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Table 1 

Univariate Regime Switching Models for Stock and Bond Returns 
This table reports estimation results for the model 
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where st is governed by an unobservable, discrete, first-order Markov chain that can assume k values (states). uti is 
IIN(0,1). i =1, 2, 3 indexes excess returns on portfolios of large and small stocks and 10-year T-bonds. Data are 
monthly and obtained from the CRSP tapes. The sample period is 1954:01 � 1999:12. For likelihood ratio tests we 
report in square brackets the p-value based on the χ2(r) distribution (r is the number of restrictions) and in curly 
brackets the p-value based on Davies� (1977) upper bound. 

Parameter Large caps Small caps Bonds Large caps Small caps Bonds 
 Panel A � Two-State AR(0) Models Panel B � Two-State AR(1) Models 

µ1 -0.0083 0.0045 0.0015 -0.0239 0.0042 0.0012 

µ2 0.0097 0.0109 -0.0012 0.0154 0.0070 -0.0007 
a 1 NA NA NA 0.4400 0.1555 0.0645 
a 2 NA NA NA -0.1639 0.2553 0.2989 
σ1 0.0641 0.0852 0.0246 0.0444 0.0873 0.0247 

σ2 0.0335 0.0360 0.0070 0.0347 0.0366 0.0071 
P11 0.7298 0.8910 0.9721 0.3819 0.8768 0.9757 
P22 0.9424 0.9218 0.9196 0.8521 0.9285 0.9315 

Log-likelihood 996.3292 804.2038 1394.8273 993.5284 816.2982 1399.0809 
Linear Log-lik. 976.9035 756.5298 1334.0423 975.1871 765.8890 1333.1040 

LR test of linearity 
38.8514 
[0.000] 
{0.000} 

95.3481 
[0.000] 
{0.000} 

121.5699 
[0.000] 
{0.000} 

36.6825 
[0.000] 
{0.000} 

100.8184 
[0.000] 
{0.000} 

131.9537 
[0.000] 
{0.000} 

Hannan-Quinn -3.5698 -2.8737 -5.0137 -3.5528 -2.9095 -5.0248 
 Panel C � Three-State AR(0) Models Panel D � Three-State AR(1) Models 

µ1 -0.0169 -0.0245 0.0029 -0.0289 -0.0155 0.0000 

µ2 0.0061 0.0121 -0.0014 0.0057 0.0070 -0.0003 

µ3 0.0371 0.0867 0.0006 0.0306 0.1106 0.0026 
a 1 NA NA NA 0.3804 0.1215 0.0948 
a 2 NA NA NA -0.0290 0.2612 0.5497 
a 3 NA NA NA -0.2615 -0.3356 0.0486 
σ1 0.0722 0.0744 0.0337 0.0452 0.0753 0.0170 

σ2 0.0354 0.0365 0.0056 0.0300 0.0359 0.0029 

σ3 0.0181 0.0762 0.0181 0.0371 0.0726 0.0334 
p11 0.7356 0.8578 0.9799 0.4578 0.8776 0.9809 
p22 0.9663 0.9232 0.9206 0.9562 0.9347 0.8932 
p33 0.6716 0.4533 0.9726 0.7155 0.3433 0.9800 
p12 0.0017 0.0011 0.0069 0.0079 0.0014 0.0118 
p21 0.0313 0.0645 0.0001 0.0418 0.0592 0.1067 
P31 0.0052 0.0029 0.0077 0.2129 0.0082 0.0116 

Log-likelihood 1004.7285 814.9706 1420.7636 1005.6759 826.5749 1429.0516 
Linear Log-lik. 976.9035 756.5298 1334.0423 975.1871 765.8890 1334.1040 

LR test of linearity 
55.6501 
[0.000] 
{0.000} 

116.8817 
[0.000] 
{0.000} 

173.4425 
[0.000] 
{0.000} 

60.9775 
[0.000] 
{0.000} 

121.3719 
[0.000] 
{0.000} 

191.8951 
[0.000] 
{0.000} 

Hannan-Quinn -3.5602 -2.8727 -5.0676 -3.5501 -2.9000 -5.0868 
 



Table 2 

Model Selection for Stock and Bond Returns (joint model) 
This table reports values of the log-likelihood function, linearity tests and information criterion values for the 
multivariate Markov switching conditionally heteroskedastic VAR model: 

t

p

j
jtjsst tt

Ay εµ
1

∑
=

− ++= r  

where 
ts

µ  is the intercept vector in state st, 
tjs

A  is the matrix of autoregressive coefficients at lag j = 1 in state st and 

ε t= ),( ~]'  [ 321 tsttt N Ω0εεε . St is governed by a first-order Markov chain that can assume k values. p autoregressive 
terms are considered. The three monthly return series comprise a portfolio of large stocks (ninth and tenth CRSP size 
decile portfolios), a portfolio of small stocks (first and second CRSP deciles), and 10-year T-bonds. Returns are 
measured in excess of the 30-day T-bill rate. The data was obtained from the CRSP tapes. The sample period is 
1954:01 � 1999:12. MMSIA is short for Multivariate Markov Switching with regime-dependent Intercept and 
Autoregressive terms, while MMSIAH introduces regime-dependent heteroskedasticity. 

Model 
(k,p) 

Number of 
parameters 

Log-
likelihood 

LR test for 
linearity 

Hannan-
Quinn 

 Base model: MSIA(1,0) 
MMSIA(1,0) 9 3290.82 NA -11.8632 

MMSIA(1,1) 18 3314.34 NA -11.9099 

MMSIA(1,2) 27 3314.72 NA -11.8618 
 Base model: MSIA(2,0) 

MMSIA(2,0) 14 3316.24 50.8244 
(0.000) -11.8552 

MMSIAH(2,0) 20 3392.79 203.9312 
(0.000) -12.1592 

MMSIAH(2,1) 38 3436.99 245.2865 
(0.000) -12.2213 

MMSIAH(2,2) 56 3438.51 253.5739 
(0.000) -12.1285 

 Base model: MSIA(3,0) 

MMSIA(3,0) 21 3340.86 100.0658 
(0.000) -11.9643 

MMSIAH(3,0) 33 3418.03 254.4206 
(0.000) -12.1639 

MMSIAH(3,1) 60 3468.10 307.5043 
(0.000) -12.1871 

MMSIAH(3,2) 87 3480.08 336.7194 
(0.000) -12.0721 

 Base model: MSIA(4,0) 

MMSIA(4,0) 30 3380.29 178.9327 
(0.000) -12.0471 

MMSIAH(4,0) 48 3462.91 344.1803 
(0.000) -12.2263 

MMSIAH(4,1) 84 3517.36 406.0404 
(0.000) -12.2054 

MMSIAH(4,2) 120 3554.56 485.6775 
(0.000) -12.1218 

MMSIAH(4,3) 156 3589.30 550.8718 
(0.000) -12.0291 

 



Table 2 (continued) 

Model Selection for Stock and Bond Returns (joint model) 
 

Model 
(k,p) 

Number of 
parameters 

Log-
likelihood 

LR test for 
linearity 

Hannan-
Quinn 

 Base model: MSIA(5,0) 

MMSIA(5,0) 41 3406.45 231.2536 
(0.000) -12.0685 

MMSIAH(5,0) 65 3485.78 389.9136 
(0.000) 

-12.1957 

MMSIAH(5,1) 110 3546.33 463.9703 
(0.000) 

-12.1367 

MMSIAH(5,2) 155 3599.75 576.0651 
(0.000) 

-12.0517 

 



Table 3 

Estimates of Regime Switching Model for Stock and Bond Returns  
This table reports parameter estimates for the multivariate regime switching model 

tst t
y εµ += , 

where 
ts

µ  is the intercept vector in state st and ε t= ),( ~]'  [ 321 tsttt N Ω0εεε . St is governed by a first-order Markov 
chain that can assume four values. The three monthly return series comprise a portfolio of large stocks (ninth and 
tenth CRSP size decile portfolios), a portfolio of small stocks (first and second CRSP deciles), and 10-year T-bonds. 
Returns are measured in excess of the 30-day T-bill rate. The data was obtained from the CRSP tapes. The sample is 
1954:01 � 1999:12. The first panel refers to the single-state benchmark case (k = 1). Values on the diagonals of the 
correlation matrices are annualized volatilities. Asterisks attached to correlation coefficients refer to covariance 
estimates. For mean coefficients and transition probabilities, standard errors are reported in parentheses. 

 Panel A � Single State Model 
 Large caps Small caps Long-term bonds 
1. Mean excess return 0.0066 (0.0018) 0.0082 (0.0026) 0.0008 (0.0009) 
2. Correlations/Volatilities    
Large caps 0.1428***   
Small caps 0.7215** 0.1481***  
Long-term bonds 0.2516 0.1196 0.0748*** 
 Panel B � Four State Model 
 Large caps Small caps Long-term bonds 
1. Mean excess return    
Regime 1 (crash) -0.0510 (0.0146) -0.0810 (0.0219) -0.0131 (0.0047) 
Regime 2 (slow growth) 0.0069 (0.0027) 0.0008 (0.0033) 0.0009 (0.0016) 
Regime 3 (bull) 0.0116 (0.0032) 0.0167 (0.0048) -0.0023 (0.0007) 
Regime 4 (recovery) 0.0226 (0.0055) 0.0458 (0.0098) 0.0098 (0.0033) 
2. Correlations/Volatilities    
Regime 1 (crash):    
Large caps 0.1625***   
Small caps 0.8233*** 0.2479***  
Long-term bonds -0.4060* -0.2590 0.0902*** 
Regime 2 (slow growth):    
Large caps 0.1118***   
Small caps 0.7655*** 0.1099***  
Long-term bonds 0.2043*** 0.1223 0.0688*** 
Regime 3 (bull):    
Large caps 0.1133***   
Small caps 0.6707*** 0.1730***  
Long-term bonds 0.1521 -0.0976 0.0261*** 
Regime 4 (recovery):    
Large caps 0.1479***   
Small caps 0.5013*** 0.2429***  
Long-term bonds 0.3692*** -0.0011 0.1000*** 
3. Transition probabilities Regime 1 Regime 2 Regime 3 Regime 4 
Regime 1 (crash) 0.4940 (0.1078) 0.0001 (0.0001) 0.02409 (0.0417) 0.4818 
Regime 2 (slow growth) 0.0483 (0.0233) 0.8529 (0.0403) 0.0307 (0.0110) 0.0682 
Regime 3 (bull) 0.0439 (0.0252) 0.0701 (0.0296) 0.8822 (0.0403) 0.0038 
Regime 4 (recovery) 0.0616 (0.0501) 0.1722 (0.0718) 0.0827 (0.0498) 0.6836 

* significant at the 10% level, ** significant at the 5% level, *** significant at the 1%. level 



Table 4 

Selection of Regime Switching Model for Stock and Bond Returns, Dividend Yield 
This table reports estimation results for the extended regime switching model 
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where yt is a (n+m x 1) random vector collecting excess asset returns in the first n positions followed by m predictor 
variables, 

ts
µ  is the intercept vector in state st, 

tjs
A  is the matrix of autoregressive coefficients associated with lag j = 

1 in state st and ε t= ),( ~]'   [ 4321 tstttt N Ω0εεεε . The unobserved state variable, St, is governed by a first-order 
Markov chain that can assume k distinct values. The three monthly return series comprise a portfolio of large stocks 
(ninth and tenth CRSP size decile portfolios), a portfolio of small stocks (first and second CRSP deciles), and 10-year 
T-bonds. Returns are measured in excess of the 30-day T-bill rate. The predictor is the dividend yield. The data was 
obtained from the CRSP tapes. The sample period is 1954:01 � 1999:12. MMSIA is short for Multivariate Markov 
Switching with regime-dependent Intercept and Autoregressive terms, while MMSIAH introduces regime-dependent 
heteroskedasticity. Models of the class MMSIAH(1, p) correspond to Gaussian VAR models of order p. 

Model 

(k,p) 

Number of 
parameters 

Log-
likelihood 

LR test for 
linearity 

Hannan-
Quinn 

 Base model: MSIA(1,0) 

MMSIA(1,0) 14 5131.15 NA 
(NA) -18.4976 

MMSIA(1,1) 30 6673.70 NA 
(NA) -24.0233 

MMSIA(1,2) 46 6674.33 NA 
(NA) -23.9549 

 Base model: MSIA(3,0) 

MMSIA(3,0) 28 5549.51 836.7187 
(0.000) -19.9200 

MMSIAH(3,0) 48 5594.02 925.7533 
(0.000) -19.9477 

MMSIAH(3,1) 96 6960.39 573.3915 
(0.000) -24.6226 

MMSIAH(3,2) 144 6978.27 611.8806 
(0.000) -24.4109 

 Base model: MSIA(4,0) 

MMSIA(4,0) 38 5503.87 745.4456 
(0.000) -19.6879 

MMSIAH(4,0) 68 5611.97 961.6513 
(0.000) -19.8792 

MMSIAH(4,1) 132 7029.66 711.9237 
(0.000) -24.6333 

MMSIAH(4,2) 196 7083.13 821.5979 
(0.000) -24.4439 

MMSIAH(4,3) 260 7155.59 958.2742 
(0.000) -24.3232 

 



Table 5 

Estimates of Regime Switching Model for Stock and Bond Returns and the Dividend Yield 
This table reports parameter estimates for the multivariate regime switching model 

*
t1

**
s εµ

t
++= −tst zAz

t
, 

where zt is a 4× 1 vector collecting excess asset returns in the first three positions plus an additional prediction variable 
(the dividend yield), *

st
µ  is the intercept vector in state st, *

ts
A  is the matrix of autoregressive coefficients associated 

with lag 1 in state st and ε*t= ),( ~]' [ *
tsxtt N Ω0εε . The unobservable state st is governed by a first-order Markov 

chain that can assume four distinct values. The three monthly return series comprise a portfolio of large stocks (ninth 
and tenth CRSP size decile portfolios), a portfolio of small stocks (first and second CRSP deciles), and 10-year bonds 
all in excess of the return on 30-day T-bills. The predictor is the dividend yield. The first panel refers to the single-state 
benchmark (k = 1). Asterisks attached to correlation coefficients refer to covariance estimates. For mean coefficients 
and transition probabilities, standard errors are reported in parentheses. 

 Panel A � VAR(1) (single state) Model 
 Large caps Small caps Long-term bonds Dividend Yield 
1. Intercept term 0.0021 (0.0070) -0.0160 (0.0102) -0.0032 (0.0036) 0.0004(0.0003) 
2. VAR(1) Matrix     
Large caps -0.0466 (0.0635) 0.0370 (0.0925) 0.2299(0.0330) 0.1261(0.0024) 
Small caps 0.1236 (0.0412) 0.1244 (0.0600) 0.2624 (0.0214) 0.6641 (0.0016) 
Long-term bonds -0.0442 (0.0839) -0.0261 (0.1223) 0.1070 (0.0436) 0.1322 (0.0032) 
Dividend Yield -0.0005 (0.2028) -0.0005 (0.2953) -0.0098 (0.1054) 0.9856 (0.0077) 
3. Correlations/Volatilities     
Large caps 0.1417***    
Small caps 0.7285*** 0.2063***   
Long-term bonds 0.2466* 0.1353 0.0736***  
Dividend Yield -0.9243*** -0.7695*** -0.2413 0.0056*** 
 Panel B � Four State Model 
 Large caps Small caps Long-term bonds Dividend Yield 
1. Intercept term     
Regime 1 (crash) -0.0848 (0.1065) -0.1152 (0.1528) -0.0150 (0.0396) 0.0014 (0.0514) 
Regime 2 (slow growth) -0.0232 (0.0338) -0.0188 (0.0516) -0.0016 (0.0115) 0.0011 (0.0010) 
Regime 3 (bull) 0.0122 (0.0539) -0.0323 (0.0471) 0.0048 (0.0278) 0.0002 (0.0021) 
Regime 4 (recovery) 0.0370 (0.0490) 0.0179 (0.0940) -0.0038 (0.0324) 0.0007 (0.0019) 
2. VAR(1) Matrix     
Regime 1 (crash):     
Large caps -0.0494 (0.5360) 0.2391 (0.3875) 0.3092 (0.7164) 1.2089 (2.8282) 
Small caps -0.0357 (0.9401) 0.2424 (0.6332) 0.7277 (1.0894) 1.5972 (4.0047) 
Long-term bonds 0.0136 (0.4381) -0.0059 (0.2641) -0.0215 (0.4246) 0.1838 (1.0283) 
Dividend Yield 0.0002 (0.0262) -0.0076 (0.0192) -0.0170 (0.0301) 1.0074 (0.1302) 
Regime 2 (slow growth):     
Large caps -0.0563 (0.3064) -0.0311 (0.1609) 0.0526 (0.4049) 1.1417 (1.1539) 
Small caps -0.0029 (0.5142) 0.2710 (0.2795) -0.0077 (0.7227) 0.8963 (1.7180) 
Long-term bonds -0.0430 (0.1539) -0.0056 (0.0896) 0.4234 (0.1888) 0.0813 (0.3948) 
Dividend Yield 0.0010 (0.0096) 0.0007 (0.0051) -0.0013 (0.0132) 0.9552 (0.0340) 
Regime 3 (bull):     
Large caps -0.0535 (0.3682) -0.0789 (0.3452) -0.0800 (0.4560) -0.0810 (1.4631) 
Small caps 0.0200 (0.3399) 0.1878 (0.3256) -0.1707 (0.4503) 1.0675 (1.2817) 
Long-term bonds -0.0272 (0.1568) -0.0550 (0.1518) -0.0057 (0.1809) -0.1571 (0.7925) 
Dividend Yield -0.0022 (0.0124) 0.0032 (0.0113) 0.0055 (0.0162) 0.9924 (0.0566) 

 



 

Table 5 (continued) 

Estimates of Regime Switching Model for Stock and Bond Returns and the Dividend Yield 
 

 Panel B (cont�d) � MMSIAH(4,1) Model 
 Large caps Small caps Long-term bonds Dividend Yield 
2. VAR(1) Matrix (cont�d)     
Regime 4 (recovery):     
Large caps -0.1994 (0.4243) -0.0419 (0.2394) 0.2603 (0.4992) -0.0123 (1.3605) 
Small caps 0.3832 (0.7902) -0.1739 (0.4847) 0.0481 (1.0007) 1.1191 (2.6891) 
Long-term bonds -0.1465 (0.3439) -0.0113 (0.1973) 0.0606 (0.3846) 0.4777 (0.8776) 
Dividend Yield 0.0047 (0.0154) 0.0024 (0.0086) -0.0105 (0.0180) 0.9428 (0.0504) 
3. Correlations/Volatilities     
Regime 1 (crash):     
Large caps 0.1206*    
Small caps 0.7530 0.2044*   
Long-term bonds -0.2128 -0.1487 0.0906*  
Dividend Yield -0.9289 -0.7885 0.1688 0.0056 
Regime 2 (slow growth):     
Large caps 0.0896***    
Small caps 0.7496*** 0.1513***   
Long-term bonds 0.2344 0.0006 0.0431***  
Dividend Yield -0.9322*** -0.7939*** -0.1808 0.0027*** 
Regime 3 (bull):     
Large caps 0.1224***    
Small caps 0.7524*** 0.1239***   
Long-term bonds 0.1083** 0.1450 0.0577***  
Dividend Yield -0.9099*** -0.7261*** -0.1174 0.0043*** 
Regime 4 (recovery):     
Large caps 0.1191*    
Small caps 0.3668 0.2189***   
Long-term bonds 0.2600 -0.1320 0.0949**  
Dividend Yield -0.9312* -0.5573 -0.1909 0.0041* 
3. Transition probabilities Regime 1 Regime 2 Regime 3 Regime 4 
Regime 1 (crash) 0.4606 (0.1868) 0.0623 (0.1117) 4.51e-19 (0.0733) 0.4771 
Regime 2 (slow growth) 2.29e-05 (0.0541) 0.9151 (0.0670) 9.07e-15 (0.0440) 0.0848 
Regime 3 (bull) 0.0598 (0.0727) 5.71e-22 (0.0106) 0.9329 (0.0696) 0.0074 
Regime 4 (recovery) 0.3223 (0.1939) 0.0809 (0.0935) 0.1160 (0.1063) 0.4808 

* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level. 

 



Figure 1 

Smoothed State Probabilities from Two-State Models for Stock and Bond Returns 
The graphs plot the smoothed probability of regime 1 estimated from the Markov switching model 

itisisit uy
itit

σµ += , 

where sit is governed by an unobservable first-order Markov chain that can assume two distinct values (states). uit is 
IIN(0,1). i =1, 2, 3 are indexes for returns on large stocks, small stocks and 10-year T-bonds portfolio. The data are 
monthly and obtained from the CRSP tapes. Excess returns are calculated as the difference between portfolio returns 
and the 30-day T-bill rate. The sample period is 1954:01 � 1999:12.  
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Figure 2 

Smoothed State Probabilities from Three-State Models for Stock and Bond Returns 
The graphs plot the smoothed probability of regimes 1-3 from the Markov switching model 

itisisit uy
tt

σµ += , 

where st is governed by an unobservable, first-order Markov chain that can assume three distinct values (states). uit is 
IIN(0,1). j =1, 2, 3 are indexes for returns on large stocks, small stocks and 10-year T-bonds. The data are monthly and 
obtained from the CRSP tapes. Excess returns are calculated as the difference between portfolio returns and the 30-
day T-bill rate. The sample period is 1954:01 � 1999:12.  
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Figure 3 
Smoothed State Probabilities: Four-State Model for Stock and Bond Returns 

The graphs plot the smoothed probabilities of regimes 1-4 for the multivariate Markov Switching model comprising 
returns on large and small firms and 10-year T-bonds all in excess of the return on 30-day T-bills. 
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Figure 4 

Smoothed State Probabilities: Four-State Model for Stock and Bond Returns and the 
Dividend Yield 

The graphs plot the smoothed probabilities of regimes 1-4 for the multivariate Markov Switching model comprising 
returns on large and small firms and 10-year bonds all in excess of the return on 30-day T-bills and extended by the 
dividend yield.  
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Figure 5 

Expected Returns from Four-state Markov Switching Model and from  
5-Factor Fama-French Linear Model 
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