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Abstract

On 13 July 2021, there was an extreme weather phenomenon in the waters of West Kalimantan. The
extreme weather resulted in several fishing boats sinking and causing 136 casualties. This study aims
to analyze atmospheric conditions during extreme weather on July 13-14, 2021. In running the WRF-
ARW model, verification is carried out using the dichotomy method (Accuracy, POD, FAR) and RMSE
to determine the model's accuracy in simulating extreme weather events. The RMSE verification results
show an error value of 4,97. The results of the WRF-ARW model output show that the extreme weather
that occurs is caused by the presence of a convergence wind zone with a maximum wind speed of 18
m/s, causing the formation of cumulonimbus clouds. OLR simulations show a low value of 122
watts/m?, indicating a lot of cloud cover with the potential for rain. The emergence of this convection
zone causes strong winds, which cause high waves, thus contributing to ship accidents.
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Introduction weather events such as strong winds and
high waves (Nurlatifah et al.,, 2023).
West Kalimantan's coastal and marine areas Another impact of extreme weather is the
play an essential role in economic increase in wave height throughout the
activities, transportation, and the lives of Indonesian Sea (Rizal et al., 2020).
local communities. However, this region's Changes in rainfall patterns and increases in
unique geography and meteorology make it sea surface temperature have the potential
prone to a range of extreme weather events to produce large ocean waves that hurt
(Taufik et al., 2019). Weather is the state of fishermen (Afifah et al., 2024). In addition,
the air at a particular time and in a particular extreme weather also impacts the smooth
area that is relatively narrow and in a short running of land, sea, and air transportation.
period (Puspita & Yulianti, 2016). Extreme
weather is an event of natural phenomena In analyzing extreme weather events, many
characterized by conditions of rainfall, methods can be used, one of which is
wind direction and speed, air temperature, numerical weather modeling. Numerical
air humidity, and visibility that can cause weather modeling systems are currently
losses, especially the safety of life and widely used by the world's meteorologists.
property (BMKG, 2022). Many factors can One of the weather modeling systems
influence extreme weather, one of which is developing in the world today is Weather
climate change, which is a factor in Research Forecasting (WRF). WRF-ARW
increasing the frequency of extreme is a numerical weather model program that
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can model atmospheric conditions in a
region to help study a meteorological event
better (Wisnawa et al., 2019). Research
using WRF-ARW modeling was conducted
by Putra & Rifani (2016), which analyzed
the extreme rain that occurred on 19 August
2014. The results showed that the WRF-
ARW model output had good results in
showing atmospheric conditions during
extreme rainfall.

In 2021, extreme weather has caused the
loss of ships in the waters of West
Kalimantan. As revealed by
Tribunnews.com, there was bad weather
that resulted in 14 boats reportedly sinking
in three different locations, namely in
Muara Jungkat, Muara Kubu, and Muara
Pemangkat, which claimed 136 lives.
Based on the analysis issued by BMKG,
there have been extreme weather in the
form of heavy to extreme category rain,
reaching >100 mm/day on July 13, 2021, in
most areas of West Kalimantan.

Based on the impact caused by extreme
weather in the waters of West Kalimantan,
this is the basis of the research conducted.
Analyzing atmospheric conditions using
the WRF-ARW model is expected to get
representative results that can describe
atmospheric conditions when extreme
weather occurs. This research is also
expected to  provide  preliminary
information to mitigate extreme weather.

Materials and Methods

The location of this research is the waters
of West Kalimantan. This research was
conducted for 2 days starting from July 13-
14, 2021 which is located at coordinates
5°N to 6°S and 104°BT to 112°BT. The
study areas used as samples to analyze wind
speed, rainfall, and Outgoing Longwave
Radiation (OLR) are the Pemangkat,
Jungkat, and Kubu areas because these
three areas were reported as the areas where
the loss of the ship occurred.
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Figure 1. Study location.

Data Used

1. Data FNL (Final
Assimilation System)

Initial condition data and model boundary
data were used FNL (Final Global Data
Assimilation System) data from 12 July
2021 at 18.00 UTC to 14 July 2021 at 18.00

Global Data
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UTC with a data resolution of 0.25° x 0.25°
or 27.75 km x 27.75 km with a temporal
resolution of 6 hours (Liu et al., 2022). The
data was obtained by downloading via the
link
https://rda.ucar.edudatasets/ds083.3/dataac
cess/.
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2. Data GSMAP (Global Satellite Mapping
Precipitation)

Observation data for rainfall parameters
using GSMAP (Global Satellite Mapping
Precipitation) data of Himawari 8 Satellite
obtained from Pontianak = Maritime
Meteorological Station from 12 July 2021
at 18.00 UTC to 14 July 2021 at 18.00 UTC
with data resolution of 0.1° x 0.1° or 11 km
x 11 km (Pratama et al., 2022).

3. Wind Speed Data of Pontianak Maritime
Meteorological Station

Observation data for wind speed
parameters were obtained from Pontianak
Maritime Meteorological Station with
coordinates 0.02022° N and 109.33778° E
on July 12, 2021, at 18:00 UTC to July 14,
2021, at 18:00 UTC.

Work Procedure

1. Preparation/ identification of extreme
weather events

The first step is to collect information such
as the date and time of the incident related
to the loss of ships due to extreme weather.
Next, identify suitable initial data as an
identifier of extreme weather that causes
the loss of vessels in West Kalimantan
waters.

2. Data Collection

After identifying the event, the next step is
to collect data at that time and location for
analysis, model input and comparison.

3. Running Model WRF

There are several stages in the WRF model
running process. The WRF model (version
4.5.1). The first stage is to carry out the

downscaling and nesting process to get two
domains. Downscaling is a technique to
increase model resolution by downscaling
the grid scale of a global model to a regional
scale in the domain of interest (Maraun and
Widmann, 2018). After that, the WRF Pre-
Processing system (WPS) consists of three
stages: running the geogrid, ungrib, and
metgrid processes. At this stage, input files
will be obtained, running the ./real.exe and
Jwrf.exe commands to get WRF output.
The results of WRF are then processed into
ARWpost post-processing to produce files
in .ctl and .dat formats, which are then
visualized.

4. Display The Output of the WRF-ARW
Model

The results of running the WRF-ARW
model are then visualized. The model
output results are displayed with various
parameters, so a two-dimensional profile
related to extreme weather parameters in
the study area is obtained.

5. Conducting Accuracy Tests on the WRF-
ARW Model

After obtaining the output results of the
next model, a comparison with
observational data is carried out. For
rainfall parameters, a comparison of rainfall
distribution maps between WRF-ARW
model output and GSMAP data is carried
out to see the accuracy of the WRF-ARW
model spatially. Verification of model
output also uses the dichotomy method with
the contingency table in Table 1. The
contingency table method 1s used to
determine the quality of dichotomous
forecast data (the result is a yes/no
decision) (Sulistiyono & Fadli, 2023).

Table 1. Contingency table 2x2 (Sulistiyono & Fadli, 2023)

Satellite Observation (GSMAP)

Total Estimation

Frequency Yes No Data
a c

+
Yes (Hits) (False Alarms) ath

+
.Output No (Misses) (Correct Negatives) c+d

Rainfall Data
Total Observation atb c+td n=a+b+c+d
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The test results of the contingency table
method produce values for Probability of
Detection (POD), False Alarm Ratio
(FAR), and accuracy (fraction correct).
POD measures the number of “YES” events
correctly predicted by the satellite data,
FAR calculates the forecast error of rainfall
products that do not match the observed
data, and accuracy indicates the proportion
of correct forecasts, with values between 0
and 1, where perfect accuracy is achieved
when the value is 0. The equations used to
calculate these verification parameters are
used in Equations 1, 2, and 3 (Mahubessy
& Purnama, 2022).

Hits+Correct Negatives

Accuracy = | Total (1)

POD = — 1 )
Hlﬁ?SJrllsVIeliigleasrms

FAR = —— 3)

Hits+False Alarms

Wind speed parameters are verified using
RMSE (Root Mean Square Error). RMSE
has a range of values from 0 to infinity,
which depends on the error values obtained
from the parameters being compared. An
element of the WRF-ARW scheme results
can be considered good if it has a small
error value against the observed weather
elements, then the RMSE value will be
close to 0. The following is an equation for
determining the RMSE value (Wisnawa et
al., 2019).

RMSE = /‘S(y;—‘”z 4)

With information, y is the value of
observation data and, yi is the value of
model data, # is the amount of data.

6. Data Analysis

At this stage all the parameters that have
been determined are then analyzed to obtain
hypotheses that are by atmospheric
conditions during extreme weather.

Results and Discussion

Validation Analysis of WRF Model and
Observation Data
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Rainfall verification results from the WRF-
ARW model in Table 3 show three
dichotomous parameters for the three ship
loss regions.

Tabel 3. Rainfall verification results from the
WRF-ARW model.
Observation Area

Statistics

Pemangkat Jungkat Kubu
Accuracy 0,6 0,6 0,7
POD 0,05 0,42 0,33
FAR 0,50 0,47 0,33

From Table 3, the results of the verification
of WRF model data and observation data, a
good accuracy value is owned by the Kubu
area because the value is close to 1. The
Jungkat area owns a good POD value
because the value is pretty close to 1. The
Kubu area owns a good FAR value because
the value is close to 0. Wind speed
verification has an RMSE value with an
error of 4.97.

Spatial Analysis of WRF-ARW Model
Rainfall

Figure 2 shows the WRF model output for
6 hours before the extreme weather
occurred. During this period, it shows
stable rainfall with a rainfall intensity of 3
mm/hour. Rainfall is the amount of
rainwater that falls during a certain period
which is measured using units of height
above horizontal ground level (Ruswanti,
2020). One millimeter of rainfall means
that one square meter of flat area contains
one millimeter of water or one liter of water
(Ajr, 2019). There was an increase in
rainfall intensity at 13:00 WIB near Bangka
Belitung Island, and it began to decline
around 16:00 WIB. Meteorological
conditions such as evaporation, humidity,
wind speed, air temperature, and solar
radiation intensity can affect rainfall in an
area (Ramadhan, 2018; Wang & Zheng,
2022).

Figure 3 is the output of the WRF-ARW
model of rainfall distribution patterns
during extreme weather that is expected to
occur from the 13th night until the 14th
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morning. The visualization results are
displayed for 10 hours, from 19:00 WIB
until 04:00 WIB. At 23:00 WIB, high
rainfall began to be seen in the sea near the
coast of West Kalimantan with a maximum
intensity reaching 27 mm/hour, then at
24:00 WIB, rainfall with high intensity
began to be seen spreading in the sea near
the coast of West Kalimantan. The rainfall
pattern in the previous hour shows that the
intensity increases within an hour, which is
indicated by several areas having high
rainfall. At 01.00 am, the rainfall intensity
increases with a maximum intensity of 30
mm/hour with a broader range of areas. A
similar pattern continues at 02:00 am, with

13.00 Mﬂv

1 .
T T T T T T

14.00 WiB U

the rainfall area moving further to the coast
of West Kalimantan.

Figure 4 shows the visualization results of
the WRF-ARW model output rainfall after
the extreme weather event. The image is
displayed in a period of 6 hours after the
event. In general, the rainfall has an
intensity of 3 mm/hour with a coverage area
around the South China Sea and West
Kalimantan Island. However, in the
northern part of West Kalimantan Island,
there is a high rainfall intensity with a
maximum intensity of 30 mm/hour.
Entering 06.00 WIB, the high rainfall
intensity decreased with a maximum
intensity of 21 mm/hour.
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Figure 2. Rainfall distribution map before extreme weather in West Kalimantan waters on July 13, 2021
(a)13.00 WIB, (b) 14.00 WIB, (c) 15.00 WIB, (d) 16.00 WIB, (e) 17.00 WIB, (f) 18.00 WIB.
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Figure 3. Rainfall distribution map during extreme weather in West Kalimantan waters on July 13-14, 2021 (a)
19.00 WIB, (b) 20.00 WIB, (c) 21.00 WIB, (d) 22.00 WIB, (e) 23.00 WIB, (f) 24.00 WIB, (g) 01.00 WIB, (h)
02.00 WIB, (i) 03.00 WIB, (j) 04.00 WIB.
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Figure 4. Rainfall distribution map after extreme weather in West Kalimantan waters on July 14, 2021 (a) 05.00
WIB, (b) 06.00 WIB, (c) 07.00 WIB, (d) 08.00 WIB, (e) 09.00 WIB, (f) 10.00 WIB.
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Figure 5 displays the WRF-ARW model
output for 6 hours before the extreme
weather. Overall, the wind speed on the
West Kalimantan coast and sea was 8 - 10
m/s. Wind speed is the speed of air moving
horizontally which is influenced by the
barometric gradient of the location, height,
and topography of a place (Suwarti et al.,
2017; Minola et al., 2024). The wind speed
pattern continues to move northward from
Bangka Belitung Island to Kalimantan
Island. The wind movement comes from an
area of high pressure to an area of low
pressure (Miftahuddin, 2016; Siagian,
2022). At 18.00 WIB, the wind vector
pattern shows the presence of wind
convergence; the wind vector looks spread
or away from one center point, which
indicates convergence. Wind speed is
influenced by various micro and macro
factors, one of which is hurricanes,
monsoons, and tornadoes can affect wind
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speed both regionally and locally (Abdy &
Sanusi, 2020).

Figure 6 shows the wind speed and
direction during extreme weather, which is
expected to occur in the evening of July 13,
2021, until the early morning of 14 July
2021. The wind speed begins to increase
every hour, as indicated by the pink vector
in the figure as well as the wind direction
shown by the wind vector; at 19.00 WIB,
the wind direction pattern is already visible
above Bangka Belitung Island with a
maximum speed of 16 m /s, the wind vector
looks increasingly spread or away from a
central point indicating convergence. In this
condition, the area has the potential for
convective cloud growth due to the mass of
air that gathers, which will allow severe
weather conditions to occur (Wisnawa et
al., 2019).
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Figure 5. Spatial map of wind speed in West Kalimantan waters before extreme weather on July 13, 2021 (a)
13.00 WIB, (b) 14.00 WIB, (c) 15.00 WIB, (d) 16.00 WIB, (e) 17.00 WIB, (f) 18.00 WIB.
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Figure 6. Spatial map of wind speed during extreme weather in West Kalimantan waters on July 13-14, 2021
(a) 19.00 WIB, (b) 20.00 WIB, (c) 21.00 WIB, (d) 22.00 WIB, (e) 23.00 WIB, (f) 24.00 WIB, (g) 01.00 WIB,
(h) 02.00 WIB, (i) 03.00 WIB, (j) 04.00 WIB.
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Figure 7. Spatial map of wind speed after extreme weather in West Kalimantan waters on July 14, 2021 (a)
05.00 WIB, (b) 06.00 WIB, (c) 07.00 WIB, (d) 08.00 WIB, (¢) 09.00 WIB, (f) 10.00 WIB.

Figure 7 shows the wind speed for 6 hours speed has decreased from 05.00 WIB to
after the extreme weather. Overall, the wind 10.00 WIB, with the direction of the wind
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vector heading north or to the South China
Sea. At 05.00 WIB, the wind speed on the
coast of West Kalimantan, precisely in the
North, has a wind speed that is still
relatively high, reaching 16 - 18 m / s. The

wind speed is still quite high for the coast
of West Kalimantan in the lower part. The
coast of West Kalimantan at the bottom of
the wind speed is relatively stable, namely
4 -8 mfs.

Figure 8. Spatial map of OLR in West Kalimantan waters before extreme weather on July 13, 2021 (a) 13.00
WIB, (b) 14.00 WIB, (c) 15.00 WIB, (d) 16.00 WIB, (e) 17.00 WIB, (f) 18.00 WIB.

Outgoing Longwave Radiation (OLR) is
the longwave return radiation at the top of
the atmosphere observed by polar-orbiting
satellites in watts/meter> (Loeb et al.,
2018). Figure 8 shows the OLR for 6 hours
before the extreme weather. Overall, the
OLR value on the coast of West
Kalimantan Island is pretty high, at 250 —
270 Watt/m?. However, on the North side
of West Kalimantan, precisely around the
Singkawang area, the OLR value looks
relatively low at 13.00 WIB, around 230 -
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130 Watt / m?. From 14.00 WIB until 15.00
WIB, OLR began to move westward in
West Kalimantan, as indicated by the
decrease in OLR value. The low OLR value
suggests that more cloud cover allows rain
to occur. OLR shows the amount of cloud
cover that exists; if OLR is low, then it can
be indicated that many clouds are formed
because the outgoing long waves are held
back by the clouds and vice versa (Prayuda
& Alfuadi, 2015; Schreck et al., 2018).
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Figure 9. Spatial map of OLR during extreme weather in West Kalimantan waters on July 13-14, 2021 (a)

19.00 WIB, (b) 20.00 WIB, (c) 21.00 WIB, (d) 22.00 WIB, (¢) 23.00 WIB, (£)24.00 WIB, (g) 01.00 WIB, (h)
02.00 WIB, (i) 03.00 WIB, (j) 04.00 WIB.

(d) (e) (N
Figure 10. Spatial map of OLR after extreme weather in West Kalimantan waters on July 14, 2021 (a) 05.00
WIB, (b) 06.00 WIB, (c) 07.00 WIB, (d) 08.00 WIB, (e) 09.00 WIB, (f) 10.00 WIB.
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Figure 9 shows OLR for 10 hours when
extreme weather occurs. At 19:00 WIB,
OLR with low values began to spread over
the coast of West Kalimantan with an OLR
value of around 180 Watt/m2; this
continued until 20:00 WIB. At 21.00 WIB,
the OLR value decreases until it reaches a
value of 150 Watt / m2. It is found around
the coast of West Kalimantan, but if seen in
the picture, there is OLR with a minimum
value of 100 Watt / m? on the island. This
shows that there is a lot of cloud cover in
the area, which makes it cooler. Low or
minimum OLR values indicate cold
temperatures, while high or maximum
values indicate  hot  temperatures.
(Handayani et al., 2016; Koll & Cronin,
2018). This low OLR value indicates a
large cloud cover potentially containing
convective clouds that can cause rain. The
ORL value at the top of the Earth's
atmosphere is a function of two things: the
number of clouds and the temperature of
the cloud surface, both of which are related
to rainfall (Natasha et al., 2021). The study
of the relationship between OLR and
rainfall has been studied by Morrisey
(1986), which states that if OLR 1is high,
rainfall is low and vice versa (Prayuda &
Alfuadi, 2015; Rasch et al., 2019). This
aligns with the WRF-ARW model's output
rainfall, which shows that the same time
and region have high rainfall.

Figure 10 shows the OLR for 6 hours after
the extreme weather. At 05.00, WIB, OLR
is still at the minimum value of 100
Watt/m?, which is located around
Singkawang and in the sea near the Jungkat
estuary. For coastal areas from 07.00 WIB
to 10.00 WIB, it has OLR with a value of
190 - 230 Watt/m2, indicating that cloud
cover in the coastal areas of West
Kalimantan is not too large or small.

Conclusion

Based on the results of the research, it can
be concluded that the rainfall output of the
WRF-ARW model 1is underestimated
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against GSMAP data. Kubu region has the
best accuracy value of 0.7, Kubu has a good
prediction with a FAR value of 0.33, and
Jungkat has the highest POD value of 0.42.
The RMSE value shows a small error value
for wind speed verification with a value of
4.97.

The WRF model output showed a low OLR
value, indicating high rainfall at the time of
the ship loss. High wind speeds with a
maximum speed of 20 m/s and low OLR
values of 100 watts/m” also indicate the
influence of convective clouds that support
high rainfall with a maximum intensity of
30 mm/hour. In a sense, meteorological
conditions during extreme weather are
characterized by cumulonimbus clouds
formed due to wind convergence, which
causes high rainfall at the study site.
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