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Abstract. Weather radar is often used to observe volcanic eruptions and hydrometeorological phenomena. 
The reflectivity data of radar can describe the estimated height of volcanic eruptions while the Hybrid Single-
Particle Lagrangian Integrated Trajectory (HYSPLIT) model explains the trajectory or direction of distribution 
of eruption clouds. The single polarization C-Band weather radar of BMKG at the Regional Office I in Medan 
was able to observe several eruptions of Mount Sinabung located at approximately 50 km which was considered 
to be within the coverage area. Several eruptive activities were observed using Maximum (MAX) and VCUT 
(Vertical Cut) products to obtain information related to the height and characteristics. Meanwhile, the 
HYSPLIT model developed by ARL-NOAA was used to determine the direction of distribution of volcanic ash 
immediately after the eruption. The MAX and VCUT weather radar products as well as the NOAA HYSPLIT 
model applied to several events showed that the eruption height observed through weather radar was higher 
than the HYSPLIT model. Moreover, the direction of volcanic ash distribution was different from Volcanic 
Observatory Notice for Aviation (VONA) observations. 
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Abstract. Flood is one of the disasters that often hit various regions in Indonesia, specifically in West Kalimantan. 
The floods in Nanga Pinoh District, Melawi Regency, submerged 18 villages and thousands of houses. Therefore, 
this study aimed to map flood risk areas in Nanga Pinoh and their environmental impact. Secondary data on 
the slope, total rainfall, flow density, soil type, and land cover analyzed with the multi-criteria GIS analysis 
were used. The results showed that the location had low, medium, and high risks. It was found that areas with 
high, prone, medium, and low risk class are 1,515.95 ha, 30,194.92 ha, 21,953.80 ha, and 3.14 ha, respectively. 
These findings implied that the GIS approach and multi-criteria analysis are effective tools for flood risk maps 
and helpful in anticipating greater losses and mitigating the disasters.
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1. Introductin
Floods occur when a river exceeds its storage capacity, 

forcing the excess water to overflow the banks and fill the 
adjacent low-lying lands. This phenomenon represents the 
most frequent disasters affecting a majority of countries 
worldwide (Rincón et al., 2018; Zwenzner & Voigt, 2009), 
specifically Indonesia. Flooding is one of the most devastating 
disasters that yearly damage natural and man-made features 
(Du et al., 2013; Falguni & Singh, 2020; Tehrany et al., 2013; 
Youssef et al., 2011).

There are flood risks in many regions resulting in great 
damage (Alfieri et al., 2016; Mahmoud & Gan, 2018) with 
significant social, economic, and environmental impacts 
(Falguni & Singh, 2020; Geographic, 2019; Komolafe et al., 
2020; Rincón et al., 2018; Skilodimou et al., 2019). The effects 
include loss of human life, adverse impacts on the population, 
damage to the infrastructure, essential services, crops, and 
animals, the spread of diseases, and water contamination 
(Rincón et al., 2018).

Food accounts for 34% and 40% of global natural disasters 
in quantity and losses, respectively (Lyu et al., 2019; Petit-
Boix et al., 2017), with the occurrence increasing significantly 
worldwide in the last three decades (Komolafe et al., 2020; 
Rozalis et al., 2010). The factors causing floods include 
climate change (Ozkan & Tarhan, 2016; Zhou et al., 2021), 
land structure (Jha et al., 2011; Zwenzner & Voigt, 2009), and 
vegetation, inclination, and humans (Curebal et al., 2016). 
Other causes are land-use change, such as deforestation and 
urbanization (Huong & Pathirana, 2013; Rincón et al., 2018; 
N. Zhang et al., 2018; Zhou et al., 2021).

The high rainfall in the last few months has caused much 
flooding in the sub-districts of the West Kalimantan region. 
Thousands of houses in 18 villages in Melawi Regency have 
been flooded in the past week due to increased rainfall 

intensity in the upstream areas of West Kalimantan. This 
occurred within the Nanga Pinoh Police jurisdiction, including 
Tanjung Lay Village, Tembawang Panjang, Pal Village, Tanjung 
Niaga, Kenual, Baru and Sidomulyo Village in Nanga Pinoh 
Spectacle, Melawi Regency (Supriyadi, 2020).

The flood disaster in Melawi Regency should be mitigated 
to minimize future consequences by mapping the risk. 
Various technologies such as Remote Sensing and Geographic 
Information Systems have been developed for monitoring flood 
disasters. This technology has significantly contributed to flood 
monitoring and damage assessment helpful for the disaster 
management authorities (Biswajeet & Mardiana, 2009; Haq 
et al., 2012; Pradhan et al., 2009). Furthermore, techniques 
have been developed to map flood vulnerability and extent 
and assess the damage. These techniques guide the operation 
of Remote Sensing (RS) and Geographic Information Systems 
(GIS) to improve the efficiency of monitoring and managing 
flood disasters (Haq et al., 2012).

In the age of modern technology, integrating information 
extracted through Geographical Information System (GIS) and 
Remote Sensing (RS) into other datasets provides tremendous 
potential for identifying, monitoring, and assessing flood 
disasters (Biswajeet & Mardiana, 2009; Haq et al., 2012; 
Pradhan et al., 2009). Understanding the causes of flooding 
is essential in making a comprehensive mitigation model. 
Different flood hazard prevention strategies have been 
developed, such as risk mapping to identify vulnerable areas’ 
flooding risk. These mapping processes are important for the 
early warning systems, emergency services, preventing and 
mitigating future floods, and implementing flood management 
strategies (Bubeck et al., 2012; Falguni & Singh, 2020; Mandal 
& Chakrabarty, 2016; Shafapour Tehrany et al., 2017).

GIS and remote sensing technologies map the spatial 
variability of flooding events and the resulting hazards 
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1. 	 Introduction
Indonesia is a country with the largest series of active 

volcanoes in the world because it passes through The Ring 
of Fire (Ariyanti et al., 2020; Nasruddin et al., 2016). The 
Ministry of Energy and Mineral Resources (ESDM) reported 
69 volcanoes under the 24-hour monitoring or supervision 
of the Center for Volcanology and Geological Disaster 
Mitigation (PVMBG) out of a total of 127 active volcanoes in 
Indonesia. The observation spanned 7,000 km which spread 
across Sumatra, Java, Bali, Nusa Tenggara, Banda, Halmahera, 
to northern Sulawesi as presented in Figure 1.

Explosive volcanic eruptions are capable of ejecting large 
amounts of particles, aerosols and gases into the atmosphere, 
travel several thousand kilometers, and remain in the air for 
many days or months (Rizza et al., 2021). There are numerous 
direct and indirect dangers and impacts (Hapsari et al., 2020). 
Some of these can be in the form of volcanic ash (Webley 
& Mastin, 2009) and lava appearing on the surface with the 
exhalations of volcanic material caused by seismic energy, 
gas emissions such as sulfur dioxide SO2 (Marshall et al., 
2022), and ground surface deformation (Poland et al., 2020). 
Moreover, volcanic eruptions have a disastrous impact on both 
the social and economic aspects of human lives (Aliotta et al., 
2023; Marzano, Vulpiani, et al., 2006; Paredes-Mariño et al., 
2022). The short-term impact can disrupt aviation activities 
(Prata, 2020) and safety (Marzano, Barbieri, et al., 2006) 

through flight delays and airport closures (Reichardt et al., 
2019) to cause economic losses (Hirtl et al., 2020) and even 
more fatal consequences in the form of mid-air accidents. For 
example, British Airways plane experienced engine problems 
at a cruising altitude of 37,000 feet and had to make an 
emergency landing at Halim Perdana Kusuma Airport due 
to the eruption of Mount Galunggung in 1982 (Durant et al., 
2010; Takebayashi et al., 2021).

Volcanic eruptions cause public health problems (Durant 
et al., 2010) around the location and surrounding areas 
(Carlsen et al., 2019). The long-term impact is in the form 
of climate change on Earth (Marshall et al., 2022; Marzano, 
Picciotti, et al., 2013; Rizza et al., 2021). An example was the 
eruption of Mount Toba tens of thousands of years ago which 
led to an extreme decrease in global temperatures during 
volcanic winter (Black et al., 2021; Osipov et al., 2020). These 
short- and long-term impacts show the need to understand 
the characteristics of eruptions with the aim of designing 
mitigation strategies.

Cloud height and volcanic ash distribution can be 
observed directly or based on radar or satellite analysis 
(Cahalan et al., 2023). This is necessary because the Flight 
Level (FL) information from Volcanic Ash Advisory Center 
(VAAC) is often used to provide Volcanic Ash Advisory 
(VAA) (Crawford et al., 2022) for flight safety (Engwell et al., 
2021). The process requires submitting the direct eruption 
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observations to VAAC in the form of Volcanic Observatory 
Notice for Aviation (VONA) report which includes information 
on the time of the eruption, volcanic activity, intensity, and 
height of the observed eruption clouds (Engwell et al., 2021). 
In Indonesia, the monitoring of eruptions and formation of 
VONA is through the PVMBG under the Ministry of Energy 
and Mineral Resources. However, the direct visual observation 
to determine the height of the eruption is often conducted 
subjectively without using specific tools and this leads to some 
limitations for the data.

Weather radar is designed to be used in observing 
hydrometeorological phenomena as well as volcanic eruptions 
(Marzano et al., 2011). The application of the tool for volcanic 
eruptions is presented in Figure 2. Some limitations are often 
identified which include estimation errors due to the influence 
of beam width (Sato, 2021) and refraction in the atmosphere 
but the tool is effective in monitoring volcanic eruptions 
specifically in cloudy conditions (Sato et al., 2018).

The characteristics of eruption ash is another parameter 
that can be determined using weather radar in addition to the 

Figure 1. Number and types of active volcanoes in Indonesia
(Source:magma.esdm.go.id, 2021)

Figure 2. Schematic of volcano observations made by weather radar
(Marzano, Picciotti, et al., 2013)
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observe of the height of volcanic eruption clouds. For example, 
tephra is a type of volcanic material exhaled along with the 
clouds and gases formed during eruptions and is often termed 
a plume or ash cloud (Falconi & Marzano, 2019; Maki, Kim, 
et al., 2021). This material is capable of causing harm to the 
communities around the volcano (Poulidis et al., 2021). 
Moreover, tephra is divided into several types as presented 
in Table 1 (Maki, Kim, et al., 2021; Marzano, Picciotti, et al., 
2013).

The information produced by weather radar includes 
doppler reflectivity and radial velocity data (Sokol et al., 
2021). The reflectivity data can estimate the height of volcanic 
eruptions based on vertical profile reconstruction (Maki, Kim, 
et al., 2021; Marzano et al., 2011; Marzano, Lamantea, et al., 
2013) while tephra size data is used to approximate the mass 
distribution of the entire plume (Maki, Kim, et al., 2021; Maki, 
Takaoka, et al., 2021). This study aims to measure the height of 
eruption clouds during volcanic eruption using weather radar 
and compare the results with the direct observations recorded 
through VONA information.

Several previous studies have used weather radar data to 
identify volcanic ash by estimating the concentration and rate 
of ash fall (Irwandi et al., 2019; Marzano et al., 2007, 2010). 
However, the information on the height of the eruption has 
not been widely examined. Eruption height information can 
affect the output of the Hybrid Single-Particle Lagrangian 
Integrated Trajectory (HYSPLIT) and other models. This 
study describes the differences in eruption height input 

and the results of models developed for information on the 
trajectory and dispersion of volcanic ash. The importance is 
associated with the fact that volcanic ash is dangerous for both 
public and aviation safety (Marzano, 2011). Therefore, the 
application of weather radar to mitigate the impact of volcanic 
ash distribution is useful for aviation safety and also beneficial 
for the public interest.

MOUNT SINABUNG
Mount Sinabung is a volcano that has become active again 

after a “long sleep” as observed from the absence of explosive 
eruptive activity before August-September 2010 (Global 
Volcanism Program, 2022; Nakada et al., 2019). The area is 
located in the Karo Regency of North Sumatra at coordinates 
3˚10’ N and 98˚23.5’ E with a height of 2460 m above sea level 
(https://web.karokab.go.id).

MEDAN WEATHER RADAR CHARACTERISTICS
The Medan regional office has a C-Band Single Polarization 

Doppler weather radar which is operated by BMKG at the 
Center for Meteorology, Climatology and Geophysics Region 
I, Medan City, North Sumatra. The coordinates are at 3˚32’ N 
and 98˚38’ E which is approximately 50 km away northeast of 
Mount Sinabung as shown in Figure 3. 

A weather radar can capture the peak of volcanic eruption 
when the scanning strategy covers the height of the mountain 
(Cahalan et al., 2023). Figure 4 shows the scanning strategy of 
the Medan weather radar at different elevation angles relative 

Table 1. Classification of Eruption Ash Types (adapted from Marzano, et.al 2013 and Gematronic Weather Radar Systems 
Software Manual)

Figure 3. Location and Position of the Medan Weather Radar towards Mount Sinabung Mapped from Google Earth Pro
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to the Volume Coverage Pattern (VCP) 21 scanning mode. It 
is observed to have the capacity to capture the phenomenon of 
the eruption of Mount Sinabung effectively.

2. 	 Methodology
DATA AND METHODS

The method used in this study was the descriptive analysis 
with a focus on the Medan weather radar observation data 
to identify the characteristics of clutter in the environment 
covered as presented in Figure 5. Clutter identification was 

implemented to minimize errors in identifying low-intensity 
volcanic ash which generally resembled the clutter. This was 
followed by the application of the quality control (QC) or clutter 
filtering process using the 3DCDP algorithm feature available 
in the Rainbow application version 5.49. Subsequently, the raw 
radar observation data were processed based on information 
related to the eruption incident on the VONA website. The 
time of the event was selected based on VONA observations 
with significant eruption height information.

Figure 4. Scanning Strategy of the Medan Weather Radar (Source: SIDARMA BMKG)

Table 2. Comparison of Observation Results on the Height of Mount Sinabung Eruption

Da te

We s t 
Indone s ia  

Time  
(WIB)

UTC
Volca nic As h 

Move me nt
Es tima te d He ight of Eruption Cloud 

(m) VONA

Es tima te d He ight of 
Eruption Cloud (m) Me da n 

We a the r Ra da r

28-J ul-21 06.10 6900
13.20 06.20 E-S 4500 6900

06.30 7300
06.40 7900

07-Ma y-21 09.08 02.08 E 2800 4570
15.19 08.19 NE-E 3000 4600

08.30 4400
08.40 4430
08.50 4470
09.00 6430
09.10 6470
09.20 6530
09.30 6700
09.40 6400
09.50 7430
10.00 10000
10.10 4700

19-Aug-20 18.23 11.23 E-S E 4000 NA
11.30 7000
11.40 7130

14-Aug-20 03.20 7200
10.30 03.30 S E-S 2100 7000

03.40 4800
16.56 09.56 E 4200 7000

10.10 6700
10.20 3400

10-Aug-20 10.16 03.16 E-S E 5000 7000
03.40 E-S E 2600

Source: ESDM, 2024 and the results of Medan Weather Radar data processing
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The radar products were processed within one hour before 
reporting to determine the existence of a precursor activity in 
the form of scattering volcanic ash prior to a major eruption. 
Volcanic ash scattered during the precursor activity was spread 
along with the eruption energy released by the volcano in the 
form of sulfur dioxide (SO2) (Marshall et al., 2022) not directly 
observed through the eye. 

The HYSPLIT model developed by the Air Resources 
Laboratory (ARL) and GDAS data from the NOAA database 
(NOAA, 2024) were used in this study to determine the 
direction of volcanic ash distribution immediately after 
the eruption (Hurst & Davis, 2017; Stein et al., 2015). 
The process included the simulations of the transport 
trajectories, dispersion, deposition of pollutants, and other 
hazardous materials in the atmosphere (Stein et al., 2015). 
Moreover, modelling was based on the Lagrangian equation 
of the horizontal movement of the pollutants or particles to 
determine the vertical movement of the terminal fall velocity 
(Tadini et al, 2020). The meteorological data from Global 
Data Assimilation System (GDAS) were used as the input in 
the HYSPLIT model (Crawford et al., 2022; Stein et al., 2015). 
These were in the form of the latitude and longitude of the 
volcano, the peak height, date and time of the eruption, the 
duration, the height of the ash column, and the level of ash 
reduction obtained from weather radar data processing. 

The model parameters used were three height levels 
with the peak of Mount Sinabung recorded to be 2460 meters 
applied as the bottom level. Moreover, the results of weather 
radar eruption observation analysis were used as input for the 
top height level. Maximum (MAX) and VCUT (Vertical Cut) 
products from weather radar data processing were also adopted 
to obtain more detailed information on eruption activity with 
a focus on the eruption patterns and vertical profile analysis.

Analysis of Eruptive Activity based on MAX Reflectivity 
Products

Reflectivity pattern analysis was conducted by observing 
and interpreting radar images before and during the incident. 
The products were used to describe the patterns and 
characteristics of eruptions through the focus on the attributes 
of the echo at volcanic locations. Radar reflectivity intensity 
which was termed as the Z product was measured in decibels 
(dBZ) (Binetti et al., 2022). It was also observed that the 
eruption pattern was generally the same as the convective cloud 
precipitation with reflectivity values up to > 45 dBZ, depending 
on the scattering of material carried during the eruption. 
Meanwhile, the eruption pattern was differentiated from 
convective clouds in the cell growth phase. The observation 
image showed that the eruption pattern suddenly appeared 
as a matured convective cloud pattern without experiencing a 
growth phase, either through an increase in reflectivity values 
or cell area and height.

Vertical Eruption Profile Analysis
The vertical profile of volcanic eruption material was 

analyzed using the VCUT interactive products and tools. The 
information produced was used to describe the composition of 
eruptive materials from volcanic activity based on reflectivity 
values presented in Table 1.

3. 	 Results and Discussion 
Medan Weather Radar Observations During the Eruption 
of Mount Sinabung

The incident information from VONA observations were 
subjected to radar data processing with due consideration for 
similarity in date and time as presented in Table 2. The clutter 
identification at the location of Mount Sinabung showed that 

Figure 5. Flowchart of Radar Data Analysis and HYSPLIT Model to Identify Eruption Height and Volcanic Ash Distribution 
Direction
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no echo clutter could interfere with radar image analysis 
process during the eruption. Therefore, radar data QC process 
was not conducted and the CMAX and VCUT products were 
manufactured. Medan weather radar images were processed 
one hour before the time of reporting the eruption to determine 
the possible existence of any precursor activity not observed or 
recorded in the seismograph sensor.
a.	 The eruption of Mount Sinabung on July 28, 2021

The VONA information showed that Mount Sinabung 
eruption activity occurred on July 28 2021 at 06.20 UTC 

(13.20 West Indonesia Time) with a height of up to 4500 
meters from the top of the mountain and volcanic ash was 
distributed in the East - South direction. Weather radar 
data of July 28 2021 processed in Figure 6 showed that 
the observation of volcanic activity of Mount Sinabung 
was initiated at 06.10 UTC (13.10 West Indonesia Time) 
and stopped at 06.40 UTC (13.40 West Indonesia Time). 
Moreover, the MAX height was up to 7900 meters which 
occurred at 06.40 UTC (13.40 West Indonesia Time).

Figure 6. CMAX and VCUT products observations on July 28, 2021 
at 06.10 UTC – 06.40 UTC
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The HYSPLIT model on July 28 2021 showed the 

movement of volcanic ash in the Northeast - Southeast 
direction from the peak of Mount Sinabung as presented 
in Figure 7 (a).	
There was a VONA report that an eruption of Mount 
Sinabung occurred at 02.08 UTC (09.08 West Indonesia 
Time) with a height of up to 2000 meters on May 7 2021. 
It was also reported that volcanic ash spread to the East at 
08.19 UTC (15.19 West Indonesia Time) with an eruption 
height up to 3800 meters towards the North East – East as 
presented in Figure 7 (b).

b.	 The eruption of Mount Sinabung on May 7, 2021
Figure 8 shows an analysis of weather radar data 

processing of Mount Sinabung activity at 02.10 UTC 
(09.10 West Indonesia Time) with the height of volcanic 
ash distribution observed to be up to 4570 meters. The 
activity was again monitored from 08.20 UTC (15.20 West 
Indonesia Time) to 10.10 UTC (17.10 West Indonesia 
Time) with the MAX height of volcanic ash scattering up 
to approximately 10,000 meters at 10.00 UTC (17.00 West 
Indonesia Time).

a) b.1) b.2)

Figure 7. NOAA HYSPLIT model on July 28, 2021 at 06.00 UTC and May 7, 2021 at 02.00 UTC and 08.00 UTC
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The HYSPLIT model results related to the observation 
on May 7 2021 at 02.00 UTC and 08.00 UTC are presented 
in Figures 7 (b.1) and (b.2). Both models showed that the 
distribution was towards the Southwest–Northwest from 
the peak of Mount Sinabung.

c. 	 The eruption of Mount Sinabung on August 19, 2020
The VONA observations on August 19 2020 showed 

an eruption of Mount Sinabung at 11.23 UTC (18.23 
West Indonesia Time) with a height of up to 4000 meters. 
The distribution of volcanic ash was also in the East – 
Southeast direction.

The analysis of weather radar data showed that there 
was no eruption during observations at 11.20 UTC (18.20 
West Indonesia Time). However, activity was observed at 
11.30 and 11.40 UTC (18.30 and 18.40 West Indonesia 

Time) with volcanic ash scattering up to heights of 7000 
meters and 7130 meters as presented in Figure 9.

Figure 10 (a) shows the results of the HYSPLIT model 
for the eruption of Mount Sinabung on 19 August 2020 at 
11.00 UTC (18.00 West Indonesia Time). It was observed 
that volcanic ash distribution moved towards the North – 
Northeast direction.

d.	 The eruption of Mount Sinabung on August 14, 2020
The VONA report recorded two eruptions on 

August 14 2020 and the first was at 03.30 UTC (10.30 
West Indonesia Time) with a height estimated to be 2100 
meters and volcanic ash spread to the Southeast – South 
direction. The second was at 09.56 UTC (16.56 West 
Indonesia Time) with the height of the eruption column 
reaching approximately 4200 meters and volcanic ash 
spread to the East direction.

Figure 8. CMAX and VCUT products observations on May 7, 2021 
at 02.10 UTC, 08.20 UTC, 09.00 UTC, and 09.30 UTC – 10.10 UTC

Figure 9. CMAX and VCUT products observations on August 19, 2020
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a) b)

Figure 10. NOAA HYSPLIT model on (a) August 19, 2020 and
(b) August 10, 2020
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Figure 11. CMAX and VCUT products observations on August 14, 2020

1) 2)

Figure 12. NOAA HYSPLIT model on August 14, 2020
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The analysis of weather radar data processing showed 
there was insignificant volcanic activity from 03.20 UTC 
(10.20 West Indonesia Time) to 03.40 UTC (10.30 West 
Indonesia Time). Meanwhile, the observations at 10.00 
UTC (17.00 West Indonesia Time) recorded significant 
eruptive activity with volcanic ash scattering up to a 
height of 7000 meters. The activity was still visible up 
to 10.20 UTC (17.20 West Indonesia Time) as shown in 
Figure 11.

The HYSPLIT Model results for the eruption on 
14 August 2020 at 03.00 UTC (10.00 West Indonesia 
Time) and 10.00 UTC (17.00 West Indonesia Time) are 
presented in Figures 12 (1) and (2). It was observed that 
the movement of volcanic ash was in the South–Southwest 
direction.

f.	 The eruption of Mount Sinabung on August 10, 2020
The activity on August 10 2020 was reported by 

VONA to have occurred at 03.16 UTC (10.16 West 
Indonesia Time) with an eruption height of up to 5000 
meters and volcanic ash was distributed in the East – 
Southeast direction. Moreover, the results of weather 
radar observations in Figure 13 show a significant activity 
at 03.20 UTC (10.20 West Indonesia Time) up to 03.40 
UTC (10.40 West Indonesia Time). The MAX eruption 
column height was observed to be up to 7000 meters. 
The results of the HYSPLIT Model for the eruption on 
August 10 2020 at 03.00 UTC (10.00 West Indonesia 
Time) showed that volcanic ash moved in the Northeast–
Southeast direction as presented in Figure 10 (b).

4. 	 Conclusion 
In conclusion, the analysis of the Mount Sinabung eruption 

showed a difference in the heights of the eruption activities 

Figure 13. CMAX and VCUT products observations on August 10, 2020

based on weather radar data processing and the VONA 
observation reports conducted visually. The results in Table 2 
showed that the average values obtained for height in weather 
radar observation data processing were much higher than the 
VONA observation report and the duration of the eruption was 
presented in more detail. Moreover, weather radar observation 
comprehensively identified volcanic activities in the pre- and 
post-eruption stages with more detail on volcanic ash material 
scattered through blowing or eruptions. The trend was due to 
the ability of radar to directly detect the materials scattered in 
eruption cloud structures, including those visible to the naked 
eye and particles with very small sizes as classified by Marzano 
et.al (2013) in Table 1.

The NOAA HYSPLIT model used weather radar 
observations as input to analyze volcanic ash trajectories and 
dispersion. The results showed different volcanic ash dispersion 
directions compared to the VONA observation input. It was 
observed that weather radar observation products reflected the 
actual volcanic ash dispersion conditions better. The results of 
altitude analysis conducted using weather radar could be used 
as input for volcanic ash trajectory and dispersion models 
such as HYSPLIT, Puff, Numerical Atmospheric-dispersion 
Modelling Environment (NAME), and others to produce more 
accurate information.
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Flood Risk Mapping Using GIS and Multi-Criteria Analysis at Nanga Pinoh West 
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Abstract. Flood is one of the disasters that often hit various regions in Indonesia, specifically in West Kalimantan. 
The floods in Nanga Pinoh District, Melawi Regency, submerged 18 villages and thousands of houses. Therefore, 
this study aimed to map flood risk areas in Nanga Pinoh and their environmental impact. Secondary data on 
the slope, total rainfall, flow density, soil type, and land cover analyzed with the multi-criteria GIS analysis 
were used. The results showed that the location had low, medium, and high risks. It was found that areas with 
high, prone, medium, and low risk class are 1,515.95 ha, 30,194.92 ha, 21,953.80 ha, and 3.14 ha, respectively. 
These findings implied that the GIS approach and multi-criteria analysis are effective tools for flood risk maps 
and helpful in anticipating greater losses and mitigating the disasters.
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1. Introductin
Floods occur when a river exceeds its storage capacity, 

forcing the excess water to overflow the banks and fill the 
adjacent low-lying lands. This phenomenon represents the 
most frequent disasters affecting a majority of countries 
worldwide (Rincón et al., 2018; Zwenzner & Voigt, 2009), 
specifically Indonesia. Flooding is one of the most devastating 
disasters that yearly damage natural and man-made features 
(Du et al., 2013; Falguni & Singh, 2020; Tehrany et al., 2013; 
Youssef et al., 2011).

There are flood risks in many regions resulting in great 
damage (Alfieri et al., 2016; Mahmoud & Gan, 2018) with 
significant social, economic, and environmental impacts 
(Falguni & Singh, 2020; Geographic, 2019; Komolafe et al., 
2020; Rincón et al., 2018; Skilodimou et al., 2019). The effects 
include loss of human life, adverse impacts on the population, 
damage to the infrastructure, essential services, crops, and 
animals, the spread of diseases, and water contamination 
(Rincón et al., 2018).

Food accounts for 34% and 40% of global natural disasters 
in quantity and losses, respectively (Lyu et al., 2019; Petit-
Boix et al., 2017), with the occurrence increasing significantly 
worldwide in the last three decades (Komolafe et al., 2020; 
Rozalis et al., 2010). The factors causing floods include 
climate change (Ozkan & Tarhan, 2016; Zhou et al., 2021), 
land structure (Jha et al., 2011; Zwenzner & Voigt, 2009), and 
vegetation, inclination, and humans (Curebal et al., 2016). 
Other causes are land-use change, such as deforestation and 
urbanization (Huong & Pathirana, 2013; Rincón et al., 2018; 
N. Zhang et al., 2018; Zhou et al., 2021).

The high rainfall in the last few months has caused much 
flooding in the sub-districts of the West Kalimantan region. 
Thousands of houses in 18 villages in Melawi Regency have 
been flooded in the past week due to increased rainfall 

intensity in the upstream areas of West Kalimantan. This 
occurred within the Nanga Pinoh Police jurisdiction, including 
Tanjung Lay Village, Tembawang Panjang, Pal Village, Tanjung 
Niaga, Kenual, Baru and Sidomulyo Village in Nanga Pinoh 
Spectacle, Melawi Regency (Supriyadi, 2020).

The flood disaster in Melawi Regency should be mitigated 
to minimize future consequences by mapping the risk. 
Various technologies such as Remote Sensing and Geographic 
Information Systems have been developed for monitoring flood 
disasters. This technology has significantly contributed to flood 
monitoring and damage assessment helpful for the disaster 
management authorities (Biswajeet & Mardiana, 2009; Haq 
et al., 2012; Pradhan et al., 2009). Furthermore, techniques 
have been developed to map flood vulnerability and extent 
and assess the damage. These techniques guide the operation 
of Remote Sensing (RS) and Geographic Information Systems 
(GIS) to improve the efficiency of monitoring and managing 
flood disasters (Haq et al., 2012).

In the age of modern technology, integrating information 
extracted through Geographical Information System (GIS) and 
Remote Sensing (RS) into other datasets provides tremendous 
potential for identifying, monitoring, and assessing flood 
disasters (Biswajeet & Mardiana, 2009; Haq et al., 2012; 
Pradhan et al., 2009). Understanding the causes of flooding 
is essential in making a comprehensive mitigation model. 
Different flood hazard prevention strategies have been 
developed, such as risk mapping to identify vulnerable areas’ 
flooding risk. These mapping processes are important for the 
early warning systems, emergency services, preventing and 
mitigating future floods, and implementing flood management 
strategies (Bubeck et al., 2012; Falguni & Singh, 2020; Mandal 
& Chakrabarty, 2016; Shafapour Tehrany et al., 2017).

GIS and remote sensing technologies map the spatial 
variability of flooding events and the resulting hazards 
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