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Table 1
Small Firms

The following models were estimated for excess returns on the small firm portfolio

Single State Model:

ρt = β0 +  β1 I1 t-1 + β2 Def t-1 + β3 Yield t-1 +  β4 ρt-1+β5 Jant + εt     

εt~t(0,v,ht), ln(ht)=λ0 + λ1 I1 t-1 +  λ2[( |εt-1|/(ht-1)
1/2)-(2/π)] + λ3 ln(ht-l)

Gaussian Mixture:
ρt = β0,St +  β1,St I1 t-1 + β2,St Def t-1 +  β3 Yield t-1 + β4ρt-1+β5,St Jan +εt     

εt~N(0,hSt), ln(hSt)=λ0 + λ1,St I1 t-1 +  λ2,St[( |εt-1|/(ht-1)
1/2)-(2/π)] 

Model I: pt=Prob(st=1|st-1=1)=Φ (π0), qt=Prob(st=2|st-1=2)=Φ (π1)
Model II: pt=Prob(st=1|st-1=1)=Φ (π1∆CLI t-2), qt=Prob(st=2|st-1=2)=Φ (π2∆CLI t-2)
Model III: pt=Prob(st=1|st-1=1)=Φ (π0+ π1∆CLI t-2), qt=Prob(st=2|st-1=2)=Φ (π0+π2∆CLI t-2)

Gaussian and student-t Mixture:
Same transition probability specification as Model III with densities:
εt~N(0,hSt) if St=1
εt~t(0,v,hSt) if St=2.

ρt is the monthly excess returns on the small firm portfolio, I1  is the one-month T- bill rate, Def  is the default premium, Yield  is the dividend 
yield, Jan  is a January dummy and ∆CLI  is the annual rate of growth of the Composite Index of Leading Indicators. The sample period is 1954-1997. 

Mean Parameters Single-State Model  
Gaussian Mixture 

Model I
Gaussian Mixture 

Model II  
Gaussian Mixture 

Model III
Gaussian, Student-t 

Mixture Model
Constant, State 1 1 -0.013 (0.011) -0.016 (0.024) -0.034 (0.019) -0.030 (0.020) -0.028 (0.016)
Constant, State 2 2 -0.017 (0.011) -0.005 (0.012) -0.010 (0.010) 0.003 (0.010)

Interest Rate, State 1 3 -4.006 (1.196) -6.025 (3.022) -7.588 (3.122) -7.722 (3.054) -6.721 (2.238)
Interest Rate, State 2 4 -4.656 (1.394) 0.057 (1.741) -2.116 (1.291) 1.417 (1.587)

Default Premium, State 1 5 15.648 (10.836) 19.234 (21.684) 50.023 (20.022) 47.578 (18.462) 49.309 (15.304)
Default Premium, State 2 6 26.996 (11.839) -31.553 (13.378) -9.211 (10.777) -42.039 (12.296)

Dividend Yield 7 0.592 (0.361) 0.600 (0.342) 0.763 (0.337) 0.754 (0.312) 0.551 (0.318)

Lag Term 8 0.233 (0.040) 0.196 (0.036) 0.204 (0.036) 0.177 (0.036) 0.188 (0.036)

January Premium State 1 9 0.079 (0.009) 0.198 (0.025) 0.160 (0.018) 0.191 (0.021) 0.146 (0.016)
January Premium, State 2 0.060 (0.008) 0.055 (0.008) 0.066 (0.007) 0.052 (0.007)

Variance Parameters
Constant, State 1 -0.842 (0.463) -5.361 (0.321) -5.694 (0.257) -5.105 (0.356) -6.216 (0.350)
Constant, State 2 -7.003 (0.202) -7.177 (0.311) -6.778 (0.206) -7.228 (0.301)

Interest Rate, State 1 15.368 (10.070) 81.685 (54.354) 103.639 (41.905) 33.101 (56.448) 125.306 (66.572)
Interest Rate, State 2 88.572 (32.389) 85.874 (56.561) 48.985 (37.698) 120.508 (62.371)

ARCH, State 1 0.185 (0.058) -0.218 (0.110) -0.208 (0.117) -0.197 (0.104) -0.021 (0.115)
ARCH, State 2 0.196 (0.192) 0.510 (0.136) 0.177 (0.167) 0.429 (0.188)

Lagged Variance 0.884 (0.065)

Transition Probability 
Parameters

Constant, State 1 1.638 (0.213) 1.816 (0.166) 1.453 (0.184)
Constant, State 2 1.816 (0.183)

Leading Indicator, State 1 -0.144 (0.123) -0.251 (0.129) -0.255 (0.121)
Leading Indicator, State 2 0.174 (0.125) -0.069 (0.088) -0.006 (0.090)

Degrees of Freedom 4.113 (0.628) 7.010 (3.560)

Log Likelihood 773.235 787.408 768.676 786.973 792.596

Note: Standard errors appear in parentheses to the right of the parameter estimates.



Table 2
Large Firms

The following Markov switching model was estimated  for excess returns on the large firm portfolio

Single State Model:

ρt = β0 +  β1 I1 t-1 + β2 Def t-1 + β3 Yield t-1 +  εt     

εt~t(0,v,ht), ln(ht)=λ0 + λ1 I1 t-1 +  λ2[( |εt-1|/(ht-1)
1/2)-(2/π)] + λ3 ln(ht-l)

Gaussian Mixture:
ρt = β0,St +  β1,St I1 t-1 + β2,St Def t-1 +  β3 Yield t-1 + β4ρt-1+β5,St Jan t +εt     

εt~N(0,hSt), ln(hSt)=λ0 + λ1,St I1 t-1 +  λ2,St[( |εt-1|/(ht-1)
1/2)-(2/π)] 

Model I: pt=Prob(st=1|st-1=1)=Φ (π0), qt=Prob(st=2|st-1=2)=Φ (π1)
Model II: pt=Prob(st=1|st-1=1)=Φ (π1∆CLI t-2), qt=Prob(st=2|st-1=2)=Φ (π2∆CLI t-2)
Model III: pt=Prob(st=1|st-1=1)=Φ (π0+ π1∆CLI t-2), qt=Prob(st=2|st-1=2)=Φ (π0+π2∆CLI t-2)

Gaussian and student-t Mixture:
Same transition probability specification as Model III with densities:
εt~N(0,hSt) if St=1
εt~t(0,v,hSt) if St=2.

ρt is the monthly excess returns on the large firm portfolio, I1  is the one-month T- bill rate, Def  is the default premium, Yield  is the dividend 
yield and ∆CLI  is the annual rate of growth of the Composite Index of Leading Indicators. The sample period is 1954-1997.

Mean Parameters Single-State Model  
Gaussian Mixture 

Model I
Gaussian Mixture 

Model II  
Gaussian Mixture 

Model III
Gaussian, Student-t 

Mixture Model
Constant, State 1 1 -0.008 (0.008) -0.022 (0.009) -0.031 (0.012) -0.021 (0.009) -0.021 (0.008)
Constant, State 2 2 -0.009 (0.006) 0.007 (0.010) -0.008 (0.006) -0.007 (0.006)

Interest Rate, State 1 3 -3.688 (0.771) -5.408 (1.414) -4.382 (1.668) -5.491 (1.476) -5.559 (1.223)
Interest Rate, State 2 4 -2.765 (0.791) -2.933 (1.349) -2.898 (0.739) -2.868 (0.722)

Default Premium, State 1 5 13.269 (6.494) 25.853 (10.013) 36.274 (12.384) 25.840 (10.287) 27.010 (8.795)
Default Premium, State 2 6 6.916 (7.742) -4.579 (10.908) 6.900 (7.343) 6.137 (7.617)

Dividend Yield 7 0.659 (0.258) 0.841 (0.191) 0.662 (0.261) 0.822 (0.179) 0.813 (0.200)

Variance Parameters
Constant, State 1 -1.456 (0.760) -6.561 (0.263) -6.839 (0.277) -6.545 (0.278) -6.619 (0.250)
Constant, State 2 -8.629 (0.206) -7.644 (0.373) -8.598 (0.190) -8.588 (0.163)

Interest Rate, State 1 22.574 (13.121) 65.105 (43.003) 124.239 (44.108) 65.105 (45.251) 49.417 (41.077)
Interest Rate, State 2 188.622 (33.929) 70.823 (56.468) 188.620 (31.359) 190.627 (25.983)

ARCH, State 1 0.186 (0.064) 0.146 (0.122) 0.245 (0.122) 0.149 (0.130) 0.142 (0.098)
ARCH, State 2 -1.667 (0.276) -0.169 (0.178) -1.620 (0.247) -1.620 (0.300)

Lagged Variance 0.804 (0.104)

Transition Probability 
Parameters

Constant, State 1 1.472 (0.203) 1.391 (0.180) 1.420 (0.183)
Constant, State 2 1.348 (0.201)

Leading Indicator, State 1 -0.126 (0.119) -0.026 (0.084) -0.026 (0.061)
Leading Indicator, State 2 0.121 (0.208) -0.046 (0.066) -0.049 (0.053)

Degrees of Freedom 9.772 (3.689) 19.279 (23.023)

Log Likelihood 985.452 1001.032 988.670 1001.117 1002.840

Note: Standard errors appear in parentheses to the right of the parameter estimates.



Full Sample                      Recession Periods Expansion Periods
MSFE DM Test MSFE DM Test MSFE DM Test

Single-State 4.105 6.946 3.598
Gaussian Mixture
Model I 3.819 1.634 5.474 1.542 3.523 0.720
Model II 3.943 1.329 5.951 1.441 3.585 0.206
Model III 3.779 1.694 5.263 1.517 3.514 0.898
Gaussian, student-t Mixture 3.833 2.020 5.681 1.667 3.503 1.300

Full Sample                      Recession Periods Expansion Periods
MSFE DM Test MSFE DM Test MSFE DM Test

Single-State 1.546 2.601 1.358
Gaussian Mixture
Model I 1.547 -0.083 2.522 1.237 1.373 -1.140
Model II 1.537 0.892 2.514 1.624 1.362 -0.727
Model III 1.549 -0.185 2.537 1.013 1.372 -1.089
Gaussian, student-t Mixture 1.547 -0.100 2.529 1.095 1.372 -1.113

Full Sample                      Recession Periods Expansion Periods
MSFE DM Test MSFE DM Test MSFE DM Test

Single-State 3.982 5.171 3.829
Gaussian Mixture
Model I 4.240 -1.239 5.680 -0.853 4.055 -1.003
Model II 3.962 0.214 5.918 -0.836 3.710 1.142
Model III 3.769 1.135 4.941 0.748 3.618 1.012

Full Sample                      Recession Periods Expansion Periods
MSFE DM Test MSFE DM Test MSFE DM Test

Single-State 1.703 2.497 1.601
Gaussian Mixture
Model I 1.712 -0.194 2.424 0.353 1.621 -0.430
Model II 1.727 -0.689 2.428 0.298 1.637 -1.386
Model III 1.736 -0.921 2.639 -0.841 1.620 -0.556

Note: For the Gaussian mixtures, Model I assumes constant transition probabilities, Model II includes only the leading indicator in
the state transition equation and Model III includes both a constant and the leading indicator. The Gaussian and student-t mixture
adopts the same transition equation as model III. The DM statistic tests the null that the MSFE of the single state model is no higher
than that of the mixture models.

Large Firms

 Out-of-Sample Forecasting Results (1976:1 - 1997:12)

Small Firms

Large Firms

Mean Squared Forecast Errors Performance

Table 3

 In-Sample Forecasting Results (1954:1 - 1997:12)

Small Firms



Table 4
Market Timing Test

 In-Sample Forecasting Results (1954:1 - 1997:12)

Full Sample Recession Periods Expansion Periods
%Correct Signs PT Test %Correct Signs PT Test %Correct Signs PT Test

Single-State 0.646 6.386 0.713 3.826 0.634 5.251
Gaussian Mixture
Model I 0.636 6.132 0.688 3.402 0.627 5.261
Model II 0.644 6.860 0.700 3.605 0.634 5.947
Model III 0.644 6.569 0.688 3.428 0.636 5.622
Gaussian and student-t Mixture 0.655 7.028 0.688 3.428 0.650 6.114

Full Sample Recession Periods Expansion Periods
%Correct Signs PT Test %Correct Signs PT Test %Correct Signs PT Test

Single-State 0.598 2.306 0.663 2.905 0.587 1.029
Gaussian Mixture
Model I 0.610 2.904 0.700 3.549 0.594 1.145
Model II 0.595 2.303 0.650 2.631 0.585 1.162
Model III 0.623 3.601 0.700 3.549 0.609 1.904
Gaussian and student-t Mixture 0.631 4.019 0.713 3.787 0.616 2.249

 Out-of-Sample Forecasting Results (1976:1 - 1997:12)

Full Sample Recession Periods Expansion Periods
%Correct Signs PT Test %Correct Signs PT Test %Correct Signs PT Test

Single-State 0.580 3.143 0.700 2.233 0.564 2.656
Gaussian Mixture
Model I 0.583 3.373 0.733 2.583 0.564 2.703
Model II 0.583 3.110 0.633 1.787 0.577 3.000
Model III 0.576 3.033 0.733 2.636 0.555 2.424

Full Sample Recession Periods Expansion Periods
%Correct Signs PT Test %Correct Signs PT Test %Correct Signs PT Test

Single-State 0.519 0.154 0.600 0.959 0.509 -0.154
Gaussian Mixture
Model I 0.489 -1.067 0.667 1.717 0.466 -1.677
Model II 0.515 0.622 0.567 0.530 0.509 0.532
Model III 0.496 0.113 0.633 1.325 0.479 -0.276

Note: For the Gaussian mixtures, Model I assumes constant transition probabilities, Model II includes only the leading indicator in
the transition equation and Model III includes both a constant and the leading indicator. The Gaussian and student-t mixture
adopts the same transition equation as model III. The PT statistic tests the null of independence between the sign of the realized
and predicted excess returns and is asymptotically normally distributed.

Small Firms

 Large Firms

Small Firms

 Large Firms



Powers of the residuals from the return equation are projected on their conditional expectation 

(εt)n= a + b(E(εt)
n)+υt

Single-State Model  
Gaussian Mixture 

Model I
Gaussian Mixture 

Model II  
Gaussian Mixture 

Model III  
Gaussian and student-

t Mixture
n=2 1.292 (0.879) 0.569 (0.894) 0.972 (0.892) 0.761 (0.792) 0.182 (0.826)

0.664 (0.230) 0.861 (0.254) 0.720 (0.241) 0.770 (0.216) 1.117 (0.297)

n=3 0.018 (0.162) -0.048 (0.129) -0.046 (0.137) -0.113 (0.125) -0.076 (0.132)
0.000 (0.000) 1.665 (1.225) 1.827 (1.138) 2.413 (1.584) 4.247 (2.868)

n=4 0.107 (0.051) 0.040 (0.063) 0.104 (0.043) 0.033 (0.061) 0.054 (0.043)
0.033 (0.033) 0.993 (0.806) 0.212 (0.178) 0.970 (0.759) 0.915 (0.470)

Single-State Model  
Gaussian Mixture 

Model I
Gaussian Mixture 

Model II  
Gaussian Mixture 

Model III  
Gaussian and student-

t Mixture
n=2 0.145 (0.393) 0.033 (0.374) 0.316 (0.388) 0.204 (0.377) 0.034 (0.394)

0.905 (0.277) 0.969 (0.268) 0.783 (0.265) 0.867 (0.269) 1.005 (0.290)

n=3 -0.036 (0.026) -0.031 (0.023) -0.023 (0.026) -0.029 (0.022) -0.031 (0.023)
0.000 (0.000) -0.230 (0.978) 0.639 (1.269) 0.131 (0.914) -0.124 (0.927)

n=4 0.005 (0.007) 0.008 (0.005) 0.008 (0.006) 0.010 (0.005) 0.009 (0.005)
0.679 (0.434) 0.418 (0.277) 0.403 (0.291) 0.291 (0.213) 0.316 (0.232)

Single-State Model  
Gaussian Mixture 

Model I
Gaussian Mixture 

Model II  
Gaussian Mixture 

Model III
n=2 3.256 (0.930) 2.011 (1.542) 3.153 (0.929) 2.618 (1.164)

0.100 (0.059) 0.467 (0.332) 0.100 (0.068) 0.282 (0.227)

n=3 -0.070 (0.232) -0.149 (0.239) -0.193 (0.252) -0.165 (0.223)
0.000 (0.000) 0.841 (0.802) 0.018 (0.068) 1.557 (1.351)

n=4 0.174 (0.084) 0.109 (0.083) 0.169 (0.084) 0.150 (0.095)
-0.005 (0.004) 0.474 (0.550) -0.009 (0.016) -0.021 (0.435)

Single-State Model  
Gaussian Mixture 

Model I
Gaussian Mixture 

Model II  
Gaussian Mixture 

Model III
n=2 1.297 (0.424) 1.262 (0.427) 1.566 (0.394) 1.287 (0.389)

0.208 (0.148) 0.227 (0.155) 0.084 (0.128) 0.209 (0.130)

n=3 -0.013 (0.045) -0.028 (0.042) -0.013 (0.045) -0.020 (0.046)
0.000 (0.000) -0.077 (0.529) 0.099 (0.310) -0.365 (0.202)

n=4 0.020 (0.014) 0.017 (0.011) 0.018 (0.011) 0.017 (0.011)
-0.184 (0.255) 0.009 (0.094) -0.102 (0.130) -0.015 (0.068)

Note: For the Gaussian Mixtures, Model I assumes constant transition probabilities, Model II includes only the Leading Indicator in the transition equation
and Model III includes both a constant and the Leading Indicator. The Gaussian and student-t mixture adopts the same transition equation as model III.

Large Firms

Pagan-Schwert Tests of Predictability of Higher Order Moments
Table 5

Large Firms

 Out-of-Sample Forecasting Results (1976:1 - 1997:12)

Small Firms

 In-Sample Forecasting Results (1954:1 - 1997:12)

Small Firms



Small Firms Large Firms

Single 
State 

Model

Gaussian 
Mixture 
Model I

Gaussian 
Mixture 
Model II

Gaussian 
Mixture 

Model III

Mixture 
Gaussian/   
t-distrib.

Single 
State 

Model

Gaussian 
Mixture 
Model I

Gaussian 
Mixture 
Model II

Gaussian 
Mixture 

Model III

Mixture 
Gaussian/   
t-distrib.

Parameter Constant -0.006 0.003 -0.038 0.005 -0.018 -0.037 0.034 0.014 0.034 0.034
Estimates Autoreg. term -0.023 -0.035 -0.011 -0.040 -0.014 0.021 0.033 0.029 0.036 0.038

Variance 0.999 0.999 0.976 0.983 1.037 0.990 0.995 0.997 1.001 1.009

P-values Constant = 0 0.603 0.418 0.809 0.359 0.744 0.625 0.444 0.505 0.412 0.379

of the test
Autoregressive 
coefficient = 0 0.894 0.938 0.378 0.913 0.691 0.397 0.436 0.753 0.440 0.436
Variance = 1 0.971 0.981 0.439 0.589 0.229 0.747 0.876 0.923 0.963 0.777

Joint test 0.962 0.882 0.702 0.773 0.630 0.798 0.760 0.909 0.745 0.696

Kolmogorov Uniform Density 0.029 0.028 0.047 0.030 0.028 0.028 0.026 0.021 0.028 0.031
Smirnov Normal Density 0.028 0.028 0.047 0.030 0.028 0.030 0.027 0.021 0.028 0.032

Kolmogorov-Smirnov Critical Values: 0.059 (5%)   0.071 (1%)

Small Firms Large Firms

Single 
State 

Model

Gaussian 
Mixture 
Model I

Gaussian 
Mixture 
Model II

Gaussian 
Mixture 

Model III  

Single 
State 

Model

Gaussian 
Mixture 
Model I

Gaussian 
Mixture 
Model II

Gaussian 
Mixture 

Model III
Parameter Constant 0.112 -0.214 -0.114 -0.111 0.146 -0.117 -0.142 -0.173
Estimates Autoregressive -0.081 -0.057 -0.044 -0.134 0.034 0.005 -0.020 0.021

Variance 0.862 1.083 0.811 0.990 0.964 1.008 1.019 0.979

P-values Constant = 0 0.181 0.351 0.469 0.029 0.580 0.940 0.745 0.729

of the test
Autoregressive 
coefficient = 0 0.039 0.002 0.025 0.071 0.015 0.063 0.026 0.005
Variance = 1 0.001 0.061 0.000 0.810 0.401 0.855 0.668 0.636
All of them 0.001 0.000 0.000 0.028 0.100 0.309 0.120 0.048

Kolmogorov Uniform Density 0.103 0.104 0.141 0.080 0.102 0.060 0.098 0.088
Smirnov Normal Density 0.106 0.106 0.140 0.083 0.106 0.057 0.102 0.091

Kolmogorov-Smirnov Critical Values: 0.084 (5%)   0.101 (1%)

Note: For the Gaussian mixtures, Model I assumes constant transition probabilities, Model II includes only the Leading Indicator in the transition
equation and model III includes both a constant and the Leading Indicator. The Gaussian and student-t mixture adopts the same transition
equation as model III. The Kolmogorov-Smirnoff statistic tests the null that the predictive density implied by a given model is correctly
specified. Under the null of no misspecification, the inverted probability transforms should be either iid normally distributed with zero mean, unit
variance and zero autocorrelation or follow a uniform distribution, depending on which probability transform is used. The p-values measure the
probability that the null is satisfied.

Table 6

Predictive Density Tests

 In-Sample Forecasting Results (1954:1 - 1997:12)

 Out -of-Sample Forecasting Results (1976:1 - 1997:12)



Figure 1
Probability of State 1, Small Firms
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Model 1

Note: Shaded areas indicate NBER recession periods. Model I assumes a constant transition probability, Model II includes only the
Leading Indicator in the state transition equation, Model III includes both a constant and the Leading Indicator in the state The 
transitions.  Gaussian and student-t mixture model uses the same state transition as model III.
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Figure 1 (cont)
Probability of State 1 Large Firms
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Figure 2
Variations in Predictability of Returns
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Note: These figures plot estimates of the squared correlation between predicted and realized excess returns computed in a 
neighborhood of state- 1 probabilities (upper  windows) and conditional volatilities (lower windows). A tricubic spline was used to 
produce the plots.



Figure 3
First Moment, Small Firms and Large Firms

Note: Shaded areas indicate NBER recession periods. The figures plot the conditional mean of excess returns implied by the single 
state model and the different specifications listed in the footnote to Figure 1. Model II and III are not plotted because they are very similar
to the Gaussiand and t- mixture.
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Figure 4
Second Moment, Small Firms
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Note: Shaded areas indicate NBER recession periods. The figures plot the conditional variance of excess returns for the single state model 
and the specifications listed in the footnote to Figure 1



Figure 4 (cont)
Second Moment, Large Firms 
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Figure 5
Third Moment, Small Firms 
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Note: Shaded areas indicate NBER recession periods. The figures plot the conditional skewness of excess returns for each of the 
specifications listed in the footnote 1



Figure 5 (cont)
Third Moment, Large Firms
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Figure 6
Fourth Moment, Small Firms 
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Note: Shaded areas indicate NBER recession periods. The figures plot the conditional kurtosis of excess returns for the single state model 
and the specifications listed in the footnote to Figure 1



Figure 6 (cont)
Fourth Moment, Large Firms
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Figure 7
Density functions 82:09-82:12 
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Note: These figures plot estimates of the density function assocated with each of the different model specifications for the period 
1982:09-1982:12



Figure 7 (cont)
Density functions 82:09-82:12 

Large Firms
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Note: These figures plot estimates of the density function assocated with each of the different model specifications for the period 
1982:09-1982:12
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