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Abstract. Flood is one of the most frequent natural disasters in Indonesia and worldwide. Therefore, this study
aimed to compare and evaluate flood-prone mapping model using Height Above Nearest Drainage (HAND)
and Topographic Wetness Index (TWI) model in data-scarce areas. HAND and TWI models were used to
estimate flood-prone level, with field survey and image interpretation as primary methodologies. The data used
was Digital Elevation Model (DEM) imagery with a resolution of 10 meters, incorporating elevation, slope,
and hydrological parameters namely flow accumulation, direction, and distance. The mapping flood-prone
areas were categorized as very prone, prone, moderate, not prone, and very not prone. The results showed that
there were differences between HAND and TWI models in terms of area and percentage. The differences in
flood inundation characteristics produced by HAND model were mainly due to variations in elevation and
proximity to drainage channels. In contrast, TWI model focused on topography, soil moisture, and runoft
potential. The differences between the two models also emphasized the importance of terrain characteristics in
model predictions. The comparable predictive ability of HAND and TWI models presents an alternative and
complementary method for mapping flood-prone locations in data-scarce areas.
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1. Introduction

Flood is one of the most frequent natural disasters in
Indonesia and worldwide. This phenomenon impacts millions
of people globally and significantly harms both natural and
human resources (Henstra et al., 2019; Purwanto et al., 2022,
2024). In this regard, property and infrastructure damage
can put human and animal life in jeopardy (Latue et al,
2023; Latue & Rakuasa, 2023). Flood is considered a serious
natural disaster (Zelendkova et al., 2019) and deserves serious
attention. It occurs when water overwhelms typically dryland,
roads, rivers, and lowlands due to an excess of volume beyond
the area drainage or storage capacity (Souissi et al., 2020).

According to data, an estimated 163 floods have been
recorded worldwide every year between 2001 and 2020,
resulting in $34.1 billion worth of economic damages (CRED,
2022). About 223 more cases of flood were recorded in 2021,
which resulted in significant financial losses of US$74.4 billion.
Factors including conditions of land usage and cover, as well as
community development contribute to the continuous trend
of flood (Grahn & Nyberg, 2017). Flood danger is projected
to rise due to climate change and altered land use and cover,
particularly urbanization in floodplains (Thalakkottukara
et al., 2024). A warmer climate is expected to increase the
danger of flood because of changes in the distribution and
variability of precipitation, which affects the hydrological cycle
intensity, frequency, and length (Madakumbura et al., 2019).
It also affects socioeconomic development variables (Arnell &
Gosling, 2016; Madakumbura et al., 2019; Tellman et al., 2021;
Winsemius et al., 2016).
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In general, spatial heterogeneity isa common characteristic
of flood-prone locations (Saharia et al., 2017; Thalakkottukara
et al., 2024), with large differences in flood risk between urban
and rural areas. At the moment, the majority of study interest
is focused on cases from metropolitan regions to rural areas,
which are presumably the most sensitive to the effects of floods
(Bukvic & Harrald, 2019; Cutter et al., 2016; Rhubart & Sun,
2021; Thalakkottukara et al., 2024). Lack of access to sufficient
data and instruments for studying and assessing flood risk
contributes to the rise of distinct regional physical features and
the deterioration in flood resistance in rural regions. However,
by charting flood regions ahead of time, rural areas degree
of flood resilience may be greatly increased since these maps
help stakeholders communicate risks (Henstra et al., 2019;
Purwanto et al., 2022). Charting flood-prone regions helps
lessen the effects of flood and promote the growth of rural
communities (Purwanto et al., 2024) that are risk-aware and
climate-resilient.

Several hydraulic and hydrodynamic models, including
MIKE FLOOD, SMS-SRH, and HEC-RAS, are used for flood
mapping (Deslauriers & Mahdi, 2018; Patel et al., 2017). More
precise spatial and temporal data are unavailable in rural areas
due to numerous constraints (Albano et al., 2020; Coccia et al.,
2023; Shastry & Durand, 2019). Therefore, rural communities
and emergency managers lack access to flood inundation
mapping, which would have helped lessen the effects of flood
(Thalakkottukara et al., 2024).

Many models and tools with varying data and
computational needshavebeen created due to variousinitiatives
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focused on mapping floods in areas lacking comprehensive
data and observations. For example, Height Above Nearest
Drainage (HAND) models have been developed to produce
flood inundation maps for flood events from Digital Elevation
Model (DEM) (Hu & Demir, 2021a; Nobre et al., 2011; Rennd
et al., 2008). The 2D hydrodynamic models can also simulate
fluvial at 30 m resolution but only in catchments larger than
50 km? in area (Wing et al., 2017). Additionally, Topographic
Wetness Index (TWI) models can serve as an alternative to
the conventional method of defining flood-prone areas solely
through contouring (Latue & Rakuasa, 2023; Pourali et al,,
2016).

HAND is a terrain property generated from DEM
that suggests the possibility of drying and soil moisture
development. It is a useful descriptor to identify hydrologically
unique landscape units (Gharari etal., 2011; Nobre etal.,2011).
HAND-based method has several advantages over hydraulic/
hydrodynamic models, including decreased complexity and
computational efficiency with streamlined input data needs.

The use of hydraulic and hydrodynamic models is
limited by excessive data and computational requirements
(Thalakkottukara et al, 2024). The main advantages of
HAND-based method over hydraulic/hydrodynamic
models are computational efficiency and lower complexity
with simple input data requirements. Many studies have
demonstrated the suitability of HAND models in flood
inundation and floodplain mapping studies under various
hydro-environmental conditions (Bhatt & Srinivasa Rao, 2018;
Diehl et al., 2021; Rahmati et al., 2018; Scriven et al.,, 2021;
Speckhann et al., 2018). HAND is also applied in various web-
based flood inundation mapping and real-time flood guidance
and forecasting systems (Chaudhuri et al., 2021; Hu & Demir,
2021b; Johnson et al., 2019; Unnithan et al., 2024; Zheng et al.,
2018).

Similar to HAND, TWI model offers a cheaper method
of flood assessment than using traditional hydrodynamic
models. TWI is a method of measuring the level of wetness
or soil surface moisture in an area based on topographic
characteristics (Nucifera & Putro, 2017). It is based on
calculating a topographic index that includes the elevation and
slope of an area (Berhanu & Bisrat, 2018; Muin et al., 2023).
TWI can be used in various applications, including mapping
potential flood areas (Muin et al., 2023), flood-prone areas
(watersheds), and flood modeling in watersheds (Rakuasa
et al.,, 2023). Statistical measures that estimate the level of
consistency in topography-based methods show that HAND
and TWI produce more plausible floodplain maps (Dhote et
al., 2023).

In general, data-scarce areas will hinder the process of
mapping flood vulnerability. The condition of the regions in
West Kalimantan is mostly data-scarce provision, but HAND
and TWI models allow flood mapping to be carried out
despite data scarcity. Therefore, this study aimed to compare
and analyze the flood-prone mapping model using HAND
and TWI models in Serawai Sub-watershed. The results are
expected to offer answers for the problems of flood mapping
in West Kalimantan and other data-scarce areas.

2. Methods
Study Area

Astronomically, the study area is located between
112°25°00” E - 112°46’30” E and latitude 0°30°00” S - 0°45°00”
S (Figure 1) with a total area of approximately 171.542,39 ha.
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The location is bounded to the east, north, and west by Kapuas
sub-watershed, and to the south by Ketingan sub-watershed.

Method
The method used in this study was survey and image
interpretation. The data collected include topographic maps
and DEM images with a resolution of 10 meters from ALOS
Palsar.
a. Basic Digital Elevation Model processing
Basic digital altitude model processing of the area
was carried out to obtain a basic information layer for
estimating flood area. The flow direction was established
after any depressions had been eliminated. Each pixel flow
direction was given to one of the eight neighbors (D8 -
Deterministic Eight-Neighbor method) (Dantas & Paz,
2021; Jenson & Domingue, 1988; Mark, 1984).
The primary criterion for determining flow direction is
to orient it toward the neighboring pixel with the steepest
slope. However, there are also particular guidelines
for treating depressions and planes depending on the
algorithm, which typically requires changing the height
(Barnes et al., 2014). In general, the flow direction
determines the accumulated drainage area. This area
comprises a raster layer with each pixel attribute
representing an upstream contribution area, the total of
all the pixel areas whose flow routes lead to that pixel.
Drainage Network Determination
The drainage network was established based on the
cumulative drainage area, 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 was 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.
c.  Combining Existing Vector Drainage Networks
DEM processing method, known as stream flaring,
has been used to define the flow route in a manner
compatible with the vector network representation of
DEM river drainage network (Lindsay, 2016; Wu et al,,
2019). With the exact DEM spatial resolution, the vector
network transformed to a raster format, and DEM pixels
directly adjacent to the vector network representative
pixels were reduced in height. Similar to DEM without
river burning, this modified DEM was processed to derive
flow directions, accumulation areas, basin borders, and
drainage networks while removing basins.

ArcGIS Pro, which includes a DEM processing system,
was used to determine HAND terrain descriptors in the form
of flow directions, basin borders, and drainage networks
formatted as raster. The height (Zp) of each basin pixel which
was not a component of the drainage network, was identified.
The downstream flow path was then monitored, until it
reached the drainage network, recording the elevation (Zr) of
the corresponding drainage network pixel. Furthermore, the
topography reference of HAND changes (Dantas & Paz, 2021;
Nobre et al., 2011), and a corresponding referential (Zr) were
assigned to each pixel. HAND was determined based on the
difference between Zp and Zr. Subsequently, the flood area was
estimated in a standard way by reclassifying HAND value with
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Figure 2. Study Method

scoring from very prone, prone, moderate, non-prone, and
very non-prone. The stages of the methodology are shown in
Figure 2.

Data Analysis

ArcGIS Pro was used for data analysis, specifically
Hydrology Spatial Analysis tool including filling, flow
accumulation, flow direction, and flow distance. HAND value
was obtained using Mathematical analysis through the Minus
tool in ArcGIS Pro. Additionally, TWI value was obtained
using the Map Algebra and Reclassification tools to determine
the level of flood vulnerability in the study area.
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3. Result and Discussion

The main factor influencing flood is altitude, with flood
risk increasing as elevation decreases (Choubin et al., 2019;
Mumbai, 2020). During the rainy season, low-lying areas are
flooded almost every year. The elevation information in this
study was obtained from DEM data, which was classified using
ArcGIS Pro into five classes (Althuwaynee et al., 2012; Bui et
al., 2019). Elevation maps were created and classified using
the reclassify tool in ArcGIS Pro. The five elevation class areas
include 0 - 45 m, 45 - 107 m, 107 - 160 m, 160 - 206 m, and 206
- 254 m. The altitude classification of the study area is shown
in Figure 3.
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Aside from elevation, slope has a significant influence
on flood-prone areas (Alemayehu, 2007; Wondim, 2016). The
rate at which surface water moves through drainage channels
and watersheds is significantly influenced by slope (Hu &
Demir, 2021b). Consequently, slope has the effect of increasing
surface water runoff and peak discharge with higher slope
steepness. Slope of 0-8% occupy most of the subwatershed,
suggesting that most of the subwatershed is very vulnerable
to flood hazards. Flat land is more susceptible to flood, while
water easily flows as surface runoff in steep areas. Compared
to steeper locations, flat places are more likely to flood because
water travels more slowly there and accumulates over time
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(Desalegn & Mulu, 2021; Gigovi¢ et al., 2017; Hagos et al.,
2022; Rimba et al., 2017; Singh et al., 2020; Wondim, 2016).
Slope of the study area is presented in Figure 4.

The geomorphological element associated with flood is
distance from the river. In general, distance from the river is
used because flow affects slope stability. River flow cuts the toe
of slope or partially submerges the material below the water
table (Mojaddadi et al., 2017). Distance is reflected by the
proximity of the river or drainage, represented by the river flow
pattern. River distance maps were created using the Euclidean
tool with ArcGIS Pro.
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Table 1. Area of Flood-Prone with HAND
Prone Classes Area (Ha) %
Very prone 111.902,37 65,35
Prone 29.356,65 17,14
Moderate 18.971,52 11,08
Not prone 7.996,20 4,67
Very not prone 3.004,20 1,75
17.1230,94 100,00
Source: secondary data processing (2024)
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Figure 5. Area and Distribution of Flood-Prone with HAND
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The distance from the river has a substantial impact
on the distribution and severity of floods in a given region
(Bui et al,, 2019; Grayson & Ladson, 1991). High-intensity
rainfall events create significant water runoff around nearby
rivers in areas with insufficient infiltration and percolation
because of changes in soil properties, vegetation cover, and
land surface slope (Bui et al., 2019; Kia et al., 2012). This can
lead to catastrophic flood in downstream areas with lower
topographic gradients.

HAND was created by using DEM data, through
Geographic Information System (GIS) software, ArcGIS Pro.
Data were collected on flow direction and flow distance that
have been processed using the Minus tool in spatial analysis.
The results showed that Serawai sub-watershed has five classes
of vulnerability, namely very prone, prone, moderate, not
prone, and very not prone. HAND analysis results for the
distribution and extent of flood-prone are shown in Table 1.

Very prone class has an area of 111,902.37 ha (65.35%),
including the villages of Tontang, Sedaha, Nanga Serawai,
Begori, Nanga Lekawai, Surgaa, Buntut Ponte, and Nanga
Segulang. Areas with a high level of prone amounted to
29,356.65 ha (17.14%). Meanwhile, areas with a high level
of prone are spread across the villages of Beurgea, Nanga
Segulang, Nanga Jelundung, and Tontang. Moderate-prone

areas amounted to 18,971.52 ha (11.08%), spreading across the
villages of Tontang, Nanga Jelundung, and Baras Nabun. The
areas with not prone level were 7,996.20 ha (4.67%), spread
across parts of Baras Nabun and parts of Nanga Jelundung.
Finally, very not prone areas were estimated at 3,004.20
(1.75%), spreading across villages of Sedaha, Baras Nabun, and
Nanga Jelundung.

Based on the calculation and mapping results of TWTI in
the study area, the lowest and highest values were 4.148 and
23.593, respectively. The range was then classified into five
classes with the quantile method.

The results of TWI analysis for the distribution and extent
of flooding are shown in Table 2:

HAND measures the relative elevation of each point in
the landscape above the nearest drainage channel (Dhote et
al., 2023). The model is particularly useful for identifying
areas prone to flood by determining the water level required
to inundate a given location. HAND is effective in delineating
floodplains and assessing flood risk based on proximity and
elevation relative to water bodies. On the other hand, TWI
combines slope and upstream contributing areas to estimate
potential soil moisture (Berhanu & Bisrat, 2018; Dhote et al.,
2023; Muin et al., 2023; Purwanto, 2023). It is a measure of
how likely an area is to retain water, indicating areas prone
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Figure 5. Area and Distribution of Flood-Prone with HAND

Table 2. Area of Flood-Prone with TWI

Prone Classes Area (Ha) %

Very prone 75.821,241 44,29
Prone 57462,786 33,56
Moderate 22125,526 12,92
Not prone 12152,991 7,10
Very not prone 3668,396 2,14
17.1230,94 100,00

Source: secondary data processing (2024)
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to saturation and runoff. TWI is often used to predict soil
moisture patterns, runoff generation, and erosion, rather
than direct flood risk (Kok & Kim, 2019; Raduta et al., 2018;
Winzeler et al., 2022).

According to different studies, HAND model directly
focuses on identifying flood-prone areas based on elevation
and proximity to water bodies (Hu & Demir, 2021b; Komolafe
et al., 2020; Purwanto, 2023; Sabeh et al., 2025). The model is
particularly useful for floodplain management and emergency
response planning. Inundation mapping can be used to
simulate various flood scenarios by adjusting the water level in
the drainage network (Hu & Demir, 2021b). On the other hand,
TWI model is more focused on understanding hydrological
processes such as runoff, soil moisture distribution, and
erosion risk. It is effective for identifying areas likely to be
saturated, which contribute to floods, landslides, and other
hydrological hazards (Li & Demir, 2022; Mhiret et al., 2019).

HAND model provides a direct interpretation of flood
risk based on water surface elevation. Areas with low HAND
values have a higher flood risk. Flood-prone areas can be
assessed by setting certain elevation limits above the drainage
network. Meanwhile, TWI model shows that wet or saturated
areas are not directly correlated with flood distribution. High
TWI values imply potential areas of water accumulation,
indicating high surface runoff during heavy rainfall events
(Berhanu & Bisrat, 2018; Qiu et al., 2020).

4. Conclusion

In conclusion, this study showed differences in the results
of flood hazard mapping using HAND and TWI models.
The differences in flood vulnerability results between both
models can be attributed to variations in methodologies and
applications. HAND model is directly related to elevation and
proximity to drainage channels, making it more suitable for
direct mapping of floodplains and water bodies. In contrast,
TWI model focuses on topographic wetness and hydrological
processes, providing insight into soil moisture and potential
runoff, which can indirectly inform flood risk. Both models
provide an alternative, flood-prone area mapping in data-
scarce areas.
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