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Table 1 

Out-of-Sample Tests of Predictive Accuracy 
The table reports the results of out-of-sample tests concerning Value at Risk measures for multi-period portfolio returns. The predictive accuracy measures consist of 
the unconditional coverage probability and Christoffersen and Diebold�s (2000) S test capturing deviations from iid-ness (persistence) of an indicator variable It that 
records portfolio returns below the VaR. The p-value for the S statistic is obtained using bootstrap methods on overlapping portfolio returns. In the table, MS stands 
for multivariate Markov Switching, t-GARCH(p,q)-M for bivariate GARCH(p,q)-in mean with t-distributed errors, C-GARCH(p,q)-M for component GARCH(p,q)-
in mean, and �Bootstrap� for an historical VaR calculated using a stationary bootstrap algorithm with block length matching the forecast horizon h. 
 

Panel I � 1% Value-at-Risk     
 50% Bonds+50% T-bills 100% Bonds 50% Stocks+50% T-bills 50% Stocks+50% Bonds 100% Stocks 
 h=1 h=4 h=6 h=12 h=1 h=4 h=6 h=12 h=1 h=4 h=6 h=12 h=1 h=4 h=6 h=12 h=1 h=4 h=6 h=12 
 A. Unconditional coverage probability 
MS 0.017 0.013 0.021 0.048 0.017 0.013 0.021 0.048 0.013 0.013 0.004 0.000 0.008 0.017 0.004 0.013 0.013 0.017 0.004 0.000 
t-GARCH-M 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.008 0.008 0.013 0.009 0.004 0.000 0.000 0.004 0.008 0.008 0.013 0.009 
C-GARCH-M 0.004 0.004 0.013 0.171 0.004 0.021 0.038 0.127 0.008 0.013 0.013 0.013 0.008 0.000 0.000 0.004 0.008 0.030 0.021 0.018 
Bootstrap 0.013 0.004 0.009 0.031 0.013 0.004 0.009 0.031 0.013 0.008 0.009 0.009 0.004 0.008 0.000 0.013 0.008 0.008 0.004 0.009 
IID Gaussian 0.013 0.013 0.009 0.039 0.013 0.013 0.009 0.039 0.008 0.025 0.030 0.026 0.008 0.025 0.030 0.044 0.008 0.025 0.030 0.026 
 B. S-statistic (p-value) 
MS 0.329 0.136 0.999 0.985 0.329 0.136 0.999 0.985 0.345 0.336 0.411 NA� 0.838 0.114 0.071 0.751 0.345 0.336 0.411 NA� 
t-GARCH-M NA� NA� NA� NA� NA� NA� NA� NA� 0.999 1.000 1.000 NA� 1.000 NA� NA� 1.000 0.999 1.000 1.000 1.000 
C-GARCH-M 0.472 0.070 0.029 0.000 0.484 0.001 0.000 0.007 0.797 0.086 0.048 0.063 0.670 NA� NA� 0.308 0.852 0.083 0.176 0.000 
Bootstrap 0.510 0.028 0.032 0.140 0.510 0.028 0.032 0.140 0.710 0.181 0.133 0.216 0.198 0.010 NA� 0.221 0.854 0.181 0.268 0.261 
IID Gaussian 0.478 0.201 0.040 0.249 0.478 0.201 0.040 0.249 0.793 0.072 0.090 0.137 0.656 0.064 0.093 0.190 0.793 0.072 0.090 0.137 
Panel II � 5% Value-at-Risk 
 A. Unconditional coverage probability 
MS 0.059 0.097 0.132 0.232 0.067 0.093 0.141 0.232 0.075 0.064 0.068 0.066 0.071 0.072 0.085 0.127 0.075 0.064 0.068 0.066 
t-GARCH-M 0.013 0.000 0.000 0.000 0.013 0.000 0.000 0.000 0.092 0.085 0.081 0.053 0.046 0.047 0.047 0.039 0.092 0.085 0.081 0.053 
C-GARCH-M 0.013 0.047 0.162 0.461 0.017 0.064 0.128 0.364 0.025 0.055 0.064 0.083 0.017 0.021 0.030 0.039 0.038 0.068 0.081 0.123 
Bootstrap 0.029 0.047 0.056 0.066 0.029 0.047 0.056 0.066 0.046 0.051 0.056 0.044 0.033 0.047 0.051 0.053 0.046 0.051 0.056 0.044 
IID Gaussian 0.033 0.064 0.107 0.215 0.033 0.064 0.107 0.215 0.054 0.085 0.094 0.132 0.046 0.097 0.115 0.167 0.054 0.085 0.094 0.132 
 B. S-statistic (p-value) 
MS 0.082 0.001 0.137 0.132 0.157 0.000 0.007 0.242 0.031 0.061 0.159 0.051 0.009 0.384 0.309 0.024 0.031 0.061 0.159 0.051 
t-GARCH-M 0.999 NA� NA� NA� 0.999 NA� NA� NA� 0.010 0.232 0.257 0.117 0.004 0.107 0.074 0.142 0.010 0.232 0.257 0.117 
C-GARCH-M 0.469 0.097 0.240 0.145 0.453 0.107 0.001 0.282 0.565 0.090 0.148 0.208 0.462 0.003 0.005 0.025 0.347 0.419 0.020 0.267 
Bootstrap 0.415 0.425 0.258 0.120 0.415 0.425 0.258 0.120 0.002 0.337 0.246 0.200 0.010 0.107 0.058 0.146 0.002 0.337 0.246 0.200 
IID Gaussian 0.328 0.000 0.001 0.245 0.328 0.000 0.001 0.245 0.001 0.350 0.089 0.207 0.000 0.389 0.375 0.082 0.001 0.350 0.089 0.207 
� = No multi-period portfolio returns are below the VaR measure in the sample. 
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Figure 1 

1% (Unconditional) VaR 
The graphs plot the (negative of the) first percentile of various portfolios comprising stocks, bonds, and 1-month T-
bills as a function of the investment horizon. The regime-switching VaR is calculated under the assumption the current 
vector of state probabilities correspond to the vector of ergodic (long-run) probabilities.  
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Figure 2 

1% Conditional VaR � Effects of the Horizon and of the Initial State 
The graphs plot the (negative of the) first percentile of the distribution of returns for various portfolios comprising 
stocks, bonds, and 1-month T-bills as a function of the investment horizon and of the current state. For the GARCH-
type models, term structure schedules are plotted for three cases: (i) initial variance(s) are set equal to the long-run 
(steady-state) value; (ii) initial variance(s) are set equal to the average variance minus one standard deviation; (iii) initial 
variance(s) are set equal to the average variance plus one standard deviation. Term structure schedules corresponding to 
cases (ii) and (iii) are represented as dotted curves. 
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Figure 3 

1% Unconditional Expected Shortfall 
The graphs plot the 1% shortfall of various portfolios comprising stocks, bonds, and 1-month T-bills as a function of 
the investment horizon. The regime-switching VaR is calculated under the assumption the current vector of state 
probabilities correspond to the vector of ergodic (long-run) probabilities. 
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Figure 4 

1% Conditional Expected Shortfall � Effects of the Horizon and of Initial State 
The graphs plot the 1% shortfall for various portfolios comprising stocks, bonds, and 1-month T-bills as a function of 
the investment horizon and of the current state. For the GARCH-type models, term structure schedules are plotted for 
three cases: (i) initial variance(s) are set equal to the long-run (steady-state) value; (ii) initial variance(s) are set equal to 
the average variance minus one standard deviation; (iii) initial variance(s) are set equal to the average variance plus one 
standard deviation. Term structure schedules corresponding to cases (ii) and (iii) are represented as dotted curves. 
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Figure 5 

Unconditional Risk-Adjusted Expected Return 
The graphs plot the mean portfolio return in excess of the 5% expected shortfall of various portfolios comprising 
stocks, bonds, and 1-month T-bills as a function of the investment horizon. The regime-switching values are calculated 
under ergodic probabilities.  
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