


TIME SERIES ANALYSIS OF PETROLEUM PRODUCTS SALES USING AUTOREGRESSIVE MODEL


ABSTRACT
Nigeria, Africa’s largest oil producer and a key member of the Organization of Petroleum Exporting Countries (OPEC), has an economy deeply rooted in petroleum production and exports. Since the discovery of oil at Oloibiri in 1956, the sector has driven national revenue, foreign exchange earnings, and infrastructural growth, while also contributing to economic volatility, environmental degradation, and regional unrest. This study examines the historical trajectory of oil exploration and production in Nigeria and applies a statistical time series approach to forecast petroleum product sales by the Nigerian National Petroleum Corporation (NNPC). Quarterly sales data from 2015- 2021 were analyzed using the Autocorrelation Function (ACF) and Autoregressive (AR) models to assess the dependency structure within the data and predict future sales trends. The results show significant short-term correlation in the series, with the partial autocorrelation indicating an AR(1) process as the best-fit model. The estimated autoregressive coefficient (ϕ₁ = 0.29) was used to forecast sales for the 2022 quarters, revealing a gradual decline compared to previous years—reflecting market instability and supply constraints. The findings highlight the persistent sensitivity of Nigeria’s petroleum sales to internal inefficiencies and external price shocks. This research underscores the importance of robust forecasting and diversification strategies in managing Nigeria’s oil-dependent economy amid global energy transitions.
 Keywords: Autocovariance, Autocorrelation, Forecasted value, Fluctuations, Auto Regressive process, Discrete-Time Process. 


1.0   INTRODUCTION:
Nigeria remains one of Africa’s largest crude oil producers and a strategic member of the Organization of Petroleum Exporting Countries (OPEC). Since the discovery of oil in Oloibiri in 1956, petroleum has evolved into the backbone of the Nigerian economy, accounting for over 80 percent of export earnings and the bulk of government revenue (OPEC, 2023). The sector’s trajectory has been shaped by a complex interplay of colonial legacies, multinational oil company dominance, fluctuating global prices, and successive domestic reforms. Over the past two decades, efforts to restructure the industry have intensified in response to declining production, market volatility, and governance challenges.
The enactment of the Petroleum Industry Act (PIA) in 2021 represented a watershed in Nigeria’s oil-sector legislation. The Act sought to modernize the legal, fiscal, and regulatory frameworks, enhance transparency, and reposition the national oil company for competitiveness in a liberalized market. Scholars such as Borha (2023) and Adebisi and Ezebuiro (2023) argue that while the PIA offers a pathway toward improved governance and investment inflows, its implementation has been uneven, and several institutional bottlenecks persist. The transformation of the Nigerian National Petroleum Corporation (NNPC) into NNPC Limited in 2022 further marked a shift from a state-controlled monopoly to a commercially oriented enterprise. However, empirical evidence from recent reports suggests that issues such as oil theft, pipeline vandalism, and fiscal instability continue to erode the sector’s performance (NEITI, 2023; Reuters, 2024a).
Non-market factors, particularly crude theft and illegal bunkering, have become significant sources of output and revenue losses. The Nigeria Extractive Industries Transparency Initiative (2023) estimates that billions of dollars are lost annually to these activities, complicating production forecasts and undermining macroeconomic stability. Concurrently, infrastructural developments—most notably the commissioning of the Dangote Refinery in 2024 and floating LNG projects in partnership with international firms—are expected to alter the structure of domestic refining, import dependency, and export patterns (Reuters, 2024b). These changes suggest the possibility of structural breaks in petroleum sales and production data, reinforcing the need for models that can capture both cyclical behavior and regime shifts.
At the same time, Nigeria’s Energy Transition Plan (ETP), launched in 2022, articulates a commitment to achieving net-zero emissions by 2060 through diversification into gas and renewables. While commendable, this transition agenda introduces long-term uncertainty for the petroleum subsector, especially regarding investment and pricing dynamics (Energy Transition Office, 2023). The combined effects of policy reforms, security challenges, and global energy transition pressures make the analysis of petroleum sales trends both timely and essential for economic planning.
In this context, time-series modeling offers a rigorous framework for understanding and forecasting petroleum sales in Nigeria. Autoregressive (AR) and related models such as ARIMA and GARCH have been widely applied in energy economics to capture temporal dependencies and volatility in production and price data (Ajayi et al., 2021; Ogunleye & Abiodun, 2023). These models are particularly suited to assessing the persistence of shocks and identifying the degree of predictability in sales behavior. Applying such approaches to Nigerian petroleum sales data can provide empirical insights into the stability of revenue streams, the impact of structural reforms, and the implications of emerging market conditions.
Accordingly, this study examines the dynamics of petroleum sales in Nigeria using autoregressive modeling techniques. The objective is to identify patterns of dependence, assess forecast performance, and interpret the results in light of recent institutional and market developments. The findings are expected to contribute to the literature on petroleum-market behavior and support evidence-based policy formulation in the post-PIA era.
2.0   METHODOLOGY:    AUTOCORRELATION FUNCTION
In statistics, the autocorrelation of a real or complex random process is the Pearson correlation between values of the process at different times, as a function of the two times or of the time lag. Let  be a random process, and  be any point in time ( may be an integer for a discrete-time process or a real number for a continuous -time process). Then   is the value (or realization) produced by a given run of the process at time . Suppose that the process has mean  and variance  at time t, for each t.
Considering the fact that it is usually impossible to obtain a complete description of a stochastic process (i.e actually specifying probability distribution), the autocorrelation function provides a particular description of the process for modeling purpose. The autocorrelation function discusses how much correlation there is or how much interdependency there is between neighboring data point in the series   We define the Autocorrelation with lag K as
  								(2.1)
For a stationary process, the variance at time t is the same as the variance at time   Hence, the denominator is just the variance of the stochastic process and 
   									(2.2)
The numerator is the covariance between  .Thus,
  for any stochastic process. Suppose that the stochastic process is , where  is an independently distributed random variable with zero mean. 
The autocorrelation function for this process given is called a White Noise and there is no model that can provide a forecast any better than  for all K. Thus if the autocorrelation function  is zero (or close to zero) for all K > 0, there is little or no value in using a model to forecast the series. The autocorrelation function  is theoretical and in practice, an estimate of the autocorrelation function called the sample autocorrelation function.
    								(2.3)
3.0   AUTOREGRESSIVE MODELS
The autoregressive process of order P in the current observation is generated by a weighted average of past observations going back P periods, together with  random observations in the current period denoted by AR (P) and expressed by the equation:
  					(3.1)
 where  is a constant term which relates to the mean of the stochastic process.
If the autoregressive process is stationary, then its mean is denoted by μ which must be invariant with respect to time,i.e.,
  						(3.2)
which can also be given by:
    							(3.3)
or 
The mean of the process also gives the stationarity such that the process is stationary, the mean must be finite and so
  									(3.4)
 To examine the properties of a simple autoregressive process we must determine the mean, variance and covariance for the process i.e. first order autoregressive process AR (1)
       								       (3.5)
This process has the mean
  Stationarity if    		     				        (3.6)
That variance      			        				        (3.7)
The covariance of  about the mean is
     							        (3.8)
   					        					       (3.9)
The autocorrelation function for AR (1) begins at  and declines geometrically .   The second order autoregressive process AR (2) is
     					        (3.10)
The process has mean
        									        (3.11)
and a necessary condition for stationary is that:

The variance and covariance of  is measured in deviation form. That is:
=    
     =     							        (3.12)
 =    
     =             								        (3.13)

     =         						                  (3.14)
And in general for k

       =        	    					                (3.15)
These equations can be solved simultaneously to get in terms of  and  such that,
.
These equations can be used to derive the autocorrelation function 
		,	  			    (3.16)
For K which can be used to calculate autocorrelation function for  K  >  2.
Equation (1) and (2) are called the Yule Walker equations. Suppose we know the sample autocorrelation functions for a time series that is second-order. Autoregressive process, and  or  could be measured and substituted in the Yule-Walker equation and solved simultaneously for the unknown and  or . 
4.0 FORECASTING: USING AN AUTOREGRESSIVE MODEL
Having determined the model in which the chance element plays a dominant role in determining the structure of the model. Consider the simplest form of the Autoregressive model.

Or
The general form of order of the autoregressive process is defined by

where  are constants and the model is denoted as AP (P)
generally the model may be written as

where 
 and  are assumed to be zero for a stationary time series.
NOTE:
 are obtained from-Yuke-Walker equations,thus,

  									(3.17)
And the partial autocorrelation functions are obtained as 
        									 (3.18)

The forecast for the simplest case is obtained as follows:
      									(3.19)
Similarly, the future value can be obtained as follows
    									(3.20)
Or 

Thus, the general form is
  									(3.21)

TABLE 1: QUARTERLY SALES DATA (IN BILLION NAIRA) IN SERIES ACCORDING TO LAG K : 0,1,2,3, 4, 5
	T 
	K = 0


	K = 1
	K = 2
	K = 3
	K = 4
	K = 5

	
	
	
	
	
	
	

	1. 
	296.50
	270.25
	200.84
	219.95
	227.77
	223.73

	2. 
	270.25
	200.84
	219.95
	227.77
	223.73
	264.29

	3. 
	200.84
	219.95
	227.77
	223.73
	264.29
	273.17

	4. 
	219.95
	227.77
	223.73
	264.29
	273.17
	431.33

	5. 
	227.77
	223.73
	264.29
	273.17
	431.33
	359.37

	6. 
	223.73
	264.29
	273.17
	431.33
	359.37
	428.43

	7. 
	264.29
	273.17
	431.33
	359.37
	428.43
	305.39

	8. 
	273.17
	431.33
	359.37
	428.43
	305.39
	298.57

	9. 
	431.33
	359.37
	428.43
	305.39
	298.57
	456.95

	10. 
	359.37
	428.43
	305.39
	298.57
	456.95
	245.24

	11. 
	428.43
	305.39
	298.57
	456.95
	245.24
	297.14

	12. 
	305.39
	298.57
	456.95
	245.24
	297.14
	477.75

	13. 
	298.57
	456.95
	245.24
	297.14
	477.75
	133.84

	14. 
	456.95
	245.24
	297.14
	477.75
	133.84
	393.13

	15. 
	245.24
	297.14
	477.75
	133.84
	393.13
	465.28

	16. 
	297.14
	477.75
	133.84
	393.13
	465.28
	419.71

	17. 
	477.75
	133.84
	393.13
	465.28
	419.71
	418.3

	18. 
	133.84
	393.13
	465.28
	419.71
	418.3
	198.75

	19. 
	393.13
	465.28
	419.71
	418.3
	198.75
	423.94

	20. 
	465.28
	419.71
	418.3
	198.75
	423.94
	458.98

	21. 
	419.71
	418.3
	198.75
	423.94
	458.98
	518.14

	22. 
	418.3
	198.75
	423.94
	458.98
	518.14
	646.11

	23. 
	198.75
	423.94
	458.98
	518.14
	646.11
	400.65

	24. 
	423.94
	458.98
	518.14
	646.11
	400.65
	

	25. 
	458.98
	518.14
	646.11
	400.65
	
	

	26. 
	518.14
	646.11
	400.65
	
	
	

	27. 
	646.11
	400.65
	
	
	
	

	28. 
	400.65
	
	
	
	
	

	TOTAL 
	9753.50
	9457.00
	9186.75
	8985.91
	8765.96
	8538.19

	MEAN
	348.34
	
	
	
	
	



TABLE 2: ESTIMATION OF AUTOCOVARIANCE FOR LAGS K = 0,1,2,3,4, 5
		K=0	     K=1	K=2	      K=3          K=4        K=5
	T
	
	
	
	
	
	
	

	1. 
	-51.84
	2687.3856
	-78.09
	-147.5
	-128.39
	-120.57
	-124.61

	2. 
	-78.09
	6098.0481
	-147.5
	-128.39
	-120.57
	-124.61
	-84.05

	3. 
	-147.5
	21756.25
	-128.39
	-120.57
	-124.61
	-84.05
	-75.17

	4. 
	-128.39
	16483.9921
	-120.57
	-124.61
	-84.05
	-75.17
	82.99

	5. 
	-120.57
	14537.1249
	-124.61
	-84.05
	-75.17
	82.99
	11.03

	6. 
	-124.61
	15527.6521
	-84.05
	-75.17
	82.99
	11.03
	80.09

	7. 
	-84.05
	7064.4025
	-75.17
	82.99
	11.03
	80.09
	-42.95

	8. 
	-75.17
	5650.5289
	82.99
	11.03
	80.09
	-42.95
	-49.77

	9. 
	82.99
	6887.3401
	11.03
	80.09
	-42.95
	-49.77
	108.61

	10. 
	11.03
	121.6609
	80.09
	-42.95
	-49.77
	108.61
	-103.1

	11. 
	80.09
	6414.4081
	-42.95
	-49.77
	108.61
	-103.1
	-51.2

	12. 
	-42.95
	1844.7025
	-49.77
	108.61
	-103.1
	-51.2
	129.41

	13. 
	-49.77
	2477.0529
	108.61
	-103.1
	-51.2
	129.41
	-214.5

	14. 
	108.61
	11796.1321
	-103.1
	-51.2
	129.41
	-214.5
	44.79

	15. 
	-103.1
	10629.61
	-51.2
	129.41
	-214.5
	44.79
	116.94

	16. 
	-51.2
	2621.44
	129.41
	-214.5
	44.79
	116.94
	71.37

	17. 
	129.41
	16746.9481
	-214.5
	44.79
	116.94
	71.37
	69.96

	18. 
	-214.5
	46010.25
	44.79
	116.94
	71.37
	69.96
	-149.59

	19. 
	44.79
	2006.1441
	116.94
	71.37
	69.96
	-149.59
	75.6

	20. 
	116.94
	13674.9636
	71.37
	69.96
	-149.59
	75.6
	110.64

	21. 
	71.37
	5093.6769
	69.96
	-149.59
	75.6
	110.64
	169.8

	22. 
	69.96
	4894.4016
	-149.59
	75.6
	110.64
	169.8
	297.77

	23. 
	-149.59
	22377.1681
	75.6
	110.64
	169.8
	297.77
	52.31

	24. 
	75.6
	5715.36
	110.64
	169.8
	297.77
	52.31
	

	25. 
	110.64
	12241.2096
	169.8
	297.77
	52.31
	
	

	26. 
	169.8
	28832.04
	297.77
	52.31
	
	
	

	27. 
	297.77
	88666.9729
	52.31
	
	
	
	

	28. 
	52.31
	2736.3361
	
	
	
	
	

	
	
	
	
	
	
	
	

	TOTAL
	
	381593.20
	
	
	
	
	



Table 3: ESTIMATION OF AUTOCORRELATION FOR LAGS K = 0,1,2,3,4, 5
K=1	        K=2	   K=3           K=4      	K=5
	
	
	
	
	

	4048.186
	7646.4
	6655.738
	6250.349
	6459.782

	11518.28
	10025.975
	9415.311
	9730.795
	6563.465

	18937.53
	17784.075
	18379.98
	12397.38
	11087.58

	15479.98
	15998.678
	10791.18
	9651.076
	-10655.1

	15024.23
	10133.909
	9063.247
	-10006.1
	-1329.89

	10473.47
	9366.9337
	-10341.4
	-1374.45
	-9980.01

	6318.039
	-6975.31
	-927.072
	-6731.56
	3609.948

	-6238.36
	-829.1251
	-6020.37
	3228.552
	3741.211

	915.3797
	6646.6691
	-3564.42
	-4130.41
	9013.544

	883.3927
	-473.7385
	-548.963
	1197.968
	-1137.19

	-3439.87
	-3986.079
	8698.575
	-8257.28
	-4100.61

	2137.622
	-4664.8
	4428.145
	2199.04
	-5558.16

	-5405.52
	5131.287
	2548.224
	-6440.74
	10675.67

	11197.7
	-5560.832
	14055.22
	-23296.8
	4864.642

	278.72
	-13342.17
	22114.95
	-4617.85
	-12056.5

	-6625.79
	10982.4
	-2293.25
	-5987.33
	-3654.14

	-27758.4
	5796.2739
	15133.21
	9235.992
	9053.524

	-9607.46
	-25083.63
	-15308.9
	-15006.4
	32087.06

	6.008
	3196.6623
	3133.508
	-6700.14
	3386.124

	3.045
	8181.1224
	-17493.1
	8840.664
	12938.24

	4993.045
	-10676.24
	5395.572
	7896.377
	12118.63

	-10465.3
	5288.976
	7740.374
	11879.21
	20831.99

	-11306
	-16550.64
	-25400.4
	-44543.4
	-7825.05

	8364.384
	12836.88
	22511.41
	3954.636
	

	18786.67
	32945.273
	5787.578
	
	

	50561.35
	8882.238
	
	
	

	15576.35
	
	
	
	

	10832.9
	82701.19
	83954.46
	-50630.5
	90134.73



Thus,
Auto-covariance   = 
Variance               =      
Mean()             = 

5.0   COMPUTATIONS
The auto-covariance of lag k is for k=0, 1, 2, 3, 4, 5
   
 
 
 
    
  
Denote the autocorrelation by  for  k = 0, 1, 2, 3, 4 and 5
 
 
 
 
 
 
TABLE 4.	ARRANGEMENT OF AUTO-COVARIANCE AND AUTO-CORRELATION
	K
	0
	1
	2
	3
	4
	5

	Auto covariance
	13628.33
	3958.32
	2953.61
	2998.37
	-1808.23
	3219.10

	Auto Correlation
	1
	0.29
	0.22
	0.22
	-0.13
	0.24



At this point, we obtain the order of the autoregressive model from the partial auto-correction function given above. Recall,
 		 
 


Hence  is not significant , i.e.,  
Therefore, the autoregressive process is of order one i.e. AR (1) and the model is given as;
 
 Assuming  and  to be zero since the series is stationary as observed in the sample autocorrelation. Thus, the autoregressive model for this process can be presented as 

where;
  last figure in the series
Recall also that, 

6.0 FORECASTING THE AUTOREGRESSIVE PROCESS AR (1) FOR 2022 QUARTERS
FOR THE FIRST QUARTER



FOR THE SECOND QUARTER



FOR THE SECOND QUARTER



FOR THE FOURTH QUARTER







7.0   SUMMARY:
The history of oil exploration in Nigeria reflects a trajectory of colonial enterprise, multinational dominance, nationalization, and ongoing reforms. While oil has brought immense revenue, it has also created dependency, environmental degradation, and socio-political tensions. The challenge for Nigeria remains how to manage its oil wealth sustainably while preparing for a future of energy transition. This study examined the dynamics of petroleum sales in Nigeria using autoregressive time-series models to capture the persistence and predictability of fluctuations in the sector. It examined the sales of petroleum products by the Nigerian National Petroleum Corporation (NNPC)  between  2015 to 2021. Quarterly sales data in series according to Lags K: 0, 1, 2, 3, 4, 5 were computed. Estimation of auto-covariance and auto-correlation for Lags K: 0, 1, 2, 3, 4, 5 were obtained. High fluctuations in sales were recorded in 2017 and 2018 due to lack of adequate supply of stock. The forecasted values for 2022 quarters were observed to be less than the recorded values for the previous year. Furthermore, as the forecast for 2022 quarters were increasing in the same order, the forecasted values were decreasing.  The analysis further revealed that petroleum sales exhibit strong autocorrelation, implying that current sales volumes are significantly influenced by their historical patterns. This persistence reflects structural characteristics of Nigeria’s oil economy, where production, exports, and revenues are heavily dependent on policy cycles, infrastructure capacity, and global market conditions. The autoregressive model proved useful in identifying short-run dependencies and forecasting future sales within a limited horizon.
However, the results also suggest the presence of volatility and possible structural breaks associated with major institutional and policy changes — notably, the implementation of the Petroleum Industry Act (PIA) 2021, the commercialization of NNPC Limited, and the start-up of large-scale refining projects such as the Dangote Refinery. These developments have altered the dynamics of supply, pricing, and export flows, reducing the stability of historical patterns captured by linear autoregressive models. Non-market factors such as oil theft, vandalism, and exchange-rate fluctuations further contribute to irregularities in the sales data, complicating long-term forecasting accuracy.
In essence, while autoregressive models provide valuable short-term forecasts and insight into the internal momentum of petroleum sales, their explanatory power declines during periods of structural change. The findings therefore underscore the need for flexible modeling frameworks that can accommodate regime shifts and exogenous policy shocks, which are characteristic of Nigeria’s evolving petroleum sector.
8.0:  CONCLUSION
Ultimately, forecasting petroleum sales in Nigeria requires not only robust econometric techniques but also an enabling policy and institutional environment. The success of predictive modeling hinges on data integrity, market stability, and consistent implementation of reforms. By combining sound statistical tools with evidence-based governance, Nigeria can achieve more accurate planning, efficient resource management, and sustainable growth in its petroleum sector.
9.0: RECOMMENDATIONS
Based on the findings, the following recommendations are proposed:
1. Adopt Hybrid Forecasting Frameworks:
Policymakers and analysts should complement autoregressive models with more adaptive approaches such as ARIMA–GARCH, Vector utoregression (VAR), or regime-switching models to better capture volatility and tructural breaks induced by major policy reforms or external shocks.
2. Strengthen Institutional Stability and Transparency:
Full implementation of the Petroleum Industry Act (PIA) should be prioritized to ensure predictable regulatory and fiscal regimes. Strengthening governance and accountability mechanisms within NNPC Limited will enhance data reliability and improve the quality of economic forecasting.
3. Curb Oil Theft and Supply Disruptions:
The government should intensify coordinated security measures, technological surveillance, and community engagement initiatives to combat oil theft and illegal bunkering. Reducing these non-market distortions will stabilize production and make sales forecasts more reliable.
4. Diversify Energy and Revenue Sources:
In line with Nigeria’s Energy Transition Plan (ETP), investment in gas monetization, refining capacity, and renewables should continue. Diversification will reduce over-reliance on crude exports and minimize the macroeconomic risks associated with petroleum price volatility.
5. Develop a Centralized Petroleum Data Repository:
Accurate, timely, and publicly accessible petroleum statistics are essential for research, planning, and policy evaluation. Agencies such as the National Bureau of Statistics (NBS) and NNPC Limited should collaborate to standardize and digitize production and sales data for improved transparency and modeling accuracy.
6. Regularly Reassess Forecast Models:
Given Nigeria’s rapidly changing energy landscape, forecast models should be recalibrated periodically to account for new developments such as subsidy removals, refinery operations, or shifts in global energy demand. Continuous model validation will help maintain predictive reliability over time.
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