
Shehadeh, Ali; Alwadi, Sadam M.; Almaharmeh, Mohammad I.

Article

Detecting and Analysing Possible Outliers in Global Stock
Market Returns

Cogent Economics & Finance

Provided in Cooperation with:
Taylor & Francis Group

Suggested Citation: Shehadeh, Ali; Alwadi, Sadam M.; Almaharmeh, Mohammad I. (2022) : Detecting
and Analysing Possible Outliers in Global Stock Market Returns, Cogent Economics & Finance, ISSN
2332-2039, Taylor & Francis, Abingdon, Vol. 10, Iss. 1, pp. 1-14,
https://doi.org/10.1080/23322039.2022.2066762

This Version is available at:
https://hdl.handle.net/10419/303633

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

  https://creativecommons.org/licenses/by/4.0/

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.1080/23322039.2022.2066762%0A
https://hdl.handle.net/10419/303633
https://creativecommons.org/licenses/by/4.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


Cogent Economics & Finance

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/oaef20

Detecting and Analysing Possible Outliers in
Global Stock Market Returns

Ali A. Shehadeh, Sadam M. Alwadi & Mohammad I. Almaharmeh

To cite this article: Ali A. Shehadeh, Sadam M. Alwadi & Mohammad I. Almaharmeh (2022)
Detecting and Analysing Possible Outliers in Global Stock Market Returns, Cogent Economics &
Finance, 10:1, 2066762, DOI: 10.1080/23322039.2022.2066762

To link to this article:  https://doi.org/10.1080/23322039.2022.2066762

© 2022 The Author(s). This open access
article is distributed under a Creative
Commons Attribution (CC-BY) 4.0 license.

Published online: 24 Apr 2022.

Submit your article to this journal 

Article views: 3552

View related articles 

View Crossmark data

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=oaef20

https://www.tandfonline.com/journals/oaef20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/23322039.2022.2066762
https://doi.org/10.1080/23322039.2022.2066762
https://www.tandfonline.com/action/authorSubmission?journalCode=oaef20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=oaef20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/23322039.2022.2066762?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/23322039.2022.2066762?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/23322039.2022.2066762&domain=pdf&date_stamp=24%20Apr%202022
http://crossmark.crossref.org/dialog/?doi=10.1080/23322039.2022.2066762&domain=pdf&date_stamp=24%20Apr%202022
https://www.tandfonline.com/action/journalInformation?journalCode=oaef20


FINANCIAL ECONOMICS | RESEARCH ARTICLE

Detecting and Analysing Possible Outliers in 
Global Stock Market Returns
Ali A. Shehadeh1*, Sadam M. Alwadi1 and Mohammad I. Almaharmeh2

Abstract:  We employ a Boxplot method for detecting and analyzing outlying daily 
returns of 14 international stock market indices sampled from around the world. The 
main objective of the paper is to provide an extensive analysis of the main characteristics, 
features and effects of the detected outlier returns. The results show that from about 4– 
10% of observations constitute outlying returns with an average of 6%. Conservatively, 
about 1.4% of return series are extreme outliers. Negative outliers are found more 
frequent, influential, severe and transmissible. The bulk of detected outliers are found to 
be in the magnitude of three standard deviations. Also, outliers tend to cluster together, 
both within individual return series over time and across stock markets. We find 
a sequential pattern in outlier occurrence within individual return series, and a concurrent 
pattern across stock markets. Moreover, adjusting for outlying returns leads to a decrease 
in standard deviation, negative skewness and kurtosis by about 18%, 74% and 69% on 
average, respectively. We do not find consistent evidence that advanced and well- 
developed stock markets have less frequent and/or sever outliers. Overall, the results and 
analysis of the paper provide important considerations about international stock market 
returns which are relevant to stock investment, portfolio and risk management. The 
results show that the best (worst) outlying returns which represent about only 1% of the 
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return observations have an enormous effect on the stock return performance and 
realization.
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1. Introduction
The existence of outlying and aberrant values can lead to serious difficulties in statistical analysis of 
data set under consideration. Outliers in a data set can result in erroneous statistical inferences, 
unreliable hypothesis testing and inaccurate results and conclusions. Moreover, detected outliers can 
have information content which can help in decision making process in many settings and applica
tions. Therefore, detecting, analyzing and accounting for outliers have gained considerable attention 
in many disciplines and applications. One of these disciplines is financial and economic time series.

It is well documented that most financial and economic time series have heavy-tailed distributions. 
One agreed reason for this phenomenon which typically introduced in the literature is the existence of 
outlying observations. The existence of aberrant observations in financial and economic time series has 
substantial effects on financial and economic modelling in many areas. Consequently, outliers are 
increasingly being an important subject of research for various fields of finance and economics. This 
includes macroeconomics (e.g., Balke & Fomby, 1994; Shen et al., 2018; Tolvi, 2001), Metal and oil industry 
(e.g., Behmiri & Manera, 2015; Ju et al., 2016), foreign exchange markets (e.g., Franses et al., 2004; 
Villavicencio, 2008), commodity and electricity industry (e.g., Afanasyev & Fedorova, 2019; Stanley, 2003; 
Thomas et al., 2011) and stock markets (e.g., Ané et al., 2008; Schluter & Trede, 2008; Charles, 2008; 
Grané & Veiga, 2010; Haggard et al., 2015; Loperfido, 2020 among others). Motivated by the importance 
of investigating outliers in stock markets, in this paper we examine and analyze outliers in returns of an 
extended sample of various stock markets from around the world.

The importance of detecting and analyzing anomalies in stock market movements stems from 
their implications and relevance to many financial activities and applications, including volatility 
modelling and forecasting (e.g., Ané et al., 2008; Charles, 2008; Franses & Ghijsels, 1999; Schluter & 
Trede, 2008), risk measurement (e.g., Berkowitz & O’Brien, 2002) and asset pricing (e.g., Aronne 
et al., 2020). Moreover, detecting and analyzing outliers per se can convey important information 
on market dynamics and behaviour which, in turn, can results in more reliable decisions regarding 
risk and portfolio management, market timing (e.g., Estrada, 2008, 2009), and security selection 
and asset allocation (e.g., Bauer et al., 2004; Welsch & Zhou, 2007).

Different models and algorithms have been introduced in the literature for detecting and handling 
outliers in stock market movements for different purposes. The bulk of those methods and 
approaches is based on GARCH and ARMA models and their variants (see, e.g., Ané et al., 2008; 
Charles, 2008; Franses & Ghijsels, 1999; Schluter & Trede, 2008). In addition, Wavelet models, density- 
based methods, fractal theory, and recently, kurtosis-based projection pursuit have also been 
employed (e.g., Grané & Veiga, 2010; Loperfido, 2020; Sun et al., 2008; Zhao et al., 2012). Despite 
the contributions of these models and approaches, they are greatly sensitive to the data distribu
tional assumptions, the model parameter estimates and the presumed data generating processes.

Differently, in this paper, we employ Boxplot method for identifying and examining possible outliers in 
global stock market fluctuations. In addition to the straightforwardness of the Boxplot method, it has 
a great advantage of not having strict assumptions regarding the data generating processes and the 
underlying probability distributions of the data, making it more flexible to be used and implemented in 
practical settings (Shevlyakov et al., 2013). In other words, the Boxplot method does not involve 
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processing data series in a specific form, but rather it maintains the original data and detect outliers 
depending on the features and properties within the data series itself. Another advantage of the Boxplot 
method is that it is independent of the extremely aberrant observations when computing a measure of 
data dispersion. Rather, the inner and outer outlier fences are determined based on data quartiles so that 
they are not distorted by a few extreme values (Schwertman et al., 2004).

By outlying financial returns, such as the daily stock returns, we mean the high and low returns, which 
result from extreme price variations, that are extremes relative to the rest of the daily returns. In this 
sense, investigating outliers in the context of financial returns is important because of their effects on the 
behaviour of return performance and realization from financial investments. Whether returns are 
achieved through normal and smooth price changes or through a few numbers of extreme price changes 
over the holding period of investments are essential considerations for investors in financial instruments. 
In other words, the potential effects of outlying returns on the performance of investment and portfolio 
returns can impact the investment and portfolio choices of the different types of investors.

The focus of the paper is on the information content of stock outlying returns. Specifically, our purpose 
is to provide a detailed analysis of the detected outliers’ characteristics and features. To this end, we 
adopt Boxplot method for identifying and scrutinizing potential outliers in daily returns of 14 stock 
markets. Our market sample encompasses the major stock indices of USA, UK, Germany, France, 
Japan, Russia, China, Brazil, South Africa, India, Turkey, Hong Kong, Saudi Arabia and South Korea. Our 
sample period extends from November 1997 to April 2020. After constructing outlier fences within the 
Boxplot settings, we analyze detected outliers in terms of frequency, sign, magnitude, severity and 
effects. We also examine the influence of return outliers on return series divided into good and bad 
days. In addition, we look at the distribution of detected outliers over years and examine whether they 
exhibit any recognizable patterns within and across stock market indices. Moreover, we investigate the 
sequential pattern of outliers occurrence within return series for every stock market, and the concurrent 
pattern of outliers occurrence across stock markets. We also conduct an exercise to adjust for outliers 
and examine their effects on the distribution of return series. In addition, we investigate the effects of 
outlying returns on the performance and realization of stock market returns.

The analysis and results of the paper are relevant in the contexts of stock investment and portfolio 
management. Considering frequency, classification, magnitude, effects and patterns of outlying returns 
in stock markets can lead to better portfolio management and selection so that asset allocation decisions 
can be made with more efficiency and effectiveness. This is because outlier returns are found to have 
considerable impact on the long-run performance of stock portfolios (e.g., Estrada, 2008, 2009). For 
example, we find that the sum of positive outlying returns accounts for up to about 33% of the sum of all 
positive returns over the sample period, and the sum of negative outliers accounts for up to about 51% of 
the sum of negative returns. In addition, we find that the best (worst) outlying returns which represent 
about only 1% of return observations have a massive impact on stock return performance and realiza
tion. Moreover, it is essential to consider outlying returns in the framework of mean-variance optimization 
analysis. This is because few coincidental outliers can noticeably affect correlations between stock 
returns (Kim et al., 2015). This in turn can affect the diversification decisions of portfolio managers. For 
example, our analysis of the concurrent pattern of outliers across stock markets shows that considerable 
number of outliers occur simultaneously in stock markets. China and Turkey are found to have the 
smallest numbers of concurrent outliers with other stock markets, implying that they can provide greater 
diversification benefits. Outliers’ analysis is also important and relevance for market risk management. 
The variance of returns that is the mostly used measure of investment risk may be no longer valid as an 
accurate risk measure in the presence of influential outlying returns. In addition, some models of 
measuring market risk such as value at risk (VaR), extreme value theory (EVT) and expected shortfall 
can be substantially affected without properly handling outliers. So, understanding the features, char
acteristics, pattens and effects of outlying returns would help in developing more reliable market risk 
models. For example, our analysis shows that outliers have considerable impacts on the higher moments 
of the return distribution. Policy makers may also need to pay attention to outlier occurrence in stock 
markets. One of the most important impacts of outliers is the increased volatility of stock markets. Higher 

Shehadeh et al., Cogent Economics & Finance (2022), 10: 2066762                                                                                                                                  
https://doi.org/10.1080/23322039.2022.2066762                                                                                                                                                       

Page 3 of 27



stock market volatility can lead to more expensive funds for firms considering having financing from 
stock markets. This will affect the investment decisions of the firms. Such an increased cost of financing 
can then impair financial development and economic growth. Therefore, a better understanding of the 
dynamics of stock markets and the effects of outliers by policy makers might lead to structural and 
regulatory changes that help in maintaining the smooth functioning and stability of financial systems. 
Overall, the paper contributes to the literature in two ways. First, the paper provides an extensive analysis 
of outliers in returns of a large sample of global stock market indices. Our market sample comprises 14 
stock indices from different regions with different degrees of development. Second, the paper introduces 
the Boxplot method as a useful, practical and effective tool for identifying and screening outliers in stock 
market returns.

The rest of the paper is organized as follows: in Section 2, we review some outlier literature; in 
Section 3, we explain the Boxplot methodology and present our data set; in Section 4, we present 
our analysis, results and discussion; and in Section 5, we conclude the paper.

2. Literature review
Outliers and their effects are investigated in literature from different points of view and for different 
purposes. Some early studies investigate outliers in macroeconomic time series and examine their effect 
on non-linearity which usually found in macroeconomic variables. It is found that outliers are existent in 
a large set of macroeconomic variables, and that controlling for outliers can eliminate those non- 
linearities (Balke & Fomby, 1994; Tolvi, 2001). González-Sánchez (2021) examined the relationship 
between time scaling property and outliers in daily returns of many stocks, exchange rates and com
modities. He found that time scaling is a consequence of the outliers’ existence. Aronne et al. (2020) 
proposed Weighted Forward Search (FSW) method to study the effect of outliers on asset pricing data. 
When using monthly data, they found that the existence of outliers in portfolios can lead to the marginal 
rejection of the Fama-French three-factor model. As distributions of many variables in finance and 
economics are heavy-tailed such as stock market returns, Raggad and Boutahar (2012) examined the 
behaviour of tail in returns of international stock market indices. They found that tail behaviour of stock 
returns is instable, but rather it is subject to some structural breaks which found to coincide with major 
financial and economic events and crises. Schluter and Trede (2008) developed a procedure for identify
ing multiple outliers when having heavy-tailed distributions. They applied their procedure on Dow Jones 
Industrial Average return data and found that Black Monday market crash is not unusual structural event 
and so it is not an outlier.

Some authors focus on the effect of outliers on volatility modelling and forecasting. Behmiri and 
Manera (2015) employed GARCH-type models and examine the effect of outliers on volatility persistence 
in ten precious and industrial metals. They fpund that adjusting for outliers can improve volatility 
modelling. Charles (2008) applied GHARCH models for detecting and correcting outlying returns in 17 
French stocks and CAC40 index. He showed that parameter estimates of volatility dynamics equation are 
biased with the existence of return outliers. He also found that volatility forecasting getting better when 
accounting for detected return outliers. Grané and Veiga (2010) proposed a wavelet-based approach for 
detecting and correcting outliers that can be used in several volatility models. They found their approach 
effective when applied on three stock market indices of S&P500, Dow Jones and FTSE100. Ané et al. 
(2008) introduced AR(1)-GRACH(1,1)-based algorithm for outliers identification. They applied their 
approach on five Asian stock markets using weekly frequency return data. They showed that their 
approach of identifying and correcting outliers improves forecasting accuracy compared to the classical 
GARCH models. Charles and Darné (2006) examined outliers in 10 international stock market indices to 
investigate the effect of the terrorist attacks in USA on 11 September 2001. They found that international 
stock markets exhibit temporary and permanent large shocks in response to the event and showed that 
controlling for such events can improve modelling volatility in stock market prices.

Focusing on the information content of outliers, Ferdousi and Maeda (2006) examined outliers in stock 
market data using Peer Group Analysis (PGA) for detecting stock fraud. In the same context, Li et al. 
(2016) used Boxplot method to examine its ability for detecting insider trading in Chinese stock market as 
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outlier observations. From another perspective, Welsch and Zhou (2007) employed various statistical 
methods, which aim at reducing the effect of outliers and increasing the stability of portfolio perfor
mance. Estrada (2009) examined and quantify the effect of outliers on the long-run performance of the 
Dow Jones Industrial Average index over 107 years. He found that outlying returns have considerable 
influence on the long-term performance of stock portfolios. In this paper, we analyze outlying returns of 
several international stock market indices. By this, we aim to enrich the literature with an extensive 
analysis of outliers in stock returns and provide more insights into their aspects and effects.

3. Methodology and data

3.1. Methodology
There are many definitions of outliers. We adopt the definition of outliers as they are the aberrant 
observations in the data series that are numerically away from the rest of the observations. We 
employ Boxplot method (Tukey, 1977) for detecting and analyzing the potential outliers in daily 
returns of 14 stock market indices. The Boxplot method of identifying outlaying observations is 
based on selected order-statistics. Specifically, the method is built upon identifying the sample 
quartiles (hinges) of the data set and then constructing outlier fences (a lower fence and an upper 
fence). Observations of the data set which lie outside (on both directions) of the constructed fences 
are considered possible outliers. The lower and upper fences are constructed as follows: 

Lowerfence ¼ q1 � k IQRð Þ (1)  

Upperfence ¼ q3 þ k IQRð Þ (2) 

where q1 and q3 are the first and third sample quartiles, IQR is the sample interquartile range i.e., 
q3 � q1 and k is a constant.

Depending on the value of fence constant k, the Boxplot method enable us to construct two sets 
of fences: inner fences (f ) and outer fences (F) each with a lower fence (fL, FL) and an upper fence 
(fU, FU). The standard values of k for inner fences and outer fences are 1.5 and 3, respectively. So, 
we have the following sets of fences:

fL ¼ q1 � 1:5 q3 � q1ð Þ, fU ¼ q3 þ 1:5 q3 � q1ð Þ for inner fences. (3)

FL ¼ q1 � 3ðq3 � q1Þ, FU ¼ q3 þ 3ðq3 � q1Þ for outer fences. (4)

Detected outlaying observations can then be classified based on the inner and outer fences. 
Specifically, an observation x is regarded mild outlier if 

FL � x < fL or fU < x � FU (5) 

whereas an observation x is regarded extreme outlier if 

x <FL or x > FU (6) 

3.2. Data
We apply the Boxplot method with the purpose of identifying and analyzing abnormal fluctuations of 14 
stock market indices on daily basis. Our data set comprises 14 stock market indices sampled from around 
the world. We collect the daily closing prices for each index from various sources. Namely, Investing.com, 
Yahoo finance and Wall Street journal. Our data set encompasses the stock market indices of 
USA (S&P500), U.K. (FTSE AllShare), Germany (DAX), France (CAC 40), Japan (Nikkei 225), Russia (RTSI), 
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China (shanghai composite), Brazil (IBOVESPA), South Africa (SA40), India (Nifty 50), Turkey (BIST 100), 
Hong Kong (HIS), Saudi Arabia (Tadawul All Share) and South Korea (KOSPI). In our choice of this sample 
of stock markets, we consider the geographical distribution. The stock markets in our sample are meant 
to be from different regions around the world. In addition, we consider a sample of stock markets that are 
varying in size and advancement. The sample comprises stock markets of developed, less developed and 
developing countries. USA, UK, France, Germany and Japan are amongst the world leading developed 
markets. As a representative of the large less developed and developing markets, we include BRICS 
countries (Brazil, Russia, India, China and South Africa). As medium size developing markets, we include 
Turkey and Hong Kong. Moreover, as a representative of Middle Eastern countries we include Saudi 
Arabia, and from South-East Asian countries we include South Korea. The sample period extends from 
November 1997 to April 2020.

We calculate daily returns for every stock market index from the daily closing prices in the form of log- 
difference. That is, Rt;i ¼ lnPt;i � lnPt� 1;i

� �
100% where pt is the observed closing price at time t. Table 1 

reports descriptive statistics of daily returns. Despite the high frequency data of daily returns, normality 
test can be rejected for all indices. Except for Brazil and Hong Kong which have significant positive 
skewness at conventional significance levels, the rest of indices have significant negative skewness 
except for Turkey.1 All indices have large significant positive kurtosis with some variations. Brazil has 

Table 1. Descriptive statistics
Mean Median Max. Min. S.D. Skew. Kurt. J– 

B test
N

% % % % %
USA 0.020 0.058 10.957 −12.765 1.251 −0.364 13.505 >1,000 

(0.00)
5,658

UK 0.006 0.056 8.811 −11.084 1.133 −0.393 10.663 >1,000 
(0.00)

5,679

Germ. 0.018 0.084 10.797 −13.055 1.508 −0.186 8.369 >1,000 
(0.00)

5,699

Fran. 0.009 0.046 10.595 −13.098 1.445 −0.230 8.945 >1,000 
(0.00)

5,734

Jap. 0.004 0.039 13.235 −12.111 1.517 −0.320 8.815 >1,000 
(0.00)

5,511

Russ. 0.017 0.107 20.204 −21.199 2.415 −0.469 11.323 >1,000 
(0.00)

5,630

Chin. 0.016 0.055 9.401 −9.256 1.556 −0.347 7.941 >1,000 
(0.00)

5,454

Braz. 0.038 0.08 28.832 −17.208 2.019 0.212 17.213 >1,000 
(0.00)

5,561

S.A. 0.037 0.045 7.261 −10.227 1.234 −0.412 8.160 >1,000 
(0.00)

5,735

Ind. 0.039 0.078 16.334 −13.904 1.503 −0.365 11.972 >1,000 
(0.00)

5,,597

Turk. 0.063 0.087 17.774 −19.979 2.283 −0.054 10.184 >1,000 
(0.00)

5626

H.K. 0.014 0.052 13.407 −13.582 1.566 0.071 10.297 >1,000 
(0.00)

5,541

Saud. 0.028 0.047 16.400 −11.682 1.404 −0.650 16.926 >1,000 
(0.00)

5,618

S.K. 0.024 0.069 11.284 −12.805 1.691 −0.311 8.300 >1,000 
(0.00)

5,606

Average 0.024 0.065 13.950 −13.711 1.609 −0.273 10.901 5,618

Notes: The table reports descriptive statistics of daily stock index returns. J–B test is Jarque–Bera normality test. 
P-value is for the significance of J–B test. N is the number of observations. Bold means significant at conventional 
significance levels. 
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the largest kurtosis of 17.21, while China has the lowest kurtosis of 7.94. Leptokurtocity in return of stock 
indices is a stylized fact. One reason for this is the existence of outlying and abnormal fluctuations in 
return series.

Table 2 presents the inner and outer fences for each stock index. Lower fences range from 
−4.289% (Turkey) to −1.801% (Saudi Arabia) for inner fences, and from −7.555% (Turkey) to 
−3.218% (Saudi Arabia) for outer fences. The average of lower-inner fences is −2.955%, and the 
average of lower-outer fences is −5.201%. Upper fences range from 1.977% (Saudi Arabia) to 
4.420%(Turkey) for inner fences, and from 3.394% (Saudi Arabia) to 7.686% (Turkey) for outer 
fences. The average of upper-inner fences is 3.060%, and the average of upper-outer fences is 
5.315%. On average, less developed and developing stock markets tend to have greater lower and 
upper fences in absolute values compared to more developed markets. For example, Russia, Brazil, 
Turkey and Hong Kong have greater fences compared to USA, UK, France and Germany. Figure 1 
depicts the series of index price along with daily returns for every market. In addition, we outline 
the inner (solid horizontal lines) and outer (dashed horizontal lines) fences. By and large, it can be 
noticed that most of the detected outliers are concentrated in the early years of the sample period, 
in the period 2007–2009 and at the very end of the sample period for most of the indices. Despite 
the figure is useful in terms that it gives a general view of the frequency, magnitude, sign and 

timing of return outliers across all indices, it is far from being satisfactory. Thus, the following 
sections provide results, analysis and discussion for these aspects of the detected potential outliers 
in more details.

4. Empirical results and analysis
Throughout our analysis and discussion, we present the results for two sets of outliers. Namely, all 
outliers and extreme outliers. By all outliers we mean mild outliers plus extreme outliers. The 
reason for separating extreme outliers from all outliers is to show the results from a more 

Table 2. Outlier fences
Inner Fences Outer Fences

fL fU FL FU

% % % %
USA −2.107 2.205 −3.724 3.822

UK −2.128 2.186 −3.746 3.804

Germ. −2.880 2.963 −5.072 5.155

Fran. −2.757 2.840 −4.855 4.939

Jap. −3.072 3.146 −5.404 5.478

Russ. −4.262 4.379 −7.502 7.619

Chin. −2.848 2.924 −5.013 5.089

Braz. −4.105 4.246 −7.236 7.377

S.A. −2.518 2.634 −4.451 4.566

Ind. −2.836 2.962 −5.011 5.136

Turk. −4.289 4.420 −7.555 7.686

H.K. −2.962 3.027 −5.208 5.273

Saud. −1.801 1.977 −3.218 3.394

S.K. −2.803 2.926 −4.951 5.074

Average −2.955 3.060 −5.201 5.315

Notes: The table reports the outlier inner and outer fences. fL is the lower inner fence. fU is the upper inner fence. FL is 
the lower outer fence. FU is the upper outer fence. 
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conservative point of view. This is because adopting outer fences of the Boxplot method is deemed 
a conservative approach for identifying outlying observations (Schwertman et al., 2004).

4.1. Number and sign of outliers
Table 3 presents an overview on the number of potential outliers, the percentage of outliers to the 
number of observations and the percentages of positive and negative outliers for each stock 
market index. For all markets, the average number of all outliers is 345, while the average number 
of extreme outliers is 77. The number of all outliers (extreme outliers) ranges from as low as 210 
(41) to as high as 575 (207). Saudi Arabia has the largest number of outliers (575, 207), followed by 
South Korea (484, 114), USA (409, 93), Russia (372, 85) and China (350, 77). Brazil, Japan and South 
Africa are among the markets which have the smallest number of outliers. On average, all outliers 
represent 6.1% of the daily return observations. This percentage ranges from as high as 10.2% 
(Saudi Arabia) followed by 8.6% (South Korea) and 7.2% (USA), to as low as 3.8% (Brazil) followed 
by 4.3% (Japan). Extreme outliers represent 1.4% of the number of observations on average. The 
percentage of extreme outliers to the number of observations ranges from as high as 3.7% (Saudi 
Arabia) followed by 2.0% (South Korea) and 1.6% (USA), to as low as 0.7% (Brazil) followed by 0.8% 
(Japan and South Africa). We note that the percentages of outliers to the number of observations 

Figure 1. Index price and return 
series.  
Notes: the figure depicts time 
series of stock index prices and 
stock index daily returns. Right 
scale of index price is in thou
sands. Left scale is for index 
return. Solid horizontal lines 
represent outlier inner fences. 
Dashed horizontal lines repre
sent outlier outer fences.
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are also the largest for Saudi Arabia, South Korea, USA, Russia and China, while they are the 
smallest for Brazil, Japan and South Africa.

Remarkably, we note that negative outliers are more frequent than positive outliers for all 
markets. On average, negative outliers represent 57% in the case of all outliers with little variation 
across the markets. In the case of extreme outliers, the variation of the percentage of negative 
outliers is larger with an average of 59%. The percentage ranges from 52% (USA and Hong Kong) 
to 66% (UK, China and Saudi Arabia).

We can put these findings into perspective by comparing them with those of Ané et al. (2008), 
who analyze outliers in weekly return series of five Asian stock markets by employing AR(1)-GARCH 
(1,1) model over the period January 1990 to December 2005. They find that outlaying returns 
represent as high as 3.73% (Korea) and as low as 1.32% (Taiwan) of observations with an average 
of 2.38%. For three out of the five markets, they find that negative outliers account for 52.5% of 
return outliers on average. Also, González-Sánchez (2021) investigateed outliers in daily returns of 
numerous stocks, exchange rates and commodities over the period of January 2014 to 
December 2018. He found that the percentage of the number of outliers to the number of 
observations ranges from 1% to 6%.

In order to shed more light on the frequency of extreme outliers relative to all outliers, in Table 3 we 
present the percentage of extreme outliers to all outliers, the percentage of extreme positive outliers 
to all positive outliers and the percentage of extreme negative outliers to all negative outliers for 
every stock market. Roughly, about one-fifth of detected outliers are extremes. Specifically, Extreme 
outliers represent as high as 36% (Saudi Arabia) and as low as 17% (UK and France) of all outliers with 
an average of 22%. Extreme positive outliers represent as high as 29% (Saudi Arabia) followed by 
26% (USA), and as low as 14% (UK) of all positive outliers with an average of 20%. Extreme negative 
outliers represent as high as 42% (Saudi Arabia) followed by 26% (China), and as low as 17% (France, 
South Africa and Hong Kong) of all negative outliers with an average of 22%.

4.2. Magnitude and severity of outliers
Preliminary, for having a general view of the size of the abnormal daily returns in stock market 
indices we first report the averages of four sets of outliers in the upper part of Table 4. Namely, all 
positive outliers, all negative outliers, extreme positive outliers and extreme negative outliers. The 
average of all positive outliers ranges from as low as 3.11% (UK) to as high as 6.58% (Russia), while 
the average of all negative outliers ranges from −3.18% (UK) to −6.72% (Russia). The average of 
extreme positive outliers ranges from as low as 5.22% (USA) to as high as 11.25% (Brazil), while 
the average of extreme negative outliers ranges from −5.12% (Saudi Arabia) to −10.71% (Russia). 
Russia, Brazil and Turkey have the greatest averages, while UK, USA, South Africa and Saudi Arabia 
have the lowest ones. Note that this is consistent with their outlier fences.

In the second part of Table 4, we present the sums of the four sets of outliers as defined above. 
The sum of all positive outliers ranges from as low as 406% (South Africa) to as high as 1,047% 
(Russia) with an average of 660%, while the sum of all negative outliers ranges from −562% (South 
Africa) to −1,431% (Russia) with an average of −856%. The sum of extreme positive outliers ranges 
from as low as 108% (UK) to as high as 367% (Saudi Arabia) with an average of 218%, while the 
sum of extreme negative outliers ranges from −157% (South Africa) to −701% (Saudi Arabia) with 
an average of −310%. We note that the sum of negative outliers is greater than the sum of positive 
outliers for all indices (except for Hong Kong in the case of extreme outliers), resulting in negative 
sum of outliers in total. This reflects the higher frequency of negative outliers and indicates that 
negative outliers might have larger magnitudes. In addition, about one-third of the sums of all 
positive and negative outliers comes from extreme outliers on average.

Importantly, in the third part of Table 4, we present the results of investigating the magnitude and 
severity of outliers in terms of unconditional standard deviation (σ). It can be noticed that the vast 
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majority of daily return outliers are concentrated in the magnitudes of 2σ, 3σ, 4σ and 5σ for all indices. 
The number of outliers of these magnitudes accounts for 95.6% of the total number of outliers for all 
indices (4,825). Interestingly, we note that the greatest numbers of outliers are in the magnitude of 
3σ for all indices except for Saudi Arabia where the greatest number of outliers is in the magnitude of 
2σ. Apart from Saudi Arabia, the number of outliers in the magnitude of 3σ accounts for 58.3% of the 
total number of outliers. This percentage is followed by 16.7% for 4σ, 14.6% for 2σ, and 6.2% for 5σ. 
Individually, the percentage of outliers in the magnitude of 3σ to the number of outliers for each 
index ranges from as low as 43% (USA) to as high as 70.5% (South Africa) with an average of 59.6%. 
We also note that USA, UK, France, Brazil, India and Saudi Arabia have at least one outlier of 
magnitude 10σ or greater, while only China has no outliers of magnitude greater than 7σ.

In the last part of Table 4, we present the largest positive and negative outliers in terms of 
unconditional standard deviation σ for every stock market index. We note that USA, UK, France 
and India have the greatest negative outliers relative to the other markets, while Brazil, India 
and Saudi Arabia have the greatest positive outliers. Note that these markets are among the 
markets that have the largest kurtosis. Interestingly, despite having well developed stock 
markets, USA and UK are amongst the markets that have more severe return outliers. 
Remarkably, for 9 out of the 14 markets the largest negative outliers in absolute values are 
greater than the largest positive outliers, implying that the largest negative outliers are more 
severe than the largest positive outliers for most of stock markets in our sample. In addition, 
this finding along with the previous finding that negative outliers are more frequent can explain 
the significant negative skewness for most return series as noticed in Table 1.

4.3. Outliers and return series
We can have more insights into the frequency, size and effect of the abnormal index price 
movements by investigating their numbers and sums relative to the return series classified into 
positive and negative returns. To make sense of our analysis, in the first and second parts of 
Table 5, we first provide an overview of the performance of each stock market in terms of the 
sum of return series, and in terms of the number of good days and bad days relative to the total 
number of return observations. The upper part of Table 5 shows that the sum ranges from as 
low as 20.20% (Japan) to as high as 357.03% (Turkey) with an average of 133.87%. We note 
that over our sample period Turkey, India, South Africa and Brazil have the largest sums, while 
Japan, UK, France and Hong Kong have the lowest ones. The second part of Table 5 shows that 
the number of days of positive return is greater than the number of days of negative return for 
all markets. On average, the number of positive returns represents 52.7%, while the number of 
negative returns represents 47.1% of the total number of return observations.

In the third part of Table 5, we provide the percentages of the number of positive and negative 
outliers to the number of positive and negative returns. The number of all positive outliers represents 
as low as 3.3% (Brazil) and as high as 8.2% (Saudi Arabia) of the number of positive returns with an 
average of 5.1%, while the number of extreme positive outliers represents as low as of 0.6% (Japan 
and Brazil) to as high as 2.6% (Saudi Arabia) with an average of 1.1%. On the other hand, the number 
of all negative outliers represents as low as 4.3% (Brazil) and as high as 14.0% (Saudi Arabia) of the 
number of negative returns with an average of 7.5%, while the number of extreme negative outliers 
represent as low as 0.9% (Japan and Brazil) and as high as 5.8% (Saudi Arabia) with an average of 
1.8%. We note that for all indices negative outliers are more frequent with respect to negative returns 
compared to positive outliers with respect to positive returns.

In the last part of Table 5, we present the percentages of the sums of positive and negative outliers 
to the sums of positive and negative returns. On average, all positive outliers account for 21.2% of the 
sum of positive returns while all negative outliers account for 29.0% of the sum of negative returns. 
The percentages of the sum of all positive outliers to the sum of positive returns are the largest for 
Saudi Arabia, South Korea and USA (33.3%, 29.0% and 24.8%, respectively), while they are the 
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smallest for Japan, Brazil and South Africa (14.7%, 15.1% and 15.5%, respectively). Similarly, the 
percentages of the sum of all negative outliers to the sum of negative returns are the largest for Saudi 
Arabia, South Korea and USA (51.6%, 37.7% and 33.6%, respectively), while they are the smallest for 
Brazil, Japan and South Africa (19.0%, 21.3% and 23.4%, respectively). For extreme outliers, extreme 
positive outliers account for 7.0% of the sum of positive returns, while extreme negative outliers 
accounts for 10.6% of the sum of negative returns on average. The percentages of the sum of 
extreme positive outliers to the sum of positive returns are the largest for Saudi Arabia, South 
Korea and USA (15.2%, 10.6% and 9.9%, respectively), while they are the smallest for Japan, South 
Africa and Brazil (4.3%, 4.4% and 4.8%, respectively). The percentages of the sum of extreme 
negative outliers to the sum of negative returns are the largest for Saudi Arabia, South Africa and 
Russia (31.0%, 12.8% and 12.6%, respectively), while they are the smallest for Japan, Brazil and South 
Africa (6.2% and 6.5%, respectively). We note that for all indices the percentages of the sum of 
negative outliers to the sum of negative returns are higher than the percentages of the sum of 
positive outliers to the sum of positive returns. This implies that for all stock markets of our sample 
negative outliers are more influential and severe compared to positive outliers.

4.4. Distribution of outliers over years
The time of occurrence of extreme return fluctuations and whether they exhibit identifiable 
patterns within and/or across stock markets are important aspects to be considered and investi
gated when studying and analyzing stock returns. This is especially relevant when analyzing stock 
markets so that decisions of investment diversification and asset allocation can be made with 
greater efficiency and effectiveness. With this in mind and from a conservative point of view, in 
Table 6 we present the number of extreme outliers in each year for every stock market.

One important pattern which can be identified is that in some specific time periods outliers tend to 
occur in almost all markets, implying outlier clusters across stock markets. Clearly, four clusters of 
outliers (including both positive and negative) across all markets can be noticed in periods of the late 
1990s, early 2000s, 2008–2009 and early 2020. In these time periods, almost all markets exhibit 
noticeable number of extreme returns. Global events occurred in these time periods which can 
possibly explain the aforementioned outlier clusters include Asian and Russian crises (late 1999s), 
Dot-Com bubble and crash (early 2000s), global financial crisis (2008–2009) and the first wave of 
Coronavirus (early 2020). Excluding Saudi Arabia that has the most turbulent stock market in terms of 
the number of outliers over the whole sample period, we note that the number of outliers in 1998– 
1999, 2001–2002, 2008–2009 and early 2020 accounts for 74.1% of the total number of outliers 
(873). The year 2008 has the largest number of outliers (240), which account for 27.5% of the total 
number of outliers, followed by 1998 with 126 outliers and a percentage of 14.4%, 2020 with 79 
outliers and a percentage of 9.0% and 2002 with 57 outliers and a percentage of 6.5%.

Looking at outliers for every market individually, another important pattern can be identified. We 
note that all markets exhibit consecutive years of outliers, implying outlier clusters within return 
series. At least two to three outlier clusters can be identified for each series. For example, most 
outliers in USA return series are concentrated in two periods with consecutive years of outliers, 
namely 2000–2003 with 16 outliers which account for 17.2% of the USA total number of outliers, 
and 2008–2011 with 52 outliers which account for 55.9% of the total number of outliers. UK, Germany 
and France return series have two coinciding outlier clusters in periods of 2001–2003 and 2008–2011. 
On average, the first and second clusters account for 30% and 48% of their total number of outliers, 
respectively. India return series has two outlier clusters in periods of 1998–2001 and 2006–2009. The 
first cluster accounts for about 30% while the second cluster accounts for 48.5% of its total number of 
outliers. China return series has three longer outlier clusters in periods of 1998–2003, 2005–2010 and 
2013–2016. Russia, Saudi Arabia and Turkey have the longest consecutive years of turbulence. Russia 
return series has 8 consecutive years of outliers, 1997–2004, which account for 55.3% of its total 
number of outliers. Turkey has 7 consecutive years of outliers, 1997–2003, which accounts for 88.2% 
of its total number of outliers.
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4.5. Outlier groupings within and across return series
In this section, we look more closely and further investigate the sequential pattern of outliers 
occurrence for each stock market return series and the concurrent pattern of outliers occurrence 
across stock markets. The analysis of sequential pattern is based on all detected outliers, while the 
analysis of concurrent pattern is based on extreme outliers. Table 7 presents the numbers and 
percentages of outliers that occur sequentially within a brief time period of seven days regardless 
of the sign of the outliers. Specifically, column “1Day” presents the numbers and percentages of 

Table 7. Sequential outliers

1Day 2Days 3Days 4Days 5Days 6Days 7Days Total

USA 77 47 36 30 25 29 21 265

19% 11% 9% 7% 6% 7% 5% 65%

UK 53 34 42 23 24 19 28 223

16% 10% 13% 7% 7% 6% 8% 67%

Germ. 46 38 27 26 21 12 29 199

15% 12% 9% 8% 7% 4% 9% 63%

Fran. 37 37 38 28 16 19 19 194

11% 11% 12% 9% 5% 6% 6% 59%

Jap. 27 15 20 21 13 12 11 119

11% 6% 8% 9% 5% 5% 5% 50%

Russ. 84 34 31 33 21 17 21 241

23% 9% 8% 9% 6% 5% 6% 65%

Chin. 46 31 42 24 22 18 20 203

13% 9% 12% 7% 6% 5% 6% 58%

Braz. 44 16 15 12 12 11 13 123

21% 8% 7% 6% 6% 5% 6% 59%

S.A. 41 26 20 22 14 12 16 151

15% 10% 7% 8% 5% 4% 6% 56%

Ind. 56 21 32 22 14 20 11 176

19% 7% 11% 7% 5% 7% 4% 59%

Turk. 56 31 21 26 22 18 18 192

18% 10% 7% 8% 7% 6% 6% 60%

H.K. 42 27 35 31 27 25 16 203

13% 8% 11% 10% 8% 8% 5% 63%

Saud. 144 66 66 44 24 33 32 409

25% 11% 11% 8% 4% 6% 6% 71%

S.K. 88 66 50 44 28 32 34 342

18% 14% 10% 9% 6% 7% 7% 71%

Average 60 35 34 28 20 20 21 217

17% 10% 10% 8% 6% 6% 6% 62%

Notes: The table reports the numbers of sequential outliers, and the percentages of sequential outliers relative to the 
number of all outliers. Column 1Day reports the numbers and percentages of outliers that are followed by another 
outlier in the next day. Column 2Days reports the numbers and percentages of outliers that are followed by another 
outlier after two days and so forth. 
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outliers which are followed by another outlier consecutively in the next day. Column “2Days” 
presents the numbers and percentages of outliers which are followed by another outlier after 
two days, and so forth. We note that on average 17% of the outliers are followed by another 
outlier in the next day. This percentage is as large as 25% for Saudi Arabia and as law as 11% for 
France and Japan. For USA, Russia, Brazil, India, Turkey and Saudi Arabia, about one-fifth of the 
outliers are followed by another outlier in the next day. The numbers and percentages of the 
sequential outliers decrease as we move to the longer timeframes. However, for almost all stock 
markets more than one-third of the outliers are followed by other outliers within a time period of 3 
days in total. Remarkably, we note that on average 62% of the outliers are followed by other 
outliers within a time period of 7 days in total.

Table 8 presents the number of outliers that are concurrent between every two stock markets. 
Given the different time zones and trading hours for the stock markets of our sample, we define 
concurrent outliers as the ones that occur at the same date or with a difference of one day. We 
note that considerable number of the outliers are concurrent across stock markets. Most of the 
stock markets have large numbers of the concurrent outliers with the USA. For example, UK, 
Russia, Brazil, South Africa, India and Saudi Arabia have the largest number of the concurrent 
outliers with USA. The largest number of the concurrent outliers is between USA and UK. 
Germany and France also have relatively large numbers of concurrent outliers with USA. We 
also note large numbers of concurrent outliers within European stock markets especially 
between Germany and France. Apart from UAS, we note that Japan has the largest number of 
the concurrent outliers with UK, and Turkey has the largest number of the concurrent outliers 
with Russia. Interestingly, China and Turkey have small numbers of concurrent outliers with 
other markets, implying that they can be good destinations for portfolio diversification. 
Moreover, we divide the concurrent outliers into negative concurrent outliers and positive con
current outliers. A noteworthy pattern revealed from this division is that the number of the 
negative concurrent outliers is greater than the positive concurrent outliers for almost all market 
pairs.

The analysis in this section reveals two important features of outlying returns in stock markets. The 
first feature is that outliers tend to occur in a sequential pattern. A considerable number of outliers 
tend to be followed by other outliers within a very short time period of 7 days. From as low as 50% 
(Japan) to as high as 71% (Saudi Arabia and South Korea) of the outliers are followed by other outliers 
within this window of time in total. For a shorter window of time, form as low as 25% (Japan) to as 
high as 47% (Saudi Arabia) of the outliers are followed by other outliers within a timeframe of 3 days 
in total. The second feature is that outliers tend to occur simultaneously across stock markets. Our 
analysis shows that substantial numbers of the outliers are concurrent for most of market pairs. This 
pattern of outliers occurrence shed more light and provide further insights onto the transmission and 
spillover effects amongst global stock markets. Our analysis indicates that the transmission and 
spillover effect from USA to the other markets is the greatest. Most of the markets have large 
numbers of the concurrent outliers with USA. Also, our analysis shows that negative fluctuations 
are more transmissible across stock markets than positive fluctuations. This reflects the phenomenon 
that global stock markets tend to be more connected and correlated during the times of downturns 
compared to the upturn ones (see e.g., Longin & Solnik, 2001).

4.6. Outliers and return distribution
Here we conduct an exercise for handling and adjusting for outliers in the framework of Boxplot 
method for examining the effect of outliers on return series unconditional standard deviation, 
skewness and kurtosis. Our exercise involves replacing outlier values with fence values.2 We apply 
this methodology for correcting all outliers and for correcting extreme outliers only. Specifically, in 
the case of all outliers we replace all outliers below the inner lower fence (fL) with the value of 
inner lower fence and all outliers above the inner upper fence (fU) with the value of inner upper 
fence. In the case of extreme outliers, we replace extreme outliers below the outer lower fence (FL) 
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with the value of outer lower fence and extreme outliers above the outer upper fence (FU) with the 
value of outer upper fence.

In Table 9, we report the percentage change in unconditional standard deviation, skewness and 
kurtosis after adjusting for outliers in return series relative to those of original series as presented in 
Table 1. We also present J–B normality test for adjusted series along with its p-value. We note that on 
average the standard deviation decreased by about 18% in the case of all outliers and by about 7% in 
the case of extreme outliers. Saudi Arabia, USA, Russia and South Korea have the largest reductions in 
standard deviation, while Japan and South Africa have the smallest reductions.

Table 9. Effect of outliers on some statistics
Panel A Panel B

All outliers Extreme outliers

%Δ %Δ

S.D. Skew. Kurt. J–B test S.D. Skew. Kurt. J–B test

USA −22.2% −71.4% −77.0% 12.67 
(0.002)

−10.0% −63.2% −62.7% 992.23 
(0.00)

UK −17.0% −77.4% −70.3% 13.79 
(0.001)

−6.4% −43.0% −53.0% >1000 
(0.00)

Germ. −15.0% −43.7% −63.0% 12.71 
(0.002)

−4.6% 19.6% −40.6% 972.71 
(0.00)

Fran. −15.6% −59.2% −65.1% 12.03 
(0.002)

−5.2% −10.1% −44.7% 943.36 
(0.00)

Jap. −13.0% −75.4% −65.0% 7.48 
(0.024)

−4.5% −40.3% −44.6% 844.49 
(0.00)

Russ. −20.9% −79.2% −72.1% 14.64 
(0.001)

−8.8% −58.3% −54.5% >1000 
(0.00)

Chin. −17.3% −89.0% −60.7% 4.6 
(0.100)

−5.8% −40.4% −36.9% 956.64 
(0.00)

Braz. −15.4% - −81.5% 13.73 
(0.001)

−7.2% - −70.0% >1000 
(0.00)

S.A. −13.0% −79.3% −60.9% 15.37 
(0.000)

−4.0% −61.0% −37.8% >1000 
(0.00)

Ind. −16.8% −80.5% −73.6% 11.03 
(0.004)

−6.2% −51.4% −57.2% >1000 
(0.00)

Turk. −17.7% −63.2% −68.5% 10.33 
(0.006)

−6.7% 6.4% −48.6% >1000 
(0.00)

H.K. −16.4% - −69.6% 8.76 
(0.013)

−6.0% - −52.0% 885.21 
(0.00)

Saud. −35.9% −92.8% −81.9% 2.87 
(0.239)

−20.4% −59.2% −70.5% 992.31 
(0.00)

S.K. −21.7% −72.4% −62.6% 9.44 
(0.009)

−6.9% −63.8% −39.8% 944.23 
(0.00)

Aver. −18% −74% −69% −7% −39% −51%

Notes: The table reports the percentage change in unconditional standard deviation (S.D.), skewness and kurtosis 
after adjusting for outliers relative to original return series. Panel A reports the result when adjusting for all outliers. 
Panel B reports the results when adjusting for extreme outliers only. J–B test is Jarque–Bera normality test. P-value in 
parentheses is for the significance of J–B test. We do not report the percentage change in skewness for Brazil and 
Hong Kong because skewness in the original return series was positive but turned to negative when adjusting for 
outliers. 
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Large kurtosis and negative skewness in original return series decreased considerably after 
adjusting for outliers. On average, skewness decreased by about 74% in the case of all 
outliers.3 In the case of extreme outliers, skewness became more negative for Germany 
and Turkey, otherwise the skewness decreased by about 49 % on average. In the case of 
all outliers, Saudi Arabia and China have the largest decrease in their negative skewness by 
about 93% and 89%, respectively, while Germany has the smallest decrease by a percentage 
of 43.7%. For kurtosis, it decreased by about 69% on average in the case of all outliers and by 
about 51% in the case of extreme outliers. In both cases of all outliers and extreme outliers, 
Saudi Arabia and Brazil have the greatest decrease in kurtosis, while China has the smallest 
decrease by percentages of 60.7% and 36.9%. J–B normality test can be rejected at conven
tional significance levels for all adjusted return series except for China and Saudi Arabia and 
only in the case of all outliers. The rejection of normality test can be attributed to significant 
negative skewness found in return series even after adjusting for outliers. A possible reason 
for this is that some large negative daily returns are more frequent and larger in magnitude 
than their positive returns counterpart. This is inconsistent with Ané et al. (2008),where they 
find J–B normality test cannot be rejected in adjusted (for outliers) return series of their 
sample of five Asian stock indices.

4.7. Outliers and return performance and realization
One of the most important implications of outlying returns for stock portfolio and risk 
management is the effect of outlying returns on the behaviour of return realization over 
the investment holding periods. In this section we investigate the impact of the best (posi
tive) and worst (negative) outlying returns on the return performance and realization for 
every stock market over the sample period. The results of this exercise are presented in 
Table 10. Panel A presents the terminal value of passively investing 100 units of local 
currency over the whole sample period for every stock market. Panel B shows the effect of 
excluding the best (positive) 10, 20 and 50 outlying returns on the terminal value of the 100- 
unit investment, along with the percentage change in the terminal value in each case 
compared to the terminal value of the passive investment. Panel C shows the effect of 
excluding the worst (negative) 10, 20 and 50 outlying returns on the terminal value of the 
100-unit investment, along with the percentage change in the terminal value for each case 
compared to the terminal value of the passive investment.

First of all, Panel A shows that in the cases of UK, France, Japan and Russia the terminal 
value of the passive investment is less than the initial investment over our sample period. In 
contrast, Turkey, South Africa and India have the greatest terminal values. Moving to Panel 
B we note that compared to the passive investment the terminal value on average decreases 
by about 58% and 77% when excluding the best (positive) 10 and 20 outlying returns, 
respectively. In the case of excluding the best 10 outlying returns we note that Russia, 
Brazil and Turkey have the greatest reductions (73% and 72%, respectively), while UK and 
South Africa have the smallest reductions (47% and 44%, respectively). In the case of 
excluding the best 20 outlying returns, the reduction ranging from as low as 65% (UK) to 
as high as 89% (Russia and Turkey). Remarkably, excluding the best 50 outlying returns, 
which represent only about 1% of the number of return observations, results in a decrease in 
the terminal value by about 94% on average compared to the passive investment. The 
reduction in the terminal value ranging from as low as 87% (UK) to as high as 99% (Russia 
and Turkey). In the case of Russia, we note that the initial amount invested is almost totally 
lost. When excluding the best 50 outlying returns, we note that for 8 out of the 14 stock 
markets (France, Japan, Russia, China, Brazil, Turkey, Hong Kong and South Korea) the 
terminal value decreases to less than 10% of the initial amount invested.
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Table 10. Outliers and return realization

Panel A: Panel B: Panel C:

V100 -B10 -B20 -B50 -W10 -W20 -W50

USA 198.9 94.0 56.4 16.8 498.0 888.2 3320.5

%Δ −53% −72% −92% 150% 347% 1569%

UK 97.6 51.9 34.1 12.8 201.6 336.2 1124.5

%Δ −47% −65% −87% 107% 244% 1052%

Germ. 147.4 65.4 36.6 13.8 343.7 639.0 3124.6

%Δ −56% −75% −91% 133% 333% 2019%

Fran. 90.0 40.2 23.1 6.4 213.7 389.6 1747.0

%Δ −55% −74% −93% 138% 333% 1841%

Jap. 64.8 29.9 17.2 4.7 167.8 327.7 1568.1

%Δ −54% −74% −93% 159% 406% 2321%

Russ. 48.5 13.1 5.2 0.6 266.4 933.9 15,934.6

%Δ −73% −89% −99% 449% 1824% 32,723%

Chin. 124.8 56.5 31.6 8.0 301.0 627.9 3677.6

%Δ −55% −75% −94% 141% 403% 2848%

Braz. 263.0 74.6 35.3 6.1 1023.0 2643.7 19,873.0

%Δ −72% −87% −98% 289% 905% 7455%

S.A. 543.6 302.3 186.6 60.6 1202.4 2074.4 7207.8

%Δ −44% −66% −89% 121% 282% 1226%

Ind. 481.8 221.0 125.2 31.4 1328.7 2567.1 12,296.4

%Δ −54% −74% −93% 176% 433% 2452%

Turk. 816.2 229.7 88.3 9.2 3540.9 9613.7 107,559.0

%Δ −72% −89% −99% 334% 1078% 13,078%

H.K. 111.0 42.6 23.1 5.7 283.6 531.8 2483.7

%Δ −62% −79% −95% 156% 379% 2138%

Saud. 270.7 111.7 61.1 16.0 752.3 1688.0 10,611.5

%Δ −59% −77% −94% 178% 524% 3820%

S.K. 175.2 81.6 42.6 7.9 478.0 1017.1 6336.6

%Δ −53% −76% −96% 173% 481% 3517%

Average 245.3 101.0 54.7 14.3 757.2 1734.2 14,061.8

−58% −77% −94% 193% 569% 5576%

Notes: The table presents the effect of outlying returns on return performance and realization. Panel A reports the 
terminal value of passively investing 100 units of local currency over the sample period. Panel B reports the terminal 
value of investing 100 units of local currency when excluding the best 10, 20 and 50 positive returns along with the 
percentage changes in the terminal value compared to the passive strategy (V100). Panel C reports the terminal value 
of investing 100 units of local currency when excluding the worst 10, 20 and 50 negative returns along with the 
percentage changes in the terminal value compared to the passive strategy (V100). 

Shehadeh et al., Cogent Economics & Finance (2022), 10: 2066762                                                                                                                                  
https://doi.org/10.1080/23322039.2022.2066762                                                                                                                                                       

Page 21 of 27



Moving to the worst (negative) outlying returns, in Panel C we note that compared to the passive 
investment the terminal values on average increases by about 193% and 569% when excluding 
the worst (negative) 10 and 20 outlying returns, respectively. In the case of excluding the worst 10 
outlying returns we note that UK, South Africa and Germany have the smallest increases (107%, 
121% and 133%, respectively), while Russia, Turkey and Brazil have the greatest increases (449%, 
334% and 289%, respectively). In the case of excluding the worst 20 outlying returns, the increase 
ranging from as low as 244% (UK) to as high as 1,824% (Russia). Considerably, excluding the worst 
50 outlying returns, which represent only about 1% of the number of return observations, results in 
an increase in the terminal value by about 5,576% on average compared to the passive invest
ment. The increase in the terminal value ranging from as low as 1,052% (UK) to as high as 
32,723% (Russia).

The relevant implication of this exercise for stock portfolio and risk management is that the 
performance and realization of stock returns are heavily dependent on the outlying fluctuations 
rather than on normal ones. in other words, the results of this exercise show that outlying returns 
have considerable effects on stock return performance. In addition, the results show that a small 
number of returns, about 1% of the total number of return observations, has an enormous impact 
on stock market returns. This, in turn, makes stock market timing decisions are not an easy task for 
stock portfolio management. In addition, these results show the importance of diversification 
decisions in stock portfolio risk management; diversifying stock portfolios with other asset classes 
which have offset effects to the outlying stock market movements is extremely important espe
cially in turbulent time periods.

4.8. Outliers at lower frequency data
As different market participants and practitioners are interested in examining stock markets at 
different and lower frequencies, in this section we investigate outliers in weekly and monthly 
returns. Table 11 presents a basic summery of the weekly outlying returns. The number of all 
weekly outliers ranges from as low as 30 (South Africa) to as high as 72 (Saudi Arabia), with an 
average of 49. The percentage of outliers to the number of weekly return observations ranges 
from as low as 3% (Japan, Brazil, South Africa and Hong Kong) to as high as 6% (Russia, Saudi 
Arabia and South Korea), with an average of 4% across the stock markets. Negative outliers are 
more frequent than positive outliers for all markets. On average, negative outliers represent 
65%, while positive outliers represent 35%. For the extreme weekly outlying returns, the 
number of extreme outliers ranges from as low as 4 (Japan and Hong Kong) to as high as 
18 (Saudi Arabia), with an average of 9. The percentage of the extreme outliers to the number 
of observations ranges from as low as 0.3% (Japan) to as high as 1.6% (Saudi Arabia), with an 
average of about 1%. Classifying extreme outliers into negative and positive outliers, we note 
again that extreme negative outliers are more frequent than positive ones for all markets, 
except for Hong Kong and South Korea, with a percentage of 72% on average.

Table 12 presents a basic summery of the monthly outlying returns. The number of all 
monthly outliers ranges from as low as 6 (Japan) to as high as 21 (Saudi Arabia and South 
Korea), with an average of 12 across the stock markets. The percentage of the outliers to the 
number of monthly return observations ranges from as low as 2% (Japan) to as high as 8% 
(Saudi Arabia and South Korea), with an average of 4%. Negative outliers are more frequent 
than positive outliers for all stock markets except for China and Turkey. On average, the 
negative outliers represent 67%, while the positive outliers represent 33%. For extreme 
monthly outlying returns, the number of extreme outliers ranges from as low as zero 
(China) to as high as 4 (Saudi Arabia), with an average of 2. We note that China does not 
have extreme outliers at monthly frequency. On average, the extreme monthly outliers 
represent about 1% of the monthly return observations across the stock markets of our 
sample. Interestingly, all extreme monthly outliers are negative for all markets except for 
Turkey.
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5. Conclusions
In this paper, we employ the Boxplot method for detecting and examining the possible outliers in daily 
returns of 14 international stock market indices over the period November 1997 to April 2020. The 
market sample includes the major indices of USA, UK, Germany, France, Japan, Russia, China, Brazil, 
South Africa, India, Turkey, Hong Kong, Saudi Arabia and South Korea. We analyze the detected outliers 
in many aspects, including frequency, sign, magnitude, effect and distribution within and across return 
series. We also conduct an exercise to adjust for detected outlying returns and examine their impact on 
return series distribution. We analyze two sets of outliers; all outliers which include mild and extreme 
outliers, and from a conservative point of view the second set includes only extreme outliers.

The results show that outlying returns represent about 6% of the number of return observations 
on average. Conservatively, 1.4% of return observations are extreme outliers which means that 
there is about one extreme outlying return every three months on average. Also, we find that for 
all indices negative outliers are more frequent than positive outliers with a percentage of 57% of 
the number of all outliers on average. We then examine the magnitude and severity of outliers in 
terms of unconditional standard deviation, σ. The results show that the bulk of detected outliers 
are in the magnitude of 3σ. We find that USA, UK, France, Brazil, India and Saudi Arabia are 
amongst the markets that have at least one outlier of magnitude 10σ or greater, while only China 
has no outliers of magnitude greater than 7σ. Moreover, the analysis shows that the largest 
negative outliers are more severe than the largest positive outliers for most of stock markets in 
our sample. Interestingly, we do not find consistent evidence that frequency, magnitude and 
severity of outliers are greater in less developed and developing stock markets than in well 
developed markets. Inspecting the number of outliers over years reveals two important patterns. 
First, we find that return outliers tend to cluster within a return series over time. Second, return 
outliers tend to cluster together across stock market indices. Moreover, our analysis shows that 
outliers tend to occur in a sequential patter within the individual return series, and concurrently 
across stock markets. Up to 71% of outliers are followed by other outliers within a time period of 7 
days. Most of the stock markets have larger numbers of concurrent outliers with USA. The number 
of negative concurrent outliers are found greater than the number of positive concurrent outliers. 
Adjusting for all outliers in return series results in a decrease in standard deviation by about 18%, 
74% in negative skewness and 69% in kurtosis on average relative to original series. However, we 
find that adjusted return series failed to pass J–B normality test for almost all markets. Our 
analysis also show that outlying returns have an enormous impact on stock return performance 
and realization. Overall, the paper provides an in-depth analysis of the outlying daily returns of an 
extensive sample of international stock markets over an extended sample period. In addition, the 
paper introduces the Boxplot method as a handy, practical and effective tool for detecting possible 
outliers in stock market returns.
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Notes
1. A concern about the classical Boxplot method in detect

ing outliers is the asymmetry of data distribution. 
However, Walker et al. (2018) find that the classical 
Boxplot method perform well compared to other mod
ified alternatives when sample sizes are large even with 
the existence of asymmetry in data distribution.

2. Although outliers can be replaced with zero, mean or 
median as usually suggested in the literature, we 
believe that our exercise is more realistic.

3. We exclude Brazil and Hong Kong as skewness in their 
original return series was positive but turned to nega
tive in adjusted series.
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