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ABSTRACT
This paper investigates linkages among equity market returns and transmission of volatilities of the following countries: Germany, Austria, Poland, Russia and Turkey. The study covers the period from November 9th, 2010 to January 30th, 2015. Utilizing Multivariate Autoregressive Moving Averages (MARMA) and the Generalized Autoregressive Conditional Heteroskedasticity (GARCH) methodologies we find 1) the existence of significant co-movement of returns among all country stock markets (as approximated by broad market ETFs). However, despite increasing interdependencies among the global stock markets there are still opportunities for diversification. For example, Austrian and Turkish investors can safely diversify by investing in each other’s markets due to low correlations of their respective markets. 2) Turkish and Russian markets were found to be more volatile than Austrian, German and Polish markets. However, volatilities in Russia and Turkey do not persist very long. 3) Finally, there is strong evidence of volatility spillovers. All of the countries in the sample, with the exception of Turkey, experience volatility spillovers from other markets. These findings are useful to investors interested in diversifying their portfolios and to traders/fund managers who are interested in maximizing returns.
INTRODUCTION
This paper investigates the linkages among equity returns and transmission of volatilities. The sample consists of five countries: Germany and four eastern European countries (Austria, Poland, Russia and Turkey), including three of the fastest growing emerging countries of the last decade - Poland, Russia and Turkey. The selection was made mainly on the basis of close trade and finance relationships between Germany and the rest of the sample countries. 
Both the main idea and motivation behind the study are straightforward: if equity markets are integrated, an unexpected event in one market may affect not only returns, but also volatility in other markets. The growth in global integration of financial markets has given rise to many studies that investigate the mechanism through which equity market movements are transmitted around the world. These studies make it clear that market performance is not perfectly correlated across countries. For example, rounds of quantitative easing (QE) by the Federal Reserve (FED) in the US starting in 2008 and the European Central bank (ECB) in the European Union (EU) in 2014 have resulted in near zero short term and very low long term interest rates by historical standards. One of the results of the QE has been for capital to look for higher returns elsewhere. Many emerging countries like Brazil, Indonesia, Turkey and Russia became recipients of capital flows from the US and the EU. These flows may have been mostly responsible for many emerging markets’ spectacular performance after the 2008 up until the second half of 2013. (http://performance.morningstar.com/funds/etf/total-returns.action?t=eem). Starting with 2014 however, we witness changes because the FED’s announcement that the long term bond purchases would be eased and then stopped sometime in 2015. The news was interpreted by the bond market that the long term rates would increase. Thus, investors started to bring their funds back causing many emerging markets to experience lower market valuations and depreciating currencies. Therefore, it is important to study the co-movements between equity markets over a financial cycle since correlations do not remain constant over the cycle, presenting diversification opportunities. 
The main idea behind the present paper is to explore both price and volatility linkages between Germany and selected Eastern European markets by utilizing broad equity market index based ETFs. The choice of the data period in this study (November 9, 2010 to January 30, 2015) is especially appropriate since it covers a turbulent period with many fiscal and monetary policy decisions in the EU in aftermath of 2008 financial crisis. In short, we study equity returns (ETF returns) and their volatilities in Germany, Austria, Poland, Russia and Turkey with the main objective of contributing to and expanding upon the literature on the linkages among international equity markets while seeking to understand if there are opportunities for international investors/traders to earn a better return for a unit of risk. 
LITERATURE REVIEW
Much of the earlier research in international stock markets concentrated exclusively on co-movement between returns (Bekaert et al., 2009; Kim and Langrin, 1996; Rezayat and Yavas 2006; Yavas and Rezayat, 2008). These studies found low correlations across some country equity markets which provide attractive diversification opportunities. More recent research (e.g. Diebold and Yilmaz, 2011; Kumar, 2013; Rey, 2013) demonstrated that more information is revealed in the volatility of stock prices. The interest in volatilities has also increased after the two recent stock market crashes (dot.com of 2000 and financial crisis of 2007-2008) which witnessed wide swings in asset prices. However, academic research on equity market volatility transmission has not been conclusive. For example, focusing on emerging markets, Schleicher (2001) studied equity markets in terms of return and volatility in Hungary, Poland, and Czech Republic. His results indicated that equity markets’ return co-movements were significant but not their volatilities. On the other hand, Abbas et al. (2013) investigated the presence of volatility transmission among regional equity markets of Pakistan, China, India, and Sri Lanka as well as developed markets of USA, UK, Singapore, and Japan. Their results show that volatility transmission is present between friendly countries of different regions with economic links. Sakthivel et al. (2012) studied correlation and volatility transmission across stock markets of USA, India, UK, Japan and Australia. Their findings include a bidirectional volatility spillover between US and Indian stock markets and a unidirectional volatility spillover from Japan and United Kingdom to India. Diebold and Yilmaz (2011) results indicate that both return and volatility spillovers vary widely. While return spillovers tend to evolve gradually, volatility spillovers display clear bursts that often correspond closely to economic events.
The literature review summarized above has revealed several gaps. First, almost all of the papers reviewed utilized stock market indices as opposed to ETFs used in this study. As indicated later in the data section, the use of ETFs provide many important advantages. Second, we use daily data as opposed to the weekly or monthly data used in other studies. While weekly/monthly data can have advantages in terms of limiting “noise” daily data provide a larger number of observations. We also study multi-directional flows whereas most of the literature focuses on uni-directional flows from the developed to developing markets. Finally, the methodology is somewhat different (vector autoregression (VAR) as opposed to MARMA used here) even though the present paper also uses GARCH methodology like most of the other studies. The present paper also addresses the questions of “volatility persistence” in addition to “volatility transmission” 
To sum: this paper studies equity returns (ETF returns) and their volatilities in Germany and four Eastern European markets (Austria, Poland Russia and Turkey). The following is the justification for country selection. Germany is Austria’s most important economic partner by far and remained Austria’s most important trading partner. Germany is also Austria’s principal trading partner in terms of services (accounting for 31 per cent of both exports and imports). Secondly, for more than two decades, Germany has been Poland’s most important trading partner; little over a quarter of all Polish exports go to Germany. In terms of both the number of investors and the total amount invested, German companies rank first among foreign direct investors in Poland. Germany is also Turkey’s most important trading partner. After reaching a new record level in 2013, bilateral trade declined in the first ten months of 2014, by 4.2 percent compared with the previous year, to EUR 27.1 billion. Turkish exports to Germany grew by 7.8 per cent, to EUR 11.1 billion. Germany is also the largest foreign investor in Turkey with investments worth more than USD 12 billion since 1980. (Federal Foreign Office, Berlin, 2015). German exports to Russia fell by 16 percent in the first half of 2014, to EUR 15.6 billion. In the same period, Russian exports to Germany grew by 2 per cent, to EUR 20.3 billion. Russia’s annexation of Crimea and its actions in eastern Ukraine overshadow German-Russian relations as well as Russia’s relations with the European Union and other partners (Federal Foreign Office, Berlin, 2015). 
The next section describes the data used followed by a description of the methodologies employed. We then present the findings and end the paper with the conclusions and recommendations.
DATA
This study utilizes Exchange Traded Funds (ETF) instead of market indices mostly used in the literature. ETFs are arguably one of the most versatile of financial instruments that invest mostly in corporate and sovereign liabilities with the intension of replicating the returns of a market index. This paper utilizes iShares MSCI Capped/Core Equity ETFs (all Equity ETFs used are issued by iShares). Selected ETFs seek to track the investment results of a particular index. For example, ETF-USA (iShares Core S&P 500 ETF - IVV) seeks to track the investment results of an index composed of large-capitalization U.S. equities S&P 500. 
The data period is from November 9th, 2010 to January 30th, 2015, a sample of 1063 days on the following ETFs: 1. the iShares MSCI Austria Capped ETF (EWO). 2. The iShares MSCI Germany ETF (EWG). 3. The iShares MSCI Poland Capped ETF (EPOL). 4. The iShares MSCI Russia Capped ETF (ERUS). 5. The iShares MSCI Turkey ETF (TUR).
By concentrating the analysis on ETF data, we can mitigate if not entirely avoid some substantial problems that arise in traditional academic research such as exchange rates volatility, divergences in the national tax systems, diversities in stock exchange trading times and bank holidays, restrictions on cross-border trading and investments, transaction costs. 
METHODOLOGY
To study co-movements of daily returns, we utilized the Multivariate Auto Regressive Moving Average (MARMA). MARMA models combine some of the characteristics of the univariate autoregressive moving average models and, at the same time, some of the characteristics of regression analysis. 
Generalized autoregressive conditional heteroskedasticity (GARCH) models have become widespread tools to study conditional volatility of financial series. GARCH models are fitted when errors of AR or ARMA or in general a regression model have variances which are not independent or the variance of the current error term is related to the value of the previous periods' error terms as well as past variances. GARCH processes have commonly tails heavier than the normal distribution. This property makes the GARCH process attractive because the distribution of asset returns frequently displays tails heavier than the normal distribution. The reader is referred to Engle (1982) and Bollerslev (1986) for additional information on Garch models.

 In this study we use GARCH (1, 1) to analyze the persistence of conditional volatility of the returns as well as transmission of volatility of returns. Daily ETF returns are calculated by 100* logarithmic difference of daily closing ETF values. . 
FINDINGS
The results of our investigation indicated that there are significant cross correlations of lag zero for most of the returns and cross correlations of lag one for some of the returns. Partial correlation and autocorrelation analysis indicated that data for Austria and Russia demonstrated significant partial correlation of lag one. Consequently, we decided against using Vector Auto Regression (VAR) methodology since in the VAR methodology the regressors are the lagged values. Thus, a decision was made in favor of the MARMA model whereby for each return equation, regressors are the other four ETF returns, its own one-period lagged returns as well as one-period lagged returns of other ETF returns. 
Table 1 presents the co-movements of ETF returns. 
Insert Table 1
First, we note that German market returns (ETF representing Germany- EWG) affect returns in all of the other sample countries, Austria, Poland, Russia and Turkey. Second, most of the coefficients are positive indicating that the markets move together, i.e., they are positively correlated. The only exception is negative one-period lagged Polish returns appearing in the equation for Germany. However, Polish returns of the same time period have a positive coefficient in the same equation. Another finding is that Turkish returns and Austrian returns do not affect one another; Turkish returns do not appear in the Austrian return equation and vice versa. Investors interested in equity markets that do not move together (not correlated) would be advised to invest in Turkey and Austria for portfolio diversification.
Starting with Austria, we observe strong positive relationship with German returns - both current as well as one-period lagged returns from Germany are significant. Also, both Russian and Polish returns appear to be positively affecting Austrian returns. German returns are positively correlated with returns from the other four countries. The same holds true for Polish and Russian returns, the latter positively correlated with its own returns one-period lagged.
What are the implications of the above findings for global investors?
Many financial advisors advise their clients to consider investment opportunities in foreign (as opposed to domestic) markets. Globalization aided by advances in communication technology, abolition of capital & exchange controls and deregulation in the financial services in recent years seem to have increased access to foreign markets. The findings summarized above in table 1 indicate that while there are significant return interdependencies among the global stock markets there are still excellent opportunities for portfolio diversification. For example, Austrian and Turkish investors can safely diversify by investing in each other’s markets. German investors, on the other hand, appear to have limited opportunities since the German market is positively correlated with all of the other markets included in our samples. Similarly, Russian and Polish investors may not benefit from diversification into equity markets of the other countries in the sample for they are all positively correlated. 
The results of the MARMA analysis conducted confirm findings of many of the earlier studies: that returns on equities move together. For example, Rezayat and Yavas, (2006) recommended diversification based on low correlations. Harrison and Moore (2009) findings included higher returns in emerging markets that had low correlations with developed markets.
Volatility 
In order to study the volatility and its persistency or transmission using a GARCH-type model it is a common practice to calculate descriptive statistics on the error terms of ARMA or regression and to test whether these errors independent. It is especially important to check the skewness and kurtosis of the distributions and to test whether the distribution is normal. Table 4 present summary statistics for the ETF return series.
Insert Table 2
Note that during the period under study, mean ETF returns from Austria, Poland, Russia and Turkey are all negative. The only exception is Germany with positive mean returns (Table 2). 
Distributional properties of the return series generally appear to be non-normal. Financial markets tend to have “fat tails”. This is so because they are subject to more extreme outcomes in the form of bubbles and crashes. The prime example is the nearly 25 percent fall in the Dow Jones industrial Average in 1987. In addition, markets tend to rise at a slower pace than they fall. It was only recently that the NASDAQ composite index rose to a level it had reached in year 2000. This gives rise to what is known as “negative skewness” Consistent with expectations, all five of the countries in sample have negative skewness. The kurtosis or degree of excess, in all markets exceeds three (3), indicating a leptokurtic distribution. Accordingly, the Jarque - Bera test statistic (and corresponding p-value) strongly rejects the null hypothesis of normal distribution for all returns in the sample at α=0.05 (Table 3).
Looking at the standard deviations, the highest volatility during the period of our study is exhibited by Russia (1.89) followed by Turkey (1.87). Austria and Germany have the lowest volatilities (1.52 and 1.58). These results are hardly surprising since volatility is expected to be higher in emerging markets such as Russia and Turkey. Other studies in the literature found similar results: those volatilities tend to be higher in emerging, less developed markets than developed ones (Abbas et al. 2013; Frankel and Roubini, 2001).
Volatility persistence deals with the nature of volatility and whether the current period’s volatility is affected by past periods’ volatility, and if so, to what extent. Volatility persistence is one of the statistical properties of stock returns and exchange rates. Volatility occurs in clusters in that major swings in asset prices (and exchange rates) do not suddenly stop after major news breaks, and instead they tend to persist. If volatility is “persistent,” it implies that today’s volatility arising out of new information today is likely to influence tomorrow’s volatility, and future volatilities. Malhotra et al (2013) conducted a study on the Indian stock market and found that volatility persisted for some time, and eventually, faded away. Engle and Patton (2001) indicated that the other noteworthy statistical property of volatility is its tendency to revert to the mean. Mean reversion in volatility is generally interpreted as meaning that there is a normal level of volatility to which volatility will eventually return. 
To analyze persistence in volatility, GARCH (1, 1) specification is used. The sum of the ARCH and GARCH effects is a measure of volatility persistence. If that sum is closer to one, it means that effects of shocks fade away very slowly. The lower the values of GARCH & ARCH effects, the faster the effects fade away. 
Insert Table 3
The parameters shown in table 3 lie within the normal range. For daily data, Arch reaction parameter α usually ranges between 0.05 (for a market that is relatively stable) and about 0.1 (for a market that is jumpy). In other words, α measures the extent to which shocks to today’s returns feed through into volatility of next period, and α+ß measures the rate in which this effect dies over time. As shown in the tables, Turkey (0.12) exhibit α values of more than 0.1, indicating very jumpy markets. Next are Russia (0.059), Poland (0.058) and Germany (0.05). Austria has the lowest Arch coefficient (.03) which indicates stable short term volatility. Long term (cumulative) effect of past shocks on returns is measured by the Garch parameter ß, which usually ranges between 0.85 and 0.98. In this study, ß ranges from a low value of 0.82 in Turkey to 0.9559 in Austria. Finally looking at both Arch and Garch effects, Austria and Germany have α+ß value close to 1.0 indicating that the effects of the volatility shocks fade away slowly. Turkey stands out in the sample because it has a highly volatile, jumpy market. However, as far as the long term persistence is concerned, volatilities fade quickly. 
To detect transmission of volatility between stock markets, we use the Augmented GARCH model as developed by Duan (1997). Edwards (1998) used this method and detected the presence of capital transmission effect from Mexico to Chile for Mexican bonds during 1994 crisis. 
Insert Table 4
Among the sample of countries, the only market not experiencing volatility spillovers from other markets is Turkey. Past period volatility of the German market affects volatilities in the Austrian, Russian and Polish markets. The coefficient of the German volatility spillover term is positive indicating that an increase in the German market volatility increases volatilities in the Austrian, Russian and Polish markets. In addition to volatility spillovers from Germany and its own past period volatility, the Polish market volatility is affected by the volatility of the Turkish market. Finally, the Russian market has volatility spillovers from Germany, Poland and Turkey, but not from Austria. However, volatility coefficients associated with Poland and Turkey are negative, indicating that a drop in volatilities in Poland and Turkey increases volatility in the Russian market.
Many of the findings above are corroborated by some of the studies summarized in the literature review section. For example, Christofi and Pericli (1999) and Kumar and Mukhopadyay (2002) found both inter and intra-regional volatility spillovers to be significant. Also, similar to Tokat (2013) this study finds volatility transmissions to be multi-directional.
In summary, it may be concluded that during the period covering this study (2010-2014), there is some evidence of cross-transmission of volatility between the stock markets. These results are corroborated by Beirne et al. (2010) that finds spillovers in variance (volatility) appear to play a key role in emerging markets in Europe.
CONCLUSIONS
This paper studied the transmission of equity returns and volatility among five equity markets using daily ETF data from November 9, 2010 to January 30, 2015. A multivariate autoregressive moving average (MARMA) model along with a generalized autoregressive conditional heteroskedasticity (GARCH) model are used to identify the source and magnitude of return and volatility spillovers.
The findings of this study indicate that co-movements between daily ETF returns representing the countries under study are significant. Therefore, there are diminishing opportunities for investors to diversify their portfolios. Nevertheless, one could still find significant diversification possibilities for investors. For example, Austrian and Turkish investors can safely diversify by investing in each other’s markets. 
Another finding of the study indicates that among the sample countries, emerging markets (Turkey, Russia and Poland) are more volatile than the developed markets (Germany and Austria). Once again, these results are similar to findings of other studies (Abbas et al., 2013; Beirne et al., 2010; Frankel and Roubini, 2001; Yavas and Rezayat, 2015). 
There is also strong evidence of volatility spillovers. The results show that with the exception of Turkey, other equity markets experience volatility spillovers from other markets in the sample. Given that volatilities can proxy for risk, there are implications for both individual and institutional investors in terms of further examining pricing securities, hedging and other trading strategies as well as framing regulatory policies. This type of information is also important for policymakers interested in financial stability.
New financial products based on VIX (a measure of volatility) are being introduced as a hedge against a risk of market meltdown. One recent product allows investors to benefit from sudden spikes in volatility while keeping the ETFs overall costs down. Innovation in both ETFs and their volatilities are expected to continue. iShares recently launched a series of new ETFs that are designed to provide exposure to equities with less risk, done by choosing stocks that have been less volatile than the overall market. (Economist, Jan. 26-Feb. 1, 2013). 
Although we argued in favor of using ETFs as a vehicle for diversification a warning may be appropriate: During the flash crash of 2010 when the Dow Jones industrial average dropped almost 1000 points, the heavy losses in the futures markets quickly spilled over into the ETF market, resulting in many investors shorting the ETF that tracked the underlying indexes. When ETF prices became low relative to the portfolio included investors bought the ETF and sold the underlying assets creating a wedge between the ETF price and it’s NAV. The fact that transactions costs associated with the ETF trades being low may have contributed to the arbitrage opportunities. This link may indicate again that some of the newer financial products such as ETFs have not been around long enough to be tested for crisis situations. Finally, the investigation could be expanded to include other countries in Europe to study Europe-wide spillovers.
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Table 1: Co-movements* of daily ETF Returns (Austria, Germany, Poland, Russia and Turkey)
	


	


	


	


	



*All coefficients are significant at the five percent level (P<0.05); r and denote returns and error terms


Table 2: Descriptive statistic
	
	AUSTRIA
	GERMANY
	POLAND
	RUSSIA
	TURKEY

	 Mean
	-0.036803
	 0.013202
	-0.040338
	-0.076872
	-0.035212

	 Median
	 0.003542
	 0.028991
	-0.012957
	-0.050737
	 0.093583

	 Maximum
	 7.408512
	 7.377567
	 7.087931
	 8.099038
	 8.154844

	 Minimum
	-7.379272
	-7.571491
	-10.73469
	-13.02545
	-11.46181

	 Std. Dev.
	 1.528727
	 1.584214
	 1.713058
	 1.890959
	 1.874629

	 Skewness
	-0.223741
	-0.253543
	-0.499913
	-0.764527
	-0.537942

	 Kurtosis
	 6.127523
	 6.087547
	 6.874766
	 8.912636
	 6.401039

	 Jarque-Bera
	 441.6875
	 433.2111
	 708.5957
	 1650.404
	 563.0632

	 Probability
	 0.000000
	 0.000000
	 0.000000
	 0.000000
	 0.000000

	 Sum
	-39.08526
	 14.02056
	-42.83867
	-81.63763
	-37.39517

	 Sum Sq. Dev.
	 2479.565
	 2662.828
	 3113.576
	 3793.844
	 3728.604

	 Observations
	 1062
	 1062
	 1062
	 1062
	 1062



Table 3: Volatility Persistence
	coefficient
	Austria
	Germany
	Poland
	Russia
	Turkey

	AR(1)
	0.0731
(0.028)
	
	
	0.0629
(0.027)
	

	Constant 
(ω)
	0.0127
(0.015)
	0.0187
(0.011)
	0.0347
(0.003)
	0.040
(0.027)
	0.2152
(0.000)

	ARCH(-1) (α)
	0.0371
(0.000)
	0.0507
(0.000)
	0.0586
(0.000)
	0.0590
(0.000)
	0.1211
(0.000)

	Garch(-1) (β)
	0.9559
(0.000)
	0.9404
(0.000)
	0.9295
(0.000)
	0.9261
(0.000)
	0.8221
(0.000)

	α +β<1
	0.9931
	0.9911
	0.9880
	0.9855
	0.9432



Table 4: Volatility transmission
	


	


	


	


	



All coefficients are significant at the five percent level (P<0.05)
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