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Moderating remittance and economic growth 
relationship with exchange rate: What new can 
we learn from Africa’s economy?
Gyasi Genevieve1*, Joseph Magnus Frimpong1 and Mireku Kwame1

Abstract:  The paper employs partial and biwavelet coherence techniques to examine 
the time-frequency dependence structure of international remittance inflow on eco
nomic growth by moderating the effect of exchange rates. We investigate the 
comovements of remittance and economic growth from 1980 to 2020. We observed 
heterogeneous patterns in the comovements structure of international remittance 
inflow and economic growth at various timescales. By examining the biwavelet 
coherence, the comovements are noticeable at elevated occurrences, implying that 
exchange rates, when acting as moderator in the nexus between remittance and 
economic growth, can hamper economic growth. Findings from the partial wavelet 
coherence reveal that exchange rates influence remittance and economic growth 
connectedness in emerging and frontier economies in Africa. Consequently, 
in situations where radical changes occur in exchange rates, the implemented policies 
of emerging African countries seem to have largely influenced the comovements 
between remittance inflow and economic growth. The risk posed by exchange rates on 
remittance inflow requires sustainable policies to prevent widespread spillovers, mostly 
during severe economic downturns. We posit that implementation of exchange rate 
mechanisms are central to parity which is essential to mitigating potential risk.
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1. Introduction
African member states often struggle to meet import demands as domestic investment increases. 
International Remittance serves as one of the main sources of foreign exchange, often exceeding 
export revenues, official development assistance (ODA), and foreign direct investment (FDI; Gheasi 
& Nijkamp, 2017). Remittance is more than twice the size of official aid and two-thirds of FDI for 
emerging economies. African economies account for a third of the total remittance inflow in the 
world. In Africa, the composition of remittances is gradually shifting to intraregional flows over the 
past ten (10) years (Arizala et al., 2018). International remittance inflow has been impacted by 
financial crises and COVID-19 pandemic alongside FDI. Remittances declined more stably for 
emerging economies and, in some cases, increased for frontier economies as opposed to FDI 
inflows (World Bank, 2022). The resilience of remittance far outstrips FDI, especially in middle- 
income and low-income economies (Maslii et al., 2022). The rise in remittance to Africa is attrib
uted to the high level of migration from African countries and the decline in transaction costs as 
technology improves with a faster and lower transfer cost.

Notwithstanding, Hien et al., 2020) found that there is a probability that a rise in remittance 
inflow could impact developing and frontier economies if real exchange rates rise.

In West Africa, Nigeria is the highest remittance receiver, followed by Ghana. In 2021, Nigeria’s 
remittance inflow increased by 11.2 per cent after a fall of 28 per cent in 2020 due to an increase 
in the use of informal channels (World Bank, 2022). Sub-Saharan Africa, excluding Nigeria, experi
enced a surge in inflow by a 16 per cent margin, which accounted for 30 billion USD in 2021. Egypt 
is the largest remittance receiver in North Africa, accounting for 7.6 per cent of the 61 billion USD 
inflow in 2021. Morocco received 10.4 billion USD, representing a 40 per cent increase (World Bank,  
2022). These North African countries also serve as transit migration routes for migrants from West 
Africa. They are stages for prospective migrants to Europe and receivers of in-transit migrant 
remittances, making them temporary host countries (World Bank, 2022). South Africa as a country 
may act as a host and transit country for West, Central, and East African migrants. South Africa, 
however, received 0.9 billion USD in Remittance in 2021. Kenya received 3.7 billion in 2021 and 
Uganda’s 1.1 billion USD in remittances. Severe droughts in parts of East Africa saw a rise in 
migration trends, leading to increased remittances to the region (World Bank, 2022).

This upsurge in remittances has several implications for the host and countries of origin as the 
mass movement of people continues to increase1 (Kumar, 2021, 2019; Kumar et al., 2021). The 
volume of financial remittance from African migrants to their home countries has also increased. 
Remittance has become one of the main important sources of international capital inflow in size 
and growth for Africa. However, with unrecorded flows through informal channels, the true size is 
undetermined, and it affects economic growth (Meyer & Shera, 2017).

African economies in recent years have seen a rise in economic growth (Lawal et al., 2020; Salisu 
et al., 2020). However, the impact of variations in the exchange rate on remittances could 
potentially impede growth in these economies. The agrarian nature of African economies con
tinues to make them a primary source of raw materials for trade with other developing and 
developed economies. These latter economies depend on the industrialized economies for finished 
goods through imports. The economy of African countries will, thus, experience a dampening trade 
effect (Hu & Oxley, 2017). Exchange-rate variations shape growth as growth in domestic currency 
through appreciation could result in a significant decrease in remittance inflow. Exchange rate 
variations can alter remittance inflow and further influence economic growth (Dutta & Partha,  
2018).
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However, a continuous flow of international remittance to African economies affects the 
exchange rates and economic growth, which remains contested in the literature. The variance in 
the literature is perhaps attributed to the variations in methodology and challenges in assessing 
plausible and consistent data. Regardless of the inflow of remittances and its importance as part of 
international capital inflow, empirical studies on the moderating effect of exchange rates on the 
relationship between remittances and economic growth in African economies is rare. Despite the 
interest in exchange rate volatility in academia and policy circles, no study has systematically 
reviewed the moderating effect of exchange rates on international remittance inflow and eco
nomic growth in the African context. Even those in other jurisdiction have overlooked the inter
national remittance inflow impact during exchange volatility. The research employs linear and 
nonlinear causality tests and wavelet (biwavelet and partial wavelet) coherence analyses to bring 
a renewed focus and understanding to the relationship. The study employs annual data from 1980 
to 2021 for South Africa, Uganda, Morocco, and Ghana. We contribute to literature on the 
remittance and growth effect on African economies, focusing on exchange rate volatility.

Foreshadowing the results of this study, evidence from the literature shows that the exchange 
rate has no substantial effect on remittances and economic growth in Ghana. At the same time, 
countries with stabilization policies such as Morocco, Uganda, and South Africa are impacted by 
exchange rates.

This study is organized, in sections: Section 2 covers the theoretical and empirical background, 
Section 3 discusses the data and methodology, Section 4 presents the results, while Section 5 gives 
the study’s policy implications and conclusions.

2. Theoretical background
The relationship between economic growth and remittance has received scholarly attention. In 
examining this relationship, many inconclusive, positive or negative arguments have been made 
with no specific theoretical solution. In addition, arguments have been made based on theoretical 
models. Researchers examining this relationship have made extensions to growth models.

The Solow Growth Model2 which was built on the Keynesian-Harrod-Domar model which is the 
basis for modern theories on economic growth under the neoclassical growth model. The model 
examines changes in the level of economic growth output as population growth, savings, and 
technology rates change. When economies have the same rate of population saving and technol
ogy growth rate, the model predicts that they will converge as they have the same steady state. 
However, economies with variations in the state of population, savings and technology model have 
no absolute convergence. In these economies where the initial capital stock is low, variation in 
savings rate do not encourage growth.

The Solow growth model assumes an exogeneous savings rate whereas, extending the Solow 
growth model to the Ramsey growth model considers the household which chooses the optimal 
saving rate. In the Solow growth model, although the savings rate does not affect the long-run 
growth rate, it however affects capital and output. On the other hand, the Ramsey growth model3 

explores variations in savings rates across different economies, which in turn explain the variations 
in their levels of income. Extensions of these neoclassical models to include remittances are 
premised on the role of remittances in the household budget constraint. It is argued in both 
models that if there is no change in savings and investment rates, there will be no impact on the 
economy.

However, where there is convergence in growth with other countries, economies with low 
economic activity would potentially positively impact productivity. Supposing that remittance is 
channelled through investment which changes the growth path towards convergence, growth is 
achieved in the short term, and remittance is channelled through capital investment; both human, 
physical, and new enterprises will act to reduce macroeconomic volatility (Hosny, 2020; Kumar,  
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2021; Kumar et al., 2021). However, when it is channelled through consumption, it has a limited 
impact on competitiveness in trade and economic growth (Feeny et al., 2014).

Additionally, the Marshall-Lerner theory, which argues the effect of exchange rates on economic 
growth, is seen in how measures such as tariffs and subsidies affect imports and exports (Boyd 
et al., 2001). In countries of origin where tariffs and quotas are used as control measures, 
appreciation of the country’s currency may occur. However, the theory argues that countries of 
origin can improve their trade balance by depreciating their local currency under these circum
stances. For example, when the demand for imported goods falls, the prices of imported goods 
increases. An appreciation of the local currency is thus, achieved. However, in the case of exports, 
a depreciation in the local currency leads to a rise in exports as prices for exported goods decline.

Furthermore, host countries are impacted by this effect and often put-up barriers through tariff 
on imported goods from the country of origin. This position has been a debate among economists 
in the global trade market. The effect of a general rise in the prices of goods and services will 
eventually lead to a decline in aggregate demand. A decline in demand, in turn, changes economic 
growth and causes unemployment. The resulting possibility of a trade war between the countries, 
as is seen in the US-China case, is a clear example. In 1946 Marshall-Lerner proposed changes to 
the Marshall, 1923) theory on the price elasticity of demand using exchange rate policy as a tool to 
bring balance to trade (Dong, 2017). From this proposition, countries of origin can improve their 
trade balance eventually by using a currency depreciation strategy. Bahmani-Oskooee et al. 
(2016a) examined the effect of change mechanisms employed by countries of origin during the 
currency depreciation process by extending the M-L theory.

Alternatively, the J-curve theory asserts that a decline in currency value in the short run leads to 
increased spending on imports. Thus, consumers pay a higher price for imported goods in the 
country of origin using the local currency. This effect is due to the rise in foreign currency value in 
the country of origin. However, the price of exports is less expensive in the short term after a fall in 
currency value. The country-of-origin firms receive lower pay for goods and services than the initial 
price. This opposite effect is based on the demand for imported goods, which will decline even
tually in the country of origin. The same goes for the effect on exports (Ivanovski et al., 2020).4

These two theories have been used to examine various economic data by Dogru et al. (2019) on 
exchange rate fluctuations in tourism in Canada, Mexico, and the U.S. using monthly data from 
1996 to 2017. Using autoregressive distributed lag cointegration and error correction mode we 
found that the M-L proposition and the J-curve positively impact the U.S. trade balance when there 
is a decline in the U.S. dollar value. They found that an appreciation in the U.S. dollar negatively 
impacts U.S. tourism to Canada and the U.K. However, there is no known impact on US-Mexico 
tourism. Thus, the study supports the M-L condition while rejecting the J-curve proposition.

3. Empirical review
Empirical evidence on the effect of remittance on growth has found a positive impact among 
developing countries (Bashir, 2020; Bucevska, 2022; Chaudhary, 2022; Ekanayake & Moslares,  
2020; Ellahi & Omer, 2020; Oteng-Abayie et al., 2020; Safadar, 2022).5

In the case of remittances, exchange rates, and economic growth, very few studies have been 
conducted examining their relationship. Rapetti (2020), examining exchange rate and economic 
growth using a systematic survey, significant positive relationship for developing economies; however, 
it does not consider the impact of remittances. Thus, examining all their variables is not often 
examined, as in the following studies. McFarlane et al. (2022) examined the relationship between 
remittances and exchange rates in Jamaica from 1977 to 2019 and found that remittance leads to an 
increase in the value of the exchange rates. Using autoregressive bounds and the Granger causality 
test, they conclude that the Dutch disease effect exists. In Bangladesh, the exchange rate positively 
impacted growth using time series data from 1990 to 2020, applying the ordinary Least Squares 
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method (Khan, 2021). Nguyen (2017), examining Vietnam, found a significant positive effect of 
remittances on economic growth enabled by the exchange rate regime. Thus, a rise in remittance 
inflow could lead to a fall in exchange rates. Senadza and Diaba (2017) find that eleven of the sub- 
Saharan markets examined had no significant impact from exchange rate variations. The study used 
a pooled mean group estimators for dynamic data from 1993 to 2014. They found that in the short run, 
exports experienced a significant negative relation with imports.

A few panel studies have been conducted in recent years, which examined this relationship. Hien 
et al., 2020), examining exchange rates, remittance, and economic growth relationships for thirty- 
two countries in Asia, found a positive and meaningful relationship. The study used the Generalized 
Methods of Moments (GMM) and Linear Dynamic Panel Data (DPD) model from 2006–2016. They 
found that the Dutch disease effect on the Asian economies was characterized by low remittance 
to GDP ratio and vice versa. Jena and Sethi (2019), using autoregressive distributed lag bounds, 
found economic growth and remittances to impact the real exchange rate significantly positively.

The movement of people across borders continues to impact the interdependence of economies 
at economic, social, governance, and environmental levels. African countries are a part of this 
impact. Despite the importance of remittance inflow on economic development, the effect, mod
erated by the exchange rate has received little to no attention in the literature. Studies on the 
subject have consistently examined the causality effect due to the neglect of the moderating 
effect of exchange rate and the nonlinear causal effect. The few studies that examined the 
relationship included one or two in their group study without investigating the moderating effect 
of the exchange rate (Senadza and Diaba 2017). Often, studies do not examine the combined and 
individual effects of all three components. Studies focus on the factors contributing to the impact 
of remittances and exchange rates on growth. The present study seeks to fill this gap by examining 
the linear, nonlinear relationship and time-frequency comovements properties vis-à-vis the influ
ence of moderating macroeconomic variables.

4. Methodology

4.1. Data
Based on availability of data we employ yearly time series for remittances, economic growth 
(proxied by changes in gross domestic product gdp½ �) and exchange rate from 1980 to 2020. The 
data was sourced from the World Development Indicator database (World Bank, 2022).6

We obtained data uniformity by matching to downplay on nonsynchronous timestamp and 
further converted to growth rates. We analyzed the data and filled up the missing values. It 
should be noted that when using a collected dataset which may contain incomplete data, with 
missing attribute values leads to wrong analysis. Incomplete dataset could be due to variations in 
source, network, or mistaken entries, among others. In our dataset, the nature of the missing data 
(missing at random) MAN was filled using the missing value imputation (MVI) technique of the 
under moving average (Lin and Tsai, 2020).

To ensure consistency, we obtained three (3) macroeconomic datasets for selected remittance- 
dependent countries, which are changes in gdp, exchange rates and remittances from the four 
selected African countries, namely, Ghana, South Africa, Morocco, and Uganda. These countries 
were selected based on the amount of remittance inflow that explains the changes in their gdp. 
We also considered the countries based on the leading receiver of remittance subject to the 
availability of data. These selected countries are, respectively, the second largest recipients of 
international remittance inflows within their regional economic communities in Africa (ECOWAS, 
AMU, SADC, and EAC). It should be noted that based on missingness in the datasets for exchange 
rates, Nigeria, Egypt, and Kenya were dropped. We did so because of the inconsistencies in the 
data for exchange rates which are crucial to the study.
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4.2. Linear granger causality test
In this study, we have employed the standard Granger Causality to assess the existence or non- 
existence of a linear association among between remittances and economic growth (i.e., changes 
in gdp) for the selected African economies.

Empirical evidence on causality has been invariably based on Granger test (Granger, 1969), as 
a conventional method for testing causality. The Granger test assumes parametric linear, time 
series model for estimating the conditional mean. However, it requires the linearity assumption to 
be present as the test estimates the whether the lags of one variable fits in the equation of 
another variable. The test is based on residuals which is sensitive only to causality in the condi
tional mean. The covariables from this approach, however, may influence the conditional distribu
tion in responding to nonlinear ways for which nonlinear causality test performed (Bekiros & Diks,  
2008a)

The study assumes that (At, Rt,t � 1) to scalars rated strictly as stationary time series dataset 
(namely, I(0)). We assert that (At) time series granger causes another time series (RtÞ (Granger,  
1969). If the current value of one variable is related to the previous value of itself and another 
variable. The vector autoregression (VAR) model is employed (Sims, 1980). 

y1 ¼ α0 þ α1y1 þ . . .þ αρy1� ρ þ b1xi� 1 þ . . .þ bρx1� ρ þ e1 (1)  

x1 ¼ b0 þ α1x1 þ . . .þ bρx1� ρ þ d1yi� 1 þ . . .þ dρy1� ρ þ u1 (2) 

Where y1 and x1 are the endogenous variables, e1 and u1 represent the residuals from the model. 
To test the causality of x1 on y1 we set the null hypothesis of x1 does not cause y1, as 
H0 : b1 ¼ b2 ¼ . . . ¼ bp ¼ 0. The second null hypothesis is of y1 does not cause x1 

as H0 : d1 ¼ d2 ¼ . . . ¼ dp ¼ 0.

Model is as follows; 

ΔREMt ¼ a1 þ∑n
i¼1 β1iΔGDPt� 1 þ∑n

j¼1 γ1jΔREMt� j þ μt (A1)  

ΔGDPt ¼ a2 þ∑n
i¼1 β2iΔREMt� 1 þ∑n

j¼1 γ2jΔGDPt� j þ μt (A2) 

Where a1 and a2 represent the intercept, REM is the remittance inflow, GDP is economic growth, β 
and γ are the coefficients to be estimated, and n represents the lag order selected based on the 
Akaike Information Criteria (AIC). The null hypothesis for equation (1) states that remittances do 
not Granger cause economic growth. For equation (2) economic growth does not cause Granger 
remittance. Furthermore, we apply the Wald test to examine the joint hypothesis for β1i=0 and 
γ2j= 0.

4.3. Nonlinear granger causality test
We embark on this study under the assumption that remittance and economic growth relation
ships are linear in nature. However, it is reasonable to examine the argument for nonlinearity.7 

Parametric linear Granger causality test have been shown to have low power when nonlinear 
alternatives are present.8 Nonparametric approaches have become appealing as they directly 
place an emphasis on the prediction without imposing a linear function form. Over the years, 
different nonparametric test has been proposed with (Hiemstra & Jones, 1994) modifying the work 
of (Baek & Brock, 1992). The resulting nonlinear dynamic relationship test can detect nonlinear 
Granger-causality relationship between variables. The test examines whether the past values 
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influence the present and future values. This test, however, has been found not to be generally 
compatible with Granger causality test which leads to spurious rejections for the null hypothesis 
(Diks & Panchenko, 2006). The limitations to the (Hiemstra & Jones, 1994) test is overcome with 
the test statistic developed by (Diks & Panchenko, 2006).

We have employed the D&P test (Diks & Panchenko, 2005, 2006) over the (Hiemstra & Jones,  
1994), an altered test developed by Baek and Brock in 1992. Hiemstra and Jones approach set the 
lower stringent i.i.d hypothesis. However, in the D&P test, there is no general compatibility of the 
Granger causality. The H&J test leads to a parasitic rebuff of the stated null hypothesis for testing 
Granger causality. Thus, the study uses the D&P test as it does not exhibit this limitation.

We assume static and feeble dependents, namely, St, At, allow Wk
t , be the k length leading to the 

vector of St and Ala
t , the la the lag length of At and finally, Sls

t the ls lag length of St (la, ls � 1). We 
assume a null hypothesis; on Granger causality regarding the fixed distribution of the (la+ ls þ k) 
vector component Xt=(Ala

t , Sls
t , Wk

t ), the time subscript can be dropped. The joint probability density 
function fA;S;W (a,s,w) along with its marginals under null should ensure: 

fA;S;W a; s;wð Þ

fA;S a; sð Þ
¼

fS;W s;wð Þ

fS sð Þ
(B1) 

The latter states that S and W are independently conditionally on X = x for each fixed value of 
x. D&P demonstrate that this reformulated null hypothesis implies: 

q ¼ E fA;S;W A; S;Wð ÞfS Sð Þ � fA;S A; Sð ÞfS;W S;Wð Þ
� �

¼ 0 (B2) 

where the proposed estimator for q is: 

Tn δnð Þ ¼
2δnð Þ

� ds � 2dg � dz

n n � 1ð Þ n � 2ð Þ
∑t ∑k;k�ij ∑j�i

IASW
ik IS

ij � IXS
ik ISW

ij

� �� �

(B3) 

Where, Ix
y=I(jjXt � Xj|| � δn), with I( � ) being the metered function and δn, the sample size of the 

series relies on the bandwidth. Therefore, by denoting bfx (φtÞ as the local concentration of the 
assessor of the vector φ at φt, will be: 

bfφ φtð Þ ¼ 2δnð Þ � dφ n � 1ð Þ
� 1 ∑j;j�1 Iφ

y (B4) 

The Tn (δn), Statistics is expressed as follows: 

Tn δnð Þ ¼
n � 1ð Þ

n n � 2ð Þ
∑t fA;S;W A; S;Wð Þf̂ S Stð Þ � f̂ A;S At; Stð Þf̂ S;WðSt;Wt

� �
Þ (B5) 

D&P test prove if δn= Dn� β with (D > 0,1/4 <β<1/3), thus, Tn (δnÞ converged the series for the 
standard normal distribution: 

p
n

Tn δnð Þ � qð Þ

An
!
d N 0;1ð Þ (B6) 

Where At is the projected as the standard error, Tn ( � ). The probability of eliminating the null is 
decreased using the D&P nonparametric test.
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4.4. Wavelet methods
Wavelet transformation is widely used in financial analysis to deal with problems of non- 
stationarity in time series. Wavelet transformation is made up of two types, namely, Continuous 
Wavelet Transformation (CWT) and Discrete Wavelet Transformation (DTW). The discrete transfor
mations are centred on an orthogonal wavelet. However, these wavelet transformations are used 
for nonorthogonal wavelet functions (Aloui et al., 2018).9 We use CWT, which is good for identifying 
and isolating periodic signals. It provides stability between time- frequency localization to give an 
improved trade-off between the detected undulations, peaks, and gaps. However, DWT is only 
appropriate for reducing and compressing noise in the data (Wu et al., 2020).10

4.4.1. Continuous Wavelet Transformation (CWT) and coherence
CWT is a useful method for assessing the changing aspects of nonstationary variables across time 
and domain space. Using the wavelet function, we decomposed the time series to ensure 
a localized time-frequency space and zero mean. Information about the local neighbourhood 
was obtained based on the decomposition. Morlet wavelet was employed by examining the 
frequency and time spaces behaviour of the time series data. Specification of the wavelet coher
ence (W.C.) is specified below: 

φu;s tð Þ ¼
1
ffiffiffi
s
p ψ

t � u
s

� �

ψ �ð Þ 2 L2 Rð Þ (C1) 

If, 1ffiffi
s
p is the stabilization component certifying unit for the variation of wavelet ψu;s tð Þ

�
�

�
�

�
�

�
�2=1; u 

represents location boundary, giving the precise location of the wavelet, where s represents the 
level of expansion in boundary. It defines in what manner the wavelet is spread out.

The Morlet wavelet: 

φM tð Þ ¼
1

π1=4
iω0t � t

2
=2 (C2) 

Where ω0 represents the main occurrence of the wavelet. Extracting from literature, ω0 is to 6. 
Moreover, with the convolution employed on a discrete sequence, a scaled and translated wavelet, 
the CWT is given as: 

Ws u; sð Þ ¼ ò
1

� 1 x tð Þ
1
ffiffiffi
s
p ψ

t � u
s

� �

dt (C3) 

Estimating the exact wavelet ψ �ð Þ onto a time series, we obtained Ws u; sð Þ. Similarly, the key 
benefit of a CWT lies in its ability to decompose and rebuild the function of x tð Þ 2 L2ðÞ : x tð Þ ¼ 1

cφ 

ò
1

0 ò
1

0 Ws u; sð Þψu;s tð Þdu
h ids

s2 ; s>0 (C4) 

The power spectrum evaluation was assessed using Eq (C4) with the variance measurement. 

χj jj j2 ¼
1
cφ

ò
1

0 ò
1

� 1 Ws u; sð Þj jj
2du

h i ds
s2 ;>0 (C5) 

The AR (1) allows for the modelling of the red noise in the background of the spectrum. Given the 
null hypothesis, we allow for the pockets found in the peaks of the wavelet power spectrum (WPS) 
to be evaluated for their significance level. We use the Monte Carlo simulation. The resulting local 
WPS is found in the distribution of the individual time n and scale s (Torrence & Webster, 1999).11
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Given: 

D
Wx

n sÞ2
� �

δ2
x

<p

2

4

3

5)
1
2

pf χ2
v (C6) 

f is denoted pf , representing the mean spectrum at Fourier frequency in the given data. Given that 
the wavelet scale aligns with the Fourier frequently (s � 1/f), v = 1 represents a real wavelet, and 
v = 2 represents a complex wavelet. Given as δ2

x as the variance of the variable.

We probe the combined behaviour of time and frequency in the economy; a CWT must be given 
to pinpoint the common power amongst the variables (Aloui et al., 2018). CWT power allows for 
the region’s location for which the macroeconomic variable co-moves in time and frequency. In 
the case of a particular macroeconomic variable series (χ) and another macroeconomic series (Y), 
given the individual wavelet spectra Wx

n sð Þ and Wx
n sð Þ the CWT for macroeconomic series can be 

given as follows: 

Wxy
n sð Þ ¼Wx

n sð Þ Wx
n sð Þ (C7) 

Given that u represents the position of s, the scale *, represents the complex conjugation. The CWT 
indicates the area, time, and space have the highest common power. Thus, WY�

n (s) represents the 
complicated conjugate of WY

n sð Þ. The cross-wavelet power |Wxy
n sð Þ| evaluates the shared area 

covariance on every individual level. W.C. for two-time series is given as χ = χnf g and y = ynf g. 
They represent the frequency groups and time gaps for which the series covary. We allow for the 
detection of comovements among macroeconomic variables. The W.C. is, thus, the square abso
lute value of the normalized WPS. Hence, the squared wavelet coefficient is expressed as follows: 

R2 x; yð Þ ¼
S s� 1Wxy u; sð Þ
� ��

�
�
�2

S s� 1jWx u; sð Þð Þj
2
ÞSðs� 1jWy u; sð ÞÞj

2
Þ

(C8) 

Given S as the smoothing parameter, it seeks to balance the resolution and significance level. Any 
problems in the WPS and the wavelet cross-spectrum (WCS) are removed. The stabilizing function 
of W.C. for PWC and MWC cases, the same principle is applied.

The expression “coherence” fulfils the inequality equation 0 � R2 x; yð Þ � 1. Values near 0 point 
to a low correlation; however, values near 1 point to a robust correlation. In examining macro
economic comovements, coherence is the most suitable.

The phase form is centred on the lag of oscillation between two the variables as a frequency, 
assuming that ;xy, explains the phase difference in the economy; the phase difference between χ 
(t) and y(t) is given as: 

;xy ¼ tan � 1
= Wxy

n
� �

< Wxy
n

� �

 !

; ;xy 2 � π; π½ � (C9) 

Given = and <, we assume that smoothed CWT has two parts, namely, the imaginary and real. The 
wavelet coherence map shows the directional arrows. The arrows distinguish the various phase 
forms. For example, where x(t) and y(t) are in-phase (antiphase), the arrow points to the right (left). 
Equally, when the arrows point downwards (or upward), it indicates y(t)/x(t) is in the lead.
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4.4.2. Partial wavelet transform and coherence
Partial wavelet coherence follows a simple concept of correlation which is the comovements 
between two series. The PWC cancels the effects of any other confounding variable. Wavelet 
coherence was employed to measure the linear correlations while highlighting the intermittent 
correlations. The PWC map highlights the significance level for real correlation among the vari
ables. It should be noted that it does not produce a pure correlation between the macroeconomic 
variables. The possibility that other factors may influence them in the economy. This possibility is 
dealt with using partial correlation.

The following comovements under wavelet transform coherence represent the different possible 
variable combinations.

It follows as: 

R x1; x2ð Þ ¼
S W x1; x2ð Þ½ �
ffiffiffi
S
p

W x1ð Þ½ �S W x2ð Þ½ �
(D1)  

R2 x1; x2ð Þ ¼ R x1; x2ð Þ:R x1; x2ð Þ� (D2)  

R x1; yð Þ ¼
S W x1; yð Þ½ �

ffiffiffi
S
p

W x1ð Þ½ �S W yð Þ½ �
(D3)  

R2 x1; yð Þ ¼ R x1; yð Þ:R x1; yð Þ� (D4)  

R x2; yð Þ ¼
S W x2; yð Þ½ �

ffiffiffi
S
p

W x2ð Þ½ �S W yð Þ½ �
(D5)  

R2 x2; yð Þ ¼ R x2; yð Þ:R x2; yð Þ� (D6) 

In the application of the wavelet measure PWC, we eliminated the influence of other factors in the 
time series data, given s (t) wavelet coherence between χ(t) and y (t) (see Gurley, Kijewski & 
Kareem, 2003: Ng & Chan, 2012). The equation below shows PWC partial correlation in its squared 
form.

Given: 

R2
p x; y; sð Þ ¼

R x; yð Þ � R x; sð Þ � R x; yð Þ
�

j j
2

1 � R x; sð Þ½ �
2 1 � R ; sð Þ½ �

2 (D7) 

Given R2
p x; y; sð Þ is like as R2 x; yð Þ; interpretations for the equations range from 0 to 1. From the 

results of the PWC, where a low region R2
p, and high region R2; shows time series y does not affect 

x. Alternatively, the variance of x is dominated by the z time series. In the case where there is no 
significant level of difference among R2

p and R2, it means there is no significant level of influence 
from y and z on x. For our study, we denote our variables as a remittance by x and economic 
growth (gdp) by y, while the exchange rate denotes as z. The wavelet transformation could 
potentially result in a random number when the process is mixed. Leading to identification 
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problems in the independent process during the significance test. We employed Monte Carlo 
methods in examining PWC, just as in the case of W.C.

5. Empirical results

5.1. Summary measures
We examine and present summary measures of the relationship between remittances and eco
nomic growth moderated by the exchange rate for four African economies. The growth data were 
used for the analysis. The descriptive statistics of the selected variables are reported in Table 1.

In our analysis, the growth data is annual in nature. Descriptive statistics of the macroeconomic 
data are represented in Table 1, which demonstrates the variations in the distribution of the series. 
Additionally, our sample period is from 1980 to 2020, with 41 observations.

5.1.1. Linear and nonlinear causality analysis
Table A1 in appendix A shows the linear causality test for Ghana, South Africa, Uganda, and 
Morocco. The results show no direct relationship between remittance and GDP for all four selected 
countries at all the optimal lag lengths. Thus, no significant relationship exists between remittance 
and economic growth, confirming the results of Lawal et al. (2020). By examining the relationships 
of causality, we employ linear and nonlinear analysis to confirm or reject the existence of causality 
among the macroeconomic variables. In line with the above reasoning, we relaxed the assumption 
of linearity between remittance and economic growth. We employed the D&P test, which allows 
for nonlinearity testing to be conducted for all four countries. First, we evaluated stationarity in the 
series for nonlinear causality. We applied the D&P test to the transformed series by eliminating the 
linear prognostic power using a vector autoregressive (VAR) model. Thus, casual linkages from the 
selected residual to the next are regarded as a nonlinear prognostic power.12 The lag length is 
determined by the VAR measurement based on the Akaike information criteria (AIC).

Table A2 presents the D&P test outcomes where the variables of interest for all four countries 
are found, and they do not have any nonlinear causal linkages. We cannot reject the nonlinear 
causality relationship of the VAR residual series for the selected African countries, given that there 
is no indication of nonlinear dependence being seen. We implemented the same approach as 
Bekiros and Diks (2008a, b) with our expansion of the bandwidth set equal to 0.5,1.5, and 2.0 for 
the test. We can argue that for all the countries examined, there is no significant linear, unidirec
tional causality from remittance to economic growth. Thus, there is weak evidence of nonlinear 
causal linkages in the series examined.

5.1.2. Bivariate and partial wavelet coherence results
Next, we employ a second approach by examining the relationship between remittance and 
changes in gdp for four (4) remittance-dependent economies. In this step, the pairwise wavelet 
coherence plots were considered a reference point before delving into the PWC (partial wavelet 
coherence). We employed biwavelet Coherence (W.C.) to evaluate the strength of interdependence 
for the examined domain. From the biwavelet coherence plots, we displayed time on the horizontal 
axis and frequency on the vertical axis. A warm colour region is displayed on the plot where time- 
frequency space has a pairwise time series covarying. Again, areas where the region’s colour is 
represented by red (warmer colour), indicate a significant interrelation between the paired time 
series. Regions where the regions are blue (colder colours) reflect a significantly lower dependence. 
These explain the colour pallet on the W.C. plot, which explains the level of strength when 
measuring the interdependence among the paired time series.

The region of colour found within the cone of influence (COI) is referred to as the crosshatch. In 
the plots presented, the thick grey contour represents 95% significance and confidence level of 
interdependence. The confidence level is attained from Monte Carlo model employed in the 
analysis. Regions found beyond the area of significance, be it blue (cold colour), indicate the 
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time and frequency where no level of dependence exists among the series under examination. 
However, area, where red (warmer colour) is found indicate interdependence among the series.

In the plotted W.C., the lead/lag phase is represented by black arrows. The arrows point out the 
relationship that exists between the paired series. In W.C. plots, a zero-phase variation can be 
observed. The plot indicates that at any point in time, a paired series moves simultaneously due to 
a specific measure. Arrows pointing to the right on a W.C. plot indicate that the series is in phase 
and moving in the same direction. However, arrows that point to the left indicate antiphase.

Furthermore, where an antiphase is observed, the movement of the paired series is found to be 
in opposing directions. When the arrows move right-down or in a (left-up) form, it indicates that 
the first series in the pair is leading. On the other hand, where the arrows are right-up (left-down), 
the second series in the pair is said to be leading.

Figs 1–4 highlight the biwavelet and partial wavelet coherence plots for remittance, gdp, and 
exchange rates. These maps cover Ghana, South Africa, Uganda, and Morocco. The exchange rate is 
examined as a covariate variable for this study. The results from the bivariate investigation can be found 
on the left-hand side. We also presented the PWC plots, which can be found on the right-hand side.

From Figure 1, Ghana’s comovements between remittances and gdp are primarily concentrated 
in a 0–8-year cycle. Pockets of islands were observed during the 0-7-year cycle. An intense 
connectedness between 1990 to 1995 and 2005 to 2010 occurred twice during the study period.

From an overvalued currency under the fixed exchange rate system, where the cedi was pegged 
to one or more currencies, to the managed float where exchange rates were weekly determined at 
auction. This system moved the pegged rate to either a flexible or floating exchange rate regime. 
The country moved to a flexible exchange rate system in June 1978. Under the flexible exchange 
rate system, the Ghana cedi in terms of the US dollar was adjusted to account for the economic, 
financial, and balance of payment issues the country faced at the time. However, over the years 
the currency has continued to depreciate. This because the positive impact of the flexible 
exchange rate was short lived as GDP increased and inflation declined during the period with 
government trade liberalization policies being implemented (Nimoh & Addai-Asante, 2018). This is 
clearly seen in the years to follow with Ghana coming off recession in 1994 based on the economic 
reform backed by the Bretton Woods system. Ghanaian households dependent on remittances for 
livelihoods received an elevated level of remittances inflow for support. The uneven economic 
recovery of Ghana with exports on the rise, foreign exchange inflows rose backed by crop produc
tion (cocoa) and minerals.

Nevertheless, with low salaries and public service rates, the high poor Ghanian bore the negative 
effect of the austerity program, leading to a rise in remittance dependency. During the 1980s, 
under the austerity program, much skilled labour emigrated for greener pastures to the West. 
These people, in turn, supported their families through remittances in the face of difficulty.

From 1999 to 2007, the discovery of commercial oil production quantities and the rebasing of its 
accounts pushed the per capita gross domestic product (GDP) above USD1000. From the plot in 
2007, interdependence between remittance and economic growth was low as confidence in the 
market grew (Aryeetey & Baah-Boateng, 2015). This feat was furthered by Ghana’s heavy debt 
forgiveness and commitment to the United States Millennium Challenge Corporation support, 
among other programs (Osei et al., 2020). The forgiveness of Ghana’s debt led to strong projections 
and capital inflows (investment), reducing the dependency level on remittances. However, these 
structural changes in the economy were led by a decline in agriculture sectors’ share in employ
ment, leading to low productivity and muting growth effect in the economy (Osei & Jedwab, 2016).
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From 2008, Ghana, however, was heavily impacted by the financial crisis, which saw the reversal 
of the gains made. For the average Ghanaian, the decline in growth momentum translated into 
their livelihoods as level and quality of education and skills declined. Since 2010, we find the 
interdependence has been high as levels of unemployed graduates rise, coupled with a rise in 
interest rates and inflation, and job creation continues to decline. Thus, increasing the dependence 
on remittance. The financial crisis of 2008 has continued to impact growth in Ghana.

The pattern of comovements between remittance and economic growth is in antiphase and pointing 
straight up to with a clear case of remittance leading 2016 to 2020. We find that remittance leads to due 
to several factors. A rise in emigration from the country due to a lack of decent jobs and low-income 
levels among graduates and skilled employees was seen. Thus, increasing remittance dependency 
among Ghanaian households. COVID-19 pandemic from 2019 to 2020 was a major factor in remittance 
dependency increment as quarantine and closure of borders reduced trade and slowed growth. After 
emerging from the health pandemic, Ghana continues to grapple with the lingering effects on its 
economy. The effect is seen in the 2022 World Currency report, with Ghana’s currency ranked as the 
worst performing currency in the world based on a 30-year analysis (Bloomberg, 2022). With a low level 
of competitiveness in foreign goods on which Ghana is highly dependent, depreciation in the currency 
has avertedly slowed growth, although competitiveness in domestic goods has risen as the balance of 
trade increased. In the petroleum sector, Ghana’s fuel is purchased from overseas as the country does 
not refine its oil products. The rise in fuel prices in Ghana has been due to, in part, the war between Russia 

Figure 1. The left-hand side of 
plot represents the wavelet 
coherence between remittance 
and GDP. Right-hand position 
plots of partial wavelet coher
ence show remittance and GDP, 
removing the effect of exchange 
rates. The crosshatch reveals 
regions within the cone of influ
ence (COI). The thick gray con
tour signifies the 95% 
confidence level. Arrows on the 
right-hand side suggest the 
comparative phase connection, 
leftward arrows represent anti
phase, and upward pointing 
arrows imply remittance as 
leading. 
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and Ukraine, leading to a price hike in all other fuel-dependent businesses (for example, the transport 
sector) in the country. Again, the prices of cereals and agricultural products (for example, wheat and 
fertilizers from Ukraine) have increased, affecting all sectors of the economy. Prices have risen (inflation), 
for which the country has struggled with since 2003, is seen on the WC plot.

The right-hand side of Figure 1 demonstrates the PWC plot between remittance and economic 
growth by excluding the influence of exchange rates. In Figure (B1), for Ghana at a 95% confidence 
level inside the cone of influence, we found that there is a low level of dependence between the 
remittance and changes in gdp. However, the years leading up to 2000, the dependence level 
excluding exchange rate showed significant interrelation from 6% to 8%. Comparing bivariate 
wavelet coherence and PWC, we found that the influence of exchange rate on remittance and gdp 
is no longer significant when excluded from the relationship. Lower levels of significance below 5% 
are seen declining beyond 2005.

Furthermore, there is a considerable decline in the region of warmth between remittance and 
changes in gdp on the PWC plot, which implies the exchange rate is the main driver of comove
ments between selected variables. The results show the significance of monetary policy uncer
tainty on the exchange rate as a driver of economic growth decline. The high informal structure of 
the Ghanaian economy, which has gradually shifted to low-value service activities, and the con
tinuous decline in the manufacturing of value-added products in Ghana hampers growth. 

Figure 1. Continued. 
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Economic transformation efforts by the government to promote job creation, high secure incomes, 
and livelihoods have made little to no impact.

The level of economic complexity is low in Ghana, with a comparative advantage mainly in 
producing agricultural and natural resource products as raw materials (Baah-Boateng & Twum,  
2020). Coupled with exposure to fluctuations and high volatility in the exchange rates, macroeco
nomic fundamentals are unable to explain the fall in growth. This lack of control of the deteriorates 
economic growth and recovery. A rise in the dollar on the cedi has made it difficult for Ghanaian 
business to export to the US. Again, issues such as unemployment and high inflation have been 
exacerbated. We see this happening in the country as the cedi depreciates further, inflation increases 
as demand for goods rises. Furthermore, the country’s current account worsens as the import price 
increases. Ghana needs policies that reduce its dependency on crucial goods such as fuel, which is 
largely imported.13 Exchange rate effect in Ghana is transmitted through fuel prices to transportation 
costs to the agriculture, service, and manufacturing sectors. This in turn negatively impacts the 
livelihoods of the average Ghanaian whose income decline. In the case of remittance-dependent 
households the need for support increases from migrant relations increases. This shows the dire need 
for structural change towards high value-added sectors to meet global technological change and 
increase income. Structural transformation backed by complex technologies, research, and develop
ment is needed to increase the production, development and refinement of oil products in the 
manufacturing sector for export. This is hinged on improving human resources to create sustainable 
employment and skills which will impact the economy positively (Osei et al., 2020).

The results obtained for Ghana were further confirmed by the PWC plots for other selected 
macroeconomic variables as shown by inflation, general government expenditure, money supply 
(broad money), capital (gross fixed capital formation) and education (school enrollment) which the 
low interdependence on the relationship between remittance and gdp when moderated by the 
selected variables.

In the case of South Africa, Figure 2, comovements between remittance and gdp showed 
a string of interdependence. It is worth noting that South Africa’s inability to translate the positive 
factor price movements of the 1970s into the price of gold reduced confidence in the country’s 
economy in the 1980s. Falls in monetary supply, stock capital investments, high inflation, and 
exchange rate controls hampered growth when poor governmental policies were implemented, 
accompanied by a fall in gold prices, which is a major source of revenue for the country. Capital 
erosion plus population boom drove GDP per capita down, and job availability did not march 
population growth. Again, a rise in restrictive regulations in the private sector, inefficiency in 
managing capital in the public sector and financial sanctions impacted growth. South Africa joined 
the Southern African Development Community (SADC) to stimulate growth in the 1980s, which 
only compounded the poor growth issue as ill-advised policies from the government were taking 
a toll on the economy.

Furthermore, capital flight as a percentage of GDP hovered around 5.4 per cent per annum from 
1980 − 1993. It, however, rose by an average of 9.2 per cent from 1994 to 2000, impeding the 
economy by reducing capital for investment. Over the years, human capital (skilled labour) 
emigration rose among white and black professionals in the engineering, medicine, and I. 
T. fields, among others. The exodus of black professional migrants in the country, due to growing 
xenophobic sentiments and low economic opportunities, increased the level of brain drain in the 
country. As South Africa’s remittance inflow increased, it was often eclipsed by the corresponding 
outflow. South Africa is considered the most developed country; even so, remittance has grown 
since 1998 as emigration levels increased. South Africa received an all-time high of USD 1.2 billion 
in 1998, representing 3 per cent of GDP; as of 2019, according to the World Bank, the total 
remittance inflow was at USD1.5 billion. Saddled with volatility, economic growth, however, has 
had to sustain since the 2008 financial crisis leading to a decline in growth rate to about 
1.4 per cent, with a low of 0.6 per cent in 2016 (Statistics South Africa, 2019). The volatile nature 
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of growth in the country calls for South Africa to harness the benefits of remittances for economic 
growth.

The South African economy is plagued with an unstable currency; although it adopted a flexible 
exchange rate regime in 2000, currency volatilities have caused complications for economic 
growth. The devaluation of the South African Rand had a knock-on effect on consumers in the 
country, rendering monetary policy intervention unfeasible. The devaluation of the Rand affected 
small businesses and homeowners by raising debt levels as the Rand weakened against the major 
currencies. South Africa has since advanced in implementing financial inclusion policies which 
have led to an increase in savings with a highly developed financial sector. Thus, with a high 
degree of integration in domestic financial systems, remittance is less likely to stimulate invest
ment for growth.

Nonetheless, the impact of the exchange rate on the remittance economic growth relationship 
cannot be overlooked as the exchange rate impacts growth. In the biwavelet plot, the arrows are 
in phase, but it is unclear whether remittance or gdp is leading. The plot highlights the real impact 
of the exchange rate on the remittance economic growth relationship, among other factors. The 
moderating effect of the exchange rate is strong on the South African economy even as 

Figure 2. The left-hand side of 
the WC plot shows remittance 
and GDP. The right-hand side 
represents the PWC plot 
between remittance and GDP, 
removing the effect of 
exchange rates. The crosshatch 
reveals regions within the cone 
of influence (COI). The thick 
gray curve denotes the 95% 
confidence degree. Where 
arrows on the left-hand side 
reveal the comparative phase 
connection, a right-pointing 
arrow represents in-phase, 
upward pointing arrows sug
gest the leading of remittance, 
and pointing directly down 
implies the leading of GDP. 
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remittance is channelled through investment ventures due to the high level of integration of the 
financial market.

The partial wavelet coherence plot in Figure 2, on the other hand, showed a strong relationship 
between remittance and gdp, excluding the exchange rate. For regions with warmer colours from 
2000 to 2020, we found a strong interdependence as high as 8%. We further found that greater 
portions of red regions are observed from 2000 onwards, primarily for the intermediate and long- 
time spheres. Thus, there is a high degree of comovements between the macroeconomic variables 
reflecting their shared reliance and not just the outcome of their combined comovements. The 
mediating function of the exchange rate in stimulating comovements between remittance and 
economic growth leads to a reduction in the proportion of warmer regions as seen through the 
comparison of bivariate wavelet coherence and corresponding PWC. For South Africa, we found 
that if the exchange rate is involved, the comovements between remittance and gdp will be 
significant. However, by excluding the exchange rate, we find that other macroeconomic variables, 
such as inflation, strongly affect the remittance and economic growth relationship (Olamide et al.,  
2022). South Africa remains one of the highest remittances (receiving and sending) countries on 
the continent. With its strong financial development and policies, contractionary measures should 
be implemented to boost a strong currency, control inflation, and correct the balance of payment 

Figure 2. Continued. 
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equilibrium. The introduction of good monetary policies, export-led growth, fiscal reforms, and 
industrialization will continue to impact the South African economy strongly.

The results obtained for South Africa were further confirmed by the PWC plots for other selected 
macroeconomic variables as shown from inflation, general government expenditure, money supply 
(broad money), capital (gross fixed capital formation) and education (school enrollment). We find 
high interdependence on the relationship between remittance and gdp when moderated by the 
selected variables except general government expenditure which indicates a low interdependence.

In Figure 3, Uganda’s comovements between remittance and gdp are primarily concentrated 
between 0 to 2-year cycles. One small island is noted throughout the period under study, with 
intense connectedness from 2009 to 2010.With Uganda’s emergence from the war, the economy 
has grown to the back of recovery programs and macroeconomic and structural reforms. The 
growth rate rise averaged 7.7 per cent per annum until the financial crisis in 2008, leading to 
a decline of about 1.4 per cent from 2008 to 2009 in growth rates. The decline in economic growth 
and limited employment opportunities have spurred the emigration of Ugandans abroad for better 
work opportunities, leading to a rise in remittances of about 14 per cent (Mohamed, 2019). 
Remittances accounted for 6% of the country’s GDP from 2008 to 2010 (UNCTAD, 2012). 
Remittance continues to grow in relation to tourism as the higher exchange earner for the country 
exceeding foreign direct investment. The erratic nature of the growth rate in Uganda from 2010 to 

Figure 3. The left-hand side of 
the WC plot shows the remit
tance and GDP relationship. 
Right-hand side shows the PWC 
plots for remittance and GDP, 
removing the effect of 
exchange rates. The crosshatch 
signifies regions inside the cone 
of influence (COI). The thick 
gray curve suggests the 95% 
confidence point. The right- 
hand side arrows reveal the 
comparative phase connection; 
arrows pointing left suggest 
antiphase and arrows pointing 
straight up imply the leading of 
remittance. 
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2020 is highlighted in the build-up of warmth (interdependence) in the remittance and economic 
growth relationship. Uganda’s sensitivity to exchange rate volatility and global uncertainty arising 
from global shocks, balance of payments deficits, and speculation on the currency posed a threat 
to the economy.14 The implementation of a flexible exchange rate regime since 1993 is attributed 
to the positive effects on the economy of Uganda. Thus, Uganda’s economy is insulated from 
economic shocks in Uganda.

In the case of partial wavelet coherence, plot Figure 3 for Uganda before the year 2000 reveals 
the dependence relationship between remittance and gdp to be low. From 2005 − 2010, interrela
tion is about 8% within the cone of influence, excluding the influence of the exchange rate. When 
we compare the proportion of warm regions between remittance and gdp for bivariate wavelet 
coherence and corresponding PWC, an increase in the area of dependence indicated a strong level 
of interdependence within a limited time frame. An increase in the warmer region shows that the 
influence of the exchange rate is less significant and occurs in shorter cycles as there are other 
potential influences from different macroeconomic variables, such as inflation.

The results obtained for Uganda were further confirmed by the PWC plots for other selected 
macroeconomic variables as shown by inflation, general government expenditure, money supply 

Figure 3. Continued. 
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(broad money), capital (gross fixed capital formation) and education (school enrollment). We find 
high interdependence on the relationship between remittance and gdp when moderated by the 
selected variables in short cycles (Hoang et al., 2020).

From Figure 4, the comovements between remittance and gdp for Morocco are concentrated 
within 0-6- year cycles. Two (2) small islands are found on the plot to occur throughout the study 
period, one with an intense concentration between the 4-6-year cycle (1980–1995) and 0-2-year 
cycles (1998–2000). Morocco remains one of the main countries of emigration in North Africa, with 
over 2.8 million people since 2013. Morocco is ranked the second largest recipient of remittance 
due to the emigration of skilled and unskilled labour, usually towards the European area and the 
Gulf States, for better opportunities. Remittance inflow has since increased six-fold from USD1.3 to 
7.3 billion in 2013. Deepening financial development in Morocco has spurred remittance inflow 
through formal channels. Implementing the basket peg of the exchange rate has been a strong 
anchor for the dirham against the euro and has limited the volatility effect of the euro-dirham, 
leading to a stabilized value in the currency. From the biwavelet coherence plot, appreciation in 
the euro for which the dirham is pegged saw a high interdependence between remittance and 
economic growth from 2000 to 2004. Thus, the Moroccan exchange rate policy has ensured 
a stable and dynamic economy leading to positive export competitiveness (Guechati & Chami,  

Figure 4. The left-hand side of 
the WC plot shows the remit
tance and GDP relationship. The 
right-hand side shows the PWC 
plots of Remittance and GDP, 
removing the effect of 
exchange rates. The crosshatch 
signifies regions inside the cone 
of influence (COI). Thick gray 
curve suggests the 95% confi
dence point. On the left-hand 
side arrows reveal the com
parative phase connection; 
arrows pointing right suggest 
in-phase and arrows pointing 
straight up implies remittance 
leads and pointing straight 
down indicates GDP lead. 
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2021). The arrows in the biwavelet coherence plot were found to be in phase, but it is unclear 
whether remittance or gdp is leading.

Morocco, in Figure 4, for the partial wavelet coherence plot highlights that from 1980 to 1995, 
the interrelations between remittance and gdp, excluding exchange rate, increased. However, in 
2010, after the financial crisis of 2008/2009, an island of high interdependence was seen at 8% 
within the COI. Comparing bivariate wavelet coherence and the corresponding PWC, we find that 
the warmer regions increased before 2000 within 2–6-year and 0-2-year cycles after the financial 
crisis 2009/2009. The cycles show the significant impact of the exchange rate effect on the 
remittance and gdp relationship. We find that other macroeconomic variables could influence 
the relationship during periods of interdependence, such as spending behaviour in remittance- 
receiving households. The basket peg system adopted by Morocco has limited the effect of 
currency appreciation on the national currency when the remittance is converted. Thus, reducing 
demand volatility to ensure stable economic growth.

The results obtained for Morocco were further confirmed by the PWC plots for other selected 
macroeconomic variables as shown by inflation, general government expenditure, money supply 
(broad money), capital (gross fixed capital formation) and education (school enrollment; Hoang 
et al., 2020). We find that high interdependence occurs more frequently and in short cycles when 
examining the relationship between remittance and gdp when moderated by the selected variables.

Figure 4. Continued. 
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6. Policy discussion and conclusions
The paper presents an advanced assessment of the dynamic interrelationship between remittance 
and economic growth (measured by changes in gdp) with a mediating variable (in our case, the 
exchange rate) in selected remittance-dependent African economies. As a result, the biwavelet and 
partial wavelet analysis were employed. The uniqueness of this paper is that it uses wavelet coherence 
to detect the identified time-varying comovements in the African remittance-economic growth rela
tionship. We presented the lead-lag interactions given a set frequency and use of remittance in their 
development prospects. Furthermore, the intermediating role of exchange rate inducing comove
ments between remittances and changes in gdp for remittance-dependent African economies was 
examined by applying biwavelet and PWC analysis, which evaluated the degree of comovements 
between remittance and economic growth by controlling for the mutual effect of exchange rate.

Findings reveal that remittance has an impact on economic growth, as is seen in Solow’s 
extension. We argue that if there is no change in savings and investment rates, there will be no 
economic impact. However, as is noted in Ghana’s case for biwavelet coherence, we find that when 
the exchange rate mediates the remittance economic growth relationship, the level of interde
pendence rises (Feeny et al., 2014; Ratha, 2013). Alternatively, there is little impact on Ghana’s 
remittance-economic growth relationship from the exchange rate under the partial wavelet 
coherence. When exchange rate is excluded, the remittance and economic growth relationship 
have a limited level of interdependence. However, in the cases of Morocco, Uganda, and South 
Africa, the remittance-gdp relationship is significant. Exchange rate intermediating role in inducing 
remittance and changes in gdp is significant. Overall, the results show that for all three African 
countries except Ghana, exchange rate policies which attach a certain level of importance to 
stability in their currencies will impact the remittance-economic growth relationship. We find that 
our study supports the J-curve and the M-L condition by either maintaining export competitive
ness, by promoting bilateral trade or depreciating or appreciating the local currency.

For the selected African countries and others characterized by significant migration outflows and 
high incidence of remittance inflow, the impact on economic growth cannot be overemphasized, 
with exchange rate policy playing a key role. It must be noted that when the exchange rate 
mediates the remittance and economic growth relationship, there are two possible outcomes; on 
the one hand, a change in exchange rate will influence the monetary value of remittances, leading 
to an income effect, whiles, on the other hand, it can lead to changes in exchange rates resulting 
in exchange rate effect. The income effect is experienced between the remittance origin and the 
receiving country as variations in exchange rates are direct. The value of the receiving country’s 
currency from migrant transfers influences the spending behaviour and decisions of the receiving 
households. Thus, an appreciation in the sending country’s currency increases its value for the 
receiving country. Appreciation leads to a rise in spending, impacting economic growth dynamics. 
However, a volatile exchange rate will lead to an unsteady economic growth dynamic for countries 
characterized by high levels of emigration.

In the case of the exchange rate effect, there are two possible consequences: direct and indirect 
effect. The direct effect of the exchange rate effect is related to the impact of remittance on the 
foreign exchange market when the remittance is converted into the national currency of the 
receiving country. In small and open economies, remittances serve as sources of foreign exchange 
as their conversion leads to an appreciation of the nominal exchange rate. However, in the case of 
indirect effect, the impact from the conversion of remittances is channelled through income. As 
spendable income rises, aggregate demand increases, leading to a rise in prices and exchange 
rates. For small open developing economies, when relative prices change in favour of non-tradable 
goods, reallocation of production occurs. However, the impact on tradeable goods is more suscep
tible to international competition and exports, which leads to the Dutch Disease phenomenon.15

An inflow of remittances in foreign currency to countries with high emigration and conversion of 
remittances to local currency could lead to exchange rate appreciation, which will adversely 
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impact competitiveness in local production, discourage exports and improve imports. However, 
when such countries are already beset with high inflation and unemployment rates, economic 
growth declines in response (Marzovilla & Mele, 2015).

Our findings highlight the importance of economic management strategies aimed at optimizing 
growth. Specifically, the results imply that remittance inflows significantly support economic 
growth by controlling exchange risks. We account for the mediating effect of exchange rates by 
stimulating comovements between remittance inflow and economic growth. The results indicate 
that depending on the exchange rate system adopted by a country, either of the above effects 
may occur, which in turn affects the exchange rate stability. For Uganda, the flexible exchange rate 
system is efficient; for Morocco, we find the basket peg efficient (Guechati & Chami, 2021). 
However, for Ghana and South Africa, there is a need to review the exchange rate policies to 
prevent negative effects from real effective exchange rate depreciation and appreciation to ensure 
stable economic growth, respectively (Alper, 2017; Assoumou-Ella, 2019; Barguellil et al., 2018).

Finally, implementing exchange rate mechanisms central to parity, which are essential in 
rendering the exchange rate movement effects on remittance and economic growth, mitigates 
the potential risk of unfavorable spillover shocks to the economy.

Future research should be extended to analyze a wider set of macroeconomic variables for 
emerging and frontier market economies to determine the degree to which macroeconomic 
variables induce a remittance-economic growth relationship collectively.
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Appendix A

Table A1. Linear granger causality test results
REMITTANCE & GDP
Direction T-statistics p-value Optimal Lag
GHANA
Remit ↛ GDP 7.8 0.26 6

GDP ↛ Remit 2.3 0.89

SOUTH AFRICA
Remit ↛ GDP 7.7 0.26 6

GDP ↛ Remit 9.5 0.15

UGANDA
Remit ↛ GDP 0.0015 0.97 1

GDP ↛ Remit 1.3 0.26

MOROCCO
Remit ↛ GDP 1.3 0.53 2

GDP ↛ Remit 3.3 0.19

0 ¼ !0=0ð Þ represents the linear causality of the null hypothesis under the standard Granger causality test. AIC 
approach was employed to ascertain the optimal lag lengths for VAR(p). The results of the p-value are the 
corresponding p-values :c, ;banda signify the significant levels of 10%, 5% and 1% respectively. 
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Table A3. Selected variables

Variables Abbreviation
Variable 

Explanation Data span Source
Remittance Remit Personal 

remittances, paid 
(current US$)

1980–2020 World Bank staff 
estimates based on 
IMF balance of 
payments data.

Expenditure Expend General 
government final 
consumption 
expenditure 
(current US$)

1980–2020 World Bank 
national accounts 
data, and OECD 
National Accounts 
data files.

Capital Capital Gross fixed capital 
formation (current 
US$)

1980–2020 World Bank 
national accounts 
data, and OECD 
National Accounts 
data files.

Education Educ School enrolment, 
tertiary (% gross)

1980–2020 UNESCO Institute 
for Statistics (http:// 
uis.unesco.org/). 
Data as of 
June 2022.

GDP GDP GDP (current US$) 1980–2020 World Bank 
national accounts 
data, and OECD 
National Accounts 
data files.

Broad Money Bm Broad money (% of 
GDP)

1980–2020 International 
Monetary Fund, 
International 
Financial Statistics 
and data files, and 
World Bank and 
OECD GDP 
estimates.

Exchange Rates Exc Real effective 
exchange rate 
index (2010 = 100)

1980–2020 International 
Monetary Fund, 
International 
Financial Statistics.

Inflation Inf Inflation, consumer 
prices (annual %)

1980–2020 International 
Monetary Fund, 
International 
Financial Statistics 
and data files.
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