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Abstract 

This research analyzed and predicted the crude oil output of Nigeria utilizing the Autoregressive 

Integrated Moving Average (ARIMA) methodology, rooted in the Box–Jenkins framework. The 

aim was to pinpoint a suitable time-series model for capturing production trends and producing 

dependable short-term predictions. To test for stationarity, the Augmented Dickey–Fuller (ADF) 

unit root test was applied, while residual diagnostic assessments were conducted to check the 

suitability of the chosen model. Findings revealed that crude oil output was non-stationary at the 

levels, with an ADF statistic of −1.743 and a p-value of 0.6838. Nevertheless, upon first 

differencing, the series turned stationary, achieving an ADF statistic of −7.8812, suggesting 

integration of order one, I(1). The multiplicative ARIMA(4,1,4)₁₂ model emerged as the most fitting 

model through the model selection criteria. Residual diagnostics demonstrated no considerable 

deviation from normal distribution at the 1% significance threshold (Shapiro–Wilk statistic = 

0.98927, p = 0.1184) and no notable residual autocorrelation (Ljung–Box p = 0.8562). The model 

produced a root mean square error (RMSE) of 0.1058. Predictions spanning from July 2023 to 

June 2027 estimated monthly crude oil production to fall within the vicinity of 1.1 to 1.2 million 

barrels, based on the findings. The analysis advocates for the utilization of ARIMA modeling as 

an effective approach for forecasting and planning crude oil output in Nigeria. 
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INTRODUCTION 

In Africa, Nigeria was the leading oil producer in 2019. The oil production amounted to 101.4 

million metric tons (mmt) in the country. Angola and Algeria followed with 69.1 and 64.3 mmt 

respectively. Nigeria was not only the largest oil producing country in the continent; it was also 

the largest crude oil exporter in the continent. The oil producing states in Nigeria include Akwa 

Ibom, Rivers, Delta, Ondo, Lagos, Bayelsa, Edo, Imo and Abia with each of the states producing 

504 Thousand barrels per day (BPD), 346 Thousand BPD, 344 Thousand BPD, 290 Thousand 

BPD, 60 Thousand BPD, 40 Thousand BPD, 33 Thousand BPD, 17 Thousand BPD and 11 

Thousand BPD respectively, with Akwa Ibom State being the largest oil producer and Abia State 

being the least oil producer (National Bureau of Statistics, 2017). 

In the past twenty years, the oil industry made major contributions to the economy of Nigeria 

(Alemho, Deebom, & Lekara-Bayo,2026). The oil industry created more employment 

opportunities, contributed to the government revenues at every level, increased the gross domestic 
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product, contributed to the local expenditures, foreign exchange reserves and the supply of energy. 

The production and exportation of petroleum play a dominant role in Nigeria’s economy(Deebom, 

Lekara & DaWariboko, 2022). The quantity to either be refined and sold or be exported depends 

on the quantity of crude oil produced. The pre knowledge of the quantity of crude oil that will be 

produced can help the country have a viable economy. A drastic fall in the quantity of crude oil 

produced is fatal to the Nigerian economy since Nigeria is a mono-product economy country and 

depends heavily on the oil sector. Many researchers (Omekara et al., 2015, Fatoki et al., 2017, 

Eriga, 2013) have fitted different classical statistical models to the crude oil production in Nigeria 

but the application of machine learning models on crude oil production has been grossly 

understudied. The population is becoming increasingly reliant on crude oil and its products. Crude 

oil has become one of the most traded commodities on a global scale because of this rising demand. 

 

Literature Review 

This literature review's goal is to provide a thorough overview of the body of knowledge already 

in existence while navigating the complex world of crude oil production and forecasting. The 

literature review section provides an overview of the existing research and studies related to the 

analysis of crude oil production using Box-Jenkins methodology. It highlights the key findings 

and methodologies, setting the foundation for the current project( Omotayo, Ajiboye, & Adeoti, 

2024). 

Omekara et al. (2015) proposed a multiplicative SARIMA (1, 1, 1)(0, 1, 1)12 model as the high 

performance and best model to be fitted to the crude oil production data in Nigeria from 2005-

2012. The forecasted values from the fitted model were close to the actual values.  Fatoki et al. 

(2017) fitted the ARIMA model to the crude oil production in Nigeria. The order (1, 2, 2) of the 

ARIMA model adequately fitted the data. The forecast from the model suggested that there will 

be continuous increase in crude oil production for 2014–2023 but the actual crude oil production 

experienced a drastic fall after 2015, and Nigeria recorded her lowest crude oil million barrels per 

day (1.5 mmbd) production between 2006 to 2020 in August 2016. This was a 46.7% drop in the 

crude oil production when compared to the quantity produced two years from then (2.2 mmbd). 

The crude oil production increased after August 2016 though was barely above 2 mmbd. It started 

another decline in the second half of 2020. This is contrary to the forecast for the ARIMA (1, 2, 

2) model.  

 

Materials and Methods 

Classical time series model in form of Autoregressive Integrated Moving Average (ARIMA) was 

developed by Box and Jenkins (1976) often refers to as Box-Jenkins methodology; it is considered 

as one of the best forecasting models. This model has recorded significantly in financial and other 

academic research during the last three decades. The method is suitable for short-term forecasting 

a non-stationary series and seasonal time series data with large sample observations The general 

form of ARIMA model (p, d, q) is specified as: 

𝑦𝑡 = 𝜇 +∑∅𝑘(𝑦𝑡−𝑘 − 𝜇) + 𝐸𝑡 +∑𝜃𝑖𝑒𝑡−𝐼

𝑞

𝑖=1

𝑝

𝑖=1

 

 

Where p is the order of autoregressive represents the number of lagged values for y (non-

stationary) to turn to stationary series.  
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q is the order of the moving average, represents the number of lagged values of the error term and 

et stands as the random error, and 𝜃 the number of times 𝜇 is differenced to produce a stationary 

series. 

 

RESULTS 

 

Table 4.1 Unit Root Test of Stationarity; H0: The Series has a Unit Root 

Variable ADF @ Levels P-value  
ADF @ First 

Difference 
P-value Remarks 

Crude Oil 

Production 
-1.743 [5] 0.6838 -7.8812[5]** 0.01 I(1) 

ADF Critical Value at 5% = -2.95;  

[8] Indicates that a maximum lag length of 5 was included in the tests. 

** indicates significant at 1% 

 

These results provide evidence that the crude oil production data includes a unit root. As a result, 

we can draw the conclusion that the series contains a unit root(Omotayo,  Ajiboye, & Adeoti, 

2024). Differentiation is the sole method that can be used to calibrate the two series for the purpose 

of model building development. This is because ARIMA modelling cannot achieve white noise 

with non-stationary data. Stationarity was reached for the first order differencing of this series, and 

it was determined that order I(1) was appropriate.  Diagnostic Check on the fitted ARIMA 

(4.1.4)12 model 

 

Table 4.2: Shapiro-Wilk Test of Residual Normality of Nigeria Crude Oil Production 

Shapiro-Wilk p-value 

0.98927 0.1184 

 

The Shapiro-Wilk test of normality in Table 4.2 yields a test statistic of 0.9892, with a 

corresponding p-value of 0.1184 > 0.01, indicating that the normality of residuals of the best-fitting 

ARIMA(4, 1, 4) is not rejected at 1% significance levels. The residuals are therefore normally, 

independently, and identically distributed (NIID). 

 

Table 4.3 Ljung-Box Portmanteau Test of No serial Correlations 

Chi-Squared Degree of Freedom P-value 

0.032818 1 0.8562 

 

The Chi-square test statistic value and large p-values in the Box test of the residuals of the fitted 

ARIMA model suggested that the null hypothesis that all autocorrelation functions are zero could 

not be rejected. In other words, we can conclude that there is no (or almost no) evidence for non-

zero autocorrelations in the fitted model's residuals.   
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Accuracy: RMSE = 0.1058 

Based on the objectives of this study, the ARIMA(4,1,4)12 MODEL provided the most accurate 

forecasts. Consequently, the shaded zones of forecast represent the 80% and 95% lower and upper 

side projections of prediction intervals, as the forecast lines indicated that crude oil production 

between July 2023 and June 2027 will be between 1,1,000,000 and 1,2,000,000 barrels. 

 

DISCUSSION 

The correlation research and the partial correlation study both suggested that there were very few 

significant spikes at the appropriate lags. Considering this, it is possible to demonstrate that the 

series is stationary when compared to the initial difference.  The results of the Dickey-Fuller test 

and the related p-values at a level of significance greater than 0.05. These results provide evidence 

that the crude oil production data includes a unit root. As a result, we can draw the conclusion that 

the series contains a unit root. Differentiation is the sole method that can be used to calibrate the 

two series for the purpose of model building development. This is because ARIMA modelling 

cannot achieve white noise with non-stationary data. Stationarity was reached for the first order 

differencing of this series, and it was determined that order I(1) was appropriate. Analysis suggests 

that ARIMA order (4,1,4) is best adapted for the crude oil production in Nigeria. The ARIMA 

orders with the parameters examined for significance in table 4.4 below were selected using the 

rule of parsimony, which states that the simplest model should be chosen provided all necessary 

conditions are met. 

 

CONCLUSION 

The study reveals that the most suitable model is the multiplicative ARIMA (4, 1, 4)12. This study 

showed a minor variation in comparison to the research conducted by Ette et al. (2012) and 

Omekara et al. (2015). The observed variance may be ascribed to the inclusion of an extended time 

in the dataset. The predictions for the 48-month period from July 2023 to June 2027, as determined 

by the fitted model, exhibited a statistically significant agreement with the observed values, with 

a confidence level of 95%. Hence, it is advisable to utilize the model. The Box-jenkins 

methodology is hereby recommended as the best model for estimating the production of the 

Nigerian crude oil. 
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