€Y Routledge

g Taylor &Francis Group

ECONOMIC
RESEARCH

Economic Research-Ekonomska Istrazivanja

Ekonomska I vanja

ISSN: 1331-677X (Print) 1848-9664 (Online) Journal homepage: http://www.tandfonline.com/loi/rero20

Mean reversion in international markets: evidence
from G.A.R.C.H. and half-life volatility models

Rizwan Raheem Ahmed, Jolita Vveinhardt, Dalia Streimikiene & Zahid Ali
Channar

To cite this article: Rizwan Raheem Ahmed, Jolita Vveinhardt, Dalia Streimikiene & Zahid
Ali Channar (2018) Mean reversion in international markets: evidence from G.A.R.C.H. and
half-life volatility models, Economic Research-Ekonomska Istrazivanja, 31:1, 1198-1217, DOI:
10.1080/1331677X.2018.1456358

To link to this article: https://doi.org/10.1080/1331677X.2018.1456358

© 2018 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

@ Published online: 22 May 2018.

N
CJ/ Submit your article to this journal &

||I| Article views: 374

RN

(&) View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalinformation?journalCode=rero20


http://www.tandfonline.com/action/journalInformation?journalCode=rero20
http://www.tandfonline.com/loi/rero20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/1331677X.2018.1456358
https://doi.org/10.1080/1331677X.2018.1456358
http://www.tandfonline.com/action/authorSubmission?journalCode=rero20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=rero20&show=instructions
http://crossmark.crossref.org/dialog/?doi=10.1080/1331677X.2018.1456358&domain=pdf&date_stamp=2018-05-22
http://crossmark.crossref.org/dialog/?doi=10.1080/1331677X.2018.1456358&domain=pdf&date_stamp=2018-05-22

ECONOMIC RESEARCH-EKONOMSKA ISTRAZIVANJA, 2018 3
VOL.31,NO.1,1198-1217 g Routledge
https://doi.org/10.1080/1331677X.2018.1456358 2 Taylor & Francis Group

8 OPEN ACCESS

Mean reversion in international markets: evidence from
G.A.R.C.H. and half-life volatility models

Rizwan Raheem Ahmed?, Jolita Vveinhardt®, Dalia Streimikiene® and
Zahid Ali Channar¢

Faculty of Management Sciences, Indus University, Gulshan, Pakistan; PInstitute of Sport Science and
Innovations, Lithuanian Sports University, Kaunas, Lithuania; “Department of Business Administration, Sindh
Madressa-tul-Islam University, Karachi, Pakistan

ABSTRACT ARTICLE HISTORY
The objective of this research is to examine and compare the mean Received 15 March 2017
reversion phenomenon in developed and emerging stock markets. Accepted 19 February 2018

An important aim is to measure and compare the speed of mean KEYWORDS

reversion and half-life of volatility shocks of emerging and developed Mean reversion; developed
markets. For this purpose, we have selected five developed and seven & emerging stock markets;
emerging markets, and used daily market indices for the period half-life model; A.R.C.H-LM.;
of 1 January 2000 to 30 June 2016. We employed autoregressive G.ARCH.(1,1)
conditional heteroskedasticity — Lagrange multiplier (A.R.C.H.-L.M.),
generalised autoregressive conditional heteroskedasticity (G.A.R.C.H.)
(1, 1), and half-life volatility shock techniques to carry out this research.
The results of the study confirmed the mean-reverting process in
developed and emerging markets. The South Korean market has
the slowest mean reversion, and thus has the highest comparative
volatility over a longer period of time. However, the Pakistan stock
exchange exhibited the fastest mean reverting process. It is also
concluded that the relative volatilities are higher in emerging markets,
whereas the comparative volatilities are higher in developed markets.
Therefore, it is further concluded that the mean reversion process
is much faster in emerging indices except the South Korean and
Chinese markets. The study recommends that if investors want higher
returns in a shorter period of time then they should invest in emerging
markets.

JEL CLASSIFICATIONS
(C32;G12;G15

1. Introduction
1.1. Background of the research study

The asset-pricing model has been a paramount feature for the equity prices since the 1970s.
The efficient market hypothesis considers asset pricing as a core proposition in financial
economics. Thus, this hypothesis provides all the necessary information to the individual
and institutional investors regarding the equity prices that also allow an opportunity to gain
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Figure 1. Random Walk. Source: Huggins and Schaller (2013; p. 19).

excessive profit. This model also provides an opportunity for the investors to get better future
equity returns. Thus, econometricians try to calculate the actual potential of undervalued
stock by using different techniques. The efficient market hypothesis is also described in
terms of a random walk; it is very complicated to explore the undervalued company stock
and its future performance (Mishra, 2017; Tripathy, 2017; Wang, Zhang, & Zhang, 2015;
Zakamulin, 2016).

In contrast, mean reversion theory elaborates the investors’ point of view as compared to
the random walk. The theory of mean reversion demonstrates that after touching a certain
extreme point, the equity prices return back to their mean prices (Arefin & Ahkam, 2017;
Chi, Dong, & Wong, 2016; Lubnau & Todorova, 2015; Ribeiro, Cermeiio, & Curto, 2017).
The phenomenon is known as the mean reversion if the equity price has a tendency to
come back its original long-term average price after some certain time period (Chaves &
Viswanathan, 2016; Huang, 2017; Huggins & Schaller, 2013; Trypsteen, 2017). According
to Hillebrand (2003), the mean reversion varies in the equity return, following a path that
is determined by past reaction to changes. Thus, the financial experts believe that the future
prices can be predicted on the basis of past history of equity prices.

1.2. Distinction between mean reversion and random walk

There is a significant difference between the mean reversion and the random walk. This can
be seen by drawing the graphs of mean reversion and random walk. As depicted in Figure 1,
in the random walk model, observations start from zero, with each subsequent movement
starting from the value of a previous observation. This random deviation means that the
model cannot predict the mean of future price on the basis of past historical behaviour of
the price.

On the other hand, if we observe the Figure 2, it is clearly demonstrated that the spikes
of observations show that every observation has a tendency to revert back its original mean
value, and this is known as the mean reversion phenomenon.

Since the investors’ decision cannot be considered as rational if they simply rely on the
market propositions, financial researchers develop a mean reversion process on the basis
of well-known anomalies of the finance. Hence, it can be believed that the mean-reverting
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Figure 2. Mean Reversion Process. Source: Huggins and Schaller (2013; p. 19).

process is the by-product of risk aversion, expediency prejudice and attraction of lower
equity prices (Mohammadi, 2017; Al-Hajieh, 2017; Oikarinen & Schindler, 2015; Tie &
Zhang, 2016). The foremost factor which creates the mean reversion development is the
obtainability prejudice of the market, and investors’ tendency to take their decisions on the
basis of available information (Gimpel, 2007). The heavy reliance on the current events and
information means that investors can overreact, being more speculative on the valuation
of a stock. Another important paradigm for the development of mean reversion is the risk
aversion when bad news on the market triggers a loss in returns, meaning that investors
prefer to retain their equity to prevent further losses. After a certain time period when the
bad news passes, equity prices return into profit. The third important reason, which con-
tributes to the development of the mean reversion process, is the attraction of low prices
of equities, and investors willing to purchase stocks at lower prices for significant profits
(Annaert & Hyfte, 2005; Hart, Lence, Hayes, & Jin, 2015; Slim, Koubaa, & BenSaida, 2017;
Trypsteen, 2017; Tsekrekos & Yannacopoulos, 2016).

The objective of this research paper is to examine the existence of mean reversion in
emerging and developed stock markets. Another important objective is to measure and
compare the speed of mean reversion between emerging and developed stock markets, and
therefore measure the comparative and relative volatilities and relative market efficiencies
of the emerging and developed equity markets. By accomplishing these specified objectives
the study intends to help investors to identify the rate at which the prices revert back to
their mean value, not only helping in the selection of strategies but also in planning entries
and exits for the trade.

2. Substantiation from the literature

Financial researchers and practitioners have investigated different techniques and theories
to analyse the behaviour of stocks across the globe. As discussed in the earlier section, the
efficient market hypothesis is the oldest proposition. According to that proposition, the
equity price reflects all the necessary information which is important for the individual and
institutional investors. This proposition does not follow any specific pattern; therefore, the
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returns cannot be predicted. The random walk is an alternative terminology for the efficient
market hypothesis; it is very complicated to explore the undervalued stock, and to predict
whether the stock can perform more strongly in the future (Mishra, 2017; Tripathy, 2017;
Wang et al., 2015; Zakamulin, 2016). According to Al-Hajieh (2017) and Dupernex (2007),
this unpredictability no longer exists for the equity returns. In the light of previous theories,
several researchers have carried out their studies in order to understand the global financial
markets turmoil of 2007-08. They have come to the conclusion that the financial policies
were the major reason for that crash (Ahmad, Raheem Ahmed, Vveinhardt, & Streimikiene,
2016; Izgi & Duran, 2016; Neaime, 2015; Slim et al., 2017).

The econometricians and financial experts questioned the whole foundation of the
efficient market hypothesis assumptions (Mtunya, Ngare, & Nkansah-Gyekye, 2016;
Trypsteen, 2017). Thus, it is important to examine the alternative theories that can
predict the market performance in an efficient manner. Keeping in mind the basic idea
that ‘what goes up must come back down, De Bondt and Thaler (1985) proposed the
postulate of mean reversion. This theory refers the historic mean values of the stock
prices and is known as the mean reverting process. According to this theory that there
is a tendency of returns to come back its past mean value after a certain time period.
Fama and French (1988) have also carried out a study to confirm the mean reversion
phenomenon, and they studied the memory pattern in stock returns. They concluded
that the past prices predict the future values of stocks, and this is the proof of memory
pattern that supports the postulate of a mean reversion process. According to previous
research studies, the mean reversion process can be segregated into long-term and
short-term mean reverting processes. If the return of a stock back into its mean value
occurs within a one-month time period then it is known as short-term mean reversion
process (Chi et al., 2016; Hart et al., 2015; Ribeiro et al., 2017). The flow of research stud-
ies regarding the short-term mean reversion has also been increased due to the access
of information on a daily basis regarding the investments. Hence, short-term mean
reversion was found to be more attractive than the long-term mean reversion process
(Chaves & Viswanathan, 2016; Huang, 2017; Neaime, 2015; Wang et al., 2015). If the
stock underperforms within a one-year time period and after one year it overperforms
then this phenomenon is known as the long-term mean reversion. According to the
previous literature, long-term mean reversion can be examined by using two different
methods, termed as relative mean reversion and absolute mean reversion (Slim et al.,
2017; Trypsteen, 2017).

2.1. Mean reversion in stock prices

The researchers and financial experts have given much attention to distinguish the returns
of a market and whether it follows the mean reversion process or the random walk across
the globe. If the stock returns follow the mean reversion then it is easy to predict the future
returns of the stocks on the basis of past information, which is the most important reason
behind these studies (Gulay & Emec, 2017). According to Mohammadi (2017), Chaves and
Viswanathan (2016), Hart et al. (2015), Tsekrekos and Yannacopoulos (2016), Lubnau and
Todorova (2015) and Balvers, Wu, and Gilliland (2000), the mean reversion process pro-
vides an opportunity to earn more profit because investors buy stocks at the lowest prices
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and sell them when they become more profitable by using the constrained trading strategy
(Chen, Jiang, & Li, 2012). Substantial work was carried out by Neaime (2015) and Hakim
and Neaime (2003), who reviewed the mean reversion behaviour of stock markets of Middle
East and North African (M.E.N.A.) countries. The results of the studies indicated that the
Jordan, Turkey, Egypt and Morroco markets have shown a rapid mean reversion process
that also exhibits the stocks’ volatility of these market. Similarly, Kuttu (2017) suggested
that the existence of mean reversion process explains the different behaviours of the stock
market. Ribeiro et al. (2017), Ahmad et al. (2016), and Kim, Morley, and Nelson (2001)
also studied the behaviours of stocks and volatility, and they have also concluded the direct
relationship between stock returns and the volatility.

Arefin and Ahkam (2017), Chen et al. (2012), and Balsara, Chen, and Zheng (2007) con-
cluded that the investors should use the constrained trading strategy to get maximum profit
because of the mean reversion process. Chaudhuri and Wu (2003) studied the behaviour of
stock returns in 17 emerging markets. They indicated that there is an existence of a mean
reversion phenomenon, and also calculated the speed of mean reversion by using the half-
life method. They concluded that equity returns revert back to their past mean values after
30 months in emerging markets. Poshakwale (2003), Malliaropulos and Priestley (1996),
Riaz (2014) and Mustafa and Ahmed (2013) have rejected the hypothesis of random walk
and concluded the existence of mean reversion in different financial markets of the world.
However, contradicting results and arguments have also been presented in support of a
random walk rather than a mean reversion process (Gulay & Emec, 2017; Trypsteen, 2017).
On the basis of the above discussion and previous literature, it is evident that there is still
an ongoing debate regarding the equity behaviour as to whether returns follow the mean
reversion process or the random walk hypothesis. A few researchers have additionally
concluded that the mean reversion process varies market-to-market and region-to-region,
and the time factor is also a vital determinant while investigating the mean reversion phe-
nomenon (Kuttu, 2017; Slim et al., 2017).

3. Data and methodology
3.1. Classification of stock markets

The study undertaken considers important emerging and developed stock indices of
the world. We have taken these markets as segregated by the Morgan Stanley Capital
International (M.S.C.1.). In this segregation, M.S.C.I. considers different factors such as
G.D.P, per capita income, perceived investment risk, local government regulations, foreign
ownership restrictions and control on the capital etc. As of 2016, there were seven emerg-
ing market indices: B.V.S.P. (Brazil), S.S.E. (China), SENSEX (India), ] K.S.E. (Indonesia),
K.O.S.P.I. (South Korea), K.L.S.E. (Malaysia) and K.S.E. 100 (Pakistan). As of 2016, accord-
ing to the M.S.C.L, five developed equity markets, D.A.X. (Germany), H.S.I. (Hong Kong),
Nikkei 225 (Japan), S.&P. 500 and N.A.S.D.A.Q. (United States), have been selected for this
research. The selected markets are a good representation of emerging and developed markets
because the selected emerging markets are the best performing markets in the recent time
period, whereas the considered developed markets are the benchmark for the developed
equity markets of the world.
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3.2. Data collection

We have collected daily closing readings of stock indices from the Yahoo Finance website.
The considered time period is from 1 January 2000 to 30 June 2016. The selection of this
period carries a meaningful contribution because in 2007-2008 the global financial crisis
has significantly hampered the global financial markets (Covitz, Liang, & Suarez, 2013), and
all the financial markets have collapsed. Thus, this research incorporates both a pre-crisis
period and a post-crisis period, meaning that the considered period for this research will
give a better understanding of equity markets’ behaviour. We have selected seven prominent
emerging and five developed markets as discussed above.

3.3. Estimation techniques

The analysis was carried out through different statistical techniques such as descriptive
statistics, the Augmented Dickey-Fuller (A.D.E) test, autoregressive conditional heteroske-
dasticity - Lagrange multiplier (A.R.C.H.-L.M.) and generalised autoregressive conditional
heteroskedasticity (G.A.R.C.H.) (1,1) models (Gulay & Emec, 2017; Zakamulin, 2016). For
the estimation of the speed of mean reversion and volatility shocks, we have used a half-life
model (Chaudhuri & Wu, 2003; Goudarzi, 2013; Kuttu, 2017; Mohammadi, 2017).

3.4. Change in stock exchange indices

The natural log difference approach is used to compute the returns for developed and
emerging indices. To substantiate the objective, the following equation is applied in order
to calculate the market returns:

SP,, = ln(ct/ct_1> -1 (1)

where SP (1) are the returns of the different equity stocks for the time ‘#. ‘C £ and ‘C ¢-1’
are the returns of the emerging and developed stock markets for the time #" and ¢-1,
respectively.

3.5. Unitroot test

There are several approaches to test the stationarity of the data time series. However, in
our research study, we used the most widely and popular A.D.F. (Dickey and Fuller 1981)
technique. The following is the generalised form of the equation for this method:

Ay, = o+ ay,, +2(xAyt+et (2)

i=1

>

where ‘Y’ indicates the time series, ‘¢’ is time period, #” is the optimum number of lags, ‘ao
is called the constant value and ‘e’ is known as the error term.
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3.6. Autoregressive conditional heteroskedasticity

Serial correlation of the heteroskedasticity is also known as the A.R.C.H. effect, which is
associated with the relationship within the paradigm of heteroskedasticity. It frequently
emerges when there is a clustering in the volatility of a specific variable which is identified
by some other variable. The volatility of any financial asset or equity price is essentially the
risk factor associated with that asset. The A.R.C.H. effect is the measuring technique to
calculate that risk. The generalised form of the A.R.C.H. effect is given as follows:

Y, =P+ B X +uy 3)
u, ~ N©O,ay + a,u; )

Equation (3) clearly shows that a white noise error term is associated with zero mean and
conditional variance, and follows a normal distribution which depends on one time lagged
squared error term. The conditional variance can be defined as ‘the variance of given values
of the error term lagged once, twice, thrice etc’ The equation of conditional variance can
be written as follows:

o} =var(u\u,_,u, ,...) = E@\u,_,,u,_,) (4)
where 67 is known as the conditional variance of the white noise error. The revised form of
A.R.C.H. effect can be modelled as:

of = ay +ayup, (5)
Since Equation (5) has a single lag on the squared error, it is called an A.R.C.H. (1) process.
However, the above equation can be generalised up to ‘p’ lags. Therefore, it will be known
as an A.R.C.H. (p) process, and can be expressed as follows:

2 _ 2
o, = oy +au_, (6)

3.7. Testing for the A.R.C.H. effects

Engle (1982) originally proposed the A.R.C.H. effect model, and an A.R.C.H. effect test has
a similarity to the LM technique for the measurement of autocorrelation. The following two
steps are taken for the calculation:

1. We use the ordinary least squares to run the regression analysis. In the regression
analysis we assemble the squared residuals.

2. After collecting the squared residuals, we execute the secondary equation of the
regression analysis:

2 _ 2 2 2
U, =g+ oy, + U e+ au Y, (7)

where ‘U’ is called the square residual, which can be measured by the primary regression
model; however, in a secondary regression model, ‘p’ lags are incorporated.
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3.8. The G.A.R.C.H. (p, q) model

The generalised A.R.C.H. model is a natural extension of A.R.C.H. besides the A.D.F. and
A R.C.H. models. The generalised A.R.C.H. model can also be used to examine the mean
reversion process because it overcomes the shortcomings of the classical A.R.C.H. model.
The generalised A.R.C.H. model is denoted as the G.A.R.C.H. process, and in G.A.R.C.H.
model we sum up both the A.R.C.H. (a) and G.A.R.C.H. (B) coefficients. In the G.A.R.C.H.
model, if the sum of coefficients is less than 1 (a+fB<1) then the indices of the time series
demonstrate the mean reversion process. If the sum of the A.R.C.H. and G.A.R.C.H. coef-
ficients is equal to 1 (a+P=1) then it is said that the time series of stock markets indices
follow the random walk hypothesis. According to Bollerslev (1986), the G.A.R.C.H. model
has two distributed lags. The possession of high-frequency effects on lag squared residuals
is shown by the first lag; however, the possession of long-run effects of the variance of the
lagged values can be captured by the second lag of the G.A.R.C.H. model. The following is
the representation of conditional variance:

Var(‘gz/wt_1 ) = Conditional_Variance (8)

where ‘y, " is known for the information arrangement accessible at the first lag of time ‘¢,
Hence, the generalised expression for the G.A.R.C.H. (p, q) technique can be written as
follows:

q »

2 _ 2 2

o, =w+ E e+ E Bo,_; 9)
i=1 j=1

where w, a, B are known as the parameters of the G.A.R.C.H. model, &, is the first lag of
square returns, i.e., AR.C.H.(1), o,  is referred to as the trailing variance, i.e., G.A.R.C.H.
(1), and af is known as the conditional variance.

The conditional variance o7 is a function of its own previous values and the squares of
the past residuals. Engle (2001) and Bollerslev (1986) have proposed the G.A.R.C.H. (1, 1)
model, which can be shown as follows:

O-tz =w+ al‘g?—l + ﬁlo-tz—l (10)

3.9. Mean reversion and G.A.R.C.H. and A.R.C.H. models

The low or high perseverance in the volatility is usually determined by the G.A.R.C.H.
coeflicients of a stationary G.A.R.C.H. technique. In a stationary G.A.R.C.H. process, the
volatility returns back to its mean at the long-term horizon, and it is a rate calculated by the
sum of the G.A.R.C.H. and A.R.C.H. coefficients. In any financial time series, it is usually
very close to one. The half-life of the volatility shocks measures the average time periods for
the volatility to return back to its mean value in a long run horizon. According to Banerjee
and Sarkar (2006), the volatility shock is used for the forecasting of the volatility on a moving
average basis. The following is the form of a covariance stationary time series ‘y,; with an
infinite moving average order:

Yy=ut Vi€
;‘ (11)
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where y, = 1and Yy} < oo.
i=0

The impulse response function (L.R.E) can be detected by plotting “y;’ versus i . The
half-life is sometimes reported by the decay rate of the LR.F. and it is signified as ‘L, and
it is the lag at which LR.E. touches one-half (1/2).

3.10. Half-life of volatility shocks for the stationary G.A.R.C.H. (1, 1) model

The G.A.R.C.H. (1, 1) process provides the basic equation of mean reversion as follows:
(e =5%) = (a, + B,) (e, = &%) + 1, = B,y (12)

wheres* =,/ (1—a, — ).
Thus, Equation (12) is the volatility for unconditional long-term level, and then it can
be shown as follows:

= (e —o7) (13)

Now, we can designate Equation (13) as the mean reversion rate, and the value of a +f, is
~1 as suggested by the most of researchers. It is also important to know that the scale of
a,+pB, regulates the mean reverting speed. Thus, we can write the following expression of
half-life for the volatility shocks:

Ly = In(1/2)/In(a, + B,) (14)

To estimate the average mean time it proceeds for | €%, — 67* | to reduce by the one-half (1/2).
It is important to note that if the value of a, +f, is closer to 1 then the volatility shocks” half-
life will be the lengthier. According to Banerjee and Sarkar (2006) if the value of a +f, > 1
then the G.A.R.C.H. model said to be non-stationary, and the volatility ultimately detonates
towards the infinitude.

4. Estimation and results
4.1. Descriptive analysis

Table 1 shows the individual characteristics and properties of the stock markets. According
to the results of Table 1, K.S.E. 100 has the highest returns (20.19% annual) but the risk-re-
turn trade-off is also very high. The results of the probability distribution deviation (skew-
ness) indicated that all the emerging and developed markets have a left tail of returns. It
further demonstrated that returns distributions are more deviated towards the left except
for the returns of N.A.S.D.A.Q. The peak or flatness for all the returns are indicated through
kurtosis, and Table 1 exhibited that all the returns series have higher peaks and longer tails
because kurtosis values are greater than 3; hence the data series are leptokurtic as well. The
higher value of Jarque-Bera and corresponding probabilities (p<0.01) demonstrated that
the return series are not normally distributed. Hence the important condition of time series
modelling has been met.
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Table 2. Sharp ratio analysis and ranking of developed and emerging markets.

Relative Relative avg. Relative  Risk Return  Relative Relative
StockMar-  average annual annualreturn  Relative volatility trade-off  efficiency efficiency
kets returns % ranking volatility %  ranking ranking % ranking
K.S.E. 100 20.19% 1 3.45% 4 12 5.84% 12
SENSEX 9.95% 3 3.88% 7 10 2.56% 10
S.S.E. 4.61% 5 4.09% 10 8 1.13% 7
K.O.S.PI. 3.83% 7 3.40% 3 7 0.96% 6
K.L.S.E. 4.23% 6 2.41% 1 5 1.76% 9
JKS.E. 12.40% 2 3.55% 5 1 3.49% 11
B.V.S.P. 6.83% 4 4.61% 12 9 1.48% 8
Nikkei 225 -1.23% 12 3.93% 9 2 0.31% 3
H.S.L 1.11% 10 3.85% 6 3 0.29% 2
D.AX. 2.17% 9 3.90% 8 4 0.56% 4
S.&P. 50 2.22% 8 3.17% 2 1 0.70% 5
N.AS.D.AQ 0.96% 1 4.18% 1 6 0.23% 1

Source: Authors’ calculations.

Table 3. Stationarity of stock markets indices.

Test critical values:

Augmented Dickey-Fuller test

. , statistic 1% level 5% level 10% level
Emerging Markets
Returns t-Statistic Prob. t-Statistic t-Statistic t-Statistic
R_KSE —57.8806 0.0001 -3.4318 —2.8621 —2.5671
R_SENSEX —59.4001 0.0001 -3.4318 —-2.8621 -2.5671
R_SS.E. —63.1505 0.0001 -3.4318 —2.8621 —2.5671
R_K.O.S.PI. —62.1401 0.0001 —-3.4318 —2.8621 —2.5671
R_K.LS.E. —63.2972 0.0001 -3.4318 —2.8621 —2.5671
R_JKS.E. —56.7534 0.0001 -3.4318 —2.8621 —2.5671
R_B.V.S.P. —63.0992 0.0001 -3.4318 —2.8621 —2.5671
R_NIKKEI —66.0490 0.0001 -3.4318 —2.8621 —2.5671
R_H.S.L —64.7620 0.0001 -3.4318 —2.8621 —2.5671
R_D.AX. —65.7294 0.0001 —3.4318 —-2.8621 —2.5671
R_SP500 —50.1693 0.0001 —3.4318 —2.8621 —2.5671
R_N.AS.D.AQ. —48.9221 0.0001 —3.4318 —-2.8621 —2.5671

Source: Authors’ calculations.

4.2. Risk and return model

We have calculated the relative efficiency of emerging stock markets; we can adjust for
risk when making a comparison. The mean-variance measure is chosen to examine the
efficiencies by employing the following sharp ratio analysis:

Market Efficiency (%) = (Average Return / Standard deviation) x 100 (15)

According to the results of the sharp ratio analysis, as shown in Table 2, the developed
markets are relatively more efficient as compared to the emerging markets

4.3. Stationarity of the stock markets indices

The results of the A.D.E test are shown in Table 3. These results exhibited that all the return
series are stationary at level or order one. Since these results demonstrated that absolute
values of A.D.F. are greater than the critical values, this shows that the return series do not
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Figure 3. Conditional variances for emerging and developed stock markets.Table 4 has been edited. Please
correct if this is inaccurate. Source: Authors’ calculations.

have a unit root. It is further concluded that the return series of emerging and developed
markets follow the standard assumptions for the asymptotic distribution.

4.4. The A.R.C.H. effect in stock markets indices

Since we have determined the stationarity of the return series, the next step is to satisfy the
two pre-conditions for using the A.R.C.H. and G.A.R.C.H. tests. The first condition is to
plot the graphs of the squared residual of the conditional volatility. Figure 3 demonstrates
that high volatility periods follow other periods of high volatility, and low volatility periods
follow periods of low volatility for the emerging and developed markets’ return series. Thus,
the results of Figure 3 confirmed the presence of conditional volatilities in all the return
series, and the first condition has been fulfilled.
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Table 4. A.R.C.H. effect in stock markets indices (A.R.C.H.-L.M. test).

Stock Returns F-Statistics Probability
K.S.E. 100 381.2765 0.000000
SENSEX 251.2908 0.000000
S.S.E. 79.8976 0.000000
K.O.S.PI. 110.6543 0.000000
K.L.S.E. 98.9871 0.000000
JKS.E. 112.5612 0.000000
B.V.S.P. 221.9089 0.000000
Nikkei 225 25.8708 0.000000
H.S.L 101.8978 0.000000
DAX. 85.7860 0.000000
S.&P. 500 65.9002 0.000000
N.AS.D.AQ 56.7655 0.000000

Source: Authors’ calculations.

For the second pre-condition, we have employed the A.R.C.H.-L.M. test. The results of
Table 4 show that F-statistics for all the returns series are significantly higher and proba-
bilities are less than 0.01. The results indicate the presence of A.R.C.H. effects because the
null hypothesis has been rejected. Therefore, A.R.C.H. effects have significant effects. Now,
both pre-conditions for using the A.R.C.H. and G.A.R.C.H. models have been satisfied.

4.5. Mean and variance equations for emerging stock indices

Table 5 shows that the higher order of the A.R.C.H. model depicted the higher degree of
freedom; therefore, it is better to use G.A.R.C.H. (1,1) as compared to A.R.C.H. In Table 5,
RESID (-1)A2 is known as the A.R.C.H. effect (a), and G.A.R.C.H. (-1) is recognised as
(B), representing the previous period squared residual and previous day squared variance,
respectively. The results of Table 5 show that both A.R.C.H. and G.A.R.C.H. effects are sig-
nificant (p<0.01), and we can conclude that the previous day information affects the current
volatilities of emerging stock indices’ returns series. The value of R? for emerging markets
indices returns indicate that the internal stuns signified by A.R.C.H. and G.A.R.C.H. coefhi-
cients explain only 0.84% (K.S.E. 100), 0.43% (SENSEX), 0.04% (S.S.E.), 0.01% (K.O.S.P.L.),
0.71% (K.L.S.E.), 1.06% (J.K.S.E.) and 0.001% (B.V.S.P.) variations in emerging stock indices.
However, the significant variation remained unexplained. Finally, the results of Table 5 show
the mean reverting process because the sum of coeflicients is less than one (a+p<1), and
this is the condition for stationarity or mean reversion (Bollerslev, 1986).

4.6. Mean and variance equation for developed stock indices

The results of Table 6 again show that both A.R.C.H. and G.A.R.C.H. effects are significant
(p<0.01), demonstrating that previous day information affects the current volatilities of
developed stock indices’ returns series. The value of R? for developed market indices returns
indicates that the internal shocks suggested by A.R.C.H. and G.A.R.C.H. coefficients only
explain 0.02% (Nikkei 225), 0.18% (H.S.L), 0.13% (D.A.X.), 0.45% (S.&P. 500) and 0.04%
(N.A.S.D.A.Q.) variations in developed stock indices.
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Table 5. Mean and variance equations for emerging stock indices.

Mean equation Variance equation
RESID  G.AR.CH.
Index G.A.R.CH.(1,1) Constant Return(-1) Constant (-1)A2 (-1) R? a+f
K.S.E-100  Coefficient 0.0011 0.0945 0.0000079 0.1714 0.7885  0.0084  0.9599
Index Std.Error 0.0002 0.0164 0.0000005 0.0101 0.0095
Z-Statistic 7.0966 5.7798 16.2012 17.0483 82.6348
Prob 0.0000 0.0000 0.0000 0.0000 0.0000
SENSEX Coefficient 0.0008 0.0839 0.0000043 0.1093 0.8727  0.0043  0.9820
Index Std.Error 0.0002 0.0168 0.0000005 0.0066 0.0069
Z-Statistic 4.5879 4.9857 8.5247 16.5697 126.5031
Prob 0.0000 0.0025 0.0000 0.0000 0.0000
S.S.E.Index Coefficient 0.0002 0.0165 0.0000025 0.0627 0.9282  0.0004  0.9909
Std.Error 0.0002 0.0154 0.0000003 0.0031 0.0029
Z-Statistic 13136 1.0656 8.2877 20.4233 320.8649
Prob 0.1890 0.2866 0.0000 0.0000 0.0000
K.O.S.PL. Coefficient 0.0005 0.0303 0.0000011 0.0753 0.9224  0.0001  0.9977
Index Std.Error 0.0002 0.0178 0.0000002 0.0058 0.0057
Z-Statistic 2.8738 1.7016 4.5934 13.0276 160.5710
Prob 0.0041 0.0888 0.0000 0.0000 0.0000
K.LS.E. Coefficient 0.0000 0.0906 0.0000032 0.1706 0.8194  0.0071  0.9901
Index Std.Error 0.0000 0.0157 0.0000003 0.0088 0.0080
Z-Statistic 0.0450 5.7587 10.9794 20.4798 102.7186
Prob 0.9641 0.0000 0.0000 0.0000 0.0000
JKS.E Coefficient 0.0008 0.0963 0.0000060 0.1279 0.8464  0.0106  0.9743
Index Std.Error 0.0002 0.0171 0.0000007 0.0076 0.0087
Z-Statistic 4.5587 5.6424 9.0699 16.7686 97.6057
Prob 0.0000 0.0000 0.0000 0.0000 0.0000
B.VS.P. Coefficient 0.0005 0.0080 0.0000054 0.0643 0.9185  0.00001 0.9828
Index Std.Error 0.0002 0.0172 0.0000010 0.0058 0.0074
Z-Statistic 2.0662 0.4677 5.2432 11.1492 123.9723
Prob 0.0388 0.6400 0.0000 0.0000 0.0000

Source: Authors’ calculations.

Table 6. Mean and variance equations for developed stock indices.

Mean equation Variance equation
RESID G.A.R.CH.
Index G.A.R.C.H.(1,1) Constant Return(-1) Constant (-1)A2 (-1) R? a+p
Nikkei Coefficient 0.0005 -0.0147 0.0000046 0.1094 0.8750  0.0002  0.9844
Index Std.Error 0.0002 0.0179 0.0000008 0.0076 0.0090
Z-Statistic 2.357 —-0.8213 5.9052 14.3499 97.2341
Prob 0.0195 0.4115 0.0000 0.0000 0.0000
H.S.I.Index  Coefficient 0.0004 0.0270 0.0000019 0.0651 0.9253  0.0018  0.9904
Std.Error 0.0002 0.0175 0.0000003 0.0050 0.0058
Z-Statistic 2.3156 1.5471 5.7669 12.8951 158.6826
Prob 0.0206 0.1218 0.0000 0.0000 0.0000
D.AX.Index Coefficient 0.0007 —0.0210 0.0000025 0.0917 0.8986  0.0013  0.9903
Std.Error 0.0002 0.0171 0.0000004 0.0070 0.0076
Z-Statistic 3.9539 -1.2292 6.1750 13.1864  118.9516
Prob 0.0001 0.2190 0.0000 0.0000 0.0000
S.&P. 500 Coefficient 0.0005 —0.0559 0.0000020 0.0999 0.8862  0.0045 0.9861
Index Std.Error 0.0001 0.0175 0.0000002 0.0073 0.0080
Z-Statistic 3.6133 —3.1948 8.0816 13.7312 1104765
Prob 0.0003 0.0014 0.0000 0.0000 0.0000
N.AS.D.A.Q. Coefficient 0.0006 -0.0197 0.0000021 0.0854 0.9051  0.0004  0.9905
Index Std.Error 0.0002 0.0172 0.0000004 0.0072 0.0080
Z-Statistic 3.6684 —1.1458 5.7566 11.7909  113.1998
Prob 0.0002 0.2519 0.0000 0.0000 0.0000

Source: Authors’ calculations.
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Table 7. Mean reversion process in emerging and developed markets.

Sum of Comparative
G.AR.CH. Mean rever- volatility
Markets w a B a+f parameters sion ranking ranking
K.S.E. 100 7.88E-06  0.171416  0.788533  0.959949 9.60E-01 1 (The Fastest) 12 (The
Lowest)
SENSEX 428E-06 0.109335  0.872706  0.982041 9.82E-01 3 10
S.S.E 2.50E-06  0.062706  0.928195  0.990901 9.91E-01 11 2
K.O.S.PI. 1.05E-06  0.075339  0.922403  0.997742 9.98E-01 12 (The 1 (The High-
Slowest) est)
K.L.S.E. 3.24E-06  0.170634  0.819499  0.990133 9.90E-01 7 6
JKS.E. 5.98E-06  0.127863  0.846480  0.974343 9.74E-01 2 11
B.V.S.P. 535E-06  0.064357 0918518  0.982875 9.83E-01 4 9
Nikkei 459E-06  0.109418  0.874959  0.984377 9.84E-01 5 8
H.S.L 1.87E-06  0.065096  0.925328  0.990424 9.90E-01 9 4
D.AX. 245E-06  0.091663  0.898615  0.990278 9.90E-01 8 5
S.&P. 500 1.96E-06  0.099915  0.886154  0.986069 9.86E-01 6 7
N.AS.D.A.Q. 2.08E-06  0.085402  0.905145  0.990547 9.91E-01 10 3
Source: Authors’ calculations.
Table 8. Speed of mean reversion process in stock indices.
Markets a B a+f In (a+B) In (0.5) L
K.S.E. 100 0.171416 0.788533 0.959949 —4.09E-02 —0.693147181 16.95768
SENSEX 0.109335 0.872706 0.982041 —1.81E-02 —0.693147181 38.24847
SSE. 0.062706 0.928195 0.990901 —9.14E-03 —0.693147181 75.83129
K.O.S.Pl. 0.075339 0.922403 0.997742 —2.26E-03 —0.693147181 306.62725
K.L.S.E. 0.170634 0.819499 0.990133 —9.92E-03 —0.693147181 69.90188
JKS.E. 0.127863 0.846480 0.974343 —2.60E-02 —0.693147181 26.66783
B.V.S.P. 0.064357 0.918518 0.982875 1.73E-02 —0.693147181 40.12818
Nikkei 0.109418 0.874959 0.984377 —-1.57E-02 —-0.693147181 44.01961
H.S.L 0.065096 0.925328 0.990424 —9.62E-03 —0.693147181 72.03666
D.AX. 0.091663 0.898615 0.990278 —9.77E-03 —0.693147181 70.94963
S.&P. 500 0.099915 0.886154 0.986069 —1.40E-02 —0.693147181 49.40835
N.AS.D.A.Q. 0.085402 0.905145 0.990547 —9.50E-03 —0.693147181 72.97850

Source: Authors’ calculations.

4.7. Mean reversion process in the stock indices

Table 7 shows that the sum of G.A.R.C.H. (1,1) parameters and the sum of A.R.C.H. and
G.A.R.C.H. coeflicients is less than one (a+f3<1) for all the emerging and developed mar-
kets. Therefore, these results confirmed the mean reverting process, and stock prices revert
back to their historical value after a certain time period. It is noted that the higher values of
the sum of A.R.C.H. coefficient (a) and G.A.R.C.H. coeflicient () lead to higher volatility,
and slow the mean reverting process. It is evident from Table 7 that the K.O.S.PI. has the
slowest mean reversion with the highest comparative volatility. In contrast, the K.S.E. 100
has the fastest mean reversion, but its comparative volatility is the lowest as compared to
other markets.

We have calculated the speed of mean reversion by the half-life method, and the results
are shown in Table 8. The results demonstrate that the K.O.S.PI. has the highest sum of
AR.C.H. and G.A.R.C.H. coefficients (0.997), and thus it takes 306.62 days to revert back to
half of its mean, which is the longest period as compared to other emerging and developed
markets. In contrast, the K.S.E. 100 has the lowest value of a+p = 0.959, as it takes only
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Table 9. Speeds and ranking of mean reversion.

Stock Markets Number of days to revert back to mean Rank
K.S.E. 100 16.96 12
SENSEX 38.25 10
S.S.E. 75.83 2
K.O.S.PI. 306.63 1
K.L.S.E. 69.90 6
JKS.E. 26.67 1
B.V.S.P. 40.13 9
Nikkei 44.02 8
H.S.L 72.04 4
DAX. 70.95 5
S.&P. 500 49.41 7
N.AS.D.AQ 72.98 3

Source: Authors’ calculations.

Table 10. Significance of A.R.C.H. and G.A.R.C.H. effects.

Stock Returns A.R.C.H. effect (a) Prob. G.ARR.C.H. effect (B) Prob. Significance level
K.S.E. 100 0.171416 0.0000 0.788533 0.0000 Significant
SENSEX 0.109335 0.0000 0.872706 0.0000 Significant
S.S.E. 0.062706 0.0000 0.928195 0.0000 Significant
K.O.S.Pl. 0.075339 0.0000 0.922403 0.0000 Significant
K.L.S.E. 0.170634 0.0000 0.819499 0.0000 Significant
JKS.E. 0.127863 0.0000 0.846480 0.0000 Significant
B.V.S.P. 0.064357 0.0000 0.918518 0.0000 Significant
Nikkei 225 0.109418 0.0000 0.874959 0.0000 Significant
H.S.I. 0.065096 0.0000 0.925328 0.0000 Significant
D.AX. 0.091663 0.0000 0.898615 0.0000 Significant
S.&P. 500 0.099915 0.0000 0.886154 0.0000 Significant
N.A.S.D.A.Q. 0.085402 0.0000 0.905145 0.0000 Significant

Source: Authors’ calculations.

16.95 days to revert back to half of its mean, which is the shortest period as compared to
other emerging and developed markets.

Table 9 shows the results of the speed of mean reversion and ranking of the mean revert-
ing process among emerging and developed stock markets. Since the K.S.E. 100 index dis-
plays that the returns reverted back to half of its mean value within 17 days, this suggested
that investors of the K.S.E. 100 index must open a position at 0 days and must close after
the 34th day. The K.O.S.P1. has the slowest mean reversion process, and it takes 307 days to
revert back to half of its mean value. Therefore, the investors of the K.O.S.P.I. should open
at 0 days and must close after 614th day. Thus, the K.O.S.P.I. provides maximum leverage
to the investors to operate as compared to the K.S.E. 100, which provides the least time
period to operate freely.

4.8. Thesignificance of the A.R.C.H. and G.A.R.C.H. effects

Table 10 depicts the summary of the A.R.C.H. and G.A.R.C.H. affects for emerging and
developed stock markets. The results indicate that both the A.R.C.H. and G.A.R.C.H. effects
are significant (p<0.01). It is further concluded from the results that all the emerging and

developed markets observe a mean reverting process because the sum of A.R.C.H. and
G.A.R.C.H. is less than 1.
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5. Discussions and conclusions

The results of the study indicate that all 12 emerging and developed stock markets have
exhibited the presence of the mean reversion process. The results of the study demonstrate
that the developed markets are more stable and less volatile as compared to the emerging
markets; moreover, the developed equity markets observe the slowest mean reversion with
the highest comparative volatility against the emerging markets. It is further concluded from
the results that all the emerging and developed markets observe a mean reverting process
because the sum of A.R.C.H. and G.A.R.C.H. is less than one. The previous literature has also
found the same conclusion (Ahmad et al., 2016; Chi et al., 2016; Hart et al., 2015; Mishra,
2017; Tripathy, 2017; Wang et al., 2015). The results of the study also demonstrate that there
is a direct relation between stock returns and volatilities of the emerging and developed
stock markets. These results are also consistent with previous research studies (Balsara
et al., 2007; Kim et al., 2001; Lal, Mubeen, Hussain, & Zubair, 2016; Ribeiro et al., 2017;
Slim et al., 2017; Trypsteen, 2017). Since the results indicate the mean reversion process
in all the 12 emerging and developed markets, the returns of these markets revert back to
their original past mean values after the certain time periods. The speed of mean reversion
is fast in emerging markets as compared to the developed markets, which have a slow mean
reversion process. Therefore, the mean reversion phenomenon provides an opportunity
to investors to forecast the future values of the equity returns on the basis of past values.
These findings are also consistent with previous literature (Al-Hajieh, 2017; Chaudhuri &
Wu, 2003; Chaves & Viswanathan, 2016; Chen et al., 2012; Mohammadi, 2017; Riaz, 2014).

The results of the present study further determined the speed of mean reversion of
emerging and developed stock markets by using the half-life method. The half-life method
provides insights and wisdom to investors and financial experts to identify the rate at which
the prices revert back to their mean value. This will not only help them in the selection of
strategies but also plan their entry and exit in the trade. The K.S.E. 100 index shows that
the returns reverted back to half of their mean value within 17 days, and this suggested
that investors of the K.S.E. 100 index must open a position at 0 days and must close after
the 34th day. The K.O.S.P.I. has the slowest mean reversion process, and it takes 307 days to
revert back to half of its mean value. Therefore, the investors of the K.O.S.P.I. should open
at 0 days and must close after 614th day. Thus, the K.O.S.PI. has provided the maximum
leverage to the investors to operate as compared to the K.S.E. 100, which provides the least
time period to operate freely. Therefore, the K.O.S.PI. has rank 1 and K.S.E. 100 rank 12
among emerging and developed equity markets. Hence, for short-term investment the K.S.E.
100 index could be the choice of market among other emerging and developed markets.
But, in contrast, for the long-term investment, it is better to invest in the K.O.S.P.I., which
has the slowest mean reversion and the greater half-life.

The research undertaken is a significant contribution to existing literature pertaining to
the mean reversion phenomenon and stocks volatility because we examine the behaviour of
the equity returns before and after the financial crunch of 2007-2008. Moreover, the current
study compared the speed and pace of mean reversion between the important emerging
and developed equity markets of the world. The undertaken research also measured the
comparative and relative volatilities and relative markets efficiencies. This research is sub-
stantial because we have taken major emerging and developed equity markets, which set
the trends for other markets, and enable investors to identify the rate at which the prices
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revert back to their mean value. This will not only help them in the selection of strategies
but also plan their entry and exit in the trade. The results of the study further provided the
basis for the secure and risk-free investment in emerging and developed financial markets
of different regions of the world. Similarly, this research provides a stepping-stone for con-
ducting advance research studies on the subject matter.

This research provides the basic foil for researchers in their advance studies pertaining
to the mean reversion, volatility and half-life concept. The potential areas of future research
are to incorporate the more robust techniques including asymmetric volatility models such
as threshold-A.R.C.H. (T.A.R.C.H.) that also incorporates the signs of the innovation of
volatilities, which can influence the volatility of returns. Secondly, future research could
be carried out by employing a G.A.R.C.H. (1,1)-X model that also incorporates the exog-
enous variables of the environment while calculating the mean reversion and volatilities
of the equity returns. Future studies may also take important exogenous variables that can
influence the stock markets efficiency, and then examine the impact of mean reversion,
volatility and half-life on the stock returns. Future study may include the G.A.R.C.H.-M
model that establishes the relationship between expected returns and expected volatility.
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