
Jurzwk h�hfwv ri lq dwlrq lq Hxursh= Krz orz lv wrr

orz/ krz kljk lv wrr kljkB�

Mhvýv Fuhvsr Fxduhvpd
�

Pduld Dqwrlqhwwh Vlojrqhu
�

Rfwrehu 63/ 5336

Devwudfw

Wklv sdshu uhdvvhvvhv wkh lpsdfw ri lq dwlrq rq orqj0whup jurzwk iru d sdqho ri 47
HX frxqwulhv1 Zkloh suhylrxv uhvhdufk irfxvhv rq d olqhdu qh{xv ru doorzv iru d slhfhzlvh
olqhdu uhodwlrqvkls zlwk rqh vlqjoh wkuhvkrog zh wdnh dffrxqw ri d pruh frpsoh{ uhod0
wlrqvkls1 Zh xvh d wkhruhwlfdo iudphzrun wkdw doorzv iru dq h{solflw glvwlqfwlrq ehwzhhq
ohyho dqg jurzwk h�hfwv ri lq dwlrq1 Wkh hpslulfdo hvwlpdwhv frq�up wkh wkhru|0edvhg
k|srwkhvlv wkdw wkh uhodwlrqvkls ehwzhhq lq dwlrq dqg jurzwk lv srvlwlyh iru yhu| orz
lq dwlrq udwhv +l1h1 ehorz dq hvwlpdwh ri 419(,/ lqvljql�fdqw wkhuhdiwhu dqg qhjdwlyh
iru kljk/ wzr0gljlw lq dwlrq ohyhov1 Zkloh wkh jurzwk h�hfw prgho h{sodlqv wkh gdwd
pdujlqdoo| ehwwhu wkhq wkh ohyho h�hfw/ qrq0qhvwhg prgho whvwlqj grhv qrw jlyh hylghqfh
ri wkh vxshulrulw| ri rqh ri wkh wzr h{sodqdwlrqv ri wkh qdwxuh ri wkh lq dwlrq0jurzwk
olqn1

MHO fodvvl�fdwlrq= H64/ R73/ R85

Nh|zrugv= Lq dwlrq/ hfrqrplf jurzwk/ jurzwk dqg ohyho h�hfw/ Hxurshdq Xqlrq1
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4 Lqwurgxfwlrq

Wrgd| wkhuh vhhp wr eh vrph idfwv derxw lq dwlrq wkdw prvw hfrqrplvwv dqg srolwlfldqv
zrxog dffhsw zlwkrxw ixuwkhu dujxlqj= +d, Yhu| kljk lq dwlrq udwhv duh edg iru hfrqrplf
jurzwk1 +e, Gh dwlrq/ gh�qhg dv d frqwlqxrxv idoo ri wkh ryhudoo sulfh ohyho ryhu d vxvwdlqhg
shulrg ri wlph/ fdq eh kdupixo iru wkh hfrqrp|1 +f, Ehwzhhq wkhvh wzr h{wuhph fdvhv wkhuh lv
vrphwklqj olnh dq rswlpdo ohyho ru dq rswlpdo udqjh ri lq dwlrq1 +g, Dq lqghshqghqw fhqwudo
edqn wrjhwkhu zlwk d fohdu pdqgdwh wr pdlqwdlq sulfh vwdelolw| lv frpprqo| dffhswhg dv
ehvw vxlwhg wr nhhs lq dwlrq zlwklq wklv rswlpdo udqjh ri lq dwlrq1

Dv d frqvhtxhqfh doprvw doo lqghshqghqw fhqwudo edqnv sxuvxh hlwkhu gluhfw lq dwlrq wdu0
jhwlqj ru kdyh dq h{solflw gh�qlwlrq ri sulfh vwdelolw| dv d fhqwudo sduw ri wkhlu prqhwdu|
srolf| vwudwhj|1 Wkh pdqgdwh iru Hxurshdq Fhqwudo Edqn iru h{dpsoh lv gh�qhg lq Duwlfoh
438+4, ri wkh Wuhdw| dv= �Wkh sulpdu| remhfwlyh ri wkh ^Hxurv|vwhp` vkdoo eh wr pdlqwdlq
sulfh vwdelolw|�1 Wkh HFE vshfl�hg wkdw �sulfh vwdelolw| vkdoo eh gh�qhg dv d |hdu0rq0|hdu
lqfuhdvh lq wkh KLFS iru wkh hxur duhd ri ehorz 5(1 Sulfh vwdelolw| lv wr eh pdlqwdlqhg
ryhu wkh phglxp whup1� Lq lwv suhvv vwdwhphqw ri Pd| 4;/ 5336 wkh HFE uhirupxodwhg wklv
gh�qlwlrq lq rughu wr h{solflwo| wdnh dffrxqw ri wkh ulvnv ri gh dwlrq= �1 1 1 dlp wr pdlqwdlq
lq dwlrq udwhv forvh wr 5( ryhu wkh phglxp whup1�

Gluhfw lq dwlrq wdujhwv ru gh�qlwlrqv ri sulfh vwdelolw| ydu| lq wkh wdujhwhg phdvxuh ri lq0
 dwlrq/ lq wkh wlph krul}rq wr dfklhyh wkh jrdo dqg lq wkh h{solflw irupxodwlrq ri wkh wdujhw
+srlqw wdujhw ru udqjh ri ghvluhg lq dwlrq/ v|pphwulf ru dv|pphwulf gh�qlwlrq,1 Vlqfh 4<<5
wkh Edqn ri Hqjodqg sxuvxhv gluhfw lq dwlrq wdujhwlqj zlwk d v|pphwulf wdujhw ri 518( iru
dq xqghuo|lqj lq dwlrq udwh h{foxglqj pruwjdjh lqwhuhvw sd|phqwv +USL[,1 Vzhghq dlpv
vlqfh 4<<6 dw nhhslqj frqvxphu sulfh lq dwlrq zlwklq d edqg ri 406(1 Wkh Edqn ri Fdqdgd
dlpv dw nhhslqj khdgolqh lq dwlrq dw wkh 5( wdujhw/ wkh plgsrlqw ri wkh 4( wr 6( lq dwlrq0
frqwuro wdujhw udqjh1 Vlploduo| wkh Uhvhuyh Edqn ri Qhz ]hdodqg vlqfh 5335 gh�qhv sulfh
vwdelolw| dv dqqxdo lqfuhdvhv lq wkh FSL ri ehwzhhq 4( dqg 6( rq dyhudjh ryhu wkh phglxp
whup> sulru wr 5335/ sulfh vwdelolw| zdv ghhphg wr eh 3( wr 6(1 Rwkhu h{dpsohv fdq eh
hdvlo| irxqg1

Zkloh wkh h{dfw gh�qlwlrq ri sulfh vwdelolw| ydulhv frqvlghudeo| iurp frxqwu| wr frxqwu|/
wkh| doo �w yhu| zhoo zlwklq wkh slfwxuh jlyhq e| wkh lqlwdo irxu sursrvlwlrqv= Fhqwudo edqnv
vkrxog dlp dw dyrlglqj wrr kljk dv zhoo dv wrr orz lq dwlrq udwhv1 Wkh wdujhwhg lq dwlrq
edqgv ru srlqw wdujhwv ixuwkhupruh uhpdlq zlwklq d idluo| qduurz udqjh ehwzhhq 4 dqg 6
shufhqw1 Reylrxvo| lw lv frpprq xqghuvwdqglqj wkdw nhhslqj lq dwlrq zlwklq wklv udqjh
lv ehvw vxlwhg wr dyrlg vxvwdlqhg shulrgv ri gh dwlrq dv zhoo dv wkh hphujhqfh ri h{fhvvlyh
lq dwlrq udwhv1

Wkh sxusrvh ri wklv sdshu lv wr uhdvvhvv wkh lpsdfw ri lq dwlrq rq orqj0whup jurzwk sxwwlqj
vshfldo hpskdvlv rq wkh wkhruhwlfdo dujxphqwv wkdw srlqw dw wkh jurzwk kduplqj h�hfwv
ri yhu| kljk dv zhoo dv yhu| orz +ru qhjdwlyh, lq dwlrq udwhv1 Lw lv wkhvh nlqg ri dujxphqwv
wkdw fdq eh frqvlghuhg dv wkh edvlv iru dq| gh�qlwlrq ri dq rswlpdo udqjh ru ohyho ri lq dwlrq1

Reylrxvo| wkh udwlrqdoh ehklqg h{solflw lq dwlrq wdujhwv ru gh�qlwlrqv ri sulfh vwdelolw| fdq
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eh pdqlirog/ wkh jurzwk dvshfw ehlqj rqo| rqh ri pdq| srvvleoh remhfwlyhv1 Wkh �Srolf|
Wdujhwv Djuhhphqw 5335� ri wkh Uhvhuyh Edqn ri Qhz ]hdodqg iru h{dpsoh vshfl�hv= �Wkh
remhfwlyh ri wkh Jryhuqphqw*v hfrqrplf srolf| lv wr surprwh vxvwdlqdeoh dqg edodqfhg hfr0
qrplf ghyhorsphqw lq rughu wr fuhdwh ixoo hpsor|phqw/ kljkhu uhdo lqfrphv dqg d pruh
htxlwdeoh glvwulexwlrq ri lqfrphv1 Sulfh vwdelolw| sod|v dq lpsruwdqw sduw lq vxssruwlqj wkh
dfklhyhphqw ri zlghu hfrqrplf dqg vrfldo remhfwlyhv1� Dvvhvvlqj wkh ydolglw| ri vshfl�f lq0
 dwlrq wdujhwv sxuho| rq jurxqgv ri jurzwk dvshfwv lv wkhuhiruh fhuwdlqo| rqo| d sduwldo dqg
ryhuvlpsolvwlf dssurdfk1 Lw lv/ krzhyhu/ d frpprq fkdudfwhulvwlf ri doo fhqwudo edqn vwudwhjlhv
wkdw wkh prvw jhqhudo remhfwlyh lv wr vxssruw wkh fuhdwlrq ri d idyrxudeoh hfrqrplf hqyl0
urqphqw iru zklfk d vxvwdlqdeoh sdwk ri kljk dqg vxvwdlqdeoh jurzwk lv fhuwdlqo| d fhqwudo
suhfrqglwlrq1 Zh wkhuhiruh eholhyh wkdw dq hpslulfdo lqyhvwljdwlrq ri wkh lq dwlrq0jurzwk
qh{xv lv ri kljk lpsruwdqfh iru prqhwdu| srolf| hyhq wkrxjk wkh frpsoh{lw| ri fhqwudo edqn
vwudwhjlhv grhv qrw doorz iru h{solflw frqfoxvlrqv rq wkh prvw dssursuldwh qxphulfdo gh�ql0
wlrq ri sulfh vwdelolw|1

Wkh h{lvwlqj hpslulfdo olwhudwxuh rq wkh uhodwlrqvkls ehwzhhq lq dwlrq dqg orqj0whup jurzwk
lv pdqlirog dqg ydulhv frqvlghudeo| zlwk uhvshfw wr wkh wkhruhwlfdo irxqgdwlrq ru wkh hfrqr0
phwulf vshfl�fdwlrq1 Vwduwlqj iurp vlpsoh olqhdu prghov wkh irfxv vkliwhg lq uhfhqw |hduv
wrzdugv qrqolqhdu vshfl�fdwlrqv/ dfnqrzohgjlqj wkh pruh frpsoh{ qdwxuh ri wkh qh{xv1 Vhf0
wlrq 5 surylghv dq h{whqvlyh ryhuylhz rq wkh wkhruhwlfdo dujxphqwv dv zhoo dv wkh h{lvwlqj
hpslulfdo olwhudwxuh1 Wklv sdshu uhdvvhvvhv wkh h�hfwv ri lq dwlrq rq jurzwk lq wkh oljkw ri
srvvleoh qrq0olqhdulwlhv xvlqj gdwd iurp irxuwhhq Hxurshdq frxqwulhv1 Dv frpsduhg wr wkh
suhylrxv olwhudwxuh rxu vwxg| ghyldwhv lq vhyhudo vxevwdqwldo uhvshfwv1

Zkloh prvw vwxglhv rq wkh lq dwlrq0jurzwk qh{xv edvh wkhlu hvwlpdwlrq rq dg krf uhjuhvvlrqv/
zh h{solflwo| pdnh xvh ri d ixoo| vshfl�hg wkhruhwlfdo iudphzrun1 Wklv dssurdfk uhvsrqgv
wr wkh frpprq fulwlflvp ylv0ã0ylv d vrphzkdw duelwudu| fkrlfh ri h{sodqdwru| idfwruv iru
jurzwk1 Lw lv hvshfldoo| uhohydqw dv Ohylqh dqg Uhqhow +4<<5,/ Ohylqh dqg ]huyrv +4<<6, dqg
Vdod0l0Pduwlq +4<<:,/ iru olqhdu prghov/ dqg Fuhvsr Fxduhvpd +5335,/ iru qrq0olqhdu prg0
hov/ irxqg wkh furvv0vhfwlrq lq dwlrq0jurzwk uhodwlrqvkls wr eh h{fhswlrqdoo| iudjloh1 Edvlqj
rxu hvwlpdwlrq rq d wkhruhwlfdo iudphzrun wkhuhiruh uhgxfhv wkh ulvn wkdw wkh uhvxowv uh hfw
gdwd0plqlqj1

Zkloh hduolhu vwxglhv xvxdoo| doorz iru d vlqjoh euhdnsrlqw lq wkh jurzwk0lq dwlrq qh{xv wklv
dsshduv wr xv wr eh dq ryhuvlpsol�fdwlrq ri wkh vwru|1 Edvhg rq wkh wkhruhwlfdo dujxphqwv
vxppdul}hg lq Vhfwlrq 5 rqh frxog h{shfw d sduderolf ru wudsh}rlg vkdsh ri wkh fxuyh= d srv0
lwlyh olqn iru gh dwlrq dqg yhu| orz ohyhov ri lq dwlrq/ dq lqvljql�fdqw uhodwlrqvkls wkhuhdiwhu/
iroorzhg e| d qhjdwlyh lpsdfw ri lq dwlrq rq jurzwk iru h{fhvvlyho| kljk lq dwlrq1 Lq rughu
wr whvw iru wklv k|srwkhvlv zh zloo wkxv doorz iru pruh wkdq rqh euhdnsrlqw lq wkh uhodwlrqvkls1

Xvxdoo| vwxglhv devwudfw iurp wkh txhvwlrq/ zkhwkhu wkh lpsdfw ri lq dwlrq rq jurzwk wdnhv
wkh irup ri d ohyho ru d jurzwk h�hfw1 D qhjdwlyh jurzwk h�hfw lpsolhv wkdw d shupdqhqwo|
kljkhu udwh ri lq dwlrq grhv dovr shupdqhqwo| gdpshq jurzwk1 D ohyho h�hfw/ rq wkh rwkhu
kdqg/ kdupv jurzwk gxulqj d wudqvlwlrq shulrg zkloh vwhdg| vwdwh jurzwk lv ohiw xqd�hfwhg1
Wkh lpsolfdwlrqv lq whupv ri lqwhusuhwdwlrq duh ixqgdphqwdoo| gl�huhqw1 Zh zloo wkhuhiruh
h{solflwo| wdnh wklv lvvxh lqwr dffrxqw dqg whvw iru wkh h{lvwhqfh ri ohyho dqg jurzwk h�hfwv
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rq orqj0whup jurzwk1

Wkh sdshu lv rujdql}hg dv iroorzv= Vhflrq 5 surylghv dq h{whqvlyh ryhuylhz rq wkh wkhruhwlfdo
dujxphqwv dv zhoo dv wkh h{lvwlqj hpslulfdo olwhudwxuh rq wkh lq dwlrq0jurzwk uhodwlrqvkls1
Vhfwlrq 6 suhvhqwv wkh wkhruhwlfdo iudphzrun1 Vhfwlrq 7 uhsruwv derxw wkh hpslulfdo lpsoh0
phqwdwlrq ri wkh prgho/ vwduwlqj zlwk d olqhdu iudphzrun dqg doorzlqj wkhq iru qrq0olqhdu
h�hfwv ri gl�huhqw irup +txdgudwlf vshfl�fdwlrq dqg d vsolqh prgho,1 Vhfwlrq 716 hoderudwhv
rq wkh jurzwk yhuvxv ohyho h�hfw lvvxh lq pruh ghwdlo1 Vhfwlrq 8 frqfoxghv dqg jlyh vrph
srolf| lpsolfdwlrqv1 Ghwdlov rq wkh gdwd fdq eh irxqg lq wkh Dqqh{1

5 Wkh wkhru| dqg hpslulfv ri wkh lq dwlrq0jurzwk qh{xv

Iurp wkh wkhruhwlfdo srlqw ri ylhz rqh kdv wr glvwlqjxlvk ehwzhhq wkh vkruw uxq dqg wkh
orqj uxq olqn ehwzhhq lq dwlrq dqg jurzwk1 Lq wkh vkruw uxq idvwhu hfrqrplf jurzwk pd|
eh dvvrfldwhg zlwk pruh udslg lq dwlrq zkhq djjuhjdwh ghpdqg h{fhhgv djjuhjdwh vxsso|
dqg rxwsxw fdqqrw ixoo| dgmxvw1 Lq rughu wr pdlqwdlq sulfh vwdelolw|/ fhqwudo edqnv fdq wkhq
xvh prqhwdu| srolf| lqvwuxphqwv wr fxue djjuhjdwh ghpdqg1 Vkruw0whup lq dwlrq g|qdplfv
duh wkhuhiruh prvwo| dvvrfldwhg zlwk wkh ghpdqg vlgh ri wkh hfrqrp|1

Lq wkh orqj0uxq/ krzhyhu/ d vljql�fdqw lq xhqfh ri lq dwlrq rq jurzwk iru kljk ohyhov ri lq d0
wlrq zloo prvw suredeo| eh uhodwhg wr vxsso| vlgh h�hfwv/ pruh vshfl�fdoo| wr plvdoorfdwlrqv
ri uhvrxufhv wkdw glvwruw lqyhvwphqw dqg frqvxpswlrq1 Frpprq dujxphqwv xvxdoo| uhihu wr
hlwkhu wkh dyhudjh udwh ri lq dwlrq ru wr wkh yduldelolw| dqg xqfhuwdlqw| ri lq dwlrq= phqx
frvwv/ vhdufk frvwv/ wudqvdfwlrq frvwv gxh wr wkh ghfolqlqj lqirupdwlrq ydoxh ri sulfhv/ wkh
frvwv ri hfrqrpl}lqj rq kroglqjv ri qrq0lqwhuhvw0ehdulqj prqh|/ wkh vrfldo frvwv ri lqfuhdvhg
xqfhuwdlqw|/ wkh ylflrxv f|foh ri d zdjh0sulfh vsludo hwf1 Yhu| kljk lq dwlrq udwhv whqg wr eh
dovr pruh yrodwloh/ pdnlqj wkh uhdo uhwxuqv rq lqyhvwphqwv kdughu wr iruhfdvw zlwk vxevhtxhqw
frqvhtxhqfhv iru vdylqjv dqg lqyhvwphqw ghflvlrqv1 Zlwk lq dwlrq lqfuhdvlqj hyhq ixuwkhu
wkh zlghvsuhdg wudqvlwlrq wr lqgh{dwlrq v|vwhpv pdnhv ixwxuh glvlq dwlrq pruh gl!fxow1 Dw
vrph srlqw/ �qdoo|/ prqh| pd| orvh lwv uroh dv phglxp ri h{fkdqjh dqg vwruh ri ydoxh1 ¤
Zkloh kljk lq dwlrq lv reylrxvo| dvvrfldwhg zlwk frqvlghudeoh frvwv dqg ulvnv/ gh dwlrq fdq
eh dw ohdvw dv gdqjhurxv1 Wkh prvw frpprq dujxphqw uhihuv wr lq dwlrq dv wkh �juhdvh ri
wkh hfrqrp|�1 Xqghu zdjh dqg sulfh uljlglwlhv rqo| d fhuwdlq ohyho ri lq dwlrq jxdudqwhhv
d vprrwk dgmxvwphqw ri uhodwlyh sulfhv1 Wkh rwkhu ulvn dvvrfldwhg zlwk vxvwdlqhg shulrgv ri
gh dwlrq lv nqrzq xqghu �wkh }hur orzhu erxqg frqvwudlqw�= Li gh dwlrq rffxuv zkloh wkh
hfrqrp| lv lq d uhfhvvlrq prqhwdu| dxwkrulwlhv pd| �qg wkhpvhoyhv lq d vlwxdwlrq zkhuh
wkh nh| lqwhuhvw udwhv duh +doprvw, }hur zkloh uhdo lqwhuhvw udwhv duh vwloo srvlwlyh1 Lq vxfk
d vlwxdwlrq wkh prvw srzhuixo prqhwdu| srolf| lqvwuxphqw kdv orvw lwv srzhu1 Ilqglqj wkh
dssursuldwh pl{ ri wkh rwkhu dydlodeoh prqhwdu| dqg hfrqrplf lqvwuxphqwv lv d wulfn| wdvn/
dv wkh h{shulhqfh ri Mdsdq ryhu wkh odvw ghfdgh vkrzhg1

Wr wkh h{whqw wkdw d yhu| orz lq dwlrq ohyho lv dvvrfldwhg zlwk dq lqfuhdvhg ulvn ri vxevhtxhqw
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gh dwlrqdu| shulrgv rqh frxog wkhuhiruh h{shfw d srvlwlyh uhodwlrqvkls ehwzhhq lq dwlrq dqg
jurzwk dovr iru srvlwlyh/ exw vpdoo lqfuhdvhv lq wkh sulfh ohyho1 Exw wkhuh duh dw ohdvw wzr
pruh dujxphqwv srlqwlqj dw d srvlwlyh jurzwk0lq dwlrq olqn iru uhodwlyho| orz lq dwlrq ohyhov1
Wkh Pxqghoo0Wrelq h�hfw ghvfulehv d vlwxdwlrq zkhq lqfuhdvhv lq lq dwlrq irufh djhqwv wr
vkliw wkhlu sruwirolr doorfdwlrq dzd| iurp kroglqjv ri uhdo edodqfhv dqg lqwr fdslwdo lqyhvw0
phqw/ ohdglqj wkhuhe| wr kljkhu ohyhov ri hfrqrplf dfwlylw|1 Vwrfnpdqq +4<;4,/ rq wkh rwkhu
kdqg/ dgydqfhv prghov zkhuh prqh| dqg fdslwdo duh frqvlghuhg dv frpsohphqwv1

Vxppdul}lqj wkhvh wkhruhwlfdo dujxphqwv rqh frxog h{shfw d srvlwlyh lpsdfw ri lq dwlrq
rq jurzwk iru orzhu ohyhov ri lq dwlrq/ iroorzhg e| d �juh| duhd� zlwk qr vljql�fdqw h�hfw
zkdwvrhyhu1 Iru h{fhvvlyh lq dwlrq wkh h�hfw fdq eh h{shfwhg wr eh vljql�fdqwo| qhjdwlyh1 D
orrn dw wkh hpslulfdo olwhudwxuh uhyhdov wkdw wkh hylghqfh iru wkhvh k|srwkhvhv kdv xqghujrqh
vhyhudo skdvhv zlwk vljql�fdqw fkdqjhv1

Gxulqj wkh 83v dqg 93v/ zkhq shulrgv ri h{fhvvlyh lq dwlrq zkhuh edvlfdoo| xqnqrzq zlwklq
wkh jurxs ri lqgxvwuldol}hg frxqwulhv/ hpslulfdo whvwv rq wkh jurzwk kdpshulqj lpsdfw ri
lq dwlrq whqghg wr idlo wr vkrz dq| fohdu0fxw h�hfw1 Wkh uhodwlrqvkls ehwzhhq orqj0whup
jurzwk dqg lq dwlrq zdv irxqg wr eh lqvljql�fdqw/ lq vrph fdvhv hyhq srvlwlyh +vhh/ h1j1
Zdl/ 4<8</ Ekdwld/ 4<93/ ru Gruudqfh/ 4<99,1 Zlwk wkh wzr �uvw rlo sulfh vkrfnv dqg wkh
hphujhqfh ri vhyhuh shulrgv ri kljk dqg shuvlvwhqw lq dwlrq udwhv lq pdq| frxqwulhv wkh
hylghqfh vkliwhg1 Wkh h�hfw zdv qrz xvxdoo| irxqg wr eh vljql�fdqwo| qhjdwlyh/ dowkrxjk
kljko| ghshqghqw rq wkh lqfoxvlrq ri srvw04<:3 dqg wkhuhiruh kljk lq dwlrq revhuydwlrqv1 §
Lw zdv rqo| lq wkh vhfrqg kdoi ri wkh <3v wkdw wkh irfxv lqfuhdvlqjo| vkliwhg wr wkh lvvxh
ri srvvleoh qrq0olqhdulwlhv lq wkh jurzwk0lq dwlrq qh{xv1 Dfnqrzohgjlqj wkh h{lvwhqfh ri d
vwuxfwxudo euhdn lq wkh uhodwlrqvkls frxog h{sodlq wkh odfn ri hylghqfh iru d vljql�fdqw qhj0
dwlyh h�hfw lq hduolhu ghfdghv gxh wr wkh odfn ri hslvrghv zlwk kljk lq dwlrq1 Glvuhjduglqj
wklv euhdn ixuwkhupruh lpsolhv dq xqghuhvwlpdwlrq ri wkh jurzwk kdpshulqj h�hfw ri yhu|
kljk lq dwlrq ohyhov1 Dq hvwlpdwhg euhdnsrlqw lq wkh jurzwk0lq dwlrq qh{xv �qdoo| vxjjhvwv
d vshfl�f srolf| dgylfh/ qdpho| wr nhhs lq dwlrq ehorz wkh ohyho zkhuh wkh euhdnsrlqw wdnhv
sodfh1 Ru/ vwdwhg wkh rwkhu zd| urxqg= Hyhu| h{solflw lq dwlrq wdujhw lpsolflwo| dvvxphv d
qrqolqhdu uhodwlrq ehwzhhq lq dwlrq dqg wkh hfrqrplf shuirupdqfh1

Vxppdul}lqj wkh uhfhqw olwhudwxuh uhyhdov wzr pdmru �qglqjv= +d, Wkh qrq0olqhdulwlhv lq wkh
h�hfw ri lq dwlrq rq orqj0whup jurzwk duh qrz zlgho| dfnqrzohgjhg1 +e, Wkh hvwlpdwhv
ri wkh rswlpdo ohyho ri lq dwlrq ydu| frqvlghudeo| ehwzhhq vwxglhv1 Wr looxvwudwh wklv odvw
srlqw frqvlghu wkh iroorzlqj olwhudwxuh ryhuylhz +lq fkurqrorjlfdo rughu,= Vduho +4<<9,/ xvlqj
d sdqho ri ;: frxqwulhv iru wkh shulrg 4<:30<3/ �qgv wkdw lq dwlrq udwhv ehorz ;( gr qrw
kdyh dq| ru hyhq d voljkwo| srvlwlyh h�hfw rq jurzwk> deryh ;( wkh h�hfw lv irxqg wr eh
qhjdwlyh/ vljql�fdqw dqg urexvw1 Jrvk dqg Skloolsv +4<<;,/ xvlqj d orqjhu gdwd vdpsoh dqg
pruh frxqwulhv/ �qg d vxevwdqwldoo| orzhu wkuhvkrog dw 518(1 Euxqr dqg Hdvwhuo| +4<<;, �qg
d qhjdwlyh uhodwlrqvkls ehwzhhq lq dwlrq dqg jurzwk rqo| iru kljk0iuhtxhqf| gdwd dqg rqo|
¨ ¦ ���3	Z����
�	�� * ���F��
�����7�����
���� �0���"* 	�
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�� ,-	�
�� ��������� � �.
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iru lq dwlrq udwhv deryh 73(/ wkhlu orzhu erxqg gh�qlwlrq ri dq lq dwlrq fulvlv1 Fkulvwri0
ihuvhq dqg Gr|oh +4<<;, hvwlpdwh iru d vhw ri wudqvlwlrq hfrqrplhv d wkuhvkrog ohyho ri 46(1

Zlwk wkh ghyhorsphqw ri pruh vrsklvwlfdwhg hfrqrphwulf whfkqltxhv/ wkh euhdnsrlqwv/ lq
hduolhu vwxglhv �{hg pruh ru ohvv rq dq dg krf edvlv/ fdq qrz h{solflwo| eh hvwlpdwhg1 Nkdq
dqg Vhqkdgml +5334, xvh d sdqho ri 473 frxqwulhv dqg 6< |hduv ri gdwd1 Dsso|lqj wkh wkuhvk0
rog sdqho gdwd hvwlpdwlrq whfkqltxh +edvhg rq wkh phwkrgrorj| ghyhorshg e| Kdqvhq/ 4<<<,
wkh| hvwlpdwh wkh wkuhvkrog ohyho eh|rqg zklfk wkh qhjdwlyh lpsdfw ri lq dwlrq rq jurzwk
lv vljql�fdqw dw 406( iru lqgxvwuldo frxqwulhv dqg dw 44045( iru ghyhorslqj frxqwulhv1 Ehorz
wkh wkuhvkrogv wkh uhodwlrqvkls lv srvlwlyh dqg rqo| vljql�fdqw iru wkh lqgxvwuldo frxqwulhv1
Wkh kljkhu hvwlpdwhv iru ghyhorslqj frxqwulhv duh sduwldoo| h{sodlqhg e| wkh zlghvsuhdg xvh
ri lqgh{dwlrq v|vwhpv wkdw uhgxfh wkh dgyhuvh h�hfwv ri lq dwlrq1 Xvlqj d vprrwk wudqvlwlrq
prgho iru d vhw ri 48 HX frxqwulhv Wvlrqdv dqg Fkulvwrsrxorv +5336, �qg d qhjdwlyh uhodwlrq
ehwzhhq lq dwlrq dqg jurzwk ehorz dqg deryh dq hvwlpdwhg wkuhvkrog ri 716(> wkh h�hfw lv/
krzhyhu/ wkuhh wlphv dv odujh lq wkh kljkhu lq dwlrq uhjlph1

Vxppdul}lqj wklv hylghqfh lw vhhpv wr eh d frpprq �qglqj wkdw d urexvw qhjdwlyh lpsdfw ri
lq dwlrq rq jurzwk fdq rqo| eh irxqg iru lq dwlrq ohyhov wkdw vljql�fdqwo| h{fhhg wkh prvw
frpprq gh�qlwlrqv ri sulfh vwdelolw|/ dv irupdol}hg lq prqhwdu| srolf| vwudwhjlhv zruogzlgh1
Iru yhu| orz ohyhov ri lq dwlrq ru hyhq gh dwlrq prvw vwxglhv idlo wr vkrz dq| vljql�fdqw
lpsdfw1 Wklv frxog eh lqwhusuhwhg dv hylghqfh iru d yhu| zlgh udqjh ri lq dwlrq udwhv wkdw
duh frpsdwleoh zlwk vxvwdlqhg jurzwk survshfwv1 Lw frxog/ krzhyhu/ dovr eh vhhq vlpso| dv
ehlqj gxh wr wkh idfw wkdw d vx!flhqw dprxqw ri orz lq dwlrq gdwd lv qrw dydlodeoh1 Ilvfkhu
hw do1 +5335, iru h{dpsoh frpphqw= �Zh �qg lw txlwh sodxvleoh wr eholhyh wkdw gh dwlrq lv
edg iru jurzwk/ dqg wkxv zrxog qrw eh vxusulvhg li ixuwkhu uhvhdufk vkrzhg wkdw lq dwlrq
dqg jurzwk duh srvlwlyho| uhodwhg iru h{wuhpho| orz dqg qhjdwlyh lq dwlrq udwhv/ iru h{dpsoh
xs wr 5 shufhqw shu dqqxp1� D pruh vrsklvwlfdwhg prgho vhwwlqj lq frpelqdwlrq zlwk qhz
hfrqrphwulf whfkqltxhv pd|/ krzhyhu/ doorz wr uhfrqvlghu wklv lvvxh1

6 Wkh wkhruhwlfdo iudphzrun

Wklv vhfwlrq suhvhqwv d kxpdq fdslwdo0dxjphqwhg Vrorz prgho +Vrorz/ 4<89, zkhuh lq d0
wlrq lv dvvxphg wr kdyh dq h�hfw rq wkh ohyho ri surgxfwlylw| ri wkh hfrqrp|1 Lq vslwh ri
lwv vlpsolflw|/ wkh srzhu ri wkh Vrorz prgho lq h{sodlqlqj wkh srvw0zdu jurzwk h{shulhqfh
lq erwk ghyhorshg dqg ghyhorslqj frxqwulhv lv zlgho| grfxphqwhg lq wkh olwhudwxuh ghdolqj
zlwk wkh hpslulfv ri hfrqrplf jurzwk +vhh Pdqnlz hw do/ 4<<5/ iru lqvwdqfh,1

Zh zloo frqvlghu d vlpsoh kxpdq fdslwdo0dxjphqwhg Vrorz prgho zlwk d surgxfwlrq ixqfwlrq
dv lq Kdoo dqg Mrqhv +4<<<,1 Wkh surgxfwlrq ixqfwlrq lv jlyhq e|

\ +w, @ N+w, ­ ^D+w,K+w,` ®"¯ ­ >

zkhuh N+w, lv wkh vwrfn ri sk|vlfdo fdslwdo/ K+w, ghqrwhv wkh kxpdq fdslwdo0dxjphqwhg
oderxu irufh dqg D+w, lv d phdvxuh ri oderxu0dxjphqwlqj surgxfwlylw|1 Wkh phdvxuh ri
kxpdq fdslwdo dxjphqwhg oderxu lv jlyhq e|

K+w, @ J+H+w,,O+w,>
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zkhuh J+H+w,, lv d ixqfwlrq pdsslqj |hduv ri hgxfdwlrq +H+w,, wr kxpdq fdslwdo vwrfn shu
zrunhu1 Iroorzlqj Kdoo dqg Mrqhv +4<<<,/ ohw J+H+w,, eh jlyhq e| °

J+H+w,, @ h{s ^�H+w,` >

iru � A 31 Frqvlghu d vshfl�fdwlrq ri D+w,/ zkhuh lq dwlrq pd| d�hfw wkh ohyho dqg wkh
jurzwk udwh ri surgxfwlylw|/

D+w> �+w,, @ D+3, h{s i�+�+w,, . ^j . �+�+w,,`wj > +4,

zkhuh j A 3 lv d wkh jurzwk ri whfkqrorj| dw }hur lq dwlrq dqg �+�, dqg �+�, duh duelwudu|
erxqghg ixqfwlrqv1 Wklv vshfl�fdwlrq qhvwv wkrvh ri Fr}lhu dqg Vhorg| +4<<7, +fruuhvsrqg0
lqj wr �+�+w,> � ± +w,, @ � ® �+w, . � ² � ± +w,/ zkhuh � ± +w, lv wkh yrodwlolw| ri lq dwlrq/ dqg
�+�+w,, @ 3,/ Prwoh| +4<<;, +iru �+�+w,, @ !�+w, dqg �+�+w,, @ 3, dqg Dqguìv dqg Khu0
qdqgr +4<<:, +xvlqj erwk vhfl�fdwlrqv deryh,1

Dvvxph dv lq wkh xvxdo wh{werrn Vrorz prgho wkdw wkh g|qdplfv ri sk|vlfdo fdslwdo duh
jlyhq e|

bN+w, @ v\ +w, � �N+w,>

zkhuh v 5 +3> 4, lv wkh +frqvwdqw, iudfwlrq ri rxwsxw ghyrwhg wr lqyhvwphqw dqg � lv wkh
ghsuhfldwlrq udwh ri sk|vlfdo fdslwdo1 Wkh htxloleulxp ohyho ri sk|vlfdo fdslwdo shu xqlw ri
h�hfwlyh oderxu +n+w, @ N+w,@+D+w,K+w,,, iru wkh prgho ghvfulehg deryh lv jlyhq e|

n ³ @

�

v

q . bD+w> �+w,,@D+w> �+w,, . �

� ® ´�µ ®"¯ ­8¶
=

D �{hg orqj0uxq ohyho ri lq dwlrq � ³ zloo eh dvvxphg/ vr wkdw wkh htxloleulxp fdq eh zulwwhq
dv

n ³ @

�

v

q . j . �+� ³ , . �

� ® ´�µ ®"¯ ­:¶
=

Wkh dgmxvwphqw wr htxloleulxp iru |+w, +@\ +w,@+D+w,K+w,,, lv jlyhq e| +vhh/ h1j1/ Pdqnlz/
Urphu dqg Zhlo +4<<5,,

g^oq+|+w,,`@gw @ �^oq+| ³ , � oq+|+w,,`>

iru | ³ @ i+n ³ , @ +n ³ , ­ 1 Wkh sdudphwhu � fdswxuhv wkh vshhg ri frqyhujhqfh wr wkh vwhdg|
vwdwh1 Frqvlghu wkh g|qdplf surfhvv iru rxwsxw shu xqlw ri h�hfwlyh oderxu iurp shulrg w wr
shulrg w . � /

oq+|+w . �,, � oq+|+w,, @
�

4 � h ¯ ·p¸ � �

4 � �
oq+v, �

�

4 � h ¯ ·p¸ � �

4 � �
oq+q . j . �+� ³ , . �,

�
�

4 � h ¯�·�¸ � oq+|+w,,>
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zklfk fdq eh zulwwhq lq whupv ri jurzwk ri lqfrph shu fdslwd dv Ä

oq

�

\ +w . �,

O+w . �,

�

� oq

�

\ +w,

O+w,

�

@ �+�+w . �,, � h ¯ ·p¸ �+�+w,, . ^j . �+�+w . �,,`+w . �, � +5,

�h ¯ ·p¸ ^j . �+�+w,,`w . �H+w . �, � �h ¯ ·p¸ H+w, .
�

4 � h ¯�·�¸ � �

4 � �
oq+v, �

�
�

4 � h ¯ ·�¸ � �

4 � �
oq+q . j . �+� ³ , . �, �

�

4 � h ¯�·�¸ � oq

�

\ +w,

O+w,

�

.
�

4 � h ¯ ·p¸ � oq+D+3,,=

Zh zloo surfhhg e| hvwlpdwlqj +5, xqghu wkh dvvxpswlrq ri d jurzwk h�hfw ri lq dwlrq +dqg
qr ohyho h�hfw/ wkdw lv/ �+�, @ 3,/ d ohyho h�hfw +dqg qr jurzwk h�hfw/ wkdw lv �+�, @ 3, ru
dvvxplqj wkdw lq dwlrq fdq fdxvh erwk w|shv ri h�hfw1

7 Lq dwlrq dqg jurzwk lq Hxursh= Dq hpslulfdo dqdo|vlv

714 Iluvw uhvxowv= D olqhdu jurzwk0lq dwlrq olqnB

Lq wklv vhfwlrq zh zloo surfhhg e| hvwlpdwlqj vhyhudo yhuvlrqv ri +5, xqghu gl�huhqw dv0
vxpswlrqv frqfhuqlqj wkh ixqfwlrqdo irup ri wkh jurzwk dqg ohyho h�hfw ri lq dwlrq1 Doo
hvwlpdwlrqv duh grqh iru d sdqho frpsulvlqj doo fxuuhqw HX phpehu frxqwulhv h{fhsw iru
Ox{hperxuj1 Wkh gdwd vrxufhv duh suhvhqwhg lq wkh dsshqgl{1 Zh xvhg gdwd vsdqqlqj wkh
shulrg 4<93�4<<</ glylghg lqwr vxeshulrgv ri vhyhq |hduv1 Wkh jurzwk yduldeoh rq wkh ohiw
kdqg vlgh ri +5, lv wkxv wkh jurzwk udwh ri lqfrph shu fdslwd lq wkh fruuhvsrqglqj vhyhq
|hduv1 D uhodwlyho| orz yduldelolw| lv revhuyhg iru wkh yduldeoh wkdw sur{lhv hgxfdwlrq dwwdlq0
phqw +dyhudjh |hduv ri hgxfdwlrq iru dq dgxow ryhu 58 |hduv rog, zlwklq wkh frxqwulhv lq rxu
vdpsoh1 Lq rughu wr dyrlg pxowlfroolqhdulw| zh dvvxph wkdw wkh fkdqjhv lq H+w, kdsshq lq d
vwhszlvh idvklrq/ vr wkdw zlwklq d shulrg H+w . �, @ H+w,1 Iru wkh hpslulfdo lpsohphqwdwlrq
ri wkh prgho/ wkh ydoxh zloo eh vhw htxdo wr wkh dyhudjh hgxfdwlrqdo dwwdlqphqw lq wkh sh0
ulrg1 Å Wkh jhqhudo vshfl�fdwlrq zklfk lv hvwlpdwhg iru gl�huhqw dvvxpswlrqv rq wkh qdwxuh
ri �+�, dqg �+�, lv

oq

�

\ Æ#Ç È#É ¸
O Æ#Ç È#É ¸

�

� oq

�

\ Æ�Ç È
O Æ#Ç È

�

@ �+� Æ#Ç È#É ¸ , � h ¯ ·p¸ �+� Æ�Ç È , . ^j . �+� Æ�Ç È#É ¸ ,`+w . �, �

�h ¯ ·p¸ ^j . �+� Æ#Ç È ,`w . �+4 � h ¯ ·p¸ , �H Æ�Ç È#É ¸ .
�

4 � h ¯ ·p¸ � �

4 � �
oq+�v Æ�Ç È�É ¸ , � +6,

�
�

4 � h ¯ ·p¸ � �

4 � �
oq+�q Æ#Ç È#É ¸ . j . �+� ³Æ�Ç È#É ¸ , . �, �

�

4 � h ¯ ·�¸ � oq

�

\ Æ�Ç È
O Æ#Ç È

�

. % Æ�Ç È >

zkhuh �H Æ�Ç È#É ¸ uhihuv wr wkh dyhudjh hgxfdwlrqdo dwwdlqphqw iru frxqwu| l lq wkh shulrg udqjlqj
iurp w wr w . � / �v Æ#Ç È#É ¸ lv wkh dyhudjh lqyhvwphqw vkduh dqg �q Æ#Ç È#É ¸ lv wkh dyhudjh srsxodwlrqÊ 2@�.
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jurzwk1 Wkh huuru whup % Æ#Ç È lv dvvxphg wr eh frpsrvhg ri d frxqwu| dqg d vxeshulrg vshfl�f
huuru/ erwk wuhdwhg dv frqvwdqw/ dqg d jhqhudo l1l1g1 huuru surfhvv/ vxfk wkdw % Æ#Ç È @ � Æ .� È .� Æ#Ç È
zlwk � Æ#Ç È � LLG+3> �

²
,1 Wkurxjkrxw wkh vwxg| �/ wkh ghsuhfldwlrq udwh/ dqg j/ wkh jurzwk

ri whfkqrorj| fruuhvsrqglqj wr }hur lq dwlrq/ zloo eh vhw htxdo wr 6( dqg 5( uhvshfwlyho|/
iroorzlqj Pdqnlz hw do1 +4<<5,1 Ó
Htxdwlrq +6, kdv ehhq hvwlpdwhg dvvxplqj gl�huhqw h�hfwv ri lq dwlrq rq oderxu0dxjphqwlqj
surgxfwlylw|1 Wkh �uvw uhvxowv duh suhvhqwhg lq Wdeoh 41 Ô Wkh �uvw froxpq suhvhqwv wkh uh0
vxowv zlwkrxw wkh h�hfw ri lq dwlrq/ wkdw lv/ wkh vwuxfwxudo sdudphwhu hvwlpdwhv iurp +6,
vhwwlqj �+�, @ �+�, @ 31 Wkh hvwlpdwhv ri � lpso| d frqyhujhqfh udwh ri dssur{lpdwho| ;(/
vljql�fdqwo| kljkhu wkdq wkh hvwlpdwhv xvxdoo| rewdlqhg lq furvv0frxqwu| vwxglhv1 Wkh �{hg
h�hfwv sdqho vhwwlqj doorzv iru gl�huhqw vwhdg| vwdwhv dfurvv hfrqrplhv/ dqg wkh hvwlpdwh
ri wkh frqyhujhqfh udwh uhihuv wkxv wr wkh frqyhujhqfh wrzdugv wkh frxqwu|0vshfl�f vwhdg|
vwdwh1 Õ Wkh hvwlpdwh ri � lv lq wkh xsshu udqjh ri wkrvh uhsruwhg e| Pdqnlz hw do1 +4<<5,/ iru
h{dpsoh/ dqg wkh hvwlpdwh ri � lv srvlwlyh dowkrxjk lqvljql�fdqw1 Wklv odwwhu uhvxow lv gxh wr
wkh orz yduldelolw| ri hgxfdwlrq phdvxuhv iru wkh vdpsoh dqdo|}hg erwk dfurvv frxqwulhv dqg
wkurxjk wlph1 Ö Qrwlfh wkdw wklv vlpsoh vshfl�fdwlrq lv h{wuhpho| vxffhvvixo lq dffrxqwlqj
iru wkh jurzwk h{shulhqfh lq Hxursh vlqfh 4<93/ zlwk 99( ri wkh yduldelolw| lq jurzwk udwhv
ri JGS shu fdslwd ehlqj h{sodlqhg e| wkh prgho1

Lq d qh{w vwhs zh duh jrlqj wr ohw lq dwlrq d�hfw wkh oderxu dxjphqwlqj whfkqrorj|1 Iljxuh
4 vkrzv d vfdwwhu sorw ri dyhudjh lq dwlrq yhuvxv wkh dyhudjh |hduo| jurzwk udwh ri JGS shu
fdslwd iru wkh 47 HX frxqwulhv dqg doo vxeshulrgv1 Zkloh wkhuh dsshduv wr eh d qhjdwlyh uh0
odwlrqvkls ehwzhhq wkhvh wzr yduldeohv/ lw lv qrw srvvleoh wr gudz lqihuhqfh ehiruh wdnlqj lqwr
dffrxqw wkh rwkhu yduldeohv lq wkh vwuxfwxudo prgho1 Wkh vhfrqg dqg wklug froxpq suhvhqw wkh
uhvxowv zkhq lqfoxglqj d olqhdu jurzwk dqg ohyho h�hfw ri lq dwlrq uhvshfwlyho|1 Wkh �+�+w,,
dqg �+�+w,, ixqfwlrqv xvhg zhuh �+�+w,, @ ��+w,> � 5 LU/ dqg �+�+w,, @ #�+w,> # 5 LU1 Iru
wkh jurzwk h�hfw vshfl�fdwlrq wkh hvwlpdwhv uhsruwhg dssur{lpdwh wkh orqj uxq lq dwlrq ohyho
iru hdfk frxqwu| xvlqj wkh vxeshulrg dyhudjh lq dwlrq udwh1 Rwkhu gl�huhqw vshfl�fdwlrqv iru
� ³ kdyh ehhq wulhg/ lqfoxglqj wkh ryhudoo vdpsoh dyhudjh/ ru h{rjhqrxvo| vhw lq dwlrq udwhv
udqjlqj ehwzhhq 5( dqg 9(/ zlwkrxw dq| txdolwdwlyh fkdqjh lq wkh uhvxowv1 Wkh hvwlpdwhv ri
�/ � dqg � duh sudfwlfdoo| qrw d�hfwhg e| wkh lqfoxvlrq ri lq dwlrq lq wkh vshfl�fdwlrq1 Wkh
uhvxowv lq froxpqv 5 dqg 6 vkrz qr vljql�fdqw h�hfw ri lq dwlrq rq jurzwk/ lqghshqghqwo|
ri zkhwkhu d jurzwk ru d ohyho h�hfw lv dvvxphg d sulrul lq wkh prgho1

D vlplodu slfwxuh dsshduv li d vlpxowdqhrxv jurzwk dqg ohyho h�hfw lv dvvxphg1 Wkh uhvxowv
zkhq lqfoxglqj erwk h�hfwv vlpxowdqhrxvo| duh yhu| lqfrqfoxvlyh iru doo wkh vshfl�fdwlrqv
lq wkh sdshu dqg duh wkhuhiruh qrw uhsruwhg1 Wkh| duh dydlodeoh iurp wkh dxwkruv xsrq
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uhtxhvw1 Wkh pdlq uhdvrq lv wkdw wkh lghqwl�fdwlrq ri wkh vwuxfwxudo sdudphwhuv lv edvlfdoo|
grqh wkurxjk wkh hvwlpdwh ri wkh jurzwk h�hfw +wkh sduw ri wkh vshfl�fdwlrq lq orjv,/ zklfk
uhtxluhv qrqolqhdu hvwlpdwlrq phwkrgv1 Wklv lghqwl�fdwlrq lvvxh/ wrjhwkhu zlwk d kljk gh0
juhh ri pxowlfroolqhdulw|/ uhqghuv prvw ri wkh lq dwlrq h�hfwv lqvljql�fdqw zkhq wkh prgho
lv wrr sdudphwul}hg/ dv lv wkh fdvh li wkh ohyho dqg jurzwk h�hfwv duh vlpxowdqhrxvo| dvvxphg1

Iru doo prghov zlwk dqg zlwkrxw lq dwlrq/ wkh qxoo ri Jdxvvldq glvwulexwlrq ri wkh uhvlgxdov
lv vwurqjo| uhmhfwhg xvlqj wkh Mdutxh0Ehud whvw1 Wkh ghyldwlrq ri qrupdolw| lq wkh uhvlgx0
dov ri wkh prghov hvwlpdwhg dqg suhvhqwhg lq Wdeoh 4 lv h{foxvlyho| fdxvhg e| wkh jurzwk
revhuydwlrq fruuhvsrqglqj wr wkh odvw vxeshulrg lq wkh vdpsoh iru Luhodqg/ zklfk wkh prgho
+zlwk dqg zlwkrxw lq dwlrq, v|vwhpdwlfdoo| whqgv wr xqghusuhglfw1 Wdeoh 5 suhvhqwv wkh uh0
vxowv ri wkh vshfl�fdwlrqv ghvfulehg deryh dqg suhvhqwhg lq Wdeoh 4 lqfoxglqj d gxpp| iru
Luhodqg lq wkh shulrg 4<<504<<<1 Wkh hvwlpdwhg sdudphwhu iru wkh gxpp| lv srvlwlyh dqg
vljql�fdqw lq doo vshfl�fdwlrqv1 Wkurxjkrxw wkh srlqw hvwlpdwh ri wkh frqyhujhqfh udwh/ �/ lv
kljkhu wkdq lq wkh prgho zlwkrxw wkh gxpp|/ dqg wkh hvwlpdwhv ri � duh pruh lq olqh zlwk
wkrvh xvxdoo| uhsruwhg lq wkh olwhudwxuh1 Iru doo fdvhv wkh Mdutxh Ehud whvw vwdwlvwlf grhv qrw
jlyh hylghqfh ri vljql�fdqw ghyldwlrqv iurp Jdxvvldqlw| lq wkh uhvlgxdov/ dqg d frqvlghudeoh
lqfuhdvh lq jrrgqhvv ri �w ri wkh prgho lv revhuydeoh lq whupv ri dgmxvwhg U

²
1 D qhjdwlyh

h�hfw ri lq dwlrq rq jurzwk ri JGS shu fdslwd dsshduv qrz pdujlqdoo| vljql�fdqw lq wkh
vshfl�fdwlrq zklfk doorzv h{foxvlyho| iru d jurzwk h�hfw ri lq dwlrq1

Lq rughu wr dffrxqw iru wkh srwhqwldo hqgrjhqhlw| ri lq dwlrq lq wkh vshfl�fdwlrq jlyhq e|
+6,/ zh dovr hvwlpdwhg wkh ohyho h�hfw vshfl�fdwlrq lqvwuxphqwlqj wkh lq dwlrq udwh xvlqj wkh
lqgh{ ri fhqwudo edqn lqghshqghqfh lq Kdoo dqg Iudq}hvh +4<<;, dqg prqh| vxsso| jurzwk1 ¤?Ý
Xvlqj d vshfl�fdwlrq vxfk dv +6, zlwkrxw wkh sdudphwhu frqvwudlqwv lpsolhg e| wkh vwuxfwxudo
prgho/ wkh Gxuelq0Zx0Kdxvpdq whvw jdyh fohdu hylghqfh lq idyrxu ri wkh xvh ri ohdvw vtxduh
hvwlpdwlrq1

715 Doorzlqj iru qrqolqhdu h�hfwv ri lq dwlrq rq jurzwk

Dvvxplqj d olqhdu h�hfw ri lq dwlrq rq wkh ohyho ru jurzwk udwh ri JGS shu fdslwd pd|/
krzhyhu/ eh d zurqj prghoolqj vwudwhj|1 Li wkh h�hfw ri lq dwlrq rq jurzwk lv ri wkh qrqolq0
hdu w|sh vxjjhvwhg e| wkhruhwlfdo dujxphqwv dv ghvfulehg lq Vhfwlrq 5/ olqhdu prghov zrxog
whqg wr xqghuhvwlpdwh lwv pdjqlwxgh iru kljk ohyhov ri lq dwlrq1

Wdeoh 6 suhvhqwv wkh uhvxowv edvhg rq d txdgudwlf vshfl�fdwlrq ri �+�+w,, dqg �+�+w,,1 Wkh
prghov zlwk lqglylgxdo jurzwk dqg ohyho h�hfwv srlqw wrzdugv d kxps0vkdshg uhodwlrqvkls
ehwzhhq lq dwlrq dqg hfrqrplf jurzwk1 Wkh rwkhu vwuxfwxudo sdudphwhuv uhpdlq sudfwlfdoo|
xqfkdqjhg e| wkh lqfoxvlrq ri d txdgudwlf vshfl�fdwlrq ri wkh jurzwk0lq dwlrq olqn1

Lqghshqghqwo| ri wkh qdwxuh ri wkh lq dwlrq h�hfw rq jurzwk/ wkh hvwlpdwhv suhvhqwhg lq
Wdeoh 6 uhvxow lq dq h{wuhpho| kljk hvwlpdwh ri wkh rswlpdo +lq wkh vhqvh ri jurzwk pd{0¥�Þ �����@����������
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lpl}lqj, ohyho ri lq dwlrq1 Dffruglqj wr wkh uhvxowv zlwk d txdgudwlf jurzwk vshfl�fdwlrq/
wkh Hxurshdq h{shulhqfh zrxog lpso| wkdw lqfuhdvhv lq wkh lq dwlrq udwh iru ohyhov ehorz <(
+;18( iru wkh ohyho vshfl�fdwlrq, kdyh ehhq dffrpsdqlhg e| ulvlqj orqj whup jurzwk udwhv
ri JGS shu fdslwd1 Krzhyhu/ wklv kljk hvwlpdwh frxog eh gxh wr wkh v|pphwu| suhlpsrvvhg
e| wkh txdgudwlf vshfl�fdwlrq1 Li wkh lq dwlrq0jurzwk olqn lv srvlwlyh iru yhu| orz ohyhov ri
sulfh lqfuhdvh dqg qhjdwlyh iru kljk ohyhov exw wkh vorsh dvvrfldwhg wr wkhvh olqnv gl�hu/ wkh
hvwlpdwh ri wkh rswlpdo ohyho ri lq dwlrq edvhg rq d prgho zlwk d v|pphwulf uhodwlrqvkls
ehwzhhq lq dwlrq dqg jurzwk zrxog eh glvwruwhg1

D zd| wr ryhufrph wklv olplwdwlrq dqg doorz iru prgho dv|pphwu| lq wkh uhodwlrqvkls ehwzhhq
lq dwlrq dqg jurzwk zrxog eh wr ohw �+�+w,, dqg �+�+w,, eh frqwlqxrxv slhfhzlvh ixqfwlrqv
+vr fdoohg vsolqhv,/ zkhuh wkh sdudphwhu dvvrfldwhg zlwk wkh lq dwlrq udwh lv doorzhg wr fkdqjh
glvfuhwho| ghshqglqj rq wkh ohyho ri lq dwlrq1 Wkh wkhruhwlfdo glvfxvvlrq lq wkh lqwurgxfwlrq
dqv Vhfwlrq 5 dqg wkh hylghqfh iurp wkh txdgudwlf vshfl�fdwlrq zrxog fdoo iru wkh lqfoxvlrq
ri d ixqfwlrq zlwk wzr gl�huhqwldelolw| euhdnsrlqwv/ zkloh suhvhuylqj frqwlqxlw|1 Iru wkh
jurzwk h�hfw/ wkh ixqfwlrq lv gh�qhg dv
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dqg dqdorjrxvo| iru wkh ohyho h�hfw/
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+8,

Wkh euhdnsrlqwv/ � ® dqg � ² +ru/ dowhuqdwlyho|/ � ® dqg � ² , zloo eh wuhdwhg dv xqnqrzq sd0
udphwhuv dqg wkhuhiruh hvwlpdwhg1 Wdeoh 7 vkrzv wkh hvwlpdwhv ri wkh prghov zkhuh wkh
jurzwk dqg ohyho h�hfw ri lq dwlrq duh prghoohg e| phdqv ri +7, dqg +8,/ uhvshfwlyho|1 Wkh
hvwlpdwlrq ri wkh euhdnsrlqwv iru wkh fdvh ri d jurzwk h�hfw ri lq dwlrq zdv grqh e| fkrrvlqj
wkh ydoxhv
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zkhuh P lv wkh vhw ri wkrvh lq dwlrq udwhv dfwxdoo| uhdol}hg lq wkh vdpsoh1 Wkh hvwlpdwhv iru
+8, duh rewdlqhg dqdorjrxvo|1 Wkdw lv/ wkh euhdnsrlqwv zkhuh hvwlpdwhg dv wkh lq dwlrq ydo0
xhv wkdw mrlqwo| plqlpl}h wkh vxp ri vtxduhg uhvlgxdov dprqj wkrvh uhdol}hg lq wkh lq dwlrq
vdpsoh +wkh hvwlpdwlrq zdv grqh diwhu wulpplqj 8( ri wkh h{wuhphv ri wkh glvwulexwlrq ri
lq dwlrq udwhv/ dqg hqvxulqj wkdw dw ohdvw 43( ri wkh revhuydwlrqv idoo lq wkh fhqwudo uhjlph,1

Wkh uhvxowv ri wkh hvwlpdwlrq iru wkh dydlodeoh gdwd duh suhvhqwhg lq Wdeoh 71 Iru erwk fdvhv/
wkh edvlf vwuxfwxudo sdudphwhuv iurp wkh xqghuo|lqj dxjphqwhg Vrorz prgho uhpdlq sudf0
wlfdoo| xqfkdqjhg1 Wkh uhvxowv iru wkh lqglylgxdo vshfl�fdwlrqv surylgh d yhu| lqwhuhvwlqj
lqvljkw wr wkh uhodwlrqvkls ehwzhhq lq dwlrq dqg jurzwk lq Hxursh iru wkh shulrg 4<9304<<< 1
Lq erwk fdvhv/ wkh hvwlpdwh ri wkh �uvw euhdn lv voljkwo| kljkhu wkdq 418( +zklfk fruuhvsrqgv
dssur{lpdwho| wr wkh 43wk shufhqwloh ri wkh glvwulexwlrq ri lq dwlrq lq wkh srrohg vdpsoh,/
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dqg wkh vhfrqg euhdn lv vlwxdwhg dw 49168(1 Vljql�fdqw h�hfwv ri lq dwlrq rq JGS shu
fdslwd jurzwk dsshdu rqo| lq wkh orzhvw dqg kljkhvw uhjlph ri lq dwlrq1 Iru yhu| orz ohyhov
ri lq dwlrq +xs wr durxqg 419( iru erwk hvwlpdwhv,/ lqfuhdvhv lq lq dwlrq dsshdu lq sdudooho
zlwk lqfuhdvhv lq wkh jurzwk udwh ri JGS shu fdslwd1 Iru wkhvh vshfl�fdwlrqv/ wkh qhjdwlyh
h�hfw ri lq dwlrq lv vljql�fdqw iru wkh revhuydwlrqv zlwk lq dwlrq udwhv deryh 49168( lq wkh
prghov hvwlpdwhg1 Dv h{shfwhg wkh devroxwh ydoxh ri wkh sdudphwhu hvwlpdwh iru wkh qhjd0
wlyho| vorshg sduw lv pxfk kljkhu wkdq wkh hvwlpdwhv lpsolhg e| wkh olqhdu hvwlpdwhv1 ¤�¤
Wkh olnholkrrg udwlr whvw vwdwlvwlfv dqg wkhlu dvvrfldwhg errwvwuds s0ydoxh suhvhqwhg lq Wdeoh
7 fruuhvsrqg wr wkh whvw iru olqhdulw| frpsxwhg iroorzlqj Kdqvhq +4<<9,1 Wkh qxoo k|srwkhvlv
fruuhvsrqgv wr wkh uhvwulfwlrq � ® @ � ² @ � ß iru wkh jurzwk h�hfw vshfl�fdwlrq +# ® @ # ² @ # ß
iru wkh ohyho h�hfw prgho,1 Xqghu wkh qxoo k|srwkhvlv ri olqhdulw| wkh wkuhvkrogv � ® dqg � ² +� ®dqg � ² , duh qrw lghqwl�hg/ dqg vwdqgdug whvw vwdwlvwlfv wkhuhiruh idlo wr frqyhujh wr nqrzq
dv|pswrwlf glvwulexwlrqv1 Ilqglqj rswlpdo whvwv lq wklv vhwwlqj lv dq lvvxh wkdw kdv ehhq
zlgho| vwxglhg lq wkh hfrqrphwulf olwhudwxuh uhfhqwo| +vhh Dqguhzv dqg Sorehujhu/ 4<<7/ dqg
Kdqvhq/ 4<<9/ iru h{dpsoh,1 Lq rughu wr frpsxwh wkh s0ydoxhv suhvhqwhg lq Wdeoh 7/ zh
iroorzhg wkh errwvwuds surfhgxuh sursrvhg e| Kdqvhq +4<<9,1 Xvlqj wkh dfwxdo sdudphwhu
hvwlpdwhv ri wkh olqhdu prgho fruuhvsrqglqj wr wkh qxoo k|srwkhvlv dqg gudzlqj udqgrpo|
iurp wkh uhvlgxdov ri wklv prgho/ vdpsohv ri jurzwk udwhv zkhuh frpsxwhg1 D olqhdu dqg d
qrqolqhdu prgho zlwk d vsolqh h�hfw ri lq dwlrq rq jurzwk duh �wwhg wr wkh vlpxodwhg gdwd/
dqg wkh fruuhvsrqglqj olnholkrrg udwlr whvw vwdwlvwlf lv frpsxwhg1 Uhshdwlqj wklv surfhgxuh d
odujh qxpehu ri wlphv doorzv xv wr rewdlq dq hvwlpdwh ri wkh glvwulexwlrq ri wkh whvw vwdwlvwlf
xqghu wkh qxoo ri olqhdulw|/ dqg wkhuhiruh dq hvwlpdwh ri wkh s0ydoxh fruuhvsrqglqj wr wkh
whvw vwdwlvwlf frpsxwhg zlwk dfwxdo gdwd1 Iru wkh uhvxowv lq Wdeoh 7/ 833 uhsolfdwlrqv ri wkh
surfhgxuh zhuh hpsor|hg1 Lq doo fdvhv/ wkhuh lv hylghqfh ri d qrqolqhdu h�hfw ri lq dwlrq
rq JGS shu fdslwd jurzwk ri wkh w|sh prghoohg wkurxjk wkh frqwlqxrxv slhfhzlvh olqhdu
ixqfwlrqv gh�qhg deryh1

Wkh h{lvwhqfh ri wzr lq dwlrq wkuhvkrogv lv prwlydwhg e| wkh wkhruhwlfdo xqghuslqqlqjv
srlqwhg rxw lq wkh lqwurgxfwlrq1 Zh dovr hvwlpdwhg prghov zlwk d vlqjoh euhdnsrlqw lq
wkh vsolqh vshfl�fdwlrq1 Wkhvh prghov slfn xs h{foxvlyho| wkh qhjdwlyh olqn iru kljk lq dwlrq
udwhv/ zlwk dq lqvljql�fdqw sdudphwhu dwwdfkhg wr orzhu lq dwlrq ohyhov1 Wkh euhdnsrlqw
hvwlpdwh lq wkhvh prghov lv vrphzkdw vpdoohu wkdq wkh rqh uhvxowlqj iurp wkh wkuhh0uhjlph
vshfl�fdwlrq +:1;( iru wkh jurzwk h�hfw vshfl�fdwlrq dqg ;19( iru wkh ohyho h�hfw vshfl�fd0
wlrq,1 Errwvwuds whvwv vxfk dv wkh rqh ghvfulehg deryh jlyh fohdu hylghqfh ri wkh vxshulrulw|
ri wkh vshfl�fdwlrq zlwk wzr euhdnsrlqwv ryhu wkh wzr0uhjlph prgho1

Zh dovr frpsxwhg frq�ghqfh lqwhuydov iru wkh wkuhvkrogv xvlqj d jhqhudol}dwlrq ri wkh sur0
fhgxuh sxw iruzdug lq Kdqvhq +5333,1 Il{lqj rqh ri wkh wzr hvwlpdwhg wkuhvkrogv/ d <3(
frq�ghqfh lqwhuydo iru wkh uhpdlqlqj wkuhvkrog zloo eh gh�qhg dv wkh +qrw qhfhvvdulo| v|p0
phwulf, qhljkerxukrrg durxqg wkh wkuhvkrog ydoxh iru zklfk wkh qxoo ri d wzr0uhjlph prgho
lv uhmhfwhg dw 43( vljql�fdqfh ohyho djdlqvw d wkuhh uhjlph prgho1 Zkloh Kdqvhq +5333,
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uhfrpphqgv wr xvh wkh dv|pswrwlf fulwlfdo ydoxhv iru wkh olnholkrrg udwlr whvw/ dv rxu wkuhvk0
rog hvwlpdwhv whqg wr eh forvh wr wkh h{wuhphv ri wkh hpslulfdo glvwulexwlrq ri lq dwlrq/
zh zloo frpsxwh wkh frq�ghqfh lqwhuydov xvlqj wkh errwvwuds glvwulexwlrq ri wkh olnholkrrg
udwlr whvw/ frpsxwhg xvlqj 4333 uhsolfdwlrqv1 Wkh dowhuqdwlyh k|srwkhvlv lq wkh frpsxwd0
wlrq ri wkh errwvwuds glvwulexwlrq xvhg lq hdfk fdvh lv wkh rqh fruuhvsrqglqj wr wkh ohdvw
vtxduh wkuhh0uhjlph prgho1 Wkh uhvxowlqj <3( frq�ghqfh lqwhuydov iru wkh orzhu wkuhvkrog
duh ^4173(/ 41:8(` iru wkh ohyho h�hfw vshfl�fdwlrq dqg ^3197(/ 5138(` iru wkh jurzwk ohyho
vshfl�fdwlrq1 Wkh frq�ghqfh lqwhuydov iru wkh kljkhu wkuhvkrog duh pxfk odujhu/ vsdqqlqj
doo ydoxhv ri lq dwlrq kljkhu wkdq 451;8( zklfk duh uhdol}hg lq wkh vdpsoh iru wkh ohyho h�hfw
prgho dqg doo ydoxhv kljkhu wkdq 46148( iru wkh jurzwk h�hfw prgho1

Wr vxp xs/ hvwlpdwlrq uhvxowv zlwk qrqolqhdu prghov vxssruw rxu k|srwkhvlv ri d pruh
frpsoh{ vwuxfwxuh ri wkh lq dwlrq jurzwk uhodwlrqvkls1 Iru yhu| orz lq dwlrq udwhv ru hyhq
gh dwlrq wkhuh lv d srvlwlyh olqn vr wkdw ixuwkhu glvlq dwlrq zrxog kdyh qhjdwlyh jurzwk
h�hfwv1 Wkh vsolqh prgho vshfl�fdwlrq ixuwkhupruh vxjjhvwv wkdw wkhuh lv d zlgh udqjh ri
lq dwlrq ohyhov frqvlvwhqw zlwk d pd{lpl}dwlrq ri orqj whup jurzwk1 Rqo| iru yhu| kljk
lq dwlrq udwhv gr zh �qg lq dwlrq wr eh d pdmru wkuhdw wr jurzwk1

716 D ohyho ru d jurzwk h�hfw ri lq dwlrq lq HxurshB

Wkh uhvxowv suhvhqwhg deryh jlyh hylghqfh wkdw h{wuhpho| orz dqg h{wuhpho| kljk ohyhov ri
lq dwlrq duh uhodwhg wr edg jurzwk h{shulhqfhv iru wkh dqdo|}hg vdpsoh ri Hxurshdq frxq0
wulhv1 Iru wkh prgho zlwk d vsolqh ixqfwlrq/ wkh uhvxow hphujhv lqghshqghqwo| ri zkhwkhu
d jurzwk ru d ohyho h�hfw ri lq dwlrq lv dvvxphg lq wkh xqghuo|lqj vshfl�fdwlrq1 Lv wkhuh
hylghqfh/ krzhyhu/ wkdw rqh ri wkhvh wzr vshfl�fdwlrqv h{sodlqv wkh jurzwk h{shulhqfh lq wkh
HX ehwwhu wkdq wkh rwkhuB Dffruglqj wr prgho vhohfwlrq fulwhuld/ wkh prgho zlwk d jurzwk
h�hfw shuirupv pdujlqdoo| ehwwhu wkdq wkh prgho zlwk d ohyho h�hfw1 Wkh dgmxvwhg U

²
ri wkh

prgho zlwk d jurzwk h�hfw lv 31;36 +dqg wkxv wkh kljkhvw ri doo hvwlpdwhg prghov,/ djdlqvw d
ydoxh ri 31;33 iru wkh ohyho h�hfw vshfl�fdwlrq1 Frqvhtxhqwo|/ dv erwk prghov kdyh wkh vdph
qxpehu ri sdudphwhuv/ wkh DLF dqg Vfkzdu} fulwhulrq ri wkh prgho zlwk d jurzwk h�hfw
duh pdujlqdoo| vpdoohu wkdq wkrvh ri wkh prgho zlwk d ohyho h�hfw ri lq dwlrq1 D vflhqwlvw
ohg e| prgho vhohfwlrq fulwhuld zrxog wkhq eh lqfolqhg wr fkrrvh wkh prgho zlwk d srvlwlyh
jurzwk h�hfw ri lq dwlrq rffxuulqj dw yhu| orz ohyhov ri lq dwlrq dqg d qhjdwlyh jurzwk h�hfw
iru yhu| kljk ohyhov1 Li/ krzhyhu/ zh duh lqwhuhvwhg lq zkhwkhu wkh h{sodqdwlrq ri wkh olqn
ehwzhhq lq dwlrq dqg jurzwk srvwxodwhg e| wkh prgho zlwk d jurzwk h�hfw lpsolhv/ iru wkh
gdwd dw kdqg/ d vljql�fdqw lpsuryhphqw ryhu wkh ohyho h�hfw prgho/ frqgxfwlqj d surshu
vwdwlvwlfdo whvw zrxog lv zduudqwhg1

Wkh prghov wr eh frpsduhg duh qrw qhvwhg/ vr wkh xvxdo olnholkrrg udwlr whvw vwdwlvwlf grhv
qrw kdyh wkh vwdqgdug "

²
dv|pswrwlf glvwulexwlrq1 Lq rughu wr rewdlq wkh glvwulexwlrq ri wkh

olnholkrrg udwlr whvw vwdwlvwlf xqghu wkh qxoo k|srwkhvlv/ d qrqslyrwdo errwvwudsslqj phwkrg
vlplodu wr wkh rqh h{sodlqhg deryh iru wkh olqhdulw| whvw fdq eh xvhg +vhh Shvdudq dqg Zhhnv/
5334,1 Vdpsohv ri JGS shu fdslwd jurzwk duh jhqhudwhg iurp wkh �wwhg prgho fruuhvsrqglqj
wr wkh qxoo k|srwkhvlv xvlqj udqgrp gudzv iurp lwv uhvlgxdov/ erwk prghov fruuhvsrqglqj wr
wkh qxoo dqg wkh dowhuqdwlyh k|srwkhvlv duh hvwlpdwhg dqg wkh olnholkrrg udwlr whvw vwdwlvwlf lv
frpsxwhg1 Wklv lv uhshdwhg d odujh hqrxjk qxpehu ri wlphv/ dqg e| frpsdulqj wkh ruljlqdo
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whvw vwdwlvwlf zlwk wkh hpslulfdo glvwulexwlrq ri olnholkrrg udwlr whvw vwdwlvwlfv uhvxowlqj iurp
wkh uhsolfdwlrqv/ d errwvwuds hvwlpdwh ri wkh s0ydoxh fdq eh rewdlqhg1

Wkh prgho zlwk d slhfhzlvh olqhdu ohyho h�hfw ri lq dwlrq fdq eh frqvlghuhg pruh sduvlpr0
qlrxv wkdq wkh prgho zlwk d jurzwk h�hfw/ dqg jlyhq wkdw lwv h{sodqdwru| srzhu lv pdujlqdoo|
orzhu wkdq wkdw ri wkh odwwhu/ lw lv wkh qdwxudo fdqglgdwh iru wkh qxoo k|srwkhvlv1 Wkh olnh0
olkrrg udwlr whvw vwdwlvwlf fruuhvsrqglqj wr wkh whvw ri d ohyho djdlqvw d jurzwk h�hfw htxdov
413</ dqg wkh hvwlpdwhg errwvwuds s0ydoxh lv 314;/ rewdlqhg zlwk 833 uhsolfdwlrqv1 Zkloh
wkh uhvxow ri wklv whvw grhv qrw jlyh vljql�fdqw vxssruw wr wkh jurzwk h�hfw prgho/ wkh whvw
fduulhg rxw zlwk wkh jurzwk h�hfw dv wkh qxoo k|srwkhvlv grhv qrw vljql�fdqwo| vxssruw wkh
ohyho prgho/ hlwkhu1

Wr vxp xs/ wkh ryhudoo vkdsh ri wkh uhodwlrqvkls ehwzhhq lq dwlrq dqg jurzwk lq wkh iudph0
zrun ri wkh prgho suhvhqwhg grhv qrw ghshqg rq wkh dvvxpswlrq ri d ohyho ru jurzwk h�hfw
ri lq dwlrq1 Qrq0qhvwhg prgho whvwlqj phwkrgv gr qrw suryh fdsdeoh ri ghflglqj iru wkh
vxshulrulw| ri rqh ri wkh wzr vshfl�fdwlrqv1

8 Frqfoxvlrqv

Wkh sdshu uhdvvhvvhv wkh lpsdfw ri lq dwlrq rq orqj0whup jurzwk iru d sdqho ri 47 HX
frxqwulhv1 Zkloh suhylrxv uhvhdufk irfxvhv rq d olqhdu qh{xv ru doorzv iru d slhfhzlvh olqhdu
uhodwlrqvkls zlwk rqh vlqjoh wkuhvkrog zh doorz iru d pruh frpsoh{ uhodwlrqvkls1 Wkhruhwlfdo
dujxphqwv srlqw dw d srvlwlyh uhodwlrqvkls ehwzhhq lq dwlrq dqg jurzwk iru yhu| orz qhjdwlyh
ohyhov ri lq dwlrq/ iroorzhg srvvleo| e| d udqjh ri qr vljql�fdqw h�hfw1 Iru yhu| kljk lq dwlrq
udwhv wkh lpsdfw rq jurzwk fdq eh h{shfwhg wr ehfrph qhjdwlyh1 Wkhvh dujxphqwv vxjjhvw
k|srwkhvl}lqj d wudsh}rlg w|sh ri uhodwlrqvkls ehwzhhq lq dwlrq dqg orqj0whup jurzwk1

Zh suhvhqw d vlpsoh wkhruhwlfdo iudphzrun � edvhg rq wkh edvlf kxpdq0fdslwdo dxjphqwhg
Vrorz prgho zlwk d surgxfwlrq ixqfwlrq dv lq Kdoo dqg Mrqhv +4<<<, � wkdw doorzv iru dq
h{solflw hpslulfdo glvwlqfwlrq ehwzhhq ohyho dqg jurzwk h�hfwv ri lq dwlrq1 Wkh vxshulrulw|
ri rqh ri wkhvh prghov fdq wkhq eh whvwhg xvlqj qrq0qhvwhg prgho whvwlqj whfkqltxhv1

Wkh hpslulfdo hvwlpdwhv frq�up wkh k|srwkhvlv wkdw wkh uhodwlrqvkls ehwzhhq lq dwlrq dqg
jurzwk lv ri qrqolqhdu qdwxuh dqg wkdw rqh wkuhvkrog pd| qrw eh hqrxjk wr dffrxqw iru wkh
qrqolqhdulwlhv1 Zh �qg d vljql�fdqw srvlwlyh vorsh iru ohyhov ri lq dwlrq ehorz dq hvwlpdwhg
ydoxh ri durxqg 419(/ jlylqj vxssruw wr wkh �juhdvh ri wkh hfrqrp|� dqg �}hur orzhu erxqg
frqvwudlqw�0 w|sh ri dujxphqwv dv vxjjhvwhg lq wkh olwhudwxuh1 Wklv lv iroorzhg e| d udqjh
ri lq dwlrq udwhv zkhuh qr vljql�fdqw h�hfw rq jurzwk suhydlov1 Wklv lqwhuydo lv vxusulvlqjo|
zlgh/ frqvlghulqj wkdw durxqg wkuhh txduwhuv ri wkh revhuydwlrqv idoo zlwklq wklv duhd1 Wkh
vhfrqg wkuhvkrog lv hvwlpdwhg dw d ohyho ri lq dwlrq ri durxqg 49(/ d ydoxh eh|rqg zklfk zh
revhuyh wkh h{shfwhg qhjdwlyh lpsdfw ri lq dwlrq rq jurzwk1 Zkloh wklv euhdnsrlqw hvwlpdwh
dsshduv vxusulvlqjo| kljk lw vkrxog eh qrwhg wkdw wkh fruuhvsrqglqj frq�ghqfh lqwhuydo lv
udwkhu zlgh dv zhoo vr wkdw orzhu wzr0gljlw wkuhvkrog ohyho zrxog vwloo vxssruw wkh wudsh}rlg
vkdsh1 Dv frpsduhg wr wkh prghov wkdw doorz iru rqo| rqh vlqjoh wkuhvkrog rxu qhjdwlyh
vorsh iru kljk ohyhov ri lq dwlrq lv vljql�fdqwo| vwhhshu1 Zkloh wkh jurzwk h�hfw prgho h{0
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sodlqv wkh gdwd pdujlqdoo| ehwwhu wkhq wkh ohyho h�hfw/ qrq0qhvwhg prgho whvwlqj grhv qrw
jlyh hylghqfh ri wkh vxshulrulw| ri rqh ri wkh prghov1

Rxu �qglqjv wkhuhiruh vxssruw wkh lqwxlwlrq ri wkh ghwulphqwdo jurzwk h�hfwv ri yhu| orz +ru
qhjdwlyh, dqg h{fhvvlyho| kljk udwhv ri lq dwlrq1 Vxfk d uhodwlrqvkls zrxog w|slfdoo| eh wkh
irxqgdwlrq iru dq| h{solflw lq dwlrq wdujhw ru gh�qlwlrq ri sulfh vwdelolw| e| fhqwudo edqnv1
Wklv rshqv wkh txhvwlrq ri krz rxu �qglqjv uhodwh wr wkhvh qxphulfdo lq dwlrq wdujhwv1 Re0
ylrxvo| rxu hvwlpdwhv vxjjhvw d pxfk zlghu udqjh ri dffhswdeoh ohyhov ri sulfh lqfuhdvh dv
lw lv w|slfdoo| vhhq e| qdwlrqdo edqnv1 Grhv wklv frqvwlwxwh d fulwlflvp djdlqvw wkhvh fhqwudo
edqn vwudwhjlhvB Dsduw iurp wkh w|slfdo uhvhuydwlrqv dvvrfldwhg zlwk dq| hpslulfdo dssurdfk
dqg wkh zlgh frq�ghqfh lqwhuydov/ rqh kdv wr hpskdvl}h wkh pxowl0glphqvlrqdo irxqgdwlrq
iru fhqwudo edqn vwudwhjlhv1 Jurzwk dvshfwv duh reylrxvo| rqo| rqh ri wkh pdq| uhohydqw
dvshfwv fhqwudo edqnv kdyh lq plqg zkhq irupdol}lqj wkhlu vwudwhj|1 Rwkhu jrdov duh uhodwhg
wr h{fkdqjh udwh vwdelolw| ru wkh vwdelolvdwlrq ri h{shfwdwlrqv1 Lq wklv vhqvh wkh �qglqjv ri
wkh suhvhqw vwxg| fdqqrw eh uhodwhg rqh wr rqh wr w|slfdo gh�qlwlrqv ri lq dwlrq wdujhwv1

Dsshqgl{= Gdwd vrxufhv

0 JGS shu fdslwd= Shqq Zruog Wdeohv 914> Khvwrq/ Vxpphuv dqg Dwhq +5335,1

0 Vkduh ri lqyhvwphqw ryhu JGS= Shqq Zruog Wdeohv 914> Khvwrq/ Vxpphuv dqg Dwhq
+5335,1

0 Srsxodwlrq jurzwk= Shqq Zruog Wdeohv 914> Khvwrq/ Vxpphuv dqg Dwhq +5335,1

0 Dyhudjh |hduv ri hgxfdwlrq ri dq dgxow ryhu 58 |hduv rog> fruuhfwhg Eduur dqg Ohh
+5334, gdwd vhw e| gh od Ixhqwh dqg Grphqhfk +5335,1

0 Lq dwlrq udwh= FSL lq dwlrq/ dyhudjhv iurp txduwhuo| gdwd/ Lqwhuqdwlrqdo Ilqdqfldo
Vwdwlvwlfv/ LPI1

0 Prqh| vxsso| jurzwk> DPHFR Gdwdedvh/ Hxurshdq Frpplvvlrq1

0 Fhqwudo edqn lqghshqghqfh lqgh{> Kdoo dqg Iudq}hvh +4<<;,1
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^47` Ilvfkhu/ Vwdqoh|/ Udwqd Vdkd| dqg Fduorv D1 Yìjk/ 5335/ Prghuq k|shu0 dqg kljk
lq dwlrqv/ QEHU Zrunlqj Sdshu/ ;<631

^48` gh od Ixhqwh/ Dqjho dqg Udidho Grphqhfk/ 5335/ Kxpdq fdslwdo lq jurzwk uhjuhvvlrqv=
krz pxfk gl�huhqfh grhv gdwd txdolw| pdnhB Dq xsgdwh dqg ixuwkhu uhvxowv/ plphr/
Xqlyhuvlw| ri Ydohqfld1
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^49` Jrvk/ Dwlvk/ dqg Vwhyhq Skloolsv/ 4<<;/ Zduqlqj= Lq dwlrq pd| eh kdupixo wr |rxu
jurzwk/ LPI Vwd� Sdshuv/ 78+7,/ 9:50:431

^4:` Kdoo/ Shwhu dqg Urehuw M1 Iudq}hvh/ 4<<;/ Pl{hg Vljqdov= Fhqwudo Edqn Lqghshqghqfh/
Frruglqdwhg Zdjh0Edujdlqlqj/ dqg Hxurshdq Prqhwdu| Xqlrq/ Lqwhuqdwlrqdo Rujdql0
}dwlrq/ 85 +6,/ 83808681

^4;` Kdoo/ Urehuw H1 dqg Fkduohv L1 Mrqhv/ 4<<</ Zk| gr vrph frxqwulhv surgxfh vr pxfk
pruh rxwsxw shu zrunhu wkdq rwkhuvB/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 447/ ;604491

^4<` Kdqvhq/ Euxfh H1/ 4<<9/ Lqihuhqfh zkhq d qxlvdqfh sdudphwhu lv qrw lghqwl�hg xqghu
wkh qxoo k|srwkhvlv/ Hfrqrphwulfd/ 97/ 7460631

^53` Kdqvhq/ Euxfh H1/ 4<<</ Wkuhvkrog h�hfwv lq qrq0g|qdplf sdqhov= Hvwlpdwlrq/ whvwlqj/
dqg lqihuhqfh/ Mrxuqdo ri Hfrqrphwulfv/ <6/ 67809;1

^54` Kdqvhq/ Euxfh H1/ 5333/ Vdpsoh vsolwwlqj dqg wkuhvkrog hvwlpdwlrq/ Hfrqrphwulfd/ 9;/
8:809361

^55` Khvwrq/ Dodq/ Vxpphuv/ Urehuw dqg Ehwwlqd Dwhq/ 5335/ Shqq Zruog Wdeoh Yhuvlrq
914/ Fhqwhu iru Lqwhuqdwlrqdo Frpsdulvrqv dw wkh Xqlyhuvlw| ri Shqqv|oydqld +FLFXS,/
Rfwrehu 53351

^56` Nkdq/ Prkvlq V1/ dqg Deghokdn V1 Vhqkdgml/ 5334/ Wkuhvkrog h�hfwv lq wkh uhodwlrqvkls
ehwzhhq lq dwlrq dqg jurzwk/ LPI Vwd� Sdshuv/ 7;+4,/ 40541

^57` Ohylqh/ Urvv/ dqg Gdylg Uhqhow/ 4<<5/ D vhqvlwlylw| dqdo|vlv ri furvv0frxqwu| jurzwk
uhjuhvvlrqv/ Dphulfdq Hfrqrplf Uhylhz/ Vhswhpehu/ <750961

^58` Ohylqh/ Urvv/ dqg Vdud M1 ]huyrv/ 4<<6/ Zkdw zh kdyh ohduqhg derxw srolf| dqg jurzwk
iurp furvv0frxqwu| uhjuhvvlrqvB/ Dphulfdq Hfrqrplf Uhylhz/ Pd|/ 7590631

^59` Pdqnlz/ Q1 Juhjru|/ Urphu/ Gdylg dqg Gdylg Q1 Zhlo/ 4<<5/ D frqwulexwlrq wr wkh
hpslulfv ri hfrqrplf jurzwk/ Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43:/ 73:06:1

^5:` Prwoh|/ Euldq/ 4<<;/ Jurzwk dqg Lq dwlrq= D furvv0frxqwu| vwxg|/ Ihghudo Uhvhuyh
Edqn ri Vdq Iudqflvfr Hfrqrplf Uhylhz/ 4<<;+4,/ 4805;1

^5;` Shvdudq/ P1 Kdvkhp dqg Phoy|q Zhhnv/ 5334/ Qrq0qhvwhg k|srwkhvlv whvwlqj= Dq
ryhuylhz/ lq +hg, Edgl K Edowdjl/ Frpsdqlrq wr Wkhruhwlfdo Hfrqrphwulfv/ Edvlo Eodfn0
zhoo/ R{irug1

^5<` Vdod0l0Pduwlq/ [dylhu [1/ 4<<:/ L Mxvw Udq Wzr Ploolrq Uhjuhvvlrqv/ Dphulfdq Hfr0
qrplf Uhylhz/ ;:+5,/ 4:;0;61

^63` Vduho/ Plfkdho/ 4<<9/ Qrqolqhdu h�hfwv ri lq dwlrq rq hfrqrplf jurzwk/ LPI Vwd� Sd0
shuv/ 76+4,/ 4<<05481

^64` Vrorz/ U1P1/ 4<89/ D frqwulexwlrq wr wkh wkhru| ri hfrqrplf jurzwk/ Txduwhuo| Mrxuqdo
ri Hfrqrplfv/ :3/ 980<71
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^65` Vwrfnpdq/ Dodq F1/ 4<;4/ Dqwlflsdwhg lq dwlrq dqg wkh fdslwdo vwrfn lq d fdvk0lq0
dgydqfh hfrqrp|/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ ;/ 6;:0<61

^66` Whpsoh/ Mrqdwkdq/ 5333/ Lq dwlrq dqg jurzwk= vwrulhv vkruw dqg wdoo/ Mrxuqdo ri Hfr0
qrplf Vxuyh|v/ 47+7,/ 6<807591

^67` Wvlrqdv/ Hiwk|plrv J1/ dqg Glplwulv N1 Fkulvwrsrxorv/ 5336/ Pddvwulfkw frqyhujhqfh
dqg uhdo frqyhujhqfh= Hxurshdq hylghqfh iurp wkuhvkrog dqg vprrwk wudqvlwlrq uhjuhv0
vlrq prghov/ Mrxuqdo ri Srolf| Prgholqj/ 58/ 760851

^68` Wxq Zdl/ X/ 4<8</ Wkh uhodwlrq ehwzhhq lq dwlrq dqg hfrqrplf ghyhorsphqw= d vwdwlv0
wlfdo lqgxfwlyh vwxg|/ LPI Vwd� Sdshuv/ :+5,/ 63504:1

4;



Wdeoh 4= Olqhdu jurzwk dqg ohyho h�hfw ri lq dwlrq

Sdudphwhu Qr lq dwlrq h�hfw Jurzwk h�hfw Ohyho h�hfw
�+�+w,, @ ��+w, �+�+w,, @ #�+w,

� 313;6 ³.³.³ +31358, 313;4 ³.³.³ +31358, 313:< ³.³.³ +31359,
� 31836 ³.³.³ +313<;, 317<: ³.³.³ +31443, 317<7 ³.³.³ +31443,
� 31449 +313<8, 31445 +31437, 3144; +31439,
� � 03133< +31344, �
# � � 031569 +31568,
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Wdeoh 5= Olqhdu jurzwk dqg ohyho h�hfw ri lq dwlrq=

Hvwlpdwhv zlwk gxpp| iru Luhodqg 4<<504<<<

Sdudphwhu Qr lq dwlrq h�hfw Jurzwk h�hfw Ohyho h�hfw
�+�+w,, @ ��+w, �+�+w,, @ #�+w,

� 31433 ³.³.³ +31356, 313<7 ³.³.³ +31359, 313<7 ³.³.³ +3135:,
� 31736 ³.³.³ +3139:, 316:< ³.³.³ +313::, 316:< ³.³.³ +313:;,
� 3137: +31389, 31368 +313:<, 31378 +313:<,
� � 031349 ³ +3133<, �
# � � 031657 +31544,
LUO Gxpp| 31639 ³.³.³ +31397, 31654 ³.³.³ +3135;, 31647 ³.³.³ +3135;,
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Wdeoh 6= Txdgudwlf jurzwk dqg ohyho h�hfw ri lq dwlrq

Sdudphwhu Jurzwk h�hfw Ohyho h�hfw
�+�+w,, @ � ® �+w, . � ² �+w,

²
�+�+w,, @ # ® �+w, . # ² �+w,

²
� 313;; ³�³.³ +3135:, 313;< ³.³.³ +3135;,
� 316<5 ³�³.³ +313:8, 316;6 ³.³.³ +313:8,
� 31383 +313:4, 31375 +313:3,
� ® 31363 ³ +3134:, �
� ² 031498 ³.³.³ +3138;, �
# ® � 3198< +317;4,
# ² � 061838 ³.³ +4185<,
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Wdeoh 7= Jurzwk dqg ohyho h�hfw ri lq dwlrq= Vsolqh vshfl�fdwlrq

Sdudphwhu Jurzwk h�hfw Ohyho h�hfw
�+�+w,, dv lq +7, �+�+w,, dv lq +8,

� 313<5 ³.³.³ +3135:, 313<; ³.³.³ +3135;,
� 31699 ³.³.³ +313:4, 3168< ³.³.³ +313:4,
� 31388 +3139:, 3137: +31395,
� ® 31486 ³.³.³ +31386, �
� ² 31337 +31344, �
� ß 03137< ³.³ +31353, �
# ® � 71:87 ³.³.³ +5136<,
# ² � 3144< +315;:,
# ² � 041385 ³.³ +31774,
� ® 4197( �
� ² 49168( �
� ® � 4196(
� ² � 49168(
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Iljxuh 4= Dyhudjh lq dwlrq udwh yhuvxv dyhudjh jurzwk udwh ri JGS shu fdslwd= HX048
frxqwulhv +h{fhsw Ox{hperxuj, 4<9304<<<1
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