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Abstract. In a period of ten years, from 2011-2020 rainfall in Indonesia is relatively high, with
annual rainfall between 460.5-4,627.4 mm. The high rainfall has implications for flooding in
several provinces. During this period, almost every year several areas in Banten Province
experienced floods. To predict areas of Banten Province that have the potential for flooding,
forecasts of rainfall and the potential for repeated occurrences of high rainfall are carried out. In
making the forecast, observations were made at the Serang Meteorological Station, the Budiarto
Curug Meteorological Station, the South Tangerang Climatology Station, and the Tangerang
Geophysics Station. Rainfall data from the four stations were analyzed by Fourier transform,
Gumbel method and Mononobe method. Distribution analysis results obtained rainfall in Banten
Province between 0.0-607.9 mm with the length of rainy days per month between 0-26 days. Then,
the results of the Fourier transform analysis; Banten Province included a monsoon rain pattern
with unimodial rainfall. Furthermore, the results of the analysis of the Gumbel method and the
Mononobe method, Banten Province included the category of moderate rain and tended to be
heavy, even extreme. Based on the results of the analysis using these two methods, in 2025 in
Banten Province, it is predicted that 11 % heavy rain, 3 % very heavy rain and 1 % extreme rain
are predicted. In that year, it is predicted that there will be 65 sub-districts in Banten Province that
have the potential for flooding. The sub-districts that have the potential for flooding are mostly
located in Serang Regency, Serang City, Tangerang City, and South Tangerang City. This
potential flood is predicted to occur in: January, February, March, April, May, October and
November.

Keywords: rainfall, rain intensity, monsoon rain pattern, forecasting, flood potential.
1. Introduction

Topographically, Indonesia is an archipelagic country surrounded by seas and oceans. These
conditions affect the nature of the climate, so that the nature of the climate in Indonesia is generally
humid and brings rain. Rainfall in Indonesia is high, with annual rainfall between 460.5-4,627.4
mm [1]. The high rainfall is assumed to have implications for the potential for flooding. Indonesia
there are 19,675 villages affected by floods, the number of villages affected by flooding is between
76-2.209 villages, the highest is Aceh Province and the lowest is Riau Islands [1]. Meanwhile,
Banten Province with 1,238 villages affected by flooding was 501 villages [2]. In general, flooding
occurred in some of these areas, due to high rainfall. Therefore, to detect areas that have the
potential to flood, it is necessary to carry out early protection, including by forecasting rainfall.

Rainfall forecasting is done to predict rain based on weather predictions. Rainfall forecasting
is needed to predict the amount of rainfall in the future, prevent and assist in flood forecasting [3].
In forecasting rainfall, several methods are needed, including: Autoregressive Integrated Moving
Average (ARIMA), Adaptive Neuro Fuzzy Inference System (ANFIS) and Wavelet methods.
However, in its application the three methods only reach 60-70 %. According to the Meteorology,
Climatology and Geophysics Agency (BMKG), this level of accuracy is caused by the changing
state of the atmospheric pattern (https://www.bmkg.go.id/iklim/dinamika-atmosfir.bmkg). The
prediction rainfall using data development techniques, with the data pattern obtained three
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categories, namely: low, medium, and heavy rain [4]. Then, the rainfall is predicted by using
multiple linear regression model, the model is able to predict the annual rainfall in Cuttack District,
Odisha, India [5]. Furthermore, rainfall is predicted using the Fourier series, with this series high
accuracy is obtained [6]. In predicting rainfall, it is done by comparing the Fast Fourier
Transformation (FFT), ARIMA and Artificial Neural Network (ANN) methods [7]. Rainfall
prediction using the Fourier series and FFT methods has advantages in studying the pattern of rain
distribution. Referring to the characteristics of each forecasting method, forecasting analysis with
data patterns is more potential to use Fourier analysis. Through this analysis, the pattern of rainfall
data obtained from a station can be identified the wettest and driest time periods [8]. By knowing
the period, the trend of rainfall at each station with a certain area of observation can be analyzed.

To detect areas that have the potential for flooding, forecasting and analysis of rainfall in an
area is necessary. Analysis of rainfall related to an area, including predicts monthly rainfall in
Kalimantan by applying an Artificial Neural Network (ANN), rainfall data is tested using a
two-hidden layer [9]. Furthermore, forecasted rainfall using the Holt-Winters Exponential
Smoothing method, with the model it was found that rainfall in Ambon City showed an increasing
trend [10]. Meanwhile, rainfall forecasts in Banten Province include detecting the distribution of
rainfall in the Tangerang Regency area using the Thiessen Polygon method. With this method, we
get areas that have high, medium, and low rainfall intensity [11].

Referring to the number of areas affected by flooding in Banten Province, it is necessary to
forecast repeated rainfall events. Rainfall using the Gumbel method is more potential, when
compared to the Log Pearson Type III and Iway Kadoya methods [12]. The comparison of rainfall
isohyet patterns between the Log Pearson Type Il and Iway Kadoya methods has similarities
when compared to the Gumbel method. The three methods predict repeated rainfall based on data
patterns. Referring to the several methods above, the data patterns in this study were analyzed
using the Fourier transform, while to predict the flood area an analysis of high rainfall intensity
was carried out.

2. Literature review

Rainfall is the amount of rainwater that falls over a certain period of time assuming no
infiltration, run-off, or evaporation. The trend of rainfall fraction is a comparison of certain rainfall
compared to rainy days [13]. The trend of the rainfall fraction consists of three categories, namely
rain with an intensity of 20, 50, 100, and 150 mm/day [14]. Rainfall intensity ranges between:
0.5-20 mm/day is called light rain, 20-50 mm/day is called moderate rain, 50-100 mm/day is called
heavy rain, 100-150 mm/day is very heavy rain, and extreme rain, if rainfall > 150 mm/day
[15]-[17]. The intensity of rainfall in an area is directly proportional to time, the longer the rain
lasts the higher the intensity, and vice versa. Meanwhile, the trend of the rain fraction is directly
proportional to climatic conditions, while climatic conditions are one that affects the high rainfall
in an area.

Rainfall in each province in Indonesia is different, depending on the climatic conditions in the
province. In a period of 10 years from 2011-2020 the annual rainfall in Indonesia is between
460.5-4,627.4 mm with the number of rainy days between 68-257 days. The highest rainfall
occurred in West Sumatra in 2013 and the smallest rainfall occurred in Central Sulawesi in 2015
[1]. Meanwhile, referring to the length of rainy days, almost 70 % of the territory of Indonesia in
a year experiences rain. The high annual rainfall and the length of rainy days in a year have
implications for the high intensity of annual rainfall. The high intensity and length of rainy days
are assumed to have implications for flooding. Referring to the high annual rainfall and the length
of rainy days, there are several provinces that experience flooding. During that period, out of 37
provinces in Indonesia, 33 provinces were affected by floods. During that period, nearly 89 % of
Indonesia's territory was hit by floods. Provinces that frequently experience flooding are: East
Java, Central Java, West Java, Aceh, and South Sumatra [2]. Meanwhile, in a period of six years,
from 2015-2021 in the Indonesian region, flood events occurred between 481-1,138. The highest
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flood occurred in 2020 and the lowest in 2021 [1].

In the same period, for a period of 10 years, Banten Province has an annual rainfall of
1.141-3,573 mm with a number of rainy days between 155-206 days [1], [18]. During this period,
both rainfall and the length of rainy days in Banten Province increased. According to the Central
Statistics Agency of Banten Province the increase occurred within a period of three years, from
2018-2020 [18]. During that period, the number of rainy days in Banten Province occurred
between 42.4-56.4 %. Therefore, almost 60 % within one year Banten Province experiences rain.
The high rainfall and the length of rainy days in Banten Province, there are several areas that
experience flooding. The results of research using remote sensing systems through Geographic
Information Systems (GIS) and field surveys, flood disaster in Banten Province covers an area of
88,082.99 hectares (ha) [19]. In 2012 based on the analysis and field survey, only 10 % of the area
in Banten Province was affected by flooding. However, due to increased rainfall and the length of
rainy days, the area affected by flooding in Banten Province has increased. In Banten Province,
there are 69 sub-districts in the Banten Province that have the potential for flooding. The
distribution of these sub-districts is as follows: Serang Regency as many as 21 sub-districts,
Tangerang Regency as many as 6 sub-districts, Pandeglang Regency as many as 10 sub-districts,
Lebak Regency as many as 5 sub-districts, Serang City as many as 4 sub-districts, Cilegon City 7
sub-districts, Tangerang City as many as 12 sub-districts, and There are 4 districts in South
Tangerang City (https://bpbd.bantenprov.go.id/id/read/peta-bencana-gunung.html). Referring to
data from Regional Disaster Management Agency (BPBD) Banten Province, almost 45 % of the
area in Banten Province is prone to flooding. Based on the 2012 field survey and Banten Province
BPBD data, flood-prone areas in Banten Province increased significantly. The increase in
flood-prone areas is due to an increase in rainfall. An increase in rainfall has a positive impact on
flood disasters [20].

Flood-prone areas in Indonesia in general and Banten Province in particular, are related to the
local landscape, particularly land use and climatic features. The results of a spatial analysis based
on a survey in 364 villages show that the frequency of flooding is associated with land use in the
catchment area, including forest cover and condition, and area of wetlands [21]. The mechanism
of rainfall and catchment characteristics forming the relationship between rainfall and the
probability of flooding [22]. One of the causes of flooding is seasonal shifts and unpredictable
rain patterns. Rainfall varies over a long period of time, resulting in different flood hydrographies
[23]. To find out the rainfall and the length of rainy days as well as the potential for repeated
events, forecasting is necessary.

Forecasting is generally done by time series analysis, so it is used for modeling. With this
series, information is obtained about cyclical trends or fluctuations around the long-term average
value. In analyzing weather and climate problems, there are three models, namely: deterministic,
stochastic and parametric models. The deterministic model is based on physical processes or the
relationship of several components in the atmosphere, land and ocean systems. Stochastic models
or statistical models, are used for forecasting monthly rainfall. By using monthly rainfall data, the
output with a certain statistical pattern is obtained [24]. Meanwhile, the parametric model is a
combination of deterministic and stochastic models. In the stochastic model, there are several
methods used to calculate rainfall, including: arithmetic method, polygon, and comparison method
[25], [26]. These three methods function for forecasting rainfall in an area.

Forecasting of rainfall in an area has been widely carried out by researchers, including
forecasting the distribution of rainfall for a certain period in areas that do not have rainfall data
[27]. Then, the other researchers use the Thiessen polygon method to analyze rainfall in an area.
The method GIS-based Thiessen polygon is used to analyze rainfall in Makassar City [28]. The
Thiessen method is determined by making polygons between rain posts in an area. To predict the
rainfall in an area, Fourier analysis is needed, while to know the repeated occurrence of high
rainfall, Gumbel analysis is needed. Analysis with Fourier transform can be used to convert data
from the time dimension to the frequency dimension [29]. By knowing the frequency of rainfall
in an area, it can be analyzed and forecasted repeated occurrences of rainfall in that area. To

70 JOURNAL OF MEASUREMENTS IN ENGINEERING. JUNE 2022, VOLUME 10, ISSUE 2



FORECASTING RAINFALL AND POTENTIAL FOR REPEATED EVENTS TO PREDICT FLOOD AREAS IN BANTEN PROVINCE, INDONESIA.
YAYAT RUHIAT

determine the repeated rainfall in an area, the Gumbel distribution method is used.
3. Research method

To find out the potential for flooding in an area in Banten Province, forecasting of high rainfall
is carried out. In forecasting rainfall in Banten Province, 10 years of rainfall data are used, from
2011-2020. The data was obtained from several BMKG stations in the Banten Province. This
study uses observation stations: Serang Meteorological Station, Budiarto Curug Meteorological
Station, South Tangerang Climatology Station, and Tangerang Geophysics Station. Forecasting is
carried out with three stages of analysis as follows: rainfall patterns and trends, repeated
occurrences of high rainfall, and rainfall intensity.

Fourier analysis is used to change the pattern and trend of rainfall, while to change the data
pattern from the time dimension to the frequency dimension, Fourier transform is used. The
equations used are as follows [30]:
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The data pattern obtained by Eq. (1) is used as the basis for forecasting the potential for
repeated occurrences of high rainfall. Analysis of repeated occurrences of high rainfall, the
Gumbel method is used with the following equation [31]:

_ S
Xp =X+ (V= Yy),
1 " 2
X:E(Xl +X2 +X3 +X4),

where Xp is the planned rainfall for the t-year measurement data, is the average rainfall, S is the
standard deviation, S,, is the standard deviation of the variate reduction, Y7 is the variate reduction
value, and Y,, is the average value of the variate reduction. Meanwhile, X; is the rainfall at the
Serang Meteorological observation station, X, is the rainfall at the Budiartp Curug Meteorological
observation station, X3 is the rainfall at the South Tangerang Climatology observation station, and
X, is the rainfall at the Tangerang Geophysical observation station, and n is the number of
observation stations.

Forecasting repeated occurrences of high rainfall obtained by Eq. (2), followed by forecasting
the intensity of rainfall. In predicting the intensity, the Mononobe rainfall intensity formula is
used, with the following equation [32]:

2/3
p = Ra (ﬁ) , (3)
t t
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where R,, is the maximum daily rainfall in 24 hours (mm/hour) and t is the duration of rain
(hours), while [ is the intensity of rain (mm/hour). To estimate areas with potential for flooding,
the results of the equation analysis are then compiled with flood-prone data from the BPBD of
Banten Province.

4. Results and discussion
4.1. Forecasting rainfall in the province of Banten, Indonesia

To predict rainfall and the potential for repeated occurrences of high rainfall, observations
were carried out for 10 years, from 2011-2020. Observations were made at several stations in the
province of Banten. The results of the compilation of monthly average rainfall data in Banten
Province are shown in Table 1.

Table 1. Banten province average monthly rainfall over 10 years
Month Average rainfall per month (mm)
2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
January | 322.0 | 243.0 | 302.0 | 424.0 | 377.0 | 360.9 | 183.0 | 239.6 | 148.6 | 282.0
February | 195.0 | 91.0 | 191.0 | 212.0 | 212.0 | 254.9 | 313.2 | 391.7 | 273.2 | 158.8
March 166.0 | 204.0 | 91.0 | 224.0 | 103.0 | 305.0 | 142.4 | 436.3 | 228.9 | 145.3
April 72.0 | 107.0 | 184.0 | 104.0 | 72.0 | 160.7 | 302.6 | 331.7 | 303.6 | 383.8
May 113.0 | 85.0 | 98.0 | 261.0 | 113.0 | 129.9 | 252.6 | 1454 | 93.6 | 173.1
June 167.0 | 38.0 | 36.0 | 60.0 | 650 | 53.7 | 289.8 | 106.3 | 83.2 | 105.2
July 20.8 | 79.0 | 16.0 | 244 | 232 0.0 29.6 | 13.0 1.8 3.8
August 12.3 0.0 0.0 122 | 10.0 9.7 333 | 158 5.0 8.4
September | 32.8 | 32.0 7.0 35.0 | 22.0 2.0 283 | 212 | 56.1 0.0
October | 186.0 | 71.0 | 126.0 | 84.0 | 21.0 | 10.0 | 272.9 | 284.8 | 114.0 | 45.1
November | 148.0 | 79.0 | 51.0 | 141.9 | 155.0 | 100.5 | 359.4 | 359.7 | 182.2 | 108.9
December | 109.0 | 112.0 | 95.0 | 384.0 | 139.0 | 72.8 | 103.8 | 234.4 | 199.7 | 192.5

Based on the table, it appears that the monthly average rainfall in Banten Province is between
0.0-436.3 mm. During this period, high rainfall occurs in January, while low rainfall occurs in
July, August and September. High rainfall occurred in 2018 while low rainfall occurred in 2012,
2013, 2016 and 2020. During a period of 10 years, between the first and second five-year periods
there was an increase in rainfall. In the first five-year period, from 2011-2015 the monthly rainfall
in Banten Province was between: 0.0-424.0 mm. In that period, the monthly rainfall is between:
0.0-100.0 mm by 50 %, the monthly rainfall between: 100.0-300.0 mm is 40 %, and the monthly
rainfall is between 300.0-500.0 mm by 10 %. Meanwhile, in the second five years, from
2016-2020 the monthly rainfall is between: 0.0-436.3 mm. In the second five-year period, the
monthly rainfall is between: 0.0-100.0 mm by 40 %, the monthly rainfall between: 100.0-300.0
mm is 50 %, and the monthly rainfall is between 300.0-500.0 mm by 20 %. According to the
BMKG, monthly rainfall is divided into four categories, namely: low category, between:
0.0-100.0 mm, medium category, between: 100.0-300.0 mm, and high category, between:
300.0-500.0 mm, and very high category, greater than 500 mm (https://bmkgsampali.net/normal-
rain-bulan/). Referring to this category, in the first five-year period, in general, the monthly rainfall
in Banten Province is in the low and medium categories. However, in the second five-year period,
monthly rainfall is in the medium category and tends to be high. The category of high rainfall
occurs from November to April with an average monthly rainfall of 302.6-436.3 mm. Meanwhile,
low rainfall occurs from July to September with an average monthly rainfall of 0.0-79.0 mm.

An increase in rainfall in the second five-year period was observed at four stations in the
Banten Province. Observations were made at the Serang Meteorological Station, the Budiarto
Curug Meteorological Station, the South Tangerang Climatology Station, and the Tangerang
Geophysics Station. The results of observations of monthly rainfall from 2016-2020 at the four
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stations are shown in Fig. 1.
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Fig. 1. Monthly rainfall for four BMKG stations in Banten province

Based on this figure, the results of observations at the Serang Meteorological Station, monthly
rainfall is between 0.0-351.1 mm. Rainfall in the low and medium categories is 47 %, the high
category is 7 %. The high category of rainfall occurs in January and February, while the low
rainfall occurs from July to September.

Based on observations at the station, in Serang Regency, Pandeglang Regency, several areas
in Lebak Regency, Serang City and Cilegon City in January and February there was high rainfall.
Meanwhile, the results of observations at the Budiarto Curug Meteorological Station, monthly
rainfall is between: 0.0-607.9 mm. Rainfall in the low category is 32 %, the middle category is
48 %, the high category is 15 %, and the very high category is 5 %. Very high rainfall occurs in
February, October and November, while the high category of rainfall occurs in April and May.
Based on observations at the station, in Tangerang Regency, there is high rainfall and tends to be
very high. Then, the results of observations at the South Tangerang Climatology Station, monthly
rainfall between: 0.0-436.3 mm. Rainfall in the low category is 32 %, the medium category is
52 % and the high category is 17 %. Rainfall with a high category occurs in March, April and
November. Based on observations at the station, in South Tangerang City, in that month there was
high rainfall. Furthermore, the results of observations at the Tangerang Geophysics Station,
monthly rainfall between: 0.0-507.6 mm. Low and medium rainfall is 47 %, high category is 5 %
and very high category is 2 %. Rainfall with high and very high categories occurs in February.
Based on the results of observations at the station, in Tangerang City, in that month there was high
rainfall and tended to be very high. Referring to the results of observations of four stations, it
shows that rainfall in Banten Province is generally in the medium category and tends to be very
high. Rainfall with very high category occurs in February, October and November. Based on the
results of observations at four stations, it shows different categories of rainfall. However, the
category of high and very high rainfall generally occurs in February and November. Therefore, to
explore the rain discharge in this category, an analysis of the length of the rainy day was carried
out.

The results of observations of rainy days at four stations, the length of rainy days per month in
Banten Province is different. The results of observations at the Serang Meteorological Station, the
length of rainy days per month is between 0-25 days. The largest number of rainy days occurs in
January, while the smallest occurs in September. Meanwhile, the results of observations at the
Budiarto Curug Meteorological Station, the length of rainy days per month is between 7-26 days.
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The largest number of rainy days occurs in December, while the smallest occurs in September.
Then, the results of observations at the South Tangerang Climatology Station obtained the length
of rainy days per month between 0-24 days. The largest number of rainy days occurs in December,
while the smallest occurs in September. Furthermore, the results of observations at the Tangerang
Geophysics Station, the length of rainy days per month is between 1-24 days. The largest number
of rainy days occurs in January, while the smallest occurs in July and August. There are differences
in the category of rainfall and the length of rainy days in each month, an analysis of data patterns
is carried out to obtain patterns and trends of rainfall in Banten Province.

To obtain the pattern and trend of rainfall, the Fourier transform is used. With this
transformation, the pattern of rainfall data is changed from the time dimension to the frequency
dimension. The results of the analysis using Eq. (1) are shown in Fig. 2.
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Fig. 2. Rainfall patterns and trends in Banten province

In Fig. 2(a) over a five year period, from 2016-2020 the rainfall pattern in Banten Province is
almost normal, but tends to increase. Under normal conditions, in general the category of rainfall
in Banten Province is included in the category of medium rainfall, and tends to increase to the
very high category. There is an increase in rainfall, from the medium to high rainfall category, and
from the high to very high category, a trend analysis is carried out. The results of the analysis of
rainfall trends in Banten Province are shown in Fig. 2(b). Fig. 2(b) shows that during this period,
rainfall in Banten Province increased. In January and February 2020, the rainfall in Banten
Province increased by 31 %.

In Banten Province, the category of medium rainfall is between: 100.8-290.2 mm, high rainfall
is between: 302.6-436.3 mm, and very high rainfall is between: 503.0-607.9 mm with the length
of rainy days between 0-26 per month. In a five-year period, from 2016-2020 the medium rainfall
category increased from 46.7-48.3 % the high rainfall category increased from 5-15 % and the
very high rainfall category increased from 1.6-5.0 %. In Banten Province, the very high category
occurred in February, October and November, while the low and low rainfall category occurred
in July, August and September. Based on the results of the analysis, the rainfall pattern in Banten
Province shows a monsoon pattern, with unimodial rainfall. In general, in Banten Province the
wet months occur in January and February, while the dry season occurs in July, August and
September. This is in accordance with the results of Hermawan which grouped rainfall in several
areas using spectral techniques. Based on the pattern and trend of increasing rainfall, Banten
Province has the potential for extreme rain [33]. Referring to the trend of increasing rainfall,
extreme rain is forecasted in February. This is in accordance with the forecasting results of
Djuraidah et al. which forecasts extreme rainfall in Banten Province with extreme spatial models.
To experience the pattern and trend of rainfall, then an analysis of the potential for recurring events
is carried out [34].

The potential for repeated occurrences of high rainfall is analyzed using Eq. (2). Referring to
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the data in Table 1 above, the average annual rainfall is 1680.82 mm with a standard deviation of
473.89. The results of the analysis of the potential for repeated occurrences of high rainfall in
Banten Province are shown in Table 2.

Table 2. The results of the analysis of repeated occurrences of high rainfall

Repeated Frequancy Rainfall plan
period (year) | °n Yn Yt factor (k;) X 5 (X,) mm

2 0.9496 | 0.4952 | 0.3665 —0.1355 1,680.8210 | 473.8980 1,616.5933

5 0.9496 | 0.4952 | 1.4999 1.05802 1,680.8210 | 473.8980 2,182.2166

10 0.9496 | 0.4952 | 2.2502 1.84815 1,680.8210 | 473.8980 2,556.6539

25 0.9496 | 0.4952 | 3.1985 2.84678 1,680.8210 | 473.8980 3,029.9032

50 0.9496 | 0.4952 | 3.9019 3.58751 1,680.8210 | 473.8980 3,380.9350

100 0.9496 | 0.4952 | 4.6001 4.32277 1,680.8210 | 473.8980 3,729.3718

Based on the table, it is found that repeated occurrences of high rainfall within the next 2 to
100 years. High rainfall in Banten Province in the next 2 years, it is predicted that the average
rainfall will decrease by 4 %. However, in the next 5-100 years, it is forecasted that the annual
average rainfall will increase to 52 %. Referring to the results of observations in 2020, the
maximum rainfall in February is 555.7 mm. The results of the analysis of repeated events, the
maximum rainfall for that month were 533.5 mm. The results of BMKG observations in that
month, rainfall in Banten Province was 387.5 mm. referring to the results of these forecasts and
observations, it shows that the results of forecasting recurring events using the Gumbel method
are 73 %. Referring to the results of the repeated occurrence of high rainfall events, then an
analysis of the intensity of rainfall is carried out.

By knowing the intensity of rainfall, the category of rain in Banten Province will be obtained.
The results of the analysis of high rainfall intensity within 24 hours are shown in Fig. 3.
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Fig. 3. Forecasting rainfall intensity in Banten Province

Based on this figure, it appears that the intensity of rainfall in Banten Province is between:
10.81-155.39 mm/hour. According to the BMKG, the rain category consists of: light rain with
intensity between: 0.5-20.0 mm/hour, moderate rain with intensity between: 20.0-50 mm/hour,
heavy rain category with intensity between: 50-100 mm/hour, very heavy rain with intensity
between: 100-150 mm, and extreme rain with rainfall intensity greater than 150 mm
(https://www.bmkg.go.id/cuaca/probabilistik-curah-hujan.bmkg). The results of the analysis of
rainfall intensity and rain categories, the categories of rain in Banten Province are as follows: light
rain of 38 %, moderate rain of 48 %, heavy rain of 11 %, very heavy rain category of 3 % and
extreme rain category of 1 %.
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Based on this percentage, the majority of rain in Banten Province is in the category of moderate
rain, and has the potential for extreme rain. Referring to the category of rainfall and category of
rain, in Banten Province heavy rains are forecasted in January, March, April, and May.
Meanwhile, referring to the trend of increasing rainfall, it is predicted that in February and
November there will be very heavy rains, with the potential for extreme rains to occur. Then,
referring to the results of the analysis of the percentage of rainfall intensity and in the category of
heavy to extreme rain, in Banten Province it is predicted that flooding will occur. This is in
accordance with the results of research by Faradiba who conducted an analysis of rainfall and
flood potential using the Mononobe method [35].

4.2. Forecasting flood areas in banten province, Indonesia

Floods are one of the categories of natural disasters that occur during the rainy season. In
general, floods occur due to high rainfall, and can also occur due to blockages in river flow.
Flooding is a condition where water cannot be accommodated in the sewer or the flow of water in
the sewer is obstructed, so that it overflows and inundates the surrounding area [36]. The high
rainfall and rainfall intensity in Banten Province have implications for the occurrence of floods in
several areas. The results of the compilation of data patterns for 10 years from 2011-2020 at four
BMKG stations and the results of the analysis of high rainfall intensity and flood data for that
period are shown in Table 3.

Table 3. The results of the analysis of high rainfall and flooding in Banten province

Station Maximum rain .

No. | Year Serang | South Tang | Curug | Tangerang | Rata-rata (mm) Flooding months
1 | 2011 | 243.0 329.0 318.6 234.9 281.38 Jan, Apr, Nov
2 12012 | 302.0 397.0 413.9 249.2 340.53 Jan, Apr
3 12013 | 424.0 592.0 457.8 334.1 451.98 Jan, Feb, Dec
4 12014 | 377.0 291.0 450.0 682.4 450.10 Jan, March
5 12015 | 362.7 360.9 427.0 390.0 385.15 Jan, Feb
6 | 2016 | 2719 359.4 335.0 507.6 368.48 Feb, Oct, Nov
7 2017 | 351.1 436.3 380.2 390.4 389.50 Feb, March, Oct
8 2018 | 222.2 303.6 286.8 398.9 302.88 Feb, March, Apr, Dec
9 12019 | 3317 383.8 337.9 290.2 335.90 Jan, Apr, May
10 | 2020 | 3325 383.8 555.7 321.2 398.30 Jan, Feb, Apr

Based on Table 3 above, it appears that within ten years from 2011-2020 the average maximum
rainfall per year in Banten Province is in the range between: 281.38-451.98 mm. The largest
rainfall occurred in 2013 and the smallest rainfall occurred in 2011. In 2011 and 2013, high rainfall
was observed in the observation area of South Tangerang Station and Budiarto Curug Station. The
results of observations of rainfall at four stations show that in January, February, March, April,
May, October, November and December in Banten Province there is rainfall with high and very
high rainfall categories. Then, referring to the results of observations of the length of rainy days,
from the four stations observed, it shows that the longest rainy days occur in January and
December. Furthermore, the results of observations of the length of rainy days at the four stations
showed that in December and January for 50 days or 81 % it rained. With the category of high
rainfall and the length of rainy days, in that month, several areas in Banten Province have the
potential for flooding.

Within ten years from 2011-2020, the trend of flooding in Banten Province occurred from
October to May of the following year. Based on data from BNPB in Banten Province during the
rainy season, there were 125 sub-districts that were affected by flooding [36]. The largest number
of sub-districts affected by flooding is Lebak Regency as many as 28 sub-districts, while the
smallest is Serang City as many as 3 sub-districts. Then, in 2019 there were 501
sub-districts/villages that were affected by floods [2]. Based on flood data from 2016-2020, almost
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all districts/cities in Banten Province experienced flooding. In that period, the districts most
affected by flooding were Serang Regency with 88 villages and Cilegon City with 24 villages.
Floods in each district/city occur on average in January, February, March, and November.
However, there are certain regencies/cities, namely Lebak, Serang and Cilegon regencies where
floods occur in April, May, and June [2].

Referring to the results of the analysis of rainfall intensity and rain categories, Banten Province
has a variety of rainfall and tends to be very high. The results of the analysis of rainfall intensity,
it is predicted that in 2025 the rain category in Banten Province is in the moderate category and
tends to be extreme. In that year, it is predicted that the category in Banten Province will reach
63 %. From this percentage, 48 % moderate rain, 11 % heavy rain, 3 % very heavy rain and 1 %
extreme rain. However, because the length of rainy days can reach 24-26 days, it is predicted that
flooding will occur in several sub-districts. Then, referring to the trend of increasing rainfall,
flooding is predicted to occur in: January, February, March, April, May, October and November.
Referring to the observation range of four stations, in 2025 it is predicted that several sub-districts
in Banten Province have the potential for flooding. In that year, it is predicted that there will be
65 sub-districts or around 42 % of Banten Province with the potential for flooding. The
regencies/cities that are predicted to have more than 50 % potential for flooding are: Serang
Regency, Serang City, Tangerang City, and South Tangerang City. The area with the largest
percentage of potential flooding is Tangerang City. The results of forecasting, in the city it is
predicted that there are 11 sub-districts that have the potential for flooding. The sub-districts that
are predicted to be flooded in Banten Province are shown in Fig. 4.
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Fig. 4. Districts that have the potential for flooding in Banten province
5. Conclusions

The results of observations at the BMKG Station for 10 years from 2011-2020 monthly rainfall
in Banten Province are in the range between 0.0-607.9 mm. In the first five-year period, the
monthly rainfall in Banten Province is in the low and medium categories. However, in the second
five-year period, monthly rainfall increases to the high category and tends to be very high. Rainfall
with very high category occurs in February, October and November. Then, rainfall with a high
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category occurs in January and March, April and May. Meanwhile, the length of rainy days in
Banten Province is between 0-26 days, with the largest number of rainy days in January, while the
smallest in September.

The results of the analysis of rainfall patterns and trends, the rainfall pattern in Banten Province
shows a monsoon rain pattern, with unimodial rainfall. Wet months occur in January and February,
while the dry season occurs in July, August and September. Then, the result of trend analysis,
rainfall in Banten Province shows an increase. An increase in rainfall is predicted to occur in
February; in that month there is the potential for extreme rain to occur. Furthermore, the results of
the analysis of rainfall intensity, the category of rain in Banten Province includes the category of
moderate rain and tends to be heavy, even extreme. It is predicted that in the province of Banten
in 2025 heavy rain will reach 11 %, very heavy 3 % and extreme rain 1 %. Based on the
forecasting results, it is predicted that in Banten Province there will be flooding in several sub-
districts. In that year, it is predicted that there will be 65 sub-districts or around 42 % of Banten
Province with the potential for flooding. The regencies/cities that are predicted to have more than
50 % potential for flooding are: Serang Regency, Serang City, Tangerang City, and South
Tangerang City. Floods in Banten Province are predicted to occur in: January, February, March,
April, May, October and November.
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