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ABSTRACT

This paper investigates the effect of bad or good news (asymmetric effect) on the time-varying beta of firms in the UK.  Daily data from thirty UK firms of different size and from different industries are applied in the empirical tests.  The time-varying betas are created by mean of the bivariate BEKK GARCH model and then linear regressions are applied to test for the asymmetric effect of news on the beta.  The asymmetric effects are investigated based on both market and non-market shocks.  Ample evidence of asymmetric effect from the non-market shocks is found.  The market shocks seem to induce a symmetric effect.  These results may have implications for the market efficiency and hedging strategies. 
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1. Introduction

      The asymmetric effect of news on the volatility of stock is a well-known empirical result and has been labelled as the “leverage or asymmetric effect”.  The leverage effect, as discovered by Black (1976), indicates that stock market volatility increases with bad news and decreases with good news.
  Two main reasons have been put forward regarding this asymmetric effect of news on volatility.  First, according to Black (1976) and Christie (1982), the financial and operational leverages indicate that if the value of a leveraged firm drops, then its equity becomes highly leveraged, causing an increase in volatility.
  This induces equity holders, who bear the residuals risk of the firm, to perceive the stream of futures income accruing to their portfolios as being relatively more risky (Brooks and Henry, 2002).  The second reason for the asymmetric effect is based on the direct relationship between volatility and the expected market risk premium.  If the expected market risk premium is an increasing function of market volatility, holding risk-free rates constant, an increase in market volatility implies an increase in expected return, and increase in return lowers the stock price, contributing to the asymmetric effect in volatility (Cho and Engle, 1999; Engle et al., 1990; Campbell and Hentschel, 1992).  

      Variation and asymmetric in volatility may also imply asymmetric in time-varying beta (systematic risk).  According to Cho and Engle (1999), if the risk premium is an increasing function of the volatility, and the beta is a measure of sensitivity to risk, then the asymmetric effect in volatility may imply such an effect in beta too.
  Also, if the beta of a leveraged firm’s asset is positive, the beta of the firm’s equity should rise in response to negative returns, which increases the leverage of the firm. Thus, the expected equity betas tend to be increasing with leverage.  Previous studies suggest that time variation of beta results from the variation in expected returns on the market portfolio and in relative risk of the firm’s investment, which causes financial or operational leverage.  Further, according to Braun et al. (1995) and Ball and Kothari (1989), an increase (decrease) in market shocks to the firms also increases (decreases) beta and leads to a rise (fall) in expected returns on market.  This should result in a drop in the stock price.  

      This paper now follows and extends the work of Cho and Engle (1999) and Braun et al. (1995) on asymmetric effect on time-varying beta in the US stock market.  Using monthly, data Braun et al. (1995) find very weak evidence of asymmetric effect in the beta of US industrial sectors.  Using daily data from individual US firms, Cho and Engle (1999) provide ample evidence of asymmetric effect in the beta.  They provide evidence of asymmetric effect due to both market and non-market shocks.  This present paper contributes to the literature by investigating the beta of UK firms, in other words, whether or not time-varying beta of UK firms rises with bad news and fall with good news.  Brooks and Henry (2002) also provide a study of the asymmetric effect of the beta in the UK stock market by investigating six industrial sectors, and provide some evidence of asymmetric effect in the UK stock market.        

      The paper employs daily data from thirty UK firms and the bivariate BEKK GARCH method in the empirical investigation.  Application of the daily data from individual UK firms marks the difference from Brooks and Henry (2002) who employed weekly data from six UK industrial sectors.  Application of aggregation stock data such as industrial sectors may result in a loss of cross-sectional variation, and consequently lead to weak results.  According to Cho and Engle (1999), it is better to apply the individual firm’s stock return, since asymmetric response of beta to good and bad news may be smoothed when the aggregate data are used.  Also, the asymmetric effects are more apparent in high frequency data than in low frequency data.  Using daily data instead of weekly data allows examination of the asymmetric effects in beta occurrence in different frequency data.  

      The paper also follows Cho and Engle (1999) by studying the different roles of market and non-market (idiosyncratic) shocks.  As they state, since the beta of a firm measures sensitivity of risk, a series of abnormally negative returns caused by market and/or non-market shocks may increase the beta of the firm.  Thus betas may depend on two sources of news: market shocks and non-market shocks.  Some betas may depend upon both the shocks, while others depend on just one.  Hence, analysing the asymmetric effects of news in betas may provide specific information about individual stock returns.  Following Cho and Engle (1999) this paper categorises each firm’s beta as a one of the three beta processes, a joint, a non-market (idiosyncratic), and a market model.  The joint model for a beta process is for a firm’s beta which is driven by both the market and the non-market shocks.  The non-market model explains the time-varying betas, which have asymmetric effects in non-market shocks only.  The betas driven by market shocks belong only to the market model.    

      Results from these time-varying beta models can shed light on the controversy over cross-sectional stock returns (Cho and Engle, 1999).  This controversy involves two hypotheses.  The first is overreaction to information, which causes the mispricing of the market (De Bondt and Thaler, 1989; Chopra et al., 1992).  The second hypothesis is the systematic changes in expected returns in an efficient market (Chan, 1988; Ball and Kothari, 1989).

      De Bondt and Thaler (1989) and Chopra et al. (1992) find evidence that stocks that have recently experienced huge losses (losers), tend to subsequently outperform stocks that have recently experienced price increases (winners).  This phenomenon is interpreted as an overreaction to information and such overreaction is inefficient.
  The overreaction theory supports the contrarian stock selection strategy that consists of buying stocks that have been losers and selling short stocks that have been winners.  Chopra et al. (1992) are able to show this theory is stronger for smaller firms than larger firms.   Braun et al. (1995) support the overreaction theory by finding no leverage effect in the beta.  They conclude that betas are not responsive enough to account for the differing return performances of winner and loser stocks.

      According to Chan (1988) and Ball and Kothari (1989), the time-varying betas and risk premia can explain the return performance of winners and losers.  They provide evidence that the beta of individual stock rises (falls) in response to abnormally negative (positive) returns, and argue that this asymmetric response to good and bad news explains the performance of winners and losers.  These studies show that in an efficient market, time-varying expected returns are caused by variation in expected returns on the market portfolio, relative risk of the firm’s investments, and leverage.  Cho and Engle (1999) claim that finding evidence of asymmetric effects in betas implies that abnormalies of stock prices can be explained by changes in expected returns through a change in beta, thus supporting the claims of Chan (1988) and Ball and Kothari (1989).   

      The bivariate BEKK GARCH method is applied in this paper to estimate and create the time-varying beta for each individual firm, and then linear regressions are applied to study the market and non-market (idiosyncratic) shocks on the beta.  The linear BEKK approach differs from both Braun et al. (1995) and Cho and Engle (1999) methods of the exponential multivariate GARCH (EGARCH).  The exponential GARCH does not readily admit negative covariance estimates, although such inverse relationships may be present in the data.  Moreover, according to Engle and Ng (1993) and Henry (1998), the EGARCH appears to over-state the response of the conditional variance to negative shocks.  Given these shortcomings of the EGARCH method, this paper applies the linear BEKK bivariate GARCH model.
 

2. The (conditional) CAPM and Time-Varying Beta 
     One of the assumptions of the capital asset pricing model (CAPM) is that all investors have the same subjective expectations on the means, variances and co-variances of returns.
  According to Bollerslev et al. (1988), economic agents may have common expectations on the moments of future returns, but these are conditional expectations and therefore random variables rather than constant.
  The CAPM that takes conditional expectations into consideration is sometimes known as conditional CAPM.  This conditional CAPM provides a convenient way to incorporate the time-varying conditional variances and co-variances (Bodurtha and Mark, 1991).
  An asset’s beta in the conditional CAPM can be expressed as the ratio of the conditional covariance between the forecast error in the asset’s return, and the forecast error and the conditional variance of the forecast error in the market return.

     The following analysis relies heavily on Bodurtha and Mark (1991).  Let Ri,t be the nominal return on asset i (i= 1, 2, ..., n) and Rm,t the nominal return on the market portfolio m.  The excess (real) return of asset i and market portfolio over the risk-free asset return is presented by ri,t and rm,t respectively.  The conditional CAPM in excess returns may be given as

                             E(ri,t|It-1) =   βiIt-1 E(rm,t|It-1)                                                                           (1)

Where,

                            βiIt-1   =   cov(Ri,t, Rm,t|It-1)/var(Rm,t|It-1) = cov(ri,t, rm,t|It-1)/var(rm,t|It-1)          (2)

and E(|It-1) is the mathematical expectation conditional on the information set available to the economic agent’s last period (t-1), It-1.  Expectations are rational, based on Muth’s (1961) definition of rational expectation, where the mathematical expected values are interpreted as the agent’s subjective expectations.  According to Bodurtha and Mark (1991), asset i risk premium varies over time due to three time-varying factors: the market’s conditional variance, the conditional covariance between asset’s return, and the market’s return and/or the market’s risk premium.  If the covariance between asset i and the market portfolio m is not constant, then the equilibrium returns Ri,t will not be constant.  If the variance and the covariance are stationary and predictable, then the equilibrium returns will be predictable.
3. Bivariate GARCH (BEKK) Model 

     As shown by Baillie and Myers (1991) and Bollerslev et al. (1992), weak dependence of successive asset price changes may be modelled by means of the univariate or multivariate GARCH model.
  The following bivariate GARCH(p,q) model may be used to represent the returns from asset i and the market portfolio (m).  This presentation is termed by Engle and Kroner (1995) the BEKK model; the conditional covariance matrix is parametrized as

yt  =  μ  +  εt - θεt-1                                                                                                    (3)
εt/Ωt-1 ~ N(0, Ht)                                                                                                        (4)
        vech(Ht)  =  C’C  +  
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Where yt =(rit, rm,t) is a (2x1) vector containing returns from asset i and the market portfolio (m), μ is a 2x1 vector of constant, Aki, i =1,…, q, k =1,… K, and Bkj j =1, … p, k = 1,…, K are all N x N matrices.  This formulation has the advantage over the general specification of the multivariate GARCH that conditional variance (Ht) is guaranteed to be positive for all t (Bollerslev et al. 1994).  The BEKK model is sufficiently general that it includes all positive definite diagonal representations, and nearly all positive definite vector representations. The moving average (MA) term θεt-1 is included to capture the effect of non-synchronous trading.  According to Susmel and Engle (1994), non-synchronous trading induces negative serial correlation, and the MA term allows for autocorrelation induced by discontinuous trading in the asset.  The following presents the BEKK bivariate GARCH(1,1), with K=1.

Ht  =  C’C  +  A’(t-1 (’ t-1A  +  B’Ht-1B                                                          (5a)    
Ht  =  C’C  +  
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Where C is a 2x2 lower triangular matrix with intercept parameters, A and B are 2x2 square matrices of parameters.  The BEKK parameterization requires estimation of only 11 parameters in the conditional variance-covariance structure, and guarantees Ht positive definite.  Importantly, the BEKK model implies that only the magnitude of past returns innovations is important in determining current conditional variances and co-variances.  The parameters in A reveal the extent to which the conditional variances of the two variables are correlated with past squared errors.  The off-diagonal elements represent how the past squared error of one variable affects the conditional variance of another variable.  The volatility linkages are controlled by the parameters A12 and A21.   The diagonal element A11 presents the ARCH process in the residuals from the asset i equation, and the elements A22 presents the ARCH process in the residuals from the market portfolio (m) equation residuals.     

      The parameters in B depict the extent to which the current levels of conditional variances are correlated with past conditional variances.  The off-diagonal elements (B12 and B21) indicate extent to which the conditional variance of one variable is correlated with the lagged conditional variance of another variable.  High values of off-diagonal elements support a correlation between volatility of two variables.

      The time-varying beta (β) for asset i is calculated as
βi,t = Ĥ12,t/Ĥ22,t.                                                                                                   (6)
Where Ĥ12,t is the estimated conditional covariance between the specific asset returns and market portfolio returns, and Ĥ22,t is the estimated conditional variance of the market portfolio returns from the bivariate GARCH model.
  Given that conditional covariance and conditional variance are time-dependent, the stock beta will be time-dependent.  The time-varying beta defined in equation 6 is applied in this paper.  

      Kroner and Ng (1996) identify three possible forms of asymmetric behaviour in the bivariate GARCH model.  First, the co-variance matrix displays its own variance asymmetry if the sign of the innovations in the market (rmt) and firm (rit) returns affects the conditional variance of market (H22) and firm returns (H11).  Second, the co-variance matrix displays cross-variance asymmetry if the sign of the innovation in market and firm returns affects their conditional variance.  Third, if the conditional covariance (H12) between the market and firm returns is sensitive to the sign of the innovation in return for either portfolio, the model is said to display covariance asymmetry.  
4. Model Selections and Asymmetric Effect in Beta
      As stated earlier, following Cho and Engle (1999), three different models are applied to investigate the asymmetric effect in time-varying beta.  The models applied are based on market and non-market shocks.   Thus each beta process may be characterised by the relative importance of the two shocks.  

      The following joint model for conditional time-varying beta (βi,t) is based on the assumption that the beta follows an AR(1) process.
  

                 βi,t  =  γβ  +  αβ(βi,t-1 - γβ)  +  δizi,t-1  + δmzm,t-1                                                     (7)

The joint model of equation 7 takes into consideration both the effects of the market and non-market shocks on the time-varying beta.  The variables zi and zm represent the non-market and market shocks on the beta.  According to Cho and Engle (1999) the terms δizi and δmzm, allow for leverage (asymmetric) effects in the time-varying betas.  If δi is negative and significantly different from zero, the beta (βi) will rise in response to negative non-market returns (idiosyncratic returns), and falls in response to positive non-market returns.  Thus if δi is significant and negative, it could be that there exists a leverage effect of non-market shocks in the beta process.  Similarly, if δm is negative and significant, the beta rises in response to negative market returns, and falls in response to positive market returns.  In other words, if there is bad news in the market and such shocks have an asymmetric effect, δm should be significant and negative.  

      The joint model of equation 7 considers both the non-market and the market shocks to the time-varying beta.  In the following non-market model, markets shocks zm,t-1 are omitted from the joint model (equation 7) to test the significance of market shocks.  

            βi,t  =  γβ  +  αβ(βi,t-1 - γβ)  +  δizi,t-1                                                          (8)

The model selection between the joint model and the non-market model is based on testing how the market volatility affects the beta in the joint model.

              H0: δm = 0

              H1: δm ≠ 0

If the null hypothesis (H0) cannot be rejected, the non-market model is chosen, and it implies that the beta process is driven only by non-market (idiosyncratic) shocks.  

      Similarly, the following market model is estimated to test the significance of non-market shocks zi,t-1 in the joint model.  The non-market shocks zi,t-1 are omitted from the joint model.

                 βi,t  =  γβ  +  αβ(βi,t-1 - γβ)  +  δmzm,t-1                                                   (9)

The market model of equation 9 only examines the effect of market volatility on the beta process.  The model selection between the joint model and the market model is based on testing how the non-market volatility affects beta in the joint model.

              H0: δi  = 0

              H1: δi  ≠ 0

If the null hypothesis (H0) cannot be rejected, the market model of equation 9 is chosen, and it implies that the beta is only driven by the market shocks. 

      Based on the Cho and Engle (1999) analysis of both non-market and market shocks provides a better understanding of individual stock return characteristics.  Analysis of the different shocks may provide information regarding hedging strategies.  The different types of time-varying betas of individual firms suggest that it is useful to form a portfolio for investment based on this information.  For example, a stock whose beta is driven by its own non-market shocks can be hedged against a stock for which market shocks dominate the beta.

      The presence of an asymmetric effect in beta may also address the efficient market hypothesis in the stock market.  As discussed earlier, the phenomenon of stock returns mean reversal is explained by two hypotheses: predictable changes in the expected returns in an efficient market and stock price overreaction in an inefficient market.  The overreaction hypothesis implies stock that experiences poor performance tends to outperforms winners during the subsequent years (De Bondt and Thaler, 1985).  The overreaction hypothesis is a manifestation of irrational behaviour by investors.  Chan (1988) and Ball and Kothari (1989) claim that stock returns mean reversal is due to systematic changes in expected returns, and expected returns on extreme winners and losers vary substantially follows from pronounced changes in leverage.  Ball and Kothari (1989) report that the betas of extreme losers exceed the betas of extreme winners in subsequent years, thus consistent with the prediction of the leverage hypothesis.  If the firm beta changes asymmetrically in response to news (shocks) this provides support for the efficient market hypothesis (Cho and Engle, 1999).   

5. Data 
      Daily stock price indices from thirty individual firms from the UK are applied in the tests.  The data range from January 1, 1990 to June 30, 2003.  Table 1 presents the basic information about the firms, regarding goods/services produced and provided by these firms, the size of the firm and the industry they belong in.
 The large variation in the range of the goods/services provided, size of the firms and the industries they belong is clearly visible.  The FTSE All stock index was used as a proxy for the market portfolio.  Stock returns are simply created by taking the first difference of the log of the stock index.  The return on the risk-free asset is represented by the return on the three-month UK Treasury bill.  The excess stock return is calculated as the nominal stock returns minus the returns on the bill.  All data are taken from DATASTREAM.  

      Table 2 provides the basic statistics of the excess returns of the thirty firms and the market portfolio.  As expected, the all returns are non-normal, based on Jarque-Bera statistics.  This result is not surprising, given that most series are skewed and/or leptokurtic.  Non-normality is quite standard in stock market returns data.

6. The Bi-GARCH (BEKK) Results
      Tables 4, 5 and 6 present the BEKK bivariate MA-GARCH(1,1) results for the thirty  UK companies.
  The BEKK bivariate GARCH results are quite standard.  The ARCH coefficients (A11 and A22) are all positive and significant implying volatility clustering in both the firm and the market returns.  All ARCH coefficients are less than unity in size.  Not much evidence is found indicating a linkage between the volatilities (A12 and A21) and conditional variances (B12 and B21) of the firm and the market.  Some evidence of non-synchronous trading (() is found mostly in the firms.  To assess the general descriptive validity of the model, a battery of standard specification tests is employed. Specification adequacy of the first two conditional moments is verified through the serial correlation test of white noise.  These tests employ the Ljung-Box Q statistics on the standardised (normalised) residuals (εt/Ht1/2) and standardised squared residuals (εt/Ht2).  All series are found to be free of serial correlation (at the 5% level).  The absence of serial correlation in the standardised squared residuals implies the lack of need to encompass a higher order ARCH process (Giannopoulos, 1995).
      Figures 1 to 5 present the estimated betas of the thirty UK firms.  As expected, some firms show more volatile beta than others, such as Signet Group, Medisys and Care UK.  Table 3 shows the basic statistics of the betas. The mean of most betas, except for Barclays, British Telecommunication and Royal and Sun Alliance, are found to be less than unity, implying that most of the firms under study are less risky than the market.  The figures show the same.  And all betas are found to be significantly skewed and/or leptokurtic and thus are found to be non-normal by means of the Jarque-Bera statistics.  This result is not unique, as Choudhry (2002) also provides evidence of non-normal UK firm daily betas.

7. Asymmetric Effects Tests Results 
      Table 7 presents the results from the joint model of equation 7.  As stated earlier, the joint model takes into consideration both the effects of the markets and non-market shocks to the time-varying beta.  Equation 7 is estimated by means of ordinary least squares, and then the covariance matrix estimates are corrected to allow for more robust (complex) behaviour of the residuals.  In other words, the residuals are corrected for autocorrelations.  Out of the thirty firms under study, the joint model fails to find any asymmetric effect (market or non-market oriented) in the case of following six firms:  British Telecommunications, Alvis, Care UK, Jersey ELTY, Royal and Sun Alliance and Britannic Group.  Thus the betas of these six firms are not influenced by market or non-market shocks.  In the remaining cases, the significant coefficient on the non-market shock (δi) is negative, implying an asymmetric effect due to non-market shocks.  Thus, for these firms, the beta (βi) will rise in response to negative non-market returns (idiosyncratic returns), and fall in response to positive non-market returns.  This result backs the finding of Cho and Engle (1999) who find similar results, using firms from the USA.  In absolute value, the size of the coefficient on the non-market shocks is larger than unity, implying a large size effect of the non-market shocks on the beta.  Cho and Engle (1999) found small size coefficients on the non-market shocks.

      Regarding the market shocks, the results presented are different from previous studies.  In all the significant cases except one, the coefficient on the market shock (δm) is positive.  As stated earlier, if δm is negative, the beta rises in response to negative market returns, and falls in response to positive market returns.  In other words, if there is bad news in the market and such shocks have an asymmetric effect, δm should be significantly negative.  A positive coefficient implies that bad news in the market fails to induce a rise in the beta of the firm, and good news fails to reduce its beta.  A positive coefficient means results fail to show leverage effect on the beta due to the market-oriented shocks.  Only in the case of United Utilities, the market shock coefficient is negative, indicating that beta rises in response to negative market returns, and falls in response to positive.  A few other tests also present a negative coefficient on the market shock, but in these cases the coefficient is insignificant.  The size of the coefficient on the market shocks is also larger than unity, implying a large size effect of the market shocks on the beta.  These results are somewhat different from Brooks and Henry (2002) who provide ample evidence of the asymmetric affect of the market shocks on the UK industrial sectors.  The adjusted correlation coefficient (R2) ranges from 0.049 to 0.319, indicating a relatively low level of explanation in the variation of the beta by means of the independent variables.  As stated earlier, the regressions were adjusted for autocorrelation by correcting the covariance matrix, and the Durbin-Watson statistics indicate lack of autocorrelations.

      The non-market (idiosyncratic) model is applied when non-market shocks are the main reasons for the asymmetric effect.  The log likelihood ratio (LR) test show only one firm (out of thirty), the Signet Group, belongs to the non-market model.  The non-market model is chosen against the joint model, since the LR test for the significance of market shocks fails to reject the null hypothesis.  The non-market model show that bad non-market news increases the beta of Signet Group, while good news decreases the beta.  The market model is defined as the process wherein the beta is driven only by market shocks.  The log likelihood ratio test indicates that four companies, Yorks Group, Gleeson, Thorntons and United Utilities, belong to the market model.  As in the joint model, only in the case of United Utilities, the market model shows that bad market news increases the beta, while good news decreases beta.  In the remaining three cases, the market model shows that the beta falls due to bad market news, and rises due to good news.  Similar to the joint model results, these results fail to show asymmetric effect of the market shocks on the beta.  In these tests also, the coefficients on the non-market and market shocks are larger than unity in absolute value.  The adjusted R2 is relatively low, and the Durbin-Watson statistic indicates lack of autocorrelation.  

      The evidence of asymmetry in beta (due to non-market shocks) provided in this paper also suggests that abnormalities such as mean reversion in stock prices may occur as a result of changes in expected returns caused by time variation and asymmetry in beta, rather than as a by-product of market inefficiency. Furthermore the results presented may be a useful tool for investigating some hedging strategies, since the property of individual stock returns can be inferred from the analysis of a beta process.  For example, a stock whose beta is driven by its own idiosyncrasy can be hedged with a stock for which market shocks dominate the beta.  Results in this paper seem to in that stocks of the firms under study can be hedged with stock for which market shocks dominate the beta.  Results presented advocate further research in this field, using different firms, markets and methods.

8. Conclusion      

      This paper empirically investigates the leverage effect in the time-varying betas of UK firms.  In other words, it studies whether the beta of firms from the UK increases with bad news and decreases with good news.  Similar to Cho and Engle (1999), this paper also investigates the individual effects of the market and non-market (idiosyncratic) shocks on the asymmetrical behaviour of the beta.  Daily excess returns from thirty UK firms from January 1990 to June 2003 are used in the study.  The BEKK bivariate GARCH model is applied to create the time-varying beta.  The asymmetric effect of the market and the non-market shocks is investigated by means of OLS.  A joint model that takes into consideration both the market and non-market shocks is applied initially.  A market model is used further if the non-market shock is found to be statistically insignificant in the joint model.  Similarly, a non-market model is applied if the market shock is found to be insignificant in the joint model.   

      Results indicate that for majority of the firms, the joint model is applicable.  In all significant cases, the non-market shocks impose an asymmetric effect on the beta.  In other words, results provide evidence that the time-varying beta of a firm increases with bad non-market news and decreases with good non-market news.  This result matches the finding of Cho and Engle (1999) for the firms from the USA.  In this paper, the size of the effect (in absolute value) imposed by the non-market shock is relatively large.  The effect of the market shocks on the beta is found to be different from Cho and Engle.  Results provided show that the beta decreases with bad market news and increases with good market news.  In other words, results fail to show an asymmetric effect of the market shocks on the time-varying beta of the UK firms.  The size of the market shock is also of relatively large magnitude.  This result contradicts the claim and finding of Cho and Engle (1999) who find asymmetric effects in beta of the USA firms due to market shocks.  For a few firms, both the market and the non-market shocks fail to impose any significant effect on the beta.  Also for a few firms, either the non-market or the market model was more applicable.  Results presented in this paper are also somewhat opposite of the findings of Brooks and Henry (2002) who provide more evidence of the asymmetric effect of the market shocks on UK industrial sectors.    

      As indicated by Cho and Engle, finding an asymmetric effect in betas may imply that abnormalies in stock returns can be explained by changes in expected returns through a change in beta.  Furthermore, the results presented may be a useful tool for investigating some hedging strategies, since the property of individual stock returns can be inferred from the analysis of a beta process.  For example, a stock whose beta is driven by its own idiosyncrasy can be hedged with a stock for which market shocks dominate the beta.  Results in this paper advocate further research in this field, using different firms, markets and methods.
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Table 1

Basic Information on the Firms

	Company
	Industry
	Total Shares Outstanding
	Market Capitalization

	British Airways
	Transportation
	1,082,903,000
	2,311,995,992

	Tesco
	Food Retailers
	7,680,158,055
	20,256,416,870

	British American Tobacco
	Tobacco
	2,164,648,000
	18,042,341,080

	British Telecommunication
	Utilities
	8,561,514,437
	15,542,778,703

	Legal and General
	Insurance & Financial
	6,505,016,612
	6,017,140,612

	Glaxosmithkline
	Drugs & Health Care
	5,897,962,701
	62,287,617,670

	Edinburgh Oil and Gas
	Oil and Gas
	41,848,000
	67,584,520

	Boots Group
	Drug Retailers
	768,067,597
	5,057,725,126

	Pendragon
	Car Retailers
	131,187,770
	402,090,515

	Barclays
	Banks & Financial
	6,437,108,000
	32,507,395,400

	Scot and Newcastle
	Food & Beverages
	893,621,000
	3,520,866,740

	Signet Group
	Retailers
	1,732,741,069
	1,784,723,301

	Goodwin
	Metal Products
	7,200,000
	18,072,000

	British Vita
	Chemicals
	194,425,443
	467,107,127

	Medisys
	Drugs & Health Care
	44,232,014
	33,542,401

	Caldwell Investment
	Miscellaneous
	16,662,500
	7,664,750

	Alvis
	Machinery & Equipment
	110,278,945
	352,892,624

	Tottenham Hotspur
	Recreation
	98,696,899
	27,635,132

	Care UK
	Health Care Services
	50,069,000
	146,952,525

	Daily Mail and General
	Printing & Publishing
	401,272,120
	2,578,173, 371

	British Petroleum
	Oil & Gas
	21,747,824,000
	107,923,576,600

	British land
	Property Development
	488,180,983
	3,412,385,071

	Yorks Group
	Recreation
	12,555,230
	5,323,874

	Jersey ELTY
	Utilities
	1,532,000
	56,684,000

	Royal and Sun Alliance
	Insurance & Financial
	2,889,321,090
	2,101,981,093

	Britannic Group
	Asset Management & Financial
	196,500,000
	671,047,500

	Gleeson
	Property Development
	156,235,123
	543,447,320

	ITV
	Recreation
	4,070,906,071
	4,142,146,927

	Thorntons
	Food & Beverages
	66,629,280
	108,272,580

	United Utilities
	Utilities
	711,857,193
	3,772,843,123


Note:

Market Capitalization is in US dollars.

Table 2

Basic Statistics of the Excess Return

	Company
	Mean
	Variance
	Skewness
	Kurtosis
	Jarque-Bera

	British Airways
	0.0003
	0.0007
	0.067
	5.692a
	4755.07***

	Tesco
	0.0008b
	0.0004
	0.512a
	4.588a
	3242.47***

	British American Tobacco
	0.0007c
	0.0005
	1.259a
	15.843a
	37753.68***

	British Telecommunication
	0.0004
	0.0006
	0.229a
	5.219a
	4026.84***

	Legal and General
	0.0007
	0.0005
	0.362a
	4.470a
	3007.77***

	Glaxosmithkline
	0.0007b
	0.0004
	0.360a
	4.755a
	3393.25***

	Edinburgh Oil and Gas
	0.0008c
	0.0008
	2.808a
	33.667a
	170913.85***

	Boots Group
	0.0006b
	0.0004
	0.686a
	6.311a
	6119.13***

	Pendragon
	0.0009a
	0.0003
	1.016a
	12.546a
	23699.05***

	Barclays
	0.0008b
	0.0005
	0.404a
	3.852a
	2272.57***

	Scot and Newcastle
	0.0004
	0.0004
	0.416a
	4.586a
	3186.42***

	Signet Group
	0.0001
	0.0012
	0.355a
	7.839a
	9088.97***

	Goodwin
	0.0008c
	0.0007
	5.251a
	102.74a
	1564650.93***

	British Vita
	0.0005
	0.0004
	0.683a
	8.649a
	11248.85***

	Medisys
	0.0003
	0.0024
	-2.871a
	81.598a
	981664.90***

	Caldwell Investment
	0.0003
	0.0010
	1.004a
	15.576a
	36183.39***

	Alvis
	0.0007
	0.0007
	-0.146a
	45.235a
	300203.98***

	Tottenham Hotspur
	0.0004
	0.0004
	1.073a
	14.961a
	33511.83***

	Care UK
	0.00007
	0.0013
	-0.240a
	87.958a
	1135051.73***

	Daily Mail and General
	0.0010a
	0.0002
	1.708a
	23.318a
	81478.86***

	British Petroleum
	0.0007b
	0.0004
	0.339a
	6.301a
	5892.27***

	British Land
	0.0005
	0.0004
	0.775a
	7.503a
	8611.05***

	Yorks Group
	-0.0005
	0.0006
	-2.053a
	48.813a
	352035.03***

	Jersey ELTY
	0.0001a
	0.0002
	4.535a
	89.173a
	1178656.82***

	Royal and Sun Alliance
	0.0001
	0.0007
	0.052
	6.375a
	5963.41***

	Britannic Group
	0.0004
	0.0005
	-7.671a
	252.175a
	9364079.09***

	Gleeson
	0.0005b
	0.0002
	1.374a
	33.282a
	163591.13***

	ITV
	0.0005
	0.0006
	0.240a
	3.649a
	1987.42***

	Thorntons
	0.004
	0.0003
	0.083a
	21.605a
	68482.52***

	United Utilities
	0.0006c
	0.0004
	0.776a
	8.461a
	10855.24***

	World
	0.0005b
	0.00012
	0.951a
	11.688a
	20571.55***


Note:

a, b & c imply significantly different from zero at the 1%, 5% & 10% level, respectively.

*** implies rejection of the null hypothesis of normality at the 1% level.

Table 3

Basic Statistics of the Beta

	Company
	Mean
	Variance
	Skewness
	Kurtosis
	Jarque-Bera

	British Airways
	0.9803a
	0.050
	1.122a
	15.115a
	34269.08***

	Tesco
	0.7083a
	0.015
	-1.453a
	6.651a
	7730.80***

	British American Tobacco
	1.0086a
	0.038
	-2.559a
	16.673a
	44638.82***

	British Telecommunication
	1.2000a
	0.052
	-1.418a
	23.222a
	80316.07***

	Legal and General
	1.0480a
	0.020
	0.500a
	10.031a
	14912.55***

	Glaxosmithkline
	1.0470a
	0.018
	-0.352a
	15.972a
	37508.37***

	Edinburgh Oil and Gas
	0.6271a
	0.086
	-5.722a
	123.400a
	2253701.14***

	Boots Group
	0.7197a
	0.019
	-2.174a
	12.902a
	27203.61***

	Pendragon
	0.7234a
	0.035
	1.419a
	18.763a
	50666.77***

	Barclays
	1.1646a
	0.028
	0.745a
	7.957a
	9617.92***

	Scot and Newcastle
	0.7123a
	0.052
	-1.834a
	11.721a
	22135.79***

	Signet Group
	0.6758a
	0.140
	1.367a
	14.968a
	33976.17***

	Goodwin
	0.6009a
	0.064
	-2.772a
	68.825a
	699650.98***

	British Vita
	0.6857a
	0.019
	-1.028a
	5.966a
	5843.78***

	Medisys
	0.8498a
	0.471
	9.606a
	233.86a
	8079955.81***

	Caldwell Investment
	0.5717a
	0.070
	1.885a
	26.637a
	106209.70***

	Alvis
	0.7882a
	0.081
	2.083a
	116.723a
	2001906.41***

	Tottenham Hotspur
	0.7052a
	0.050
	0.679a
	21.702a
	69385.77***

	Care UK
	0.7411a
	0.151
	7.372a
	129.093a
	2477488.17***

	Daily Mail and General
	0.5511a
	0.023
	-0.300a
	19.730a
	57176.28***

	British Petroleum
	0.9028a
	0.015
	-1.344a
	15.471a
	36185.62***

	British Land
	0.7927a
	0.020
	-0.372a
	10.827a
	17283.99***

	Yorks Group
	0.6863a
	0.044
	-0.830a
	39.407a
	228295.31***

	Jersey ELTY
	0.5162a
	0.030
	-3.234a
	192.349a
	5435601.37***

	Royal and Sun Alliance
	1.2177a
	0.074
	0.371a
	31.579a
	146423.02***

	Britannic Group
	0.9022a
	0.093
	-18.579a
	741.332a
	80852478.20***

	Gleeson
	0.7076a
	0.033
	-2.230a
	57.535a
	488696.99***

	ITV
	0.9356a
	0.027
	-0.277a
	8.559a
	10795.69***

	Thorntons
	0.7087a
	0.033
	-0.462a
	34.890a
	178767.31***

	United Utilities
	0.8008a
	0.031
	0.336a
	19.050a
	53323.94***


See note the end of table 2.
Table 4

MA-GARCH(1,1) (BEKK) Results

	
	(1x10-4
	(1
	(2x10-4
	(2
	C11
	A11
	B11
	C22
	A22
	B22
	C12
	A12
	B12
	A21
	B21
	L

	British

Airways
	1.000

(0.180)
	0.050b
(2.174)
	4.000

(0.727)
	0.022

(0.603)
	0.019a
(38.202)
	0.431a
(29.946)
	0.476a
(21.214)
	0.009a
(31.696)
	0.377a
(35.101)
	0.430a
(13.702)
	0.008a
(20.596)
	-0.036a
(-2.981)
	-0.0039

(-0.212)
	0.036

(1.23)
	-0.017

(-0.29)
	25364.0

	Tesco


	5.246

(1.370)
	0.0068

(0.351)
	5.180b
(2.074)
	0.032c
(1.764)
	0.016a
(57.015)
	0.292a
(19.363)
	0.319a
(13.911)
	0.009a
(68.500)
	0.435a
(44.165)
	0.466a
(36.298)
	0.009a
(50.366)
	-0.006

(-0.617)
	0.007

(0.727)
	0.124a
(4.11)
	-0.007

(-0.26)
	25926.1

	BA

Tobacco
	8.051b
(2.241)
	-0.030

(-1.568)
	3.886

(1.414)
	0.046b
(2.305)
	0.021a
(172.11)
	0.455a
(65.972)
	0.413a
(22.147)
	0.010a
(73.767)
	0.436a
(44.901)
	0.473a
(37.115)
	0.008a
(48.730)
	0.003

(0.371)
	-0.007

(-0.720)
	-0.06b

(-2.0)
	-0.015

(-1.26)
	25595.1

	BT


	-3.484

(-0.527)
	0.033

(1.471)
	6.573b
(2.200)
	0.027

(1.368)
	0.018a
(34.379)
	0.449a
(57.931)
	0.501a
(31.464)
	0.007a
(29.99)
	0.381a
(25.937)
	0.440a
(27.97)
	0.009a
(50.17)
	-0.027a
(-5.30)
	-0.028a
(-3.37)
	-0.06

(-1.5)
	0.003

(0.082)
	25972.0

	Legal &

General
	4.193

(1.044)
	-0.008

(-0.528)
	4.958b
(2.140)
	-0.002

(-0.152)
	0.019a
(80.698)
	0.366a
(30.497)
	0.415a
(24.67)
	0.008a
(78.311)
	0.454a
(55.474)
	0.459a
(36.620)
	0.010a
(68.014)
	-0.0007

(-0.101)
	0.002

(0.236)
	-0.09a
(-3.3)
	0.016

(0.603)
	25999.9

	Glaxosm


	6.470c
(1.864)
	0.007

(0.405)
	4.434c
(1.908)
	0.023

(1.457)
	0.020a
(120.8)
	0.422a
(44.382)
	0.351a
(17.886)
	0.008a
(70.060)
	0.439a
(46.988)
	0.470a
(38.545)
	0.010a
(78.17)
	-0.003

(-0.407)
	0.008

(0.675)
	-0.10a
(-3.3)
	-0.016

(-0.55)
	26232.3

	Edinburgh

Oil & Gas
	-4.357

(-0.636)
	0.036

(1.148)
	4.047

(1.304)
	0.001

(0.055)
	0.027a
(240.9)
	0.469a
(83.32)
	0.452a
(28.030)
	0.011a
(86.647)
	0.433a
(43.645)
	0.486a
(36.01)
	0.004a
(27.665)
	-0.0007

(-0.106)
	0.0009

(0.092)
	-0.11

(-2.4)
	-0.028

(-0.69)
	24290.4

	Boots


	9.058a
(2.613)
	0.009
(0.552)
	3.135

(1.246)
	-0.005

(-0.293)
	0.015a
(68.907)
	0.326a
(24.490)
	0.384a
(20.876)
	0.009a
(69.643)
	0.429a
(42.057)
	0.477a
(38.328)
	0.009a
(57.026)
	-0.0009

(-0.090)
	0.007

(0.762)
	-0.08a
(-3.3)
	-0.053b
(-2.10)
	26445.3

	Pendragon


	-0.671

(-0.01)
	0.143b
(6.517)
	7.117b
(2.059)
	-0.054b
(-2.364)
	0.015a
(135.9)
	0.444a
(50.967)
	0.476a
(33.669)
	0.010a
(58.563)
	0.348a
(27.298)
	0.409a
(24.807)
	0.007a
(41.702)
	-0.014

(-1.170)
	0.0009

(0.091)
	-0.01

(-0.4)
	0.061a
(2.644)
	26398.6

	Barclays


	5.924

(1.146)
	0.023

(1.417)
	6.392

(1.573)
	0.039c
(1.704)
	0.017a
(44.135)
	0.426a
(25.494)
	0.473a
(19.728)
	0.078a
(30.816)
	0.387a
(31.169)
	0.405a
(15.307)
	0.010a
(28.672)
	-0.044a
(-3.884)
	-0.008

(-0.602)
	0.07b
(2.42)
	-0.004

(-0.09)
	26305.1


Test for Serial Correlation in the Residuals

	
	British Airways
	Tesco
	BA Tobacco
	BT
	Legal & G
	Glaxosm
	Edinburgh 
	Boots
	Pendragon
	Barclays

	(t2/Ht – Standardized Squared Residuals

	LB Firm
	7.673
	9.841
	5.059
	9.466
	9.770
	4.028
	1.851
	6.351
	10.010
	4.440

	LB Market
	7.131
	10.196
	10.166
	6.688
	11.033
	10.086
	8.870
	9.695
	5.481
	9.117

	(t/Ht1/2 – Standardized Residuals

	LB Firm
	10.532
	10.530
	5.997
	4.555
	10.471
	4.618
	2.394
	5.935
	9.963
	10.983

	LB Market
	6.593
	7.147
	9.756
	7.242
	3.958
	10.950
	4.019
	10.923
	8.982
	9.451


Notes:

a, b & c imply significance at the 1%, 5% & 10% level, respectively.

t-statistics in the parentheses; L=log likelihood function value.

LB=Ljung-Box statistics for serial correlation of the order 9.

Table 5

MA-GARCH(1,1) (BEKK) Results

	
	(1x10-4
	(1
	(2x10-4
	(2
	C11
	A11
	B11
	C22
	A22
	B22
	C12
	A12
	B12
	A21
	B21
	L

	Scot &


	0.685

(0.106)
	0.020

(0.597)
	8.167

(1.237)
	0.015

(0.368)
	0.014a
(39.435)
	0.437a
(25.995)
	0.522a
(13.510)
	0.009a
(27.821)
	0.327a
(16.923)
	0.477a
(13.906)
	0.008a
(16.515)
	-0.07a
(-3.574)
	-0.017

(-0.705)
	0.044

(1.64)
	-0.11c
(-1.87)
	26467.1

	Signet


	-4.970

(-0.472)
	0.071b
(2.364)
	4.988

(0.780)
	0.036

(0.762)
	0.027a
(48.632)
	0.401a
(29.200)
	0.477a
(22.610)
	0.011a
(30.483)
	0.362a
(29.773)
	0.455a
(15.037)
	0.004a
(9.680)
	-0.024b
(-2.178)
	0.014

(0.865)
	-0.30a
(-4.2)
	0.021

(0.326)
	23711.1

	Goodwin


	5.103

(0.933)
	0.096a
(2.739)
	3.934

(1.271)
	-0.017

(-0.680)
	0.027a
(477.1)
	0.492a
(164.5)
	0.461a
(28.429)
	0.011a
(92.025)
	0.432a
(43.164)
	0.465a
(35.739)
	0.004a
(42.437)
	-0.001

(-0.21)
	-0.004

(-0.411)
	-0.13b

(-2.7)
	0.021

(0.513)
	24320.5

	British

Vita
	0.059

(0.014)
	0.213a
(8.889)
	5.592c
(1.955)
	-0.064a
(-3.129)
	0.018a
(113.97)
	0.403a
(38.707)
	0.282a
(11.857)
	0.010a
(69.144)
	0.430a
(41.167)
	0.463a
(30.351)
	0.007a
(45.239)
	-0.007

(-0.691)
	0.028b
(2.063)
	-0.1a

(-3.7)
	-0.039

(-1.49)
	25979.1

	Medisys


	-15.388

(-1.581)
	-0.012

(-0.858)
	3.865

(0.637)
	-0.022

(-0.484)
	0.038a
(59.482)
	0.444a
(56.286)
	0.508a
(99.299)
	0.011a
(27.39)
	0.340a
(23.997)
	0.422a
(14.421)
	0.003a
(8.386)
	0.013

(1.615)
	0.057

(0.863)
	-0.62a
(-6.4)
	-0.060

(-1.04)
	22708.8

	Caldwell


	-6.212

(-0.808)
	0.134a
(3.852)
	3.419

(1.082)
	-0.011

(-0.456)
	0.030a
(154.0)
	0.442a
(55.655)
	0.404a
(19.987)
	0.011a
(88.842)
	0.435a
(44.195)
	0.465a
(34.988)
	0.004a
(17.97)
	-0.007

(-0.950)
	0.008

(0.802)
	-0.17a
(-2.9)
	0.002

(0.03)
	23873.7

	Alvis


	-1.761

(-0.310)
	0.089a
(4.636)
	5.425c
(1.797)
	-0.015

(-0.865)
	0.026a
(282.4)
	0.479a
(100.67)
	0.481a
(41.065)
	0.011a
(84.865)
	0.438a
(44.437)
	0.439a
(28.381)
	0.005a
(39.31)
	-0.003

(-0.563)
	-0.009

(-0.961)
	-0.12a

(-3.3)
	0.09a
(2.84)
	24466.1

	Tottenham


	-2.02

(-0.524)
	0.086a
(3.878)
	3.888

(1.090)
	-0.043c
(-1.678)
	0.017a
(170.19)
	0.472a
(69.482)
	0.482a
(35.161)
	0.010a
(57.778)
	0.339a
(26.365)
	0.429a
(26.827)
	0.006a
(33.875)
	-0.017

(-1.616)
	0.003

(0.333)
	0.01

(0.5)
	0.03

(1.16)
	25686.0

	Care UK


	3.545

(0.459)
	0.103b
(3.858)
	2.832

(0.740)
	-0.015

(-0.565)
	0.032a
(403.6)
	0.491a
(146.3)
	0.497a
(40.804)
	0.012a
(79.287)
	0.375a
(33.231)
	0.429a
(25.645)
	0.003a
(21.746)
	-0.008

(-1.346)
	-0.001

(-0.150)
	0.03

(0.55)
	0.15b
(2.47)
	23598.0

	Daily

Mail
	4.220

(1.474)
	0.060a
(2.844)
	8.115b
(2.408)
	-0.028

(-1.259)
	0.013a
(203.3)
	0.479a
(86.181)
	0.500a
(63.362)
	0.011a
(87.415)
	0.311a
(22.266)
	0.461a
(44.514)
	0.007a
(60.670)
	-0.011

(-1.044)
	-0.007

(-0.745)
	0.003

(0.24)
	0.013

(1.600)
	27012.3


Test for Serial Correlation in the Residuals

	
	Scot & New
	Signet
	Goodwin
	British Vita
	Medisys
	Caldwell
	Alvis 
	Tottenham
	Care UK
	Daily Mail

	(t2/Ht – Standardized Squared Residuals

	LB Firm
	5.797
	8.208
	6.960
	4.938
	9.088
	7.350
	4.887
	7.920
	9.033
	6.042

	LB Market
	4.102
	5.272
	9.052
	7.897
	11.976
	8.821
	10.701
	3.880
	5.148
	5.728

	(t/Ht1/2 – Standardized Residuals

	LB Firm
	7.633
	8.088
	5.711
	3.590
	10.920
	10.320
	8.756
	4.241
	4.759
	10.540

	LB Market
	5.523
	7.948
	3.939
	10.091
	4.767
	3.8496
	10.043
	6.900
	4.567
	5.624


Notes:

a, b & c imply significance at the 1%, 5% & 10% level, respectively.

t-statistics in the parentheses; L=log likelihood function value.

LB=Ljung-Box statistics for serial correlation of the order 9.

Table 6

MA-GARCH(1,1) (BEKK) Results

	
	(1x10-4
	(1
	(2x10-4
	(2
	C11
	A11
	B11
	C22
	A22
	B22
	C12
	A12
	B12
	A21
	B21
	L

	British

Petroleum
	6.697b
(2.011)
	0.045b
(2.727)
	4.184c
(1.803)
	0.006

(0.436)
	0.017a
(83.613)
	0.374a
(31.674)
	0.414a
(25.730)
	0.008a
(75.814)
	0.434a
(45.172)
	0.465a
(35.869)
	0.010a
(70.548)
	-0.002

(-0.239)
	0.001

(0.107)
	-0.05b
(-2.4)
	-0.011

(-0.45)
	26573.4

	British

Land
	4.200

(1.010)
	0.010

(0.529)
	3.433

(1.271)
	-0.003

(-0.180)
	0.018a
(87.136)
	0.382a
(33.732)
	0.383a
(20.383)
	0.010a
(79.487)
	0.447a
(48.752)
	0.449a
(29.993)
	0.008a
(50.155)
	-0.003

(-0.476)
	0.009

(1.018)
	-0.10a
(-3.8)
	0.0002

(0.006)
	25939.64

	Yorks

Group
	-8.340c
(-1.836)
	0.152a
(5.284)
	3.697

(1.214)
	-0.034

(-1.597)
	0.024a
(318.32)
	0.484a
(113.07)
	0.380a
(16.906)
	0.011a
(87.494)
	0.437a
(45.045)
	0.467a
(34.698)
	0.005a
(40.276)
	-0.002

(-0.383)
	0.005

(0.460)
	-0.08b

(-2.0)
	-0.034

(-1.25)
	24850.8

	Jersey

ELTY
	7.651a
(3.251)
	0.005

(0.253)
	5.407c
(1.650)
	0.012

(0.463)
	0.014a
(495.59)
	0.495a
(183.84)
	0.501a
(72.322)
	0.012a
(126.80)
	0.320a
(23.379)
	0.248a
(8.769)
	0.007a
(112.27)
	-0.002

(-0.392)
	-0.013

(-0.814)
	0.003

(0.30)
	0.021c
(1.92)
	26760.3

	Royal &

Sun
	-3.602

(-0.595)
	-0.008

(-0.580)
	9.642b
(2.386)
	0.015

(1.215)
	0.020a
(45.589)
	0.415a
(32.157)
	0.500a
(46.493)
	0.009a
(35.989)
	0.400a
(36.044)
	0.388a
(16.578)
	0.008a
(32.669)
	-0.018b
(-2.393)
	-0.010

(-1.541)
	-0.04

(-0.2)
	0.085b
(2.17)
	25327.2

	Britannia


	5.014

(0.890)
	0.036a
(5.549)
	2.260

(0.943)
	-0.045

(-1.360)
	0.020a
(206.96)
	0.480a
(117.89)
	0.502a
(218.73)
	0.010a
(22.923)
	0.371a
(31.941)
	0.455a
(17.493)
	0.007a
(32.095)
	0.016

(1.397)
	-0.012

(-1.476)
	-0.15a
(-7.7)
	-0.017

(-1.26)
	25669.4

	Gleeson


	-0.016

(-0.006)
	0.084a
(3.885)
	5.611

(1.579)
	-0.029

(-1.353)
	0.012a
(217.71)
	0.471a
(79.158)
	0.499a
(51.773)
	0.009a
(47.451)
	0.334a
(25.218)
	0.427a
(26.761)
	0.008a
(50.723)
	0.003

(0.216)
	-0.007

(-0.439)
	0.005

(0.65)
	-0.003

(-0.50)
	27206.5

	ITV


	5.177a
(1.005)
	0.062a
(3.422)
	3.548

(1.362)
	-0.030c
(-1.706)
	0.020a
(65.813)
	0.337a
(25.666)
	0.375a
(17.822)
	0.009a
(74.893)
	0.445a
(49.780)
	0.457a
(32.639)
	0.009a
(49.382)
	-0.0007

(-0.010)
	0.003

(0.346)
	-0.12a
(-3.3)
	-0.012

(-0.32)
	25287.5

	Thornton


	2.552

(0.672)
	0.157b
(6.418)
	3.538b
(1.188)
	-0.042b
(-2.026)
	0.017a
(195.90)
	0.456a
(67.959)
	0.434a
(23.585)
	0.010a
(68.166)
	0.411a
(35.767)
	0.460a
(31.221)
	0.066a
(54.974)
	-0.002

(-0.208)
	-0.00001

(-0.001)
	-0.04b
(-2.1)
	-0.009

(-0.45)
	26298.7

	United

Utilities
	5.542

(0.911)
	0.019

(0.640)
	3.325

(0.925)
	0.022

(0.864)
	0.016a
(55.550)
	0.343a
(38.068)
	0.446a
(17.972)
	0.009a
(37.969)
	0.420a
(30.990)
	0.416a
(17.044)
	0.008a
(31.618)
	-0.027a
(-3.286)
	-0.034c

(-1.791)
	-0.16b
(-3.5)
	0.065c
(1.769)
	26323.5


Test for Serial Correlation in the Residuals

	
	British Petroleum
	British

Land
	Yorks Group
	Jersey ELTY
	Royal & Sun
	Britannia
	Gleeson
	ITV
	Thornton
	United Utilities

	(t2/Ht – Standardized Squared Residuals

	LB Firm
	6.378
	6.864
	5.611
	8.214
	3.742
	0.265
	9.928
	6.405
	0.933
	10.876

	LB Market
	10.283
	10.968
	8.705
	5.252
	8.248
	6.375
	10.223
	9.987
	9.533
	10.161

	(t/Ht1/2 – Standardized Residuals

	LB Firm
	9.506
	10.058
	5.231
	9.353
	6.909
	10.800
	4.666
	7.948
	11.528
	10.069

	LB Market
	6.382
	3.916
	5.007
	6.261
	4.604
	6.627
	5.392
	4.710
	6.248
	5.941


Notes:

a, b & c imply significance at the 1%, 5% & 10% level, respectively.

t-statistics in the parentheses; L=log likelihood function value.

LB=Ljung-Box statistics for serial correlation of the order 9.

Table 7

Estimation of the Joint Model

	Company
	α
	αβ
	δi
	δm
	H0: δi = 0
	H0: δm = 0
	R2
	s(e)
	DW

	BA


	0.762a
(26.435)
	0.186a
(6.300)
	-5.085a
(-5.697)
	1.781b
(1.964)
	32.460***
	3.858**
	0.129
	0.218
	2.022

	Tesco


	0.503a
(32.515)
	0.292a
(13.783)
	-2.728a
(-6.117)
	4.363a
(8.960)
	37.414***
	80.326***
	0.164
	0.112
	2.052

	B-A

Tobacco
	0.713a
(20.953)
	0.302a
(9.259)
	-2.045a
(-2.244)
	5.234a
(5.775)
	5.036**
	32.663***
	0.132
	0.182
	2.057

	BT


	0.871a
(23.390)
	0.263a
(8.725)
	-2.634

(-1.335)
	1.948

(0.937)
	1.782
	0.878
	0.086
	0.219
	2.019

	Legal and

General
	0.784a
(32.200)
	0.238a
(10.327)
	-5.381a
(-11.838)
	5.932a
(10.917)
	140.140***
	119.188***
	0.224
	0.123
	2.035

	Glaxosmithkline


	0.663a
(33.382)
	0.373a
(20.276)
	-4.073a
(-8.051)
	7.742a
(14.732)
	64.816***
	217.042***
	0.307
	0.111
	2.067

	Edinburgh

Oil and Gas
	0.422a
(29.189)
	0.333a
(14.634)
	-3.568a
(-4.000)
	5.092a
(4.609)
	15.989***
	21.246***
	0.146
	0.272
	1.989

	Boots

Group
	0.474a
(26.491)
	0.351a
(14.718)
	-2.063a
(-3.072)
	4.273a
(6.593)
	9.437***
	43.461***
	0.174
	0.125
	2.076

	Pendragon


	0.551a
(30.784)
	0.218a
(8.796)
	-7.325a
(-6.625)
	3.195a
(4.199)
	43.893***
	17.634***
	0.173
	0.170
	2.022

	Barclays


	0.913a
(29.822)
	0.195a
(7.363)
	-5.468a
(-8.622)
	3.810a
(4.812)
	74.344***
	23.151***
	0.151
	0.155
	1.985

	Scot and

Newcastle
	0.486a
(28.466)
	0.318a
(13.865)
	-2.986b
(-2.463)
	3.874a
(3.482)
	6.068**
	12.122***
	0.116
	0.214
	2.019

	Signet

Group
	0.552a
(30.618)
	0.172a
(6.949)
	-4.156a
(-4.752)
	1.296

(1.311)
	22.578***
	1.719
	0.088
	0.357
	1.988

	Goodwin


	0.414a
(26.015)
	0.301a
(12.097)
	-3.076a
(-3.032)
	1.844a
(2.488)
	9.191***
	6.192**
	0.120
	.237
	2.013

	British Vita


	0.428a
(28.351)
	0.399a
(18.934)
	-2.836a
(-6.003)
	6.684a
(16.831)
	36.035***
	283.290***
	0.319
	0.113
	2.134

	Medisys


	0.560a
(21.199)
	0.265a
(9.312)
	-9.966a
(-3.380)
	9.989a
(4.278)
	11.426***
	18.246***
	0.298
	0.575
	2.130


Notes:

a & b imply significantly different from zero at the 1% & 5% level, respectively. S.E. = standard error of the regression, DW=Durbin-Watson statistics, 

t-statistics in the parentheses. *** & ** imply rejection of the null hypothesis at the 1% & 5% level, respectively.

Table 8

Estimation of the Joint Model

	Company
	α
	αβ
	δi
	δm
	H0: δi = 0
	H0: δm = 0
	R2
	S.E.
	DW

	Caldwell

Investment
	0.448a
(30.193)
	0.220a
(8.796)
	-1.705a
(-2.220)
	2.832a
(3.526)
	4.930**
	12.435***
	0.066
	0.255
	2.025

	Alvis


	0.540a
(18.875)
	0.287a
(8.168)
	-4.588

(-1.620)
	1.330

(0.854)
	2.625
	0.730
	0.154
	0.262
	1.967

	Tottenham

Hotspur
	0.518a
(28.661)
	0.262a
(10.548)
	-4.142a
(-4.250)
	3.306a
(4.332)
	18.060***
	18.773***
	0.121
	0.209
	1.989

	Care UK


	0.610a
(16.003)
	0.150a
(2.792)
	-2.109

(-0.973)
	-1.428

(-1.203)
	0.947
	1.448
	0.049
	0.379
	1.975

	Daily Mail &

General
	0.362a
(27.342)
	0.338a
(14.261)
	-6.826a
(-7.185)
	3.532a
(6.340)
	51.629***
	40.192***
	0.246
	0.132
	2.017

	BP


	0.629a
(19.841)
	0.296a
(8.467)
	-4.286a
(-7.463)
	4.844a
(7.013)
	55.692***
	49.186***
	0.189
	0.112
	2.008

	British Land


	0.564a
(31.362)
	0.284a
(12.805)
	-3.229a
(-6.640)
	3.790a
(7.019)
	44.092***
	49.269***
	0.142
	0.132
	2.035

	Yorks

Group
	0.470a
(12.506)
	0.329a
(6.095)
	-1.912

(-1.608)
	4.297a
(5.028)
	2.584
	25.284***
	0.147
	0.193
	2.000

	Jersey

ELTY
	0.335a
(19.628)
	0.324a
(9.852)
	-3.503

(-1.620)
	-1.205

(-1.112)
	2.624
	1.236
	0.147
	0.161
	2.005

	Royal and Sun

Alliance
	0.878a
(18.178)
	0.241a
(6.466)
	-3.769

(-1.553)
	-2.303

(-0.789)
	2.412
	0.623
	0.142
	0.251
	2.037

	Britannic

Group
	0.832a
(11.158)
	0.108

(1.306)
	8.300

(1.553)
	-4.032

(-1.084)
	2.412
	1.176
	0.188
	0.275
	1.845

	Gleeson


	0.478a
(16.763)
	0.336a
(8.392)
	-3.007

(-0.872)
	3.405b
(1.992)
	0.760
	3.970**
	0.139
	0.169
	2.051

	ITV


	0.697a
(28.881)
	0.244a
(9.460)
	-3.548a
(-7.500)
	4.311a
(6.669)
	56.230***
	44.482***
	0.134
	0.154
	2.018

	Thorntons


	0.491a
(28.449)
	0.322a
(13.706)
	-1.592

(-0.823)
	3.555a
(3.447)
	0.677
	11.883***
	0.132
	0.169
	2.042

	United 

Utilities
	0.601a
(34.473)
	0.230a
(10.801)
	-1.219

(-1.538)
	-1.738a
(-2.242)
	2.365
	5.025**
	0.070
	0.171
	1.985


See notes at the end of table 7

Table 9

Estimation of the Market Model and Non-Market Model

	Company
	α
	αβ
	δi
	δm
	R2
	S.E.
	DW

	Caldwell

Investment
	0.517a
(29.745)
	0.172a
(6.958)
	-4.020a
(-4.959)
	-


	0.087
	0.358
	1.987

	Alvis


	0.482a
(12.924)
	0.320a
(6.047)
	-


	3.270a
(5.164)
	0.123
	0.195
	2.046

	Tottenham

Hotspur
	0.478a
(17.494)
	0.338a
(9.119)
	-


	2.043a
(3.114)
	0.123
	0.171
	2.054

	Care UK


	0.492a
(28.724)
	0.325a
(14.268)
	-


	2.769a
(4.609)
	0.124
	0.169
	2.035

	Daily Mail &

General
	0.606a
(34.752)
	0.229a
(10.658)
	-


	-2.552a
(-4.617)
	0.066
	0.171
	1.991


See notes at the end of table 7.

� French et al. (1987), Nelson (1991) and Schwert (1989) do find evidence that stock market volatility tends to rise following negative returns and fall following positive returns.





� Black (1976) and Christie (1982) also state that financial and operating leverage cannot fully account for predictive asymmetry of volatilities.





� According to Brooks and Henry (2002), if the risk premium is increasing in volatility, and if beta is a proper measure of the sensitivity to risk, then time variation and asymmetry in the variance-covariance structure of returns may lead to time variant and asymmetry in beta.





� An investor can exploit these inefficiency gains when stock prices revert to their respectively fundamental value.





� Brooks and Henry (2002) also apply the BEKK GARCH method in their paper.





� See Markowitz (1952), Sharpe (1964) and Lintner (1965) for details of the CAPM.�ADVANCE \d12�


� According to Klemkosky and Martin (1975), betas will be time-varying if excess returns are characterized by conditional heteroscedasticity.�ADVANCE \d12�


� Hansen and Richard (1987) have shown that omission of conditioning information, as is done in tests of constant beta versions of the CAPM, can lead to erroneous conclusions regarding the conditional mean variance efficiency of a portfolio.�ADVANCE \d12�


� According to Engle and Kroner (1995), multivariate GARCH models are useful in multivariate finance and economic models which require the modelling of both variance and covariance.�ADVANCE \d12�


� Bollerslev et al. (1988), Engle and Rodrigues (1989), Hall et al. (1989), Ng (1991), Bodurtha and Mark (1991), Koutmos et al. (1994) and Giannopoulos (1995) apply some form of the ARCH and the GARCH models to estimate time-varying betas for different stock markets. �ADVANCE \d12�


� A zero order for AR in beta gives the beta extreme volatility.  Given that beta is a time-varying process, zero order for AR does not seem to be a realistic model.





� Log likelihood ratio test is applied to test the null hypothesis.  





� Firms under study are picked based on criteria of size and industries.  The size of the firm is based on market capitalisation.





14 In a GARCH(p,q) model, different combinations of p and q may be applied, but as indicated by Bollerslev et al. (1992, p. 10), p=q=1 is sufficient for most financial and economic series.  Bollerslev (1988) provides a method of selecting the size of p and q in a GARCH model.  Tests in this paper were also conducted with different combinations of p and q, with p=q=2 being the maximum lag length.  Results based on log-likelihood function and likelihood ratio test indicate that the best combination is p=q=1.  These results are available on request.





� Application of the OLS requires that all variables are stationary.  The stochastic structure of all thirty betas is investigated by means of the unit root tests.  All betas are found to be stationary in levels.  These results are not provided to save space, but are available on request.  This result is not unique, as Choudhry (2002) provides similar result for other UK firms, and Brooks and Henry (2002) for the UK industrial sectors.





� Further tests are conducted to check for the error-in-variables problem, in which explanatory variable(s) is (are) measured with error.  In such a case, the explanatory variables are correlated with the error term and the least square estimate is biased and inconsistent.  Two specification test methods are applied, the Hausman (1978) test and the Hansen (1982) test, to check for error-in-variables.  The Hausman test compares estimates of coefficients computed with and without additional assumptions.  If the additional assumptions are true, the estimates should be similar.  According to the Hansen test, if the assumptions can be written as orthogonality conditions, seeing whether or not these hold in sample is a test of the over-identifying restriction.  Results from these two tests indicate no evidence of error in variable in any of the tests.  These results are not provided to save space, but are available on request. 
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