
dde Villiers, David; Apopo, Natalya; Phiri, Andrew

Article

Unobserved structural shifts and asymmetries in the
random walk model for stock returns in African frontier
markets

Cogent Economics & Finance

Provided in Cooperation with:
Taylor & Francis Group

Suggested Citation: dde Villiers, David; Apopo, Natalya; Phiri, Andrew (2020) : Unobserved structural
shifts and asymmetries in the random walk model for stock returns in African frontier markets,
Cogent Economics & Finance, ISSN 2332-2039, Taylor & Francis, Abingdon, Vol. 8, Iss. 1, pp. 1-21,
https://doi.org/10.1080/23322039.2020.1769348

This Version is available at:
https://hdl.handle.net/10419/245320

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

  https://creativecommons.org/licenses/by/4.0/

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.1080/23322039.2020.1769348%0A
https://hdl.handle.net/10419/245320
https://creativecommons.org/licenses/by/4.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=oaef20

Cogent Economics & Finance

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/oaef20

Unobserved structural shifts and asymmetries
in the random walk model for stock returns in
African frontier markets

David de Villiers, Natalya Apopo & Andrew Phiri |

To cite this article: David de Villiers, Natalya Apopo & Andrew Phiri | (2020) Unobserved structural
shifts and asymmetries in the random walk model for stock returns in African frontier markets,
Cogent Economics & Finance, 8:1, 1769348, DOI: 10.1080/23322039.2020.1769348

To link to this article:  https://doi.org/10.1080/23322039.2020.1769348

© 2020 The Author(s). This open access
article is distributed under a Creative
Commons Attribution (CC-BY) 4.0 license.

Published online: 25 May 2020.

Submit your article to this journal 

Article views: 325

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=oaef20
https://www.tandfonline.com/loi/oaef20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/23322039.2020.1769348
https://doi.org/10.1080/23322039.2020.1769348
https://www.tandfonline.com/action/authorSubmission?journalCode=oaef20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=oaef20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/23322039.2020.1769348
https://www.tandfonline.com/doi/mlt/10.1080/23322039.2020.1769348
http://crossmark.crossref.org/dialog/?doi=10.1080/23322039.2020.1769348&domain=pdf&date_stamp=2020-05-25
http://crossmark.crossref.org/dialog/?doi=10.1080/23322039.2020.1769348&domain=pdf&date_stamp=2020-05-25


FINANCIAL ECONOMICS | RESEARCH ARTICLE

Unobserved structural shifts and asymmetries in
the random walk model for stock returns in
African frontier markets
David de Villiers1, Natalya Apopo1 and Andrew Phiri1*

Abstract: The purpose of this study is to examine the weak-form market efficiency
hypothesis (EMH) for 8 African Frontier markets between 2001 and 2017. To achieve
this purpose, we employ unit root testing procedures which are robust to both
nonlinearities and smooth structural breaks, making this study the first of its kind
for African markets. Our empirical findings suggest that, regardless of whether daily
or weekly series are employed, most African frontier markets are not market
efficient, in the weak sense form, with the exception of the Kenyan stock market
and to a very much lesser extent the Botswana and South African stock series.
Important policy and investor implications are drawn in our study.
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1. Introduction
Following the seminal influences of Harrod (1939) and Domar (1946) and the subsequent con-
tributions of Solow (1965), Swan (1965), and Lucas (1988), the evolution of an economy’s capital
stock has been unanimously considered as the engine of dynamic economic growth and develop-
ment. In more modern times, capital markets can be viewed as markets in which the ownership of
an economy’s capital stock is distributed amongst a variety of competitive yet rationale market
participants. Economic Nobel laureates Samuelson (1965) and Fama (1965) were amongst the first
to recognize that the trajectory of returns on security prices can provide simple yet powerful
inferences on the efficiency of capital markets considering the rationale behaviour of market
participants. The Fama-Samuelson synthesis particularly argues that the independence of
a sequence of changes in security prices implies that equilibrium conditions of production-
investment decisions within capital markets satisfy a ‘fair game” model in which speculative
behaviour does not yield any predictable gains. In academic jargon, this phenomenon is more
popularly branded as the efficient market hypothesis and has since its inception undergone severe
criticism concerning its validity.

Even though the EMH has secured a considerable amount of empirical support within the academic
literature, more particularly for advanced Western economies (see Titan (2015)) for an exhaustive
review of the international literature), practitioners and other observers have nevertheless questioned
the validity of the theory considering the number of re-occurring stock market crashes which have
translated into larger, and in more severe cases, global financial crisis that have threatened the very
essence of global economic stability. Ball (2009) notes that investors and financial regulators world-
wide have beenunable to predict several historic financial criseswhich have commonly emulated from
the bursting of asset bubbles because they religiously believed in the EMH and its implication of self-
correcting behaviour of capital markets. Initially, Keynes (1936) contended that investors in equity
markets had “animal spirits” and the stock market participants had characteristics of a “beauty
contest”, in that the actions of many rational but short-horizon investors are similarly governed by
their expectations about what other investors believe, rather than their genuine expectations about
the true value of a firm (Gao, 2008). Later on, Grossman and Stiglitz (1980) cast some doubt on the
EMH due to information asymmetry in which equilibrium in markets can only occur if there is no
information existing within the markets. In particularly, the authors argue that in the existence of
information and the costs of obtaining it “ … prices cannot perfectly reflect the information which is
available, since if it did then, those who spend resources to get it would receive no compensation … ”

(Grossman & Stiglitz, 1980). And even more recently there has emerged a new breed of economists
who have emphasized on the psychological and behavioural elements of stock-price determination
and strongly believed that stock prices must be at least partially predictable on the basis of past price
behaviour as well as other certain valuation metrics (Malkiel, 2003 and Shiller, 2014).

From an empirical standpoint, the disputes over the validity of the market efficiency hypothesis,
which in their weak-form are primarily based on unit root testing procedures are no less con-
clusive. Torous et al. (2004) argue that by their very construction, conventional unit root tests such
as the Dickey-Fuller (ADF) and PP tests have low power to reject the null hypothesis of a unit root
when the underlying data generated according to the local-to-unity specification. Pierre (1989) as
well as Zivot and Andrews (1992) demonstrate that these tests further exhibit low testing power in
the presence of structural breaks in the data caused by severe structural changes such as the 1970
oil crisis. Moreover, Kapetanois et al. (2003) further show that conventional unit root tests have low
testing power in distinguishing between unit root and nonlinear, stationary processes. More
recently, Becker et al. (2006) as well as Enders and Lee (2012) demonstrate that both nonlinea-
rities and smooth structural breaks can be efficiently captured within unit root testing frameworks
by augmenting these test with a flexible Fourier approximation. The authors demonstrate that FFF-
based unit root test outperform “conventional” and other “nonlinear” unit root testing procedures
in distinguishing between stationary and non-stationary time series processes.
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In our study we focus the EMH on the Africa continent which has recorded impressive
economic growth in the twenty-first century and is yet characterized by weak financial links
with the rest of the world and low degrees of financialization (Rodrik, 2016). Although there has
been some notable progress in terms of the number of securities exchange platforms, Africa’s
equity markets are plagued by low investor confidence, low liquidity, thin trading, high trading
costs and price limits, all which compromise the efficiency of these stock exchanges. Less than
40 percent of the countries in Africa have stock exchanges which are functioning across the
continent and there exists 8 major stock exchanges which account for over 95 percent of all
trading activity on the continent (i.e. the Nairobi Securities Exchange, the Nigerian Stock
Exchange, the Botswana Stock Exchange, the Zimbabwe Stock Exchange, the Johannesburg
Stock Exchange, the Egyptian Exchange, the Casablanca Stock Exchange and the Tunis Stock
Exchange) (Yartey & Adjasi, 2007). Incidentally, most existing empirical studies on the EMH in
African countries focus on or include these 8 frontier markets and the low variety of countries in
the African literature reflects the lack of accessibility to data as opposed to lack of academic
effort. A summary of the country-specific and panel based-studies for the previous literature for
African markets are presented in Tables 1 and 2, respectively, and these studies are inconsistent
with each other due to “weak” testing procedures, the use of different time samples and data
frequencies.

In our study, we re-examine the weak-form EMH for 8 African countries using the nonlinear
testing procedure of Kapetanois et al. (2003) augmented with a Flexible Fourier Form (FFF)
function described in Enders and Lee (2012) and in doing so we make three contributions to the
literature. Firstly, previous studies have failed to take into consideration the possibility of
existing asymmetries in the empirical data for African stock exchanges. As argued by Lee
(2011), this is important for developing countries which characterized by market imperfections
such as high-levels of information asymmetries and market frictions, all which are reflected in
asymmetric data generating processes of stock returns. Secondly, previous African studies
employ data which covers important structural breaks such as the Asian financial crisis of
(1998–2000) as well as the more recent global financial crisis (2007–2009) and yet these
structural breaks have not been accounted for these empirical studies. Besides, these major
structural breaks in the data, other forms of structural breaks such as adoption of new trading
platforms and other technological structures could lead to other “smooth” structural breaks.
Our employed FFF-based unit root testing procedures can capture these and other unobserved
structural breaks existing in the data. Lastly, rather than concentrating on one frequency of
series, our empirical analysis is performed on two frequencies of data i.e. daily and weekly
series. As argued by Huang and Jo (1995) and Caporale et al. (2019), the efficiency of stock
markets is contingent on the frequency of the trading systems employ by various market
participants such that abnormal returns can be gained using certain return intervals for asset
prices.

Against this background, we structure the remainder of the paper as follows. Section 2 of the
paper presents our empirical framework. Section 3 presents the empirical data and the results. The
paper is concluded in section 4.

2. Empirical framework

2.1. Theoretical foundations
At the theoretical nucleus of the EMH lies the expected return or “fair game” model as expounded in
Eugene (1970) who mathematically constructed his theory based on the following model function:

Eðpj;tþ1jΩtÞ ¼ ½1þ Eðsrj;tþ1jΩtÞ�pj;t (1)

From Equation (1) E is an expectations operator, pj,t is the share price at t whereas pj,t+1 is the
next period share at t + 1, srj,t+1 is the one-period percentage return computed as (pj,t+1—pj,t)/pj,t.
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and Ωt is the general information set which is assumed to be fully reflected in the share price at
time t. Under the “fair game” model, any possibility of investors expecting profits or returns in
excess of equilibrium are ruled out such that the following condition is satisfied:

Eðxj;tþ1jΩtÞ ¼ 0 (2)

Where xj,t+1 denotes the excess market value of the share at t + 1 such that E(xj,t+1|Ωt) = pj,t+1
—E(pj,t+1|Ωt). Equivalently Equation (2) can be re-formulated in terms of returns such that:

Eðrj;tþ1jΩtÞ (3)

Where rj,t+1 denotes the excess market returns at t + 1 such that E(rj,t+1|Ωt) = rj,t+1—E(rj,t+1|Ωt).
Conditions (2) and (3) imply that share prices and their returns present a “fair game” to investors.
Nevertheless, the “fair game” model states that the conditions of market equilibrium can be stated
in terms of expected returns and yet says nothing concerning the details of the stochastic process

Table 1. Summary of literature review for the individual-based studies

Author(s) Country/
Countries

Period Method Main Result:
Efficient/non-

efficient

Fowdar et al. (2007) Mauritius January 1999—
December 2004D

ADF and KPSS tests Inefficient

Sunde and
Zivanomoyo (2008)

Zimbabwe January 1998—
November 2008M

ADF tests Inefficient

Nwosa and Oseni
(2011)

Nigeria January 1986—
December 2010M

ADF and PP tests Inefficient

Chiwira and Muyambiri
(2012)

Botswana December 2011—
January 2012W, M

ADF and PP tests Inefficient

Kamau (2013) Kenya January 2008—
December 2012D

ADF and PP tests Efficient

Ogege and Mojekwu
(2013)

Nigeria January 1985—
December 2010M

ADF and PP tests Inefficient

Nwidobie (2014) Nigeria January 2000—
December 2012

ADF test Inefficient

Obayagbona and
Igbinosa (2014)

Nigeria January 2006—
December 2011M

ADF and PP tests Inefficient

Yadirichukwu and
Ogochukwu (2014)

Nigeria January 1984—
December 2012M

ADF unit root tests Inefficient

Balparda et al. (2015) Kenya January 2001—
December 2009D

ADF, PP, KPSS and ERS
tests

Inefficient

Grater and Struweg
(2015)

South Africa October 1998—
April 2014M

ADF and PP tests Efficient

Kitso and Ummersingh
(2015)

Mauritius July 2001—July 2014D ADF, PP and KPSS tests Efficient

Sule et al. (2015) Nigeria 1985–2009A ADF test Efficient

Phiri (2015) South Africa January 2000—
December 2014W

ADF, PP, Walter Enders
and Clive Granger
(1998) and Frédéric
Bec, Mélika B.S. Salem,
and Marine Carrasco
(2004) tests

Inefficient

Njuguna (2016) Kenya January 2001—
January 2015D,W

ADF and PP tests Inefficient

Fusthane and
Kapingura (2017)

South Africa January 2005—
December 2016M

ADF and PP tests Efficient

Note: D ≡ daily; W ≡ weekly; M ≡ monthly.
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of the time series. Eugene (1970, 1971)) propose that the following random walk model to capture
the stochastic properties of stock returns:

fðrj;tþ1jΩtÞ ¼ f rj;tþ1
� �

(4)

In which the density function, f, is identical for all t. In further assuming that the expected return
on the stock price is constant over time, then:

Eðrj;tþ1jΩtÞ ¼ E rj;tþ1
� �

(5)

And from Equation (5), the mean of the distribution of rj,t+1 is now independent of information set
Ωt, available at time t, hence reflecting the weak-form of market efficiency in which market
participants cannot use past price or return patterns to make abnormal profits.

2.2. Econometric modelling
Another way of expressing the random walk model of stock returns as in Equation (5), would be to
specify it as the following autoregressive (AR) specification as suggested by Dickey and Fuller (1979):

srt¼ ρsrt�1þet; t ¼ 1;2; . . . ; T and et,Nð0;σ2Þ (6)

From Equation (6), the stock returns series, srt, is consider mean-reverting such that it confirms
to the weak-form EMH holds only if ρ < 1 whereas if ρ = 1, then the series evolves as a random walk
with a variance which grows exponentially as t →∞. A more generalized form of regression (6) is
the following Augmented Dickey Fuller (ADF) regression:

Δsrt¼αi þ βisrt þ∑p
j¼1λjΔsrt�j þ e (7)

Where Δ denotes a first difference operator and ∑
p

j¼1
jsrt�j is a truncated lag which absorbs up any

excess serial correlation in the test regression. The DF test statistic used to test the unit root null
hypothesis (i.e. H0: βi = 0) against the stationarity alternative (i.e. H1: βi < 0) is the t-ratio of the βi
coefficient i.e.

DF ¼ ΔsrMsr�1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
α2sr0�1Mysr�1Þ

q (8)

Where M = IT—τT(τ’T, τT)
−1τ’T and σ2 = ΔyiMxiΔyi/(T-1). As previously mentioned, conventional unit

root tests like the ADF test fail to distinguish between nonlinearity and unit root processes within
time series. As an alternative, Kapetanois et al. (2003) extend upon the convention Dickey Fuller
testing regression found in regressions (8)—(9), into an exponential smooth transition autoregres-
sive (ESTAR) model. In following their practice, the ESTAR model of stock returns can be speci-
fied as:

Δsrt¼ψisrt�1þ½1� expð�Φsr2t�1Þ�þ∑p
j¼1ρi Δsrt�iþe (9)

Under the null hypothesis, the stock returns series follows a unit root process (i.e. H0:Φ = 0) whilst the
alternative hypothesis is that the time series evolves as a stationary ESTAR model. Since the direct
testing of the null hypothesis is not feasible due to the presence of nuisance parameters under the null
hypothesis, then Kapetanois et al. (2003) re-parameterize Equation (11) using a first order Taylor series
approximation. From the resulting auxiliary nonlinear unit root testing regression:

Δsrt¼δ1sr3t�iþ∑p
i¼1ρi Δsrt�iþet (10)

The null hypothesis of a linear unit root process can be now tested as H0: δi = 0 against the
alternative of stationary ESTAR process (i.e. H1: δi = 0). In similarity to the conventional ADF test,
the asymptotic critical value of the Kapetanois et al. (2003)Critical values are derived unit root test is
computed as:
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tKSS ¼
bδ

S:E: bδ� � (11)

Since the tKSS statistic does not follow an asymptotic standard normal distribution, Kapetanois et al.
(2003) derive critical values for the test statistics for the test performed on raw time series, de-meaned
data (i.e. zt = xt—�xt) and de-trended data (i.e. zt = xt—bμ—bδt) where �xt is the samplemean and bμ and bδt
are the OLS estimates of μ and δ, respectively. Onemajor shortcoming with the KSS unit root test is its
inability to directly account for structural breaks in the regression. Of recent, there has been a growing
consensus that a flexible Fourier form (FFF) approximation of unit root tests has good size and power
properties in detecting a series of unknown smooth structural breaks (see Enders and Lee (2012) and
Rodrigues and Taylor (2012)). Therefore, in augmenting the KSS unit root test using a single frequency
Fourier function, the testing regression can be specified as:

Δsrt¼δisr3t�iþ ∑p
i¼1ρiΔsrt�iþaisin

2πKt
T

� 	
þbicos

2πKt
T

� 	
þet; t ¼ 1;2; . . . ; T: (12)

Where K is the singular approximated frequency selected for the approximation, whilst coefficients
a and b measure the amplitude and displacement of the sinusoidal. Enders and Lee (2012) place
emphasis on estimating a Fourier function with a singular frequency to avoid problems of over-
fitting and loss of regression power. Moreover, Enders and Lee (2012) propose that regression (12)
be estimated for all integer values of K which lie between the interval [1, 5] and selecting the
estimation which produces the lowest sum of squared residuals (SSR).

3. Data and empirical findings

3.1. Empirical data
Our time series variables have been sourced from Thomson Reuters Datastrem and consists of closing
prices of stock returns for Nairobi Securities Exchange of Kenya, the Nigerian Stock Exchange of Nigeria,
Botswana Stock Exchange of Botswana, Zimbabwe Stock Exchange of Zimbabwe, Johannesburg Stock
Exchange of South Africa, Egyptian Exchange of Egypt, Casablanca Stock Exchange ofMorocco, the Tunis
Stock Exchange of Tunisia. Note that all series cover a period of 2001 to 2017 except for the Kenyan
series begins in 2006 and ends in 2017. To ensure rigour in our empirical analysis, we employ two set of
empirical time series (daily and weekly series). Since our empirical analysis requires the use of stock
market returns, the transformation of the share prices (pt) into returns (srt) can be achieved:

srt¼pt�pt�1

pt�1
or srt¼ pt

pt�1
�� 1 (13)

And in further transforming the equation (#) in logarithmic form, and noting that log (1) = 0,
results in the following compounded series of stock returns:

log srtð Þ¼ log ptð Þlog pt1ð Þ (14)

After transforming the time series using Equation (14), which becomes our officially empirical
data, we provide the summary statistics for the series in Table 3, with Panel A showing the
statistics for daily series and Panel B for the weekly series. For both daily and weekly series,
Tunisia, South Africa, Kenya, Botswana and Egypt have positive return averages whereas those
for Mauritius, Morocco and Nigeria are negative. Apart from Mauritius, Morocco and Nigeria, the
average returns in weekly series are higher than those for daily series whereas for all exchanges
the standard deviation (risk) for weekly series are higher than those for daily series. The time series
for the daily and weekly series as found in Figures 1 and 2, respectively.

3.2. Conventional unit root test results
Table 4 presents the results from the three most commonly used conventional unit root tests (ADF,
PP and KPSS). All tests are performed with a drift as well as with a drift and trend with the optimal
lag length of the tests being determined by a minimization of the Schwartz criterion. Panel
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A presents the results for the daily series whilst Panel B reports the results for the weekly series. In
both panels both ADF and PP tests manage to reject the unit root null hypothesis for all African
countries at all levels of significance regardless of whether the tests are performed with a drift or
with both a drift and trend hence providing evidence against the weak-form EMH. These results are
similar to those previous obtained in Fowdar et al. (2007), Sunde and Zivanomoyo (2008), Lee et al.
(2010), Nwosa and Oseni (2011), Chiwira and Muyambiri (2012), Ogege and Mojekwu (2013),
Nwosu et al. (2013), Nwidobie (2014), Yadirichukwu and Ogochukwu (2014), Balparda et al.
(2015), Njuguna (2016), and Adigwe et al. (2017). We also note that these results are contrary
to those found in Kawakatsu and Morey (1999), Enowbi et al. (2010), Kamau (2013), Grater and
Struweg (2015), Kitso and Ummersingh (2015), and Sule et al. (2015) as well as Fusthane and
Kapingura (2017). However, when the KPSS test is applied, we observe discrepancies in the results.
For instance, when the KPSS test is performed on the daily series, only South Africa and Botswana,
unanimously fail to reject the stationarity null hypothesis regardless of whether the test is
performed with a drift or with a drift and trend. These latter results are comparable to those
found in Lagoarde-Segot and Lucey (2008), Balparda et al. (2015), and Enowbi et al. (2010).

Figure 1. Stock returns for
Frontier markets in Africa
(Daily series).

Figure 2. Stock returns for
Frontier markets in Africa
(Weekly series).
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In recognition of these conventional tests being often criticized for having weak power in distin-
guishing between unit roots and stationarity properties in time series, we further apply the DF-GLS test
of Elliott et al. (1996) as well as the MZA, MZB, MSB and MPT tests of Ng and Perron (1996, 2001)
(N-G hereafter) to our empirical series. Table 5 reports the results of these tests performed with
a drift as well as with and drift and trend. Following intuition provided by Ng and Perron (2001), we
apply themodifiedAIC tomore efficiently select the optimal lag length of the tests. As can be observed
from the test results from the daily series reported in Panel A of Table 4, all test statistics reject the unit
root null hypothesis at all critical levels for both DF-GLS and N-P tests, with the exception of the South
African series in which the unit root null cannot be rejected for all N-P statistics regardless of whether
the test is performed with a drift or a drift and trend. Conversely, the results of the N-G tests for weekly
series reported in Panel B fail to reject the random walk hypothesis in all cases for the South African,
Kenyan and Tunisian stock markets whilst failing to provide support for the weak-form EMH in the
remaining stock exchanges. However, we notice discrepancies between the findings for DF-GLS and
N-G test, hence leaving our investigation still open for further deliberation.

3.3. KSS-FFF test results
Before presenting the results for the KSS tests performed with a FFF, Table 6 firstly reports the
findings of the KSS test performed without a FFF for “control” purposes with Panel A reporting the
results for the daily series and Panel B for the weekly series. The results from both the daily series
and weekly series produce test statistics which reject the random walk hypothesis with the
exception of the daily series for the Nairobi Stock Exchange (Kenya) and weekly series for the
Botswana Stock Exchange using the de-trended series. In turning to our main empirical results
reported in Table 7, we find that the statistics for the KSS augmented with a Fourier approximation
are not different from that of the KSS performed without the Fourier term, in which random walks
are found in the daily series for the Kenyan market and weekly, de-trended series for Botswana’s

Table 6. KSS unit root tests without FFF

Raw De-meaned De-trended

Panel A:
Daily series

South Africa −5.78*** [7] −5.93*** [7] −5.93*** [7]

Botswana −7.86*** [10] −7.84 *** [10] −7.84*** [10]

Mauritius −6.41*** [10] −26.54*** [10] −26.64*** [10]

Kenya −0.95 [11] −0.95 [11] −0.94 [11]

Nigeria −17.74*** [9] −17.76*** [9] −17.73*** [9]

Tunisia −9.38*** [13] −9.49*** [13] −9.49*** [13]

Egypt −3.86*** [5] −3.91*** [5] −3.90** [5]

Morocco −4.61*** [12] −4.54*** [12] −4.55*** [12]

Panel B:
Weekly series

South Africa −6.061*** [6] −6.06*** [6] −6.39*** [6]

Botswana −2.58** [6] −2.58** [6] −2.56 [6]

Mauritius −7.59*** [6] −7.59*** [6] −7.54*** [6]

Kenya −4.81*** [6] −4.81*** [6] −4.82*** [6]

Nigeria −6.71*** [5] −6.71*** [5] −6.50*** [5]

Tunisia −3.66*** [6] −3.66*** [6] −3.65** [6]

Egypt −6.07*** [8] −6.07*** [8] −6.18*** [8]

Notes: “***”, “**”, “*” denote the 1%, 5% and 10% critical levels. Critical values are derived from Kapetanois et al.
(2003) as follows. For the raw series −2.82(1%), −2.22 (5%), −1.92(10%), for the de-meaned series −3.48(1%), −2.93
(5%), −2.66(10%), for the de-trended series −3.93(1%), −3.40(5%), −3.13(10%). Optimal lags length as determined by
the Schwarz criterion reported in [].
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stock exchange. Altogether our results consistently find that both daily and weekly frequency
series can be used to predict equity returns in most African markets except for daily trading
frequencies in Kenyan markets and weekly frequencies in Botswana markets.

There are a couple of possible reasons for our observed evidence of information efficiency for
stock exchanges in Kenya and Botswana. Firstly, both equity markets are shallower and less
sophisticated stock exchanges in comparison to the other frontier exchanges. Secondly, both
exchanges are illiquid in which stock trade volumes and information sharing activities are kept
at a minimal. Thirdly, and particularly for the Kenyan market, the NSE is infamously known for
running the most expensive stock markets on the continent in terms transaction costs and other
charges, which further contributes to low trade activity, few numbers of stock traders Altogether,
market efficiency uncovered for stock exchanges in Kenya and Botswana is ultimately attributed to
low information seeking activities by investor participation in these markets as opposed to strong
institutional qualities of these exchanges.

4. Conclusions
Concerned with whether African capital markets are efficient, in the weak-form sense, our
study applied a nonlinear unit root test augmented with a FFF to 8 African frontier markets
(South Africa, Botswana, Mauritius, Kenya, Nigeria, Tunisia, Egypt and Morocco) which collec-
tively account for over 95 percent of total market activity in the content. To ensure robust-
ness of our empirical analysis we employ two set of time series data, one daily and the other
weekly which covers a period of 2003 to 2017, with the exception of the data for the Nairobi

Table 7. KSS test with FFF

raw series de-meaned series de-trended series

Panel A:
Daily
series

t-stat k t-stat k t-stat k

South Africa −2.94*** [16] 5 −3.10** [16] 5 −3.71* [16] 5

Botswana −7.86*** [10] 5 −7.84 *** [10] 5 −7.84*** [10] 5

Mauritius −26.40*** [10] 2 −26.53*** [10] 2 −26.63*** [10] 2

Kenya −0.85 [22] 2 −0.44 [22] 2 −0.48 [22] 2

Nigeria −17.07*** [13] 3 −17.07*** [13] 3 −16.93*** [13] 3

Tunisia −9.38*** [13] 1 −9.49*** [13] 1 −9.46*** [13] 1

Egypt −3.43*** [6] 1 −3.48*** [6] 1 −3.47** [6] 1

Morocco −4.62*** [12] 1 −4.35*** [12] 1 −4.54*** [12] 1

Panel B:
Weekly
series

South Africa −6.06*** [6] 4 −6.38*** [6] 4 −6.39*** [6] 4

Botswana −2.99*** [4] 5 −2.97*** [4] 5 −2.97 [4] 5

Mauritius −7.60*** [6] 5 −15.92*** [6] 5 −7.55*** [6] 5

Kenya −4.80*** [6] 4 −4.80*** [6] 4 −4.79*** [6] 4

Nigeria −6.70*** [5] 5 −6.64*** [5] 5 −6.50*** [5] 5

Tunisia −3.66*** [6] 5 −3.65*** [6] 5 −3.65** [6] 5

Egypt −8.14*** [4] 1 −8.14*** [4] 1 −8.24*** [4] 1

Morocco −9.09*** [5] 5 −9.02*** [5] 5 −9.02*** [5] 5

Notes: “***”, “**”, “*” denote the 1%, 5% and 10% critical levels. Critical values are derived from Kapetanois et al.
(2003) as follows. For the raw series −2.82(1%), −2.22 (5%), −1.92(10%), for the de-meaned series −3.48(1%), −2.93
(5%), −2.66(10%), for the de-trended series −3.93(1%), −3.40(5%), −3.13(10%). Optimal lags length as determined by
the Schwarz criterion reported in [].
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Stock Exchange in which the data only begins in 2006. Prior to our main empirical estimation,
we conduct conventional unit root testing procedures (i.e. ADF, PP and KPSS tests) on each of
the series, of which the ADF and PP tests provide support against the weak-form EMH whilst
the findings from the KPSS tests are inconclusive. In then applying the second-generation
unit root tests of Elliott et al. (1996) and Ng and Perron (1995, 2001)), we find that most
series do not conform to the weak-form EMH with the sole exception of South Africa. In
finally applying the more definitive KSS tests augmented with a FFF, we find that of all
observed countries, it is stock exchanges in Kenya and Botswana which provide evidence of
weak-form EMH, a finding which we attribute to lack of participation in market activity in
these exchanges.

Given the overriding the evidence against the weak-form market efficiency existing in African
frontier markets, our results support the notion that market participants can devise strategies
using different frequencies of data to “beat the market” and to obtain abnormal returns on
investments. These are important findings since international investors have been diversifying
their funding away from developed markets into emerging markets whilst African exchanges
remain vulnerable towards speculation activity due to their thin trading margins. Also considering
the rapid rise in sophistication of trading platforms adopted by many African stock over the last
decades, weak regulatory frameworks will fail to protect shareholders investments hence making
these exchanges less attractive to low-risk investors who will rather channel their funds to other
emerging market exchanges. As a way forward, we put forward two suggestions for policymakers
in African countries. Firstly, individual countries can focus on building stronger regulatory and
institutional frameworks aimed at reducing informational asymmetries, promoting transparency
and reducing inefficiency within stock exchanges. Secondly, African markets need to collectively
consider integrating their stock exchanges to increase the depth and liquidity of their exchanges.
This is important for attracting portfolio investment into the continent and ultimately promoting
economic development in Africa.
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