkrxjk wkh| gr sod| d kljko| vljql�fdqw uroh lq ghwhuplqlqj wkh orqj0uxq
htxloleulxp sulfh +dqg surgxfwlrq,1 Lq frqwudvw/ uhwdlo sulfh irupdwlrq lv ghwhuplqhg
lq wkh vkruw uxq e| fkdqjhv lq lpsruw yroxphv zlwk hyhu| 4333 wrqqhv lqfuhdvh lq
lpsruwv ghsuhvvlqj uhwdlo sulfhv e| durxqg .2f*&} exw lq wkh orqj0uxq uhwdlo sulfhv duh
ghwhuplqhg e| grphvwlf pdunhw idfwruv dqg qrw lpsruwv1

Wkh wklug prgho fkrvhq dvvxphv wkdw erwk lpsruwv dqg fdwwoh sulfhv duh h{rjh0
qrxvo| ghwhuplqhg dqg wkh uhvxowv lqglfdwh wkdw dowkrxjk lpsruwv gr qrw hqwhu lqwr
wkh orqj0uxq ghwhuplqdwlrq ri grphvwlf sulfhv dqg surgxfwlrq wkh| gr kdyh vkruw0uxq
h�hfwv1 Lpsruw yroxphv vljql�fdqwo| ghsuhvv surgxfhu sulfhv lq wkh vkruw uxq/ zlwk
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hyhu| 4333 wrqqhv ri lpsruwv orzhulqj surgxfhu sulfhv e| durxqg H�22f*&}1 Wklv frp0
sduhv zlwk wkh �f2f*&} gurs lq sulfhv gxh wr lpsruwv lq wkh �uvw YHF prgho vshfl�hg
deryh1 Uhwdlo sulfhv duh dovr d�hfwhg e| lpsruw yroxphv/ zlwk hyhu| 4333 wrqqhv ri
lpsruwv ghsuhvvlqj uhwdlo sulfhv e| 92f2nj1 Wklv frpsduhv zlwk wkh D��2f*&} gurs lq uh0
wdlo sulfh lq wkh �uvw YHF prgho1 Grphvwlf surgxfwlrq grhv qrw dsshdu wr eh d�hfwhg
e| lpsruwv/ qhlwkhu lq wkh vkruw qru orqj0uxq1 Wkh uhvxowv lqglfdwh wkdw lpsruwv gr
sod| d uroh lq wkh irupdwlrq ri grphvwlf sulfhv/ dqg wkdw wkh pdjqlwxghv ri wkh h�hfwv
duh ghshqghqw rq wkh sduwlfxodu prgho irupxodwlrq1

Prghoolqj zrun fduulhg rxw iru wkh Surgxfwlylw| Frpplvvlrq e| wkh Lqvwlwxwh iru
Uhvhdufk lqwr Lqwhuqdwlrqdo Frpshwlwlyhqhvv vxjjhvwhg wkdw lpsruwv glg qrw kdyh dq|
h�hfw rq wkh pdunhw htxloleulxp lq grphvwlf slj lqgxvwu|1 Wkdw prghoolqj zrun zdv
 dzhg dv lw lqlwldoo| hvwlpdwhg wkh orqj0uxq pdunhw htxloleulxp xqghu wkh dvvxpswlrq
ri lpsruwv qrw lpsdfwlqj rq wkdw htxloleulxp dqg wkhq hvwlpdwhg zkdw wkh h�hfw
ri lpsruwv rq wkh vkruw dqg orqj0uxq htxloleulxp zrxog eh lq dq ryhusdudphwhulvhg
prgho wkdw gloxwhg wkh h�hfwv dfurvv qrq0vljql�fdqw sdudphwhuv1

Wkh uhvxowv ri wkh prghoolqj zrun lq wklv sdshu lqglfdwh wkdw wkh prgho vshfl�0
fdwlrq/ dqg xqghuo|lqj dvvxpswlrqv/ zloo kdyh d pdmru lpsdfw rq wkh vljql�fdqfh/ ru
qrq0vljql�fdqfh/ ri d sduwlfxodu yduldeoh lq d sduwlfxodu htxdwlrq1 Zkdw grhv dsshdu
wr eh frqvlvwhqw dfurvv doo prgho irupxodwlrqv lv wkdw lpsruwv/ dqg vshfl�fdoo| lpsruw
yroxphv/ duh kdylqj d vwdwlvwlfdoo| vljql�fdqw qhjdwlyh h�hfw rq grphvwlf sulfhv lq wkh
Dxvwudoldq slj lqgxvwu|1
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^63` Sxufhoo/ W1 dqg U1 Ehdug1 4<<;1 Hqgrjhqlvlqj vwuxfwxudo fkdqjh dqg wkh h�hfw ri
lpsruwv rq wkh Dxvwudoldq slj lqgxvwu|1 Vxeplvvlrq wr wkh Surgxfwlylw| Frpplv0
vlrq Lqtxlu| rq Slj dqg Sljphdw Lqgxvwulhv= Vdihjxdug Dfwlrq Djdlqvw Lpsruwv1
Eulvedqh= Xqlyhuvlw| ri Txhhqvodqg1
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^64` Sxufhoo/ W1G1 dqg V1 Kduulvrq1 4<<;d1 Wkh lpsdfw ri wudgh olehudolvdwlrq dqg lq0
fuhdvlqj lpsruwv rq Dxvwudoldq slj sulfhv= D uhsruw suhsduhg iru wkh Txhhqvodqg
Ghsduwphqw ri Sulpdu| Lqgxvwulhv1 Eulvedqh= Ghsduwphqw ri Sulpdu| Lqgxvwulhv/
Txhhqvodqg1

^65` Sxufhoo/ W1G1 dqg V1 Kduulvrq1 4<<;e1 Wkh lpsdfw ri wudgh olehudolvdwlrq dqg lq0
fuhdvlqj lpsruwv rq wkh Dxvwudoldq slj lqgxvwu|= D vxeplvvlrq wr wkh Surgxfwlylw|
Frpplvvlrq Lqtxlu| rq Slj dqg Sljphdw Lqgxvwulhv= Vdihjxdug Dfwlrq Djdlqvw
Lpsruwv rq ehkdoi ri wkh Ghsduwphqw ri Sulpdu| Lqgxvwulhv/ Txhhqvodqg1 Eulv0
edqh= Ghsduwphqw ri Sulpdu| Lqgxvwulhv/ Txhhqvodqg1

^66` Vfkzdu}/ J1 4<:;1 Hvwlpdwlqj wkh glphqvlrq ri d prgho1 Dqqdov ri Vwdwlvwlfv1
9=79407971

^67` Xqlwhg Vwdwhv Ghsduwphqw ri Djulfxowxuh1 4<<;1 Olyhvwrfn Gdlu| dqg Srxowu|
Uhsruw= Ghfhpehu 5; 4<<;1 Xqlwhg Vwdwhv Ghsduwphqw ri Djulfxowxuh/ Hfrqrplf
Uhvhdufk Vhuylfh1 Zdvklqwrq/ G1F1= Xqlwhg Vwdwhv Ghsduwphqw ri Djulfxowxuh1
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