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Abstract 

There are large amount of solid evidences in the U.S. stock market to confirm the risk 

return tradeoffs in the long term by finding an increasingly positive estimated coefficient and 

an increased 𝑅2 value. However, after extending the sample to a global dataset including 

twelve developed countries, the predictive pattern of the past market variances diminished. 

The estimated coefficients in seven out of those countries become fluctuant near zero and 

the highest 𝑅2 values in one-third of those countries are less than 25%. By introducing a set 

of macro-economic state variables, the newly-built bivariate model improves the estimated 

coefficients to an increasingly positive pattern in seven out of the twelve countries and the 

highest 𝑅2  values up to more than 60% in ten out of the twelve countries. The out-of-

sample forecast MSE-F test shows that the bivariate model is superior to the benchmark 

model by reject the null hypothesis that the mean-squared errors of the two models are equal. 

However, the bivariate model cannot explain the whole difference across countries because 

there still exist at least two countries holding a fluctuant and sometimes negative coefficients. 

More complicated models need to be constructed in the further study.  
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1. INTRODUCTION 

 

The risk return tradeoff is a fundamental financial principle in both theory and practice. This 

popular principle reflects a positive correlation between risk and return which implies that 

the past market variance is a strong predictor to forecast the excess market return, or the so 

called “market’s risk premium” (Fama and MacBeth, 1973). However, the predictive power 

of the risk return tradeoff varies with the predictive horizons. Various literatures 

documented that the risk return tradeoffs for short term are mild or even disappear (see, e.g., 

Merton, 1973 and 1980; Scruggs, 1998; Guo and Whitelaw, 2006; Lundblad, 2007) while, on 

the contrast, the long term risk return tradeoff between the past market variance and the 

excess market return is supported to be much stronger by a large amount of both empirical 

and theoretical evidences (Bandi and Perron, 2008; Sizova, 2013; Bollerslev et al., 2014; 

Boudoukh, Richardson, and Whitelaw, 2006). Those literatures found that the predictability 

of the past market variance becomes stronger with an increasingly positive coefficient and a 

much larger 𝑅2  value in the longer term. The results in these literatures are examined 

carefully with several alternative inferential specifications of different asymptotic 

distributions and still remain robust. However, most of those literatures as well as those 

focusing on the predictability of other financial ratios are usually based on the U.S. stock 

market which is just a special case and can attain biased estimations with data mining 

problem (Bollerslev et al., 2014; Ang and Bekaert, 2007, Hjalmarsson, 2010).  More evidence 

of other domestic markets are required to support the finding to avoid the potential bias 

caused by the less diverse samples (Lo and MacKinlay, 1990; Bossaerts and Hillion, 1999; 

Ferson, Sarkissian, and Simin, 2003). 

In this paper, a cross-country dataset is used to examine the long-run pattern of risk 

return tradeoff. Twelve developed countries are included in the dataset: the United States, 

Canada, the United Kingdom, German, France, the Netherlands, Norway, Sweden, Japan, 

Korea, Singapore, and Australia. After extending the sample to the international dataset, I 

find that the increasing pattern of the predictability in the long term diminished across 

countries. Among those twelve countries, only two markets have the increasing patterns of 

the estimated coefficients and 𝑅2 values as the U.S. market. Those two markets are the 

United Kingdom and Japan. Other countries, however, present quite different patterns from 

Bandi and Perron (2008). For example, the estimated coefficients of Canada and Norway 
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fluctuate around zero and that of Korea goes down and even becomes negative at the 

aggregated level of ten years.  

Does the diminishment mean it is just a coincidence that the past market variance has 

ability to predict excess return of the U.S. stock market? The answer is negative after 

introducing a set of macro-economic state variables into the benchmark model to construct 

a bivariate model. The coefficients and 𝑅2 values of the bivariate model increase gradually 

with the horizons and become significant in the long term among most of those twelve 

countries. Take the Netherlands as an example, the estimated coefficients of the past 

variance with benchmark model is fluctuant around zero during different horizons and the 𝑅2  value is also fluctuant with a value no more than 20%. However, after introducing 

macro-economic state variables such as the long-term government bill rate, the estimated 

coefficients become increasing obviously in long run so as the 𝑅2 value with a highest value 

from 17% up to 61% at the aggregated level of ten years. The improvement can be seen 

clearly in Figure 1. Moreover, the bivariate model shows much stronger fitness for the 

realistic world than the former benchmark model. For example, by introducing the inflation 

rate, the 𝑅2 values of the twelve countries at the aggregation level of ten years soar with an 

amount of 52 percentage point on average, where German increased most greatly with 90 

percentage point and Norway increased least with only 6 percentage point.  

 

[Figure 1 about here] 

 

The intuition of introducing the macro-economic state variables to the benchmark 

model is trivial. Macroeconomic volatility is an omitted variable when predicting the excess 

market return with the past market variance. The omitted variable which is correlated with 

both regressor and regressand is ignored as part of the error term such that violates the 

consistence of the estimated coefficient of the past market variance. In various literatures, 

macroeconomic variables are familiar as predicted variables for the excess return (see, e.g., 

Rapach, Wohar, and Rangvid, 2005; Campbell and Cochrane, 1999). Account for the effect 

on the future investment opportunities and consumptions, the macro-economic state 

variable plays an important role in predicting excess returns (Merton, 1973). Besides, 

business cycle and macroeconomic shocks such as the change of regime and the shifts of 

monetary policy can significantly forecast excess returns (see, e.g., Paye and Timmermann, 

2006; Joslin, Priebsch, and Singleton, 2010; Bai and Perron, 1998; Patelis, 1997). At the same 
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time, the state of macro economy is believed to affect the volatility of the stock market (see, 

e.g., Engel and Rangel, 2008; Officer, 1973; Schwert, 1989; Ludvigson and Ng, 2009). 

Officier (1973) tried to seek linkage between the stock volatility and macro-economic state 

during the Great Depression. Engel and Rangel (2008) found a positive correlation between 

the stock volatility and the global macro-economic volatility. Besides, the announcement and 

news also have an influence on the volatility of the stock market (see, e.g. Roll, 1988; 

Andersen et al., 2007). For all above reasons, I suggest to introduce the macro-economic 

state variables into the benchmark model following the line of Fama and French (1989) and 

Bandi and Perron (2008). 

In this paper, a series of macro-economic indices are chosen as proxy to reflect macro-

economic state. Some familiar indices include: the inflation rate, money stocks, aggregate 

output, unemployment rate, interest rate, and term and default spreads on bonds. Here, I 

choose the long term government bond rate, the short term Treasury bill rate, the inflation 

rate, and the industrial production growth to put into the bivariate model. The selection and 

definition of those macro indices are mainly based on the research of Rapach, Wohar, and 

Rangvid (2005).  

The bivariate model improves the predictability of the past market variances a lot. All of 

the countries gain positive estimates at the aggregated level of ten years or other long term 

horizons. The coefficient estimations in France, German, and the Netherlands obtain the 

greatest enhancement changing from a trend fluctuating around zero to a trend increasing 

monotonically. To evaluate the forecast ability of the benchmark model and the bivariate 

model, a MSE-F test is introduced to test with samples coming from five selected countries 

(the United States, Canada, United Kingdom, France, and Korea) along with all four macro-

economic state variables. The MSE-F test is proposed by McCraken (2007) for the nested 

model. The MSE-F statistics are significant in 68% estimations in five long horizon level 

(h=72, 84, 96, 108, and 120). Among those significance estimates, 53% comes from the 

interest rate (RTB and RGB) and 47% comes from the inflation rate and the industrial 

production growth. The significance which implies that the bivariate model is superior to the 

benchmark model strengthens the solidity to introduce the macro-economic state variables. 

The robustness check includes two subsample estimations. One of the two subsample 

estimations is to match the sample period of those twelve countries to avoid possible sample 

bias caused by various sample periods when compared across contries. The result of this 

estimation shows that the estimated coefficients do change a lot with a subsample but when 
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compared with different countries, the relative predictability remains the same. The other 

subsample estimation is to use same size sample during different periods in the stock market 

of the United States. The estimation with different periods could verify the hypothesis that 

different economic and political environment affect the predictability of the past market 

variances, which is also an evidence for the effect of macro-economic state variables on the 

predict estimation.  

There are two main contributions of this paper. First, this paper provides new cross-

country evidences on the long run risk return tradeoffs. Different from what Bandi and 

Perron (2008) found, the long run risk return tradeoffs diminished in plenty countries. Only 

limited amount of the former literatures focused on the global comparison of the risk 

premium predictability. Second, the newly built bivariate model with macro-economic state 

variable improves the original univariate model, which can provide a more precise forecast to 

the financial practice in the realized world. 

The remained part of the paper is organized as follow. Section 2 shows the descriptions 

of the cross-country dataset of the daily return in domestic stock markets.  Section 3 focuses 

on the benchmark model that the unique regressor, or past market variances, is used to 

predict the excess return. Both the specification of the benchmark model and the empirical 

results are reported in this section. Section 4 gives the details on the reason to introduce 

macro-economic state variables, the specification of the bivariate model, the empirical results, 

and the possible bias adjustment. The out-of-sample forecast results are presented in the 

Section 5 to compare the former two models. The Section 6 is robustness check including 

two subsample estimations. The article is concluded in Section 7. 

 

2. DATA 

 

The dataset includes twelve developed countries: the United States, Canada, the United 

Kingdom, German, France, the Netherlands, Norway, Sweden, Japan, Korea, Taiwan, and 

Australia. The distribution of the selected countries in different continents is consistent with 

the population distribution of the developed countries around the world: two of them come 

from the North America, six of them come from Europe, three countries come from Asia, 

and one country comes from Oceania. The reason that the sample only includes developed 

countries is to exclude the possible influence of the imperfect stock market institution as 

well as to insure a sufficient amount of data.  
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The excess return with multi-horizon is the aggregation of monthly data. The monthly 

excess return is also aggregated data calculated by daily excess return, the difference between 

realized market return and risk free rate. The indices of the domestic stock market are 

chosen as the market price to calculate the logarithm realized market return. The risk free 

rates are the interest rate of short term treasury bills or government bonds. The detailed 

description of the market return and the risk free rates is shown in Table A1 of the 

Appendix. The past market variance is the second moment of the monthly market return. 

More details on the variable construction are presented in Section 3.1. 

The data source of all countries except the United States is DATASTREAM. The 

market return and risk free rate of the United States come from CRSP (the Center for 

Research in Security Prices) of WRDS (Wharton Research Data Services). The data 

frequency is daily. The sample periods are different across countries, which are also shown in 

Table A1. For robustness, the subsamples with consistent period across those twelve 

countries, from October, 1993 to December, 2014, are examined in Section 6 as well. 

Table 1 shows the summary statistics of the monthly excess market returns and market 

variances across countries. For excess market returns, the average of the mean across 

countries is 0.0022 and the United States holds the highest mean, 0.0070 while Korea is the 

smallest, 0.0000. The volatility of excess return is extremely high in Korea (0.0066) and 

Taiwan (0.0098) while the volatility of other countries never goes beyond 0.0042. As for 

skewness, all countries except Korea show negative skewness among which the Netherlands 

holds the most significant skewness (-1.49) and Taiwan is only -0.28. The negative skewness 

means more observations laying in the right side of the mean. The highest kurtosis is reached 

by United Kingdom with a value of 9.10 and the Netherlands also gains a 9.04 kurtosis. The 

high kurtosis means those two countries have more outliers than other countries such as 

Australia (with the smallest kurtosis, 3.53). The autocorrelations of all countries are smaller 

than 0.2 except Norway. For the market variance, Korea and Taiwan have much higher 

means than other countries, more than 0.0060. The smallest mean is held by the United 

States. The volatility of the market variance is also higher in both Korea and Taiwan than 

other countries with values more than 6×10-5 while Australia only has a variance 8.064×10-6. 

All countries are positive skewed. The United States is skewed seriously so as Japan. The 

United States and Japan also has much more outliers than other countries with kurtosis 

beyond 100. The autocorrelation of most countries are higher than 0.5 while United 

Kingdom and Japan hold small values, 0.490 and 0.347.  
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According to the analysis of summary statistics cross countries, the United States shows 

an outstanding statistical property and have much more data in the sample than other 

countries. This makes the United States as a much more special case when examine the risk 

return tradeoff properties. As a result, it is necessary to extend the sample into an 

international dataset.  

 

[Table 1 about here] 

 

 

3. BENCHMARK MODEL 

 

Risk return tradeoff means that the return will have greater predictability to increase with 

higher risk (Fama and MacBeth, 1973). This implies that the excess market return is a 

premium for risk. This principle becomes fundamental for the asset pricing model in 

theoretical field and is widely used to build investment strategies in the practical field. 

According to the risk return tradeoff, the positive correlation between the conditional 

variance and the expected excess return implies that the past market variance can be a 

powerful predictor for the expected excess market return. The short term pattern of this 

principle is suspicious while the long term pattern exists for certain which is proved by Bandi 

and Perron (2008). By examining the risk return tradeoff of the U.S. stock market from 

January, 1952 to December 2006, they found that the correlation increases with horizons 

and become significant in the long run between six and ten years. In this section, I first 

replicate the univariate model proposed by Bandi and Perron (2008) on the U.S. stock 

market with a longer period from January, 1952 to December 2014 and then extend the 

sample to an international scope.  

 

3.1 Specification 

 

According to Bandi and Perron (2008), the risk return tradeoff can be examined by the 

simple linear regression as follow: 

 

 𝑅𝑡,𝑡+ℎ𝑒 = 𝛼ℎ + 𝛽ℎ𝜎𝑡−ℎ,𝑡2 + 𝜀𝑡,𝑡+ℎ, (1) 
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where  𝑅𝑡,𝑡+ℎ𝑒  is the excess market return at time 𝑡 with a horizon of ℎ months, 𝜎𝑡−ℎ,𝑡2  is the 

past market variance at time 𝑡 − ℎ with a horizon of ℎ months, and 𝜀𝑡,𝑡+ℎ is the error term. 

The level of horizon ℎ covers from 1 month to 120 months (ten years). The null hypothesis 

of this estimation is 𝛽ℎ = 0: there is no predictability of the past market variances on the 

excess market return. The alternative hypothesis is 𝛽ℎ ≠ 0: there exists predictability of the 

past market variances on the excess market return. The Ordinary Least Squared (OLS) 

regression is used for estimation. 

The monthly continuously compounded excess market return is the difference between 

the realized market return and the risk free rate: 

 

 𝑅𝑡,𝑡+1𝑒 = ∑ (𝑅𝑡+ 𝑗𝑛𝑡 − 𝑅𝑡+ 𝑗𝑛𝑡
𝑓 )𝑛𝑡𝑗=1 , (2) 

 

where 𝑅𝑡+ 𝑗𝑛𝑡  is the daily real market return on the 𝑗th day of 𝑛𝑡  trading days in a month 

calculated by the logarithm of the market price 𝑅𝑡+ 𝑗𝑛𝑡 = ln (𝑃𝑡+𝑗+1𝑛𝑡 𝑃𝑡+ 𝑗𝑛𝑡)⁄ , and 𝑅𝑡+ 𝑗𝑛𝑡
𝑓  is the 

daily risk free rate on the 𝑗th day of 𝑛𝑡 trading days in a month.  

The aggregated excess market return with a horizon of ℎ months is: 

 

 𝑅𝑡,𝑡+ℎ𝑒 = ∑ 𝑅𝑡+𝑖,𝑡+𝑖+1𝑒ℎ−1𝑖=0 . (3) 

 

The market variance is equal to the variance of the excess market return such that: 

 

 σt,t+12 = ∑ 𝑅𝑡+ 𝑗𝑛𝑡2𝑛𝑡𝑗=1 , (4) 

 

where 𝑅𝑡+ 𝑗𝑛𝑡 is the daily real market return on the 𝑗th day of 𝑛𝑡 trading days in a month.  

The aggregated form of the market variance is: 

 

 σt,t+h2 = ∑ 𝜎𝑡+𝑖,𝑡+𝑖+12ℎ−1𝑖=0 . (5) 
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The aggregation variables are thought to obtain the more precise estimation by 

strengthening the slow moving signals and eliminating the noise in the data series (Valkanov, 

2003). However, as the aggregation leads to overlapping data, which can cause the 

autocorrelation of error terms among different periods and distort the standard errors of the 

estimation, the HAC modification created by Newey and West (1986) to correct the 

coefficient covariance matrix is used. The HAC modification used here is a kernel variance 

estimator with a Bartlett type kernel. The specification of the HAC modification with 

horizon h is as follow: 

 

 σt,t+h2 = ∑ (𝑅𝑡+𝑖+ 𝑗𝑛𝑡,𝑡+ℎ𝑒 )2𝑛𝑡,𝑡+ℎ𝑗=1 + 2 ∑ (1 − 𝑙𝑘+1)𝑘𝑙=1 ∑ 𝑅𝑡+ 𝑗𝑛𝑡,𝑡+ℎ𝑒 𝑅𝑡+ 𝑗+𝑙𝑛𝑡,𝑡+ℎ𝑒𝑛𝑡,𝑡+ℎ−𝑙𝑗=1 , (6) 

 

where 𝑛𝑡,𝑡+ℎ  is the total number of trading days during month 𝑡 to month 𝑡 + ℎ, 𝑘 is the 

bandwidth selected according to Andrews (1991). 

 

3.2 Empirical Results 

 

3.2.1 Stocks in the U.S. stock market 

 

In this part, I replicate the empirical strategy proposed by Bandi and Perron (2008) with the 

latest sample extended to a longer period from January, 1952 to December, 2014.  

Table 2 shows the summary statistics compared the extended sample with Bandi and 

Perron’s (2008). The first two columns are the summary statistics of 𝑅𝑡,𝑡+ℎ𝑒  and σt,t+12  based 

on Bandi and Perron’s (2008) sample with the period from 1952 to 2006. The third and 

fourth columns are the summary statistics of 𝑅𝑡,𝑡+ℎ𝑒  and σt,t+12  based on the extended sample 

with the period from 1952 to 2014. As shown in Table 2, the excess market returns of both 

the two samples hold similar values of those summary statistics. The mean of excess return 

during 1952-2014 is 0.002 point higher than that of 1952-2006. The skewness of excess 

return during 1952-2014 is 0.1 point higher than that of 1952-2006 which means that both of 

the two samples is negative skewed but the distribution of the sample during 1952-2014 is 

more symmetrical. The kurtosis of the excess return during 1952-2014 is about 0.7 point 

smaller than that of 1952-2006 which means that the distribution of the sample during 1952-

2014 is more closed to normal distribution and has less outlier. The sample during 1952-
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2014 is more autocorrelated than the sample during 1952-2006. As for the market variance, 

there exist much more differences than excess market return. The mean of the market 

variance during 1952-2014 is 29% higher than that of 1952-2006 which means there is a 

higher volatility in the extended sample. The variance of the past market variance during 

1952-2014 increased 79% compared with that of 1952-2006. Both of the two samples are 

positive skewed which means there are more observations in the left of the mean and the 

sample of 1952-2006 has a higher skewness. The kurtosis of both two samples are quite 

higher than the normal distribution and the sample of 1952-2014 may have less outlier with a 

smaller kurtosis than the sample of 1952-2006. The autocorrelation is stronger for the 

sample of 1952-2014 than 1952-2006. 

 

[Table 2 about here] 

 

The data distribution of the extended sample (1952-2014) combining the excess return 

and the past market variance with different horizons is shown in the scatter plot in Figure 2. 

The horizontal axis is the past market variance and the vertical axis is the excess return. The 

horizons selected to plot the four graphs are 1 months, 1 year, 5 years, and 10 years.  

According to Figure 2, the correlation between the excess market return and the past market 

variance is more and more obvious as the horizons are increasing. 

  

[Figure 2 about here] 

 

 

The estimation process follows the strategy described in Section 3.1.1 To correct the 

autocorrelation of error terms caused by overlapping data, HAC t-statistics are used. The 

empirical results are reported in Table 3. The results in Table 3 show the same pattern with 

Bandi and Perron’s (2008). The estimated coefficient 𝛽 is negative in the short run as for 

example equal to -0.942 with 1 month horizon and increases positively as for example equal 

to 6.049 with ten years horizon. The 𝛽 is close to Bandi and Perron’s (2008) with a value -

0.790 when h=1 and a value 6.344 when h=120. The estimated coefficient 𝛽  becomes 

                                                           
1 As Figure 2 shows that there exists outliers with high variances in the short term such as one month and one year, I also 

tried regressions removing data with the 1% highest variances. The coefficients are still increased with horizons from 1.36 

in one month to 5.82 in ten years. The 𝑅2 values increase from 0.32% to 58%. 
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significant at 5% level from 108 months which is much later than Bandi and Perron’s (2008) 

finding, 72 months. Besides the long run significance, the significance also exists in short 

term at the level h of 6 months. The similar unexpected significance in short term also 

appears in Bandi and Perron (2008) with a horizon equal to 3, which can be concluded as 

coincidences. The 𝑅2 values grow with horizon from 0.77% to 61.03%, increased by a rate 

of more than 78%. The growth rate is much smaller than Bandi and Perron’s (2008) which is 

243% but the absolute values are close to them which are from 0.3% to 73.2%. 

 

[Table 3 about here] 

 

The comparison between the extended sample and Bandi and Perron’s (2008) is 

intuitively shown in Figure 3. Figure 3 graphs the estimated coefficients and their 95% 

confidence intervals with different horizons based on Bandi and Perron’s (2008) sample 

(shown in Figure 3(a)) and the extended sample (shown in Figure 3 (b)). According to Figure 

3, the values of the estimated coefficients present an increasing trend from negative to 

positive significantly. The confidence intervals are narrow in both two samples and a little 

larger with the extended sample which means that the extended sample may lead to a less 

precise estimation than Bandi and Perron’s (2008). 

 

[Figure 3 about here] 

 

The empirical result in this part confirms that the risk return tradeoff in the United 

States stock market is strongly significant in long run even after extending the data to cover 

the Financial Crisis in 2008. However, the United States stock market is just a special case 

when examine the validity of the principle. Data mining problem exists. In the next part, I 

extend the sample to an international dataset including twelve developed countries to check 

whether the risk return tradeoff still holds across countries. 

 

3.2.2 Stocks across countries 

 

In this part, I extend the sample to a cross-country dataset and estimate along the strategy 

built in Section 3.1. The results of full sample regression are reported in Table 4. To simplify 

the table, the estimates of the intercept are ignored. For each country, the first row is the 



14 

 

estimated value of the coefficient 𝛽, the second row is the HAC t-statistics and the last row 

is the 𝑅2 values of the model. According to Table 4, there are half of the twelve countries 

(the United States, the United Kingdom, Sweden, Japan, and Taiwan) presenting significant 

predictability in long run. However, Taiwan and Sweden should be carefully concluded to 

the same pattern of Bandi and Perron’s (2008) for the reason that the value of the coefficient 

is negative at the level of 108 months for Sweden and of 120 months for Taiwan. As a result, 

only three countries can be exactly confirmed to meet the long run risk return tradeoff 

principle. Besides, the significance only exists at the level of 120 months in Taiwan which 

can be skeptical. Five out of the twelve countries (Canada, German, France, the Netherlands, 

and Norway) are failed to gain a significant estimated coefficient in long run. Moreover, two 

out of the twelve countries (Korea and Australia) present significant patterns in long run 

only at about 6 to 8 years but the significance disappears for a longer horizon, like 9 and 10 

years. The 𝑅2 values in long horizon, taking 10 years as an example, perform poor in Canada, 

German, Korea, and Australia which are less than 10% but better in the United States, the 

United Kingdom, Sweden, Japan, and Taiwan which are more than 45%.  

As the HAC t-statistics cannot allow us to get the whole details of the coefficient 

estimates, a more intuitive way is to plot the values and the confidence intervals of the 

estimated coefficients as well as the 𝑅2 values and its confidence interval. Figure 4 shows the 

estimated slope and its confidence interval at 95% level. Figure 5 shows the  𝑅2  and its 

confidence interval at 95% level.2 From Figure 4, we see that only the estimated coefficients 

in the United States, the United Kingdom, and Japan increase monotonically. German also 

has a monotonic pattern but the trend is extremely slight and the absolute value is much 

closed to zero. The estimates of the coefficient in Australia soars dramatically before the 

level of 84 months and decreased suddenly in the longer term. The estimated coefficients of 

other countries fluctuated around zero. As for the confidence interval, in the short term no 

more than 3 years and long term more than 9 years, the range is narrow. However, a quite 

larger interval appears in the mid-term about five to seven years in most countries, for 

example, the United Kingdom and Japan. The large interval means an imprecise 

predictability happens in the mid-term. The convergent property of the confidence intervals 

                                                           

2 The confidence interval of 𝑅2 is calculated according to Wuensch (2015)’s method. By using Greek zeta 𝜁 = 0.5ln| 1+𝑟1−𝑟 | 
and the standard error as 𝑆𝐸 = √1/(𝑛 − 3), he calculate the transformed confidence interval as 𝜁 ± 1.96𝑆𝐸. The 

untransformed confidence interval can be calculated by the equation 𝑟 = 𝑒2𝜁−1𝑒2𝜁+1. 
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should be considered more in details in further studies. When looking at Figure 5, we can 

find that the increasing trend of 𝑅2 diminishes in most countries. Eight countries (Canada, 

German, France, the Netherlands, Norway, Sweden, Korea, and Taiwan) have an instability 

trend of the 𝑅2 value. The values of the 𝑅2 in German, France, and the Netherlands are 

nearly equal to zero which means the model is failed to explain most of the risk premium 

variation. Korea and Australia appear to have a hump-shaped trend. This hump-shaped 

trend is also discovered by Bollerslev et al. (2014), but their finding is at a range of four 

months horizon, a much shorter term compared to my research.  

 

[Table 4 about here] 

[Figure 4 about here] 

[Figure 5 about here] 

 

4. BIVARIATE MODEL WITH MACRO ECONOMIC STATE VARIABLES 

 

In Section 3, a limited predictive ability of the past market variance cross countries is 

presented. The possible reasons for the poor predictability are complicated.  

One possible reason is that the predictive regressor is not persistent. A large amount of 

literatures confirm that the long-term predictability is caused by the highly persistent 

property (e.g. stationary autoregressive processes or nearly integrated) of the aggregated 

long-term regressor (Stambaugh, 1999; Boudoukh, Richardson, and Whitelaw, 2008) and 

some literatures even claim that the long-term predictability is totally a mathematical trick 

caused by the highly persistence and could be disappeared after modifying the inference 

(Valkanov, 2003). In other words, if the aggregated variables are not highly persistent, the 

powerful predictive ability could be diminished. However, after estimating the auto 

regression process and the unit root test of the past market variances across countries, I find 

that even though the autocorrelation of the past market variances are smaller than other 

financial ratios but do not shows any country-different pattern which means the different 

patterns of the predictability across countries cannot caused by the less auto-correlated 

regressor. The details of the persistent tests are shown in the Appendix.  
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As both the excess return and the past market variance are built based on the realized 

market return, there implies a clue to find a possible factor which can affect both the 

dependent variable and the independent variable and lead to a omitted variable problem. The 

omitted variable can always lead to the correlation of the independent variable and the error 

term and make the coefficient estimates biased. In this section, I find that the macro-

economic state variables could be the possible omitted variable and empirical evidence is 

provided to proof the hypothesis. 

 

4.1 Specification 

 

The bivariate model is regressed as follow: 

 

 𝑅𝑡,𝑡+ℎ𝑒 = 𝛼ℎ + 𝛽ℎ𝜎𝑡−ℎ,𝑡2 + 𝛾ℎ𝑀𝑡,𝑡+ℎ + 𝜀𝑡,𝑡+ℎ, (7) 

 

where 𝑀𝑡,𝑡+ℎ is the aggregated macro-economic state variables,  𝑀𝑡,𝑡+ℎ = ∑ 𝑀𝑡+𝑖,𝑡+𝑖+1ℎ−1𝑖=0 . 

The aggregated form is sensible for those macro-economic state variables like interest rate 

and growth rate (Fama, and French, 1989; Rapach, Wohar, and Rangvid, 2005). The null 

hypothesis is  𝛽ℎ = 0  which means the past market variances cannot predict the excess 

market return. The alternative hypothesis is 𝛽ℎ ≠ 0 which means the past market variances 

predict the excess market return well. The estimates is based the OLS regression. 

The start point of the bivariate model is the omitted variable problem. The omitted 

variable is a common source for the estimates bias. Look at the Equation (1), we assume that 

there exist omitted variables, in the other words the error term 𝜀𝑡,𝑡+ℎ  is correlated 

with 𝜎𝑡−ℎ,𝑡2 . For the estimates of the coefficient: 

 

 𝛽̂ℎ = 𝛽ℎ + ∑ (𝜎𝑡+𝑖−ℎ,𝑡+𝑖2 −𝜎̅𝑡+𝑖−ℎ,𝑡+𝑖2 )(𝜀𝑡+𝑖,𝑡+𝑖+ℎ−𝜀̅𝑡+𝑖,𝑡+𝑖+ℎ)𝑖 ∑ (𝜎𝑡+𝑖−ℎ,𝑡+𝑖2 −𝜎̅𝑡+𝑖−ℎ,𝑡+𝑖2 )2𝑖 , (8) 

 

 

The expectation form can be rewritten as 𝐸[𝛽̂ℎ|𝜎𝑡−ℎ,𝑡2 ] = 𝛽ℎ + 𝑏𝑖𝑎𝑠 such that the correlation 

makes the second term of the right hand side nonzero and the estimates become biased. 

Macro-economic state variables are discussed by various literatures as a strong predictor 

for excess returns. Cochrane (2005) explained the effect of macroeconomic risk on the risk 
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premium in asset market by the stochastic discount factor. According to the First 

Fundamental Theorem of Asset Pricing,  

 

 𝑆𝑡 = 𝐸𝑡[𝑚𝑡+1𝑋𝑡+1], (9) 

 

where 𝑆𝑡 is the price vector, 𝑋𝑡 is the payoff vector of tomorrow, and 𝑚𝑡+1 is the stochastic 

discount factor. As the real risk free rate is equal to 𝑅𝑡𝑓 = 1/𝐸𝑡[𝑚𝑡+1] and 𝐸𝑡[𝑚𝑡+1𝑋𝑡+1] =𝐸𝑡[𝑚𝑡+1]𝐸𝑡[𝑋𝑡+1] + 𝑐𝑜𝑣𝑡(𝑚𝑡+1, 𝑋𝑡+1), the price vector can be written as follow: 

 

 𝑆𝑡 = 𝐸𝑡[𝑋𝑡+1]𝑅𝑡𝑓 + 𝑐𝑜𝑣𝑡(𝑚𝑡+1, 𝑋𝑡+1). (10) 

 

To apply Equation (10) on the excess return, we rewrite the Equation (9) as the 

following form: 

 

 1 = 𝐸[𝑚𝑡+1𝑅𝑡+1] (11) 

 

where 𝑅𝑡+1 = 𝑋𝑡+1/𝑆𝑡 . For any two assets a and b, the expected return is 𝐸[𝑅𝑡+1𝑎 ] and 𝐸[𝑅𝑡+1𝑏 ] such that the expected excess return is  

 

 𝐸[𝑅𝑡+1𝑒 ] = 𝐸[𝑅𝑡+1𝑎 ] − 𝐸[𝑅𝑡+1𝑏 ]. (12) 

 

Along with Equation (12), we can get: 

 

 0 = 𝐸[𝑚𝑡+1𝑅𝑡+1𝑒 ]. (13) 

 

Then the expected excess return is derived as follow: 

 

 𝐸[𝑅𝑡+1𝑒 ] = − 𝑐𝑜𝑣(𝑚𝑡+1,𝑅𝑡+1𝑒 )𝐸[𝑚𝑡+1] = − 𝑐𝑜𝑣(𝑚𝑡+1,𝑅𝑡+1𝑒 )𝑅𝑡+1𝑓 . (14) 

 

Assuming 𝑅𝑡+1𝑓 ≈ 1, we have: 
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 𝐸[𝑅𝑡+1𝑒 ] = −𝑐𝑜𝑣(𝑚𝑡+1, 𝑅𝑡+1𝑒 ). (15) 

 

Looking at Equation (15), we can conclude that the expected excess return is 

determined by the covariance of the excess return and the stochastic discount factor, or the 

growth of marginal value of wealth as 𝑚𝑡+1 = 𝑉𝑊(𝑡+1)𝑉𝑊(𝑡) , where 𝑉𝑊(𝑡) is marginal value of 

wealth at period 𝑡 . When macro economy begins to recess, the investor will be more 

interested to have additional wealth such that a higher risk premium.  

 

At the same time, the volatility of macro economy plays a role on the variance of the 

market return in the domestic stock market (see, e.g., Campbell and Shiller, 1988; Engel and 

Rangel, 2008; Officer, 1973; Schwert, 1989; Ludvigson and Ng, 2009). According to 

Campbell and Shiller (1988) and Engel and Rangel (2008), the market variation of the return 

can be rewritten as follow by assuming a linear relationship of the realized gross log return 

with the log price and log dividend: 

 𝑅𝑡 − 𝐸𝑡−1[𝑅𝑡] = (1 − 𝜌) ∑ 𝜌𝑗(𝐸𝑡 − 𝐸𝑡−1)[𝑑𝑡+1+𝑗] −∞𝑗=0 ∑ 𝜌𝑗(𝐸𝑡 − 𝐸𝑡−1)[𝑅𝑡+1+𝑗]∞𝑗=0 (16) 

 

where 𝑅𝑡 is the market return, 𝑑𝑡+1+𝑗 is the dividend. This equation defines the unexpected 

market return as innovations to future cash flows or expected returns. The first term of the 

left hand side describes a positive effect of the innovations from dividend variation and the 

second term describes a negative effect of the innovations from return variation. No matter 

which effect dominates, macro-economic state variables are able to affect the volatility of the 

stock market through any of the effects.  

In conclusion, macro-economic state variables are omitted variables which affect both 

the excess market return and the past market variance and lead to endogenous of the error 

terms. By introducing macro-economic state variables into the benchmark model, the 

regression can be more efficient and persistent. For overlapping data, HAC t-statistics 

specified by a kernel variance estimator is used on the benchmark model.  

The macro-economic state variables are familiar predictors for the excess return (see, e.g. 

Fama and French, 1997; Ang and Bekaert, 2001; Campbell, 1987; Rapach, Wohar, and 

Rangvid, 2005). Those variables include: the inflation rate, money stocks, aggregate output, 

unemployment, interest rates, and so on. Referring to Rapach, Wohar, and Rangvid (2005), I 
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select four indices as the proxies for macro-economic state. The first variable is the Treasury 

bill rate, denote as RTB. The second variable is the interest rate of long term government 

bond, denote as RGB. These two variables represent the interest rate statement. The third 

variable is the inflation rate calculated by the logarithm first order difference of consumer 

price index, denotes as INF. The inflation rate reflects the money purchasing ability. The last 

variable is the industrial production growth calculated by the logarithm first order difference 

of industrial production index, denote as IPG. The industrial production growth reflects the 

fluctuant of the industrial economy. The aggregated form of those macro-economic state 

variables is 𝑀𝑡,𝑡+ℎ = ∑ 𝑀𝑡+𝑖,𝑡+𝑖+1ℎ−1𝑖=0 . More details of the index selection and data sources 

across different countries are presented in Table A1 of the Appendix. The summary statistics 

of those macro-economic state variables is reported in Table A2 of the Appendix. 

 

4.2 Empirical Results 

 

Using OLS regression with HAC modification, I regress the bivariate model on four macro-

economic state variables and the results are reported in Table 5 to 8. Each table shows the 

results with one macro-economic state variable. The value of the coefficient, HAC t-statistics, 

and 𝑅2 value are reported. The corresponding macro-economic state variables are: the long-

term government bond yield (RGB), the 3-month Treasury bill rate (RTB), the inflation rate 

(INF), and industrial production growth (IPG). As different availability of each macro-

economic state variables across countries, the estimates with different macro-economic state 

variables, so as different countries, hold different sample periods. Some macro-economic 

state variables only contain few observations, for example, the 3-month Treasury bill rate in 

the Netherlands covers no more than 5 years (January, 1986 to August, 1990).  

Table 5 shows the estimated results with the long term government bond yield (RGB). 

In Table 5, seven countries hold the significant predictability in the long term. These 

countries are the United States, the United Kingdom, France, German, the Netherlands, 

Sweden, and Australia. Take Australia as an example, the estimates coefficient increases with 

the horizons from the value -1.79 to 16.60. There is a sudden decrease from 8.27 to -0.03 at 

the aggregated level of 108 but with a small t-statistics and a large confidence interval [-3.27, 

6.72]. Korea holds an increasing pattern of the coefficient estimates but only significantly in 

5 to 7 years and insignificantly in 8 years and more. Moreover, there are still three countries 

(Canada, Norway, and Taiwan) remains irregular fluctuation around zero. An unexpected 
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result is Japan changing from significant coefficient estimates in the benchmark model to 

insignificant ones in the bivariate model. As for 𝑅2 value, nine countries (the United States, 

United Kingdom, German, France, the Netherlands, Sweden, Japan, Korea, and Taiwan) 

exceed 40%, the highest is 77.75% of the United Kingdom. But one should not forget that 

the model where a new independent variable is introduced can always have a higher 𝑅2 value 

than the univariate model such that the absolute value of 𝑅2 is less persuadable. Despite of 

the less persuadable absolute values, the differences of 𝑅2 values between one month and 

ten years are still large, usually 40% or more which means the change of the predict ability 

from short term to long term is considerable.  

Table 6 shows the results regressed with 3-month Treasury bill rate (RTB). Three 

countries (the Netherlands, Taiwan, and Australia) are not covered in the following 

discussion as they have too small samples to estimate. All rest countries except Norway and 

Canada present the strong power to predict. But German has a significantly negative 

predictability with ten years horizon. Like the model with RGB, the differences of 𝑅2 value 

between one month and ten years are 40% or more across countries.  

Estimates with the inflation rate (INF) shown in Table 7 perform significantly and have 

a much higher 𝑅2 value (some countries even get more than 80%) than RGB and RTB. Still 

the coefficient of Canada and Norway fluctuated around zero irregularly. The past market 

variance in Japan also lost its predictability. Australia has a small sample which can be 

ignored. In Table 8, Canada, Norway, and Japan are the only three countries that do not 

show any predictability in long run. 

 

[Table 5 about here] 

 

[Table 6 about here] 

 

[Table 7 about here] 

 

[Table 8 about here] 

 

To take a deeper view into the effect of macro-economic state variables on the 

predictability of the past market variance, Figure 6 which is similar to Figure 4 is graphed 

with the estimates slope and its confidence interval. For the simplified reason, only estimates 
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with RGB are presented as an example. As we can see, every graph compared with Figure 4 

becomes more closed to Bandi and Perron’s (2008). The United States and the United 

Kingdom remain the same pattern as Figure 4. France, German, the Netherlands, and Korea 

convert from an irregular fluctuation around zero to an increasing pattern. Sweden and 

Australia have dramatic fluctuations in the long term but keep positive. Japan also has a 

fluctuation in the long term and reaches negative during 7 to 9 years. Taiwan shows more 

obviously positive pattern than the benchmark model. Canada and Norway remains little 

change and still fluctuate around zero. Despite the favorable pattern of the estimated 

coefficients, the confidence intervals are large in most countries. The unusual large 

confidence intervals in the United States markets in the mid-term and in the Korea market in 

long run need to be carefully considered. 

Figure 7 graphs the variation of the 𝑅2 value and its confidence interval. Compared with 

Figure 5, the improvement of the 𝑅2  value is significant. Most of the countries except 

(Australia and Canada) have a higher 𝑅2 value at the corresponding aggregated level. The 

United States and Japan hold a monotonic increasing trend in the long run. The United 

Kingdom, German, France, the Netherlands, Sweden, Korea, Taiwan, and Australia shows a 

fluctuated and hump-shaped but finally increased trend of the 𝑅2 values. 

 

[Figure 6 about here] 

 

[Figure 7 about here] 

 

The improved estimations based on the bivariate model with the macro-economic state 

variables confirm the long term risk return tradeoff. Positive and increased estimated 

coefficients are significant in most countries as well as the 𝑅2 value. The result agrees Bandi 

and Perron (2008). Further study on the out-of-sample forecast will be taken in the next 

section to evaluate the accuracy of the benchmark model and the bivariate model. 

 

4.3 Bias Adjustment 
 

The persistent property of long horizon variables yields biased estimates of the 

coefficients with the misspecified inference. Valkanov (2003) proposed an adjusted 

inferential asymptotic distribution for the univariate model. After the adjustment, Valkanov 
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(2003) found that the significance of the estimated coefficients diminished and the 𝑅2 value 

was failed to estimate the goodness-of-fit. HAC modification provides limited improvement 

on the test. According to Bandi and Perron (2008), they calculated the adjusted t-statistics 

based on Valkanov (2003) and found the long term predictability remains strong. The bias 

adjustment is necessary to confirm the findings in Section 4.2. 

Except finding the mathematical specification for inference, several authors constructed 

simulation procedures to find the distribution of the estimated coefficient and statistics 

(Schmeling, 2009). As it is difficult to calculate the asymptotic distribution for the inference 

coming from a bivariate model, the simulation procedure is taken as an alternative method.  

In this section, a bootstrap estimate is used to find the new critical value of the t-

statistics. The bootstrap method is moving block-bootstrap for dependent data suggested by 

Schmeling (2009) and the replicated number is 1,000 times for every county with the long 

term government bond rate (RGB) at every aggregated level. The adjusted critical values is 

the boundary of the last 5% smallest value of all estimated t-statistics for each country and 

each aggregated level. The significance of t-statistics after bias adjustment shows little 

differences from that in Table 5. Some countries like France lost its significance while other 

countries like Japan regain its significance at the aggregated level of ten years. The results 

imply that the long term predictability of the past market variances based on the bivariate 

model remains solidity even with the bias adjustmet. 

 

[Table 9 about here] 

 

5. FORCASTING RSULTS 

 

In this section, an out-of-sample test will be taken into account to evaluate the model’s 

predictability. Except the goodness-of-fit, the forecast ability should also be considered 

when evaluating models. Compared with in-sample forecast estimated with the whole sample, 

out-of-sample forecast is to use part of the sample to estimate the model and to forecast rest 

of the sample with the former estimated model.  

In order to evaluate the forecast ability of two nested models, McCraken (2007) 

provided an MSE-F statistic based on the mean-squared error (MSE). The null hypothesis 

based on MSE-F statistic is that the MSE of the unrestricted model equal to the restricted 
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model. The alternative hypothesis is that the MSE of the unrestricted model is less than the 

restricted model. 

Based on my models, the unrestricted model is: 

 

 𝑅𝑡,𝑡+ℎ𝑒 = 𝛼ℎ + 𝛽ℎ𝜎𝑡−ℎ,𝑡2 + 𝛾ℎ𝑋𝑡,𝑡+ℎ + 𝜀𝑡,𝑡+ℎ. (17) 

 

The restricted model is to set the constraint 𝛾ℎ = 0: 

 

 𝑅𝑡,𝑡+ℎ𝑒 = 𝛼ℎ + 𝛽ℎ𝜎𝑡−ℎ,𝑡2 + 𝜀𝑡,𝑡+ℎ. (18) 

 

The total sample is divided into in-sample portion (denote as P) and out-of-sample 

portion (denote as Q). Using the 𝑅𝑃𝑒  and 𝜎𝑃2  in in-sample portion P, the estimated 

coefficients 𝛼̂ℎ, 𝛽̂ℎ, and γ̂h are calculated. The future 𝑅̂𝑄𝑒  is predicted by subscribing 𝛼̂ℎ, 𝛽̂ℎ, 

and γ̂ℎ into Equation (18). By differencing 𝑅𝑄𝑒  and 𝑅̂𝑄𝑒 , the residual 𝑢̂𝑖,𝑡 is calculated, where 𝑖 = {0,1}, 𝑖 = 1 denotes the unrestricted model and 𝑖 = 0 denotes the restricted model. 

The loss function for MSE-F test is: 

 

 𝑑̂𝑡+1 = 𝑢̂0,𝑡+12 − 𝑢̂1,𝑡+12  (19) 

 

Let 𝑀𝑆𝐸𝑖̂ = (𝑄 − 𝜏 + 1)−1 ∑ 𝑢̂𝑖,𝑡+12𝑇−𝜏𝑡=𝑃 , where 𝜏  denotes the forecast horizon, and (𝑄 −𝜏 + 1) denotes the number of 𝜏-step-ahead predictions. Then the MSE-F statistics can be 

written as: 

 

 𝑀𝑆𝐸 − 𝐹 = (𝑄 − 𝜏 + 1)(𝑀𝑆𝐸0̂ − 𝑀𝑆𝐸1̂)/𝑀𝑆𝐸1̂ (20) 

 

The MSE-F statistics against the null hypothesis means forecasts based on the unrestricted 

model are more accuracy than on the restricted model.  

The distribution of MSE-F statistics given by McCracken (2007) is: 

 

 𝑀𝑆𝐸 − 𝐹 ⟹ ∑ [2 ∫ 𝑠−1𝑊𝑖(𝑠)𝑑𝑊𝑖(𝑠) − ∫ 𝑠−2𝑊𝑖2(𝑠)𝑑𝑠1𝜆1𝜆 ]𝑘2𝑖=1  (21) 
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where ⟹ denotes to convergse in distribution,  𝑘2 denotes the number of excess parameters, 𝑊𝑖(𝑠)  is the ith element of the (𝑘2 × 1)  standard Brownian motion 𝑊(∙) . The critical 

values are presented in McCracken (2007). 

For both simplified reason and data availability, here I only take four countries as an 

example to evaluate their forecast result. Those five counties are: the United States, Canada, 

United Kingdom, France, and Korea. We considered the forecast result on all four macro-

economic state variables. The total sample is divided into in-sample and out-of-sample 

portions. The first two thirds of the total sample is in-sample portion and the last one thirds 

of the total sample is the out-of-sample portion. The forecast is one-step ahead. According 

to McCracken (2007), the critical value for models with one excess parameter at the 95% 

significant level is 3.27 and the MSE-F test is a one-side test. The significance of the MSE-F 

statistics reconcile the null hypothesis and the unrestricted model is superior to the restricted 

model. 

The results of MSE-F test are reported in Table 10. All four macro-economic state 

variables increased the forecast ability of the past market variance as there are plenty 

significant MSE-F statistics. The MSE-F statistics are significant in 68% estimations in five 

long horizon level (h=72, 84, 96, 108, and 120). Among those significance estimates, 53% 

comes from the interest rate (RTB and RGB) and 47% comes from the inflation rate and the 

industrial production growth. The interest rate RGB and RTB seem more useful than INF 

and IPG for the improvement according to the amount of the significant statistics. The 

results reported in Table 10 support the hypothesis that the bivariate model is superior to the 

benchmark model. 

 

[Table 10 about here] 

 

 

6. ROBUSTNESS 

 

6.1 Sub-sample with consistent period 
 

When the benchmark model is estimated in Section 3, the sample across countries covers 

different periods due to the data available problem. The different sample period leads to 

different sample size across countries. As a larger sample size can benefit the accuracy and 
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efficiency of the estimation by reducing standard errors, potential bias across countries may 

exist. In order to check the robustness, a sub sample dataset across countries with a 

consistent sample size is used when estimating. The period of the sub sample covers 

between October, 1993 and December, 2014, which is the full sample period of Sweden.  

The results of the sub-sample estimations based on the benchmark model are presented 

in Figure 8 with the estimated slopes and confidence interval and in Table 11 with the 𝑅2 

value. 3The increasing patterns are held by most of the countries which seems more closed to 

Bandi and Perron’s (2008) conclusion. Nevertheless, compared with Figure 4, the values of 

sub-sample estimated coefficients become more instability and the confidence intervals are 

much larger. At the same time, from Table 11, a much smaller 𝑅2  value on average is 

reported. The 𝑅2 value in the United States declined seriously from more than 50% to no 

more than 10% in the long horizon. Besides, the trend of the 𝑅2 value is also instability and 

the monotonically increased pattern diminished. The result of the sub-sample estimations 

makes it hard to reconcile Bandi and Perron’s (2008) conclusion. 

Even though the results of estimations based on the benchmark model with the sub-

sample are quite different from those with full sample, those countries with a compressed 

sample remains their patterns in the short term and mid-term while a upwards change in the 

long term. This means the comparison across different countries in Section 3 is still 

meaningful but should be keep skeptical. 

[Figure 8 about here] 

 

[Table 11 about here] 

 

6.2 Sub-sample with and without financial crisis 
 

In Section 6.1, I have checked the sub-sample with a consistent period across countries. In 

this Section, I will take account into the sub-sample in different period for a specific market. 

A domestic market may experience economic financial crisis some time and appear unusual 

                                                           

3 This sub-sample robustness check is not taken on the bivariate model for the reason that the corresponding sample 

periods across countries are hard to match with each other to insure a sufficient quantity of observations. 
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behavior depending on investors’ reactions. As a result, it’s necessary to examine the sub-

sample with and without financial crisis. Meanwhile, it can also provide evidence for the 

effect of macro-economic state on the predictability of the past market variances when 

considering the sub-sample with and without financial crisis.  

The United States is chosen as the specific market because of its plenty observations in 

sample. The financial crisis happened in 1987 and 2008 are considered. The periods with 

financial crisis are from January, 1977 to December, 1996 and from January, 1997 to 

December, 2014. The periods without financial crisis are from January, 1967 to December, 

1986 and from January, 1987 to December, 2006.  

Figure 9 presents the estimated coefficients of those four different sample periods. The 

patterns of those four estimations are totally different. Figure 9(a) shows a nearly zero 

predictability, Figure 9(b) and (c) show a positive predictability in short run and negative 

predictability in long run, while Figure 9(d) shows a negative predictability in long run and 

positive predictability in short run. The confidence interval shows abnormal pattern that the 

periods with financial crisis have a smaller confidence interval than those without financial 

crisis. As each sample only covers twenty years, I can only estimate with the horizon up to 

100. The small sample makes the long term regression to be spurious but even in the 

relatively long term regression such as 5 years or more, the results are enough to support the 

point that the past market variances have quite different predictability during different 

periods.  

The different predictability during different periods is consistent with my hypothesis 

that the macro-economic states affect the predictability of the past market variances on the 

excess market return. 

 

[Figure 9 about here] 

 

7. CONCLUSION 

 

This paper studies the long term risk return tradeoffs, a fundamental financial principle. 

Different from the previous literature, a weak predictability of the past market variances on 
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the excess return is found based on a cross-country dataset. The predictive powers of the 

past market variances differ across countries. Countries like the United States and United 

Kingdom show strong predictability while in other countries like Korea and Canada, the 

predictability diminished with a fluctuant estimated coefficient around zero and a much 

lower 𝑅2 value. The evidence across countries is quite different from Bandi and Perron’s 

(2008) finding which confirms that both the estimated coefficients and 𝑅2  increased 

dramatically in the long term. 

By extending the benchmark model to a bivariate model with an additional regressor, 

the macro-economic state variable, I find that the predictability of the past market variances 

on the excess return improved quite well. Two thirds of the countries hold an increasing and 

positive estimated coefficient at a high aggregated level. At the same time, the fitness of the 

model also increased according to the 𝑅2. The out-of-sample forecast is also examined. A 

Mean Squared Error F statistic for nested model is calculated to evaluate the benchmark 

model and the bivariate model. The results support that the bivariate model is superior to 

the benchmark model. The subsample robustness check and the bias adjustment confirm the 

article’s claim. 

The prime contribution of this paper is to provide new empirical evidence on the long 

term risk return tradeoffs by using a large global sample.  As the performance of the 

domestic stock market across countries is various due to the different economic situations, 

institutional support, and culture, the benchmark model can be strong in one country but 

lose its ability in another country. The global evidence implies that the long term risk return 

tradeoffs do not hold across countries. An extended model based on the former one is 

necessary. 

Another contribution of this paper is to propose a new model with the macro-economic 

state variables to improve the benchmark model. By regressing the bivariate model on twelve 

developed countries with four familiar macro-economic state variables, the improvement of 

the predictability is obvious. In the financial practice, introducing macro-economic state 

variables into the benchmark model can get a more precise forecast with a higher 𝑅2 and a 

less mean-squared error. 

However, there still remains a large amount of work for understanding the long term 

return risk tradeoff. The mechanism how the macro-economic state variables affect the 
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predictability of the past market variances should be clarified. More robustness check should 

be examined to support the bivariate model. The specification of the inference with 

alternative asymptotic distribution should be calculated to provide more supported evidence 

based on the econometric theories. Moreover, despite of the improvement, the bivariate 

model still cannot explain the pattern of the long term risk return tradeoffs in every country 

(for example Canada and Norway with a fluctuant coefficient around zero). As a result, a 

more complicated model that can explain both the difference across countries and the slowly 

increased  𝑅2  (instead of the sharply increased pattern (often close to 1 within 5 years) 

proposed by present literatures (see, e.g. Boudoukh, Richardson, and Whitelaw, 2008)) is 

remained for further study. 
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FIGURES & TABLES 
 

  
(1)Benchmark model (2)Bivariate model 

Note: The mid line is the estimated coefficients. The upper and lower lines are the confidence intervals. 

 
Figure 1: Compare between benchmark model and bivariate model:  

the Netherlands 
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Figure 2: Excess market return and past market variances of the United States with 
different horizons 
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Note: The mid line is the estimated coefficients. The upper and lower lines are the confidence intervals. 

 
Figure 3 (a) 

Slope estimates at different levels of aggregation and 95% confidence intervals: 
The United States stock market, 1952-2006 

 
Note: The mid line is the estimated coefficients. The upper and lower lines are the confidence intervals. 

 
Figure 3 (b) 

Slope estimates at different levels of aggregation and 95% confidence intervals: 
the United States stock market, 1952-2014 
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The United States Canada United Kingdom 

   
German France The Netherlands 

   
Norway Sweden Japan 

   
Korea Taiwan Australia 

Note: The mid line is the estimated coefficients. The upper and lower lines are the confidence intervals. 

 
Figure 4: Slope estimates at different levels of aggregation and 95% confidence 

intervals: benchmark models cross countries, full sample 
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The United States Canada United Kingdom 

   
German France The Netherlands 

   
Norway Sweden Japan 

   
Korea Taiwan Australia 

Note: The mid line is the 𝑅2 values. The upper and lower lines are the confidence intervals. 

 

Figure 5: 𝑅2 at different levels of aggregation and 95% confidence intervals: 
benchmark models cross countries, full sample 
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The United States Canada United Kingdom 

   
German France The Netherlands 

   
Norway Sweden Japan 

   
Korea Taiwan Australia 

Note: The mid line is the estimated coefficients. The upper and lower lines are the confidence intervals. 

 
Figure 6: Slope estimates at different levels of aggregation and 95% confidence 

intervals: bivariate models (RGB) cross countries 
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The United States Canada United Kingdom 

   
German France The Netherlands 

   
Norway Sweden Japan 

   
Korea Taiwan Australia 

Note: The mid line is the 𝑅2 values. The upper and lower lines are the confidence intervals. 

 

Figure 7: 𝑅2 at different levels of aggregation and 95% confidence intervals:  
bivariate models (RGB) cross countries   
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The United States Canada United Kingdom 

   
German France The Netherlands 

   
Norway Sweden Japan 

   
Korea Taiwan Australia 

Note: The mid line is the estimated coefficients. The upper and lower lines are the confidence intervals. 

Figure 8: Slope estimates at different levels of aggregation and 95% confidence 

intervals: benchmark models cross countries, Oct, 1993: Dec, 2014 
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(a) Jan, 1977: Dec, 1996 (b) Jan, 1997: Dec, 2014 

  
(c) Jan, 1967: Dec, 1986 (d) Jan, 1987: Dec, 2006 

Note: The mid line is the estimated coefficients. The upper and lower lines are the confidence intervals. 

 

Figure 9: Slope estimates at different levels of aggregation and 95% confidence 

intervals: benchmark models in U.S. market with different sample periods 
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Table 1: Summary statistics cross countries: full sample 

Country Obs. 

𝑅𝑡,𝑡+1𝑒  𝜎𝑡,𝑡+12  

Mean Var. Skew Kurtosis 

Auto
corre
lation Mean Var. Skew Kurtosis 

Auto
corre
lation 

United States 756 0.0070 0.0017 -0.59 5.12 0.068 0.0018 14.736×10-6 10.07 131.47 0.532 

Canada 420 0.0015 0.0022 -1.27 7.87 0.131 0.0020 17.588×10-6 7.90 83.26 0.570 

United 
Kingdom 

360 0.0002 0.0021 -1.32 9.10 0.056 0.0023 16.447×10-6 6.99 66.78 
0.490 

German 420 0.0039 0.0036 -0.90 5.93 0.061 0.0039 30.361×10-6 4.19 27.00 0.563 

France 330 0.0010 0.0033 -0.76 5.82 0.076 0.0041 30.976×10-6 4.87 37.48 0.569 

Netherlands 348 0.0013 0.0035 -1.49 9.04 0.124 0.0039 45.277×10-6 4.89 33.49 0.643 

Norway 348 0.0040 0.0042 -1.32 6.87 0.211 0.0038 49.334×10-6 6.64 58.68 0.558 

Sweden 420 0.0015 0.0021 -1.27 4.87 0.131 0.0020 17.588×10-6 7.90 80.26 0.570 

Japan 437 0.0005 0.0028 -0.44 4.71 0.124 0.0030 25.228×10-6 9.09 121.6 0.347 

Korea 276 0.0000 0.0066 0.11 5.41 0.136 0.0065 67.133×10-6 3.17 16.96 0.683 

Taiwan 396 0.0044 0.0098 -0.28 7.05 0.095 0.0062 64.306×10-6 3.56 19.51 0.765 

Australia 271 0.0012 0.0015 -0.69 3.53 0.017 0.0019 8.064×10-6 6.35 57.47 0.616 

Note: The full sample periods are different across countries and details are shown in Table A1. The data frequency is 
monthly. 
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Table 2: Summary statistics of the United States market with different sample period 

Sample period 1952-2006  1952-2014 

Variable 𝑅𝑡,𝑡+1𝑒   𝜎𝑡,𝑡+12  𝑅𝑡,𝑡+1𝑒  𝜎𝑡,𝑡+12  

Mean  0.0050    0.0014  0.0070     0.0018 

Variance  0.0017    8.240×10-6  0.0017   14.736×10-6 

Skewness -0.690   16.662 -0.590   10.07 

Kurtosis  5.891 359.314  5.120 131.47 

Autocorrelation  0.059     0.200  0.068     0.532 

Observations 660 756 
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Table 3: Risk return of the United States estimates with different horizons: 1952-2014 h =1 3 6 12 24 36 48 60 72 84 96 108 120 𝛼 
            

 0.009  0.020  0.030  0.064  0.125  0.168  0.201  0.200  0.184  0.097  -0.004  -0.192  -0.305 

(5.71)* (2.99)* (1.95) (1.66) (1.88) (1.96)* (1.77) (1.00) (0.54) (0.38) (-0.02) (-0.67) (-1.15) 𝛽 
            

 -0.942  0.214  1.141  0.944  0.795  0.931  1.237  1.808  2.304  3.211  4.092  5.363  6.049 

(-1.76) (0.21) (2.09)* (1.47) (1.09) (1.68) (1.55) (1.09) (0.73) (1.47) (1.92) (2.51)* (4.06)* 𝑅2 (%) 

0.77 0.07 2.78 2.67 2.95 5.71 7.18 9.46 12.75 25.76 39.50 55.85 61.03 

Note: The regressions are estimated by OLS with excess market returns as the dependent variable and past market 
variances as the independent variable. Both variables are aggregated at a level of h-period (from 1 to 120 months). HAC 
t-statistics are reported. * denotes significance at the 5% level.  
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Table 4: Risk-return univariate estimates cross countries with different horizons 

Country h=1 3 6 12 24 36 48 60 72 84 96 108 120 

United States  -0.94  0.21  1.14  0.94  0.80  0.93  1.24  1.81  2.30  3.21  4.09  5.36  6.05 

HAC t-stats (-1.76) (0.21) (2.09)* (1.47) (1.09) (1.68) (1.55) (1.09) (0.73) (1.47) (1.92) (2.51)* (4.06)* 𝑅2 (%) 0.77 0.07 2.78 2.67 2.95 5.71 7.18 9.46 12.75 25.76 39.5 55.85 61.03 

Canada -1.15 -0.11 0.51 0.59 -0.09 0.03 0.79 1.33 0.67 -0.23 -0.92 -0.54 0.18 

HAC t-stats (-2.05)* (-0.09) (0.32) (0.49) (-0.06) (0.03) (0.43) (0.45) (0.25) (-0.15) (-0.63) (-0.73) (0.23) 𝑅2 (%) 1.08 0.02 0.48 0.9 0.04 0.01 3.7 6.97 1.69 0.3 6.99 2.21 0.28 

United 
Kingdom 

-0.73 -0.32 0.39 1.01 0.9 1.22 1.48 1.92 2.03 2.95 3.12 3.73 6.81 

HAC t-stats (-1.19) (-0.43) (0.35) (0.78) (0.63) (0.88) (0.68) (0.48) (0.48) (3.11)* (3.02)* (1.32) (3.60)* 𝑅2 (%) 0.41 0.14 0.3 2.79 3.06 6.5 7.93 9.89 13.73 35.31 51.01 44.27 76.56 

German -0.43 -0.25 0.2 0.13 0.01 -0.06 -0.08 0.11 0.61 0.68 0.58 0.67 1.12 

HAC t-stats (-0.60) (-0.26) (0.19) (0.09) (0.01) (-0.03) (-0.04) (0.07) (0.58) (1.07) (0.74) (0.65) (1.26) 𝑅2 (%) 0.16 0.1 0.09 0.05 0 0.02 0.04 0.07 3.03 4.54 3.06 3.03 6.12 

France -0.27 -0.45 0.72 0.93 0.56 0.56 -0.09 -1.46 -2.48 -1.68 -1.32 -0.7 1.54 

HAC t-stats (-0.42) (-0.53) (0.77) (0.94) (0.24) (0.18) (-0.02) (-0.33) (-0.76) (-1.01) (-0.66) (-0.26) (1.06) 𝑅2 (%) 0.07 0.37 1.2 2.35 0.93 1 0.02 4.91 20.61 21.58 13.48 2.49 11.51 

Netherlands -0.21 0.1 0.56 0.74 -0.08 -0.57 -1.69 -2.15 -1.7 -0.69 -0.06 0.51 1.76 

HAC t-stats (-0.42) (0.11) (0.52) (0.76) (-0.04) (-0.19) (-0.40) (-0.55) (-0.54) (-0.65) (-0.08) (0.36) (1.59) 𝑅2 (%) 0.06 0.03 0.94 2.09 0.03 1.32 9.8 14.39 11.42 2.86 0.05 2.72 17.33 

Norway -1.7 0.16 0.71 1.29 0.37 0.05 0.9 2.74 2.4 0.49 -3.45 -2.08 0.43 

HAC t-stats (-2.85)* (0.29) (1.12) (1.22) (0.23) (0.04) (0.45) (1.80) (0.86) (0.19) (-1.18) (-1.92)* (0.19) 𝑅2 (%) 3.42 0.05 1.11 4.41 0.43 0.01 3.14 17.63 9.02 0.42 22.49 11.83 0.49 

Sweden 0.10 -0.40 -0.43 -0.19 -0.76 0.51 2.29 2.11 1.41 3.03 1.87 -4.19 11.92 

HAC t-stats (0.11) (-0.46) (-0.15) (-0.07) (-0.25) (0.19) (1.94) (1.64) (0.14) (4.52)* (1.59) (-2.63)* (10.34)* 𝑅2 (%) 0.01 0.26 0.38 0.08 1.60 0.96 28.67 30.34 23.31 60.40 15.25 18.25 59.09 

Japan -0.73 -0.53 -0.21 -0.7 -1.26 -0.95 -0.95 -0.27 0.43 1.38 2.5 3.35 3.38 

HAC t-stats (-2.21)* (-0.81) (-0.12) (-0.38) (-0.60) (-0.28) (-0.01) (-0.02) (0.07) (1.17) (2.35)* (2.79)* (1.85) 𝑅2 (%) 0.49 0.34 0.06 0.85 3.11 1.93 1.66 0.14 0.65 10.08 28.71 39.07 45.23 

Korea 0.3 0.16 0.43 1.67 0.59 0.62 0.81 0.93 0.87 1.24 1.17 -2.32 -0.78 

HAC t-stats (0.30) (0.11) (0.18) (0.70) (0.28) (0.57) (1.29) (2.71)* (3.12)* (4.66)* (1.27) (-0.57) (-0.22) 𝑅2 (%) 0.09 0.05 0.55 12.31 3.34 5.58 19.73 39.97 44.25 50.7 25.57 37.09 1.56 

Taiwan -1.25 0.14 0.19 -0.67 -1.27 -0.9 -0.06 0.37 0.34 -0.08 -0.61 -0.79 -1.13 

HAC t-stats (-1.01) (0.11) (0.16) (-0.96) (-0.87) (-0.52) (-0.11) (1.14) (0.82) (-0.13) (-1.69) (-1.53) (-6.05)* 𝑅2 (%) 1.01 0.03 0.08 1.65 8.23 4.87 0.05 4.25 4.48 0.25 21.58 32.85 67.89 

Australia -1.74 -1.57 -0.61 -0.17 -0.89 -0.24 0.73 3.03 8.77 13.43 6.26 1.72 0.42 

HAC t-stats (-1.84) (-0.94) (-0.12) (-0.03) (-0.34) (-0.10) (0.35) (1.32) (1.69) (3.64)* (2.82)* (0.68) (0.02) 𝑅2 (%) 1.68 2.74 0.53 0.06 2.7 0.28 2 17.9 49.36 71.36 34.74 7.28 0.13 

Note: The regressions are estimated by OLS with excess market returns as the dependent variable and the past market variances as the in dependent 
variable. Both variables are aggregated at a level of h-period (from 1 to 120 months). HAC t-statistics are reported. * denotes significance at the 5% 
level. 
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Table 5: Risk-return bivariate estimates cross countries with different horizons (RGB) 

Country h=1 3 6 12 24 36 48 60 72 84 96 108 120 

United States -0.95 0.26 1.24 1.14 1.06 1.18 1.48 1.90 2.08 2.51 3.00 3.40 3.61 

HAC t-stats (-1.79) (0.21) (2.23)* (1.63) (1.29) (1.66) (1.45) (0.93) (0.05) (2.48)* (4.23)* (7.22)* (5.27)* 𝑅2 (%) 0.89 0.17 3.39 4.25 6.27 12.94 20.72 27.43 42.49 59.56 71.15 74.24 68.80 

Canada -1.26 -0.21 0.36 0.48 -0.09 -0.07 0.63 0.93 0.09 -0.75 -1.13 -0.23 1.11 

HAC t-stats (-2.26)* (-0.18) (0.20) (0.36) (-0.06) (-0.06) (0.37) (0.34) (0.03) (-0.34) (-0.79) (-0.18) (0.96) 𝑅2 (%) 1.93 0.86 1.63 1.34 0.04 0.19 4.11 8.67 4.86 3.05 7.66 3.63 17.43 

United 
Kingdom 

-0.76 -0.36 0.39 1.01 1.00 1.71 2.32 3.46 4.36 5.30 3.99 3.49 7.42 

HAC t-stats (-1.28) (-0.51) (0.35) (0.88) (0.49) (1.01) (1.31) (1.68) (1.80) (8.92)* (2.36)* (0.96) (3.56)* 𝑅2 (%) 0.51 0.25 0.30 2.79 3.31 10.43 16.99 29.41 55.23 78.65 57.24 44.58 77.75 

German -0.51 -0.37 0.14 0.22 0.54 0.98 0.87 1.44 3.43 4.58 4.93 5.65 5.92 

HAC t-stats (-0.71) (-0.38) (0.13) (0.16) (0.33) (0.52) (0.55) (0.77) (2.61)* (1.64) (1.02) (2.28)* (3.18)* 𝑅2 (%) 0.36 0.51 0.19 0.24 3.67 9.74 7.97 12.04 39.39 64.22 55.65 53.75 45.84 

France -0.29 -0.46 0.76 0.98 0.88 1.68 1.68 1.64 1.78 2.52 3.63 6.06 8.17 

HAC t-stats (-0.46) (-0.58) (0.80) (0.89) (0.32) (0.81) (0.90) (0.96) (0.21) (3.29)* (0.79) (1.38) (6.73)* 𝑅2 (%) 0.23 0.44 1.37 2.47 2.65 14.75 22.96 45.42 68.25 81.64 63.64 53.45 52.24 

Netherlands -0.23 0.08 0.56 0.84 0.48 1.07 0.54 0.86 3.05 4.47 3.96 4.92 6.60 

HAC t-stats (-0.48) (0.09) (0.51) (0.89) (0.17) (0.48) (0.31) (0.59) (0.89) (0.70) (0.05) (2.15)* (3.72)* 𝑅2 (%) 0.21 0.21 0.94 3.12 9.07 27.69 40.57 47.86 63.70 73.15 67.54 62.46 60.96 

Norway -1.69 0.15 0.70 1.29 0.36 -0.04 1.00 2.94 2.28 1.43 -2.36 -2.66 1.28 

HAC t-stats (-3.11) (0.28) (1.13) (0.96) (0.23) (-0.02) (0.63) (1.67) (0.60) (0.04) (-0.13) (-1.53) (1.04) 𝑅2 (%) 4.02 1.14 2.35 5.64 0.56 0.71 4.72 22.14 8.44 2.69 26.59 12.77 1.34 

Sweden 0.10 -0.39 -0.40 -0.02 -0.16 1.30 2.05 1.93 1.22 3.02 3.57 0.03 15.43 

HAC t-stats (0.12) (-0.46) (-0.15) (-0.01) (-0.06) (0.78) (1.50) (1.60) (0.85) (3.13)* (0.18) (0.03) (5.53)* 𝑅2 (%) 0.01 0.26 0.50 1.59 11.13 14.61 33.10 49.76 38.99 60.40 45.70 53.96 62.21 

Japan -0.81 -0.63 -0.27 -0.70 -0.88 0.56 1.10 1.35 0.10 0.42 1.90 2.94 2.45 

HAC t-stats (-2.33)* (-0.91) (-0.15) (-0.33) (-0.25) (0.23) (0.05) (0.25) (0.05) (0.20) (0.97) (1.22) (1.32) 𝑅2 (%) 0.63 0.48 0.10 0.85 3.86 10.28 12.67 5.79 1.03 14.31 29.91 39.45 47.02 

Korea 0.62 0.55 0.69 2.03 1.08 1.01 1.09 1.10 0.82 1.09 1.43 4.86 5.48 

HAC t-stats (0.61) (0.43) (0.29) (0.79) (0.75) (1.11) (3.49)* (3.83)* (2.76)* (4.36)* (0.84) (1.21) (0.28) 𝑅2 (%) 1.53 3.10 2.29 17.28 30.75 37.73 42.73 49.35 44.97 57.68 57.29 73.42 9.86 

Taiwan -1.86 0.89 -0.55 1.15 1.92 3.13 3.10 2.41 -0.37 2.85 -2.46 2.25 
 

HAC t-stats (-1.52) (0.48) (-0.17) (0.60) (1.08) (4.30)* (3.84)* (1.15) (-0.32) (1.27) (-1.13) (2.40)* 
 𝑅2 (%) 2.14 2.91 2.52 4.35 27.74 55.74 54.96 24.86 22.18 30.73 29.93 69.21 
 

Australia -1.79 -1.63 -0.67 -0.24 -0.82 0.07 1.02 3.11 6.66 8.21 8.27 -0.30 16.60 

HAC t-stats (-1.93) (-0.92) (-0.15) (-0.06) (-0.28) (0.02) (0.40) (1.32) (2.37)* (2.60)* (2.34)* (-0.04) (2.06)* 𝑅2 (%) 1.88 3.17 0.78 0.50 2.97 5.44 9.08 21.47 65.95 78.88 35.70 7.64 50.01 

Note: The regressions are estimated by OLS with excess market returns as the dependent variable and the past market variances and RGB as the 
independent variables. Both variables are aggregated at a level of h-period (from 1 to 120 months). HAC t-statistics are reported. * denotes 
significance at the 5% level. 

  



46 

 

Table 6: Risk-return bivariate estimates cross countries with different horizons (RTB) 

Country h=1 3 6 12 24 36 48 60 72 84 96 108 120 

United States -0.99 0.22 1.18 1.08 0.98 1.13 1.50 2.04 2.45 3.00 3.54 3.86 3.81 

HAC t-stats (-1.90) (0.17) (2.12)* (1.48) (1.13) (1.40) (1.49) (1.05) (0.18) (2.40)* (4.38)* (7.71)* (5.59)* 𝑅2 (%) 1.16 0.50 3.49 3.91 4.60 8.30 15.57 23.26 37.90 55.15 68.64 76.17 73.71 

Canada -1.27 -0.25 0.26 0.34 -0.29 -0.23 0.69 1.21 0.51 -0.43 -1.01 -0.18 1.15 

HAC t-stats (-2.30)* (-0.21) (0.15) (0.24) (-0.20) (-0.20) (0.42) (0.52) (0.21) (-0.23) (-0.77) (-0.13) (0.99) 𝑅2 (%) 2.45 1.79 4.15 3.58 1.83 1.80 3.96 7.20 1.98 0.81 7.15 4.31 18.62 

United 
Kingdom 

-0.78 -0.41 0.28 0.81 0.61 1.22 1.87 2.74 3.30 4.23 3.69 3.64 7.29 

HAC t-stats (-1.31) (-0.57) (0.25) (0.65) (0.33) (0.59) (0.84) (1.15) (0.97) (7.91)* (2.80)* (1.07) (3.65)* 𝑅2 (%) 0.67 0.78 1.18 4.41 5.46 6.50 12.53 32.42 64.93 79.45 58.18 44.35 77.42 

German -0.62 -0.44 -0.74 -0.86 -0.56 -0.13 0.95 2.83 6.27 7.28 5.70 -1.51 -5.52 

HAC t-stats (-0.60) (-0.41) (-0.48) (-0.33) (-0.26) (-0.01) (0.01) (0.19) (11.36)* (7.23)* (2.29)* (-0.54) (-1.98)* 𝑅2 (%) 0.58 1.07 1.96 2.03 1.25 11.07 29.30 64.58 85.71 77.56 46.90 59.08 48.55 

France -0.31 -0.50 0.67 0.80 0.53 1.44 1.82 2.03 1.85 2.33 3.90 6.78 8.97 

HAC t-stats (-0.49) (-0.65) (0.72) (0.74) (0.17) (0.49) (1.03) (1.33) (1.19) (4.53)* (1.33) (1.39) (6.15)* 𝑅2 (%) 0.38 1.04 1.54 3.05 0.94 9.42 28.52 58.28 76.02 83.32 70.84 51.93 43.65 

Netherlands -0.69 1.55 2.22 3.50 -16.32 
        

HAC t-stats (-2.31)* (2.39)* (1.02) (3.74)* (-5.21)* 
        𝑅2 (%) 4.33 9.78 29.07 79.71 91.99 
        

Norway -1.66 0.21 0.76 1.31 0.36 0.06 1.12 2.60 1.36 0.42 -2.39 -3.24 -0.86 

HAC t-stats (-3.08)* (0.39) (1.24) (0.98) (0.23) (0.03) (0.85) (1.48) (0.08) (0.01) (-0.24) (-0.76) (-0.42) 𝑅2 (%) 4.22 1.34 2.57 5.56 0.46 0.03 12.39 30.47 12.80 0.43 24.36 13.90 1.83 

Sweden 0.11 -0.38 -0.44 -0.11 -0.39 1.11 2.18 2.06 1.41 3.20 4.04 -0.81 15.15 

HAC t-stats (0.12) (-0.47) (-0.18) (-0.04) (-0.14) (0.08) (1.73) (1.64) (2.59)* (2.53)* (1.08) (-0.63) (4.60)* 𝑅2 (%) 0.73 1.78 0.77 1.63 10.96 16.63 31.21 45.05 39.38 63.22 51.48 45.01 57.48 

Japan -0.94 0.64 0.03 -0.67 -3.69 -6.99 -4.31 2.23 4.34 5.29 8.03 10.97 
 

HAC t-stats (-1.08) (0.51) (0.02) (-0.16) (-0.88) (-0.78) (-0.85) (0.65) (1.90) (4.14)* (8.00)* (6.06)* 
 𝑅2 (%) 0.39 0.24 0.03 0.67 16.03 53.59 31.81 12.17 54.63 74.36 88.38 87.96 
 

Korea 1.10 1.18 1.39 2.77 -0.48 0.33 2.43 1.46 0.41 1.53 -0.13 10.63 
 

HAC t-stats (1.00) (1.00) (0.71) (0.96) (-0.39) (0.39) (6.88)* (2.88)* (0.61) (7.86)* (-0.45) (3.30)* 
 𝑅2 (%) 3.49 8.24 8.11 22.99 2.33 2.98 66.30 63.44 62.13 90.29 88.64 91.85 
 

Taiwan -2.04 -2.55 -2.72 -2.82 3.28 10.82 4.05 
      

HAC t-stats (-0.77) (-1.28) (-1.58) (-1.63) (0.61) (10.75)* (1.03) 
      𝑅2 (%) 2.28 6.51 9.65 22.98 16.55 93.62 2.62 
      

Australia 2.21 3.70 -1.54 0.77 -7.37 3.05 2.17 8.64 -6.27 
    

HAC t-stats (1.28) (1.32) (-0.45) (0.08) (-1.61) (0.66) (0.52) (1.53) (-0.48) 
    𝑅2 (%) 1.01 3.97 0.74 0.98 30.95 7.49 3.10 28.96 63.11 
    

Note: The regressions are estimated by OLS with excess market returns as the dependent variable and the past market variances and RTB as the 
independent variables. Both variables are aggregated at a level of h-period (from 1 to 120 months). HAC t-statistics are reported. * denotes 
significance at the 5% level. 
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Table 7: Risk-return bivariate estimates cross countries with different horizons (INF) 

Country h=1 3 6 12 24 36 48 60 72 84 96 108 120 

United States -1.02 0.20 1.21 1.06 0.77 0.81 1.10 1.82 2.72 4.08 5.50 7.03 8.08 

HAC t-stats (-1.99)* (0.16) (2.23) (1.42) (0.62) (0.59) (0.69) (0.78) (0.89) (1.89) (1.99)* (3.01)* (6.01)* 𝑅2 (%) 0.97 0.27 3.35 3.92 5.09 7.37 10.18 12.69 18.03 30.96 46.37 62.77 73.76 

Canada -1.22 -0.19 0.35 0.37 -0.18 -0.21 0.67 1.08 0.28 -0.61 -1.15 -0.29 1.24 

HAC t-stats (-2.27)* (-0.16) (0.20) (0.28) (-0.10) (-0.14) (0.39) (0.37) (0.10) (-0.24) (-0.80) (-0.22) (0.98) 𝑅2 (%) 1.36 0.34 1.42 2.13 0.25 0.82 3.88 7.51 2.83 1.40 7.58 2.87 15.97 
United 
Kingdom -0.23 -0.63 0.49 0.80 1.22 3.02 3.76 4.37 3.82 3.68 6.17 10.65 8.04 

HAC t-stats (-0.31) (-0.92) (0.35) (0.51) (0.56) (0.99) (2.28)* (2.06)* (1.01) (4.00)* (1.86) (1.91) (4.84)* 𝑅2 (%) 0.12 0.81 1.09 3.81 4.56 21.51 27.37 28.14 28.90 62.30 70.35 69.26 82.07 

German -0.04 -0.48 0.32 0.42 0.37 0.62 0.34 0.75 1.38 2.04 3.14 2.13 4.28 

HAC t-stats (-0.05) (-0.40) (0.25) (0.29) (0.25) (0.22) (0.15) (0.44) (2.78)* (5.84)* (0.32) (0.54) (3.96)* 𝑅2 (%) 0.03 0.41 0.26 0.57 0.60 2.71 0.79 8.56 64.28 75.82 60.71 84.84 89.83 

France -0.25 -0.40 0.86 1.10 0.81 1.55 1.15 0.40 0.38 1.48 2.57 5.99 8.50 

HAC t-stats (-0.41) (-0.52) (0.90) (0.88) (0.28) (0.61) (0.40) (0.22) (0.43) (0.15) (0.22) (1.22) (6.07)* 𝑅2 (%) 0.09 0.76 3.00 3.24 1.73 8.93 12.80 30.36 56.40 72.81 47.61 44.58 53.73 

Netherlands -0.20 0.12 0.60 0.85 0.20 0.18 -0.56 -0.42 1.58 3.25 3.00 4.15 6.42 

HAC t-stats (-0.40) (0.14) (0.54) (0.87) (0.09) (0.06) (-0.15) (-0.20) (0.50) (2.21)* (0.81) (1.76) (4.18)* 𝑅2 (%) 0.10 0.14 1.31 3.68 3.30 8.14 20.91 31.82 49.52 67.23 56.05 54.46 72.32 

Norway -1.72 0.15 0.69 1.25 0.29 -0.44 0.93 2.88 2.21 0.35 -3.19 -2.42 2.82 

HAC t-stats (-3.06)* (0.29) (1.13) (0.96) (0.16) (-0.13) (0.35) (1.55) (0.76) (0.00) (-0.32) (-0.08) (1.49) 𝑅2 (%) 3.52 0.09 1.23 4.59 0.64 3.92 3.16 19.86 10.03 0.60 23.13 12.35 9.33 

Sweden 0.10 -0.39 -0.42 -0.16 -0.81 0.39 2.23 2.52 1.67 3.03 2.91 0.73 14.79 

HAC t-stats (0.12) (-0.44) (-0.14) (-0.05) (-0.23) (0.12) (1.34) (2.29)* (3.16)* (4.08)* (0.24) (0.69) (4.31)* 𝑅2 (%) 0.16 0.52 0.75 0.28 1.81 1.69 41.67 53.80 38.19 60.42 38.78 54.65 60.36 

Japan -0.62 -0.31 0.16 -0.21 -0.51 0.60 1.22 1.53 -0.64 -0.87 0.32 1.77 2.42 

HAC t-stats (-1.86) (-0.43) (0.10) (-0.11) (-0.21) (0.20) (0.09) (0.24) (-0.06) (-0.27) (0.12) (0.50) (1.10) 𝑅2 (%) 0.69 0.85 1.08 2.41 5.62 10.40 11.81 4.75 2.78 22.20 36.62 41.54 45.94 

Korea 0.39 0.25 0.55 1.90 0.82 0.79 0.97 1.06 0.82 1.12 1.53 5.90 6.33 

HAC t-stats (0.39) (0.17) (0.21) (0.84) (0.48) (0.80) (2.24)* (3.71)* (2.55)* (4.62)* (0.39) (3.08)* (0.53) 𝑅2 (%) 0.33 0.41 1.51 17.65 19.71 25.02 35.21 48.24 45.27 57.24 57.24 75.71 13.12 

Taiwan -1.52 -0.11 -0.10 -1.07 -1.89 -1.55 -0.24 0.68 0.87 0.46 -0.46 -0.55 -1.26 

HAC t-stats (-1.21) (-0.09) (-0.08) (-1.47) (-1.39) (-0.93) (-0.34) (1.53) (2.20)* (0.67) (-0.85) (-0.46) (-3.26)* 𝑅2 (%) 1.91 1.32 2.53 7.91 23.69 21.93 1.98 12.54 24.99 15.30 22.47 33.70 68.24 

Australia -2.61 -2.05 -0.68 -0.36 -0.32 1.58 3.61 4.19 
     HAC t-stats (-3.06)* (-1.13) (-0.23) (-0.07) (-0.10) (0.38) (4.21)* (0.04) 
     𝑅2 (%) 6.07 6.45 0.82 1.09 0.50 68.30 81.35 77.45           

Note: The regressions are estimated by OLS with excess market returns as the dependent variable and the past market variances and INF as the 
independent variables. Both variables are aggregated at a level of h-period (from 1 to 120 months). HAC t-statistics are reported. * denotes 
significance at the 5% level. 
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Table 8: Risk-return bivariate estimates cross countries with different horizons (IPG) 

Country h=1 3 6 12 24 36 48 60 72 84 96 108 120 

United States -0.97 0.28 1.32 1.22 1.04 1.16 1.52 2.34 3.24 4.59 5.91 7.19 7.90 

HAC t-stats (-1.85) (0.22) (2.58)* (1.59) (0.88) (1.02) (1.07) (1.02) (1.09) (2.15)* (2.23)* (3.29)* (5.72)* 𝑅2 (%) 0.82 0.12 3.58 4.23 4.70 7.15 9.35 12.49 18.59 33.16 48.39 63.04 70.39 

Canada -1.60 -0.47 0.38 0.38 0.12 0.70 2.05 3.50 2.56 4.52 -6.38 -1.87  

HAC t-stats (-2.85)* (-0.44) (0.20) (0.27) (0.07) (0.41) (0.10) (1.75) (1.49) (1.11) (-0.67) (-0.32)  𝑅2 (%) 3.10 2.45 4.19 5.66 0.50 7.13 33.59 57.38 71.07 56.76 82.67 14.67  

United 
Kingdom 

-0.75 -0.27 0.46 1.03 0.90 1.23 1.90 3.17 3.92 4.77 3.75 3.32 7.22 

HAC t-stats (-1.23) (-0.39) (0.42) (0.81) (0.59) (1.02) (1.09) (1.64) (1.99)* (8.27)* (2.71)* (1.02) (3.44)* 𝑅2 (%) 0.48 1.00 5.30 7.61 5.48 10.56 21.42 36.87 59.97 82.67 57.53 45.94 77.51 

German -0.47 -0.13 0.38 0.40 0.41 0.30 -0.17 -0.09 1.12 2.54 3.29 3.99 4.41 

HAC t-stats (-0.64) (-0.13) (0.36) (0.30) (0.32) (0.12) (-0.07) (-0.05) (0.37) (2.34)* (2.06)* (2.24)* (3.75)* 𝑅2 (%) 0.19 0.74 1.48 2.51 3.32 1.84 0.16 0.55 5.15 31.82 52.71 65.15 64.58 

France -0.33 -0.41 0.82 1.11 0.88 1.36 2.21 2.34 1.84 2.77 3.41 5.18 8.12 

HAC t-stats (-0.52) (-0.52) (0.96) (0.89) (0.37) (0.58) (1.20) (1.06) (0.01) (1.04) (0.33) (1.50) (2.99)* 𝑅2 (%) 0.95 2.02 12.27 9.81 10.18 24.33 32.18 38.29 48.13 68.26 40.35 21.51 38.70 

Netherlands -0.25 0.12 0.65 0.89 0.23 0.22 -0.52 -0.37 1.72 3.36 2.93 3.92 6.20 

HAC t-stats (-0.50) (0.12) (0.59) (0.94) (0.12) (0.08) (-0.15) (-0.19) (0.51) (2.07)* (0.09) (1.76)* (4.11)* 𝑅2 (%) 0.35 0.08 3.83 6.11 5.49 10.01 21.37 30.99 49.16 69.84 56.82 51.74 72.78 

Norway -1.73 0.15 0.71 1.31 0.40 0.16 0.95 2.82 3.22 1.86 -2.38 -2.42 2.39 

HAC t-stats (-3.17)* (0.26) (1.11) (1.13) (0.26) (0.14) (0.49) (1.91)* (0.58) (0.22) (-0.17) (-0.67) (1.53) 𝑅2 (%) 4.12 0.89 1.11 4.64 0.57 3.46 3.59 17.93 12.13 6.97 26.89 12.16 5.77 

Sweden 0.20 -0.23 -0.33 0.26 1.17 3.68 3.20 3.19 6.61 0.19 1.52   

HAC t-stats (0.22) (-0.28) (-0.11) (0.10) (0.44) (1.97)* (2.36)* (3.10)* (2.59)* (0.06) (1.93)*   𝑅2 (%) 0.41 4.42 9.97 4.32 5.40 44.95 52.96 37.71 37.49 64.56 63.46   

Japan -0.55 -0.02 0.53 0.36 0.47 1.91 3.74 4.68 -0.12 -1.45 -1.53 -1.45 -0.19 

HAC t-stats (-1.66) (-0.02) (0.45) (0.20) (0.21) (0.95) (1.35) (1.53) (-0.02) (-0.47) (-0.37) (-0.29) (-0.06) 𝑅2 (%) 1.20 3.98 6.38 11.63 19.47 32.66 33.44 18.43 0.92 18.29 39.30 48.56 49.46 

Korea 0.40 0.22 0.52 2.02 0.96 0.91 1.06 1.12 0.81 1.08 1.41 5.09 7.25 

HAC t-stats (0.39) (0.15) (0.19) (0.91) (0.56) (0.95) (2.76)* (4.03)* (2.69)* (4.02)* (0.17) (3.15)* (0.85) 𝑅2 (%) 0.23 0.13 0.80 17.34 17.94 22.95 35.31 48.66 44.97 56.97 56.99 76.22 16.87 

Taiwan -1.48 -0.08 -0.05 -0.99 -1.75 -1.41 -0.18 0.71 0.88 0.45 -0.35 -0.44 -1.18 

HAC t-stats (-1.18) (-0.06) (-0.04) (-1.28) (-1.15) (-0.70) (-0.26) (1.73) (3.03) (0.72) (-0.73) (-0.32) (-2.95)* 𝑅2 (%) 1.62 0.90 1.67 5.51 18.15 17.88 1.01 16.13 30.86 19.56 25.03 34.97 67.93 

Australia 3.04 3.42 -2.26 -2.66 -6.16 -13.93 -16.90 -9.13 3.85 0.58    

HAC t-stats (1.77) (1.81) (-0.70) (-0.72) (-1.60) (-5.81)* (-7.74)* (-0.61) (0.94) (0.09)    𝑅2 (%) 1.37 2.27 1.56 13.26 25.77 72.95 73.77 82.71 81.25 60.32    

Note: The regressions are estimated by OLS with excess market returns as the dependent variable and the past market variances and IPG as the 
independent variables. Both variables are aggregated at a level of h-period (from 1 to 120 months). HAC t-statistics are reported. * denotes 
significance at the 5% level. 
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Table 9: Risk-return bivariate estimates cross countries with different horizons (RGB), bias adjusted 

Country h=1 3 6 12 24 36 48 60 72 84 96 108 120 

United States -0.95 0.26 1.24 1.14 1.06 1.18 1.48 1.90 2.08 2.51 3.00 3.40 3.61 

HAC t-stats (-1.79) (0.21) (2.23)* (1.63) (1.29) (1.66) (1.45) (0.93) (0.05) (2.48)* (4.23)* (7.22)* (5.27)* 𝑅2 (%) 0.89 0.17 3.39 4.25 6.27 12.94 20.72 27.43 42.49 59.56 71.15 74.24 68.80 

Canada -1.26 -0.21 0.36 0.48 -0.09 -0.07 0.63 0.93 0.09 -0.75 -1.13 -0.23 1.11 

HAC t-stats (-2.26)* (-0.18) (0.20) (0.36) (-0.06) (-0.06) (0.37) (0.34) (0.03) (-0.34) (-0.79) (-0.18) (0.96) 𝑅2 (%) 1.93 0.86 1.63 1.34 0.04 0.19 4.11 8.67 4.86 3.05 7.66 3.63 17.43 

United 
Kingdom 

-0.76 -0.36 0.39 1.01 1.00 1.71 2.32 3.46 4.36 5.30 3.99 3.49 7.42 

HAC t-stats (-1.28) (-0.51) (0.35) (0.88) (0.49) (1.01) (1.31) (1.68) (1.80) (8.92)* (2.36)* (0.96) (3.56)* 𝑅2 (%) 0.51 0.25 0.30 2.79 3.31 10.43 16.99 29.41 55.23 78.65 57.24 44.58 77.75 

German -0.51 -0.37 0.14 0.22 0.54 0.98 0.87 1.44 3.43 4.58 4.93 5.65 5.92 

HAC t-stats (-0.71) (-0.38) (0.13) (0.16) (0.33) (0.52) (0.55) (0.77) (2.61) (1.64)* (1.02)* (2.28)* (3.18)* 𝑅2 (%) 0.36 0.51 0.19 0.24 3.67 9.74 7.97 12.04 39.39 64.22 55.65 53.75 45.84 

France -0.29 -0.46 0.76 0.98 0.88 1.68 1.68 1.64 1.78 2.52 3.63 6.06 8.17 

HAC t-stats (-0.46) (-0.58) (0.80) (0.89) (0.32) (0.81) (0.90) (0.96) (0.21) (3.29) (0.79) (1.38) (6.73) 𝑅2 (%) 0.23 0.44 1.37 2.47 2.65 14.75 22.96 45.42 68.25 81.64 63.64 53.45 52.24 

Netherlands -0.23 0.08 0.56 0.84 0.48 1.07 0.54 0.86 3.05 4.47 3.96 4.92 6.60 

HAC t-stats (-0.48) (0.09) (0.51) (0.89) (0.17) (0.48) (0.31) (0.59) (0.89) (0.70)* (0.05) (2.15) (3.72)* 𝑅2 (%) 0.21 0.21 0.94 3.12 9.07 27.69 40.57 47.86 63.70 73.15 67.54 62.46 60.96 

Norway -1.69 0.15 0.70 1.29 0.36 -0.04 1.00 2.94 2.28 1.43 -2.36 -2.66 1.28 

HAC t-stats (-3.11)* (0.28) (1.13) (0.96) (0.23) (-0.02) (0.63) (1.67) (0.60) (0.04) (-0.13) (-1.53) (1.04) 𝑅2 (%) 4.02 1.14 2.35 5.64 0.56 0.71 4.72 22.14 8.44 2.69 26.59 12.77 1.34 

Sweden 0.10 -0.39 -0.40 -0.02 -0.16 1.30 2.05 1.93 1.22 3.02 3.57 0.03 15.43 

HAC t-stats (0.12) (-0.46) (-0.15) (-0.01) (-0.06) (0.78) (1.50) (1.60)* (0.85)* (3.13)* (0.18) (0.03) (5.53)* 𝑅2 (%) 0.01 0.26 0.50 1.59 11.13 14.61 33.10 49.76 38.99 60.40 45.70 53.96 62.21 

Japan -0.81 -0.63 -0.27 -0.70 -0.88 0.56 1.10 1.35 0.10 0.42 1.90 2.94 2.45 

HAC t-stats (-2.33)* (-0.91) (-0.15) (-0.33) (-0.25) (0.23) (0.05) (0.25) (0.05) (0.20) (0.97) (1.22) (1.32)* 𝑅2 (%) 0.63 0.48 0.10 0.85 3.86 10.28 12.67 5.79 1.03 14.31 29.91 39.45 47.02 

Korea 0.62 0.55 0.69 2.03 1.08 1.01 1.09 1.10 0.82 1.09 1.43 4.86 5.48 

HAC t-stats (0.61) (0.43) (0.29) (0.79) (0.75) (1.11) (3.49) (3.83)* (2.76)* (4.36)* (0.84) (1.21)* (0.28) 𝑅2 (%) 1.53 3.10 2.29 17.28 30.75 37.73 42.73 49.35 44.97 57.68 57.29 73.42 9.86 

Taiwan -1.86 0.89 -0.55 1.15 1.92 3.13 3.10 2.41 -0.37 2.85 -2.46 2.25 
 

HAC t-stats (-1.52) (0.48) (-0.17) (0.60) (1.08) (4.30)* (3.84)* (1.15) (-0.32) (1.27) (-1.13) (2.40) 
 𝑅2 (%) 2.14 2.91 2.52 4.35 27.74 55.74 54.96 24.86 22.18 30.73 29.93 69.21 
 

Australia -1.79 -1.63 -0.67 -0.24 -0.82 0.07 1.02 3.11 6.66 8.21 8.27 -0.30 16.60 

HAC t-stats (-1.93) (-0.92) (-0.15) (-0.06) (-0.28) (0.02) (0.40) (1.32) (2.37)* (2.60)* (2.34)* (-0.04) (2.06)* 𝑅2 (%) 1.88 3.17 0.78 0.50 2.97 5.44 9.08 21.47 65.95 78.88 35.70 7.64 50.01 

Note: The regressions are estimated by OLS with excess market returns as the dependent variable and the past market variances and RGB as the 
independent variables. Both variables are aggregated at a level of h-period (from 1 to 120 months). HAC t-statistics are reported. * denotes 
significance at the 5% level. 
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Table 10: MSE-F test for out-of-sample forecast 

Country Macro h=1 3 6 12 24 36 48 60 72 84 96 108 120 

United 
States 

RTB 1.78 6.37* 9.17* 12.34* 2.80 -0.02 -0.35 0.10 2.79 3.61* 11.80* 24.18* 35.98* 

RGB -0.10 1.34 2.26 3.01 -0.44 1.21 3.44* 3.18 9.25* 11.47* 22.90* 41.31* 58.34* 

INF 7.65* 15.52* 25.76* 33.14* 32.38* 44.43* 61.13* 59.98* 32.69* 20.23* 3.01 -0.47 -0.32 

IPG 0.25 -0.21 -0.50 3.18 4.72* 15.75* 25.86* 27.32* 5.31* 2.07 1.33 25.38* 32.98* 
               
Canada RTB 2.39 4.46* 11.51* 14.85* 6.89* 27.72* 48.85* 47.24* 45.06* 37.30* 3.50* 0.92 -0.27 

RGB 1.75 2.18 7.33* 7.43* 1.12 9.74* 17.89* 20.39* 17.69* 12.81* -0.23 3.51* -0.03 

INF 0.18 -0.50 -0.42 -0.44 4.53* 10.49* 33.21* 24.51* 28.38* 25.81* 21.24* 0.59 7.40* 

IPG 0.25 -0.32 2.19 30.76 29.54 7.72 0.26 2.43 26.20 9.55 0.48 -0.04 
                

United 
Kingdom 

RTB -0.43 -0.48 -0.47 -0.29 0.68 -0.51 1.00 15.03* 96.50* 109.05* 23.99* 7.67* 6.75* 

RGB -0.47 -0.50 -0.44 -0.29 -0.48 1.01 7.97* 23.78* 93.65* 164.73* 39.32* 10.05* 4.47* 

INF -0.34 0.19 0.43 3.35* -0.24 30.84* 68.28* 47.31* 85.34* 5.19* 91.66* 0.47 20.91* 

IPG 0.43 0.84 0.19 6.04* 12.62* 20.77* 44.78* 72.26* 105.06* 112.53* 55.52* 32.79* 37.07* 

               

France RTB 0.04 0.68 0.80 3.70* 11.83* 10.59* 4.86* 5.60* 112.32* 89.34* -0.40 1.98 -0.17 

 
RGB 0.39 0.30 -0.27 1.86 8.64* 8.00* 0.93 16.04* 150.84* 192.88* 22.38* 3.87* -0.29 

 
INF -0.12 -0.45 -0.49 6.53* 41.13* 69.31* 171.64* 125.68* 67.44* 79.28* 51.04* 8.08* 10.76* 

 
IPG 0.10 -0.49 -0.46 10.64* 18.36* 27.80* 44.70* 97.37* 57.25* 25.25* 38.17* 63.19* 45.50* 

               

Korea RTB 5.17* 11.90* 21.61* 30.22* -0.45 8.74* 156.28* 11.87* 18.24* 1.47 38.55* 11.62* 
 

 
RGB 2.26 4.65* 9.13* 15.61* 55.08* 72.98* 37.93* 3.00 -0.09 0.13 1.15 1.82 2.24 

 
INF -0.29 0.23 10.88* 26.06* 139.87* 101.73* 45.31* 13.37* 21.39* 5.13* -0.36 -0.53 0.45 

 
IPG -0.01 11.70* 32.01* 48.24* 33.16* 26.26* 1.70 6.76* 12.81* 18.30* 4.26* 3.54* -0.50 

Note: The null hypothesis is that the MSE of the unrestricted model equal to the restricted model. The alternative hypothesis is that the 
MSE of the unrestricted model is less than the restricted model. * denotes significance at the 5% level. 
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Table 11: 𝐑𝟐 value of Risk-return benchmark estimates across countries with different horizons 

Country h=1 3 6 12 24 36 48 60 72 84 96 108 120 

United States 1.46 0.39 4.69 4.39 9.28 33.34 57.05 46.74 0.11 5.07 24.19 5.08 1.56 

Canada 2.72 0.5 0.24 0.22 0.05 0.79 31.05 53.64 47.80 30.10 0.67 44.38 5.46 

United Kingdom 0.08 0.56 0.63 2.27 7.56 30.60 56.92 49.98 21.52 60.65 54.83 1.11 50.39 

German 0.00 0.44 0.26 0.5 0.85 9.68 28.63 21.65 31.87 63.95 39.19 0.82 1.03 

France 0.03 0.75 0.22 0.95 0.60 7.71 39.50 24.25 2.70 27.37 10.18 0.54 51.26 

Netherlands 0.00 0.36 0.03 0.45 1.41 13.20 27.49 14.80 3.41 47.39 44.80 25.45 44.95 

Norway 1.84 0.00 1.66 1.05 0.05 0.90 5.59 7.35 0.17 2.79 35.82 83.07 1.77 

Sweden 0.01 0.26 0.38 0.08 1.60 0.96 28.67 30.34 23.31 60.40 15.25 18.25 59.09 

Japan 0.21 0.68 0.00 0.21 0.03 11.78 45.29 49.81 7.47 1.74 8.46 0.49 31.86 

Korea 0.11 0.07 0.79 13.00 1.49 0.12 7.86 34.67 55.52 57.40 35.45 47.39 0.00 

Taiwan 1.94 0.00 0.75 0.12 1.2 9.10 15.45 12.53 12.82 19.20 13.61 1.65 12.22 

Australia 1.74 2.57 0.42 0.12 2.52 0.13 3.00 18.03 48.08 68.92 65.98 14.11 58.7 

Note: The regressions are estimated by OLS with excess market returns as the dependent variable and the past market variances as 
the independent variable. Both variables are aggregated at a level of h-horizon (from 1 to 120 months). HAC t-statistics are reported. 
* denotes significance at the 5% level. 
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APPENDIX 

 

A.1 Data description 

 

The market return used in this paper are daily data and are downloaded from 

DATASTREAM. Table A1 shows the sample period, the index name of the domestic 

market return, and the selection of risk free rate. 

The macro-economic state variables include: relative long-term government bond yield 

(RGB), relative 3-month Treasury bill rate (RTB), the inflation rate (INF), and industrial 

production growth (IPG). The inflation rate is calculated by consumer price index (CPI) and 

industrial production growth is calculated by industrial production index (IPI). The selection 

and definition of the macro indices is mainly based on the research of Rapach, Wohar, and 

Rangvid (2005).The data frequency is monthly. The data source of most variables is IMF - 

International Financial Statistics except the following variables. RTB of Korea comes from the 

Bank of Korea. IPI of Korea comes from KOSTAT-Statistics Korea. RGB and RTB of 

Taiwan come from Central Bank of the Republic of China (Taiwan). CPI of Taiwan comes 

from Directorate-General of Budget, Accounting and Statistics. IPI of Taiwan comes from 

Ministry of Economic Affairs, Taiwan. CPI of Australia comes from Melbourne Institute. All 

the data are downloaded from DATASTREAM navigator. More details of the selection and 

definition cross different countries are presented in Table A1 of the Appendix. The summary 

statistics of those macro-economic state variables is reported in Table A2 of the Appendix. 

 

A.2 Persistent tests 

 

As the persistent property of the regressor is the most important source for the excess return 

predictability, the auto regressions of σ𝑡,𝑡+ℎ2  cross countries and the unit root tests (ADF test 

and Ljung-Box test) are used to check if there exists high persistence or even integration. 

The auto regression follows the equation: σ𝑡,𝑡+ℎ2 = 𝜑σ𝑡−1,𝑡−1+ℎ2 + 𝜈𝑡,𝑡+ℎ 
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The Augmented Dickey-Fuller (ADF) test is used to test the unit root in a time series. 

The null hypothesis here is that the time series is stationary and the alternative hypothesis is 

that the time series is explosive or has a unit root. The DF statistics is given by DF =𝜌̂ 𝑆𝐸(⁄ 𝜌̂), following t distribution.  

The Ljung-Box Test, also called by Q test, is proposed by Ljung and Box (1978). It is 

used to test whether the autocorrelation of a time series is equal to zero. The null hypothesis 

is that the data are independently distributed and the alternative hypothesis is that the data 

are not independently distributed. The Q statistics is given by Q = n(n +2) ∑ 𝜌̂𝑘2 (𝑛 − 𝑘)⁄𝐾𝑘=1 , following χ2(𝐾) distribution.  

Table A3 shows the results of those tests for the persistence of σ𝑡,𝑡+ℎ2  cross countries. 

The σ𝑡,𝑡+ℎ2  with a coefficient of AR(1) around 0.5 to 0.7 is not that persistent compared with 

other financial ratios. The ADF test and Ljung-Box test also shows the same results that the 

past market variances in all countries do not have a unit root or autocorrelation.  

The less persistent can be a reason for the diminished predictability for the excess market 

return in the long term. However, as we can see, the predictability actually has less relationship 

with the persistence of regressor. In Section 3.2.2, I have found that the United States, United 

Kingdom, and Japan have strong predictability while here the persistence of those three 

countries is not as much as Norway, Canada, Korea, and other less predictable markets. 

What’s more, United Kingdom and Japan has the smallest two values of the auto regression 

coefficients. As a result, the persistent regressor cannot explain the predictability of the past 

market variance cross countries.
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Table A1: Data description 

Country 
Sample 
period 

Stock market 
index 

Risk-
free rate 

RGB RTB CPI IPI 

United States 
02/01/1952: 
31/12/2014 

AMEX/NYSE 
Treasury Bill 1 
Month 

IMF-IFS (10 years) Government 
Bond Yield - Long Term  

IMF-IFS (13 weeks) 
Treasury Bill Rate 

Consumer Prices, All 
Items, Index  

Industrial Production, Index 

Canada 
01/01/1980: 
31/12/2014 

S&P/TSX 
COMPOSITE 

Treasury Bill 3 
Months 

IMF-IFS (10 years) Government 
Bond Yield - Long Term 

IMF-IFS (13 weeks) 
Treasury Bill Rate 

Consumer Prices, All 
Items, Index 

Industrial Production, Index 

United 
Kingdom 

07/01/1985: 
31/12/2014 

FTSE ALL 
SHARE 

Treasury Bill 1 
Month 

IMF-IFS (10 years) Government 
Bond Yield - Long Term  

IMF-IFS (13 weeks) 
Treasury Bill Rate 

Consumer Prices, All 
Items, Index 

Industrial Production, Index 

German 
01/01/1980: 
31/12/2014 

DAX 30 
PERFORMA
NCE 

Interbank 3 
Months 

IMF-IFS (10 years) Government 
Bond Yield - Long Term 

IMF-IFS (13 weeks) 
Treasury Bill Rate 

Consumer Prices, All 
Items, Index 

Industrial Production, Index 

France 
13/07/1983: 
31/12/2014 

FRANCE 
CAC 40 

Interbank 3 
Months 

IMF-IFS (10 years) Government 
Bond Yield - Long Term  

IMF-IFS (13 weeks) 
Treasury Bill Rate 

Consumer Prices, All 
Items, Index 

Industrial Production, Index 

Netherlands 
02/01/1982: 
31/12/2014 

AEX INDEX 
Interbank 3 
Months 

IMF-IFS (10 years) Government 
Bond Yield - Long Term 

IMF-IFS (13 weeks) 
Treasury Bill Rate 

Consumer Prices, All 
Items, Index 

Industrial Production, Index 

Norway 
02/01/1986: 
31/12/2014 

OSLO 
EXCHANGE 
ALL SHARE 

Interbank 3 
Months 

IMF-IFS (10 years) Government 
Bond Yield - Long Term  

Average Cost for Central 
Bank Funding 

Consumer Prices, All 
Items, Index 

Industrial Production, Index 

Sweden 
06/10/1993: 
31/12/2014 

OMX 
STOCKHOL
M 30  

Sweden Repo 
1 Months 

IMF-IFS (10 years) Government 
Bond Yield - Long Term 

IMF-IFS (13 weeks) 
Treasury Bill Rate 

Consumer Prices, All 
Items, Index 

Industrial Production, Index 

Japan 
02/08/1978: 
31/12/2014 

TOPIX 
Treasury Bill 6 
Months 

IMF-IFS (10 years) Government 
Bond Yield - Long Term  

Interbank Money Rate 
Consumer Prices, All 
Items, Index 

Industrial Production, Index 

Korea 
03/01/1992: 
31/12/2014 

KOREA SE 
COMPOSITE   

Korea NCD 
91 Days 

IMF-IFS (10 years) Government 
Bond Yield - Long Term 

South Korea, Korea 
Treasury Bond Yield 3 
Year 

Consumer Prices, All 
Items, Index 

Production, Total Industry, SA, 
Index 

Taiwan 
05/01/1982: 
31/12/2014 

TAIWAN SE 
WEIGHTED 

Money Market 
90 Days 

Government Bond 10 Year 
182 Day Treasury 

Bill Rate 

Consumer Prices, 

All Items, Index 
Production, Manufacturing, 
Volume, Index 

 Australia 01/06/1992: 
31/12/2014 

S&P/ASX 200  
Dealer Bill 90 
Days 

IMF-IFS (10 years) 

Government Bond Yield - 

Long Term 

IMF-IFS (13 weeks) 

Treasury Bill Rate 

Consumer Prices, 

All Items, TD-MI 

Inflation Gauge, 

Index 

Industrial Production, Index 
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Table A2: Summary statistics of macro-economic state variables 

Country Mean Variance Skewness Kurtosis Autocorrelation 

RTB 
     

United States 0.0038 5.74×10-6 0.6705 0.9112 0.9880 

Canada 0.0047 1.15×10-5 0.7331 -0.1400 0.9875 

United Kingdom 0.0046 9.00×10-6 0.3516 -0.5222 0.9914 

German 0.0039 3.23×10-6 0.7307 -0.3704 0.9902 

France 0.0034 6.71×10-6 0.5597 -0.7966 0.9913 

Netherlands 0.0046 9.97×10-7 0.3428 -0.8098 0.9355 

Norway 0.0054 8.17×10-6 0.1738 -0.8135 0.9835 

Sweden 0.0026 3.10×10-6 0.7739 0.1676 0.9848 

Japan 0.0033 5.00×10-6 -0.0407 -1.3306 0.9805 

Korea 0.0049 6.99×10-6 1.1904 0.3472 0.9755 

Taiwan 0.0038 6.68×10-6 0.2663 -0.4257 0.9367 

Australia 0.0042 1.02×10-6 0.0399 -0.2180 0.9751 

RGB 
     

United States 0.0050 4.47×10-6 0.8213 0.4249 0.9926 

Canada 0.0059 7.22×10-6 0.4447 -0.6934 0.9901 

United Kingdom 0.0051 4.77×10-6 0.2825 -1.1058 0.9883 

German 0.0044 3.23×10-6 -0.0712 -0.7565 0.9890 

France 0.0043 3.39×10-6 0.4595 -0.8651 0.9864 

Netherlands 0.0041 2.37×10-6 0.0779 -0.6257 0.9877 

Norway 0.0050 7.12×10-6 0.6732 -0.5647 0.9879 

Sweden 0.0038 3.40×10-6 0.9592 0.6428 0.9870 

Japan 0.0029 4.52×10-6 0.6572 -0.9999 0.9929 

Korea 0.0059 8.18×10-6 0.6762 -0.7979 0.9787 

Taiwan 0.0027 2.46×10-6 0.6032 -1.2561 0.9853 

Australia 0.0041 9.98×10-7 0.4464 -0.1245 0.9653 

INF 
     

United States 0.0031 1.42×10-5 0.0879 2.2751 0.4385 
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Canada 0.0040 2.07×10-4 1.3762 10.4001 0.0641 

United Kingdom 0.0023 1.80×10-5 1.0547 8.8856 0.0650 

German 0.0015 1.04×10-5 0.7870 2.3036 -0.1096 

France 0.0015 6.69×10-6 -0.1687 -0.1026 0.0130 

Netherlands 0.0016 1.79×10-5 0.0516 0.0084 0.2655 

Norway 0.0022 1.98×10-5 0.6294 2.1290 0.1154 

Sweden 0.0010 1.60×10-5 -0.3059 0.7547 0.0924 

Japan 0.0009 2.06×10-5 0.9915 2.4314 0.1596 

Korea 0.0028 1.97×10-5 0.9277 3.0686 0.3848 

Taiwan 0.0014 7.51×10-5 0.2803 1.5682 -0.1032 

Australia NA NA NA NA NA 

IPG 
     

United States 0.0023 5.15×10-4 -0.5370 0.6707 -0.2524 

Canada 0.0011 2.36×10-3 -0.7266 0.3867 -0.3047 

United Kingdom 0.0006 4.41×10-3 -0.0537 -0.3402 -0.3186 

German 0.0010 6.71×10-3 0.3015 -0.3014 -0.2609 

France 0.0002 2.27×10-2 0.4111 1.3420 -0.3614 

Netherlands 0.0012 5.69×10-3 -0.0587 -0.1555 0.0088 

Norway 0.0011 7.26×10-3 -0.3288 2.2353 -0.3692 

Sweden 0.0007 1.73×10-2 -0.7444 0.8931 -0.2702 

Japan 0.0010 6.38×10-3 -0.0251 -0.7718 -0.3284 

Korea 0.0052 5.29×10-4 -0.8639 4.0408 -0.0174 

Taiwan 0.0043 8.38×10-3 0.2561 2.4789 -0.4503 

Australia 0.0020 5.51×10-4 -0.6289 2.8938 -0.0070 
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Table A3: Test for the persistence of 𝛔𝒕,𝒕+𝒉𝟐  cross countries 

Country 
AR(1) Coefficients ADF Test (h=1) Ljung-Box Test (h=1) 

h=1 [95% Conf. Interval] DF-stats p value χ2 p vale 

United States 0.53  0.4711  0.5916  -9.89  0.99  499.93  0.00  
Canada 0.57  0.4898  0.6466  -7.27  0.99  302.75  0.00  
United 
Kingdom 

0.49  0.3992  0.5788  -7.28  0.99  169.87  0.00  

German 0.56  0.4830  0.6407  -7.17  0.99  338.20  0.00  
France 0.57  0.4794  0.6563  -7.43  0.99  182.27  0.00  
Netherlands 0.64  0.5617  0.7218  -6.89  0.99  256.68  0.00  
Norway 0.56  0.4697  0.6435  -7.23  0.99  167.85  0.00  
Sweden 0.65  0.5596  0.7445  -5.33  0.99  289.36  0.00  
Japan 0.35  0.2587  0.4343  -8.75  0.99  120.41  0.00  
Korea 0.68  0.5960  0.7674  -5.08  0.99  590.60  0.00  
Taiwan 0.77  0.7020  0.8280  -5.37  0.99  1064.95  0.00  
Australia 0.62  0.5216  0.7083  -5.90  0.99  314.62  0.00  

Note: Full sample corresponding to the sample period shown in Table A1 is used. The construction of σt,t+h2  

follows the process in Section 3.1. σt,t+12 = ∑ Rt+ jnt2nj=1  and σt,t+h2 = ∑ σt+i, t+i+12h-1i=0 . For ADF test, the null 

hypothesis is that the time series is stationary and the alternative hypothesis is that the time series is 
explosive. For Ljung-Box test, the null hypothesis is that the data are independently distributed and the 
alternative hypothesis is that the data are not independently distributed. 
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