
Lv wkh vkruw0uxq Skloolsv fxuyh qrqolqhduB Hpslulfdo

hylghqfh iru Dxvwudold/ Vzhghq dqg wkh Xqlwhg

Vwdwhv

Dqq0Fkduorwwh Holdvvrq

Vwrfnkrop Vfkrro ri Hfrqrplfv/ Ghsduwphqw ri Hfrqrplf Vwdwlvwlfv

S1R1 Er{ 9834/ VH0446 ;6 Vwrfnkrop

H0pdlo= vwdfhCkkv1vh

Suholplqdu| yhuvlrq= Mxqh 4<<<

Devwudfw

Wkh Skloolsv fxuyh kdv jhqhudoo| ehhq hvwlpdwhg lq d olqhdu iudphzrun zklfk

lpsolhv d frqvwdqw uhodwlrqvkls ehwzhhq lq dwlrq dqg xqhpsor|phqw1 Odwho|

wkhuh kdyh ehhq vhyhudo vwxglhv zklfk fodlp wkdw wkh vorsh ri wkh Skloolsv fxuyh lv

d ixqfwlrq ri pdfurhfrqrplf frqglwlrqv dqg wkdw wkh uhodwlrqvkls lv dv|pphwulf1

Li wklv lv wuxh wkh dvvxpswlrq ri olqhdulw| lv wrr uhvwulfwlyh1 Lq wklv sdshu olqhdu

Skloolsv fxuyhv iru Dxvwudold/ Vzhghq dqg wkh Xqlwhg Vwdwhv lv whvwhg iru olqhdulw|

dqg sdudphwhu frqvwdqf|1 Wkh qrqolqhdu dowhuqdwlyh lv vshfl�hg dv d vprrwk

wudqvlwlrq uhjuhvvlrq prgho1 Lw wxuqv rxw wkdw olqhdulw| lv uhmhfwhg iru erwk

Dxvwudold dqg Vzhghq zkloh wkh Skloolsv fxuyh iru wkh Xqlwhg Vwdwhv lv olqhdu1

Nh|zrugv1 Skloolsv fxuyh/ g|qdplf prgho/ hfrqrphwulf prgho exloglqj/

hqfrpsdvvlqj/ sdudphwhu frqvwdqf|/ vprrwk wudqvlwlrq uhjuhvvlrq1

MHO Fodvvl�fdwlrq Frghv= F85/ H641

Dfnqrzohgjhphqwv1 Wkh dxwkru dfnqrzohgjhv vxssruw iurp Mdq Zdoodq0

ghu*v dqg Wrp Khgholxv*v Irxqgdwlrq iru Vrfldo Uhvhdufk dqg iurp Ulnvedqnhq/

wkh Fhqwudo Edqn ri Vzhghq1 Wklv sdshu kdv ehqh�wwhg iurp frpphqwv e|

Plndho Dsho/ Wru Mdfrevvrq/ Mrdnlp Vndolq/ Wlpr Whuçvyluwd dqg Dqghuv Yuhglq1

Wkh uhvsrqvlelolw| iru dq| huuruv ru vkruwfrplqjv uhpdlqv plqh1



41 Lqwurgxfwlrq

Wkh vkdsh ri wkh Skloolsv fxuyh lv fhqwudo wr wkh frqgxfw ri prqhwdu| srolf|1 Wkh

Skloolsv fxuyh kdv jhqhudoo| ehhq hvwlpdwhg lq d olqhdu iudphzrun/ vhh/ h1j1/ Jrugrq

+4<:3/ 4<:8/ 4<::/ 4<;6/ 4<<:, exw uhfhqw vwxglhv kdyh doorzhg iru d qrqolqhdu uh0

odwlrqvkls/ vhh/ h1j1/ Od{wrq hw do1 +4<<;,/ Fdoohq dqg Od{wrq +4<<;,/ Ghehooh dqg

Ylfnhu| +4<<:,1 Wkhvh vwxglhv kdyh lq frpprq wkdw wkh qrqolqhdulw| lv lpsrvhg rq

wkh Skloolsv fxuyh zlwkrxw sulru hfrqrphwulf whvwlqj1 Li wkh wuxh uhodwlrqvkls lv qrq0

olqhdu wklv vkrxog eh uh hfwhg lq wkh hfrqrphwulf vshfl�fdwlrq vlqfh lw kdv lpsruwdqw

lpsolfdwlrqv iru wkh h�hfwv ri prqhwdu| srolf|/ vhh/ h1j1/ Lvdug hw do1 +4<<;, dqg Gx0

sdvtxlhu dqg Ulfnhwv +4<<;d,1 Rq wkh rwkhu kdqg/ li wkh wuxh uhodwlrqvkls lv olqhdu

lqwurgxflqj qrqolqhdulwlhv |lhog dq ryhusdudphwhulvhg prgho zklfk zloo euhdn grzq

rxwvlgh wkh vdpsoh shulrg/ vhh Judqjhu dqg Whuçvyluwd +4<<5,1

Lq wklv sdshu wkh h{shfwdwlrqv0dxjphqwhg vkruw0uxq Skloolsv fxuyh zloo eh uhfrq0

vlghuhg1 Wkh irfxv lv rq lqyhvwljdwlqj zkhwkhu wkh uhodwlrqvkls ehwzhhq lq dwlrq dqg

xqhpsor|phqw lv qrqolqhdu xvlqj wkh prghoolqj vwudwhj| iru vprrwk wudqvlwlrq uh0

juhvvlrq +VWU, prghov rxwolqhg lq Whuçvyluwd +4<<7/ 4<<;,1 Wkhuh duh pdq| wkhrulhv

vxjjhvwlqj d qrqolqhdu uhodwlrqvkls exw wkh gl�huhqw wkhrulhv |lhogv gl�huhqw vkdshv

dqg wkh VWU phwkrgrorj| lv pdnlqj lw srvvleoh wr whvw iru olqhdulw| dqg hvwlpdwh d

qrqolqhdu prgho zlwkrxw pdnlqj dq| d sulrul dvvxpswlrqv derxw wkh vkdsh ri wkh

qrqolqhdu uhodwlrqvkls1 Wkh lpsolfdwlrqv ri wkh �qdo prgho vshfl�fdwlrq fdq eh frp0

sduhg wr wkh hfrqrplf wkhrulhv1 Lw wxuqv rxw wkdw wkh Skloolsv fxuyhv iru Dxvwudold

dqg Vzhghq duh qrqolqhdu zkloh wkh rqh iru wkh Xqlwhg Vwdwhv dsshduv wr eh olqhdu1

Wkh sdshu lv rujdqlvhg dv iroorzv= Diwhu d klvwrulfdo dqg wkhruhwlfdo edfnjurxqg

lq Vhfwlrq 5 wkh VWU prghov duh lqwurgxfhg lq Vhfwlrq 61 H{shfwdwlrqv0dxjphqwhg

vkruw0uxq Skloolsv fxuyhv iru Dxvwudold/ Vzhghq dqg wkh Xqlwhg Vwdwhv duh hvwlpdwhg

dqg wkh uhvxowv glvfxvvhg lq Vhfwlrqv 7/ 8 dqg 9 uhvshfwlyho|1 Vhfwlrq : frqwdlqv

frqfoxvlrqv1

51 Edfnjurxqg

Lq d vhplqdo sdshu/ Skloolsv +4<8;, irxqg d qhjdwlyh uhodwlrqvkls ehwzhhq xqhpsor|0

phqw dqg zdjh lq dwlrq lq wkh Xqlwhg Nlqjgrp/ 4;9404<8:1 Vxevhtxhqw uhvhdufk

irxqg d vlplodu uhodwlrqvkls ehwzhhq xqhpsor|phqw dqg sulfh lq dwlrq1 Wklv uhod0
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wlrqvkls kdv vlqfh ehhq nqrzq dv wkh Skloolsv fxuyh dqg dw wkh wlph wkhuh zdv vwurqj

hpslulfdo vxssruw iru d vwdeoh lq dwlrq0xqhpsor|phqw wudgh0r�1 Lq wkh odwh 4<93v wklv

k|srwkhvlv zdv vhyhuho| fulwlfl}hg iurp wkh wkhruhwlfdo vlgh e| Iulhgpdq +4<9;, dqg

Skhosv +4<9;, zkr dujxhg wkdw lw zdv xquhdvrqdeoh wr dvvxph wkdw qrplqdo yduldeohv

frxog d�hfw uhdo yduldeohv dqg wkdw d vkliw e| srolf| pdnhuv wr h{sdqvlrqdu| srolflhv

zrxog hyhqwxdoo| fkdqjh wkh zd| sulfhv dqg zdjhv duh vhw1 Lq wkh hduo| 4<:3v wkh �uvw

hpslulfdo idloxuhv ri wkh Skloolsv fxuyh rffxuuhg zkhq erwk lq dwlrq dqg xqhpsor|0

phqw lqfuhdvhg vlpxowdqhrxvo|/ sulpdulo| gxh wr wkh rlo0sulfh vkrfnv1 Wkh fulwltxh

surpswhg wkh irupxodwlrq ri wkh h{shfwdwlrqv0dxjphqwhg Skloolsv fxuyh1 Dffruglqj

wr wklv vshfl�fdwlrq qr srolf| fdq shupdqhqwo| orzhu xqhpsor|phqw ehorz lwv qdwxudo

udwh xqohvv h{shfwdwlrqv duh kljko| luudwlrqdo1

Wkh Skloolsv fxuyh lv uhjdlqlqj lqwhuhvw diwhu d shulrg lq qhjohfw dqg wkhuh kdv ehhq

frqvlghudeoh wkhruhwlfdo zrun vxjjhvwlqj d qrqolqhdu uhodwlrqvkls ehwzhhq lq dwlrq

dqg xqhpsor|phqw1 Wkh vr fdoohg �qhz Skloolsv fxuyhv�> vhh Jdoð dqg Jhuwohu +4<<;,/

duh edvhg rq hduo| vwxglhv ri Wd|oru +4<;3, dqg Fdoyr +4<;6, xvlqj vwdjjhuhg qrplqdo

zdjh frqwudfwv dqg sulfh vhwwlqj e| iruzdug orrnlqj lqglylgxdov dqg �upv1 Wkhuh duh

rwkhu plfurhfrqrplf wkhrulhv wkdw dovr jlyh ulvh wr dq dv|pphwulf uhodwlrqvkls vxfk dv

wkh wkhrulhv ghdolqj zlwk/ iru h{dpsoh/ fdsdflw| frqvwudlqwv/ phqx frvwv dqg qrplqdo

uljlglwlhv1 Krzhyhu/ wkh vkdsh ri wkh qrqolqhdulw| lv dpeljxrxv vlqfh wkh gl�huhqw

wkhrulhv |lhog gl�huhqw qrqolqhdu uhodwlrqvklsv/ vhh Vhfwlrq 5151 Wkh irfxv lq hpslulfdo

zrun kdv dovr vkliwhg wrzdugv lvvxhv frqfhuqlqj wkh vkdsh ri wkh uhodwlrqvkls/ vhh/ h1j1

\dwhv +4<<;,/ Juxhq hw do1 +4<<;, dqg Gxsdvtxlhu dqg Ulfnhwv +4<<;e, iru uhylhzv rq

hpslulfdo vwxglhv ri qrqolqhdu Skloolsv fxuyhv1

5141 Wkh h{shfwdwlrqv0dxjphqwhg vkruw0uxq Skloolsv fxuyh

Wkh olqhdu h{shfwdwlrqv0dxjphqwhg vkruw0uxq Skloolsv fxuyh lv w|slfdoo| dvvxphg wr

eh ri wkh iroorzlqj irup

�w @ �
h

w
. � +x� � xw, . %w +514,

zkhuh �w lv lq dwlrq/ �h

w
lv lq dwlrq h{shfwdwlrqv/ x� lv wkh qrq0dffhohudwlqj lq dwlrq

udwh ri xqhpsor|phqw/ QDLUX/ xw lv wkh xqhpsor|phqw udwh dqg %w lv wkh huuru whup1

Wkhuh duh wzr pdlq gl!fxowlhv zkhq hvwlpdwlqj wklv prgho hpslulfdoo|1 Wkh| duh gxh
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wr phdvxuhphqw sureohpv uhjduglqj lq dwlrq h{shfwdwlrqv dqg wkh QDLUX1 Qhlwkhu ri

wkhvh yduldeohv duh gluhfwo| revhuydeoh dqg kdv wr eh dssur{lpdwhg1 Lq vrph vwxglhv

lq dwlrq h{shfwdwlrqv duh prghoohg dv d vlpsoh zhljkwhg dyhudjh ri sdvw lq dwlrq

udwhv1 Exw vlqfh h{shfwdwlrq irupdwlrqv duh vhqvlwlyh wr prqhwdu| srolf| lq dwlrq

h{shfwdwlrqv edvhg rq sdvw lq dwlrq udwhv pljkw eh lqdssursuldwh dqg vxuyh| phdvxuhv

ri lq dwlrq h{shfwdwlrqv duh jhwwlqj pruh srsxodu iru fdswxulqj wkh iruzdug0orrnlqj

frpsrqhqw1 Krzhyhu/ lq hpslulfdo zrun lq dwlrq h{shfwdwlrqv duh jhqhudoo| dvvxphg

wr eh d frpelqdwlrq ri edfnzdug0 dqg iruzdug0orrnlqj frpsrqhqwv1 Wklv fdq eh

ylhzhg dv d pl{wxuh ehwzhhq wkh wudglwlrqdo dqg wkh �qhz� Skloolsv fxuyh dffruglqj

wr Jdoð dqg Jhuwohu +4<<;,1 Wkxv/

�
h

w
@ �4�

i

w
. �5�

lps

w
. +4� �4 � �5,D +O,�w�l +515,

zkhuh �
i
w lv wkh iruzdug0orrnlqj frpsrqhqw dqg D +O, lv d odj sro|qrpldo1 Wkh

edfnzdug0orrnlqj frpsrqhqw uh hfwv wkh lqhuwld lq wkh lq dwlrq surfhvv dqg wkh

iruzdug0orrnlqj frpsrqhqw pluuruv sxeolf h{shfwdwlrqv1 Htxdwlrq +5=5, lv h{whqghg

wr lqfoxgh lq dwlrq lq lpsruwhg jrrgv/ �
lps

w
/ zklfk pd| eh dq lq xhqwldo frpsrqhqw

zkhq prghoolqj Skloolsv fxuyhv iru vpdoo rshq hfrqrplhv1 Wkh rwkhu pdmru gl!fxow|

hvwlpdwlqj hpslulfdo Skloolsv fxuyhv lv gxh wr wkh QDLUX1 E| dvvxplqj wkdw x� lv

frqvwdqw/ prgho +5=4, fdq eh uhzulwwhq dv

�w @ �. �
h

w
. �xw . %w +516,

zkhuh � @ �x
�

lq +5=6,1 Wklv dvvxpswlrq lv qrw lqqrfxrxv1 Vhyhudo vwxglhv hvwlpdwhv

wkh xqrevhuydeoh QDLUX e| xvlqj wkh Ndopdq �owhu dqg wkh| riwhq frqfoxgh wkdw

wkh QDLUX lv qrw vwdeoh ryhu wlph/ vhh/ h1j1/ Dsho dqg Mdqvvrq +4<<:,/ Juxhq hw

do1 +4<<;,/ Od{wrq hw do1 +4<<;, iru vwxglhv rq Vzhghq/ Dxvwudold dqg wkh Xqlwhg

Vwdwhv uhvshfwlyho|1 Exw wkh xqfhuwdlqw| frqfhuqlqj wkh hvwlpdwhv lv frqvlghudeoh dqg

wkh uhvxowv duh dovr kljko| ghshqghqw rq wkh lqlwldo vhwxs/ vhh Vwdljhu hw do1 +4<<9,1

Khqfh/ wkh fkdudfwhulvwlfv ri wkh QDLUX zloo qrw eh prghoohg lq wklv sdshu dqg lq

wkh iroorzlqj wkh QDLUX lv dvvxphg wr eh frqvwdqw1
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5151 Plfurirxqgdwlrqv iru d qrqolqhdu Skloolsv fxuyh uhodwlrqvkls

Dffruglqj wr Vhfwlrq 514 wkh vkruw0uxq wudgh0r� ehwzhhq xqhpsor|phqw dqg lq dwlrq

lv dvvxphg wr eh frqvwdqw ryhu wlph1 Krzhyhu/ pdq| wkhruhwlfdo prghov ri sulfh0

vhwwlqj ehkdylrxu suhglfw wkh vorsh ri wkh Skloolsv fxuyh wr eh d ixqfwlrq ri pdfur0

hfrqrplf frqglwlrqv1 Wkhuh duh vhyhudo wkhrulhv wkdw pd| jlyh ulvh wr dq dv|pphwulf

uhodwlrqvkls exw wkh suhflvh irup ri wkh qrqolqhdulw| lv dpeljxrxv1 D frpsuhkhqvlyh

uhylhz ri wkh plfurirxqgdwlrqv fdq eh irxqg lq Gxsdvtxlhu dqg Ulfnhwv +4<<;d, dqg

\dwhv +4<<;,1 Ehorz lv d eulhi uhylhz=

� Wkh fdsdflw| frqvwudlqw prgho lv edvhg rq wkh dvvxpswlrq wkdw lqfuhdvlqj pdu0

jlqdo frvwv dqg d �{hg fdsdflw| lq wkh vkruw uxq lv pdnlqj lw frvwo| iru wkh �upv

wr lqfuhdvh rxwsxw dqg hpsor|phqw lq wkh vkruw0uxq1 Wkxv/ lq dwlrq ehfrphv

pruh vhqvlwlyh wr rxwsxw lq wlphv ri h{fhvv ghpdqg dqg wkh vkruw0uxq Skloolsv

fxuyh kdv d frqyh{ vkdsh1

� Wkh vljqdo h{wudfwlrq prgho > Oxfdv +4<:5/ 4<:6,/ vxjjhvwv wkdw wkh uhodwlrqvkls

ehwzhhq rxwsxw dqg lq dwlrq dulvhv ehfdxvh djhqwv duh xqdeoh wr glvwlqjxlvk

ehwzhhq djjuhjdwh dqg uhodwlyh sulfh vkrfnv1 Wkh vkrfnv duh qrw gluhfwo| re0

vhuydeoh dqg wkh uhodwlrqvkls ehwzhhq rxwsxw dqg lq dwlrq zloo ghshqg rq wkh

yduldqfh ri lq dwlrq1 Wkh pruh yrodwloh wkh djjuhjdwh sulfhv/ wkh ohvv d jlyhq

sulfh fkdqjh zloo eh dwwulexwhg wr d fkdqjh lq uhodwlyh sulfhv/ dqg wkxv wkh

vpdoohu zloo eh wkh rxwsxw uhvsrqvh1 Wkh vkruw0uxq Skloolsv fxuyh lv olqhdu exw

lwv vorsh zloo ydu| srvlwlyho| zlwk wkh yrodwlolw| ri lq dwlrq1

� Wkh frvwo| dgmxvwphqw prgho > vhh/ h1j1/ Edoo hw do1 +4<;;,/ lpsolhv wkdw wkh

uhodwlrqvkls ehwzhhq rxwsxw dqg lq dwlrq ydulhv zlwk wkh ohyho ri lq dwlrq1 Lq

wkh suhvhqfh ri phqx frvwv rqo| vrph �upv zloo fkdqjh wkhlu sulfhv lq uhvsrqvh

wr d ghpdqg vkrfn1 Exw/ wkh juhdwhu wkh qxpehu ri �upv wkdw fkdqjh wkhlu

sulfhv wkh pruh uhvsrqvlyh zloo wkh djjuhjdwh sulfh ohyho eh wr ghpdqg vkrfnv1

Wkh �upv zloo lqfuhdvh wkh iuhtxhqf| dqg vl}h ri sulfh dgmxvwphqw dv lq dwlrq

ulvhv vr wkdw djjuhjdwh ghpdqg vkrfnv zloo kdyh ohvv h�hfw rq rxwsxw dqg pruh

h�hfw rq wkh sulfh ohyho1 Dqrwkhu h{dpsoh ri wkh frvwo| dgmxvwphqw prgho rffxuv

zkhq wkh zdjh frqwudfwv ehwzhhq �upv dqg zrunhuv kdyh orqj gxudwlrq1 Wkh

vkruw0uxq Skloolsv fxuyh lv d frqyh{ ixqfwlrq wkdw ehfrphv olqhdu dv lq dwlrq

dssurdfkhv }hur1
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� Wkh grzqzdug qrplqdo zdjh uljlglw| prgho > vhh/ h1j1 Vwljolw} +4<;9,/ Ilvkhu

+4<;<,/ vxjjhvwv wkdw zrunhuv duh pruh uhoxfwdqw wr dffhsw d ghfuhdvh lq wkhlu

qrplqdo zdjhv wkdq d ghfuhdvh lq wkhlu uhdo zdjhv ehfdxvh ri prqh| looxvlrq/

lqvwlwxwlrqdo ru ehkdylrxudo idfwruv1 Dqg/ khqfh/ d orz lq dwlrq hqylurqphqw lv

pruh olnho| wr fuhdwh doorfdwlrq lqh!flhqflhv1 Surylghg wkdw ixoo dgmxvwphqw wr

lqglylgxdo ghpdqg vkrfnv hyhqwxdoo| rffxuv wklv prgho kdv wzr lpsolfdwlrqv iru

wkh vkdsh ri wkh vkruw0uxq Skloolsv fxuyh= Wkh h�hfwv ri qrplqdo zdjh  rruv

duh pruh olnho| wr eh lpsruwdqw dw orz udwhv ri lq dwlrq1 Vhfrqg/ li wklv lv wuxh

h{fhvv vxsso| zloo kdyh ohvv h�hfw rq lq dwlrq wkdq h{fhvv ghpdqg uhvxowlqj lq

dv|pphwulhv zlwk uhvshfw wr wkh rxwsxw jds1

� Wkh prqrsrolvwlfdoo| frpshwlwlyh prgho > vhh/ h1j1 Vwljolw} +4<;7,/ uhihuv wr wkh

vwudwhjlf sulflqj ehkdylrxu ri �upv lq prqrsrolvwlfdoo| frpshwlwlyh ru roljrsrolv0

wlf pdunhwv1 Surgxfhuv pljkw orzhu sulfhv txlfno| lq rughu wr dyrlg ehlqj xq0

ghufxw e| ulydov1 Ixuwkhupruh/ wkh| pljkw eh uhoxfwdqw wr udlvh sulfhv hyhq lq

wkh idfh ri jhqhudoo| ulvlqj sulfhv/ krslqj wr nhhs rxw srwhqwldo qhz frpshwlwruv1

Wkh vkruw0uxq Skloolsv fxuyh zloo lq wklv fdvh eh frqfdyh1

5161 Prqhwdu| srolf| dqg wkh Skloolsv fxuyh

Wkh pdlq hpskdvlv lq prqhwdu| srolf| zloo gl�hu ghshqglqj rq zklfk ri wkh deryh

wkhrulhv lv wkh �uljkw� rqh1 Wkh txhvwlrq ri zkhwkhu wkh Skloolsv fxuyh lv frqyh{/

frqfdyh ru olqhdu |lhogv gl�huhqw h�hfwv ri prqhwdu| srolf|1 \dwhv +4<<;, dqg Gx0

sdvtxlhu dqg Ulfnhwv +4<<;d, glvfxvv wkh srolf| lpsolfdwlrqv ri wkh gl�huhqw wkhrulhv

wkrurxjko| dqg wkh dujxphqwv zloo qrw eh uhshdwhg khuh1 Wkh prvw lpsruwdqw lvvxh

zkhq ghdolqj zlwk dv|pphwulf uhodwlrqvklsv lv wkh lpsruwdqfh ri wlplqj ri wkh srolf|1

Li wkh fhqwudo edqn doorzv wkh hfrqrp| wr ghyldwh iurp wkh wdujhw iru vrph wlph d

odujhu fkdqjh lq wkh prqhwdu| lqvwuxphqw pd| eh qhfhvvdu| wr dfklhyh wkh ghvluhg

h�hfw1 Lq d olqhdu hqylurqphqw +vhwwlqj fuhglelolw| lvvxhv dvlgh, lw grhv qrw pdwwhu li

wkhuh lv rqh odujh ru vhyhudo vpdoo fkdqjhv zkhuhdv lq d qrqolqhdu hqylurqphqw wkh

h�hfw ri vhyhudo vpdoo fkdqjhv pljkw eh yhu| gl�huhqw iurp wkdw ri d vlqjoh odujh rqh1
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61 Vprrwk wudqvlwlrq uhjuhvvlrq prgho

Vprrwk wudqvlwlrq uhjuhvvlrq +VWU, prghov zloo eh dssolhg wr ghvfuleh wkh hpslul0

fdo h{shfwdwlrqv0dxjphqwhg vkruw0uxq Skloolsv fxuyhv ri Dxvwudold/ Vzhghq dqg wkh

Xqlwhg Vwdwhv1 Wklv pdnhv lw srvvleoh wr whvw iru olqdulw| dqg hvwlpdwh d qrqolqhdu

prgho zlwkrxw pdnlqj dq| d sulrul dvvxpswlrqv derxw wkh vkdsh ri wkh qrqolqhdu uh0

odwlrqvkls1 Lq wklv vhfwlrq vrph edvlf ihdwxuhv ri wkh VWU prghov duh lqwurgxfhg dqg

wkh prghoolqj f|foh zloo eh uhylhzhg wrjhwkhu zlwk wkh whvwv ri olqhdulw| dqg sdudphwhu

frqvwdqf|1

Vwduw e| frqvlghulqj wkh iroorzlqj qrqolqhdu prgho/
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w
*. {3

w
�I +vw, . hw= w @ 4> ====> W= +614,

zkhuh hw � qlg
�
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5
�
> {w @ +4> |w�4> ====> |w�n> }4w> ==}pw,

3
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w
,
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zlwk s @ n .p lv

wkh yhfwru ri vwdwlrqdu| h{sodqdwru| yduldeohv/ vrph ri zklfk pd| eh olqhdu frpelqd0

wlrqv ri qrqvwdwlrqdu| yduldeohv1 Ixuwkhupruh/ * @ +*3> ===> *s,
3

dqg � @ +�3> ===> �s,
3

duh sdudphwhu yhfwruv1 I +vw, lv wkh wudqvlwlrq ixqfwlrq zklfk lv frqwlqxrxv lq vw dqg

erxqghg ehwzhhq }hur dqg xqlw|1 Wkh wudqvlwlrq yduldeoh vw lv hlwkhu vwdwlrqdu| ru

d wlph wuhqg +w,1 Wkh wudqvlwlrq ixqfwlrq ri d nwk rughu orjlvwlf vprrwk wudqvlwlrq

uhjuhvvlrq/ OVWU+n, prgho lv

I +vw, @ I +vw>�> f, @

#
4 . h{s

+
��

n\

l@4

+vw � fl,

,$
�4

> � A 3> f4 � ==== � fn +615,

zkhuh n @ 4 |lhogv wkh OVWU+4, prgho dqg n @ 5 wkh OVWU+5, zklfk duh wkh wzr

sdudphwhulvdwlrqv ri wudqvlwlrq ixqfwlrqv wkdw zloo eh frqvlghuhg lq wklv sdshu1 Wkh

vorsh sdudphwhu � ghwhuplqhv wkh vshhg ri wudqvlwlrq ehwzhhq wkh wzr h{wuhph uhjlphv

dqg wkh yhfwru ri orfdwlrq sdudphwhuv f ghwhuplqhv wkh orfdwlrq ri wkh wudqvlwlrq1 Iru

ghulydwlrqv ri wkh whvwv dqg dq h{kdxvwlyh ghvfulswlrq ri VWU prghov/ vhh Judqjhu

dqg Whuçvyluwd +4<<6, dqg Whuçvyluwd +4<<7/ 4<<;,1

6141 Wkh prghoolqj f|foh iru VWU prghov

Iroorzlqj Whuçvyluwd +4<<7, wkh prghoolqj f|foh frqvlvwv ri irxu vwhsv1 Lqlwldoo| d

olqhdu prgho zlwk qr huuru dxwrfruuhodwlrq lv hvwlpdwhg1 Wkh whvwv ri olqhdulw| dqg

sdudphwhu frqvwdqf| lv shuiruphg lq wklv prgho djdlqvw wkh dowhuqdwlyh ri dq VWU

:



sdudphwhulvdwlrq1 Li hlwkhu ri wkh k|srwkhvhv duh uhmhfwhg dq VWU prgho lv hvwlpdwhg1

Wkh suhihuuhg VWU vshfl�fdwlrq lv hydoxdwhg xvlqj plvvshfl�fdwlrq whvwv ri qr huuru

dxwrfruuhodwlrq/ sdudphwhu frqvwdqf| dqg qr dgglwlyh qrqolqhdulw|/ vhh Hlwukhlp dqg

Whuçvyluwd +4<<9,1

Zkhq whvwlqj iru olqhdulw| wkh dowhuqdwlyh lv vshfl�hg xvlqj vhyhudo gl�huhqw ydul0

deohv dv srwhqwldo wudqvlwlrq yduldeoh1 Li pruh wkhq rqh ri wkh qxoo k|srwkhvhv duh

uhmhfwhg wkh VWU prgho lv vshfl�hg iru wkh wudqvlwlrq yduldeoh zklfk zdv xvhg lq wkh

prvw irufhixoo| uhmhfwhg k|srwkhvlv1 Wkh lqlwldo fkrlfh ri srvvleoh wudqvlwlrq yduldeohv

lv edvhg rq hfrqrplf wkhru|1

6151 Whvwlqj olqhdulw| dqg sdudphwhu frqvwdqf|

Whvwlqj olqhdulw| djdlqvw wkh dowhuqdwlyh ri dq OVWU+n, prgho dprxqwv wr whvwlqj li

� @ 3 lq htxdwlrq +6=5, = Wkh prgho lv qrw lghqwl�hg xqghu wkh qxoo k|srwkhvlv gxh wr

wkh qxlvdqfh sdudphwhuv � dqg f= DWd|oru vhulhv dssur{lpdwlrq derxw � @ 3 lv xvhg dv

d vxevwlwxwh wr flufxpyhqw wklv sureohp/ dqg wkh whvwv duh edvhg rq wklv wudqviruphg

htxdwlrq=

|w @ {3

w
�3.

n[
m@4

�
�{wv

m
w

�
3

�m . h
�

w
+616,
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w
@ hw xqghu K31 Wkh qxoo k|srwkhvlv K3 = � @ 3 lq

htxdwlrq +6=5, zkhuh n @ 6 lpsolhv

K 3

3
= �4 @ �5 @ �6 @ 3 +617,

zlwklq +6=6, ehfdxvh �m @ ���m zkhuh �� lv d ixqfwlrq ri wkh sdudphwhuv lq wkh ruljlqdo

VWU vshfl�fdwlrq1 Lq rughu wr ghflgh ehwzhhq n @ 4 dqg n @ 5/ rqh frqwlqxhv e|

fduu|lqj rxw wkh iroorzlqj whvw vhtxhqfh zlwklq +6=6, =

K37 = �6 @ 3> +618,

K36 = �5 @ 3m�6 @ 3> +619,

K35 = �4 @ 3m�5 @ �6 @ 3= +61:,

Li wkh uhmhfwlrq ri K36 lv vwurqjhvw +phdvxuhg e| wkh s0ydoxh ri wkh whvw,/ wkh uxoh lv

wr fkrrvh n @ 5/ rwkhuzlvh rqh vhohfwv n @ 4> iru wkh uhdvrqlqj ehklqg wklv uxoh vhh

;



Whuçvyluwd +4<<7,1 Ixuwkhupruh/ lw lv vkrzq wkdw lq vpdoo vdpsohv dq I dssur{lpdwlrq

wr wkh OP0whvw vwdwlvwlf lv suhihudeoh wr wkh dv|pswrwlf "5�glvwulexwlrq ehfdxvh lw kdv

jrrg vl}h surshuwlhv1

D vshfldo fdvh ri qrqolqhdulw| lv zkhq wkh wudqvlwlrq yduldeoh lv d wlph wuhqg +w,1

Wkh VWU prgho fdq eh ylhzhg dv d olqhdu prgho zlwk wlph0ydu|lqj sdudphwhuv/ vhh

Olq dqg Whuçvyluwd +4<<7,1 Iroorzlqj Olq dqg Whuçvyluwd +4<<7,/ wkh whvwlqj surfhgxuh

ehfrphv

OP6 = �4 @ �5 @ �6 @ 3>

OP5 = �4 @ �5 @ 3m�6 @ 3>

OP4 = �4 @ 3m�5 @ �6 @ 3=

lq +6=7,1 Li wkh uhmhfwlrq ri OP4 lv vwurqjhvw +phdvxuhg e| wkh s0ydoxh, dq OVWU+4,

prgho lv suhihuuhg dqg li OP5 lv wkh vwurqjhvw uhmhfwhg k|srwkhvlv dq OVWU+5, prgho

lv wkh prvw dssursuldwh1 Zkhq ghdolqj zlwk wlph0ydu|lqj sdudphwhuv d pruh  h{leoh

vshfl�fdwlrq pd| eh qhhghg dqg li OP6 lv wkh vwurqjhvw uhmhfwhg k|srwkhvlv wkh qrq0

prqrwrqrxv OVWU+6, prgho zloo eh hvwlpdwhg1

Lq wkh iroorzlqj/ wkh Skloolsv fxuyh iru hdfk ri Dxvwudold/ Vzhghq dqg wkh Xqlwhg

Vwdwhv lv hvwlpdwhg dqg hydoxdwhg1 D olqhdu prgho lv vshfl�hg iru hdfk frxqwu| dqg

lq d vhfrqg vwhs olqhdulw| lv whvwhg djdlqvw d qrqolqhdu dowhuqdwlyh ri vprrwk wudqvl0

wlrq uhjuhvvlrq +VWU, w|sh1 VWU lv qrw wkh rqo| srvvleoh qrqolqhdu dowhuqdwlyh exw dq

dgydqwdjh ri VWU prghov lv wkdw wkhuh h{lvwv d zhoo hvwdeolvkhg vshfl�fdwlrq dqg prg0

hoolqj f|foh frpsohwh zlwk olqhdulw| dqg plvvshfl�fdwlrq whvwv/ vhh Whuçvyluwd +4<<7,1

Wkh whvwv kdyh jrrg vpdoo vdpsoh surshuwlhv zklfk pdnhv wkhp xvhixo dqdo|vlqj

pdfurhfrqrplf uhodwlrqvklsv vlqfh wkh wlph0vhulhv riwhq duh vkruw1 Wkh VWU prg0

hoolqj surfhgxuh lv pdnlqj lw srvvleoh wr vlpxowdqhrxvo| whvw iru olqhdulw| dqg sdudph0

whu frqvwdqf|1 Wlph0ydu|lqj sdudphwhuv pd| eh dq lvvxh hvshfldoo| vlqfh wkh QDLUX

lv dvvxphg wr eh frqvwdqw dqg gxh wr odujh fkdqjhv lq prqhwdu| srolflhv1 Li dq| ri

wkh olqhdulw| ru sdudphwhu frqvwdqf| k|srwkhvhv duh uhmhfwhg wkh fruuhvsrqglqj VWU

prgho zloo eh hvwlpdwhg dqg hydoxdwhg1

<



71 Dxvwudold

Wkhuh kdyh ehhq qxphurxv vwxglhv ri wkh Dxvwudoldq Skloolsv fxuyh vwduwlqj zlwk

Skloolsv +4<8<,1 D uhylhz ri rog dqg uhfhqw vwxglhv ri wkh Dxvwudoldq Skloolsv fxuyh

fdq eh irxqg lq Juxhq hw do1 +4<<;,1 Wkh roghu vwxglhv xvxdoo| hvwlpdwh d olqhdu

uhodwlrqvkls zkloh wkh pruh uhfhqw rqhv riwhq doorz iru hlwkhu d wlph0ydu|lqj QDLUX

ru d qrqolqhdu vshfl�fdwlrq1 Wkh frpprq wkhph ri wkh vwxglhv wkdw doorz iru d

qrqolqhdu uhodwlrqvkls lv wkdw qrqolqhdulwlhv duh lqwurgxfhg zlwkrxw dq| lqlwldo whvwv

ri olqhdulw|1 Iru h{dpsoh/ Ghehooh dqg Ylfnhu| +4<<:, hvwlpdwh dqg frpsduh d olqhdu

dqg d qrqolqhdu vkruw0uxq Skloolsv fxuyh zlwk iruzdug orrnlqj h{shfwdwlrqv xvlqj

txduwhuo| gdwd iurp 4<8<+6, wr 4<<:+4,1 Wkh| �qg wkdw wkh qrqolqhdu vshfl�fdwlrq

lv pruh dffxudwh wkdq wkh olqhdu vlqfh lw kdv kljkhu h{sodqdwru| srzhu1 Wklv grhv

qrw qhfhvvdulo| lpso| wkdw wkh wuxh uhodwlrqvkls lv qrqolqhdu dowkrxjk wklv srvvlelolw|

fdqqrw eh h{foxghg1 Wkh uhdvrq lv wkdw wkh dxwkruv gr qrw shuirup dq| lqlwldo whvw

ri olqhdulw| ehiruh hvwlpdwlqj wkh qrqolqhdu prgho1 Wkh wuxh uhodwlrqvkls pd| vwloo eh

olqhdu dqg wkh hvwlpdwhg qrqolqhdu vshfl�fdwlrq zloo lq wklv fdvh eh ryhu0sdudphwhulvhg1

Lq wklv vhfwlrq d olqhdu Skloolsv fxuyh zloo eh hvwlpdwhg dqg wkh whvwv ri olqhdulw|

dqg sdudphwhu frqvwdqf| zloo eh shuiruphg djdlqvw wkh dowhuqdwlyh ri dq VWU prgho1

Li dq| ri wkh k|srwkhvhv duh uhmhfwhg d qrqolqhdu prgho zloo eh vshfl�hg1

7141 Gdwd

Txduwhuo| vhdvrqdoo| xqdgmxvwhg vhulhv iru 4<::+4,04<<:+7, duh xvhg iru wkh hvwlpdwlrq1

Wkh Skloolsv fxuyh lv gh�qhg iru wkh dqqxdo lq dwlrq udwh/ wkdw lv/ �w @ �7sw zkhuh sw lv

wkh frqvxphu sulfh lqgh{ lq orjdulwkpv/ �l @
�
4�Ol

�
lv wkh gl�huhqfh rshudwru dqg O

lv wkh odj rshudwru1 Wkhuh duh vhyhudo phdvxuhv ri lq dwlrq dydlodeoh1 Wkh xqghuo|lqj

lq dwlrq vhulhv lv xvhg iru wkh Dxvwudoldq vwxg| vlqfh wklv lv wkh lq dwlrq phdvxuh

fxuuhqwo| wdujhwhg e| wkh Uhvhuyh Edqn ri Dxvwudold1 Wkh xqghuo|lqj lq dwlrq udwh

lv fdofxodwhg dv wkh wrwdo lq dwlrq qhw ri iuhvk iuxlw dqg yhjhwdeohv/ pruwjdjh lqwhuhvw

dqg frqvxphu fuhglw fkdujhv/ dxwrprwlyh ixho dqg khdowk vhuylfhv1 Lq wkh uhvw ri

Vhfwlrq 7/ wkh whup lq dwlrq dozd|v uhihuv wr xqghuo|lqj lq dwlrq xqohvv rwkhuzlvh

lv h{solflwo| vwdwhg1 Wkh lq dwlrq h{shfwdwlrq vhulhv xvhg khuh lv ghulyhg iurp erqg

|lhogv e| Ghehooh dqg Ylfnhu| +4<<:,1

Wkh FSL lq dwlrq dqg wkh xqghuo|lqj lq dwlrq lv sorwwhg djdlqvw wlph lq Iljxuh
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7141 Lq dwlrq kdv ehhq glplqlvklqj ryhu wkh vdpsoh1 Lw zdv yhu| kljk lq wkh 4<;3v

exw kdv ghfuhdvhg vkduso| lq wkh ehjlqqlqj ri wkh 4<<3v1 Rqh srvvleoh h{sodqdwlrq lv

wkdw wkh Uhvhuyh Edqn ri Dxvwudold dqqrxqfhg dq h{solflw lq dwlrq wdujhw ri 506 (

lq Ghfhpehu 4<<6 lq wdujhwlqj wkh xqghuo|lqj lq dwlrq udwh1 Lq dwlrq h{shfwdwlrqv

duh judskhg wrjhwkhu zlwk wkh FSL lq dwlrq lq Iljxuh 715/ dqg zlwk xqghuo|lqj lq0

 dwlrq lq Iljxuh 7161 Wkh prvw vwulnlqj ihdwxuh lq erwk �jxuhv lv wkdw wkh lq dwlrq

h{shfwdwlrqv vhulhv lv v|vwhpdwlfdoo| kljkhu wkdq erwk wkh dfwxdo dqg wkh xqghuo|lqj

lq dwlrq udwh1 Wklv fdq eh lqwhusuhwhg dv odfn ri fuhglelolw| ri wkh prqhwdu| srolf|

lq Dxvwudold1 Wkh v|vwhpdwlf gl�huhqfh shuvlvwv zkhq wkh ohyho ri erwk lq dwlrq dqg

lq dwlrq h{shfwdwlrqv ghfuhdvh1

Vlqfh vwdwlrqdulw| lv d suhuhtxlvlwh iru wkh prghoolqj whfkqltxhv xvhg> vhh Vhfwlrq

6/ lw lv qhfhvvdu| wr ghwhuplqh wkh rughu ri lqwhjudwlrq ri wkh yduldeohv lqyroyhg1 Wkh

dxjphqwhg Glfnh|0Ixoohu whvwv duh dssolhg wr whvw wkh k|srwkhvlv ri d xqlw urrw dqg

wkh uhvxowv fdq eh irxqg lq Wdeoh 7141 Wkh k|srwkhvlv ri d xqlw urrw lv uhmhfwhg iru doo

vhulhv dw wkh 4 ( ohyho ri vljql�fdqfh dqg/ khqfh/ wkh yduldeohv dsshdu wr eh vwdwlrqdu|1

7151 Hpslulfdo uhvxowv

Wkh hvwlpdwlrq surfhgxuh vwduwv e| vshfli|lqj d olqhdu h{shfwdwlrqv0dxjphqwhg vkruw0

uxq Skloolsv fxuyh iru 4<::+4,04<<:+7,1 Wkh lqlwldo vhwxs lv frqvlvwhqw zlwk wkh wkhr0

uhwlfdo dujxphqwv lq Vhfwlrq 51 Hfrqrplf wkhru| grhv qrw jlyh dq| jxlgdqfh uhjdug0

lqj wkh g|qdplfv dqg doo yduldeohv duh lqlwldoo| lqfoxghg zlwk vhyhudo odjv lq rughu

wr dfklhyh d prgho zlwkrxw huuru dxwrfruuhodwlrq1 Yduldeohv zlwk srru h{sodqdwru|

srzhu duh h{foxghg iurp wkh �qdo vshfl�fdwlrq xvlqj wkh w0ydoxhv dv d jxlgdqfh1 Wkh

sduvlprqlrxv htxdwlrq ehfrphv
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zkhuh �w ghqrwhv wkh dqqxdo lq dwlrq udwh/ �
i

w
lv wkh h{shfwhg dqqxdo lq dwlrq udwh/

�
lps

w
lv wkh dqqxdo lq dwlrq udwh lq lpsruw sulfhv dqg xw ghqrwhv wkh orj ri xqhp0

sor|phqw1 Wkh vwdqgdug ghyldwlrqv ri wkh frh!flhqwv dsshdu lq sduhqwkhvhv/ W lv

wkh qxpehu ri revhuydwlrqv/ U
5
lv wkh frh!flhqw ri ghwhuplqdwlrq/ �olq lv wkh vwdq0

gdug ghyldwlrq ri wkh olqhdu prgho/ dqg DLF lv Dndlnh Lqirupdwlrq Fulwhulrq1 Wkh

Orpqlfnl0Mdutxh0Ehud +OME, whvw grhv qrw uhmhfw qrupdolw| ri wkh huuru surfhvv> wkh

fruuhvsrqglqj s0ydoxh dsshdu lq sduhqwkhvlv/ dqg wkh OP whvw ri qr DUFK ri rughu

m/ D+m,> grhv qrw lqglfdwh d plvvshfl�hg prgho1 Wkh uhvxowv ri wkh whvw ri qr huuru

dxwrfruuhodwlrq fdq eh irxqg lq Wdeoh 7151 Wkh k|srwkhvlv ri qr huuru dxwrfruuhodwlrq

djdlqvw huuru dxwrfruuhodwlrq ri rughu rqh lv uhmhfwhg dw wkh 8 ( ohyho vljql�fdqfh

+s0ydoxh @ 7=: (,1 Krzhyhu/ vlqfh wkh k|srwkhvlv ri qr huuru dxwrfruuhodwlrq djdlqvw

huuru dxwrfruuhodwlrq ri d kljkhu rughu wkdq rqh fdqqrw eh uhmhfwhg dqg wkdw wkh uh0

mhfwlrq ohyho ri qr huuru dxwrfruuhodwlrq ri rughu rqh lv forvh wr wkh fkrvhq vljql�fdqfh

ohyho ri 8 ( wkh olqhdu prgho +7=4, zloo eh wuhdwhg dv li lw ixo�oov wkh dvvxpswlrq ri qr

huuru dxwrfruuhodwlrq1

Wkh olqhdu vshfl�fdwlrq +7=4, lv hvwlpdwhg zlwkrxw dq| d sulrul uhvwulfwlrqv ri orqj0

uxq qhxwudolw| ri prqh|1 Wkh frh!flhqwv ri wkh lq dwlrq yduldeohv vxpv wr 31<8;

zklfk lv forvh wr xqlw| dqg lpsrvlqj wkh uhvwulfwlrq ri orqj0uxq qhxwudolw| grhv qrw

fkdqjh dq| frqfoxvlrqv1 Wkh vxp ri wkh frh!flhqwv ri wkh xqhpsor|phqw yduldeohv

lv qhjdwlyh lqglfdwlqj d qhjdwlyh uhodwlrqvkls ehwzhhq lq dwlrq dqg xqhpsor|phqw1

Wkh lqwhufhsw fdq eh lqwhusuhwhg dv d phdvxuh ri wkh QDLUX dqg wkh olqhdu htxdwlrq

+7=4, vhhpv wr eh frqvlvwhqw zlwk hfrqrplf wkhru|1

Wkh whvwv ri olqhdulw| dqg sdudphwhu frqvwdqf| duh shuiruphg dqg wkh uhvxowv duh

vkrzq lq Wdeoh 7161 Sdudphwhu frqvwdqf| lv wkh prvw vwurqjo| uhmhfwhg k|srwkhvlv

srlqwlqj dw dq OVWU+6, prgho1 Hvwlpdwlqj wklv |lhogv d prgho zlwk vwurqj huuru

dxwrfruuhodwlrq dqg wkh qxoo k|srwkhvlv ri qr dgglwlrqdo qrqolqhdulw| lv uhmhfwhg iru

wzr ri wkh wudqvlwlrq yduldeohv1 Pruhryhu/ wkh vshfl�fdwlrq grhv qrw fdswxuh doo wlph0

yduldwlrq lq wkh sdudphwhuv1 Wdnlqj doo wkhvh ihdwxuhv wrjhwkhu wkh prgho grhv qrw

vhhp wr shuirup zhoo dqg zloo qrw eh frqvlghuhg ixuwkhu1 Dffruglqj wr Wdeoh 716 olq0

hdulw| lv dovr uhmhfwhg1 Lw lv prvw vwurqjo| uhmhfwhg zkhq wkh fkdqjh lq frqwhpsrudu|

xqhpsor|phqw �4xw lv xvhg dv wudqvlwlrq yduldeoh dqg wkh whvwlqj surfhgxuh lqglfdwhv

dq OVWU+5, prgho1 Hvwlpdwlqj wklv |lhogv d prgho zlwk qrq qrupdo uhvlgxdov dqg

wlph0ydu|lqj sdudphwhuv1 Pruhryhu/ wkh k|srwkhvlv ri qr dgglwlrqdo qrqolqhdulw| lv
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dovr uhmhfwhg1 Exw vlqfh wkhuh duh yhu| ihz revhuydwlrqv wkdw pdnh wkh vhfrqg wudqvl0

wlrq qhfhvvdu| dq OVWU+4, prgho lv hvwlpdwhg lqvwhdg1 H{foxglqj wkh yduldeohv zlwk

srru h{sodqdwru| srzhu wkh prgho ehfrphv
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zkhuh �qo ghqrwhv wkh vwdqgdug ghyldwlrq ri wkh qrqolqhdu prgho +7=5,1 Zlwk d uhvlgxdo

vwdqgdug ghyldwlrq wkdw lv 43 ( ohvv wkdq wkdw ri +7=4,/ wkh OVWU+4, prgho +7=5,

yduldqfh grplqdwhv wkh olqhdu prgho +7=4,1 Wkh dvvxpswlrq ri qrupdolw| dqg wkdw

ri qr DUFK lv vdwlv�hg dffruglqj wr wkh gldjqrvwlf whvwv vkrzq ehorz wkh htxdwlrq1

Wkhuh lv qr hylghqfh ri huuru dxwrfruuhodwlrq zklfk zdv forvh wr ehlqj uhmhfwhg lq wkh

olqhdu vshfl�fdwlrq +7=4,/ vhh Wdeoh 7171 Wkh k|srwkhvlv ri qr dgglwlrqdo qrqolqhdulw|

lv uhmhfwhg +s0ydoxh @ 3=364, zkhq xvlqj �
i
w dv wkh wudqvlwlrq yduldeoh/ vhh Wdeoh

7171 Krzhyhu/ olqhdulw| fdqqrw eh uhmhfwhg iru dq| ri wkh rwkhu wudqvlwlrq yduldeohv

zklfk lv dq lpsuryhphqw frpsduhg wr uhvxowv ri wkh lqlwldo olqhdulw| whvwv lq Wdeoh

7151 Sdudphwhu frqvwdqf| ri wkh zkroh vhw ri sdudphwhuv lv vwloo uhmhfwhg +s0ydoxh

@ 3=335<, exw htxdwlrq +7=5, fdswxuhv d pdmru sduw ri wkh wlph0yduldwlrq frpsduhg

wr wkh sdudphwhu frqvwdqf| whvwv suhvhqwhg lq Wdeoh 7161

Wkh wudqvlwlrq ixqfwlrq ri htxdwlrq +7=5, lv sorwwhg djdlqvw lwv dujxphqw +�4xw, lq

Iljxuh 7171 Zkhq wkh wudqvlwlrq ixqfwlrq htxdov }hur wkh olqhdu frpsrqhqw ri htxdwlrq

+7=5, dghtxdwho| ghvfulehv wkh uhodwlrqvkls dqg zkhq wkh wudqvlwlrq ixqfwlrq htxdov

rqh wkh frpsohwh prgho lv qhfhvvdu| iru fdswxulqj wkh ihdwxuhv ri wkh vkruw0uxq Skloolsv

fxuyh1 Lq Iljxuh 718 wkh wudqvlwlrq ixqfwlrq lv sorwwhg djdlqvw wlph1 Wklv judsk vkrzv

zkhq wkh frpsohwh prgho lv zrunlqj +wkh wudqvlwlrq ixqfwlrq htxdov rqh, dqg zkhq

rqo| wkh olqhdu sduw lv qhfhvvdu| wr ghvfuleh wkh lq dwlrq lq Dxvwudold1 Wkh uhvlgxdov
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ri htxdwlrqv +7=4, dqg +7=5, duh sorwwhg lq Iljxuh 719 dqg wkh qrqolqhdu vshfl�fdwlrq

+7=5, rxwshuirupv wkh olqhdu +7=4, iru wkh revhuydwlrqv zkhuh wkh frpsohwh qrqolqhdu

prgho +7=5, lv zrunlqj1

Lq rughu wr �qg rxw zkhwkhu wkh qrqolqhdu prgho +7=5, h{sodlqv wkh hpslulfdo uh0

vxowv ri wkh olqhdu prgho +7=4, dqg wkh rwkhu zd| durxqg/ wkh hqfrpsdvvlqj whvwv

duh ehlqj frpsxwhg1 Dq lqwurgxfwlrq wr hqfrpsdvvlqj whvwv fdq eh irxqg lq Khqgu|

+4<<8, dqg/ iru dssolfdwlrqv ri hqfrpsdvvlqj whvwv lq VWU prghov vhh Whuçvyluwd

+4<<;, dqg Whuçvyluwd dqg Holdvvrq +4<<;,1 D eulhi uhylhz fdq eh irxqg lq Dsshq0

gl{ D1 Whvwlqj wkh k|srwkhvlv ri zkhwkhu wkh olqhdu prgho +7=4, hqfrpsdvvhv wkh

qrqolqhdu +7=5, dprxqwv wr whvwlqj wkh qxoo k|srwkhvlv wkdw wkh qrqolqhdu sduw ri

+7=5, grhv qrw hqwhu wkh olqhdu htxdwlrq +7=4,1 Wkh k|srwkhvlv lv vwurqjo| uhmhfwhg

+I @ 7=48> s0ydoxh @ 3=33336;, zklfk lpsolhv wkdw wkh olqhdu prgho +7=4, grhv qrw

hqfrpsdvv wkh qrqolqhdu +7=5,1 Wkh qh{w vwhs lv wr �qg rxw li htxdwlrq +7=5, hqfrp0

sdvvhv +7=4,/ wkdw lv/ zkhwkhu wkh h{sodqdwru| srzhu ri htxdwlrq +7=5, lv vljql�fdqwo|

lpsuryhg e| olqhduo| lqfoxglqj wkh h{sodqdwru| yduldeohv ri prgho +7=4, wkdw grhv qrw

hqwhu htxdwlrq +7=5, olqhduo|1 Wkh qxoo k|srwkhvlv lv wkdw wkh yduldeohv duh vxshu xrxv

dqg wkh k|srwkhvlv fdqqrw eh uhmhfwhg +I @ 3=49> s0ydoxh@ 3=9:,1 Khqfh/ prgho +7=5,

hqfrpsdvvhv +7=4, zkloh wkh uhyhuvh lv qrw wuxh1

Wkh hvwlpdwhg qrqolqhdu Skloolsv fxuyh ri Dxvwudold glvsod|v yhu| lqwhuhvwlqj ihd0

wxuhv1 Wkh xqhpsor|phqw yduldeoh sod|v d fhqwudo uroh dqg lw hqwhuv htxdwlrq +7=5,

erwk lq ohyhov dqg lq �uvw gl�huhqfhv1 Vlqfh �4xw lv xvhg dv wkh wudqvlwlrq yduldeoh lw

ghwhuplqhv zklfk uhjlph lv prvw dghtxdwh lq ghvfulelqj wkh Skloolsv fxuyh iru gl�huhqw

revhuydwlrqv1 Dffruglqj wr prgho +7=5, wkh uhodwlrqvkls ehwzhhq lq dwlrq dqg xqhp0

sor|phqw lv qhjdwlyh prvw ri wkh wlph exw iru odujh lqfuhdvhv lq wkh xqhpsor|phqw

udwh wkh uhodwlrqvkls wxuqv srvlwlyh1 Wklv vxjjhvwv wkdw wkh hpslulfdoo| revhuyhg idlo0

xuh ri wkh Skloolsv fxuyh pljkw eh d uhvxow ri d qrqolqhdu uhodwlrqvkls dqg rqo| pluuruv

d vkliw lq wkh Skloolsv fxuyh wr d qhz ohyho zkhuh wkh xvxdo qhjdwlyh uhodwlrqvkls djdlq

lv ydolg1 Pruhryhu/ htxdwlrq +7=5, lqglfdwhv wkdw wkh QDLUX ydulhv ryhu wlph exw wkh

qrqolqhdu uhjlph grhv qrw suhydlo vx!flhqwo| orqj wr shuplw dq| frqfoxvlrqv derxw

wkh pryhphqwv lq wkh QDLUX1

Wkh qh{w lvvxh lv wr �qg rxw zkhwkhu htxdwlrq +7=5, vxssruwv dq| ri wkh wkhrulhv ri

Vhfwlrq 5151 Wkh lqwhusuhwdwlrq ri wkh prgho lv qrw vwudljkwiruzdug vlqfh wkh qrqolq0

hdulw| ri htxdwlrq +7=5, lv uxohg e| wkh udwh ri fkdqjh ri xqhpsor|phqw lqvwhdg ri wkh
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ohyho ri xqhpsor|phqw1 Wkh wkhrulhv zkhuh wkh qrqolqhdulw| ruljlqv iurp ghpdqg idf0

wruv duh gh�qhg iru h{fhvv ghpdqg ru vxsso| zklfk fdq wudqvodwhg wr xqhpsor|phqw

ru ixoo hpsor|phqw exw qrw dv fkdqjhv lq xqhpsor|phqw1 Wkh fdsdflw| frqvwudlqw

prgho vwdwhv wkdw d orz ghpdqg/ ru kljk xqhpsor|phqw/ pdnhv lq dwlrq ohvv vhqvl0

wlyh wr xqhpsor|phqw1 Wklv lv vxssruwhg e| wkh qrqolqhdu htxdwlrq +7=5, vlqfh wkh

qhjdwlyh uhodwlrqvkls ehwzhhq lq dwlrq dqg xqhpsor|phqw ghfuhdvhv +wxuqv srvlwlyh,

lq wlphv ri lqfuhdvlqj ri xqhpsor|phqw1

Wkh grzqzdug qrplqdo uljlglw| prgho vxjjhvwv wkdw h{fhvv vxsso| zloo kdyh ohvv

h�hfw rq lq dwlrq wkdq h{fhvv ghpdqg1 Dffruglqj wr htxdwlrq +7=5, wkh uhodwlrqvkls

dsshduv wr eh wkh rssrvlwh1 Wkh frh!flhqw ri xqhpsor|phqw lv odujh +dqg srvlwlyh,

lq wlphv ri odujh lqfuhdvhv lq xqhpsor|phqw exw wkh qxpehu ri revhuydwlrq lq wkh

qrqolqhdu uhjlph duh ihz dqg wkh vl}h ri wkh frh!flhqw pljkw fkdqjh zlwk d odujhu

vdpsoh1

81 Vzhghq

Lq Qryhpehu 4<<5/ Vyhuljhv Ulnvedqn/ wkh Fhqwudo Edqn ri Vzhghq/ dqqrxqfhg dq

lq dwlrq wdujhw uhjlph ri dq dqqxdo lq dwlrq udwh ri 5 ( zlwk d wrohudqfh edqg ri 4 (

iurp 4<<8 dqg rqzdugv1 Lqlwldoo| wkhuh zdv d vhyhuh fuhglelolw| sureohp iru wkh qhz

wdujhw vlqfh lq dwlrq h{shfwdwlrqv h{fhhghg wkh xsshu olplw ri 6 ( dqg lw vhhphg dv

li wkh wdujhw zrxog eh plvvhg iru 4<<8 dqg 4<<9> vhh Vyhqvvrq +4<<8,1 Krzhyhu/ wkh

srolf| txlfno| jdlqhg fuhglelolw| dqg zdv lq wkh qhljkerukrrg ri wkh wdujhw ri 5 ( e|

wkh hqg ri wkh vdpsoh/ vhh Iljxuh 8141

Wkhuh duh ihz hpslulfdo vwxglhv ri wkh Vzhglvk Skloolsv fxuyh doorzlqj iru d qrq0

olqhdu wudgh0r�1 \dwhv +4<<;, lqyhvwljdwhv/ xvlqj Vzhglvk dqqxdo gdwd iru 4;9704<6;/

zkhwkhu ru qrw wkh vorsh ri wkh Skloolsv fxuyh ydulhv ghshqglqj rq li wkh sulfhv duh ulv0

lqj ru idoolqj1 Wkhuh lv qr vljql�fdqw hylghqfh ri dq| yduldwlrq lq wkh vorsh lqglfdwlqj

dv|pphwulhv1 Ixuwkhupruh/ kh h{soruhv zkhwkhu ru qrw wkhuh lv d nlqn lq wkh Skloolsv

fxuyh zklfk frxog lqglfdwh grzqzdug qrplqdo uljlglw|1 Wkh frqfoxvlrq lv wkdw wkhuh

lv qr hylghqfh ri d nlqn1

Lq wklv vhfwlrq d Vzhglvk olqhdu Skloolsv fxuyh zloo eh hvwlpdwhg dqg hydoxdwhg zlwk

uhvshfw wr olqhdulw| dqg sdudphwhu frqvwdqf| zkhuh wkh dowhuqdwlyh lv vshfl�hg dv dq

VWU prgho1 Li dq| ri wkh k|srwkhvhv duh uhmhfwhg d qrqolqhdu prgho zloo eh vshfl�hg1
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8141 Gdwd

Wkh wlph0vhulhv frqvlvwv ri txduwhuo| vhdvrqdoo| xqdgmxvwhg gdwd iru wkh shulrg 4<:<+6,0

4<<:+7,1 Wkh lq dwlrq phdvxuh xvhg lv dqqxdo fkdqjhv lq wrwdo FSL/ zklfk lv wkh

lq dwlrq phdvxuh fxuuhqwo| wdujhwhg e| Vyhuljhv Ulnvedqn1 Wkh iruzdug0orrnlqj frp0

srqhqw ri wkh lq dwlrq h{shfwdwlrqv duh dssur{lpdwhg e| d vxuyh| ri wkh krxvhkrogv*

lq dwlrq h{shfwdwlrqv rqh |hdu dkhdg jdwkhuhg e| wkh Qdwlrqdo Lqvwlwxwh ri Hfrqrplf

Uhvhdufk1 Wkh wlph0vhulhv ri lq dwlrq dqg lq dwlrq h{shfwdwlrqv fdq eh irxqg lq

Iljxuh 8141 Wkh vhulhv jhqhudoo| pryh forvho| wrjhwkhu dqg wkhuh duh qr v|vwhpdwlf

gl�huhqfhv1

Xqlw urrw whvwv duh shuiruphg iru doo yduldeohv dqg wkh uhvxowv duh vkrzq lq Wdeoh

8141 Doo yduldeohv vhhpv wr eh lqwhjudwhg ri rughu rqh dqg wdnlqj wkh �uvw gl�huhqfh

|lhogv vwdwlrqdu| yduldeohv4 1 Ehfdxvh ri wklv/ wkh Skloolsv fxuyh zloo eh hvwlpdwhg lq

gl�huhqfhv lqvwhdg ri ohyhov dv lq wkh ruljlqdo vshfl�fdwlrq vkrzq lq Vhfwlrq 51 Wkh

udwh ri fkdqjh ri lq dwlrq lv judskhg djdlqvw wlph lq Iljxuh 8151 Wkh vdolhqw ihdwxuhv

ri wkh vhulhv duh wkh rlo0sulfh vkrfn lq wkh odwh 4<:3v dqg wkh wxuexohqfh lq wkh hduo|

4<<3v1

8151 Hpslulfdo dqdo|vlv

Hvwlpdwlqj d olqhdu h{shfwdwlrqv0dxjphqwhg vkruw0uxq Skloolsv fxuyh iru Vzhghq 4<:<+6,0

4<<:+7, dq hljkw rughu odj vwuxfwxuh lv lqlwldoo| dssolhg iru doo yduldeohv wr fdswxuh wkh

lqhuwld lq wkh lq dwlrq surfhvv1 Jhupdq lq dwlrq lv dovr lqfoxghg dv rqh ri wkh h{0

sodqdwru| yduldeohv lq wkh ruljlqdo vhwxs1 Wklv lv grqh sduwo| wr fdswxuh lq dwlrq lq

lpsruwv/ Jhupdq| ehlqj rqh ri Vzhghq*v pdmru wudglqj sduwqhuv/ dqg sduwo| ehfdxvh

ri lwv ohdglqj uroh lq wkh HUP1 Ehvlghv wkdw/ Mxvholxv +4<<5, vkrzv wkdw Jhupdq lq0

 dwlrq lv lq xhqwldo ghvfulelqj wkh Gdqlvk lq dwlrq exw lw wxuqv rxw wkdw wklv lv qrw

wkh fdvh iru Vzhghq1 Wkh yduldeohv zlwk srru h{sodqdwru| srzhu duh h{foxghg iurp

wkh htxdwlrq dqg wkh sduvlprqlrxv olqhdu prgho ehfrphv

�4�w @ 3=64
+3=3;;,

�4�w�5� 3=79
+3=3;<,

�4�w�7. 3=7<
+3=48,

�4�
i
w

4Vndolq dqg Whuçvyluwd +4<<<, vkrz wkdw wkh xqhpsor|phqw vhulhv iru Vzhghq lv qrw d xqlw0urrw

surfhvv1 Lw lv wkh dv|pphwulhv ri wkh vhulhv wkdw pdnhv lw dsshdu olnh rqh1 Krzhyhu/ lq wklv sdshu wkh

vhulhv zloo eh wuhdwhg dv dq L+4,1
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Wkh dvvxpswlrq ri qrupdolw| lv uhmhfwhg zkloh wkh dvvxpswlrq ri qr DUFK lv vdwlv�hg

dffruglqj wr wkh gldjqrvwlf whvwv vkrzq ehorz htxdwlrq +8=4,1 Rqh zd| wr ghdo zlwk

wkh odfn ri qrupdolw| lv wr lqwurgxfh gxpplhv fdswxulqj wkh odujh fkdqjhv lq lq dwlrq

gxh wr wkh wxuexohqfh lq hduo| 4<<3v1 Exw/ e| lqfoxglqj gxpp| yduldeohv lqirupdwlrq

derxw wkh g|qdplfv ri wkh surfhvv zrxog eh glvuhjdughg lq wkhvh revhuydwlrqv dqg/

khqfh/ gxpp| yduldeohv duh qrw lqwurgxfhg dw wklv vwdjh1 Wkhuh lv qr hylghqfh ri dq|

huuru dxwrfruuhodwlrq dffruglqj wr wkh uhvxowv lq Wdeoh 8151

Wkh prvw vwulnlqj ihdwxuhv ri wkh olqhdu prgho +8=4, lv wkh vwurqj ghshqghqfh

rq lq dwlrq h{shfwdwlrqv1 Qrwh wkdw wkh yduldeohv ri lq dwlrq h{shfwdwlrqv duh pruh

lq xhqwldo wkdq wkh yduldeohv ri odjjhg lq dwlrq1 Wkh uhvxow vwuhvvhv wkh lpsruwdqw uroh

ri lq dwlrq h{shfwdwlrqv zkhq wkh prqhwdu| srolf| lv ghyrwhg wr dq lq dwlrq wdujhw1

Wkh uhodwlrqvkls ehwzhhq lq dwlrq dqg xqhpsor|phqw lv qhjdwlyh dqg wkhuh lv qr

lqwhufhsw lq wkh prgho1 Wkh h{foxvlrq ri wkh lqwhufhsw lv uhdvrqdeoh li wkh dvvxpswlrq

ri d frqvwdqw QDLUX lv wuxh vlqfh htxdwlrq +8=4, lv vshfl�hg iru �uvw gl�huhqfhv1

Wkh uhvxowv ri wkh olqhdulw| dqg sdudphwhu frqvwdqf| whvwv fdq eh irxqg lq Wdeoh

8161 Lw lv vhhq wkdw olqhdulw| lv prvw vwurqjo| uhmhfwhg xvlqj hlwkhu �4�w�5 ru �4�
i
w�4

dv wudqvlwlrq yduldeoh1 Erwk prghov duh hvwlpdwhg dqg wkhuh duh pdq| vlplodulwlhv

ehwzhhq wkh wzr vshfl�fdwlrqv1 Krzhyhu/ wkh OVWU+4, prgho zkhuh �4�
i
w�4 lv xvhg

dv wkh wudqvlwlrq yduldeoh shuirupv voljkwo| ehwwhu1 Lw ehfrphv
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Wkh qrqolqhdu OVWU+4, prgho +8=5, yduldqfh grplqdwhv lwv olqhdu htxlydohqw +8=4, lq

wkh vhqvh wkdw lwv vwdqgdug ghyldwlrq lv <9( ri wkh odwwhu rqh1 Wkh dvvxpswlrq ri

qrupdolw| lv vdwlv�hg lq htxdwlrq +8=5, zklfk zdv d sureohp iru prgho +8=4, dqg wkhuh

lv qr lqglfdwlrq ri DUFK1 Wkh uhvxowv ri wkh plvvshfl�fdwlrq whvwv fdq eh irxqg lq

Wdeoh 8171 Htxdwlrq +8=5, vdwlv�hv wkh dvvxpswlrqv ri qr huuru dxwrfruuhodwlrq dqg

sdudphwhu frqvwdqf|1 Olqhdulw| lv vwloo uhmhfwhg xvlqj�4�w�5 dv wudqvlwlrq yduldeoh exw

wkh qxpehu ri revhuydwlrqv lv qrw odujh hqrxjk wr frqvlghu wzr qrqolqhdu frpsrqhqwv

dqg wkh uhpdlqlqj qrqolqhdulw| zloo qrw eh frqvlghuhg ixuwkhu1

Wkh wudqvlwlrq ixqfwlrq ri htxdwlrq +8=5, lv sorwwhg djdlqvw lwv dujxphqw

�
�4�

i
w

�

lq Iljxuh 8161 Lw lv vkrzq wkdw wkh wudqvlwlrq lv yhu| idvw +� @ 467, dqg wkdw wkh

wudqvlwlrq ixqfwlrq lv hlwkhu htxdo wr xqlw| ru wr }hur gxulqj wklv vdpsoh1 Lq Iljxuh

817 wkh wudqvlwlrq ixqfwlrq lv judskhg djdlqvw wlph vkrzlqj zkhq wkh frpsohwh prgho

lv qhfhvvdu| wr ghvfuleh wkh Skloolsv fxuyh uhodwlrqvkls +wkh wudqvlwlrq ixqfwlrq htxdov

xqlw|,1 Wkh ixoo vshfl�fdwlrq lv qhfhvvdu| prvw ri wkh wlph exw iru vrph revhuydwlrqv

wkh olqhdu frpsrqhqw lv dghtxdwh iru fdswxulqj wkh ihdwxuhv ri wkh udwh ri fkdqjh ri

lq dwlrq1 Wkh uhvlgxdov ri htxdwlrqv +8=4, dqg +8=5, fdq eh irxqg lq Iljxuh 8181 Wkh

uhvlgxdov dsshdu wr eh vlplodu h{fhsw lq wkh hduo| 4<<3v zkhuh wkh qrqolqhdu prgho

+8=5, shuirupv ehwwhu wkdq wkh olqhdu +8=4,1

Wkh qh{w vwhs lv wr �qg rxw zkhwkhu wkh qrqolqhdu prgho +8=5, hqfrpsdvvhv wkh

olqhdu +8=4, dqg wkh rwkhu zd| durxqg1 Whvwlqj wkh k|srwkhvlv ri zkhwkhu htxdwlrq

+8=4, hqfrpsdvvhv +8=5, wkh PQP> vhh Dsshqgl{ D/ lv fuhdwhg e| lqfoxglqj wkh qrq0

olqhdu sduw ri htxdwlrq +8=5, lqwr prgho +8=4,1 Wkh k|srwkhvlv lv uhmhfwhg +I @ 5=76/

s0ydoxh @ 3=34<, zklfk lpsolhv wkdw wkh h{sodqdwru| srzhu ri prgho +8=4, zrxog eh

lpsuryhg e| lqfoxglqj wkh qrqolqhdu frpsrqhqw1 Wkh olqhdu prgho +8=4, grhv qrw hq0

frpsdvv wkh qrqolqhdu +8=5,1 Wr whvw zkhwkhu wkh qrqolqhdu prgho +8=5, hqfrpsdvvhv

wkh olqhdu +8=4,/ htxdwlrq +8=5, lv frpsohwhg olqhduo| zlwk wkh yduldeohv lqfoxghg lq

+8=4, wkdw grhv qrw hqwhu wkh olqhdu frpsrqhqw ri +8=5,1 Wkh uhvxow ri wklv whvw dsshdu

lq Wdeoh 817 dv �wkh whvw ri qr olqhdu uhvwulfwlrqv�1 Wkh qxoo k|srwkhvlv fdqqrw eh

uhmhfwhg dqg/ khqfh/ prgho +8=5, hqfrpsdvvhv +8=4, zkloh wkh uhyhuvh lv qrw wuxh1

Lq wkh qrqolqhdu Skloolsv fxuyh iru Vzhghq +8=5, wkh fhqwudo yduldeoh lv �4�
i
w zklfk

qrw rqo| hqwhuv wkh prgho zlwk d kljk frh!flhqw exw dovr uxohv wkh wudqvlwlrq ehwzhhq

wkh h{wuhph uhjlphv1 Dffruglqj wr htxdwlrq +8=5, wkh udwh ri fkdqjh ri lq dwlrq

ghshqgv pruh vwurqjo| rq lq dwlrq h{shfwdwlrqv wkdq rq odjjhg ydoxhv ri lq dwlrq1
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Wkh ixoo prgho lv xvxdoo| qhhghg iru fdswxulqj wkh g|qdplf ihdwxuhv ri wkh udwh ri

fkdqjh ri lq dwlrq1 Wkh frh!flhqwv ri wkh lq dwlrq yduldeohv vxpv wr 4135 dqg wkh

xqhpsor|phqw yduldeohv hqwhuv zlwk d qhjdwlyh frh!flhqw1 Krzhyhu/ iru yhu| odujh

qhjdwlyh fkdqjhv

�
�4�

i
w ? �3=75

�
wkh olqhdu frpsrqhqw lv vx!flhqw iru ghvfulelqj

lq dwlrq dqg wkh lq xhqfh ri erwk wkh lq dwlrq yduldeohv dqg wkh xqhpsor|phqw

yduldeoh lv vpdoohu1 Wkhuh lv qr lqwhufhsw lq htxdwlrq +8=5, zklfk pd| eh lqwhusuhwhg

dv wkh dvvxpswlrq ri d frqvwdqw QDLUX vhhpv sodxvleoh zkhq ghdolqj zlwk Vzhglvk

gdwd1 Khqfh/ e| wdnlqj wkh �uvw gl�huhqfh wkh lqwhufhsw glvdsshduv dqg lw grhv qrw

hqwhu wkh qrqolqhdu frpsrqhqw ri htxdwlrq +8=5, hlwkhu1

Qrqh ri wkh wkhrulhv ri Vhfwlrq 515 frqvlghuv dv|pphwulhv gxh wr lq dwlrq h{shf0

wdwlrqv1 Krzhyhu/ wkh frvwo| dgmxvwphqw prgho vwdwhv wkdw kljkhu lq dwlrq pdnhv lw

pruh frvwo| iru wkh �upv wr nhhs wkhlu sulfhv �{hg uhvxowlqj lq dq ryhudoo kljkhu sulfh0

ohyho1 E| dvvxplqj wkdw wkh �upv duh iruzdug orrnlqj kljkhu lq dwlrq h{shfwdwlrqv

vkrxog uhvxow lq d sulfh lqfuhdvh1

91 Xqlwhg Vwdwhv

Pdq| ri wkh hpslulfdo prghov ri wkh Skloolsv fxuyh iru wkh Xqlwhg Vwdwhv duh khdylo|

lq xhqfhg e| wkh zrun ri Jrugrq/ vhh/ h1j1/ Jrugrq +4<:3/ 4<:8/ 4<::/ 4<;6/ 4<<:,1

Klv suhihuuhg Skloolsv fxuyh vshfl�fdwlrq lv olqhdu zlwk edfnzdug orrnlqj lq dwlrq

h{shfwdwlrqv1 Lw lqfrusrudwhv d orqj odj vwuxfwxuh dqg wkhuh duh vhyhudo gxpp| ydul0

deohv lqfoxghg lq wkh vshfl�fdwlrq1 Lq Jrugrq +4<<9, kh doorzv iru d nlqnhg ixqfwlrqdo

irup dqg �qgv qr vljql�fdqw hylghqfh ri qrqolqhdulw| dqg wkhuhiruh frqfoxghv wkdw

wkh Skloolsv fxuyh lv uhvroxwho| olqhdu1 Ghvslwh wkdw/ wkhuh kdv ehhq pdq| qrqolqhdu

Skloolsv fxuyhv hvwlpdwhg iru wkh Xqlwhg Vwdwhv1 Fodun hw do1 +4<<9, �qg vljql�fdqw

qrqolqhdulw| zkhq hvwlpdwlqj wkh Skloolsv fxuyh iru 4<97+4,04<<3+7, doorzlqj iru d

nlqnhg ixqfwlrqdo irup1 Ghehooh dqg Od{wrq +4<<:, �qg wkdw d qrqolqhdu prgho �wv

gdwd ehwwhu zkhq hvwlpdwhg iru 4<:4+5,04<<8+5, exw wkh| gr qrw shuirup dq| whvw ri

olqhdulw| ehiruh hvwlpdwlqj wkh prghov1 Wkhuh duh pdq| pruh vwxglhv iru wkh Xqlwhg

Vwdwhv dqg d uhylhz ri hpslulfdo qrqolqhdu Skloolsv fxuyh vwxglhv fdq eh irxqg lq \dwhv

+4<<;, ru Gxsdvtxlhu dqg Ulfnhwv +4<<;e,1

Lq wklv vhfwlrq dq h{shfwdwlrqv0dxjphqwhg vkruw0uxq Skloolsv fxuyh zloo eh vshfl�hg

iru wkh Xqlwhg Vwdwhv dqg wkh k|srwkhvhv ri olqhdulw| dqg sdudphwhu frqvwdqf| zloo

4<



eh whvwhg djdlqvw d qrqolqhdu dowhuqdwlyh ri VWU w|sh1

9141 Gdwd

Wkh wlph0vhulhv duh txduwhuo| vhdvrqdoo| xqdgmxvwhg txduwhuo| gdwd fryhulqj wkh shulrg

4<:;+4,04<<:+7,1 Wkh lq dwlrq phdvxuh xvhg lv dqqxdo fkdqjhv lq wrwdo FSL dqg wkh

lq dwlrq h{shfwdwlrqv duh jlyhq e| wkh Plfkljdq vxuyh| phdvxuh ri h{shfwhg lq dwlrq

ryhu wkh qh{w |hdu khog dw shulrg w1 Prqhwdu| srolf| lq wkh Xqlwhg Vwdwhv gl�huv iurp

wkh rqh lq Dxvwudold dqg Vzhghq lq wkh vhqvh wkdw wkh Ihghudo Uhvhuyh kdv qrw fkrvhq

wr dqqrxqfh dq h{solflw lq dwlrq wdujhw ru dsso| rqh1 Wkh Ihghudo Uhvhuyh irupdoo|

rshqhg lwv glvlq dwlrqdu| srolf| lq Rfwrehu 4<:< dqg lq dwlrq kdv ehhq uhyhuvhg dqg

vwdelol}hg diwhu wkh shdn lq 4<;4/ vhh Iljxuh 9141 Wkh wlph0vhulhv pryh forvho| wrjhwkhu

gxulqj wkh zkroh vdpsoh dqg wkhuh duh qr v|vwhpdwlf glvfuhsdqflhv1 D vwulnlqj ihdwxuh

ri wkh lq dwlrq vhulhv lv wkh fkdqjh lq wkh ohyho ri lq dwlrq ehiruh dqg diwhu 4<;5 zkhq

wkh glvlq dwlrq srolflhv ehfdph h!flhqw dqg wkh lq dwlrq vwdelol}hg1

Wkh uhvxowv ri wkh dxjphqwhg Glfnh|0Ixoohu whvwv fdq eh irxqg lq Wdeoh 9141 Wkh

qxoo k|srwkhvlv ri d xqlw urrw lv irufhixoo| uhmhfwhg iru doo wkh yduldeohv dqg wkh Skloolsv

fxuyh zloo eh vshfl�hg lq ohyhov1

9151 Hpslulfdo dqdo|vlv

Hvwlpdwlqj d olqhdu Skloolsv fxuyh iru wkh Xqlwhg Vwdwhv iru wkh shulrg 4<:;+4,04<<:+7,

d wzhoiwk0rughu odj vwuxfwxuh lv lqlwldoo| dssolhg1 H{foxglqj wkh yduldeohv zlwk srru

h{sodqdwru| srzhu xvlqj wkh w0ydoxhv dv jxlgdqfh wkh olqhdu Skloolsv fxuyh ehfrphv/

�w @ 3=3395
+3=3397,

. 4=33
+3=43,

�w�4� 3=6<
+3=48,

�w�5. 3=86
+3=48,

�w�6� 4=44
+3=49,

�w�7

. 3=;:
+3=4:,

�w�8� 3=5:
+3=49,

�w�9. 3=68
+3=48,

�w�:� 3=96
+3=47,

�w�;

. 3=68
+3=3:;,

�w�<. 3=77
+3=389,

�
i
w � 3=94

+3=389,
xw�4 . ahw +914,

W @ :<>U5
@ 3=<<> �olq @ 3=3366> DLF @ �44=5:>

OME @ 7=97+3=3<;,>D+4, @ 4=56 +3=5:, > D+7, @ 3=94 +3=99, =

Wkh huuruv dsshdu qrupdoo| glvwulexwhg/ dqg wkh whvwv ri qr DUFK gr qrw lqglfdwh

plvvshfl�fdwlrq1 Wkh qxoo k|srwkhvlv ri qr huuru dxwrfruuhodwlrq fdqqrw eh uhmhfwhg/
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vhh Wdeoh 9151

Wkh olqhdu Skloolsv fxuyh ri wkh Xqlwhg Vwdwhv +9=4, lv fkdudfwhul}hg e| vwurqj

lqhuwld zklfk vxssruwv hduolhu vwxglhv1 Wkh frh!flhqw ri lq dwlrq h{shfwdwlrqv lv

txlwh odujh dqg wkhuh lv d qhjdwlyh uhodwlrqvkls ehwzhhq lq dwlrq dqg xqhpsor|phqw1

Wkh lqwhufhsw lv qrw vljql�fdqw +s0ydoxh @ 3=66, exw lw lv vwloo lqfoxghg iru wkhruhwlf

dujxphqwv vlqfh lw lv dvvxphg wr fdswxuh wkh QDLUX/ vhh Vhfwlrq 5141

Wkh uhvxowv ri wkh olqhdulw| dqg sdudphwhu frqvwdqf| whvw fdq eh irxqg lq Wdeoh

9161 Wkhuh lv qr vljq ri hlwkhu qrqolqhdulwlhv ru wlph0ydu|lqj sdudphwhuv dqg/ khqfh/

wkh Xqlwhg Vwdwhv Skloolsv fxuyh dsshdu wr eh olqhdu zkhq whvwhg djdlqvw dq VWU

prgho1

:1 Frqfoxvlrqv

Wkh uhvxowv ri wkh sdshu vxssruw wkh dvvxpswlrq ri d qrqolqhdu Skloolsv fxuyh lq

Dxvwudold dqg lq Vzhghq zkloh wkh Skloolsv fxuyh lq wkh Xqlwhg Vwdwhv dsshdu wr eh

olqhdu1 Wkh hpslulfdo prghov djuhh zlwk wkh ruljlqdo Skloolsv fxuyh vhwxs ghvslwh wkh

gl�huhqfhv lq wkh �qdo vshfl�fdwlrqv1 Wklv lv qrw vr vwudqjh frqvlghulqj wkdw hfrqrplf

wkhru| lv qrw h{solflw derxw wkh g|qdplfv dqg wkh rqo| wklqj wkdw fdq eh mxgjhg lv

wkh vljq dqg wr vrph h{whqw wkh pdjqlwxgh ri wkh frh!flhqwv1 Wkh qrqolqhdu prghov/

zkhq hvwlpdwhg/ yduldqfh grplqdwhv dqg hqfrpsdvvhv lwv olqhdu htxlydohqwv1

Wkh qrqolqhdu Skloolsv fxuyh ri Dxvwudold kdv yhu| lqwhuhvwlqj ihdwxuhv1 Dffruglqj

wr wklv vshfl�fdwlrq wkh uhodwlrqvkls ehwzhhq lq dwlrq dqg xqhpsor|phqw lv qhjdwlyh

prvw ri wkh wlph exw wxuqv srvlwlyh iru odujh lqfuhdvhv lq wkh xqhpsor|phqw udwh1

Wklv vxjjhvwv wkdw wkh hpslulfdoo| revhuyhg �idloxuh� ri wkh Skloolsv fxuyh pljkw eh

wkh uhvxow ri d qrqolqhdu uhodwlrqvkls dqg rqo| pluuruv d vkliw lq wkh Skloolsv fxuyh wr

d qhz ohyho zkhuh wkh xvxdo qhjdwlyh uhodwlrqvkls lv ydolg1 Wkh prgho dovr lqglfdwhv

wkdw wkh QDLUX ydulhv ryhu wlph1

Wkh Vzhglvk Skloolsv fxuyh dsshdu wr eh qrqolqhdu wrr1 Wkh udwh ri fkdqjh ri

lq dwlrq h{shfwdwlrqv vhhpv wr eh wkh nh| yduldeoh lq wklv prgho vlqfh lw uxohv wkh

qrqolqhdulw| dqg lw lv pruh lq xhqwldo lq wkh hvwlpdwhg prgho wkdq odjjhg ydoxhv ri

wkh lq dwlrq yduldeoh lwvhoi1 Wkh vshfl�fdwlrq hpskdvl}h wkh lpsruwdqfh ri lq dwlrq

h{shfwdwlrqv zklfk zloo kdyh lpsruwdqw lpsolfdwlrqv iru prqhwdu| srolf|1

Wkh Skloolsv fxuyh ri wkh Xqlwhg Vwdwhv lv fkdudfwhul}hg e| vwurqj lqhuwld lq wkh
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lq dwlrq surfhvv1 Wkh lqwhufhsw lv qrw vljql�fdqwo| lqfoxghg lq wkh �qdo vshfl�fdwlrq

zklfk lv vxusulvlqj vlqfh wkh lqwhufhsw fdq eh ylhzhg dv d phdvxuh ri wkh QDLUX1 Wkhuh

lv qr hylghqfh ri qrqolqhdulw| ru sdudphwhu frqvwdqf| lq wkh �qdo prgho vshfl�fdwlrq

dqg wkh Skloolsv fxuyh dsshdu wr eh olqhdu lq wkh Xqlwhg Vwdwhv zkhq wkh dowhuqdwlyh

lv gh�qhg dv dq VWU prgho1

Dffruglqj wr wkh uhvxowv ri wklv sdshu wkh Skloolsv fxuyh dsshdu wr eh qrqolqhdu lq

erwk Dxvwudold dqg Vzhghq1 Lw zrxog eh lqwhuhvwlqj wr �qg rxw li vlplodu frqfoxvlrqv

frxog eh uhdfkhg e| rwkhu qrqolqhdu prgho vshfl�fdwlrqv1 Dqrwkhu wrslf iru ixuwkhu

uhvhdufk zrxog eh wr gh�qh wkh Skloolsv fxuyh zlwk rxwsxw jdsv lqvwhdg ri xqhpsor|0

phqw yduldeohv1 Wklv lv krzhyhu eh|rqg wkh vfrsh ri wklv sdshu dqg zloo eh ohiw iru

ixwxuh uhvhdufk1
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Uhihuhqfhv

Dsho/ P1 dqg S1 Mdqvvrq +4<<:,1 V|vwhp hvwlpdwhv ri srwhqwldo rxwsxw dqg wkh

QDLUX1 Vyhuljhv Ulnvedqn Zrunlqj Sdshu Vhulhv/ 741

Edoo/ O1 J1 Pdqnlz dqg G1 Urphu +4<;;,1 Qhz Nh|qhvldq hfrqrplfv dqg wkh rxwsxw

lq dwlrq wudgh0r�1 Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| = 40981

Fdoohq/ W1 dqg G1 Od{wrq +4<<;,1 D vpdoo pdfur prgho ri wkh Dxvwudoldq lq dwlrq

surfhvv zlwk hqgrjhqrxv srolf| fuhglelolw|1 Lqwhuqdwlrqdo Prqhwdu| Ixqg1

Fdoyr/ J1 +4<;6,1 Vwdjjhuhg sulfhv lq d xwlolw| pd{lpl}lqj iudphzrun1 Mrxuqdo ri

Prqhwdu| Hfrqrplfv/ 45/ 6;606<;1

Fodun/ S1/ G1 Od{wrq dqg G1 Urvh +4<<9,1 Dv|pphwu| lq wkh XV rxwsxw lq dwlrq

qh{xv1 LPI Vwd� Sdshuv/ 76/ 54905841

Ghehooh/ J1 dqg G1 Od{wrq +4<<:,1 Lv wkh Skloolsv fxuyh uhdoo| d fxuyhB Vrph hylghqfh

iru Fdqdgd/ wkh Xqlwhg Nlqjgrp dqg wkh Xqlwhg Vwdwhv1 LPI Vwd� Sdshuv/ 77/

57<05;51

Ghehooh/ J1 dqg M1 Ylfnhu| +4<<:, Lv wkh Skloolsv fxuyh d fxuyhB Hylghqfh dqg lp0

solfdwlrqv iru Dxvwudold1 Uhvhuyh Edqn ri Dxvwudold/ Uhvhdufk Glvfxvvlrq Sdshu

<:391

Gxsdvtxlhu/ F1 dqg Q1 Ulfnhwwv +4<<;d,1 Qrq0olqhdulwlhv lq wkh rxwsxw0lq dwlrq uh0

odwlrqvkls= Vrph hpslulfdo uhvxowv iru Fdqdgd1 Zrunlqj sdshu <;047/ Edqn ri

Fdqdgd1

Gxsdvtxlhu/ F1 dqg Q1 Ulfnhwwv +4<<;e,1 Qrq0olqhdulwlhv lq wkh rxwsxw lq dwlrq

uhodwlrqvkls1 Frqihuhqfh rq �Sulfh vwdelolw|/ lq dwlrq wdujhwv dqg prqhwdu|

srolf|� Edqn ri Fdqdgd/ Pd| 4<<:/ 46404:61

Hlwukhlp/ Û1 dqg W1 Whuçvyluwd +4<<9,1 Whvwlqj wkh dghtxdf| ri vprrwk wudqvlwlrq

dxwruhjuhvvlyh prghov1 Mrxuqdo ri Hfrqrphwulfv/ :7/ 8<0:81

Ilvkhu/ W1F1J1 +4<;<,1 H!flhqf| zdjhv= D olwhudwxuh vxuyh|1 Zrunlqj sdshu ;<08/

Edqn ri Fdqdgd1
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Iulhgpdq/ P1 +4<9;,1 Wkh uroh ri prqhwdu| srolf|1 Dphulfdq Hfrqrplf Uhylhz/ 8;/

404:1

Jdoð/ M1 dqg P1 Jhuwohu +4<<;,1 Lq dwlrq g|qdplfv= D vwuxfwxudo hfrqrphwulf dqdo|0

vlv1 Frqihuhqfh rq �Wkh uhwxuq ri wkh Skloolsv fxuyh�1

Jrugrq/ U1 +4<:3,1 Wkh uhfhqw dffhohudwlrq ri lq dwlrq dqg lwv ohvvrqv iru wkh ixwxuh1

Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ ;0741

Jrugrq/ U1 +4<:8,1 Wkh lpsdfw ri djjuhjdwh ghpdqg rq sulfhv1 Eurrnlqjv Sdshuv

rq Hfrqrplf Dfwlylw|/ 94609951

Jrugrq/ U1 +4<::,1 Fdq wkh lq dwlrq ri wkh 4<:3v eh h{sodlqhgB Eurrnlqjv Sdshuv

rq Hfrqrplf Dfwlylw|/ 58605::1

Jrugrq/ U1 +4<;6,1 Lq dwlrq/  h{leoh h{fkdqjh udwhv/ dqg wkh qdwxudo udwh ri xqhp0

sor|phqw1 Lq= Q1P1 Edlo| hgv1 Zrunhuv/ Mrev dqg Lq dwlrq1 Wkh Eurrnlqjv

Lqvwlwxwlrq1

Jrugrq/ U1 +4<<:,1 Wkh wlph0ydu|lqj QDLUX dqg lwv lpsolfdwlrqv iru hfrqrplf

srolf|1 Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 44/ 440651

Judqjhu/ F1Z1M1 dqg W1 Whuçvyluwd +4<<5,1 H{shulphqwv lq prghoolqj qrqolqhdu

uhodwlrqvklsv ehwzhhq wlph vhulhv1 Lq= P1 Fdvgdjol dqg V1 Hxedqn hgv1 Qrqolqhdu

Prghoolqj dqg Iruhfdvwlqj/ VIL Vwxglhv lq wkh Vflhqfhv ri Frpsoh{lw|1 Dgglvrq

0Zhvoh|1

Judqjhu/ F1Z1M1 dqg W1 Whuçvyluwd +4<<6,1 Prghoolqj Qrqolqhdu Hfrqrplf Uhodwlrq0

vklsv1 R{irug Xqlyhuvlw| Suhvv1

Juxhq/ G1/ D1 Sdjdq dqg F1 Wkrpsvrq +4<<;,1 Wkh Skloolsv fxuyh lq Dxvwudold1

Frqihuhqfh rq �Wkh uhwxuq ri wkh Skloolsv fxuyh�1

Khqgu|/ G1 +4<<8,1 G|qdplf Hfrqrphwulfv1 R{irug Xqlyhuvlw| Suhvv1

Lvdug/ S1/ G1 Od{wrq dqg D1 Holdvvrq +4<<;,1 Lq dwlrq wdujhwlqj zlwk QDLUX xqfhu0

wdlqw| dqg hqgrjhqrxv srolf| fuhglelolw|1 Lqwhuqdwlrqdo Prqhwdu| Ixqg1

Mxvholxv/ N1 +4<<5,1 Grphvwlf dqg iruhljq h�hfwv rq sulfhv lq dq rshq hfrqrp|= Wkh

fdvh ri Ghqpdun1 Mrxuqdo ri Srolf| Prgholqj/ 47/ 734075;1
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Od{wrq/ G1/ G1 Urvh dqg G1 Wdpednlv +4<<;,1 Wkh X1V1 Skloolsv fxuyh= Wkh fdvh iru

dvv|phwu|1 Lqwhuqdwlrqdo Prqhwdu| Ixqg1

Olq/ F10I1 M1 dqg W1 Whuçvyluwd +4<<7,1 Whvwlqj wkh frqvwdqf| ri uhjuhvvlrq sd0

udphwhuv djdlqvw frqwlqxrxv vwuxfwxudo fkdqjh1 Mrxuqdo ri Hfrqrphwulfv/ 95/

544055;1

Oxfdv/ U1H1 Mu1 +4<:5,1 H{shfwdwlrqv dqg wkh qhxwudolw| ri prqh|1 Mrxuqdo ri

Hfrqrplf Wkhru|/ 7/ 43604571

Oxfdv/ U1H1 Mu1 +4<:6,1 Vrph lqwhuqdwlrqdo hylghqfh rq rxwsxw0lq dwlrq wudgh0r�v1

Dphulfdq Hfrqrplf Uhylhz/ 96/ 65906671

Skhosv/ H1 +4<9;,1 Prqh|0zdjh g|qdplfv dqg oderu pdunhw htxloleulxp1 Mrxuqdo ri

Srolwlfdo Hfrqrp|/ :9/ 9:;0:441

Skloolsv/ D1 +4<8;,1 Wkh uhodwlrqvkls ehwzhhq xqhpsor|phqw dqg wkh udwh ri fkdqjh

ri prqh| zdjh udwhv lq wkh Xqlwhg Nlqjgrp/ 4;9404<8:1 Hfrqrplfd/ 58/ 5;60

5<<1

Skloolsv/ D1 +4<8<,1 Zdjh fkdqjhv dqg xqhpsor|phqw lq Dxvwudold/ 4<7:04<9;1 Hfr0

qrplf Vrflhw| ri Dxvwudold dqg Qhz ]hdodqg Hfrqrplf Prqrjudsk Qr1 54<1

Vwdljhu/ G1/ M1 Vwrfn dqg P1 Zdwvrq +4<<9,1 Krz suhflvh duh hvwlpdwhv ri wkh qdwxudo

udwh ri hpsor|phqwB QEHU Zrunlqj Sdshu Qr1 87::1

Vwljolw}/ M1H1 +4<;7,1 Sulfh uljlglwlhv dqg pdunhw vwuxfwxuh1 Dphulfdq Hfrqrplf

Uhylhz/ :7/ 68306881

Vwljolw}/ M1H1 +4<;9,1 Wkhrulhv ri zdjh uljlglw|1 Lq= M1O1 Exwnhzlf}/ N1M1 Nrirug dqg

M1E1 Ploohu hgv1 Nh|qhv Hfrqrplf Ohjdf|= Frqwhpsrudu| Hfrqrplf Wkhrulhv/

48605551 Qhz \run= Sudhjhu1

Vyhqvvrq/ O1H1R1 +4<<8,1 Wkh Vzhglvk h{shulhqfh ri dq lq dwlrq wdujhw1 Lq= O1

Ohlghupdq dqg O1H1R1 Vyhqvvrq hgv1 Lq dwlrq Wdujhwv1 Fhqwhu iru hfrqrplf

srolf| uhvhdufk1

Wd|oru/ M1 +4<;3,1 Djjuhjdwh g|qdplfv dqg vwdjjhuhg frqwudfwv1 Mrxuqdo ri Srolwlfdo

Hfrqrp|/ ;;/ 40561
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Whuçvyluwd/ W1 +4<<7,1 Vshfl�fdwlrq/ hvwlpdwlrq/ dqg hydoxdwlrq ri vprrwk wudqvlwlrq

dxwruhjuhvvlyh prghov1 Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq ;</ 53;0

54;1

Whuçvyluwd/ W1 +4<<;,1 Prgholqj hfrqrplf uhodwlrqvklsv zlwk vprrwk wudqvlwlrq uh0

juhvvlrqv1 Lq= D1 Xoodk dqg G1H1D1 Jlohv/ hgv1 Kdqgerrn ri Dssolhg Hfrqrplf

Vwdwlvwlfv/ 83:08851 Qhz \run= Pdufho Ghnnhu1

\dwhv/ D1 +4<<;,1 Grzqzdug qrplqdo uljlglw| dqg prqhwdu| srolf|1 Zrunlqj sdshu

Edqn ri Hqjodqg1
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Dsshqgl{

D1 Hqfrpsdvvlqj whvwv xvlqj wkhPlqlpdo QhvwlqjPrgho +PQP,

D141 Frpsdulqj wkh olqhdu dqg qrqolqhdu htxdwlrqv

Frqvlghu

|w @ �
3

4
{4w . x4w +D14,

dqg

|w @ �
3

5
{5w . �

3

6
{6wJ4 +vw> �4> f4, . x5w +D15,

zkhuh wkh {4w> {5w> {6w gr qrw frqwdlq frpprq hohphqwv1 Wkh PQP ehfrphv

|w @ �

3

4
{4w . �

3

5
{5w .�

3

6
{6wJ4 +vw>�4> f4, . x6w= +D16,

Wkh qxoo k|srwkhvhv duh=

K34 ^+D=4, hqfrpsdvvhv +D=5,` = �5 @ 3 dqg �4 @ 3 lq +D=6,

K35 ^+D=5, hqfrpsdvvhv +D=4,` = �4 @ 3 lq +D=6,

Wkh prgho lv qrw lghqwl�hg xqghu wkh qxoo k|srwkhvlv gxh wr wkh qxlvdqfh sdudphwhuv

�5 dqg �41 Dv iru wkh olqhulw| whvwv lq Vhfwlrq 615 wklv fdq eh flufxpyhqwhg e| xvlqj

d Wd|oru vhulhv dssur{lpdwlrq derxw �4 @ 31
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Iljxuh 714= Lq dwlrq dqg xqghuo|lqj lq dwlrq Iljxuh 715= Lq dwlrq dqg lq dwlrq h{shfwdwlrqv

iru Dxvwudold/ 4<::+4,04<<:+7,1 iru Dxvwudold/ 4<::+4,04<<:+7,1

Iljxuh 716= Xqghuo|lqj lq dwlrq dqg lq dwlrq Iljxuh 717= Wudqvlwlrq ixqfwlrq ri +715, sorwwhg

h{shfwdwlrqviru Dxvwudold/ 4<::+4,04<<:+7,1 djdlqvw lwv dujxphqw/ 4<::+4,04<<:+7,1

Iljxuh 718= Wudqvlwlrq ixqfwlrq ri +715, Iljxuh 719= Uhvlgxdov ri +714, dqg +715,/

sorwwhg djdlqvw wlph/ 4<::+4,04<<:+7,1 4<::+4,04<<:+7,15;



Iljxuh 814= Lq dwlrq dqg lq dwlrq h{shfwdwlrqv Iljxuh 815= Udwh ri fkdqjh ri lq dwlrq iru

iru Vzhghq/ 4<:<+5,04<<:+7,1 Vzhghq/ 4<:<+5,04<<:+7,1

Iljxuh 816= Wudqvlwlrq ixqfwlrq ri +815, sorwwhg Iljxuh 817= Wudqvlwlrq ixqfwlrq ri +815, sorwwhg

djdlqvw lwv dujxphqw/ �
i
w / 4<:<+6,04<<:+7,1 djdlqvw wlph/ 4<:<+6,04<<:+7,1

Iljxuh 818= Uhvlgxdov ri +814, dqg +815,/ Iljxuh 914= Lq dwlrq dqg lq dwlrq h{shfwdwlrqv

4<:<+6,04<<:+7,1 iru wkh X1V/ 4<:;+4,04<<:+7,15<
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Table 4.1: Augmented Dickey-Fuller unit-root tests for Australian data 1977(1) - 1997(4)
H0: The series has a unit root. Against the alternative of a stationary process.
*,**,*** indicates the 10%, 5%, 1% significance level of the rejection

         1977(1) - 1997(4)

Variables Lag
length

constant
& trend

ADF

Annual underlying inflation 10 c & t –4.12***

Expectation of annual inflation rate 0 --- –7.63***

Annual inflation rate of import prices 11 c & t –4.10***

Log unemployment 8 --- –3.33***
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Table 4.2:  p-values of the LM test of no error autocorrelation against an AR(q) and MA(q) error process in the
linear model (4.1) for the Australian inflation 1977(1)-1997(4).

Test Maximum lag q

1 2 3 4 5 6

No error
autocorrelation 0.047 0.13 0.24 0.062 0.063 0.080

Table 4.3. p-values of tests of linearity in the linear model (4.1) for a set of transition variables
estimating the Australian inflation 1977(1)-1997(4).

Linearity
test

Transition variables

Null-
hypothesis

πt-1 πt-4 πt-5 ∆1πt
f ∆1πt-1

imp ∆1πt-2
imp ut-1 ut-2 ∆1ut ∆1πt-1

F --- --- --- --- 0.50 0.28 --- --- 0.0014 0.77

F04 --- --- --- --- 0.68 0.59 --- --- 0.74 0.59

F03 --- --- --- --- 0.89 0.71 --- --- 0.000031 0.68

F02 0.11 0.52 0.66 0.018 0.046 0.024 0.060 0.027 0.11 0.63

Notes: Linearity tests: F is the F-test based on a third-order Taylor expansion of the transition function. F2 is
based on the first-order Taylor expansion and is thus a test against LSTR(1).

 p-values of parameter constancy tests of the linear model (4.1) against STR type nonconstancy for the
Australian inflation, 1977(1)-1997(4).

Tests of parameter
constancy

Test

Null hypothesis

(1)

LM3 0.000028

LM2 0.0028

LM1 0.030

Notes: The null hypotheses are:
(1): “All parameters are constant.”

The remaining parameters not under test are assumed constant in each case.
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Table 4.4.Misspecification tests for  the LSTR(1) model (4.2) for the Australian inflation 1977(1)-1997(4).

 p-values of the LM test of no error autocorrelation against an AR(q) and MA(q) error

Test Maximum lag q

1 2 3 4 5 6

No error
autocorrelation 0.34 0.42 0.48 0.11 0.18 0.18

p-values of tests of no additive nonlinearity in (4.2) for a set of transition variables

Linearity
test

Transition
variable

Null-
hypothesis

πt-1 πt-4 πt-5 ∆1πt
f ∆1πt-1

imp ∆1πt-2
imp ut-1 ut-2

F --- --- --- --- 0.41 0.38 --- ---

F02 0.30 0.61 0.66 0.031 0.16 0.057 0.080 0.18

Test of linear restriction
”Linear” coefficient of ∆1πt-2

imp  = 0, p-value: 0.67

Notes: Linearity tests: F is the F-test based on a third-order Taylor expansion of the transition function. F2 is
based on the first-order Taylor expansion and is thus a test against LSTR(1).

p-values of parameter constancy tests of the LSTR(1) model (4.2) against STR type nonconstancy.

Tests of parameter constancy Null hypotheses

Test (1) (2) (3)

LM3 0.0029 0.0090 0.84

LM2 0.0029 0.0095 0.75

LM1 0.030 0.16 0.76

Notes: The null hypotheses are:
(1): “All parameters of the linear part are constant.”
(2): “All parameters of the nonlinear part except the intercept are constant.”
(3): “The intercept in the nonlinear part is constant.”

The remaining parameters not under test are assumed constant in each case.



33

Table 5.1: Augmented Dickey-Fuller unit-root tests for Swedish data 1979(1) - 1997(4)
H0: The series has a unit root. Against the alternative of a stationary process.
*,**,*** indicates the 10%, 5%, 1% significance level of the rejection

         1979(1) - 1997(4)

Variables Lag
length

constant
& trend

ADF

Annual inflation rate
First difference

4
3

c & t
---

–2.67
–6.43***

Expectation of annual inflation rate
First difference

4
4

c & t
---

–3.15
–3.60***

Annual inflation rate of German prices
First difference

7
3

c & t
---

–2.79
–4.66***

Log unemployment (ut)
First difference

7
6

---
---

–0.22
–2.56**
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Table 5.2. p-values of the LM test of no error autocorrelation against an AR(q) and MA(q) error process in the
linear model (5.1) for the Swedish  inflation 1979(3)-1997(4).

Test Maximum lag q

1 2 3 4 5 6

No error
autocorrelation 0.42 0.18 0.34 0.33 0.21 0.20

Table 5.3. p-values of tests of no additive nonlinearity in the linear model (5.1) for a set of transition variables
estimating the Swedish inflation 1979(3)-1997(4).

Linearity
test

Transition variables

Null-
hypothesis

∆1πt-2 ∆1πt-4 ∆1πt
f ∆1πt-1

f ∆1ut-3

F 0.0079 0.82 0.40 0.0062 0.24

F04 0.029 0.71 0.55 0.13 0.15

F03 0.011 0.49 0.33 0.015 0.11

F02 0.66 0.77 0.29 0.090 0.99

Notes: Linearity tests: F is the F-test based on a third-order Taylor expansion of the transition function. F2 is
based on the first-order Taylor expansion and is thus a test against LSTR(1).

 p-values of parameter constancy tests of the linear model (5.1) against STR type nonconstancy for the Swedish
inflation, 1979(3)-1997(4).

Tests of parameter
constancy

Test

Null hypothesis

  (1)

LM3 0.71

LM2 0.74

LM1 0.97

Notes: The null hypotheses are:
(1): ”All parameters are constant.”

The remaining parameters not under test are assumed constant in each case



35

Table 5.4. Misspecification tests for the LSTR(2) model (5.2) for the Swedish inflation 1979(3)-1997(4).

p-values of the LM test of no error autocorrelation against an AR(q) and MA(q) error.

Test Maximum lag q

1 2 3 4 5 6

No error
autocorrelation 0.31 0.082 0.17 0.17 0.11 0.12

p-values of tests of no additive nonlinearity in (5.2) for a set of transition variables

Transition variables

Null-
hypothesis

∆1πt-2 ∆1πt-4 ∆1πt
f ∆1πt-1

f ∆1ut-3

F 0.0053 0.37 0.65 0.057 0.13

F02 0.037 0.32 0.16 0.34 0.55

Test of linear restriction
”Linear” coefficient of ∆1πt

f = 0, p-value: 0.29

Notes: Linearity tests: F is the F-test based on a third-order Taylor expansion of the transition function. F2 is
based on the first-order Taylor expansion and is thus a test against LSTR(1).

 p-values of parameter constancy tests of  (5.2) against STR type nonconstancy

Tests of parameter constancy Null hypotheses

Test (1) (2) (3)

LM3 0.35 0.39 0.94

LM2 0.90 0.72 0.87

LM1 0.92 0.87 0.72

Notes: The null hypotheses are:
(1): ”All parameters are constant.”
(2): ”All parameters of the linear part are constant.”
(3): ”All parameters of the nonlinear part are constant.”

The remaining parameters not under test are assumed constant in each case.
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Table 6.1: Augmented Dickey-Fuller unit-root tests for US data 1978(1) - 1997(4)
H0: The series has a unit root. Against the alternative of a stationary process.
*,**,*** indicates the 10%, 5%, 1% significance level of the rejection

         1978(1) - 1997(4)

Variables Lag
length

constant
& trend

ADF

Annual inflation rate 7 --- –3.78***

Expectation of annual inflation rate 5 c –3.24***

Log unemployment 4 --- –3.84***
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Table 6.2. p-values of the LM test of no error autocorrelation against an AR(q) and MA(q) error process in the
linear model (6.1) for the U.S.  inflation 1978(1)-1997(3).

Test Maximum lag q

1 2 3 4 5 6

No error
autocorrelation 0.53 0.70 0.80 0.85 0.93 0.97

Table 6.3. p-values of tests of no additive nonlinearity in the linear model (6.1) for a set of transition variables
estimating the U.S. inflation 1978(1)-1997(3).

Linearity
test

Transition variables

Null-
hypothesis

πt-1 πt-2 πt-3 πt-4 πt-5 πt-6 πt-7 πt-8 πt-9 πt 
f ut-1

F --- --- --- --- --- --- --- --- --- --- ---

F04 --- --- --- --- --- --- --- --- --- --- ---

F03 --- --- --- --- --- --- --- --- --- --- ---

F02 0.27 0.14 0.077 0.091 0.85 0.069 0.074 0.058 0.054 0.053 ---

Notes: Linearity tests: F is the F-test based on a third-order Taylor expansion of the transition function. F2 is
based on the first-order Taylor expansion and is thus a test against LSTR(1).

 p-values of parameter constancy tests of the linear model (6.1) against STR type nonconstancy for the U.S.
inflation, 1978(1)-1997(3).

Tests of parameter
constancy

Test    (1)

Null hypothesis

         (2) (3) (4)

LM3 0.059 0.78 0.055 0.061

LM2 0.034 0.48 0.027 0.028

LM1 0.78 0.55 0.72 0.53

Notes: The null hypotheses are:
(1): ”The coefficient of inflation expectations is constant.”
(2): ”All parameters of inflation variables are constant.”
(3): ”The coefficient of the unemployment variable is constant.”
(4): “The intercept is constant.”

The remaining parameters not under test are assumed constant in each case


