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Table 1: Small Sample Results for Linex Loss Function 
 

 Population Weights M Estimates OLS Estimates Optimal 
Constant 

a ω1 ω2 ωc ω1 ω2 ωc ω1 ω2 ωc ωc 
 

Skewed Mixture 
           

-1.25 0.73 0.55 -0.41 0.00 -0.01 0.03 -0.11 -0.19 0.41 0.07 
-1.00 0.71 0.52 -0.32 0.00 -0.01 0.02 -0.09 -0.16 0.32 0.06 
-0.75 0.69 0.49 -0.24 0.00 -0.01 0.01 -0.07 -0.12 0.24 0.04 
0.75 0.55 0.25 0.24 0.00 0.00 -0.01 0.07 0.12 -0.24 -0.04 
1.00 0.53 0.21 0.32 0.00 0.01 -0.02 0.09 0.15 -0.32 -0.06 
1.25 0.51 0.18 0.41 0.00 0.01 -0.03 0.11 0.18 -0.41 -0.07 

           
Kurtotic Mixture 

           
-1.25 0.67 0.27 -0.09 -0.01 -0.01 0.04 -0.01 0.00 0.17 0.03 
-1.00 0.67 0.27 -0.05 -0.01 -0.01 0.03 -0.01 0.00 0.13 0.02 
-0.75 0.67 0.27 -0.02 0.00 -0.01 0.02 -0.01 0.00 0.10 0.02 
0.75 0.67 0.27 0.15 -0.01 0.00 0.00 -0.01 0.00 -0.07 0.00 
1.00 0.67 0.27 0.18 -0.01 0.00 -0.01 -0.01 0.00 -0.11 0.00 
1.25 0.67 0.27 0.22 -0.01 0.00 -0.02 -0.01 0.00 -0.15 -0.01 

Note:  The first column reports the value of the parameter, a, that controls the asymmetry of the loss function.   
The second through fourth columns give the population values of the optimal forecast combination weights  
and the constant.  All other entries are bias estimates based on a sample of 100 observations and 5000  
Monte Carlo replications. 



 
Table 2: Small Sample Results for Lin-lin Loss Function. 
 

 Population Weights Quantile Estimates OLS Estimates Optimal 
Constant 

θ ω1 ω2 ωc ω1 ω2 ωc ω1 ω2 ωc ωc 
           

Skewed Mixture 
           

0.1 0.39 -0.02 0.95 0.00 0.03 0.00 0.23 0.39 -0.95 -0.12 
0.2 0.45 0.08 0.59 0.00 0.01 0.00 0.17 0.28 -0.59 -0.10 
0.3 0.51 0.19 0.36 0.00 0.01 0.00 0.11 0.18 -0.36 -0.10 
0.4 0.57 0.28 0.17 0.00 0.01 0.00 0.05 0.08 -0.17 -0.05 
0.5 0.62 0.37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.6 0.67 0.46 -0.17 0.00 0.00 0.00 -0.05 -0.09 0.17 0.05 
0.7 0.73 0.55 -0.36 0.00 0.00 0.00 -0.11 -0.18 0.36 0.10 
0.8 0.79 0.65 -0.59 0.00 -0.01 0.00 -0.17 -0.29 0.59 0.13 
0.9 0.85 0.76 -0.95 0.00 -0.04 0.00 -0.23 -0.39 0.95 0.11 

           
Kurtotic Mixture 

           
0.1 0.67 0.27 0.47 -0.01 0.00 0.02 -0.01 0.00 -0.39 0.01 
0.2 0.67 0.27 0.31 -0.01 0.00 0.01 -0.01 0.00 -0.23 0.02 
0.3 0.67 0.27 0.21 -0.01 0.00 0.01 -0.01 0.00 -0.13 0.01 
0.4 0.67 0.27 0.14 -0.01 0.00 0.01 -0.01 0.00 -0.06 0.01 
0.5 0.67 0.27 0.07 0.00 0.00 0.01 -0.01 0.00 0.01 0.01 
0.6 0.67 0.27 0.00 0.00 -0.01 0.01 -0.01 0.00 0.08 0.01 
0.7 0.67 0.27 -0.08 0.00 -0.01 0.01 -0.01 0.00 0.16 0.01 
0.8 0.67 0.27 -0.18 0.00 0.00 0.01 -0.01 0.00 0.25 0.01 
0.9 0.67 0.27 -0.34 0.00 -0.01 0.00 -0.01 0.00 0.42 0.01 

Note:  The first column reports the value of the parameter, θ, that controls the asymmetry of the loss function.   
The second through fourth columns give the population values of the optimal forecast combination weights  
and the constant.  All other entries are bias estimates based on a sample of 100 observations and  
5000 Monte Carlo replications. 



 
Table 3: Small Sample Results for Asymmetric Quadratic Loss. 
 

 Population Weights WLS Estimates OLS Estimates Optimal 
Constant 

θ ω1 ω2 ωc ω1 ω2 ωc ω1 ω2 ωc ω1 

           
Skewed Mixture 

           
0.1 0.50 0.17 0.67 0.00 0.00 -0.02 0.12 0.20 -0.67 -0.05 
0.2 0.54 0.23 0.42 0.00 0.00 -0.01 0.09 0.14 -0.42 -0.04 
0.3 0.57 0.28 0.26 0.00 0.00 -0.01 0.06 0.09 -0.25 -0.03 
0.4 0.59 0.32 0.12 0.00 0.00 0.00 0.03 0.04 -0.12 -0.02 
0.5 0.62 0.37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.6 0.65 0.41 -0.12 0.00 0.00 0.00 -0.02 -0.05 0.12 0.01 
0.7 0.67 0.46 -0.25 0.00 -0.01 0.00 -0.05 -0.09 0.25 0.03 
0.8 0.70 0.51 -0.42 0.00 -0.01 0.01 -0.08 -0.14 0.42 0.04 
0.9 0.74 0.56 -0.67 0.00 -0.01 0.02 -0.12 -0.20 0.67 0.05 

           
Kurtotic Mixture 

           
0.1 0.67 0.27 0.44 -0.01 0.00 -0.01 -0.01 0.00 -0.36 0.00 
0.2 0.67 0.27 0.28 -0.01 0.00 0.00 -0.01 -0.01 -0.20 0.01 
0.3 0.67 0.27 0.19 -0.01 0.00 0.01 -0.01 0.00 -0.12 0.01 
0.4 0.67 0.27 0.13 -0.01 0.00 0.01 -0.01 0.00 -0.05 0.01 
0.5 0.67 0.27 0.07 -0.01 0.00 0.01 -0.01 0.00 0.01 0.01 
0.6 0.67 0.27 0.01 -0.01 -0.01 0.01 -0.01 0.00 0.07 0.01 
0.7 0.67 0.27 -0.06 -0.01 -0.01 0.02 -0.01 0.00 0.14 0.01 
0.8 0.67 0.27 -0.15 -0.01 -0.01 0.02 -0.01 0.00 0.23 0.02 
0.9 0.67 0.27 -0.30 -0.01 -0.01 0.03 -0.01 0.00 0.38 0.02 

Note:  The first column reports the value of the parameter, θ, that controls the asymmetry of the loss function.   
The second through fourth columns give the population values of the optimal forecast combination weights  
and the constant.  All other entries are bias estimates based on a sample of 100 observations and 5000  
Monte Carlo replications. 



 
Table 4: Average Loss for Linex Loss Function. 
 

 Skewed Mixture Model  Kurtotic Mixture Model 
a Loss M-est OLS OLSc Ave  Loss M-est OLS OLSc Ave 
            

-1.25 0.44 1.08 1.36 1.08 1.30  0.20 1.17 1.21 1.11 1.12 
-1.00 0.27 1.06 1.23 1.07 1.18  0.12 1.13 1.16 1.10 1.08 
-0.75 0.15 1.05 1.14 1.05 1.10  0.06 1.10 1.12 1.09 1.05 
0.75 0.15 1.05 1.14 1.06 1.10  0.06 1.11 1.12 1.09 1.05 
1.00 0.27 1.06 1.23 1.07 1.19  0.12 1.13 1.16 1.10 1.08 
1.25 0.44 1.07 1.36 1.08 1.31  0.20 1.17 1.21 1.11 1.12 

Note: The first column reports the value of the parameter, a, controlling asymmetry.  The second column gives  
the population expected loss.  Other entries give average loss over the 5000 replications based on estimates of  
the forecast combination weights and the constant from 100 observations. These losses are scaled by the  
population loss. OLSc refers to estimation of the combination weights by OLS followed by optimal  
estimation of the constant. Ave refers to the equal-weighted forecast combination.  
 



 
Table 5: Average Loss for Lin-lin Loss Function 
 
 Skewed Mixture Model  Kurtotic Mixture Model 

θ Loss Quantile OLS OLSc Ave  Loss Quantile OLS OLSc Ave 
            

0.1 0.13 1.06 2.08 1.08 2.04  0.08 1.08 1.85 1.05 1.79 
0.2 0.19 1.03 1.39 1.06 1.36  0.11 1.05 1.35 1.04 1.30 
0.3 0.23 1.03 1.15 1.04 1.13  0.13 1.04 1.15 1.04 1.11 
0.4 0.26 1.03 1.05 1.02 1.03  0.14 1.03 1.07 1.04 1.03 
0.5 0.26 1.03 1.02 1.02 1.00  0.15 1.03 1.04 1.04 1.00 
0.6 0.26 1.03 1.05 1.03 1.03  0.14 1.03 1.07 1.04 1.03 
0.7 0.23 1.03 1.15 1.04 1.13  0.13 1.04 1.15 1.04 1.11 
0.8 0.19 1.03 1.38 1.06 1.35  0.11 1.05 1.35 1.04 1.30 
0.9 0.13 1.06 2.06 1.08 2.03  0.08 1.08 1.85 1.05 1.79 

Note: The first column reports the value of the parameter, θ, controlling asymmetry.  The second column gives  
the population expected loss.  Other entries give average loss over the 5000 replications based on estimates of  
the forecast combination weights and the constant from 100 observations. These losses are scaled by the  
population loss. OLSc refers to estimation of the combination weights by OLS followed by optimal  
estimation of the constant. Ave refers to the equal-weighted forecast combination. 



 
Table 6: Average Loss for Asymmetric Quadratic Loss Function 
 
 Skewed Mixture Model  Kurtotic Mixture Model 

θ Loss WLS OLS OLSc Ave  Loss WLS OLS OLSc Ave 
            

0.1 0.14 1.06 1.89 1.08 1.82  0.07 1.16 1.65 1.09 1.55 
0.2 0.20 1.05 1.34 1.06 1.30  0.09 1.11 1.29 1.08 1.22 
0.3 0.24 1.04 1.15 1.05 1.11  0.10 1.09 1.16 1.08 1.09 
0.4 0.26 1.04 1.06 1.04 1.03  0.10 1.08 1.09 1.08 1.03 
0.5 0.26 1.04 1.04 1.04 1.00  0.10 1.08 1.08 1.08 1.01 
0.6 0.26 1.04 1.06 1.04 1.03  0.10 1.08 1.09 1.08 1.03 
0.7 0.24 1.04 1.15 1.05 1.11  0.10 1.09 1.16 1.08 1.09 
0.8 0.20 1.05 1.34 1.06 1.29  0.09 1.11 1.29 1.08 1.22 
0.9 0.15 1.07 1.88 1.07 1.82  0.07 1.16 1.65 1.09 1.55 

Note: The first column reports the value of the parameter, θ, controlling asymmetry.  The second column gives  
the population expected loss.  Other entries give average loss over the 5000 replications based on estimates of  
the forecast combination weights and the constant from 100 observations. These losses are scaled by the  
population loss. OLSc refers to estimation of the combination weights by OLS followed by optimal  
estimation of the constant. Ave refers to the equal-weighted forecast combination. 
 



 
Table 7: Small Sample Results for Asymmetric Quadratic Loss: Mixture with skew and kurtosis matching empirical data. 
 
 

 Population Weights WLS Estimates OLS Estimates Optimal 
Constant 

Average loss 

θ ω1 ω2 ωc ω1 ω2 ωc ω1 ω2 ωc ω1 Loss WLS OLS OLSc Ave 

0.1 0.71 0.52 0.60 0.00 0.00 -0.02 -0.09 -0.16 -0.60 -0.04 0.13 1.08 1.79 1.07 1.71 
0.2 0.69 0.48 0.36 0.00 -0.01 -0.01 -0.07 -0.12 -0.36 -0.03 0.18 1.06 1.31 1.06 1.26 
0.3 0.67 0.44 0.21 0.00 -0.01 -0.01 -0.05 -0.08 -0.21 -0.02 0.20 1.05 1.14 1.05 1.09 
0.4 0.64 0.40 0.10 0.00 -0.01 0.00 -0.02 -0.04 -0.10 -0.01 0.21 1.05 1.07 1.05 1.02 
0.5 0.62 0.37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.22 1.05 1.05 1.05 1.00 
0.6 0.60 0.33 -0.10 0.00 0.00 0.00 0.02 0.04 0.10 0.01 0.21 1.05 1.07 1.05 1.02 
0.7 0.57 0.29 -0.21 0.00 0.00 0.00 0.05 0.08 0.21 0.02 0.20 1.05 1.14 1.05 1.10 
0.8 0.55 0.25 -0.36 0.00 0.00 0.01 0.07 0.12 0.36 0.02 0.17 1.06 1.31 1.06 1.26 
0.9 0.53 0.21 -0.60 0.00 -0.01 0.02 0.09 0.15 0.59 0.03 0.13 1.08 1.78 1.07 1.72 

Note:  The first column reports the value of the parameter, θ, that controls the asymmetry of the loss function.  The second through fourth columns 
give the population values of the optimal forecast combination weights and the constant.  Columns five to eleven are bias estimates based on a sample 
of 100 observations and 5000 Monte Carlo replications. Column twelve gives the population expected loss.  Subsequent entries give average loss over 
the 5000 replications based on estimates of the forecast combination weights and the constant from 100 observations. These loses are scaled by the 
population loss. 
 



 
Table 8. Average Loss from AR(1) and Livingston Forecasts   
 

θ AR(1) Livingston Difference 

0.1 0.079 0.038 0.041 
0.2 0.074 0.040 0.034 
0.3 0.070 0.042 0.028 
0.4 0.065 0.044 0.021 
0.5 0.060 0.046 0.014 
0.6 0.055 0.049 0.006 
0.7 0.050 0.051 -0.001 
0.8 0.045 0.053 -0.008 
0.9 0.040 0.055 -0.015 

Note: This table reports the average  
out-of-sample loss under the asymmetric 
quadratic loss function when either the AR(1) 
or the Livingston forecasts are used separately. 
 
 



 
Table 9:  Jarque-Bera Tests for Normality of Forecast Errors 
 

Series JB test Skew Kurtosis 
Actual 25.621 1.119 4.238 
AR(1) 36.217 1.237 4.769 
Livingston 9.348 0.727 3.524 
θ=0.1 10.107 -1.028 4.080 
θ=0.5 3.164 -0.567 3.635 
θ=0.9 1.064 0.305 3.441 
Note:  Reported in the first column are Jarque-Bera  
tests for normality. The 95% critical value is 5.99  
and the test rejects for larger values.  The second and  
third columns are measures of skew (zero is no skew)  
and kurtosis (a value of three is no excess kurtosis),  
respectively.  The first three rows are for the realized  
series (actual) and forecasts, respectively.  
Values in rows marked θ refer to forecast errors  
estimated using weights under the asymmetric  
quadratic loss function. 
 



 
Table 10: Average Losses from Combined and Equal Weighted Forecast 
 

 WLS Estimates  Losses 

θ ω1 ω2 constant Loss constant  OLSc Equal 
weights 

0.1 0.594 0.595 0.006 0.028 0.013  0.028 0.034 
0.5 -0.001 0.824 0.004 0.053 0.004  0.053 0.046 
0.9 -0.428 0.926 0.002 0.027 -0.003  0.037 0.058 

Note:  WLS estimates are estimates of the parameters using the WLS method described for the asymmetric  
quadratic loss function.  The loss reported is average out of sample one step ahead loss.  In the OLSc case  
OLS weights are used for the forecast combination weights but the constant is estimated using WLS.   
The final column gives average loss for even weights on the forecasts and a zero constant. 
 



 
 
Table 11: Average Losses from Combined and Equal-Weighted Disaggregate Forecasts 
 
 

 WLS Estimates  Losses 

θ ω ωAR ωA ωB ωI  WLSI Equal 
weights 

0.1 0.53 0.56 0.00 -0.27 0.87  0.027 0.033 
0.5 0.61 -0.03 0.30 -0.09 0.61  0.052 0.045 
0.9 0.23 -0.51 0.48 -0.10 0.60  0.026 0.057 

Note:  This table is based on combination of the autoregressive (AR), academic (A), bank (B) and  
industry (I) forecasts. Loss is assumed to be asymmetric quadratic with asymmetry parameter θ. 
 



 

 

Figure 1: Lin-Lin and Asymmetric Quadratic loss functions 
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Figure 2: Optimal combination weights and constant 
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Figure 3: Optimal combination weights and constant 
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Figure 4: T
im

e series of forecast errors
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Figure 5: Forecast error densities from individual models 
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Density of forecast error from Livingston data
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Figure 6: Forecast combination weights under different loss functions 
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Figure 7: Forecast error densities from combined model 
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Figure 8: Disaggregated forecast error densities 
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