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Abstract 
This work is about an intervention model for monthly distribution of petroleum products in Nigeria. 

A look at the time plot of the distribution from 2009 to 2015 reveals an abrupt jump in the 

distribution in January 2013 which continued to 2015. The intervention is believed to be the 

deregulation of the downstream sector of the Nigerian oil industry which took place January 1, 2012. 

This means that the impact was not immediate but came twelve months afterwards. It has been 

noticed that this jump is statistically significant. The pre-intervention distribution is adjudged as non-

stationary by the Augmented Dickey Fuller test. Therefore it has been differenced and the differences 

are stationary. An AR(2) model is found the best for modeling them. Post-intervention forecasts have 

been obtained on the basis of the ARIMA(2,1,0) model. The difference between post-intervention 

observations and forecasts is modeled for the intervention transfer function. A close agreement is 

observed between post-intervention observations and intervention forecasts. Intervention measures 

may therefore be based on the intervention model so computed. 
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Introduction 

Crude oil remains the mainstay of the Nigeria economy. A look at monthly distribution of 

crude oil in Nigeria from 2009 to 2015 reveals an abrupt jump in January 2013 and this new 

level continued till 2015.  It has been speculated that deregulation of the downstream sector 

of the Nigerian crude oil industry on 1 January 2012 has been responsible for this 

development. The aim of this study is to propose an interrupted time series (or intervention) 

model to explain this change occasioned by the deregulation. 

The approach to take is the Box-Tiao
[1]

 ARIMA approach. Since its introduction in 1975, it 

has gained popularity as many researchers have used it to model interventions. For example, 

Hipel et al. 
[2]

 studied the effect of the Aswan dam on the average flow of the Nile River and 

concluded that a significant drop in the flow occurred in 1903 when the dam was built. 

Increased speed limit to 65 miles per hour in April 1987 was observed by Chang et al. 
[3]

 to 

raise the number accident casualties phenomenally. Yin and Newmann 
[4]

 observed that 

hurricane Hugo caused a gradual die-down stumpage price effect. Sridharan et al. 
[5] 

have 

shown the deterrent impact of a new legislation which abolished parole for felony offenders 

in the Commonwealth of Virginia. Etuk et al.
[6]

 have modeled the intervention effect of 

Nigerian economic recession on the Chinese Yen/Nigerian naira exchange rates. 

The structure of this write-up is like this. This current section introduces the work. Section 2 

introduces the materials and methods. Section 3 discusses the results of the data analysis. 

Then section 4 is the conclusion. Data analyzed are listed in the appendix.    

 

Materials and methods 

Data 

The data used for this work were obtained from the website of the Nigerian National 

Petroleum Corporation (NNPC) http://nnpcgroup.com/.  They are expressed in metric tonnes 

and have been listed in the appendix. 

 

Interrupted Time Series Modelling  

Let {Xt} denote a time series with an intervention (i.e. a perturbation) at time t = T. Box and 

Tiao
[1]

 proposed that an autoregressive integrated moving average (ARIMA) model be fitted 
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to the pre-intervention data. Suppose this ARIMA model is 

of order p, d and q. That is, 

 

 

qtqtttptpttt YaYaYaY    ...... 22112211   (1) 

 

Or 
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t

d

t XY  and

p

pLLLLA   ...1)( 2

21 and 

q

qLLLLB   ...1)( 2

21  and L is the 

backshift operator defined by 
ktt

k XXL   and =1-L 

and {t} is a white noise process.  

Modelling of (1) invariably begins with the estimation of 

the differencing order d. This is done by testing for the 

stationarity of {Xt}. If it is found stationary than d=0. If 

not, the series is differenced once; if found stationary then 

d=1 but if not, the process continues. The Augmented 

Dickey Fuller (ADF) test shall be used for the testing of 

series stationarity.  To determine p and q the 

autocorrelation function (ACF) and the partial 

autocorrelation function (PACF) of the differenced series 

Yt are computed and plotted. Their respective cut-off 

points, if any, are estimates of q and p.  Then the ’s and 

the ’s can be estimated by the least squares or the 

maximum likelihood technique.  

On the basis of this model, forecasts are made in the post-

intervention period. Let these forecasts be given by F(t), t 

 T.  Then )(tFXZ tt  is modeled to give the 

transfer function of the intervention as 

)2(1

))1()^2(1(*)1(

c

Ttcc
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


 , tT   (3) 

(The Pennsylvania State University
[7]

). Then the overall 

intervention model is given by 
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where It = 0, t < T and equal to 1, for t  T. 

 

Computer Software 

The statistical and econometric package Eviews 7 was 

used for all computational work in this research. It uses the 

least square criterion for model estimation.  

  

 Results and Discussion 

The time plot in Figure 1 shows an initial slight overall 

negative trend up to December 2012 after which there is an 

abrupt rise in January 2013 which continued till 2015. This 

means that the intervention came in in January 2013 so 

that T = 49. Figure 2 is the time plot of the pre-

intervention series. Figure 3 is the correlogram of the pre-

intervention series; it shows that there indeed is a trend in 

the series. Figures 4 and 5 are the histograms of the pre-

intervention and post-intervention oil distributions 

respectively. A student’s t-test comparison of the pre-

intervention and post-intervention means based on the 

histogram data is highly significant (p < 0.001), showing 

the intervention impact is statistically highly significant.  

 

 
 

Fig. 1: Nigerian Petroleum Distribution 

 

The ADF test on the pre-intervention data, with a test 

statistic value of -2.90 and 1%, 5% and 10% critical values 

of -3.58, -2.93 and -2.60 respectively, certifies them as 

non-stationary.  Differencing them once yields a stationary 

process on ADF test ground with a test statistic of -8.53. 

That means that d = 1. The time plot and the correlogram 

of the series are in Figures 6 and 7 respectively. Based on 

the observed ACF and PACF one of the best models 

suggestive is the ARIMA(2,1,0) estimated in Table 1 as 

tttt YYY   21 4117.05823.0       (5) 

which means that 

)1)(4117.05823.01( 2 LLL
X t

t





   (6) 

 

The adequacy of model (5) or (6) is evident from the 
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correlogram and the histogram of the residuals of Figures 

8 and 9 which show that the residuals are uncorrelated and 

normally distributed respectively. 

Based on model (5) or (6) forecasts F(t) are made for the 

post-intervention model and Zt = Xt – F(t) is modelled to 

yield the transfer function with c(1) = 1056567 and c(2) =             

0.1494 as given in Table 2 according to Eq. 3.  Figure 10 

shows goodness-of fit of the post-intervention forecasts 

and the observations.  Hence the overall intervention 

model is given by 

 

8506.0/))48(^1494.01(*1056567
)1)(4117.05823.01( 2




 tI
LLL

X t
t

t


   (7) 

 

Where It = 0, t < 49, t = 1, t  49. 

  

 
 

Fig. 2: Pre-Intervention Petroleum Distribution 

 

 
 

Fig. 3: Correlogram of the Pre-Intervention Data 

 

 
 

Fig. 4: Histogram of the Pre-Intervention Data 
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Fig. 5: Histogram of the Post-Intervention Data 

 

 
 

Fig. 6: Difference of Pre-Intervention Data 

 

 
 

Fig. 7: Correlogram of Difference of Pre-Intervention Data 
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Table 1: Estimation of the Arima (2, 1, 0) Pre-Intervention Model 
 

Variable Coefficient Standard Error t-Statistic Probability 

AR(1) -0.582258 0.139573 -4.171707 0.0001 

AR(2) -0.411721 0.139630 -2.948668 0.0051 

R-squared 0.307365 Akaike Information criterion 26.52267 

Inverted AR roots -0.29-0.57i -0.29+0.57i 

 

 
 

Fig. 8: Correlogram of the Residuals of the Arima (2, 1, 0) Model 

 

 
 

Fig. 9: Histogram of the Residuals of the Arima (2, 1, 0) Model 

 

Table 2: Intervention Transfer Function Estimation 
 

Variable Coefficient Standard Error t-Statistic Probability 

C(1) 1056567 136855.6 7.720306 0.0000 

C(2) 0.149398 0.112231 1.331162 0.1920 

R-squared 0,035587 Akaike info criterion  26.63266 

 

 

 

 



 

~ 113 ~ 

World Wide Journal of Multidisciplinary Research and Development 
 

 
 

Fig. 10: Post-Intervention Observations and Forecasts 

 

Conclusions 

It may be concluded that model (7) is adequate to account 

for the intervention impact on the distribution of the 

petroleum products by deregulation of the downstream 

sector of the Nigerian petroleum industry. Clearly the 

impact was not immediate but  was felt after a year of its 

introduction. Government functionaries and managers may 

avail themselves of this model for planning purposes. . 

 

Appendix 

 

 
Data 

 

Years 

months 2009 2010 2011 2012 2013 2014 2015 

January 1003025 856808.3 683337.1 522913.3 1738231 2041955 1738231 

February 1031146 765246.2 689568.9 553682.4 1710131 1836267 1710131 

March 1067923 1067817 726433.4 752870.8 1813639 1922385 1813639 

April 1074922 743167.2 611549.5 553500.3 1866522 2075285 1866522 

May 1227471 782633.4 829860.6 419538.7 1832093 2094790 1832093 

June 909015 731147.2 527257.3 451067.5 1767629 1912967 1767629 

July 1082330 599084.0 758032.0 591864.6 1834408 2135416 1834408 

August 988853.1 523974.1 763304.3 574473.0 1787428 1916416 1784428 

September 998302.8 653055.9 613601.7 524961.9 1714157 1879907 1714157 

October 1060502 474616.7 611492.5 616389.4 2007766 2090333 2007766 

November 1114721 597898.5 622320.2 574996.8 1716488 1732244 1716488 

December 942312.6 881543.0 762259.2 687068.2 2027801 2245869 2027801 
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