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Abstract

Although market efficiency has been extensively examined in the literature, the
studies generally focus on conventional stock markets. Since market efficiency is
related to a well-functioning market, it is of great importance for the efficient
allocation of resources and also providing sustainable economic growth. Market
efficiency is not only important for conventional stock markets but also for the
Islamic stock market as the Islamic stock markets are gaining prominence. An
increase in the scope of Islamic markets worldwide creates the motivation for
investigating the efficiency of Islamic stock markets. Hence there is a growing
interest in Islamic stock markets. With a limited number of studies that analyze
the efficient market hypothesis in Islamic stock markets, this paper aims to
examine market efficiency in the global Islamic stock markets via Markov-
Switching Augmented Dickey-Fuller (MS-ADF) test. The linear unit root test
result shows that the global Islamic stock market indices exhibit random walk
properties that are consistent with the Efficient Market Hypothesis. On the other
hand, nonlinear test results suggest global Islamic stock markets exhibit two-
state regime-switching characteristics. The MS-ADF test results indicate that the
world and developed Islamic stock markets are stationary only in the high
volatility regime and this finding supports the Adaptive Market Hypothesis.
However, the emerging Islamic stock market is found to be stationary in both
regimes that are contradictory for weak-form efficiency.
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GLOBAL iSLAMi PAY PiYASALARINDA ADAPTIF PiYASA HIPOTEZiNiN
TEST EDILMESi: MARKOV-SWITCHING ADF TESTi

Finansal piyasalarin etkinligi literatiirde genis bir sekilde incelenmesine ragmen,
s0z konusu ¢alismalar genellikle konvansiyonel borsalara odaklanmistir. Piyasa
etkinligi, iyi isleyen bir piyasayla ilgili oldugundan, kaynaklarin verimli bir
sekilde tahsisi ve ayn1 zamanda siirdiirilebilir ekonomik biiylime saglamasi
agisindan bilyilk 6nem tasimaktadir. Islami piyasalara olan ilgi giderek
arttigindan, piyasa etkinligi sadece konvansiyonel borsalar icin degil, islami
piyasalar icin de olduk¢a énemlidir. Diinya genelinde islami piyasalarinin
kapsaminin genislemesi, s6z konusu piyasalarin etkinligini arastirmaya yonelik
ayrica bir motivasyon saglamaktadir. Islami pay piyasalarinda etkin piyasa
hipotezini analiz eden sinirl sayidaki ¢alismalar ile beraber bu makale, Markov-
Switching Augmented Dickey-Fuller (MS-ADF) testi ile global Islami pay
piyasalarinda piyasa etkinligini incelemeyi amaglamaktadir. Dogrusal birim kok
testi sonucu, global Islami pay piyasasi endekslerinin Etkin Piyasa Hipotezi ile
tutarh olan rassal yiiriiylis (random walk) 6zelligi sergiledigini gostermektedir.
Ote yandan, dogrusal olmayan test sonuglari, global islami pay piyasalarinin iki
durumlu rejim degisim o6zelligi sergiledigini gostermektedir. MS-ADF test
sonuclari, global ve gelismis Islami pay piyasalarinin sadece yiiksek volatilite
rejiminde duragan oldugunu gostermektedir ve bu bulgu, Adaptif Piyasa
Hipotezini desteklemektedir. Bununla birlikte, gelismekte olan Islami pay
piyasalari, zayif formda etkin piyasa hipotezi ile celiskili bir bicimde her iki
rejimde de duragan bulunmustur.

[Genis Tiirk¢ce 6z makalenin sonunda yer almaktadir.]

O

Introduction

The Efficient Market Hypothesis (EMH) formulated by Fama (1970)
suggests all available and relevant information is reflected in stock prices.
The EMH emphasizes the importance of information flows where
incremental information will be reflected in stock prices, hence investors
cannot obtain abnormal returns relative to a passive market strategy.
According to the weak-form efficiency, stock prices embed all information
contained in past prices. With the semi-strong market efficiency, prices
reflect all publicly available information, whereas the strong form of the EMH
implies prices reflect all public and private information. After Fama and
French (1988a, b), Lo and MacKinlay (1988), and Poterba and Summers
(1988), there has been an extensive literature that examines the feasibility
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of the EMH in conventional stocks markets in addition to the related financial
models that include portfolio optimization, the Capital Asset Pricing Model,
the Arbitrage Pricing Theory, and option pricing models.

A critical underlying assumption of the EMH is that investors act
rationally in their investment decisions. On the other hand, a large number
of studies find evidence in favor of anomalies in the stock markets,
predictability of returns in some cases, and limited rationality of investors in
contradiction of the EMH. Moreover, several studies in psychology and
experimental economics focused on deviations from the rationality of
investors and as a result, many biases and heuristics have been identified.
These results led to the revival of the behavioral finance approach, where
investors are not always acting rationally in their investment decisions.

At this point, the Adaptive Market Hypothesis (AMH) suggested by Lo
(2004) comes to the fore providing a bridge between EMH and behavioral
finance. Lo (2004) revisited the notion of bounded rationality introduced by
Simon (1955) from an evolutionary perspective. This perspective implies
behaviors evolve by natural selection and the latter indicates behaviors that
may be individually sub-optimal but are optimal from a population
perspective. Accordingly, behaviors may not be considered in a vacuum, but
are highly context-dependent. Lo (2005) put forth the fundamentals of the
AMH as follows: (i) self-interest characterizes individual behavior; (ii)
individuals are not free of mistakes; (iii) the environment is competitive; iv)
competition forces individuals to learn and adapt; (v) natural selection
shapes aggregate market outcomes; (vi) evolution determines eventual
market dynamics. According to AMH, the efficiency of markets is not a binary
outcome of all or nothing but varies continuously over time and across
markets (Lo 2005: p.3). This statement has two important consequences.
First, external factors characterizing the market environment, such as the
number of competitors in the market, the size of extant profit opportunities,
and the adaptability of market participants, all contribute to the degree of
market efficiency. Second, the ever-evolving market conditions (cycles,
bubbles, crashes, etc.) produce some episodes of relative predictability.
Despite the fact that the AMH is still in its relative infancy, it has several
concrete implications: (i) the risk-reward opportunities change over time;
(ii) arbitrage opportunities arise occasionally; (iii) investment strategies
may be fine-tuned according to change due to changing business conditions;
(iv) the key to survival is an adaptation to changing market conditions.

As mentioned above, many models in finance are based on market
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efficiency and market efficiency has important implications on investment
strategies. Not only is market efficiency important from a resource allocation
perspective but it is also of interest to investors, academics, and regulatory
authorities and there is well-documented literature examining the EMH for
conventional stock markets. In this context, it is also of interest to examine
market efficiency for the Islamic stock market because such markets offer
alternatives for investors with religious sensibilities and have been growing
at a rapid rate recently. Hence, there is a growing literature that investigates
the efficiency of the Islamic stock markets (Alvarez-Diaz et al., 2014; Gupta
et al,, 2014; Jawadi et al., 2015; Aloui et al., 2016; Bouoiyour et al., 2018;
Yiicel, A. G. & Kdseoglu, A., 2020).

There are additional factors that make investigating EMH for the
Islamic financial markets important because the way Islamic portfolios are
formed might contribute to some level of predictability. It is known that the
two-stage shariah screening results in low-leverage, illiquidity, low capital
market, asset-based, and less diversified portfolios, and this is prone to
improved predictability of Islamic stock prices. Alvarez-Diaz et al. (2014)
indicated that the Islamic markets are more predictable due to these
characteristic features, whereas Gupta et al. (2014) and Ali et al. (2018)
provided the opposite empirical evidence. Jawadi et al. (2015) found out
Islamic stock markets seem to be less efficient than developed Islamic
markets, suggesting investment opportunities and diversification benefits.

The study aims to investigate the efficient and adaptive market
hypotheses for Islamic stock markets by employing a nonlinear unit root test
(MS-ADF). The issue of nonlinear unit root test is germane because Nasr et
al. (2016) and Cevik and Bugan (2018) found evidence in favor of
nonlinearity in Islamic stock markets. It is well known that linear unit root
tests have low power to reject the null hypothesis of a unit root in case of
nonlinearity. There are two competing nonlinear modeling techniques;
threshold models and the Markov-Switching model to address the issue. On
the other hand, Maitland-Smith and Brooks (1999) found out that Markov-
Switching models outperform threshold models when the variables under
study are non-stationary. Similarly, by using Monte Carlo simulations, Kruse
et al. (2012) found that the MS-ADF unit root test has higher power than
threshold unit root tests. To the end, we employ the MS-ADF unit root test to
examine the validity of the AMH in the Islamic stock markets. To the best of
our knowledge, this study is the first attempt to investigate regime-
dependent weak-form efficiency in the global Islamic stock markets via the
MS-ADF test. The MS-ADF test also allows us to examine the validity of EMH
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and AMH simultaneously.

The remainder of the paper is organized as follows. The next section
presents the literature review. Section 3 presents the econometric
methodology. In Section 4, we report the empirical results and concludes.

A. Literature Review

Numerous previous studies have focused on market efficiency testing
several versions of the EMH. Some focus on market efficiency in the energy
markets (Khediri & Charfeddine, 2015; Ghazani & Ebrahimi, 2019), bond
markets (Charfeddine et al., 2018), stock markets (Alvarez-Ramirez et al.,
2012; Urquhart & Hudson, 2013; Hiremath & Kumari, 2014; Rodriguez et al.,
2014; Xiong et al., 2019), commodities markets (Shahid et al., 2019a),
cryptocurrencies (Khursheed et al, 2020) and foreign exchange markets
(Charles et al., 2012) within the framework of AMH.

To examine the weak-form EMH of spot and future energy markets,
Khediri & Charfeddine (2015) used rolling samples and the wild bootstrap
Variance Ratio tests. They found that the efficiency of energy markets is not
uniform over time which supports the adaptive market hypothesis. Ghazani
& Ebrahimi (2019) applied the automatic portmanteau and generalized
spectral tests to investigate the validity of the EMH or AMH for daily returns
on the three benchmark crude oils (Brent, WTI, and OPEC) over the period is
from 2003 to 2018. They find that market conditions for WTI and Brent are
consistent with the implication of the AMH, but not OPEC basket data. Using
a time-varying approach to examine bond market efficiency in the U.S,, the
U.K,, South Africa, and India, Charfeddine et al. (2018) found evidence in
favor of the AMH in characterizing the behavior of government bond returns.
Likewise, Shahid et al. (2019a) hold a similar view for the behavior of
commodity markets after they examine commodity (gold, silver, and metal)
market efficiency from 1992 to 2016 via linear time series models (variance
ratio test, runs test, and autocorrelation test). Charles et al. (2012) evaluate
time-varying return predictability of major foreign exchange rates over the
period from 1974 to 2009 by applying the wild bootstrap automatic variance
ratio test, generalized spectral test, and Dominguez-Lobato consistent tests.
Their findings suggest that the return predictability of foreign exchange rates
varies over time depending on market conditions. Khursheed et al. (2020)
examined the AMH in cryptocurrency markets (such as bitcoin, Monaro,
litecoin, and steller) using generalized spectral, Dominguez-Lobato, and the
automatic portmanteau test for the period of 2014-2018 and concluded that
the predictability varies over time.
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There is a growing literature that investigates the AMH in
conventional stock markets. Alvarez-Ramirez et al. (2012) analyzed the time
series of the Dow Jones Industrial Average (D]JIA) from 1929 to 2012 via
entropy concepts to examine market efficiency within the AMH framework.
They concluded that market efficiency varies continuously over time and
across markets, which is consistent with the AMH. To examine whether the
AMH is adequate in explaining the behavior of the stock returns in developed
stock markets (U.S., UK, and Japan), Urquhart and Hudson (2013) used a
range of linear and nonlinear tests. They analyzed the daily prices of three
long-standing stock market indices, the DJIA, FT30, and TOPIX, and
concluded that the AMH provides a better description of the behavior of
stock markets. Similarly, Hiremath and Kumari (2014) found evidence in
favor of the AMH in the Indian stock market. Rodriguez et al. (2014) studied
the random walk hypothesis for the U.S. stock market with a daily frequency
of DJIA using data from 1929 to 2012. The detrended fluctuation analysis
(DFA) implemented over a rolling window method indicates that the stock
market responds to changing conditions, from economics to social shocks,
which is in line with the adaptive market hypothesis. For the Chinese stock
market, Xiong et al. (2019) examined the validity of the four calendar effects
(Monday, January, turn of the month, and Chinese Lunar New Year) over
time. They concluded that the AMH gives a better explanation for market
dynamics in the Chinese stock market.

The studies that focus on Islamic stock markets generally examine the
weak form of efficiency. However, Charles et al. (2017) investigated the
conventional and Islamic stock market in terms of the AMH framework.
However, Al-Khazali and Mirzaei (2017) and Shahid et al. (2019b) focused
on anomalies in Islamic stock markets. Charles et al. (2017) explored the
degree of return predictability of Dow Jones Islamic and conventional size
and sector-indices from 1996 to 2013 by using the automatic portmanteau
and variance ratio tests. Their results showed that all return series could be
predictable in several sub-periods and this finding provides evidence in
favor of the AMH. Al-Khazali and Mirzaei (2017) investigated the time-
varying properties of calendar anomalies (Monday, weekly, and January
effects) in eight Dow Jones Islamic indices for the periods of 1996-2015. They
employed the stochastic dominance analysis and found the calendar
anomalies exhibit time-varying behavior and this result is consistent with
the AMH. Shahid et al. (2019b) examine the behavior of the Ramadan effect
in the emerging market of Pakistan. The study included a sample of 107
companies from January 1996 to December 2015. They concluded that the
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Ramadan effect evolves which is consistent with AMH.

Taken together, these studies support the notion that the AMH better
describes the behavior of stock markets than the EMH.

B. Econometric Framework

A unit root in the stock prices is closely related to the weak-form
market efficiency. Therefore, we start with the following the augmented
Dickey and Fuller (ADF) unit root test suggested by Dickey and Fuller (1979):

!

Ap, = u+pp, + Zk:l a,Ap,_ , +é, 0

where Ap; is the first difference of the Islamic stock market index and
& is the innovation process. The null hypothesis of nonstationary (p = 0) is
tested against the alternative hypothesis of a stationary process (p < 0) by
using a t-test for the autoregressive parameters, where the latter has a
nonstandard distribution under the null hypothesis.

ADF unitroot test is restrictive in practice because several factors such
as structural breaks and market frictions, etc., may cause the stock market to
exhibit regime-switching properties. Empirical studies show that the ADF
test exhibits low performance to reject the null of nonstationarity when the
series exhibits regime-switching properties (Nelson et al., 2001; Kanas and
Genius, 2005; Holmes, 2010). Therefore, the MS-ADF unit root test suggested
by Hall et al. (1999) can be used:!

Ap[ = ,Ll(St) + p(St)p,_l + Zj\':l a, (St)Apt—k +é
g ~ NID(O,Z(st)) (2)

where s; is the state variable, u(ss), p(s:), and a(s;) are regime-
dependent parameters and &;is the innovation process. It is assumed that the
stock market index pursues a two-regime Markov process and the
unobserved regime variable, s;, evolves according to a first-order Markov-
Switching process described in Hamilton (1994). We estimate Equation (2)
via the maximum likelihood method based on the Expectation-Maximization
(EM) algorithm discussed in Hamilton (1994). In the MS-ADF test, the null
hypothesis of stationarity (p = 0 for s; = 1 and 2) is tested against the
alternative of non-stationarity (p < 0 for s;= 1 and 2).

Note that we allow the volatility of stock price to switch across the

1 We also considered using the MS-ADF test with the deterministic trend but this model
did not have a better fit.
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regimes. Shi (2013) showed that the MS-ADF test results are very sensitive
to error variance specification and allowing the regime-dependent error
variance substantially increases the power of the test. However, the MS-ADF
unit root test provides a regime-dependent test, the results of which allow us
testing both EMH and AMH simultaneously.

Nasr etal. (2016) and Cevik and Bugan (2018) showed that the Islamic
stock market index exhibits regime-switching properties; as such, we also
investigate the presence of nonlinearity in the Islamic stock market index
using the Markov-Switching specific test. Although there has been extensive
literature for the Markov-Switching specific linearity tests, most are
computationally intensive (See Hansen, 1992; Garcia, 1998; Cho and White,
2007 and Carrasco et al, 2009). Di Sanzo (2009) proposed a testing
methodology that depends on a bootstrap resampling procedure to
determine whether Markov-Switching models better describe the data.
Monte Carlo simulation results indicated that the testing methodology
outperforms the test suggested by Hansen (1992) and Carrosco et al. (2009).
Di Sanzo (2009) indicated that this testing procedure can be easily computed
and gives consistent results when the sample size is small.

The bootstrap based LR test consists of four steps (Cevik et al., 2020).
The standardized residuals from the linear model are obtained in the first
step. The second step requires the calculation of the LR test as follows:

LR=2[L(6)-L(6,)] (3)

where L(6) and L(6;) are the log-likelihood values for the Markov-
Switching model and the linear model respectively and r represents the
number of restrictions. The third step consists of creating bootstrap sample
and error terms via estimated parameters of the linear model. In the last step,
we calculate the LR" test statistic by using the bootstrap sample, and steps 3
and 4 are repeated 499 times.?2 In this way, we obtain the distribution of the
LR* statistic and compute the bootstrap  p-value as

py = card(LR*> LR)[499 where the bootstrap p-value indicates the

fraction of LR* values which are greater than the observed value, LR.

We follow Kanas and Genius (2005) and use Monte Carlo simulations
to obtain critical values since the distribution of the MS-ADF test does not
follow the standard distribution. As in Kansas and Genius (2005) and Cevik
and Dibooglu (2013), we generate the p-values for the rejection of the null

2 As in Di Sanzo (2009), the numbers of repetitions are chosen as 499 times
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hypothesis by using 1000 repetitions.
C. Data and Empirical Results

We use daily data for three major Islamic stock markets; world (Dow
Jones Islamic Market Index- DJIM), developed (Dow Jones Islamic Developed
Markets Index-DJID), and emerging (Dow Jones Islamic Market World
Emerging Markets Index-DJIE) that are obtained from DataStream from
1996 to 2019. The total number of observations is 6261.

The descriptive statistics in Table 1 show that all stock market indices
provide a positive mean return during the sample period. The highest mean
returns are obtained from the DJID market, whereas the DJIE market
provides the lowest mean return during the sample. According to standard
deviations, the DJIE has the highest volatility. Skewness and kurtosis values
suggest that all return series have leptokurtic distribution. The null
hypothesis of normality is rejected at the 1% significance level for all return
series according to the Jarque-Bera test.

Table 1: Descriptive Statistics

DJIW DJID DJIE
n 6261 6261 6261
Mean 0.025 0.026 0.016
Std. Dev. 0.979 1.018 1.243
Skewness -0.382 -0.370 -0.359
Kurtosis 10.275 13.030 9.389
Jarque-Bera 13957.6 [0.000] 26388.9 [0.000] 10784.76 [0.000]

Notes: The figures in square brackets show the probability (p-values) of rejecting the null
hypothesis.

The Pearson correlation analysis results that are presented in Table 2
show that the correlation coefficients for the return series are high and
statistically significant at the 1% level. Also, the highest correlation
coefficient occurs between the world and developed Islamic stock market
where the correlation coefficient is 97%.

Table 2: Correlation Results

DJIW DJID DJIE
DJIW 1.000
DJID 0.970%** 1.000
DJIE 0.597*** 0.542%** 1.000

Notes: *** indicates a statistically significant correlation at the 1% significance level.
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We start the empirical analysis by utilizing linear unit root tests (the
ADF and Phillips-Perron (PP) to obtain the integration order of the series.
The linear unit root test results in Table 3 show that the null hypothesis of
unit root cannot be rejected in levels. However, we reject the null hypothesis
at the 1% significance level in the first differences of the series. The ADF and
PP unit root test results are consistent with weak-form efficiency in global
Islamic stock markets because the results indicate that the Islamic stock
market indices exhibit random walk like behavior, which is consistent with
weak-form efficiency.
Table 3: Linear Unit Root Tests Results

Indices ADF PP
Level First Level First
Differences Differences
DJIW -1.353 (6) -34.055%* (5)  -1.362 -68.531%%x
[0.606] [0.000] [0.602] [0.000]
DJID -1.210 (28) -14.263%** -1.282 -71.868 ***
[0.672] (27) [0.640] [0.005]
[0.003]
DJIE -1.900 (29) -12.355%%x -1.629 -65.320%**
[0.332] (33) [0.467] [0.000]
[0.000]

Notes: The figures in parentheses are the optimal number of lags
selected according to the AIC. The figures in square brackets show the
probability (p-values) of rejecting the null hypothesis (non-stationarity). ***,
** and * indicate that the series in question is stationary at the 1%, 5%, and
10% significance level, respectively.

As mentioned above, conventional unit root tests have been
extensively argued because they exhibit low performance rejecting the null
of nonstationarity when the series exhibits nonlinear properties. Hence, we
employ an LR test proposed by Di Sanzo (2009) to ascertain whether Islamic
stock markets show regime-switching properties. We also calculate the
conventional LR test to detect whether the MS-ADF model better describes
the data than the linear ADF model. However, following conventional
procedures for testing the Markov-Switching model is complicated because
the transition probabilities in the MS-ADF model are not defined in the linear
ADF model. Therefore, the asymptotic distribution for the test does not have
standard y?2-distribution. To handle this problem, we use upper bond p-
values suggested by Davies (1987).
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We present the LR test results in Table 4. As in the linear ADF test, we
choose the optimal lag length according to AIC in the MS-ADF test, and the
null hypothesis of the linear ADF model is tested against the alternative of
the two-state MS-ADF model in the LR test. The results in Table 4 indicate
that the optimal lag length is 6 for DJIW and DJID and is 2 for DJIE. However,
the null hypothesis of no regime-switching is strongly rejected for all Islamic
stock indices according to Davies and Di Sanzo p-values. Hence, the two-state
MS-ADF test seems to be more convenient for examining the stochastic
properties of Islamic stock markets.

Table 4: LR Test Results

Indices Lags Log-Likelihood = Log-Likelihood @ x2 Davies Di Sanzo
(Ho) (Ha) p-value  p-value  p-value
DJIW 6 20135.73 21116.55 0.000 0.000 0.000
DJID 6 19858.51 20929.70 0.000 0.000 0.000
DJIE 2 18691.26 19681.47 0.000  0.000 0.000

After confirming the existence of regime-switching in the global
Islamic stock markets, we estimate the MS-ADF model. The classifying of
regimes is a crucial task in the Markov-Switching model. We follow the
literature and consider both the smoothed transition probabilities and
estimated coefficients in identifying the regimes. The smoothed transition
probabilities for both stock market indices presented in Figure 1 indicate
that the first regime corresponds to high volatility periods in the global
financial markets (such as 1996-97 South Asian crisis, 1998 Russian crisis,
2000 dot-com crisis, 2001 Enron scandal, and 2007-2008 the global financial
crisis). Besides, the standard deviations of the first regime are higher than
the second regime (o1 > 02) and hence we identify the first regime as “high
volatility” whereas the second regime is called “low volatility” regime.

We present the MS-ADF test results for DJIW in Table 5. The estimated
transition probabilities in Table 5 show that the low volatility regime is more
permanent than the high volatility regime. In that respect, the probability of
staying in a low (high) volatility regime at time ¢ when the series is also in a
low (high) volatility regime at time ¢t-1 is 98.3% (96.7%). The mean duration
of low and high volatility regimes is approximately 2.5 and 1.2 months,
respectively.

Note that we cannot reject a unit root in the DJIW according to linear

unit root tests. However, the results in Table 5 show a distinct picture since
the simulated p-values suggest rejecting the null hypothesis of unit root at
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the 1% level in the high volatility regime (p-values is 0.003) whereas it
cannot be rejected at conventional significance level in the low volatility
regime (p-values is 0.122). These results imply that DJIW is stationary only
in the high volatility regime and hence the weak-form efficient market
hypothesis cannot be validated for this regime because stock prices exhibit
mean-reverting properties. These results are coherent with those in the
existing literature (e.g. Alvarez-Diaz et al., 2014; Jawadi et al., 2015) that
provide evidence against EMH in Islamic financial markets. However, we
cannot reject the null hypothesis in the low volatility regime and hence stock
prices tend to conform to random walk behavior in the second regime. This
result provides evidence in favor of EMH in the low volatility regime. Overall,
the regime-dependent unit root test results show that market efficiency is
not valid all the time and it varies over the regimes; as such, these results
lend support to the Adaptive Market Hypothesis.

Table 5: MS-ADF test results for DJIW

Panel A: Coefficients

Parameters = High Volatility Regime Low Volatility Regime

Coefficients Std. error p-value Coefficients = Std. error p-value
a 0.02419 (0.0086) 0.0029 (0.0017)
a [p-value] -0.0033 (0.0011) [0.003] -0.0002 (0.0002) [0.122]
o 0.0144 (0.0003) 0.0058 (0.0001)
2pi -0.0577 0.01556

Panel B: Transition Matrix

Regime 1 Regime 2
Regime 1 0.983 0.033
Regime 2 0.017 0.967
Panel C: Regime Properties
Observation Number Probability Duration
Regime 1 2035 0.325 37.00
Regime 2 4220 0.674 75.36

Panel D: Likelihood and Information Criteria

MS-ADF ADF
AIC -6.731 -6.435
BIC -6.710 -6.427

HQ -6.738 -6.432
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Note: The simulated p-value is in square brackets. ¢ shows the standard error of the
regression.

We present the MS-ADF model results for DJID in Table 6. The results
in the bottom panel of Table 6 show the model information criteria and all
model information criteria suggest the MS-ADF model better characterizes
data than the linear ADF model. We find that the low volatility regime is more
persistent than the high volatility regime according to the smoothed
transition probabilities. The probability of remaining in a low volatility
regime at time ¢t when the series is also in a low volatility regime at time ¢-1
is 98.5%. On the other hand, the probability of remaining in a high volatility
regime at time t when the series is also in a high volatility regime at time ¢-1
is 96.3%. The mean duration of low and high volatility regimes is
approximately 2.8 and 1.2 months, respectively.

The simulated p-values indicate that the time series properties of DJID
change over the regimes and the null hypothesis of a unit root can be rejected
only in the high volatility regime. However, the null hypothesis cannot be
rejected at conventional levels in the low volatility regime. These results
have implications for market efficiency because the linear unit root test
results provide strong evidence in favor of nonstationarity. The rejection of
the null hypothesis in the low volatility regime indicates that the DJID index
exhibits a mean-reversion in the high volatility regime and this result is not
consistent with the conventional weak form of the EMH. On the other hand,
the DJID index has random walk properties in the low volatility regime, and
this finding consistent with the EMH. Overall, these results indicate that the
AMH better describes the DJID index than the EMH because we find that the
DJID stock market is not always efficient.

Table 6: MS-ADF test results for DJID

Panel A: Coefficients

Parameters High Volatility Regime Low Volatility Regime

Coefficients Std. error p-value Coefficients = Std. error p-value

a 0.0245 (0.0092) 0.0025 (0.0019)

a [p-value] -0.0037 (0.0013) | [0.038] = -0.0002 (0.0002)  [0.175]
o 0.0159 (0.0004) 0.0061 (0.0001)

Zpi -0.1344 -0.0095
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Panel B: Transition Matrix

Regime 1 Regime 2
Regime 1 0.985 0.037
Regime 2 0.015 0.963
Panel C: Regime Properties
Observation Number = Probability Duration
Regime 1 1770 0.283 37.41
Regime 2 4485 0.717 86.25

Panel D: Likelihood and Information Criteria

MS-ADF ADF
AIC -6.685 -6.347
BIC -6.664 -6.338
HQ -6.678 -6.344

Note: The simulated p-value is in square brackets. o shows the standard error of the
regression.

Finally, we present the MS-ADF model results for DJIE in Table 7. As in
the other model results, we determine strong evidence in favor of the MS-
ADF model rather than the linear ADF model according to model information
criteria. The smoothed transition probabilities suggest that the high volatile
regime is more persistent than the low volatility regime. In this manner, the
probability of remaining in a low volatility regime at time t when the series
is also in a low volatility regime at time ¢-1 is 97.3%. On the other hand, the
probability of remaining in a high volatility regime at time ¢ when the series
is also in a high volatility regime at time ¢-1 is 98.9%. The mean duration of
low and high volatility regimes is approximately 11.8 and 3.6 months,
respectively.

Even if the null hypothesis of nonstationarity cannot be rejected
according to conventional unit root tests, the MS-ADF test results tell us a
different story. Because the simulated p-values indicate that while the null
hypothesis is rejected at a 1% significance level in the high volatility regime,
we can reject it at 10% significance level in the low volatility regime. These
results imply that DJIE is stationary in both regimes and hence the weak-
form of the efficient market hypothesis is not validated over both regimes
because stock prices exhibit mean-reverting properties. These results are
consistent with those in the existing literature (e.g. Alvarez-Diaz et al., 2014;
Jawadi et al, 2015) that provide evidence against EMH in the Islamic
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financial markets. These results are significant because we find deviations
from market efficiency in Dow Jones Islamic World and Developed market in
atleast one regime and hence we can say that these two stock markets are in
line with the AMH. On the other hand, neither EMH nor AMH seems to be
valid for the Dow Jones Islamic Emerging Market. Furthermore, Ali et al.
(2018) found that developed Islamic markets are more efficient than
emerging Islamic markets.

Table 7: MS-ADF test results for DJIE
Panel A: Coefficients

Parameters High Volatility Regime Low Volatility Regime

Coefficients Std. error p-value Coefficients = Std. error p-value

a 0.0216 (0.0083) 0.0060 (0.0032)

a [p-value] -0.0031 (0.0011)  [0.000] = -0.0007 (0.0004) | [0.060]
o 0.0182 (0.0001) 0.0074 (0.0001)

Zpi 0.194 0.146

Panel B: Transition Matrix

Regime 1 Regime 2
Regime 1 0.989 0.022
Regime 2 0.011 0.973
Panel C: Regime Properties
Observation Probability Duration
Number
Regime 1 4186 0.668 110.16
Regime 2 2073 0.331 56.03

Panel D: Likelihood and Information Criteria

MS-ADF ADF
AIC -6.285 -5.971
BIC -6.272 -5.967
HQ -6.280 -5.969

Note: The simulated p-value is in square brackets. o shows the standard error of the
regression.

The smoothed transition probabilities for the global Islamic markets
are given in Figure 1. The results in Figure 1 show that the high and low
volatility regimes are very similar for three global Islamic stock markets.
Furthermore, the smoothed transition probabilities for the first regime
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corresponds to the high volatile periods in the global financial markets (such
as the 1996-97 South Asian crisis, 1998 Russian crisis, 2000 dot-com crisis,
2001 Enron scandal, and 2007-2008 the global financial crisis).

Figure 1: The Smoothed Transition Probabilities for High Volatility Regime
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Note: The shaded areas are transition probabilities.

Conclusions

The Efficient Market Hypothesis proposed by Fama (1970) has been
extensively investigated in the literature because it is a cornerstone of
standard finance and investor behavior. Therefore, there has been literature
that focuses on investigating the EMH specifically in the conventional stock
markets. However, the empirical results show that there is no consensus for
the EMH in the literature because some studies have documented evidence
in favor of EMH, while some studies deviate from the EMH.

Deviations from the EMH raised some doubts on the assumptions of
the EMH, specifically the assumption of rational investor behavior.
Moreover, several studies in the field of psychology and experimental
economics focused on the limited rationality of investors; consequently,
many biases and heuristics have been identified. At this point, the Adaptive
Market Hypothesis (AMH) suggested by Lo (2004) has provided a reasonable
bridge between EMH and behavioral finance theory. Specifically, Lo (2004
and 2005) suggested that the EMH cannot be valid all time, as such market
efficiency varies over time according to stock market cycles (such as bearish
and bullish regimes).

Although there is well-documented literature that examines the
presence of EMH or AMH for the conventional stock markets, a limited
number of studies focus on the Islamic stock markets. Because market
efficiency is related to a well-functioning market, it is of great importance for
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the efficient allocation of resources and also providing sustainable economic
growth. Market efficiency is not only important for conventional stock
markets but also for the Islamic stock market because the Islamic stock
markets are gaining prominence. Hence, the motivation for investigating the
efficiency of Islamic stock markets.

This study aims to examine nonlinearity and nonstationary in the
global Islamic stock markets where the focus is on developed and emerging
markets Islamic stock markets. We first use linear unit root tests and the null
hypothesis of nonstationary cannot be rejected. Therefore, the linear ADF
test result provides evidence in favor of EMH in Islamic stock markets.
However, linearity test results show the existence of regime-switching
properties in all Islamic stock market indices and the MS-ADF test confirms
regime-dependence. As such, the MS-ADF test provides a better
characterization of the behavior of price dynamics in the Islamic stock
markets. The two-state regimes are identified as high volatility and low
volatility regime. Moreover, MS-ADF test results indicate that the null
hypothesis of a unit root can be rejected in the high volatility regime for the
world and developed Islamic stock markets. However, we find evidence in
favor of the random walk process for the low volatility regime. These findings
indicate that the EMH is valid only in the low volatility regime for the world
and developed Islamic stock markets. Finally, the Dow Jones Islamic
Emerging index is found to be stationary over both regimes and this result
confirms that the emerging Islamic market is not weak-form efficient. The
evidence in favor of stationarity, specifically in the high volatility regime, can
be explained by Shariah screening that is prone to making Islamic stock
markets more stable and predictable specifically in high volatility regimes.
These findings are consistent with empirical results documented in Ali et al.
(2018) who indicate that the Islamic stock markets are more resistant to
speculative activity than their conventional counterparts.
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GLOBAL ISLAMI PAY PIYASALARINDA
ADAPTIF PIYASA HiPOTEZININ TEST
EDILMESi: MARKOV-SWITCHING ADF TESTiI

Mehmet Fatih BUGANa Emrah ismail CEVIKb®

Niiket KIRCI CEViK¢ Durmus Cagri YILDIRIMd

Genis Oz

Etkin Piyasa Hipotezi, piyasaya her gelen yeni bilginin hisse senedi
fiyatlarina aninda yansiyacagi, boylelikle yatirimcilarin anormal getiri elde
edemeyeceklerini varsayarak bilgi akisinin 6nemini vurgulamaktadir. Etkin
piyasa hipotezinin zayif form, yari gii¢lii form ve gii¢lii form olmak tizere ii¢
farkl formu bulunmaktadir. Bu siniflandirma, piyasadaki bilgi tiirlerine gore
olusturulmustur. Buna gore, zayif formda piyasa etkinligine gore, hisse
senedi fiyatlari ge¢mis fiyatlarin icerdigi tiim bilgileri i¢erir. Yar1 gii¢lii piyasa
etkinligi ile fiyatlar, halka ag¢ik tiim bilgileri yansitirken etkin piyasa
hipotezinin gii¢lii formda piyasa etkinligine gore fiyatlar halka acik olan
bilgilerin yanisira 6zel bilgileri de (insider trading) yansitir.

Etkin piyasa hipotezinin en oOnemli temel varsayimlarindan birisi
yatirimcilarin yatirim kararlarinda rasyonel hareket etmeleridir. Ancak,
yapilan cok sayida c¢alismada, etkin piyasa hipotezi ile celisen bigimde pay
piyasalarindaki anomaliler, bazen getirilerin Ongoriilebilirligi ve
yatirimcilarin sinirli rasyonelligi lehine kanitlar bulunmaktadir. Ayrica,
psikoloji ve deneysel iktisat alanindaki cesitli calismalar yatirimcilarin
rasyonaliteden sapmalarina odaklanmis ve sonug olarak bir¢ok dnyargil ve
sezgisel davranis tespit edilmistir. Bu sonuglar, yatirimcilarin yatirim
kararlarinda her zaman rasyonel davranmadiklarini ifade eden davranigsal
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finans yaklasiminin canlanmasina yol agmistir.

Bu noktada Lo (2004) tarafindan Onerilen ve etkin piyasa hipotezi ile
davranissal finans arasinda bir kopri olusturan Adaptif Piyasa Hipotezi 6ne
cikmaktadir. Lo (2004), Simon (1955) tarafindan ortaya atilan sinirh
rasyonalite kavramini evrimsel bir bakis acisiyla yeniden ele almistir. Bu
bakis agis;, davranislarin dogal seleksiyon (ayiklanma) tarafindan
evrimlestigini ima eder. Burada dogal seleksiyon bireysel olarak optimalin
altinda kalabilen ancak popiilasyon perspektifinden bakildiginda optimal
olan davranislar1 gosterir. Buna gore, davranislar yalin bir sekilde degil
biiylik o6lciide icerige bagh olarak ele alinir. Lo (2005), adaptif piyasa
hipotezinin temellerini su sekilde ortaya koymustur: (i) kisisel ¢ikar, bireysel
davranis1 karakterize eder; (ii) bireyler hatasiz degildir; (iii) ortam
rekabetcidir; iv) rekabet, bireyleri 6grenmeye ve uyum saglamaya zorlar; (v)
dogal seleksiyon, toplam piyasa sonugclarini sekillendirir; (vi) evrim, nihai
piyasa dinamiklerini belirler.

Finans alanindaki bir¢ok model, yatirim stratejileri iizerinde énemli etkileri
olan piyasa etkinligine dayanmaktadir. Piyasa etkinligi sadece kaynak tahsisi
perspektifi acisindan oOnemli degildir, aym1 zamanda yatirimcilar,
akademisyenler ve diizenleyici otoriteler icin de 6nemlidir ve konvansiyonel
pay piyasalar i¢in etkin piyasa hipotezini inceleyen detayh bir literatiir
vardir. Bu baglamda, son zamanlarda hizl bir sekilde biiytimekte olan ve dini
duyarhihig1 olan yatirimcilar igin alternatifler sunan Islami pay piyasalari igin
de piyasa etkinligini incelemek ilgi ¢ekici hale gelmistir. Islami finans
piyasalar1 icin etkin piyasa hipotezinin arastirilmasini 6énemli kilan ek
faktorler vardir giinkii islami portfoylerin olusma sekli 6ngoriilebilirlige belli
bir derecede katkida bulunabilir. iki asgamali ser’i taramanin diigiik kaldiracli,
likiditesi az, varliga dayali ve daha az cesitlendirilmis portféyler ile
sonuglandigl bilinmektedir. Bu da Islami pay senedi fiyatlarinin
ongorilebilirliginin artmasin saglamaktadir.

Bu calisma, dogrusal olmayan birim kok testi (Markov Switching - ADF)
kullanarak fIslami borsalar i¢in etkin ve adaptif piyasa hipotezlerini
arastirmayl amaclamaktadir. Literatiirde yer alan c¢alismalar birlikte ele
alindiginda, adaptif piyasa hipotezinin pay piyasalarinin davranisini etkin
piyasa hipotezinden daha iyi acikladigi fikrini desteklemektedir.

Bu calismada Dow Jones Islamic World Index - (DJIW), Dow Jones Islamic
Developed Index - (D]JID) ve Dow Jones Islamic Emerging Index - (DJIE)
olmak iizere, ii¢ biiyiik Islami hisse senedi piyasasi i¢cin DataStream’den elde
edilen ve 1996-2019 doénemini kapsayan giinliik veriler kullanilmistir.
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Toplam gozlem sayis1 6261'dir.

Bu calisma, ézellikle gelismis ve gelismekte olan islami pay piyasalarini
odagina alarak kiiresel Islami pay piyasalarindaki dogrusallik ve duraganhk
durumlarin1 incelemeyi amaglamaktadir. Oncelikle dogrusal birim kok
testleri uygulanmis ve temel hipotez reddedilmemistir. Bu nedenle, dogrusal
ADF test sonucu Islami borsalarda etkin piyasa hipotezi lehine bulgulara
ulasilmistir. Bununla beraber, dogrusallik testi sonuglari, tiim Islami borsa
endekslerinde rejim degisim 0Ozelliklerinin varligini goéstermektedir ve
Markov Switching - ADF testi rejime bagimliligi dogrulamaktadir. Bu
nedenle, Markov Switching - ADF testi islami borsalarda fiyat dinamikleri
davranisinin daha iyi bir karakterizasyonunu saglar. iki durumlu rejimler,
yliksek volatilite ve diislik volatilite rejimi olarak tanimlanmaktadir. Ayrica
Markov Switching - ADF test sonuglari, global ve gelismis Islami borsalar i¢in
yiksek  volatilite rejiminde birim kokiin temel hipotezinin
reddedilebilecegini gostermektedir. Ancak calismada, diisiik volatilite rejimi
icin rassal yliriiylis siireci lehine kanitlar bulunmustur. Bu bulgular, etkin
piyasa hipotezinin sadece global ve gelismis Islami borsalar i¢in diisiik
volatilite rejiminde gecerli oldugunu gostermektedir. Son olarak, Dow Jones
Gelismekte Olan Islami piyasalar endeksinin her iki rejimde de duragan
oldugu goériilmiis ve bu sonug, gelismekte olan islami piyasanin zayif formda
etkin olmadigini teyit etmistir. Yiiksek volatilite rejiminde duraganligin
lehine olan kamitlar, islami pay piyasalarinin 6zellikle yiiksek volatilite
rejimlerinde daha istikrarli ve éngoriilebilir hale getirmeye meyilli olan Ser’i
taramayla aciklanabilir. Bu bulgular, islami borsalarin spekiilatif faaliyetlere
konvansiyonel emsallerine gore daha direngli oldugunu ifade eden Ali vd.
(2018) ampirik sonuclari ile uyumludur.

Anahtar Kelimeler: islami Ekonomi, Etkin Piyasa Hipotezi, Adaptif Piyasa
Hipotezi, islami Hisse Senedi Piyasalari, Markov-Switching ADF.
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