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Frqwuroolqj Fkdrv lq d Prgho zlwk Khwhurjhqhrxv

Eholhiv

Vwhskdq Khlolj� dqg Udlqhu Vfkùeho�

Mdqxdu| 46/ 5334

Devwudfw

Lq wklv sdshu zh jhqhudol}h d fkdrv frqwuro phwkrg ghyhorshg e| Rww/ Juherjl/

dqg \runh +4<<3, wr frqwuro vdggoh srlqwv lq U zklfk duh hpehgghg lq d vwudqjh

dwwudfwru ri d fkdrwlf v|vwhp1 Rxu jhqhudol}hg phwkrg dgplwv wr frqwuro dq|

xqvwdeoh htxloleulxp lq U 1 Zh dsso| rxu �qglqjv wr frqwuro wkh g|qdplfv ri

wkh fkdrwlf dvvhw sulflqj prgho ri Eurfn dqg Krpphv +4<<;,1 Lq wklv prgho

fkdrwlf sulfh pryhphqwv duh fdxvhg e| khwhurjhqhrxv pdunhw sduwlflsdqwv1 Zh

lqwurgxfh d frqwuro dxwkrulw| zklfk wudghv wkh ulvn| dvvhw olnh wkh rwkhu pdunhw

sduwlflsdqwv1 Xvlqj rxu frqwuro dssurdfk/ lw lv srvvleoh iru wkh dxwkrulw| wr

vwdelol}h wkh pdunhw sulfh zlwk plqlpxp h�ruw1

4 Lqwurgxfwlrq

Gxulqj wkh odvw 53 |hduv fkdrv wkhru| ehfdph dq lqfuhdvlqj �hog ri lqwhuhvw lq hfr0

qrplfv dqg �qdqfh/ d �hog zklfk ruljlqdoo| durvh iurp sk|vlfv dqg pdwkhpdwlfv  1

 Xqlyhuvlw| ri W elqjhq/ Vfkrro ri Hfrqrplfv dqg Exvlqhvv Dgplqlvwudwlrq/ Prkovwu1 69/ G0:53:7

W elqjhq/ Jhupdq|/ skrqh= .7<0:3:405<:0:30;;/ id{= .7<0:3:4088039055/ h0pdlo= vwhskdq1khloljCxql0

wxhelqjhq1gh/ fruuhvsrqglqj h0pdlo= udlqhu1vfkrhehoCxql0wxhelqjhq1gh
 Oruhq} +4<96,/ dqg Pd| +4<:9,1
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Ixqgdphqwdo zrun zdv grqh e| Gd| +4<;6,/ Ehqkdele dqg Gd| +4<;5,/ Judqgprqw

+4<;8,/ dqg Vfkhlqnpdq dqg OhEdurq +4<;<,1

Fkdrwlf v|vwhpv zlwk lwv huudwlf  xfwxdwlrqv jlyh xv d eurdghu shuvshfwlyh dqg

dq lpsuryhg xqghuvwdqglqj ri revhuyhg hfrqrplf dqg �qdqfldo wlph vhulhv1 Lqvwhdg ri

dvvxplqj olqhdu uhodwlrqv dqg xvlqj olqhdu vwrfkdvwlf yduldeohv wr ghvfuleh huudwlf ehkdy0

lru/ fkdrv wkhru| doorzv wr prgho  xfwxdwlrqv hqgrjhqrxvo|1 Lq d fkdrwlf hqylurqphqw

wkh h{lvwlqj dwwudfwru lv d qrq shulrglf ruelw1 D wudmhfwru| vwd|v lq wklv dwwudfwlqj

vhw zlwkrxw uhdfklqj dq| srlqw wzlfh1 Wklv dwwudfwlqj vhw lv fdoohg d vwudqjh dwwudfwru1

Wudmhfwrulhv rq wklv vwudqjh dwwudfwru h{klelw vhqvlwlyh ghshqghqfh rq lqlwldo frqglwlrqv1

Wklv lv nqrzq dv wkh �exwwhu | h�hfw�= D vpdoo lqwhuyhqwlrq lq wkh prgho kdv d kljk

lpsdfw rq wkh wudmhfwru|1 Diwhu d vkruw wlph wkh wudmhfwru| glvsod|v d frpsohwho| gli0

ihuhqw sdwk wkdq zlwkrxw wklv lqwhuyhqwlrq1 Krzhyhu/ wkh joredo ehkdylru ri fkdrwlf

prghov lv vlplodu wr vwrfkdvwlf prghov= Ioxfwxdwlrqv duh huudwlf dqg xqsuhglfwdeoh lq

wkh orqj uxq1

D uhfhqw dvvhw sulflqj prgho edvhg rq fkdrwlf sulfh  xfwxdwlrqv lv jlyhq e| Eurfn

dqg Krpphv +4<<;,1 Lq wkhlu prgho khwhurjhqhrxv jurxsv ri lqyhvwruv zlwk gl�huhqw

h{shfwdwlrqv iru wkh ixwxuh pdunhw sulfh jhqhudwh ghpdqg dqg vxsso| iru wkh ulvn|

dvvhw1 Wkh uhvxowlqj sulfh lv dq htxloleulxp sulfh zklfk fohduv wkh pdunhw1 Ghshqglqj

rq wkh vxffhvv ri suhylrxv suhglfwlrqv pdunhw sduwlflsdqwv wkhq dgdsw wkhlu ixwxuh sulfh

eholhiv1 Wkhvh dgdswlrqv ri lqyhvwruv* eholhiv jlyh wkh prgho wkh qhfhvvdu| qrqolqhdu

vwuxfwxuh wr doorz fkdrwlf g|qdplfv1 H{whqvlrqv ri wklv prgho kdyh ehhq vxjjhvwhg e|

Fklduhood dqg Kh +4<<<, dqg Jdxqhuvgruihu +5333,/ uhfhqwo|1

D frpprq lqwhuhvw ri pdunhw sduwlflsdqwv lv wkh uhgxfwlrq ri sulfh yrodwlolw|1 Krz0

hyhu/ li pdunhw  xfwxdwlrqv duh vwrfkdvwlf/ wkhuh lv qr srvvlelolw| wr uhgxfh yrodwlolw|

zlwkrxw lqwhuihulqj lq wkh pdunhw surfhvv1 Rq wkh rwkhu kdqg/ li  xfwxdwlrqv duh fkdrwlf

wkhuh h{lvwv d �uvw frqwuro dssurdfk ghyhorshg lq wkh sk|vlfv e| Rww/ Juherjl/ dqg

\runh +4<<3, +RJ\,1 Wkh| vwdelol}h vdggoh srlqwv hpehgghg lq wkh vwudqjh dwwudfwru

 Khwhurjhqhrxv prghoolqj ri dvvhw pdunhwv duh lq olqh zlwk wkh uhfhqw olwhudwxuh1 Vhh h1 j1 Eurfn

dqg Krpphv +4<<:d,/ Gd| dqg Kxdqj +4<<3,/ Gh Irqwqrxyhooh +4<<9,/ dqg OhEdurq +4<<<,1
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ri d fkdrwlf 50glphqvlrqdo v|vwhp rqo| zlwk vpdoo shuwxuedwlrqv1 Vpdoo lqwhuyhqwlrqv

duh vx!flhqw gxh wr wkh vhqvlwlylw| ri d fkdrwlf v|vwhp1 D vxffhvvixo dssolfdwlrq ri

wklv phwkrg zdv vkrzq lq d folqlfdo h{shulphqw e| Jdu�qnho/ Vsdqr/ Glwwr/ dqg Zhlvv

+4<<5, zkr frqwuroohg d fkdrwlf khduw ehdw zlwk vpdoo hohfwulf sxovhv1 Lq vrfldo vflhqfhv

wklv phwkrg zdv �uvw lqwurgxfhg e| Kro|vw/ Kdjho/ Kddj/ dqg Zhlgolfk +4<<9, lq d

prgho ri wzr frpshwlqj �upv zlwk dv|pphwulfdo lqyhvwphqw vwudwhjlhv1! Krzhyhu/ wklv

phwkrg lv uhvwulfwhg wr frqwuro vdggoh srlqwv lq U 1

Wkh sodq ri wklv sdshu lv dv iroorzv= Lq Vhfwlrq 5 zh vkrz krz wkh RJ\ dssurdfk fdq

eh h{whqghg wr frqwuro dq| xqvwdeoh htxloleulxp dqg jhqhudol}h lw iru fkdrwlf v|vwhpv

lq U 1 Lq Vhfwlrq 6 zh dsso| rxu frqwuro dssurdfk wr wkh fkdrwlf dvvhw sulflqj prgho

ri Eurfn dqg Krpphv +4<<;,1 Zh dvvxph wkh h{lvwhqfh ri d frqwuro dxwkrulw| zklfk

zdqwv wr uhgxfh pdunhw yrodwlolw| e| vwdelol}lqj wkh dvvhw sulfh rq lwv ixqgdphqwdo

ydoxh1 Lw dfwv olnh dq ruglqdu| pdunhw sduwlflsdqw jhqhudwlqj ghpdqg ru vxsso| iru

wkh ulvn| dvvhw1 Krzhyhu/ iru wkhvh lqwhuyhqwlrqv wkh frqwuro dxwkrulw| kdv rqo| olplwhg

uhvrxufhv dydlodeoh1 Doehlw/ lq d fkdrwlf hqylurqphqw lw lv deoh wr vwdelol}h dq| xqvwdeoh

htxloleulxp zlwk rxu dssurdfk1 Vhfwlrq 7 frqfoxghv1

5 Frqwuro phwkrg

Zh xvh wkh vhqvlwlylw| surshuw| wr frqwuro fkdrwlf v|vwhpv zlwk plqlpdo shuwxuedwlrqv1

Rqo| vpdoo lqwhuyhqwlrqv duh qhfhvvdu| wr fdxvh kxjh yduldwlrqv dorqj wkh v|vwhp wudmhf0

wru|1 Lq dq| vwudqjh dwwudfwru wkhuh duh htxloleuld ri gl�huhqw shulrgv hpehgghg1 Wkhvh

 D vdggoh srlqw srvvhvvhv d vwdeoh dqg dq xqvwdeoh pdqlirog1 Urxjko| vshdnlqj d vwdeoh pdqlirog

ri d �{hg srlqw lv d vxuidfh frqwdlqhg lq wkh skdvh vsdfh ri d g|qdplfdo v|vwhp zklfk kdv wkh surshuw|

wkdw wudmhfwrulhv vwduwlqj rq wklv vxuidfh zloo frqyhujh wr wkh �{hg srlqw1 Wudmhfwrulhv rq wkh xqvwdeoh

pdqlirog glyhujh iurp wkh �{hg srlqw/ uhvshfwlyho|1 Vhh Zljjlqv +4<;;,/ ss1 591
!D gl�huhqw dssurdfk wr frqwuro xqvwdeoh htxloleulxpv zdv vxjjhvwhg e| Urphludv dqg Gd|dzdqvd

+4<<5,/ dqg Vklqeurw/ Juherjl/ Rww/ dqg \runh +4<<6,1 Wkh| xvh wkh sroh sodfhphqw phwkrg/ dq

dssurdfk zklfk lv zhoo nqrzq iurp dssolfdwlrqv lq hqjlqhhulqj vflhqfhv= Vhh h1 j1 Rjdwd +4<<3,/ ss1

::91 Wklv phwkrg zdv xvhg e| Nddv +4<<;, wr frqwuro d fkdrwlf pdfurhfrqrplf prgho1
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htxloleuld duh qhyhu uhdfkhg e| dq xqfrqwuroohg wudmhfwru| ehfdxvh wkh| duh xqvwdeoh

dqg kdyh d uhshoolqj qhljkerukrrg1 Krzhyhu/ e| zdlwlqj wloo wkh wudmhfwru| frphv forvh

wr wkh vdggoh srlqw dqg wkhq sxvklqj lw zlwk d vpdoo lqwhuyhqwlrq rqwr wkh vwdeoh pdq0

lirog/ wkh fkdrwlf v|vwhp fdq eh vwdelol}hg dqg wkh wudmhfwru| frqyhujhv wr wkh vdggoh

srlqw1 Wkh lqwhuyhqwlrq whqgv wr }hur wkh forvhu wkh wudmhfwru| jhwv wr wkh vdggoh srlqw1

Wklv surfhgxuh jxdudqwhhv rqo| vpdoo lqwhuyhqwlrqv lq wkh prgho zklfk gr qrw ghvwur|

wkh ryhudoo fkdrwlf ehkdylru1 Zh qrz vkrz krz wklv frqwuro lghd fdq eh h{whqghg wr

frqwuro dq| xqvwdeoh htxloleulxp lq U 1 

Ehfdxvh lqwhuyhqwlrqv wdnh sodfh rqo| li wkh wudmhfwru| lv forvh wr wkh xqvwdeoh �{hg

srlqw/ lw lv vx!flhqw wr frqvlghu lwv olqhdul}hg qhljkerukrrg1 Dvvxph/ wkh fkdrwlf pds
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�� +5,

Xvlqj wkh hljhqyhfwruv i
&

ri wkh Mdfreldq dv d qhz edvlv ! zh fdq zulwh { 
!

' @
�

i
�

n

 Zh uhvwulfw rxu glvfxvvlrq rq frqwuroolqj �{hg srlqwv/ exw wkh surfhgxuh wr frqwuro htxloleuld ri

kljkhu rughu { @ i +{ ,/ n @ 5> 6> === lv vlplodu1 Lqvwhdg ri i+{, zh frqvlghu wkh pds j +{, @ i +{,

dqg wuhdw wkh htxloleuld dv �{hg srlqwv { @ j +{ , =
 Iru wkh prphqw zh dvvxph wkh Mdfreldq srvvhvvhv q lqghshqghqw uhdo hljhqyhfwruv1 Lq dsshqgl{

D14/ s1 53 zh frqvlghu dovr wkh fdvh zkhq wkh �{hg srlqw srvvhvvhv frpsoh{ hljhqyhfwruv1
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dqg jhw

{ 
! �

' a E@
�

i
�

n ���n @
 

i
 

�

' @
�

b
�

i
�

n ��� n @
 

b
 

i
 

� +6,

Wkh frqwuro wdujhw lv wr gluhfw wkh wudmhfwru| rq wkh vwdeoh pdqlirog ri wkh �{hg srlqw1

Wkh vwdeoh pdqlirog lv d vxevsdfh ri wkh vwdwh vsdfh Z" � U
 rq zklfk doo wudmhfwrulhv

frqyhujh wr wkh �{hg srlqw iru | $ 41 Lq frqwudvw/ rq wkh xqvwdeoh pdqlirog wkh

wudmhfwrulhv frqyhujh lq qhjdwlyh wlph | $ �4 wr wkh �{hg srlqw1 Lq wkh olqhdul}hg

qhljkerukrrg ri wkh �{hg srlqw wkh hljhqyhfwruv ri wkh Mdfreldq a vsdq wkh vxevsdfhv

ri wkhvh pdqlirogv1 Wkh hljhqyhfwruv zlwk hljhqydoxhv mb
#

m 	 � vsdq wkh vwdeoh pdqlirog

Z
" ' rR@? ii

�

c ���c i
$

j dqg wkh hljhqyhfwruv zlwk hljhqydoxhv mb
#

m : � vsdq wkh xqvwdeoh

pdqlirog Z
% ' rR@? ii

$ �

c ���c i
 

j1 Wkh wudmhfwru| rq wkh vwdeoh pdqlirog kdv wr eh

ruwkrjrqdo wr wkh xqvwdeoh pdqlirog1 Li lq d ?0glphqvlrqdo vwdwh vsdfh wkh xqvwdeoh

pdqlirog lv E?�6�0glphqvlrqdo +? : 6, zh qhhg ?�6 frqwuro yduldeohv R
&

wr gluhfw

wkh wudmhfwru| gxulqj rqh shulrg rq wkh vwdeoh pdqlirog1 Zh dvvxph wkh shuwxuedwlrqv

BT
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' EBR
�'!

� � � BR
  $'!

�
 

lq hdfk shulrg duh uhvwulfwhg wr mBR
&'!

m � BR
&'"#$

� Wklv ohdgv

wr wkh iroorzlqj frqwuro uxoh=

BT
!

'

;
A?
A=

` �6 ��6{ 
!

�s m` �6 ��6{ 
!

m 8 BT
"#$

f J|�eo��re�

+7,

Vhh dsshqgl{ D14 ru wkh ghulydwlrq ri htxdwlrq +7,1 ` frqwdlqv wkh ghulydwlyhv ri u

zlwk uhvshfw wr wkh frqwuro yduldeohv R
&

dw wkh �{hg srlqw  !
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6 lv d pdwul{ frqvlvwlqj ri wkh yhfwruv u
#

1 Wkhvh duh wkh frqwudyduldqw edvlv yhfwruv wr

wkh hljhqyhfwruv i
#

1 Wkh frqwuro lv vwduwhg dv vrrq dv wkh wudmhfwru| lv forvh wr wkh

�{hg srlqw dqg wkh frpsxwhg shuwxuedwlrqv gr qrw h{fhhg wkh pd{lpxp ydoxh BT
 !"

1

 Wkh frqwudyduldqw edvlv i
 

wr wkh edvlv h
 

/ l @ 4> ===> q lv gh�qhg e| wkh iroorzlqj surshuwlhv=

i  

 

h
!

@ 3 iru l 9@ m dqg i  

 

h
!

@ 4 iru l @ m=
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Lq fdvh wkh �{hg srlqw kdv qr vwdeoh pdqlirog/ krzhyhu/ wkhuh lv qr vxevsdfh rq

zklfk d wudmhfwru| frqyhujhv wr wkh htxloleulxp1 Wkh frqglwlrq wr gluhfw wkh wudmhfwru|

lqwr wkh �{hg srlqw wkhq vlpso| lv { 
  �

' f zklfk ohdgv wr wkh iroorzlqj frqwuro uxoh= 

BT
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+8,

Lq htxdwlrq +8, wkh yhfwru zlwk wkh shuwxuedwlrqv ri wkh frqwuro yduldeohv BT
 

lv ?0

glphqvlrqdo1 ? frqwuro yduldeohv duh qhfhvvdu| wr frqwuro wkh wudmhfwru| gxulqj rqh

shulrg vwudljkw lqwr wkh �{hg srlqw1

Zlwk htxdwlrqv +7, dqg +8, dw kdqg zh duh qrz deoh wr frqwuro xqvwdeoh htxloleuld

lq fkdrwlf v|vwhpv ri duelwudu| glphqvlrq1 Lq wkh iroorzlqj vhfwlrq zh xvh rxu �qglqjv

wr frqwuro wkh fkdrwlf dvvhw sulflqj prgho ri Eurfn dqg Krpphv +4<<;,1

6 Wkh Frqwuro ri wkh Dvvhw Sulflqj Prgho ri Eurfn

dqg Krpphv +4<<;,

Eurfn dqg Krpphv +4<<;, sursrvh dq dvvhw sulflqj prgho zlwk dgdswlyh eholhiv ri khw0

hurjhqhrxv lqyhvwruv1 Fkdrwlf ehkdylru lv lqkhuhqw lq wkhlu prgho iru vshfl�f sdudphwhu

ydoxhv1 Lq wklv vhfwlrq zh ghprqvwudwh krz wkh fkdrwlf dvvhw sulfh  xfwxdwlrqv fdq eh

vwdelol}hg xvlqj rxu frqwuro phwkrg1

614 Dvvhw Sulflqj Prgho

Zh uhylhz wkh prgho/ �uvw1 Lqyhvwruv duh dvvxphg wr lqyhvw lq d ulvn| dqg d ulvn iuhh

dvvhw/ rqo|1 Wkh| kdyh wkh iroorzlqj zhdowk ixqfwlrq
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c +9,

 Vhh dsshqgl{ D151
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zkhuh d wlogh ghqrwhv d udqgrp yduldeoh1 �*- lv wkh ulvnohvv glvfrxqw idfwru1 R
 

ghqrwhv

wkh sulfh ri wkh vkduhv h{ glylghqg dw wlph | dqg ih+
 

j lv wkh vwrfkdvwlf glylghqg surfhvv1

5
 

lv wkh qxpehu ri vkduhv nhsw lq vwrfn dw wlph |1

Eurfn dqg Krpphv +4<<;, glvwlqjxlvk lqyhvwru jurxsv zlwk gl�huhqw ixwxuh eholhiv1

Hdfk jurxs frpsxwhv wkh rswlpdo qxpehu ri dvvhwv lq vwrfn zlwk d phdq yduldqfh

xwlolw| ixqfwlrq
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E � duh wkh eholhiv ri wkh frqglwlrqdo h{shfwdwlrq dqg yduldqfh ri lq0

yhvwru w|sh �1 Wkh sdudphwhu @ ghwhuplqhv wkh ulvndyhuvlrq zklfk lv dvvxphg wr eh

htxdo iru doo lqyhvwruv1 Dovr wkh frqglwlrqdo yduldqfh ri wkh e%Serr oe|�o? Reo r�@oe

T
"# 

EhR
  �

n h+
  �

�-R
 

� � j" lv dvvxphg wr eh frqvwdqw1 Khqfh/ zh jhw iru wkh yduldqfh

ri wkh lqyhvwru*v sruwirolr T
"# 

�
ì
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�
' 5"

"# 

j"1 Hdfk w|sh � lqyhvwru kdv wr pd{lpl}h
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zlwk wkh uhvxow
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�

@j"
� +;,

Wkh rswlpdo qxpehu ri vkduhv ghshqgv rqo| rq wkh sulfh dqg wkh glylghqg surfhvv1

Wkh zhdowk `
 

lq htxdwlrq +:, kdv qr lq xhqfh rq wkh pd{lpl}dwlrq1

Hdfk lqyhvwru jurxs � ' �c ���c � kdv d pdunhw vkduh ri ?
"# 

dw wlph |1 Wkh htxloleulxp

ri ghpdqg dqg vxsso| lpsolhv
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%# 

ghqrwhv wkh vxsso| ri vkduhv shu lqyhvwru lq |1 Iru wkhlu ixuwkhu dqdo|vlv Eurfn dqg

Krpphv +4<<;, dvvxph }hur vxsso| ri rxwvlgh vkduhv 5
%# 

' f�
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ri 3=338 wr hdfk qhljkerulqj srlqw dqg frpsxwhg wkh frqwuro vxffhvv iru hdfk vwduwlqj srlqw1 Zh

frpsxwhg wkh qxpehu ri shulrgv wkh wudmhfwru| qhhgv wr uhdfk dq %0qhljkerukrrg +% @ 3=34,/ zklfk

lw qhyhu zloo ohdyh1

48



pxfk pruh vhqvlwlyh iru wkh frqwuro vxffhvv wkdq %
  !

1 Wkhuh duh wzr uhjlrqv zlwk orz
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oleulxp lq wkh U
 vsdfh/ hpehgghg lq wkh vwudqjh dwwudfwru1 Zlwk rxu phwkrg wkh

wudmhfwru| lv gluhfwhg rq wkh vwdeoh pdqlirog ri wkh htxloleulxp1 Li qr vwdeoh pdql0

irog h{lvwv/ zh frqwuro wkh wudmhfwru| vwudljkw lqwr wkh htxloleulxp1 Ghshqglqj rq wkh

glphqvlrq ri wkh xqvwdeoh pdqlirog zh jhw d olqhdu htxdwlrq v|vwhp wr frpsxwh wkh

frqwuro lqwhuyhqwlrqv1

Zh dssolhg rxu frqwuro phwkrg rq wkh dvvhw sulflqj prgho ri Eurfn dqg Krpphv

+4<<;,1 Wklv prgho h{sodlqv fkdrwlf sulfh pryhphqwv hqgrjhqrxv e| khwhurjhqhrxv

pdunhw sduwlflsdqwv dqg wkhlu dgdswlrq srolf|1 Li vxfk fkdrwlf sulfh ehkdylru h{lvwv d

frqwuro dxwkrulw| lv deoh wr vwdelol}h wkh pdunhw sulfh1 Lq rxu �uvw h{dpsoh zlwk wzr
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Fklfkhvwhu2Hqjodqg1

+4<<:e,= �D Udwlrqdo Urxwh wr Udqgrpqhvv/� Hfrqrphwulfd/ 98+8,/ 438<�

43<81

+4<<;,= �Khwhurjhqhrxv Eholhiv dqg Urxwh wr Fkdrv lq d Vlpsoh Dvvhw Sulflqj

Prgho/� Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 55/ 4568�45:71

Fklduhood/ F1/ dqg [10]1 Kh +4<<<,= �Khwhurjhqhrxv Eholhiv/ Ulvn dqg Ohduqlqj lq

d Vlpsoh Dvvhw Sulflqj Prghoo/� Zrunlqj sdshu/ Vfkrro ri Ilqdqfh dqg Hfrqrplfv/

Xqlyhuvlw| ri Whfkqrorj|/ V|gqh|1

Gd|/ U1 K1 +4<;6,= �Wkh Hphujhqf| ri Fkdrv iurp Fodvvlfdo Hfrqrplf Jurzwk/� Wkh

Txdwhuo| Mrxuqdo ri Hfrqrplfv/ <;+5,/ 534�5471

Gd|/ U1 K1/ dqg Z1 Kxdqj +4<<3,= �Exoov/ Ehduv dqg Pdunhw Vkhhs/� Mrxuqdo ri

Hfrqrplf Ehkdylru dqg Rujdql}dwlrq/ ss1 5<<�65<1

Gh Irqwqrxyhooh/ S1 +4<<9,= �Lqirupdwlrq G|qdplfv lq Ilqdqfldo Pdunhwv/� Zrun0

lqj sdshu/ Ghsduwphqw ri Hfrqrplfv/ Lrzd Vwdwh Xqlyhuvlw|1

Jduilqnho/ D1/ P1 O1 Vsdqr/ Z1 O1 Glwwr/ dqg M1 Q1 Zhlvv +4<<5,= �Frqwuroolqj

Fdugldf Fkdrv/� Vflhqfh/ 58:/ 4563�45681

Jdxqhuvgruihu/ D1 +5333,= �Hqgrjhqrxv Ioxfwxdwlrqv lq d Vlpsoh Dvvhw Sulflqj

Prgho zlwk Khwhurjhqhrxv Djhqwv/� Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/

57/ :<<�;641

Jrhuhh/ M1 N1/ dqg F1 K1 Krpphv +5333,= �Khwhurjhqhrxv Eholhiv dqg wkh Qrq0

olqhdu Frezhe Prgho/� Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ +57,/ :94�:<;1
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Judqgprqw/ M10P1 +4<;8,= �Rq Hqgrjhqrxv Frpshwlwlyh Exvlqhvv F|fohv/� Hfrqr0

phwulfd/ 86+8,/ <<8�43781

Kro|vw/ M1 D1/ W1 Kdjho/ J1 Kddj/ dqg Z1 Zhlgolfk +4<<9,= �Krz wr Frqwuro

d Fkdrwlf Hfrqrp|B/� Mrxuqdo ri Hyroxwlrqdu| Hfrqrplfv/ 9/ 64�751

Nddv/ O1 +4<<;,= �Vwdelol}lqj Fkdrv lq d G|qdplf Pdfurhfrqrplf Prgho/� Mrxuqdo

ri Hfrqrplf Ehkdylru dqg Rujdql}dwlrq/ 66+607,/ 646�6651

OhEdurq/ E1 +4<<<,= �Hyroxwlrq dqg Wlph Krul}rqv lq dq Djhqw Edvhg Vwrfn Pdu0

nhw/� Zrunlqj sdshu/ Judgxdwh Vfkrro ri Lqwhuqdwlrqdo Hfrqrplfv dqg Ilqdqfh/

Eudqghlv Xqlyhuvlw|1

Oruhq}/ H1 Q1 +4<96,= �Ghwhuplqlvwlf qrq0shulrglf  rz/� Mrxuqdo ri Dwprvskhulf

Vflhqh/ 53/ 463�4741

Pd|/ U1 P1 +4<:9,= �Vlpsoh Pdwkhpdwlfdo Prghov Zlwk Yhu| Frpsolfdwhg G|qdp0

lfv/� Qdwxuh/ 594/ 78<�79:1

Rjdwd/ N1 +4<<3,= Prghuq Frqwuro Hqjlqhhulqj1 Hqjohzrrg Fol�v/ QM/ 5 hgq1

Rww/ H1/ F1 Juherjl/ dqg M1 D1 \runh +4<<3,= �Frqwuroolqj Fkdrv/� Sk|vlfdo

Uhylhz Ohwwhuv/ 97/ 44<9�44<<1

Urphludv/ Ilolsh M1/ F1 J1 H1 R1/ dqg Z1 S1 Gd|dzdqvd +4<<5,= �Frqwuroolqj

Fkdrwlf G|qdplfdo V|vwhpv/� Sk|vlfd G/ 8;/ 498�4<51

Vfkhlqnpdq/ M1 D1/ dqg E1 OhEdurq +4<;<,= �Qrqolqhdu G|qdplfv dqg Vwrfn

Uhwxuqv/� Mrxuqdo ri Exvlqhvv/ 95+6,/ 644�66:1

Vklqeurw/ W1/ F1 Juherjl/ H1 Rww/ dqg M1 D1 \runh +4<<6,= �Xvlqj Vpdoo

Shuwxuedwlrqv wr Frqwuro Fkdrv/� Qdwxuh/ 696/ 744�74:1

Zljjlqv/ V1 +4<;;,= Joredo Elixufdwlrq dqg Fkdrv= Dqdo|wlfdo Phwkrgv// Dssolhg

Pdwkhpdwlfdo Vflhqfhv1 Vsulqjhu0Yhuodj/ Qhz \run1

57



0 20 40 60 80 100 120 140 160 180
-1,0

-0,5

0,0

0,5

1,0

x
t

0 20 40 60 80 100 120 140 160 180

0,0

0,2

0,4

0,6

0,8

1,0b)

a)

 n
1,t

 n
2,t

n
1,t

,

n
2,t

period t

Iljxuh 4= d, Fkdrwlf pryhphqw ri wkh sulfh wudmhfwru| e, Pdunhw vkduh ri wkh ixqgd0

phqwdolvwv ?
� !

dqg wkh frqwuduldqv ?
! !

58



0 20 40 60 80 100

0,0000

0,0001

0,0002

0,0003

0,0004

0,0005

0,0006

δn
c,t

Periode t

0 20 40 60 80 100

-1,0

-0,5

0,0

0,5

1,0

b)

a)

x
1,t

Iljxuh 5= d, Wkh frqwuroohg dqg xqfrqwuroohg wudmhfwru| zlwk wkh lqlwldo ydoxh  
 

'

E�f�� f�� f�
 

e, Wkh frqwuro shuwxuedwlrq ri wkh pdunhw dxwkrulw|

59



-1,0 -0,8 -0,6 -0,4 -0,2 0,0 0,2 0,4 0,6 0,8 1,0
-1,0

-0,8

-0,6

-0,4

-0,2

0,0

0,2

0,4

0,6

0,8

1,0

 > 90

 80  -- 90

 70  --  80

 60  --  70

 50  --  60

 40  --  50

 30  --  40

 20  --  30

 10  --  20

 0  --  10

x
1,0

x
2,0

Iljxuh 6= Frqwuro vshhg iru gl�huhqw lqlwldo ydoxhv

5:



20 40 60 80 100

0,0000

0,0005

0,0010

0,0015

δn
c,t

period t

20 40 60 80 100

-1,0

-0,5

0,0

0,5

1,0

b)

a)

x
1,t

Iljxuh 7= Frqwuro zlwk d plqlpxp dqg pd{lpxp erxqgdu| ri B?
 !"

' f�ff� dqg

B?
 #$

' f�f�

5;



0 20 40 60 80 100
-0,004

0,000

0,004

0,008

δn
c,t

period t

0 20 40 60 80 100

-1,0

-0,5

0,0

0,5

1,0

b)

a)

x
1,t

Iljxuh 8= Irxu eholhi w|shv= d, Wkh frqwuroohg dqg xqfrqwuroohg wudmhfwru| zlwk wkh

lqlwldo ydoxh  
 

' E�f�2 f�2 f�
 

e, Wkh frqwuro shuwxuedwlrq ri wkh pdunhw dxwkrulw|

5<



-1,0 -0,8 -0,6 -0,4 -0,2 0,0 0,2 0,4 0,6 0,8 1,0
-1,0

-0,8

-0,6

-0,4

-0,2

0,0

0,2

0,4

0,6

0,8

1,0

 > 90

 80  --  90

 70  --  80

 60  --  70

 50  --  60

 40  --  50

 30  --  40

 20  --  30

 10  --  20

 0  --  10

x
1,0

x
2,0

Iljxuh 9= Irxu eholhi w|shv= Frqwuro vshhg iru gl�huhqw lqlwldo ydoxhv

63



 I

 
 
Die Liste der hier aufgeführten Tübinger Diskussionsbeiträge beginnt mit der Nummer 300. Die 
Volltexte können online bezogen werden unter http://tobias-lib.uni-tuebingen.de/portal/wiwidisk. 
Früher erschienene Diskussionsbeiträge sind vollständig im Internet gelistet. Diskussionsbeiträge 
bis Nummer 144 sind nur direkt über die AutorInnen erhältlich. 
 
 
300. Hager, Svenja und Rainer Schöbel: Deriving the Dependence Structure of Portfolio Cred-

it Derivatives Using Evolutionary Algorithms, Februar 2006. 
301. Töpfer, Klaus: Offene Fragen und wissenschaftliche Herausforderungen der Entwicklungs- 

und Umweltpolitik, Februar 2006. 
302. Stadler, Manfred: Education and Innovation as Twin-Engines of Growth, März 2006. 
303. Schüle, Tobias: Forbearance Lending and Soft Budget Constraints in a Model of Multiple 

Heterogeneous Bank Financing, März 2006. 
304. Buch, Claudia und Jörn Kleinert: Exchange Rates and FDI: Goods versus Capital Market 

Frictions, February 2006. 
305. Felbermayr, Gabriel und Toubal Farid: Cultural Proximity and Trade, März 2006. 
306. Schöbel, Rainer und Jochen Veith: An Overreaction Implementation of the Coherent 

Market Hypothesis and Option Pricing, April 2006. 
307. Schüle, Tobias: Creditor Coordination with Social Learning and Endogenous Timing of 

Credit Decisions, November 2006. 
308. Starbatty, Joachim: Sieben Jahre Währungsunion: Erwartungen und Realität, November 

2006. 
309. Dymke, Björn M. und Andreas Walter: Insider Trading in Germany – Do Corporate In-

siders Exploit Inside Information?, Dezember 2006. 
310. Brandes, Julia und Tobias Schüle: IMF’s Assistance: Devil’s Kiss or Guardian Angel?, 

Februar 2007. 
311. Goerke, Laszlo und Markus Pannenberg: Trade Union Membership and Works Councils 

in West Germany, März 2007. 
312. Yalcin, Erdal:  The Proximity-Concentration Trade-Off in a Dynamic Framework, August 

2007. 
313. Kleinert, Jörn und Farid Toubal:  Gravity for FDI, Oktober 2007. 
314. Kleinert, Jörn und Farid Toubal:  The Impact of Locating Production Abroad on Activi-

ties at Home: Evidence from German Firm-Level Data, November 2007. 
315. Felbermayr, Gabriel J. und Benjamin Jung: Sorting it Out: Technical Barriers to Trade 

and Industry Productivity, Februar 2008. 
316. Fischer, Michaela: Können Studiengebühren eine Signalling- und Screeningfunktion ausü-

ben?, März 2008 
317. Felbermayr, Gabriel J. und Benjamin Jung: Trade Intermediaries, Incomplete Contracts, 

and the Choice of Export Modes, Mai 2008 
318. Maier, Ramona und Michael Merz: Credibility Theory and Filter Theory in Discrete and 

Continuous Time, Oktober 2008 
319. Frontczak, Robert und Rainer Schöbel: Pricing American Options with Mellin Trans-

forms, Dezember 2008 
320. Frontczak, Robert und Rainer Schöbel: On Modified Mellin Transforms, Gauss-Laguerre 

Quadrature, and the Valuation of American Call Options, Mai 2009, revidiert Juni 2009 
321. Roos, Melanie und Carolin Hümmer: Die Akzeptanz von Corporate Social Responsibility 

in Deutschland, September 2009 



 II

322. Klein, Nicole: Die Balanced Scorecard als Basis einer Customer Care Scorecard zur Kon-
zeption einer systematischen Kundenpflege, September 2009 

323. Zaby, Alexandra K.: The Propensity to Patent in Oligopolistic Markets, September 2009 
324. Heger, Diana und Alexandra K. Zaby: The Propensity to Patent with Horizontally Differ-

entiated Products – an Empirical Investigation, November 2009 
325. Heger, Diana und Alexandra K. Zaby: The Propensity to Patent with Vertically Differen-

tiated Products – an Empirical Investigation, November 2009 
326. Frontczak, Robert: Valuing Options in Heston’s Stochastic Volatility Model: Another An-

alytical Approach, Dezember 2009 
327. Kleinert, Jörn und Farid Toubal:  Foreign Sales Strategies of Multinational Enterprises, 

März 2010 
328. Heuer, Nina: Occupation-Specific South-North Migration, April 2010 
329. Roos, Melanie und Anna Gassert: Der Einfluss der Wirtschaftskrise auf das Kaufverhal-

ten – eine empirische Analyse im B2C-Bereich, Oktober 2010 
330. Kleinert, Jörn und Nico Zorell:  The Export-Magnification Effect of Offshoring, Dezem-

ber 2010 
331. Felbermayr, Gabriel J. und Benjamin Jung: Trade Intermediation and the Organization 

of Exporters, Februar 2011 
332. Duran, Mihael:  Nachträgliche Reduktion von Vorstandsbezügen, September 2011 
333. Grunert, Jens und Daniel Strobel: Auswirkungen risikoadjustierter Eigenkapitalanforde-

rungen auf die Kreditvergabe deutscher Banken, Dezember 2011 


