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Abstract—In this paper, we present a new piecewise constant 
model to represent time-varying systematic risk, i.e., beta. We 
develop a new tracking algorithm for the new model based on 
modified Kalman filter that uses Bayes’ criteria. Empirical 
results show the superiority of our method over traditional 
random walk, mean reverting and moving window beta 
estimates. 

I. INTRODUCTION 

The beta of a stock or portfolio is one of the most common 
measure of asset risk in financial theory. The Ordinary Least 
Squares (OLS) regression is used to measure beta which 
assumes it to be constant. Evidences of time-varying beta have 
been shown in [1] and [2]. These models do not account for 
any significant economic event that could affect the systematic 
risk of an asset.  

In this paper, we present the application of non linear model 
where beta is considered to follow a piecewise constant 
process. This model takes into account the triggering economic 
events that causes beta to change. We then develop an adaptive 
tracking method for time-varying beta in the new piecewise 
constant model using Kalman Filter.  

II. PICEWISE CONSTANT MODEL FOR BETA 

In piecewise constant process, the change in beta occurs 
when there are significant economic events.  We model this 
process considering two factors – time instant at which the 
jump occurs and the magnitude of the jump. The piecewise 
constant beta can be represented by (1). 
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where  η is the prior probability associated with zt. Equations 
(1) and (2) represent the state space equations where, ζ is the 
process noise and ε is the observation noise, both following 
normal distributions. Also re,t is the asset return and rme,t is the 
market return. The mathematical expression in (1) has also 
been derived in [3]. β is estimated from (1) and (2) using 
Kalman Filter.  

III. EMPIRICAL RESULT 

In Fig. 1, beta tracking for Dell Inc. is shown. On month 
index 50 which corresponds to February 1993, an event is 
identified in which it is reported that Dell Inc had reduced its 
long-term profit goal [4]. Additionally, according to another 
news, Dell Inc. was withdrawing an offering of four million 
new common shares [5]. These events caused the risk of 
investing in Dell Inc. to increase at that time instant. This is 
captured by our piecewise constant estimation effectively and 
more accurately compared to traditional random walk, mean 
reverting and moving window beta estimates. 

 
Fig. 1. Dell Inc. β tracking 

IV. CONCLUSION 

In this paper, we showed that our method is very effective 
in identifying beta changes caused by significant events. The 
new model and its estimation algorithm are expected to help 
investors, bankers to make better investment judgment. We can 
extend our method to multifactor models such as the Fama-
French three factor model. 
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