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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:

¢ |[s there long-term interdependence between the US and Europe, i.e. does
the equilibrium for European shares depend on the equilibrium for US
shares?

e |[s 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
gualified 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:

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

e |s 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.



1 Introduction

On the 5th December 1996, when the Dow Jones index was floating around
7000, with the yield on 10-year US bonds at 5.8 per cent, the Fed Chairman,
Alan Greenspan, warned the market against ”irrational exuberance”. Since
then the DJ has gone past the level of 11000, to track back towards 10500 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 Septem-
ber 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 ques-
tion 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
effect 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 weak-
ens private sector balance sheets, and therefore affects consumption and in-
vestment, depends on the degree and sectoral distribution of risk exposure.
After many years of expansion and strong profits in the corporate and bank-
ing sectors, US balance sheets are in excellent conditions and a correction
in the stock markets, paired with an appropriate responses by the FED, is
likely to have only transitory contractionary effects. In contrast, a similar
25 per cent 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 were to respond to such a shock by easing liquidity.

The relevant question for portfolio allocation is related but different. How



would a correction in the US stock markets affect conditional correlations
among asset prices? A first possible scenario is that the response of Eu-
ropean markets to the US correction is in line with the historical pattern
of interdependence between the two markets. In this case the conditional
correlations among the asset prices would be substantially unaltered. We
would still observe the macroeconomic effects described above but portfo-
lio 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 financial sectors’ balance sheets would arise. However, an alternative sce-
nario 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 con-
cepts of contagion and interdependence. Interdependence is measured by
identifying cross-market linkages, while contagion is measured by modifica-
tions of such linkages during crisis periods. A strong co-movement of Euro-
pean and US stock markets in presence of a correction of the US stock market
is compatible both with interdependence and contagion. However, we would
have interdependence when such comovement 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



correlations and by defining it as a significant increase in correlations across
markets. This traditional approach has been recently criticized by Rigobon
and Forbes (1998). Changing correlations cannot be directly related to conta-
gion in presence of interdependence. In a structural model featuring constant
interdependence across countries, cross market correlations are bound to in-
crease 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 co-
efficients 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 interdependece. 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 assumes 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 1980-1999
and use diagnostic tests, in particular tests for residuals 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:

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

shares?

e 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 occasion of the occurrence of high volatility episodes?

2 Interdependence and contagion between US
and European stock markets: a general-to-
specific approach

We take the consensus definition of contagion as a change in the interna-
tional propagation of shocks caused by some country specific factor. In the
recent empirical literature on the international propagation of shocks such
factor is usually interpreted as a crisis, identifed by a local shock of different
magnitude (usually paired with a change in the volatility of shocks). In our

specific case we shall consider a situation in which the stock market of one



country, the US, has wandered away from its long-run equilibrium values and

we shall look at the international effects of a correction.

Our baseline specification is a reduced form VAR specification for the

logarithms of US and European Share prices, LPgyy, LPyg; and the vectors

of variables candidate to determine their equilibrium: Xgy,, Xys,. For the

sake of exposition, we consider a first order process, although our empirical

model features higher order dynamics.
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Note that residuals form our baseline VAR specification are heteroscedas-

tic. This reflects the presence in our data of observations which correspond

to periods of turmoil. By using tests of normality and heteroscedasticity of

residuals as a guiding criterion, it is then possible to re-specify (1) as :
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where the vectors of dummies d,; are identified in order to filter non-
normality out of the original residuals. The coefficients in the matrix ¥
allow the removal of outliers.

On the basis of this specification we proceed to cointegration analysis and

reparameterise our system as follows:

ALPEU’t LPEU,t—l Ut
ALPUSt LPyg i1 Ut

tl =1 ! +({I+¥D :
AXEU,t XEU,tfl ( ) Us ¢
AXygy Xusi-1 Uy

where the matrix II describes the long-run properties of our system. We
empirically find two equilibrium relationships: in this case the rank of II is
two and we have II = a3’. By analyzing the adjustment parameters a,we are
able to attribute the equilibria to share prices. By analysing the 3 parameters
we are able to address the issue of long-run interdependence. In fact we can
test if foreign variables are important in determining domestic share prices
in the long-run. In practice the following restrictions on the v and 3 vectors

are not rejected for our sample:
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Having completed our analysis of the long-run properties of our system
we are left with the following VECM specification for US and European share

prices.

ALPEU,t _ a1 Qa2 LPEU,t—l - LPE‘Uyt_l
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Note that the variables contained in the X vectors are now, validly, considered
as exogenous; moreover the vector of relevant dummies contains only those
for the US share prices (d;; =0). In fact, this turns out to be the only
empirically relevant case for our investigation. The methodology can be
extended to more general specifications for the vector of dummies (see, for
example, Favero and Giavazzi (2000)).

The simultaneous presence of dummies in both equations is not informa-
tive on the relative importance of contagion and interdependence. This issue
cannot be resolved by estimating a reduced form and requires the specifica-
tion of a structural model. The following structural model allows for both

contagion and interdependence:
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In(4) , we assumed triangularity in the simultaneous relationship between
US and European stock prices. Note that such assumption becomes testable
when a sufficient number of restriction can be imposed on I's. The presence
of contagion is described by aj2 # 0, because this indicates that modelling
interdependence by explicitly allowing 3,5, # 0 is not enough to describe the
way shocks are transmitted across countries in periods of turmoil.

The null hypothesis of no contagion can then be tested as an over-
identifying restriction for our specification. The hypothesis of interdepen-
dence only and no contagion is then parametrized as Hy : a;o = 0, which

implies the following overidentifying restriction:

19 = B19a22

Under Hj turmoil in country 2 propagates to country 1 only through
interdependence, as described by (3.

Within this simple framework it is easy to make two related points. First,
simple correlations are the wrong indicator to detect contagion. As shown
by Rigobon (1999) and by Forbes and Rigobon (1998), a change in the (con-

ditional and unconditional) correlation between ALPgy, and ALPyg, does



occur during a crisis, quite independently of ‘contagion’. Consider, for ex-

ample, conditional correlations and define:

_ Cov (ALPEUJ, ALPUS,t ’ Itfl)
\Q/VGT (ALPEU,t ’ Itfl) Var (ALPU&t ’ Itfl)

the correlation between stock markets. Separate now the sample in ”low”

p

and "high” volatility periods, according to the presence of dummies. In the

low volatility periods we have
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while in the high volatility period:
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Next compute p!, and p", the conditional correlations, respectively, in the
high and low volatility periods. It can be shown that even under the null of
no contagion we have p" > pl. In this case(a;; = 0) we have
o= P20,
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and p" > p.

Second, we can compare our structural framework with the instrumental
variables method proposed by Rigobon (2000) to estimate 3,, and control
for interdependence in order to detect contagion. The methodology hinges
on splitting the sample into high and low volatility periods. An instrument is
then constructed whose validity is warranted under the null of no contagion,
then tests of validity of instruments are used as a test of contagion. To
illustrate this procedure in our context, consider splitting the observations

on the dependent variables into high and low volatility periods as follows:
1 —B ALPgU,t _ Y11 V12 LPpyi—1 — LPEU,t—l
0 1 ALF, I}]LS,t Y21 Vo2 LPysi—1— LB, 55,1:71
AX gyt
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Rigobon considers the problem of estimating 3, using w as an instrument
for ALPyg, such that
ALPY
h
W= AYI:PIUS ’
s
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where T%, for i = h, [, is the length of the high or low volatility period.
Using w as an instrument for ALP ;s leads to the following just-identified

IV estimator of the interdependence parameter:

B, = (WALPys) ™ wALP gy

The two usual conditions for validity and consistency of the IV estimator
are checked by looking at the probability limits of (W' ALPyg) and (w'ej}),

where €] = €; + ajady€r

plim (W' ALPps) = plim %ALP’{]’SALPZS — plim %ALPZSALPIUS

= (asndx)’ ol

plim (W'e') = (ajody)’ 02
The validity of the instruments is guaranteed under Hg (a12 = 0), while
their efficiency depends on the degree of heteroscedasticity between the low
and high volatility periods (see Rigobon (2000)). The beauty of this ap-
proach depends on the fact that it does not require variables other than
ALPys to implement the IV estimator. Within this framework, contagion
can be tested applying a Hausman(1978)-type test for the validity of the
instruments. We conclude that, for the case of the specific problem consid-
ered, our proposed procedure is equivalent to the IV approach, for large high
volatility sample. The procedure based on the estimation of the structural
model with dummies is better geared to deal with cases of short, and possi-
bly non-contiguous high volatility episodes, in that the relevant sample size
to apply asymptotic theory is that of the whole sample and not that of the
high volatility sub-sample(s). In the next sections we shall implement our

procedure and compare our results with those delivered by the IV approach.
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3 A statistical model for European and US
share prices, earnings and long-term inter-
est rates

The baseline specification of our empirical analysis is a reduced form VAR
. We select variables to be included in such model following the lead of
traditional analysis (Graham and Dodd Security Analysis, 4th edition, 1962,
p.510):

... Theoretical analysis suggests that both the dividend yield
and the earnings yield on common stocks should be strongly af-
fected by changes in the long-term interest rates. It is assumed
that many investors are constantly making a choice between stock
and bond purchases; as the yield on bonds advances, they would
be expected to demand a correspondingly higher return on stocks,

and conversely as bond yields decline...”

The above statement suggests that either the dividend yield or the earn-
ings yield on common stocks could be used. Together with long-term interest
rates to define an equilibrium relationship between the stock and the bond
market. This general statement can be justified within the framework of a
forward-looking equilibrium models for share-prices.

Define returns on the stock markets as follows:

e e
Dt+1 t+1 ]Dt

E, (ri}y) = T (6)

where r°™ are stock market returns, D are dividends and P are share price.

By expressing (6) in terms of prices, we have:

13
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by recursively substituting for future expected price and by imposing the

P, =
"no-bubbles” transversality condition on (7)we have:

B — Zn: Dte+i ) (8)

i=1 1:[1 (1 + B (rfﬁ))l

By defining as g; the rate of growth of dividends we can re-write (8)as

follows:

P, _ 1 n (1+ Eigiv1) + (9)
Diyy L+ B (i) - (L+E (i) (1+ B (riy))
(14 Egi1) ... (1 + EiGiqn)
(L+E (ri)) L+ By (7)) . 1+ By (r1,))

Define now the risk-premium rp:

i =1y rpy

where r is the return on the risk-free asset.(8) can then be re-written as :

P,
Dy

=f (Etrt+1,---’ Eirtin, Pty Exrpests oy EirDisn, gt Etgt+1,---; Et9t+n)
(10)

where g—’; < 0, 37’; < 0% > (. If the long-term interest rate is positively

correlated with future one-period returns (which in turn are equal to the safe

14



one-period return plus a risk premium) and negatively correlated with future

earnings growth, then (10) can be linearized to deliver:

D *
(;f) =ag + a1 Ry,

which justifies the existence of an equilibrium relation between the dividend
yields and long-term interest rates. Note that such relation implies cointe-
gration between the long-term interest rates and the dividend yields, if these
series are non-stationary, but is not yet enough to establish stock market
predictability. In fact the latter is achieved only when stock prices rather
then dividends or long-term interest rates adjust in presence of disequilibria.

Having derived an equilibrium for the dividend yield, we can easily extend

it to price-earnings:

Et+1)* <Dt+1)* (Et+1>* (Et+1>*
— = \Q +a/ R
( P, P, Diiy (a0 + a1 ) Diiy

Considering that the dividend-payout ratio should be a stationary vari-

able the same cointegrating relationship up to a scale factor should hold
between long-term interest rates and dividend yields and long-term interest
rates and earning-yields. However, the existence of the same cointegrating
relationship does not prevent the payout ratio from being an important fac-
tor in determining the short run dynamics of stock market prices. In fact,
Lamont (1998) argues that the pay-out ratio helps to predict stock price
fluctuations.

Some graphical evidence on the validity of the Graham-Dodd proposition
for a sample of monthly data over the period 1980-1999 is reported in Figures
1-2.

15



Insert Figure 1-2 here

The time-series behaviour of the reported variables suggests that they
share a common stochastic trend both for the US and the European case.
Recent studies (Lander et al.(1997)) have chosen to construct an equilibrium
by concentrating on long-term interest rates and the earning-price ratio. As
a matter of fact, the long-term interest rate features, over our sample, a
much stronger co-movement with price-earning ratios than with the short-
term interest rate. Such evidence can be rationalized by considering that the
long-term interest rates contains an element of risk premium which is absent
in the short-term interest rate. Studies concentrating on the relationship
between the short-term interest rates and dividend or earning yields have
found empirical evidenceof a sizeable and strongly persistent risk premium
(see Blanchard (1983) and Wadhwani (1998)), which induces a rather weak
long-run relationships among these variables. Our choice finds some empirical
support for the correlation between the spread of long-term interest rates on
short term interest rates and empirical mesures of risk premium based on the
dividend models. Wadwhani derives a measure of risk premium by solving

(9) at the steady state:

Ttri =T 9t+: = G

and:

P\* 1 1
- =— = —, (11)
D r—g rm+rp—g

from thish, it follows
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D S8 N a -
5| =rrtrp—g, (12)

where rr is the real short-term interest rate and rp is th risk premium required
to hold shares. Formula (12) is used to assess the level of risk-premium
implied in the observed dividend yields by assuming a steady-state growth
for earnings (say the real potential rate of growth of the economy, 2.5 per
cent in the case of the US), and plugging in the real ex-post short term
interest rate and the observed dividend-yields. In Figures 3-4 we report the
time-series behaviour of rp and the term spread between the yield on ten-
year government bonds and the three-month interest rate for the US and

European cases.
Insert Figures 3 and 4 here

We therefore concentrate on long-term interest rates and choose to look
at long-term interest rates and the earning-price ratio, following Lander et
al.(1997), as, over our sample, the long term interest rates are statistically
more closely related to price/earning ratios than to dividend/yields.

We take the following VAR specification as our baseline statistical model:

LPUS,t LPUS,tfi €1¢
LEUS,t LEUS,tfz' €2t
Rys: - Rysi—i €3t

’ =Ag+ ) A e + : 13
LP EUt 0 ; LP EUt—i €4t ( )
LEEU,t LEEU,t—z' €5t
RGer,t RGer,tfz' €6t

where LP;s and LPg are the logs of the share price indexes for the US and
for Europe, LEys and LEgy are the logs of I/B/E/S analysts forecasts of
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earnings for the US and Europe, Ryg and Rge, are the yields to maturity for
US and German ten-year benchmark bonds. All the data are at monthly fre-
quencies (end of period observations) and are taken from DATASTREAM.
The VAR is estimated over the sample 1980:5- 1999:9, as data on bench-
mark bonds are available only from the beginning of the eighties onwards.
The choice of length of the distributed lag has been based on the tradi-
tional likelihood based criteria. It is interesting to note that, when residuals
are analyzed by using the diagnostic tests for normality, heteroscedasticity
and autocorrelation proposed by the LSE methodology (see Hendry 1995),
a strong evidence for non-normality emerges. We report in Table 1 tests of
the null hypothesis of normality of residuals at the single equation level and

at the system level proposed by Doornik and Hansen (1994 ):

Insert Table 1 here

The null of normality is rejected at the one per cent confidence level for
all the equations in the system except those for the US yield on benchmark
bonds and the European share price index. As a consequence, the null of
normality of the distribution of the vector of VAR residuals is also strongly
rejected. These diagnostic tests, which are in general important to detect
misspecification and to ensure validity of inference, take additional impor-
tance in our context. In fact, non-normality is possibly determined by the
presence of outliers, capturing the occurrences of those periods of turmoils
crucial for the detection of contagion. To ensure congruency of our statistical
model and to be able to exploit the information contained in the period of
turmoils, we proceed to include a number of point dummies in our speci-
fication. More precisely, we use an automatic criteria and construct a step

dummy (taking a value 1 for the relevant observation and zero everywhere
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else) for each estimated residual more distant from zero than 2.5 times the
standard deviation of estimated residuals. In Table 2 we report the signif-
icance of the selected dummies in each equation and their impact on the

normality of residuals.

Insert Table 2 here

We note that the introduction of dummies removes non-normality from
all the equations with the only exception of that for US earnings, which in
turn causes non-normality of the whole system . As such non-normality is not
attributable to specific large outliers but to a consistent number of outliers
of moderate dimension and it does not have any effect on the normality
of residuals from the equation for share prices, we do not add any further
dummies. We have identified five periods of US stock market turmoils: in
1987:10 and 1998:10 we have downward corrections respectively of twenty-
two and twelve per cent, while in 1987:01, 1991:12, and 1998:10 we have
upward movements of twelve, eight and seven per cent. Interestingly, sudden
downward corrections in the US market are always paired with abnormal
movements in the same direction of the European market, while, in the case of
upward movements, we observe a synchronous response only in 1998:10. Note
that this evidence, coming from a reduced form, cannot be decisive on the
issue of contagion versus interdependence. In fact, evidence of contagion can
be provided only within structural models modelling simultaneous feedback.

We then control for outliers and consider the following VAR as the base-

line statistical model for our investigation:

19



LPUS,t LPUS,tfz' €1¢

LEUS,t 4 LEUS,tfi €2t

Rys,t _ Rys,i—i e3¢

LPgy; | Aot 2Ai LPpy—; + B+ DUM+ es |’ (14)
LEEU,t LEEU,tfi Es5¢

RGeT,t RGeT,tfi €6t

where DUM is a vector of dummies containing DUM8102, DUM8106, DUMS8503,
DUMS8701, DUMS&710, DUM8806, DUM8910, DUM9002, DUM9112, DUM9201,
DUM9701, DUM9808, DUM9810. The generic dummy DUMmmyy takes

value one in month mm of year yy and zero anywhere else.

4 Measuring long-run interdependence between
US and European stock markets

Equipped with model (14), we address the first issue of our interest: long-run
interdependence between US and European stock markets.

Figure 1 and 2 seem to support the evidence that there are two equilibrium
relationships among our variables, one linking the US long-term interest rates
to the US price/earning ratio and the other one linking the German long-
term interest rates to the European price/earning ratio. Such hypothesis
can be parameterized in our VAR using the Johansen(1995) approach to

cointegration. Re-parameterize (14) as follows:
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ALPys; ALPys LPysi

ALFEyg; , ALEygs;—; LEysi—
ARys; ARyg—i Rysi—1
’ = Ay+ HZ ’ + 11 ’ +

ALPEU,t 0 ; ALPEU,tfi LPEU,tfl
ALEEU,t ALEEU,tfi LEEU,tfl
AEEGer,t ARG@T,t—i RGeT,t—l

€1¢

€2t

€3t

+B « DUM,+ , (15)

€4t

€5t

€6t

j=1
3
n = - <1 - ZAZ-) :
i=1
where the matrix II describes the long-run properties of our system. Under
our null there are two equilibria relationships, therefore the rank of II is two.

In this case we have

I = af
11 (9 gm 202
Qo1 Qugo 611 [312
21 22
Q31 (32
& = , B= B3 Bso
Qg1 Qg2 5 5
Qs Qs [341 642
g1 Qo [351 652
61 62

where the parameters in 3’ determine the equilibrium relationships, on which
the Graham-Dodd theory imposes further restrictions. In fact, under such

theory the  matrix takes the following form:
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10
-1 0
p= B3 0
0 1
0 -1
0 e

The first coefficient in each cointegrating vector captures the value of the
constant, which we have restricted to belong to the cointegrating space!.
Johansen (1995) shows how such restrictions over-identify the cointegrating
space and therefore they are also testable.

In Table 3 we provide the sequence of estimated eigenvalues of the long-
run matrix along with the test for the rank of IT based on the trace-statistic

implemented in PC-FIML (see, Doornik and Hendry(1997).

Insert Table 3 here

The hypothesis of at most one cointegrating vector is rejected at the 95
per cent statistical level, while the hypothesis of at most two cointegrating
vectors is not rejected at the 95 per cent statistical level. We consider this
evidence in line with the hypothesis of two equilibria for the US and European
market and proceed to the test of the overidentifying restrictions implicit in
the Graham-Dodd hypothesis.

The restricted cointegration analysis delivers the following estimates (with

standard errors within brackets) for the parameters in the o and § matrices

1Given the nature of our time series we have opted for omitting deterministic trends
from our VAR
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—0.026 —0.037

(0.0056) (0.016)
—0.0015 0.013
(0.002) (0.006)
0.012 —0.28 —-5.11 1 -1 020 0 O 0
M=af = (0.065) (0.19) (0.35) (0.035)
—0.021 —-0.026 —-351 0 O 0 1 -1 0.15
(0.006) (0.02) (0.21) (0.026)
—0.006 0.019
(0.006) (0.02)
0.0067 —0.10
(0.037) (0.10)

The likelihood ratio test of overidentifying restrictions, distributed as
a X3, takes a value of 15.48. On the basis of the observed statistic, the
null is not rejected at the one per cent level. Such level raises above the
five per cent when a small sample correction is applied. On the basis of
this evidence, we cannot reject the null of no long-run interdependence
between the US and the European stock markets. Note that the estimates
of the adjustment parameters in a give support to the hypothesis that, in
presence of disequilibria, the adjustment occurs on share prices. In fact,
the only significant weights on the cointegrating vectors are those in the
equations for share prices. Interestingly, share prices in Europe and the
US seem to react both to own and foreign disequilibria. However, this is a
short-run phenomenon and we shall re-consider this issue when discussing
short-run interdependence. We conclude this section by reporting in Figure

3 disequilibria for the US and European markets
Insert Figure 5 here

The analysis of the time-series behaviour of disequilibria shows that in

1999 the US stock market prices exceeds their equilibrium values by about
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twenty per cent. Such overvaluation is comparable with that observed before
the 1987 crash.

We also note that there is no close relationship among disequilibria, in
fact they are mildly positively correlated, with a correlation coefficient of

0.23.

5 Measuring short-run interdependence and
contagion between US and European stock
markets

To describe short-run interdependence and assess contagion we need a struc-
tural model. We build it starting from simplifying the baseline statistical
model into a bivariate Vector Error Correction model for US and European

share prices, where long-term interest rates and earnings are taken as exoge-

nous :
5 ; ARyst—i
ALPUS,t o ] ALF)US,?&—Z’ ARGeT,t—i
( ALPpy, ) = Bot ;B@ ( ALPpy—i * ZC ALEys;— *
- - ALEgy—;
dum&701

. dum8710
+D ( LPysi = Lh G5 ) +F | dumoll2 | + ( Hie
: dum9808 het

dum9810

LPjg, 1 = LEys;1—0.20Rys; 1+ 5.11,
LPpy,y = LEgys—1 — 0.15Rger -1 + 3.51.

The specification of (16) is based on the results of our cointegration anal-
ysis. In fact we have used estimated cointegrating parameters to define equi-

libria, and we have used the statistical results on the weights in the matrix
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a to attribute exogeneity status to long-term interest rates and earnings.
Our long-run analysis shows that only share prices adjusts significantly in
presence of disequilibrium. Johansen (1995) illustrates how this result can
be considered in our case as evidence of exogeneity of long-term interest
rates and earnings for the estimation of parameters of interest in a model for
share prices. Finally, we have kept in the specification only those dummies
necessary to remove outliers in the dependent variables. Diagnostic tests?,
reported in Table 4, show that the null of absence of residuals correlation,

homoscedasticity and normality cannot be rejected for (16).

Insert Table 4 here

On the basis of this reduced form, we proceed to estimate two structural
models. A more general structural model allows for both short-run interde-
pendence and contagion, while a more restrictive one is consistent with the
hypothesis of ”only interdependence, no contagion”. Both structural mod-
els impose some testable over-identifying restrictions on our reduced form
and we can therefore use the outcome of the tests to discriminate between
the cases of interest. The estimated structural models are reported in Ta-
ble 5-6.(?7) — (?7) reported in Table 5 is consistent with the hypothesis of
the existence of contagion between the US and European stock markets. In
fact in the case of interdependence only, when a simultaneous feedback is
allowed from US to European stock markets, the dummies capturing tur-
moil periods in the US market should not enter significantly the equation for
European stock prices. Not only such dummies enter significantly but their

inclusion also renders the simultaneous feedback between European and US

2 All the tests have performed at system level using PC-FIML, for a detailed description
see Doornik-Hendry(1997)
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stock markets not significantly different from zero. Importantly, the model
is supported by the data in that the tests for the validity of the thirty-seven
over-identifying restrictions imposed by (??) — (?7) on the general reduced
form (16) does not lead to the rejection of the null hypothesis of interest.

It is interesting to estimate, over the same sample and with the same
method, the structural model implicit in the hypothesis of “no contagion,
only interdependence”. The results from estimation are reported in Table
6. The validity of over-identifying restrictions is now rejected, consistently
the test proposed in the previous sections rejects the null of no contagion
at the one per cent level. As we have four dummies our test for the null
of no-contagion is distributed as a 4. Interestingly, as a consequence of the
omission of dummies, the significance of the simultaneous feedback increases
drastically and might mislead the inference if the specific model (?7) — (7?)

is estimated without reference to the general model (?7) — (77).
Insert Tables 5 and 6 here

To allow comparison of our results with the IV based approach we have
created an instrument wy,which is equal to —AL Py g,/240 for all observations
in our sample except for 1987:1, 1987:10, 1998:08, 1998:10, where it is equal
to ALPyg+/4. The sample correlation between ALPy g, and wy is of 0.53. We
have then proceeded to test the validity of such instrument by implementing
an Hausman (1978) test. The augmented regression, estimated by IV is

reported in Table 7
Insert Table 7 here

As the coefficient on zlt is significantly different from zero, the null of no-
contagion is rejected and our results are confirmed by the implementation of

the IV procedure.
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6 Contagion and the response of European
stock market to a correction in the US.

The results reported in the previous section point clearly toward a non-linear
model of short-run interdependence between the two areas. In fact, there
seems to be a threshold effect in the impact of short-run US stock market
fluctuations in Europe. For value below 2.5 times the standard error of the
equation for US stock prices there is a small and not significant impact on
European stock market. Such impact increases drastically when fluctuations
are higher then the threshold. The standard error of our estimated equation
for US share prices implies a value for the threshold of an eight per cent
monthly fluctuation of US share prices. Such effect, which defines contagion,
is precisely measured within a non-linear model. To illustrate the point
we have estimated over the sample 1980:5-1999:9, by Non-Linear Two-Stage
3

Least Squares®, a simple non-linear specification for European stock market

fluctuations. The results are reported in Table 8:

Insert Table 8 here

Interestingly, parameters capturing the non-linear effect of US stock price
fluctuations can be restricted to one when significant, moreover the evidence
is unequivocal for downward corrections while it is mixed for upward move-
ments. To illustrate the implications of the contagion effect we use the non-
linear specification for Europe together with the linear model for the US to
simulate the impact of a twenty four per cent downward correction in US

stock market. We simulate a non-linear model with a threshold set at eight

30ur instruments are ALPgy 1, (LPEU’t_l - LPEU,t—1) , (LPUs,t_1 - LPP}S,t—l) ,
ARyst, ARgert, ALEys:, ALEgy+, dum8701, dum8710, dum9808, dum9810
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per cent. Monthly fluctuations of the US stock market smaller than eight
per cent have a null simultaneous impact on the European market, while
such impact increases to unity for fluctuations higher than eight per cent.
We consider two scenarios: a sudden correction of 24 per cent within a
month, and a gradual correction, where the same movement occurs in four
month. We compute dynamic multipliers by shocking the model in 1982:8, a
period where the disequilibrium in the US stock market was close to the one
currently observed, and leaving paths for all exogenous variables unaltered.
Dynamic multipliers® associated to the two different scenarios, reported in

Figure 6, show clearly the importance of non-linearity.
Insert Figure 6 here

A gradual correction in the US has virtually no short-run effect in Europe,
while a sudden correction has a one-to-one impact on the European market.

In the long-run all effects vanish, as our model features no interdependence.

7 Conclusions

In this paper we consider the linkages between US and European stock mar-
kets. We assess the relative importance of contagion and interdependence
within the framework of an explicit structural model, using cointegration
analysis to separate long-run equilibria from short term dynamics. We con-
struct our long-run equilibria by building on a well-known hypothesis put

forward by Graham and Dodd, according to which the earning-price ratio

4Standard errors for the dynamic multipliers, computed on stochastic simulations are
available upon request. They show that the multiplier on gradual adjustment never differs
significantly from zero, while the multiplier on sudden adjustment does not differ signif-
icantly from one at the impact and differs significantly from zero for two years after the
impact.
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and the long-term interest rates should be cointegrated. We parameterize
such hypothesis in a Vector Error Correction framework, and found evidence
in favor of the Graham and Dodd hypothesis both for the US and European
markets. Moreover, within such framework we find that the hypothesis of no
long-run interdependence between the two markets cannot be rejected. In
the long-run both markets are driven by domestic fundamentals. We then use
our VECM as a baseline reduced form and construct a structural model to
assess the relative importance of interdependence and contagion in determin-
ing the short-run dynamics of the two markets. Our structural model shows
that fluctuations in the European market have no impact of the US market,
while the effect of fluctuations of 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 eight per cent on a monthly basis. However, such effect be-
comes 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 period of turmoils. Our results
are confirmed by the application of the Instrumental Variable methodology
proposed by Rigobon (2000). The specification of a structural model along
the lines of the LSE strategy, implemented in this paper, minimizes the risks
of mis-specification and allows naturally the identification of turmoil episodes
crucial to assess the relevance of contagion.

Finally, we show that the impact on European Stock market of a correc-
tion of 25 per cent in the US stock market can be very different depending
on the time horizon over which it occurs. A gradual correction in the US

stock market has virtually no impact on the European market, while a sud-
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den correction has a one-to-one short-run effect with a rather persistent, but

limited, memory.
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Figure 1: US long-term interest rates(BMUS10YR), (log of )dividend yield
(LUSDY) and (log of) earning/price ratio(LUSEP)
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Figure 2: Europe long-term interest rates (German rate BMBD10YR), (log
of ) dividend yield (LEUDY) and (log of) earning/price ratio(LEUEP).
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stock markets
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TABLE 1: Testing residuals normality in the VAR system

LPys, LEys, Rys. LPgyy.

X3 = 39.24* | x5 = 99.05* X3 = 0.68 X3 =2.84
LEgy: Reery System

X3 = 37.91% | x3=26.5" | x3, = 247.72**

Tests x3 are the tests of normality of residuals of each equation.

System X3, is the test of normality of residuals of the system as a whole.
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TABLE 2: Dummies for outliers in the VAR system

DUMMY  LPys:  LEysi Rusy LPgui.  LEgus  Rgery
DUMS8102 0.022 0.003 0.56 —0.006 0.048 1.23
(0.037) (0.014) (0.43) (0.044) (0.042) (0.24)
DUMSg106 —0.032  0.033 0.89 —0.04 —-0.16 —-0.10
(0.037) (0.014) (0.42) (0.044) (0.042) (0.24)
DUMS8503 —-0.031 —0.018 —0.34 0.031 0.22 —0.22
(0.036) (0.014) (0.42) (0.044) (0.042) (0.23)
DUMS8701 0.12 0.003 0.01 —0.006 0.084 —0.31
(0.036) (0.013) (0.41) (0.044) (0.041) (0.23)
DUMS8710 —0.22 —-0.004 —-0.66 —-0.15 0.078 —0.53
(0.037) (0.014) (0.42) (0.044) (0.042) (0.24)
DUMS8806 —0.0003 —-0.039 —-0.31 —-0.031 —0.039 0.004
(0.036) (0.013) (0.41) (0.044) (0.04) (0.23)
DUMS8910 —-0.0362 —-0.037 —0.52 —0.031 0.027 0.12
(0.037) (0.013) (0.41) (0.044) (0.04) (0.23)
DUM9002 0.0024 —0.004  0.15 —0.06 —0.059 1.16
(0.036) (0.013) (0.42) (0.043) (0.041) (0.23)
DUM9112  0.082 —0.007 —0.44 0.06 0.058 —0.12
(0.036) (0.013) (0.41)  (0.043) (0.041) (0.23)
DUM9201 —0.021 0.081 0.81 0.01 —0.045 0.14
(0.036) (0.013) (0.41) (0.043) (0.041)  (0.23)
DUM9701 0.033 0.051 —-0.04 —-0.01 0.064 —0.004
(0.037) (0.013) (0.41) (0.043) (0.040) (0.23)
DUM9808 —0.125 —-0.0005 —-0.33 —0.147 0.025 —0.34
(0.035) (0.013) (0.41) (0.043) (0.041) (0.23)
DUM9810 0.07 0.017 1.11 0.09 —0.023 0.78
(0.038) (0.014) (0.44) (0.045) (0.044)  (0.24)
o 0.013 0.03 0.39 0.041 0.039 0.22
Test X% 2.22 18.7** 3.75 1.46 6.47 0.4
System x3, 36.98

Standard errors are reported within brackets

bold denotes coefficients significant at the five per cent level

DUMYY MM takes value 1 in year Y'Y, month M M and zero elsewhere.

o is the standard deviation of residuals of each equation .

Test x3 is the test of normality of residuals of each equation

System 3, is the test of normality of residuals of the system as a whole
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TABLE 3: Analysis of the II matrix in the VAR model

Eigenvalue Hy:rank =r  Trace 95%
0.18 p=20 123.9%* 102.1
0.11 p<1 77.9% 76.1
0.078 p<2 51.2 53.1
0.066 p<3 32.04 34.9
0.042 p<A4 16.2 20.0
0.025 p<5H 6.03 9.2

Figenvalue column reports the estimated eigenvalues of matrix II

Trace column reports the values of the trace statistics.

** and * indicate 1% and 5% significance for the rejection of the null.

The last column shows the p-values for 5% significance.

TABLE 4: Testing congruency of (16)

Normality Autocorrelation 1-7  Omoscedasticity

X2 =3.23(0.52) F(28,378) = 1.2(0.22) F(156,447) = 0.43(0.67)
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TABLE 5: Modelling interdependence and contagion between US and European
markets, estimation by FIML over the sample 1980:5-1999:9:

ALP, = 0.0007 — 0.024 (L P, LP; 0.037AR
st (0.007) (0.008) ( Usi—1— us t’l) (0.005) Uit

+0.16ALEys; — 0.04 (LPgys—1 — LPjy,_y) —0.12ALEgy,

(0.10) (0.014) (0.04)
+0.13dum8701 — 0.25dum&8710 — 0.13dum9808

(0.03) (0.03) (0.03)
+0.10dum9810 + ey

(0.03)

ALP, = 13 (LP, LP; 0.059A Rger,
EUL 90%](98?)) 90%1?( UsE—1— USt_l) (0.008) Rcier

0.096AL Py 1 — 0.034 (LPpig 1 — LPjy, 1) + 0.35ALEmy,
(0.045) (0.018) (0.05)
+0.07TALPyg; — 0 065dum8701 — 0.20dum8710
(0.16) (0.054)
—0.16dum9808 + 0.13dum9810 + egt
(0.04) (0.04)

LP5g¢, = | LEyss—1 | —0.20Rys;—1 | —5.1

LPEU,t — LEEU,t*l _0~15RGer,t71 _35

Standard errors are reported within brackets

Significant coefficients are written in bold.

Test of validity of over-identifying restrictions : \3, =40.993 [0.2997]
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TABLE 6: Testing the null of no contagion, only interdependence between US and
European markets, estimation by FIML over the sample 1980:5-1999:9:

ALPys; = 0.0007 — 0.024 (LPys;—1 — LP}g, 1) — 0.037ARys,

(0.007) (0.008) (0.005)
+(%.}8ALEUS¢ — (00'.0% (LPgug—1 — LPjy, ) — %'0142)ALEEU¢
4+0.13dum8701 — 0.25dum8710 — 0.13dum9808
(0.03) (0.03) (0.03)
+0.10dum9810 + ey
(0.03)

ALP, =0. —0.0042 (LPygi—1 — LP — 0.038AR¢er
EUL 90.(0](98?)) 0(881) ( Usi-1 US’t_l) (0.009) Gert

+0.091ALPgyy—1 — 0.021 (LPgyy 1 — LPjy, ) +0.35ALEgy;
(0.049) (0.018) ’ (0.05)

+0.59ALPyg,; + égt
(0.09)

LP;s, = LEys: 1 —0.20Ryg; 1 — 5.1

LPry;, 1 =LEgys—1—015Rger 1 — 3.5

Standard errors are reported within brackets.

Significant coefficients are reported in bold.

Test of validity of over-identifying restrictions : y%, =83.53 [0.0001]**

Test of the null of no-contagion : x% =21.66 [0.0001]**
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TABLE 7 : Testing contagion with the IV approach

ALPgyy = —0.005 + 0.004ECMys¢—1 — (() 046ARG8T,5

(0.003) (0.01)
+0.091ALPgy;1 — 0. 024EC’MEU,5 1+0. 33ALEEUt
(0.049) (0.012) (0.0

+0. 79ALPUSt —0. 34Ut + €2t
(0.11) (0.13)

ECMysi—1 = LPyst—1 — (LEyss—1 — 0.20Rys -1 — 5.1)

ECMpgyt—1 = LPgys—1 — (LEEU,t—1 — 0.15Rgeri—1 — 3.5)

Additional Instruments: ARy, ALEys:, DUM8701, DUMS8710,

DUM9808, DU M9I810

u}are the residuals of the regression of ALPygion w;

Significant coefficients are reported in bold.

TABLE 8 : A non-linear specification for the European stock market

ALPgy: = 0.003 — 0.013ECMys¢—1 — 0(06)2ARG6M

(0.008) (0.01)
+0.10 ALPpy; 1 — 0 035 EC'Mpy 11 +0. 35ALEEUt
(0.045) 0.018) (0.0
+(0 04ALP;s; — (0. 47dum8701)ALPUSt
(0.31)
(0.86dum8710)ALPUS,t + (1.42dum9808) AL Py s
(0.23) (0.37)
+(1.10dum9810)ALPyg; + ex
(0.33)

ECMys;—1 = LPygi—1— (LEysi—1 — 0.20Rys,—1 — 5.1)

ECMgys1 = LPgus 1 — (LEgus—1 — 0.15Rgery 1 — 3.5)

Significant coefficients are reported in bold.
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