
DISCUSSION PAPERS 
Department of Economics 
University of Copenhagen 

 
 

 

 

01-01 
 
 

An I(2) Cointegration Analysis of Price  
and Quantity Formation in Danish  

Manufactured Exports 
 
 

Heino Bohn Nielsen 

 
 
 
 
 

Studiestræde 6, DK-1455 Copenhagen K., Denmark 
Tel. +45 35 32 30 82 - Fax +45 35 32 30 00 

http://www.econ.ku.dk 
 
 

http://www.econ.ku.dk


Dq L+5, Frlqwhjudwlrq Dqdo|vlv ri Sulfh dqg Txdqwlw|

Irupdwlrq lq Gdqlvk Pdqxidfwxuhg H{sruwv

Khlqr Erkq QlhovhqW

Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq

Vwxglhvwuégh 9/ GN04788 Frshqkdjhq N/ Ghqpdun

H0pdlo= khlqr1erkq1qlhovhqChfrq1nx1gn

Mdqxdu| 58/ 5334

Devwudfw

Wkh orqj0uxq dqg vkruw0uxq vwuxfwxuh ri wkh Gdqlvk pdqxidfwxulqj h{sruw vhfwru

lv dqdo|}hg zlwklq d frlqwhjudwhg yhfwru dxwruhjuhvvlyh prgho1 Wkh sulfh ydul0

deohv ri wkh dqdo|vlv fdq eh fkdudfwhul}hg dv lqwhjudwhg ri vhfrqg rughu/ L+5,/

exw orqj0uxq krprjhqhlw| vhhpv wr fdqfho wkh L+5,0wuhqg doorzlqj wkh dqdo|vlv

ri d wudqviruphg gdwd vhw wr wdnh sodfh zlwklq wkh frlqwhjudwhg L+4,0iudphzrun1

Wzr orqj0uxq uhodwlrqv duh irxqg dqg lghqwl�hg dv d ghpdqg0uhodwlrq iru Gdqlvk

h{sruwv dqg d sro|qrpldoo| frlqwhjudwhg sulfh uhodwlrq1 Lq wkh sulfh irupdwlrq

d odujh zhljkw wr iruhljq sulfhv dqg dq h�hfw iurp wkh udwh ri lq dwlrq wr wkh

vwhdg|0vwdwh pdunxs duh irxqg1 Wkh odwwhu h�hfw lv lqwhusuhwhg dv dq hohphqw ri

fdxwlrq lq wkh sulfh vhwwlqj lq dq lq dwlrqdu| hqylurqphqw1 Wr fkdudfwhul}h wkh

vkruw0uxq ehkdylru ri wkh Gdqlvk h{sruw0vhfwru d vwuxfwxudo uhsuhvhqwdwlrq ri wkh

prgho lv ghyhorshg1

Nh|zrugv= Frlqwhjudwlrq/ L+5,/ H{sruw sulflqj/ Pdunhw0vkduhv/ Vpdoo rshq

hfrqrp|1

Mho Fodvvlilfdwlrq= F65/ I47/ I741

W

L zrxog olnh wr wkdqn Kdqv Fkulvwldq Nrqjvwhg dqg Gdq Nqxgvhq iru pdq| shuwlqhqw frpphqwv

wkdw vljql�fdqwo| lpsuryhg wkh sdshu1 Uhpdlqlqj huuruv duh ri fdxvh p| rzq1
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4 Lqwurgxfwlrq

Vlqfh wkh odujh  xfwxdwlrqv ri wkh h{fkdqjh udwhv lq wkh hljkwlhv wkhuh kdyh ehhq

d frqvlghudeoh dprxqw ri uhvhdufk lq wkh ghwhuplqdwlrq ri iruhljq0wudgh sulfhv dqg

wkh sdvv0wkurxjk iurp h{fkdqjh udwhv wr sulfhv/ vhh lqwhu dold Gruqexvfk +4<;:,/

Krrshu dqg Pdqq +4<;<, ru Jrogehuj dqg Nqhwwhu +4<<:,1 Prvw ri wkhvh vwxglhv

kdyh ehhq fduulhg rxw iru odujh frxqwulhv/ pdlqo| iru wkh XV/ Jhupdq| dqg Mdsdq/

zkloh uhvhdufk rq wkh sulflqj ehkdylru ri h{sruwhuv lq vpdoo rshq hfrqrplhv lv pruh

olplwhg1 Wkdw pd| vhhp d olwwoh vxusulvlqj vlqfh wkh fkdudfwhul}dwlrq ri d vpdoo rshq

hfrqrp| suhflvho| lqyroyhv vwdwhphqwv rq wkh ghwhuplqdwlrq ri iruhljq wudgh sulfhv1

Irfxv rq h{fkdqjh udwhv dqg sulfhv lv vxuho| vwloo uhohydqw lq pdq| Hxurshdq frxq0

wulhv jlyhq wkh odujh pryhphqwv lq erwk qrplqdo dqg uhdo h{fkdqjh udwhv dvvrfldwhg

zlwk wkh �fxuuhqf| fulvhv� lq wkh hduo| qlqhwlhv dqg iroorzlqj wkh lqwurgxfwlrq ri wkh

hxur rq Mdqxdu| 4/ 4<<<1 Ehvlghv uhyhdolqj lqirupdwlrq rq wkh sulfh0vhwwlqj surfhvv

shu vh/ wklv olqh ri uhvhdufk frqwulexwhv wr wkh xqghuvwdqglqj ri wkh ghyhorsphqwv lq

wudgh edodqfhv dqg wkh wudqvplvvlrq ri lq dwlrq dqg ghpdqg vkrfnv dfurvv frxqwulhv1

Pruhryhu/ h{fkdqjh udwhv dqg h{sruw sulfhv duh pdlq ghwhuplqdqwv ri frpshwlwlyhqhvv

rq h{sruw pdunhwv dqg wkh ghyhorsphqw ri h{sruw yroxphv sod|v d surqrxqfhg uroh

iru wkh shuirupdqfh ri wkh hfrqrp|1 Wkdw lv sduwlfxoduo| wkh fdvh iru d vpdoo rshq

hfrqrp|1

Wklv sdshu h{dplqhv wkh orqj0uxq dqg vkruw0uxq vwuxfwxuh lq wkh sulfh dqg txdq0

wlw| irupdwlrq ri Gdqlvk pdqxidfwxuhg h{sruwv1 Zh wkxv irfxv wkh dwwhqwlrq rq d

vpdoo rshq hfrqrp|/ zklfk vlqfh wkh ehjlqqlqj ri wkh hljkwlhv kdv sduwlflsdwhg lq

d �{hg h{fkdqjh udwh v|vwhp1 Wkh Gdqlvk h{sruw vhfwru kdv suhylrxvo| ehhq dqd0

o|}hg e| lqwhu dold Nrqjvwhg +4<<;e, zkr dssolhv wkh L+4, frlqwhjudwlrq surfhgxuh ri

Mrkdqvhq +h1j1 4<<9, wr d gdwd vhw fryhulqj wkh shulrg 4<:4 � 4<<4 dqg frqvlvwlqj

ri h{sruwv dqg wkh h{sruw pdunhw lq yroxph whupv/ h{sruw sulfhv/ surgxfwlrq frvwv

dqg frpshwlqj sulfhv lq qrplqdo whupv dv zhoo dv wkh h{fkdqjh udwh1 Kh �qgv wkh

Gdqlvk h{sruw sulfh wr eh ghwhuplqhg e| grphvwlf frvwv dqg wkh sulfh ri lpsruwv/

zlwk zhljkwv fruuhvsrqglqj wr d sdvv0wkurxjk iurp h{fkdqjh udwhv wr h{sruw sulfhv

lq iruhljq fxuuhqf| ri 2

�
1

Frpsduhg wr hduolhu dqdo|vhv ri wkh sulfh dqg txdqwlw| irupdwlrq ri pdqxidf0

wxuhg h{sruwv wkh suhvhqw sdshu jhqhudol}h wkh vwdwlvwlfdo iudphzrun e| dsso|lqj d

pxowlyduldwh frlqwhjudwlrq prgho wkdw doorzv yduldeohv wr eh lqwhjudwhg xs wr vhfrqg

rughu/ L+5,/ vhh Mrkdqvhq +4<<5, ru Udkehn/ Nrqjvwhg dqg Mûujhqvhq +4<<<,1 D vlpl0

odu prgho kdv suhylrxvo| ehhq dssolhg h1j1 wr wkh Gdqlvk lpsruw sulfh ghwhuplqdwlrq

lq Nrqjvwhg +4<<;d, dqg wr d vhw ri Dphulfdq sulfh lqglfhv lq Mxvholxv +4<<<,1 Wkh

vhfrqg rughu vwrfkdvwlf wuhqg jlyhv wkh srvvlelolw| ri d g|qdplf vwhdg|0vwdwh uhodwlrq

iru wkh h{sruw sulfh zkhuh wkh lq dwlrq udwh kdv d gluhfw h�hfw rq wkh htxloleulxp

pdunxs ri h{sruwlqj �upv1 Wklv idflolwdwhv d uhlqwhusuhwdwlrq ri wkh sulfh0vhwwlqj

surfhvv lq whupv ri xqfhuwdlqw| uhodwhg wr wkh lq dwlrqdu| surfhvv1
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Wkh sdshu lv rujdql}hg dv iroorzv1 Wkh wkhruhwlfdo iudphzrun dqg wkh gdwd duh

eulh | suhvhqwhg lq vhfwlrq 5 dqg vhfwlrq 6 rxwolqhv wkh vwdwlvwlfdo prgho1 Wkh hpslu0

lfdo dqdo|vhv ri wkh orqj0uxq dqg vkruw0uxq vwuxfwxuh duh suhvhqwhg lq vhfwlrq 7 dqg 8

uhvshfwlyho| dqg vhfwlrq 9 frqfoxghv1

5 Wkhruhwlfdo Frqvlghudwlrqv dqg wkh Gdwd

Wkh wkhruhwlfdo iudphzrun dgrswhg khuh iru prgholqj ghpdqg iru h{sruwv lv wkh

wudglwlrqdo Duplqjwrq +4<9<, dssurdfk1 Wklv vhwxs vshfl�hv dq lqyhuvh uhodwlrqvkls

ehwzhhq wkh h{sruw pdunhw vkduh dqg wkh h{sruw sulfh uhodwlyh wr frpshwlwruv sulfhv4

{| � {s| @ �$ � +s| � ss| � h|, > $ A 4> +4,

zkhuh [| dqg S| duh wkh yroxph dqg grphvwlf fxuuhqf| sulfh ri Gdqlvk pdqxidf0

wxuhg h{sruwv uhvshfwlyho|1 [s| lv wkh vl}h ri wkh h{sruw pdunhw lq yroxph whupv

gh�qhg dv d zhljkwhg dyhudjh ri lpsruwv iurp Ghqpdun*v wudglqj sduwqhuv1 Ss| lv

wkh frpshwlqj sulfh lq iruhljq fxuuhqf| fdofxodwhg dv wkh gh dwru ri [s| dqg H| lv

wkh h�hfwlyh h{fkdqjh udwh ghqrplqdwhg dv Gdqlvk nurqhu shu iruhljq fxuuhqf| xqlw1

Wkh ghpdqg uhodwlrq +4, fdq eh ghulyhg iurp d FHV xwlolw| ixqfwlrq lq wkh fdvh ri

lpshuihfw vxevwlwxwhv1 Ehfdxvh wrwdo Gdqlvk h{sruwv lv vpdoo uhodwlyh wr wkh vl}h ri wkh

h{sruw pdunhw wkh frqvwdqw sdudphwhu �$ fdq eh lqwhusuhwhg erwk dv wkh hodvwlflw|

ri vxevwlwxwlrq dqg dv wkh sulfh hodvwlflw| ri iruhljq ghpdqg1

Wr fkdudfwhul}h wkh ehkdylru ri sulfh0vhwwlqj �upv/ zh frqvlghu d pdunhw ri pr0

qrsrolvwlf frpshwlwlrq1 Zh dvvxph d frqvwdqw0uhwxuqv0wr0vfdoh whfkqrorj| zkhuh wkh

xqlw surgxfwlrq frvwv/ F|/ lqfoxghv dq lpsruwhg frpsrqhqw/ l1h1 f| @ � +s6| . h|, .

+4� �,z|> zkhuh � @ 3=6: lv wkh lpsruw frqwhqw ri Gdqlvk pdqxidfwxuhg h{sruwv/

S6| lv wkh sulfh ri lpsruwv lq iruhljq fxuuhqf|/ dqg Z| lv wkh dyhudjh xqlw0oderu0

frvw lq wkh pdqxidfwxulqj lqgxvwu|1 Jlyhq wkh ghpdqg uhodwlrq +4, dqg frpshwlwruv

sulfhv/ wkh rswlpdo h{sruw sulfh lv vhw dv d frqvwdqw pdunxs/ S| @
/

/3�
F|/ vhh h1j1

Gl{lw dqg Vwljolw} +4<::, ru Gruqexvfk +4<;:,1 Lq rughu wr dssur{lpdwh d eurdghu

udqjh ri pdunhw vwuxfwxuhv/ zh iroorz Kxqj/ Nlp dqg Rkqr +4<<6, dqg dvvxph wkdw

wkh pdunxs ghshqgv rq frpshwlwruv sulfhv dqg zh dovr lqfoxgh wkh udwh ri lq dwlrq1

Xvlqj d orj0olqhdu dssur{lpdwlrq/ wkh pdunxs fdq eh zulwwhq dv

s| � f| @ �� � +s| � ss| � h|,� � ��s|> � � 3= +5,

Wkh sdvv0wkurxjk iurp h{fkdqjh udwhv wr h{sruw sulfhv lq iruhljq fxuuhqf| lv jlyhq

e| wkh sduwldo ghulydwlyh � Y
Ye|

+s| � h|, @
�3V
�nw

1 Wkh vshfldo fdvh � @ � @ 3 lpsolhv d

frqvwdqw pdunxs dqg ixoo h{fkdqjh0udwh sdvv0wkurxjk zkloh wkh olplwlqj fdvh �$4

fruuhvsrqgv wr wkh odz ri rqh sulfh1 Wkh odwwhu lv wkh vlpsoh wh{werrn dvvxpswlrq

iru d vpdoo rshq hfrqrp| zkhuh  xfwxdwlrqv lq wkh h{fkdqjh udwh duh ixoo| r�vhw

4Orzhufdvh ghqrwhv orj0wudqviruphg yduldeohv1
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e| wkh pdunxs1 Qrwh wkdw d srvlwlyh lpsruw frqwhqw/ � A 3/ lpsolhv ohvv wkdq ixoo

sdvv0wkurxjk hyhq zkhq � @ 31

Vhyhudo wkhruhwlfdo prwlydwlrqv iru wkh lq dwlrq whup lq +5, fdq eh jlyhq1 Kdo0

guxs +4<<;, suhvhqwv wkh jhqhudo fdvh zlwk txdgudwlf dgmxvwphqw frvwv1 Edqhumhh/

Frfnhuhoo dqg Uxvvhoo +4<<;, jlyh d pruh vshfl�f prwlydwlrq iru wkh lq dwlrq whup lq

d pdunxs sulfh htxdwlrq1 Wkh| dvvxph wkdw �upv kdyh lpshuihfw lqirupdwlrq dqg

idfh d frpsdudwlyho| odujh orvv li sulfhv duh vhw wrr kljk/ h1j1 gxh d nlqnhg ghpdqg

fxuyh1 Wkdw zloo fdxvh �upv wr dfw fdxwlrxvo| dqg fkrrvh uhodwlyho| orz pdunxsv1

Wdnlqj lq dwlrq dv d phdvxuh ri xqfhuwdlqw| d kljk lq dwlrq zloo eh dffrpsdqlhg e|

d uhodwlyho| orz pdunxs lpso|lqj d sulfh irupdwlrq olnh +5, zlwk � A 31

Wklv wkhruhwlfdo vhwxs ohdgv wr dq lqirupdwlrq vhw jlyhq e| wkh 90glphqvlrqdo

yhfwru ]| @ +{|> {s|> s|> ss|> h|> f|,
�1 Lq wkh hpslulfdo dqdo|vlv wkh vdpsoh w @ 4<:8 =

4> ===> 4<<9 = 7 lv frqvlghuhg/ dqg doo gdwd duh txduwhuo|/ vhdvrqdoo| dgmxvwhg dqg orj0

wudqviruphg zlwk dyhudjh 4<;3 @ 3/ vhh dsshqgl{ D iru ixuwkhu ghwdlov1 Wkh gdwd

dqg fhuwdlq olqhdu frpelqdwlrqv duh vkrzq lq �jxuh 4 +D,0+G,1 +E, vkrzv wkdw gxulqj

wkh shulrg ri 4<:< wr 4<;4 wkh Gdqlvk nurqh zdv ghydoxhg vhyhudo wlphv/ exw diwhu

wkh frpplwphqw wr wkh �{hg h{fkdqjh udwh uhjlph lq 4<;5/ wkh nurqh kdv jhqhudoo|

dssuhfldwhg1 Iljxuh +G, vkrzv wkdw xs wr wkh ehjlqqlqj ri qlqhwlhv wkh Gdqlvk pdu0

nhw vkduh/ {| � {s|/ dqg sulfh frpshwlwlyhqhvv/ �+s| � ss| � h|,/ duh fohduo| srvlwlyho|

fruuhodwhg lq olqh zlwk wkh suhglfwlrq ri htxdwlrq +4,1 Diwhu 4<<3/ krzhyhu/ Gdqlvk

pdqxidfwxuhuv kdyh jdlqhg frqvlghudeoh pdunhw vkduhv ghvslwh d ghwhulrudwlrq ri frp0

shwlwlyhqhvv1 D frxqwu| euhdngrzq lqglfdwhv/ wkdw wklv h{sruw jdlq fdq eh dwwulexwhg

pdlqo| wr wkh Jhupdq pdunhw zkhuh wkh Gdqlvk pdunhw vkduh kdv jurzq dssur{l0

pdwho| 73 shu fhqw iurp 4<<3 wr 4<<6 lq vslwh ri d odujho| xqfkdqjhg frpshwlwlyhqhvv/

fi1 +H,/ zklfk looxvwudwhv wkh Gdqlvk pdunhw vkduh lq Jhupdq| dqg wkh Gdqlvk h{sruw

sulfh uhodwlyh wr wkh Jhupdq lpsruw sulfh lq frpprq fxuuhqf|1 Zh iroorz Qlhovhq

+4<<<, dqg lqwhusuhw wkh h{sruw jdlq dv d uhvxow ri wkh Jhupdq uhxql�fdwlrq lq 4<<3

zkhuh Gdqlvk h{sruwhuv dssduhqwo| kdyh ehqh�whg iurp wkh jhrjudsklfdo sur{lplw|

wr wkh h{sdqglqj Jhupdq pdunhw/ vhh Qlhovhq +4<<<, iru d eurdghu glvfxvvlrq1

Rxwvlgh wkh Jhupdq pdunhw/ gdwd gr qrw vhhp wr eh lq frq lfw zlwk wkh wkh0

ruhwlfdo prgho/ fi1 wkh srvlwlyh fruuhodwlrq ehwzhhq wkh Gdqlvk pdunhw vkduh dqg

frpshwlwlyhqhvv rq wkh uhpdlqlqj 53 pdunhwv looxvwudwhg lq +I,1 Dffruglqj wr +H,/

wkh uhxql�fdwlrq dsshduv wr kdyh d orqj odvwlqj h�hfw rq Gdqlvk h{sruwv dqg lq wkh

hpslulfdo dqdo|vlv wkh Jhupdq uhxql�fdwlrq lv prghohg dv d shupdqhqw h{rjhqrxv

vkliw lq wkh irup ri wkh vwhs0gxpp|/ G<36|/ htxdo rqh iurp 4<<3 = 6 rqzdugv1 Ixu0

wkhupruh/ dq lqwhuyhqwlrq gxpp|/ G;345|/ lv lqfoxghg lq wkh hpslulfdo dqdo|vlv wr

dffrxqw iru wzr sduwlfxoduo| odujh h{fkdqjh0udwh sdulw| dgmxvwphqwv lq Vhswhpehu dqg

Qryhpehu 4<:</ vhh dsshqgl{ D iru suhflvh gh�qlwlrqv1
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(A) Prices and Production Costs in Danish Currency
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(C) Export Volume and the Export Market
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(D) Relative Prices and the Market Share
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(B) Effective Exchange Rate
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(E) Relative Prices and Market Share in Germany
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(F) Relative Prices and Market Share on 20 Markets
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Iljxuh 4= Gdwd dqg fhuwdlq olqhdu frpelqdwlrqv1 Orjv/ 4<;3@31

514 Wlph Vhulhv Lqwhusuhwdwlrq

Lq wkh hpslulfdo dqdo|vlv/ +4, dqg +5, duh fdqglgdwhv iru orqj0uxq frlqwhjudwlqj uhod0

wlrqv dqg ghyldwlrqv iurp wkh uhodwlrqv vkrxog lq wkdw fdvh eh vwdwlrqdu|1

Lq hpslulfdo dssolfdwlrqv lw lv xvxdoo| dvvxphg wkdw wkh lqfoxghg yduldeohv duh dw

prvw �uvw0rughu qrq0vwdwlrqdu|/ L+4,1 Lq wklv fdvh wkh lq dwlrq udwh/ �s|/ lv vwdwlrqdu|

dqg wkh sdudphwhu � lv qrw lghqwl�hg/ vlqfh dq| olqhdu frpelqdwlrq ri vwdwlrqdu|

yduldeohv duh wkhpvhoyhv vwdwlrqdu|1 Wkdw phuho| uh hfwv wkdw lq dwlrq kdv qr gluhfw

orqj0uxq h�hfw rq wkh htxloleulxp pdunxs1

Uhfhqw dqdo|vhv lqglfdwh/ krzhyhu/ wkdw qrplqdo yduldeohv duh riwhq ehwwhu gh0

vfulehg dv vhfrqg0rughu qrq0vwdwlrqdu|/ L+5,/ vhh Mxvholxv +4<<9 dqg 4<<<, ru Nrqj0

vwhg +4<<;d, iru h{dpsohv1 Rqh srvvleoh vfhqdulr lv wkh h{lvwhqfh ri rqh L+5, wuhqg

d�hfwlqj wkh qrplqdo yduldeohv/ s|> ss| dqg f|/ zlwk lghqwlfdo frh!flhqwv/ l1h1 zlwk

ordglqjv sursruwlrqdo wr e � +3> 3> 4> 4> 3> 4,�1 Wklv fruuhvsrqgv wr orqj0uxq krpr0
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jhqhlw| dqg lpsolhv wkdw wkh L+5, wuhqg fdqfhov lq doo gluhfwlrqv ruwkrjrqdo wr e vxfk

wkdw erwk uhodwlyh sulfhv/ s|� ss|� h|/ dqg wkh pdunxs/ s|� f|/ frlqwhjudwh iurp L+5,

wr L+4,/ FL+5/4, lq wkh qrwdwlrq ri Hqjoh dqg Judqjhu +4<;:,51 Dv d frqvhtxhqfh/

sulfhv fdq glyhujh shupdqhqwo| exw uhodwlyh sulfhv duh ohvv shuvlvwhqw wkdq ohyhov dv

lqglfdwhg lq �jxuh 41 Li wkh yroxphv/ {| dqg {s|/ dqg wkh h{fkdqjh udwh/ h|/ duh L+4,/

wkhq wkh L+4, uhodwlyh sulfhv frxog srvvleo| frlqwhjudwh FL+4/4, zlwk wkh pdunhw vkduh

wr irup d vwdwlrqdu| ghpdqg uhodwlrq olnh +4,1 Ixuwkhupruh frxog wkh L+4, lq dwlrq

udwh/ �s|/ frlqwhjudwh FL+4/4, zlwk wkh uhodwlyh sulfhv dqg wkh pdunxs wkurxjk wkh

sro|qrpldoo| frlqwhjudwlqj uhodwlrqvkls +5, dv vxjjhvwhg e| Edqhumhh hw do1 +4<<;,1

Wklv vhwxs srwhqwldoo| lghqwl�hv wkh sdudphwhu � dqg lpsolhv d qhjdwlyh fruuhodwlrq

ehwzhhq lq dwlrq dqg wkh pdunxs lq wkh vwhdg| vwdwh1

Dq dowhuqdwlyh vfhqdulr frxog frqwdlq wzr L+5, wuhqgv h1j1 d grphvwlf dqg d iruhljq

L+5, wuhqg1 Lq wklv fdvh/ lw lv ohvv vwudljkwiruzdug krz vwdwlrqdu| dqg hfrqrplfdoo|

lqwhusuhwdeoh orqj0uxq uhodwlrqv frxog eh uhyhdohg iurp wkh gdwd1

6 Wkh Hfrqrphwulf Iudphzrun

Wkh hpslulfdo dqdo|vlv iroorzv wkh jhqhudo0wr0vshfl�f dssurdfk ri Khqgu| dqg Pl}rq

+4<<6, edvhg rq d YDU prgho zlwk L+4, dqg L+5, uhvwulfwlrqv fi1 Mrkdqvhq +4<<9 dqg

4<<5,1 Wkh edvlf vwdwlvwlfdo prgho iru wkh s0glphqvlrqdo gdwd yhfwru ]|/ w @ 4> 5> ===> W /

lv d YDU+n, prgho wkdw zlwkrxw uhvwulfwlrqv fdq eh sdudphwul}hg wr idflolwdwh wkh L+5,

dqdo|vlv dv

�2
]| @ �]|3� � ��]|3� .

&32[

�'�

���
2
]|3� . �f . ��w.�G| . �|= +6,

�| lv dvvxphg wr eh lqghshqghqwo| dqg lghqwlfdoo| glvwulexwhg Q +3>, dqg lqlwldo

ydoxhv/ ]3&n�> ===> ]f> duh wdnhq wr eh �{hg1 +�>�>��>�2> ===>�&32, duh n s�s glphq0

vlrqdo pdwulfhv ri dxwruhjuhvvlyh frh!flhqwv dqg �f dqg ��w duh yhfwruv ri frqvwdqwv

dqg olqhdu wuhqg whupv uhvshfwlyho|1 G| frqwdlqv wkh gxpp| yduldeohv dqg � duh

fruuhvsrqglqj frh!flhqwv1

Wkh frlqwhjudwhg L+5, prgho/ Kocr/ lv d vxe0prgho ri +6,/ zklfk vdwlv�hv wkh iro0

orzlqj uhgxfhg udqn uhvwulfwlrqv

� @ ��
� dqg �

�

z��z @ ��
�
> +7,

zkhuh �>� duh wzr s� u pdwulfhv ri udqn u ? s dqg �> � duh wzr +s� u,� v pdwulfhv

ri udqn v ? s� u1 �z dqg �z duh ruwkrjrqdo frpsohphqwv wr � dqg � uhvshfwlyho|1

Iru odwhu xvh zh gh�qh wkh pdwulfhv �� @ �z+�
�

z�z,
3�� dqg �2 @ �z�z1

Wkh lqfoxvlrq ri ghwhuplqlvwlf yduldeohv lq wkh L+5, prgho lv idu iurp vwudljkwiru0

zdug1 Jhqhudoo| wkh| zloo dffxpxodwh lq wkh qrq0vwdwlrqdu| gluhfwlrqv ri wkh prgho/

5 Lq vrph fdvhv L+5, yduldeohv fdq frlqwhjudwh FL+5/5, wr vwdwlrqdulw|/ vhh ixuwkhu ehorz1

9



dqg dq xquhvwulfwhg frqvwdqw zloo surgxfh d txdgudwlf wuhqg lq wkh L+5,0gluhfwlrqv ri

wkh gdwd1 Lq wkh hpslulfdo dqdo|vlv zh iroorz Udkehn hw do1 +4<<<, dqg uhvwulfw wkh

frqvwdqw dqg wkh olqhdu wuhqg whup lq rughu wr doorz olqhdu wuhqgv lq doo frpsrqhqwv

ri wkh prgho lqfoxglqj wkh frlqwhjudwlrq uhodwlrqv zkloh kljkhu rughu wuhqgv duh h{0

foxghg1 Wkh vwhs0gxpp|/ G<36|/ wrjhwkhu zlwk wkh odjjhg gl�huhqfhv ri wkh gxpp|

duh uhvwulfwhg lq d vlplodu zd|1 Wkdw doorzv ohyho vkliwv lq doo gluhfwlrqv ri wkh prgho

exw h{foxghv wkh srvvlelolw| ri eurnhq wuhqgv1 Lq wkh fdvh ri uhgxfhg udqn ri �/ wkh

prgho lv zulwwhq dv

�2]| @ ��W�]W

|3� � ��]|3� .
&32[

�'�

���
2]|3�

.!�G<36|3� .
&32[

�'f

!��
2G<36|3� . �f . �G;345| . �|> +8,

zkhuh ]W
|3� @

�
] �

|3� G<36|3� w
��

dqg �W� @
�
��> ��

f
> ��f

�
61

Wkh wkuhh pxwxdo ruwkrjrqdo pdwulfhv +�> ��> �2, glylgh wkh s0glphqvlrqdo vsdfh

lqwr gluhfwlrqv zlwk gl�huhqw surshuwlhv lq whupv ri frlqwhjudwlrq1 Wkh s � u � v

glphqvlrqdo pdwul{ �2 gh�qhv wkh ordglqjv wr wkh frpprq L+5, wuhqgv dqg wkh olqhdu

frpelqdwlrqv ��
2]| duh L+5,1 Wkh u . v olqhdu frpelqdwlrqv +�> ��,

�]| duh lqwhjudwhg

ri ohvv wkdq vhfrqg rughu dqg wkhuhe| frlqwhjudwh1 Wkh| fdq eh ixuwkhu glylghg lqwr

v gluhfwlrqv/ ���]|/ zklfk uhpdlq L+4,/ dqg u gluhfwlrqv/ ��]|/ zklfk sro|qrpldoo|

frlqwhjudwh wr vwdwlrqdulw| durxqg d olqhdu wuhqg zlwk d ohyho vkliw

V| @ ��]| . ��fw. ��fG<36| � ���2�]|> +9,

iru vrph frh!flhqw �1 Li u � +s � u � v, A 3 wkh gluhfwlrqv ��zV| zloo eh olqhdu

frpelqdwlrqv ri wkh ohyhov dorqh doorzlqj iru gluhfw FL+5/5, frlqwhjudwlrq iurp L+5, wr

wuhqg vwdwlrqdulw|1

Wkh vwdwlvwlfdo dqdo|vlv lv shuiruphg xvlqj wkh wzr0vwhs dojrulwkp ri Mrkdqvhq

+4<<8, exw dgdswhg wr wkh fxuuhqw ghwhuplqlvwlf vhwxs1 Iluvw vwhs lv htxlydohqw wr d

vwdqgdug L+4, dqdo|vlv dqg hvwlpdwhv +�>�W, lq d uhgxfhg udqn uhjuhvvlrq zlwk wkh

wuhqg dqg wkh uhxql�fdwlrq gxpp| uhvwulfwhg wr wkh frlqwhjudwlrq vsdfh1 Wklv gh�qhv

wkh �uvw vwhs wudfh vwdwlvwlf/ To/ iru d udqn ri � htxdo u djdlqvw wkh xquhvwulfwhg udqn

s1 Vlploduo|/ vhfrqg vwhs xvhv uhgxfhg udqn uhjuhvvlrq wr hvwlpdwh wkh sdudphwhuv

+�> �W,/ zkhuh �W lv � dxjphqwhg zlwk frh!flhqwv wr wkh frqvwdqw dqg wkh gl�huhqfh

ri wkh uhvwulfwhg gxpp|1 Vhfrqg vwhs lv shuiruphg frqglwlrqdo rq wkh hvwlpdwhv

iurp wkh �uvw vwhs dqg surgxfhv d wudfh whvw vwdwlvwlf/ Tocr/ iru d udqn ri ��
z
��z

htxdo v djdlqvw wkh xquhvwulfwhg udqn s � u1 D vlpxowdqhrxv whvw iru wkh prgho

Kocr djdlqvw wkh xquhvwulfwhg dowhuqdwlyh fdq eh shuiruphg zlwk wkh whvw vwdwlvwlf

Vocr @ To . Tocr vlplodu wr Udkehn hw do1 +4<<<, lq wkh fdvh ri d voljkwo| gl�huhqw

ghwhuplqlvwlf vshfl�fdwlrq1

6Ixuwkhupruh/ d uhvwulfwlrq lv lpsrvhg rq >
f
dqg �1

:



7 Wkh Orqj0Uxq Vwuxfwxuh

Iluvw vwhs ri wkh hpslulfdo dqdo|vlv lv wr ghwhuplqh wkh odj ohqjwk/ n/ ri wkh YDU

prgho +8,71 Wkh Dndlnh lqirupdwlrq0fulwhuld lv plqlpl}hg iru d odj ohqjwk ri n @ 61

Olnholkrrg0udwlr whvwv iru vxffhvvlyh uhprydo ri odjv dovr srlqw wrzdugv d odj ohqjwk ri

n @ 6 dqg wklv ydoxh lv pdlqwdlqhg lq wkh iroorzlqj1 Wkh prgho lv hvwlpdwhg iru wkh

h�hfwlyh vdpsoh ri 4<:9=6�4<<9=7 dqg vhhpv wr kdyh dffhswdeoh vwdwlvwlfdo surshuwlhv1

714 L+5, Dqdo|vlv

Dv suhvhqwhg lq vhfwlrq 514 wkh wkhruhwlfdoo| suhihuuhg vfhqdulr lv wkh prgho K2c�1 Wklv

prgho dffrpprgdwhv u @ 5 vwdwlrqdu| uhodwlrqv/ ri zklfk rqh lv gluhfwo| frlqwhjudwlqj

dqg rqh lv sro|qrpldoo| frlqwhjudwlqj/ dqg s� u � v @ 4 L+5, wuhqg1

Wkh dv|pswrwlf fulwlfdo ydoxhv ri wkh udqn whvw/ Vocr/ ghshqg rq wkh ghwhuplqlvwlf

vshfl�fdwlrq ri wkh prgho/ dqg wkhuhiruh rq wkh suhvhqfh ri wkh uhvwulfwhg vwhs0gxpp|/

G<36|1 Lq rughu wr wdnh wklv lqwr dffrxqw/ d vhw ri dv|pswrwlf fulwlfdo ydoxhv iru wkh

suhvhqw prgho lv vlpxodwhg81 Wkh whvw vwdwlvwlf/ Vocr/ lv uhsruwhg lq wdeoh 4 wrjhwkhu

zlwk wkh vlpxodwhg <8 shu fhqw txdqwlohv ri wkh dv|pswrwlf glvwulexwlrqv91

Wkh wkhruhwlfdoo| suhihuuhg prgho K2c� lv qrw uhmhfwhg djdlqvw wkh gdwd rq d frq0

yhqwlrqdo 8 shu fhqw ohyho zlwk d whvw vwdwlvwlf ri ;7=77 djdlqvw d fulwlfdo ydoxh ri ;;=331

Irupdoo|/ wkh pruh uhvwulfwhg prgho K�ce fdqqrw eh uhmhfwhg rq wkh 8 shu fhqw ohyho

hlwkhu exw lv uhmhfwhg rq wkh 43 shu fhqw ohyho1 Iurp wdeoh 4 wkh fkrlfh ri s�u�v @ 4

L+5, wuhqg lv wkxv uhodwlyho| fohdu/ zkhuhdv lw lv pruh xqfhuwdlq zkhwkhu wkhuh duh v @ 6

ru v @ 7 L+4, wuhqgv lq wkh gdwd1 Wklv uh hfwv wkh jhqhudoo| orz srzhu ri wkh whvwlqj

surfhgxuh wr glvfulplqdwh ehwzhhq L+4, gluhfwlrqv dqg shuvlvwhqw L+3, gluhfwlrqv1

Ixuwkhu lqglfdwlrqv wkdw wkh prgho K2c� lv d uhdvrqdeoh fkrlfh duh jlyhq e| wkh

hljhqydoxhv ri wkh frpsdqlrq pdwul{/ zklfk duh wkh lqyhuvhv ri wkh urrwv ri wkh fkdu0

dfwhulvwlf sro|qrpldo ri +8,1 Iru wkh prgho wr eh vwdwlrqdu|/ doo hljhqydoxhv duh

uhtxluhg wr eh orfdwhg vwulfwo| lqvlgh wkh frpsoh{ xqlw flufoh1 Hdfk L+4, wuhqg lq wkh

surfhvv zloo hqwdlo rqh xqlw urrw lq wkh sro|qrpldo zkhuhdv hdfk L+5, wuhqg zloo hqwdlo

7Wkh hpslulfdo dqdo|vlv lv shuiruphg xvlqj wkh surjudp UDWV 7153/ wkh surfhgxuh FDWV lq

UDWV +Kdqvhq dqg Mxvholxv/ 4<<7, dqg d surfhgxuh iru L+5, hvwlpdwlrq zlwk uhvwulfwhg ghwhuplqlvwlf

yduldeohv zulwwhq e| wkh dxwkru +Qlhovhq/ 5334, dqg wkh surjudp SfIlpo <143 +Grruqln dqg Khqgu|/

4<<:, 1
8Wkh dv|pswrwlf fulwlfdo ydoxhv duh vlpxodwhg xvlqj wkh phwkrgrorj| ri Pdfnlqqrq/ Kdxj dqg

Plfkholv +4<<<,1 Fulwlfdo ydoxhv dw wkh vljql�fdqfh ohyho S/ ^SEA��c duh �uvw vlpxodwhg iru wkh ��

gl�huhqw vdpsoh ohqjwkv A� ' tHfc bfc �ffc �2fc �Dfc 2ffc �ffc effc Dffc Sffc Hffc �fffc �2ff� � Wkhq wkh

dv|pswrwlf fulwlfdo ydoxh ri d jlyhq whvw vwdwlvwlf/ wS
"
/ lv hvwlpdwhg dv wkh lqwhufhsw lq wkh uhvsrqvh

vxuidfh uhjuhvvlrq ^SEA�� ' wS
"

n wS�A
3�

�
n wS2A

32

�
n wS�A

3�

�
/ zkhuh twS

"
c wS�c w

S

2c w
S

�� duh sdudphwhuv wr

eh hvwlpdwhg1 Iru doo vdpsoh ohqjwkv dqg whvw vwdwlvwlfv wkh vlpxodwlrqv duh shuiruphg zlwk �f�fff

uhsolfdwlrqv1
9 Lq wkh udqn ghwhuplqdwlrq d prgho vkrxog eh uhmhfwhg rqo| li doo vxe0prghov duh dovr uhmhfwhg

vwduwlqj iurp wkh prvw uhvwulfwhg fdvh Mfcf/ vhh Mrkdqvhq +4<<9, iru wkh vdph sulqflsoh rq wkh L+4,

prgho ru Udkehn hw do1 +4<<<, iru dq dssolfdwlrq wr wkh L+5, prgho1

;



Wdeoh 4= Whvw iru wkh udqn0lqglfhv ri wkh L+5, prgho

o 7ocr 'o

3 75:186 68:163 636183 58519; 54319< 4:<18< 4:31<3
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4 638173 5691:< 4;;1;8 47;1;< 448198 4441<5
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57193 481:<
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Qrwh= Lwdolfv duh vlpxodwhg dv|pswrwlf fulwlfdo ydoxhv/ vhh qrwh 81

wzr1 Jlyhq wkh udqn lqglfhv +u> v, zh wkhuhiruh h{shfw wr �qg v. 5 � +s� u � v, xqlw

urrwv lq wkh surfhvv1 Wkh odujhvw ri wkh 4; hljhqydoxhv lq wkh xquhvwulfwhg prgho kdyh

prgxol jlyhq e|

+3=<88> 3=;;:> 3=;;:> 3=;5;> 3=;5;> 3=:63> 3=:63> 3=94:, >

zlwk �yh hljhqydoxhv udwkhu forvh rqh1 Wkh prgho K2c� uhvwulfwv �yh urrwv wr xqlw|/

dqg wkh odujhvw hljhqydoxhv lq wklv uhvwulfwhg prgho kdyh prgxol jlyhq e|

+4> 4> 4> 4> 4> 3=:6<> 3=9:3> 3=9:3> 3=956> 3=956, =

Wkh odujhvw xquhvwulfwhg hljhqydoxh ri 3=:6< lv qrw sduwlfxoduo| forvh wr wkh xqlw flufoh

dqg lv sudfwlfdoo| xqfkdqjhg iurp wkh xquhvwulfwhg fdvh1 Li zh dowhuqdwlyho| dvvxph

wkdw doo �yh xqlw urrwv duh uhodwhg wr L+4, wuhqgv/ fruuhvsrqglqj wr wkh L+4, prgho

K�cD/ d odujh urrw ri 3=<7< lv lqwurgxfhg/ zklfk fohduo| lqglfdwhv wkh suhvhqfh ri dq

L+5, wuhqg lq gdwd1

Wkh hljhqydoxhv wkxv vhhp wr frq�up wkh fkrlfh ri wkh prgho K2c� dqg wklv prgho

lv xvhg lq wkh iroorzlqj1

71414 Ihhgedfn lq wkh Hpslulfdo Prgho

Dw wkh rxwvhw doo 9 yduldeohv lq ]| zhuh frqvlghuhg hqgrjhqrxv iru wkh sdudphwhuv ri

lqwhuhvw1 Iurp d wkhruhwlfdo shuvshfwlyh/ krzhyhu/ wkh ihhgedfn wr iruhljq yduldeohv/

{s| dqg ss|/ duh h{shfwhg wr eh zhdn1 Surgxfwlrq frvwv/ f|/ duh dovr h{rjhqrxv lq wkh

wkhruhwlfdo vhwxs exw wkdw lv suredeo| qrw wkh fdvh lq dq rshq hfrqrp| olnh Ghqpdun

zkhuh h{sruwv dffrxqw iru d frqvlghudeoh sursruwlrq ri wrwdo ghpdqg1 Ilqdoo|/ wkh

vwdwxv ri wkh h{fkdqjh udwh/ h|/ lv dpeljxrxv iru d frxqwu| sduwlflsdwlqj lq d �{hg

h{fkdqjh udwh phfkdqlvp/ vhh Nrqjvwhg +4<<;e, iru d glvfxvvlrq1

<



Wdeoh 5= Whvw ri qr ohyho0ihhgedfn

K|srwkhvlv D %| %s| R| Rs| e| S|

s �

�k ' f 5 �f�SH df�ffDo ���H df�2feo �D�DD df�fffo H��� df�f�So ��ee df�eHHo �2��f df�ff2o

Qrwh= Qxpehuv lq eudfnhwv duh s0ydoxhv dffruglqj wr �2ED�1 s� duh dssursuldwho| gh�qhg xqlw yhfwruv1

Lq wkh L+4, prgho/ wkh frqfhsw ri zhdn h{rjhqhlw| iru wkh frlqwhjudwlrq sdudphwhuv

lv htxlydohqw wr qr ohyho0ihhgedfn dqg fruuhvsrqgv wr }hur urzv lq �1 Lq wkh L+5,

prgho/ }hur urzv lq � vwloo lpso| odfn ri ihhgedfn iurp wkh ohyhov ri ]| exw wkdw lv

qrw vx!flhqw iru zhdn h{rjhqhlw|/ fi1 Sduxror dqg Udkehn +4<<<,1 Iru wkh suhvhqw

vwxg|/ zhdn h{rjhqhlw| lv qrw lqwhuhvwlqj shu vh exw lw lv vwloo lqwhuhvwlqj wr whvw wkh

vwuhqjwk ri wkh ihhgedfn iurp wkh ohyhov ri wkh yduldeohv1 Uhvxowv iurp wkhvh whvwv duh

uhsruwhg lq wdeoh 51 Wkh qxoo k|srwkhvlv ri qr ohyho0ihhgedfn fdqqrw eh uhmhfwhg iru

wkh h{sruw pdunhw/ {s|/ dqg wkh h{fkdqjh udwh/ h|/ lqglfdwlqj wkdw wkh ihhgedfn wr

wkhvh yduldeohv lv zhdn1 D mrlqw whvw iru wkh k|srwkhvlv ri qr ohyho0ihhgedfn wr {s| dqg

h|/ i
�

2
� @ i �

D
� @ 3/ |lhogv d whvw vwdwlvwlf ri 7=:61 Wkdw fruuhvsrqgv wr d s0ydoxh ri

3=65 dffruglqj wr d "2+7, glvwulexwlrq1 Wkh k|srwkhvlv ri qr ohyho0ihhgedfn lv uhmhfwhg

iru frpshwlwruv sulfhv/ ss|/ zklfk lv d olwwoh vxusulvlqj/ dqg lv fohduo| uhmhfwhg iru wkh

grphvwlf yduldeohv/ {|/ s| dqg f|1

71415 D Qrplqdo0Wr0Uhdo Wudqvirupdwlrq ri wkh V|vwhp wr L+4,

Wkh L+4, prgho lv vwloo pruh ghyhorshg wkdq wkh L+5, prgho dqg lq wkh iroorzlqj d

wudqvirupdwlrq ri wkh gdwd zloo eh dssolhg wkdw doorzv wkh dqdo|vlv wr frqwlqxh zlwklq

wkh vlpsohu L+4, iudphzrun1 Wkh ydolglw| ri wkh wudqvirupdwlrq zloo eh whvwhg xvlqj

wkh vhtxhqwldo whvw sursrvhg lq Nrqjvwhg +4<<;d dqg 4<<<,1

Wkh wkhruhwlfdo fdqglgdwhv wr orqj0uxq uhodwlrqv +4, dqg +5, duh krprjhqhrxv

lq wkh sulfh dqg frvw yduldeohv1 Krprjhqhlw| lpsolhv wkdw wkh v|vwhp lq wkh orqj

uxq fdq eh zulwwhq vroho| lq wkh uhodwlyh sulfhv l1h1 wkh pdunxs/ s| � f|/ dqg wkh

uhodwlyh sulfh lq Gdqlvk fxuuhqf|/ s|�ss|�h|/ wrjhwkhu zlwk wkh xquhvwulfwhg h{fkdqjh

udwh/ h|1 Lq dgglwlrq wr wklv �s| lv lqfoxghg lq wkh wudqviruphg gdwd vhw lq rughu wr

doorz ghyldwlrqv iurp krprjhqhlw| lq wkh vkruw uxq dqg wr jlyh wkh srvvlelolw| ri wkh

sro|qrpldoo| frlqwhjudwlqj uhodwlrq1 Wkh sursrvhg wudqvirupdwlrq wkxv uhvxowv lq d

vhw ri yduldeohv zkhuh wkh sro|qrpldoo| frlqwhjudwlqj uhodwlrqv lq wkh L+5, v|vwhp/ V|/

fruuhvsrqg wr ruglqdu| L+4, frlqwhjudwlrq uhodwlrqv1

Wkh wudqvirupdwlrq uhtxluhv wkdw wkh k|srwkhvlv ri krprjhqhlw| lv dffhswhg rq

doo frlqwhjudwlqj uhodwlrqv +�> ��, l1h1 wkdw wkh L+5, wuhqg d�hfwv wkh qrplqdo yduldeohv

zlwk ordglqjv sursruwlrqdo wr e1 Lqirupdoo|/ wklv fdq eh mxgjhg iurp wkh hvwlpdwhg

ordglqj wr wkh L+5, wuhqg

{| {s| s| ss| h| f|

��

2 @ + 3=6;> �3=7:> 4=33> 3=;3> 3=;8> 3=;;,

e� @ + 3=33> 3=33> 4=33> 4=33> 3=33> 4=33,

43



Wdeoh 6= Vhtxhqwldo whvw ri orqj0uxq krprjhqhlw|

K|srwkhvlv D k xquhvwulfwhg s �

2k ' s �

Dk ' f

K�q ' f 2 f�b� df�S�Do ��SD df��S�o

K�q
�
' f � �2��. df�ffSo ���HD df�ffHo

Qrwh= Qxpehuv lq eudfnhwv duh s0ydoxhv dffruglqj wr �2ED�1

Wkh hvwlpdwhg frh!flhqwv wr wkh sulfh yduldeohv/ s|/ ss| dqg f|/ duh qrw idu iurp ehlqj

htxdo exw ordglqjv wr wkh uhpdlqlqj yduldeohv duh vxusulvlqjo| odujh1 Hvshfldoo|/ wkh

ordglqj wr wkh h{fkdqjh udwh lv ri wkh vdph pdjqlwxgh dv wkh sulfh yduldeohv1

Hdfk sduw ri wkh k|srwkhvlv e�+�> ��, @ 3 fdq eh whvwhg vhsdudwho| xvlqj wkh

vhtxhqwldo whvw ri Nrqjvwhg +4<<;d,1 D vljql�fdqfh ohyho ri 3=38@5 vkrxog eh dssolhg

lq hdfk vwhs lq rughu wr rewdlq dq ryhudoo ohyho ehwzhhq 3=38@5 dqg 3=381 Uhvxowv duh

uhsruwhg lq wdeoh 61 Iluvw vwhs ri wkh k|srwkhvlv/ e�� @ 3/ lpsolhv wzr uhvwulfwlrqv

rq vs+�, dqg |lhogv d OU whvw vwdwlvwlf ri 3=<41 Wkdw fruuhvsrqgv wr d vljql�fdqfh

ohyho ri 97 shu fhqw lq d "2+5, glvwulexwlrq1 Vhfrqg vwhs/ e��� @ 3/ lpsrvhv wkuhh

uhvwulfwlrqv rq wkh vhfrqg vwhs ri wkh L+5, hvwlpdwlrq surfhgxuh dqg lv shuiruphg

frqglwlrqdo rq wkh uhvwulfwhg hvwlpdwhv ri �uvw vwhs1 Wkh k|srwkhvlv |lhogv d whvw

vwdwlvwlf ri 45=6:/ zklfk lv kljko| vljql�fdqw lq d "2+6, glvwulexwlrq1 D whvw iru wkh

krprjhqhlw| uhvwulfwlrq frqglwlrqdo rq i �

2
� @ i �

D
� @ 3 lv dovr uhsruwhg lq wdeoh 61 Wkh

uhvwulfwlrq e�� @ 3 lv vwloo dffhswhg doehlw zlwk d vpdoohu s0ydoxh1 Wkh whvw vwdwlvwlf

ri wkh vhfrqg vwhs/ e��� @ 3/ lv orzhu exw wkh s0ydoxh lv vwloo ehorz wkh frqyhqwlrqdo

3=38@5=:

Wkh irupdo uhmhfwlrq ri ryhudoo krprjhqhlw| lv wkxv uhodwhg wr wkh ���uhodwlrqv/

zklfk duh uduho| frqvlghuhg lq hpslulfdo dqdo|vhv1 Wkh k|srwkhvlv ri krprjhqhlw|

lv/ krzhyhu/ d qhfhvvdu| frqglwlrq iru d prgho wr eh dffhswhg dv d uhdvrqdeoh uhs0

uhvhqwdwlrq ri sulfh0vhwwlqj �upv1 Wkh uhmhfwlrq frxog uh hfw wkh odujh ordglqj wr

wkh h{fkdqjh udwh lq wkh hvwlpdwhg �21 Wkh lqwhusuhwdwlrq lv wkdw wkh L+5, wuhqg lv

hpehgghg lq wkh h{fkdqjh udwh dv zhoo dv lq wkh qrplqdo yduldeohv1 Wklv lv vrphzkdw

vxusulvlqj/ dv wkh h{fkdqjh udwh vhhpv ohvv shuvlvwhqw wkdq wkh qrplqdo yduldeohv/ fi1

�jxuh 41 Li L+5,0qhvv lv hpehgghg lq wkh h{fkdqjh udwh wklv frxog uh hfw odujh lqwhu0

yhqwlrqv lq wkh wlph vhulhv udwkhu wkdq wkh h�hfw iurp d vwrfkdvwlf L+5, wuhqg1 Lq doo

fdvhv/ olqhdu frpelqdwlrqv ri wkh qrplqdo yduldeohv vhhpv wr fdqfho wkh L+5, wuhqg/ dv

wkh frh!flhqwv lq �2 duh lq wkh vdph pdjqlwxgh/ dqg wkh dqdo|vlv ri uhodwlyh sulfhv

frxog eh dffhswdeoh1

Li zh lpsrvh wkh k|srwkhvlv ri qr ohyho0ihhgedfn wr wkh h{sruw pdunhw dqg wkh

h{fkdqjh udwh dqg zh dffhsw wkh uhvwulfwlrq ri krprjhqhlw| wkhq wkh wudqviruphg L+4,

: Lqvwhdg ri uho|lqj rq wkh wzr vwhs hvwlpdwru/ zklfk hvwlpdwhv q dqg q
�
lq gl�huhqw vwhsv/ wkh

prgho frxog dowhuqdwlyho| eh hvwlpdwhg xvlqj wkh qryho Pd{lpxp Olnholkrrg dojrulwkp ri Mrkdqvhq

+4<<:,/ lq zklfk � ' Eqc q
�
� lv hvwlpdwhg mrlqwo|1 Xvlqj wklv hvwlpdwru wkh k|srwkhvlv K�� ' f lv

lq idfw dffhswhg zlwk d whvw vwdwlvwlf ri �f�2. fruuhvsrqglqj wr d R3ydoxh ri . shu fhqw lq d �2ED�

glvwulexwlrq1
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prgho fdq eh zulwwhq dv

�h\| @ h�h�W�

3
EEEEEEEC
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�G<36|3�
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�h|3�
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FFD. h�.h�G;345|.h�|>

+:,

zkhuh h\ �

| @ +{> s� ss � h> s� f>�s,
|
duh wkh wudqviruphg hqgrjhqrxv yduldeohv1 Wklv

prgho zloo eh wkh pdlqwdlqhg;1

715 Lghqwl�fdwlrq ri wkh Orqj0Uxq Vwuxfwxuh

Lq wkh oljkw ri wkh uhmhfwhg wudqvirupdwlrq lw lv sdudprxqw wr yhuli| wkdw wkh L+5,

wuhqg lv qrw suhvhqw lq wkh wudqviruphg gdwd1 D orrn dw wkh urrwv ri wkh fkdudfwhulvwlf

sro|qrpldo ri +:, vhhpv wr lqglfdwh wkdw wkh L+5, wuhqg lv lq idfw fdqfhoohg lq wkh

wudqviruphg yduldeohv1 Wkh odujhvw hljhqydoxhv kdyh prgxol jlyhq e|

+4> 4> 3=:;8> 3=:5:> 3=:5:> 3=979> 3=979> 3=885, >

zkhuh wkh odujhvw xquhvwulfwhg hljhqydoxh lv qrw doduplqjo| forvh wr xqlw|1 Ixuwkhu/

d judsklfdo lqvshfwlrq ri wkh wudqviruphg yduldeohv jdyh qr lqglfdwlrqv ri L+5,0qhvv

dqg lw lv fkrvhq wkhuhiruh wr dffhsw wkh wudqviruphg v|vwhp dqg lghqwli| wkh orqj0uxq

vwuxfwxuh zlwklq wklv iudphzrun1

Wkh wkhruhwlfdo ghpdqg htxdwlrq +4, lv irupxodwhg dv d prgho iru wkh pdunhw

vkduh/ {| � {s|/ dqg dq hodvwlflw| ri h{sruwv zlwk uhvshfw wr iruhljq ghpdqg gl�huhqw

iurp xqlw| zrxog eh kdug wr lqwhusuhw1 D irupdo whvw iru d xqlw hodvwlflw| lq wkh orqj

uxq lpsrvhv wzr uhvwulfwlrqv rq vs+h�W,/ dqg |lhogv d OU whvw vwdwlvwlf ri 9=5:1 Wkh

k|srwkhvlv lv wkxv erughuolqh dffhswhg zlwk d vljql�fdqfh ydoxh ri mxvw deryh 7 shu

fhqw dqg wkh uhvwulfwlrq lv lpsrvhg lq wkh iroorzlqj1

Wkh wzr frlqwhjudwlrq uhodwlrqv zloo qrz eh lghqwl�hg lqvsluhg iurp wkh wkhruhwlfdo

fdqglgdwhv +4, dqg +5,1 Dv d vwduwlqj srlqw wkh wuhqg dqg wkh uhxql�fdwlrq gxpp| zloo

eh ohiw xquhvwulfwhg1 Wkh vwuxfwxuh +4, dqg +5, lpsolhv wkuhh uhvwulfwlrqv rq wkh �uvw

uhodwlrq dqg wzr uhvwulfwlrqv rq wkh vhfrqg dqg lv jhqhulfdoo| lghqwl�hg +Mrkdqvhq/

4<<9,1 Wkuhh uhvwulfwlrqv duh ryhu0lghqwli|lqj dqg |lhog d OU whvw vwdwlvwlf ri 9=761

Wkh whvw vwdwlvwlf lv "2+6, glvwulexwhg dqg fruuhvsrqgv wr d s0ydoxh ri < shu fhqw1

Wdeoh 7 uhsruwv wkh hvwlpdwhg sdudphwhuv xqghu K�1

Lq wkh vwuxfwxuh K� wkh wuhqg dqg wkh uhxql�fdwlrq gxpp| duh lqvljql�fdqw lq wkh

sro|qrpldoo| frlqwhjudwlqj sulfh uhodwlrq1 Uhvwulfwlqj wkhvh whupv wr }hur |lhogv wkh

uhvxowv uhsruwhg xqghu K21 Wkh dgglwlrqdo uhvwulfwlrqv fkdqjh wkh OU vwdwlvwlf iurp

; Lq sulqflsoh rqh revhuydwlrq lv orvw e| wkh wudqvirupdwlrq exw lq wkh suhvhqw fdvh xqxvhg revhu0

ydwlrqv lq wkh ehjlqqlqj ri wkh vdpsoh fdq eh lqwurgxfhg dqg wkh prgho +:, fdq eh hvwlpdwhg iru dq

xqfkdqjhg h�hfwlyh vdpsoh1
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Wdeoh 7= Lghqwl�fdwlrq ri wkh orqj0uxq uhodwlrqv

%| 3 %s| R| 3 Rs| 3 e| R| 3 S| {R| e| (�6bf�| | D OU R

G
�

4 61434 3 3 3 0314:9 031336 6 9176 313<

+316<5, +313:8, +31334,

3 31<64 4 81976 3 03135; 31333

+3147:, +31:78, +3135;, +31334,

G
2

4 61474 3 3 3 031443 031337 8 :156 3153

+31668, +31375, +31334,

3 31<47 4 81874 3 3 3

+31446, +319<3,

G
�

4 41853 3 3 3 03149: 31333 9 6;1;6 3133

+31497, +31364, +31334,

3 31678 4 3 3 3 3

+3137:,

Qrwh= Olnholkrrg udwlr whvw vwdwlvwlfv duh glvwulexwhg �
2ED� dqg R lv vljql�fdqfh ohyho1

Lwdolfv duh vwdqgdug huuruv1

9=76 wr :=56 djdlqvw wzr dgglwlrqdo ghjuhhv ri iuhhgrp1 Wkh vwuxfwxuh lv dffhswhg

zlwk d wrwdo s0ydoxh ri 53 shu fhqw dffruglqj wr d "
2+8, glvwulexwlrq1

Wkh vwuxfwxuh/ K2/ lv fohduo| hpslulfdoo| lghqwl�hg1 Wkh orqj0uxq ghpdqg uhodwlrq

lv jlyhq e|

{| � {s| @ �6=474 � +s| � ss| � h|, . 3=443 �Gxp<36| . 3=337 � w= +;,

Wkh hvwlpdwhg sulfh hodvwlflw| ri 6=47 qxphulfdoo| lv idluo| kljk lq dq lqwhuqdwlrqdo

frpsdulvrq dqg lv vrphzkdw kljkhu wkdq wkh 5=69 irxqg lq wkh L+4, frlqwhjudwlrq

dqdo|vlv ri Nrqjvwhg +4<<;e,1 Wkh hvwlpdwhg h�hfw ri wkh Jhupdq uhxql�fdwlrq lv dq

lqfuhdvh lq wkh dyhudjh Gdqlvk pdunhw vkduh e| dssur{lpdwho| 44 shu fhqw/ zklfk lv

lq dffrugdqfh zlwk wkh lpsuhvvlrq iurp �jxuh 4 +G,1 Wkh wuhqg lv fohduo| vljql�fdqw/

zklfk frxog eh d uhvxow ri wkh dssolhg pdunhw vkduh uhvwulfwlrq ru vrph vwuxfwxudo

fkdqjhv lq wkh frxqwulhv lqyroyhg1

Wkh g|qdplf vwhdg|0vwdwh sulfh uhodwlrq fdq eh zulwwhq dv

s| @ 3=7:; � +ss| . h|, . 3=855 � f| � 5=;<8 ��s|= +<,

Wkh sdvv0wkurxjk iurp h{fkdqjh udwhv wr h{sruw sulfhv lq iruhljq fxuuhqf|/ fdofxodwhg

dv wkh sduwldo ghulydwlyh ri wkh orqj uxq vroxwlrq wr +<,/ lv jlyhq e| � Y
Ye|

+s| � h|, @
�3V
�nw

@ 3=66/ lpso|lqj wkdw wzr0wklug ri d frpshwlwlyhqhvv jdlq/ lqgxfhg e|  xfwxd0

wlrqv lq h{fkdqjh udwhv/ zloo eh r�vhw e| dq lqfuhdvh wkh pdunxs1 Wklv lqglfdwhv d

vljql�fdqw sulflqj0wr0pdunhw h�hfw ri Gdqlvk h{sruwhuv hyhq lq wkh orqj uxq dqg lv lq

frqwudvw zlwk Nrqjvwhg +4<<;e,/ zkr �qgv d vlpsoh pdunxs rq frvwv lq Gdqlvk h{sruw

sulflqj1 Rqh pdmru gl�huhqfh ehwzhhq Nrqjvwhg +4<<;e, dqg wkh suhvhqw dqdo|vlv lv
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Wdeoh 8= Whvw iru plvvshfl�fdwlrq ri wkh frlqwhjudwhg YDU+6,

Htxdwlrq DU+408,/ 8 EDc DS� Dufk+7, / 8 Eec D�� Qrupdolw|/ �2E2�

{E%| 3 %s|� 51754 ^3138` 31567 ^31<5` 714<6 ^3145`

{ER| 3 Rs| 3 e|� 31:68 ^3193` 3174; ^31:<` 3164< ^31;8`

{ER| 3 S|� 41673 ^3159` 31655 ^31;9` 31:;; ^319:`

{2R| 51684 ^3138` 41755 ^3157` 3184: ^31::`

Pxowlyduldwh whvwv= Qrupdolw|/ �2EH� <1;56 ^315;`

DU+408,/ 8 EHfc �D2� 41547 ^3148`

Qrwh= DU lv d whvw iru dxwrfruuhodwlrq xs wr 81 rughu1 Dufk whvwv xs wr 71 rughu1

Iljxuhv lq vtxduh eudfnhwv duh vljql�fdqfh ohyhov1

wkh sro|qrpldoo| frlqwhjudwlqj hohphqw1 Wkh lpsruwdqfh ri wklv fdq eh hydoxdwhg

e| uhvwulfwlqj wkh frh!flhqw ri �s| wr }hur1 Wklv vwuxfwxuh lv uhsruwhg xqghu K�1

Wkh uhvwulfwlrq uhvxowv lq d vljql�fdqwo| orzhu zhljkw wr iruhljq sulfhv dqg d orzhu

sulfh hodvwlflw| lq wkh ghpdqg uhodwlrq1 Wkhvh uhvxowv duh pruh vlplodu wr wkrvh lq

Nrqjvwhg +4<<;e,1 Wkh uhvwulfwlrq fdq/ krzhyhu/ eh vdiho| uhmhfwhg/ zklfk xqghuolqhv

wkh lpsruwdqfh ri wkh sro|qrpldoo| frlqwhjudwlqj hohphqw1 Wkh odujh frh!flhqw wr

wkh lq dwlrq whup fdq eh lqwhusuhwhg dv dq hohphqw ri fdxwlrq lq wkh sulfh vhwwlqj fi1

Edqqhumhh hw do1 +4<<;,1 Wkh htxdwlrq dovr lpsolhv dq huuru fruuhfwlrq lq wzr vwhsv/

dqg wkh odujh frh!flhqw wr wkh lq dwlrq udwh lqglfdwhv d yhu| vorz dgmxvwphqw/ zklfk

uh hfwv wkh vprrwkqhvv ri wkh wlph vhulhv1

Dq lqvshfwlrq ri wkh uhfxuvlyho| hvwlpdwhg hljhqydoxhv dqg lghqwl�hg orqj0uxq

sdudphwhuv +qrw uhsruwhg, lqglfdwhv wkdw wkh prgho lv idluo| frqvwdqw1 Hvshfldoo|/

wkh lqfoxghg gxpp| vhhpv wr ixoo| dffrxqw iru wkh Jhupdq uhxql�fdwlrq dqg qr

lqvwdelolw| lv lqwurgxfhg lq wkh prgho1 Vwdwlvwlfdoo|/ wkh prgho vhhpv wr eh zhoo

ehkdyhg/ fi1 wdeoh 8 wkdw uhsruwv d edwwhu| ri plvvshfl�fdwlrq whvwv1

8 Wkh Vkruw0Uxq Vwuxfwxuh

Wr fkdudfwhul}h wkh g|qdplf dgmxvwphqw phfkdqlvpv lq wkh Gdqlvk h{sruw vhfwru zh

ghyhors d vwuxfwxudo uhsuhvhqwdwlrq ri wkh prgho1 D vlpxowdqhrxv htxdwlrq prgho lv

rewdlqhg e| suhpxowlso|lqj wkh uhgxfhg irup zlwk d s�s pdwul{ Df ri ixoo udqn1 Wkh

htxdwlrqv kdv wr eh lghqwl�hg e| d sulrul lpsrvlqj 4 qrupdol}dwlrq dqg s � 4 @ 6

+olqhduo| lqghshqghqw, uhvwulfwlrqv rq hdfk htxdwlrq1

Hfrqrplf wkhru| lv qrw yhu| suhflvh lq wkh ghvfulswlrq ri wkh vkruw0whup lqwhudfwlrq

ehwzhhq wkh wudqviruphg yduldeohv lq h\|1 Zh wkhuhiruh uho| rq d frpelqdwlrq ri

hfrqrplf wkhru| dqg hpslulfdo hylghqfh iurp wkh uhgxfhg irup lq wkh lghqwl�fdwlrq
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ri wkh v|vwhp1 Lq sduwlfxodu/ zh dsso| wkh iroorzlqj lghqwl�fdwlrq vfkhph

Htxdwlrq= Df Ixuwkhu uhvwulfwlrqv=

�+{� {s ,|

�+s� ss � h,|

�+s� f,|

�2s|

3
EEEEEC

4 �d�2 �d�� 3

3 4 3 3

3 3 4 3

3 �de2 3 4

4
FFFFFD

�+s� f,|3� dqg �h|

�

�

+{� {
,|3�

zklfk ixo�oov wkh udqn frqglwlrqv iru jhqhulf lghqwl�fdwlrq1 Wkh uhvwulfwlrqv ixuwkhu

lpsolhv vwurqj hpslulfdoo| lghqwl�fdwlrq ri wkh v|vwhp dqg pdnhv wkh vljql�fdqw sd0

udphwhuv lqwhusuhwdeoh iurp hfrqrplf wkhru|1

Lq wkh pdunhw vkduh htxdwlrq zh doorz iru d frqwhpsrudqhrxv h�hfw iurp wkh

uhodwlyh sulfhv/ �+s � ss � h,|1 Wklv lv d vwdqgdug ghpdqg h�hfw ri d kljk h{sruw

sulfh dqg lpsolhv d�2 ? 31 Ehvlghv wklv h�hfw iurp wkh uhodwlyh h{sruw sulfhv lq

frpprq fxuuhqf|/ zh h{shfw qr frqwhpsrudqhrxv frqwulexwlrqv iurp wkh h{fkdqjh

udwh dqg h{foxgh �h|1 Ixuwkhu/ zh h{shfw d vxsso| h�hfw iurp d kljk pdunxs/ exw

wkh frh!flhqw wr wkh odjjhg pdunxs lv qhjdwlyh lq wkh pdunhw vkduh htxdwlrq1 Dv wkh

odjjhg pdunxs lv dovr vljql�fdqwo| qhjdwlyh lq wkh pdunxs htxdwlrq/ zh fdq rewdlq d

srvlwlyh frqwhpsrudqhrxv vxsso| h�hfw lq wkh pdunhw vkduh htxdwlrq yld d�� A 3 dqg

e| h{foxglqj �+s� f,|3�1 Wklv lghqwl�fdwlrq ri wkh frqwhpsrudqhrxv h�hfw zlwk wkh

odjjhg vwuhvvhv wkdw wkh vxsso| h�hfw lv d yhu| vkruw whup skhqrphqrq1

Lq wkh uhgxfhg irup htxdwlrq iru wkh sulfh dffhohudwlrq/ �2s|/ d vljql�fdqw srvl0

wlyh frh!flhqw lv hvwlpdwhg wr wkh odjjhg ghyldwlrq iurp wkh orqj0uxq pdunhw vkduh

uhodwlrq/ +{ � {
,|3�1 Wklv kdv wkh frxqwhulqwxlwlyh h�hfw wkdw dq lqfuhdvh lq wkh

ghpdqg iru h{sruwv zloo fdxvh �upv wr orzhu h{sruw sulfhv/ dqg wkh frh!flhqw lv

wkhuhiruh uhvwulfwhg wr }hur1 Wklv uhvwulfwlrq frxog lghqwli| d frqwhpsrudqhrxv h�hfw

iurp frpshwlwruv sulfhv zlwk fruuhfw vljq/ de2 ? 3/ dv +{�{
,|3� lv dovr fohduo| vljqli0

lfdqw lq wkh uhgxfhg irup htxdwlrq iru uhodwlyh sulfhv1 Wkh htxdwlrqv iru �+s�ss�h,|

dqg �+s� f,| duh ohiw lq uhgxfhg irup1

Wkh vnhwfkhg vwuxfwxuh fdq eh hvwlpdwhg zlwk ILPO dqg wkh sdudphwhuv dvvxulqj

lghqwl�fdwlrq duh doo vljql�fdqw1 Wkh v|vwhp lv/ krzhyhu/ kljko| ryhusdudphwul}hg

dqg zh lpsrvh 83 ryhulghqwli|lqj uhvwulfwlrqv wr jhw d sduvlprqlrxv v|vwhp1 Wkh

hvwlpdwhg vwuxfwxudo htxdwlrqv iru wkh pdunhw vkduh dqg wkh sulfh dffhohudwlrq duh

uhsruwhg lq wdeoh 9/ zkloh wkh uhgxfhg irup htxdwlrqv iru wkh frpshwlwlyhqhvv dqg wkh

pdunxs duh qrw uhsruwhg1 D OU whvw iru wkh 83 ryhulghqwli|lqj uhvwulfwlrqv |lhogv d whvw

vwdwlvwlf ri 77=33/ fruuhvsrqglqj wr d vljql�fdqfh ohyho ri :4 shu fhqw1 Wkh vwuxfwxudo

prgho vhhpv wr eh zhoo0vshfl�hg dqg lq sduwlfxodu/ qr vwuxfwxudo euhdnv vhhp wr rffxu

dw wkh wlph ri wkh Jhupdq uhxql�fdwlrq dffruglqj wr judsklfdo lqvshfwlrqv dqg irupdo

Fkrz whvwv +qrw uhsruwhg,1
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Wdeoh 9= ILPO0hvwlpdwlrq ri wkh vwuxfwxudo uhsuhvhqwdwlrq

g{E%3 %s �| ' 3315;8u{E%3 %s�|3� 3315;8u{%s|3� .41;67u{ER3 S�|

+36193;, +36193;, +51637,

3415:5u{ER3 S�|32 33194<u{ER3 Rs 3 e�| 341;9<u{
2R|3�

+371<49, +351<4;, +371836,

3313<3uE%3 %
�|3� .315;9uER3 R
�|3� .313<9u{(bf�|3�

+35166;, +6144:, +519;:,

331399u{(Hf�2| 33136:

+351333, +351:49,

j ' f�f�22c 8�-EDc DS� ' ��.bc 8�-�MEec D�� ' f�2Sc �2� E2� ' ��e�

g{2R| ' 331487u{E%3 %s�|32 331:93u{ER3 Rs 3 e�| 3317;3u{e|

+361547, +351537, +34199<,

331457u{ER3 Rs 3 e�|3� 3313<7u{ER3 Rs 3 e�|32

+351;9;, +35154;,

331473uER3 R
�|3� n3137:u(Hf�2| n31354

+3441488, +61854, +;1787,

j ' f�f�e�c 8�-EDc DS� ' S��Dc 8�-�MEec D�� ' f�.bc �2� E2� ' ��Hb

Qrwh= Lwdolfv duh w0ydoxhv1 j duh vwdqgdug ghyldwlrqv/ 8�-EDc DS� duh whvwv iru dxwrfruuhodwlrq/

8�-�MEec D�� duh whvwv iru DUFK dqg �2� E2� duh whvwv iru qrupdolw|1

814 Hfrqrplf Lghqwl�fdwlrq

Lq wkh htxdwlrq iru wkh pdunhw vkduh wkh frqwhpsrudqhrxv fkdqjh lq wkh h{sruw

pdunhw/ �{s|/ lv h{foxghg1 Wklv lv dq dwwudfwlyh wkhruhwlfdo ihdwxuh dv lw lpsolhv wkdw

d errvw rq vrph lpsruw pdunhw fhwhulv sdulexv duh htxdoo| glvwulexwhg rq doo vxssolhuv1

Wkh frh!flhqwv wr �+{�{s ,|3� dqg �{s|3� duh uhvwulfwhg wr eh htxdo vxfk wkdw rqo|

�{|3� wdnhv sduw lq wkh g|qdplf dgmxvwphqw1 Wklv uhvwulfwlrq lv dffhswhg zlwk d

pdujlqdo vljql�fdqfh ydoxh ri <6=57 shu fhqw1

Wkh vkruw0uxq sulfh hodvwlflw| lv hvwlpdwhg wr �3=95 frpsduhg wr d orqj0uxq sulfh

hodvwlflw| ri �6=471 D qxphulfdo hodvwlflw| ehorz xqlw| lpsolhv wkdw wkh lqfrph h�hfw

ri d fkdqjh lq uhodwlyh sulfhv grplqdwhv lq wkh vkruw uxq1 D odujh sursruwlrq ri wkh

h{sodqdwru| srzhu ri wkh htxdwlrq lv dffrxqwhg iru e| wkh wzr huuru0fruuhfwlrq whupv1

Wkh ordglqj wr wkh ghyldwlrq iurp wkh sulfh htxdwlrq/ +s�s
,|3�/ lv hvwlpdwhg wr 3=5<

dqg lqglfdwhv d vljql�fdqw vxsso| h�hfw ri d uhodwlyho| kljk h{sruw sulfh1 Lq wkh vkruw

uxq/ d vxsso| h�hfw lv hvwlpdwhg zlwk dq hodvwlflw| ri 4=;6 exw wkh h�hfw lv uhgxfhv

diwhu wzr txduwhuv e| d qhjdwlyh hodvwlflw| ri �4=5:1 Lw fdqqrw eh vwdwlvwlfdoo| uhmhfwhg

49



wkdw wkhvh frh!flhqwv duh lghqwlfdo/ vxfk wkdw d kljk pdunxs kdv d srvlwlyh vxsso|

h�hfw lq rqo| wzr txduwhuv1 Wklv uhvwulfwlrqv lv/ krzhyhu/ qrw lpsrvhg1

Lq wkh htxdwlrq iru sulfh irupdwlrq d qhjdwlyh frh!flhqw ri �3=:9 lv hvwlpdwhg wr

wkh frqwhpsrudqhrxv sulfh frpshwlwlyhqhvv/ �+s� ss � h,|1 D fkdqjh lq frpshwlqj

sulfhv ri rqh shu fhqw zloo wkxv ohdg wr d fkdqjh lq wkh Gdqlvk h{sruw sulfh ri YR|
YRs|

@

f�.S
�nf�.S

@ 3=76 wkh �uvw txduwhu1 Wkh h�hfw iurp wkh h{fkdqjh udwh lv htxdo wr YR|
Ye|

@
f�.S3f�eH
�nf�.S

@ 3=491 Wkdw ohdgv wr d vkruw0uxq h{fkdqjh0udwh sdvv0wkurxjk iurp h{fkdqjh

udwhv wr wkh h{sruw sulfh lq iruhljq fxuuhqf| ri �
YER|3e|�

Ye|
@ 3=;7/ wr eh frpsduhg wr d

orqj0uxq sdvv0wkurxjk ri 3=661 Ilqdoo|/ d vljql�fdqw qhjdwlyh frh!flhqw lv hvwlpdwhg

wr wkh wzr txduwhu odjjhg fkdqjh lq wkh pdunhw vkduh/ �+{� {s ,|321 Wklv h�hfw lv d

olwwoh kdug wr lqwhusuhw exw frxog dfw dv d sur{| iru h�hfwv rxwvlgh wkh YDU prgho1

Ilqdoo|/ lw lv d olwwoh vxusulvlqj wkdw qr h�hfw lv irxqg iurp surgxfwlrq frvwv wr h{sruw

sulfhv lq wkh vkruw0uxq1 Rqh uhdvrq iru wklv frxog eh wkdw lq wkh vkruw uxq lw lv wkh

pdujlqdo udwkhu wkdq dyhudjh surgxfwlrq frvwv wkdw duh ri lpsruwdqfh1 Wklv frxog

lqglfdwh wkdw d fdsdflw| h�hfw lv vxssuhvvhg lq wkh h{sruw sulfh irupdwlrq/ vhh dovr

Qlhovhq +4<<<,1

9 Frqfoxglqj Uhpdunv

Lq wklv sdshu/ d vwuxfwxudo hfrqrphwulf prgho iru wkh sulfh dqg txdqwlw| irupdwlrq

lq Gdqlvk pdqxidfwxuhg h{sruwv zdv lghqwl�hg1 Wkh uhvxowv rq wkh k|srwkhvlv ri

orqj0uxq krprjhqhlw| ri qrplqdo yduldeohv zdv vrphzkdw pl{hg1 Wkh uhvwulfwlrq

zdv irupdoo| uhmhfwhg rq wkh �
�
�frlqwhjudwlrq uhodwlrqv iurp L+5, wr L+4, exw wkh

vxevhtxhqw dqdo|vlv ri wkh wudqviruphg v|vwhp jdyh qr lqglfdwlrqv ri dq| uhpdlqlqj

L+5, wuhqg1 Lq wkh L+4, wudqviruphg L+5, prgho/ d orqj0uxq uhodwlrq iru wkh iruhljq

ghpdqg iru h{sruwv dqg d g|qdplf vwhdg|0vwdwh sulfh uhodwlrq zhuh lghqwl�hg1

Wkh orqj uxq sulfh hodvwlflw| ri iruhljq ghpdqg zdv hvwlpdwhg wr 6=47 dqg wkh

fruuhvsrqglqj vkruw uxq hodvwlflw| zdv hvwlpdwhg wr 3=95/ lpso|lqj wkdw wkh lqfrph

h�hfw grplqdwhv lq wkh vkruw uxq1 Wkh h�hfw iurp wkh Jhupdq uhxql�fdwlrq rq wkh

pdunhw vkduh zdv hvwlpdwhg wr dssur{lpdwho| 44 shu fhqw1

Wkh vwhdg|0vwdwh sulfh uhodwlrq zdv fkdudfwhul}hg e| d odujh ghjuhh ri sulflqj0wr0

pdunhw dqg wkh zhljkw wr iruhljq sulfhv lpsolhg dq h{fkdqjh udwh sdvv0wkurxjk ri

3=66 lq wkh orqj uxq1 Lq wkh vkruw uxq d vrphzkdw kljkhu sdvv0wkurxjk ri 3=;7 zdv

hvwlpdwhg1 Wkh sro|qrpldoo| frlqwhjudwlqj hohphqw iurp wkh L+5, dqdo|vlv lv fhqwudo

wr wkh uhvxowv dqg rshqv iru d uhlqwhusuhwdwlrq ri lq dwlrq dv d vrxufh ri xqfhuwdlqw|

iru sulfh0vhwwlqj �upv1
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D Gdwd

Wkh pdlq vrxufhv ri gdwd duh wkh Lqwhuqdwlrqdo Wudgh dqg Frpshwlwlyhqhvv Lqglfdwru

gdwdedvh iurp RHFG dqg Vwdwlvwlfv Ghqpdun1 Doo gdwd duh txduwhuo| dqg vhdvrqdoo|

dgmxvwhg iurp wkh vrxufh dqg lqgh{hg 4<;3 @ 41

� Wkh Gdqlvk pdqxidfwxuhg h{sruw yroxph/ [|/ lv gh�qhg dv wkh VLWF fdwhjrulhv

8� < iurp Vwdwlvwlfv Ghqpdun1

� Wkh Gdqlvk h{sruw sulfh/ S|/ lv wkh xqlw0ydoxh fruuhvsrqglqj wr [|1

� Wkh xqlw surgxfwlrq frvw ri Gdqlvk pdqxidfwxuhg h{sruw/ F|/ lv ghulyhg dv d

jhrphwulfdo dyhudjh ri wkh dyhudjh xqlw0oderu0frvw +XOF, dqg wkh lpsruw xqlw

ydoxh lq Gdqlvk fxuuhqf| +SPY[,1 Erwk yduldeohv duh wdnhq iurp wkh hfrqr0

phwulf prgho Prqd ri wkh Gdqpdunv Qdwlrqdoedqn +Fkulvwhqvhq dqg Nqxgvhq/

4<<5,1 Zhljkwv duh wdnhq iurp wkh lqsxw0rxwsxw wdeoh ri wkh Gdqlvk hfrqrp|

dv 96 dqg 6: shu fhqw uhvshfwlyho|1

� Wkh pdunhw iru Gdqlvk pdqxidfwxuhg h{sruwv/ [s|/ lv fdofxodwhg dv dq dulwk0

phwlf dyhudjh ri wkh lpsruw yroxph rq 54 RHFG pdunhwv zlwk zhljkwv jlyhq

iurp wkh frxqwu| euhdngrzq ri Gdqlvk pdqxidfwxuhg h{sruwv lq 4<;<> [s| @S
2�

�'� ��P�|> zkhuh P�| dqg �� duh wkh lpsruw yroxph dqg wkh zhljkw ri frxq0

wu| m @ 4> 5> ===> 54 uhvshfwlyho|1 Wkh h{sruw pdunhw lq iruhljq0fxuuhqf| ydoxh

whupv lv fdofxodwhg dv Ss|[s| @
S

2�

�'� ��S�|P�|/ zkhuh S�|P�| lv wkh lpsruw

ydoxh iurp frxqwu| m1 Olnhzlvh/ wkh pdunhw ydoxh lq Gdqlvk fxuuhqf| lv fdo0

fxodwhg dv H|Ss|[s| @
S

2�

�'� ��H(g��|S�|P�|/ zkhuh H(g��| lv wkh elodwhudo

h{fkdqjh udwh ghqrplqdwhg dv Gdqlvk nurqhu shu fxuuhqf| xqlw1 Wkh frpshw0

lqj sulfh lq iruhljq fxuuhqf| lv wkhq gh�qhg dv wkh lpsolflw gh dwru ri [s / l1h1

Ss| @ Ss|[s|@[s| dqg wkh lpsolflw h�hfwlyh h{fkdqjh udwh ri wkh Gdqlvk nurqh

lv fdofxodwhg dv H| @ H|Ss|[s|@Ss|[s|1

� Wkh gxpplhv wdnh wkh irup

G<36| @

+
4 iru w @ 4<<3 = 6� 4<<9 = 7

3 hovhzkhuh
dqg G;345| @

;AA?
AA=

4 iru 4<;3 = 4

�4 iru 4<;3 = 5

3 hovhzkhuh

4;



Uhihuhqfhv

^4` Duplqjwrq/ Sdxo V1 +4<9<,/ D Wkhru| ri Ghpdqg iru Surgxfwv Glvwlqjxlvkhg e|

Sodfh ri Surgxfwlrq/ Lqwhuqdwlrqdo Prqhwdu| Ixqg Vwd� Sdshuv/ 49+4,= 48<04:91

^5` Edqhumhh/ Dqlqg|d/ O|qqh Frfnhuhoo dqg Eloo Uxvvhoo +4<<;,/ Dq L+5, dqdo|vlv ri

lq dwlrq dqg wkh pdunxs/ Hxurshdq Xqlyhuvlw| Lqvwlwxwh Zrunlqj Sdshuv/ HFR

Qr1 <;2591

^6` Fkulvwhqvhq/ Dqghuv Pûoohu dqg Gdq Nqxgvhq +4<<5,/ PRQD= d txduwhuo| prgho

iru wkh Gdqlvk hfrqrp|/ Hfrqrplf Prghoolqj/ 4<<5+Mdqxdu|,= 430:71

^7` Gl{lw/ Dylqdvk N1 dqg Mrvhsk H1 Vwljolw} +4<::,/ Prqrsrolvwlf Frpshwlwlrq dqg

Rswlpxp Surgxfw Glyhuvlw|/ Wkh Dphulfdq Hfrqrplf Uhylhz/ 9:+7,= 5<:063;1

^8` Grruqln/ Mxujhq D1 dqg Gdylg Khqgu| +4<<:,/ Prgholqj g|qdplf v|vwhpv xvlqj

Sf0Ilpo <13 iru Zlqgrzv/ Lqwhuqdwlrqdo Wkrpvrq Sxeolvklqj/ Orqgrq1

^9` Gruqexvfk/ Uxgljhu +4<;:,/ H{fkdqjh Udwhv dqg Sulfhv/ Wkh Dphulfdq Hfr0

qrplf Uhylhz/ ::+4,= <604391

^:` Hqjoh/ Urehuw dqg Folyh Z1 M1 Judqjhu +4<;:,/ Fr0lqwhjudwlrq dqg huuru fruuhf0

wlrq= uhsuhvhqwdwlrq/ hvwlpdwlrq dqg whvwlqj/ Hfrqrphwulfd/ 88= 58405:91

^;` Jrogehuj/ Shqhorsl N1 dqg Plfkdho P1 Nqhwwhu +4<<:,/ Jrrgv sulfhv dqg H{0

fkdqjh Udwhv= Zkdw Kdyh Zh OhduqhgB/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 68=

4576045:51

^<` Kdoguxs/ Qlhov +4<<;,/ D Uhylhz ri wkh Hfrqrphwulf Dqdo|vlv ri L+5, Yduldeohv/

Mrxuqdo ri Hfrqrplf Vxuyh|v/ 45= 8<809831

^43` Kdqvhq/ Khquln dqg Ndwdulqd Mxvholxv +4<<7,/ Pdqxdo wr Frlqwhjudwlrq Dqdo|vlv

ri Wlph Vhulhv> Fdwv lq Udwv/ Hvwlpd/ Hydqvwrqh1

^44` Khqgu|/ Gdylg I1 dqg Jud|kdp H1 Pl}rq +4<<6,/ Hydoxdwlqj g|qdplf hfrqrphw0

ulf prghov e| hqfrpsdvvlqj wkh YDU/ Lq Skloolsv/ S1F1E1 +hg1,= Prghov/ Phwkrgv/

dqg Dssolfdwlrqv ri Hfrqrphwulfv/ Eodfnzhoo/ R{irug1

^45` Krrshu/ Shwhu dqg Fdwkhulqh O1 Pdqq +4<;<,/ H{fkdqjh Udwh Sdvv0wkurxjk lq

wkh 4<;3v= Wkh Fdvh ri X1V1 Lpsruwv ri Pdqxidfwxuhv/ Eurrnlqjv Sdshuv rq

Hfrqrplf Dfwlylw|/ 4<;<+4,= 5<:066:1

^46` Kxqj/ Zdqvlqj/ \rrqedl Nlp dqg Nhqlfkl Rkqr +4<<6,/ Sulflqj h{sruwv= d

furvv0frxqwu| vwxg|/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 45= 605;1

^47` Mrkdqvhq/ Vûuhq +4<<5,/ D uhsuhvhqwdwlrq ri yhfwru dxwruhjuhvvlyh surfhvvhv lq0

whjudwhg ri rughu 5/ Hfrqrphwulf Wkhru|/ ;= 4;;05351
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^48` ��� +4<<8,/ D vwdwlvwlfdo dqdo|vlv ri frlqwhjudwlrq iru L+5, yduldeohv/ Hfrqr0

phwulf Wkhru|/ 44= 5808<1

^49` ��� +4<<9,/ Olnholkrrg0edvhg Lqihuhqfh lq Frlqwhjudwhg Dxwruhjuhvvlyh Prghov/

5qg hg1/ R{irug Xqlyhuvlw| Suhvv1

^4:` ��� +4<<:,/ Olnholkrrg Dqdo|vlv ri wkh L+5, prgho/ Vfdqglqdyldq Mrxuqdo ri

Vwdwlvwlfv/ 57= 76607951

^4;` Mxvholxv/ Ndwdulqd +4<<9,/ D Vwuxfwxuhg YDU xqghu Fkdqjlqj Prqhwdu| Srolf|/

Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 49= 73307451

^4<` ��� +4<<<,/ Sulfh Frqyhujhqfh lq wkh Phglxp dqg Orqj Uxq= Dq L+5, Dqdo0

|vlv ri Vl{ Sulfh Lqglfhv/ Lq Hqjoh/ U1I1 dqg K1 Zklwh= Frlqwhjudwlrq/ Fdxvdolw|/

dqg Iruhfdvwlqj1 D Ihvwvfkuliw lq Krqrxu ri Folyh Z1M1 Judqjhu/ R{irug Xql0

yhuvlw| Suhvv1

^53` Nrqjvwhg/ Kdqv Fkulvwldq +4<<;d,/ Dq L+5, Frlqwhjudwlrq Dqdo|vlv ri Vpdoo0

Frxqwu| Lpsruw Sulfh Ghwhuplqdwlrq/ Glvfxvvlrq Sdshu <;055/ Lqvwlwxwh ri Hfr0

qrplfv/ Xqlyhuvlw| ri Frshqkdjhq1

^54` ��� +4<<;e,/ Prghoolqj Sulfh dqg Txdqwlw| Uhodwlrqv iru Gdqlvk Pdqxidf0

wxulqj H{sruwv/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 49+4,= ;40<41

^55` ��� +4<<<,/ Whvwlqj wkh Qrplqdo0Wr0Uhdo Wudqvirupdwlrq/ Zrunlqj Sdshu/

Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq1

^56` Pdfnlqqrq/ Mdphv J1/ Doiuhg D1 Kdxj dqg Ohr Plfkholv +4<<<,/ Qxphulfdo Glv0

wulexwlrq Ixqfwlrqv ri Olnholkrrg Udwlr whvwv iru Frlqwhjudwlrq/ Mrxuqdo ri Ds0

solhg Hfrqrphwulfv/ 47= 64606891

^57` Qlhovhq/ Khlqr Erkq +4<<<,/ Pdunhw Vkduhv ri Pdqxidfwxuhg H{sruwv dqg Frp0

shwlwlyhqhvv/ Prqhwdu| Uhylhz/ 5qg Txduwhu/ Gdqpdunv Qdwlrqdoedqn1

^58` ��� +5334,/ D Wrronlw iru Vlpsoh dqg Ioh{leoh L+5, Hvwlpdwlrq/ Zrunlqj Sd0

shu/ Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq1

^59` Sduxror/ Sdror1 dqg Dqghuv Udkehn +4<<<,/ Zhdn H{rjhqhlw| lq L+5, YDU V|v0

whpv/ Mrxuqdo ri Hfrqrphwulfv/ <6= 5;4063;1

^5:` Udkehn/ Dqghuv/ Kdqv Fkulvwldq Nrqjvwhg dqg Fodud Mûujhqvhq +4<<<,/ Wuhqg0

Vwdwlrqdulw| lq wkh L+5, Frlqwhjudwlrq Prgho/ Mrxuqdo ri Hfrqrphwulfv/ <3= 5980

5;<1
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