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Rainfall is one of the key climate variables. It plays an important role in the
hydrological cycle. In the field of agriculture, it is crucial as it determines the
availability of water for crops, helping farmers manage water scarcity issues.
South Bangka is one of the districts with the highest rice production levels
compared to other districts in the Bangka Belitung Islands Province. This
study aims to predict the rainfall in South Bangka for the next four years, from
January 2024 to December 2027, using the Support VVector Regression (SVR)
and SARIMA methods. The results of this study indicate that the SVR method
is the best for prediction compared to the SARIMA method, with an average
MAPE value of 0.03%. The kernel used is the Radial Basis Function (RBF),
with parameter values including epsilon (¢) of 0.0001, Cost (C) of 1000, and
gamma (y) of 235. The MAPE value for the training data is 0.045%, and for

the test data, it is 0.015%. The best SARIMA model is (3,1,3)(1,1,3)24 with a

Radial Basis Function MAPE value of 16.51%.
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1. INTRODUCTION

Climate is the average weather condition over a long period of time at a specific location. The climate
is influenced by the geographic and topographic features of the area. Generally, the climate conditions
worldwide fluctuate and change depending on space and time. Spatial climate changes are categorized based
on local and global climate variations [1]. According to data obtained from the Meteorological, Climatological,
and Geophysical Agency, rainfall experiences changes every year. These conditions change irregularly over
random periods, making it difficult to predict the weather accurately. Therefore, accurate rainfall prediction
information is essential as it has become a primary need to support activities in various sectors.

Rainfall is one of the determining variables of climate conditions. It is a key factor and an essential
part of the climate in Indonesia, which is located in the tropical region. Rainfall plays a significant role in
maintaining the balance of ecosystems, preserving soil fertility, meeting human water needs, and acting as a
groundwater reserve. It also plays a crucial role in the hydrological cycle. Research on rainfall can be applied
in various fields, such as aviation, agriculture, and other sectors that include weather variables as determining
factors, especially for rainfall. In agriculture, it is critical as it determines the availability of water for crops,
allowing farmers to address issues related to water scarcity. In the plantation or farming sector, rainfall intensity
significantly impacts production yields or the growth process of crops themselves.

Rainfall forecasting or prediction is an important issue for agrarian countries, as it is essential to
create models based on rainfall predictions due to the many benefits derived from such information, such as
for irrigation planning, flood prediction, storms, erosion, and more. Changes in rainfall and climate can affect
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ecological processes, natural resource degradation, and hydrology. Forecasting is generally needed to predict
what will happen in the future, allowing decision-makers to make plans for the future. Forecasting is a
prediction aimed at estimating a value for a specific period in the future using mathematical and statistical
explanations.

A method that can be used to predict rainfall is Support Vector Machine (SVM). Support Vector
Machine is a Machine Learning method for classification problems that generates a learning process, which is
then separated by a straight line or flat plane that divides the classes into two groups [2,3]. Currently, machine
learning can be used to solve association, clustering, classification, and prediction problems within large
datasets [4,5]. One modification of SVM used for regression problems is Support Vector Regression (SVR).
The Support Vector Regression (SVR) method is a forecasting method used to predict nonlinear time series
data [6,7]. The concept of Support Vector Regression (SVR) is to obtain support vector data. Support Vector
Regression (SVR) is a nonparametric method based on Machine Learning that does not require assumptions,
allowing it to overcome limitations in regression analysis with time series data [8,9]. The advantages of Support
Vector Regression (SVR) according to several studies that have applied SVR include electric consumption
prediction, machine load prediction, and the duration prediction of software projects. All three studies provided
good prediction results. In previous journal research that used SVR, such as "Implementation of Support Vector
Regression on Consumer Price Index Inflation Prediction,” and "Application of Support Vector Regression
(SVR) for National Monthly Inflation Forecasting," the SVR method applied in the aforementioned studies
concluded that the SVR method is quite effective in its predictions. The errors produced were minimal with
the help of various kernels.

In addition to using the Support Vector Regression (SVR) method, another method commonly used
to predict rainfall is time series models such as Autoregressive Integrated Moving Average (ARIMA) and
Seasonal Autoregressive Integrated Moving Average (SARIMA). The ARIMA model is effective in
considering the linear serial correlation between observations, while SARIMA offers better accuracy in
predicting seasonal patterns. A seasonal data pattern is a time series pattern that shows recurring indices over
a specific period, such as days, weeks, months, or quarters. Seasonal variation refers to fluctuations that occur
regularly each year, usually caused by climate and weather, as well as habitual patterns that have a consistent
structure over time [10]. The SARIMA method has a drawback in optimizing to obtain the best parameters,
which is why it is often combined with heuristic methods to improve model performance. The advantage of
this method is that it can accommodate all types of time series, although it must first be made stationary during
the process. SARIMA uses past and present values of the dependent variable to produce accurate forecasts.

This study aims to compare the prediction results of the SVR method versus SARIMA in forecasting
rainfall data in South Bangka Regency. The actual rainfall data used is the rainfall data from South Bangka
Regency from January 2010 to 2023. This data is used to predict rainfall data from January 2024 to December
2027.

2. METHOD
2.1 Research Data

The research data used consists of rainfall data from January 2010 to December 2023. The data is
sourced from the Central Bureau of Statistics (BPS), specifically from the South Bangka Regency Statistics

Yearbook from 2010 to 2023 [11]. This data can be seen in Figure 1.
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Figure 1. Rainfall Data in South Bangka Regency from January 2010 to December 2023.
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2.2 Support Vector Regression (SVR)

SVR is the development of SVM for regression problems. The goal of SVR is to find a function in
the form of a hyperplane (separating line) that fits all input data with an error and makes it as small as possible
[12]. The SVR algorithm is a theory adapted from the machine learning theory that has been used to solve
classification problems, namely Support Vector Machine (SVM). The linear regression function in SVR refers
to the following equation:

F)=wTp (x) + by @)

2.3 Kernel Function

The kernel function in the SVR method is used to transform data from the non-linear input space into
a high-dimensional feature space to find the optimal hyperplane. The performance of the SVR model depends
on the use of hyperparameters such as C, epsilon, degree, kernel parameters, and the kernel function used.
Some kernel functions that can be used in SVR include the linear kernel function, polynomial kernel function,
sigmoid kernel function, and radial basis function kernel.

2.3.1 Linear Kernel Function

A linear function is a function with a free variable raised to the power of one. A linear function can
be used in the form of a kernel, which serves as a mapping tool. The equation for the linear kernel function is
as follows:

K(xi,x) = xi.x )

2.3.2 Polynomial Kernel Function

The Polynomial Kernel is commonly used in SVR and other kernel methods. This kernel represents
the mapping of vectors using a polynomial function for non-linear cases [13]. The equation for the Polynomial
kernel function is as follows:

K(xi,x) = (xi-x+c)¢ 3)

2.3.3 Sigmoid Kernel Function

The sigmoid function is a hyperbolic trigonometric function that results from the combination of
exponential functions. The sigmoid function has an S-shaped graph when plotted. The equation for the sigmoid
kernel function is as follows:

K(xi,x) = tanh (a (xi - x)+ c) 4)

2.3.4 Radial Basis Function (RBF)

The RBF function is a bell-shaped function. The RBF kernel is the most commonly used kernel
because, with the correct selection of the value of o, this kernel can achieve accuracy similar to that of the
linear and polynomial kernels. This makes the RBF kernel suitable for various cases. The equation for the RBF
kernel function is as follows:

K (xi,x) = exp ( —oflxi — x||)* ()

2.4 Normalization and Denormalization

Normalization is a process of transforming actual data into values within a specific range. On the other
hand, denormalization is the process of returning normalized data to its original form [14]. The formulas for
normalization and denormalization can be seen in equations 6 and 7 below.

Normalization = 0,8 X" 4 01 (6)
max —min

y (max—min) + min
0,8

Denormalization = +0,1 (7
2.5 Seasonal Autoregressive Integrated Moving Average (SARIMA)

Seasonal Autoregressive Integrated Moving Average (SARIMA) is an extension of the
Autoregressive Integrated Moving Average (ARIMA) model for time series with seasonal patterns. The
SARIMA model is denoted as ARIMA(p,d,q)(P,D,Q)°. In the SARIMA model, there are two parts denoted by
lowercase and uppercase letters. The (p, d, ) notation represents the non-seasonal part of the model, while (P,
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D, Q) denotes the seasonal part of the model. The exponent s is the notation for the number of periods in a
season to be calculated [15]. The equation for the SARIMA model is as follows:

o (B°) ¢p (B) (1-B ) (1- B)° Yi = 04 (B) © o (BY) & (®)

2.6 Prediction Accuracy Level

The accuracy level of the prediction results is calculated using the Mean Absolute Percentage Error
(MAPE). The smaller the MAPE value, the more accurate the prediction results of the model used. The MAPE
formula can be seen in the following equation;

1vn |Yt—Ft

MAPE = =32, | |x 100 % 9)

The accuracy level based on the MAPE value can be categorized according to Table 1.

Table 1. Accuracy Levels Based on MAPE Values

MAPE Accuracy Level
<10% Excellent
10% - 20% Good
20% - 50% Reasonable
> 50% Bad

3. RESULTS AND DISCUSSION

The SVR method process begins by dividing the data into training and testing datasets. In this study,
the training and testing data are split with a percentage of 70% and 30%. With a total of 168 data points, there
are 118 training data points and 50 testing data points. The analysis process in this study uses four kernel
functions: linear kernel function, polynomial kernel function, sigmoid kernel function, and radial basis function
kernel. The analysis results using these four kernels are presented in Table 2, Table 3, Table 4, and Table 5.

Table 2. Analysis Results of the Linear Kernel Function

Kernel Linear MAPE
Parameter Best Parameter Training Data Testing Data
Values
€ 0,0001
C 100 28,63 32,42

Table 3. Analysis Results of the Polynomial Kernel Function

Kernel Polynomial MAPE
Parameter Best Parameter Training Data Testing Data
Values
€ 0,01
C 10 24,32
y 12 34,21
Coef 0 6
Degree 1
Table 4. Analysis Results of the Sigmoid Kernel Function
Kernel Sigmoid MAPE
Parameter Best Parameter Traning Data Testing Data
Values
€ 0,001
C 1 55,97 42,52
y 30
Coef 0 10
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Table 5. Analysis Results of the Radial Basis Function Kernel

Kernel RBF MAPE
Parameter Best Parameter Training Data Testing Data
Values
3 0,0001 0,045 0,015
C 1000
Y 235

Based on the results of testing the kernel functions and their parameters, it can be concluded that the best SVR
model based on the MAPE value is the SVR model with the Radial Basis Function (RBF) kernel. Below, the
accuracy level of the prediction results based on the MAPE values for all the kernel functions used is presented.

Table 5. Accuracy Level Results of the SVR Model Kernel Functions Based on MAPE Values

Kernel MAPE Accuracy Level
Training Data Testing Data Average
Linear 28,63 32,42 30,52 Reasonable
Polynomial 24,32 34,21 29,27 Reasonable
Sigmoid 55,97 42,52 49,24 Reasonable
RBF 0,05 0,02 0,03 Excellent

As a comparison to the SVR analysis method, the best SARIMA model is also obtained based on the smallest
AIC value. Below are the results of the modeling using SARIMA based on the AIC value.

Table 6. SARIMA Model Results Based on AIC Values

Model o
SARIMA 0.0,9)(P.D.Q)° Nilai AIC
Model 1 (12,1,1)(1,1,0)*? 1801,65
Model 2 (1,1,1)(12,1,0)%? 1889,04
Model 3 (12,1,0)(0,1,35)% 1806,9
Model 4 (12,1,35)(12,1,35)* 1810,12
Model 5 (1,1,3)(3,1,3* 1805,74
Model 6 (2,1,3)(1,1,3)* 1807,52
Model 7 (1,1,3)(1,1,3)* 1637,3
Model 8 (2,1,3)(1,1,3)* 1639,1
Model 9 (3,1,3)(1,1,3)* 1636,18
Model 10 (3,1,3)(1,1,3)*? 1764,77

The smallest Akaike Information Criterion (AIC) value was obtained by model 9, which uses the SARIMA
model (3,1,3)(1,1,3)24, with the lowest AIC value of 1636.18. The AIC value is used to compare several
models, where the smaller the AIC value, the better the model is at predicting the data. A lower AIC value
indicates a better model, as it shows an optimal balance between data fit and model complexity.

After obtaining the best prediction results from each method, namely the SVR and SARIMA methods, a
comparison of the prediction results from each method is then conducted. In the SVR method, the best kernel
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obtained was the Radial Basis Function (RBF) kernel, while in the SARIMA method, the best model obtained
was (3,1,3)(1,1,3)24. Below is the comparison of the MAPE values for the SVR and SARIMA methods.

Table 7. Comparison of MAPE Values for the Prediction Results of SVR and SARIMA Methods

Variabel Metode MAPE
Rainfall SVR 0,015
SARIMA 15,51

Below are the comparison results of the SVR and SARIMA methods in predicting rainfall in Bangka Selatan
Regency from January 2024 to December 2027.
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Figure 2. Comparison of Rainfall Prediction Results for Bangka Selatan Regency from January 2024 to 2027
Using SVR versus SARIMA.

4. CONCLUSION

Based on the analysis results, it can be concluded that the best kernel for the SVR model is the RBF
kernel. The parameter values used in the analysis are epsilon (¢) of 0.0001, Cost (C) of 1000, and gamma ()
of 235. The SVR model with the RBF kernel achieved a MAPE value of 0.03%. Meanwhile, the best SARIMA
model is the (3,1,3) (1,1,3)24 model with a MAPE value of 15.51%. A suggestion for this study is that the SVR

method can be further developed by comparing it with other machine learning methods to determine which
method results in the smallest MAPE value.
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