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Abstract 

The aim of this paper is to investigate and document the financial contagion of the South Eastern Europe 

(SEE) stock markets. Using a modification of the Bae et al. (2003) coexceedance approach based on multinomial 

logistic regressions we model the occurrence of the large negative or positive stock returns on a given day across 

the SEE stock markets. Specifically, we divide the SEE stock markets on two groups based on country’s EU 

membership in order to allow for transmission mechanism from major EU economies stock markets to EU 

member countries from SEE, and in addition, transitory effect from EU member countries from SEE to accession 

countries from SEE region. We test the persistence, asset class and volatility effects on the likelihood of the 

coexceedances in both SEE groups. We find that effects differ: (i) between negative and positive coexceedances 

and (ii) between the EU member countries and EU accession countries stock markets from SEE. The empirical 

evidence for the persistence effects, asset class and volatility effects in the SEE region should draw the attention 

of both investors and policy makers. 

 1  Introduction 

The stock market comovements received a lot of attention in international finance since it has important 

practical implications for asset allocation and investment management. There is voluminous empirical literature 

that examines stock market comovements among developed countries (for example, Engle and Susmel (1993), 

Bekaert and Harvey (1995), Longin and Solnik (1995), Forbes and Rigobon (2002) and Johnson and Soenen 

(2003). Also, there is increasing body of literature concerning Central and Eastern Europe (CEE) stock market 

comovements (for example, Kasch-Haroutounian and Price (2001), Voronkova (2004), Cappieollo, et al. (2006), 

Babetskii et al. (2007), Egert and Kocenda (2007), Cerny and Koblas (2008), Gilmore et al. (2008) and Kocenda 

and Egert (2011). However, the stock markets comovements in South Eastern Europe (SEE) have been analyzed 

rather rarely. 

Kenourgios and Samitas (2011) examine long-run relationships among five Balkan emerging stock markets 

(Turkey, Romania, Bulgaria, Croatia, Serbia), the United States and three developed European markets (UK, 

Germany, Greece), during the period 2000–2009. Using conventional and regime-switching cointegration tests 

and Monte Carlo simulation, the results provide an evidence in favour of a long-run cointegrating relationship 

between the Balkan emerging markets within the region and globally. Gradojevic and Dobardzic (2012) employ 

frequency domain approach to analyze the causal relationship between the returns on main indexes of Croatia, 

Slovenia, Hungary and Germany on the return of the major Serbian stock exchange index. The results found 

evidence of a somewhat dominant effect of the Croatian and Slovenian stock exchange indexes on Serbian stock 

index across a range of frequencies. Horvath and Petrovski (2013) examine the international stock market 

comovements between Western Europe vis-àvis Central (the Czech Republic, Hungary and Poland) and South 

Eastern Europe (Croatia, Macedonia and Serbia) using multivariate GARCH models in 2006–2011. The results 

indicate that the degree of comovements is much higher for Central Europe. 

In this paper, we use method proposed by Bae et al. (2003) to investigate the comovements in the extreme 

returns between SEE stock markets. Extreme returns in one country, or exceedances, are large positive and large 

negative returns only in that country. Coexceedances are the joint occurrences of extreme returns in different 

countries. We divide the SEE countries on two groups: EU accession countries and EU member countries and 

use the multinomial logit model to explain the coexceedances that occurs in each group. Specifically, we allow 

transitory effects from major EU economies stock markets to EU member countries from SEE, and in addition, 

transitory effects from EU member countries from SEE to accession countries from SEE region. Following 

Christiansen & Ranaldo (2009) we test the persistence effects, asset class effects and volatility effects on the 

likelihood of the coexceedances in each SEE groups. Persistence effects refer to the likelihood of observing 

autocorrelation in the coexceedances, i.e. whether the extreme stock returns are followed by subsequent 

movements in the same direction or in the opposite direction. The asset class effects test the explanation power 

of the three asset class groups, namely interest rates, currency returns and stock returns, for extreme stock 

returns. Finally, the volatility effects refer to the link between extreme stock returns and volatility in interest 

rates, currency returns and stock returns. 

We find strong persistence effects in the both SEE groups (EU member states and EU accession countries). 

The extreme stock returns are characterized with subsequent movement in same direction. The coexceedances in 

EU member countries from SEE stock markets are influenced by the coexceedances in major EU economies 

stock markets, while in the case of EU accession countries from SEE stock markets this influence is much 

weaker and present only for positive coexceedances. However, negative coexceedances of accession countries 
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from SEE are influenced by negative coexceedances from EU member countries from SEE stock markets, which 

imply that in the accession group stock markets bad signals comes from region, while good signals comes from 

the major EU economies. In respect to asset class effects and volatility effects, the results suggest that later have 

more influence on extreme coexceedance on the SEE stock markets than the former. The volatility of the 

observed stock markets is important in determination of the extreme returns comovement in the both group of 

SEE markets.  

The results of this study may help policy makers to understand the nature of cross-region shock transmission. 

Similarly, it may be useful to investment managers for international portfolio diversification. 

The structure of the remaining part of the paper is as follows: In Section 2 we present the data and in Section 3 

we explain methodological framework. Section 4 contains the empirical results, and Section 5 concludes. 

 2  Data Description 

We consider three groups of countries, while each is consisted of five countries. The first two groups are SEE 

groups. The criterion for division is the EU membership. The first is the group of EU accession countries from 

SEE: Bosnia and Herzegovina, Macedonia, Montenegro, Serbia and Turkey. Albania and Kosovo are not 

included due data availability. The second is the group of EU member countries from SEE: Greece, Slovenia, 

Romania, Bulgaria and Croatia. Greece and Slovenia were EU members during total sample period, while the 

rest of the countries only the part of the sample period. However, in the models we use dummy variables to 

capture effect of January 1, 2007, when majority of the countries in this group are EU members. The group of 

major EU economies, according to nominal GDP in 2012, consists of the following countries: Germany, United 

Kingdom, France, Italy and Spain. 

We apply the daily data from DataStream stock index for various countries. Only in the cases of Bosnia and 

Herzegovina, Croatia, Macedonia, Montenegro and Serbia, we use the relevant index from the local stock market 

(SASX10, CROBEX, MBI10, MONEX20 and BELEXline), because the DataStream stock index is not 

available. 

We use daily log returns calculated from the price indexes for the stock markets measured in the local 

currency. Christiansen & Ranaldo (2009)
 
argue that local currency returns are equivalent to currency hedged 

returns, while using common currency returns would bias the results and confound the genuine stock 

performance with that of the exchange rates. The data covers the period from October 4, 2004 to November 13, 

2013. It gives a total of 2378 observations and covers both bull and bear phases, high and low volatility and 

different market conditions.  

 2.1  Coexceedance Variables  

We focus on occurrences of extreme returns. We arbitrarily define a negative (positive) extreme return, or 

negative (positive) exceedance, as one that lies below (above) the 10% (90%) percentile of the marginal return 

distribution. We treat extreme negative and extreme positive returns separately. 

Following Christiansen & Ranaldo (2009) we construct a variable that counts the number of extreme negative 

returns for EU accession countries from SEE on a given day. The variable can take on integer values between 0 

and 5. We collect observations of 2 and above into one group, so the variable is truncated to take on values 

between 0 and 2. We denote this variable the negative coexceedance variable for the EU accession countries 

group. So, we distinguish between following situations for a given day: no extreme return, only one country with 

an extreme return, and several countries with an extreme return. A similar negative coexceedance variables are 

constructed for the group of EU member countries from SEE and group of major EU economies. The positive 

coexceedance variable for the EU accession countries is constructed by counting the number of positive extreme 

returns on the EU accession stock markets on a given day. Finally, we construct the positive coexceedance 

variables for the group of EU member countries from SEE and group of major EU economies. We use the 

following notation for the coexceedance variables: 

 𝑋𝑁𝑡
𝐴𝐶𝐶: negative coexceedance for EU accession countries from SEE on day 𝑡. 

 𝑋𝑃𝑡
𝐴𝐶𝐶: positive coexceedance for EU accession countries from SEE on day 𝑡. 

 𝑋𝑁𝑡
𝐸𝑈𝑆: negative coexceedance for EU member countries from SEE on day 𝑡. 

 𝑋𝑃𝑡
𝐸𝑈𝑆: positive coexceedance for EU member countries from SEE on day 𝑡. 

 𝑋𝑁𝑡
𝑀𝐸𝑈: negative coexceedance for major EU economies on day 𝑡. 

 𝑋𝑃𝑡
𝑀𝐸𝑈: positive coexceedance for major EU economies on day 𝑡. 

Summary statistics for the coexceedance variables are given in Table 1. The 2378 days in a sample period are 

divided into these in which there are no exceedances in any country (e.g. 1558 such days in group of EU 

accession countries for negative extreme returns), only one country exceedance (e.g. 568 such days in group of 

EU accession countries for negative extreme returns), and multi country coexceedance (e.g. 252 such days in 

group of EU accession countries for negative extreme returns). The number of several coexceedances (multi 

country coexceedance), as well as the number of no coexceedance (no exceedance in any country) is highest in 
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the group of major EU economies (in both positive and negative cases) which reflect the higher level of 

interconnection and stability of this group in comparison with the SEE groups. Both group of SEE countries 

have more negative than positive coexceedances, while the group accession countries from SEE have more 

coexceedances than EU member countries from SEE. 

 Number of Coexceedances 

 0 1 2+ 

Negative Coexceedances in EU accession countries 

from SEE (ACC) 

1558 (65.5%) 568 (23.9%) 252 (10.6%) 

Positive Coexceedances in EU accession countries 

from SEE (ACC) 

1498 (63.0%) 641 (26.9%) 239 (10.1%) 

Negative Coexceedances in EU member countries 

from SEE (EUS) 

1615 (67.9%) 517 (21.7%) 246 (10.4%) 

Positive Coexceedances in EU member countries 

from SEE (EUS) 

1535 (64.6%) 595 (25.0%) 248 (10.4%) 

Negative Coexceedances in major EU economies 

(MEU)  

1969 (82.8%) 129 (5.4%) 280 (11.8%) 

Positive Coexceedances in major EU economies 

(MEU) 

1946 (82.0%) 126 (5.3%) 303 (12.7%) 

Table 1. Summary statistics of coexceedance variables 

 2.2  Explanatory Variables  
In the empirical analysis, we also use additional explanatory variables in order to estimate the impact of the 

different stock markets or the economic fundamentals on the coexceedance variable in various multinomial logit 

models. In the choice of the variables we follow the existing literature, and select to a large extent the same 

variables as Bae et al. (2003) and Christiansen and Ranaldo (2009). The frequency of all the explanatory 

variables does correspondents with the daily frequency of the coexceedance variables. The variables are as 

follows: 

 𝑆𝑡
𝑈𝑆𝐴: concurrent return from the US stock market (DataStream index). 

 𝑆𝑡
𝑀𝐸𝑈: concurrent return from the major EU economies stock market (log-returns from equally weighted 

index constructed for the Germany, United Kingdom, France, Italy and Spain). 

 𝑆𝑡
𝐸𝑈𝑆: concurrent return from the EU member countries from SEE stock market (log-returns from equally 

weighted index constructed for the Greece, Slovenia, Romania, Bulgaria and Croatia). 

 𝜎𝑡
𝑈𝑆𝐴: concurrent volatility for US stock market (square root of the conditional variance stemming from 

estimating the AR(1)-GARCH(1,1) model for the US stock return - 𝑆𝑡
𝑈𝑆𝐴). 

 𝜎𝑡
𝑀𝐸𝑈: concurrent volatility for major EU economies stock market (square root of the conditional variance 

stemming from estimating the AR(1)-GARCH(1,1) model for the major EU economies stock return - 𝑆𝑡
𝑀𝐸𝑈). 

 𝜎𝑡
𝐸𝑈𝑆: concurrent volatility for EU member countries from SEE stock market (square root of the conditional 

variance stemming from estimating the AR(1)-GARCH(1,1) model for the EU member countries from SEE 

stock return - 𝑆𝑡
𝐸𝑈𝑆). 

 𝐶𝑡: concurrent currency log return (exchange rate of EUR per USD). 

 𝜎𝑡
𝐶: concurrent volatility for currency return (square root of the conditional variance stemming from 

estimating the AR(1)-GARCH(1,1) model for the currency log return - 𝐶𝑡). 

 𝑅𝑡: concurrent interest rate (first differences of 1-month EURIBOR). 

 𝜎𝑡
𝑅: concurrent volatility for currency return (square root of the conditional variance stemming from 

estimating the AR(1)-GARCH(1,1) model for the interest rate - 𝑅𝑡). 

 3  Methodological Framework 

In the first part of the section we present the econometric technique of multinomial logistic regression. In the 

second part of the section we describe the models used for hypothesis testing. 

 3.1  Multinomial Logistic Regression 

We used the Bae et al. (2003) method of multinomial logit model to analyze extreme commovements between 

stock markets. This method offers a more efficient (in econometric terms) and consistent (in economic terms) 

way of analyzing commovement between financial markets, because coexceedance measure is not biased in 

periods of high volatility, it is not restricted to model linear phenomena, and it is easy to compute across time 

and assets. 

Multinomial logit model is appropriate for modeling coexceedance variables, which as discussed above are 

discrete choice variables that can have only three categories (0, 1, and 2). We conduct univariate analysis and 
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model one coexceedance variable at the time. The probability of, for example, 𝑋𝑁𝑡
𝐴𝐶𝐶 being in category 𝑖 is 

given by: 

𝑃𝑖 =
𝑒𝑥𝑝(𝜷

𝑖
, 𝒙)

∑ 𝑒𝑥𝑝(𝜷
𝑖
, 𝒙)2

𝑗=1

 

where 𝑖 = 1, 2;  𝒙is the vector of the explanatory variables (including constant) and 𝜷
𝑖
is the vector of 

coefficients for category 𝑖. The probability of being in category 𝑖 is given as a function of explanatory variables 

𝑃𝑖 = 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛(𝜷
𝑖
, 𝒙) where 𝑖 = 1, 2. There is one coefficient for each covariate for each of the categories (for 

example, 𝛽
1𝑗

 for category 1 for 𝑥𝑗). The baseline category is 0 (𝑖 = 0). 

Considering only three categories (0, 1 and 2), we reduce the number of parameters in the model and make the 

results easier to understand. The explanation of the coefficients is straightforward: when 𝛽
1𝑗

 is significant, then 

variable 𝑗 has a positive effect upon the probability of the occurrence of an exceedance; when 𝛽
2𝑗

 is significant, 

then variable 𝑗 has a significant effect upon the probability of the occurrence of a coexceedance. The significance 

of a given explanatory variable i.e. whether both coefficients for both categories are insignificant simultaneously 

(𝛽
1𝑗

= 𝛽
2𝑗

= 0 for explanatory variable 𝑥𝑖) is checked with 𝜒2-test. The joint significance of all the explanatory 

variable is determined by use of 𝜒2-test, where we compare the estimated model with the base line model that 

only has the constant term as explanatory variable). In addition, we calculate a Cox and Snell’s pseudo𝑅2 for 

various models. 

The multinomial logit model is estimated in SPSS. 

 3.2  Hypotheses and Models 

Persistence effects 

The first hypothesis is about the persistence of the extreme returns in the SEE stock markets. We explore 

whether negative and positive coexceedances in stock prices are followed by subsequent movements in the same 

direction (continuation) or in the opposite direction (reversal). The empirical literature has identified both 

patterns in the developed markets. De Bondt and Thaler (1985) influenced by experimental psychology 

documentation of the overreaction of the people to unexpected and dramatic news, found reversal pattern in 

long-term stock return, i.e. stocks with low long-term past returns tend to have higher future returns as the result 

of the correction of the initial overreaction. Jegadeesh (1990) and (Lehmann, 1990) provide evidence on reversal 

pattern in short term stock returns. In contrast, Jegadeesh and Titman (1993) and Fama and French (1996) have 

found continuation pattern of short term stocks returns, i.e. stocks with higher returns tend to have higher future 

returns. 

We use two model forms in order to test the persistence effects in SEE stock markets. The first form of the 

model test whether the coexceedances in EU member countries from SEE group stock markets are 

autoregressive and whether they are related to the coexceedances of the same type in major EU economies group 

stock markets. So, for the negative coexceedance variable for the EU member countries from SEE (𝑋𝑁𝑡
𝐸𝑈𝑆) the 

explanatory variables are 𝑋𝑁𝑡−1
𝐸𝑈𝑆and 𝑋𝑁𝑡

𝑀𝐸𝑈. For 𝑋𝑁𝑡
𝐸𝑈𝑆 the probability of having 𝑖 negative coexceedances is: 

For 𝑋𝑁𝑡
𝐸𝑈𝑆: 𝑃𝑖 = 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛(𝛽

𝑖0
+ 𝛽

𝑖1
𝑋𝑁𝑡−1

𝐸𝑈𝑆 + 𝛽
𝑖2

𝑋𝑁𝑡
𝑀𝐸𝑈) where 𝑖 = 1, 2. 

The model form is similar for the positive coexceedance variable, where explanatory variables are 𝑋𝑃𝑡−1
𝐸𝑈𝑆 

and 𝑋𝑃𝑡
𝑀𝐸𝑈. The second form of the model test whether the coexceedances in EU accession countries from SEE 

group stock markets are autoregressive and whether they are related to the coexceedances of the same type in EU 

member countries from SEE and major EU economies group stock markets. We think that transitory effect of the 

integrated markets in the EU from the SEE is important in modeling of the coexceedanes of accession countries. 

So, for the negative coexceedance variable for the EU accession countries from SEE (𝑋𝑁𝑡
𝐴𝐶𝐶) the explanatory 

variables are 𝑋𝑁𝑡−1
𝐴𝐶𝐶, 𝑋𝑁𝑡

𝐸𝑈𝑆 and 𝑋𝑁𝑡
𝑀𝐸𝑈. For 𝑋𝑁𝑡

𝐴𝐶𝐶 the probability of having 𝑖 negative coexceedances is: 

For 𝑋𝑁𝑡
𝐴𝐶𝐶: 𝑃𝑖 = 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛(𝛽

𝑖0
+ 𝛽

𝑖1
𝑋𝑁𝑡−1

𝐴𝐶𝐶 + 𝛽
𝑖2

𝑋𝑁𝑡
𝐸𝑈𝑆 + 𝛽

𝑖3
𝑋𝑁𝑡

𝑀𝐸𝑈) where 𝑖 = 1, 2. 

Asset class effects 

The second hypothesis is about the asset class effects on the extreme returns in the SEE stock markets. We 

explore whether currency rate and interest rates movements, as well as American and European stock markets 

developments, are relevant for explaining coexccedances in SEE stock markets. Obstfeld (1986) and Morris and 

Shin (1998) suggested currency attacks as important source of extreme returns transmission, while funding 

liquidity and market liquidity is pointed out by Brunnermeier and Pedersen (2009). Moreover, Caballero and 

Krishnamurthy (2008) put a light to flight to quality episodes (substitution between equities and safer assets such 

as bonds or money) as important source of financial instability. In addition, Christiansen and Ranaldo (2009) 
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argue that EU membership may have decreased the currency risk premium and increased the degree of stock 

return correlation within new member states and between them and old member states. 

As in the case of persistence effects, we use two model forms in order to test the asset class effects in SEE 

stock markets. The first form of the model test whether the coexceedances in EU member countries from SEE 

group stock markets are related to different assets type returns. The explanatory variables are: currency return 

(𝐶𝑡), interest rate (𝑅𝑡), major EU stock market return (𝑆𝑡
𝑀𝐸𝑈) and US stock market return (𝑆𝑡

𝑈𝑆𝐴). So, for the 

negative coexceedance variable (𝑋𝑁𝑡
𝐸𝑈𝑆) the probability of having 𝑖 negative coexceedances is: 

For 𝑋𝑁𝑡
𝐸𝑈𝑆: 𝑃𝑖 = 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛(𝛽

𝑖0
+ 𝛽

𝑖1
𝐶𝑡 + 𝛽

𝑖2
𝑅𝑡 + 𝛽

𝑖3
𝑆𝑡

𝑀𝐸𝑈 + 𝛽
𝑖4

𝑆𝑡
𝑈𝑆𝐴) where 𝑖 = 1, 2. 

The model form is identical in the case of positive coexceedances in EU member countries from SEE (𝑋𝑃𝑡
𝐸𝑈𝑆). 

The second form of the model designed for EU accession countries from SEE stock markets have additional 

variable EU member countries for SEE stock market return (𝑆𝑡
𝐸𝑈𝑆), in order to be captured regional transitory 

effect. So, for the negative coexceedance variable (𝑋𝑁𝑡
𝐴𝐶𝐶) the probability of having 𝑖 negative coexceedances is: 

For 𝑋𝑁𝑡
𝐴𝐶𝐶: 𝑃𝑖 = 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛(𝛽

𝑖0
+ 𝛽

𝑖1
𝐶𝑡 + 𝛽

𝑖2
𝑅𝑡 + 𝛽

𝑖3
𝑆𝑡

𝐸𝑈𝑆 + 𝛽
𝑖4

𝑆𝑡
𝑀𝐸𝑈 + 𝛽

𝑖5
𝑆𝑡

𝑈𝑆𝐴) where 𝑖 = 1, 2. 

Volatility effects 

The third hypothesis is about the volatility effects on the extreme returns in the SEE stock markets. We explore 

whether coexceedanes are more likely to occur in highly volatile environment overriding all asset classes. 

Leveraged international allocations may also increase extreme events propagation. Schinasi and Smith (2001) 

show that even in an efficient and frictionless setting, spillover effects can emerge on the basis of optimal 

portfolio decisions taken by leveraged investors as a simple rebalancing response. 

We use two different model forms in order to test the asset class effects in SEE stock markets. The first form of 

the model test whether the coexceedances in EU member countries from SEE group stock markets are related to 

volatility of different assets type returns. The explanatory variables are: volatility of currency return (𝜎𝑡
𝐶), 

volatility of interest rate (𝜎𝑡
𝑅), volatility of major EU stock market return (𝜎𝑡

𝑀𝐸𝑈) and volatility of US stock 

market return (𝜎𝑡
𝑈𝑆𝐴). So, for the negative coexceedance variable (𝑋𝑁𝑡

𝐸𝑈𝑆) the probability of having 𝑖 negative 

coexceedances is: 

For 𝑋𝑁𝑡
𝐸𝑈𝑆: 𝑃𝑖 = 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛(𝛽

𝑖0
+ 𝛽

𝑖1
𝜎𝑡

𝐶 + 𝛽
𝑖2

𝜎𝑡
𝑅 + 𝛽

𝑖3
𝜎𝑡

𝑀𝐸𝑈 + 𝛽
𝑖4

𝜎𝑡
𝑈𝑆𝐴) where 𝑖 = 1, 2. 

The model form is identical in the case of positive coexceedances in EU member countries from SEE (𝑋𝑃𝑡
𝐸𝑈𝑆). 

The second form of the model designed for EU accession countries from SEE stock markets have additional 

variable EU member countries for volatility of SEE stock market return (𝜎𝑡
𝐸𝑈𝑆), in order to be captured regional 

transitory effect. So, for the negative coexceedance variable (𝑋𝑁𝑡
𝐴𝐶𝐶) the probability of having 𝑖 negative 

coexceedances is: 

For 𝑋𝑁𝑡
𝐴𝐶𝐶: 𝑃𝑖 = 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛(𝛽

𝑖0
+ 𝛽

𝑖1
𝜎𝑡

𝐶 + 𝛽
𝑖2

𝜎𝑡
𝑅 + 𝛽

𝑖3
𝜎𝑡

𝑀𝐸𝑈 + 𝛽
𝑖4

𝜎𝑡
𝑈𝑆𝐴 + 𝛽

𝑖5
𝜎𝑡

𝐸𝑈𝑆) where 𝑖 = 1, 2. 

 4  Empirical Results 

Table 2 reports the estimation results of the multinomial logit model for the four different coexceedance 

variables. The left-most part of the table concerns the situation where the negative coexceedance variable for the 

EU members from SEE is the explained variable, in the second part the positive coexceedance variable for the 

EU members from SEE is the explained variable, and in the third and fourth parts the negative and positive 

coexceedances for EU accession countries from SEE are the explained variables. The first two columns show the 

parameter estimates and their standard deviations in parenthesis. In the third column, */**/*** indicate the 

significance of the individual parameter (β
ij
) at a 10%/5%/1% level of significance. In the fourth column, it is 

marked by &/&&/&&& when the explanatory variable xj is overall significant at the 10%/5%/1% level of 

significance (β
1j

= β
2j

= 0). We include an intercept dummy, as well as interaction dummies for the explanatory 

variables in the model, where the dummy variable takes value 1 after January 1, 2007 and zero before. The 

estimates are not tabulated, but the joint significance level (10%/5%/1%) of the dummies variables is indicated 

by #/##/### in the fifth column in the every of the fourth parts of the table. 

The table 2 reports the persistence effects results. The estimated significant and positive lagged explanatory 

variable in all four models is evidence in favor of the continuation hypothesis (subsequent movements in the 

same direction) in the SEE markets rather than reversal hypothesis (subsequent movements in the opposite 

direction). It implies that the number of extreme negative returns today is positively related to the number of 

extreme negative returns yesterday in the both SEE groups. Or, that the number of extreme positive returns today 

is positively related to the number of extreme positive returns yesterday in both SEE groups. 

Regarding extreme returns in major EU economies markets as explanatory variable, we found them significant 

and positive in the two models of EU member states from SEE. It means that the more extreme negative returns 
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we have on major EU countries stock markets, the more likely is to have many extreme negative returns on the 

EU member states from SEE stock markets. On contrary, the extreme returns in major EU economies stock 

markets are not significant in the model of negative coexceedance for accession countries from SEE, while it is 

significant only on 10% level for the extreme positive coexceedance of the same group. For the model of 

negative coexceedance for accession countries from SEE, the additional explanatory variable – negative 

coexceedance for EU member states from SEE is significant and positive. It implies that the extreme negative 

influence of major EU countries stock markets on the extreme negative returns of the accession countries is not 

directly, but through the EU member states from SEE stock markets. However, this is not true for the extreme 

positive returns of the accession group. The positive coexceedance of accession group is not influenced by 

positive coexceedance of EU member states group, but only from positive coexceedances from major EU 

economies group. It means that in accession group stock markets bad signals comes from the region, while good 

signals from the major EU economies. 

The results for the asset class effects are given in the table 3. For the EU member countries from SEE, the 

likelihood of observing negative coexceedances is only related to major EU economies stock market return. In 

particular, it is negatively related to stock returns in major EU economies market. For the positive coexceedance 

variable for EU member countries from SEE both the major EU economies stock return and the currency return 

have significant effects, but on the 10% level. The effect of major EU economies stock return is positive, while 

the effect of the exchange rate of EUR per USD is negative. In both cases (negative or positive coexceedance 

variable) for EU member countries from SEE the interest rate or US stock market return are not of importance.  

The likelihood of observing negative coexceedances in EU accession countries from SEE appear more highly 

connected with EU member states from SEE stock returns than with major EU economies stock return. These 

links have negative effects upon the likelihood. Also, there is positive link with interest rates, but to lesser extent. 

The positive coexceedance variable for EU accession countries from SEE seems to be almost not connected with 

the observed variables, with the exception of the weak link with the US stock market return. 

 

EU members from SEE 

      

 

Negative 

   

Positive 

   Constant (1) -1.78 0.13 *** &&& ### -1.25 0.12 *** &&& 

Constant (2) -3.85 0.32 *** 

  

-2.89 0.24 *** 

  𝑋𝑁𝑡−1
𝐸𝑈𝑆 (1) 0.75 0.20 *** &&& # 

     𝑋𝑁𝑡−1
𝐸𝑈𝑠 (2) 1.22 0.34 *** 

       𝑋𝑃𝑡−1
𝐸𝑈𝑆 (1) 

     

0.52 0.15 *** &&& ## 

𝑋𝑃𝑡−1
𝐸𝑈𝑆 (2) 

     

1.00 0.23 *** 

  𝑋𝑁𝑡
𝑀𝐸𝑈 (1) 0.80 0.27 *** &&& 

     𝑋𝑁𝑡
𝑀𝐸𝑈 (2) 1.36 0.35 *** 

       𝑋𝑃𝑡
𝑀𝐸𝑈 (1) 

     

-0.07 0.29 

 

&& 

 𝑋𝑃𝑡
𝑀𝐸𝑈 (2) 

     

0.79 0.28 *** 

  Pseudo 𝑅2 14.6% 

    

7.90% 

    Chi-square 374.2*** 

   

195.6*** 

    

 

Accession countries from SEE 

     

 

Negative 

   

Positive 

   Constant (1) -1.28 0.13 *** &&& ## -0.81 0.13 *** &&& ### 

Constant (2) -3.57 0.32 *** 

  

-2.55 0.25 *** 

  𝑋𝑁𝑡−1
𝐴𝐶𝐶  (1) 0.28 0.17 * &&& 

     𝑋𝑁𝑡−1
𝐴𝐶𝐶  (2) 0.95 0.30 *** 

       𝑋𝑃𝑡−1
𝐴𝐶𝐶  (1) 

     

0.67 0.14 *** &&& ## 

𝑋𝑃𝑡−1
𝐴𝐶𝐶  (2) 

     

1.19 0.21 *** 

  𝑋𝑁𝑡
𝐸𝑈𝑆 (1) 0.74 0.19 *** &&& 

     𝑋𝑁𝑡
𝐸𝑈𝑆 (2) 1.23 0.32 *** 

       𝑋𝑃𝑡
𝐸𝑈𝑆 (1) 

     

-0.02 0.15 

   𝑋𝑃𝑡
𝐸𝑈𝑆 (2) 

     

0.27 0.22 

   𝑋𝑁𝑡
𝑀𝐸𝑈 (1) 0.44 0.25 * 

       𝑋𝑁𝑡
𝑀𝐸𝑈 (2) -0.26 0.58 

        𝑋𝑃𝑡
𝑀𝐸𝑈 (1) 

     

0.47 0.24 ** & 

 𝑋𝑃𝑡
𝑀𝐸𝑈 (2) 

     

-0.19 0.49 

   Pseudo 𝑅2 16.7% 

    

14.1% 

    Chi-square 435.1*** 

   

362.2*** 

   
Table 2. Persistence effects 
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EU members from SEE 

      

 

Negative 

   

Positive 

   Constant (1) -1.48 0.12 *** &&& ### -1.02 0.10 *** &&& 

Constant (2) -3.28 0.26 *** 

  

-2.44 0.20 *** 

  𝐶𝑡(1) 0.24 0.21 

   

0.09 0.19 

 

& # 

𝐶𝑡(2) 0.01 0.44 

   

-0.66 0.31 ** 

  𝑅𝑡(1) -0.02 0.14 

   

-0.10 0.13 

   𝑅𝑡(2) 0.20 0.22 

   

-0.37 0.23 

   St
USA(1) 0.21 0.20 

   

-0.21 0.18 

   𝑆𝑡
𝑈𝑆𝐴(2) 0.27 0.41 

   

0.26 0.30 

   𝑆𝑡
𝑀𝐸𝑈(1) -0.53 0.19 *** &&& -0.07 0.18 

 

& # 

𝑆𝑡
𝑀𝐸𝑈(2) -0.97 0.33 *** 

  

0.72 0.32 ** 

  Pseudo 𝑅2 14.2% 

    

10.5% 

    Chi-square 365.6*** 

   

262.6*** 

            

 

Accession countries from SEE 

     

 

Negative 

   

Positive 

   Constant (1) -0.91 0.11 *** &&& ### -0.45 0.10 *** &&& ### 

Constant (2) -2.62 0.22 *** 

  

-1.73 0.16 *** 

  𝐶𝑡(1) -0.12 0.19 

   

-0.01 0.17 

   𝐶𝑡(2) 0.40 0.40 

   

-0.11 0.27 

   𝑅𝑡(1) 0.20 0.11 * & # 0.10 0.11 

   𝑅𝑡(2) -0.37 0.29 

   

0.06 0.17 

   St
USA(1) 0.19 0.18 

   

0.10 0.17 

   𝑆𝑡
𝑈𝑆𝐴(2) 0.05 0.37 

   

-0.48 0.26 * & 

 𝑆𝑡
𝑀𝐸𝑈(1) -0.45 0.18 ** && 

 

0.12 0.16 

   𝑆𝑡
𝑀𝐸𝑈(2) -0.20 0.35 

   

0.30 0.27 

   𝑆𝑡
𝐸𝑈𝑆(1) -0.96 0.19 *** &&& ### -0.10 0.16 

  

# 

𝑆𝑡
𝐸𝑈𝑆(2) -1.50 0.34 *** 

  

0.07 0.25 

   Pseudo 𝑅2 11.7% 

    

6.4% 

    Chi-square 295.5*** 

   

157.9*** 

   
Table 3. Asset class effects 

 

EU members from SEE 

      

 

Negative 

   

Positive 

   Constant (1) -2.26 1.37 * && -1.61 1.23   

 Constant (2) -6.95 2.78 ** 

  

-1.23 2.07   

 σt
C(1) -0.21 2.47 

   

2.43 2.21 

   𝜎𝑡
𝐶(2) 1.20 5.27 

   

-2.24 3.69 

   𝜎𝑡
𝑅(1) -0.18 0.29 

   

-0.26 0.25 

   𝜎𝑡
𝑅(2) 0.55 0.36 

   

-0.56 0.51 

   𝜎𝑡
𝑈𝑆𝐴(1) 1.69 0.99 * & 

 

-0.39 0.94 

   𝜎𝑡
𝑈𝑆𝐴(2) 3.01 1.83 * 

  

1.59 1.47 

   𝜎𝑡
𝐸𝑈𝑆(1) 

          𝜎𝑡
𝐸𝑈𝑆(2) 

          Pseudo 𝑅2 8.3% 

    

3.4%   
  Chi-square 206.4*** 

   

83.3***    

 

 

Accession countries from SEE 

     

 

Negative 

   

Positive 

   Constant (1) -1.55 1.13 

   

-2.97 1.12 *** && 

Constant (2) -1.07 2.94 

   

-1.56 2.27 

   σt
C(1) -3.90 2.13 

   

-0.50 2.06 

   𝜎𝑡
𝐶(2) -5.05 4.83 

   

0.87 3.50 

   𝜎𝑡
𝑅(1) 0.25 0.21 

   

-0.27 0.22 

 

&&& ### 

𝜎𝑡
𝑅(2) -1.18 0.94 

   

-1.95 0.80 *** 

  𝜎𝑡
𝑈𝑆𝐴(1) 1.50 0.92 

   

3.15 0.91 *** &&& ### 

𝜎𝑡
𝑈𝑆𝐴(2) 1.54 1.92 

   

1.18 1.47 

   𝜎𝑡
𝐸𝑈𝑆(1) 1.85 0.65 *** &&& ## 0.88 0.66  &&&  

𝜎𝑡
𝐸𝑈𝑆(2) 3.05 1.19 **   3.00 0.88 ***  

 Pseudo 𝑅2 9.7% 

    

6.0% 

    Chi-square 241.5*** 

   

146.4*** 

   
Table 4. Volatility effects 
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The results for volatility effects are given in table 4. For the negative coexceedance variable for EU members 

countries from SEE, we find only stock markets returns volatility significant, whereas the exchange rate 

volatility and interest rate volatility is insignificant. The US stock market return volatility and in major EU 

economies stock market volatility increase the likelihood of negative coexceedance. The positive coexceedance 

variable for EU member countries from SEE it is not related with any observed asset class volatility. 

For the EU accession countries from SEE, the volatility in all three stock markets (US, major EU economies 

and EU members from SEE) is relevant for likelihood of observing coexceedances. In both negative or positive 

coexceedances models the increase in volatility in US stock market or EU members from SEE stock market 

leads to increase of the likelihood of observing a coexceedances in EU accession stock markets. In addition, for 

the accession countries negative coexceedances, there is weak link with exchange rate volatility and for positive 

coexceedances with interest rate volatility.  

 5  Conclusion 

We apply the coexceedance methodology of Bae et al. (2003) to investigate the co-movements in the extreme 

returns between SEE stock markets. We divide the SEE stock markets on two groups based on country’s EU 

membership in order to allow for transmission mechanism from major EU economies stock markets to EU 

member countries from SEE, and in addition, transitory effect from EU member countries from SEE to accession 

countries from SEE region. The negative coexceedance variable for the EU accession countries from SEE counts 

the number of extreme returns (bellow 10% percentile) across the EU accession countries on a given day. The 

positive coexceedance variable for the EU accession countries from SEE counts the number of extreme returns 

(above 90% percentile) across the EU accession countries on a given day. The negative coexceedance variables 

and positive coexceedances variables for the EU member countries from SEE and major EU economies are 

constructed analogously. Using the multivariate logit model, we test the persistence, asset class and volatility 

effects on the likelihood of the coexceedances in both SEE groups. 

We find evidence in support of continuation hypothesis for the extreme negative and positive stock returns in 

the both SEE groups (EU member states and EU accession countries). The coexceedances in EU member 

countries from SEE stock markets are influenced by the coexceedances in major EU economies stock markets, 

while in the case of EU accession countries from SEE stock markets this influence is much weaker and present 

only for positive coexceedances. However, negative coexceedances of accession countries from SEE are 

influenced by negative coexceedances from EU member countries from SEE stock markets, which imply that in 

the accession group stock markets bad signals comes from region, while good signals comes from the major EU 

economies. In respect to asset class effects and volatility effects, the results suggest that later have more 

influence on extreme coexceedance on the SEE stock markets than the former. The volatility of the US stock 

markets is important in determination of the extreme returns comovement in the both group of SEE markets, 

while for the accession group additionally volatility of the EU member countries from SEE is important.  
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