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ABSTRACT 

Daily Japanese Yen / Nigerian Naira exchange rates are modelled as a time 
series. A time plot of a realization of the series, which begins from 15th 
October 2015 to 8th April 2016, shows that relatively the Nigerian currency 
is depreciating. The exchange rates are adjudged to be non-stationary by the 
Augmented Dickey Fuller Test. A seven-point differencing of the series is not 
enough to render the series stationary according to the same unit-root test.  
Differencing of the seasonally differenced series finally renders the series 
stationary. The autocorrelation structure of this stationary series makes some 
seasonal autoregressive integrated moving average models suggestive. Such 
models include three  with orders (0,1,1)x(0,1,1)7, (0,1,0)x(0,1,1)7 and 
(1,1,1)x(1,1,1)7. The model selection criteria AIC, Schwarz criterion and 
Hannan-Quinn criterion unanimously adjudge the second model as the most 
adequate. Seven later values of the series from 9th to 15th April 2016 are used 
to compare with the forecasts. It is observed that this out-of-sample 
comparison shows the forecasts to be very close to the observations; in fact, 
they are not significantly different from them. Therefore forecasting and 
simulation of the series may be done using the proposed model. 
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INTRODUCTION AND LITERATURE REVIEW 
International trade relations are invariably based on exchange rates of national currencies. 
It could therefore be helpful to predict on the basis of some model the exchange rates of two 
or more currencies. Many economic and financial time series often display some seasonal 
tendencies. Exchange rates are inclusive. There are approaches to the modelling of such 
seasonal series. One such approach is seasonal autoregressive integrated moving average 
(SARIMA) modelling proposed by Box and Jenkins, 1976. The study of the exchange rates of 
the Japanese currency and its Nigerian counterpart can help in the prediction of such rates. 
Economists, financial experts and administrators could get insight into probable future 
trends of such rates. This would go a long way to provide basis for sound commercial 
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decisions. It is the aim of this study to fit a SARIMA model to daily Japanese Yen (JPY) and 
Nigerian Naira (NGN) exchange rates. Since its introduction in the 1970’s, SARIMA 
modelling has been widely applied and very successfully, too, to model seasonal time series.   
 
For instance, Linlin and Xiaorong (2012) observed the adequacy of the SARIMA modelling 
of expressway traffic flow. Khoei et al., 2013, applied SARIMA modelling on Bluetooth data 
for short-term travel time prediction. A SARIMA (0,1,0)x(2,0,0)12 has been fitted to Liberian 
monthly inflation rates (Fannoh et al., 2014). Boaheng (2014) modelled monthly mean air 
temperature in the Ashanti region of Ghana as a SARIMA (2,1,1)x(1,1,2)12. Kibunja et al., 
2014 proposed a SARIMA (1,0,1)x(1,0,0)12 model for the forecasting of precipitation in 
Mount Kenya region. A SARIMA (0,0,5)x(1,0,1)12 model has been fitted to rainfall drought 
for Sudanese Gadaref region by Hishan and Tariq (2014). Gikungu et al., 2015, analysed 
Kenyan quaterly inflation rates and modelled them by a SARIMA (0,1,0)x(0,0,1)4. Ibrahim et 
al., 2016, fitted a SARIMA (1,1,1)x(1,0,1)4 model to quarterly peads patients’ attendance at 
Outpatients Medical Laboratory, Mayo Hospital, Lahore, Pakistan. These are just to mention 
but a few. 
 
MATERIALS AND METHODS 
DATA 
The data for this study are daily JPY/NGN exchange rates from 15th October 2015 to 15th 
April 2016 obtained from the website www.exchangerates.org.uk/JPY-NGN-exchange-
rate-history.html . The 177-point sample spans from 15th October 2015 to 8th April 2016. 
The rest from 9th to 15th April 2016 are out-of-sample rates to be used for out-of-sample 
forecast comparison. The website was accessed on 9th April 2016 for the sample and 16th 
April for the out-of-sample data. These data are to be interpreted as the amounts of NGN in 
one JPN. 
 
SARIMA MODELLING       
A time series {Xt} in order to be modelled must be stationary. If not, it could be differenced 
non-seasonally and/or seasonally to make it stationary. Before and after being differenced 
the time series shall be tested for stationarity by the Augmented Dickey Fuller (ADF) Test. 
Box and Jenkins, 1976 proposed that a seasonal time series {Xt} of period s might be 
modelled by a SARIMA (p,d,q)x(P,D,Q)s model defined by 
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where A(L) is the non-seasonal  autoregressive operator, a polynomial in L of degree p; B(L) 
is the non-seasonal moving average operator, a polynomial in L of degree q; (L) the 
seasonal autoregressive operator, a polynomial in L of degree P; (L) the seasonal moving 
average operator, a polynomial in L of degree Q; L the backshift operator defined by LkXt = 
Xt-k;   the non-seasonal difference operator defined by  = 1 – L; s the seasonal 
difference operator given by s = 1 – Ls; {t} a white noise process.  
 Model selection shall be done by the use of Akaike Information Criterion (AIC), Schwarz 
Criterion and Hannan- Quinn criterion.  
 
STATISTICAL SOFTWARE 
The analysis of data of this work was done using the statistical and econometric package 
reviews 7.  
 
RESULTS AND DISCUSSION 
The time plot of the original series in Figure 1 shows an overall positive secular trend which 
indicates a comparative depreciation of the Naira within the time of interest, that is, 
between October 2015 and April 2016. Expectedly the exchange rates are non-stationary. 
The ADF test statistic is equal to 0.73. With the 1%, 5% and 10% critical values of -3.47, -
2.88 and -2.58 respectively, this original series is adjudged non-stationary. A seasonal (i.e. 
seven-point) differencing of the original series yields a series with a slightly overall positive 
trend (See Figure 2). With an ADF test statistic of -2.59, it is adjudged non-stationary too. A 
non-seasonal differencing of the seasonal differences yields a series with an overall 
horizontal trend (See Figure 3). An ADF test statistic value of -8.32 is an indication of 
stationarity of series, given the above critical values. The correlogram of the series in Figure 
4 gives an indication of some SARIMA models which include a SARIMA(0,1,1)x(0,1,1)7 
model and a SARIMA(1,1,1)x(1,1,1)7 model. Estimation of the SARIMA (0,1,1)x(0,1,1)7 
model as summarized in Table 1 yields 
 
Xt = 0.1047t-1 – 0.9395t-7 – 0.0849t-8 + t      (2) 
       (0.0767)    (0.0145)    (0.0732) 
 
Clearly it is only the t-7 coefficient that is significantly different from zero. Hence a 
SARIMA (0,1,0)x(0,1,1)7 is proposed. Estimation of this model as summarized in Table 3 
yields the model 
 
Xt = -0.9371t-7 + t          (3) 
        (0.0139) 
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Estimation of the SARIMA (1,1,1)x(1,1,1)12 model as summarized in Table 3 yields 
Xt + 0.1804Xt-1 + 0.3161Xt-7 + 0.3396Xt-8 = t + 0.3323t-1 – 0.3019t-7 + 0.3656t-8 
 (4) 
      (0.1808)     (0.1002)     (0.1100)           (0.1505)     (1036)        (0.1557) 
 
where in (2) , (3) and (4), Xt refers to the difference of the seasonal differences series. 
Clearly the model (3) is the most adequate of the three on the basis of the model selection 
criteria AIC, Schwarz criterion and Hannan-Quinn criterion. The residuals of this model 
are mostly uncorrelated (See Figure 5) and normally distributed at 0.1% level of significance 
(See Figure 6). Finally out-of- sample forecast comparison in Table 4 shows the closeness of 
the forecasts to the real observations. The goodness-of-fit of the model is evident. 
 
CONCLUSION 
It may be inferred that the model (3) which is a SARIMA (0,1,0)x(0,1,1)7 is adequate for the 
forecasting and the simulation of daily JPY-NGN exchange rates. Economists, planners, 
managers and financial experts may use this model in short-term forecasting and 
simulation of the series. 
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TABLE 4: OUT-OF-SAMPLE FORECAST COMPARISON 
Day Forecasted Rate Observed Rate 
9th April 2016 
10th April 2016 
11th April 2016 
12th April 2016 
13th April 2016 
14th April 2016  
15th April 2016  

1.8425 
1.8439 
1.8441 
1.8485 
1.8510 
1.8557 
1.8541 

1.8433 
1.8400 
1.8452 
1.8318 
1.8207 
1.8202 
1.8302 
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