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Abstract. A river basin’s flood-prone mapping is essential for managing flood risks, developing mitigation
plans, and developing flood forecasting and warning systems, among other things. This research uses the
HAND model to estimate the level of flood-prone and its distribution in watersheds. The method used is
survey and image interpretation. The data used is DEM imagery with a resolution of 10 meters. Data analysis
uses spatial analysis, which includes elevation, hydrological analysis, fill, flow accumulation, flow direction,
flow distance, and minus statistical analysis. The results showed that the Serawai watershed has five classes:
very prone, prone, moderate, not prone, and very not prone. The very prone class has an area of 112,213.82 ha
(65.41%), including Tontang, Sedaha, Nanga Serawai, Begori, Nanga Lekawai, Surga, Buntut Ponte, and Nanga
Segulang village. The prone class has an area of 29,356.65 ha (17.14%), spread across the village of part of
Beurgea, part of Nanga Segulang, Nanga Jelundung, and part of Tontang village. The moderate level has an area
of 18,971.52 ha (11.08%), spread across Tontang, part of Nanga Jelundung, and part of Baras Nabun village.
The area with a not-prone is 7,996.20 ha (4.67%), spread across Baras Nabun and parts of Nanga Jelundung
village. For areas that are very not prone, they have an area of 3,004.20 (1.75%), spread over parts of the villages
of Sedaha, parts of Baras Nabun, and Nanga Jelundung. Based on the research results, it can be concluded that
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the HAND Model is an effective and easy-to-use model for estimating flood-prone areas.
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1. Introduction

Flood is a natural process that has occurred worldwide,
even before human existence itself, and has been a decisive
factor in the rise and development of civilizations and the
decadence of others (Dantas & Paz, 2021; Goerl et al., 2017).
One of the calamities that frequently affects different parts
of Indonesia is flooding. Given that Indonesia is a tropical
region with heavy rainfall, floods are a reasonable occurrence.
The impact of these catastrophic calamities on human lives
is tremendous. Flooding is one of the most pervasive natural
hazards that negatively impacts too many aspects, such as
social (Geographic, 2019; Rincén et al., 2018), including loss
of human life and adverse effects on the population, damage
to the infrastructure, and essential services, damage to crops
and animals, the spread of diseases, and contamination of
the water supply (Rincédn et al.,, 2018). High yearly rainfall
raises sea levels and river bottoms, resulting in floods in many
different world regions. Over the past three decades, floods
have considerably increased everywhere (Komolafe et al,
2020; Rozalis et al., 2010).

Many factors cause flooding, such as climate change
(Ozkan & Tarhan, 2016; Zhou et al., 2021), soil structure
and type (Jha et al, 2011; Zwenzner & Voigt, 2009),
sparse vegetation, slope, and people (Hu & Demir, 2021).
Another cause is land use change, such as deforestation and
urbanization (Ekmekcioglu et al., 2021; Huong & Pathirana,
2013; Rincdn et al.,, 2018; Zhang et al., 2018; Zhou et al,,
2021). Floods are also caused by hydrological conditions

such as the capacity of river channels to convey flood flows,
geological characteristics related to structure and rock types,
and complex geomorphological processes, such as significant
changes in river channels (Cendrero et al., 2022; Gentile et al.,
2022; Gorcezyca et al., 2014; Prokop et al., 2020; Raczkowska et
al., 2024), resulting in major environmental damage (Gorczyca
et al., 2014; Komolafe et al., 2020; Mukherjee & Singh, 2020;
Purwanto et al., 2022; Skilodimou et al., 2019). The impacts
of floods include loss of human life, damage to infrastructure,
destruction of crops and animals, loss of ecosystem services,
spread of disease, and contamination of water supplies (Rincén
etal., 2018)

The most unpredictable natural calamities, floods, must be
avoided entirely; they cannot be partly stopped. Its incidence
may be predicted, and the damage can be minimized with
practical risk assessment. In recent years, a growing body
of studies on flood risk assessment and analysis has been
carried out in different regions and cities both in the lowlands
end coastal areas (Cai et al, 2021; Sarmah et al., 2020),
comparatively little investigation has been performed on the
upstream area which is a mountainous region. An area in the
mountain cities is sensitive to sudden floods due to significant
elevation disparity and other specific factors (Romanescu et
al., 2018).

The West Kalimantan region’s sub-districts have
experienced significant flooding due to excessive rains. One
of them is in Sintang Regency’s Serawai District. As a result of
heavy rains, the Melawi river water overflowed and caused a



Indonesian Journal of Geography, Vol 56, No. 3 (2024) 436-445

flood of water to rise to the villages in Sabang Landan Village,
Tontang Village, Temakung Village, Tanjung Harapan Village,
Pagar Lebata Village, Bedaha Village, Talian Sahabung Village,
Begori Village, Gurung Sengiang Village, Batu Ketebung
Village, Tanjung Raya Village, Nanga Serawai Village, Tanjung
Baru Village, Mentatai Village, Nusa Tujuh Village, Nanga
Tekungai Village, Segulang Village and Baras Nabun Village.
Even a few months ago, the flood reached a height of 2 meters
to 3.5 meters, which resulted in many residents having to
evacuate.

When considering the more frequent occurrence of
intense and extreme weather events, such as floods (Coumou
& Rahmstorf, 2012), it is of critical importance to develop an
understanding and means of effectively predicting inundation
extent, the central aspect of hydrological hazard. Various
technologies, including Remote Sensing and Geographic
Information Systems, have also been developed for monitoring
flood disasters. Remote Sensing has contributed substantially
to flood monitoring and damage assessment, leading disaster
management authorities to contribute significantly (Haq et al.,
2012), and the Geographical Information System. Numerous
methods have been developed to map flood risk, extent, and
damage evaluation. The goal is to be used as a guide for 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).

A river basins flood-prone mapping is essential for
managing flood risks, developing mitigation plans, and
developing flood forecasting and warning systems, among
other things. One approach for this mapping is based on the
HAND (Height Above Nearest Drainage), directly derived
from the Digital Elevation Model (DEM), in which each pixel
represents the elevation difference of this point about the river
drainage network to which it is connected (Dantas & Paz,
2021).

HAND is an analysis approach directly derived from
DEM, involving two other products also extracted from DEM:
the flow directions and the drainage network (Dantas & Paz,
2021; Forner et al., 2015). This study uses the HAND model
to estimate the level of flood-prone and its distribution in
watersheds

2. The Method

Study Area

This research was conducted in the Serawai Watershed,
Sintang Regency, West Kalimantan Province, Indonesia,
located between longitude 112°25°00” E - 112°46’30” E and
latitude 0°30°00” S - 0°45’00” S (Figure 1). The study area is
approximately 171.542,39 ha. The Serawai watershed includes
Sabang Landan Village, Tontang Village, Temakung Village,
Tanjung Harapan Village, Pagar Lebata Village, Bedaha Village,
Talian Sahabung Village, Begori Villages, Gurung Sengiang
Village, Batu Ketebung Village, Tanjung Raya Village, Nanga
Serawai Village, Tanjung Baru Village, Mentatai Village, Nusa
Seven Village, Nanga Tekungai Village, Segulang Village and
Baras Nabun Village.

Method
The method used in this research is survey and image
interpretation. The data used include: a) Topographic maps
and DEM (Digital Elevation Model) images with a resolution
of 10 meters from ALOS Palsar. Some of the data collected in
this study are:
a. Land Use Land Cover
Land use land cover data was generated from
Sentinel 2A Land Cover. LULC causes changes to the
natural drainage system (Mehr & Akdegirmen, 2021;
Sugianto et al., 2022), impacts surface runoff, and affects
infiltration capacity (Mehr & Akdegirmen, 2021). These
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Figure 1. Study Area
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factors are believed to be the cause of frequent flooding.
Meanwhile, the level of available vegetation cover and
infiltration rate also change the evapotranspiration rate
(Hu & Demir, 2021). These factors alter the behavior and
balance that occurs between water evaporation (Sugianto
et al., 2022), water absorption (Nahib et al., 2021), and
water distribution through rivers (Nahib et al, 2021;
Sahoo et al., 2018). The result of the land cover analysis of
the Serawai sub-watershed can be seen in Figure 3.

Basic Digital Elevation Model processing

The study areas basic digital altitude model
processing is processed to obtain a basic information
layer for estimating the flood area. The flow direction is
established after any depressions have been eliminated,
i.e., each pixel’s flow direction is given to one of its eight
neighbors (D8 - Deterministic Eight-Neighbor technique)
(Dantas & Paz, 2021; Jenson & Domingue, 1988; Mark,
1984).

The primary guideline for choosing the direction of
flow is to point it in the direction of the neighboring pixel
with the highest slope. However, there are also particular
guidelines for treating depressions and planes depending
on the algorithm, which typically involves changing the
height (Barnes et al., 2014). The flow direction determines
the accumulated drainage area. This area comprises a
raster layer with each pixel’s attribute representing an
upstream contribution area, the total of all the pixel areas
whose flow routes lead to that pixel.

Slope

The slope is an important indicator of flood-prone
surface zones (Alemayehu, 2007; Wondim, 2016).
Slope affects the speed at which water flows through
drainage channels and watersheds (Hu & Demir, 2021).
In addition, the steeper the slope, the higher the water
runoff; consequently, a higher peak discharge will be
generated. The 0-8% slope class occupies most of the
watershed, meaning that most of the watershed is highly
vulnerable to flood hazards. This is because steep slopes
are more prone to surface runoff, while flatlands are prone
to waterlogging. Water moves more slowly, collects over a
longer period, and accumulates on fatter surfaces, making
them more susceptible to flooding than steeper surfaces
(Desalegn & Mulu, 2021; Gigovi¢ et al., 2017; Hagos et
al., 2022; Rimba et al.,, 2017; Singh et al., 2020; Wondim,
2016).
Hydrological Characteristics

The drainage network is established based on the
cumulative drainage area, which is calculated by applying
a threshold to the accumulated area (Fan et al., 2013;
Goerl et al., 2017; Momo et al., 2016; Speckhann et al.,
2018). In other words, network drainage is represented by
all watershed pixels, with drainage areas more significant
than the threshold. Different threshold values that reflect
the drainage network’s sensitivity are more than or equal
to 100. Several morphometric analyses were carried out
in this study, among others Perimeter (P), Compactness
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Figure 2. Research Method
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Coefhicient (Cc), Form Ratio (Fr), Circularity Racio (Rc),
Drainage density (Dd) (Cardoso et al., 2006; Santos et al.,
2021).
Soil

Soil is one of the essential factors for delineating the
groundwater potential in study areas. Soil characteristics
can control rates of infiltration, percolation, and
permeability (Burayu, 2022; Purwanto & Andrasmoro,
2023). Grain size and types influenced the ability to
control infiltration, percolation, and permeability rates
(Kumar et al., 2021; Sajil Kumar et al., 2022).
Combining existing vector drainage networks

DEM processing technique, known as stream flaring,
has been used to define the flow route in a manner
compatible with the vector network’s representation of
the DEM river drainage network (Lindsay, 2016; Wu et
al., 2019). With the exact DEM spatial resolution, the
vector network has transformed to a raster format, and
DEM pixels directly adjacent to the vector network’s
representative pixels are height reduced. As with DEMs
without river burning, this burnt DEM is processed to
derive flow directions, accumulation areas, basin borders,
and drainage networks while removing basins.

ArcGIS 10.8 is utilized, which contains a DEM processing
system, to determine HAND terrain descriptors in the form
of flow directions, basin borders, and drainage networks
formatted as raster. The topography reference of HAND
changes (Dantas & Paz, 2021; Nobre et al, 2011), and a
corresponding referential (Zr) is assigned to each pixel.
HAND is determined based on the difference between Zp and
Zr. Estimating the flood area is carried out in a standard way,
namely by reclassifying the HAND value with scoring and
classifying flood hazards from very prone, prone, moderate,
non-prone, and very non-prone. The stages of the research
methodology can be seen in Figure 2.

Data analysis

Data analysis used spatial analysis which included
elevation, slope, and hydrological analysis including filling,
flow accumulation, flow direction, and flow distance, minus
statistical analysis, as well as sub-watershed morphometric
analysis. In addition, it also uses reclassify analysis to
determine the research area’s level of flood proneness. For data
exploration using ArcGis 10.8.

Table 1. Land Cover Serawai Sub-Watershed

Land Use Land Cover Area (Ha)
Water Body 1.142,24
Forest 158.222,47
Flooded Vegetation 22,08
Field 78,97
Built Area 156,55
Shrubs 5.735,57
Bareland 1.994,27
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Figure 3. Land Use Land Cover Serawai Sub Watershed
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3. Result and Discussion
Land Use Land Cover

The results of the analysis of land cover data generated
from Sentinel 2A land use land cover known as sub-watershed
land cover can be seen in Table 1.

Based on the data in Table 1, it is known that forest land
use land cover has the most extensive area, namely 158.222,47
Ha, followed by shrub land 5.735,57 Ha, while bare land has an
area of 1.994,27 HA. Land cover greatly influences flood-prone
and determines the amount of stormwater runoff that exceeds
the infiltration rate. Land that is heavily vegetated increases
the infiltration rate of stormwater and slows down the time it
takes for stormwater runoff to reach the river. This reduces the
likelihood of flooding compared to unvegetated areas (J. Liu et
al,, 2018; Ullah & Zhang, 2020).

Elevation

The primary determinant of floods is altitude. Flood
incidents generally increase with decreasing height due to
the height’s influence (Choubin et al., 2019; Mumbai, 2020).
It is proven that places with low elevations often experience
flooding every rainy season. The DEM in this study provides
altitude information processed with ArcGIS 10.8. The
height factor and slope angle are classified into five classes
(Althuwaynee et al., 2012; Bui et al., 2019). Flooding is more
likely to occur in low-altitude, flat locations with low slopes.
The digital elevation maps are edited to factor elevations using
the reclassify command in ArcGIS 10.8. Furthermore, this
layer is divided into five classes 0 - 45, 45 - 107, 107 - 160, 160
- 206, and 206 - 254 m.

In the research area, flooding happens along rivers. As
a result, another geomorphologically linked conditioning
element is the distance from the river. Additionally, a map of

the distance from the river is created since the river flow will
affect the slope’s stability by cutting the river’s foot or soaking
some of the material beneath the water’s surface (Mojaddadi et
al., 2017). River proximity and drainage indicate the distance
from the river.

Hydrological Characteristic

The digital river map was edited using Euclidean with
ArcGIS 10.8 to create a distance factor layer from the river.
This order is further divided into five classes, namely orders
1, 2, 3, 4, 5, and 6. The region’s distribution and intensity of
floods are significantly influenced by the distance from the
river (or by the distance of the measuring site from the river)
(Bui et al., 2019; Grayson & Ladson, 1991). In areas with
insufficient infiltration and percolation due to changes in soil
characteristics, vegetation cover, and slope of the land surface,
high-intensity rainfall events produce large amounts of runoft
around nearby rivers, thus causing major flood disasters in
downstream areas, with lower topographical gradients (Bui et
al.,, 2019; Kia et al., 2012).

Several morphometric analyses were conducted in this
study for the preliminary evaluation of flood probability. In this
study, we calculated the morphometric parameters to evaluate
the Serawai sub-watershed using the formula proposed by
(Cardoso et al., 2006; Santos et al., 2021) as presented below.

Compactness coefficient ( Cc)

.
=0.28—
Ce U"Eﬂ ............................................................................. (1)

Where P is the basin perimeter (km), and A is the basin area
(km?).
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Table 2. Morphometric parameters of the Serawai Sub Watershed

Parameter Serawai Sub Watershed
Area 1.715,42 Km?
Perimeter 239,47 Km
Compactness Coefficient (Cc) 1,618
Form Ratio (Fr) 0,001
Circularity Racio (Rc) 0,376
Drainage density (Dd) 0,761

Form ratio (Ff)

F._a

I'=0=

Where, A is the basin area (km?), and L is the basin length
(km).

Circularity ratio (Rc)

_ 12574

R

FE

Where, A is the basin area (km2), and P is the basin perimeter
(km).

Drainage density (Dd)

Where L is the total stream length (km), and A is the basin
area (km?)

Based on the above formula, the hydrological characteristics of
the study area can be seen in Table 2.
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Ifthe Compactness coefficient (C_ = 1) the watershed tends
to have a circular shape, resulting in large water overflows from
the main river, thereby increasing flood vulnerability (Santos
et al., 2021). The Serawai sub-watershed has a compactness
coeflicient of 1.618, which indicates an irregular shape, so it
is not susceptible to flooding. The form ratio shows that the
sub-watershed has a rectangular shape. It is defined as the
ratio of the average basin width to the axial length (Cardoso
et al., 2006). The analyzed watershed has a relatively low Form
ratio (Ff = 0.001), indicating a low flood tendency. Similar
to the Compactness Coeflicient, Circularity Racio shows the
similarity of the watershed shape to a circle shape; values close
to 1 indicate circularity, and values greater than 1, extension
(Cardoso et al., 2006; Santos et al., 2021). The obtained Racio
Circularity (Rc = 0.367 also characterizes a low probability/
probability of flooding. Drainage density indicates the time
required for rainfall to leave the basin; That is, it indicates the
efficiency of the drainage system. According to (Santos et al.,
2021) poorly drained basins have a drainage density of around
0.5 km/km2, while well-drained basins show values close to or
greater than 3.5 km/km?2. The Serawai Sub-watershed is shown
to have moderate drainage capacity (Dd = 0.761 km/km?2). For
other hydrographic characteristics namely, river flow patterns,
what exists is a dendritic pattern
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Soil greatly influences flooding because of its ability to
absorb water, which is called infiltration. Studies examine
factors that influence infiltration, including in Aceh, West
Kalimantan Province, Indonesia (Basri & Chandra, 2021;
Purwanto et al, 2022; Silalahi et al., 2019; Suryadi &
Riduansyah, 2021). Physical factors include soil texture,
structure, and density. The study area is dominated by ultisol
soil which has a clay texture. This land is also easily flooded
due to its low ability to drain water (Y. Liu et al., 2019). The
link between soil and flooding is the ability to absorb water,
a process called infiltration. Physical factors that influence
infiltration include soil texture, structure, and density. Coarse-
textured soil has a greater infiltration capacity than fine-
textured soil. Soil with low structure and density has faster
infiltration than soil with high structure and density. Rapid
infiltration reduces the risk of flooding because the overlying
flooded soil drains more quickly vertically. The type of soil in
the study area can be seen in Figure 6.

Geographic Information System (GIS) software, namely
ArcGIS 10.8, is used to generate the HAND model by
employing flow direction and flow distance data that has been
processed using the Minus tool with the assistance of DEM to
obtain HAND. The results showed that the Serawai watershed

has five prone classes: very prone, prone, moderate, not prone,
and very not prone.

Based on the results of the HAND analysis of the
distribution and extent of flood risk, it can be seen in Table 3.

The very prone class has an area of 112,213.82 ha (65.41%),
this area is very prone to flooding because the area is dominated
by flat topography, with a low slope, medium river density,
and a soil type dominated by clay texture, so infiltration is
low. Areas with a high level of prone have an area of 29,356.65
ha (17.14%). Areas with a high level of moderate in general
are also because they are located on flat to wavy topography,
river density is moderate and the soil texture is dominated by
clay. The moderately prone level has an area of 18,971.52 ha
(11.08%), due to being located on a sloping topography, the
soil is dominated by clay texture but the density of rivers is
rare. The area that is not prone is 7,996.20 ha (4.67%), while in
very non-prone areas it has an area of 3,004.20 (1.75%). This
condition is because this area is in a hilly topography.

The very prone class spread over the villages of Tontang,
Sedaha, Nanga Serawai, Begori, Nanga Lekawai, Surgaa, Buntut
Ponte, and Nanga Segulang. Areas with a high level of prone
are spread across the villages of part of Beurgea, part of Nanga
Segulang, Nanga Jelundung, and part of Tontang village. The
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Figure 6. Soil Type
Table 3. Area and Percentage of Flood Prone
Prone Classes Area (ha) %
Very prone 112,213.82 65.41
Prone 29,356.65 17.11
Moderate 18,971.52 11.06
Not prone 7,996.20 4.66
Very not prone 3,004.20 1.75
Sum 171,542.39 100,00

Source: secondary data processing
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Figure 7. Area and Distribution of Flood Prone

moderate level of prone spread across Tontang village, part
of Nanga Jelundung village, and part of Baras Nabun village.
The area with a not-prone level, is spread across parts of Baras
Nabun and parts of Nanga Jelundung. For areas that are very
not prone, spread over parts of the villages of Sedaha, parts of
Baras Nabun, and Nanga Jelundung.

HAND is a model and approach for flood-prone mapping
developed and validated based on Digital Elevation Model
(DEM) data. Without using additional data sources, the
current mapping approach may be enhanced by using HAND
(Height Above Nearest Drainage) to predict inundation flood
areas. The HAND model is a great and straightforward tool
for inundation research and inundation area prediction. This
model is also advantageous in watersheds without detailed
bathymetry or other calibration data.

HAND calculations use the original or modified DEM with
a depression removal process. However, this impacts the results
related to the flood area, especially for low flood elevations. It
is, therefore, advisable to consider DEM without depression.
The DEM without depression captures the evenness of the
flood profile that runs down the river, accurately depicting the
situation on the ground. The estimated area of flood area based
on HAND is related to watershed morphology and also the
characteristics of the river drainage system.

4. Conclusion

The results showed that the Serawai Sub-watershed has
five classes: very prone, prone, moderate, not prone, and very
not prone. The very prone class has an area of 112,213.82 ha
(65.41%), including Tontang, Sedaha, Nanga Serawai, Begori,
Nanga Lekawai, Surga, Buntut Ponte, and Nanga Segulang
village. The prone class has an area of 29,356.65 ha (17.14%),
spread across the village of part of Beurgea, part of Nanga
Segulang, Nanga Jelundung, and part of Tontang village.
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The moderate level has an area of 18,971.52 ha (11.08%),
spread across Tontang, part of Nanga Jelundung, and part of
Baras Nabun village. The area with a not-prone is 7,996.20
ha (4.67%), spread across Baras Nabun and parts of Nanga
Jelundung village. For areas that are very not prone, they have
an area of 3,004.20 (1.75%), spread over parts of the villages of
Sedaha, parts of Baras Nabun, and Nanga Jelundung.
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