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Abstract:	 This paper examines the interactions among the stock markets of five Southeast European 
countries over the 2007-2024 period. Using daily index data, the study applies correlation 
analysis, cointegration techniques, Vector Autoregression, and Granger causality tests to 
assess long- and short-term relationships under different economic conditions. The re-
sults provide no robust evidence of long-run integration, as cointegration analysis fails 
to confirm stable relationships among the markets. In contrast, short-term dynamics re-
veal varying lead-lag relationships, which intensify during periods of economic turbulence 
and weaken during stable periods. Croatian and Slovenian markets exhibit leading roles 
in earlier periods; however, this precedence is not sustained over time despite their EU 
membership, while the Sarajevo market remains the least integrated. Overall, the findings 
suggest that co-movements are driven more by external shocks and investor behavior than 
by persistent structural linkages, with implications for regional portfolio diversification.
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Introduction

Investors across global stock markets continuously seek to identify patterns through 
which price movements and market trends are transmitted between markets, with 
the aim of enhancing portfolio performance. The recognition that such transmission 
mechanisms may exist has intensified alongside the expansion of economic and fi-
nancial globalization, as well as the rapid growth of information flows enabled by 
modern communication technologies.
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The central objective of this paper is to examine whether similar linkages and 
interdependencies can be observed among the major stock markets of the countries 
that emerged from former Yugoslavia. This question is particularly relevant given the 
historically strong economic integration of these economies and the assumption that 
domestic investors may exhibit comparable behavioral tendencies. Nevertheless, over 
the past three decades, these countries have followed markedly different development 
paths. While some have been affected by armed conflicts and international sanctions, 
others have undergone economic restructuring and modernization under more stable 
conditions. In addition, a number of these countries have already become members 
of the European Union, whereas others remain far from achieving the common ob-
jective.

Past research has shown that certain interdependencies exist (Syriopoulos & 
Roumpis, 2009; Gradojević & Dobardžić, 2013; Đukić & Đukić, 2015; Naumoski et 
al., 2017), but they are not persistent and often intensify during periods of crisis. As 
most of these studies were done before the Covid-19 crisis, its episode and the associ-
ated economic impact provided an additional opportunity to explore the behavior of 
the markets under changing economic circumstances.

Five national stock markets are in the focus of this paper – the main stock ex-
changes of Slovenia, Croatia, Bosnia and Hercegovina, Serbia and North Macedonia. 
The respective stock indices are considered to be indicative of their performance, 
with a time series spanning from 2006 to 2024. The length of the time series pro-
vides an opportunity to investigate the long-term inter-linkages between the markets, 
as well as their behavior during different economic conditions. The study pursues 
several interrelated objectives. Its primary aim is to examine whether statistically 
significant long-term relationships exist among the analyzed markets, specifically 
whether historical and economic ties translate into some degree of synchronized 
stock market movements. In the absence of such long-term integration, the analysis 
shifts to identifying potential short-run linkages, which may offer valuable insights 
for both investors and policymakers in making short-term decisions and portfolio ad-
justments. Additionally, the study seeks to detect lead-lag relationships between pairs 
of markets in order to determine the direction of influence, where present. Finally, it 
aims to assess whether patterns of inter-market association remain stable over time or 
vary in response to changing economic conditions, thereby evaluating the persistence 
of these linkages.

Correlation analysis is typically the initial step in assessing co-movements be-
tween variables; however, conventional correlation coefficients capture only contem-
poraneous relationships and fail to account for lagged interdependencies, which are 
often characteristic of stock market interactions. To address this limitation, the study 
employs cointegration techniques to examine the presence of long-term relationships 
among the variables. If such relationships are identified, a Vector Error Correction 
Model (VECM) is utilized; otherwise, short-term dynamics are analyzed using a 
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Vector Autoregression (VAR) framework. Finally, Granger causality tests are con-
ducted to identify potential lead–lag relationships between pairs of stock markets.

The main contribution of this paper lies in the field of portfolio management, 
although it also offers relevant implications for policymakers. From an investor 
perspective, a key issue is whether meaningful diversification opportunities can be 
achieved by allocating funds across the national stock markets in the region. This 
question is particularly important given that the analyzed exchanges (together with 
the Sofia Stock Exchange) have established a joint trading platform, SEE Link, aimed 
at improving regional market visibility and integration. Assessing the extent to which 
these markets move together is therefore essential, as stronger co-movement would 
reduce their effectiveness as diversification instruments. Moreover, the study con-
siders whether the introduction of this platform may have reinforced inter-market 
linkages, potentially through increased cross-border capital flows.

In addition, by analyzing different sub-periods characterized by varying economic 
conditions, the study seeks to identify how these interrelationships evolve over time. In 
this context, the recent wave of global instability triggered by COVID-19 pandemic pro-
vides a valuable opportunity to reassess and extend the analysis. Finally, the findings are 
also relevant for policymakers, as they offer insights into the susceptibility of these mar-
kets to contagion effects and cross-market spillovers, thereby supporting more informed 
forecasting of potential disruptions and the design of appropriate policy responses.

The paper is organized as follows. After the introduction, the second section pro-
vides a review of the literature on the topic of stock market integration and interde-
pendence, with emphasis on the SEE markets. In the third section, some highlights 
regarding the stock markets analyzed are presented, to provide the reader with the 
basic understanding of the markets in question. The next section elaborates the data 
sample and the research methodology, the results of which are contained in the fol-
lowing part. First, the results of the cointegration technique are presented, and in 
the next subsection, the VAR model results are given. The analysis is followed by 
robustness tests, and the next section contains a discussion of the study results. The 
last section covers the main conclusions of the study, as well as certain implications 
in the form of recommendations to investors and policymakers.

Literature review 

The study of interactions and interdependencies among stock markets has attracted 
increasing attention since the early 1990s, driven by the intensification of globaliza-
tion and the rapid expansion of information flows facilitated by the rise of the inter-
net. With news from across the globe becoming instantly accessible, investors have 
become more attuned to international economic developments, while their response 
times to new information have significantly shortened.
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The increasing integration of national economies is often viewed as a key driver 
of stock market co-movements. Since individual stock markets are generally expect-
ed to reflect underlying economic conditions, greater economic convergence tends 
to result in more synchronized market fluctuations. This effect is particularly pro-
nounced among countries that are part of formal economic integrations such as the 
European Union, and even more so among those that now share a common currency. 
However, the results of these studies are not equivocal (Hamao et al., 1990; Ng, 2000; 
Fratzscher, 2002; Connolly & Wang, 2003; Baele, 2005; Wongswan, 2006; Bekaert 
et al., 2009; Halaç et al., 2013). The other view is that co-movements result from the 
transmission of the “positive mood” from one market to another. Sometimes this 
occurs as investible funds are moved from markets with stronger past returns to the 
ones with more upside potential, while in other cases they are simply as a result of a 
behavioral bias and the smaller markets mirroring the actions of larger ones (King 
& Wadhwani, 1990; Forbes & Rigobon, 2002; Égert & Kočenda, 2007; Vatsa et al., 
2021; Xing et al., 2025). The latter type of spillovers usually intensifies during peri-
ods of market disorders and is commonly known as contagion. 

The second perspective has been widely embraced in literature, with many studies 
relying primarily on stock index data rather than incorporating underlying econom-
ic fundamentals. In this context, cointegration analysis is particularly suitable, as it 
focuses on identifying long-term relationships among variables without the inclu-
sion of control factors typically used in regression equations. Accordingly, much of 
the existing research has concentrated on determining whether major stock markets 
are interconnected and whether they exert influence on smaller or less developed 
markets. An early example of a novel approach to the issue and an application of 
cointegration and Vector Error Correction Models (VECM) is the work of Masih 
& Masih (1997), who explore and confirm the transfer of influence from established 
to emerging markets in their study on the leading world markets and the newly in-
dustrialized countries of southeast Asia. In another study, Longin & Solnik (2001) 
use a long 38-year time series of monthly data for the five largest equity markets 
and conclude that correlations exist, but that contagion is present only during bear 
markets and not under bull markets. A partial association of the New Zealand market 
with the global markets was found by Narayan & Smyth (2005). They conclude that 
the New Zealand market was cointegrated with the USA stock market, but not with 
other major stock exchanges, not even with the Australian market, thus providing 
diversification opportunities for investors. Baele (2005) confirms that the contagion 
spreads from the U.S. market to the European equity markets especially in periods 
of high volatility. As anticipated, the literature generally finds that larger and more 
developed markets exert influence on smaller, less developed ones (Berument & Ince, 
2005; Samitas et al., 2006; Ye, 2014), but also the geographical proximity plays an 
important role (Wang & Lai, 2013). The positive impact of globalization on rising 
cointegration among stock markets was confirmed by Babaei et al. (2023) in a study 
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of the G7 member countries. They also find that the cointegration coefficients are 
not persistent as they significantly depend on the variations in uncertainty and the 
indicators of financial sectors’ stability. 

Other studies incorporate additional variables to identify the underlying sources 
of interdependencies among the markets or the factors that contribute to their inten-
sification or reduction. Güngör & Taştan (2021) conclude that the major determinants 
of the long-term dynamic conditional correlations between the stock market returns 
of G7 and BRICS-T countries are the differences in economic growth rates, five-year 
credit-default swap risk premiums, and the Economy Policy Uncertainty indices be-
tween the country pairs. As Shi (2022) finds out, the major drivers of stock market 
co-movements between China and its developed and emerging partners are bilateral 
trade and market similarities, as well as illiquidity pressures. Co-movements between 
China and its emerging partners are additionally affected by differences in industrial 
production growth and market size. The impact of geopolitical shocks on stock mar-
ket co-movements in the case of ten developing countries was confirmed by Hachicha 
(2024) who finds a strong interdependence between geopolitical risk (resulting from 
the Russia-Ukraine war), investor sentiment, stock market index and the exchange rate. 

The results of the studies critically depend on the econometric tools used, as, for 
instance, Fu & Pagani (2012) retest the results of Kasa (1992) and cast doubt on their 
robustness, as the newly developed techniques show that the previous results could have 
been biased due to the size of the sample or the time series used.  Batondo & Uwilingi-
ye (2022) implement a different approach known as wavelet analysis in the case of the 
BRICS countries and the US stock market. They show that trade linkages and deeper 
economic integration strengthen the degree of association between stock markets, with 
these connections becoming even more pronounced during periods of macroeconomic 
shocks. Evidence from Luis A. Gil-Alana et al. (2022) shows that interdependencies 
among the markets do exist, but the process of convergence is not irreversible as in 
some cases the level of integration weakens over time. Another application of the same 
methodology is found in Muneer et al. (2025), who find that trade agreements and 
enhanced regional cooperation have increased correlations between Malaysia’s stock 
market and those of its emerging and OECD partners, with the influence of the United 
States remaining particularly strong across both groups. Conversely, Tessler and Vene-
zia (2022) challenge the reliability of conventional contagion measures, arguing that 
they may generate misleading evidence of increased correlations during crisis periods. 
To address this limitation, they propose an alternative multicountry framework for as-
sessing contagion and convergence across markets.

With respect to the CEE markets, Gilmore & McManus (2002), found only a short-
run relationship between the U.S. market and three CEE markets, but no long-term 
association. Samitas et al. (2006) confirm the existence of a long-run association be-
tween several stock markets from the Balkan countries, however, the trends in these 
stock exchanges are influenced by the movements of the developed markets. A similar 
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conclusion regarding the linkages between the emerging Central European markets 
and those of US and Germany was reached by Syriopulos (2007), but no evidence was 
found regarding the impact of the introduction of the euro on these relationships. 

A different conclusion was reached by Égert & Kočenda (2007) who apply pair-
wise cointegration tests on a group of three Central and Eastern European (CEE) 
markets and three Western European markets. They find no long-run relationship 
within any of the market pairs analyzed, but the VAR and Granger causality tests 
verify the existence of some short-run dependencies. In line with this, Đukić & Đukić 
(2015) failed to confirm cointegration among the Balkan stock exchanges, except in 
the case of the Serbian and the Republic of Srpska stock exchanges.

Several studies have shown that the convergence between the CEE markets and 
the markets of the developed countries increases as the process of EU accession pro-
gresses (Gilmore et al. 2008, Syllignakis & Kouretas 2010). The rising association is 
confirmed by Kenourgios & Samitas (2011) even in the case of the markets still not 
in the process of EU accession. They find that a long-run cointegration exists between 
five Balkan emerging stock markets, and also between these markets and the US 
and three European developed markets, with these interlinkages having strengthened 
during the financial crisis of 2008. 

The GARCH (Generalized Autoregressive Conditional Heteroskedasticity) mod-
els are another econometric tool helpful in investigating the transmission of impacts 
between the markets both in terms of returns and volatility. Examples of such studies 
which, in most cases, explore the transfer of impacts from mature to emerging mar-
kets, include Syriopoulos and Roumpis (2009), Dajčman & Festić (2012), Gradojević 
& Dobardžić (2013), Zehri (2021), etc., however, their findings are not homogeneous. 
Some studies confirm that the major Balkan stock markets are mutually correlated, 
but their correlations with the developed markets are lower (Syriopoulos & Roumpis, 
2009). A similar finding was reported by Horvath and Petrovski (2012), who show 
that Central European markets are integrated with Western European ones, where-
as Southern European markets are not. A commonly cited explanation is that the 
process of accession to the European Union strengthens interlinkages among stock 
markets, a pattern confirmed in the case of the Slovenian market (Dajčman & Festić 
2012), as well as in the case of Hungary, Poland and the Czech Republic (Caporale 
& Spagniolo, 2011), while Gradojević & Dobardžić (2013) find that the Budapest 
and Frankfurt stock markets exert influence on the Belgrade Stock Exchange. In two 
recent contributions employing dynamic cross-correlation analysis, Ferreira (2018) 
and Tilfani et al. (2019) arrive at comparable findings, confirming the presence of 
interlinkages among Central and Eastern European members of the European Union, 
with the exception of Slovakia. In contrast, countries in the accession process exhibit 
weaker connections both among themselves and with more established markets. Fur-
thermore, Dajčman and Festić (2012), as well as Okičić (2014), provide evidence that 
inter-market linkages intensify during periods of financial distress.
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Several key conclusions emerge from this review. As expected, markets sharing 
similar characteristics, particularly those belonging to mature and highly integrated 
economies, tend to exhibit the strongest interlinkages and co-movement patterns. In 
addition, the degree of convergence appears to increase over time, especially as coun-
tries become part of broader economic integrations such as the European Union. By 
contrast, stock markets in Southeast Europe remain relatively less integrated, both 
with EU markets and among themselves, which is consistent with the above findings.

Analyzed markets - some stylized facts

The stock exchanges of the countries under analysis were established in the 1990s, a 
period marked by large-scale privatization of state-owned (or socially owned) enter-
prises. These processes, however, did not unfold simultaneously across all countries, 
as some were significantly disrupted by armed conflicts. Despite these differences, 
by the early 2000s all countries had functioning stock markets, albeit with relatively 
low levels of activity.

In the following decades, trading activity increased, and market dynamics began 
to more closely reflect global investment trends. Summary information on the stock 
exchanges and the performance of their respective indices is presented in Table 1. 
The abbreviations provided in parentheses in the table’s header will be used through-
out the paper to denote the analyzed stock exchanges, their indices, and correspond-
ing returns, ensuring clarity and consistency.

Table 1:	 Basic data for the national stock exchanges (2024, end of year or total)

 

Slovenia -
Ljubljana 
SE (LSE)

Croatia – 
Zagreb SE 

(ZSE)

Bosnia and 
Herzegovina 
– Sarajevo SE 

(SASE)

Serbia -
Belgrade 

SE
(BSE)

N. 
Macedonia – 
Macedonian 
SE (MSE)

Number of listed companies 
(first segment) 8 6 2 5 24

Number of companies trading in the 
second segment of the market 9 18 11 166 68

Stock market capitalization – equity 
segment (in mil. euros) 11,900 28,948 3,876* 4,101 5,691

Total equity market capitalization 
/ GDP 18% 36% 14.8% 5.3% 37.9%

Total market turnover (in mil. euros) 505.6 459.4 375.6 310.9 217.2
Turnover of equities (in mil. euros) 485.1 294.9 20.6** 28.1 112.3

Sources: Zagreb SE (Annual Report 2024), Macedonian SE (Annual Bulletin 2024), Sarajevo SE (Annual Report 
2024), Ljubljana SE (Annual Report 2024), Belgrade SE (Annual Report 2024), World Bank Statistics.
* Total market capitalization (equity capitalization not available)
** Only secondary market
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In order to depict the general trends of the indices of the stock exchanges, a graph-
ical representation of their movements is shown in Figure 1. To achieve comparabil-
ity, the indices are first converted to euros and then rescaled to a basis of 100 as of 
June 2nd, 2006 (the earliest date of data availability for all five indices).

Figure 1: Stock market index movements (in EUR, 02.06.2006=100)

(Description of the index abbreviations: MSE (MBI-10, Macedonian Stock Exchange), ZSE (Zagreb Stock Ex-
change, Croatia), BSE (Belgrade Stock Exchange, Serbia), LSE (SBITOP, Ljubljana Stock Exchange, Slovenia), 
SASE (Sarajevo Stock Exchange, Bosnia and Hercegovina)

Several observations can be derived from Figure 1, although its visual clarity is 
somewhat constrained by the extended time horizon. First, the stock indices exhibit 
broadly similar movement patterns, suggesting the presence of a certain degree of as-
sociation among the markets. Second, a visual inspection of the chart reveals at least 
three distinct sub-periods within the 18-year span. The first, covering 2006-2010, 
encompasses the market peak of 2007 followed by a sharp downturn. The second 
period (2010-2019) is characterized by relatively stable market performance. In con-
trast, the most recent sub-period displays a divergence from the common trend in at 
least one index, along with pronounced fluctuations associated with the COVID-19 
pandemic, the Russia–Ukraine conflict, and the surge in inflation during the 2020s.

However, statistical metrics provide considerably more meaningful information 
compared to charts, so we first revert to the correlations between the stock index 
returns, calculated at daily and weekly levels. The returns are calculated as a ratio 
between the logged closing values of the stock indices in two consecutive periods:

                                      Rit = ln (Iit / Iit-1) * 100				   (1)
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where Rit is the return of stock market index i in period t and Iit is the closing value of 
stock market index i in period t. In the case of non-working days, the index value in 
the last working day was used.

To illustrate the co-movements of the markets in the different subperiods ob-
served, the calculated correlations for each subperiod are given in table 2. (A detailed 
explanation with respect to the division of the time series into sub-periods is provided 
in the Methodology and data section below.)

Table 2:	 Stock market returns - pairwise correlations

Daily returns Weekly returns

2007-2011 2012-2019 2020-2024 2007-2011 2012-2019 2020-2024

BSE-ZSE 0.26 0.07 0.24 0.54 0.13 0.46

BSE-MSE 0.28 0.06 0.26 0.47 0.08 0.38

BSE-SASE 0.23 0.03 0.01 0.49 -0.02 0.01

BSE-LSE 0.03 0.04 0.20 0.14 0.06 0.38

ZSE-MSE 0.25 0.05 0.44 0.53 0.06 0.46

ZSE-SASE 0.15 0.01 0.01 0.43 0.06 -0.02

ZSE-LSE -0.02 0.06 0.53 0.23 0.07 0.58

SASE-MSE 0.19 -0.02 -0.04 0.41 0.01 0.05

MSE-LSE 0.08 0.00 0.44 0.19 -0.02 0.47

SASE-LSE -0.02 -0.02 -0.01 -0.00 0.03 0.01

Source: Author’s calculations

The abbreviations refer to the respective market indices

Table 2 indicates that the majority of correlation coefficients are positive, suggest-
ing the presence of co-movement among the analyzed markets. In several instances, 
the coefficients approach or exceed 0.5, particularly in the 2020-2024 period. At the 
individual market level, the Croatian (ZSE) and North Macedonian (MSE) exchanges 
exhibit the strongest associations with other markets, whereas the connections in-
volving the Sarajevo Stock Exchange appear to have weakened over time.

For a clearer visualization of these patterns, Figures 2 and 3 present a graphical 
representation of the correlation dynamics.
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Figure 2:	Pairwise correlations - daily returns

Figure 3:	Pairwise correlations - weekly returns

Source: Author’s calculations

The figures clearly illustrate that in a vast majority of the cases, the correlations 
were much higher in the “more turbulent” periods and considerably low in the “calm” 
period of 2012-2019. 

This finding creates an additional impetus to explore the possible existence of 
long-term association among the markets, as correlations are not a perfect measure 
of mutual co-movements. They are based on simultaneous changes in the stock indi-
ces, and they do not capture the possible time lags, i.e. the spillover of effects among 
the exchanges. Since stock investment is typically viewed as a long-term activity, the 
existence of long-run relationships between markets is of primary importance. To 
examine these long-term dynamics, as well as different forms of causality among the 
markets, more advanced econometric techniques are required, including cointegra-
tion analysis and Vector Autoregression (VAR) models.
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Methodology and data

In the econometric analysis, a time series of data covering the period 1.1.2007-31.12.2024 
is used. The frequency of data used should depend on the assessment of the speed at which 
one market responds to information revealed by the prices in another market (Černy and 
Koblas 2008). The dynamics of these markets supports the use of daily index values, rath-
er than higher frequency data. The time series with the closing values of the indices were 
constructed using the data published by the respective stock exchanges on their websites. To 
improve the consistency of the data, the index values were first converted to euros (for the 
non-Eurozone countries) and transformed into respective natural logarithm values which is 
the common approach for cointegration analysis of financial markets.

To assess how varying economic conditions influence market co-movements, the 
sample period is divided into three sub-periods. The first spans from 2007 to 2011 and 
captures the global financial crisis of 2008-2009, along with the subsequent European 
sovereign debt crisis. The second sub-period, covering 2012-2019, represents a phase of 
relatively stable market conditions. The third begins with the onset of the COVID-19 
pandemic and the associated market downturn in early 2020, extending through the 
end of 2024. Although the immediate market effects of the pandemic were relatively 
short-lived, global economic instability persisted, driven by elevated inflation during 
2021-2022 and the corresponding policy responses aimed at containing it.

The existence of a joint long-run relationship among the markets is tested using 
the cointegration technique, first presented by Johansen (1988) and Johansen & Juse-
lius (1990). Cointegration is used to determine if there are any long-term relationships 
between two or more variables. Time series that are cointegrated are marked with a 
causal ordering in at least one direction. If the markets are found to be cointegrated, 
it would mean that there is a higher degree of integration among them, and therefore, 
in the long run, they provide less diversification benefits than markets which are not.

If cointegration is confirmed, that serves as a strong statistical and economic ba-
sis for a Vector Error Correction Model (VECM), which brings together short and 
long-run information in modeling variables. The VECM provides information on 
the possible speed of adjustment of the variables towards the long-run equilibrium. 
Estimation of the VECM can be done by standard Ordinary Least Squares (OLS) 
technique or using the Maximum Likelihood approach. The Maximum Likelihood 
method developed by Johansen (1988) is a full information approach that estimates 
the VECM in a single step. 

In the case when more than two variables are included, the VECM takes the form: 

					     (2)

where μ is a vector of constants, Δyt is a vector of stock market index changes, Г is 
a matrix of coefficients of the dependent variables, П is a long-run matrix of coef-
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ficients, k is the number of lags of the dependent variable, g is the number of vari-
ables which are represented in their first differenced form and ut is a vector of error 
terms. If the rank of П>0, there is cointegration and the vector П can be expressed as 
αβ’, where matrix β contains the long-run relationship, i.e. the cointegration relations 
between the observed variables, while matrix α contains the short-run adjustment 
parameters, i.e. it describes the short-run relationship between the changes in the 
dependent and the changes in the independent variables. 

The main information that we want to derive from the VECM is the error correc-
tion coefficient, which is expected to be negative and significant, indicating whether 
the disequilibrium is being corrected for.

If no stable long-term relationship is found, a Vector Autoregression (VAR) model 
will be used to determine any short-term relationship between the indices. The VAR 
takes into consideration every variable in the system as a function of its lagged values, 
as well as the lagged values of all the other variables in the system. Finally, a Granger 
causality is applied to detect any lead-lag relationships between market pairs. Using 
the above methodology, we intend to test the following research hypotheses:
Hypothesis 1: The stock markets of the five analyzed economies are cointegrated, 

i.e. there is a long-run association among them.
Hypothesis 2: There is a short-term association between the stock markets of the 

analyzed economies.
Hypothesis 3: The linkages between the analyzed stock markets vary with respect 

to the state of the economy.
Hypothesis 4: There are lead-lag relationships between the markets analyzed.

Empirical analysis and results

Testing for cointegration

The first step in applying cointegration analysis is to determine if the variables includ-
ed are stationary in levels or first differences. Namely, if the variables are stationary 
of order I(0), cointegration is not applicable, but if there is one unit root, i.e. the series 
is a I(1) series, this technique can be applied. We tested the series using Augmented 
Dickey-Fuller (ADF) which clearly indicated that the series are not stationary at their 
log levels, but they are all stationary in their first differences. This is very common 
for analyses of stock indices, and therefore, to save space, these results are not shown. 

The next step in the procedure is to determine the optimal time lag. For this pur-
pose, several tests are available and most of the criteria suggest using 4 as the optimal 
lag level for the 2007-2011 sub-period, and a 2-period lag for the other two sub-peri-
ods considered. For the model estimated over the full 2007–2024 period, a lag length 
of four periods is adopted, as the initially suggested six-period lag may compromise 
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the precision of the estimates. The results of the optimal lag tests are given in the 
appendix (Table A-1).

After determining the optimal lag length, these values are incorporated into the 
cointegration analysis. The procedure is conducted jointly for all five markets, both 
over the full sample period and across the defined sub-periods, in order to assess not 
only the presence of long-term relationships but also how these relationships vary 
under different market conditions. The results are presented in Tables 3 to 8, where, 
for each period, the first table reports the cointegration test outcomes and the subse-
quent table presents the corresponding Vector Error Correction Model (VECM). For 
sub-periods in which no cointegrating relationships are detected (2020-2024), the 
results are reported in the appendix.

Table 3:	 Johansen cointegration test results (2007-2024)

Unrestricted Cointegration Rank Test (Trace)

Hypothesized Trace 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**

None *  0.013353  103.5820  69.81889  0.0000
At most 1  0.004312  42.92927  47.85613  0.1343
At most 2  0.003120  23.43316  29.79707  0.2255
At most 3  0.002056  9.331641  15.49471  0.3356
At most 4  1.04E-05  0.046799  3.841466  0.8287

 Trace test indicates 1 cointegrating eqn(s) at the 0.05 level
 * denotes rejection of the hypothesis at the 0.05 level
 **MacKinnon-Haug-Michelis (1999) p-values

Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

Hypothesized Max-Eigen 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**

None *  0.013353  60.65268  33.87687  0.0000
At most 1  0.004312  19.49612  27.58434  0.3771
At most 2  0.003120  14.10152  21.13162  0.3568
At most 3  0.002056  9.284841  14.26460  0.2632
At most 4  1.04E-05  0.046799  3.841466  0.8287

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values
Source: Authors’ calculations
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Table 4:	 Vector Error Correction Model (2007-2024)

Error Correction: D(BSE) D(ZSE) D(MSE) D(SASE) D(LSE)

CointEq1 -0.003356 -0.001217 -0.001608 -0.003120 -0.002099
(0.00063) (0.00063) (0.00063) (0.00061) (0.00063)
[-5.32303] [-1.92419] [-2.55984] [-5.07897] [-3.31557]

R-squared 0.142944 0.103055 0.148721 0.087854 0.023041
Adj. R-squared 0.138935 0.098860 0.144740 0.083588 0.018472
Akaike AIC -6.384378 -6.377544 -6.391537 -6.436070 -6.375655
Schwarz SC -6.353101 -6.346267 -6.360260 -6.404793 -6.344379

Source: Authors’ calculations

Table 5:	 Johansen cointegration test results (2007-2011)

Unrestricted Cointegration Rank Test (Trace)

Hypothesized Trace 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**

None * 0.033132 84.13214 69.81889 0.0024
At most 1 0.023328 45.62033 47.85613 0.0799
At most 2 0.009950 18.64100 29.79707 0.5189
At most 3 0.004901 7.211172 15.49471 0.5532
At most 4 0.001395 1.595331 3.841466 0.2066

 Trace test indicates 1 cointegrating eqn(s) at the 0.05 level
 * denotes rejection of the hypothesis at the 0.05 level
 **MacKinnon-Haug-Michelis (1999) p-values

Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

Hypothesized Max-Eigen 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**

None * 0.033132 38.51181 33.87687 0.0130
At most 1 0.023328 26.97933 27.58434 0.0596
At most 2 0.009950 11.42983 21.13162 0.6044
At most 3 0.004901 5.615841 14.26460 0.6629
At most 4 0.001395 1.595331 3.841466 0.2066

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level
 **MacKinnon-Haug-Michelis (1999) p-values
Source: Authors’ calculations
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Table 6:	 Vector Error Correction Model (2007-2011)

Error Correction: D(BSE) D(ZSE) D(MSE) D(SASE) D(LSE)

CointEq1 -0.023513 0.014341 0.027171 -0.008207 0.008549
(0.00732) (0.00712) (0.00674) (0.00615) (0.00600)
[-3.21004] [ 2.01313] [ 4.03049] [-1.33428] [ 1.42408]

R-squared 0.170765 0.154514 0.206576 0.179555 0.040486
Adj. R-squared 0.162714 0.146305 0.198873 0.171590 0.031171
Akaike AIC -5.396254 -5.451945 -5.562301 -5.745565 -5.794260
Schwarz SC -5.343400 -5.399091 -5.509447 -5.692711 -5.741406

Source: Authors’ calculations

Table 7:	 Johansen cointegration test results (2012-2019)

Unrestricted Cointegration Rank Test (Trace)

Hypothesized Trace 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**

None 0.016855 64.71199 69.81889 0.1194
At most 1 0.006098 29.55942 47.85613 0.7412
At most 2 0.004642 16.90960 29.79707 0.6467
At most 3 0.003352 7.286910 15.49471 0.5445
At most 4 0.000166 0.343701 3.841466 0.5577

 Trace test indicates no cointegration at the 0.05 level
 * denotes rejection of the hypothesis at the 0.05 level
 **MacKinnon-Haug-Michelis (1999) p-values

Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

Hypothesized Max-Eigen 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**

None * 0.016855 35.15257 33.87687 0.0351
At most 1 0.006098 12.64982 27.58434 0.9034
At most 2 0.004642 9.622691 21.13162 0.7792
At most 3 0.003352 6.943208 14.26460 0.4959
At most 4 0.000166 0.343701 3.841466 0.5577

Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level
 **MacKinnon-Haug-Michelis (1999) p-values
Source: Authors’ calculations
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Table 8:	 Vector Error Correction Model (2012-2019)

Error Correction: D(BSE) D(ZSE) D(MSE) D(SASE) D(LSE)

CointEq1 -0.013154 -0.003385 0.000486 -0.004413 0.003341
(0.00242) (0.00216) (0.00232) (0.00283) (0.00290)
[-5.43539] [-1.56486] [ 0.20974] [-1.56164] [ 1.15009]

R-squared 0.026621 0.006879 0.071857 0.006600 0.007003
Adj. R-squared 0.021414 0.001565 0.066891 0.001285 0.001691
Akaike AIC -7.193972 -7.418514 -7.279659 -6.883907 -6.828867
Schwarz SC -7.161278 -7.385820 -7.246964 -6.851212 -6.796172

Source: Authors’ calculations

The cointegration tests initially suggest the presence of long-term convergence 
among the markets when considering the full 2007–2024 period, as well as the first 
two sub-periods. Specifically, Tables 3, 5, and 7 indicate at least one cointegrating 
vector for these intervals. When such relationships are detected, a VECM is estimat-
ed to assess the existence of a meaningful short-run adjustment mechanism. This 
requires the error-correction terms in the cointegrating equations (reported in Tables 
4, 6, and 8) to exhibit negative and statistically significant coefficients.

Although such coefficients are observed - for example, across all variables in the 
full-period model or for the BSE in the 2007-2011 sub-period - their magnitudes are 
very small, indicating that only a negligible portion of disequilibrium is corrected 
in each period. Moreover, the low explanatory power of the models, together with 
the failure to pass standard diagnostic tests (including those for serial correlation 
and heteroscedasticity), undermines the robustness of the cointegration results. Con-
sequently, the hypothesis of cointegration is rejected, along with the first research 
hypothesis, as there is no reliable evidence of a statistically significant long-run rela-
tionship among the markets.

Vector Autoregression (VAR) analysis

When a long-term association is not determined, a short-term relationship needs to 
be explored. For this purpose, a VAR model is used, in which all the variables are 
treated as endogenous, and it helps to reveal if any of the variables is influenced by 
any other variable in the short term. The VAR model is atheoretical in that it does not 
imply possible dependencies between the variables a priori, i.e., all the variables are 
treated as endogenous. In our case, this procedure should provide us with information 
about the possible lead-lag relationships between the indices. In this case, the first 
differences of the respective indices are used, which transforms the daily value series 
into series of daily returns, corresponding to equation 1 above.
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A five-equation vector autoregressive model is applied that incorporates the five 
stock exchange indices as dependent variables. The VAR equation applied is as fol-
lows:

					     (2)

where Xt is a vector that represents the daily returns on the stock indices, L is the 
number of lags and ut is a vector of residuals. 

Next, the optimal lag length for the VAR model is determined, noting that it dif-
fers from the cointegration framework since the analysis now focuses on returns 
rather than the logarithmic levels of the indices. Based on standard lag selection cri-
teria, a lag order of two is identified as optimal. Given that a VAR model with five en-
dogenous variables generates extensive output, Table 9 presents a condensed version, 
reporting only the estimated coefficients and their standard errors. As the ordering 
of variables in a VAR model is important, a neutral approach is adopted by arrang-
ing the markets geographically, starting with the westernmost market (Slovenia) and 
proceeding eastward. This ordering is not purely geographical, as it closely reflects 
the relative levels of economic development across the countries, with Slovenia repre-
senting the most advanced economy among the former Yugoslav republics and North 
Macedonia the least developed among the analyzed countries. Furthermore, the same 
ordering corresponds to the degree of integration with the European Union, with 
Slovenia being the first to join, followed by Croatia, while the remaining countries 
are either in various stages of accession negotiations or have yet to begin the process. 
As the relationships between markets are meaningfull only when the markets move 
in the same direction, only the positive inter-market causalities are marked as signif-
icant. 	  
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Table 10: Granger causality – Chi-squares
2007-2011 2012-2019 2020-2024

Chi-sq Chi-sq Chi-sq
Dependent variable: LSE
ZSE  4.7398

(0.093)
 0.6808
(0.711)

 16.8465***
(0.0002)

SASE  5.6338
(0.059)

 2.8270
 (0.243)

 6.7187
(0.075)

BSE  1.6600
(0.436)

 1.0562
(0.589)

 1.6152
(0.4459)

MSE  0.5222
(0.770)

 5.0571
 (0.079)

 18.473***
(0.0001)

Dependent variable: ZSE
LSE  138.7139**

(0.000)
 0.1069
(0.947)

 1.0530
(0.591)

SASE  2.7737
(0.249)

 2.1091
(0.348)

 1.7510
(0.417)

BSE  14.151**
(0.000)

 0.3532
(0.838)

 4.7444
(0.093)

MSE  1.2628
(0.531)

 1.2983
(0.522)

 15.418***
(0.0004)

Dependent variable: SASE
LSE  1.1355

(0.566)
 1.0848
(0.581)

 5.6414
(0.060)

ZSE  51.307**
(0.000)

 0.1175
(0.942)

 4.2069
(0.122)

BSE  5.5413
(0.062)

 3.8442
(0.146)

 2.632
(0.268)

MSE  0.4243
(0.808)

 0.4577
(0.795)

 8.870**
(0.012)

Dependent variable: BSE
LSE  11.8478***

 (0.002)
 2.2161
(0.330)

 3.1076
(0.211)

ZSE  72.384***
 (0.000)

 9.5530**
(0.008)

 5.6039
(0.060)

SASE  4.5243
(0.104)

 0.5704
(0.751)

 0.6846
(0.710)

MSE  2.7390
(0.254)

 2.9764
 (0.225)

 29.904***
(0.000)

Dependent variable: MSE
LSE  12.595**

(0.001)
 0.1409
(0.931)

 0.4984
(0.779)

ZSE  82.597**
(0.000)

 3.4768
(0.175)

 29.043***
(0.000)

SASE  3.3809
(0.184)

 2.0986
(0.350)

 8.580**
(0.013)

BSE  1.3095
(0.519)

 0.2875
(0.866)

 9.126**
(0.010)

Source: Author’s calculation

P-values in parentheses. *** - denotes significance at 1% level; ** - denotes significance at 5% level
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The VAR estimates yield several noteworthy results. First, daily market returns 
are primarily influenced by their own lagged values, typically one or two days prior. 
Second, inter-market linkages are considerably stronger during the first sub-period, 
with the Macedonian Stock Exchange displaying a lagging pattern relative to the 
other markets. In contrast, during the most recent sub-period, this pattern reverses, as 
returns on the Macedonian market appear to exhibit precedence, leading those of the 
other markets with a lag of one to two days. Third, based on the number of statistical-
ly significant cross-market relationships, the intensity of interdependence is highest 
in the first sub-period, declines sharply in the second, and partially recovers in the 
third. This pattern is consistent with the findings from the weekly pairwise correla-
tion analysis. Overall, the results suggest that inter-market linkages tend to strengthen 
during periods of heightened volatility, as both the first and the last sub-periods are 
characterized by increased economic turbulence and global disruptions. These find-
ings provide support for the third research hypothesis.

To further investigate causal relationships, Granger causality tests are conducted, 
with the results reported in Table 10, including Chi-square statistics and correspond-
ing p-values. These results reinforce the earlier observation that market interdepen-
dencies were strongest in the first sub-period, diminished during the second, and 
re-emerged in the third. During the initial period, the Croatian (ZSE) and Slovenian 
(LSE) markets exhibited precedence over the others; however, this leading role later 
dissipated. This shift may be explained by the substantial presence of institutional 
investors from these countries in neighboring markets prior to the 2008 crisis, which 
declined significantly thereafter. Furthermore, the relatively weak integration of the 
Sarajevo Stock Exchange (SASE) is evident, as is the presence of bidirectional cau-
sality between the Macedonian Stock Exchange (MSE) and most of the other mar-
kets during the final sub-period.

Robustness check

To assess the robustness of the VAR and Granger causality findings, an additional 
market is incorporated into the analysis—the Vienna Stock Exchange (VSE) and its 
benchmark index ATX. The purpose is to control for broader European economic con-
ditions and to detect their possible influence on the observed inter-market linkages. The 
selection of the Vienna market is based on two considerations. First, it represents the 
closest developed Western European market with the potential to influence the markets 
under study. Second, it has historically exhibited a strong correlation with the XETRA 
DAX index of the Frankfurt Stock Exchange, one of the leading markets in continental 
Europe (typically ranging between 0.7 and 0.9). As such, the Vienna market serves as a 
suitable proxy for overall economic conditions and market dynamics within the Euro-
pean Union, which is the effect this analysis aims to control for.
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The VAR results are given in Table 11, and the Granger causality results are pre-
sented in Table 13. Table 12 is an auxiliary table that summarizes the results present-
ed in Table 11 to enhance visual clarity. To save space, the results with respect to the 
Vienna Stock Exchange as a dependent variable are not given, as the impact of the 
other markets on VSE is neither analyzed, nor logical. 

The results presented in Tables 11 and 13 closely align with those obtained in 
the initial analysis, confirming the previously identified lead-lag relationships in the 
majority of cases. Furthermore, movements in the VSE appear to exhibit precedence 
over those of nearly all stock exchanges in the five former Yugoslav countries, al-
though this pattern is not consistent across the entire sample period and is less evident 
for the Sarajevo Stock Exchange. These findings suggest that, despite their relatively 
lower level of development, the analyzed markets remain responsive to developments 
in more advanced economies and their corresponding stock markets.

Table 13: Granger causality – Chi-squares

2007-2011 2012-2019 2020-2024
Chi-sq Chi-sq Chi-sq

Dependent variable: LSE
VSE  6.287**

(0.043)
 2.444
(0.294)

 18.355***
(0.000)

ZSE  3.432
(0.179)

 0.668
(0.715)

 13.899***
(0.001)

SASE  7.070
(0.054)

 2.160
(0.339)

 5.5021
(0.064)

BSE  1.114
(0.572)

 1.111
(0.573)

 2.9969
(0.223)

MSE  1.758
(0.415)

 5.541
(0.062)

 21.287***
(0.000)

Dependent variable: ZSE
VSE  3.600

(0.165)
 9.084**
(0.010)

 22.698***
(0.000)

LSE  133.93***
(0.000)

 0.235
(0.889)

 4.4248
(0.109)

SASE  3.255
(0.196)

 2.904
(0.234)

 1.1999
(0.548)

BSE  16.453***
(0.000)

 0.340
(0.843)

 5.0504
(0.080)

MSE  1.001 
(0.605)

 1.997 
(0.368)

 18.870***
(0.000)

Dependent variable: SASE

VSE  3.557
 (0.168)

 3.085
(0.213)

 1.8556
(0.395)

LSE  0.728
(0.694)

 1.014
(0.602)

 4.6982
(0.095)
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2007-2011 2012-2019 2020-2024
Chi-sq Chi-sq Chi-sq

ZSE  36.957***
(0.000)

 0.337
(0.844)

 5.2686
 (0.071)

BSE  3.035 
(0.219)

 4.216
(0.121)

 1.9699
 (0.373)

MSE  0.084
(0.958)

 0.560
 (0.755)

 8.6421**
(0.013)

Dependent variable: BSE
VSE  6.430**

(0.040)
 14.925***

(0.001)
 2.3899
(0.303)

LSE  11.667***
(0.002)

 2.062
(0.356)

 1.7341
(0.420)

ZSE  43.222***
(0.000)

 3.940**
(0.009)

 2.9221
 (0.232)

SASE  3.478
(0.175)

 0.041
(0.979)

 0.8106
(0.667)

MSE  3.1672
(0.205)

 3.429
(0.180)

 26.699***
(0.000)

Dependent variable: MSE
VSE  1.228

(0.540)
 5.334
(0.069)

 7.4758**
(0.024)

LSE  12.008 ***
(0.002)

 0.197
(0.905)

 1.6277
(0.441)

ZSE  59.570 ***
(0.000)

 1.929
(0.381)

 25.721***
(0.000)

SASE  3.503
(0.173)

 2.143
(0.342)

 7.8711**
(0.019)

BSE  2.095
(0.350)

 0.033
(0.983)

 10.874***
(0.004)

Source: Author’s calculation

P-values in parentheses. *** - denotes significance at 1% level; ** - denotes significance at 5% level

Discussion of results

The analysis of the results leads to several noteworthy conclusions. Although the 
former country ceased to exist more than 35 years ago, the stock markets of its suc-
cessor states still exhibit relatively strong co-movement, particularly in terms of 
weekly return correlations. Values around 0.5 are frequently observed, especially 
during periods of heightened market turbulence. In contrast, these correlations nearly 
vanish during more stable periods, suggesting that the co-movement is driven less 
by economic linkages and more by investors’ reactions to external shocks. This in-
terpretation is supported by the presence of Granger causality alongside the absence 
of significant cointegration. The lack of long-term relationships indicates that these 
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markets do not move together in a sustained manner, which creates opportunities for 
diversification across the region. 

The VAR analysis indicates that daily returns are predominantly driven by their 
own lagged values, typically with one- or two-day delays. This pattern may reflect 
a gradual adjustment of investors to new information or the presence of behavioral 
biases, such as anchoring. During the first sub-period, marked by the global financial 
crisis and the European sovereign debt crisis, the Ljubljana and Zagreb stock ex-
changes exhibited precedence, with their movements subsequently followed by other 
markets in the region. This dynamic can be linked to the more advanced development 
of the investment fund industry in these countries and their substantial investment 
exposure to neighboring, less developed markets. In contrast, the Macedonian Stock 
Exchange displayed a lagging pattern, consistent with its position as a net recipient of 
foreign capital. In particular, in 2007, foreign investors accounted for approximately 
60% of buy-side transactions and around 30% of sell-side transactions, whereas in 
2008 this structure reversed entirely.1 Following the relatively stable second sub-pe-
riod, the VAR results suggest a renewed strengthening of inter-market connections. 
However, the direction of these relationships is less uniform, with the Croatian (ZSE) 
and North Macedonian (MSE) markets emerging as the most interconnected with the 
rest of the group.

The strengthening of inter-market linkages during turbulent periods aligns with 
findings from previous studies (Baele, 2005; Dajčman & Festić, 2012; Okičić, 2014). 
Granger causality results confirm similar dynamics to the VAR analysis, indicating 
that market trends are transmitted across countries with time lags, although this does 
not imply direct causation. In our case, Granger causation means that the returns on 
one of the markets precede the market returns on another market with an appropriate 
time lag, or, in other words, it can only explain if and how the trends are transferred 
from one market to another, but not necessarily that the second market is influenced 
by the first. In the first sub-period, a clear west-to-east transmission pattern is ob-
served, originating from Ljubljana and Zagreb toward Belgrade and Skopje. It is no 
surprise that trends are transferred from more developed markets towards the less 
developed ones (Samitas et al., 2006; Ye, 2014), but also the geographic proximity 
enhances this order of events (Wang & Lai, 2013). However, these linkages largely 
disappear during more tranquil periods (Naumoski et al. 2017), only to re-emerge 
between 2020 and 2024, albeit with some structural changes, including stronger in-
fluence from Zagreb and increased bidirectional relationships involving the Mace-
donian market. The existence of several external shocks is the possible explanation 
for the reversal of the trend (in line with Wang & Lai, 2013). Also, the change in the 
direction of transmission of impacts is not unknown, as Su et al. (2022) have reached 
the same conclusion in the case of 10 explored European stock markets post-Covid. 
The lower association of Sarajevo stock exchange could possibly be explained by the 
share of foreign investors on the buy-side on Sarajevo Stock Exchange, which in 2008 
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accounted for about 44%, but dropped to slightly more than 4% of the total turnover 
in 2025. Another interesting finding is that the markets of Slovenia and Croatia do not 
indicate a high degree of interconnectedness or an increase in the mutual association, 
despite the fact that these are the only countries that emerged from former Yugosla-
via that have already become members of the European Union. This confronts the 
general theory that the membership in economic association reflects on the level of 
mutual association between the stock markets (Ferreira, 2018; Tilfani et al., 2019; 
Babaei et al., 2023).

Additional robustness checks including the Vienna Stock Exchange confirm the 
initial findings, showing that more developed markets tend to lead regional trends. 
This effect is particularly evident in recent years for Slovenia (LSE), Croatia (ZSE), 
and North Macedonia (MSE). This is consistent with the findings of Syllignakis & 
Kouretas (2010) and Kenourgios & Samitas (2011). In contrast, the Sarajevo and Bel-
grade exchanges appear increasingly disconnected, likely due to declining market 
activity. The annual turnover on the SASE remained relatively stable at around EUR 
250 million during the 2019-2025 period, although the number of transactions has 
been declining. It is important to note that a large portion of this turnover is driven 
by public offerings rather than secondary market trading. Conditions on the BSE are 
even less favorable, as equity turnover, which stood between EUR 50 and 150 million 
in the mid-2010s, has fallen significantly to a range of EUR 13 to 40 million over 
the past five years, following a clear downward trend. A similar decline is evident in 
the number of transactions. In contrast, the MSE has experienced notable growth in 
activity between 2020 and 2025, with annual equity turnover increasing to between 
EUR 70 and 200 million, compared to EUR 40-70 million in the preceding decade. 
Meanwhile, the ZSE has maintained relatively stable turnover levels over the past 
ten years, culminating in a record high of approximately EUR 500 million in 2025. 
Overall, our evidence suggests that diminishing market activity is associated with 
reduced co-movement and weaker transmission of market dynamics. 

Conclusions and recommendations

The primary aim of this study was to examine potential linkages among the stock 
markets of countries that emerged from the former Yugoslavia and to draw conclusions 
regarding their existence, direction, and persistence. The underlying assumption was 
that economies which once operated within a unified system might continue to exhibit 
similarities, and that such similarities could be reflected in comparable stock market 
dynamics. Additionally, similarities in the behavioral patterns of domestic investors 
were considered a possible driver of common movements across these markets.

The empirical analysis began with an examination of pairwise correlations of 
both daily and weekly returns across the five observed markets. The findings re-
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vealed several important patterns. First, correlations were generally stronger during 
periods of heightened global instability, such as the financial crisis, the European 
debt crisis, and the COVID-19 period, compared to more stable intervals. Second, 
daily correlations increased in the most recent sub-period relative to the earlier one 
in nearly all cases, with the exception of the Sarajevo Stock Exchange. While earlier 
research (e.g., Naumoski et al., 2017) suggested a decline in interlinkages, recent 
crises appear to have triggered their partial re-emergence. Results for weekly returns 
are less uniform, although, overall, weekly correlations tend to exceed daily ones, 
indicating that longer observation horizons smooth short-term fluctuations.

The cointegration analysis does not provide robust support for the existence of 
long-run equilibrium relationships. Although cointegrating vectors were occasionally 
detected, subsequent statistical testing failed to confirm their significance, leading 
to the rejection of the cointegration hypothesis. Consequently, a VAR framework 
was employed to explore short-run dynamics. The results indicate the presence of 
multiple lead-lag relationships, consistent with the earlier observation that market 
interdependence intensifies during turbulent periods.

Regarding the direction of causality, as assessed through Granger causality tests, 
the previously dominant role of Ljubljana Stock Exchange observed before the crisis 
has diminished. The Zagreb Stock Exchange retains some degree of precedence over 
markets located to the east, while the strongest interactions are identified between 
the Macedonian market and the other exchanges. Once again, the strengthening of 
inter-market relationships during periods of instability is clearly confirmed.

Robustness checks incorporating the Vienna Stock Exchange confirm most of 
the earlier findings and further indicate that this market assumes a dominant leader-
ship role, particularly in relation to other EU-member markets and the Macedonian 
Stock Exchange. In contrast, its relationships with less liquid markets remain weak or 
negligible. Additionally, while the Vienna market exhibits clear precedence over the 
more active regional exchanges, a similar leading role is not observed for other stock 
markets in countries that have joined the European Union (LSE and ZSE).

In summary, the empirical evidence leads to the rejection of Hypothesis 1, as no 
persistent long-term relationships among the markets were identified. Hypothesis 2 is 
only partially supported, given that short-term linkages exist but vary across market 
pairs and time periods, with the strongest connections observed during episodes of 
economic turbulence. These findings, together with correlation and Granger causali-
ty results, lend support to Hypothesis 3. Hypothesis 4 is also partially confirmed, as 
causality is present in certain instances; however, the lack of persistence in lead-lag 
structures suggests that these relationships are not stable over time. This implies that 
practical application of the findings requires caution, and that investors should rely 
on up-to-date information.

Overall, the results do not allow for a definitive conclusion that the observed mar-
ket linkages stem from underlying economic ties or the shared historical legacy of 
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a common federation. Instead, they are more likely driven by investor behavior and 
responses to broader market developments. This interpretation is reinforced by the 
observed influence of the Vienna Stock Exchange, particularly on markets that exhib-
it stronger mutual connections. The earlier impact of institutional investors appears 
to have diminished, while the role of EU integration remains ambiguous.

Although some results confirm earlier evidence, particularly the increase in in-
terconnectedness during periods of volatility, the study also contributes several new 
insights. Notably, the inclusion of the COVID-19 period and the subsequent geopo-
litical and economic disruptions demonstrates that previously weakening linkages 
can reappear under stress conditions. This suggests that the absence of long-term 
relationships does not imply complete independence among markets. Furthermore, 
the analysis shows that markets characterized by low and declining turnover tend to 
exhibit weaker integration. For example, despite representing a smaller economy, the 
Macedonian Stock Exchange appears more engaged in regional lead-lag dynamics 
than the Sarajevo and Belgrade exchanges. Finally, EU membership does not neces-
sarily confer a dominant or leading position in regional market interactions.

From an investment perspective, the findings carry several implications. Given 
the absence of consistent co-movement, incorporating these regional markets into in-
vestment portfolios offers diversification benefits, with the Sarajevo Stock Exchange 
presenting the greatest potential due to its relatively low integration with other mar-
kets. Conversely, declining liquidity and turnover on the Belgrade Stock Exchange 
increase its divergence from more active markets, potentially encouraging Serbian 
investors to diversify internationally. In the short term, investors in the Macedonian 
market may benefit from closely monitoring developments in northern and western 
regional markets. These findings are likely to be more relevant for individual inves-
tors, as institutional investors typically follow long-term investment strategies and 
may derive limited benefits from short-term market dynamics. Nevertheless, institu-
tional portfolios could still benefit from investing in companies that align with their 
specific investment criteria, irrespective of broader market movements. Policymakers 
can also use these insights to better anticipate market shocks and assess potential 
spillover effects.

Future research should broaden the analytical framework by incorporating ad-
ditional variables that could help explain the underlying drivers of co-movement, 
as well as by applying alternative econometric methods capable of capturing these 
relationships more effectively. In particular, including additional global or European 
benchmark indices could provide valuable insights, given the increasing speed of in-
formation transmission and financial integration. Moreover, macroeconomic funda-
mentals such as GDP growth, interest rates, and exchange rates could be considered, 
although their lower frequency relative to financial market data presents methodolog-
ical challenges that would need to be carefully addressed.  
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APPENDIX

Table A-1:	Lag length information criteria for the entire period and every sub-period 
(Cointegration)

2007-2024
Lag LogL LR FPE AIC SC HQ

0  4992.14 NA   8.65e-08 -2.0732 -2.0664 -2.0708
1  75676.32  141192.0  1.51e-20 -31.447 -31.406 -31.433
2  76351.94  1348.15  1.16e-20 -31.717 -31.643 -31.691
3  76546.03  386.895  1.08e-20 -31.788 -31.680 -31.750
4  76739.14  384.527  1.00e-20 -31.857  -31.716*  -31.808*
5  76787.85  96.8963  9.95e-21 -31.867 -31.692 -31.806
6  76827.38   78.558*   9.89e-21*  -31.873* -31.665 -31.800

2007-2011
0 3711.42 NA 1.03e-09 -6.5024 -6.4804 -6.4941
1 15781.05 24012.20 6.86e-19 -27.633 -27.5008 -27.583
2 16015.62 464.6123 4.75e-19 -28.001 -27.7579 -27.909
3 16120.05 205.9445 4.13e-19 -28.140 -27.7868 -28.006
4 16220.13 196.4739 3.62e-19* -28.272* -27.8080* -28.096*
5 16242.17 43.062* 3.64e-19 -28.266 -27.6923 -28.049
6 16254.14 23.28569 3.73e-19 -28.244 -27.5590 -27.985

2012-2019
0 9608.83 NA 6.22e-11 -9.3105 -9.2969 -9.3055
1 36720.28 54065.19 2.45e-22 -35.5698 -35.4879* -35.539
2 36811.33 181.1409 2.30e-22* -35.6338* -35.4837 -35.578*
3 36824.45 26.0418 2.33e-22 -35.6223 -35.4039 -35.542
4 36839.78 30.3355 2.35e-22 -35.6129 -35.3263 -35.507
5 36861.60 43.0880 2.36e-22 -35.6098 -35.2549 -35.479
6 36882.85 41.8712* 2.37e-22 -35.6062 -35.1831 -35.451

2020-2024
0  22259.80 NA  6.94e-22 -34.530 -34.492 -34.523
1  22356.98 193.442  6.20e-22 -34.642 -34.510 -34.597
2  22427.04 138.929  5.78e-22 -34.712 -34.522* -34.702* 
3  22522.69 188.936  5.18e-22 -34.822 -34.502 -34.664
4  22547.65 49.102  5.18e-22 -34.822 -34.401 -34.651
5  22588.60 80.237  5.06e-22 -34.851* -34.326 -34.630
6  22616.41  54.288*   5.04e-22* -34.847 -34.230 -34.618

Source: Author’s calculations

Description: LR - sequential modified LR test statistic (each test at 5% level), FPE - Final prediction error, AIC - 
Akaike information criterion, SC - Schwarz information criterion, HQ - Hannan-Quinn information criterion
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Table A-2: Johansen cointegration test results (2020-2024)

Unrestricted Cointegration Rank Test (Trace)

Hypothesized Trace 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**

None  0.020060  62.73432  69.81889  0.1612
At most 1  0.012695  36.53279  47.85613  0.3699
At most 2  0.010296  20.01285  29.79707  0.4220
At most 3  0.005079  6.631540  15.49471  0.6208
At most 4  3.67E-05  0.047438  3.841466  0.8276

 Trace test indicates no cointegration at the 0.05 level
 * denotes rejection of the hypothesis at the 0.05 level
 **MacKinnon-Haug-Michelis (1999) p-values

Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

Hypothesized Max-Eigen 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**

None  0.020060  26.20152  33.87687  0.3086
At most 1  0.012695  16.51994  27.58434  0.6213
At most 2  0.010296  13.38131  21.13162  0.4177
At most 3  0.005079  6.584102  14.26460  0.5394
At most 4  3.67E-05  0.047438  3.841466  0.8276

 Max-eigenvalue test indicates no cointegration at the 0.05 level
 * denotes rejection of the hypothesis at the 0.05 level
 **MacKinnon-Haug-Michelis (1999) p-values

Source: Author’s calculations
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Table A-3:	Lag order selection criteria (VAR model)

2007-2011
Lag LogL LR FPE AIC SC HQ

1  18006.28 NA  5.04e-19 -27.94293 -27.88957 -27.90531
2  18125.94  237.4623  4.35e-19 -28.09004 -27.91911* -28.10693* 
3  18234.45  214.4915  3.82e-19 -28.22981* -27.84270 -28.04984
4  18262.73  55.68316  3.80e-19* -28.21491 -27.82397 -28.01478
5  18276.83  27.65243  3.86e-19 -28.20797 -27.70680 -28.07440
6  18298.67  42.66729*  3.88e-19 -28.20307 -27.60166 -27.97730
7  18313.08  28.03494  3.95e-19 -28.18661 -27.48497 -27.92322
8  18326.91  26.78860  4.02e-19 -28.16924 -27.36736 -27.86822

 * indicates lag order selected by the criterion
 LR: sequential modified LR test statistic (each test at 5% level)
 FPE: Final prediction error
 AIC: Akaike information criterion
 SC: Schwarz information criterion
 HQ: Hannan-Quinn information criterion

2012-2019
Lag LogL LR FPE AIC SC HQ

1  36664.12 NA   2.49e-22 -35.55685  -35.54320* -35.55185
2  36758.82  188.8668   2.32e-22*  -35.62447* -35.54253  -35.59443*
3  36773.82  29.82314  2.35e-22 -35.61476 -35.46455 -35.55969
4  36789.53  31.19213  2.37e-22 -35.60576 -35.38727 -35.52566
5  36812.14  44.75797  2.37e-22 -35.60344 -35.31668 -35.49831
6  36834.15   43.45956*  2.38e-22 -35.60053 -35.24550 -35.47037
7  36845.50  22.36066  2.41e-22 -35.58730 -35.16398 -35.43210
8  36858.40  25.34183  2.44e-22 -35.57556 -35.08397 -35.39533

2020-2024
Lag LogL LR FPE AIC SC HQ

1  22356.98 193.4421  6.20e-22 -34.64232  -34.51031 -34.59723
2  22427.04 138.9290  5.78e-22 -34.71224  -34.52219*  -34.70162*
3  22522.69 188.9368  5.18e-22 -34.82187 -34.50152 -34.66398
4  22547.65 49.10242  5.18e-22 -34.82180 -34.40134 -34.65114
5  22588.60 80.23755  5.06e-22 -34.85091* -34.32597 -34.62957
6  22616.41 54.28831*   5.04e-22*  -34.84654 -34.23023 -34.61793
7  22630.55 27.49370  5.12e-22 -34.83406 -34.11327 -34.56350
8  22648.14 34.05016  5.18e-22 -34.82255 -34.00166 -34.51442

Source: Author’s calculations
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