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INTRODUCTION

ABSTRACT

The city of Serang experiences relatively high annual rainfall, with an
average total of more than 100 mm/year. Based on data obtained from
BMKG, Serang City, in 2023, there will be a shift in the rainy season
due to weather anomalies, affecting the amount of rainfall. Apart from
that, Serang City is one of the cities with less rain throughout
September, recorded within 15 days. In this case, a determination is
needed in the form of rainfall classification. However, an exemplary
method is required in order to classify rainfall so that the classification
results are accurate. Several studies showed that the naive Bayes
classifier method is the best classification method compared to other
analysis methods; namely, it only requires a probability. The
parameters used are air temperature and wind speed. So, this research
aims to determine the classification of rainfall using the Naive Bayes
classifier based on air temperature and wind in Serang City. The
method used is non-experimental quantitative with naive Bayes
classifier analysis. Based on the data analysis using Microsoft Excel
software, the results showed that in the Serang city area, February
2024 was classified as a humid month with rainfall of 100 - 200 mm,
and March 2024 was classified as a dry month with rainfall <100 mm.
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Serang City is one of the cities located in Banten Province, Indonesia. Geographically, the city
of Serang is situated between 106°07' and 106°25' East Longitude, and South Latitude ranges
from 5°99' to 6°22. The area of Serang City is 266.7 km?. Most of the city of Serang is
relatively low, ranging from 0 to 50 meters from sea level. In climate classification, the Serang
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City area has an average tropical monitor climate (AM), with the rainy and dry seasons as two
different season patterns influenced by monsoon wind movements. But in 2023, there was a
shift in season time, which impacted rainfall in Serang. According to the Central Statistics
Agency of Serang City (2021), Serang City experienced a relatively high annual rainfall, with
an average total of more than 100 mm. Rainfall is the amount of water that falls on a horizontal
or horizontal surface within a certain period and is measured in mm units [1]. Rain is mainly
produced by rising air and decreased temperature [2]. The size of the rainfall will affect human
activity from various fields [3]. Based on information obtained through one of the news media,
the occurrence of weather anomalies in 2023, which affected rainfall in the city of Serang,
including the lack of rain throughout September, was recorded within 15 days [4]. In this case,
a determination is needed in the form of rainfall classification. However, an exemplary method
is required in order to classify rainfall so that the classification results are accurate.

Based on the results of [5], the average accuracy in the K-Nearest Neighbor method was
63.68%, whereas in the use of Naive Bayes Classifier, an accuracy value of 79.71%. In this
case, the Naive Bayes Classifier method gets better classification accuracy than the KNN
method. This is reinforced in the [6] study, which states the Naive Bayes Classive method is
better than other classification methods. Naive Bayes Classifier (NBC) is used as a
classification method. Naive Bayes Classifier, often called Bayesian Classification, is a
classification method that uses the type of statistical and probabilistic methods found by
British scientist Thomas Bayes [7]. The advantage of this method is that it only requires
relatively small training data to predict the determination of the estimation and parameters
needed for classification [8]. Because it is assumed to be an independent variable, the Naive
Bayes classification algorithm method only requires variance in a class to determine the
classification of the entire covariance matrix. So that it can make it very easy to use [9]. Using
the naive Bayes Classifier is fundamental to probability factors, so to support this method, a
variable is needed as a probability that can affect rainfall.

Based on the results of observations in the Geophysical Climatology Meteorology Agency
(BMKG) of the Maritime Station in Serang 1, the most critical climate elements in influencing
rainfall are air temperature and wind speed because when the temperature causes low pressure
so the occurrence of high air evaporation that will affect against the wind in the formation of
rain clouds. In this case, there is no research on the classification of rainfall based on air and
wind temperatures in the city of Serang; based on this, a rainfall classification analysis will be
carried out using the naive Bayes Classifier based on air and wind temperatures in Serang City.

METHOD

This study uses quantitative methods with research design, namely quantitative non-
experimentation. This is because there is no intervention or treatment of data variables. Where
the research data source is obtained using the Institutional Survey Method with the type of
data in the form of secondary data. The data from the Geophysical Climatology Meteorology
Agency (BMKG) of Maritime Class 1 Serang, namely rainfall data and air and wind
temperature for ten years from 2014 - 2023. The following is the classification of rainfall
according to Oldeman.
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TABLE 1. Oldeman Classification

No Rainfall Rain classification
1 >200 mm wet month

2 100 — 200 mm humid month

3 <100 mm dry month

Volume 9 Issue 1, April 2024

The analysis used is naive bayes classifier. Naive Bayes classifier is a classification method
using probability and statistical methods based on the experience that has occurred. The

following is the stage of naive Bayes classifier.
Average

n

X =

Standard deviation

| 2=
n

Class probability

p(x|h)x p(h)

h|x) =
p(h[x) 000

Moving Average

1)

)

@)

In determining the test data, the most recent data will be used to predict the amount of air
temperature and wind speed using the Moving Average calculation. The following is a moving

average equation.
B T .| R

mn

St

Rainfall classification

(xp-#)°
exp 20'2

1
pP(X | X;) =
i \27o?

(4)

()

(D SPEKTRA |41



SPEKTRA: Jurnal Fisika dan Aplikasinya Volume 9 Issue 1, April 2024

RESULT AND DISCUSSION

The amount of water that falls at a particular time is called rainfall. Rainfall can also be
considered as the amount of rainwater that falls over a specific time, measured in height units.
Rainfall patterns in one of the cities in Banten Province, Serang, are prone to monitoring rain.
The northwest monsoon wind originating from West Java impacts this rainfall pattern. Every
seven months, this precipitation pattern, such as monsoon, creates a cycle of season change.
Several factors from other climate elements can cause the size of the rainfall that falls. Based
on the results of observations in BMKG, the most dominant climate elements that affect
rainfall are air temperature and wind speed. The following are the results of secondary data
analysis in the form of monthly rainfall data in Serang City in 2014 - 2023 obtained from
BMKG Serang Maritime Meteorology Station in FIGURE 1.
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FIGURE 1. Rainfall Graph 2014 - 2023

Based on the graph in FIGURE 1 of the 2014-2023 rainfall in the Serang City area sourced
from BMKG Serang Meotorology Station, the average rainfall is 132.7 mm. The maximum
rainfall occurred in January 2014 of 376.7 mm. The amount of rainfall that occurs every
January is a normal condition because, basically, January - February is the peak of the rainy
season, so the amount of rainfall is included in the category of wet months. The minimum
rainfall occurred in one of the months in 2018, 2019, and the month of 2023 of 0 mm.
Furthermore, the highest rainfall for ten years in the year 2020 was 160.5 mm.

Based on these data, rainfall in 2020 is still in the normal category. The rainy and dry seasons
occur according to the condition of the Indonesian atmosphere in general. At the same time,
the lowest Average of the lowest annual rainfall was in 2019 of 103.9 mm. In 2019, until the
end of the month of rains, it was still shallow; it happened because of the shift in the degree
of the earth when orbiting the sun, which caused a reduction in clouds because of the dry
season, making the solar radiation higher in Indonesia in the tropics. Bright weather conditions
are still quite dominating, so the anomaly of cold temperatures in Indonesian waters causes
rain clouds to be challenging to form. Wind patterns are still blowing from the east, which
causes the rainy season to be insignificant so that in September 2019, the city of Serang has
not entered the rainy season and Still in the dry month category. The size of the rainfall is
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influenced by other climate elements, namely air temperature. The following are the graph
results showing the relationship between air temperature and precipitation in 2014 - 2023.
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FIGURE 2. Graph of Relationship of Air Temperature and Rainfall in 2014 — 2023

Based on FIGURE 2, the relationship between air temperature and rainfall is obtained by R
Squared 0.08098. The results of the R Squared show how many variations a variable is
interrelated, with the value received, which means the air temperature can affect rainfall by
8.1%. This means that 91.9% of other factors, including air humidity, affect rainfall. This is
by previous research [10], which shows that the relationship between rainfall and air humidity
is 57%. In addition to the air temperature, the climate element used in this study is wind speed.
Following are the results of the Windrose graph in 2023 Serang City Region.
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FIGURE 3. Windrose Direction and Wind Speed in 2014 - 2023
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Based on FIGURE 3, Windrose Graphics Direction and Speed of Wind in 2023 in Serang City
show that the most dominant wind direction is in the north. Low wind conditions will also
impact low rainfall in 2023 so that 2023 experienced a shift in the rainy season which was
sufficient to affect the weather of higher air temperatures.

Classification of rainfall using Naive Bayes Classifier

In this study, the analysis of the naive Bayes Classifier will look for the results of the
classification of rainfall in February 2024 based on past data using the amount of 120 data; the
data includes rainfall data, air temperature, and wind speed in the last ten years which consists
from 2014 - 2023. The Naive Bayes Classifier was calculated through several stages, including
finding an average value, standard deviation, and class probability, determining test data
through moving averages, and calculating the results of the classification of rainfall, which
will occur in February 2024. Following are the results of the classification of Oldeman rainfall
from 2014 — 2023.

TABLE 2. Rainfall Classification 2014 - 2023

Month
Year 1 2 3 4 5 6 7 8 9 10 11 12
2014 B B L K L K L K K K L L
2015 B B L L K K K K K K K L
2016 L B B K L K L K L L L L
2017 B B L K L L L K K L L B
2018 L L B L K L K K K K L L
2019 B L B L K K K K K K K L
2020 B B B B L K K K K K L B
2021 L B L B K L K K B K B B
2022 L L B L L K L K B L L L
2023 L B B L K L K K K K L K

Oldeman classification results based on rainfall data in 2014 - 2023 are found in TABLE 2,
obtained from the Serang City Maritime Meteorology Station with each wet month
classification (B), moist (L), and dry month (K). The table is the result of the classification of
rainfall that has been grouped to find the data included in the dry, humid, and wet months,
which each average value, standard deviation, and class probability will seek. In addition, in
TABLE 1, it also appears that the average wet month occurred in January - February, humid
months occurred in November, and the dry month occurred in August. Seasonal factors
influence this. Based on these data, it can be seen that 2019 has the lowest rainfall level
between other years. This happens because of the shift in the degree of the earth when orbiting
the sun, which causes reduced clouds due to drought, thus making solar radiation higher in
Indonesia in the tropics. Sunny weather conditions are still quite dominating, and the anomaly
of cold temperatures in Indonesian waters causes rain clouds to be difficult to form, so the city
of Serang has not entered the rainy season as usual. In addition, the shift in the rainy season
also occurred in 2023. ideally, the rainy season began in October and November, but in 2023,
in December, the rainfall only reached 77 mm, so it entered the category of dry months; this
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happened because of climate changes and skills of the phenomenon La Nina to EI Nino. After
rainfall for ten years, it is categorized based on rainfall, according to Oldeman. Then, the
average and standard deviation of the air temperature and wind speed are determined, which
is the parameter used to classify rainfall in Serang City.

TABLE 3. Average and Standard Air Temperature Deviation

Classification Average Standard deviation
Wet 27.244444 0.4540626

Moist 27.506522 0.408817

Dry 27.742553 0.5262249

TABLE 4. Average and Standard Deviation of Wind Speed (Knot)

Classification Average Standard deviation
Wet 1.962963 0.400137

Moist 1.747826 0.43625

Dry 1.7 0.354905

The average results and standard deviations of the air temperature data can be seen in TABLE
3. The average result in the wet month is 27.244°C with a standard deviation of 0.4541, the
average humid month is 27.5065°C with a standard deviation of 0 and 4088 Average Dry
Moon is 27.743°C with a standard deviation of 0.5262. Furthermore, the average results and
standard deviations of the wind speed are in TABLE 4; the average result in the wet month is
1.963 knots with a standard deviation of 0.4001, and the average in a humid month is 1.7478
knots with a standard deviation of 0.4363 The Average in the dry month was 1.7 knots with a
standard deviation of 0.354905. Based on the average air temperature results, the most
significant average value is found in the dry month, and the lowest air temperature is in the
wet month, so it can be said to be a negative relationship between air temperature and rainfall.
The highest average wind speed is found in the wet month, and the lowest wind speed is in the
dry month, so it can be said to be a positive relationship between wind speed and rainfall.

TABLE 5. Class Probability

Class Probability Mark
Wet 0.225
Moist 0.3781513
Dry 0.3983051
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After obtaining the average results and standard deviations, the probability value is used as an
opportunity to determine the possibilities that will occur based on past data. These results can
be seen in TABLE 5 the wet month obtained a probability value of 0.225 in a humid month
and 0.3781513 in the dry month of 0.354905. To find out whether or not the probability results
in each class can be proven by adding up all the probability values of each class obtained, if
the results are 1 then the probability value is correct, but if the results are not 1 then the
probability value is wrong, meaning there is a calculation error. After the probability value has
been confirmed to be correct, the next stage is moving the average in advance to get test data
from air temperature and wind speed in February 2024.

TABLE 6. Moving Average February 2024

Moving Average

Air temperature (°C}

Wind velocity (Knot)

Moving Average is one of the methods of time series used to determine forecasting when the
data does not yet exist, to get the results of rainfall classification. The parameters used in
classifying rainfall are air temperature and wind speed with vulnerable time per 11 months.
Air temperature and wind speed data to be used in this calculation comes from the latest data
in 2023. The results found in TABLE 6 show that the air temperature in February amounted
to 27.8°C with a wind speed of 1.1 knots. The data that has been obtained will be used as test
data to classify rainfall in March and April 2024.

TABLE 7. Results of rainfall classification for February 2024.

Classification :[A(;ir:]perature Wind velocity Results

Test data 27.9 1 Moist

Wet 0.2088497 0.034856 0.001637924

Moist 0.392733 0.13902 0.020646278

Dry 0.5260115 0.095767 0.020064509
0.020646278

The final results of the rainfall classification using the Naive Bayes Classifier, calculated using
Microsoft Exel in February, are in TABLE 7. Based on the table the results of rainfall
classification in Serang City using Naive Bayes Classifier in February with an air temperature
of 27.8°C and Wind speed 1.1 knots produce a wet moon rainfall classification of 0.003885894
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moist months with 0.036587466 and a dry month of 0.034945913. So the maximum value
created in a humid month means that in February 2024, rainfall is predicted to be included in
the sweltering month classification, ie, rainfall will be 100 - 200 mm. This is by the Rainfall
Data in February obtained from the Serang City BMKG station that the amount of rainfall that
occurred was 197.3 mm which was included in the category of wet month classification, so
that Naive Bayes Classifier could classify rainfall well and accurately.

CONCLUSION

The results of the rainfall classification using Naive Bayes Classifier in Serang City in
February 2024 with an air temperature of 27.8°C and the wind speed of 1.1 knots received a
maximum value in a humid month of 0.028721149, thus showing rainfall in February of 100
- 200 mm. The result of the graph of the relationship between air temperature and precipitation
is an effect of 8.1% which shows a reasonably small influence, so there is another climate
element that can affect the more considerable rainfall one of which is the humidity.
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