
Open Access Library Journal 
2020, Volume 7, e6072 
ISSN Online: 2333-9721 

ISSN Print: 2333-9705 

 
DOI: 10.4236/oalib.1106072  Mar. 10, 2020 1 Open Access Library Journal 
 

 
 
 

Crude Oil Price and Exchange Rate Nexus:  
An Ardl Bound Approach 

Kabiru Saidu Musa1*, Rabiu Maijama’a1,2, Nafisa Muhammed1,3, Asma’u Usman1,4 

1M.Sc. Economics Students, Bauchi State University Gadau, Yuli Campus, Bauchi State, Nigeria 
2NNPC Retail Sales Representative, Nigeria National Petroleum Corporation, NNPC Tower, Central Business District, PMB 190, 
Garki, Abuja, Nigeria 
3Central Bank of Nigeria (CBN) Gombe Branch, Gombe State, Nigeria 
4Federal Radio Corporation (FRC) Bauchi Branch, Bauchi, Nigeria 

 
 
 

Abstract 
This study investigates the impact of crude oil price on exchange rate in Ni-
geria using an autoregressive distributed lag (ARDL) model covering the pe-
riod from 1983-2017. The results showed that crude oil price has negative and 
significant impact on exchange rate in both the long run and the short run 
whereas oil revenue and Gross Domestic Products have significant positive 
impact on exchange rate also in both the long-run and the short-run periods. 
The findings suggested that crude oil price which is the focal point of the 
study, could affect exchange rate in the both the long-run and the short-run. 
Therefore the study concludes that crude oil price, oil revenue and Gross 
domestic Products are among the determinants of exchange rate in Nigeria. 
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1. Introduction 

Crude oil as an energy source since its discovery in the 1800s has been vitally 
important to the world economy [1]. The importance of oil has been raised to 
the extent that in a world suddenly without oil, all the major distribution sys-
tems that allow economic transactions on a more than local basis would fail and 
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the world collapsed [2]. 
The impact of exchange rate volatility on actual activities has been an issue to 

widespread debate among economists. This exchange rate fluctuation can be 
looked into two main ways; these are the demand side and supply side. On the 
demand side, there has been a general idea that depreciation or devaluation of 
the currency could increase production when the country encourages net export 
component. Thus, when the country decides to export more its products to the 
international market. On the supply side, the channels of interaction of exchange 
rate and macro economy have made its more complicated for policy makers of 
various countries more especially those that are importer of goods and services 
like Nigeria [3]. 

Exchange rate fluctuation is a threat to developing economies in term of fi-
nancing its national budgets to meet the demand of the people. This volatility in 
exchange rate is normally explained by economic factors such as inflation rate, 
balance of payments and interest rate [4]. 

The relationship between oil prices and economic activities has been a subject 
of discussion in the recent times, as changes in crude oil price affect domestic oil 
prices which in turn affect virtually everything in the country thereby reduce the 
standard of living of the people. Volatility in exchange rate is seen as a common 
phenomenon among economies which cause negative effect on international 
trade among developing countries as bilateral trade is endangered by threats 
involved. Economists are of great extent concerned in finding the cause of the 
factors exchange rate movements which create discomfort among the populace 
[5]. 

Shock in crude oil prices has adversely affected the oil exporting countries like 
Nigeria, especially in the areas of foreign exchange earnings, foreign reserves, 
decline in government revenue and threat in terms of ability to meet financial 
obligations as at when due. The average crude oil price further dropped in a row 
by USD8.26 or 13.10% month to month USD54.77 per barrel in December 2018; 
the lowest since October 2017. This decrease is due to concern over unforeseen 
rise in global oil supply with decreased demand amidst ambiguity about world-
wide economic growth [6]. 

The exchange rate of the Naira was relatively stable between 1973 and 1979, 
during the oil boom (regulatory era). This was also the situation prior to 1970, 
when agricultural products accounted for more than 70% of the nation’s gross 
domestic product (GDP) [7]. However, as a result of the deployment in the pe-
troleum oil sector, in 1970’s the share of agriculture I total exports declined sig-
nificantly, while that of oil increased. However, from 1981, the world oil market 
started to deteriorate and its economic crises emerged in Nigeria because of the 
country’s dependence on oil sales for her export earnings. Since the Nigerian has 
remained import-dependence on oil-supported, the fluctuation of oil prices 
would have effect on Nigeria’s oil revenue (i.e. major source of income) [8]. 
Thus this research is faced with determining whether the crude oil price has any 
bearing in the exchange rate in Nigeria and other macroeconomic variables. 

https://doi.org/10.4236/oalib.1106072


K. S. Musa et al. 
 

 
DOI: 10.4236/oalib.1106072 3 Open Access Library Journal 
 

The significance of the study cannot be overemphasized. Firstly, the research 
will help to inform the decision makers on the nature of impact of crude oil 
price on exchange rate in the oil exporting country like Nigeria. Secondly, the 
research will serve as a contribution to the literature as well as to the methodol-
ogy. Thirdly, the empirical finding of the paper will be of great importance to the 
government, to the private oil companies and the academy as a whole. 

The objective of this research is to look at the impact of crude oil price on 
exchange rate in Nigeria. Therefore, this research intended to add to the litera-
ture on the impact of crude oil price on exchange rate by employing an autore-
gressive distributed lag (ARDL) bound approach advanced by Pesaran, Shin and 
Smith (2001). 

This research is organized in sections. The first section contains introduction, 
the research problem, the significance of the study, the objective of the study and 
the organization of the paper. The second section consists of review of related li-
terature, which provides some evidence from around the world and evidence 
from Nigeria. The third section presents the research methodology and the data. 
The fourth section presents results and discussion of the findings. Finally, the 
fifth section discusses the conclusions and the policy recommendations. 

2. Literature Review 

Exchange rate and crude oil price are important research variables in recent 
times; both generate significant impact on macro-economic variables like unem-
ployment, interest rate, inflation, international trade and above all economic 
growth. The linkage between them has gained great importance in literature 
since the first oil shock in 1973/1974, when alots of developing countries moved 
to floating exchange rate from fixed exchange rate by adopting structural ad-
justment program (SAP). The enormous literature tries to link crude oil prices 
to real exchange rates of developing and developed economies [9].  

2.1. Evidence from around the World 

[10] investigated the impact of crude oil price changes on foreign exchange rate 
of Indian rupee relative to a dollar. The study developed a monetary theory of 
exchange rate determination that incorporates real domestic GDP and foreign 
GDP, real domestic crude oil price and interest rate differentials. The study em-
ployed error correction model (ECM) on quarterly data from 1996 to 2012. The 
estimated results revealed that domestic real money balances, domestic real 
GDP, and foreign real GDP are determinants of real exchange rate in India. 

[11] investigated crude oil price on and exchange rate nexus in Thailand. The 
study employed monthly data between July 1997 to December 2013 and used 
co-integration and bi-variate GARCH technique of analysis. The result of the 
study revealed that no co-integration and causality between the two variables but 
rise in volatility of crude oil price prompt real foreign exchange rate volatility to 
also rise. 
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[12] studied the impacts of oil price shocks on gross domestic product (India, 
Russia, Brazil and China) 1987 to 2014. Show that the oil price has a positive re-
lationship with GDP. The oil price increase has a negative relationship with 
gross domestic product in the China and Indian and on the other side the posi-
tive coefficient values of Russia and Brazil the positive impact of oil price in-
crease on GDP. 

[13] studied exchange rate volatility and real oil price fluctuation nexus in Pa-
kistan. The study used Johansen co-integration and vector error correction model 
(VECM) on quarterly date from 1983: Q1 to 2014: Q2. The results of the study 
revealed that real foreign reserves, real exports, productivity differential, interest 
rate differential and crude oil prices are important variables that determine ex-
change rate while real crude oil price volatility, consumer price index volatility 
and real foreign reserves volatility have positive effect on real foreign exchange 
rate volatility respectively. 

[14] worked on the impact of Oil Price on economic growth in Iraq. To 
achieve the stated objective, the study adopted ordinary least squares approach, 
and the secondary data was used for the period of 2000 to 2015 and multiple re-
gressions with its assumption were used in order to analyze the data. The find-
ings showed that oil price and oil export were very important determinants of 
economic growth in Iraq and exchange variables has no impact on the partici-
pants of increasing the economic growth because of having corruption in public 
banks in Iraq. 

[15] studied the degree of interdependence between oil price shocks and eco-
nomic growth for (United Arab Emirates, Kuwait, Saudi Arabia and Venezuela) 
in OPEC during the period from 2000 to 2010. They used co-integration test, the 
result revealed that oil price shock short-term and medium-term during the pe-
riod of fluctuations in financial turmoil and the global business cycle impact on 
economic growth in organization of the petroleum exporting countries. Al-
though, the effect of the medium-term effects is greater than that of the short-term 
effects. 

2.2. Evidence from Nigeria 

[16] examined the impact of crude oil price volatility on macroeconomic activi-
ties in Nigeria. The study employed lag augmented VAR models, EGARCH and 
impulse response function. The study used secondary data covering the period 
of 1970 to 2009. The study revealed that there is unidirectional causality between 
real exchange rate, interest rate and crude oil price. The causality runs from 
crude oil price to interest rate and foreign exchange rate. Conversely, no signifi-
cant relationship was discovered among crude oil price and GDP. 

[17] provided a quantitative analysis to the impact of fluctuations in oil prices 
on the Nigerian economy. They apply the General Method of moment (GMM) 
to estimate the effect of positive and negative surges of oil price using data that 
covers the period between 1981 and 2010 during which Nigeria has experienced 
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increasing rates of oil exports. Their findings confirm the positive impact of oil 
price increases on Nigerian oil exporting economy. Yet the negative impact is 
represented by the uncertainty that such surges create regarding the expected 
revenue of oil exports. 

[18] empirically examined the link between exchange rates and crude oil pric-
es in Nigeria. The study was carried out to know if there is positive relationship 
between exchange rate and oil prices as revealed by the findings of previous re-
search and if crude oil prices can be responsible for long run exchange rate 
movement. The study makes used of quarterly data from 1981: Q1 to 2009: Q4 
and error correction model (ECM). It was revealed that movements in exchange 
rate were caused by changes in permanent components and that oil price volatil-
ity does not have effect on exchange rate in the short-run. The study therefore 
concludes that this may be because crude oil does not price in Naira. 

[19] examined the impact of oil price volatility on the real exchange rate in 
Nigeria using quarterly data from the first quarter of 1981 to the fourth quarter 
of 2009 by employing co-integration and error correction model (ECM). The 
results of the study show that dynamic short-run impact of oil price volatility on 
exchange rate does not hold, even though most of the movement in real ex-
change rate is due to changes in the long-run. 

[20] investigated the crude oil price and foreign exchange rate causality in Ni-
geria. The study used monthly data from 2008 to 2014. The study used ordinary 
least squares (OLS) and VAR model, the result revealed that crude oil price sig-
nificantly affects exchange rate compared to imports. It also showed unidirec-
tional causality from crude oil prices to exchange rates and from crude oil prices 
to foreign reserve exist. The study concluded that Nigeria should change her 
structure of international trade to reduce import dependence and enable mone-
tary authorities to manage both her foreign reserves and exchange rate. 

[21] in their study from 1986 to 2015 on crude oil prices and economic 
growth of Nigeria adopted Vector Error Correction Model (VECM) on the sec-
ondary data. The results revealed that a positive and unidirectional relationship 
that runs from crude oil price to GDP growth rates and conclude that crude oil 
price exerts positive influence on the economic growth of Nigeria. 

[22] studied the impact of crude oil price and exchange rate on economic 
growth of Nigeria using secondary data from 1982 to 2018 by employing 
autoregressive distributed lag (ARDL) model. The findings of the study revealed 
that crude oil price and exchange rate have significant positive impact on eco-
nomic growth in both the short run and long run periods. The researchers rec-
ommend for the diversification of the Nigeria economy in order to reduce heavy 
reliance on crude oil. 

[23] examined the relationship between oil price and economic growth in Ni-
geria using annual time series data for the period 1974 to 2014. Using Granger 
causality test the findings revealed that there is no long run relationship among 
the variables. In addition, there is a significant positive unidirectional causality 
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running from oil price to economic growth and also from oil price to total ex-
ports. They recommend stability in oil price to achieve high economic growth in 
the short run. Substantial amount of government budgetary allocation should be 
directed towards educational sector in order to strengthen economic growth 
through human capital in the short run. And measures to maintain higher oil 
price and stability in the world market should be adopted so as to increase the 
volume of oil export which will eventually lead to increase in total export. 

Evidence from around the world and evidence from Nigeria shows that the 
relationship between the crude oil price and foreign exchange rate is docu-
mented and got mixed [positive and negative results] which are confirmed in the 
literatures. In this circumstance, a research gap about the relationship between 
foreign exchange rate and crude oil price in Nigerian context is formulated. 
Therefore, this study fills the gap using ARDL approach on annual time series 
data of Nigeria from 1983-2017. 

3. Methodology and Data 

The study used a time series data in investigating the connection between crude 
oil prices, oil revenue and gross domestic product on exchange rate. The data 
was obtained from secondary source; the Brent crude oil prices from Energy In-
formation Administration (EIA) and Central Bank of Nigeria (CBN), exchange 
rate (US dollar per LCU) and Economic Growth (GDP per capita Constant 
US$ 2010) from World Development Indicators of World Bank (WDI) while Oil 
revenue from the Central Bank of Nigeria (CBN) Statistical Bulletin 2018 for the 
period of 1983 to 2017 were used for the analysis. Crude oil prices, oil revenue 
and economic growth are the independent variables. And exchange rate is mod-
eled as a dependent variable. 

This study employs Autoregressive Distributed Lag (ARDL) approach to 
co-integretion profounded by Pesaran (1997) and further modified and devel-
oped by Pesaran, Shin and Smith (1999, 2000) and also by Narayan (2005). This 
study adopted ARDL approach because of its comparative superiority over other 
approaches to co-integration this is because they require variables to be statio-
nary at first difference, i.e. integrated of order I (1). However, ARDL was devel-
oped to accommodate such circumstance. It can be used to analyses the data 
even if they are at different orders of integration. Additionally, it can also deter-
mine both the short run and long run co-integration among the variables of the 
study. 

3.1. Model Specification 

It should be noted that this study involves a multi-variate analysis, that is in-
volved four variables namely crude oil price, exchange rate, gross domestic 
products and oil revenue. Since the study is trying to examine the impact of 
crude oil price on exchange rate within the context of the Nigerian economy 
during the period under study, we have limited the number of variable to crude 
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oil price, exchange rate, gross domestic products and oil revenue only, otherwise 
adding any variable may influence the result. To derive the model, it is known 
that based on the Quantity theory of money equation (particularly income ap-
proach equation) where demand for money is equated to the supply of money. 
Therefore, the equation can be denoted as follow: MV PY=  

( )1MVP f MVY
Y

−= =  

where: P is the crude oil price, M will be replaced with oil revenue, V will be re-
placed with exchange rate and 1Y −  will be replaced with economic growth. 
Therefore, the model can be written as: ( ), ,EXC f OREV COP GDPC= . 

Following the above model of the study, the econometric form of the model 
can be written in a simple log-linear form and augmented it with the crude oil 
price and exchange rate variables as follows: 

0 1 2 3ln ln ln lnt t t t tEXC OREV COP GDPCβ β β β ν+ + + + +         (1) 

where: ln tEXC  is the natural log of exchange rate, ln tOREV  is the natural log 
of oil revenue, ln tCOP  is the natural log of Crude oil price, ln tGDPC  stand 
in for the natural log of GDP per capita and tν  is the error term. 

3.2. ARDL Bounds Test for Co-Integration 

0 1 2 3
1 0 0

k k k

t i t i i t i i t i t i t i t i t
i i i

z z x y z x yβ β β β α α α ε− − − − − −
= = =

∆ = + ∆ + ∆ + ∆ + + + +∑ ∑ ∑    (2) 

The optimum lag is chosen by the Akaike Information Criteria (AIC) and 
Schwarzt Bayesia Criterion (SBC). For small sample size, compare the F-statistics 
with the critical bounds by Narayan (2005) for large sample Pesaran et al. (2001). 

3.2.1. Estimation of the Long Run Coefficients 

1
1 0 0

k k k

t i t i i t i i t i t
i i i

z z x yβ β β β ε− − −
= = =

= + + + +∑ ∑ ∑                (3) 

To conclude for the existence of long run relationship, we use the Wald test 
coefficient. 

3.2.2. Estimation of the Short Run Coefficients 

0
1 0 0

k k k

t i t i i t i i t i t i t
i i i

z z x y ECTβ β β β ϑ ε− − − −
= = =

∆ = + ∆ + ∆ + ∆ + +∑ ∑ ∑         (4) 

ϑ  is the speed of adjustment coefficient. The following ARDL model is pro-
vided to test the relationship between crude oil price and exchange rate. 
Therefore, the model is specified in three parts. The first part is the co-inte- 
gration, the second part is the long run model and the third part is the short 
run model. 

ARDL Co-integration model 
To test for co-integration between the variables of the model equation below 
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is specified and estimated using ARDL bound test for co-integration. The model 
was specified together with the null and alternative hypothesis which may be re-
jected or failed to be rejected. This stands a turning point when the null hypo-
thesis of no co-integration between variables of the model is failed to be rejected, 
then try another method such as vector error correction model (VECM) and 
others. If co-integration relationship exists by rejecting null hypothesis we pro-
ceed to estimate short run coefficients. Thus, the specified model for co-integration 
is as follows:  

0 1 2 3
1 0 0

4 1 2 3 4
0

ln ln
k k k

t i t i i t i i t i
i i i

k

i t i t i t i t i t i t
i

EXC EXC OREV COP

GDPC EXC OREV COP GDPC

β β β β

β α α α α ε

− − −
= = =

− − − − −
=

∆ = + ∆ + ∆ + ∆

+ ∆ + + + + +

∑ ∑ ∑

∑
   (5) 

( )
( )

0 1 2 3 4

1 1 2 3 4

: 0 No Co-integration

: 0 Co-integration exists

H

H

α α α α

α α α α

= = = =

≠ ≠ ≠ ≠
. 

ARDL Long run model 
Having existed co-integration between the variables of the model we can pro-

ceed to estimate the long run coefficients. To test the long run coefficients, equa-
tion 6 below is specified and estimated to obtain the coefficient of the long run. 

0 1 2 3
1 0 0

4
0

ln ln
k k k

t i t i i t i i t i
i i i

k

i t i t
i

EXC EXC OREV COP

GDPC

α α α α

α ε

− − −
= = =

−
=

= + + +

+ +

∑ ∑ ∑

∑
       (6) 

ARDL short run and error correction model: 
To estimate the short run coefficients and error correction term which meas-

ure the speed of adjustment or convergence the equation 7 below was specified 
and estimated. 

0 1 2 3
1 0 0

4 1
0

ln ln
k k k

t i t i i t i i t i
i i i

k

i t i t t
i

EXC EXC OREV COP

GDPC ECT

β β β β

β ϑ ε

− − −
= = =

− −
=

∆ = + ∆ + ∆ + ∆

+ ∆ + +

∑ ∑ ∑

∑
    (7) 

Robustness Check Using Dynamic Ordinary Least Squares (DOLS) Fully 
Modified Ordinary Least Squares (FMOLS) and Canonical Co-integration 
Regression (CCR) 

To gauge the long-run estimate, we apply Dynamic Ordinary Least Square 
(DOLS), Fully Modified Ordinary Least Square (FMOLS) and Canonical Co-int- 
egration Regression (CCR). DOLS and FMOLS have the power to deal with en-
dogeneity problem, simultaneity bias and small sample bias. These estimators 
are good for robustness check of ARDL estimates. DOLS and FMOLS have 
been advanced by Stock and Watson (1993) and Philip and Moon (1999), 
while CCR was advanced by Park (1992) respectively to address the problem of 
serial correlation and small sample bias attributed to Ordinary Least Squares 
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(OLS) estimator. The estimators can also be applied to mix order of integrated 
variables in co-integration framework. Considering the strengths of these esti-
mators, their results will serve as robustness checks to ARDL long-run test re-
sults. 

Vector Error Correction Model (VECM) Granger Causality 
Having found co-integration between variables, the direction of causality be-

tween the variables is examined using VECM. [24] maintained that VECM is 
suitable for analyzing causality between variables of interest when the variables 
are co-integrated. Equally, the methodology is suitable for causality between va-
riables of the same order, that is, when they are integrated of order one i.e. I (1). 
The VECM modeling framework within a system of error correction model for 
this study is as follows: 

11 12 13 14 11

21 22 23 24 11

31 32 33 341 1

41 42 43 441 1

11 12 1

ln ln
ln ln
ln ln
ln ln

p p p pt t

p p p pt t

p p p pt t

p p p pt t

q q

c c c cEXC EXC
c c c cEXC EXC
c c c cEXC EXC
c c c cEXC EXC

c c c

β
β
β
β

−

−

−

−

∆ ∆     
     ∆ ∆     = + × +
     ∆ ∆
     

∆ ∆     

+



( )

3 14 1

21 22 23 24 1

31 32 33 34 1

41 42 43 44 1

11

22
1

3 3

4 4

ln
ln
ln
ln

q q t

q p q q t

q q q q t

q q q q t

t

t
t

t

t

c EXC
c c c c EXC
c c c c EXC
c c c c EXC

ECM

ηγ
ηγ

γ η
γ η

−

−

−

−

−

∆   
   ∆   ×
   ∆
   

∆  
  
  
  + +
  
  

   

     (8) 

where the error correction term’s coefficients are represented by 1 4t tγ γ− , the 
homoskedastic disturbance terms are denoted by 1 4t tη η− , the error correction 
term is denoted by 1tECM − . The 1tECM −  indicates both the long run causality 
and the speed of adjustment to long run equilibrium, while the Wald test statis-
tic of the first-difference of the variables shows the short run causality and its 
direction. 

4. Results and Discussions 

This section presents the results of the estimation and discusses the findings of 
the study. The descriptive statistics are presented in Table 1 with the correlation 
analysis of the variables used in the study. It is observed from Table 1 that the 
average exchange rate is approximately 91.812 while that of crude oil price is 
42.918. Oil revenue is 2324.795. The average GDP per capita is approximately 
2.32E+11. All the variables are positively skewed as indicated by the positive 
skewed coefficients of all the variables. The study also tested for data normality 
using Jaque-Bera normality test. Three variables of the study such as exchange 
rate, oil revenue and GDP per capita were found to be normally distributed since 
the P-values for Jarque-Bera test were greater than 0.05 for the variables. Only  
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Table 1. Descriptive statistics and correlation results. 

 EXC COP OREV GDPC 

Mean 91.812 42.918 2324.795 2.32E+11 

Median 97.017 28.525 977.635 1.65E+11 

Maximum 305.790 113.760 8878.970 4.64E+11 

Minimum 0.673 12.620 7.250 1.08E+11 

 76.862 31.993 2705.685 1.21E+11 

Skewness 0.578 1.125 0.911 0.791 

Kurtosis 3.079 2.918 2.560 2.141 

Jarque-Bera 2.015 (0.365) 7.612 (0.022) 5.276 (0.071) 4.865 (0.087) 

Observation 36 36 36 36 

lnEXCt 1.000    

lnCOPt 0.482 1.000   

lnOREVt 0.950 0.710 1.000  

lnGDPt 0.793 0.834 0.887 1.000 

Sources: Authors Computation using EViews 9; Note: Values in parentheses are the P-values. 

 
crude oil price that is found to be not normally distributed as indicated by their 
P-value of less than 0.05. Using correlation analysis, all the variables are in natu-
ral logarithm form. All the variables have positive correlation between them and 
the highest approximated value of correlation is oil revenue and exchange rate 
which is 0.950, followed by the GDP per capita and exchange rate and the lowest 
approximated value of correlation is between crude oil price and exchange rate 
which is 0.482. 

To examine the property of the data before conducting the estimation of the 
log-run model, the following are required. In the first step, we examine the 
non-stationarity or integration properties of the time series, using the widely 
used augmented Dickey-Fuller (ADF) and Philip-Perron (PP) unit root tests, in 
the second step, given that the variables are non-stationary. Table 2(a) presents 
the testing of the unit root results; exchange rate is stationary at 5% level of sig-
nificance at level. Whereas crude oil price, oil revenue and Gross Domestic 
Products are stationary at 1% level of significance after first differencing. And 
using Philip Perron test all the variables are not stationary at level but became 
stationary after first differencing using both constant and constant with trend. 
Therefore, since there is a mixed of order of integration of the variables, one va-
riable is I (0) and others are purely I (1) in the augmented dickey fuller unit root 
and all the variables are order of integrated of order I (1) then Autoregressive 
Distributed lag (ARDL) model is more efficient to be applied as an analytical 
tool for this research. 

But coming down to Kwiatkowski Philips-Schmidt-Shin unit root test result 
(KPSS) as presented in Table 2(b), the decision with regard to the stationarity of 
the variables is the opposite of both the augmented dickey fuller unit root test  
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Table 2. (a): Augmented Dickey Fuller Unit Root Test Result (ADF); (b): Kwiatkowski 
Philips-Schmidt-Shin Unit Root Test Result (KPSS). 

(a) 

Level Values                                                  First Difference 

Variables Constant 
Constant 
& Trend 

Constant 
Constant 
& Trend 

Order of 
Integration 

lnEXCt −3.070** (0.038) −1.852 (0.656) -------------------- ------------------- I (0) 

lnCOPt −1.083 (0.711) −2.277 (0.434) −5.562*** (0.000) −5.494*** (0.000) I (1) 

lnOREVt −1.665 (0.439) −0.662 (0.968) −5.968*** (0.000) −5.363*** (0.000) I (1) 

lnGDPCt 0.046 (0.956) −1.516 (0.803) −5.126*** (0.000) −4.827*** (0.002) I (1) 

Philip Perron Unit Root Test Result (PP) 

Variables Constant 
Constant 
& Trend 

Constant 
Constant 
& Trend 

Order of 
Integration 

lnEXCt −2.781 (0.071) −1.237 (0.886) −2.699* (0.088) −2.824 (0.202) I (1) 

lnCOPt −1.078 (0.713) −2.277 (0.434) −5.562*** (0.000) −5.495*** (0.000) I (1) 

lnOREVt −1.814 ( 0.367) −0.364 (0.985) −5.968*** (0.000) −7.598*** (0.000) I (1) 

lnGDPCt 0.879 (0.994) −2.708 (0.239) −5.170*** (0.000) −4.834*** (0.002) I (1) 

Sources: Authors computation using EViews 9; Note: Values in parentheses are the P-values and ***, ** & * 
represents statistically significant at 1%, 5% & 10% levels. 

(b) 

Level Values                                                    First Difference 

Variables Constant 
Constant 
& Trend 

Constant 
Constant 
& Trend 

Order of  
Integration 

lnEXCt 0.625*** (0.739) 0.180***(0.216) ---------------- ------------- I (0) 

lnCOPt 0.487*** (0.739) 0.141*** (0.216) ------------ ------------ I (0) 

lnOREVt 0.659*** (0.739) 0.196*** (0.216) ----------- ---------- I (0) 

lnGDPCt 0.678*** (0.739) 0.166***(0.216) -------------- ------------ I (0) 

Sources: Authors Computation Using EViews 9; Note: Values in parentheses are the Asymptotic Critical- 
values and *** represents statistically significant at 1% level. 

 
and the Philip Perron unit root test. For a variable to be stationary, the Kwiatkowski 
Philips-Schmidt-Shin test statistic must be less than the asymptotic critical-values. 
Therefore, all the variables which include exchange rate, crude oil prices, oil reve-
nue and GDP per capita are stationary at level values and at 1 percent significance 
level. And the Kwiatkowski Philips-Schmidt-Shin unit root test result (KPSS) 
contradict the results of the results of Augmented Dickey Fuller unit root test and 
Philip Perron unit root test as shown above were only exchange rate is stationary 
at level while all other variables were stationary at first difference. Therefore, 
even the Kwiatkowski Philips-Schmidt-Shin unit root test result (KPSS) sup-
ported the application of Autoregressive Distributed Lag (ARDL) Model. 

Figure 1 presents the selection of optimal lags in autoregressive distributed  
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Figure 1. Optimal lag selection criteria. 

 
lag (ARDL) model co-integration equation, based on the assumption that resi-
duals are serially uncorrelated. The research used the most recent ARDL proce-
dure to determine the best model. The Akaike Information Criteria (AIC) was 
used to detect the number of lags required in the model that is free from 
autocorrelation problem. The estimation found that ARDL 1, 0, 0, 1 is the op-
timal number of lags required in our model that is a more reliable model. 

Co-integration Test 
Having identified the optimum lag length, the next step was to estimate the 

long-run relationship among the variables by using ARDL Bounds test. The null 
hypothesis of no co-integration (H0: 1 2 3 4 0α α α α= = = = ) was tested against 
the alternative hypothesis of the existence of a co-integration relationship (Ha: 

1 2 3 4 0α α α α≠ ≠ ≠ ≠ ). The result of this test presented in Table 3 indicated that 
the null hypothesis could not be accepted for the period under study (i.e. 1983 to 
2017), at 1% level of significance which is more stringent. The F-statistics (5.68) 
exceeded the lower bound value (4.29) and the upper bound value (5.61.) of the 
critical values at the aforementioned levels of significance. As such, a co-integration 
relationship exists in this case. Meaning the variables are moving in the same di-
rection or that they share a common relationship in the long run. 

The Johansen Juselius test for co-integration using model with Trace statistics 
and model with Max-Eigen value as presented in Table 4 below confirmed the 
existence of one co-integration equation in the trace statistics model. Therefore, 
we conclude that there is a long-run relationship among the dependent and in-
dependent variables and that the variables moved together in the long-run. The 
Johansen Juselius test for cointegration test results supported the result of ARDL 
bounds test for co-integration. 

After establishing a co-integration relationship among the variables, the 
long-run model in Equation (6) and Equation (7) were estimated to obtain the  
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Table 3. Bounds test result. 

Bound test critical values 

[Unrestricted intercept & no trend] 

Model F-stat. Lag 
Level of  

significance 
I (0) I (1) 

1983 to 2017 5.68 1 1% 4.29 5.61 

F(lnEXCt/lnCOPt, lnOREVt lnGDPCt)   5% 3.23 4.35 

K = 3 & n = 35   10% 2.72 3.77 

Source: Author’s Data Analysis 2020 Using Eviews 9. 

 
Table 4. Johansen Juselius test for co-integration. 

Hypothesized 
No. of CE(s) 

Eigenvalue Trace Statistic 
0.05 

Critical Value 
Max-Eigen 

Statistic 
0.05 

Critical Value 

C = 0 0.662 63.581*** (0.000) 47.856 35.869*** (0.003) 27.584 

C ≤ 1 0.424 27.711 (0.085) 29.797 18.252 (0.120) 21.131 

C ≤ 2 0.189 9.459 (0.324) 15.494 6.928 (0.497) 14.264 

C ≤ 3 0.073 2.531 (0.111) 3.841 2.531 0.111) 3.841 

Sources: Authors Data Analysis 2020 Using EViews 9; Note: Values in parentheses are the P-values and *** 
represent statistically significant at 5% level of significance. 

 
long-run and short run coefficients as presented in Table 5. The results revealed 
that Crude oil price is negative and significant at 1% level in determining the 
exchange rate. Meaning that increase in crude oil price volatility by 1% depreciates 
the naira by approximately −1.678 percent in the long run. Precisely, a 1% in-
crease in crude oil price will lead to 1.678% decrease in exchange rate. This is in 
line with the commodity currency and exchange rate theory which states that 
changes in terms of trade, will lead to swing in real exchange rate. This means 
that volatility of crude oil price exert a very strong negative impact on real for-
eign exchange rate in the long run. This finding is in line with the results of re-
searchers such as [25] [26] [27] [28] [29] but contradict the results of [30] [31] 
[32] [33] showed that crude oil price has positive and significant impact on ex-
change rate. 

The oil revenue is positive and significant at 1% level of significance which is 
also more stringent. Meaning that, 1% increase in will lead to an approximated 
0.756% increase in exchange rate in the long run. Therefore, crude oil revenue 
brings about appreciation in the exchange rate of Naira. 

The Gross Domestic Products (GDP) is also positive and significant at 1% lev-
el of significance in explaining the changes in the dependent variable. Precisely, 
1 percent increase in GDP will lead to an approximated 1.380 percent increase in 
exchange rate in the long run. Therefore, increase in Gross Domestic Products 
(GDP) will brings about appreciation in the exchange rate of Naira. This find-
ing corroborates the findings of [34] [35] [36] [37]. But contradict the findings 
of [38] [39] [40] [41] which showed negative relationship between GDP and 
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Table 5. Estimated long run and short run coefficients. 

Dependent variable, ln tEXC  Regressors Coefficients T-ratio (p-value) 

ln tCOP  −1.678 −6.623*** (0.000) 

ln tOREV  0.756 9.088*** (0.000) 

ln tGDP  1.380 2.917*** (0.006) 

Constant −40.662 −2.510*** (0.017) 

Short run estimation result 

Dependent variable, ln tEXC∆  

ln tCOP∆  
−0.637 −4.302*** (0.000) 

ln tOREV∆  0.287 2.760*** (0.009) 

ln tGDP∆  0.524 3.088*** (0.000) 

Constant −30.839 −2.746** (0.010) 

ECM (−1) −0.37 −3.459*** (0.001) 

ln 0.7561 ln 1.381 ln 1.6780 ln 30.840t t t tecm EXC OREV GDP COP= − × + × − × −  

R2: 0.992, DW-statistic: 1.449, F-stat: 1002.840*** (0.000) 

Sources: Authors Data Analysis 2020 Using EViews 9; Note. ECM = Error Correction Model. ***, **, and * are 
significant at 1% level. 

 
exchange rate. 

The short run results from the estimation of Equation (7) are reported in Ta-
ble 5. The crude oil price is found to be negative and significant at 1% in ex-
plaining the changes in the dependent variable. Whereas the oil revenue and 
gross domestic products were found to be positive and significant at 1% level of 
significance in explaining the changes in exchange rate in the short run. The er-
ror correction term (−0.37) satisfied the econometrics requirement as it is nega-
tive, less than one and significant, which shows that the feedback or convergence 
rate to long-run equilibrium as 37%. Precisely, the error correction term value 
also indicates that the long-run deviation from the exchange rate is corrected by 
37% annually. The result further suggested that as oil revenue rises and gross 
domestic products, so also will the exchange rate of Naira appreciates in the 
short run, while rise in crude oil price will bring about depreciation of Naira in 
the short run. To show the goodness of fit of the model, R-squared, DW-statistic 
and F-statistics are all reported for the model in Table 5. 

R-squared value of 0.99 means that 99 percent variation or changes in the de-
pendent variable (i.e. exchange rate) can be jointly explained by the three inde-
pendent variables (i.e. crude oil price, oil revenue and GPC) in the model. While 
only 1 percent variation in the dependent variable is explained by the factors that 
are not captured in the model or explained by the error term. 

F-statistics value of 1002.840 with the probability value of 0.000 is positive and 
significant at 1% level of significance. Meaning it shows the joints significant of 
all the independent variables (i.e. crude oil price, oil revenue and GDP) in ex-
plaining the dependent variable. Therefore, our model is overall significant. 
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Durbin Watson test-statistic value of 1.449 is below the lower standard value 
of 1.5 and is less than upper standard value of 2.5. Therefore, the model is may 
be suffering from the first order serial correlation problem and the second order 
serial correlation problem is subject to test. 

To ensure the reliability of the estimates, diagnostic tests of serial correlation, 
functional form, normality and the heteroscedasticity were conducted and re-
ported in Table 6. The results show that the null hypotheses for the serial corre-
lation LM test, functional form and heteroscedasticity test could not be rejected 
except for the normality test in the model. 

As suggested by Pesaran and Pesaran (1997), cumulative sum (CUSUM) and 
cumulative sum of squares (CUSUMSQ) tests for stability of the model along the 
studies were conducted. The results shown in Figure 2 and Figure 3 illustrate 
that the model is stable along the study period as the residual was within the 
critical bounds at 5% significance level. 

As a robustness check to the ARDL results, we have employed dynamic 
DOLS, FMOLS and CCR, and their estimated results are reported in Table 7. 
The results showed that in all the three estimators crude oil price has a signifi-
cant negative impact on exchange rate, whereas oil revenue and Gross Domestic 
 
Table 6. The residuals of the autoregressive distributed lag diagnostic tests. 

Test statistics LM version F-version 

Serial correlation CHQ (2) = 4.119 [0.127] F (2, 28) = 1.867 [0.173] 

Functional form Not applicable F (2, 28) = 1.734 [0.195] 

Normality CHQ (2) = 6.123 [0.046]** Not applicable 

Heteroscedascity CHQ (2) = 5.975 [0.201] F (4, 30) = 1.867 [0.214] 

Note. The values in bracket are the probability values. LM = langrange multiplier test, CHQ = chi-square, 
and ** is significant at 5% level. 
 

 
Figure 2. Plot of cumulative sum of residual for the model. 
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Figure 3. Plot of cumulative sum of squares for residual of the model. 

 
Table 7. The Estimated Results for the Impact of crude oil price on Exchange rate Using DOLS, FMOL and CCR. 

DV = lnEXCt: DOLS FMOLS  CCR 

Regressors Coefficients SE Coefficients SE Coefficients SE 

Long-run coefficients       

Crude oil price −1.459*** (−7.930) 0.183 −1.399*** (−9.481) 0.147 −1.399*** (−8.453) 0.165 

Oil revenue 0.833*** (12.293) 0.067 0.869*** (17.334) 0.050 0.863*** (17.013) 0.050 

GDP 1.047** (2.632) 0.397 0.925** (3.071) 0.301 0.953** (2.724) 0.349 

Constant −23.596** (−2.463) 9.576 −20.930*** (−2.864) 7.307 −21.622*** (−2.563) 8.436 

Note. Numbers in brackets are the t-statistics. DV = Dependent variable, DOLS = dynamic ordinary least squares; FMOLS = fully modify ordinary least 
square; CCR = Canonical Co-integration Regression, OLS = Ordinary Least Square; SE = standard error. *** & ** indicates significant at 1% and 5% levels of 
significance respectively. 

 
Products have significant positive impact on exchange rate. Therefore, the find-
ing substantiates the long run results of ARDL, where crude oil price is only the 
only variable with negative impact on exchange rate. The main focus of the 
study, which is crude oil price, has been revealed to impact negative and signifi-
cant on exchange rate as shown by the long run ARDL results. 

The next is the causal relationship between the variables was examined by 
employing VECM Granger causality in a vector autoregressive (VAR) system. 
The presence of co-integration as depicted by this study (refer to Table 3) sug-
gest the existence of a causal relation in at least one direction. The estimated 
long run and short run causality results are presented in Table 8 and its sum-
mary in Table 9. The long run causality results reveal that 1tECT −  in exchange 
rate equation is negative, less than one in value and statistically significant at 1% 
level. This suggests that there is a unidirectional causality running from crude oil 
price, oil revenue and Gross Domestic Products to exchange rate. 1tECT −  in 
equations with crude oil price and gross domestic products are negative and less  
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Table 8. The results of vector error correction model granger causality. 

Dependent 
Variables 

Direction of causality 

Short run Long run 

ln tEXC∆∑  ln tCOP∆∑  ln tOREV∆∑  ln tGDP∆∑  1tECT −  

ln tEXC∆  ---- 
3.997** 
(0.045) 

1.541 

(0.214) 
0.002 

(0.963) 
−0.703*** 
(0.002) 

ln tCOP∆  0.388 

(0.533) 
---- 

0.220 

(0.638) 
0.043 

(0.835) 
−0.028 
(0.504) 

ln tOREV∆  0.008 

(0.925) 
0.142 

(0.706) 
---- 

0.207 
(0.648) 

0.285** 
(0.048) 

ln tGDP∆  1.447 
(0.228) 

0.512 
(0.474) 

0.187 

(0.665) 
---- 

−0.020 
(0.217) 

Diagnostic tests 
Akaike information criteria = −0.305, VEC residual serial correlation LM test = 19.680 (0.234),  

VEC White heteroskedasticity test = 98.359 (0.527), VEC Jarque Bera normality test = 12.719 (0.121) 

Note. Values in parentheses are the P-values. LM = langrange multiplier; VEC = vector error correction ** indicates significant at 5% level. 

 
Table 9. The summary of the results of the vector error correction model granger causality approach. 

Direction of causality Short run (F-statistics) Long run ( 1tECT − ) 

ln tCOP  causes ln tEXC  At 5% significance level At 1% significance level 

ln tEXC  causes ln tEXC  NO NO 

ln tGDP  causes ln tEXC  NO NO 

ln tEXC  causes ln tCOP  NO NO 

ln tOREV  causes ln tGDP  NO NO 

ln tGDP  causes ln tCOP  NO NO 

ln tEXC  causes ln tOREV  NO NO 

ln tCOP  causes ln tOREV  NO NO 

ln tGDP  causes ln tOREV  NO NO 

ln tEXC  causes ln tGDP  NO NO 

ln tCOP  causes ln tGDP  NO NO 

ln tOREV  causes ln tGDP  NO NO 

Source: Author’s Data Analysis 2020 using Eviews 9. 

 
than one in values but are also not significant. 1tECT −  in oil revenue equation is 
less than one in value significant but is not negative. Therefore, there is no exis-
tence of long run causality among the variables because the 1tECT −  values in 
the equations does not satisfy the econometrics requirement of negative, less 
than one in value and significant. 

Beside the long run causality, the short run causality was also estimated. 
However, in the short run, there is a unidirectional causality from running from 
crude oil price to exchange rate. 

The diagnostic tests’ results of VECM reported in the lower part of Table 8 

https://doi.org/10.4236/oalib.1106072


K. S. Musa et al. 
 

 
DOI: 10.4236/oalib.1106072 18 Open Access Library Journal 
 

show that the model is stable and reliable ass we could not reject all the null hy-
potheses, and therefore its estimates are acceptable for statistical inference. 

4.1. Results of Forecast Error Variance Decomposition 

The forecast error variance decomposition was used to estimate the short run 
dynamic properties of each of the variable originating from the shocks in the 
system. It is the proportion of forecast error variance for each variable that 
attribute to its own innovation and to innovations in the other endogenous va-
riable. The ordering of the variables in the variance decomposition is stated in 
Tables 10(a)-(d) below over the same forecasting horizon for a period of five 
years (5). 

(a) Variance Decomposition of InEXC 
The variance decomposition of natural log of exchange rate (InEXC) shows 

that the high level of the variation experienced by InEXC is attributed to its own 
shock at 100% in the first period and falls to 84.074 at the end of the 5-period 
horizon. The contribution of the other 3 variables is quite marginal. The highest 
is by the natural log of crude oil price (InCOP), which contributes to 15.049% in 
the fifth period. 

(b) Variance Decomposition of InCOP 
The natural log of crude oil price (InCOP) displayed a similar pattern where 

its own shocks account for a disproportionate share of the total variation. The 
contribution of its own shock is 92.592% in the first period and falls to 89.535% 
in the fifth period. The contribution of the other three variables is also marginal 
with the natural log of exchange rate (InEXC) accounting for 8.818%. 

(c) Variance Decomposition of InOREV 
The variance decomposition of natural log of oil revenue (InOREV) has a dif-

ferent pattern of low level of variation. The contribution of its own shock is 
about 13.476% in the first and continues to fall to 6.241% in the fifth period. The 
natural log of crude oil price (InCOP) maintained a high level of variation with 
86.512% in the first period and continue to increase at decreasing rate up to fifth 
period were its account for 86.827% variation. 

(d) Variance Decomposition of InGDP 
The natural log of gross domestic products (InGDP) displayed a similar pat-

tern where its own shocks account for a disproportionate share of the total vari-
ation. The contribution of its own shock is 73.185% in the first period and falls 
to 44.210% in the fifth period. The contribution of the other three variables is 
also marginal with the natural log of oil revenue (InOREV) accounting for about 
11.171% variation. 

In conclusion, the predominant sources of variation in the natural log of ex-
change rate are largely due its own shocks and innovations in natural log of 
crude oil prices while the predominant sources of variation in natural log of 
crude oil prices are due mainly to own shocks and innovations in natural log of 
exchange rate. Also, the predominant sources of variation in natural log of oil  
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Table 10. (a): Variance Decomposition of InEXC; (b): Variance Decomposition of InCOP; (c): Variance Decomposition of In-
OREV; (d) Variance Decomposition of InGDP. 

(a) 

Period S.E. InEXC InCOP InOREV InGDP 

1 0.200647 100.0000 0.000000 0.000000 0.000000 

2 0.361705 91.83414 7.649416 0.137549 0.378894 

3 0.478488 88.21091 11.25563 0.204498 0.328958 

4 0.590875 86.64781 12.71043 0.140202 0.501558 

5 0.707686 84.07429 15.04907 0.105781 0.770865 

Source: Author’s Data Using Eviews 9. 

(b) 

Period S.E. InEXC InCOP InOREV InGDP 

1 0.313397 7.407169 92.59283 0.000000 0.000000 

2 0.452623 6.216815 93.25126 0.257296 0.274633 

3 0.528486 7.948908 91.39945 0.223833 0.427811 

4 0.610140 8.092581 90.76246 0.215890 0.929073 

5 0.689176 8.818007 89.53546 0.511513 1.135024 

Source: Authors Data Using Eviews 9. 

(c) 

Period S.E. InEXC InCOP InOREV InGDP 

1 0.390148 0.011266 86.51231 13.47642 0.000000 

2 0.507513 0.071951 91.84128 8.086438 0.000336 

3 0.545095 0.337101 90.09112 7.373284 2.198495 

4 0.599775 1.039997 88.81164 6.221477 3.926884 

5 0.638085 2.954258 86.82705 6.241399 3.977292 

Source: Authors Data Using Eviews 9 

(d) 

Period S.E. InEXC InCOP InOREV InGDP 

1 0.034281 16.24320 4.862288 5.708951 73.18556 

2 0.056664 8.413132 19.57619 9.662178 62.34850 

3 0.079211 9.728905 26.00370 12.41099 51.85640 

4 0.099320 10.36783 31.14158 11.59129 46.89929 

5 0.117147 10.30338 34.31461 11.17160 44.21041 

Source: Authors Data Using Eviews 9. 

 
revenue are due to shocks and innovations in natural log of crude oil prices. Si-
milarly, the predominant sources of variation in natural log of gross domestic 
products are due largely to own shocks and innovations in the natural log of oil 
revenue. 
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4.2. Impulse Response Function Analysis 

Figure 4 illustrates the results of impulse response function analysis of exchange 
rate and crude oil price, natural log of oil revenue and natural log of gross do-
mestic products in the VAR system to one standard deviation shock. When there 
are positive shocks to the natural log of exchange rate, the natural log of crude 
oil price, natural log of oil revenue and natural log of gross domestic products 
are found to respond negatively butt insignificant from the period one to third 
period. Beyond third period (i.e. year three), the negative effects of the shocks 
became significant until the fifth period. On the other hand when there are posi-
tive shocks to crude oil price, oil revenue and gross domestic products, the ex-
change rate also shows significant negative and positive responses. The results 
imply that the sudden increase in natural log of exchange rate and natural log of 
crude oil prices, natural log of oil revenue, and natural log of gross domestic 
product will contribute to the adverse effect to other. The estimated impulse re-
sponse functions (IRFs) results showed that exchange rate responds both posi-
tive and negative way depending on time period, due to the shock of InCOP, 
InOREV and InGDP. 
 

 
Figure 4. Impulse response function graph. 
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5. Summary and Conclusion 

This study employed an ARDL approach to co-integration to ascertain the im-
pact of crude oil price on exchange rate in Nigeria. The impact was tested under 
the period of 1983 to 2017. The study employed the VECM Granger causality to 
test the direction of causality between the variables in both the short run and the 
long run. At first, this study tested for co-integration in the model after selecting 
the optimum lag and found that all the variables in the model were co-integrated. 
The long run model was also estimated and the results revealed that crude oil 
price has negative and significant impact on exchange rate while oil revenue and 
gross domestic product have positive and significant impact on exchange rate. 
Besides the long run model estimation, a short run model was also estimated for 
the model. The results also indicated that crude oil price is negative and signifi-
cant in influencing exchange rate while oil revenue and gross domestic product 
have positive and significant impact on exchange rate. This suggests that crude 
oil price which is the focal point of this research, could determine the volatility 
in the exchange rate in both the long run and the short run. The diagnostic tests 
were conducted for the model, and the results revealed that the model is good 
fitted and has satisfied nearly all major classical linear regression requirement. 
The estimated impulse response functions (IRFs) results showed that exchange 
rate responds both positive and negative way depending on time period, due to 
the shock of crude oil price, oil revenue and gross domestic products. From the 
results of variance decomposition, the predominant sources of variation in the 
exchange rate are largely due to its own shocks and innovations in crude oil 
prices while the predominant sources of variation in crude oil prices are 
mainly due to own shocks and innovations in exchange rate. Also, the predo-
minant sources of variation in oil revenue are due to shocks and innovations 
in of crude oil prices. Similarly, the predominant sources of variation in gross 
domestic products are largely due to own shocks and innovations in the oil rev-
enue. 

The robustness check was conducted using dynamic OLS, fully modified OLS 
and canonical co-integration regression, and their results confirmed the results 
of long run ARDL model. The direction of causality was equally tested using 
VECM Granger causality, which revealed significant causality in only exchange 
rate model in the long run, whereas in the short run, causality was detected also 
in exchange rate model. 

Hence, we can conclude that international oil price, oil revenue and gross 
domestic products are the determinants of changes in the exchange rate in Nige-
ria. 
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