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Calendar anomalies and market volatility in
selected cryptocurrencies

Farah Naz!, Madeeha Sayyed?, Ramiz-Ur- Rehman?, Muhammad Akram Naseem?,
Shamsul Nahar Abdullah®* and Muhammad Ishfaq Ahmad?

Abstract: This study examines the day-of-the-week and January effects on the top
performing cryptocurrencies with the highest capitalization during the sample per-
iod. The study uses the daily closing returns of selected currencies for 7 August 2015
to 20 August 2020. The day-of-the-week results indicate that the Monday effect in
the daily analysis generated a positive and significant coefficient for all five cur-
rencies and this anomaly is present in the cryptocurrency market. However, for all
currencies, the December returns showed a significantly higher pattern as com-
pared to January. This tendency indicates some prospects of lucrative trading.
However, the evidence of negative Monday returns in this period is somewhat
consistent with the relevant empirical literature. The study has some implications
for investors, in that they can formulate strategies to produce abnormal returns.
Investors and market analysts can form diverse portfolios by combining various
cryptocurrencies using the intraday price statistics, and can devise strategies based
on the intraday patterns using a similar analysis as that in this study.

Subjects: Statistics for Business, Finance & Economics; International Finance; Corporate
Finance

Keywords: calendar anomalies; cryptocurrency; Efficient Market Hypothesis; Monday
effect; January effect; MGARCH

1. Introduction

Technological advancement led to radical changes in financial markets. It not only made the
system much more efficient, but also led to considerable innovations that changed finance
radically. One of the most important innovations in the financial world came in in the form of
cryptocurrencies. Bitcoin, introduced in 2009, was the first cryptocurrency. The US congressional
discussion to regulate the Bitcoin market functions (Bains et al., 2022; Nicks, 2013) and recent
restrictions imposed by the Chinese government on Bitcoin trading (Hill, 2014; Riley, 2021) did not
decrease investor interest worldwide. Further, the value of Bitcoin is now approaching the price of
valuable assets such as gold (Giudici & Abu-Hashish, 2019).

However, the cryptocurrencies are evolving and gaining the interests of the analysts and
investors with the growing advancement that enables the investors to invest without the assis-
tance of the financial institutions and gain profit (Kyriazis et al., 2019). Researches have analyzed
the bitcoin price distribution may vary across the weekdays. Moreover, the increasing debate of the
cryptocurrencies especially bitcoin enables researchers to investigate whether the calendar
anomalies exists in the transaction process (Aharon & Qadan, 2019). These studies find that the
Monday effect exists in the Bitcoin market, though unlike other financial markets, the Bitcoin

© 2023 The Author(s). This open access article is distributed under a Creative Commons
Attribution (CC-BY) 4.0 license.
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market tends to operate without any breaks due to its constant online availability. Theoretically,
investors cannot technically “beat the market;” that is, they cannot predict asset prices and thus
cannot make an extra profit. This unpredictability in asset prices is often referred to as a random
walk. However, various studies challenge the efficient market hypothesis (EMH), and in reality, it is
very rare that any financial market could be as efficient as it implies (Aharon & Qadan, 2019).
Market anomalies are windows of opportunity that often open for a short period, and an investor
who picks up the trend can beat the market and earn a considerable profit. Bariviera (2017)
determined the persistence and volatility in Bitcoin prices, though concluded that while the
volatility of Bitcoin does not follow a specific trend, volatility clustering is a prominent feature of
the Bitcoin market.

Cryptocurrencies have gained momentum in their trading over the past years which opened the
new avenues for the investors to understand the patterns of the market for their investments
(Susana et al., 2020). This enables to explore the adaptive and dynamic patterns of cryptocurren-
cies which are being analyzed using the calendar effects existed in the market of cryptocurrency
(Cimen, 2019; Khuntia & Pattanayak, 2021). Therefore, this study tries to determine the value
mechanism of cryptocurrencies (of which Bitcoin is one) and their volatility based on calendar
anomalies and the EMH. The table 2 in appendix provides the abbreviations complete form that are
used in the paper.

This study is unique in that it aims to examine the January effect and day-of-the-week effect in
the cryptocurrency market. The cryptocurrencies in this study include Bitcoin, Dash, Etherum,
Litecoin, and Ripple. The daily prices of the selected currencies are collected from 7 August 2015
to 20 August 2020. Extensive research on anomalies in the financial markets included cryptocur-
rencies, but primarily focused on Bitcoin. However, this study not only includes a group of
cryptocurrencies, but also applies an advanced statistical method to determine the market
anomalies.

This research provides the extant to the literature as the calendar anomalies and market
volatilities for the cryptocurrencies have not been discussed in detail that provides the daily and
monthly volatilities analysis. The study is unique in terms that the daily and monthly calendar
effect has not been investigated much in literature. The nexus between the calendar anomalies
and market volatilities transmission for the cryptocurrencies is analyzed in detail for the market
analysts. This research provides evidences for vulnerability of the digital currencies and provide
attention to the financial markets. This further provides the diversification to the investors about
the different investment ways. Moreover, the benefit can be analyzed by the market analysts.

2. Cryptocurrency literature

The cryptocurrency price mechanism and its volatility have become a topic of interest among
financial market researchers recently. Prior studies examined several aspects of the emergence of
cryptocurrency. Gandal and Halaburda (2016) found network effects in the cryptocurrency market.
The results suggest that improved networking between investors tends to increase the value of the
financial asset. Moreover, Fry and Cheah (2016) applied an econo-physics model to study crypto-
currency and concluded that cryptocurrency is a highly volatile market, and to some extent, it is
possible to predict negative bubbles in the relevant market.

2.1. Day of week effect

Cryptocurrency is an emerging area in the academic literature. Few studies investigate calendar
anomalies and the EMH for cryptocurrency. Apart from the cryptocurrency market, many other
studies analyze the existence of anomalies in financial markets. Zhang et al. (2016) studied
the day-of-the-week effect in 28 prominent stock exchanges of 25 countries and found that this
effect exists for all of the stock exchanges, except that the day differs from market to market.
A study based on the EMH by (Latif et al, 2011) investigated market efficiency and market
anomalies. The study highlighted various types of anomalies in various international stock
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markets, including calendar anomalies, fundamental anomalies, and technical anomalies.
Poshakwale (1996) found that the day-of-the-week effect exists in the Indian Stock Market, thus
negating the EMH and random walk. Ajayi et al. (2004) studied the day-of-the-week effect in
Eastern European Emerging Markets. Kiymaz and Berument (2003) explored the relationship
between day-of-the-week effect and the volatility in key global stock markets. The findings are
quite logical high volatility comes with significant unpredictability for investors, thus making them
apprehensive about trading in the market. The study found that Germany and Japan tend to have
the highest volatility on Mondays, the United Kingdom experiences high volatility on Thursdays,
and the US and Canada tend to have high volatility on Fridays. The study concluded that these
days in their respective countries were symbolized by low trading volume.

Aharon and Qadan (2019) investigated cryptocurrencies especially the bitcoin with the day of
the week effect. The results indicates the presences of the DOW effect in the bitcoin both in returns
and volatilities which may limits the forecasting the price of Bitcoin. Moreover, Kyriazis et al. (2019)
studies bearish market of cryptocurrencies using GARCH family models which results that Bitcoin,
Ethereum and Ripple have no hedging abilities among main digital currencies.

Nazir et al. (2020) conducted an interesting study of the impact of temperature anomalies on
stock returns and found a significant negative relationship between temperature and stock
market returns. They concluded that in the case of high-temperatures, apathy tends to over-
come aggression, and therefore that high temperatures lead to low stock returns. To validate
the results, the study considered a wide range of stock markets worldwide. (Salisu & Ogbonna,
2022) analyzed an interesting factor of news which affects the predictability of the returns and
its volatilities for the virtual and digital currencies. The results employ that the COVID-19
pandemic news induced fear in the investors which triggered the investment abilities and
return volatilities with the news effect.

2.2. January effect

The January effect in financial markets has always been of great interest, and it is undoubtedly an
important market anomaly (Kinateder & Papavassiliou, 2021). Existence of calendar anomalies in
cryptocurrencies may affect the investment horizons however comovements among the virtual
currencies and the dynamics of the investment opportunities that might be influenced by idiosyn-
cratic shocks (Agyei et al.,, 2022). Several studies tested test this important market anomaly in
stock markets. Chowdhury et al. (2022) studied the January effect in the US equity market. Girardin
and Namin (2019) studied the January effect on stock returns using a Markov switching model
under high and low volatility regimes and found some meaningful results. First, the January effect
exists regardless of the volatility regime. Secondly, the January effect persists regardless of
portfolio size. Gharaibeh (2017) examined the January effect in Arabic markets and Malini and
Jais (2014) investigated the January effect in Indonesian and Malaysian stock markets, specifically
in Shariah-compliant companies. The results of these studies give mixed trends.

Several studies examined the January effect in a single market. However, Bohl and Salm (2010)
studied the January effect at the international level by using a sample of 19 countries and found
that only two of the 19 countries showed the existence of the January effect. The study
concluded that the forecasting power of January is not unique, as almost all of the other months
showed the same forecasting power. Perez (2018) conducted a study of a similar nature, focus-
ing on the January effect at the international level by studying 86 countries, including both
developed and emerging economies. The study also found that although the January effect
tends to exist in some regions, globally, the trend seemed to be declining. The study also quoted
the diminishing trend of the January effect in the US stock market, similar to (Patel, 2016).
Gandal and Halaburda (2016) study reaffirmed the existence of the January effect in the stock
market. The effect is most heavily evident in small-cap companies. Klock (2014) reaffirmed the
existence of the January effect and thus proved that the market is not weak form efficient.
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Likewise, Sahin et al. (2017) studied the January effect in the stock exchanges of Bursa Istanbul
and the Bucharest Stock Exchange.

The January effect was also examined in other markets, such as by Coutts and Sheikh (2002),
who investigated the existence of a variety of calendar anomalies in the All Gold Index of the
Johannesburg Stock Exchange. The study concluded that none of the calendar anomalies they
considered exists in this exchange. Another study questioning the existence of the January effect
in the futures market by Rendon and Ziemba (2007) investigated whether the January effect exists
in the futures market. Others examined the bond market to determine the existence of the
January effect. Hassan et al. (2019) conducted a study to analyze whether the January effect
exists in the high yield bond market and reaffirmed previous findings that the January effect did
exist in the high yield bond market. The competition in cryptocurrency is not as stringent as that of
the stock market. Therefore, there is a significant debate on whether cryptocurrency provides an
avenue for speculation or whether it acts as a viable investment opportunity. Baek and Elbeck
(2015) attempted to investigate this question by comparing the volatility of Bitcoin and the S&P
500 Index, and concluded that external economic factors play a minor role in the volatility of
Bitcoin. Instead, internal factors of the Bitcoin market generate this volatility. Akyildirim et al.
(2020) conducted a study on Bitcoin to examine the EMH in the cryptocurrency market and
concluded that Bitcoin follows the EMH and the impact of speculative activities on the price of
Bitcoin is negligible. The study also concluded that the Bitcoin market strictly worked on the
principle of matching demand and supply for price determination.

The lack of investigation and mixed results on calendar anomalies in cryptocurrency markets
provide an opportunity to conduct an in-depth analysis in this area. This study examines the effect
of calendar anomalies on cryptocurrency prices and its volatility, and is not restricted to Bitcoin
only. Further, more advanced statistical techniques will address the methodological concerns.

3. Data source

This study examines the top five traded cryptocurrencies for the existence of the day-of-the-week
effect or conditional week effect and the January effect. All the data are downloaded from
coinmarketcap.com. This study focuses on the cryptocurrency market, and the sample consists
of the top traded currencies. The sample period starts on 7 August 2015 so that the effective dates
cannot impact the return valuation.

3.1. Analysis of calendar anomalies

Some calendar anomalies are tested in global markets, but this study tests the day-of-the-week
effect and the January effect using an MGARCH analysis with dummy variables for the days and
months. The returns calculations are based on the log difference of the consecutive daily closing
prices of the selected cryptocurrencies (Akyildirim et al., 2021). The log differencing accounts for
the continuous compounded rate of return, represented in the equation:

A single period rate of return can be calculated as an average over several periods. Representing
P;, as the cryptocurrency value on day t, the arithmetic return of single period, R;, for day t is

R = Pt—Pi g 1

Pt

Eq. 1 can be changed to Eq. 2, while the rate of the recurrence of the measured currency’s price is
high

Rt = log (%) 2

In the bounds of infinite asset price frequency, and hence the time between P; and P;_; decreasing
to 0, this estimate becomes precise and is continuous compounding. Symmetry is the key benefit
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of continuous compounded returns, though the arithmetic returns are not: the positive and
negative percent arithmetic returns are not equal. This formula simplifies the return series calcula-
tion as the adjusted price series, as the previous ones enclose all distributions and Eq. 1 or 2 can be
directly applied to yield precise return series. The theoretical and empirical justification to choose
logarithm returns in place of general return are that ideally, logarithmic returns are systematically
more controllable while combining sub-period returns to form returns over extended periods.
Empirically, the logarithmic returns fulfil the prior condition of a standard statistical technique
because they are more likely to be normally distributed (Strong, 1992).

4, Methodology

It is also important to determine whether risk also fluctuates steadily over time besides evaluating
returns through different periods, which is possible by analyzing the nature of volatility of the
principal index. Although there are numerous other approaches, generalized autoregressive con-
ditional heteroscedasticity (GARCH) based models are the most established method. Engle (1982)
first proposed the autoregressive conditional heteroscedasticity (ARCH) model, which was later
generalized by (Bollerslev, 1986) as the GARCH model. The general form of the GARCH model is
with the help of mean and the variance equations. The ARCH model is used to correct the
variability in the variance. These models also account for volatility clustering, as (Mandelbrot,
1963) first illustrated that “large changes tend to be followed by large changes, of either sign,
and small changes tend to be followed by small changes,” which is another standard feature of
financial data. In other words, for the duration of the nearest preceding periods, the present level
of volatility inclines toward a positive correlation.

Determining the time-varying variances of financial time series using the ARCH and GARCH
models with univariate data motivated many researchers to extend its dimension to
a multivariate form (Tse & Tsui, 2001). Multivariate GARCH models postulate that the variances
and covariance movement over time. Since of the likelihood of high dimensions of the problem and
the limitation that a covariance matrix must be positive definite, modelling a covariance matrix is
hard (Au-Yeung & Gannon, 2005). The critical phase in MGARCH modelling is to deliver an accurate
but parsimonious measurement of the variance matrix that confirms its positivity (Silvennoinen &
Terdsvirta, 2009). Multivariate Generalized Autoregressive Conditional Heteroskedasticity
(MGARCH) is used in analyzing calendar anomalies in cryptocurrencies because it can effectively
model the volatility of the data. Cryptocurrency prices are known to be highly volatile, and MGARCH
can capture this volatility by modeling the conditional variance of the data. This is important for
identifying calendar anomalies because the volatility of the data can affect the results of the
analysis.

MGARCH models can handle multiple variables and are able to capture the interactions between
them. This is particularly useful when analyzing calendar anomalies in cryptocurrencies because
prices are affected by multiple factors such as socio-economic trends, political moves, news and
hype, and by using MGARCH models, it can account for the interactions between these factors
(Rakshit & Neog, 2021). MGARCH models are also flexible and can be easily extended to include
different forms of volatility (e.g., asymmetric volatility) which is important when it comes to the
crypto market. They can also include exogenous variables to capture the impact of external factors
such as news, hype and rumors. In summary, MGARCH models are well suited for analyzing
calendar anomalies in cryptocurrencies because they can effectively model the volatility of the
data, handle multiple variables, and can be extended to include different forms of volatility and
exogenous variables (Ozdemir, 2022).

The generalization of the univariate GARCH models to the multivariate case is straightforward. It
is assumed that the conditional mean is zero and the conditional covariance matrix is given by the
positive definite (d x d) matrix H, for the error term ¢ of a d dimensional time series model
that is,
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&t = Hg/zﬁt

With independent and identically distributed (i.i.d.) innovation vector ¥, whose covariance matrix
equals the identity matrix Iy with a mean of zero. In the univariate case, H; rests on the lagged
error terms ¢;_; i = 1,...,q and on the lagged conditional covariance matrices H;_; i=1,...,p. The
generalization with an arbitrary reliance can lead to very composite configurations that may be too
challenging to deal with in practice. Thus, researchers often aim to reduce the dimension of the
parameter space.

4.1. The VEC Specification

Let vech(.) denote the operator that stacks the lower triangular part eter of a symmetric (d x d)
matrix into a d* = d(d + 1)/2 dimensional vector. Furthermore, we use the notation hy = vech (H),
and 5, = vech (eey). The VEC specification of a multivariate GARCH(p, ) model is then

q p
ht =0+ Y Amy_i + X Bihe_j
1 J=

where A; and B; are parameter matrices with each one containing (d*)2 parameters. The vector o
represents the constant components of the covariance and contains the d* parameters. The
selected variables of this research description have been attached in appendix Table 1.

5. Results and discussion

Table 1 provides a summary of the statistics of the mean returns for all selected currencies. The
descriptive statistics run for the same period for all currencies (7 August 2015) because they all
have different release dates, up to 20 August 2020.

The skewness and kurtosis of the empirical distributions for all currencies depart from theoretical
normal distribution bounds, which have kurtosis equal to 3 and skewness equal to 0. The skewness
shows the asymmetry of the returns distribution around its mean, and kurtosis is a degree of the
peakedness of the distribution. For the data in this study, the skewness is negative, which shows that
the distribution is left-skewed and that the distribution is more extended towards negative values,
except for Ripple. Regarding the financial returns data, there is a substantial chance of minor gains and
a slight possibility of considerable losses in terms of attaining substantial negative returns. In addition,
the kurtosis is significantly different from 3. Positive excess kurtosis describes a fat-tailed, peaked
distribution relative to the normal distribution. The results of skewness and kurtosis are in consistent
with the researches of (Giudici & Abu-Hashish, 2019; Kaya Soylu et al., 2020).

Additionally, the results of the Jarque-Bera normality tests suggest that the null hypothesis of
the normality of returns should be rejected at the 5% significance level which far from the
normality assumption as consistent with the researches of (Agyei et al, 2022; Shanaev &
Ghimire, 2022). Co-efficient of variation (C.V) represent the consistency among returns of different
cryptocurrencies, smallest C.V of Ethereum Return shows that the returns of Ethereum currency
are most consistent. Considering the risk-return phenomenon, the most volatile currency is
observed to be Ripple whereas the highest returns belong to Ethereum currency. The results are
consistent with the study of (Kaya Soylu et al., 2020).

In Figure 1, the bitcoin among all the currencies have the highest closing price as it can be seen from
the graph that at secondary axis the bitcoin values are around 10,000 and it increased from 2015 to
2020. The major increase happened during 2017-2018 when the bitcoin showed highest trend but it
gradually decreased in 2019. However, it again showed fluctuating but upwards trend afterwards. On
the contrary, the ripple has the lowest prices between the timeline of august 2015 to august 2020 in
comparison with the other currencies and showed a little upwards trend in end of 2017 and start of
2018 but then after a minor fluctuation can be seen. Ethereum comes at the second position with
major fluctuations and high value after bitcoin in context with other currencies. It can be seen from the
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Figure 1. Digital Currencies
Performance.
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graph that all currencies movement increased at the end of 2017 and start of 2018. The reason for
increase in the prices of bitcoin due to the coordinated price manipulation by other cryptocurrencies
which created the bubbles in the cryptocurrencies market which crashed in 2018. This crash is known
as the great cryptocurrencies crash (Corbet et al.,, 2019; Poyser, 2018).

Table 2 presents the descriptive statistics for the returns for all five selected currencies for
each day of the week. For Bitcoin currency, Minimum returns are observed to be on Saturday
and maximum returns are on Saturday whereas maximum returns are observed on Monday &
Thursday with least risk as compared to rest of the working days. The variation in returns are found
to be more consistent on Saturday. The variation in the results are consistent with the research of
(Ma & Tanizaki, 2019).

For Dash returns, negative returns are observed on Monday and Saturday with highest risk as
compared to other working days and the volatility in returns are found to be more consistent as
compared to other week days. The observed volatility in returns of Dash currency can also be seen
in the research of (Ma & Tanizaki, 2019). For Litecoin return, negative returns are observed to be on
Saturday with maximum risk while maximum returns are observed on Friday as compared to rest
of the week days. The fluctuation in returns are found to be more consistent on Saturday as
compared to week days. For Ethereum return, minimum returns observed to be on Friday while
maximum returns occur on Sunday with least risk as compared to week days. Consistent fluctua-
tions in returns are observed on Sunday. For returns of Ripple currency, negative returns are
observed to be on Saturday with risk on higher side while maximum returns are observed to be
on Thursday. Consistent fluctuations in returns are observed in Saturday as compared to remaining
week days. (Hinny & Szabd, 2022) analyzed the same analysis for the ripple currency.

The most imperative outcome from this panel is the negative return on Saturday for four
currencies, which have very high kurtosis and negative skewness, whereas Ethereum shows
positive but low returns with negative skewness and high kurtosis. Another important aspect of
these results is the negative skewness for Ethereum and Ripple on Friday, with negative returns on
these days, while Ripple and Dash are the only currencies with negative returns on Monday. The
value greater than 3 indicates that the returns series is leptokurtic (Brooks, 2014). There is no
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constant rise or fall in daily returns in any of the five currencies. The return series are negatively
skewed and fat-tailed in some cases, whereas the kurtosis is all positive.

Table 3 shows that all of the mean monthly returns are negative in September, except for
Bitcoin, but even if it is positive, it showed little return. The results indicate negative returns for
Bitcoin, Litecoin, and Ripple in January, and for Bitcoin, Litecoin, and Dash for May. Similarly, the
highest return on Dash and Ethereum occurred in February, and Ripple showed the highest return
in December. Bitcoin showed the lowest return in December, followed by a negative return in
January. Additionally, the results indicate a high variation in May. The high levels of kurtosis show
that the unconditional distribution tends to have a higher peak and fatter tails than the normal
distribution does, in line with the existence of conditional heteroscedasticity for all of the returns
series. Consequently, all of the currencies return series are non-normally distributed (Kuang, 2021).

For returns of Bitcoin currency, the returns are found to be negative and found to be consistent
on month May with highest risk. In months, April and October the risk in returns are observed to be
least. For Dash currency returns, concerning average return and risk, the highest average and risk
is found to be on the months February and May respectively. For Litecoin currency returns, related
return and risk, the highest average and risk is found to be on the months April and May
respectively. For Litecoin currency returns, related return and risk, the highest average and risk is
found to be on the months February and May respectively. For Litecoin currency returns, related
return and risk, the highest average and risk is found to be on the months April and May
respectively. (Koutmos, 2020) investigated the risk associated with the returns of the digital
currencies where the results reveals that high and low bitcoin volatility in prices due to the
heterogeneity of the returns and market risk factors because the bitcoin returns are difficult to
explain with the ranging volatilities. This factor affects the economic fundamentals of the country.

Table 4 reports the MGARCH results for the day-of-the-week effect. Panel A shows that the
Monday effect in the daily analysis generates a positive and significant coefficient for all five
currencies. The Dash return generates an insignificant negative coefficient, signifying a weakening
of the effect for the last three days of the week (i.e., Friday, Saturday, and Sunday), while Monday
produces a positive coefficient, signifying a comprehensive reversal in the Monday effect, hence
supporting the Adaptive Market Hypothesis. The coefficients of the mean equation reveal that
Ripple returns were higher on Sunday, Monday, Wednesday, and Thursday compared to the other
currencies, and they were significant at the 5% and 1% levels, respectively. The returns on this
currency showed correct anomalies after accounting for the time-varying volatility. Under the
variance equations, all of the coefficients were significant, possibly due to the time-varying market
volatility. Therefore, investors may invest on these days to earn higher returns without high risk.
The coefficient of the MGARCH parameters were close to one for Bitcoin and Litecoin returns,
indicating highly persistent shocks to the conditional variance. (Canh et al., 2019) results are
consistent with the findings of this research.

Table 5 illustrates that the January effect was not significant in any of the selected cryptocur-
rencies. Thus, the null hypothesis is accepted, and there were no significant differences in mean
returns between January and Non-January months. Thus, these currencies did not exhibit
a January effect. Panel B presents the January effect results and shows that only Ethereum has
a positive significant returns coefficient. However, the coefficient signs vary by month, with some
periods producing positive coefficients and some periods producing negative coefficients.
Concerning the January effect, the probability values for January were negatively significant at
the 10% level, whereas in May, it is significant at the 1% level. Thus, the January effect did not
exist for Bitcoin. (Baur et al., 2019) research investigations provides the same analysis as the
research of this paper provides.

This research reports mixed results with 5 different coins on the day of the week and month of
the year analysis. There are several reasons for mixed results in calendar anomalies in
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Table 4. Results of MGARCH regression on the sample data of cryptocurrencies to test day off

the week effects

Bitcoin Conditional Mean Conditional Variance
Return c 8 a @ 0
Friday .0032951* 0009547 .0157157*** .9928978*** =5.42e-06***
(0.013) (0.785) (0.000) (0.000) (0.000)
Sat 0039832+ 0039074 0157636 9928336"* | ~5.40e-06***
(0.003) (0.267) (0.000) (0.000) (0.000)
Sun .0038151*** —.0027356 .0156925*** .9928985*** —5.39e-06***
(0.004) (0.437) (0.000) (0.000) (0.000)
Monday 002197 0314983** 146331 269293+ 0004567+
(0.063) (0.000) (0.000) (0.000) (0.000)
Tuesday .0036969*** -.0018163 .0157*** (0.000) .9929463*** —5.50e-06***
(0.005) (0.605) (0.000) (0.000)
Wednesday .0036592*** —.0015422 .0156914*** .9929368*** —5.46e-06"**
(0.006) (0.656) (0.000) (0.000) (0.000)
Thursday .0028865** .0037869 .0156446%* .9929876*** —5.49e-06"**
(0.029) (0.279) (0.000) (0.000) (0.000)
Dash Return
Friday .0069431*** -.0181088*** 1.208242%** 3417713%+ .0007141%*
(0.000) (0.000) (0.000) (0.000) (0.000)
Sat .0050906*** —.0135584*** 1.059384** .3523124%* .0008821***
(0.002) (0.001) (0.000) (0.000) (0.000)
Sun .0008821*** -.0183202*** .9509305*** 4295492%** .0006796***
(0.000) (0.000) (0.000) (0.000) (0.000)
Monday -.002212 0253746 1.012218*** 413888** .0005432***
(0.144) (0.000) (0.000) (0.000) (0.000)
Tuesday 0028906* 0034319 1.044789* 3626085 0008909+
(0.068) (0.468) (0.000) (0.000) (0.000)
Wednesday .0023677 .006161 1.093149*** 3587124 .0008426***
(0.134) (0.139) (0.000) (0.000) (0.000)
Thursday .0030062* 0014579 1037915 3710936*** .0008619***
(0.067) (0.720) (0.000) (0.000) (0.000)
Litecoin Return
Friday .0027695 .0019489 .0126322*** .9891985*** .00001071***
(0.156) (0.705) (0.000) (0.000) (0.000)
Sat 0039868 0066648 012679** 9891478 00001***
(0.041) (0.196) (0.000) (0.000) (0.000)
Sun .0032012 -.001071 .0126222%** .9892061*** .0000101***
(0.101) (0.836) (0.000) (0.000) (0.000)
Monday .0016762 .0239314*** .5083118*** 4609499%** .001358***
(0.400) (0.000) (0.000) (0.000) (0.000)
Tuesday .0023806 .00453 .0127703*** .9891025*** .0000101***
(0.224) (0.381) (0.000) (0.000) (0.000)
Wednesday .0034373* -.0027699 .0126419*** .9892006*** .0000101***
(0.078) (0.593) (0.000) (0.000) (0.000)
Thursday .0021042 .0065157 .0126402*** 9892481 9.81e-06***
(0.281) (0.204) (0.000) (0.000) (0.000)
Ripple Return
Friday .0030116 .0008773 .5396007*** .6042043*** .0007726***
(0.176) (0.875) (0.003) (0.000) (0.000)
Sat -.002407 —-.0032838 .5685533*** .5875583*** .0008098***
(0.239) (0.512) (0.002) (0.000) (0.000)
(Continued)
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Table 4. (Continued)

Bitcoin Conditional Mean Conditional Variance
Return c 8 a @ 0
Sun -.0020426 -0226209** | 1101374 4798195+ 0005812
(0.208) (0.000) (0.000) (0.000) (0.000)
Monday —.0063253*** .025509*** 1.478974% 4078517+ .000508***
(0.000) (0.000) (0.000) (0.000) (0.000)
Tuesday -.0038762* .0049806 54513727 6012462*** .0007779***
(0.079) (0.290) (0.004) (0.000) (0.000)
Wednesday —-.0002181 —.0148549*** .7307609*** .5502691*** .0007499***
(0.913) (0.000) (0.007) (0.000) (0.000)
Thursday -.0049941* 0171195*** 365154 7287052*** 0004452+
(0.017) (0.000) (0.000) (0.000) (0.000)
Ethereum Return
Friday .0037243 .0036723 2265104 .5400718*** .0017822***
(0.149) (0.576) (0.000) (0.000) (0.000)
Sat 0044031* —.0006498 2265591 .5393577*** .0017873***
(0.086) (0.916) (0.000) (0.000) (0.000)
Sun .0017873*** —-.0070309 .2323811*** 5438117 .0017401***
(0.000) (0.312) (0.000) (0.000) (0.000)
Monday .0038595* .0349538*** .9372341*** 2506136 .0016853***
(0.068) (0.000) (0.000) (0.000) (0.000)
Tuesday .0047198* -.0027193 2263542+ S5414558%+* 0017754+
(0.066) (0.670) (0.000) (0.000) (0.000)
Wednesday .0053592** -.006736 .2367398*** .5305266%** .001805***
(0.037) (0.295) (0.000) (0.000) (0.000)
Thursday 0041232 .0011196 .2237659%* 5437713%+* .00177***
(0.109) (0.863) (0.000) (0.000) (0.000)

Notes: ¢ represents constant and 8 represents the coefficient of conditional mean equation whereas a;, a,,are
coefficients of conditional variance equation and 6 represents the constant of variance equation. Coefficients followed
by p-values in parentheses; * ***, **, and * indicate significance at 1%, 5% and 10% levels respectively.

cryptocurrencies. One reason is that the market for cryptocurrencies is relatively new and less
mature compared to traditional financial markets, which may lead to more volatility and incon-
sistent results (Celeste et al., 2020). Additionally, there is a lack of consensus among researchers
on the appropriate methods for analyzing calendar anomalies in cryptocurrencies, which can also
lead to mixed results (Bariviera & Merediz-Sola, 2021). The crypto market is highly speculative and
may be influenced by factors such as news, hype, and rumors, which can make it difficult to
identify consistent patterns or anomalies (Koutmos, 2020). Finally, the crypto market is highly
decentralized and global, which can make it more difficult to identify and measure market-wide
effects.

In order to identify the calendar anomalies in cryptocurrency investigations, the studies need to
have a larger sample size, longer time period, robust methods, wider scope, more market coverage,
and consideration of hype and rumors (Gandal and Halaburda, 2016). Additionally, the studies should
be based on a large amount of data and use various methods to increase the robustness of the
results (Akyildirim et al., 2020). The price of cryptocurrencies can be influenced by a variety of factors,
including socio-economic trends and political moves. For example, positive developments in the
mainstream adoption of cryptocurrencies can lead to increased demand and a higher price, while
negative regulatory decisions or economic downturns can lead to decreased demand and a lower
price. Additionally, the market for cryptocurrencies is highly speculative and can be influenced by
rumors, news, and investor sentiment. Thus, it is hard to predict the exact price.
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Table 5. Results of MGARCH regression on the sample data of cryptocurrencies to test Month

of the week effects

Conditional Mean Conditional Variance
[ 6 o o 0
January Returns
Bitcoin .0041442%** -.0070234* .0157213*** .9929556*** -5.51e-06***
(0.001) (0.084) (0.000) (0.000) (0.000)
Dash .0035363** —-.0037292 1.038704*** 3672498 .0008742***
(0.024) (0.509) (0.000) (0.000) (0.000)
Litecoin .0036809** —-.0089437 .0126543*** .9892052*** .00001***
(0.050) (0.203) (0.000) (0.000) (0.000)
Ripple -.0030956 .0015018 .5367783*** .6058784*** .0007686***
(0.149) (0.773) (0.002) (0.000) (0.000)
Ethereum .0027362 .015596** .2361888*** .5272996*** .001821***
(0.270) (0.044) (0.000) (0.000) (0.000)
February Returns
Bitcoin .0031704* .003125 .0156931*** 9929251 =5.44e-06"**
(0.013) (0.480) (0.000) (0.000) (0.000)
Dash .0022537 .0152816* 1.08493** .3974016*** .0006842***
(0.144) (0.089) (0.000) (0.000) (0.001)
Litecoin .0027597 .005986 .0127885*** .9891362*** 9.91e-06***
(0.136) (0.487) (0.000) (0.000) (0.000)
Ripple -.0031188 .0015021 .5364135*** .6059688*** .0007688***
(0.150) (0.766) (0.002) (0.000) (0.000)
Ethereum .0029897 .01498)11* .2290254*** .5376359*** .0017844**
(0.226) (0.070) (0.000) (0.000) (0.000)
March Returns
Bitcoin .0039076*** -.0055054 .0156066*** .9930402*** -5.51e-06***
(0.002) (0.208) (0.000) (0.000) (0.000)
Dash .0020358 .0180472*** 1.24127%* 3594868 .000648***
(0.156) (0.006) (0.000) (0.000) (0.000)
Litecoin 0045114 —.0450439** .1255403*** .914236%* .0000741***
(0.012) (0.000) (0.000) (0.000) (0.002)
Ripple -.0018829 —-.0075853 .535503*** 6028237 .000781***
(0.367) (0.183) (0.004) (0.000) (0.000)
Ethereum .0049616* —.0084854 .2288569*** 5404979 .0017717**
(0.044) (0.326) (0.000) (0.000) (0.000)
April Returns
Bitcoin .0033411** .0012634 .0156748*** .9929406** —5.45e-06***
(0.009) (0.789) (0.000) (0.000) (0.000)
Dash .003259* -.0001248 1.0421%* 3684852 .0008673***
(0.037) (0.980) (0.000) (0.000) (0.000)
Litecoin .0024494 .0072848 .0125279*** .989284** .00001***
(0.194) (0.266) (0.000) (0.000) (0.000)
Ripple -.0031903 .0041979 .5241459*+ .6114085*** .0007612***
(0.120) (0.529) (0.003) (0.000) (0.000)
Ethereum .0040857 .0021471 .2250727*** .5414383*** .0017797***
(0.101) (0.787) (0.000) (0.000) (0.000)
May Returns
Bitcoin .0026194*** -.0824621*** 2439782 .8206216"** .0000142***
(0.001) (0.000) (0.000) (0.000) (0.002)
Dash -.0005234 .0623013*** .5307376*** 626452+ .0002946***
(0.719) (0.000) (0.000) (0.000) (0.008)

(Continued)
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Table 5. (Continued)

Conditional Mean Conditional Variance
[ 8 a a3 0
Litecoin .0012146 .0872874** .168486*** .8176569*** .000293***
(0.486) (0.000) (0.000) (0.000) (0.000)
Ripple —-.0046389*** -.0781087*** .7799392*** .4933233** .0005652***
(0.002) (0.000) (0.000) (0.000) (0.000)
Ethereum .0029481* .1060938*** .3654268*** .7000128*** .000203***
(0.081) (0.000) (0.000) (0.000) (0.000)
June Returns
Bitcoin .0031824** .0034507 .0157314*** .9928765*** -5.40e-06***
(0.012) (0.469) (0.000) (0.000) (0.000)
Dash .0041118** -.0120181** 1.129994*** .3606355*** .0007798***
(0.005) (0.018) (0.000) (0.000) (0.000)
Litecoin .0032787* -.0029318 .012662*** .9891834*** .0000101***
(0.082) (0.661) (0.000) (0.000) (0.000)
Ripple -.0030869 .0057266 .5230844*** .6129895*** .0007543***
(0.122) (0.513) (0.002) (0.000) (0.000)
Ethereum .0045368* -.0040276 2267674** .5401923*** .0017813***
(0.063) (0.686) (0.000) (0.000) (0.000)
July Returns
Bitcoin .0036805*** -.0036992 015747 .9928563*** -5.37e-06***
(0.004) (0.445) (0.000) (0.000) (0.000)
Dash .0028897* .0061704 1.043019*** .3677669*** .0008689***
(0.060) (0.332) (0.000) (0.000) (0.000)
Litecoin .0034382* -.0047232 .0126716*** .9891779*** .0000101***
(0.068) (0.470) (0.000) (0.000) (0.000)
Ripple -.0025289 -.0022956 .5229698*** .612028*** .0007601***
(0.231) (0.685) (0.003) (0.000) (0.000)
Ethereum .004438* -.0022154 .2264231*** .5394821*** .0017874***
(0.069) (0.817) (0.000) (0.000) (0.000)
August Returns
Bitcoin .0037872*** -.0037071 015722 .9928885*** -5.40e-06***
(0.003) (0.369) (0.000) (0.000) (0.000)
Dash .0034855** —-.0047462 1.048421** .3730624*** .0008381***
(0.022) (0.456) (0.000) (0.000) (0.000)
Litecoin .0036478* -.0051276 .0126527*** .9892289*** 9.95e-06***
(0.058) (0.362) (0.000) (0.000) (0.000)
Ripple -.0033551 .0036826 .518613*** .6151893*** .0007504***
(0.109) (0.484) (0.002) (0.000) (0.000)
Ethereum .004146* .0014066 .2263934*** .5402721** .0017824***
(0.098) (0.853) (0.000) (0.000) (0.000)
September Returns
Bitcoin .0036597*** -.0023138 .0156923*** .9929246*+* —5.44e-06***
(0.005) (0.575) (0.000) (0.000) (0.000)
Dash .0044409*** -.0074315* 1.060363*** .3648098*** .0008538***
(0.006) (0.057) (0.000) (0.000) (0.000)
Litecoin .0034855* -.0035992 .0126433*** 9891947+ .0000101***
(0.071) (0.516) (0.000) (0.000) (0.000)
Ripple -.0015649 -.0293282*** 1.492326** LTLT2THH .0003547***
(0.347) (0.000) (0.000) (0.000) (0.000)
Ethereum .0055506** -.0113798 .224838*** .53940471** .0017883***
(0.027) (0.134) (0.000) (0.000) (0.000)

October Returns

(Continued)
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Conditional Mean Conditional Variance
c 8 a o, C]
Bitcoin .0028635** .0060957 0156778 .9929513*** -5.46e-06***
(0.026) (0.147) (0.000) (0.000) (0.000)
Dash .0045013*** —.008241** 1.062884** .3639698*** .0008566***
(0.005) (0.037) (0.000) (0.000) (0.000)
Litecoin .0027239 0027444 0126418 .989193*** .0000101***
(0.157) (0.625) (0.000) (0.000) (0.000)
Ripple —.0028879 .0002849 .5310158*** .6083432%** .0007656***
(0.180) (0.957) (0.002) (0.000) (0.000)
Ethereum .0052995** —.0074956 2313391 .5350152*** .0017968***
(0.037) (0.280) (0.000) (0.000) (0.000)
November Returns
Bitcoin .0033398*** .001132 .0156881*** .9929345%** —5.46e-06***
(0.009) (0.799) (0.000) (0.000) (0.000)
Dash .0057012*** -.015731*** 9947754 .9947754%** .0007787***
(0.000) (0.000) (0.000) (0.000) (0.000)
Litecoin .0033945* —.0035545 .0126596*** .9891819*** .0000101***
(0.074) (0.558) (0.000) (0.000) (0.000)
Ripple -.0034554 .0028723 546232+ .6012783*** .0007765***
(0.114) (0.547) (0.002) (0.000) (0.000)
Ethereum .0047542* -.0035142 .227005*** .5393559*** .0017856***
(0.061) (0.617) (0.000) (0.000) (0.000)
December Returns
Bitcoin .0030072** .0053515 .0156692*** .9929221*** —5.40e-06"**
(0.019) (0.241) (0.000) (0.000) (0.000)
Dash .0028228* .004609 1.034896*** .3772855*** .0008383***
(0.071) (0.393) (0.000) (0.000) (0.000)
Litecoin .0025725 .0057245 .0126759*** .9891683*** .00001071***
(0.173) (0.379) (0.000) (0.000) (0.000)
Ripple -.002783 —.0005525 .533732%** .6067792*** .000769***
(0.174) (0.924) (0.003) (0.000) (0.000)
Ethereum .0045657* -.00216 22786427 .5385785*** .0017878***
(0.071) (0.764) (0.000) (0.000) (0.000)

Notes: Coefficients for Equationlare given in followed by p-values in parentheses * ***, ** and * indicate significance
at 1%, 5% and 10% levels respectively

There are several reasons for the rise and fall in prices of cryptocurrency. One of the main factors is
market sentiment, which refers to the overall attitude of investors towards a particular asset or market
(Naeem et al., 2021). When sentiment is positive, prices tend to rise, and when sentiment is negative,
prices tend to fall. Another important factor is regulatory changes, as government actions can have
a significant impact on the price of a cryptocurrency. Additionally, the adoption and acceptance of
a cryptocurrency by businesses and merchants can also affect its price. Finally, supply and demand
also play a role in determining the price of a cryptocurrency. If there is a high demand for a particular
coin and a limited supply, the price will tend to rise, and vice versa (Corbet et al,, 2019; Poyser, 2018).

6. Conclusion

Cryptocurrency is an emerging market that has gained significant attention in the financial world.
Specifically, after the financial crisis of 2007-08, the importance of cryptocurrency increased tremen-
dously. Not only does this market leave regulators perplexed about its regulation but it also presented
an interesting avenue of research to the academic world. Due to its lack of regulation, it not only
attracted massive investments, but is also often criticized for its use as a vehicle for speculation and
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money laundering. This study explored the existence of the EMH in the cryptocurrency market by
determining whether calendar anomalies exist in it or not. For this purpose, two major calendar
anomalies are selected namely: the January effect and the Monday effect. This study used a MGARCH
model to analyze five major cryptocurrencies (Bitcoin, Dash, Litecoin, Ripple, and Etherum) to exam-
ine the existence of calendar anomalies. The results indicated that the Monday effect tends to exist in
all cryptocurrencies, thus negating the existence of the EMH. The anomaly of the January effect did
not appear, as returns for all cryptocurrencies were higher in December compared to January. The
results support trading activities of investor’s hypothesis which suggests that market sentiment and
market liquidity also play a role in determining prices. A bullish market sentiment and high market
liquidity will lead to upward pressure on prices, while a bearish market sentiment and low market
liquidity will lead to downward pressure on prices (Diaconasu et al., 2022).

This study is of significant importance for regulators, policymakers as it will aid them in
formulating regulations by considering the calendar anomalies that exist in the market.
Furthermore, the get the idea that how they can mitigate risk of abnormal profits and increase
in the prices of the digital currencies that might affect the interest of investors for the cryptocur-
rencies. Moreover, investors will gain tremendously from the study as they could identify patterns
of returns and risks in the market and can design a portfolio for optimum gain. The market
analysts can get the detail analysis for the investment opportunities in the cryptocurrencies and
help in evaluating their investments. This enables in making the future forecasts as help in filling
the gap in making decisions related to the trading in digital currencies in the distressed times.

The main limitation of the present study is the magnitude and form of the data utilized. This
study examined only the five currencies with the highest market capitalization during the sample
period. Further research should use multiple cryptocurrencies. Similarly, future studies could
examine the intraday price movements to recognize any possible variation in returns over different
trading time spans within a day. Moreover, the future research can be on the substitutability
between the virtual currencies that are cryptocurrencies in order to investigate the tradeoff
between the risk and return for the portfolios of digital currencies.
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Appendix

Table Al. Variables Description
Variable Type Description

Bitcoin Returns Scale The ratio of the difference between
current price and previous price to
previous price

Dash Returns Scale The ratio of the difference between
current price and previous price to
previous price

Ethereum Return Scale The ratio of the difference between
current price and previous price to
previous price

Litecoin Return Scale The ratio of the difference between
current price and previous price to
previous price

Ripple Return Scale The ratio of the difference between
current price and previous price to
previous price

Monday Binary The binary variable, coded as “1”
for Monday otherwise “0”

Tuesday Binary The binary variable, coded as “1”
for Tuesday otherwise “0”

Wednesday Binary The binary variable, coded as “1”
for Wednesday otherwise “0”

Thursday Binary The binary variable, coded as “1”
for Thursday otherwise “0”

Friday Binary The binary variable, coded as “1”
for Friday otherwise “0”

Saturday Binary The binary variable, coded as “1”
for Saturday otherwise “0”

Sunday Binary The binary variable, coded as “1”
for Sunday otherwise “0”

January Binary The binary variable, coded as “1”
for January otherwise “0”

Februry Binary The binary variable, coded as “1”
for Februry otherwise “0”

March Binary The binary variable, coded as “1”
for March otherwise “0”

April Binary The binary variable, coded as “1”
for April otherwise “0”

May Binary The binary variable, coded as “1”
for May otherwise “0”

June Binary The binary variable, coded as “1”
for June otherwise “0”

July Binary The binary variable, coded as “1”
for July otherwise “0”

August Binary The binary variable, coded as “1”
for August otherwise “0”

September Binary The binary variable, coded as “1”
for September otherwise “0”

(Continued)

Page 23 of 25



Naz et al., Cogent Business & Management (2023), 10: 2171992

https://doi.org/10.1080/23311975.2023.2171992

- cogent --business & management

Table Al. (Continued)

Variable Type Description

October Binary The binary variable, coded as “1”
for October otherwise “0”

November Binary The binary variable, coded as “1”
for November otherwise “0”

December Binary The binary variable, coded as “1”

for December otherwise “0”

Table A2. List of Abbreviations

DOW

Day of the week

EMH

Efficient Market Hypothesis

MGARCH

Multivariate Generalized Autoregressive Conditional
Heteroscedasticity

GARCH

Generalized Autoregressive Conditional
Heteroscedasticity

S&P 500

Standard and Poor’s 500

ARCH

Autoregressive Conditional Heteroscedasticity

VEC Specification

Vector Error Correction Specification

CvV

Co-efficient of variation

Page 24 of 25



Naz et al., Cogent Business & Management (2023), 10: 2171992 O;K-: cogent P b us | Nness & mana ge me nt

https://doi.org/10.1080/23311975.2023.2171992

© 2023 The Author(s). This open access article is distributed under a Creative Commons Attribution (CC-BY) 4.0 license.

cogent--0a

You are free to:

Share — copy and redistribute the material in any medium or format.

Adapt — remix, transform, and build upon the material for any purpose, even commercially.
The licensor cannot revoke these freedoms as long as you follow the license terms.

Under the following terms:

Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were made.
@ You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.

No additional restrictions

You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits.

Cogent Business & Management (ISSN: 2331-1975) is published by Cogent OA, part of Taylor & Francis Group.
Publishing with Cogent OA ensures:

«  Immediate, universal access to your article on publication

»  High visibility and discoverability via the Cogent OA website as well as Taylor & Francis Online
+  Download and citation statistics for your article

*  Rapid online publication

«  Input from, and dialog with, expert editors and editorial boards

+  Retention of full copyright of your article

*  Guaranteed legacy preservation of your article

«  Discounts and waivers for authors in developing regions

Submit your manuscript to a Cogent OA journal at www.CogentOA.com

Page 25 of 25



	1.  Introduction
	2.  Cryptocurrency literature
	2.1.  Day of week effect
	2.2.  January effect

	3.  Data source
	3.1.  Analysis of calendar anomalies

	4.  Methodology
	4.1.  The VEC Specification

	5.  Results and discussion
	6.  Conclusion
	Funding
	Author details
	Highlights
	Correction
	Disclosure statement
	Data availability statement
	References
	Appendix

