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Abstract

This paper tests a conditional International Asset Pricing Model (ICAPM) using an
asymmetric multivariate GARCH specification and investigates evolutions of ex ante
benefits from world market diversification. The model is estimated simultaneously for 8
markets: the world market, 4 developed markets and 3 emerging markets. This approach
allows to the price of market risk, betas and correlations to vary through time. The evidence
supports the financial integration hypothesis and suggests that investors from all countries
could expect statistically significant benefits from international diversification but that gains
are considerably larger for investors with smaller home markets
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1    Introduction 
 
International diversification is often considered as the best instrument to improve portfolio 
performance. In fact, correlations between asset returns from different markets are lower than 
correlations within the same market.1 However, recently financial markets have become more 
integrated in response to the reduction of many restrictions and barriers.2 This increasing 
integration of international financial markets may have two consequences. First, the lifting of 
legal barriers, the reduction of information and transaction costs, the technological and 
financial innovations may have improved the market efficiency and increased the expected 
gains from international portfolio diversification. Second, financial integration may have 
increased cross-country correlations in recent years, which may have decreased the benefits of 
diversification. The global effect of stock market integration on expected gains from 
international portfolio diversification is ambiguous.  

In this paper, I test a conditional International Capital Asset Pricing Model (ICAPM) 
using an asymmetric multivariate GARCH specification. The model is estimated over the 
period April 1973-April 2003 simultaneously for 8 markets. This approach allows to the price 
market risk, betas and correlations to vary through time. Then, I investigate how expected 
gains from world market diversification respond to increasing integration of international 
financial markets.  

The rest of the paper is organised as follows. Section 2 presents the model and its 
implications for international diversification. Section 3 introduces the econometric 
methodology. Section 4 describes the data. Section 5 reports the empirical results. Concluding 
remarks are in section 6. 
 

2    The Conditional ICAPM and its Implications for International Diversification 
 
The Capital Asset Pricing Model (CAPM), originally proposed by Sharpe (1964) and Lintner 
(1965), predicts that the expected excess return on an asset is proportional to its 
nondiversifiable risk measured by its covariance with the market portfolio. Under the 
hypothesis of stock market integration, an international conditional version of the CAPM can 
be written: 

( ) ( ) iRRCovRRE tW tittfttit ∀Ω=−Ω −−− ;/
~

,
~

/
~

111 δ                                       (1) 
 

where itR~  is the return on asset i between time t-1 and t; ftR  is the return on a risk-free 

asset; W tR~  is the return on the market portfolio and ( )( ) ( )111 /
~

/
~

−−− Ω−Ω≡ tW tfttW tt RVarRREδ  is the 
price of covariance risk.3 All expectations are taken with respect to the market-wide set of 
information 1−Ω t .4  

 
Next, turn to implications of the ICAPM for international portfolio diversification. I first 

construct a measure of the expected benefits from international diversification, and then focus 
on its evolution over time.  
                                                 
1 See for example Solnik (1974) and Roll (1992). 
2 See, among others, Bekaert and Harvey (1995) and Ayuso and Blanco (2000). 
3 Because equation (1) has to hold for the market portfolio, 1−tδ  can be interpreted as the price of market risk. 
4 This model could be considered as a special case of the international asset pricing model of Adler and Dumas 
(1983) in which currency risk is not significantly priced. The same model is often used in international 
framework (see, among others, Harvey (1991), Bekaert and Harvey (1995), De Santis and Gérard (1997), 
Nilsson (2002) and Gérard et al. (2003). For models with currency risk see, among others, De Santis and Gérard 
(1998), Carrieri (2001) and De Santis et al. (2003). 
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To investigate this issue, consider two portfolios presenting the same time-varying risk, 
one internationally diversified, P, and one purely domestic, p. Hence, the time-varying 
expected gains from international diversification are given by the difference in expected 
returns on the two portfolios computed according to the ICAPM. Formally, let ptR

~ be the 
return on the domestic portfolio p and ( ) fttwttPt RRR

~
1

~~
11 −− −+= ψψ  the return on the internationally 

efficiently diversified portfolio P.5 According to equation (1), the expected gains from 
international portfolio diversification are given by: 
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Equation (2) suggests that the expected gains from international portfolio diversification 

are decreasing in the level of correlation with the market portfolio. On the other hand, 
expected benefits are increasing in the price of market risk and in the amount of 
nonsystematic risk for which investors are not remunerated.7  
 

3    Econometric Methodology 
  
Equation (1) has to hold for every asset including the market portfolio. A benchmark system 
of equations can be used to test the conditional ICAPM. For an economy with N  risky assets, 
the following system of pricing restrictions has to be satisfied at each point in time 
  

( )t11 0,~/~~~ ΗΝΩ+=− −− tttNttftt hRR εεδτ                                    (3) 
 

where tR
~  denotes the ( )1×N  vector that includes ( )1−N  risky assets and the market 

portfolio, τ an N-dimensional vector of ones. tΗ  is the ( )NN × conditional covariance matrix 
of asset returns and th is the Nth column of tΗ  composed of the conditional covariance of each 
asset with the market portfolio.  

 
The dynamics of conditional moments are left unspecified by the model. However, it 

has been shown that securities exhibit volatility clustering and leptokurtosis. Such 
characteristics are taken into account by ARCH specification. To estimate the model, I utilize 
the multivariate parsimonious GARCH process that was originally proposed by Ding and 
Engle (1994) and then generalized by De Santis and Gérard (1997) to accommodate the 
GARCH-in-mean feature typical for most tests of asset pricing models. Formally, tH  can be 
written as follows:8 

 
                                                 
5 See Black (1972) for the two-fund separation theorem. 
6 The two portfolios have the same level of conditional volatility: ( ) ( )1
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8 I use the popular GARCH(1,1)-M  parameterisation. Most empirical studies suggest that a GARCH(1,1) is 
sufficient, see for example De Santis and Gérard (1997), Nilsson (2002), Gérard et al. (2003) and De Santis et al. 
(2003).  
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BBAACC tttt 111 −−− Η′+′′+′=Η εε                                                                  (4)   
    

where C is a ( )NN ×  symmetric matrices and A and B are ( )NN ×  parameter 
matrices. This specification is often applied in empirical works.  In particular, it guarantees 
that the conditional variance matrix is definite and positive. 

 
Furthermore, many studies show that conditional variances and covariances are higher 

during stock market downturns, see for example Glosten et al. (1993) and Kroner and Ng 
(1998). I extend the equation (4) and allow for double asymmetric effects: sign effects and 
absolute size effects.  

 
TTSSBBAACC tttttttt 1111111 −−−−−−− ′′+′′+Η′+′′+′=Η ηηξξεε                      (5) 

 
where  S  and T  are ( )NN ×  matrix and  
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This parameterisation implies that the conditional variance is higher after negative 

shocks and when the squared own lagged residual is larger than its conditional expectation.  
However equation (5) is very difficult to estimate due to the large number of unknown 

parameters.9 That is why most studies that use multivariate GARCH processes limit the 
analysis to a small number of assets and/or impose several restrictions on the conditional 
covariance-variance matrix specification. Given that I use monthly data, I believe that the 
spillover in volatility may not be very strong and restrict A , B , S  and T  to be diagonal. This 
restriction implies that the variances in tH  depend asymmetrically only on past squared 
residuals and an autoregressive component, while the covariances depend asymmetrically 
upon past cross-products of residuals and an autoregressive component. Finally, note that the 
parameterisation I adopt allows particularly for time-varying asymmetric correlation structure 
between countries which is potentially important when evolutions of expected gains from 
international portfolio diversification are investigated.  

 
Next, turn to the price of market risk. Many previous studies use the conditional 

international CAPM with constant price of risk. However this assumption is often rejected by 
the data.10 On the other hand, empirical research has found support for a time-varying price of 
risk.11 The price of risk is often modeled as a function of a certain number of instruments, 
which are designed to capture expectation about business cycle fluctuations. The logic, which 
justifies the use of these instruments, is that investors become more risk averse during 
economic troughs while the market price of risk decreases during expansionary phases of the 
business cycle. This flexibility provided by a time-varying price of risk allows the model to 
better accommodate periods when realized return is a bad proxy for the expected return. But 
assuming time-varying price of market risk does not come without costs. In fact, in some 
periods the estimated price of covariance risk is negative. However, as documented by Merton 

                                                 
9 Because I work with a cross-section of seven countries together with the world market, I have 

242/)1(292 NNN ++=  parameters to estimate only for the variance equation. 
10 For example, see Harvey (1991) and De Santis and Gérard (1997,1998). 
11 See for instance Harvey (1991), Bekaert and Harvey (1995), Dumas and Solnik (1995), Carrieri (2001), 
Gérard et al. (2003) and De Santis et al. (2003).  
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(1980) and Adler and Dumas (1983), the price of market risk is a weighted average of the 
coefficients of risk aversion of all national investors; therefore, if investors are risk averse the 
price of market risk must always be positive. For this reason, a common literature suggests to 
impose the restriction: 01, >−tmδ .12 Nevertheless, authors argued that the rejection of the 
conditional CAPM in some cases is a consequence of this positivity restriction.13 This 
restriction appears to assume the difficulty away rather than solve it. In fact, there is evidence 
against the theoretical model only if we believe that the expected excess return is sometimes 
negative in equilibrium. An estimated negative price of market risk simply reflects that the 
econometric model adopts to negative realized returns. Therefore, one should to be cautious to 
evaluate the conditional CAPM on a period by period basis and instead consider averages 
over long periods.14 In this article, I use a linear function of instrumental variables to model 
the world market price of risk: 

 

1
'

1, −− Ζ= tmtm κδ                                                                                                  (6) 

 
where 1−Ζ t  are global information variables that are available to the investor at  (t-1) and  

mκ  is a set of weights that the investor uses to evaluate the conditionally expected returns.15  
 
Equations (3), (5) and (6) constitute our benchmark model. Under the assumption of 

conditional normality, the log-likelihood function can be written as follows: 
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where θ  is the vector of unknown parameters. To avoid incorrect inference due to the 

misspecification of the conditional density of asset returns the quasi-maximum likelihood 
(QML) approach of Bollerslev and Wooldridge (1992) is used. Simplex algorithm is used to 
initialize the process, then the estimation is performed using (BHHH) algorithm developed by 
Berndt, Hall, Hall and Hausman (1974). 

 
4    Data and Preliminary Analysis 

 
I use monthly returns on stock indexes for seven countries plus a value weighted world 
market index over the period April 1973 – April 2003.  All the indices are obtained from 
DataStream, computed in excess of the 30-day eurodollar deposit rate obtained from 
DataStream and expressed in the American dollar. The world market return is computed from 
MSCI world index available from DataStream. Given the aim of the paper, I select four 
developed countries (the United States, France, Great Britain and Japan) and three emerging 
countries (Singapore, Hong Kong and South Africa). Descriptive statistics for the eight excess 
returns are reported in table I. 

Table I reveals a number of interesting facts. The Bera-Jarque test statistic strongly 
rejects the hypothesis of normally distributed returns, which supports my decision to use 
                                                 
12 Harvey (1991), De Santis and Gérard (1997,1998), Bekaert and Harvey (1995), Carrieri (2001), Hardouvelis et 
al. (2002) and De Santis and Al. (2003) use an exponential function of the instruments.  
13 See De Santis and Gérard (1997). 
14 In reality, this conclusion reflects the contents of the rational expectations hypothesis  underlying the empirical 
formulation of the conditional CAPM ; given information, expectations are correct on average, but not 
necessarily period by period. 
15 Note that 1−Ζ t  is a subset of the true information set 1−Ω t .  
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QML to estimate and test the model. The values of cross-correlations are relatively low, 
especially if compared to the average correlation among sectors of the US market.16 This 
suggests that there are still benefits from diversification across markets.  The lack of 
autocorrelation in the return series reveals that we do not need to include an AR correction in 
the mean equations.  

For the squared returns, autocorrelation is detected at short lags, which suggests that 
GARCH parameterisation for the second moments might be appropriate at least for stock 
returns series. Panel D contains the cross-correlations of squared returns between the world 
and the other countries at different leads and lags.  With few exceptions, only the 
contemporaneous correlations are statistically significant. When we analyse the cross-
correlations with at most two leads and two lags, only 14 out of 112 are significant. This 
evidence suggests that, at least with our monthly data, the croos-market dependence in 
volatility is not strong and that the diagonal GARCH parameterisation for the second 
moments is not too restrictive. 

 
Summary statistics for the conditioning information set are in table II. In order to 

preserve the comparability between this study and others studies, the choice of global 
information variables is mainly drawn from previous empirical literature in international asset 
pricing. The set of global information includes a constant, the three month moving average of 
world excess returns, the change in the US term premium spread measured by the yield on the 
ten-year US Treasury note in excess of the one-month T-Bill rate, the US default premium 
measured by the difference between Moody’s Baa-rated and Aaa-rated corporate bonds, the 
change in the American inflation rate and the change in industrial production. All variables 
are used with one-month lag relative to the excess equity returns. As a check for 
multicollinearity, the statistics displayed in table II show that the correlations among the 
information variables are low. This evidence shows that our proxy of the information set 
contains nonredundant variables. 
 

5     Empirical Evidence 
 
Table III contains parameter estimates and a number of diagnostic tests for the conditional 
ICAPM.  Panel A and panel B show QML estimates of the parameters for the mean and the 
covariance equations.  

 
The annualized average price of market risk is equal to 0.256 and highly significant, 

which is consistent with the findings by earlier studies. The dynamic of the world price of 
market risk is driven by the three month moving average of world excess returns, the change 
in the term premium spread and in part by the January dummy variable. Figure 1 plots the 
time-varying price of risk.  As in earlier studies, the point estimates are very noisy.17 Since we 
are interested in the trend in the series, the Hodrick and Prescott (1986) filter (HP) is used to 
separate the short-term components from the long term component. A simple visual 
inspection of the chart shows that the price of market risk reaches its highest values in the 
Seventies, becomes consistently negative in the early Eighties. As argud by De Santis and 
Gérard (1997), interest rates and inflation were, during those years, unusually high and the 
slope of the yield curve was often negative. Finally, the price of market risk increase again 
form the middle of the Eighties and decreases significantly in the last years of our sample.  

                                                 
16 Elton and Gruber (1992) argue that during the period 1980-1988, the correlation between a value-weighted 
index of the largest 1000 stocks traded in the US and a value-weighted of the next 2000 largest stocks is equal to 
92%. 
17 See for examples Harvey (1991) and De Santis and Gérard (1997,1998). 
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The ARCH coefficients and GARCH coefficients are significant for most assets. This is 
on line with previous results in the literature. The coefficients A measure the impact of past 
shocks on conditional variance. These coefficients are relatively small in size, which indicates 
that conditional volatility does not change very rapidly. However, the coefficients B, which 
measure the impact of lagged volatility on current volatility, are large, indicating gradual 
fluctuations over time.  

 
One of the advantages of our approach is to authorize for asymmetric variance and 

covariance effects. The significant coefficients in the vector S imply that the conditional 
variance is higher for negative shocks for the United States, South Africa and Japan. The 
significant coefficients in S are all positive, which implies that conditional covariances 
between these countries increase after common negative shocks. In the same way, the 
significant coefficients in vector T indicate that the conditional variance is higher after shocks 
large in absolute value for the U. S., Hong Kong, Singapore and the U.K.  The significant 
coefficients in T have the same sign (negative).  This result shows that conditional 
covariances between these countries increase after large common negative or positive shocks.   

 
Diagnostics of standardized residuals are provided in panel B of table III.18One can 

remark that the indexes of kurtosis are often lower than those for the excess returns. However, 
the Jarque-Bera test statistics for normality indicates that the unconditional distribution of the 
conditionally normal GARCH process is not sufficiently fat-tailed to accommodate the excess 
kurtosis in the data.  This result justifies the use of the QML procedures. I also compute the 
Ljung-Box statistic to test the null hypothesis of absence of autocorrelation. The results show 
that the specification GARCH (1,1) I use is flexible enough to capture the dynamics of the 
conditional covariance matrix. 

 
Table IV reports some specification tests. The conditional version of the model implies 

that investors update their strategy using the new available information. Thus, there is no 
reason to believe that the equilibrium price of risk will stay constant. The robust Wald test for 
the significance of the time-varying parameters in the price of world market risk rejects the 
null hypothesis at any standard level. For the model with partial market segmentation, the 
Wald test statistics show that neither the intercepts, nor the country specific volatilities are 
priced, which is consistent with the results in De Santis and Gérard (1997). Taken together, 
we find strong empirical support for the ICAPM. Next, turn to expected benefits from 
international diversification. The benchmark model is reestimate form the perspective of 
investors from each market using excess returns expressed in the corresponding currency.  

Figures 2 to 8 plot for each market the time-varying series of expected gains from 
international portfolio diversification, together with conditional correlation with the world 
market. Table V shows the averages of the ex ante benefits from international diversification, 
computes separately for the full period April 1973- April 2003 and for the three sub-periods 
April 1973- March 1983, April 1983- March 1993 and April 1993- April 2003.  

 
The results show that investors from all investigated markets could expect statistically 

significant gains from world market diversification. However, these benefits are clearly larger 
for small markets. The largest gains over the whole period are for Hong Kong and South 
Africa, on average 7.47% and 7.32% per year respectively. The smallest expected gains are 
for the U.S. and the U.K., on average 1.31% and 2.07% per year respectively. One 
explanation for this result is that investment opportunities are more limited for small countries 

                                                 
18 In the multivariate framework, the joint standardized residuals are given by tt

s
t H εε 21−= . 
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and hence conditional correlations with the world portfolio should be lower. The inspection of 
graphs confirms this view.  

The first sub-period 1973-1983 is characterized by relatively low ex ante gains from 
world market diversification. The largest benefit over this subperiod (4.91%) is associated 
with the Hong Kong market and the smallest benefit  (0.93%) is associated with the U.S.  
During the second sub-period 1983-1993, expected benefits have increased considerably for 
all countries. Gains vary from 1.81% for the U.S. to 11.14% for South Africa. This sub-period 
is characterized by important globalisation and market liberalization movements. For the sub-
period 1993-2003, the evolutions of expected gains from international portfolio diversification 
are hybrid. Expected gains have increased for the U.K. and Japan and decreased for the others 
countries.  

 
To sum up, our findings show that there is only a slight tendency for expected gains 

from world portfolio diversification to decrease over time. One possible explanation for this 
result can be obtained from inspection of time-varying correlation graphs. Except for 
Singapore and the U.K., we find weak support for the view that cross-country correlations 
have increased during the recent decades as a result of market integration.  

More interesting, the expected gains from diversification for the U.K. have increased 
despite the apparent increase in its correlations with the world portfolio. This evidence is in 
line with our a priori intuition that both correlations and the amount of specific risk in relation 
to world market risk should be taken into account when studying gains from international 
portfolio diversification.                                                                                                            

6    Conclusion 
 
In this paper, I extend the conditional ICAPM of De Santis and Gérard (1997) using an 
asymmetric multivariate GARCH specification. The model is estimated, for the period April 
1973-April 2003, simultaneously for 8 markets: the world market, 4 developed markets and 3 
emerging markets. This approach, with sign and size asymmetric effects, allows to the price 
of world market risk, betas and correlations to vary through time.  The evidence supports the 
ICAPM and the financial integration hypothesis. Then, I investigate ex ante benefits from 
world market diversification. The evidence shows that investors from all countries could 
expect statistically significant benefits from international portfolio diversification but that 
gains are considerable larger for investors with smaller home markets. Interestingly, our 
findings show that there is only a slight tendency for expected gains from world portfolio 
diversification to decrease over time in response to changing market conditions.  
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Table I: Descriptive statistics of asset excess returns 
 

Monthly equity returns are in US dollar and computed in excess of the 30-day euro-dollar deposit rate. The sample covers the 
period April 1973- April 2003. The test for Kurtosis coefficient has been normalized to zero. B-J  is the Bera-Jarque test for 
normality based on excess skewness and kurtosis. Q is the Ljung-Box test for autocorrelation of order 12 for the excess 
returns and the excess returns squared. 
Panel A: Summary Statistics  
 France U.K. U.S. Japan Singapore  H. Kong S. Africa World 
Mean (% per year) 7.40 5.96 6.73 6.24 6.84 3.45 5.73 5.82 
Std. Dev. (% per year) 23.85 23.10 15.66 23.05 37.82 30.75 29.65 15.05 
Skewness -0.551* 0.506* -0.579* 0.119 -0.558* -0.094* -0.723* -0.459* 
Kurtosis 1.888* 5.681* 2.843* 0.827* 6.046* 3.975* 2.042* 1.434* 
J.B. 71.91* 501.49* 141.81* 11.17* 568.74* 237.90* 93.97* 43.45* 
Q(12) 13.33 8.47 14.59 17.66 15.94 33.77 6.65 16.97 
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Table I-Continued 
Panel B: Unconditional correlations of itr                                                            

 France U.K. U.S. Japan Singapore  H. Kong S. Africa World 
France 1.00 0.56 0.51 0.40 0.33 0.31 0.42 0.67 
U.K.  1.00 0.56 0.37 0.52 0.41 0.32 0.71 
U.S.   1.00 0.30 0.54 0.41 0.34 0.83 
Japan    1.00 0.33 0.29 0.31 0.66 
Singapore      1.00 0.60 0.28 0.59 
H. Kong      1.00 0.27 0.49 
S. Africa       1.00 0.46 
World        1.00 

Panel C: Autocorrelation of 2)( itr  

 
1ρ  2ρ  3ρ  4ρ  5ρ  6ρ  12ρ  Q(12) Prob.  

France 0.05 0.03 0.02 0.10 -0.01 -0.01 -0.05 16.11 0.18 
U.K. 0.18* 0.17 0.09 0.07*** 0.20 0.2 0.01 50.09** 0.01 
U.S. 0.14 0.10 0.10 0.05 0.00 0.03 0.02 25.15 0.13 
Japan 0.13* 0.07** -0.01 -0.01 0.12 0.09 -0.01 32.67** 0.06 
Singapore  0.17* 0.06 0.12** 0.10 0.08 0.13 0.14 47.80** 0.02 
H. Kong 0.13* 0.18* 0.09 0.07 0.02** 0.06 0.09 31.14** 0.08 
S. Africa 0.22* 0.27* 0.06 0.03 0.06 -0.01 0.03 32.55** 0.02 
World 0.05 -0.04 0.04 -0.02 0.08 -0.03 0.08 16.97 0.15 

Panel D: Cross-correlations of 2)( itr - World and Country j 

Lag France U.k. U.S.  Japan Singapore  H. Kong S. Africa 
-6 0.01 0.00 -0.01 -0.04 0.02 0.08 0.01 
-5 0.05 -0.07 0.06 0.06 -0.03 -0.00 0.00 
-4 -0.01 -0.01 -0.00 0.04 0.02 -0.04 -0.02 
-3 0.11* 0.06 0.02 0.04 0.02 -0.01 0.05 
-2 -0.00 -0.02 -0.02 -0.01 -0.03 0.00 -0.00 
-1 0.01 0.03 0.01 0.07 0.07 -0.00 0.06 
0 0.67* 0.71* 0.83* 0.66* 0.59* 0.50* 0.46* 
1 0.06 0.03 0.09 0.06 0.06 0.03 0.01 
2 -0.03 -0.03 -0.00 -0.00 -0.03 0.03 -0.01 
3 0.08 0.02 0.05 0.00 -0.04 0.00 0.04 
4 0.03 0.00 -0.04 -0.03 0.00 0.01 -0.04 
5 0.03 0.05 0.06 0.05 0.00 0.02 -0.08 
6 -0.05 -0.03 -0.01 0.00 -0.06 -0.01 -0.03 

Number of significant cross-correlations of order (-2, -1,1,2): 14 out of 112. 
*, **, *** Denote statistical significance at the 1%, 5% and 10% level 

 
Table II: Descriptive statistics for information variables 

 
The global information set includes a constant, the three month moving average of world excess returns (MMSCI), the 
change in the US term premium spread (DUSTP), the US default premium (USDP), the change in the American inflation rate 
(DINF) and the change in industrial production (DIP). The sample covers the period April 1973- April 2003. The test for 
Kurtosis coefficient has been normalized to zero. B-J  is the Bera-Jarque test for normality. Q is the Ljung-Box test for 
autocorrelation of order 12. 
Panel A: Summary Statistics  
 MMSCI DUSTP  USDP DINF DIP 
Mean (% per year) 5.88 0.81 1.10 0.40 0.18 
Std. Dev. (% per year) 8.83 0.51 0.46 0.32 0.23 
Skewness -0.43* -1.00* 1.11* 0.92* -0.07* 
Kurtosis 0.92* 0.96* 1.03* 1.24* 8.14 
J.B. 24.25* 74.31* 91.53* 74.75* 998.93* 
Q(12) 259.92 2095.94 2336.62 1361.75 303.26 
Panel B: Unconditional correlations                                                           
 MMSCI DUSTP  USDP DINF DIP 
MMSCI 1.00 0.19 0.16 -0.19 -0.09 
DUSTP   1.00 -0.01 -0.56 0.07 
USDP   1.00 0.14 -0.07 
DINF    1.00 0.03 
DIP     1.00 
*, **, *** Denote statistical significance at the 1%, 5% and 10% level 
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Table III: Quasi-maximum likelihood estimates of the conditional International CAPM with time- varying 
world market price of risk 

 
Estimates are based on monthly equity returns expressed in US dollar and computed in excess of the 30-day euro-dollar 
deposit rate. The sample covers the period April 1973- April 2003..  The global information set, 1−Ζt , includes a constant, a 
January dummy (JAN), the three month moving average of world excess returns (MMSCI), the change in the US term 
premium spread (DUSTP) and the US default premium (USDP), ), the change in the American inflation rate (DINF) and the 
change in industrial production (DIP).  All instruments are used with one-month lag relative to the excess equity returns.. 

( )t1 0,~/~~~
ΗΝΩ+=− −tttNtftt hRR εεδτ  ; 

1'1, −− Ζ= tmtm κδ  

TTSSBBAACC tttttttt 1111111 −−−−−−− ′′+′′+Η′+′′+′=Η ηηξξεε  

it
Iitit ξεξ =  where  1=

it
I ξ  if 0<itε otherwise 0=

it
Iξ  

it
Iitit ηεη =  where 1=

it
Iη  if iitit h>ε  otherwise 0=

it
Iη  

The test for Kurtosis coefficient has been normalized to zero.B-J  is the Bera-Jarque test for normality based on excess 
skewness and kutorsis. Q is the Ljung-Box test for autocorrelation of order 12. QML t-student statistics are reported in 
parentheses. 

Panel A: parameter estimates  

Price of world market risk 
Const. MMSCI DUSTP USDP DINF DIP JAN 
0.1287 
(0.462) 

0.877* 
(4.353) 

1.175* 
(2479) 

0.062 
(0.196) 

5.580 
(1.205) 

-4.303 
(-0.214) 

0.397* 
(3.003) 

GARCH Process 
 U.S. France S. Africa Japan H. Kong Singapore  U. K. World 
 C.1 C.2 C.3 C.4 C.5 C.6 C.7 C.8 
C1. 0.096* 

(2.830) 
       

C2. 0.087* 
(3.866) 

0.054** 
(2.388) 

      

C3. 0.106* 
(3.888) 

0.128* 
(3.375) 

0.206** 
(2.086) 

     

C4. 0.104* 
(3.954) 

0.163* 
(3.055) 

0.219* 
(3.344) 

0.425* 
(2.952) 

    

C5. 0.293* 
(6.153) 

0.275* 
(5.155) 

0.439* 
(4.842) 

0.301* 
(4.873) 

1.275* 
(10.102) 

   

C6. 0.193* 
(5.742) 

0.128* 
(4.020) 

0.219* 
(4.090) 

0.243* 
(4.643) 

0.764* 
(9.626) 

0.408* 
(3.842) 

  

C7. 0.100* 
(4.413) 

0.105* 
(4.624) 

0.128* 
(4.013) 

0.174* 
(5.632) 

0.399* 
(7.785) 

0.210* 
(4.836) 

0.092* 
(3.470) 

 

C8. 0.335* 
(11.867) 

0.337* 
(8.503) 

0.300* 
(8.354) 

0.333* 
(8.040) 

0.342* 
(10.321) 

  0.356* 
(10.321) 

0.331* 
(10.658) 

  0.351* 
(13.185) 

A 0.129* 
(2.579) 

-0.014 
(-0.254) 

-0.053 
(-0.471) 

0.025 
(0.329) 

0.284* 
(2.430) 

0.312* 
(2.548) 

0.144** 
(2.182) 

0.063** 
(2.089) 

B 0.617* 
(5.054) 

0.869* 
(18.975) 

0.735* 
(7.626) 

0.310 
(1.387) 

0.431* 
(4.584) 

0.449* 
(3.925) 

0.754* 
(12.214) 

0.833* 
(10.728) 

S 0.086*** 
(1.660) 

0.089 
(1.457) 

0.192** 
(2.117) 

0.107** 
(1.823) 

0.159 
(1.029) 

-0.140 
(-1.405) 

-0.066 
(-1.031) 

-0.037 
(-1.432) 

T  -0.122* 
(-2.509) 

0.027 
 (0.464) 

0.165 
(  1.098) 

-0.064 
(-0.850) 

-0.220** 
(-2.150) 

-0.239* 
(-2.648) 

-0.120** 
(-1.964) 

-0.038 
(-1.503) 

 
Panel B: Residual diagnostic statistics  
 U.S. France S. Africa Japan H. Kong Singapore  U.K. World 
Skewness -0.413*   -0.614* -0.715* 0.075 -0.961* -0.706* 0.503* -0.320** 
Kurtosis(1) 1.673* 1.815*   2.072* 1.111* 4.342* 2.085* 4.870* 0.647** 

J.B. 51.978* 71.722* 94.615* 18.783* 336.368* 95.181* 369.044* 12.361* 

1ρ  -0.031 -0.052 0.040 0.049 0.080 0.102** -0.003 -0.037 

2ρ  -0.067 -0.131 -0.051 -0.044 0.006 -0.019 -0.123 -0.127 

3ρ  0.013 0.112 0.002 0.047 -0.055 0.006 0.019 0.021 

4ρ  -0.007 0.022 -0.039 0.028 -0.059 -0.049 0.025 -0.017 

5ρ  0.069 0.036 -0.071 0.024 -0.027 -0.068 -0.106 0.080 

6ρ  -0.011 0.016 -0.004 0.006 -0.045 -0.005 -0.024 -0.025 

Q(12) 15.518 17.600 6.637 13.774 21.951** 7.719 11.317 16.803 
*, **, *** Denote statistical significance at the 1%, 5% and 10% level 
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Table IV : Specification Tests 
 

Estimates are based on monthly equity returns expressed in US dollar and computed in excess of the 30-day euro-dollar 
deposit rate. The sample covers the period April 1973- April 2003.  The global information set, 1−Ζt , includes a constant, a 
January dummy (JAN), the three month moving average of world excess returns (MMSCI), the change in the US term 
premium spread (DUSTP) and the US default premium (USDP), the change in the American inflation rate (DINF) and the 
change in industrial production (DIP).  All instruments are used with one-month lag relative to the excess equity returns. 

Version 1  
( )t1 0,~/~~~

ΗΝΩ+=− −tttNtftt hRR εεδτ  ; 

1'1, −− Ζ= tmtm κδ  

Version 2  
( )t1, 0,~/~~~

ΗΝΩ∀+++=− −ttttiiiNtiiftt ihhRR εελδατ  

The covariance matrix is given by: 
TTSSBBAACC tttttttt 1111111 −−−−−−− ′′+′′+Η′+′′+′=Η ηηξξεε  

it
Iitit ξεξ =  where  1=

it
Iξ  if 0<itε otherwise 0=

it
Iξ  

it
Iitit ηεη =  where 1=

it
Iη  if iitit h>ε  otherwise 0=

it
Iη  

 
Null Hypothesis  2χ  df p-value 

Version 1     
Is the price of marker risk constant?     

10: ,0 >∀= jH jmδ  35.52 7 0.000 

Version 2     

Are intercepts iα  all equal to zero?    

iH i ∀=0:0 α  7.605 8 0.472 

Are the prices of specific risk  equal to zero?     

iH i ∀= 0:0 λ  4.763 7 0.688 

 
 

Table V: Averages in percent for the annualised expected gains from international diversification 
 

The table contains averages in percent for the annualised expected gains from international portfolio diversification 
computes from the QML estimates of the model. Gains are computed for each country as follows: 

( ) [ ])/
~~

()/
~

(/
~~

1,1111 −−−−− Ω−Ω=Ω− tW tpttW ttttptPt RRCovRVarRRE ψδ  

 
 1973:04-1983:03 1983:04-1993:03 1993:04-2003:04 1973:03-2003:04 

U.S. 0.938* 
(3.059) 

1.817* 
(7.917) 

1.223* 
(7.716) 

1.311* 
(9.404) 

France 2.863* 
(2.787) 

5.904* 
(9.258) 

2.985* 
(7.396) 

3.558* 
(8.628) 

S. Africa 3.828** 
(2.193) 

11.148* 
(8.972) 

6.835* 
(6.462) 

7.321* 
(8.910) 

Japan 1.984* 
(2.844) 

3.907* 
(9.425) 

4.203* 
(7.724) 

3.325* 
(10.391) 

H. Kong 4.916** 
(2.379) 

10.366* 
(6.557) 

7.514* 
(7.943) 

7.47* 
(8.056) 

Singapore 3.414*** 
(1.938) 

7.767* 
(7.824) 

5.307* 
(7.508) 

5.414* 
(7.512) 

U.k. 1.128* 
(2.967) 

2.202* 
(8.872) 

2.914* 
(7.921) 

2.069* 
(8.427) 

*, **, *** Denote statistical significance at the 1%, 5% and 10% level 
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Figure 1: The price of world market risk 
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Figure 2 : The American market 
2.1- Conditional correlation with market portfolio 
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2.2- Expected gains from international diversification 
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Figure 3 : The French market 
3.1- Conditional correlation with market portfolio 
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3.2- Expected gains from international diversification 
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Figure 4 : The Hong Kong market 
4.1-Cconditional correlation with market portfolio 
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4.2- Expected gains from international diversification  
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Figure 5 : The Soutn-Africain market 
5.1-Conditional correlation with market portfolio 
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5.2- Expected gains from international diversification 
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Figure 6: The Japanese market 
 
6.1- Conditional correlation with market portfolio 
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6.2- Expected gains from international diversification  
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Figure 7 : The market of Singapore 
7.1- Conditional correlation with market portfolio  
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7.2- Expected gains from international diversification  
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Figure 8 : The British market 

8.1-Cconditional correlation with market portfolio 
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8.2- Expected gains from international diversification  
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