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Abstract
This paper analyses the effects of real exchange rate on the trade balance in Cote d’Ivoire using times series from 1975
to 2017. Although many studies have investigated this issue, most of them assume that this relationship is symmetric.
This paper relaxes this assumption employing the nonlinear autoregressive distributed lag (ARDL) model by Shin, Yu
and Greenwood-Nimmo (2014). The results show that trade balance responds stronger to negative shocks in real
exchange rate than to positive ones in the long-run, while the short-run response of trade balance is symmetric.
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1. Introduction
Since the adoption of floating exchange rates in the 1970s, the effectiveness of exchange rate depreciation in improving
the trade balance is a subject of intense debate among economists. Following a devaluation of domestic currency, the
import price rises while the export price falls, leading the trade balance to improve. However, the positive effect of
devaluation on the trade balance depends on the price elasticity of imports and exports. The popular Marshall-Lerner
condition demonstrates that for devaluation to improve the trade balance, the sum of the demand elasticities for exports
and imports should exceed one. Despite the popular belief that real depreciation of domestic currency can improve the
trade balance, the empirical evidence is mixed and inconclusive. The literature is awash with studies that tried to
ascertain the impact of real exchange rate on the trade balance. While some studies supported the view that real
exchange rate depreciation improves the trade balance (e.g., Kale, 2001; Baharumshah, 2001; Bahmani-Oskooee, 2001;
Boyd, Caporale, & Smith, 2001; Lal & Lowinger, 2002; Musila & Newark, 2003; Ogbonna, 2011; Igue & Ogunleye,
2014), many others found a negative or insignificant relationship between the two variables (e.g., Rose & Yellen, 1989;
Rose, 1990; Bahmani-Oskooee, 1991; Upadhyaya & Dhakal, 1997; Shahbaz, Awan, & Ahmad, 2011; Akpansung &
Babalola, 2013; Oyinlola, Omisakin, & Adeniyi, 2013; Eke, Eke, & Obafemi, 2015).
Most of the earlier studies assume the effect of an exchange rate change on trade balance to be symmetric. This implies
that depreciation and appreciation of real exchange rate of equal magnitude have the same effect on the trade balance. If
this assumption does not hold, results from linear models may be misleading. Recently, studies have emerged to
examine the possible asymmetry in the trade balance and exchange rate relationship. Several studies have argued that
exporters and importers may behave differently to exchange rate changes. This can be attributed to adjustment costs,
price rigidities, or quantity restrictions (Bussière, Callegari, Ghironi, Sestieri, & Yamano, 2013). Accordingly, this paper
re-examines the nexus between real exchange rate and trade balance in the case of Cote d’Ivoire using a nonlinear
approach.
Cote d’Ivoire is a member country of the West African Economic and Monetary Union (WAEMU) which is made up of
eight countries using the CFA franc as a common currency. The CFA franc was pegged to the French franc and the euro
at a fixed rate since 1999. Over the period 1979-1993, Cote d’Ivoire recorded an economic growth rate of -0.1%. Also,
the current account deficit increased from 10.6% of GDP in 1978 to 18% in 1980 and fall by 11% in 1993. The surplus
of trade balance decreased from 12.3% in 1987 to 7.1% in 1993 while the debt stock increased from 37.2% of GDP in
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1978 to 123% in 1993. The external position was also characterized by a decline in foreign exchange earnings,
overvaluation of the CFA franc exchange rate, accumulation of trade arrears, and debt overhang. To get out of these
problems, Cote d’Ivoire and the other member countries of WAEMU adopted many structural adjustment programs in
the 1980s. In january 1994, the CFA franc was devalued raising the parity rate from 50 CFA francs per French franc to
100 CFA francs per French franc. The real effective exchange rate depreciated by 43% in 1994. This devaluation was
expected to increase the competitiveness of the economy. Following the devaluation of the CFA franc, Cote d’Ivoire
registered a recovery with an economic growth rate of 7.73% in 1996. The trade balance surplus reached 16.4% in 1994
and 13.7% in 1996. However, from 1994 to 2009, the real effective exchange rate appreciated by about 24%, resulting
in a loss of competitiveness. Over the period from 1999 to 2011, Cote d’Ivoire experienced a long period of the political
crisis resulting in an average economic growth rate of 0.5%. With the end of the crisis in 2011 and the return of political
stability, Cote d’Ivoire enjoyed remarkable economic progress, recording an economic growth rate of 8.8% during the
period 2012-2017. This was achieved through increased imports of equipment, machines, and intermediate goods.
To the best of our knowledge, no known study has tested the asymmetry in the trade balance response to exchange rate
in Cote d’Ivoire. The present study re-examines the issue by employing the nonlinear autoregressive distributed lag
approach developed by Shin, Yu, and Greenwood-Nimmo (2014) and annual data from 1975 to 2017. Using this method,
we seek to answer to the following questions. Does the exchange rate depreciation lead to a significant improvement in
the trade balance? Do exchange rate depreciation and appreciation have distinct effects on the trade balance? The results
of this study will contribute to the existing literature on the impact of the real exchange rate changes on the trade
balance in African countries.
The rest of the study is structured as follows. Section 2 reviews the literature on the effect of real exchange rate on the
trade balance. Section 3 outlines the econometric methodology of the study and describes the data. Section 4 discusses
the empirical results. Section 5 concludes the study.
2. Review of Literature
The nexus between trade balance and the exchange rate has received a great deal of attention among economists over
the past four decades. The popular Marshall-Lerner condition states that real devaluation of domestic currency will
improve the trade balance if the sum of the demand elasticity for both exports and imports is greater than one (Marshall,
1923; Lerner, 1944). On the other hand, another contrasting view advocates that trade balance reacts differently to
depreciation in the short and long-run. Theoretically, depreciation makes the domestic goods cheaper as compared to the
foreign ones. This increases the volume of exports. As foreign goods become more costly, the volume of imports will
reduce, improving the trade balance. However, exports and imports may not responsive at the initial period of
depreciation of the exchange rate, as there is a lag period before both consumers and producers adjust to changes in
relative prices (Junz & Rhomberg, 1973; Krueger, 1983; Bahmani-Oskooee & Ratha, 2004). Following a devaluation,
the trade balance may deteriorate first and begin to improve after, leading to a J-curve effect (Magee, 1973).
A growing body of empirical studies investigated the impact of real exchange rate on trade balance using different
econometric techniques. The evidence from this literature is mixed and inconclusive. For instance, Yol and
Baharumshah (2007) applied panel cointegration to ascertain the effects of exchange rate changes on bilateral trade
balance between 10 African countries and the U.S. They found that real exchange rate depreciation improves the trade
balance of Botswana, Egypt, Kenya, Nigeria, Tunisia, and Uganda, but worsens that of Tanzania and has no effect in
Ghana, Morocco, and Senegal in the long-run. Amzath, Drama and Shen (2010) examined the balance of trade of Cote
d’Ivoire throughout 1975-2007. They found that real exchange rate depreciation improves the trade balance both in the
short and long run. Adeniyi, Omisakin, and Oyinlola (2011) examined the case of four West African Monetary Zone
(WAMZ) countries, namely The Gambia, Ghana, Nigeria, and Sierra Leone, for the period 1980-2007. Applying the
bounds testing approach to cointegration, their results confirmed the J-curve effect only in Nigeria. In the cases of The
Gambia and Ghana, real devaluation initially improves the trade balance and then deteriorates it later while no clear
pattern was found for Sierra Leone. Rawlins (2011) studied the relationship between currency depreciation and trade
balance of a panel of 21 Sub-Saharan African countries for the period 1995-2005. Using panel cointegration analysis,
the study concluded that currency devaluation is an effective policy tool in improving the trade balance of most of these
countries.
In the case of Nigeria, Ogbonna (2011), Umoru and Oseme (2013), and Igue and Ogunleye (2014) reported evidence
supporting that exchange rate depreciation improves trade balance. On the other hand, Loto (2011) and Akpansung and
Babalola (2013) found that depreciation of exchange rate does not significantly improve trade balance whereas
Ogundipe et al. (2013), Oyinlola et al. (2013) and Eke et al. (2015) concluded that it leads to trade balance deterioration.
Alege and Osabuohien (2015) explored the trade balance and exchange rate nexus for 40 Sub-Saharan African countries
over the period 1980-2008. They found that the depreciation of domestic currencies does not stimulate trade, given the
heterogeneous structure of the economies and export composition. Anning, Riti, and Yapatake (2015) used cointegration
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analysis and error-correction model to examine the exchange rate-trade balance nexus in Ghana. Using aggregated data
from 1980 to 2013, they found that a real depreciation of the exchange rate causes a deterioration in Ghana’s trade
balance in the short-run followed by an improvement in the long-run. Caporale, Gil-Alana, and Mudida (2015)
employed fractional integration and cointegration methods to Kenya over the period 1996‐2011 and found supportive
evidence of the Marshall-Lerner condition. Ogbonna (2016) applied cointegration analysis and vector error correction
model to the trade balance of Benin for the period 1950-2008. He found that exchange rate depreciation has a long-run
positive impact on the trade balance, but the J-curve effect does not hold in the short-run. Genemo (2017) investigated
the effect of the exchange rate on the trade balance in selected African countries for the period from 1990 to 2014.
Using panel cointegration techniques, he found that a depreciation of the real exchange rate deteriorates trade balance in
the long-run.
Meniago and Eita (2017) studied the case of 39 Sub-Saharan African countries over the period 1995-2012. Using
standard panel estimation methods, they found no significant relationship between exchange rate and trade balance.
Yazgan and Ozturk (2019 considered the bilateral trade flows of 33 countries. They came out with the result that for the
majority of the countries, a real depreciation of the exchange rate improves the home country’s trade balance in the
long-run. However, the short-run J-curve was not observed. Examining the case of Uganda using the bounds testing
approach to cointegration, Kamugisha and Assoua (2020) found that the exchange rate has a significant effect on the
trade balance in the short-run. Keho (2020) examined the impact of FDI on the trade balance in Cote d’Ivoire.
Employing the ARDL bounds testing approach to cointegration, he found that domestic income, real effective exchange
rate, and foreign direct investment are important drivers of the trade balance. Further, real depreciation of the exchange
rate was found to improve the trade balance in both the long and short run. In a recent study, Keho (2021) confirmed the
positive effect of real exchange rate depreciation on the trade balance of Cote d’Ivoire.
One common limitation of the above studies is the assumption of symmetry in the relationship between real exchange
rate and trade balance. This assumption implies that exchange rate depreciation and appreciation cause the same effect
in absolute value on the trade balance. The lack of consensus in the empirical literature could stem from this restriction.
Consequently, studies have emerged in recent years to call for re-examining the asymmetry in the trade balance
response to the exchange rate. Several theoretical studies have pointed out that exporters and importers may react in a
nonlinear manner to changes in the exchange rate. Bussière et al. (2013) argued that asymmetry in the trade balance and
exchange rate nexus can be attributed to adjustment costs, price rigidities, and quantity restrictions. In such a context, it
might be misleading if the relationship between real exchange rate and trade balance is assumed symmetric.
With the development of new econometric techniques in recent years, series of studies have examined the possible
asymmetry in the impact of exchange rate changes on the trade balance. Aliyu and Tijjani (2015) employed the
threshold cointegration technique designed by Enders and Siklos (2001) to uncover the asymmetric nexus between
exchange rate movements and trade balance in Nigeria. The results showed that the trade balance adjusts slowly in
response to exchange rate depreciation, whereas it reacts quickly to exchange rate appreciations. They concluded that
devaluation may not necessarily improve the trade balance. Bahmani-Oskooee and Fariditavana (2015) applied the
nonlinear autoregressive distribution lag (NARDL) approach developed by Shin et al. (2014) and found that exchange
rate movements have asymmetric effects on the trade balance in Canada, China, Japan, and the USA. Relying on the
nonlinear ARDL model, Bahmani-Oskooee and Fariditavana (2016), Arize, Malindretos and Igwe (2017) and
Bahmani-Oskooee and Kanitpong (2017) confirmed asymmetric effects of exchange rate changes on the trade balance.
Iyke and Ho (2017) examined the experience of Ghana by using the linear and nonlinear ARDL approaches. They found
no evidence in support of the short and long-run impact of exchange rate changes on the trade balance in the linear
specification. In contrast, in the nonlinear model, real depreciation was found to improve the trade balance in the
long-run, while real appreciation does not have any impact on the trade balance.
Recently, Akoto and Sakyi (2019) ascertained the determinants of trade balance in Ghana over the period 1984–2015.
The results from both symmetric and asymmetric ARDL models showed that depreciation of domestic currency is not
an appropriate tool to improve the trade balance. Further, the results indicated that household consumption expenditure,
government consumption expenditure, and domestic prices have negative and significant effects on the trade balance in
the long and short-run, whereas foreign income and money supply have positive and significant impacts in the short-run.
Bahmani-Oskooee and Arize (2019) analyzed bilateral trade balance models of the US with each of her 20 trading
partners from Africa. Using the linear and nonlinear ARDL models, they found support for the J-curve effect in three
partners from the linear models and eight partners from the nonlinear models. Furthermore, they found short-run
asymmetric effects of exchange rate changes in almost all models and significant long-run asymmetric effects in half of
the partners. Bahmani-Oskooee and Baek (2019) studied the case of Korean bilateral trade with her 14 partners.
Employing the nonlinear ARDL approach, they reported that in most cases, exchange rate changes have short-run and
long-run asymmetric effects on the bilateral trade balance. Bahmani‐Oskooee, Bose and Zhang (2019) examined the
trade balance between the US and China at the commodity level. They applied the nonlinear ARDL approach and
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considered 97 commodities. They found significant short‐run asymmetric effects in the case of two‐third of the
commodities, whereas one-third of the commodities which account for a large share of Sino-US trade were affected by
significant long-term asymmetry. Bahmani-Oskooee and Arize (2020) examined the case of 13 African countries using
the nonlinear ARDL model. Their results revealed asymmetric effects in many of the countries. Bahmani-Oskooee and
Fariditavana (2020) focused on the bilateral trade balance of the US with Canada and considered 161 industries. The
results provided evidence for asymmetric short-run effects in all industries and significant long-run asymmetric effects
in 62 industries. Bahmani-Oskooee and Gelan (2020) considered the bilateral trade balance of South Africa with the US
for 25 industries. They found short-run asymmetric effects in 19 industries, which last into long-run asymmetric effects
in 14 industries. Nathaniel (2020) examined the case of Nigeria using the non-linear ARDL approach, and found that
positive and negative shocks in the exchange rate are associated with detrimental impacts on the trade balance, but only
the positive shocks are significant.
As can be seen from this review, the literature fails to reach a consensus on the effect of real exchange rate on the trade
balance. Also, the empirical literature for Sub-Saharan African countries on the issue of nonlinearity between exchange
rate and trade balance is scarce. This study aims to investigate the issue in the case of Cote d’Ivoire.
3. Model and Methodology
The empirical methodology of the study consists of three sub-sections. We first describe the empirical model of the
trade balance to be estimated. Next, we outline the econometric methodology of the analysis. Lastly, we present a
description of the data utilized for the estimations.
3.1 Model Specification
The objective of this study is to ascertain the effects of real exchange rate on the trade balance. Following existing
studies, we compute the trade balance as the value of exports divided by the value of imports. This indicator allows the
logarithmic transformation of the trade balance variable regardless of whether exports are greater or less than imports.
Given this definition, the trade balance can be specified as follows:

TBt 

Pt X t
Pt *St M t

(1)

where X stands for the volume of exports, P represents domestic price level, M stands for the volume of
imports, P* is foreign price level, and S denotes the nominal exchange rate. Taking the natural logarithm
yields:





tbt  xt  mt  st  pt  pt*  xt  mt  et

(2)

where et  st  pt  pt is the log of the real exchange rate. On the other hand, we define the long-run export and
*

import demand respectively, as follows:

xt  1  1 yt*   1et

(3)

mt   2   2 yt   2 et

(4)

where y t represents the logarithm of domestic income,

yt* is the logarithm of foreign real income,  1 and  2

represents the elasticities of export and import concerning prices, respectively. Using both equations and substituting
them into the trade balance equation, we obtain the long-run trade balance equation:

tbt    1 yt*  2 yt  et
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where   1   2 and    1   2  1 . Real devaluation of domestic currency will cause the trade balance to
improve in the long run if  1   2  1 .
Using Eq.(5) as the basis of our analysis, we specify the empirical model for trade balance function as follows:

ln TBt   0  1 ln Yt   2 ln YFt   3 ln RERt   4 D94 t  t

(6)

where ln represents natural logarithm, TB is trade balance on goods and services as defined above, Y is the domestic
income, YF is real income of trade partners or foreign income, RER is the real effective exchange rate, D94 is a shift
dummy variable that takes the value of zero for the period before 1994 and one otherwise, and µt is an error term
assumed to be a white-noise process.
The attractive feature of the log-linear specification is that the slope coefficient measures the elasticity of the trade
balance concerning control variables. A priori, the coefficient of domestic income can either be positive or negative
depending on whether domestic income is spent on domestic goods or foreign goods. If an increase in domestic income
is spent on imported goods, the trade balance will worsen, otherwise, it will improve. Similarly, an increase in foreign
income will improve trade balance if foreign income is demand-driven. Finally, a real devaluation of the domestic
currency, that is, a decrease in the real exchange rate, is expected to encourage the demand for exports and discourage
imports thereby improving the trade balance. Therefore, the coefficient on the real exchange rate is expected to be
negative.
Eq.(6) assumes an asymmetric or linear relationship between real exchange rate and trade balance, that is the
appreciation and depreciation of the real exchange rate have the same effect on the trade balance. Accordingly, it does
not allow potential asymmetry or nonlinearity in the effect of exchange rate on the trade balance. As argued in the
literature review, if the trade balance responds differently to depreciation and appreciations of the real exchange rate,
then the linear specification may fail to establish a significant relationship between real exchange rate and trade balance.
In this study, we re-examine the relationship between real exchange rate changes and trade balance using nonlinear
models.
Following the modeling framework of Shin et al. (2014), we formulate an asymmetric trade balance model by
decomposing the exchange rate variable into positive (appreciation) and negative (depreciation) changes as follows:

lnRERt= lnRER0 +lnRER+t + lnRER-t

(7)

where lnRER+ and lnRER- denote, respectively, partial sums of the positive and negative changes in the real exchange
rate. They are calculated as follows:
t

t

i 1

i 1

ln RERt    ln RERi   max(  ln RERi ,0)
t

t

i 1

i 1

ln RERt    ln RERi   min(  ln RERi ,0)

(8)

(9)

Thus, the asymmetric trade balance model can be represented as follows:

ln TBt  0  1 ln Yt  2 ln YFt  3 ln RERt  3 ln RERt  4 D94t  t

(10)

where β3+ captures the long-run response of trade balance to the appreciation of exchange rate, whereas β3- is the
response of trade balance to real depreciation. This specification allows us to determine whether the effect of the real
exchange rate on the trade balance is symmetric or asymmetric. If the two partial sums have the same coefficients in
terms of sign and size, then the effect of real exchange rate on the trade balance is symmetric, otherwise, it is
asymmetric or nonlinear.
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3.2 Econometric Methodology
The empirical investigation involves three steps. We first examine the stationarity of the variables using unit root tests.
Second, we investigate the existence of a long-run relationship among the variables. The third step estimates the short
and long-run effects of the real exchange rate on the trade balance. To depict the presence of a long-run relationship
between the variables, we rely on the nonlinear ARDL (NARDL) approach introduced by Shin et al. (2014) as an
extension of the ARDL bounds testing approach developed by Pesaran, Shin and Smith (2001). The advantages of the
ARDL approach over other alternative methods have been extensively documented in the econometric literature. The
main objective of the NARDL approach is to take into consideration both the short and long-run nonlinearity in the
independent variables while maintaining all the advantages of the ARDL approach. The NARDL bounds testing
approach to cointegration is based on the following asymmetric error-correction model:

 ln TBt  0  1 ln TBt 1  2 ln Yt 1  3 ln YFt 1  4 ln RERt1  4 ln RERt1 
m


i 1

1i

n

p

q

i 0

i 0

i 0





 ln TBt  i    2i  ln Yt  i    3i  ln Yt  i    4i  ln RERt i   4i  ln RERt i et

(11)

where Δ is the difference operator defined as ΔZt=Zt-Zt-1. The coefficients '4 and  4 capture the long-run asymmetry


while

 4i

and

 4i



capture the short-run asymmetry.

The application of the nonlinear ARDL approach entails the following steps. In the first step, we estimate Eq.(11) using
the standard OLS method. Second, we perform a test for the presence of a long-run relationship among the variables
using the F test of the null hypothesis:

1  2  3  4  4  0 . The critical values are the same that those of the

linear model with three regressors. If the computed F-test value falls below the lower bound critical value, then the null
hypothesis of no cointegration cannot be rejected. If the computed F-statistic value is higher than the upper bound
critical value, then there is evidence of cointegration among the variables. If it falls within the upper and lower bound
values, there is no decision about the existence of cointegration. In the third step, we test for symmetry using Wald tests:
i) long-run symmetry where the null hypothesis is

 4i   4i

'4  4 , and ii) short-run symmetry in which the null hypothesis is

for all i. Eq.(11) is reduced to the standard linear error-correction model if both null hypotheses of short and

long-run symmetry cannot be rejected. On the contrary, if the null hypotheses are rejected, then the model is asymmetric.
There may be a short-run asymmetry, a long-run asymmetry, or both short and long run asymmetry in the relationship
between real exchange rate and trade balance.
3.3 Data Description
The study uses annual time series data spanning the period from 1975 to 2017. The dependent variable is trade balance
defined as the ratio of exports to imports. The explanatory variables are domestic real GDP in constant US dollar as a
proxy for gross domestic income, world real GDP in constant US dollar as a proxy for foreign income, and real
effective exchange rate. Data on the trade balance, domestic real GDP, and world real GDP were extracted from the
2019 World Development Indicators database of the World Bank. Data on the real effective exchange rate (RER) were
sourced from the Central Bank of West African States (BCEAO). A real effective exchange rate is such that an increase
(decrease) signifies a real appreciation (depreciation) of the domestic currency. For the empirical analysis, all variables
were transformed into a natural logarithm.
Figure 1 depicts the trends of trade balance and real effective exchange rate over the sample period. It can be seen that
both variables exhibit considerable fluctuations over the sample period. In particular, the real effective exchange rate
has been appreciating since the devaluation of the CFA franc in 1994. Between 1994 and 2009, the real effective
exchange rate appreciated by about 24% and started to depreciate from 2009. It is worth mentioning that structurally
14
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low inflation rate over the post-devaluation period helps limit the appreciation of the real effective exchange rate, which
is still trading 25% below the 1993 level.
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Figure 1. Trade balance and real exchange rate (in the log) over the period 1975-2017
Table 1 presents some descriptive statistics and correlations of the variables. Trade balance averages 4.746 over the
sample period and ranges from 4.421 to 4.986. The standard deviation shows the level of volatility in the variables.
From the Table, foreign income is the most volatile while the real effective exchange rate is the less volatile. The
Jarque-Bera statistic suggests that all the variables under study are normally distributed. The correlation matrix shows a
positive and significant relationship between trade balance and foreign income. A negative and significant relationship
exists between trade balance and real exchange rate. The correlation matrix also reveals a problem of collinearity
between domestic income and foreign income, with a correlation value of 0.913. For this reason, the foreign income
variable was left out of the empirical analysis.
Table 1. Descriptive Statistics and Correlation Matrix
Variables
lnTB
lnY
lnYF
Panel A: Summary statistics
Mean
4.746
23.755
31.415
Median
4.746
23.747
31.406
Maximum
4.986
24.399
32.015
Minimum
4.421
23.326
30.772
Std. dev.
0.127
0.237
0.367
Skewness
-0.410
0.868
-0.032
Kurtosis
3.479
3.463
1.783
Jarque-Bera
1.620
5.794
2.660
Probability
0.444
0.055
0.264
Panel B: Correlation matrix
lnTB
1.000
lnY
0.101
1.00
lnYF
0.308*
0.913*
1.000
lnRER
-0.588*
-0.499*
-0.569*
**
Note: * and indicate statistical significance at the 5% and 10% levels, respectively.

lnRER
4.662
4.6125
4.911
4.427
0.122
0.477
2.095
3.098
0.212

1.000

4. Empirical Results and Discussion
As a first step of the empirical analysis, we determine the order of integration of the variables. This step is necessary to
ascertain that none of the variables is integrated of order 2 since the ARDL bounds testing approach to cointegration is
only applicable when the series are integrated of order zero or one. Consequently, we apply Phillips and Perron's (1988)
and PDF-GLS (Elliott, Rothenberg, & Stock, 1996) unit root tests. The results of these tests are reported in Table 2.
Both tests are conclusively in favor of unit root for all variables in level but stationary for variables in first difference.
Therefore, we can consider that all series are I(1) processes. Given this finding, the analysis goes forward with
cointegration tests.
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Table 2. Results of unit root tests
Phillips–Perron

PDF-GLS

Series

C

C/T

C

C/T

lnTB

-2.182

-3.274

-1.746

-3.164

lnY

0.611

-0.919

1.870

-1.742

-2.293

*

-2.932

-5.850

*

-6.832*

lnRER

-2.287

-3.138

ΔlnTB

-7.722

*

*

ΔlnY

-4.376*

-4.748*

-2.843*

-3.784*

*

*

*

-7.027*

ΔlnRER

-6.940

-8.163

-6.864

-7.018

Note: TB, Y, and RER denote trade balance, real GDP, and real effective exchange rate, respectively. The
optimal lag structure of the PP test is chosen based on the Newey–West bandwidth with Bartlett weights. The
optimal lag structure of the DF-GLS test is chosen based on the Schwarz Information Criterion. The 5% critical
values for the Phillips–Perron unit root tests are −2.932 and −3.520 for models C and C/T respectively. Those
for the DF-GLS test are −1.949 and −3.190 for models C and C/T, respectively. * denotes rejection of the null
hypothesis of unit root at the 5% level.

Table 3 displays the results of the bounds testing for asymmetric cointegration. The Table also reports the test results
for long and short-run symmetry. The results of asymmetric cointegration, as calculated by the F-statistic, clearly reject
the null hypothesis of no cointegration regardless of the term of asymmetry. This indicates the presence of a significant
asymmetric long-run relationship between trade balance, domestic income, and real exchange rate. Furthermore, the
Wald test strongly rejects the null of long-run symmetry. It fails, however, to reject the null of short-run symmetry. The
F-statistic rejects the null hypothesis of no cointegration if we allow short-run symmetry and long-run asymmetry.
Therefore, these findings suggest that the preferred model should combine long-run asymmetry in line with short-run
symmetry relationship in the nonlinear ARDL model.
Table 3. Bounds Testing for Cointegration and Asymmetry Tests
Model
NARDL with long and short run asymmetry
NARDL with short-run symmetry

F-stat.
8.331

*

8.604

*

Long-run symmetry
*

5.575 [0.018]

0.797 [0.371]

*

5.012 [0.025]

Note: For k=2, the 5% critical values (bounds) are 3.10 and 3.87. The asterisk

Short-run symmetry

*

denotes rejection of the null hypothesis at the 5%

level.

Following these results, we next turn to estimate the nonlinear relationship between the variables. Table 4 presents the
estimates of the slope coefficients that measure the degrees of real exchange rate pass-through. The long-run
coefficients on lnRER+ and lnRER- are -1.316 and -1.783, respectively. These coefficients are statistically significant.
Therefore, we conclude that a 1% increase in the real exchange rate results in a 1.316% decrease in the trade balance.
Similarly, a 1% decrease in the real exchange rate leads to a 1.783% increase in the trade balance. Consequently, these
findings indicate that trade balance responds stronger to negative shocks in real exchange rates (depreciation) than to
positive ones (appreciations).
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Table 4. Long-run Estimation Results of Nonlinear ARDL Model
The dependent variable is lnTB
Regressors

ARDL

DOLS

*

lnY
lnRER+

-0.348 [-2.009]

-0.370 [-3.634]

-0.409* [-5.213]

-1.316* [-3.390]

-0.102 [-0.543]

-0.641* [-4.282]

-1.783 [-4.500]

-0.661 [-3.515]

-1.236* [-7.321]

D94

-0.371* [-2.729]

-0.136* [-2.096]

-0.301* [-4.220]

Constant

12.984* [3.209]

13.226* [5.541]

14.280* [7.785]

R2

0.615

0.851

0.620

n

42

lnRER

-

FMOLS

*

*

*

40
*

Test for symmetry

42
*

6.436 [0.011]

34.581* [0.000]

42.813 [0.000]

Note: The dependent variable is the log of trade balance defined as the ratio of exports to imports. Y and RER denote real GDP and
real effective exchange rate, respectively. The superscripts “+” and “−” denote positive and negative partial sums of the real effective
exchange rate, respectively. Figures in brackets are t-statistics. The test for symmetry has the null hypothesis: lnRER+=lnRER-, with
p-values given in brackets. The asterisk * indicates significance at the 5% level.

Further, the results show that domestic income significantly affects trade balance. The negative sign on the coefficient
of income implies that an increase in domestic income will lead to increased demand for foreign goods, thus worsening
the trade balance. The estimates indicate that a one percent increase in domestic income results in about a 0.4 percent
decrease in the trade balance in the long-run. This finding is consistent with Adeniyi et al. (2011) who found a negative
relationship between domestic income and trade balance in Ghana. It also endorses Genemo (2017) and Keho (2020)
who found a negative relationship between domestic income and trade balance in selected African countries, and Cote
d’Ivoire, respectively.
Based on the nonlinear ARDL estimation approach, we investigate the short-run effects of domestic income and real
exchange rate on the trade balance. The results are portrayed in Table 5. The test for symmetry reports an F-statistic of
0.347 with a p-value of 0.558, indicating the non-rejection of the null hypothesis of the symmetric short-run effect of
real exchange rate on the trade balance. This confirms that trade balance responds asymmetrically to real exchange rate
shocks only in the long-run. The short-run relationship between trade balance and the real exchange rate is symmetric.
Table 5. Short-run Estimation Results of Trade Balance Model
Linear model

Nonlinear model

Coef.
∆lnY
∆lnRER
∆lnRER

+

∆lnRER

-

ECT
Test for symmetry

Prob.

Coef.

Prob.

-0.615

*

0.005

*

0.005

-0.916

*

0.000

-

-

-

-0.778

*

0.007

-0.968

*

0.000

-0.671

*

0.000

0.347

0.558

-

-

*

0.000

-

-

-0.662

-0.662

Note: The dependent variable is the first difference of the log of the trade balance, defined as the ratio of
exports to imports. Y and RER denote real GDP and real effective exchange rate, respectively. The
superscripts “+” and “−” denote positive and negative partial sums of the real effective exchange rate,
respectively. ECT denotes the error correction term. The test for symmetry has the null hypothesis:
∆lnRER+=∆lnRER-. The asterisk * denotes significance at the 5% level.
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As can be seen from the estimation of the linear model, the coefficient on the first lag of the error-correction term is
negative and statistically significant, confirming the existence of a long-run relationship between the variables.
Furthermore, domestic income growth significantly and negatively impacts the trade balance in the short-run. This
finding supports the Keynesian theory that an increase in income leads to increased demand for foreign goods, thus
deteriorating the trade balance. The results also reveal a negative and significant coefficient on the real effective
exchange rate, indicating that real exchange rate depreciation causes an improvement in the trade balance in the
short-run.
5. Conclusion
This paper examines the asymmetric impact of real exchange rate on the trade balance in Cote d’Ivoire. To this end, it
employs the nonlinear autoregressive distributed lag approach suggested by Shin et al. (2014). This approach filters
appreciations from depreciations and estimates their respective effects on trade balance. The trade balance is defined by
the ratio of exports to imports. Using annual data covering the period 1975-2017, the empirical results provide evidence
in favor of the asymmetric relationship between trade balance and real effective exchange rate in Cote d’Ivoire. We
found that trade balance reacts asymmetrically to the real effective exchange rate changes in the long-run, while the
short-run effect is symmetric. Furthermore, the estimates indicate that trade balance responds stronger to depreciations
in real exchange rate than to appreciations. On the other hand, domestic income significantly and negatively impacts the
trade balance in both the short and long run. This finding supports the Keynesian theory that an increase in income leads
to increased demand for foreign goods, thus worsening the trade balance. These findings imply that the government of
Cote d’Ivoire should concentrate its policy efforts towards import substitution strategy that will promote the production
of currently imported goods locally, thereby reducing imports and improving the trade balance.
This study has considered the aggregate trade balance of Cote d’Ivoire with the rest of the world. Cote d’Ivoire has
different export and import prices with its trade partners. Using aggregated trade data the empirical results may suffer
from aggregation bias. Therefore, future research should be conducted at a disaggregated level using the bilateral trade
balance of Cote d’Ivoire with its major trade partners.
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