
UC San Diego
Recent Work

Title
Structural Breaks, Incomplete Information and Stock Prices

Permalink
https://escholarship.org/uc/item/1sn269d7

Author
Timmermann, Allan

Publication Date
2001

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/1sn269d7
https://escholarship.org
http://www.cdlib.org/


2001-02

UNIVERSITY OF CALIFORNIA, SAN DIEGO

DEPARTMENT OF ECONOMICS

STRUCTURAL BREAKS, INCOMPLETE INFORMATION
AND STOCK PRICES

BY

ALLAN TIMMERMANN

DISCUSSION PAPER 2001-02
JANUARY 2001



5|h�U|�h@* �hi@!tc W?UL4T*i|i W?uLh4@|�L? @?_

5|LU! �h�Uit�

�**@? A�44ih4@??

N?��iht�|) Lu �@*�uLh?�@ 5@? #�i}L|

��}�t| ec 2fff

Devwudfw

Wklv sdshu suhvhqwv hpslulfdo hylghqfh rq wkh h{lvwhqfh ri vwuxfwxudo euhdnv

lq wkh ixqgdphqwdov surfhvv xqghuo|lqj XV vwrfn sulfhv1 Zh ghyhors dq dvvhw

sulflqj prgho wkdw uhsuhvhqwv euhdnv lq wkh frqwh{w ri d Pdunry vzlwfklqj

surfhvv zlwk dq h{sdqglqj vhw ri qrq0uhfxuulqj vwdwhv1 Gl�huhqw k|srwkhvhv

rq krz lqyhvwruv irup h{shfwdwlrqv derxw ixwxuh glylghqgv diwhu d euhdn duh

sursrvhg dqg dqdo|}hg1 D prgho lq zklfk lqyhvwruv gr qrw kdyh ixoo lqiru0

pdwlrq derxw wkh sdudphwhuv ri wkh glylghqg surfhvv exw judgxdoo| xsgdwh

wkhlu eholhiv dv qhz lqirupdwlrq duulyhv lv vkrzq wr lqgxfh vnhzqhvv/ nxuwrvlv/

yrodwlolw| foxvwhulqj dqg vhuldo fruuhodwlrq lq vwrfn uhwxuqv diwhu d euhdn1

�L dp judwhixo wr Iudqn Glherog/ Judkdp Hoolrww/ Ure Hqjoh/ Hulf Jk|vhov/ Pdvvlpr Jxlgrolq/

Mlp Kdplowrq/ Vlprq Srwwhu/ Jduh| Udph|/ Grxj Vwhljhuzdog dqg vhplqdu sduwlflsdqwv dw XFVG/

XFOD/ XF Ulyhuvlgh/ Shqq Vwdwh/ Xqlyhuvlw| ri Shqqv|oydqld/ Fdowhfk/ wkh Hfrqrphwulf Vrflhw|

Phhwlqjv lq Sdvdghqd +Mxqh 4<<:, dqg Fdqehuud +Mxo| 4<<;, iru glvfxvvlrqv dqg frpphqwv rq

wkh sdshu1 Wkh frpphqwv ri wzr dqrq|prxv uhihuhhv zhuh dovr yhu| khosixo lq uhylvlqj wkh sdshu1
|Ghsduwphqw ri Hfrqrplfv XFVG/ <833 Jlopdq Gulyh/ Od Mrood FD <53<60383;1 H0pdlo=

dwlpphupCxfvg1hgx1



�� W?|hL_�U|�L?

Wt |�i u�?_@4i?|@*t ThLUitt �?_ih*)�?} N5 t|LU! Th�Uit t|@M*i L�ih ti�ih@* _iU@_itq

A��t t|@M�*�|) @tt�4T|�L? �t �4T*�U�|*) 4@_i �? |�i �@t| 4@�Lh�|) Lu T@Tiht �? |�i

i4T�h�U@* @tti| Th�U�?} *�|ih@|�hi |�@| |it|t Thiti?| �@*�i 4L_i*t� +iUi?| t|�_�it

�@�i ^�it|�L?i_ |��t @tt�4T|�L?c �L�i�ih� #�tU�tt�?} |�i 4i@? hi|�h? L? N5

t|LU!t t�?Ui �b2Sc �hi??@? E�bb.� @h}�it |�@| ���� |�ihi @hi }LL_ hi@tL?t |L _L�M|

|�@| |��t T@h@4i|ih �@t hi4@�?i_ UL?t|@?| uLh @*4Lt| |�hii ^�@h|iht Lu @ Ui?|�h)

���U� �@t ��|?itti_ |�i 4Lt| _h@4@|�U iUL?L4�Uc |iU�?L*L}�U@* @?_ tLU�@* U�@?}i

Lu @?) UL4T@h@M*i Tih�L_ �? ��t|Lh)� E�hi??@?c T@}i D�� �Mtih�@|�L?t *�!i |�iti

t�}}it| |�@| @ u�** �?_iht|@?_�?} Lu @tti| Th�Uit hi^��hit U@hiu�* UL?t�_ih@|�L? Lu

|�i t|@M�*�|) Lu |�i �?_ih*)�?} u�?_@4i?|@*t ThLUitt�

A��t T@Tih ThLTLtit @ ?i� @TThL@U� |L 4L_i*�?} t|LU! 4@h!i| Th�Uit ���U�

*�?!t t|h�U|�h@* Mhi@!t �? |�i �?_ih*)�?} _���_i?_ ThLUitt ��|� |�i @tt�4T|�L?

|�@| �?�it|Lht �@�i �4TihuiU| �?uLh4@|�L? @ML�| |�i ?i� _���_i?_ }hL�|� h@|i

@u|ih @ Mhi@!� ��h @TThL@U� �t M@ti_ L? ?i� i4T�h�U@* |it|t ���U� t�}}it| |�@|

|�ihi @hi 4�*|�T*i Mhi@!t �? |�i u�?_@4i?|@*t ThLUitt �?_ih*)�?} N5 t|LU! Th�Uit

@?_ |�i T@Tih UL?t�_iht |�i�h �4TLh|@?Ui �? |�i UL?|i | Lu @? @tti| Th�U�?} 4L_i*�

5|h�U|�h@* Mhi@!t �? |�i _���_i?_ ThLUittc �u Thiti?|c U@? @giU| t|LU! Th�Uit �?

|�L �4TLh|@?| �@)t� 6�ht|c *�!i @?) t�LU! |L |�i i?_L�4i?| ThLUittc Mhi@!t ��**

@giU| u�|�hi _���_i?_t� A�i 4@�? _�gihi?Ui Mi|�ii? Mhi@!t @?_ Lh_�?@h) t�LU!t |L

_���_i?_t �t |�@| |�i uLh4ih @hi *L� uhi^�i?U) i�i?|t |�@| *i@_ |L h@hi *i�i* t��u|t

�? _���_i?_t ���U� hi4@�? �? igiU| uLh @ *L?} |�4i� A��t �t |�i <Tiht�t|i?Ui< igiU|

Lu Mhi@!t�

�hi@!t @*tL }��i h�ti |L @? �?uLh4@|�L? igiU| ���U� UL?Uih?t �L� 4�U� �?uLh4@�

|�L? �?�it|Lht �@�i @?_ �L� |�i) hi��ti |�i�h i TiU|@|�L?t @ML�| u�|�hi _���_i?_t

uL**L��?} @ t|h�U|�h@* Mhi@!� N?_ih u�** �?uLh4@|�L?c �?�it|Lht �?t|@?|@?iL�t*) LM�

tih�i |�i ?i� T@h@4i|iht Lu |�i _���_i?_ ThLUitt @u|ih i@U� Mhi@!� `��*i |��t �t @?

�4TLh|@?| Mi?U�4@h!c �| tii4t u@h uhL4 i4T�h�U@**) T*@�t�M*i� ,T�tL_it *�?!i_ |L

Mhi@!t �? |�i _���_i?_ ThLUittc t�U� @t |�i Bhi@| #iThitt�L? Lh |�i |�L �Lh*_ �@htc

�ihi @ttLU�@|i_ ��|� t�Mt|@?|�@* �?Uih|@�?|) L�ih u�|�hi ThLtTiU|t Lu |�i iUL?L4)�

5�U� �?Uih|@�?|�itc �i @h}�ic U@? Mi||ih Mi 4L_i*i_ M) @tt�4�?} |�@| �?�it|Lht

�@�i �?UL4T*i|i !?L�*i_}i Lu |�i ?i� _���_i?_ }hL�|� h@|i @?_ �?_ih|@!i @ hi�

U�ht��i �T_@|�?} ThLUitt ���U� }h@_�@**) ThL��_it |�i4 ��|� 4Lhi ThiU�ti }hL�|�

it|�4@|it @t ?i� _@|@ i4ih}it�

�



A��t �4TihuiU| �?uLh4@|�L? �)TL|�it�t �@t �4TLh|@?| i4T�h�U@* �4T*�U@|�L?t� W?

|�i Tih�L_ uL**L��?} @ t|h�U|�h@* Mhi@! �?�it|Lht U@??L| hi*) L? ��t|Lh�U@* _@|@ |L

ThL_�Ui @? it|�4@|i Lu |�i ?i� 4i@? _���_i?_ }hL�|� h@|i� w@h}i hi��t�L?t �? �?�

�it|Lht< T@h@4i|ih it|�4@|it @hi 4Lhi *�!i*) |L LUU�h �44i_�@|i*) @u|ih t�U� Mhi@!t

t�?Ui |�i <*i@h?�?} U*LU!< h�?t u@t| @?_ |��t ThL_�Uit @ U*�t|ih�?} �? |�i �L*@|�*�|) Lu

@tti| Th�Uit |�hL�}� |�i�h _iTi?_i?Ui L? �?�it|Lht< Mi*�iut� N?_ih u�** �?uLh4@|�L?

@ Mhi@! �? |�i _���_i?_ ThLUitt ��** L?*) t�L� �T @t @ t�?}*i L�|*�ih �? |�i hi|�h?

_�t|h�M�|�L? �? |�i Tih�L_ ��ihi |�i Mhi@! LUU�ht� A�i UL4M�?@|�L? Lu 4�*|�T*i

Mhi@!t �? |�i u�?_@4i?|@*t ThLUitt @?_ i?_L}i?L�t *i@h?�?} igiU|t �t �4TLh|@?|�

Bi?L||i E�bHS� U@**t uLh @ 4L_i* ��ihi |�i 4@h!i|<t *i@h?�?} @giU|t |�i �?_ih*)�

�?} hi|�h? ThLUittc ���*i wi��t E�bHb� UL?�iU|�hit |�@| 4�*|�T*i Mhi@! TL�?|t @hi

?ii_i_ |L Mi||ih i T*@�? 4L�i4i?|t �? @tti| Th�Uit� ��h @?@*)t�t �?ULhTLh@|it ML|�

Lu |�iti i*i4i?|t�

,@h*�ih t|�_�it t�U� @t �iUU�i||�c w@4 : �@h! E�bbf� @?_ VihL?it� E�bbb� �@�i

4L_i*i_ �?t|@M�*�|�it �? |�i u�?_@4i?|@*t ThLUitt �? |�i UL?|i | Lu t��|U�it Mi|�ii?

|�L hiU�hh�?} t|@|it �? |�i _h�u| Lu N5 _���_i?_t� �) @tt�4�?} |�@| t|@|it hiTi@|

@?_ |�@| t��|U�it _L ?L| hiThiti?| U*i@? Mhi@!t ��|� |�i T@t|c �?�it|Lht �? |�iti

4L_i*t U@? �ti ��t|Lh�U@* �?uLh4@|�L? |L �T_@|i |�i�h Mi*�iutc @*|�L�}� |�i) u@Ui |�i

�*|ih�?} ThLM*i4 @ttLU�@|i_ ��|� �_i?|�u)�?} |�i �?_ih*)�?}c M�| �?!?L�?c t|@|i�

��h @TThL@U� 4L_i*t |�i _���_i?_ ThLUitt @t @ �@h!L� t��|U��?} 4L_i* ��|� @?

i T@?_�?} ti| Lu ?L?�hiU�hh�?} t|@|it� ,@U� |�4i @ Mhi@! LUU�htc |�i ?i� t|@|i

�t U�@h@U|ih�3i_ M) @ _�gihi?| ti| Lu T@h@4i|ih �@*�it� �L?ti^�i?|*)c hi��t�L?t

�? �?�it|Lht< T@h@4i|ih it|�4@|it @?_ |�i �L*@|�*�|) Lu @tti| Th�Uit ��** Mi }hi@|ih

�44i_�@|i*) @u|ih @ Mhi@!�

A�i |�L @TThL@U�it @hi ?L| 4�|�@**) i U*�t��i� A�i @tt�4T|�L? Lu hiTi@|i_

t|@|it �t T@h|�U�*@h*) @TTi@*�?} @| |�i M�t�?itt U)U*i uhi^�i?U)c U�u� �ihi3�"��hLt :

A�44ih4@?? E2fff� @?_ VihL?it� E�bbb�� ��| |��t _Lit ?L| h�*i L�| |�i Thiti?Ui

Lu Mhi@!t �? |�i �?_ih*)�?} _���_i?_t |�@| LUU�h @| @ 4�U� *L�ih uhi^�i?U)� W?_ii_

���*i |�ihi @hi i�}�| L�U�@* TLt|��@h hiUitt�L?tc L�h i4T�h�U@* @?@*)t�t L?*) �_i?|��

�it L?i Lh |�L TLt|��@h Mhi@!t� OL�i�ihc @*|�L�}� t|h�U|�h@* Mhi@!t @hi h@hic �i

�?_ |�@| |�i) U@? �@�i �ih) �4TLh|@?| igiU|t L? |�i 4L4i?|t Lu t|LU! hi|�h?t�

A�i T*@? Lu |�i T@Tih �t @t uL**L�t� 5iU|�L? 2 Thiti?|t i4T�h�U@* i��_i?Ui L?

Mhi@!t �? |�i _���_i?_ ThLUitt �?_ih*)�?} N5 t|LU!t ���*i 5iU|�L? � _i�i*LTt @? @t�

ti| Th�U�?} 4L_i* �?_ih t�U� Mhi@!t� W?UL4T*i|i �?uLh4@|�L? @?_ hiU�ht��i *i@h?�?}

2



igiU|t @hi �?|hL_�Ui_ �? 5iU|�L? e� 5iU|�L? D hiTLh|t hit�*|t uhL4 t�4�*@|�L?t Lu |�i

4L_i* �?_ih UL4T*i|i @?_ �?UL4T*i|i �?uLh4@|�L? @?_ UL4T@hit |�i t�4�*@|�L?t

|L @U|�@* _@|@ L? N5 t|LU! hi|�h?t� 5iU|�L? S UL?U*�_it�

2� 5|h�U|�h@* �hi@!t �? 6�?_@4i?|@*tG ,4T�h�U@* ,��_i?Ui

AL uLh4@**) |it| uLh Mhi@!t �? |�i i?_L�4i?| ThLUitt �i Thiti?| |�i L�|UL4i Lu |�L

_�gihi?| iUL?L4i|h�U @TThL@U�it� A�i �ht| @TThL@U� UL?t�_iht Mhi@!t @t _i|ih4�?�

�t|�U i�i?|t @?_ �i?Ui _Lit ?L| 4@!i @?) @tt�4T|�L?t @ML�| |�i _�t|h�M�|�L? uhL4

���U� |�i Mhi@!t �ihi _h@�?� A�i @_�@?|@}i Lu ?L| �4TLt�?} @ ThLM@M�*�|) 4L_i*

uLh |�i Mhi@!t �t |�i hit�*|�?} hLM�t|?itt ��|� hitTiU| |L TLtt�M*i 4�ttTiU��U@|�L?

Lu t�U� @ �4i|@ 4L_i*��
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Table 1. Estimated number of break points, Bai-Perron Method. 
     
 Break point 

criterion 
  Break Dates (BIC) 

Process Sequential AIC BIC  
     

Dividend growth 0 8 4 1911, 1920, 1930, 1938 
     

Absolute dividend growth 1 8 4 1921, 1931, 1939, 1951 
     

Dividend growth w. lag 3 8 1 1917 
     

Absolute dividend growth w. lag 6 8 4 1920, 1931, 1938, 1950 
     
Note: This table reports the number of break points detected by the Bai-Perron (1998) method 
adopted to the logarithm of the monthly growth in real dividends. The results are based on 
univariate specifications with an intercept term or an intercept term and a single lag of the  
dependent variable as regressors.      
     
The sequential approach to determining the number of breaks using a significance level of 5  
percent. AIC and BIC are the Akaike and Bayesian penalized likelihood model selection criteria. 
 



 
Table 2. Estimation Results for the Markov switching models with non-recurring states. 
        
A. Likelihood function 
        
Number of states Log-likelihood BIC      
1 3534.5 -7054.3      
2 4720.7 -9404.7      
3 4751.6 -9444.4      
4 4788.6 -9496.4      
5 4798.0 -9493.2      
6 4813.5 -9502.2      
7 4870.4 -9593.9      
8 4878.2 -9587.5      
        
B. Fitted parameters for the seven state model 
        
 s = 1 s = 2 s = 3 s = 4 s = 5 s = 6 s = 7 
µ 0.161 -2.327 0.688 -0.048 0.280 -0.254 0.121 
(s.e.) (0.077) (0.226) (0.074) (0.131) (0.050) (0.035) (0.022) 
σ 1.825 1.214 0.816 2.071 0.661 0.364 0.374 
(s.e.) (0.054) (0.16) (0.052) (0.093) (0.035) (0.025) (0.016) 

iip  99.82 96.66 99.22 99.60 99.44 99.10 1.00 

(s.e.) (0.18) (3.31) (0.79) (0.40) (0.56) (0.93) NA 
        
Note: Panel A reports the outcome of fitting to the monthly dividend growth rate data a Markov switching 
model with an expanding set of non-recurring states. Panel B reports the parameter estimates and their 
standard errors for the selected seven state model. 
 
 



Table 3. Statistical Properties of Monthly Stock Returns. US data (1871-1999) and simulations. 
            
 Data Simulations          
  No Break Break         
            

Moments of Excess S&P 500 Full Information Full Info. Filtering Bayesian Full Info. Filtering Bayesian Full Info. Filtering Bayesian 
Returns     Learning   Learning   Learning 

   α = 0   α = 0.5   α = 2   
            

Standard deviation 0.041 0.015 0.029 0.015 0.033 0.019 0.015 0.022 0.025 0.015 0.017 
Skewness 0.82 0.05 8.70 0.05 1.42 1.22 0.05 0.24 5.66 0.05 4.66 

Kurtosis 22.42 2.98 304.96 2.98 31.01 62.42 2.98 8.54 215.20 2.99 178.10 
Serial Correlation 115.23 0.48 0.22 2.64 0.94 0.43 1.18 0.66 0.51 0.64 1.72 

2R   in Yield 
Regression 

0.005 0.000 0.001 0.003 0.002 0.003 0.004 0.002 0.026 0.017 0.044 

ARCH(1) 12.11 1.00 0.28 1.05 7.96 0.55 1.03 6.79 0.43 1.03 0.88 
ARCH(4) 68.13 3.92 0.61 4.04 21.84 1.50 4.03 20.82 1.69 4.09 2.99 

ARCH(12) 173.32 12.00 3.40 11.91 38.27 5.65 11.90 41.00 4.62 12.03 5.82 
            
Percentage of Simulations with Significant Value of the Diagnostic Statistic 

Serial Correlation  4.9 2.0 38.4 15.6 3.9 21.7 8.8 7.5 9.6 31.2 
ARCH(1)  4.3 0.6 5.4 31.8 0.8 4.9 42.5 0.6 5.1 4.2 
ARCH(4)  5.0 0.9 6.3 41.5 1.6 6.5 61.6 1.8 7.4 5.5 

ARCH(12)  4.9 2.7 3.8 41.2 3.2 4.1 67.1 3.8 4.9 6.1 
            
            
Note: The first three rows (standard deviation, skewness and kurtosis of excess returns) give the estimates of the 
first three (centered) moments of the actual and simulated data. Serial correlation is the estimate of the first order Ljung-Box test statistic. 

2R in yield regression is the estimated 2R  from a regression of excess returns on a constant and the lagged dividend yield. The ARCH statistics give  
the values of the LM test for ARCH suggested by Engle (1982). These are chi-squared distributed with degrees of freedom equal to the order of the 
ARCH test.  
The last four rows provide the percentage of simulations that generated values of a given diagnostic test that were significant at the 5 percent critical 
level. 
The following annualized parameter values were used in the (1000) simulations: 
π = .997, g = -.04, g = .06,  ρ = .075, σ = .015. 
 



Table 4. Method of Moments test of Euler equations 
          
 Full Bayesian Filtering Full Bayesian Filtering Full Bayesian Filtering 
 Information learning  information learning  information learning  
          
  α = 0   α = 0.5   α = 2.0  

Rejection rates          
1%   2.8   3.8  7.6  0.6   2.8 3.6 2.8 3.2 9.6 
5%   10.4 11.6 13.2   6.0 7.0 9.8 9.2 8.4 17.4 
10% 19.0 16.0 19.0 13.2 13.4 17.0 16.2 14.6 24.8 

          
Mean value of J-test   1.6    1.5    3.0 1.2 1.4 1.6 1.5 1.5 4.6 

          
Note: This table reports the outcome of 500 Monte Carlo simulations of the three asset pricing models under full information, Bayesian learning and filtering. Each 
set of simulations tests the Euler equation using a constant, lagged return and dividend yield as instruments. 
 




