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Rainfall Forecasting with Time Series Model in Karbala, Iraq

Manar Naji Ghayyib ! , Ali Amer Abdulrazzaq? ,

Abstract

Natural calamities like floods and droughts are most frequently caused by
waterlogging. The organizations that needs to make decisions in the case of a
disaster or incident prevention might benefit from using weather forecasts. The
weather prediction includes a forecast for rainfall. The prediction of rainfall has
been approached in a number of ways, including physical, statistical, and hybrid
approaches. The objective of this study is to predict the amount of rainfall using the
best forecasting model, and then to evaluate that model's performance. Karbala was
chosen as the research area and the monthly rainfall data were taken from the Iraqi
Meteorological Department and covered the years from January 2012 to December
2023. It was discovered that Karbala's rainfall pattern had a trend and seasonality
throughout the year. To predict the rainfall data in this study, the Holt-Winters,
Box-Jenkins, and hybrid methods were suggested. Root Mean Square Error
(RMSE), Mean Absolute Percentage Error (MAPE), and Mean Absolute Error
(MAE) are performance measures that were used to assess the models'
performance. It was discovered that the Holt-Winters model yields the most precise
result and can be used to predict future rainfall.
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Introduction
Karbala is situated at longitude 44.01039 and
latitude 32.60685 in the southwest of Baghdad,

105 kilometers away from it. 30 meters above sea

level is where it is situated. Despite being at risk
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for both natural hazards like floods and forest fires
as well as man-made disasters, Karbala has never
experienced any significant natural disasters.
Karbala had witnessed a number of terrorist
activities in the recent years, including burning of
forests, rainfall forecasts are crucial for catchment
management  applications, especially  flood
warning systems in the aviation sector, severe
rains can also lead to blurred vision, which affects
the pilot's assessment of the runway's location and
distance [1,2]. Rainfall accounted for 40% of all
meteorological variables influencing flight safety,
according to statistical study of all accidents
involving all American airline firms from 1962 to
1984. Therefore, a trustworthy weather forecast is
essential for both the wellbeing of the aviation
industry's economy and the safety and security of
pilots and passengers.

The process of forecasting involves looking back
at past occurrences to make forecasts, making
assumptions about the future, using historical data
as indicators, and making predictions that can be
relied on to come true in the future. The
examination of sequences of data points gathered
over a long period of time using a time series
approach is a particular technique utilized in
forecasting [3].

This study attempts to [4] use the most appropriate
model to determine the pattern or trend of the
amount of rainfall, [5] forecast the amount of
rainfall using forecasting models such as the Holt-
Winters model, SARIMA model, and a hybrid
model and [6] assess the performance of
forecasting models based on the performance
pointers, which are Mean Absolute Percentage
Error (MAPE), Mean Absolute Error (MAE), and
Root Mean Square Error (RMSE).
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Literature Review

Exponential smoothing procedure

One of the oldest and very popular forecasting
techniques for time series data is exponential
smoothing. In order to develop a prediction model
for an inventory control system, Brown and Holt
put out the exponential smoothing formulation in
the late 1950s [7]. To put it simply, this technique
estimates the future using the weighted averages
from the past explanations [8].

Simple Exponential Smoothing (SES), Double
Exponential Smoothing, and Triple Exponential
Smoothing are the three primary forms of
exponential smoothing algorithms [9]. When there
is no trend or seasonality in a set of univariate
data, simple exponential smoothing is utilized. Use
the Double Exponential Smoothing approach, also
known as Holt's approach], for observations that
show patterns but no seasonal component [10,11].
For data containing trends and seasonality, the
Triple Exponential Smoothing Method or the Holt-
Winters Method is appropriate [9,12,13].

Box-Jenkins procedure

Time series modeling heavily relies on the
Autoregressive Moving Average (ARMA) model.
While they can model unknown processes with the
fewest  parameters  when  compared to
autoregressive models (AR) and moving average
models (MA), ARMA models offer the very
effective linear models of fixed time series.
Forecast of rainfall is hard and challenging
because of its nonlinear paradigm and wide
changes in intensity [14]. Autoregressive
Integrated Moving Average (ARIMA) modeling is
one of the effective techniques [15]. The
autoregressive moving average (ARMA) model,

created by George Box and Gwilym Jenkins in the
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1970s [16], is a generalization of the ARIMA
model. Due to the fact that it encompasses a range
of types, including season, absence of season, and
stability The ARIMA model is promoted as a
thorough statistical modeling approach for time
series [17].

In a study by Momani [18], the ARIMA model
was employed to forecast rainfall data, and it was
asserted that the forecast's outcome was favorable.
Ponnamperuma and Rajapakse [19] also
discovered that ARIMA might be used to predict
rainfall over the short term. Although both
ARIMA and SARIMA approaches were
recommended for use in forecasting future primary
energy demand, Ediger and Akar [20] had come to
the conclusion that ARIMA forecasts of Turkey's
short-term primary energy demand are more

accurate.

Hybrid method

A hybrid model combines traditional and/or
contemporary models. To enhance time series
forecasting, hybrid approaches that integrate the
best features of statistics and machine learning
have been proposed [21]. The two approaches that
are most frequently employed in time series
analysis are exponential smoothing and ARIMA
models [22].

Grigonyt and Butkeviit [6] propose hybrid models
to improve the accuracy of wind speed forecasts.
In a case study, Kamisan et al. [23] created a
hybrid model of ARIMA and SES, and the hybrid
model keeps a favorable outcome. Sanusi and
Safi investigated hybrid time series models [17] in
order to predict COVID-19 worldwide. A hybrid
design was created.

According to the aforementioned study, the hybrid

model of ARIMA plus exponential smoothing
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outperforms the majority of time series models in a
variety of industries. However, scholarly studies
do not sufficiently support the hybrid model of
SARIMA and Holt-Winters to predict rainfall; as a
result, the hybrid model was explored further in
this study [24].

Research Methodology

Hybrid approach

A development of Simple Exponential Smoothing
is @ model acknowledged as Double Exponential
Smoothing, or Holt's approach. To detect trends, a
second exponential smoothing model is added to
the original one. The following equations were
employed [25]:

Level:k;:ay, + (1 — a)(si—q + b—1)

Trend: by = B(sy — s¢-1) + (1 = B)be—y

Forecast: z; = k; + nb;

To find the initial values in Holt-Winters Additive
method, the formula for the level s;, the growth

rate b;and seasonal factors d, d, ... is as shown as

follows:
S1=)1 €Y
by = Ya ;}’1 @)

Seasonal autoregressive integrated moving
average (SARIMA)

Additional seasonal components are incorporated
to create the seasonal ARIMA model. It is
basically stated as SARIMA (p, d, q) (P, D, Q),
where S is the seasonal interval [16]. The non-
seasonal part of the model is called lowercase
notation, and the seasonal part is called uppercase
notation. Similar expressions are used in the
seasonal ingredient of the model as in the non-
seasonal ingredient, but there is a seasonal

rearward shift. The following is the equation [26]:
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8n(P) x 6,(P*)(1 — B)*(1— B%) Y, = 6,(P)9,(P%) 3)
With
é,(P)=1-8,B—--—8,B" (4)
9,(P) =1—9,BS —---— 9, B"k (5)

where y; is the actual data; &, and 9, represents
AR component coefficient and MA component
coefficient respectively; c is the constant value; u
is the mean value of the series and &, is the random
error, which also known as white noise. B
represents the non-seasonal backshift operators
and d is the non-seasonal differencing order. For
seasonal part, 9 is the seasonal AR component
coefficients while 9, is the seasonal MA
component coefficients. B- is the seasonal
backshift operators and D representing the
seasonal differencing order.

Test statistical

wli=-n-s (6)

2 o (1 N 0.75 N 2.25) e
w  =w _Tl _TIZ

Mean absolute error (MAE)

The discrepancy between the predicted and actual
values is calculated in absolute terms as the
absolute error. The following formula can be used
to determine MAE [27, 28].

n
1
MAE = ="y, = ] ®
t=1

Mean absolute percentage error (MAPE)
To compute this precision as a percentage, MAPE

is computed as the average absolute percent error

for every time minus real values split by actual

values. The resulting is the formula [27, 9]:

n
100 -z
MAPE = Z Ye = %

€))

Root mean square error (RMSE)

The absolute fit of the model to the information, or
how approaching the actual information points
match the values predicted by the model, is
symbolized by RMSE. It can be computed by the

following formula [29]:

(10)

Result and Discussion

Time series of rainfall data in Karbala

The monthly rainfall statistics for Karbala were
used from the Iragi Meteorological for this study.
The time frame for gathering this data was from
January 2012 to December 2022.

The data for this study is split into two categories.
The goal of the in-sample data, which spans
starting January 2012 toward December 2022, is to
identify the forecasting model combinations that
work best.

The performance indicator is used to evaluate the
data beginning January 2023 toward December

2023 then choose the top forecasting models.
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There is a pattern in the data, as shown by the time

series plot in Figure (1), which appears a little
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upward movement of the data throughout the given

period of time. as shown in Figure (1).
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Figure (1): Time series plot of yearly data

Furthermore, the data do show a regular pattern of
up and down fluctuations over the course of a year.
As a result, it was determined that the data exhibits
annual seasonality.

The dataset's normality was examined using the
Anderson Darling (AD) Test. The AD-Test's p-
value, which is more than 0.06, is 0.406. In light of

2024

2022

2020 ®
2018

2016

2014

2012 ®

2010
0 50

this, it may be said that the data followed a normal
distribution and are appropriate for use as time
series data.

The Figure (2) show the probability of rain
percentage for yearly data by taken monthly mean
for every year from 2012 to 2022. as shown in
Figure (2).

150 200

Figure (2): Probability plot of yearly data

SARIMA Model

In order to complete a Box-Jenkins analysis, the
procedure is split it into five steps, which are
checking for stationarity of data, model
identification,  coefficients and  parameters
estimations, model diagnostics, and model

prediction. The process is carried out with the aid
of Minitab [30, 31].

Figure (3) 's ACF plot and PACF plot for the
original data show that there is a high association
at the first season lag (lag 1) and that the
correlation weakens over several seasons. as
shown in Figure (3).
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Figure (3): Autocorrelation of original data

The seasonal length should be used as the lag
when comparing the data, which is 1. The dataset
is in a stationary state after applying seasonal
differencing, and the plots, the tail off pattern is
not clearly shown as indicated in Figure (4). Both
the significant spike at lag 1 in the PACF and the

seasonal MA (1) components are indicated by the
significant spike in the PACF. Since AR (1) and
MA (1) are the simplest estimations of the model
for stationary time series data, they are taken into
consideration for the non-seasonal AR or MA

portion. . as shown in Figure (4).

B Coefrim
|| lgpei Canhdaacs Limd
=L rwer Comhduace Limit

Lag Mumbes

Figure (4): Partial autocorrelation of original data

A few models were suggested based on the
outcomes of the model identification charts, and
the values for AIC and BIC were determined to
punish the models and prevent over-fitting.

The SARIMA (0,0,0) (0,1,1) 12 model was chosen
among these models because, when compared to

other models, it has the least AIC and BIC values.

According to the ACF plot and PACF plot of the
residuals in Figures (5) and (6), none of the spikes
are significant and are therefore not autocorrelated
because they are all inside the boundaries. All four
of these graphs for the residuals support the notion
that the variance is constant and the mean of the

residuals is zero. As a result, the remainders data
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almost  follows a normal  distribution. in the center red line of the time series plot. as
Consequently, it can be said that this model is shown in Figures (5) and (6).
suitable for use, and the anticipated value is shown

year
B Cosoint
w— |t Corddaecs Ll
| orant ComMerce Lirvl

! J 3 4 § e ]

Lag Number

Figure (5): Autocorrelation of for Data After Seasonal Differencing (D=1)
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Figure (6): Partial autocorrelation of for Data after Seasonal Differencing (D=1)

Hybrid Model hybrid model is used to predict the rainfall data
SARIMA (0,0,0) (0,1,1);, model is chosen to based on the strategy suggested in hybrid method.
build the hybrid model because it has the lowest as shown in table (1)

AIC and BIC values, as explained in Table 1. The

Table (1) : Overfitting Models of SARIMA (i, d, i) (P,D.Q)12

SARIMA (0,0,0)(1, 1, 1)1, NO 4 3.887 4.301
SARIMA (0,0,0)(1, 1, 0) YES 3 4.312 4.462
SARIMA (0,0,0)(0,1, 1), YES 3 3.987 4.298
SARIMA (1,0,1)(1, 1, 1)1, NO 6 3.923 4.451
SARIMA (1,0,0)(1, 1, 1)1, NO 5 3.901 4512
SARIMA (1,0,0)(1, 1, 0), NO 4 4.054 4.582
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Model Evaluation

In Table 2 Taking the Mean absolute percentage
’SARIMA (0,0,0) Model (0, 1, 1)12
Model, Hybrid Holt-Winters’ model. It implies

error for

K.U.C.J.
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that the Hybrid Holt-Winters’ model from table
note that, Holt. Winters' is the best method in the

prediction of rainfall. as shown in table (2)

Table (2): The Comparison of The Performance of Prediction Models

RMSE 91.922
MAPE 66.645
MAE 80.543

The prediction model's accuracy increases with
decreasing MAE, MAPE, and RMSE values. Holt-
Winters model outperformed the other two models
in terms of performance since it has the two lowest

97.652 104.087
83.142 62.741
80.784 87.999

readings for the metrics, followed by the hybrid
model and the SARIMA model as depicted as
shown in Figure (7).

Time Series Plot of Data, Holt-Winters, SARIMA, Hybrid

L

Data

Varlable
Data
Holt-Winters
SARIMA
Mybrid

reoeme

Index

-
- r

Figure (7): Comparison of forecasted out-sample results for all models

Conclusions

To forecast the rainfall data in this paper, Holt-
Winters, SARIMA, and a hybrid model were
suggested and applied. The Mean Absolute Error
(MAE), Mean Absolute Percentage Error (MAPE),
and Root Mean Square Error (RMSE) were
applied to assess every model's performance. After
data analysis, the Holt-Winters model has the least

values for RMSE and MAE, proving that it is more

accurate than other models that have been
suggested. Actual data and predicted data appear
different as a result of the research. For further
study, a different forecasting technique is required
so that the outcomes can accurately reflect the

rainfall data.
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