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Motivations

• Volatility-correlation relationship 
– Roll, 1988; King and Wadhwani, 1990; Erb et 

al. 1994; Lin et al. 1994; Longin and Solnik, 
1995; Karolyi and Stulz, 1996; Boyer et al. 
1999; Longin and Solnik, 2001; Jacquier and 
Marcus, 2001; Ang and Bekaert, 2002; 
Forbes and Rigobon, 2002; Bae et al. 2003; 
Das and Uppal, 2004

– High volatility + high correlation



Motivations
• Applications of MRS (Markov-switching) 

models
– Ramchand and Susmel (1998), Ang and 

Bekaert (2002), Das and Uppal (2004) and 
Baele (2005) 

– Ramchand and Susmel (1998) observe that 
the correlation between the U.S. domestic 
stock market and other national markets was 
strongest when the former was experiencing 
high volatility 



In Contrast with Prior Studies

• Two components of the risk at play in 
domestic-global portfolio
– (1) the global market risk factor (systematic 

risk)
– (2) the domestic market risk factor 

(nonsystematic risk)
• Dual-state specification (HV/LV states) 

versus Four-state specification



Certain Questions Addressed in 
this Study

• Is the magnitude of domestic-global 
correlations consistent across various 
combinations of volatility regimes? 

• If no such consistency exists, what are the 
relationships among various market 
volatility regimes and correlations?



Certain Questions Addressed in 
this Study

• If domestic-global correlations are 
state dependent, can a state-varying 
framework help investors design a 
more effective strategy for investing in 
international stock markets?



Model Specifications

• Bivariate GARCH Model
– Optimal Asset Allocation via a Time-Varying 

System 
• Bivariate SWARCH Model

– Optimal Asset Allocation via a State-Varying 
System



Bivariate GARCH Model
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Bivariate GARCH Model
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Bivariate GARCH Model

• Key limitations of GARCH models
– Structural changes
– Diebold (1986), Lamoureux and Lastrapes, 

(1990), Nelson (1991) and Engle and Mustafa 
(1992), Bollerslev and Engle (1986), Schwert
and Seguin (1990), Bollerslev et al. (1992), 
Hamilton and Susmel (1994), and Li and Lin 
(2003).



Two Portfolio Establishment 
Strategies 

• A minimum variance

• A given variance 
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Bivariate SWARCH Model
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Bivariate SWARCH Model
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4-state System

st=1: if st
w=1 and st

d=1  -or-  World=LV and Domestic=LV 

st=2: if st
w=2 and st

d=1  -or-  World=HV and Domestic=LV 

st=3: if st
w=1 and st

d=2  -or-  World=LV and Domestic=HV 

st=4: if st
w=2 and st

d=2  -or-  World=HV and Domestic=HV 



Transition Probability Matrix
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Transition Probability Matrix
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4X4 Probability Matrix
• Hamilton and Lin (1996) is one of the first to address a 

system involving two state variables
• The connection between the regression/expansion 

phrase of the U.S. real output (s+
t) and the HV/LV phase 

of the U.S. stock market (s*
t). 

• They proposed the restricted specification in which the 
two state variables, s+

t and s*
t, are driven by the same 

fundamentals but are not in phase together. 
• In particular, they hypothesized participants in stock 

markets are forward-looking and the restriction of s+
t = 

s*
t-1 is thus imposed on their model. 



4X4 Probability Matrix
• A domestic-global stock portfolio in which the 

domestic and global market assets are proxied
by the world and individual country-based index, 
respectively

• The world market index is considered to serve 
as a synthetic holding of global assets, and the 
idiosyncratic risk pertaining to individual country-
based index is understood to decrease to an 
arbitrarily low level 



4X4 Probability Matrix
• Variance-switching process of global and 

domestic market returns is here seen as being 
subject to the distinct processes of the switching 
of volatility states characterizing each of these 
types of market component. 

• The volatility state variable for global market 
returns (st

w) is expected to be independent of 
that for individual country-based market returns 
(sτd) in the case of all t and τ. 



Empirical Results and 
Interpretations

• Two levels of observation
– The world index maintained by Morgan 

Stanley Capital International (MSCI) 
– The individual G7 country

• 7 (7X1) domestic-global portfolios 
• Weekly data (Wednesday to Wednesday)
• January 1980 to May 2007. The entire 

sample consists of 1,426 observations 



Estimation Results of Bivariate
GARCH



Estimation Results of Bivariate
SWARCH



Four-state Correlations



Four-state Correlations

• Volatility-correlation relationship
– High volatility + high correlation 
– “HV-HV” , “LV-LV” , “HV-LV” and “LV-HV”

• The maximum correlation estimate 
corresponds to the “HV-HV” state 
combination in 5 of 7 cases



“HV-HV” State

• “Stock-to-bond” asset reallocation process
• Redirection of capital flows from stock 

markets to non-stock markets, such as 
bond markets

• Across-market-hedging strategy 



“LV-HV” and “HV-LV” States 

• “Stock-to-stock” asset reallocation process
• Within-market-hedging strategy
• Consequently, stock prices on both the 

domestic and global markets move in 
opposite directions, thus reducing the 
magnitude of co-movements between 
these different markets.



Asset Allocation Effectiveness: 
In-sample Tests

• Two-step procedure
– Variance and correlation estimations as well 

as the probabilities of specific volatility regime
– The optimal portfolio loadings at any specific 

point in time are identified as the average 
loadings in different states of volatility using 
the probabilities of specific volatility regime



Asset Allocation Effectiveness: 
In-sample Tests





Asset Allocation Effectiveness: 
In-sample Tests







Asset Allocation Effectiveness: 
Out-of-Sample Test

• The final 200 weekly observations of the 
sample (representing approximately 4-
year’s worth of data) are omitted from the 
initial sample, and formed the sequential 
inputs of the rolling estimation
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Asset Allocation Effectiveness: 
Out-of-Sample Test









Robustness Test: An Alternative 
Measurement for the World Market 

Index
• The MSCI world index is weighted by market 

capitalization and a specific country market with 
high capitalization, such as the U.S. market, is 
thus assigned with an excessive loading

• Mechanical relation between the MSCI world 
index and the largest market

• Taking the case of U.S.-World as example, the 
return rates in world stock market is proxied by 
the average value of all the G7 stock market 
index returns except for the U.S. market. 









Conclusions and Future 
Research Directions

• Volatility-correlation dynamics and 4-state 
system

• The domestic-world correlations are significantly 
higher (lower) in “HV-HV” and “LV-LV” (“HV-LV”
and “LV-HV” ) states

• An effective strategy for the allocation of assets
– due to reductions in risk, rather than increases in 

mean returns
– Out-of-sample testing shows the relative performance 

of the SWARCH model to be less promising, 
especially where corner solutions are concerned 



Conclusions and Future 
Research Directions

• A domestic-global equity portfolio
– a mature-emerging portfolio

• State-varying loading implied by the SWARCH 
model and time-varying loading obtained from 
the GARCH model 
– Comparisons of these approaches with other models 

• Two variance targets
– A minimum and given variances
– Other targets


