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ABSTRACT

Indonesia's climate classification is divided into three rainfall patterns. The three patterns are Seasonal Pattern, Equatorial
Pattern, and Local Pattern (Anti Seasonal). Flood Disaster Management based on extreme rainfall is very much needed, as the
analysis was taken as a case study on January 22, 2019, a flood disaster occurred in South Sulawesi. The flood event indicated
that there was heavy rain that flushed the South Sulawesi region for several days, which is classified as monsoonal rainfall. This
study aims to analyze the characteristics of heavy rain with atmospheric anomalies during these events by calculating rainfall
intensity to determine future flooding patterns and using the WRF model to analyze cloud distribution patterns and rainfall
distribution. The method used in this research is Mononobe and Weather Research and Forecasting (WRF) using the Fabric
Fritsch cumulus parameterization scheme. The analysis showed that the intensity and duration of rainfall of 2, 5 10, 25, and 50
years were obtained from the Mononobe model, as well as from the atmospheric dynamics data, there was rain for 3 consecutive
days caused by cumulonimbus type rain clouds. Based on the WRF model, it can be seen that the CAPE value before the onset of
rain is quite significant, thus supporting the growth of rain clouds as an important variable in flood disaster management in the
South Sulawesi region in particular and the tropical zone in. general.

Motivation/Background: Indonesia is included in a tropical climate where extreme rainfall is important to analyze. The
majority of flood disasters in the tropics occur in decades of extreme atmosphere, this is an important reason in this study.

Method: The Mononobe method can be used to calculate the distribution pattern of rainfall intensity throughout 2, 5, 10,
25, and 50 years, as a prediction of future rainfall intensity patterns. The WRF model is used to calculate the cloud distribution
pattern and the spatial distribution of rainfall.

Results: The results of this study obtained patterns of rainfall intensity and duration of 2, 5, 10, 25, and 50 years from the
Mononobe model, as well as from the atmospheric dynamics data, there was rain for 3 consecutive days caused by
cumulonimbus rain clouds. The pattern of cloud distribution and rainfall at the time of the incident at the WRF model research
location.

Conclusions: Analysis of the distribution pattern of rainfall intensity for the periods of 2, 5, 10, 25, and 50 years, as well as
the distribution pattern of clouds and rainfall, is very necessary for disaster identification, especially hydrometeorology. This is
very important as a variable in flood disaster management, especially in the tropics.
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1. INTRODUCTION

The effects of climate change in the tropics, especially Indonesia, are already very pronounced when viewed
from the variability of extreme rainfall. Flood disaster management is needed to anticipate and minimize incidents
and casualties. Seeing the phenomenon of heavy rains which resulted in flooding that caused a lot of losses, both
casualties, material, and other victims, it is necessary to have flood disaster management research by identifying
events early on through cloud growth. This analysis of cloud growth has a very important role so that it can reduce
the impact afterward [1].

In general, Indonesia can be divided into three main climatic patterns by looking at the rainfall patterns for a
year. This is supported by research conducted by [2] regarding the classification of Indonesia's climate into three
rainfall patterns. The three patterns include Monsoonal Patterns, Equatorial Patterns, and Local Patterns (Anti
Monsoonal).

Seeing the phenomenon of heavy rains which resulted in flooding that caused a lot of losses, both casualties,
material, and other victims, it is necessary to have a research activity to identify flood events early on through cloud
and rain growth. This analysis of cloud growth has a very important role so that it can reduce the impact afterward.
Many ways can be done to carry out this analysis. In [3],[4] flooding phenomena in Jakarta, the results of data
processing using the WRF model provide detailed time series explanations of several parameters resulting in several
significant conclusions.

In this study, local rainfall patterns will be analyzed with extreme rainfall data that caused flooding on January
22,2019, when extreme rainfall occurred in Sulawesi, which is an area with monsoonal rainfall patterns.

2. MATERIALS AND METHODS

Rainfall is one of the most observed climate elements in Indonesia, this is due to the very high variability both
spatially and temporally. The specific (unique) location of Indonesia which is flanked by two large continents (Asia
and Australia) and two large oceans (Indian and Pacific), the uneven distribution of land and oceans, and the length
of the coastline owned by the Indonesian territory causes heavy rainfall. The amount of rainfall intensity is needed
in calculating the flood discharge plan based on a rational method, the duration is the duration of the rain event.
Generally, high rain intensity lasts for a short time and covers an area that is not too large [5],[6].

Modified Mononobe is a form of rain distribution pattern that is used to calculate the hourly rain distribution
pattern which is a development of the Mononobe method. In [7] states that for design purposes, the rainfall design
that has been determined based on the analysis results needs to be converted into a rainfall intensity curve. Curves
can be obtained based on rainfall data from automatic rain stations with short periods, for example, minutes or
hours.

The application of the WRF model according to [8] is quite broad, including microphysical processes
(microphysics), cumulus cloud parameterization, planetary boundary layers, surface layers, longwave radiation,
short wave radiation, sub-grid turbulence, land use categories to determine surface richness. In the Eta model, it is
stated that cumulus parameterization is not a simple problem and it is very difficult to predict the location and
motion of convection, this involves differences in the properties of convection in mountainous areas and oceans
[91.[10].

The hydrological analysis is a frequency analysis that uses the probability distribution theory of the probability
distribution and what is commonly used is the Log Pearson. Determination of Design Flood is needed to get the
Rainfall Intensity value, especially if the method used is rational. Rainfall intensity is the height of rainfall that occurs
when water is concentrated. This rainfall intensity analysis can be processed from rainfall data that occurred in the
past [7].

The rain intensity needed to predict the planned flood needs to be known about the distribution of rain every
hour at certain intervals. If daily rainfall data is available, Mononobe proposes the following equation.

2
= 2
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Where:

| = average rainfall intensity in T hours (mm / hour),
Ra4 = maximum rainfall in 1 day (mm),

t = duration of rainfall (hours).

The duration of rain is estimated to be more than 2 hours, so to calculate the intensity of rain per hour from
daily rain, the Modified-Mononobe method can be used. the concentration which can be calculated by the following
equation:

m

= 5[] @
Where:
I% = rain intensity with T repeat times for duration t (mm / hour),
Rr24 = daily rainfall intensity for the T return period (mm / day),
t = rain duration (hours),
te = concentration time (hours),
m = mononobe constant.

Application of the WRF model to dynamic rain cloud analysis, where the WRF model has developed a next-
generation model of mesoscale assimilation system forecasting to assist in understanding and forecasting mesoscale
rainfall systems. The WRF model is applied in various problems that include several advantages, among others [8].

The WRF model requires input, namely NCEP global analysis (FNL) data. There are subsequent programs, which
are required to create a domain (boundary) of the research area in both the WPS program (WRF Pre-Processing
System) and the WRF program with the Ndown.exe menu in the Namelist program editor.

To carry out the operation of the WRF model program which is incorporated into the two programs, namely
WPS and WRF, the WRF output results are obtained. Then the output is processed with the convert to grads program
until numerical results are obtained in the GrADS format.

The data used in this study are [11],[12]:

1) Daily rainfall data for BMKG, ARG, and AWS stations in the South Sulawesi region from 21 to 22 January

2019 and monthly rainfall data for 2009 to 2019.

2) Re-analysis of WRF model FNL data with a spatial resolution of 18 km.

3) Himawari-8 imagery on January 21 and 22, 2019.

4) Weather Radar imagery on January 21, 2019.

The data is processed using WRF-EMS and GrADS software, then the output of the software will be analyzed and
compared with climatological conditions, global conditions, and regional conditions.

3. RESULTS AND DISCUSSIONS

Cumulonimbus cloud (Cb) is a type of cumulus cloud with a large vertical thickness and is a mixture of ice
crystals at the top and water droplets at the bottom, this characteristic causes heavy rain but after a long period of
heavy rain, drizzle. can still happen. happened in a very long time. Its life span is approximately 2 hours.

When viewed from the direction and velocity of the vertical flow of the Cb cloud cycle, there are three stages of
cloud Cb growth, namely [13],[14]:

1) Growth Stage (Cumulus Stage) Inside the cloud there is a strong rising current. At this stage there is no
rain yet, the water droplets and ice crystals are still held back by the air currents rising above the cloud
tops.

2) Maturity Stage At this stage the water droplets are no longer held back by the air rising to the top of the
cloud. Then the rain falls causing the frictional force between the air currents to rise and fall.

3) Dead Stage (Disposal Stage) At this stage no air mass is rising, the falling air mass extends throughout
the cloud. The condensation process stops, the descending air weakens until the growth of
Cumulonimbus (Cb) clouds stops.
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Rain intensity is the height or depth of rainwater per unit time, in other words, that the intensity of rainfall
states the amount of rainfall in the short term which gives an idea of the amount of rain per hour. To get the value of
rain intensity in a place, the rain gauge used must be able to record the volume of rain and the length of time the rain
stops.
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Figure 1: Rainfall Intensity of South Sulawesi for Period 2, 5, 10, 25, and 50 Years.

Rain intensity values that are shown in the graph of the relationship between the duration of rain (duration) in
minutes and the intensity of rain in the return period of 2 years, 5 years, 10 years, 25 years, and 50 years are the
result of calculations using the Mononobe model. the highest rain. This needs to be a concern, there are indications
that within 5 years in the study area there will be high-intensity rainfall [7].

Based on the value of the atmospheric stability index (CAPE) from the model output, it can be seen that on
January 21, 2019, at 00 UTC, the high CAPE value ranged from 2500-3000 ] / Kg. Then the CAPE value decreased
drastically at 12 UTC, namely in the range of 0-500 ] / Kg. This corresponds to known rainy periods from AWS and
ARG data. Where the rain started to occur on January 21, 2019, at 03.30 UTC. On January 22, 2019, at 00 UTC, the
CAPE value ranged from 1500-2000 ] / Kg, this value is quite high and it can be assumed that the potential for
convective cloud growth is quite high (Figure 2.). So it can be concluded that the energy available for convective
cloud growth in the South Sulawesi region is in the period January 21,2019, at 00 UTC [15],[16],[17].

©0.000
0.000 0.000
0.000 0.000
0.000 0.000
e 0.000
0.000 0.000
0-000 0.000

0.000 0.000

0.000

Se-0

s coccn = 1
A19E 1108E 130F  10SE 121E AZ1SE  122F 12258 1206 1735F 124F 12486 125E

‘\\\\\V' o
0.000 s PSS ‘ o \2 N -- 0.000

0.000

:,& N N \ s [

0.000

0.000

0.000

0.000

0.000

0.000

0.000

.-

7s, XX
VSE T905E 120F  AZ05E 121E 1215E 1226 1225 123 1235E 124E  1245€ 125€

70

Figure 2: The CB cloud distributi;)n model results for January 21 at 00 UTC to January 22 at 00 UTC
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Based on 3 hours of rainfall data from the BMKG Gowa Automatic Rain Gauge (ARG), rain began to occur on
January 21, 2019, at 03.20 UTC and continued for the next 2 days, namely January 23, 2019, at 04 UTC. Then for 3
hours of rainfall data from BMKG Automatic Weather Station Hasanuddin, the rain began to occur on January 21,
2019, from 00.10 UTC to 23.50 UTC with accumulated rain for 24 hours reaching 169.4 mm. The duration with the
highest rainfall intensity is 61.2 mm/hour which is included in the category of heavy rain intensity in the period
between 18.10-18.30 UTC. Based on 3-hour rainfall data from BMKG Automatic Weather Station (AWS), rain began
to occur on January 21, 2019, from 04.30 UTC to 23.30 UTC with accumulated rain for 24 hours reaching 71 mm. The
duration with the highest rainfall intensity is 72 mm / hour which is included in the category of heavy rain intensity
in the period between 16.40-16.50 UTC [18],[19].
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Figure 3: Results of the spatial rainfall model for January 21 at 00 UTC to January 22 at 00 UTC

Figure 3 shows the distribution of rainfall in the South Sulawesi region. Analysis on the WRF model did not show
any significant rainfall, on January 21, 2019, at 00 UTC and January 22 2019 at 00 UTC the rainfall only occurred in
the light-heavy category, which ranged from 0-30 mm. However, the rainfall is quite heavy, ranging from 60 - 90 mm
above sea level in the South Sulawesi region. The rainfall value from the output of this model is generally quite good,
but due to incorrect numerical calculations, it cannot represent the incidence of high-intensity rain in the study area
[20],[21].

Based on the analysis of both the mononobe model and the WRF model, the initial causes of extreme rainfall
were found, this is an important point as a variable in decision making for disaster management in Indonesia in the
future. As is well known, the high factor of hydrometeorological disasters in the tropics requires disaster
management planning as early as possible to minimize casualties [22],[23].

4. CONCLUSIONS AND RECOMMENDATIONS

Based on the results of the research that has been done, the following conclusions are obtained:

1) Research at WRF-EMS is carried out in 3 stages, namely the domain set stage, the preparation stage, the
running stage, and the post-stage. The WRF model can represent the moisture value of the upper layer
quite well during extreme rainfall in the South Sulawesi region.

2) There was rain with light to very heavy intensity from January 21, 2019, to January 22, 2019, which was
caused by Cumulonimbus type clouds. Meteorological conditions in the form of an active Asian monsoon,
warm sea surface temperatures, and high humidity in the lower to moderate atmosphere support
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optimal rain cloud growth in the South Sulawesi region. Based on the modeling results, it can be seen
that on January 21, 2019, rain in the South Sulawesi region occurred during the day and at night.
Meanwhile, on January 22, 2019, there was rain with very heavy intensity.

3) The need for the above variables to become initial input in disaster management planning in the tropics,
especially in Indonesia.
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