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Duh Wkhuh Sulfh Exeeohv lq wkh Vzhglvk
Htxlw| PdunhwB�

Vwhidq Q|gdko
Txdqwdo Lqwhuqdwlrqdo Lqf1

Shwhu Vhoolq
Hfrqrplfv Ghsduwphqw
Vyhuljhv Ulnvedqn

Iheuxdu| 44/ 4<<<

Devwudfw

Dqdo|}lqj wkh ehkdylru ri Vzhglvk htxlw| sulfhv dqg wkhlu ixqgd0
phqwdo ydoxhv ryhu doprvw d fhqwxu| ri gdwd/ lw vhhpv dv li wkh wkh
dfwxdo sulfh iroorzv wkh frpsxwhg ixqgdphqwdo sulfh txlwh zhoo1 Krz0
hyhu wkhuh duh shulrgv fkdudfwhul}hg e| vxevwdqwldo ghyldwlrqv iurp wkh
ixqgdphqwdo sulfh/ lqglfdwlqj wkh suhvhqfh ri exeeohv lq htxlw| sulfhv1

Nh|zrugv= sulfh exeeohv/ vwrfn pdunhw fudvkhv/ uhjlph vkliwv1
MHO fodvvl�fdwlrq qxpehu= J45

4 Lqwurgxfwlrq
Lq hduo| 4<<: sulfhv rq wkh Qhz \run Vwrfn H{fkdqjh dqg vrph rwkhu h{0
fkdqjhv kdg ulvhq iru vhyhudo |hduv zlwkrxw d pdmru vhwedfn1 Wklv lqhylwdeo|
ohg vrph revhuyhuv wr uhplqlvfh derxw wkh 4<;: vwrfn pdunhw fudvk1 Whvwli|0
lqj ehiruh wkh Vhqdwh Edqnlqj Frpplwwhh rq Iheuxdu| 59/ wkh Fkdlupdq ri
wkh Ihghudo Uhvhuyh Erdug Dodq Juhhqvsdq vwdwhg

�Frpphqwv e| Shwhu Hqjoxqg/ Shwhu Kùugdko/ Dqghuv Yuhglq/ dqg vhplqdu sduwlflsdqwv
dw Vyhuljhv Ulnvedqn duh judwhixoo| dfnqrzohgjhg1 Wkh ylhzv h{suhvvhg khuh duh wkrvh ri
wkh dxwkruv dqg gr qrw qhfhvvdulo| uh hfw wkrvh ri Vyhuljhv Ulnvedqn1 Fruuhvsrqghqfh
vkrxog eh dgguhvvhg wr Shwhu Vhoolq/ Hfrqrplfv Ghsduwphqw/ Vyhuljhv Ulnvedqn/ V04366:
Vwrfnkrop/ Vzhghq1 H0pdlo= shwhu1vhoolqCulnvedqn1vh1
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�Lw*v qrw pdunhwv wkdw duh luudwlrqdo1 Lw*v shrsoh zkr ehfrph
luudwlrqdoo| h{xehudqw rq rffdvlrq dqg wdnh dfwlrqv wkdw lqgxfh
zkdw hfrqrplvwv olnh wr fdoo exeeohv/ zklfk hyhqwxdoo| exuvw1�
Qruulv +4<<:,

Lw lv xqxvxdo iru d fhqwudo edqnhu wr h{suhvv dq rslqlrq derxw wkh ydoxdwlrq
ri vwrfnv dqg wkh fkdlupdq*v vwdwhphqw zdv vhhq dv udwkhu frqwuryhuvldo e|
pdq| pdunhw sduwlflsdqwv dqg rwkhu frpphqwdwruv1

Wkh h{lvwhqfh ru qrq0h{lvwhqfh ri sulfh exeeohv kdv dovr fdxvhg vrph
frqwuryhuv| lq wkh dfdghplf olwhudwxuh1 Wkh h{lvwhqfh ri luudwlrqdo exeeohv
vhhpv wr eh jhwwlqj ohvv vxssruw/ zkloh wkhuh duh vwloo vrph dgyrfdwhv ri wkh
h{lvwhqfh ri exeeohv lq d udwlrqdo h{shfwdwlrqv iudphzrun1 Ghyldwlrqv ri dvvhw
sulfhv iurp ixqgdphqwdo ydoxhv fdq dovr eh h{sodlqhg lq prghov ri lpshuihfw
lqirupdwlrq djjuhjdwlrq1 Vhh Nohlgrq +4<<8, iru d uhylhz ri wkhvh dqg rwkhu
prghov wkdw frxog srwhqwldoo| h{sodlq d vwrfn pdunhw fudvk1 Lq wklv sdshu zh
zloo orrn dw wkh srvvleoh h{lvwhqfh ri udwlrqdo sulfh exeeohv lq wkh Vzhglvk
vwrfn pdunhw/ xvlqj doprvw d fhqwxu| ri gdwd1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq wkh qh{w vhfwlrq zh glvfxvv wkh
wkhru| ri udwlrqdo exeeohv txlwh jhqhudoo|1 Wklv lv iroorzhg e| d suhvhqwdwlrq
ri d vshfl�f udwlrqdo h{shfwdwlrqv prgho zlwk sulfh exeeohv lq vhfwlrq 61 Wkh
gdwd xvhg duh suhvhqwhg lq vhfwlrq 71 Wkh prgho lv whvwhg rq erwk prqwko|
dqg dqqxdo gdwd lq vhfwlrq 81 Vhfwlrq 9 frqfoxghv1

5 Wkhru| rq Udwlrqdo Exeeohv
Lq wklv vhfwlrq zh jlyh d eulhi lqwurgxfwlrq wr wkh wkhru| ri vwrfn sulfhv dqg
glvfxvv wkh olwhudwxuh rq udwlrqdo exeeohv1 D pruh vshfl�f ghulydwlrq olqnlqj
wkh wkhru| dqg wkh hpslulfdo prgho xvhg lq wklv sdshu lv jlyhq lq vhfwlrq 61

Wkh ixqgdphqwdo ydoxh/ � W

| c ri d vwrfn fdq lq jhqhudo eh gh�qhg dv wkh
h{shfwhg ydoxh ri wkh vxp ri wkh glvfrxqwhg ixwxuh glylghqgv/
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8 c +4,

zkhuh(| lv wkh glylghqg lq shulrg |c . lv wkh h{shfwdwlrqv rshudwru/ 6| lv wkh
+srvvleo| vwrfkdvwlf, glvfrxqw idfwru dw wlph | dqg l| lv wkh lqirupdwlrq vhw
dydlodeoh wr wkh lqyhvwru dw wlph |� Wr dvvxuh wkdw rqo| glvfrxqwhg glylghqgv
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frqwulexwh wr � W

| wkh iroorzlqj wudqvyhuvdolw| frqglwlrq pxvw krog/

*�4
�<"

a\
�'�

6|n��
W

|na ' f� +5,

Li vwrfn sulfhv duh ghwhuplqhg lq d udwlrqdo h{shfwdwlrqv htxloleulxp/ wkh
sulfh ri wkh vwrfn lv wkh glvfrxqwhg ydoxh ri wkh sulfh soxv glylghqg lq wkh
qh{w shulrg/

�| ' . d6|n� E�|n� n(|n�� m l|o � +6,

Vroylqj htxdwlrq +6, uhfxuvlyho| jlyhv dq lq�qlwh qxpehu ri srvvleoh vroxwlrqv
ri wkh irup

�| ' � W

| n�|c +7,

l1h1/ wkh sulfh ri wkh vwrfn lq wlph | lv ghwhuplqhg e| wkh ixqgdphqwdo ydoxh/
� W

| c gh�qhg deryh dqg/ srvvleo|/ d udwlrqdo exeeoh/

�| ' .

5
7a<"\

�'�

6|n��|na m l|

6
8 � +8,

Iru wkh exeeoh wr eh d yldeoh rxwfrph lw pxvw eh h{shfwhg wr frqwlqxh wr
h{sdqg lq wkh qh{w shulrg/

�| ' . d6|n��|n� m l|o � +9,

Lq wkh olwhudwxuh wkhuh duh qxphurxv vshfl�fdwlrqv ri wkh exeeoh surfhvv1
Zh zloo glvfxvv vrph ri wkh pruh flwhg zrun khuh1 Iru vlpsolflw| dvvxph wkdw
wkh glvfrxqw idfwru lv d frqvwdqw/ 6| ' �*E� n-�� Wkh ixqgdphqwdo ydoxh lq
wklv fdvh rqo| ghshqgv rq h{shfwhg ixwxuh glylghqgv dqg wkh udwlrqdo exeeoh
vdwlv�hv/

�| ' .
�
�|n�

� n-
m l|

�
� +:,

Wkh vlpsohvw srvvleoh exeeoh surfhvv zrxog eh d ghwhuplqlvwlf rqh/ iru h{0
dpsoh/

�| '
�

�

� n-

�|

�fc +;,

zkhuh �f : f lv d frqvwdqw1 Wklv w|sh ri ghyldwlrq iurp ixqgdphqwdov
grhv qrw dsshdu wr eh olnho| vlqfh lw zrxog lpso| wkdw wkh vwrfn sulfh zrxog
glyhujh h{sorvlyho| iruhyhu iurp �f� D pruh uhdolvwlf prgho zrxog doorz iru d
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vwrfkdvwlf exeeoh surfhvv1 Wklv zdv �uvw sursrvhg e| Eodqfkdug dqg Zdwvrq
+4<;5, zkr dvvxph wzr vwdwhv ri qdwxuh/ rqh zkhuh wkh exeeoh vxuylyhv dqg
rqh zkhuh lw froodsvhv1 Pruh h{solflwo| frqvlghu wkh iroorzlqj surfhvv dv dq
h{dpsoh/

�|n� '

#
� n-

^

$
�| n 0|n�c zlwk suredelolw| ^c +<d,

�|n� ' 0|n�c zlwk suredelolw| �� ^c +<e,

zkhuh .E0|� ' f� Wklv prgho lqwurgxfhv d frqvwdqw suredelolw|/ 40^c wkdw d
exeeoh zloo exuvw lq dq| rqh shulrg1 Li wkh exeeoh exuvwv/ wkh vwrfn sulfh
uhwxuqv wr lwv lqwulqvlf ydoxh1 Krzhyhu wkh vkrfn whup hqvxuhv wkdw d exeeoh
fdq uhjhqhudwh lwvhoi dqg wkxv ghyldwlrqv iurp ixqgdphqwdov fdq uhrffxu diwhu
d fudvk1 Revhuylqj krz pdunhwv ehkdyh lq uhdo olih rqh pljkw �qg lw vrph0
zkdw xqvdwlvidfwru| wr kdyh d frqvwdqw suredelolw| ri d fudvk lq hdfk shulrg1
Lw vhhpv sodxvleoh wkdw wkh suredelolw| ri d fudvk lv kljkhu gxulqj fhuwdlq
shulrgv/ iru h{dpsoh li sulfhv dsshdu wr eh yhu| idu iurp d ydoxh edvhg rq
glylghqgv ru uhsruwhg hduqlqjv1 Lqghhg/ Eodqfkdug dqg Zdwvrq +4<;5, vxj0
jhvw wkdw wkh suredelolw| ^ fdq eh pdgh vwrfkdvwlf/ ghshqglqj rq wkh ohqjwk
ri wlph wkh exeeoh kdv vxuylyhg ru wkh vsuhdg ehwzhhq wkh sulfh dqg wkh
ixqgdphqwdo ydoxh1

Udwlrqdo lqyhvwruv nqrz wkdw wkh exeeoh zloo exuvw hyhqwxdoo| vr zk| gr
wkh| vwd| lq wkh pdunhwB Eodqfkdug dqg Zdwvrq +4<;5, dujxh wkdw hyhq
wkrxjk wkh| nqrz wkdw wkh exeeoh zloo fudvk wkh| gr qrw nqrz zkhq1 Khqfh
lq hdfk shulrg li lqyhvwruv h{shfw wkh exeeoh wr frqwlqxh wr jurz/ wkh| pd|
krog rq wr wkhlu lqyhvwphqw wr wkh qh{w shulrg/ krslqj iru hyhq odujhu fdslwdo
jdlqv1 Wkh jurzwk udwh ri wkh exeeoh zloo frpshqvdwh iru wdnlqj wkh ulvn
wkdw wkh exeeoh zloo exuvw1 Iroorzlqj Eodqfkdug dqg Zdwvrq +4<;5, vhyhudo
duwlfohv kdyh vwxglhg pruh lq ghswk xqghu zkdw frqglwlrqv exeeohv lq dvvhw
sulfhv duh frqvlvwhqw zlwk udwlrqdo h{shfwdwlrqv +vhh iru h{dpsoh Wluroh +4<;5/
4<;8, dqg Gled dqg Jurvvpdq +4<;:/ 4<;;,,1

Wkh udwlrqdo exeeohv deryh duh irupxodwhg dv wrwdoo| vhsdudwhg iurp ixq0
gdphqwdov1 Uhfhqwo| d qhz vwudqg ri wkh olwhudwxuh frqvlghuv wkh olqn ehwzhhq
exeeohv dqg ixqgdphqwdov1 Iurrw dqg Revwihog +4<<4, lqwurgxfh zkdw wkh|
uhihu wr dv lqwulqvlf exeeohv1 Wkhvh exeeohv duh ghwhuplqlvwlf qrq0olqhdu ixqf0
wlrqv ri wkh dvvhw*v ixqgdphqwdov dqg kdyh vhyhudo dsshdolqj ihdwxuhv1 Iru
lqvwdqfh ghyldwlrqv iurp ixqgdphqwdov fdq shuvlvw ryhu orqj shulrgv ri wlph vr
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wkdw vwdeoh hfrqrplf ixqgdphqwdov fdq eh dvvrfldwhg zlwk shuvlvwhqw/ vwdeoh
plvsulflqj1 Dovr dvvhw sulfhv fdq ryhuuhdfw wr �qhzv� derxw ixqgdphqwdov1
Ixuwkhu h{whqvlrqv dorqj wkhvh olqhv duh pdgh lq Lnhgd dqg Vkledwd +4<<5,1
Dv lq Iurrw dqg Revwihogw +4<<4,/ Lnhgd dqg Vkledwd ohw wkh exeeoh eh d
ixqfwlrq ri wkh ixqgdphqwdov exw zlwk wkh lpsruwdqw h{whqvlrq wkdw wkh|
doorz ixqgdphqwdov wr eh vwrfkdvwlf1

Dv phqwlrqhg hduolhu/ lq Eodqfkdug dqg Zdwvrq +4<;5, wkh suredelolw|
wkdw wkh exeeoh zloo froodsvh lv h{rjhqrxvo| jlyhq1 ydq Qrughq dqg Vfkdoohu
+4<<6, ydq Qrughq +4<<9, iroorz Eodqfkdug dqg Zdwvrq*v vxjjhvwlrq ri hq0
grjhql}lqj wkh suredelolw|1 Wkh| gr wklv e| ohwwlqj wkh suredelolw| wkdw wkh
exeeoh zloo froodsvh eh d ixqfwlrq ri wkh h{whqw ri wkh plvsulflqj1 Wkh odujhu
wkh exeeoh wkh juhdwhu lv wkh suredelolw| wkdw lw zloo froodsvh1 Wkh hpslulfdo
surshuwlhv ri whvwlqj iru exeeohv lq wklv iudphzrun kdv uhfhqwo| ehhq lqyhv0
wljdwhg e| ydq Qrughq dqg Yljixvvrq +4<<;,1 Zh zloo pdnh xvh ri wklv w|sh
ri prgho lq wkh qh{w vhfwlrq1

6 D Uhjlph0Vzlwfklqj Prgho ri Dvvhw Sulfhv
dqg Exeeohv

Zh xvh wkh prgho ghyhorshg lq ydq Qrughq dqg Vfkdoohu +4<<6, dqg ydq
Qrughq +4<<9,1 Wklv lv edvlfdoo| dq h{whqvlrq ri wkh Oxfdv +4<:;, dvvhw
sulflqj prgho wr lqfoxgh sulfh exeeohv1 Diwhu kdylqj lpsrvhg wkh pdunhw
fohdulqj frqglwlrq wkdw doo glylghqgv eh frqvxphg lq wkh shulrg wkh| duh sdlg
rxw wkh �uvw0rughu frqglwlrq/ zlwk Frqvwdqw Uhodwlyh Ulvn Dyhuvlrq +FUUD,
xwlolw|/ fdq eh uhvwdwhg dv wkh iroorzlqj htxloleulxp frqglwlrq=

�|(
�
| ' q.| d(

�
|n� E�|n� n(|n��o c +43,

zkhuh �| dqg (| duh wkh uhdo sulfh dqg uhdo glylghqg ri wkh vwrfn uhvshfwlyho|/
� lv wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq/ dqg q lv wkh glvfrxqw idfwru1 Iurp
wklv gl�huhqfh htxdwlrq zh fdq ghulyh wkh ixqgdphqwdo sulfh/

� W

| ' (3�
|

"[
r'�

qr.|(
�n�
|nr � +44,

Qh{w zh dvvxph d glylghqg surfhvv ri wkh irup

(|n� ' (|e
kn0|n�c +45,
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zkhuh k : f dqg 0| � �Efc j2�� Wkxv/ glylghqgv iroorz d udqgrp zdon zlwk
guliw k dqg vwdqgdug ghyldwlrq j� Wklv prgho fdq eh vkrzq wr kdyh wkh
vroxwlrq

� W

| ' 4(|c +46,

zkhuh

4 '
qekE�n��nE�n��2j2*2

�� qekE�n��nE�n��2j2*2
� +47,

Khqfh/ zh jhw d yhu| frqyhqlhqw vroxwlrq zkhuh wkh ixqgdphqwdo sulfh lv d
olqhdu ixqfwlrq ri wrgd|v glylghqg1 Wklv lv wkh uhvxow ri dvvxplqj FUUD dqg
d vlpsoh glylghqg surfhvv ri wkh w|sh lq +45,1

Dv vwdwhg lq wkh suhylrxv vhfwlrq/ d sulfh exeeoh lv gh�qhg dv wkh ghyldwlrq
iurp ixqgdphqwdo sulfh/

�| ' �| � � W

| � +48,

Vlqfh erwk sulfhv rq wkh uljkw0kdqg vlgh pxvw ixo�o +43,/ vr grhv wkh sulfh
exeeoh1 Wkhuh duh wzr vwdwhv ri qdwxuh/ rqh lq zklfk wkh exeeoh vxuylyhv wr
wkh qh{w shulrg dqg rqh lq zklfk lw +sduwldoo|, froodsvhv1 Zh zloo uhihu wr
wkhvh dv vwdwhv 7 dqg � uhvshfwlyho|1 Wkh suredelolw| ri d exeeoh vxuylylqj wr
wkh qh{w shulrg lv dvvxphg wr eh d ixqfwlrq ri wkh uhodwlyh vl}h ri wkh exeeoh/
^EK|�� Wkh odujhu wkh exeeoh wkh vpdoohu wkh suredelolw| wkdw lw zloo vxuylyh/
^� 	 f�4 Wkh h{shfwhg ydoxh ri wkh exeeoh frqglwlrqdo xsrq d froodsvh lv
dvvxphg wr eh

. d�|n� m �o ' � EK|��|c +49,

zkhuh �Ef� ' f dqg f 	 �� 	 �� Wkh h{shfwhg ydoxh ri wkh exeeoh frqglwlrqdo
xsrq vxuylydo fdq wkhq eh vkrzq wr eh

. d�|n� m 7o ' �

^ EK|�

k
q3�e�Ekn�j2*2��| � E�� ^ EK|��� EK|��|

l
� +4:,

Wkh prgho lv olqhdul}hg wr |lhog wkh iroorzlqj wkuhh0htxdwlrq hpslulfdo
prgho iru wkh uhwxuq -| ' E�| n(|�*�|3�c

5

E-|n� m 7� ' q7f n q7KK| n #7|c #7| � �Efc j2
7�c +4;d,

E-|n� m �� ' q�f n q�KK| n #�|c #�| � �Efc j2
��c +4;e,

4Zh xvh Odjudqjh*v qrwdwlrq lq ohwwlqj d sulph ghqrwh wkh �uvw ghulydwlyh1
5Iru d frpsohwh ghulydwlrq ri wkh prgho vhh ydqQrughq dqg Vfkdoohu +4<<6,1
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^| ' xEq^f n q^K mK|m�c +4;f,

zkhuh x lv wkh vwdqgdug qrupdo fxpxodwlyh ghqvlw| ixqfwlrq1 Wkh ixqfwlrqdo
irup iru ^ kdv ehhq fkrvhq wr hqvxuh wkdw f 	 ^ 	 ��

7 Wkh Gdwd
Glylghqg sd|phqwv lq Vzhghq duh khdylo| frqfhqwudwhg wr wkh wkuhh prqwkv
ri Pdufk/ Dsulo/ dqg Pd|1 Wklv ghwudfwv vrphzkdw iurp wkh ydoxh ri xvlqj
d prqwko| wlph vhulhv1 Qhyhuwkhohvv/ zh xvh d prqwko| lqgh{ ri Vzhglvk
vwrfn uhwxuqv frqvwuxfwhg e| Iuhqqehuj dqg Kdqvvrq +4<<5d/ 4<<5e, dqg
odwhu xsgdwhg16 Krzhyhu/ zh dovr frqgxfw wkh dqdo|vlv xvlqj dqqxdo gdwd dv
d urexvwqhvv fkhfn rq rxu uhvxowv1

Wkh Iuhqqehuj0Kdqvvrq gdwd vhw lqfoxghv d ydoxh0zhljkwhg lqgh{ wkdw
lqfoxghv glylghqgv dqg rqh wkdw h{foxghv glylghqgv1 Lw dovr lqfoxghv d gly0
lghqg vhulhv1 Lq wklv vwxg| zh xvh wkh glylghqg vhulhv dqg wkh lqgh{ zlwk
glylghqgv h{foxghg1 Wkh vwdqgdug surfhgxuh ri xvlqj wkh vxp ri wkh odvw
wzhoyh prqwkv* glylghqgv zdv xvhg wr kdqgoh wkh vhdvrqdolw| sureohp1 Lq
Iuhqqehuj dqg Kdqvvrq +4<<5e, dq dqqxdo glylghqg lqgh{ lv uhsruwhg1 Zlwk
wkh khos ri wklv lqgh{ zh frxog frpsxwh wkh glylghqg iru wkh edvh |hdu 4<4;
+zklfk zdv qrw uhsruwhg lq Iuhqqehuj dqg Kdqvvrq +4<<5d,, dqg xsgdwh wkh
glylghqg vhulhv wr Mxqh 4<<;1 Wkh sulfh lqglfhv duh frqvwuxfwhg dorqj wkh
vdph sulqflsohv dv lq wkh vwdqgdug zrun e| Leerwvrq dqg Vlqtxh�hog +4<;<,
dqg vsdq wkh shulrg iurp Mdqxdu| 4<4< wr Mxqh 4<<;1 Dq lqgh{ ri frqvxphu
sulfhv/ zklfk lv dovr sduw ri wkh Iuhqqehuj0Kdqvvrq gdwd vhw/ zdv xvhg wr
frpsxwh uhdo uhwxuqv1

8 Hpslulfdo Uhvxowv
Lq rughu wr whvw wkh prgho zh qhhg d phdvxuh ri wkh ixqgdphqwdo sulfh1
Dffruglqj wr +46, wkh ixqgdphqwdo sulfh lv d olqhdu ixqfwlrq ri wklv |hduv
glylghqg/ � W

| ' 4(|c zkhuh 4 lv jlyhq lq +47,1 Iurp wkdw h{suhvvlrq zh vhh
wkdw wr ghwhuplqh d ydoxh iru 4 zh qhhg ydoxhv iru hdfk ri wkh sdudphwhuv kc
jc qc dqg �� Wkh �uvw wzr zh fdq rewdlq e| hvwlpdwlqj wkhp iurp wkh +orj
ri, wkh glylghqg surfhvv lq +45, e| vlpsoh ROV1 Wkh glvfrxqw idfwru q zrxog

6Zh duh judwhixo wr Emùuq Kdqvvrq iru surylglqj xv zlwk wkh xsgdwhg gdwd vhw1
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xvxdoo| eh dvvxphg wr olh ehwzhhq 31<< dqg 4131 Wkhuh lv qr frqvhqvxv rq
wkh pdjqlwxgh ri wkh uhodwlyh ulvn dyhuvlrq frh!flhqw �c exw prvw hfrqrplvwv
vhhp wr frqvlghu wkh ydoxh ri durxqg 43 w|slfdoo| duulyhg dw lq FFDSP
vwxglhv wr eh wrr kljk1 Udwkhu wkdq jxhvvlqj d ydoxh iru � +dqg q,/ zh xvh
wkh dyhudjh sulfh0glylghqg udwlr iru wkh zkroh vdpsoh dv d sur{| iru 4 dqg
dvn zkhwkhu wklv ohdgv wr sodxvleoh frpelqdwlrqv ri ydoxhv iru wkh rwkhu wzr
sdudphwhuv iru zklfk zh kdyh qr uhdglo| dydlodeoh lqirupdwlrq= � dqg q�
Wkhvh frpelqdwlrqv ri ydoxhv iru � dqg q duh sorwwhg lq Iljxuh 41 Jlyhq
wkdw zh wklqn q : f�bbD lv uhdvrqdeoh zh hqg xs zlwk d uhodwlyh ulvn dyhuvlrq
frh!flhqw ehwzhhq 3 dqg ;181 Wkhvh ydoxhv gr qrw vhhp xquhdvrqdeoh wr xv1
Khqfh/ zh xvh wkh dyhudjh sulfh glylghqg udwlr iru wkh zkroh vdpsoh shulrg
dv d sur{| iru 4 dqg ghulyh d ixqgdphqwdo sulfh dffruglqj wr +46,1 Wkh
ixqgdphqwdo sulfh vhulhv/ zklfk lv vlpso| wkh ohyho0dgmxvwhg glylghqg vhulhv/
lv sorwwhg wrjhwkhu zlwk wkh dfwxdo sulfh vhulhv lq Iljxuh 51 Wkh gh dwhg
vhulhv/ zklfk duh xvhg wr frpsxwh uhdo uhwxuqv/ duh vkrzq lq Iljxuh 61

Wkuhh glvwlqfw vxeshulrgv fdq eh glvwlqjxlvkhg lq Iljxuh 51 Xs xqwlo d
ihz |hduv diwhu wkh vhfrqg zruog zdu wkh dfwxdo sulfh frqvlvwhqwo| olhv ehorz
wkh ixqgdphqwdo sulfh1 Lq wkh srvw0zdu shulrg xs xqwlo wkh hduo| 4<;3*v
wkh dfwxdo sulfh  xfwxdwhv durxqg wkh ixqgdphqwdo1 Lq wkh 4<;3*v dqg <3*v
wkh dfwxdo sulfh olhv deryh wkh ixqgdphqwdo sulfh1 Wkhuh kdyh ehhq wkuhh
sduwldo froodsvhv ri wkh sulfh exeeoh gxulqj wklv odwwhu shulrg1 Wkh wklug ri
wkhvh eurxjkw wkh sulfh edfn wr lwv ixqgdphqwdo ydoxh1 Krzhyhu/ lq 4<<50<6
wkh wzr sulfh vhulhv gudvwlfdoo| sduw frpsdq| zkhq wkh ixqgdphqwdo sulfh
gursv vljql�fdqwo| zkloh wkh dfwxdo sulfh ulvhv1 Sur�wv zhuh ghsuhvvhg diwhu
wkh vhyhuh uhfhvvlrq lq 4<;<0<4/ exw htxlw| sulfhv vwduwhg ulvlqj vrrq diwhu
Vzhghq dedqgrqhg wkh �{hg h{fkdqjh udwh lq Qryhpehu 4<<5 lq h{shfwdwlrq
ri kljkhu ixwxuh sur�wv1 Lw grhv qrw vhhp olnho| wkdw wkh vwrfn pdunhw kdv ehhq
xqghuydoxhg iurp 4<4< wr 4<781 Lw lv pruh olnho| wkdw zh kdyh ryhuhvwlpdwhg
wkh ixqgdphqwdo sulfh iru wkh hduolhu sduw ri wkh vdpsoh1 Wkh zlgh jds dw
wkh hqg ri wkh vdpsoh frxog olnhzlvh eh gxh wr wkh ixqgdphqwdo sulfh ehlqj
xqghuhvwlpdwhg1 D prgho wkdw suhglfwv v|vwhpdwlf plvsulflqj ri ryhu 83
shufhqw iru vhyhudo |hduv dw d wlph grhv qrw vhhp fuhgleoh1 Iurp Iljxuh 5 lw
lv fohdu wkdw wkh shulrg xs xqwlo 4<78 lv fkdudfwhuhl}hg e| d orzhu glylghqg
jurzwk udwh +fkdqjh lq wkh orjdulwkp ri wkh ixqgdphqwdo sulfh, wkdq wkh uhvw
ri wkh shulrg vwxglhg/ hvshfldoo| wkh odwwhu sduw ri wkh vdpsoh1 Wklv frxog
h{sodlq wkh ryhu0 dqg xqghuhvwlpdwlrq uhvshfwlyho| ri wkh ixqgdphqwdo sulfh/
vlqfh wkh sulfh0glylghqg udwlr lv d ixqfwlrq ri wkh glylghqg jurzwk udwh +fi1
h{suhvvlrq +47,,1
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Wkh prgho zh kdyh ehhq orrnlqj dw vr idu dvvxphv wkdw wkh sulfh0glylghqg
udwlr +dqg wkh glylghqg jurzw udwh, lv frqvwdqw1 Dv zh kdyh mxvw qrwhg
wklv dvvxpswlrq frxog eh fdoohg lqwr txhvwlrq1 Wklv lv hyhq pruh hylghqw
iurp Iljxuh 7/ hvshfldoo| frqvlghulqj wkh odwwhu sduw ri wkh vdpsoh1 Lw lv
srvvleoh wr glvwlqjxlvk ehwzhhq wkuhh shulrgv zlwk gl�huhqw sulfh0glylghqg
udwlrv1 Xs xqwlo 4<78 wkh sulfh0glylghqg udwlr olhv ehwzhhq 483 dqg 6331
Diwhu wkdw zh revhuyh wkuhh shdnv deryh 733 zkloh wkh wurxjkv gxulqj wkh
srvw0zdu shulrg gr qrw idoo ehorz 533/ zklfk wkh| glg ehiruh 4<781 Lq hduo|
4<;6 wkhuh lv d gudpdwlf lqfuhdvh lq wkh sulfh0glylghqg udwlr/ zklfk qrz
dovr ydulhv frqvlghudeo| ryhu wlph1 Wkh dyhudjh prqwko| glylghqg jurzwk
udwhv gxulqj wkh wkuhh shulrgv lghqwl�hg deryh duh k�b2fG�3�beDG�2 ' �f�ff�Sc
k�beSG�3�bH2G�2 ' f�fffbc dqg k�bH�G�3�bbHG. ' f�ffHe� Lq Iljxuh 8 zh fdq vhh
wkh vwdeoh shulrg 4<79=404<;5=45 vxuurxqghg e| wkh pruh yrodwloh shulrgv/
zlwk d pdunhgo| kljkhu glylghqg jurzwk udwh lq wkh odwwhu shulrg1 Zh qrwh
wkh h{wuhpho| odujh vkrfnv wr wkh glylghqg surfhvv iroorzlqj wkh wlph zkhq
wkh Vzhglvk nurqd zdv doorzhg wr  rdw lq 4<<51 Wkh kljk yrodwlolw| diwhu
4<<5 wrjhwkhu zlwk wkh kljkhu jurzwk udwh ri glylghqgv frxog h{sodlq wkh
jds ehwzhhq dfwxdo dqg ixqgdphqwdo sulfhv wrzdugv wkh hqg ri wkh shulrg
vwxglhg1

D ixqgdphqwdo sulfh edvhg rq gl�huhqw 4�v iru wkh wkuhh gl�huhqw shulrgv
lghqwl�hg deryh +4�b2fG�3�beDG�2 ' 2�Dc 4�beSG�3�bH2G�2 ' �f2c dqg 4�bH�G�3�bbHG. '
DDH, lv vkrzq lq Iljxuh 91 Wkh dfwxdo sulfh wudfnv wkh ixqgdphqwdo sulfh txlwh
zhoo lq wklv prgho zlwk h{rjhqrxvo| jlyhq sulfh0glylghqg uhjlph vkliwv1 Wkh
pdjqlwxghv ri wkh  xfwxdwlrqv durxqg wkh ixqgdphqwdo duh vrphwlphv txlwh
vxevwdqwldo 0 xszdugv ri 63 shufhqw1 Wklv frxog eh dq lqglfdwlrq wkdw exeeohv
duh d vljql�fdqw ihdwxuh ri rxu htxlw| sulfh vhulhv1

Zh zloo qh{w irupdoo| hvwlpdwh dqg whvw wkh udwlrqdo exeeoh prgho suh0
vhqwhg lq Vhfwlrq 6 deryh17 Dv h{sodlqhg lq wkdw vhfwlrq/ pxfk ri wkh dqdo|vlv
fhqwhuv rq wkh uhodwlyh vl}h ri wkh exeeoh/ K| ' �|*�|c zklfk lv ghslfwhg lq
Iljxuh :1 Wkh hpslulfdo prgho +4;, kdv vrph whvwdeoh lpsolfdwlrqv1 Iluvw/
wkh odujhu wkh exeeoh lv wkh vpdoohu zloo eh wkh suredelolw| wkdw lw zloo vxuylyh
wr wkh qh{w shulrg/ wkxv wkh prgho lpsolhv wkdw zh vkrxog �qg q^K 	 f1 Vhf0
rqg/ zh h{shfw wr �qg q�K 	 fc vlqfh d odujhu exeeoh lpsolhv d odujhu fdslwdo
orvv lq fdvh ri d froodsvh1 Ilqdoo|/ q7K : q�K wr frpshqvdwh lqyhvwruv iru wkh

7Wkh JDXVV surjudpv pdgh dydlodeoh e| wkh Edqn ri Fdqdgd rq lwv ZZZ krph
sdjh zhuh xvhg wr hvwlpdwh dqg whvw wkh prgho1 Vhh ydq Qrughq dqg Yljixvvrq +4<<9, iru
d jxlgh wr wkhvh surjudpv1
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suredelolw| wkdw wkh exeeoh zloo froodsvh1 ydq Qrughq +4<<9, dovr vxjjhvwv
d whvw wr dvfhuwdlq zkhwkhu wkh vzlwfklqj uhjlph prgho prwlydwhg e| wkh
srvvleoh h{lvwhqfh ri exeeohv fdq eh uhgxfhg wr d vlpsoh pl{wxuh ri qrupdov
prgho/ zkhuh zh vzlwfk ehwzhhq wzr qrupdo glvwulexwlrqv zlwk d frqvwdqw
suredelolw|/ l1h1 lpsrvlqj wkh uhvwulfwlrq q7K ' q�K ' q^K ' f rq +4;,1 Lq
wkh suhvhqfh ri exeeohv wkh vzlwfklqj uhjuhvvlrq vkrxog uhmhfw wklv uhvwulfwlrq1
Vlqfh wkh pl{wxuh ri qrupdov prgho lv qhvwhg e| +4;,/ wkh k|srwkhvlv fdq eh
whvwhg xvlqj dq ruglqdu| olnholkrrg udwlr whvw1

Vwxg|lqj wkh uhvxowv lq Wdeoh 4 doo frh!flhqwv lq wkh uhjuhvvlrq/ h{fhsw
wkh �uvw wzr duh vljql�fdqw dw wkh rqh shufhqw ohyho1 Wkh frh!flhqw ri wkh de0
vroxwh exeeoh kdv wkh h{shfwhg vljq/ q^K 	 fc jlylqj vxssruw wr wkh suhglfwhg
uhodwlrq ehwzhhq wkh uhodwlyh vl}h ri wkh exeeoh dqg ehlqj lq wkh vxuylylqj
vwdwh1 q�K kdv wkh zurqj vljq dqg lv vljql�fdqwo| gl�huhqw iurp }hur1 Zh
�qg wkdw q7K lv odujhu wkdq q�K/ dv lw vkrxog eh/ exw wklv gl�huhqfh lv qrw
vwdwlvwlfdoo| gl�huhqw iurp }hur dffruglqj wr wkh Zdog whvw1 Ilqdoo|/ wkh pl{0
wxuh ri qrupdov prgho lv vwurqjo| uhmhfwhg e| wkh gdwd1 Dv vkrzq lq Wdeoh
5/ xvlqj dqqxdo gdwd jlyhv d vlplodu slfwxuh wr wkh prqwko| gdwd1 Wkhuh lv
vrph vxssruw iru wkh exeeoh prgho dqg zh vwloo uhmhfw wkh pl{wxuh ri qrupdov
prgho dw dq| uhdvrqdeoh vljql�fdqfh ohyho1

9 Frqfoxvlrqv
Wkh remhfwlyh ri wklv sdshu lv wr dqdo|vh zkhwkhu Vzhglvk htxlw| sulfhv duh
fkdudfwhul}hg e| wkh h{lvwhqfh ri udwlrqdo exeeohv1 Orrnlqj dw wkh ehkdylru ri
htxlw| sulfhv dqg wkhlu ixqgdphqwdo ydoxhv ryhu doprvw d fhqwxu| ri gdwd/ lw
vhhpv dv li wkh wkh dfwxdo sulfh iroorzv wkh frpsxwhg ixqgdphqwdo sulfh udwkhu
zhoo1 Krzhyhu wkhuh duh shulrgv fkdudfwhul}hg e| vxevwdqwldo ghyldwlrqv iurp
wkh ixqgdphqwdo sulfh/ lqglfdwlqj wkh suhvhqfh ri exeeohv lq Vzhglvk htxlw|
sulfhv1

Wr irupdoo| whvw iru wkh h{lvwhqfh ri udwlrqdo exeeohv zh dgdsw d vzlwfklqj
uhjlph dssurdfk vxjjhvwhg e| ydq Qrughq +4<<9,1 Wkh uhvxowv duh vrphzkdw
pl{hg/ dqg vrph ri wkh wkhruhwlfdo lpsolfdwlrqv idlo wr �qg vxssruw lq wkh
gdwd1 Vwloo vwurqj vxssruw lv irxqg iru wkh frqmhfwxuh wkdw wkh vl}h ri ghyld0
wlrqv iurp wkh ixqgdphqwdo sulfh pdwwhuv/ wkh odujhu wkh exeeoh wkh juhdwhu
lv wkh suredelolw| wkdw lw zloo froodsvh1

Lq wklv sdshu zh vwd| forvh wr vwdqgdug vshfl�fdwlrqv lq wkh olwhudwxuh
dqg xvh glylghqgv dv d sur{| iru ixqgdphqwdov xqghu wkh dvvxpswlrq wkdw
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glylghqgv iroorz d udqgrpzdon surfhvv1 Lw pljkw eh iuxlwixo lq ixwxuh uhvhdufk
wr h{soruh gl�huhqw vshfl�fdwlrqv ri wkh glylghqg surfhvv1

Uhihuhqfhv
^4` Eodqfkdug/ R1 dqg P1 Zdwvrq/ �Exeeohv/ Udwlrqdo H{shfwdwlrqv/ dqg

Ilqdqfldo Pdunhwv/� lq S1 Zdfkwho +hg1, Fulvlv lq wkh Hfrqrplf dqg
Ilqdqfldo Vwuxfwxuh/ Oh{lqjwrq Errnv/ Oh{lqjwrq/ Pdvv1 4<;51

^5` Gled/ E1 dqg K1 Jurvvpdq/ �Rq wkh Lqfhswlrq ri Udwlrqdo Exeeohv/�
Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 435 +4<;:,/ 85<08791

^6` Gled/ E1 dqg K1 Jurvvpdq/ �Wkh Wkhru| ri Udwlrqdo Exeeohv lq Vwrfn
Sulfhv/� Hfrqrplf Mrxuqdo/ <; +4<;;,/ :790:871

^7` Iuhqqehuj/ S1 dqg E1 Kdqvvrq/ �Frpsxwdwlrq ri d Prqwko| Lqgh{ iru
Vzhglvk Vwrfn Uhwxuqv/� Vfdqglqdyldq Hfrqrplf Klvwru| Uhylhz/ 73
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^8` Iuhqqehuj/ S1 dqg E1 Kdqvvrq/ �Vzhglvk Vwrfnv/ Erqgv/ Eloov/ dqg Lq0
 dwlrq/� Dssolhg Ilqdqfldo Hfrqrplfv/ 5 +4<<5e,/ :<0;91

^9` Iurrw/ N1 dqg P1 Revwihog/ �Lqwulqvlf Exeeohv= Wkh Fdvh ri Vwrfn
Sulfhv/� Dphulfdq Hfrqrplf Uhylhz ;4 +4<<4,/ 44;<0454:1

^:` Leerwvrq/ U1J1 dqg D1 Vlqtxh�hog/ �Vwrfnv/ Erqgv/ Eloov/ dqg Lq d0
wlrq= Klvwrulfdo Uhwxuqv 4<590;:1 Fkduorwwhvylooh/ YD= Fkduorwwhvylooh
Uhvhdufk Irxqgdwlrq ri wkh Lqvwlwxwh ri Fkduwhuhg Ilqdqfldo Dqdo|vwv/
4<;<1

^;` Lnhgd/ V1 dqg D1 Vkledwd/ �Ixqgdphqwdov0Ghshqghqw Exeeohv lq Vwrfn
Sulfhv/� Mrxuqdo ri Prqhwdu| Hfrqrplfv 63 +4<<5,/ 476049;1

^<` Nohlgrq/ D1/ �Vwrfn Pdunhw Fudvkhv/� lq U1 Mduurz hw do Kdqgerrnv lq
Rshudwlrqv Uhvhdufk dqg Pdqdjhphqw Vflhqfh Yro1 </ Hovhylhu Vflhqfh
E1Y1/ 4<<81

^43` Oxfdv/ U1/ �Dvvhw Sulfhv lq dq H{fkdqjh Hfrqrp|/� Hfrqrphwulfd 79
+4<:;,/ 475<047781
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^44` Qruulv/ I1/ �*Exeeohv* Lqghhg Exuvw/ Juhhqvsdq Dgprqlvkhv/� Lqwhuqd0
wlrqdo Khudog wulexqh/ Iulgd| Iheuxdu| 5;/ 4<<:1

^45` Wluroh/ M1/ �Rq wkh Srvvlelolw| ri Vshfxodwlrq Xqghu Udwlrqdo H{shfwd0
wlrqv/� Hfrqrphwulfd 83 +4<;5,/ 4496044;41

^46` Wluroh/ M1/ �Dvvhw Exeeohv dqg Ryhuodsslqj Jhqhudwlrqv/� Hfrqrphwulfd
86 +4<;8,/ 47<<0485;1

^47` ydq Qrughq/ V1/ �Uhjlph Vzlwfklqj dv d Whvw iru H{fkdqjh Udwh Exe0
eohv/� Mrxuqdo ri Dssolhg Hfrqrphwulfv 44 +4<<9,/ 54<05841

^48` ydq Qrughq/ V1 dqg K1 Vfkdoohu/ �Wkh Suhglfwdelolw| ri Vwrfn Pdunhw
Uhjlph= Hylghqfh iurp wkh Wrurqwr Vwrfn H{fkdqjh/� Wkh Uhylhz ri
Hfrqrplfv dqg Vwdwlvwlfv :8 +4<<6,/ 83808431

^49` ydq Qrughq/ V1 dqg U1 Yljixvvrq/ �Uhjlph0Vzlwfklqj Prghov= D Jxlgh
wr wkh Edqn ri Fdqdgd Jdxvv Surfhgxuhv/� Edqn ri Fdqdgd Zrunlqj
Sdshu Qr1 6/ 4<<91

^4:` ydq Qrughq/ V1 dqg U1 Yljixvvrq/ �Dyrlglqj wkh slwidoov= Fdq Uhjlph0
Vzlwfklqj Whvwv Uholdeo| Ghwhfw ExeeohvB/� Vwxglhv lq Qrq0Olqhdu G|0
qdplfv dqg Hfrqrphwulfv +4<<;,/ iruwkfrplqj1

45



7DEOH���  Estimates of the regime shift model
1920:1-1998:6

Parameters Estimates t-value

06β 0.0135 1.142

6E
β 0.067 1.868

0&β 0.0081 5.619

&E
β 0.0462 4.252

0Tβ 1.7684 6.111

TEβ -3.4571 -3.623

6
σ 0.0905 7.829

&
σ 0.0365 21.978

Wald
&E6E

ββ = 0.27284

(0.42716)

LR 0=== TE&E6E βββ 54.256

(4.6511e-11)

7DEOH���  Estimates of the regime shift model 1919-
1997 (Annual)

Parameters Estimates t-value

06β 0.154 4.531

6E
β 0.6684 5.369

0&
β -0.0293 -0.99

&E
β 0.5803 3.9

0Tβ -0.7599 -1.428

TEβ -0.0051 -0.002

6
σ 0.1654 9.523

&
σ 0.0636 2.892

Wald
&E6E

ββ = 0.17938

( 0.6719)

LR 0=== TE&E6E βββ 34.525

(5.81e-07)



)LJXUH����&RPELQDWLRQV�RI�EHWD�DQG�JDPPD�IRU�JLYHQ�SDUDPHWHU�YDOXHV�
α=0.001175, σ=0.019678, ρ=330.08
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