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ABSTRACT: Modelling the Mexican Peso to the Nigerian Naira exchange rates with the standard Box-
Jenkins ARIMA model in the presence of external events might be misleading and generating forecasts
from such model may be unreliable. This study posits that the exchange rate between Mexican Peso
and Nigerian Naira was exclusively influenced by the economic downturn experienced in Nigeria during
the years 2016 and 2020. Thus, the intervention is described as a step function.
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INTRODUCTION

Background to the Study

Nigeria has had two occurrences of economic recession throughout the preceding five-year period,
specifically in the years 2016 and 2020.The previously mentioned phenomenon has a notable influence
on the evaluation of the Nigerian Naira in comparison to different international currencies, resulting in
considerable fluctuations in its exchange rate. Ngandu (2008) posits that these oscillations possess the
capacity to exert an impact on the expenses incurred in local production. The impact of Naira volatility
on the employment market is a topic explored by Nucci and Pozzolo (2010). According to Yokoyama et
al. (2015), the appreciation of the Naira's value serves as a catalyst for the creation of domestic job
prospects in both the manufacturing and nonmanufacturing sectors. Conversely, proponents claim that
the devaluation of the Naira may result in an increase in the unemployment rate as a consequence of
diminished investments in tangible assets (Belke and Gros, 2001). Hence, the stabilisation of currency
rates necessitates the promotion of investment and the regulation of unemployment levels (Chimnani
et al., 2012). Nigeria’s dependent on revenue generated from oil exports, rendering it susceptible to the
fluctuations and instability inherent in the global oil market. The year 2016 was characterised by a
notable economic downturn in Nigeria, primarily due to a substantial decrease in oil prices. This
reduction in oil prices resulted in considerable budgetary difficulties and a contraction of the economy.
The economic challenges of Nigeria were further intensified in the year 2020 due to the impact of the
COVID-19 pandemic, which was experienced by numerous countries worldwide. The outbreak of the
pandemic led to a dual impact on society, encompassing both a significant public health emergency and
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a notable economic downturn. The implementation of lockdown measures and different limitations had
far-reaching consequences on multiple sectors of the economy. The Nigerian government has
implemented a range of interventions, such as foreign exchange rate controls, with the aim of achieving
economic stabilisation. The examination and forecasting of currency exchange rates yield valuable
insights for making well-informed financial choices and are crucial in several international financial
endeavours, including speculation, hedging, and capital budgeting (Moosa, 2008). As a result, the
modelling and forecasting of currency exchange rates have emerged as a crucial and significant
component of economic policy formulation (Hina & Qayyum, 2015). The objective of this study is to
analyse the effects of the two Nigerian economic recession on Mexican Pesos to Nigerian Naira
exchange rates. Several studies have investigated the use of intervention analysis and some of the
studies include Inyang et al (2023) who worked on Time Series Intervention Modelling Based on ESM
and ARIMA Models: Daily Pakistan Rupee/Nigerian Naira Exchange Rate. Amadi and Etuk (2023)
studied Modelling Intervention of Columbian Peso to Nigerian Naira Exchange Rates Due to 2016 &
2020 Nigerian Economic Recessions. Moffat and Inyang (2022), investigated the impact of the
Nigerian government amnesty programme (GAP) on her crude oil production. Etuk et al (2022),
investigated the impact of declaration of cooperation (DoC) on the Nigerian crude oil production. Etuk
et al (2021) used Arima-intervention Analysis in modelling Nigerian Automotive Gas Oil Distribution.
Etuk and Amadi (2021) modelled Nigerian Monthly Crude Oil Prices using Arimaintervention model.
Shittu and Inyang (2019) modelled Nigerian monthly crude oil prices using the ARIMA-Intervention
model with a view to comparing the result with that of the intervention model using lag operator. Wiri
and Tuaneh (2019) modelled the Nigerian Crude Oil Prices Using ARIMA, Pre-intervention and Post-
intervention Model. Mosugu and Anieting (2016) employed intervention analysis as a methodological
framework to evaluate the effects of governmental regime and policy alterations on foreign currency
rates within the Nigerian context. Mrinmoy et al (2014) used time series Intervention Modelling for
Modelling and Forecasting Cotton Yield in India. Jarrett and Kyper (2011), used ARIMA Modelling with
Intervention to Forecast and Analysed Chinese Stock Prices. Roy et al (2009) used ARIMA -
Intervention Analysis in Modelling the Financial Crisis in China’s Manufacturing Industry.Shittu
(2009) utilised intervention analysis as a methodological approach to examine the monthly variations
in exchange rates between the Naira and the US Dollar within the time frame of 1970 to 2004. The
researcher successfully identified various intervention components during the course of their
investigation.

METHODOLOGY

Model Specification

The transfer function-noise model proposed by Box and Tiao (1975) [2] is given as
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Where,

Y:is the response variable at t, b =delay parameter, ws=impact parameter, §r=slope parameter, ® =Non-
seasonal autoregressive parameter, # =Non-seasonal moving average parameter,

a: =White noise, I:= Input function or Indicator variable

Mathematically, there exist two input functions:

[:(to) = {01 iftift #= tto, (Pulse Function) (7)

It(to) = {01 iftift <= ttoo (Step Function)(8)

Data Description

The dataset comprises daily exchange rates between the Nigerian Naira and the Columbian Peso, as
well as the Mexican Peso, for the periods of January 1st to August 31st in 2016, and September

1st to December 31st in 2020. The exchange rates were obtained from the websites The research was
conducted with EViews statistical software packages.

RESULTS

Discussion of Results

The time plot of the 244 daily Mexican Peso (MXN) to Nigerian Naira (NGN) exchange rates recorded

in 2016 is given in Figure 1.
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Figure 1: Time Plot of 2016 Daily MXN/NGN Exchange Rate

The time plot in Figure 1 shows a spike at data point 174 which coincided with the intervention period.
The plot also shows that the 2016 daily MXN/NGN exchange rate is non-stationary. The time plot 173
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daily exchange rates of the pre-intervention period that ranges from 1st January 2016 to 215t June 2016
is given in Figure 2.
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Figure 2: Time Plot of 2016 Daily MXN/NGN Pre-intervention Exchange Rate
The time plot in Figure 2 indicates that the 2016 daily MXN/NGN pre-intervention exchange rate
collected is non-stationary.
Conducting a unit root test on the 2016 daily MXN/NGN pre-intervention exchange rate produced the
result in Table 1.
Table 1: Unit Root Test for2016 Daily MXN/NGN Pre-intervention Exchange Rate
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The probability value of 0.1793 in Table 1 indicates that the null hypothesis that the 2016 daily
MXN/NGN pre-intervention exchange rate contains a unit root should not be rejected.

Differencing the pre intervention series and making a time plot of the differenced series the time plot
in Figure 3 was obtained.
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Figure 3: Time Plot of the Differenced 2016 Daily MXN/NGN Pre-intervention Exchange
Rate
Figure 3 shows that the differenced 2016 daily MXN/NGN pre-intervention exchange rate is stationary.
The differenced 2016 daily MXN/NGN pre-intervention exchange rate was tested for unit root and the
result in Table 2.
Table 2: Unit Root Test for the Differenced 2016 Daily MXN/NGN Pre-intervention
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—statistic ProD =
Aasgrmented DDickey- Fuller test Statistic —1=_"1 1 =83 s elslels]
T ==t critic=l v=alue=s- 1S5 lewvel S A= 2
Sos level —_——= s TrFrs=11
TOSS laewvel —__Pl S TSTTOoO
=fViack<<inmnnmon € 12996 ) onmne —sSsided povalu= s
SASasgrmented Dickey-Fuller T est Eguationn
Cepaenmndent Variabile: (oD OonAa><ir-aran
TMethod. Least Square=s
DOate: O3=5 1 7z Tirme: 13=2-13=
Sarmplile (addausteag) = 1 7=
InNmnclude d obscaervatiomns:- 1 7 1 after adiustrmaments
Wariaoie Co=fhicient ==Ssta. Error —=srtatistic Proso
oras><araradc—1>» O o= =29 O OoOFo2s= —a=_1 1T 2= e slelele)
L — O oo ===9 O OO0 S F9oO9= —O 2o 1 19 7 o s="9
RR-s=sguare< O _ 2S5 2 7 7 =2 TMeoanmn depenndent vanr O OO0 1S 322>
Adijiusted R-sSguarea O a2 1S5S0 7 = 0. depeaenndadenit var O 1 zZT0oO9o ==
= E. of regressionmn O oSS FT=es0 Alailke iNnfo criterionmn — 1 _ O9S9a2s 1S
SsSuaarTm Sguarecdad rcesia e Sc e g = F =2 SsSchvwar= criterionmn —1 S FsS 71
Log likelinooca aTTr="s54-9 5 Hamnmanmnn —Ouaginm crite —1 . 9 F9 770 7
Festatistic TS TS as CurSimn—-vwwatsonmn st=3t T . 935666 7
FProDDbdF-—statistic) O OO0 00O0O0

Since a probability value of 0.000 which less than 0.05 was obtained as shown in Table 4.12, the
differenced 2016 daily MXN/NGN pre-intervention exchange rate is stationary.

The Correlogram of the differenced 2016 daily MXN/NGN pre-intervention exchange rate is given in
Table 4.13.
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Table 3: The Correlogram of the Differenced 2016 daily MXN/NGN Pre-intervention

Exchange Rata
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Table 3 shows that the differenced 2016 daily MXN/NGN pre-intervention exchange rate is a white
noise given that F=10.9786. Since the difference 2016 MXN/NGN pre-intervention exchange rate has
been established to be a stationary white noise series. Then the transfer function of the intervention
analysis was obtained as presented above.

Table 4: The Determination of the Transfer Function of the 2016 MXN/NGN Exchange

Rate Intervention Model

Dependent Variable: Z

Method: Least Squares (Gauss-MNewton /f Margquardt steps)

Date: O2/17/22 Time: 13:26

Sample: 174 244

Included observations: 71

Convergence achieved afier 46 iterations

Coefficient covariance computed using cuter product of gradients
Z=C (S (1-C(SY(T-173XN(1-C(6)»

Coeflficient Std. Error —Statistic FProb.

(5> 0.573954 0. 067255 S8 524017 O. 0000

C(5) 0.906137 O. 012548 T221473 O. 0000
R-sgquared O. 12171051 Mean dependent var S a31232
Adjusted R-sguared O 10sSs=212 S D. dependent var 1. 124157
S E. of regression 1. 0615322 Akaike info criterion 2Z2.985070
Sum sguared resid Tr. 5283 Schwvwar= criterion 2. 0asSs0Ss
Log likelinood -103.9700 Hannan—-CQuinn criter. =2.010417
Durbin-VWatson stat 0.0991320

The intervention model Z is given in Table 4 where C(5) and C(6) are the coefficients and T is time after
the series started. The model was used to forecast the 2016 post intervention MXN/NGN daily exchange
rates and the forecast values are superimposed on the observed post-intervention 2016 daily
MXN/NGN exchange rate as shown in Figure 4.
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Figure 4: Superimposition of the Intervention Forecast of 2016 MXN/NGN Exchange
Rate on the Observed Post-intervention Exchange Rate

The original post-intervention MXN/NGN exchange rate and the corresponding intervention forecast
obtained from the intervention model are given as, [12 =o (MXNNEexprp—EXPTD)2
= 3.01231 The null hypothesis, Ho: MXNN (2016 post intervention MVN/NGN exchange rate) and INFL
(intervention forecast) agree (there is no significant change in the mean of the MXN/NGN process from
pre-intervention series to the post-intervention series in 2016) is not rejected since [2 =
3.01231[102.05,71-1 = 90.531 The time plot of the 123 daily Mexican Peso (MXN) to Nigerian Naira
(NGN) exchange rates recorded from 15t September to 315t December 2020 is given Figure 5.
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Figure 5: Time Plot of 2020 Daily MXN/NGN Exchange Rate
The time plot in Figure 5 suggests that the 2020 daily MXN/NGN exchange rate is a non-stationary
series. The result of a unit root test conducted on the 2020 daily MXN/NGN pre-intervention exchange
rate is given in Table

International Research Journal of Statistics and Mathematics
7| page



International Research Journal of Statistics and Mathematics
Volume 13 Issue 2, April-June 2025

ISSN: 2995- 4363

Impact Factor: 9.41

https://kloverjournals.org/index.php/sm

Table 5: Unit Root Test for the 2020 Daily MXN/NGN Exchange Rate

—=tatistic Pros._ =
Aaaasgrmented Dickey- - FFuallerr test Statistic — 1 TS OSSS O _F 1 <% =%
TesTt critic=al valuss=s- 125 level —2 O FS 3220
Soo lewvel —_—=S LSS F FOoO=
TOoOSS level —= .10 s=F
=fMiaaci<inmnnmnonmn € 1995 ) onmne —sSsided povalus =
Aaaaragrmented Dickey-—-FFuller Test EEguation
Cependent VariaoDlie:. [(SDOa>><lirxamrg 1 »
TMethod: Least Sguare=
CODate: O3=5 1 sz Tirme- 132- 35S
Sample (adiustedal = SO
INnciluded obscervations:. 79O after adiustrments
variaDie Coefficient Sta. Error —sSstatistic ProDo
rAS<rIrgS 1 ¢—1 > —O oSS TFT=sS= O OS=7F =< — 1 _ TS OSS= O . oOoO=s==
- a1 . 2SS =0 O . SSSsS920 B e O OoO=sa3s
S TREIDOoOC 17> O OO0 1S5 =0 O OO0 O0O= 1% I e i = O _ OoO=0O1
R-sguare<a O O3x2=sS0>== TMeanmn dependenit var O O 13299 =a
Adiustedd R-SsSsguarea O o=—u=1 =S D0 gependagdenit var O 1TasssS1
=S _E. of regressicon O 1 2=96 7 AFzmilce INfTo criterion — 3 OO0 1=
Surm SguaresaS resia aLsSsSTFs=""1 Schhww3ar= critericonmn O S 1 1 =7
Log likselinooa _—Sasa Hamnman—COuaimnnm criter . O . 95S 1 7 &
Fstatistic a1 .91 7=332S DCDurSimn—vwwatsonmn st=t == OoO=S=99<F<3
FProD(F-—sSstatistic) O . 1S=20=20

The probability value of 0.7144 indicates that indeed the 2020 daily MXN/NGN pre-intervention
exchanged rate collected is non-stationary.
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Figure 6: Time Plot of the Differenced 2020 Daily MXN/NGN Pre-intervention Exchange

Rate

Figure 6 shows the time plot of 80 differenced 2020 daily MXN/NGN pre-intervention exchange rates
recorded within the pre-intervention period 15t September to 19st November 2020. Figure 6 reveals that
the 2020 Daily MXN/NGN pre-intervention exchange rate became stationary after first differencing.
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Table 6: Unit Root Test for the Differenced 2020 Daily MXN/NGN Pre-intervention

Exchange Rate
—s=staotistic Proob._ =
Aauagrmented Dickev-Fuller test statistic — A5 5 F =<3 s slslele]
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The probability value of 0.000 obtained in the unit root test as shown in table 6 confirms that the 2020
daily MXN/NGN pre-intervention exchange rate collected became stationary after first differencing.
Again the differenced 2020 daily MXN/NGN pre-intervention exchange rate produced a white noise fit
as shown in Table

Table 7: The Correlogram of the differenced 2020 Daily MXN/NGN Pre-intervention
Exchange Rata

Autocorrelation Partial Correlation aAc mac o-—sStat Proo
= ' = f 1 —o.oOosS= O OosS= o sSas7 o =250
' — ' == = P o == s 1=s91 o oFs
' = ' =3 = O 10= o125 s oos1 o 107
' = ' b - o oFs o . o=a= s s7rss o. 150
' . + oo ' = 0O 002 0O O0OSS s sSs7es o . =2sa
= ' =] ' & —O.1a9 —O =216 = s19=a o —2o=
r o . = ' 7 —O.O0OF77F7 —O.1== o oa-s o =so
= ' ' ' = 0 0sS6 O O0O=-=s o Fo17 o ==

= ' == ' 9 O =270 -O.=2=2= oo o= 7 o. co=
. ' ' ' 10 —Oo.0o0= O O10 o o= 7 O O1=2
' ' ' —: 11 —O.O== o 195 o= o= o o==
== ' =) ' A=z o . Z2sSs —o.Z=2a1s o= 5= O. oOO0=
. =B ' ' a= o o7 o o= o o= o ocos
= ' ' ' 12 — O O0OS3 —O . O11 oo Fas o.oco=
. —— ' = s O —oas o 15 =5 so1 o . oco=
» = ' O == . 16 —O. 122 —O_ 13- =7 sa= o oco=
' s == ' a7 O O0O=2= O 1S5S0 == o== o.oco=
' = v ' as o 1=z729 —O0 o= =o FTsS= o.co=
' ' ' ' 19 O O0=3a2 O 007 =9 o= o oco=
' ' r o ' 20 - 0O.0O=2= -0O.0OS7 20 . O01= o.ocOoS
' ' + o ' = O O0O76 -0 Ooas 20 s5as o ocos
' ' ' = B > —o.o== O oas =0 F7OoO= o_ ocoo
. . ' B3 . == o. o= o oFs 20 sS1S o.o1=
' ' ' ' == -—O. O6S o ocos =21 =15 e
N ' = ' os 0010 —-O_ 1=S7 <1 _ ==>7 o . o=
' ' ' ' - O OS5 —O0 . O0O1S =<1 _ 711 o. o=
' ' P o7 —Oo.15= o . o=s as 1= o oS
' ' = ' == O O0OsS6 —O_1-11 as sFs o o1
' ' = ' o9 O OS99 —-O_ 10S 25 O1 7 o o==
g ' ' — =0 O oas o . oos a5 =279 o o=9o
. . ' ' =1 -—o.OosSc o oc1= a7 o657 o o=
' ' ' = == o_ 10= o o977 as 716 o o=0

Having achieved stationarity in the 2020 daily MXN/NGN pre-intervention exchange rate which have
a white noise fit as shown in Table 7. ARMA model were fit to the exchange rates and the result given
in Table 8.
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Table 8: ARIMA Models for the Difference 2020 MXN/NGN Pre-intervention Exchange
Rate
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From Table 8, the AR (1) and MA (1) components of the ARIMA model were significant with probability
values 0.000 and 0.0037 respectively. The observed 2020 daily MXN/NGN postintervention exchange
rate, the fitted values and their corresponding residuals are given in Table 9.

Table 9: The 2020 Daily MXN/NGN Post-intervention Exchange Rate with the Fitted
Values and Residuals
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Forecasts of the difference series are obtaine
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Standardized Residuals
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Figure 7: Display of p-value, residual ACF and standardized model adequacy of
MXN/NGN with intervention.

The MXN/NGN exchange rate exhibited non-stationarity, as evidenced by the data presented in Figures
1. The pre-intervention series exhibited non-stationarity, as evidenced by Figures 2 and 5. The pre-
intervention series achieved stationarity using first-order differencing, as illustrated in Figures 3 and
6. This statement suggests that there is a linear relationship between the exchange rates of MXN and
NGN. The results of the unit roots tests run on the exchange rate series indicate that the null hypothesis
of non-stationarity cannot be rejected, as evidenced by the p-values of 0.1793 and 0.7144, as presented
in Tables 1 and 5, respectively. However, the outcomes of the unit root test performed on the exchange
rates after differencing indicate the rejection of the null hypothesis, suggesting stationarity. This
conclusion is supported by the p-values of 0.0000 and 0.000 derived from Tables 2 and 6, respectively.
The residuals of the ARIMA model applied to pre-intervention exchange rates of MXN/NGN exhibit
characteristics of a white noise series, as evidenced by the findings presented in Tables 3 and 7. This
finding is consistent with the findings reported by Newaz (2008), Appiah and Adetunde (2011),
Onasanya and Adeniji (2013), and Ajao et al. (2017). The computed coefficients of covariance for the
transfer function of the intervention analysis yielded significant p-values. Similarly, the intervention
analysis of the MXN/NGN exchange rate for 2016 & 2020, the coefficients had p-values of 0.000 and
0.000, respectively. Model checking, which is often referred to as diagnostic check or residual analysis,
holds significant significance in the process of model construction. The evaluation of the fitted model's
adequacy is determined.

CONCLUSION

However, this study is constrained by its reliance on an intervention model that implies the
preintervention exchange rate adheres to an ARIMA model. The non-stationarity of the MXN/NGN
exchange rates, as well as their pre-intervention series, was evident based on the observed data.
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However, the exchange rates exhibited stationarity after being differenced for the first time. This study

posits that the exchange rate between the Mexican Peso (MXN) and Nigerian Naira (NGN) was

exclusively influenced by the economic downturn experienced in Nigeria during the years 2016 and

2020. Hence, the intervention is described as a step function.
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