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ABSTRACT

This study investigates how short and long term interdependgncies have changed among
ten countries grouped into countries from the same region (close geographical proximity) as
a result of the recent Global Financial Crisis. A number of econometrics methodologies are
employed in doing the analysis. Johansen’s cointegration methodology is carried out to
assess whether the stock markets have long run interdependencies and whether these
interdependencies have changed as a result of the Global Financial Crisis. For the stock
markets not cointegrated Granger Causality is carried out to analyze short run

interdependencies between pairs of stock markets.

Furthermore, generalized Impulse Response Function (GIRF) analysis is carried out to assess
the speed at which shocks are fully incorporated by a stock market. Generalized Forecast
Error Variance Decompositions (GFEVD) is used to assess the most endogenous, least
endogenous and most exogenous stock markets. Using Johansen's cointegration method,
there is no change in the level of integration and long run interdependencies among the
American stock markets, evidenced by the number of cointegrating vectors staying the

same in all sample periods. For the European stock markets, the level of integration and

long run interdependencies increase in comparison to before the crisis. In contrast the level
of integration and interdependencies decrease for the Asian stock markets in comparison to
before the crisis with no cointegration being present during the GFC and after.

Evidence of Granger causality is found between the European stock markets before the

crisis but none is found between the Asian stock markets during the GFC and in the post GFC



period. The GIRF generaﬂy shows a change in responses and a change in the speed at which
stock markets incorporate shocks to other stock markets during the GFC period. The GIRF
graphs show that the stock markets take longer to fully incorpor’ate the effects of shocks
during the GFC in comparison to the pre GFC sample period and post GFC sample period.
Lastly the GFEVD analysis finds that there is an increase in the contribution of other markets
in explaining shocks to each individual market implying an increase in interdependencies as
is found by Worthington & Higgs (2004) as a result of the Asian crisis of 1997 and Masih &

Masih (1997) as a result of the October 1987 Crash.
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CHAPTER ONE: GENERAL INTRODUCTION

This Chapter gives a brief introduction to the concept and ideas that led to this research
being carried out. This is then followed by sections that outlinye the background and causes
of thé Global Financial Crisis (GFC) and the purpose and justification of carrying out this
research. This is then followed by a description of the significance and contributions of this
research and lastly concluding with the research questions that have been answered in the
Empirical Findings Chapter.

1.1 Introduction

With the increasing use of advanced information technology and financial deregulation,
leading to increased iﬁternational stock market investments, equity markets are becoming
more integrated and interdependent, resulting in stronger linkages among equity markets

around the globe {Gerrits & Yuce, 1999).

Jalolov & Miyakoshi (2005) point out that “recent rapid financial deregulation throughout
the world has promoted a great deal of trading in financial assets that has attracted
international investors”. This deregulation has resulted in a large volume of direct
investment by advanced countries in emerging countries and vice-versa. Thus, it is expected
~that developed and emerging countries are becoming more-integrated, linked and
interdependent. Similarly, developed countries are becoming more interdependent for the

same reasons.

Consequently, we can logically assume that due to integration and interdependencies
among international stock markets, shocks (good or bad) in one or more financial markets

can be transmitted to other financial markets. The magnitude of the effect of shocks



depends on how strongly integrated and interdependent equity markets are, and the

degree of co-movement among them.

An important concept that goes hand in hand with interdependencies among stock markets
is international portfolio diversification. Modern portfolio theory (MPT) developed by
Markowitz (1952) advocates that international portfolio diversification is beneficial as long
as returns in the international stock markets are less than perfectly correlated with the
domestic market returns. As pointed out by Gerrits & Yuce (1999), the presence or lack of
interdependenc.ies among international stock markéts provides evidence for the limits or
benefits of international portfolio diversification, respectively. Thus, if stock markets are
interdependent, it is implied that the benefits of diversification are minimal or indeed do
disappear (Lim, Lee, & Liew, 2003). As a result, the effectiveness of diversification depends

on the degree of co-movements and interdependence among equity markets.

Due to interdependencies among countries, a number of international financial equity
markets were greatly affected by the Subprime Crisis that originated in the United States of
America in 2007 (Gorton, 2008) and escalated into Global Financial Crisis (GFC) by the end
of 2008 (Poole, 2010). As pointed out by Edey (2009), “equity prices ....... fell to levels

between 30 and 50 per cent, lower than they had been at the start of 2008” while other

developing economies were affected indirectly via trade and capital flows (Craig, n.d.). Thus,
the Global Financial Crisis (GFC) had a significant effect on international equity markets and

more so for those that had strong ties and linkages with the U.S.A. As a result, the financial

crisis of 2007-2009 is viewed as the worst financial disruption since the Great Depression of

1929-1933 (Wheelock, 2010). Thus, it is expected that interdependencies and linkages

among international stock markets have changed due to this phenomenal event.
2



As a result, my research iﬁvestigates the effect of the Global Financial Crisis on short and
jong term ihterdependencies among equity markets of ten countries ranked as having the
highest GDP in the world in 2009 by the World Bank. This is in order to ascertain the impact,
if any, of the Global Financial Crisis (GFC) on these interdependencies among various leading

stock markets.

1.2 Background of the Global Financial Crisis:
From the beginning of 2001 to mid-2003, the Federal Reserve of the U.S.A eased monetary

policy, reducing interest rates from 6% to 1% (Federal Reserve, n.d.). This is supported by
White (2009) who reports that the Federal Reserve lowered its target federal funds
(interbank overnight) interest rate from 6.25;% at the beginning of 2001 to 1.75% at the end
of the year and further pushed it down to a record low of 1% in 2003. The easing of
monetary policy was carried out in fear of a recession and deflation due to the dot-com

bubble bursting and the 9/11 attack (White, 2009).

White (2009) also points out that capital inflows and the supply of loanable funds to the U.S
market pushed the U.S. real interest rates down and therefore, expansion of monetary
policy was not the only factor that led to lower interest rates. However, the lowering of

short term interest rates by 525 basis points between 2001 and 2004 led to cheap credit

(White, 2009).

By lowering short term interest rates so dramatically, one year adjustable mortgage rates
that are dependent on short term interest rates declined significantly in comparison to 30
year fixed mortgage rates. This is supported by (Freddie Mac, n.d.) who show that in 2001

the 30 year fixed mortgage rate (annual average) was 6.97% which was lowered to an



annual average of 5.84% by 2004. In contrast, the 1 year adjustable mortgage rate in 2001

was 5.82% which was reduced to 2.77% by 2004.

As can be seen the lowering of short term interest rates by the Federal Reserve led to a
decline in one year adjustable mortgage rates which made one year adjustable mortgages
more attractive for mortgage borrowers as compared to the 30 year fixed rate mortgages.
As reported by White (2009), “The share of new mortgages with adjustable rates, only one-

fifth in 2001, had more than doubled by 2004”.

As a result, low interest rates led to the growth in one year adjustable rate mortgages that
in turn led to increased demand for housing and pushed house prices up. The large demand

for housing encouraged housing construction in the U.S.A and this created a housing boom.

Alongside the boom, the U.S Government was pushing for and supporting house ownership
by U.S citizens. As pointed by Yandle (2010), there was political effort to expand mortgage
lending to consumers/ subprime borrowers who could not meet normal standards of
creditworthiness. This is further supported by Poole (2010) who states that “congress and
the Bush administration pushed the giant mortgage intermediaries, Fannie Mae and Freddie

Mac, to accumulate subprime mortgages” as previously they had only dealt in prime

mortgages.

Similarly, Listokin, Wyly, Keating, Rengert, & Listokin (2000) declare that the housing
financial industry was looking to new markets such as low to moderate-income (LMI)
households for house ownership and this provision was stimulated by policy makers. This is
also supported by Calomiris (2009) who points out that subsidies for ;'nortgage feverage and

government policies that expanded access to credit were key factors that caused the Global

4



Financial Crisis (GFC). It should be noted that the housing boom, easy credit conditions for
borrowing and stimulants from the US Government made mortgage lenders lower their
underwriting standards in order to provide subprime mortgages to these subprime

borrowers (Gorton, 2008).

As a result of these factors, there was too much optimism in the housing market with
subprime borrowers taking out Adjustable Rate Mortgages (ARM'’s) at a low cost for a

chance of home ownership, leading to the growth of the subprime mortgage market.

The subprime mortgages had to be financed somehow and their risk had to be spread. As
pointed out by Gorton (2008), securitization is the main method of financing for subprime
origi’nators. As a result, securitisation was carried out leading to an increase in the number
of financial derivatives, namely; Mortgage Backed Securities (MBS) and Collateralized Debt
Obligations {CDOs). These derivatives were sold to institutions and investors around the
globe, enabling foreign investors to invést in the U.S. housing market that was booming
{Poole, 2010). The distribution of these financiai derivatives internationally is what tied

international investors to the U.S.A.

However, once interest rates began to rise in the U.S.A and interest rates on loans began to
increase, it became increasingly difficult for subprime borrowers to repay their mortgages
and refinance. This led to defaults by the subprime borrowers and thus, housing
foreclosures. On the other hand, the housing bubble burst and house prices also began to
decline. Furthermore, derivatives based on subprime mortgages began to decrease in value

and therefore foreign institutions and investors who invested in these derivatives reported



significant losses in early 2007 (Gorton, 2008). This ied to the downgrading of investors and

institutioné by credit rating agencies {(Wheelock, 2010)

As a result of these events, markets cut off financial funding to several financial entities
(Poole, 2010) and liquidity dried up. This is because the distribution of the derivatives led to
asymmetric information, in that no one knew which investors and banks were holding these
toxic subprime mortgage backed securities (Gorton, 2008). As stated by Naude (2009),
“securities containing bad subprime mortgages were distributed across the financial system
and institutionsAdid not know where they were. Thié created counterparty risk”. Thus, due
to the existence of asymmetric information and counterparty risk, lending between financial
entities ceased and this naturally led to a liquidity problem. This was the beginning of the

subprime crisis.

From this point on, the subprime crisis escalated into the Global Financial Crisis (GFC) which
led to the collapse of many institutions, significant declines in stock markets, declines in
lending and widened credit spreads. Many banks and institutions filed for bankruptcy and
Governments all around the world intervened by bailing out and guaranteeing bank
deposits, providing stimulus packages and injecting liquidity and money into the systems in

order to resuscitate them (Wheelock, 2010).

A combination of these events and loss in consumer confidence impacted global economies
negatively either through losses via direct investment in the toxic assets or indirectly via
trade and lending/borrowing (wholesale funds widened spreads). As a result, “the financial
crisis of 2007-09 is widely viewed as the worst financial disruption since the Great

Depression of 1929-33” (Wheelock, 2010). -



1.3 Research Purpose
The purpose of this research is to investigate the effect of the Global Financial Crisis (GFC)

on interdependencies, if aﬁy, among equity markets of ten countries ranked as having the
highest GDP in the world in 2009 by the Worid Bank. The ten équity markets in question are:
the USA, Japan, China, Germany, the UK, France, Italy, Brazil, Spain and Canada. These
countries will be grouped into countries of the same region i.e. America (USA, Canada and
Brazil), Europe (UK, Germany, France, ltaly and Spain) and Asia (China and Japan). The
analyses will be carried out for each group to assess whether interdependencies, if any,
among stock markets of these groups have changed due to this phenomenal event. This
analysis will be carried out using econometric methods and both short run and jong run
interdependencies will be assessed in order to provide more insight into changes in

interdependencies. This will be done for the benefit of both short and long term investors.

1.4 Rationale/Justification
Research based on interdependencies among stock markets of the same region has been

carried out. Furthermore, research on changes in interdependencies among stock markets
due to the Global Financial Crisis has been carried out. Due to the Global Financial Crisis
(GFC) being a fairly recent event, not much research has been carried out based on this

event and thus my research will contribute to this limited research.

Furthermore, there is a gap based on research carried out based on the post crisis sample
period. Adding this sample period will provide better insight into how interdependencies
have changed due to this phenomenal event in comparison to research that only has the

Pre-crisis period and during the crisis period. My research will use all three sample periods.



Furthermore, there is a gap in the literature involving both short and long term
interdependencies among the stock markets of the ten countries with the highest GDP as
ranked by the World Bank in 2009. My research looks to fill this gap by carrying out my

analysis based on these countries.

1.5 Significance
This research will provide new information about how interdependencies among stock

markets have changed due to the Global Financial Crisis (GFC). This information will be
useful for investors, portfolio managers and financial institutions looking to diversify
internationally in both the short and long term. By providing empirical evidence based on a
fairly recent event, valuable information is béing provided about whether short and long run
relationships among the equity markets exist and whether these interdependencies have
changed due to the Global Financial Crisis (GFC). This information will be essential for both

short and long term investors to base their investment and diversification decisions.

Furthermore, investors will benefit from the results provided by the short run analyses such
that if causality exists among different stock markets, investors or investment institutions
can formulate short term profit investment strategies even in turbulent times. The

generalised impulse response analysis and generalised forecast error variance

decompositions will provide information on which stock markets are least affected by other

stock markets and which ones are most influenced and affected by other stock markets.

The stock markets with the least effect from other stock markets are more beneficial for
international portfolio diversification than those that are more affected and influenced by
other stock markets. The information provided by the long run analyses will be very useful

such that if cointegration exists, diversification among the stock markets that are
8



cointegrated is limited or not beneficial because the stock markets move closely together in

the long run and share common trend patterns.

1.6 Research Questions
This paper will attempt to answer the following questions by applying several econometrics

methods:

1. Are the stock markets in each region cointegrated in the pre-Global Financial Crisis
(GFC) period?

2. Ifyes, ar.e the stock markets in each region sﬁll cointegrated during and after the
Global Financial Crisis (GFC) and if so has the level of integration (number of
cointegrating vectors) increased, decreased or stayed the same during and after the
Global Financial Crisis (GFC)?

3. For each region, has there been a change in the stock markets that are important in
the long run equilibrium relationship due to the Global Financial Crisis (GFC)?

4. For each region, have the stock markets that bear the burden of adjusting short run
disequilibrium back to the long run equilibrium (cointegrating) relationship changed
due to the Global Financial Crisis (GFC)?

5. If no cointegration is present in either one of the sub-periods, does bi-variate

Granger Causality exist between the stock markets and what are the directions of
the Granger Causality relationships?

6. If no cointegration is present in more than one of the sub-periods, do the directions
and number of Granger Causal relationships change as a result of the Global

Financial Crisis (GFC)?



7. Inthe presence or absence of cointegration, have the response patterns of each
stoék market to shocks in another stock market changed and have the most and
least affected stock markets in each region changed due to the Globaln Financial crisis
(GFC)?

1.7 Conclusion

This research has a significant role in educating investors and firms about linkages and
interdependencies among international or regional stock markets and how these
interdependencies have changed due to the Global Financial Crisis {(GFC). Furthermore, this
study contributes to the limited research carried out based on the Global Financial Crisis
(GFC) and the existing gaps that exist based on this phenomenal event. Thus, the empirical
results founded from answering the above research questions provide valuable insight on
the benefits or limits of international portfolio diversification and portfolio selection and
whether the benefits or limits still exist as a result of the Global Financial Crisis (GFC). If
international stock markets move together or are highly interdependent or integrated, the
benefits of international diversification may be overstated but if low or no interdependence

exists, then international portfolio diversification can be very fruitful.
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CHAPTER TWO: LITERATURE REVIEW

2.1 Introduction:

This Chapter assesses research carried out that is relevant to my research, starting with a

brief summary of the focus of previous studies that are relevant to mine.

A vast number of studies have been carried out on short run and long run relationships
between and among different countries’ equity markets using the methodologies
mentioned in the research questions. Researchers have focused on interdependencies
among stock markets of close geographical proximity such as European Interdependencies,

Asian interdependencies and American Interdependencies.

Others have focused on how interdependencies have changed among stock markets due to
financial crises such as the October 1987 Crash, the Asian crisis of 1997-1998 and the Global

Financial Crisis of 2007 - 2009.
Following this brief introduction, the Literature Review is organised as follows.

e Literature on Interdependencies among stock markets of close geographical

proximity

» Literature on European interdependencies

> Literature on Asian Interdependencies

» Literature on American Interdependencies

 Literature on how Interdependencies have Changed due to Financial Crises

> Literature on the October 1987 Crash

11



> Literature on the Asian 1997-1998 Asian Crisis
o Literature on the Global Financial Crisis and Interdependencies
The results to these pieces of research are presented below.

2.2 Literature on Interdependencies and close geographical proximity

2.2.1 Literature on European Interdependencies
Vast amounts of research have focused on interdependencies among stock markets from

the same regions or continents and find that stock markets that are of close geographical

proximity or that are from the same continent are interdependent.

Eun & Shim (1989) being one of the early reséarchers, analyse the short run aspects of
interdependencies among nine stock markets by using correlation analysis, impulse
response analysis and forecast error variance decompoéitions. The nine stock market indices
are Australia, Canada, France, Germany, Hong Kong, Japan, Switzerland, the United Kingdom

and the United States of America.

The Pair-wise correlation analysis results show that intra-regional correlations (countries
from the same regions) are highly interdependent as compared to inter-regional

correlations (countries from different regions). It is concluded that the intra-regional stock

markets are interdependent in the short run. Using forecast error variance decompositions
it is shown that stock markets are not completely exogenous and are influenced by
innovations in other stock markets and are thus interdependent. The impulse response
analysis provides evidence to show that the transmission of shocks from the USA to the

other stock markets is instant and speedy occurring by day one thereafter tapering off.

12



Furthermore, it is found that all stock markets respond to most of the effect of the shocks

by day one.

Corhay, Rad, & Urbain (1993) investigate the existence of long run interdependencies
among European price indices of France, Germany, Italy, the Netherlands and the UK using
Engle-Granger’s and Johansen’s cointegration methods over a sémple period of 1st March
1975 to 20th September 1991. Using Engle-Granger’s method, significant bi-variate
cointegration relationships are found between the stock markets except for Italy. When the
Johansen—JuseIiQs method is used, evidence of one rcointegrating vector among the
European stock markets is found but the Italian stock market does not influence the long
run equilibrium relationship. These results imply that long run interdependencies exist
among European stock markets and thus portfolio diversification among European stock

markets would not be beneficial with the exception of Italy.

Similarly, when Cheung & Lai (1999) investigate interdependencies among three European
Monetary System countries of France, Germany and Italy using Johansen’s cointegration
over a sample period from April 1979 to June 1992, the presence of one cointegrating
vector is found. Furthermore, it is found that Italy belongs to or influences the long run

equilibrium relationship providing contradictory results to that of Corhay et al (1993) who

find that Italy does not influence the long run relationship. Thus, this result provides
evidence of long run interdependencies among European stock markets implying that
portfolio diversification among these stock markets would not be beneficial in the long run

because these stock markets move closely together and share common stochastic trends.

13



A possible reason explaining Cheung et al (1999) and Corhay et al (1993) contradicting
results could be due to different sample periods used by these researchers and the inclusion

of Netherlands and the UK by Cheung et al (1999).

King & Serletis (1997) find the presence of cointegration among ten European Union stock
markets of Belgium, Denmark, France, Germany, Greece, Ireland, Italy, the Netherlands,
Spain and the UK. Similarly, Gerrits & Yuce (1999) find that the European stock markets of
Germany, the UK and Netherlands influence each other in the short and long run using.
Using bi-variate.cointegration {(Engle-Granger) it is found that only Germany and the
Netherlands are cointegrated. The Granger causality results provide evidence of bi-variate
causality running from Germany to the UK and from the UK to the Netherlands.
Furthermore, uni-variate Granger Causality is found, running from the Netherlands to

Germany.

These results imply that diversification benefits between Germany and the Netherlands in
the long run would not be beneficial but diversification between Germany and the UK or the
Netherlands and the UK would be beneficial because they are not cointegrated or do not
share common stochastic trends. The presence of Granger Causality implies that the stock

markets are interdependent in the short run and thus diversification would not be

beneficial. On the other hand, the presence of Granger Causality implies that one can
predict the movement of the stock market that is being Granger caused (being led) by
assessing the movements of the stock market that is leading, thus short run profit strategies

can be formulated.

14



Erdinc & Milla (2009) invéstigate whether a long run relationship exists among stock
markets of‘three European Union countries of France, Germany and the UK and 'using the
Johansen-Juselius cointegration method, the presence of one,cointegrating vector among
these stock markets is found. This suggests that these stock markets move close together in
the long run and share two (n - r= 3 — 1 = 2) common stochastic trends implying that
international portfolio diversification among these stock markets is not‘beneficial in the long

run:

A limitation in uAsing the Engle-Granger method is tHat it is not able to identify more than
one cointegrating vector among a k-dimensional set of variables where k>2 thus, the
Johansen-Juselius cointegration method that caters for the presence of more than one
cointegrating vector in the multivariate case is more informative (Corhay et al (1993), Masih

& Masih (2004).

Similarly, Masih & Masih (2004) assess how interdependencies among European stock
markets of France, Germany, Netherlands, Italy and the UK changed due to the October
1987 Crash find the presence of one cointegrating vector in the pre- and post-crash period
implying no change in long run interdependencies (or the level of integration). The presence

of cointegration in both periods provides evidence for the limits of portfolio diversification

among the stock markets. The influence of each stock market to the long run cointegrating
relationship is assessed and in the pre-crash period it is found that all the stock markets
significantly influence the cointegrating relationship but in the post-crash period all markets
except Italy influences the long run equilibrium relationship. The result that Italy does not
influence the long run relationship is supported by Corhay et al (1993) and Cheung et al

(1999).
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Granger causality using VECM is assessed and it is found that the number of Granger causal
relationships decreased in the post-crash period. In the pre-crash period, causélity runs from
Germany to the other stock markets except Italy, from the Netherlands to the UK and from
France to ltaly. In the post-crash period the only causal relationships that remain are from
Germany to France and from the UK to Germany. The finding of Granger Causality running
from Germany to the UK (and vice-versa) and from the Netherlands to the UK has been |

documented by Gerrits et al (1999).

Further evidencé is found that in the pre-crash periéd,‘the French and German markets bear
the burden of adjusting short run disequilibrium back to the long run equilibrium
(cointegrating relationship) but in the post-crash period the burden of short run adjustment
falls on France and Italy only and not the German market anymore. The Forecast Error
Variance Decomposition (FEVD) results provide evidence that in the post-crash period, the
British and Dutch markets are the most exogenous stock markets with British and Dutch
markets explaining 63.18% and 56.94% of their own forecast error variance, respectively. In
comparison the ltalian, German and French markets explain only 32.37%, 36.60% and 9.29%

of their own forecast variance after the same time horizon, respectively.

Worthington, Katsuura & Higgs (2003) assessing interdependencies among nine countries

that adopted the Euro in 1991 namely, Austria, Belgium, Finland, France, Germany, Ireland,
Italy, Luxembourg, Netherlands and Spain and among four countries that did not adopt the
" Euro (UK, Greece, Sweden and Denmark) find that both sets of stock markets are
cointegrated in the long run after the adoption of the Euro. Using VECM to asses Granger
causality, significant Granger causal relationships are found between both sets of stock

markets with the larger stock markets (i.e. France, UK, Germany, Switzeriand) having the
16



most influence but having lower causality relationships with the middle sized (Belgium,
Spain and Netherlands) and smaller sized (Ireland, Luxembourg, Finland and Norway) equity

markets.

Similarly, Menezes, Dionsio & Mendes (2010) using Granger causality find that the UK is a
regional leader in Europe among the European countries of Germany, France and Italy
because it leads more stock markets than any of the other European stock markets. The UK
Granger causes Germany and Italy, Germany Granger causes France only, France Granger
causes the UK c;nly and Italy Granger causes France only. The finding of Granger causality
running from the UK to Germany has been documented by Gerrits et al (1999) and Masih et
al (2004) but Menezes et al (2010) only find the presence of uni-variate causality between
the two stock markets while Gerrits et al (1999) finds the presence of bi-variate Granger
Causality between the two stock markets. The finding of Granger causality from Germany to
France has been documented by Masih et al (2004). This implies that interdependencies are
present among the European Union countries and diversification is not beneficial but short

term profit strategies can be formulated.

The above results suggest that portfolio diversification among countries of close

...geographical proximity is not beneficial.

2.2.2 Literature on Asian Interdependencies
Worthington & Higgs (2004) analyse short run interdependencies among APEC stock

markets and using Granger causality it is found that Japan Granger causes China. In contrast,
Kashefi (2008) investigates short run interdependencies among the USA, Australia, China,
Hong Kong, South Korea, Japan, New Zealand, Singapore and Taiwan and using Granger

causality it is found that Japan does not Granger cause China or vice-versa. Using pairwise
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cointegration (Engle—Graﬁger), no evidence of pairwise cointegration is found between any
of the stock markets showing that Japan and China do not share a long run cointegrating
relationship. Worthington et al’s (2004) finding implies that proﬁt strategies can be made
because movements in Japan can be used to predict movements in China while Kashefi's
(2008) finding implies that portfolio diversification between Japan and China in the short
and long run is beneficial because no short or long run interdependencies exist between

them.

Jeyanthi (2010)Aexamines the existence of cointegration and causality between the stock
prices of the BRIC countries (Brazil, Russia India and China) and the US and Japan. Using the
Engle-Granger cointegration method, no evidence of pairwise cointegration is found among
any of these stock markets implying that Japan and China do not share a long run
equilibrium relationship as is found by Kashefi (2008). The Granger causality results show
no evidence of Granger causality present between China and Japan as is found by
Worthington et al (2004). Jeyanthi’s (2010) result implies that short and long run
diversification would be beneficial between China and Japan because they are not

interdependent in the short or long run.

Similarly, Azad (2009) using Engle-Granger’s cointegration to analyse long run

interdependencies and Toda and Yamamoto (1995) Granger causality test among China,
Japan and South Korea find that cointegration is present among the three stock markets in
the long run over a sample period of July 1996 to December 2006. This implies that long run
portfolio diversification among these stock markets would not be beneficial. The Granger
causality results show bi-directional causality between Japan and South Korea but no

Granger causality between Japan and China as was found by Jeyanthi et al (2010).
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— Granger-causality.-

A limitation of Azad’s (2009) analysis is that the Engle Granger test is used for more than
two variabies and if more than two variables are used in this analysis, a serious bias occurs.
This is because depending on the choice of the dependent variable different estimates and
results of the cointegration vector are obtained {Alexander (2001); Masih & Masih (2004)).
Furthermore, the Engle-Granger test assumes at most one cointegrating vector being
present when there can be more than one present, in this case there cén be at most two
cointegrating vectors. Li (n.d.), on the other hand using an asymmetric GARCH-BEKK model
and likelihood ratio tests over a sample period of 1992 to 2010 finds unidirectional causality

from China to Japan.

Another important finding assessing interdependencies between Japan and China is that

_ correlations are low between Japan and China implying that interdependencies between

developed and developing stock markets are low (Worthington & Higgs (2004); Lamba

(2005) and Fadhlaoui, Bellalah, Dherry, & Zouaouii (2009).

Other researchers such as Raju & Khanapuri (2009) and Marimuthu (2010) have
documented the isolation of China as a stock market and China not being influenced or

influencing other stock markets in terms of forecast error variance decompositions and

2.2.3 Literature on American Interdependencies
Eun & Shim (1989) use a group of stock markets from different continents and find that

short run interdependencies among stock markets of the same region are higher than those
not from the same stock region. Thus, it is found that correlations between the USA and

Canada are higher than between USA (or Canada) and other stock markets from different
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regions, implying that interdependencies between stock markets of the same region are

higher than those that are not of the same region.

Using Forecast Error Variance Decomposition (FEVD) it is found that the USA significantly
accounts for the forecast error variance of Canada and the rest of the other stock markets
but Canada or any other stock markets do not significantly cause ﬂuctuations in the USA.
This result implies that the USA has high influence on Canada and the other stock markets

but not vice-versa showing the dominance of the USA as a stock market.

Masih & Masih (1997) investigate interdependencies among the stock markets of USA,
Japan, France, Canada, Germany and the UK due to the October 1987 Crash and find the
presence of one cointegrating vector in both the pre and post-crash period implying the
presence of long run interdependencies. When the USA is normalised upon, it is found that
each market is significant in the long run cointegrating relationship implying that Canada is
significant in the long run equilibrium relationship. In the pre-crash and post-crash period
the Granger causality results show no evidence of Granger causality between the USA and
Canada. The Forecast error variance decomposition (FEVD) results show that in the post-
crash period there is an increase in the contribution of other markets in explaining shocks to

each individual market implying an increase in interdependencies as is found by

Worthington & Higgs (2004) as a result of the Asian crisis of 1997.

In contrast, Cheung & Lai (1999) assessing cointegration among Canada, Germany, Japan,
the UK and the USA over a sample period of April 1979 to June 1992, find no evidence of
cointegration implying that these stock markets and thus Canada ana the USA are not

interdependent and thus do not move closely together in the long run. In contrast, Kasa
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(1992) using a sample period from January 1974 to August 1990 finds the presence of
cointegratibn among the stock markets of USA, Japan, England, Canada and Germany
implying interdependencies being present between the USA a‘nd’Canada though it is found
that Canada has the lowest influence in the long run cointegrating relationship. The
difference in results between Cheung et al (1999) and Kasa (1992) could be due to different

sample periods used.

Wofthington & Higgs (2004) find no significant influence runniAng from Canada to the USA or
vice-versa in the short run, implying no short run interdependencies present between
Canada and the USA. However, using generalised forecast error variance decompositions
(GFEVD) it is found that the USA significantly affects Canada and they alsb find an increase in
the contribution of each market in explaining the forecast error variance of other markefs in
the post-crisis period of the Asian Crisis of 1997. This result supports Masih & Masih’s (1997)
finding of an increase in the contribution of each market in explaining the forecast error

variance of other stock markets as a result of the October 1987 crash.

The limitation in using forecast error variance decomposition (FEVD) and impulse response
function (IRF) analysis is that they both use orthogonolisation implying that changing the

__ordering of the variables produces different results. Thus, if a variable is ordered first in the

variance decomposition (FEVD) analysis and impulse response function (IRF) analysis the
first variable will have an impact on all other variables and so will the second variable but
the second variable will have no impact on the first variable and the third variable will affect
itself and the variables after it but it will have no impact on the second or first variable
(Climent, Meneu & Pardo, 2001, pg. 4). To overcome this problem, the generalised impulse

response function (GIRF) and generalised forecast error variance decomposition (GFEVD)
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analyses which were discovered by Pesaran & Shin (1997) and used by Worthington et al
(2004) is preferable because changing the ordering of the variables does not produce
different results (Yang et al (2002)) because all variables are shocked at once to assess

responses by all other variables and this is supported by Worthington et al (2004).

Liu, Chang, Lin, & Lai (2005) assessing short and long run interdependencies among the US
and ten of its major trading partners (Canada, Japan, Mexico, Germany, the UK, Taiwan,
South Korea, France, Singapore and Hong Kong) find no evidence of cointegration among
the 11 stock mérkets using Johansen’s multivariatercointegration method. This result implies
that no long run interdependencies exist between the USA and Canada. Using forecast error
variance decompositions (FEVD), it is found that intra-regional interdependencies are higher
than inter-regional interdependencies especially for the American (USA, Canada, Mexico)
and European stock markets due to close geographical proximity. This finding is similar to
that of Eun & Shim (1989) and Metin & Muradogiu (2001) who find that stock markets of

close geographic proximity are highly interdependent.

Furthermore, it is also found that the USA is the most influential stock market as is found by
Eun & Shim (1989) and the USA explains a higher forecast error variance of Canada as

compared to that of Mexico (Latin-American), implying higher interdependencies between

Canada and the USA as compared to the USA and the Latin American stock market.

In assessing the diversification potential in Latin American stock markets, from the
viewpoint of a US investor or portfolio manager, Maniam, Chatterjee, & Mehta (1999) use
correlation analysis on stock market data from Brazil, Argentina, Chiie, Venezuela, Peru and

the US with a sample period from 5% July 1989 to 31% December 1997 . It is found that pair-
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wise correlations and thus short run interdependencies between the USA and Brazil and
USA and Aréentina are low and significant implying that diversification between the USA
and Brazil would be beneficial in the short run. Furthermore, e‘vid’ence of limited
diversification benefits between the rest of the Latin American stock markets and the USA

exist.

Similarly, Fernandez-Serrano & Sosvilla-Rivero (2003) assess long run interdependencies
between the USA and the Latin American stock markets of Argéntina, Brazil, Chile, Mexico,
Peru and Venezuela using Engle-Granger bi-variate method and Johansen-Juseiius
cointegration method. Evidence of cointegration is present in the long run between Brazil
and the USA implying that long run portfolio diversification would not be beneficial between
the USA and Brazil because of the presence of long run interdependencies but when the
Johansen cointegration test is used in a bi-variate sense, no evidence of cointegration is
found between the USA and Brazil. Thus, this evidence provides mixed results on whether
interdependencies exist between the USA and Brazil. This result is similar to that of Jeyanthi
(2010) who find no evidence of pairwise cointegration between Brazil and the USA as is
found by Fernandez-Serano et al (2003) who also use the Engle-Granger bi-variate

cointegration method.

Using a number of regions, Metin &n Muradoglu (2001) support the finding that intra-
regional or stock markets that are geographically close are highly interdependent. They
group 16 emerging countries into stock markets from the same region of European, Asian,
and Latin American and find the presence of long run interdependencies among stock

markets from the same region using Johansen’s cointegration in a bi-variate sense. This.
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result implies that stock markets in the same continent or of close geographical proximity
are interdependent in the long run.

2.3 Literature on how Interdependencies have changed due to Financial

Crises
Researchers have also focused on how interdependencies among stock markets have

changed due to major financial crises such as the October 1987 Crash and the Asian 1997-
1998 Crisis but the results provided do not reach a consensus on how financial downturns

have affected interdependencies among stock markets.

2.3.1 Literature on the 1987 October Crash 7
Researchers have focused on the effects of the October 1987 Crash on relationships and

interdependencies among different international and regional stock markets from a range of
continents. Malliaris & Urrutia (1992) focus on how short run interdependencies (lead-lag
relationships) have changed between six stock price indices of New York, Tokyo, London,
Hong Kong, Singapore and Australia before (May 1 1987 to 30 September 1987), during
(October 1 1987 to October 31 1987) and after (November 1 1987 to march 31 1988) the
October 1987 crash. Using the Engle-Granger two step cointegration method, the results
show that the null hypothesis of no cointegration was rejected more often during the crash

and post-crash period compared to the pre-crash period implying an increase in long run

interdependencies during and after the crash.

Assessing Granger causality using an error correction model for the cointegrated stock
prices and a standard VAR for stock prices not cointegrated, no lead-lag relationships are
detected in the pre and post-crash period contradicting Eun & Shim’s (1989) finding of USA
having leading information and being the ‘most influential for European and Asian stock

markets in the pre-crash period. These results could be solely due to a difference in sample
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periods used. In contrast, during the crash sample period, a dramatic increase in lead-lad
relationships is found with 20 out of the 30 lead-lag relationships being significant at 5%.
This result implies that interdependencies increased temporarily during the crisis period and

thus, diversification benefits among these stock markets during the crash period were

limited.

Similarly, Arshanapalli & Doukas (1993) assess how short run and long run linkages among
stock price indices of the USA, Japan, France, the UK and Gerrﬁany have changed due to the

October 1987 crisis dividing their sample period( January 1980 to May 1990) into pre-crash

period (January 1980 to September 1987) and post-crash period (November 1987 to May

1990). Using Engle-Granger’s bi-variate cointegration method, they find no evidence of
cointegration among the stock markets at 5% significance level in the pre-crash period but
in the post-crash period the French, German and UK stock markets are cointegrated with

the USA but Japan is not.

The pre-crash period result implies that portfolio diversification in the long run is beneficial

because the stock markets do not share a common trend and do not move closely together

but this result is in contrast to the substantial amount of interdependence among national

__stock markets found by Eun and Shim (1989) in the pre-crash period. The post-crash period

result implies an increase and strengthening in long run interdependencies with the
exception of Japan. This result implies that long run portfolio diversification between the
USA and the stock markets of France, Germany and the UK would not be beneficial but

portfolio diversification between the USA and Japan would be beneficial.
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Using the error correction model to analyse Granger causality only in the post-crash period,
it is found that innovations in the US Granger cause the French, German and UK markets but

innovations in the three European markets do not impact the US stock market.

This result is in line with Eun & Shim’s (1989) finding that the US market is the most
influential on European markets but the European markets cannot signiﬁcantly explain
movements in the US market but contradicts Malliaris et al's {1992) finding of no influence
from the US on any of the stock markets in the post-crash period in the Granger causal

sense.

As a result, if there are innovations in the US 'market, one can predict movements in the
European countries because innovations/movements in the US precede or Granger Cause
movements in the European stock markets. Another implication is that short run
international portfolio diversification would not be beneficial as the stock markets are

interdependent in the short run.

Masih & Masih (1997) investigate the effect of the October 1987 crash on short and long
term interdependencies among the US, Japan, the UK, Germany, Canada and France dividing

the sample period into pre-crash period (January 1979 to September 1987) and post-crash

period {November 1987 to june 1994). Using the Johansen’s multivariate cointegration
method to test for the presence of cointegration unlike Arshanapalli et al (1993) and
Malliaris et al (1992) who use the Engle-Granger bi-variate cointegration methodology,

evidence of one cointegrating vector is found in both the pre and post-crash sample periods.

This implies that the stock price indices share 5 (n—r = 6 — 1 =5) common stochastic trends

and move close together in the long run and thus portfolio diversification among these
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stock markets in the long run would not be beneficial. Furthermore, this result implies that
the level of integration remained constant in the pre and post-crash periods. This result is
inconsistent with that of Malliaris et al (1992) and Arshanapalli et al (1993) who find that

interdependencies increased in the post-crash period.

Using VECM to assess Granger Causality it is found that the US market is unaffected by
innovations from other markets and does not affect other markets (completely exogenous)
in the pre-crasH period while in the post-crash period the USAmarket Granger causes both
France and Bri;cish stock markets. Furthermore, the German stock market Granger causes
France and the UK. The result that USA contains leading information about the European
markets is supported by Eun and Shim (1989) and Arshanapalli & Doukas (1993). Masih et al
(1997) also find a feedback relationship between Japan and the UK but no relationship
between Japan and the USA. The result that no relationship exists between Japan and USA is
consistent with that of Arshanapalli & Doukas (1993). Furthermore, the finding that
Germany Granger causes France and the UK has been documented by Gerrits et al (1999),

Masih et al (2004) and Menezes et al (2010).

Using Forecast Error Variance Decompositions (FEVD) to ascertain the change in the extent

to which stock markets explain forecast error variance in other stock markets, an increase in

the contribution of other markets explaining shocks/ forecast error variance of each
individual market in the post-crash period is found. Thus, it is concluded that the crash
increased interactions and interdependencies among the stock markets and this finding is

consistent with that of Malliaris et al (1992) and Arshanapalli et al (1993).
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As can be seen there are a number of contradictory results on the effect of the October
1987 Crash on interdependencies among stock markets. This could be due to different
sample periods used to analyse interdependencies and also due to different methods used

to do the same analyses.

2.3.2 Literature on the Asian 1997-1998 Financial Crisis
Other researchers have focussed on the effects of the Asian 1997-1998 financial crisis on

interdependencies among Asian stock markets and contradictory results have been found

about whether interdependencies changed due to the Asian Crisis.

Yang, Kolari & Min (2002) focus on how long run relationships among the US, Japan and ten
Asian emerging stock markets (Hong Kong, India, Indonesia, Korea, Malaysia, Philippines,
Pakistan, Singapore, Thailand, and Taiwan) have changed due to the Asian Crisis. The sample
periods are divided into pre-crisis period (January 2 1995 to December 31 1996), duriﬁg the
crisis period (July 1 1997 to June 30 1998) and post-crisis period (July 1 1998 to May 15
2001). In the pre-crisis period no evidence of cointegration is found but during the crisis and
in post-crisis period the presence of two cointegrating vectors is found. This implies that
long run integration and interdependencies among these stock markets intensified during

the crisis and in the post-crisis period in comparison to the pre-crisis period. As a result, it

can be concluded that the Asian crisis changed the degree of integration and

interdependence among the stock markets.

These results are computed with the stock price indices expressed in local currency but
when the stock price indices are converted and denominated in US dollars; Yang et al (2002)

find the presence of one cointegrating vector in the pre-crisis period instead of no
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cointegration being present. Yang et al (2002) state that Hung & Cheung (1995) find that

exchange rate adjustment can affect the number of cointegrating vectors.

Worthington, Katsuura & Higgs (2003) find contradictory results to that of Yang et al (2002)
in regards to how long run interdependencies changed due to the Asian crisis. Johansen’s
multivariate cointegration and VAR procedures are used to analyse interdependencies with
three developed markets (Hong Kong, Japan and Singapore) and six emerging markets
(lndronesia, Korea, Malaysia, the Philippines, Taiwan and Thailénd) using sample periods
before the crisig and the period since the Asian crisis. Using the Johansen-Juselius approach,
Worthington et al (2003) find evidence of one cointegrating vector/relationship in all sample
periods, suggesting that long run relationships did not intensify but stayed the same in the
pre-crisis period and during the crisis period which contradicts Yang et al’s (2002) finding of
intensified integration and interdependencies among the Asian stock markets during the

crisis period.

Using Granger causality to analyse short run interdependencies, 16 significant Granger
causal relationships are found in the pre-crisis period but only 8 are significant in the post
crisis period implying a decrease in short run interdependencies due to the Asian crisis. The

above empirical results found by Worthington et al (2003) imply that in the long run

international portfolio diversification would not be beneficial because these stock markets
share common long run stochastic trends or move closely together. In contrast, in the short
run as shown by the Granger causality results, stock market interdependencies reduced
during and after the crisis showing beneficial opportunities of international portfolio

diversification.
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Chatterjee, Ayadi & Maniam (2003) investigate the impact of the Asian Financial Crisis on
interdepenvdencies and using the Johansen-Juselius multivariate cointegration method,
similar results to that of Worthington et al (2003) on long run interdependencies are found.
Using the same Asian stock markets as Worthington et al (2003) except Japan over the pre-
crisis period and during the crisis and post-crisis periods combined, evidence of one
cointegrating vector is found in both sample periods which is consistentr with Worthington

et al’s (2003) finding of no change in long run relationships.

Other researchers have focussed on the impact of the Asian Financial Crisis not only on

Asian stock markets but other international stock markets from different continents.

Daly ( 2003) investigates how both the static (short run) and dynamic (long run)
interdependencies of the stock markets of Indonesia, Malaysia, the Philippines, Singapore,
Thailand and three advanced stock markets of Australia, Germany and the United States of
America have changed due to the Asian crisis. Using correlation analysis to analyse short run
interdependencies, evidence of an increase in interdependencies (correlations) between
stock markets over the post-crisis period was found, implying an increase in short run

interdependencies among the stock markets.

The finding that correlations among international stock markets increased due to the Asian
Financial Crisis is supported by Lamba (1999) who finds that correlations increased among
international stock markets of India, Hong Kong, USA, UK, Singapore and Japan due to the
Asian Financial crisis of 1997-1998. This result is inconsistent with that of Worthington et al
(2003) who use Granger Causality instead of correlation analysis to aésess short run

interdependencies and find that interdependencies reduced after the Asian crisis.
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Daly’s (2003) finding implibes that short run international portfolio diversification would not
have been ‘beneficial in the post-crisis period because there was an increase in
interdependencies between the stock markets. To assess long run interdependencies, the
Johansen-Juselius multivariate cointegration (among the Asian markets only, among the
developed markets only and a combination of Asian and developed) is carried out. Evidence
of no cointegration is found between the stock markets of the advanced markets and the
markets of Southeast Asia. Furthermore, no cointegration is found among the advanced
countries both in the pre and post crisis periods. Thus the results imply no significant
increase in long run relationships due to the Asian crisis in either the developed or
developing stock markets. Thus, it can be concluded that portfolio diversification benefits
were not reduced due to the Asian Financial crisis. This result is inconsistent with Yang et al
(2002) who find that long run relationships among Asian stock markets had strengthened

and integration had increased due to the Asian crisis.

The above results show that there have been contradictory results about how
interdependencies have changed due to the Asian Financial Crisis. Some results show
strengthened interdependencies among stock markets due to the crisis, others have shown

weakened interdependencies or no change in interdependencies at all.

2.4 Literature on the Global Financial Crisis and Interdependencies
A significant amount of research has been carried out on how financial crises have changed

interdependencies among stock markets but not much research has been carried out on the
effects of the Global Financial Crisis (GFC) on interdependencies among international stock
markets bgcause this is a fairly recent event. The findings below Iean’ towards an increase or
strengthening in interdependencies due torthis event.
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Gklezakou & Mylonakis (2009) analyse the interdependencies among South Eastern
European Stock markets of Romania, Bulgaria, Croatia, Slovenia and Turkey with the
addition of Greece and Germany as developed stock markets, uSing two sub-periods of pre-
crisis period (1% November 2000 to 19" July 2007) and during the crisis period (20™ July
2007 to 20" February 2009). Utilising pair-wise correlation coefficient analysis to analyse
short run interdependencies, it is found that correlations among develdping stock markets
are low but increase during the GFC. When the two developed stock markets are added the
same result is found but evidence that correlations are higher between developed countries
than between developed and developing stock markets is shown. The finding that
correlations are higher between developed stock harkets than between developed and
developing stock markets is supported by Worthington et al (2004), Fadhlaoui et al {2009)

and Jeyanthi {2010).

Overall, evidence is provided that interdependencies increased due to the financial crisis.
The Granger Causality tests show that Germany is the leading stock market as it Granger
causes all the other stock markets while it is not Granger caused by any of the stock
markets. It is concluded that interdependencies increased and strengthened due the

financial crisis. A limitation of this research is that effects on long run relationships are not

investigated as this would be beneficial for long term investors.

Simifarly, Cheung, Fung, & Tsai {2010) examine the impact of the 2007-2009 Global
Financial Crisis (GFC) on interrelationships among global stock markets namely the USA, the
UK, Hong Kong, Japan, Australia, Russia and China using the pre-crisis period (January 2003
to June 2007) and during the crisis period (July 2007 to April 2009). Concentrating on

interdependencies between the USA and the other stock markets, using a VAR model, it is
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found that bivariate short run causal relationships have been strengthened during the crisis.
The finding that short run interdependencies have increased and been strengthened is in

line with Gklezakou et al (2009) who finds an increase in short run interdependencies.

Using Johansen’s cointegration technique and VECM, it is found that bivariate long run
cointegrating relationships have been strengthened between the USA and the other stock
markets during the crisis. Overall, these results imply that interdependencies have increased

and been strengthened due to the Global financial Crisis.

2.5 Conclusion
As can be seen a vast number of researchers have investigated interdependencies among

stock markets from the same regions. Most of the researchers have found similar results
while others have found contradicting results on the same countries. This could be
attributed to different sample periods used as well as different methods used to analyse

short or long run interdependencies.

Generally, it has been found that stock markets that are of close geographical proximity or
of the same region are highly interdependent and correlated than those that are not. This
can be attributed to having similar economies, being trade partners or less trade restrictions

among these countries (Maniam, Chatterjee & Mehta, 1999). Furthermore, evidence is also

found that interdependencies among developed countries are higher than
interdependencies between developed and developing countries of the same region. This

could be attributed to openness of trade of the developing stock markets.
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Evidence using forecast error variance decompositions (FEVD) emphasise these points but
also show that all stock markets are not fully exogenous but are affected by other stock

markets to some degree, some more than others.

Furthermore, research based on how interdependencies have changed due to financial
crises such as the October 1987 Crash and the Asian 1997-1998 Crisis have been carried out
but there has been no consensus on the effect of financial downturns on interdependencies.
Some researchers have found increased interdependencies while others have found
decreased interdependencies or no change at all inrinterdependencies. While
interdependencies among stock markets have been widely explored, a limited amount of
research has focused on the impacts of the Global Financial Crisis (GFC) on both short and
Jong term interdependencies among stock markets. This is because the Global Financial
Crisis (GFC) is a fairly recent event. With the limited research that has been done, a limited
amount of researchers have dissected sample periods into the pre-crisis period, during the
crisis period and post-crisis period. Doing this would provide better insight into how

interdependencies have changed due to this phenomenal event.

Furthermore, there is a gap in the literature involving both short and long term

interdependencies using the stock markets of the ten countries with the highest GDP in the

world in 2009 as ranked by the World Bank in 2009. My research looks to fill this gap.
Investigation into both short and long term interdependencies will be beneficial for both
short term and long term investors in providing information on the limits or benefits of
portfolio diversification among stock markets of the same region. | will also add to the
limited amount of research done based on such a phenomenal event considered the worst

financial disruption since the Great Depression of 1929-1933 (Wheelock, 2009).
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CHAPTER THREE: ECONOMETRICS METHODOLOGY

3.1 Introduction
The aim of this study is to investigate how short and long term interdependencies, if any,

have changed due to the Global Financial Crisis (GFC). Thus, to identify how these
interdependencies have changed, quantitative analysis using Econometrics methods will be
utilized. This Chapter will outline a detailed description of these econometrics methods. The
econometric methods are chosen on the basis of the methods used by thé authors in the

literature review as these methods are relevant to my research.

3.2 Unit Root (Stationarity tests):
In this research, the first analysis that will be carried out before any other regressions are

carried out are tests for stationarity or unit root tests on both price index levels and first log
differences of the price indices (returns). This is because a pre-requisite for one of the
methods, cointegration, is that the variables must have a unit root and must be integrated
of the same order (Engle & Granger (1987); Dickey, Jansen & Thornton, 1991) otherwise
spurious regressions and results occur (Alexander (2001); Gujarati & Porter (2009). Spurious
results can be very misleading to investors that base investment decisions on these results

and can lead to bad investment decisions being made.

There are a number of approaches used to examine the stationarity of time series data. The
most popular are the Augmented Dickey Fuller (ADF) test, and the Kwiatowski, Phillips,

Schmidt and Shin (KPSS) and thus these two methods will be utilized to test for stationarity.

3.21 Augmentéd Dickey Fuller (ADF) Test:
The Augmented Dickey Fuller (ADF) test is a refinement of the original Dickey & Fulier (1979)

test. The original Dickey Fuller test is represented as shown below:
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~have to bemade:

Ay ;= 5))1-1 +1,

Where y, denotes the price index level at time period t and Ay, = y, — y,_, (stock return). 6

is the estimated slope coefficient and u, is the error term.

The Dickey-Fuller tests’ main assumption is that the error terms (u,) are independently

distributed or not correlated. This is not always the case as trends that exist in financial time
series are sometimes due to serial correlation (Harris (1992); Gujarati & Porter (2009)).
Thus, the ADF test in 1981 was developed to take care of serial correlation in the error

terms by adding the lagged difference terms of the dependent variable (Ay,) (Gujarati and

Porter,2009, p. 757) to the original Dickey Fuller (DF) test as shown below:

Ay, = @r-l + ZaiAyl—i tu,

i=1

Where m = number of lags sufficient to get rid of serial correlation (Alexander, 2001, p.

327).

In implementing the ADF test, some decisions based on whether to test for a unit root only,

test for a unit root with a constant or test for a unit root with a constant and a time trend

In order to know what options to chooée, one can base their decision by inspecting the time
series graphs of the price indices and stock returns data as “such plots give an initial clue
about the likely nature of the time series variables” (Gujarati & Porter, 2009, p. 749). The
three main!y used options when testing for unit root using the ADF test are:

1. Test for a unit root:
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Ay; =, +ZaiAyr-i +¢&,

7=l

2. Test for unit root with drift

m

Ay, =B, + %+ D N, +e,
i=l

3. Test for unit root with drift and a deterministic trend:

Ay, = B, +ﬁ12‘+@/1—1 +ZaiAyl—i té,
i=1
Where £, is the drift term, t is the linear trend term and m is the lag length of the
autoregressive process. The other variables are the same as mentioned in the ADF formula

mentioned previously.

The first formula corresponds to modelling a random walk without a drift term
(constant/intercept). The second formula corresponds to modelling a random walk with a
drift and the third corresponds to modelling a random walk with drift and a deterministic

time trend.

Unit root tests also provide information on what order of integration the time series are.

Daily return data are generated by stationary process while daily price data are generated

by a stochastic non-stationary process (Alexander (2001); Gujarati & Porter (2009). Thus, if
the Stock Price Indices (levels) are non-stationary and the stock returns (first differences)
are stationary, it is concluded that the stock price indices are integrated of order one (I(1));
(Kasa (1992), Arshanapalli & Doukas (1993), Masih & Masih (1997); Alexander (2001);

Gujarati & Porter (2009).
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3.1.1.1 Limitations of Unit Root tests:
Gujarati & Porter (2009, p. 758) declare that the varieties of testing for unit roots (unit root,

unit root with drift and unit root with drift and time trend) all produce different
estimates/results and as a result, if one chooses the wrong option that does not correspond
to the true model or an option that does not characterise the price indices, the results can

be misleading. This limitation is supported by Harris (1992).

Gujarati & Porter (2009) also report that the power of the ADF test is low in that it tends to
accept the null hypothesis of unit root. This is because if the ( § ) coefficient is close to but
no‘t exactly one, the unit root test declares the time series non-stationary though clearly it is
stationary but close to non-stationary. Also u'nit root tests may not detect structural breaks
and changes and this is supported by Gujarati & Porter (2009, p.759) who points out that
Perron (1989) argued that standard tests that have unit root as the null hypothesis may not
be reliable when structural changes are present .

3.2.2 Kwiatowski, Phillips, Schmidt and Shin (KPSS) Test:

Kwiatkowski, Phillips, Schmidt, & Shin (1992) declare that “standard unit root tests fail to
reject the null hypothesis of a unit root for many economic time series” (p. 159). The KPSS
test proposed by Kwiatowski et al in 1992 was created to overcome the low power of the
--ADF test.- Kwiatowski-et-al {1992) report that “the test is a Lagrange Multiplier test of the
hypothesis that a random walk has zero variance (stationary)”. Kwiatowski et al (1992)

firstly start by regressing the dependent variable ( y,) on a constant or constant and time

trend as shown below:

y, =0+ 7+ E,
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Where £ is the deterministic trend, r, is the random walki.e. r, =7, +u,and ¢, is the
stationary error. From this regression they get the residuals ¢, wheret=1,2,....,, T and

compute the partial sum procéss of the residuals as:
1

S, => ¢ foralt.
=l

The partial sum of the residuals is in turn used to calculate the Lagrange multiplier one-sided

test statistic used to test for stationarity as shown below:

2
LM:iS;

1=1 2
(o}

£

A2 *
Where o . is the estimated error variance from the regression.

3.3 Lag Length Selection:
An important decision one has to make in carrying out unit root tests, cointegration and

Granger causality is selecting the optimal lag length. This is in order to include enough lags
so that the error terms are not serially correlated (Harris, 1992); Gujarati & Porter (2009).
One approach to selecting the optimal number of lags is called testing down in which the

software program tests down from high lag orders. One just has to put in a generous

number of lags and the software program automatically reduces the number lags until the t-
value on the longest remaining lag is sigr;ificant. An alternative approach that will be used in
this research is to use the lag length selection Information Criteria called the Akaike
Information Criteria (AIC) and the Schwartz Bayesian Information Cri{terion (SBIC). The AIC

criterion is. defined as:
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MC=[25j+m(£S£j

Ry n

The SBIC criterion is defined as:

InSBIC = [—k-) Inn+ M(:@j

n n

Where k = number of parameters in the model, n = number of observations and RSS =

Residual Sum of Squares.

The appropriate lag length in Microfit is the one that maximises both the Information

Criteria.

3.4 Vector Autoregressive (VAR) Models:
Vector Autoregressive {VAR) models will be utilised in doing my analysis of cointegration

and Granger causality. The vector autoregression model is “a multiple time series
generalization of the autoregressive model” (Maddala, 2001, p. 544). An Autoregressive
(AR) model regresses a dependent variable on its own past values (lags) while the Vector
autoregressive (VAR) model regre%ses a dependent variable on its own past lag values and
lag values of other independent variables (Gujarati & Porter, 2009). A bivariate Vector

autoregressive (VAR) model can be shown as:

xl, = oy %1, +a,x2,,_ +&,

x2, = oy xL,,_ +0,,x2,, 48,

A VAR model can also describe the evolution of a set of k variables or more than two

variables over a same sample period (t = 1,2, ..., T) as a linear function of only their past
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values and lag values of other independent variables. A VAR model with p lags written in

matrix notation is shown below:

x, =c+Ax  +Ax_,+..+Ax_, +¢

{—p

Where x, and its lagged values are a k x 1 vector of variables, ¢ is a k x 1 vector of constants,

ande, is a k x 1 vector of error terms. 4, is a k x k matrix (for everyi=1, ..., p) of

coefficients to be estimated.

A VAR model has its advantages, in that it is easy to use and one does not need to worry
about determining which variables are endogenous or exogenous because all the variables
are considered endogenous (Gujarati & Porter, 2009). With its advantages come its
limitations too. A problem emphasised by Maddala (2001) is that there is over-
parameterization in VAR models. For example, if one has four variables and considers six
lags for each variable, then each equation would have 24 parameters to be estimated and

thus, 96 parameters to be estimated overall. Thus, it gets very messy.

3.5 Cointegration
The concept of cointegration was developed by Engle and Granger (1987) and asserts that if

individual time series are integrated of order one (non-stationary) but one or more linear

combinations of these variables is stationary then the time series variables are cointegrated.
This implies that the time series variables move closely together in the long run and are said
to share a common stochastic long term trend and thus should never drift apart (Alexander

(2001); Dickey, Jansen, & Thornton (1991) .

The Johansen (1990) and Johansen & Juselius test (1991) test will be used in preference of

thé Engle-Granger method (1987). This is because if more than two variables are used in the
41



analysis; the Engle-Granger method can suffer from a serious bias. This is because
depending on the choice of the dependent variable different estimates and results of the

cointegration vector are obtained (Alexander (2001); Masih & Masih (2004)).

Furthermore, the Engle-Granger method only allows estimating one cointegration vector
when there can be up to n-1 cointegration vectors present (Alexander, 2001, p. 355; Masih
& Masih (2004)) where n is the number of variables (i.e. stock markets) in the system. Thus,
an alternative approach that is suitable for all these limitations is the Johansen (1988, 1991)

and Johansen & Juselius (1990) multivariate cointegration test.

3.5.1 The Johansen-Juselius Cointegration Test:

As demonstrated by Johansen and Juselius (1988, 1990, 1991), the Johansen-Juselius test

can be expressed as a general VAR model as shown below:

k-1
AX, = pu+ Y T,AX, HIX,, +¢,

=]

Where X, isa nx 1 column vector of variables integrated of order one, A represents the
difference operator, k represents the optimal lag length to get rid of serial correlation,

I = (Z;l ﬂj)— I, and II= (Z;ﬂi) — I, are coefficient matrices and 7 is an n x n identity

matrix, uis an n x 1 vector of constants if needed and #, isa n x 1 column vector of

innovations.

Cointegration among the variables X, is determined by identifying the rank of the n xn

matrixIT (Johansen (1990) and Johansen & Juselius (1991)). If the rank (r) of the matrix IT is
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zero, then no cointegration exists among the variables (stock markets) X, and AX, is

stationary (Hendry & Juselius, 2001).

If the rank r {the number of stationary linear combinations of the variables X,)isequalton
(the number of variables or number of column vectors of X, ) this means the coefficient

matrix IT is full rank and the variables X, are stationary (Johansen and Juselius, 1990).

If the rank of the coefficient matrix IT lies between zero and n (less than full rank), the
number of variables being investigated will be non-stationary but r linear combination of

the variables are stationary and cointegration is present. The rank (r) of the coefficient
matrix, I1 equates to the number of cointegrating vectors present (Johansen and Juselius,

1990).

3.5.1.1 Testing for the rank of the Matrix:
The rank (r) of a matrix is equal to the number of non-zero eigenvalues and the eigenvalues

are denoted by 4; (Johansen & Juselius (1990); Johansen (1991). Thus if the variables are not

cointegrated, the rank (r) of II will not be significantly different from zero i.e.

4 = 0 (Johansen, (1991)).

Johansen & Juselius (1988, 1990 and 1991) provide two likelihood ratio tests to determine

the rank of the coefficient matrix, called the trace test and the maximum eigenvalue test

and they are represented as follows:

A () =T S m(1 - i,.)

j=r+]

A (rar +1)= —Tln(l —,ﬁlj
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Where T is the sample size, n is the number of variables in the system and the eigenvalues
of ITare real numbers such that 4, > 4, >.....> 4, > 0.

The trace test has a null hypothesis of at most (less than or equal to) r cointegrating vectors
against the alternative hypothesis of more than r cointegrating vectors. The maximum
eigenvalue test has the null hypothesis of r cointegrating vectors against the alternative of

r+1 cointegrating vectors.

Even if a long run cointegrating equilibrium relationship is found and exists, it can be so that
in the short run there is disequilibrium or the‘ price series drift apart (Engle & Granger
(1987); Gujarati & Porter (2009). The size of the disequilibrium value equates to the error
term from the cointegration regression and the number of disequilibrium terms equates to
the number of cointegrating vectors present {Alexander (2001); Gujarati & Porter, 2009, p.
764). In the case that disequilibrium exists in the short run, Engle & Granger (1987) assert
that the cointegrating relationship can be expressed as an Error Correction Model (ECM) or
Vector Error Correction Model (VECM) and this model is used to correct any short run

disequilibrium. Thus, in the presence of cointegration, the coefficient matrix IT is expressed

as two matrices as shown below:

=a*p

Thus, the VECM can be shown as:

A‘Xr =1u+k21riAXz—i +(a*ﬂ')Xr—k +¢&

i=1
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Where « is a k x r matrix that provides evidence on whether the dependent variable bears
the burden of correcting short run disequilibrium and the size of the alpha coefficient
indicates the speed of adjustment of the dependent variable from the short run

disequilibrium back to the long run cointegrating equilibrium relationship.

B is a r x k matrix that contains the r cointegrating vectors/relationships that make g'X,
stationary even if X, themselves are non-stationary (Johansen (1988) and Johansen &

Juselius (1990)).

If cointegration is found, the parameters of interest will be the speed of adjustment
coefficient and the cointegrating vector/s. This is in order to assess which stock markets
bear the burden of adjusting short run disequilibrium and the speed at which the stock
markets adjust back to the long run equilibrium from the short run disequilibrium. The
cointegrating vector/s help assess which stock markets are the most important or significant

to the long run cointegrating (equilibrium) relationship.

3.6 Granger Causality:
The concept of Granger Causality discovered by Granger (1969) implies that there is a lead-

lag relationship present between variables. That is, if X Granger causes Y then changes in X

cause preceding movements/changes in Y. This implies that predictions of Y can be
improved if lagged variables of X are included as explanatory variables (Granger (1969);

Alexander (2001, p. 344)). Granger Causality can be represented as follows:

p p
AY, =) b AX,  +D ¢ AV, +u,

=1 J=1
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P P
AX, = vaZfAle—i +Z¢21AX1—1' +u,,

i=1 J=1

Where p is the number of lags sufficient to get rid of serial correlation. If only &,, is
significant then unidirectional causality runs from X to Y and if only ,, is significant then uni-
variate Granger causality runs from Y to X. If both 5 ,and b,, are significant then bi-variate

Granger causality runs from X to Y and from Y to X.

As pointed out by Alexander (2001, p. 345), the Granger-Causality test from X to Y is an F-

test for the joint significance of b,,......,b, ,in an Ordinary Least Squares (OLS) Regression and

similarly the Granger Causality test from Y to X is an F-test for the joint significance of

by,

p*

3.7 Generalised Impulse Response Function (GIRF) Analysis and

Generalised Forecast Error Variance Decompositions (GFEVD):
Impulse response function (IRF) analysis uses a graph to map out the response of a market

to a unit random shock to the residuals in another market for several periods in the future
(Warne (2008); Gujarati & Porter (2009). Impulse response functions are exhibited as graphs
so that one can assess how long the effects of the shock last into the future and also shows

us the size of the response (Wang, 2008, p. 96). Forecast error variance decompositions are

derived from impulse responses.

Forecast error variance decomposition (FEVD) analysis shows the percentage of forecast
error variance of a variable accounted for by shocks to another market and a percentage
accounted for by shocks to the given market (Worthington & Higgs, 2004). Forecast error

variance decomposition analysis “provides a measure of the overall relative importance of
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the markets in generating fluctuations in both its own market and other markets”
(Worthington & Higgs, 2004). As a result, forecast error variance decomposition shows us
which stock markets are most affected or least affected by other stock markets or shows

which stock markets are the most or least interdependent.

A VAR model as shown below is considered:

P
Y, =4, +a]t+z®iyl—-i +u,

=]

Where y,is a m x 1 vector of jointly determined dependent variables in the system, g, =

constant, t = time trend and the error termu, .

The above VAR model can be expressed as an infinite Moving Average Representation as

shown below:

Y = zAjut-j
Jj=0
Where Aj are coefficient matrices .

Sims (1980) approach to assess the impulse response of a variable in the VAR system at time

t+N to shocks (errors) to another variable in the VAR system at time t is done by Cholesky
decomposition. The process of isolating the effect of shocks on a variable of interest from

the influence of all other shocks is called orthogonolisation (Pesaran & Shin (1997); Wang(
2008). Orthogonolisation is achieved by Cholesky Decomposition of Z (the covariance
matrix of the shocks/ errors u,) (Pesaran & Shin, 1997). Cholesky decomposition is achieved

as shown below:
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Z:PP' Where P is a lower triangular matrix. The moving average representation can be re-

written as follows:

¥, =vi(AjPXP‘lu,_j)=iA;g,_j where 4, = A,Pand ¢, = Py,
7=0

J=0

As a result, the new errors obtained via Cholesky decomposition are contemporaneously
uncorrelated. Thus, the orthogonalized impulse response function of a unit shock to the

orthogonalized error of i at time t on the j-th variable at time t+N is:
Ol =e, A, Pe, whereij=1,2,.,m

From the Impulse response function, the orthogonalized forecast error variance

decomposition is obtained as follows:

N 2

> (e;.A,Pej)

_ =0

wN T N
DeA Y Age,
0

1=

Where i,j = 1,2,....,m, P= Cholesky decomposition of Z (the covariance matrix) making the

errors (shocks) uncorrelated, e, is the error of the i-th variable in the vector of variables in

the VAR model and 4, where i=0,1,2 ; are the coefficient matrices in the moving average

representation.

By construction ZHUW =1 (adds up to 100%) due to the zero covariance or correlations
Jj=1

between the orthogonalized shocks (errors).
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As pointed out by Pesaran & Shin (1997), Yang et al (2002), Friedman et al (2005) and Wang
(2008, p. 97), a limitation of using impulse response and forecast error variance
decomposition analyses is the limitation of orthogonolisation in that different results are

obtained depending on the ordering of the variables.

This means that if a variable is ordered first in the above analyses, this variable will have an
impact on all the other variables and the variable ordered second will have an effect on
itself and the variables ordered after it but the second variable will have no effect on the
first variable aﬁd the third variable will have an effect on itself and the variables ordered

after it but it will have no effect on the 1% or 2" variable.

To overcome this limitation, the generalised impulse response function (GIRF) analysis and
the generalised forecast error variance decomposition (GFEVD) analysis was discovered by
Pesaran & Shin in 1997. The generalised version does not require orthogonolisation and
changing the ordering of the variables does not produce different results (Pesaran & Shin,

1997). Thus, one can assess the effect each variable has on all the other variables.

The generalised impulse response function (GIRF) of a unit shock to the i-th equation in the

VAR model on the j-th variable at horizon N is:

e Ay Te,
GI,, =—+=" ij=12,.,m
g,

i

Where > = (a,.j) is the non-zero covariance between the non-orthogonalized errors/shocks

ofiandjand /o, is defined as the unit shock on the i-th variable. The above equation

basically states that a generalised impulse response is equal to a unit shock to the i-th
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variable on the j-th variable with the size of the response depending on the lagged
coefﬁcienté present in the VAR model and the multiplicative effect of the correlations
between the error terms. Thus, the size of the response depends upon the estimated
coefficients. In this study where different sample periods are compared, an increase or
decrease in the values appearing on the vertical axis of a GIRF graph shows higher (lower)
estimates of the coefficients in the VAR model and thus does not symbélise a larger
(smaller) response by a variable, it just indicates a change in the nature of the estimated
coefficients in the VAR model. Thus, the important effect to note down when comparing
these graphs is to assess how strongly a variable initially responds and this is where the
values in the vertical axis can come into play by subtracting the point of origin of the graph
from the peak or subtracting the trough of the graph from the origin of the response in
each sample period to give you a fair idea of whether the responses are stronger or not
rather than assessing an increase (decrease) in the values on the vertical axis as an increase

(decrease) in the responses of the variables.

The Generalised Forecast Error Variance Decomposition (GFEVD) is represented below:

2

N '
o Z(eiA, Zej)

— /=0
l//ii N.T N

e 4y Age,
1=0

Where i,j = 1,2,...,m, ¢, is the selection vector or error of the i-th variable in the vector of

N
variables, Z 4, ZA,' is the total forecast error variance , 2. = (O'U )is the non-zero
1=0 .

covariance between the shocks of i and jand 4, where i =0,1,2 are the coefficient matrices

in the infinite moving average representation. The sum of the generalised forecast error
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variance decompositions does not add up to 100% (Z‘//U,N # 1) because of the
v =

contemporaneous correlations between the shocks/errors (Pesaran & Pesaran, 2009). As a
result, one cannot assess the total percentage of forecast errc;r variance explained by all the
other foreign stock markets combined in contrast to the orthogonalized forecast error
variance decompositions that add up to 100% as a result of the errors not being correlated.
Thus the contemporaneous correlations acts as a multiplicativ}e factor making the GFEVD

add up to more than a 100%.

3.8 Conclusion
The above methodologies were chosen on the basis of the methodologies used in research

that is relevant to mine. They are characterised by their strengths and limitations that have
been outlined under each description of each method. The importance and relevance of
using these methods is that they directly answer and are most suited to answer the research
questions that this study sought to answer. The combination of these sophisticated

methods provides comprehensive results as will be seen in the Empirical findings Chapter.
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CHAPTER FOUR: RESEARCH DESIGN AND DATA SELECTION

4.1 Introduction
The following Chapter gives an outline of the dataset used, what database the stock price

indices were collected, how the price indices and returns Wefe calculated and what
statiﬁtics/econometrics software package was used to carry out my analysis. Furthermore,
the dissection of the sample period into the appropriate sample periods of Pre-GFC, during
the GFC and post-GFC has been outlined. Lastly, the theoretical framework section describes
and provides details about the steps taken to do the analyses »required and the order in

which the analyses were carried out.

4.2 Data
To analyse how interdependencies among regional stock markets have changed due to the

Global Financial‘ Crisis (GFC), ten equity markets of the United States of America (U.S.A),
Japan, China, Germany, The United Kingdom (UK), France, Italy, Brazil, Spain and Canada
have been chosen. These equity markets are a mix of developed and developing stock
markets and have been grouped into stock markets from the same region. The groups are
American stock markets (USA, Canada and Brazil), European (Germany, UK, France, Italy, |
and Spain) stock markets and Asian stock markets (China and Japan) countries. The analysis

has been carried out based on the groups and how interdependencies have changed for

each group due to the GFC. These countries were selected on the basis of the highest Gross
Domestic Product (GDP)} measured in U.S dollars in 2009 as ranked by the World Bank and
stated as being the ten largest economies in the world by the World Bank. Table 1 below

shows the World Banks’ ranking:
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Table 1: Gross Domestic Product (GDP) 2009

Ranking Economy Millions of US dollars
1 United States 14,119,000
2 Japan 5,068,996
3 China 4,985,461
4 Germany 3,330,032
5 France 2,649,390
6 United Kingdom 2,174,530
7 italy 2,112,780
8 Brazil ' 1,573,409
9 Spain 1,460,250
10 Canada 1,336,068

World Development Indicators database, World Bank.

Retrieved from: http://siteresources.worldbank.org/DATASTATISTICS/Resources/GDP.pdf on the 20" of November, 2010

The data set used to represent the ten equity markets are price indices for each of the ten
countries. The dataset was downloaded from a database called DataStream over a sample
period, running from 23/08/2000 to 09/05/2011. The raw data is comprised of market price
indices of the ten countries and the price indices are all denominated in a common currency
—-of the US dollar. Foreach stock market index a representative sample of stocks covering a
minimum of 75%-80% of total market capitalisation makes it possible for DataStream to
calculate the individual countries market price indices. These price indices are the main
indicators of stock market performance and thus, capture stock market movements in these
ten countries. Daily data is used in this research, the reason being that daily data captures
interactions that may only last a few days which can be lost if weekly or monthly data is

used (Eun & Shim, 1989).
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DataStream calculates its own aggregate market price indices for each country. The price
indices are calculated by market value using a representative list of shares. The market price

index for each country as calculated by DataStream is shown below:

Where:

I, =Index value on day t

1, , = Index value on previous working day

P

7

= unadjusted price on day t

P,_, = unadjusted price on previous working day

N, = number of shares in issue on day t

f = adjustment factor for a capital action occurring on day t

n = number of constituents in index.

The software package used to do the analyses is Microfit and the price indices for the ten
equity markets were converted into equity returns via taking the first log differences of the

price indices. The first log differences (returns) were calculated as shown below:
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Where R, is the return for each country at time t, In is the logarithm function, P, is today’s

price and P_, is yesterday’s price.

My analysis divides the full sample period into three sample p.eriods: Pre GFC, during GFC
and bost GFC. The Pre-GFC sample period has been set from 23/08/2000 to 31/07/2007,
during GFC sample period has been set to start from 01/08/2007 to 30/06/2009 and the
Post GFC sample period runs from 01/08/2009 to 09/05/2011. By sub-dividing the full
sample period into sub-periods, | have obtained a ciear picturé of how interdependencies

have changed during and after the Global Financial Crisis (GFC).

4.3 Theoretical Framework:
Before any analyses were carried out, time series plots of the data were graphed in order to

assist in making decisions on what deterministic components to include in the unit root
tests and the cointegration test. Graphing the time series plots was then followed by the
usual summary statistics and pair-wise correlation coefficients to assess the features of each
stock market and pairs of the stock markets in all three sample periods. A brief overview of

any changes in the summary statistics and pair-wise correlations has been outlined.

The first analysis carried out was the unit root tests that were carried out on both stock
—price indices and their first differences. This is-because a-pre-requisite of cointegration,
which is the analysis that follows the unit root tests, is that the variables must have a unit
root and be integrated of the same order (Engle & Granger (1987); Dickey, Jansen &
Thornton, 1991) otherwise spurious regressions and results occur (Alexander (2001);
Gujarati & Porter (2009). Spurious results can be very misleading to investors that base

investment decisions on these results and can lead to bad investment decisions being made.
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The unit root tests were tvhen followed by selecting the optimal lag length to use in the
cointegratibn test. The selection of the appropriate lag length was done via using the Vector
Autoregressive (VAR) lag length selection information criteria. The Johansen multivariate
cointegration test was then carried out to test for the presence of cointegration among the
groups of stock markets from the same region (close geographical proximity). This test was
used to investigate whether the number of cointegrating vectors has changed due to the
Global Financial Crisis (GFC). Assessing this provides information about whether long run
interdependencies increased, decreased or stayed the same due to the Global Financial

crisis (GFC).

Furthermore, if cointegration was found, the stock markets that were important to the long
run cointegrating (equilibrium) relationship were assessed in the sample periods where
cointegration was present. This was done in order to investigate any changes in the stock
markets important to the long run equilibrium due to the Global Financial Crisis (GFC). This
analysis was carried out via analysing the significance of each coefficient in the cointegrating
vector/s after normalizing on a chosen stock market. The choice of the normalized variable
in each region was based on the country with the highest GDP in that region as ranked by

the World Bank in 2009.

Thereafter, the Vector Error Correction Model (VECM) was used to assess which stock
market/s in the cointegrating relationship bears the burden of adjusting short run
disequilibrium back to the long run equilibrium (cointegrating) relationship. This was
investigated in the sample periods where cointegration was present for each region and this
analysis was achieved by assessing which alpha coefficients (error correction terms) were

significant. This analysis was carried out in the sample periods where cointegration was
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found and this was done in order to find out if there was a change in the stock markets that
bear the burden of correcting short run disequilibrium due to the Global Financial Crisis

(GFC).

An irhportant theorem established by Engle & Granger (1987) is the Granger Representation

theorem which has the implication that if two variables X, and Y, are cointegrated and each

is integrated of order 1 (I (1)), then a unique channel of Granger causality must be present
i.e, uni-variate or bi-variate Granger causality must exist (Englé & Granger (1987). This
concept can be applied to a case with more than two variables. Thus, if two or more
variables are cointegrated then there must be some Granger causal flow present among
these variables to keep them in step with each other (Engle & Granger (1987); Gujarati &
Porter, p. 787, Alexander (2001)). Granger causality tests were not carried out in the sample
peri/ods where cointegraﬁon was present though the presence of Granger causality was

mentioned in accordance to the Granger Representation Theorem.

In the cases where no cointegration was found, a VAR model in first differences was used to
carry out Granger causality tests to assess if short run inetrdependencies were present
between pairs of stock markets. The implication of the presence of Granger causality is that
predictions of the movement of the country that is being Granger caused can be improved

by assesing the movement of the ieading stock market.

The level of influence of a stock market on other stock markets from the same region has
been assessed via Generalised Impulse Response Function {GIRF) analysis and Generalised
Forecast Error Variance Decompositions (GFEVD) analysis. Generalised impulse response

function (GIRF) analyses was used to asses whether there were changes in the response
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patterns of each stock market in each region due to the Global Financial Crisis (GFC). The
results prox)ided by the GIRF analysis gave an idea of whether the stock markets were more
or less interdependent due to the GFC. This was assesed such fchét if the stock markets
responded more (less) to a shock, this implied an increase (decrease) in interdependencies

and if no response occured then the conclusion drawn was hat that particular stock market

was not imapcted or affected by shocks to another stock market.

The GIRF analysis also provided evidence of how long it took the stock markets to fully
incorporate the éffect of the shock (speed of incoporration) in each sample period. This
assisted in identifying any changes in the speed of incorporation of shocks during the GFC
and in the post GFC sample period. Full incorporation occurs when the GIRF graphs level off/
taper off. Lastly, Generalised forecast error variance decomposition (GFEVD) analysis was
carried out to assess any changes in the stock markets least and most affected by other
stock markets in each region as a result of the Global Financial Crisis (GFC). The GFEVD
analysis also provided information on the most exogenous stock markets with the most
exogenous considered as the market with the highest percentage of forecast error variance

accounted for by its own shocks (Climent, Meneu & Pardo, 2001).
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CHAPTER FIVE: EMPIRICAL RESULTS

5.1 Introduction
The following Chapter presents the empirical findings for each region in each sample period.

Furthermore, the answers to the research questions are provided and this is supported by
reasons and justifications for the empirical findings and the implications of the findings for

investors.

First thing first, time series plots of the stock price indices and the stock returns for the Pre-
GFC sample period; during the GFC sample period and Post-GFC sample period are

presented in the Appendix. These plots provide a visualisation of the nature of the data and
having an idea of the characteristics of the da"ca is important especially given the time series

methodologies used in this study.
This data analysis starts with a brief overview of the main characteristics of the data.

5.2 Descriptive Statistics and Correlation Coefficients
As can be seen from the time series graphs, in the Pre-GFC sample period the trends look

quadratic in nature for some of the stock price indices but some exhibit more of an upward
trend. In contrast, during the GFC sample period the stock price indices exhibit a general

downward trend for all the stock markets due to the impact of the Global financial crisis

(GFC). Furthermore, Volatility in all the stock returns that can be seen in the time series
plots of the stock returns during the GFC sample period appears to increase from about

October 2008.

This is because this time period was considered the peak of the GFC with the collapse of a
major institution Lehman Brothers and the bailout of a major insurance company AlG

(Wheelock, 2010) and thus it can be seen via the increased volatility of the stock returns. In
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the post-GFC sample period the stock price indices do not appear to have very visible trends
though son5e (USA, Canada, Brazil, UK, France and Germany) seem to have a siight upward
trend. Furthermore, the time series plots of returns for Germany; France, UK, Italy and
Spain, all have a spike in volatility around the 1% of May 2010 and this can be attributed to
the Sovereign debt crisis that occurred in Europe in 2010 that led to the loss in confidence in
the euro and in the debt markets (Financial Stability review, 2010). Japan had a large surge
in volatility around the month of March 2011 which can be attributed to the tsunami and
earthquake that occurred in Japan that had a devastating impact on its economy. The Global

Financial Crisis from here on will be referred to as the GFC.

Summary statistics for the stock returns in the pre GFC period, during the GFC period and in

the post GFC period are provided in Table 2(Panels A, B and C, respectively) below.

Table 2: Summary Statistics for Daily Market Returns

Panel A: Pre GFC Sample Period

Market Mean Maximum | Minimum Standard Skewness Kurtosis — 3
Deviation

USA -0.6540E-5 | 0.053666 | -0.052109 0.010548 0.15553 3.0657
Japan -0.3922E-5 | 0.055359 | -0.074926 0.013144 -0.21863 1.9757
China 0.3814E-3 0.094400 | -0.091526 0.013875 0.15778 5.9057
Germany | 0.2437E-3 0.053777 | -0.063306 0.011880 -0.33717 2.3036
France 0.2562E-3 0.055239 | -0.064771 0.012152 -0.16895 2.3183
United 0.2063E-3 0.047459 | -0.047236 0.010436 -0.26069 2.4784
Kingdom |

Italy 0.2233E-3 0.068055 | -0.065068 0.010888 -0.39966 3.7865
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Brazil 0.7305E-3 0.12993 -0.081721 0.017588 -0.11752 3.2345
Spain v0.4790E-3 0.051504 | -0.053065 0.011458 -0.12314 1.5728
Canada 0.3521E-3 0.042061 | -0.077098 0.010001 -0.60104 3.5274
Panel B: During the GFC Sample Period
Market Mean Maximum | Minimum Standard Skewness Kurtosis — 3
Deviation
USA -0.8866E-3 | 0.10902 -0.094087 0.021857 -0.099931 4.0620
Japan -0.7720E-3 | 0.10698 -0.087620 0.020046 -0.018656 2.9575
China -0.5065E-3 | 0.090255 | -0.080613 0.024153 0.0012981 1.3359
Germany | -0.0010028 | 0.16261 -0.086207 0.021797 0.79378 8.7933
France -0.0011807 | 0.10647 -0.10694 0.022948 0.17488 4.5588
United -0.0012393 | 0.11817 -0.10390 0.024494 0.039202 4.0674
Kingdom
italy -0.0014062 | 0.11255 -0.10901 0.023535 0.15768 4.2065
Brazil -0.4766E-3 | 0.14036 -0.16226 0.032865 -0.36690 4.0765
Spain -0.0010353 | 0.10365 -0.095485 0.022177 .0059811 4.0491
Canada -0.7333E-3 | 0.095188 | -0.13536 0.025232 -0.58389 4.0150
Panel C: Post GFC Sample Period
Market Mean Maximum | Minimum Standard Skewness Kurtosis — 3
Deviation
USA 0.8223E-3 0.043274 | -0.040259 0.010447 -6.31425 2.0008
Japan ‘0.2134E-3 0.074329 | -0.088393 0.012729 -0.61258 8.7941
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China -0.2251E-4 | 0.049071 | -0.071805 0.015368 -0.72808 2.4167
Germany C.7598E—3 0.055750 | -0.042351 0.014411 -0.19555 .55920
France 0.6361E-3 | 0.094752 | -0.052029 0.015906 o 0.11536 2.5182
United 0.7125E-3 0.073129 | -0.048569 0.014101 -0.0036019 1.7184
Kingdom

Italy 0.3412E-3 0.10523 -0.060419 0.017038 0.053933 3.1631
Brazil 0.7428E-3 0.069110 | -0.064514 0.016257 . -0.21958 1.8564
Spain 0.2119E-3 0.13237 -0.073871 0.018501 0.35033 5.8935
Canada 0.9436E-3 0.042626 | -0.045693 0.013173 -0.32926 .53422

Note: Panel A: shows the summary statistics in the pre GFC sample period. Panel B: shows the summary statistics during the
GFC sample period and Panel C: Shows the summary statistics in the post GFC sample period. If the Kurtosis value is greater
than zero this implies non-normally distributed stock returns.

lq the pr_g-GFC sample period (Panel A), the summary statistics show that mean returns for
each stock market are positive. In contrast, during the GFC (Panel B) all the mean returns
are negative showing the negative impact the GFC had on stock markets. In the post-GFC
sample period (Panel C), all the stock returns are positive except that of China implying an
overall recovery in stock markets in this period. This supported by Dietrich (2011) who
points out that in the last few months of 2010, stock markets stabilized with gains being

made except for China’s Shanghai Stock Market Index that ended 2010 at negative sixteen

“per cent (-16%).

With regards to volatility, all the stock markets are most volatile during the GFC sample
period in comparison to the Pre GFC and post-GFC sample periods. Furthermore, in the
post-GFC sample period volatility decreases in comparison to during the GFC but is still
higher tharj the Pre-GFC sample period volatility, implying the waning effects of the GFC.
The most volatile stock market Pre and during the GFC is Brazil but this changes to Spain
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followed by Italy in the post-GFC sample period. This could be attributed to the fears of Italy
and Spain defaulting due to their large budget deficits (deficit to GDP ratios of 11.4% for
_ Spain and 5.3% for ltaly) and extremely high debt to GDP ratios (50% for Spain and 115% for

Italy), causing loss in confidence in these European countries (Wolverson, 2010).

The results of skewness in each sample period show that the stock returns are not normally
distributed and do not have a bell shaped distribution because they all have skewness
gkeater than zero, implying the return distributions have thicker tails than a normal
distribution (Pe‘saran & Pesaran, 2009). Furthermore, in each sample period all the return
series are leptokurtic which indicates that these return series are highly peaked and have

fatter tails relative to a normal distribution. The result that returns do not follow a normal

distribution has been documented by Fama (1965).

Table 3 provides pair-wise cross correlation coefficients for each of the ten stock markets
daily returns in the pre GFC period (Panel A), during the GFC period (Panel B) and in the post
GFC period (Panel C). Overall, if correlations are compared in the Pre GFC sample period,
during the GFC and in the post GFC sample period, the results show a general increase in

correlations between stock markets and this is more pronounced for correlations between

. China and the rest of the stock markets.

This result is attributed to the fact that correlations are a positive function of volatility
(Forbes & Rigobon, 2002). In contrast, correlations between Japan and other stock markets,
with the exception of China, decrease in the post GFC period. Furthermore, correlations are
higher between countries of close geographical proximity than between countries that are

not from the same region or continent.
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_ Table 3: Pair-wise Correlation Coefficients between Daily Stock Returns

Panel A: Pre GFC Period

Spain

Market USA Japan China Germany France UK ltaly Brazil
Japan 0.10694
, (4.4895)*
" | China 0.022731 0.095009
' (2.1588)* (2.9438)*
Germany 0.54449 0.20568 0.043606
(14.0165)* (7.2222)* (1.7214)
France 0.45614 0.21414 0.023080 0.88844
(12.1828)* (7.5490)* {1.3781) (30.9025)*
UK 0.41376 0.20282 0.030201 0.76672 0.84069
(12.0913)* (7.1717)* (-0.040283) (25.9138)* (27.1888)*
ltaly 0.42849 0.17940 0.037487 0.85188 0.88334 0.77760
(9.9713)* (7.3132)* (1.9870)* (29.0677)* (30.5311)* (24.7881)*
Brazil 0.36044 0.14955 0.075948 0.39917 0.36692 0.35771 0.35387
(12.4132)* (5.0567)* (1.8265) (13.0844)* (12.3142)* | (12.1413)* | (10.7652)*
Spain 0.40486 0.18677 0.026300 0.81912 0.86741 0.74523 0.84587 0.38133 -
(10.0124)* (7.3627)* (1.1058) (28.6278)* (30.9499)* | (24.6415)* | (29.3978)* | (12.1002)*
Canada -0.59923 0.19927 0.048229 0.53544 0.49786 0.49159 0.49280 0.39469 0.46514
(16.6106)* (7.2735)* (1.1224) (15.9603)* (15.1899)* | (15.9608)* | (14.5844)* | (13.0079)* | (13.7481)*
Panel B: During the GFC
Market USA Japan China Germany France UK Italy Brazil Spain
Japan -0.025989
(-1.9672)

64




| China 0.031362 0.30449
_ {(-1.3602) (4.7579)*
Germany 0.62275 0.15448 0.17074
(9.3157)* {1.0730) (2.9654)*
France 0.52715 0.27216 0.19574 0.83617
(7.8718)* (1.4409) (3.6379)* (17.2117)*
UK 0.52570 0.26142 0.17141 0.78373 0.93414
(7.7008)* (1.0744) (3.3159)* (14.8628)* (16.6663)*
Italy 0.49144 0.27925 0.19522 0.80504 0.95974 0.90335
(8.0511)* (1.2617) (3.8172)* (16.4948)* (18.2580)* | (15.4119)*
Brazil 0.66829 0.15561 0.20995 0.73447 0.74270 0.75145 0.71360
(8.9704)* {(-0.36406 (2.8112)* (11.6398)* (11.5039)* (12.1826)* (10.7867)*
Spain 0.50064 0.27356 0.17093 0.80865 0.95532 0.90539 0.93989 0.69770
(6.1709)* (1.5277) (3.1999)* (14.9633)* (17.0960)* | (15.3160)* | (16.1996)* (9.9672)*
Canada 0.72073 0.22383 0.10941 0.66843 0.71522 0.72170 0.70264 0.75382 0.69668
(11.4141)* (0.25833) (1.3162) (12.0983)* (11.6336)* | (11.7499)* | (11.6336)* | (12.7897)* {9.5490)*
Panel C: Post GFC Sample Period :
Market USA Japan China Germany France UK ltaly Brazil Spain
Japan -0.021474 '
(-1.1634)
China '0.17678 0.23140
(1.0152) (3.4430)
Germany 0.71240 0.10805 0.23812
(8.3776)* (1.5166) (2.4179)*
France 0.67374 0.11637 0.24577 0.95379
(7.7362)* (1.9008) (3.1725)* (18.5761)*
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Tuk 0.65254 0.10226 0.27316 0.89178 0.90544
(8.0278)* (2.0674) (2.9699)* (14.3535)* (14.7425)*
Italy 0.65618 0.095281 0.24079 0.92553 0.96202 0.87559
(7.7935)* (1.3267) (2.9567)* (17.0869)* (17.8598)* | (14.1677)*
Brazil 0.70837 -0.0078861 | 0.25309 0.71185 0.68505 0.70436 | 0.67471
(8.6788)* (-0.39169 (2.8811)* (9.5176)* (9.1820)* | (10.0696)* | (8.4138)*
| Spain 0.62434 0.073544 0.21078 0.87306 0.92476 0.81895 0.93844 0.63743
_ (7.1474)* (1.3461) (2.9797)* (15.8251)* (16.5606)* | (12.7236)* | (16.1954)* (7.7095)*
| Canada 0.76459 0.080673 0.29827 0.77270 0.73563 0.76619 0.70760 0.76445 0.64952
(11.2072)* (1.3032) (2.7490)* (10.6722)* (11.3306)* | (11.0602)* | (10.6344)* | (11.3463)* | (9.2635)*

Note: Panel A: Reports pair-wise correlations in the P

correlations in the Pre GFC sample period. The top ha

correlation coefficients at the bottom half. * and bold

which has the null hypothesis that X and Y (stock matr

kets in my case} are distributed independently
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ed imply significant correlation coefficients at 5% using Pesaran and Timmermann (1992) statistic for a non-parametric test

f of the correlation coefficient table is left blank because the correlation coefficients at the top half are exactly the same as the




This result is more pronoﬁnced for the European and North American Stock markets. This
finding is svimilar to that of Eun & Shim (1989), Metin & Murdoglu (2001) and Climent,
Meneu & Pardo (2001) and Worthington & Higgs (2004) who also find that intra-regional or
stock markets that have close geographical proximity are highly interdependent as
compared to those that are not (inter-regional). Thus, the correlation results generally show

an increase in correlations due to the GFC.

Assessing the significance of the correlation coefficients, Table 3 shows that in the pre GFC
sample period, .correlations between stock returns were highly significant as compared to
during the GFC and in the post GFC sample period. A noticeable result is that in the pre GFC
sample period (Panel A) correlations between Japan and the rest of the stock markets were
all significant but during the GFC sample period the only significant association is with China,

implying a reduction in association with the other stock markets as a result of the GFC.

The exact opposite of Japan’s case happens to China with China having only one significant
association with Italy in the pre GFC sample period but during the GFC period (Panel B) and
in the post GFC period (Panel C) China’s association with other countries significantly
increases, more so in the post GFC sample period. Furthermore, correlations between the

European stock markets remain significant during the GFC and in the post GFC sample

period though they are not as highly significant as they were in the Pre GFC sample period.
Correlations between the American stock markets also remain significant during the GFC
and in the post GFC sample period though the correlations are not as highly significant as in
the Pre GFC period. Thus, there has been a decrease in the levels of significance as a result

of the GFC.
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5.3 Unit Root Tests:
The Augmented-Dickey Fuller (ADF) and Kwiatowski, Phillips, Schmidt & Shin (KPSS) tests are

used to carry out unit root tests on both the price indices and stock returns in all three

sample periods.

In the Pre-GFC period and during GFC period all stock price indices exhibit a downward or
upward trend, thus stock price indices will be tested with a constant and trend. In the Post-
GFC sample period both the ADF and KPSS test are tested with a constant only and with a
constant and trend because some of the time series plots of the price indices do not appear
to have a very visible trend with some appearing to be random walks without drift (Japan,
China, ltaly and Spain) while others have ingHtly visible trends in them which could be
attributed to a drift term in the random walk rather than a time trend but nonetheless they

are still tested with a trend term included.

In all sample periods, all stock return series do not exhibit an upward or downward trend
thus, the stock returns will be tested with a constant only. The results are shown in tables 4,

5 and 6 for both the ADF and the KPSS tests.

As shown in Table 4, in all three sample periods, the ADF test with a constant and a trend

for all price indices shows that we cannot reject the null hypothesis of a unit root (non-

stationary) at the 5% significance level.

As a confirmatory test, the KPSS results (Table 4) for all price indices in the three sample
periods indicate that the null hypothesis of stationary can be rejected at the 5% significance
levels. Thus, the KPSS test confirms the results of the ADF test for the price indices and it can

be concluded that the stock price indices are non-stationary.
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Table 4: Unit Root Tests for Stock Price Indices with Constant and Trend

Pre-GFC Period During GFC Period Post-GFC Period
Index ADF KPSS ADF KPSS ADF KPSS

(constant {constant (constant (constant {constant {constant

and trend) and trend) and trend) and trend) and trend) | and trend)
USA -3.1613 4.7601* -1.7932 0.64390* -2.4740 0.69195*
Japan -3.3190 4.3958* -1.6771 0.51799* -2.5980 0.44245*
China 3.3415 3.2038* -1.0599 1.0808* -2.1557 0.81526*
Germany | -1.7464 5.1406* -1.8112 0.82041* -1.8298 1.1228*
France -2.2281 5.3044* -1.9072 0.67799* -2.1473 0.78609*
UK -2.1536 5.3792% -1.4998 0.65585* -2.7534 0.70564*
Italy -2.6213 4.9641%* -1.5909 0.66787* -1.9397 0.84523*
Brazil 0.16431 5.5146* -1.6240 0.90513* -3.0779 0.39563*
Spain -1.7985 5.0532% -1.8063 0.71160* -1.8725 0.84187*
Canada -2.9420 5.2310% -1.8684 0.78406* -3.2191 0.76326*

Note: The above ADF test is based on the following formula with a constant and a trend:

P
AX, =a,+ alT + ¢X,_] + Z}/iAX,_,. + 14, The ADF test statistic is the t-ratio of ¢ .T=time trend, d , = constant and
i=1
p is lags sufficient to get rid of serial correlation. Microfit provides AIC and SBIC criteria for selecting the optimal lag length. * Denotes
rejection of the null hypothesis at the 5% significance level. The null hypothesis of the ADF test is unit root (non-stationary) against the
alternative of stationary. The null hypothesis for the KPSS test is stationary against the alternative hypothesis of non-stationary. in the Pre
GFC period the 5% critical value for the ADF test with a constant and trend = -3.4148, during the GFC sample period the 5% critical value
for ADF test with constant and a trend =-3.4208 and in the post GFC sample period the 5% critical value for the ADF test with a constant
and a trend =-3.4210. The 5% critical value for the KPSS test with a trend is the same in all three sample periods = 0.148,

Table 5: Unit Root test for Stock price Indices with Constant only (Post GFC)

Post GFC Period
~Index. ADE. {constant) KPSS (constant):
USA -1.3085 5.2720*
Japan -2.2029 2.5316*
China -2.0863 ' 1.5354*
Germany -1.1808 3.4086*
France -2.1041 - L1792%
UK -2.0641 | 4.1318*
italy | -1.8866 1.2366*
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l Canada

Brazil -2.8148 3.5687*
Spain -1.7197 1.8542%
-1.2993 5.7968%*

: r
Note: The above ADF test is based on the following formula with a constant only: AX, =da, + X,_l + Z)/iAX,_,. +u, .

i=]

The ADF test statistic is the t-ratio of ¢ . T=time trend, d, = constant and p is lags sufficient to get rid of serial correlation. Microfit

provides AIC and SBIC criteria for selecting the optimal lag length. * Denotes rejection of the null hypothesis at the 5% significance level.
The null hypothesis of the ADF test is unit root {non-stationary) against the alternative of stationary. The null hypothesis for the KPSS
test is stationary against the alternative hypothesis of non-stationary. in the Pre GFC period the 5% critical value for the ADF test with a
coristant only = -2.8636, during the GFC sample period the 5% critical value for ADF test with constant only = -2.8676 and in the post
GFC sample period the 5% critical value for the ADF test with a constant only = -2.8678. The 5% critical value for the KPSS test with a co
is the same in all three sample periods = 0.461.

Table 6: Unit Root Test for Stock Returns with Constant only

Pre-GFC Period During GFC Period Post GFC Period

fndex ADF KPSS ADF KPSS ADF KPSS

(constaht) (constant) (constant) (constant) | (constant) {constant)
USA -31.3732* 0.077608 -19.1583* 0.11505 -22.3055%* 0.067751
Japan -30.5493* 0.13012 -11.6266* 0.094837 ‘ -19.3584* 0.037090
China -17.4181* 0.19674 -10.0623* ‘ 0.23828 -22.0554* 0.059857
Germany -13.5486* 0.060981 -16.6155* 0.13778 -21.2071* 0.081176
France -14.6838* 0.075076 -10.3954* 0.12475 -21.6302*% 0.092010
UK -14.6472% 0.068843 -10.9218* 0.15911 -22.6832* 0.062721
ltaly -13.0912* 0.095555 -10.3638* 0.13797 -21.3250%* 0.095730
Brazil -29.4650* 0.060746 -16.4278* 0.20565 -20.6531* 0.13314
Spain -30.7028* 0.072747 -10.2092* 0.14498 -20.5218* 0.096461
Canada -21,1856* 0.14571 -9.9092* 0.14718 -19.9982* 0.041555

)4
Note: The above ADF test is based on the following formula with a constant only: AX, =a,+ ¢X,_1 + Z)/,.AX,_,. + U, with
-

the ADF test statistic is the t-ratio of ¢ .T=timetrend, d  =constant and p is lags sufficient to get rid of serial correlation. Microfit

provides AIC and SBIC criteria for selecting the optimal lag length. * Denotes rejection of the null hypothesis at the 5% significance level.
The null hypothesis of the ADF test is unit root {(non-stationary) against the alternative of stationary. The null hypothesis for the KPSS test
is stationary against the alternative hypothesis of non-stationary. In the Pre GFC period the 5% critical value for the ADF test with a
constant only =-2.8636, during the GFC sample period the 5% critical value for ADF test with constant only = -2.8676 and in the post GFC
sample period the 5% critical value for the ADF test with a constant only = -2.8678. The 5% critical value for the KPSS test with a co is the

same in alt three sample periods = 0.461.
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In the post GFC sample period where the price indices are tested with a constant only
(Table 5), the ADF test result show that the null hypothesis of a unit root fails to be rejected
at 5% concluding that the price indices are non-stationary. The KPSS test confirms the ADF

test results with its null hypothesis of stationary being rejected.

In terms of the stock returns (Table 6) in all sample periods, the ADF test with a constant
indicates that the null hypothesis of unit root (non-stationary) can be rejected for all the
stock returns at the 5% significance level. The KPSS test results also confirm the ADF results
in that for all stéck returns, the null hypothesis of stationary fails to be rejected at the 5%

significance level. It is concluded that all the stock returns are stationary.

In summary, the test results indicate that all price indices have a unit root (non-stationary)
and all the stock returns are stationary. Thus, it can be concluded that stock price indices are
non-stationary and integrated of the same order, one I{1). The finding that stock price
indices are integrated of order one is similar to that of a number of researchers such as

Kasa (1992}, Corhay, Rad & Urbain (1993), Arshanapalli & Doukas (1993), Masih & Masih

(1997), Worthington, Katsuura & Higgs (2003) but to mention a few.

5.4 Cointegration Test
It has been found that each of the level series {stock prices) have a unit root (non-

stationary) while the first log differences of the levels (stock returns) are stationary and thus
it is concluded that the stock price indices are non-stationary and are integrated of the same
order, one (I(1)). Both results fulfil the pre-requisite for cointegration testing and thus

cointegration tests can be carried out.
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5.4.1 Lag Length Selection
Before running the Johansen (1988, 1991) and Johansen & Juselius (1990) cointegration

test, one hasto seléct the optimal lag length so that no serial correlation is present (Harris
(1992), Gujarati & Porter (2009)). Selection of the optimal lag .Iength is carried out by using
the Akaike Information Criteria (AIC) and the Schwartz-Bayesian Information Criteria (SBIC)
and choosing the lag length that maximises the Information Criteria. From here on the ten
stock markets are grouped into countries from the same region (close geographical

proximity) resulting in three VAR models for each sub-period. The three models will be:

s American stock markets (USA, Brazil and Canada)
e European stock markets (Germany, France, UK, Italy and Spain) and;

e Asian stock markets (Japan and China).

The results of the optimal lag length selected by the Information crite‘ria are shown in Tables
7, 8 and 9, with the SBIC always choosing a conservative number relative to the AIC. In all
sample periods the AIC result is chosen over the SBIC result because the SBIC result has
more cases with serial correlation still present in comparison to the AIC result.

In Table 7 for the American stock markets, in the Pre-crisis period (Panel A) the optimal lag

fength chosen by the AlCis four; the optimallag length chosen by the AlC during the GFC
crisis period (Panel B) is five and the optimal lag length chosen in the post GFC period (Panel
C) is two. When serial correlation is tested in all sample periods using the lags chosen by the

AIC, no serial correlation exists in any of the sample periods.
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_ Table 7: VAR Lag Length Selection (American Stocks Markets)

Panel A: Pre GFC Sample Period

VAR(1) VAR(2) AR(3) VAR(4) VAR(5) VAR(6) VAR(7) VAR(8) VAR(9) VAR(10)
AIC -17425.1 | -173849 |-17378.7 |-17375.1* |-17379.2 |-17382.8 [-17386.1 |-17388.3 -17394.7 | -17400.7
SBIC -17449.8 | -1743a4 | -174529 |-174740 |-175029 |-17531.2 |-17559.2 -17586.1 | -17617.3 -17648.0

Panel B: During the GFC Sample Period

VAR(1) VAR(2) VAR(3) VAR(4) VAR(5) VAR(6) VAR(7) VAR(8) VAR(9) VAR(10)
AIC -6248.0 -6193.2 -6192.9 -6189.8 -6189.2* | -6194.7 -6197.9 -6197.9 -6195.5 -6198.6
SBIC - | -6267.0 -6231.1 6249.8 -6265.7 -6284.0 -6308.5 -6330.7 -6349.6 -6366.2 -6388.3

Panel C: Post GFC Sample Period

VAR(1) VAR(2) VAR(3) VAR(4) VAR(5) VAR(6) VAR(7) VAR(8) VAR(9) VAR(10)
AIC -5247.0 -5228.1* 5230.3 -5232.3 -5233.8 -5237.5 -5240.9 -5246.2 -5251.8 -5257.3
SBIC -5265.8 -5265.8* -5286.8 -5307.6 -5327.9 -5350.4 -5372.6 -5396.8 -5421.2 -5445.5

Note: A VAR model for the American stock market includes the USA, Brazil and Canada. AIC stands for Akaike Information criteria and SBIC stands for Schwartz-Bayesian Information criteria. Panel A shows the
results for the optimal lag length chosen for the American stock markets in the pre GFC period, Panel B shows the results for the optimal lag length chosen for the American VAR model during the GFC and Panel C
shows the results of the optimal lag length chosen for the American VAR model in the post GFC sample period. The lag length denoted by * is the optimal lag length chosen by each of the Information criteria.

Microfit chooses the lag length that maximises the information criteria.
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Table 8: VAR Lag Length Selection (European Stock Markets) Table

Panel A: Pre GFC Sample Period

VAR(1) VAR(2) VAR(3) VAR(4) VAR(5) VAR(6) VAR(7) VAR(8) VAR(9) VAR(10)
AlC -28678.9 | -28611.6 | -28609.4 |-28607.4 | -28604.2* |-28611.6 |-28620.6 |-28627.5 |-28631.6 |-28636.8
SBIC 287475 |-28749.0 |-28815.4 |-28882.2 |-28947.6 |-29023.8 [-29101.5 |-29177.0 |-29249.8 |[-29323.7

Panel B: During the GFC Sample Period

VAR(1) VAR(2) VAR(3) VAR(4) VAR(5) VAR(6) VAR(7) VAR(8) VAR(9) VAR(10)
AIC -9656.7 -9634.2* -9634.4 -9644.3 -9647.9 -9657.5 -9657.2 -9669.6 -9681.8 -9693.1
SBIC -9709.4 -9739.5 -9792.5 -9855.0 -9911.3 -9973.6 ‘ -10026.0 -10091.1 -10155.9 -10219.9
Panel C: Post GFC Sample Period

VAR(1) VAR(2) VAR(3) VAR(4) VAR(5) VAR(6) VAR(7) VAR(8) VAR(9) VAR(10)
AlC -8204.6 -8204.0* -8215.4 -8226.6 -8235.6 -8248.8 -8257.4 -8266.3 -8271.3 -8285.4
SBIC -8256.9 -8308.5 -8372.2 -8435.7 -8497.0 -8562.5 -8623.3 8684.5 -8741.8 ’ -8808.1

Note: A VAR model for the European stock market includes the Germany, France, The UK, Italy and Spain. AIC stands for Akaike Information criteria and SBIC stands for Schwartz-Bayesian Information criteria. Panel
A shows the results for the optimal lag length chosen for the European stock markets in the pre GFC period, Panel B shows the results for the optimal lag length chosen for the European VAR model during the GFC
and Panel C shows the results of the optimal lag length chesen for the European VAR model in the post GFC sample period. The lag length denoted by * is the optimal lag length chosen by each of the Information
criteria. Microfit chooses the lag length that maximises the information criteria.
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Table 9: VAR Lag Length Selection (Asian Stock Markets)

Panel A: Pre GFC Sample Period

VAR(1) VAR(2) VAR(3) VAR(4) VAR(5) VAR(6) VAR(7) VAR(8) VAR(9) VAR(10)
AlC | -12868.3 -12871.2 -12870.4 -12865.1 -12859.1 -12857.5 -12854.8* -12858.2 -12860.9 -12864.0
SBIC | -12879.3 -12893.2 -12903.3 -12909.1 -12914.0 -12923.4 -12931.8 -12946.1 -12959.8 -12973.9

Panel B: During the GFC Sample Period

VAR(1) VAR(2) VAR(3) VAR(4) VAR(5) VAR(6) VAR(7) VAR(8) VAR(9) VAR(10)
AlC | -4322.8 -4319.9* -4320.5 -4320.5 -4322.0 -4324.8 -4326.4 -4326.6 -4329.2 -4332.1
sBiIC | -4331.2 -4336.7 -4345.7 -4354.3 -4364.2 -4375.4 -4385.4 -4394.1 -4405.0 -4416.4

Panel C: Post GFC Sample Period

VAR(1) VAR(2) VARI3) VAR(4) VAR(5) VAR(6) VAR(7) VAR(8) VAR(9) VAR(10)
AIC | -3697.4 -3699.9 -3695.6* -3698.5 | -3701.8 -3704.5 -3708.2 -3710.9 -3712.7 -3715.5
SBIC | -3705.7 -3716.6 -3720.7 -3732.0 -3743.6 -3754.7 -3766.8 -3777.8 -3788.0 -3799.1

Note: A VAR model for the European stock market includes the Japan and China. AIC stands for Akaike Information criteria and SBIC stands for Schwartz-Bayesian Information criteria. Panel A shows the results for
the optimal lag length chosen for the Asian stock markets in the pre GFC period, Panel B shows the results for the optimal lag length chosen for the Asian VAR model during the GFC and Panel C shows the results of
the optimal lag length chosen for the Asian VAR model in the post GFC sample period. The lag length denoted by * is the optimal lag length chosen by each of the Information criteria. Microfit chooses the lag length
that maximises the information criteria.
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in Table 8 for the Europeén stock markets the optimal lag length chosen in the pre GFC
period (Pahel A) is five , the optimal lag length chosen by the AIC during the GFC (Panel B) is
two and the optimal lag length chosen by the AIC for the post GFC sample period (Panel C)
is two. When serial correlation is tested in all sample periods using the lags chosen by the
AIC, the presence of serial correlation is found only during the GFC for all stock markets
except Germany at 5%.

In Table 9 for the Asian stock markets, the optimal lag length chosen by the AIC in the pre
GFC period (Panel A) is seven, the optimal lag length chosen by the AIC during the GFC
period (Panel B) is two and in the post GFC (Panel C) the optimal lag length chosen by the
AIC is two. Testing for the presence of serial ;orrelation using these chosen lags, no serial
correlation is present in any of the stock markets in the pre GFC period and post GFC period
but during the GFC period, Japan has the presence of serial correlation at 5% while China

does not. The presence of serial correlation could be attributed to omitted variables.

5.5 Cointegration Results
With the optimal lag length to be used in carrying out cointegration known, the next task in

carrying out the Johansen cointegration test is to choose which models are appropriate to

use from five models provided by Microfit. The selection of which model/s to use is

—determined by assessing the time series plots of the stock price indices in the Appendix. The

five models are listed below:

Model 1: No Intercepts or Trends

Model 2: Restricted Intercepts and no Trends
Model 3: Unrestricted intercepts and no Trends
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Model 4: Unrestricted Intercept and Restricted Trends
Model 5: Unrestricted Intercepts and Unrestricted Trends

Model 1 asserts that the data has no intercepts or trends. Mddel 2 assumes that no linear
deterministic trends are present in the data but the coihtegrating vector/s contains an
intercept. Model 3 asserts that there is a linear trend in the data but no trend in the
cointegrating vector/s. Model 4 assumes that the data contains a linear trend and the
cointegrating vector/s contain a deterministic trend. Model 5 assumes that a quadratic
trend exists in the data. These assertions will be further demonstrated as eduations in the
notes under each Table of results. The coi’ntégration tests are carried out for each group of
stock markets (American, European and Asian) over all three sample periods of Pre GFC,
During the GFC and Post GFC. For each region, the results in each sample period is displayed

and interpreted before moving on to the cointegration results of another region.

5.5.1 Cointegration results (American Stock Markets)
The cointegration results for the American stock markets are presented first with the results

in the pre GFC period, duﬁng the GFC period and post the GFC period being presented in
Tables 10, 11 and 12, respectively with the interpretation of the results made after each

table is presented.

In the Pre-GFC sample period, the time series plots (Appendix) for the American stock
markets show that the USA and Canada appear to have quadratic trends but Brazil appears
to start trending upwards from about the beginning of 2003. Thus, Model 5 and Model 4 are
selected to carry out the analysis. Reasons being that Model 5 asserts a quadratic trend in

the data and a weak visible quadratic trend is present for the USA and Canada and Model 4
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asserts a trend in the Casé of Brazil which starts to trend upwards from the end of 2003.
Model 4 asserts a trend in data and this model also applies to USA and Canada in that for
most of the sample period (after beginning of 2003) Canada and Brazil trend up. The results
of the cointegration test for the American stock markets are presented below:

Table 10: The Johansen-Juselius Cointegration Test: Pre GFC Period (American
Stock Markets) '

Panel A: Unrestricted Intercept and Unrestricted trend (Model 5)

Rank Trace Test 95% Critical Maximum 95% Critical
Value Eigenvalue Test Value
r=0 r>=1 33,7566 39.3300 20.4052 24.3500
r<=1 r>=2 13.3515 © 23.8300 13.3318 18.3300
r<=2 =3 0.019608 11.5400 0.019608 11.5400
Panel B: Unrestricted Intercept and Restricted Trend (Model 4)
Rank Trace Test 95% Critical Maximum 95% Critical
Value Eigenvalue Test Value
r=0 r>=1 48.3492 42.3400 23.5362 25.4200
r<=1 r>=2 24.8130 25.7700 13.8456 19.2200
r<=2 r=3 10.9674 12.3900 10.9674 12.3900

Note: The Johansen-Juselius cointegration test is represented by the following equation:
p-l

Ay, =a, +aif— Hy,_l + ZF,. Ay,_i + €, where the number of cointegrating vectors is equal to the rank of the
=1

coefficient matrix L1 . The rank of the coefficient matrix is tested using the Trace and Maximum eigenvalue test. There are 1806

observations from 29 August 2000 to 31 July 2007 (sample period).The variables included in the cointegration test for all Panels
are the USA, Brazil and Canada. The VAR lag order of 4 as selected by the AIC is used in all Panels. Panel A is based on a

cointegration equation tested with Unrestricted intercept and Unrestricted Trend {Viodel 5) which asserts that O, # 0 and

a, # 0 thus implying a constant and time trend being present in the VECM but not in the cointegrating relationship of Hy,_l .
The time trend present in the VECM is due to a quadratic trend that exists in the levels of the time series data.Panel B is based on

the cointegration equation tested with Unrestricted intercept and Restricted Trend (Model 4) which asserts that d # 0 and
a, = H}/ thus the equation used in the above analysis is represented as follows:

p-l
Ay, =a,— H(yr-—l -7V, ) + Zl—‘i Ay,_,. + €, implying a time trend being present in the levels of the times series

i=1

data and a time trend { (y,) being present in the cointegrating relationship i.e. I—I(y,_1 e ) i
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The results in Table 10, shows no cointegration present in Model 5 (Panel A). The results for
Model 4 (Panel B) however provide evidence of the presence of one cointegréting vector
using the Trace test but no cointegration present using the maximum eigenvalue test at 5%.
The Trace test result is chosen in preference over the Maximum eigenvalue test result. This
is because the finding of the presence of cointegration among the American stock markets is
expected because Canada and Brazil are close trading partners with the USA, more so for
Canada who has strong economic and political ties with the USA (Iseman {2011), Ek &
Fergusson (2010), U.S. Department of State (2010) and Gibley (2011)). The finding of one
cointegrating vector implies that these stock markets are cointegrated. This result implies
that these stock markets share two common stochastic trends (n —r=3 -1 =2} in the long
run and thus move closely together and should never drift apart. Furthermore, this result

implies that there is one linear combination of these stock markets that is stationary.

During the GFC sample period as can be seen, the time series plots (Appendix) show that
Canada appears to be a random walk up until May 2008 where it starts to trend downwards.
The USA appears to have a general downward trend and Brazil appears to have a weak
upward trend from the beginning of the sample period up until end of May 2008 where it

starts to trend down. As can be seen for all stock markets, they appear to have a quadratic

trend from about July 2008 to the end of the sample period. Thus cointegration is tested
with a trend and a quadratic trend (Model 3, Model 4 and Model 5) to incorporate the
trends present in the stock markets. The results are presented on the next page. During the
GFC (Table 11), using Model 4 (Panel A) and Model 5 (Panel B) the presence of one
cointegrating vector is found with only the maximum eigenvalue tesf but not the trace test

at 5%.
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Table 11: The Johansen-Juselius Cointegration Test: During the GFC
(American Stock Markets) ‘

Panel A: Unrestricted Intercept and Restricted Trend (Model 4)

Rank Trace Test 95% Critical Maximum 95% Critical
Value Eigenvalue Value
Test ‘
r=0 r>=1 39.3565 42.3400 26.9082 25.4200
r<=1 r>=2 12.4483 25.7700 8.4375 19.2200
r<=2 r=3 4,0109 12.3900 4,0109 12.3900
Panel B: Unrestricted Intercept and Unrestricted Trend (Model 5)
Rank Trace Test 95% Critical Maximum 95% Critical
value Eigenvalue Value
Test
r=0 r>=1 38.8438 39.3300 26.9023 24.3500
re=1 r>=2 11.9416 23.8300 8.4199 18.3300
r<=2 r=3 3.5217 11.5400 3.5217 11.5400
Panel C: Unrestricted Intercept and No Trend (Model 3)
Rank Trace Test 95% Critical Maximum 95% Critical
Value Eigenvalue Value
Test
r=0 r>=1 25.4836 31.5400 20.8790 21.1200
r<=1 r>=2 4.6047 17.8600 40151 14,8800
r<=2 r=3 0.58952 8.0700 0.58952 8.0700

Note: The Johansen-Juselius cointegration relationship is represented by the following equation:
p-1

. W
Ay, =a, +a;f—11y,; + L L Ay, + e, where the number of cointegrating vectors is equal to the rank of the
i=l
coefficient matrix L1 . The rank of the coefficient matrix is tested using the Trace and Maximum eigenvalue tests. The VAR lag order

of 5 as selected by the AIC is used in all Panels. The variables included in the cointegration test for all Panels are the USA, Brazil and
Canada. There are 500 observations from 1-August-07 to 30-June-09 {sample period) Panel A is based on the cointegration equation

tested with Unrestricted Intercept and Restricted Trend (Model 4) which asserts that d, # 0 and a = H)/ thus the eguation
p-l
used in the above analysis is represented as follows: Ay, =d, =~ H(y,_l -V ) + ZF,.A_)/,_,. + €, implying a time trend

7=l
being present in the levels of the times series data and a time trend ( ( p ) being present in the cointegrating relationship
i.e. H(yr_l =7 ) Panel B is based on a cointegration equation tested with Unrestricted Intercept and Unrestricted Trend
(Model 5) which asserts that I, # 0 and a, # O thus implying a constant and time trend being present in the VECM but not in

. the cointegrating relationship of Hyr—l . The time trend present in the VECM is due to a quadratic trend that exists in the levels of
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the time series data. Panel C: is based on a cointegration equation tested with Unrestricted Intercept and No Trend (Model 3) which
asserts that d # 0 and a, = 0 thusthe equation used in the above analysis is represented as follows:

p-l
Ayi =d,— Hyr—l + erAyr—f + €, implying a time trend being present in the levels of the times series data but no
i=]

trend or intercept being present in the cointegrating relationship i.e. Hy,_l .

Using Model 3 (Panel C) no cointegration is found. Model 4(Panel A) and Model 5’s (Panel
B) results are chosen in preference to Model 3’s (Panel C) result as per the explanation given
in the Pre GFC sample period in that cointegration among the American stock markets is
expected because of the strong trade ties among these American stock markets. As a result,
it is concluded that one linear combination of these stock markets is stationary in the long
run or two (n—r = 3-1 = 2) common stochastiﬁ trends are present and thus in the long run

these stock markets move closely together in step and shouid never drift apart.

In the Post GFC sample period, the American stock markets in the time series plots
(Appendix) appear to have a slight upward trend which is more pronounced for the USA and
Canada thus the cointegration tests will involve a trend using Model 4 and Model 3. The
results are presented below:

Table 12: The Johansen-Juselius Cointegration Test: Post GFC Period
(American Stock Markets)

Panel A: Unréstricted intercept and No Trend (Viodei 3)

Rank Trace Test 95% Critical Maximum 95% Critical
value Eigenvalue Value
Test
r=0 r>=1 35.5032 31.5400 23.6635 21.1200
r<=1 r>=2 11.8397 17.8600 11_.4474 14.8800
r<=2 r=3 0.39232 8.0700 0.39232 8.0700

Panel B: Unrestricted Intercept and Restricted Trend (Model 4)
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Rank Trace Test 95% Critical Maximum 95% Critical
value Eigenvalue Value
Test
r=0 r>=1 57.1299 42.3400 40.6444 25.4200
r<=1 r>=2 16.4856 25.7700 12.8398 19.2200
r<=2 r=3 3.6457 12.3900 3.6457 12.3900

Note:: The Johansen-Juselius cointegration test is represented by the following equation:
p-1

Ay{ =a, -+ alt —_ Hyr—l + erAyr-i + €, where the number of cointegrating vectors is equal to the rank of I1 .Therank
i=1

of the coefficient matrix is tested using the Trace and Maximum eigenvalue tests. A VAR order of 2 as selected by the AIC is used in all

panels; There are 484 observations from 01-Jul-09 to 09-May-11 (sample period).The variables included in the cointegration tests in all
Panels are the USA, Brazil and Canada. Panel A is based on a cointegration equation tested with Unrestricted Intercept and No Trend

(Model 3) which asserts that d # 0 and a = 0 thusthe equation used in the above analysis is represented as follows:

p—1
Ay, =d; — ny—l + ZF,.Ay,_i + €, implying a time trend being present in the levels of the times series data but no trend or

i=1

intercept being present in the cointegrating relationship i.e. Hyr~] . Panel B is based on the cointegration equation tested with

Unrestricted Intercept and Restricted Trend (Model 4) which asserts that d, # 0 and a, = H}/ thus the equation used in the above

p~1
analysis is represented as follows: Ayl =d, — H(y,_l -V )+ ZI“,.Ay,_,. + €, implying a time trend being present in the

i=1

levels:of the times series data and a time trend ( ()/, ) being present in the cointegrating relationship i.e. H(y,_l -7 )

In the post GFC sample period (Table 12}, both the Trace test and Maximum eigenvalue test
for Model 3 (Panel A) and Model 4 (Panel B) show the presence of one cointegrating vector
at the 5% significance level. Thus, it is concluded that one cointegrating vector is present
among the American stock markets in the Post-GFC sample period implying that these stock
markets are interdependent and move closely together in the long run and should never

drift apart.

As can be seen from the cointegration results, in the case of the American stock markets,
the number of cointegrating vectors has not changed during the GFC and post the GFC in
comparison to the Pre GFC sample period. One cointegrating vector is present in all three
sample periods. This implies that the level of integration and thus Iohg run

interdependencies among the American stock markets did not change but stayed the same
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due to the GFC. This result can also be interpreted as no change in the level of integration
among these stock markets. The finding of no change in long run interdependencies due to
financial crises such as October 1987 Crash and the Asian Crisis has been documented by

Masih & Masih (1997) and Worthington, Katsuura & Higgs (2004).

5.5.2 Cointegration results (European Stock Markets)
The cointegration results for the European stock markets in the pre GFC sample period,

during the GFC period and in the post the GFC period are presented in Tables 13, 14 and 15,

respectively with the interpretation of the results made after each table is presented.

The time series plots of the European stock markets (Appendix) in the Pre-GFC sample
period appear to have weak quadratic trends, except for Spain which appears to have more
of an upward trend thus Model 5, Model 4 and Model 3 have been used in the cointegration
analysis, All stock markets have the appearance of a downward trend from the beginning of
the sample to about mid-2002 and then an upward trend for most of’the sample period
from 2002 to the end of the sample period. Thus, the justification for using Models 3 and 4

is to incorporate these trends. The results are presented below:

Table 13: The Johansen-Juselius Cointegration Test: Pre GFC (European Stock
Markets)

Panel A: Unrestricted intercept and Unrestricted Trend (Modei 5)

Trace Test 95% Critical Maximum 95% Critical
Rank Value Eigenvalue Value
Test
r=0 r>=1 72.8455 82.2300 32.6050 37.0700
r<=1 r>=2 40.2405 58.9300 21.5616 31.0000
r<=2 r>=3 18.6790 39.3300 10.7318 24.3500
r<=3 - r>=4 7.9471 23.8300 6.0734 18.3300
r<=4 r=5 1.8737 11.5400 1.8737 11.5400
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Panel B: Unrestricted Intercept and Restricted Trend (Model 4)

Rank Trace Test 95% Critical Maximum 95% Critical
value Eigenvalue Value
Test
r=0 r>=1 83.9297 87.1700 32.9042 37.8600
r<=1 r>=2 51.0254 63.0000 22.8285 31.7900
r<=2 r>=3 28.1970 42.3400 14.1031 25.4200
r<=3 r>=4 14.0939 25.7700 8.5511 19.2200
r<=4 r=5 5.5428 12.3900 5.5428 12.3900
Panel C: Unrestricted Intercept and No Trend (Model 3)
Rank Trace Test 95% Critical Maximum 95% Critical
value Eigenvalue Value
Test
r=0 r>=1 70.2033 70.4900 30.8271 33.6400
r<=1 r>=2 39.3761 48.8800 17.9151 27.4200
r<=2 r>=3 21.4610 31.5400 13.9144 21.1200
r<=3 r>=4 7.5466 17.8600 5.8575 14.8800
r<=4 r=5 1.6891 8.0700 1.6891 8.0700

Note: The Johansen-Juselius cointegration test is represented by the following equation:

Ay, =a,+at-=Ily,; + er Ay

p-1

i=1

1=i

+ €, where the number of cointegrating vectors is equal to the rank of the

coefficient matrix 11 . The rank of the coefficient matrix is tested using the Trace and Maximum eigenvalue test. The VAR lag order
of 5 as selected by the AIC is used in all panels. The variables included in the cointegration test in all Panels are Germany, France, the
UK, Italy and Spain. There are 1805 observations from 30-Aug-00 to 31-Jul-07(sample period). Panel A is based on a cointegration

equation tested with Unrestricted Intercept and Unrestricted Trend (Model 5) which asserts that (@, # 0 and a, 0 thus

implying a constant and time trend being present in the VECM but not in the cointegrating reiationship of Hy,_l . The time trend

present in the VECM is due to a quadratic trend that exists in the levels of the time series data. Panel B is based on the cointegration

equation tested with Unrestricted Intercept and Restricted Trend (Model 4) which asserts that &, # 0 and a, = H}/ thus the

-1

equation used in the above analysis is represented as follows: Ayl =4, — H(y,_l -V, ) + Zl—‘iAy,,i + €, implyinga
-

time trend being present in the levels of the times series data and a time trend ( ( P ) being present in the cointegrating

relationship i.e. H()’H iy ) Panel C is based on a cointegration equation tested with Unrestricted Intercept and No Trend

(Model 3) which asserts that d, # 0 and a, = 0 thusthe equation used in the above analysis is fepresented as follows:
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p-1
Ay, =d, — Hyr-—l + Z T,Ay,_i + €, implying a time trend being present in the levels of the times series data but no
' i=1

trend or intercept being present in the cointegrating relationship i.e. Hyr—l .

The results in Table 13 show no evidence of cointegration being present in the pre GFC
sample period using the trace or maximum eigenvalue tests in none of the Models (Panel A,
B or C). Thus, it is concluded that cointegration is not present among the European stock
markets in the pre-GFC period, implying that these stock markets do not share a common
stochastic trend and thus do not move closely together in the long run but move

independently.

This result is unexpected because the European stock markets are of close geographical
proximity, they are close trading partners and they are all part of the European Union.
Furthermore, all countries except the UK use the Euro and as a result have similar economic
and monetary policy and so it is expected that cointegration should be present. This result
contradicts that of King & Serletis (1997), Cheung & Lai (1999) and Erdinc & Milla (2009)

who find the presence of cointegration among European stock markets.

For the European stock markets during the GFC sample period (Table 14), the time series

plots show that the stock markets generally have a downward trend thus Model 4 and

Model 3 are used as the most appropriate models to test for cointegration. The results are

presented below:

Table 14: The Johansen-Juselius Cointegration Test: During the GFC
(European Stock Markets)

Panel A: Unrestricted Intercept and Restricted Trend (Model 4)

Rank Trace Test 95% Critical Maximum 95% Critical
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value Eigenvalue Value

Test
r=0 r>=1 84.6050 87.1700 ~ 38.6250 ] 37.8600
r<=1 r>=2 45.9800 63.0000 . 24,0306 31.7900
r<=2 r>=3 21.9494 42.3400 11.5289 25.4200
r<=3 r>=4 10.4205 25.7700 8.1251 19.2200
r<=4 r=5 2.2954 12.3900 2.2954 12.3900

Panel B: Unrestricted Intercept and No Trend (Model 3)

Rank Trace Test 95% Critical Maximum 95% Critical
value Eigenvalue Value
Test
r=0 r>=1 76.9849 70.4900 36.5315 33.6400
r<=1 r>=2 40.4534 48.8800 21.7746 27.4200
r<=2 r>=3 18.6788 31.5400 10.3088 21.1200
r<=3 r>=4 8.3700 17.8600 7.6592 14.8800
r<=4 r=5 0.71081 8.0700 0.71081 8.0700

Note: The Johansen-Juselius cointegration relationship-is represented by the following equation:

p=1
Ay, =a,+al- I«Iyl_1 + ZEAy,_, + €, where the number of cointegrating vectors is equal to the rank of the

i=1
coefficient matrix 1 . The rank of the coefficient matrix is tested using the Trace and Maximum eigenvalue tests A VAR lag order of
2 as selected by the AIC is used in all Panels. The variables included in the cointegration test in all panels are Germany, France, the
UK, Italy and Spain. There are 500 observations from 01-Aug-07 to 30-Jun-09 (sample period). Panel A is based on the cointegration

equation tested with Unrestricted Intercept and Restricted Trend (Model 4) which asserts that d, # 0 and a = H7/ thus the
p-1

equation used in the above analysis is represented as follows: Ay, =dg— H(yr—l =7 )+ ZF,Ay,_i + €, implying a
-

time trend being present in the levels of the times series data and a time trend { (}/r ) being present in the cointegrating

relationship i.e. H(y,»l -V ) Panel B is based on a cointegration equation tested with Unrestricted Intercept and No Trend

(Model 3) which asserts that d, # (0 and a, = 0 thusthe equation used in the above analysis is represented as follows:

p-1
Ay, =d, — Hy,_l + ZF,. Ay,_i + €, implying a time trend being present in the levels of the times series data but no
i=1 .

trend or intercept being present in the cointegrating relationship i.e. Hy,_l .

In Table 14 (during the GFC period), Model 4 (Panel A) provides evidence of no cointegration
being present using the trace test but using the maximum eigenvalue test one cointegrating
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vector exists at 5%. Model 3 (Panel B) provides stronger results than Model 4 (Panel A), with
the presen‘ce of one cointegrating vector at 5% using both the Trace test and the Maximum
eigenvalue test. As a result, it can be concluded that one cointegrating vector is present
during the GFC sample period; implying one linear combination of these stock markets is
stationary in the long run. An implication of this is that the stock markets share four (n—r =

5 —1 = 4) common stochastic trends in the long run and move closely together.

In the Post GFC sample period , the time series plots (Appendi'x) show that Germany, France
and UK from thé beginning of the sample period to about the beginning of September 2009
appear to be random walks with no trend but then start to trend up from then on. Thus,
Model 2 and Model 3 apply to the characteristics of Germany, France and UK. ltaly and
Spain on the other hand appear to be random walks without drift and trend, thus Model 1
(No Intercept or Trend) applies to Italy and Spain. As a result Model 1, 2 and 3 have been

used to analyse cointegration, and the results are presented below:

Table 15: The Johansen-Juselius Cointegration Test: Post GFC (European Stock
Markets)

Panel A: Restricted Intercept and No Trend (Model 2)

Rank Trace Test 95% Critical Maximum 95% Critical
value Eigenvalue Value
Test
r=0 r>=1 76.2057 75.9800 34.5841 34.4000
r<=1 r>=2 41.6217 53.4800 18.5914 28.2700
r<=2 r>=3 23.0302 34.8700 13.3790 22.0400
r<=3 r>=4 9.6512 20.1800 5.2484 15.8700
r<=4 r=5 4.4028 9.1600 4.4028 9.1600
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Panel B: Unrestricted Intercept and No Trend (Model 3)

Rank Trace Test 95% Critical Maximum 95% Critical
value Eigenvalue Value
Test
r=0 r>=1 71.2854 70.4900 34.5818 33.6400
r<=1 r>=2 36.7036 48.8800 18.2985 27.4200
r<=2 r>=3 18.4051 31.5400 13.1860 21.1200
r<=3 r>=4 5.2191 17.8600 4,5865 14.8800
r<=4 r=5 0.63257 8.0700 0.63257 8.0700

Panel C: No Intercept or Trend (Model 1)

Rank Trace Test 95% Critical Maximum 95% Critical
value Eigenvalue Value
Test
r=0 r>=1 57.2408 59.3300 26.4563 29.9500
r<=1 r>=2 30.7845 39.8100 18.5495 23.9200
r<=2 r>=3 12.2350 24.0500 6.7960 17.6800
r<=3 r>=4 5.4390 12.3600 4.4084 11.0300
r<=4 r=5 1.0306 4.1600 1.0306 4,1600

Note: The Johansen-Juselius cointegration test is represented by the following equation:
p-1

Ay, =aq,+af— Hy,_l + ZF,.Ay,_,. + €, where the number of cointegrating vectors is equal to the rank of the coefficient
j=1

matrix L1 The rank of the coefficient matrix is tested using the Trace and Maximum eigenvalue tests. A VAR lag order of 2 as selected by

the AICis used in all the Panels. The variables included in the cointegration test in all Panels are Germany, France, the UK, Italy and Spain.
There are 484 observations from 01-1ul-09 to 09-May-11 (sample period). Panel A is based on a cointegration equation tested with

Restricted Intercept and No Trend {Model 2) which asserts that d, = H/,I and d; = 0 thusthe equation used in the above analysis
p-1

is represented as follows: Ay, = —H(y,_l - /1) + ZF,.Ay,_i + €, . Thisimplies no trend being present in the levels of the
=l

times series data.but.an.intercept (,Ll) being present.in the cointegrating relationship/.vector i.e. H(y,._l - ,u) .Panel B is based on a

cointegration equation tested with Unrestricted Intercept and No Trend (Model 3) which asserts that # 0 and a, = 0 . asa

p-1

result, the equation used in the above analysis is represented as follows: Ay, =d, — Hy,_l + ZFiAyl_i + €, implying a time
=1

trend being present in the levels of the times series data but no trend or intercept being present in the cointegrating relationship

i.e. Hy,_l . Panel Cis based on a cointegration equation tested with No intercept and No Trend (model 1). No Intercept or Trend asserts

that g, = 0 and a = 0 .asa result, the equation used in Panel C is represented as follows:

p_l
Ay, = —Hy,_l + erAy,_i + €, implying no intercept or trend being present in the variables thus asserting that the levels of
=]
the time series data are represented by a random walk without drift/ constant. Furthermore, No Intercept or Trend exists in the

cointegrating relationship i.e. Hy,_l .

88




The cointegration results in Table 15 (Post GFC period), show that Model 2 (Panel A)
provides evidence of one cointegrating vector at the 5% significance level using both the
Trace test and Maximum eigenvalue test. The results appear to be quite weak. Model 3
(Panel B) also provides evidence of one cointegrating vector at 5% using both the Trace test
and Maximum eigenvalue test. In contrast, Model 1 (Panel C) which asserts no trend or

constant in the variables finds no cointegration present among the stock markets at 5%.

Cointegration among the stock markets is expected because of the close trade and
economic ties these countries have, thus the 'results of Model 2 (Panel A) and Model 3
(Panel B) are chosen in preference over Model 1 (Pane{ C). Thus, it can be concluded that
one cointegrating vector is present among these stock markets, implying that these stock
markets are interdependent in the long run and move closely together. Both results are
fairly weak and almost borderline in accepting the null hypothesis of no cointegration (rank

=0).

In the case of the European stock markets, in the pre-GFC sample period no evidence of
cointegration is found but during the GFC and in the post GFC sample period, the presence

of one cointegrating vector is found. This result implies an increase in long run

interdependencies and long run integration among the European stock markets in

comparison to the Pre-GFC sample period.

The finding of an increase in long run interdependencies due to financial crises such as the
October 1987 crash is documented by Malliaris & Urrutia (1992) and Yang, Kolari & Min
(2002). The finding of increased interdependencies and co-movements during the GFC as

compared to the Pre-GFC sample period can be attributed to contagion which is defined as
: 89



an increase in common movements in a set of financial stock markets in crisis periods

compared to non-crisis periods (Baur & Fry, 2009).

If comparisons are made between the results during the GFC and in the post GFC sample
period, the evidence highlights no change in long run interdependencies among the stock
markets because one cointegrating vector is present in both sample periods. The finding of
no change in long run interdependencies due to financial crises such as the October 1987
Crash and the Asian financial crisis has been documented by Masih & Masih (1997) and

Worthington et al (2003).

5.5.3 Cointegration results (Asian Stock markets)
In the case of the Asian stock markets in the pre-GFC sample period, the time series plots

(Appendix) show that Japan appears to have a quadratic trend while China appears not to
trend until the end of the sample period. Thus Model 5 has been used to take into account
Japan’s quadratic trend. Models 4 and 3 have also been used to analyse cointegration
because these cases take into account Japan’s downward trend from the beginning of the
sample period to the end of July 2008 and its upward trend from end of July 2008 up until
the end of the sample period. Model 2 has also been used to take into account China’s

appearance of no trend. The resuits are presented below:

Table 16: The Johansen-Juselius Cointegration Test: Pre GFC (Asian Stock
Markets)

Panel A: Unrestricted Intercept and Unrestricted Trend (Model 5)

Rank Trace Test 95% Critical Maximum 95% Critical
Value Eigenvalue Value
Test
r=0 r>=1 23.0293 23.8300 17.3491 18.3300
r<=1 r=2 5.6802 11.5400 5.6802 11.5400
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Panel B: Unrestricted Intercept and Restricted Trend (Model 4)

Rank Trace Test 95% Critical Maximum 95% Critical
value Eigenvalue Value
Test
r=0 r>=1 46.5195 25.7700 31.0901 19.2200
r<=1 r= 15.4294 12.3900 15.4294 12.3900
Panel C: Unrestricted intercept and No Trend {(Model 3)
Rank Trace Test 95% Critical Maximum 95% Critical
value Eigenvalue Value
Test
r=0 r>=1 23.7748 17.8600 23.7651 14.8800
r<=1 r=2 0.0097608 8.0700 0.0097608 8.0700
Panel D: Restricted Intercept and No Trend (Model 2)
Rank Trace Test 95% Critical Maximum 95% Critical
value Eigenvalue Value
Test
r=0 r>=1 26.9265 20.1800 26.7012 15.8700
r<=1 r=2 0.22532 9.1600 0.22532 9.1600

Note: The Johansen-Juselius cointegration test is represented by the following equation:

p-1

Ay, =d4a, + alt - Hy,_l + Z FiAy,_, + €, where the number of cointegrating vectors is equal to the rank of the

i=1

coefficient matrix L1 . The rank of the coefficient matrix is tested using the Trace and Maximum eigenvalue test. The VAR lag order
of 7 as selected by the AIC is used in all the Panels. The variables included in the cointegration test in all Panels are Japan and China.
There are 1803 observations from 01-Sep-00 to 31-Jul-07.. Panel A is based on a cointegration equation tested with Unrestricted

intercept and Unrestricted Trend (Model 5) which asserts that I, # 0 and a, # 0 thus implying a constant and time trend

being present in the VECM but not in the cointegrating relationship of Hy,_] . The time trend present in the VECM is due to a

quadratic trend that exists in the levels of the time series data.. Panel B is based on the cointegration equation tested with

Unrestricted Intercept-and Restricted Trend {(Model 4) which asserts that- &y # 0 and ay = H’}’ . As a result, the eguation
p-1
used in the above analysis is represented as follows: Ay, =4, — H(y,_l -7, )+ ZF,.Ay,_,. + e, implying a time

i=1
trend being present in the levels of the times series data and a time trend { (}/, ) being present in the cointegrating relationship
i.e. H(y,_l -V ) . Panel C is based on a cointegration equation tested with Unrestricted intercept and No Trend {Model 3}
which asserts that d, # (0 and a, = 0 thusthe equation used in the above analysis is represented as follows:

p-1
Ay, =d, — Hyr—l + Z FiA)),_i + €, implying a time trend being present in the levels of the times series data but no
i=l

trend or intercept being present in the cointegrating relationship i.e. Hy,_l . Panel D is based on a cointegration equation tested

with Restricted Intercept and No Trend (Model 2) which asserts that d; = H,u and d; = 0 thusthe equation used in the
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p-1
above analysis is represented as follows: A /= —l—I(y,_1 - /1) + ZFfAy’—f + €, implying a no trend being present in

i=1

the levels of the times series data but an intercept (,U) being present in the cointegrating relationship/ vector

e T1(y,, - ).

In Table 16 (Pre GFC period), no evidence of cointegration is found between Japan and
China using Model 5 (Panel A) but using Model 3 (Panel C) and Model 2 (Panel D), the
presence of one cointegrating vector is found at 5% for both the Trace test and Maximum
eigenvalue test. Model 4 (Panel B) indicates the presence of fwo cointegrating vectors or
full rank but the finding of full rank implies that Japan and China are stationary (Johansen &
Juselius, 1990) but in actual fact the unit root tests (Table 3) provides evidence to show that
the levels of Japan and China are both non-stationary, thus the result of Model 4 (Panel B)

has not been considered.

Thus, using Model 3 (Panel C) and Model 2 (Panel D) results, it is concluded that one
cointegrating vector is present between lapan and China before the GFC. This result implies
that these stock markets share a common stochastic trend and thus move closely together

in the long run and should never drift apart.

The finding of cointegration between Japan and China contradicts the result of Kashefi

- (2008) and Jeyanthi (2010) who find no cointegration between Japan and China but
supports the result of Azad (2009) who finds the presence of cointegration bamong Japan,
China and South Korea using the Engle-Granger test for cointegration. There is a limitation
in Azad’s (2009) finding in that the Engle Granger test is suitable for at most two variables

but if more than two variables are used in this analysis, a serious bias occurs. This is because
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depending on the choice of the dependent variable different estimates of the cointegrating

vector are obtained (Alexander (2001); Masih & Masih (2004)).

In the case of the Asian stock markets during the GFC, the time series plots (Appendix) show
a downward trend for Japan but China appears to have more of a quadratic trend. Japan
also appears to have a quadratic trend from about June 2008 to the end of the sample
period. Thus, cointegration has been tested uéing Model 5 to capture the quadratic trends.
Model 4 and Model 3 are also used to test for cointegration to capture the downward

trends in Japan and China (from about end of February 2007 to November 2008).

The results are presented in Table 17 below and each Model (Panels A, B and C) provides
evidence of no cointegration being present between Japan and China during the GFC sample
period. This finding supports that of Kashefi (2008) and Jeyanthi (2010) who find no
cointegration present between Japan and China. This result implies that these stock markets
do not move closely together or do not move in step but move independently and thus are
not interdependent in the long run.

Table 17: The Johansen-Juselius Cointegration Test: During the GFC (Asian
Stock Markets)

Panel A: Unrestricted Intercept and No Trend (Model 3)

Rank Trace Test 95% Critical Maximum 95% Critical
value Eigenvalue Test Value
r=0 r>=1 6.1088 17.8600 5.3139 14.8800
r<=1 r=2 0.79488 8.0700 0.79488 8.0700

Panel B: Unrestricted Intercept and Restricted Trend (Model 4)

-Rank Trace Test 95% Critical Maximum 95% Critical

value Eigenvalue Test Value
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r=0 r>=1 7.4679 25.7700 6.0354 19.2200

re=1 - r=2 1.4325 12.3500 1.4325 12.3900

Panel C: Unrestricted Intercept and Unrestricted Trend (Model 5)

Rank Trace Test 95% Critical Maximum 95% Critical

value Eigenvalue Test Value
r=0 r>=1 7.0271 23.8300 5.7397 18.3300
r<=1 r=2 1.2874 11.5400 1.2874 11.5400

Note: The Johansen-Juselius cointegration test is represented by the following equation:

-1
Ay, =d, + alt - Hyr—l + ZF,.Ay,_,. + €, where the number of cointegrating vectors is equal to the rank of I1.

7=1
The rank of the coefficient matrix is tested using the Trace and Maximum eigenvalue tests. A VAR order of 2 as selected by the AIC is
used in all the Panels. The variables included in the cointegration test are Japan and China. There are 500 observations from 01-Aug-
07 to 30-Jun-09. Panel A is based on a cointegration equation tested with Unrestricted Intercept and No Trend (Modell 3) which

asserts that d,, # 0 and a = 0 thusthe equation used in the above analysis is represented as follows:
p-l '
Ay, =da, — Hy,_l + ZF,, Ay,_i + €, implying a time trend being present in the levels of the times series data but no

=1

trend or intercept being present in the cointegrating relationship i.e. Hyr—l . Panel B is based on the cointegration equation tested

with Unrestricted Intercept and Restricted Trend (Model 4) which asserts that d, # 0 and a, = H}/ thus the equation used

p-l
inthe above analysis is represented as follows: Ay, =a, — rl(y,_1 -7, ) + erAyr—-i -+ €, implying a time trend

=1
being present in the levels of the times series data and a time trend { (}/, ) being present in the cointegrating relationship
i.e. H(y,_l -7V ) Panel C is based on a cointegration equation tested with Unrestricted Intercept and Unrestricted Trend
(Model 5) which asserts that d, # 0 and a, # 0 thus implying a constant and time trend being present in the VECM but not in

the cointegrating relationship of I:[y,_1 . The time trend present in the VECM is due to a quadratic trend that exists in the ievels of

the time series data.

In the case of Japan and China in the Post GFC sample period, the times series plots

(Appendix) show that China and Japan appear to be random walks without drift and no time
trend. Thus, the cointegration tests have been carried out based on Model 1 and Model 2

which assert that the variables do not have an intercept and time trend, respectively.

Both the trace test and the maximum eigenvalue test in Table 18 for’both Models (A and B)

provide strong evidence of the absence of cointegration between Japan and China in the
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post GFC sample period. This result implies that Japan and China move independently and

do not share a common stochastic trend in the long run and as a resuit they are not

interdependent.

Table 18: The Johansen-Juselius Test: Post GFC (Asian Stock Markets)

Panel A: No Intercept or Trend (Model 1)

Rank Trace Test 95% Critical Maximum 95% Critical
value Eigenvalue Value
Test
r=0 r>=1 5.7181 12.3600 5.7037 11.0300
r<=1 r=2 0.014410 4.1600 0.014410 4.1600
Panel B: Restricted Intercept and No Trend (Model 2)
Rank Trace Test 95% Critical Maximum 95% Critical
value Eigenvalue Value
Test .
r=0 r>=1 11.6857 20.1800 5.9829 15.8700
r<=1 r=2 5.7027 9.1600 5.7027 9.1600

Note: The Johansen-Juselius cointegration test is represented by the foliowing equation:

p-1

Ay, =a, taif— Hyr—l + ZF,.Ay,_,. + €, where the number of cointegrating vectors Is equal to the rank of the

i=l

coefficient matrix 11 . The rank of the coefficient matrix is tested using the Trace and Maximum eigenvaiue tests. A VAR order of 3
as selected by the AIC is used in all the Panels. The variables included in the cointegration test in all the panels are Japan and China.
There are 484 observations from 01-Jul-09 to 09-May-11({sample period). Panel A is based on a cointegration equation tested with

No Intercept and No Trend {Model 1). No Intercept or Trend asserts that a, = 0 and a, = 0 thusthe equation used in Panel C

p-1
is represented as foliows: Ay, =-IT 4+ T A _. + €, implying no intercept or trend being present in the variables
t 7-1 i 1—i t

7=t
thus asserting that the levels of the time series data are represented by a random walk without drift/ constant. Furthermore, No

Intercept or Trend exists in the cointegrating relationship i.e. I—[y,_1 . Panel B is based on a cointegration equation tested with
Restricted Intercept and No Trend {Model 3) which asserts that 4, = H/l and dy = 0 thusthe equation used in the above

p-l1
analysis is represented as follows: Ay, = —H(y,_l - ,u) + ZF,. Ay,_,. + €, implying a no trend being present in the

i=1

levels of the times series data but an intercept (/.l) being present in the cointegrating relationship/ vector i.e. H(y,_l - /l) .-

95



In the case of the Asian stock markets (Japan and China),the results show that in the pre-
GFC samplve period evidence of one cointegrating vector is found but during tﬁe GFC and
post GFC sample periods, no cointegration is found between fchese two stock markets. This
result implies that long run interdependencies and integration decreased between Jépan

and China due to the GFC.

The implication of the above results is that if cointegration among stock markets is found,
this provides evidence for the limits of portfolio diveréificatioh among these stock markets
because they mbve closely together in the long runrand share common stochastic trends.
The finding of cointegration among the American stock markets in all sample periods implies
that portfolio diversification benefits among the American stock markets were non-existent

in all three sample periods due to the interdependencies present.

On the other hand, the finding of no cointegration among stock markets provides evidence
that long run portfolio diversification among these stock markets is beneficial because they
move independently of each other because they do not share common stochastic trends.
This is the case for the European stock markets in the pre GFC sample period and for the
Asian stock markets during the GFC period and in the post GFC sample periods. In context to

reality about the benefits of portfolio diversification and the GFC, risk would not have been

substantially reduced via diversifying because of the contagious negative effects perturbed

by the GFC in stock markets around the world.

5.6 Long Run Cointegrating Vectors:
Having established cointegration being present in all three sample periods among the

American stock markets and during the GFC period and in the post-GFC period among the

European stock markets, the importance of each stock market in the American and
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European cointegrating relationships has been assessed. In all three sample periods, for the
American stock markets, the USA has been normalized upon and for the European stock

markets Germany has been normalized.

The significance of each stock market has been analysed in the sample periods where
cointegration is present. This Is in order to assess if there have been changes in the
countries that are important (significant) in the cointegrating (equilibrium) relationship. In
the case of Japan and China, since cointegration is only preseht in the Pre-GFC sample
period, the signfficance of China to the long run equilibrium relationship in the pre GFC
sample period has been assessed by normalising on Japan. The choice of which country to
normalize on is based on the country with highest GDP in that region in 2009 as ranked by

the World Bank.

5.6.1 Long Run Cointegration Vector (American Stock markets)
In analysing the long run cointegration vectors, Microfit displays the maximum likelihood

estimates of the cointegrating vector under Johansen’s exact idenﬁfying restrictions but
asymptotic standard errors are not provided for these estimates, thus, one cannot evaluate
the significance of the variables to the cointegrating relationship, rendering Johansen’s

exact identifying estimates uninformative.

As a result, normalising restrictions help estimate (or evaluate) the variables significant to
the cointegrating relationship because asymptotic standard errors are provided. Tabie 19
below presents the estimated cointegrating vector coefficients when the USA is normalized
in each sample period, with the cointegrating vector being read vertically in the second

column. In Table 19, in the Pre GFC sample period (Panel A), Canada is the only stock
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Table 19: Normalised Estimates of Cointegrating Vector Coefficients
(American Stock Markets)

Panel A: Pre-GFC Sample Period (Unrestricted Intercept and Restricted Trend — Model 4)

Standard error

Cointegrating Vector Coefficients Test statistic
Variables

USA 1.000 NONE -
Brazil 1.1183 0.79590 1.40508
Canada -1.8561 0.55211 3.36183*
Trend 0.64124 0.19741 3.24827*

Panel B: During the GFC Sample Period (Unrestricted Intercept and Restricted Trend — Model 4)

Cointegrating Vector Coefficients Standard error Test statistic
Variables

USA 1.000 NONE

Brazil 0.61820 0.17457 3.54127*
Canada -0.89635 0.11993 7.47394%
Trend 0.39444 0.092270 4.27485%*

Panel C: During the GFC Sample Period (Unrestricted Intercept and Unrestricted Trend — Model Five)

Cointegrating Vector Coefficients Standard error Test statistic
Variables

USA 1.000 NONE -
Brazil 0.61844 0.17457 3.54365*
Canada -0.89639 0.11994 7.47365*

Panel D: Post GFC Sample Period (Unrestricted Intercept and No trend ~ Model 3)

Cointegrating Vector Coefficients Standard error Test statistic
Variables
"USA 1.000 NONE

Brazil -0.15040 0.12028 1.25042
Canada -0.58971 0.036456 16.17594*

Panel E: Post GFC Sample Period (Unrestricted Intercept and Restricted Trend — Model 4)
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Cointegrating Vector Coefficients Standard error Test statistic
Variables ’

USA 1.000 NONE

Brazil -0.13941 0.079794‘ 1.74712
Canada -0.76988 0.050709 15.18231%
Trend 0.21424 0.051068 4,19519*

Note: in all Panels, the USA has been normalised upon and this is done by dividing all the coefficients that are part of the cointegrating
vector by the coefficient of the USA. * denotes Significant at 5%, critical value = 1.960. The Test statistic in the last column of every Panel is
calculated by dividing the estimated coefficients by their respective standard errors Panel A is based on a VAR lag length of 4 and Rank =
one (only one cointegrating vector is present). There are 1806 observations in the sample period from 29-august-2000 to 31-july-2007.

p-l
The VECM used to test cointegration is represented as foliows: Ayt =da, + alt - Hyi—l + ZI‘i Ay,_i + €, and when tested
i=1

with an unrestricted Intercept and restricted trend (Model 4) this asserts that d # 0 and a, = H}’ thus this restriction implies a

time trend ( ( ; ) being present in the cointegrating relationship/ vector i.e. H(yt_l ) ) as can be seen a time trend is present in

panel A. Thus the variables in the cointegrating vector are USA, Brazil, Canada and a time trend. Panel B is based on a VAR fag length of 5
and Rank = one {one only cointegrating vector is present). There are 500 observations from 1-Aug-2007 to 30-June-2009 (sample period).

p~1
The VECM used to test cointegration is represented as follows: Ayr =a, +a;f— Hy,_l + ZF"Ay’—f + €, and when tested
=l

with an unrestricted Intercept and restricted trend (Model 4) this asserts that d, # 0 and a = H}/ thus this restriction implies a

time trend ( (}/, ) being present in the cointegrating relationship/ vector i.e. H(y,_l =V ) as can be seen a time trend is present in

panel B. Thus the variables in the cointegrating vector are USA, Brazil, Canada and a time trend. Panel Cis based on a VAR lag length of 4
and Rank = one (only one cointegrating vector is present}. There are 500 observations from 1-Aug-2007 to 30-June-2009 (sample period).

p-1
The VECM used to test cointegration is represented as follows: Ay, =d, + alt - Hy,_l + ZFiAy,_, + €, and when tested
i=l

with an Unrestricted Intercept and Unrestricted Trend (Model 5) which asserts that d, # 0 and a, # 0 thus implying a constant and

time trend being present in the VECM but not in the cointegrating relationship/ vector of Hyl_l as can be seen no deterministic -

components exist in Panel C. Thus the variables in the cointegrating vector are USA, Brazil and Canada. Panel D is based on a VAR lag
length of 4 and Rank = one (only one cointegrating vector is present). There are 484 observations from 1-Jul-2009 to 09-May-2011 (sample

-1
period). The VECM used to test cointegration is represented as follows: Ay, =q,+ alf - Hy,_l + ZFI.A_)/H +é€, and
i=1
when tested with an Unrestricted Intercept and No Trend (Model 3) which asserts that ad, # 0 and a, = 0 thus implying a time
trend being present in the levels of the times series data but no trend or intercept being present in the cointegrating relationship
i.e. Hy,_l . As can be seen no deterministic components exist in Panel D. Thus the variables in the cointegrating vector are USA, Brazil,

and Canada. Panel E is based on a VAR lag length of 4 and Rank = one (one cointegrating vector is present). There are 484 observations
from 1-Jul-2009 to 09-May-2011 (sample period). The VECM used to test cointegration is represented as follows:

p-l
Ay, = ao -+ alt —_ Hy,_l + Zl“i Ay,_,. -+ e, and when tested with an unrestricted Intercept and restricted trend (Model 4}
7=l

this asserts that d #= 0 and a, = H)/ thus this restriction implies a time trend ( (}/,) being present in the cointegrating

relationship i.e. H(,Yr—l -V ) as can be seen a time trend is present in panel A. Thus the variables in the cointegrating vector are USA,

Brazil, Canada and a time trend.
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market that has a significant effect on the USA in the long run thus concluding that Canada
is importaht and significant in the long run cointegrating (equilibrium) relationship at 5%.
This result can be justified firstly by the close economic and political ties between Canada
and the USA in terms of trade, capital inflow and investments, with Canada being the largest
importer and exporter for the USA (Gibley, 2011), (Iseman, 2011) and (U.S. Department of

State, 2010).

On the other hand, Brazil is not significant implying that Brazil is not important to the long
run equilibrium. relationship. Brazil not being significant in the Pre GFC sample period can be
attributed to the fact that Brazil is not as strongly linked to the USA as Canaaa is. This is
because Brazil is an emerging economy and is just increasing its influence in the region of

America in comparison to Canada (Meyer, 2011).

In Table 19, during the>GFC sample period (Panels B and C) we see that the number of stock
markets important to the long run equilibrium relationship increases, with Brazil being
significant and thus being important to the long run cointegrating relationship. This result
implies that the USA became influenced by more stock markets in the long run. This result
during the GFC could be attributed to the negative effects of crisis that were wide spread

~ across the globe, with bad news in one stock market having negative effects in other stock

markets due to uncertainty, more so if the stock market is a major stock market. With
uncertainty and high volatility faced by investors, investors are not willing to invest and as a
result they either reduce investments in these major stock markets or sell stocks to prevent
further losses. These actions in turn create downward pressure on stock prices thus
investors from other stock markets exert more influence via the choices they make on

investments.
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In the post GFC sample périod (Panels D and E), Canada is the only significant stock market
in the coinfegrating relationship implying that in the post GFC sample period, the number of
stock markets affecting the USA declined in comparison to during the GFC. If all three
samples periods are compared, it can be concluded that there was a temporary increase in
the number of stock markets important to the long run equilibrium relationship during the
GFC sample period. On the other hand, Canada is significant in all threersample periods as
compared to Brazil that’s only significant during the GFC thus highlighting Canada’s
consistent importance to the long run equilibrium relationship. As mentioned earlier this
can be attributed to the stronger ties the USA and Canada have in comparison to the USA
and Brazil. The finding that Canada is significant to the long run cointegrating relationship

has been documented by Masih & Masih {1997)

5.6.2 Long Run Cointegration Vector (European Stock Markets)
Since cointegration is not found in the pre-GFC sample period for the European stock

markets, the importance of each stock market to the equilibrium relationship is only
analyséd during the GFC and in the Post-GFC sample periods and in both sample periods
Germany is normalised upon. The results are presented below, with the cointegrating vector

being read vertically in the second column.

Table 20: Normalised Estimates of Cointegrating Vector Coefficients
(European Stock Markets)

Panel A: During the GFC Sample period (Unrestricted Intercept and No Trend — Model 3)

Cointegrating Vector Coefficients Standard error Test Statistic
Variables

Germany 1.000 NONE -
France -0.96625 0.55159 1.75175
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UK -1.1580 0.56283 2.05746*
ltaly 3.8853 1.3397 2.90013*
Spain -1.2876 1.2123 1.06211

Panel B: During the GFC Sample Period (Unrestricted Intercept and Restricted trend — Model 4)

Cointegrating Vector Coefficients Standard error Test Statistic
Variables

Germany 1.000 NONE -
France -1.1797 0.79467 1.48452
UK -1.8473 1.3188 1.40074
Italy 6.6881 4.2984 1.55595
Spain -2.1792 2.1789 1.00014
Trend 0.65227 0.74167 0.87946

Panel C: Post GFC Sample Period (Restricted Intercept and No trend — Model 2)

Cointegrating Vector Coefficients Standard error Test Statistic
Variables

Germany 1.000 NONE -
France 39.3459 142.1656 0.27676
UK -17.8585 62.1302 0.28744
ltaly -79.7158 285.3556 0.27936
Spain 26.3916 95.2554 0.27706
Intercept 7657.9 26439.6 0.28960

Panel D: Post GFC Sample Period {(Unrestricted intercept and No trend — Model 3}

Cointegrating Vector Coefficients Standard error Test Statistic
Variables

Germany 1.000 NONE -
France v38.9195 138.8484 0.28030
UK -17.6753 60.6958 0.29121
Italy -78.7978 278.3945 0.28304
Spain 26.0243 92.6453 0.28090
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Note: In all Panels, Germany has been normalised upon and this is done by dividing all the coefficients that are part of the cointegrating
vector by the coefficient of the Germany. * denotes Significant at 5%, critical value = 1.960. in each Panel, the Test statistic in the last
column is calculated by dividing the estimated coefficients by their respective standard errors, Panel A: is based on a VAR lag length of 2
and Rank = one (one cointegrating vector is present). There are 500 observations in the sample period from 1-august-2007 to 30-june-

p-1
2009. The VECM used to test cointegration is represented as follows: Ay, =aq, +tait— Hyr—l + ZF,,Ay,_,. + ¢, and when
i=1

tested with an Unrestricted Intercept and No Trend (Model 3) which asserts that d, # 0 and a = 0 thus implying a time trend

being present in the levels of the times series data but no trend or intercept being present in the cointegrating relationship i.e. Hyr—l . As

can be seen no deterministic components exist in Panel A. Thus the variables in the cointegrating vector are Germany, France, the UK, Italy
and Spain.Panel B: is based on a VAR lag length of 2 and Rank = one {one cointegrating vector is present). There are 500 observations from
1-Aug-2007 to 30-June-2009 (sample period). The VECM used to test cointegration is represented as foliows:

p-1
Ay, =q,+al— Hy,_l + erAy,_f + €, and when tested with an unrestricted intercept and restricted trend (Model 4)
i=l

this asserts that d, # 0 and a = H}/ thus this restriction implies a time trend { (}/, ) being present in the cointegrating

relationship/ vector i.e. H(y,_l -V, ) as can be seen a time trend is present in panel B. Thus the variables in the cointegrating vector

are Germany, France, U'K, Italy, Spain and a time trend. Panel C: is based on a VAR lag length of 2 and Rank = one (one cointegrating vector
is present}. There are 484 observations from 1-July-2009 to 09-May-2011 (sample period). The VECM used to test cointegration is

p-l
represented as follows: Ay, =a, +ai-TI .+ T A _. + &, and when tested with Restricted intercept and No Trend
t 0 1 -1 [l 1
i=1

(Model 2) which asserts that d; = II,u and a; = 0 thus this restriction implies an intercept (,u) being present in the

cointegrating relationship/ vector L.e. H(y,_l - ,U) as can be seen an intercept is present in Panel C. Thus the variables in the

cointegrating vector are Germany, France, UK, Italy, Spain and an intercept. Panel D: is based on a VAR lag length of 2 and Rank = one (one
cointegrating vector is present). There are 484 observations from 1-Jul-2009 to 09-May-2011 (sample period}. There are 500 observations
in the sample period from 1-august-2007 to 30-june-2009. The VECM used to test cointegration is represented as follows:

p-1
Ay, =q,+a,l— Hyr—] + ZF,.Ay,_, =+ €, and when tested with an Unrestricted Intercept and No Trend (Model 3) which
i=1

asserts that # 0 and a, = 0 thus implying a time trend being present in the levels of the times series data but no trend or

intercept being present in the cointegrating relationship i.e. Hy,_l . As can be seen no deterministic components exist in Panel A, Thus

the variables in the cointegrating vector are Germany, France, the UK, Italy and Spain.

During the GFC period (Panels A and B), the stock markets that have a significant impact on

Germany in the long run are the UK and Italy for Panel A at 5% but none are significant for

Panei B. Thus, Panel A’s resuit can be interpreted as the UK and italy are important to the
long run cointegrating (equilibrium) relationship during the GFC sample period. The finding
'that the UK and ltaly are significant in the long run cointegrating relationships supports the
finding of Masih & Masih (2004) but contradicts the finding of Corhay et al (1993) who finds
that Italy is not significant in the long run cointegrating relationship émong European stock

markets. In contrast, Cheung et al {1999) find that Italy is important and significant to the
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long run cointegrating relationship contradicting Corhay et al's (1993) finding that Italy is

not signifiéant to the long run relationship.

The contradicting results can be attributed to different sample periods used. Furthermore,
Corhay et al (1993) have all the five stock markets used in my analysis except for Spain

which is replaced with the Netherlands and Cheung et al (1999) only use France, Germany
and ltaly thus, the contradicting results could be attributed to the different countri.es used

and the difference in the number of countries used too.

The finding that the UK and Italy are significant during the GFC period (Panel A) can be
attributed to the close economic and political ties between Germany and the UK and
between Germany and ltaly in terms of large volumes of trade between them as weli as high
foreign direct investment flows among the European Union countries (U.S. Deparment of

state, 2010), (Federal Foreign Office, 2011) and (European Commission Eurostat, n.d.).

In contrast, Panel B’s result implies that none of the stock markets are significant
(important) to the long run equilibrium relationship during the GFC sample period. This
result contradicts the finding of cointegration among these stock markets because there

must be at least one stock market that is important and has a significant effect in the long

run-equilibrivm relationship. Thus during the GFC period the result offered by Panel A is

more desirable, more consistent and is in line with the findings of cointegration.

In the post-GFC sample period (Panel C and D), none of the stock markets have a significant
impact on Germany and thus, it can be concluded that none of the stock markets are
important to the long run equilibrium relationship. This result contradicts the finding of

cointegration among the stock markets in the post GFC sample period. There, must be at
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least one stock market that has a significant effect on the long run equilibrium relationship if
cointegration is present. Thus, it can be concluded that in comparison to during the GFC
sample period (Panel A), there is a decrease in the stock markets significance {(importance)

to the long run equilibrium relationship in the post-GFC sample period.

This finding could be attributed to the sovereign debt crisis that began at the eﬁd of 2009
and got more severe in 2010 in Europe, more so for Italy and Spain, and this event led to a
loss in confidence in the stability of the euro and European debt markets (Financial Stability
Review, 2010) Which in turn could have led to reduced investments and interaction among

the European stock markets.

5.6.3 Long Run Cointegration Vector (European Stock Markets):
Since cointegration is only found in the pre-GFC sample period for the Asian stock- markets,

the importance of each stock market to the equilibrium relationship is only analysed in the
pre GFC sample period with Japan being normalised upon. The results are presented below,
with the cointegrating vector being read vertically in column two.

Table 21: Normalised Estimates of Cointegrating Vector Coefficients (Asian
Stock Markets)

Panel A: Pre GFC Sample Period (Restricted Intercept and No trend — Model Two)

Cointegrating Vector Coefficients Standard error Test Statistic
Variables

Japan 1.000 NONE -

China 2.7529 1.8054 1.52481
Intercept -1749.5 548.4559 3.18986*

Panel B: Pre GFC Sampile Period {Unrestricted intercept and No Trend — Model 3)

Cointegrating Vector Coefficients Standard error Test Statistic
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Variables

Japan ' 1.000 NONE -

China 2.7473 1.8001 , 1.52619

Note: in all Panels, Japan has been normalised upon and this is done by dividing all the coefficients that are part of the cointegrating

vector by the coefficient of Japan. * denotes Significance at 5%, critical value = 1.960. The test statistic in the last column of each Panel is

calculated by dividing the estimated coefficients by their respective standard errors. Panel A: is based on a VAR lag length of 7 and Rank =

one (one cointegrating vector is present). There are 1803 observations from 1-september-2000 to 31-July-2007 (sample period). The VECM
p-1

used to test cointegration is represented as follows: Ay, =a,+ai- Hy,_l + ZF,.Ay,_,, + €, and when tested with

i=]

Restricted Intercept and No Trend (Model 2) which asserts that 4, = H/l and dy = O thus this restriction implies an intercept

being present in the cointegrating relationship/ vector i.e. Iy - as can be seen an intercept is present in Panel C. Thus
1

the variables in the cointegrating vector are Japan, China and an intercept. Panel B: is based on a VAR lag length of 7 and Rank = one (one
cointegrating vector is present). There are 1803 observations from 1-September-2000 to 31-july-2007 (sample period}). The VECM used to

. o1 :
test cointegration is represented as follows: Ay, =a,+al— Hy,_l + ZF,.Ay,_i + €, and when tested with an

i=l
Unrestricted Intercept and No Trend (Model 3) which asserts that d, # 0 and a, = 0 thus implying a time trend being present in

the levels of the times series data but no trend or intercept being present in the cointegrating relationship i.e. Hy,_l . As can be seen no

deterministic components exist in Panel A. Thus the variables in the cointegrating vector are Japan and China.

In terms of the Asian stock markets when Japan is normalized upon, China has a significant
| impact on Japan in the long run and is not important to the long run équilibrium relationship
in either Panel A or Panel B. This finding of China not being significant contradicts the
finding of cointegration between the two stock markets because China is not important or

does not have a significant effect to the long run equilibrium relationship.

5.7 Vector Error Correction Model
Even if stock markets are cointegrated in the long run, it can be the case that in the short

run there is disequilibrium or the stock prices drift apart. As asserted by Engle & Granger
(1987), a cointegrated relatiohship can be expréssed as a Vector Error Correction Model
(VECM) that corrects for any short run disequilibrium present among the variables. In each
of the sample periods for the cointegrated stock markets, | have asse{ssed whether there has
been a change in the stock market that bears the burden of correcting short run

disequilibrium back to the long run cointegrating (equilibrium) relationship. The results of
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the VECM are presented below and | start by analysing the American stock markets,

followed by the European stock markets then lastly the Asian stock markets.

The VECM tables are organised in such a way that each Table represents the vector error
correction model for a specified dependent variable (highlighted in the first row of each
table). Each table consists of columns of estimated lagged coefficients and an error
correction term for the sample periods where cointegration is present. Furthermore, R-
Squared, adjusted R-Squared and diagnostic test results for serial correlation,
Heteroscedastiéity and normality of the distributions aré enclosed iﬁ each of the tables as
Panel B. Thereis a Iimitation with R-Squared.in that it increases as the number of
independent variables increase thus the adjusted R-Squared is preferred because it
penalises for an increase in the number of independent variables. Thus, the adjusted R-
squared is the preferred result though both the R-Squared and adjusted R-Squared values
are disclosed to give an idea of the goodness of fit of the Vector Error Correction Models

(VECM).

Only a brief overview of the lagged coefficients in the VECM is given because this area is not
the focus of this research. The main focus of this study is assessing the significance of the

error correction terms and if significant, analysing the size of the coefficients of the error

correction terms in order to assess the speed at which the dependent variable adjusts from

short run disequilibrium back to the long run cointegrating (equilibrium) relationship.

5.7.1 Vector Error Correction Model (American Stock Markets)
Table 22 shows that lagged values of Brazil do not have a significant impact on the USA in

any of the sample periods but lagged values of Canada significantly affect the USA in the pre

GFC period and during the GFC but not in the post GFC period. The finding of Brazil not
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having a significant impact on the USA can be attributed to the fact that Brazil is a
developing country that is just starting to increase its influence in the American region and

thus, is not as influential an economy as compared to Canada.

Table 23, provides evidence showing that lagged values of the USA do not significantly affect
Brazil in the pre and post GFC period but during the GFC period lagged values of the USA
significantly affect Brazil. Furthermore lagged values of Canada significantly affect Brazil in
the pre GFC period and during the GFC but not in the post GFC. Table 24 shows that Iagéed
values of the USA significantly affect Canada in all sample periods highlighting the high
interdependencies between Canada and the USA relative to interdependencies between
Brazil and the USA. The finding of some significant lagged coefficients is in line with the
finding of cointegration among these stock markets as there must be at least one significant
lagged coefficient of the independent variable; to tie the cointegrating rélationship together

or to keep them in equilibrium (Alexander, 2001).

In assessing the significance of the error correction terms for the American stock markets
(Tables 22 to 24), in the pre-GFC period the error correction terms for each stock market are
significant implying that all three stock markets of the USA, Brazil and Canada do their fair

share in correcting any short run disequilibrium so that they are in equilibrium in the long

run. In contrast, during the GFC sample period based on both Model Four (unrestricted
intercept and restricted trend) and Model five (Unrestricted Intercept and Unrestricted
Trend), Canada’s error correction term (Table 24) is the only one that is significant implying
that during the GFC, Canada is the only stock market that bears the burden of correcting

short run disequilibrium.
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Table 22: VECM Models for the U

SA Stock Market as the Dependent Variable

Dependent Variable ( A USA)

Panel A:

Pre — GFC Sample During the GFC Sample Period Post GFC Sample Period
Period .
Regressors Unrestricted Unrestricted Intercept | Unrestricted Intercept | Unrestricted Intercept | Unrestricted Intercept
intercept and and Restricted trend and Unrestricted Trend | and No Trend (Model and Restricted Trend
Restricted Trend (Model 4) (Model! 5) 3) {(Model 4)
(Model 4)
Intercept -2.7811 [0.005]* -1.0969 [.273] -1.0803 [0.281] 2.5797 [0.010}* 2.1188 [0.035]*
Trend 0.90320 [0.367]
A USA(-1) -1.0614 [0.289] -1.0472 [0.296] -1.0447 [0.297] - -1.6553 [0.099] -1.9396 [0.053}
A USA (-2) -1.6722 [0.095] -1.5870 {0.113] -1.5831 [0.114]\
A USA (-3) -0.026180 {0.979] 1.6080 [0.108] 1.6071 [0.109]
A USA (-4) -1.6156 [0.107] -1.6124 [0.108]
A Brazil (-1) 0.080446 [0.936] 1.0781[0.282] 1.0755 [0.283] 1.0404 [0.299] 1.2353[0.217]
A Brazil (-2) 1.7872 [0.074] -0.34136 [0.733] -0.34249 [0.732]
A Brazil (-3) -0.36113 [0.718] -1.9125 [0.056] -1.9107 [0.057]
A Brazil (-4) -.37653 [0.707] -0.37742 [0.706]

A Canada (-1)

0.59767 [0.550]

-2.5298 [0.012]*

-2.5273 [0.012]*

0.86548 [0.387]

0.96261 [0.336]

A Canada (-2)

-1.9764 [0.048]**

0.81611 [0.415]

0.81545 [0.415]
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A Canada (-3) 0.059926 [0.952] 0.23243 [0.816] - 0.23256 [0.816]

A Canada (-4) 2.6581 [0.008]* 2.6556 [0.008]*

Coefficient - 0.0083047 0.035119 0.035073 -0.074268 -0.036638
ECT (-1) 2.8389 [0.005]* 1.0233 [0.307] 1.0207 [0.308] -2.437 4 [0.015]* -1.1854 [0.236]
Panel B: Diagnostic Tests

R—Squared (R?) 0.010863 0.077410 0.077412 0.016601 0.025800
Adjusted R —Squared 0.0053571 0.052732 0.050780 0.0083892 0.017664
(R) .

Serial Correlation 47 (1) 0.0073135 [0.932] 2.2717 [0.132] 2.2708 [0.132] 1.3552 [0.244] 0.74657 [0.388]
Heteroscedasticity 8.7341 [0.003]* 22.8193 [0.000]* 22.8443 [0.000]* 7.4092 [0.006]* 11.5677 [0.001]*
22() 3

Normality z2(2) 673.5265 [0.000]* 104.0494 [0.000]* 103.9674 [0.000]* 60.4791 [0.000]* © 57.9766 [0.000]*

Note: Panel A: Shows the Vector error correction models estimated by OLS with the USA as the dependent variable based on a VAR lag order of 4 in the Pre-GFC period, a lag
order of 5 during the GFC period and a lag order of 2 in the post GFC period with the lag orders selected by the AIC. A represents the first difference (stock return) of each of the
stock markets and the values in brackets {) denotes the lag length for the first difference i.e. AUSA(— 1) is the estimated coefficient for the first difference of USA at lag 1.
The values inside the table are the t-statistics with the p-values in parentheses. * denotes significance at 5%. A general VECM is represented by the following equation:
p-1 - .
Ay, =a, +at —I—Iy,_1 + ZF,Ay,_,. + e, . Since cointegration is present [I = * ﬂ
i=1
A VECM estimated "with Unrestricted Intercept and No Trend (Model 3) asserts ‘that d, # 0 and ay = 0 thus, the VECM is represented as follows:

p-1
Ay, =d,— Hy,_l + ZFI.A)/,_,. + €, implying an intercept being present in the VECM model but no trend or intercept being present in the cointegrating relationship
i=1

(Hy,_, ). A VECM estimated with Unrestricted Intercept and Restricted Trend (Model 4) asserts that Q, # 0 and a, = I'T ¥ thus the VECM is represented as follows:
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Ay, =da, —a,B' (y,_l —}/,)-i-ZFI.Ay,_,. + ¢, implying an intercept is included in the VECM but the time trend is present ( ,)in the cointegrating relationship

i=1
i.e.H(y,_I -7, )
A VECM estimated with Unrestricted Intercept and Unrestricted Trend (Model 5) asserts that d, # 0 and a, #* 0 thus a constant and time trend are present in the VECM

model but not in the cointegrating relationship of IIy,_l, Column two represents the VECM model in the Pre-GFC period using Model 4 (Unrestricted Inte'rcept and Restricted

Trend) with USA as the dependent variable and the rows represent the regressors. Columns three and four represent the VECM model during the GFC estimated with Model 4
{(Unrestricted Intercept and Restricted Trend) and Model 5 (Unrestricted Intercept and Unrestricted Trend), respectively with the USA as the dependent variable. Columns Five
and Six represents the VECM model in the Ppsf—GFC period using Model Three {(Unrestricted Intercept and No Trend) and Model 4 (Unrestricted Intercept and Restricted Trend),
respectively with the USA as the dependent variable. The rows represent the regressors present in the VECM models. Any empty cells or rows represent no deterministic
components or no coefficients for those lags due to having a shorter lag length with the lag length selected by the AIC, The last row represents the error correction terms (X )
for each VECM model with USA as the dependent variable in each sample period. The error correction term coefficients are in the top half of the row and the t-statistics with p-
values in parentheses are in the bottom half of the row.

Each of the error correction terms are derived from normalising the cointegrating vector on the USA resulting in r {in this case r= 1) error correctlon terms for each equation.

The Pre GFC error correction term based on Model 4 (Unrestricted Intercept and Restricted Trend) and from normalising the cointegration vector on the USA is represented as
follows: ect = 1.0000*USA -0.13941*BRAZIL -0.76983*CANADA + 0.21424*Trend.

During the GFC error correction term based on Model 4 (unrestricted Intercept and Restricted Trend) is represented as follows: ect = 1.0000*USA + 0.61820*BRAZIL -
0. 89635*CANADA + 0.39444*Trend.

During the GFC period the error correction term based on Model 5 (Unrestricted Intercept and Unrestricted Trend) is: ect = 1.0000*USA + .61844*BRAZIL -.89639*CANADA.

In the post GFC sample period the error correction term based on Model 3 (Unrestricted Intercept and No Trend) is estimated as: ect = 1.0000*USA -0.15040*BRAZIL -
0.58971*CANADA

In the Post GFC Sample period the error correction term based on Model 4 (Unrestricted Intercept and Unrestricted trend)is: ect = 1.0000*USA -0.13941*BRAZIL -
0.76988*CANADA + 0.21424*Trend

Panel B: Serial correlation test is a Lagrange Multiplier test of Serial Correlation, the Normality test is based on a test of skewness and kurtosis of residuals, the
Heteroscedasticity test is based on the regression of squared residuals on squared fitted values.
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Table 23: VECM Models for Brazil

as the Dependent Variable

Dependent Variable ( A Brazil)

During the GFC Sample Period

Panel A: Pre — GFC Sample Post GFC Sample Period
Period
Regressors Unrestricted Intercept Unrestricted Intercept Unrestricted Intercept Unrestricted Intercept Unrestricted Intercept
and Restricted Trend and Restricted trend and Unrestricted Trend | and No Trend (Model and Restricted Trend
(Model 4) (Model 4) (Model 5) 3) (Model 4)
Intercept -1.4645 [0.143] -1.5549 [0.121] -1.4723 [0.142] 1.6262 [0.105] 0.77588 [0.438]
Trend 1.1781 [0.239]
A USA{-1) 0.88671 [0.375] 3.3345 [0.001]* 3.3432 [0.001}* -0.95956 {0.338] -1.2912 [0.197]
A USA (-2) -0.94791 [0.343] -1.6843 [0.093] -1.6664 [0.096]
A USA (-3) 1.0930 {0.275] 0.74651 [0.456] 0.76179 [0.447]
A USA (-4) -1.6780 [0.094] -1.6637 [0.097]
A Brazil {-1) 2.8121 [0.005}* -2.1844 [0.029]* -2.1962 [0.029]* 0.39666 [0.692] 0.63827 [0.524]
A Brazil (-2) -0.016342 [0.987] -0.96329 [0.336] -0.98274 {0.326]
A Brazil (-3) -2.9809 [0.003]* -1.5266 [0.128] -1.5456 [0.123]
A Brazil (-4) -1.5039 {0.133] -1.5197 [0.129]

A Canada (-1)

2.8519 [0.004]*

0.30895 [0.757]

0.30905 [0.757]

1.1255 [0.261]

1.3181[0.188]

A Canada (-2)

-0.90332 [0.366]

2.3964 [0.017]*

2.3985 [0.017]*

A Canada (-3)

2.0164 [0.044]*

-0.22151 [0.825]

-0.21555 [0.829]
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A Canada (-4)

3.7102 [0.000]*

3.7148 [0.000]*

Coefficient

ECT (-1)

0.0021720
2.1041 [0.036]**

0.039642
1.5584 [0.120]

0.039396
1.5474 [0.122]

-0.042908
-1.5575 [0.120]

0.8438E-3
0.030261 [0.976]

Panel B: Diagnostic Tests

R — Squared (R?) 0.032680 0.089087 0.089606 0.013368 0.0083734

Adjusted R-— Squared 0.027291 0.064721 0.063326 0.0051289 0.9264E-4

(R?)

Serial Correlation 0.10351 [0.748] 2.1214 [0.145] 2.1098 [0.146] 0.6120E-4 [0.994] 0.11074 [0.739]
2 B

2°(1)

Heteroscedasticity

2°(1)

33.6481 [0.000]*

16.6640 [0.000]*

16.6593 [0.000]*

5.0804 [0.024]*

6.4526 [0.011]*

Normality x> (2) :

7835.4 [0.000]*

46.3646 [0.000]*

47.7791 [0.000]*

50.0999 [0.000]*

50.6561 [0.000]*

Note: Panel A: Shows the Vector error correction models estimated by OLS with Brazil as the dependent variable based on a VAR lag order 4 in the Pre-GFC period, a lag
order of 5 during the GFC period and a lag order of 2 in the post GFC period with the lag orders selected by the AIC. A represents the first difference (stock return) of each of
the stock markets and the values in brackets () denotes the lag length for the first difference i.e. AUSA(— 1) is the estimated coefficient for the first difference of USA at
lag 1 . The values inside the table are the t-statistics with the p-values in parentheses. * denotes significance at 5%. A general VECM is represented by the following
. -1 )
equation: Ay, =d, +af— I—Iy,_1 + ZF,.Ay,_,. + e, . Since cointegration is present M=a* ,B -A VECM estimated with Unrestricted Intercept and No Trend
: i=1 .
. p_l
(Model 3) asserts that g, # 0 and a, = 0 thus, the VECM is represented as follows: Ay, =4, ——Hy,_l + ZI“,.Ay,_,. + ¢, implying an intercept being present in
. i=1
the VECM model but no trend or intercept being present in the cointegrating relationship (l_‘[y,_1 )-
A VECM estimated with Unrestricted Intercept and Restricted Trend (Model 4) asserts that @, # 0 and a = H]/ thus the VECM is represented as follows:

p-1
Ay, =da, ——a,B (y,_l - }/,)+ ZF,.Ay,_i + ¢, implying an intercept is included in the VECM but the time trend is present (7,)in the cointegrating relationship
' i=1 ‘ :
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i

ie. H(y,_l -V, ) A VECM estimated wiéh Unrestricted Intercept and Unrestricted Trend (Model 5) asserts that @, # 0 and a, # O,thus a constant and time trend

are present in the VECM model but not in the cointegrating relationship of Hy,_1 .

Column two represénts the VECM model |n the Pre-GFC period using Mode! 4 (Unrestricted Intercept and Restricted Trend) with Brazil as the dependent variable and the
rows represent the regressors. Columns three and four represent the VECM model during the GFC estimated with Model 4 (Unrestricted ln;cercept and Restricted Trend) and
Model 5 (Unrestricted Intercept and Unrestricted Trend), respectively with the Brazil as the dependent variable. Columns Five and Six represents the VECM model in the
Post-GFC period using Model Three (Unrestricted Intercept and No Trend) and Model 4 (Unrestricted Intercept and Restricted Trend), with Brazil as the dependent variable.
The rows represent the regressors present in the VECM models. Any empty cells or rows represent no deterministic components or no coefficients for those lags due to
having a shorter lag length, with the lag length selected by the AIC. The last row represents the error correction terms (¢ ) for each VECM model with Brazil as the
dependent variable in each sample period. The error correction term coefficients are in the top half of the row and the t-statistics with p-values in parentheses are in the
bottom half of the row. ‘
Each of the error correction terms are derived from normalising the cointegrating vector on the USA resulting in r (in this case r= 1) error correction terms for each equation.
The Pre GFC error correction term based on Model 4 (Unrestricted Intercept and Restricted Trend) and from normalising the cointegration vector on the USA is represented
as follows: ect = 1.0000*USA - 0.13941*BRAZIL - 0.76988*CANADA + 0.21424*Trend.

During the GFC error correction term based on Model 4 {(unrestricted Intercept and Restricted Trend) is represented as follows: ect = 1.0000*USA + 0.61820*BRAZIL -
0.89635*CANADA + 0.39444*Trend. ) .
During the GFC period the error correction term based on Model 5 (Unrestricted Intercept and Unrestricted Trend) is: ect = 1.0000*USA + 0 .61844*BRAZIL -
0.89639*CANADA. "

In the post GFC sample period the error correction term based on Model 3 (Unrestricted Intercept and No Trend) is estimated as: ect = 1.0000*USA - 0.15040*BRAZIL -
0.58971*CANADA :

In the Post GFC Sample period the error correction term based on Model 4 (Unrestricted Intercept and Unrestricted trend)is: ect = 1.0060*USA - 0.13941*BRAZIL -
0.76988*CANADA + 0.21424*Trend

Panel B: Serial correlation test is a Lagrange Multiplier test of Serial Correlation, the Normality test is based on a test of skewness and kurtosis of residuals, the
Heteroscedasticity test is based on the regression of squared residuals on squared fitted values.
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Table 24: VECM Models for Canada as the Dependenf Variable

Dependent Variable ( A Canada)

Panel A

Pre — GFC Sample Period

- During the GFC Sample Period

Post GFC Sample Period

Regressors

Unrestricted Intercept
and Restricted Trend
(Model 4)

Unrestricted Intercept

and Restricted trend

(Model 4)

Unrestricted Intercept
and Unrestricted Trend

{Model 5)

Unrestricted Intercept
and No Trend (Model
3)

Unrestricted Intercept
and Restricted Trend
{Model 4)

Intercept

-4.2805 [0.000]*

-4.0300 [0.000]*

-3.9711 [0.000]*

-0.31646 [0.752]

.041275 [0.967]

Trend

3.5542 [0.000]*

A USA(-1)

4.0160 [0.000]*

2.9826 [0.003]*

2.9828 [0.003]*

2.0337 [0.043]*

1.6355 [0.103]

A USA (-2)

0.51895 [0.604]

0.011725 [0.991]

0.016826 [0.987]

A USA (-3)

1.9100 [0.056]

0.43910 [0.661]

0.44366 [.657]

A USA (-4)

-1.1641 [0.245]

-1.1586 [0.247]

A Brazil (-1)

3.1912 [0.001]*

-0.40030 [0.689]

-0.40433 [0.686]

0.48333 [0.629]

0.82149 [0.412]

A Brazil (-2)

3.0794 [0.002]*

-0.67923 [0.497]

-0.68465 [0.494]

A Bratzil (-3)

-2.2112 [0.027]*

-0.43672 [0.663]

-0.44273 [0.658]

A Brazil (-4)

-1.1749 [0.241]

-1.1787 [0.239]

A Canada (-1)

0.035669 [0.972]

-1.5459 [0.123]

-1.5443 [0.123]

-0.58415 [0.559]

-0.17244 [0.863]

A Canada (-2)

-3.4101. [0.001]*

0.51637 [0.606]

0.51693 [0.605]

A Canada (-3)

1.5615 [0.119]

0.59570 [0.552]

0.59675 [0.551]
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A Canada (-4)

3.1211 [0.002]*

3.1199 [0.002]*

Coefficient

ECT (-1)

0.010883
4.8349 [0.000]*

0.17462
4.0194 [0.000]*

0.17448
4.0116 [0.000]*

-0.020574
0.43399 [0.664]

0.13071
2.7518 [0.006]*

Panel B: Diagnostic Tests

R —Squared (R?)

0.057269

0.098953

0.098996

0.013368

0.035823

Adjusted R —Squared

(R?)

0.052017

0.074851

0.072988

0.0051289

0.027772

Serial Correlation ;(2(1)

2.1573 [0.142]

1.6595 [0.198]

1.6595 [0.198]

0.6120E-4 [0.994]

0.033807 [0.854]

Heteroscedasticity

(1)

29.2264 [0.000}*

21.7807 [0.000]*

21.9261 [0.000]*

5.0804 [0.024]*

2.9515 [0.086]

799.0999 [0.0007*

32.1806 [0.000]*

31.9794 [0.000]*

50.0999 [0.000]*

7.3727 [0.025]*

Normality y> (2)

Note: Panel A: Shows the Vector error correction models estimated by OLS with Canada as the dependent variable based on a VAR lag order 4 in the Pre-GFC period, a lag order
of 5 during the GFC period and a lag order of 2 in the post GFC period with the lag orders selected by the AIC. A represents the first difference (stock return) of each of the stock
markets and the values in brackets ()} denotes the lag length for the first difference i.e. AUSA(— 1) is the estimated coefficient for the first difference of USA at lag 1. The
values inside the table are the t-statistics with the p-values in parentheses. * denotes significance at 5%. A general VECM is represented by the following equation:
p-1 .
Ay, =d, +a,f— Hy,_l + ZF,.Ay,_,. -+ e, . Since cointegration is present I=a* ﬂ A VECM estimated with Unrestricted Intercept and No Trend {(Model 3)
i=1
r-1
asserts that d, # 0 and a, = 0 thus, the VECM is represented as follows: Ay, =a, —IIy,_1 +erAy,_f + ¢, implying an intercept being present in the VECM
. i=1
model but no trend or intercept being present in the cointegrating relationship ( Hy,_1 ). A VECM estimated with Unrestricted Intercept and Restricted Trend (Model 4) asserts
p-1
that a, # 0 and a, = H}/ thus the VECM is represented as follows: Ay, =a, — CZ,B (y,_l — }/,)+ ZF,Ay,_,. + e, implying an intercept is included in the VECM but
i=1

the time trend is present ( ,)in the cointegrating relationship i.e. I_I(yt_1 e ) A VECM estimated with Unrestricted Intercept and Unrestricted Trend (Model 5) asserts

that a, # 0 and a, #* 0 thus a constant and time trend are preseht in the VECM model but not in the cointegrating relationship of Hy,_l .
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Column two represents the VECM model in the Pre-GFC period using Model 4 {Unrestricted Intercept and Restricted Trend) with Canada as the dependent variable and the rows
represent the regressors. Columns three and four represent the VECM model during the GFC estimated with Model 4 (Unrestricted Intercept and Restricted Trend) and Model 5
(Unrestricted Intercept and Unrestricted Trend)}, respectively with Canada as the dependent variable. Columns Five and Six represents the VECM model in the Post-GFC period
using Model Three (Unrestricted Intercept and No Trend) and Model 4 (Unrestricted Intercept and Restricted Trend), respectively with the Canada as the dependent variable.
The rows represent the regressors present in the VECM models. Any empty cells or rows represent no deterministic components or no coefficients for those lags due to having a
shorter lag length with the lag length selected by the AIC. The last row represents the error correction terms { & ) for each VECM model with Canada as the dependent variable
in each sample period based on each Model used. The error correction term coefficients are in the top half of the row and the t-statistics with p-values in parentheses are in the
bottom half of the row. Each of the error correction terms are derived from normalising the cointegrating vector on the USA resulting in r (in this case r= 1) error correction
terms for each equation. . »
The Pre GFC error correction term based on Model 4 (Unrestricted Intercept and Restricted Trend) and from normalising the cointegration vector on the USA is represented as
follows: ect = 1.0000*USA - 0.13941*BRAZIL - 0.76988*CANADA + 0.21424*Trend. ' . )

During the GFC error correction term based on Model 4 (unrestricted Intercept and Restricted Trend) is represented as follows: ect = 1.0000*USA + 0.61820*BRAZIL -
0.89635*CANADA + 0.39444*Trend. R :
During the GFC period the error correction term based on Model 5 (Unrestricted Intercept and Unrestricted Trend) is: ect = 1.0000*USA + O .61844*BRAZIL -
0.89639*CANADA.
In the post GFC sample period the error correction term based on Model 3 (Unrestricted Intercept and No Trend) is estimated as: ect = 1.0000%USA -.15040*BRAZIL -
.58971*CANADA -

In the Post GFC Sample period the error correction term based on Model 4 (Unrestricted Intercept and Unrestricted trend)is: ect = 1.0000*USA - 0.13941*BRAZIL -
0.76988*CANADA + 0.21424*Trend

Panel B: Serial correlation test is a Lagrange Multiplier test of Serial Correlation, the Normality test is based on a test of skewness and kurtosis of residuals, the
Heteroscedasticity test is based on the regression of squared residuals on squared fitted values.
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Thus, the number of stock markets that correct short run disequilibrium decréased during
‘the GFC in comparison to the Pre GFC sample period. In the post-GFC period, using Model 4
(Unrestricted Intercept and Restricted Trend), Canada (Table 24) is the only stock market
that bears the burden of adjusting back to the long run equilibrium from short run
disequilibriuhw. This finding implies that Canada consistently adjusts (corrects) any short run

disequilibrium in all sample periods.

However, the result provided by Model 3 (Unrestricted Intercept and No trend) in the post-
GFC period suggests otherwise and shows that the USA (Table 22) is the only stock market
that bears the burden of correcting short run disequilibrium. Thus comparing this result to
the Pre GFC sampleperiod result, the evidence shows that the number of stock markets
that correcf for any short run disequilibrium has decreased. However, when the post GFC
result is compared to the finding during the GFC, the results show that the stock market that
bears the burden of adjusting short run disequilibrium has changed from Canada during the

GFC to USA in the post GFC sample period.

In terms of the speed of adjustment of the American stock markets back to the long run

equilibrium relationship, all the stock markets in the pre-GFC period adjust back to the long

run equilibrium very slowly with Canada having the fastest adjustment speed of 0.010883
(Table 24) as compared to the USA (0.0083047 — Table 22) and Braiil (0.0021720 —Table

23). In contrast, during the GFC period Canada’s (Table 24) adjustment speed inéreases to
0.17462 in Model 5 (Unrestricted lntercep't and Restricted Trend) and 0.17448 i»n Model 5
(Unrestricted intercept and Unrestricted Trend) implying that the speed of adjustment

during the GFC is quicker than the pre-GFC speed of adjustment.
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This is also the case in the post-GFC period regarding Model 4 (Unrestricted Intercept and
Restricted frend) in which Canada’s speed of adjustment (0.13071) back to thé jong run
equilibrium relationship is faster than in the pre-GFC period but slower than during the GFC
sample period. If the speed of adjustment is assessed based on Model 3 (Unrestricted
Intercept and No Trend) in the post GFC period, the USA’s (Table 22) speed of adjustment (-
0.074268) back to the long run equilibrium relationship is faster than its speed of

adjustment in the Pre-GFC sample period of 0.0083047.

These results ge‘neraHy show that during the GFC, the speed of adjustment of the stock
markets is the quickest as compared to the pre GFC and post GFC sample periods. In context
to the post GFC period and Canada bearing the burden of adjustment, the results highlight
that Canada’s speed of adjustment in the post GFC sample period is faster than the speed of
adjustment i>n the pre GFC period but slower than the speed of adjustment during the GFC.
Thus, it can be concluded that there is a temporary increase in the speed of adjustment

during the GFC sample period.

Assessing the diagnostic tests in the Pre GFC period for each ECM model in the American
stock markets (Tables 22 to 24), all the adjusted R-Squared values are very low with the

highest being that of Canada at 5.297% (5.7269 R-Squared). This result implies that none of

the ECM models are a good model of fit and only a small amount of variation in the
regressors in each ECM model explains variation in the dependent stock markets. The
adjusted R-Squared for each error correction model increases during the GFC but are still in
the low range with the highest being 7.4851% (9.8953% R-Squared) fbr Canada using Model

4 and 7.2988% (9.98996% R-Squared) using Model 3.
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None of the error correcﬁon models have serial correlation present at 5% in all sample
periods but the Heteroscedasticity problem exists for all the error correction ﬁqodels at 5%
in all sample periods, with the exception of Canada’s ECM in the post GFC period (p-value
being 0.086) using Model 4. When White’s Heteroscedasticity adjusted test is used, | find
that the OLS standard errors are much lower than when the standard errors are adjusted for

Heteroscedasticity, implying the OLS standard errors are better to be used.

For all error correction models there is evidence of non-normally distributed returns
supporting Farﬁa’s (1965) finding of stock returns being non-normally distributed. The
problem of Heteroscedasticity could be caused by the presence of outliers in my data set as
well as skewness of the regressors (in this case the first differences) and as can be seen in
the summary statistics ( Table 2 ) the stock returns are skewed either to the right or to the

left.

5.7.2 Vector Error Correction Model (European Stock markets)
Assessing the lagged coefficients in the VECM, Table 25 shows that Germany is not

significantly affected by lagged values of any of the stock markets in any of the sample
periods. Table 26 in turn provides results showing the France is significantly affected by

lagged values of Germany and Spain with Germany significantly affecting France in both

sample periods while Spain only does so in the post GFC period. Furthermore Table 27
shows that the UK is significantly affected by lagged values of Germany during and post the
GFC but no other lagged values significantly affect the UK. Table 28 shows that lagged values
of Germany and Spain both have a significant impact on Italy and Table 29 shows that

Germany and France significantly affects Spain with Germany having a significant effect
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during the GFC and post the GFC while Spain only significantly impacts France in the post

GFC.

A very noticeable result from this analysis is that lagged values of Germany have a

significant.impact on all the stock markets during and post the GFC except for Italy in the
post GFC period but none of the stock markets significantly impacts Germany. This result
provides evidence to show that Germany is the most influential stock market among the

European stock markets but is not influenced by any other stock markets.

Furthermore, there appears not to be any significant influence by the other stock markets
on each individual stock market with the only countries that influence each other (have
feedback) being Spain and France with lagged values of Spain having a significant impact on
France in:the post GFC and vice-versa. This result implies that France and Spain became
more influential on each other in the post GFC; period. Since no cointegration exists among
the European stock markets in the pre-GFC period, the Vector Error Correction Model is oniy
analysed during and post the GFC because cointegration is present among the European

stock markets during those sample periods.

During the GFC sample period the only error correction term that is significant is the UK’s
~{Table 27) using both Mode! 3 {Unrestricted intercept and No Trend) and Model 4
(Unrestricted Intercept and Restricted Trend) implying tha;c the UK is the only stock market
that bears the burden of adjusting any short run disequilibrium during the GFC. As for the
post-GFC period, none of the error correction terms are significant in either Model 2
(Restricted Intercept and No Trend) or 3 (Unrestricted Intercept and No Trend) implying that

no couhtrieé bear the burden of adjusting short run disequilibrium in the post GFC sample
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period. This result contradicts the finding of cointegration among the European stock
markets in the post GFC sample period because if cointegration exists, at least one of the
stock markets has to keep the cointegrated stock markets in equilibrium and in step by

adjusting short run disequilibrium.

In terms of the speed of adjustment back to the long run equilibrium relationship during the
- GFC sample period, the UK (Table 27) adjusts any short run disequilibrium at a slow rate in

both Model 3(0.012189) and Model 4 (0.042746).

The adjusted R-Squared values for the error correction models for the European stock

| markets are very low during and post the GFC. The highest adjusted R-Squared being
6.1177% (7.2466% R-Squared) for UK error correction model during the GFC using Model 3
and 5.8690% (7.0009% R-Squared) using Model 4. This implies that the models are not good
models of fit and only a small amount of variation in the independent variables explains the
variation of the dependent variables. In regards to serial correlation, Germany does not
have serial correlation present during the GFC and in the post GFC .In contrast, France, the
UK, Italy and Spain'a!! have serial correlation present using both Model 3 and 4 during the
GFC sample period but none prelsent in the post GFC sample period in either Model 2 or 3.

Thus, the lag length selected by the AIC in the pre GFC period for the European stock

- markets was not sufficient to get rid of serial correlation in all the stock markets.

With regards to Heteroscedasticity, all error correction models estimated using Model 4
have the presence of Heteroscedasticity at 5% during the GFC. The error correction models

estimated using Model 3 during the GFC shows the presence of Hetefoscedasticity in all the
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error correction models With the excéption of France’s ECM model (Table 26) whose p-value -
is exactly 5%. In the post GFC period, the error correction models for each stéck market.
have Heteroscedasticity present, except for Germany (Table 2_5)’whose p-value is 0.358.
When Heteroscedasticity is adjusted for using White’s Heteroscedasticity adjusted test, |
find that in most cases the OLS standard errors are lower than the ones adjusted for
Heteroscedasticity thus the OLS estimates are used. All error correction models are non-
normally distributed in the post GFC sample period with the exception o.f Germany when
the error correction estimated model is using Model 3 (Unrestricted Intercept and No

Trend).

5.7.3 Vector Error Correction Model (Asian Stock markets)
Lastly the Vector Error Correction Model (VECM) for the Asian stock markets is assessed

only during the Pre GFC sample period because that is the only sample period where

cointegration is present. The results are provided below:

Table 30: VECM Models for Japan Stock Market as the Dependent Variable

Dependent variable( A japan)

Panel A ) Pre GFC Sample Period
Regressors Restricted Intercept and No Unrestricted Intercept and No
trend (Model 2) Trend (Model 3)
Intercept 1.3135[.189]
A Japan (-1) 1.0704 [0.285] 1.0700(.285]
A Japan (-2) -1.4346 [0.152] -1.4343[.152]
A Japan (-3) 0.14406 [0.885] .14403[.885]
A Japan (-4) -1.7673 [0.077] -1.7671[.077]
A Japan (-5) 1.4243 [0.155] 1.4235[.155]
A Japan (-6) -1.3222 [0.186] -1.3223][.186]
A China (-1) -0.049782 [0.960] -.045766[.964]
A China (-2) 0.028382 [0.977] .032002[.974]
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A China (-3) 0.37906 [0.705] .38286[.702]
A China (-4) 1.2459 [0.213] 1.2500[.211]
A China (-5) -1.1866 [0.236] -1.1821[.237]
A China (-6) -0.64986[0.516] -.64575[.519]
Coefficient -0.8168E-3 -0.9200E-3
ECT (-1) -1.2728 [0.203] -1.3492[.177)

Panel B: Diagnostic tests

R — Squared ( R?)

0.0081548

0.0082662

Adjusted R ~ Squared (R_2 )

0.0015055

0.0010597

Serial Correlation (1)

0.0018449 [0.966]

.0018588 [0.966]

12.4246 [0.000]*

11.7684 [0.001]*

Heteroscedasticity (1)

261.9537 [0.000]*

Normality Correlation y” (l) 259.9104 [0.000]*

Note: Panel A: Shows the Vector error correction models estimated by OLS with the Japan as the dependent variable based

on a VAR lag order 7 in the pre GFC sample period with the lag order selected by the AIC. A represents the first difference
(stock return) of each of the stock markets and the values in brackets () denotes the lag length for the first difference i.e.

AJapan(—— 1) is the estimated coefficient for the first difference of Japan at lag 1. The values inside the table are the t-
statistics with the p-values in parentheses. * denotes significance at 5%. A general VECM is represented by the following
p-1
equation: Ay, =aq,+ alt-—Hy,_l +Zl“iAy,_i +e, . Since cointegration is present IT=a* ﬁ A VECM
i=1
estimated with Restricted Intercept and No Trend (Model 2) asserts that g, =1 and a; =0 thus the VECM is
. p-1
represented as follows: Ay, = —H(y,_l -—,u)+ ZF,Ay,_,. + e, implying a no trend being present in the levels of
i=1

the times series data but an intercept (/1) being present in the cointegrating relationship/ vector i.e. H()}r-l — ,u) .

A VECM estimated with Unrestricted Intercept and No Trend (Model 3) asserts that @, # 0 and @, = 0 thus, the VECM

is represented as follows: Ay, =a, —Ily,_, + Zl‘,.Ay,_,, + e, implying an intercept being present in the VECM
i=1 . '

model but no trend or intercept being present in the cointegrating relationship (Hy,_l). Columns two and three

represent the VECM model in the pre GFC period estimated with Model 2 (Restricted Intercept and No Trend) and Model 3

{Unrestricted Intercept and No Trend), respectively with Japan as the dependent variable. The rows represent the
regressors present in the VECM models. Any empty cells or rows represent no deterministic components present or no
coefficients for those lags exist due to having a shorter lag length with the lag length selected by the AIC. The last row
represents the error correction terms () for each VECM model with Japan as the dependent variable. The error
correction term coefficients are in the top half of the last row in Panel A and the t-statistics with p-values in parentheses
are in the bottom half of the last row in Panel A,

Each of the error correction terms are derived from normalising the cointegrating vector on Japan resulting in r (in this
case r= 1) error correction terms for each equation. In the pre GFC period the error correction term based on Model 2 .
(Restricted Intercept and No trend) is represented as follows: ect = 1.0000*JAPAN + 2.7529*CHINA -1749.5

In the pre GFC period the error correction term based on Model 3 (Unrestricted intercept and No Trend) is represented as
follows: ect = 1.0000*JAPAN + 2.7473*CHINA

Panel B: Serial correlation test is a Lagrange Multiplier test of Serial Correlation, the Normality test is based on a test of
skewness and kurtosis of residuals, the Heteroscedasticity test is based on the regression of squared residuals on squared
fitted values. )
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Table 31: VECM Models for China Stock Market as the Dependent Variable

Dependent variable( A China)

Panel A: Pre GFC Sample Period

Regressors Restricted Intercept and No Unrestricted Intercept and No
trend (Model 2) Trend (Model 3)

Intercept -4.0582 [0.000]*

A lapan (-1) 1.1430 [0.253] 1.1424 [0.253]

A Japan (-2) -0.77008 [0.441] -0.77007 [0.441]

A Japan (-3) -0.75811 [0.448] -0.75806 [0.449]

A Japan (-4) 0.70675 [0.480] 0.70634 [0.480]

A Japan (-5) 2.1438 [0.032]* 2.1429 [0.032]*

A lapan (-6) 0.73996 [0.459] 0.73946 [0.460]

A China (-1) -1.1230 [0.262] -1.1212 [0.262]

A China (-2) -2.0404 [0.041]* -2.0385 [0.042]*

A China (-3) 4.2160 [0.000]* 4.2161 [0.000]*

A China (-4) 3.2905 [0.001]* 3.2910 [0.001]*

A China (-5) -2.4703 [0.014]* -2.4680 [0.014]*

A China (-6) -3.6005 [0.000]* -3.5980 [0.000]*

Coefficient 0.0014126 0.0013996

ECT (-1) 4.9114 [0.000]* 4.5800 [0.000]*

Panel B: Diagnostic tests

R —Squared ( R?)

0.045981

0.045992

Adjusted R — Squared (R‘2 )

'] 0.039585

0.039059

| Serial Correlation )jz(l)

0.21986.[0.639]

0.22042 [0.639]

Heteroscedasticity y° (1)

51.0094 [0.000]*

51.0659 [0.0007*

Normality y* (1)

32585.8 [0.000]*

32560.0 [0.000]*

Note: Panel A: Shows the Vector error correction models estimated by OLS with China as the dependent variable based

on a VAR lag order 7 in the pre GFC sample period with the lag order selected by the AIC. A represents the first difference
{stock return) of each of the stock markets and the values in brackets () denotes the lag length for the first difference i.e.

AJapan(— 1) is the estimated coefficient for the first difference of Japan at lag 1. The values inside the table are the t-

statistics with the p-values in parentheses. * denotes significance at 5%. A general VECM is represented by the following’
2l ' '

equation: Ay, =qa, +a —Hy,_l + ZF,.Ay,_,. +e, . Since cointegration is present MI=a* ﬁ A VECM
i=1

estimated with Restricted Intercept and No Trend (Model 2) asserts that @, = H,u and a, = 0 thus the VECM is
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p—-1
represented as follows: Ay, = —-H(y,_l - ,u) + ZI“,.Ay,_,. + ¢, implying a no trend being present in the levels of

i=l
the times series data but an intercept (,u) being present in the cointegrating relationship/ vector i.e. H(y,_l - ,u) A

VECM estimated with Unrestricted Intercept and No Trend (Model 3) asserts that @, # 0 and a = 0 thus, the VECM is
p-l .

represented as follows: Ayt =aq, —Hy,ﬁl + Zl“,.Ay,_,. <+ ¢, implying an intercept being present in the VECM
i=1

model but no trend or intercept being present in the cointegrating relationship (Hy,_l ). Columns two and three

represent the VECM model in the pre GFC period estimated with Model 2 (Restricted Intercept and No Trend) and Model

3 (Unrestricted Intercept and No Trend), respectively with China as the dependent variable. The rows represent the

regressors present in the VECM models. Any empty cells or rows represent no deterministic components present or no

coefficients for those lags exist due to having a shorter lag length with the lag length selected by the AIC. The last row

represents the error correction terms (& ) for each VECM model with Japan as the dependent variable. The error

correction term coefficients are in the top half of the last row and the t-statistics with p-values in parentheses are in the

bottom half of the last row before Panel B.

Each of the error correction terms are derived from normalising the cointegrating vector on Japan resulting in r {in this

case r= 1) error correction terms for each equation.

In the pre GFC period the error correction term based on Model 2 (Restricted Intercept and No trend) is represented as

follows: ect = 1.0000*JAPAN + 2.7529*CHINA -1749.5

In the pre GFC period the error correction term based on Mode! 3 (Unrestricted intercept and No Trend) is represented as

follows: ect = 1.0000*JAPAN + 2.7473*CHINA

Panel B: Serial correlation test is a Lagrange Multiplier test of Serial Correlation, the Normality test is based on a test of

skewness and kurtosis of residuals, the Heteroscedasticity test is based on the regression of squared residuals on squared

fitted values.

Table 31 shows that lagged values of Japan have a significant effect on China but none of

China’s lagged values significantly affect Japan (Table 30) using both Model 2 and 3.

In the case of the Asian stock markets (Tables 30 and 31), the significance of the error
correction term is only analysed in the pre-GFC sample period because that’s the only
period where cointegration exists. The results show that in both Model 2 and 3, China is the
only stock market that hears the burden of adjusting any short run disequilibrium back to
the long run equilibrium relationship. China’s speed of adjustment back to the long ruh
cointegrating relationship in all Models is very slow with size of the coefficient being

0.0014126 in Model 2 and 0.0013996 in Model 3.

In a similar manner to the American and European stock markets, the R-Squared values for

the error correction models for the Asian stock markets are very low with the highest being

137



4.598% (3.9585 adjusted R-Squéred) for China’s ECM model in Model 2 and 4.5992%
(3.9059adjt)sted R-Squared ) for Model 3. Japan’s R-squared values are 0.81548% (0.15055%
adjusted R-Squared) using Model 2 and 0.82662% (0.10597% adjusted R-Squared) using
Model 3. None of the error correction models have serial correlation present but
Heteroscedasticity is present and when adjusted for using White’s test, the OLS standard
errors are lower than the Heteroscedasticity adjusted standard errors thus OLS estimates
are used. All the error correction models are non-normally distributed too. As mentioned
earlier, the Heteroscedasticity can be attributed to outliers in my data or.skewness in the

distribution of my regressors.

5.8 Granger Causality:
Even if cointegration is not present in the long run, it can be so that there are short run

interdependencies present among the stock markets that are not cointegrated. Thus
Granger Causality tests have been carried out to analyse whether short run
interdependencies exist between pairs of the European stock markets (Germany, France,
UK, Italy and Spain) in the pre-GFC period and between the Asian (Jépan and China) stock
markets during and post-GFC periods. Granger Causality tests have been carried out using

the first differences of these stock markets.

5.8.1 Lag Length Selection:
As Granger Causality is based on a VAR model, the optimal lag length has to be selected so

that serial correlation is not present (Gujarati & Porter, 2009). The Akaike Information
Criteria (AIC) and the Schwartz-Bayesian Information Criteria (SBIC) are used to select the

optimal lag length as shown on the next page.
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Table 32: VAR Lag Length Selection for European Stock Returns

Pre-GFC sample period

VAR (1) [VvAR(2) [vAR(3) |vAR(4) [vArR(5) |varR(e) |var(7) |varR(8) |vArR(9) |VAR(10)
AIC 32951.8 | 32955.7 | 32979.2 [ 32989.6 | 32994.2 | 32996.4 | 32994.2 | 32999.4 | 32998.1 |32984.7
SBIC | 32883.1 | 32818.3 | 32773.1 | 32714.8 | 32650.8 | 32584.3 | 32513.4 | 32449.9 | 32379.9 | 32297.9

Note: AIC stands for Akaike Information Criteria, SBIC stands for Schwartz-Bayesian Information Criteria. A maximum lag

order of ten is chosen. The columns VAR () represent the Information Criteria values for the lag order in the brackets. The

selection procedure involves choosing the highest value of the AIC or SBIC.

For the European stock markets in the pre-GFC period, the lag length selected by the AIC is 8

and 1 by the SBIC. In testing for serial correlation, it is found that serial correlation is not
present at lag 1 or 8. Lag eight is selected as the optimal lag length because if too few lags

are chosen, this may lead to rejecting the null hypothesis when it is true (size distortion),

(Maddala, 2001).

Table 33: VAR Lag Length Selection for Asian Stock Returns

During GFC sample period

Asian - | VAR (1) | VAR(2) { VAR (3) | VAR(4) | VAR(5) [VAR(6) |VAR(7) [ VAR(8) [VAR(9) VAR (10)

AlC 2425.0 |2425.6 | 24260 |24253 |2421.9 |24206 |2422.2 |24193 2416.5 24129

SBIC 2416.6 | 2408.8 | 2400.7 {23916 |2379.8 |2370.1 |2363.2 | 2351.8 2340.6 2328.6

Post GFC sample périod

Asian | VAR(1) | VAR (2) | VAR(3) | VAR(4) | VAR(5) | VAR(6) | VAR(7) | VAR(8) | VAR (9) VAR (10)
JAIC 127716 | 27757 |2772.6 |2769.7 |2766.6 |2762.8 |2759.8 |2758.1 2755.0 2752.4

SBIC 2763.2 | 2759.0 | 2747.5 |2736.2 |2724.8 |2712.6 |2701.3 | 2691.1 2679.7 2668.8

Note: AIC stands for Akaike Information Criteria, SBIC stands for Schwartz-Bayesian Information Criteria. A maximum lag

order of ten is chosen. The columns VAR () represent the Information Criteria values for the lag order in the brackets. The

selection procedure involves choosing the highest value of the AIC or SBIC.

In Table 33, during the GFC period the optimal lag length chosen for the Asian stock markets

by the AIC is 3 and by the SBIC is 1. The lag length of 3 is chosen in order to avoid size

distortion. In the post-GFC sample period, the AIC choses an optimal lag length of 2 and the
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SBIC choses a lag length of 1. The AIC result is chosen in order to avoid size distortion. The
optimal lag length during the GFC period and in the post-GFC sample period is 3 and 2,

respectively and at both lags no serial correlation is present.

5.8.1.1 Granger Causality Results (European Stock Markets):
The results of Granger causality for the European stock markets are presented below:

Table 34: Likelihood Ratio Test for Granger Non-Causality between European
Stock Markets (Pre GFC Sample Period)

Null Hypothesis Chis-square ~Probability value Conclusion
statistic |

Germany does not Granger cause 59.34811 0.000* : Rejed null
France
France does not Granger cause 13.4423 0.098 Accept null
Germany
Germany does not Granger cause | - 70.6859 0.000* Reject null
UK
UK does not Granger cause 24.3748 0.002* Reject null
Germany |
Germany does not Granger cause 34.0862 0.000* Reject null
Italy '
ltaly does not Granger cause .23.1066 0.003* Reject nuli
Germany
Germany does not Granger cause 27.8590 0.001* Reject null
Spain | |
Spain does not Granger cause 12.0940 0.147 Accept null
Germany
France does not Granger cause 22,9915 0.003* Reject null
UK
UK does not Granger cause 16.8958 . 0.031”‘= Reject null
France
France does not Granger cause 15.8392 0.045* Reject null
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ltaly
‘Italy does not Granger cause 20.5483 0.008* Reject null
France

France does not Granger cause 14.3860 0.072 ‘ Accept null
Spain

Spain does not Granger cause 12.0810 0.148 Accept null
France

UK does not Granger cause ltaly 15.4464 0.051 Accept null
Italy does not Granger cause UK 20.0485 , 0.010* . Reject null
UK does not Granger cause Spain 18.2185 0.026* Reject null
Spain does not Gfanger cause UK 6.7813 0.560 Accept null
ltaly does not Granger cause 30.3278 0.000* Reject null
Spain l ‘
Spain does not Granger cause 31.4537 0.000* Reject null
ltaly

Note: The Granger causality test is a Likelihood ratio Granger non-causality test using a lag order of 8 as chosen by the AIC.
* denotes significance at 5%. The Granger non-causality test as shown by Microfit is based-on :

P »
&, = ZcDi,llzl,l-i + zq)i,IZZZ,i—i +uy,
S| i1

L r
z, = Z D,z + Zcpf,nzlt—f +,, , The hypothesis that Z,, does not Granger-Cause Z;, is defined by :
=1 =1 ~ :

HG : CI)lz = 0 where p is number of lags sufficient to get rid of serial correlation in this case p = 8

Below is a summary table of the directions of Granger causality present between pairs of

the European Stock Markets in the Pre GFC sample period.

Table 35: Summary Table of the directions of Granger Causality (European
Stock Markets)

Bi-variate Granger Causality Uni-variate Granger causality | No Granger causality

Germany and UK ' | From Germany to France France and Spain

Germany and Haly From Germany to Spain
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France and UK From ltaly to the UK

France and ltaly From the UK to Spain

Italy and Spain

The presence of bivariate Granger causality between Germany and the UK has been
documented by Gerrits et al (1999) and Masih & Masih (2004). This finding can be attributed
to the strong trade and direct investment relations between the UK and Germany with

’

exports from UK to Germany being over €30billion a year (Foreign and Commonwealth

Office , 2011).

The presence of Granger causality (uni-variate or bivariate) between the European Union
countries hés been documented by King & Serletis (1997), Masih & Masih (2004) and
Worthington et al (2003). This result is expected because of the strong trade, beconomic ties
and direct investment they have with each other. Furthermore, all except the UK share a

common currency thus sharing common monetary policy (U.S. department of State, 2010).

| expected to find bi-variate Granger causality between Germany and France because France
is a major exporter to and importer from Germany (U.S. Department of State , 2010) with
France ra‘hking numberonein 2010 for Germany’s turnover {exports and imports). The
finding of no Granger causality between France and Spain is also unexpected because
Franée is one of Spain’s largest trading partners. (Encyclopedia Britannica, n.d. ) and (World

Trade Organization, n.d.).

5.8.1.2. Granger Causality Results (Asian Stock Markets)
The results of the Granger Causality tests for the Asian stock markets are presented in the

table below:
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Table 36: Likelihood Ratio Test for Granger Non-Causality between Asian
Stock Markets (Durmg GFC Sample Period)

Null Hypothesis F-Statistic Probability yalue Conclusion
Japan does not Granger cause 6.1288 0.106 Accept null
Chine
China does not Granger cause 3.0628 0.382 Accept null
Japan

Note: The Granger causality test s a Likelihood ratio Granger non-causality test using a lag order of 3 as chosen by the AIC.
The Granger non-causality test as shown by Microfit is based on :

2 P
= Z D112 + Z D152y, Uy

=1 i=1
-

r p

Z, = Z CI)i’ZIZI’,_i + Zq)i,ZZZZ,I—i +U,, , The hypothesis that Z,, does not Granger-Cause Z,, is defined by :
i=l i=1

H : @,, = 0 where p is number of lags sufficient to get rid of serial correlation in this case p = 3

Table 37: Likelihood Ratio Test for Granger non-Causality between Asian
Stock Markets (Post GFC Sample Period)

NuII'Hypothesis F-Statistic Probability value Conclusion
Japan does not Granger cause 0.82344 0.663 Accept null
China |

China does not Granger cause 0.044102 0.978 Accept null
Japan

Note: The Granger causality test is a Likelthood ratio Granger non-causality test using a lag order of 2 as chosen by the AIC.
The Granger non-causality test as shown by Microfit is based on :

P ?
2y = Zq)u 2t z®i,1222,t—i +uy,
) =1

y4 p .

Z, = Z@i,zlzl,,_i + Z (Di,ZZZZ,I—i +U,, , The hypothesis that z,, does not Granger-Cause Z;, isdefined by :
i=1 i=1 v .

HG : CDu = 0 where p is number of lags sufficient to get rid of serial correlation in this case p = 2.
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The Granger Causality reéults during the GFC (Table 36) and in the post GFC (Table 37)
sample pefiods for the Asian stock markets show no Granger Causality (uni-vériate or
bivariate) being present between China and Japan, implying that no short run
interdependencies exist between these two stock markets. As a result, portfolio
diversificatioﬁ_between Japan and China can be beneficial in the short run. Furthermore,
short run profit strategies to predict movements in China (Japan) using lagged returns of

Japan (China) cannot be beneficial because Granger causality is not present.

The fihding of no Granger Causality between Japan and China contradicts the results of (Li,
n.d.) who finds uni-directional causality running from China to Japan. However my result is
similar to that of (Azad, 2009), Worthington et al (2004) and Jeyanthi (2010) who find no

Granger causality present between Japan and China.

The implication of finding Granger causality among the European stock markets except for
France and Spain implies that short term profit strategies can be férmulated in the sense
that if Granger causality is present, a movement in one stock market causes a preceding
movenﬁent in the other stock rﬁarket. As a result, predicting the movement of the stock
market that is being led is possible by assessing the movement of the.leading stock market

and as a result short term profit strategies can be formed by investors. In contrast, in the

case where Granger causality is not found, then interdependencies among the stock
markets are non-existent and thus portfolié diversification is beneficial in the short run. The
downside of Granger causality not being present is that short term profit strategies cannot
be formulated because the movement of one stock market does not cause a movement in
another stock market and so both their movements are random and cannot be predicted by

assessing the movement of the other stock market.
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Thus, the above results suggest that portfolio diversification between Japan and China was
beneficial during the GFC and in the post GFC period because their movements were
independent. As a result it can be concluded that there has been’ no change in the short run
interdependencies between Japan and China due to tﬁe GFC. On the other hand, the
European stock markets appear to be highly interdependent with the exception of France
and Spain that do not Granger cause each other, implying that portfolio diversification

between these two stock markets was beneficial in the Pre GFC period.

5.9 Generalized Imp’ulse Response Function analysis results:
The Generalised Impulse Response Analysis graphs help to map out the response of each of

‘the stock markets in each region to a one standard error shock to another variable in the
same region. By graphing the responses, important information is provided about how long
the effect of the shocks last and also which stock markets are affected more than others by
shocks to a specific stock market. For the sample periods where cointégration is found,
Microfit creates generalized impulse respoﬁse graphs that display the responses to variable
specific shocks on the different variables in the cointegrating system. Due to rank deficiency
of the coefficient matrixI1, shocks to equations may have persistence effects on the

individual variables in the model and thus, the effects may not die out (Pesaran & Pesaran,

on the first differences of the levels using an unrestricted VAR model. The estimates of the
VAR model are not displayed due to space limitations and because the focus of this thesis is

the GIRF graphs produced by the VAR models.

5.9.1 Generalized Impulse Response Results (American Stock Markets)
Since cointegration is found in all three sample periods for the American stock markets, the

impulse response graph created is based on the cointegrating VECM model in each sample
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period when the USA is nermalised upon. The impulse response graphs displayed for each
sample peﬁod is based on Model 4 (unrestricted intercept and restricted trend) reasons
being that Model 4 has stronger cointegration results than Model 3 (unrestricted intercept
and no trend). Furthermore, the generalised impulse response graphs are similar for both
Models thus due to space limitations the only focus is on Model four. This information is

inciuded as notes beneath each graph.

As can be seen a shock to the USA (Figure 1) in the pre-GFC period (Panel A) does not create
strong responses in all the stock markets but the inftial responses are positive for all the
stock markets except for the USA itself. Canada appears to have the;etrongest response
among these stock markets. The stronger response can be explained as higher |
interdependencies between Canada and the USA than between the USA and Brazil. As
mentioned earlier, this result this can be associated with the stronger political and trade ties

between Canada and the USA as compared to the USA and Brazil.

Brazil has the weakest response but has the most instantaneous response, with the
response being fully incorporated by day one unlike the response of Canada that lasts up to

three days and the USA that lasts up to two days until they taper off. Brazil having the most

instantaneous response is unexpected because Brazil is an emerging stock market. Instead,
it is expected that Canada and QSA will have faster response times because they are both
developed stock markets with advanced Information technology making it more likely for
shocks/ news to travel faster and therefore being incorporated faster in the developed stock
markets than in the developing stock market. In contrast, during the.GFC sample period
(Figurel, Panel B) there is a visibly signifieant increase in how strongly the stock markets

respond to a shock to the USA. As can be seen the values of the responses on the vertical
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axis have increased but aé mentioned in the methodology section this does not necessarily
imply a stronger (larger) response but instead implies a change (increase or decrease) in the
estimated coefficients, in the VECM during the GFC in comparison to the pre GFC estimated
coefficients. Therefore, Iobking at the values does not tell us anything about whether the
response was stronger or not. The bigger responses can be attributed to the negative
effects of crisis that spread and spilied over to other stock markets around the globe
affecting economies either directly through financial markets or indirectly via trade. As a
result, these negative events and reductions in trade and financial investment among
economies means that these economies were influenced and affected significantly by these
events causing larger responses. The effect of the shock causes larger initial positive
responses in both Brazil and Canada in comparison to the Pre-GFC sample period though
Brazil has the smallest response out of all three stock markets showing that Brazil was not as
affected by the Global Financial Crisis as much as Canada and the USA. This is supported by
Meyer (2011) who points out that economic policies to reduce inflation, create stability and
growth that were i'mplémented in Brazil over several decades heiped Brazil better absorb

the shocks of the financial crisis where Brazil emerged relatively undamaged.

For all stock markets, most of the effect of the shock is incorporated by day one with the

size of the responses diminishing thereafter but it appears to take longer for the stock
markets to fully incorporate the effects of the shocks during the GFC period as compared to
the Pre-GFC period. Furthermore, Canada’s response to a shock in the USA stabilises but

gradually increases from day two and only levels off after the eleventh day.
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In contrast, in the post-GFC sample period (Figure 1, Pénel C) the size of the responses for
each stock market to a shock in the USA reduces in comparison to during the GFC but is still
stronger than the Pre GFC period responses. The finding of sfcrohger responses in the post
GFC period as compared to the pre GFC period but weaker than during the GFC sample
period can be attributed to the aftermath effects of the GFC still being in play in the
economies though not being as severe as during fhe crisis period. Thus, the relatively
weaker responses in the post GFC period can be attributed to the stabilisation of the
financial markets. Another interpretation of smaller responses to shocks in the post GFC
period is that there was a temporary increase in the size of the responses during the GFC
due to its negative effects. Brazil in all three sample periods has the smallest (weakest)
response thus this finding highlights the highe; interdependenciés between Canada and the
USA than between the USA and Brazil and this is observed with Canada being more affected B
by shocks to the USA than Brazil is. This can be attributed to the stro’nger economic, political

and trade ties Canada has with the USA relative to Brazil.

Furthermore, Brazil is an emerging stock market that is opening its economy and just
increasing its influence in the region of America in comparison to Canada. The duration of

the USA’s response and Brazil’s responses before tapering off (being fully incorporated) is

shorter than during the GFC period.

A shock to the Brazilian stock market (Figure 2) in the Pre-GFC sample period (Panel A)
causes initial positive responses in its own stock market and Canada on the day the shock
takes place but the USA appears to respond with a lag to the shock, -with the USA’s response
boccurring after day one and not at the time horizon of the initial shock. Furthermore, the

USA’s response is the weakest and the smallest in size implying that a shock to Brazil does
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not significantly affect the USA. This further highlights the low interdependency between
the USA and Brazil. The Low interdependencies between the USA and Brazil have been

documented by Maniam et al (1999).

This result is further highlighted inrthe VECM with lagged values of Brazil not significantly
influencing the USA in any of the sample periods. Canada on the ‘Vother hand has the
strongest and largest positive response to a shock in Brazil with the effects of the shocks
Iasting four days thereafter tapering off. The larger response by Canada further highlights
the higher interdependency between Canada and Brazil than between the USA and Brazil.
This is also seen in the VECM with lagged values of Brazil having a significant impact on
Canada in the pre GFC sample period. Canada incorporates most of the effect of the shock

by day one thereafter the responses diminishing until the graph levels off.

As can be seen in Figure 2, Panel B a shock to Brazil appears to cause the strongest initial
negative response in the USA during the GFC period as compared to the Pre GFC sample
period. All responses appear stronger during the GFC period than the pre GFC period i.e. for
example in the Pre GFC sample period (Figure 3, Panel A} the origin of Canada's response
starts at around 3.8 and peaks to a value of about 5.25 giving a response size of about 1.45

in comparison to the during the GFC (Figure 3, panel B) where the origin starts at 19 and

peaks to 21 which gives a response size of 2. The duration of Brazil and the USA in fully
incorporating the effects of the shock last longer in comparison to the Pre GFC sample
period while >Canada's response stabilises by day two but with a gradual increase until day
seven where the graph completely levels off. In the post GFC period-(Panel C) there is a
decline in the size (strength) of the responses as compared to during the GFC period but the

responses are still larger than the Pre GFC sample periods. As mentioned earlier, the
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decrease in the size of responses as compared to during the GFC is a sign of stock markets

stabilizing from the effects of the GFC.

A shock to Brazil in the post GFC causes an instantaneous positive response in both the USA
and Brazil with the effects of the shocks being fully incorporated by day one and this is
shown by the levelling off of the graphs on day one. This is in contrast to the longer duration
times to fully incorporate shocks in the pre GFC period and during the GFC. Canada has a
larger and stronger initial positive response than the USA or Brazil With the effect of the
shock beaking oﬁ day one then gradually declining fhereafter. In the pre and post GFC
sample period Canada has the strongest response but this changes to the USA during the

GFC.

In the case of a shock to Canada in Figure 3 in the pre-GFC sample period (Panel A), the
effects on all stock markets are fairly weak, wifh the most instantaneous response being
that of Brazil with the effect of the shock only lasting until day one in contrast to 3 days for
-Canada and two days for the USA. For all three stock markets the effect of the shock
gradually declines. The USA appears not to respond to a shock in Canada initially with the

response only occurring from day one to day two implying the response by the USA is not

instantaneous but occurs with a one day delay. This response pattern of the USA is also
highlightéd when Brazil is shocked. In contrast, during the GFC sample period (Panel B) as
was seen in Figures 1 and 2, the responses of each stock market to a shock in Canada are
stronger and larger in magnitude than in the Pre-GFC sample period. Furthermore, the
effects of the shock last longer than in the pre GFC sample period with all stock mérkets

seeming to-stabilise by day 4 thereafter gradually declining.
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In the post-GFC sample périod (Panel C), the largest and strongest response to a shock in
Canada is by Canada itself with an initial positive shock lasting one day thereaﬁer gradually
declining. There is barely a visible positive response by the USA Llp until day two where the
graph flattens out. This implies that the USA was barely affected by a shock to Canada in the
post GFC sample period. As can be seen the magnitudes of the responses decrease in the
post GFC period as compared to during the GFC period, as was seen in the prevfous cases.
This result can be interpreted as a decrease in interdependencies in the post GFC sample
period between Canada and the USA because the USA barely responds to a shock in Canada.
Furthermore, Brazil’s response pattern in the post GFC sample period is similar to its
response pattern in the pre GFC safnple period with the éffecté of the shocks being

incorporated instantaneously by day one in both sample periods.

In comparing response patterns of Canada in the same sample period to shocks to the USA
(figure 1), Brazil (Figure 2) and itself (Figure 3), it is found that the response pattern of
Canada to a shock to itself and shocks to the USA and Brazil in the post GFC sample period
are all similar even the size of the responses, the only difference being the response by
Canada to a shock in the USA does not decline as much as its response to a shock to Canada

and Brazil in the post GFC sample period.

For all stock markets it is generally the finding that during the GFC sample period, response
durations and the magnitudes of the responses increased as compared to the pre and post
GFC sample periods. Furthermore, the results show a longer duration of each market in fully

incorporating/ absorbing the effects of the shocks during the GFC sample period.
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5.9.2 Generalized Impulse Response Results (European Stock Markets):
In the case of the impulse response analysis for the European stock markets, since no

cointegration is found in the Pre-GFC sample period the impulse response analysis graphs
are based on an unrestricted VAR model of the first differenc‘es of the European stock
indices. These graphs will be interpreted on their own and will not be compared to that of
the impulse response analysis graphs during the GFC and post-GFC sample periods. This is
because the impulse response graphs during the GFC and post-GFC sample periods are

based on the cointegrating relationship found and thus, the responses are based on levels.

The impulse response graphs in the pre GFC period (Panel A) have been separated into a
graph for responses by Germany,iFrance andl the UK and another graph to show responses
of Italy and Spain. This is because the effects of the shock on the stock markets are not
clearly seen if all of them fall on one graph because the responses are clustered together.
The graphs for during the GFC sample period and post-GFC sample periods will be compared
to assess if any changes have occurred in résponse patterns for the stock markets in the

post-GFC sample period as compared to during the GFC sample period.

A shock to Germany (Figure 4) in the pre- GFC period (Panel A) creates an initial negative
response by itself, and all the other stock returns. Germany, France and the UK respond to

' rﬁbsf bf the shock by day one thereafter the responses diminish or appear to be white noise
up until day six where the effect of the shock is fully incorporated. This result is similar for
Italy and Spain however, Spain fully incorporates the effect of the Shock faster than the
other stock markets with Spain’s response converging to zero by day five in comparison to

day six for the other stock markets.
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Furthermore, Germany, France and the UK have similar response patterns froAm day one up
until the effect of the shocks wear off (day six), implying that they respond in a similar
manner to shocks to Germany. These results show that all the sfock markets incorporate
most of the effects of the shock to Germany instantly by day one but the duration untii the
effects of the shocks are fully incorporated last long (six days). In Figure 4 shows that a
shock to Germany during the GFC sample period (Panel B) produces an inftial weak but
positive response in France and the UK. Furthermore, both these stock markets have similar
response pattekns to a shock in Germany. This is seen with both having a positive response
that peaks on day one then declines up until'day two thereafter levelling off implying the
effects of the shocks being fully incorporated. The effect of a shock to Germany on itself is
almost non-existent with the very weak response lasting two days then tapering off. This
result is more pronounced for Spain that has a horizontal graph implying that a shock to
Germany has no impact on Spain whatsoever during the GFC. This result is unexpected
because Spain and Germany are trade partners and thus it is expected that a shock in
Germany will affect Spain to some degree. Ih the case of a response by ltaly, the effect of a
. shock to Germany is weak with a small positive response that levels off at day one. The

results found imply that a shock to Germany causes the most impact on the UK and France

but no impact on Spain.

A shock to Germany (Figure 4) in the post-GFC sample period causes a weak and smaller
response in France in comparison to during the GFC. Germany’s response to a shock to itself
creates a weak positive response that dies out on day one. The other stock markets are not

affected by shocks to Germany with all of them appearing to have horizontal graphs.
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This is in contrast to duriﬁg the GFC period where the UK and Italy also respond to a shock in
Germany. -This implies that in the post GFC sample period, the UK and lt‘aly afe not impacted
by shocks in Germany and thus, became independent stock markets as compared to during
the GFC period. Furthermore, as can be seen the magnitudes of the responses in the post |

GFC period are smaller than during the GFC period.

The larger magnitudes of responses during the GFC could be attributed to the uncertainty,
volatility and loss of confidence caused by the GFC that I.ed to é decline in trade volume and
activity. The vi§ible negative effects on a stock market created the same effect on other
stock markets due to uncertainty, thus bad news in one stock market spilled over to other
stock markets making them have a higher influence on each other. The post GFC results
show evidence of recovery or stabilisation from tf‘n’e GFC as the magnitudes of the responses

are smaller implying more confidence in the stock markets.

A shock to France (Fiéure 5) in the Pre GFC périod (Panel A) has an initial negative effect on
itsélf, Germany, the UK, Italy and Spain. The duration at which the shocks get fully
incorporated is six days with diminished responses or white noise occurring from day one ub
until day 5|x This result provides evidence to show that all the stock markets incorporated

most of the effects of the shock by day one in the pre GFC period with the responses

fluctuating very close to zero from day one, impfying most of the effect of the shock being
incorporated instantaneously. Spain has the shortest duration in fully incorporating the
effects of the shock with the response by Spain flattening out to zero by day four in contrast
to day six for the other stock markets. This result highlights Spain’s shorter duration in fully
incorporating a shock to France in comparison to the other stock markets and this quick

response relative to the other stock markets is also evidenced when Germany is shocked.
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A shock to France during ithe GFC (Panel B) causes negative initial responses in the UK,
France and Germany with the UK having the strongest response out of the three stock
markets. The effects of the shocks in France and the UK are fully incorporated by day two
thereafter levelling off for France but gfadually declining for the UK. Germany on the other
hand has the most instant response with its response tapering off at day one. The effect of a
shock to France on Italy and Spain is non-existent with ‘their graphs being horizéntal in
nature. In comparison in the post GFC period, the only stock markets that appear to have a
response even if the responses are very small and almost non-existent, are the UK and
Germany .The other stock markets graphs are horizontal in nature implying a shock to
France has no impact on these stock markets. Furthermore, in the post GFC period, the
mggniyude o_f’the responses decline significantly in comparison to during the GFC period as
per the justification when Germany was shocked. Thus, this can be interpreted as a decline
in interdependencies or the growing independence of the stock mark’ets explaining the

result of not being affected by a shock to France.

A shock to the UK (Figure 6) in the pre GFC sample period (Panel A) appears to create initial
negative responses by Germany, France, the UK, ltaly and Spain (Panel A) with the effects of

the shocks being fully incorporated by day six for all stock markets. Furthermore, for all the

stock markets, most of the effects of the shock are incorporated by day one with the
responses fluctuating around zero implying a speedy incorporation to most of the effects of

a shock to the UK.

During the GFC sample period (Panel B) a shock to the UK creates initial negative responses
in Germany, France and in its own stock market. France fully incorporates the effect of the

shock by day two while the UK appears to have a gradual decline in its graph. Germany fully
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incorporates the effect of a shock to the UK by day one thus having the fastest speed in fully
incorporating the effects of the shock. Italy and Spain are not affected by a shbck to France
with their graphs being horizontal in nature. In the post GFC sarhple period (Panel C), all the
graphs appear horizontal with the exception of the UK which has a small response that is
almost non-existent. This result implies that in the post GFC sample period there has been a
decrease in the number of stock markets impacted by a shock to the UK or thé increase in
the independence of the stock markets. This result is supported by the VECM results wher.e
none of the stock markets are signifjcantly _éffected by lagged values of the UK in the po.§t
GFC sample period. This result is unexpected due to the close economic, trade and

investment ties that link these countries.

A shock to Italy (Figure 7) in the pre GFC sample period (Panel A) produces initial negativé
responses in all the stock markets with the responses being very close to zero by day one
and thereafter fluctuating around zero (white noise) up until the sixth day where the effects
of the shock wear off implying fulll incorporation of the effects of the shock to Italy. However
Spain’s response levels off at day five further highlighting Spain’s speedy incorporation o%
effects of shocks relative to the other stock markets. THe responses to the shock are very

close to zero by day one implying that most of the effects of the shock are incorporated by

day one or are instant.

A shock to lta_ly (Figure 7) during the GFC (Pan;-:l C) period creates an initial negatiQe
response in France, the UK and Germany with Germany fully incorporating the effect of the
shock by day one in comparison to day three for France and the UK. France and the UK
appear to have similar response patterns and this result is also found when fhe UK (Figure 3,

Panel B) and France (Figure 2, Panel B) are shocked. Furthermore, a shock to Italy has no
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impact on itself or Spain With the graphs being horizontal. In comparison during the post
GFC period‘(PaneI C), a shock to Italy appears to have a very minimal, almost nbon-existent
impact on France, the UK and Germany with the other graphs .being horizontal in nature
implying that a shock to ltaly has no impact on them. This result highlights the reduction in
interdependencies among these European stock markets in the post GFC sample period.
Furthermore as mel;ltioned earlier the magnitudes of the responses are much higher during

the GFC than in the post GFC sample period.

The effect of a s‘hockrto Spain (Figure 8 ) on the othér stock markets (Panel A) causes an
initial negative response that fluctuates below but close to the zero mark, up until day six
where the effect of the shocks taper off. In terms of speed of incorporation of effects of the
shock, France, Germany and the UK incorporate most of the effect of the shock by day one.
Italy and Spain (Panel A) have similar response patterns too. Spain fully incorporates the
effect of the shock to itself by day three while ‘Italy's response lasts twice that of Spain

tapering off at day six like Germany, France and the UK.

This result further highlights the finding that Spain has the shortest duration in fully
incorporating effects of a shock. During the GFC period (Panel B), a shock to Spain causes an

_initial weak negative response in the UK, France and Germany with Germany fully

incorporating the response by day one in comparison to day two for the UK and France. The
response patterns of these three stock markets are similar to the responses when ltaly

(Figure 7) is shocked. As can be seen the UK’s response gradually declines as time goes by.

In the post GFC sample period, a shock to Spain creates a minimal poéitive response in

France and Germany with the response being fully incorporated by day one for both stock
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markets. The UK, Italy and Spain do not get impacted by a shéck to Spain. Thus, the impact
of a shock to Spain on the UK decreases in the post GFC period as compared tb during the
GFC period. Furthermore, fewer stock markets are impacted by a shock to Spain in the post
GFC period in comparison to during the GFC. The finding of larger responses to shocks

during the GFC is further highlighted.

To conclude the GIRF analysis for the European stock markets, a summary of the main
findings are put forward. A very important finding is that during the GFC period there is 'a‘
visible increase fn the magnitude of the responses ars‘ compared to the Pre GFC period orin
- comparison to the post GFC period. This result as explained earlier could be attributed to
the negativé effect the GFC had causing uncertainty and loss in confidence by investors. The
- loss in confidence combined with high volatility induvced a reduction in the willingness to

- invest and might have caused investors to sell shares to prevent further losses leading to a
reduction in trade activity and volume. These events lead to downward pressure on stock
prices thus signs of bad news being picked up by other stock markets and as a result, shocks
(bad news) in one stock market create larger responses by other stock markets than in
stable conditions. This increase in magnitude appears fo be temporary because in the post

GFC period there is a reduction in the magnitudes of the responses.

Furthermore, most of ;che effects of a shock during the GFC periéd take longer to be fully
incorporated. In assessing the response patterns in the Pre GFC period by the European
stock markets, the results generally show that by day one most of the effects of the shock
are fully incorpora.ted thereafter the responses diminish until they taper off. Furthermore,
Spain appears to have the quickest duration in fully incorporating effects of shocks to other

stock markets.
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In the case of Germany’s iresponse to a shock in France (Figure 5), the UK (Figure 6), Italy
(Figure 7) and Spain (Figure 8) during the GFC (Panel C in all figures), the respénses are all
similar with the effects of the shock being initially negative and instantaneous tapering off
at da;/ one. The finding of Germany being influenced by these stock markets provides
évidence that Germany is not completely isolated from these stock markets. A possible
reason explaining the negative effect on Germany, France and the UK due to shocks to
France, Italy, UK and Spain can be attributed to a decline in direct stock market investment
by these European Union stock markets in each of the countries shocked due to uncertainty
during the GFC crisis period thus causing negative responses/effects in Germany, France and

the UK as a result of these actions.

Italy and Spain appear to be the stock markets that are the least affected by shacks in other
stock markets highlighting their independence relative to France, the UK and Germany. Italy
is not affected by France and the UK and Spain is not affected by France, the UK and

Germany.

In general, in the post GFC sample period, there are fewer stock markets affected by shocks
in each individual stock market in comparison to during the GFC sample period. During the

GFC the only stock market not affected by any stock market is Spain followed by Italy that is

only affected by a shock to Germany. In contrast, in the post GFC sample period the UK does
not respond to Germany or Spain unlike during the GFC, Germany also does not respond to
the UK in the post GFC sample period unlike during the GFC period and Fr;nce has a very
minimal almost non-existent response to a shock in ltaly in comparison to during the GFC

period.
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Furthermore, all the responses are smaller in comparison to during the GFC. Thus, it can be
concluded that there seems to be less interdependencies as well as lower
interdependencies among the European stock markets in the post GFC sample period as

compared to during the GFC sample period.

5.9.3 Generalised Impulse Response Results (Asian Stock Market):
In the case of the Asian stock markets since cointegration is found in the Pre-GFC sample

period, the impulse response analysis is based on Model 3 which has the strongest results

compared to Model 2.

Since cointegration has not been found during the GFC and post the GFC, the Impulse
response analysis is based on an unrestricted VAR model using first differences of the levels.
As a result, the pre GFC results cannot be compared to the results during the GFC and in
post the GFC thus, the pre GFC results have been analysed on their own but the results
during the GFC and in the post GFC will be compared because they are both based on first
differences. This is in order to assess if there have been changes in the response patterns of

the stock returns.

A shock to Japan (Figure 9) in the pre GFC period (Panel A) causes a very minimal and weak

response in in its own stock market with the response appearing to be white noise. The

effect of the shock lasts until day six where it is fully incorporated. China’s response is very
small and close to zero but China’s response increases from day three to day five thereafter
levelling off. Thus, the time taken to fully incorporate the effect of a shock in Japan is not

instant and takes up to six days to get fully incorporated.
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A shock to Japan (Figure 9) during the GFC sample period (Panel B) causes a negative
response by both Japan and China with Japan having the larger response. Chiﬁa fully
incorporates the effect of the shock by day two while Japan d_oeS so by day three implying
that China takes a shorter ddration to fully respond to shocks in Japan. In contrast, a shock V
to China (Figure 10) causes a smaller response on Japan than a shock to Japan causes on
China. In the post GFC sample period (Figure 9, Panel C), a shock to Japan still causes a
larger response in itself than in China as was seen during the GFC. The effects of the shocks
last longer for both stock markets with China fullyvincorporating the effect of the shock by
day three in comparison to day two during the GFC period and Japan fﬁlly incorporating the

effect of shocks to itself by day four in comparison to day three during the GFC.

Furthermore, the magnitudes of the responses are larger during the GFC as compared to the
post GFC sample period with the reasoning for this being highlighted in the previous .GIRF
analysis of the American and European stock markéts. In concluding the GIRF analyse for all
stock markets, the most prominent result for all stock markets is that there is a temporary
increase in the size of the responses during the GFC sample period for all stock markets,
with all stock markets having larger responses to shocks in other stock markets from the

same region. Furthermore, the duration at which these stock markets fully incorporate the

- effects of the shock during the GFC is longer than in the pre or post GFC sample periods.

An exception is the responses by Japan and China when China is shocked during the GFC
period, with both stock markets having an instant response and fully incor.porating the
effects of the shocks by day one. In general, the results show that the GFC had an effect on
both the magnitude of the responses and the duration at which shocks are fully

incorporated.
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5.10 Generalized Forecast Error Variance Decompositions (GFEVD):
The generalised forecast error variance decomposition (GFEVD) analysis provides results on

the percentage/ proportion of forecast error variance for each individual stock market
explained by innovations/shocks to its own market and the forecast error variance

explained by shocks to each individual variable in the system.

As mentioned earlier in the methodology section, the GFEVD do not add up to a 100% due
to the non-zero covariance of the error terms and thus, one cannot assess the combined
effect of all stock markets on a specific stock market. The GFEVD results provide evidence
on which stock markets are the most exogenous. The most exogenous stock market is the
one that has‘the highest percentage of forec’ast error variance explained by its own market.
Furthermore, GFEVD provides evidence on the most endogenous stock market defined as
the stock market with the highest forecast error variance explained by each of the other
stock markets. Evidence of the least affected (least endogenous) stock market is also
provided. The information of which stock markets are least or most affected by other stock

markets is beneficial for investors to base portfolio diversification decisions.

The GFEVD analys‘is has been carried out in each sample period, for each region to analyse

whether there has been a change in the most affected, least affected and most ekogenous

stock markets. In the case of the European stock markets, no cointegration was found in the

Pre GFC period thus the GFEVD results in the Pre GFC period are based on first differences.

On the other hand, during the GFC and in the post GFC period cointegration is present
among the European stock markets. As a result, the GFEVD results are based on the
cointegrating relaﬁonship found in the two sample periods. This makes the Pre GFC sample

period results incomparable to that of during the GFC results and the post GFC results
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because the pre GFC GFEVD results are based on first differences while the GFEVD during
the GFC and in the post GFC periods are based on levels. As a result, the Pre GFC results will
be analysed on their own but the results during the GFC and in the post GFC period will be
compared because they are both based on a cointegrating relationship and thus are based

on levels.

This is also the case with the Asian stock markets where cointegration is found in the Pre
GFC period but not during the GFC and in the post GFC period. Thus, the pre GFC GFEVD are
based 6n the co‘integrating relationship found whilé the GFEVD results during the GFC and in
the post the GFC period are based on first differences. As a result, th’e Pre GFC GFEVD
results will be analysed on their own but the results duringvthe GFC and in the post GFC will

be compared to evaluate any changes.

5.10.1 Generalized Forecast Error Variance Decompositions Results (American Stock
Markets)
In the pre GFC sample period (Figure41, Panel A), the USA explains a higher range of

Canada’s forecast error variance (16.109% to'29.728%) in comparison to explaining only
14.157% to 15.762% of Brazil’s forecast error variance over the whole time horizon. This
finding is supported by Liu et al (2005) who find that the USA explains more of Canada’s

FEVD than a Latin-American stock market. During the GFC sample period (Panel B), the USA

explains 39.200% to 48.309% of Canada’s forecast error variance in comparison to 38.882%
10 44.642% of Brazil’s forecast error variance over the whole time horizon. In the post GFC
sample period, the USA explains 67.358% to 79.321% of Canada’s forecast e;rror variance in
comparison to 53.525% to 62.269% of Brazil’s forecast error variance over the whole time
horizon. These results highlight the high interdependency between Canada and the USA as

compared to the USA and Brazil. This result is further supported with the GIRF analysis
173



where it is shown that Canada has a bigger response to a shock in the USA than Brazil,
implying Canada is more interdependent because it is affected more by shocks to the USA

than Brazil is.

Furthermore, the above values show that during the GFC there was an increase in
interdependencies between the stock markets and this is vmore pronounced in the post GFC
sample period. This result can be attributed to the fact that the effects of GFC spread
globally due to investors investing in toxic subprime mortgage'backed securities that were
sold and distribﬁted to foreign investors globally (Péole, 2010). As a result, foreign investors
were linked to the USA’s financial markets therefore, due to these financial linkages, a shock
to anyone of the stock markets caused significant impacts on other stock markets thus,
leading to stock markets explaining more of other stock markets forecast error variance. In
assessing which stock market is the least endogenous in the pre GFC sample period (Panel
A), the results show that Brazil is the least endogenous (least affected) stock market in the
pre GFC sample period because the USA and Canada both explain the least amount of
Brazil’s forecast error variance while the USA explains more of Canada’s forecast error

variance than Brazil’s forecast error variance.

Furthermore, Canada explains more of the USA’s forecast error variance than Brazil’s. This

reasoning is shown below:

e The USA explains 16.109% to 29.728% of Canada’s forecast error variance in
comparison to explaining a lower range of forecast error variance for Brazil of

14.157% to 14.7999%.
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~ Table 38: Generalised Forecast Er

ror Variance Decomposition Results (American Stock Markets)

Panel A — Pre GFC Sample Period

Panel B - During the GFC Sample

Panel C - Post GFC Sample Period

Period
Forecast Error Variance Day | Percentage of Forecast error Variance | Percentage of Forecast error Variance | Percentage of Forecast error Variance
explained by: for: for: for: |
USA Brazil Canada USA Brazil Canada USA Brazil Canada
USA 1 0.99996 | 0.14799 0.29728 0.98874 0.44642 0.48309° d.99237 0.53525 0.67358
7 0.99616 0.15762 0.25927 0.99022: 0.41493 0.46875 0.97935 0.58660 0.73543
14 0.99160 0.15512 0.23383 0.98719 0.40531 0.44587 0.97075 0.60352 0.76133
28 0.97852 0.14842 0.19317 0.97827 0.39428 0.41009 0.96186 0.61713 0.78379
42 0.96210 0.14157 0.16109 0.97294 0.38882 0.39200 0.95786 0.62269 0.79321
Brazil 1 0.16689 ‘0.99691 0.27019 0.56267 0.97905 0.59911 0.46787 0.99811 | 0.60414
7 0.19467 0.99298 0.29165 0.63876€ 0.95893 0.64257 | 0.47142 | 0.99869 0.60827
14 0.20462 0.99222 0.28087 0.67551 0.93556 0.59236 | 0.47410 0.99922 0.60249
28 0.21311 0.98834 0.24978 0.69100 0.89801 0.50904 0.47682 0.99958 0.59552
42 0.21760 0.98043 0.22044 0.69337 0.87753 0.46748 0.47805 0.99970 0.59219
Canada 1 0.35061 0.27764 0.99048 0.66342 0.59729 0.97026 0.68610 0.61589 0.99145
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7 0.44125 0.33963 0.96050 0.81871 0.62642 | 0.88552 0.77462 0.62821 0.96475

14 0.48538 0.35728 0.94036 0.89006 0.63195 0.76829 '0.82644 0.61753 00.93275
28 0.55478 0.38420 0.89296 0.92250 0.61331 0.61456 0.87752 0.59775 0.88759
42 0.61284 0.40358 0.83610 0.92652 0.59877 0.54149 0.90168 0.58610 0.86265

Note: Panel A: Shows the GFEVD results in the pre GFC sample period and there are 1806 observations in this sample period. The above GFEVD results in this sample period are based on cointegrating VECM model
normalized on the USA estimated with Unrestricted Intercept and Restricted trend (Model 4) using a lag order of 4 as chasen by the AIC and a rank = one. The list of variables in the cointegrating model is USA, Brazil
and Canada. Columns three to five represent the forecast error variance decompositions of USA, Brazil and Canada explained by innovations to the stock markets in rows over a forecast horizon shown in column
two. :

Panel B: Shows the GFEVD results during the GFC sample period and there are 500 observations. The results in this sample period are based on a cointegrating VAR model normalized on the USA estimated with
unrestricted Intercept and Restricted Trend using a lag order of 5 as chosen by the AIC and rank=one. Only the Model four results are displayed and not Model Five due to space limitations and because the resuits
for both Model 4 and 5 are similar. The list of variables in the cointegrating model is USA, Brazil and Canada. Columns six to eight represent the forecast error variance decompositions of USA, Brazil and Canada
explained by innovations to the stock markets in rows over a forecast horizon shown in column two.

Panel C: Shows the GFVED resuits in the post GFC sample period and there are 484 observations. The above GFEVD results are based on a cointegrating VAR model normahzed on the USA estimated with
Unrestricted Intercept and Restricted trend using a lag order of 2 as chosen by the AIC and rank = one. Only the Model 4 results are displayed and not Model 3 due to space limitations and because Model 4’s results
are stronger than Model 3's results in the cointegration tests. The list of variables in the cointegrating model is USA, Brazil and Canada. Columns nine to eleven represent the forecast error variance decompositions
of USA, Brazil and Canada explained by innovations to the stock markets in rows over a forecast horizon shown in column two.
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e (Canada explains 35.061% to 61.284% of USA’s forecast error variance in comparison
to éxplaining a lower range of forecast error variance for Brazil bf 27.764% to
40.35%.
The above results provide evidence to show that Brazil is the least endogenous stock market

in the pre GFC sample period (Panel A).

Similarly, Brazil is still the least endogenous stock market during the GFC sample period
(Panel B) but there has been an increase in the forecast error variance of Brazil explained by
Canada and the‘ USA during the GFC. There has also been an increase in Canada’s forecast
error variance explained by the USA and Brazil during the GFC in comparison to the pre GFC
sample period. Brazil’s minimum forecast error variance in the pre GFC period was 14.157%
which increased to 38.882% during the GFC (Panel B). In the case of Canada, its minimum
forecast error variance in the pre GFC period was 16.109% which increased to 39.200%

during the GFC (Panel B).

Brazil still remains the least endogenous stock market in the post GFC period (Panel C) but
there has been an increase in the forecast error variance of Brazil explained by the USA in
comparison to the pre GFC period and during the GFC period. In the case of Canada

explaining Brazil’s forecast error variance, comparing the pre GFC period and during the GFC

there is an increase in the forecast error variance explained by Canada but comparing the
results during the GFC to that of the post GFC, there is a slight decrease in the percentage of

forecast error variance for Brazil explained by Canada.

There has also been an increase in Canada’s forecast error variance explained by the USA in

the post GFC period (Panel C) in comparison to the pre GFC period and during the GFC
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sample period. Brazil's m;lnimum forecast error variance in the post GFC period further
increases fo 53.525% which is larger than its minimum forecast error variance of 14.157% in
the pre GFC period (Panel A) and 38.882% during the GFC sample period (Panel B). In the
case of Canada, its minimum forecast error variance explained by a shock to the USA was
16.109% in the pre GFC period which increased to 39.200% during the GFC and further

increased to a minimum of 59.219% in the post GFC sample period.

The finding of Brazil being the least endogenous (least affecte‘d) can be explained because
Brazil is still an émerging stock market and thus is ﬁot as open an economy unlike Canada
and as a result, interdependencies are higher between Canada and the USA than between
the USA and Brazil. This result is supported by Liu et al (2005) who find that
interdependencies are higher between the USA and Canada than the USA and Latin

American stock markets.

The above results also show that there has been an increase in the contribution of other
markets in explaining the forecast error.variance for each individual market implying an
increase in interdependencies. A similar finding is documented by Masih & Masih (1997)

and Worthington & Higgs (2004) as a result of the Asian crisis of 1997.

In terms of the most endogenous stock market in the pre GFC sample period (Panei A), the
results show that Canada is the most endogenous (most affected) stock market. This is
shown by the other individual stock markets explaining the highest forecast error variance
for Canada as compared to the lower forecast error variance USA explains for Brazil and

vice-versa. This rationalising can be shown in the values below:
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e The USA explains 16.109% to 29.728% of Canada’s forecast error variance in
corhparison to explaining only 14.157% to 14.799% of Brazil’s forecast error variance
(thé USA explains mpre forecast error variance for Canada than Brazil).

e Brazil explains 22.044% to 29.165% of Canada’s forecast error variance in
comparison to Brazil explaining only 16.1609% to 21.760% of the USA’s forecast
error variance (Brazil explains more forecast error varianceA for Canada than for the
USA).

Canada remains the most endogenous stock market in the post GFC period (Panel C) but
during the GFC period (Panel B) the USA appears to be the most endogenous stock market
with Brazil explaining a rangevof 56.267% to 69.337% of the USA’s forecast error variance in
compayison to exglaining a lower range of Canada’s forecast error variance of 46.748% to

64.257%.

Furthermore, Canada explains 66.342% to 92.653% of USA's forecast error variance in
comparison to a lower range of Brazil’s forecast error variance of 59.729% to 63.195% thus;
this provides evidence of the USA being the most endogenous. In comparing the pre GFC
period to during the GFC period, the most endogenon stock market changes from Canada

in the pre GFC sample period (Panel A) to the USA during the GFC sample period (Panel B)

but then changes back to Canada in the post GFC sample period (Panel C). This result implies
that there-was a temporary change in the most endogenous stock market during the GFC

sample period.

Moving on to the most exogenous stock market in the pre GFC sample period (Panel A), the
results show that the USA explaining 99.996% of its own forecast error variance is the most

exogenods stock market at time horizon one in comparison to Brazil (99.691%) and Canada
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(99.048%). In contrast, at time horizon 42 Brazil is the most exogenous stock market
explaining 98.043% of its own forecast error variance in comparison to the USA explaining
96.210% of its own forecast error variance and Canada explaining 83.610% of its own

forecast error variance.

During the GFC sample period {Panel B), the USA is the most exogenous at all-time horizons
with the USA having a higher minimum forecast error variance of 97.294% in comparison to |
Brazil’s (87.753%) and Canada’s (54.149%) minimum forecast error variance. In the post GFC
sample period (.Panel C),V Brazil is the most exogenon stock market at all time horizons,
having a higher minimum forecast error variance of 99.811% in comparison to the USA
which has a minimum f;)recast error variance of 95.786% and Canada which has minimum
forecast error variance of 86.265%. To céncludé, a noticeable result is that for Brazil and
Canada, during the GFC (Pane! B) there is a reduction in the perceﬁtage of forecast error
variance explained by own markets in all time horizons in comparison to the pre GFC sample
period. This result is more pronounced for Canada during the GFC period (Panel B) at
horizon 42 where Canada explains only 54.149% of its own forecast error variance in
comparison to Brazil explaining 87.753% of its own forecast error variance at the same time

horizon.

This is'in comparison to the pre GFC period where Canada expilains 83.610% of its own
variance and Brézil explains 98.043% of its own forecast error variance at time horizon 42.
This result is also similar for the USA where at all time horizons except hor%zon 42, the USA
explains more of its own forecast error variance in the pre GFC period as compared to
during the GFC period. This result can be attributed to fhe fact that during the GFC more of

the stock markets forecast error variance was being explained by the other stock markets
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and thus less by their own markets as a result of higher financial linkages among investors
globally és a result of the selling and distributing of toxic mortgage backed securities
globally. Thus, a shock to anYone of the stock markets caused>signiﬁcant impacts on other
stock markets due to these financial ties and therefore Ieading .to stock markets explaining

more of other stock markets forecast error variance.

5.10.2 Generalized Forecast Error Variance Decompositions Results (European Stock
Markets)

In the case of the European stock markets, since no cointegration is found in the pre GFC
sample period>, the GFEVD is based on the first differences of the European stock markets. In
contrast during the GFC period and in the post GFC period, cointegration is found thus the
GFEVD is based on the cointegra‘ting rélationship found. More information is given in the
notes below Table 42. Furthermore, the pre GFC results (Panel A} cannot be compared to
that of during (Panel B) the GFC results and the post GFC results (Panel C) because the pre
GFC results are based on first differences while the results during and post the GFC are

based on levels. Due to space limitations on each page, the Post GFC sample period results

are included in a separate table.

In the pre-GFC sample period (panel A), the results show that the UK is the least explained
(least affected) stock market. Since the UK is the least explained stock market this means
that it is the most independent (least endogenous) stock market in comparison to the rest
of the stock markets. This is because the other stock markets explain a higher forecast error
variance for each of the other individual stock markets in comparison to the percentage of

forecast error variance they explain for the UK, which is lower.
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Table 39: Generalised Forecast erfror Variance Decomposition Results (European Stock Markets - Pre GFC and During

GFC)

Forecast Error Variance

Panel A — Pre GFC Sample Period

Panel B - During the GFC Sample Period

Day | Percentage of Forecast error Variance for: Percentage of Forecast error Variance for:
explained by: Germany | France UK Italy Spain Germany | France UK Italy Spain
Germany 1 0.99395 0.79080 | 0.58518 | 0.71088 | 0.66162 | 0.99385 0.70813 | .61654 .66403 0.66439
7 0.96268 0.76561 | 0.57461 | 0.69383 | 0.63851 | 0.99331 0.70071 | .62328 .64750 0.66046
14 0.95544 0.76375 | 0.57788 | 0.69113 | 0.63484 | 0.99114 0.70661 - | .63989 .64414 0.66651
28 0.95534 0.76368 | 0.57790 | 0.69110 | 0.63475 | 0.98725 0.71351 | .65820 .64115 0.67329 7
42 0.95534 0.76368 | 0.57790 { 0.69110 | 0.63475 0.98’506 0.71669 | .66674 .63972 0.67639
France 1 0.78342 0.96968 | 0.68062 | 0.75777 | 0.72496 |0.83324 | 0.97379 | .83471 .88535 0.86217
7. 0.76355 0.94191 | 0.66843 | 0.73868 | 0.70721 | 0.87484 0.96650 | .82220 .88146 0.84916
14 0.75958 0.93676 | 0.66881 | 0.73648 | 0.70127 | 0.88331 0.96395 | .81571 .88198 0.84560
28 0.75953 0.93666 |0.66881 |0.73644 | 0.70119 | 0.83880 0.96163 | .80928 .88305 0.84272
42 0.75953 0.93666 | 0.66881 | 0.73644 | 0.70119 | 0.89091 0.96057 | .80628 .88361 0.84146
UK 1 0.57990 0.67680 | 0.96207 { 0.57748 | 0.52597 | 0.74931 0.84830 | .96836 .79538 0.78130
7 0.56704 0.65772 ] 0.94004 | 0.56363 | 0.51433 | 0.82498 0.85060 | .93918 .82691 0.78267
14 0.56788 0.65836 | 0.93775 | 0.56466 | 0.51344 -] 0.85310 0.84614 | .90799 .84691 0.77792
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28 0.56788 0.65834 | 0.93771 | 0.56467 | 0.51341 | 0.87291 0.83385 | .86596 .86220 0.76594

42 0.56788 0.65834 | 093771 |]0.56467 | 0.51341 | 0.88016 0.82593 | 0.84345 | 0.86788 | 0.75833

Italy 1 0.71302 0.77043 | 0.59034 | 0.98437 | 0.70093 | 0.78466 . | 0.90491 | 0.78588 | 0.97925 | 0.84190

7 0.69213 0.74529 | 0.57576 | 0.95563 | 0.67762 | 0.81923 0.90945 | 0.79076 | 0.97654 | 0.83960

14 0.69000 0.74257 | 0.57654 | 0.94931 | 0.67075 | 0.82608 0.91616 | 0.80266 | 0.97660 | 0.84479

28 0.68992 0.74248 }0.57657 |0.94919 | 0.67061 | 0.83010 0.92321 | 0.81598 | 0.97656 | 0.85080

42 0.68992 0.74248 ] 0.57657 | 0.94919 | 0.67061 | 0.83151 0.92645 | 0.82228 | 0.97646 | 0.85364

Spain 1 0.65928 0.73284 |0.53462 |0.69738 | 0.98013 | 0.77010 ]0.87321 ] 0.77171 0.83079 | 0.98074

7 0.64515 0.71527 | 0.52631 | 0.68560 | 0.95642 | 0.78500 0.85753 | 0.76321 { 0.80549 | 0.97744

14 0.64435 0.71590 | 0.52886 | 0.68515 ] 0.94956 | 0.78438 0.85569 { 0.76766 | 0.79769 | 0.97677

28 0.64432 0.71586 | 0.52891 | 0.68512 | 0.94940 | 0.78167 0.85483 ] 0.77358 | 0.79089 | 0.97601

42 0.64432 0.71586 | 0.52891 | 0.68512 | 0.94940 | 0.78009 0.85452 | 0.77647 | 0.78787 | 0.97561

Note: Panel A: Shows the GFEVD results in the pre GFC sample period and there are observations in this sample period. The above GFEVD results in this sample period are based on an unrestricted VAR model using
a lag order of 8 as chosen by the AIC. The list of variables in unrestricted VAR model is Germany, France, Italy, UK and Spain. Columns three to seven represent the forecast error variance decompositions of
Germany, France, the UK, Italy and Spain explained by innovations to the stock markets in the rows over a forecast horizon shown in column two.

Panel B: Shows the GFEVD results during the GFC sample period and there are observations. The results in this sample period are based on a cointegrating VAR model normalized on Germany estimated with
unrestricted Intercept and No Trend (Model 3) using a lag order of 2 as chosen by the AIC and rank=one. Only the Model 3 results are displayed and not Model 4 (unrestricted Intercept and Restricted Trend) due to
space limitations and because the results for both Model 3 provides stronger results than model 4. The list of variables in the cointegrating model Germany, France, the UK, Italy and Spain. Columns eight to twelve
represent the forecast error variance decompositions of Germany, France, the UK, Italy and Spain explained by innovations to the stock markets in rows over a forecast horizon shown in column two.
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_ Table 40: Generalised Forecast Error Variance Decomposition Results (European Stock Markets - Post GFC Period)

Forecast Error Variance due to

shocks in:

Day

Panel C - Post GFC Period (Case Three)

Percentage of Forecast error Variance for:

Germany France UK ftaly Spain
Germany 1 0.99485 0.89846 0.75033 0.84267 0.79243
| 7 0.99012 0.88821 b.72529 0.83399 0.80355
14 0.98929 0.88659 0.72102 0.83240 0.80524
28 0.98875 0.88568 0.71832 0.83134 0.80616
42 0.98854 0.88536 0.71728 0.83091 0.80647
France 1 0.92654 0.98792 0179142 0.92925 0.89258
7 0.93567 0.97955 0.79357 0.94302 0.91834
14 0.93747 0.97634 0.80771 0.95132 0.91988
28 0.93711 0.97154 0.82420 0.95869 . 0.91738
42 0.93630 0.96867 0.83234 0.96183 0.91524
UK 1 0.81140 0.82007 0.99371 0.77002 0.70643
7 0.83925 0.83490 0.98852 0.77661 0.72709
14 0.84915 0.84383 0.98553 0.77959 0.73652
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28 0.85823 0.85322. 0.98173 0.78219 0.74589
42 0.86245 0.85782 0.97963 0.78332 0.75039
Italy 1 0.85699 0.90642 0.73368 . 0.99039 0.90822
7 0.85624 0.89500 0.71100 0.98245 0.92870
14 0.85624 0.89347 0.70688 0.98103 0.93213
28 0.85633 0.89282 0.70414 0.98011 0.93424
42 0.85639 0.89265 0.70304 0.97974 '0.93504
Spain ‘ 1 0.75552 v 0.80623 0.64105 0.84864 0.98796
7 0.73628 0.76767 0.63619 0.33549 0.97695
14 0.73146 0.75672 0.65270 0.83955 0.96754
28 0.72442 0.74401 0.67151 0.84258 0.95294
42 0.72019 0.73714 0.68047 0.84329 0.94446

Panel C: Shows the GFVED results in the post GFC sample period and there are observations. The above GFEVD results are based on a cointegrating VAR model normalized on Germany estimated with Unrestricted
Intercept and No Trend using a lag order of 2 as chosen by the AIC and rank = one. Only the Mode! 3 results are displayed and not Model 4 due to space limitations and because Model 3’s results are stronger than
Model 4’s results in the cointegration tests. The list of variables in the cointegrating model is Germany, France, the UK, Italy and Spain. Columns three to seven in table represents the forecast error variance
decompositions of France, Germany, the UK, Italy and Spain explained by innovations to the stock markets in rows over a forecast horizon shown in column two.
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As a result, this implies that the other stock markets are more interdependent with each
other and least interdependent with the UK thus making the UK the least endogenous stock

market.

To show that the UK is the least endogenous stock market, thé amount of forecast error
variance of each country contributed by the other individual countries is compared to the
forecast error variance contributed for the UK by the same individual countries. The figures
highlighted in bold in the bullet points below show the forecaét error variance of the UK
which is the least in comparison to the other stock markets. The format of Bullet points
makes it easier to clearly and concisely explain the findings given the large amount of figures

available.
Germany explains:

o 57.788% to 58.57% of the UK’s forecast error variance, in comparison to
e 76.368% to 79.080% of France forecast error variance,‘

e 69.110% to 71.088% of forecast error variance for Italy and

e 63.475% to 66.162% of Spain’s forecast error variance.

The UK has the lowest explained forecast error variance by innovations in Germany.

France explains:

66.881% to 68.062% of the UK’s forecast error variance in comparison to;

75.953% to 78.342% of Germany’s forecast error variance

73.644% to 75.777% of ltaly’s forecast error variance and;

70.119 to 72.496% of Spain’s forecast error variance.
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The UK has the lowest explained forecast error variance by innovations to France.
ltaly explains:

e 57.654% to 59.034% of the UK’s forecast error variance in comparison to;
e 68.992% to 71.302% of forecast error variance for Germany

e 74.248% to 77.043% of France’s forecast error variance and

s 67.061% to 70.093% of Spain’s forecast error variance

The UK has the lowest explained forecast error variance by innovations to Italy.
Spain explains:

e 52.631% to 53.462% of the UK'’s forecast error variance

o 64.432%to 65.928% of Germany’s forecast error variance

o 71.527%to 73.284% of France’s forecast error variance and

e 68.512% to 69.738% of ltaly’s forecast error variance.
The above figures show that the UK has the lowest explained forecast error vériance by
innovations to Spain. Thus, these results provide evidence of UK being the least endogenous
(least affected) stock market in the pre GFC period. As a result, if investors were looking to

invest in a stock market that is least affected by the other European stock markets, the UK

would be a suitable choice from the evidence provided. The most endogenous (most
affected) stock market in the pre GFC sample period is also highlighted in the bullet points

below with the italicised figures.

Across the whole time horizon, in the pre GFC sample period (Panel A), France is the most

endogenous (most affected) stock market. This is shown by the other individual stock
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markets explaining the highest forecast error variance of France as compared Vto the
forecast er‘ror variances they explain for each of the other individual stock markets. The
bullet points below highlight France as the most endogenous stock market and this is
illustrated by the figures in italics which show that France has the highest forecast error
variance explained by the stock markets of Germany, Italy, Spain and the UK and the

forecast error variances explained for the other stock markets are lower.
Germany explains:

o 57.788% to 58.57% of the UK’s forecast error variance, in comparison to
e 76.368% to 79.080% of France forecagt error variance,
e 69.110% to 71.088% of forecast error variance for ItaIy and
o 63.475’% to 66.162% of Spain’s forecast error variance.
France has the highest explained forecast error variance by innovations in Germany as

shown in the above bulleted figures.

The UK explains:

56.704% to 57.990% of Germany'’s forecast error variance,

65.722% to 67.680% of France’s forecast error variance,

56.363 to 57.748% of ltaly’s forecast error variance and

51.341% to 52.597% of Spain’s forecast error variance.
In the above figures, evidence is provided that France has the highest exp‘lained forecast

error variance by innovations in the UK.
Italy explains:
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o 57.654% tq 59.034% of the UK’s of forecast error variance,
° 68.992% to 71.302% of forecast error variance for Germany,
e 74.248% to 77.043% of France’s forecast error variance and
e 67.061% to 70.093% of Spain’s forecast error variance.
The above bulleted figeres show that France has the highest explained forecast error

variance by innovations to Italy.
Spain explains:

e 52.631% to 53.462% of the UK’s forecast error variance

o 64.432% to 65.928% of Germany’s forecast error variance

o 71.527% to 73.284% of France’s forecast error variance and
e 68.512% to 69.738% of Italy’s forecast error variance.

These figures show that France has the highest explained forecast error variance by Spain.

Furthermore, the above bulleted figures further highlight the UK being the most
independent stock market with the UK explaining the least forecast error variance of

Germany, France, ltaly and Spain.

The most exogenous stock market in the pre GFC period (Panel A) is Germany explaining

99.395% of its own férecast error variance on day one with its exogeneity persisting to the
last day of thé forecast horizon explaining 95.534% of its own forecast error variance. In
contrast, the other stock markets’ forecast error variances explained by their own shocks at
horizon one is lower than Germany’s own forecast error variance of 99.395% and at time

horizon{ 42 the other stock markets’ own forecast error variance is lower than 95.534%, thus
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supporting the result that Germany is the most exogenous stock market. This is shown

below with:

e France explains 96.968% of its own forecast error variance at horizon one but
reduces to expléining 93.666% of own forecast error variance on day 42,
o The UK explains 96.207% of its own forecast error variance at horizon one but
reduces to explaining 93.771% of own forecast error variance at horizon 42,
o ltaly explains 98.437% of its own forecast error variancé at horizon one but reduced
to explaining 94.919% of its own forecast error variance at horizon 42 and
* Spain explains 98.013% of its own forecast error variance at horizon one but reduced
to explaining 94.940% of own forecast error variance at horizon 42.
All the above mentioned stock markets own forecast error variance at time horizon one
and 42 is lower than that of Germany’s at the same time horizon.
The most affected (endogenous) stock market during the GFC period (Panel B) is France. The
endogeneity of France during the GFC in comparison to the other stock markets is

highlighted below in bold italicised bullet points:

Germany explains:

61.654% to 66.674% of the UK’s forecast error variance, in comparison to

70.071% to 71.669% of France forecast error variance,

63.972% to 66.403% of forecast error variance for Italy and. -

66.046% to 67.639% of Spain’s forecast error variance.
From the above figures, France has the highest explained forecast error variance by shocks

to Germany.
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ltaly explains:

e 78.588% to 82.228% of the UK’s forecast error variance in comparison to;
e 78.466% to 83.151% of forecast error variance for Gerfnany
o 90.491% to 92.645% of France’s forecast error variance and
e 83.960% to 85.364% of Spain’s forecast error variance
From the above figures, France has the highest explained forecast error variance by

innovations in Italy.
Spain explains:

e 76.321% to 77.647% of the UK’s forecast error variance

e 77.010% to 78.500% of Germany'’s forecast error variance

o 85.452% to 87.321% of France’s foreca;t error variance and
e 78.787% to 83.079% of ltaly’s forecast error variance.

As can be seen, innovations in Spain explain the highest forecast error variance of France.

The UK explains:

The UK explaining 74.931% to 88.016% of Germany’s forecast error variance,

The UK expiaining 82.593% to 85.060% of France’s forecast error variance,

The UK explaining 79.538% to 86.788% of Italy’s forecast error variance and

The UK explaining 75.883% to 78.267% of Spain’s forecast error variance.
In terms of innovations in the UK it is less clear cut but since Germany, Italy and Spain
explain the highest forecast error variance for France then it is concluded that France is the

most endogenous stock market. The least endogenous stock market is not as clear cut

191



during the GFC period (Panel B), with the ranges of forecast error variance for each stock
market lying in similai’ ranges thus, making it hard to identify which is the least affected

stock market.

Moving on to the most exogenous stock market during the GFC (Panel B) at time horizon
one is Germany explaining 99.385% of its own forecast error variance. Furthermore,
Germany’s minimum own forecast error variance explained by itself during the GFC is
98.506%. All the other stock markets forecast error variance eﬁ(plained by their own markets
at horizon time §ne is lower than Germany’s and the minimum forecast error variance
explained by their own shocks are lower than Germany’s minimum forecast error variance,

thus highlighting Germany’s exogeneity. This is shown below:

o France explains 97.379% of its own forecast error variance at horizon one and this
reduces to explaining 96.057% of it§ own forecast error variance at horizon 42.
e The UK explains 96.836% of its own forecast error variance at day one and this
reduces to explaining 84.345% of its own forecast error yariance at time horizon 42,
~ e ltaly explains 97.925% of its own forecast error variance at horizon one and this
reduces to explaining 97.646% of its own forecast error variance at horizon 42.
e Spain explains 98.074% of its own forecast error variance at horizon one and this
reduces to explaining 97.561% of its owﬁ forecast error variance at horizon 42
The above results show that each of the above mentioned stock markets highest forecast
error variance explained by shocks to their own markets is still lower than Germany’s‘
highest forecast error variance explained by shocksvto itself at the same time horizon.

Furthermore, Germany’s minimum forecast error variance explained by shocks to its own
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market is higher than the minimums of the other stock markets forecast error variances

explained by shocks to their own markets.

Looking at the post GFC sample period (Panel C), the most exogénous stock market still
remains as Germany, explaining 99.485% of its own forecast error variance in the post GFC
sample period. Furthermore, Germany’s minimum forecvast error variance explained by
shocks to its own market is 98.854% at horizon 42 in the post GFC sample period. All the
other stock markets forecast error variance explained by their own markets at horizon time
one is lower than Germany’s and the minimum forecast error variance explaiﬁed by their
own shocks at horjzon 42 are lower than Germany’s minimum forecast error variance. This

highlights Germany’s exogeneity. This is shown below:

Fran;e explains 98.792% of its own forecast error variance at horizon one and this
reduces to explaining 96.867% of its own forecast error variance at horizon 42.
e The UK explains 99.371% of its own forecast error variance at day one and this
reduces to explaining 97.963% of its own forecast error variance at horizon 42.
e ltaly explains 99.039% of its own forecast error variance at hbrizon one and this this
reduces explaining to 97.974% of its own forecast error vari‘ance at horizon 42.
e Spain explains 98.796% of its own forecast error variance at horizon one and this
reduces to explaining 94.446% of its own forecast error variance at horizon 42.
Thus these results highlight Germany as the most exogenous stock market in the post GFC
sample period.
The most affected (endogenous) stock market in the post GFC sample period is not as clear
cut because the number of stock markets with a larger forecast error variance

decomposition explained by other stock markets has increased and the ranges of forecast
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error variance for all the stock markets are almost uniform. In the post GFC sample period
(Panel C), the least affected stock market is that of the UK. The results to support this

finding are highlighted below:
Gerrhany explains:

o 71.728%% to 75.033% of the UK’s forecast error variance, in corhparison to
e Explaining 88.536%% to 89.846% of France forecast error variance,
| e Explaining 83.091% to 84.267% of forecast error variance for Italy and
e Explaining 79.243% to 80.647% of Spain’s forecast error variance.
The UK has the lowest explained forecast errbr variance explained by innovations in

Germany.
France explains:

o 79.142% to 83.234% of the UK’s forecast error vaﬁance in comparison to;
e 92.654% to 93.747% of Germany’s forecast error variance

o 92.925%% to 96.183% of Italy’s forecast error variance and;

. 89.258 to 91.524% of Spain’s forecast error variance.

Thus, the UK has the lowest explained forecast error variance by innovations to France.

Italy explains:

e 70.304% to 73.368% of the UK’s forecast error variance in comparison to;
e 85.699% to 85.624% of forecast error variance for Germany

* 89.265%to 90.642% of France’s forecast error variance and

e 90.822% to 93.504% of Spain’s forecast error variance
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The above show that the UK has the lowest explained forecast error variance by innovations

to ltaly.
Spain explains:

* 63.619% to 68.047% of the UK'’s forecast error variance

e 72.019% to 75.552% of Germany’s forecast error variance -

o 73.714% to 80.623% of France’s forecast error variancé and

o 83.549% to 84.864% of ltaly’s forecast error-variance.
From the above results, the UK has the lowest forecast error variar?ce explained by
innovations to Spain.
In summary, in all the sample periods none of the European stock markéts are fully
exogenous because the contribution of other sfoclg markets to each individuél stock market
forecast error variance is more than zero and in this particular case is more than 50% for
each stock market. This result implies that these European stock markets are highly

interdependent with each other with more than 50% of each stock markets forecast error

variance explained by another stock market.

Furthermore, the results generally show that the UK is the least affected (least endogenous)

by innovations to other stock markets in all sample periods. Comparing during the GFC
sample period results (Panel B) and the post GFC sample period results (Panel C), evidence is
provided to show that each of the European stock markets are highly endogenous but the
results show that France is the most endogenous during the GFC. The guestion of which»
stock market is the most endogenous in the post GFC period is less cl‘ear cut because the

range of forecast error variance explained for each stock market by the other stock markets
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lie in a similar range making it difficult to identify and pin point the most endogenous stock

market.

5.10.3 Generalized Forecast Error Variance Decompositions Results (Asian Stock
Markets)

The results in the Pre GFC sample period (Panel A) show that Japan is the most exogenous
stock market in the pre-GFC sample period explaining 100% (fully exogenous) of its own
forecast error variance at horizon one and with its minimum forecast error variance being
99.904% in comparison to China’s own forecast error variance at horizon one being 99.954%

and its minimum forecast error variance is 98.277% which is below Japan’s minimum

forecast error variance 99.904%.

In the pre GFC sample period, Japan explains a very minimal amount (almost zero)‘of China’s
forécast error variance at all time horizons, showing that China is highly independent, with
shocks to Japan having a very minimal impact on China. On the other hand Japan is the most
explained (most endogenous) stock market with China explaining 3.8695% by day 42 in
comparison to Japan only explaining 0.20952% of China’s forecast error variance at the
same time horizon. Thus, Japan is more affected by shocks to China than China is by shocks

to Japan.

Furthermore, these results show.that Japan and China are not highly interdependent and
are almost independent to each other. The results found above are supported by the GIRF
results that show that a shock to Jépan has a very small and almost close to zero impact on
China but a shock to China appears to have more impact on Japan. During the GFC period
(Panel B) and in the post GFC sample period (Panel C), the GFEVD reéults show that the

stock markets became more interdependent, more so during the GFC sample period.
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~ Table 41: Generalised Forecast Error Variance Decomposition Results (Asian Stock Markets).

Panel A - Pre GFC Sample Period Panel B - During GFC Sample Period Panel C - Post GFC Sample Period
Forecast Error (Case Three)
Variance due | Day | Percentage of Forecast Error Percentage of Percentage of Percentage of Percentage of
to shocks in: Variance for: Forecast Error Forecast Error Forecast Error Forecast Error
Variance for: Variance for: Variance for: Variance for:
Japan China Japan China , Japan China
1 Japan 1 1.00000 0.0043917 0.99803 0.081795 0.99993 0.052904
7 0.99981 0.0049778 0.97007 0.099410 0.99990 0.052521
14 0.99973 0.0038042 0.97006 0.099415 0.99990 0.052521
28 0.99942 0.0026845 0.97006 0.099415 0.99990 0.052521
42 0.99887 0.0019729 0.97006 0.099415 0.99990 0.052521
China 1 0.0070169 0.99954 0.097246 0.98197 0.053310 0.99913
7 0.012759 0.99708 0.10351 0.97559 0.053790 0.99832
14 0.020812 0.99314 0.10352 0.97559 0.053790 0.99832
28 0.029915 0.98797 0.10352 0.97559 0.053790 0.99832"
42 0.038355 0.98250 0.10352 0.97559 0.053790 0.99832

Note: Pane! A: Shows the GFEVD results in the pre GFC sample period and there are observations in this sample period. The above GFEV results in this sample period are based on cointegrating VECM model normalized on the Japan estimated
with Unrestricted Intercept and No trend (Model 3) using a lag order of 7 as chosen by the AIC and rank = one. The list of variables in the cointegrating model is Japan and China. Columns three to four represent the forecast error variance
decompositions of Japan and China explained by innovations to the stock markets in rows over a forecast horizon shown in column two. Only the results for Model 3 are chosen to be used because the results provided by Model 2 are similar and
due to space limitations the focus is only on Model 3, Panel B: Shows the GFEVD results in during the GFC sample period and there are observations in this sample period. The above GFEVD results in this sample period are based on an
unrestricted VAR model using a lag order of 3 as chosen by the AIC. The list of variables in unrestricted VAR model is Japan and China. Columns five to six represent the forecast error variance decompositions of Japan and China in this sample
period explained by innovations to the stock markets in the rows over a forecast horizon shown in column two. Panel C: Shows the GFEVD results in the post GFC sample period and there are observations in this sample period. The above GFEVD
results in this sample period are based on an unrestricted VAR model using a lag order of 2 as chosen by the AIC. The list of variables in unrestricted VAR model is Japan and China. Columns seven to eight represent the forecast error variance
decompositions of Japan and China in this sample period explained by innovations to the stock markets in the rows over a forecast horizon shown in column two
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The percentage of forecast error variance of China explained by innovations in Japan ranges
from 8.1795% 10 9.9415% in the Post GFC samplé period (Panel B) while the percentage of
forecast error variance of Japan explained by China ranges from 9.7246% to 10.352%. Thus,
during the GFC sample period Japan remains the most endogenous (most affected) stock
market and China remains the least endogenous (least affected) stock market. In the post
GFC sample period, thé percentage of forecast error variance of Japan explained by China
and vice-versa, decreases in comparison to during the GFC sample period. Japan remains
the most endogenous stock market in the post GFC sample period (Panel C) with China
explaining 5.3310% to 5.3790% in comparison to Japan explaining 5.2521% to 5.2904% of
China’s forecast error variance. Comparing during the GFC period results and the post GFC
period results, evidence is provided to sth a decrease in the amount of forecast efror
variance explained by Japan and China in the post GFC sample period in comparison to

during the GFC.

In conclusion, the above results provide evidence that all the stock markets from each
region are not fully exogenous but are fairly endogenous because the percentage of forecast
error variance for each stock market is more than zero. For the American stock markets, we

find that Brazil is the least endogenous stock market in all three sample periods and Canada

is’ the most endogenous stock market in the pre and post GFC periods but the USA becomes
the most endogenous during the GFC period. With the European stock markets the UK
appears to be the least endogenous stock market in all sample periods and France appears
to be the most endogenous stock market in the pre and post GFC sample period but during
the GFC it is less clear cut. The most exogenous stock market in all sample periods is that of

Germany. With regards to the Asian stock markets, China is the least endogenous stock
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market with the forecast error variance explained by Japan close to zero. A consistent result
seen in all regions is that that the GFC led to an increase in the contribution of other stock

markets in explaining shocks to each individual stock market. .
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CHAPTER SIX: CONCLUSION

The main purpose of this research was to examine how the Global financial crisis (GFC) of
2007-2009 affected short and long term interdependencies of ten stock markets grouped
into stock markets from the same region (close geographical proximity) and the purpose of
this thesis has been achieved to some degree finding a few unexpected results. As standard
procedure unit root tests were carried out first and finding the commoﬁ result of the levels
being non-stationary and first differences being stationary implying that the levels are

integrated of order one, I(1).

Using the unit root test to satisfy the pre-requisites of cointegration, the Johansen
multivariate cointegration method has been used to assess the presence of cointegration
and if present, whether the number of cointegrating vectors have changed due to the GFC.
For the American stock markets the presénce of one cointegrating vector is found in all
three sample periods implying no change in long run interdependencies and no change in
the level of integration among these stock markets. The presence of cointegration among
the American stock markets is exbgcted because of the strong trade ties and political ties
present among them, more so for Canada and the USA than Brazil and the USA.
Furthermore in analyzing which stock markets are important to the long run equilibrium
relationship by normalizing on the USA, it is found that Canada is consistently important to

K

the long run equilibrium relationship in all three sample periods.

Furthermore during the GFC, there is a temporary increase in the number of stock markets
that are important to the long run equilibrium relationship with both Canada and Brazil
being significant. The finding of cointegration in all sample periods asserts that there must

be an error correction mechanism to keep the cointegrated stock markets in step with each
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other by adjusting (correcting) short run disequilibrium to prevent the cointegrated
variables ffom drifting apart (Engle & Granger, 1987). In assessing whether there has been a
change in the stock market/s that bear the burden of correcting short run disequilibrium, it
is found that in the pre-crisis period all the American stock markets bear the burden of
adjusting for any short run disequilibrium but do so very slowly with Canada having the

quickest adjustment speed.

During the GFC period and in the pdst GFC sample periods, thé number of stock markets
that bear the erden of adjusting rshort run disequilibrium decreases in comparison to
before the crisis, with Canada bearing the burden during the GFC and in the post GFC if
cointegration is tested using Model 4 but using Model 3, the results show that the USA
bears the burden of adjusting short run disequilibrium. The speed of adjusting for short run
disequilibrium is faster during the GFC for both stock markets as compared to the Pre GFC

sample period.

"With regards to the European stock markets no cointegration is found in the pre GFC period
but during the GFC beriod and in the post GFC period one cointegrating vector is present.
Thus, it is concluded that long run interdependencies increased during the GFC in
comparison to before the crisis but stayed the same in the post GFC sample period in
comparison to during the GFC. In assessing which stock markets are important to the long
run equilibrium relationship, it is found that the UK and Italy are important to the
equilibrium relationship during Vthe.GFC but none of the stock marketé are significant in the
post GFC period.‘This result contradicts the finding of cointegration among the European
stock markets in the post GFC period because if cointegration is present, at least one of the

stock markets must be significant in the equilibrium relationship
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Furthermore, in assessing which stock market bears the burden of adjusting sAhort run
disequilibrvium and whether this has changed due to the GFC, the results show that the UK
bears the burden of adjusting disequilibrium but does so at a slow rate. In the post GFC
period none of the error correction terms are significant implying that no stock markets
adjust for short run disequilibrium. This result contradicts the theory of cointegration in that
if variables are cointegrated there must be some significant error correétion mechanism to
correct for any short run disequilibrium so as to keep the variables in step so that they move

close together otherwise they drift apart.

In regards to the Asian stock markets, the presence of one cointegrating vector is found in
the pre-crisis period implying that these stock markets move closely together in the long run
and share a common stochastic trend thus portfolio diversification between Japan and
China would not be Beneficial in the long run. In assessing which stock market is important
to the long run relationship, Japan is normalized upon and the finding is fhat China is not
significant implying China is not important to the long run equilibrium relationship. This
finding is inconsistent and contradictbry to the finding of cointegration between the two
stock markets. When the error correction model is evaluated, results show that both Japan

and China bear the burden of adjusting short run disequilibrium in order for them to keep in

step and to prevent drifting apart. In contrast, during the GFC and in the post GFC sample
period no cointegration is found between Japan and China implying that the ievel of
integration and long term interdependencies decreased between the Asian stock markets

due to the GFC.

With no cointegration being present in the pre GFC period for the European stock markets

and no cointegration between Japan and China during the GFC and in the post GFC periods,
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Granger Causality tests are carried out to evaluate the short run relationships between
Japan and China and pairs of the European stock markets. Evidence of both bi-variate and
uni-variate Granger causality exists among the European stock markets except between
France and Spain. The presence of Granger causality (uni-variate or bivariate) between the
European Union countries is expected because of the strong trade, economic ties and direct
investment they have with each other. Furthermore, all of them exceptrthe UK share a

common currency thus sharing common monetary policy.

This finding of Granger causality implies that better predictions of the movement of the
stock market that iS being Granger caused can be made by assessing the movements of the
stock market that is Granger causing it and thus profit strategies can be formulated from the
lead-lag relationship present. In contrast, for the Asian stock markets, the presence of
Granger causality is not found during the GFC or in the post GFC period implying that
assessing the movements of one stock market cannot help predict the movements of the
other stock market. This is because they move independently. However, the absence of
Granger causality is a blessing in disguise because if the stock market movements are
independent of each other portfolio diversification can be beneficial between the two stock

markets.

Generalized impulse response function analysis is carried out for each group of stock
markets_. The main findings for the American stock markets are that Canada and the USA are
more interdependent than the USA and Brazil, with Brazil having the.smallest responses to
shocks in the USA. This finding is justified with Brazil being a developing economy and just
increasing its influence in the region of America in comparison to Canada that has strong

trade and political ties with the USA and thus is more interdependent with the USA. This
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finding is further highlighted by the generalized forecast error variance decompositions that
provide evidence to show that Brazil is the least endogenous American stock market in all

sample periods with the USA explaining more of Canada’s forecast error variance and vice-

versa.

For the European stock markets since cointegration is not present in the pre GFC sample

' period, the generalized impulse response function analysis is based on their first differences.
The results show that when all stock markets are shocked they incorporate most of the
effects of the sHocks by day one, with the responses diminishing and being close to zero
after day one. This result implies an instant response by the stock markets. Furthermore,
Spain is found to'be the stock market that adjusts the quickest to shocks in all the other

stock markets.

The generalized impulse response graphs based on the cointegrating relationships provides
evidence showing that Italy and Spain are the least affected stock markets by shocks to the
other stock markets, implying that these stock markets and the other European stock
markets are not highly interdependent. Another finding among the European stock markéts
is that the number of stock markets affected by shocks to other stock markets declines in
the post GFC period with more stock markets not being influenced by shocks to other stock

markets. This result implies an increase in independence of the European stock markets.

In the case of Japan and China in the pre GFC period a shock to Japan has a much smaller
effect on China than a shock to China has on Japan. During the GFC period and in the post
GFC period cointegration is not found between Japan and China thus the generalized

impulse response graphs are based on their first differences. The results show that most of
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the effects of shocks to both China and Japan are incorporated by day one and this is more
visible wheﬁ China is shocked, with the responses declining to zero at day one. This result
implies instant resporises by both Japan and China. A common result among the groups of
stock markets using the generalized impulse response analysis is that for all groups during
the GFC period, there is a temporary increase in the magnitudes of the responses to shocks

and a temporary increase in the duration to fully incorporate the effects of the shock.

The generalized forecast error variance decompositions furthe.r highlight the minimalvimpact
that Japan has on China and vice-versa, though Japan is the most endogenous stock market
between the two, both during and post the GFC. The ge»neralized forecast error variavnce
decompositions for the European stock markets show that the UK is the least endogenous
(explained) stock market in all sample periods and France is the most endogenous stock
market in the pre GFC sample period and during the GFC period with Germany being the

most exogenous stock market in all sample periods.

Generally the generalized forecast error variance decomposition analysis shows an increase
in the contribution of other stock markets in explaining shocks to each individual stock
market due to the GFC. This result implies an'increase in interdependencies among stock
—markets as a result of the GFC because a‘stock market explains more of another stock
markets forecast error variance. Evidence is also provided to show that no market is fully
exogenous but is impacted by innovations in another stock market and this result is more
pronounced for the European stock markets that have the minimum amount forecast error
variance explained being more than 50%. The Asian stock markets on the other hand are the
least endogenous relative to the other stock markets with the highest forecast error

variance for China explained by Japan being close to 0.497780% in the pre GFC period and
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increasing to at most 9.9415% during the GFC. China on the other hand explained a higher
forecast efror variance for Japan of 3.8355% at most in the pre GFC crisis period that
increased to 10.352% during the GFC period thus; China had more influence on Japan than
Japan had on China. This result is also supported in the generalized impulse response
analysis where a shock to Japan causes a smaller response in China but a shock to China

causes a larger response by Japan.
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CHAPTER SEVEN: FUTURE RESEARCH:

A number of recommendations can be put forward for future research. With the Global

Financial Crisis being a fairly recent event, the post crisis sample period used in this analysis

“is relatively short to fully take into account the long term impacts of the GFC on

interdependencies among stock markets, with some economies stabilizing later than others,
Thus, in future research a more visible result and more robust results can be provided about
the long term impacts of the financial crisis on interdependencies among stock markets

because a longer post crisis period can be used.

The start of my post-GFC sample period for all regions is based on the recovery of the USA
from the GFC and this is a limitation because the post crisis period is not based on when
each region did recover as some regions recovered later than other regions. Thus, in future
research the start of the post GFC period for each region can be based on when each region
showed signs of recovery from the financial crisis. More robust results would be provided if
the post-GFC sample period for each region is based on when each region recovered from
the crisis rather than generalising the start of the post GFC period based on one country’s

period of recovery.

Another point to be considered for future research is adding information variables such as
exchange rates or economic variables to the analysis to assess whether the stock markets
are impacted by these variables in order to know what underlying factors actually do cause

movements in the stock markets.

Lastly, assessing how interdependencies have changed among stock markets from different

regions can be beneficial in perspective to international portfolio diversification and thus in
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future adding more emerging stock markets to the analysis to assess the degree to which
the financiél crisis affected developed stock markets relative to developing stock markets
would be valuable information. It would be interesting to empirically assess the disparities
in the effects of the financial crisis between developed economies and developing

economies.

Making these additions would create more robust results based on the impact of the GFC on

interdependencies among stock markets.
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APPENDIX

Pre GFC Time Series Plots of Price Indices
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Italy Stock Return
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During GFC Time Series Plots of Price Indices
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Germany Stock Return
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Post GFC Time Series Plots of Price Indices
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