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ABSTRACT
This article evaluates the asymmetric impact of exchange rate volatility on the exports
of nine ECOWAS countries to the Eurozone. By comparing Autoregressive Distributed
Lag (ARDL) and Nonlinear ARDL (NARDL) models, the study concludes that the effect
of volatility on ECOWAS-Eurozone exports (EEE) is asymmetric. The study also investi-
gates the impact of foreign income and prices on the EEE and categorises the goods
and services that make up the EEE for each country based on their coefficients. The
results show that exchange rate volatility has an asymmetric effect on the EEE, which
comprise both substitute and inferior goods. The study recommends that ECOWAS
authorities avoid using proportional policies to address increased and decreased vola-
tility, as their impact on trade is asymmetric. The long-run coefficients of income for
Nigeria, Togo, and Benin are -1.29, -4.67, and -2.64 respectively, indicating that their
exports are dominated by inferior goods. The long-run coefficients of foreign price for
Nigeria, Niger, and Burkina Faso are 5.32, 7.87, and 1.91 respectively, suggesting that
their exports are mainly substitute goods. The authors confirm long-run asymmetry
for three out of nine countries and short-run asymmetry for five countries. Only three
countries have an asymmetric trade-volatility relationship in both the short and long
run. The study suggests that Nigeria, Togo, and Benin diversify their economies, as
their exports to the Eurozone are dominated by inferior goods and services.
Additionally, the study recommends that the governments of Nigeria, Niger, and
Burkina Faso provide support, as their goods and services are substitutes.

List of abbreviations: ARDL: Autoregressive Distributed Lag model; CPI: consumer
price index; ECOWAS: Economic Community of West African States; EEE: ECOWAS-
Eurozone exports; EGARCH: Exponential Generalized Autoregressive Conditional
Heteroskedastic; GARCH: Generalized Autoregressive Conditional Heteroskedastic;
IGARCH: Integrated Generalised Autoregressive Conditional Heteroskedasticity; NARDL:
Nonlinear Autoregressive Distributed Lag model; P: price; TGARCH: Threshold
Generalized Autoregressive Conditional Heteroskedastic; V: volatility; X: export; Y:
income
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1. Introduction

The collapse of the Bretton Wood exchange rate system in 1973 did not only lead to the establishment
of a flexible exchange rate system, but also brought uncertainty in international trade due to high vola-
tility in the exchange rate (Adom et al., 2012; Akalpler et al., 2017; Hooy et al., 2015). Exchange rate vola-
tility refers to the unexpected and sudden swing or movement in the rate of currency exchange
(Akalpler et al., 2017). The Economic Community of West African States (ECOWAS) is a regional economic
bloc of fifteen (15) member countries1. The establishment of the Economic Partnership Agreement (EPA)
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has provided a free trade area between Europe and West Africa (ECOWASþMauritania) in accordance
with Article XXIV of GATT (ECOWAS, 2017; Mati et al., 2019; 2023). Although the EPA may lead to the
removal of some trade barriers, uncertainty surrounding sudden exchange rate changes may impede
the smooth flow of exports from ECOWAS to the Eurozone. Towards this end, this study aims to model
the relationship between the ECOWAS-Eurozone exports (EEE) and exchange rate volatility to determine
whether the established relationship is symmetric or asymmetric.

According to the International Monetary Fund, a 10% increase in exchange rate volatility can lead to
a 1% decrease in trade flows for a typical country (Clark et al., 2004). A study by Rose and Yellen (1989)
found that exchange rate volatility had a significant negative impact on bilateral trade flows, and esti-
mated that a 1% increase in exchange rate volatility led to a 0.5% decrease in trade. Devereux and
Engel (2002) estimated that exchange rate volatility can account for up to 50% of the volatility of trade
flows between countries. A study by the European Central Bank found that exchange rate volatility had
a larger negative impact on exports than imports, and estimated that a 1% increase in exchange rate
volatility led to a 0.3% decrease in exports for a typical euro area country. (Fidora et al., 2020). Baier and
Bergstrand (2007) found that exchange rate volatility had a more negative impact on trade in intermedi-
ate goods and capital goods than on trade in final goods.

Trade-volatility relationship is symmetric (asymmetric) if the effect of increased volatility on trade is
the same as (different from) the effect of decreased volatility. The common theme in some previous
studies that employ export equation as in the current study is that trade-volatility relationship is sym-
metric (Akalpler et al., 2017; Asteriou et al., 2016). This does not capture the realities of the asymmetric
relationship, which exists between the EEE and exchange rate volatility.

Bahmani-Oskooee and Aftab (2017) pioneered the literature on the asymmetric effect of exchange
rate volatility on trade. Despite the economic importance of the ECOWAS region, only few studies focus
on the trade-volatility relationships of some of the ECOWAS members (Asteriou et al., 2016; Bahmani-
Oskooee & Arize, 2020, 2022). The first two focus on the asymmetric effect of exchange rate volatility on
the trade of selected African countries, while the last one focuses on the symmetric effect of exchange
rate volatility on the trade of Mexico, Indonesia, Nigeria and Turkey. None of these studies examine the
trade-volatility relationship of the ECOWAS countries or the region’s exports to the Eurozone. Akalpler
et al. (2017) focuses on the ECOWAS-Eurozone exports but assumes symmetry in the trade-volatility
relationship.

Hooper and Kohlhagen (1978) developed a basic trade-volatility model in which prices, income and
uncertainty are part of the determinants of trade. The model mainly argues that trade has a negative
relationship with uncertainty, and a positive correlation with prices and income. To reflect this model,
the variables employed in this study are national income, prices, exports and exchange rate volatility,
which represents the uncertainty. Thus, the following theoretical relationships are expected: foreign
income has a positive effect on the EEE; foreign prices have a positive effect on the EEE; and exchange
rate volatility has a negative effect on the EEE.

This empirical work attempts to answer some questions regarding modelling the relationship
between exchange rate volatility and trade. Can the trade-volatility relationship for the EEE be modelled
as asymmetric? What factors determine the EEE and how does EEE respond to them? What nature of
goods or services constitute the EEE; are they substitute or complementary, inferior, necessity or luxury?
How can the outcome of this study influence the decision of policy makers and businessmen in the
ECOWAS? The answers to these questions can help policy makers, analysts and businessmen determine
the best model that relates the EEE and exchange rate volatility, thereby guiding their economic
decisions.

This study contributes to the current literature as follows. Previous studies, which used the same
trade model assume symmetry of the trade-volatility relationship (Akalpler et al., 2017; Asteriou et al.,
2016), while this study establishes the existence of asymmetry in the export-volatility relationship. This
study identifies the nature of goods and services that dominate the EEE based on the elasticity meas-
ures. This study also relies on statistical measures to determine the IGARCH as the best volatility measure
in contrast to (Akalpler et al., 2017; Asteriou et al., 2016; Bahmani-Oskooee & Arize, 2020). This study
offers policy guidelines to the ECOWAS and Eurozone authorities.
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2. Overview of the ECOWAS-EUROZONE exports

We use Figure 1 to visualise the change of correlation between the EEE and exchange rate volatility
over time. The figure shows that the correlations fluctuate between negative and positive values, imply-
ing that volatility can cause the EEE to rise or fall.

We use EviewsR package (Mati, 2020; Mati et al., 2023) to plot Figure 2, which reports the line graph
of the ECOWAS-Eurozone exports in million dollars over the period of 1999 to 2017. The figure shows
the declining trend of the EEE around 2008 to 2010, reflecting the consequence of the financial crisis.
After that, Nigeria’s exports to the Eurozone continue to rise until 2015, a year before the country went
into recession.

We use the bar chart in Figure 3 to compare the total exports to Eurozone by each country. The fig-
ure shows that Nigeria is the major exporter to the Euzone, followed by Cote D’Ivoire, Ghana and
Senegal. The figure also reveals that Benin is at the lowest rung of the export ladder, followed by Togo,
Burkina Faso and Mali.

To determine the relative contribution of each country to the EEE, we use the pie chart in Figure 4.
Nigeria has the highest contribution 67 per cent of the total ECOWAS exports to Eurozone, followed by
Cote D’Ivoire and Ghana, which have contributed to the exports by 19 per cent and 9 per cent respectively.
Thus, we can safely assert that Nigeria is the major source of the ECOWAS exports to the Eurozone.

3. Literature review

Hooper and Kohlhagen (1978) developed a trade-volatility model where trade has a negative relation-
ship with uncertainty and a positive correlation with prices and income. Krugman (1983) and Helpman

Figure 1. Rolling correlation between the natural logarithms EEE and volatility (1999 to 2017).
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and Krugman (1989) extended the model and introduced the concept of “product differentiation” in
international trade. They argued that exchange rate volatility can affect the competitiveness of firms in
different ways depending on the degree of product differentiation. Bacchetta and van Wincoop (2005)
developed a model that captures the relationship between exchange rate volatility and trade for homo-
genous goods, showing that exchange rate volatility can cause a significant reduction in trade flows,
especially when exporters face high fixed costs. For a detailed survey, see Broll and Eckwert (1999),
Bahmani-Oskooee and Hegerty (2007).

Figure 2. ECOWAS-Eurozone exports in million dollars (1999 to 2017).

Figure 3. Bar chart for the total ECOWAS-Eurozone exports in million dollars (1999 to 2017).

Figure 4. Pie chart for the total ECOWAS-Eurozone exports in million dollars (1999 to 2017).
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The asymmetric effects of exchange rate volatility have been examined on trade between various
countries and regions. Recent studies focus on the asymmetric effects of exchange rate rate on trade
between the US and the EU (Lee et al., 2022b), on the trade between the US and China (Lee et al.,
2022a), on the US bilateral trade with Africa (Bahmani-Oskooee & Arize, 2022), on US-Pakistan trade
flows (Iqbal et al., 2022), on trade flows of the G7 (Bahmani-Oskooee et al., 2022), on the Pakistan’s trade
flows with major trading partners (Akhtar et al., 2022), on the trade between UK and China (Bahmani-
Oskooee & Karamelikli, 2022a), and on the UK-German commodity trade (Bahmani-Oskooee &
Karamelikli, 2022b). For similar studies on other destinations, consult Bahmani-Oskooee and Baek (2021),
Usman et al. (2021), Hashmi et al. (2021), Chang et al. (2021).

A number of econometric methodologies are used to estimate the trade-volatility relationship in the
literature. Some studies such as Chowdhury (1993), Mckenzie (1998), Aqeel and Nishat (2006) and
Zorlubas (2011) have used the Vector Error Correction Model (VECM). Some studies, on the other hand,
have employed different methodologies such as Multiple Regression (Baak, 2004; see Hayakawa &
Kimura, 2009). In addition to this, some authors consider the use of the ARDL model to estimate the
trade-volatility relationship (Akalpler et al., 2017; Asteriou et al., 2016). Recent studies have assumed non-
linearity in the trade-volatility relationship and therefore employed NARDL for the estimation (Arize
et al., 2017; Bahmani-Oskooee & Aftab, 2017; Bahmani-Oskooee & Arize, 2020, 2022).

Various measures of volatility exist in the literature (Akalpler et al., 2017; Bahmani-Oskooee & Arize,
2020), but one of the most recent measures is the Generalized Autoregressive Conditional
Heteroskedastic (GARCH) model (Asteriou et al., 2016; see for example, Bahmani-Oskooee & Aftab, 2017).
Bollerslev (1986) pioneered the GARCH families to serve as an extension to the Autoregressive
Conditional Heteroskedastic (ARCH) model proposed by Engle (1982), and extended to Integrated
GARCH (IGARCH) by Nelson (1990).

Figure 5 has shown that Mohsen Bahmani-Oskooee has the most published articles in the area of
asymmetric exchange rate volatility. Figure 6 has shown that the United States has the most published
articles in the area of asymmetric exchange rate volatility. We can discern that, despite the economic
importance of the ECOWAS region, few studies are conducted related to the asymmetric effects of
exchange rate on the region’s trade.

Figure 5. Network graph of literature on exchange rate volatility based on author keywords.
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The review of the above studies implies that various studies have employed several econometric
models to examine the trade-volatility relationship in different countries (Asteriou et al., 2016; see for
example Bahmani-Oskooee & Arize, 2020). One common feature of these studies is that they model
exchange rate as GARCH(1,1) to measure the volatility (Arize et al., 2017; Bahmani-Oskooee & Arize,
2020) or assume symmetry in the trade-volatility relationship (Akalpler et al., 2017; Asteriou et al., 2016).
Therefore, this study examines the asymmetry of trade-volatility relationship and considers other variants
of the GARCH families such as Integrated GARCH (IGARCH), Exponential GARCH (EGARCH) and Threshold
GARCH (TGARCH) to measure the volatility.

4. Data and econometric methodology

4.1. Data

This research work utilizes monthly time series data from January, 1999 to September, 2017. This sample
period has been chosen as it reflects the establishment of the Euro Area. The International Financial
Statistics (IFS) database is the source of all the variables in this study. Nine (9) countries are considered
in this study: Nigeria, Ghana, Senegal, Niger, Burkina Faso, Cote D’Ivoire, Mali, Benin, and Togo.

The volume of exports of each ECOWAS country to the Euro Area represents the export (X) variable.
The industrial production index of the Euro Area represents foreign income (Y�), similar to Asteriou et al.
(2016) and Akalpler et al. (2017). The producer price index of the Euro Area serves as a measure of the
foreign prices (P�). Following Ribeiro et al. (2020), real exchange rate (R) is calculated as the product of
the nominal exchange rate (E) and the ratio of foreign prices to domestic prices2. The consumer price
index (CPI) for each country represents the domestic prices, while Eurozone CPI (CPI�) is the proxy of for-
eign prices. Following Enders (2015) and Akalpler et al. (2017), the logarithmic change of R is employed
to fit the best GARCH model for each country3. The IGARCH (1,1) is determined to be the best model for
all the countries. Subsequently, the volatility measure (V) is generated from the variance series of the
IGARCH model for each country in contrast to Bahmani-Oskooee and Arize (2020), Akalpler et al. (2017)
and Asteriou et al. (2016).

4.2. Volatility measure

We follow the procedure in Figure 7 to estimate and decompose the volatility measure.

Figure 6. Network graph of literature on exchange rate volatility by author.
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4.3. Export equation

We follow Asteriou et al. (2016) and Akalpler et al. (2017) to estimate the export equation represented
by Equation (1):

Xt ¼ b0 þ b1lnY
eu
t þ b2lnP

eu
t þ ln Vt þ et (1)

From the viewpoint of the ECOWAS countries, their exports (Xt) are determined by foreign income
(Yeu

t ), foreign price (Peut ) and uncertainty, which is measured by the volatility (Vt). Thus, the following the-
oretical relationships are expected: foreign income has a positive effect on the EEE; foreign prices have a
positive effect on the EEE; and exchange rate volatility has a negative effect on the EEE.

However, this study differs from the previous studies that use the same export equation but consider
symmetric volatility effect, instead of asymmetric relationship.

4.4. ARDL and NARDL approaches

Trade models guides the choice of variables, but do not specify the econometric model(s) suitable for
the variables. This gives the researchers the freedom to choose various econometric models at their dis-
posal (Arize et al., 2017; see for example Asteriou et al., 2016; Bahmani-Oskooee & Arize, 2020, 2022).
The econometric models considered in this study include the Autoregressive Distributed Lag (ARDL)
model that assumes symmetry (linearity) of trade-volatility relationship, and the Nonlinear
Autoregressive Distributed Lag (NARDL) model that considers the trade-volatility relationship to be asym-
metric (nonlinear).

The first approach, the ARDL model, was developed by Pesaran et al. (2001) and it can be applied to
a mixture of I(1) and I(0), or purely I(1) regressors. Asteriou et al. (2016) and Akalpler et al. (2017)

Figure 7. The architecture of the GARCH estimate (source: authors).
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employed the same econometric technique. In simple form, the ARDL modelling approach involves esti-
mating the following conditional error correction models (see Akalpler et al., 2017; Asteriou et al., 2016):

DYt ¼ a0 þ
Xn1
i¼1

hiDYt−i þ
Xn2
i¼0

ciDXt−i þ d0Yt−1 þ diXt−1 þ ut (2)

In Equation (2), D is the difference operator, Yt is the dependent variable, Xt is a set of independent
variables and ut is a serially independent random error term with zero mean. The bounds test is used
for investigating one or more long-run relationships among the variables in the equation. The null
hypothesis of no co-integration and the alternative hypothesis of co-integration are given below:

H0 : d0 ¼ di ¼ 0 no cointegration
H1 : d0 6¼ di 6¼ 0 cointegration exists

In the case of co-integration based on the bounds test, the error correction model (ECM) can be esti-
mated. The ECM is a re-parametrization of the ARDL (Asteriou et al., 2016; Pesaran et al., 2001).
Therefore, the most informative way to write the error correction models of co-integration can be speci-
fied as follows:

DYt ¼ a0 þ
Xn1
i¼1

hiDYt−i þ
Xn2
i¼0

ciDXt−i − pet−1 þ et (3)

In Equation (3), D denotes the difference operator, et is a serially independent random error with zero
mean, and et is the white-noise error term, p is the coefficient of adjustment derived from the long-run
co-integration model. In fact, p reveals how much of the equilibrium error is corrected each period and
it is expected to be negative and statistically significant. If p¼ 0, then there is no adjustment and there-
fore there is no long-run relationship (see Pesaran et al., 2001 for details).

The second approach is the NARDL model, which considers one or more of the regressors as nonlin-
ear (Shin et al., 2011; 2014). Bahmani-Oskooee and Arize (2020) utilizes NARDL to estimate the asymmet-
ric trade-volatility relationship. In a similar fashion, the nonlinear ARDL (NARDL) can be represented as:

The NARDL involves decomposition of the volatility into the partial sums of positive and negative
changes. The volatility can be decomposed as follows;

Vþ
t ¼

Xn
k¼0

DVþ
t ¼

Xn
k¼0

maxðDVþ
t , 0Þ

V−
t ¼

Xn
k¼0

DV−
t ¼

Xn
k¼0

minðDV−
t , 0Þ

Where Vþ
t and V−

t are the partial sums of positive and negative changes respectively.
The export equation can be transformed in the form of the ARDL and NARDL models based on

Equations (2). The ARDL is modelled without decomposition of the volatility as in Equation (4)

DlnXt ¼ a0 þ
Xn1
i¼1

hiDlnXt−i þ
Xn2
i¼0

ciDlnYt−i þ
Xn3
i¼0

giDlnPt−i

þ
Xn3
i¼0

xiDlnVt−i þ d0lnXt−1 þ d1lnYt−1 þ d2lnPt−1 þ d3lnVt−1 þ ut

(4)

After using the decomposed volatility measures Vþ
t and V−

t in place of Vt in Equation (4), the NARDL
can be written as in Equation (5).

DlnXt ¼ a0 þ
Xn1
i¼1

hiDlnXt−i þ
Xn2
i¼0

ciDlnYt−i þ
Xn3
i¼0

giDlnPt−i

þ
Xn4
i¼0

xþ
i DlnV

þ
t−i þ

Xn5
i¼0

x−
i DlnV

−
t−i þ d0lnXt−1

þd1lnYt−1 þ d2lnPt−1 þ dþlnVþ
t−1 þ d−lnV−

t−1 þ ut

(5)
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5. Empirical results

This section covers the estimation of the ARIMA(p, d, q), GARCH(p, q), ARDL and NARDL models.
Subsequently, the last two models are compared and the better model is explained.

5.1. ARIMA(p, d, q) for the real exchange rate

After calculating the real exchange rate for each country, formal unit root tests based on Augmented
Dickey Fuller (Dickey & Fuller, 1979) and Phillips-Perron (Phillips & Perron, 1988) are conducted. It is
found that the real exchange rate is integrated of order one for all the countries4. Thus, transformation
of the series is required for the ARIMA(p, d, q) (Alamrouni et al., 2022; Mati, 2021). To that end, we con-
sider taking the natural logarithm and first difference of each of the series to make it stationary. The
best fitting ARIMA(p, d, q) for each country is given in Equation (6). Although ARIMA(0,1,1) has lower SIC
value for all the countries except Ghana, Senegal and Burkina, it is more reasonable to work with the
reported ARIMA models because their correlograms resemble the theoretical ARIMA(1,1,0) model5.

Equation (6) reports the best ARIMA models of the real exchange rate for each country. The reported
coefficients are statistically significant and the error terms are white noise. We use these models to esti-
mate the respective GARCH models reported in Table 1.

DlnRt ¼

−0:286DlnRt−1 þ et þ 0:654et−1, for Nigeria
0:212DlnRt−1 þ 0:281DlnRt−2 þ et , for Ghana
0:259DlnRt−1 þ et , for Senegal
0:240DlnRt−1 þ et , for Niger
0:213DlnRt−1 þ et , for Burkina Faso
0:235DlnRt−1 þ et , forCoteD0Ivoire
0:291DlnRt−1 þ et , for Mali
0:179DlnRt−1 þ et , for Benin
0:232DlnRt−1 þ et , for Togo

8>>>>>>>>>>>>><
>>>>>>>>>>>>>:

(6)

Where R stands for the real exchange rate, D is the difference operator and ln is the natural logarithm.

5.2. The GARCH models

In this section, the maximum likelihood (ML) technique is used to estimate the variance equation of the
GARCH model for each country, with the respective best ARIMA(p, d, q) model as the mean equation.
The GARCH models compared include IGARCH, GARCH, EGARCH, TGARCH and using various lag orders.
The IGARCH happens to be the best-fitting model among the GARCH families for each country. The
IGARCH model is chosen because the value of the Schwarz Information Criterion (SIC) is minimum, all
the parameters are statistically significant, absence of autocorrelations among standardized residuals and
standardized residuals squared. Table 1 presents the best GARCH model for each country. The variance
series of the IGARCH model represents the volatility measure for the respective country.

Table 1. Mean and variance equations of the GARCH.
Mean Equation GARCH Equation

Country Rt−1 Rt−2 et−1 e2t−1 ht−1
Nigeria −0.251��� 0.503��� −0.039��� 1.039���
Ghana 0.175��� 0.240��� −0.018��� 1.018���
Senegal 0.016��� −0.057��� 1.057���
Niger 0.216��� 0.066��� 0.934���
Burkina Faso 0.177��� 0.034�� 0.966���
Cote D’Ivoire 0.227�� 0.068��� 0.932��
Mali 0.255��� 0.045��� 0.955���
Benin −0.023��� −0.057��� 1.057���
Togo 0.224�� 0.081��� 0.919���
Note. ��� and �� stand for 1% and 5% level of significance respectively.

COGENT ECONOMICS & FINANCE 9



5.3. Bounds test

After generating the volatility measure, we then take the natural logarithm of all the variables, plot the
line graphs of each variable to ensure the absence of outliers and test for the presence of a unit root.
Exports, relative price and foreign income and volatility are I(1) for all the countries. However, the
decomposed volatility measures are I(0) for each country. Therefore, the ARDL and NARDL are the most
suitable models for the trade equations. After that, the bounds test based on Equation (2) is conducted
to establish the existence of a long-run relationships among the variables in the export equation for
each country. As shown in Table 2, the F-value obtained from this test is then compared with the lower
and upper critical values for the F-statistic found in Pesaran et al. (2001). There is no cointegration if the
F-value is lower than I(0), cointegration exists if the F-value is greater than the I(1) critical value, and it is
inconclusive if the F-value lies between these two extreme critical values. In addition to this, ARDL and
NARDL are compared in order to choose a better model between them.

Table 2 reveals that the F values for the symmetric model for Togo (4.342421) lies above the I(0) and
I(1) critical values of 5% and 10%, but lies between the extreme critical values of 1%. This implies that
cointegration exists for the Togo-Eurozone export equation at 5% and 10%, but it is inconclusive at 1%.
On the other hand, the F-value for the asymmetric model (8.603874) of Togo’s export equation is greater
than the I(1) critical value, implying the existence of cointegration at all the conventional significance
levels. For Ghana, the F-values for the ARDL (3.024867) lie below the I(0) and I(1) critical values at 1%
and 5%, but lie between the extreme critical values of 10%, but the critical value for the NARDL
(2.361283) is in between the extreme values of 5% and 10%, but below that of 1%. Based on the F-test,
no cointegration exists for the Ghana ARDL at 1% and 5%, and the decision is inconclusive at 10%.
Similarly, cointegration cannot be established for the Ghana NARDL at 1% and it is inconclusive at 5%
and 10%. However, if an alternative method of testing for cointegration based on Equation (3) is utilized,
cointegration is confirmed for the Ghana ARDL model because the error correction term (p) is negative
and statistically significant. In summary, the Eurozone-bound export equation for each country has a
long-run relationship with other regressors in the ARDL and NARDL equations at the conventional sig-
nificance levels. Hence, the long-run relationship for the export equation can be estimated in the form
of Equations (4) and (5) for ARDL and NARDL, respectively. Model Selection and Residual Diagnostics

Table 2 aims to compare ARDL and NARDL with a view to choosing a better model. The measures
used include information criteria (SIC), residual diagnostics (SC, H, N and AR) and stability measures (CQ
and CS). Smaller SIC values imply that the respective model is more parsimonious than the other. As
shown in the table, NARDL has a lower SIC value than ARDL for all the countries except Ghana. Thus,
SIC chooses NARDL over ARDL for all the countries other than Ghana. However, estimation of the Ghana

Table 2. F-statistic of cointegration relationship.
Country Test Statistic F-Value I(0) I(1)

Nigeria Symmetric Model (ARDL) 5.677��� 2.79 3.67
Asymmetric Model (NARDL) 16.349��� 2.56 3.49

Ghana Symmetric Model (ARDL) 3.025 2.79 3.67
Asymmetric Model (NARDL) 3.361� 2.56 3.49

Mali Symmetric Model (ARDL) 9.953��� 2.79 3.67
Asymmetric Model (NARDL) 12.061��� 2.56 3.49

Senegal Symmetric Model (ARDL) 29.713��� 2.79 3.67
Asymmetric Model (NARDL) 30.297��� 2.56 3.49

Niger Symmetric Model (ARDL) 33.622��� 2.79 3.67
Asymmetric Model (NARDL) 31.531��� 2.56 3.49

Togo Symmetric Model (ARDL) 4.3424�� 2.79 3.67
Asymmetric Model (NARDL) 8.604��� 2.56 3.49

Benin Symmetric Model (ARDL) 7.0716��� 2.79 3.67
Asymmetric Model (NARDL) 7.475��� 2.56 3.49

Burkina Faso Symmetric Model (ARDL) 10.191��� 2.79 3.67
Asymmetric Model (NARDL) 11.412��� 2.56 3.49

Cote D’Ivoire Symmetric Model (ARDL) 8.402��� 2.79 3.67
Asymmetric Model (NARDL) 18.544��� 2.56 3.49

Note. ���, ��, and � denote “rejection” of the null hypothesis that there is no long-run relationship at 1%, 5% and 10% level of significance
respectively. The critical value bounds are obtained from Pesaran et al. (2001). The ARDL lower (upper) critical values for 1% and 10% are
3.65 (4.66) and 2.37 (3.20), respectively. While the NARDL lower (upper) critical values for 1% and 10% are 3.29 (4.37) and 2.20 (3.09),
respectively.
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NARDL model indicates that at least one of the volatility measures is significant in the short run, as
shown in Table 3. Hence, it will be more reasonable to model Ghana exports as NARDL instead of ARDL.

The CUSUM test, as suggested by Brown et al. (1975), is a good tool that provides an insight into the
stability of the export parameters. The summary of the CUSUM (CQ) and CUSUM of Squares (CS) tests,
which show the stability of the parameter and variance estimates, is presented in Table 4. If the CUSUM
plot falls within the 5 per cent significance boundary, the model is stable, otherwise it is unstable. As
indicated by the CQ, both ARDL and NARDL models for all the countries are stable, but the CS indicates
that all the ARDL and NARDL models are stable for all the countries except Niger, Togo and Benin.
However, CS shows that ARDL is unstable but NARDL is stable. Therefore, NARDL is more suitable for
modelling the EEE.

6. Estimation results

The estimation results for the NARDL are presented and explained in this section, with the aim of
addressing the second research question, which tries to identify the factors that determine EEE for each
country. As mentioned earlier, the dependent variable is the volume of exports from each country to
the Eurozone, while the independent variables are the foreign income, foreign price and exchange rate
volatility. If an independent variable is statistically significant, it implies that it is an important factor in
determining the EEE for that country, and vice versa. Tables 3 and 5 contain the long-run and short-run
estimates for the NARDL, respectively. For both models, the maximum lag order is determined by the
number of lags that whiten the error term in the unrestricted Vector Autoregressive (VAR) model6. The
order of the NARDL is determined automatically by AIC. Although SIC selects a more parsimonious
model, it is more reasonable to work with AIC selection as it can reveal a better insight into the dynam-
ics of the model. For Nigeria, significance is confirmed for all the long-run regressors at conventional lev-
els of 1%, 5% and 10%. The significant long-run coefficient(s) is/are lnXt only for Ghana, lnXt and lnV−

t

for Mali, lnXt and lnPt for Niger, lnXt and lnYt−1 for Senegal, Togo and Benin, lnXt−1 and lnVþ
t−1 for Burkina

Table 3. Short run estimates of the NARDL.
Nigeria Ghana Mali Senegal Niger Togo Benin Burkina Cote

DlnXt−1 −0.445��� −0.233��� −0.252���
DlnXt−2 0.127��
DlnXt−3 0.158���
DlnXt−5 0.121��
DlnXt−6 0.124�� −0.151��
DlnXt−7 0.124�� −0.128��
DlnYt−1 3.350�� 21.873��
DlnYt−2 −5.973��
DlnYt−3 3.288�� 18.577�� −8.045�
DlnYt−4 −9.794��
DlnYt−5 8.996��
DlnYt−6 8.608��
DlnYt−7 9.006��
DlnPt 10.503��� 16.747��
DlnPt−1 −1.429�� −1.870���
DlnPt−2 7.438�� 22.4260��
DlnPt−3 −9.429��� −18.643���
DlnPt−4 −8.334�� −1.688��� 26.099���
DlnPt−5 7.884�� 7.869�� −19.600��
DlnPt−6 0.707��
DlnVþ

t 2.303���
DlnVþ

t−1
DlnVþ

t−3 −1.407�
DlnV−

t 5.110��
DlnV−

t−1 1.425��
DlnV−

t−3 −1.335��
DlnV−

t−4 0.709�� −1.410��
DlnV−

t−6 −5.410���
DlnV−

t−7 −7.235�� −2.526��
Wald-Sp 2.934� 0.283 1.525 0.017 0.237 0.726 2.0335 3.345 2.303
Wald-Sn 6.227�� 0.102 2.778� 0.044 0.364 2.248 0.891 3.837� 3.958�
Note that ���, ��, and � indicate significance at 1%, 5% and 10% respectively. While Wald-Sp and Wald-Sn stand for the Wald test of posi-
tive and negative volatilities respectively.
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Faso, lnXt−1 and lnV−
t−1 for Cote D’Ivoire. Nigeria and Burkina Faso are the only countries that record sig-

nificant long-run coefficients for both lnVþ
t and lnV−

t , Mali and Cote D’Ivoire have a significant coeffi-
cient for lnV−

t only. The coefficient of lnYt is only significant for Nigeria and Togo at 1%, Senegal and
Benin at 5%; lnXt is significant for all the countries at 1%; and lnPt is significant for Nigeria, Niger and
Burkina Faso only.

Looking at the short run coefficients from Table 3, it is clear that the positive volatility coefficients
affect Senegal only and negative volatility coefficients exert influence on Ghana, Mali, Niger, Togo, Benin
and Burkina Faso. The next step is to determine the countries that exhibit a short-term asymmetrical
relationship between trade and volatility. From Table 3, it can be seen that Ghana, Senegal, Niger, Togo,
and Benin have at least one statistically significant coefficient related to volatility measures. All of these
countries display negative coefficients in line with theoretical expectations, except for Senegal’s DlnV−

t

and Benin’s DlnV−
t−1: This suggests that traders in these countries may have different attitudes towards

volatility. They may choose to increase exports to Eurozone when they anticipate a drop in volatility, but
if the decreased volatility lasts for several months, their exports may fall since the higher lags of the
short-term volatility measures have negative coefficients.

7. Discussion

The foregoing analysis indicates the suitability of modelling the export-volatility relationship as asym-
metric rather than symmetric. The significance of all the long-run coefficients for Nigeria could be due
to the fact that it is the largest Eurozone trade partner in the ECOWAS. As mentioned earlier, the
expected signs of foreign income (Y), foreign price (P) are positive and that of volatility measures (V) is
negative. The long-run coefficients of foreign price and positive volatility measures for Nigeria have the
expected signs, but that of foreign income does not. The foreign income in the long run could be

Table 4. Model selection and diagnostic tests.
Test Statistic SC H AR CQ CS SIC

Nigeria ARDL 3.40(0.18) 13.38(0.15) 0.29(0.59) S S 0.182
Nigeria NARDL 3.41(0.49) 75.82(0.17) 3.02(0.08) S S 0.035
Ghana ARDL 0.12(0.94) 10.68(0.30) 0.86(0.35) S S 0.738
Ghana NARDL 2.07(0.72) 54.65(0.79) 2.76(0.10) S S 0.769
Senegal ARDL 0.83(0.66) 11.96(0.22) 3.17(0.07) S S 0.077
Senegal NARDL 0.32(0.99) 72.72(0.05) 5.70(0.02) S S 0.049
Niger ARDL 2.30(0.32) 19.27(0.02) 0.15(0.70) S U 3.639
Niger NARDL 0.88(0.93) 50.07(0.91) 0.24(0.63) S S 3.647
Cote ARDL 2.68(0.26) 43.54(0.00) 45.34(0.00) S U 1.188
Cote NARDL 5.64(0.23) 122.95(0.00) 65.95(0.00) S S 1.178
Burkina ARDL 0.91(0.63) 7.59(0.58) 16.50(0.00) S S 1.496
Burkina NARDL 3.03(0.55) 91.98(0.00) 15.81(0.00) S S 1.453
Togo ARDL 2.56(0.28) 47.32(0.00) 20.85(0.00) S U 1.979
Togo NARDL 6.15(0.19) 79.81(0.00) 11.74(0.00) S U 1.924
Benin ARDL 0.69(0.71) 35.65(0.00) 5.07(0.02) S S 2.175
Benin NARDL 1.48(0.83) 169.52(0.50) 7.58(0.01) S S 2.123
Mali ARDL 2.76(0.25) 6.21(0.72) 0.25(0.62) S S 1.780
Mali NARDL 3.49(0.48) 54.87(0.44) 0.03(0.87) S S 1.764

SIC, SC, H, AR, CQ, and CS stand for Schwarz Information Criterion, Akaike, Serial Correlation (LM), Heteroskedasticity (BPG), Normality, Arch,
CUSUM and CUSUM of Squares test, respectively. S stands for “stable” and U for “unstable”. Probabilities are given in parenthesis.

Table 5. Long-run estimates of the NARDL.
Intercept lnXt lnYt lnPt lnVþ

t lnV−
t

Nigeria −14.4215��� −0.53728��� −1.29497��� 5.318205��� −0.05657� 0.057608��
Ghana −2.65415 −0.1726a −0.06689 0.797061 0.063634 0.029014
Mali −0.59665 −0.37626a −0.8386 1.127874 0.19329 0.255651�
Senegal −0.52217 −0.80754a 0.979944�� −0.29964 0.009037 0.011453
Niger −20.8789 −0.85632a −2.90125 7.868398�� −0.1302 −0.15162
Togo 19.98572��� −0.4295a −4.66982a 0.390314 −0.08846 −0.13559
Benin 18.30617��� −0.36394a −2.63724�� −1.37982 0.270814 0.149152
Burkina −9.24378� −0.39507a 0.330142 1.912765�� −0.29171� −0.27254�
Cote −0.04303 −0.59184a −0.29258 1.002229 −0.1543 −0.18311��
Note that ���, ��, and � indicate significance at 1%, 5% and 10% respectively. The long run coefficients are calculated as Y ¼ − d1

d0
, lnP ¼

− d2
d0
, lnVþ

t ¼ −dþ
d0

and lnV−
t ¼ − d−

d0
:
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negatively related with Nigeria-Eurozone exports because the Eurozone is likely to find alternatives to
Nigeria’s imports through support or import substitution programs as its income rises. Another explan-
ation is that crude oil is part of the Nigerian exports to the Eurozone, and the Eurozone is shifting to
the use of alternative sources of energy as its income rises. In addition to this, asymmetry of volatility
effect is confirmed, as the impact of the negative volatility (0.058) is higher than that of positive volatil-
ity (-0.057). This implies that increased volatility tends to decrease exports from Nigeria to the Eurozone,
while reduced volatility leads to a rise in the exports. However, as shown in Table 3, the short-run asym-
metry cannot be established as only logarithmic change in current price (DlnPt) and its lags, and some
lags of logarithmic change in exports (DlnXt) affect the logarithmic change in the Nigeria-Euro exports
(DlnXt). Burkina Faso is another ECOWAS country that faces asymmetry of the impact of exchange vola-
tility on its Eurozone-bound exports. As shown in Table 5, the impact of the negative volatility on
Burkina-Faso-Eurozone exports (-0.273) is higher than that of positive volatility (-0.292). However, in
absolute terms, the impact of positive volatility for Burkina Faso tend to be higher than that of negative
volatility. In other words, increased volatility tends to reduce the exports of Burkina Faso more than the
negative volatility. Moreover, the short-run coefficient of the negative volatility measure DlnV−

t for
Burkina Faso, as shown in Table 3, is 5.11. The implication is that Burkina-Faso-Eurozone exports rise
instantly by 5.11% as the exchange rate volatility drops by 1% and that exchange rate volatility affects
the exports of Burkina Faso to Eurozone asymmetrically in both the short run and long run. The long-
run asymmetry of trade-volatility relationship can also be established for Mali and Cote D’Ivoire, as Table
5 shows that the coefficient of lnV−

t is significant for the export equation of both countries. Exports
increase with a decrease in volatility for Mali as the coefficient of lnV−

t is positive, but the reverse is the
case for Cote D’Ivoire. Asymmetry of trade-volatility relationship in the short run for Mali is also con-
firmed, as Table 3 indicates that the coefficient of DlnV−

t−6 is significant.
The next task is to identify the countries with short-run asymmetry of trade-volatility relationship

only. As shown in Table 3, Ghana, Senegal, Niger, Togo and Benin have at least one significant coeffi-
cient of the volatility measure. All the short run volatility coefficients for these countries have the theor-
etically expected negative sign, except DlnV−

t for Senegal and DlnV−
t−1 for Benin. This could be explained

by the country’s decision to increase exports to Eurozone whenever they anticipate a drop in volatility;
however, the exports fall if the decreased volatility lasts for some months as the higher lags of the short
run volatility measures have negative coefficients. This implies a different attitude to volatility by traders
in different ECOWAS countries. To address the first research question in depth, long-run asymmetry is
confirmed for Nigeria, Mali, Burkina Faso and Cote D’Ivoire, while short-run asymmetry is established for
Mali, Burkina Faso, Ghana, Senegal, Niger, Togo and Benin. This implies that the last five countries have
an asymmetric trade-volatility relationship in the short run only, while Mali and Burkina Faso are the
only countries with an asymmetric trade-volatility relationship in both the short run and long run.

Besides the exchange rate volatility, other factors considered in this study are foreign income (Y) and
foreign price (P). This section tries to address the second research question, which identifies the factors
(foreign income, foreign price and volatility) that determine the EEE for each country. All these factors
are important in determining the exports from Nigeria to the Eurozone in the long run, but only the
Eurozone price is important in the short run. For Ghana, foreign prices, volatility and foreign income do
not explain the changes in its export in the long run, but negative volatility and foreign income cause
the changes in its import in the short run. For Mali, exports to the Eurozone respond only to decreased
volatility and its own lag in the short run, but the exports only change with the changes in foreign price
and a drop in volatility. For Senegal, Eurozone income is the only important factor in the long run, and
foreign income, increased volatility and foreign price play an important role in determining the exports
in the short run. For Togo, Eurozone income is the important determinant for export in the long run,
and Eurozone income and reduced volatility influence its exports in the short run. For Benin, foreign
income determines the exports in the long run, and foreign income, reduced volatility and foreign price
are the main factors in the short run. For Burkina Faso, foreign price and volatility measures are the
main factors in both the short run and long run. For Cote D’Ivoire, reduced volatility is the main factor
in the long run and foreign income and price are the main determinants in the short run. In general,
Senegal, Togo and Benin are coastal countries, which means that transportation to the Eurozone is com-
paratively cheaper; hence, Eurozone income is more important in determining their exports than foreign
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price in the long run. However, foreign price is more influential factor for Niger and Burkina Faso
because these countries are landlocked and transportation to the Eurozone will be very expensive.
Senegal has a positive long run coefficient of foreign income (Yt) and at least one of the short run coeffi-
cients of DYt for Cote D’Ivoire and Benin contradicts the expected relationship. A negative coefficient for
Eurozone income implies that the exports are dominated by goods and services that are inferior goods
to the citizens of the Eurozone, while a positive coefficient indicates that the goods and services are nor-
mal goods. A positive coefficient of foreign price means the goods or services exported are substitutes,
otherwise they are complementary or unrelated. The significant long-run coefficients of Nigeria and
Burkina Faso are in line with the theoretical postulation. A negative coefficient for the exchange rate
volatility indicates that the ECOWAS country is a risk taker, while a positive coefficient signifies risk aver-
sion. For the long run, both negative and positive volatility is confirmed for Burkina Faso and Cote
D’Ivoire.

To provide answer to the penultimate question regarding the nature of goods and services that con-
stitute the EEE, the concepts of income elasticity and cross elasticity are used. Income elasticity can be
used to explain the type of goods or services that constitute the exports from Nigeria, Senegal, Togo
and Benin to the Eurozone, while cross elasticity will be suitable for explaining the type of goods or
services exported from Niger and Burkina Faso to the Eurozone. To that end, the exports of Senegal in
the long run can be said to constitute goods or services or a large share of goods or services that are
necessity goods to the citizens of the Eurozone because, as shown in Table 5, the estimates of its
income elasticity are positive and less than unity. The exports of Nigeria, Togo and Benin consist of
goods and services or large share goods and services that are inferior as the estimates of their income
elasticity is negative, while changes in foreign income leave the exports of the rest of the countries
unaffected. The exports of Nigeria, Niger and Burkina Faso consist of substitute goods as the estimates
of their cross elasticity are positive, indicating that their exports rise in the long run as the foreign price
increase. The exports of goods and services from the other countries consist of neither complimentary
nor substitute goods as the estimates of their cross elasticities are insignificant. With the help of Table 3,
the same explanation can be used to classify the goods and services that constitute the exports from
the ECOWAS countries to the Eurozone in the short run.

The last question attempts to establish the policy implications of the findings of these study. In gen-
eral, a negative coefficient of the volatility measure requires the ECOWAS country to control its
exchange rate movement by implementing policies such as a managed floating exchange rate regime. A
positive coefficient of volatility augurs well for a purely floating exchange rate regime. Economic diversi-
fication would the best way for an ECOWAS country to address the negative coefficient of foreign
income. If the coefficient of foreign price is positive, it implies that the government in the ECOWAS
country needs to provide support or incentives for exports, otherwise its exports will not be able to
compete with the goods and services in the Eurozone. However, ECOWAS should avoid implementing
policies that damage the Eurozone. Hence, trade agreements such as EPA are very important.

8. Conclusion

This study attempts to establish the existence of the asymmetric impact of exchange rate volatility on
exports from ECOWAS countries to the Eurozone. The measure of exchange rate volatility used for all
the countries is IGARCH(1,1) as it is considered to be the most parsimonious model without redundant
coefficients in both the mean and variance equations. After the bounds test confirms the existence of a
long-run relationship for all the countries except Ghana, the ARDL and NARDL models were estimated,
and the latter model happened to be better than the former for all the countries. Long-run asymmetry
is confirmed for 3 countries (Nigeria, Mali, Burkina Faso and Cote D’Ivoire), while a short-run asymmetry
is established for Mali, Burkina Faso, Ghana, Senegal, Niger, Togo and Benin. This implies that the last
five (5) countries only have an asymmetric trade-volatility relationship in the short run, while Mali and
Burkina Faso are the only countries with asymmetric trade-volatility relationships in both the short run
and long run.

In addition to the asymmetry of volatility, other factors in the export equation are used to classify the
kinds of goods and services that constitute/dominate the exports according to the estimates of foreign
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income and foreign price. Nigeria, Togo and Benin export inferior goods as the estimates of their income
elasticities are negative, and Senegal’s exports consist of necessity goods as the estimates of its income
elasticity lie between 0 and 1. On the other hand, Nigeria, Niger and Burkina Faso export substitute
goods as the estimates of their cross elasticities are positive.

In order to raise their exports to the Eurozone, ECOWAS countries that face a negative (positive)
impact of volatility on their exports are recommended to implement the exchange rate policies that will
reduce (increase) the volatility of the exchange rate. A managed floating exchange rate regime reduces
the volatility while it is increased by a purely floating exchange rate regime. On the other hand, for the
Eurozone to control its imports from the ECOWAS, it should be able to persuade the countries to imple-
ment exchange rate policies that are favourable to the Eurozone. The persuasion can be in the form of
incentives such as foreign aid, or signing trade agreements such as the EPA. The countries that export
inferior goods and services are recommended to diversify their economies so that they can establish
other source(s) of exports to the Eurozone. Governments are recommended to provide support for the
exports that are substitutes to the Eurozone’s goods and services so that the price of their exports will
be lower than the Eurozone price.

Although no study exists that has examined the asymmetric impact of exchange rate volatility on
ECOWAS-Eurozone exports, this study is not exhaustive. It employs only one measure of exchange rate
volatility, and does not consider imports from the Eurozone to ECOWAS as there are no available data
on the industrial production index for the ECOWAS countries. Moreover, the study analyses the asym-
metric impact of volatility on the economy as a whole, not on the individual sectors that make the
whole. Therefore, this study suggests that future research should consider the inadequacies of the pre-
sent study. For example, future studies can compare the results of the trade-volatility relationship
between the major ECOWAS’s blocks of West African Economic and Monetary Union (WAEMU) and West
African Monetary Zone (WAMZ).

Disclosure statement

No potential conflict of interest was reported by the author(s).

Data accessibility

The data that support the findings of this study is openly available in the database of International Financial
Statistics at the following addresses

– Consumer/producer price index: https://data.imf.org/regular.aspx?key=61545849
– Exchange rate: https://data.imf.org/regular.aspx?key=61545850
– Trade of goods: https://data.imf.org/regular.aspx?key=61545859

Notes

1. See this site for more details: http://www.ecowas.int/member-states/
2. Specifically R ¼ E � CPI�

CPI
3. The mean equation for the GARCH model of each country is the best ARIMA model for the natural logarithm

of R.
4. The unit root tests are not reported to save space
5. To save space, the correlograms are not reported.
6. The highest lag order indicated by the lag selection criteria is 5. However, we consider using a maximum of 7

lags for all the countries to avoid losing many degrees of freedom.
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