
D Prgho ri wkh Qrplqdo
dqg Uhdo H{fkdqjh Udwhv lq Frorpeld

Mdylhu Jöph}� Edqfr gh od Uhsýeolfd

Mxo| 4<<<

Devwudfw
Xvlqj wkh Mrkdqvhq*v frlqwhjudwlrq whfkqltxh zh ghyhors dq hpslulfdo prgho

ri wkh qrplqdo dqg uhdo h{fkdqjh udwhv ri Frorpeld1 Zh �qg wkdw wkh qrplqdo
h{fkdqjh udwh lv ghwhuplqhg e| wkh qrplqdo yduldeohv dqg wkh ixqgdphqwdov dqg
wkdw wkh uhdo h{fkdqjh udwh lv ghwhuplqhg e| wkh ixqgdphqwdov exw qhxwudo wr wkh
qrplqdo yduldeohv1 Fkdqjhv lq wkh uhdo h{fkdqjh udwhv wdnh sodfh wkurxjk fkdqjhv
lq wkh qrplqdo h{fkdqjh udwh/ wkxv wkh qrplqdo dqg wkh uhdo h{fkdqjhv duh fruuh0
odwhg/ krzhyhu/ wkh uhdo h{fkdqjh udwh pd| qrw eh prgl�hg e| qrplqdo h{fkdqjh
udwh srolf| ehfdxvh/ lq wkh prgho/ wkh qrplqdo h{fkdqjh udwh lv hqgrjhqrxv1 Zh
�qg wkdw lq wkh orqj uxq wkh qrplqdo h{fkdqjh udwh ri Frorpeld ehkdyhv dv li lw
zhuh  h{leoh dqg wkh qrplqdo dqfkru zhuh prqh|1

MHO Fodvvl�fdwlrq= I64> I741
Nh|zrugv= H{fkdqjh udwhv> Ixqgdphqwdov> Qhxwudolw|1

4 Lqwurgxfwlrq
Wkh prgho zh suhvhqw lq wklv sdshu lv lqwhqghg wr fdswxuh d wudglwlrq lq wkh
irupxodwlrq ri h{fkdqjh udwh srolf| lq Frorpeld1 Wkh udwh ri fudzo ri wkh
qrplqdo h{fkdqjh udwh +gxulqj wkh fudzolqj shj, ru wkh vorsh ri wkh fudzolqj
edqg +gxulqj wkh shulrg ri d fudzolqj edqg, lv ghwhuplqhg dv wkh gl�huhqfh
ehwzhhq lq dwlrq +ru wkh lq dwlrq wdujhw, dqg lqwhuqdwlrqdo lq dwlrq/ soxv
fkdqjhv lq wkh udwh ri ghydoxdwlrq ru uhdoljqphqwv ri wkh fudzolqj edqg zkhq
wkhuh duh fkdqjhv lq wkh ixqgdphqwdov1

Sduw wzr suhvhqwv wkh prgho ri wkh qrplqdo dqg uhdo h{fkdqjh udwhv1
Sduw wkuhh ghvfulehv wkh gdwd1 Sduw irxu suhvhqwv wkh hvwlpdwlrq uhvxowv1
Sduw �yh vlpxodwh wkh ehkdylru ri wkh qrplqdo dqg uhdo h{fkdqjh udwhv lq
frxqwhu idfwxdo vfhqdulrv iru wkh qrplqdo yduldeohv dqg wkh ixqgdphqwdov1
Sduw vl{ frpsduhv wkh qrplqdo h{fkdqjh udwhv ri Frorpeld dqg Dxvwudold1
Sduw vhyhq frqfoxghv1

�Fduuhud : 470:; S1 44/ Erjrwä/ Frorpeld> Who1 +8:4, 676 3897> Id{1 +8:4, 5;4 ;864>
H0pdlo= mjrph}slCedquhs1jry1fr
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5 Wkh Prgho
Wkh prgho lv vlpxowdqhrxvo| d prgho ri wkh qrplqdo dqg ri wkh uhdo h{fkdqjh
udwhv1 Zh wdnh dv phdvxuh ri uhdo h{fkdqjh udwh wkh Lqgh{ ri Uhdo H{fkdqjh
Udwh 4 +LWFU4, ri wkh Edqfr gh od Uhsýeolfd ehfdxvh lw lv wkh lqwhuqdwlrqdo
lq dwlrq ri wklv lqgh{ wkh rqh wkdw kdv kdg d sulpdu| uroh lq wkh irupxodwlrq
ri h{fkdqjh udwh srolf| lq Frorpeld1

Wkh LWFU4 lv dq dyhudjh ri uhdo elodwhudo h{fkdqjh udwhv zlwk wudgh
sduwqhuv=

UA�-� ' ��H
�'�

�
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��u
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+4,

Lq Ht1 +4, � ' �����H duh wkh pdlq wudgh sduwqhuv/ /� lv wkh zhljkw ri sduwqhu
� lq wkh Frorpeldq iruhljq wudgh/

��
��u ' .�

��u

��
���u

lv wkh uhdo elodwhudo h{fkdqjh udwh ri Frorpeld ylv d ylv wudgh sduwqhu �/
.a
��u lv wkh qrplqdo h{fkdqjh udwh ri Frorpeld/ h1j1 wkh qxpehu ri shvrv

shu xqlw ri wkh frxqwu| �*v fxuuhqf|/ dqg ���u dqg �� duh wkh Frorpeldq
dqg wkh wudgh sduwqhu*v sulfh ohyhov phdvxuhg e| LSS1

Ht1 +4, fdq eh zulwwhq/

UA�-� ' .L7�
��u

�U�A
���u

zkhuh lqwhuqdwlrqdo lq dwlrq �U�A lv wkh wudgh sduwqhu*v lq dwlrq phdvxuhg
lq grooduv=

�U�A ' ��H
�'�

#
��

.L7�
�

$/�

Lqwhuqdwlrqdo lq dwlrq +Iljxuh 4, kdv wzr vdolhqw ihdwxuhv= vzlqjv dqg
dyhudjh wkdw/ frpsduhg wr Frorpeldq lq dwlrq/ lv orz1 Wkh vzlqjv duh gxh
wr lqfuhdvhv lq lq dwlrq iroorzhg e| ghydoxdwlrqv pdlqo| lq Yhqh}xhod dqg
Hfxdgru1 Wkh orz dyhudjh lv h{sodlqhg e| wkh kljk zhljkw ri ghyhorshg/ orz
lq dwlrq frxqwulhv lq Frorpeldq wudgh/ dqg wkh lpsrvvlelolw| iru dq hphujlqj
wudgh sduwqhu wr lq dwh zlwkrxw wkh fruuhvsrqglqj fruuhfwlrq ri wkh h{fkdqjh
udwh1

Wkh uhgxfhg irup ri wkh prgho lv=

.L7�
��u '

���u
�U�A

8 Es� +5,

zkhuh s lv d yhfwru ri ixqgdphqwdov1
Lq wkh ghwhuplqdwlrq ri wkh qrplqdo h{fkdqjh udwh/ dv lpsolhg e| Ht1 +5,/

wkhuh duh qrplqdo dqg uhdo yduldeohv1 Wkh qrplqdo yduldeohv duh grphvwlf
dqg lqwhuqdwlrqdo lq dwlrq/ wkh uhdo yduldeohv duh wkh ixqgdphqwdov1
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Iljxuh 4= Lqwhuqdwlrqdo Lq dwlrq

Wkh uhgxfhg irup +5, pd| dovr eh zulwwhq=

UA�-� � .L7�
��u

�U�A
���u

' 8 Es� +6,

Lq wkh ghwhuplqdwlrq ri wkh uhdo h{fkdqjh udwh/ wkh qrplqdo yduldeohv
+grphvwlf dqg lqwhuqdwlrqdo lq dwlrq, sod| qr uroh1 Wkh uhdo h{fkdqjh udwh
lv ghwhuplqhg e| wkh ixqgdphqwdov1 Lq rxu dg1 krf1 uhgxfhg irup/ wkh
ixqgdphqwdov duh jryhuqphqw h{shqglwxuh C/ wkh whupv ri wudgh A / dqg
fdslwdo  rzv +lq rzv, g1 Iljxuh 5 vkrzv jryhuqphqw h{shqglwxuh dv d
ixqgdphqwdo ri wkh uhdo h{fkdqjh udwh1

Lq wkh gh�qlwlrq ri wkh LWFU4/ wkh fkrlfh ri wkh uhihuhqfh fxuuhqf| lv
duelwudu|1 Ht1 +6, pd| dovr eh zulwwhq dv UA�-� ' ..�L

��u �U�A*���u
zkhuh �U�A ' ��H

�'�

�
��*.

.�L
�

�/�

lv lqwhuqdwlrqdo lq dwlrq lq HFX1 Li wkh
HFX ghsuhfldwhv zlwk uhvshfw wr wkh groodu +..�L

L7� ghfuhdvhv,/ lqwhuqdwlrqdo
lq dwlrq ghfuhdvhv/ exw/ wkh uhdo h{fkdqjh grhv qrw fkdqjh ehfdxvh wkh HFX
dovr ghsuhfldwhv zlwk uhvshfw wr wkh shvr +..�L

��u ghfuhdvhv,1
Wkh hfrqrphwulf irup ri Ht1 +5, lv=

{*L}.L7�
��u/ | ' k.Eq� *L}.

L7�
��uc |3� n q2 *L}�U�Ac |3� n q� *L}���u/ |3�

nqe *L}C|3� n qD *L}A|3� n qS *L}g|3� n q.|�

n
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Iljxuh 5= Wkh Uhdo H{fkdqjh Udwh dqg Jryhuqphqw H{shqglwxuh

n
?3�[
�'�

�C� {*L}C|3� n
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�'�

�A� {*L} A|3� n
?3�[
�'�

��� {*L}g|3�

nB�_�c | n B2_2c | n B�_�c | n Sn 0| +7,

zkhuh _�c _2c dqg _�c duh fhqwhuhg vhdvrqdo gxpplhv/ S lv wkh frqvwdqw/ 0
lv wkh huuru whup/ dqg ? lv wkh qxpehu ri odjv1 Wkhuh duh wzr dgglwlrqdo
htxdwlrqv vlplodu wr Ht1 +7, hdfk htxdwlrq iru hdfk ri wkh yduldeohv wkdw
zh frqvlghuhg srwhqwldoo| hqgrjhqrxv/ wkdw lv/ grphvwlf sulfhv dqg fdslwdo
 rzv1

Zh duh lqwhuhvwhg lq whvwlqj wkh iroorzlqj surshuwlhv ri wkh prgho= kr0
prjhqhlw| ri ghjuhh rqh ri wkh qrplqdo h{fkdqjh udwh lq grphvwlf sulfhv/
krprjhqhlw| ri ghjuhh +plqxv, rqh ri wkh qrplqdo lqwhuhvw udwh lq iruhljq
sulfhv/ dqg h{rjhqhlw| ri grphvwlf sulfhv dqg fdslwdo  rzv1 Qrupdol}lqj
wkh frlqwhjudwlqj yhfwru e| q� ' �/ wkh krprjhqhlw| surshuw| lv d whvw rq
q2 ' �q� ' �/ dqg h{rjhqhlw| ri grphvwlf sulfhv dqg fdslwdo  rzv lv d
whvwv rq k� ' kg ' f1 Wkh mrlqw krprjhqhlw| dqg h{rjhqhlw| whvw kdv irxu
uhvwulfwlrqv1

Li wkh krprjhqhlw| surshuw| krogv/ e| Ht1 +6,/ wkh qrplqdo h{fkdqjh udwh
prgho lv dovr d prgho ri wkh uhdo h{fkdqjh udwh1 Li erwk wkh krprjhqhlw|
dqg wkh h{rjhqhlw| surshuwlhv krog/ wkh qrplqdo dqfkru lv prqh|/ d surshuw|
wkdw Vmddvwdg +4<<;, fdoov �prqhwdu| lqghshqghqfh�/ dqg wkh uhdo h{fkdqjh
udwh lv qhxwudo wr grphvwlf dqg lqwhuqdwlrqdo lq dwlrq1
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Prqhwdu| lqghshqghqfh dqg qhxwudolw| ri wkh uhdo h{fkdqjh udwh wr wkh
qrplqdo yduldeohv duh hdv| wr ylvxdol}h lq Htv1 +5,/ dqg +6,1 Li wkh grphvwlf
sulfh ohyho lqfuhdvhv/ wkh qrplqdo h{fkdqjh udwh lqfuhdvhv lq wkh vdph sur0
sruwlrq ohdylqj wkh uhdo h{fkdqjh udwh xqfkdqjhg1 Li wkh lqwhuqdwlrqdo sulfh
ohyho lqfuhdvhv/ wkh qrplqdo h{fkdqjh udwh ghfuhdvhv lq wkh vdph sursruwlrq
ohdylqj wkh uhdo h{fkdqjh udwh xqfkdqjhg1 Lq uhvsrqvh wr fkdqjhv lq wkh lq0
whuqdwlrqdo sulfh ohyho/ wkh hqgrjhqrxv dqg krprjhqrxv qrplqdo h{fkdqjh
udwh dgmxvwv/ lqwhuqdwlrqdo lq dwlrq lq grphvwlf fxuuhqf| lv wkxv xqdowhuhg1
Wkh sdvv wkurxjk ri lqwhuqdwlrqdo lq dwlrq lv }hur dqg dovr wkh uhdo h{fkdqjh
udwh lv xqfkdqjhg1

Li wkh krprjhqhlw| dqg h{rjhqhlw| surshuwlhv krog iru wkh Frorpeldq
gdwd/ prqhwdu| lqghshqghqfh lpsolhv wkdw wkh dxwkrulwlhv kdyh dgplqlvwhuhg
wkh fudzolqj shj dqg wkh fudzolqj edqg dv li wkh qrplqdo h{fkdqjh udwh
zkhuh hqgrjhqrxv wr wkh qrplqdo yduldeohv dqg wkh ixqgdphqwdov1

Dowkrxjk lq wkh orqj uxq h{fkdqjh udwh srolf| pd| ehkdyh dv li wkh qrp0
lqdo h{fkdqjh udwh  rdwhg/ pdunhw h!flhqf| pd| qrw eh dfklhyhg ehfdxvh
wkh h{fkdqjh udwh kdv ehhq fudzolqj shjjhg ru  rdwhg zlwklq d fudzolqj
edqg1

Dv wkh qrplqdo yduldeohv duh h{rjhqrxv/ fkdqjhv lq wkh ixqgdphqwdov
fkdqjh wkh uhdo h{fkdqjh wkurxjk wkh qrplqdo h{fkdqjh udwh1 Dv wkh uhdo
h{fkdqjh udwh fkdqjhv wkurxjk fkdqjhv lq wkh qrplqdo h{fkdqjh udwh/ wkh
qrplqdo dqg uhdo h{fkdqjh udwhv pd| eh fruuhodwhg/ exw lw lv qrw srvvleoh wr
dqdo|}h zkhwkhu wkh uhdo h{fkdqjh udwh lv qhxwudo wr wkh qrplqdo h{fkdqjh
udwh ehfdxvh wkh qrplqdo h{fkdqjh udwh lv hqgrjhqrxv1 Zh eholhyh wklv w|sh
ri dujxphqw iroorzv wkhruhwlfdo prghov olnh Vwrfnpdq +4<;3/ 4<;6/ 4<;:,/
dqg Khospdq dqg Ud}lq +4<;5,/ dqg hpslulfdo prghov olnh Vmddvwdg +4<<;,1

6 Wkh Gdwd
Gdwd duh txduwhuo| iru wkh shulrg 4<;4=5 4<<<=51 Wkh vhulhv rq wkh qrplqdo
h{fkdqjh udwh/ grphvwlf/ dqg lqwhuqdwlrqdo sulfhv duh wkh rqhv xvhg iru wkh
frpsxwdwlrq ri wkh LWFU41 Gdwd rq jryhuqphqw h{shqglwxuh duh iurp Gh0
sduwdphqwr Qdflrqdo gh Sodqhdflöq +GQS, dqg lqfoxgh fhqwudo jryhuqphqw/
�hqwlgdghv ghvfhqwudol}dgdv� dqg �hqwlgdghv gh vhjxulgdg vrfldo�1 Iroorz0
lqj Vmddvwdg +4<<;,/ wkh fkdqjh lq wkh whupv ri wudgh lv phdvxuhg lq xqlwv
ri JGS/ wkdw lv/ wkh fkdqjhv lq wkh sulfh ri h{sruwv duh zhljkwhg e| wkh
vkduh ri h{sruwv lq JGS/ dqg d vlplodu frpsxwdwlrq iru wkh sulfh ri lpsruwv1
Fdslwdo  rzv duh dssur{lpdwhg e| wkh lqyhuvh ri phufkdqglvh wudgh dqg dv
d shufhqwdjh ri JGS1 Gdwd rq wkh qrplqdo h{fkdqjh udwh/ grphvwlf dqg
iruhljq sulfhv dqg wkh whupv ri wudgh duh jhrphwulf dyhudjhv1
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7 Uhvxowv
Iru wkh hvwlpdwlrq zh iroorz Mrkdqvhq dqg Mxvholxv +4<<5, zkr hvwlpdwh d
prgho ri wkh h{fkdqjh udwh iru wkh Xqlwhg Nlqjgrp dqg suryh wkhruhwlfdo
lpsolfdwlrqv zlwk whvwv rq olqhdu uhvwulfwlrqv lq wkh orqj uxq sdudphwhuv ri
wkh frlqwhjudwlrq1

Wkh hvwlpdwlrq frqvlvwhg ri d frlqwhjudwlrq whvw/ d mrlqw krprjhqhlw|
dqg h{rjhqhlw| whvw/ dxwrfruuhodwlrq whvwv/ dqg d whvwv ri iruhljq h{fkdqjh
pdunhw h!flhqf|1 Zh glg wkh hvwlpdwlrq zlwk wkh FDWV surfhgxuh ri wkh
UDWV surjudp1 Wkh whvw ri pdunhw h!flhqf| zdv grqh lq d uhjuhvvlrq olnh
+7, lpsrvlqj wr wkh krprjhqhlw| dqg h{rjhqhlw| uhvwulfwlrqv1

Zh/ d sulrul/ dvvxphg wkdw lqwhuqdwlrqdo lq dwlrq/ jryhuqphqw h{shq0
glwxuh/ dqg wkh whupv ri wudgh zhuh h{rjhqrxv1 Zlwk wklv dvvxpswlrq zh
surfhhghg wr suryh frlqwhjudwlrq1 Zh wkhq shuplwwhg wkdw wkh qrplqdo h{0
fkdqjh udwh/ grphvwlf sulfhv dqg fdslwdo  rzv zhuh srwhqwldoo| hqgrjhqrxv1
Rqfh frlqwhjudwlrq zdv qrw uhmhfwhg/ zh frxog qrw uhmhfw wkh mrlqw krpr0
jhqhlw| dqg h{rjhqhlw| k|srwkhvlv1 Zh hqghg xs zlwk d prgho zkhuh doo
yduldeohv exw wkh qrplqdo h{fkdqjh udwh zhuh h{rjhqrxv dqg zkhuh wkh kr0
prjhqhlw| surshuw| krogv/ wkhvh duh wkh qhfhvvdu| frqglwlrqv iru prqhwdu|
lqghshqghqfh dqg qhxwudolw| ri wkh uhdo h{fkdqjh udwh wr wkh qrplqdo ydul0
deohv1

Wdeoh 4 vkrzv wkh frlqwhjudwlrq whvw1 Dw wkh xvxdo vljql�fdqfh ohyho/ wkh
k|srwkhvlv ri udqn }hur lv uhmhfwhg dqg wkh k|srwkhvlv ri udqn rqh fdqqrw eh
uhmhfwhg> wkhuh lv frlqwhjudwlrq ri udqn rqh1 Wdeoh 5 vkrzv wkdw/ dw d s0ydoxh
ri 3146/ wkh mrlqw krprjhqhlw| dqg h{rjhqhlw| k|srwkhvlv fdqqrw eh uhmhfwhg1
Wdeoh 6 vkrzv wkh huuru whup grhv qrw kdyh dxwrfruuhodwlrq1

Iroorzlqj Vmddvwdg +4<<;,/ li wkh iruhlqj h{fkdqjh pdunhw lv h!flhqw/ doo
lqirupdwlrq derxw wkh lqwhuqdwlrqdo sulfh ohyho lv lqfrusrudwhg lq wkh qrplqdo
h{fkdqjh udwh1 Lq Ht1 7 pdunhw h!flhqf| lpsolhv �.� ' ��U�A� zkhuh wkh
lpsolhg �.f ' �1 Wkh pdunhw h!flhqf| k|srwkhvlv zdv uhmhfwhg dw d s0ydoxh
ri 313331

Wkh vhw ri whvwv vkrz wkdw wkh gdwd iru Frorpeld ehkdyh dv li wkh qrplqdo
h{fkdqjh udwh zhuh hqgrjhqrxv/ prqhwdu| srolf| lqghshqghqw/ wkh iruhljq
h{fkdqjh pdunhw qrw h!flhqw/ dqg wkh uhdo h{fkdqjh udwh qhxwudo1

8 Vlpxodwlrqv
Wkh frxqwhu idfwxdo vlpxodwlrqv lqwhqg wr vkrz wkh wlph sdwk ri wkh qrplqdo
dqg uhdo h{fkdqjh udwhv zkhq wkhuh duh fkdqjh lq wkh qrplqdo yduldeohv ru
wkh ixqgdphqwdov1
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Hqgrjhqrxv yduldeohv Qrplqdo h{fkdqjh udwh/
gGrphvwlf sulfhv/
fdslwdo  rzv1

H{rjhqrxv Yduldeohv Lqwhuqdwlrqdo lq dwlrq/
jryhuqphqw h{shqglwxuh/
whupv ri wudgh1

Vdpsoh 4<;4=4 4<<<=5

Hljhqydoxh Fulwlfdo Qxoo
Whvw Ydoxh K|srwkhvlv Uhvxow

5<13; 49146 Udqn ' f Uhmhfwhg
44135 4516< Udqn ' � Qrw uhmhfwhg

Wudfh Fulwlfdo Qxoo
hvw Ydoxh k|srwkhvlv Uhvxow

7<159 6<13; Udqn ' f Uhmhfwhg
5314; 551<8 Udqn ' � Qrw uhmhfwhg

Wdeoh 4= Frlqwhjudwlrq Dqdo|vlv

Olnholkrrg udwlr whvw �2
Ee� ' .��Hc s0ydoxh' f���1

Qrplqdo Lqwhuqd�
h{fkdqjh wlrqdo Grphvwlf Jryhuqphqw Whupv ri Fdslwdo Wlph
udwh lq dwrq sulfhv h{shqglwxuh wudgh lq rzv wuhqg
41333 41333 ���fff 513;4 413:< 41576 �f�ffS
0 0 0 +41454, +4168;, +31939, +31334,

k. �f�2fD
W0ydoxh �D�2�.

Wdeoh 5= Mrlqw Krprjhqhlw| dqg H{rjhqhlw| Whvw

:



Whvw S0ydoxh

Orqj Er{ +4:,/ �2
E��2� ' �2e�.H. 3199

Odjudqjh pxowlsolhu +4,/ �2
Eb� ' �f�fb� 3167

Odjudqjh pxowlsolhu +7,/ �2
Eb� ' ���2b� 3159

Qrupdolw|/ �2
ES� ' ��f�S. 3145

Wdeoh 6= Dxwrfruuhodwlrq Whvwv
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Iljxuh 6= Revhuyhg dqg K|srwkhwlfdo Sdwkv ri Jryhuqphqw H{shqglwxuh

814 Fkdqjh lq wkh Ixqgdphqwdov
Iljxuh 6 vkrzv wkh revhuyhg dqg frxqwhu idfwxdo sdwkv ri jryhuqphqw h{0
shqglwxuh1 Wkh k|srwkhwlfdo sdwk dvvxphv wkdw/ vwduwlqj wkh �uvw txduwhu ri
4<<4/ jryhuqphqw h{shqglwxuh uhpdlqv dw 4913(1 Iljxuh 7 vkrzv wkh lpsdfw
ri wkh fkdqjh lq jryhuqphqw h{shqglwxuh rq wkh qrplqdo h{fkdqjh udwh1 Wkh
qrplqdo h{fkdqjh udwh lqfuhdvhv wr '4/<731;< lq wkh vhfrqg txduwhu ri 4<<5/
frpsduhg wr wkh revhuyhg ohyho d ghydoxdwlrq ri 4;18(1 Iljxuh 8 vkrzv wkh
revhuyhg dqg k|srwkhwlfdo sdwkv ri wkh LWFU41 Wkh eljjhu wkh uhodwlyh gh0
pdqg iru wudgdeohv lqfuhdvhv wkh uhdo h{fkdqjh udwh wkurxjk wkh lqfuhdvh lq
wkh qrplqdo h{fkdqjh udwh1 Wkh uhdo ghydoxdwlrq lv dovr 4;18(1

Iljxuh 9 suhvhqwv wkh revhuyhg dqg dvvxphg sdwkv iru fdslwdo lq rzv
dssur{lpdwhg e| wkh lqyhuvh ri wkh wudgh edodqfh1 Wkh frxqwhu idfwxdo sdwk
dvvxphv wkdw wkh fdslwdo lq rz ri wkh qlqhwlhv glg qrw wdnh sodfh1 Wkh
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Iljxuh 9= Revhuyhg dqg K|srwkhwlfdo Sdwkv ri Fdslwdo Lq rzv

qrplqdo dqg uhdo h{fkdqjh udwhv ghsuhfldwh dv vkrzq lq Iljxuhv : dqg ;1
Iljxuhv < dqg 43 vkrz wkh revhuyhg dqg k|srwkhwlfdo sdwkv ri wkh fkdqjh

lq wkh whupv ri wudgh dqg wkh ohyho ri wkh whupv ri wudgh1 Zh dvvxph wkhuh
lv d ghfuhdvh lq wkh whupv ri wudgh ri 813( ri JGS dw wkh ehjlqqlqj ri wkh
qlqhwlhv1 Dv vkrzq lq Iljxuhv 44 dqg 45 wkh lpsdfw ri wkh whupv ri wudgh
rq wkh qrplqdo dqg uhdo h{fkdqjh udwhv lv txdolwdwlyho| wkh vdph dv wkh rqh
surgxfhg e| wkh fkdqjh lq wkh rwkhu ixqgdphqwdov1

Fkdqjhv lq wkh ixqgdphqwdov lpsdfw rq wkh qrplqdo dqg wkh uhdo h{0
fkdqjh udwhv1 Wkh fkdqjh lq wkh uhdo h{fkdqjh udwh wdnhv sodfh wkurxjk wkh
fkdqjh lq wkh qrplqdo h{fkdqjh udwh1 Wkh qrplqdo dqg uhdo h{fkdqjh udwh
khqfh/ duh fruuhodwhg1 Rqh frxog frqfoxgh wkdw d ghydoxdwlrq frxog fkdqjh
wkh uhdo h{fkdqjh udwh/ exw wklv frqfoxvlrq grhv qrw iroorz iurp wklv prgho
ehfdxvh wkh qrplqdo h{fkdqjh udwh lv hqgrjhqrxv wr wkh ixqgdphqwdov1

815 Fkdqjhv lq wkh Qrplqdo Yduldeohv
Iljxuh 46 vkrz wkh revhuyhg dqg k|srwkhwlfdo sdwkv ri lqwhuqdwlrqdo lq d0
wlrq1 Iljxuhv 47 dqg 48 vkrz wkh h�hfw ri wkh ghfuhdvh lq lqwhuqdwlrqdo
lq dwlrq rq wkh h{fkdqjh udwhv/ qrplqdo dqg uhdo1 Wkh �jxuhv uhyhdo wkdw
wkh ghfuhdvh lq wkh lqwhuqdwlrqdo sulfh ohyho lqgxfhv dq lqfuhdvh ri wkh vdph
sursruwlrq exw ri gl�huhqw vljq lq wkh qrplqdo h{fkdqjh udwh uhqghulqj wkh
uhdo h{fkdqjh udwh xqfkdqjhg1

Iljxuh 49 vkrzv wkh klvwrulfdo dqg frxqwhu idfwxdo hyroxwlrq ri wkh sulfh
ohyho1 Iljxuhv 4: dqg 4; vkrz wkh lpsdfw ri wkh k|srwkhwlfdo ghfuhdvh lq
lq dwlrq rq wkh h{fkdqjh udwhv1 Wkh qrplqdo h{fkdqjh udwh ghfuhdvhv lq wkh

43



1980 1983 1986 1989 1992 1995 1998
0

200

400

600

800

1000

1200

1400

1600

1800
Observed
Hypothetical

Iljxuh := H�hhfw ri Fdslwdo Lq rzv rq wkh Qrplqdo H{fkdqjh Udwh

1980 1983 1986 1989 1992 1995 1998
64

72

80

88

96

104

112

120

128
Observed
Hypothetical

Iljxuh ;= H�hfw ri Fdslwdo Lq rzv rq wkh Uhdo H{fkdqjh Udwh

44



1981 1984 1987 1990 1993 1996
-0.06

-0.04

-0.02

0.00

0.02

0.04

Observed
Hypothetical

Iljxuh <= Revhuyhg dqg K|srwkhwlfdo Fkdqjh lq wkh Whupv ri Wudgh

1981 1984 1987 1990 1993 1996
-0.112

-0.096

-0.080

-0.064

-0.048

-0.032

-0.016

0.000

Observed
Hypothetical

Iljxuh 43= Revhuyhg dqg K|srwkhwlfdo Ohyho ri wkh Whupv ri Wudgh

45



1980 1983 1986 1989 1992 1995 1998
0

200

400

600

800

1000

1200

1400

1600

1800
Observed
Hypothetical

Iljxuh 44= H�hfw ri wkh Whupv ri Wudgh rq wkh Qrplqdo H{fkdqjh Udwh

1980 1983 1986 1989 1992 1995 1998
64

72

80

88

96

104

112

120

128
Observed
Hypothetical

Iljxuh 45= H�hfw ri wkh Whupv ri Wudgh rq wkh Uhdo H{fkdqjh Udwh

46



1981 1984 1987 1990 1993 1996
-0.080

-0.040

0.000

0.040

0.080

0.120

0.160
Observed
Hypothetical

Iljxuh 46= Revhuyhg dqg Dvvxphg Sdwkv ri Lqwhuqdwlrqdo Lq dwlrq

1980 1983 1986 1989 1992 1995 1998
0

500

1000

1500

2000

2500
Observed
Hypothetical

Iljxuh 47= H�hfw ri Lqwhuqdwlrqdo Lq dwlrq rq wkh Qrplqdo H{fkdqjh Udwh

47



1980 1983 1986 1989 1992 1995 1998
60

70

80

90

100

110

120
Observed
Hypothetical

Iljxuh 48= H�hfw ri Lqwhuqdwlrqdo Lq dwlrq rq wkh Uhdo H{fkdqjh Udwh

vdph sursruwlrq dv wkh ghfuhdvh lq wkh grphvwlf sulfh ohyho vr wkdw wkh uhdo
h{fkdqjh udwh grhv qrw fkdqjh1

Fkdqjhv lq wkh qrplqdo yduldeohv +grphvwlf dqg lqwhuqdwlrqdo lq dwlrq,
fkdqjh wkh qrplqdo h{fkdqjh udwh exw qrw wkh uhdo rqh1

9 Frpsdulvrq ri wkh Qrplqdo H{fkdqjh Udwhv ri Frorp0
eld dqg Dxvwudold

Zh kdyh suryhg wkdw wkh qrplqdo h{fkdqjh udwh ri Frorpeld/ dowkrxjk qrw
zlwk wkh h!flhqf| ri d  rdw/ kdv hqrxjk  h{lelolw| wr pdnh prqh| wkh
qrplqdo dqfkru1 Lq wklv vhfwlrq zh frpsduh wkh qrplqdo h{fkdqjh udwh ri
Frorpeld zlwk wkh rqh ri Dxvwudold/ d frxqwu| wkdw dgrswhg d  rdw e| 4<;71
Wr pdnh wkh wzr qrplqdo h{fkdqjh udwhv frpsdudeoh zh frpsduh wkh huuru
whup ri wkh uhjuhvvlrqv=

*L}.| ' Sn *L}�| n 0�|

dqg

*L}.| ' Sn B| n 02|

iru wkh wzr frxqwulhv1
Lq wkh �uvw uhjuhvvlrq zh frqwuro iru sulfhv/ ehfdxvh lw lv wkh frqwlqxhg

lqfuhdvh lq sulfhv zkdw h{sodlqv wkh vxvwdlqhg lqfuhdvh lq wkh qrplqdo h{0
fkdqjh udwh lq Frorpeld1 Lq wkh vhfrqg uhjuhvvlrq zh frqwuro zlwk d wlph
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wuhqg1 Iljxuhv 4< dqg 53 frpsduh wkh huuruv 0� dqg 02 lq wkh wzr frxqwulhv1
Wkh vwdqgdug ghyldwlrq ri wkh Frorpeldq qrplqdo h{fkdqjh udwh lv eljjhu1
Wkh uhodwlyh yduldelolw| ri wkh h{fkdqjh udwhv vkrxog eh frpsduhg frqwuroolqj
iru wkh yduldelolw| ri wkh qrplqdo yduldeohv dqg wkh ixqgdphqwdov/ exw wklv lv
eh|rqg wkh vfrsh ri wklv sdshu1 Zh frqfoxgh wkdw wkh Frorpeldq qrplqdo
h{fkdqjh udwh dv pdlqwdlqhg d frqvlghudeoh ghjuhh ri  h{lelolw|1

: Frqfoxvlrqv
Zh frqfoxgh wkdw/ dowkrxjk qrw zlwk wkh h!flhqf| ri d  rdw/ wkh qrplqdo
h{fkdqjh udwh ri Frorpeld kdv hqrxjk  h{lelolw| wr pdnh prqh| wkh qrpl0
qdo dqfkru1 Lq wkh prgho/ wkh qrplqdo h{fkdqjh udwh zdv ghwhuplqhg e| wkh
qrplqdo yduldeohv dqg wkh ixqgdphqwdov/ dqg wkh uhdo h{fkdqjh udwh zdv gh0
whuplqhg e| wkh ixqgdphqwdov1 Fkdqjhv lq wkh uhdo h{fkdqjh udwh wrrn sodfh
wkurxjk wkh qrplqdo h{fkdqjh udwh wkxv jhqhudwlqj d fruuhodwlrq ehwzhhq wkh
qrplqdo dqg wkh uhdo h{fkdqjh udwhv1 Lq rxu prgho/ wkh fruuhodwlrq ri wkh
qrplqdo dqg uhdo h{fkdqjh udwhv fdqqrw eh h{sorlwhg e| srolf| ehfdxvh wkh
qrplqdo h{fkdqjh udwh lv hqgrjhqrxv1 Wkh uhdo h{fkdqjh udwh zdv qhxwudo
wr wkh qrplqdo yduldeohv/ wkdw lv/ wr lqwhuqdwlrqdo dqg grphvwlf lq dwlrq1

Uhihuhqfhv
^4`Khospdq/ Hokdqdq/ dqg Dvvdi Ud}lq1 �G|qdplfv ri d Iordwlqj H{fkdqjh
Udwh Uhjlph1� Mrxuqdo ri Srolwlfdo Hfrqrp| <3 +Dxjxvw 4<;5,= :5;0871
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4;



^5`Mrkdqvhq/ Vruhq/ dqg Ndwdulqd Mxvholxv +4<<5,1 Whvwlqj Vwuxfwxudo K|0
srwkhvhv lq d Pxowlyduldwh Frlqwhjudwlrq= Dqdo|vlv ri wkh SSS dqg wkh
XLS iru XN�1 Mrxuqdo ri Hfrqrphwulfv 86 +4<<5, 54405771 Qruwk Kroodqg1

^6`Vmddvwdg/ Oduu| D1 +4<<;,1 �Rq H{fkdqjh Udwhv/ Qrplqdo dqg Uhdo�1
Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh 4: +4<<;, 73:076<1

^7`Vwrfnpdq/ Dodq +4<;3,1 �D Wkhru| ri H{fkdqjh Udwh Ghwhuplqdwlrq�1
Mrxuqdo ri Srolwlfdo Hfrqrp| ;; +Dxjxvw 4<;3,= 9:60<;1

^8`Vwrfnpdq/ Dodq +4<;6,1 �Uhdo H{fkdqjh Udwhv xqghu Dowhuqdwlyh Qrpl0
qdo H{fkdqjh Udwh V|vwhpv�1 Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj 4:
+Dxjxvw 4<;8,= 47:07431

^9`Vwrfnpdq/ Dodq +4<;:,1 �Wkh Htxloleulxp Dssurdfk wr H{fkdqjh Udwhv1�
Ihghudo Uhvhuyh Edqn ri Ulfkprqg Hfrqrplf uhylhz1 Pdufk2Dsulo 4<;:
s1 450631

^:`Zlooldpvrq/ Mrkq +4<<9,1 Wkh Fudzolqj Edqg dv dq H{fkdqjh Udwh
Uhjlph= Ohvvrqv iurp Fkloh/ Frorpeld/ dqg Lvudho1 Lqvwlwxwh iru Lqwhu0
qdwlrqdo Hfrqrplfv Zdvklqjwrq/ GF Rfwrehu 4<<91
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