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Abstract 
 
This paper focuses on the analysis of the 2008 financial crisis and how it affects the global financial markets. 
We analyze three major markets (US, UK, and ASIA) that are represented by the levels of three broad stock 
indices S&P 500, FTSE 100 and Hang Seng respectively. Our methodology is based on cointegration analy-
sis and Granger causality test in order to examine the interaction between the markets (information flows). 
Additionally, we study the volatility transmission based on multivariate GARCH analysis. We find significant 
changes in information flows before and during the financial crisis. 
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1. Introduction 
 
Due to its surprising breadth and intensity, the analysis of 
the 2008 global financial crisis presents a major challenge 
for economists and financial experts. Policymakers now 
consider the definition of key policy responses and institu-
tional rules in order to build mechanisms that will contain 
cross-market contagion and prevent a reoccurrence of the 
problem in the future. Most of the recent crises1 started 
from emerging markets, which are presumably more sen-
sitive to liquidity shocks because of their underdeveloped 
and illiquid financial markets and their large public defi-
cits. Besides the 1987 crash in Wall Street that was tech-
nical and short-lived in nature, the 2008 crisis is the first to 
be labelled a US crisis on the basis that it seems to have 
started by the massive US real estate delinquencies. 

An important question related to an international finan-
cial crisis is the existence of contagion (i.e., the interna-
tional propagation of country- or region-specific shocks to 
other parts of the world). According to the more open 
definition adopted by Forbes and Rigobon [1], contagion 
is measured as any change in the transmission mecha-
nisms that occurs during a volatile period. For example, 
contagion may establish itself by a significant increase in 
cross-market correlations.  

Yet to date, there is still a lot of disagreement as to what 
are the channels through which financial upheaval is 
transmitted across countries, and on the set of measurable 
factors that may be used for the precise identification of a 
contagion event. Understanding these factors is important 
because early recognition of the possibility of contagion 
may help reduce a country’s vulnerability to externally- 
originated shocks. 

In the wake of the current financial international crash, 
growing integration of financial markets has been of heig- 
htened interest because such integration is assumed to 
generate large, correlated price movements across most 
stock markets. Yet due to the complexity and global nature 
of the current financial crisis, it is difficult to move beyond 
the headlines of the financial press and provide an in depth 
analysis of the mechanism that links global financial mar-
kets during the crisis and generates the phenomenon of 
contagion. 

The analysis may take place on both the economics of 
the crisis, as well as on a purely statistical manner. On the 
economic front, in the US for example, the fight has pro-
duced what is termed “a highly accommodative monetary 
policy.” What is truly meant by this deceptively soft phr- 
ase is that since the onset of the financial crisis nearly two 
years ago, the Federal Reserve has reduced the cost of 
funds for big US banks nearly to zero. This has happened 
by adjusting the interest-rate target for overnight lending 
between banks (the so called Fed-funds rate). 

1The most well known financial and currency crises that have occurred 
over the last 25 years with global consequences were, the 1992 Euro-
pean monetary unit problems, the peso effect of 1994, and the 1997 
Asian “flu” crisis (which also triggered the 1998 Russian “cold”). The 
1999 Brazilian devaluation, the 2000 Internet bubble burst, and the 
July 2001 default of Argentina. 

Having brought the Fed-funds rate to almost zero, the 
US (and later the UK) switched to the more aggressive 
policy of Quantitative Easing, which is also described as 
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“printing money out of thin air”. This led to an explosion 
of the size of the US Fed balance sheet, mainly through 
the purchase of long-term securities, initially aimed at 
restarting the flow of credit and to soften the economic 
impact of the financial crisis for the US. Such actions were 
not paralleled elsewhere in Europe or Asia so it is inter-
esting to understand the linkage dynamics that were pro-
duced. 

In the current paper we employ an intuitive and straight-
forward statistical analysis for testing if contagion occurs 
by simply comparing cross-market linkages between mar-
kets during a relatively stable period before the turbulent 
period, with linkages during the crisis. We examine the 
short-run dynamics of returns and volatility for stocks 
traded in the US, British and Hong Kong stock exchanges 
during the relatively short last six year period. The main 
focus of the study is Granger causality among the three 
markets, which is a statistical concept of causality that is 
based on prediction. According to Granger causality, if a 
market “Granger-causes” (or “G-causes”) another market, 
then past returns of the 1st market should contain informa-
tion that helps predict returns of the 2nd above and beyond 
the information contained in past values of the 2nd market 
alone.  

We first find a strongly significant cointegration coeffi-
cient for the index levels before and during the financial 
crisis period for all market pairs (US-UK, US-Asia and 
UK-Asia), which implies a long run equilibrium level of 
interaction. We then proceed to the main finding of the 
paper: a change in the direction of the information flow 
during the financial crisis as this is established by Granger 
causality. As expected, due to overlapping operating hours 
and the strong ties between the markets, there is simulta-
neous interaction between the US and UK. Since the 
Asian markets precede the US with no overlap, Asian re-
turns today ought to include an unrevealed component also 
present in yesterday’s US returns.2 Yet, before the finan-
cial crisis, we can reject the hypothesis of the US market 
causing the Asian markets (at a daily level); this shows a 
particularly weak pre-crisis interaction. Surprisingly, when 
we test the null that US G-causes Asia with a sample 
which includes the financial crisis, we find that the US 
market includes information about Asia. This provides 
evidence of a newly produced channel of information 
from the US to Asia and, to our knowledge, the first statis-
tical verification that the 2008 crisis was a crisis truly 
“…made in the US.” The opening of this new channel of 
information flow from the US to Asia is a clear indication 
that during the financial crisis period the ability of the US 
markets to produce, capture and disseminate crisis specific 
information was unmatched by the financial markets in 
other regions of the world. 

We finally move to understand the volatility transmis-
sion mechanism over time and across the three different 

markets during the crisis. Our methodology is to examine 
the dynamic relationship between the daily stock market 
returns and their volatilities, for the three markets above, 
using a multivariate generalized autoregressive conditional 
heteroskedastic (GARCH) model. This is essentially a 
family of statistical models originally developed by Engle 
[3-5] and Bollerslev [6,7]. We find that the markets inter-
act not only in a returns level but to some extend through 
volatility spillovers. The UK and Asian markets were in-
significantly correlated before and during the crisis. For 
the US and Asian markets, changing information flows 
due to the crisis, manifested through Granger causality for 
US→Asia, is not corroborated by a change in the signifi-
cance of the correlation coefficient. Finally, the US and 
UK are the only significantly correlated markets. 
 
2. Data Analysis and Descriptive Statistics 
 
The dataset used includes the closing levels of the daily 
stock market indices for three major stock markets (US, 
UK and Hong Kong). We use the S&P 500 index for the 
US, the FTSE100 for the UK and the Hang Seng index as 
a proxy for the Asian markets. Furthermore, we examine 
the econometrics of these series in two data samples. The 
first sample, with data not contaminated with the crisis, 
runs from April 2002 to April 2006; i.e., ends before the 
onset of the financial crisis. The second sample, from 
April 2002 to April 2009, includes at least the first 18 to 
20 months of the crisis depending on when one places its 
beginning. We compute the daily stock returns for each 
index as the first difference of logarithmic levels. Tables 
1(a) and (b) report return summary statistics for the two 
time intervals. Table 1(a) includes the time space before 
the financial crisis (FC from now on) and Table 1(b) pre-
sents the results of summary statistics including the period 
of FC (2nd semester 2007-April 2009). 

As we can see from Table 1(a), Asia gives the highest 
mean return while it is characterized by lower volatility 
with positive skewness and no excess kurtosis in compare 
with US and UK. US gives the second higher mean return 
with the second lower volatility. Additionally, it is 
skewed to the right with no excess kurtosis. The most 
risky market is the UK market in the time interval before 
the FC, while it seems to give the lower mean returns 
with negative skewness and excess kurtosis.  

We get the results as they are shown in Table 1(b), 
including the time period of FC in our analysis. The FC 
gives the opposite side of the coin while ASIA, as it is 
represented by the Hang Seng index, is shown to be the 
most aggressive market in comparison with the US and 
UK. Asia gives the highest mean returns with the highest 
standard deviation, while it remained skewed to the right. 
US and UK both exhibit negative average returns when 
the FC period is included in the sample. Finally, all three 
markets exhibit excess kurtosis. 

2This is also related to the non-synchronous trading theory of Lo and 
MacKinlay [2]. 
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Table 1. Return summary statistics for the representative 
time series. 

(a) Summary statistics for index returns before FC. 

  ASIA US UK 

Mean 0.000429 0.000155 0.000146 

Standard Deviation 0.009964 0.010637 0.011334 

Skewness 0.029616 0.280395 –0.1527 

Kurtosis 1.236111 2.998876 4.878168 

Minimum –0.04184 –0.04242 –0.05589 

Maximum 0.04051 0.055744 0.059038 

 
(b) Summary statistics for index returns during FC. 

  ASIA US UK 

Mean 0.000217 –0.000146 –0.00015 

Standard Deviation 0.016746 0.014337 0.013954 

Skewness 0.093149 –0.10694 –0.09052 

Kurtosis 10.683329 9.533261 7.320857 

Minimum –0.13582 –0.10694 –0.09265 

Maximum 0.134068 0.109572 0.093842 

 
3. Methodology 
 
It is well known that testing for cointegration is a means 
for correctly testing hypotheses concerning the relation-
ship between two indices that have unit roots. In an effort 
to firstly determine if the time series is covariance sta-
tionary we employ the Augmented Dickey-Fuller test 
[8,9] for a unit root. We will then test for cointegration.  

Firstly, we employ a unit root test in order to check for 
nonstationarity between our time series. We then test for 
a significant cointegration coefficient between each 
market pairs. Moreover, we test for Granger causality in 
each pair of the series in order to investigate the interac-
tion flows among the markets before and during the fi-
nancial crisis time horizon. Finally we apply a DVEC (1, 
1) model and a CCC model in order to capture the vola-
tility transmission by examining the changes in the cor-
relation and covariance coefficients. 
 
3.1. Testing for Unit Roots 
 
We have to determine the order of integration of stock 
price series before we test for cointegration. For this 
propose, we consider an Augmented Dickey-Fuller (ADF) 
test for each of our time series. So, the test procedure is 
described by the following equations about the US, UK 
and Asian markets: 
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with USt representing the log level of the S&P 500 index 
at time t, UKt representing the log FTSE100 and the log 
level of the Hang Seng composite index being measured 

in HSt 
3. It is assumed that  2

, ~ ,
ii t uu iid o  , in all sys-

tem equations. 
Finally, it is important to notice that, for the fitted er-

ror terms  ˆtu  to be as close as possible to white noise, 

we have to select the correct number of lags based on an 
information criterion such as the AIC [10]. 

The null hypothesis for the ADF test is that series are 
integrated 

 0 : 1H p   0  

against the alternative hypothesis of no integration, 

 1 : 1H p   0

t t

 

t-tests in order to accept or reject the null hypothesis of a 
unit root are performed against critical values from the 
DF-distribution [11] and not from the classical t-distri-
bution. 

Tables 2(a) and (b) show the test results; the null hy-
pothesis of nonstationarity cannot be rejected for all the 
markets and for both time horizons. So, all time series (USt, 
UKt, HSt) can be assumed to be I(1) which means that we 
should take the first difference (i.e., continuously com-
pounded index returns) in order to achieve stationarity. 
 
3.2. Testing for Cointegration 
 
We concluded on integrated of order one I(1) level series 
in the previous section. In this section, we test for coin-
tegration on each pair of processes in order to determine 
the existence of long-run equilibria. A significant cointe-
gration coefficient implies a long-run equilibrium rela-
tionship. Then, even though our data generating proc-
esses contain unit root, they are going to move closely 
together with the difference between them will be sta-
tionary [11]. We employ the Engle and Granger test 
procedure [12] in order to test for cointegration: 

1st step: We have to test if our series are I(1). 
2nd step: We run the regressions between (USt/UKt, 

USt/HSt, UKt/HSt) in both periods (before and after FC). 
Our regression models are: 

0 1tUS a a UK u                (1) 

0 1tUS a a HS ut t                (2) 
       

            

3Clearly then, ΔUSt, ΔUKt and ΔHSt are the daily returns of the US, UK 
and HS indices.                   
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Table 2(a). Unit root-10th lag-test for S&P 500, FTSE 100 and Hang Seng time series before FC time period. 

Unit root test for S&P 500 time series before the FC time horizon. 

D-lag t-adf beta Y_1 sigma t-DY_lag t-prob AIC F-prob 

10 –0.8879 0.99484 0.01063 –1.512 0.1308 –9.075  

9 –1.064 0.99385 0.01064 0.3090 0.7574 –9.074 0.1308 

8 –1.036 0.99405 0.01063 2.053 0.0403 –9.076 0.3042 

7 –0.7980 0.99544 0.01065 –2.672 0.0077 –9.074 0.0865 

6 –1.123 0.99361 0.01068 –0.4034 0.6867 –9.069 0.0084 

5 –1.181 0.99333 0.01068 –0.4170 0.6767 –9.071 0.0166 

4 –1.243 0.99304 0.01068 –0.8420 0.4000 –9.073 0.0293 

3 –1.364 0.99243 0.01067 –0.1313 0.8956 –9.074 0.0394 

2 –1.392 0.99234 0.01067 0.1366 0.8913 –9.076 0.0638 

1 –1.387 0.99244 0.01066 –1.423 0.1551 –9.078 0.0967 

0 –1.583 0.99144 0.01067   –9.078 0.078 

Notes: S&P 500 represents the US financial stock market and the test time interval is considered to be from April 2002 to April 2006. The above 
results were based on PcGive output where the selection criteria are obviously shown. 
 

Unit root test for FTSE100 time series before the FC time horizon. 

D-lag t-adf beta Y_1 sigma t-DY_lag t-prob AIC F-prob 

10 0.1882 1.0009 0.01110 –3.758 0.0002 –8.989  

9 –0.2984 0.99853 0.01117 1.715 0.0867 –8.977 0.0002 

8 –0.08379 0.99959 0.01118 2.053 0.0404 –8.976 0.0002 

7 0.1637 1.0008 0.01120 0.4584 0.6468 –8.974 0.0001 

6 0.2209 1.0011 0.01120 –2.310 0.0211 –8.975 0.0003 

5 –0.05607 0.99973 0.01122 –1.281 0.2004 –8.972 0.0001 

4 –0.2088 0.99901 0.01122 1.259 0.2082 –8.972 0.0001 

3 –0.05834 0.99972 0.01123 –4.637 0.0000 –8.973 0.0001 

2 –0.6220 0.99705 0.01134 0.9654 0.3346 –8.953 0.0000 

1 –0.5116 0.99759 0.01134 –2.555 0.0108 –8.954 0.0000 

0 –0.8261 0.99613 0.01137   –8.950 0.0000 

Notes: FTSE 100 represents the UK financial stock market and the test time interval is considered to be from April 2002 to April 2006. The above 
results were based on PcGive output where the selection criteria are obviously shown. 
 

Unit root test for Hang Seng time series before the FC time horizon. 

D-lag t-adf beta Y_1 sigma t-DY_lag t-prob AIC F-prob 

10 –1.510 0.99393 0.009941 0.8272 0.4083 –9.209  

9 –1.443 0.99422 0.009939 –1.961 0.0501 –9.210 0.4083 

8 –1.625 0.99351 0.009953 –1.271 0.2041 –9.209 0.1044 

7 –1.750 0.99303 0.009957 1.368 0.1716 –9.209 0.1053 

6 –1.632 0.99353 0.009961 1.608 0.1081 –9.209 0.0915 

5 –1.497 0.99408 0.009969 –0.0759 0.9395 –9.208 0.0603 

4 –1.510 0.99405 0.009964 –1.603 0.1092 –9.210 0.1018 

3 –1.654 0.99350 0.009972 0.4320 0.6658 –9.210 0.0684 

2 –1.624 0.99365 0.009968 0.3827 0.7021 –9.212 0.1004 

1 –1.599 0.99377 0.009964 1.429 0.1533 –9.214 0.1412 

0 –1.494 0.99419 0.009969   –9.214 0.1136 

Notes: Hang Seng represents the ASIA financial stock market and the test time interval is considered to be from April 2002 to April 2006. The above 
results were based on PcGive output where the selection criteria are obviously shown. 
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Table 2(b). Unit root-10th lag-test for S&P 500, FTSE 100 and Hang Seng time series including the FC time period. 

Unit root test for FTSE 100 time series during FC time horizon. 

D-lag t-adf beta Y_1 sigma t-DY_lag t-prob AIC F-prob 

10 –2.918 0.99329 0.01358 –0.2116 0.8324 –8.591  

9 –2.923 0.99328 0.01357 –0.05951 0.9525 –8.593 0.8324 

8 –2.926 0.99328 0.01357 2.242 0.0251 –8.594 0.9761 

7 –2.885 0.99337 0.01358 1.853 0.0640 –8.592 0.1673 

6 –2.862 0.99342 0.01359 –3.136 0.0017 –8.591 0.0751 

5 –2.909 0.99329 0.01363 –2.906 0.0037 –8.587 0.0026 

4 –2.973 0.99313 0.01366 4.460 0.0000 –8.583 0.0002 

3 –2.875 0.99332 0.01373 –4.666 0.0000 –8.573 0.0000 

2 –2.990 0.99302 0.01381 –1.729 0.0840 –8.562 0.0000 

1 –3.034 0.99292 0.01382 –3.489 0.0005 –8.561 0.0000 

0 –3.131 0.99267 0.01386   –8.555 0.0000 

Notes: FTSE 100 represents the UK financial stock market and the test time interval is considered to be from April 2002 to April 2009. The above 
results were based on PcGive output where the selection criteria are obviously shown. 
 

Unit root test for S&P 500 time series during FC time horizon. 

D-lag t-adf beta Y_1 sigma t-DY_lag t-prob AIC F-prob 

10 –3.250 0.99305 0.01404 1.671 0.0949 –8.524  

9 –3.241 0.99306 0.01405 –0.3647 0.7154 –8.523 0.0949 

8 –3.244 0.99306 0.01405 1.943 0.0521 –8.524 0.2320 

7 –3.235 0.99307 0.01406 –2.093 0.0365 –8.523 0.0824 

6 –3.244 0.99305 0.01407 0.1643 0.8695 –8.522 0.0258 

5 –3.245 0.99305 0.01407 –1.265 0.2059 –8.523 0.0495 

4 –3.246 0.99304 0.01407 –1.576 0.1152 –8.523 0.0481 

3 –3.258 0.99301 0.01408 2.592 0.0096 –8.523 0.0338 

2 –3.242 0.99304 0.01410 –4.334 0.0000 –8.520 0.0052 

1 –3.269 0.99294 0.01417 –4.721 0.0000 –8.511 0.0000 

0 –3.320 0.99279 0.01426   –8.499 0.0000 

Notes: S&P 500 represents the US financial stock market and the test time interval is considered to be from April 2002 to April 2009. The above 
results were based on PcGive output where the selection criteria are obviously shown. 
 

Unit root test for Hang Seng time series during FC time horizon. 

D-lag t-adf beta Y_1 sigma t-DY_lag t-prob AIC F-prob 

10 –2.803 0.99388 0.01650 –2.851 0.0044 –8.201  

9 –2.877 0.99370 0.01654 –2.119 0.0343 –8.198 0.0044 

8 –2.942 0.99356 0.01655 1.683 0.0926 –8.196 0.0018 

7 –2.900 0.99365 0.01656 0.615 0.5387 –8.196 0.0015 

6 –2.887 0.99368 0.01656 1.319 0.1872 –8.197 0.0033 

5 –2.863 0.99373 0.01656 –1.711 0.0872 –8.197 0.0036 

4 –2.902 0.99364 0.01657 –0.897 0.3696 –8.196 0.0023 

3 –2.926 0.99359 0.01657 –1.913 0.0559 –8.197 0.0034 

2 –2.974 0.99349 0.01658 0.3531 0.7240 –8.196 0.0016 

1 –2.967 0.99351 0.01658 –1.531 0.1259 –8.197 0.0029 

0 –2.996 0.99344 0.01659   –8.197 0.0022 

Notes: Hang Seng represents the ASIA financial stock market and the test time interval is considered to be from April 2002 to April 2009. The above 
esults were based on PcGive output where the selection criteria are obviously shown. r  
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0 1tUK a a HS u                (3) 

3rd step: We obtain the fitted errors  from the 

above regressions and we test if they include any sto-
chastic trends or not. Then, if we find unit roots in the 
residuals we conclude that there is no cointegration be-
tween the series. So, we apply an ADF test in the fitted 
errors, 

ˆtu

1
1

ˆ ˆ ˆ
k

t t i t i
i

u au b u  


               (4) 

where the null is: 

0 : 0H a   

against the alternative, 

1 : 0H a   

The results are shown in Tables 3 and 4, where we re-
ject the null (no cointegration) at all lags for all market 
pairs. The financial crisis does not affect the existence of 
long-run relationship among the three markets. 
 
3.3. Information Flow 
 
Even if the financial crisis did not affect the long-run 
relationship of the markets, it may still have affected the 
flow of information (the direction of interaction) between 
them. As we discussed already, we find cointegration 
between (US/UK), (US/HS) and (UK/HS) markets. Yet, 
we don’t know the direction of information flow (direc-
tion of interaction) between the markets. 

As is well known Granger causality from X to Y does 
not indicate causality in the proper common use of the 
term (i.e., it does not imply that the Y series is the effect 
or the result of X series). Instead, Granger causality truly 
measures precedence and information flow, so that in our 
context here of the recent financial crisis Granger causal-
ity from a country X to country Y implies that informa-
tion during the crisis flows from X to Y. Alternatively, 
we may think of developments in X preceding develop-
ments in Y. 

Our aim in this section is to describe the dynamic in-
teraction between the markets and to see the independent 
movements before we proceed to volatility modelling. It 
is a crucial aspect of a proper analysis of the crisis to 
analyze the cycle of information before we move to the 
next level of volatility analysis. 

We separate our markets in three bi-variate VAR proc-
esses [13] like following: 

1 1,1 1 1,2 1 1

2 2,1 1 2,2 1 2
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 
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 

 
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   (7) 

Alternatively, in the absence of Granger causality, our 
series are generated by an AR(1) process as follows: 

1 1 1 1t tUS a p US u t               (8) 

2 2 1t t 2tHS a p HS u               (9) 

3 3 1 3t tUK a p UK u t             (10) 

We say that (Ri,t ) return series does not Granger cause 
(G-cause) the (Rj,t ) return series if and only if the best 
linear prediction of Rj,t given the information set { Ri,t-1, 
Rj,t-1) does not depend on Ri,t-1. 

Following the above modelling, we can test the null 
hypothesis against the alternative: 

UK does not G-cause US: 

0 1,2

1 1,2

: 0

: 0

H c

H c




 

or alternatively, we may say that under the null hypothe-
sis the residual variances in (5) and (8) above are the 
same since ΔUKt-1 does not have any significance in ex-
plaining ΔUSt, i.e. 

2 2
0 1 1

2 2
1 1 1

: ( ) ( )

: ( ) ( )

t t

t t

H E v E u

H E v E u




 

US does not G-cause UK: 

0 2,1

1 2,1

: 0

: 0

H c

H c




 or 

2 2
0 2 3

2 2
1 2 3

: ( ) ( )

: ( ) ( )

t t

t t

H E v E u

H E v E u




 

HS does not G-cause US: 

0 1 2

1 1 2

: 0

: 0

H c

H c




，

，

 or 
2 2

0 1 1

2 2
1 1 1

: ( ) ( )

: ( ) ( )

t t

t t

H E E u

H E E u








 

US does not G-cause HS: 

0 2,1

1 2,1

: 0

: 0

H c

H c




 or 

2 2
0 2 2

2 2
1 2 2

: ( ) ( )

: ( ) ( )

t t

t t

H E E u

H E E u








 

 
HS does not G-cause UK: 

0 1,2

1 1,2

: 0

: 0

H c

H c




 or 

2 2
0 1 3

2 2
1 1 3

: ( ) ( )

: ( ) ( )

t t

t t

H E E u

H E E u








 

UK does not G-cause HS: 

0 2,1

1 2,1

: 0

: 0

H c

H c




 or 

2 2
0 2 2

2 2
1 2 2

: ( ) ( )

: ( ) ( )

t t

t t

H E E u

H E E u








 

1 1,1 1 1,2 1 1

2 2,1 1 2,2 1 2

t t t

t t t

US c US c HS

HS c US c HS



 
 

 

      
         

   (6) 

 
3.3.1. Estimation and Testing 

We have already described an assumed regression 
structure for our series. We perform maximum likelihood  
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 and ( on. 
                              

Table 3. Regression results for the (US/UK), (US/HS)

Regression

UK/HS) markets before and during FC horiz

 results between US and UK markets before FC time duration. 

2 Coefficient Std.Error t-value t-prob Part.R

0a  –0.608626 0.1167 –5.21 0.000 0.0263

1a
 0.900251 0.01384 65.0 0.000 0.8077

RSS: (3. , (R2  

: (0.0662) 

15426053) ): 0.807715

F( 1007) = 4230 [0.000]** 1,

Log-likelihood (1478.23); DW

Ν   is rep-

resented by S&P 500 index data,  100 

d ASIA markets before FC time duration. 

2

otes: Τhe regression equation is  tUS a 0 1 ta UK u  . 

 and UKt is represented by
are referred to time in

t USt

 FTSE
index data. Both samples of data terval from 
April 2002 to April 2006. 

 
Regression results between UK an

 Coefficient Std.Error t-value t-prob Part.R

0a
 2.32598 0.09418 24.7 0.000 0.3805

1a
 0.

RSS: (3. , (R2  

: (0.0579) 

648937 0.01001 64.8 0.000 0.8088

08452898) ): 0.808844

F( 993) = 4202 [0.000]** 1,

Log-likelihood: (1461.89); DW

Ν t UKt is rep-

resented by FTSE 100 index data, and HSt is represented by Hang Seng 
are referred to time 

nd ASIA markets before FC time duration. 

2

otes: Τhe regression equation is  0 1tUK a ta HS u  . 

index data. Both samples of data interval from 
April 2002 to April 2006. 

 
Regression results between US a

 Coefficient Std.Error t-value t-prob Part.R

0a
 0.535682 0.07269 7.37 0.000 0.0519

1a
 0.685310 0.007727 88.7 0.000 0.8879

RSS: (1. R2

: (0.0842) 

8376384), ( ): 0.887904 

F( 993) = 7865 [0.000]** 1,

Log-likelihood (1719.55); DW

Ν   is rep-

resented by S&P 500 index data,  

ation. 

 Coe 2

otes: Τhe regression equation is  tUS a 0 1 ta HS u  .

 and HSt is represented by Hang Seng
are referred to time in

t  USt

index data. Both samples of data terval from 
April 2002 to April 2006. 

Regression results between US and ASIA markets into FC time dur

fficient Std.Error t-value t-prob Part.R  

0a
 2.35806 0.07410 31.8 0.000 0.3671 

1a
 0  0  

RSS: (17.  (R2): 0  

: (0.0235) 

.488369 .007705 63.4 0.000 0.6971 

4253079), .697063

F( 746) = 4018 [0.000]** 1,1

Log-likelihood: (1547.35); DW

Νotes: Τhe regression equation is  0 1 tUS a a HS u   . t

nted by S&P 500 index data, and HSt is re
t USt is repre-

se presented by Hang Seng index 
ed to time interval from

results between US and UK markets into FC time duration. 

2

data. Both samples of data are referr  April 2002 to 
April 2009. 

 
Regression 

 Coefficient Std.Error t-value t-prob Part.R

0a
 –1.21608 0.06761 –18.0 0.000 0.1551

1a
 0.970320 0.

RSS: (6. , (R2

** 

 

007934 122.0 0.000 0.8946

0672123) ): 0.89462 

F( 1762) = 1.496e + 004 [0.000]1,

Log-likelihood (2500.08); DW: (0.0881)

Ν t US

resented by S&P 500 index data,  

2

otes: Τhe regression equation is  tUS a  t is rep-

 FTSE 100
0 1 taUK u  . 

 and UKt is represented by
are referred to time iindex data. Both samples of data nterval from 

April 2002 to April 2009. 

 
Regression results between UK and ASIA markets into FC time duration. 

 Coefficient Std.Error t-value t-prob Part.R

0a
 3.71314 0.06310 58.8 0.000 0.6648

1a
 0. 0.

RSS: (12. ), (R2  

: (0.0352) 

500136 006561 76.2 0.000 0.7689

6365654 ): 0.768933

F( 1746) = 5810 [0.000]** 1,

Log-likelihood: (1828.19); DW

Ν t UKt is 

represented by FTSE 100 index data, and HSt is represented by Hang 
ta are referred to time

th MLE estimators actually identical 
 OLS estimators. 

 residuals, is of the following form 

1

otes: Τhe regression equation is  tUK 0 1 ta a HS u   . 

Seng index data. Both samples of da  interval from 
April 2002 to April 2009.

 
estimation (MLE), wi
to

The log-likelihood function for our models, assuming 
the iidN(o,σ2) for the

       2log / 2 log 2 / 2 log

   22
, , 1 ,

1

1 / 2

1,2,3

j iL T T    
T

j i i t i i i t i j t
t

y a y b y

i j

  


   

  

    (11) 

where and  ),,( ,3,2,1 tttttt UKyHSyUSy 
 

2
j i 

is the residual variance in the system measuring Granger 
flow from the jth to the ith country defined above. 

o estimate the following vector of pa ters: 



We can compute the MLE of the above parameter by 
directly utilizing the OLS estimators, which satisfy the 
following variance equation 

1  (12) 

We need t rame

2( , , , ) ', 1, 2,3.a b i ji i i i j i    
 

   22
, , 1 ,

1

ˆˆˆ ˆ1/
T

j i i t i i i t i j t
t

T y a y b y  


   

Copyright © 2010 SciRes.                                                                                  ME 
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y (US

om 

t-DY_lag t-prob AIC F-prob 

                                    
Table 4. Unit root-10th lag-test for obtained residuals b

Unit root test for obtained 

/UK), (US/HS) and (UK/HS) regression equations. 

US-UK regression series before FC. residuals fr

D-lag t-adf beta Y_1 sigma 

10 –2.079* 0.98272 0.01386 –1.709 0.0877 –8.547  

9 –2.230* 0.98151 0.01387 0.0877 

6 

7 –2.204* –8.538 0.0021 

–  0 –  

0.0000 

–2.086 0.0372 –8.546 

8 –2.419* 0.97998 0.01389 2.735 0.0064 –8.544 0.026

0.98177 0.01394 –3.425 0.0006 

6 2.500* 0.97928 .01401 –1.033 0.3017 8.528 0.0000 

5 –2.603** 0.97851 0.01402 –4.823 0.0000 –8.529 

4 –3.089** 0.97436 0.01417 –3.144 0.0017 –8.508 0.0000 

3 –3.456** 0.97137 0.01423 –4.371 0.0000 –8.500 0.0000 

2 –4.035** 0.96658 0.01436 0.7119 0.4767 –8.483 0.0000 

1 –3.977** 0.96734 0.01436 0.1157 0.9079 –8.485 0.0000 

0 –3.998** 0.96746 0.01435   –8.487 0.0000 

Notes: T mation onsidered to be the interv 002-Apr  The abov  were based on PcGive output where the 
rejection criteria are obviously . 

 
Unit ro obtained from US- gression s re FC. 

D  t-  

he esti  period is c al (April 2 il 2006). e results
 shown

ot test for  residuals ASIA re eries befo

-lag t-adf beta Y_1 sigma DY_lag t-prob AIC F-prob 

10 –3.861** 0.96067 0.01241 –0. 7 0.5 2 609 42 –8.767  

9 –3.988** 0.95979 0.01241 –0.5517 0.5813 –8.769 0.5422 

8 –4.109** 0.95900 0.01240 1.287 0.1984 –8.771 0.7133 

7 –3.969** –8.771 0.5071 

– * 0 –  

–  0.3912 

0.96076 0.01241 –1.591 0.1118 

6 4.242* 0.95847 .01242 0.5925 0.5536 8.770 0.3026 

5 –4.202** 0.95929 0.01241 0.003504 0.9972 –8.772 

4 –4.248** 0.95929 0.01241 –0.8384 0.4020 –8.774 0.5172 

3 –4.422** 0.95809 0.01240 1.268 0.2053 –8.775 0.5500 

2 –4.282** 0.95985 0.01241 0.4072 0.6840 –8.776 0.4823 

1 –4.269** 0.96039 0.01240 –0.4960 0.6200 –8.778 0.5664 

0 –4.393** 0.95971 0.01240   –8.779 0.6355 

Notes: T mation onsidered to be the interv 002-Apr he abov  were based on PcGive output where the 
rejection criteria are obviously . 

 
Unit ro obtained from UK gression s ore FC. 

D  

he esti  period is c al (April 2 il 2006). T e results
 shown

ot test for  residuals -ASIA re eries bef

-lag t-adf beta Y_1 sigma t-DY_lag t-prob AIC F-prob 

10 –2.489* 0.97922 0.01319 –2. 1 0.0 6 30 21 –8.646  

9 –2.815** 0.97665 0.01321 1.319 0.1874 –8.643 0.0216 

8 –2.666** 0.97807 0.01322 1.522 0.1284 –8.643 0.0299 

7 –2.493* –8.643 0.0252 

–  0 –  

0.0076 

0.97964 0.01323 2.201 0.0280 

6 2.239* 0.98182 .01325 –1.256 0.2095 8.640 0.0068 

5 –2.416* 0.98053 0.01326 –0.8535 0.3936 –8.640 

4 –2.551* 0.97962 0.01326 1.024 0.3062 –8.641 0.0114 

3 –2.440* 0.98066 0.01326 –4.177 0.0000 –8.642 0.0143 

2 –3.030** 0.97603 0.01337 1.455 0.1461 –8.627 0.0000 

1 –2.857** 0.97760 0.01338 –2.060 0.0397 –8.627 0.0000 

0 –3.185** 0.97525 0.01340   –8.624 0.0000 

Notes: T mation onsidered to be the interv 002-Apri . The abov  were based on PcGive output where the 
rejection criteria are obviously . 

he esti period is c
 shown

al (April 2 l 2006) e results

Copyright © 2010 SciRes.                                                                                  ME 
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Unit ro btained rom US- ion seri ing FC. 

D  t-  

ot test for o residuals f UK regress es includ

-lag t-adf beta Y_1 sigma DY_lag t-prob AIC F-prob 

10 –3.005** 0.97873 0.01646 –1.516 0.1297 –8.208  

9 –3.123** 0.97795 0.01646 –1. 2 0.0 5 

–8.207 0.0726 

– * 0 –  

0.0000 

99 46 –8.208 0.1297 

8 –3.278** 0.97690 0.01648 –0.8478 0.3967 –8.206 0.0438 

7 –3.354** 0.97643 0.01648 –5.261 0.0000 

6 3.804* 0.97317 .01660 –3.494 0.0005 8.193 0.0000 

5 –4.134** 0.97088 0.01665 –1.669 0.0954 –8.187 

4 –4.313** 0.96975 0.01666 –0.7336 0.4633 –8.186 0.0000 

3 –4.407** 0.96924 0.01666 –0.8469 0.3972 –8.187 0.0000 

2 –4.517** 0.96864 0.01666 –4.029 0.0001 –8.188 0.0000 

1 –4.991** 0.96542 0.01673 –9.822 0.0000 –8.180 0.0000 

0 –6.328** 0.95547 0.01718   –8.127 0.0000 

Notes: T mation onsidered to be the interv 002-Apr he abov  were based on PcGive output where the 
rejection criteria are obviously . 

 
oo btained r om US-A ession ser ding FC. 

D  t-  

he esti  period is c
 shown

al (April 2 il 2009). T e results

Unit r t test for o esiduals fr SIA regr ies inclu

-lag t-adf beta Y_1 sigma DY_lag t-prob AIC F-prob 

10 –3.372** 0.98750 0.01492 –0. 9 0.8 1 178 58 –8.403  

9 –3.378** 0.98748 0.01492 0.6637 0.5070 –8.404 0.8581 

8 –3.365** 0.98754 0.01492 0.6143 0.5391 –8.405 0.7897 

7 –3.351** –8.406 0.8376 

– * 0 –  

0.5520 

 0.98759 0.01492 –1.759 0.0788 

6 3.399* 0.98741 .01492 –0.2129 0.8314 8.406 0.4147 

5 –3.407** 0.98739 0.01492 –2.020 0.0435 –8.407 

4 –3.459** 0.98719 0.01493 –2.055 0.0400 –8.405 0.2343 

3 –3.527** 0.98694 0.01495 –0.7434 0.4573 –8.404 0.0922 

2 –3.558** 0.98683 0.01495 –4.667 0.0000 –8.405 0.1183 

1 –3.760** 0.98602 0.01503 –6.006 0.0000 –8.394 0.0001 

0 –4.101** 0.98463 0.01519   –8.374 0.0000 

Notes: T mation onsidered to be the interv 002-Apr  The abov  were based on PcGive output where the 
rejection iteria are ob wn. 

 
oot tained r om UK-A ression se ding FC. 

D  t-  

he esti
 cr

 period is c
viously sho

al (April 2 il 2009). e results

Unit r  test for ob esiduals fr SIA reg ries inclu

-lag t-adf beta Y_1 sigma DY_lag t-prob AIC F-prob 

10 –2.636** 0.98807 0.01538 –1. 4 0.0 8 95 50 –8.343  

9 –2.729** 0.98766 0.01540 0.2572 0.7971 –8.342 0.0508 

8 –2.720** 0.98772 0.01539 1.151 0.2500 –8.343 0.1436 

7 –2.666** –8.343 0.1574 

– * 0 –  

0.0016 

 0.98798 0.01539 0.06629 0.9472 

6 2.667* 0.98799 .01539 –3.789 0.0002 8.344 0.2663 

5 –2.886** 0.98698 0.01545 –3.279 0.0011 –8.337 

4 –3.099** 0.98600 0.01549 2.248 0.0247 –8.332 0.0000 

3 –2.960** 0.98664 0.01551 –6.017 0.0000 –8.330 0.0000 

2 –3.406** 0.98452 0.01567 –2.834 0.0046 –8.311 0.0000 

1 –3.641** 0.98348 0.01570 –4.886 0.0000 –8.307 0.0000 

0 –4.102** 0.98135 0.01580   –8.295 0.0000 

Notes: T mation onsidered to be the interv 002-Apri . The abov  were based on PcGive output where the 
rejection iteria are ob wn. 

he esti
 cr

 period is c
viously sho

al (April 2 l 2009) e results

Copyright © 2010 SciRes.                                                                                  ME 
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Based on the a  arriv follow  

likelih d expressi r syste
bove, we e at the ing log-

oo on for ou m 

       2lo 2 2 j iT T T     

We can suppose th e for t ivariate syste , 

ˆg L ˆlog log 2 2  (13)

e sam he un m
where our data are generated by an AR(1) model. In this 
case the estimated variance is given by 

 22
, , 1ˆ ˆ ˆ(1 )

T

i i t i i i tT y a p y   
1t

  (14)  1,2,3i 

And the corresponding log-likelihood is given by: 

       2ˆ ˆlog 2 log 2 2 log 2iL T T T        (15) 

Based on Engle [14] the Wald and LR statistics are 
asymptotically equivalent and we ma  thus use 
two in order to test for causality. 

 re-
sp

y any of 

The likelihood ratio and Wald statistics are given
ectively as follows: 

2

2
log

ˆ

ˆi

j i

LR T
 

   
 

             (16) 
 

)ˆvar(

)2ˆ(c

ij
c

 
3.3.2. Empirical Results 
Table 5 presents the results from the Granger causality 
test for all our series before the financial crisis (FC pe-
riod) and including the financia
major finding is that, as we will explain, information 
flows and precedence of information have changed when 
xamining data before and including the financial crisis.  

financial data from the three 

 

uring the UK market hours. The hypothesis 
th

T ults -cause te dence o g 
information flow  the Financial Crisis. 

y t en US and ket before od. 

Ho: US-U W-Statist b. 

able 5. Res  for G st; Evi f changin
s during

Granger causalit est betwe  UK mar  FC peri

K T ic Pro

USt does not Granger Cause UKt 1006 4.62929 0.0032

UKt does not Granger Cause USt 5.81556 0.0006

 
Granger causality test between US and ASIA market before FC period. 

Prob. Ho: US-ASIA T W-Statistic

HSt does not Granger Cause USt 992 11.8204 1.E-07

USt does not Granger Cause HSt 0.69536 0.5550

 
G

Ho: UK-ASIA 

ranger causality test between UK and ASIA market before FC period. 

T W-Statistic Prob. 

HSt does not Granger Cause UKt 992 3.02159 0.0289

UKt does not Granger Cause HSt 1.28067 0.2797

 
Granger causality test between US and UK market including FC period. 

ij
W                   (17) 

Ho: US-UK T W-Statistic Prob. 

UKt does not Granger Cause USt 1758 3.31212 0.0030

USt does not Granger Cause UKt 15.0440 7.E-17

 
Granger causality test between US and ASIA market including FC period. 

l crisis (FC) returns. The 
Ho: US-ASIA T W-Statistic Prob. 

HSt does not Granger Cause USt 1743 22.8007 3.E-22

USt does not Granger Cause HSt 4.91486  0.0002
e
Specifically, using only 
markets that exclude the financial crisis period, we ob-
serve that the only two hypotheses that are acceptable 
(i.e., we cannot safely reject) are that the US and UK 
markets cannot transmit information to the Hong Kong 
market.  

This finding is very reasonable: with 8 hours of dif-

 
Granger causality test between UK and ASIA market including FC period. 

Ho: UK-ASIA T W-Statistic Prob. 

HSt does not Granger Cause UKt 1743 23.0404 2.E-22

UKt does not Granger Cause HSt 1.70614 0.1299
ference in local time4 between the UK and HS (and 13 
hours of difference in local time5 between the US and HS)
while events that occur when the Hong Kong market is 
open will be captured by both HS returns as well as UK 
(US) returns this is not necessarily true for information 
released d

 
of operation to get incorporated in same day returns for 
the HS an e hypoth

HS market does not precede the US 

h  and s  r . 
ult for inf   

om the US to Asia before the crisis (p-value of 0.5550) 

to HS when we include the FC period (p-value of 
0.0002). 

 pr d  o -
mation from the US to Asia is quite an amazing finding 
and, to our knowledge, the first statistical verification 

d this is why th esis that 

as a p-value of only 1 × 10-7  is thu  strongly ejected
While it was very diffic ormation to flowat: 

HS market does not precede the UK 

has a p-value of 0.0289 and is rejected. It will actually be 
impossible for information released during the US hours 

fr
it becomes clear that information does flow from the US 

 
This evidence of a newly oduce channel f infor

47 hours in the summer months due to Daylight saving time in the UK 
but not in Hong Kong. 
512 hours in the summer months due to Daylight saving time in NY 
(US) but not in Hong Kong. 
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t made in t  T

atic opening of this new channel of information flow 

ation that 
during the f the US 

ci

antaneously G-cause UK  in both examining 
pe

een the two markets, 
w

e analysis of the variance and co-
s. 
e three 

ain market indices under study: the US index—S&P 

hat the 2008 crisis was truly “ he US.” he dra-
m
from the US to Asia is registered in the precipitous drop 
of the p-value (2775 times lower than the p-value that 
excludes the crisis). This drop is a clear indic

 financial crisis period the ability o
markets to produce, capture and disseminate crisis spe-

fic information was unmatched by the financial mar-
kets in other regions of the world. 

At the same time, due to the operating hours’ overlap 
between the US and the UK, we reject the null that USt 
does not inst t

riods and we conclude that there is a simultaneous 
interaction between the two markets. Moreover, the 
Asian market affects UK market but the opposite is not 
true. We are going to accept (cannot reject) the null of no 
G-causality from UK to Asia. This means that while it 
seems Asia affects UK, at the same time it is not affected 
by UK. This result remains significant during the FC 
horizon. Before FC, the Asian market did G-cause the 
US market but the opposite flow did not exist in the 
sense that the US market did not G-cause Asian markets. 
When we include the FC period in the analysis, we find 
an instantaneous interaction betw

hich means that we strongly reject the null of no 
Granger cause effect. 
 
4. Volatility Link between the Markets 
 
In this section, we finally proceed in analyzing the 2008 
financial crisis and how it is manifested by changes in 
the volatility dynamics of the three markets. We have 
already observed that the markets are co-integrated, 
which means that price movements of one market index 
are strongly related to movements of the other market 
indices. This interrelated nature of financial markets is a 
key factor in contemporary financial analysis, and it is 
often statistically modelled as a multivariate GARCH 
time series model. Such models contain multiple return 
series of the co-integrated markets, and their main pur-

ose is to facilitate thp
variance dynamics among the multiple return serie

We use continuously compounded returns of th
m
500, the UK index—FTSE 100 and the Hang Seng index 
for ASIA. We apply the leading multivariate GARCH 
specification, the Diagonal VECH6 model [15] in order 
to capture multivariate volatility dynamics. We model 
the returns as a summation of a constant and an innova-
tion of the series: 

t t r u                  (18) 

where rt = (rFTSE,t, rHS,t, rSP,t)΄, μ = (μFTSE, μHS, μSP)΄, ut = 
(uFTSE,t, uHS,t, uSP,t)΄. 

The conditional covariance matrix of the innovation 
vector ut, given the information set 1t , is defined as 

 H 1t t t Cov u . The (p, q)-lag DVECH for volatility 

modeling assumes a time varying Ht that follows dy-
namics defined by, 

 
1 1

p q

t i t i t i j t - j
i j

 
 

    H C A u u B H      (19) 

We employ an DVECH (1, 1) model in order to ana-
lyze our series. Then we take the following form of (19):  

 1 1t1t t t      H C A u u B H        (20) 

where  

11,

21, 22,

31, 32, 33,

. .

.
t

t t t

t t t

h

h h

h h h

 
   
  

H

is the covariance matrix and its diagonal elements con-
stitute the variance co

, 

mponents of (FTSE, HS, SP) while 
the cross products are the covariance elements between 
the series. The element (h21,t) expresses the tim
correlation between (HS, FTSE), (h31,t) expresses the 
tim

between (SP, HS). 
The matrix (C) contains the constant term

) contain the ARCH and GARCH coefficients 
respectively7. 

We analyze up to seven years of daily data in order to 
capture the dynamic volatility process f the multiple 
return series before and during the FC period. The results 
are as follow:  

 saw only the conditional variance 
an

d if they are affected by the changing di-
re

icient. 

e varying 

e varying correlation between (SP, FTSE) and the 
element (h32,t) expresses the time varying correlation 

s and matri-
ces (A, B

 o

Figures 1 and 2 show the time plot of returns for each 
series before and including the FC period while Figures 
3 and 4 show the estimated volatilities for continuously 
compounded returns for each index market. Moreover, 
Figures 3 and 4 present the time-varying covariance of 
DVEC (1, 1) model for continuously compounded re-
turns of the three index markets. 

Furthermore, we
d covariance with the above modelling procedure, but 

we have not yet a clear view about the correlation between 
the markets an

ction of information flows as we described in the pre-
vious section. It is necessary to test the conditional co-
variance for significance, with a formal structure of the 
correlation coeff

This test can be done by using the Constant Correlation 
Coefficient (CCC) model [17] that is based on the fol-
lowing specification structure for conditional covariance:      
6The Diagonal VECH model essentially writes the covariance matrix 
as a set of univariate GARCH models. 
7For more details see [16]. 
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Table 6. Estimated coefficients for mean return

Bef

Mean return coefficient vector: (μ) Coefficient 

ation and DVEC (1, 1) before and during FC. 

C 

Std. Error z-Statistic Prob. 

μftse 0.000511 0.000230 2.224485 0.0261 

μhs 0.000599 

μSP 0.000426 

0.000290 2.067863 0.0387 

0.000247 1.726561 0.0842 

Variance Equation:  1 1 1t t tt    A u u B H     H C

C11 9.97E-07 4.07E-07 2.448850 0.0143 

C21 –3.48E-08 4.65E-07 –0.074856 0.9403 

0.

22 

–0.

0.044065 0.023648 1.863390 0.0624 

C31 1.94E-07 1.38E-07 1.404257 1602 

C 4.62E-07 2.87E-07 1.606839 0.1081 

C32 –2.04E-09 3.74E-08 054479 0.9566 

C33 4.56E-07 2.

0.088349 0.

65E-07 

016382 5.

1.721715 

392995 

0.0851 

0.0000 a11 

a21 

a31 

a22 

0.023749 0.010437 2.275435 0.0229 

0.022218 0.007026 3.162415 0.0016 

a32 0.005319 0.005980 0.889480 0.3737 

a33 

b11 

0.039477 0.009460 4.173234 0.0000 

0.899975 0.017620 51.07800 0.0000 

b21 0.791999 0.155694 5.086891 0.0000 

b31 0.938082 0.018461 50.81435 0.0000 

b22 0.972019 0.008729 111.3515 0.0000 

b32 0.982927 0.015384 63.89226 0.0000 

b33 0.952680 0.010816 88.08084 0.0000 

 
During FC 

Mean return co μ) efficient vector: ( Coefficient Std. Error z-Statistic Prob. 

μftse 0.000447 0.000191 2.340664 0.0192 

μhs 0.000640 0.000247 2.592147 0.0095 

μSP 0.000358 0.000202 1.770420 0.0767 

Varianc uation: e Eq  1 1 1t t t t  u u   H C A B H   

C11 1.06E-06 3.22E-07 3.285715 0.0010 

C21 7.50E-08 3.11E-07 0.241158 0.8094 

0.

22 

C31 1.19E-08 7.92E-08 0.150348 8805 

C 1.26E-06 4.28E-07 2.938565 0.0033 

C32 2.82E-10 1.09E-08 0.026007 0.9793 

C33 8.81E-07 1.

0.112285 0.

94E-07 

012698 

4.545649 

8.842880 

0.0000 

0.0000 a11 

a21 

a

0.021839 0.

0.020057 

017917 1.

0.007776 

218908 

2.579352 

0.2229 

0.0099 31 

a22 0.069864 0.008514 8.206061 0.0000 

a32 

a

–0.002786 0.001660 –1.678200 0.0933 

33 

b11 

0.069628 0.009046 7.697431 0.0000 

0.886017 0.011934 74.24564 0.0000 

b21 0.861168 0.150164 5.734836 0.0000 

b31 0.952118 0.011549 82.44429 0.0000 

b22 0.925442 0.009252 100.0242 0.0000 

b32 1.004232 0.007243 138.6420 0.0000 

b33 0.924571 0.009607 96.23563 0.0000     
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Figure 1. Continuously compounded returns of FTSE 100, 
S&P 500 and Hang Seng time series before FC period. 
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Figure 2. Continuously compounded returns of FTSE 100, 
S&P 500 and Hang Seng time series during FC period.  
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Figure 3. Conditional variance-covariance representation of estimated return series before FC time period. 
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Figure 4. Conditional variance-covariance representation of estimated return series during FC time period. 
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, , , , , , ,ij t ij ii t jj th R h h i j FTSE HS S    If we combine the above finding with the G-cause 
findings, we conclude that the UK and Asian markets 
were insignificantly positive correlated (R12) before and 
remained so during the Financial Crisis. On the other 
hand, we cannot observe any insignificant difference in 
the correlation (significant correlation coefficient) be-
tween the US and UK (R13) markets while the condi-
tional correlation between the US and the Asian market 
(R23) remains strongly insignificant before and during the 
FC period. Thus it seems that information is transmitted 
in part through market returns and partly also through 
volatility spillovers in the case of US/UK. 
 
5. Conclusions 
 
An empirical objective of this paper was to examine the 
existence and source of the strong inter-market co-move- 
ments that are suggested by financial analysts during the 
2008 financial crisis. We analyzed levels and stock re-
turns for three indices (FTSE100, Hang Seng and 
S&P500) that represent three major financial markets 
that constitute a major fraction of the world capitaliza-
tion. We believe that these three stock markets are rep-
resentative of the European, Asian and US markets re-
spectively.  

After finding that all three indices have unit roots and 
nger 

causality tests to ir inf n 
flows between rkets b h -
cial s. Th ur in at it 
was  diffi nfo  t to 
Asia fore the crisis, in  d rom S 
to Asia when the crisis peri  is included in the sample. 
This provides the first e f a newly produced 
channel of information knowledge, is the first 
statistical verific e 2008 crisis was truly 
“made in the US”. 

Moreover, we did no any significan rrelation 
coefficient, a o  a el, en 
US/A IA  e ong S 
and UK . 
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CCC equation: , 1

    

2
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2
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