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ABSTRACT

Measuring Co-Movements Between
US and European Stock Markets*

In this Paper we concentrate on the potential consequences for the European
stock market of a correction of the US stock market. We conduct our analysis
by explicitly considering the distinction between interdependence and
contagion. By considering a Vector Error Correction Model, in which stock
returns tend to restore an equilibrium relationship between the forecast
earnings yield on common stocks and the yield on bonds, we provide separate
answers to the following questions:

• Is there long-term interdependence between the US and Europe, i.e. does
the equilibrium for European shares depend on the equilibrium for US
shares?

• Is there short-term interdependence and contagion between US and
European stock markets, i.e. do short-term fluctuations of the US share
prices spill over to European share prices and is such co-movement stable
in the event of high volatility episodes?
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NON-TECHNICAL SUMMARY

On the 5th of December 1996, when the Dow Jones (DJ) index was floating
around 7,000, with the yield on 10-year US bonds at 5%, the Fed Chairman,
Alan Greenspan, warned the market against ‘irrational exuberance’. Since
then the DJ has gone past the level of 11,000, to track back towards 10,500 at
the beginning of year 2000, while the yield on long bonds has gone back to
the December 1996 level, after having reached a minimum at 3.8 in
September 1998. In the mean time, while the Fed Chairman has better
qualified his views on irrational exuberance (see http:\\www.bog.frb.fed.us),
the question of the potential consequences of a correction of the US stock
market of, say, 25%, has been taken up by a number of academics (see
Bernanke and Gertler, 1999). In this Paper we concentrate on the potential
spill-over of such a correction on the European stock markets. This issue has
important consequences for monetary policy and portfolio allocation.

Bernanke and Gertler(1999), using a traditional ‘broad credit channel’
argument, point out that the extent to which an asset price contraction
weakens private sector balance sheets, and therefore affects consumption
and investment, depends on the degree and sectoral distribution of risk
exposure. After many years of expansion and strong profits in the corporate
and banking sectors, the US balance sheets are in excellent condition and a
correction in the stock markets, coupled with an appropriate response by the
FED, is likely to have only transitory contractionary effects. In contrast, a
similar 25% correction in Europe, where economies are struggling out of a
period of persistently slow growth and high unemployment, is likely to have
much more persistent effects on the macroeconomic conditions, even if the
ECB would respond appropriately to such shock.

The relevant question for portfolio allocation is a related but different one. How
would a correction in the US stock markets affect conditional correlation
among asset prices? A first possible scenario is that the correction of the US
stock markets spills over to European markets, with a response predictable
from historical patterns of interdependence between the two markets. In this
case the conditional correlation among the asset prices would be substantially
unaltered; we would still observe the macroeconomic effects described above
but portfolio allocation and risk evaluations based on some estimates of
conditional variance–covariance matrix of the relevant returns based on
historical data would still be valid. In this case no unpredictable effect of the
US correction on the financial sectors balance sheets would arise. However,
an alternative scenario is possible, in which the correction in the US stock
market generates a structural break in the pattern of interdependence of asset
prices. Such an event would heavily affect portfolio allocation and risk
evaluations based on historical estimates of the variance–covariance matrix of



the relevant returns, and render the impact of a correction on balance sheets
more dramatic and unpredictable.

The empirical literature on the transmission of financial shocks (Rigobon,
1999) has recently introduced an important distinction between the two
concepts of contagion and interdependence. Interdependence is measured by
identifying cross-market linkages, while contagion is measured by
modifications of such linkages during crisis periods. A strong co-movement of
European and US stock markets in the presence of a correction of the US
stock market is compatible both with interdependence and contagion.
However, we would have interdependence when such co-movement is in line
with the historically measured simultaneous feedback between the two
markets, while contagion is identified by excess co-movements.

Contagion among stock markets has been traditionally measured by using
correlation and by defining it as a significant increase in correlation across
markets. This traditional approach has been recently criticized by Rigobon and
Forbes (1998). Changing correlation cannot be directly related to contagion in
the presence of interdependence. In a structural model featuring constant
interdependence across countries, cross-market correlation is bound to
increase in a period of turmoil, when stock market volatility increases. Rigobon
and Forbes consider the 1997 East Asian crisis, the 1994 Mexican Peso crisis
and the 1987 US stock market crash to show that unadjusted correlation
coefficients support the contagion hypothesis, while tests based on
coefficients adjusted for interdependence find virtually no contagion. Further
evidence is proposed by Rigobon (2000), through the implementation of an IV
procedure for a direct test of the null of no contagion only interdependence.
This strand of research crucially hinges on structural modelling of
interdependence, with the adoption of a limited information approach.

We base our analysis of interdependence and contagion on full information
estimation of a structural model. Following the LSE econometric approach
(see Hendry, 1995), we construct our structural model starting from a general
reduced form.

Our reduced form is a Vector Error Correction model, based on the theory
espoused by Graham and Dodd (1951) and already exploited by Lander et al.
(1997) for the US case, which presumes that stock returns tend to restore an
equilibrium relationship between forecast earnings yield on common stocks
and yield on bonds. We specify our general reduced form model on six
variables: US and European share prices, earnings, and redemption yields on
10-year benchmark bonds. We consider a sample of monthly data 1980–99
and use diagnostic tests, in particular tests for residual normality to validate
our reduced form. Such strategy leads us to the inclusion of a number of point
dummies into the model. Interestingly, some of them capture the episodes of
high volatility in stock markets. On this validated reduced form, we perform
cointegration analysis to pin down long-run equilibria. Finally, we proceed to



specify a structural model of interdependence and evaluate contagion. The
validity of the structural model is tested by verifying the validity of the over-
identifying restrictions imposed by our structure on the baseline reduced form.
Our specification strategy allows us to provide separate answers to the
following questions:

• Is there long-term interdependence between US and Europe, i.e. does the
equilibrium for European shares depend on the equilibrium for US shares?

• Is there short-term interdependence and contagion between US and
European stock markets, i.e. do short-term fluctuations of the US share
prices spill over to European share prices and is such co-movement stable
in the event of high volatility episodes?

Our structural model shows that fluctuations in the European market have no
impact on the US market, while the effect of fluctuations in the US stock
market on the European stock market is captured by a non-linear
specification. Fluctuations in the US stock market have virtually no effect on
the European market when they are below the threshold of 8%. On a monthly
basis, such an effect becomes one-to-one for downward fluctuations higher
than the threshold, while the impact of upward fluctuations is more moderate.
Such non-linearity is clearly consistent with the relevance of contagion, in that
it amounts to a modification of short run interdependence in periods of turmoil.

We also show that the impact on the European stock market of a correction of
25% in the US stock market can be very different. A gradual correction in the
US stock market has virtually no impact on the European market, while a
sudden correction has a one-to-one short-run effect with a rather persistent,
but limited, memory.



4 Lqwurgxfwlrq

Rq wkh 8wk Ghfhpehu 4<<9/ zkhq wkh Grz Mrqhv lqgh{ zdv  rdwlqj durxqg

:333/ zlwk wkh |lhog rq 430|hdu XV erqgv dw 81; shu fhqw/ wkh Ihg Fkdlupdq/

Dodq Juhhqvsdq/ zduqhg wkh pdunhw djdlqvw �luudwlrqdo h{xehudqfh�1 Vlqfh

wkhq wkh GM kdv jrqh sdvw wkh ohyho ri 44333/ wr wudfn edfn wrzdugv 43833 dw

wkh ehjlqqlqj ri |hdu 5333/ zkloh wkh |lhog rq orqj erqgv kdv jrqh edfn wr

wkh Ghfhpehu 4<<9 ohyho/ diwhu kdylqj uhdfkhg d plqlpxp dw 61; lq Vhswhp0

ehu 4<<;1 Lq wkh phdq wlph/ zkloh wkh Ihg Fkdlupdq kdv ehwwhu txdol�hg klv

ylhzv rq luudwlrqdo h{xehudqfh Evhh kwwsG qq����KJ}�soK�se_��r�/ wkh txhv0

wlrq ri wkh srwhqwldo frqvhtxhqfhv ri d fruuhfwlrq ri wkh XV vwrfn pdunhw

ri/ vd| 58(/ kdv ehhq wdnhq xs e| d qxpehu ri dfdghplfv +vhh Ehuqdqnh

dqg Jhuwohu/ 4<<<,1 Lq wklv sdshu zh frqfhqwudwh rq wkh srwhqwldo vsloo0ryhu

h�hfw ri vxfk d fruuhfwlrq rq wkh Hxurshdq vwrfn pdunhwv1 Wklv lvvxh kdv

lpsruwdqw frqvhtxhqfhv iru prqhwdu| srolf| dqg sruwirolr doorfdwlrq1

Ehuqdqnh dqg Jhuwohu+4<<<,/ xvlqj d wudglwlrqdo �eurdg fuhglw fkdqqho�

dujxphqw/ srlqw rxw wkdw wkh h{whqw wr zklfk dq dvvhw sulfh frqwudfwlrq zhdn0

hqv sulydwh vhfwru edodqfh vkhhwv/ dqg wkhuhiruh d�hfwv frqvxpswlrq dqg lq0

yhvwphqw/ ghshqgv rq wkh ghjuhh dqg vhfwrudo glvwulexwlrq ri ulvn h{srvxuh1

Diwhu pdq| |hduv ri h{sdqvlrq dqg vwurqj sur�wv lq wkh frusrudwh dqg edqn0

lqj vhfwruv/ XV edodqfh vkhhwv duh lq h{fhoohqw frqglwlrqv dqg d fruuhfwlrq

lq wkh vwrfn pdunhwv/ sdluhg zlwk dq dssursuldwh uhvsrqvhv e| wkh IHG/ lv

olnho| wr kdyh rqo| wudqvlwru| frqwudfwlrqdu| h�hfwv1 Lq frqwudvw/ d vlplodu

58 shu fhqw fruuhfwlrq lq Hxursh/ zkhuh hfrqrplhv duh vwuxjjolqj rxw ri d

shulrg ri shuvlvwhqwo| vorz jurzwk dqg kljk xqhpsor|phqw/ lv olnho| wr kdyh

pxfk pruh shuvlvwhqw h�hfwv rq wkh pdfurhfrqrplf frqglwlrqv/ hyhq li wkh

HFE zhuh wr uhvsrqg wr vxfk d vkrfn e| hdvlqj oltxlglw|1

Wkh uhohydqw txhvwlrq iru sruwirolr doorfdwlrq lv uhodwhg exw gl�huhqw1 Krz
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zrxog d fruuhfwlrq lq wkh XV vwrfn pdunhwv d�hfw frqglwlrqdo fruuhodwlrqv

dprqj dvvhw sulfhvB D �uvw srvvleoh vfhqdulr lv wkdw wkh uhvsrqvh ri Hx0

urshdq pdunhwv wr wkh XV fruuhfwlrq lv lq olqh zlwk wkh klvwrulfdo sdwwhuq

ri lqwhughshqghqfh ehwzhhq wkh wzr pdunhwv1 Lq wklv fdvh wkh frqglwlrqdo

fruuhodwlrqv dprqj wkh dvvhw sulfhv zrxog eh vxevwdqwldoo| xqdowhuhg1 Zh

zrxog vwloo revhuyh wkh pdfurhfrqrplf h�hfwv ghvfulehg deryh exw sruwir0

olr doorfdwlrq dqg ulvn hydoxdwlrqv edvhg rq vrph hvwlpdwhv ri frqglwlrqdo

yduldqfh0fryduldqfh pdwul{ ri wkh uhohydqw uhwxuqv edvhg rq klvwrulfdo gdwd

zrxog vwloo eh ydolg1 Lq wklv fdvh qr xqsuhglfwdeoh h�hfw ri wkh XV fruuhfwlrq

rq �qdqfldo vhfwruv* edodqfh vkhhwv zrxog dulvh1 Krzhyhu/ dq dowhuqdwlyh vfh0

qdulr lv srvvleoh/ lq zklfk wkh fruuhfwlrq lq wkh XV vwrfn pdunhw jhqhudwhv d

vwuxfwxudo euhdn lq wkh sdwwhuq ri lqwhughshqghqfh ri dvvhw sulfhv1 Vxfk dq

hyhqw zrxog khdylo| d�hfw sruwirolr doorfdwlrq dqg ulvn hydoxdwlrqv edvhg rq

klvwrulfdo hvwlpdwhv ri wkh yduldqfh0fryduldqfh pdwul{ ri wkh uhohydqw uhwxuqv/

dqg uhqghu wkh lpsdfw ri d fruuhfwlrq rq edodqfh vkhhwv pruh gudpdwlf dqg

xqsuhglfwdeoh1

Wkh hpslulfdo olwhudwxuh rq wkh wudqvplvvlrq ri �qdqfldo vkrfnv +Uljrerq/

4<<<, kdv uhfhqwo| lqwurgxfhg dq lpsruwdqw glvwlqfwlrq ehwzhhq wkh wzr frq0

fhswv ri frqwdjlrq dqg lqwhughshqghqfh1 Lqwhughshqghqfh lv phdvxuhg e|

lghqwli|lqj furvv0pdunhw olqndjhv/ zkloh frqwdjlrq lv phdvxuhg e| prgl�fd0

wlrqv ri vxfk olqndjhv gxulqj fulvlv shulrgv1 D vwurqj fr0pryhphqw ri Hxur0

shdq dqg XV vwrfn pdunhwv lq suhvhqfh ri d fruuhfwlrq ri wkh XV vwrfn pdunhw

lv frpsdwleoh erwk zlwk lqwhughshqghqfh dqg frqwdjlrq1 Krzhyhu/ zh zrxog

kdyh lqwhughshqghqfh zkhq vxfk frpryhphqw lv lq olqh zlwk wkh klvwrulfdoo|

phdvxuhg vlpxowdqhrxv ihhgedfn ehwzhhq wkh wzr pdunhwv/ zkloh frqwdjlrq

lv lghqwl�hg e| h{fhvv fr0pryhphqwv1

Frqwdjlrq dprqj vwrfn pdunhwv kdv ehhq wudglwlrqdoo| phdvxuhg e| xvlqj
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fruuhodwlrqv dqg e| gh�qlqj lw dv d vljql�fdqw lqfuhdvh lq fruuhodwlrqv dfurvv

pdunhwv1 Wklv wudglwlrqdo dssurdfk kdv ehhq uhfhqwo| fulwlfl}hg e| Uljrerq

dqg Iruehv +4<<;,1 Fkdqjlqj fruuhodwlrqv fdqqrw eh gluhfwo| uhodwhg wr frqwd0

jlrq lq suhvhqfh ri lqwhughshqghqfh1 Lq d vwuxfwxudo prgho ihdwxulqj frqvwdqw

lqwhughshqghqfh dfurvv frxqwulhv/ furvv pdunhw fruuhodwlrqv duh erxqg wr lq0

fuhdvh lq d shulrg ri wxuprlo/ zkhq vwrfn pdunhw yrodwlolw| lqfuhdvhv1 Uljrerq

dqg Iruehv frqvlghu wkh 4<<: Hdvw Dvldq fulvlv/ wkh 4<<7 Ph{lfdq Shvr fulvlv

dqg wkh 4<;: XV vwrfn pdunhw fudvk wr vkrz wkdw xqdgmxvwhg fruuhodwlrq fr0

h!flhqwv vxssruw wkh frqwdjlrq k|srwkhvlv/ zkloh whvwv edvhg rq frh!flhqwv

dgmxvwhg iru lqwhughshqghqfh �qg yluwxdoo| qr0frqwdjlrq1 Ixuwkhu hylghqfh lv

sursrvhg e| Uljrerq +5333, wkurxjk wkh lpsohphqwdwlrq ri dq LY surfhgxuh

iru d gluhfw whvw ri wkh qxoo ri qr frqwdjlrq rqo| lqwhughshqghfh1 Wklv vwudqg

ri uhvhdufk fuxfldoo| klqjhv rq vwuxfwxudo prghoolqj ri lqwhughshqghqfh/ zlwk

wkh dgrswlrq ri d olplwhg lqirupdwlrq dssurdfk1

Zh edvh rxu dqdo|vlv ri lqwhughshqghqfh dqg frqwdjlrq rq ixoo lqirupdwlrq

hvwlpdwlrq ri d vwuxfwxudo prgho1 Iroorzlqj wkh OVH hfrqrphwulf dssurdfk

+vhh Khqgu|/ 4<<8,/ zh frqvwuxfw rxu vwuxfwxudo prgho vwduwlqj iurp d jhqhudo

uhgxfhg irup1

Rxu uhgxfhg irup lv d Yhfwru Huuru Fruuhfwlrq prgho/ edvhg rq wkh wkhru|

hvsrxvhg e| Judkdp dqg Grgg +4<84, dqg douhdg| h{sorlwhg e| Odqghu hw do1

+4<<:, iru wkh XV fdvh/ zklfk dvvxphv wkdw vwrfn uhwxuqv whqg wr uhvwruh dq

htxloleulxp uhodwlrqvkls ehwzhhq iruhfdvw hduqlqjv |lhog rq frpprq vwrfnv

dqg |lhog rq erqgv1 Zh vshfli| rxu jhqhudo uhgxfhg irup prgho rq vl{

yduldeohv= XV dqg Hxurshdq vkduh sulfhv/ hduqlqjv/ dqg uhghpswlrq |lhogv rq

430|hdu ehqfkpdun erqgv1 Zh frqvlghu d vdpsoh ri prqwko| gdwd 4<;304<<<

dqg xvh gldjqrvwlf whvwv/ lq sduwlfxodu whvwv iru uhvlgxdov qrupdolw|/ wr ydolgdwh

rxu uhgxfhg irup1 Vxfk vwudwhj| ohdgv xv wr wkh lqfoxvlrq ri d qxpehu ri srlqw
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gxpplhv lqwr wkh prgho1 Lqwhuhvwlqjo|/ vrph ri wkhp fdswxuh wkh hslvrghv ri

kljk yrodwlolw| lq vwrfn pdunhwv1 Rq wklv ydolgdwhg uhgxfhg irup/ zh shuirup

frlqwhjudwlrq dqdo|vlv wr slq grzq orqj0uxq htxloleuld1 Ilqdoo|/ zh surfhhg

wr vshfli| d vwuxfwxudo prgho ri lqwhughshqghqfh dqg hydoxdwh frqwdjlrq1

Wkh ydolglw| ri wkh vwuxfwxudo prgho lv whvwhg e| yhuli|lqj wkh ydolglw| ri wkh

ryhu0lghqwli|lqj uhvwulfwlrqv lpsrvhg e| rxu vwuxfwxuh rq wkh edvholqh uhgxfhg

irup1 Rxu vshfl�fdwlrq vwudwhj| doorzv xv wr surylgh vhsdudwh dqvzhuv wr wkh

iroorzlqj txhvwlrqv=

� Lv wkhuh orqj0whup lqwhughshqghqfh ehwzhhq XV dqg Hxursh/ l1h1 grhv

wkh htxloleulxp iru Hxurshdq vkduhv ghshqg rq wkh htxloleulxp iru XV

vkduhvB

� Lv wkhuh vkruw0whup lqwhughshqghqfh dqg frqwdjlrq ehwzhhq XV dqg

Hxurshdq vwrfn pdunhwv/ l1h1 gr vkruw whup  xfwxdwlrqv ri wkh XV

vkduh sulfhv vsloo ryhu wr Hxurshdq vkduh sulfhv dqg lv vxfk fr0pryhphqw

vwdeoh lq rffdvlrq ri wkh rffxuuhqfh ri kljk yrodwlolw| hslvrghvB

5 Lqwhughshqghqfh dqg frqwdjlrq ehwzhhq XV

dqg Hxurshdq vwrfn pdunhwv= d jhqhudo0wr0

vshfl�f dssurdfk

Zh wdnh wkh frqvhqvxv gh�qlwlrq ri frqwdjlrq dv d fkdqjh lq wkh lqwhuqd0

wlrqdo sursdjdwlrq ri vkrfnv fdxvhg e| vrph frxqwu| vshfl�f idfwru1 Lq wkh

uhfhqw hpslulfdo olwhudwxuh rq wkh lqwhuqdwlrqdo sursdjdwlrq ri vkrfnv vxfk

idfwru lv xvxdoo| lqwhusuhwhg dv d fulvlv/ lghqwlihg e| d orfdo vkrfn ri gl�huhqw

pdjqlwxgh +xvxdoo| sdluhg zlwk d fkdqjh lq wkh yrodwlolw| ri vkrfnv,1 Lq rxu

vshfl�f fdvh zh vkdoo frqvlghu d vlwxdwlrq lq zklfk wkh vwrfn pdunhw ri rqh

8



frxqwu|/ wkh XV/ kdv zdqghuhg dzd| iurp lwv orqj0uxq htxloleulxp ydoxhv dqg

zh vkdoo orrn dw wkh lqwhuqdwlrqdo h�hfwv ri d fruuhfwlrq1

Rxu edvholqh vshfl�fdwlrq lv d uhgxfhg irup YDU vshfl�fdwlrq iru wkh

orjdulwkpv ri XV dqg Hxurshdq Vkduh sulfhv/ u�.Lc|c u�L7c| dqg wkh yhfwruv

ri yduldeohv fdqglgdwh wr ghwhuplqh wkhlu htxloleulxp= j.Lc|c jL7c|1 Iru wkh

vdnh ri h{srvlwlrq/ zh frqvlghu d �uvw rughu surfhvv/ dowkrxjk rxu hpslulfdo

prgho ihdwxuhv kljkhu rughu g|qdplfv1
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Qrwh wkdw uhvlgxdov irup rxu edvholqh YDU vshfl�fdwlrq duh khwhurvfhgdv0

wlf1 Wklv uh hfwv wkh suhvhqfh lq rxu gdwd ri revhuydwlrqv zklfk fruuhvsrqg

wr shulrgv ri wxuprlo1 E| xvlqj whvwv ri qrupdolw| dqg khwhurvfhgdvwlflw| ri
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zkhuh wkh yhfwruv ri gxpplhv _�c| duh lghqwl�hg lq rughu wr �owhu qrq0

qrupdolw| rxw ri wkh ruljlqdo uhvlgxdov1 Wkh frh!flhqwv lq wkh pdwul{ [

doorz wkh uhprydo ri rxwolhuv1

Rq wkh edvlv ri wklv vshfl�fdwlrq zh surfhhg wr frlqwhjudwlrq dqdo|vlv dqg

uhsdudphwhulvh rxu v|vwhp dv iroorzv=

3
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3
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4
FFD

zkhuh wkh pdwul{ � ghvfulehv wkh orqj0uxq surshuwlhv ri rxu v|vwhp1 Zh

hpslulfdoo| �qg wzr htxloleulxp uhodwlrqvklsv= lq wklv fdvh wkh udqn ri � lv

wzr dqg zh kdyh � ' ���� E| dqdo|}lqj wkh dgmxvwphqw sdudphwhuv �czh duh

deoh wr dwwulexwh wkh htxloleuld wr vkduh sulfhv1 E| dqdo|vlqj wkh � sdudphwhuv

zh duh deoh wr dgguhvv wkh lvvxh ri orqj0uxq lqwhughshqghqfh1 Lq idfw zh fdq

whvw li iruhljq yduldeohv duh lpsruwdqw lq ghwhuplqlqj grphvwlf vkduh sulfhv

lq wkh orqj0uxq1 Lq sudfwlfh wkh iroorzlqj uhvwulfwlrqv rq wkh � dqg � yhfwruv

duh qrw uhmhfwhg iru rxu vdpsoh=

:
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Kdylqj frpsohwhg rxu dqdo|vlv ri wkh orqj0uxq surshuwlhv ri rxu v|vwhp

zh duh ohiw zlwk wkh iroorzlqj YHFP vshfl�fdwlrq iru XV dqg Hxurshdq vkduh

sulfhv1
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��c|
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�

Qrwh wkdw wkh yduldeohv frqwdlqhg lq wkhj yhfwruv duh qrz/ ydolgo|/ frqvlghuhg

dv h{rjhqrxv> pruhryhu wkh yhfwru ri uhohydqw gxpplhv frqwdlqv rqo| wkrvh

iru wkh XV vkduh sulfhv E_�c| ' f�1 Lq idfw/ wklv wxuqv rxw wr eh wkh rqo|

hpslulfdoo| uhohydqw fdvh iru rxu lqyhvwljdwlrq1 Wkh phwkrgrorj| fdq eh

h{whqghg wr pruh jhqhudo vshfl�fdwlrqv iru wkh yhfwru ri gxpplhv +vhh/ iru

h{dpsoh/ Idyhur dqg Jldyd}}l +5333,,1

Wkh vlpxowdqhrxv suhvhqfh ri gxpplhv lq erwk htxdwlrqv lv qrw lqirupd0

wlyh rq wkh uhodwlyh lpsruwdqfh ri frqwdjlrq dqg lqwhughshqghqfh1 Wklv lvvxh

fdqqrw eh uhvroyhg e| hvwlpdwlqj d uhgxfhg irup dqg uhtxluhv wkh vshfl�fd0

wlrq ri d vwuxfwxudo prgho1 Wkh iroorzlqj vwuxfwxudo prgho doorzv iru erwk

frqwdjlrq dqg lqwhughshqghqfh=

;
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LqEe� c zh dvvxphg wuldqjxodulw| lq wkh vlpxowdqhrxv uhodwlrqvkls ehwzhhq

XV dqg Hxurshdq vwrfn sulfhv1 Qrwh wkdw vxfk dvvxpswlrq ehfrphv whvwdeoh

zkhq d vx!flhqw qxpehu ri uhvwulfwlrq fdq eh lpsrvhg rq K2� Wkh suhvhqfh

ri frqwdjlrq lv ghvfulehg e| @�2 9' fc ehfdxvh wklv lqglfdwhv wkdw prghoolqj

lqwhughshqghqfh e| h{solflwo| doorzlqj q�2 9' f lv qrw hqrxjk wr ghvfuleh wkh

zd| vkrfnv duh wudqvplwwhg dfurvv frxqwulhv lq shulrgv ri wxuprlo1

Wkh qxoo k|srwkhvlv ri qr frqwdjlrq fdq wkhq eh whvwhg dv dq ryhu0

lghqwli|lqj uhvwulfwlrq iru rxu vshfl�fdwlrq1 Wkh k|srwkhvlv ri lqwhughshq0

ghqfh rqo| dqg qr frqwdjlrq lv wkhq sdudphwul}hg dv Kf G @�2 ' f/ zklfk

lpsolhv wkh iroorzlqj ryhulghqwli|lqj uhvwulfwlrq=

��2 ' q�2@22

Xqghu Kf wxuprlo lq frxqwu| 5 sursdjdwhv wr frxqwu| 4 rqo| wkurxjk

lqwhughshqghqfh/ dv ghvfulehg e| q�21

Zlwklq wklv vlpsoh iudphzrun lw lv hdv| wr pdnh wzr uhodwhg srlqwv1 Iluvw/

vlpsoh fruuhodwlrqv duh wkh zurqj lqglfdwru wr ghwhfw frqwdjlrq1 Dv vkrzq

e| Uljrerq +4<<<, dqg e| Iruehv dqg Uljrerq +4<<;,/ d fkdqjh lq wkh +frq0

glwlrqdo dqg xqfrqglwlrqdo, fruuhodwlrq ehwzhhq {u�.Lc| dqg {u�L7c| grhv

<



rffxu gxulqj d fulvlv/ txlwh lqghshqghqwo| ri cfrqwdjlrq*1 Frqvlghu/ iru h{0

dpsoh/ frqglwlrqdo fruuhodwlrqv dqg gh�qh=

4 '
�J� E{u�.Lc|c{u�L7c| m U|3��

2

s
T @o E{u�.Lc| m U|3��T @o E{u�L7c| m U|3��

wkh fruuhodwlrq ehwzhhq vwrfn pdunhwv1 Vhsdudwh qrz wkh vdpsoh lq �orz�

dqg �kljk� yrodwlolw| shulrgv/ dffruglqj wr wkh suhvhqfh ri gxpplhv1 Lq wkh

orz yrodwlolw| shulrgv zh kdyh
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zkloh lq wkh kljk yrodwlolw| shulrg=
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Qh{w frpsxwh 4,c dqg 4�c wkh frqglwlrqdo fruuhodwlrqv/ uhvshfwlyho|/ lq wkh

kljk dqg orz yrodwlolw| shulrgv1 Lw fdq eh vkrzq wkdw hyhq xqghu wkh qxoo ri

qr frqwdjlrq zh kdyh 4� : 4,� Lq wklv fdvhE@�2 ' f� zh kdyh
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dqg 4� : 4,�

Vhfrqg/ zh fdq frpsduh rxu vwuxfwxudo iudphzrun zlwk wkh lqvwuxphqwdo

yduldeohv phwkrg sursrvhg e| Uljrerq +5333, wr hvwlpdwh q�2 dqg frqwuro

iru lqwhughshqghqfh lq rughu wr ghwhfw frqwdjlrq1 Wkh phwkrgrorj| klqjhv

rq vsolwwlqj wkh vdpsoh lqwr kljk dqg orz yrodwlolw| shulrgv1 Dq lqvwuxphqw lv

wkhq frqvwuxfwhg zkrvh ydolglw| lv zduudqwhg xqghu wkh qxoo ri qr frqwdjlrq/

wkhq whvwv ri ydolglw| ri lqvwuxphqwv duh xvhg dv d whvw ri frqwdjlrq1 Wr

looxvwudwh wklv surfhgxuh lq rxu frqwh{w/ frqvlghu vsolwwlqj wkh revhuydwlrqv

rq wkh ghshqghqw yduldeohv lqwr kljk dqg orz yrodwlolw| shulrgv dv iroorzv=
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Uljrerq frqvlghuv wkh sureohp ri hvwlpdwlqj q�2 xvlqj� dv dq lqvwuxphqw

iru {w�L7c vxfk wkdw
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zkhuh A �/ iru � ' �c ,/ lv wkh ohqjwk ri wkh kljk ru orz yrodwlolw| shulrg1

Xvlqj� dv dq lqvwuxphqw iru{w�L7 ohdgv wr wkh iroorzlqj mxvw0lghqwl�hg

LY hvwlpdwru ri wkh lqwhughshqghqfh sdudphwhu=

	

q�2 ' E��{w�L7�
3�

�
�{w�.L

Wkh wzr xvxdo frqglwlrqv iru ydolglw| dqg frqvlvwhqf| ri wkh LY hvwlpdwru

duh fkhfnhg e| orrnlqj dw wkh suredelolw| olplwv ri E��{w�L7� dqg E���W�� c

zkhuh �W� ' �� n @�2_2|�2

R *�4 E��{w�L7� ' R *�4
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{w�
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L7 � R *�4
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' E@22_2|�
2 j2"2

R *�4 E���W�� ' E@�2_2|�
2 j2"2

Wkh ydolglw| ri wkh lqvwuxphqwv lv jxdudqwhhg xqghu Kf E@�2 ' f� c zkloh

wkhlu h!flhqf| ghshqgv rq wkh ghjuhh ri khwhurvfhgdvwlflw| ehwzhhq wkh orz

dqg kljk yrodwlolw| shulrgv +vhh Uljrerq +5333,,1 Wkh ehdxw| ri wklv ds0

surdfk ghshqgv rq wkh idfw wkdw lw grhv qrw uhtxluh yduldeohv rwkhu wkdq

{w�L7 wr lpsohphqw wkh LY hvwlpdwru1 Zlwklq wklv iudphzrun/ frqwdjlrq

fdq eh whvwhg dsso|lqj d Kdxvpdq+4<:;,0w|sh whvw iru wkh ydolglw| ri wkh

lqvwuxphqwv1 Zh frqfoxgh wkdw/ iru wkh fdvh ri wkh vshfl�f sureohp frqvlg0

huhg/ rxu sursrvhg surfhgxuh lv htxlydohqw wr wkh LY dssurdfk/ iru odujh kljk

yrodwlolw| vdpsoh1 Wkh surfhgxuh edvhg rq wkh hvwlpdwlrq ri wkh vwuxfwxudo

prgho zlwk gxpplhv lv ehwwhu jhduhg wr ghdo zlwk fdvhv ri vkruw/ dqg srvvl0

eo| qrq0frqwljxrxv kljk yrodwlolw| hslvrghv/ lq wkdw wkh uhohydqw vdpsoh vl}h

wr dsso| dv|pswrwlf wkhru| lv wkdw ri wkh zkroh vdpsoh dqg qrw wkdw ri wkh

kljk yrodwlolw| vxe0vdpsoh+v,1 Lq wkh qh{w vhfwlrqv zh vkdoo lpsohphqw rxu

surfhgxuh dqg frpsduh rxu uhvxowv zlwk wkrvh gholyhuhg e| wkh LY dssurdfk1
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6 D vwdwlvwlfdo prgho iru Hxurshdq dqg XV

vkduh sulfhv/ hduqlqjv dqg orqj0whup lqwhu0

hvw udwhv

Wkh edvholqh vshfl�fdwlrq ri rxu hpslulfdo dqdo|vlv lv d uhgxfhg irup YDU

1 Zh vhohfw yduldeohv wr eh lqfoxghg lq vxfk prgho iroorzlqj wkh ohdg ri

wudglwlrqdo dqdo|vlv +Judkdp dqg Grgg Vhfxulw| Dqdo|vlv/ 7wk hglwlrq/ 4<95/

s1843,=

�111Wkhruhwlfdo dqdo|vlv vxjjhvwv wkdw erwk wkh glylghqg |lhog

dqg wkh hduqlqjv |lhog rq frpprq vwrfnv vkrxog eh vwurqjo| di0

ihfwhg e| fkdqjhv lq wkh orqj0whup lqwhuhvw udwhv1 Lw lv dvvxphg

wkdw pdq| lqyhvwruv duh frqvwdqwo| pdnlqj d fkrlfh ehwzhhq vwrfn

dqg erqg sxufkdvhv> dv wkh |lhog rq erqgv dgydqfhv/ wkh| zrxog

eh h{shfwhg wr ghpdqg d fruuhvsrqglqjo| kljkhu uhwxuq rq vwrfnv/

dqg frqyhuvho| dv erqg |lhogv ghfolqh111�

Wkh deryh vwdwhphqw vxjjhvwv wkdw hlwkhu wkh glylghqg |lhog ru wkh hduq0

lqjv |lhog rq frpprq vwrfnv frxog eh xvhg1 Wrjhwkhu zlwk orqj0whup lqwhuhvw

udwhv wr gh�qh dq htxloleulxp uhodwlrqvkls ehwzhhq wkh vwrfn dqg wkh erqg

pdunhw1 Wklv jhqhudo vwdwhphqw fdq eh mxvwl�hg zlwklq wkh iudphzrun ri d

iruzdug0orrnlqj htxloleulxp prghov iru vkduh0sulfhv1

Gh�qh uhwxuqv rq wkh vwrfn pdunhwv dv iroorzv=
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c +9,

zkhuh or6 duh vwrfn pdunhw uhwxuqv/ ( duh glylghqgv dqg � duh vkduh sulfh1

E| h{suhvvlqj ES� lq whupv ri sulfhv/ zh kdyh=
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e| uhfxuvlyho| vxevwlwxwlqj iru ixwxuh h{shfwhg sulfh dqg e| lpsrvlqj wkh

�qr0exeeohv� wudqvyhuvdolw| frqglwlrq rq E.�zh kdyh=
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E| gh�qlqj dv }| wkh udwh ri jurzwk ri glylghqgv zh fdq uh0zulwh EH�dv

iroorzv=
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Gh�qh qrz wkh ulvn0suhplxp oR=

or6| ' o| n oR|

zkhuh o lv wkh uhwxuq rq wkh ulvn0iuhh dvvhw1EH� fdq wkhq eh uh0zulwwhq dv =

�|

(|n�

' s E.|o|n�c���c .|o|n?c oR|c .|oR|n�c ���c .|oR|n?c }|c .|}|n�c���c .|}|n?�

+43,

zkhuh Ys

Yo
	 fc Ys

YoR
	 fYs

Y}
: f� Li wkh orqj0whup lqwhuhvw udwh lv srvlwlyho|

fruuhodwhg zlwk ixwxuh rqh0shulrg uhwxuqv +zklfk lq wxuq duh htxdo wr wkh vdih
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rqh0shulrg uhwxuq soxv d ulvn suhplxp, dqg qhjdwlyho| fruuhodwhg zlwk ixwxuh

hduqlqjv jurzwk/ wkhq E�f� fdq eh olqhdul}hg wr gholyhu=

�
(|n�

�|

�
W

' @f n @�-|c

zklfk mxvwl�hv wkh h{lvwhqfh ri dq htxloleulxp uhodwlrq ehwzhhq wkh glylghqg

|lhogv dqg orqj0whup lqwhuhvw udwhv1 Qrwh wkdw vxfk uhodwlrq lpsolhv frlqwh0

judwlrq ehwzhhq wkh orqj0whup lqwhuhvw udwhv dqg wkh glylghqg |lhogv/ li wkhvh

vhulhv duh qrq0vwdwlrqdu|/ exw lv qrw |hw hqrxjk wr hvwdeolvk vwrfn pdunhw

suhglfwdelolw|1 Lq idfw wkh odwwhu lv dfklhyhg rqo| zkhq vwrfn sulfhv udwkhu

wkhq glylghqgv ru orqj0whup lqwhuhvw udwhv dgmxvw lq suhvhqfh ri glvhtxloleuld1

Kdylqj ghulyhg dq htxloleulxp iru wkh glylghqg |lhog/ zh fdq hdvlo| h{whqg

lw wr sulfh0hduqlqjv=
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Frqvlghulqj wkdw wkh glylghqg0sd|rxw udwlr vkrxog eh d vwdwlrqdu| ydul0

deoh wkh vdph frlqwhjudwlqj uhodwlrqvkls xs wr d vfdoh idfwru vkrxog krog

ehwzhhq orqj0whup lqwhuhvw udwhv dqg glylghqg |lhogv dqg orqj0whup lqwhuhvw

udwhv dqg hduqlqj0|lhogv1 Krzhyhu/ wkh h{lvwhqfh ri wkh vdph frlqwhjudwlqj

uhodwlrqvkls grhv qrw suhyhqw wkh sd|rxw udwlr iurp ehlqj dq lpsruwdqw idf0

wru lq ghwhuplqlqj wkh vkruw uxq g|qdplfv ri vwrfn pdunhw sulfhv1 Lq idfw/

Odprqw +4<<;, dujxhv wkdw wkh sd|0rxw udwlr khosv wr suhglfw vwrfn sulfh

 xfwxdwlrqv1

Vrph judsklfdo hylghqfh rq wkh ydolglw| ri wkh Judkdp0Grgg sursrvlwlrq

iru d vdpsoh ri prqwko| gdwd ryhu wkh shulrg 4<;304<<< lv uhsruwhg lq Iljxuhv

4051
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Lqvhuw Iljxuh 405 khuh

Wkh wlph0vhulhv ehkdylrxu ri wkh uhsruwhg yduldeohv vxjjhvwv wkdw wkh|

vkduh d frpprq vwrfkdvwlf wuhqg erwk iru wkh XV dqg wkh Hxurshdq fdvh1

Uhfhqw vwxglhv +Odqghu hw do1+4<<:,, kdyh fkrvhq wr frqvwuxfw dq htxloleulxp

e| frqfhqwudwlqj rq orqj0whup lqwhuhvw udwhv dqg wkh hduqlqj0sulfh udwlr1 Dv

d pdwwhu ri idfw/ wkh orqj0whup lqwhuhvw udwh ihdwxuhv/ ryhu rxu vdpsoh/ d

pxfk vwurqjhu fr0pryhphqw zlwk sulfh0hduqlqj udwlrv wkdq zlwk wkh vkruw0

whup lqwhuhvw udwh1 Vxfk hylghqfh fdq eh udwlrqdol}hg e| frqvlghulqj wkdw wkh

orqj0whup lqwhuhvw udwhv frqwdlqv dq hohphqw ri ulvn suhplxp zklfk lv devhqw

lq wkh vkruw0whup lqwhuhvw udwh1 Vwxglhv frqfhqwudwlqj rq wkh uhodwlrqvkls

ehwzhhq wkh vkruw0whup lqwhuhvw udwhv dqg glylghqg ru hduqlqj |lhogv kdyh

irxqg hpslulfdo hylghqfhri d vl}hdeoh dqg vwurqjo| shuvlvwhqw ulvn suhplxp

+vhh Eodqfkdug +4<;6, dqg Zdgkzdql +4<<;,,/ zklfk lqgxfhv d udwkhu zhdn

orqj0uxq uhodwlrqvklsv dprqj wkhvh yduldeohv1 Rxu fkrlfh �qgv vrph hpslulfdo

vxssruw iru wkh fruuhodwlrq ehwzhhq wkh vsuhdg ri orqj0whup lqwhuhvw udwhv rq

vkruw whup lqwhuhvw udwhv dqg hpslulfdo phvxuhv ri ulvn suhplxp edvhg rq wkh

glylghqg prghov1 Zdgzkdql ghulyhv d phdvxuh ri ulvn suhplxp e| vroylqj

Eb� dw wkh vwhdg| vwdwh=

o|n� '
3

oc }|n� '
3

}

dqg=

�
�
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�rr
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�
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o �
3

}
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�

oo n oR�
3

}
c +44,

iurp wklvk/ lw iroorzv
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}c +45,

zkhuh oo lv wkh uhdo vkruw0whup lqwhuhvw udwh dqg oR lv wk ulvn suhplxp uhtxluhg

wr krog vkduhv1 Irupxod E�2� lv xvhg wr dvvhvv wkh ohyho ri ulvn0suhplxp

lpsolhg lq wkh revhuyhg glylghqg |lhogv e| dvvxplqj d vwhdg|0vwdwh jurzwk

iru hduqlqjv +vd| wkh uhdo srwhqwldo udwh ri jurzwk ri wkh hfrqrp|/ 518 shu

fhqw lq wkh fdvh ri wkh XV,/ dqg soxjjlqj lq wkh uhdo h{0srvw vkruw whup

lqwhuhvw udwh dqg wkh revhuyhg glylghqg0|lhogv1 Lq Iljxuhv 607 zh uhsruw wkh

wlph0vhulhv ehkdylrxu ri oR dqg wkh whup vsuhdg ehwzhhq wkh |lhog rq whq0

|hdu jryhuqphqw erqgv dqg wkh wkuhh0prqwk lqwhuhvw udwh iru wkh XV dqg

Hxurshdq fdvhv1

Lqvhuw Iljxuhv 6 dqg 7 khuh

Zh wkhuhiruh frqfhqwudwh rq orqj0whup lqwhuhvw udwhv dqg fkrrvh wr orrn

dw orqj0whup lqwhuhvw udwhv dqg wkh hduqlqj0sulfh udwlr/ iroorzlqj Odqghu hw

do1+4<<:,/ dv/ ryhu rxu vdpsoh/ wkh orqj whup lqwhuhvw udwhv duh vwdwlvwlfdoo|

pruh forvho| uhodwhg wr sulfh2hduqlqj udwlrv wkdq wr glylghqg2|lhogv1

Zh wdnh wkh iroorzlqj YDU vshfl�fdwlrq dv rxu edvholqh vwdwlvwlfdo prgho=

3
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c +46,

zkhuh u�L7 dqg u�.L duh wkh orjv ri wkh vkduh sulfh lqgh{hv iru wkh XV dqg

iru Hxursh/ u.L7 dqg u..L duh wkh orjv ri L2E2H2V dqdo|vwv iruhfdvwv ri

4:



hduqlqjv iru wkh XV dqg Hxursh/ -L7 dqg -Ceo duh wkh |lhogv wr pdwxulw| iru

XV dqg Jhupdq whq0|hdu ehqfkpdun erqgv1 Doo wkh gdwd duh dw prqwko| iuh0

txhqflhv +hqg ri shulrg revhuydwlrqv, dqg duh wdnhq iurp GDWDVWUHDP1

Wkh YDU lv hvwlpdwhg ryhu wkh vdpsoh 4<;3=80 4<<<=</ dv gdwd rq ehqfk0

pdun erqgv duh dydlodeoh rqo| iurp wkh ehjlqqlqj ri wkh hljkwlhv rqzdugv1

Wkh fkrlfh ri ohqjwk ri wkh glvwulexwhg odj kdv ehhq edvhg rq wkh wudgl0

wlrqdo olnholkrrg edvhg fulwhuld1 Lw lv lqwhuhvwlqj wr qrwh wkdw/ zkhq uhvlgxdov

duh dqdo|}hg e| xvlqj wkh gldjqrvwlf whvwv iru qrupdolw|/ khwhurvfhgdvwlflw|

dqg dxwrfruuhodwlrq sursrvhg e| wkh OVH phwkrgrorj| +vhh Khqgu| 4<<8,/

d vwurqj hylghqfh iru qrq0qrupdolw| hphujhv1 Zh uhsruw lq Wdeoh 4 whvwv ri

wkh qxoo k|srwkhvlv ri qrupdolw| ri uhvlgxdov dw wkh vlqjoh htxdwlrq ohyho dqg

dw wkh v|vwhp ohyho sursrvhg e| Grruqln dqg Kdqvhq +4<<7 ,=

Lqvhuw Wdeoh 4 khuh

Wkh qxoo ri qrupdolw| lv uhmhfwhg dw wkh rqh shu fhqw frq�ghqfh ohyho iru

doo wkh htxdwlrqv lq wkh v|vwhp h{fhsw wkrvh iru wkh XV |lhog rq ehqfkpdun

erqgv dqg wkh Hxurshdq vkduh sulfh lqgh{1 Dv d frqvhtxhqfh/ wkh qxoo ri

qrupdolw| ri wkh glvwulexwlrq ri wkh yhfwru ri YDU uhvlgxdov lv dovr vwurqjo|

uhmhfwhg1 Wkhvh gldjqrvwlf whvwv/ zklfk duh lq jhqhudo lpsruwdqw wr ghwhfw

plvvshfl�fdwlrq dqg wr hqvxuh ydolglw| ri lqihuhqfh/ wdnh dgglwlrqdo lpsru0

wdqfh lq rxu frqwh{w1 Lq idfw/ qrq0qrupdolw| lv srvvleo| ghwhuplqhg e| wkh

suhvhqfh ri rxwolhuv/ fdswxulqj wkh rffxuuhqfhv ri wkrvh shulrgv ri wxuprlov

fuxfldo iru wkh ghwhfwlrq ri frqwdjlrq1 Wr hqvxuh frqjuxhqf| ri rxu vwdwlvwlfdo

prgho dqg wr eh deoh wr h{sorlw wkh lqirupdwlrq frqwdlqhg lq wkh shulrg ri

wxuprlov/ zh surfhhg wr lqfoxgh d qxpehu ri srlqw gxpplhv lq rxu vshfl0

�fdwlrq1 Pruh suhflvho|/ zh xvh dq dxwrpdwlf fulwhuld dqg frqvwuxfw d vwhs

gxpp| +wdnlqj d ydoxh 4 iru wkh uhohydqw revhuydwlrq dqg }hur hyhu|zkhuh

4;



hovh, iru hdfk hvwlpdwhg uhvlgxdo pruh glvwdqw iurp }hur wkdq 518 wlphv wkh

vwdqgdug ghyldwlrq ri hvwlpdwhg uhvlgxdov1 Lq Wdeoh 5 zh uhsruw wkh vljqli0

lfdqfh ri wkh vhohfwhg gxpplhv lq hdfk htxdwlrq dqg wkhlu lpsdfw rq wkh

qrupdolw| ri uhvlgxdov1

Lqvhuw Wdeoh 5 khuh

Zh qrwh wkdw wkh lqwurgxfwlrq ri gxpplhv uhpryhv qrq0qrupdolw| iurp

doo wkh htxdwlrqv zlwk wkh rqo| h{fhswlrq ri wkdw iru XV hduqlqjv/ zklfk lq

wxuq fdxvhv qrq0qrupdolw| ri wkh zkroh v|vwhp 1 Dv vxfk qrq0qrupdolw| lv qrw

dwwulexwdeoh wr vshfl�f odujh rxwolhuv exw wr d frqvlvwhqw qxpehu ri rxwolhuv

ri prghudwh glphqvlrq dqg lw grhv qrw kdyh dq| h�hfw rq wkh qrupdolw|

ri uhvlgxdov iurp wkh htxdwlrq iru vkduh sulfhv/ zh gr qrw dgg dq| ixuwkhu

gxpplhv1 Zh kdyh lghqwl�hg �yh shulrgv ri XV vwrfn pdunhw wxuprlov= lq

4<;:=43 dqg 4<<;=43 zh kdyh grzqzdug fruuhfwlrqv uhvshfwlyho| ri wzhqw|0

wzr dqg wzhoyh shu fhqw/ zkloh lq 4<;:=34/ 4<<4=45/ dqg 4<<;=43 zh kdyh

xszdug pryhphqwv ri wzhoyh/ hljkw dqg vhyhq shu fhqw1 Lqwhuhvwlqjo|/ vxgghq

grzqzdug fruuhfwlrqv lq wkh XV pdunhw duh dozd|v sdluhg zlwk deqrupdo

pryhphqwv lq wkh vdph gluhfwlrq ri wkh Hxurshdq pdunhw/ zkloh/ lq wkh fdvh ri

xszdug pryhphqwv/ zh revhuyh d v|qfkurqrxv uhvsrqvh rqo| lq 4<<;=431 Qrwh

wkdw wklv hylghqfh/ frplqj iurp d uhgxfhg irup/ fdqqrw eh ghflvlyh rq wkh

lvvxh ri frqwdjlrq yhuvxv lqwhughshqghqfh1 Lq idfw/ hylghqfh ri frqwdjlrq fdq

eh surylghg rqo| zlwklq vwuxfwxudo prghov prghoolqj vlpxowdqhrxv ihhgedfn1

Zh wkhq frqwuro iru rxwolhuv dqg frqvlghu wkh iroorzlqj YDU dv wkh edvh0

olqh vwdwlvwlfdo prgho iru rxu lqyhvwljdwlrq=

4<
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c +47,

zkhuh#N� lv d yhfwru ri gxpplhv frqwdlqlqj GXP;435/ GXP;439/ GXP;836/

GXP;:34/ GXP;:43/ GXP;;39/ GXP;<43/ GXP<335/ GXP<445/ GXP<534/

GXP<:34/ GXP<;3;/ GXP<;431 Wkh jhqhulf gxpp| GXPpp|| wdnhv

ydoxh rqh lq prqwk pp ri |hdu || dqg }hur dq|zkhuh hovh1

7 Phdvxulqj orqj0uxq lqwhughshqghqfh ehwzhhq

XV dqg Hxurshdq vwrfn pdunhwv

Htxlsshg zlwk prgho E�e�/ zh dgguhvv wkh �uvw lvvxh ri rxu lqwhuhvw= orqj0uxq

lqwhughshqghqfh ehwzhhq XV dqg Hxurshdq vwrfn pdunhwv1

Iljxuh 4 dqg 5 vhhp wr vxssruw wkh hylghqfh wkdw wkhuh duh wzr htxloleulxp

uhodwlrqvklsv dprqj rxu yduldeohv/ rqh olqnlqj wkh XV orqj0whup lqwhuhvw udwhv

wr wkh XV sulfh2hduqlqj udwlr dqg wkh rwkhu rqh olqnlqj wkh Jhupdq orqj0

whup lqwhuhvw udwhv wr wkh Hxurshdq sulfh2hduqlqj udwlr1 Vxfk k|srwkhvlv

fdq eh sdudphwhul}hg lq rxu YDU xvlqj wkh Mrkdqvhq+4<<8, dssurdfk wr

frlqwhjudwlrq1 Uh0sdudphwhul}h E�e� dv iroorzv=
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c +48,
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zkhuh wkh pdwul{ � ghvfulehv wkh orqj0uxq surshuwlhv ri rxu v|vwhp1 Xqghu

rxu qxoo wkhuh duh wzr htxloleuld uhodwlrqvklsv/ wkhuhiruh wkh udqn ri � lv wzr1

Lq wklv fdvh zh kdyh

� ' ���

k '

3
EEEEEEC

k�� k�2

k2� k22

k�� k�2

ke� ke2

kD� kD2

kS� kS2

4
FFFFFFD

c q '
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qf� qf2

q�� q�2

q2� q22

q�� q�2

qe� qe2

qD� qD2

qS� qS2

4
FFFFFFFFD

zkhuh wkh sdudphwhuv lq �� ghwhuplqh wkh htxloleulxp uhodwlrqvklsv/ rq zklfk

wkh Judkdp0Grgg wkhru| lpsrvhv ixuwkhu uhvwulfwlrqv1 Lq idfw/ xqghu vxfk

wkhru| wkh q pdwul{ wdnhv wkh iroorzlqj irup=
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Wkh �uvw frh!flhqw lq hdfk frlqwhjudwlqj yhfwru fdswxuhv wkh ydoxh ri wkh

frqvwdqw/ zklfk zh kdyh uhvwulfwhg wr ehorqj wr wkh frlqwhjudwlqj vsdfh41

Mrkdqvhq +4<<8, vkrzv krz vxfk uhvwulfwlrqv ryhu0lghqwli| wkh frlqwhjudwlqj

vsdfh dqg wkhuhiruh wkh| duh dovr whvwdeoh1

Lq Wdeoh 6 zh surylgh wkh vhtxhqfh ri hvwlpdwhg hljhqydoxhv ri wkh orqj0

uxq pdwul{ dorqj zlwk wkh whvw iru wkh udqn ri � edvhg rq wkh wudfh0vwdwlvwlf

lpsohphqwhg lq SF0ILPO +vhh/ Grruqln dqg Khqgu|+4<<:,1

Lqvhuw Wdeoh 6 khuh

Wkh k|srwkhvlv ri dw prvw rqh frlqwhjudwlqj yhfwru lv uhmhfwhg dw wkh <8

shu fhqw vwdwlvwlfdo ohyho/ zkloh wkh k|srwkhvlv ri dw prvw wzr frlqwhjudwlqj

yhfwruv lv qrw uhmhfwhg dw wkh <8 shu fhqw vwdwlvwlfdo ohyho1 Zh frqvlghu wklv

hylghqfh lq olqh zlwk wkh k|srwkhvlv ri wzr htxloleuld iru wkh XV dqg Hxurshdq

pdunhw dqg surfhhg wr wkh whvw ri wkh ryhulghqwli|lqj uhvwulfwlrqv lpsolflw lq

wkh Judkdp0Grgg k|srwkhvlv1

Wkh uhvwulfwhg frlqwhjudwlrq dqdo|vlv gholyhuv wkh iroorzlqj hvwlpdwhv +zlwk

vwdqgdug huuruv zlwklq eudfnhwv, iru wkh sdudphwhuv lq wkh k dqg q pdwulfhv

4Jlyhq wkh qdwxuh ri rxu wlph vhulhv zh kdyh rswhg iru rplwwlqj ghwhuplqlvwlf wuhqgv
iurp rxu YDU
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Wkh olnholkrrg udwlr whvw ri ryhulghqwli|lqj uhvwulfwlrqv/ glvwulexwhg dv

d �2
Sc wdnhv d ydoxh ri 4817;1 Rq wkh edvlv ri wkh revhuyhg vwdwlvwlf/ wkh

qxoo lv qrw uhmhfwhg dw wkh rqh shu fhqw ohyho1 Vxfk ohyho udlvhv deryh wkh

�yh shu fhqw zkhq d vpdoo vdpsoh fruuhfwlrq lv dssolhg1 Rq wkh edvlv ri

wklv hylghqfh/ zh fdqqrw uhmhfw wkh qxoo ri qr orqj0uxq lqwhughshqghqfh

ehwzhhq wkh XV dqg wkh Hxurshdq vwrfn pdunhwv1 Qrwh wkdw wkh hvwlpdwhv

ri wkh dgmxvwphqw sdudphwhuv lq k jlyh vxssruw wr wkh k|srwkhvlv wkdw/ lq

suhvhqfh ri glvhtxloleuld/ wkh dgmxvwphqw rffxuv rq vkduh sulfhv1 Lq idfw/

wkh rqo| vljql�fdqw zhljkwv rq wkh frlqwhjudwlqj yhfwruv duh wkrvh lq wkh

htxdwlrqv iru vkduh sulfhv1 Lqwhuhvwlqjo|/ vkduh sulfhv lq Hxursh dqg wkh

XV vhhp wr uhdfw erwk wr rzq dqg iruhljq glvhtxloleuld1 Krzhyhu/ wklv lv d

vkruw0uxq skhqrphqrq dqg zh vkdoo uh0frqvlghu wklv lvvxh zkhq glvfxvvlqj

vkruw0uxq lqwhughshqghqfh1 Zh frqfoxgh wklv vhfwlrq e| uhsruwlqj lq Iljxuh

6 glvhtxloleuld iru wkh XV dqg Hxurshdq pdunhwv

Lqvhuw Iljxuh 8 khuh

Wkh dqdo|vlv ri wkh wlph0vhulhv ehkdylrxu ri glvhtxloleuld vkrzv wkdw lq

4<<< wkh XV vwrfn pdunhw sulfhv h{fhhgv wkhlu htxloleulxp ydoxhv e| derxw
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wzhqw| shu fhqw1 Vxfk ryhuydoxdwlrq lv frpsdudeoh zlwk wkdw revhuyhg ehiruh

wkh 4<;: fudvk1

Zh dovr qrwh wkdw wkhuh lv qr forvh uhodwlrqvkls dprqj glvhtxloleuld/ lq

idfw wkh| duh plogo| srvlwlyho| fruuhodwhg/ zlwk d fruuhodwlrq frh!flhqw ri

31561

8 Phdvxulqj vkruw0uxq lqwhughshqghqfh dqg

frqwdjlrq ehwzhhq XV dqg Hxurshdq vwrfn

pdunhwv

Wr ghvfuleh vkruw0uxq lqwhughshqghqfh dqg dvvhvv frqwdjlrq zh qhhg d vwuxf0

wxudo prgho1 Zh exlog lw vwduwlqj iurp vlpsoli|lqj wkh edvholqh vwdwlvwlfdo

prgho lqwr d elyduldwh Yhfwru Huuru Fruuhfwlrq prgho iru XV dqg Hxurshdq

vkduh sulfhv/ zkhuh orqj0whup lqwhuhvw udwhv dqg hduqlqjv duh wdnhq dv h{rjh0

qrxv =
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Wkh vshfl�fdwlrq ri E�S� lv edvhg rq wkh uhvxowv ri rxu frlqwhjudwlrq dqdo0

|vlv1 Lq idfw zh kdyh xvhg hvwlpdwhg frlqwhjudwlqj sdudphwhuv wr gh�qh htxl0

oleuld/ dqg zh kdyh xvhg wkh vwdwlvwlfdo uhvxowv rq wkh zhljkwv lq wkh pdwul{
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k wr dwwulexwh h{rjhqhlw| vwdwxv wr orqj0whup lqwhuhvw udwhv dqg hduqlqjv1

Rxu orqj0uxq dqdo|vlv vkrzv wkdw rqo| vkduh sulfhv dgmxvwv vljql�fdqwo| lq

suhvhqfh ri glvhtxloleulxp1 Mrkdqvhq +4<<8, looxvwudwhv krz wklv uhvxow fdq

eh frqvlghuhg lq rxu fdvh dv hylghqfh ri h{rjhqhlw| ri orqj0whup lqwhuhvw

udwhv dqg hduqlqjv iru wkh hvwlpdwlrq ri sdudphwhuv ri lqwhuhvw lq d prgho iru

vkduh sulfhv1 Ilqdoo|/ zh kdyh nhsw lq wkh vshfl�fdwlrq rqo| wkrvh gxpplhv

qhfhvvdu| wr uhpryh rxwolhuv lq wkh ghshqghqw yduldeohv1 Gldjqrvwlf whvwv5/

uhsruwhg lq Wdeoh 7/ vkrz wkdw wkh qxoo ri devhqfh ri uhvlgxdov fruuhodwlrq/

krprvfhgdvwlflw| dqg qrupdolw| fdqqrw eh uhmhfwhg iru E�S� �

Lqvhuw Wdeoh 7 khuh

Rq wkh edvlv ri wklv uhgxfhg irup/ zh surfhhg wr hvwlpdwh wzr vwuxfwxudo

prghov1 D pruh jhqhudo vwuxfwxudo prgho doorzv iru erwk vkruw0uxq lqwhugh0

shqghqfh dqg frqwdjlrq/ zkloh d pruh uhvwulfwlyh rqh lv frqvlvwhqw zlwk wkh

k|srwkhvlv ri �rqo| lqwhughshqghqfh/ qr frqwdjlrq�1 Erwk vwuxfwxudo prg0

hov lpsrvh vrph whvwdeoh ryhu0lghqwli|lqj uhvwulfwlrqv rq rxu uhgxfhg irup

dqg zh fdq wkhuhiruh xvh wkh rxwfrph ri wkh whvwv wr glvfulplqdwh ehwzhhq

wkh fdvhv ri lqwhuhvw1 Wkh hvwlpdwhg vwuxfwxudo prghov duh uhsruwhg lq Wd0

eoh 8091EBB� � EBB� uhsruwhg lq Wdeoh 8 lv frqvlvwhqw zlwk wkh k|srwkhvlv ri

wkh h{lvwhqfh ri frqwdjlrq ehwzhhq wkh XV dqg Hxurshdq vwrfn pdunhwv1 Lq

idfw lq wkh fdvh ri lqwhughshqghqfh rqo|/ zkhq d vlpxowdqhrxv ihhgedfn lv

doorzhg iurp XV wr Hxurshdq vwrfn pdunhwv/ wkh gxpplhv fdswxulqj wxu0

prlo shulrgv lq wkh XV pdunhw vkrxog qrw hqwhu vljql�fdqwo| wkh htxdwlrq iru

Hxurshdq vwrfn sulfhv1 Qrw rqo| vxfk gxpplhv hqwhu vljql�fdqwo| exw wkhlu

lqfoxvlrq dovr uhqghuv wkh vlpxowdqhrxv ihhgedfn ehwzhhq Hxurshdq dqg XV

5Doo wkh whvwv kdyh shuiruphg dw v|vwhp ohyho xvlqj SF0ILPO/ iru d ghwdlohg ghvfulswlrq
vhh Grruqln0Khqgu|+4<<:,
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vwrfn pdunhwv qrw vljql�fdqwo| gl�huhqw iurp }hur1 Lpsruwdqwo|/ wkh prgho

lv vxssruwhg e| wkh gdwd lq wkdw wkh whvwv iru wkh ydolglw| ri wkh wkluw|0vhyhq

ryhu0lghqwli|lqj uhvwulfwlrqv lpsrvhg e| EBB� � EBB� rq wkh jhqhudo uhgxfhg

irup E�S� grhv qrw ohdg wr wkh uhmhfwlrq ri wkh qxoo k|srwkhvlv ri lqwhuhvw1

Lw lv lqwhuhvwlqj wr hvwlpdwh/ ryhu wkh vdph vdpsoh dqg zlwk wkh vdph

phwkrg/ wkh vwuxfwxudo prgho lpsolflw lq wkh k|srwkhvlv ri �qr frqwdjlrq/

rqo| lqwhughshqghqfh�1 Wkh uhvxowv iurp hvwlpdwlrq duh uhsruwhg lq Wdeoh

91 Wkh ydolglw| ri ryhu0lghqwli|lqj uhvwulfwlrqv lv qrz uhmhfwhg/ frqvlvwhqwo|

wkh whvw sursrvhg lq wkh suhylrxv vhfwlrqv uhmhfwv wkh qxoo ri qr frqwdjlrq

dw wkh rqh shu fhqw ohyho1 Dv zh kdyh irxu gxpplhv rxu whvw iru wkh qxoo

ri qr0frqwdjlrq lv glvwulexwhg dv d �2
e� Lqwhuhvwlqjo|/ dv d frqvhtxhqfh ri wkh

rplvvlrq ri gxpplhv/ wkh vljql�fdqfh ri wkh vlpxowdqhrxv ihhgedfn lqfuhdvhv

gudvwlfdoo| dqg pljkw plvohdg wkh lqihuhqfh li wkh vshfl�f prgho EBB�� EBB�

lv hvwlpdwhg zlwkrxw uhihuhqfh wr wkh jhqhudo prgho EBB�� EBB� �

Lqvhuw Wdeohv 8 dqg 9 khuh

Wr doorz frpsdulvrq ri rxu uhvxowv zlwk wkh LY edvhg dssurdfk zh kdyh

fuhdwhg dq lqvwuxphqw �|czklfk lv htxdo wr �{u�L7c|*2ef iru doo revhuydwlrqv

lq rxu vdpsoh h{fhsw iru 4<;:=4/ 4<;:=43/ 4<<;=3;/ 4<<;=43/ zkhuh lw lv htxdo

wr {u�L7c|*e� Wkh vdpsoh fruuhodwlrq ehwzhhq {u�L7c| dqg �| lv ri 3186�Zh

kdyh wkhq surfhhghg wr whvw wkh ydolglw| ri vxfk lqvwuxphqw e| lpsohphqwlqj

dq Kdxvpdq +4<:;, whvw1 Wkh dxjphqwhg uhjuhvvlrq/ hvwlpdwhg e| LY lv

uhsruwhg lq Wdeoh :

Lqvhuw Wdeoh : khuh

Dv wkh frh!flhqw rq
	
�| lv vljql�fdqwo| gl�huhqw iurp }hur/ wkh qxoo ri qr0

frqwdjlrq lv uhmhfwhg dqg rxu uhvxowv duh frq�uphg e| wkh lpsohphqwdwlrq ri

wkh LY surfhgxuh1
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9 Frqwdjlrq dqg wkh uhvsrqvh ri Hxurshdq

vwrfn pdunhw wr d fruuhfwlrq lq wkh XV1

Wkh uhvxowv uhsruwhg lq wkh suhylrxv vhfwlrq srlqw fohduo| wrzdug d qrq0olqhdu

prgho ri vkruw0uxq lqwhughshqghqfh ehwzhhq wkh wzr duhdv1 Lq idfw/ wkhuh

vhhpv wr eh d wkuhvkrog h�hfw lq wkh lpsdfw ri vkruw0uxq XV vwrfn pdunhw

 xfwxdwlrqv lq Hxursh1 Iru ydoxh ehorz 518 wlphv wkh vwdqgdug huuru ri wkh

htxdwlrq iru XV vwrfn sulfhv wkhuh lv d vpdoo dqg qrw vljql�fdqw lpsdfw rq

Hxurshdq vwrfn pdunhw1 Vxfk lpsdfw lqfuhdvhv gudvwlfdoo| zkhq  xfwxdwlrqv

duh kljkhu wkhq wkh wkuhvkrog1 Wkh vwdqgdug huuru ri rxu hvwlpdwhg htxdwlrq

iru XV vkduh sulfhv lpsolhv d ydoxh iru wkh wkuhvkrog ri dq hljkw shu fhqw

prqwko|  xfwxdwlrq ri XV vkduh sulfhv1 Vxfk h�hfw/ zklfk gh�qhv frqwdjlrq/

lv suhflvho| phdvxuhg zlwklq d qrq0olqhdu prgho1 Wr looxvwudwh wkh srlqw

zh kdyh hvwlpdwhg ryhu wkh vdpsoh 4<;3=804<<<=</ e| Qrq0Olqhdu Wzr0Vwdjh

Ohdvw Vtxduhv6/ d vlpsoh qrq0olqhdu vshfl�fdwlrq iru Hxurshdq vwrfn pdunhw

 xfwxdwlrqv1 Wkh uhvxowv duh uhsruwhg lq Wdeoh ;=

Lqvhuw Wdeoh ; khuh

Lqwhuhvwlqjo|/ sdudphwhuv fdswxulqj wkh qrq0olqhdu h�hfw ri XV vwrfn sulfh

 xfwxdwlrqv fdq eh uhvwulfwhg wr rqh zkhq vljql�fdqw/ pruhryhu wkh hylghqfh

lv xqhtxlyrfdo iru grzqzdug fruuhfwlrqv zkloh lw lv pl{hg iru xszdug pryh0

phqwv1 Wr looxvwudwh wkh lpsolfdwlrqv ri wkh frqwdjlrq h�hfw zh xvh wkh qrq0

olqhdu vshfl�fdwlrq iru Hxursh wrjhwkhu zlwk wkh olqhdu prgho iru wkh XV wr

vlpxodwh wkh lpsdfw ri d wzhqw| irxu shu fhqw grzqzdug fruuhfwlrq lq XV

vwrfn pdunhw1 Zh vlpxodwh d qrq0olqhdu prgho zlwk d wkuhvkrog vhw dw hljkw

6Rxu lqvwuxphqwv duh �OSHX>w�4>
�
OSHX>w�4 � OS �HX>w�4

�
>
�
OSXV>w�4 � OS �XV>w�4

�
>

�UXV>w>�UJhu>w> �OHXV>w> �OHHX>w> gxp;:34> gxp;:43> gxp<;3;> gxp<;43
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shu fhqw1 Prqwko|  xfwxdwlrqv ri wkh XV vwrfn pdunhw vpdoohu wkdq hljkw

shu fhqw kdyh d qxoo vlpxowdqhrxv lpsdfw rq wkh Hxurshdq pdunhw/ zkloh

vxfk lpsdfw lqfuhdvhv wr xqlw| iru  xfwxdwlrqv kljkhu wkdq hljkw shu fhqw1

Zh frqvlghu wzr vfhqdulrv= d vxgghq fruuhfwlrq ri 57 shu fhqw zlwklq d

prqwk/ dqg d judgxdo fruuhfwlrq/ zkhuh wkh vdph pryhphqw rffxuv lq irxu

prqwk1 Zh frpsxwh g|qdplf pxowlsolhuv e| vkrfnlqj wkh prgho lq 4<;5=;/ d

shulrg zkhuh wkh glvhtxloleulxp lq wkh XV vwrfn pdunhw zdv forvh wr wkh rqh

fxuuhqwo| revhuyhg/ dqg ohdylqj sdwkv iru doo h{rjhqrxv yduldeohv xqdowhuhg1

G|qdplf pxowlsolhuv7 dvvrfldwhg wr wkh wzr gl�huhqw vfhqdulrv/ uhsruwhg lq

Iljxuh 9/ vkrz fohduo| wkh lpsruwdqfh ri qrq0olqhdulw|1

Lqvhuw Iljxuh 9 khuh

D judgxdo fruuhfwlrq lq wkh XV kdv yluwxdoo| qr vkruw0uxq h�hfw lq Hxursh/

zkloh d vxgghq fruuhfwlrq kdv d rqh0wr0rqh lpsdfw rq wkh Hxurshdq pdunhw1

Lq wkh orqj0uxq doo h�hfwv ydqlvk/ dv rxu prgho ihdwxuhv qr lqwhughshqghqfh1

: Frqfoxvlrqv

Lq wklv sdshu zh frqvlghu wkh olqndjhv ehwzhhq XV dqg Hxurshdq vwrfn pdu0

nhwv1 Zh dvvhvv wkh uhodwlyh lpsruwdqfh ri frqwdjlrq dqg lqwhughshqghqfh

zlwklq wkh iudphzrun ri dq h{solflw vwuxfwxudo prgho/ xvlqj frlqwhjudwlrq

dqdo|vlv wr vhsdudwh orqj0uxq htxloleuld iurp vkruw whup g|qdplfv1 Zh frq0

vwuxfw rxu orqj0uxq htxloleuld e| exloglqj rq d zhoo0nqrzq k|srwkhvlv sxw

iruzdug e| Judkdp dqg Grgg/ dffruglqj wr zklfk wkh hduqlqj0sulfh udwlr

7Vwdqgdug huuruv iru wkh g|qdplf pxowlsolhuv/ frpsxwhg rq vwrfkdvwlf vlpxodwlrqv duh

dydlodeoh xsrq uhtxhvw1 Wkh| vkrz wkdw wkh pxowlsolhu rq judgxdo dgmxvwphqw qhyhu gl�huv

vljql�fdqwo| iurp }hur/ zkloh wkh pxowlsolhu rq vxgghq dgmxvwphqw grhv qrw gl�hu vljqli0

lfdqwo| iurp rqh dw wkh lpsdfw dqg gl�huv vljql�fdqwo| iurp }hur iru wzr |hduv diwhu wkh

lpsdfw1
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dqg wkh orqj0whup lqwhuhvw udwhv vkrxog eh frlqwhjudwhg1 Zh sdudphwhul}h

vxfk k|srwkhvlv lq d Yhfwru Huuru Fruuhfwlrq iudphzrun/ dqg irxqg hylghqfh

lq idyru ri wkh Judkdp dqg Grgg k|srwkhvlv erwk iru wkh XV dqg Hxurshdq

pdunhwv1 Pruhryhu/ zlwklq vxfk iudphzrun zh �qg wkdw wkh k|srwkhvlv ri qr

orqj0uxq lqwhughshqghqfh ehwzhhq wkh wzr pdunhwv fdqqrw eh uhmhfwhg1 Lq

wkh orqj0uxq erwk pdunhwv duh gulyhq e| grphvwlf ixqgdphqwdov1 Zh wkhq xvh

rxu YHFP dv d edvholqh uhgxfhg irup dqg frqvwuxfw d vwuxfwxudo prgho wr

dvvhvv wkh uhodwlyh lpsruwdqfh ri lqwhughshqghqfh dqg frqwdjlrq lq ghwhuplq0

lqj wkh vkruw0uxq g|qdplfv ri wkh wzr pdunhwv1 Rxu vwuxfwxudo prgho vkrzv

wkdw  xfwxdwlrqv lq wkh Hxurshdq pdunhw kdyh qr lpsdfw ri wkh XV pdunhw/

zkloh wkh h�hfw ri  xfwxdwlrqv ri XV vwrfn pdunhw rq wkh Hxurshdq vwrfn

pdunhw lv fdswxuhg e| d qrq0olqhdu vshfl�fdwlrq1 Ioxfwxdwlrqv lq wkh XV vwrfn

pdunhw kdyh yluwxdoo| qr h�hfw rq wkh Hxurshdq pdunhw zkhq wkh| duh ehorz

wkh wkuhvkrog ri hljkw shu fhqw rq d prqwko| edvlv1 Krzhyhu/ vxfk h�hfw eh0

frphv rqh0wr0rqh iru grzqzdug  xfwxdwlrqv kljkhu wkdq wkh wkuhvkrog/ zkloh

wkh lpsdfw ri xszdug  xfwxdwlrqv lv pruh prghudwh1 Vxfk qrq0olqhdulw| lv

fohduo| frqvlvwhqw zlwk wkh uhohydqfh ri frqwdjlrq/ lq wkdw lw dprxqwv wr d

prgl�fdwlrq ri vkruw uxq lqwhughshqghqfh lq shulrg ri wxuprlov1 Rxu uhvxowv

duh frq�uphg e| wkh dssolfdwlrq ri wkh Lqvwuxphqwdo Yduldeoh phwkrgrorj|

sursrvhg e| Uljrerq +5333,1 Wkh vshfl�fdwlrq ri d vwuxfwxudo prgho dorqj

wkh olqhv ri wkh OVH vwudwhj|/ lpsohphqwhg lq wklv sdshu/ plqlpl}hv wkh ulvnv

ri plv0vshfl�fdwlrq dqg doorzv qdwxudoo| wkh lghqwl�fdwlrq ri wxuprlo hslvrghv

fuxfldo wr dvvhvv wkh uhohydqfh ri frqwdjlrq1

Ilqdoo|/ zh vkrz wkdw wkh lpsdfw rq Hxurshdq Vwrfn pdunhw ri d fruuhf0

wlrq ri 58 shu fhqw lq wkh XV vwrfn pdunhw fdq eh yhu| gl�huhqw ghshqglqj

rq wkh wlph krul}rq ryhu zklfk lw rffxuv1 D judgxdo fruuhfwlrq lq wkh XV

vwrfn pdunhw kdv yluwxdoo| qr lpsdfw rq wkh Hxurshdq pdunhw/ zkloh d vxg0
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ghq fruuhfwlrq kdv d rqh0wr0rqh vkruw0uxq h�hfw zlwk d udwkhu shuvlvwhqw/ exw

olplwhg/ phpru|1
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Uhihuhqfhv

^4` Ehuwhur H1 dqg F1 Pd|hu +4<<3,/ �Vwuxfwxuh dqg shuirupdqfh= Joredo
lqwhughshqghqfh ri vwrfn pdunhwv durxqg wkh fudvk ri rfwrehu 4<;:�
Hxurshdq Hfrqrplf Uhylhz/ 67= 44880;31

^5` Eodqfkdug R1 +4<<6,/ �Pryhphqwv lq wkh Htxlw| Suhplxp� Eurrnlqjv
Sdshu rq Hfrqrplf Dfwlylw| :804681

^6` Ehuqdqnh E1 dqg P1Jhuwohu +4<<<,/ �Prqhwdu| srolf| dqg dvvhw sulfh
yrodwlolw|�/ sdshu suhvhqwhg dw wkh Ihghudo Uhvhuyh Edqn ri Ndqvdv Flw|
frqihuhqfh rq �Qhz Fkdoohqjhv iru Prqhwdu| Srolf|�/ Mdfnvrq Kroh/
Z|rplqj/ Dxjxvw 4<<<1

^7` Fdpsehoo/ M1 Or/ D1 dqg PfNlqod| +4<<:,/ �Wkh Hfrqrphwulfv ri Ilqdq0
fldo Pdunhwv� Sulqfhwrq Xqlyhuvlw| Suhvv1

^8` Grruqln M1 dqg G1 I1 Khqgu| +4<<:,/ �SfILPO <131 Lqwhudfwlyh hfrqr0
phwulf prghoolqj ri g|qdplf v|vwhpv�1 Wkrpvrq Sxeolvklqj/ R{irug 1

^9` Grruqln M1/ dqg K1 Kdqvhq +4<<7,/ �D sudfwlfdo whvw ri pxowlyduldwh qru0
pdolw|�1 Qx!hog Froohjh/ R{irug1

^:` Idyhur F1D1 dqg I1Jldyd}}l +5333,/ �Orrnlqj iru frqwdjlrq= wkh 4<<5
HUP fulvlv�/ plphr LJLHU/ Xqlyhuvlwã Erffrql1

^;` Judkdp E1 dqg G1O1 Grgg +4<95,/ �Vhfxulw| Dqdo|vlv� / 7wk hglwlrq/
Qhz \run1 Pf0Judz0Kloo1

^<` Kdxvpdq M1 +4<:;,/ �Vshfl�fdwlrq whvwv lq Hfrqrphwulfv� Hfrqrphwulfd/
:9/ 4584045:41

^43` Khqgu| G1 I1 +4<<8,/ �G|qdplf Hfrqrphwulfv�1 R{irug Xqlyhuvlw|
Suhvv1

^44` Nlqj P1 dqg V1 Zdgzkdql +4<<3,/ �Wudqvplvvlrq ri yrodwlolw| ehwzhhq
vwrfn pdunhwv� Uhylhz ri Ilqdqfldo Vwxglhv/ 6+4,= 80661

^45` Mrkdqvhq V1 +4<<8,/ �Olnholkrrg Edvhg Lqihuhqfh rq Frlqwhjudwlrq lq wkh
Yhfwru Dxwruhjuhvvlyh Prgho�1 R{irug Xqlyhuvlw| Suhvv/ R{irug1

^46` Odqghu M1/ Ruskdqlghv D1 dqg P1Grxyrjldqqlv +4<<:,/ �Hduqlqj iruh0
fdvwv dqg wkh suhglfwdelolw| ri vwrfn uhwxuqv= hylghqfh iurp wudg0
lqj wkh V)S� Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp/
kwws=qqzzz1erj1iue1ihg1ruj1

^47` Ohh V1 E1 dqg N1 M1 Nlp +4<<6,/ �Grhv wkh rfwrehu 4<;: fudvk vwuhqjwkhq
wkh fr0pryhphqwv dprqj qdwlrqdo vwrfn pdunhwvB� Uhylhz ri Ilqdqfldo
Hfrqrplfv/ 6+4,= ;<04351
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^48` Orqjlq I1 dqg Vroqln E1 +4<<8,/ �Lv wkh fruuhodwlrq lq lqwhuqdwlrqdo ht0
xlw| uhwxuqv frqvwdqw=4<9304<<3B� Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg
Ilqdqfh/47/4/ 60591

^49` Odprqw R1 +4<<;,/ �Hduqlqjv dqg h{shfwhg uhwxuqv� Wkh Mrxuqdo ri
Ilqdqfh/ 86/ 8/ 4896048;:1

^4:` Uljrerq U1 +4<<<,/ �Lghqwl�fdwlrq wkurxjk khwhurvfhgdvwlflw|= phdvxu0
lqj �frqwdjlrq� ehwzhhq Dujhqwlqhdq dqg Ph{lfdq vryhuhljq erqgv�
plphr/ PLW1

^4;` Uljrerq U1 +4<<<,/ �Rq wkh Phdvxuhphqw ri wkh Lqwhuqdwlrqdo Sursdjd0
wlrq ri Vkrfnv�/ grzqordgdeoh irup kwws=22zhe1plw1hgx2uljrerq2zzz21

^4<` Uljrerq U/ dqg N1Iruehv +4<<<,/ �Rq wkh phdvxuhphqw ri wkh Lqwhuqd0
wlrqdo Sursdjdwlrq ri vkrfnv� plphr/ PLW1

^53` Zdgkzdql V1 +4<<;,/ �Wkh XV vwrfn pdunhw dqg wkh joredo hfrqrplf
fulvlv�/ plphr/ Wxgru Lqyhvwphqw Frusrudwlrq1
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BMUS10YR LUSEP
LUSDY

Iljxuh 4= XV orqj0whup lqwhuhvw udwhv+EPXV43\U,/ +orj ri ,glylghqg |lhog
+OXVG\, dqg +orj ri, hduqlqj2sulfh udwlr+OXVHS,

1980 1985 1990 1995 2000

4

5

6

7

8

9

10

11
BMBD10YR LEUEP
LEUDY

Iljxuh 5= Hxursh orqj0whup lqwhuhvw udwhv +Jhupdq udwh EPEG43\U,/ +orj
ri , glylghqg |lhog +OHXG\, dqg +orj ri, hduqlqj2sulfh udwlr+OHXHS,1
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Iljxuh 6= Wkh vsuhdg ehwzhhq 430\ erqgv d 60prqwk |lhogv +XVVS, dqg wkh
ulvn suhplxp +XVUS, lq wkh XV1
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EURP EUSP

Iljxuh 7= Wkh vsuhdg ehwzhhq 430\ erqgv d 60prqwk |lhogv +HXVS, dqg
wkh ulvn suhplxp +HXUS, lq Hxursh1
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Iljxuh 8= Glvhtxloleuld iru XV +GLVHTXV, dqg Hxurshdq +GLVHTHX,
vwrfn pdunhwv
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Iljxuh 9= g|qdplf pxowlsolhuv ghvfulelqj wkh uhvsrqvh ri Hxurshdq vwrfn
pdunhw wr d vxgghq +GPK, dqg wr d judgxdo+GPO, fruuhfwlrq lq wkh XV

vwrfn pdunhw
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Wdeoh 4= Whvwlqj uhvlgxdov qrupdolw| lq wkh YDU v|vwhp

u�L7c| u.L7c| -L7c| u�.Lc|1
�2
2 ' �b�2eWW �2

2 ' bb�fDWW �2
2 ' f�SH �2

2 ' 2�He
u..Lc| -Ceoc| 7+r|e6

�2
2 ' �.�b�WW �2

2 ' 2S�DWW �2
�2 ' 2e.�.2WW

Whvwv �2
2 duh wkh whvwv ri qrupdolw| ri uhvlgxdov ri hdfk htxdwlrq1

V|vwhp �2
�2 lv wkh whvw ri qrupdolw| ri uhvlgxdov ri wkh v|vwhp dv d zkroh1
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Wdeoh 5= Gxpplhv iru rxwolhuv lq wkh YDU v|vwhp

GXPP\ u�L7c| u.L7c| -L7c| u�.Lc|1 u..Lc| -Ceoc|
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