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Abstract

This paper shows empirically that the level of stock-bond correlation depends more on cross-
country influences than on stock and bond market interaction. The study examines the relation
of cross-country and cross-asset stock and bond market linkages for eight developed countries and
finds that (i) stock market returns primarily depend on the US stock market and (ii) bond market
returns primarily depend on the US bond market. Recursive Granger causality tests further show
that the dominance of the US stock and bond market has increased in recent years and that there
is both Granger causality from stocks to bonds and from bonds to stocks in several periods. We ar-
gue that the relatively low level of stock-bond correlations is due to an increased cross-country in-
terdependence of financial markets leading to more frequent portfolio reallocations between stocks

and bonds in order to compensate for lower cross-country diversification benefits.
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Introduction

The integration of financial markets is of key importance for investors and policy makers. This
integration can be characterized by an increased cross-country co-movement of stock and bond
markets. Portfolio managers invest in both stocks and bonds within countries and among coun-
tries. It is therefore not surprising that cross-country co-movements between stocks and between
bonds have been analyzed thoroughly. Recently, cross-asset co-movements, that is, stock-bond cor-
relations, have also been analyzed in more detail. It is surprising, however, that there is only one
study (see Kim, Moshirian and Wu, 2006) that analyzes the relationship of cross-country stock and

bond co-movements and cross-asset stock-bond co-movements.

There is a vast literature on financial market integration in general (e.g. see Baele et al., 2004),
stock market integration (e.g. see Bekaert and Harvey, 1995, Bekaert et al., 2002 and Bracker
et al., 1999) and stock market co-movements, bond market integration and co-movement (e.g. see
Barr and Priestley, 2004) and potential negative effects of this evidenced by the contagion literature
(e.g. see Bekaert et al., 2005). Stock-bond correlations are first analyzed by Campbell and Ammer
(1993). As noted above, there is only one paper on stock-bond integration (see Kim et al., 2006).
Kim et al. find increased cross-market co-movements (stock-stock or bond-bond) and decreased
cross-asset co-movements and argue that the latter is evidence for a segmentation of the stock and
bond markets due to increased uncertainty associated with the Euro currency and its monetary
policy.

The main objective of this paper is to further examine stock-bond co-movements and their rela-
tion to cross-country linkages. More specifically, we aim to contribute to the literature in the follow-
ing ways: First, we develop a simple model that links cross-country and cross-asset co-movements.
This model also demonstrates how cross-country contagion and flight to quality from stocks to
bonds depend on these co-movements. Second, we analyze whether there is a trend in stock-stock,
bond-bond and stock-bond correlations and examine interdependencies between cross-country and
cross-asset linkages. Finally, we analyze the hypothesis that stock-bond co-movements are mainly
determined by cross-country stock market and bond market movements. The empirical analysis

for eight developed countries shows that cross-country stock and bond market linkages are causing



stock-bond co-movements. Granger causality tests based on a VAR for all stock and bond mar-
kets in the sample show that the US market causes the other markets. A sub-sample analysis
performed with recursive Granger causality tests further shows that stock market returns cause
bond market returns and vice versa in several sub-periods. This bidirectional relationship between
stock and bond markets indicates that there is a feedback effect potentially reinforcing or correct-
ing phenomena such as flight to quality or flight from quality. However, stock-bond interaction is
dominated by cross-country linkages with the US even in sub-samples. Furthermore, in periods
in which within-country stock-bond interaction is high the US stock and bond markets exhibit an

additional influence on these country’s markets.

Stock-bond correlations have declined significantly within the period under study. The average
stock-bond linkage has decreased from a level of 0.6 in the beginning of the sample (1994-1996)
to values around —0.3 between 2001 and 2005 and values close to zero in the end of the sample
(2006). The relatively low stock-bond linkages currently observed among all countries can be ex-
plained with the increased cross-country interdependence of stock and bond markets leading to

lower diversification benefits and more frequent portfolio reallocations between stocks and bonds.

The paper is structured as follows: The first section proposes a model that links stock-market co-
movements, bond-market co-movements and stock-bond co-movements. The second section outlines
the econometric framework to assess the validity of this model and the third section presents the

empirical results. Finally, section 4 concludes.

1 Theoretical Model

In this section we present a model that illustrates the potential relationship between and among

stock and bond markets. The model can be written as follows:

rsiy = oqrsmy+ (1 —ar)er,
rsa; = oaorsmy+ (1 —ag)ex,
rbiy = Pirbmg + (1 — fr)es,
rboy = [Porbmy+ (1 — B2)eay



We assume that the stock market returns rs; and rs; depend on a systemic risk factor (e.g. a
broader stock market) rsm with a loading a; and as and an idiosyncratic shock ¢; and ¢; with an
’inverse’ loading (1 — «;) for i = 1,2, respectively. Bond market returns are assumed to evolve in
a similar fashion. They depend on a broader market return rbm with loading 3; and 8, and an
idiosyncratic shock €3 and e4, respectively. The idiosyncratic shocks ¢; ; for all i are normally and
independently distributed with mean zero and variance one (N(0,1)).! If we further assume that
idiosyncratic shocks are uncorrelated with the stock and bond market and that the correlation of

rsm and rbm is given by p we can derive the following conclusions.

If the correlation of rsm and rbm denoted with p is positive, a higher stock market integration
(higher a4 or/ and «») leads to a higher stock-bond co-movement ceteris paribus. If, on the other
hand, the correlation is negative, the opposite is true, that is, higher stock market integration
decreases the level of stock-bond co-movements. The same relationship is true for higher bond
market integration. Hence, if the broader stock and bond market indices (the systematic risk factors
for stock and bond markets) exhibit a negative correlation then an increased stock or bond market
integration leads to a lower stock-bond co-movement.

An alternative to the assumption about the correlation is the inclusion of two factors determining
positive and negative co-movement of stocks and bonds. Let’s assume the market returns of stocks

and bonds depend on two common factors f and g as follows:

rsmy = fi+ gt

rbmy = afy — by

where a and b determine the loadings to the factor f and ¢g. ¢ and b are both non-negative and
smaller than one.

The factor f determines the positive co-movement of stock and bond markets and g determines
the negative co-movement. The factor g could be viewed as a time-varying risk factor causing stock
markets to decline and bond markets to increase. For example, while f could comprise macroeco-

nomic factors such as an economy’s growth rates that drive stocks and bonds in the same direction,

1Stock and bond returns are generated in a way that the distribution follows the distribution of the idiosyncratic shocks

with mean zero and variance one.



g could be a factor capturing stock market uncertainty in some periods decreasing stock market
returns and increasing bond market returns implying flight to quality (see Li, 2002 and Connolly

et al., 2005).

Both factors f and g lead to a certain correlation between the stock market index and the bond
market index yielding the same conclusions as discussed above. If high stock market or bond mar-
ket integration tends to increase stock-bond co-movements, the common factor f is causing these
correlations. If on the other hand high stock or bond market integration tends to lower stock-bond

correlations, the common factor g is primarily contributing to the level of stock-bond co-movements.

1.1 Contagion and flight to quality

The model outlined above also provides information about the occurrence of cross-country contagion
between stock markets and bond markets and flight to quality from stock to bonds. Contagion
can be defined as an increase in correlations between stock markets (cross-country stock market
contagion), between bond markets (cross-country bond market contagion) or between stock and
bond markets (cross-asset contagion) in crisis periods or in falling stock markets.? Flight to quality
can be defined as a decrease of stock-bond correlations toward minus one in a crisis period or a

falling stock market (see Baur and Lucey, 2006).

Cross-country stock-stock or bond-bond contagion and flight to quality can be caused (i) by chang-
ing factor loadings «, 3, a and b or (ii) by a temporary change in the correlation of the idiosyncratic
shocks?. Both assumptions have different implications. If contagion and flight to quality is caused
by the common factors f and g, the occurrence of these phenomena tends to be more frequent or
more severe the higher the stock or bond market integration is. This also implies that a lower
degree of stock or bond market integration lowers the likelihood that contagion or flight to quality
occur since f and g play a minor role and idiosyncratic shocks are more important. If on the other
hand contagion or flight to quality is exclusively caused by idiosyncratic shocks their occurrence is
less likely the more integrated stock markets and bond markets are because of the lower weights

attributed to the idiosyncratic shocks.

2e.g. see Forbes and Rigobon (2002) for cross-country stock market contagion, Dungey et al. (2004) for cross-country bond

market contagion and Gonzalo and Olmo (2005) and Baur and Lucey (2006) for cross-asset contagion.
3This is the common idea of contagion in the literature (e.g. see Forbes and Rigobon (2002))



2 Econometric Model

In this section we describe the econometric model to test the hypothesis that cross-country stock or
bond market linkages dominate cross-asset stock-bond co-movements.

We proceed in two steps. The first step assesses the dynamics of cross-country and cross-asset
stock and bond market correlation estimates obtained with a Multivariate GARCH model and the
second step analyzes cross-country and cross-asset linkages with a VAR model for all stock and bond
markets. Granger causality tests based on this model will further show the direction and strength
of spillovers from one market to another. The first step involves the estimation of time-varying
correlations and a subsequent estimation of a trend in order to compare our results with those of
Kim et al. (2006). The time-varying correlations are estimated with the DCC model of Engle (2002)

which can be formulated as the following statistical specification:

1¢|Q—1 ~ N (0, DR D)

D} = diag(w;) + diag(k;) o re_17i_ + diag(\i) o D},

€t — Dt_lrt

Hi=8So(u/ —A—B)+Aoce 16, 1+ BoH; 4

where r, is a vector of stock and/ or bond market returns, D, is a diagonal matrix of their vari-
ances, ¢; is a vector of standardized residuals and H; is the covariance matrix modeled in a ARMA-
type fashion where S is the unconditional covariance matrix and A and B are parameter matrices

to be estimated.

The time-varying correlations are then given by the ratio of the covariance between two markets
and the square root of the product of the variances of the two markets. The existence of a positive
or negative trend will be analyzed on a second stage in which the estimated correlation is regressed

on a constant and a trend. The two-stage procedure is necessary since the inclusion of a trend in



the DCC Model would risk an indefinite covariance matrix.*

The second part of the analysis involves the estimation of a vector autoregressive (VAR) model

for all stock and bond markets.

p p
rs; = c+ Z rSi_; + Zrbt_i + € 1)
i=1 i=1
p p
rby = d+ Z rSi_; + Z rbi_; + vy 2)
i=1 i=1

where rs; and rb; are vectors comprising all stock and bond market returns, respectively. The
number of lags is determined by p and the vectors of errors are given by €, and v;.> The VAR is the

basis for Granger causality tests among and between stock and bond market returns.

Granger causality tests will be performed based on the VAR specified above. A time series
variable z is said to fail to Granger-cause another variable y if the mean squared error (MSE) of a
forecast of ;s based on Fy,; = {24, z4—1,..., ys, Y4—1, ...} is equal to the MSE of a forecast based on
F,+={vyt;Y1-1, .-}, s > 0. Under the null hypothesis of 'no Granger causality’, the test statistic S is

given as follows:
g T(RSSy — RSS1)
N RSS,

where RSS, denotes the residual sum of squares under the null hypothesis, RSS; are the residual

sum of squares under the alternative hypothesis and T denotes the sample size. The model under
P P

the alternative hypothesis is given by y; = ag + Z a;T_i+ Z biyt—; + €1+ and the model under the
=1 =1

p
null hypothesis is given by y; = ¢y + Z ¢iYt—; + €0+ The residual sum of squares is then given by
1=1
T

RSS; = Z é7,. The larger the difference between the sum of squared residuals the higher is the
t=1
test statistic S. In other words, the more important x is for the prediction of y the larger is the test

statistic.

Since it is likely that phenomena such as cross-country contagion or flight to quality only happen

in certain sub-sample periods we also test Granger causality in sub-samples. Therefore, we will

4A trend (denoted by ¢r) can only be specified for the whole covariance matrix either for A or for B or for both: H; =

So(w —A*—B*)+ A*oe_1€,_, + B* o Hi_1 where A* = A+ atr and B* = B + btr.
p
5The VAR could also be formulated as follows y, = C+Z Y;_; +€: where y comprises all stock and bond market returns.

i=1



perform a dynamic Granger causality test based on a recursively estimated VAR which provides a
set or time-series of test statistics S,, where n is the number of recursively estimated sub-samples.
This methodology is related to dynamic co-integration (see Hansen and Johansen, 1999) where co-
integration is recursively estimated leading to a time-series of trace statistics revealing the time-
variation in the co-integration relationships. In the case of dynamic Granger causality, the time-
series S will provide information about the time-variation of causality between stock and bond

markets.

3 Empirical Analysis

This section contains an introduction of the data set, descriptive statistics, a graphical analysis
of the time-varying evolution of cross-country and cross-asset co-movements and the results of

Granger causality tests.

3.1 Data

The data consists of daily continuously compounded MSCI stock and bond index returns of the
US, the UK, Germany, France, Italy, Australia, Canada and Japan. The MSCI bond indices are
sovereign total return indices with maturities longer than 10 years (10year+). All indices are in
local currencies. The data cover a time-period of more than 12 years from January 1994 until
September 2006 leading to a sample size of T = 3291 observations. The descriptive statistics are

shown in table 1.

The upper triangular matrix in table 2 contains the correlation coefficient between the bond in-
dices and the lower triangular matrix presents the correlation coefficient between the stock indices.
The main diagonal contains the unconditional stock-bond correlations. Stock-stock and bond-bond
correlations have a comparable magnitude for the same pairs of markets. For example, the bond-
bond correlation of the US and the UK is 0.4617 and the stock-stock correlation for the same markets
is 0.4117. The similarity is even more pronounced for the stock-stock and bond-bond correlations of
Germany and the UK. It is 0.7355 for bonds and 0.7094 for stocks. Finally, the correlations of the

US and German markets for stocks (0.4725) and bonds (0.4617) are lower than for the UK-German



pairs and even more similar. Cross-country stock and bond correlations are relatively low for Aus-
tralia and Japan which can be explained with the different time zone. Note also that the sample
contains stock and bond market returns in local currencies. This yields intra-country stock-bond
correlations that are independent of exchange rate changes. In contrast, cross-country stock and
bond market return correlations are affected by exchange rate changes. Stock-bond co-movements
are tabulated on the main diagonal of the matrix and are close to zero (in most cases negative)
for many countries except Italy, Australia and Japan. Italy and Australia have positive stock-bond

correlations of 0.1852 and 0.1132 and Japan exhibits a negative correlation of —0.2056.

Table 3 presents the unconditional stock-bond correlations for four sub samples, namely 1994-
1997, 1997-2001, 2001-2005 and 2005-2006. There are two main features. First, there is significant
variation of the correlations through time and second, there is less variation in the cross-section
of the sample for each sub period. The standard deviation among all countries averaged over the
four sub periods is 0.1324. On the other hand, the standard deviation among all sub sample periods
averaged over the eight countries is 0.2918. Obviously, Japan exhibits a very different stock-bond
correlation level than the other countries. The main insight from this table is the co-movement of
stock-bond linkages among most countries. High correlations are a common feature in the first sub
sample, low (around zero) and negative correlations are a common feature in the second and third
sub sample period and the fourth sub sample exhibits low correlations around zero for all markets

except Japan.

3.2 Dynamic Correlations - Graphical Analysis

In this section we first report the graphical presentation of the time-varying stock-stock, bond-bond
and stock-bond estimates. Stock-stock and bond-bond correlations are reported with respect to the
US stock and bond market because of the prominent role of the US financial market for the markets
in the sample. Stock-bond correlation estimates are shown in figure 1, stock-stock correlations in
figure 2 and bond-bond correlations in figure 3. Note that the objective of this section is to obtain a
picture of the average evolution of cross-country and cross-asset (stock-bond) correlations. Hence,
we examine obvious similarities and disparities among the correlations and do not focus on specific

countries.



The stock-bond correlation estimates show a downward trend until 2003 followed by an upward
trend in the end of the sample from 2003 until 2006. This behavior of stock-bond correlations
is similar for all countries except Japan. The stock-bond co-movement of Japan is negative and
relatively constant around a value of —0.2. A regression model with a constant, a trend and a
squared trend confirms the above statement. Both trend terms are significant and indicate a u-
shape evolution through time for all countries except Japan.® Results are not reported due to space

considerations.

The stock-stock and bond-bond correlations exhibit an upward trend for the European countries
and relatively constant correlations for Canada, Australia and Japan. Analyzing the evolution of
cross-country co-movements in more details reveals that cross-country stock market co-movements
are inversely related to stock-bond co-movements. To some degree this is also true for cross-country

bond market co-movements but this relation is less pronounced.

3.3 Granger causality tests

This section presents the results of the Granger causality tests based on vector autoregressions
(VAR) as described in the econometric section. The VAR estimates are not reported due to space
considerations. The optimal lag lengths varies between one and three lags for different information
criteria. The Akaike information criterion (AIC) selects three lags for restricted VARs (not involving
all stock and bond markets) and the Schwartz’s Bayesian information criterion (SBIC) and the
Hannan and Quinn information criterion (HQIC) select a unit lag length for all VARs (restricted
and unrestricted). Therefore, we choose a unit lag length for all models assuming that the Schwartz
and Hannan and Quinn information criteria dominate Akaike’s information criterion. Since it was
shown that Granger causality tests with auxiliary variables in the information set (higher order
VARs) can yield different results for horizons larger than one there is an additional argument for

the choice of a unit lag length (e.g. see Giles, 2000 and Liitkepohl, 1993).

Tables 4-7 present the result of the Granger causality tests based on an estimated VAR compris-

ing all stock and bond markets of the sample. Table 4 shows the influence of all stock and bond

6This finding is in contrast to Kim et al. (2006) who report a downward trend of stock-bond correlations through time
and explain this with the introduction of the Euro and associated monetary policy uncertainty. The reason why we cannot

replicate their findings is due to an extended sample period used in this study.
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markets on the US stock and bond market (top panel) and the UK stock and bond market (bottom
panel). The influence on the stock market is shown in the left part of the table and the influence
on the bond market is shown in the right part of the table. Table 5 contains the same information
for Germany and France, table 6 for Italy and Australia and table 7 for Canada and Japan. The
results for the US show that other stock markets or bond markets have no significant influence on
the US stock market since no test statistic exceeds a critical value for any commonly used level of
significance. For example, the Chi squared test statistic for the hypothesis that the UK stock mar-
ket does not cause the US stock market is 0.2842 which is below the 10 percent critical value that
would lead to a rejection of the null hypothesis. The Chi squared test statistic for the hypothesis
that all stock and bond markets do not Granger cause the US stock market is also not rejected. The
test statistic is 20.1510 which is below the 10 percent critical value. The same result is obtained for
Granger causality tests examining the influence of other stock and bond markets on the US bond
market. The null hypothesis of no Granger causality is not rejected in any case.

The picture is very different for the UK stock and bond market. The US, the Australian and the
Japanese stock market cause the UK stock market in the Granger sense. The US bond market also
influences the UK stock market. The test statistic is 262 for the Granger causality test with the US
stock market and below 10 for the other markets. The UK bond market is mainly influenced by the
US (41). The Granger causality tests excluding all markets but the UK stock or bond market leads
to test statistics of 435 and 110, respectively.

The pattern is similar for Germany and France (table 5). The US stock market significantly
influences the German and the French stock markets (test statistics around 200). The same is true
for the US bond market but the test statistic is only a quarter of the value for the stock market
(around 50). Other markets also have an impact but the magnitude is small compared to the US.
The results for the Italian stock and bond market (table 6) are essentially similar to Germany and
France. The main difference is that the influence of the US market is not as pronounced as for
Germany and France and the influence of the US stock and bond market on the Italian markets is
relatively similar.

The results for Australia (table 6 bottom panel) show that other countries exhibit a strong in-

fluence on the Australian stock and bond markets. Again, the US dominates all other countries’
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influence but the UK and Canada also have a significant impact. According to the last row that
presents the influence of all markets together shows that the bond market is more dependent on
other markets than the stock market. However, both test statistics are very large and both greater

than 1000 which well exceeds the largest number for all other countries in the sample.

Canada (table 7) is also influenced by the US but to a lower degree than other countries. There is
no significant impact of other countries’ stock or bond markets on Canada’s stock or bond markets.
The results for Japan are more similar to the majority of countries. The US stock market exhibits
a significant influence on the Japanese stock market. The same is true for the US and Japanese
bond markets. The influence is stronger on the stock market than on the bond market. This is
also represented by the last row of the table that contains the test statistic for a test excluding all
markets. The test statistic for the stock market is larger than 500 and that for the bond market

around 80.

These tables show that the US market is relatively independent. Other countries’ stock or bond
markets do not influence the US stock or bond markets in the Granger sense. The opposite is
true for all other markets. They are all significantly influenced by the US stock or bond markets.
Finally, there is no significant influence of a country’s stock market on its bond market or vice versa.
Exceptions are Canada, Italy and the UK but the test statistics are very small compared to the test
statistics associated with the US markets.

The next step is to analyze causality dynamically by estimating a restricted VAR in which not
all countries and markets are modeled simultaneously but only a subset. Dynamically means that
we estimate the VAR and perform the Granger causality test recursively by adding a fixed number
of observations (125 trading days). The objective of this methodology is to obtain information about
changes in cross-country and cross-asset linkages through time.

Tables 8-10 further investigate the relationship of the US stock and bond market with the UK
markets, the German markets and the Japanese markets. The tables present the Chi squared test
statistics based on a restricted VAR for the US and the other country’s stock and bond markets. The
first column contains all 26 sub-samples. The following four columns show the influence of the US
bond market on the US stock market, the foreign country’s stock market on the US stock market,

the foreign country’s bond market on the US stock market and the influence of all variables (ALL)

12



on the US stock market. The last four columns present the test statistics for the US bond market.
The 10 (5, 1) percent critical values are 2.7055, 3.8415 and 6.6349, respectively. Table 8 shows that
the UK stock market exhibits some influence on the US stock market beginning in the end of 1998.
The US bond market does not have such an influence on the US stock market. The opposite is
true for the inverse direction. The US stock market, the UK stock market and also the UK bond
market exhibit a significant influence on the US bond market. The strongest impact is in 2001.
The German stock and bond markets (table 9) do also exhibit some influence on the US market but
mainly on the US bond market and only in 1995 and 1996 and around 2001. Finally, the Japanese
bond market (table 10) has a statistically significant impact on the US stock market but no impact
on the bond market. The test statistics representing the influence of the Japanese stock market on
the US markets all indicate that the US market is not linked to the Japanese stock market. Figures

4 and 5 present the test statistics presented in the tables graphically.

Tables 11-17 present dynamic Granger causality tests for the remaining countries. The tables
show the influence of a country’s stock market on its bond market, the influence of the bond market
on its stock market and the influence of the US stock and bond markets on the country’s stock and

bond markets under investigation.

All tables confirm the results obtained from the full sample tests that the US stock and bond
markets exhibit a strong influence on the other markets. The tables also show that the influence has
increased in recent years. More precisely, the US stock market’s influence on other stock markets
has increased and the same is true for the influence of the US bond market on other bond markets.
In addition, the US stock market (bond market) also exhibits an effect on other country’s bond
markets (stock markets). The US stock market causes all other country’s bond markets except for
Australia. However, there is no increasing influence but rather an inverted u-shape influence over
all sub-sample periods. The US bond market also causes all other country’s stock markets. Here the
exception is the Canadian stock market that is not affected by the US stock market. Again, there is
no increasing influence of the US bond market on the other country’s stock markets. Furthermore,
the cross-country cross-asset effects (US stock - bond market and US bond - stock market) are
significantly weaker than the cross-country effects for the same types of assets (US stock - stock

market and US bond - bond market).
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On average, that is, for the full sample, there is no causality from the stock market to the bond
market or from the bond market to the stock market. Notable exceptions are Italy and Canada.
The recursive Granger causality tests show a different picture. The estimates reveal that there is
both causality from stock markets to bond markets and vice versa in several subperiods. The UK,
Australia and Japan stock markets are not influenced by their bond markets in most periods. The
same is true for the inverse relationship for Australia and Japan. The UK stock market exhibits a
significant influence on its bond market in most periods until the end of 2002. The German, French
and Italian markets can be characterized by a decreasing influence of the bond market on their
stock markets (especially for Germany) and an increasing influence of the stock markets on their

bond markets.

Figure 6 presents the chi squared test statistics for of Granger causality tests running from
bonds to stocks (top graph) and from stocks to bonds (bottom graph) for the UK, Germany, France,
Italy, Australia, Canada and Japan. The top graph shows that bonds influence stocks in the Granger
sense only in Germany in the beginning of the sample (until 1997) and in Canada from 1997 until
the end of the sample. The bottom graph presenting the test statistics of Granger causality tests
running from stocks to bonds reveal considerable fluctuations and an increasing trend in the end of

the sample period for Germany, France and Italy.

Figure 7 shows the influence of the US stock market on the other countries’ stock markets (top
graph) and on the other countries bond markets (bottom graph). There is a strong positive trend
of the influence of the US stock market on the other countries’ stock markets for all countries. The
picture is very different regarding the influence on the bond markets. Here, only Australia, Canada

and Japan are significantly influenced by the US stock market.

Finally, figure 8 presents the time-varying influence of the US bond market on the other coun-
tries’ stock markets (top graph) and the other countries’ bond markets (bottom graph). The UK
and Germany are significantly influenced in several sub periods and Australia is influenced in the
entire sample period and the US influence has increased in recent years. The bottom graph shows
that all bond markets are significantly affected by the US bond market except Canada. There is

also a clear positive trend for all countries except Canada.
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3.4 Specification Issues

The role of the US stock and bond markets can also be analyzed by comparing two different VAR
specifications. The first one comprises a country’s stock and bond markets plus the US stock and
bond market and the second specification is a restricted version of the first one excluding the US
markets. Granger causality tests based on these specifications show that the restricted model
indicates causality that does not exist if the US markets are included. This is true for the German
and the Australian market. For the other markets we find that the inclusion of the US markets
renders more pronounced test statistics, that is, if the test statistic is low in the restricted model,
the statistic is even lower in the unrestricted model. The same effect holds for the opposite case.
The test statistic is significantly larger in the full model if the hypothesis of 'no Granger causality’ is
rejected in the restricted model. A similar effect that was found for the German and the Australian
markets for the full sample can also be obtained for certain sub-sample period for the other markets.
For example, in the years 2000 and 2001 a restricted model indicates causality running from bonds
to stocks in all markets except Canada and Japan that disappears if US markets are included in
the VAR. This finding is additional evidence that cross-country influences significantly affect stock-

bond co-movements.

The results are based on VARs with a unit lag length. Using alternative lag lengths of two
and three lags does not change the Granger causality tests qualitatively for the UK, Germany and
France but for Italy, Australia, Canada and Japan. For the latter four countries an augmentation of
the lag length generally leads to a lower number of rejections of the null hypothesis of no Granger
causality. However, the role of the US markets for these countries is not altered qualitatively and
the changes in the test statistics and associated probabilities are negligible.

Moreover, it could be argued that the window length (number of observations in sub-sample
periods) is too long to detect significant stock-bond interaction being responsible for the importance
of the cross-country linkages. However, an examination of the test statistics for different time
periods and different countries reveals that there is significant stock-bond causality in several sub-
sample periods. Furthermore, there is no systematic trend which suggested that the results are

due to the recursively augmented sample size or the window length.
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Finally, we also considered the possibility of spurious Granger causality due to non-stationarity
of the variables, time-aggregation or small samples (e.g. see He and Maekawa, 2001). Obviously,

non of the aforementioned applies to our data sample.

3.5 Summary

The results can be summarized as follows: (i) there is no causality from bond to stock markets
or from stock to bond markets on average but in several sub-periods, (ii) the US stock and bond
markets are affecting both foreign stock and bond markets and (iii) the influence of the US stock
and bond markets has increased for all countries (the influence of the stock market is considerably

stronger) and dominates other influences, e.g. the effects of a country’s own stock or bond markets.

These findings imply that cross-country linkages with the US govern and dominate stock-bond
co-movements. In addition, if there is causality from stock to bond markets or from bond markets
to stock markets there is also a feedback effect in many cases. In other words, in times in which
stock markets cause bond markets, bond markets cause stock markets and vice versa. Moreover,
in times of stock-bond or bond-stock market causality there is often an additional effect of the US

stock or bond market on the foreign country’s bond or stock market.

Regarding the relatively low stock-bond linkages and the high cross-country linkages recently
observed compared to the past suggests that stock-bond market interaction, including phenom-
ena such as flight to quality or flight from quality, is not the primary cause of lower stock-bond
correlations. It is rather cross-country stock-stock and bond-bond linkages that cause stock-bond
correlations to change significantly. The low correlations can be explained with decreased cross-
country diversification benefits leading to an increased frequency of portfolio reallocations between
stocks and bonds.

This has important implications regarding the theoretical model presented in the first part of
this study. Given that cross-country co-movements have increased and govern stock-bond relations
lower stock-bond co-movements can be described adequately with the factor g in the theoretical
model. This factor drives stocks and bonds in opposite directions (leads to low or negative stock-

bond co-movements) and depends on the integration of stock and bond markets or on cross-country
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linkages.”

4 Conclusions

This paper analyzes the relationship of cross-country and cross-asset linkages. We show empirically
that the level of stock-bond correlation depends more on cross-country influences than on stock and
bond market interaction. A recursively estimated VAR further reveals that there is a bidirectional
causality among stock and bond markets in several periods. We argue that the relatively low level
of stock-bond co-movements recently observed among all countries is due to lower diversification
benefits of cross-country stock or bond market investments leading to a higher frequency of portfolio

reallocations between stocks and bonds.

7An interesting issue related to this findings is the question whether increased cross-country market integration changes
the likelihood of contagion and flight-to-quality. The number of contagious incidences and occurrences of flight-to-quality
is too small and the sample period too short to answer this question empirically in this paper. However, one could argue
that higher cross-country linkages reduce the potential for extreme positive correlation changes potentially associated with
contagion. The same is true for low or negative stock-bond correlations. Large negative changes are less likely the lower the
stock-bond correlation is. Bringing both conditions together, that is, high cross-country and low cross-asset co-movements

implies that the severity of contagion and flight-to-quality decreases.
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Appendix

Stock—bond correlations
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Figure 1: Stock-bond correlations (DCC estimates)
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Stock—stock correlations
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Figure 2: Stock-stock correlations (DCC estimates)
Bond—bond correlations
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Figure 3: Bond-bond correlations (DCC estimates)

21



Table 1: Descriptive statistics of continuously compounded bond and stock index returns

Stock market | Mean Std. Dev. Min Max Skewness Kurtosis
UsS 0.0003 0.0105 -0.0697 0.0561 -0.1130 6.8322
UK 0.0002 0.0103 -0.0601 0.0559 -0.2220 6.1867
GER 0.0002 0.0143 -0.0867 0.0745 -0.2432 6.3459
FRA 0.0003 0.0130 -0.0723 0.0657 -0.1246 5.8114
ITA 0.0003 0.0131 -0.0742 0.0704 -0.1111 5.5210
AUS 0.0002 0.0083 -0.0676 0.0522 -0.3663 6.4578
CAN 0.0003 0.0103 -0.0926 0.0532 -0.5460 9.5272
JAP 0.0000 0.0120 -0.0651 0.0681 -0.0215 5.2950
Bond market Mean Std. Dev. Min Max Skewness Kurtosis
UsS 0.0003 0.0055 -0.0312 0.0203 -0.3562 4.4412
UK 0.0003 0.0049 -0.0351 0.0323 -0.2210 5.3951
GER 0.0003 0.0052 -0.0343 0.0253 -0.4321 5.2498
FRA 0.0003 0.0046 -0.0233 0.0212 -0.2813 4.6562
ITA 0.0004 0.0057 -0.0418 0.0296 -0.4568 6.8303
AUS 0.0003 0.0054 -0.0328 0.0282 -0.2341 5.6024
CAN 0.0003 0.0049 -0.0299 0.0247 -0.1813 5.2381
JAP 0.0002 0.0043 -0.0320 0.0247 -0.5438 8.7837

The table presents the descriptive statistics of the stock and bond markets for the US, the UK, Germany, France,
Italy, Australia, Canada and Japan.

Table 2: Unconditional correlation coefficient of stock and bond market returns.

Us UK GER FRA ITA AUS CAN JAP
UsS -0.0149 0.4617 0.4753  0.4400 0.3670 0.0907 0.7806 0.0558
UK 0.4117 -0.0321 0.7355  0.7236  0.6038 0.1642 0.4320 0.0797
GER 0.4725 0.7094 -0.0564 0.8986 0.7257 0.1870  0.4521 0.0849
FRA 0.4336 0.7967 0.7868 0.0102 0.7467 0.1957 0.4220 0.0846
ITA 0.3648 0.6727 0.6750 0.7427 0.1852 0.1664 0.3743 0.0507
AUS 0.0834 0.2484 0.2593 0.2407 0.2162 0.1132 0.1695 0.1472
CAN 0.6651 0.4070 0.4505 0.4311 0.3597 0.1577 0.0348 0.0375
JAP 0.1003 0.2292 0.2177 0.2349 0.1872 0.4078 0.1505 -0.2056

The table shows the unconditional correlation coefficients of cross-country and cross-asset stock and bond market
returns. The upper triangular matrix contains cross-country bond market returns, the lower triangular matrix contains
cross-country stock market returns and the main diagonal of the matrix contains (cross-asset) stock-bond correlations for

each country.
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Table 3: Unconditional stock-bond correlations for four sub-samples

1994-1997 1997-2001 2001-2005 2005-2006
Us 0.4843 -0.0691 -0.2898 0.0532
UK 0.5020 -0.0932 -0.3577 -0.0809
GER 0.3029 0.0194 -0.3678 -0.0536
FRA 0.5676 -0.0022 -0.4083 -0.0728
ITA 0.5893 0.0805 -0.3486 0.0023
AUS 0.3788 0.0431 -0.2003 -0.0336
CAN 0.3788 -0.0121 -0.2217 -0.0070
JAP -0.1942 -0.1602 -0.2407 -0.3531

The table shows the unconditional correlation coefficients of cross-asset stock and bond market returns.
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Table 4: Results of Granger causality tests for US market (top panel) and UK market
(bottom panel)

Dependent Excluded chi2 df Prob | Dependent Excluded chi2 df Prob
US stocks stocks UK 0.2842 1 0.594 | US bonds stocks US 0.5814 1 0.446
UsS GER 0.2305 1 0.631 | US UK 0.5619 1 0.454
UsS FRA 0.1742 1 0.676 | US GER 0.2008 1 0.654
US ITA 1.7890 1 0.181 | US FRA 0.1168 1 0.733
US AUS 0.5158 1 0.473 | US ITA 0.1783 1 0.673
US CAN 2.0209 1 0.155 | US AUS 0.8755 1 0.349
UsS JAP 0.3463 1 0.556 | US CAN 0.8293 1 0.362
UsS bonds US 0.0046 1 0.946 | US JAP 0.3258 1 0.568
US UK 0.0888 1 0.766 | US bonds UK 1.5024 1 0.220
US GER 0.0593 1 0.808 | US GER 0.0041 1 0.949
US FRA 0.1358 1 0.713 | US FRA 0.0367 1 0.848
US ITA 0.0001 1 0.992 | US ITA 0.1579 1 0.691
UsS AUS 4.6506 1 0.031 | US AUS 0.0036 1 0.952
US CAN 0.7101 1 0.399 | US CAN 0.5509 1 0.458
US JAP 1.9995 1 0.157 | US JAP 0.0012 1 0.973
US ALL 20.1510 15 0.166 | US ALL 6.9151 15  0.960
Dependent Excluded chi2 df Prob | Dependent Excluded chi2 df Prob
UK stocks stocks US 261.7600 1 0.000 | UK bonds stocks US 0.0420 1 0.838
UK GER 0.7075 1 0.400 | UK UK 4.4764 1 0.034
UK FRA 0.9332 1 0.334 | UK GER 1.0827 1 0.298
UK ITA 1.6609 1 0.197 | UK FRA 1.0009 1 0.317
UK AUS 3.7249 1 0.054 | UK ITA 1.2749 1 0.259
UK CAN 0.0025 1 0.960 | UK AUS 1.9901 1 0.158
UK JAP 7.4983 1 0.006 | UK CAN 4.0978 1 0.043
UK bonds US 4.0323 1 0.045 | UK JAP 0.0395 1 0.843
UK UK 0.0052 1 0.943 | UK bonds US 41.2170 1 0.000
UK GER 0.4045 1 0.525 | UK GER 0.7364 1 0.391
UK FRA 0.8512 1 0.356 | UK FRA 3.4994 1 0.061
UK ITA 0.0006 1 0.980 | UK ITA 1.2882 1 0.256
UK AUS 0.8692 1 0.351 | UK AUS 2.2314 1 0.135
UK CAN 1.1574 1 0.282 | UK CAN 0.0092 1 0.924
UK JAP 0.0428 1 0.836 | UK JAP 0.8590 1 0.354
UK ALL 434.9200 15 0.000 | UK ALL 110.0200 15 0.000

The table contains the results of Granger causality tests based on an estimated VAR including all stock and bond
market returns with 1 lag. The first column contains the stock market under investigation, the second column the market
that is excluded from the regression in order to test for causality of the excluded market, the third column contains the
Wald test statistic, the fourth column the degrees of freedom and the fifth column the level of significance with which the
null hypothesis of "no causality" can be rejected. Columns six to ten present the results of Granger causality tests in the
same order for the bond market.
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Table 5: Granger causality tests for German (GER) market (top panel) and French (FRA)

market (bottom panel)

Dependent Excluded chi2 df Prob | Dependent Excluded chi2 df Prob
GER stocks | stocks US 184.0400 1 0.000 | GER bonds | stocks US 0.2355 1 0.627
GER UK 0.0929 1 0.760 | GER UK 2.1637 1 0.141
GER FRA 3.2361 1 0.072 | GER GER 1.4381 1 0.230
GER ITA 1.9911 1 0.158 | GER FRA 1.9937 1 0.158
GER AUS 1.2065 1 0.272 | GER ITA 0.8149 1 0.367
GER CAN 0.7910 1 0.374 | GER AUS 0.7631 1 0.382
GER JAP 3.5778 1 0.059 | GER CAN 4.8296 1 0.028
GER bonds US 0.1866 1 0.666 | GER JAP 0.6170 1 0.432
GER UK 2.3835 1 0.123 | GER bonds US 50.4760 1 0.000
GER GER 0.1304 1 0.718 | GER UK 2.6013 1 0.107
GER FRA 0.0000 1 0.997 | GER FRA 0.3884 1 0.533
GER ITA 0.0527 1 0.818 | GER ITA 0.0607 1 0.805
GER AUS 1.9639 1 0.161 | GER AUS 4.0342 1 0.045
GER CAN 0.8511 1 0.356 | GER CAN 2.6107 1 0.106
GER JAP 0.0010 1 0.975 | GER JAP 3.2244 1 0.073
GER ALL 346.8700 15 0.000 | GER ALL 180.9100 15 0.000
Dependent Excluded chi2 df Prob | Dependent Excluded chi2 df Prob
FRA stocks | stocks US 216.2300 1 0.000 | FRA bonds | stocks US 0.0625 1 0.803
FRA UK 3.4267 1 0.064 | FRA UK 3.3695 1 0.066
FRA GER 0.5166 1 0.472 | FRA GER 0.3252 1 0.568
FRA ITA 1.0749 1 0.300 | FRA FRA 2.0900 1 0.148
FRA AUS 2.4193 1 0.120 | FRA ITA 6.2126 1 0.013
FRA CAN 1.4380 1 0.230 | FRA AUS 0.9730 1 0.324
FRA JAP 4.8986 1 0.027 | FRA CAN 4.7894 1 0.029
FRA bonds US 5.6542 1 0.017 | FRA JAP 1.9983 1 0.157
FRA UK 2.1124 1 0.146 | FRA bonds US 41.2300 1 0.000
FRA GER 0.4073 1 0.523 | FRA UK 2.7392 1 0.098
FRA FRA 0.0997 1 0.752 | FRA GER 5.1364 1 0.023
FRA ITA 0.1961 1 0.658 | FRA ITA 0.0855 1 0.770
FRA AUS 0.1202 1 0.729 | FRA AUS 6.2629 1 0.012
FRA CAN 1.6786 1 0.195 | FRA CAN 2.5116 1 0.113
FRA JAP 0.0008 1 0.977 | FRA JAP 4.2725 1 0.039
FRA ALL 399.4000 15 0.000 | FRA ALL 201.6400 15 0.000

The table contains the results of Granger causality tests based on an estimated VAR including all stock and bond

market returns with 1 lag. The first column contains the stock market under investigation, the second column the market

that is excluded from the regression in order to test for causality of the excluded market, the third column contains the

Wald test statistic, the fourth column the degrees of freedom and the fifth column the level of significance with which the

null hypothesis of "no causality" can be rejected. Columns six to ten present the results of Granger causality tests in the

same order for the bond market.
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Table 6: Granger causality tests for Italian (ITA) market (top panel) and Australian (AUS)

market (bottom panel)

Dependent Excluded chi2 df Prob | Dependent Excluded chi2 df Prob
ITA stocks stocks US 107.7900 1 0.000 | ITA bonds stocks US 0.0159 1 0.900
ITA UK 3.3385 1 0.068 | ITA UK 6.7427 1 0.009
ITA GER 1.4303 1 0.232 | ITA GER 0.0738 1 0.786
ITA FRA 0.0031 1 0.956 | ITA FRA 4.0767 1 0.043
ITA AUS 0.0044 1 0.947 | ITA ITA 8.2748 1 0.004
ITA CAN 0.0561 1 0.813 | ITA AUS 0.9952 1 0.318
ITA JAP 6.3781 1 0.012 | ITA CAN 0.9287 1 0.335
ITA bonds US 0.4003 1 0.527 | ITA JAP 3.1415 1 0.076
ITA UK 1.6178 1 0.203 | ITA bonds US 27.8120 1 0.000
ITA GER 0.0604 1 0.806 | ITA UK 0.8543 1 0.355
ITA FRA 6.1402 1 0.013 | ITA GER 0.0040 1 0.950
ITA ITA 4.8890 1 0.027 | ITA FRA 3.7693 1 0.052
ITA AUS 2.0314 1 0.154 | ITA AUS 0.2205 1 0.639
ITA CAN 0.1689 1 0.681 | ITA CAN 1.8247 1 0.177
ITA JAP 0.2984 1 0.585 | ITA JAP 1.8529 1 0.173
ITA ALL 190.9600 15 0.000 | ITA ALL 119.9700 15 0.000
Dependent Excluded chi2 df Prob | Dependent Excluded chi2 df Prob
AUS stocks | stocks US 293.4200 1 0.000 | AUS bonds | stocks US 18.2240 1 0.000
AUS UK 30.0290 1 0.000 | AUS UK 3.3689 1 0.066
AUS GER 0.5857 1 0.444 | AUS GER 0.8651 1 0.352
AUS FRA 1.8792 1 0.170 | AUS FRA 0.0108 1 0.917
AUS ITA 2.6580 1 0.103 | AUS ITA 0.4287 1 0.513
AUS CAN 44.4860 1 0.000 | AUS AUS 2.3007 1 0.129
AUS JAP 14.6250 1 0.000 | AUS CAN 3.1862 1 0.074
AUS bonds US 10.1500 1 0.001 | AUS JAP 0.0259 1 0.872
AUS UK 0.1780 1 0.673 | AUS bonds US 370.9300 1 0.000
AUS GER 5.6326 1 0.018 | AUS UK 5.9045 1 0.015
AUS FRA 6.8271 1 0.009 | AUS GER 0.3541 1 0.552
AUS ITA 0.0901 1 0.764 | AUS FRA 0.3824 1 0.536
AUS AUS 0.3571 1 0.550 | AUS ITA 1.2057 1 0.272
AUS CAN 2.3077 1 0.129 | AUS CAN 58.4070 1 0.000
AUS JAP 0.2318 1 0.630 | AUS JAP 0.9115 1 0.340
AUS ALL 1491.2000 15 0.000 | AUS ALL 2086.1000 15 0.000

The table contains the results of Granger causality tests based on an estimated VAR including all stock and bond

market returns with 1 lag. The first column contains the stock market under investigation, the second column the market

that is excluded from the regression in order to test for causality of the excluded market, the third column contains the

Wald test statistic, the fourth column the degrees of freedom and the fifth column the level of significance with which the

null hypothesis of "no causality" can be rejected. Columns six to ten present the results of Granger causality tests in the

same order for the bond market.
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Table 7: Granger causality tests for Canadian (CAN) market (top panel) and Japanese
(JAP) market (bottom panel)

Dependent Excluded chi2 df Prob | Dependent Excluded chi2 df Prob
CAN stocks | stocks US 27.1180 1 0.000 | CAN bonds | stocks US 6.2409 1 0.012
CAN UK 0.1087 1 0.742 | CAN UK 1.9466 1 0.163
CAN GER 4.7910 1 0.029 | CAN GER 0.3079 1 0.579
CAN FRA 1.0596 1 0.303 | CAN FRA 0.6494 1 0.420
CAN ITA 1.8110 1 0.178 | CAN ITA 0.4583 1 0.498
CAN AUS 0.0453 1 0.831 | CAN AUS 1.1479 1 0.284
CAN JAP 0.3483 1 0.555 | CAN CAN 2.5725 1 0.109
CAN bonds US 0.1266 1 0.722 | CAN JAP 0.5442 1 0.461
CAN UK 0.8139 1 0.367 | CAN bonds US 1.2178 1 0.270
CAN GER 0.0008 1 0.978 | CAN UK 1.1020 1 0.294
CAN FRA 0.4240 1 0.515 | CAN GER 0.2710 1 0.603
CAN ITA 0.0025 1 0.960 | CAN FRA 0.1008 1 0.751
CAN AUS 0.4736 1 0.491 | CAN ITA 0.1703 1 0.680
CAN CAN 7.9189 1 0.005 | CAN AUS 0.0345 1 0.853
CAN JAP 0.2581 1 0.611 | CAN JAP 0.8572 1 0.355
CAN ALL 58.8060 15 0.000 | CAN ALL 16.6240 15 0.342
Dependent Excluded chi2 df Prob | Dependent Excluded chi2 df Prob
JAP stocks | stocks US 92.1670 1 0.000 | JAP bonds | stocks US 4.9374 1 0.026
JAP UK 9.7840 1 0.002 | JAP UK 1.6643 1 0.197
JAP GER 1.7235 1 0.189 | JAP GER 0.7689 1 0.381
JAP FRA 9.5326 1 0.002 | JAP FRA 0.0470 1 0.828
JAP ITA 1.9952 1 0.158 | JAP ITA 0.0513 1 0.821
JAP AUS 2.4563 1 0.117 | JAP AUS 0.2240 1 0.636
JAP CAN 5.8634 1 0.015 | JAP CAN 1.0534 1 0.305
JAP bonds US 0.0032 1 0.955 | JAP JAP 0.2791 1 0.597
JAP UK 1.4489 1 0.229 | JAP bonds US 154560 1 0.000
JAP GER 0.0783 1 0.780 | JAP UK 0.0056 1 0.940
JAP FRA 1.1556 1 0.282 | JAP GER 1.5896 1 0.207
JAP ITA 1.1507 1 0.283 | JAP FRA 0.1765 1 0.674
JAP AUS 0.1203 1 0.729 | JAP ITA 0.0801 1 0.777
JAP CAN 0.0691 1 0.793 | JAP AUS 0.0501 1 0.823
JAP JAP 0.4457 1 0.504 | JAP CAN 0.2075 1 0.649
JAP ALL 545.6000 15 0.000 | JAP ALL 83.8040 15 0.000

The table contains the results of Granger causality tests based on an estimated VAR including all stock and bond
market returns with 1 lag. The first column contains the stock market under investigation, the second column the market
that is excluded from the regression in order to test for causality of the excluded market, the third column contains the
Wald test statistic, the fourth column the degrees of freedom and the fifth column the level of significance with which the
null hypothesis of "no causality" can be rejected. Columns six to ten present the results of Granger causality tests in the
same order for the bond market.
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Table 8: Sub-sample Granger causality tests for the US market with the UK market

b->s UKs->s UKb->s ALL | s->b UKs->b UKb->b ALL
22/07/1994 | 0.0354 0.0362 0.0735 0.2714 | 2.3227 0.1148 0.1630 3.2714
13/01/1995 | 0.4438 0.1348 0.0046  0.8269 | 2.1760 0.0904 0.2246  3.3995
07/07/1995 | 0.0003 0.0150 0.0075 0.0156 | 0.6186 0.0089 0.0334 0.8632
29/12/1995 | 0.0414 0.5344 0.0772  0.6290 | 0.6474 0.1190 0.3618 0.9176
21/06/1996 | 0.2420 0.0140 0.5548 0.7261 | 0.6521 0.0050 0.0063 0.7514
13/12/1996 | 0.0156 0.0058 0.1446 0.1670 | 0.6109 0.1477 0.0875  1.3498
06/06/1997 | 0.0553 0.1344 0.0325 0.1860 | 0.1109 0.3817 0.0016  0.7902
28/11/1997 | 1.1183 0.0327 0.0012  1.4040 | 0.1308 1.8562 0.2609 1.8729
22/05/1998 | 0.7340 0.4715 0.0501 1.2439 | 0.3488 2.2881 0.2851  2.3097
13/11/1998 | 0.0297 4.9104 0.1299 4.9684 | 0.6680 3.1386 0.6942 3.3074
07/05/1999 | 0.3075 6.3744 0.1807 6.5554 | 0.5602 4.2525 0.5674 4.3333
29/10/1999 | 0.0576 5.7280 0.0735 6.5845 | 1.4029 4.1831 0.9370 4.6576
21/04/2000 | 0.2312 1.4074 0.1114 2.2128 | 2.6335 3.5737 0.5865 4.8401
13/10/2000 | 0.5135 4.7348 0.0078 5.7033 | 3.9990 3.3596 1.3369  6.2462
06/04/2001 | 0.6815 1.9847 0.4107 4.2119 | 5.8894 3.1109 0.7982  7.2496
28/09/2001 | 1.2469 4.3935 0.2261 7.0656 | 7.4976 4.0554 1.2908 9.4772
22/03/2002 | 0.9160 3.3922 0.1928 5.3866 | 4.1309 4.4565 1.9553  7.6410
13/09/2002 | 0.7609 3.3626 0.2270  4.9906 | 1.7213 2.8948 2.0424  5.2042
07/03/2003 | 1.3027 2.6198 0.0272  4.2971 | 1.6767 1.4883 1.8468 4.0111
29/08/2003 | 1.4816 1.7182 0.0993 3.9147 | 0.3318 0.5448 2.2049 2.8007
20/02/2004 | 1.6422 2.0824 0.1349 4.5832 | 0.9979 1.0213 2.0691 3.4575
13/08/2004 | 1.8618 1.9301 0.05566  4.4448 | 0.4645 0.7513 2.9652  3.8047
04/02/2005 | 1.7844 2.1007 0.1163 4.7164 | 0.1872 0.5122 2.5025 3.0137
29/07/2005 | 1.6146 2.1852 0.1431 4.6364 | 0.1613 0.5444 3.2744  3.8000
20/01/2006 | 1.7014 2.0346 0.2484 4.9320 | 0.1507 0.5679 3.7954  4.3409
14/07/2006 | 1.4810 2.1564 0.1224 4.3758 | 0.1559 0.4413 3.1282  3.5702

The table contains the results of Granger causality tests based on a VAR estimated with 1 lag comprising all stock
and bond market returns of the above sample. The full sample is divided into 26 sub samples, each comprising 125
observations. The columns contain the Wald test statistic of the Granger causality test based on a recursive procedure
including all previous observations. Column two reports the test statistics for bonds causing stocks within the market under
investigation. Column three shows the test statistics for the US stock market causing a country’s stock market. Column
four contains the same information for the US bond market causing a country’s stock market in the Granger sense. Column
five reports the Granger test statistic for all variables of the system. Columns six to nine contain the same information for
the bond market. The 10, 5 and 1 percent critical values of the Chi squared distribution (df = 1) are 2.7055, 3.8415 and
6.6349, respectively.
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Table 9: Sub-sample Granger causality tests for the US market with the German market

b->s GERs->s GERb->s ALL | s->b GERs->b GERDb->b ALL
22/07/1994 | 0.1537 0.1640 1.4636 1.5296 | 3.4750 5.3507 6.7821 10.8170
13/01/1995 | 0.3988 0.0809 0.0512 0.6744 | 3.4562 3.1296 2.1363 6.4406
07/07/1995 | 0.0260 0.8884 0.1076  0.8886 | 1.0962 3.2803 1.6150 4.5101
29/12/1995 | 0.0000 1.9918 0.4430 2.0910 | 0.6992 2.2621 2.0410 3.7416
21/06/1996 | 0.0506 0.2887 0.0035 0.4064 | 0.7976 0.6753 0.4912 1.6080
13/12/1996 | 0.0069 0.0098 0.0902 0.1346 | 0.9468 0.4547 0.3870 1.4863
06/06/1997 | 0.0000 0.0863 0.3372  0.3978 | 0.2655 0.1249 0.0503 0.3713
28/11/1997 | 0.3236 3.7086 1.4897 5.5095 | 0.0001 0.0189 0.0004 0.0235
22/05/1998 | 0.1214 2.1385 0.9646  3.2434 | 0.0129 0.0035 0.0002 0.0150
13/11/1998 | 0.0416 0.3033 0.2407  0.4537 | 0.0343 0.0103 0.4605 0.4880
07/05/1999 | 0.0057 0.0357 0.4835 0.7577 | 0.0502 0.6379 0.3244 0.8035
29/10/1999 | 0.1603 0.0008 3.0278  3.3357 | 0.3756 0.4343 1.4023 1.7897
21/04/2000 | 0.0197 0.0223 1.3046 1.7983 | 1.6357 1.3599 0.9470 3.0456
13/10/2000 | 0.1751 0.0463 0.7465 1.6223 | 3.4709 3.1873 2.2605 6.8299
06/04/2001 | 0.2701 0.1148 1.6803 3.1736 | 5.1074 2.1570 1.4350 6.8535
28/09/2001 | 1.1497 0.8723 0.4795 3.6545 | 6.3446 2.6166 2.2533 8.9299
22/03/2002 | 0.6858 0.6033 0.6520 2.9949 | 3.4784 3.3035 2.1960 6.7487
13/09/2002 | 0.5658 0.8027 0.6413 2.8469 | 1.1463 1.2865 2.5059 4.0741
07/03/2003 | 1.3108 1.0044 0.0778 2.7362 | 1.0860 0.4323 2.1879 3.3299
29/08/2003 | 1.3401 0.4030 0.2040 2.7017 | 0.2124 0.2391 1.8554 2.1532
20/02/2004 | 1.4806 0.6517 0.3085 3.3293 | 0.6510 0.3234 1.3923 2.0941
13/08/2004 | 1.7193 0.7716 0.1750 3.4110 | 0.2436 0.1980 2.0323 2.3306
04/02/2005 | 1.6161 0.7632 0.2788  3.5447 | 0.0446 0.0502 1.6477 1.7112
29/07/2005 | 1.4757 0.7862 0.2861 3.3834 | 0.0304 0.0562 2.1631 2.2179
20/01/2006 | 1.6230 0.7755 0.3527  3.7809 | 0.0203 0.0463 1.9812 2.0228
14/07/2006 | 1.4201 1.0448 0.2233 3.3722 | 0.0205 0.0167 1.7851 1.8115

The table contains the results of Granger causality tests based on a VAR estimated with 1 lag comprising all stock
and bond market returns of the above sample. The full sample is divided into 26 sub samples, each comprising 125
observations. The columns contain the Wald test statistic of the Granger causality test based on a recursive procedure
including all previous observations. Column two reports the test statistics for bonds causing stocks within the market under
investigation. Column three shows the test statistics for the US stock market causing a country’s stock market. Column
four contains the same information for the US bond market causing a country’s stock market in the Granger sense. Column
five reports the Granger test statistic for all variables of the system. Columns six to nine contain the same information for
the bond market. The 10, 5 and 1 percent critical values of the Chi squared distribution (df = 1) are 2.7055, 3.8415 and
6.6349, respectively.
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Table 10: Sub-sample Granger causality tests for the US market with the Japanese market

b->s JAPs->s JAPb->s ALL | s->b JAPs->b JAPb->b ALL
22/07/1994 | 0.0096 0.0023 0.1323 0.1367 | 2.4052 0.0954 1.1608 4.0595
13/01/1995 | 0.6570 0.4589 0.0087 1.0440 | 2.5744 0.0090 1.3324 4.0681
07/07/1995 | 0.0000 0.0459 0.1661  0.2527 | 0.8153 0.4720 0.0012  1.2523
29/12/1995 | 0.0483 0.1670 0.4631 0.6034 | 0.6281 0.7490 0.4431 1.5493
21/06/1996 | 0.0437 0.7955 2.4477  2.8694 | 0.7841 1.3742 1.7050 3.3216
13/12/1996 | 0.0033 1.0640 0.8469 1.6195 | 0.9719 0.6475 0.6594  1.9597
06/06/1997 | 0.0528 1.3633 0.3637  1.5790 | 0.2707 0.8007 0.7850  1.5850
28/11/1997 | 1.3497 0.9250 0.0988  2.5437 | 0.0034 0.3121 0.6810  0.8447
22/05/1998 | 0.6785 1.2467 0.4185 2.8586 | 0.0056 0.0870 0.1864 0.2385
13/11/1998 | 0.0006 0.0023 0.3653 0.3797 | 0.0439 0.1328 0.2313  0.5070
07/05/1999 | 0.1196 0.0001 0.8647 1.0480 | 0.0010 0.0034 0.9422  0.9942
29/10/1999 | 0.0961 0.0372 1.3379  1.6413 | 0.2397 0.0927 0.0322 0.3610
21/04/2000 | 0.3769 0.0623 2.8748 3.6805 | 1.1540 0.1819 0.0724 1.3875
13/10/2000 | 0.6285 0.0668 2.9472  3.6906 | 2.3227 0.4471 0.2055 2.9535
06/04/2001 | 1.2359 0.2921 4.4165 5.9255 | 3.9041 0.3782 0.0251 4.1855
28/09/2001 | 1.7820 0.0059 3.8399 6.0029 | 4.8578 0.4349 0.0016  5.0970
22/03/2002 | 1.2938 0.0009 4.6700 6.3388 | 1.9929 0.5785 0.0149 2.3862
13/09/2002 | 1.0502 0.2439 2.7348 4.5815 | 0.5700 0.2226 0.0284  0.7500
07/03/2003 | 1.2966 0.9638 3.9390 7.1953 | 0.7746 0.0043 0.1509  0.9451
29/08/2003 | 1.7325 0.8001 3.4769 7.0109 | 0.0831 0.0001 0.0455 0.1354
20/02/2004 | 2.0310 0.4160 4.0178 7.4109 | 0.4796 0.2135 0.2060 0.9145
13/08/2004 | 2.0902 0.3981 3.3668 6.7872 | 0.1610 0.2108 0.0195 0.3864
04/02/2005 | 2.1414 0.3501 2.9681 6.3291 | 0.0416 0.2559 0.0302  0.3530
29/07/2005 | 1.9461 0.4232 2.8491 6.1262 | 0.0270 0.3572 0.0393  0.4678
20/01/2006 | 2.2256 0.3732 3.4272  7.0525 | 0.0166 0.2554 0.0363  0.3482
14/07/2006 | 1.7392 0.4082 2.7880 5.8700 | 0.0274 0.1888 0.0049 0.2289

The table contains the results of Granger causality tests based on a VAR estimated with 1 lag comprising all stock
and bond market returns of the above sample. The full sample is divided into 26 sub samples, each comprising 125
observations. The columns contain the Wald test statistic of the Granger causality test based on a recursive procedure
including all previous observations. Column two reports the test statistics for bonds causing stocks within the market under
investigation. Column three shows the test statistics for the US stock market causing a country’s stock market. Column
four contains the same information for the US bond market causing a country’s stock market in the Granger sense. Column
five reports the Granger test statistic for all variables of the system. Columns six to nine contain the same information for
the bond market. The 10, 5 and 1 percent critical values of the Chi squared distribution (df = 1) are 2.7055, 3.8415 and
6.6349, respectively.
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Table 11: Sub-sample Granger causality tests for the UK market with the US market

b->s USs->s USb->s ALL | s->b USs->b USb->b ALL
22/07/1994 | 0.0518 5.8027 0.8284 7.1807 | 3.0828 0.0014 0.4172 3.7572
13/01/1995 | 1.0731 24.5780 2.8235 29.8700 | 1.1929 0.0085 0.9683 2.6510
07/07/1995 | 1.0525 26.3820 0.7980 34.4880 | 1.6316 0.0451 3.4598 7.5792
29/12/1995 | 2.3090 31.8150 0.2108 44.8200 | 1.3556 0.2264 5.3231 10.8680
21/06/1996 | 1.6711 30.3180 0.0687 42.5310 | 2.3975 0.1252 6.4197  12.7470
13/12/1996 | 0.7909 43.2320 0.1876 58.3760 | 2.8586 0.3328 8.4189 17.3910
06/06/1997 | 0.3769 67.7810 2.5159 78.4180 | 6.0218 4.5109 5.2653  24.2530
28/11/1997 | 0.0000 99.9750 6.7268 103.9500 | 5.8453 4.2055 8.7218  25.6690
22/05/1998 | 0.1491  105.1400 6.2007 108.9400 | 5.4200 3.2881 14.1700  30.2030
13/11/1998 | 0.0635  147.4600 12.0320 151.1600 | 4.3236 1.7857 27.1970  38.5070
07/05/1999 | 0.2009  169.1900 10.6460 172.3900 | 4.0161 1.8448 33.9190  45.2970
29/10/1999 | 0.2170  178.5900 8.3191 181.0500 | 4.1295 1.6480 33.2360  44.7980
21/04/2000 | 0.2956  219.6200 6.1343  220.6200 | 3.1310 1.0050 39.5610 47.3840
13/10/2000 | 0.5102  208.7800 3.3904  210.4000 | 3.7780 2.2245 38.7290  48.4690
06/04/2001 | 0.3677  210.6400 2.3545 211.4600 | 3.1955 2.4565 43.1000 51.3120
28/09/2001 | 0.0183  208.9200 0.6039 210.2200 | 3.7211 2.0363 46.8260  54.7950
22/03/2002 | 0.0022  231.6600 1.6980 231.8900 | 2.8407 0.8044 53.0410 58.4830
13/09/2002 | 0.0141  271.9300 2.8239  272.3100 | 0.5170 0.0183 58.8830  60.2430
07/03/2003 | 0.0233  294.5200 2.2937  295.9900 | 0.2469 0.0246 60.4530 61.4140
29/08/2003 | 0.0182  304.5100 2.6001 306.4900 | 0.0121 0.3604 67.6620 68.3100
20/02/2004 | 0.0009  311.7700 1.9274 313.7100 | 0.0004 0.2503 67.6660 68.4600
13/08/2004 | 0.0004  330.0400 1.9748 331.9500 | 0.0039 0.3503 70.3420 71.1880
04/02/2005 | 0.0003  345.9400 1.9198 347.7300 | 0.0166 0.6145 74.0960  75.2250
29/07/2005 | 0.0052  362.8100 2.1349  364.5600 | 0.0242 0.8469 81.8730  83.2450
20/01/2006 | 0.0217  377.5000 2.0434  379.0900 | 0.0305 1.1773 81.3530  83.1070
14/07/2006 | 0.0055  393.9500 2.6463 396.1700 | 0.0041 0.9785 82.1570  84.1250

The table contains the results of Granger causality tests based on a VAR estimated with 1 lag comprising all stock
and bond market returns of the above sample. The full sample is divided into 26 sub samples, each comprising 125
observations. The columns contain the Wald test statistic of the Granger causality test based on a recursive procedure
including all previous observations. Column two reports the test statistics for bonds causing stocks within the market under
investigation. Column three shows the test statistics for the US stock market causing a country’s stock market. Column
four contains the same information for the US bond market causing a country’s stock market in the Granger sense. Column
five reports the Granger test statistic for all variables of the system. Columns six to nine contain the same information for
the bond market. The 10, 5 and 1 percent critical values of the Chi squared distribution (df = 1) are 2.7055, 3.8415 and
6.6349, respectively.
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Table 12: Sub-sample Granger causality tests for the German market with the US market

b->s USs->s USb->s ALL | s->b USs->b USb->b ALL
22/07/1994 6.1782 9.5823 2.1824 55.1350 | 0.3713 0.4513 6.2242 9.9832
13/01/1995 6.6516 42.4580 5.5181 142.5400 | 1.4953 1.1983 12.5190 14.6930
07/07/1995 5.9179 70.1770 5.8337 192.1400 | 7.9281 0.5321 23.3710 33.5900
29/12/1995 9.5423 85.3780 8.3058  237.2200 | 9.0257 0.1568 28.0590 43.0620
21/06/1996 | 14.9880 85.2320 13.1310 277.4700 | 8.9130 0.1187 27.1810 42.3470
13/12/1996 | 21.2700  105.9800 14.9350 348.8500 | 6.3866 0.4336 30.4470 42.2650
06/06/1997 | 20.2970  157.8400 8.2851  393.2800 | 3.5769 0.5711 22.2570 38.9830
28/11/1997 | 24.8070  312.7300 1.2114 517.5800 | 1.2022 0.9573 25.9950 39.9590
22/05/1998 | 22.3110  349.5600 0.4839  520.1600 | 1.4765 0.8546 34.1800 48.3340
13/11/1998 2.1121  360.3800 0.7552  418.1200 | 3.5419 1.3616 50.0660 64.0720
07/05/1999 1.1703  353.8300 0.9505  399.0200 | 3.2692 1.5211 59.0080 71.5740
29/10/1999 1.5044  353.6100 0.3316  399.2500 | 2.2607 1.5042 58.6340 71.6280
21/04/2000 0.4128  344.3300 1.5696 385.1100 | 0.9238 1.3246 68.1690 77.4070
13/10/2000 0.3149  339.0100 2.9341 381.1800 | 0.3056 2.8391 64.9540 76.4870
06/04/2001 0.8789  306.3000 5.7196  347.5200 | 0.3473 3.0800 73.0480 83.1910
28/09/2001 1.0996  276.2400 8.2417 319.5400 | 0.6573 3.4097 81.1260 91.7690
22/03/2002 1.0056  290.3800 4.6662 321.7400 | 1.0776 1.3696 92.1350 98.5560
13/09/2002 1.0266  286.9600 2.6107 306.2300 | 2.5474 0.0346 99.0410 100.8100
07/03/2003 0.3739  245.8300 3.7164  260.4700 | 3.2534 0.0004 106.6500  107.3100
29/08/2003 0.7367  241.5900 1.9029 253.1200 | 5.1217 0.2842 121.0500 121.3600
20/02/2004 0.4192  244.3400 2.4417  255.2800 | 5.5264 0.2132 126.5600 126.9500
13/08/2004 0.3298  259.6500 2.3169 270.1500 | 5.7480 0.2866 131.0000 131.3700
04/02/2005 0.5967  272.0000 1.8436 282.4800 | 6.3696 0.4688 138.9300  139.3100
29/07/2005 0.6917  285.6000 1.6242  295.8900 | 6.7321 0.6377 151.0200  151.3700
20/01/2006 0.8103  297.9300 1.4530 308.0900 | 7.0981 0.6936 152.1400  152.5800
14/07/2006 0.8874  309.2700 0.9058 318.3500 | 7.0737 0.7710 151.2800 151.7700

The table contains the results of Granger causality tests based on a VAR estimated with 1 lag comprising all stock
and bond market returns of the above sample. The full sample is divided into 26 sub samples, each comprising 125
observations. The columns contain the Wald test statistic of the Granger causality test based on a recursive procedure
including all previous observations. Column two reports the test statistics for bonds causing stocks within the market under
investigation. Column three shows the test statistics for the US stock market causing a country’s stock market. Column
four contains the same information for the US bond market causing a country’s stock market in the Granger sense. Column
five reports the Granger test statistic for all variables of the system. Columns six to nine contain the same information for
the bond market. The 10, 5 and 1 percent critical values of the Chi squared distribution (df = 1) are 2.7055, 3.8415 and
6.6349, respectively.
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Table 13: Sub-sample Granger causality tests for the French market with the US market

b->s USs->s USb->s ALL | s->b USs->b USb->b ALL
22/07/1994 | 0.0349 3.1889 0.0268 7.6107 | 0.6014 0.2618 4.5063 6.7727
13/01/1995 | 0.0001 9.3519 0.0000 14.9920 | 0.3479 0.7566 7.4303 8.5611
07/07/1995 | 2.2013 11.5400 0.8327 26.1680 | 0.0242 0.2640 14.3630 18.9640
29/12/1995 | 2.2734 15.6840 0.2678 29.3810 | 0.0449 0.0163 15.9220 23.2780
21/06/1996 | 2.6932 22.3090 0.1013 38.1980 | 0.0021 0.1452 14.5870 24.6830
13/12/1996 | 2.2747 33.2350 0.0258 52.56150 | 0.0031 0.0086 19.8110 30.2970
06/06/1997 | 2.1325 40.9000 0.2648 55.6180 | 0.2068 1.4047 15.3630 31.2710
28/11/1997 | 0.0850  110.0500 3.8754  120.5500 | 0.0705 1.9757 20.8420 36.5470
22/05/1998 | 0.2023  124.3200 4.5730 133.1700 | 0.2353 2.2535 26.4490 42.4970
13/11/1998 | 2.1498  137.1300 5.4358 148.8100 | 0.1566 3.3434 39.9130 55.7860
07/05/1999 | 2.1275  145.8600 4.7791  155.2500 | 0.8632 2.6192 48.6740 63.0430
29/10/1999 | 0.8965  162.0900 5.3366  168.3700 | 0.3668 2.7442 48.9770 63.7510
21/04/2000 | 1.2125  188.5700 4.1101  192.0900 | 0.3319 1.8931 58.2770 68.8710
13/10/2000 | 1.2003  190.9600 2.7727  194.5100 | 0.1281 3.6924 57.2690 70.5520
06/04/2001 | 0.3059  206.4200 2.0646  208.1100 | 0.2596 3.6013 65.5810 76.8050
28/09/2001 | 0.0443  200.1700 0.6887 201.4800 | 0.1613 4.2730 73.3710 84.9800
22/03/2002 | 0.0136  222.1900 1.3027 222.7400 | 0.5334 1.8922 84.5780 91.9760
13/09/2002 | 0.0330  271.8400 2.6736  273.0300 | 2.6434 0.0789 91.4460 94.7050
07/03/2003 | 0.2205  274.5200 1.9289 277.3600 | 3.7794 0.0067 98.8020 101.1200
29/08/2003 | 0.0123  278.5600 2.4375 281.0700 | 6.5178 0.3247 113.4100 116.6100
20/02/2004 | 0.0420  284.2600 1.9324 286.8600 | 6.7755 0.2291 120.0600  123.3900
13/08/2004 | 0.0587  303.2900 1.8720 305.8600 | 7.2157 0.3251 124.9100 128.3000
04/02/2005 | 0.0078  318.9400 2.1559  321.3600 | 7.7936 0.5224 132.8900 136.4000
29/07/2005 | 0.0007  335.6900 2.4230 338.1800 | 7.4715 0.6076 144.5800 147.6600
20/01/2006 | 0.0075  352.0400 2.6783  354.5800 | 7.7384 0.6719 145.1900  148.3900
14/07/2006 | 0.0272  368.2200 3.4975 371.3000 | 7.9781 0.7872 144.8700 148.3600

The table contains the results of Granger causality tests based on a VAR estimated with 1 lag comprising all stock
and bond market returns of the above sample. The full sample is divided into 26 sub samples, each comprising 125
observations. The columns contain the Wald test statistic of the Granger causality test based on a recursive procedure
including all previous observations. Column two reports the test statistics for bonds causing stocks within the market under
investigation. Column three shows the test statistics for the US stock market causing a country’s stock market. Column
four contains the same information for the US bond market causing a country’s stock market in the Granger sense. Column
five reports the Granger test statistic for all variables of the system. Columns six to nine contain the same information for
the bond market. The 10, 5 and 1 percent critical values of the Chi squared distribution (df = 1) are 2.7055, 3.8415 and
6.6349, respectively.
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Table 14: Sub-sample Granger causality tests for the Italian market with the US market

b->s USs->s USb->s ALL s->b USs->b USb->b ALL
22/07/1994 | 3.4611 2.8079 2.0936 7.7599 0.1278 1.0636 0.8971 1.2392
13/01/1995 | 1.4059 1.5664 0.2311 3.1555 0.1148 0.0459 0.2220 0.3546
07/07/1995 | 0.0453 1.2799 0.0315 2.5792 0.0567 0.2903 4.3742 5.2039
29/12/1995 | 0.1174 0.9423 0.0387 2.0996 0.1591 0.2483 4.1742 5.0308
21/06/1996 | 0.3463 1.3222 0.4376 4.9438 0.0879 0.6999 6.7569 7.4756
13/12/1996 | 0.5298 3.0933 0.4371 8.7117 0.6689 0.2163 8.1582  10.9550
06/06/1997 | 1.1368 8.0566 0.0038 13.6010 0.4057 0.0077 6.0852 9.6637
28/11/1997 | 2.2374 41.6390 1.5572 49.4430 0.0766 1.2901 5.8830  12.5990
22/05/1998 | 2.1523 42.8770 0.8487 49.9240 0.0427 1.0939 8.5526  15.0650
13/11/1998 | 1.0696 81.8960 3.7342 82.4330 1.1505 1.9555 15.1500  23.6920
07/05/1999 | 0.4615 83.3430 2.7521 83.7120 1.8010 1.8608 20.4400  29.3000
29/10/1999 | 0.5967 85.8130 2.8196 86.5150 1.3458 1.6999 22.4640 31.2750
21/04/2000 | 0.4803 95.7240 1.6237 96.9670 1.7573 1.1584 26.7930 34.0100
13/10/2000 | 0.4595 92.1230 0.7937 93.8480 1.4155 2.1158 27.4440  36.0700
06/04/2001 | 0.7581 96.2550 0.3499 97.8210 2.0592 1.7956 33.2660  40.8870
28/09/2001 | 0.6015 94.2040 0.0033 96.8790 2.8600 1.8997 38.4600 46.9710
22/03/2002 | 0.7785  102.0400 0.3653  103.0000 4.1646 0.7194 46.3940 53.3800
13/09/2002 | 0.4354 116.7800 0.5557  116.8400 7.3307 0.0037 50.7900 56.6520
07/03/2003 | 0.3136  114.0000 0.1326  114.0100 8.3695 0.0001 55.0860 60.4320
29/08/2003 | 0.9386  118.0400 0.2349 118.2200 | 12.7450 0.2921 64.2880 71.8700
20/02/2004 | 0.9002  122.0200 0.1432 122.1500 | 13.7290 0.2185 67.5020  75.7470
13/08/2004 | 0.8994  128.2300 0.1507  128.3500 | 14.6600 0.3013 70.2810 78.9180
04/02/2005 | 1.0950  134.1900 0.1618 134.3800 | 15.7330 0.4594 75.5150  84.6060
29/07/2005 | 1.2849  141.5200 0.2381 141.7600 | 15.3180 0.5018 83.7230  92.0730
20/01/2006 | 1.4031  147.5900 0.2006  147.8700 | 16.4150 0.5845 84.7730  93.8130
14/07/2006 | 1.4544  153.7500 0.4135 154.1000 | 16.9550 0.6877 85.0990 94.5380

The table contains the results of Granger causality tests based on a VAR estimated with 1 lag comprising all stock
and bond market returns of the above sample. The full sample is divided into 26 sub samples, each comprising 125
observations. The columns contain the Wald test statistic of the Granger causality test based on a recursive procedure
including all previous observations. Column two reports the test statistics for bonds causing stocks within the market under
investigation. Column three shows the test statistics for the US stock market causing a country’s stock market. Column
four contains the same information for the US bond market causing a country’s stock market in the Granger sense. Column
five reports the Granger test statistic for all variables of the system. Columns six to nine contain the same information for
the bond market. The 10, 5 and 1 percent critical values of the Chi squared distribution (df = 1) are 2.7055, 3.8415 and
6.6349, respectively.
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Table 15: Sub-sample Granger causality tests for the Australian market with the US mar-

ket

b->s USs->s USb->s ALL s->b USs->b USb->b ALL
22/07/1994 | 0.0000 1.0571 0.3817 4.9973 | 0.0000 0.0195 3.1265 7.4065
13/01/1995 | 0.0010 3.0870 1.0476 10.9500 | 0.0520 0.0002 6.9814 11.9160
07/07/1995 | 0.0209 4.2930 1.0043 12.6140 | 0.1398 0.0093 12.3220 19.3490
29/12/1995 | 0.0221 6.0844 1.3045 16.7370 | 0.2309 0.0001 14.9810 23.6050
21/06/1996 | 0.0062 5.9384 2.3543 19.8640 | 0.2237 0.2993 18.3310 33.6260
13/12/1996 | 0.0321 7.8841 3.0086 26.0850 | 0.3122 0.1596 22.9090 39.9620
06/06/1997 | 0.0450 9.4971 3.6586 29.7890 | 0.2716 0.1873 27.6370 45.8240
28/11/1997 | 0.0319 24.0020 1.3998 40.6050 | 0.3699 0.0004 39.5220 51.9350
22/05/1998 | 0.0185 29.0500 1.2570 44.5310 | 0.3449 0.0052 45.8220 57.0350
13/11/1998 | 0.0104 37.6740 1.3421 46.8800 | 0.4521 0.0651 50.9350 57.2000
07/05/1999 | 0.0043 42.7540 2.1165 52.9110 | 0.3660 0.0003 61.7640 66.3810
29/10/1999 | 0.0013 46.0630 2.2487 57.9930 | 0.3114 0.0021 71.8680 77.7890
21/04/2000 | 0.0024 53.1360 2.3571 64.2680 | 0.2442 0.0553 79.1440 83.1700

13/10/2000 | 0.0003 58.1210 2.6311 69.5510 | 0.2091 0.1001 87.2570 90.7470
06/04/2001 | 0.0001 62.8070 3.1503 72.4390 | 0.3237 0.1431 95.1090 96.9440

28/09/2001 | 0.0336 62.0000 2.9881 70.4230 | 0.3537 0.2310 104.3800  105.8200
22/03/2002 | 0.0054 65.1660 3.6076 73.8410 | 0.2805 0.3972 117.5300 118.6600
13/09/2002 | 0.0083 74.1830 4.1652 81.0510 | 0.1824 0.8019 124.1500 124.7600

07/03/2003 | 0.0021 81.3670 4.5686 86.1880 | 0.1158 0.9099 133.1100 134.5100
29/08/2003 | 0.0066 87.9420 4.2699 92.0120 | 0.0944 1.0158 138.2500  140.0900

20/02/2004 | 0.0128 93.0610 4.1586 96.6520 | 0.0822 1.0408 145.2700  147.3400
13/08/2004 | 0.0268 97.0200 4.4301 100.8600 | 0.0782 1.1073 156.0500  158.2600
04/02/2005 | 0.0289  101.3300 4.5864 105.2900 | 0.0573 1.1661 161.5300 163.8400
29/07/2005 | 0.0269  104.3700 4.5982  108.4200 | 0.0612 1.2618 169.2500 171.6800
20/01/2006 | 0.0318  108.4600 4.4830 112.3400 | 0.0525 1.4090 178.3000  180.9800
14/07/2006 | 0.0405 113.9200 4.5372  117.9400 | 0.0771 1.4564 187.5300  190.3300

All values in the table have to be multiplied by 1.0e+001 to obtain the true values.

The table contains the results of Granger causality tests based on a VAR estimated with 1 lag comprising all stock and bond
market returns of the above sample. The full sample is divided into 26 sub samples, each comprising 125 observations. The
columns contain the Wald test statistic of the Granger causality test based on a recursive procedure including all previous
observations. Column two reports the test statistics for bonds causing stocks within the market under investigation.
Column three shows the test statistics for the US stock market causing a country’s stock market. Column four contains the
same information for the US bond market causing a country’s stock market in the Granger sense. Column five reports the
Granger test statistic for all variables of the system. Columns six to nine contain the same information for the bond market.
The 10, 5 and 1 percent critical values of the Chi squared distribution (df = 1) are 2.7055, 3.8415 and 6.6349, respectively.
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Table 16: Sub-sample Granger causality tests for the Canadian market with the US mar-

ket

b->s USs->s USb->s ALL s->b USs->b USb->b ALL
22/07/1994 0.0017 0.0229 1.2282 3.3548 | 0.0250 0.9093 4.3936 4.8007
13/01/1995 0.0102 2.9598 0.4637 7.6432 | 0.1031 0.3528 0.5434 0.6460
07/07/1995 0.0051 3.0070 0.4229 7.4750 | 0.1155 0.0007 0.3481 0.6018
29/12/1995 0.3357 3.4995 0.0022 6.0598 | 0.0927 0.1986 0.0731 0.4470
21/06/1996 0.5242 1.9216 0.0046 4.9334 | 0.3806 0.7168 0.3970 1.8347
13/12/1996 2.1850 4.9205 0.1586 11.0150 | 0.4643 1.5076 0.1307 2.3624
06/06/1997 2.4593 2.6643 0.1049 8.2352 | 0.8982 5.2151 0.0133 6.4495
28/11/1997 3.5339 5.9805 0.1563 14.0150 | 0.6785 4.5221 0.1897 6.4117
22/05/1998 2.6610 6.3054 0.4193 11.1420 | 1.0799 4.4948 0.6550 6.8976
13/11/1998 9.8129 4.3596 1.8121 17.3370 | 1.6697 2.4206 3.0664 6.9984
07/05/1999 6.1631 2.1454 0.4368 12.2850 | 2.3097 2.5532 4.2845 8.7225
29/10/1999 7.6577 5.4549 1.1048 16.8740 | 5.5372 6.5771 1.5724 10.2640
21/04/2000 | 13.0810 11.4770 1.7658 31.6540 | 6.1479 8.7391 1.4920 12.1720
13/10/2000 | 11.9050 18.0610 1.5124 37.9800 | 6.3679 9.3341 2.4968 13.9760
06/04/2001 | 12.4080 11.7290 0.6584 35.1880 | 3.8221 8.4522 2.9237 12.6290
28/09/2001 6.9654 14.3200 0.0120 35.1260 | 4.1223 10.0600 4.1540 15.6310
22/03/2002 7.2159 19.8660 0.0950 37.2300 | 4.4451 6.9999 4.6095 13.0350
13/09/2002 8.3544 26.0430 0.1687 43.6910 | 2.5579 4.9056 4.6397 10.1750
07/03/2003 7.9618 20.3450 0.0322 38.2430 | 2.2651 6.0755 4.1025 10.3050
29/08/2003 8.4672 21.4710 0.0152 41.0600 | 1.2683 3.8588 2.7853 6.7551
20/02/2004 9.1792 21.7750 0.0347 42.5240 | 2.0490 5.6551 2.2435 7.9605
13/08/2004 9.1085 22.7960 0.0288 43.6940 | 2.1673 5.1622 2.2321 7.4359
04/02/2005 9.4765 23.3750 0.0156  45.7020 | 2.3277 4.8349 2.1613 7.0625
29/07/2005 8.8612 23.1610 0.0008 45.2130 | 2.3342 4.7374 2.2298 7.0655
20/01/2006 9.6134 24.2890 0.0034 47.7930 | 2.2541 4.6412 2.5158 7.2575
14/07/2006 9.0685 27.1280 0.0024 49.3780 | 2.6514 5.2465 2.2792 7.6412

The table contains the results of Granger causality tests based on a VAR estimated with 1 lag comprising all stock
and bond market returns of the above sample. The full sample is divided into 26 sub samples, each comprising 125
observations. The columns contain the Wald test statistic of the Granger causality test based on a recursive procedure
including all previous observations. Column two reports the test statistics for bonds causing stocks within the market under
investigation. Column three shows the test statistics for the US stock market causing a country’s stock market. Column
four contains the same information for the US bond market causing a country’s stock market in the Granger sense. Column
five reports the Granger test statistic for all variables of the system. Columns six to nine contain the same information for
the bond market. The 10, 5 and 1 percent critical values of the Chi squared distribution (df = 1) are 2.7055, 3.8415 and
6.6349, respectively.

36



Table 17: Sub-sample Granger causality tests for the Japanese market with the US market

b->s USs->s USb->s ALL | s->b USs->b USb->b ALL
22/07/1994 | 8.0355 0.7990 0.8434 13.6780 | 0.8222 0.8380 1.0298 2.3585
13/01/1995 | 8.0395 8.8050 0.0165 23.4150 | 0.3557 1.6187 2.4577 3.0991
07/07/1995 | 0.6841 5.3135 3.3712 22.7670 | 0.5374 1.8094 6.5517 6.9018
29/12/1995 | 0.6804 8.4669 3.0021 27.7020 | 0.1695 1.5442 8.3151 8.7507
21/06/1996 | 0.1651 8.4067 4.3857 31.2750 | 1.3468 1.1996 8.0517 9.8150
13/12/1996 | 0.0154 13.2370 4.3955 41.5360 | 0.5424 2.1829 12.9630  14.0920
06/06/1997 | 0.0093 17.7770 4.0170 46.9990 | 0.0503 4.0572 13.2430  13.3070

28/11/1997 | 1.1544 70.6350 0.1928 97.6950 | 1.1006 11.5380 20.1230  23.0310
22/05/1998 | 2.3927 79.6860 0.4143 94.6290 | 2.5487 11.5280 23.4340  27.2080

13/11/1998 | 0.7390  106.5700 1.4502 110.8300 | 2.5955 15.4850 37.8410  44.5250
07/05/1999 | 0.3963  121.6800 0.5930 126.2400 | 0.6299 15.0390 33.6010  40.1440
29/10/1999 | 0.0951  148.9600 1.8342 153.1700 | 0.0444 18.8130 38.7020 46.3770
21/04/2000 | 0.0775  174.7700 1.1721  179.3600 | 0.2008 22.3230 42.9920 53.7380
13/10/2000 | 0.0106  190.6000 0.9365 195.1900 | 0.2784 24.2160 40.5070  53.5330
06/04/2001 | 0.0647  192.7000 0.2592  196.2300 | 0.0165 27.9200 38.1670  56.9250
28/09/2001 | 0.2163  206.0700 0.1859  209.6600 | 0.1298 26.7630 33.9860  53.0690
22/03/2002 | 0.0511  227.3100 1.0801 228.5400 | 0.2758 24.1980 32.3360 50.1370
13/09/2002 | 0.0770  251.0600 0.5496  251.7000 | 0.4055 18.9530 27.6910 43.6960
07/03/2003 | 0.7519  263.1300 0.2511 264.6800 | 0.0018 13.7650 25.1780  38.8840
29/08/2003 | 1.5375  294.0200 1.2632  297.7300 | 0.8422 16.1290 29.0120 47.6220
20/02/2004 | 0.4533  312.9200 2.3761 317.0100 | 0.8482 15.7850 28.8300 47.4610
13/08/2004 | 0.2827  332.1700 1.7885 335.3400 | 1.0106 17.5760 34.0340  54.9870
04/02/2005 | 0.3956  350.5300 2.2785 354.4300 | 1.0411 19.3160 39.0030 61.9830

29/07/2005 | 0.4345  369.4100 2.3012 373.3300 | 1.1308 20.3810 42.9140 67.1380
20/01/2006 | 0.7178  377.3900 2.2994 381.8200 | 0.7649 21.56970 44.3080  69.2620
14/07/2006 | 0.7889  402.5400 2.9096 407.9300 | 0.6595 20.4670 49.2520  72.7430

The table contains the results of Granger causality tests based on a VAR estimated with 1 lag comprising all stock
and bond market returns of the above sample. The full sample is divided into 26 sub samples, each comprising 125
observations. The columns contain the Wald test statistic of the Granger causality test based on a recursive procedure
including all previous observations. Column two reports the test statistics for bonds causing stocks within the market under
investigation. Column three shows the test statistics for the US stock market causing a country’s stock market. Column
four contains the same information for the US bond market causing a country’s stock market in the Granger sense. Column
five reports the Granger test statistic for all variables of the system. Columns six to nine contain the same information for
the bond market. The 10, 5 and 1 percent critical values of the Chi squared distribution (df = 1) are 2.7055, 3.8415 and
6.6349, respectively.
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Granger causality from foreign bond market to US stock market
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Figure 4: Granger causality test from UK, GER, JAP bond market to the stock market (top panel)
and from the stock market to the bond market (bottom panel). The graphs show Wald test statistics
based on recursive Granger causality tests comprising 26 sub-samples. The test statistics are based
on a VAR with 1 lag including the country under investigation and the US stock and bond market.
The 10, 5 and 1 percent critical values of the Chi squared distribution (df = 1) are 2.7055, 3.8415 and
6.6349, respectively.
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Granger causality from US bond market to US stock market
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Figure 5: Granger causality test from the bond market to the stock market (top panel) and from
the stock market to the bond market (bottom panel). The graphs show Wald test statistics based
on recursive Granger causality tests comprising 26 sub-samples. The test statistics are based on a
VAR with 1 lag including the country under investigation and the US stock and bond market. The
10, 5 and 1 percent critical values of the Chi squared distribution (df = 1) are 2.7055, 3.8415 and
6.6349, respectively.
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Granger causality from bonds to stocks
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Granger causality from stocks to bonds
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Figure 6: Granger causality test from the bond market to the stock market (top panel) and from
the stock market to the bond market (bottom panel). The graphs show Wald test statistics based
on recursive Granger causality tests comprising 26 sub-samples. The test statistics are based on a
VAR with 1 lag including the country under investigation and the US stock and bond market. The
10, 5 and 1 percent critical values of the Chi squared distribution (df = 1) are 2.7055, 3.8415 and
6.6349, respectively.
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Figure 7: Granger causality test from US stock market on a country’s stock (top panel) and bond

market (bottom panel). The graphs show Wald test statistics based on recursive Granger causality

tests comprising 26 sub-samples. The test statistics are based on a VAR with 1 lag including the

country under investigation and the US stock and bond market. The 10, 5 and 1 percent critical

values of the Chi squared distribution (df = 1) are 2.7055, 3.8415 and 6.6349, respectively.
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Figure 8: Granger causality test from US bond market on a country’s stock (top panel) and bond

market (bottom panel). The graphs show Wald test statistics based on recursive Granger causality

tests comprising 26 sub-samples. The test statistics are based on a VAR with 1 lag including the

country under investigation and the US stock and bond market. The 10, 5 and 1 percent critical

values of the Chi squared distribution (df = 1) are 2.7055, 3.8415 and 6.6349, respectively.
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