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1.  Introduction and Background
Over the past fifteen years, financial markets have become increasingly global.  The gradual dismantling of regulatory barriers and the introduction of more advanced technology, particularly in data processing and telecommunications, have called for new market structures and practices.  Asset and liability management has increasingly become a globally integrated function and the issuance of international securities is often used as a substitute for more traditional funding channels.  These developments are to be welcomed in so far as the increased level of competition is expected to lead to a more efficient allocation of capital, both nationally and internationally, lower-cost financial services and new means of hedging risk.  However, they also present a new regulatory challenge in securing financial stability.  It was the 1987 world-wide stock market crash in particular which highlighted the inadequacies of a regulatory framework still largely based on old institutional divisions and national jurisdictions.  In the globalised security markets, the main challenge for both investors and policy makers is to take advantage of and promote efficiency enhancing aspects of market interaction, while containing and controlling the undesirable destabilising effects.

In response to these market developments, a growing body of research has attempted to establish the nature and the extent of the interdependence between national stock markets.  The early literature, however, merely showed whether or not there were benefits from international portfolio diversification, ignoring the issue of how the degree of capital market integration may actually affect these diversification benefits (Adler and Dumas, 1983; and Madura, 1985).  In a plethora of later studies, the emphasis shifted to the modelling of how information is compounded in national stock indices (Eun and Shim, 1989; Becker, Finnerty and Gupta, 1990; and Koch and Koch, 1991), the transmission mechanisms of such information internationally and the contemporaneous and lead-lag relationships between national stock markets (Akgiray, 1989; Hamao, Masulis and Ng, 1990; King and Wadhwani, 1990; and Lin, Engel and Ito, 1991).  The findings of this literature mainly revealed that stock markets had become more interdependent; the transmission of information between markets prevented the existence of arbitrage opportunities; and finally the US and Japanese markets, previously considered the leading markets, have lost some of their influence since the 1987 stock market crash.  In spite of this, most of the studies to date on stock market interdependence relate to the US, Japanese and Asian Pacific markets.  Since data on the international flow of funds reveal that European stock markets are by far the most important destination of international equity capital, it is thus surprising that relatively little research has been published on the interdependence between European stock markets (exceptions include Theodossiou and Lee, 1993; and Koutmos, 1996).

This paper addresses the important relationship between stock index and stock index futures markets in an international context.  The relationship between spot and related futures markets within a country has been the focus of much literature for some time (Kawaller, Koch and Koch 1987; Harris, 1989; Stoll and Whaley, 1990; Chan, Chan and Karolyi, 1991; Antoniou and Garrett, 1993; Antoniou and Holmes, 1995; and Antoniou, Holmes and Priestley, 1998).  This literature has questioned whether trading in derivative securities causes instability in the same country’s cash markets and whether there are lead-lag relationships between spot and futures markets.  The findings suggest that futures markets can provide investors with important information, especially during periods of market turbulence.  In addition, some of the literature also investigates the volatility interactions between spot and futures markets.  Whereas some studies find no systematic pattern or interdependence in volatilities (Kawaller, Koch and Koch,1990; Arshanapalli and Doukas, 1994; and Abhyankar, 1995), other studies find volatility feedback effects between the two markets (Chan, Chan and Karolyi, 1991; Chan and Chung, 1995; and Iihara, Kato and Tokunaga, 1996).  However, the conclusions of this literature need to be interpreted with caution.  By examining the spot-futures relationship only within one country and ignoring possible market interdependencies between countries, the findings of this literature are based on models that misspecify the dynamics of price adjustments and thus can lead to misleading results.  The main contribution of this paper is to improve our understanding of the pricing relationship between spot and futures markets in the light of international market interdependencies.  The paper brings together the literature on: (i) the lead-lag relationship between spot and futures markets; (ii) the correlation in price volatility between stock and futures markets; and  (iii) the transmission of volatility across international markets.  Using a multivariate VAR-EGARCH methodology, the paper examines stock index and stock index futures markets interdependence, that is lead-lag relationships and volatility interactions between the stock and futures markets of the three leading European countries, namely France, Germany and the UK.  In addition, the paper explicitly accounts for potential asymmetries that may exist in the volatility transmission mechanism between these markets, that is the possibility that bad news/innovations in one market increase volatility in another market more than good news/innovations.  Finally, the paper also tries to identify the direction of influence within the three European countries studied and the degree and speed of the transmission mechanism between markets.  The findings of this investigation should be of great interest to investors, fund managers and regulators.  The remainder of the paper is organised as follows.  Section 2 discusses the methodological issues.  Data and empirical results are discussed in Section 3.  Finally, Section 4 presents the concluding remarks.


2.  Methodology
Unlike most previous studies mentioned above, this study uses a multivariate VAR-EGARCH model specification to investigate market interdependence and volatility transmission between spot and futures markets in different countries.  While univariate models ignore the impact of innovation in one market on the mean and variance of another market, the VAR-EGARCH model allows the simultaneous estimation of mean and variance equations in different national spot and futures markets (Koutmos, 1996).  Furthermore, this methodology is free from a priori restrictions on the structure of relationships among the variables investigated and can be viewed as a flexible reduced form approximation of an unknown correctly specified economic structure.  The multivariate VAR-EGARCH model can be expressed in the following way:
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Equation (1) describes the returns of n spot and futures markets as a vector autoregression (VAR), where the conditional mean in each market, Rit, is a function of own past returns and cross-market past returns, Rjt.  (ij, for i(j, captures the lead-lag relationship between spot and futures markets, both within a country and across countries.  Market j leads market i when (ij is statistically significant.  Equation (2) describes the conditional variance in each market, (2i,t, as an exponential function of past stardardised innovations coming from both in its own market and other markets.  This functional form allows for the asymmetric influence of innovation on the conditional variance
.  This asymmetric response to innovation is captured by the second term in the right-hand side of equation (2) and defined in equation (3).  The sign and magnitude of the own and cross-market asymmetric impact on volatility are measured by the last and first terms of the right-hand-side of equation (3) respectively.  (i measures the persistence of volatility: if (i=1, then the conditional variance follows an integrated process of order 1.  The conditional covariance, (i,j,t, is defined by equation (4), and captures the contemporaneous relationship between the returns on the n markets.  This specification implicitly assumes a constant contemporaneous correlation among markets, which has the advantage of simplifying the estimation procedure
.

Under this specification, the coefficient estimates of equations (1), (2) and (4) require maximisation of the log-likelihood function, which is highly non-linear.  Numerically, the maximisation of the likelihood function of the model is carried out employing the algorithm proposed by Berndt, Hall, Hall and Hausman (1974).  Under the assumption of joint-normal distribution, the function could be written as:
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where N represents the number of equations to be estimated;  T denotes the number of observations used;  and St represents the time-varying variance-covariance matrix, whose diagonal and cross-diagonal elements are given by equations (2) and (4) respectively.  The vector of parameters to be estimated is given by (, while (t’ is a vector of innovations at time t.

The above system of equations is used to firstly investigate the relationship between spot and futures markets within each country.  To this end, the cross-country coefficients that measure price and volatility spillovers, namely, (ij and (ij, are restricted to be zero, when i and j refer to markets in different countries.  However, contemporaneous correlation between markets is not restricted and this allows cross-market effects to influence the error term (Bollerslev, 1990).  This restricted benchmark model is more general than univariate or multivariate AR(1)-EGARCH models that completely exclude cross-country influences.  The paper then proceeds to estimate the system of equations (1)-(4) in its unrestricted form, thus allowing inferences to be drawn about the transmission of volatility and lead-lag effects between markets, both within and across countries.  In addition, it allows an examination of the correlations of conditional volatilities across spot and futures markets in different countries, providing information on the level of integration of these markets. 


3.  Data and Empirical Results
3.1  Data
To examine the relationship between stock markets and their associated futures markets both within and across countries, the three largest European stock markets and their associated futures contracts have been chosen, namely Germany, UK and France.  The sample consists of daily closing observations for three stock indices and the corresponding futures contracts during the period December 1990 to December 1998
.  The stock index futures data were constructed by using a roll-over of the nearby 3-month futures contract, but excluding the month of expiration.  The data set used in the paper is described below:

Country
Spot Series
Futures Series

UK
FTSE100
FTSE100 Index

Germany
DAX-100
DAX  Stock Index

France
CAC-40
CAC-40 Stock Index

All data series were obtained from Datastream.  Daily spot and futures returns for each series were calculated as the logarithmic difference in the daily price indices, that is Ri,t = ln (Pi,t / Pi,t-1).  A range of descriptive statistics for the return series of the markets investigated are reported in Table 1.  Mean returns are on average positive in all markets, and significantly different from zero at the 5% level, except for France. From the third and fourth moments of the series, m3 and m4, it is evident that the third moment is non-symmetrical, whilst the dispersion of a large number of observed values is very small, which implies a leptokurtic frequency curve.  This means that returns do not follow a normal distribution, but present a sharp peak and fat tail distribution.  This is confirmed by the Jaque-Bera test for normality.  In addition, the Box-Pierce Q statistic, which evaluates the independence between the series, denotes that all return series investigated are suffering from long-run dependencies, with the exception of the series relating to the French markets.  When adjusted for heteroscedasticity (Dieblod, 1988), the calculated statistics are below the critical values up to the 25th lag for the sample countries, indicating that the adjustment for heteroscedasticity removes long-term dependency in the return series.  When the same test is carried out using the squared return series, there are some nonlinear long-run dependencies in the series, which should be cared for.  These nonlinear dependencies may result from autoregressive conditional heteroscedasticity, that has been well documented in stock returns (Bollerslev, Chou and Kroner, 1992).

[INSERT TABLE 1]

Finally, Table 1 shows estimates of the unconditional correlation structure between markets. This is a very important information for portfolio managers and international investors, since the correlation of returns informs the construction of investment portfolios and hedging strategies.  The pairwise unconditional correlations in Table 1 are very high, suggesting that the scope for diversification within the markets investigated is limited.  On the other hand, the figures also suggest the possibility of almost perfect hedging within individual countries and also significant benefits from hedging across countries.  However, if the mean and variance of the return series are non-stationary, the interpretation of the unconditional correlations could be misleading and thus inferences should be drawn using conditional moments, as discussed in the next section.

3.2 Empirical Findings
The results from estimating the restricted version of the model described in equations (1)-(4) are presented in Table 2.  It is apparent from the results relating to the mean equation that there are statistically significant feedback effects between spot and futures markets within Germany and France ((1,4, (4,1, (3,6 and (6,3).  In the UK, instead, there is a unidirectional effect from spot to futures market, but not viceversa.  This finding is rather puzzling, since the existence of spot market imperfections, such as transaction costs and short-sale restrictions, suggest that the futures market should act as a price discovery vehicle and thus lead the spot market.  This is supported by most of the empirical literature, which finds that the futures market tends indeed to lead the spot market (Kawaller, Koch and Koch, 1987; and Antoniou and Garrett, 1993).

[INSERT TABLE 2]

With reference to the variance equation, the short-term volatility dynamics between stock indices and stock index futures in each country are characterised by conditional heteroscedasticity, as evidenced by the significance of the majority of the (ij coefficients in the conditional variance equations.  This suggests that there could be time variation in the expected returns (Conrad and Kaul, 1988).  With the exception of the UK futures market, there are feedback effects in the volatility transmission between all spot and futures markets within the countries investigated.  The result for the UK markets is what will normally be expected, that is volatility is transmitted from the futures to the spot market (Antoniou and Holmes, 1995). However, it runs contrary to the previous result from the mean equation.  This anomaly could be due to a model misspecification, since, unlike in the following unrestricted model, cross-country interdependance is here not allowed.  Asymmetry is present in all markets, with the exception of the French spot market, as shown by the statistically significant (i coefficients.  For all German and UK markets the coefficients are also negative, implying the familiar result that bad news are followed by higher volatility than good news.  However, the reverse appears to be true for the French futures market.  Since no asymmetries were found in the French spot market, it could be inferred that the observed asymmetry in the futures market is due to feedback trading
.  Numerically, the size of these asymmetric effects is measured by the coefficients (i.  It is interesting to note that the size of the asymmetry in the German spot and futures markets is relatively large and almost identical.  The fact that it is identical could suggest that the observed asymmetries are driven by the existence of a leverage effect.  On the contrary, the size of the asymmetric effect in the UK futures market is much larger than in the UK spot market, suggesting that asymmetric effects in the UK are likely to be due to both leverage and feedback trading.  Specifically, since the asymmetry coefficient is higher in the futures than in the spot market, feedback/noise traders appears to be more active in the futures market and thus asymmetric volatility effects may be transmitted from the futures market to the spot market.  Finally, volatility persistence, as measured by the (i coefficients, is high, close to unity for all markets.  However, the hypothesis that the conditional variance in these markets is integrated is rejected, using a simple t-test, suggesting that the unconditional variances are finite.

Thus, the results of the restricted model suggest that in the case of Germany and France the price relationship between the stock market index and its corresponding futures contracts is characterised by feedback effects in both the mean and variance equations.  In the case of the UK, however, the estimates from the mean equation suggest unidirectional effects from spot to futures market.  This result is unusual and opposite to the relationship suggested by the estimates from the variance equation, where the direction of causality runs from the futures to the spot market.  The surprising results for the UK markets may be due to the fact that in the restricted model cross-country relationships are missing and thus the model is likely to suffer from missing dynamics.

To overcome the above problems, the system of equation (1)-(4) is estimated in its unrestricted form, thus taking into account market interdependence across countries.  This also allows an examination of the correlations of conditional volatilities across spot and futures markets in different countries, providing information on the level of integration of these markets.  Table 3 presents the results of this unresticted model.  Firstly, with reference to the results of the mean equations and the spot-futures relationship within each individual country, it is interesting to note that for the UK the results suggest that, as expected, a feedback effect exists between spot and futures return series.  While the results for France do not alter from the estimates of the restricted model, in Germany the spot index market appears to no longer affect its corresponding futures market.  Given the ease of transaction in the futures markets, this result is not surprising.  Obviously, allowing for the interrelationship between markets across countries has produced more intuitively attractive results for the UK. Secondly, looking at cross-country effects, the results also suggest that there are feedback affects between most of the markets under investigation, with no individual market playing a major role as information producer.  More specifically, the only market that appears not to influence the markets in the other two countries is the German futures market.  However, the German spot market affects every market considered.  Given the extent of the market interrelations identified, the question arises as to whether these results can be used to earn abnormal profits.  To answer this question, an accurate knowledge of transaction costs between markets and exchange risk is needed.  However, uncentered R2 estimates can provide an approximate measure of the extent to which past information in one market can be used to predict other markets’ returns.  This statistics can be calculated as R2 = 1 – [VAR((i) / VAR(Ri)].  Results reveal that past innovations can only explain a very small percentage of returns, ranging from 0.4% for the UK spot market to 1.8% for the German futures market
.  Thus, given that there are also transaction costs and exchange risk, we can conclude that these markets are at least weak-form efficient.

[INSERT TABLE 3]

Turning to the conditional variance, once again the short-term volatility dynamics between stock indices and stock index futures in each country are characterised by conditional heteroscedasticity, as evidenced by the significance of the great majority of the (ij coefficients in the conditional variance equations.  In particular, a striking result is that, by allowing market interdependence, there are feedback effects in conditional volatility between spot and futures markets within all three countries examined.  These feedback effects are asymmetric in all countries, with greater volatility following bad news, as indicated by the statistically significant and negative(i.  Compared to the estimates from the restricted model, the size of these asymmetries, as measured by (i, has become more uniform, particularly in markets within an individual country.  In particular, in France asymmetries are not only negative, but they have now increased in size, with almost identical size in both spot and futures markets.  This latter finding would suggest that the asymmetries are mainly driven by leverage effects.  However, when compared with the fact that in the restricted model these asymmetries were very small, insignificant and positive, they are likely to have been transmitted from markets abroad and this would lend support to the proposition that they are mainly caused by feedback noise traders.  In the UK, by now allowing market interdependence, the size of the asymmetries in the futures market has been reduced and is now almost identical to the corresponding figure in the spot market.  A possible interpretation is that the impact of feedback trading was previously overestimated and thus the observed asymmetries are mainly due to leverage.  In Germany, the size of the asymmetric effects has decreased overall, suggesting that once again the restricted model overestimates these effects.  In addition, the effects are now larger in the spot market than in the futures market.  Given the finding from the mean equation that the German spot market is more integrated with the other two countries than the German futures market, it could be inferred that part of the observed asymmetries in the German spot market are due to feedback/noise trading and are transmitted from markets abroad.  The estimated volatility persistence coefficients, (i, are consistently lower in the unrestricted than in the restricted model, in line with the findings of Lastrapes (1989) and Koutmos (1996), possibly due to omitted variables in the restricted model.  Finally, the estimated (ij coefficients also suggest that cross-country volatility spillovers are also present in all cases, with the exception of the UK futures market not being influenced by the French and German spot markets, and the French spot market not being affected by the UK spot market.  Overall, these results suggest that there is more volatility interaction between futures markets than spot markets and that no single market dominates the transmission of volatility.

Panel B in Tables 2 and 3 above report the estimated pairwise conditional correlations between the markets investigated.  Compared to the unconditional pairwise correlations in Table 1, the conditional correlations estimated by the restricted model appear to be consistently lower, confirming that the mean and variance of the series considered are non-stationary and thus the unconditional moments underestimate the potentials for diversification and hedging. Moreover, the estimated conditional correlations from the unrestricted model are even lower than the estimates from the restricted model.  Overall, these results suggest that hedging models that ignore market interdependence are likely to produce biased estimates of hedge ratios and, more specifically, they are likely to overestimate the hedging effectiveness of these markets.  On the other hand, the potential for diversification is underestimated if interdependence and time variation are not included in the modelling process.  Finally, the pairwise conditional correlations confirm the finding above that futures markets are more integrated that their corresponding spot markets.  For example, the conditional correlation between the German and French spot markets is 0.68, while their corresponding futures markets have a correlation of 0.89.

[INSERT TABLE 4]

To further investigate the volatility transmission mechanism between stock index and their corresponding futures markets within and across countries, the pairwise impacts of a (5% innovation in one market at time t-1 on the conditional volatility of all other markets and itself at time t are reported in Table 4.  The contributing factor of a negative innovation in market i on the volatility of market j is proportional to (-(ij+(ij(j(, whereas a positive innovation will affect the market in proportion to (-(ij+(ij(j) (Koutmos and Booth, 1995; and Koutmos, 1996).  Overall, the results in Table 4 confirm previous observations.  In particular, they confirm that there is significant interdependence among markets both within and across countries (Eun and Shim, 1989).  Secondly, the impact of negative news is consistently at least double in size than the impact of positive news, confirming the existence of informational asymmetries.

4.  Conclusionstc \l2 "4.
Conclusions
This study emerges from the realisation of the growing economic interdependence amongst EU countries and the implications of this on international portfolio diversification and hedging strategies.  While there is a plethora of earlier studies that analyse the lead-lag pricing relationships and volatility interactions between spot and futures markets within single countries and other studies examining the interdependence of stock markets across countries, there is a lack of research to take account of both these aspects simultaneously.  The paper bridges these two strands of literature by explicitly modelling the spot-futures pricing relationships within a European context.

The results from applying the VAR-EGARCH methodology to the French, German and UK stock index and their corresponding stock index futures markets provide evidence of feedback effects in both mean and variance within and between countries.  By examining this issue by means of both restricted and unrestricted models, the findings of the paper highlight the problems that could arise if investors ignore the relationship between domestic and foreign markets when considering the price adjustment dynamics between markets.  For example, in the case of the UK, the restricted model leads to puzzling results, suggesting that while the spot market influences the futures market the reverse is not true.  However, when the interdependence of market is allowed to influence the spot-futures price relationship, a feedback effect between the two UK markets is found.  Since this latter result is consistent with both theoretical and empirical developments, it can be inferred that the unrestricted model provides a better approximation of the spot-futures pricing relationship.

The paper also present evidence of greater integration in futures markets than in spot markets across the countries investigated.  Moreover, the results indicate that there are several significant multidirectional lead-lag relationships and volatility dependencies between the markets analysed, both within and across countries.  In particular, there appear to be significant bi-directional price spillover effects between French and UK markets.  In general, the results of the paper confirm the findings of earlier literature that futures markets lead spot markets, not just within a country, but also across countries, provided that international interdependence between markets is explicitly accounted for.  In addition, volatility is found to respond asymmetrically to news/innovations, with a stronger response in the case of bad news than in the case of good news.  While the markets examined appear to be integrated, the paper provides evidence that innovations in one market cannot be used to predict future movements in another market, thus confirming that these markets are at least weak-form efficient.  

The findings of the paper imply that, while European markets are integrated, in the sense that the news generation process is not purely a domestic one, there is still scope for portfolio diversification across these markets.  They also highlight the potential over- and under-estimation of hedging ratios and hedging effectiveness, when market interdependence is ignored.  Thus, trading strategies based only on the relationship between spot and futures markets domestically could be misleading and limit the scope of accurate risk management calculations.  Finally, regulators should consider the dynamics of the first and second moments of the price distribution when deciding on the rules for trading interruptions and assess the co-ordination of circuit breakers across markets.
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Table 1 - Descriptive Statistics

Panel A - Spot and Futures Index Series: December 1990 - December 1998

Market

                                                Spot                                                           Futures 


Germany
France
UK
Germany
France
UK










Sample
2115







Mean (x103)

0.571
0.440
0.470
0.570
0.436
0.462

t-stat ((=0)

2.16**
1.67
2.49**
2.06**
1.58
2.11**

Variance (x103)

0.149
0.148
0.00762
0.163
0.163
0.102

M3

-0.59
-0.050
0.11
-0.598
0.050
0.081

M4

7.27
3.46
2.87
10.77
4.15
1.99

Q(25)

54.33**
46.07**
69.78**
49.54**
45.77**
54.11**

Q(25) adjusted

29.87
33.02
40.96**
26.75
33.12
34.97*

Q2(25)

401.73**
233.5**
1082.6**
222.68**
151.6**
951.09**

Notes:

** Significant at 5% level (critical value 36.42)

* Significant at 10% level (critical value 33.20)

Panel B – 
Unconditional Correlations Between Spot and Futures Prices:




December 1990-December 1998


Futures
Spot

Futures

UK
France
Germany
UK
France
Germany


UK
1







France
0.94423
1






Germany
0.98338
0.96180
1




Spot
UK
0.99981
0.94496
0.98392
1




France
0.94618
0.99963
0.96398
0.94703
1



Germany
0.98304
0.96104
0.99981
0.98372
0.96333
1

Table 2 - Close-to-Close Returns AR(1)-EGARCH(1,1) Model for Spot and Futures Index Markets

Panel A - Estimated Coefficients

Indices





Futures






Germany

UK

France

Germany

UK

France



0.001011***

(0.000222)

0.000364***

(0.00016)

0.000312

(0.000241)

0.000623**

(0.000249)

0.000311*

(0.000189)

0.000221

(0.000252)


-0.38384***

(0.02502)

0.004964

(0.050903)

-0.13673***

(0.049505)

-0.049566*

(0.025425)

0.287351***

(0.058826)

0.15124***

(0.05149)


0.470495***

(0.025353)

0.050456

(0.043761)

0.143781***

(0.048178)

0.05896**

(0.025796)

-0.25665***

(0.05071)

-0.1535***

(0.04957)


-0.35758***

(0.042209)

-0.20565***

(0.032666)

-0.55336***

(0.079525)

-0.28598**8

(0.037289)

-0.19668***

(0.027927)

-0.5175***

(0.07931)


-0.02656**

(0.012832)

0.047679***

(0.01655)

0.134524***

(0.021976)

-0.01672**

(0.008341)

-0.02193

(0.017533)

0.132994***

(0.021576)


0.113417***

(0.014278)

0.039482**

(0.017554)

-0.03537*

(0.019679)

0.076033***

(0.009803)

0.099357***

(0.017709)

-0.03578*

(0.019923)


-0.65613**

(0.305577)

-0.21536***

(0.075275)

0.417943

(0.284584)

-0.66674**

(0.309592)

-0.40853***

(0.080784)

0.800221*

(0.459662)


0.959447***

(0.004855)

0.978623***

(0.003365)

0.937496***

(0.008978)

0.967028***

(0.004318)

0.978867***

(0.002973)

0.940943***

(0.009035)

(
4.816

1.549

0.410

4.988

2.378

0.111

Table 2 / cont.

Panel B - Estimated Pairwise Conditional Correlations


Germany
UK
France
Germany Fut.
UK Fut.
France Fut.

Germany

0.457366***

(0.017413)
0.615249***

(0.012648)
0.831993***

(0.005606)
0.429699***

(0.018413)
0.596648***

(0.012936)

United Kingdom


0.61939***

(0.012323)
0.014539

(0.571447)
0.957067***

(0.001361)
0.625521***

(0.012304)

France



0.717118***

(0.009808)
0.603486***

(0.013203)
0.96708***

(0.001054)

Germany  Fut.




0.5771***

(0.014947)
0.716128***

(0.009535)

UK Fut.





0.6182***

(0.012922)

France Fut.







Notes for Table 2:

*** Significant at 1% level;  ** Significant at 5% level;  * Significant at 10% level

Table 3 - Close-to-Close Returns  VAR-EGARCH(1,1)  Model for Spot and Futures Index Markets

Panel A - Estimated Coefficients

Indices





Futures






Germany

UK

France

Germany

UK

France



0.000753***

(0.000129)

0.000151***

(9.32E-05)

0.000337***

(9.77E-05)

0.000514***

(9.56E-05)

4.21E-05

(0.000119)

0.000275***

(9.51E-05)


-0.41298***

(0.018141)

-0.05314***

(0.014338)

-0.06145***

(0.01301)

-0.00652

(0.014459)

-0.08032***

(0.017486)

-0.05548***

(0.014587)


0.019648

(0.042191)

-0.1436***

(0.03497)

-0.24712***

(0.032207)

-0.13785***

(0.033624)

0.150417***

(0.045222)

-0.28051***

(0.032103)


-0.04918

(0.034997)

0.087045***

(0.027857)

0.069033***

(0.025554)

0.08711***

(0.024467)

0.148185***

(0.035132)

0.363672***

(0.026756)


0.359846***

(0.018556)

0.000955

(0.01579)

-0.00298

(0.014846)

-0.12998***

(0.01564)

-0.00384

(0.019409)

0.006626

(0.016156)


0.078179**

(0.03686)

0.19137***

(0.030603)

0.22469***

(0.026951)

0.151784***

(0.028897)

-0.11261***

(0.038623)

0.257952***

(0.028049)


0.113157***

(0.033233)

-0.0972***

(0.026933)

-0.02234***

(0.002299)

-0.05642**

(0.022793)

-0.16068***

(0.033859)

-0.34873***

(0.024457)


-0.1548***

(0.006312)

-0.90786***

(0.043165)

-0.81526***

(0.042206)

-0.14213***

(0.005778)

-0.82345***

(0.051453)

-0.19568***

(0.008288)


-0.04095***

(0.004131)

-0.04615***

(0.009172)

0.127217***

(0.009784)

-0.02797***

(0.003039)

-0.07223***

(0.010581)

0.062915***

(0.003606)


0.073345***

(0.005376)

-0.06606***

(0.013848)

-0.07761***

(0.014767)

0.054631***

(0.005495)

-4.7E-06

(0.016038)

-0.03894***

(0.005585)


0.023575***

(0.005406)

0.009075

(0.014511)

0.287237***

(0.013545)

0.060857***

(0.005313)

0.096618***

(0.016885)

0.160432***

(0.005421)


0.089925***

(0.005143)

0.120568***

(0.011755)

-0.08543***

(0.007774)

0.081242***

(0.003472)

0.113726***

(0.011935)

-0.04116***

(0.003056)


-0.06823***

(0.005808)

0.153938***

(0.015265)

0.125141***

(0.015861)

-0.03212***

(0.005485)

0.094255***

(0.016988)

0.040903***

(0.006006)


-0.05525***

(0.00592)

-0.06236***

(0.01203)

-0.25804***

(0.014041)

-0.1116***

(0.005172)

-0.14481***

(0.015474)

-0.11403***

(0.004859)


-0.51934***

(0.050358)

-0.26319***

(0.046998)

-0.62034***

(0.025772)

-0.42124***

(0.0335)

-0.27937***

(0.049485)

-0.62689***

(0.030306)


0.91342***

(0.00068)

0.908266***

(0.004379)

0.912934***

(0.004492)

0.9094245***

(0.000612)

0.913756***

(0.005377)

0.919389***

(0.000856)

(
3.1609

1.7144

4.267

2.455

1.775

4.360

Table 3 / cont.

Panel B - Estimated Pairwise Conditional Correlations


Germany
UK
France
Germany Fut.
UK Fut.
France Fut.

Germany

0.417986***

(0.0166800)
0.680692***

(0.008741)
0.799104***

(0.00597)
0.385324***

(0.017596)
0.662303***

(0.008835)

United Kingdom


0.56477***

(0.012551)
0.575623***

(0.012729)
0.956673***

(0.00136)
0.573121***

(0.012509)

France



0.868596***

(0.003347)
0.552599***

(0.001483)
0.948678***

(0.013441)

Germany  Fut.




0.561427***

(0.013251)
0.887011***

(0.002511)

UK Fut.





0.564666***

(0.012886)

France Fut.















Mean equation :
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Variance function :
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Notes for Table 3:

*** Significant at 1% level;  ** Significant at 5% level;  * Significant at 10% level

Table 4 - Impact of Innovations on Volatility Within and Across Markets

% ( of Volatility

at time t  in  (

Germany 

Index
UK

Index
France

Index

Germany 

Futures
UK

Futures
France

Futures

Source of Innovation

at time t-1    (



















Index









Germany +5%

0.0654
0.0146
0.2674

0.0309
0.0287
0.1343

Germany -5%

0.1473
0.1069
0.5218

0.0869
0.1731
0.2601

UK +5%

0.1171
0.0209
0.1631

0.0604
0.0000
0.0831

UK -5%

0.2638
0.1530
0.3183

0.1697
0.0000
0.1610

France +5%

0.0376
0.0029
0.6037

0.0673
0.0383
0.3424

France -5%

0.0848
0.0210
0.1782

0.1890
0.2316
0.6633











Futures









Germany +5%

0.1436
0.0381
0.1796

0.0899
0.0451
0.0879

Germany -5%

0.3234
0.2792
0.3504

0.2524
0.2726
0.1702

UK +5%

0.1089
0.0486
0.2630

0.0355
0.0374
0.0873

UK -5%

0.2454
0.3565
0.5133

0.0998
0.2259
0.1691

France +5%

0.0882
0.0197
0.5423

0.1235
0.0575
0.2434

France -5%

0.1987
0.1444
0.8584

0.3466
0.3471
0.4715










     �There is a substantial body of literature which suggest that conditional volatility responds asymmetrically to news.  See, for example, Black (1976 and 1986) and Koutmos (1996) among others.


     �While the assumption of constant correlation is restrictive, it is nevertheless plausible (Bollerslev, 1990).


� The data series analysed ends in December 1998, since the Euro was introduced after this date.


� For a discussion of the effects of feedback trading and leverage on asymmetric price reactions to information see Antoniou, Holmes and Priestley (1998).


     �  Calculations for the other countries and markets are as follows: UK futures market 1.6%, French spot and futures markets 0.95% and 0.9% respectively and German spot market 0.5%.
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