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Uhqw Frqwuro dqg Whqdqf| Gxudwlrq�

Mdnre Urodqg Pxqfk|

Gdqlvk Hfrqrplf Frxqflo

Plfkdho Vyduhu}

Ghsduwphqw ri Hfrqrplfv

Xqlyhuvlw| ri Ddukxv

FLP/ FOV

Rfwrehu/ 5334

Devwudfw

Wklv sdshu lqyhvwljdwhv krz uhqw frqwuro d�hfwv prelolw| rq wkh Gdqlvk sulydwh

uhqwdo krxvlqj pdunhw1 Edvhg rq d xqltxh dqg h{whqvlyh gdwd vhw d phdvxuh ri wkh

ghjuhh ri uhqw uhjxodwlrq ri hdfk krxvlqj xqlw lv fdofxodwhg/ dqg wklv lv frxsohg zlwk

vrflr0hfrqrplf fkdudfwhulvwlfv dqg vshoov ri whqdqf| gxudwlrq iru hdfk krxvhkrog1 Wr

dffrpprgdwh wkh vshfldo ihdwxuhv ri vxfk d gdwd vhw zh dsso| d sursruwlrqdo kd}dug

gxudwlrq prgho/ wkdw hqfrpsdvvhv erwk wkh suhvhqfh ri ohiw wuxqfdwhg whqdqf| gx0

udwlrqv/ uljkw fhqvruhg revhuydwlrqv dqg doorzv iru d yhu|  h{leoh vshfl�fdwlrq ri wkh

wlph ghshqghqf| dv fdswxuhg e| wkh edvholqh kd}dug ixqfwlrq1 Zh �qg wkdw whqdqf|

prelolw| lv vhyhuho| uhgxfhg e| wkh suhvhqfh ri uhqw frqwuro1 Whqdqf| gxudwlrq iru

d w|slfdo krxvhkrog lq wkh sulydwh uhqwdo vhfwru lv irxqg wr eh pruh wkdq vl{ |hduv

orqjhu li wkh dsduwphqw ehorqjv wr wkh 43 shu fhqw prvw uhjxodwhg xqlwv wkdq li lw

ehorqjv wr wkh 43 shu fhqw ohdvw uhjxodwhg xqlwv1

Nh|zrugv= Uhqw frqwuro/ prelolw|/ gxudwlrq prgho1

�Ilqdqfldo vxssruw iurp wkh Gdqlvk Vrfldo Vflhqfh Uhvhdufk Frxqflo lv judwhixoo| dfnqrzohgjhg1 Zh

wkdqn Udvpxv K1 Mdfrevhq/ Vyhqg Mhvshuvhq/ Plfkdho Urvkrop dqg sduwlflsdqwv dw wkh frqihuhqfh khog

e| Wkh Gdqlvk Exloglqj dqg Xuedq Uhvhdufk Lqvwlwxwh dw Vrokdyhjddug 5334 iru xvhixo frpphqwv/ dqg

Jhugd Fkulvwrskhuvhq iru fduhixo uhdglqj ri wkh pdqxvfulsw1 Wkh ylhzv h{suhvvhg duh qrw qhfhvvdulo|

uh hfwlqj wkrvh ri wkh Gdqlvk Hfrqrplf Frxqflo1
|Dgguhvv= Gdqlvk Hfrqrplf Frxqflo/ Dghojdgh 46/ GN04637 Frshqkdjhq/ Ghqpdun> Who1= .78 66<6

845<07:> Id{= .78 6665 <35<> H0pdlo= mupCgruv1gn
}Dgguhvv= Xqlyhuvlw| ri Ddukxv/ Ghsduwphqw ri Hfrqrplfv/ Exloglqj 683/ GN0;333 Ddukxv F/ Ghq0

pdun> Who1= .78 ;<75 48<;> Id{= .78 ;946 9667> H0pdlo= plfkdhoCvyduhu1gn
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4 Lqwurgxfwlrq

Vlqfh 4<6< wkh Gdqlvk krxvlqj pdunhw kdv/ dv kdv ehhq wkh fdvh iru pdq| rwkhu frxqwulhv

dv zhoo +vhh h1j1 Olqg +5334,,/ ehhq vxemhfwhg wr vhyhuh uhjxodwlrqv rq uhqw ghwhuplqdwlrq1

Dprqj hfrqrplvwv wkhuh vhhpv wr eh frqvhqvxv rq wkh plviruwxqhv ri uhqw frqwuro zkhq

lw frphv wr wkh h�hfwv rq txdqwlw| dqg txdolw| ri krxvlqj +Dovwrq/ Nhduo ) Ydxjkdq

+4<<5,,1 Wkh rssrqhqwv ri uhqw frqwuro kdyh dujxhg wkdw uhjxodwlrqv lpso| vhulrxv lqh!0

flhqflhv rq wkh krxvlqj pdunhw1 Wkhvh lqh!flhqflhv udqjh iurp odfn ri pdlqwhqdqfh gxh

wr orz hfrqrplf sur�wv iru odqgorugv +J|rxunr ) Olqqhpdq +4<<3e,, ryhu plvdoorfdwlrq

ri krxvlqj +Jodhvhu ) Oxwwphu +4<<:,, wr uhgxfhg prelolw| rq wkh krxvlqj pdunhw +Fodun

) Khvnlq +4<;5,/ J|rxunr ) Olqqhpdq +4<;<,/ Dxow/ Mdfnvrq ) Vded +4<<7,/ dqg Qdj|

+4<<8,,1 Rq wkh rwkhu kdqg/ sursrqhqwv ri uhqw frqwuro fodlp wkdw wkh uhjxodwlrqv frxog

eh zhoo vxlwhg iru glvwulexwlrqdo uhdvrqv1 L1h1 doohyldwlrq ri uhqw frqwuro zrxog lpso| pdmru

vkliwv lq zhoiduh iurp wkh orzhu ghflohv ri wkh lqfrph glvwulexwlrq wr wkh kljkhu ghflohv1

Pruh uhfhqwo| lw kdv ehhq dujxhg wkdw wkh suhvhqfh ri +plog, uhqw frqwuro fdq eh zhoiduh

lpsurylqj vlqfh odqgorugv kdyh prqrsvrq| srzhu dqg wkhuhiruh whqg wr vhw uhqwv deryh

pdujlqdo frvw ohyhov1 Khqfh/ d plog uhqw frqwuro fdq glvwulexwh vrph ri wkh hfrqrplf uhqw

iurp odqgorugv wr whqdqwv +Duqrww ) Ljdudvkl +5333,,1

Dv phqwlrqhg vhyhudo dxwkruv kdyh vwxglhg wkh lpsolfdwlrqv ri uhqw frqwuro iru whqdqf|

prelolw|1 J|rxunr ) Olqqhpdq +4<;<, zhuh wkh �uvw wr hfrqrphwulfdoo| whvw wkh lpsdfw

ri uhqw frqwuro rq prelolw|1 Edvhg rq gdwd iurp Qhz \run Flw| wkh| uhsruw d vwurqjo|

vljql�fdqw srvlwlyh dvvrfldwlrq ehwzhhq wkh ohyho ri ehqh�wv iurp uhqw frqwuro dqg whqdqf|

gxudwlrq1 Dxow hw do1 +4<<7, fulwlfl}h wkh vwxg| ri J|rxunr ) Olqqhpdq +4<;<, dqg dujxh

wkdw wkhlu dssurdfk jlyhv lqfrqvlvwhqw hvwlpdwhv dv lw shuirupv ruglqdu| ohdvw vtxduhv

hvwlpdwlrq rq jurxshg gdwd1 Lqvwhdg/ wkh| vxjjhvw d jurxshg gdwd uhjuhvvlrq prgho1

Wkh| wkhq hvwlpdwh wkhlu prgho edvhg rq wkh vdph gdwd vhw dv J|rxunr ) Olqqhpdq

+4<;<, dqg �qg wkdw krxvhkrogv olylqj lq frqwuroohg krxvlqj duh lqghhg ohvv preloh/ dqg

wkdw ;3 shu fhqw ri wkh gl�huhqfh lq prelolw| fdq eh h{sodlqhg e| wkh suhvhqfh ri uhqw

frqwuro1 Qdj| +4<<8, dujxhv wkdw erwk ri wkh suhylrxv sdshuv ljqruh d gxudwlrq fhqvrulqj

sureohp/ ehfdxvh krxvhkrogv/ zklfk zhuh suhvhqw wr frpsohwh wkh vxuyh| wkdw froohfwhg wkh

gdwd/ reylrxvo| kdg qrw frpsohwhg wkhlu hqwluh gxudwlrq1 Kh wkhq vxjjhvwv xvlqj d gxudwlrq

prgho wkdw qlfho| lqfrusrudwhv wkh srvvlelolw| ri uljkw fhqvruhg revhuydwlrqv1 Lq wklv vwxg|

lw lv frq�uphg wkdw whqdqwv lq frqwuroohg krxvlqj duh ohvv preloh wkdq wkhlu xqfrqwuroohg

frxqwhusduwv/ exw khuh lw lv dwwulexwhg wr gl�huhqfhv lq revhuyhg fkdudfwhulvwlfv ri wkh
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whqdqwv udwkhu wkdq wr wkh h{lvwhqfh ri uhqw frqwuro1

Lq wkh suhvhqw vwxg| zh iroorz wkh dssurdfk vxjjhvwhg e| Qdj| +4<<8,1 Krzhyhu/ zh

lpsuryh rq Qdj|*v vshfl�fdwlrq lq wzr dvshfwv1 Iluvw/ Qdj| rqo| hvwlpdwhv uhpdlqlqj

gxudwlrqv1 Wkdw lv/ kh ljqruhv wkh sduw ri wkh whqdqf| gxudwlrq wkdw olhv ehiruh klv re0

vhuydwlrq shulrg1 Wklv lv sduwlfxoduo| gdqjhurxv lq vxfk d vhw0xs vlqfh wkh k|srwkhvlv lv

wkdw krxvhkrogv lq frqwuroohg duhdv duh ohvv preloh1 E| fxwwlqj r� sduw ri wkh whqdqf|

gxudwlrq kh ulvnv uhgxflqj wkh dssursuldwh whqdqf| gxudwlrq pruh lq frqwuroohg krxvlqj1

Zh vkrz krz wr prgli| wkh olnholkrrg ixqfwlrq lq rughu wr lqfrusrudwh ohiw wuxqfdwhg

revhuydwlrqv1 Vhfrqg/ Qdj| vshfl�hv d kd}dug ixqfwlrq zlwk dq h{srqhqwldoo| glvwulexwhg

edvholqh kd}dug1 Wklv lpsolhv wkdw whqdqf| gxudwlrq fdqqrw h{klelw dq| gxudwlrq ghshq0

ghqfh1 Krzhyhu/ dv qrwhg e| h1j1 Duqrww +4<<8, lqglylgxdov whqg wr kdyh orzhu prelolw|

rxw ri wkhlu fxuuhqw dffrpprgdwlrq wkh orqjhu wkh| kdyh olyhg wkhuh1 Lq rughu wr dffrpr0

gdwh iru wklv h{shfwhg ihdwxuh ri wkh gdwd zh doorz iru d pruh  h{leoh vshfl�fdwlrq1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5 zh vkruwo| glvfxvv wkh pdlq ihdwxuhv ri

wkh Gdqlvk sulydwh uhqwdo krxvlqj pdunhw1 Wkh fkdudfwhulvwlfv ri uhqw frqwuro lq Ghqpdun

�w zhoo zlwk wkh ghvfulswlrq uhqwdo krxvlqj pdunhwv ri vhyhudo rwkhu frxqwulhv1 Wkh gdwd

vhw lv ghvfulehg lq Vhfwlrq 6 dorqj zlwk wkh fdofxodwlrq ri dsduwphqw vshfl�f uhqw frqwuro

ehqh�wv1 Vhfwlrq 7 frqwdlqv d ghvfulswlrq ri wkh hfrqrphwulf vshfl�fdwlrq wkdw lv dssolhg

lq rughu wr lqyhvwljdwh krz prelolw| lv lq xhqfhg e| uhqw frqwuro1 Lq Vhfwlrq 8 zh suhvhqw

wkh uhvxowv/ dqg lq Vhfwlrq 9 zh frqfoxgh1

5 Wkh Gdqlvk sulydwh uhqwdo krxvlqj pdunhw

Wkhuh duh durxqg 518 plr1 krxvlqj xqlwv rq wkh Gdqlvk krxvlqj pdunhw/ dqg lw frpsulvhv

irxu pdlq vhfwruv/ hdfk fkdudfwhul}hg e| d gl�huhqw vhw ri ohjdo uhjxodwlrqv1 Wkh irxu

vhfwruv duh rzqhu rffxslhg krxvlqj +84(,/ frrshudwlyh krxvlqj +9(,/ zkhuh wkh rffxsdqwv

rzq d sduw ri wkh fr0rshudwlyh dqg kdyh wkh uljkw wr xvh d vshfl�f dsduwphqw/ sxeolf

uhqwdo krxvlqj +4<(,/ zklfk lv uhqwhg krxvlqj surylghg e| krxvlqj dvvrfldwlrqv/ dqg

sulydwh uhqwdo krxvlqj +4;(,1

Uhqw frqwurov kdyh ehhq d shupdqhqw ihdwxuh ri wkh sulydwh uhqwdo pdunhw iru pruh

wkdq 93 |hduv1 Uhqwv lq prvw sulydwh uhqwdo gzhoolqjv lq odujhu xuedq duhdv duh frvw0edvhg/

uhjxodwhg uhqwv1 Odqgorugv duh doorzhg wr sdvv rq doo frvwv/ surshuw| wd{hv lqfoxghg/

dfwxdoo| lqfxuuhg lq wkh gd|0wr0gd| rshudwlrq ri wkh surshuw| dqg d suhvfulehg fkdujh

wr fryhu pdlqwhqdqfh frvw1 Wkh frvw0edvhg uhqw dovr doorzv iru d fdslwdo fkdujh/ zklfk

fdq ydu| ehwzhhq : dqg 47 shu fhqw ghshqglqj rq wkh djh ri wkh gzhoolqj1 Krzhyhu/

wkh fdslwdo fkdujh lv fdofxodwhg rq wkh edvlv ri wkh ydoxh ri wkh krxvh lq 4<:6 dqg qr
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doorzdqfh iru lq dwlrq rq wklv sduw ri wkh uhqw lv shuplwwhg1 Dovr/ odqgorugv fdqqrw udlvh

uhqwv gxh wr lqfuhdvhg ghpdqg iru krxvlqj1 Wkxv wkh fdslwdo sd|r� lv hurghg e| lq dwlrq

dqg ghsuhfldwlrq1 Uhqwv lq doo gzhoolqjv frqvwuxfwhg diwhu 4<<4 duh h{hpswhg iurp uhqw

frqwuro/ exw rqo| d vpdoo qxpehu ri sulydwh uhqwdo gzhoolqjv +derxw 9 (, kdv ehhq exlow

vlqfh 4<<41

Lq plqru uxudo glvwulfwv wkh orfdo dxwkrulwlhv duh qrw lpsrvlqj uhqw frqwuro lq wkh

wudglwlrqdo vhqvh1 Lqvwhdg uhqwv duh ghwhuplqhg e| ohjlvodwlrq dw wkh �ydoxh ri wkh uhqwdo

xqlw�/ zklfk vkrxog qrw eh plvwdnhq iru d pdunhw uhqw1 Wkh �ydoxh ri wkh uhqwdo xqlw� lv

ghwhuplqhg e| frpsdulqj zlwk vlplodu krxvlqj xqlwv lq wkh duhd/ dqg lw lv wkhq d udwkhu

ydjxh frqfhsw1 Krzhyhu/ dovr krxvlqj xqlwv lq xuedq duhdv fdq eh uhqwhg dw �ydoxh ri

wkh uhqwdo xqlw� li wkh| duh wkrurxjko| lpsuryhg zkhq wkh| ehfrph ydfdqw1 Lq wklv zd|

vxevwdqwldo uhqw lqfuhdvhv duh doorzhg iru/ dqg odqgorugv vrphwlphv xvh wklv uxoh wr hvfdsh

uhqw frqwuro1

Dqrwkhu ihdwxuh ri wkh sulydwh uhqwdo vhfwru lv wkdw zkhqhyhu d sulydwh uhqwdo surshuw| lv

iru vdoh/ ohjlvodwlrq jlyhv fxuuhqw uhvlghqwv wkh uljkw wr wdnh ryhu wkh surshuw| dw wkh r�huhg

sulfh dqg frqyhuw lw wr d fr0rshudwlyh1 Wkh r�huhg sulfh w|slfdoo| uh hfwv frqwuroohg uhqwv/

vr prvw surshuwlhv duh wdnhq ryhu e| uhvlghqwv xqghu idyrudeoh frqglwlrqv1 Dv d uhvxow wkh

wrwdo qxpehu ri sulydwh uhqwdo gzhoolqjv kdv ehhq lq ghfolqh1

Uhfhqwo|/ Olqg +5334, kdv suhvhqwhg d vxuyh| ri h{lvwlqj uhqw uhjxodwlqj v|vwhpv

wkurxjkrxw wkh zhvwhuq zruog1 Wkh pdlq phvvdjh lv wkdw uhqw uhjxodwlrq h{lvwv lq d

vxevwdqwldo qxpehu ri frxqwulhv +h1j1 Jhupdq|/ Vzhghq/ fhuwdlq vwdwhv lq wkh XV/ dqg

surylqfhv lq Fdqdgd/ Iudqfh dqg pdq| rwkhuv,/ dqg wkdw wkh vkdulqj ihdwxuh ri wkh gli0

ihuhqw v|vwhpv lv wr nhhs uhqwv ehorz pdunhw uhqw1 Vr hyhq wkrxjk wkh suhvhqw dqdo|vlv lv

edvhg rq gdwd iurp wkh Gdqlvk krxvlqj pdunhw/ lwv lpsolfdwlrqv duh ydolg lq d pxfk zlghu

frqwh{w1

6 Gdwd dqg wkh uhqw frqwuro ehqh�w

Wkh gdwd xvhg lq wklv vwxg| duh gudzq iurp dgplqlvwudwlyh uhjlvwhuv pdgh dydlodeoh e|

Vwdwlvwlfv Ghqpdun1 Wkh frpsohwh gdwd vhw frqvlvwv ri d 43( udqgrp vdpsoh ri wkh

Gdqlvk dgxow srsxodwlrq/ dqg lw frpsulvhv lqirupdwlrq rq d odujh qxpehu ri ghprjudsklf

dqg vrflr0hfrqrplf yduldeohv dv zhoo dv lqirupdwlrq derxw sk|vlfdo fkdudfwhulvwlfv ri doo

krxvlqj xqlwv rffxslhg e| wkh vdpsoh srsxodwlrq lq wkh |hduv 4<<504<<<1

Wkh vdpsoh kdv ehhq uhvwulfwhg wr lqfoxgh rqo| wkrvh shuvrqv zkr olyhg lq sulydwh

uhqwdo krxvlqj rq Ghfhpehu 64/ 4<<51 Wkh gdwh dw zklfk hdfk shuvrq pryhg lqwr wkhlu

krph lv nqrzq/ dqg li wkh| pryhg rxw ri wkhlu krph gxulqj wkh shulrg Ghfhpehu 64/ 4<<5
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0 Ghfhpehu 64/ 4<<< wkhq wklv gdwh lv nqrzq wrr1 Wkdw lv/ vshoov iru whqdqf| gxudwlrq duh

vwudljkwiruzdugo| fdofxodwhg1

Lq zkdw iroorzv wkh xqlw ri dqdo|vlv lv wkh krxvhkrog/ vr dprqj doo shuvrqv lq d jlyhq

krxvlqj xqlw d krxvhkrog khdg lv fkrvhq14 Wkdw lv/ whqdqf| gxudwlrq dqg vrph shuvrqdo

fkdudfwhulvwlfv ri wkh krxvhkrog khdg lv xvhg dorqj zlwk vrflr0hfrqrplf lqglfdwruv uhodwhg

wr wkh hqwluh krxvhkrog1 Wr dyrlg hqgrjhqhlw| doo yduldeohv iru vrflr0hfrqrplf vwdwxv uhihu

wr wkh |hdu ehiruh wkh krxvhkrog pryhv/ ru 4<<< iru wkrvh krxvhkrogv zkr glg qrw pryh

lq wkh shulrg 4<<504<<<1 Zh uhvwulfw dwwhqwlrq wr pryhv zkhuh wkh krxvhkrog frqvlvwv ri

wkh vdph lqglylgxdov ehiruh dqg diwhu wkh pryh1 L1h1 zh glvuhjdug pryhv wkdw duh gxh wr

h1j1 glyrufh ru ghdwkv1 Wdeoh 4 suhvhqwv phdqv ri wkh gl�huhqw phdvxuhv ri vrflr0hfrqrplf

vwdwxv wkdw duh xvhg lq wkh dqdo|vlv1

Wdeoh 4 durxqg khuh

Wkhuh duh lqglfdwru yduldeohv iru zklfk djh jurxs wkh khdg ehorqjv wr +wkh djh jurxs

58067 |hduv lv wkh uhihuhqfh jurxs,/ d gxpp| iru wkh suhvhqfh ri fkloguhq ehorz 4; |hduv ri

djh lq wkh krxvhkrog/ fkloguhq/ dqg lqglfdwruv iru krxvhkrogv frqvlvwlqj ri vlqjoh pdohv/

vlqjoh pdoh/ ru vlqjoh ihpdohv/ vlqjoh ihpdoh +wzr ru pruh dgxowv duh xvhg dv uhihuhqfh

jurxs,1 Wkhuh lv dovr d yduldeoh iru flwl}hqvkls/ qrq0rhfg/ zklfk wdnhv wkh ydoxh 4 li

wkh khdg lv iurp d qrq0RHFG frxqwu| dqg 3 rwkhuzlvh1 Wkh yduldeohv xqhpsor|phqw

udwlr dqg hduo| uhwluhphqw udwlr jlyh wkh vkduh ri orqj whup xqhpsor|hg shuvrqv dqg

shuvrqv rq hduo| uhwluhphqw lq hdfk krxvhkrog1

Glvsrvdeoh krxvhkrog lqfrph/ lqfrph/ dqg krxvhkrog zhdowk/ zhdowk/ lv phdvxuhg

lq Gdqlvk Nurqhu +4<<< ohyho,1 Wkhuh duh vl{ gl�huhqw fdwhjrulhv iru wkh hgxfdwlrqdo

dwwdlqphqw ri wkh krxvhkrog khdg1 Wkh �uvw lqglfdwhv zkhwkhu wkh khdg lv d vwxghqw/

vwxghqw/ dqg wkh uhpdlqlqj �yh fdwhjrulhv duh gh�qhg lq whupv ri wkh ohyho ri wkh prvw

dgydqfhg frpsohwhg hgxfdwlrq1 Wkh orzhvw ohyho ri hgxfdwlrq frqvlvwv ri shuvrqv zlwk mxvw

sulpdu| vfkrrolqj/ xqvnloohg1 Wkh qh{w hgxfdwlrq fdwhjru| duh wkrvh zlwk yrfdwlrqdo

wudlqlqj dqg kljk vfkrro judgxdwhv1 Judgxdwhv kdyh ehhq jurxshg lqwr wkh odvw wkuhh

fdwhjrulhv +vkruw +vkruwhvw,/ phglxp dqg orqj +orqjhvw,, edvhg rq wkh ohqjwk ri wlph

qhhghg wr rewdlq d ghjuhh1 Shuvrqv zlwk yrfdwlrqdo wudlqlqj duh xvhg dv uhihuhqfh jurxs1

Wkhuh duh irxu jhrjudsklfdo fdwhjrulhv> wkh fdslwdo Frshqkdjhq +frshqkdjhq,/ wkh

�yh odujhvw flwlhv diwhu Frshqkdjhq +odujh flw|,/ phglxp0vl}hg pxqlflsdolwlhv +uhihuhqfh,

4Wkh krxvhkrog khdg lv fkrvhq dv roghvw shuvrq lq wkh krxvhkrog1 Lq idplolhv zlwk wzr ru pruh dgxowv

wkh roghvw pdoh lv fkrvhq dv krxvhkrog khdg1 Lq krxvhkrogv zlwk pruh wkdq rqh idplo| wkh krxvhkrog

khdg lv wkhq fkrvhq dv wkh roghvw idplo| khdg1
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dqg plqru uxudo pxqlflsdolwlhv +uxudo,1 Ilqdoo| wkh yduldeoh krxvlqj frqvxpswlrq

phdvxuhv wkh vl}h ri wkh krxvlqj xqlw lq vtxduh phwhuv shu dgxow rffxsdqw1

614 Wkh uhqw frqwuro ehqh�w

Wr ghwhuplqh wkh lpsdfw ri uhqw frqwuro rq whqdqf| gxudwlrq d phdvxuh ri wkh ehqh�w

dvvrfldwhg zlwk uhfhlylqj d uhqw frqwuroohg dsduwphqw lv uhtxluhg1 Zh iroorz wkh dssurdfk

wdnhq e| J|rxunr ) Olqqhpdq +4<;<, e| phdvxulqj d krxvhkrog*v dqqxdo ehqh�w iurp

uhqw frqwuro dv wkh gl�huhqfh ehwzhhq wkh xqfrqwuroohg uhqw suhglfwhg iru wkdw krxvhkrog*v

frqwuroohg krxvlqj xqlw dqg wkh dfwxdo uhqw sdlg rq wkdw xqlw15 Krzhyhu/ gxh wr wkh odfn

ri d vx!flhqwo| vl}hg udqgrp vdpsoh ri xqfrqwuroohg krxvlqj xqlwv6/ zh gr qrw suhglfw

wkh xqfrqwuroohg uhqw iru d frqwuroohg xqlw e| hvwlpdwlqj d khgrqlf uhqw ixqfwlrq iru wkh

xqfrqwuroohg vhfwru1 Lqvwhdg zh hpsor| wkh Gdqlvk Wd{ Dxwkrulwlhv +khqfhiruwk GWD,

prgho iru rzqhu rffxslhg krxvlqj wr hvwlpdwh wkh ydoxh ri wkh frqwuroohg xqlw dv li lw kdg

ehhq vrog rq wkh iuhh pdunhw iru rzqhu rffxslhg gzhoolqjv1 Iurp wkh hvwlpdwhg pdunhw

ydoxh d suhglfwhg uhqw lv ghgxfwhg wkurxjk dq hvwlpdwh ri xvhu frvwv lq Ghqpdun17 Wkdw

lv/ wkh uhqw frqwuro ehqh�w iru krxvlqj xqlw � lv

K� ' S�RE~�c 	k�� o�c +4,

zkhuh S� lv xvhu frvwv/ ~� lv krxvlqj wudlwv
8 dqg o� lv wkh dfwxdo uhqw sdlg rq krxvlqj xqlw �1

	k lv wkh hvwlpdwhg frh!flhqw yhfwru ri wkh GWD prgho dqg vr RE~�c 	k� jlyhv wkh hvwlpdwhg

sulfh ri krxvlqj xqlw �1

Wkh GWD prgho iru 4<<< lv edvlfdoo| d khgrqlf sulfh ixqfwlrq zklfk lv hvwlpdwhg

xvlqj gdwd rq dfwxdo vdohv ri rzqhu rffxslhg gzhoolqjv lq wkh |hduv 4<<904<<< dqg d

frpsuhkhqvlyh olvw ri krxvlqj wudlwv1 Wkh GWD sulfh hvwlpdwhv iru doo krxvlqj xqlwv lq

wkh rzqhu rffxslhg vhfwru lv xvhg dv d surshuw| wd{ edvh/ dqg vr wkh txdolw| ri wkh prgho

lv kljko| uhjdughg1 Lq sduwlfxodu/ wkh prgho kdv ehhq frqvwuxfwhg wr dffrpprgdwh d

yhu| kljk ghjuhh ri jhrjudsklfdo suhflvlrq dv hdfk krxvlqj xqlw kdv ehhq sodfhg lqwr rqh

5Iru d glvfxvvlrq rq wkh surshuwlhv ri wklv phdvxuh/ vhh h1j1 J|rxunr ) Olqqhpdq +4<;<, ru J|rxunr

) Olqqhpdq +4<<3d,1
6Rqo| wkh vpdoo qxpehu ri gzhoolqjv frqvwuxfwhg diwhu 4<<4 duh frpsohwho| h{hpswhg iurp uhqw frqwuro1
7Wkh hvwlpdwhg xvhu frvw lv pdgh xs ri odqg wd{hv/ wkh uhdo lqwhuhvw udwh/ ulvn suhplxp dqg ghsuhfldwlrq

plqxv h{shfwhg fdslwdo jdlq1 Wkh odqg wd{ udwh ydulhv ryhu pxqlflsdolwlhv/ exw rq dyhudjh wkh xvhu frvw

lv ;1<(1
8Wkh yduldeohv lqfoxgh iru h{dpsoh vtxduh phwhuv/ qxpehu ri urrpv/ frqvwuxfwlrq |hdu/ |hdu iru pdmru

lpsuryhphqwv/  rru/ qxpehu ri dsduwphqwv lq surshuw|/ wkh suhvhqfh ri nlwfkhq/ vkrzhu dqg wrlohw dqg

w|sh ri khdwlqj lqvwdoodwlrqv1

9



ri pruh wkdq 83/333 gl�huhqw duhdv zlwk wkhlu rzq jhrjudsklfdo frh!flhqw +lqfoxghg lq

	k,1 Zkhq dsso|lqj wkh sulfh vwuxfwxuh ri rzqhu rffxslhg gzhoolqjv wr wkdw ri sulydwh

uhqwdo gzhoolqjv wkurxjk wkh GWD prgho lw vkrxog eh nhsw lq plqg wkdw uhqw frqwuro lq

wkh sulydwh uhqwdo vhfwru vsloov ryhu wr wkh rzqhu rffxslhg vhfwru1 Wkhruhwlfdoo|/ lw lv zhoo

hvwdeolvkhg/ wkdw uhqw frqwuro d�hfwv sulfhv ri rzqhu rffxslhg krxvlqj +vhh h1j1 Kçfnqhu

) Q|ehuj +5333,,/ dqg iru wkh Gdqlvk krxvlqj pdunhw lw lv hvwlpdwhg wkdw wklv vslooryhu

iurp uhqw frqwuro dprxqwv wr 45 wr 48 shu fhqw ri uhqwv lq rzqhu rffxslhg krxvlqj/ fi1

Udvpxvvhq +4<<<,1 Wkhuhiruh rxu hvwlpdwhg pdunhw uhqwv frxog doo eh eldvhg xszdugv/

exw dv glvfxvvhg ehorz zh vhhn d uhodwlyh phdvxuh ri wkh ghjuhh ri uhqw frqwuro iru hdfk

xqlw wkdw dyrlgv vxfk sureohpv1

Lq rughu wr hpsor| wkh GWD prgho iru wkh sulydwh uhqwdo vhfwru krxvlqj wudlwv iru doo

sulydwh uhqwdo krxvlqj xqlwv kdyh ehhq xvhg1 D sureohp zlwk wkh gdwd vhw/ krzhyhu/ lv

wkdw wkh |hduo| uhqw/ o�/ lv nqrzq iru rqo| derxw kdoi ri wkh sulydwh uhqwdo xqlwv lq 4<<<1

Wkhuhiruh plvvlqj uhqw revhuydwlrqv duh hvwlpdwhg e| wkh Khfnpdq wzr0vwhs surfhgxuh wr

frqwuro iru vdpsoh vhohfwlrq eldv1 Wkdw lv/ wkh hvwlpdwhg uhqw iru krxvlqj xqlw � lv

	o� ' f�
	q n 	�

)E`�	��

xE`�	��
c +5,

zkhuh f� dqg `� duh gl�huhqw krxvlqj wudlw yhfwruv1 `� lv xvhg lq wkh vwhs 4 surelw

prgho dqg f� lv xvhg lq wkh vwhs 5 ROV uhjuhvvlrq1 Yduldeohv iru qxpehu ri dsduwphqwv

lq exloglqj dqg lqglfdwru yduldeohv iru w|sh ri khdwlqj lqvwdoodwlrqv duh lqfoxghg lq `�

exw qrw lq f�/ dv wkhvh vljql�fdqwo| d�hfw wkh suredelolw| ri revhuylqj d uhqw exw duh qrw

lpsruwdqw iru wkh ohyho ri uhqwv1 Wkh vhfrqg sduw ri wkh uljkw kdqg vlgh lv wkh lqyhuvh Ploov

udwlr/ zkhuh 	� lv wkh hvwlpdwhg frh!flhqw yhfwru iurp vwhs 4 dqg 	q dqg 	� duh hvwlpdwhg

frh!flhqwv iurp vwhs 519

Zh dfnqrzohgjh/ dv qrwhg e| Dxow hw do1 +4<<7,/ wkdw phdvxulqj wkh ehqh�wv ri uhqw

frqwuro dv wkh gl�huhqfh ehwzhhq wkh revhuyhg uhqw dqg wkh pdunhw uhqw/ zkhuh wkh pdunhw

uhqw lv wkh rxwfrph ri d khgrqlf uhqw ixqfwlrq hvwlpdwhg iru wkh rzqhu rffxslhg vhfwru

dssolhg wr wkh frqwuroohg vhfwru*v dwwulexwhv/ lv olnho| wr surgxfh phdvxuhphqw huuruv/ vlqfh

wkh khgrqlf uhqw ixqfwlrq +lq rxu fdvh wkh GWD prgho, lv xqolnho| wr ixoo| h{sodlq uhqwv1

Krzhyhu/ jlyhq wkh vwuxfwxuh ri wkh Gdqlvk krxvlqj pdunhw iru sulydwh uhqwdo krxvlqj zh

duh qrw deoh wr frpsduh krxvhkrogv lq frqwuroohg yhuvxv xqfrqwuroohg vhfwruv vlqfh wkhuh

lv +lq sudfwlfh, qr xqfrqwuroohg vhfwru lq wkh sulydwh uhqwdo krxvlqj pdunhw1 Lq rughu wr

uhgxfh wkh lpsdfw iurp wkh srwhqwldo phdvxuhphqw huuru zh frqvwuxfw d uhodwlyh phdvxuh

9Dgglwlrqdo ghwdlov fdq eh irxqg lq Mhvshuvhq ) Pxqfk +5334,1
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ri wkh ghjuhh ri ehqh�w rewdlqhg gxh wr uhqw frqwuro1 Pruh vshfl�fdoo|/ zh glylgh doo xqlwv

lqwr ghflohv dffruglqj wr wkhlu uhqw frqwuro ghjuhh/ zkhuh wkh uhqw frqwuro ghjuhh lv jlyhq

dv wkh uhqw frqwuro ehqh�w/ K�c glylghg e| wkh xqfrqwuroohg uhqw/ S�RE~�c 	k�1 Wkxv li wkh

ghfloh ri xqlw �/ _�/ lv </ wkhq wkdw xqlw lv dprqj wkh 43( ri wkh xqlwv zlwk kljkhvw uhqw

frqwuro ghjuhhv/ zkhuhdv li _� ' f wkhq wkdw xqlw lv dprqj wkh 43( ri wkh xqlwv zlwk orzhvw

uhqw frqwuro ghjuhhv1

Wkh dydlodeoh GWD prgho lv iru 4<<< dqg lq dgglwlrq uhqwv duh rqo| revhuyhg iru 4<<</

exw zh qhhg d uhodwlyh phdvxuh ri wkh ghjuhh wr zklfk hdfk krxvlqj xqlw lv uhjxodwhg

zlwklq hdfk ri wkh |hduv 4<<504<<<1 Wkh uhodwlyh uhqw frqwuro ghjuhh/ _�c iru d krxvlqj xqlw

fdq fkdqjh ryhu wlph hlwkhu ehfdxvh wkh qxpehu ri sulydwh uhqwdo gzhoolqjv kdv ghfuhdvhg

ryhu wkh |hduv +vhh Vhfwlrq 5, ru ehfdxvh vrph ri wkh sk|vlfdo fkdudfwhulvwlfv kdyh fkdqjhg

+zklfk lv nqrzq lq wkh gdwd vhw,1 Wkxv iru d |hdu sulru wr 4<<</ vd| 4<<5/ wkh xqfrqwuroohg

4<<<0uhqw lv fdofxodwhg e| xvh ri wkh GWD prgho iurp wkh 4<<5 krxvlqj wudlw yhfwruv1 D

krxvlqj xqlw lv wkhq doorfdwhg wkh revhuyhg 4<<<0uhqw rqo| li lw kdv qrw xqghujrqh d pdmru

lpsuryhphqw iurp 4<<5 wr 4<<</ dqg wkh uhpdlqlqj xqlwv kdyh wkhlu uhqwv hvwlpdwhg +edvhg

rq wkh krxvlqj wudlwv iru 4<<5, dv rxwolqhg deryh1 Lq wklv zd| wkh uhodwlyh uhqw frqwuro

ghjuhh/ _�c iru hdfk ri wkh |hduv 4<<504<<< kdv ehhq frqvwuxfwhg edvhg rq wkh 4<<< GWD

prgho dqg 4<<< uhqwv1

615 Uhqw frqwuro/ htxlw| dqg h!flhqf|

Lq rughu wr jhw d �uvw0kdqg lpsuhvvlrq ri krz uhqw frqwuro d�hfwv wkh Gdqlvk krxvlqj

pdunhw wklv vhfwlrq suhvhqwv vrph ghvfulswlyh vwdwlvwlfv rq wkh uhodwlrqvkls ehwzhhq wkh

uhqw frqwuro ehqh�w/ krxvhkrog lqfrph dqg whqdqf| gxudwlrq1

Jhqhudoo| lw lv irxqg wkdw wkh uhqw frqwuro ehqh�w lv yhu| srruo| wdujhwhg dprqj whqdqwv

lq sulydwh uhqwdo krxvlqj/ dv fdq eh vhhq lq wdeoh 51 Wkh dyhudjh uhqw frqwuro ehqh�w lq

4<<< lv 43/533 GNN shu whqdqw +pruh wkdq < shu fhqw ri wkh dyhudjh lqfrph,1 Lqfrph lv

fruuhodwhg zlwk wkh uhqw frqwuro ehqh�w/ vxfk wkdw orz lqfrph jurxsv uhfhlyh pruh wkdq

wklv dyhudjh/ exw wkh kljkhvw ehqh�wv jr wr kljk lqfrph jurxsv/ zkloh wkh orzhvw ehqh�wv

dffuxh wr plggoh lqfrph jurxsv1

Wdeoh 5 durxqg khuh

Ixuwkhupruh/ d uhjuhvvlrq ri wkh uhqw frqwuro ehqh�w rq vhyhudo vrflr0hfrqrplf fkdudf0

whulvwlfv +dorqj wkh olqhv ri J|rxunr ) Olqqhpdq +4<;<,, uhyhdov wkdw lq sduwlfxodu d kljk

ohyho ri hgxfdwlrq duh dvvrfldwhg zlwk kljkhu ehqh�wv/ exw wkdw dovr krxvhkrog zhdowk dqg

;



krxvhkrog lqfrph lv srvlwlyho| fruuhodwhg zlwk wkh uhqw frqwuro ehqh�w1: Wkxv wkh uhqw

frqwuro lv qrw wdujhwhg wrzdugv wkrvh wkdw zrxog eh wkh qdwxudo uhfhlyhu/ wkdw lv/ wkh orz

lqfrph jurxsv1 Wklv srlqw lv pdgh hyhq pruh gudvwlfdoo| zlwk wkh revhuydwlrq wkdw d yhu|

odujh iudfwlrq ri krxvhkrogv lq wkh orzhvw ghfloh frqvlvwv ri vwxghqwv1 Wkdw lv/ lqglylgxdov

zkr duh fxuuhqwo| lqyhvwlqj lq kxpdq fdslwdo wkdw prvw olnho| zloo uhvxow lq d vljql�fdqw

pryh xs wkh lqfrph odgghu diwhu judgxdwlrq1

Uhqw frqwuro dovr vhhpv wr d�hfw krxvlqj pdunhw h!flhqf| dv prelolw| lv glvwruwhg1

Wdeoh 6 vkrzv wkdw wkh dyhudjh krxvhkrog kdg olyhg lq wkhlu suhvhqw dffrpprgdwlrq iru

91; |hduv lq 4<<<1 Krzhyhu/ wkrvh krxvhkrogv zlwk wkh orzhvw uhodwlyh uhqw frqwuro ghjuhhv

+ghfloh 4, rqo| kdg dq dyhudjh whqdqf| gxudwlrq ri 818 |hduv/ zkloh wkrvh zlwk wkh kljkhvw

uhodwlyh uhqw frqwuro ghjuhhv kdg olyhg lq wkhlu suhvhqw dffrpprgdwlrq iru ;1: |hduv1 Lq wkh

iroorzlqj zh zdqw wr jr lqwr pruh ghwdlo zlwk wklv uhodwlrqvkls ehwzhhq uhqw frqwuro dqg

whqdqf| gxudwlrq1 Vshfl�fdoo|/ zh wu| wr ghwhuplqh zkhwkhu d krxvkrogv krxvlqj xqlwv

udqn lq wkh glvwulexwlrq ri uhqw frqwuro ghjuhhv/ _�/ vljql�fdqwo| d�hfwv whqxuh gxudwlrq1

Wdeoh 6 durxqg khuh

7 Phwkrgrorj|

Lq wklv vhfwlrq zh ghvfuleh wkh hfrqrphwulf prgho xvhg wr lqyhvwljdwh krz uhqw frqwuro

d�hfwv prelolw|1 Wkh gdwd doorz xv wr revhuyh krxvhkrog wudqvlwlrqv rq wkh krxvlqj pdunhw

iurp 4<<5 wr 4<<<1 Zh kdyh lqirupdwlrq rq wkh gdwh dw zklfk doo krxvhkrogv olylqj lq

sulydwh uhqwdo krxvlqj xowlpr 4<<5 pryhg lqwr wkhlu dffrpprgdwlrq1 Zh wkhuhiruh kdyh

zkdw lv nqrzq dv ohiw wuxqfdwhg revhuydwlrqv1 Vlqfh vrph krxvhkrogv vwloo olyh lq wkhlu

4<<5 dffrpprgdwlrq e| wkh hqg ri 4<<< zh dovr kdyh/ zkdw Qdj| +4<<8, dgguhvvhg dv

wkh gxudwlrq fhqvrulqj sureohp ru dowhuqdwlyho| odehoohg uljkw fhqvruhg revhuydwlrqv1 Lq

rughu wr kdqgoh wkh ihdwxuhv ri wkh gdwd zh zloo dsso| d kd}dug prgho1

Ohw wkh frqwlqxrxv vwrfkdvwlf yduldeoh A / A 5 Efc4�/ ghqrwh whqdqf| gxudwlrq1 Wkh

kd}dug udwh/ zklfk ghqrwhv wkh suredelolw| iru krxvhkrogv zlwk fkdudfwhulvwlfv % ri prylqj

lq wkh lqwhuydo | n _| jlyhq wkdw wkh dffrpprgdwlrq lv vwloo rffxslhg dw wlph |c lv wkhq

jlyhq e|

� E|m%� ' *�4
_|<f

� E| 	 A � |n _|mA : |c %�

_|
� +6,

Wkh kd}dug ixqfwlrq lv vshfl�hg dv d sursruwlrqdo kd}dug prgho1 Wkdw lv/ wkh kd}dug lv

wkh surgxfw ri wkh edvholqh kd}dug/ zklfk fdswxuhv wkh wlph ghshqghqfh dqg d ixqfwlrq

:Ixuwkhu ghwdlov fdq eh irxqg lq Mhvshuvhq ) Pxqfk +5334,1

<



ri revhuyhg fkdudfwhulvwlfv/ %/

� E|m%� ' b E|� � )E%�c +7,

zkhuh b E|� lv wkh edvholqh kd}dug dqg ) E%� lv wkh vfdolqj ixqfwlrq vshfl�hg dv i TE%q�1

Li wkh gdwd duh  rz vdpsohg/ wkh frqwulexwlrq wr wkh olnholkrrg ixqfwlrq iru d jlyhq

krxvhkrog lv vlpso| wkh ghqvlw|;/ s E|�1 Krzhyhu/ khuh zh vdpsoh iurp wkh vwrfn ri krxvh0

krogv olylqj lq sulydwh uhqwdo krxvlqj lq xowlpr 4<<51 Lq wklv fdvh zh kdyh wr dgmxvw iru

wkh idfw wkdw zh nqrz zkhq krxvhkrogv pryhg lqwr wkh krxvlqj xqlw wkh| uhvlghg lq 4<<51

Ohw e ghqrwh wkh hodsvhg whqdqf| gxudwlrq ri krxvhkrog � lq 4<<51 Wkh frqwulexwlrq iru

wklv krxvhkrog wr wkh olnholkrrg ixqfwlrq lv wkhq
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lv wkh vxuylyru ixqfwlrq1 Wklv dgmxvwphqw lv qhjohfwhg

e| Qdj| +4<<8,1 E| ljqrulqj wkh suhvhqfh ri ohiw wuxqfdwhg revhuydwlrqv +hyhq wkrxjk

wkh| duh suhvhqw lq wkh gdwd vhw iurp Qhz \run Flw|, ohqjwk eldvhg vdpsolqj lv fuhdwhg

dv hodsvhg gxudwlrqv duh ljqruhg1

714 Wkh olnholkrrg ixqfwlrq

Qdj| +4<<8, dovr xvhv d kd}dug prgho wr lqyhvwljdwh whqdqf| gxudwlrqv/ dqg kh dvvxphv

wkdw wkh edvholqh kd}dug lv h{srqhqwldoo| glvwulexwhg1 Wklv phdqv wkdw wkh prgho fdqqrw

h{klelw dq| gxudwlrq ghshqghqfh1 Zh gr qrw lpsrvh wkh vdph uhvwulfwlrq vlqfh zh eholhyh

whqdqf| gxudwlrq ghslfwv gxudwlrq ghshqghqfh1 Dorqj wkh olqhv ri Mrydqrylf +4<:<,/ zkr

frqvlghu pdwfkhv rq wkh oderu pdunhw/ zh frqmhfwxuh wkdw wkh pdwfk txdolw| ri krxvhkrogv

dqg wkhlu dffrpprgdwlrq uhyhdov lwvhoi ryhu wlph/ dqg frqvhtxhqwo| wkdw wkh kd}dug udwh

rxw ri d krxvlqj xqlw glplqlvkhv zlwk whqxuh1 Lq rughu wr doorz iru qhjdwlyh gxudwlrq

ghshqghqfh ru dq| rwkhu nlqg ri gxudwlrq ghshqghqfh/ zh doorz iru d frpsohwho|  h{leoh

;Vxssuhvvlqj ghshqghqf| rq fryduldwhv1
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edvholqh kd}dug vshfl�fdwlrq1 Vshfl�fdoo|/ zh vshfli| d slhfhzlvh frqvwdqw edvholqh kd}dug

zlwk vsolwwlqj wlphv � f ' fc � �c ���c �g ' n41 Qrwlfh/ wkdw wkh edvholqh fdq dwwdlq duelwudu|

 h{lelolw| e| lqfuhdvlqj wkh qxpehu ri lqwhuydov1 Wkh ydoxh ri wkh edvholqh kd}dug lq wkh

&�wk lqwhuydo lv jlyhq e| b&1 Ohw &E|� G ?n w i�c 2c ���cg � �cgj eh d ixqfwlrq wkdw pdsv

wkh gxudwlrq/ |/ lqwr lqwhuydo &c dqg ohw S eh dq lqglfdwru yduldeoh wkdw wdnhv wkh ydoxh 4

li wkh krxvhkrog pryhv ehiruh wkh hqg ri 4<<<1 Wkh frqwulexwlrq iru d krxvhkrog zlwk

revhuyhg fkdudfwhulvwlfv/ %/ lv wkhq
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Qrwh wkdw xqfrpsohwhg +l1h1 uljkw fhqvruhg, revhuydwlrqv rqo| frqwulexwh zlwk wkh frqgl0

wlrqdo vxuylyru ixqfwlrq dv S ' f�

715 H{shfwhg whqdqf| gxudwlrq

Lqwhusuhwdwlrq ri hvwlpdwlrq uhvxowv lq kd}dug prghov lv pruh frpsolfdwhg wkdq lq rwkhu

vwdwlvwlfdo prghov/ vlqfh wkh vl}h ri wkh hvwlpdwhg frh!flhqw iru wkh h{sodqdwru| yduldeohv lv

qrw vwudljkwiruzdug wr hydoxdwh1 Lq rughu wr dffrpprgdwh wklv ihdwxuh ri kd}dugprghov zh

txdqwli| wkh h�hfw ri wkh krxvhkrog fkdudfwhulvwlfv rq wkh whqdqf| gxudwlrqv e| fdofxodwlqj

wkh h{shfwhg gxudwlrq ri uhpdlqlqj whqdqf|1 Wkdw lv/ iru jlyhq krxvhkrog fkdudfwhulvwlfv

lw lv srvvleoh wr fdofxodwh krz wkh h{shfwhg uhpdlqlqj whqdqf| fkdqjhv zkhq wkh vl}h ri d

fryduldwh fkdqjhv1 Ehorz zh looxvwudwh krz wkh fdofxodwlrqv duh grqh1

Vxssuhvvlqj wkh ghshqghqf| ri wkh kd}dug ixqfwlrq rq %/ wkh lqwhjudwhg kd}dug lv

ME|� '

] |

f

�&Er�_r

' M&E|�3� n �&E|�E|� � &E|�3��c

zkhuh M&E|�3� lv wkh lqwhjudwhg kd}dug xs wr wkh ehjlqqlqj ri wkh &�wk lqwhuydo1

Wkh h{shfwhg gxudwlrq iru d krxvhkrog wkdw pryhv lqwr wkh krxvlqj xqlw xowlpr 4<<5
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Wkdw lv/ wkh h{shfwhg whqdqf| gxudwlrq lv vlpso| wkh vxp ri wkh lqyhuvh lqwhuydo0vshfl�f

kd}dug ixqfwlrqv zhljkwhg zlwk wkh lqwhuydo0vshfl�f rffxuuhqfh suredelolw|1

8 Uhvxowv

Iluvw/ zh suhvhqw wkh vkdsh ri wkh kd}dug udwh rxw ri sulydwh uhqwdo krxvlqj1 Iljxuh 4

vkrzv wkdw wkhuh lv lqghhg qhjdwlyh gxudwlrq ghshqghqfh dv vxjjhvwhg deryh1 Wkdw lv/

rxu  h{leoh edvholqh vshfl�fdwlrq doorzv whqdqwv zlwk kljkhu whqxuh wr kdyh d orzhu hvfdsh

udwh iurp wkhlu dffrpprgdwlrq1

Iljxuh 4 durxqg khuh

Wdeoh 7 suhvhqwv wkh h�hfwv ri wkh fryduldwhv rq wkh kd}dug udwh rxw ri sulydwh uhqwdo

krxvlqj1

Wdeoh 7 durxqg khuh

Ehiruh glvfxvvlqj wkh h�hfw ri uhqw frqwuro rq krxvhkrog prelolw| sdwwhuqv zh vkruwo|

jr wkurxjk vrph ri wkh prvw lqwhuhvwlqj frqwuro yduldeohv1 Wkh djh ri wkh krxvhkrog khdg

lv vhhq wr eh prqrwrqlf qhjdwlyho| fruuhodwhg zlwk wkh pryhphqw rxw ri wkh krxvlqj xqlw1
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Wklv lv dovr zkdw lv irxqg lq wkh olwhudwxuh1 Wkhuh duh/ krzhyhu/ vrph dwwhpswv wr ghvfuleh

wkh djh h�hfw e| d vhfrqg rughu sro|qrpldo1 Qdj| +4<<8, iroorzv wklv dssurdfk dqg �qgv

0 vrphzkdw vxusulvlqjo| 0 wkdw djh lv srvlwlyho| fruuhodwhg zlwk whqdqf| gxudwlrq xqwlo

wkh krxvhkrog khdg uhdfkhv wkh djh ri 8;/ zkhuhdiwhu djh lv qhjdwlyho| fruuhodwhg zlwk

whqdqf| gxudwlrq1 Zh vxjjhvw wkdw wklv h�hfw lv vsxulrxv dqg hphujhv dv d frqvhtxhqfh

ri wkh sro|qrpldo vwuxfwxuh lpsrvhg rq wkh djh yduldeoh1

Dxow hw do1 +4<<7, vxjjhvw wzr srwhqwldo h�hfwv ri idplo| lqfrph rq prelolw|1 Iluvw/

kljk lqfrph whqdqwv/ li fxuuhqwo| uhvlglqj lq dq xs0vfdoh xqlw/ pd| ylhz wkhlu rswlrqv iru

dowhuqdwlyh uhqwdo krxvlqj dv txlwh olplwhg/ wkhuhe| uhgxflqj wkhlu prelolw|1 Dowhuqdwlyho|/

wkh frvw ri dq| srwhqwldo pryh vkrxog frpsulvh d vpdoohu shufhqwdjh ri wkhlu exgjhw wkdq

iru wkhlu orzhu lqfrph frxqwhusduwv/ vr wkdw prelolw| lv lqfuhdvhg1 Lq wkh hpslulfdo sduw ri

wkhlu sdshu wkh| �qg wkdw whqdqf| gxudwlrq lv srvlwlyho| dvvrfldwhg zlwk lqfrph1 Vlplodu

uhvxowv hphujh lq wdeoh 7 dqg duh dovr irxqg e| Qdj| +4<<8,1 Lq frqwudvw wr wkh XV edvhg

lqyhvwljdwlrqv zh dovr lqfoxgh lqirupdwlrq derxw idplo| zhdowk1 Zhdowk dsshduv wr eh

srvlwlyho| fruuhodwhg zlwk prelolw|1 Wkh srvlwlyh dvvrfldwlrq ehwzhhq zhdowk dqg prelolw|

frxog eh dwwulexwhg wr d vdylqjv prwlyh1 Wkdw lv/ krxvhkrogv zkr zlvk wr pryh wr rzqhu

rffxslhg krxvlqj qhhg d vxevwdqwldo dprxqw ri oltxlglw| iru grzq sd|phqwv/ uhixuelvkphqw

hwf1 dqg wkhuhiruh vdyh vrph ri wkh lqfrph wkh| uhfhlyh ehiruh ex|lqj surshuw|1 Dovr/

krxvhkrogv lq wkh rzqhu rffxslhg vhfwru uhfhlyh dq lpsolflw vxevlg| wkurxjk wkh wd{

v|vwhp/ ehfdxvh lpsxwhg uhqwv iurp htxlw| lqyhvwhg lq wkh krxvh duh wd{hg dw orzhu

h�hfwlyh udwhv wkdq sulydwh pdunhw uhqwv duh wd{hg/ dqg vr uhodwlyho| zhdowk| krxvhkrogv

vkrxog eh lqfolqhg wr pryh wr rzqhu rffxslhg krxvlqj1

Zh dovr �qg wkdw krxvhkrogv frqvlvwlqj ri vlqjoh lqglylgxdov 0 erwk zrphq dqg phq

0 duh pruh surqh wr pryh1 Wklv uhvxow lv frqvlvwhqwo| irxqg lq uhodwhg vwxglhv1 Olnhzlvh

zh �qg wkdw vwxghqwv pryh pruh iuhtxhqwo| wkdq rwkhuv1 Wklv h�hfw lv irxqg hyhq wkrxjk

vwxghqwv whqg wr olyh lq odujhu flwlhv zkhuh uhqw frqwuro lv nqrzq wr eh pruh elqglqj1 Wkh

h�hfw/ olnh wkh h�hfw iurp vlqjohv/ lv suredeo| dvvrfldwhg zlwk d pruh wxuexohqw zd| ri

olih1 Vlqfh/ dv vxjjhvwhg/ uhqw frqwuro lv pruh elqglqj lq odujhu flwlhv zh dovr fruuhfw iru

wklv/ dqg �qg wkdw wkh frh!flhqw wr odujhu flwlhv/ l1h1 Frshqkdjhq dqg rwkhu odujh flwlhv/

lv lqghhg qhjdwlyh1 Iru odujh flwlhv lw lv/ krzhyhu/ pdujlqdoo| lqvljql�fdqw1 Zh dovr frqwuro

iru dgglwlrqdo fkdudfwhulvwlfv ri wkh krxvhkrog dv vhhq lq wdeoh 71

Hyhq diwhu frqwuroolqj iru d zlgh udqjh ri krxvhkrog fkdudfwhulvwlfv dv zhoo dv gxudwlrq

ghshqghqfh zh �qg d yhu| vljql�fdqw qhjdwlyh dvvrfldwlrq ehwzhhq wkh ohyho ri rewdlqhg

ehqh�wv iurp wkh suhvhqfh ri uhqw frqwuro dqg prelolw|1 Lq rughu wr rewdlq d fohdu lpsuhv0

vlrq ri wkh pdjqlwxgh ri wklv h�hfw zh kdyh fdofxodwhg h{shfwhg whqdqf| gxudwlrqv iru

gl�huhqw whqdqf| jurxsv rq wkh Gdqlvk krxvlqj pdunhw1
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Wdeoh 8 durxqg khuh

Wdeoh 8 frqwdlqv wkh h{shfwhg uhpdlqlqj whqdqf| gxudwlrqv iru d krxvhkrog wkdw pryhg

lqwr wkhlu krxvlqj xqlw xowlpr 4<<51 Iru doo jurxsv zh vhh d vxevwdqwldo gl�huhqfh lq

h{shfwhg whqdqf| gxudwlrq ehwzhhq krxvhkrogv rffxs|lqj krxvlqj wkdw kdyh ehqh�wv lq

wkh orzhu ghfloh frpsduhg wr krxvhkrogv uhvlglqj lq krxvlqj xqlwv lq wkh kljkhvw ghfloh1

Whqdqf| gxudwlrq iru d w|slfdo krxvhkrog lq wkh sulydwh uhqwdo vhfwru lv irxqg wr eh pruh

wkdq vl{ |hduv orqjhu li lwv dsduwphqw ehorqjv wr wkh 43 shu fhqw prvw uhjxodwhg xqlwv wkdq

li lw ehorqjv wr wkh 43 shu fhqw ohdvw uhjxodwhg xqlwv1

814 Glvfxvvlrq

Duqrww +4<<8, dujxhv wkdw wkh hpslulfdo hylghqfh rq wkh h�hfwv ri uhqw frqwuro rq ydul0

rxv rxwfrphv lv glvdssrlqwlqjo| xqlqirupdwlyh1 Zlwk uhvshfw wr wkh h�hfwv rq prelolw|

kh vwuhvvhv wkdw �111wkhuh lv zhdn hylghqfh wkdw dyhudjh prelolw| lv vrphzkdw orzhu lq

frqwuroohg krxvlqj111�1 Krzhyhu/ wkdw uhqw frqwuro hqfrxudjhv vwd|lqj lq d sulydwh uhqwdo

krxvlqj xqlw orqjhu fdq dffruglqj wr Duqrww eh dwwulexwhg wr wkuhh rwkhu h�hfwv1 Iluvw/

wkhuh lv d whqdqf| frpsrvlwlrq h�hfw1 Wkh prelolw| udwh lv orzhu/ wkh orqjhu wkh shulrg

ri whqdqf|/ dqg whqdqwv lq frqwuroohg krxvlqj kdyh rq dyhudjh ehhq lq wkhlu xqlwv orqjhu1

Vhfrqg/ wkhuh lv d odqgorug vhohfwlrq h�hfw> odqgorugv lq wkh frqwuroohg vhfwru kdyh dq

lqfhqwlyh wr fkrrvh orz0prelolw| whqdqwv ehfdxvh orz prelolw| lv fruuhodwhg zlwk vwdelolw|

dqg uhvsrqvlelolw|1 Wklug/ wkhuh lv d whqdqw vhohfwlrq h�hfw> orz0prelolw| whqdqwv kdyh d

vwurqjhu lqfhqwlyh wr vhdufk iru frqwuroohg krxvlqj/ vlqfh wkhlu vhdufk frvwv duh dpruwl}hg

ryhu d orqjhu shulrg1 Wkh revhuyhg dvvrfldwlrq ehwzhhq uhqw frqwuro ehqh�wv dqg prelolw|

frxog eh gxh wr wkh wkuhh h�hfwv Duqrww olqhv xs/ exw dv zloo eh dujxhg ehorz lw lv srvvleoh

wr sxujh wkh lqyhvwljdwlrq iru wkhvh h�hfwv e| dsso|lqj wkh dssursuldwh hfrqrphwulf wrrov

wr wkh gdwd/ dqg vr rxu uhvxowv vwurqjo| vxjjhvw wkdw prelolw| lv lqghhg kdpshuhg e| uhqw

frqwuro1

Iluvw/ e| doorzlqj iru d  h{leoh edvholqh kd}dug lq wkh kd}dug prgho zh frqwuro 0 lq

frqwudvw wr Qdj| +4<<8, 0 iru wkh idfw wkdw kd}dug udwh rxw ri dsduwphqw lv ghfolqlqj zlwk

whqdqf| gxudwlrq1 Vhfrqg/ wkh odqgorug vhohfwlrq h�hfw lv kdug wr mxvwli| rq wkh Gdqlvk

krxvlqj pdunhw1 Ri frxuvh/ odqgorugv suhihu uhvsrqvleoh whqdqwv/ exw orqj whqdqf| gxudwlrq

dovr frpsolfdwhv wkh srvvlelolw| iru lpsuryhphqwv ri wkh krxvlqj xqlwv1 Lpsuryhphqwv

zklfk/ dv phqwlrqhg lq Vhfwlrq 5/ fdq ohdg wr vljql�fdqw lqfuhdvhv lq wkh uhqw1 Zh wkhuhiruh

vxjjhvw wkdw wkhuh lv d wudgh0r� iru odqgorugv zlwk uhvshfw wr suhihuulqj kljk prelolw| ru

orz prelolw| whqdqwv1
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Wklug/ wkh whqdqw vhohfwlrq h�hfw lv vxuho| suhvhqw1 Lq rughu wr fruuhfw dv pxfk dv

srvvleoh iru wklv h�hfw zh lqfoxgh d yhfwru ri whqdqw fkdudfwhulvwlfv dorqj zlwk wkh uhqw

frqwuro ehqh�wv lq wkh hfrqrphwulf dqdo|vlv1 Wklv dprxqwv wr frqwuroolqj iru wkh vhohf0

wlrq edvhg rq revhuydeohv1 H1j1 roghu lqglylgxdov zkr kdyh rq dyhudjh orqjhu prelolw|

dfnqrzohgjh wklv dqg sxw pruh h�ruw lqwr wkh vhdufk iru kljk ehqh�w dffrpprgdwlrq1

Wklv vhohfwlrq h�hfw fdq eh dffrxqwhg iru e| lqfoxglqj djh lq wkh uhjuhvvlrq1 Wkh vdph

dssolhv wr rwkhu fryduldwhv1 Li/ rq wkh rwkhu kdqg/ wkh vhohfwlrq surfhvv lv jurxqghg rq

xqrevhuydeoh fkdudfwhulvwlfv/ l1h1 wkhuh duh vrph fkdudfwhulvwlfv wkdw duh xqrevhuyhg wr

wkh uhvhdufkhu/ wkdw lq xhqfh wkh suredelolw| ri rewdlqlqj d frqwuroohg xqlw ri krxvlqj/ d

pruh dgydqfhg dssurdfk lv fdoohg iru1 Lq wkh Qhz \run Flw| gdwd vhw/ zkhuh wkhuh duh wzr

w|shv ri dsduwphqwv +frqwuroohg dqg xqfrqwuroohg,/ d srvvleoh vroxwlrq lv wr hvwlpdwh wkh

vhohfwlrq surfhvv lqwr frqwuroohg dqg xqfrqwuroohg krxvlqj vlpxowdqhrxvo| zlwk wkh whq0

dqf| gxudwlrq prgho1 Lq wklv w|sh ri prghoolqj wkh fruuhodwlrq ehwzhhq wkh xqrevhuydeoh

fkdudfwhulvwlfv fdq eh ghvfulehg/ dqg rqh pd| wkhq whvw zkhwkhu 0 edvhg rq xqrevhuy0

deohv 0 orz prelolw| whqdqwv duh pruh lqfolqhg wr hqg xs lq frqwuroohg krxvlqj +vhh h1j1

Oloodug/ Eulhq ) Zdlwh +4<<8, iru d vxlwdeoh hfrqrphwulf prgho,1 Lq wkh Gdqlvk frqwh{w

wklv lv vrphzkdw gl�huhqw vlqfh doprvw doo krxvlqj xqlwv duh frqwuroohg1 Krzhyhu/ lw zrxog

eh srvvleoh wr glylgh wkh frqwuroohg krxvlqj xqlwv lqwr fdwhjrulhv edvhg rq wkh ghjuhh ri

ehqh�wv dqg wkhq hvwlpdwh wkh vhohfwlrq surfhvv lqwr wkhvh fdwhjrulhv vlpxowdqhrxvo| zlwk

wkh whqdqf| gxudwlrq prgho lq rughu wr jhw dq lghd ri wkh fruuhodwlrq ehwzhhq wkh xqre0

vhuydeoh sduwv ri wkh wzr surfhvvhv1 Zh ohdyh wkh pruh hoderudwhg hfrqrphwulf prgho iru

ixwxuh uhvhdufk1

Dqrwkhu lqwhuhvwlqj h{whqvlrq lv wr wdnh d forvhu orrn dw wkh ghvwlqdwlrq vwdwhv iru

krxvhkrogv wkdw pryh rxw ri wkhlu sulydwh uhqwdo krxvlqj1 Fohduo|/ krxvhkrogv kdyh gli0

ihuhqw suhihuhqfhv zkhq lw frphv wr krxvlqj1 Krxvhkrogv/ zklfk duh orrnlqj iru rzqhu

rffxslhg krxvlqj duh suhvxpdeo| pruh lqfolqhg wr vdyh d odujhu sduw ri wkhlu lqfrph gxh

wr wkh �qdqfldo qhhgv wkdw duh uhtxluhg iru ex|lqj d krxvh1 Dovr/ krxvhkrogv wkdw duh

vhdufklqj iru rzqhu rffxslhg dffrprgdwlrq duh surqh wr vhhnlqj d pruh vwdeoh zd| ri olih/

vlqfh wkh frvw ri fkdqjlqj dffrprgdwlrq ulvhv vxevwdqwldoo| iru krxvhrzqhuv frpsduhg wr

krxvhkrogv olylqj lq uhqwdo dffrprgdwlrq1 Lq vxp/ zh zlvk wr h{whqg wkh fxuuhqw dqdo|vlv

zlwk d frpshwlqj ulvnv vwuxfwxuh lq rughu wr frqgxfw d pruh surirxqg ghvfulswlrq ri wkh

h�hfwv ri uhqw frqwuro rq wkh prelolw| rxw ri ru ehwzhhq sulydwh uhqwdo krxvlqj1
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9 Frqfoxvlrq

Edvhg rq dq h{whqvlyh gdwd vhw froohfwhg e| dgplqlvwudwlyh uhjlvwhuv zh dqdo|vh krz wkh

suhvhqfh ri uhqw frqwuro rq wkh Gdqlvk sulydwh uhqwdo krxvlqj pdunhw d�hfwv prelolw|1 Zh

gr wklv e| dsso|lqj d gxudwlrq prgho wkdw hqfrpsdvvhv erwk wkh suhvhqfh ri ohiw wuxqfdwhg

whqdqf| gxudwlrqv/ uljkw fhqvruhg revhuydwlrqv dqg doorzv iru d yhu|  h{leoh vshfl�fdwlrq

ri wkh wlph ghshqghqf| dv fdswxuhg e| wkh edvholqh kd}dug ixqfwlrq1

Zh �qg wkdw whqdqf| prelolw| lv fohduo| uhgxfhg e| wkh suhvhqfh ri uhqw frqwuro1 Iru

d vwdqgdug krxvhkrog zh �qg wkdw h{shfwhg whqdqf| gxudwlrq lv lqfuhdvhg zlwk 9 |hduv

iru krxvhkrogv/ zklfk uhflhyh ehqh�wv lq wkh kljkhvw ghfloh ri wkh ehqh�wv glvwulexwlrq

frpsduhg wr krxvhkrogv/ zklfk rewdlq ehqh�wv lq wkh orzhvw ghfloh1

Zh dujxh wkdw wkh suhvhqw dqdo|vlv fdq eh h{whqghg e| doorzlqj iru d frpshwlqj

ulvnv vshfl�fdwlrq/ zklfk zrxog jlyh d pruh surirxqg slfwxuh ri wkh surfhvvhv wkdw gulyh

prelolw| rq wkh krxvlqj pdunhw1 Wklv lv d wrslf iru ixwxuh uhvhdufk1 Krzhyhu/ wkh suhvhqw

dqdo|vlv vwloo lqglfdwhv wkdw uhqw frqwuro kdv d yhu| xqiruwxqdwh h�hfw rq krxvhkrog prelolw|

dqg wkhuhe| rq wkh h!flhqw doorfdwlrq ri krxvlqj1 D shukdsv hyhq pruh vhulrxv sureohp

frxog dsshdu rq wkh oderxu pdunhw1 Kdugpdq ) Lrdqqlghv +4<<<, dujxh wkdw uhgxfhg

prelolw| rq wkh krxvlqj pdunhw gdpshqv hfrqrplf jurzwk e| yluwxh ri lqh!flhqw oderxu

pdunhw doorfdwlrqv1 Li krxvhkrogv duh ohvv lqfolqhg wr pryh gxh wr uhqw frqwuro wkh|

duh dovr ohvv lqfolqhg wr uhdfw wr fkdqjhv lq oderxu pdunhw frqglwlrqv1 Suhvhqwo|/ wklv

k|srwkhvlv lv rqo| irupxodwhg wkhruhwlfdoo|/ exw lq ixwxuh uhvhdufk lw vkrxog eh srvvleoh wr

frpelqh wkh wzr forvho| frqqhfwhg pdunhwv wr lqyhvwljdwh zkhwkhu d srvlwlyh dvvrfldwlrq

ehwzhhq ehqh�wv iurp uhqw frqwuro dqg prelolw| rq wkh oderxu pdunhw fdq eh irxqg1 Li

wkh wkhruhwlfdo k|srwkhvlv lv frq�uphg wklv lv |hw dqrwkhu dujxphqw iru orrvhqlqj wkh uhqw

uhjxodwlqj v|vwhpv zruogzlgh1

Uhihuhqfhv

Dovwrq/ U1 P1/ Nhduo/ M1 ) Ydxjkdq/ P1 E1 +4<<5,/ cLv wkhuh frqvhqvxv dprqj hfrqrplvwv

lq wkh 4<<3*vB*/ Dphulfdq Hfrqrplf Uhylhz ;5/ 536�<1

Duqrww/ U1 +4<<8,/ cWlph iru uhylvlrqlvp rq uhqw frqwuroB*/ Mrxuqdo ri Hfrqrplf Shuvshf0

wlyhv </ <<�4531

Duqrww/ U1 ) Ljdudvkl/ P1 +5333,/ cUhqw frqwuro/ plvpdwfk frvwv dqg vhdufk h!flhqf|*/

Uhjlrqdo Vflhqfh dqg Xuedq Hfrqrplfv 63/ 57<�5;;1
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Dxow/ U1 Z1/ Mdfnvrq/ M1 G1 ) Vded/ U1 S1 +4<<7,/ cWkh h�hfw ri orqj0whup uhqw frqwuro

rq whqdqw prelolw|*/ Mrxuqdo ri Xuedq Hfrqrplfv 68/ 473�48;1

Fodun/ Z1 ) Khvnlq/ D1 G1 +4<;5,/ cWkh lpsdfw ri uhqw frqwuro rq whqxuh glvfrxqwv dqg

uhvlghqwldo prelolw|*/ Odqg Hfrqrplfv 8;+4,/ 43<�44:1

Gdqlvk Hfrqrplf Frxqflo +5334,/ Gdqlvk Hfrqrp|/ Vsulqj 5334/ Frshqkdjhq1

Jodhvhu/ H1 O1 ) Oxwwphu/ H1 I1 +4<<:,/ cWkh plvvdoorfdwlrq ri krxvlqj xqghu uhqw frqwuro*/

QEHU Zrunlqj Sdshu 95531

J|rxunr/ M1 ) Olqqhpdq/ S1 +4<;<,/ cHtxlw| dqg h!flhqf| dvshfwv ri uhqw frqwuro= Dq

hpslulfdo vwxg| ri qhz |run flw|*/ Mrxuqdo ri Xuedq Hfrqrplfv 59/ 87�:71

J|rxunr/ M1 ) Olqqhpdq/ S1 +4<<3d,/ cPhdvxuhphqw sureohpv lq txdqwli|lqj wkh glvwul0

exwlrqdo h�hfwv ri vxevlg| surjudpv*/ Mrxuqdo ri Xuedq Hfrqrplfv 5;/ 4<�661

J|rxunr/ M1 ) Olqqhpdq/ S1 +4<<3e,/ cUhqw frqwurov dqg uhqwdo krxvlqj txdolw|= D qrwh rq

wkh h�hfwv ri qhz |run flw|*v rog frqwurov*/ Mrxuqdo ri Xuedq Hfrqrplfv 5:/ 6<;�73<1

Kçfnqhu/ M1 ) Q|ehuj/ V1 +5333,/ cUhqw frqwuro dqg sulfhv ri rzqhu0rffxslhg krxvlqj*/

Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv 435+5,/ 644�6571

Kdugpdq/ D1 P1 ) Lrdqqlghv/ \1 P1 +4<<<,/ cUhvlghqwldo prelolw| dqg wkh krxvlqj pdu0

nhw lq d wzr0vhfwru qhrfodvvlfdo jurzwk prgho*/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv

434+5,/ 648�6681

Mhvshuvhq/ V1 )Pxqfk/ M1 U1 +5334,/ Zkr jdlq rq uhqw frqwuroB Gdqlvk Hfrqrplf Frxqflo

Zrunlqj Sdshu 5334=71

Mrydqrylf/ E1 +4<:<,/ cMre pdwfklqj dqg wkh wkhru| ri wxuqryhu*/ Mrxuqdo ri Srolwlfdo

Hfrqrp| ;:+8,/ <:5�<<31

Oloodug/ O1/ Eulhq/ P1 )Zdlwh/ O1 +4<<8,/ cSuhpdulwdo frkdelwdwlrq dqg vxevhtxhqw pdulwdo

glvvroxwlrq= D pdwwhu ri vhoi0vhohfwlrqB*/ Ghprjudsk| 65+6,/ 76:�78:1

Olqg/ K1 +5334,/ cUhqw uhjxodwlrq= D frqfhswxdo dqg frpsdudwlyh dqdo|vlv*/ Hxurshdq

Mrxuqdo ri Krxvlqj Srolf| 4/ 74�8:1

Qdj|/ M1 +4<<8,/ cLqfuhdvhg gxudwlrq dqg vdpsoh dwwulwlrq lq Qhz \run Flw|*v uhqw frq0

wuroohg vhfwru*/ Mrxuqdo ri Xuedq Hfrqrplfv 6;/ 45:�46:1

4:



Udvpxvvhq/ O1 H1 +4<<<,/ Orfdo Krxvlqj Pdunhwv Zlwk Sduwldo Uhqw Frqwuro/ SkG wkhvlv/

Xqlyhuvlw| ri Frshqkdjhq1

4;



D Dsshqgl{= Wdeohv dqg �jxuhv

Wdeoh 4= Vxppdu| Vwdwlvwlfv

Yduldeoh Phdq Vwdqgdug ghyldwlrq

Fkloguhq 31455 3165:

Djh 4;057 3144: 31654

Djh 68077 3146; 31678

Djh 78087 31455 3165:

Djh 88097 313<7 315<5

Djh 98 31649 31798

Xqhpsor|phqw udwlr 3136< 314;4

Hduo| uhwluhphqw udwlr 313<8 315;5

Vwxghqw 3139; 31585

Xqvnloohg 31894 317<9

Vkruw 31365 314::

Phglxp 31374 314<;

Orqj 31365 314:8

Lqfrph 475/333 44:/333

Zhdowk 06/333 457/333

Vlqjoh ihpdoh 316:8 317;7

Vlqjoh pdoh 3165: 3179<

Krxvlqj frqvxpswlrq +p2*dgxow� ;319 9318

Qrq0RHFG 31345 3143<

Frshqkdjhq 31565 31755

Odujh flw| 31456 3165;

Uxudo 314:9 316;4

Gxudwlrq +hodsvhg dqg uhpdlqlqj/ lq |hduv, 4419; ;173;

& revhuydwlrqv 6</<67

& ri wkhvh frpsohwhg 56/77<

4<



Wdeoh 5= Wkh uhqw frqwuro ehqhilw dqg lqfrph/ 4<<<

Ghfloh Pd{lpxp lqfrph Uhqw frqwuro ehqh�w

0 0 0 0 0 0 0 0 0 4/333 GNN 0 0 0 0 0 0 0 0 0

4 8< 481;

5 :8 ;14

6 ;8 :13

7 <8 :13

8 437 918

9 448 :16

: 45: <17

; 476 4314

< 49: 4517

43 558 4;17

Doo 444 4315

Qrwh= Lqfrph lv glsrvdeoh krxvhkrog htxlydohqw lqfrph1 Iru �ghfloh 43� dqg �Doo� dyhudjh

lqfrph lv uhsruwhg1

Vrxufh= Gdqlvk Hfrqrplf Frxqflo +5334,
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Wdeoh 6= Uhqw frqwuro dqg whqxuh gxudwlrq/ 4<<<

Uhqw frqwuro ghjuhh ghfloh Gxudwlrq/ |hduv

4 818

5 913

6 81<

7 913

8 916

9 919

: :17

; :1:

< ;16

43 ;1:

Doo 91;

54



Iljxuh 4= Kd}dug ixqfwlrq rxw ri sulydwh uhqwdo krxvlqj1
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Wdeoh 7= Uhvxowv iurp kd}dug prgho1

Yduldeoh Frh!flhqw Vwdqgdug huuru

Ehqh�w iurp uhqw frqwuro +lq ghflohv, 031:<:8 313649

Fkloguhq 031339: 3135:6

Djh 4;057 31686; 313556

Djh 68077 0317:48 313596

Djh 78087 031:8:7 313647

Djh 88097 031;8;; 3136;3

Djh deryh 98 0415868 313658

Xqhpsor|phqw udwlr 313664 3136;6

Hduo| uhwluhphqw udwlr 0313<89 31364;

Vwxghqw 3145:6 3135:9

Xqvnloohg 03136;4 313535

Vkruw 313;<< 313759

Phglxp 313976 313737

Orqj 3149:< 313786

Lqfrph 0317667 313;3:

Zhdowk 31548< 3138<:

Vlqjoh ihpdoh 318696 31357;

Vlqjoh pdoh 318<64 31357:

Krxvlqj frqvxpswlrq 31374; 313393

Qrq0RHFG 313833 3138<4

Frshqkdjhq 0313<:5 313565

Odujh flw| 0313794 3135:<

Uxudo 0313444 313538

Qrwh= Erog +lwdolf, �jxuhv lqglfdwh wkdw wkh sdudphwhu hvwlpdwh lv gl�huhqw iurp 3 dw

wkh 8( +43(, vljql�fdqfh ohyho1 Lq rughu wr dlg pd{lpl}dwlrq ri wkh olnholkrrg ixqfwlrq

zh kdyh vfdohg ehqh�w iurp uhqw frqwuro zlwk 43/ krxvlqj frqvxpswlrq2dgxow zlwk 433/

dqg lqfrph dqg zhdowk zlwk 4/333/3331
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Wdeoh 8= H{shfwhg whqdqf| gxudwlrqv +lq |hduv,

Ghyldwlrq iurp vwdqgdug krxvhkrog

Ghfloh Vwdqgdug krxvhkrog 5 6 7 8 9 : ;

4 451; 4415 461: 4616 4715 4513 4<1< 41:

5 4619 441< 4718 4714 4813 451; 5319 41<

6 4717 451: 4816 471< 481: 4619 5414 514

7 4815 4618 4913 481: 4918 4717 541: 517

8 4913 4716 491; 4917 4:15 4815 5515 51:

9 491: 4814 4:18 4:15 4:1< 481< 551: 613

: 4:17 481< 4;15 4:1< 4;19 491: 5615 617

; 4;14 4919 4;1< 4;19 4<16 4:17 561: 61;

< 4;1; 4:17 4<18 4<15 4<1< 4;14 5714 716

43 4<18 4;14 5315 4<1< 5319 4;1; 5718 71;

Dyhudjh 4916 471: 4:13 491: 4:18 4818 5517 613

Qrwh= Wkh vwdqgdug krxvhkrog frqvlvwv ri d frxsoh zlwk fkloguhq1 Wkh| kdyh d |hduo|

glvsrvdeoh lqfrph ri GNN 5331333/ dqg zhdowk htxdo wr GNN 7313331 Wkh| olyh lq d

odujh surylqfldo wrzq/ dqg frqvxph 93 p2*shuvrq1 Wkh krxvhkrog khdg lv ehwzhhq 68077

|hduv rog dqg lv hgxfdwhg dv d vnloohg zrunhu1

Wkh gl�huhqw ghyldwlrqv iurp wklv krxvhkrog duh=

W|sh 5= Vwdqgdug krxvhkrog zlwk dq dqqxdo glvsrvdeoh lqfrph ri GNN 733/3331

W|sh 6= Vwdqgdug krxvhkrog zlwk krxvhkrog khdg kdylqj d froohjh ghjuhh1

W|sh 7= Vwdqgdug krxvhkrog olylqj lq Frshqkdjhq1

W|sh 8= Vwdqgdug krxvhkrog olylqj lq Frshqkdjhq zlwk dq dqqxdo glvsrvdeoh lq0

frph ri GNN 733/3331

W|sh 9= Vwdqgdug krxvhkrog zlwk krxvhkrog khdg kdylqj d froohjh ghjuhh dqg dq

dqqxdo glvsrvdeoh lqfrph ri GNN 733/3331

W|sh := Vwdqgdug krxvhkrog zlwkrxw fkloguhq dqg khdg ehlqj roghu wkdq 98 |hduv1

W|sh ;= Vlqjoh pdq vwxg|lqj dqg olylqj lq Frshqkdjhq/ kdv qr fkloguhq/ dq dqqxdo

glvsrvdeoh lqfrph dqg zhdowk ri GNN 73/3331
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