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Abstract

Objectives: In this work, the Box-Jenkins approach, which known as Seasonal Autoregressive Integrated Moving
Average Model (SARIMA) model, was applied to predict monthly rainfall in Kordofan state, Sudan. Methods/Statistical
Analysis: Using the stochastic models to predict monthly rainfall is an important issue for planning many water re-
sources projects. The monthly rainfall data were obtained from the Sudan Meteorological Authority, covering the period
1971-2010. Findings: Test of the original data displays horizontal trend and seasonal periodicity. The data is checked
for non stationarity through Augmented Dickey- Fuller Unit Root Test (ADF). The Auto Correlation Function (ACF) and
Partial Auto Correlation Function (PACF) were used to identify the seasonality and it was removed by employing first
order seasonal differencing. The SARIMA (0,0,1)x(0,1,1)12 model was selected to be most proper for predicting month-
ly rainfall. Application/Improvements: This model may be applied as a foundation for monthly rainfall Predicting in

Kordofan state.
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1. Introduction

Kordofan state is situated in the western portion of the
Sudan with an overall area of 380,000 km®. The state lies
between latitudes 9.5° and 16.5° N and longitudes 27.5°
and 32° E with a population of more than 4.3 million
inhabitants. Most areas of the state are an undulating
plain with some mountains series in the southeast part.
Sandy and non cracking clay soils exist north of Khor Abu
Habil, the most important seasonal stream in the state,
while cracking clay soils take place south of Khor Abu
Habil in the plains between the mountains. The major
resources of water in the region are the rainfall, non

perennial streams and groundwater in the forms, well,
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pond and lake. Annual rainfall varies between 50 mm on
the northern boundary to about 800 mm over the south-
ern border. The duration of rainfall season' is about five
months starting in May and finish in September. Khor
Abu Habil has an estimated annual discharge of about 100
million m®. The agricultural production in Kordofan state
is mainly depending upon the rainfall. The main crops
grown are millet, sorghum, and groundnuts. The region is
one of the most important producers of gum Arabic in the
world.

En Nahud region as shown in Figure 1 was selected
since it is the most important agricultural area depending
on rainfall for cultivation in Kordofan state. The region

has an annual rainfall which ranges as 139 - 695 mm
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Figure 1. Map of Sudan illustrating En Nahud region.

through the previous forty years. The year 2007 received
the maximum quantity of rainfall of 695 mm followed by
the year 1980, 681 mm and the minimum amount of rain-
fall was recorded in 1984 and 1986 as 139mm and 275 mm
respectively, the period of dryness. The average annual
evapotranspiration and temperature are 2148 mm and
27.2° C, respectively?. Drought phenomenon threatens
huge areas of rain fed land in Kordofan state. The relation-
ship between production and drought demonstrate that
a 10 percent lower in the average annual rainfall implies
a 3.7 percent drop in yield at the country scale. In the
year 2000, drought decreased food reserves and caused
prices to ascend three-fold compared to the same period
in the previous year. Accordingly, rainfall prediction is an
important matter in planning varied water resource proj-
ects in the state.

The Seasonal Autoregressive Integrated Moving
Average (SARIMA) model was applied to model differ-
ent seasonal time series. SARIMA (3,1,3)x(2,1,1) , model
was used? to forecast short term inflation in Ghana. A
Seasonal ARIMA model was identified to predict the
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monthly rainfall data for the rainfall stations in Sudan.
ARIMA model was compared with radial basis function*

for forecasting monsoon rainfall in Tamilnadu.

2. Materials and Methods

2.1 Data

The data analyzed in the present work are monthly rainfall
for En Nahud gauge station. The historical rainfall data
were obtained from the Sudan Meteorological Authority
(SMA), covering the period 1971-2010. It was presented
graphically in Figure 2.

2.2 Modeling by SARIMA Method

A stationary time series means that the observed series
show no systematic change in mean and no systematic
change in variance or correlation structure. These types
of time series can be modeled in numerous ways such as
an Auto Regressive (AR) process, Moving Average (MA)
process and an Auto Regressive and Moving Average
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Figure 2. Monthly rainfall for En Nahud station.

(ARMA) process®. In real time, the series are generally
non-stationary. To make it as stationary, it can be differ-
enced. These models are called Auto Regressive Integrated
Moving Average (ARIMA) models.

The ARIMA model with order p for AutoRegressive
and order g for Moving Average operates on dth differ-
ence of the time series X, 2 ¢ Itcan be written as

9,(B)\V'X, =0, (B)e, (1)

where, the back shifting operator B is defined as
BSXt =X, (2)

¢(B) and O(B) are polynomials of order p and g,

respectively.
#(B)=(1-¢B—¢,B* —... ¢,B") (3)
6(B)=(1-6,B-6,B* —...6,B") (4)
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In day-to-day life, generally the time series may pos-
sess seasonality which repeats every s period. Box and
Jenkins generalized their ARIMA model to capture the
seasonal behavior. The multiplicative seasonal model
ARIMA (p,d,q)x(BD,Q)s is of the form

¢,(B)®,(B*)V,'V "X, =6,(B)O,(B),
(5)

where, VSD are the D-th order seasonal differences

and ¢, 6, @ and ©,are polynomials of order p, B, q and
Q respectively.

The development of SARIMA model consists of three
steps namely as:

Model identification, parameter estimation and diag-
nostic checking. Using the above steps many tentative
models can be identified for the same time series and
a model selection criterion can be used to choose the
best one. The most commonly used form is the Akaike
Information Criterion is given by .
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AIC =N Logo? + 2k (6)

where, N denotes the length of the series and K is the
number of model parameters. The model with least AIC
value is chosen to be the best model among the tentative
models. The statistical software Reviews 9 was employed
for the analytical work.

3. Results and Discussion

The graphical presentation of the monthly rainfall of En
Nahud station, Figure 2, was used to test the stability and
stationarity of the data. It illustrates seasonal fluctuations
without noticeable trend®. The seasonality happens every
twelve months and the data is non stationary. The ACF

plot shown in Figure 3 proves that the series is non sta-

Autocorrelation Partial Correlation AC Pac Q-Stat  Prob
| [ 1 0573 0573 15836 0.000
¥ ) 2 0172 -0.232 17264 0.000
mf = 3 -0.158 -0.231 18481 0.000
) m 4 -0.308 -0.100 230.80 0.000

) o 5 -0.367 -0.167 29636 0.000
| m 6 -0.379 -0.207 36661 0.000
) s 7 -0.362 -0.223 43069 0.000
| sl 8 -0.306 -0238 47674 0.000
H =k g -0.154 -0.145 48840 0.000
| [ 3| 10 0155 0116 50022 0.000
| [ | [ 11 0505 0291 62582 0.000
| [ g | 12 0670 0269 84795 0.000
| [ '@ 13 0529 0107 98673 0.000
| [ H: 14 0142 -0.158 99679 0.000
H K 15 -0.134 0.001 10057 0.000
| K 16 -0.306 -0.050 10523 0.000
B i 17 -0.354 -0.030 1115.0 0.000
| i 18 -0.371 -0.051 11841 0.000
B i 19 -0.356 -0.047 12477 0.000
i i 20 -0.289 -0.037 1289.8 0.000
o i 21 -0.127 -0.034 1297.9 0.000
15| i 29 0.146 -0.012 13087 0.000
| [ 3| 23 0478 0117 14243 0.000
| '3 24 0635 0120 1628.9 0.000
| [ 3l 25 0492 0015 17518 0.000
'@ i 26 0.157 -0.055 1764.3 0.000
H i 27 -0.143 -0.034 17748 0.000
i K 28 -0.291 -0.008 18182 0.000
| i1 20 -0.351 -0.016 18813 0.000
i i 30 -0.364 -0.038 19495 0.000

Figure 3. ACF and PACF Plot for En Nahud Monthly Rainfall.
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tionary. Also non-stationarity is identified through the
Augmented Dickey-Fuller Unit Root Test (ADF), which
was tabulated in Table 1. Once again the ADF test was
performed on the seasonally differenced data. The results
show that the data is stationary which is tabulated in Table

2. The plot shown in Figure 4 shows the ACF and PACF
plots of the data after seasonal difference is taken into
account. It displays that the seasonality is vanished and
the data became stationary. The autocorrelation structure
in Figure 4 proposes many models. The proposed models

Autocorrelation Partial Carrelation AC PAC Q-Stat  Prob
3 '@ 1 0160 0.160 12.131 0.000
i i 2 0062 0.037 13.950 0.001
i i1 3 -0.036 -0.053 14556 0.002
1 3 4 0009 0.021 14597 0.008
1L 11 5 -0.008 -0.008 14628 0012
1L 1 6 -0.001 -0.002 14620 0023
1L 1 7 0.000 0.003 14629 0.041
1L 1] 8 -0.020 -0.022 14.822 0.063
i1 i1 9 -0.037 -0.032 15491 0078
i 1 10 -0.020 -0.007 15674 0.109
il g 11 -0.079 -0.075 18.659 0.067

| B | 12 -0.468 -0.463 12420 0.000
1L ' [ 13 -0.023 0.148 12446 0.000
i i 1 14 -0.062 -0.051 126.34 0.000
i i 15 0.062 0.031 12819 0.000
1 1 16 -0.007 -0.001 12821 0.000
11 1 17 0.012 -0.007 128.28 0.000
1L 1 18 -0.002 0.001 128.28 0.000
1L 1 19 0.000 -0.000 12828 0.000
11 3 20 0.027 0.014 128.65 0.000
11 i 21 0074 0.038 123131 0.000
1L i1 22 -0.010 -0.030 131.36 0.000
i H 23 -0.054 -0.125 13278 0.000
i i 24 -0.064 -0324 13483 0.000
1L ' [ 25 -0.007 0.154 134.86 0.000
11 i 26 0.028 -0.046 13525 0.000
i 3 27 -0.028 0.014 13565 0.000
11 1 28 0.010 0.006 13570 0.000
1L 1 29 -0.003 0.005 13570 0.000
1L 1 30 0.006 0.004 13572 0.000

Figure 4. ACF and PACF plot for En Nahud after seasonal difference.
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Kordofan State, Sudan

Table 1. Unit root test of the original data

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic
-1.164765
0.2230
1% level -2.569923
Test critical values: 5% level -1.941503
10% level -1.616244
Table 2. Unit root test of the differenced data
_ isti *
Augmented Dickey-Fuller test statistic t-Statistic Prob.
-8.521814
0.0000
1% level -2.570054
Test critical values: 5% level -1.941521
10% level -1.616232
Table 3. Comparison of the models
Variable Station Model AIC
SARIMA(0,0,1)x(0,1,1) , 9.5121
SARIMA(O,O,O)X(O,I,I)12 9.5400
En Nahud
SARIMA(0,0,1)x(2,1,1) , 9.5129
SARIMA(0,0,1)x(1,1,1),, 9.5144

and AIC are explained in Table 3. Obviously, the model
SARIMA (0,0,1)x(0,1,1),, has the minimum amounts of
AIC that one would choose this model.

After the identification stage, estimation stage was
carried out. The parameters are tabulated in Figure 5. The
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result concludes that all the parameters are significant as
their p-values are less than 0.05. The entire absolute values
of the inverted AR and MA roots are less than 1 which
proves the stationarity and invertibility.
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Variable Coefiicient Std. Error t-Statistic Prob.
MA(T) 0161271 0.032461 4968163 0.0000
MA(12) -0.972847 0061361 -15.85453 0.0000
MA(13) -0.188424  0.033670 -5.596261 0.0000
SIGMASQ 7221765 33.26633 21.70893 0.0000
R-sguared 0.518887 Mean dependentvar 0.132479
Adjusted R-squared 0515877 5.D. dependentvar 38.75894
5.E. of regression 26.98893  Akaike info criterion 8.512153
Sum squared resid 3379736  Schwarz criterion 9 547610
Laog likelihood -2221.844 Hannan-Quinn criter. 0526105
Durbin-Watson stat 1.978832

Figure 5.

The third stage is to test if the data contain any system-
atic pattern which still can be eliminated to progress the
picked model. Different tests were done on the residual
series. The results obtained through the correlogram of
the residuals test, Box-Ljung test, and the Durbin-Watson
(DW) statistic test were analysed. The correlogram of
residuals series are illustrated in Figure 6. All residu-
als autocorrelation function and partial autocorrelation
function lie within the confidence limits; hence the plot
confirms the absence of significant correlation between
residuals. The Ljung-Box test is employed for testing inde-
pendence of the residual. Figure 6 proves that there is no
serial correlation in the residuals, since the autocorrela-
tions and partial autocorrelations at all lags less than 0.05
and all Q statistics is insignificant with large p-values. The
DW statistic used to check the serial correlation between
the residuals. If the residuals are uncorrelated, the DW
value will equal 2. The DW test statistic value in Figure
5 is found to be 1.9788 which concludes that there is no

serial correlation between the residuals.
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Estimation of SARIMA (0,0,1)x(0,1, 1) ,, model.

Finally, among the identified models, SARIMA (0,0,1)
x(0,1,1) , model is appropriate to represent the monthly
rainfall and could be applied to predict the forthcoming
years. According to equation (3), the estimated model is

given in the mathematical form as:
(1-B,)X, =(1-6B)(1-0,B,)¢, 7)
Then, substituting the estimated parameter values, the
previous equation can be written in a format that is used
in predicting phase
X, =X, ,+0.161271¢,-1-0.972847¢, , -0.188424¢, , +¢,
(8)

where, X = the monthly rainfall at month ¢

X_,,= the monthly rainfall at month (t-12)
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-0.043 -0.044 27326

0.014 0011 28777 0.090
-0.005 0001 28875 0236
-0.005 -0.008 28989 0407
0.001 0002 28991 0575
-0.004 -0.003 29055 0715
-0.029 -0.030 33115 0769
10 0.011 0012 3.3649 0849
11 -0.015 -0.013 3.4500 0.901
12 -0.052 -0.056 48022 0851
13 0100 0106 96457 0472
14 -0.045 -0.044 10633 0475
15 0.059 0044 12331 0419
16 -0.015 0000 12434 0492
17 0.017 0003 12575 0560
18 -0.006 -0.000 12592 0634
19 -0.003 -0.004 12595 0.702
20 0016 0015 12720 0755
21 0046 0045 13757 0745
22 -0.015 -0.013 13.869 0791
23 -0.039 -0.051 14629 0.797
24 -0.083 -0.073 18.053 0646
25 0003 0016 18.057 0703
26 0032 0026 18559 0726
27 -0.018 -0011 18714 0767
28 0015 0002 18830 0805
29 0007 0012 18.830 0844
30 0002 -0006 18.833 0876

(000 = Of CT e L R &

Figure 6. ACF and PACF Plot of the Residual.

€ > €, = the errors values at time (t-1), (t-12)

t-12

4. Conclusion

In the present work the stochastic approach developed by
Box and Jenkins, which famed as SARIMA model, was
utilized to predict monthly rainfall in En Nahud station,
Sudan. It has been proved that the monthly rainfall fol-
lows a SARIMA (0,0,1) x (0,1,1), model. The selected

model is more appropriate to predict the monthly rainfall
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for the next years to assist designers to set up the priorities

for various water resources projects.
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