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ABSTRACT

Background: Water is a basic element of life and it has become increasingly needed nowadays, especially in areas with low rainfall,
due to the great development in various aspects of life. Objectives: The objective of this research is to study the rainfall in ALHWAIZ
basin to explain the behavior of the time series and applying one model of Box-Jenkins models to predict the future amounts.
Methods: The Statistical analysis study was based on annual rainfall data for 59 years, and Through it we found the best model to
represent the data after doing the wanted tests on model residuals. also, we dividing the data to 53 years to build the model and 6
years to test it, and finding the best forecasted model depending on the smallest of weighted mean of criteria RMSE, MAP, MAE.
Results: This research finds that Autoregressive Integrated Moving Average Model (ARIMA Model) ARIMA (1,1,3) model is a good
representation of the data, and ARIMA (2,1,0) model is the right model to forecast future rainfall which was decreasing amounted to
6.13 mm per year during the studied period. Conclusions: The study reveals that ARIMA model can be used as a good forecasting
tool in forecasting the annual rainfall in ALHWAIZ basin.
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1. INTRODUCTION

The analysis of time series is one of the most important statistical methods, because it enables to know the changes in
the studied phenomenon over time and forecasting the future values of it [1]. That important because it decrease the
effects of extreme events such as floods and drought [2]. The time series can be stationary and non-stationary, and the
series is considered stable if it has constant (mean and variance) [3]. Many researchers have under taken many studies
to forecast rainfall using different techniques [4]. Because it is considered one of the most difficult elements of the
hydrological cycle due to the complexity of the air operations that contribute to the formation of rainfall [5]. We will
present in this research process of building a forecasting model for the rainfall of ALHWAIZ basin by using Box-Jenkins
method, which is one of the best methods that give good results.

2. MATERIALS AND METHODS
2.1 Study site & data available

ALHWAIZ basin is located on the eastern coast of the Mediterranean Sea in north-west of Syria. The annual rainfall data
from 1959 until 2017 is measured for three rain stations that are covering the whole basin (Skhaba, Hmemem, Ein
shargiyeh).

2.2 ARIMA Model: The Autoregressive Integrated Moving Average Model (ARIMA Model) is a time series model used
for short-term forecasting. General form of ARIMA (p,d,q) model is following as Eq.(1). [6]:

®B (1 —-B)%Z, =6 + 0(B)a, (1)

Where: B =1 — ¢,B — ¢,B> — --- @,,B?

:0B=1-6,B —0,B% — Bqu
(Z)p, Hq: are parameters; B: backward operator; d: order of differences; Z;: the actual value; §: model parameter; a;:
independent random variable represent the error term at time t; p: the order of autoregressive process; g: the order of
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moving average [6, 7].
2.3 Box-Jenkins methodology: It was used to analyze the rainfall time series by using Minitab software [8]. This
method can identify the order of ARIMA model, estimation, diagnostic checking and forecasting [9].

2.4 Modeling procedure: We plot the data and transform it if necessary, whereas Box-Jenkins method is only occasion
for stationary time series data [10]. Models can be determined by the plots of Autocorrelation function (ACF) and Partial
autocorrelation function (PACF), where it gives more information about behavior of time series [11]. We use Akaike's
Information Criterion (AIC) in Eq.(2) to search for the best model [12]. After that we select min (AIC) as the best model
that determines a model by how close its fitted values tend to be to the natural values in terms of a specific expected
value [13].

AIC(m) =nxIn(c?)+2*m ()
Where m: number of parameters in the model; n: number of observation; ¢?: variation of residuals.

The most important part is to make sure that the residuals of the model random, and the estimated
parameters are statistically significant [14]. So, we check the residuals from our chosen model by plotting
(ACF) and (PACF) of the residuals and doing many tests to analysis model's residuals [15]. If the model is not
suitable, the cycle repeats from the identification of the model [16]. It is not necessary that representation
model is the same as the future forecasting model, so we depend on forecasting model to prediction [1].

Finally, we generate forecasts according to the final forecasting model, and depending on forecasting criteria which are:
Root Mean Squared Error (RMSE) Eq.(3), Mean Absolute Deviation (MAD) Eq.(4), and Mean Absolute Percentage Error
(MAPE) Eq.(5), and calculating the smallest of weighted mean of them which is given by Eq.(6) to Eq.(8) [2].

n — V)2
RMSE = M 3
n
MAD:lih' -7 “4)
n t t
t=1
MAPE = > ank 5
=2 Y, 5)
t=1
Where: Y, is the actual value; Y;: is the simulated value.
Weighted Mean 1 = (RMSE +4 MAPE+MAD)/6 (6)
Weighted Mean 2 = (4RMSE + MAPE+MAD)/6 (7)
Weighted Mean 3 = (RMSE + MAPE+4MAD)/6 (8)

3. RESULTS

3.1 Build Representation Model:

We used Minitab software to analyze annual rainfall (1959-2017). In figure 1 the graph trend of original data showed
non-stationary data, because the data is decreasing along the axis of time, and it showed the value of
decreasing=6.13mm/yr. the graph of original data of (ACF) showed non-seasonal and non-static data. In figure 2 we test
stability of series in variance by applying normality test (Kolmogorov- Smirnov test) that showed the data is stable in
variance. We take the first regular difference (d-1) to stabilize the variance in mean and remove the trend. A graph of
time plot of annual rainfall after doing the difference shows stationary on the value of the data center, whereas the trend
is decreasing at a fairly constant rate.
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Figure 1: The figure presents trend of original data and the plot of Autocorrelation Function.
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Figure 2: The figure presents normality test and the plot of trend data after in deference.

To determine the best model, we use min(AIC) and choose ARIMA (1,1,3) that shown in table (1), and considers it the
best model due to the residuals passed the required tests.

Table 1: The table presents the AKAKT test results.

ARIMA Model o2 m AIC ARIMA Model o2 m AIC
ARIMA (0,0,1) 35939.1 2 778853 ARIMA (0,1,1) 97255 8 2 606.5683
ARIMA (1,0,0) 33575.2 2 618.871 ARIMA (1,1,0) 35680.4 2 622.4591
ARIMA(2,0,0) 31189.0 3 ARIMA 36317.8 3

616.5214 (2,1,0) ' 625.5037
ARIMA(3,0,0) 31085.6 4 ARIMA 33276.1 4
618.3255 (3,1,0) ' 622.3431
ARIMA(4,0,0) 30892.0 5 ARIMA 32263.6 5
619.9569 (4,1,0) ' 622.52
ARIMA(1,0,2) 314759 4 ARIMA 28125 4
619.0617 (1,1,2) 8125.8 612.4221
ARIMA(2,1,3) 23374.1 © ARIMA 24130.5 5
' 605.5036 (1,1,3) ' 605.3827
ARIMA(4,1,5) 244490 10 ARIMA 35170.6 9
' 616.1563 (5,2,3) ' 635.61
ARIMA(5,1,1) 26198.5 7 ARIMA 29880.9 10
' 614.234 (5,2,4) ' 627.9935
ARIMA(1,2,0) 63770.6 2 ARIMA 56264.9 6
656.7198 (4,2,1) ' 657.3317
ARIMA(2,2,0) 59753.6 3 ARIMA 55696.2 7
654.8811 (4,2,2) ' 658.7324
ARIMA(3,2,0) 54499.8 4 ARIMA 34413.1 8
651.4512 (4,2,3) ' 632.3254

ARIMA Model: Autoregressive Integrated Moving Average Model.



American Journal of Innovative Research and Applied Sciences. ISSN 2429-5396 | www.american—]iras.com @pen ﬂ ccess

In tables (2) and (3), we test the residuals of the selected model by using 1-Sample Z and Runs Test, whereas P-value
>0.05. The figure 3 explained that the residuals look like white noise (WN) by observation the plots of (ACF, PACF), and
we draw Histogram of residuals and apply normality test of them.

Table 2: The table presents the one-Sample Z results.
N Mean St Dev SE Mean P-Value

58 -3 150 3168 0.999

Table 3: The table presents the runs Test results.

N Number of Number of P-Value
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Figure 3: The figure presents the plots of (ACF, PACF) of residuals, Histogram of residuals
and normality test of them.

By equal 1, we write the final shape of representation model that shown in Eq.(9).

z,=01-0.737)Z;_4 +0.737Z;_, — 13.809+ a, — 0.134 *xa;,_; — 0.55*a;,_, — 0.416 * a;_3
a; ~ WN(0,24130.5) (9)

3.1 Build a Forecasting Model:

We used the data of annual rainfall (1959-2011) to build a forecasting model, and the data from 2012 to 2017 to verify
the quality of model. The figure 4 shown the comparing between measured values and forecasted values after proposing
several models to find the best model. Calculating of forecasting criteria as in table (4). Table (5) contains a conclusion of
weighted Mean values of criteria to find ARIMA (2,1,0) as the best forecasting model that have the least values (6.41,
21.408, 10.627) and it gives us forecasted rainfall for (2018-2019-2020) with (651.18-644.1- 644) mm values. Table (6)
shows the error ratios between original data and forecasting values of ARIMA model.
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Figure 4: The figure presents the comparing between actual and
forecasted values for many models.

Table 4: The table presents the MAPE, RMSE, MAD Criteria.

Model MAPE RMSE MAD
ARIMA (3,1,1) 0.0139 35.027 9.581
ARIMA (4,1,2) 0.018 44.323 12.514

ARIMA (2,1,0) 0.012 30 8.438

ARIMA Model: Autoregressive Integrated Moving Average Model; RMSE: Root Mean
Squared Error; MAD: Mean Absolute Deviation; MAPE: Mean Absolute Percentage.

Table 5: The table presents the Weighted Mean of (MAPE, RMSE, MAD) Criteria.

Model Weighted Mean 1 Weighted Mean 2 Weighted Mean 3

ARIMA (3,1,1) 7.44 24.95 12.227
ARIMA (4,1,2) 9.48 31.637 15.732
ARIMA (2,1,0) 6.41 21.408 10.627

ARIMA Model: Autoregressive Integrated Moving Average Model; RMSE: Root Mean Squared
Error; MAD: Mean Absolute Deviation; MAPE: Mean Absolute Percentage.

Table 6: The table presents the error ratios between original and forecasting data.

Original (mm) Forecast (mm) Error Ratio (%) Year
836 749.71 10.32 2012

617 612.64 0.7 2013

551 686.27 -24.5 2014
775.26 640.4 17.39 2015

713 662.39 7.09 2016

610 645.85 -5.87 2017

4. DISCUSSION

We use Box-Jenkins method to predict annual rainfall for 2018-2019 and 2020 by analyzing the annual rainfall series from
1959 to 2017 which was annually decreasing during the studied period by 6.13 mm. We leaving the last 6 years as a
model-testing set. We found Autoregressive Integrated Moving Average Model (ARIMA Model) (1,1,3) model as the best



American Journal of Innovative Research and Applied Sciences. ISSN 2429-5396 | www.american—jiras.com @pen ﬂ ccess

model to represent the data after applying the least value of AIC and doing the required tests on the model residuals and
passing them successfully, whereas the autocorrelation does not exist between series residuals, and P>P-value (random
residuals) and taken the natural shape and following the normal distribution.

Also, we concluded that ARIMA (2,1,0) is the best forecasted model depending on the smallest of weighted mean of
forecasting criteria which were equal: RMSE=30, MAP=0.012 and MAD=8.438 for the chosen model. The forecasted
values were very close to actual values; therefore, we recorded the rainfall values for years (2018 to 2020) that we
obtained from the model whereas these predictions are reliable and ready to use.

5. CONCLUSION

There are many methods for forecast time series, but Box-Jenkins models is adopting to analysis the time series data,
due to its high accuracy, and their compatibility with the characteristics of each region and therefore cannot be directly
applied to a different area. Especially there is a lot of important effect for the natural characteristics of the areas in
changing the amount of forecasting rainfall from year to year. If we used the model that we finding it, we always had to
update it, because ARIMA is a short-term forecast method.
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