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Abstract: Due to high and increasing rate of uncertainty in the foreign exchange market, 

there is the need for reliable and sophisticated models of forecasting the exchange rate 

series. This study is aimed at developing a model of exchange rate for Nigeria with higher 

data points, taking into cognizance its periodic seasonal component and uses the estimated 

model to make forecast. The study used Nigeria‟s monthly data for 1981:M1 to 2018:M12 

sourced from the Central Bank of Nigeria (CBN) Statistical Bulletin. Data was analysed 

using seasonal ARIMA model (SARIMA) which is an extension of autoregressive (AR) and 

moving average (MA) process in the popular Box-Jenkins methodology.  With 456 data 

points, the study developed SARIMA (0,1,1) x (1,1,1)12 from among the competing models 

based on its AIC and BIC values. The estimated model is found to be adequate in making 

forecast using a sample data for 2019. The estimated model is found to be adequate in 

making forecast using a sample data for 2019. Having predicted the worsening value of 

Naira along seasonal path, the study thus recommends that authorities should consider the 

seasonal component in designing monetary policies targeted at foreign exchange to stabilize 

the economy. 
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Introduction 

Exchange rate is the value of a country‘s currency in terms of that of the rest of the world. A 

bilateral comparison is the price of the currency of one country expressed in terms of the 

currency of another country. Currency is one of the most traded commodities in the world 

physically and electronically. Varenius (2017) described the foreign exchange market as the 

largest financial market in the world. With globalization, the exchange rate exerts strong 

impact on nations' macroeconomic variables such as the international trade, domestic trade, 

capacity utilization in manufacturing, economic growth and the like. Thus, it is imperative for 

economies to understand what causes exchange rate fluctuations so as to proactively design 

the consequential policy responses.  

 

A country‘s exchange rate is one of the most closely monitored indicators, as fluctuations in 

exchange rates can have far reaching economic consequences (Ribeiro, 2016). The lingering 

financial turmoil all over the world demonstrates the urgency of perfect information of the 

exchange rates (Shim, 2000). Understanding the forecasting of exchange rate behaviour is 

important to monetary policy (Simwaka, 2007). Having established that exchange rate is one 

of the crucial macroeconomic indicators for any economy; Asadullah et al., (2020) opined 
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that investors, lenders, borrowers, people in business etc., are always keen to know about the 

trend of exchange rate near future because their investments and transactions are significantly 

affected by the fluctuation in exchange rates. It also affects the profit forecasting, capital 

budgeting plans and the foreign investment worth. In this regard, one of the important 

variables that have considerable influence on other socio – economic variables in Nigeria is 

the Nigerian naira / dollar exchange rate (Ismail, 2009).  

 

Over the years, foreign exchange and its management in Nigeria has endured series of 

transformation. Moving from what CBN (2019) termed as officially pegged exchange rate 

system between 1970 and 1985 to a market-determined system since 1986, it is now 

determined through the foreign exchange market on the basis of demand and supply. 

However, the Naira continues to slide against major currencies. Between March and August 

2020, the Naira fell by nearly a fifth of its value on the official exchange rate window, from 

305 to the U.S. dollar to 379 on August 21, according to the CBN data for a roughly 24.3% 

decline. As at 10
th

 of April, 2021, Naira is traded at the official rates of 380, 520.712, 

451.3773 and 0.6769 USD, Pounds sterling, Euro and CFA respectively (CBN, 2021). The 

exchange rate crises and uncertainty according to Nwanma (2020) is concomitant to the 

country‘s fragmented exchange rate system which offers multiple rates at different windows 

that fueled speculative demand and arbitrage pressures. Apart from the official rate, the 

country operates Investors‘ and Exporters‘ (I&E) rate, otherwise known as the NAFEX 

Fixing, which serves investors and exporters. Others are bureau de change rate which serves 

individuals needing foreign exchange for personal and business travel, payment of school 

fees abroad and foreign medical treatment that sells close to N500 a dollar. Lastly, there is the 

parallel or ―black market‖ rate serving the needs of multitudes that cannot easily access funds 

at the other windows, particularly speculators seeking to stock up on foreign currencies in 

anticipation of further Naira weakness. 

 

In the financial as well as managerial decision making process, forecasting is a crucial 

element (Majhi et al, 2009). Most previous researches on forecasting of financial and 

economic variables using series of fundamental and technical approaches produced different 

results in the sample or out of sample (Musa et al, 2014; Onasanya & Adeniji, 2013).  

 

Due to high and increasing rate of uncertainty in the foreign exchange market, Deka and 

Resatogluthere (2019) stressed the need for reliable and sophisticated models of forecasting 

financial series such as foreign exchange rate as well as inflation being one of the factors that 

determine the former in the foreign exchange market. While it is essential to understand the 

long term trends in the exchange rates for making strategic decisions like direct investment 

and building long term trade relations with certain countries, at the same time it is also 

necessary to understand if there are any seasonal effects on the exchange rate movement 

(Kumuda and Bhatt, 2016). Additionally, exchange rate dynamics in international trade and 

overall economic performance of all countries in general, requires a good forecasting tool. It 

is against this background that this study will examine seasonal characteristics of Nigeria‘s 

exchange rate using sufficient data points and build a model for predicting the series. 

Following this introduction, the rest of the paper is organized as follows. Section two makes a 

review of the literature, section three presents the data and methodology used for the study. 

Section contains data presentation, results and discussions. Conclusion and recommendations 

featured in section five. 
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Literature Review 

Exchange Rate is the price of some foreign currency in terms of a home currency (Govil, 

2014; Lu, 2011; Mia & Rahman, 2019; Olakorode et al., 2018). The two conventions 

according to Govil (2014) are E: Price of home currency in terms of foreign currency and R: 

Price of foreign currency in terms of home currency giving:   
 

 
. Yang & Zeng (2014) 

differentiates between the types of exchange rate describing nominal exchange rate as the 

price of a currency in terms of another currency. On the other hand, the real currency 

exchange rate as the price of the currency in real terms. However, Kipici and Kesriyeli (1997) 

categorized the definition of real exchange rate under two main groups. The first group of 

definitions is made in line with the purchasing power parity (PPP). The second group, on the 

other hand, is based on the distinction between the tradable and the non-tradable goods. 

Although they can coincide in some very special cases, these definitions usually give 

different results. Factors that are generally thought to influence exchange rates according to 

Pierce (1983) include a country's inflation rate, real economic growth rate, interest rates 

relative to the rest of the world, and private speculation.  

 

The theories of exchange rate determination included but not limited to Balance of Payment 

Theory; Interest Rate Parity (IRP); Purchasing Power Parity Theory (PPPT); Mint Parity 

Theory; the Quantity Theory of Money, the Tightening Monetary Policy Theory; and the 

Interest Rate Parity (IRP). 

 

This is anchored in the PPT. This is an economic theory used in determining the relative 

value of currencies, estimating the amount of adjustment needed in the exchange rate 

between countries, in order for the exchange rate to be equivalent to each currency‘s 

purchasing power (CBN, 2011). It recognizes inflation levels and trends as important 

determinants of exchange rate of a currency both in emerging and developed economies 

(Scott, 2008 cited in Nyoni, 2018). PPPT avers that a currency will lose value if there is a 

high level of inflation in the country or if inflation levels are perceived to be going up. This is 

attributed to the fact that inflation erodes the purchasing power, thus demand for that specific 

currency. According to Oleka et al (2014), a currency may sometimes strengthen when 

inflation rises due to expectations that the central bank of the country concerned will raise 

short –term interest rates to combat rising inflation. PPPT, as noted by Obadan (2006); 

concludes that the equilibrium exchange rate between two invertible paper currencies is 

determined by the equality of their purchasing power (that is, their relative prices). 

 

Empirical review 

There are several country-studies on modelling and forecasting exchange rate series. Most of 

the studies are tilted towards modelling local versus major convertible currencies US Dollar, 

Pound, Yuan and the like. For Nigerian Naira exchange rate series, Etuk (2013) used a seven-

day differencing that yields new series with an overall slightly negative trend with no 

discernible seasonality. The findings reveal a seasonal moving average component of order 

one and the product of two moving average components: one seasonal and the other non-

seasonal, both of order one. Hence a (0, 1, 1) x (0, 1, 1)7 SARIMA model is proposed. It is 

fitted and shown to be adequate for the data. 

 

Etuk (2016) further used SARIMA methods to anlyze a 179-point realization of daily 

exchange rates of the Chinese Yuan and the Nigerian Naira spanning from 18th October 2015 

and 13th April 2016. The autocorrelation structure of the resultant series suggests the 

possibility of some SARIMA models. These include a SARIMA(0,1,1)x(0,1,1)12 and a 
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SARIMA(0,1,0)x(0,1,1)12. Comparison on the basis of the information criteria AIC, Schwarz 

criterion and Hannan-Quinn criterion shows that the former model is the superior. The 

forecasting ability of the model was tested for 8 data points. 

Other studies on Nigeria on this note were not able to adequately address the issue of 

seasonality inherent in the exchange rate series. These include, Nyoni (2018) that model and 

forecast the Naira / USD exchange rates over the period 1960 – 2017.  Based on the 

minimum AIC value, the study presents the ARIMA (1, 1, 1) model as the optimal model. 

The forecast evaluation statistics, namely ME, RMSE, MAE, MPE, MAPE and Theil‘s U 

absolutely showed that the forecast accuracy of the model is quite good and that the Naira 

will continue to depreciate.  

 

In the same vein, Mohammed and Abdulmuhaymin (2016) investigates the exchange strength 

of Nigerian naira with respect to United States dollar and fit an appropriate model to the data 

using Box Jenkins approach, the data spans the period 1972 to 2014. The result revealed that 

the exchange rate of naira to a U.S dollar has been relatively stable from 1972 to 1985, and 

then a continuous upward trend from 1985 to 2014. Based on the selection criteria AIC and 

SIC, the best model that explains the series was found to be ARIMA (0, 2, 1). A forecast for 

period of six years terms was made and the forecasted values were all within the confidence 

limits.  

 

Also, Nwankwo (2018) applied ARIMA model to exchange rate (Naira to Dollar) within the 

periods 1982-2011 using Box-Jenkins methodology. The fitted model was an AR (1) based 

on its potentials for better prediction and computational requirements. Onasanya et al. (2014) 

fitted a seasonal ARIMA model of Naira/Dollar exchange rate using a monthly data for the 

period of Jan 1994 to July 2013. The estimated forecast values from their proposed model 

closely reflect the economic reality in two countries as indicated by the forecast measurement 

criteria 

 

In the same vein, Olakorede et al. (2018) developed a univariate time series ARIMA model to 

the Monthly data of exchange rate between Nigerian Naira and US Dollar from January 1980 

to December 2015. The resultant Box-Jenkins ARIMA model was ARIMA (0,1,1) based on 

Akaike Information Criteria (AIC) of 2313.19, Normalized Bayesian Information Criteria 

(BIC) of 2325.39. The fitted model was used to obtain the post-sample forecasts for three 

years (January 2016 to December 2018).  

 

An observation from the empirical studies on Nigeria revealed greater part of the studies on 

forecasting Nigeria‘s exchange rate have ignored the seasonal behaviour of the series. This 

study hence complemented the few studies on SARIMA framework by using higher data 

points to build the model and employ it for in-sample and out of sample forecast.  

 

Methodology 

 

Data type and source  

The study used Nigeria‘s monthly average official exchange rate of the naira (N/US$1.00)   

from 1981:1 to 2018:12 leaving 2019:1-12 data for out-of-sample forecast. The series were 

sourced from the 2019 CBN Statistical Bulletin. The choice of Naira-Dollar was in 

consideration of the latter‘s role which the CBN (2019) described as the intervention 

currency in the market and that the exchange rates of other currencies are based on cross 

reference to the naira - dollar exchange rate. The choice of monthly data is informed by the 

fact that ―a lengthy time series data is required for univariate time series forecasting. It is 
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recommended that at least 50 observations are to be made available (Meyler, Kenny & 

Quinn, 1998). With 468 data points, it is likely that the potential model will be passable for 

making forecast. The series were analysed using Stata version 15. 

 

Model 

The study used seasonal ARIMA model (SARIMA). It is an extension of autoregressive (AR) 

and moving average MA process in the popular Box-Jenkins methodology. SARIMA 

otherwise known as multiplicative seasonal ARIMA model is applied when time series 

exhibit a periodic seasonal component. It is denoted by ARIMA (p,d,q)(P,D,Q)S, 

Generically, the Autoregressive Moving Average (ARMA) model can be written with 

(𝑝)Autoregressive (AR) terms and (𝑞) Moving Average (MA) terms as: 

       (                      )  (               )              

 

This can be rewritten as                
Where                 

   and                
  are the characteristic 

polynomials of the AR part and of the MA part of an ARMA (p, q) process (  ). z is the back-

shift (lag) operator. 

ARIMA is an extension of ARMA models to include differencing. A process    is said to be 

an ARIMA (p, d, q) if          is a causal ARMA (p,q). The corresponding ARIMA 

equation is: 

                                          

 

The SARIMA process for a non- stationary time series possibly containing seasonality is that 

with seasonal periodic component that repeats itself after every s observation. Box, Jenkins, 

Reinsel and Ljung (2016) defined the general multiplicative SARIMA model as: 

      
                           

              

 

Where:           
                 

   are characteristic polynomials of orders p, P, q 

and Q respectively. d and D are the orders of non-seasonal and seasonal differencing 

respectively.  

 

Estimation Techniques 

To achieve the objective of the study, follows the B-J steps of identification, estimation, 

diagnostic checking and forecasting. 

i. Identification 

SARIMA model is appropriate for stationary time series therefore; the data under 

consideration must satisfy the condition of stationarity. The Augmented Dickey and Fuller 

(ADF) and the Phillips and Perron (PP) tests were performed to accomplish this. The ADF 

and PP tests are conducted from the ordinary least squares estimation of the following 

equations, respectively: 

                   ∑   

 

   

                    

                                  
where Y is the variable of interest (in this case the monthly exchange rate), α0 is the intercept, 

T is a linear time trend, Δ is the first difference operator, and εt is the error term with zero 

mean and constant variance. The hypothesis           that Y is a nonstationary is rejected 

if the test fails to reject the alternative hypothesis          . Since the t-statistic does not 

have the standard t distribution for both tests, MacKinnon (1991) finite sample critical values 
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are used to determine the statistical significances. The unit root test was followed up with the 

autocorrelation function (ACF) partial autocorrelation function and the (PACF) plots of the 

series in order to determine values for p, q and P, D, Q.  

 

ii. Estimation 

The parameters are estimated by the maximum likelihood estimation method. For the 

estimated models, we select the one with the minimum values of Akaike Information 

Criterion (AIC) Bayesian Information Criterion (BIC).  

 

iii. Diagnostics 

After estimating the parameters of the chosen model based on the information criteria, the 

last step is model diagnostics. This step is aimed at certifying the adequacy of the chosen 

model. The commonly used test is the examination of the ACF and PACF plots of the 

residuals to satisfy the assumption of SARIMA model that the the residuals of the model 

should be white noise. The ACF of the white noise residuals is approximately zero. Other 

tests such as the Ljung – Box Q statistic and ARCH - LM test compliment the residual 

diagnostics. 

 

iv. Forecasting 

In this stage we test the forecasting ability of the chosen model. In the case, the study used 

the in-sample forecast. 

 

Results and Discussion of Findings 

The data used for the study is depicted graphically for visual exploration.   Figure 1 and 2 

shows the respective plot of the original and differenced exchange rate data. 

 

Fig. 1: Plot of Nigeria's monthly exchange rate series (1981-2019)
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Both plots denote the pattern of nonstationary series. A series is said to be nonstationary, if it 

has a non-constant mean, variance and autocovariance over time. If a nonstationary series has 

to be differenced d times to become stationary, then it is said to be integrated of order d: i.e. 

I(d). However, visual observation of the plots will not be enough to establish definite 

evidence of the presence of a unit root or otherwise. Thus, standard ADF and PP unit root 

tests were conducted on the series.  Table 1 reports the results of the tests at level and first 

difference. 

 

Table 1: Unit root test result  

Variable  ADF PP 

MER (at level)      1.367 1.205 

MER (at first diff.) 15.537***     15.374*** 

Source: Computed using Stata15. *** indicates significance at 1 percent, 5 percent and 10 percent level. 

 

The results on Table 1 indicates that the null hypothesis of unit root in exchange rate series at 

level series cannot be rejected based on the ADF and PP statistics and their respective 

probability values. Running the two tests on the differenced data, we can now conclude that it 

is stationary at a 1% significance level. The result shows that the series are I(1). The plot of 

the differenced data is depicted in Fig. 2 . 

 

The next step is to determine the order of the AR and MA for seasonal and non - seasonal 

components using the sample ACF and PACF plots of the series.  

Fig. 2: Plot of Nigeria's differenced monthly exchange rate series (1981-2019)
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A visual observation of the ACF shows that a reasonably number of lags beyond the Bartlett 

95% confidence region. On the other hand, the PAC plot shows a first significant lag and 

subsequently noticeable significant lags appear to be seasonal (multiple of 12 or roughly 12) 

indicating a very strong seasonal AR term (seasonal AR term of a unit order). Thus, we 

started from the rudimentary model in order to identify and select the parsimonious one. 

Three SARIMA models were estimated. This is done to ―slim the likelihood of missing out 

on a good fitting model observing the correlograms alone‖ (Adongoa, Lewis, Essieku, 

Boamah, & Chikelu, 2018:5). The fitting model is SARIMA (0,1,1) x (1,1,1) 12 after 

comparing the Akaike (1974) Information Criterion (AIC) and the Schwarz (1978) Bayesian 

Fig. 3: ACF plot of Nigeria's  exchange rate series (1981-2018)
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Fig. 4: PACF plot of Nigeria's  exchange rate series (1981-2018)
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Information Criterion (SBIC) for each of the estimated models. Table 2 contains the summary 

of the models along with their AICs, BICs and Ljung-Box (LB) statistics. 

 

Table 2: Summary of models estimation 

Model AIC (df) BIC (df) LB Stat. Prob. 

SARIMA (0,0,0) x (0,0,1)12  5194.083 (2) 5202.328 (2) 10200.2642 0.000 

SARIMA(0,0,0) x (0,1,1)12  4028.548 (2) 4036.78 (2) 1058.953 0.000 

SARIMA (0,0,0) x (1,1,1)12 4009.912 (3) 4022.199 (3) 1077.608 0.000 

SARIMA (0,0,1) x (1,1,1)12 3512.042 (4) 3528.425 (4) 10965.0671 0.000 

SARIMA (0,1,1) x (1,1,1)12 2655.824 (4) 2672.199 (4) 11148.3608 0.000 

SARIMA (1,1,1) x (1,1,1)12 2657.531 (5) 2677.199 (5) 11328.5088 0.000 

Source: Authors (2021) 

 

Following the estimation, the standard diagnostic check in the B-J methodology is the 

examination of the residuals. Fig. 4 and 5 depicts the ACF and PACF plots of the residuals. 

 

 
 

  

Fig. 5: ACF plot of the residuals
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Fig. 6: PACF plot of the residulas
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Close examination of the ACF and PACF plots of the residuals shows that they have zero 

mean, constant variance and also uncorrelated (white noise process) thus, signifying the 

fitness of the model. This is in addition to the probability values of 0.000 for the Ljung-Box 

statistic as depicted in Table 2.  

 

Having determined and substantiated the SARIMA (0,1,1) x (1,1,1)12 model for Nigeria, we 

now turn to its use in predicting the country‘s exchange rate. Table 3 and 4 reports an in-

sample and out of sample forecasts using the estimated model. The results are modest 

comparison of the actual and predicted exchange rate values for the selected periods. The 

results in table 3 evidently show a paltry oscillating variance between the actual and the 

predicted values for the period 2018M1 to 2018M12 the highest   being +N3 and the lowest -

10 Kobo and averaging less than 50 kobo. Throughout the year, there wasn‘t up to a percent 

difference between the actual and the predicted exchange rate values.  Hence, this indicates 

that the chosen model can favorably forecast the actual values along with its seasonal 

variation.  

 

Table 3: In-sample forecast 

Date Actual Predicted Difference 

Percentage 

Change 

2018m1 305.777 308.7991 3.0221 0.988335 

2018m2 305.895 305.182 -0.713 -0.23309 

2018m3 305.743 306.9767 1.2337 0.403509 

2018m4 305.61 305.3985 -0.2115 -0.06921 

2018m5 305.826 305.8619 0.0359 0.011739 

2018m6 305.871 306.8214 0.9504 0.310719 

2018m7 305.814 307.4394 1.6254 0.5315 

2018m8 306.057 305.7921 -0.2649 -0.08655 

2018m9 306.272 306.1571 -0.1149 -0.03752 

2018m10 306.505 306.1594 -0.3456 -0.11276 

2018m11 306.712 306.9139 0.2019 0.065827 

2018m12 306.921 307.3392 0.4182 0.136257 

Source: Authors (2021) using Stata 15 

 

The results of out of sample forecasted as reported in Table 4 show a relatively wider 

difference between the actual and the predicted Naira-Dollar exchange rate values for January 

– December 2019.  Accordingly, the estimated model has a better in-sample forecasting 

ability  
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Table 4: Out of sample forecast 

Date Actual Predicted Difference 

Percentage 

Change 

2019m1 306.845 309.8515 3.0065 0.979811 

2019m2 306.768 310.2758 3.5078 1.14347 

2019m3 306.924 311.0989 4.1749 1.360239 

2019m4 306.962 311.1673 4.2053 1.369974 

2019m5 306.95 311.3422 4.3922 1.430917 

2019m6 306.947 312.3253 5.3783 1.752192 

2019m7 306.937 314.1674 7.2304 2.355663 

2019m8 306.932 314.6873 7.7553 2.526716 

2019m9 306.919 314.7026 7.7836 2.536044 

2019m10 306.964 314.5563 7.5923 2.473352 

2019m11 306.948 314.8459 7.8979 2.573042 

2019m12 306.95 315.5383 8.5883 2.797948 

Source: Authors (2021) using Stata 15 

Based on the sampled data the model has adequately predicted (in-sample) the exchange rate 

series for the period in question. 

 

Conclusion and Recommendations 

The study has developed the model of Nigeria‘s Naira-Dollar exchange rate with higher data 

points and taking into cognizance its periodic seasonal component. From among the 

competing models, SARIMA (0,1,1) x (1,1,1)12 was adjudged the best in explaining the 

country‘s exchange rate series from January 1981 to December 2018 based on its AIC and 

BIC values.  The estimated model is found to be adequate in making forecast using a sample 

data for 2019. Having predicted the worsening value of Naira along seasonal path, the study 

thus recommends that authorities should consider the seasonal component in designing 

monetary policies targeted at foreign exchange to stabilize the economy.  
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