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Abstract

This paper uses fractional integration and cointegration for the period of January 2000-June 2018 to investigate the stochastic properties of
the bilateral linkages between stock markets in Africa and selected international markets to establish if markets in Africa co-move with the rest
of the world. Results from the univariate analysis show that there exists a high degree of persistence with orders of integration about 1 or higher
than 1, implying that shocks to these stock markets have significant permanent effects. Concerning bivariate results and testing for cointegration,
evidence of cointegration is found for Egypt and Kenya against the UK and the Europe Zone. There are some other cases where partial evidence
of cointegration is found, though in general, in all cases, we observe that the degree of cointegration is very low, implying very long periods of
convergence.
© 2018 Africagrowth Institute. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

JEL classification: C32; G15
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1. Introduction

Integration of international equity markets in recent years has
attracted a lot of attention in the finance and economic literature.
Phylaktis and Ravazzolo (2002) attribute the increase to dereg-
ulation, globalization and advances in information technology
in trading systems, leading to the exploration of various aspects
of stock markets integration such as volatility across stock mar-
ket correlation structures, and financial crises contagion (e.g.
Claessens and Forbes, 2001; Koedijk et al., 2002; Ng, 2000).
The surge in interest in global stock markets integration, which
is now central in finance and economic research, is the result
of its crucial implications in portfolio allocation, asset pricing
and policy formulation. First, Marashdeh and Shrestha (2010)
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argue that it facilitates risk sharing across integrated markets.
Second, Driessen and Laeven (2007) document that diversifica-
tion of assets help financial investors to benefit by investing in
two different stock markets due to the markets cointegration. In
addition, it contributes to financial stability by enhancing com-
petition and efficiency in the allocation of resources, as well
as reducing the cost of capital and price volatility between inte-
grated markets (Tai, 2007). The integration of stock markets also
plays an important role in promoting domestic savings, invest-
ment and could positively affect total factor productivity and
economic growth (Levine, 2001).

Following the seminal works of Engle and Granger (1987)
and Johansen (1988) on cointegration, several studies have
explored market integration in developed equity markets, the
results of which support the financial integration hypothesis
in the developed equity markets (Dumas and Solnik, 1995;
De Santis and Gerard, 1997; Pukthuanthong and Roll, 2009;
Donadelli, 2013). A large section of research in the literature
has focused on regional market integration (e.g. Corhay et al.,
1993; Fratzscher, 2001; Yang et al., 2003a, 2003b); on Asian,
and Pacific stock markets (e.g. Dekker et al., 2001; Sharma and
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Wangbangpo, 2002; Yang et al., 2003a,b); on Latin American
stock markets (e.g. Chen et al., 2002); and on cross-regional
stock market linkages (e.g. Bessler and Yang, 2003; Chaudhuri
and Wu, 2003; Masih and Masih, 1997; Ratanapakorn and
Sharma, 2007). Though a plethora of studies have statistically
supported the hypothesis of cointegration between the markets,
many others documented a lack of it, including for example,
Gerrits and Yuce (1999), Huang et al. (2000) and Kwan et al.
(1995).

There is a considerable gap in the analysis of the relation-
ship between the stock markets in Africa and in the advanced
economies due to the under-development and illiquidity of these
markets. In fact, there are only very few papers that have focused
on markets in the sub-Saharan region, investigating the relation
between African stock markets and the world markets (Adjasi
and Biekpe, 2006; Alagidede, 2009; Alagidede et al., 2011).
However, recent years have witnessed a considerable improve-
ment and liberalisation in a number of stock markets in Africa as
documented by Allen et al. (2010). Due to this and to the grow-
ing importance of Africa in the global economy, we re-examine
in this paper the linkages between stock markets in Africa and
the main stock markets in the world.

Prior studies that focused on the linkages between Africa’s
equity markets and advanced markets found no empirical evi-
dence on cointegration across the markets. Thus, for example,
Alagidede (2009) and Alagidede et al. (2011), using Johansen’s
(1988, 1991 maximum likelihood-based cointegration tests, did
not find any cointegration relationship between the African mar-
kets and the developed ones, and similar results were obtained in
Adjasi and Biekpe (2006), based on a dynamic Vector AutoRe-
gressive regression (VAR) model. In another recent study,
Mensah and Alagidede (2017) investigated four African mar-
kets (South Africa, Nigeria, Egypt and Kenya) using copulas,
and documented that dependence is time varying and weak for
most African markets except South Africa. Thus with the excep-
tion of this country, the rest of the markets examined in Africa
(Kenya, Nigeria and Egypt) seem to be immune to risk spillovers
from advanced markets. On the other hand, using linear depen-
dence measures is at odds with the widely acknowledged fact that
return distributions are non-normal. It is therefore essential to
assess the dependence between African stock markets and other
international markets with more accurate measures of depen-
dence. In view of that, this paper investigates linkages between
nine selected African markets: South Africa, Egypt, Morocco,
Kenya, Nigeria, Tunisia, Ghana, Mauritius, and the Ivory Coast
and six selected global markets (US, UK, Japan, China, Australia
and Europe) using updated techniques based on the concepts of
fractional integration and cointegration. These methods might
be more appropriate than the standard ones (unit roots and coin-
tegration tests in the classical sense) given that they allow for a
much greater degree of flexibility in their dynamic specification,
allowing for fractional degrees of differentiation.

2. Equity market integration: a methodological note

Financial integration defined as the extent to which financial
markets are connected (Kenen, 1976). The empirical literature

on stock market integration is very comprehensive and from a
methodological point of view, several studies have employed
different econometric approaches, ranging from but not lim-
ited to structural models and time series approaches such as
volatility models, cointegration and principal components, with
the models yielding mixed results. Taylor and Tonks (1989),
employing the two-step Engle and Granger’s (1987) approach,
found that the UK stock market was cointegrated with those in
the US, Japan, the Netherlands and West Germany. Jeon and Von
Furstenberg (1990) employed a VAR approach, and established
the existence of an increase in cross-border cointegration from
1987 onwards. Bekaert and Harvey (1995) used a conditional
regime-switching model, and found that the degree of integra-
tion in emerging countries may be independent of the extent of
investment restrictions. Antoniou et al. (2007) established that
the UK stock market is more integrated with Europe in terms of
both the aggregate and stock markets sectors after extracting the
time varying conditional correlations between the US, the UK
and European equity markets. Owing to the drawbacks of linear
correlation models, multivariate GARCH models emerged as an
approach to modelling time-varying stock dependence. Several
studies adopted this approach to examine the stock markets inter-
dependence including, among others, Syllignakis and Kouretas
(2011), Gjika and Horvath (2013), Baumohl and Ly6csa (2014)
and Kundu and Sarkar (2016). However, one major limitation
of the multivariate GARCH approach is the assumption that
return innovations are characterized by a symmetric multivari-
ate normal or Student-t distribution (Patton, 2006; Garcia and
Tsafack, 2011). Evidently, this assumption seems to be at odds
with the empirical evidence; the distribution of financial returns
possesses heavier tails than those of the normal distribution and
dependence between stocks returns are usually nonlinear and
asymmetric (Embrechts et al., 2002). Against this background,
researchers have resorted to a relatively new approach, copula,
to model the dependence between stock returns. Hence, Mensah
and Alagidede (2017) employed copulas to examine the rela-
tionship between Africa’s emerging markets and the advanced
markets. They found that with the exception of South Africa,
the African markets examined were immune to risk spillover
from the advanced markets. In another study, Alagidede (2009),
using maximum likelihood and based on cointegration, showed
that there exists weak stochastic trends between African markets
and world markets. Still from a methodological standpoint and
with reference to studies on markets integration, Caporale et al.
(2016) adopted a fractional cointegration approach to exam-
ine the linkages between US and Europe stock markets. Wong
et al. (2004) used the fractional cointegration approach to inves-
tigate the long run relationship between Indian stock markets
and the major developed markets of which they concluded that
the stock market of India is integrated with mature markets
and is sensitive to the dynamics in these markets in the long
run. Yi et al. (2009), using fractionally integrated VECM, also
investigated the long run cointegration relations binding China’s
stock market and its neighbouring Hong Kong market and the
US market from which they documented strong cointegration
between the Chinese and Hong Kong stock markets. In addi-
tion, Assaf (2007) documented significant long memory in the
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Middle East and North African (MENA) equity markets using a
fractional integration approach. In this paper, we adopt a similar
approach, though with some slight modifications with respect to
the methodology used. Though fractional integration has been
widely used in the analysis of stock markets, to the best of our
knowledge there are no studies examining the linkage among
markets with fractional cointegration techniques, especially in
the context of the African continent.

3. Fractional integration and cointegration

Given a covariance stationary process {ug, t=0, +1, ...}
we say that it displays the property of short memory or I(0)
behaviour if the infinite sum of its autocovariances is finite. That
is, assuming that y; = Cov(uy, ugj),

T
i 4 _ 1
fim 3 Iyl < o0 M
J==

Now, assuming that x; has an absolutely continuous spectral
distribution function, with a spectral density function given by:

1
FW=4- > yjcoshj, —m<e<m 2

another definition of short memory states that the spectral
density must be positive and bounded at all frequencies, i.e.,

O<f(A) <oo. —m<A<m 3)

Within this class of I(0) models, we can include the white
noise and the stationary ARMA-type of models. These are char-
acterized by the dependence between the observations far away
in time being short and disappearing relatively quickly as the
distance between the observations is increased. '

On the other hand, a process is said to be long memory if the
infinite sum of the autocovariances is infinite, i.e.,

T
li i| = 4
Jim _ZTW 00 “)
=

or, alternatively, in the frequency domain if the spectral den-
sity function is unbounded at some frequency X in the interval
[0, ], i.e.,

f(A) - 00, as A— 0F. 5)

(see McLeod and Hipel, 1978). In this context, one of the
most popular models satisfying the above two properties is the
one based on fractional integration. Thus, a process X is said to
be (fractionally) integrated of order d, and denoted by I(d) if it
can be represented as:

A — L¥x = w, t = 0, %1, ..., (6)

! In the frequency domain, these processes are characterized because the
spectral density function is positive and bounded at all frequencies.

with x{=0 for t <0, and d>0, where L is the lag-operator
(Lx;=x;_1) and u; is 1(0) as defined above. Note that for any
real value d, the polynomial in the left hand side of Eq. (6) can
be expressed as

a-u =S = 3 () o
=0

j=0
= 1 — dL + WLZ—..., (7)

and thus

(1-L)¥% = xt—dxt_l+th_2 — . (8)

In this context, d plays a crucial role as an indicator of the
degree of dependence in the series. Thus, the higher the value of
d is, the higher the level of association is between the observa-
tions. Also, if d>0, x; belongs to the “long memory” category
mentioned above. These processes, originally proposed in the
80s by Granger (1980, 1981), Granger and Joyeux (1980) and
Hosking (1981), gained popularity fifteen years later (Crato
and Rothman, 1994; Baillie, 1996; Gil-Alana and Robinson,
1997, 2001; Michelacci and Zaffaroni, 2000; etc.) and their
use has been generalized in the analysis of macroeconomic
and financial data during the last ten years (see, e.g., Mayoral,
2006; Baillie et al., 2007; Christensen et al., 2010; Martins
and Rodrigues, 2012; Gil-Alana and Moreno, 2012; Hassler
et al., 2014; Cavaliere et al., 2015; Abbritti et al., 2016; etc.).
Note that by estimating d rather than imposing it as a fixed
integer value, we allow for a wide range of alternatives to be
tested: stationarity and short memory, i.e. d = 0; stationarity with
long memory (0 <d <0.5); nonstationarity though mean rever-
sion (0.5 <d < 1); unit roots (d = 1), and lack of mean reversion
behaviour (d < 1).2

The natural generalization to the multivariate case of the
concept of fractional integration is the one of fractional coin-
tegration. In a bivariate context, given two real numbers d, b, the
components of the vector z; are said to be cointegrated of order
d, b, denoted z; ~ CI(d, b) if:

(1) all the components of z; are I(d), and
(i) there  exists a vector o #0 such  that
st=a’z~1(y)=1(d—b),b>0.

Here, « and s; are called the cointegrating vector and
error respectively. In our empirical application we conduct the
following strategy: we first estimate individually the orders
of integration of the series using both Whittle and maxi-
mum likelihood parametric methods (Dahlhaus, 1989; Sowell,
1992; Robinson, 1994; Beran, 1995) along with semiparametric
approaches based on “local” Whittle methods (Robinson, 1995a;
Velasco, 1999a; Abadir et al., 2007) and log-periodogram-type
of estimators (Robinson, 1995b; Kim and Phillips, 1999, 2006;

2 Gil-Alana and Hualde (2009) present an updated review of fractional inte-
gration (and cointegration) and its applications in economic time series.
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Velasco, 1999b).? Next we test the homogeneity of the orders
of integration in the bivariate representation of the system (i.e.,
Ho: dx =dy), where dyx and dy refer now to the orders of inte-
gration of the two individual series. Here we use an adaptation
of Robinson and Yajima’s (2002) statistic to log-periodogram
estimation.” In the final step, we perform a Hausman test for
no cointegration of Marinucci and Robinson (2001) comparing
the estimate EJX of dyx with the more efficient bivariate one of
Robinson (1995b), which uses the information that dx =dy =ds.
Marinucci and Robinson (2001) show that:

~ AN2
Hl' = Sm (d* — dl) —>d X%
©)
! + m —- 0
as — — ,
m T

where T refers to the sample size and m < [T/2] is the bandwidth
number going to infinity, albeit at a slower rate than T; d;, i=1
and 2 are the univariate estimates of the parent series, and d, is
a restricted estimate obtained in the bivariate context under the

assumption that dx =dy. In particular,

S*
21/ Q1Y
2 1Y)
n j=1

de = (10)

_ —.
215071, V2
j=1

where 1, indicates a (2 x 1) vector of 1s, € is the estimated vari-
ance covariance matrix, and with Yj = [log I (%), log Iyy (31T,
with A;=2xj/T, j=1,2, ...T, as the Fourier frequencies, and
where for arbitrary sequences & and {; we define the discrete
Fourier transform and the (cross)-periodogram:

T
1 .
we(d) = ———= > &'t
V2aT p—

I = wewi(=1), L) = Ie(d)

N
andvj = logj — % Z log j. The limiting distribution
=1
above is presented heuristically, but the authors argue that it
seems sufficiently convincing for the test to warrant serious
consideration.

4. Data and empirical results
4.1. The data

Our dataset contains time series of equity price indices, with
a weekly frequency, for a sample of nine countries with stock
markets in Africa and six countries with developed stock mar-

3 We do not report the results based on all these methods since, within its class,
the results were very similar across all them.

4 The functional form of the test statistic can be found in Gil-Alana and Hualde
(2009).

kets. Our sample dataset from Africa includes; South Africa,
Nigeria, Egypt, Kenya, Ghana, Tunisia, Morocco, Mauritius and
the Ivory Coast, while the selected global developed markets
include the United States, the United Kingdom, Japan, China and
Europe. The Morgan Stanley Capital International (MSCI) stock
market indices was obtained from DataStream International for
the following countries; South Africa, Nigeria, Egypt, Kenya,
Ghana, Tunisia, Morocco, Mauritius, the Ivory Coast, the United
Kingdom and Australia. For the United States, Japan, China and
Europe we obtained S&P 500, NIKKEI 225, SHANGHAI SE
and EURO STOXX 50/STOXX 200 respectively. All returns
series employed in the study are in USD. Our study period ranges
from 1 January 1990 to 23 June 2018.

4.2. Univariate work: fractional integration

To begin with, we employed the conventional unit root test-
ing methods of ADF (Dickey and Fuller, 1979); PP (Phillips and
Perron, 1988); KPSS (Kwiatkowski et al., 1992); ERS (Elliot
et al., 1996) and NP (Ng and Perron, 2001) to discriminate
between I(0) and I(1) behaviour. We obtained strong evidence of
unit roots, following the above standard unit roots tests, which
have been found to have very low power under certain types of
alternatives such as structural breaks, non-linearities and frac-
tional integration. In particular, for the latter case, Diebold and
Rudebusch (1991), Hassler and Wolters (1994) and Lee and
Schmidt (1996) showed that if a series is integrated of order d
and the value of d is different from O or 1, then the standard
methods such as those applied above may not be suitable.

In view of the above, we begin this empirical section by
estimating the fractional differencing parameter d in the model
outlined below;

vi=Po+pit+x, A=LY¥x =u,1=1,2, .., (11)

where y; is the observed series, By and B; are the coefficients
corresponding to an intercept and a linear time trend and x;is
assumed to be I(d), where d can take any real value. Therefore,
the error term, u, is 1(0) and is assumed in turn to be white noise
and autocorrelated.

We test the null hypothesis:

H,:d=d, (12)

for given real values d,in the model given by Eq. (11) above.

Table 1 presents the results obtained for the fractional
differencing parameter d under no autocorrelation for the
log-transformed data, along with their corresponding 95% con-
fidence intervals corresponding to the non-rejection values of
d, testing (11) in (12), in the three cases of no deterministic
terms (i.e., Bo=pP1 =0 a priori in the undifferenced Eq. (11)),
including only a constant (8 unknown, and 81 =0 a priori), and
finally the case of a constant with a linear time trend (8¢ and S
unknown). Following Eq. (11), if u; is assumed to be uncorre-
lated, then the estimates of d are all about 1. From Section A in
Table 1, which reports findings for the selected African markets,
an intercept seems to be sufficient to describe the deterministic
components of the series except for the Ivory Coast where an
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Table 1

Estimates of d (and 95% confidence bands) under no autocorrelation.
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Country

No regressors

An intercept

A linear trend

Section A: African markets

Egypt 1.00 (0.97, 1.05)
Ghana 1.01 (0.98, 1.06)
Ivory Coast 0.99 (0.96, 1.05)
Kenya 0.99 (0.96, 1.04)
Mauritius 1.00 (0.96, 1.04)
Morocco 1.00 (0.96, 1.04)
Nigeria 1.01 (0.97, 1.06)
South Africa 1.00 (0.96, 1.04)
Tunisia 1.00 (0.96, 1.04)

Section B: selected global markets

UK 1.00 (0.96, 1.04)
Australia 1.00 (0.96, 1.05)
Japan 1.00 (0.96, 1.04)
China 1.01 (0.97, 1.05)
USA 1.00 (0.96, 1.04)
Europe (STOXX 200 1.00 (0.96, 1.04)
Europe (STOXX 50) 1.00 (0.96, 1.04)

1.05 (1.02, 1.09)
1.15 (1.12, 1.19)
1.02 (0.99, 1.06)
1.06 (1.02, 1.10)
1.08 (1.05, 1.12)
1.04 (1.01, 1.08)
1.12 (1.08, 1.16)
0.94 (0.90, 0.98)
1.04 (1.00, 1.08)

0.92 (0.89, 0.95)
0.95 (0.92, 0.99)
0.96 (0.93, 1.00)
1.03 (0.99, 1.08)
0.93 (0.89, 0.96)
0.95 (0.91, 0.98)
0.96 (0.92, 1.00)

1.00 (0.97, 1.05)
1.15 (1.12, 1.19)
1.02 (0.99, 1.06)
1.06 (1.02, 1.10)
1.08 (1.05, 1.12)
1.04 (1.01, 1.08)
1.12 (1.08, 1.16)
0.94 (0.90, 0.98)
1.04 (1.00, 1.08)

0.92 (0.89, 0.95)
0.95 (0.92, 0.99)
0.96 (0.93, 1.00)
1.03 (0.99, 1.08)
0.93 (0.89, 0.96)
0.95 (0.91, 0.98)
0.96 (0.93, 1.00)

In bold, the significant models according to the deterministic terms.

intercept and a linear time trend seem to be required. For Section
B, which documents findings for the selected global markets,
with the exception of the US, again an intercept seems to be
sufficient to explain the deterministic component of the series
(UK, Japan, Australia, China and Europe). If we focus on the
estimated values of d we see that for the African countries most
of the estimates are slightly above 1. Only for South Africa do
we get an estimate statistically smaller than 1 (d=0.94); for
the Ivory Coast and Tunisia the unit root null hypothesis (i.e.
d=1) cannot be rejected, while this hypothesis is rejected in
favour of d> 1 in the remaining cases. However, for the devel-
oped economies, the estimates of d are somewhat smaller, being
around 1 (in the case of Japan, 0.96; China, 1.03) and Europe
(Stoxx 50, 0.96) or even smaller than 1 (UK, 0.92; Australia,
0.95; USA, 0.93; and Europe Stoxx 300, 0.95).

The results, allowing for autocorrelated errors, are reported in
Table 2. Starting with the African countries, we obtain evidence
of I(d) behaviour with d>1 for Egypt (1.09), Ghana (1.19),
Kenya (1.08), Mauritius (1.17), Morocco (1.06), Nigeria (1.13)
and Tunisia (1.07), while the unit root null hypothesis cannot be
rejected in the cases of the Ivory Coast (1.03) and South Africa
(0.96). For the developed markets, the values of d range between
0.97 (Australia) and 1.05 (China), and the unit root null cannot
be rejected in any single case.

We also employ a semi-parametric approach based on a
“local” Whittle estimate that degenerates to zero (Robinson,
1995a).% In Table 3 we report the values of d for a selected num-
ber of bandwidth parameters fromm =25, ...(1),.. ., 34. Taking
into consideration where m is approximately (7)°7, i.e., 29 and
30, following results in Table 3, we reject the null hypothesis

5 Note that for this series, the confidence interval excludes the value of 1, and
the interval is strictly below the unity.

6 The results here were based on the first differenced data, adding then the
value of 1 to get the proper estimates of d.

of unit root for Egypt, Ghana, Morocco, Nigeria and the United
States. However, we fail to reject this null hypothesis of a unit
root in favour of d> 1 for the Ivory Coast, Kenya, Mauritius,
South Africa, Tunisia, UK, Australia, Japan, China and Europe
zone.

The results obtained so far with both parametric and semi-
parametric techniques, are consistent with prior studies that
document evidence of unit roots in stock indices in most devel-
oped stock markets (e.g., Narayan 2005, 2006; Narayan and
Smyth, 2004; Lean and Smyth, 2007; Murthy et al., 2011). On
the whole, with reference to the univariate results presented in
Tables 1-3, we can conclude by saying that there exists a high
degree of persistence with orders of integration about 1 or higher
than 1, which implies that shocks to these stock markets have
significant permanent effects.

4.3. Multivariate work: fractional cointegration

In order to establish the linkages between African emerging
equity markets and the world, we carried out bivariate tests to
investigate first the hypothesis of equality in the orders of inte-
gration between vis-a-vis markets. The results are reported in
Table 4. We find evidence against the null hypothesis of equal
orders of integration in a number of cases, including Egypt
and Australia; Ghana and Mauritius with respect to all the
developed markets; Kenya with Australia; and Nigeria versus
the UK, Australia, Japan and the US. On the other hand, for
the Ivory Coast, Morocco, South Africa and Tunisia, we can-
not reject the null of equal orders of integration in any single
case.

For all these bivariate cases where we cannot reject the
null of equal orders of integration, we test for cointegration,
testing the null hypothesis of no cointegration against the alter-
native of fractional integration (see, Gil-Alana, 2003). First,
we run OLS regressions on each of the African stock markets
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Estimates of d (and 95% confidence bands) under autocorrelation.
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Country

No regressors

An intercept

A linear trend

Section A: African markets
Egypt

Ghana

Ivory Coast

Kenya

Mauritius

Morocco

Nigeria

South Africa

Tunisia

Section B: selected global markets
UK (MSCI)

Australia (MSCI)

Japan (NIKKEI 225)

China (SHANGALI SE)

USA (S&P 500)

Europe (STOXX 200)

Europe (STOXX 50)

1.01 (0.93, 1.06)
1.03 (0.97, 1.10)
0.98 (0.93, 1.06)
1.00 (0.94 1.06)
0.99 (0.94, 1.07)
0.99 (0.94, 1.06)
1.00 (0.95, 1.07)
0.97 (0.92, 1.05)
1.00 (0.94, 1.08)

0.99 (0.93, 1.07)
0.99 (0.93 1.06)
1.00 (0.94, 1.06)
1.00 (0.94, 1.07)
0.99 (0.93, 1.06)
0.99 (0.93, 1.06)
0.99 (0.93, 1.07)

1.09 (1.04, 1.06)
1.19 (1.13, 1.26)
1.03 (0.97, 1.10)
1.08 (1.02, 1.13)
1.17 (1.11, 1.24)
1.06 (1.01, 1.12)
1.13 (1.07, 1.20)
0.96 (0.90, 1.03)
1.07 (1.02, 1.14)

1.01 (0.95, 1.08)
0.97 (0.92, 1.04)
1.02 (0.95, 1.08)
1.05 (0.98, 1.11)
1.00 (0.94, 1.07)
1.03 (0.96, 1.10)
1.03 (0.96, 1.09)

1.09 (1.04, 1.16)
1.19 (1.13, 1.26)
1.03 (0.97, 1.10)
1.07 (1.02, 1.13)
1.17 (1.11, 1.24)
1.06 (1.01, 1.12)
1.13 (1.07, 1.20)
0.96 (0.90, 1.07)
1.07(1.02, 1.14)

1.01 (0.95, 1.08)
0.97 (0.92, 1.04)
1.02 (0.95, 1.08)
1.05 (0.98, 1.11)
1.00 (0.94, 1.07)
1.03 (0.96, 1.10)
1.03 (0.96, 1.09)

In bold, the significant models according to the deterministic terms.

Table 3
Estimates of d based on a semiparametric “local” Whittle method.
Country 25 26 27 28 29 30 31 32 33 34
Section A: African markets
Egypt 1.153 1.159 1.174% 1.194% 1.194% 1.215% 1.215% 1.232% 1.214% 1.215%
Ghana 1.461° 1.342° 1.317¢ 1.350% 1.352¢ 1.374% 1.348¢ 1.363% 1.378¢ 1.292¢
Ivory Coast 1.108 1.098 1.115 1.113 1.128 1.110 1.109 1.118 1.105 1.117
Kenya 1.131 1.126 1.145 1.148 1.157 1.113 1.135 1.128 1.105 1.164°
Mauritius 0.921 0.953 0.981 1.013 1.028 1.061 1.086 1.117 1.142 1.164%
Morocco 1.196° 1.192¢ 1.202% 1.210% 1.227¢ 1.230° 1.237¢ 1.257¢ 1.126 1.250°
Nigeria 1.263% 1.207¢ 1.192% 1.129 1.221* 1.117 1.093 1.106 1.271* 1.121
South Africa 0.942 0.922 0.919 0.893 0.883 0.892 0.890 0.907 0.909 0.924
Tunisia 1.099 1.119 1.137 1.138 1.128 1.103 1.113 1.119 1.092 1.091
Section B: selected global markets
UK (MSCI) 1.053 1.030 1.062 1.088 1.096 1.109 1.086 1.113 1.133 1.125
Australia (MSCI) 0.921 0.907 0.937 0.968 0.974 0.967 0.952 0.977 0.987 0.982
Japan (NIKKEI 225) 1.027 1.012 1.032 1.024 1.021 1.031 1.032 1.043 1.051 1.058
China (SHANGAI SE) 1.052 1.058 1.083 1.073 1.091 1.030 1.055 1.075 1.105 1.094
USA (S&P 500) 1.145 1.126 1.153 1.139 1.146 1.151% 1.116 1.136 1.148 1.103
Europe (STOXX 200) 1.053 1.040 1.068 1.093 1.091 1.108 1.077 1.102 1.123 1.107
Europe (STOXX 50) 1.034 1.027 1.053 1.077 1.071 1.089 1.059 1.082 1.103 1.108
Lower I(1) 0.835 0.838 0.841 0.844 0.847 0.849 0.852 0.854 0.856 0.859
Upper I(1) 1.164 1.161 1.158 1.155 1.152 1.150 1.147 1.145 1.143 1.141
2 Evidence of I(d) with d> 1 at the 5% level.
Table 4
Homogenity tests for the orders of integration.
Country UK Australia Japan China usS Europe Europe
MSCI MSCI NIKKEI225 SHANG.SE SP500 STOXX200 STOXXS50
Egypt 1.34 2.02¢ 1.17 0.67 1.51 1.01 1.01
Ghana 3.03* 3.70* 2.86% 2.35% 3.20¢ 2.69* 2.69*
Ivory Coast 0.33 1.01 0.16 —0.33 0.50 0.01 0.00
Kenya 1.18 1.85% 1.01 0.50 1.34 0.84 0.85
Mauritius 2.35¢ 3.27¢ 2.52¢ 2.02¢ 2.86° 2.35¢ 2.35¢
Morocco 0.84 1.51 0.67 0.16 1.01 0.50 0.51
Nigeria 2.02% 2.69* 1.85% 1.34 2.19% 1.67 1.68
South Africa —0.84 —0.16 —1.01 —1.51 —0.67 —1.18 —1.18
Tunisia 1.01 1.68 0.84 0.33 1.18 0.67 0.68

? Evidence against the null hypothesis of equal orders of integration at the 5% level.
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Table 5

Estimated values of d on the estimated co-integrating residuals.
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Country

Stock market

No autocorrelation

Autocorrelation

Egypt

Ghana

Ivory Coast

Kenya

Mauritius

Morocco

Nigeria

South Africa

Tunisia

UK (MSCI)

Australia (MSCI) AUS
Japan (NIKKEI 225)
China (SHANGHALI SE)
US (S&P 500)

Europe zone (STOXX 200)
Europe zone (STOXX 50)

UK (MSCI)

Australia (MSCI) AUS
Japan (NIKKEI 225)
China (SHANGHALI SE)
US (S&P 500)

Europe zone (STOXX 200)
Europe zone (STOXX 50)

UK (MSCI)

Australia (MSCI) AUS
Japan (NIKKEI 225)
China (SHANGHALI SE)
US (S&P 500)

Europe zone (STOXX 200)
Europe zone (STOXX 50)

UK (MSCI)

Australia (MSCI) AUS
Japan (NIKKEI 225)
China (SHANGHALI SE)
US (S&P 500)

Europe zone (STOXX 200)
Europe zone (STOXX 50)

UK (MSCI)

Australia (MSCI) AUS
Japan (NIKKEI 225)
China (SHANGHALI SE)
US (S&P 500)

Europe zone (STOXX 200)
Europe zone (STOXX 50)

UK (MSCI)

Australia (MSCI) AUS
Japan (NIKKEI 225)
China (SHANGHAI SE)
US (S&P 500)

Europe zone (STOXX 200)
Europe zone (STOXX 50)

UK (MSCI)

Australia (MSCI) AUS
Japan (NIKKEI 225)
China (SHANGHALI SE)
US (S&P 500)

Europe zone (STOXX 200)
Europe zone (STOXX 50)

UK (MSCI)

Australia (MSCI) AUS
Japan (NIKKEI 225)
China (SHANGHALI SE)
US (S&P 500)

Europe zone (STOXX 200)
Europe zone (STOXX 50)

UK (MSCI)
Australia (MSCI) AUS
Japan (NIKKEI 225)

0.87 (0.84, 0.90)
0.90 (0.87, 0.94)
1.03 (1.00, 1.07)
1.04 (1.01, 1.08)
0.95 (0.91, 0.98)
0.89 (0.86, 0.91)
0.90 (0.86, 0.93)

1.09 (1.06, 1.12)
1.10 (1.07, 1.13)
1.08 (1.05, 1.11)
1.11(1.08, 1.14)
1.11 (1.08, 1.14)
1.10 (1.07, 1.14)
1.10 (1.07, 1.14)

0.91 (0.88, 0.95)
0.91 (0.88, 0.95)
1.01 (0.98, 1.05)
0.99 (0.96, 1.03)
0.93 (0.90, 0.97)
0.92 (0.89, 0.95)
0.93 (0.90, 0.96)

0.88 (0.85, 0.92)
0.90 (0.86, 0.94)
1.05 (1.01, 1.09)
1.03 (1.00, 1.07)
0.92 (0.88, 0.96)
0.90 (0.85, 0.94)
0.92 (0.88, 0.96)

0.88 (0.85, 0.90)
0.89 (0.85, 0.93)
1.06 (1.03, 1.10)
1.03 (1.00, 1.08)
0.93 (0.91, 0.96)
0.89 (0.85, 0.92)
0.90 (0.86, 0.93)

0.93 (0.90, 0.97)
0.99 (0.95, 1.04)
1.02 (0.99, 1.06)
1.02 (0.98, 1.05)
1.01 (0.98, 1.04)
0.95 (0.91, 0.99)
0.95 (0.92, 0.98)

0.93 (0.90, 0.97)
0.97 (0.93, 1.01)
1.08 (1.04, 1.12)
1.03 (1.00, 1.07)
1.05 (1.02, 1.09)
0.96 (0.92, 0.99)
0.97 (0.93, 1.00)

0.97 (0.93, 1.00)
0.90 (0.83, 0.96)
0.94 (0.90, 0.98)
0.94 (0.90, 0.97)
0.95 (0.93, 0.98)
1.00 (0.96, 1.04)
0.99 (0.95, 1.03)

1.02 (0.98, 1.08)
0.98 (0.93, 1.02)
1.04 (1.00, 1.08)

0.94 (0.87, 1.00)
0.94 (0.88, 1.00)
1.07 (1.01, 1.14)
1.09 (1.04, 1.15)
1.03 (0.98, 1.09)
0.96 (0.90, 1.00)
0.95(0.88, 1.01)

1.16 (1.10, 1.19)
1.15 (1.09, 1.18)
1.14(1.09, 1.17)
1.16 (1.10, 1.19)
1.18 (1.12, 1.22)
1.17 (1.12, 1.21)
1.15 (1.12, 1.19)

0.98 (0.92, 1.03)
0.92 (0.86, 0.98)
1.01 (0.97, 1.04)
1.00 (0.96, 1.04)
0.97 (0.93, 1.00)
0.98 (0.92, 1.03)
0.96 (0.91, 1.02)

0.89 (0.86, 0.92)
0.90 (0.86, 0.93)
1.05 (1.00, 1.09)
1.03 (1.00, 1.07)
0.93 (0.90, 0.97)
0.91 (0.88, 0.95)
0.92 (0.89, 0.96)

0.95 (0.90, 1.00)
0.89 (0.85, 0.94)
1.06 (1.03, 1.10)
1.03 (1.00, 1.07)
0.93 (0.90, 0.96)
0.89 (0.86, 0.92)
0.90 (0.86, 0.93)

0.95 (0.97, 0.99)
0.96 (0.99, 1.02)
1.04 (0.98, 1.10)
1.04 (0.99, 1.11)
1.01 (0.96, 1.05)
0.95 (0.90, 1.01)
0.97 (0.91, 1.02)

1.02 (0.96, 1.07)
0.99 (0.93, 1.04)
1.10 (1.03, 1.16)
1.07 (1.01, 1.13)
1.07 (1.04, 1.12)
1.04 (0.98, 1.10)
1.04 (0.98, 1.11)

0.98 (0.94, 1.02)
0.92 (0.85, 1.01)
0.96 (0.91, 1.04)
0.95 (0.90, 1.01)
0.96 (0.91, 1.02)
1.00 (0.94, 1.04)
1.00 (0.94, 1.04)

1.03 (0.99, 1.10)
1.01 (0.94, 1.08)
1.07 (1.00, 1.13)
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Country Stock market No autocorrelation Autocorrelation
China (SHANGHALI SE) 1.03 (0.98, 1.07) 1.04 (0.99, 1.10)
US (S&P 500) 1.04 (0.99, 1.08) 1.04 (0.98, 1.09)
Europe zone (STOXX 200) 1.01 (0.98, 1.05) 1.04 (0.97, 1.10)
Europe zone (STOXX 50) 1.01 (0.97, 1.05) 1.04 (0.97, 1.10)
Table 6
Hausman tests of no cointegration against fractional cointegration.
UK Australia Japan China usS Europe Europe
MSCI MSCI NIKKEI225 SHANG. SP500 STOXX200 STOXXS
Egypt H;: 6.52 - H;: 0.48 H;:0.33 H;:2.64 H;:5.34 H;:4.86
H: 2.64 H: 0.01 H: 0.01 H,:0.33 Hy: 2.64 Hy: 2.27
d=0.87 d=1.03 d=1.04 d=0.95 d=0.89 d=0.90
Ghana - - - - - - -
Ivory Coast H;: 1.94 H;: 1.94 H;: 0.12 H;: 0.21 H;: 1.34 H;: 1.63 H;: 1.34
Hy: 1.34 Hy: 0.48 Hj: 0.05 Hy: 0.48 Hj: 0.66 Hj: 1.63 Hy: 1.34
d=0.91 d=0.91 d=1.00 d=0.99 d=0.93 d=0.92 d=0.93
Kenya H;:5.39 - H;:0.12 H;:0.33 H;:3.45 H;:4.36 H;:3.45
Hy:2.27 Hy: 0.12 Hj: 0.05 H: 0.86 Hy:2.27 Hy: 1.63
d=0.88 d=1.05 d=1.03 d=0.92 d=0.90 d=0.92
Mauritius - - - - - - -
Morocco H;:2.27 H;: 1.34 H;:0.21 H;:0.21 H;:0.33 H;:1.63 H;:1.63
H: 0.86 Hj: 0.01 H: 0.00 Hy: 0.12 H,: 0.01 H,: 0.86 H,: 0.86
d=0.93 d=0.96 d=1.02 d=1.02 d=1.01 d=0.95 d=0.95
Nigeria - - - -
South Africa H;: 0.01 H;: 048 H;: 0.05 H;: 0.05 H;: 0.01 H;:0.21 H;:0.21
Hy: 0.21 Hj: 0.66 H: 0.86 Hy: 1.63 H»:0.33 Hy: 0.12 H,: 0.12
d=0.97 d=0.90 d=0.94 d=0.94 d=0.95 d=1.00 d=1.00
Tunisia H;: 1.09 H;: 0.12 H;: 0.21 H;: 0.21 H;:0.12 H;: 0.48 H;: 0.48
Hy: 0.12 Hs: 0.66 H: 0.01 Hj: 0.05 Hy: 0.21 Hj: 0.05 Hj: 0.05
d=1.02 d=0.98 d=1.04 d=1.03 d=1.04 d=1.01 d=1.01

Evidence against the null hypothesis of equal orders of integration at the 5% level.

against the developed economics and the results in terms of
the estimated values of d, under both uncorrelated and auto-
correlated errors, are reported in Table 5. The values where
evidence of mean reversion (i.e., d<1) is found are marked
in the table in bold (and with an asterisk). If the errors are
uncorrelated, we observe that mean reversion takes place in
the cases of Egypt against the UK, Australia and the Europe
Zone; for Ivory Coast, Kenya and Mauritius, it is found against
the same stocks along with those of the USA; for Morocco
and Nigeria mean reversion is found in the residuals against
the UK, and Europe Zone; and for South Africa in case of
Australia, Japan, China and the USA. With autocorrelation,
there are fewer cases. In particular, for the Ivory Coast against
Australia; for Kenya against the UK, Australia, the USA and
the Europe Zone; for Mauritius against Australia, the USA
and the Europe Zone, and finally for Morocco against the
UK.

However, this evidence of mean reversion does not neces-
sarily guarantee the existence of cointegration. The results of
the proper tests, based on Marinucci and Robinson (2001), are
reported in Table 6. Evidence of cointegration is found for Egypt
and Kenya against the UK and the Europe Zone. The findings
for Egypt and Kenya differs from the conclusion obtained by

Mensah and Alagidede (2017). There are some other cases where
partial evidence of cointegration is found, i.e., it is found only
against one of the two hypothesis, though in general, in all cases,
we observe that the degree of cointegration is very low, implying
very long periods of convergence in the long run.

5. Summary and concluding comments

In this paper we have examined the stochastic properties of
several stock markets throughout the world, and the bilateral
linkages between African and selected global markets using
weekly stock prices obtained from DataStream, for the time
period 1 January 1990-23 June 2018. For this purpose, we
have used a long memory approach based on fractionally inte-
grated and cointegrated techniques. We adopted this approach to
investigate the dependence between the selected markets since
it allows for much richer dynamics than the classical models
employed in prior studies that rely on integer degrees of differ-
entiation and thus based on the I(0)/I(1) dichotomy.

The empirical results from the univariate analyses show that
there exists a high degree of persistence in the series with orders
of integration about 1 or higher than 1 which implies that shocks
to these stock markets have significant permanent effects. Thus,
for example, in the context of autocorrelated disturbances, the
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unit root null hypothesis is rejected in favour of d> 1 for Egypt
(1.09), Ghana (1.19), Kenya (1.08), Mauritius (1.17), Morocco
(1.06), Nigeria (1.13) and Tunisia (1.07), while the unit root null
hypothesis cannot be rejected in the cases of the Ivory Coast
(1.03) and South Africa (0.96). For the developed markets, the
values of d range between 0.97 (Australia) and 1.05 (China),
and the unit root null cannot be rejected in any single case.

Performing OLS regressions between the African and the
developed markets we found residuals which are mean reverting
in anumber of cases, including the regressions of the Ivory Coast
against Australia; for Kenya against the UK, Australia, the USA
and the Europe Zone; for Mauritius against Australia, the USA
and the Europe Zone, and finally for Morocco against the UK.
However, testing properly the null of no cointegration against
fractional cointegration by means of Robinson and Marinucci’s
(2001) approach, evidence of cointegration is only found for
Egypt against the UK, the Europe Zone, and for Kenya against
the UK and the Europe Zone and, though there are some other
cases where partial evidence of cointegration might exist, gen-
erally we observe that the degree of cointegration is very low,
implying very long periods of convergence in the long run.

The documented evidence has important implications for pol-
icy makers and markets participants. The presence of a very
low degree of cointegration between some African emerging
equity markets and the global stock markets shows that inter-
national investors holding African stocks in their portfolio will
have potential gains. Morever, the low cointegration between
these markets could serve as a conduit for policy makers to draw
more portfolio investments to the continent in general. Appar-
ently, they are still isolated from the core of major international
markets, though many markets in Africa have undergone struc-
tural changes and developments. We can conclude that African
markets need to deepen structural relations both regionally and
with the rest of the world.
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