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Abstract:-- In this paper we introduce a brief review about
Box-Jenkins models. “Auto-Regressive Integrated Moving
Average”, Known as ARIMA models. It is a good method to
forecast for stationary and non stationary time series.
According to the data which obtained from the monthly sales
for Naphtha product in Azzawiya Oil Refining Company —
Libya, then we determine an optimal model. The results of
this study showed that the suitable and efficient model to
represent the data of the time series according to AIC, SIC,
and MSE criteria with the smallest values as well as the Box-
ljung test is the ARIMA(1,1,1), whose equation is :

Z, =06010Z,,+ 1.1713¢,_, +¢,

According to the results of ARIMA (1,1,1), the amounts of the
monthly sales for Naphtha product Azzawiya Oil Refining
Company — Libya, have been forecasted for the period from
Jan: 2015 to Dec: 2020. Those values showed harmony with
their counterparts in the original time series. It provided us
with a future image of the reality of the monthly sales for
Naphtha product in Azzawiya Oil Refining Company — Libya.

Key Words Forecasting, Box-Jenkins, Auto-Regressive
Integrated Moving Average (ARIMA), Auto-Regressive (AR),
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Partial Autocorrelation Function (PACF).

INTRODUCTION

The planning process is the most important step in the
develop plan of any country, it becomes adequate if the

statistical methods that has been applied are based on
powerful scientific basis.

The time series is a set of well-defined data items collected
at successive points at uniform time intervals. Time series
analysis is an important part in statistics, which analyzes
data set to study the characteristics of the data and helps in
predicting future values of the series based on the
characteristics. Forecasting is important in fields like
finance, industry, etc. The Autoregressive Integrated
Moving Average (ARIMA) is based on ARMA Model. The
difference is that ARIMA Modelconverts a non-stationary
data to a stationary data before working on it. This analysis
uses Box-Jenkins ARIMA modeling techniques to find an
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appropriate model for this time series. This model is the
assessed to determine how well it’s the data.

Non-seasonal Box-Jenkins Models for a Stationary Series:

That is known as (ARIMA) Models, it is an Autoregressive
Model AR(p) as the first part, and Moving Average Model
MA(q) a second part, and the third part 1(d) represents the
differences required by the time-series in order to be
stationary. Some models of time series may be non-
stationary of the same kind but they would become
Stationary after a lot of differences and changes, so that the
model which represents this process will vary from the
original model because it will include those differences and
changes made by the model by taking appropriate humber
of operational differences process.

Autoregressive Models AR(p):
Which has the general form:

Li=h Lyt L+t Lyt g ,>p @)
Where :
Z, =dependent variable at time t.
Zi_1,Zi_5, ..., Zi_, = dependent variable at time lags t
—1,t—2,...,t—p respectively.

@, Coefficients to be estimated, as:
i=1,2,3,...p, -1<dp<1l
&, Series of random errors, with mean zero and constant
variance. i.e. &, = N (0,57)
Moving Average Model MA (g):
Which has the general form:

Z =6-06,-0,6,-..-0,5 O]
Where:
Z, = dependent variable at time t.
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&, . Series of random errors, with mean zero and constant

variance. i.e. &, =~ N (0,57)

€t_1 €t-1, - €1_q = Errorsin previous time periods
that are incorporated in the response Z, .

Hi . Parameters of moving average model.

g : Degree Model.

Mixed Models ARMA (p, q):
Which has the general form:

Li=$Z+$ L+ .+ ¢p pr +te-06,— 9q &g

Autoregressive Integrated Moving Average Model
ARIMA (p,d,q):

The general formula of Autoregressive Integrated Moving
Average Models (ARIMA) That is written as :

Zi= $Zig+t $Zi g+ A G Zi pt ot 2 g +&-

(4)
Building ARIMA Model and Forecasting:

The data used in this study consist of the monthly sales for
Naphtha production in Azzawiya Oil Refining Company —
Libya, for the period (2008 — 2014).

Stationary

In order to apply certain techniques for identifying and
ARIMA model for the data, we must determine the form of
stationary of the original time series and we will draw the
autocorrelation  function (ACF), and the partial
autocorrelation function (PACF) of data and draw
confidence interval of (ACF) and (PACF) to detect the
stationary or non-stationary of time series, as well as the
use of the Q test, (Box- Ljung test) where:

m ~2
Qm=n(n+2) > P~ 32(m) ()
k=1

Where:

A

Pk = the residual autocorrelation at lag k.

n = the number of residuals.
m = the number of time lags includes in the test.

And we will test of unit root by Augmented Dickey-Fuller
(ADF) test on the original data provided evidence of the
presence of a unit root we difference the data to counteract
the effect of this unit root. We depended on Eviews.5
program to determine tables and figures we can obtain the
following results:
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Figure (1): Graphical representation of the series Naphtha

Table (1): ACF and PACF of the series Naphtha

Date: 01/31/15 Time: 07:48
Sample: 2008M01 2014M12
Included observations: 84

Autocorrelation Partial Correlation AC PAC Q-Stat Prob

0694 06894 41961 0.000
0644 0312 78482 0.000
0411 -0.243 93518 0.000
0.317 -0.039 102.58 0.000
0.217 0073 106.92 0.000
0.160 -0.001 10826 0.000
0.064 -0.132 109.68 0.000
-0.022 -0.115 10073 0.000
-0.095 -0.015 11058 0.000
10 -0.220 -0.189 115.33 0.000
11 -0.247 -0.026 121.38 0.000
12 -0290 0.029 12082 0.000
13 -0.367 -0.239 143.50 0.000
14 -0.351 -0.001 156.22 0.000
15 -0.405 -0.050 173.41 0.000
16 -0.302 -0.093 189.75 0.000
17 -0.355 0.044 203.32 0.000
18 -0.357 -0.132 217.30 0.000
16 -0.307 -0.025 22779 0.000
20 -0.237 -0.054 237.08 0.000
21 -0.191 0.082 241.29 0.000
22 -0152 -0.007 24399 0.000
23 -0072 -0.123 24461 0.000
24 -0.079 -0.083 24538 0.000
25 -0.071 -0127 24599 0.000

[Zev= I o N NNt Y N Y

Through the Figure (1) and table (1) of the original series
of Correlation Coefficients and figures of ACF and PACF,
we note that there is non- stationary in the data of original
series as there are some values outside the confidence
interval, and that the significant value of the Coefficients
autocorrelation function using the Q test :

Q =24599 > Z225]0_05 = 37.652

And to make the series stationary we make differences
from First level while taking the natural logarithm of the
data and then we can obtain the following results:
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Figure (2): Graphical representation of the series D(Log(Naphtha))

Table (2): ACF and PACF of the series D (log(Naphtha))

Date: 01/31/156 Time: 08:16
Sample: 2008M01 2014M12
Included observations: 83

Autocorrelation Partial Correlation AC PAC Q-Stat Prob

-0.198 -0.198 3.3594 0.087
0.032 -0.008 34467 01738
-0.125 -0.126 4.8192 0136
-0.019 -0.071 48510 0303
-0.009 -0.028 4.8579 0433
-0.135 -0.169 6.5372 0366
0.056 -0.021 6.8246 0447
-0.0v4 -0.086 7.3358 0501
0.088 0.014 2.0784 0526
10 -0.103 -0.106 9.1062 0522
11 0080 0013 97387 0554
12 -0.066 -0.074 10.166 0.601
[ [ 13 0.001 -0.052 10166 06380
! ! 14 0.014 -0.018 10187 0.748
[ [ 15 -0.062 -0.07¢ 10590 0751
! ! 16 -0.043 -0.132 10785 0823
[ [ 17 0.093 0071 11707 0813
! ! 18 -0.096 -0.147 12713 0.808
[ [ 19 0.035 -0.038 12847 08486

000 =N AW

20 -0.009 -0.041 12856 08383
21 0.017 -0.044 12388 0912
[ [ 22 -0.046 -0.118 13128 0830
! ! 23 0052 0.024 12444 0942
[ [ 24 -0.034 -0101 13585 0855
! ! 25 0003 -0.053 13.586 0.968

Through the figure (2) and table (2) of modified series of
correlation coefficients and figures of ACF and PACF we
note that there is stationary in the data of series and most of
the values within the confidence interval, and that the
Significant value of autocorrelation coefficients by using
the Q test was:

Q =13.586 < Z225’0.05 = 37.652

We then test by Advanced Dickey Fuller and the estimation
of models is as follows:
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Table (3): ADF test results for series D(Log(Naphtha))

ADF - Test T -student | Test Critical Values 3% | Prob,
With constant 100271 180 0.0001
With constant and frend | - 10,8500 -346%5 0.0000
Without constant and frend | - 100045 -1.6142 0.0000

Through the data of the table (3) we note that all calculated
statistics of Dickey Fuller in all models are less than the
corresponding tabular values, then there is no a unit root in
the series, and the series D(Log(Naphtha)) is stationary.

Model Identification:

Through the table (2), we observe the presence of moving
averages models MA (1), MA (3) and MA (6), through
the autocorrelation function. And the presence of
autoregressive models AR (1), AR (3) and AR (6),
through partial autocorrelation function, and for more
accuracy in reconciling the best model among Box-Jenkins
models, possible models of ARIMA (p, d, q) have been
applied, and calculation of each of them SC, AIC and MSE
are as shown in the following table:

Table (4): Compared to a set of valuesof AIC , SIC , MSE

Models AR | MA | MSE AIC SIC
ARIMAQLLL | 1 1| 0.3506 1.8629 1.9510
ARIMAGRLY) | 3 3o 0489 11903 11886
ARIMA(6,1.6) | 6 6 | 04788 11703 11706

From the table (4), we find that the model ARIMA (1,1,1)
is the one who gives the lower values of the previous
standards, these values were as follows:

MSE =0.3506 , AIC=1.8629 , SC=1.9510

So this model was relied on to be an appropriate model for
this series.

Model Diagnostics:

Residual diagnostic tests and the over fitting process are
used here to determine the goodness of fit of the
ARIMA(1,1,1) model to the original time series.

» Residual Diagnostics:

We have been used diagnostic the ACF for the residuals.
Here we see that the ACF values are all within the 95%,
indicating that there is no correlation amongst the residuals.
This plot is used as an indicator of the independence of the
residual.
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Table (5): ACF and PACF for Residual ARIMA (1,1,1)

Date: 01/31/15 Time: 11:20

Sample: 2008103 2014M12

Included observations: 82

Q-statistic probabilities adjusted for 2 ARMA term(s)

Autocorrelation Partial Correlation AC PAC Q-Stat Prob

1 -0.002 -0.002 0.0002
i 2 0125 0125 1.3371
i 3 -0.046 -0.047 15253 0217
' 4 0.006 -0.009 15280 0466
' 5 -0.010 0.002 15372 0674
' 6
I T
I 3

-0.129 -0.133 3.0451 0550
0.019 0022 3.0795 0688
0.088 0.058 3.7976 0.704

9 0.040 0024 39475 0786

0118 -0.102 52007 0.726

11 00256 0012 53535 0802

12 .0.097 0088 62706 0792

13 .0.045 0057 64772 0340

14 .0.037 0033 66135 0882

15 -0.100 -0.095 7.6504 0.366

16 -0.080 -0.118 8.2185 0.872

17 0.035 0066 8.4515 0.904

0114 0161 9.8615 0.874

19 -0.004 0.030 9.8632 0.909

20 -0.034 0046 9.9895 0932

| | 21 -0.010 -0.058 10.001 0953

| | 22 .0.056 -0.117 10.366 0961

| ' 23 0026 0.017 10444 0973

‘ ,

‘ ‘

||
o

||
@

24 -0.041 -0119 10.640 0980
25 -0.008 -0.05¢ 10.648 0987

From the table (5) we note that the most of the coefficients
fall within the confidence interval, as well as the statistical

Q):
Q =10 < 1225’0'05 = 37.652

Therefore Residuals represent white noise.

Normal distribution test:

The residuals follow the normal distribution in the
following diagram:

2

— Series: Residuals

2 Sample 2008M03 2014M12
Observations 82

2%
Mean 0.043139

204 Median 0.081123
Maximum 1366176
164 Minimum ~ -2.837595
Std. Dev.  0.594179
124 Skewness  -2.329773

Kurtosis 12.04281
8,
Jarque-Bera  353.5694
4] Probability 0.000000

0\’_“ \’_“ T T T T T T T T T T T "_‘\
30 25 20 45 40 05 00 05 10 15

Figure (3): Testing of normal distribution of residuals series

The distribution of residuals are almost symmetrical.
Autocorrelation test for errors (Durbin-Watson's statistic):

The value of D-W = 1.9924, it is lies within the
confidence interval, hence it has no Auto correlation of
errors. Then all the results of the residuals tests confirm the
validity of the estimated model ARIMA (1,1,1) to represent
the time series.

Final Model

Therefore conclude that the ARIMA(1,1,1) model
is the best ARIMA model for the original time series being
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analyzed ( Naphtha product). The final model is of the
following form:

Table (6): Estimated model parameters of Naphtha sales
model

Tvpe Coef. | SECoef | T-Siat. Prob.

AR(l) 0.6010 0.0882 0.8173 0.0000

MA(D) 11713 | 00718 -16.3106 0.0000

We obtained the model in the form:

A

7, = 060102, ,+ 11713, , + ¢, (6)

Forecasting

After the identification of the model and its adequacy
check, it is used to forecast the sales for Naphtha product in
Azzawiya Oil Refining Company — Libya in the period
(January 2015 to December 2020). The forecasting results
are presented in figure (4)

5.0E+12

4.0E+12 |

3.0E+12

2.0E+12

1.0E+12

0.0E+00 |-

2017
— NAPHTF

Figure (4): Forecasted Naphtha Sales
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CONCLUSION

The aim of this analysis was to determine an appropriate
ARIMA model for the sales Monthly data for Naphtha
product. In particular we were interested in forecasting
future for sales of company using this model. It is
concluded that the ARIMA (1,1,1), where were the value
of MSE, AIC and SC for the model are very small. Hence
the model is appropriate to forecast the sales of Naphtha
for the next six years.
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