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Abstract: The influence of a few economic factors on predicting the inflation rate in Nigeria are looked at in this
study. Between 2005 and 2020, monthly data on Nigeria's inflation rate were taken from the CBN website. Models such
as ARIMA, SARIMA, and SARIMAX were fitted to the data. The model with the lowest Akaike's Information Criterion
(AIC) and Root Mean Square Error (RMSE) was deemed to be the best model, with SARIMAX models outperforming
ARIMA and SARIMA models in terms of accuracy with reduced error metrics. The SARIMAX model also concluded that
the exogenous factors included in this study—the All-Share index, the money supply, the interest rate, and the exchange
rate—have an adverse influence on the inflation rate. As a consequence, the findings show that the model is effective,
and only the interest rate was statistically significant at the 5% among the four exogenous variables.
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Introduction

A key description of the economy of every nation is
given by the phenomena of inflation dynamics, which
denotes a general and widespread rise in the cost of goods
and services over a long period of time (Martin, 2022).
Furthermore, a constant inflation rate is often a
requirement for a country's sustainability in terms of its
economic condition, which at long last takes care of its
welfare state. Inflation in Nigeria has continued to be
extremely erratic throughout time. Since the dynamics of
inflation have changed over time, a univariate factor or its
movement in conjunction with some explanatory
variables is crucial in determining the stability of the
nation's econometrics (Tamuke et al., 2018). In order to
decrease error and increase prediction accuracy, various
explanatory variables must be taken into account while
forecasting the dynamics of inflation.

SARIMA Models were used by Otu et al. (2014) to
forecast Nigeria's inflation rates and their findings
showed a decline in the pattern of inflation rates during
the course of the investigation. Yang et al. (2018)
compared seasonal Autoregressive Integrated Moving
Average (ARIMAX) model to the conventional
Autoregressive Integrated Moving Average (ARIMA)
model for forecasting instantaneous traffic, then shown
that ARIMAX model performed better than ARIMA
model. Ulyah et al. (2019) examined the effectiveness of
a nonparametric regression model and Seasonal
Autoregressive  Integrated Moving Average with
Exogenous Inputs (SARIMAX) model in forecasting the
claim reserve of education insurance. The use of the

ARIMA technique to the modeling and forecasting of
Nigerian inflation rate was studied by Namadina (2021).
Using exogenous variables, Christogonus (2021) used
ARIMA to anticipate economic growth. According to
their study's findings, import outperformed its
counterparts for GDP dynamics. To determine the
optimal model efficiency and predict Covid-19
lockdowns, Hardik (2022) used the ARIMA and
SARIMA modeling approaches.

The goal of this study is to decrease forecasting error by
employing a number of exogenous variables, including
interest rate, money supply, inflation, and All-Share
Index, which are some of the main contributors to
Nigeria's high inflation rates using SARIMAX model.

Materials and Methods

In this study, the Central Bank of Nigeria (CBN)'s
monthly data for all items—including the inflation rate
(INF), All-Share index (ASI), money supply (MS),
interest rate (INT), and exchange rate (EXCH)—was
utilized. The data were analyzed using RStudio and
covered the time period from January 2005 to December
2020.

Model Estimations

ARIMA (p, d, q) which generalizes the stationary ARMA
(p, q) process for the situation when the differencing
order is uncertain can be specify as;

1519


mailto:Stephen.are@federalpolyilaro.edu.ng

llaro Journal of Humanities and Management (IJOHAM), 2023

Published Online October 2023 (https://fpihumanitiesjournal.federalpolyilaro.edu.ng/)

Volume 2, 2023 Edition
ISSN: 2682- 6577

(1—B)dY, —w (1 - B)dY,_; —w,(1—
B)dY,_, — - —w,(1—B)dY,_, =& —

P1fe—1 — P2z — " T Pafia

@)

As an extension of the ARIMA model, the ARIMAX (p,
d, q) model may account for the effects of covariates by
adding the covariate to the right hand of the equation. In
the equation with the exogenous variables, we have;

#(B)(1 — B)AYY, = w(B)X.+ 6(B)e.
@)

w(B)

where
=(1— @,B'— w,B*—-+— w,/B") and X is

the exogenous variables at time t.

SARIMAX is an upgraded version of the ARIMA model

O(B"s )= seasonal moving average lag polynomial.

Model Evaluation Metrices

The AIC and RMSE for performance predictions are used
in this study to choose the best models.
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where T,, 4 ; is out-of-sample data, f,z,:;:,is forecast value

and L is the total out-of-sample data.
The order of an ARIMA model is determined using AIC.
It can be written as
AIC = —2log(L)+2(p+ g+ k +1), (5)
where L is the maximum likelihood of the data, and
P +q + k + 1 is number of independently
adjusted parameters within the model.

Results
Inflation Rate Time Series Plot

Time Plot of Inflation Rate

which integrates seasonal effects and exogenous variables
in addition to the model's autoregressive and moving
average components. The SARIMAX models can be

guantitatively described using equation (3).

¢(B)e(B°)(1 — B)AATY, =A(t) +
8(B)6(B%)e,
®)

where
#(B) = non—
seasonal auteregressive lag polvnomial

#(B%) =
seasonal autoregressive lag polyvnomial,

(1 - B)A* AT Y, =

Fig. 1: Plot of Inflation Rate

Stationarity Test and Series Differencing

Testing the Augmented Dickey-Fuller (ADF) unit root, th
e Dickey-Fuller = -3.9771 at maximum Lag of order 5 wi
th p-value = 0.0118. P-value is less than 0.05 means that t

he null hypothesis () cannot be rejected. Therefore, de

time series dif ferenced d times, seasonal dif duced that the data has no unit root and is stationary. Hen

A(t) = trend polynomial.

8(B) = non—
seasonal moving average lag polynomial

and

ce, there is no need differencing the data.

Models Selection

Table 2: Suggested ARIMA Models for Inflation Rate
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Table 3: Estimates, Standard Error and P-value of
ARIMA (2, 0, 1) Model
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Table 5: Estimates, Standard Error and P-value of SARI

MAX (2,0,1)(1,1,1)[12] Model

Parameters Estimates Std.Error | zvalue Pr(>z|)
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Table 6: Jarque-Bera Test of Residual Normality
Ho : the residuals is normal

Models Chi- p- value
square
ARIMA 1048.3 < 2.2e-16
SARIMA 175.09 < 2.2e-16
SARIMAX 178.27 < 2.2e-16
Table 7: Ljung-Box Portmanteau Test
YZ . df P-
ARIMA 10586 6 0.10200
SARIMA 94251 5 0.09326
SARIMAX 20.884 3 0.00011

Comparison check and forecast performances on the
adopted Models using Different Loss Functions

Table 8: Forecast Evaluation

Models RMSE Estimated ACF
Variance
ARIMA 0.1538275 0.02366 -.00652
SARIMA 0.1451432 0.02256 -.00554
SARIMAX 0.1448785 0.02247 -.00752
Discussion

Fig. 1 shows the time series plot of Nigeria inflation rate.
The movement of the series was a cyclical in nature with
some element of seasonality. Table 2 presents different
ARIMA models suggested for Nigeria Inflation Rate.
AIC was used to ascertain the parameters p and q of the
ARIMA model. The model with the smallest AIC were
considered the best model. Therefore, ARIMA (2, 0, 1)
with the least AIC was selected as the best to build
ARIMA, SARIMA and SARIMAX models. Table 3 lists
the calculated ARIMA (2, 0,1) parameters, standard
errors, z-values, and p-values. At the 1% level of
significance, every parameter is statistically significant.
This suggests that the ARIMA (2, 0, 1) model may
accurately forecast inflation rate. The estimated
parameters for SARIMA (2,0,1)(1,1,1)[12] are shown in
Table 4. At the 5% level of significance, every parameter
is statistically significant. This suggests that the model
can accurately estimate the inflation rate. The estimated
parameters for SARIMAX (2,0,1)(1,1,1)[12] are shown

in Table 5. At the 5% level of significance, each model
parameter is statistically significant. This suggests that
the model can accurately estimate the inflation rate.
Exogenous factors have detrimental influence on the
inflation rate. Only the interest rate is statistically
significant at the 5% level of significance among the four
exogenous variables.

Fig. 2 presents the residual diagnostic check plots of
heteroscedasticity, autocorrelation and normality for the
fitted ARIMA, SARIMA and SARIMAX models
respectively. The Jarque-Bera test in table 6, has a test
statistic of 1048.3, 175.09 and 178.27 for ARIMA,
SARIMA and SARIMAX models respectively with p-
values of 2.2 = 10—1% each at 5% significance level.
The p-values of the three models are less than the level of
significance. This indicates that their residuals are
normally distributed. It is evident in the diagnostic plots
of residuals. Table 7 presents the Ljung-Box test of no
serial correlations. The p-values of the fitted ARIMA and
SARIMA residuals proposed that their residuals are
serially correlated at 5%level of significance while that of
the fitted SARIMAX model is less than the 1% level of
significance, hence, the null hypothesis that the
autocorrelation functions are zero cannot be rejected.
This indicates that SARIMAX model captured the
dependency in the series. Since the residuals of
SARIMAX model is a white noise. Then, an evident were
recalled in the diagnostic plots in figure 2 to affirm the
notations. Table 8 shows RMSE, estimated variance and
ACF values of the fitted ARIMA, SARIMA and
SARIMAX models which were used for the model’s
performance evaluation. The model with the best
forecasting performance has the least RMSE, Estimated
variance and ACF values. The results show that
SARIMAX model has the lowest RMSE, estimated
variance and with the largest of ACF values as compared
to its counterparts (ARIMA and SARIMA) models.
However, showed that SARIMAX model outperform
ARIMA and SARIMA models and outrightly deduced as
the best model in forecasting Nigeria Inflation rate.

Conclusion and Future Works

A SARIMAX model was used in this study to forecast
Nigeria's inflation rate, with the interest rate, money
supply, inflation, and the All-Share Index as exogenous
variables. The main goal of the study was to reduce the
forecasting error of Nigeria's inflation rate using monthly
inflation data; by comparing the results with the traditional
ARIMA and SARIMA models, it was possible to assess
how well the model fit the data and satisfied the models'
assumptions. Using the loss functions (RMSE, AIC), the
best models were determined to be SARIMAX compared
to its counterparts (ARIMA and SARIMA). Additionally,
the SARIMAX model's residuals indicated through
denotations that they were white noise with a zero mean
and finite variance. The All-Share Index, Money Supply,
Interest Rate, and Exchange Rate are examples of
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exogenous factors that have a negative impact on the
inflation rate, according to the forecasting findings of the
SARIMAX model. Only the interest rate, out of the four
exogenous variables, was statistically significant at the
5% level of significance. This study demonstrates that
interest rates and inflation typically move in the opposite
direction for a variety of reasons. That is, higher interest
rates are likely to change how supply and demand are
balanced, motivate the nation's population to spend more
sparingly and intelligently and save more, and therefore
slow the rate of inflation.
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