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Abstract An exchange rate is the value of a country’s currency in relation to another country or economic zone. Most
exchange rates are free-floating and will rise or fall based on supply and demand in the market. Various countries use
different mechanisms to keep their currency stable by identifying an exchange rate regime that best suits their economy.
Monetary policy has always been seen as a fundamental instrument over the years for the attainment of macroeconomic
stability which is often seen as a prerequisite to achieving sustainable growth of output. The main aim of this paper is to
model the exchange rate of Naira against four other major currencies using ARIMA model. The currencies modelled were
Dollar, Pounds Sterling, Euro and Swiss Franc. The annual time series data used for the study were extracted from 2018
Central Bank of Nigeria, Statistical Bulletin between 1999 to 2017. The results show that Dollar, Pounds, Euro and Swiss
franz time series data were satisfactorily stationary after the second difference and followed ARIMA (121),(221)(221)
and (2 2 2) respectively with corresponding minimum AIC of 51.122, 55.370, 71.027 and 73.819. The errors derived from the
models were random, normally distributed and no presence of error correlation which indicates that the residuals are white
noise. The fitted models are used to make forecasts for four years and the results indicate perpetual increase in the exchange

rate.
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1. Introduction

Exchange rate policy has been identified as one of the
endogenous factors that can affect the economic
performance of a nation [1]. Exchange rate is the price of one
country’s currency in relation to another country. It is the
price in which one currency is exchange for another. It
measures the domestic worth of an economy; in terms of the
currencies of most industrialized countries such as United
State of America Dollars, British Pound Sterling, German
Duetsche Mark, Swiss Franc, French Frank, Italian Lira and
Canadian Dollar [2].

In Nigeria, the management of exchange rate is carried out
by the Central Bank of Nigeria. Following the adoption of
the structural adjustment program policy in 1986, the
country has moved from a pegged or rigid exchange rate
regime to a more flexible regime [3]. In practice, no
exchange rate is ‘clean or pure float’, that is a situation where
the exchange rate is  left completely to be determined by
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market forces of demand and supply but rather the prevailing
system is the managed float whereby the monetary
authorities intervene periodically in the foreign exchange
market of a country in order to attain some strategic
objectives [4].

The inconsistency in policies and lack of continuity in
exchange rate policies aggregated unstable nature of the
naira rate [5]. [6,7] noted that despite various efforts by the
government to maintain a stable rate, the naira has
depreciated throughout the 80’s to date.

Most researchers have done a great research on
forecasting of exchange rate of developed and developing
countries using different approaches. The approach might
vary in either fundamental or technical approach. [8] used a
technical approach to forecast Nigeria naira to US Dollar
using Seasonal ARIMA model for the period of 2004 to 2011
and was stable in 2008. His good work expatiates on that
seasonal difference once produced a series SDNDER with
slightly positive trend but still within discernible stationarity.
[9] conducted a research on forecasting exchange rate
between Ghana Cedis and US Dollar using Time Series
analysis for the period January 1994 to December 2010.
Their findings reveal that predicted rates were consistent
with the depreciating trend of the observed series and
ARIMA (11 1) was found to be the best to such series and a
forecast for two years were made from January 2011 to
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December 2012 and reveals that a depreciation of Ghana
Cedi’s against the US Dollar was found.

[10] examined the volatility of the Naira/USD and
Naira/UK Pound Sterling exchange rates in Nigeria using the
GARCH model. They use monthly exchange rates spanning
the period 2006-2010. According to them, the main objective
of an exchange rate policy is to determine an appropriate
exchange rate and ensure its stability over the years, efforts
put by the Nigerian Government to achieve this have not
yielded positive results. They thus sought to build a
forecasting model that would adequately capture the
volatility of Nigeria Exchange rate return series using
GARCH model and the outcome of their research was to
assist the government to manage the exposure of the
exchange rate volatility in short run and inform investors on
future behavior of exchange rates thus helping them in
decision making.

[11] forecasting exchange rate between Naira and US
Dollar using time domain model. The study used non
seasonal ARIMA model for the period January 1994 to
December 2011. The result revealed that the model ARIMA
(1 2 1) best fit the data.

[12] examined the naira exchange rate in relation to four
other major currencies. The impact of exogenous variables in
modeling volatility was considered using both the GARCH
(1 1) and its asymmetric variants. The results of the fitted
models show that some of the parameters were significant
and that volatility is quite persistent while the results of the
asymmetric model indicate different impacts for both
negative and positive shocks. This shows superior
forecasting performance to the symmetric GARCH.

[13] investigated the strength of Nigeria Naira to US
Dollar using Box Jenkins approach, data spans the period
1972 to 2014. The best model that explains the series was
found within the confidence limits and this suggests that if
positive measure is not taken, the value of naira will continue
to depreciate.

[14] presented an empirical study of modelling and
forecasting time series data of official exchange rate of
Nigeria using Box-Jenkins ARIMA methodology. The result
of the analysis revealed that the best model for forecasting
Dollar to Nairais ARIMA (0 1 0) obtained through the use of
the function auto.arima.

[15] model and forecast the naira to US Dollar exchange
rate over the period 1960 to 2017. The best model that fit the
series is ARIMA (1 1 1) which is used to forecast. The result
shows that naira will continue to depreciate and it is
recommended for Central Bank of Nigeria to devalue naira
in order to not only restore exchange rate stability but also
promoting foreign capital inflows.

[16] presented modeling the exchange rate volatility of
Naira against Euro, Pound Sterling, Dollar and West African
Unit of Account (WAUA) in Nigeria using symmetric and
asymmetric GARCH models in the presence of Gaussian
and Non-Gaussian errors. The results show that symmetric
GARCH (1 1) model captured all volatility clustering with
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evidence of shock persistence in the four exchange rate
return series. The asymmetric EGARCH (1 1) and TGARCH
(1 1) models produced responses and leverages effects in
the four exchange rates log return series suggesting that
positive shocks produces more volatility in Nigerian
foreign exchange market than positive shocks of the same
magnitude.

2. Material and Methods

The data used for the study was extracted from Central
Bank of Nigeria (CBN), Statistical Bulletin between 1997
and 2016 spanning twenty year on annual cross Exchange
rate of the naira to four other major currencies namely: US
Dollar, British Pound Sterling, Euro and Swiss Franc.

A. Time Series Models
i. Autoregressive Process (AR)

A time series X; is said to follow an autoregressive process
of order P i.e AR(P), if it is a weighted sum of the past P
values plus a random shock so that.

Xe =@ Xi 1+ @ Xi o +..0pXe_p +&

The value at time t depends linearly on the last p values
and the model looks like a regression model hence, the term
autoregression. Using the backward shift operator B such

that BX; = X;, the AR(P) model may be re-written as
go(B)Xt =g le
Xi = X4+ oo X9 +---+¢’pxt—p + &
& = Xy —@1BX; — B2 Xy +...+ 9, BP X,
& = X4 ((plB—gozBZ -..~ppBP)
Hence & =X,
where ¢(B)=1-¢B-@,B*—...—¢,BP

ii. Moving Average Process (MA)

A process is said to be a moving average process of order
g. MA (q) if it is a weighted sum of the last random shocks,
that is

Xt =&t + 918t71 + 926}72 +...+ ¢p€t7 p
Using the backward shift operator B, it may be written as
Xi =6(B)g ie

Xi =& +0Be +0,B% +...+p,B s
X =a 2 P
t =& |1+6B+6,B" +..+0,B

Hence,
Xt = 9(8)8t

2
where, B =1+6,B+6,B" +...+6,B"
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iii. Autoregressive Moving Average Processes (ARMA)

This is a mixed Autoregressive Moving Average model
with p, AR terms and g, MA terms, that is ARMA (p,q). This
is denoted by:

@(B)X; =0(B)&
X, (1—@13—(0232 —...+(/1po)
- gt(1+918+9252 +...+9qu)

where @(B) = 8(B) are polynomials in B of finite order p,q
respectively.

iv. Autoregressive Integrated Moving Average Process
(ARIMA)

If the original data series is differenced the ‘d’ times
before fitting an ARMA (p,q) process, then the model for the
original differenced series is said to be an ARIMA (p. d, Q)
process. The | stands for integrated factor and denotes the
number of difference taken.

It is generalized as

¢, (B)(1-B)? X, =6, (B) &

ARIMA models focus on how to predict the conditional
mean of future values based on current and past data.

B. Model Selection Criteria

The Alkaike Information Criterion (AIC) (1973) is used
for model selection. The criterion says to select the model
that minimizes:

AIC =-2log(MaximumLikelihood ) + 2k

Where

k=p+q+1 if the model contains an intercept or a
constant term and

k=p+q if otherwise

The addition of the 2(p+q-+1)or2(p+q) servesasa

‘penalty function’
parsimonious model.

k is the number of parameters in the model. The value of k
yielding the minimum AIC specifies the best model. The
lower the AIC value, the better the model fit. AIC balances
the error of the fit against the number of the parameters.

C. Box-Jenkins Methodology

Box-Jenkins (1973) developed a practical approach to
build ARIMA model, which is best fit a given time series and
also satisfy the parsimony principle. Their concept has
fundamental importance on the area of time series analysis
and forecasting. The Box-Jenkins methodology does not
assume any particular pattern in historical data of the series
being forecasted. Rather, it uses a three step iterative
approach of model identification, parameter estimation and
diagnostic checking to determine the best parsimonious
model from general class of ARIMA models.

thus ensuring the selection of a

3. Analysis and Results

The time series data was subjected to stationary test using
Augumented Dickey-Fuller test after plotting the time plot
graph to observe the behavior of the series. Data was
analyzed using Statistical Package for Social Science (SPSS)
version 20.

Table 3.1. Exchange rate of Nigeria Naira to other major currencies from
1999 to 2017

YEAR | DOLLAR | POUND | EURO | SWISS FRANC
1999 92.53 146.51 97.21 60.76
2000 109.55 163.03 101.88 66.96
2001 113.45 164.32 100.39 67.84
2002 126.9 204.55 133.11 91.57
2003 137 244.01 172.77 110.87
2004 132.85 256.7 181.46 117.5
2005 129 222.49 152.72 98.18
2006 127 249.39 167.42 104.14
2007 116.8 234.02 171.89 103.76
2008 131.25 191.21 183.51 123.4
2009 148.1 239.94 213.41 145.44
2010 148.81 230.09 197.59 142.99
2011 156.7 242.34 202.72 166.65
2012 155.76 250.99 203.5 168.61
2013 155.74 245,51 206.97 168.83
2014 168 262.25 204.15 169.75
2015 197 291.93 214.65 198.23
2016 305 375.18 322.11 299.64
2017 306 413.65 366.86 313.75

Source: Central Bank of Nigeria, Statistical Bulletin, 2018

The time plot shows that the time series are not stationary
since it shows upward movement (trend). This indicates that
the mean of exchange rate in Nigeria is changing with
unstable variance of time series data.

Table 3.2 and 3.3 shows the result of ADF test for unit root
of Nigeria Naira to Dollar, Pounds, Euro and Swiss franz.
The results indicate that the time series data are stationary
after the second difference I (2) except in the case of Dollar
that was marginally stationary at first difference but
satisfactorily stationary at the second difference. Therefore,
dollar time series data is both integrated at both I (1) and I (2)
to compute various ARIMA models and the best model is
based on minimum AIC, SE and Log likelihood.

A. Model Identification

Since the Dollar time series data is marginally stationary
after the first difference and highly stationary after the
second difference, therefore, the tentative ARIMA models
consideredare (011),(110),(111),(112),(211),(212),
(021),(120),(121),(220),(022),(122),(221)and
(2 2 2). The corresponding Akaike Information Criterion
(AIC), Standard Error (SE) and Log likelihood are
respectively tabulated below.
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Table 3.4, shows various ARIMA models for Dollar. tentative ARIMA models considered are (0 2 1), (1 2 0),
Using the model selection criteria, that is, AIC and SE. (1 21),(220),(022),(122),(221)and (22 2).
ARIMA (1 2 1) is the best model because it has the smallest The corresponding Akaike Information Criterion (AIC),
AIC and SE. Standard Error (SE) and Log likelihood are respectively

Since the Pounds, Euro and Swiss Franz time series data  tabulated below.
are stationary after the second difference, therefore, the
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Figure 1. Time Plot of Observed Values of all the major currency
Table 3.2.  Augumented Dickey-Fuller (ADF) test for Dollar and Pounds
DOLLAR POUNDS
Test . 0 Test . 0
Statistics P Value Decision at 5% Statistics P Value Decision at 5%
Original Series -2.081 0.056 Do not reject Hy 0.379 0.710 Do not reject Hy
1% Difference 2.593 0.021 Reject Ho 0.015 0.988 Do not reject Hy
2" Difference 4.469 0.001 Reject Ho 3.533 0.003 Reject Ho
Table 3.3.  Augumented Dickey-Fuller (ADF) test for Euro and Swiss Franz
EURO SWISS FRANZ
Test . Test .
0, 0,
Statistics P Value Decision at 5% Statistics P Value Decision at 5%
Original Series 0.409 0.689 Do not reject Hy -10.270 0.504 Do not reject Hy
1% Difference 0.125 0.902 Do not reject Hy 0.198 0.107 Do not reject Hy
2" Difference 3.083 0.008 Reject Ho 0.522 0.002 Reject Ho
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Table 3.4. Tentative ARIMA models for Dollar

S/N p d q AlC SE LOGL
1 0 1 1 52.832 17.029 -107.932
2 1 1 0 52.715 17.571 -107.942
3 1 1 1 54.920 17.433 —106.940
4 1 1 2 51.310 17.693 —106.951
5 2 1 1 55.022 16.458 —105.801
6 2 1 2 54.920 15.204 —104.759
7 0 2 1 54.814 17.598 -107.928
8 1 2 0 54.492 16.015 —105.230
9 1 2 1 51.122 12.102 -103.913
10 2 2 0 52.013 18.249 -105.914
1 0 2 2 53.933 12.523 -105.942
12 1 2 2 54.734 17.093 —105.974
13 2 2 1 53.092 18.920 —104.839
14 2 2 2 54.132 13.209 -103.926
Table 3.5. Tentative ARIMA Models for Pounds, Euro and Swiss Franz
POUNDS EURO SWISS FRANZ
SIN | Pdq
AlC SE Loglik | AIC SE Loglik AlC SE Loglik
1 021 | 57.816 | 36.639 | -43.584 | 72.910 | 23.791 | -46.881 | 76.857 | 19.932 | -67.780
2 120 | 58826 | 37.581 | -46.438 | 71.492 | 19.315 | -44.836 | 78.946 | 16.952 | -68.621
3 121 | 55917 | 39.791 | -45.936 | 71.282 | 19.925 | -46.071 | 79.943 | 18942 | -64.582
4 220 | 56.782 | 36.885 | -44.830 | 73.837 | 20.284 | -42.890 | 77.578 | 17.740 | -65.572
5 022 | 57483 | 37.729 | -43.713 | 71.718 | 21.758 | -46.192 | 74.903 | 17.841 | -61.972
6 122 | 59.872 | 38.830 | -44.568 | 73.128 | 19.832 | -47.322 | 75730 | 18.738 | -69.730
7 221 | 55371 | 35704 | -42.810 | 71.027 | 18721 | -42.810 | 76.730 | 19.842 | -65.893
8 222 | 55390 | 37.772 | -43.371 | 74915 | 19.981 | -43.813 | 73.819 | 15.017 | -60.760
Table 3.5, shows various ARIMA models for Pounds, Table 3.7. The Ljung Box Test
Euro and Swiss Franz. Using the model selection criteria, —
AIC and SE, ARIMA (22 1), (2 2 1) and (2 2 2) are the best Currency Test Statistic P Value
models for Pounds, Euro and Swiss Franz respectively. Dollar 27.617 0.067
B. Parameters Estimation Pounds 10.722 0.772
Euro 20.396 0.311
Table 3.6. ARIMA Models with their respective estimates for the four Swiss Franz 24873 0.128
major currencies

Currency ARIMA Model Model Estimate
Dollar 121 0.634
Pounds 221 0.854

Euro 221 0.760
Swiss Franz 222 0.807

The table 3.6 above shows the model estimations, where
the parameters estimate conform to the stationary conditions
since all the model estimates are < 1.

C. Diagnostic checking

Table 3.7 above shows the results for testing the residual
white noise in optimal model. The errors derived from the
models were normally distributed, random and no presence
of errors correlation since the P values > 0.05. Therefore, the
residuals of ARIMA models satisfied the characteristics of
white noise process.

D. Models Fitting

The fitted model for the currencies can be written as
follows:
Dollar having ARIMA (12 1)
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2p(B)(1-B)" X =0, (B)2
(1-@B)(1-B) X, =(1+4B)z

(1-B)(1-2B+B%) X, = (1+61B)

(1—2B+ B2 - B +2¢, B2 —%53) X, = (1+6B)
Open the brackets

X { —2BX; + B?X; —BX; + 20 B?X; — 4 B3X
=& +6Bsg

Transforming the back operator

Xt =2Xt1+ Xp2 = X1 +201 X1 — 1 X3
=& + 05

Make X; the subject of the formular

X =2X g = X2+ X =20 X 2+ 1 X1 3
+ep + 06

Xe=(2+¢) Xia —(1+24) Xy o + A Xy 3 +& + O 1

Pounds and Euro having ARIMA (2 2 1), therefore the
model can be written as follows

(1- 1B -9,B?)(1-B) X, =(1+61B)#

Open the brackets, multiply X; by the LHS and & by
the RHS

X { —2BX; + B2 X, — @ BX; +2¢,B%X, —B3X,

~02B? X, —20,B> X, + B X, =5 + 0By

Transforming the back operator and make X; the subject
of the formular

X =2Xi 1= X2+ @ X1 =20 X 2 + 02 Xy
+ Xt 3-207 Xt 3+ P Xy + & + 015

X =(2+¢) X1 —(1+24 - 45) X2
+(A—24)) X3+ X g+ + 06

Swiss franz that follows ARIMA (2 2 2), the model can be
written as

(1—¢lB—¢sz)(1— B)? X, :(l+6PlB+9282)gt

Open the brackets, multiply X; by the LHS and & by
the RHS

X ¢ —2BX + B2X; — ¢ BX; + 20 B? X, - B>X

~0,B2X, —20,B3X, +9,B*X, = & +6,Bs; +0,Bsy

Transforming the back operator and make X; the subject
of the formular
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X t=2Xi1 = X2+ X1 =20 X¢ o + 92 Xy
+ Xt 3=20; Xt 3+ @ Xy g+ & + 051 +0r6
Xi = (2+¢l) Xia —(1+ 24 —¢2) Xi_2

+(A—262) X3+ Xig +& + 0151 +Or6

Table 3.8. Forecasts of Exchange rate for 4 years

Year Dollar Pounds Euro Swiss Franz
2018 337.407 437.482 373.134 354.305
2019 345.582 446.872 393.530 365.426
2020 353.757 456.262 413.926 376.547
2021 361.932 465.652 424.322 387.668

The result in table 3.8 shows upward movement in the
forecasts of naira from 2018 to 2021 from the models
obtained. This means that naira will continue to depreciate
unless an adequate measure is taken by the Central bank of
Nigeria to prevent it.

4. Conclusions

The results of the analysis show that the time series data of
all the currencies became stationary at second difference
except for Dollar who was slightly stationary at first
difference but satisfactorily stationary at the second
difference. The diagnostic checking also confirmed that
ARIMA (1 2 1), ARIMA (2 2 1), ARIMA (2 2 1) and
ARIMA (2 2 2) are appropriate for Dollar, Pound, Euro and
Swiss Franz respectively based on the minimum SE, Log
likelihood and AIC. The residual of the model is white noise.
The optimal models obtained are used to make forecasts
from 2018 to 2021 which indicate perpetual increase in the
exchange rate.
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