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Table 1: Descriptive Statistics for Daily Realized Volatility and Standardized Returns (4 
Jan. 1999 to 31 October 2003) 
 

 Mean StDev Skewness Kurtosis Q(20) BJ(2) 

log(RVt,t+1)
(1/2) 

AU -5.04 0.34 0.07 3.73 2862.1 24.14 
CA -5.61 0.34 0.08 3.36 3412.1 7.29 
EU -5.11 0.31 -0.008 3.99 1414.8 40.64 
UK -5.38 0.29 -0.37 3.89 1138.5 37.03 
JP -5.18 0.35 0.11 4.38 1715.3 70.91 

log(RVt,t+5)
(1/2) 

AU -4.18 0.26 0.23 2.80 9945.0 17.89 
CA -4.76 0.25 0.25 3.18 112333. 131.72 
EU -4.25 0.22 0.22 3.39 7333.43 24.64 
UK -4.53 0.19 0.08 3.17 7045.5 2.85 
JP -4.31 0.26 0.72 3.58 6759.5 130.11 

Rt,t+1/(RVt,t+1)
(1/2) 

AU -0.06 0.89 -0.05 2.65 19.40 7.58 
CA -0.04 0.91 -0.03 2.48 15.86 16.35 
EU -0.01 0.96 -0.05 2.61 32.56 9.31 
UK -0.03 0.92 0.11 2.68 11.26 5.62 
JP -0.01 0.92 0.11 2.48 7.93 21.18 

Rt,t+5/(RVt,t+5)
(1/2) 

AU -0.11 0.88 -0.01 2.33 1512.9 29.14 
CA -0.07 0.91 0.07 2.55 1432.7 13.83 
EU -0.04 0.95 0.01 2.58 1720.6 24.34 
UK -0.06 0.95 0.07 2.61 1604.0 9.84 
JP -0.04 0.99 0.01 2.56 1565.6 1098 

 
Note. Q(20) is the Ljung-Box test statistic for serial correlation up to 20 (Chi(20)) and 

BJ(2) is the statistic of the normality test (skewness =0 and kurtosis=3) for small 

samples. T = 1240.  
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Table 2: Comparing Forecasting Models: AR, MIDAS and HAR with RV, 

RAV and CJ as Predictors.  

 
 R2  

(T = 900) 
RMSFE  
(T=900; n = 337) 

 AR(5) M(RV) M(RAV)  H(RV) H(RAV) H(CJ) AR(5) M(RV) M(RAV)  H(RV) H(RAV) H(CJ) 
 h =1 
AU 0.32 0.968 0.988 1.042 1.029 1.038 0.175 0.999 0.992 0.987 0.985 0.984 
CA 0.12 0.918 0.991 1.034 1.066 1.041 0.161 1.035 0.957 0.879 0.836 0.877 
EU 0.23 0.973 1.000 1.003 1.000 0.998 0.149 0.982 0.989 0.982 0.988 0.993 
UK 0.20 1.000 0.976 1.032 1.003 1.042 0.114 0.989 0.991 0.992 0.992 0.991 
JP 0.24 1.008 1.072 1.029 1.025 1.016 0.169 0.996 0.978 0.994 0.988 0.991 
Av 0.221 0.978 1.007 1.028 1.021 1.026 0.154 1.001 0.981 0.966 0.956 0.966 
 h = 5 
AU 0.43 1.006 1.013 1.107 1.082 1.096 0.140 1.019 1.004 0.892 0.896 0.897 
CA 0.17 0.963 0.993 1.274 1.282 1.319 0.157 0.890 0.835 0.706 0.656 0.703 
EU 0.33 1.023 1.061 1.178 1.178 1.182 0.095 1.042 1.057 0.964 0.984 0.963 
UK 0.38 0.990 1.003 1.027 1.020 1.036 0.086 0.872 0.882 0.850 0.860 0.850 
JP 0.31 1.047 1.122 1.142 1.135 1.124 0.126 1.033 1.041 0.957 0.966 0.956 
Av 0.325 1.009 1.039 1.127 1.118 1.128 0.121 0.971 0.959 0.863 0.857 0.863 

 

Note: The entries for AR(5) are actual values. The entries for all other models are ratios over the AR(5) 

value. M is for MIDAS regression and H is for the Heterogeneous regression. Details are presented in section 

3. Emboldened entries have ratios that indicate a difference larger than 10%. Av indicates the values 

computed for the average over currencies.  
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Table 3: Comparing RMSFE of volatility forecasting and Loss Function of VaR forecasts 
under different forecasting schemes 
 

 Fixed Rolling Recursive 
 AR(5) M(RV) H(RV) AR(5) M(RV) H(RV) AR(5) M(RV) H(RV) 
 h = 1 
 RMSFE 
AU 0.175 0.175 0.173 0.171 0.169 0.169 0.171 0.169 0.169 
CA 0.161 0.167 0.142 0.139 0.141 0.128 0.141 0.143 0.129 
EU 0.149 0.147 0.147 0.148 0.146 0.147 0.147 0.146 0.146 
UK 0.114 0.112 0.113 0.111 0.110 0.110 0.111 0.111 0.110 
JP 0.169 0.169 0.168 0.163 0.161 0.163 0.163 0.161 0.163 
Av 0.154 0.154 0.148 0.146 0.146 0.143 0.147 0.146 0.144 
Ratio    0.948 0.948 0.966 0.954 0.948 0.972 

VaR Loss Function 
AU 6.345 6.378 6.276 6.382 6.395 6.333 6.376 6.399 6.320 
CA 5.457 5.084 5.542 5.123 4.945 5.182 5.143 4.958 5.193 
EU 6.600 6.597 6.651 6.612 6.602 6.684 6.626 6.615 6.670 
UK 5.181 5.135 5.190 5.189 5.140 5.198 5.180 5.140 5.193 
JP 5.612 5.655 5.614 5.618 5.642 5.664 5.617 5.660 5.615 
Av 5.839 5.770 5.854 5.785 5.745 5.812 5.788 5.754 5.798 
Ratio    0.991 0.996 0.993 0.991 0.997 0.990 
 h = 5 

RMSFE 
AU 0.140 0.143 0.125 0.123 0.123 0.115 0.122 0.122 0.115 
CA 0.157 0.140 0.111 0.099 0.107 0.090 0.100 0.109 0.091 
EU 0.095 0.099 0.091 0.089 0.091 0.087 0.088 0.090 0.086 
UK 0.086 0.075 0.073 0.067 0.068 0.068 0.067 0.068 0.068 
JP 0.126 0.130 0.121 0.111 0.109 0.110 0.112 0.111 0.111 
Av 0.121 0.117 0.104 0.098 0.100 0.094 0.098 0.100 0.094 
Ratio    0.810 0.961 0.903 0.810 0.961 0.903 

VaR Loss Function 
AU 11.730 12.148 11.640 11.823 12.212 11.715 11.822 12.208 11.706 
CA 8.990 8.551 9.190 8.707 8.772 8.654 8.658 8.723 8.624 
EU 11.585 11.631 11.762 11.621 11.691 11.790 11.589 11.656 11.744 
UK 10.881 10.866 11.041 10.883 10.873 11.042 10.881 10.869 10.999 
JP 11.378 11.612 11.643 11.367 11.583 11.524 11.407 11.614 11.575 
Av 10.913 10.962 11.055 10.880 11.026 10.945 10.872 11.014 10.930 
Ratio    0.997 1.006 0.990 0.996 1.005 0.989 

 
Note: Emboldened entries have ratios that indicate a difference larger than 10%. T = 900 and n= 337. The 

RMSFEs for the fixed forecasting scheme are the same as in Table 1. The entries are loss*1000. For the 

rolling scheme, the sample size is kept constant using a rolling window. For the recursive scheme, the 

sample size is increasing over the out-of-sample period. The rows marked `Ratio’  compare the rolling and 

the recursive schemes with the fixed scheme for the average over the currencies.   
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Table 4: Comparing Accuracy of VaR forecasts with Different Methods of Computing the Predictive Quantiles with Normal 
distribution as benchmark.  

 AR(5) HAR MIDAS 

 qt8 qroll qrec qt8 qroll qrec qt8 qroll qrec 

h =1 

 α=0.05                   

AU 1.004 [.58] 1.013 [.72] 1.000 [.51] 1.001 [.53] 1.021 [.78] 0.997 [.40] 1.006 [.60] 1.011 [.71] 1.000 [.49]
CA 0.924 [.00] 0.916 [.01] 0.946 [.00] 0.958 [.05] 0.963 [.07] 0.976 [.05] 0.922 [.00] 0.908 [.00] 0.940 [.00]
EU 0.959 [.06] 0.969 [.16] 0.965 [.10] 0.957 [.05] 0.968 [.16] 0.962 [.08] 0.955 [.04] 0.972 [.17] 0.963 [.11]
UK 1.006 [.61] 1.024 [.99] 1.014 [.99] 1.007 [.63] 1.016 [.94] 1.015 [1.0] 1.002 [.53] 1.020 [.96] 1.012 [.99]
JP 1.018 [.81] 1.008 [.74] 1.008 [.89] 1.010 [.68] 1.010 [.73] 1.006 [.76] 1.023 [.88] 1.006 [.81] 1.005 [.86]

 α=0.025                   

AU 1.008 [.57] 1.022 [.75] 1.004 [.66] 0.995 [.45] 1.007 [.57] 0.999 [.49] 1.010 [.59] 1.024 [.76] 1.005 [.66]
CA 0.904 [.03] 0.892 [.07] 0.958 [.06] 0.921 [.07] 0.950 [.18] 0.979 [.19] 0.902 [.02] 0.883 [.07] 0.950 [.05]
EU 0.975 [.29] 0.976 [.20] 0.965 [.10] 0.960 [.20] 0.958 [.12] 0.955 [.11] 0.965 [.23] 0.964 [.13] 0.956 [.09]
UK 1.010 [.59] 1.012 [.95] 1.005 [.83] 1.013 [.62] 1.018 [.99] 1.005 [.88] 1.003 [.52] 1.009 [.73] 1.004 [.61]
JP 1.014 [.63] 1.020 [.71] 1.014 [.93] 0.999 [.49] 1.003 [.53] 0.994 [.37] 1.008 [.57] 1.006 [.56] 1.010 [.75]

h = 5 

 α=0.05                   

AU 1.054 [.95] 1.033 [.85] 1.024 [.83] 1.031 [.81] 1.030 [.88] 1.019 [.81] 1.060 [.97] 1.029 [.82] 1.020 [.77]
CA 0.956 [.15] 0.997 [.46] 0.981 [.19] 1.023 [.74] 1.069 [1.0] 1.027 [.96] 0.942 [.09] 0.980 [.28] 0.970 [.12]
EU 1.059 [.98] 1.025 [.98] 1.008 [.87] 1.045 [.93] 1.027 [.97] 1.007 [.94] 1.054 [.97] 1.038 [.99] 1.022 [.97]
UK 0.979 [.28] 1.018 [.76] 0.994 [.37] 0.983 [.32] 1.036 [.91] 1.015 [.79] 0.970 [.22] 1.014 [.68] 0.996 [.44]
JP 1.035 [.89] 1.130 [1.0] 1.043 [.92] 1.019 [.72] 1.090 [.97] 1.035 [.82] 1.040 [.92] 1.131 [1.0] 1.040 [.85]

 α=0.025                   

AU 1.141 [1.0] 1.029 [.68] 1.006 [.53] 1.110 [.99] 1.046 [.79] 1.007 [.56] 1.144 [1.0] 1.002 [.51] 0.986 [.41]
CA 1.036 [.69] 1.144 [1.0] 1.036 [1.0] 1.064 [.82] 1.129 [1.0] 1.049 [.99] 1.012 [.56] 1.125 [1.0] 1.022 [.88]
EU 1.115 [1.0] 1.061 [.91] 1.005 [.58] 1.116 [1.0] 1.049 [.93] 1.009 [.65] 1.118 [1.0] 1.059 [.92] 1.019 [.74]
UK 1.032 [.75] 1.018 [.75] 1.014 [.70] 1.028 [.71] 1.020 [.73] 1.014 [.68] 1.025 [.70] 1.019 [.78] 1.011 [.69]
JP 1.12 [1.0] 1.250 [1.0] 1.257 [1.0] 1.096 [.99] 1.216 [1.0] 1.209 [1.0] 1.114 [1.0] 1.225 [1.0] 1.248 [1.0]

Note: The entries are ratios of the tick loss from using the indicated predictive density to using the normal distribution for the indicated 
model. The values in brackets are p-values for the null that VaR forecasts computed with normal distribution are at least as accurate as 
forecasts computed with the indicated predictive density. Emboldened entries indicate the null is rejected at the 10% level, implying that 
use of the specified method yields statistically more accurate VaRs  than the normal distribution (for the given volatility forecasting 
model).    



 

 24  
 

Table 5: Comparing Accuracy of Forecasting Models under Different Assumptions on the Predictive Density with AR(5) as benchmark.  
 qnorm qt8 qroll qrec 
 H(RV) M(RV H(RV) M(RV H(RV) M(RV H(RV) M(RV 

H = 1 

α=0.05                 

AU 1.005 [.72] 0.989 [.09] 1.002 [.61] 0.990 [.04] 1.013 [.87] 0.987 [.07] 1.002 [.56] 0.989 [.06]
CA 0.932 [.00] 1.015 [.99] 0.967 [.05] 1.014 [.97] 0.979 [.04] 1.007 [.85] 0.961 [.01] 1.009 [.93]
EU 0.999 [.48] 1.008 [.88] 0.997 [.39] 1.003 [.73] 0.999 [.46] 1.011 [.92] 0.997 [.38] 1.006 [.90]
UK 0.991 [.09] 1.002 [.62] 0.993 [.08] 0.997 [.30] 0.984 [.06] 0.998 [.38] 0.992 [.22] 1.000 [.49]
JP 1.008 [.78] 1.000 [.52] 1.000 [.48] 1.005 [.85] 1.009 [.86] 0.999 [.44] 1.006 [.74] 0.998 [.41]

α=0.025                 

AU 1.008 [.72] 0.991 [.16] 0.995 [.35] 0.993 [.16] 0.993 [.28] 0.992 [.09] 1.004 [.62] 0.992 [.18]
CA 0.927 [.01] 1.020 [.97] 0.944 [.06] 1.018 [.93] 0.987 [.21] 1.011 [.76] 0.947 [.04] 1.012 [.87]
EU 1.005 [.60] 1.008 [.80] 0.989 [.13] 0.998 [.39] 0.986 [.26] 0.995 [.33] 0.994 [.38] 0.999 [.47]
UK 0.989 [.10] 0.997 [.38] 0.992 [.18] 0.990 [.17] 0.995 [.28] 0.994 [.34] 0.989 [.09] 0.996 [.37]
JP 1.010 [.71] 1.007 [.78] 0.995 [.37] 1.001 [.56] 0.993 [.37] 0.992 [.17] 0.990 [.29] 1.003 [.61]

H = 5 

α=0.05                 

AU 1.036 [.93] 0.992 [.32] 1.013 [.74] 0.998 [.40] 1.032 [.98] 0.988 [.18] 1.031 [.92] 0.989 [.25]
CA 0.951 [.04] 1.022 [.96] 1.018 [.82] 1.007 [.75] 1.020 [.95] 1.005 [.73] 0.996 [.42] 1.011 [.85]
EU 1.004 [.67] 1.015 [.94] 0.991 [.03] 1.010 [.97] 1.006 [.72] 1.028 [.99] 1.002 [.58] 1.029 [.98]
UK 0.999 [.45] 1.015 [.90] 1.003 [.70] 1.005 [.70] 1.016 [.91] 1.011 [.78] 1.020 [.94] 1.017 [.92]
JP 1.021 [.85] 1.023 [.92] 1.004 [.61] 1.028 [1.0] 0.984 [.02] 1.024 [.99] 1.012 [.79] 1.020 [1.0]

α=0.025                 

AU 1.035 [.82] 1.001 [.55] 1.007 [.64] 1.004 [.79] 1.052 [.91] 0.976 [.10] 1.036 [.92] 0.981 [.21]
CA 0.997 [.47] 1.003 [.59] 1.024 [.79] 0.980 [.00] 0.984 [.25] 0.987 [.09] 1.010 [.66] 0.990 [.13]
EU 0.989 [.01] 1.009 [.83] 0.989 [.02] 1.012 [.97] 0.978 [.07] 1.007 [.72] 0.993 [.16] 1.022 [.98]
UK 1.007 [.84] 1.003 [.58] 1.003 [.72] 0.997 [.36] 1.008 [.86] 1.004 [.61] 1.007 [.86] 1.000 [.50]
JP 1.017 [.74] 1.028 [.99] 0.999 [.49] 1.026 [.99] 0.989 [.26] 1.007 [.75] 0.978 [.05] 1.020 [.99]

Note: The entries are ratios of tick loss of the indicated volatility forecasting model against the AR model, when the predicted density is as indicated for 
both models for computing VaRs. The values in brackets are p-values for the null that VaR forecasts of the indicated model are no more accurate than 
forecasts of the AR(5). Emboldened entries signify the null is rejected at the 10% level. 
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Figure 1: Estimates of Daily Realized Volatility (std. dev) with Australian and Euro Intraday Exchange Rate Returns: Realized Quadratic Variation (RV); 
Realized Power Variation (RPV); Continuous and Jump Components. (Jan 4, 1999 — Oct. 31, 2003) 
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Figure 2: One-step-ahead Forecasts of VaRs at 5% of Canadian Dollar with AR and HAR models with 
Normal and Rolling Distributions 
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Figure 3: Realized Volatility and 1-step-ahead forecasts with AR(5), HAR and MIDAS for the five currencies.  

 


