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Abstract

There is a strand of finance literature showing that correlation between markets increases during times

of high volatility. This paper revisits this finding by comparing contribution of relative volatility to cor-

relations between S&P 500 Index returns and global equity markets’ returns before and after the Global

Financial Crisis. Our results show that degree and direction of contribution of volatility to correlation

has changed in some countries after the crisis. It has implications in the context of international portfolio

diversification to reduce portfolio risks. In addition, introducing an extended version of contagion analysis

helps to identify contagion and interdependence effects in more detail.
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Non-Technical Summary

The Global Financial Crisis (GFC) is considered as the first truly major crisis since the Great

Depression. Although, financial crises are not exceptional events for financial markets due to

their volatile environment, the importance of the recent major crisis is due to the fact that

it is the most influential instability period that the U.S. stock markets faced since the Great

Depression (see Bartram and Bodnar (2009) and Bekaert et al. (2014)). The GFC affected

most of the financial markets through fire sales especially in equities. Thus, this instability

period brought about the volatility spillovers from the U.S. to global equity markets and hence,

resulted an inrcease in the stock market co-movements.

It is a well known fact that as volatility increases, correlation increases, too. From the stock

markets perspective, in case of a market tension investor are tend to sell the bulk of risky

assets in their portfolios. This relationship constitutes the interrelation between volatility and

correlation in stock markets. Therefore, it is also expected stock market volatility and co-

movements to trend in the same direction. In this paper, we test this observation before and

after the GFC during March 1999 - August 2016 period in global equity markets. We find that

degree and direction of contribution of relative stock market volatilities with the U.S. stock

markets to the co-movements changed after the GFC. The co-movement relationship between

the U.S. stock market and developed markets are found to be more stable and unconditional

to the market developments. On the other hand, emerging equity markets’ co-movements

with the U.S. markets are indicating more volatile relationship. In addition, the GFC caused

weakly contagion effects in most of the equity markets.

These findings have implications for optimal portfolio allocation in the international portfolio

diversification framework. As economies more integrated financially, importance of global

shocks and their transmission to other economies have become more important. Understanding

the structure of transmission mechanism of shocks can be a significant source of information

for the decision process of both financial market players and policy makers.
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1 Introduction

In this paper, we investigate whether there is a change in stock market co-movement dynamics

between the United States and global equity markets after premise indicators of the global fi-

nancial crisis of 2007 -2009 became visible. Giving information in co-movement and volatility

dynamics, we quest if the linkage between co-movement and volatility creates an opportu-

nity for financial market players in the context of the international portfolio diversification.

Last but not least we also examine if these dynamics improve the identification of contagion

framework. More specifically, the role of relative volatilities of market returns are tested in

explaining co-movements in March 1999 and August 2016 period. Our hypothesis states the

view that global financial crisis has created an inescapable financial turmoil not only in the

U.S but also in a global framework that could led a structural change in the stock market

dynamics.

Volatility and correlation parameters of global stock markets constitute the basis for our

analysis. Volatility, basicly, refers the risk in the financial markets, in other words it measures

how much of the uncertainty is priced in the market. On the other hand, correlation, called as

co-movement in our paper, measures the degree of dependence between assets and/or markets.

It’s importance emerges in the scope of asset allocation. Forming portfolios with assets those

have low corelation reduces the risk of the portfolio in case of a turbulent period. Even if,

volatility and correlation are viewed as distinct to each other, they are indeed interrelated. As

volatility increases, investors are tend to sell the bulk of their risky assets, vice versa. Thus,

volatility and correlation is expected to move in the same direction in stock markets.

There exists a vast literature on volatility spillovers and contagion effects in financial markets.

Rijckeghem and Weder (2001) propose the link of financial spillover through bank lending

channel rather than the trade mechanism proposed by Eichengreen et al. (1996), for explaining

the contagion. There are wide variety of studies focusing on transmission of the financial crisis

to a global extent through macro and/or financial channels such as Stulz and Beltratti (2009),

Tong and Wei (2011) and Bekaert et al. (2014). Moreover, Narayan et al. (2014) studied the
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patterns and causes of stock market integration and found economic and financial conditions

are responsible for higher correlations between emerging Asian and the U.S. equity markets.

In addition to those studies, Diebold and Yılmaz (2009) constructed a volatility spillover

measure based on forecast error variance decompositions from vector autoregressions (VARs).

The continuous index is used to measure the return and volatility spillovers across assets

and identifies contagion and herding behavior states of financial markets. By following their

methodology, Claeys and Vasicek’s (2014) study indicate the presence of significant spillover

between sovereign bond markets of EU countries. Also, Beirne et al. (2009) show the spillovers

from mature markets influence the dynamics of conditional variances of returns in many

local and regional emerging stock markets. Furthermore, Beirne and Gieck (2012) measure

interdependence and contagion effects in global asset markets including currency, equity and

fixed income markets and find that interdependence is most notable across advanced and

emerging economies in the case of equity market.

It is now well known and widely accepted fact that volatility and correlation of market returns

have a time varying nature and positive relationship, (see, for instance, Boyer, Gibson and

Loretan (1999), and Andersen, Bollerslev, Christoffersen and Diebold (2007)). Ramchand

and Susmel (1998) find that correlations between the U.S. and other world markets are 2 to

3.5 times higher when the U.S. market is in a high volatility period as compared to a low

volatility period. In their study, Mun and Brooks (2012) provide an analysis about stock

market correlation by focusing on the role of news and volatility during the financial crises.

Their results show that major part of correlations are associated with volatility rather than

news. However, by applying extreme value theory, Longin and Solnik (2001) argue that

correlation is not related to market volatility per se but to the market trend. Also, Bartram

and Bodnar (2009) pointed out the noticeable amount of change in the nature of stock market

correlations and volatilities across the stock markets. Furthermore, Forbes and Rigobon (2002)

focus on the stock market co-movement issue and emphasize the conditionality of correlations

on volatility that cause a rise in market co-movement in turmoil periods. In a similar fashion,

Moon (2005) finds that higher volatility is associated with higher correlation, vice versa. As
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well-discussed in Bala and Takimoto (2017), the global financial crisis and its impacts drew

considerable attention in the context of volatility spillovers in thi stock markets. In addition

to wide variety of studies which emphasize in a volatile period markets are tend to move in

the same direction with a global factor, our paper focuses on whether there is a change in the

direction of reaction in stock market co-movements relative to the volatilities’ after the global

financial crisis.

Being the biggest economy and having the most liquid financial markets the U.S. draw atten-

tion for its importance in global markets. The importance of U.S markets for global economy

is also reflected by the news flows. News, as a main information source in the financial mar-

kets, not only transmits the information but also the investor behavior, see Trueman(1994).

As shown in Figure 1.1, news flows about the U.S. stock markets started to move in the same

direction with financial turmoil news at the beginning of 2007. This relationship bring us

the main motivation of this study, the volatility and co-movement dynamics are reflected by

investor behavior and these dynamics are transmitted through information channel. Starting

from 2007, both the number of news and correlation with bad news has increased and, the bad

news spilled out the global financial system. U.S markets, being a global factor in affecting

financial system, poses volatility and through information channel it concerns whole system

and cause markets to move in the same direction.

This paper focuses on the volatility as a driver of stock market co-movement between the U.S.

S&P 500 index and MSCI World, MSCI Emerging Market (EM) and also 18 emerging and

developed stock market index returns. Volatility directly affects the pricing process of equities

and so on has some reflections in market co-movements. Also, combining with the fact that

higher volatility comes with bear markets, such that high volatility periods are associated with

severe loses. Thus, the perception of volatility is an important indicator in mirroring market

risk. Volatility, further, can be associated with contagion mechanism as an identifier in the

severity of contagion of the U.S markets to global financial markets.

Our findings support the mass literature on the phenomenon saying that during high volatility
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Figure 1.1: U.S. Stock Market Effects on Financial Turmoil

Source: Bloomberg

periods stock markets are tend to move in line with the U.S. markets. In other words, there

is a significant and positive relationship between stock market co-movement and volatility

ratio of S&P 500 Index to other equity indices, namely relative volatility ratio of markets. In

addition to existing discourse, our one of the main contribution is that there is no direct link

between market co-movement and relative volatility ratio during calm period of pre-crisis in

most of the stock markets. Although, this study proves the general opinion that as volatility

increase market co-movement also increase for the period of after the global financial crisis

of 2008, we argue that this case may not be valid before the crisis. This results implies the

ineffectiveness of volatility in herding behavior of investors in a low volatility period. In the

scope of this paper, results, also, supports the idea that emerging market assets are traded as

a single portfolio in times of high volatility or risk off episode of post-crisis.

Besides, findings and contributions discussed before, there exists the transmission effect of

stock market co-movement in weekly basis. The transmission is found to be effective in both

pre-crisis and post-crisis periods. This evidence is important to uncover investor behavior in
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global factor spillovers and continuity of expectations.

Moreover, the volatility ratio versus stock market co-movement examination contribute to

the international portfolio diversification theory in exploiting negative relationship between

volatility ratio and different co-movement dynamics in the stock market returns helps financial

market players to reduce the risk of their portfolios’.

Our another contribution is through implementing a further identification to Forbes&Rigobon(2002)

contagion framework1 by including significance of relative volatility ratio test. Contagion can

simply be defined as increase in the level of market co-movement following a shock. In this

scope, global financial crisis has formed a high level of contagion in the global equity markets

that caused markets to move in the same direction. According to the contagion test results,

most of the equity markets are faced with contagion effects from the U.S markets after the

global financial crisis. For the equity markets that are not influenced by contagion impact,

interdependency effects are found to be effective in moving markets in the same direction.

Also, applying significance test on relative variance ratio enable us to identify the degree of

contagion or interdependence between the U.S. equity market and the other markets. This

test results make us able to measure the level of contagion or interdependence more precisely.

The paper is organized as follows. The second section presents the data. Section three outlines

the model and estimation procedure used in the paper. Section four gives the information

about the results and their inferences, which contains both regression results, risk reduction

through international portfolio diversification, contagion test results and policy implications.

The fifth section concludes and outlines the area for future research.

1This analysis divides the increase in market co-movement after a shock or volatile period, as a contagion or an interdependence.
Although, both cases refer an empowerment of correlation link, contagion implies a stronger impact from the market that shock
has occured to the others.
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2 Data

Our data set includes and MSCI World2, MSCI Emerging Market EM3 and 18 developed and

emerging countries’ 4 stock market returns5 in local currency basis, which covers the period

between January 1999 and August 2016 at weekly frequency6. The use of weekly index return

data in place of daily returns make it available to avoid unbalances in the data that could

result from different market holiday sessions and nonsynchronous trading hours. The stock

market returns are computed by logarithmic differencing. The differencing process, also, solve

the problem of non-stationarity.

The descriptive statistics are reported in Table 1. In terms of domestic currency, the highest

level of equity market returns is seen in Russia and Turkey, on average. Also, all market

returns are negatively, or left, skewed. This outcome is in line with the general finance

literature focusing on downside risks indicates that there is a greater probability of extremely

negative results. Also, kurtosis statistics gives some insights as measure of tail risk possession

to the excessive results. According to the descriptive statistics, every stock market return

except, Brazil, India, Poland and South Africa have a fat tail in their distribution.

3 Model and Methodology

The importance of estimation in correlation and volatility lies in its applicability on portfolio

management, risk management and asset pricing. The basics of portfolio theory depends on

2The MSCI World Index is an index created by Morgan Stanley Capital International (MSCI) designed to measure equity
market performance in developed markets. The index consists of 23 countries’ stock market including; Australia, Austria,
Belgium, Canada, Denmark, Finland, France, Germany, Hong Kong, Ireland, Israel, Italy, Japan, Netherlands, New Zealand,
Norway, Portugal, Singapore, Spain, Sweden, Switzerland, United Kingdom, United States and it is a free-float weighted equity
index.

3The MSCI Emerging Markets Index is an index is constructed to measure equity market performance in emerging markets.
The index consists of indices in 23 emerging economies; Brazil, Chile, China, Colombia, Czech Republic, Egypt, Greece, Hungary,
India, Indonesia, Korea, Malaysia, Mexico, Peru, Philippines, Poland, Qatar, Russia, South Africa, Taiwan, Thailand, Turkey
and the United Arab Emirates. The index covers 85% of the free float-adjusted market capitalization in each country.

4Brazil, Canada, Chezchia, China, France, Germany, Hungary, India, Indonesia, Japan, Malaysia, Mexico, New Zealand,
Poland, Russia, Singapore, South Africa, South Korea, Turkey and United Kingdom.

5Respectively, Ibovespa Stock Exchange, Toronto Stock Exchange Composite Index, Prague Stock Index, CAC 40 Index, DAX
Index, Budapest Stock Exchange, S&P BSE SENSEX Index, Nikkei-225 Stock Exchange, FTSE Bursa Malaysia KLCI Index,
Mexican Stock Exchange, S&P/NZX All Index, Warsaw Stock Exchange, MICEX Index, STI Index, FTSE/JSE Africa All Share
Index, Korean Stock Exchange, Borsa Istanbul 100 Index, FTSE 100 Index, S&P 500 Index.

6Using weekly data, we obtain enough sample size to evaluate stock market dynamics before and after the global crisis have
emerged. Further, weekly data allows us to ignore different opening and closing sessions in stock markets globally since almost
all weekly information, which moves the markets are priced in stock market returns, volatilities and co-movements.

8



Table 1: Descriptive Statistics

variance and correlations. Modern portfolio theory (MPT) (Markowitz, 1952) lays stress on

diversification of risk by reducing the correlation on asset returns. Since, the introduction

of MPT several approaches are developed to measure and model time varying volatility and

asset correlations.

Different measurement techniques are well-discussed in Jithendranathan (2005), which study

the cross market correlations between U.S and Russian equity markets. One of the most com-

monly used method is moving window correlation estimates. Its weakness is to assign weight to

all observations in estimation process. Although, conditional heteroscedasticity model was first

introduced by Engle(1982) as Autoregressive Conditional Heteroscedasticity (ARCH), these

models gain importance afterwards. Generalized Autoregressive Conditional Heteroscedastic-

ity (GARCH) model was introduced by Bollerslev(1986). This method is accepted as one of

the most powerful tools in financial time series data volatility analysis. Since, financial data
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poses some stylized facts as fat tails and kurtosis, modelling volatility became main focus in

financial econometrics. Then, many other methods are derived from basic GARCH models

such as Threshold GARCH by Zakoinan (1990) and Exponential GARCH by Nelson (1991),

which extended to permit asymmetry in volatility model’s dynamics. Further innovations in

GARCH models make it possible to measure both volatility and correlation dynamics in time

series. Some of these techniques are mainly depend on Bollerslev’s (1990) Constant Condi-

tional Correlations (CCC). The drawback of CCC GARCH model is that the assumption of

constant correlation over the time. Also, Multivariate GARCH models introduced by Kroner

and Ng (1998) have hardships in estimating too many coefficients at the same time. In ad-

dition to these methods, Engle (2002) introduced the generalized version of CCC model to

make conditional time-varying correlation matrix. In this paper, we use Dynamic Conditional

Correlation (DCC) GARCH model introduced by Engle (2002). This flexible model of time

varying correlation and volatility estimation produce enables reliable estimates by allowing

asymmetries in volatility. As stated in Engle (2002), DCC - GARCH model, often, generates

most accurate result in comparing mean absolute error, diagnostic tests or test based on value

at risk calculations. Although, there are also some criticism about Engle’s DCC method,

which mainly focus on restrictive framework of model assuming same correlation dynamics for

all assets, this criticism does not weaken our bivariate DCC GARCH model using same asset

class.

In our estimation, we use three-step process. First, we construct an unrestricted vector au-

toregression (VAR) framework to achieve better understanding in interdependencies of weekly

stock market returns between U.S. S&P 500 Index and selected countries’ equity indices.

r1,t = µ1 +

p∑
i=1

α1,ir1,t−i +

p∑
i=1

β1,ir2,t−i + ε1,t (3.1)

r2,t = µ2 +

p∑
i=1

α2,ir1,t−i +

p∑
i=1

β2,ir2,t−i + ε2,t (3.2)

rn,t : nx1 vector of return of a stock market index at time t, epsilonn,t : nx1 vector of VAR
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model-corrected returns of n assets at time t, where E(εn,t) = 0, Cov(εn,t) = Ht.

In specifying VAR model Akaike Information Criteria (AIC) is used for optimal lag selection

with Cholesky decomposition. We obtain residuals of VAR model from equations (3.1) and

(3.2) to estimate DCC-GARCH model.

Second step of our method depends on a bivariate DCC-GARCH(1,1) estimation. Generalized

version of Dynamic Conditional Correlation GARCH(p,q) can be formulized as:

εt = H
1/2
t zt (3.3)

Ht = DtRtDt (3.4)

Ht : nxn matrix of conditional variances of rt at time t, H
1/2
t : Any nxn matrix at time

t such that Ht is the conditional variance matrix of rt. H
1/2
t may be obtained by Cholesky

factorization of Ht,

Dt : nxn diagonal matrix of conditional standard deviations of εt at time t,

Rt : nxn conditional correlation matrix of rt at time t,

zt : nx1 vector independently identically distributed errors, where E(zt) = 0, E(ztz
T
t ) = I.

Thus, bivariate DCC-GARCH(1, 1) can be formulated as:

hi,t = ω + S1,iεi,t−1εi,t−1 + T1,ihi,t−1, i : 1, 2 (3.5)

Ht = DtRtDt = [ρ12,t

√
h1,th2,t],where ρi,i = 1 (3.6)

ρ12,t: conditional correlation of returns between stock market index 1 and index 2.

Engle (2002) models the dynamic correlation process with proxy variable, Qt, which satisfies

the positive definite condition of correlation matrices. For simplicity, we skip some algebraic

steps, similar to Isogai (2015), in interpreting Qt. For more details see Engle (2002). The
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proxy variable is modelled for GARCH(1, 1) as:

Qt = (1− α− β)Q+ αεt−1ε
′
t−1 + βQt−1, (3.7)

Q:the unconditional covariance matrix of the standardized errors, Q = Cov(εt−1ε
′
t−1),

Then, the correlation matrix, Rt, can be obtained by rescaling Qt,

Rt = diag(Qt)
−1/2Qtdiag(Qt)

−1/2, (3.8)

There are two conditions of positive definiteness, which should be satisfied in specification

of Rt and Qt. First, Ht has to be positive definite because of being a covariance matrix.

To ensure that condition the correlation matrix Rt has to be positive definite. Second, the

positive definiteness condition of Qt is ensured by α ≥ 0, β ≥ 0 and α + β<1.

And, expression of each element of correlation matrix Rt , the correlation estimator, can be

generalized as:

ρij,t =
qij,t√
qii,tqjj,t

,∀i, j = 1, 2....n, i 6= j (3.9)

For bivariate case of our framework ends up with the correlation coefficient as:

ρ12,t =
q12,t√
q11,tq22,t

=
(1− α− β)q12 + αεt−1ε

′
t−1 + βq12,t−1√

(1− α− β)q11 + αεt−1ε′t−1 + βq11,t−1

√
(1− α− β)q22 + αεt−1ε′t−1 + βq22,t−1

(3.10)

The estimation of DCC model is done by a log likelihood estimator. The log likelihood

estimator is expressed as:

` = −1/2
∑
t

n log(2π) + 2 log |Dt|+ log |Rt|+ ε′tR
−1
t εt (3.11)

The DCC model is estimated in two steps; the former is univariate GARCH estimation, (3.5)

and the latter is correlation estimation, (3.10).

12



In our study, we are not just interested in estimating a stock market return DCC-GARCH time

varying variances and correlations, we also try to uncover the relationship between variances

and correlation. To pave the way, we assume a linear intercourse on time varying variances of

returns and correlations.

From this perspective, we set up an empirical model by modifying Johnsen and Young

(2002&2004) model, which focus on the stock market versus bond market volatility effect

on cross asset correlation (see also Gupta, Mollik (2008) and Hsiao et al. (2014)). On the

other hand, our paper aim to answer the relative volatility effects on international stock mar-

ket return correlations. To answer, we build an equation using time varying volatility and

correlation, as a third step of our estimation procedure, which obtained from (3.5) and (3.10),

respectively. The model is shown as following:

ρspx,i,t = γ0,t + γ1,t
GARCHvolspx,t
GARCHvoli,t

+ γ2,iρspx,i,t−1 + εt, (3.12)

ρspx,i,t is the correlation between U.S S&P 500 Index and, other 20 domestic stock market in-

dex and aggregate equity indices’7 weekly returns. Later on this study, we call the correlation

coefficient as stock market co-movement indicator. Further, GARCHvolspx,t refers the volatil-

ity of S&P 500 Index and GARCHvoli,t refers the volatility of other index returns, obtained

from GARCH model shown on (3.5). In this study , we use the ratio of GARCH volatilities,

GARCHvolspx,t
GARCHvoli,t

called as relative volatility ratio, to explain the stock market co-movement. This

variable has similarity to beta used in capital asset pricing model (CAPM). Beta measures the

volatility of an asset or portfolio in comparison to the market volatility. Since, in our study

we set the S&P 500 Index as a benchmark for other selected countries’ stock market indexes,

the relative volatility ratio shows the reverse beta. Our coefficient, reverse beta, of less than

1 indicates other market is more volatile than U.S. stock market, while reverse beta greater

than 1 means the index is less volatile than the benchmark index. Further, our model includes

the lagged correlation coefficient8, ρspx,i,t−1, called transmission of stock market co-movement

7See Data section for more details.
8The lagged correlation coefficient, produces an AR(1) process that not only improves the explanatory power of the model,
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indicator. Thus, the stock market co-movement is modeled as conditional on the relative

volatility ratio, reverse beta coefficient, and the transmission of stock market comovement.

In the next section, we give estimation results of (3.12) and interpret the results by making

inferences.

4 Results

4.1 Regression Results

DCC-GARCH(1,1) results indicate that there exists significant volatility spillover from S&P

500 Index to global equity markets after the financial crisis. Figure 5.1 shows the spillover of

volatility in weekly returns of stock markets between March 1999 and August 2016. Although,

the volatility of equity markets in both developed and emerging markets increased drastically

in line with the rising tension in the U.S. markets, volatility pattern between the U.S. and

developed equity markets is more analogous than the others. Also, the response of Russian

MICEX Index to the tension in the U.S. is found to be highest among the indices that are

examined in the scope of this paper, indicating over-sensitivity to the volatility spillover after

the global financial crisis. In addition to the developments in volatility dynamics, stock market

co-movements are also affected by the crisis. As shown in figures between 5.2 and 5.19,

equity returns’ co-movement with S&P 500 Index returns increased in the period of 2007 and

2009. Additionally, co-movement patterns of developed and emerging equity market return are

seemed to be dissimilar to each other. Further, volatility of correlation in emerging markets

are larger than that of emerging markets. This finding could be interpretted as contagion

effects are more visible in emerging equity markets from a narrower perspective. Thus, the

co-movement of equity returns in the emerging markets reacted more intense than developed

ones to the crisis. Moreover, co-movements of developed markets are more stable and higher

compared to emerging markets suggesting greater interaction between the U.S. and developed

equity markets. This outcome supports the idea that developed markets are greater interacted

but also solves the problem of autocorrelation. For simplicity, we skip the autocorrelation test results.
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to each other. This is also consistent with the existent literature. (see Bala, Takimoto (2017))

We divide the sample by February 2007 9 when more than 25 subprime lenders declared

bankruptcy. This was the start of 2007 subprime mortgage crisis then this event spilled over

the entire financial system and turned into global financial crisis. By analysing the whole

period, it can be seen that average volatility varies considerably over the pre and post crisis

periods10. We argue that hike in volatility changed the market dynamics in the global financial

markets and also investor perceptions and behaviors in the stock markets are affected.

Table 2. shows the results of our model regressions , of (3.12), between stock market correlation

and stock market relative volatility ratios. The lagged variables of correlations are statistically

significant for both, pre-crisis, post-crisis and the whole period. These results show that there

is a transmission of market co-movement in the stock markets between the U.S. and emerging

and developing markets in weekly basis. This finding supports the idea, saying that investors

in the stock markets have backward looking behavior that resulted in the transmission of co-

movement across periods. This behavior of investors do not seem like changed over the time,

implying a continuous fundamental for stock markets in both pre crisis and post crisis periods.

These findings are important to uncover investor perceptions in global factor spillovers and

continuity of expectations.

First of all, testing the whole period for the effect of volatility ratio on stock market co-

movement in aggregate MSCI indices show us emerging markets co-movement with the US

stock markets is not interrelated to volatility ratio, whereas developed stock markets relative

volatility ratio has a positive effect on co-movement during the pre-crisis period. On the

contrary, these relationships changed after the signs of financial crisis started to be seen. The

aggregate EM index’s co-movement with S&P 500 Index is positively affected by a rise in

volatility ratio, while there exists no link between correlation and volatilities for developed

and the US stock market index in the post crisis period.

9In addition to logical break point, according to the Chow break point test, there is a structral change at that time in this
study’s sample period.

10The post crisis period in this study is contains both during and after the crisis period. Observations between March 1999
and February 2007 is mentioned as pre crisis, while March 2007 - August 2016 period is mentioned as post-crisis.
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Table 2: Estimation Results

Notes: (*), (**) and (***) denotes significance at 10%, 5% and 1%, respectively.
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In addition to aggregate indices we test the relationship between market co-movement and

volatility ratios for individual stock market indices. The relative volatility ratio seem to be

ineffective for the emerging stock markets, except for Singapore and Turkey, in the pre-crisis

period, indicating contrary to existing literature there is no direct link between market co-

movement and relative volatility ratio during calm period. The ineffectiveness of relative

volatility ratio on co-movement during the pre-crisis period constitutes one of the main con-

tribution of this paper. Also, the relative volatility ratio is found to have a negative impact for

Singapore and Turkey. The negative relationship creates a risk reduction opportunity through

international portfolio diversification. This phenomenon is explained in the next section of

the paper.

Estimation results for the emerging stock markets show that volatility ratio has become pos-

itively effective on stock market co-movement especially after the global financial crisis. This

result is consistent with the existing discourse saying increase in stock market volatility results

in higher correlation. In our framework, relative volatility ratio of emerging stock market in-

dex returns has a positive impact on market co-movements against the U.S. equity market,

implying an increase in factor of global volatility, S&P 500 Index, increases stock market

co-movement in the high volatility period of post crisis. Thus, most of the emerging market

results are in line with the result of MSCI EM Index and showing a homogeneity in their

behavior.

Furthermore, emphasizing the previous findings, we pave the way to uncover an additional

point about market fundamentals. While, the relative volatility is an important factor during

high volatility periods, this impact bocame ineffective in low volatility period. This result

suggests that investor behavior in pre-crisis period differs from that of in high volatility period.

When the turmoil emerged in the financial markets, investors became more sensitive to the

global volatility on the contrary investors are behaving as being more risk takers and indifferent

to the market volatility dynamics in a low volatility environment.

Although, stock market co-movement versus volatility pattern is similar in most of emerging
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markets, developed stock markets’ results are not homogeneous. Results show that there is

no significant effect of relative volatility on stock market co-movement between French and

the U.S. markets for both the distinctions of separate and whole period. Canadian and New

Zealand equity market returns followed the similar pattern with most of the emerging markets.

In the pre-crisis period, there seems to be no relationship between relative volatility and co-

movement, whereas there exists a positive and significant link in the post-crisis period. In

addition to, stock market co-movement behavior of Germany is dissimilar to the others. While,

the co-movement is negatively affected by relative volatility ratio in the pre-crisis period, the

link between these variables seem to be disappeared later. On the other hand, United Kingdom

stock market’s, FTSE Index, motion with S&P 500 Index, is irresponsive to the changes in

relative volatility between these two markets in the pre-crisis period of global financial crisis,

but these dynamics are appeared to be switched into negative relationship after that period.

Also, Japan stock exchange results show that there is a shift occurred between pre and post

crisis period in the relative volatility market versus co-movement relationship. While, there is

a significant negative effect of a rise in relative volatility ratio on stock market co-movement in

the pre-crisis period, this link is turned into positive in the post-crisis period. These dynamics

led us to identify some risk reduction opportunities in the international portfolio diversification

framework, which is explained in the next section.

To sum up, results shown in Table 2. reveal the relationship between stock market co-

movement and the relative volatility in global factor of S&P Index and other countries stock

market index returns indicate that the results of emerging stock markets are more homoge-

neous relative to the developing ones. The impact of global financial crisis generates a global

volatility period in global financial markets, and this caused most of the stock market returns

to move in the same direction which is exhibited by U.S stock markets, especially for the

emerging markets. The investor behavior in the stock markets can be explained by herding

behavior in high volatility period of financial markets.

Our findings contribute to the existing literature of stock market co-movement, which says

correlation rises as volatility increases, vice versa. We, concluded that there is no generalized
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conditional effect on stock market co-movement and relative volatility ratio in low volatility of

pre-crisis, while we approve the general idiom of co-movement rises in line with the volatility

in high volatility period. Also, most of the emerging equity market return co-movements

respond positively to a rise in the relative volatility ratio in the post-crisis period. Even

though emerging market countries’ macroeconomic and financial fundamentals vary, our result

of same directional effect ,but in different magnitudes, illuminates an important market pillar.

The same directional reaction of stock market co-movements to a change in relative volatility

ratios supports the idea that emerging market assets are traded as a single portfolio in times

of high volatility or risk off episodes.

4.2 Reducing Risk of a Portfolio through International Portfolio Diversification

The risk of a portfolio is measured by the ratio of the variance of the return in a portfolio to

variance of the market return, which is called beta of the portfolio. Classical portfolio theory

assumes that investors are risk averse and in search of a portfolio that maximizes expected

portfolio return per unit of expected portfolio risk.

Figure 2. illustrates the impact of allowing international portfolio diversification on potential

portfolio opportunity set. The direct benefit is generated by introducing any additional asset

whose correlation with the existing asset is less than perfect.

As seen in Figure 2.11, it is possible to increase the expected return and reduce the riskiness

of a portfolio that has optimal risk and return in domestic market, by allowing to invest

in international markets. The necessary condition is that there are assets in international

investment universe which have imperfect correlation with the optimal domestic portfolio.

Although, some of the risks that are posed by risky assets can be reduced through diversifica-

tion, the diversified portfolio is also face with portfolio risk. Assume a hypothetical portfolio

consists of two assets, in this example we assume S&P 500 Index as a domestic asset and

the equity market i as an international asset with weight of assets respectively, wspx and

11See Eiteman et al. (2014) Multinational Business Finance for more details.
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Figure 4.1: Gains From Portfolio Diversification

wi. Then, the risk of portfolio, σp, can be expressed in terms of standard deviation of the

portfolio’s expected returns, is given as (4.1)

σp =
√
w2
spxσ

2
spx + w2

i σ
2
i + 2wspxwiρspx,iσspxσi, (4.1)

We can also obtain the expected return of a portfolio using (4.1).

E(Rp) = wspxE(Rspx) + wiE(Ri), (4.2)

We can conclude that the portfolio risk is not the weighted average of the risks of individual

assets. As long as the correlation coefficient,ρspx,i, is less than 1 some of the fluctuations of

asset returns will offset each other, which results in risk reduction. Thus, the lower correlation
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coefficient means the greater opportunity for risk diversification.

This study mainly focuses on the effect of volatility ratio of two different equity markets

on the cross market co-movement. Actually, in a stress period the reaction of the correlation

coefficient across markets is efficient in altering the portfolio risk. To simplify this relationship

assume wspx = wi = w, and we can transform (4.1) as below;

σp = w
√
σ2
spx + σ2

i + 2ρspx,iσspxσi (4.3)

σp = w

√
σ2
i (
σ2
spx

σ2
i

+ 1 + 2ρspx,i
σspx
σi

) (4.4)

The risk ratio is equivalent to the GARCH volatility ratio that we use in (3.12), and further-

more the correlation coefficient ρspx,i is also dependent on the volatility ratio. Thus, (4.4)

could be changed using (3.12) as below;

σp = w

√
σ2
i [
GARCHvolspx
GARCHvoli

+ 1 + 2(γ0,t + γ1,t
GARCHvolspx,t
GARCHvoli,t

+ γ2,iρspx,i,t−1 + εt)

√
GARCHvolspx√
GARCHvoli

]

(4.5)

Thus, when volatility ratio increases because of a rise in the volatility of S&P 500 Index, the

expected risk of a portfolio depends not only on the magnitude of the change in the volatility

but also the effect of a change in relative volatility on stock market co-movement, that might

well be qualified by γ1 . As a result, constructing a portfolio with a negative γ1 parameter re-

duces the expected portfolio risk, meaning the portfolio naturally hedges itself,while a positive

γ1 coefficient causes risk σp to increase.

This concept make it convenient to extract more information from the estimation results on

Table 2. While, co-movement between Dax Index and S&P 500 Index is negatively affected

by relative volatility ratio in the pre-crisis period, the link between these variables seem to

be disappeared later. In addition, United Kingdom stock market’s, FTSE Index, motion
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with S&P 500 Index is irresponsive to the changes in relative volatility between these two

markets in the pre-crisis period of global financial crisis, but these dynamics are appeared

to be switched into negative relationship after that period. Also, The US S&P 500 Index

and Japan, Turkey and Singapore’s stock market returns are moved in the opposite direction

related to volatility ratios before the global financial crisis in line with the Dax Index. These

findings uncover the opportunities using portfolio diversification in investing stock markets.

Exploiting the negative relationship between stock market co-movements and volatility ratios

in German Dax Index, Japan Nikkei Index, Turkey BIST Index and Singapore’s STI Index,

in the pre-crisis period, and the UK’s FTSE Index, in the post crisis period, can be used to

reduce portfolio risk with the US S&P 500 Index. Thus, in addition to reducing portfolio risk

and improving the expected return solely by international portfolio diversification, financial

market players can exploit negative γ1 parameters to reinforce their portfolio. In the next

section, we draw attention to contagion framework.

4.3 Contagion Framework and Results

The straightforward and mostly positive relationship during high volatility period through

volatility ratio to the stock market co-movement does not necessarily reflects contagion of US

markets to the global financial system. Contagion is best defined as a significant increase

in cross-market linkages after a shock to an individual country (or group of countries), as

measured by the degree to which asset prices or financial flows move together across markets

relative to this co-movement in turbulent times, (Dornbusch et al., 2000). In our framework,

we identify contagion between stock market returns after the global financial crisis. Our

approach follows the procedure of what Forbes and Rigobon (2002) has suggested. The main

idea for this procedure is that there is an asymmetric relationship between the volatility and

co-movement. The asymmetric phenomenon implies co-movement of markets are tend to be

higher in turbulent times, which is also mentioned in the previous section of the paper. Because

of this reason, straightforward approaches can be misleading in identifying contagion across

markets. According to Forbes&Rigobon, the turbulent periods of high volatility bring out the
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rise in the level of market co-movement, but if only increase in co-movement is significant the

effect of this period can be thought to constitute contagion, otherwise the increase just reflects

interdependency of cross-market linkages.

The classification of increase in co-movements are based on a simple hypothesis testing. First

of all, to adjust the asymmetry, we calculate the adjusted (unconditional) correlation. After

that, the correlation between two stock market returns are separated into pre-crisis,ρpre, and

post-crisis periods,ρpost, as in the previous section of this paper. Then, the upward pressure of

volatility in the U.S. S&P 500 Index returns, σ2
spx,pre<σ

2
spx,post, causes the conditional correla-

tion biased upward, and ρpre<ρpost resulting in assessing misleading contagion. We calculate

an adjusted correlation parameter, ρ̌, to resolve bias problem.1213

ρ̌ =
ρpost√

1 + (
σ2
spx,post−σ2

spx,pre

σ2
spx,pre

)(1− ρ2
post)

(4.6)

H0 = ρ̌ = ρpre

HA = ρ̌>ρpre

t =
ρ̌− ρpre√
1

Npost
+ 1

Npost

In addition to Forbes&Rigobon test, we introduce test for significance of change in volatility

ratio. Volatility ratio test, simply, aims to measure the change in the volatilities using F-

test. We use, GARCHvolspx,t
GARCHvoli,t

ratio estimated by GARCH model from the previous section. This

test uncovers whether there is an increase in the averages of volatility ratio between pre and

post crisis periods at a significant level. The importance of this test emerges in interpreting

contagion test results. Table 3. shows the results of contagion and volatility ratio test results.

We identify weak or strong relationship in contagion or interdependence situations according to

12Forbes&Rigobon (2002) compare, the crisis, post-crisis in our case, correlation with the correlation of whole sample period.
We follow Dungey et. al. (2004) that suggests using only pre-crisis period of correlation. For more details see Dungey et. al.
(2004).

13In our DCC-GARCH framework, we use time varying correlation coefficients to get ρpost, ρpre by averaging for the periods.
The averaging method is also used for σ2

spx,post, σ
2
spx,pre using GARCH variances.
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Table 3: Contingent Test and Volatility Ratio Test Results

Notes: (1) The numbers in volatility ratio and contagion test columns indicate F and t values, respectively. (2) (*), (**) and
(***) denotes significance at 10%, 5% and 1%, respectively. (3) Volatility ratio test results that weaker than 5% significance

level are accepted as ”No Significant Change in Volatility”.

the significance level of test for change in volatility ratio. If the ratio is increased significantly

by stronger than 5% level, the significant increase in the relative volatility is accepted, which

implying that volatility of the U.S S&P 500 Index returns are increased significantly larger than

that of in other countries in comparing between pre and post crisis periods. In this context,

it can be concluded that the appearance of contagion or interdependence effect is weak and

driven by volatility of the U.S equity markets. On the contrary, if there is no change in the

relative volatility parameter, significantly, the increase in volatility of other countries’ index

returns offset the rise in the parameter, knowing the expansion of volatility in S&P 500 Index

returns after the global financial crisis. Under this situation, contagion or interdependence
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motions of equity market returns come together with the increase in return volatilities of both

markets. Thus, the link between markets are strong in effecting both volatility and market

co-movements.

According to the test results given in Table 3., the relative volatility ratio parameters shifted

significantly upward in the post crisis period, except for Canada, Chezchia, France, New

Zealand and United Kingdom. The stock markets, whose return volatilities do not change

significantly in the post crisis period have a strong link with the U.S markets. Also, Canada,

France and Germany’s markets have faced with interdependency effect, while other equity

markets, which are examined in the scope of this paper, indicate contagion outcome of increase

in stock market co-movements. The U.S S&P 500 Index is found to have links with, in an

extent, weakly contingent to global equity markets. While, the U.S. markets seem to strongly

contingent to Chezchia, New Zealand and United Kingdom markets, this relationship turns to

strong interdependence in Canada and France equity markets. On the other hand, Germany’s

Dax Index is found to have a weakly interdependent relationship with the U.S.

Financial crises are not exceptional events for markets, by their nature, but the importance

of the recent global financial crisis lies in its being the most influential instability period

that the U.S. stock market faced with since the Great Depression (see Bartram and Bodnar

(2009) and Bekaert et al. (2014)). Our results are also emphasizing the importance of recent

financial crisis. Contigent test results show that most of the equity markets are affected by

contigency impacts after the global crisis, that led their co-movement with the U.S markets to

increase significantly, on average during the post crisis period. This evidence contributes to

our hypothesis that asserts the global financial crisis of 2007-2009 changed the stock market

co-movement dynamics between the U.S. and global equity markets.

4.4 Policy Implications

This paper focuses on the spillovers in stock markets, and international stock market contagion

which is extreme magnitude of spillover effects. Contagion, basically, refers to transmission of
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distress internationally from a specific market to other markets. Identifying contagion rela-

tionship in international perspective is important due to the fact that negative external shocks

could result in failures in the functioning of financial markets and could lead to unfavorable

results in the real side of the economy. Taking into account the contagion effects is crucial for

financial market players as well as policy makers in order to secure the healthy functioning

of monetary transmission mechanism and to preserve financial stability. Thus, central banks

have to aware of the externalities caused by international contagion effects. Behavior of stock

markets is important both for transmission of monetary policy to asset prices and financial

soundness of firms. Hence, the international contagion have significant effects on not only

financial stability objective but also price stability objective of a central bank.

Through trade and financial integration channels, external factors have become inevitable in

affecting domestic economy and financial conditions. Thus, external factors, called as push

factors, has started to raise questions about whether these factors restrict central banks’ ability

to manage domestic financial conditions. Our identification of stock market co-movement and

its reaction to any change in the relative volatility ratio is important for its monetary policy

implications. Domestic financial markets are interrelated and through the asset pricing channel

any factor that moves the stock markets is also impinge the interest rates. Therefore, there

is an indirect affect in stock market motions in governing monetary policy actions through

financial conditions and asset pricing channels.14 There are many studies that show the

severity of external factors in directing financial flows. (e.g. Bruno and Shin (2013), Fratszsher

(2012) and Cerutti et al. (2014)) Combining with the literature on presence of a global impact

factor on shaping co-movement structure on asset pricing channel (e.g Diebold et al. (2008)

and Aizenman et al. (2015)), it can be concluded that the power of monetary policy on

financial conditions are limited by global factors. Thus, taking into account the international

stock market co-movement is crucial in monetary policy implementation, for its importance

in domestic financial conditions and asset pricing channel.

14Disyatat et al. (2015) measure the effect of contagion component via comovements in bond risk premia in complicating the
conduct of monetary policy. Although, there are some literature on monetary autonomy can only be obtained only under the
implementation of capital controls (e.g. Rey (2013)), Disyatat et al. (2015) assert financial linkages are not significantly weaken
monetary autonomy.

26



5 Conclusion

In this paper stock market co-movement and volatility dynamics between U.S. S&P 500 Index

and, emerging and developing country stock market indices returns are evaluated to test for a

change in these dynamics after premise indicators of the global financial crisis of 2007 - 2009

became visible. In addition to testing for a change in the co-movement and volatility dynamics,

we quest for whether there is an opportunity for financial market players in the context of the

international portfolio diversification and whether these dynamics improve the identification of

contagion framework. Main results of our study highlights the heterogeneity in the behavior

of stock market returns co-movement with the S&P 500 Index in response to a change in

the relative volatility ratios, particularly, for the case of developed country’s stock markets.

On the other hand, emerging stock markets exhibit some kind of homogeneity in their results

especially in the post crisis period. Furthermore, the homogeneous results in the directionality

of response in stock market co-movement to a change in the relative volatility ratio implies

emerging stock market assets are traded as a single asset class in the investor’s portfolio

bundle, despite the differences in macroeconomic and financial market fundamentals. Also,

our paper supports the mass literature saying during high volatility periods stock markets are

tend to move together with the U.S. markets. In addition to reiterate existing discourse, our

contribution is, that there is no direct link between market co-movement and relative volatility

ratio during calm periods in most of the stock markets. Results implies the ineffectiveness of

volatility in herding behavior of investors in a low volatility period.

This study, further, introduces an extension to Forbes&Rigobon(2002) contagion framework

by testing significance of relative volatility ratio. Inclusion of the change in volatility ratio

test into contingency test framework make it possible to improve identification into weak and

strong degrees.

The results in this paper is also useful in the international portfolio diversification framework.

Although, diversifying of a portfolio with items those have less than perfect correlation reduces

some of the risks posed by the portfolio, constructing a bundle that has a negative sign of
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relative volatility coefficient in explaining co-movement improves the risk reduction capacity

of a portfolio. Thus, the process through diversification using the information of volatility

correlation relationship can help to reduce more of the riskiness of a portfolio.

Growing integration of financial markets and inevitability of global shocks are constitute the

importance of this paper. Identifying contagion relationship in international perspective is

important due to the fact that external shocks could result in failures in the functioning of

financial markets. Therefore, in order to secure the healthy functioning of monetary trans-

mission mechanism and to preserve financial stability central banks have to aware of the

externalities caused by international contagion effects. Further, externalities through the link

between domestic financial markets are affecting pricing channel and this affect could limit

the ability of policy makers.

This framework is, indeed, able to yield much more than what is presented here. Investigation

of causality directionality from relative volatility ratio and cross market co-movement and its

reasons are important yet beyond the scope of this paper. There is, also, a place for a further

research on propagation mechanism and contemporaneous relationship in asset markets.
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Appendix

Table 4: Descriptive Statistics
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Figure 5.1: Volatility of Stock Markets
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Figure 5.2: Conditional Correlations: Brazil and the U.S.

Figure 5.3: Conditional Correlations: Canada and the U.S.

Figure 5.4: Conditional Correlations: Chezia and the U.S.

Figure 5.5: Conditional Correlations: France and the U.S.

36



Figure 5.6: Conditional Correlations: Germany and the U.S.

Figure 5.7: Conditional Correlations: Hungary and the U.S.

Figure 5.8: Conditional Correlations: India and the U.S.

Figure 5.9: Conditional Correlations: Japan and the U.S.
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Figure 5.10: Conditional Correlations: Malaysia and the U.S.

Figure 5.11: Conditional Correlations: Mexico and the U.S.

Figure 5.12: Conditional Correlations: New Zealand and the U.S.

Figure 5.13: Conditional Correlations: Poland and the U.S.
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Figure 5.14: Conditional Correlations: Russia and the U.S.

Figure 5.15: Conditional Correlations: Singapore and the U.S.

Figure 5.16: Conditional Correlations: South Africa and the U.S.

Figure 5.17: Conditional Correlations: South Korea and the U.S.
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Figure 5.18: Conditional Correlations: Turkey and the U.S.

Figure 5.19: Conditional Correlations: the U.K. and the U.S.
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