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Abstract 

This work is focused on the modeling of the monthly internally 
generated revenue of Rivers State of Nigeria. The particular 
realization analyzed and herein called RIGR spans from 2007 to 
2012.  Examination of the series reveals a seasonal nature of 
annual periodicity. It has a positive outlier in December 2008. 
Augmented Dickey-Fuller (ADF) Test adjudges RIGR as 
stationary. However the existence of an outlier invalidates this 
stationarity claim. Twelve-monthly differencing of RIGR yields 
the series SDRIGR which may be said to have a generally 
horizontal trend with an upper spike counterbalanced by a 
comparably lower one. The correlogram of SDRIGR has 
significant negative spikes at lag 12 on both the autocorrelation 
function (ACF) and the partial autocorrelation function (PACF). 
With these spikes as the only significant ones, the autocorrelation 
structure is that of a SARIMA(0,0,0)x(1,1,1)12 model; hence its 
proposal and estimation. However, the residuals of this proposed 
model are correlated; this invalidates the model.  A non-seasonal 
differencing of SDRIGR yields the series DSDRIGR which 
might be considered stationary; two upward spikes are 
counterbalanced by two comparable downward spikes.  The ADF 
test on the series is highly significant, showing that it is 
stationary.  The autocorrelation structure of the series is 
suggestive of a SARIMA(0, 1, 1)x(1, 1, 1)12 model. Hence, its 
proposal and fitting. This model is found to be adequate.  
 
Keywords: Internally generated revenue, Sarima Models, 
Time Series, Seasonal Series, Rivers State, Nigeria. 

1. Introduction 

Every institution is encouraged to augment its finances by 
generating revenue internally. The forecasting and control 
of such internally generated revenue could help in 
management and governance. Rivers State of Nigeria just 
as any other institution generates revenue internally to 
complement the efforts of the Federal Government in its 
funding. The aim of this write-up is to model the monthly 
internally generated revenue of the state in order to provide 
a model for possible forecasting of the series.  

Like many other economic and financial time series, 
internally generated revenue could be seasonal. See, for 
example, Nwogu and Nwosu [1]. The time plot of the 
internally generated revenue of Ikot Ekpene Local 
Government Area of Akwa Ibom State of Nigeria shows 
some seasonal tendencies [2].  Such seasonal series may be 
modeled by seasonal Box-Jenkins methods otherwise 
called seasonal autoregressive integrated moving average 
(SARIMA) models. 
 
Seasonal Box-Jenkins methods are gaining popularity for 
the modeling of seasonal time series. A few of such series 
which have been thus modeled are: inflation rates [3], 
savings deposit rates [4], water demand [5], traffic flow [6], 
crude oil prices [7], unemployment rates [8], foreign 
exchange rates [9], dengue numbers [10], temperature [11] 
and tuberculosis incidence[12]. It has been observed that 
SARIMA models often outdo other types of models in 
explaining the variation of seasonal series ([13]) 
 
Section 2 of this paper considers the materials and methods 
used herein. Section 3 discusses the findings. Section 4 is 
the concluding remarks. 
 
2. Materials and Methods 
 
2.1 Data 
 
The data for this work are monthly internally generated 
revenues of Rivers State of Nigeria from 2007 to 2012. 
The figures used are corrected to the nearest hundred 
thousand naira. This realization shall  be called RIGR. 
 
2.2 Seasonal Box-Jenkins Models 
 
A stationary time series {Xt} is said to follow an 
autoregressive moving average model of orders p and q, 

 

122

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 1 Issue 7, September 2014. 

www.ijiset.com 

ISSN 2348 – 7968 

 

denoted by ARMA(p, q), if it satisfies the 
following  equation 
 
Xt - α1Xt-1 - α2Xt-2 - … - αpXt-p = ε t + β1ε t-1 + β2ε t-2 
+ … + βqε t-q      
 (1) 
 
where the α’s and the β’s are constants such that the model 
is both stationary and invertible. {ε t} is a white noise 
process. 
 
Suppose model (1) is written as A(L)Xt = B(L)ε t where 
A(L) = 1 - α1L - α2L2 - … - αpLp and B(L) = 1 + β1L + 
β2L2 + … + βqLq and LkXt = Xt-k.  For stationarity the 
zeros of A(L) must lie outside the unit circle and for 
invertibility the zeros of B(L) must lie outside the unit 
circle. 
 
Most natural time series are non-stationary. Box and 
Jenkins [14] proposed that for such a series differencing of 
an appropriate order may make it stationary.  Let d be the 
minimum order for stationarity. Then the resultant 
stationary series is denoted by {∇dXt} where ∇ = 1 – L. If 
{∇dXt} follows an ARMA(p, q) model the original series 
{Xt} is said to follow an autoregressive integrated moving 
average model of orders p, d and q,denoted by ARIMA(p, 
d, q). 
 
If a series is seasonal of period s, Box and Jenkins [14] 
proposed further that it could be modelled by 
 
A(L)Φ(Ls)∇d ∇s

D Xt = B(L)Θ(Ls)ε t   
 (2) 
 
where ∇s = 1 - Ls is the seasonal difference operator. Φ(L) 
is the seasonal autoregressive (AR) operator and Θ(L) is its 
moving average (MA) counterpart. They both are 
polynomials in L. Suppose they are of degrees P and Q 
respectively. Then the model (2) is called a (multiplicative) 
seasonal autoregressive integrated moving average model 
of orders p, d, q, P, D, Q and s, denoted by SARIMA(p, d, 
q)x(P, D, Q)s. 
 
2.3 SARIMA Model Estimation 
 
For the model (2) to be fitted its orders p, d, q, P, D, Q and 
s must be determined. Seasonality period s may be obvious 
from the nature of the series. Other avenues for 
determination of s are the time-plot and the correlogram. 
The correlogram of an s-period seasonal series exhibits 
fluctuating movements of the same periodicity as the series. 
 

The difference orders d and D are often chosen so that they 
sum up to at most 2. At each stage of the differencing 
process, the series is tested for stationarity until it is 
attained.  Here, the Augmented Dickey Fuller (ADF) test 
shall be used to test for stationarity after each stage of 
differencing. The AR orders p and P are estimated as the 
non-seasonal and the seasonal cut-off lags of the 
autocorrelation function (ACF) respectively. Similarly the 
MA orders q and Q are estimated as the non-seasonal and 
the seasonal cut-off lags of the partial autocorrelation 
function (PACF) respectively. 
 
The parameters are thereafter estimated by the use of non-
linear optimization techniques because of the involvement 
of white noise process items in the model.  In this work the 
least error sum of squares technique shall be used in model 
estimation. 
 
After model fitting the fitted model is usually subjected to 
residual analysis for validation. All analysis in this work 
was done using the statistical package Eviews 7.       
 

3. Results and Discussion 

The time plot of RIGR in Figure 1 shows a generally 
horizontal trend except for a sharp positive outlier in 
December 2008. Its ADF test statistics has a value of -7.2. 
With the 1%, 5% and 10% critical values given 
respectively by -3.5, -2.9 and -2.6, it is adjudged to be 
stationary. However with the sharp outlier its time plot 
gives a contrary impression. An examination of RIGR 
shows that the yearly minimums fall in the first four 
months of the year: In January in 2007; in February in 
2008; in April in 2009 and 2010; in February in 2011 and 
in March in 2012. The respective maximums are in May, 
June, March, May, July and February. Therefore it may be 
said that the maximums are mostly between May and July. 
These tendencies indicate the presence of a seasonal 
component of 12-monthly periodicity 
 
A seasonal (i.e. 12-point) differencing of RIGR yields 
SDRIGR. Its time-plot in Figure 2 shows a generally 
horizontal trend, a positive spike in 2008 being 
counterbalanced by a comparably negative one in 2009. 
The ADF test statistic value is equal to -6.8. Hence 
SDRIGR is stationary. Its correlogram  in Figure 3 shows a 
negative spike at lag 12 on the ACF as well as on the 
PACF. This means that the series is seasonal of period 12 
months and involved is a seasonal AR component and a 
seasonal MA one, each of order one. That leads to the 
proposal of a  SARIMA(0, 0, 0)x(1, 1, 1)12 model. 
Estimation of this model is done in Table 1. However 
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residual analysis done on the model shows that 
the residuals are correlated (See Figure 4). This invalidates 
the model. 
 
 

 
 
 
 
 

 
 
 
 
 

 
Figure 3: Correlogram of SDRIGR 
 
 
 
 
 

 
 
 
 
 
Table 1: Estimation of the SARIMA(0,0,0)x(1,1,1)12 
Model 

 
 
 

 
Figure 4: Correlogram of SARIMA(0,0,0)x(1,1,1)12 
Residuals 
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Figure 6: Correlogram of DSDRIGR 
 
Table 2: Estimation of SARIMA(0,1,1)x(1,1,1)12 Model 

 
 

 
Figure 7: Correlogram of SARIMA(0,1,1)x(1,1,1)12 
Residuals 
 
 

Figure 8: Histogram of SARIMA(0,1,1)x(1,1,1)12 
Residuals  
 
 
Non-seasonal differencing of SDRIGR yields the series 
DSDRIGR which might be said to follow a generally 
horizontal trend, the two upward spikes counterbalanced 
by the same number of comparably negative ones (See 
Figure 5). The ADF test statistic is equal to -7.0 
confirming the stationarity hypothesis. The correlogram of 
DSDRIGR in Figure 6 suggests a SARIMA(0, 1, 1)x(1, 1, 
1)12 model. The  estimation of the model in Table 2 gives: 
 
DSDRIGRt + .2066DSDRIGRt-12 = ε t + .1601ε t-1   
+.9528ε t-12 + .1257ε t-13      
(3) 
 
All coefficients of the model (3) are significant. The 
percentage of variation in the data accounted for by the 
model is very high at 96%. The residuals of the model are 
uncorrelated (See Figure 7) and normally distributed (see 
Figure 8).  Hence the model is adequate.  
  
 
4. Conclusion  
 
It might be concluded that the monthly internally generated 
revenue of Rivers State of Nigeria follows a SARIMA(0, 1, 
1)x(1, 1, 1)12 model. It might be the basis of any 
forecasting of the series.  
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