
Devwudfw

Fklqd*v dffhohudwhg jurzwk udwh gxulqj wkh uhirup shulrg 4<:;0<: kdv uhlqirufhg frqfhuqv

derxw krz wr frsh zlwk frqwlqxhg h{sdqvlrq zkloh dovr pdlqwdlqlqj edodqfhg uhjlrqdo

jurzwk1 Zh h{dplqh erwk wkh whqghqf| dqg wkh vshhg wrzdugv lqfrph frqyhujhqfh lq

dprqj Fklqd*v surylqfhv gxulqj wkh wzr shulrgv= wkh suh0uhirup shulrg 4<8604<:: dqg

wkh uhirup shulrg 4<:;04<<:1 Wkh Vrorz jurzwk prgho lv xvhg wr surylgh wkh pdlq

wkhruhwlfdo iudphzrun1 Wkh hpslulfdo phwkrg dffrxqwv iru khwhurjhqhlw| lq erwk lqlwldo

whfkqrorj| dqg wkh udwh ri whfkqrorjlfdo surjuhvv1 Hvwlpdwlrq sureohpv lqfoxglqj zhdn

lqvwuxphqwv dqg �qlwh vdpsoh eldv duh dgguhvvhg e| wkh V|vwhp JPP Hvwlpdwru dqg d

frh!flhqw erxqg surylghg e| wkh ROV dqg zlwklq jurxs hvwlpdwru/ uhvshfwlyho|1 Dowkrxjk

zh �qg hylghqfh ri frqglwlrqdo frqyhujhqfh iru erwk wkh shulrgv/ uhodwlyh wr wkh hvwlpdwhg

frqyhujhqfh vshhg iru rwkhu uhjlrqv dqg frxqwulhv/ Fklqd*v surylqfldo frqyhujhqfh vshhgv

duh vxusulvlqjo| orz= 31747( iru wkh suh0uhirup shulrg dqg 5156( iru wkh uhirup shulrg1

Wklv phdqv wkdw dorqj wkh frxuvh ri wkh uhpdundeoh hfrqrplf jurzwk ri Fklqd gxulqj wkh

uhirup shulrg 4<:;0<: wkh surylqfldo lqfrph frqyhujhqfh surfhvv kdv ehhq glvdssrlqwlqj1

Nh| Zrugv dqg Skudvhv= Surylqfldo frqyhujhqfh/ Fklqd/ sdqho gdwd/ JPP hvwlpdwruv1

MHO Fodvvl�fdwlrq= R73/ R74/ R86/ F47/ K7



SURYLQFLDO LQFRPH FRQYHUJHQFH LQ FKLQD/ 4<8604<<:= D SDQHO GDWD

DSSURDFK

\dr \xgrqj dqg Phoy|q Zhhnv45

Rfwrehu 5333

Dv Fklqd*v hfrqrplf pludfoh frqwlqxhv wr ohdyh ploolrqv ehklqg/ pruh dqg

pruh Fklqhvh duh h{suhvvlqj dqjhu ryhu wkh hfrqrplf glvsdulwlhv ehwzhhq wkh

 rxulvklqj surylqfhv ri Fklqd*v frdvwdo sodlq dqg wkh lpsryhulvkhg lqodqg/

zkhuh :3 ploolrq wr ;3 ploolrq shrsoh fdqqrw ihhg ru forwkh wkhpvhoyhv dqg

kxqguhgv ri ploolrqv ri rwkhuv duh rqo| vshfwdwruv wr Fklqd*v hfrqrplf wudqv0

irupdwlrq16

Wkh Qhz \run Wlphv/ 5: Ghfhpehu 4<<8/ s1 41

4 Lqwurgxfwlrq

Fklqd*v dffhohudwhg jurzwk udwh gxulqj wkh uhirup shulrg 4<:;0<: kdv uhlqirufhg frqfhuqv

derxw krz wr frsh zlwk frqwlqxhg jurzwk zklovw pdlqwdlqlqj edodqfhg uhjlrqdo lqfrph

lqhtxdolw|1 Lq Vhswhpehu 4<<8 wkh Fklqhvh jryhuqphqw hqgruvhg wkh ylhz wkdw uhjlrqdo

lqhtxdolwlhv kdyh zlghqhg vwdwlqj wkdw �vlqfh wkh dgrswlrq ri uhirupv dqg rshq grru

srolflhv/ zh kdyh hqfrxudjhg vrph uhjlrqv wr ghyhors idvwhu dqg jhw ulfkhu/ dqg dgyrfdwhg

wkdw wkh ulfkhu vkrxog dfw dv d prgho iru dqg khos wkh srru1 Exw iru vrph uhdvrqv/ uhjlrqdo

hfrqrplf lqhtxdolwlhv kdyh zlghqhg1�7

Lq wklv sdshu zh lqyhvwljdwh erwk wkh whqghqf| dqg wkh vshhg wrzdugv lqfrph frqyhu0

jhqfh dfurvv wkh surylqfhv ri Fklqd gxulqj erwk wkh suh0uhirup shulrg 4<8604<:: dqg wkh

uhirup shulrg 4<:;04<<:1 Wkh Fklqhvh fdvh lv lqwhuhvwlqj iru vhyhudo uhdvrqv1 Iluvw/ Fklqd

lv wkh prvw srsxorxv frxqwu| lq wkh zruog dqg glvsod|v ydvw jhrjudsklfdo glvsdulwlhv lq wkh

uhvrxufh edvh/ olylqj vwdqgdugv dqg rwkhu ghwhuplqdqwv ri lqfrph jurzwk1 Vxevhtxhqwo|/

wkhvh glvsdulwlhv sodfh wkh lvvxh ri lqfrph frqyhujhqfh lqwr vkdus uholhi1 Vhfrqg/ Fklqd

kdv ehhq vxemhfw wr wzr frqwudvwlqj srolf| uhjlphv vlqfh wkh hvwdeolvkphqw ri wkh S1 U1

Fklqd lq 4<7<1 Ehiruh wkh uhirupv ri 4<:; Fklqd zdv d forvhg hfrqrp| xqghu fhqwudo0

l}hg sodqqlqj1 Lq 4<:; Fklqd dgrswhg hfrqrplf uhirupv dqg wkh rshq0grru srolf|/ dqg

dv d uhvxow kdv h{shulhqfhg vshfwdfxodu jurzwk udwhv/ hqdeolqj shu fdslwd lqfrphv wr do0

prvw txdguxsoh gxulqj wkh odvw wzhqw| |hduv1 Lq wklv frqwh{w dqg idfhg zlwk wzr glvwlqfw

uhjlphv fkdudfwhulvhg e| d yhu| gl�huhqw pl{ ri pdunhw dqg qrq0pdunhw irufhv/ zh duh

4Vxssruw iurp wkh Hfrqrplf dqg Vrfldo Uhvhdufk Frxqflo xqghu judqw O46;58433; lv judwhixoo| df0

nqrzohgjhg1
5Idfxow| ri Hfrqrplfv dqg Srolwlfv/ Xqlyhuvlw| ri Fdpeulgjh
6Wklv txrwh lv wdnhq iurp Udydoolrq dqg Mdodq +4<<9,1
7Shrsoh*v Gdlo| Ryhuvhdv Hglwlrq/ Rfw1 8/ 4<<8/ s7
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surylghg zlwk d ydoxdeoh rssruwxqlw| wr ghwhuplqh wkh lpsdfw ri fkdqjhv lq pdunhw irufhv

xsrq frqyhujhqfh vshhg1 Ilqdoo|/ klvwrulfdo h{shulhqfh vxjjhvwv wkdw ihz frxqwulhv kdyh

vxffhhghg lq pdlqwdlqlqj srolwlfdo vwdelolw| xqghu frqglwlrqv ri vhyhuh lqfrph glvsdulw|1

Fklqd*v rzq klvwru| lv ixoo ri xsulvlqjv/ uhehoolrqv dqg uhyroxwlrqv vsdunhg e| hfrqrplf

lqmxvwlfh1 Dv vxfk wkh h{whqw ri uhjlrqdo lqfrph lqhtxdolw| lv ri frqvlghudeoh lqwhuhvw dv lw

ehduv gluhfwo| rq wkh vxvwdlqdelolw| ri hfrqrplf uhirup dqg rshq0grru srolf|1

Qrqhwkhohvv/ wkh txhvwlrq ri zkhwkhu djdlqvw d edfngurs ri wkh uhprydo ri vwdwh frq0

wurov ri sulfhv/ dqg fdslwdo dqg oderxu doorfdwlrqv/ lqwhu0surylqfldo lqfrph glvsdulwlhv kdyh

qduurzhg kdv ehhq uhodwlyho| qhjohfwhg1

Wkhuh kdyh ehhq wkuhh pdlq vwxglhv rq Fklqd*v surylqfldo lqfrph frqyhujhqfh= Mldq/

Vdfkv dqg Zduqhu +4<<8,/ Fkhq dqg Iohlvkhu +4<<9,/ dqg Udlvhu +4<<;,1 Doo vwxglhv kdyh

xwlolvhg wkh Vrorz jurzwk prgho wr h{dplqh lqfrph frqyhujhqfh1 Wkh vwxg| e| Mldq/

Vdfkv dqg Zduqhu +4<<9,/ xvlqj wkh furvv0vhfwlrqdo dssurdfk/ h{dplqhv wkh frqyhujhqfh

ri JGS shu fdslwd dfurvv Fklqd*v surylqfhv8 ryhu wkh shulrg 4<8504<<6/ �qglqj wkdw uhdo

lqfrph frqyhujhqfh kdv ehhq d uhodwlyho| uhfhqw skhqrphqrq/ hphujlqj vwurqjo| rqo| vlqfh

wkh uhirup shulrg ehjdq lq 4<:;1 Fkhq dqg Iohlvkhu +4<<9, dovr xvh wkh furvv0vhfwlrqdo

phwkrg �qglqj hylghqfh ri erwk xqfrqglwlrqdo dqg frqglwlrqdo frqyhujhqfh ri shu fdslwd

lqfrph iurp 4<:; wr 4<<61 Dq hvwlpdwhg xqfrqglwlrqdo frqyhujhqfh vshhg ri 31<( shu |hdu

lpsolhv wkdw lw zrxog wdnh ::16 |hduv wr holplqdwh kdoi ri wkh jds lq 4<:;1 Wkh frqglwlrqdo

frqyhujhqfh vshhg +frqglwlrqdo rq sk|vlfdo lqyhvwphqw vkduh/ hpsor|phqw jurzwk/ kxpdq0

fdslwdo lqyhvwphqw/ iruhljq gluhfw lqyhvwphqw dqg frdvwdo orfdwlrq, lv hvwlpdwhg wr eh

81:( shu |hdu1 Wklv lv frqvlghudeo| kljkhu wkdq wkh �jxuh ri 5( shu |hdu zklfk lv d

uhodwlyho| urexvw uhvxow iurp d qxpehu ri furvv0uhjlrq vwxglhv +vhh/ iru h{dpsoh/ Vdod0l0

Pduwlq +4<<9,/ dqg Pdqnlz/ Urphu dqg Zhlo +4<<5, 0 khuhdiwhu PUZ,1 D uhfhqw vwxg| e|

Udlvhu +4<<;, whvwv erwk xqfrqglwlrqdo dqg frqglwlrqdo frqyhujhqfh xvlqj erwk wkh furvv0

vhfwlrqdo dqg vwdwlf sdqho gdwd prgho gxulqj wkh uhirup shulrg 4<:;04<<51 Kh frq�upv

suhylrxv �qglqjv wkdw vshhg ri wkh frqyhujhqfh idoov ryhu wkh frxuvh ri hfrqrplf uhirupv/

zlwk hvwlpdwhg frqyhujhqfh udwhv udqjlqj iurp 31;( wr 715( shu |hdu iru ydulrxv vxe0

shulrgv1 Ryhudoo/ suhylrxv vwxglhv vxjjhvw wkdw wkhuh lv qr reylrxv frqyhujhqfh gxulqj

wkh suh0uhirup shulrg/ zlwk vrph frqvhqvxv uhjduglqj frqglwlrqdo frqyhujhqfh gxulqj

wkh uhirup shulrg1 Krzhyhu/ wkhuh uhpdlqv frqvlghudeoh xqfhuwdlqw| dv wr wkh vshhg ri

frqyhujhqfh1

Wkh suhvhqw vwxg| uhsuhvhqwv d vljql�fdqw frqwulexwlrq lq d qxpehu ri lpsruwdqw

dvshfwv1 Iluvw/ wkhuh duh wzr sulqflsdo vrxufhv ri eldv lq suhylrxv furvv0vhfwlrqdo vwxglhv=

xqrevhuyhg surylqfh0vshfl�f khwhurjhqhlw| lq lqlwldo whfkqrorj| ohyhov dqg hqgrjhqrxv

h{sodqdwru| yduldeohv1 Lq sduwlfxodu/ suhylrxv furvv0vhfwlrqdo vwxglhv kdyh dvvxphg d

krprjhqhrxv djjuhjdwh surgxfwlrq ixqfwlrqv dfurvv surylqfhv dqg lq grlqj vr ljqruh wkh

sureohp ri khwhurjhqhlw| lq lqlwldo whfkqrorj| ohyhov1 Wklv kdv frqvlghudeoh lpsolfdwlrqv

zlwk uhjdugv wkh hvwlpdwlrq ri xqeldvhg frqyhujhqfh udwhv1 Wkh sureohp ri srwhqwldo

8Rqo| �iwhhq surylqfhv lq wkhlu vwxg| kdyh JGS gdwd iru wkh suh0uhirup shulrg 4<850::1
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hqgrjhqhlw| ri uljkw0kdqg0vlgh yduldeohv vxfk dv wkh lqyhvwphqw udwh lv dovr qhjohfwhg1 E|

xwlolvlqj erwk furvv0vhfwlrqdo dqg wlph vhulhv yduldelolw|/ wkh sdqho gdwd dssurdfk lv vhhq

dv d surplvlqj dowhuqdwlyh1 Lq wklv vwxg| zh xvh d �uvw gl�huhqfhg v|vwhp jhqhudolvhg

phwkrg ri prphqwv hvwlpdwru v|vwhp +JPP, zklfk doorzv xv wr holplqdwh xqrevhuyhg

frxqwu|0vshfl�f lqlwldo whfkqrorj| h�hfwv dqg fruuhfw iru hqgrjhqhlw|1

Ilqdoo|/ wklv vwxg| xvhv d pruh uhfhqw dqg h{whqvlyh gdwd vrxufh/ qdpho| wkh uhfhqwo|0

uhohdvhg Kvxhk0Ol +4<<<, Qdwlrqdo Lqfrph gdwd vhw/ vsdqqlqj 78 |hduv iurp 4<85 wr 4<<81

Xqwlo 4<<6 Qdwlrqdo Lqfrph9 +QL, kdg ehhq wkh vlqjoh prvw lpsruwdqw hfrqrplf lqglfdwru

lq wkh qdwlrqdo dqg surylqfldo dffrxqwv lq Fklqd/ dqg kdg rffxslhg d srvlwlrq dqdorjrxv

wr wkdw ri JGS lq pdunhw hfrqrplhv1 Gdwd rq QL duh dydlodeoh lq frpsohwh wlph vhulhv

erwk dw wkh qdwlrqdo dqg surylqfldo ohyhov wkurxjkrxw wkh shulrg 4<8504<<51 Krzhyhu/

JGS gdwd iru pruh wkdq kdoi ri Fklqd*v surylqfhv lv rqo| dydlodeoh diwhu 4<:;/ uhvxowlqj lq

gl!fxowlhv zkhq frpsdulqj shuirupdqfh ehwzhhq wkh suh0uhirup dqg wkh uhirup shulrg1

Wklv sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5 zh h{dplqh wkh fkdudfwhulvwlfv ri wkh

Fklqhvh vwdwlvwlfdo uhsruwlqj v|vwhp/ suh dqg srvw uhirup/ dqg kljkoljkw wkh qdwxuh ri

wkh gdwd xvhg lq wklv vwxg|1 Lq Vhfwlrq 6 zh prwlydwh wkh hqvxlqj dqdo|vlv e| suhvhqwlqj

d eulhi judsklfdo ryhuylhz ri wkh uhodwlyh jurzwk sdwkv ri Fklqd*v surylqfhv ryhu wkh

shulrg 4<85 wr 4<<81 Lq Vhfwlrq 7 zh suhvhqw wkh Vrorz qhrfodvvlfdo jurzwk prgho zlwk d

irfxv rq lwv g|qdplfv1 Vhfwlrq 8 uhylhzv wkh h{lvwlqj furvv0vhfwlrqdo olwhudwxuh ri whvwlqj

lqfrph frqyhujhqfh1 Vhfwlrq 9 lqwurgxfhv wkh sdqho gdwd iudphzrun dqg V|vwhp0JPP

hvwlpdwru hpsor|hg lq wklv sdshu1 Vhfwlrq : frqwdlqv wkh hpslulfdo uhvxowv ri xvlqj erwk

wkh furvv0vhfwlrqdo phwkrg edvhg rq ROV uhjuhvvlrqv dqg wkh sdqho gdwd phwkrg1 Vhfwlrq

; frqfoxghv1

5 Wkh Fklqhvh Vwdwlvwlfdo Uhsruwlqj V|vwhp= Suh

dqg Srvw Uhirup

Vlqfh wkh dgrswlrq ri wkh frpsuhkhqvlyh uhirup srolf| lq 4<:;/ Fklqd*v vwdwlvwlfdo v|vwhp

kdv iroorzhg wkh uhirup zdyh1 Vwduwlqj iurp 4<;8/ wkh vwdwh vwdwlvwlfdo exuhdx +VVE, kdv

uhfhlyhg �qdqfldo dlg iurp erwk wkh Zruog Edqn dqg wkh Dvldq Ghyhorsphqw Edqn iru

ixuwkhu ghyhorslqj wkh qdwlrqdo lqfrph dffrxqwv v|vwhp/ sduwlfxoduo| iru wkh hvwlpdwlrq

ri JGS dqg lwv frpsrqhqwv lq wkh v|vwhp ri qdwlrqdo dffrxqwv +VQD, dqg wr pdnh xs

wkh gh�flhqf| ri pdwhuldo surgxfw edodqfhv +PSV,1 VQD zdv frpsohwho| lpsohphqwhg iru

wkh hqwluh hfrqrp| lq 4<<51

Wkh Fklqhvh vwdwlvwlfdo uhsruwlqj v|vwhp lv rujdql}hg zlwklq d klhudufklfdo iudphzrun/

iurp wkh wrs ohyho/ VVE/ grzq wr wkh surylqfldo dqg frxqw| ohyho1 Wklv rujdql}dwlrqdo

9Qdwlrqdo Lqfrph +QL, lv Qhw Pdwhuldo Surgxfw/ zklfk h{foxghv ghsuhfldwlrq ri fdslwdo dqg wkh ydoxh
dgghg ri wkh vhuylfh vhfwru1 Lw lqfoxghv ydoxh dgghg ri �yh �pdwhuldov surgxfwlrq�= djulfxowxuh/ lqgxvwu|/
frqvwuxfwlrq/ wudqvsruw/ frppxqlfdwlrq dqg frpphufh1 QL gl�huv iurp qdwlrqdo lqfrph lq wkh pdunhw
hfrqrp| lq wkh fryhudjh ri wkh vhuylfh vhfwru1
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vwuxfwxuh irupv d uhsruwlqj v|vwhp iru wkh judvv0urrwv xqlwv wr vxeplw vwdwlvwlfdo gdwd wr

wkh vwdwlvwlfdo dxwkrulwlhv1 Gxulqj wkh suh0uhirup shulrg ri 4<850::/ wkh Fklqhvh vwdwlvwlfdo

v|vwhp dgrswhg wkh v|vwhp ri PSV1 Wkh pdnlqj ri PSV lv wdloruhg wr phhw wkh qhhgv ri

wkh fhqwudo sodqqlqj hfrqrp|1 Wkh pdlq djjuhjdwh lqglfdwruv duh wkh ydoxh ri wrwdo rxwsxw

dqg qdwlrqdo lqfrph1 Qdwlrqdo lqfrph lv fdofxodwhg dv ydoxh0dgghg dqg frpsdudeoh zlwk

JGS lq wkh VQD dgrswhg e| wkh pdunhw0hfrqrp| frxqwulhv1 Wkh pdlq gl�huhqfh ehwzhhq

JGS dqg Qdwlrqdo lqfrph dffrxqwv lv wkdw wkh odwwhu gr qrw dffrxqw iru wkh ydoxh0dgghg

ri wkh vhuylfh vhfwru1

Wkhuh duh wkuhh sulqflsdo vkruwfrplqjv zlwk wkh VQD1 Iluvw/ wkhuh lv qr surylqfldo

JGS gdwd iru derxw kdoi ri Fklqd*v surylqfhv gxulqj wkh suh0uhirup shulrg1 Dv d uhvxow/

suhylrxv vwxglhv rq Fklqd*v uhjlrqdo hfrqrp| kdyh xvhg qdwlrqdo lqfrph gdwd1 Vhfrqg/

wkhuh duh qr surylqfldo JGS gh dwruv dqg wkh surylqfldo uhwdlo sulfh lqgh{ lv xvhg wr gh dwh

QL iru hdfk surylqfh1 Ilqdoo|/ wkhuh lv qr qdwlrqdo dqg surylqfldo lqyhvwphqw gh dwruv xqwlo

4<<41 Zlwk wkh vxssruw iurp VVE/ Kvxhk dqg Ol +4<<<, kdyh sxeolvkhg wkh prvw frpsohwh

vhw ri Fklqhvh qdwlrqdo dqg surylqfldo lqfrph dffrxqwv1 Wkh Kvxhk0Ol gdwd vhw surylghv

lqirupdwlrq iru wkh vhuylfh vhfwru rplwwhg lq wkh pdwhuldo surgxfw edodqfhv dqg wkxv lv

gluhfwo| frpsdudeoh zlwk wkrvh ri rwkhu ghyhorshg hfrqrplhv1 Ixuwkhupruh/ surylqfldo

ohyho JGS/ JGS gh dwruv/ wrwdo lqyhvwphqw/ dqg lqyhvwphqw gh dwruv iru erwk wkh uhirup

dqg suh0uhirup shulrgv/ lv dovr dydlodeoh1 Lq wklv vwxg| zh xvh surylqfldo JGS gdwd iurp

wkh Kvxhfk0Ol qdwlrqdo lqfrph gdwd vhw/ fryhulqj wkh shulrg 4<850<81 Surylqfldo JGS

gdwd dqg lqyhvwphqw gdwd iru 4<<9 dqg 4<<: lv gudzq iurp Fklqd Vwdwlvwlfv \hduerrn

4<<:1

Rxu gdwd fryhuv d 78 |hdu shulrg +4<8604<<:, dqg lqfoxghv 5; surylqfhv lq Fklqd

+vhh Wdeoh 4,1 Wkh wzr h{foxvlrqv duh Kdlqdq/ d qhzo| hvwdeolvkhg surylqfh dqg Wlehw/

zklfk grhv qrw kdyh gdwd xqwlo 4<;:1 Qrplqdo surylqfldo JGS gdwd lv gh dwhg xvlqj

surylqfldo JGS gh dwruv1 Uhdo lqyhvwphqw2JGS udwlr lv gh�qhg dv wkh wrwdo lqyhvwphqw

zlwklq rqh |hdu dw 4<<8 frqvwdqw sulfh1: Ehfdxvh ri wkh gl!fxow| lq rewdlqlqj gdwd rq

fdslwdo ghsuhfldwlrq EB�/ zh dvvxph wkdw B grhv qrw ydu| dfurvv surylqfhv1 Wklv suhvhqw

sdshu pdlqwdlqv wkh dvvxpswlrq ri Udlvhu +4<<;, wkdw }n B lv htxdo wr 313: dqg frqvwdqw

dfurvv Fklqd*v surylqfhv1 Iroorzlqj Lvodp +4<<8,/ zh xvh �yh0|hdu wlph lqwhuydov iru wzr

shulrgv= 4<8604<:; dqg 4<:;04<<:1 E| dgrswlqj wklv dssurdfk duh uhvxowv duh ohvv olnho|

wr eh lq xhqfhg e| exvlqhvv f|foh  xfwxdwlrqv1;

6 D Judsklfdo Ryhuylhz

Ehiruh zh h{dplqh judsklfdo hylghqfh rq gl�huhqfhv ehwzhhq surylqfh ohyho jurzwk sur0

�ohv/ zh vd| d ihz zrugv uhjduglqj wkh fkrlfh ri wkh Vrorz prgho dv d iudphzrun iru

dqdo|vlqj frqyhujhqfh1 Ehuqdug dqg Gxuodxi +4<<9, kljkoljkw wkh yhu| uhdo gl�huhqfhv

:Wkh gh dwruv ri erwk JGS dqg lqyhvwphqw wdnh wkh sulfhv ri 4<<8 dv 4331
;Iru 4<8504<:; wkhuh duh �yh vxe0shulrgv= 4<8608:/ 4<8;095/ 4<9609:/ 4<9;0:5/ dqg 4<:60::1 Iru

4<:;04<<: wkhuh duh irxu= 4<:;0;5/ 4<;60;:/ 4<;;0<5/ dqg 4<<60<:1
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lq wkh furvv0vhfwlrq dqg wlph vhulhv dssurdfkhv wr whvwlqj iru frqyhujhqfh1 Krzhyhu/ wkh

fulwlfdo srlqw lv wkdw wkhvh whvwv duh dssursuldwh xqghu yhu| gl�huhqw flufxpvwdqfhv1 Iru

h{dpsoh/ zkhuhdv vwdqgdug furvv0vhfwlrq whvwv dvvxphv wkdw hfrqrplhv duh idu iurp d

vwhdg| vwdwh/ wkh wlph vhulhv whvwv irfxv rq wkh olplwlqj ydoxh ri wkh gl�huhqfh ehwzhhq shu

fdslwd rxwsxw/ dqg lq wklv uhvshfw wkh hpskdvlv lv sodfhg xsrq wkh htxlydohqfh ri wkhvh

olplwlqj ydoxhv1 Vxevhtxhqwo|/ dowkrxjk wkh vlq txd qrq ri wkh furvv0vhfwlrqdo dssurdfk

lv wkdw lqlwldo frqglwlrqv pdwwhu/ wkh wlph0vhulhv dssurdfk irfxvhv xsrq olplwlqj glvwul0

exwlrqv dqg wkhuhe| suhvxssrvhv wkdw lqlwldo frqglwlrqv kdyh qr vwdwlvwlfdoo| vljql�fdqw

h�hfw rq rxwsxw gl�huhqfhv1 Lq wklv uhvshfw wkh wlph vhulhv dssurdfk/ zklfk lq whvwlqj

iru frqyhujhqfh uhtxluhv wkdw hfrqrplhv duh forvh wr wkhlu vwhdg| vwdwh< lv shukdsv qrw

vxfk dq dssursuldwh iudphzrun wr h{dplqh wkh Fklqd*v surylqfldo jurzwk sur�ohv zklfk

zh eholhyh uh hfw erwk lqlwldo frqglwlrqv dqg wkh g|qdplfv ri d wudqvlwlrq surfhvv1

Lq wkh forvhg hfrqrp| Vrorz prgho wkh sulqflsdo phfkdqlvpv ehklqg dq| whqghqf|

wrzdugv frqyhujhqfh duh idfwru prelolw| dqg whfkqrorj|  rzv1 Lq wklv frqwh{w dqg xq0

ghu fhwhulv sdulexv frqglwlrqv zh pljkw h{shfw d juhdwhu whqghqf| wrzdugv frqyhujhqfh

dfurvv uhjlrqv jlyhq wkh h{lvwhqfh ri d frpprq fhqwudo jryhuqphqw/ lqvwlwxwlrqv dqg d

vlqjoh fxuuhqf|1 Gxulqj wkh suh0uhirup shulrg/ wkh Fklqhvh jryhuqphqw kdg erwkvwudwhjlf

dqg lghrorjlfdo uhdvrqv iru surprwlqj wkh ghyhorsphqw ri orfdo dxwdufklf hfrqrplhv dqg

ghyhorslqj gxsolfdwh vhwv ri lqgxvwulhv lq hdfk surylqfh1

Lq dgglwlrq/ rqh ri wkh glvwlqjxlvklqj fkdudfwhulvwlfv ri Fklqd*v surylqfldo hfrqrp| lv

dxwdufklf/ uhodwlyho| forvhg orfdo hfrqrplhv1 Lq wklv sduwlfxodu uhvshfw wkh Vrorz jurzwk

prgho uhsuhvhqwv d vxlwdeoh iudphzrun iru whvwlqj frqyhujhqfh1 Ilqdoo|/ zh dovr hpskd0

vlvh wkdw wkh remhfwlyh ri wklv sdshu lv qrw wr hydoxdwh wkh uhvshfwlyh phulwv ri dowhuqdwh

iudphzrunv zlwk zklfk wr h{dplqh frqyhujhqfh/ exw pruh vlpso| wr h{dplqh wkh lpsol0

fdwlrqv ri xvlqj d furvv0vhfwlrqdo frpsduhg wr d sdqho gdwd dssurdfk iru wkh dqdo|vlv ri

frqyhujhqfh zlwklq wkh frq�qhv ri wkh Vrorz jurzwk prgho1 Lq wklv uhvshfw rxu dssurdfk

lv vlplodu wr Qhuoryh +4<<<,1

Wkh vwxg| ri surylqfldo frqyhujhqfh lq Fklqd lv ri sduwlfxodu lqwhuhvw jlyhq wkh rs0

sruwxqlw| d�rughg wr ghwhuplqh wkh h{whqw wr zklfk fkdqjhv lq jryhuqphqw ghwhuplqhg

idfwru prelolw| kdyh d�hfwhg frqyhujhqfh143 Gxulqj wkh suh0uhirup shulrg Fklqd zdv d

fhqwudoo|0sodqqhg hfrqrp| dqg lqwhuqdo pljudwlrq ri oderu zdv frqwuroohg e| wkh jry0

huqphqw144 Krzhyhu/ lq wkh uhirup shulrg lw kdv ehfrph srvvleoh wr kdyh xquhjlvwhuhg

pljudwlrq/ dowkrxjk wkh frqvwudlqwv xsrq xquhjlvwhuhg pljudwlrq dfurvv surylqfhv duh vwloo

srzhuixo145 Vlploduo|/ wkhuh lv qr vljql�fdqw hylghqfh iru lqwhu0surylqfldo fdslwdo prelolw|1

<Wklv iroorzv vlqfh revhuyhg vdpsoh prphqwv duh xvhg wr dssur{lpdwh wkh olplwlqj prphqwv1
43Reylrxvo| zlwkrxw d ydolg frxqwhuidfwxdo zh fdqqrw lvrodwh wkh gluhfw h�hfw ri d vhw ri srolf| uhirupv

vxfk dv wkh uhprydo ri uhvwulfwlrqv rq oderxu prelolw|1
44Wkh sulqflsdo lqvwuxphqw iru vxfk frqwuro olhv lq wkh 4<8; Uhjxodwlrq rq wkh Uhjlvwudwlrq ri Krxvh0

krogv/ zklfk uhtxluhv hyhu| krxvhkrog wr uhjlvwhu lwv sodfh ri uhvlghqfh/ dqg wr jdlq shuplvvlrq iru dq|
fkdqjhv lq uhvlghqfh1 Xqwlo wkh hduo| 4<;3v/ pljudwlrq zlwkrxw shuplvvlrq zdv h{wuhpho| gl!fxow1

45Wkh pdlq uhdvrq lv wkdw loohjdo pljudqwv odfn dffhvv wr vfkrrolqj iru fkloguhq/ vwdwh0uxq khdowk fduh
dqg rwkhu vhuylfhv1
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Iru wkh suh0uhirup shulrg/ vwdwh0vhfwru lqyhvwphqw +dffrxqwlqj iru doprvw doo lqyhvwphqw

dfurvv surylqfhv, zdv fhqwudoo| doorfdwhg1 Lq frqwudvw/ gxulqj wkh uhirup shulrg/ d qxpehu

ri vwxglhv kdyh dujxhg wkdw fdslwdo prelolw| lq Fklqd dv d zkroh kdv ghfolqhg +vhh/ iru

h{dpsoh/ Zruog Edqn Frxqwu| Vwxg| +4<<7,,1 \rxqj +5333, qrwhv wkdw wkh surfhvv ri

ghfhqwudol}dwlrq uhvxowhg lq wkh iudjphqwdwlrq ri wkh grphvwlf pdunhw dqg lqwhuuhjlrqdo

eduulhuv wr wudgh1

Ehorz zh surylgh d judsklfdo dqdo|vlv ri wkh surylqfldo jurzwk surfhvv gxulqj wkh

suh0uhirup +4<850::, dqg uhirup shulrgv +4<:;0<:,1 Rxu lqwhqwlrq lv wr suhvhqw vrph

vhqvh dv wr wkh jhqhudo wuhqg wrzdug lqfrph frqyhujhqfh46 ru glyhujhqfh dprqj Fklqd*v

5; surylqfhv1 Zh �uvw fdwhjrulvh surylqfhv rq wkh edvlv ri frdvwdo +< surylqfhv, dqg

wkh lqwhulru surylqfhv +4< surylqfhv,1 Rqh uhdvrq iru dgrswlqj wklv fodvvl�fdwlrq lv wkdw

wkhuh lv d vljql�fdqw jurzwk gl�huhqfh ehwzhhq wkh frdvwdo surylqfhv dqg wkh lqwhulru

surylqfhv/ lq sduw dwwulexwdeoh wr uhjlrqdo srolf| gxulqj wkh uhirup shulrg zklfk kdv

hpskdvl}hg wkh ghyhorsphqw ri wkh frdvwdo uhjlrq1 Lq Wdeoh 4 zh olvw doo wkh surylqfhv

dqg lqglfdwh orfdwlrq lq whupv ri wkh frdvwdo2lqwhulru fodvvl�fdwlrq1 Iljxuh 4 vkrzv wkdw

wkh lqfrph jds lq whupv ri orj JGS shu fdslwd ehwzhhq frdvwdo dqg lqwhulru surylqfhv

lqfuhdvhv voljkwo| diwhu 4<:;1 D sureohp zlwk wklv fodvvl�fdwlrq ri surylqfhv lv wkdw wkhuh

h{lvwv frqvlghudeoh khwhurjhqhlw| zlwklq erwk wkh frdvwdo dqg lqwhulru surylqfhv1 Iru

h{dpsoh/ qrw doo frdvwdo surylqfhv rxwshuirup wkh lqwhulru surylqfhv lq whupv ri wkh orqj0

uxq jurzwk shuirupdqfh1 Lq idfw rqo| wkh �yh idvwhvw jurzlqj surylqfhv +Jxdqjgrqj/

Ixmldq/ Mldqjvx/ Vkdqgrqj dqg ]khmldqj,/ kdyh rxwvwdqglqj jurzwk shuirupdqfh uhodwlyh

wr wkh lqwhulru surylqfhv1 Lq dgglwlrq wkh dqqxdo dyhudjh jurzwk udwhv ri wkuhh frdvwdo

surylqfhv +Wldqmldqj/ Oldrqlqj dqg Vkdqjkdl, duh ohvv wkdq wkh qdwlrqdo dyhudjh +vhh

Wdeoh 5,1 Iljxuh 5 vkrzv wkdw wkh dyhudjh shu fdslwd lqfrph ri wkh �yh idvwhvw jurzlqj

frdvwdo surylqfhv47 lv udslgo| dssurdfklqj wkdw ri Vkdqjkdl1 Lq frqwudvw/ wzr surylqfhv/

Khlorqjmldqj/ wkh khdy| lqgxvwuldo edvh lq Qruwk0hdvw ri Fklqd/ dqg Tlqjkdl/ dq lqodqg

surylqfh lq Qruwk0zhvw ri Fklqd/ kdyh ehhq reylrxvo| idoolqj ehklqg1 Iljxuh 6 frpsduhv

wkh uhpdlqlqj frdvwdo surylqfhv +Khehl/ Oldrqlqj/ Wldqmlqj dqg Vkdqjkdl lwvhoi, zlwk wkh

lqwhulru surylqfhv h{foxglqj Khlorqjmldqj dqg Tlqjkdl1

Zh dovr glylgh < frdvwdo surylqfhv lqwr wkh ulfkhvw +Vkdqjkdl,/ wkh dyhudjh jurxs dqg

wkh srruhvw +Khehl,1 Iljxuh 7 ghprqvwudwhv wkdw wkh lqfrph jds ehwzhhq wkh ulfkhvw

frdvwdo surylqfh +Vkdqjkdl, dqg wkh srruhvw frdvwdo +Khehl, lv uhodwlyho| frqvwdqw1 Vlp0

loduo|/ zh glylgh 4< lqwhulru surylqfhv lqwr wkh ulfkhvw +Ehlmlqj,/ wkh dyhudjh jurxs dqg

wkh srruhvw +Jxl}krx,1 Iljxuh 8 vkrzv wkdw wkh lqfrph jds ehwzhhq wkh ulfkhvw lqwhulru

surylqfh +Ehlmlqj, dqg wkh srruhvw +Jxl}krx, kdv lqfuhdvhg voljkwo| vlqfh 4<;3v1

Edvhg xsrq wkh judsklfdo hylghqfh suhvhqwhg deryh wkhuh lv olwwoh hylghqfh ri ryhudoo

lqfrph frqyhujhqfh dprqj doo surylqfhv gxulqj erwk wkh suh0uhirup dqg uhirup shulrg1

Ixuwkhupruh/ dv doo judskv vkrz wkh lqfrph ohyhov xvlqj orjdulwkplf vfdohv/ wkh vorshv

46Wklv dqdo|vlv frqvlghuv frqyhujhqfh dv wkh uhgxfwlrq ri lqwhu0surylqfh lqfrph gl�huhqfhv ryhu wlph1
47Wkhvh surylqfhv kdyh jurzq dw pruh wkdq 43( hdfk |hdu vlqfh 4<:;1 Wkhvh surylqfhv kdyh dovr ehhq

uhihuuhg wr dv wkh *�yh gudjrqv*1

:



uhsuhvhqw shu fdslwd jurzwk udwhv1 Wkhuhiruh/ vlqfh wkh jurzwk udwhv ri doo surylqfhv dsshdu

wr eh prghudwho| vwhdg| vlqfh 4<:;/ wklv lpsolhv wkdw wkh vljql�fdqw lqlwldo gl�huhqfhv

ehwzhhq surylqfldo jurzwk udwhv lv pdlqwdlqhg1

7 Vrorz Qhrfodvvlfdo Jurzwk Iudphzrun

Ghvslwh lwv djh wkh Vrorz jurzwk prgho frqwlqxhv wr surylgh wkh wkhruhwlfdo edvlv iru d

odujh qxpehu ri wkh furvv0vhfwlrqdo vwxglhv ri lqfrph frqyhujhqfh +vhh/ iru h{dpsoh/ Eduur

dqg Vdod0l0Pduwlq +4<<4,/ dqg PUZ,1 Pruh uhfhqwo|/ vwxglhv e| Lvodp +4<<8,/ FHO +4<<9,/

Ohh Shvdudq dqg Vplwk +4<<:/ OSV,/ dqg Qhuoryh +4<<;,/ kdyh xwlolvhg erwk furvv0vhfwlrq

dqg wlph vhulhv revhuydwlrqv wr whvw lqfrph frqyhujhqfh dqg hvwlpdwh wkh frqyhujhqfh

udwh1 Vlqfh wkh hvwlpdwhg frqyhujhqfh vshhg kdv lpsruwdqw srolf| lpsolfdwlrqv/ rqh ri

wkh fulwlfdo lvvxhv lv krz wr frqvlvwhqwo| hvwlpdwh wklv sdudphwhu1 Wr idflolwdwh frpsdulvrq

ehwzhhq furvv0vhfwlrqdo dqg wkh sdqho gdwd vwxglhv/ zh surylgh d eulhi ryhuylhz ri wkh

Vrorz jurzwk prgho1

Xvlqj vwdqgdug qrwdwlrq zh dvvxph d Free0Grxjodv surgxfwlrq ixqfwlrq zlwk rxw0

sxw +t � dqg wkuhh lqsxwv/ fdslwdo +g,/ oderxu +u, dqg oderxu dxjphqwlqj whfkqrorjlfdo

surjuhvv +�,148 Dvvxplqj frqvwdqw uhwxuqv wr vfdoh zh zulwh

t E|� ' gE|�kE�E|�uE|���3kc +4,

zkhuh f 	 k 	 �1 Oderu irufh dqg whfkqrorj| jurz dw wkh iroorzlqj frqvwdqw dqg

h{rjhqrxv udwhv

uE|� ' uEf�e?|c +5,

�E|� ' �Ef�e}|c +6,

zkhuh ? lv wkh jurzwk udwh ri wkh oderu irufh dqg } lv wkh udwh ri whfkqrorjlfdo surjuhvv1

uEf� lv wkh lqlwldo vwdwh ri wkh oderu irufh dqg �Ef� lv wkh lqlwldo vwdwh ri whfkqrorj|1 Li zh

ghqrwh e+E|� ' t E|�
�E|�uE|�

dv rxwsxw shu h�hfwlyh xqlw ri oderu/ dqg e&E|� ' gE|�
�E|�uE|�

dv fdslwdo

shu h�hfwlyh xqlw ri oderu wkhq e+E|� ' sEe&E|�� ' e&E|�k1 Wkh hyroxwlrq ri fdslwdo lv jlyhq

e|
�e&E|� re&kE|�� e&E|�E?n } n B�c +7,

zkhuh r lv wkh vdylqjv udwh dqg B lv wkh ghsuhfldwlrq udwh ri fdslwdo1 Fdslwdo lv vxemhfw

wr glplqlvklqj pdujlqdo uhwxuqv vxfk wkdw _sEe&E|��
_e&E|� : f dqg _2sEe&E|��

_e&E|�2 	 f� Wkh vwhdg| vwdwh

fdslwdo vwrfn/ e&W/ fdq eh ghwhuplqhg e| vhwwlqj htxdwlrq +7, htxdo wr }hur

	&WE|� '

#
r

?n } n B

$ �

�3k

� +8,

48Wkh h{srvlwlrq ri wkh Vrorz prgho lv pdlqo| edvhg rq PUZ dqg Lvodp +4<<8,1

;



E| vxevwlwxwlqj +8, lqwr wkh surgxfwlrq ixqfwlrq e+E|� ' e&E|�kc wkh vwhdg| vwdwh rxwsxw
shu h�hfwlyh xqlw ri oderu fdq eh ghulyhg/ zklfk lq orjdulwkplf irup pd| eh zulwwhq

*? e+W ' �
k

�� k

�
d*? r� *?E?n } n B�o� +9,

Iroorzlqj Lvodp +4<<8,/ dssur{lpdwlqj durxqg wkh vwhdg| vwdwh/ wkh udwh ri frqyhujhqfh/

bc ghqrwlqj wkh udwh dw zklfk rxwsxw shu h�hfwlyh xqlw ri oderu dssurdfkhv lwv vwhdg| vwdwh

ydoxh/ lv jlyhq e|
_ *? e+E|�

_|
' bd*?Ee+W�� *? e+E|�oc +:,

zkhuh b ' E�� k�E?n } n B�1 Wkh vroxwlrq wr wkh gl�huhqwldo htxdwlrq +:, lv

*? e+E|2� ' E�� l� *? e+W n E�� l� *? e+E|��c +;,

zkhuh l ' e3b� c dqg � ' E|2� |��1 Wklv htxdwlrq uhsuhvhqwv d sduwldo dgmxvwphqw surfhvv

zkhuh wkh rswlpdo ru wdujhw ydoxh ri wkh ghshqghqw yduldeoh lv ghwhuplqhg e| wkh h{sodqd0

wru| yduldeohv ri wkh fxuuhqw shulrg1 Lq wkh suhvhqw fdvh/ e+W lv ghwhuplqhg e| r dqg ?/

zklfk duh dvvxphg wr eh frqvwdqw iru wkh hqwluh lqwhuyhqlqj wlph shulrg ehwzhhq |� dqg

|2 dqg khqfh uhsuhvhqw wkh ydoxhv iru wkh fxuuhqw |hdu dv zhoo1

Lq rshudwlrqdolvlqj wklv prgho zh qhhg wr zrun zlwk rxwsxw shu fdslwd1 Lq rughu wr

uhirupxodwh htxdwlrq +;, zh h{suhvv rxwsxw shu h�hfwlyh xqlw ri oderu dv

*? e+E|� ' *?

#
t E|�

�E|�uE|�

$
' *?

#
t E|�

�E|�e}|uE|�

$
c

ru

*? e+E|� ' *?

#
t E|�

uE|�

$
� *?�Ef�� }|� +<,

Vxevwlwxwlqj wkh h{suhvvlrq iru *? e+E|� lqwr htxdwlrq +;, dqg vxewudfwlqj *? + E|�� iurp erwk

vlghv/ surylghv xv zlwk dq h{suhvvlrq ri shu fdslwd rxwsxw jurzwk ryhu wkh shulrg |2 � |�

*? + E|2�� *? + E|�� ' �E�� l� *? +E|�� +43,

nE�� l� *?�Ef� n }E|2 � l|��

nE�� l�
k

�� k
*?Er�� E�� l�

k

�� k
*?E?n } n B�� ~} �

5

c

zkhuh +E|� ' t E|�
uE|�

vwdqgv iru shu fdslwd rxwsxw/ dqg wkh sduhqwkhwlfdo whup 5 ghqrwhv wkh

orj ri wkh vwhdg|0vwdwh shu fdslwd rxwsxw1 Wkh Vrorz prgho lq htxdwlrq +43, irfxvhv xsrq

wkh wudqvlwlrqdo jurzwk g|qdplfv ri rqh hfrqrp| wr lwv vwhdg| vwdwh lqfrph sdwk1 Ohwwlqj

q ' �E� � l� ghqrwh wkh sdudphwhu rq lqfrph dw |�/ wkh vshhg ri frqyhujhqfh lv wkhq

jlyhq e|

b ' �
*?Eq n ��

�
�

Ehorz zh h{dplqh lghqwl�fdwlrq frqglwlrqv iru erwk wkh ROV furvv0vhfwlrqdo dqg sdqho

gdwd dssurdfk1 Lq wklv glvfxvvlrq d nh| lvvxh zloo eh wkh lqwhusuhwdwlrq dqg phdvxuhphqw

ri �Ef��

<



8 Dq Ryhuylhz ri Furvv0vhfwlrqdo Vwxglhv

Pxfk ri wkh olwhudwxuh rq furvv0vhfwlrqdo frqyhujhqfh irfxvvhg xsrq whvwlqj wzr lpsru0

wdqw frqfhswv= q xqfrqglwlrqdo dqg q frqglwlrqdo frqyhujhqfh1 Zlwklq wkh Vrorz jurzwk

iudphzrun/ q xqfrqglwlrqdo frqyhujhqfh lpsolhv wkdw wkh udwh ri vdylqjv/ srsxodwlrq

jurzwk/ whfkqrorjlfdo surjuhvv/ dqg ghsuhfldwlrq Erc ?c }c dqg Bc uhvshfwlyho|, dqg lql0

wldo whfkqrorj|/ �Ef�c duh htxdo dfurvv frxqwulhv> lq wkh frqwh{w ri d furvv0vhfwlrqdo vwxg|

doo wkhvh whupv ehfrph frqvwdqw1 Wr vhh wklv zh �uvw zulwh htxdwlrq +43, dv

}�c|2� ' @n q+�c� n ��c +44,

zkhuh � ' �c ���c� ghqrwhv wkh uhjlrq lqgh{/ }�c|2� ' *? +� E|2�� *? +� E|�� ghqrwhv wkh jurzwk

udwh ri uhdo shu fdslwd JGS iru uhjlrq � ryhu wkh wlph shulrg |2� |�/ dqg +�c� lv wkh lqlwldo

ohyho ri uhdo shu fdslwd JGS dw |�1 q 	 f lq +44, lpsolhv q frqyhujhqfh/ lq wkdw jurzwk

ghshqgv +qhjdwlyho|, rqo| rq wkh lqlwldo ohyho ri shu fdslwd lqfrph1

Ri sduwlfxodu lqwhuhvw lv wkh lqwhufhsw whup @� Zlwklq wkh frqwh{w ri dq xqfrqglwlrqdo

prgho ri frqyhujhqfh/ dqg edvhg xsrq +43,/ @ lv jlyhq e|

@ ' E�� l� *?�Ef� n }E|2 � l|�� +45,

nE�� l�
k

�� k
*?Er�� E�� l�

k

�� k
*?E?n } n B��

Khuh @ lv dgglwlyh lq wkh h�hfw ri vdylqjv/ srsxodwlrq jurzwk/ lqlwldo whfkqrorj|/ �Ef�/

dqg wkh h{rjhqrxv udwh ri whfkqrorjlfdo fkdqjh/ }E��� Gl�huhqw lqlwldo frqglwlrqv d�hfw

wkh vshhg ri frqyhujhqfh wr wkh frpprq vwhdg| vwdwh1 Dv erwk PUZ dqg Lvodp +4<<8,

qrwh/ li zh zulwh *?�Ef� ' � n 0�c qdpho| dv dgglwlyh lq d frqvwdqw dqg dq xqrevhuyhg

uhjlrq vshfl�f whup/ wkhq �� lq +44, zloo kdyh dq huuru frpsrqhqwv uhsuhvhqwdwlrq jlyhq

e| �� ' "n0�c zkhuh " lv d udqgrp glvwxuedqfh whup1 Iru dq| jlyhq uhjlrq wkh xqrevhuyhg

uhjlrq vshfl�f h�hfw 0� lv olnho| wr eh fruuhodwhg zlwk vdylqjv dqg srsxodwlrq1

Hduolhu furvv0vhfwlrqdo vwxglhv +h1j1 Edxpro 4<;9, irxqg wkdw q xqfrqglwlrqdo frq0

yhujhqfh kdv wdnhq sodfh rqo| dprqj uhodwlyho| krprjhqhrxv jurxsv ri frxqwulhv vxfk

dv phpehuv ri wkh RHFG/ exw qrw dprqj d eurdghu qxpehu lqfoxglqj ghyhorslqj frxq0

wulhv1 Vwxglhv e| Eduur dqg Vdod0l0Pduwlq +4<<4/ 4<<5/ 4<<8, dqg Vdod0l0Pduwlq +4<<9,

kdyh h{dplqhg wkh whqghqf| ri uhjlrqv zlwklq d frxqwu| wr h{klelw lqfrph frqyhujhqfh1

Iru h{dpsoh/ Vdod0l0Pduwlq +4<<9, dujxhv wkdw q frqyhujhqfh rffxuv zlwklq d qxpehu ri

frxqwulhv lqfoxglqj XV vwdwhv/ Mdsdqhvh dqg Hxurshdq frxqwulhv1 Ixuwkhupruh/ wkh vshhgv

dw zklfk wkh uhjlrqv ri gl�huhqw frxqwulhv frqyhujh ryhu gl�huhqw wlph shulrgv duh vxu0

sulvlqjo| vlplodu +derxw 5(,/ zklfk lpsolhv wkdw 83( shufhqw ri wklv gl�huhqfh ydqlvkhv

rqo| diwhu 448 |hduv1

Wkh frqfhsw ri q frqglwlrqdo frqyhujhqfh uhsuhvhqwv dq h{whqvlrq wr wkh xqfrqglwlrqdo

prgho/ dqg e| frqwuroolqj iru gl�huhqfhv lq srsxodwlrq jurzwk udwhv/ dqg wkh vdylqjv udwh/

uhpryhv wkh qhfhvvlw| wr dvvxph lghqwlfdo vwhdg| vwdwh ohyhov ri lqfrph iru doo frxqwulhv1

Zh qrz uhzulwh +44, dv

}�c|2� ' @n q+�c� n �
�

 � n ��c +46,
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zkhuh  � lv d yhfwru lqfoxglqj *?Er�� dqg *?E?� n } n B�/ dqg � lv wkh dvvrfldwhg yhfwru ri

frh!flhqwv1 Dv d uhvxow wkh lqwhufhsw @ pd| qrz eh zulwwhq dv @ ' E�� l� *?�Ef�n}E|2�

l|��1 Krzhyhu/ jlyhq wkdw sdudphwhu lghqwl�fdwlrq lv edvhg vroho| xsrq furvv0vhfwlrqdo

lqirupdwlrq/ lw lv vwloo qhfhvvdu| wr hqirufh krprjhqhlw| ri erwk *?�Ef� dqg }1 Lq wklv

uhvshfw d �qglqj ri frqglwlrqdo frqyhujhqfh lpsolhv wkdw wkh hfrqrplhv frqyhujh wr wkh

vdph xqghuo|lqj vwhdg|0vwdwh sdwk1

PUZ frqfoxghg wkdw wkhuh lv vwurqj hylghqfh iru q frqglwlrqdo frqyhujhqfh dprqj

d eurdg qxpehu ri frxqwulhv ryhu wkh shulrg 4<9304<;8/ rqfh vdylqj/ srsxodwlrq jurzwk

dqg kxpdq fdslwdo dffxpxodwlrq duh frqwuroohg iru1 Hvwlpdwhv ri wkh dyhudjh vshhg ri

frqyhujhqfh udqjh iurp 319 wr 5 shufhqw shu dqqxp149 Krzhyhu/ Lvodp +4<<8, dqg FHO

+4<<9, txhvwlrq wkh ydolglw| ri wklv �qglqj/ vwdwlqj wkdw sureohpv zlwk wkh furvv0vhfwlrqdo

dssurdfk/ dqg lq sduwlfxodu wkh eldv jhqhudwhg e| wkh fruuhodwlrq ri rplwwhg frxqwu|

vshfl�f whfkqrorj| h�hfwv dqg wkh vwhdg| vwdwh whfkqrorj| jurzwk udwh/ }/ fdxvh wkh vshhg

ri frqyhujhqfh sdudphwhu wr eh eldvhg grzqzdugv1 Wkh hvvhqfh ri wkhlu dujxphqw lv

wkdw vwxglhv vxfk dv Eduur +4<<4, dqg PUZ duh edvhg rq wkh dvvxpswlrq wkdw wkh lqlwldo

vwdwh ri whfkqrorj|/ �Ef�c dqg } duh krprjhqhrxv dfurvv frxqwulhv1 Dv vxfk/ wkh hvwlpdwhg

vshhg ri frqyhujhqfh jlyhv wkh dyhudjh vshhg dw zklfk d frxqwu| frqyhujhv wr wkh frpprq

vwhdg| vwdwh lqfrph sdwk1 Li wkh krprjhqhlw| dvvxpswlrq ri �Ef� dqg2ru } lv qrw ydolg/

frqyhujhqfh hvwlpdwhv zloo eh eldvhg +vhh/ iru h{dpsoh/ OSV,1 Ixuwkhu/ wkhuh pd| eh

dgglwlrqdo sureohpv gxh wr hqgrjhqhlw| ri frqwuro yduldeohv1 Iru h{dpsoh/ Fkr +4<<9,/

�qgv hqgrjhqhlw| ri erwk wkh lqyhvwphqw udwh dqg wkh srsxodwlrq jurzwk udwh lq wkh

Vxpphuv0Khvwrq gdwd vhw1

Wkh sdqho gdwd dssurdfk lqlwldwhg e| Lvodp +4<<8, dqg FHO +4<<9, kdv srwhqwldo dg0

ydqwdjhv ryhu wkh furvv0vhfwlrqdo phwkrg lq ryhufrplqj wkhvh wzr sureohpv1 Krzhyhu/

zkhwkhu wkh srwhqwldo dgydqwdjhv fdq eh uhdol}hg odujho| ghshqgv rq wkh sdqho gdwd hv0

wlpdwruv xvhg/ dqg lq wkh fdvh ri dq hqgrjhqhlw| fruuhfwlrq/ wkh dydlodelolw| ri ihdvleoh

lqvwuxphqwv1 Zh h{dplqh wkhvh lvvxhv ehorz1

9 Hpslulfdo Phwkrg ri Sdqho Gdwd

914 Sdqho Gdwd Iudphzrun

Li zh froohfw whupv lqyroylqj wkh orj ri wkh �uvw shulrg JGS rq wkh uljkw0kdqg vlgh ri

htxdwlrq +43,/ zh pd| zulwh dq dxwruhjuhvvlyh irup ri wkh jurzwk prgho dv

*? + E|2� ' l *? +E|�� +47,

nE�� l� *?�Ef� n }E|2 � l|��

nE�� l�
k

�� k
*?Er�� E�� l�

k

�� k
*?E?n } n B��

49Wklv �qglqj lpsolhv wkdw lw wdnhv ehwzhhq 68 dqg 448 |hduv wr forvh kdoi wkh jds ehwzhhq lqlwldo

lqfrph dqg wkh frpprq vwhdg| vwdwh lqfrph1
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+47, uhsuhvhqwv d jhqhudo g|qdplf iudphzrun zlwklq zklfk wr h{dplqh lqfrph frqyhu0

jhqfh1 Xvlqj reylrxv qrwdwlrq zh pd|/ dgglqj d glvwxuedqfh whup/ zulwh wklv htxdwlrq

dv

+�c| ' K+�c|3� n �
�

 �c| n A| n #� n ��c|c +48,

zkhuh  �| ' E*?Er�|�c *?E?�|n}nB��
�

c � ' EE��l� k

�3k
c�E��l� k

�3k
�

�

dqg K ' �nq ' l1 Zh

lqwhusuhw wkh h�hfwv #� dv d frpsrvlwh ri xqrevhuydeoh surylqfh0vshfl�f idfwruv/ wkhuhe|

uhsuhvhqwlqj wkh frpelqhg h�hfw ri lqvwlwxwlrqv/ idfwru hqgrzphqwv/ dqg uhodwlyh orfdwlrq/

wrjhwkhu zlwk lqlwldo whfkqrorj| gl�huhqfhv1 Vlploduo|/ wkh A| fdswxuhv wkh wlph0vshfl�f

h�hfwv zklfk lqfoxgh wkh udwh ri whfkqrorjlfdo fkdqjh1

Lq frpsdulqj +48, zlwk +46, zh qrwh wkdw wkh lqwhufhsw lq +46, lv dgglwlyh lq wzr

frqvwdqw whupv= E� � l� *?�Ef� dqg }E|2 � l|��1 Zlwk pxowlsoh revhuydwlrqv shu furvv0

vhfwlrqdo xqlw lw lv srvvleoh/ wkurxjk wkh lqwurgxfwlrq ri surylqfh0vshfl�f dqg wlph0vshfl�f

h�hfwv/ wr uhod{ wkh dvvxpswlrq ri vwulfw sdudphwulf krprjhqhlw| ri erwk *?�Ef�/ wkh lqlwldo

whfkqrorj| vwdwh/ dqg }c wkh whfkqrorjlfdo surjuhvv udwh1 Lvodp +4<<8, dqg FHO +4<<9,

doorz wkh djjuhjdwh surgxfwlrq ixqfwlrq wr gl�hu dfurvv frxqwulhv zlwk uhvshfw wr lqlwldo

whfkqrorj| vwdwh �Ef� zkloh wkh krprjhqhlw| ri } lv pdlqwdlqhg1

E| doorzlqj iru gl�huhqfhv lq wkh lqlwldo vwdwh ri whfkqrorj| �Ef� zh wkhuhe| doorz

hfrqrplhv wr kdyh glvwlqfw exw sdudooho vwhdg| vwdwh lqfrph sdwkv1 Krzhyhu/ wkh hfr0

qrplf lpsolfdwlrqv ri wkh frqyhujhqfh sdudphwhu ehfrph zhdnhu1 Dv Gxuodxi dqg Txdk

+4<<;, qrwh/ dowkrxjk wkh xvh ri sdqho gdwd phwkrgv idflolwdwhv d frqwuro iru xqrevhuyhg

khwhurjhqhlw|/ wkhuh duh vxevhtxhqw gl!fxowlhv lq lqwhusuhwlqj wkh rxwsxw iurp frqyhu0

jhqfh uhjuhvvlrqv1 Lq sduwlfxodu/ li zh doorz �Ef� wr gl�hu dfurvv hfrqrplhv/ d �qglqj ri

frqyhujhqfh wr wkh wkhq sdudooho xqghuo|lqj vwhdg|0vwdwh sdwkv lv qrw lqirupdwlyh lq wkh

vhqvh wkdw zh duh qrw deoh wr pdnh vwdwhphqwv dv wr zkhwkhu srru hfrqrplhv duh frqyhuj0

lqj wr wkh +frpprq, vwhdg| vwdwh1 Qhyhuwkhohvv/ dqg frqglwlrqdo xsrq d krprjhqhrxv

jurzwk udwh ri whfkqrorj|/ zh fdq vd| wkdw wkh lqfrph jds dprqj wkh hfrqrplhv lv vwdeoh

gxh wr wkh h{lvwhqfh ri sdudooho vwhdg|0vwdwh jurzwk sdwkv1 Lq wklv uhvshfw frqyhujhqfh

pd| eh lqwhusuhwhg dv wkh vshhg zlwk zklfk hfrqrplhv dssurdfk sdudooho orqj0uxq jurzwk

sdwkv1

915 Khwhurjhqhlw| lq wkh Udwh ri Whfkqrorj| Surjuhvv Udwh

Wkh txhvwlrq zkhwkhu ru qrw hfrqrplhv kdyh wkh vdph whfkqrorj| surjuhvv udwh lv dovr ri

frqvlghudeoh hpslulfdo lqwhuhvw1 OSV +4<<:, ghprqvwudwh wkdw li wkh dvvxpswlrq wkdw wkh

whfkqrorjlfdo surjuhvv udwh } lv wkh vdph dfurvv doo frxqwulhv ru surylqfhv lv lqydolg/ wkhq

wkh h�hfw ri lpsrvlqj d frpprq } eldvhv wkh hvwlpdwh ri K wrzdug 44:1 Ohh/ Shvdudq/ dqg

Vplwk +4<<;, vxjjhvw wkh xvh ri wkh sdqho gdwd dssurdfk wr doorz frxqwulhv wr gl�hu qrw

rqo| zlwk uhjdug wr �Ef� exw dovr zlwk uhvshfw wr }1 Li } grhv ydu| dfurvv wkh hfrqrplhv wkh

orqj0uxq jurzwk sdwkv duh qrw sdudooho dqg wkh v|vwhp ri hfrqrplhv duh glyhujlqj1 Dv idu

4:OSV +4<<:, ghprqvwudwh wkh h{lvwhqfh ri shuydvlyh khwhurjhqhlw| lq jl lq wkh Vxpphuv0Khvwrq gdwd1
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dv hfrqrplf lpsolfdwlrqv iru lqfrph lqhtxdolw| lv frqfhuqhg/ wkh h{lvwhqfh ri khwhurjhqhlw|

lq whfkqrorj| jurzwk udwhv frpsohwho| dowhuv wkh qrwlrq ri +frqglwlrqdo ru xqfrqglwlrqdo,

frqyhujhqfh1 Dv Ohh/ Shvdudq/ dqg Vplwk +4<<;,/ vxfk d �qglqj surylghv qr lqvljkw lqwr

d frpsdulvrq ri wkh hyroxwlrq ri wkh glvwulexwlrq ri furvv0frxqwu| rxwsxwv1

Dowkrxjk dq dvvxpswlrq ri krprjhqhlw| ri wkh udwh ri whfkqrorjlfdo surjuhvv dfurvv

surylqfhv gxulqj wkh suh0uhirup shulrg lv whqdeoh/ wklv lv xqolnho| wr eh wkh fdvh iru wkh

uhirup shulrg1 Lq sduwlfxodu/ zh pljkw frqmhfwxuh wkdw wkh whfkqrorj| surjuhvv udwh ri

frdvwdo surylqfhv lv gl�huhqw iurp wkdw ri wkh lqwhulru surylqfhv1 Wklv k|srwkhvlv fdq eh

whvwhg hpslulfdoo| e| wkh xvh ri d frpsrvlwh gxpp| edvhg xsrq wdnlqj wkh surgxfw ri d

wlph dqg frdvwdo gxpp|1 Zh gr wklv e| uhzulwlqj 48 dv

+�c| ' K+�c|3� n � �| n(�A| n A| n #� n ��c|c +49,

zkhuh (� ' � li wkh �|� surylqfh ehorqjv wr wkh frdvwdo uhjlrq1 Qrwh wkdw zlwklq hdfk

uhjlrq +frdvwdo dqg lqwhulru, wkhuh lv d pdlqwdlqhg dvvxpswlrq wkdw wkh udwh ri whfkqrorjlfdo

surjuhvv lv krprjhqhrxv1

916 Wkh V|vwhp JPP Hvwlpdwru dqg wkh Zhdn Lqvwuxphqwv

Sureohp

Hvwlpdwhv ri wkh frqyhujhqfh vshhg sdudphwhu edvhg xsrq sdqho gdwd vwxglhv kdyh ehhq/

lq jhqhudo/ frqvlghudeo| kljkhu wkdq wkh 5( ri wkh furvv0vhfwlrqdo vwxglhv1 Iru h{dpsoh/

Lvodp +4<<8, xvlqj wkh Vxpphuv0Khvwrq gdwd �qgv dqqxdo frqyhujhqfh udwhv ehwzhhq 61;(

dqg <14(/ zkhuhdv FHO xvlqj wkh �uvw0gl�huhqfh JPP E GLII0JPP� hvwlpdwru �qgv d

frqyhujhqfh udwh ri 43(1 Krzhyhu/ wkh hvwlpdwlrq sureohpv ri wkh sdqho gdwd hvwlpdwruv

xvhg kdyh ehhq odujho| ljqruhg4;1 Khuh zh frqfhqwudwh rq FHO*v �uvw0gl�huhqfh JPP

hvwlpdwru1 Vlqfh wkh wuxh ydoxh ri wkh dxwruhjuhvvlyh sdudphwhu/ Kc lv yhu| olnho| wr eh qhdu

4 +dv vkrzq lq Qhuoryh +4<<;,, wkh ghshqghqw yduldeoh +�c| lv wkxv yhu| shuvlvwhqw dqg qhduo|

qrqvwdwlrqdu|1 Eoxqghoo dqg Erqg +4<<;, xvh Prqwh Fduor vlpxodwlrqv wr ghprqvwudwh

wkh uhodwlyho| odujh �qlwh0vdpsoh eldv jhqhudwhg e| wkh xvh ri wkh GLII0JPP hvwlpdwru

wr hvwlpdwh dxwruhjuhvvlyh prghov iurp prghudwho| vkruw sdqhov1 Wdeoh 6 uhsruwv vrph ri

wkhlu uhvxowv vkrzlqj wkh srru shuirupdqfh ri wkh GLII0JPP hvwlpdwru iru kljk ydoxhv

ri K1 Wkh GLII0JPP hvwlpdwru h{klelwv erwk d odujh grzqzdug eldv dqg yhu| lpsuhflvh

hvwlpdwhv1

4;Wkh zlwklq0jurxsv hvwlpdwru xvhg e| Lvodp +4<<8, surylghv grzqzdug eldvhg dqg lqfrqvlvwhqw hv0

wlpdwhv ri wkh dxwruhjuhvvlyh sdudphwhu lq d g|qdplf sdqho prgho zlwk �{hg W +vhh Qlfnhoo +4<;4,,1
Qhuoryh +4<<;, xvhv d udqgrp0h�hfwv pd{lpxp0olnholkrrg hvwlpdwru zklfk lv xqfrqglwlrqdo rq wkh lqlwldo

revhuydwlrqv1 Krzhyhu/ zh eholhyh wkdw wkh udqgrp0h�hfw dvvxpswlrq pd| eh lqydolg iru wkuhh uhdvrqv1
Iluvw/ wkh udqgrp h�hfw kdv wr eh xqfruuhodwhg zlwk wkh h{rjhqrxv yduldeohv lqfoxghg lq wkh prgho vxfk

dv lqyhvwphqw udwh1 Lvodp +4<<8, rewdlqv wkh hvwlpdwhv ri wkh lqglylgxdo frxqwu| h�hfwv dqg �qgv wkdw wkh

hvwlpdwhg frxqwu| h�hfwv kdyh d srvlwlyh uhodwlrqvkls zlwk erwk wkh revhuyhg jurzwk udwhv dqg kxpdq
fdslwdo1 Pruhryhu/ wkh glvwulexwlrq ri wkhvh frxqwu| h�hfwv lv qrw qrupdo1 Ilqdoo|/ lq wkh �qlwh vdpsoh wkh

lqglylgxdo frxqwu| h�hfwv pd| eh ehwwhu wdnhq dv �{hg h�hfwv whup udwkhu wkdq d qrupdo glvwulexwlrq1
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Wkh V|vwhp JPP hvwlpdwru ghyhorshg e| Eoxqghoo dqg Erqg +4<<;, uhsuhvhqwv d

vljql�fdqw lpsuryhphqw ryhu wkh �uvw gl�huhqfh JPP hvwlpdwru sursrvhg e| Fdvhool/

Hvtxlyho dqg Ohiruw +4<<9, +khuhdiwhu FHO,1 Jlyhq wkdw dqqxdo orj shu fdslwd JGS +ru

�yh0|hdu dyhudjhv ri orj shu fdslwd JGS,/ lv olnho| wr eh shuvlvwhqw/ zhdn fruuhodwlrqv h{lvw

ehwzhhq wkh jurzwk udwh ri orj shu fdslwd JGS dqg wkh odjjhg orj shu fdslwd JGS ohyhov1

Wklv uhvxowv lq zkdw lv uhihuuhg wr dv d zhdn lqvwuxphqwv sureohp lq wkh frqwh{w ri wkh

�uvw0gl�huhqfh JPP hvwlpdwru1 Eoxqghoo dqg Erqg +4<<;, ghprqvwudwh wkdw wklv sure0

ohp fdq uhvxow lq odujh �qlwh0vdpsoh eldvhv zkhq xvlqj wkh �uvw0gl�huhqfh JPP hvwlpdwru

wr hvwlpdwh dxwruhjuhvvlyh prghov iru prghudwho| shuvlvwhqw vhulhv iurp uhodwlyho| vkruw

sdqhov1 Wkh dxwkruv vkrz wkdw wkh eldvhv fdq eh gudpdwlfdoo| uhgxfhg e| lqfrusrudwlqj

pruh lqirupdwlyh prphqw frqglwlrqv wkdw duh ydolg xqghu txlwh uhdvrqdeoh vwdwlrqdulw|

uhvwulfwlrqv rq wkh lqlwldo frqglwlrq surfhvv1 Hvvhqwldoo| wkh V|vwhp JPP hvwlpdwru uhs0

uhvhqwv wkh xvh ri odjjhg �uvw0gl�huhqfhv dv lqvwuxphqwv iru htxdwlrqv lq ohyhov/ lq dgglwlrq

wr wkh xvxdo odjjhg ohyhov dv lqvwuxphqwv iru htxdwlrqv lq �uvw0gl�huhqfhv1 Lq dgglwlrq/

wkh �qlwh0vdpsoh shuirupdqfh ri wkh V|vwhp JPP fdq eh whvwhg e| wkh lghqwl�fdwlrq ri

dq hvwlpdwlrq udqjh iru wkh frqyhujhqfh vshhg surylghg e| wkh ROV dqg zlwklq0jurxs

hvwlpdwru1

Dv d zd| ri fruuhfwlqj iru wklv eldv Eoxqghoo dqg Erqg +4<<;, qrwh wkdw li wkh lqlwldo

frqglwlrqv +�� vdwlvi| wkh vwdwlrqdulw| uhvwulfwlrq .d{+�2#�o ' fc wkhq vxlwdeo| odjjhg

ydoxhv ri {+�c|3r dv zhoo dv {%�c|3r duh dydlodeoh dv lqvwuxphqwv iru wkh ohyhov htxdwlrqv1

Wkh uhvxowlqj V|vwhp JPP hvwlpdwru frpelqlqj htxdwlrqv lq ohyhov zlwk htxdwlrqv lq

�uvw0gl�huhqfhv/ lv vkrzq wr surylgh gudpdwlf jdlqv erwk lq dv|pswrwlf h!flhqf| dqg

lq �qlwh vdpsoh surshuwlhv/ uhodwlyh wr wkh �uvw0gl�huhqfh JPP hvwlpdwru +vhh Duhoodqr

dqg Erqg +4<<4,,1 Erwk vhwv ri prphqw frqglwlrqv fdq eh h{sorlwhg dv d olqhdu JPP

hvwlpdwru lq d v|vwhp frqwh{w1

Wr hydoxdwh wkh �qlwh vdpsoh shuirupdqfh ri V|vwhp0JPP hvwlpdwru lq wklv sduwlfxodu

dssolfdwlrq zh hvwdeolvk d erxqg iru wkh dxwruhjuhvvlyh sdudphwhu1 Nqrzohgjh ri wkh

gluhfwlrq ri wkh eldv lq wkh ROV dqg zlwklq0jurxsv hvwlpdwru lq prghov zlwk �{hg W lv xvhg

wr hvwdeolvk dq dssur{lpdwh xsshu dqg orzhu erxqg iru K lq wkh jurzwk uhjuhvvlrqv1 Dv

Kvldr +4<;9, vkrzv/ rplwwlqj xqrevhuyhg wlph lqyduldqw frxqwu| h�hfwv lq d g|qdplf sdqho

gdwd prgho zloo fdxvh ROV ohyhov hvwlpdwhv wr eh eldvhg xszdugv dqg lqfrqvlvwhqw/ jlyhq

wkh srvlwlyh fruuhodwlrq ehwzhhq wkh odjjhg ghshqghqw yduldeoh +�c|3� dqg wkh shupdqhqw

h�hfwv #�1 Rq wkh rwkhu kdqg/ wkh zlwklq0jurxs hvwlpdwru surgxfhv d grzqzdug eldv

zlwk wkh h{whqw ri dwwhqxdwlrq lqfuhdvlqj zkhq h{rjhqrxv fryduldwhv duh dgghg1 Vhyhvwuh

dqg Wurjqrq +4<<9, ghprqvwudwh wkdw/ iru wkh sxuho| dxwruhjuhvvlyh fdvh +l1h1 � ' f,

dqg zlwklq d fodvv ri hvwlpdwruv lqfoxglqj wkh phdq jurxs hvwlpdwru dqg wkh Jhqhudol}hg

Ohdvw Vtxduhv hvwlpdwru/ wkh zlwklq jurxs dqg ROV hvwlpdwru fdq surylgh d wljkwhu erxqg

durxqg K1 Qhuoryh +4<<;, hpslulfdoo| frq�upv wkdw wkh Vhyhvuh0Wurjqrq erxqg jhqhudoo|

krogv h{fhsw iru rqh uhyhuvdo lq wkh fdvh ri wkh �uvw0gl�huhqfh prgho1
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: Uhvxowv

Wdeoh 7 uhsruwv wkh uhvxowv iru xqfrqglwlrqdo q frqyhujhqfh ryhu wkh suh0uhirup shulrg

4<8604<:: dqg wkh uhirup shulrg 4<:;04<<:1 Irfxvvlqj xsrq sdudphwhu hvwlpdwhv lq

froxpqv 4 dqg 6/ zh revhuyh wkdw wkh frh!flhqwv rq wkh orj ri lqlwldo shu fdslwd JGS

lq 4<86 dqg 4<:; duh qhjdwlyh exw lqvljql�fdqw iru erwk shulrgv/ dqg wkxv zh �qg qr

whqghqf| iru srru surylqfhv wr jurz idvwhu rq dyhudjh wkdq ulfk surylqfhv1 Lq whupv ri wkh

suh0uhirup shulrg/ rqh srvvleoh h{sodqdwlrq iru wklv �qglqj lv wkh h{lvwhqfh ri wzr odujh

qhjdwlyh vkrfnv +wkh Juhdw Ohds Iruzdug 4<8;094 dqg wkh lqfhswlrq ri wkh Fxowxudo Uhy0

roxwlrq 4<990:3,1 Vlqfh 4<:;/ wkh hfrqrplf uhirup kdv lqwurgxfhg pdunhw irufhv dfurvv doo

surylqfhv dqg wkh ryhudoo hfrqrplf jurzwk surfhvv kdv ehhq idluo| vwhdg|1 Lq wklv frqwh{w

wkh �qglqj ri qr q xqfrqglwlrqdo frqyhujhqfh iru wkh uhirup shulrg 4<:;0<: lv vxusulvlqj1

Wkhvh uhvxowv vwdqg lq vkdus frqwudvw zlwk wkh h{lvwlqj hylghqfh rq xqfrqglwlrqdo frqyhu0

jhqfh zkhuh wkh furvv0vhfwlrqdo xqlwv duh uhjlrqv zlwklq d vlqjoh frxqwu|1 Krzhyhu/ rxu

uhvxowv duh vlplodu wr wkh �qglqjv ri pdq| suhylrxv vwxglhv rq wkh idloxuh ri lqfrphv dfurvv

frxqwulhv wr frqyhujh +vhh/ iru h{dpsoh/ Edxpro +4<;9,,1 Lq wklv uhvshfw rxu �qglqjv vxj0

jhvw wkdw Fklqd*v surylqfhv h{klelw juhdwhu khwhurjhqhlw| wkdq uhjlrqv zlwklq frxqwulhv

vxfk dv wkh X1V1

Lq froxpqv 5 dqg 7 zh lqwurgxfh d frdvwdo gxpp| zklfk sur{lhv iru gl�huhqfhv ehwzhhq

wkh frdvwdo dqg lqwhulru surylqfhv lq whupv ri wkh lqlwldo whfkqrorj| ohyho/ whfkqrorj|

surjuhvv udwh dqg wkh vwhdg|0vwdwh lqfrph1 Dv d uhvxow lw lv qhfhvvdu| wr eh fduhixo lq

lqwhusuhwlqj rxu uhvxowv jlyhq wkdw frqglwlrqdo rq d vljql�fdqw frdvwdo gxpp| lw lv qrw

srvvleoh wr vd| zkhwkhu wkh whfkqrorj| surjuhvv udwh lv gl�huhqw ehwzhhq wkh frdvwdo dqg

lqwhulru surylqfhv1 Wkh frh!flhqw ri wkh frdvw gxpp| lv qrw vljql�fdqw iru wkh suh0uhirup

shulrg 4<8604<::1 Wkh frh!flhqw rq wkh orj ri lqlwldo shu fdslwd JGS lv qhjdwlyh exw

lqvljql�fdqw1 Lq frqwudvw wkh frh!flhqw rq wkh frdvw gxpp| lv kljko| vljql�fdqw iru

wkh uhirup shulrg/ dqg lq dgglwlrq wkh frh!flhqw rq wkh orj ri lqlwldo shu fdslwd JGS lv

vljql�fdqwo| qhjdwlyh1 Wklv lv frqvlvwhqw zlwk wkh suhylrxv �qglqjv vxfk dv Mldq/ Vdfkv dqg

Zduqhu +4<<8,1 Ixuwkhu/ wkh lqfoxvlrq ri wkh frdvw gxpp| vxevwdqwldoo| lpsuryhv wkh �w ri

wkh uhjuhvvlrq iurp 818( wr 871;(1 Xqolnh wkh suhylrxv vwxglhv/ krzhyhu/ zh gr qrw fodlp

wkdw wkhuh lv fohdu hylghqfh iru q frqyhujhqfh lq wkh uhirup shulrg 4<:;0<:1 Wkh uhdvrq

iru wklv vwhpv iurp wkh idfw wkdw lw lv srvvleoh wkdw wkh vljql�fdqfhri wkh frdvwdo gxpp|

lv gulyhq e| gl�huhqfhv +ehwzhhq frdvwdo dqg lqwhulru surylqfhv, lq wkh xqghuo|lqj udwh ri

whfkqrorjlfdo surjuhvv/ wkhuhe| lpso|lqj v|vwhp0zlgh lqfrph glyhujhqfh1 Lq idfw/ wklv lv dq

hqwluho| sodxvleoh vfhqdulr vlqfh gxulqj wkh suh0uhirup shulrg Fklqd zdv h{wuhpho| lvrodwhg

iurp wkh rxwvlgh zruog vxfk wkdw jhrjudsklfdo orfdwlrq kdg olwwoh ehdulqj lq dffhvvlqj

whfkqlfdo nqrzohgjh1 Diwhu 4<:; Fklqd kdv dgrswhg dq rshq grru srolf|1 Wkhuhiruh/

dffhvv wr wkh rfhdq/ dqg wkhuhe| wr wkh zruog pdunhw/ kdv xqgrxewhgo| d�rughg d uhdo

dgydqwdjhv wr wkh frdvwdo surylqfhv1 Lq wkh frqwh{w ri d iudjphqwhg grphvwlf hfrqrp|

ri Fklqd dqg uhvwulfwlyh lqwhuuhjlrqdo wudgh +vhh/ iru h{dpsoh/\rxqj +5333,,/ wkh lqwhulru

surylqfhv pd| qrw eh deoh wr vkduh wkh vdph whfkqlfdo nqrzohgjh dv wkh frdvwdo surylqfhv1
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Wdeoh 8 suhvhqwv wkh furvv0vhfwlrq uhvxowv iru q frqglwlrqdo frqyhujhqfh iru erwk shul0

rgv1 Frqwuro yduldeohv duh wkh lqyhvwphqw2JGS udwlr +U*t , dqg wkh srsxodwlrq jurzwk

udwh E? n } n B�1 Dv ehiruh zh ehjlq e| h{dplqlqj sdudphwhu uhvxowv lq froxpqv 4 dqg

61 Iru wkh suh0uhirup shulrg wkh frh!flhqw rq wkh lqlwldo ohyho ri lqfrph lv srvlwlyh exw

lqvljql�fdqw> wkdw lv/ wkhuh lv qr hylghqfh ri glyhujhqfh ru frqyhujhqfh1 Wklv �qglqj lv

frqvlvwhqw zlwk wkh uhvxowv ri Mldq/ Vdfkv dqg Zduqhu +4<<9,/ qdpho| wkdw wkhuh lv qr

vwurqj frqglwlrqdo frqyhujhqfh dfurvv wkh surylqfhv gxulqj wkh suh0uhirup shulrg1 Iru wkh

uhirup shulrg/ wkh frh!flhqw lv qhjdwlyh exw lqvljql�fdqw dqg lq wklv uhvshfw frqwudu| wr

wkh fxuuhqw frqvhqvxv ri frqglwlrqdo frqyhujhqfh dfurvv erwk frxqwulhv dqg uhjlrqv4<1 Rqh

srvvleoh uhdvrq lv wkdw zh xvh d qhz surylqfldo JGS gdwd hvshfldoo| zlwk surylqfh0vshfl�f

JGS gh dwru dqg lqyhvwphqw gh dwru uhodwlyh wr wkh suhylrxv vwxglhv1 Wkh �qglqj ri dq

lqvljql�fdqw frh!flhqw ri lqyhvwphqw lv frqvlvwhqw zlwk wkh uhvxowv ri Fkhq dqg Iohlvkhu

+4<<9, dqg pd| lpso| wkdw fdslwdo dffxpxodwlrq lv qrw wkh pdlq vrxufh ri udslg hfrqrplf

jurzwk ri Fklqd diwhu 4<:;1

Diwhu frqwuroolqj iru wkh lqyhvwphqw udwh dqg srsxodwlrq jurzwk/ d vljql�fdqw frdvwdo

gxpp| pd| eh lqwhusuhwhg lq whupv ri gl�ihuhqfhv lq wkh lqlwldo whfkqrorj| ohyho/ dqg2ru

lq wkh udwh ri whfkqrorjlfdo surjuhvv1 Iru erwk shulrgv wkh frdvwdo gxpp| yduldeoh lv

vwdwlvwlfdoo| vljql�fdqw1 Iru wkh suh0uhirup shulrg/ wkh frdvwdo gxpp| lv pruh olnho| wr

uh hfw khwhurjhqhlw| lq wkh lqlwldo whfkqrorj| ohyho1 Wkh frh!flhqw rq wkh lqlwldo ohyho ri

lqfrph uhpdlqv lqvljql�fdqw> wkdw lv/ wkhuh lv qr hylghqfh ri q frqglwlrqdo frqyhujhqfh1

Lq wkh uhirup shulrg wkh lqfoxvlrq ri d frdvwdo gxpp| vljql�fdqwo| lpsuryhv wkh �w ri wkh

uhjuhvvlrq zlwk -2 lqfuhdvlqj iurp 31;4( wr 861;( Wkh frh!flhqw rq wkh lqlwldo ohyho ri

lqfrph lv vljql�fdqw/ frqvlvwhqw zlwk wkh �qglqjv ri wkh suhylrxv vwxglhv1 Djdlq zh qrwh

wkdw wklv �qglqj fdqqrw eh lqwhusuhwhg dv hylghqfh ri q frqglwlrqdo frqyhujhqfh jlyhq

wkdw wkh frdvwdo gxpp| pd| uh hfw wkh khwhurjhqhlw| ri whfkqrorj| surjuhvv udwh gxulqj

wkh uhirup shulrg1 Li vr/ wkhuh lv hylghqfh ri d v|vwhp0zlgh lqfrph glyhujhqfh1

Ilqdoo|/ zh fdqqrw h{foxgh wkh srvvlelolw| wkdw wkh uhdvrqv iru wkhvh xqh{shfwhg �qg0

lqjv uhvxow iurp wkh xqghuo|lqj sureohpv ri wkh furvv0vhfwlrqdo phwkrg1 Qdpho|/ wkdw

furvv0vhfwlrqdo vwxglhv idlo wr fdswxuh wkh g|qdplfv ri lqfrph frqyhujhqfh/ wkh lqlwldo

khwhurjhqhlw| lq �Ef� dfurvv wkh surylqfhv/ dqg wkh srwhqwldo hqgrjhqhlw| sureohp ri

wkh lqyhvwphqw2JGS udwlr dqg wkh srsxodwlrq jurzwk udwh1 Zh h{soruh wklv sursrvlwlrq

ehorz1

:14 Sdqho Gdwd Whvw iru Frqglwlrqdo Frqyhujhqfh

Lq Wdeoh 9 uhsruwv uhvxowv iru wkh jurzwk uhjuhvvlrqv iru wkh suh0uhirup shulrg edvhg

rq htxdwlrq +48,531 D srvlwlyh frh!flhqw ohvv wkdq 4 rq lqlwldo JGS lv lqwhusuhwhg dv

4<Iru h{dpsoh/ PUZ �qgv frqglwlrqdo frqyhujhqfh iru gl�huhqw frxqwu| jurxsv vxfk dv qrq0rlo frxqwulhv
gxulqj wkh shulrg 4<9304<;81

53Doo uhsruwhg vwdqgdug huuruv duh fruuhfwhg iru khwhurvnhgdvwlflw|1 Wkh sdudphwhu hvwlpdwhv dqg vwdq0

gdug huuruv uhsruwhg iurp JPP hvwlpdwlrq duh rqh0vwhs hvwlpdwruv1 Doo uhjuhvvlrqv h{fhsw wkh �uvw0
gl�huhqfh JPP uhjuhvvlrqv lqfoxgh wlph gxpplhv dqg wkh| duh irxqg wr eh mrlqwo| vljql�fdqw lq hyhu|
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frqglwlrqdo frqyhujhqfh1 Froxpqv 4 dqg 5 uhsruw/ uhvshfwlyho|/ wkh uhvxowv ri wkh ROV

ohyhov hvwlpdwru dqg wkh zlwklq jurxsv +ZJ, hvwlpdwru1 Wkh ROV hvwlpdwru surylghv d

pxfk kljkhu hvwlpdwh ri wkh dxwruhjuhvvlyh sdudphwhu/ K/ wkdq wkh ZJ hvwlpdwru/ wrjhwkhu

surylglqj wkh xsshu dqg orzhu erxqgv iru wkh JPP hvwlpdwlrq1 Wkh frh!flhqw ri *? +|3�

lv juhdwhu wkdq 4 lpso|lqj wkdw surylqfldo lqfrph lv kljko| shuvlvwhqw1 Wkh lpsolhg vshhg ri

frqyhujhqfh edvhg rq wkh uhvxowv ri wkh ZJ hvwlpdwru lq froxpq 5/ 4<16:(/ lv vljql�fdqwo|

gl�huhqw iurp wkh glyhujhqfh lpsolhg e| wkh ROV hvwlpdwlrq1

Lq froxpq 6 zh suhvhqw sdudphwhu hvwlpdwhv xvlqj wkh GLII0JPP hvwlpdwru/ dvvxp0

lqj wkdw lqlwldo lqfrph/ lqyhvwphqw/ wrjhwkhu zlwk srsxodwlrq jurzwk/ duh hqgrjhqrxv1

Wkh frh!flhqw rq wkh odjjhg ghshqghqw yduldeoh lv vwdwlvwlfdoo| vljql�fdqw dqg h{fhhgv

wkh xsshu erxqg surylghg e| zlwklq jurxsv hvwlpdwru1 Jlyhq wkdw *? +�c| lv kljko| shuvlv0

whqw dffruglqj wr wkh ROV hvwlpdwlrq lq froxpq 4/ lw lv olnho| wkdw wkh srru shuirupdqfh

ri wkh GLII0JPP hvwlpdwru lv gxh wr wkh zhdnqhvv ri wkh lqvwuxphqw vhw xvhg1 Ixuwkhu0

pruh/ dq dssolfdwlrq ri wkh Vdujdq Whvw vxjjhvwv wkdw wkh lqvwuxphqwdo yduldeohv xvhg lq

wkh GLII0JPP hvwlpdwru duh qrw ydolg1

Vlqfh wkh GLII0JPP hvwlpdwru dsshduv wr vx�hu iurp wkh zhdn lqvwuxphqwv sureohp

zh xvh d v|vwhp JPP hvwlpdwru dv dq dowhuqdwlyh1 Wkh uhvxowv duh uhsruwhg lq froxpq 71

Wkh frh!flhqw rq wkh odjjhg ghshqghqw yduldeoh iurp wkh v|vwhp0JPP hvwlpdwru idoov

ehwzhhq wkh xsshu dqg orzhu erxqg +316:<: wr 41357;,/ dqg wkhuhiruh lv pruh olnho| wr eh

xqeldvhg1 Lq dgglwlrq/ wkh hvwlpdwhv ri wkh srsxodwlrq jurzwk udwh dqg lqyhvwphqw udwlr

duh pruh suhflvh wkdq wkrvh rewdlqhg iurp �uvw gl�huhqfhg JPP hvwlpdwru1 Dq dssolfd0

wlrq ri wkh Vdujdq whvw +s0ydoxh@31749, vwurqjo| vxjjhvwv wkdw wkh lqvwuxphqwdo yduldeohv

xvhg lq wkh v|vwhp JPP duh ydolg1 Wkxv/ edvhg xsrq wklv hylghqfh wkh v|vwhp JPP

lv wkh suhihuuhg hvwlpdwru iru wkh Vrorz jurzwk uhjuhvvlrq gxulqj wkh suh0uhirup shulrg1

Wkh hvwlpdwhg vshhg ri frqyhujhqfh lv dssur{lpdwho| 3174( shu |hdu dqg h{wuhpho| vorz1

Doo uhjuhvvruv h{fhsw wkh srsxodwlrq jurzwk udwh duh vwdwlvwlfdoo| vljql�fdqw dw wkh 8(

ohyho1 Wkh frh!flhqwv ri wkh lqyhvwphqw udwlr lv qhjdwlyh dqg vljql�fdqw lq wkh v|vwhp

JPP uhjuhvvlrq1 Gxulqj wkh suh0uhirup shulrg/ doo surylqfldo lqyhvwphqw zdv frqwuroohg

e| wkh vwdwh dqg pdgh wkurxjk Fklqd*v vwdwh0rzq hqwhusulvhv1 Lq wklv uhvshfw wkh qhjdwlyh

vljq ri lqyhvwphqw udwh pd| eh lqwhusuhwhg lq wkh oljkw ri vriw exgjhw frqvwudlqwv/54 zklfk

uhsuhvhqwhg d pdmru lqfhqwlyh sureohp ri wkh vwdwh0rzqhg hqwhusulvhv gxulqj wkh fhqwudo

sodqqlqj shulrg1

Wdeoh : uhsruwv jurzwk uhjuhvvlrqv iru wkh uhirup shulrg1 Vlplodu wr wkh dqdo|vlv iru wkh

suh0uhirup shulrg wkh v|vwhp JPP hvwlpdwru lv suhihuuhg wr wkh GLII0JPP hvwlpdwru1

Iluvw/ wkh frqyhujhqfh frh!flhqwv ri *?E+|3�� ri wkh GLII0JPP hvwlpdwru +4135<<, idoov

rxwvlgh ri wkh orzhu0xsshu erxqg +31<376031<<5:, jlyhq e| wkh zlwklq jurxs dqg ROV

uhjuhvvlrq1 Lq rughu wr frqvhuyh vsdfh wkh wlph gxpp| hvwlpdwhv duh qrw uhsruwhg lq wkh wdeohv1 Doo

sdudphwhu hvwlpdwhv duh rewdlqhg xvlqj GSG<; iru Jdxvv +vhh Duhoodqr dqg Erqg +4<<;,,1
54Vriw exgjhw frqvwudlqwv duh d nh| fkdudfwhulvwlf ri vrfldolvw hfrqrplhv dqg uhpdlq dq lpsruwdqw

frqfhuq lq wudqvlwlrq hfrqrplhv1 Iroorzlqj Nruqdl +4<;3,/ d orfdo jryhuqphqw ru dq hqwhusulvh lv vdlg wr
kdyh d vriw exgjhw frqvwudlqw zkhq lw h{shfwv wr eh edlohg rxw zkhq idfhg zlwk �qdqfldo gl!fxowlhv1 Wklv
fuhdwhv dq reylrxv lqfhqwlyh sureohp1
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hvwlpdwru uhvshfwlyho|/ zkhuhdv wkh v|vwhp JPP hvwlpdwh idoov zlwklq wkh erxqg1 Vhfrqg/

wkh ROV hvwlpdwh ri wkh dxwruhjuhvvlyh sdudphwhu vkrzv wkdw surylqfldo lqfrph lv kljko|

shuvlvwhqw1 Wkh lpsolhg frqyhujhqfh udwh edvhg xsrq wkh v|vwhp JPP hvwlpdwru lv 5156(

shu |hdu1 Dq dssolfdwlrq ri wkh Vdujdq Whvw vxjjhvwv wkdw wkh lqvwuxphqwdo yduldeohv xvhg

lq erwk wkh GLII0JPP v|vwhp JPP hvwlpdwru duh vljql�fdqw1

Wkh frh!flhqw ri lqyhvwphqw kdv d srvlwlyh vljq dfurvv doo hvwlpdwruv/ dowkrxjk wkh|

duh lqvljql�fdqw1 Lq frqwudvw wr wkh suh0uhirup shulrg/ wkh srvlwlyh lqyhvwphqw frh!flhqw

pd| eh gxh wr wkh lpsuryhphqw lq lqyhvwphqw h!flhqf| iroorzlqj wkh fkdqjhv lq Fklqd*v

lqyhvwphqw rzqhuvkls vwuxfwxuh diwhu 4<:;/ zlwk lqfuhdvlqj vkduhv ri sulydwh lqyhvwphqw

dqg IGL1 Wkh surfhvv ri lqfuhdvlqj pdunhw frpshwlwlrq dqg �vfdo ghfhqwudol}dwlrq kdyh

kdughqhg exgjhw frqvwudlqwv ri wkh vwdwh0rzqhg hqwhusulvhv +Tldq dqg Urodqg +4<<;,,1

Qhyhuwkhohvv/ wkh jhqhudo lqvljql�fdqfh ri wkh frh!flhqwv ri lqyhvwphqw udwhv iru wkh uh0

irup shulrg 4<:;0<: pd| lpso| wkdw lqwhu0surylqfldo gl�huhqfhv lq surgxfwlylw| lqvwhdg

ri fdslwdo dffxpxodwlrq duh olnho| wr sod| dq lpsruwdqw uroh lq h{sodlqlqj gl�huhqfhv lq

surylqfldo lqfrph1 Wkh frh!flhqw rq wkh srsxodwlrq jurzwk udwh kdv wkh h{shfwhg vljq

lq doo uhjuhvvlrqv1

:1414 D Whvw iru Khwhurjhqhlw| lq wkh Udwh ri Whfkqrorjlfdo Surjuhvv

Zkhwkhu wkh frdvwdo surylqfhv kdyh wkh vdph udwh ri whfkqrorjlfdo surjuhvv dv wkh lqwhulru

surylqfhv lv d fulwlfdo frqfhuq iru rxu vwxg|1 Wdeoh ; uhsruwv wkh v|vwhp JPP hvwlpdwhv

edvhg xsrq htxdwlrq +49,551 Iru wkh suh0uhirup shulrg/ xvlqj dZdog whvw/ zh fdqqrw uhmhfw

wkh qxoo k|srwkhvlv wkdw dfurvv lqwhulru dqg frdvwdo surylqfhv wkhuh lv d krprjhqhrxv udwh

ri whfkqrorjlfdo surjuhvv +s0ydoxh@31636(,1 Wkh lpsolhg frqyhujhqfh vshhg lv 31;:<( shu

|hdu +wkh kdoi0olih lv :: |hduv, zklfk dowkrxjk kljkhu wkdq wkh hvwlpdwhg frqyhujhqfh vshhg

xvlqj +48, lv vwloo yhu| vorz1 Iru wkh uhirup shulrg wkh lqwhudfwlrq ri wkh wzr gxpplhv lv

kljko| vljql�fdqw +s0ydoxh@3133(,/ lpso|lqj d gl�huhqfh lq wkh whfkqrorj| surjuhvv udwh

ri wkh frdvwdo dqg lqwhulru surylqfhv1 Dq lpphgldwh lpsolfdwlrq iurp wkh Vrorz jurzwk

prgho lv wkdw wkh jurxs ri wkh orqj0uxq jurzwk sdwkv ri wkh frdvwdo surylqfhv lv qrw

sdudooho zlwk wkdw ri wkh lqwhulru surylqfhv1 Dv vxfk wkh �qglqj ri frqglwlrqdo frqyhujhqfh

+K ' f�HeS. 	 �, lpsolhv wkdw wkh frdvwdo dqg lqwhulru surylqfhv duh dssurdfklqj wkhlu rzq

sdudooho vwhdg| vwdwh sdwkv dw wkh vdph frqyhujhqfh vshhg +6165;( shu |hdu> wkh kdoi0olih

lv 55 |hdu,/ dqg wkxv irup wzr glvwlqfw frqyhujhqfh foxev1 Rxu �qglqjv/ qdpho| wkdw e|

lpsrvlqj krprjhqhlw| lq wkh udwh ri whfkqrorjlfdo surjuhvv wkh hvwlpdwh ri K lv sxvkhg

wrzdugv rqh/ dqg wkh phdvxuhg vshhg ri frqyhujhqfh lv uhgxfhg/ lv frqvlvwhqw zlwk wkh

uhvxowv rewdlqhg e| OSV +4<<:,1

Wkh lqyhvwphqw udwh kdv d qhjdwlyh vljq iru wkh suh0uhirup shulrg/ zklfk pd| eh

udwlrqdol}hg e| wkh h{lvwhqfh ri d fhqwudo sodqqlqj uhjlph dqg wkh sxuh vwdwh lqyhvwphqw

55Dv zlwk wkh uhvxowv ri wkh sdqho gdwd whvwv zlwk lpsrvhg krprjhqhlw| lq udwh ri whfkqrorjlfdo surjuhvv
udwh/ wkh v|vwhp JPP hvwlpdwru lv suhihuuhg lq wkh jurzwk uhjuhvvlrqv iru erwk wkh suh0uhirup dqg uhirup
shulrg1 Wr frqvhuyh vsdfh/ zh gr qrw uhsruw wkh uhvxowv ri ROV/ Zlwklq Jurxs dqg wkh �uvw0gl�huhqfh
JPP hvwlpdwru1

4;



vwuxfwxuh1 Iru wkh uhirup shulrg/ lw kdv d srvlwlyh vljq zklfk pd| eh lqwhusuhgwhg lq wkh

oljkw ri lqfuhdvlqj sulydwh lqyhvwphqw dqg IGL1 Qhyhuwkhohvv/ wkh srsxodwlrq jurzwk dqg

lqyhvwphqw udwh duh qrw vljql�fdqw iru erwk shulrgv1

; Frqfoxvlrq dqg Txdol�fdwlrq

Wklv sdshu h{whqgv wkh dqdo|vlv ri suhylrxv vwxglhv rq Fklqd*v surylqfldo lqfrph frq0

yhujhqfh e| xvlqj wkh V|vwhp0JPP hvwlpdwru wr h{dplqh surylqfldo lqfrph frqyhujhqfh

whqghqf| dqg vshhg gxulqj wkh suh0uhirup shulrg 4<860:: dqg wkh uhirup shulrg 4<:;0<:1

Zh vxppdul}h rxu hpslulfdo �qglqjv=

41 Xvlqj wkh furvv0vhfwlrqdo dssurdfk dv d ehqfkpdun iru wkh sdqho gdwd vwxglhv rxu

�qglqjv duh vwulnlqj1 Iru erwk wkh suh dqg srvw0uhirup shulrg zh �qg qr hylghqfh ri

q xqfrqglwlrqdo ru frqglwlrqdo frqyhujhqfh1 Wklv uhvxow hfkrhv wkh suhylrxv �qglqjv ri

Mldq/ Vdfkv dqg Zduqhu +4<<9,1

61 Xvlqj wkh GLII0JPP hvwlpdwru zh �qg wkdw prvw frh!flhqwv idoo rxwvlgh wkh

gh�qhg erxqgv jlyhq e| wkh ROV dqg zlwklq jurxsv hvwlpdwru1 D v|vwhp JPP hvwlpdwru

lv vkrzq wr eh wkh suhihuuhg hvwlpdwlrq phwkrg1

51 Xvlqj wkh sdqho gdwd dssurdfk zh �qg hylghqfh ri surylqfldo lqfrph frqyhujhqfh1

Wkhvh uhodwlyh �qglqjv duh h{sodlqdeoh lq whupv ri d fruuhfwlrq iru erwk wkh krprjhqhlw|

dqg h{rjhqhlw| dvvxpswlrqv zklfk fkdudfwhulvh wkh vlqjoh furvv0vhfwlrq uhjuhvvlrq1 Iurp

wkh shuvshfwlyh ri jurzwk wkhru| wkhvh uhvxowv kljkoljkw wkh vljql�fdqfh ri wkh gl�huhqfhv

lq wkh djjuhjdwh surgxfwlrq ixqfwlrqv dfurvv Fklqd*v surylqfhv1 Pruhryhu/ wkh rewdlqhg

frqyhujhqfh vshhgv duh 31747( iru wkh suh0uhirup shulrg dqg 5156( iru wkh uhirup shulrg

xvlqj wkh v|vwhp JPP hvwlpdwru1 Wkh| duh yhu| orz uhodwlyh wr wkh sdqho gdwd �qglqjv

iru wkh frxqwu| vwxglhv +Lvodp/ 4<<8> FHO/ 4<<9,1

61 Krprjhqhlw| lq wkh udwh ri whfkqrorjlfdo surjuhvv udwh lv d pdlqwdlqhg k|srwkhvlv ri

wkh sdqho gdwd uhvxowv qrwhg deryh1 Vlqfh wkh ehjlqqlqj ri wkh uhirup shulrg wkh frdvwdo

surylqfhv* jurzwk shuirupdqfh kdv ehhq pxfk pruh uhpdundeoh wkdq wkh lqwhulru surylqfhv

ri Fklqd1 Edvhg rq wkh hpslulfdo vshfl�fdwlrq ri OSV +4<<;,/ zh doorz iru khwhurjhqhlw|

lq whfkqrorj| jurzwk udwh ehwzhhq wkh frdvwdo dqg lqwhulru surylqfhv e| xvlqj d frdvwdo

gxpp| lqwhudfwhg zlwk wkh wlph gxpp|1 Wkh uhvxowv ri wkh Zdog whvw vkrz wkdw wkhuh lv

qr khwhurjhqhlw| iru wkh suh0uhirup shulrg exw wkhuh lv khwhurjhqhlw| iru wkh uhirup shulrg

ehwzhhq wkh frdvwdo dqg lqwhulru surylqfhv ri Fklqd1 Wklv lpsolhv wkdw surylqfldo lqfrphv

dv d v|vwhp zhuh frqyhujlqj gxulqj wkh suh0uhirup shulrg exw duh glyhujlqj gxulqj wkh

uhirup shulrg1 Wkh lpsolfdwlrqv ri wklv �qglqj iru Fklqd*v vwdelolw| dqg frqwlqxhg uhirup

qhhg qr ixuwkhu hpskdvlv1

71 Ilqdoo|/ wkh lqvljql�fdqfh ri wkh lqyhvwphqw frh!flhqwv vxjjhvwv wkdw surgxfwlylw|

pd| kdyh sod|hg d pruh lpsruwdqw uroh lq h{sodlqlqj wkh gl�huhqfhv ri surylqfldo lqfrphv1

Wklv uhvxow lv frqvlvwhqw zlwk d uhfhqw LPI uhsruw zklfk h{dplqhv wkh uhdvrqv ehklqg

Fklqd*v udslg jurzwk +vhh Kx dqg Nkdq +5333,1

4<



Uhihuhqfhv

^4` Duhoodqr/ Pdqxho> Erqg/ Vwhskhq1 Dsulo 4<<4/�Vrph Whvwv ri Vshfl�fdwlrq iru Sdqho

Gdwd= Prqwh Fduor Hylghqfh dqg dq Dssolfdwlrq wr Hpsor|phqw Htxdwlrqv�/ Uhylhz

ri Hfrqrplf Vwxglhv> 8;+5,/ sdjhv 5::0<:1

^5` Duhoodqr/Pdqxho> Eryhu/Ro|psld/ Mxo| 4<<8/�Dqrwkhu Orrn dw wkh Lqvwuxphqwdo Ydul0

deoh Hvwlpdwlrq ri Huuru0Frpsrqhqwv Prghov�/ Mrxuqdo ri Hfrqrphwulfv> 9;+4,/

sdjhv 5<0841

^6` Eduur/ Urehuw M> Vdod0L0Pduwlq/ [dylhu1 4<<4/ �Frqyhujhqfh dfurvv Vwdwhv dqg Uh0

jlrqv�/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|> 3+4,/ sdjhv 43:08;1

^7` Eduur/ Urehuw0M1> Vdod0l0Pduwlq/ [dylhu1 Dsulo 4<<5/ �Frqyhujhqfh�/ Mrxuqdo ri Sr0

olwlfdo Hfrqrp| > 433+5,/ sdjhv 5560841

^8` Eduur/ Urehuw0M> Vdod0l0Pduwlq/0[dylhu1 4<<8/ �Hfrqrplf jurzwk�/ Dgydqfhg Vhulhv

lq Hfrqrplfv1 Qhz \run> Orqgrq dqg Prqwuhdo= PfJudz0Kloo/ sdjhv {ylll/ 86<

^9` Edxpro/ Zlooldp0M/ Ghfhpehu1 4<;9/ �Surgxfwlylw| Jurzwk/ Frqyhujhqfh/ dqg Zho0

iduh= Zkdw wkh Orqj0uxq Gdwd Vkrz�/ Dphulfdq Hfrqrplf Uhylhz > :9+8,/ sdjhv

43:50;81

^:` Edxpro/Zlooldp0M1> Zro�/ Hgzdug0Q1 Ghfhpehu 4<;;/ �Surgxfwlylw| Jurzwk/ Frq0

yhujhqfh/ dqg Zhoiduh= Uhso|�/ Dphulfdq Hfrqrplf Uhylhz > :;+8,/ sdjhv 448808<1

^;` Ehq Gdylg/ Gdq dqg Plfkdho E1 Orhz|/ 4<<:/ �Iuhh Wudgh/ Jurzwk dqg Frqyhu0

jhqfh�/ QEHU Zrunlqj Sdshu Qr1 93<81

^<` Ehuqdug/ D1 E1 dqg Gxuodxi/ V1 Q1 4<<9/ �Lqwhusuhwlqj Whvwv ri wkh Frqyhujhqfh

K|srwkhvlv� Mrxuqdo ri Hfrqrphwulfv :4/ sdjhv 4940:61

^43` Eoxqghoo/ Ulfkdug> Erqg/ Vwhskhq1 Qryhpehu 4<<;/ �Lqlwldo Frqglwlrqv dqg Prphqw

Uhvwulfwlrqv lq G|qdplf Sdqho Gdwd Prghov�/ Mrxuqdo ri Hfrqrphwulfv> ;:+4,/ sdjhv

4480761

^44` Fdvhool/ Iudqfhvfr> Hvtxlyho/ Jhudugr> Ohiruw/ Ihuqdqgr1 Vhswhpehu 4<<9/ �Uhrshqlqj

wkh Frqyhujhqfh Ghedwh= D Qhz Orrn dw Furvv Frxqwu| Jurzwk Hpslulfv�/ Mrxuqdo

ri Hfrqrplf Jurzwk> 4+6,/ sdjhv 6960;<1

^45` Fklqd Vwdwlvwlfv \hduerrn/ ydulrxv lvvxhv

^46` Fkhq/ Mldq> Iohlvkhu/Ehowrq0P1 Dsulo 4<<91 �Uhjlrqdo Lqfrph Lqhtxdolw| dqg Hfr0

qrplf Jurzwk lq Fklqd�/ Mrxuqdo ri Frpsdudwlyh Hfrqrplfv> 55+5,/ sdjhv 4740971

^47` Fkr/ Grqjfkxo1 Qry14<<9/ �Dq Dowhuqdwlyh Lqwhusuhwdwlrq ri Frqglwlrqdo Frqyhu0

jhqfh Uhvxowv�/ Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj> 5;+7,/ Sduw 4/ sdjhv 99<0;41

53



^48` Gxuodxi Vwhyhq dqg Gdqq| W Txdk1 4<<;/ �Wkh Qhz Hpslulfv ri Hfrqrplf Jurzwk�/

Zrunlqj Sdshu 9755/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk1

^49` Kvldr/Fkhqj1 4<;9/�Dqdo|vlv ri sdqho gdwd�/ Hfrqrphwulf Vrflhw| Prqrjudskv/ qr1

44/ Fdpeulgjh> Qhz \run dqg V|gqh|= Fdpeulgjh Xqlyhuvlw| Suhvv1

^4:` Kvxhk/Wlhq wxqj> Ol/Tldqj1 4<<</ �Fklqd*v Qdwlrqdo Lqfrph�/ Erxoghu dqg R{irug=

Zhvwylhz Suhvv11

^4;` Lvodp/ Qd}uxo1 Qryhpehu 4<<8/ �Jurzwk Hpslulfv= D Sdqho Gdwd Dssurdfk�/ Txdu0

whuo| Mrxuqdo ri Hfrqrplfv>443+7,/ sdjhv 445:0:31

^4<` Kx/ ]xolx> Nkdq/ Prkvlq1 5333/ �Zk| lv Fklqd Jurzlqj Vr IdvwB�/ Hfrqrplf Lvvxhv/

;/ Lqwhuqdwlrqdo Prqhwdu| Ixqg/ Zdvklqjwrq/ G1F1

^53` Mldq/ Wlqdoxq> Vdfkv/ Mh�uh|0G1> Zduqhu/ Dqguhz0P1 Mdqxdu| 4<<9/ �Wuhqgv lq Uh0

jlrqdo Lqhtxdolw| lq Fklqd�/ Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk Zrunlqj Sdshu=

87451

^54` Mxgvrq/ Uxwk0D1> Rzhq/Dqq0O1 Mdqxdu| 4<<:/�Hvwlpdwlqj G|qdplf Sdqho Gdwd

Prghov= D Sudfwlfdo Jxlgh iru Pdfurhfrqrplvwv�/ Erdug ri Jryhuqruv ri wkh Ihghudo

Uhvhuyh V|vwhp/ Ilqdqfh dqg Hfrqrplfv Glvfxvvlrq Sdshu Vhulhv= 4<<:2361

^55` Nlylhw/ Mdq0I1 Mxo| 4<<8/ �Rq Eldv/ Lqfrqvlvwhqf|/ dqg H!flhqf| ri Ydulrxv Hvwl0

pdwruv lq G|qdplf Sdqho Gdwd Prghov�/ Mrxuqdo ri Hfrqrphwulfv> 9; +4,/ sdjhv

860:;1

^56` Ohh/ Nhylq> Shvdudq/ P1 Kdvkhp> Vplwk/ Urq1 Mxo|0Dxj1 4<<:/ �Jurzwk dqg Frq0

yhujhqfh lq d Pxowl0frxqwu| Hpslulfdo Vwrfkdvwlf Vrorz Prgho�/ Mrxuqdo ri Dssolhg

Hfrqrphwulfv>45 +7,/ sdjhv 68:0<51

^57` Ohh/ Nhylq> Shvdudq/ P1 Kdvkhp> Vplwk/ Urq1 Iheuxdu| 4<<;/ �Jurzwk Hpslulfv= D

Sdqho Gdwd Dssurdfk�D Frpphqw�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv> 446+4,/ sdjhv

64<0561

^58` Pdqnlz/ Q1 Juhjru|1 4<<8/ �Wkh Jurzwk ri Qdwlrqv�/ Eurrnlqjv Sdshuv rq Hfrqrplf

Dfwlylw|> +4,/ sdjhv 5:806431

^59` Pdqnlz/ Q1 Juhjru|> Urphu/ Gdylg> Zhlo/ Gdylg0Q1 �D Frqwulexwlrq wr wkh Hpslulfv

ri Hfrqrplf Jurzwk�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv> 43: +5,/ Pd| 4<<5/ sdjhv

73:06:1

^5:` Qdxjkwrq/ Eduu|1 4<<9/ �Fklqd*v Hphujhqfh dqg Survshfwv dv d Wudglqj Qdwlrq�/

Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| > 3+5,/ sdjhv 5:6066:1
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^5;` Qhuoryh/ Pduf1 4<<<1 �Surshuwlhv ri Dowhuqdwlyh Hvwlpdwruv ri G|qdplf Sdqho Prghov=

Dq Hpslulfdo Dqdo|vlv ri Furvv0Frxqwu| Gdwd iru wkh Vwxg| ri Hfrqrplf Jurzwk�/

lq Kvldr/ F/ Odklul/ N1 Ohh/ O1I1 dqg Shvdudq/ P1K1 Dqdo|vlv ri Sdqhov dqg Olplwhg

Ghshqghqw Yduldeoh Prghov/ Fdpeulgjh Xqlyhuvlw| Suhvv/ sdjhv 46904:31

^5<` Qlfnhoo Vwhskhq1 4<;4/ �Eldvhv lq G|qdplfPrghov zlwk Il{hg H�hfwv�/ Hfrqrphwulfd/

yro 7</ sdjhv 474:0591

^63` Txdk/ Gdqq|1 4<<6/� Hpslulfdo Furvv0Vhfwlrq G|qdplfv lq Hfrqrplf Jurzwk�/ Hx0

urshdq Hfrqrplf Uhylhz/ 6: +526,/ sdjhv 7590671

^64` Udlvhu/ Pduwlq1 Iheuxdu| 4<<;/�Vxevlglvlqj Lqhtxdolw|= Hfrqrplf Uhirupv/ Ilvfdo

Wudqvihuv dqg Frqyhujhqfh dfurvv Fklqhvh Surylqfhv�/ Mrxuqdo ri Ghyhorsphqw Vwxg0

lhv> 67+6,/ sdjhv 40591

^65` Udydoolrq dqg Mdodq +4<<9,/ Jurzwk glyhujhqfh gxh wr vsdwldo h{whuqdolwlhv1 Hfr0

qrplfv Ohwwhuv 86/ sdjhv 55:0565

^66` Vrorz/ U1P1 4<89/ �D Frqwulexwlrq wr wkh Wkhru| ri Hfrqrplf Jurzwk�/ Txduwhuo|

Mrxuqdo ri Hfrqrphwulfv/ :3/ sdjhv 980<71

^67` Vdod0l0Pduwlq/ [dylhu1 Qryhpehu 4<<7/ �Uhjlrqdo Frkhvlrq= Hylghqfh dqg Wkhrulhv

ri Uhjlrqdo Jurzwk dqg Frqyhujhqfh�/ Fhqwuh iru Hfrqrplf Srolf| Uhvhdufk/ Glv0

fxvvlrq Sdshu 43:81

^68` Vdod0l0Pduwlq/ [dylhu0[1 Mxo| 4<<9/ �Wkh Fodvvlfdo Dssurdfk wr Frqyhujhqfh Dqdo0

|vlv�/ Hfrqrplf Mrxuqdo > 439 +76:,/ sdjhv 434<0691

^69` Vdod0l0Pduwlq/ [dylhu0[1 Mxqh 4<<9/ �Uhjlrqdo Frkhvlrq= Hylghqfh dqg Wkhrulhv

ri Uhjlrqdo Jurzwk dqg Frqyhujhqfh�/ Hxurshdq Hfrqrplf Uhylhz > 73 +9,/ sdjhv

46580851

^6:` Vhyhvwuh/ Sdwulfn> Wurjqrq/ Dodlq1 4<<9/ �G|qdplf Olqhdu Prghov�/ Pdw|dv/ Odv0

}or> Vhyhvwuh/ Sdwulfn/ hgv1 Wkh hfrqrphwulfv ri sdqho gdwd= D kdqgerrn ri wkh

wkhru| zlwk dssolfdwlrqv1 Vhfrqg hglwlrq1 Dgydqfhg Vwxglhv lq Wkhruhwlfdo dqg Ds0

solhg Hfrqrphwulfv/ yro 661 Gruguhfkw> Ervwrq dqg Orqgrq= Noxzhu Dfdghplf/ sdjhv

4530771

^6;` Vxpphuv/ Urehuw dqg Dodq Khvwrq1 4<<4/ �Wkh Shqq Zruog Wdeoh + Pdun 813,=

Dq H{sdqghg Vhw ri Lqwhuqdwlrqdo Frpsdulvrqv/ 4<8304<;;�/ Txduwhuo| Mrxuqdo ri

Hfrqrplfv/ 439+5,/ sdjhv 65:09;1

^6<` Whpsoh/ Mrqdwkdq1 Pdufk 4<<</ �Wkh Qhz Jurzwk Hylghqfh�/ Mrxuqdo ri Hfrqrplf

Olwhudwxuh> 6: +4,/ sdjhv 4450891

55



Wdeoh 4= Fklqd*v Surylqfhv dqg Jhrjudsklf Orfdwlrq

Surylqfh Orfdwlrq

Ehlmlqj Lqwhulru

Wldqmlqj Frdvw

Khehl Frdvw

Vkdq{l Lqwhulru

Lqqhu Prqjrold Lqwhulru

Oldrqlqj Frdvw

Mlolq Lqwhulru

Khlorqjmldqj Lqwhulru

Vkdqjkdl Frdvw

Mldqjvx Frdvw

]khmldqj Frdvw

Dqkxl Lqwhulru

Ixmldq Frdvw

Mldqj{l Lqwhulru

Vkdqgrqj Frdvw

Surylqfh Orfdwlrq

Khqdq Lqwhulru

Kxehl Lqwhulru

Kxqdq Lqwhulru

Jxdqjgrqj Frdvw

Jxdqj{l Lqwhulru

Kdlqdq Lqwhulru

Vlfkxdq Lqwhulru

Jxl}krx Lqwhulru

\xqqdq Lqwhulru

Wlehw Lqwhulru

Vkddq{l Lqwhulru

Jdqvx Lqwhulru

Tlqjkdl Lqwhulru

Qlqj{ld Lqwhulru

[lqmldqj Lqwhulru
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Wdeoh 5= Dyhudjh Dqqxdo Jurzwk Udwhv ri Shu Fdslwd JGS ri Fklqd*v Surylqfhv
Surylqfh Suh0uhirup Uhirup ( Fkdqjh

Shulrg 4<850:; Shulrg 4<:;0<:

Ehlmlqj ;18: :1<4 0:1:3

Wldqmlqj 913: ;186 73186

Khehl 7196 <17: 437187

Vkdq{l 71:6 ;149 :5185

Lqqhu Prqjrold 6157 ;18: 497184

Oldrqlqj :17 :1;; 917<

Mlolq 6175 ;1<6 494144

Khlorqjmldqj 61:6 91:3 :<195

Vkdqjkdl :13< ;168 4:1::

Mldqjvx 51<: 45166 648148

]khmldqj 61: 4615: 58;198

Dqkxl 5179 <155 5:71;3

Ixmldq 714; 45197 53516<

Mldqj{l 517: <169 5:;1<8

Vkdqgrqj 8137 431;6 4471;;

Khqdq 6155 <1:3 534157

Kxehl 7174 <197 44;18<

Kxqdq 61;8 ;154 446158

Jxdqjgrqj 61<7 44184 4<5146

Jxdqj{l 718; ;156 :<19<

Kdlqdq Q2D Q2D

Vlfkxdq 61< <19; 47;153

Jxl}krx 616: ;155 4761<5

\xqqdq 61;6 ;1<< 4671:6

Wlehw Q2D Q2D

Vkddq{l 81:7 ;16: 781;5

Jdqvx 61<: :195 <41<7

Tlqjkdl 9136 81;; 0517<

Qlqj{ld 91:: :154 9183

[lqmldqj 519; ;1<< 568178

Dyhudjh +vwdqgdug huuru, 7183 +4189:, <13< +41:55,
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Wdeoh 6= Vlpxodwlrq Uhvxowv iru Gl�huhqw G|qdplf Sdqho Gdwd Hvwlpdwlruv

Q K Zlwklq GLII0JPP V\V0JPP ROV

433 318 03136:3 317974 318433 31;:69

+3139<:, +3159:7, +314663, +313599,

433 31; 314676 317;77 31;434 31<:<;

+313:59, +31;557, +31494;, +31343:,

433 31< 314<39 315597 31<738 31<<83

+313:58, +31;597, +314897, +313388,

833 318 0313693 317;;: 318354 31;:7;

+313643, +3144:5, +313965, +313447,

833 31; 314697 31:6;9 31:<6< 31<;34

+31365;, +3163;8, +313::<, +31337:,

833 31< 314<63 318<:; 31<376 31<<84

+313663, +31973:, +313<<<, +313358,

Qrwhv= wkh wdeoh uhsruwv phdqv +vwdqgdug ghyldwlrqv, iurp h{shulphqwv zlwk

W@7 dqg 4333 uhsolfdwlrqv1 Wkh prgho lv +�c| ' @� n K+�c|3� n ��c|

zlwk �@oE@�� ' �@oE��c|� ' � dqg lqlwldo frqglwlrqv gudzq iurp wkh

vwdwlrqdu| glvwulexwlrq iru +�c�1 JPP lv wzr0vwhs hvwlpdwruv1

Vrxufh= Eoxqghoo dqg Erqg +4<<;,1
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Wdeoh 7= Furvv0vhfwlrqdo Whvwv iru Xqfrqglwlrqdo Frqyhujhqfh

Ghshqghqw Yduldeoh= oq+� � *? +f
Suh0uhirup Shulrg Uhirup Shulrg

4<860:: 4<:;0<:

d 31:8: 31<<9 518:4W 61:4:W

+31:39, +319;8, +031;3;, +0318;8,

oq +f 031339 031388 031474 031659W

+31446, +31444, +31447, +313;7,

Frdvw 0 314<: 0 31836

+31437, +313<3,

7-2 31334 31389 31388 3187;

Qrwh= Zh kdyh 5; revhuydwlrqv iru doo uhjuhvvlrqv1 Vwdqgdug

huuruv duh lq sduhqwkhvlv1 - ghqrwhv vwdwlvwlfdoo| vljql�fdqw dw wkh 8(

ohyho1 oq +f lv orj ri wkh lqlwldo JGS shu fdslwd lq 4<86

ru 4<:;1 oq|� lv orj ri JGS shu fdslwd lq 4<:: ru 4<<:
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Wdeoh 8= Furvv0vhfwlrqdo Whvwv iru Frqglwlrqdo Frqyhujhqfh

Ghshqghqw Yduldeoh= oq+� � *? +f
Suh0uhirup Shulrg Uhirup Shulrg

4<860:: 4<:;0<:

Frqvwdqw 031949 051877 041493 71<33

+51366, +51656, +71735, +61545,

oq +f 31467 031373 0313<6 0315;6W

+3146:, +3147:, +3145;, +313<7,

oqEU*t � 315<7W 315:4W 03154; 031659W

+31455, +31695, +313;7,

Frdvw 0 314<: 0 31836

+31437, +3148;,

oqE?n } n B� 0316<3 041599

+3195<, +41;96,

7-2 313<89 315<6 3133;4 3186;

Qrwhv= vhh qrwhv iru Wdeoh 6

5:



Wdeoh 9= Sdqho Gdwd Whvwv iru Frqglwlrqdo Frqyhujhqfh ri wkh Suh0uhirup Shulrg 4<860::

+4, +5, +6, +7,

ROV ZJ GLII0JPP V\V0JPP

oq E+|3�� 41357; 316:<: 41378: 31<:<8

+313638, +3145::, +314546, +313876,

oq E?n } n B� 03147;6 03135;6 031688; 313999

+313:;3, +313::4, +314676, +3145<;,

oq EU*C(� � 313467 031435: 316575 0314:57

+3135;4, +313883, +313<89, +313954,

Frqvwdqw 0316553 03136;3 Q2D 3158:3

+315<37, +313679, +Q2D, +316<5:,

Lpsolhg b Q2D 4<16:( Q2D 31747(

Vdujdq
ER3�@,�e�

Whvw 31366 31749

Qrwh= Vwdqgdug huuruv lq eudfnhwv1

5;



Wdeoh := Sdqho Gdwd Whvwv iru Frqglwlrqdo Frqyhujhqfh ri wkh Uhirup Shulrg 4<:;0<:

+4, +5, +6, +7,

ROV ZJ GLII0JPP V\V0JPP

oq E+|3�� 31<<5: 31<376 4135<< 31;<77

+3135:5, +314:98, +313597, +313855,

oq E?n } n B� 0317357 03189:9 0414583 031498:

+315784, +315<74, +3153:8, +318<97,

oq EU*C(� � 0313393 313;99 314744 3145:<

+3138<4, +313::3, +313:8;, +314737,

Frqvwdqw 0318557 0313755 Q2D 31<655

+319364, +313:4;, +419868,

Lpsolhg b 3148( 5134( 4144( 5156(

Vdujdq
ER3�@,�e�

Whvw 31:9< 3158;

Qrwh= Vhh qrwhv iru Wdeoh 91

5<



Wdeoh ;= Sdqho Gdwd Whvwv iru Frqglwlrqdo Frqyhujhqfh zlwk Gl�huhqw Whfkqrorj|

Surjuhvv Udwhv Ehwzhhq wkh Frdvwdo dqg Lqwhulru Surylqfhv

Suh0uhirup Shulrg Uhirup Shulrg

4<860:: 4<:;0<:

V\V0JPP V\V0JPP

*?E+|3�� 31<8:3 31;79:

+3137<9, +313636,

*?E?n } n B� 313:5: 0315<39

+314658, +317;3<,

*?EU*C(� � 0314:68 313456

+313:9<, +3144;6,

U6R,�e_ b 31;:<( 6165;(

`@,_ |er| 31636 31333

Vdujdq Aer| 31874 31496

Qrwh= Vwdqgdug huuruv lq eudfnhwv1 Wkh �jxuh uhsruwhg iru wkh Zdog whvw lv

wkh s0ydoxh ri wkh qxoo k|srwkhvlv ri mrlqw lqvljql�fdqfh ri wkh frdvw gxpp|

lqwhudfwhg zlwk wlph gxpp|1 Wkh �jxuh uhsruwhg iru wkh Vdujdq whvw lv

wkh s0ydoxh ri wkh qxoo k|srwkhvlv ri ydolg lqvwuxphqwv1

63
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1DWLRQDO

,QWHULRU

Iljxuh 4= Orj JGS shu fdslwd ri Qdwlrqdo/ Frdvwdo Surylqfhv dqg Lqwhulru Surylqfhv

4<850<:
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6KDQJKDL

+HLORQJMLDQJ

4LQJKDL

)LYH�GUDJRQV

Iljxuh 5= Ilyh Gudjrqv/ Khlorqjmldqj dqg Tlqjkdl Frpsdulqj zlwk Vkdqjkdl lq whupv ri

Shu Fdslwd JGS
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,QWHULRU H[ +HORQJMLDQJ DQG

4LQJKDL

6KDQJKDL

7LDQMLQ

+HEHL

/LDRQLQJ

Iljxuh 6= Orj JGS shu fdslwd ri Irxu Frdvwdo Surylqfhv +Khehl/ Oldrqlqj/ Wldqmlqj dqg

Vkdqjkdl, dqg 4: Lqwhulru Surylqfhv H{foxglqj Khlorqjmldqj dqg Tlqjkdl
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0HDQ FRDVW

+HEHL

Iljxuh 7= Orj JGS shu fdslwd ri wkh Ulfkhvw +Ehlmlqj,/ wkh Srruhvw +Jxl}krx, dqg Phdq

ri Lqwhulru Surylqfhv ri Fklqd 4<850<:
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*XL]KRX

Iljxuh 8= Orj JGS shu fdslwd ri wkh Ulfkhvw +Ehlmlqj,/ wkh Srruhvw +Jxl}krx, dqg Phdq

ri Lqwhulru Surylqfhv ri Fklqd 4<850<:
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