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Abstract
This paper presents analysis of the relationship and dependence structure between stock returns
and exchange rates in Ghana using data of daily periodicity from January 4, 2011 to July 31, 2014.
Analyses are conducted by means of Bayesian quantile regression (QR) technique and multiple
causality tests. Our findings suggest high dependence of the equity market on the foreign exchange
market in Ghana, and that the link between the two markets follows the international tradeoriented model more than the portfolio balance theory. We report that among the six exchange
rates used, only the cedi–dollar registers instantaneous effect on the equity market.
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1. INTRODUCTION

Even though studies on stock returns-exchange rate nexus appear universal, recent trends
in international equity flows, cross-border trading of stocks and the contemporary black
swan global episodes (such as the 2007 financial crisis and the subsequent Eurozone debt
crisis of 2008) have re-ignited the need to delve deep into the subject.
The rapidly increasing international flow of equity across borders reflects a direction of
burgeoning cross-border investments over recent periods. In the broader context of the
global market environment, Sub-Saharan Africa’s (SSA) frontier markets have recorded
growing amounts of portfolio capital flows during the last decade. The renewed increases
in foreign investors’ interest have resulted in SSA frontier markets becoming more
integrated with international capital markets (IMF, 2014). Between 2010 and 2012 fiscal
years, net private capital flows to Sub-Saharan African countries doubled, compared with
the 2000-2007 periods. In year 2013, portfolio and cross-border bank flows into SSA
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markets outstripped the US$17 billion mark in 2012. Dominant beneficiaries were
Nigeria, Zambia and Ghana, and an estimated portfolio flows recorded by these countries
stood, respectively, around 2.7, 1.6 and 1.9% of gross domestic product (GDP).1
For some time now, the Ghana Stock Exchange (GSE) has been responding to
international market norms with greater non-resident investors’ (NRIs) participation. For
instance, in 2007, value of stocks traded by NRIs was GH¢422.85 million,2 representing
about 80% of total value traded (Frimpong and Oteng-Abayie, 2008). The discovery of
crude oil (in commercial quantities) and subsequent production of the same in late 2010
has led to oil-related foreign direct investment (FDI) flows of about two thirds of total
FDIs. Additionally, high yields on domestic assets have sustained the interest of foreigners
in the domestic market. For instance, in 2012, a Bank of Ghana (BoG) 3-year fixed rate
bond auction of GH¢300 million was heavily oversubscribed, with more than 50% of the
bids coming from offshore investors. Additionally, Eurobonds issued by the Government
of Ghana in 2007 (US$750 million) and 2013 (US$1 billion) fiscal years were
oversubscribed. This represents a high flow of foreign exchange to the Ghanaian
economy, and it is expected that this will significantly impact the financial sector of the
country. As high levels of international equity flows are realised, the interdependence
between stock returns and exchange rates becomes widespread. This occurs since
increasingly high levels of cross-border equity flows creates a higher demand for and
supply of currencies, in which international equity prices are denominated (Kanas, 2000).
Despite the fact that foreign investors’ participation help boost the performance of
domestic markets in terms of market capitalisation and increased liquidity, surging
cross-border listing of stocks has the significant consequences of increasing the
vulnerability of domestic markets to shocks, thereby amplifying the contagion of
exchange rate shocks to domestic equity markets.
Extant literature presents two views on the dynamic linkages between stock returns
and exchange rates: the international trading effect and portfolio balance theory. The
international trading effect theory (see Aggrawal, 1981; Koulakiotis et al., 2015; Moore
and Wang, 2014) suggests that a fall in domestic currency levels enhances the
competitiveness of local firms, which in turn increases their trade and foreign currency
current accounts balances. Thus, currency depreciation results in more foreign inflows
into domestic stock markets. Since the value or price of a stock is the discounted present
worth of the stock’s expected future cash flows, stock prices will ultimately respond to the
increases in expected cash flows. Thus, stock prices respond in reverse direction to a fall
in domestic currency. On the other hand, the portfolio balance theory, otherwise referred
to as ‘stock-oriented’ model (see e.g. Frankel, 1983; Branson, 1983; Tsai, 2012; Ho and
Huang, 2015) suggests that exchange rates are determined by market mechanisms. A
highly performing local bourse may attract foreign capital flows causing an increase in
demand for domestic assets and currency, and vice versa. Increasing aggregate demand for
domestic currency relative to a foreign counterpart revalues the domestic currency. The
channel through which this can occur may either be direct or indirect (Chkili et al., 2011;
1

Figures are gleaned from various statistical bulletins of the IMF and World Bank.
Cedi (GH¢) is Ghana’s official currency called the Ghana cedi. On July 3, 2007, the Ghanaian
cedi (GH¢) was redenominated. The new Ghana cedi (GH¢) is equal to 10 000 old Ghanaian
cedis – ¢ (1 GH¢ = ¢10 000). The old currency remained in circulation alongside the new until
December 2007. One Ghana cedi is divided into one hundred Ghana pesewas (Gp).
2
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Koulakiotis et al., 2015). In the case of the direct channel, suppose domestic stock
markets begin to boom, international equity investors will suddenly increase their
portfolio holdings in the local market while selling off foreign assets. This has the
consequential effect of causing the domestic currency to rise in value. On the other hand,
the indirect channel operates through the interplay among stock market wealth, demand
for domestic assets and interest rates (Chkili et al., 2011). Thus, increases in domestic
equity assets lead to increases in wealth of domestic investors. The wealth effect then
increases the demand of domestic investors causing interest rates to rise. The higher
interest rates will in turn lead to increased foreign demand for domestic currency to
purchase new domestic assets, thereby appreciating the domestic currency.
Although, a number of studies have deeply examined the dynamic linkages between
exchange rates and stock prices, not much is seen in Africa. Among the countries that
have received much attention in this area of research are the North and Latin American
economies (see e.g. Aggrawal, 1981; Diamandis and Drakos, 2011). Other studies have
also focused on some developed and emerging Asian and BRICS (Brazil, Russia, India,
China and South Africa) markets (e.g. Zhao, 2010). Katechos (2011) and Ulku and
Demirci (2012) are among the few works that can be found in Europe. In Africa, Md.
Mahmudul et al. (2011) for South Africa and Adjasi et al. (2011) for Tunisia, report that
equity prices have long-run joint movement with exchange rates for the periods studied.
However, in their assessment of the impacts of exchange rate volatility on the
Johannesburg Stock Exchange, Mlambo et al. (2013) found a weak link between the two
and recommended that the South African government can use exchange rates as a policy
tool to attract foreign portfolio investment. In testing the validity of the Uncovered
Equity Parity (UEP) for 43 countries including South Africa, Cenedese et al. (2015)
observe a systematic violation of the UEP – implying a disjoint between exchange rate
movement and expected equity market returns differentials. The nature and extent of
co-movement between exchange rates and stock prices is seen to vary across different
regimes. For instance, in the application of a regime-switching model to examine the
dynamic linkages between the exchange rates and equity returns of the BRICS countries,
Chkili and Nguyen (2014) establish from a univariate analysis that stock returns evolve
according to a low volatility regime and a high volatility regime. However, on the basis of
a switching vector autoregressive (VAR) models, the influence of stock markets on
exchange rates was found to be high in both tranquil and crisis periods. In a related
development, Chkili et al. (2011:272) provide evidence to the ‘effect that the relationship
between stock and foreign exchange markets is regime-dependent and stock price
volatility responds asymmetrically to events in the foreign exchange markets.’
On the theoretical front, some studies support the international trading effect theory
(e.g. Alagidede et al., 2011), and others back the portfolio balance theory. In the case of
the former, Abdalla and Murinde (1997) found that exchange rates are leading indicators
for stock prices for India, South Korea and Pakistan. Liu and Wan (2012) found at best
unidirectional causality from exchange rates to stock markets in China through the
application of linear and non-linear causality tests to daily data from July 22, 2005 to July
15, 2011. Chkili et al. (2011) used a Markov-switching Exponential Generalized
Autoregressive Conditional Hetereoscedasticity (EGARCH) model to investigate the
dynamic linkage between stock price volatility and exchange rate changes for four
emerging countries from 1994 to 2009, and establish that foreign exchange rate changes
have a significant impact on the probability of transition across regimes. In the case of the
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portfolio balance theory, Kanas (2000) observed evidence of symmetric spill-over effects
from stock returns to exchange rate changes for the UK, USA, Japan, France and Canada,
except Germany. In a related development, Granger et al. (2000) suggested that stock
prices and exchange rates have inverse correlation for the Philippines. The conclusion by
Phylaktis and Ravazzolo (2005) is that there is a positive relationship between stock
markets and foreign exchange markets. The authors’ application of cointegration and
Granger causality tests on some Pacific-Basin countries during the periods from 1980 to
1999 further reveals that the stock market acts as the channel for the nexus and that the
linkages are not found to be dependent on foreign exchange restrictions. This is
corroborated by Diamandis and Drakos (2011) in a related fashion. The latter’s analysis
of short- and long-run co-movements between stock markets and foreign exchange
markets for Argentina, Chile, Brazil and Mexico, alongside the U.S. equity markets,
reveals a positive relationship between the two markets of the studied economies, and
finds that the stock market acts as the conduit for the linkages.
In the midst of varying views on the portfolio balance theory and international
trade-oriented models, several other studies have failed to establish the existence of any
relationship between stock prices and exchange rates (see e.g. Chow et al., 1997; Griffin
and Stulz, 2001). In Ghana, studies on the exchange rate-stock prices nexus appear scanty.
Additionally, the nature and extent of the nexus between equity prices and exchange rates,
as well as its implications for investment decisions remains unclear. A quick scan through
the literature reveals Frimpong (2009) and Adu et al. (2013) as some few works
conducted in recent years. Both studies mainly checked for the relationship between stock
returns and macroeconomic factors using data from 1992 to 2009. Their concentration
was therefore not specifically on the dynamic linkages between stock returns and
exchange rates. Additionally, their studies did not include all the variables considered in
this paper; neither did they investigate possible structural breaks in their variables. In the
light of the above, this paper seeks to address the existing gaps and extend the current
literature by exploring the dynamic relationship between stock market performance and
exchange rates in Ghana. On the basis of the fact that the Ghana currency (Ghana cedi)
has undergone severe declines for some time now with a cumulative depreciation in 2013
and 2014 at 14.5% and 16%, respectively (see Bawumia, 2014), it remains empirically
useful to ascertain whether the currency crisis has had any significant impact on the
financial sector of the import-driven economy.
To capture accurately the nature and extent of linkages between stock returns and the
exchange rates, the paper employs various causality (i.e. standard F-type Granger, TodaYamamotto (T-Y) and instantaneous causality) tests and the Bayesian QR. The causality
tests helps in finding evidence either in support of the portfolio balance theory or the
international trade-oriented model. A number of methods have been employed to
investigate the dependence of one economic unit on the other. For instance, Aloui et al.
(2011) apply the copulas to examine the extremes of financial dependence of the BRICS
emerging markets with the U.S. markets and provides time-varying dependence between
them. Others (see e.g. Zhao, 2010; Lin, 2012) also apply standard linear regression such
as cointegration. The copulas have the shortfall of relating the quantiles of both the
dependent variable and the conditioning variable making the estimation bias. The
standard linear regression techniques also summarise the relation between a set of
regressors and response variables based on the conditional-mean function which
obviously fit single regression curves between the two groups of variables. These
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techniques provide a partial view of the relationship, as we might be interested in
describing the link at different points in the entire distribution of the regressand.
The QR, however, overcomes the above shortcomings. The motivation to use Bayesian
QR for examining the nexus between exchange rate and stock returns in this paper is moved
by the fact that QRs have been advocated in recent times to relatively have potentials of
establishing more comprehensive dependence relationships among assets returns.
Moreover, QR has also been advanced to be quite robust in modelling outliers, compared
to the traditional regression techniques. For example, in an application of the QR to explore
the relationship between stock prices and exchange rates in Asian markets, Tsai (2012) was
able to comprehensively indicate that the negative relationship between stock and foreign
exchange markets is highly prevalent when exchange rates are extremely high or low. A
Bayesian approach to the QR is adopted at the expense of the Frequentist approach for the
reasons that (i) it provides precise estimations which duly account for parameter
uncertainty, (ii) it does not rely on approximations to the asymptotic variances of the
estimators, and (iii) it intrinsically adjusts for model complexity in terms of model
selection.
The findings of this paper present some significant implications for policymakers, asset
managers and traders. More importantly, the findings provide answers to the question: do
stock markets respond to exchange rate shocks? Uncovering the link between equity and
foreign exchange markets will serve as important information for policymakers and other
players in the industry.
The remaining sections of the paper are structured as follows: Section 2 describes the
data and methodology. Empirical findings and thorough discussions are presented in
Section 3; and Section 4 concludes the paper with some policy recommendations.
2. DATA AND METHODOLOGY

2.1 Data Description
We use daily historical exchange rate and stock price data from January 4, 2011 to July
31, 2014 for the analysis. To avoid intra-day trading effects or anomalies, volume
weighted average prices and average bid-ask exchange rates are used. All datasets are
gleaned from Databank Research and Information Limited (DRIL) CD-ROM. DRIL
was one of the first to compute share index on the GSE, and its computation began on
November 12, 1990. The index is the same as that of the Stock Exchange, and consists
of all listed equities on the market, except those in the international register. The daily
exchange rate data comprises six major foreign trading currencies in the Ghanaian
economy: United States Dollar, United Kingdom Pound, Japanese Yen, Euro, Nigeria’s
naira and the CFA.3 All currencies are computed into quantities in the local Ghanaian
currency (cedi) per the prevailing rates. This simply implies that an increase in the
exchange rates signify a quantum of depreciation of the value of the local currency. Two
stock market indices, composite index (CI) and the financial stock index (FSI),4 are used
to proxy prices on the stock market.
3
The CFA is a fixed exchange rate adopted by francophone African countries like Cote D’Ivoire,
Senegal, Togo, etc. and pegged to the French franc (and now the euro) – see Bawumia (2014).
4
The CI is a volume weighted price index that measures the overall performance of the market
and the FSI represents the price index of listed firms that belong to the financial sector.
C 2015 Economic Society of South Africa.
©
V

6154

SouthAfrican
AfricanJournal
JournalofofEconomics
EconomicsVol.
Vol.84:1
••:••March
•• 2015
South
2016

The choice of the sample period (January 4, 2011 to July 31, 2014) for the two
markets (i.e. stock and foreign exchange markets) is built around three main rationales.
The first is because the GSE’s computation of the CI commenced in January 2011. The
second is as a result of the most current trends, captured around the latest currency crisis
in Ghana. The third is as a result of the commencement of oil production in commercial
quantities,5 which may directly or indirectly cause upshots in the equity market. The
decision to model the dependence structure and causality between stock returns and
exchange rates, around the FSI and CI is influenced by the fact that the two indices are
different. The aim is to determine whether dependence and causality between the foreign
exchange and equity markets might be seen more commonly in the aggregate market (i.e.
CI) or the part of the market representing the financial services provider firms (i.e. FSI),
which are more prone to high institutional changes such as financial shocks and market
liberalisations. The specified exchange rate and stock market datasets are analysed in both
level and returns series. The returns of the stock prices and that of the exchange rates are
computed as shown in equations (1) and (2), respectively:

St = PS ,t − PS ,t −1

(1)

Et = PE ,t − PE ,t −1

(2)

where PS,t and PS,t−1 are the market prices at days t and t − 1; Pe,t and PE,t−1 are the daily
exchange rates. In this paper, the simple returns for the stock prices and the exchange rates
are opted over the continuously compounded returns. The choice of the simple returns
for the paper is in line with Zivot and Wang (2005), which advisedly uses the simple and
continuously compounded returns interchangeably and further argued that nothing is
actually lost by considering the former over the latter. Moreover, there is no substantial
difference between empirical results obtained from using simple returns and the
continuously compounded returns or log returns Tsay (2002).
2.2 The Bayesian QR
Since its popular introduction by Koenker and Bassett in the 1970s, the QR approach has
been extensively embraced by several scholars (see sampled current papers: Baur, 2013;
Crespo-Cuaresma et al., 2014; Walid et al., 2014). Essentially, the QR statistical
technique provides an alternative approach to the conditional-mean regression, E(Y|Xk),
by allowing several regression curves to be fitted through many parts of the distribution
for a specified response variable, given a set of predictors. To a large extent, the
conditional-mean regression E(Y|Xk) only fits a single regression curve to the mean part of
the response distribution in an attempt to establish relationships between the response
variable and a given set of predictors. This single conditional-mean regression curve does
not provide relationships at the tails, median and other parts of the response distribution,
given the set of covariates or predictors incorporated in the regression model. The
conditional-mean regression curve may also not show the entire relationship between the
response variable and its predictors in a situation where there exist several rates of change
in the distribution for the response variable. Such conditional-mean regression models
were described by Koenker and Hallock (2001) as mostly demonstrating incomplete
5

Ghana started producing crude oil in commercial quantities in late 2010.
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picture of the relationship between a response variable and its predictors, especially in the
existence of heterogeneous variances. According to Cai et al. (2012), the QR technique is
more capable of providing a complete statistical analysis of the stochastic relationships
among random variables. For this paper, we establish the stochastic relationship between
stock price and exchange rate returns using the conditional-QR. The regression model
employed is specified as:

QSt (τ X t ) = X t |β(τ ) + ut

(3)

where QSt (τ X t ) represent the conditional-quantile function of the response variable; in
this case the stock returns at selected quantiles given a set of predictors at time t; Xt is k × 1
set of regressors, which is taken to be the exchange rate returns specified in this paper; β(τ)
are the coefficients to be estimated at eight chosen quartile and decile quantiles; and ut
denotes unknown error term at time t with no specific distributional form, contrary to the
error term of the conditional-mean regression. The deterministic part of the specified QR,
represented by the function, X t |β(τ ) , may be estimated using the minimisation problem
in the underlying optimisation equation:
T

min
∑ ρτ (QSt − X t |β(τ ) )
|

(4)

X t β(τ ) t =1

where the loss function ρ is simplified as ρτ(u) = u(τ − I(u < 0) ), and the model’s
1, for u < 0
.
residuals are formulated as an indicator function with I (u ) =
0, otherwise
Yu and Moyeed (2001) ascribed that minimising this loss function, ρτ(u), is effectively
the same as maximising the likelihood function which is obtained by putting together
independently distributed asymmetric Laplace densities. In using the Bayesian estimation
approach for obtaining optimal estimates for the specified regression, we express the
posterior density of the beta coefficients at the eight chosen quantiles, β(τ), given n
observations of the response variable, St = {S1, S2, S3, . . ., Sn} as:

{

π (β St , τ ) ∝ π (β ) L (St β )
where

(5)

{

n

}

L (St β ) = P n (1 − P )n exp − ∑ ρ (St − xt |β(τ ) ) ;
t =1

π(β)

represent

the

prior

distribution of β; and τ has been chosen to include lower (5th, 10th, 30th), median
(50th) and upper (75th, 80th, 90th) quantiles. The set of chosen quantiles is to allow
several regression curves to be fitted through the stock returns distribution given the
volatility in the exchange rate returns incorporated into the regression models. These
regression models have the potential of establishing a more comprehensive stochastic
dependence or independence of the exchange rate shocks on the stock returns.
3. EMPIRICAL RESULTS

3.1 Preliminary Analysis
Graphical plots for the observed and returns series of the two stock returns and the six
exchange rates are reported under this section in Figs. 1 and 2. Fig. 1 shows that nearly all
variables depict possible structural breaks at one point or the other. Both plots show
C 2015 Economic Society of South Africa.
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Figure 1. Time plots of exchange rates and stock prices in level series

Figure 2. Time plots of exchange rates and stock market prices in returns series
similar patterns of volatility for the stock prices and exchange rates. This gives the
indication that during the sample period, stock prices and exchange rates show signs of
co-movement and volatility clustering. A close look at Fig. 2 indicates that whereas the
cedi–pound, cedi–euro, cedi–yen and cedi–dollar rates depict similar patterns of
co-movement with CI and FSI; that of the cedi–CFA and cedi–naira show marginal signs
of variant co-movements with CI and FSI. Perhaps, this may be indicative of low volumes
of transactions with naira and CFA by investors and listed firms in Ghana. The two
currencies (naira and CFA) are also observed to have witnessed minimal fluctuations with
the Ghana cedi from 2011 to 2014; largely due to their exchange rate regimes (Bawumia,
2014). The CFA zone countries like Mali, Togo, Senegal and Cote D’Ivoire operate the
C 2015 Economic Society of South Africa.
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Table 1. Summary statistics
Level series
Stock market
CI
FSI
Exchange rate
Cedi–dollar
Cedi–pound
Cedi–euro
Cedi–yen
Cedi–naira
Cedi–CFA

Return series

Mean

Std

Skew

Kurt

JB

Mean

Std

Skew

1,478.0
1,306.9

518.5
436.6

0.6
0.6

−1.32
−1.12

118.3*
814.1*

0.095
0.087

0.56
0.78

1.2
1.5
1.5
1.1
1.2
1.5

1.02
1.57
1.37
0.74
0.27
1.43

261.2*
420.8*
396.7*
206.5*
212.1*
408.9*

0.084
0.094
0.085
0.058
0.088
0.083

0.32
0.58
0.74
0.74
4.68
3.16

1.922
3.084
2.576
0.022
0.011
0.004

0.402
0.720
0.553
0.003
0.003
0.001

Kurt

JB

0.5
0.7

4.6
5.5

101.5*
1167.5*

2.0
0.6
−0.3
−0.3
0.5
−0.1

0.8
0.8
0.8
0.8
0.8
0.8

20.0*
3.4*
12.7*
3.9*
169.4*
200.2*

Std, standard deviation; Skew, skewness; Kurt, kurtosis; JB, Jarque–Bera; CI, composite index;
FSI, financial stock index; * 1% level of significance.

fixed exchange rate regime with the French franc (and now the euro), and this has
sustained their exchange rate stability for some time now (Bawumia, 2014).
In furtherance to the time plots, we present the statistical characteristics of all variables
in Table 1. In the returns series, the average daily earnings (of 9.5%) from the CI is higher
than that of the FSI (8.7%). Despite this, the FSI shows higher risk than the CI. Even
though the daily mean returns from the stock market is not substantially different from
the exchange rates, the risk associated with the cedi–naira (4.68) and cedi–CFA (3.16) is
higher than the rest of the sample. The computed Jacque–Berra statistics reject the
hypothesis of normality for all series at 1% level of significance. The stock market returns
have leptokurtic innovations, while the exchange rates exhibit platykurtic characteristics.
3.2 Testing for Structural Breaks and Causality
We begin the empirical analysis with the question: Is there any causal link between returns
on the Ghana stock market and exchange rates? To ascertain the empirical results, the
extensively used standard Granger-causality (SGC) test and a relatively recent causality test
based on the Toda and Yamamoto (1995) method are employed. Whereas the SGC test
demands all the series to be reasonably stationary,6 the T-Y method has no such strict
constraint. As a result of this, we determine the unit root properties of the sample data by
considering the Augmented Dickey–Fuller (ADF) and the Zivot and Andrews (ZA) tests.
Using the ADF test can be problematic when the sample period includes some major
happenings (such as currency crisis, oil shocks, stock market crash, etc.). Failing to consider
this may lead to spurious results. In order to avert such problems, Zivot and Andrews
(1992) introduced the ZA test that caters for structural breaks,7 after the earlier mitigating
test by Perron and Vogelsang (1992). Perron and Vogelsang (1992) tests for breakpoints are
based on prior observations of the data, and this makes it susceptible to pre-test problems.
The ZA test overcomes this problem, hence its application in our study.
We set the ADF models for testing unit roots in the presence of a random walk plus
a drift and a stochastic trend as:
6
This is to avoid the inference from the F-statistics being spurious due to non-standard
distributions.
7
The problem of structural breaks is widespread in many economic series because they are mainly
affected by external shocks under financial events.
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k

ΔYt = β0 + β1Yt −1 + ∑ γ s ( ΔY )t − s + ut

(6)

s =1

k

ΔYt = αt + β1Yt −1 + ∑ γ s ( ΔY )t − s + ut

(7)

s =1

(

k

)

where β1Yt −1 + ∑ γ s ( ΔY )t − s represent the augmented portion of the ADF test; β0 is the
s =1

intercept; t denotes the time trend and ΔYt = Yt − Yt−1. A null hypothesis of a unit root,
formulated as H0: β1 = 0, is tested under the ADF test.
Similarly, the ZA test is formulated given a change in the intercept, trend or both as:
k

ΔYt = K + αYt −1 + βt + θ DU 1t + ∑ d s ( ΔY )t − s + ut
s =1

(8)

k

ΔYt = αYt −1 + βt + θ DU 1t + γ 1DT 1t + ∑ d s ( ΔY )t − s + ut
s =1

(9)

k

ΔYt = K + αYt −1 + βt + θ DU 1t + γ 1DT 1t + ∑ d s ( ΔY )t − s + ut
s =1

(10)

where ΔYt represents a first difference operator (ΔYt = Yt − Yt−1), and ut is the uncorrelated
random error term. The dummies in the ZA test equations are expressed as DU1t = 1 and
DT1t = t − TB1, given that t > TB1 or 0 otherwise; and 1 < TB1 < T, where T is taken
as the sample size of the series and represents the time period where the structural break
actually hits.
Similar to Fig. 1, Appendix IA shows that all datasets exhibit noticeable structural
breaks whether we include a constant, trend or both. However, these detected breaks are
only single changes based on the ZA test, which is known for single break detection.
Following the work of Zeileis et al. (2003), we further checked the datasets for the
presence of multiple structural changes (or breaks). In doing so, we initially consider the
linear regression model expressed as follows:

yi = xi |βi + ui ,

for i = 1, 2, … , n

(11)

where yi denotes the observation of the response variable at time i; xi is a k × 1 vector of
regressors; βi is the corresponding vector of coefficients for the regressors; and ui represent
the disturbance at time i. Building on the single break detected for each variable from the
ZA test, we continued to test for multiple breaks by using the regression equation (11) to
verify whether the coefficients remain constant or do not shift severally from a stable
regression relationship to another. The latter phenomenon assumes the presence of m
breakpoints, where there exist m + 1 segments in which the coefficients of the regression
are constant. To detect the set of breakpoints, we re-specify the regression in equation
(11) as:

yi = xi |β j + ui ,

for i = i j −1 + 1 … , i j and j = 1, … , m + 1
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Figure 3. Detection of multiple structural breaks with BIC
where the m-partition or the collection of breakpoints represented by Im,n = {i, . . . , im} for
which in normal practice i0 = 0 and im+1 = n; and j denotes the segment index.
Fig. 3 shows plots of m-segment models for the exchange rate variables considered in
this paper. The optimal model in this case implies selection of the optimal m number of
breakpoints which are selected using the Bayesian Information Criteria (BIC). Appendix
IC presents the BIC-based selected optimal number of m-breakpoints, the breakpoint
spots and the associated break dates for each variable. From the results shown in
Appendices IA and IC, it could clearly be observed that most of the breaks for the variables
occurred between the third quarter of 2013 and the first month of 2014. The observed
breaks from the latter periods of 2013 to early 2014 are mainly accounted for by the
heightened continual depreciation of the domestic currency (cedi) which led to the
announcement of some capital control measures by the central bank of Ghana on
February 5, 2013 ostensibly to halt the falling cedi.8
It is also evident from the unit roots results in Table 2 that in the observed series of the
sample data, both the ADF and ZA tests suggest non-stationarity for most variables.
However, all variables are noticed to be I(0) in their differenced series, implying
stationarity. This result is consistent with Fig. 2 in which all variables exhibit mean
reverting properties in their differenced series.
8

See http://www.myjoyonline.com/business/2014/February-5th/bank-of-ghana-outlines
-measures-to-halt-cedis-depreciation.phpl for details.
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Table 2. Unit root test
ADF test

Stock market
CI
FSI
Exchange rate
Cedi–dollar
Cedi–pound
Cedi–euro
Cedi–yen
Cedi–naira
Cedi–CFA

ZA test

Observed series

Diff. series

Const.

Trend

Const.

Trend

Const.

Observed series
Trend

Const.

Diff. series
Trend

1.0
1.2

−1.3
−1.1

−14.6*
−14.6*

−14.7*
−14.7*

−6.2*
−3.8

−3.3
−3.3

−23.2*
−23.4*

−22.8*
−23.1*

6.3*
4.2*
3.1
1.4
−0.6
−0.5

2.6
1.6
0.7
0.3
−2.7
−33.8*

−18.4*
−20.5*
−22.7*
−20.3*
−34.4*
−33.8*

−19.3*
−21.1*
−23.1*
−20.4*
−34.4*
−33.8*

−4.7***
−3.8
−4.1
−2.4
−8.0*
−11.8*

−3.8
−3.7
−4.3
−2.2
−11.7*
−16.8*

−32.9*
−31.4*
−33.8*
−33.4*
−50.6*
−50.0*

−31.8*
−31.0*
−33.5*
−33.1*
−49.5*
−49.7*

*, **, *** denote statistical significance at 1%, 5% and 10%, respectively; ZA observed series
critical values at 1%, 5% and 10% are, respectively, −5.34, −4.80 and −4.58; and differenced series
critical values are −4.93, −4.42 and −4.11 at the 1%, 5% and 10% significance levels, respectively.
Similarly, critical values for the ADF observed and differenced series at the 1%, 5% and 10%
significance levels are −3.96, −3.41 and −3.12, respectively.

To establish whether the short run interactions between the exchange rates and returns
on the Ghana equity market follow the trade-oriented model or portfolio balance theory,
we execute both the standard F-type bivariate Granger and T-Y tests of causality. The
standard F-type bivariate Granger-causality test involves the use of a simple VAR model
with a selection of an optimal lag length p, denoted as VAR (p). For this test, all the
variables specified in the VAR system must conform to stationary conditions. It is
estimated in this paper using the equations:
n

n

i =1

j =1

ΔEt = α 0 + ∑ α i ( ΔS )t −i + ∑ β j ( ΔE )t − j + u1t
m

m

i =1

j =1

ΔSt = ϕ 0 + ∑ λi 9ΔEt −i + ∑ δ j ( ΔS )t − j + u2t

(13)

(14)

where u1t and u2t are the disturbances which are assumed to be uncorrelated, ΔEt denotes
the differenced exchange rates series and ΔSt represents the differenced series for the stock
returns. Over here, we obtain a causal relationship between ΔEt and ΔSt if the null
hypotheses from the joint test are both rejected.
Despite the extensive popularity gained by the standard F-type Granger-causality
test, it has in recent times received a lot of criticisms. He and Maekawa (2001) raised
the problem of a possible spurious causality using the F-type Granger-causality in a
situation where one or both series tested are non-stationary. Gujarati (2006) and
Mohammed et al. (2014) also give a similar account of how difficult it may be to
estimate the VAR accurately when its system is integrated. Due to these limitations,
this paper further employs an augmented VAR model approach, proposed by Toda and
Yamamoto (1995). Their test is not much sensitive to stationary conditions in the VAR
system. The maximum order of integration in the level series is only added to the
chosen lag length, p, when specifying the VAR model in the level series. This augments
the VAR(p) system to obtain a VAR(p + dmax), where d denotes the maximum order of
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integration. In application to this paper, we estimate the following bivariate augmented
VAR model:
h+d

l +d

i =1

j =1

Et = α1 + ∑ β1i Et −i + ∑ γ 1 j St − j + u1t
h+d

l +d

i =1

j =1

(15)

St = α 2 + ∑ β 2i St −i + ∑ γ 2 j Et − j + u2t

(16)

where Et and St are, respectively, the exchange rate and the stock prices at the level series;
h and l, respectively, denote the optimal lag lengths for Et and St; and u1t and u2t are the
uncorrelated random error terms of the augmented VAR system. The T-Y approach uses
a modified Wald test which follows a chi-square distribution with p degrees of freedom.
From equation (15), the following hypotheses are formulated:
l

Null hypothesis: St does not Granger-cause Et, provided that ∑ γ 1 j = 0
j =1
l

Alternate hypothesis: St does Granger-cause Et, provided that ∑ γ 1 j = 0
j =1

Similar hypotheses are also formulated based on the augmented VAR in equation (16):
l

Null hypothesis: Et does not Granger-cause St, provided that ∑ γ 2 j = 0
j =1
l

Alternate hypothesis: Et does Granger-cause St, provided that ∑ γ 2 j ≠ 0
j =1

Over here, a bidirectional causal relationship is obtained between Et and St if the two null
hypotheses for the joint test are both rejected. Moreover, we obtain a unidirectional causal
relationship if one of the null hypotheses is rejected, and no causal relationship if we fail
to reject both null hypotheses.
For all the causality tests, we specify a non-serially correlated9 optimal lag length using
the Alkaike Information Criterion and the final predictor error statistics. Further, stability
of the estimated VAR equations (for the T-Y causality tests) is checked using
the roots and Cumulative Sums (CUSUM) plots in Table 5 and Appendix II, respectively.
In the case of the former, since the inverses of the VAR roots are greater than 1 (i.e. r1 and
r2 > 1), it implies the system has passed the stability test. Similarly, the CUSUM plots also
confirm stability at 5% significance level. The above results suggest that the VAR system
has been correctly specified.
The causality tests results are shown in Table 3. Panel A shows the causality results
between exchange rates and the overall returns of the equity market (using the CI), and
Panel B shows the causality between the exchange rates and returns of the financial stocks
(using the FSI). In both panels, the standard Granger and T-Y causality tests are shown.
The standard Granger F-test results in Panel A shows a unidirectional causality from the
cedi–dollar rate to the CI, and a unidirectional causality from CI to cedi–naira. For the
T-Y test, a unidirectional causality from the cedi–pound, cedi–yen, and cedi–naira to
the stock market is noticed, while a bidirectional causality is observed between each of the
rates (cedi–dollar and cedi–CFA) on one hand, and the market returns on the other hand.
9

Using the Breusch–Godfrey serial correlation test (see Table 7).
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Table 3. Causality test
Panel A

Ert does not Granger cause Spt (CI)
Granger (F-test)

Cedi−dollar
Cedi−pound
Cedi−euro
Cedi−yen
Cedi−naira
Cedi−CFA
Panel B
Cedi−dollar
Cedi−pound
Cedi−euro
Cedi−yen
Cedi−naira
Cedi−CFA

Toda χ2

Spt (CI) does not Granger cause Et
Granger (F-test)

Toda χ2

2.7* [8]
1.3 [15]
0.8 [11]
1.4 [13]
1.2 [11]
1.2 [13]
Ert does not Granger cause Spt

21.1** [8]
15.0*** [8]
9.7 [7]
18.1** [6]
13.6*** [7]
28.9** [14]
(FSI)

1.4 [8]
16.2*** [8]
0.7 [15]
10.7 [8]
0.7 [11]
9.7 [7]
1.5 [13]
11.1 [6]
1.6*** [11]
12.8 [7]
1.0 [13]
30.6* [14]
Spt (FSI) does not Granger cause Et

Granger (F-test)

Toda χ2

Granger (F-test)

Toda (χ2)

1.9** [12]
1.8*** [10]
2.4* [10]
1.7*** [10]
1.6*** [12]
0.6 [13]

16.8*** [9]
15.9*** [10]
16.3*** [7]
9.3*** [3]
15.7*** [8]
33.9* [13]

1.1 [12]
1.4 [10]
0.7 [10]
0.7 [10]
2.0** [12]
1.1 [13]

11.8 [9]
12.3 [10]
9.5 [7]
3.7 [3]
14.9*** [8]
33.0* [13]

Ert denotes the exchange rate time series; Spt denotes the stock price series; CI, Ghana stock
exchange (GSE) composite index; FSI, GSE financial stock index. F-type Granger and TodaYamamoto causality tests are conducted with differenced and level series of variables, respectively.
*, **, and ***, respectively represent 1%, 5% and 10% significance levels.

Unlike the CI, there is a high level of causality between the FSI and the exchange rates (as
shown in Panel B). This can be attributed to the fact that high volumes of international
capital flows are mainly channelled through the financial services providers in Ghana, and
that where domestic companies realise huge transactional cash flows, their expected
earnings are likely to increase and affect the value of their shares. In Panel B, the Granger
F-test shows that with the exception of the CFA, there are causal links running from the
exchange rates to the equity returns from the financial sector. While some of the
causalities are unidirectional (e.g. cedi–dollar to FSI, cedi–pound to FSI, cedi–yen to FSI,
and cedi–euro to FSI), others are bidirectional (e.g. cedi–naira and FSI). Similarly, the
T-Y test shows a unidirectional causality from exchange rates to the FSI (in the cases of
cedi–dollar, cedi–pound, cedi–euro, and cedi–yen), while the cedi–naira and cedi–CFA
show bidirectional causalities with the FSI.
The underlined findings suggest that both the trade-oriented and portfolio balance
theories may be operational in Ghana, despite the dominance of the former. The rather
few instances supporting the portfolio balance theory are in line with the studies of
Kaminsky and Reinhart (1999) that a slowed economic activity leads to a fall in stock
prices, and this influences international equity investors to withdraw their funds, thereby
exerting a downward pressure on the domestic currency. Governments can therefore
stimulate economic growth and equity markets in an attempt to avoid currency crisis. The
high causality from exchange rates to stock prices may be explained by the fact that the
Ghana equity market is relatively nascent with minimal capitalisation (about
GH¢66,260.12 million as of November 2014) and high inefficiencies. Even though
holdings of NRIs have seen significant improvements over time after its automation,10 the
volumes of such holdings are not substantial relative to the overall GDP. For this reason,
gains/losses from the equity market are not able to significantly influence structural
changes in the economy to in turn affect the exchange rate. Thus, unlike developed and
efficient markets where bull or bear seasons of the market directly dictate the path of
10

The GSE was automated on March, 27, 2009.
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economic activity, the same cannot be said of Ghana. Perhaps, as the market develops and
becomes more efficient with high capitalisation and increased cross-border listings of
stocks, it will be able to effectively pick the norms of the international markets. The rather
numerous significant causal effects from the exchange rates to stock prices could be due
to policy initiatives adopted by the central bank of Ghana during periods of currency
crisis. For instance, when hit by a severe slump in the domestic currency in late 2013 and
early 2014, the central bank introduced some capital control measures that obviously
slowed down international transactions.11 The corollary effect of this was ‘black currency
market’ boom which caused overnight upswings in the exchange rates (e.g. the cedi–dollar
rate jumped from 2.31 to 3.9 between February and June, 2014 when the policy was in
place). The increased speculations amplified unanticipated inflation which caused a fall in
value of stocks through the discount rate. This supports Kaminsky and Schumukler’s
(1999) suggestion that rumours may initiate a speculative currency attack and thereby
induce movements in equity prices.
Beyond the SGC and T-Y tests, we again examined whether or not the causal links between
the equity market returns and exchange rates is instantaneous. The instantaneous Grangercausality test is further executed to possibly detect relatively short-period causality between the
two key variables under consideration. In so doing, a conditional time variable is introduced
in the SGC test. This conditional variable can take the form of a scalar or a vector time series
(Geweke, 1982). According to Rodrigues and Andrade (2013), such conditional time variable
contains the remaining channels that must be included in the VAR model to discern between
direct or mediated influences between the two variables being observed. In this paper, we
estimate the conditional time Granger causality test through the use of a multivariate VAR
(M-VAR) model of the pth order, specified as:
p

p

p

i =1

i =1

i =1

ΔSt = ∑ γ i ( ΔE )t −i + ∑ δ i ( ΔS )t −i + ∑ ϕ i ( I )t −i + u|t

(17)

where I is the conditional time variable. All other variables are as previously defined.
Following Geweke (1982) and Barrett et al. (2010), we measure the generalised
variance or the determinant of the error matrix, Σ(ut), which quantifies the volume in
which the residuals lie in the M-VAR model as:

⎛ ∑ (ut ) ⎞
FE → S I = ln ⎜
⎝ ∑ (u ′ t ) ⎟⎠

(18)

where FE→S|I is non-negative and also asymptotically chi-squared (χ2) distributed for large
samples.
We report results of the instantaneous causality test in Table 4. The results show that
there is a unidirectional instantaneous causality from the cedi–dollar rate to the returns on
the stock market (as measured by the CI). This result reflects the widespread concerns
often reported in the financial press in Ghana about the dollarisation12 of the economy.
In the opinion of Bawumia (2014), the trust of Ghanaians in central governments’ ability
11
See http://www.myjoyonline.com/business/2014/February-5th/bank-of-ghana-outlines
-measures-to-halt-cedis-depreciation.phpl for the said measures.
12
Dollarisation is the replacement of a country’s legal tender with another currency, e.g. the US
dollars. This happens in countries with a history of high inflation and exchange rate instability.
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Table 4. Instantaneous causality test

Cedi−dollar
Cedi−pound
Cedi−euro
Cedi−yen
Cedi−naira
Cedi−CFA

H0: No instantaneous causality

H0: No instantaneous causality

Between ΔEt and ΔSt (CI)

Between ΔEt and ΔSt (FSI)

Test statistic: χ2

Test statistic: χ2

3.313*** [8]
0.025 [15]
0.134 [11]
0.129 [13]
2.003 [11]
1.023 [13]

2.469
0.350
0.533
0.349
0.118
1.247

[12]
[10]
[10]
[10]
[12]
[13]

ΔEt represents the differenced exchange rate series; ΔSt denotes the differenced stock series; CI,
Ghana stock exchange (GSE) composite index; FSI, GSE financial stock index.

Table 5. Diagnostics for the causality test
Serial correlation test
Granger
Cedi–dollar
Cedi–pound
Cedi–euro
Cedi–yen
Cedi–naira
Cedi–CFA

Stability test
Toda

Granger

Toda

CI (χ2)

FSI (χ2)

CI (χ2)

FSI (χ2)

CI

FSI

CI

FSI

19.9*
19.4*
17.4*
20.2*
13.0*
22.9*

26.6*
16.7*
12.3*
14.7*
19.1*
24.8*

24.6*
15.8*
19.1*
27.4*
23.4*
21.3*

24.1*
16.7*
28.0*
21.6*
24.9*
24.8*

r1,2 > 1
r1,2 > 1
r1,2 > 1
r1,2 > 1
r1,2 > 1
r1,2 > 1

r1,2 > 1
r1,2 > 1
r1,2 > 1
r1,2 > 1
r1,2 > 1
r1,2 > 1

r1,2 > 1
r1,2 > 1
r1,2 > 1
r1,2 > 1
r1,2 > 1
r1,2 > 1

r1,2 > 1
r1,2 > 1
r1,2 > 1
r1,2 > 1
r1,2 > 1
r1,2 > 1

Breusch–Godfrey serial correlation test: * represent 5% significance level; r1,2 denotes the inverse
of the two roots from the VAR equations.

to manage the stability of the Ghana cedi has been declining over time, owing to frequent
depreciation of the cedi. The author further asserts that cedi depreciation has become a
fact of life and that Ghanaians have come to cope with “ad hoc” measures to individually
mitigate shocks from exchange rate risk, including holding of foreign currency. Due to
the increased de facto dollarisation of the economy (mainly with the U.S. dollars) shocks
from the cedi–dollar rate directly register immediate consequential effects on the financial
sector through the equity market. For example, a depreciating (appreciating) dollar
relative to the cedi will obviously lead to the loss (gain) of value of dollar denominated
assets like stocks and bonds on the market. In an attempt to reverse the trend of de facto
dollarisation, it has been widely suggested that laws regarding pricing of goods, services
and financial assets in Ghana be rigorously enforced. However, while this call is apposite,
there is a school of thought that in as much as the economic fundamentals are frail, no
law can prevent firms or individuals from desiring to hold dollars as a store of wealth or
thinking in dollars while pricing in cedis. The best option for Ghana is to ensure strong
economic fundamentals for increased investor confidence.
3.3 Analysis of Stochastic Dependence Using QR
Our analysis for stochastic dependence begins with an OLS estimation to check the
effects of the detected structural breaks on the association between stock returns and
exchange rates. To do this, dummy variables taking the codes 0(1) for periods in the
sample data before and after the break dates (and at the break dates) are created. Results
of the test for single and multiple structural breaks and the OLS estimation for these
structural breaks are reported in Appendices IA and IB, and Appendices IC and ID,
respectively. It is quite clear from the results that all variables had breaks during the
sample period. However, the OLS results shown in Appendix IB and ID depict that the
C 2015 Economic Society of South Africa.
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breaks could not substantially influence the dependence structure between the stock
market returns and exchange rates. For this reason, we decline the inclusion of the
structural breaks in modelling the dependence structure.
Next, a preliminary analysis based on the fitted ordinary least squares (OLS)
regressions is undertaken to assess the relationship between the equity market returns and
exchange rates. Here, the conditional-mean function of the distribution for the daily
stock returns (response variable) are regressed across the returns series of the six specified
daily exchange rates. For this paper not to report spurious regression estimates, the returns
series for the stock prices and that of the exchange rates are used in obtaining reliable
estimates from the entire fitted regressions.13 Appendices IB and ID show the OLS
estimates, which include the break effects, for the fitted regression between the aggregate
stock returns (CI) and the specified exchange rate returns (as regressors), and the returns
from the financial stocks (FSI) with the exchange rate returns being incorporated into the
fit as regressors. Although the computed Durbin Watson test statistics give evidence
against spurious regression,14 the explanatory powers of the two regressions are weak (as
suggested by the R-square value). Perhaps, this could be that the conditional-mean
function regressions do not present a complete picture about the stochastic relationship
between the stock returns and the exchange rates. This could be possible because the OLS
approach provides a way for the regressors to predict only the mean of the stock returns
distribution without considering the tails or shoulders, and the median parts of the
distribution. To establish a comprehensive relationship, separate conditional-quantile
functions for the two stock returns (CI and FSI) at eight chosen quantiles are each
regressed over the six exchange rate returns.
In line with literature (e.g. Crespo-Cuaresma et al., 2014), a uniform prior is assumed in the
model space, implying a prior inclusion probability of 0.5 for each predictor variable. By this,
a marginal posterior inclusion probability (MPIP) closer to 1 shows a much robust degree of
relationship. For each of the QRs, the estimated posterior mean and their associated MPIP have
been reported.15 For valid inferences, we check for convergence of the estimated posterior
means. From the exhibited trace plots16 in Appendix IV, it can be observed that the chains mix
quite well and oscillate around a stable mean value. It is further noticed from the density plots
in Appendix IV that the posterior distribution for the estimated beta coefficients associated with
the regressors are not scattered around zero. The residuals of the fitted QRs are checked for
adequacies. From the residual autocorrelation function (ACF) plots shown in Appendix III, it
is evident that the residuals from the fits are not serially correlated but rather well-behaved. This
means the estimated regression models fit the data quite well.Tables 6 and 7 show the estimated
results of the selected deciles and quartile QRs of the stock returns, being used as the response
variable, with the six exchange rates returns incorporated into the regression as the regressors or
predictor series. Table 6 shows the results involving the C1 with its regressors and Table 7 shows
results of the FSI with the same set of regressors (i.e. exchange rate returns).
From Tables 6 and 7, the posterior means of all the exchange rates are relatively significant
across all quantiles except the 50th quartile in Table 7. In Table 6, the effect of the cedi–pound
13

Extensive literature on spurious regression is presented in Zivot and Wang (2005) and Gilesa
(2007).
14
Meaning, the residuals of the fitted regression are not serially correlated.
15
Posterior standard deviations will be provided upon request.
16
Trace plots for other quantiles will be provided upon request.
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Table 6 Posterior estimates of selected quartile and deciles quantiles for CI
Panel A

Stock returns: CI
Q (0.05)
MPIP

Cedi–dollar
Cedi–pound
Cedi–euro
Cedi–yen
Cedi–naira
Cedi–CFA
Intercept
Panel B

Q (0.25)
Est.

0.74
−1.85E-03
0.70
1.35E-01
0.69
−0.65E-01
0.69
−2.12E-03
0.72
1.28E-03
0.69
−3.42E-02
1.00
−0.94E-01
Stock returns: CI
Q (0.10)

Cedi–dollar
Cedi–pound
Cedi–euro
Cedi–yen
Cedi–naira
Cedi–CFA
Intercept

Q (0.50)

Q (0.75)

MPIP

Est.

MPIP

Est.

MPIP

Est.

0.99
0.78
0.76
0.76
0.77
0.76
1.00

−1.21E-02
2.15E-01
0.13E-01
−5.52E-02
1.02E-03
−1.31E-03
−0.19E-01

0.91
0.76
0.84
0.75
0.76
0.75
1.00

−1.01E-02
0.17E-01
2.23E-01
5.83E-02
8.85E-02
−0.87E-01
0.08E-01

0.70
0.68
0.68
0.68
0.68
0.68
1.00

−4.48E-01
1.01E-01
0.18E-01
−1.70E-03
5.77E-02
1.32E-02
0.43E-01

Q (0.30)

Q (0.80)

Q (0.90)

MPIP

Est.

MPIP

Est.

MPIP

Est.

MPIP

Est.

0.75
0.69
0.68
0.69
0.71
0.69
1.00

−1.30E-02
4.24E-01
0.39E-01
−3.55E-03
1.32E-03
−1.94E-03
−0.68E-01

0.98
0.75
0.74
0.75
0.76
0.75
1.00

−1.14E-02
1.20E-01
0.68E-01
6.31E-01
9.95E-02
−9.69E-02
−0.11E-01

0.77
0.70
0.72
0.70
0.71
0.70
1.00

−5.35E-01
0.84E-01
0.79E-01
−2.41E-03
5.33E-02
−3.39E-02
0.60E-01

0.70
0.72
0.73
0.69
0.70
0.69
1.00

−3.68E-01
−0.61E-01
−1.63E-01
−6.03E-02
7.02E-02
1.59E-03
1.00E-01

CI, composite index; MPIP, marginal posterior inclusion probability; Est., posterior mean.

Table 7. Posterior estimates of selected quartile and deciles quantiles for FSI
Panel A

Stock returns: FSI
Q (0.05)
MPIP

Cedi-Dollar
Cedi-Pound
Cedi-Euro
Cedi-Yen
Cedi-Naira
Cedi-CFA
Intercept
Panel B

Cedi-Dollar
Cedi-Pound
Cedi-Euro
Cedi-Yen
Cedi-Naira
Cedi-CFA
Intercept

Q (0.25)
Est. (sd.)

Q (0.50)

Q (0.75)

MPIP

Est. (sd.)

MPIP

Est. (sd.)

MPIP

Est. (sd.)

0.79
−1.45E-02
0.72
−0.23E-01
0.72
0.52E-01
0.71
−9.26E-02
0.71
−1.27E-03
0.72
−2.41E-03
1.00
−1.27E-01
Stock returns: FSI

0.81
0.80
0.78
0.76
0.96
0.77
1.00

−5.70E-01
−1.45E-01
2.51E-01
−2.06E-03
−9.41E-02
−1.85E-03
−0.25E-01

0.00
0.00
0.00
0.00
0.00
0.00
1.00

−0.53E-01
−0.95E-01
1.30E-01
−9.35E-02
−9.21E-02
5.52E-02
0.03E-01

0.71
0.73
0.79
0.71
0.71
0.71
1.00

−0.04E-01
−2.85E-01
6.92E-01
−4.43E-03
−5.52E-02
1.03E-03
0.43E-01

Q (0.10)

Q (0.30)

Q (0.80)

Q (0.90)

MPIP

Est. (sd.)

MPIP

Est. (sd.)

MPIP

Est. (sd.)

MPIP

Est. (sd.)

0.67
0.67
0.68
0.68
0.67
0.67
1.00

−1.29E-02
−2.09E-01
3.66E-01
−4.29E-02
−1.02E-03
−3.22E-03
−0.96E-01

0.81
0.76
0.77
0.76
0.96
0.76
1.00

−5.90E-01
−0.74E-01
1.62E-01
−1.11E-03
−9.64E-02
−1.02E-03
−0.15E-02

0.69
0.69
0.69
0.68
0.68
0.68
1.00

−6.65E-01
−3.30E-01
9.28E-01
−3.43E-03
−3.83E-02
1.74E-03
0.65E-01

0.69
0.73
0.71
0.69
0.70
0.69
1.00

0.51E-01
2.89E-01
2.32E-01
−2.52E-03
1.36E-02
1.36E-02
5.98E-02

FSI, financial stock index; MPIP, marginal posterior inclusion probability; Est., posterior mean.

rate on the stock market is negative only when the exchange rate is very high (90th quantile).
The posterior means of the cedi–euro are inclined to be negative when the exchange rates are
extremely low (5th quantile) or high (90th quantile). In Tables 6 and 7, the cedi–yen shows
negative posterior means in the high (75th, 80th, and 90th quantiles) and low (5th, 10th, and
25th) quantiles. Apart from the 75th and 90th quantiles, the cedi–CFA rate shows negative
dependence with the aggregate stock market returns (i.e. the CI). The posterior means of the
cedi–naira rate are positive for all quantiles in Table 6. However, in Table 7, the posterior
means of the same rate is negative across all quantiles except the 90th quantile. Whereas in
Table 7, only the posterior mean at the 90th quantile is positive for the cedi–dollar rate, results
in Table 6 present the cedi–dollar rate showing robust negative inclusion in the behavior of
stock prices across all quantiles, though the posterior means are not uniform. The inverse
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relationship between the cedi–dollar rate and stock returns imply that dollar denominated
assets can offer better diversification opportunity to investors during turbulent periods of the
market. This buttresses the reason why investors in Ghana will price their assets in dollars
when the market experiences a downturn or economic fundamentals are noted to be weak.
Governments could therefore stimulate the performance of the equity market by pursuing
policies and programmes geared towards the stabilisation of the cedi and making the dollar less
relevant in domestic transactions. For instance, the Government of Ghana may have to review
its import policies to reduce the high import bills which have the corollary effect of exerting
heavy pressures on the dollar leading to the cedi’s depreciation. There appears to be the need
to review Ghana’s trade liberalisation policy in an attempt to prevent the rate at which local
industries are being outperformed by foreign counterparts which is tantamount to the cedi
losing-out to the dollar in a frightening wave.
4. SUMMARY OF FINDINGS AND CONCLUSION

This paper helps to provide interesting results concerning the dependence structure and
dynamic relationships between foreign exchange markets and stock returns in a
developing economy using daily data of stock markets (the Ghana stock exchange CI and
FSI) and six exchange rates (cedi–dollar, cedi–pound, cedi–yen, cedi–naira, cedi–CFA
and cedi–euro). We employ three causality tests (i.e. the standard Granger, T-Y, and
instantaneous causality tests) and Bayesian QR technique.
Our results from all the causality tests suggest that the international trade-oriented
theory prevails over the portfolio balance theory in Ghana. To this end, improved trade
balances could help stimulate the performance of the Ghana stock market. The
instantaneous causality test results further reveal that unlike the other foreign
exchanges, gains/losses in the value of the U.S. dollar against the cedi registers
immediate impact on the equity market in the reverse direction. This calls for more
pragmatic policy initiative aimed at revaluing the cedi against dollar to the advantage
of investors in the Ghana stock market. For instance, in anticipation of, or in
periods of a depreciating cedi relative to the dollar, the Government of Ghana can issue
cedi-denominated securities on the domestic market, which may be viewed by the
international investor as relatively cheaper due to the devalued cedi. As huge funds
flow to the Ghanaian market through purchases of the securities, stock prices will
ultimately respond to the increases in expected cash flows. Additionally, estimates
from the Bayesian QR, which shows much improvement over the OLS estimation,
indicate that the Ghana equity market is highly dependent on the foreign exchange
market. Highly significant and robust MPIPs of the regressors suggest that the
dependence of the stock market on the exchange rates is absolute and renders the
portfolio balance theory non-existent in markets with limited capital inflows and
outflows, such as Ghana.
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APPENDIX I
A: ZA Test for single structural break
Possible break points (break dates1)
Cedi–dollar
Cedi–pound
Cedi–euro
Cedi–yen
Cedi–naira
Cedi–CFA
1

Constant

Trend

Both

730
730
732
737
716
765

673
658
660
695
479
692

641
607
607
482
539
691

(12:12:13)
(12:12:13)
(16:12:13)
(23:12:13)
(21:11:13)
(07:02:14)

(19:09:13)
(29:08:13)
(02:09:13)
(23:10:13)
(03:12:12)
(18:10:13)

(05:08:13)
(14:06:13)
(14:06:13)
(06:12:12)
(01:03:13)
(17:10:13)

The break dates reported are of the format (day : month : year)

B: OLS estimates for single break effects
OLS estimates for CI
Cedi–dollar
Cedi–pound
Cedi–euro
Cedi–yen
Cedi–naira
Cedi–CFA
Cedi–Dollar$dummy
Cedi–Pound$dummy
Cedi–Euro$dummy
Cedi–Yen$dummy
Cedi–Naira$dummy
Cedi–CFA$dummy
Intercept

OLS estimates for FSI

Estimate

t-Statistic

Estimate

t-Statistic

−84.229
−4.235
21.933
−124.922
979.847
575.850
0.601
1.660
−4.664
−2.097
1.614
−1.798
1.599
dw = 1.433; R2 = −0.0028

−1.569
−0.193
1.078
−0.059
1.772***
0.286
0.119
0.309
−0.923
−0.439
0.317
−0.379
5.558*

−66.463
6.117
30.822
−2230.552
−894.491
−1805.856
4.115
−11.387
−5.507
4.180
3.710
1.744
1.372
dw = 1.495; R2 = −0.0010

−0.985
0.222
1.206
−0.843
−1.287
−0.713
0.647
−1.687**
−0.867
0.696
0.580
0.292
3.795*

*, **, and *** represent 1%, 5% and 10% significance levels, respectively.
C: Test for multiple structural breaks
m – breakpoints1 (break dates2)
Cedi–dollar
Cedi–pound
Cedi–euro
Cedi–yen
Cedi–naira
Cedi–CFA

m=1

m=2

m=3

m=4

192
189
302
151
539
405

323
320
483
325
748
748

589 (20:05:13)
617 (02:07:13)
617 (02:07:13)
491 (20:12:12)
–––––––––––
–––––––––––

748 (15:01:14)
748 (15:01:14)
748 (15:01:14)
748 (15:01:14)
–––––––––––
–––––––––––

(10:10:11)
(05:10:11)
(21:03:12)
(10:08:11)
(01:03:13)
(20:08:12)

(23:04:12)
(18:04:12)
(10:12:12)
(25:04:12)
(15:01:14)
(15:01:14)

1

m – breakpoints denote the number of detected multiple breakpoints, and
2
break dates give the dating of the breakpoints detected.
The dating for the breaks is of format (day: month: year).

D: OLS estimates for multiple break effects
OLS estimates for CI
Cedi–dollar
Cedi–dollar
Cedi–dollar
Cedi–dollar
Cedi–dollar
Cedi–dollar
Cedi–dollar
Cedi–dollar
Cedi–dollar
Cedi–dollar
Cedi–dollar
Cedi–dollar
Cedi–pound

OLS estimates for FSI

Estimate

t-Statistic

Estimate

t-Statistic

−91.146
−2.817
19.852
−107.969
1,167.025
510.792
−2.044
0.305
−2.345
−3.675
10.001
−0.026
1.594
dw = 1.434; R2 = −0.0015

−1.702***
−0.129
0.975
−0.051
2.251**
0.255
−0.636
0.088
−0.676
−1.150
1.971**
−0.005
5.589*

−55.700
2.031
34.051
−2,163.286
−862.746
−1718.469
0.966
1.839
1.106
4.133
−8.819
−1.694
1.346
dw = 1.488; R2 = −0.0047

−0.824
0.074
1.326
−0.818
−1.319
−0.680
0.238
0.420
0.253
1.025
−1.377
−0.266
3.741*

*, **, and *** represent 1%, 5% and 10% significance levels, respectively.
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APPENDIX II

CUSUM plots of stock prices (CI) and exchange rates returns
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CUSUM plots of stock prices (FSI) and exchange rates returns
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A1: Residual ACF of fitted regression for stock prices
(CI) at the 5th quantile

APPENDIX III.

A2: Residual ACF of fitted regression for stock prices
(FSI) at the 5th quantile
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B1: Residual ACF of fitted regression for stock prices (CI)
at the 50th quantile

B2: Residual ACF of fitted regression for stock prices
(FSI) at the 50th quantile
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C1: Residual ACF of fitted regression for stock prices (CI) at
the 75th quantile

C2: Residual ACF of fitted regression for stock prices
(FSI) at the 75th quantile
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D1: Residual ACF of fitted regression for stock prices (CI) at
the 90th quantile

D2: Residual ACF of fitted regression for stock prices
(FSI) at the 90th quantile
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APPENDIX IV: TRACE AND DENSITY PLOTS OF THE QUANTILE
REGRESSION MODELS

A: 5th quantile for CI regressed against exchange rate returns

B: 5th quantile for FSI regressed against exchange rate returns

C 2015 Economic Society of South Africa.
V
©

177
29

178
30

South
2016
SouthAfrican
AfricanJournal
JournalofofEconomics
EconomicsVol.
Vol.84:1
••:••March
•• 2015

C: 50th quantile for CI regressed against exchange rate returns

D: 50th quantile for FSI regressed against exchange rate returns
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E: 90th quantile for CI regressed against exchange rate returns

F: 90th quantile for FSI regressed against exchange rate returns
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