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ABSTRACT 
 

This study examines the mean reversion of two Emerging Markets (Egypt and South Africa) and five 

Frontier Markets (Kenya, Mauritius, morocco, Nigeria and Tunisia) by examining the stationarity of 

stock prices using several panel unit root tests. Empirical results show that the unit root tests (ADF, 
GD-GLS and PP) cannot be rejected for most of the stock prices in this study. However, the 

Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test, which has more power than ADF in detecting unit 

root, however, is only able to identify in Egypt, Kenya and Nigeria which are more flexible enough to 
revert to its long run equilibrium. Due to the limitation of Univariate Unit Root Tests, we resort to 

panel unit root tests for more reliable findings. The Panel Unit Root Tests showed evidence of stock 

price in these countries is rejecting the random walk hypothesis. Therefore, there is an evidence of 

mean reversion in these markets. As a consequent, shocks to the prices is temporary effect, and the 
movement of stock prices in this study is predictable. Investors may consider the past information and 

behaviour in the markets to develop their trading strategy to beat the market. 
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1. Introduction 
 

The movement of stock prices follows a random walk hypothesis or it reverts to some long-run trend 

is a fundamental interest to both market experts and investors. Market investors will be motivated to 

invest in the market if the stock prices follow a mean reverting process. In this case, there exists a 
tendency for the price level to return to its trend path over time and investors will be able to identify 

some specific trading strategies by using information on past returns to reap abnormal profit
2
. On the 

other hand, a random walk process implies that the effect of any shock to the stock prices is 
permanent. In particular, stock prices will attain a new equilibrium after shock happens and this 

implies that the future stock returns are unpredictable based on historical observations. Due to its 

importance, an extensive empirical literature has been developed on the topic of mean reversion in 
stock prices, since the influential work of Fama and French (1988), Poterba and Summers (1988) and 

Lo and MacKinlay (1988). It is worthwhile to mention that the above studies were the first group of 

works who found significant results in testing mean reversion.  

 
From the literature, the results of the previous studies are inconclusive. For example, among 

the others, Fama and French (1988), Poterba and Summers (1988), Lo and MacKinlay (1988), 

Cochrane (1988), Urrutia (1995) Huber (1997) and Lewellen (2001), are those who obtained results 
that are supportive of mean reversion in the stock prices. However, on the other hand, another group 

of researchers found no evidence of mean reversion in the stock prices (Huber, 1997; Choudhry, 1997; 

Kawakatsu & Morey, 1999). Moreover, Chaudhuri and Wu (2003) found mixed results in their study. 

They found mean reversion in eleven countries and unit root in the remaining six countries in their 
study. 

                                                             
1 Corresponding Author. Email: ricky_82@ums.edu.my.  
2 Besides, according to Vlaar (2005), mean reversion in stock prices is economically important to the attractiveness of the 
stock market for pension funds. 

mailto:ricky_82@ums.edu.my


Proceedings of the International Conference on Economics 2019 (ICE 2019)   61 

 

 

 

 

Mean reversion in stock prices are commonly identified by researchers using various 

methodology or statistical approaches along the years. There are variance-ratio test
3
 (Fama & French, 

1988; Lo & MacKinlay, 1988; Cochrane, 1988; Urrutia, 1995; Huber, 1997; Chaudhuri & Wu, 2003), 
regression-based test (Fama & French, 1988; Lewellen, 2001), and conventional univariate unit root 

test (Choudhry, 1997; Kawakatsu & Morey, 1999; Chaudhuri & Wu, 2003; Buguk & Brorsen, 2003). 

Despite the consistent findings of mean reversion in the stock market, the low power of theses 
conventional univariate unit root test against the stationary alternatives, when the process is near-

integrated, is a well-known problem for small sample study (Cochrane, 1991; Dejong et al., 1992). 

Therefore, a way to circumvent the problem is to perform panel analysis, which allows the pooling of 

data and consideration of cross-country economics interactions. Motivated by this concern, Balvers et 
al. (2000)

4
 and Chaudhuri and Wu (2003) utilized panel unit root test

5
 to examine mean reversion in 

stock prices. Their studies showed that panel unit root test has more powerful advantage in examining 

the mean reversion in stock prices (less likely to commit a Type II error) than the conventional 
univariate unit root test which applied to individual series.  

 

Nonetheless, study on the stationarity of stock prices by using panel analysis is still limited in 
the literature, especially in the Africa region. This study add value to the literature by investigating the 

mean reversion issue using panel analysis in the spirit of Balvers et al. (2000) and Chaudhuri and Wu 

(2003). Particularly, this study examines the stationarity of nine stock indexes by using several panel 

unit root tests. This study differentiates itself from the others in several points. First, beside of Levin 
et al. (2002) test, alternative panel unit root tests due to Maddala and Wu (1999), Choi (2001) and Im 

et al. (2003) are also considered in this study for cross-validation. In this regard, Im et al. (2003) test 

improves over Levin et al. (2002) test and therefore it could provide more reliable results. It is 
important to note that Im et al. (2003) and Levin et al. (2002) tests are parametric in nature, Maddala 

and Wu (1999) and Choi (2001) are non-parametric unit root tests. The nonparametric test could 

avoid misleading results when the model specification is not able to capture the characteristic of the 
stock price dynamic. Second, it employs the more recent data set to provide an updated finding. Third, 

this study utilizes monthly data to check whether data frequency matters in the testing of mean 

reversion in stock prices.  

 
The rest of the study is organized as follows. Section 2 describes the data and methodology 

employed in this study. Section 3 presents and discusses the findings and the last section concludes 

the study. 
 

2. Data and Methodology 

 

The monthly data used in this study consists of 2 Emerging Markets (Egypt and South Africa) and 5 
Frontier Markets (Kenya, Mauritius, Morocco, Nigeria and Tunisia)

6
, over the period January 2005 to 

April 2019. To archive the purpose of this study, several panel unit root tests due to Maddala and Wu 

(1999), Choi (2001) and Im et al. (2003), in addition to the Levin et al. (2002) unit root test, are 
adopted in this study.  

 

                                                             
3 If the variance-ratio is equal to one, the return variance is proportional to the return horizon which occurs when the 
logarithm of the stock price follows a random walk.  
4 This study found evidence at 1% and 5% significance level of mean reversion of the market price indices of 18 countries 

from 1969 to 1996. 
5 See, Narayan and Smyth (2007), Narayan and Narayan (2007), Narayan and Prasad (2007) and Ahmad et al. (2010) for 

other way in examining the mean reversion in stock prices.   
6 MSCI Barra classified the following countries as emerging (Egypt and South Africa) and frontier (Kenya, Mauritius, 

Morocco, Nigeria and Tunisia) markets.  
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Im .et al (2003) proposed a t-bar statistic, which is based on the average of the individual 

ADF t-statistics, to examine the unit root hypothesis for panels
7
. For a sample of N groups observed 

over T time periods, the panel unit root regression of the conventional ADF test can be expressed as: 

 

1

1

, 1,..., , 1,...,
tp

it i i it ij it j it

j

y y y e i N t T   



                                      (1) 

 

where ity  is the stock index series, ityΔ = ity - 1ity , i , i  and 
ij  are the parameters to be 

estimated, and ite  stands for disturbance terms. The subscript t  denotes time period, whereas 

subscript i  represents the individual country. Note that the intercept term,  i  captures the country-

specific effects, and to incorporate the time-specific effects, a trend component may be added to 

Equation (1).  
 

In this test, the null hypothesis of unit root (non-stationary) exists for all countries 

( 0 :H 0,i  for all i ) is tested against the alternative that there is no unit root (stationary) for all 

countries ( 1 :H 0,i   for all i ). To test the hypothesis, Im .et al  (2003) proposed a standardized t-

bar ( t ) statistic given by: 

 

2

)(



tN
 )1,0(N           (2) 

 

where t  is the average of the estimated individual ADF t-statistic for testing 0i   for a all i. µ and 

2
 represent the mean and variance of the ADF t-statistics, which can be obtained from simulation and 

they are available in the Table 2 of Im .et al (2003). The symbol “ )1,0(→ N ” refers to 

asymptotically distributed as standard normal distribution.  

 

Earlier on, Levin et al. (2002) propose a unit root test, which assumes that  the i  

coefficients are the same for all stock indexes [   Ni ...  in Equation (1)] and test the null 

hypothesis of 0:0 H  against the alternative hypothesis of 0: AH  using the test statistic, 


 ˆ/ˆ set  , where ̂  is the OLS estimate of   and 

̂
se  is the standard error of ̂ . Im .et al (2003) 

unit root improves over that of Levin et al. (2002) in the sense that it does not imposed the restrictive 

assumption of homogeneity. The homogeneity assumption is relaxed in Im .et al (2003) unit root to 

cater for heterogeneity and serial correlation errors across countries, which is more reflective of the 
actually situation. Therefore, it could provide more robust results as compared to Levin et al. (2002) 

test. Hence, the better finite sample performances of Im .et al (2003) test as compared to the Levin et 

al. (2002) test as revealed by simulation study performed by the former comes with no surprise.  

Nonetheless, Im et al. (2003) test can only be performed using the same lag length across all the 

individual ADF regressions. In this junction, the Maddala and Wu (1999) and Choi (2001) Fisher tests 
can be performed on different lag lengths in the individual ADF regressions. Another advantage of the 

Fisher test is that it does not require balanced panel as in the case of the Im et al. (2003) test. 

  

                                                             
7 See, Im et al. (1997) for the working paper version. 
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Maddala and Wu (1999) proposed a Fisher test statistic solely based on joining the p-value of 

the test statistic from the individual unit root tests. The test is non-parametric and is based on Fisher 

(1932). Similar to Im et al., (1997), this test allows for different first-order autoregressive coefficients 

and has the same null and alternative hypothesis in the estimation procedure. The Fisher test statistic, 

)( 2χp is written as follows: 

 

)( 2χp =
1

( ) 2 log( )
N

jj
p  


                                 (3) 

 

where 
j  is the p-value of the test statistic for j. The Fisher test statistic )( 2χp is a chi-squared 

distribution with 2N degree of freedom. 

 

Choi (2001) extends the Fisher test statistics of Maddala and Wu (1999) by demonstrating 
that: 
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                                (4) 

 

where 
1 
 is the opposite of the standard collective distribution function.  

 

3. Empirical Results and Discussions 

 
For contrasting purpose, the conventional Augmented Dickey-Fuller (ADF) and its improved version 

known as Generalized Least Squares Dickey-Fuller (DF-GLS, due to Elliott et al. 1996), Phillips-

Perron (PP) and Kwiatkowski-Phillips-Schmidt-Shin (KPSS) unit root tests are included in this study.  

Table 1 summarizes the results of this study based on conventional unit root tests. Table 1 shows that 
the null hypothesis of unit root (ADF, DF-GLS and PP) cannot be rejected for most of the stock prices 

(Egypt, South Africa, Kenya, Mauritius, Morocco, Nigeria and Tunisia) in this study. The 

Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test, which has more power than ADF in detecting unit 
root, however, is only able to identify in Egypt, Kenya and Nigeria which are flexible enough to 

revert to its long run equilibrium. Nonetheless, as pointed out earlier, univariate unit root tests suffer 

from power problem and hence the results obtained are not robust for policy implications. In this 
context, we resort to panel unit root tests for more reliable findings. 

 

The panel unit root tests results are presented in Table 2. It is observed from Table 2 that, the 

null hypothesis of unit root (implying existence of random walk) cannot be rejected at less than five 
percent significance level based on the Levin et al. (2002) unit root test. It can be concluded that by 

incorporating cross-country variations, the stock prices of all the seven markets are non-stationary.   

 
In contrast, the stock price of these countries is rejecting the random walk hypothesis and 

therefore there is an evidence of mean reversion in these markets. This finding is cross-validated by 

Im et al. (2003) test, as well as the non-parametric Fisher test of Madalla and Wu (1999) and Choi 
(2001), which also consistently show evidence of the mean reverting (trend stationary) process. In 

another words, if stock prices are mean reverting then shocks to prices will have a temporary effect, 

ensuring that one can forecast future movements in stock prices based on past behaviour and trading 

strategies can be developed to earn abnormal returns. 
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Table 1: Univariate Unit Root Tests for Seven Selected African Countries Stock Markets 
Countries ADF DF-GLS PP KPSS 

Egypt 

 
-2.5404 (0) -1.4194 (0) -3.0359 (6)** 0.0779 (10) [t] 

South Africa 

 
-3.0451 (0)** -1.1518 (0) -3.0121 (3) 0.1716 (10) [t]** 

Kenya 

 
-1.2909 (0) -0.0322 (0) -1.4336 (2) 0.1436 (10) [t] 

Mauritius 

 
-2.6222 (8) -0.5294 (8) -2.7340 (8) 0.2111 (10) [t]** 

Morocco 

 
-2.9177 (8) [t] -0.8705 (8) -2.4735 (5) [t] 0.1894 (10) [t]** 

Nigeria 

 
-2.6711 (4) [t] -1.7353 (4) -1.7714 (6) -2.3911 (6) [t] 

Tunisia 
-2.9152 (0)**  

 
-0.8685 (0) -2.9630 (2)** 0.3113 (10)* 

Critical Values (without Trend) 

1% -3.4687 -2.5785 -3.4687 0.7390 

5% -2.8783 -1.9427 -2.8783 0.4630 

Critical Values (with Trend) 

1% -4.0126 -3.4948 -4.0126 0.2160 

5% -3.4363  -2.9590 -3.4363 0.1460 
Notes: Asterisks (*) and (**) indicate the rejection of the null hypothesis of unit root at 1% and 5% significance levels 
respectively. The optimal lag lengths in ADF and DF-GLS tests are selected based on the modified Akaike’s information 
criteria. [t] indicates that time-specific effect is included in the estimation. 

 

Table 2: Panel Unit Root Tests for Seven Selected African Countries Stock Markets 
 

Test 

Test Statistic [Probability] Test Statistic [Probability] 

Accounting for only Country-

Specific Effects 

Accounting for Country- and 

Time-Specific Effects 

Levin et al. (2002) 
 

0.1943 [0.4230] 
0.2467 [0.4026] 

Im et al. (2003) 

 
2.3819 [0.0086]* 

1.8715 [0.0306]** 

Maddala and Wu (1999) 

 
27.1386 [0.0185]** 

21.1579 [0.0977] 

Choi (2001) 

 
30.5114 [0.0065]* 

22.7385 [0.0647]* 

Notes: Asterisks (*) and (**) indicate the rejection of the null hypothesis of unit root at 1% and 5% significance levels 
respectively. The optimal lag lengths in ADF and DF-GLS tests are selected based on the modified Akaike’s information 
criteria. 

 

4. Conclusion 

 

This study examined the validity of the efficient market hypothesis in 2 Emerging Markets (Egypt and 
South Africa) and 5 Frontier Markets (Kenya, Morocco, Mauritius, Nigeria and Tunisia), over the 

period January, 2005 to April 2019 by employing several univariate and panel unit root tests 

(Maddala & Wu, 1999; Choi, 2001; Levin et al., 2002; Im et al., 2003). As a consequent, shocks to 
the prices is temporary effect, and the movement of stock prices in this study is predictable, therefore, 

investors may consider the past information and behaviour in the markets to develop their trading 

strategy to beat the market. In closing, it is important to highlight that the robustness of the empirical 

results of this paper can be tested further by allowing for structural breaks in the panel unit root tests 
along the lines suggested by Perron (1989), which was beyond the scope of this paper. 
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