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Abstract
We study the informational efficiency of the Saudi stock market (SSM), while account-
ing for corporate governance change, based on single, multiple, and variance ratio-based 
WALD tests and runs test. The main findings indicate that when the whole period is con-
sidered, the random walk hypothesis is rejected, but when divided into two sub-periods 
separated by the pre-corporate governance and the period marked by corporate governance 
change, the analysis demonstrates sub-period improvement in weak-form efficiency for the 
examined series. Robustness of results is verified by analysis using sector indices, which 
point to market efficiency. Interestingly, Hurst Exponent estimates evidence long-range 
dependence which suggests the predictability of stock prices and the prospect of specula-
tive opportunities.

Keywords Saudi stock market · Corporate governance · Market efficiency · Random walk · 
Variance ratio · Hurst exponent

JEL Classification G14 · G15 · G34

1 Introduction

How efficient are the world’s stock markets? This question has continued to elicit the inter-
est of researchers ever since the work of Samuelson (1965) and the persuasive treatise of 
Fama (1965, 1970, 1991); see, for example, Lo and MacKinlay (1988); Poterba and Sum-
mers (1988); Shiller (1989); Urrutia (1995); Kavussanos and Dockery (2001); Al-Khazali 
et  al. (2007); Kim and Shamsuddin (2008); Wang et  al. (2009); Borges (2010); Rejichi 
and Aloui (2012); Sensoy (2013); Gozbasi et al. (2014); Tiwari and Kyophilavong (2014); 
Metghalchi et al. (2015), Anagnostidis et al. (2016), and Seetharam et al. (2017). Fama’s 
(1991) narrative on the categories of market efficiency has triggered a considerable amount 
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of empirical research that seeks to determine whether developed and nascent capital mar-
kets reveal themselves to be specifically weak-form or semi-strong-form efficient capital 
markets; for a discussion, see Lim and Brooks (2011). This paper seeks to extend our 
understanding and build on the mentioned literature by analysing the efficiency of the 
Saudi stock market (SSM) and, in doing so, identify whether the changes in corporate 
governance following the stock market crash of 2006 improved SSM efficiency. If such 
changes do have some influence, it can be inferred that corporate governance mechanisms 
have improved the timely release of information and contributed favourably to the timeli-
ness of price discovery and gradual improvement of the SSM’s efficiency. Prior studies on 
the SSM’s efficiency have tended to include this market as part of a sample of emerging 
stock markets or as part of a group of Gulf Cooperation Council (GCC) stock markets; see, 
for example, Butler and Malaikah (1992); Abraham et al. (2002); Al-Khazali et al. (2007); 
and Al-Ajmi and Kim (2012). In their study of the Kuwaiti and Saudi stock markets, Butler 
and Malaikah (1992) find that stocks traded on these markets do not support the random 
walk hypothesis (RWH), while Al-Khazali et  al. (2007) report that stocks traded on the 
SSM do not obey the RWH, as is also the case with other GCC markets. To date, few stud-
ies have focussed solely on the SSM.

Examination of the SSM is important for the following reasons. First, the SSM is the 
largest and most well-known stock market in the GCC. Moreover, in view of ongoing eco-
nomic reforms and restructuring of the Saudi economy, the projected performance of the 
economy and the stock market are likely to attract institutional investors and portfolio man-
agers who wish to attain diversification benefits from investing in Saudi stocks and thereby 
reduce systematic risk. Therefore, it is of interest to learn how efficient the SSM is, particu-
larly in view of the developments related to corporate governance, interest shown by inter-
national investors, and implications for the potential misallocation of resources. Therefore, 
the question we seek to address directly relates to whether developments and improve-
ments in the institutional arrangement of the stock market have enhanced the SSM such 
that the market is weak-form efficient. Second, in consideration of policymakers’ efforts 
to establish a framework of corporate governance, it is of some interest to assess whether 
the imposition of the 2006 corporate governance codes influenced the SSM’s institutional 
arrangement and overall efficiency or generally influenced the SSM. Thus, understanding 
the efficiency of the SSM would be of considerable benefit to policymakers’ decision mak-
ing if it informs them to avoid areas of resource misallocation that would otherwise have a 
negative impact on long-term economic growth. Moreover, improving the efficiency of the 
resource allocation route would perhaps mitigate distortions in the economy.

This study applies five empirical methodologies—single, multiple, and variance-ratio-
based WALD tests, runs tests, and Hurst exponents—to investigate whether the RWH 
holds for the SSM. The analysis differs from previous studies on the SSM primarily due to 
the use of a new and expanded dataset that covers the pre- and post-corporate governance 
improvement periods (when efforts were made by policymakers to regulate information 
disclosure, shareholder protection, enforcement, and governance codes, etc.). Thus, con-
sideration of various measures to improve the development, regulation, and transparency of 
the SSM is regarded as an important component of the newly created framework.

The paper proceeds as follows. In Sect. 2 we provide a select review of the related litera-
ture and develop our hypothesis. This is followed by a discussion in Sect. 3 of the empirical 
methods on which the analysis is conducted to study the random walk behaviour of stocks 
traded on the SSM. In Sect. 4 we discuss the data and descriptive statistics. Section 5 presents 
the results of the econometric analysis of the data and discusses those results. Section 6 con-
cludes the paper.
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2  Related literature and hypothesis development

Numerous articles have examined the efficiency of the world’s stock markets. The empiri-
cal evidence reports mixed results, either finding evidence to reject the RWH (Summers 
1986; Lo and MacKinlay, 1988; Ayadi and Pyun (1994); Urrutia (1995); Grieb and Reyes 
(1999); and Karemera et  al. (1999); Darrat and Zhong, 2000; Narayan, 2008; Hasanov, 
2009; Tiwari and Kyophilavong, 2014) or to conclude that stock price behaviour agrees 
with the efficient market hypothesis (Shiller 1989; Tabak 2003; Narayan 2005; Narayan 
and Smyth 2005; Qian et al. 2008; Alexeev and Tapon 2011; Gozbasi et al. 2014). Of the 
referenced studies, Poterba and Summers (1988) argue that there is limited theoretical 
ground supporting the null hypothesis that stock prices follow a random walk. In contrast, 
Lo and MacKinlay (1988), in applying a more cogent volatility-based measure established 
on the assumptions of homoscedasticity and heteroscedasticity, reject the RWH for the 
stock return series of the NYSE and AMEX. This work has triggered innumerable studies 
testing the RWH. Ayadi and Pyun (1994) used the variance ratio test to examine RWH for 
the Korean stock market. They found that, while the RWH was rejected under the assump-
tion of homoscedasticity, when the heteroscedastic stochastic disturbance term was con-
sidered, the RWH was confirmed. Urrutia (1995), Grieb and Reyes (1999), and Karemera 
et al. (1999) studied the RWH for a selection of emerging equity markets, while Darrat and 
Zhong (2000) examined the RWH for the Shanghai and Shenzhen stock exchanges. Gen-
erally, these studies refute the RWH for the stock markets examined. Most recently, Goz-
basi et al. (2014) applied the nonlinear unit root test to daily Turkish stock market prices 
and three sector indices and found evidence in support of weak-form efficiency. Tiwari 
and Kyophilavong (2014) used both the wavelet-based unit root test and unit root test that 
incorporate/exclude structural breaks in the data to study the RWH for BRIC (Brazil, Rus-
sia, India, and China) stock indices. The reported results show that the RWH is rejected for 
all BRIC countries, except for the Russian stock market. Seetharam et al. (2017) examined 
the RWH for the South African stock market using both equity and sector indices, and 
for several data frequencies. Their results show that, using daily data, 86% of the shares 
and indices support the RWH, while using weekly, monthly, quarterly, and semi-annual 
data, the figures for support are 78%, 56%, 22%, and 24%, respectively. The authors con-
clude that market efficiency, in relation to the efficient market hypothesis (EMH), is highly 
dependent on data frequency as well as the sample of assets employed.

A segment of the existing literature focuses on documenting the efficiency of GCC stock 
markets. For instance, Squalli (2006) employs runs and variance ratio tests to examine the 
EMH for the daily composite and sector indices of the Abu Dhabi and Dubai stock mar-
kets. Their findings show that while the variance ratio tests reject the RWH for all sectors 
of the Dubai market under the assumption of homoscedasticity, when the assumption of 
heteroscedasticity is used, the RWH is accepted but only for the banking sector of Dubai. 
However, the runs test could only evidence efficiency for the insurance sector of the Dubai 
market. Al-Khazali et al. (2007) examined the RWH for eight stock markets using weekly 
data. They applied both the runs test and Wright’s (2000) nonparametric single variance 
ratio test to provide insights into the informational efficiency of the markets. However, 
although their results under both measures do not support the RWH, when correcting for 
thin trading their results did not reject the RWH. Smith (2007) examined the weak-form 
efficiency of five stock markets by applying the MVR test of Chow and Denning (1993). 
The results reveal that while the RWH is not rejected for the markets of Israel, Jordan, and 
Lebanon, it was rejected for the Kuwait and Oman stock markets. Recently, Al-Shboul and 
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Alsharari (2019) studied the dynamic behaviour of evolving efficiency in the United Arab 
Emirates (UAE) stock market and report evidence of evolving efficiency for the Dubai 
Financial Market (DFM) and the Abu Dhabi Stock Exchange (ADSE). They also note that 
although the markets reveal evolving efficiency, there are features of long-range depend-
ence, which indicate that the UAE stock markets are inefficient while also trending towards 
weak-form efficiency.

Rejichi and Aloui (2012) applied the Hurst exponent to examine the efficiency of 11 
Middle East and North African (MENA) markets. The authors show that while MENA 
stock markets have long-range dependence, certain markets became more efficient, except 
those of Israel, Turkey, Egypt, Iran, and Saudi Arabia. Using a time-varying generalised 
Hurst exponent approach, Sensoy (2013) studied the efficiency of 15 MENA stock markets 
and found that all MENA markets display various levels of long-range dependence over 
time, and moreover, that the Arab spring had a negative impact on the efficiency of the 
markets. The study reports the Turkish and Israeli stock markets to be the most efficient, 
displaying characteristics of developed financial markets.

Taking into account the insights from the empirical literature and the nature of the Saudi 
market, this study considers the implementation of the 2006 Saudi corporate governance 
codes to investigate whether it might have an exogenous impact on the SSM. Hence, we 
hypothesise the following:

Hypothesis 1 (H1) The 2006 corporate governance codes have a positive impact on the 
institutional arrangements and, thus, on the efficiency of the SSM.

This hypothesis is consistent with the broad aims of Saudi Arabia’s corporate govern-
ance code to impose relevant rules for good and responsible governance – including inter-
nal control systems and procedures – which publicly listed corporations would be pres-
sured by the Capital Market Authority (CMA) to adopt. This extends to approved policies 
and procedures used to regulate the behaviour of traders and management, with the ulti-
mate objective of facilitating SSM’s transition towards more efficient market operation, 
while considering investor protection. In the finance literature, this is the type of impact 
that compliance with a country’s corporate governance code is expected to have on pub-
licly traded corporations (see Stiles and Taylor 1993, Dedman 2002, Aguilera and Cuervo-
Cazurra 2004, Fernández-Rodríguez et al. 2004, and Zattoni and Cuomo 2008). Nonethe-
less, given that the SSM can be considered an informationally inefficient market wherein 
policymakers, prior to the 2006 SSM crash, have been slow to implement much needed 
regulatory changes, we hypothesise the following:

Hypothesis 2 (H2) : Before 2006, the SSM did not conform to the RWH, and thus, infor-
mation was not immediately reflected in the prices of traded stocks.

Therefore, we do not expect the SSM to behave a priori in accordance with the predic-
tions of the EMH. However, Hinich and Serletis (2007) argue that when unexpected shocks, 
such as a stock market crash, hit the market, it takes longer for investors to determine the 
full impact of the news before settling at a new equilibrium level. Therefore, given that 
the emerging and largely inefficient SSM was adversely affected by the 2006 stock market 
shock, which was seen by the market and investors as a reflection of the Saudi policymak-
ers’ failure to address long-standing inherent market weaknesses, it is highly unlikely that 
the SSM can evolve from a chaotic market environment, where investors overreact to both 
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domestic and global news, into an efficient stock market within a relatively short period. 
This is because the stock market crash of 2006 might also be attributed to market ineffi-
ciency, which, as Fortune (1991) notes, provided an opportunity for policymaker interven-
tion in order to arrest prevailing market failures. On this issue, Antoniou et al. (1997) sug-
gest that understanding the nature of market inefficiency determinants would help ascertain 
the appropriate regulatory framework necessary for establishing an efficiently functioning 
stock market. Therefore, investigating the above hypotheses would fill a void in the litera-
ture, not only in terms of extending the evidence of previous studies on SSM efficiency but 
also with respect to the relevance of corporate governance changes for market efficiency.

3  Methodology

Five tests are implemented to analyse the RWH for the return series of the SSM. The first 
test employed is the single VR test of Lo and MacKinlay (1988). The starting point of this 
test argues that if a time series, denoted by Pt , is a pure random walk, as explicitly given by

then the variance of its k-differences will grow linearly with the magnitude of k. This sug-
gests that, for a random walk series, the variance of its k-difference will be k times the vari-
ance of its first difference. Hence, if (nk + 1) observations of ( P0,P1,P2,… ,Pnk ) at equally 
spaced intervals (where k is an integer greater than 1) are obtained, the ratio of one kth of 
the variance of Pt − Pt−k to the variance of Pt − Pt−1 would be equal to unity. The VR is 
computed as:

where �2(k) is the unbiased estimator of 1/k of the variance of the kth difference of the 
logged stock return, Pt − Pt−k , and �2(1) is an unbiased estimator of the variance of the 
logged return ( Pt − Pt−1) . The related standard Z test statistic under the assumption of 
homoscedasticity, Z(k) is

where the VR statistic can be standardised asymptotically to a standard normal test statistic, 
and the test under the assumption of heteroscedasticity is:

where �∗(k) is the asymptotic variance of the VR that is consistent with the null hypoth-
esis, H∗

0
 , of heteroscedasticity. Under the null hypothesis of a Gaussian random walk, esti-

mators �2(k) and �2(1) should be close in value. A random walk test is then performed by 
equating the juxtaposition of the difference between the two estimators to zero. The test is 
commensurate to testing the null hypothesis that VR(k) = 1 , meaning that the stock price 
series follows a random walk, against an alternative hypothesis that VR(k) ≠ 1.

(1)Pt = Pt−1 + �t,

(2)VR(k) =
�2(k)

�2(1)
,

(3)Z(k) =
VR(k) − 1

[�(k)]
1

2

a
→N(0, 1),

(4)Z∗(k) =
VR(k) − 1

[�∗(k)]
1

2

a
→N(0, 1),
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The second test is the MVR test of Chow and Denning (1993), which overcomes limita-
tions associated with Lo and MacKinlay’s (1988) VR test of the necessity to test the indi-
vidual VR every time for a single sum total interval, k. This means that they are effectively 
individual testable hypotheses as they entertain multiple interval testing.1 Chow and Den-
ning’s (1993) MVR test is expressed as follows:

where SMM(�;m;T) is the upper � point of the studentised maximum modulus (SMM) dis-
tribution with parameter m and T (sample size) degrees of freedom. Asymptotically, when 
T is boundless or ∞

where

Using multiple ks, the null hypothesis would be accepted only if it is not rejected for all 
k values. If the maximum absolute value of Z(ki) or Z*(ki) is greater than the SMM critical 
value, the RWH is rejected.

The third test is the joint VR test proposed by Richardson and Smith (1991), which 
makes use of the serial correlation among VRs when the observations used to calculate the 
VRs overlap. Therefore, given a set number of m VRs with different return horizons, to test 
for the null hypothesis, it is necessary to explicitly consider the serial correlation among 
the m variance ratios. It follows that, for an m × 1 vector of variance ratios given by

the joint hypothesis is H03 ∶ Vr

(
ki
)
 = 0, where i = 1, …, m, which can be examined by the 

WALD statistic:

where VR is the (m × 1) vector of sample k VRs, 1m is the (m × 1) unit vector, and � is the 
covariance matrix of VRm . Under the null hypothesis, the joint statistic follows an �2 distri-
bution with k degrees of freedom.

The fourth test applied is the non-parametric runs test which also studies the random-
ness of the stock returns series. Here, and assuming the latter is random, the actual number 
of runs in the series should be adjacent to the expected number of runs regardless of signs 
(positive [+] every time the return is above the mean return, zero [0], or negative [–] if it 
is below the mean return). Under the hypothesis of independence, the expected number of 
runs (M) may be estimated by the following equation:

(5)PR
[
max

(|||Z
(
k1
)
|,… ,|Z

(
km

)|||
)
≤ SMM(�;m;T)

]
≥ 1 − �,

SMM(�;m;∞) = Z�∗∕2,

(6)a∗ = 1 − (1 − �)1∕m.

Vm = [Vr

(
k1
)
,… ,Vr

(
km

)
]
�

,

(7)RS(k) = T(VR − 1m)
�

�−1
(
VR − 1m

)
,

(8)E(M) =

�
N(N + 1) −

∑3

j=1
n2
j

�

N
,

1 Chow and Denning (1993) demonstrate the asymptotic joint confidence interval of at least 100(1-α) % for 
a set of m variance ratios VR(ki), i = 1, 2,…m.
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where N is the total number of observations of stock returns, and nj is the total number of 
runs or price changes of each type (i.e. from the same category), with j = 1, 2, 3 represent-
ing the total number of positive (+), negative (−), and zero (0) stock price changes. The 
variance of M is

For a large N, the sampling distribution of M is approximately normal. The standardised 
variable may be determined as follows:

where M is the actual number of observed runs. If the z-value is greater than the critical 
values, we denounce the null hypothesis of independence of the stock return series. Other-
wise, we conclude that the returns are independent.

3.1  Hurst Exponent approach

To confirm the results obtained from the foregoing tests, we apply the Hurst exponent 
calculated by the rescaled range, R/S, which is deemed to be a more elegant form of the 
variance ratio test. Zunino et al. (2009) contend that the exponent measures the long-range 
dependence in stock market indices, where an autocorrelation exists between distant obser-
vations will imply market inefficiency. The R/S statistic is the range of partial sums of 
deviations of the return series from its mean, rescaled by the standard deviation. The R/S 
statistic is represented as:

where r̄𝜏 is the sample mean of the return series and s� is the standard deviation estimator

Peters (1994) notes that Hurst has shown R/S to be described as:

We are mindful that the EMH instructs that market prices obey a random walk and 
are therefore unpredictable. In keeping with this understanding, in cases where the return 
series are characterised by Hurst components ranging between 0 and 1, and with an expo-
nent H = 0.5 this would imply a random walk – meaning a random process without long 
memory where accretions are independent and identically normally distributed, pursuant 
to the EMH (Peters 1994). Notably, series presenting Hurst exponents different from 0.5 
also display long memory and their accretions are not independent, thereby making the 
series predictable and thus possibly offering speculative profitable opportunities. Values of 

(9)�2

M
=

∑3

j=1
n2
j

�∑3

j=1
n2
j
+ N(N + 1)

�
− 2N

∑3

j=1
n3
j
− N3

N2(N − 1)
.

(10)Z =
M − E(M)

�M
,

(11)(R∕S) =
1

S𝜏

[
max
1≤t≤𝜏

𝜏∑

t=1

(
r(t) − r̄𝜏

)
− min

1≤t≤𝜏

𝜏∑

t=1

(r(t) − r̄𝜏 )

]
,

(12)s𝜏 =

[
1

𝜏

∑

t

(r(t) − r̄𝜏 )
2

]1∕2

.

(13)(r∕s)� =
(
�

2

)H
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H ranging from 0.5 to 1 simply evidence an enduring trend-reinforcing series, and imply 
positive long-range dependence. However, values ranging from 0 to 0.5 suggest anti-persis-
tence, and therefore, point to the tendency of past trends of a series reversal in the future, 
thus expressing negative long-range dependence.

4  Data

The dataset analysed in this study comprises the stock market’s daily, weekly, and monthly 
Tadawul All-Share Index prices. The daily return series spans 1 February 1994 to 28 
December 2016, while the weekly series covers the period from 2 February 1994 to 28 
December 2016, and the monthly series runs from the end of February 1994 to the end of 
December 2016. This was the longest period of available price data at the time of the data 
collection, covering the periods before and after the implementation of the Saudi corporate 
governance code. The return series, Rt , are obtained by calculating the first logarithmic 
difference of the stock market price, Pt , with Rt = [ln(Pt)− ln

(
Pt−1

)
] × 100 for each time 

series, where Pt and Pt−1 are the stock prices at time t and t – 1, respectively.
We apply the empirical tests to the entire 23-year sample period (1994–2016), and to 

account for corporate governance reforms directed at increasing the transparency and effi-
ciency of the SSM, the whole period of stock price series are divided into two sub-peri-
ods: the pre-governance code period from 1 February 1994 to 27 December 2006, and 
the post-governance code period from 6 January 2007 to 28 December 2016. Testing the 
EMH over different periods has the benefit of allowing for structural changes in the return 
series, which holds the possibility of the EMH being rejected in one time period while 
accepted in others. The same time period is used for both the weekly and monthly analyses. 
We use these data frequencies to overcome issues such as bias due to daily data (e.g. non-
trading, bid-ask spread, and synchronous prices) and assumptions about weekly (alternate 
day prices in the case of non-trading on the day of the week observed) and monthly data. 
This is because, according to Lo and MacKinlay (1988), randomness tends to be present in 
monthly rather than daily data, as the white noise of daily data is more likely to result in 
autocorrelation.

Table 1  Preliminary statistics on 
Saudi stock market returns

The sample period covers 1994–2016 with the daily frequency total-
ling 6296, the weekly frequency 1145, and the monthly frequency 274. 
In addition to the mean, the standard deviation, minimum, maximum, 
skewness, and kurtosis statistics, the table reports the Jarque–Bera 
normality test. The asterisks *** represent significance at the 0.01 
level

Daily Weekly Monthly

Mean 0.000309 0.001756 0.007753
Median 0.000696 0.003461 0.011405
Maximum 0.098458 0.147541 0.195963
Minimum − 0.098130 − 0.228196 − 0.0257516
Standard deviation 0.012847 0.031746 0.067301
Skewness − 0.692368 − 0.886506 − 0.0389769
Kurtosis 15.15046 9.374735 4.375653
Jarque–Bera 39232.25*** 2088.710*** 28.54281***



Testing for efficiency in the Saudi stock market: does corporate…

1 3

The statistical characteristics of daily, weekly, and monthly returns of the SSM are 
shown in Table 1 (Appendix “1A”). The return series may be described as having posi-
tive mean returns, while also showing minimum returns − 0.098130, − 0.228196, and 
− 0.0257516, respectively, and a maximum of 0.098458, 0.147541, and 0.195963, respec-
tively. At the same time, the market exhibits a high level of variability as measured by the 
standard deviation of returns.

The returns also show that the distributions of stock price changes evidence excess 
skewness and kurtosis, indicating that each return has typical characteristics of leptokurto-
sis and fat tails. It is well established that leptokurtosis and fat tails are common character-
istics of financial time series. Moreover, the Jarque–Bera statistic is significant from zero, 
indicating that none of the returns follow a normal distribution. Also, the Shapiro–Wilk 
test suggests that the return series do not obey the normal distribution. To establish that 
we are dealing with nonstationary time series, we first ascertain whether the returns are 
stationary. For this exercise, unit root (augmented Dickey and Fuller 1979 and Phillips and 
Perron 1988) and stationarity (Kwiatkowski et al. 1992) tests are applied. Since these tests 
are well known, we will not explain them here, except to note that the results are reported 
in Table 1 (Appendix “1B”), and are all significant from zero indicating that all returns 
contain a unit root. Therefore, based on the summary statistics, all returns are not normally 
distributed and, moreover, all are stationary.

In addition, the Broock et  al. (1996) BDS test is employed to accommodate the pos-
sibility of nonlinear predictability in the return series. Table 2 displays the results of the 
BDS test for embedding dimensions (m) from 2 to 10 and metric bound ( � ) equals 0.7 
times the standard deviation ( � ) of the SSM return series. The results clearly indicate that 
the Independent and Identically Distributed (IID) null is too restrictive for the data series 
used in this study. As a result, the IID tests are not appropriate for testing conditional mean 
predictability for reason that it detects serial dependence in every conditional moment, 
and may lead to an incorrect refusal of the EMH when the data series are conditionally 
heteroscedastic.

Next, we use the unit root test to examine the extent of structural breaks in the return 
series under study. The structural break unit root test results for the return series are pre-
sented in Table 3. The results of this test show that the null of a unit root is not rejected at 
the 1%, 5%, and 10% significance levels, and that the break dates were themselves signifi-
cant in the sense that they confirm important events that occurred in Saudi Arabia (both 
weekly and monthly returns). This had a decided impact on the SSM, such as the Saudi 
stock market crash and the implementation of corporate governance provisions in 2006 
associated with the period of corporate governance change. The second important break 
captured corresponds to the impact of the 2008 global banking and financial crisis on the 
Saudi economy and the SSM more generally.

Figure 1 shows the time-series plot of the daily returns of stock price series. The range 
fluctuation of the return series is non-constant, which means the variance of returns 
changes over time. Most notably, the SSM was extremely volatile around the stock market 
crash of 2006, which ended the rapid expansion in the stock market, and during the finan-
cial crisis of 2007–2008, which led to a succession of extremely large positive and negative 
returns within a short-term horizon. This was mainly due to the global economic recession 
that followed the financial crisis, combined with the expectations of economic agents of a 
sustained oil slump, which culminated in stagnated growth against the backdrop of falling 
oil prices and oil revenue upon which the Saudi government relies. The market also experi-
enced some highly volatile periods, such as in 2006, 2008–2011, and 2014–2015, with the 
latter period marked by the oil price shock of 2014 and subsequent fluctuating oil prices 
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Table 2  BDS test results for the return series of the SSM

The BDS statistics are distributed as a normal variable under the hypothesis of IID; see Broock et  al. 
(1996). We used fraction of pairs: � is calculated to ensure a certain fraction of the total number of pairs of 
points in the sample lie within � of each other. *** represents significance at the 0.01 level

Returns Daily Weekly Monthly
m

�

�
 = 0.7

Panel A: 1994-2016 2 0.204462*** 0.197776*** 0.182507***
3 0.347992*** 0.336172*** 0.310540***
4 0.448521*** 0.431763*** 0.397294***
5 0.518684*** 0.497287*** 0.454042***
6 0.567515*** 0.541808*** 0.489413***
7 0.601389*** 0.571825*** 0.509430***
8 0.624738*** 0.591639*** 0.518891***
9 0.640720*** 0.604085*** 0.521512***

10 0.651511*** 0.611331*** 0.519226***
Panel B: 1994–2006 2 0.206733*** 0.203271*** 0.192985***

3 0.352115*** 0.345309*** 0.343370***
4 0.454280*** 0.444703*** 0.411955***
5 0.526067*** 0.514452*** 0.472831***
6 0.576483*** 0.563496*** 0.515344***
7 0.611869*** 0.597993*** 0.545235***
8 0.636683*** 0.622244*** 0.566460***
9 0.654049*** 0.639321*** 0.581570***

10 0.666176*** 0.651369*** 0.592234***
Panel C: 2007–2016 2 0.198865*** 0.182521*** 0.150417***

3 0.337809*** 0.309154*** 0.255709***
4 0.434171*** 0.394510*** 0.318837***
5 0.500476*** 0.450399*** 0.352347***
6 0.545673*** 0.485798*** 0.368168***
7 0.576142*** 0.506666*** 0.372387***
8 0.596181*** 0.517687*** 0.366856***
9 0.608969*** 0.521732*** 0.356002***

10 0.616713*** 0.521935*** 0.342110***

Table 3  Unit root test with 
structural breaks

Test allows for a constant and a liner; one-sided (lower-tail) test of 
the null hypothesis that the variable has a unit root; 1%, 5%, and 10% 
significance critical values equal − 5.3476, − 4.8598, and − 4.6073, 
respectively

Series Level First difference

ADF Break date ADF Break date

Daily − 3.2305 12/Jan/2008 − 71.8393*** 27/March/1994
Weekly − 3.1591 19/March/2003 − 30.4439*** 10/May/2006
Monthly − 3.6385 June/2006 − 16.4986*** April/2006
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and tightening oil revenues. To help bridge the gap in the budget shortfall, as well as to 
buttress the finances affected by the fall in oil revenue, the Saudi government raised USD 
17.5 billion through a sovereign bond sale, which is one of the largest fixed income offer-
ings for an emerging market to date. In Fig. 1, volatility clustering is evident for the return 
series, indicating the presence of heteroscedasticity.

5  Empirical analysis

5.1  Principal findings

Using the methods described earlier, we assess the weak-form efficient market hypothesis 
by testing the RWH. To perform the variance ratio test of a random walk, we calculate the 
VRs and VR(k) for the homoscedastic Z(k) and heteroscedastic Z*(k) cases for each k = 2, 
4, 8, and 16. To ensure the SSM follows the RWH and accepts the null hypothesis of a 
random walk, and thus the weak-form version of the efficient market hypothesis, the vari-
ance ratio test should be equal to unity to refute the presence of autocorrelation between 
intervals. In other words, the ratio of 1/k times the variance of the k-differences over the 
variance of the first differences should be equal to unity. If the results show that VR(k) > 1 
or VR(k) < 1, then a positive or negative autocorrelation would strongly suggest that oppor-
tunities to predict future price changes exist. Further, if such potential for exploiting market 
prices were present, it would provide sufficient grounds for refuting the RWH for the SSM, 
thereby rejecting the weak-form efficiency of the market.

The empirical analysis commences with the daily returns data, followed by the weekly 
observed returns, and then the monthly observed returns. The results from applying both 
VR statistics with homoscedastic and heteroscedastic error terms, respectively denoted by 
Z(k) and Z*(k), of the stock return series at different intervals (2, 4, 8, and 16) are presented 
in Table 4. The individual VRs, VR(k), are reported in the main rows, and the Z-statistics 
are given immediately below. For the daily observed stock return series reported in Panel 
A for the entire sample period of 1994–2016, the values indicate that we can reject the 
RWH for all sample intervals of k. The evidence suggests that both autocorrelation and 
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Fig. 1  Daily returns of the Saudi stock market index (1994–2016)
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heteroscedasticity may be present in the daily stock prices of the securities traded on the 
SSM. The Z-statistics associated with intervals k = 2, 4, 8, and 16 are 7.07, 5.33, 5.83, 
and 5.47, respectively. In addition, a close examination of the heteroscedasticity-consist-
ent variance ratio test statistic, Z*(k), indicates that when heteroscedastic disturbances are 

Table 4  Variance ratios for daily, 
weekly, and monthly returns

The tests are based on the variance ratio (VR) test if the ratio of the 
variance of the kth difference scaled by k to the variance of the first 
difference tends to equal unity. VR(k) is the VR for the kth difference. 
Z(k) is the homoscedastic robust test statistic, and Z*(k) is the hetero-
scedastic-robust test statistic. Under the random walk null hypothesis, 
VR(k) = 1, and the return series follows a random walk, where k indi-
cates the number of days, weeks, and months in the base observation 
interval. The test statistics have a standard normal asymptotic distribu-
tion. ***, **, and * represent significance at the 0.01, 0.05, and 0.10 
levels, respectively

Sampling intervals (k)

2 4 8 16

Panel A: 1994–2016
Daily VR(k) 1.09 1.13 1.22 1.30

Z (k) 7.07*** 5.33*** 5.83*** 5.47***
Z*(k) 3.23*** 2.36** 2.58*** 2.50**

Weekly VR(k) 1.12 1.23 1.34 1.53
Z(k) 3.92*** 4.17*** 3.85*** 4.06***
Z*(k) 2.11** 2.34** 2.19** 2.44**

Monthly VR(k) 1.20 1.40 1.75 1.99
Z(k) 3.23*** 3.57*** 4.21*** 3.74***
Z*(k) 2.11** 2.51** 3.15*** 2.90***

Panel B: 1994–2006
Daily VR(k) 1.08 1.06 1.19 1.32

Z(k) 5.05*** 2.05** 4.01*** 4.44***
Z*(k) 2.03** 0.80 1.56 1.78*

Weekly VR(k) 1.23 1.38 1.53 1.83
Z(k) 5.77*** 5.19*** 4.56*** 4.81***
Z*(k) 2.96*** 2.79*** 2.39** 2.63***

Monthly VR(k) 1.27 1.57 2.13 2.59
Z(k) 3.36*** 3.75*** 4.74*** 4.47***
Z*(k) 2.14** 2.49** 3.29*** 3.37***

Panel C: 2007–2016
Daily VR(k) 1.10 1.19 1.24 1.27

Z(k) 4.77*** 5.03*** 3.98*** 3.09***
Z*(k) 2.53** 2.57** 2.06** 1.66*

Weekly VR(k) 1.01 1.09 1.15 1.15
Z(k) 0.31 1.04 1.12 0.78
Z*(k) 0.18 0.62 0.69 0.52

Monthly VR(k) 1.12 1.16 1.20 0.89
Z(k) 1.32 0.94 0.74 − 0.28
Z*(k) 0.90 0.72 0.63 − 0.25
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present, the null of the RWH is rejected for all k values at the chosen levels of significance. 
The findings suggest that the refutation of the RWH for all k intervals under the homosce-
dastic test statistic is due to the existence of heteroscedasticity and not mean reversion, 
thereby lending strong support to H2. The estimates for the weekly and monthly observed 
returns follow similar patterns, so that the hypothesis that the stock price series is in step 
with a homoscedastic random walk is firmly rejected, which is in accordance with prior 
expectations and thus lends support to H2. Essentially, the above result may originate from 
either autocorrelation or heteroscedasticity in the stock price series. The results also indi-
cate that the hypothesis of a heteroscedastic random walk is firmly rejected, suggesting that 
the autocorrelation of weekly and monthly increments in stock prices on the SSM results in 
the RWH are outright rejected, thus supporting H2.

Panel B presents the results for the sub-period of 1994–2006, the period before the 
CMA began shaping corporate governance in Saudi Arabia. The values indicate that the 
hypothesis that VR(k) = 1 can be rejected based on the homoscedastic assumption. Further, 
the variance ratio test also highlights the presence of positive serial correlation in the daily 
stock prices of the stocks traded on the SSM. Turning to the heteroscedasticity-consistent 
variance ratio statistic, Z*(k), when heteroscedastic disturbances are under scrutiny, the 
null hypothesis of a random walk is refuted, which again supports H2. The Z-statistics for 
intervals k = 2 and k = 16 are 2.03 and 1.78, respectively, thus leading to rejections at the 
5% and 10% levels. The variance ratio test also suggests the presence of a positive correla-
tion in daily price series across intervals, since it would be erroneous for the RWH to be 
rejected because of the reported values, which are biased owing to the presence of hetero-
scedasticity in the stock price series. We also report the Z-statistics adjusted for this viola-
tion of homoscedasticity; however, the results remain the same.

A similar result is attained for the weekly and monthly data. Again, the individual VRs, 
VR(k) based on weekly and monthly returns are refuted at the selected significance levels, 
again supporting H2. For both the weekly and monthly frequencies, the variance ratios are 
larger than unity, indicating that variances grow more than proportionally with time. For 
these two data frequencies, from the heteroscedasticity-consistent variance ratio test sta-
tistic, Z*(k), the null hypothesis of a random walk is refuted when heteroscedastic distur-
bances are under consideration for all k values at the chosen levels of significance. Under 
the homoscedastic test statistic, the results point to the rejection of the RWH for all k inter-
vals due to the presence of heteroscedasticity, further supporting H2. For the weekly stock 
price series, the Z-statistics associated with intervals k = 2, 4, 8, and 16 are 5.77, 5.19, 
4.56, and 4.81, respectively, while for the monthly series, the Z-statistics are 3.36, 3.75, 
4.74, and 4.47, respectively. These findings are expected, particularly since the sample 
encompasses the stock market crash of 2006, which exposed deep inefficiencies in mar-
ket operations along with insider trading, share price manipulation, and false statements. 
These behaviours had the tacit approval of the existing weak regulatory regime and that of 
Saudi policymakers, thereby helping compound the market inefficiency.

From Panel C, for sub-period 2007–2016, which includes the period of the global finan-
cial crisis, the estimates for the daily stock price series indicate we can reject the hypoth-
esis of a random walk for all k intervals. The results strongly suggest that stock prices do 
not accord with the RWH, since the VR(k) values are significantly different from 1, and 
the stocks traded on the SSM have the simultaneous properties of autocorrelation and het-
eroscedasticity, thereby supporting H2. Based on the heteroscedasticity-consistent variance 
ratio test statistic, Z*(k), when heteroscedastic disturbances are considered, the rejection 
of the null hypothesis of a random walk is confirmed for all k intervals at the selected 
significance levels. These estimates indicate that the outright rejection of the RWH for all 
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k intervals under the homoscedastic test statistic, Z(k), is related to the presence of het-
eroscedasticity. The Z-statistics for intervals k = 2, 4, 8, and 16 are 4.77, 5.03, 3.98, and 
3.09, respectively. Given that these statistics point to the SSM being an informationally 
inefficient market, it is worth mentioning that the impact of the 2007–2009 financial crisis 
had a further unsettling effect on the SSM, as it revealed the same inefficiencies in the 
operation of the market that were present in the period leading to the SSM crash of 2006. 
These include a trading environment plagued by insider trading, illegal speculation for the 
stocks of Saudi companies, poor regulatory oversight, and unwillingness of regulators to 
impose sanctions for market abuse. Further, a lack of transparency and disclosure by listed 
companies, many of whom failed to disclose their financial statements, prompted policy-
makers to outline and implement a series of credible policies designed to not only calm the 
market but also restore investors’ confidence at a time when the market was deteriorating 
more rapidly than in 2006. Specifically, widespread changes were made in market transpar-
ency and financial reporting, in addition to giving the CMA enforcement powers, including 
regulatory powers. With its new powers, the CMA initiated the adoption of International 
Reporting Standards and fined the companies that failed to provide their reports on time. 
The CMA also invited foreign investment institutions (and thus, good financial practices 
such as analysts’ recommendations) to invest in the Saudi market and, most importantly, it 
created the corporate governance codes. These actions were seen by the market as reflect-
ing that policymakers had learnt from the mistakes of 2006 and understood it was nec-
essary to calm the markets and restore investor confidence – which is key for economic 
recovery, development, and growth – to put in place sustainable measures for improving 
SSM efficiency.

Further, the results for the weekly and monthly stock price series indicate that the mar-
ket efficiency level improved, which may account for the impact of the above-mentioned 
policies, as the variance ratios at various intervals are greater than unity. For both data 
frequencies, the Z*(k)s are non-significant, suggesting that the ratios are not significantly 
different from unity, and the null hypothesis of a random walk for all k intervals cannot 
be refuted. It should also be noted that, for both data frequencies, under the assumption of 
homoscedasticity, the values suggest we cannot refute the null hypothesis of a random walk 
for every k interval. The Z-statistics with intervals k = 2, 4, 8, and 16 for the weekly data 
are 0.31, 1.04, 1.12, and 0.78, respectively, while for the monthly data, these are 1.32, 0.94, 
0.74, and − 0.28, respectively.

To further investigate whether stock prices on the SSM follow the RWH, we apply the 
MVR test of Chow and Denning (1993) to adjust for the bias that may arise from the joint 
nature of the VR test.2 Following Lo and MacKinlay (1988) and Poterba and Summers 
(1988), the Z-statistics in Panel A of Table  5 are compared with the normal and SMM 
distribution critical values, as reported in Chow and Denning (1993), for achieving a more 
accurate estimate of the degree of bias. For all data frequencies, we display values of 
the multiple variance ratio statistics with homoscedastic, MVRZ(k), and heteroscedastic, 
MVRZ*(k), incremental random walks.

At the selected significance level, the homoscedastic and heteroscedastic versions of 
the test reject the null hypothesis of a random walk for the SSM for the daily, weekly, 
and monthly stock price series for the full sample period of 1994–2016. The null hypoth-
esis that stocks traded on the SSM follow a homoscedastic random walk is rejected, since 

2 Chow and Denning (1993) demonstrate that the asymptotic joint confidence interval needs to be at least 
100(1-α) % for a set of m variance ratios VR(ki), i = 1, 2,…m.



Testing for efficiency in the Saudi stock market: does corporate…

1 3

MVRZ(k) of 7.07 > 2.49. This rejection of the RWH under homoscedasticity may well 
stem from heteroscedasticity and/or autocorrelation in the stock price series. Notably, the 
MVRZ*(k) of 3.23 > 2.49, thereby refuting the null hypothesis of a heteroscedastic random 
walk. Similar results are obtained for the weekly and monthly return series. For both stock 
price series, the homoscedastic and heteroscedastic RWH are rejected owing to the pres-
ence of significant positive autocorrelation, which supports H2.

Table  5, Panel B reports the results for the pre-corporate governance sub-period 
1994–2006; for the daily series, the null hypothesis that the stock price series follows a 
homoscedastic random walk is rejected, since MVRZ(k) = 5.05. As MVRZ*(k) = 2.03, we 
do not reject the null hypothesis of a heteroscedastic random walk. For the weekly and 
monthly observed returns, the results follow a similar pattern; that is, the homoscedastic 

Table 5  Multiple joint variance 
ratio (MVR) tests

MVRZ(k) is the homoscedastic and MVRZ*(k) the heteroscedastic-
robust version of the Chow–Denning test. The 0.05 critical region of 
the studentised maximum modulus distribution is 2.49. ***, **, and 
* indicate rejection of the null hypothesis at the 0.01, 0.05, and 0.10 
significance levels, respectively

Panel A: 1994–2016
Daily
 MVRZ(k) 7.07***
 MVRZ*(k) 3.23***

Weekly
 MVRZ(k) 4.17***
 MVRZ*(k) 2.44*

Monthly
 MVRZ(k) 4.21***
 MVRZ*(k) 3.15***

Panel B: 1994–2006
Daily
 MVRZ(k) 5.05***
 MVRZ*(k) 2.03

Weekly
 MVRZ(k) 5.77***
 MVRZ*(k) 2.96**

Monthly
 MVRZ(k) 4.74***
 MVRZ*(k) 3.37***

Panel C: 2007–2016
Daily
 MVRZ(k) 5.03***
 MVRZ*(k) 2.57**

Weekly
 MVRZ(k) 1.12
 MVRZ*(k) 0.69

Monthly
 MVRZ(k) 1.32
 MVRZ*(k) 0.90
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and heteroscedastic RWHs are rejected owing to the presence of positive autocorrelation in 
the stock price series.

Panel C reports the estimates for sub-period 2007–2016, during which there was a con-
certed effort by policymakers to implement a series of measures designed to improve the 
level of corporate governance in Saudi Arabia. The results for the daily return series indi-
cate that, on account of the values of MVRZ(k) = 5.03 and MVRZ*(k) = 2.57, stocks traded 
on the SSM seem not to subscribe to the RWH. The weekly stock price series indicate that, 
for the estimates, the null hypothesis that stock prices follow a random walk process is not 
rejected, since MVRZ(k) = 1.12 under homoscedasticity and MVRZ*(k) = 0.69 under heter-
oscedasticity. Further, the results for the monthly return series are markedly different from 
the daily ones but are the same for the weekly stock price series. For the monthly series, 
MVRZ(k) = 1.32 and MVRZ*(k) = 0.90. Therefore, the RWH is not rejected.

Overall, it can be conjectured that the evidence is strong that stocks traded on the SSM 
do not follow the hypothesis of random walk, since daily data tend to contain more infor-
mation than weekly and monthly data. Therefore, it is reasonable to conclude that the SSM 
is weak-form inefficient. Although, the results from the monthly and weekly data frequen-
cies strongly suggest the market appears to have evolved towards relative efficiency, espe-
cially during the post-corporate governance code period, which does affirm H1. In this 
case, market capitalisation and liquidity may well have played a role in accounting for this 
result, not discounting the series of reforms the CMA implemented to ameliorate the oper-
ation of the SSM. The dissemination and enforcement of tighter regulations and rules per-
taining to SSM management, combined with the emphasis on informational transparency 
and with information transmission, had a positive effect on SSM efficiency.

Although Chow and Denning’s (1993) MVR test eliminates the limitations posed by the 
individual and MVR tests, it is noteworthy to mention that both tests are predisposed to sta-
tistical bias due to the violation of the normality requirements. This is because such para-
metric tests are likely to lead to a statistical bias from the use of non-normally distributed 
time series under normality requirements.

For robustness, we apply Richardson and Smith’s (1991) WALD test and the runs test 
on the stock price series for daily, weekly, and monthly data (see Table 6). It is of particu-
lar interest to see how Richardson and Smith’s WALD test results stand in relation to the 

Table 6  WALD tests for the 
daily, weekly, and monthly Saudi 
stock market returns

The reported WALD test is based on a comparison of the variance 
ratios of the 2, 4, 8, and 16 horizons. *** represents significance at the 
0.01 level

Panel A: 1994–2016
 Daily 67.75***
 Weekly 23.83***
 Monthly 19.67***

Panel B: 1994–2006
 Daily 79.50***
 Weekly 42.69***
 Monthly 25.49***

Panel C: 2007–2016
 Daily 27.09***
 Weekly 1.96
 Monthly 5.44
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single and MVR test results. For each set of data frequencies reported in Panel A for the 
entire period, the results indicate that the hypothesis that stocks traded on the SSM follow 
a random walk is not supported, which corroborates the single and MVR test results and 
thus affirms H2. Similar to the entire period’s results, for the sub-period results in Panel B 
(1994–2006, or the pre-corporate governance period), the WALD test indicates the outright 
rejection of the random walk behaviour of stocks traded on the SSM for daily, weekly, and 
monthly data, thereby confirming H2.

For the second sub-period (2007–2016, or the post-corporate governance period), the 
results show that, while the WALD test rejects the RWH for daily data, the hypothesis is 
supported for the weekly and monthly data frequencies. These results imply a degree of 
sub-period efficiency improvement and, moreover, the effectiveness of the reforms, includ-
ing the role played by the SSM in promoting good corporate governance of the listed Saudi 
companies (including reforms directed at increasing transparency and disclosure rules, as 
previously noted), which affirms H1. Accordingly, the findings suggest that there is a close 
relationship between the development of the SSM and the system of corporate governance. 
As such, the SSM may be considered an effective mechanism for instilling good corporate 
governance practices among the listed Saudi companies.

It should be noted that the runs test is a non-parametric test, primarily concerned with 
the randomness of the sequence of price changes in a time series of stock prices. As such, 
it may be viewed as being either (i) a succession of price changes of the same sign, or (ii) 
a succession of zero price changes. Therefore, the test results accept the null hypothesis 
of independence of successive price changes for the stock price series whenever there is 
a close enough match between the expected and actual number of runs. The significant 
presence of a large/low number of actual runs compared with the number of expected runs 
would reject the RWH. Table 7 displays the estimates of the results of the runs test of M 
and Z for the daily, weekly, and monthly stock price series.

From Panel A, over the entire period (1994–2016), the runs test indicates that the null 
hypothesis of randomness is refuted for all data frequencies at the selected significance 

Table 7  Runs test on the Saudi 
stock market

N is the number of observations, M is the number of runs, E(M) is the 
expected runs computed, �(M) is the standard deviation, and Z is the 
Z-statistic. A negative Z-statistic indicates a positive serial correlation 
and vice versa. ***, **, and * represent significance at the 0.01, 0.05, 
and 0.10 levels, respectively

N M E(M) �(M) Z

Panel A: 1994–2016
 Daily 6296 2751 3149 39.6705 − 10.0326***
 Weekly 1145 508 573.5 16.9115 − 3.8731***
 Monthly 274 122 138 8.26136 − 1.93673*

Panel B: 1994–2006
 Daily 3802 1592 1902 30.8261 − 10.0564***
 Weekly 644 270 323 12.6787 − 4.18023***
 Monthly 154 61 78 6.18466 − 2.74874***

Panel C: 2007–2016
 Daily 2493 1159 1247.5 24.96 − 3.54568***
 Weekly 500 238 251 11.1692 − 1.16392
 Monthly 119 61 60.5 5.43139 0.0920575
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levels, since the Z-statistics are − 10.0326 for the daily price series, − 3.8731 for the 
weekly series, and − 1.93673 for the monthly series, which affirms H2. These values are 
higher than the critical ones, indicating an overwhelming rejection of the randomness of 
data frequencies due to the presence of statistically significant serial correlation.

Considering the first sub-period (1994–2006), the Z-statistics in Panel B indicate 
that the RWH is refuted, for not only the daily and weekly stock price series but also the 
monthly returns, which is consistent with the positive serial correlation of returns. This 
provides evidence against the stock market being characterised as weak-form efficient, thus 
lending strong support for H2. However, as this is the period prior to the implementation of 
corporate governance code, it will be interesting to see the impact of the implementation of 
corporate governance codes on the overall efficiency of the stock market. Thus, the central 
question that arises here is whether the implementation of a corporate governance code 
improved the efficiency of the SSM?

Panel C reports the values of the Z-statistics for sub-period 2007–2016, reflecting the 
effects of the implementation of the Saudi corporate governance code. This indicates a 
strong rejection of the RWH for the daily stock price series, as the Z-statistic is − 3.54568, 
which is consistent with the positive serial correlation of returns. With weekly data, the 
Z-statistic is − 1.16392, which is non-significant. Therefore, the RWH is not rejected 
for this data frequency, thereby lending support to H1. Additionally, with monthly data, 
the results show that the Z-statistic is 0.0920575. Therefore, the RWH is not rejected for 
monthly data. However, Tables 4–7 display evidence consistent with the literature in reject-
ing the RWH (see Shiller and Perron 1985; Summers 1986; Poterba and Summers 1988; 
Lo and MacKinlay 1988; Urrutia 1995; Grieb and Reyes 1999; Abraham et al. 2002; Al-
Khazali et  al. 2007; Hoque et  al. 2007). Particularly, the results are consistent with the 
findings of not only Urrutia (1995), who rejects the null RWH for Latin American emerg-
ing markets, but also Al-Khazali et  al. (2007) for a group of Middle Eastern stock mar-
kets and Hoque et  al. (2007) for a group of Asian markets. The results also suggest the 
common characteristics of emerging markets, which emphasise that prices and returns are 
negatively serially correlated, with the serial correlation becoming increasingly negative as 
the interval increases. If such a process governs returns, the VRs should be less than unity 
for longer horizons. Overall, the empirical evidence does not contradict these implications 
that the stock price series do not follow the RWH, thus confirming H2.

The implication is that the inefficiencies in the SSM mean there are profitable oppor-
tunities for astute market agents who are perhaps better informed at the expense of less 
informed investors. Such inefficiency is more likely to result in a large cost to the Saudi 
government, meaning that the ensuing inefficient allocation of resources must somehow be 
absorbed, and policymakers must instigate measures to reduce the costs that naturally arise 
from an inefficient stock market. One way of tackling this inefficiency would be for the 
CMA to seek improvements to the legal system and continue to reform the Saudi corporate 
governance system by improving the regulatory framework and increasing the transparency 
and internal controls of listed corporations. That is, underdeveloped legal, information, and 
corporate governance systems affect the price discovery process and can be at fault for 
slowing down the pace at which new information can be incorporated into security prices.

Therefore, the results in Tables 4 and 5 are reinforced when applying the Richardson 
and Smith WALD test and runs test. One reason is that the SSM pertains to a still develop-
ing market, characterised by Group of Seven (G7) standards, low liquidity, investors’ trad-
ing on less than accurate information, less than adequate disclosures, and non-trivial barri-
ers to entry, such as restrictions on the participation of international investors (which have 
only recently been removed). The results could also be due to the presence of time-varying 
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risk premia. Furthermore, these are nominal returns from an emerging oil dependent econ-
omy whose significant price volatility shook the confidence of the market over the analysed 
period as a result of a series of price adjustments. These adjustments also resulted in reduc-
ing market liquidity and may have contributed to a reduction in overall market efficiency. 
Consequently, the SSM may be considered less efficient than developed G7 stock markets, 
despite the significant efforts of policymakers to ensure that the technical and organisa-
tional aspects of the market environment mimic those of G7 markets. It may also be con-
jectured from Tables 6 and 7 that, while the RWH is refuted for the full sample and the pre-
corporate governance code period, there are improvements in the overall efficiency of the 
SSM based on both weekly and monthly data. This improvement in efficiency may partly 
be explained by the series of reforms that policymakers have embarked upon in recent 
years to improve the operation of the SSM. During 2007-–2016, the enforcement of regula-
tions and laws regarding the management of the market, informational transparency, and 
information transmission has positively influenced SSM efficiency.

In this respect, most of the improvement in the pricing efficiency of the SSM comes 
from measures implemented by policymakers as a result of the impact of the 2007–2009 
global financial crisis, as well as the participation of non-GCC foreign investors in the mar-
ket. This change may have reduced the information disadvantage of foreign investors and 
facilitated a more rapid information diffusion amongst them. Additionally, the regulatory 
changes may also have resulted in increased domestic investor participation, which could 
be important from a corporate governance perspective, because the managers of the listed 
companies characterised by effective and strong governance are expected to be monitored 
more strictly; they are therefore more inclined to be transparent and less inclined to with-
hold information. Therefore, we expect listed Saudi companies with better corporate gov-
ernance levels to have more credible information and for such information to be perceived 
as being more reliable; see, for example, Bushee and Noe (2000) and Beekes and Brown 
(2006) for details. In this setting, Diamond (1985) notes that increased information disclo-
sure will have the effect of reducing not only information asymmetry between management 
and traders, but also traders’ motivation for private information acquisition, thereby result-
ing in reduced heterogeneity among traders’ beliefs and a minimal speculative position 
among informed traders. Moreover, Leuz et  al. (2003) posit that effective governance is 
more likely than not to reduce information asymmetry, while also increasing transparency. 
In this context, corporate governance mechanisms may be key to explaining the improve-
ments in SSM efficiency and the relevance and effectiveness of corporate governance for 
listed Saudi companies. As informational problems become more relevant, stricter adher-
ence to corporate governance codes by listed companies should improve the timely release 
of information, and the information may be perceived as more reliable and have a favour-
able impact on the timeliness of the price discovery process. That is, relevant private infor-
mation that would otherwise have been kept private is readily incorporated into publicly 
observable market prices.

However, the mere presence of corporate governance in a given system and the broad-
scale acceptance and adherence to its principles do not guarantee economic success but 
make the process of managing the associated ownership risk more efficient. New informa-
tion technologies, particularly the trading system, have played an increasingly important 
role in promoting and improving corporate governance. Interestingly, over all data frequen-
cies, the results show sub-periods of efficiency increases for both the weekly and monthly 
stock price series during the post-corporate governance period. On an optimistic note, the 
evidence suggests that, by embracing better governance standards, efficiency increases as a 
result of the promotion and observance of good corporate governance in listed companies, 
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along with the observance of other rules related to transparency and improved disclosure. 
The discipline of listed companies in their observance of good corporate governance prac-
tices seems to indicate that to improve the efficiency of the SSM, policymakers should con-
tinue to address governance issues, while the SSM should provide incentives for enhanced 
and better corporate governance for listed companies.

Although the results based on weekly and monthly data indicate improvements in sub-
period market efficiency made by improving corporate governance, the situation is more 
complex. In fact, corporate governance and market efficiency tend to be affected by pre-
determined factors (e.g. origin of the legal code) and, hence, cannot be easily improved. 
A comparison with the period prior to the post-corporate governance period shows the 
SSM to be inefficient and supports H2, while the results in Tables 6 and 7 imply the sub-
period efficiency of the SSM in recent years, supporting H1. Particularly, as a financial 
crisis affects the global stock market, policymakers, the SSM, and investors are likely to 
devote themselves to enhancing stock market efficiency to mitigate the effects of the crisis. 
It should be emphasised that the findings also suggest that the SSM needs to particularly 
work on creating rules, disseminating standards, ensuring the activation of standards, and 
activating best practices in corporate governance for Saudi listed companies. This includes 
the creation of positive and best practice models of corporate governance, and the more 
difficult task of codifying the already created rules; it also involves the elimination of inap-
propriate behaviours and habits that have been hitherto difficult to eradicate.

5.2  Hurst Exponent Results

We deepen the analysis on the efficiency of the SSM by performing the Hurst exponent, 
calculated by means of the statistical method previously discussed on the logarithm of the 
daily, weekly, and monthly return series of the SSM, to evaluate the general validity of 
the results reported in Tables 5 and 6. The results in Table 8 indicate that the Hurst expo-
nents are well above 0.5, and for the return series and time periods considered, they sug-
gest that the SSM presents long-range dependence. Moreover, the results indicate that the 
market is informationally inefficient. All in all, these results provide strong support for H2. 

Table 8  Hurst exponent results 
for daily, weekly, and monthly 
returns

Hurst exponent Hurst 
exponent 
implies

Market decision

Panel A: Daily data
 Period: 1994–2016 0.9914 Persistent Inefficient
 1994–2006 0.9895 Persistent Inefficient
 2007–2016 0.9803 Persistent Inefficient

Panel B: Weekly data
 Period: 1994–2016 0.9735 Persistent Inefficient
 1994–2006 0.9835 Persistent Inefficient
 2007–2016 0.9632 Persistent Inefficient

Panel C: Monthly data
 Period: 1994–2016 0.9685 Persistent Inefficient
 1994–2006 0.9623 Persistent Inefficient
 2007–2016 0.9533 Persistent Inefficient
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More broadly, however, the findings lend support to those of Sadique and Silvapulle (2001) 
who suggested that the Singapore market presents long-range dependence, indicating that 
the market is inefficient. In addition, Sensoy (2013) evidenced long-range dependence for 
MENA stock markets, including the SSM; Al-Shboul and Alsharari (2019) observed fea-
tures of long-range dependence for the UAE stock markets, and Lamouchi (2020) reported 
evidence of long memory dependence in the return series of the SSM. These findings 
would seem to affirm the observation of Grossman and Stiglitz (1980) who showed that 
perfectly informationally efficient markets are impossible, because some level of ineffi-
ciency needs to exist in order to incentivise and reward arbitrageurs to patrol prices and 
thereby maintain efficiency.

Overall, barring Hurst exponent results and the exception of the first period, the empiri-
cal results indicate that the SSM has shifted towards achieving information efficiency, 
albeit sub-period improvement in market efficiency, and especially since the results under 
the weekly and monthly return series are consistent with the earlier findings, which con-
firm sub-period efficiency. Following this line of interpretation, our structural break test 
would then imply that, over the period evidenced by improvements in Saudi corporate gov-
ernance arrangements, the SSM is becoming more efficient, on account of the weekly and 
monthly return series. The test would also imply that the results might be sensitive not only 
to the return series (Seetharam et al. 2017), but also to the statistical measures employed. 
This finding is consistent with the assertions of Al-Khazali et  al. (2007) and Benjelloun 
and Squalli (2008).

5.3  Robustness tests and support for the results

Other than the clear tangible support for hypothesis H2, the key point of reference in 
our empirical results (Tables  5 and 6) points to the evidence of sub-period efficiency. 
The strong positive association evident in the sub-sample provides compelling support 
for hypothesis H1. We add to such support by considering further analysis regarding the 
impact of corporate governance change. Specifically, we test the RWH using sectoral (15) 
data for the SSM (the indices of which were introduced in 2007 following developments 
in corporate governance) for the period 2007–2016 by performing the MVR test of Chow 
and Denning (1993). Unlike the single VR test of Lo and MacKinlay (1988), the MVR 
test does not require the assumption that returns on the stock price indices are normally 
distributed and allows generalised heteroscedasticity in the return series. Furthermore, the 
WALD test and Hurst exponent estimation are performed to confirm whether the result is 
convincing.

The analysis reported in Table  9 contains the MVR statistics with homoscedastic, 
MVRZ(k), and heteroscedastic, MVRZ*(k), incremental random walks. At the selected 
significance level, the homoscedastic and heteroscedastic versions of the test suggest that 
under the daily series (Panel A) the null of random walk behaviour for all sectors of the 
SSM is rejected, except for the transport, industrial investment, and retail sectors. For the 
transport sector, the results show that MVRZ*(k) is 1.7392, while for the industrial invest-
ment sector, MVRZ*(k) is 1.9022. Comparable results are obtained for the retail sector, 
indicating that MVRZ*(k) is 2.0214. For these sectors, the heteroscedastic RWH is not 
rejected.

Panel B shows the results under the weekly series. We can assert that the RWH is 
not rejected for all sectors of the SSM, except for the insurance and petrochemical 
industries sectors. For the insurance sector, the null of a homoscedastic random walk 
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Table 9  MVR test results for 
daily, weekly, and monthly 
returns

Sectors Max |z|

Panel A: Daily data
Agriculture and food industries MVRZ(k) 4.9713***

MVRZ*(k) 2.4870*
Building and construction MVRZ(k) 6.6733***

MVRZ*(k) 3.4375***
Banks and financial services MVRZ(k) 6.2396***

MVRZ*(k) 3.2908***
Transport MVRZ(k) 3.1037***

MVRZ*(k) 1.7392
Hotel and tourism MVRZ(k) 4.8348***

MVRZ*(k) 3.2296***
Energy and utilities MVRZ(k) 5.4669***

MVRZ*(k) 2.9520***
Insurance MVRZ(k) 5.8478***

MVRZ*(k) 3.8319***
Multi-investment MVRZ(k) 4.1625***

MVRZ*(k) 2.4748*
Real estate development MVRZ(k) 4.2605***

MVRZ*(k) 2.4068*
Industrial investment MVRZ(k) 3.4064***

MVRZ*(k) 1.9022
Media and publishing MVRZ(k) 9.4006***

MVRZ*(k) 5.2762***
Petrochemical industries MVRZ(k) 4.4134***

MVRZ*(k) 2.4689*
Cement MVRZ(k) 5.2460***

MVRZ*(k) 2.8408**
Retail MVRZ(k) 3.8100***

MVRZ*(k) 2.0214
Telecommunication and IT MVRZ(k) 4.4518***

MVRZ*(k) 2.4284*
Panel B: Weekly Data
Agriculture and food industries MVRZ(k) 1.9076

MVRZ*(k) 1.2078
Building and construction MVRZ(k) 0.9278

MVRZ*(k) 0.5308
Banks and financial services MVRZ(k) 0.6333

MVRZ*(k) 0.4631
Transport MVRZ(k) 0.9423

MVRZ*(k) 0.7126
Hotel and tourism MVRZ(k) 0.3727

MVRZ*(k) 0.2768
Energy and utilities MVRZ(k) 1.2096

MVRZ*(k) 1.0482
Insurance MVRZ(k) 3.4845***

MVRZ*(k) 2.4739*
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Table 9  (continued) Sectors Max |z|

Multi-investment MVRZ(k) 0.8351

MVRZ*(k) 0.5963
Real estate development MVRZ(k) 0.8321

MVRZ*(k) 0.5872
Industrial investment MVRZ(k) 1.0403

MVRZ*(k) 0.7247
Media and publishing MVRZ(k) 2.1936

MVRZ*(k) 1.2067
Petrochemical industries MVRZ(k) 2.2305*

MVRZ*(k) 1.3362
Cement MVRZ(k) 1.9325

MVRZ*(k) 1.4564
Retail MVRZ(k) 0.5810

MVRZ*(k) 0.3698
Telecommunication and IT MVRZ(k) 0.6666

MVRZ*(k) 0.4531
Panel C: Monthly Data
Agriculture and food industries MVRZ(k) 0.7508

MVRZ*(k) 0.7494
Building and construction MVRZ(k) 1.1547

MVRZ*(k) 0.9207
Banks and financial services MVRZ(k) 1.0170

MVRZ*(k) 0.8537
Transport MVRZ(k) 1.7447

MVRZ*(k) 1.7591
Hotel and tourism MVRZ(k) 0.7937

MVRZ*(k) 0.7526
Energy and utilities MVRZ(k) 1.7376

MVRZ*(k) 1.6925
Insurance MVRZ(k) 1.5532

MVRZ*(k) 1.0946
Multi-investment MVRZ(k) 0.5752

MVRZ*(k) 0.4832
Real estate development MVRZ(k) 1.3543

MVRZ*(k) 1.2209
Industrial investment MVRZ(k) 1.2480

MVRZ*(k) 1.1300
Media and publishing MVRZ(k) 1.9820

MVRZ*(k) 1.5172
Petrochemical industries MVRZ(k) 2.9820**

MVRZ*(k) 1.7055
Cement MVRZ(k) 1.6899

MVRZ*(k) 1.4623
Retail MVRZ(k) 1.5552

MVRZ*(k) 1.5020
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is rejected since MVRZ(k) = 3.4845 > 2.49. Thus, the RWH is rejected either because 
of heteroscedasticity or autocorrelation in the return series. Parallel results for the sub-
sample analysis in Panel C indicate that the RWH is not rejected for all sectors of the 
SSM, except for the petrochemical industries sector. The null hypothesis that the pet-
rochemical industries sector follows a homoscedastic random walk is rejected since 
MVRZ(k) = 2.9820 > 2.49. This rejection of the RWH under homoscedasticity may again 
stem from heteroscedasticity and/or autocorrelation in the return series.

The results of the WALD test are presented in Table 10. As reported in Panel A, the 
WALD test clearly shows that under the daily series the RWH is rejected for all sectors 
of SSM, which corroborates the MVR test results and thus affirms H2. Yet, as evidenced 
in Panel B under the weekly series, the results indicate that the RWH is not rejected 
for all sectors of the SSM (except insurance and media and publishing). The results in 
Panel C under the monthly series are broadly in line with the findings reported in Panel 
B, except for the insurance, media and publishing, petrochemical industries, and retail 
sectors.

What makes the greatest impression from the Chow and Denning (MVR) and WALD 
results reported in Tables 9 and 10, is that for the weekly and monthly return series the 
evidence in support of market efficiency is particularly strong, except for a few sectors. 
These results rather suggest that listed firms in the insurance, media and publishing, 
petrochemical industries, and retail sectors were perhaps slow to comply with the newly 
imposed governance code, and/or to adhere to various measures that required all listed 
firms to improve transparency in corporate financial reporting, not least in the quality of 
financial and other firm-specific information and the speed at which such information 
became available to market participants. Nonetheless, it needs to be borne in mind that 
these results are consistent with the results presented in Tables 5 and 6, which evidence 
sub-period improvement in SSM efficiency. The results would intimate, moreover, that 
in general the majority of sectors were compliant with the corporate governance regula-
tions and code of best practices on the need for greater transparency of corporate activi-
ties. This points to companies with better corporate governance levels being perceived 
as reliable processors of information which were ultimately transmitted to the market 
more quickly and would seem to improve the efficiency of the SSM. These results are, 
however, in sharp contrast with the finding reported by Squalli (2006) who rejects the 
RWH for the represented sectors of the UAE stock markets (the ADSE and DFM). The 
results are nonetheless consistent with the findings of Al-Shboul and Alsharari (2019) 
who note that the DFM and ADSE evidenced evolving informational efficiency, since 
both markets were found to be generally inefficient with a trend of improvement towards 
tweak-form market efficiency.

Table 9  (continued) Sectors Max |z|

Telecommunication and IT MVRZ(k) 1.0877

MVRZ*(k) 0.9439

MVRZ(k) is the homoscedastic and MVRZ*(k) the heteroscedastic-
robust version of the Chow-Denning test. The 0.05 critical region of 
the studentised maximum modulus distribution is 2.49. ***, **, and 
* indicate rejection of the null hypothesis at the 0.01, 0.05, and 0.10 
significance levels, respectively. The number of daily observations is 
2493, while the number of weekly observations is 500, and the num-
ber of monthly observations is 119
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Table 10  WALD test results 
for daily, weekly, and monthly 
returns

Sectors WALD test

Panel A: Daily data
Agriculture and food industries 40.125***
Building and construction 51.206***
Banks and financial services 41.780***
Transport 12.652**
Hotel and tourism 24.932***
Energy and utilities 31.256***
Insurance 45.844***
Multi-investment 17.982***
Real estate development 21.432***
Industrial investment 12.983**
Media and publishing 89.808***
Petrochemical industries 20.464***
Cement 32.562***
Retail 20.548***
Telecommunication and IT 21.941***
Panel B: Weekly data
Agriculture and food industries 3.8115
Building and construction 3.2888
Banks and financial services 4.0437
Transport 3.8167
Hotel and tourism 0.5942
Energy and utilities 3.6648
Insurance 17.518***
Multi-investment 1.3831
Real estate development 7.4757
Industrial investment 3.9592
Media and publishing 20.164***
Petrochemical industries 5.5884
Cement 4.0715
Retail 1.2140
Telecommunication and IT 3.6873
Panel C: Monthly data
Agriculture and food industries 4.2596
Building and construction 2.4380
Banks and financial services 1.9220
Transport 4.6848
Hotel and tourism 2.9790
Energy and utilities 4.3531
Insurance 9.1358*
Multi-investment 0.6007
Real estate development 2.4044
Industrial investment 3.9783
Media and publishing 15.617***
Petrochemical industries 22.107***
Cement 3.5816
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6  Conclusions

This paper examines the efficiency of the SSM and addresses the related research question 
regarding whether changes in corporate governance matter. For the overall period from 
1994–2016 our results indicate that stocks traded on the SSM do not follow the RWH and, 
therefore, the SSM can be considered generally informationally inefficient, which confirms 
the early findings of Al-Ghamidi and Opong (1999). A major contribution of this study 
is the impact of corporate governance change on market efficiency. Estimates based on 
weekly and monthly returns indicate sub-period improvement in market efficiency, which 
may be attributed to improvements in the corporate governance arrangements. These 
improvements enhanced the timelines of the price discovery process, because better gov-
erned firms tend to release information on a timely basis that is perceived as more reliable 
by market participants. This is an important finding, especially in view of policymakers’ 
efforts to establish codes of best practice and the need for listed firms to show greater lev-
els of transparency. Our structural break test indicates one break in 2006 that coincides 
with the period of corporate governance change, which may well account for sub-period 
improvement in SSM efficiency. For this reason, we conducted a robustness test for the 
SSM sector using MVR and WALD analyses in order to confirm our results. The obtained 
results indicate rejection of the RWH for the overall period (1994–2016), but also show 
improvements in sub-period efficiency under both weekly and monthly returns. This con-
firms our earlier findings and would seem to affirm that corporate governance change con-
tributed to improving the environment in which stocks are traded.

Subject to the discussion above, the Hurst exponent estimation indicates strong evidence 
of long-range dependence and, by implication, suggests that the SSM is an informationally 
inefficient market, which confirms and completes the above-cited studies for MENA stock 
markets. The implications of these results are germane to policymakers, regulators, and 
market participants. Improvements in market efficiency may be related to improvements 
in corporate governance arrangements, including the institutional structure of the SSM, 
while the evidence of inefficiency means that investors should be looking for short-term 
investment opportunities until the market is deemed efficient and thus difficult to predict. 
Regarding future research, the perspective developed in this study can be used as a tem-
plate to examine similar issues for other GCC economies that have invested substantially 
in developing good corporate governance practices, as well as research into how corporate 
governance characteristics impact on the market reaction to news.
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The reported WALD test is based on a comparison of the variance 
ratios of the 2, 4, 8, and 16 horizons. ***,**, and * represent signifi-
cance at the 0.01, 0.05, and 0.10 levels. The number of daily observa-
tions is 2493, while the number of weekly observations is 500, and the 
number of monthly observations is 119

Table 10  (continued) Sectors WALD test

Retail 8.0934*
Telecommunication and IT 3.2490
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Appendix 1

Appendix 1A

Descriptive Statistics
Normality test for the Hurst exponent

Data Period Jarque–Bera Decision Shapiro–Wilk Decision

Daily 1994–2016 1170.74*** Not-Normal 0.8866*** Not-Normal
1994–2006 4030.30*** Not-Normal 0.6579*** Not-Normal
2007–2016 143.851*** Not-Normal 0.9531*** Not-Normal

Weekly 1994–2016 167.482*** Not-Normal 0.9005*** Not-Normal
1994–2006 631.74*** Not-Normal 0.6650*** Not-Normal
2007–2016 27.8112*** Not-Normal 0.9544*** Not-Normal

Monthly 1994–2016 44.3957*** Not-Normal 0.8984*** Not-Normal
1994–2006 151.312*** Not-Normal 0.6651*** Not-Normal
2007–2016 6.7435** Not-Normal 0.9539*** Not-Normal

*** and ** represents significance at the 0.01, 0.05 levels

Appendix 1B

Unit Roots Tests (ADF, PP, KPSS)

Data Sample 
period

Level First difference

ADF PP KPSS ADF PP KPSS

Daily 1994–2016 − 2.143428 − 1.748435 0.745006*** − 15.22880*** − 71.89038*** 0.079262
1994–2006 − 1.701300 − 1.645545 1.306290*** − 10.34638*** − 56.52886*** 0.122421*
2007–2016 − 2.046532 − 1.939418 0.482279*** − 31.94077*** − 44.29135*** 0.065010

Weekly 1994–2016 − 2.021897 − 1.890132 0.370732*** − 17.38769*** − 28.13749*** 0.065229
1994–2006 − 1.694352 − 1.753897 0.491406*** − 17.61737*** − 18.58148*** 0.106013
2007–2016 − 2.489762 − 2.170818 0.238705*** − 10.62270*** − 21.80813*** 0.062735

http://creativecommons.org/licenses/by/4.0/
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Data Sample 
period

Level First difference

ADF PP KPSS ADF PP KPSS

Monthly 1994–2016 − 2.079466 − 2.294268 0.183324** − 9.957823*** − 13.58311*** 0.046016
1994–2006 2.981594 − 1.980014 0.258073*** − 6.131436*** − 8.922511*** 0.083325
2007–2016 − 2.241936 − 2.306338 0.122682* − 6.340244*** − 10.30943*** 0.054695

ADF is the optimal number of lags chosen according to the Schwarz Information Criterion (SIC) with crite-
rion at its minimum value, provided that the lags yield white-noise residuals. In the Philips Peron test, if the 
test value is less than the Mackinnon critical value, that means that the variable is non stationary at level (unit 
root), but if the test value is greater than the Mackinnon critical value, that means the variable is stationary 
(no unit root). The critical value for ADF and PP used MacKinnon (1996) one-sided p-values. In the KPSS 
test, the test value is greater than the asymptotic critical value, which means that the variable is non station-
ary at level (unit root), but if the test value is less than the asymptotic critical value, that means the variable is 
stationary (no unit root). ***, ** and *, represent significance at the 0.01, 0.05, and 0.10 levels, respectively
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