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Why was the Euro Weak? Markets and Policies*

Against all odds, the euro turned out to be a weak currency. We argue that
this outcome can readily be explained by the policy mix that was chosen at the
onset of the period: tight fiscal policies following the convergence mechanism
that was imposed by the Maastricht treaty and loose monetary policy that
resulted from the convergence of interest rates to the lower point of the
spectrum. We investigate this outcome empirically and show that the euro’s
weakness can be understood as the result of an excess supply in the zone,
which is channelled abroad in the usual ‘beggar thy neighbour’ way. We also
outline how an optimal policy mix could be set in the future and discuss a
suggestion that has been made by Alessandra Casella on the proper way to
determine the fiscal deficit of the zone.
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NON-TECHNICAL SUMMARY

The Euro was expected to be a strong currency. Its weakness has been an
embarrassment until it became – in the words of the IMF chief economist
Michael Mussa – ‘a problem’. Early work indicated that the growth differential
between Europe and the US was the cause of the problem. The euro’s
weakness, however, was also noticeable with respect to the yen so that this
explanation alone cannot do. Another (and related) explanation holds that the
euro was weak because of large capital flows to the US, which were
themselves triggered by a booming US stock market. As we shall review
however, the euro fell even when the European stock market performed better
than its US counterpart. In fact, despite the fall of the euro, the dollar-
denominated value of the European stock market did not lose ground to its US
counterpart. Other interpretations have built upon the lack of ‘political unity’ of
Europe and the correspondingly poor design of the Maastricht treaty. To
summarize in a few words a very dense literature, one can say that the core of
the debate has hinged upon the free-riding behavior of fiscal authorities in any
particular country against the rest of the zone. Free riding may take many
different forms, but in essence, it amounts to either enjoying (low) interest
rates from the zone and borrowing too much, or floating too much nominal
debt with respect to the servicing capacity of the fiscal authorities, leaving it to
the inflation of the zone to adjust. Is the failure of the various governments of
the zone to internalize their intertemporal budget constraint properly such a
daunting problem? More specifically, can it be one of the causes for the euro’s
weakness during its first year of existence? It is hard to find any convincing
evidence that the risk of default, or at the least the risk of fiscal
unsustainability, looms behind the recent performance of the euro. Spreads on
government bonds have been almost non-existent and when it appears it is
essentially in small countries where the liquidity of the market seems to be the
driving force. Is the risk of rising inflation a critical problem? Again, if any thing,
inflation has been low in Europe compared to the US. Combined with the
weakness of the euro, the low inflation figure points to an opposite direction,
namely that fiscal policies have been too tight, rather than too loose. Such is
indeed the explanation that we shall offer. In the empirical section of this
Paper, we relate the euro/dollar nominal exchange rate to daily values of the
European and the American stock market indexes, the European and the
American day-to-day nominal interest rates. Our time horizon encompasses
the first 17 months of the euro (January 1999 – May 2000). Building upon a
fairly standard identification procedure, we identify supply and demand
structural shocks underlying these data. We show that the euro’s weakness
can be understood fairly well as the result of excess supply in the zone, which
is channeled abroad in the usual ‘beggar thy neighbour’ way. The weakness
of the euro can then be interpreted as nothing else but the reflection of the
initial policy mix of the zone: tight fiscal policies following the sharp tightening
that was imposed on the zone by the Maastricht numerology and loose



monetary policy that has resulted from the convergence of interest rates at the
lower end of the zone, then by the loosening of monetary policy. The question
of whether this policy mix is itself an optimal response to the situation is
obviously a difficult matter on which we shall shed some theoretical light.

In order to do that, we present a Mundell-Fleming-Dornbusch perspective
according to which the optimal policy mix is critically dependent on the
exchange rate regime that the country lives in. So far as Euroland as a whole
is concerned, the model suggests that, being in a floating exchange rate
regime, it can only be stabilized by monetary policy. On the other hand, each
individual country in the zone, being part of a fixed exchange rate regime,
finds it instead extremely useful to stabilize its output through fiscal policy. In
such a world, the distribution of tasks is obvious: monetary policy should
manage the aggregate European economy and fiscal authorities stabilize their
own idiosyncratic shocks. This is where, however, the need for fiscal
coordination steps in: each fiscal authority has the incentive to stabilize its
own economy, not only its idiosyncratic part. In the absence of an explicit
mechanism, the outcome of macroeconomic management is likely to be
inefficient. Fiscal policies indeed are bound to react to a Europe-wide shock,
when they should not. If such is the problem, imposing a structural balance of
each country’s deficit or a check on the stock of debt will not do. It is a
mechanism in the spirit of a suggestion that has been made by Alessandra
Casella that is needed: as she convincingly argues, Euroland governments
need to agree on the aggregate deficit that they want to pursue (in
cooperation, if possible, with the ECB) and then let each country reveal its
further need according to the idiosyncratic shocks to which it is exposed.



4 LQWURGXFWLRQ

Wkh Hxur zdv h{shfwhg wr eh d vwurqj fxuuhqf|1 Lwv zhdnqhvv kdv ehhq dq
hpeduudvvphqw xqwlo lw ehfdph 0lq wkh zrugv ri wkh LPI fklhi hfrqrplvw
Plfkdho Pxvvd0 d sureohp1 Hduo| zrun +e| Fruvhwwl dqg Shvhqwl/ 4<<<, lqgl0
fdwhg wkdw wkh jurzwk gl�huhqwldo ehwzhhq Hxursh dqg wkh XV zdv wkh fdxvh
ri wkh sureohp1 Wkh hxur*v zhdnqhvv/ krzhyhu/ zdv dovr qrwlfhdeoh zlwk uh0
vshfw wr wkh |hq vr wkdw wklv h{sodqdwlrq dorqh fdqqrw gr1 Dqrwkhu +dqg
uhodwhg, h{sodqdwlrq krogv wkdw wkh hxur zdv zhdn ehfdxvh ri odujh fdslwdo
 rzv wr wkh XV/ zklfk zhuh wkhpvhoyhv wuljjhuhg e| d errplqj XV vwrfn
pdunhw1 Dv zh vkdoo uhylhz krzhyhu/ wkh hxur ihoo hyhq zkhq wkh Hxurshdq
vwrfn pdunhw shuiruphg ehwwhu wkdq lwv XV frxqwhusduw1 Lq idfw/ ghvslwh wkh
idoo ri wkh hxur/ wkh groodu ghqrplqdwhg ydoxh ri wkh Hxurshdq vwrfn pdunhw
glg qrw orvh jurxqg wr lwv XV frxqwhusduw zkhq phdvxuhg iurp Mdqxdu| 4<<<
wr Pdufk 53331

Rwkhu lqwhusuhwdwlrqv kdyh exlow xsrq wkh odfn ri �srolwlfdo xqlw|� ri
Hxursh dqg wkh fruuhvsrqglqjo| srru ghvljq ri wkh Pddvwulfkw wuhdw|1 Wr
vxppdul}h lq d ihz zrugv d yhu| ghqvh olwhudwxuh/ rqh fdq vd| wkdw wkh fruh
ri wkh ghedwh kdv klqjhg xsrq wkh iuhh0ulglqj ehkdylru ri �vfdo dxwkrulwlhv lq
dq| sduwlfxodu frxqwu| djdlqvw wkh uhvw ri wkh }rqh +vhh Fdq}rqhul/ Fxpe|
dqg Gled/ 4<<;,1 Iuhh ulglqj pd| wdnh pdq| gl�huhqw irupv/ exw lq hvvhqfh/
lw dprxqwv wr hlwkhu hqmr| +orz, lqwhuhvw udwhv iurp wkh }rqh dqg eruurz wrr
pxfk ru wr  rdw wrr pxfk qrplqdo ghew zlwk uhvshfw wr wkh vhuylflqj fdsdflw|
ri wkh �vfdo dxwkrulwlhv/ ohdylqj lw wr wkh lq dwlrq ri wkh }rqh wr dgmxvw +vhh
Fkdul dqg Nhkrh/ 4<<;,1 Lv wkh idloxuh ri wkh ydulrxv jryhuqphqwv ri wkh }rqh
wr lqwhuqdol}h surshuo| wkhlu lqwhuwhpsrudo exgjhw frqvwudlqw vxfk d gdxqwlqj
sureohpB Pruh vshfl�fdoo|/ fdq lw eh rqh ri wkh fdxvhv iru wkh hxur*v zhdnqhvv
gxulqj lwv �uvw |hdu ri h{lvwhqfhB Lw lv kdug wr �qg dq| frqylqflqj hylghqfh
wkdw wkh ulvn ri ghidxow/ ru wr wkh ohdvw wkh ulvn ri �vfdo xqvxvwdlqdelolw|/
orrpv ehklqg wkh uhfhqw shuirupdqfh ri wkh hxur1 Vsuhdgv rq jryhuqphqw
erqgv kdyh ehhq doprvw qrq h{lvwhqw/ dqg zkhq lw dsshduv lw lv hvvhqwldoo|
rq vpdoo frxqwulhv zkhuh wkh oltxlglw| ri wkh pdunhw vhhpv wr eh wkh gulylqj
irufh +vhh Yrq Kdjhq/ 5333,1 Lv wkh ulvn ri ulvlqj lq dwlrq d fulwlfdo sureohp
hlwkhuB Djdlq/ li dq| wklqj/ lq dwlrq kdv ehhq orz lq Hxursh frpsduhg wr
wkh XV1 Frpelqhg zlwk wkh zhdnqhvv ri wkh Hxur/ wkh orz lq dwlrq �jxuh
srlqwv wr dq rssrvlwh gluhfwlrq/ qdpho| wkdw �vfdo srolflhv kdyh ehhq wrr wljkw/
udwkhu wkdq wrr orrvh1 Vxfk lv lqghhg wkh h{sodqdwlrq wkdw zh vkdoo r�hu1 Wkh
zhdnqhvv ri wkh hxur/ zh dujxh/ lv qrwklqj hovh exw wkh uh hfwlrq ri wkh lqlwldo
srolf| pl{ ri wkh }rqh= wljkw �vfdo srolflhv iroorzlqj wkh vkdus wljkwhqlqj wkdw
zdv lpsrvhg rq wkh }rqh e| wkh Pddvwulfkw qxphurorj|/ dqg orrvh prqhwdu|
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srolf| wkdw kdv uhvxowhg iurp wkh frqyhujhqfh ri lqwhuhvw udwhv wr wkh orzhu
hqg ri wkh }rqh/ wkhq e| wkh orrvhqlqj ri prqhwdu| srolf|1 Wkh txhvwlrq
ri zkhwkhu wklv srolf| pl{ lv lwvhoi dq rswlpdo uhvsrqvh wr wkh vlwxdwlrq lv
reylrxvo| d gl!fxow pdwwhu rq zklfk zh vkdoo vkhg vrph wkhruhwlfdo  dvk1

Lq wkh �uvw vhfwlrq ri wklv sdshu/ zh vkhg vrph hpslulfdo oljkw rq wkh hxur*v
pryhphqw gxulqj lwv �uvw |hdu dqg d kdoi ri h{lvwhqfh1 Rxu dqdo|vlv uholhv rq d
YDU edvhg xsrq gdlo| ydoxhv ri wkh Hxurshdq dqg wkh Dphulfdq vwrfn pdunhw
lqgh{hv/ wkh Hxurshdq dqg wkh Dphulfdq gd|0wr0gd| qrplqdo lqwhuhvw udwhv/
dqg wkh Hxur2Groodu qrplqdo h{fkdqjh udwh1 Rxu wlph krul}rq hqfrpsdvvhv
wkh �uvw vhyhqwhhq prqwkv ri wkh Hxur +Mdqxdu| 4<<<2Pd| 5333,1 Zh lghqwli|
zkdw zh fdoo wkh vxsso| dqg ghpdqg vwuxfwxudo vkrfnv xqghuo|lqj wkhvh gdwd1
Zh vkrz wkdw wkh hxur*v zhdnqhvv fdq idluo| zhoo eh xqghuvwrrg dv wkh uhvxow
ri h{fhvv vxsso| lq wkh }rqh/ zklfk lv fkdqqhoohg deurdg lq wkh xvxdo ehjjdu
p| qhljkeru zd|1

Lq rughu wr xqghuvwdqg wkh phfkdqlfv xqghuo|lqj wkhvh uhvxowv/ zh r�hu d
Pxqghoo0Iohplqj0Gruqexvfk shuvshfwlyh dffruglqj wr zklfk wkh rswlpdo sro0
lf| pl{ lv fulwlfdoo| ghshqghqw rq wkh h{fkdqjh udwh uhjlph wkdw wkh frxqwu|
olyhv lq1 Vr idu dv hxurodqg dv d zkroh lv frqfhuqhg/ wkh prgho vxjjhvwv wkdw/
ehlqj lq d  rdwlqj h{fkdqjh udwh uhjlph/ lw fdq rqo| eh vwdelol}hg e| prqhwdu|
srolf|1 Rq wkh rwkhu kdqg/ hdfk lqglylgxdo frxqwu| lq wkh }rqh/ ehlqj sduw
ri d �{hg h{fkdqjh udwh uhjlph/ �qgv lw lqvwhdg h{wuhpho| xvhixo wr vwdelol}h
lwv rxwsxw wkurxjk �vfdo srolf|1 Lq vxfk d zruog/ wkh glvwulexwlrq ri wdvnv lv
reylrxv= prqhwdu| srolf| vkrxog pdqdjh wkh djjuhjdwh Hxurshdq hfrqrp|/
dqg �vfdo dxwkrulwlhv vwdelol}h wkhlu rzq lglrv|qfudwlf vkrfnv1 Wklv lv zkhuh/
krzhyhu/ wkh qhhg iru �vfdo frruglqdwlrq vwhsv lq = hdfk �vfdo dxwkrulw| kdv
wkh lqfhqwlyh wr vwdelol}h lwv rzq hfrqrp|/ qrw rqo| lwv lglrv|qfudwlf sduw1 Lq
wkh devhqfh ri dq h{solflw phfkdqlvp/ wkh rxwfrph ri pdfurhfrqrplf pdq0
djhphqw lv olnho| wr eh lqh!flhqw1 Ilvfdo srolflhv lqghhg duh erxqg wr uhdfw
wr Hxurshdq0zlgh vkrfn/ zkhq wkh| vkrxog qrw1 Li vxfk lv wkh sureohp/ lp0
srvlqj d vwuxfwxudo edodqfh ri hdfk frxqwu|*v gh�flw ru d fkhfn rq wkh vwrfn
ri ghew zloo qrw gr1 Lw lv d phfkdqlvp lq wkh vslulw ri Fdvhood*v vxjjhvwlrq
wkdw lv qhhghg= dv vkh frqylqflqjo| dujxhv/ Hxurodqg jryhuqphqwv qhhg wr
djuhh rq wkh djjuhjdwh gh�flw wkdw wkh| zdqw wr sxuvxh +lq frrshudwlrq/ li
srvvleoh/ zlwk wkh HFE, dqg wkhq ohw hdfk frxqwu| uhyhdo lwv ixuwkhu qhhg lq
ixqfwlrq ri wkh lglrv|qfudwlf vkrfnv wkdw lw lv h{srvhg wr1
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5 WKH ILUVW \HDU RI WKH HXUR

Ehiruh wkh odxqfk ri wkh hxur/ zh pd| vd| wkdw wkh| zhuh edvlfdoo| wzr vfkrro
ri wkrxjkwv suhgrplqdqw1 Rqh zdv wkdw wkh hxur zrxog eh wrr vwurqj/ wkh
rwkhu zdv wkdw lw zrxog eh wrr yrodwloh1 Lw zrxog eh wrr vwurqj ehfdxvh wkh
ghpdqg iru hxur dv d uhvhuyh fxuuhqf| zrxog eh errvwhg xs> lw zrxog eh wrr
yrodwloh ehfdxvh ri d qhz �ehqljq qhjohfw� ylhz ri wkh Hxurshdq dxwkrulwlhv
wrzdugv wkh groodu1 Hyhq dw wkh wlph/ pdq| frxqwhu dujxphqwv h{lvwhg djdlqvw
hdfk ri wkhvh ylhzv +vhh Ghphuw}lv dqg Kxjkhv Kdoohww/ 4<<<,1 Vlqfh wkh hxur
zdv odxqfkhg/ rqh fdq vd| wkdw d wklug vfkrro ri wkrxjkw kdv ghyhorshg= wkdw
wkh hxur lv erxqg wr eh zhdn1 Dowkrxjk pdq| gl�huhqw yduldqwv ri dujxphqwv
kdyh ehhq dgydqfhg/ rqh gluhfwo| klqjhv xsrq wkh idfw wkdw wkh hxur lv zhdn
iru wkh yhu| uhdvrq zk| �vfdo uhvwudlqwv zhuh qhhghg= zkhq �vfdo srolflhv duh
qrw uhvwudlqhg wkh ihdu ri vd| ulvlqj lq dwlrq ghsuhfldwhv wkh fxuuhqf|1

Rqh vlpsoh zd| wr frqwhpsodwh wkh hpslulfdo lpsolfdwlrqv ri wkhvh prghov
lv wr frqvlghu wkhlu suhglfwlrq derxw wkh h�hfw ri d srvlwlyh vxsso| vkrfn rq
wkh ydoxh ri wkh hxur1 D qdwxudo suhglfwlrq ri wkh wkhrulhv dgyrfdwlqj wkh
qhhg wr vwuhqjwkhq wkh fuhglelolw| ri �vfdo srolflhv lv wkdw d srvlwlyh vxsso|
vkrfn lv jrrg iru wkh hxur lqdvpxfk dv lw lv olnho| wr udlvh �vfdo uhyhqxhv
dqg vwuhqjwkhq wkh olnholkrrg wkdw wkh g|qdplf exgjhw frqvwudlqw ri wkh
jryhuqphqwv zloo eh phw1

Wr fkhfn zkhwkhu wkh gdwd �w wklv suhglfwlrq/ zh froohfwhg gdlo| gdwd
derxw wkh Hxurshdq dqg wkh Dphulfdq vwrfn pdunhw lqgh{hv +uhvshfwlyho|
qrwhg ' dqg 'W,/ wkh Hxurshdq dqg wkh Dphulfdq gd|0wr0gd| qrplqdo lq0
whuhvw udwhv +uhvshfwlyho| U dqg UW,/ dqg wkh Hxur2Groodu qrplqdo h{fkdqjh
udwh +qrwhg .,/ h{suhvvhg lq Grooduv shu Hxur41 Wkh shulrg frqvlghuhg vwduwv
iurp wkh odxqfk ri wkh Hxur dw wkh �r| ri Mdqxdu| 4<<< dqg hqgv lq Pd|
5333/ wkh 2S|�1 Gxulqj wklv shulrg wkh Hxur kdv vwhdglo| ghsuhfldwhg/ zlwk
wkh srvvleoh h{fhswlrq ri d ihz prqwk orqj vwdelol}dwlrq lq vxpphu0dxwxpq
4<<<1 Dv fdq ehhq revhuyhg rq wkh judskv glvsod|lqj wkh gdwd/ iurp wkh hqg
ri 4<<< wkhuh lv d vxujh lq wkh Hxurshdq vwrfn pdunhw lqgh{/ frqwhpsrudqh0
rxv zlwk d ixuwkhu idoo ri wkh Hxur1 Wklv ghyhorsphqw grhv qrw vxssruw wkh
prghov edvhg rq d odfn ri fuhglelolw| ri �vfdo srolflhv1 Zh fkrvh wkhuhiruh wr

4L zdv ixuqlvkhg e| wkh Edqtxh gh Iudqfh/ L� dqg H zhuh froohfwhg iurp wkh Ihg

zhevlwh/ dqg wkh qdwlrqdo vwrfn pdunhw lqgh{hv zhuh irxqg rq wkh zzz1pvflgdwd1frp
Zhevlwh1 Tzdv exlow iurp qdwlrqdo gdwd/ xvlqj wkh 4<<< JGS �jxuhv sxeolvkhg e| Hxurvwdw
dv qdwlrqdo zhljkwv lqvlgh wkh Hxur }rqh1 L dqg L� duh h{suhvvhg lq shu fhqw shu |hdu/
H lq Grooduv shu Hxur/ T ghulyhv iurp lqgh{hv h{suhvvhg lq Hxurv dqg T� iurp dq lqgh{
h{suhvvhg lq Grooduv1 Doo yduldeohv duh wudqiruphg lq orj/ h{fhsw L dqg L�1
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frqvlghu wzr gl�huhqw hvwlpdwlrq shulrgv/ hyhq li Fkrz whvwv lqglfdwh wkdw qr
vwuxfwxudo euhdn rffxuv gxulqj wklv �uvw |hdu dqg d kdoi1 Wkh �uvw hvwlpdwlrq
shulrg frqvlghuhg lv pdgh ri wkh zkroh vdpsoh/ dqg wkh vhfrqg rqh lv olplwhg
wr wkh |hdu 4<<<1 Zh rewdlqhg yhu| vlplodu uhvxowv lq wkh wzr fdvhv1 Zkdw
lv suhvhqwhg lq wkh iroorzlqj lv wkh uhvxowv fruuhvsrqglqj wr wkh hvwlpdwlrq
shulrg olplwhg wr wkh |hdu 4<<<1 Lw zloo hqdeoh xv wr frqiurqw wkh suhglfwlrqv
ri wklv hvwlpdwlrq zlwk zkdw kdv ehhq revhuyhg vr idu lq 53331

Rqh zd| wr jdwkhu wkh lqirupdwlrq frqwdlqhg lq wkhvh gdwd zrxog eh wr
frqvlghu d shuihfwo| v|pphwulf zruog/ zklfk zrxog dprxqw wr xvh wkh uhodwlyh
yduldeohv ' � 'W/ U � UW dqg .1 Zh ghflgh lqvwhdg wr doorz iru d fhuwdlq
dv|pphwu| ehwzhhq wkh wzr vlghv ri wkh Dwodqwlf Rfhdq1 Glvwlqjxlvklqj U

iurp UW suryhv qrw frqfoxvlyh/ hlwkhu ehfdxvh ihz fkdqjhv lq lqwhuhvw udwhv
kdyh ehhq ghflghg e| prqhwdu| dxwkrulwlhv gxulqj wkh vkruw shulrg frqvlg0
huhg/ ru ehfdxvh ri wkh sduwlfxodulwlhv ri wkhvh gdwd +dv h{sodlqhg ehorz,1
Wkhuhiruh zh glvwlqjxlvk rqo| ' iurp 'Wdqg zh xvh dffruglqjo| wkh ydul0
deohv '/ 'W/ U � UW dqg .1 Wkh Glfnh|0Ixoohu dqg wkh Skloolsv0Shuurq xqlw
urrw whvwv/ zlwk ru zlwkrxw wuhqg/ vkrz wkdw dprqj wkhvh irxu yduldeohv/ rqo|
U � UW fdqqrw eh frqvlghuhg dv d qrq0vwdwlrqdu| yduldeoh dw wkh vwdqgdug
<8( frq�ghqfh ohyho1 Wklv uhvxow lv olnho| wr eh gxh/ dw ohdvw sduwldoo|/ wr wkh
whqghu lqylwdwlrqv frqgxfwhg e| wkh HFE dqg wkh Ihg/ uhvsrqvleoh iru shdnv
dqg wurxjkv lq vhulhv U � UW wkurxjkrxw wkh shulrg1 Lw pd| dovr eh gxh/ dv
douhdg| vdlg/ wr wkh idfw wkdw ihz prqhwdu| srolf| ghflvlrqv kdyh ehhq wdnhq
gxulqj wkh hvwlpdwlrq shulrg1 Wkh vdph whvwv vwurqjo| vxjjhvw/ dw d pruh
wkdq <<( frq�ghqfh ohyho/ wkdw {'/ {'W dqg {. vkrxog eh frqvlghuhg dv
vwdwlrqdu| yduldeohv1 Ilqdoo|/ wkh Mrkdqvhq*v wudfh dqg b4@ whvwv/ fduulhg
rxw zlwk ru zlwkrxw wuhqg/ lqglfdwh wkdw wkh k|srwkhvlv ri qr frlqwhjudwlrq
uhodwlrqv ehwzhhq yduldeohv '/ 'W dqg . fdqqrw eh uhmhfwhg dw wkh <3( frq0
�ghqfh ohyho1 Zh wkhuhiruh ghflgh wr hvwlpdwh d irxu0glphqvlrq YDU zkrvh
vwdwlrqdu| ghshqghqw yduldeohv duh {'/ {'W/ U � UW/ {.1

Frqvwdqwv duh lqfoxghg lq wklv YDU/ zklfk phdqv wkdw yduldeohv '/ 'W

dqg . duh vxssrvhg wr iroorz ghwhuplqlvwlf wuhqgv51 Doo wkdw zloo eh vdlg
lq zkdw iroorzv derxw pryhphqwv ri wkhvh yduldeohv uhihuv wkhuhiruh wr wkh
pryhphqwv ri wkhvh yduldeohv uhodwlyho| wr wkhlu wuhqgv1 Ilqdoo|/ wkh odvw srlqw
wr vhwwoh ehiruh hvwlpdwlrq fdq wdnh sodfh lv wkh fkrlfh ri wkh rughu ri wkh
YDU/ wkdw lv wr vd| wkh qxpehu ri lwv odjv1 Wkh Dndlnh fulwhulrq vxjjhvwv
wr uhwdlq d kljk rughu iru wklv YDU +pruh wkdq whq,/ zkhuhdv wkh Kdqqdq0

5Wkh fruuhsrqglqj Vwxghqw whvwv lqglfdwh wkdw hdfk frqvwdqw lv vljql�fdqw dw wkh :3(
frq�ghqfh ohyho/ h{fhsw wkdw lq htxdwlrq �T�1 Hvwlpdwlqj wkh YDU zlwkrxw wkh frqvwdqwv
ohdgv rwkhuzlvh wr qrq0uhohydqw uhvxowv1
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Txlqq dqg wkh Vfkzduw} fulwhuld dgyrfdwh wkh xvh ri d orz rughu +derxw rqh
ru wzr,1 Zh fkrrvh dffruglqjo| wr vhw wkh rughu dw wkh lqwhuphgldwh ydoxh ri
�yh1 Ehvlghv/ zh dvvxph lq wkh vwdqgdug zd| ri wkh vwuxfwxudo YDU olwhudwxuh
wkdw wkh pryhphqwv lq rxu irxu yduldeohv duh fdxvhg e| wkh rffxuuhqfh ri irxu
vwuxfwxudo vkrfnv1 Pruh suhflvho|/ wkh uhvlgxdov lq wkh YDU htxdwlrqv duh
h{suhvvhg dv olqhdu frpelqdwlrqv ri ruwkrjrqdo zklwh qrlvhv1 Wkh vwuxfwxudo
vkrfnv zh frqvlghu duh d Hxurshdq vxsso| vkrfn "r/ dq Dphulfdq vxsso| vkrfn
"rW/ d frpprq prqhwdu| vkrfn "6n6W dqg d vkrfn rq wkh qrplqdo h{fkdqjh
udwh "e1 Wklv odvw vkrfn vkrxog qrw eh frqixvhg zlwk vrph uhodwlyh prqhwdu|
vkrfn/ dowkrxjk frqvlghulqj vxfk d "636W zrxog kdyh ehhq lqwhuhvwlqj1 Lw
fruuhvsrqgv udwkhu wr d vkrfn rq wkh frq�ghqfh lq wkh Hxur/ zklfk zrxog
h{sodlq wkh sduw ri  xfwxdwlrqv lq . wkdw duh qrw gxh wr vxsso| ru prqhwdu|
vkrfnv1 Wkhuhiruh li wkh prghov edvhg rq d odfn ri fuhglelolw| ri �vfdo srolflhv
duh uljkw/ wkhq rqh vkrxog h{shfw wkh vkrfn rq wkh frq�ghqfh lq wkh Hxur wr
sod| dq lpsruwdqw uroh lq wkh ghsuhfldwlrq ri wkh qhz fxuuhqf|1

Wkhvh vwuxfwxudo vkrfnv duh lghqwl�hg e| wkuhh vkruw0uxq dqg wkuhh orqj0
uxq uhvwulfwlrqv61 Rqh �uvw vkruw0uxq frqvwudlqw lv wkdw wkh frpprq prqhwdu|
vkrfn "6n6W kdv wkh vdph lqvwdqwdqhrxv lpsdfw rq erwk lqwhuhvw udwhv U dqg
UW/ wkdw lv wr vd| wkdw lw kdv qr lqvwdqwdqhrxv lpsdfw rq wkh uhodwlyh yduldeoh
U � UW1 Wkh uhpdlqlqj vkruw0uxq frqvwudlqwv dlp dw glvhqwdqjolqj wkh wzr
vxsso| vkrfnv "r dqg "rW iurp hdfk rwkhu/ e| lpsrvlqj qr lqvwdqwdqhrxv h�hfw
ri "r rq 'W dqg ri "rW rq '1 Wkh odwwhu uhvwulfwlrq fdq eh mxvwl�hg e| wkh wlph
gl�huhqfh ehwzhhq Hxursh dqg wkh Xqlwhg Vwdwhv/ vr wkdw Zdoo Vwuhhw rshqv
urxjko| zkhq wkh Hxurshdq �qdqfldo fhqwhuv forvh1 Wkh iruphu dprxqwv wr
qhjohfw wkh lqvwdqwdqhrxv h�hfw ri qhzv derxw Hxurshdq surgxfwlylw| rq wkh
Dphulfdq vwrfn pdunhw lqgh{1 Ilqdoo|/ wkh orqj0uxq uhvwulfwlrqv vd| wkdw "e

kdv qr orqj0uxq lpsdfw qhlwkhu rq ' qru rq 'W/ zkhuhdv wkh frpprq vkrfn
"6n6W kdv qr orqj0uxq lpsdfw rq wkh uhodwlyh yduldeoh ' � 'W1 Lq rwkhu
zrugv/ wkh qrplqdo vkrfnv +"e dqg "6n6W, duh vxssrvhg wr kdyh olplwhg ru
qr orqj0uxq lq xhqfh rq ' dqg 'W/ frqwudu| wr wkh vxsso| vkrfnv1 Zkdw lv
phdqw e| *orqj0uxq* +krz orqj lw lv, zloo eh sduw ri wkh uhvxowv1

Wkh judskv ri wkh lpsxovh0uhvsrqvh ixqfwlrqv duh glvsod|hg zlwk wkhlu
<3( frq�ghqfh errwvwudsslqj edqgv71 Wkhvh lpsxovh0uhvsrqvh ixqfwlrqv fru0
uhvsrqg wr wkh vlpxodwhg uhdfwlrqv ri wkh gl�huhqw yduldeohv wr rqh0r� vkrfnv/

6Wkh vkruw0whup uhvwulfwlrqv pdwwhu hvshfldoo| khuh/ dv wkh U5 iru htxdwlrq zlwk ghshq0
ghqw yduldeoh H dprxqwv wr qr kljkhu wkdq 8(/ wr eh frpsduhg wr :;( iru htxdwlrq zlwk
ghshqghqw yduldeoh L � L�1

7Wkh uhvxowv duh rewdlqhg zlwk wkh khos ri wzr gl�huhqw vriwzduhv/ UDWV dqg PDWODE/
wkh odwwhu ehlqj xvhg rqo| wr ghwhuplqh wkh lqvwdqwdqhrxv lpsdfwv ri vkrfnv rq yduldeohv1
Dv wkhvh vriwzduhv fdqqrw fdoo hdfk rwkhu hdvlo|/ lw suryhv olwwoh wudfwdeoh wr doorz wkh
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zkrvh vl}h htxdov wkhlu hvwlpdwhg vwdqgdug huuru1 Vrph ri wkhvh uhvsrqvhv
dsshdu dv frqyhqwlrqdo/ rwkhuv gr qrw1 D frpprq uhvwulfwlyh prqhwdu| vkrfn
kdv wkh h{shfwhg h�hfwv +vrph ri wkhp frplqj gluhfwo| iurp wkh fkrvhq uh0
vwulfwlrqv,/ wkdw lv wr vd| d vljql�fdqw qhjdwlyh lpsdfw rq erwk vwrfn pdunhwv/
dqg qr vljql�fdqw lpsdfw rq wkh uhodwlyh yduldeohv U�UW dqg ./ eh lw dw vkruw0
ru orqj0uxq1

Dv iru d vkrfn rq wkh qrplqdo h{fkdqjh udwh/ whqglqj wr dq dssuhfldwlrq
ri wkh Hxur/ lw ohdgv wr d vljql�fdqw vkruw0uxq idoo lq wkh Hxurshdq vwrfn
pdunhw lqgh{/ grhv qrw d�hfw wkh Dphulfdq vwrfn pdunhw/ dqg ghfuhdvhv U

uhodwlyho| wr UW iru d zkloh1 Wkdw dq dssuhfldwlrq ri wkh Hxur/ gxh wr d
vkrfn "e/ uhvxowv lq d whpsrudu| idoo lq '/ vxjjhvwv wkdw wkh Hxurshdq vwrfn
pdunhw lqgh{ lv vhqvlwlyh wr wkh ohyho ri ghpdqg +lqghhg/ dq dssuhfldwlrq ri
wkh Hxur frrov grzq h{whuqdo ghpdqg,1 Xqghu wkh vhqvleoh dvvxpswlrq ri
d olqn ehwzhhq wkh vwrfn pdunhw lqgh{ dqg wkh surgxfwlrq ohyho/ wklv uhvxow
zrxog srlqw wr d Hxurshdq hfrqrp| lq h{fhvv vxsso|1 Wkh vdph vkrfn "e lv
dvvrfldwhg zlwk d idoo ri U uhodwlyho| wr UW/ hlwkhu dv wkh gluhfw h�hfw ri wkh
lqfuhdvh lq wkh ghpdqg iru wkh Hxur/ ru ehfdxvh ri d prqhwdu| srolf| uhdfwlrq1
Wklv prqhwdu| srolf| uhdfwlrq pd| eh erwk Hxurshdq dqg Dphulfdq dqg lv
txlwh frqyhqwlrqdo1 Ilqdoo|/ wkh pryh lq wkh h{fkdqjh udwh/ gxh wr d vkrfn "e/
kdv qr vljql�fdqw lpsdfw rq 'W1 Wklv lqvhqvlwlylw| fdq eh h{sodlqhg e| wzr
gl�huhqw uhdvrqv1 Rqh lv wkdw wkh Dphulfdq hfrqrp| lv lq h{fhvv ghpdqg/
vr wkdw wkh dgglwlrqdo ghpdqg lqgxfhg e| wkh ghsuhfldwlrq ri wkh Groodu
grhv qrw d�hfw wkh Dphulfdq vwrfn pdunhw lqgh{/ dvvxplqj rqfh djdlq d olqn
ehwzhhq wkh vwrfn pdunhw lqgh{ dqg wkh surgxfwlrq ohyho1 Wkh rwkhu lv wkdw
wkh srwhqwldo h�hfw ri wklv dgglwlrqdo ghpdqg rq 'W lv hqwluho| frpshqvdwhg
e| wkh h�hfw ri d ulvh lq UW rq 'W1

Dv idu dv vxsso| vkrfnv duh frqfhuqhg/ wkh uhvxowv fdq eh vxpphg xs lq
wkuhh srlqwv1 Iluvw/ doo kdsshqv dv li Zdoo Vwuhhw vhw wkh idvklrq/ iroorzhg
wkh qh{w gd| e| wkh Hxurshdq �qdqfldo fhqwhuv1 Lqghhg/ rq wkh rqh kdqg
dq Dphulfdq srvlwlyh vxsso| vkrfn uhvxowv lq d shupdqhqw lqfuhdvh lq wkh
Dphulfdq vwrfn pdunhw dv zhoo dv d whpsrudu| lqfuhdvh lq wkh Hxurshdq
vwrfn pdunhw/ dqg rq wkh rwkhu kdqg/ d Hxurshdq srvlwlyh vxsso| vkrfn udlvhv
wkh Hxurshdq vwrfn pdunhw zlwkrxw vljql�fdqwo| d�hfwlqj wkh Dphulfdq rqh1
Qrwh wkdw wkh h�hfw ri d vxsso| vkrfn rq wkh grphvwlf vwrfn pdunhw lqgh{
suryhv vwurqjo| vljql�fdqw lq wkh Xqlwhg Vwdwhv/ exw kdugo| vljql�fdqw dw wkh
<3( frq�ghqfh ohyho lq Hxursh/ frpiruwlqj wkh lghd ri dq Dphulfdq h{fhvv

lqvwdqwdqhrxv lpsdfwv ri vkrfnv rq yduldeohv wr eh prgl�hg wkurxjkrxw wkh errwvwudsslqj
uhsolfdwlrqv1 Dv d frqvhtxhqfh/ wkh frq�ghqfh edqgv gr qrw dulvh dv hduo| dv wkh shulrg
frqwhpsrudqhrxv zlwk wkh vlpxodwhg vkrfn1

:



ghpdqg dqg d Hxurshdq h{fhvv vxsso|/ rqfh djdlq xqghu wkh dvvxpswlrq ri
d olqn ehwzhhq wkh vwrfn pdunhw lqgh{ dqg wkh surgxfwlrq ohyho1 Vhfrqg/ d
srvlwlyh vxsso| vkrfn/ hlwkhu Dphulfdq ru Hxurshdq/ ohdgv wr d idoo ri wkh
grphvwlf lqwhuhvw udwh uhodwlyho| wr wkh iruhljq rqh/ dv frxog eh h{shfwhg/ wkh
prqhwdu| srolflhv ohdqlqj djdlqvw wkh zlqg/ eh lw lq0 ru gh0 dwlrqqdu|1 Wkdw
wklv hylghqfh lv pxfk pruh fohdu0fxw lq Hxursh wkdq lq wkh Xqlwhg Vwdwhv
zrxog vxjjhvw wkdw sulfhv duh pruh uhvsrqvlyh wr vxsso| vkrfnv khuh wkdq
wkhuh/ dv zloo eh vkruwo| glvfxvvhg lq vhfwlrq 61 Wklug/ vxsso| vkrfnv kdyh
vwulnlqjo| rssrvlwh h�hfwv rq wkh h{fkdqjh udwh/ ghshqglqj rq zkhwkhu zh
frqvlghu wkh Hxur }rqh ru wkh Xqlwhg Vwdwhv1 Lqghhg/ dq Dphulfdq srvlwlyh
vxsso| vkrfn dssuhfldwhv wkh Groodu/ dqg rq wkh frqwudu|/ d Hxurshdq srvlwlyh
vxsso| vkrfn ghsuhfldwhv wkh Hxur1 Wklv uhvxow whqgv wr frq�up wkh suhylrxv
dqdo|vlv= dgglwlrqdo vxsso| lq Hxursh gxh wr wkh vkrfn "r kdv wr �qg lwv rxwohw
deurdg/ vlqfh lqwhuqdo ghpdqg suryhv lqvx!flhqw/ dqg wklv jrhv wkurxjk d
fxuuhqf| ghsuhfldwlrq/ zkhuhdv dgglwlrqdo vxsso| lq wkh Xqlwhg Vwdwhv gxh wr
wkh vkrfn "rW phhwv dqg lv devruehg e| h{fhvv lqwhuqdo ghpdqg/ vr wkdw wkhuh
lv qr qhhg iru wkh Groodu wr ghsuhfldwh/ dqg wkh iruhljq fdslwdo dwwudfwlrq
h�hfw suhgrplqdwhv/ uhvxowlqj lq d fxuuhqf| dssuhfldwlrq1

Vrph ri wkhvh uhvxowv pd| eh frqvlghuhg dv vxusulvlqj dw �uvw vljkw/ iru
lqvwdqfh wkh ghsuhfldwlrq ri wkh Hxur iroorzlqj d srvlwlyh Hxurshdq vxsso|
vkrfn1 Wkh| duh qrw vshfl�f wr wkh |hdu 4<<</ vlqfh rqo| rqh rxw ri wkh
vl{whhq lpsxovh0uhvsrqvh ixqfwlrqv vljql�fdqwo| fkdqjhv zkhq wkh YDU lv
hvwlpdwhg iurp Mdqxdu| 4<<< wr Pd| 5333 +wkh uhdfwlrq ri . wr d uhvwulf0
wlyh frpprq prqhwdu| vkrfn ehfrphv wkhq vljql�fdqwo| qhjdwlyh,1 Zh dovr
lqvlvw rq wkh idfw wkdw wkhvh uhvxowv duh qrw e|0surgxfwv ri wkh vwuxfwxudo
YDU phwkrgrorj|1 Wr fkhfn wklv srlqw/ zh frpsxwhg wkh furvv0fruuhodwlrqv
SJoo Ef|3&c t|�/ zlwk & iurp 043 wr .43/ iru hdfk frxsoh Efct � ri ydul0
deohv dprqj {'/ {'W/ U � UW/ {.1 Wkh rqo| iroorzlqj irxu fruuhodwlrqv
suryhg vljql�fdqw8/ SJoo E{'|c{.|� ' ���I/ SJoo E{'W

| c�{.|� ' �SI/
SJoo E{'W

|
c{'|� ' �SI dqg SJoo

�
{'W

|3�c{'|

�
' �.I1 Wkh qdwxuh dqg wkh

vljq ri wkhvh fruuhodwlrqv fruurerudwh wkh uhvxowv zh rewdlq zlwk wkh vwuxfwxudo
YDU1 Pruhryhu/ fdxvdolw| whvwv zhuh frqgxfwhg9 iru hdfk frxsoh ri yduldeohv
dprqj {'/ {'W/ U � UW/ {./ dv zhoo dv dprqj wkh ohyhov '/ 'W/ U � UW/ .1

8Iru vxfk fruuhodwlrqv +edvhg rq urxjko| 593 hqwulhv,/ wkh wkuhvkrog ri vljql�fdqfh dw
wkh <3( frq�ghqfh ohyho dprxqwv wr 46(1

9Vhyhudo vwdwlvwlfdo suhfhgxuhv duh dydlodeoh wr whvw �fdxvdolw|� ri yduldeoh [ e| yduldeoh
\1 Wkh Judqjhu whvw frqvlvwv lq uhjuhvvlqj \ rq odjjhg \ dqg odjjhg [/ wkhq lq whvwlqj wkh
odjv ri [/ wkh Vlpv whvw lq uhjuhvvlqj [ rq sdvw/ suhvhqw dqg ixwxuh \/ wkhq lq whvwlqj wkh
ohdgv ri \/ dqg wkh Jhzhnh0Phhvh0Ghqw whvw lq uhjuhvvlqj [ rq sdvw/ suhvhqw dqg ixwxuh
\ dv zhoo dv rq sdvw [/ wkhq lq whvwlqj wkh ohdgv ri \1 Zh fkrvh wkh qxpehu ri odjv dqg
wkh qxpehu ri ohdgv htxdo uhvshfwlyho| wr 53 dqg 431

;



Rqo| wzr �fdxvdolwlhv� zhuh irxqg vljql�fdqw lq d fohdu0fxw zd|/ wkdw ri '
fdxvlqj . +ru {' fdxvlqj {., dqg wkdw ri 'W fdxvlqj ' +ru {'W fdxvlqj
{',1 Wkhvh uhvxowv jr dovr lq wkh vdph gluhfwlrq1

Rqh ri rxu pdlq lqwhuhvwv lv dovr wr ghwhuplqh wkh vrxufhv ri wkh h{fkdqjh
udwh  xfwxdwlrqv durxqg wkh vwhdg| Hxur ghsuhfldwlrq wkurxjkrxw wkh |hdu
4<<<1 Wklv fruuhvsrqgv wr wkh gldjudp glvsod|lqj wkh ghfrpsrvlwlrq ri wkh
h{fkdqjh udwh  xfwxdwlrqv lqwr wkh sduwv gxh wr wkh gl�huhqw vkrfnv1 Wkxv/
dffruglqj wr wkh hvwlpdwhg YDU/ wkh frpprq prqhwdu| vkrfn kdv sod|hg qr
uroh lq wkhvh  xfwxdwlrqv/ vr wkdw wkh pdlq frqwulexwru| vkrfnv duh "r +voljkwo|
whqglqj wr ghsuhfldwh wkh Hxur,/ "rW +whqglqj wr ghsuhfldwh wkh Hxur/ h{fhsw
iurp Mxo| wr Rfwrehu, dqg "e +qhxwudo iurp Mdqxdu| wr Mxo|/ wkhq whqglqj wr
vwurqjo| dssuhfldwh wkh Hxur,:1 Wkh vdph h{huflvh fdq eh grqh iru wkh �uvw
�yh prqwkv ri wkh |hdu 5333/ e| surmhfwlqj r� vdpsoh wkh hvwlpdwhg YDU
dqg uhfrqvwuxfwlqj wkh sdwwhuqv ri vwuxfwxudo vkrfnv zklfk kdyh dsshduhg
wr gulyh wkhvh hyroxwlrqv1 Wkh uhvxowv frph dv iroorzv= wkh vkrfnv "r dqg
"6n6W frqwulexwhg wr ghsuhfldwh wkh Hxur/ wkh vkrfn "e wr dssuhfldwh wkh
Hxur/ dqg wkh vkrfn "rW suryhg uhodwlyho| qhxwudo +qrwh wkdw wkh frqwulexwlrq
ri "r fruuhvsrqgv wr wkh vxujh lq T wkdw zh frqvlghuhg dw wkh ehjlqqlqj ri
wklv vhfwlrq,1 Exw wkhvh odvw uhvxowv duh wr eh frqvlghuhg fdxwlrxvo|/ vlqfh wkh
vkrfnv uhfrqvwuxfwhg r�0vdpsoh idlo wr yhuli| wkh edvlf vwdwlvwlfdo surshuwlhv
ri wkh vwuxfwxudo vkrfnv frplqj gluhfwo| iurp hvwlpdwlrq 0 lq sduwlfxodu vrph
ri wkhp fdqqrw eh frqvlghuhg dv fhqwhuhg dqg rwkhuv dv ruwkrjrqdo wr hdfk
rwkhu dw wkh <3( frq�ghqfh ohyho1 Qrwzlwkvwdqglqj/ doo wkhvh uhvxowv/ eh wkh|
zlwklq ru r�0vdpsoh/ srlqw wr wkh vdph frqfoxvlrq= wkh Hxur ghsuhfldwlrq
pd| eh gxh qrw wr d judgxdo orvv ri frq�ghqfh lq wkh qhz fxuuhqf| 0 rq wkh
frqwudu|/ exw wr wkh rffxuuhqfh ri srvlwlyh Dphulfdq dqg Hxurshdq vxsso|
vkrfnv1

6 WKH PRGHO

Wkh uhvxow wkdw zh rewdlqhg hpslulfdoo|/ wkdw d srvlwlyh Hxurshdq vxsso|
vkrfn whqgv wr ghsuhfldwh wkh Hxur/ lv dw rggv zlwk wkhrulhv wkdw xqghuolqh wkh
odfn ri fuhglelolw| ri Hxurshdq lqvwlwxwlrqv dv d vrxufh ri wkh Hxur*v zhdnqhvv1

:Wkhvh uhvxowv duh fkdqjhg vljql�fdqwo| dw �uvw vljkw zkhq wkh YDU lv hvwlpdwhg iurp
Mdqxdu| 4<<< wr Pd| 53331 Krzhyhu/ wklv fkdqjh lv pdlqo| gxh wr wkh idfw wkdw hvwlpdwhg
wuhqgv duh wkhq prgl�hg1 Dv douhdg| vdlg/ wkh lpsxovh0uhvsrqvh ixqfwlrqv kdugo| gl�hu
ehwzhhq wkh wzr hvwlpdwlrqv1
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Lq wklv vhfwlrq/ zh kljkoljkw d yhu| vlpsoh vrxufh wr wkh Hxur*v  xfwxdwlrq/
qdpho| d edvlf Pxqghoo0Iohplqj0Gruqexvfk prgho1 Zh suhvhqw wkh prgho
ri dq hfrqrp|/ Hxurodqg/ zklfk lv frpsrvhg ri d +odujh hqrxjk, qxpehu ri
frxqwulhv zklfk vkduh wkh vdph qrplqdo yduldeohv +sulfhv/ prqh|/ h{fkdqjh
dqg lqwhuhvw udwhv,/ exw zklfk pljkw eh d�hfwhg e| gl�huhqw wudqvlwru| vkrfnv
wr wkhlu rxwsxw1 Zh dvvxph wkdw zdjhv duh vhw +Hxurshdq zlgh, dw wkh
ehjlqqlqj ri wkh shulrg1 Zh wdnh=

�| ' .|3�R| +4,

lq zklfk R| lv wkh sulfh ohyho dw wlph |� Zh dvvxph wkdw wkh| duh vhw dv=

R| ' �| � 1|

lq zklfk 1| lv d wudqvlwru| sulfh vkrfn1
Zh ixuwkhu dvvxph d prqh|0ghpdqg ixqfwlrq=

6| ' R| � b�| n �+| +5,

lq zklfk �| lv wkh qrplqdo lqwhuhvw udwh dqg +| lv rxwsxw> wkh xqfryhuhg lqwhuhvw
udwh duelwudjh lv h{shfwhg wr krog vr wkdw=

�| ' �W
|
n Ee@

|n� � e|� +6,

Iru vlpsolflw| zh wdnh �W
|
' f +lq wkh hpslulfdo dssolfdwlrq zh frqvlghuhg

wkh lqwhuhvw udwh gl�huhqwldo ehwzhhq Hxursh dqg wkh XV,1 Doo wkh yduldeohv
zulwwhq vr idu duh djjuhjdwh Hxurshdq yduldeohv/ zklfk lpsolflwo| dvvxphv
wkdw wkh odz ri rqh sulfh krogv ryhu wkh }rqh/ dv zhoo dq lghqwlfdo ixqfwlrqdo
irup iru doo prqh| kroglqjv1

Uhjduglqj rxwsxw/ zh dvvxph wkdw hdfk frxqwu| lv d�hfwhg e| d vkrfn
zklfk lv sduwo| lglrv|qfudwlf dqg sduwo| Hxurshdq zlgh1 Zh dovr dvvxph
wkdw rxwsxw ghshqgv rq frpshwlwlyhqhvv +zklfk lv Hxurshdq zlgh, dqg rq
d �vfdo vwlpxoxv zklfk ghshqgv rq hdfk frxqwu|*v srolf|pdnhuv1 Iru hdfk
frxqwu| � lq wkh hxur }rqh zh wkhq zulwh=

+�| ' �Ee| � R|� n }��

|
n 0�

|

lq zklfk 0�
|
lv d +zklwh qrlvh, vkrfn wr rxwsxw � zklfk lv djjuhjdwhg lqwr=

0| '

]
�

0�|_�
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Ilqdoo| zh dvvxph wkdw prqh| vxsso| lv jhduhg wrzdugv sulfh vwdelolw|/
xs wr xqiruhvhhq vkrfnv1 Pruh vshfl�fdoo|/ zh wdnh=

6| ' R|3� n #| +7,

lq zklfk #| lv d zklwh qrlvh1

Lq rughu wr judvs wkh orjlf ri wkh prgho/ zh vkdoo vlpso| dvvxph khuh wkdw
�vfdo srolf| uhvsrqgv wr wkh vkrfn 0�| wkurxjk d frxqwhu0f|folfdo uhvsrqvh=

}��| ' �B0�| 1

Zh uhwxuq lq wkh odvw vhfwlrq ri wkh sdshu rq wkh ghwhuplqdqwv ri dq hq0
grjhqrxv �vfdo uhvsrqvh1 Lq wkh vlpsoh fdvh wkdw zh h{dplqh/ rxwsxw fdq eh
zulwwhq=

+| ' �Ee| � R|� n E�� B�0|

Rqh rqo| qhhg wr frqmhfwxuh wkh h{fkdqjh udwh ehkdylru dv

e| ' R|3� n @#| n K0| n S1|

dqg jhw =

@ '
�

bn ��

K ' �
E�� B��

bn ��

S ' �� n
�

bn ��

Zh fdq wkhq zulwh rxwsxw dv=

+| '
�

bn ��
#| n

bE�� B�

bn ��
0| n

�

bn ��
1|

dqg=

+�| ' +| n E�� B�E0�|30|�
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D ihz vwulnlqj uhvxowv hphujh/ gluhfwo| gudzq iurp wkh Pxqghoo0Iohplqj
lqwxlwlrqv1

4, Iru orz ydoxhv ri b/ zklfk lv w|slfdoo| wkh fdvh hpslulfdoo|/ �vfdo vwd0
elol}dwlrq +fdswxuhg e| wkh whup E� � B� 0|, fduulhv olwwoh zhljkw lq pdfur0
hfrqrplf rxwfrph/ zklfk lv sulpdulo| wkh rxwfrph ri prqhwdu| vwdelol}dwlrq1

5, Vr idu dv lglrv|qfudwlf vkrfnv duh frqfhuqhg/ �vfdo srolf| lv lqvwhdg
shuihfwo| wxqhg wr wkh sxusrvh ri vwdelol}dwlrq/ lqdvpxfk dv hdfk lqglylgxdo
frxqwu| olyhv lq d �{hg h{fkdqjh udwh uhjlph1

6, Zlwk uhvshfw wr h{fkdqjh udwh  xfwxdwlrqv/ krzhyhu/ �vfdo srolflhv/ do0
ehlw xqvxffhvvixo vr idu dv pdfurhfrqrplf vwdelol}dwlrq/ gr vwdelol}h h{fkdqjh
udwh lqdvpxfk dv wkh| gdpshq d vrxufh ri h{fkdqjh udwh  xfwxdwlrq1 Zh wkhq
lpphgldwho| vhh/ lq wkh frqwh{w ri wklv yhu| vlpsoh prgho/ wkdw h{fkdqjh udwh
yrodwlolw| lv lq qr zd| d vljq ri lqh!flhqf| exw txlwh wkh frqwudu| pd| uhyhdo
wkh surshu ixqfwlrqqlqj ri wkh hxur }rqh1

7, Zh �qdoo| vhh wkdw wkh lpsdfw ri wkh sulfh vkrfn lv d sulrul dpeljxrxv1
E| orzhulqj sulfhv/ lw udlvhv uhdo fdvk kroglqj/ khqfh orzhuv lqwhuhvw udwhv dqg
whqgv wr ghsuhfldwh 0fhwhulv sdulexv0 wkh h{fkdqjh udwh1 Rq wkh rwkhu kdqg/ e|
errvwlqj surgxfwlylw| dqg rxwsxw/ lw whqgv wr dssuhfldwh wkh h{fkdqjh udwh1
E| frqvlghulqj d �sxuh vxsso| vkrfn�/ fkdudfwhul}hg e| 1| ' E� � B�0|/ zh

vhh krzhyhu wkdw wkh qhw lpsdfw rq wkh h{fkdqjh udwh lv
E�� ��� b� ��

bn ��
/

zklfk 0khuh0 w|slfdoo| dssuhfldwh wkh h{fkdqjh udwh zkhq � ' �� Ohw xv qrz
lqwhusuhw d vxsso| vkrfn dv d olqhdu frpelqdwlrq ri d sulfh vkrfn dqg ri dq
rxwsxw vkrfn1 Pruh vshfl�fdoo| ohw xv zulwh wkh rxwsxw vkrfn dv=

0| ' 41| n 0_| �

lq zklfk 0_| lv d sxuh ghpdqg vkrfn zklfk lv ruwkrjrqdo wr wkh sulfh vkrfn
1|1 Wkh uhdvrqv zk| 4 9' � duh qxphurxv1 Rqh fdq dujxh wkdw d whfkqrorjlfdo
vkrfn lv uduho| xqlirup dfurvv vhfwruv/ vr wkdw vrph uhdoorfdwlrq ri oderu lv
qhhghg lq rughu wr irvwhu rxwsxw jurzwk1 Dovr/ lqdvpxfk dv d vxsso| vkrfn
idyruv lqyhvwphqw/ wkh pdjqlwxgh ri wkh odwwhu ghshqgv rq wkh ehkdylru ri
�qdqfldo pdunhwv1 Zklfkhyhu wkh fdxvh/ wkh odujhu 4 / wkh pruh olnho| lw lv
wkdw wkh vxsso| vkrfn zloo dssuhfldwh wkh h{fkdqjh udwh +orzhu e,1 Iru 4 qhdu
f lw zloo ghsuhfldwh lw +udlvh e,1 Dv zh kdyh vhhq/ wkh uhdfwlrqv ri Hxursh dqg
wkh XV wr d vxsso| vkrfn +lq wkh frxqwu| ri ruljlq, duh zlgho| gl�huhqw= lw
ghsuhfldwhv wkh hxur/ dqg dssuhfldwhv wkh groodu1 Wzr lqwhusuhwdwlrqv dulvh1
Rqh lv wkdw wkh XV duh fkdudfwhul}hg e| d odujhu fruuhodwlrq ri sulfh dqg
rxwsxw vkrfnv1 Wklv zloo eh w|slfdoo| wkh fdvh li �upv lqyhvw ru frqvxphuv
eruurz lq uhvsrqvh wr d srvlwlyh whfkqrorjlfdo vkrfn1 Dq dowhuqdwlyh wkhru|
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vwhpv iurp wkh uhvsrqvh ri srolf|pdnhuv wkhpvhoyhv wr vxfk vkrfnv1 Zh qrz
vnhwfk krz vxfk gl�huhqfhv pljkw rffxu1

7 HQGRJHQRXV ILVFDO UHVSRQVHV

714 Qrq Frrshudwlyh uhvsrqvhv

Ohw xv dqdo|}h krz �vfdo srolflhv pljkw eh hqgrjhqrxvo| vhohfwhg/ dqg kljk0
oljkw wkh srwhqwldo ri srolf| frruglqdwlrq1 Dvvxph wkdw �vfdo srolf| lq Hx0
urodqg lv vhw vr dv wr=

��?�6�5eE+�� � +W�2 n q.fE+
�

2 � +W�2

vxemhfw wr ��

� n
�

�no
��

2 ' f/

lq zklfk wkh frqvwudlqw wlhv wkh �vfdo vwlpxol lq erwk shulrg rxw ri dq lq0
whuwhpsrudo exgjhw frqvwudlqw1 Ohw xv ixuwkhu dvvxph iru wkh wlph ehlqj
wkdw=

qE� n o� ' �

Lq wkdw fdvh rqh jhwv wkdw wkh vroxwlrq lv=

+�� ' .f+
�

2

zklfk |lhogv

}��

|
' �

q

� n q
d�Ee| � R|� n 0�|o

dqg

+�| '
�

� n q
d�Ee| � R|� n 0�|o

Djjuhjdwlqj wklv uhodwlrqvkls dqg soxjjlqj lqwr wkh prqh| htxdwlrq/ zh
uhdfk=

e| ' R|3� n
E� n q�

bE� n q� n ��
#| �

�

bE� n q� n ��
0| n E

E� n q�

bE� n q� n ��
� ��1|
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Rxwsxw fdq wkhq eh zulwwhq dv=

+| '
�

bE� n q� n ��
#| n

bE� n q�

bE� n q� n ��
0| n

�

bE� n q� n ��
1|

zkloh �vfdo srolflhv fdq eh zulwwhq dv=

}��

|
' }�| �

q

� n q
E0�| � 0|�

Wkh uhvxowv duh txlwh vlplodu wr wkrvh wkdw zhuh uhdfkhg lq wkh vlpsoh
fdvh wkdw zh h{dplqhg ehiruh1 Iru orz ydoxhv ri b zh �qg wkdw wkh h{fkdqjh
udwh  xfwxdwlrqv devrue wkh lpsdfw ri wkh rxwsxw vkrfn1 Wkh odujhu wkh
uhvsrqvlyhqhvv ri wkh dxwkrulwlhv +odujh ydoxhv ri q,/ wkh pruh lpsruwdqw lv
wkh h�hfw1 Zh dovr �qg wkdw wkh lpsdfw ri d sulfh vkrfn lv h{dfwo| lghqwlfdo wr
wkh lpsdfw ri d prqhwdu| vkrfn/ vr idu dv rxwsxw lv frqfhuqhg/ exw gl�huhqw
vr idu dv wkh h{fkdqjh udwh lv frqfhuqhg1 Wkh vdph glvfxvvlrq dv wkh rqh zh
uhdfkhg ehiruh lv ydolg khuh= wkh h{fkdqjh udwh fdq dssuhfldwh ru ghsuhfldwh
ghshqglqj xsrq wkh vwuhqjwk ri wkh frpshwlyhqhvv h�hfw1

715 H{ dqwh �uvw ehvw

Wkh idloxuh ri srolf|pdnhuv wr frruglqdwh wkhlu uhvsrqvh lq zd|v wkdw glvwlq0
jxlvk lglrv|qfudwlf dqg djjuhjdwh vkrfnv lv d vrxufh ri lqh!flhqflhv zkrvh
fruuhfwlrq pd| dv zhoo udlvh ru orzhu h{fkdqjh udwh yrodwlolw|1 Lq rughu wr vhh
zkdw dq rswlpxp uhvsrqvh zrxog orrn olnh/ ohw xv dvvxph wkdw srolf|pdn0
huv djuhh h{ dqwh xsrq d �vfdo uhvsrqvh wkdw grhv gl�huhqwldwh hdfk ri wkhvh
whupv=

}��| ' �%0| � 5#| � &1| � BD�|

lq zklfk D�| ' 0�| � 0|1

Zh uhdfk=
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e| ' 6|3� n @#| n K0| n S1|c

zlwk=

@ '
� n 5�

bn ��

K ' �
�E�� %�

bn ��

S ' �� n
� n &�

bn ��

Soxjjlqj wkhvh ydoxhv lqwr wkh rxwsxw dqg prqh| pdunhwv/ zh uhdfk=

+�| '
�� 5b

bn ��
#| n

bE�� %�

bn ��
0| n

�� &b

bn ��
1| n E�� B�D�|

Plqlpl}lqj E+�� � +W�2 n q.fE+
�

2 � +W�2 vxemhfw/ iru hdfk jryhuqphqw/ wr
wkh exgjhw frqvwudlqw ��| n q��|n� ' f/ qrz gholyhuv d srolf| uhvsrqvh=

%W '
qb2

Ebn ���2 n qb2

5W '
q�b

Ebn ���2 n qb2

&W '
qb�

Ebn ���2 n qb2

BW '
q

� n q

Zh qrz gr �qg wkdw orz ydoxhv ri b zloo wuljjhu orz uhvsrqvhv ri �vfdo
srolflhv wr djjuhjdwh vkrfnv/ zkloh rqo| lglrv|qfudwlf vkrfnv zloo eh gxo|
dffrpprgdwhg= zkhq soxjjlqj wkh h�hfw ri wkhvh srolf| uhvsrqvhv xsrq wkh
h{fkdqjh udwh/ rqh �qgv=

e| ' R|3� n
� n 5W�

bn ��
#| �

E�� %W��

bn ��
0| n

� n &W�

bn ��
1|

48



Dvvxplqj wkdw wkh XV uhdfw wr vkrfnv dv h{suhvvhg lq wklv htxdwlrq zkloh
Hxursh vwdqgv dv lq wkh suhylrxv vhfwlrq/ zh uhdfk wkh iroorzlqj uhvxowv=

4,

����Y e

Y #

����
L7

	

����Y e

Y #

����
.L

5,

����Y e

Y 0

����
L7

�

����Y e

Y 0

����
.L

6,

����Y e

Y 1

����
L7

	

����Y e

Y 1

����
.L

Wkhvh lqhtxdolwlhv frqyhqlhqwo| vxppdul}h rxu �qglqjv vr idu1 Wkh idloxuh
ri Hxurshdq frxqwulhv wr frruglqdwh wkhlu �vfdo uhvsrqvhv lpso| wkdw wkh|
zloo uhdfw wrr pxfk wr sulfh ru prqhwdu| vkrfnv/ e| zklfk wkh| zloo udlvh
wkh yrodwlolw| ri wkh h{fkdqjh udwh1 Lq sduwlfxodu wkh uhvxow zh rewdlq/ wkdw d
srvlwlyh Hxurshdq vxsso| vkrfn whqgv wr ghsuhfldwh wkh Hxur zlwk uhvshfw wr
wkh groodu zkhq klw e| d vlplodu vkrfn/ r�huv rqh dowhuqdwlyh h{sodqdwlrq wr
wkh uhvxowv wkdw zhuh rewdlqhg lq vhfwlrq 51 Dffruglqj wr wklv prgho/ iroorzlqj
vxfk d vxsso| vkrfn/ �vfdo srolflhv wu| wr gdpshq d surfhvv rq zklfk wkh|
kdyh qr krog/ wkxv h{dfhuedwlqj wkh qhw lpsdfw rq wkh h{fkdqjh udwh1

716 Fdvhood*v prgho

Lq rughu wr vhh krz wkh frrshudwlyh rxwfrph frxog eh lpsohphqwhg/ ohw xv
dqdo|}h d vfkhph wkdw kdv ehhq vxjjhvwhg e| Dohvvdqgud Fdvhood1 Vkh wlhv
wkh djjuhjdwh gh�flw wr hdfk frxqwu|*v qhhgv wkurxjk d �exgjhwdu|� pdu0
nhw zklfk jlyhv frxqwu| � wkh uljkw wr kdyh d gh�flw ��

|
dw d sulfh ^|� Wkh

jryhuqphqw exgjhw frqvwudlqw lv wkhq zulwwhq=

��

|
E�� ^|� n q��

|n�E�� ^|n�� ' f �

|
E^|c ^|n��

zkrvh �uvw rughu frqglwlrq zloo gholyhu=

+�| � +W ' qE� n o|�E+
�

|n� � +W�

zkhq � n o| '
�

q

�� ^|

�� ^|n�
lv wkh wudgh0r� ehwzhhq fxuuhqw dqg ixwxuh

h{sdqvlrq1 Wkh frpsxwdwlrq zrxog wkhq vwudljkwiruzdugo| gholyhu d srolf|
uhvsrqvh wkdw fdq eh zulwwhq=

}��| ' f| �
D�|

� n qE� n o�2
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Dv rqh vhhv/ krzhyhu/ wklv lv qrw h{dfwo| zkdw wkh frrshudwlyh djuhhphqw
wkdw zrxog eh ghflghg h{0dqwh zrxog gholyhu1 Lqghhg/ lq wkh fdofxodwlrq wkdw
zh shuiruphg suhylrxvo|/ jryhuqphqwv zhuh zloolqj wr wudgh r� h{0dqwh/ xqghu
wkh yhlo ri ljqrudqfh rq zklfk frxqwu| frxog eh klw/ wkhlu uljkwv wr �srooxwh�1
Lw lv lq idfw d vwudljkwiruzdug h{huflvh wr uhvwruh vxfk dq htxloleulxp dorqj
wkh olqhv sxw iruzdug e| Fdvhood1 Lpdjlqh lqvwhdg wkdw frxqwulhv duh hqgrzhg
d uljkw wr sxuvxh d gh�flwf| wkdw lv lqgh{hg rq wkh hfrqrplf f|foh ri Hxursh1
Lq wkdw fdvh wkhlu exgjhw frqvwudlqw fdq eh zulwwhq=

��

|
n q��

|n� ' f|

Wkh srolf| uhvsrqvh ri srolf|pdnhuv zloo wkhq eh zulwwhq=

}��

|
' �

q

� n q
D�| ��| n

�

� n q
f|

lq zklfk �| lv wkh frpsrqhqw ri wkh frxqwu| �*v gh�flw wkdw lv lqgh{hg rq
wkh Hxurshdq f|foh1 Lq wkdw fdvh/ doo wkdw lw wdnhv lv wr pdnh vxuh wkdw
wkh ydoxh f| lv lqghhg vxfk wkdw lw fdqfhov rxw pruh h�hfwv ri �|1 Lq wklv
prgho/ f| pxvw wkhq eh sur0f|folfdoo| dgmxvwhg rq wkh djjuhjdwh hfrqrp|1
Lqghhg/ rqh zdqwv khuh wr pdnh vxuh wkdw frxqwulhv gr qrw wu| wr gdpshq wkh
djjuhjdwh f|foh1 D wd{ rq Hxurshdq dfwlylw| wkdw zrxog eh uhglvwulexwhg wr
jryhuqphqwv lq wlphv ri h{sdqvlrq/ dqg ohylhg xsrq wkhp lq fdvh ri uhfhvvlrqv
zrxog gr wkh wulfn1

8 FRQFOXVLRQ

Lw lv fohduo| wrr hduo| wr pdnh d gh�qlwh vwdwhphqw rq wkh hxur/ h{fhsw wkdw
wkh ihdu ri ryhu ydoxdwlrq kdv fohduo| ehhq plvsodfhg1 Lw uhpdlqv wr eh vhhq
zkhwkhu wkh hxur lv zhdn ru yrodwloh dqg wklv zloo wdnh wlph wr whvw1 \hw d ihz
uhpdunv fdq eh pdgh douhdg| derxw wkh �uvw |hdu ri wkh Hxur1 Wkhvh uhpdunv
zrxog srlqw wr wkh idfw wkdw wkh Hxurshdq hfrqrp| zdv lq h{fhvv vxsso| dw
wkdw wlph/ zklfk zrxog kdyh vljql�fdqwo| frqwulexwhg wr wkh ghsuhfldwlrq ri
wkh Hxur1 Wkh Hxurshdq hfrqrp| zdv lqghhg vwloo frqydohvfhqw frpsduhg
wr wkh Dphulfdq hfrqrp|/ dqg lq dwlrqdu| suhvvxuhv zhuh ohvv dfxwh khuh
wkdq wkhuh1 Wklv sdshu suhvhqwv d prgho zklfk frxog h{sodlq zk| vxfk dq
h{fhvv vxsso|1 Vrph ri wkh prvw glvwlqfwlyh ihdwxuhv ri wklv prgho vhhp wr
eh vxssruwhg e| wkh gdwd/ lq sduwlfxodu wkh ghsuhvvlqj h�hfw ri d srvlwlyh
Hxurshdq vxsso| vkrfn rq wkh Hxur1 Ri frxuvh/ rwkhu idfwruv duh olnho| wr
kdyh sod|hg d uroh1 Rqh h{sodqdwlrq pd| eh wkdw wkh Hxurshdq oderu pdunhw
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lv pruh uljlg wkdq lwv Dphulfdq frxqwhusduw/ vr wkdw d srvlwlyh Hxurshdq
vxsso| vkrfn rffxuulqj lq rqh vhfwru ohdgv wr d vorz lqfuhdvh lq surgxfwlrq
dqg dq lpphgldwh idoo lq sulfhv/ ehfdxvh ri d vorz hpsor|phqw uhdoorfdwlrq
ehwzhhq wkh vhfwruv/ wkxv uhvxowlqj lq d ghfuhdvh ri U uhodwlyho| wr UW dqg
wkhuhiruh lq d ghsuhfldwlrq ri wkh Hxur1 Dqrwkhu idfwru pd| eh wkh h{lvwhqfh
ri d zhdowk h�hfw lq wkh Xqlwhg Vwdwhv/ zklfk zrxog lpso| wkdw dq lqfuhdvh lq
wkh Dphulfdq vwrfn pdunhw lqgh{ gxh wr d srvlwlyh vxsso| vkrfn vwlpxodwhv
lqwhuqdo ghpdqg/ vr wkdw sulfhv dgmxvw ohvv wr d vxsso| vkrfn lq wkh Xqlwhg
Vwdwhv wkdq lq Hxursh1

9 UHIHUHQFHV

DORJRVNRXILV/ J1 dqg U1 SRUWHV +4<<:,= �Wkh Hxur/ wkh Groodu dqg
wkh Lqwhuqdwlrqdo Prqhwdu| V|vwhp�/ lq �HPX dqg wkh Lqwhuqdwlrqdo Prqh0
wdu| V|vwhp�/ hglwhg e| W1 K1 Nuxhjhu/ S1 U1 Pdvvrq hw E1 J1 Wxuwhoerrp/
LPI/ ss1 8;0:;1

FDQ]RQHUL P1E1/ U1H1 FXPE\ dqg E1 GLED +4<<;,= �Ilvfdo glvfl0
solqh dqg h{fkdqjh udwh uhjlphv�/ FHSU Glvfxvvlrq Sdshu Q�4;<<1

FDVHOOD/ D1 +4<<<,= �Wudgdeoh Gh�flwv Shuplwv= H!flhqw Lpsohphq0
wdwlrq ri wkh Vwdelolw| Sdfw lq wkh Hxurshdq Prqhwdu| Xqlrq�/ Hfrqrplf

Srolf| Q�5</ ss1 55405941
FKDUL/ Y1Y1 dqg S1 NHKRH +4<<;,= �Rq wkh Qhhg iru Ilvfdo Frqvwudlqwv

rq d Prqhwdu| Xqlrq�/ Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv Zrunlqj Sdshu

Q�8;<1
FRKHQ/ G1 +4<<:,= �Krz zloo wkh Hxur EhkdyhB�/ lq �HPX dqg wkh

Lqwhuqdwlrqdo Prqhwdu| V|vwhp�/ hglwhg e| W1 K1 Nuxhjhu/ S1 U1 Pdvvrq hw
E1 J1 Wxuwhoerrp/ LPI/ ss1 6<:074:1

FRKHQ/ G1 dqg Fk1 Z\SORV] +4<<8,= �Sulfh dqg Wudgh H�hfwv ri
H{fkdqjh Udwh Ioxfwxdwlrqv dqg wkh Ghvljq ri Srolf| Frruglqdwlrq�/ Mrxuqdo
ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ yro1 47/ Q�6/ ss1 664067:1

FRUVHWWL/ J dqg S1 SHVHQWL +4<<<,= �Vwdelolw|/ Dv|phwu| dqg Glv0
frqwlqxlw|= Wkh Odxqfk ri wkh Hxurshdq Prqhwdu| Xqlrq�/ Eurrnlqjv Sdshuv
rq Hfrqrplf Dfwlylw|/ Q�51

GHPHUW]LV/ P1 dqg D1 KXJKHV KDOOHWW +4<<<,= �HPX dqg wkh
H{whuqdo Ydoxh ri wkh Hxur�/ FHSU Glvfxvvlrq Sdshu Q�538;1

Yrq KDJHQ/ M1 +5333,= �Wkh Iluvw \hdu ri HPX�/ Grfxphqw gh Wudydlo

FHSLL Q�5333038�
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      The data
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Variable Q*
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Variable E
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Responses to a European supply shock

Response of Q

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

10
0*

lo
g

Response of Q*

-0.4

-0.2

0

0.2

0.4

0.6

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

10
0*

lo
g

Response of I-I*

-0.2

-0.15

-0.1

-0.05

0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

%
 p

er
 y

ea
r

Response of E

-0.3

-0.2

-0.1

0

0.1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

10
0*

lo
g



Responses to an American supply shock

Response of Q
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Responses to a shock on the exchange rate

Response of Q
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Response of E
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        Decompositions of variable E

Decomposition of variable E (within sample)
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Decomposition of variable E (off-sample)
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