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Abstract

Purpose – This research paper aims to explore asymmetric market efficiency of the 13 Euro countries,
i.e. Austria, Belgium, Finland, France, Germany, Greece, Ireland, Italy, Netherland, Portugal, Slovakia, Slovenia
and Spain, concerning the period before global financial crisis (GFC), after GFC and period of COVID-19
pandemic.
Design/methodology/approach – Multifractal detrended fluctuation analysis (MF-DFA) is applied
to examine the persistence and anti-persistency. It also discusses the random walk behavior
hypothesis of these 13 countries non-stationary time series. Additionally, generalized Hurst exponents
are applied to estimate the relative efficiency between short- and long-run horizons and small and large
fluctuations.
Findings – The current study results suggest that most countries’markets are multifractal and exhibit long-
term persistence in the short and long run. Moreover, the results with respect to full sample confirm that
Portugal is the most efficient country in short run and Austria is the least efficient country. However, in long
run, Austria appeared to be highly efficient, and Slovakia is the least efficient. In the pre-GFC period, Greece is
said to be the relatively most efficient market in the short run, whereas Austria is the most efficient market in
the long run. In the case of Post-GFC, Netherland and Ireland are the most efficient markets in short and long
run, respectively. Lastly, COVID-19 results indicate that Finland’s stock market is the most efficient in short
run.Whereas, in the long run, the high efficiency is illustrated by Germany. In contrast, the most affected stock
market due to COVID-19 is Belgium.
Originality/value –This studywill add value to the present knowledge on efficientmarket hypothesis (EMH)
with the MF-DFA approach. Also, with the MF-DFA approach, potential investors will be capable of ranking
the stock markets of Eurozone countries based on their efficiency in the period before and after GFC and then
specifically in the period of COVID-19.

Keywords Global financial crisis, COVID-19, Efficient market hypothesis, MF-DFA

Paper type Research paper

1. Introduction
The global financial crisis (GFC) and COVID-19 share uncertainty as a significant element
after originating in one of the two leading economies (the USA in 2008 and China at the
end of 2019). Moreover, both crises severely affect the stock markets, resulting in an
economic downturn. Hence, there is a need to consider both situations collectively to
analyze the efficiency of stock markets. Therefore, to explore the financial markets’
efficiency, a new concept, the efficient market hypothesis (EMH), has been introduced; it
has become the investor’s favorite device to understand any financial market’s quality
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and efficiency. According to Fama (1970), an efficient market (even in its weak form) is if
prior information enclosed in price movements is entirely explained in the current prices.
Therefore, it is challenging for investors to earn abnormal profits and predict prices
based on past statistics. Further, if an efficient market exhibits randomwalk behavior, the
new information is more likely to lessen or exaggerate the prices in an inefficient market,
resulting in a severe impact on efficient resource allocation (Ali et al., 2018; Mensi
et al., 2017).

The EMH has a significant role in financial literacy in understanding financial
markets’ behavior and performance. As per the EMH theory presented by “Fama (1970),
1998”, any sensible investor can forecast market efficiency with a given market’s share
price index information. It further stated that if the asset price rapidly shows variation
due to the current relevant market information or the asset price is market sensitive, such
a market is called a weak-form efficient market. It is not easy for investors to procure
abnormal profit in a given situation because of asset price fluctuation, and no one can
predict market price and condition. So, the validity of EMH suggests that it is the primary
key to predicting such probable gain. There are three significant well-known market
situations depending on the market behavior: bear, standard and bull markets. In a stock
market, no one can predict the investor’s behavior. However, in the other two bear and bull
markets, investors’ behavior can easily be examined as either aggressive “Greed” or
defensive “Fear.” In these risky situations, investors can make irrational decisions due to
herding behavior, resulting in a variation in stock prices and economic features (Baker
andWurgler, 2006). Many global and regional black swan events have recently distressed
the global markets. In discussed techniques, market crashes can occur directly, while the
rise in the stock price over a long time confirms asymmetric effects in stock markets (Ni
et al., 2015).

Share price indices measure the variation in the stock’s value; it states the investor’s
return on their investment and expresses the variation in the market capitalization. The
stock market is a complicated and dynamic structure sensitive to various internal and
external variables (Boubaker and Raza, 2017). Exchange institutes and investors are the
primary sources of internal influences. Further, external factors that make stock market
vulnerable are policies and changes by the governments (Raza and Jawaid, 2014). Also,
some crucial events play a major role in affecting stock markets (Mensi et al., 2022).
Several researchers have inspected the influence of important events, such as crises, on
the stock market’s efficiency (Anagnostidis et al., 2016; Mensi et al., 2017; Tiwari et al.,
2018). Managi and Okimoto (2013) declared that abrupt “big” shocks, like GFC of 2008,
generate structural changes in financial and commodities markets that might result in
asymmetric impacts on market efficiency, volatility spillovers and portfolio allocations.
Hence, it stimulates the importance of exploring the GFC and COVID-19 effects on the
efficiency of these markets. Therefore, in this study, the EMH concept is tested on 13
Eurozone countries with the support of MF-DFA recommended by Kantelhardt et al.
(2002). The roles of GFC and COVID-19 have been investigated to reflect these countries’
stock markets’ efficiency by using share price indices data. That is a more flexible and
efficient approach than other approaches of analyzing the multifractal (long-term
persistent) features of time series having non-stationary properties (Mensi et al., 2017;
Bouoiyour et al., 2018).

We have divided the contribution of current study into multiple roles; first of all, this
study will add value to the present knowledge on EMH via the estimation of the MF-DFA
approach. As the name implies, MF-DFA is based upon the combination of the following
two procedures, i.e. “multifractal methods (MF) and detrended fluctuation analysis
(DFA).” Mandelbrot et al. (1997) considered the MF method a monofractal approach.
Conversely, Chen et al. (2002) state that DFA is useful in assessing noisy time series and
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non-stationary long-term correlations, hence, said to detect monofractal scaling
technique. Horvatic et al. (2011) claim that the MF-DFA approach expands Kantelhardt
et al. (2002) DFA method. In this way, it assists in exploring stochastic process’s
multifractal spectrum for a financial time series (Raza et al., 2021). Some other benefits are:
“removal of the monofractal and multifractal behavior of the financial data, assessment of
volatility’s long-run correlations, degree of time-varying efficiency, and predictability of
financial series.” Furthermore, this method provides a valid multifractal classification of
non-stationarymultifractal financial time series. Such attributes ofMF-DFA are said to be
more interesting than other econometrics approaches. In present research, MF-DFA
contributes to the information concerning range memory, random walk behavior, degree
of persistency and Eurozone’s market efficiency. Secondly, the application of theMF-DFA
approach will make potential investors capable enough to rank the stock markets of these
Eurozone countries based on their efficiency in the following periods: full sample, pre and
post-GFC and period of COVID-19. Thirdly, 13 European countries for the analysis have
been targeted. However, prior research by Cao et al. (2013) is based on a similar approach,
but a point of difference is the selected country. Moreover, prior authors employed
MFDFA in analyzing Shenzhen and Shanghai stock markets concerning asymmetric
multifractal scaling behavior.

2. Literature review
The literature includes various studies which have explored the efficiency of different
markets through MF-DFA. For instance, research conducted by (Tiwari et al., 2018) focused
on eight developed countries for investigating their efficiency. The authors employed “the
MF-DFA approach” and observed that most markets were highly efficient in the long run.
Furthermore, Rizvi et al. (2014) claimed that progressive markets are highly efficient; hence,
less efficient are the Islamic states’ markets. Different results were found by Ali et al. (2018)
that Islamic markets are found to be more efficient than conventional ones after using the
MF-DFA method. Arshad et al. (2016) selected the “Organization for Islamic Conference
(OIC)” countries and explained that complete efficiency is different across the OIC based on
the MF-DFA approach. Staki�c et al. (2016) examined that the stock market is inefficient after
using daily return data from 2006 to 2013. Anagnostidis et al. (2016) revealed a significant
mean-reverting behavior established after the crisis, and markets are near to random walk
behavior before crises.

Rizvi and Arshad (2017) claimed that Japanese stock markets were most efficient during
the global crisis period. Moreover, Dow Jones Islamic stock index sectors were targeted by
Mensi et al. (2017) for testing these markets’ efficiency and multifractality. For this purpose,
the authors employedMF-DFA. The results indicate that in the long term, efficiency is higher
and time-varying. Cao et al. (2013) targeted China for the examination of stock markets’
uptrend and downtrend multifractality. Thus, the authors used asymmetric MF-DFA. The
analysis reveals that uptrends have stronger multifractality than downtrends. In the
literature, some studies are available that used the same method in the cryptocurrency, gold,
green bonds and conventional bond markets. Such as, Al-Yahyaee et al. (2018) emphasize
Bitcoin, gold, currency (USD index) and world stock markets’ long memory and efficiency.
Authors found that long memory and multifractality are present in all investigated return
series, and these features are more prominent in the Bitcoin market than in other traditional
markets. Likewise, green and conventional bond markets’ efficiency was studied by (Naeem
et al., 2021). The authors divided the analysis into two periods, i.e. pre and during the
pandemic of COVID-19. Hence, to meet this goal, the authors employed the approach of
MF-DFA.
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Literature consists of several studies that inspect the impact of GFC on market
efficiency. For instance, the research investigated 15 emerging European stock markets
for their efficiency (Smith, 2012). The results exhibit a severe influence of GFC on the
stock markets’ efficiency. Kumar and Deo (2013) emphasize the effects of GFC (pre
and during crisis) on twenty international financial indices using MF-DFA. It was
disclosed that some indices hold significant discrepancies in multifractal degrees in both
periods. Majumder (2012) in the context of US and BRICS markets, reveals that before the
period of GFC, the US market was highly efficient than others but became inefficient after
the crisis. Finally, Mensi et al. (2017) considered Islamic stock markets to test the effect of
GFC. They employed the MF-DFA approach to examine the efficiency of these markets in
the short and long run and concluded that after GFC, most of the markets’ efficiency was
weakened.

Further, Adu et al. (2015) targeted the BRICS countries’ stock returns and concluded that
China and India’s stock markets do not depend on the unit of measurement; on the contrary,
Brazil and South Africa’s market prediction is dependent on the unit of measurement. Sensoy
et al. (2015) explored that conventional equity markets are found to be highly efficient than
Islamic equitymarkets. GFC and the succeeding Eurozone sovereign debt crisis underline the
higher level of dependency among markets and reveal a degree of asymmetry that exists
internally and among markets.

3. Methodology
The share price indices data from June 1994 to August 2022 is used to examine the efficiency
of themarkets of 13 Euro area countries. The research further divided the full sample into pre-
GFC post-GFC and COVID-19 periods.

3.1 Multifractal detrended fluctuation analysis
The two most used methods in the literature are MF-DFA and MF-DCC, but MF-DFA is the
most effective and better approach (Shahzad et al., 2017). To detect the scaling behavior that
has multifractal features in non-stationary time series, MF-DFA is a better technique. In
addition, this method delivers evidence on the long-term memory, level of persistency and
efficiency of stock markets. Previously rescaled range analysis “R/S”was used to analyze the
long-range correlation behavior of non-stationary time series. However, MF-DFA is a better
tool than rescaled range analysis because it avoids the miscalculation of correlation.
Furthermore, to analyze the persistence, anti-persistency in the series (mean-reverting
process) and random walk behavior, MF-DFA is a better method.

The MF-DFA approach developed by Kantelhardt et al. (2002) is applied to examine
Eurozone countries’ market efficiency. MF-DFA is comprised of five steps as follows.

Let “{Xt,t 5 1, . . ..,N}” be a time series.

Step1. Define the profile

Yk ≡

Xk

t ¼ 1½xi � x�; k ¼ 1; . . . ;N; (1)

Where x represents the average of the entire time series.

Step2.Divide the profile “yi” into “Ns≡ f (N/s)” non-overlapping segmentwindows of equal
length s.

Step 3. Compute the local trend for each of the two N’s by the least-squares fit of the series
and calculate variance:
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F2ðs; vÞ ¼ 1

s

Xs

i ¼ 1fy½ðv� 1Þsþ i� � yvðiÞg2 (2)

For “v 5 1,2, . . ..,Ns,” and

F2ðs; vÞ ¼ 1

s

Xs

i ¼ 1fy½N � ðv� NsÞsþ i� � yvðiÞg2 (3)

For v 5 Ns þ1, . . .,2Ns.

Step 4. The “qth” order fluctuation function “Fq(s)” is determined by averaging all
segments.

FqðSÞ ¼
(

1

2Ns

X2Ns
v ¼ 1

�
F2ðs; vÞ�q2

)1
q

(4)

Step 5. Define the scaling behavior of fluctuation functions by analyzing log-log plots
“Fq(s)” versus s for each level of “q.”

If there is a correlation between the series “xi” in the long term, then “Fq(s)” increases for large
values of s, according to power law:

FqðSÞ∼ ShðqÞ (5)

In general, “h(q)” the exponent describes the criteria for whether the time series is
monofractal or multifractal; if “h(q)” is not dependent on q, time series is monfractal
otherwise multifractal when “h(q)” is dependent on “q,” meaning that the small variation
“(q < 0)” and large variation “(q > 0)” of scaling behavior is different. Where “h(q)” is a
generalized Hurst exponent, when in the case of stationary series, “h (2)” is the same as the
well-known Hurst exponent(H). To examine the correlation in the time series, the scaling
exponent “h (2)” is used when “h (2) 5 0.5”. It explains that series are not correlated and
follow a random walk process when “0.5< h (2) <1” indicates long-term persistence series
(long-memory), and “0< h (2) >0.5” shows anti-persistence series (mean-reverting
process).

4. Empirical results
4.1 Preliminary analysis
Descriptive statistics are explained in Table 1. The results depict that the Jarque-
Bera time series of all countries is not normally distributed, indicating the properties
of high-pitched peaks and fat-tailed distributions. Furthermore, Augmented Dickey
and Fuller’s (1979) analysis indicates that all series are stationary at a 1% level of
significance. Skewness and Kurtosis results of all series show asymmetry and leptokurtic
series.

4.2 Multifractal detrended fluctuation analysis (MF-DFA)
The share price indices’ fractal properties are explained by a log-log plot on the length scale
and the order of fluctuation effect. A scaling range is vital to decide a linear behavior, as it
axes on both lower and upper limits. The current study scaling behavior of the given share
price indices is exhibited in Figure 1(a–m). It is clear from these figures that the local slope of
these 13 countries’ plots changes with crossover time scale (logs*)5 3.3 in the case of overall
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Figure 1.
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data of all 13 countries, but in this study, we are also analyzing the effect of the GFC, in case of
before GFC the crossover time scale for all countries is logs*5 3.9 except in case of Austria,
Belgium, France and Germany where crossover time scale logs* 5 3.7, but after GFC the
crossover time scale for all countries is same that is logs*5 3.3. The crossover point varies at
a different time of scale because of the unlike properties of time series. This is the case of two
different time scales of stock markets one is the short-run component when s* < s, and the
other is the case of the long-run componentwhen s*> s; theMF-DFA approach is used to stud
these two-time scales of the stock market of selected 13 Eurozone countries. The q-order
Hurst exponent graphs of all 13 countries exhibit proof of multifractality in the time series of
these selected countries as h(q) varywith the variation in (q), and there is a decreasing trend in
the case of this sample size. The multifractal spectrum graph shows the large arc for the
multifractal time series and the small for the monofractal time series. This graph also

Figure 1.
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calculates the amplitude of the fractal spectrum as it is the difference between hqmaxi and
hqmini; in our case, Slovakia has the most massive multifractal strength (0.45), and Greece the
least multifractal strength (0.31).

4.2.1 Discussion of full sample results. Output Table 2 represents the slopes of generalized
Hurst exponents h(q). The upper bound for q is 5, and the lower bound for q is �5 for large
fluctuations q > 0 and small fluctuations q < 0. Moreover, h(q) is not constant and dependent
on q, showing that all 13 countries’ share price indices have multifractal properties. h(q)
explains the scaling behavior of these countries with small and large fluctuations. Further,
h(q) for q < 0 is higher than h(q) for q > 0. This scaling behavior is explained by the stock
markets of these 13 countries, estimating long-memory features better in short-term
fluctuations than in long-term fluctuations. All h(q) is more significant than 0.5 in both small
and large fluctuation, i.e. “q < 0 (q > 0),”which shows long-term persistence in stock markets
of all selected countries. At q 5 �5, Austria is the most constant stock market in the short
run, with the series’ highest h(q) value (4.021). Greece, in the long run, is chiefly the persistent
market with the highest h(q) value (1.019) of the series, and as the h(q) value in both cases
exceeds 0.5, both countries are showing more substantial long-term persistence in the short
run. To predict the long-term or large fluctuation, we focused on q 5 2, clearly showing
deviation from randomwalk behavior as all h(q) values are different from 0.5; the same is the
case; in the long run, all countries series show long-term persistence as all h(q) are more
significant than 0.5. The results of prior literature (Mensi et al., 2019) and (Sensoy and Tabak,
2015) depict similar results. According to Sensoy and Tabak (2015), the literary discourse on
random walk behavior has shown negative autocorrelations in the long term. Consequently,
in the long run, stock market returns are mean-reverting. Further, in previous studies, it has
been found that all series exhibit multifractality; hence, if we compare short and long
fluctuations, it is revealed that multifractality is more prominent in short fluctuations than
long. It is concluded that investors can predict their future returns based onMF-DFA results,
as in our study, most of the countries’markets are presenting long-term persistence. It implies
that these markets will be positive in the future if, currently, their returns are complimentary.
However, it is also dependent on countries’ economic conditions.

4.2.2 Discussion of GFC and COVID-19 results. In Table 3 at q 5 �5, all countries show
long-term persistence in the short and long run. Austria has the largest (q) value, the most
persistent in the short run, and Portugal has the highest h(q) value, the most persistent in the
long run. However, in case of large fluctuation when q 5 2, all countries have long term
persistence except Austria and Slovenia; both countries are mean-reverting or anti-
persistence in the long term as h(q) < 0.5, which shows that future returns of these two
markets are capable of returning to a long-term mean. In the case of Austria and Slovenia,
their market scaling behavior is anti-persistence. These results align with past studies’
results (Smith, 2012; Sensoy and Tabak, 2015). The findings of Smith (2012) claimed that in
the case of the following stock markets “Croatian, Hungarian, Polish, Portuguese, Slovakian,
and UK,” GFC is highly linked with return predictability. Moreover, the following stock
markets “Greece, Latvia, Romania, Russia, andTurkey” observe aminor influence of crisis on
weak-form efficiency. Authors also claim that the efficiency of “Croatia, Estonia, Slovenia,
and Portugal markets” has deteriorated badly because of the crisis.

Table 4 portrays that at q 5 �5 in the short-term fluctuation, Slovakia is the most
persistent country in both the short and long run. At q5 2 in the case of long-term fluctuation,
most of the countries are showing long term persistency having h(q) > 0.5 except Belgium,
Finland, France, Germany, Ireland and Italy. While the Netherlands is showing short-term
persistence in both the short and long run as h(q) is less than 0.5, these countries’ market
returns will be negative in the future if it is currently positive. Only two countries’ markets
show anti-persistent or malicious autocorrelation behavior; after the GFC, seven countries’
markets exhibit anti-persistent autocorrelation. These markets’ anti-persistent behavior
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Table 2.
Generalized Hurst
exponents of full

sample for short and
long term components

from �5 to 5
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market

efficiency of
the Eurozone
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Table 3.
Generalized Hurst
exponents of before the
GFC sample for short
and long term
components from �5
to 5

EJMBE
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makes it easier for investors to predict the stock return and earn the abnormal profit (Tiwari
et al., 2017). A study by Hasan andMohammad (2015) revealed that during the post-crisis era,
a decline was observed in multifractality indices of all markets, with the exception of the
Malaysian market. Another research by Anagnostidis et al. (2016) claimed that after GFC,
anti-persistent behavior had been observed in Spain and France’s stock price movements.
Also, scholars observed improvement in the post-crisis period instead of the availability of
significant mean-reverting patterns. In contrast, across the sample period, Germany,
Netherlands, Greece and Italy were considered to be weak-form efficient.

The outcomes of the COVID-19 period are illustrated inTable 5.We identified that at q5�
5, Belgiumhas the largest (q) value, themost persistent in the short and long run.Nevertheless,
at q 5 2 in the case of long-term fluctuation, most of the countries are showing long term
persistency having h(q) > 0.5 except Austria, Belgium and Ireland, presenting short-term
persistence in the long run.While France is showing short-term persistence in the short run as
h(q) is less than 0.5, these countries’ market returns will be negative in the future if it is
currently positive. Hence, results confirm that in COVID-19 period, the stocks of Belgium and
France are most fluctuating. The results are in line with the findings of Abuzayed et al. (2021)
and Khattak et al. (2021). The prior studies also claim that in the times of COVID-19, Belgium,
the UK and France are the most incremental systemic risk receivers. Hence, the stock markets
are adversely exposed to the emergence of the deadly coronavirus. Due to COVID-19, the GDP
of Belgium declined by 6.3% in 2020. The economic failure because of COVID-19 outbreak is
the greatest yearly GDP decline ever observed in Belgium after Second World War. This is
significantly larger than the drop observed during the GFC. At that time, GDP declined by a
“mere” 2% in 2009 after having risen by 0.4% in 2008. Further, Sami and Abdallah (2021)
claims that stockmarket returns are highly volatile. Also, as per the statistics, themost crucial
stock of France, i.e. CAC 40, witnessed a fall of 37% from its highest value. In a nutshell, the
stock markets of Belgium and France witnessed a downturn.

4.2.3 Ranking efficient markets. The next step in MF-DFA is to rank the efficient markets
based on the market deficiency measure (MDM) score .

Table 6 illustrates country’s rank based on the efficiency of the market both in the short
run and in the long run. The most efficient market has an MDM value equal to zero, while
the less efficient market has a higher MDM value (Mensi et al., 2017). According to the
MDM ranking, Portugal is the most efficient market, with the lowest MDM value (1.277),
and Austria, with the highest MDM value (2.3838), is the most inefficient market in the
short and long run. Austria is the most efficient market after having the lowest MDMvalue
(0.5689), and Slovakia is the most inefficient market in the long run, with the highest MDM
value (0.899).

According to the given output ofMDM ranking before the GFC of 2007–2008, Greece is the
most efficient market with the lowest MDM value (0.847) in the short run. On the other hand,
Austria is the most efficient market in the long run after having the lowest MDM value
(0.5499). In GFC, the Netherlands is the most efficient market having the lowest MDM value
(0.744), and Ireland is the most efficient market in the long run based on MDM value (0.4452).
Simultaneously, Austria and Slovakia are the most inefficient markets before and after GFC,
both in the short and long run. In COVID-19, Finland is the most efficient market as MDM
value is (1.3071) in the short run. The second most efficient is Germany (1.4245). Conversely,
in long run, the most efficient market is Germany (0.5512) which is followed by Austria with
anMDMvalue of (0.5783). However, in the short run, Belgium (4.4943) and France (2.8755) are
appeared to be the least efficient. Likewise, the least efficiency is exhibited by Belgium
(1.5974) in long run. Also, the results depict that the stock markets of Belgium and France are
highly fluctuating, making markets inefficient in the short and long run. Finally, we suggest
that the investors should invest in the markets with the lowest MDM value to earn abnormal
profit as these stock returns are predictable.
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Short-term Long-term
Ranking Country MDM Ranking Country MDM

Full sample period
1 Portugal 1.277 1 Austria 0.5689
2 Greece 1.306 2 Slovenia 0.710
3 France 1.4314 3 Germany 0.7399
4 Germany 1.4789 4 Spain 0.740
5 Netherland 1.624 5 Finland 0.7572
6 Ireland 1.6649 6 Italy 0.758
7 Italy 1.767 7 France 0.7668
8 Spain 1.820 8 Netherland 0.774
9 Belgium 1.8248 9 Portugal 0.778
10 Finland 1.8892 10 Belgium 0.792
11 Slovenia 1.962 11 Ireland 0.7924
12 Slovakia 2.114 12 Greece 0.7944
13 Austria 2.3838 13 Slovakia 0.899

Before the GFC
1 Greece 0.847 1 Austria 0.5499
2 France 0.966 2 Slovenia 0.557
3 Slovakia 1.013 3 Ireland 0.6562
4 Italy 1.027 4 Belgium 0.6648
5 Germany 1.0845 5 Spain 0.667
6 Ireland 1.1195 6 Netherland 0.697
7 Belgium 1.1428 7 Greece 0.7042
8 Finland 1.1461 8 Germany 0.7399
9 Portugal 1.168 9 France 0.7812
10 Spain 1.186 10 Finland 0.786
11 Netherland 1.277 11 Portugal 0.798
12 Slovenia 1.399 12 Italy 0.807
13 Austria 1.7444 13 Slovakia 0.896

After the GFC
1 Netherland 0.744 1 Ireland 0.4452
2 Portugal 1.018 2 Germany 0.5202
3 France 1.0369 3 Belgium 0.5366
4 Ireland 1.1264 4 France 0.5389
5 Germany 1.2372 5 Finland 0.55
6 Greece 1.2414 6 Slovenia 0.558
7 Finland 1.2926 7 Netherland 0.569
8 Belgium 1.4796 8 Italy 0.594
9 Italy 1.584 9 Austria 0.6345
10 Slovenia 1.622 10 Portugal 0.669
11 Spain 1.748 11 Spain 0.669
12 Slovakia 2.076 12 Greece 0.7222
13 Austria 2.1421 13 Slovakia 0.810

COVID-19 period
1 Finland 1.3071 1 Germany 0.5512
2 Germany 1.4245 2 Austria 0.5783
3 Ireland 1.5578 3 Finland 0.6053
4 Spain 1.8123 4 Ireland 0.6429
5 Netherland 1.8193 5 Greece 0.6665
6 Greece 1.8539 6 Portugal 0.7545

(continued )

Table 6.
MF-DFA rankings for
short and long-term
components
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5. Conclusion
This research explores asymmetric market efficiency of the 13 Euro countries concerning the
period before GFC, after GFC and the period of COVID-19 by employing MF-DFA. Further, it
aims to explore the efficiency of markets based on MDM scores. The findings suggest that
efficiency in these markets varies over time. It implies that all markets possess multifractal
properties. These markets are not deteriorating efficiently over time, and all markets reject
the hypothesis of random walk behavior. Further, developed economies’ market behavior is
more toward stability, but emerging economies’ behavior is less stable. This study’s
implication is for investors to earn abnormal profits and help predict the future returns of
anti-persistent markets. It will assist these countries’ economies in the implementation of
relevant regulations on stock markets. It is crucial to have in-depth knowledge about stock
indices, and in which particular sector the development of speculative bubbles is more likely
to appear. Eurozone markets play a major role in crisis; hence, a comprehensive
understanding of their behavior is necessary. More importantly, it is suggested that
policymakers should start enforcing laws and legislation to improve the efficiency of these
markets and strengthen local and international investors’ confidence in them.

The results indicate that only two countries’ markets show anti-persistent or negative
autocorrelation behavior; after GFC, seven countries’ markets exhibit anti-persistent
autocorrelation. These markets’ anti-persistent behavior provides ease to investors to
predict the stock return and earn abnormal profit. Based on theMDM ranking, it is concluded
that Portugal is the most attractive market and Austria is the least attractive market in terms
of future return in the short run. However, Austria is the most favorable market for investors
in the long run, and Slovakia is the least efficient market.

According to the results of the before-GFC period, Greece is the most favorable market,
and again Austria is the least significant market for future returns in the short run. Whereas,
in the long run, Austria is the most efficient market for investors in terms of their efficiency,
and Slovakia is the least preferred market for investors before the GFC of 2007–2008. After
GFC, the MDM ranking tells a different story, as the Netherlands is the most significant
market in the short run, and Ireland is the most efficient in the long run from an investing
point of view. However, Austria and Slovakia are still the least efficient markets in the short
and long run, consistently before and after the financial crisis.

During the period of COVID-19, the discovered results are surprising and different from
the full sample and GFC pre and post-periods. As per the outcomes of Generalized Hurst
exponents during COVID-19 sample for short and long term components and market
efficiency, the most fluctuating stocks are of Belgium and France in long and short run. Most
importantly, Belgium’s stock markets appear to be highly fluctuating, hence, making the
market least efficient in short and long run. Moreover, France is also the second least efficient
market in short run. Conversely, themost efficientmarket in the times of COVID-19 is Finland

Short-term Long-term
Ranking Country MDM Ranking Country MDM

7 Portugal 2.0736 7 Italy 0.768
8 Italy 2.0779 8 Netherland 0.7937
9 Austria 2.1968 9 France 0.9052
10 Slovenia 2.6314 10 Spain 1.3369
11 Slovakia 2.7348 11 Slovakia 1.3369
12 France 2.8755 12 Slovenia 1.5838
13 Belgium 4.4943 13 Belgium 1.5974

Source(s): Authors’ Estimation, Table 6 by authors Table 6.
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and Germany in the short and long run, respectively. The reason for the sudden change in the
results is the robust role of COVID-19.

These vibrant market conditions of 13 countries can be defined in bear markets, such as
markets with low growth opportunities and bull markets having high growth opportunities,
and regular markets with stable conditions. These market conditions are persistent. Our
study results can divide these 13 countries into different segments, as we have incorporated
the crucial role of the GFC and COVID-19 in the stock markets of 13 Eurozone countries.
Countries showing long-term persistence can be viewed as regular markets or bull markets,
and countries showing anti-persistent behavior can be viewed as bear markets. However,
again, it also depends on the country’s economic condition, and the occurrence of any black
swan event that may alter the condition, such as an outbreak of coronavirus, has affected the
globalmarkets adversely. Although it started in China gradually, unfortunately, it has spread
worldwide and upset the world economy.

6. Future recommendations
We recommend the scholars: (1) to conduct a comparative study by considering the data of
different economies. For instance, comparison between China–USA, BRICS countries,
developed-developing economies, European-Asian countries and Islamic countries. It will
provide a novel idea of how different economies respond to GFC and COVID-19 with respect
to EMH and MF-DFA. (2) We considered the overall stock markets of Eurozones; however,
eachmarket responds differently during crises likeGFC andCOVID-19. Hence, it is suggested
to consider a specific stockmarket for in-depth analysis—for instance, the health, hospitality,
tourism and telecommunication sectors.
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