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ABSTRACT 

The use of the WRF (Weather Research and 

Forecast) model to simulate most of the dynamics of 

the atmosphere as well as cumulus parameterization 

and simulation of cumulus rainfall conditions during 

the September 2020 floods in Sukabumi, West Java. 

The result of this research is a numerical simulation 

of the dynamics of rain clouds, especially in the 

Sukabumi area of West Java, which is important in 

finding flood mitigation solutions, especially in the 

Sukabumi area of West Java. Evaluation of 

convection patterns in the Sukabumi area of West 

Java based on existing observational data, especially 

high-resolution satellite imagery, is expected to 

provide an understanding of the change patterns of 

convection clouds that cause heavy rain and cause 

flooding in the area. Sukabumi area, West Java. 

Keywords: Floods, cloud dynamics and satellite 

imagery, rainfall data. 

 

1. INTRODUCTION 

Based on data from the Regional Disaster 

Management Agency (BPBD) for the DKI Jakarta 

and Sukabumi regions, several areas affected by 

flooding due to rain in September 2020 covered 

several districts and resulted in 1,107 people in 

Sukabumi being flooded, 18 houses washed away 

and washed away. 85 roads were inundated, while 

in the DKI Jakarta area 31 roads were inundated. 

The occurrence of this flood can be caused by 

several factors including high rainfall [1, 2, 3] 

This decade changes in atmospheric anomalies due 

to rainfall, the distribution of rainfall in Sukabumi 

Regency, West Java with a maximum rainfall 

period of 21 September 2020. The largest rainfall is 

termed 'extreme rain'. Rainfall anomaly events can 

be caused by changes in the atmosphere either 

caused by synoptic factors or local factors. Since 

this tropical rainfall cycle involves large-scale 

increases in the latent heat of evaporation and 

energy, the equatorial region becomes the general 

circulation generator in the atmosphere [4]. 

In this paper, a preliminary study has been carried 

out to evaluate the tropical climate and obtain the 

mechanism and numerical simulation of cloud 

dynamics against the extreme rain phenomenon in 

the 2020 years west Java Sukabumi flood. 

2. METHODOLOGY 

The study of convection patterns in the 
Sukabumi area of West Java was carried out based 

on existing observational data, especially high-

resolution satellite imagery which is expected to 

provide an understanding of the growth patterns of 

convection clouds that occur producing heavy rains 
and causing flooding in the Sukabumi area of West 

Java. Analysis of atmospheric changes from local 

factors, namely cloud type based on visible satellite 

data obtained from data centers 

(http://www.ssec.wisc.edu/datacenter/) University 

of Wisconsin-Madison Space Science and 

Engineering Center (SSEC) and AVN Data 
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(Aviation Run) at (http://dss.ucar.edu) DSS 

Research Data Archives [5, 6]. 

 

The Application and validation of the WRF model 

for dynamic analysis of rain clouds in Sukabumi, 

West Java, where the WRF model has developed a 

next-generation model for forecasting mesoscale 

assimilation systems to assist in understanding and 

forecasting mesoscale rain systems. Where the 

WRF model is applied in various problems, 

including physical analysis (Skamarock et al., 

2005): 

-    Microphysics 

-  Cumulus cloud parameterization 

 

The WRF model requires input, namely NCEP 

global analysis (AVN) data, and terrain 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. 

As shown in Figure 2, the program flow diagram is 

combined into two programs, namely WPS and 

WRF, and then the output of the WRF results is 

obtained. Then the output is processed with the 

convert to GrADS program, to get the expected 

numerical results [7, 8, 9]. 

 

The WRF model is a Numerical Weather 

Prediction (NWP) model developed by the United 

States Atmospheric and Oceanic Agency (NOAA) 

in collaboration with the National Weather Service 

(NWS), Forecast Decision Training Branch 

(FDTB), and the Science Operations Officer and 

Training Resource Center (SOO) / STCR). For 

weather forecasting the WRF-EMS model is 

considered a complete and state-of-the-science 

product model of the NWP and is a combination of 

two dynamic models commonly used in modeling, 

namely Advanced Research WRF (ARW) 

developed by the National Center for Atmospheric 

Research (NCAR) and the Non-Hydrostatic 

Mesoscale Model (NMM) developed by the 

National Center for Environmental Prediction 

(NCEP). All the features contained in these two 

binaries are incorporated into the WRF-EMS 

model and have been simplified from installation, 

configuration, and execution so that the use of this 

model can be easily carried out [7]. 

 

Figure 1. WRF-EMS flow chart [7]. 

 

The basic difference between WRF and WRF-EMS is 

the routine system (Automatic Scripting Language), 

that each software has used. The use of the WRF-EMS 

model consists of 3 main commands, namely ems_prep 

which functions to determine data configuration and 

running time, ems_run to run the model, and ems_post 

as the last step to determine the output model. The 

process carried out on the WRF-EMS software system 
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can be seen in Figure 1. The diagram illustrates the 

initial ems_prep process starting with inputting the 

data to be used, selecting domains, configuring time, 

selecting cores, and setting other external datasets. 

This preparation process is continued by running the 

model on ems_run then doing post_processing using 

the ems_post command. The advantage of the WRF-

EMS system is the additional commands 

ems_autorun.pl and ems_autopost.pl. These two 

commands make it easy for users to set the system to 

run automatically. Also, the data output formats are 

available in the form of GRIB 1, GRIB 2, and NetCDF 

[9]. 

      (7) 

3. RESEARCH OF DATA 

Research methods 

The data used in this study are: 

1.  Daily rainfall data for BMKG, ARG, and AWS 

stations in the Sukabumi West Java region on  
21 September 2020. 

2. Re-analysis of WRF model FNL data with a 

spatial resolution of 18 km. 

3.  Himawari-8 image dated 21 September 2020. 

4.  Weather radar image for 21 September 2020. 

 

The data is processed using WRF-EMS and 

GrADS software, and then the output of the 

software will be analyzed and compared with 

climatological conditions, global conditions, and 

regional conditions. 

As in Figure 2. Displays the hourly rainfall pattern 

on September 21, 2020, in Sukabumi, West Java 

[10].

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Rainfall data areas in Sukabumi 21 September 2020 [10]. 

 

 

4. RESULTS AND DISCUSSIONS 

4.1 Analysis of measurement data 

The phenomenon of extreme rain, if 

analyzed based on cloud dynamic patterns (IR1 

temperature data) as in (Figure 4, 5, 6) in 

Sukabumi, West Java, the cloud growth pattern 

starts on September 21,  

 

 

 

 

 

 

2020 which occurs at 16.00 and 18.00 UTC (23.00-

100 WIB). Further studies in this study will be 

analyzed from AVN data on September 21, 2020, 

in the Sukabumi area of West Java, including wind 

divergence, Absolute Vorticity, for flood events for 
the 2020 period obtained from NCEP / NCAR data. 
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Figure 3.  The division of the three rainfall areas in Indonesia [10, 11] 

 

In general, Indonesia can be divided into three 

main climatic patterns by looking at the rainfall 

pattern for one year. This is supported by the 

research of [12] on the classification of Indonesia's 

climate into three rainfall patterns. The three 

patterns are the Seasonal Pattern, the Equatorial 

Pattern, and the Local Pattern (Anti-Seasonal) 

Figure 3.[13]. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4. Himawari-8 Satellite Data As of September 21, 2020 [10]. 

 

4.2 Numerical data analysis 
The study of cloud dynamics in Indonesia will 

be carried out based on the application of the 

numerical weather model Weather Research and 

Forecasting, which is open-source software 

developed by the National Center for Atmospheric 

Research (NCAR) in the United States [7]. This 

numerical study is a simulation to explain the 
extreme rainfall event on September 21, 2020, in 

the Sukabumi flood, West Java. This study uses 

WRF Modeling System version 2, a regional scale 

model of non-hydrostatic or mesoscale weather 

designed by Pennsylvania State University. / 
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National Center for Atmospheric Research (PSU / NCAR) as described by [7, 14]. 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Figure 5. Numerical simulation results with WRF model for horizontal cloud distribution. 

 

As in Figures 5 and 6, a comparison of the 
results of AVN data on September 21 2020 at 00 

UTC (Universal Time Coordinate) with the 

simulation results of the WRF model for cloud 

cover patterns occurs convective cloud growth 

which is physically a storage process. the total 

energy in the atmosphere, then released 

simultaneously to produce a very large energy 

pulse. Energy pulses, in this case in the form of 

very high rainfall. Based on this, the extreme 

rainfall that causes flooding in Sukabumi, West 

Java is more dominated by local factors that play 
an active role in changing regional and global 

factors [15, 16]. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

The results of the numerical model of the 
cloud distribution results show that on September 

21 2020 at 11.00 UTC the high atmospheric 

stability index value ranged from 1500-2500 J / Kg. 

Then the atmospheric stability index value 

decreased drastically at 06.00 UTC, namely in the 

range of 0-500 J / Kg. This is following the rainy 

period known from BMKG data [10]. Where the 

rain starts to fall on September 21 2020 at 06.00 

UTC, this value is quite high and it can be assumed 

that the potential for convective cloud growth is 

quite high. So it can be concluded that the energy 
available for convective cloud growth in the 

Sukabumi region is in the period September 21, 

2020, at 11.00 UTC [17, 18]. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Numerical simulation results with WRF 

model for vertical cloud distribution. 
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5. ANALYSIS AND RESULTS 
The application of the WRF model according to [7] 

first determined the area domain, namely the 

downscaling of the research area (Figure 6). The 

model in this study includes the microphysical 

process, cumulus parameterization, the selection of 

the research area, which is intended to obtain fairly 

realistic results that represent actual conditions. In 

the determination of the boundaries of the study 

area, three nesting levels were used for global 

downscaling from the NCEP-FNL data, namely to 

achieve cloud growth in a horizontal radius of 3 km 

connecting the smallest areas. The simulation 

process for domains 1 and 2 is carried out 

simultaneously in the WRF model system (WPS). 

The above treatment is expected to obtain optimal 

results by reducing the need for simulation time 

without affecting the dynamic mesoscale pattern 

and fulfilling the boundary representation and 

initial requirements of the research area.  

The application of this model can be done with PC-

Cluster technology which allows parallel 

computing features in the model to be run. The 

results of this study can be applied as a dynamic 

cloud model to identify and analyze the physical 

processes of extreme climatic events. Evaluation of 

convection patterns in the Sukabumi area of west 

Java based on existing observational data, 

especially high-resolution satellite imagery, is 

expected to provide an understanding of the growth 

patterns of convection clouds that produce heavy 

rains and the causes of flooding in the Sukabumi 

area. The areas in west Java extreme rain in the 

Sukabumi region of west Java for 2020 flood 

events based on data analysis and tropical cyclone 

phenomenon (Vortex), this is a study of the 

influence of global and regional on extreme rain 

events in that period [19, 20, 21, 23]. 

6. CONCLUSION 

Whereas for cloud dynamics, it can be seen 
that the cloud change pattern is from IR1 

temperature data in Sukabumi, West Java in the 

form of maximum cloud growth in the 2020 period, 

as seen in the cloud growth pattern in Sukabumi 

Regency, West Java. This is due to local 
atmospheric circulation factors, which can be seen 

from the analysis of AVN data when there is 

extreme rain, the AVN data pattern shows a change 

in the direction of the effect of convection. 

Simulation of the dynamics of flood clouds in 
Sukabumi, West Java in 2020 using the WRF 

model (research and weather forecasts) based on 

satellite observation data and global analysis data, 
it is found that synoptic conditions are good for 

convective rainfall where the southern season, 

winds migration trajectory occurs over the island of 

Java. The simulation results show that the 

convective rainfall concentration in Sukabumi, 

West Java is controlled by a combination of cold 

advection effects, mixing layer development, and 

topography. With appropriate data input, regional 

weather models such as WRF are useful for short-

term analysis (short-term prediction; days) needed 

to anticipate flood events or other extreme weather-
related natural disasters. 
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