
1. Introduction 

Volatility is one of the most important factors in the financial market. The financial 

market would be quiet in one period, while volatile in another, thus the estimating of 

volatility becomes a crucial issue. We further refer to the importance of the 

forecasting of volatility for three reasons. First, asset risk is the key factor to 

determine the asset price, investors request higher premiums as compensations when 

they hold more risky assets in hands. Therefore, it is necessary to know well the 

volatility. Second, volatility is directly related to the uncertainty of market, and it is 

one of the indices to determine the quality and efficiency of the financial market. Last, 

volatility affects the consumption behavior of consumers, the financial decisions of 

investors and institutions, and the related economic variables like expansions, 

recessions, and so on. 

A great many researchers argue about the specification of disturbancess. From 

Engle (1982), Bollerslev (1986), Bollerslev, Chou and Kroner (1992) to Bollerslev, 

Engle and Nelson (1994), the ARCH kind of models have been employed to describe 

the time series data for long time. However, there are some shortcomings exist in such 

models. Since such models have high persistence in variance, they are supposed to 

have good forecast performances of variance, but actually they even do worse than 

constant-variance models. Diebold (1986) and Lamoureux and Lastrapes (1990) 



propose that the high persistence may reflect structural change in the variance 

process. 

Some alternatives are proposed to solve this contradiction. Since Hamilton’s (1989) 

work, the Markov-switching autoregressive models have been emerged as interesting 

alternatives to describe the time series data, and Hamilton and Susmel’s (1994) 

specification of Markov-switching ARCH (SWARCH) model is one of them. 

Hamilton and Susmel also point that although ARCH model describes persistence 

well, but do not in forecast performance. They infer that the high persistence is 

spurious, and the cause is the structural change in the ARCH process, the high value 

of the persistence parameter is known to be non-robust across sub-samples. Hamilton 

and Susmel propose the Markov-switching ARCH (SWARCH) model which 

parameterize in nonlinear stationary process, and it allows the conditional 

disturbances to change as time passes and even to switch in different regimes. Take 

the U.S. stock market for an instance; they also state that the change from low 

volatility to high volatility corresponds to the business cycle. Volatility would turn 

from low to high when economic recession is coming, that is, stock market is the 

index ahead of the economic cycle.  

While SWARCH model is recognized as an appropriate model to describe the time 

series, lots of the works are mostly aimed at macroeconomic variables. Brunner’s 



(1991) research on inflation, Cai’s (1994) analysis of Treasury bill yield of U.S., 

Turner, Startz, and Nelson (1989), Dueker (1997) and Schaller and Norden’s (1997) 

similar applications to the stock market analysis. Even though some documents focus 

on the crude oil market, they are mainly about the relation between macroeconomic 

variables and oil market, for example, Jennie E. Raymond and Robert W. Rich (1997), 

Surender Kumar (2005) and Matteo Manera and Alessandro Cologni (2006), all 

analyze the relationship between oil price shocks and U.S. business cycle fluctuations.  

Different from the former literatures’ analysis, the contribution of our study is to 

apply the SWARCH model on the investigation of the Brent crude oil futures market. 

Since SWARCH model has been proved to be an effective model on explaining many 

objects, we wonder its effect on Brent crude oil futures market. 

The crude oil is the most crucial energy all around the world, and it is widely 

analyzed. Patrizio Pagano and Massimiliano Pisani (2006) find that the forecast error 

on crude oil futures is getting larger since the mid-1990s, and the forecast error could 

be explained in part by means of real-time US business cycle indicators, such as the 

degree of utilized capacity in manufacturing. The degree of utilized capacity is 

viewed as a time-varying risk premium, and the forecast performance is improved by 

adding it to the forecast formula. Kumar and Manmohan (2006) undertake a research 

on the efficiency of the crude oil futures market and the forecasting accuracy of 

http://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=53409
http://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=53410
http://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=53410
http://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=299771


futures prices. Efficiency is analyzed by whether there are expected excess returns to 

be speculated. The methods for forecast are random-walk model, ARMA model, 

GMM model and combination model whose price is composed by linear-weighting 

the futures price and ARMA estimated price. They determine that the combination 

model is the most accurate of all in forecast the crude oil futures price.  

Dissimilar to the above paper which does no identify the specification of 

conditional disturbances on the ARMA model, we further employee the SWARCH 

model for more detailed consideration. 

Besides, crude oil market is also analyzed in other fields. Paul Stevens (2005) 

discusses the crude oil market in aspect of Petroleum and Mineral Law and Policy, 

while Robber W. Weiner (2006) remarks the issue of whether the crises tear the fabric 

of oil trade. 

  In this paper, we concentrate on the comparisons of goodness of fit between 

different models, the forecast performances between models, and the estimation of 

probabilities of data under different regimes. We first employee AIC and SBC to 

judge the goodness of fit of the fitting models, then we calculate the loss function to 

determine the forecast performance of models. As a result, we conclude that the 

SWARCH (3,3) model is the most adequate one to do the fitting and forecast of Brent 

crude oil futures market. The smoothing probabilities of data under different regimes 



facilitate to capture the characteristics of data and the high-volatility regime is 

associated with some extraordinary events, such as the 1990’s Persian Gulf War, the 

1997’s Asia Financial Crisis, and the 2001’s 911 terrorist attack. 

The plan of this paper is as follow. Section 2 introduces the methodology, including 

the discussions of stationary, the AIC and SBC criteria, the comparisons of forecast 

performance, the statement of SWARCH model and the smoothing and filter 

probabilities. Section 3 presents the data and the empirical results. Section 4 shows 

the conclusions.  

 


