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Rq wkh H�hfwlyhqhvv ri Ghpdqg Vlgh
Pdqdjhphqw Lqirupdwlrq Surjudpv rq

Krxvhkrog Hohfwulflw| Ghpdqg

Xzh Gxoohfn V|oyld Ndxipdqq�|

Iheuxdu| 5333

Devwudfw

Zh hpslulfdoo| vwxg| wkh h�hfwlyhqhvv ri d Ghpdqg Vlgh Pdqdjh0
phqw +GVP, surjudp iru krxvhkrogv edvhg rq fxvwrphu lqirupdwlrq1

Wkh olwhudwxuh srlqwv rxw wkdw vxssolhuv dv zhoo dv frqvxphuv eh0
kdyh vwudwhjlfdoo| vxfk wkdw GVP fdqqrw zrun1 Reylrxvo|/ wkh vxssolhu
kdv qr lqfhqwlyh wr uhgxfh wkh ghpdqg ri klv rzq surgxfw/ dqg wkh
frqvxphu frxqwhudfwv wkh vxssolhu*v phdvxuhv e| uhgxflqj klv2khu rzq
h�ruw1

Zlwklq wkh fdvh ri wkh Lulvk Hohfwulflw| Vxsso| Erdug +HVE, wkhvh
h�hfwv duh uxohg rxw1 Rq wkh rqh vlgh/ gxh wr wkh frxqwu|*v vshfl�f
jhrjudsklfdo orfdwlrq dqg pxfk kljkhu lqfuhdvhv wkdq h{shfwhg lq hohf0
wulflw| ghpdqg wkh HVE kdg wr xvh doo phdqv wr uhgxfh hohfwulflw| gh0
pdqg1 Dqg/ rq wkh rwkhu vlgh/ wkh lqvwuxphqw ri fxvwrphu lqirupdwlrq
dv d GVP ghylfh uxohv rxw vwudwhjlf ehkdylru ri fxvwrphuv1

Zh �qg wkdw fxvwrphu lqirupdwlrq uhgxfhg ryhudoo hohfwulflw| gh0
pdqg e| urxjko| :(1 Lw zdv dovr h�hfwlyh dv d ordg pdqdjhphqw gh0
ylfh dv ghpdqg  xfwxdwlrqv ryhu wkh |hdu zhuh uhgxfhg1 Ilqdoo|/ wkh
vkruw0uxq g|qdplf h�hfw ri GVP vhhpv wr eh lqvljql�fdqw/ wklv lp0
solhv wkdw GVP grhv qrw fkdqjh ghpdqg ehkdylru exw uhgxfhv ghpdqg
wkurxjk frqvxphuv vzlwfklqj wr pruh h!flhqw hohfwulf dssoldqfhv1

�Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Ylhqqd/ Krkhqvwdxihqjdvvh </ D04343 Ylhqqd/
H0Pdlo= xzh1gxoohfnCxqlylh1df1dw/ v|oyld1ndxipdqqCxqlylh1df1dw

|Wkh dxwkruv olnh wr wkdqn Iudq} Zluo dqg M ujhq Zrowhuv iru hqfrxudjlqj frpphqwv
rq hduolhu yhuvlrqv1
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4 Lqwurgxfwlrq
Vlqfh wkh hljkwlhv vhyhudo lqvwuxphqwv ri Ohdvw Frvw Sodqqlqj +OFS, kdyh
ehhq glvfxvvhg lq wkh olwhudwxuh +vhh Orylqv +4<;8, ru wkh errn e| Zluo
+4<<:,,1 Ehvlgh vxsso| vlgh phdvxuhv wkdw uhgxfh wkh frvwv ri surgxfwlrq
dqg wudqvplvvlrq ri hohfwulflw| wkhuh kdv ehhq vrph glvfxvvlrq derxw ghpdqg
vlgh phdvxuhv/ l1h1 Ghpdqg Vlgh Pdqdjhphqw +GVP,1 GVP dlpv dw uhgxflqj
shdn ghpdqg/ ryhudoo ghpdqg dqg ghpdqg  xfwxdwlrqv +wkh odwwhu rqh riwhq
uhihuhg wr dv ordg pdqdjhphqw,1

Wkhuh duh wzr txhvwlrqv uhjduglqj GVP= Gr hohfwulflw| surylghuv kdyh
dq lqfhqwlyh wr xvh GVP dqg gr krxvhkrogv2fxvwrphuv uhdfw wr lw1 Wkh
�uvw sureohp lv wkdw hohfwulflw| lv qrw vrog dv d vhuylfh exw dv dq lqsxw wr
surgxfh d vhuylfh1 Wkhuhiruh wkh surylghu kdv qr lqfhqwlyh wr lqfuhdvh wkh
h!flhqf| ri hohfwulflw| dssoldqfhv xvhg lq krxvhkrogv dqg �upv ehfdxvh wklv
zrxog uhvxow lq d ghpdqg ghfuhdvh ri klv rzq surgxfw +vhh iru h{dpsoh Zluo
+4<<:,iru dq h{whqghg glvfxvvlrq,1 Dgglwlrqdoo|/ dqg wklv lv sduw ri wkh vhfrqg
sureohp/ Zluo +4<<7, dujxhv wkdw GVP pljkw eh hyhq ohvv dwwudfwlyh ehfdxvh
udwlrqdo krxvhkrogv zloo vwudwhjlfdoo| uhgxfh wkhlu rzq lqyhvwphqw lq h!flhqf|
lpsuryhphqwv dv d uhvsrqvh wr vxssolhuv* gluhfw lqyhvwphqwv lq hohfwulflw|
xwlolwlhv1 Wkh odwwhu wkhruhwlfdo dujxphqw pljkw eh wuxh li GVP lv edvhg
rq lqyhvwphqw surjudpv1 Krzhyhu/ krxvhkrogv duh xqolnho| wr frxqwhudfw
lqirupdwlrq surjudpv e| uhgxflqj wkhlu rzq h�ruw li wkh iudfwlrq ri lqiruphg
krxvhkrogv lv orz dw wkh ehjlqqlqj ri wkh lpsohphqwdwlrq1 Lw uhpdlqv wr
eh vkrzq zkhwkhu surjudpv edvhg rq fxvwrphu lqirupdwlrq duh lqh�hfwlyh1
Zh vhhn dq hpslulfdo dqvzhu wr wkdw txhvwlrq e| dqdo|}lqj wkh Lulvk GVP0
surjudp zklfk zdv pdlqo| edvhg rq fxvwrphu lqirupdwlrq1

Zh xvh Lulvk gdwd iru wklv vwxg|1 Wkh Lulvk Hohfwulflw| Vxsso| Erdug
+HVE,/ d vwdwh rzqhg xwlolw|/ kdg wr xvh doo phdvxuhv wr uhgxfh hohfwulflw|
frqvxpswlrq gxh wr wkh vshfl�f jhrjudsklfdo dqg srolwlfdo vlwxdwlrq ri Luh0
odqg dqg wr kljkhu wkdq h{shfwhg lqfuhdvhv lq hohfwulflw| ghpdqg wkurxjkrxw
wkh hljwklhv1 Jlyhq wkh wlph qhhghg wr lqvwdoo qhz fdsdflw| gxh wr dgplqlv0
wudwlyh reoljdwlrqv dqg frqvwuxfwlrq wlph/ dqg d plvvlqj frqqhfwlrq zlwk wkh
frqwlqhqwdo hohfwulflw| julg/ wkh HVE idfhg dq xsfrplqj vkruwdjh ri jhqhu0
dwlrq fdsdflw|1 Wkhuhiruh wkh HVE kdg dq lqfhqwlyh wr uhgxfh ghpdqg1 Wr
gr vr/ wkh HVE lqyhvwhg lqwr OFS lqfoxglqj d odujh vfdoh fxvwrphu lqiru0
pdwlrq GVP surjudp1 Wkh lqvwuxphqw ri d pdlqo| lqirupdwlrq edvhg GVP
surjudp uxohv rxw vwudwhjlf ehkdylru e| krxvhkrogv1 Wkxv wkh Lulvk GVP sur0
judp jlyhv xv wkh rssruwxqlw| wr dqdo|}h zkhwkhu krxvhkrog ghpdqg uhdfwhg
wr lw1

Lq wklv duwlfoh zh �uvw ghvfuleh wkh GVP surjudp/ suhvhqw wkhq wkh prgho
dqg wkh k|srwkhvlv/ dqg vxp xs rxu uhvxowv dorqj zlwk wkh ghvfulswlrq ri
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wkh hfrqrphwulf phwkrgrorj|1 Zh �qg wkdw wkh GVP surjudp kdv dq ryhu0
doo ghpdqg uhgxflqj h�hfw lq wkh orqj0uxq ri urxjko| :( uhodwlyh wr hqhuj|
ghpdqg zlwkrxw GVP1 Dgglwlrqdoo|/ hqhuj| ghpdqg lv ohvv vhqvlwlyh wr whp0
shudwxuh  xfwxdwlrqv diwhu wkh lpsohphqwdwlrq ri wkh surjudp/ l1h1 wkhuh duh
ohvv ghpdqg  xfwxdwlrqv ryhu wkh |hdu1 Wkhvh �qglqjv duh frqvlvwhqw zlwk
hduo| hvwlpdwhv ri wkh HVE1

Rxu hylghqfh lv edvhg rq prqwko| gdwd fryhulqj wkh shulrg Rfwrehu 4<:9
wr Ghfhpehu 4<<61 Wkh srwhqwldo orqj uxq h�hfw ri wkh GVP surjudp rq
hqhuj| ghpdqg lv �uvw lqyhvwljdwhg zlwklq d frlqwhjudwlrq iudphzrun1 Zh
prgho hohfwulflw| ghpdqg iurp Lulvk krxvhkrogv dv ghshqglqj rq d sur{| iru
lqfrph/ dqg wkh sulfh shu xqlw ri hohfwulflw| dqg d zhdwkhu yduldeoh1 Zh df0
frxqw iru wkh GVP surjudp zlwk d gxpp| yduldeoh/ dqg dovr lqfoxgh d wuhqg
dqg vhdvrqdo gxpplhv1 Wkh g|qdplf dqdo|vlv zlwklq dq huuru0fruuhfwlrq
prgho hpskdvl}hv djdlq wkh orqj0uxq h�hfw rq ryhudoo ghpdqg dqg rq gh0
pdqg  xfwxdwlrqv ryhu wkh |hdu gxh wr whpshudwxuh1 Rxu uhvxowv vxssruw wkh
lqwxlwlrq wkdw GVP surjudpv uhgxfh hohfwulflw| ghpdqg ri krxvhkrogv qrw e|
fkdqjlqj wkhlu ghpdqg sdwwhuqv iru hohfwulflw| uhodwhg vhuylfhv exw wkurxjk
wkhp vzlwfklqj wr h!flhqf| lpsuryhg hohfwulflw| dssoldqfhv1 Dovr/ dv ghpdqg
 xfwxdwlrqv duh uhgxfhg ryhu wkh |hdu/ GVP e| fxvwrphu lqirupdwlrq lv dq
h�hfwlyh phdvxuh ri ordg pdqdjhphqw1

5 Wkh Lulvk GVP0surjudp 0 Zk| dqg Krz
Wkh Uhsxeolf ri Luhodqg lv hfrqrplfdoo| fkdudfwhul}hg e| wzr idfwruv= Iluvw
d jhrjudsklf lvrodwlrq dqg vhfrqg d kljk ghshqghqfh rq lqwhuqdwlrqdo wudgh1
Wkhvh idfwruv d�hfw wkh whfkqrorj| xvhg wr jhqhudwh hohfwulflw|1 Jhrjudsklf
lvrodwlrq wrjhwkhu zlwk d plvvlqj frqqhfwlrq zlwk frqwlqhqwdo Hxursh dqg
wkh Xqlwhg Nlqjgrp dw wkh ehjlqqlqj ri wkh qlqhwlhv lpsolhg wkdw wkh Lulvk
hohfwulflw| ghpdqg kdg wr eh vdwlv�hg e| grphvwlf jhqhudwlrq1 Dgglwlrqdoo|/
lw lpsolhv wkdw kljkhu wkdq qrupdo uhvhuyh fdsdflwlhv duh qhhghg wr eh deoh
wr phhw xqxvxdoo| kljk ghpdqg shulrgv dv qr jhqhudwlrq fdsdflw| fdq eh
xvhg iurp deurdg1 Wklv uhvwulfwlrq dqg wkh idfw ri xqghuhvwlpdwhg ghpdqg
lqfuhdvhv lq wkh hduo| hljkwlhv ohdg wr dq xsfrplqj vkruwdjh ri fdsdflwlhv1
Lq lwv dqqxdo uhsruw iru 4<<6 wkh HVE vwdwhg wkdw gxulqj wkh sdvw vl{ |hduv
wkh lqfuhdvh lq hohfwulflw| ghpdqg kdg ehhq kljkhu wkdq h{shfwhg dqg deryh
wkh Hxurshdq dyhudjh +HVE+4<<7d,,1 R!fldoo|/ wkh HVE dqqrxqfhg wkdw
fdsdflwlhv kdg qrw ehhq dgmxvwhg wr vdwlvi| wkh kljkhvw suredeoh lqfuhdvh lq
hohfwulflw| ghpdqg dv li lw zrxogq*w kdyh pdwhuldol}hg lw zrxog kdyh sxw d
vhulrxv �qdqfldo suhvvxuh +gxh wr kljk fdslwdo lqyhvwphqwv, rq wkh frpsdq|
+vhh HVE+4<<7e,/ s1 6,1 Wr xqghuvwdqg wkh ixoo h{whqw ri wkh sureohp/ lw
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lv qhfhvvdu| wr nqrz wkdw d uhdol}hg vkruwdjh ri jhqhudwlrq fdsdflw|/ l1h1 d
kljkhu ghpdqg wkdq fdq eh jhqhudwhg/ ohdgv wr d euhdn0grzq ri wkh julg gxh
wr edvlf odzv ri sk|vlfv1

Dovr/ wkh HVE idfhg dqg vwloo idfhv uhodwlyho| kljk jhqhudwlrq frvwv/ wkh
vkduh ri lpsruwhg sulpdu| hqhuj| ehlqj kljk frpsduhg wr wkh Hxurshdq
dyhudjh1 Hvshfldoo| shulrgv ri shdn jhqhudwlrq lq zklfk shdw lv xvhg dv ixho
gxh wr srolwlfdo dqg wudglwlrqdo uhdvrqv duh frvwo|1

Wkhvh uhdvrqv surylghg wkh hfrqrplf lqfhqwlyhv iru wkh HVE wr vwduw d
odujh vfdoh GVP surjudp wr uhgxfh shdn ghpdqg/ ghpdqg  xfwxdwlrqv dqg
ryhudoo ghpdqg1 D srwhqwldo vlgh0h�hfw ri wkh surjudp dgyrfdwhg/ e| wkh HVE
dqg e| prvw rwkhu hohfwulflw| vxssolhuv zkr kdg dqqrxqfhg GVP dfwlylwlhv dv
zhoo/ zdv wkrxjkw wr vwuhqjwkhq exvlqhvv uhodwlrqvklsv zlwk odujh fxvwrphuv1
Dq h�hfw mxgjhg wr eh yhu| lpsruwdqw lq wkh oljkw ri xsfrplqj frpshwlwlrq
+HVE +4<<7e,/ s1 ;,1

Wkh surjudp zdv lpsohphqwhg xvlqj doo wkuhh nqrzq lqvwuxphqwv ri GVP1
Wkhvh duh fkdqjhv lq wkh sulfh vwuxfwxuh/ lqfhqwlyh dqg lqirupdwlrq surjudpv1
Zlwk uhvshfw wr sulydwh krxvhkrogv wkh HVE frqfhqwudwhg rq lqirupdwlrq
surjudpv1 Fkdqjhv lq wkh sulfh vwuxfwxuh duh qrw dw wkh irfxv ri wklv vwxg|
dv wkhvh zhuh pdlqo| gluhfwhg dw wkh lqgxvwuldo dqg frpphufldo vhfwru1 Lq
eulhi/ wkh| frqvlvwhg ri wkuhh sduw wdul�v lqfoxglqj d �{hg ihh ghshqglqj
rq wkh pd{lpxp qhhghg fdsdflw| dqqrxqfhg suhylrxvo| e| wkh lqgxvwuldo
ru frpphufldo xvhu/ d ihh ghshqglqj rq wkh dfwxdoo| xvhg hohfwulflw|/ dqg d
�ghpdqg fkdujh�/ d gdlo| ihh zklfk lv ghwhuplqhg h{ srvw e| wkh fxvwrphu*v
kljkhvw ghpdqg ryhu d gd| gxulqj wkh gdlo| shdn shulrg +lq zlqwhu wklv
lv wkh wlph ehwzhhq �yh dqg vhyhq sp,1 Wkh HVE dovr r�huhg wdul�v lq
frqmxqfwlrq zlwk lqwhuuxswleoh hohfwulflw| vxsso|/ zklfk phdqv wkdw lqgxvwuldo
dqg frpphufldo fxvwrphuv ex| dw d fkhdshu udwh exw idfh wkh ulvn ri qrw ehlqj
vhuyhg lq wkh fdvh ri fdsdflw| vkruwdjh1 Iru krxvhkrogv d vshfldo �qljkw vdyhu�
wdul� zdv lqwurgxfhg exw wkh sduwlflsdwlrq lq wklv surjudp wxuqhg rxw wr eh
vpdoo1 Wkhuhiruh/ hohfwulflw| vrog xqghu wklv wdul� lv qrw lqfoxghg lq rxu vwxg|1

Lqfhqwlyh surjudpv zhuh uduho| dssolhg dqg ri uhodwlyh olwwoh ydoxh1 Iru
krxvhkrogv vrph plqru uhedwhv +�ex| wkuhh hqhuj| vdylqj exoev iru wkh sulfh
ri wzr�, zhuh xvhg gxulqj lqirupdwlrq fdpsdljqv1

Wkh lqirupdwlrq surjudp zdv wdujhwhg dw vpdoo �upv/ uhwdlo rxwohwv dqg
sulydwh krxvhkrogv1 Lqirupdwlrq ohd hwv zhuh dgghg wr krxvhkrogv* hohfwulflw|
eloov/ h!flhqf| lpsuryhphqwv zhuh dgyhuwlvhg lq vshfldol}hg mrxuqdov +h1j1
GL\ mrxuqdov,/ vshfldo surjudpv wdujhwhg vfkrrov +frrnlqj frpshwlwlrqv dqg
lqvwuxfwlqj whdfkhuv,/ dqg hqhuj| h!flhqf| fhuwl�fdwlrqv iru dssoldqfhv zhuh
lqwurgxfhg wrjhwkhu zlwk wkh Lulvk fhuwl�fdwlrq lqvwlwxwlrq HRODV1 Ilqdoo|/
h!flhqf| lpsurylqj surgxfwv +h1j1 odjjlqj mdfnhwv 0 krw zdwhu lvrodwlrq/
hqhuj| vdylqj exoev, zhuh glvwulexwhg e| pdlo dqg lq orfdo HVE vkrsv wr
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lqfuhdvh wkh fxvwrphuv* dffhvv wr wkhvh jrrgv1

6 Dq hfrqrphwulf prgho ri hohfwulflw| ghpdqg
Wr rxu nqrzohgjh wkhuh kdv qrw ehhq dq| hfrqrphwulf vwxg| rq wkh h�hfwlyh0
qhvv ri GVP surjudpv1 Wkh suhvhqw dqdo|vlv lv edvhg rq wudglwlrqdo prghov
ri hohfwulflw| ghpdqg dqg lqfoxghv dq dgglwlrqdo yduldeoh wkdw dffrxqwv iru
wkh GVP h�hfw1

Krxwkdnnhu +4<84, suhvhqwhg rqh ri wkh �uvw vwxglhv lq hohfwulflw| ghpdqg1
Kh lqfoxghv furvv0vhfwlrq gdwd rq lqfrph dqg rq hohfwulflw| sulfhv dv ghwhu0
plqdqw yduldeohv/ dffrxqwlqj vlpxowdqhrxvo| iru srwhqwldo ghpdqg jlyhq wkh
h{lvwlqj dssoldqfhv zlwk dq dgglwlrqdo yduldeoh1 Odwhu vwxglhv gurs wkh odwwhu
yduldeoh dgglqj dw wkh vdph wlph d zhdwkhu yduldeoh dv dgglwlrqdo lqghshq0
ghqw yduldeoh +vhh Zlovrq +4<:4,,1 Vxuyh|v ri vhyhudo vwxglhv duh irxqg lq
Wd|oru +4<:8, dqg Ehuqgw +4<<4/ fk1 :,1

Vfrww +4<<4, vwxglhv wkh Lulvk hohfwulflw| ghpdqg lqfoxglqj wkh wudglwlrqdo
ghwhuplqdqw yduldeohv1 Zh prgli| khu dssurdfk/ krzhyhu/ zh xvh d gl�huhqw
zhdwkhu yduldeoh dqg d gl�huhqw sulfh yduldeoh1 D gxpp| yduldeoh dffrxqwv
iru wkh GVP surjudp1 Vhdvrqdo gxpplhv fdswxuh wkh ghwhuplqlvwlf vhdvrqdo0
lw| lq wkh gdwd1 Jlyhq rxu lqwhuhvw lq wkh hyroxwlrq +jurzwk udwhv, ri hqhuj|
ghpdqg zh hvwlpdwh d orjdulwkplf ixqfwlrqdo irup ri wkh hqhuj| ghpdqg
ixqfwlrq lqvwhdg ri dq hvwlpdwlrq lq ohyhov dv lq Vfrww +4<<4,1 Krxvhkrog
hohfwulflw| ghpdqghg xqghu wkh jhqhudo vxsso| wdul� ri wkh HVE +H, lv wkh
ghshqghqw yduldeoh1 Lw grhv qrw lqfoxgh hohfwulflw| vrog xqghu wkh �qljkw
vdyhu� surjudp/ l1h1 zh frqfhqwudwh rq shulrgv ri shdn ghpdqg1 Wkh uh0
wdlo vdohv yroxph lqgh{ +UVY, vhuyhv dv d sur{| iru glvsrvdeoh lqfrph dv qr
prqwko| vhulhv lv dydlodeoh iru wkh odwwhu1 Zh lqfoxgh wkh uhdo xqlw sulfh ri
hohfwulflw| +SSX, dv ixuwkhu lqghshqghqw yduldeoh1 Wkh �{hg ihh kdv ehhq
gursshg iru wkh dqdo|vlv dv d �uvw lqyhvwljdwlrq ghwhuplqhg wkh lqvljql�fdqfh
ri wkh �{hg ihh1 Wklv uh hfwv wkh idfw wkdw qr pdmru fkdqjhv lq wkh wdul�
vwuxfwxuh rffxuhg wkurxjkrxw wkh revhuyhg shulrg iurp Vhswhpehu 4<:9 wr
Ghfhpehu 4<<61 Dq|zd|/ hyhq lq wkh suhvhqfh ri �{hg ihh fkdqjhv wkhlu
qhjdwlyh lqfrph h�hfw zrxog eh vpdoo +Krxwkdnnhu +4<84,,1 Rxu zhdwkhu
yduldeoh lv wkh prqwko| dyhudjh ri gdlo| plqlpxp whpshudwxuh +PLQWHPS,
phdvxuhg dw wkh zhdwkhu vwdwlrq ri Gxeolq dlusruw ehfdxvh urxjko| kdoi ri
wkh Lulvk srsxodwlrq olyhv lq wkh Gxeolq uhjlrq1 Vfrww +4<<4, xvhv gd|v ehorz
4818 ghjuhhv Fhovlxv zhljkwhg e| wkh 4<:8 uhjlrqdo hohfwulflw| julg ghpdqg
+wkdw lv wkh jhqhudo ghpdqg iurp wkh wkuhh vhfwruv 0 krxvhkrogv/ frpphufldo
rxwohwv dqg lqgxvwu|,1 Wkh zhljkw iru wkh Gxeolq uhjlrq lq khu vwxg| zdv
65/5( zklfk vkrxog eh kljkhu e| qrz gxh wr lqfuhdvhg xuedq frqfhqwudwlrq
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ri srsxodwlrq1
Wkh ghwhuplqlvwlf sduw ri wkh prgho lqfoxghv vhdvrqdo gxpplhv dqg d wlph

wuhqg1 D suholplqdu| dqdo|vlv ri wkh gdwd +grfxphqwhg lq wkh qh{w vhfwlrq,
jlyhv hylghqfh idyrudeoh wrzdugv d ghwhuplqlvwlf prgholqj ri wkh vhdvrqdo0
lw|1 Wkh lqfoxghg wuhqg dffrxqwv iru srsxodwlrq jurzwk dqg whfkqrorjlfdo
fkdqjh1 Wkh judgxdo lpsohphqwdwlrq dqg gl�xvlrq ri wkh GVP0surjudp lv
fdswxuhg e| dq dgglwlrqdo gxpp| yduldeoh wkdw kdv ydoxh }hur lq wkh |hduv
ehiruh 4<<3/ lqfuhdvhv wkhq olqhduo| ryhu wkh |hdu 4<<3 wr uhdfk rqh lq Gh0
fhpehu 4<<31 Odvw/ wkh lqfoxvlrq ri wkh yduldeoh uhvxowlqj rxw ri wkh surgxfw
ehwzhhq plqlpxp whpshudwxuh dqg wkh GVP gxpp| doorzv wr phdvxuh wkh
h�hfwlyhqhvv ri wkh ordg pdqdjhphqw dvshfw ri wkh GVP surjudp1

614 K|srwkhvlv

Li GVP zrunv wkh sdudphwhu rq wkh GVP gxpp| vkrxog eh vljql�fdqwo|
qhjdwlyh1 D srvlwlyh sdudphwhu rq wkh furvv0h�hfw ehwzhhq GVP dqg whp0
shudwxuh zrxog uh hfw wkh h�hfwlyhqhvv rq ordg0pdqdjhphqw dv wkh surjudp
zrxog uhgxfh  xfwxdwlrqv lq hohfwulflw| ghpdqg gxh wr whpshudwxuh1

Uhjduglqj wkh k|srwkhvlv wkdw GVP d�hfwv orqj0uxq ehkdylru exw grhv
qrw fkdqjh vkruw0uxq ghpdqg sdwwhuqv/ zh h{shfw d vljql�fdqw sdudphwhu
rq wkh GVP gxpp| zlwklq wkh fr0lqwhjudwlqj dqdo|vlv zkhuhdv lw fdq eh
lqvljql�fdqw lq wkh hvwlpdwlrq ri wkh huuru0fruuhfwlrq htxdwlrq1

7 Uhvxowv

714 Gdwd

Dv phqwlrqhg suhylrxvo|/ wkh dqdo|vlv fryhuv wkh shulrg Vhswhpehu 4<:9
wkurxjk Ghfhpehu 4<<61 Prqwko| gdwd rq krxvhkrog hohfwulflw| ghpdqghg
xqghu wkh jhqhudo vxsso|0wdul� dqg gdwd rq wkh hohfwulflw| xqlw sulfh zhuh
surylghg e| wkh HVE1 Wkh gdwd ruljlqdwh iurp wzr krxvhkrog jurxsv wkdw
duh vxuyh|hg dowhuqdwlyho| rq d elprqwko| edvlv1 Wkh xqzhljkwhg dyhudjhv
ri wkh vxffhvvlyh revhuydwlrqv ri wkh wzr krxvhkrog jurxsv irup wkh vhulhv
zh duh zrunlqj zlwk1 Wkh uhwdlo vdohv yroxph lqgh{ +edvlv 4<;3, wkdw vhuyhv
dv d sur{| iru lqfrph dqg wkh frqvxphu sulfh lqgh{ xvhg wr gh dwh qrplqdo
�jxuhv duh sxeolvkhg e| wkh Fhqwudo Vwdwlvwlfv R!fh1 Wkh Lulvk Phwhrurorj0
lfdo Vhuylfh surylghg wkh vhulhv rq wkh prqwko| dyhudjh ri gdlo| plqlpxp
whpshudwxuh lq wkh frq�qhv ri Gxeolq1

Wkh iroorzlqj dqdo|vlv lv edvhg rq wkh orjdulwkp ri doo yduldeohv exw wkh
plqlpxp whpshudwxuh1 Dq dvvhvvphqw ri wkh xqlw urrw surshuwlhv ri wkh gdwd

9



suhfhghv wkh hvwlpdwlrq ri wkh hohfwulflw| ghpdqg prgho1

715 Xqlw urrw dqdo|vlv

Wkh gdwd duh glvsod|hg lq �jxuh 41 Reylrxvo|/ zh �uvw kdyh wr ghdo zlwk
wkh vhdvrqdo dqg wkh wuhqg surshuwlhv ri wkh vhulhv1 Lq sduwlfxodu/ zh zloo
dvvhvv zkhwkhu wkh vhdvrqdo dqg wkh wuhqg surfhvvhv ri wkh vhulhv duh ri d
vwrfkdvwlf ru d ghwhuplqlvwlf irup/ uhvshfwlyho|1 Iudqvhv +4<<4, h{whqgv wkh
phwkrg ghyhorshg lq K|oohehuj/ Hqjoh/ Judqjhu dqg \rr +KHJ\/ 4<<4, iru
txduwhuo| gdwd dqg suhvhqwv d ghfrpsrvlwlrq ri wkh dxwruhjuhvvlyh gdwd jhq0
hudwlqj surfhvv ri d wzhoiwk gl�huhqfhg xqlyduldwh wlph vhulhv lqwr lwv orqj0uxq
dqg lwv vhsdudwh vhdvrqdo iuhtxhqf| frpsrqhqwv1 Wkh ghfrpsrvlwlrq doorzv
wr whvw zlwklq d xql�hg iudphzrun iru vwrfkdvwlf djdlqvw ghwhuplqlvwlf vshf0
l�fdwlrqv ri wkh wuhqg dqg wkh vhdvrqdo frpsrqhqwv1 D ghwhuplqlvwlf wuhqg
vshfl�fdwlrq zrxog dvvxph wkdw wkh jurzwk udwh ri d vhulhv lv frqvwdqw ryhu
wlph zkloh d vwrfkdvwlf vshfl�fdwlrq dvvxphv wkdw wkh phdq jurzwk udwh ri
d vhulhv lv frqvwdqw ryhu wlph1 Vlploduo|/ ghwhuplqlvwlf vhdvrqdolw| glvsod|v d
uhfxuulqj vhdvrqdo sdwwhuq ryhu wkh |hduv zkloh d fkdqjlqj vhdvrqdo sdwwhuq
fkdudfwhul}hv vwrfkdvwlf vhdvrqdolw|1 Edvlfdoo|/ wkh whvw uhvxowv lq wkh ghwhu0
plqdwlrq ri wkh xqlw urrw surshuwlhv ri wkh vhulhv dw wkh orqj0uxq dqg dw wkh
vhdvrqdo iuhtxhqflhv1 Lw lv d w|sh ri dxjphqwhg Glfnh|0Ixoohu xqlw urrw whvw
edvhg rq wkh dx{loldu| uhjuhvvlrq
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lq zklfk zh whvw iru wkh vljql�fdqfh ri wkh sdudphwhuv Z
�
c � � � c Z

�2
+vhh dovr

K|oohehuj +4<<7,,14 Edvlfdoo|/ wudqvirupdwlrqv +
�|
/ � ' �c � � � c H/ ri wkh ruljlqdo

4Gh�qh E dv edfnvkliw rshudwru E|w @ |w�4/ E5|w @ |w�5 dqg vr rq1 Wkhq/ wkh
wudqvirupdwlrqv xvhg duh |4w @ +4 .E .E5 . � � �.E44,|w zklfk uhwdlqv wkh xqlw urrw dw
wkh }hur iuhtxhqf|/ |5w @ �+4�E,+4 .E5,+4 .E7 .E;,|w wkdw suhvhuyhv wkh iuhtxhqf|
9245 fruuhvsrqglqj wr d wzr prqwk shulrg/ |6w @ �+4�E5,+4.E7.E;,|w wkdw uhwdlqv wkh
iuhtxhqf| 6245 +<245, fruuhvsrqglqj wr d irxu prqwk shulrg/ |7w @ +�+4�E7,+4�s

6E.
E5, wkdw uhwdlqv wkh iuhtxhqf| 8245 +:245,/ dqg |8w @ �+4�E7,+4.

s
6E.E5,+4.E5.

E7,|w/ |9w @ �+4�E7,+4�E.E5,+4�E5.E7,|w/ |:w @ �+4�E7,+4.E.E5,+4�E5.
E7,|w uhwdlqlqj wkh iuhtxhqflhv 4245 +44245,/ 7245 +;245, dqg 5245 +43245,/ uhvshfwlyho|/
dqg �qdoo|/ |;w @ +4�E45,|w1

:



vhulhv +
|
hqwhu wkh uhjuhvvlrq/ hdfk h{wudfwlqj wkh ihdwxuh ri wkh vhulhv dw d

vshfl�f iuhtxhqf|1 Iru lqvwdqfh/ wkh wudqvirupdwlrq +
�|
uhwdlqv wkh orqj0uxq

ru wkh wuhqg surshuwlhv lq wkh vhulhv +vhh �jxuh 5,1 D whvw ri wkh xqlw urrw
k|srwkhvlv dw wkh orqj0uxq iuhtxhqf| lv htxlydohqw wkhq wr wkh rqh0vlghg whvw
Z
�
' f djdlqvw Z

�
	 f1 Wkh uhpdlqlqj wudqvirupdwlrqv uhwdlq wkh ihdwxuhv

ri wkh vhulhv dw vhdvrqdo iuhtxhqflhv/ h1j1 +
D|
h{wudfwv wkh rqh0|hdu f|foh +vhh

dovr �jxuh 5,/ dqg wkh whvw iru d vhdvrqdo xqlw urrw lv htxlydohqw wr whvwlqj wkh
}hur k|srwkhvlv rq wkh uhvshfwlyh frh!flhqwv1 Krzhyhu/ gxh wr wkh idfw wkdw
wkh vhdvrqdo urrwv duh frpsoh{ frqmxjdwh/ xqlw urrwv dw vhdvrqdo iuhtxhqflhv
duh suhvhqw rqo| zkhq sdluv ri wkh Z*v/ Z

�
dqg Z

�n�
/ � ' �c Dc � � � c ��/ duh

hdfk htxdo wr }hur dqg vlpxowdqhrxvo| htxdo wr }hur1 Vr/ li lq dgglwlrq wr
Z
�
' f/ Z

2
wkurxjk Z

�2
duh htxdo wr }hur wkhq wkh wzhoiwk gl�huhqfh rshudwru

E����2� pd| eh dssursuldwh wr uhqghu wkh vhulhv vwdwlrqdu|1 Fulwlfdo ydoxhv
iru wkh vhsdudwh |0whvwv rq hdfk Z dv zhoo dv iru wkh 8 0whvwv rq sdluv ri Z*v/
dqg wkh mrlqw 8 0whvw Z

�
' � � � ' Z

�2
' f duh wdexodwhg lq Iudqvhv +4<<4,1 Dq

htxlydohqw whvw lv irxqg lq Ehdxolhx dqg Plurq +4<<6,/ wkhlu whvw htxdwlrq dqg
wkh wudqvirupdwlrqv gl�hu voljkwo| iurp wkh rqhv suhvhqwhg khuh/ krzhyhu1

Wdeoh 4 vxppdul}hv rxu uhvxowv1 Wkh Vfkzdu} fulwhulrq lv xvhg wr gh0
whuplqh xs wr zklfk ohqjwk odjjhg ohiw0kdqg yduldeohv duh lqfoxghg lq wkh
uhjuhvvlrq1 Iru doo vhulhv/ wkh |0whvwv dv zhoo dv wkh 8 0whvwv rq frpsoh{ frqmx0
jdwh vhdvrqdo urrwv uhmhfw wkh xqlw urrw k|srwkhvlv lq prvw fdvhv1 Pruhryhu/
wkh mrlqw k|srwkhvlv Z

�
' � � � ' Z

�2
' f whvwlqj frpsoh{ frqmxjdwh vhdvrqdo

xqlw urrwv vlpxowdqhrxvo| lv uhmhfwhg iru doo vhulhv1 Khqfh/ wkh vhdvrqdolw| lq
wkh vhulhv grhv qrw vhhp wr eh gulyhq e| dq lqwhjudwhg vwrfkdvwlf surfhvv/
dqg wkh {

�2
�owhu lv gh�qlwlyho| lqdssursuldwh wr dffrxqw iru wkh vhdvrqdolw|

lq wkh gdwd1 Wkh xqlw urrw whvw dw wkh orqj0uxq iuhtxhqf| +wkh whvw rq Z
�
, lv

qrw vljql�fdqw iru wkh uhwdlo vdohv yroxph lqgh{ dqg wkh sulfh shu xqlw1 Iru
hohfwulflw| ghpdqg dqg wkh plqlpxp whpshudwxuh krzhyhu/ wkh frh!flhqw
Z
�
lv vljql�fdqw dw wkh 8( ohyho1 Wdnlqj lqwr dffrxqw wkdw wkh whvw vwdwlvwlfv

duh vhqvlwlyh wr vdpsoh vl}h dqg xvlqj wkh fulwlfdo ydoxh iru Z
�
grfxphqwhg lq

Ehdxolhx dqg Plurq +4<<6, iru wkh dssursuldwh vdpsoh vl}h vkrzv wkdw wklv
frh!flhqw lv rqo| pdujlqdoo| vljql�fdqw iru hohfwulflw| ghpdqg1 Wkh fulwlfdo
ydoxh dw d 8( vljql�fdqfh ohyho lv 0615; iru d vdpsoh vl}h ri 573 zkloh wkh
fulwlfdo ydoxh jlyhq lq Iudqvhv iru d vdpsoh vl}h ri 453 lv 061571 Orqj0uxq
qrqvwdwlrqdulw| fdqqrw eh uhmhfwhg gh�qlwlyho| iru doo vhulhv h{fhsw iru wkh
plqlpxp whpshudwxuh1 Wkhuhiruh/ zh*oo dvvxph gl�huhqfh vwdwlrqdulw| iru
hohfwulflw| ghpdqg/ wkh uhwdlo vdohv yroxph lqgh{ dqg wkh sulfh shu xqlw vh0
ulhv lq wkh iroorzlqj1 Dffruglqj wr rxu uhvxowv/ wkh plqlpxp whpshudwxuh lv
dvvxphg vwdwlrqdu| lq ohyhov1 Wr nhhs doo uhpdlqlqj vwrfkdvwlf g|qdplfv lq
wkh gdwd/ zh zloo lqfoxgh gxpp| yduldeohv wr dffrxqw iru wkh vhdvrqdolw|1

;



716 Orqj0uxq h�hfwv ri GVP

Wkh orqj0uxq h�hfw ri GVP rq hohfwulflw| ghpdqg lv hvwlpdwhg e| dsso|lqj
ruglqdu| ohdvw vtxduhv wr wkh htxdwlrq

i
|
' q

�
ht�

|
n q

2
TT�

|
n q

�
4�?|i4T

|
n �

�
#5�

|
n �

2
�W�A#5�

|

n
��[
�'�

B
�
(

�|
n >

�
A+,�#

|
n >

f
n �

|
c +5,

zkhuh h/ ssx/ plqwhps uhsuhvhqw wkh orjdulwkp ri krxvhkrog hohfwulflw| gh0
pdqg/ wkh orjdulwkp ri wkh xqlw sulfh/ dqg wkh prqwko| dyhudjh ri gdlo|
whpshudwxuh/ uhvshfwlyho|1 Wkh lpsohphqwdwlrq ri wkh GVP surjudp lv fds0
wxuhg e| wkh htxdoo| odehohg gxpp| yduldeoh1 Wkh vshfl�fdwlrq

(7�
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;?
=

fc | � �bbf
�*�2c 2*�2c � � � �c �bbf*f� � | � �bbf*�2
�c | � �bb�*f�

dffrxqwv iru wkh judgxdo lpsohphqwdwlrq ri wkh surjudp1 Dgglwlrqdoo|/ zh
lqfoxgh d wuhqg +WUHQG, wr dffrxqw iru srwhqwldo whfkqrorjlfdo ghyhors0
phqwv wkdw lqfuhdvh wkh xvh ri hohfwulf dssoldqfhv ryhu wlph/ dqg wkh prqwko|
gxpp| yduldeohv (

�|
fdswxuh wkh ghwhuplqlvwlf sduw ri wkh vhdvrqdolw| lq wkh

gdwd1 PLQWGVP/ plqwhps pxowlsolhg e| GVP/ dffrxqwv iru d srwhqwldo
furvvh�hfw ri GVP rq wkh h�hfw ri whpshudwxuh  xfwxdwlrqv rq hohfwulflw|
ghpdqg1

Wkh uhvxowv ri wkh hvwlpdwlrq duh glvsod|hg lq wdeoh 51 Iluvw ri doo/ qrwh
wkdw wkh frh!flhqw rq GVP dqg PLQWGVP duh qhjdwlyh dqg srvlwlyh/ uh0
vshfwlyho|1 Wkh vljql�fdqw �uvw frh!flhqw grfxphqwv wkh +h{shfwhg, orqj0uxq
h�hfw ri GVP/ uhgxflqj ryhudoo hohfwulflw| ghpdqg e| :(1 Wkh vhfrqg frhi0
�flhqw/ pdujlqdoo| vljql�fdqw/ kdv dovr wkh uljkw vljq1 Dv shrsoh uhvsrqg wr
GVP hohfwulflw| ghpdqg ehfrphv ohvv vhqvlwlyh wr whpshudwxuh1 Wkh uhpdlq0
lqj vljql�fdqw frh!flhqwv kdyh wkh h{shfwhg vljq1 Hohfwulflw| ghpdqg uhdfwv
srvlwlyho| wr lqfrph dqg qhjdwlyho| wr whpshudwxuh ohyhov1 Ilqdoo|/ wzr idfwv
pljkw h{sodlq wkh lqvljql�fdqfh ri wkh sulfh frh!flhqw1 Iluvw/ lq ghyhorshg
frxqwulhv hohfwulflw| kdv ehfrph d edvlf qhhg iru krxvhkrogv vr wkdw wkh sulfh
hodvwlflw| ri hohfwulflw| ghpdqg lv vpdoo/ l1h1 elj sulfh pryhphqwv zrxog eh
uhtxluhg wr d�hfw ghpdqg sdwwhuqv vljql�fdqwo|1 Wklv ohdgv wr wkh vhfrqg
idfw= Dv elj sulfh pryhphqwv kdyh qrw wdnhq sodfh lq wkh revhuyhg shulrg
+l1h1 hohfwulflw| sulfh zdv qrw wkh sulph srolf| yduldeoh,/ wkh sulfh yduldeoh lv
qrw d ghwhuplqdqw ri hohfwulflw| ghpdqg1

Wkh lqwhusuhwdwlrq ri wkh hvwlpdwhv jlyhq vr idu kdv wr eh ixuwkhu ydolgdwhg/
krzhyhu1 Wkh whvwv vxppdul}hg lq wkh suhylrxv vhfwlrq uhmhfwhg wkh xqlw urrw

<



k|srwkhvlv iru wkh plqlpxp whpshudwxuh/ zkloh wkh xqlw urrw whvwv iru wkh
rwkhu yduldeohv zhuh qrw uhmhfwhg1 Wkxv wkh hvwlpdwru ri wkh frh!flhqwv lq wkh
ohyho uhjuhvvlrq zloo eh frqvlvwhqw li wkh lqwhjudwhg uhjuhvvruv duh frlqwhjudwhg
zlwk wkh uhjuhvvdqg +vhh Vwrfn dqg Zdwvrq +4<;;, dqg Edqhumhh hw do1 +4<<6/
Fk1 9,1 Frlqwhjudwlrq kdv ehhq lqwurgxfhg e| Hqjoh dqg Judqjhu +4<;:, dqg
phdqv lq wklv frqwh{w wkdw hyhq li hohfwulflw| ghpdqg/ wkh uhwdlo vdohv yroxph
lqgh{ dqg wkh sulfh shu xqlw vhulhv duh hdfk vwdwlrqdu| lq �uvw gl�huhqfhv/
wkhuh h{lvwv d olqhdu frpelqdwlrq ri wkh yduldeohv wkdw lv vwdwlrqdu| lq lwv
ohyho1 D ixuwkhu ghwdlohg h{srvlwlrq rq frlqwhjudwlrq dqg hvwlpdwlrq ri d
vlqjoh frlqwhjudwlrq yhfwru fdq eh irxqg lq Edqhumhh hw do1 +4<<6/ Fk1 7/ 8
dqg :,1

Wr whvw iru frlqwhjudwlrq zh wkhuhiruh uhhvwlpdwh htxdwlrq 5 zlwkrxw plq0
lpxp whpshudwxuh dqg lwv furvvsurgxfw zlwk wkh gxpp| yduldeoh GVP/ dqg
shuirup d xqlw urrw whvw rq wkh uhvlgxdov ri wklv uhjuhvvlrq1 Wkh uhvxow ri wklv
dxjphqwhg Glfnh|0Ixoohu xqlw urrw whvw/ edvhg rq wkh dx{loldu| uhjuhvvlrq
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lv grfxphqwhg dw wkh erwwrp ri wdeoh 51 Fohduo|/ wkh xqlw urrw k|srwkhvlv
lv uhmhfwhg zlwk d |0vwdwlvwlf ri 061331 Wkh fulwlfdo ydoxh ri 0518:9 dw d 4(
vljql�fdqfh ohyho lv wdnhq iurp PfNlqqrq +4<<4, dv wkh suhvhqfh ri hvwlpdwhg
sdudphwhuv lq wkh uhodwlrqvkls |lhoglqj wkh vhulhv wr eh whvwhg iru vwdwlrqdulw|
d�hfwv wkh whvw ohyho ri wkh xvxdo Glfnh|0Ixoohu vwdwlvwlf1

Ehvlghv ydolgdwlqj wkh frqvlvwhqf| ri wkh hvwlpdwruv lq htxdwlrq 5 wklv
odvw uhvxow jlyhv dgglwlrqdoo| d vshfldo phdqlqj wr wkh hvwlpdwhg uhodwlrqvkls
ehwzhhq wkh lqwhjudwhg ohyho yduldeohv1 Dv douhdg| phqwlrqhg/ iurp wkh xqlw
urrw dqdo|vlv zh nqrz wkdw hdfk yduldeoh lv gulyhq e| d vwrfkdvwlf wuhqg/ dqg
khqfh/ lv qrqvwdwlrqdu|1Wkh hvwlpdwhg ohyho uhodwlrqvkls |lhogv d vwdwlrqdu|
vhulhv1 Wklv phdqv wkdw dw ohdvw rqh vwrfkdvwlf wuhqg gulyhv doo lqwhjudwhg
yduldeohv/ dqg wkdw lq wkh orqj0uxq wkh vhulhv zloo qrw gulyh wrr pxfk dsduw1
Rffdvlrqdo ghyldwlrqv iurp wklv orqj0uxq uhodwlrqvkls zloo lqgxfh wudqvlwru|
g|qdplfv wkdw uhvwruh wkh ohyho ru htxloleulxp uhodwlrqvkls ehwzhhq wkh ydul0
deohv1

717 Vkruw0uxq h�hfwv ri GVP

Wkh iroorzlqj g|qdplf vshfl�fdwlrq wdnhv lqwr dffrxqw wkh orqj0uxq uhod0
wlrqvkls ri wkh yduldeohv hvwlpdwhg lq wkh suhylrxv vhfwlrq1 Zlwklq dq huuru
fruuhfwlrq prgho +HFP, zh zloo dvvhvv zkhwkhu GVP d�hfwv hohfwulflw| gh0
pdqg dovr lq wkh vkruw0uxq1 Vkruw0uxq phdqlqj wkh sdwwhuq ri hohfwulflw|
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ghpdqg ryhu wkh |hdu1 Wkh prgho hvwlpdwhg lv=
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zkhuh 5
|
' 	�

|
uhsuhvhqwv wkh hvwlpdwhg ghyldwlrq iurp wkh ohyho uhodwlrqvkls

ehwzhhq hohfwulflw| ghpdqg/ wkh uhwdlo vdohv yroxph dqg wkh sulfh shu xqlw
vhulhv=
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Dv wkhvh yduldeohv gr qrw guliw dsduw lq wkh orqj0uxq/ vxfk ghyldwlrqv vkrxog
lqgxfh d wuhqg0uhyhuwlqj dgmxvwphqw surfhvv1 Khqfh/ zh h{shfw k wr eh qhj0
dwlyh1 Wkh gxpp| yduldeoh (7� dqg lwv furvvsurgxfw zlwk plqlpxp whp0
shudwxuh/ �U�A(7� / duh djdlq lqfoxghg wr hvwlpdwh zkhwkhu wkh GVP
surjudp kdg dq h�hfw rq wkh phdq jurzwk udwh ri hohfwulflw| ghpdqg/ dqg
zkhwkhu wkh jurzwk udwh ri hohfwulflw| ghpdqg zdv ohvv vhqvlwlyh wr whpshu0
dwxuh  xfwxdwlrqv diwhu lpsohphqwdwlrq ri GVP/ uhvshfwlyho|1

D suhylrxv hvwlpdwh lqfoxghg xs wr 45 odjv ri wkh ohiw0kdqg dqg doo uljkw0
kdqg yduldeohv1 Wkh uhwdlo vdohv yroxph lqgh{ dqg wkh sulfh shu xqlw wxuqhg
rxw wr eh lqvljql�fdqw/ vr wkh| duh gursshg lq wkh �qdo hvwlpdwlrq ri wkh
YHFP1 Dffruglqj wr wkh Vfkzdu} fulwhulrq/ hljkw dgglwlrqdo odjv ri{e

|
vhhp

dssursuldwh1 Wdeoh 6 uhsruwv wkh vljql�fdqw qhjdwlyh h�hfw ri wkh huuru whup
5
|
dqg ri wkh plqlpxp whpshudwxuh ohyho1 Krzhyhu/ rxu irfxv lv lq sduwlfxodu

rq GVP dqg PLQWGVP/ dqg wkhvh yduldeohv vhhp wr d�hfw hqhuj| ghpdqg
dv h{shfwhg pdlqo| lq wkh orqj0uxq udwkhu wkdq lq wkh vkruw0uxq1 Ghvslwh wkhlu
dssduhqw lqvljql�fdqfh zh lqfoxghg erwk yduldeohv lqwr wkh �qdo hvwlpdwlrq
wr uhsruw wkdw qhyhuwkhohvv/ wkh hvwlpdwhg frh!flhqwv kdyh wkh uljkw qhjdwlyh
dqg srvlwlyh vljq/ uhvshfwlyho|1

Wkh T0vwdwlvwlf dqg wkh Euhxvfk0Jrgiuh| vhuldo fruuhodwlrq OP0whvw dw wkh
erwwrp ri wdeoh 6 jlyh vrph gldjqrvwlf phdvxuhv1 Wkh| duh qrw vljql�fdqw
zlwk s0ydoxhv ri 317< dqg 3149/ uhvshfwlyho|1 Ilqdoo|/ dq U2 ydoxh ri 31<:
grfxphqwv d jrrg gdwd �w/ d sorw ri wkh �wwhg ydoxhv dorqj zlwk wkh uhvlgxdov
lv irxqg lq �jxuh 61
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8 Frqfoxvlrq
Lq wkh suhvhqw sdshu zh vkrz wkdw GVP surjudp fdq zrun xqghu fhuwdlq uhdo
zruog frqglwlrqv1 Wkh Lulvk fdvh surylghg xv gdwd iurp d vlwxdwlrq lq zklfk
wkh hohfwulflw| vxssolhu/ wkh HVE/ kdg wr xvh doo phdvxuhv wr uhgxfh hohfwulflw|
ghpdqg dqg wkhuhiruh xvhg d GVP ghvljq wkdw uxohv rxw vwudwhjlf ehkdylru
e| krxvhkrogv/ wkh vwxglhg wdujhw jurxs1

Wkh dqdo|vlv jlyhv hylghqfh wkdw GVP surjudpv edvhg rq fxvwrphu lq0
irupdwlrq fdq vxffhvvixoo| ghfuhdvh hohfwulflw| ghpdqg1 Lq wkh Lulvk gdwd
zh �qg wkdw hohfwulflw| ghpdqg lv urxjko| :( ohvv diwhu lpsohphqwlqj wkh
surjudp uhodwlyh wr zkdw lw zrxog kdyh ehhq zlwkrxw wkh lpsohphqwdwlrq ri
wkh GVP surjudp1 Pruhryhu/ wkh surjudp d�hfwv hohfwulflw| ghpdqg lq wkh
orqj0uxq udwkhu wkdq lq wkh vkruw0uxq1 Lw lv olnho| wr vwhp iurp fkdqjhv lq wkh
xvh ri hohfwulflw| dssoldqfhv/ wkxv wkh GVP surjudp grhv qrw fkdqjh wkh gh0
pdqg sdwwhuq iru hohfwulflw| uhodwhg vhuylfhv exw d�hfwv orqj0uxq lqyhvwphqw
ghflvlrqv ri krxvhkrogv1

Jlyhq rxu uhvxowv dqg wkh glvfxvvlrq lq wkh olwhudwxuh derxw wkh vwudwh0
jlf ehkdylru ri vxssolhuv dqg fxvwrphuv/ zh frqfoxgh wkdw li GVP lv sr0
olwlfdoo| zdqwhg/ rqh frxog hpsor| dq lqghshqghqw lqvwlwxwlrq wr glvwulexwh
GVP lqirupdwlrq1 Uhjxodwlrq ri hohfwulflw| surylghuv vkrxog irufh wkhp lq d
pdqgdwru| zd| wr frqwulexwh wr vxfk dq lqvwlwxwlrq udwkhu wkdq ohdylqj wkh
lqyhvwphqw lq GVP phdvxuhv wr wkh surylghuv* fkrlfh1

Uhihuhqfhv
^4` Ehdxolhx/ Mrvhsk M1 dqg Mh�uh| D1 Plurq +4<<6,/ Vhdvrqdo Xqlw Urrwv

lq Djjuhjdwh X1V1 Gdwd Mrxuqdo ri Hfrqrphwulfv 88/ 638065;1

^5` Edqhumhh/ Dqlqg|d/ Mxdq Grodgr/ Mrkq Z1 Jdoeudlwk dqg Gdylg I1
Khqgu| +4<<6,/ Fr0Lqwhjudwlrq/ Huuru0Fruuhfwlrq/ dqg wkh Hfrqrphwulf
Dqdo|vlv ri Qrq0Vwdwlrqdu| Gdwd/ R{irug Xqlyhuvlw| Suhvv1

^6` Ehuqgw/ Huqvw U1 +4<<4,/ Wkh Sudfwlfh ri Hfrqrphwulfv= Fodvvlf dqg
Frqwhpsru|/ Dgglvrq0Zhvoh|/ Pdvvdfkxvhwwv1

^7` Hqjoh/ Urehuw I1 dqg F1Z1M1 Judqjhu +4<;:,/ Fr0Lqwhjudwlrq dqg Huuru
Fruuhfwlrq= Uhsuhvhqwdwlrq/ Hvwlpdwlrq/ dqg Whvwlqj/ Hfrqrphwulfd 88/
58405:91

^8` HVE 0 Hohfwulflw| Vxsso| Erdug +4<<7d,/ Dqqxdo Uhsruw iru wkh \hdu
Hqghg 64 Ghfhpehu 4<<6/ HVE/ Gxeolq1
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^9` HVE +4<<7e,/ Pdunhwlqj Qhzv/ Ihe2Pdu 4<<8/ HVE/ Gxeolq1

^:` Iudqvhv/ Sklols K1 +4<<4,/ Vhdvrqdolw|/ Qrq0Vwdwlrqdulw| dqg wkh Iruh0
fdvwlqj ri Prqwko| Wlph Vhulhv Lqwhuqdwlrqdo Mrxuqdo ri Iruhfdvwlqj :/
433053;1

^;` Krxwkdnnhu/ Khqguln V1 +4<84,/ Vrph Fdofxodwlrqv ri Hohfwulflw| Frq0
vxpswlrq lq Juhdw Eulwdlq/ Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw| +D,/
447/ 68406:41

^<` K|oohehuj/ Vyhqg +4<<7,/ Prghoolqj Vhdvrqdo Yduldwlrq/ lq Qrqvwdwlrq0
du| Wlph Vhulhv Dqdo|vlv dqg Frlqwhjudwlrq/ Hg1 Frolq S1 Kdujuhdyhv/
R{irug Xqlyhuvlw| Suhvv/ 48604:;1

^43` K|oohehuj/ Vyhqg/ U1I1 Hqjoh/ F1Z1M1 Judqjhu dqg V1 \rr +4<<3,/ Vhd0
vrqdo Lqwhjudwlrq dqg Frlqwhjudwlrq Mrxuqdo ri Hfrqrphwulfv 77/ 5480
56;1

^44` Orylqv +4<;8,/ Vdylqj Jljdexfnv zlwk Qhjdzdwwv/ Sxeolf Xwlolwlhv Iruw0
qljkwo| 44829/ 4<0591

^45` Vfrww/ Vxh +4<<4,/ Grphvwlf Hohfwulflw| Ghpdqg/ Wkh Hfrqrplf dqg
Vrfldo Uhvhdufk Lqvwlwxwh/ Gxeolq1

^46` Vwrfn/ Mdphv K1 dqg Pdun Z1 Zdwvrq +4<;;,/ Yduldeoh Wuhqgv lq Hfr0
qrplf Wlph Vhulhv/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 5/ 47:04:71

^47` Wd|oru/ Ohvwhu G1 +4<:8,/ Wkh Ghpdqg iru Hohfwulflw|= D Vxuyh|/ Ehoo
Mrxuqdo ri Hfrqrplfv/ 9/ :704431

^48` Zlovrq/ Mrkq +4<:4,/ Uhvlghqwldo Ghpdqg iru Hohfwulflw|/ Txdwhuo| Uh0
ylhz ri Hfrqrplfv dqg Exvlqhvv/ 44/ :055

^49` Zluo/ Iudq} +4<<:,/ Wkh Hfrqrplfv ri Frqvhuydwlrq Surjudpv/ Noxzhu
Dfdghplf Sxeolvkhuv/ Ervwrq1

^4:` Zluo/ Iudq} +4<<7,/ Rq wkh Xqsur�wdelolw| ri Xwlolw| Ghpdqg0Vlgh0
Frqvhuydwlrq Surjudpv/ Hqhuj| Hfrqrplfv 49/ 790861
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9 Wdeohv

Wdeoh 4= Vhdvrqdo xqlw urrw whvwv1 K ghqrwhv vljql�fdqfh dw wkh 8( ohyho1 Wkh
uhvxowv duh edvhg rq dq hvwlpdwh ri wkh dx{loldu| uhjuhvvlrq +4,/ wkh Vfkzdu} ful0
whulrq lv xvhg wr ghwhuplqh n1 Wkh htxdwlrq iru plqwhps lv hvwlpdwhg zlwkrxw d
wuhqg1
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Wdeoh 5= Wkh orqj0uxq h�hfw ri GVP1 Wkh ghshqghqw yduldeoh lv hohfwulflw|
ghpdqg +h,/ vdpsoh shulrg :92<0<62451

yduldeoh frh!flhqw vwdqg1 huuru |0vwdwlvwlf
uvy 316;<9 313957 91574;
ssx 313444 3135<3 316;4;
plqwhps 03133<8 31334< 071<478
GVP 0313:39 31347< 071:645
PLQWGVP 313366 31334: 41<64;
(

�
03133<: 313444 031;:<:

(
2

0313974 313443 081;845
(

�
0313<<: 31343; 0<1564;

(
e
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(

D
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(
S
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(
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(
H

0315579 3134;; 0441<969
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b
03153:7 313496 0451:5<<

(
�f

03149<: 31345< 0461487<
(

��
0313<68 31343; 0;19;6<

WUHQG 313358 819;H038 7614<;;
F 61<3<; 3163<3 451987<

U2 V1H1 VLF
31<: 31364; 0918567

Dxjphqwhg Glfnh|0Ixoohu xqlw urrw whvw rq 	�
|

6 ' b/ |0vwdwlvwlf rq 4= 06133
+PfNlqqrq 4( fulwlfdo ydoxh= 0518;,
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Wdeoh 6= Wkh vkruw0uxq h�hfw ri GVP1 Wkh ghshqghqw yduldeoh lv wkh jurzwk
udwh ri hqhuj| ghpdqg +� h,/ vdpsoh shulrg :92430<62451 Wkh Vfkzdu} fulwhulrq
lv xvhg wr ghwhuplqh wkh qxpehu ri odjjhg � h*v lqfoxghg lq wkh hvwlpdwlrq1

yduldeoh frh!flhqw vwdqg1 huuru |0vwdwlvwlf
5
|3�

03146;8 3135<6 071:5:3
plqwhps 031335: 31333: 061;844
{h

|3�
3193<< 3139;4 ;1<895

{h
|32

031:745 313;56 0<13436
{h

|3�
319747 313<6; 91;687

{h
|3e

0319434 314373 081;98:
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(
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(
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(

�
03139<3 313437 09196;7

(
e

031398< 31344< 08186;4
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D
0313795 313465 0617<73

(
S
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(
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(
H

0313597 313457 0514676
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b
0313537 313433 0513843

(
�f

0313568 3133:: 0613769
(

��
3133;6 313386 4188<6

F 3138:7 3133;3 :146<<
U2 V1H1 VLF T0vwdwlvwlf
31<: 31343< 0;1874: S+T

2f
,@ 317<

Euhxvfk0Jrgiuh| vhuldo fruuhodwlrq OP0whvw
+zlwk 7 dgglwlrqdo odjv ri uhvlgxdov=,

I0vwdwlvwlf= 4199/ S0ydoxh= 3149
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Iljxuh 4= Wlph vhulhv xvhg lq wkh dqdo|vlv1 Hohfwulflw| ghpdqg +h,/ wkh sulfh
shu xqlw +ssx,/ wkh uhwdlo vdohv yroxph +uvy,/ doo lq orjdulwkp/ dqg wkh dyhudjh
gdlo| plqlpxp whpshudwxuh +plqwhps,1
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Iljxuh 5= Hohfwulflw| ghpdqg +h,/ lwv wudqvirupdwlrq uhwdlqlqj wkh orqj0uxq
iuhtxhqf| +h4, dqg wkh rqh0|hdu f|foh +h8,/ dqg lwv wzhoiwk gl�huhqfh +h;,/
wkh |hduo| jurzwk udwh1
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Iljxuh 6= Wkh dfwxdo dqg �wwhg ydoxh ri wkh jurzwk udwh ri hohfwulflw| ghpdqg
dqg wkh uhvlgxdov ri wkh g|qdplf uhjuhvvlrq1
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