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Abstract — This study employed the techniques of Toda-
Yamamoto causality tests to examine the causal effects of 
US Dollar ($), Euro (€) and Pounds Sterling (£) on Naira 
(N) using daily exchange rates from the currencies to 
Naira for the period of about 4,000 days spanning from 
2004 to 2014. The data extracted from the Statistical 
Bulletin of Central Bank of Nigeria and personal daily 
recordings of exchange rates as announced by the 
Central Bank of Nigeria were used to obtain the time 
plots which depicted that the US Dollar to Naira 
exchange rate series, Euro to Naira exchange rate series 
and British Pounds to Naira exchange rate series are not 
stationary at level. The unit root tests conducted using the 
Augmented Dickey-Fuller (ADF) and Kwiatkowski-
Phillips-Schmidt-Shin (KPSS) tests suggested that the 
maximum order of integration, 𝒅𝒎𝒂𝒙 = 𝟏. Based on the 
LR, FPE, AIC and HQ selection criteria, the optimal lag 
order p = 6 was used alongside dmax = 1 to estimate the 
augmented VAR(p + dmax) model. From the estimated 
aforementioned model, Toda-Yamamoto causality tests 
were carried out and the results from the test showed that 
neither Euro to Naira nor Pounds Starling to Naira 
exchange rates granger causes (does not drive) US Dollar 
to Naira exchange rate. However, both US Dollar to 
Naira and Pounds Starling to Naira exchange rates 
granger cause Euro to Naira exchange rate. Also, US 
Dollar to Naira granger causes Pounds Starling 
exchange rates, whereas Euro to Naira exchange rate 
does not granger cause Pounds Starling exchange rates. 
Based on the findings from this study, it is therefore 
recommended that the Federal Government of Nigeria 
should formulate policies that will encourage 
transactions in local Nigerian currency, and reduce 
importation of goods from abroad in order to strengthen 
the value of the Naira against major foreign currencies. 

Keywords: Exchange rate, Toda-Yamamoto Causality, ADF, 
KPSS, Nigeria. 

      I. Introduction 

Over the years, the United States of America Dollar has 
become the vehicle currency which drives all other major 
foreign currencies in the foreign exchange markets. This is 
evident from the relative strength of the US economy that 
supports the US Dollar against other major foreign 
currencies in the foreign markets. Intuitively, no other 
global currencies are expected to drive the US Dollar. 
Apart from the US Dollar, other notable global currencies 
in the foreign exchange markets include: the British 
Pounds Sterling, Euro and Japanese Yen. Therefore, 
understanding the forecasting of foreign exchange behavior 
is crucial to monetary policy (Simwaka, 2007). 

In Nigeria, foreign exchange has become the life-wire 
of Nigerian economic activities, whose fortune is greatly 
dependent on the fluctuations of the US dollar owing to her 
reliance on crude oil for foreign exchange amidst 
dwindling price of crude oil in the international oil market 
(Anyanwu et al, 2017). Despite various efforts by the 
Government to maintain a stable rate, the Naira has 
depreciated from 1980’s to date (Augustine; 2015 and 
Aliyu; 2011). Records has it that Naira has depreciated 
against the US Dollar, Euro and Pounds Sterling by 
58.73%, 61.84% and 48.4% respectively from January 1st 
2004 to February 10th 2014 (see Statistical Bulletin of the 
CBN, 2004-2014).  

The inconsistency in policies and lack of continuity in 
exchange rate policies aggregated unstable nature of the 
Naira rate (Gbosi, 2005). Therefore, knowledge of the 
inherent relationships between some major foreign 
currencies and Naira would assist the Government, policy 
makers and stakeholders to make efficient business 
decisions (Garba et al., 2017). To strengthen the Naira 
against the US dollar and some other major foreign 
currencies, Aminu (2019) advised the Apex Bank to 
deepen currency swap pact with China and diversify 
commodity exports to the US in order to diversify foreign 
exchange earnings for the country.  

In formulating policies that will strengthen the value 
of Naira against major foreign currencies such as US 
Dollars, Euro and British Pounds sterling, robust causal 
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analytical technique(s) is/are required. This study 
employed a robust non-Granger causality technique known 
as Toda-Yamamoto causality tests to analyze the possible 
causal effects from US Dollars, Pounds Sterling and Euro 
to Nigerian Naira. 

. 
.                     II. Literature Review 

Several studies have been conducted on exchange rates in 
the recent years. For instance, Garba et al. (2017) modeled 
the structural relationships of exchange rates of Naira to 
foreign currencies such as Euro, Pounds Sterling and US 
Dollars using the unrestricted Vector Autoregressive 
(VAR) technique. They discovered that uni-directional 
causalities existed between exchange rates of Naira to US 
Dollars and exchange rates of Naira to Pounds Starling, as 
well as between Naira to Euro exchange rates and Naira to 
Pounds Starling exchange rates.  

While bi-directional causality existed between the 
exchange rates of Naira to US Dollars and exchange rates 
of Naira to Euro. Oyenuga et al. (2019) forecasted the 
exchange rates series of Naira to US Dollars, British 
Pounds Sterling, Euro and Swiss France currencies using 
ARIMA models in order to assess the relationships among 
the aforementioned exchange rates.  

Taiwo and Adesola (2013) investigated exchange rate 
volatility and bank performance in Nigeria while Etuk 
(2013) fitted SARIMA model to monthly Naira to Euro 
exchange rates. Musa et al. (2014) forecasted exchange 
rate volatility between Naira and US Dollar using GARCH 
models. Kadilar et al. (2009) forecasted the exchange rate 
series of Turkey using Artificial Neural Network (ANN) 
technique.  

Chi et al. (2015) forecasted Renminbi (RMB) 
exchange rate based on a Nonlinear Combination Model of 
ARFIMA, SVM and BPNN. This study, however, focused 
on examining the direction of causality between Naira and 
some major foreign currencies such as US Dollar, British 
Pound Sterling and Euro. 
 
III.  Materials and Methods 

For this study, a daily time series data on exchange rates of 
US Dollar, Pounds Sterling and Euro to Naira covering 
January 1st 2004 to February 10th 2014 was extracted from 
the Statistical Bulletin of Central Bank of Nigeria (CBN) 
and personal daily recordings of exchange rates as 
announced by the CBN. The technique of Toda-Yamamoto 
(TY) causality developed by Toda and Yamamoto (1995) 
was adopted to analyse the causal effects of exchange rates 
of Naira to the three currencies considered. Toda and 
Yamamoto (1995) proposed a method used to estimate 
unrestricted VAR whose order is p + dmax, where p is the 

true order and dmax is the highest degree of integration in 
the system. In order to achieve the goal of the study, the 
following three basic steps of VAR(p+ dmax) were 
followed:   
 
3.1 Determination of the maximum order of integration    

The first step involves examining the stationarity of the 
series and to determine the maximum order of integration 
(dmax) of the variables in the system using the Augmented 
Dickey-Fuller (ADF) and the Kwiatkowski-Phillips-
Schmidt-Shin (KPSS) tests. For the ADF, the null 
hypothesis states that the series is non-stationary while for 
the KPSS, the null hypothesis states that the series is 
stationary.  

3.1.1 Determination of the optimal lag length (p) 

The p is always unknown and has to be obtained from the 
VAR estimation of the variables in their levels. The p can 
be determined using different lag length criteria such as the 
Akaike’s Information Criterion (AIC), Schwarz 
Information Criterion (SC), Final Prediction Error (FPE) 
and the Hannan Quinn (HQ) Information Criterion.  

3.1.2 Testing for causality 

This is done by using the Modified Wald (MWALD) 
Procedure to test for the VAR (k). The optimal lag length is 
equal to k = (p+dmax). The Modified WALD test has an 
asymptotic chi-square distribution with p degrees of 
freedom in the limit when a VAR(p+dmax) is estimated.  
In order to test for TY causality among the LUN, LEN and 
LPN series, the following tri-variate VAR(k) model is 
constructed as follows: 

LUN୲ = αଵଵ + ∑ ϕଵ୧LUN୲ି୧
୩
୧ୀଵ + ∑ βଵ୧LEN୲ି୧

୩
୧ୀଵ +

∑ δଵ୧LPN୲ି୧
୩
୧ୀଵ + eଵ୲  (1)   

LEN୲ = αଶଵ + ∑ ϕଶ୧LUN୲ି୧
୩
୧ୀଵ + ∑ βଶ୧LEN୲ି୧

୩
୧ୀଵ +

∑ δଶ୧LPN୲ି୧
୩
୧ୀଵ + eଶ୲    (2) 

LPN୲ = αଷଵ + ∑ ϕଷ୧LUN୲ି୧
୩
୧ୀଵ + ∑ βଷ୧LEN୲ି୧

୩
୧ୀଵ +

∑ δଷ୧LPN୲ି୧
୩
୧ୀଵ + eଷ୲         (3) 

where 𝐿𝑈𝑁௧= US Dollar/Naira Exchange Rate, 𝐿𝐸𝑁௧= 
Euro/Naira Exchange Rate, 𝐿𝑃𝑁௧= Pound Sterling/Naira 
Exchange Rate, 𝑒ଵ௧, 𝑒ଶ௧ and 𝑒ଷ௧ are uncorrelated error 
terms in the equations and 𝑘 = 𝑝 + 𝑑௠௔௫    
The following hypotheses have been formulated with 
respect to equations (1), (2) and (3):  
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Hypotheses for equation (1) 
𝐻଴ଵ: 𝛽ଵଵ = 𝛽ଵଶ = 𝛽ଵଷ = ⋯ = 𝛽ଵ௞ = 0 (LEN does not 

Granger cause LUN) 
𝐻଴ଶ: δଵଵ = δଵଶ = δଵଷ = ⋯ = δଵ୩ = 0 (LPN does not 
Granger cause LUN)  

Hypotheses for equation (2) 

𝐻଴ଷ: 𝜙ଶଵ = 𝜙ଶଶ = 𝜙ଶଷ = ⋯ = 𝜙ଶ௞ = 0 (LUN does not 
Granger cause LEN) 

𝐻଴ସ: δଶଵ = δଶଶ = δଶଷ = ⋯ = δଶ୏ = 0 (LPN does not 
Granger cause LEN)  

Hypotheses for equation (3) 

𝐻଴ହ: 𝜙ଷଵ = 𝜙ଷଶ = 𝜙ଷଷ = ⋯ = 𝜙ଷ௞ = 0 (LUN does not 
Granger cause LPN) 

𝐻଴଺: 𝛽ଷଵ = 𝛽ଷଶ = 𝛽ଷଷ = ⋯ = 𝛽ଷ௞ = 0 (LEN does not 
Granger cause LPN)  

The decision rule is to reject the null hypothesis if the p-
value is less than the 5% level of significance. Otherwise, 
the null hypothesis will not be rejected.  

 
 
IV. Results and Discussion 
 
The analyses of the time series data for UN, EN and PN 
were carried out using Eviews 9.0 Statistical Package and 
the results are presented as follows. 

 
Figure 1: Time plots of US-Naira (UN), Euro-Naira (EN) 

and UK-Naira (PN) exchange rates 

Figure 1 shows that UN, EN and PN series exhibit upward 
trends albeit with fluctuations. That is, these three series 
are not level stationary series. Further unit root analyses 
tests such as the Augmented Dickey-Fuller (ADF) and 
Kwiatkowski-Phillips-Scmidt-Shin (KPSS) tests were used 
to confirm the maximum order of integration (dmax) in the 
system of which Table 1 presents the results of the unit 
root tests conducted on UN, EN and PN series. 
 

 
Table 1: Summary of ADF and KPSS Results for LUN, LEN and LPN Series  

ADF 

Variable ADF-statistic Critical values P-value Order of Integration 
LUN -61.37841 -2.862075 0.0001 I(1) 
LEN -32.94625 -2.862076 < 0.0001 I(1) 
LPN -31.85703 -2.862076 < 0.0001 I(1) 

KPSS 
Variable KPSS-statistics Asymptotic critical values* dmax 

LUN 0.310694 0.347000 I(1) 
LEN 0.052503 0.347000 I(1) 
LPN 0.075974 0.347000 I(1) 
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Table 2: VAR Lag Order Selection Criteria for LUN, LEN and LPN Series 

Lag LogL LR FPE AIC SC HQ 

0 8835.826 NA 2.27e-06 -4.480257 -4.475479 -4.478562 
1 42070.25 66401.41 1.09e-13 -21.33312 -21.31401 -21.32634 
2 42205.06 269.1391 1.02e-13 -21.39693 -21.36349 -21.38507 
3 42214.15 18.13395 1.02e-13 -21.39698 -21.34920 -21.38003 
4 42267.31 105.9719 1.00e-13 -21.41938 -21.35727 -21.39735 
5 42327.43 119.7547 9.75e-14 -21.44531 -21.36886* -21.41819 
6 42351.43 47.77389* 9.68e-14* -21.45292* -21.36214 -21.42072* 
7 42355.18 7.448176 9.70e-14 -21.45025 -21.34514 -21.41297 
8 42357.30 4.223998 9.74e-14 -21.44677 -21.32732 -21.40440 

Note: * denotes lag order selected by the criterion 

Table 3: Estimates of Augmented VAR(p+dmax) 

 LEN LPN LUN 
LEN(-1) 0.77752 

(0.02585) 
[30.0832] 

0.014683 
(0.02619) 
[ 0.56071] 

-0.007960 
(0.01724) 
[-0.46168] 

LEN(-2) 0.211408 
(0.02807) 
[ 7.53095] 

 

0.000177 
(0.02844) 
[ 0.00623] 

-0.004327 
(0.01873) 
[-0.23108] 

LPN(-1) 0.065600 
(0.02655) 
[ 2.47087] 

0.860921 
(0.02690) 
[ 32.0049] 

0.019576 
(0.01771) 
[ 1.10527] 

LPN(-2) -0.085043 
(0.02856) 
[-2.97721] 

0.095278 
(0.02894) 
[ 3.29207] 

-0.021218 
(0.01906) 
[-1.11347] 

 
LUN(-1) 0.152008 

(0.03471) 
[ 4.37962] 

0.136494 
(0.03517) 
[ 3.88143] 

1.007125 
(0.02315) 
[ 43.4969] 

LUN(-2) -0.117006 
(0.03834) 
[-3.05165] 

-0.138810 
(0.03885) 
[-3.57319] 

0.011404 
(0.02558) 
[ 0.44585] 

C 0.021904 
(0.00668) 
[ 3.27934] 

0.024262 
(0.00677) 
[ 3.58502] 

0.012441 
(0.00446) 
[ 2.79216] 

LEN(-7) 0.005138 
(0.01451) 
[ 0.35397] 

-0.018136 
(0.01471) 
[-1.23327] 

0.010858 
(0.00968) 
[ 1.12146] 

LPN(-7) 0.013045 
(0.01445) 
[ 0.90252] 

0.034771 
(0.01464) 
[ 2.37438] 

-0.003205 
(0.00964) 
[-0.33237] 

LUN(-7) -0.026055 
(0.01674) 
[-1.55653] 

0.010886 
(0.01696) 
[ 0.64187] 

-0.014135 
(0.01117) 
[-1.26575] 

R2 0.998501 0.997428 0.999505 
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Table 4: Results of Toda-Yamamoto Causality Tests for LUN, LEN and LPN series  

Null hypothesis χ2 value df P-value Direction of causality 

LEN does not Granger cause LUN 

LPN does not Granger cause LUN   

1.690920 

1.319465  

2 

2  

0.4294 

0.5170  

No causation 

No causation 

LUN does not Granger cause LEN  

LPN does not Granger cause LEN 

23.42929 

8.909427 

2 

2 

0.0000 

0.0116  

LUN→ LEN  

LPN → LEN 

LUN does not Granger cause LPN  

LEN does not Granger cause LPN 

15.09628  

1.205681 

2 

2 

0.0005 

0.5473  

LUN → LPN 

No causation 

 
 
 
From Table 1, the ADF test results for LUN, LEN and 
LPN series showed that these three series are difference 
stationary series of order one. That is, the null 
hypothesis of non-stationarity was rejected for each 
series after first difference. 

From the same Table 1, the KPSS test results also 
showed that the null hypothesis of stationarity was 
accepted for each series after first difference. Hence, 
the maximum order of integration (dmax) in the system 
is one.  

From Table 2, the least values of LR, FPE, AIC and HQ 
selection criteria occur at Lag 6. Hence, the optimal lag-
order is 6 for the augmented tri-variate VAR (p+dmax) 
model. Based on the maximum order of integration 
(dmax=1) and the optimal lag order (p=6), the VAR (p+dmax) 
model was estimated and its estimates are presented in 
Table 4 below. 

From Table 3, the estimates of the augmented VAR (6+1) 
model were used to conduct the Toda-Yamamoto causality 
(TY) tests on the LUN, LEN and LPN series. Table 4 
presents the results of the TY tests conducted on LUN, 
LEN and LPN series. 

4.1 Interpretation of equations in the tri-variate 
unrestricted augmented VAR (6+1) system. 
 
From Table 4, the null hypotheses H01 and H02 were 
accepted. This means that the coefficients on the lagged 
LPN and LUN in equation (1) are not statistically different 
from zero. Hence, LEN does not Granger cause (does not 
drive) LUN and LPN does not Granger cause (does not 
drive) LUN.   

Also from the same Table 4, the null hypotheses H03 and 
H04 were rejected. This simply means that the coefficients 

of the lagged LUN and LPN in equation 2 are statistically 
different from zero. Therefore, LUN Granger causes 
(drives) LEN and LPN Granger causes (drives) LEN.  
Also, from the same Table 4, the null hypothesis H05 was 
rejected while H06 was accepted. This means that the 
coefficients of the lagged LUN in equation (3) are 
statistically different from zero. On the other hand, the 
coefficients of the lagged LEN in equation (3) are not 
statistically different from zero. Hence, only LUN Granger 
causes (drives) LPN while LEN does not Granger cause 
LPN. 
 

V. Summary of Findings  

This study employed non-Granger causality test known as 
Toda-Yamamoto (TY) causality test to investigate the 
impacts of exchange rates of US Dollar, Euro and Pounds 
Sterling on Naira using daily time series data from January 
1st, 2004 to February 10th, 2014. The three basic steps of 
unrestricted augmented VAR (p+dmax) model were 
carefully considered and were fulfilled in this study.  

In order to properly determine the maximum order of 
integration of the series in the system of equations, each of 
the series was subjected to unit root analysis using both the 
Augmented Dickey-Fuller (ADF) and Kwiatkowski-
Phillips-Schmidt-Shin (KPSS) techniques. Results of the 
ADF and KPSS tests stated in Table 1 showed that the 
three time series are truly difference stationary series of 
order one (i.e. I(1)). Based on the KPSS results, the 
maximum order of integration (dmax) in the system is one. 
Results from the VAR optimal lag order in Table 2 showed 
that the least value of the selection criteria LR, FPE, AIC 
and HQ occurred at lag 6 indicating that VAR(6+1) model 
was the appropriate model for analysing the LUN, LEN 
and LPN series. Results of the TY causality test in Table 4 
showed that LEN does not Granger cause (does not drive) 
LUN and LPN does not Granger cause (does not drive) 
LUN.  Also from the same Table 4, results of the TY 
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showed that LUN Granger causes (drives) LEN and LPN 
Granger causes (drives) LEN. Finally, from the same Table 
4, results of the TY showed that only LUN Granger causes 
(drives) LPN while LEN does not Granger cause (does not 
drive) LPN. 

VI. Conclusion  

Based on the sequence of statistical analyses carried out on 
the data on US Dollar–Naira  exchange rates (LUN), Euro–
Naira exchange rates (LEN) and Pounds Sterling–Naira 
exchange rates (LPN) from January 1st, 2004 to February 
10th, 2014, it can be concluded that LEN does not Granger 
cause LUN and LPN does not Granger cause LUN.  
However, LUN Granger causes (drives) LEN and LPN 
Granger causes LEN. Also, LUN Granger causes LPN 
while LEN does not Granger cause LPN. This implies that 
Pounds Sterling–Naira exchange rates and Euro–Naira 
exchange rates can be predicted by US Dollar–Naira 
exchange rates in the foreign exchange markets. 

It is recommended that the Federal Government of Nigeria 
should formulate policies that will encourage transactions 
in local Nigerian currency and reduce imports of goods 
from abroad in order to strengthen the value of the Naira 
against US dollar in particular and other foreign currencies 
in general. 
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