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Abstract

Bangladesh experiences severe flooding due to its deltaic location in the Ganges-Brahmaputra-Meghna basin and
monsoon climate patterns. This study develops a comprehensive flood susceptibility assessment model for
Habiganj district using geospatial analysis and statistical modeling. Eight conditioning factors were analyzed: soil
type, rainfall, land use land cover, digital elevation model, topographic slope, drainage density, flow accumulation,
and distance from rivers. Logistic regression and geographically weighted regression models were implemented
using historical flood data from 1989 to 2014, comprising 140 occurrence points, with 70% allocated for training
and 30% for validation. Empirically, an overall precision of 82.3% and R? of 0.86 were obtained by the logistic
regression model. Elevation, slope, and distance from river were stated by the principal outcomes to be the primary
influencing factors. As per the conclusive flood susceptibility map, 15.2% of the district was categorized as a very
high-risk zone. Cardinal knowledge for disaster risk reduction in Bangladesh's unprotected haor territory is
provided by the solution, which also suggests a generalizable framework for comparable deltaic settings globally.
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1 Introduction

The rate of high intensity flood significantly increased in Bangladesh over recent years, stately enormous
challenges to its development potential and resulting in rigorous loss to livelihood and property (Khalequzzaman,
1994). The northeastern Sylhet division particularly the Hobiganj district is a distinctly susceptible region.
Historical evidence indicates a cyclical pattern of severe flooding in the district, occurring roughly every four to
five years. The catastrophic flood of 1998, which impacted 68% of Bangladesh and resulted in 2379 fatalities,
serves as a prime example of this historical trend (Islam et al., 2024). In 2022, a sequence of disastrous flash floods
submerged 90% of the Sylhet division. This intense circumstance conducted to the exposure of vital susceptibility
and limitations among the territory flood risk evaluation and management guidelines (Shamsul and Kashima,
2022). The susceptibility of Habiganj flood is obtained from a combination of integrated factors. These include its
heterogeneous topography, sophisticated dynamics of the river network (Khan et al., 2019), a torrent in pre-
monsoon precipitation upstream in the Assam and Meghalaya hills, augmented sedimentation encompassed by
cross border river channels, and the incompetent outline and support of the flood control structure (Khan et al.,
2024). Traditional flood mitigation and adaptation techniques, predominantly focused on structural
implementation, have been established as inadequate for addressing the spatial and temporal complexity of flood
processes (Rahman and Salehin, 2013). The current framework of flood risk assessment gradually Geographic
Information System (GIS) based susceptibility mapping, which is integrated with advance statistical modelling
techniques (Tehrany et al., 2019). In spite of proficiency of GIS and statistical modelling methodically identify
susceptibility zones, state quantitative risk assessments and proposed evidence based finding for disaster
management (King, 2002), exhaustive flood susceptibility studies remain limited for northeaster part of the
Bangladesh. This insufficiency in research produces significant knowledge gaps, which hinder the development of
effective flood risk reduction strategies. To address these research gap, this study establishes a reliable flood
susceptibility assessment framework for the Habiganj district by integrating GIS analysis and logistics regression
model. This study aims to quantify the special pattern of flood risk and to specify the main contributing factors.
Finally illustrated a practical flood susceptibility map for disaster management applications.
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2 Materials and Methods

2.1 Study Area Characteristics

The Habiganj District is located southwestern part of the Sylhet division (24.37°N latitude, 91.41°E longitude) and
covers 2,636.58 km?. It's characterized by a landscape that sinks from 150 m hills in the northeastern part to low-
lying floodplains draining toward the Meghna River. This complex topography, merged with a dense river network
comprising the Khowai, Kalni, and Kushiyara as well as seasonal haors, is a primary driver of flood dynamics.
The district monsoon climate which delivers 70% of its 2200 to 2400 mm annual rainfall between June to
September, is a critical hydrological factor. During the rigorous precipitation phase, daily rainfall often exceeds
100 mm leading to accelerated surface runoff and increased river level. Seasonal temperature fluctuations (24 to
32°C annually) besides influence evapotranspiration rate.

2.2 Flood Inventory Development

One of the essential factors in predicting floods in the context of Habiganj District is the flood inventory map,
which corresponds to historical flood occurrences. A flood inventory map for Habiganj was assembled using
historical data from past phenomena in 1998, 2004, and 2024 sourced from the Bangladesh Water Development
Board (BWDB). To develop a flood susceptibility map for Habiganj District, these historical flood occurrence
locations were classified into two groups: training and testing datasets. According to the methodology of (Tehrany
et al., 2014), the training and testing data sets were divided accordingly 70% and 30%. In this study, the datasets
were allocated into training 98 instances of flood occurrence which is 70% of the datasets and testing 42 instances
of flood occurrence which is 30% of the datasets.

2.3 Conditioning Factor Analysis

Model in the context of GIS database, seven geospatial control factors of flood occurrence were detected for
developing a flood susceptibility map (Kia et al., 2012). This dataset include rainfall, topography (DEM), slope,
drainage density, soil type, distance from river, and land use land cover (LULC) are describing below:

2.3.1 Rainfall, digital elevation model, and slope

The map illustrates spatial rainfall patterns, with values ranging from approximately 5,865 mm to 5,906 mm
annually (see Figure 1a). The northern region receives higher rainfall, as indicated by darker green shading, while
the southern regions experience relatively lower rainfall levels, shown in lighter tones. These variations align with
the national average annual rainfall of around 2,200 mm, highlighting notable regional disparities. The digital
elevation model for the Habiganj district of Bangladesh was obtained from the Shuttle Radar Topography Mission
(SRTM) dataset available through the USGS Earth Explorer platform, meeting the requirements for hydrological
modelling and flood analysis (see Figure 1b). In the Habiganj district of Bangladesh, slope plays a critical role in
controlling the velocity of water movement on the ground surface, which directly influences infiltration and runoff.

STIOvE 1200E e S

N

A

T0TE ST0E EETO EXT

NN

A

260N

20N

24°300N

300N
w0

0N

WO

24100

EX

o1300E staveE

Figure 1. (a) Rainfall, (b) Topography (DEM), and (c) Slope maps

To identify potential locations for rainwater pooling within Habiganj, the topographic slope was considered as an
essential factor. A topographic slope map of the district was generated using GIS tools (see Figure 1c). By
analyzing the elevation values of each cell in the Digital Elevation Model (DEM) and comparing them with the
elevations of adjacent cells, the direction of water flow from one cell to another was determined.
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2.3.2 Drainage density, soil type, and distance from river

Drainage density is controlled by permeability, vegetation, and slope, etc. The most noteworthy estimation of waste
thickness demonstrates high spillover for the bowl region alongside erodible geologic materials (see Figure 2a).
The calculation process of drainage density is as follows:

D= 1)

>

Here, D = drainage density of an area; L = total length of the drainage channel in the watershed (km); A = total
area of the watershed (km?)
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Figure 2. (a) Drainage density, (b) Soil type, and (c) Distance from river maps

Infiltration of water primarily depends on soil texture, which significantly influences the generation of surface
runoff. The Habiganj district in Bangladesh consists of diverse soil types, as depicted in Figure 2b. The water
bodies, represented in blue, are interspersed across the district, emphasizing the role of soil type and distribution
in determining land use and water infiltration potential. Towards the north-eastern region, near the hills, the soil
becomes heavier with a clay-dominated composition. Sandy soils are predominantly found along riverbanks and
floodplains.

Figure 2c shows the distance from rivers, which is a significant factor in identifying areas vulnerable to flooding.
Locations with relatively higher elevations are less vulnerable to floods than lower lands along to river bed areas.
Using the Euclidean distance tool in ArcGIS, the distance from the river raster was created. A set of locations in
Euclidean space that realize the specified distances is the output, and this is helpful in a number of applications
when the input data is an incomplete set of distances. Because elevation and slope rise with distance, a greater
distance translates into lower flood danger.

2.3.3 Land use-land cover (LULC)

Agricultural areas accounted for approximately 70% of the total land area, reflecting the district's agrarian
economy. Urban built-up areas constituted around 15%, while natural resource areas, including forests and
wetlands, covered approximately 15% of the total land use (Chowdhury, 2010). This map (see Figure 3a) indicates
that agricultural areas are represented by the brown shade. Vegetation, including trees and shrubs (depicted in
green), is concentrated primarily in the eastern and southern parts of the district. Water bodies and flooded
vegetation, shown in blue shades, are distributed along river channels and low-lying areas. Built-up areas,
represented by red, while bare land occupies a smaller fraction.

2.4 Flood Susceptibility Modelling

2.4.1 Logistic regression model

For flood vulnerability analysis, logistic regression aims to obtain the best fitting model to depict the relationship
between the dependent and independent variable (Pradhan, 2010; Rahmati et al., 2016). In logistic regression, the
more conditioning variables (independent) are incorporated in the analysis, the more model will be complete and
accurate, but only when the conditioning (independent) variables have a major role in deciding the dependent
variable (Ayalew et al., 2004). The spatial prediction of a flood in logistic regression is modeled considering
dependent and independent variables (Shirzadi et al., 2012). The variables could be discrete or continuous or any
mixture of both types. The presence or absence of flood is represented by a binary variable (dependent variable).
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The logistic function is valid for flood susceptibility analysis if the dependent variables are binary (Atkinson and
Massari, 1998). Here, the dependent variable falls between 0 and 1, where zero represents a 0% probability (no
flood) and one exhibits a 100% probability of flood occurrence (Dai et al., 2004).
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Figure 3. (a) LULC, (b) Susceptibility map, and (c) Validation of flood susceptibility map

Quantitatively, the correlation between the flood occurrence and its dependency on other variables is described as:

1
P=te= 0
Where p is the probability of flood occurrence and ranges from 0 to 1. The value p is the estimated probability of
flooded areas. The logistic regression considers fitting an equation of the following outline to the data:

Z=Bo+ BrXyFeeeernnn. +BuXn 3)

3 Results and Discussion

Before beginning on logistic regression, the validity of the models prediction is confirmed through various
statistical methodologies. The tests employed for this purpose consist of Pearson’s correlation.

3.1 Statistical Validation Analysis

Using Pearson’s methods, a correlation matrix was formulated to analyze the matrix among the independent
variables, as shown in Table 1. Consequently, each variable reveals a perfect correlation with itself, evidenced by
a coefficient of 1.0 where its row and column. Most variables showed a minimal relationship, proposing a high
degree of independence. A significant exception, however, was the moderate correlation observed between the
DEM and soil type with a coefficient of 0.64 (see Table 1). Such a relationship can compromise the accuracy of
logistic regression parameter estimation.

Table 1. Correlation matrix statistics

Variable Rainfall DEM  Slope DD ST DR LULC VIF
Rainfall 1.00 -0.18  0.12 -0.20 -0.36 0.14 -0.02 2.13

DEM 1.00 -0.09 -0.19 0.64 0.23 0.12 131

Slope 1.00 0.05 -0.28 -0.31 -0.23 1.22

Drainage Density (DD) 1.00 -0.01 -0.18 -0.15 1.04
Soil Type (ST) 1.00 0.18 0.22 1.14
Distance from River (DR) 1.00 0.21 1.25
LULC 1.00 1.01

3.2 Logistic Regression Results

A logistic regression model was formulated and executed using ArcGIS 10.8 software to determine the probability
of flooding. The coefficient for the predictor variables are rainfall, topography (DEM), slope, drainage density,
soil type, distance from river, and land use land cover (LULC), that presented in Table 2 and equation 4. The model
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findings were subsequently used to generate a flood susceptibility map in a GIS environment. A positive sign
suggested the variable increases the possibility of a flood, while a negative sign implies it decreases this probability.
The coefficient values are detailed in Table 2. The model achieved a coefficient of determination (R?) of 0.86,
indicating that the independent variables collectively account for 86% of the flood occurrence. As shown in Table
2, the significance level (Sig. R) for each independent variable was also calculated from the model. According to
(Papadopoulou-Vrynioti et al., 2013) a conditioning factor with a Sig. R-value below 5% is considered to have a
significant effect on flooding. The results are highlighted in Table 2.

z = - 0.123(DEM) + 0.012(Slope) - 0.003(DD) + 0.460(ST) + 23.545(DR) - 4.100(LULC) - 1.659 @)

Table 2. Logistic regression coefficients and significance tests

Variable Coefficient (B) t-statistic Significance (Sig. R)
DEM -0.123 -6.812 0.000***
Slope 0.012 1.895 0.001***
Drainage Density -0.003 -0.350 0.726
Soil Type 0.460 0.773 0.440
Distance from River 23.545 3.305 0.001***
LULC -4.100 -3.294 0.020*
Constant (C) -1.659 -3.184 0.002**
White (standard error regression) 0.169
Probability (F-Statistic) 0.000
R? 0.86

*p <0.05, **p <0.01, ***p < 0.001

3.3 Flood Susceptibility Mapping Results
The integrated model generated comprehensive flood susceptibility maps classifying Habiganj district into five
risk categories using natural breaks (Jenks) classification (Figure 3b and Table 3):

Table 3. Flood susceptibility zone statistics

Susceptibility Class Area (km?) Percentage (%) Characteristics
Very High 400.7 15.2 Low-lying haor areas, river proximity
High 601.4 22.8 Floodplains, moderate elevation
Moderate 751.2 285 Transition zones, mixed topography
Low 529.8 20.1 Higher elevation, good drainage
Very Low 353.5 134 Hills, steep terrain, remote areas

3.4 Model Validation and Accuracy Assessment

The validation of a flood susceptibility map is essential for determined zone vulnerable to future flood. This process
applies past known flood area that were deliberately excluded from the models training to ensure an unbiassed
assessment. For this validation, the Receiver Operating Characteristics (ROC) method was worked with the Area
Under the Curve (AUC) providing as the key metrics to assess the accuracy of the map, among was formulated
using logistics regression (Pradhan and Lee, 2010). The ROC model figured two individual rates: the success rate,
which applies the training datasets and the prediction rate which operate the testing datasets. An overall precision
of 82.3% was obtained by the logistic regression model.

4 Conclusions

The research presents a robust flood susceptibility assessment for Habiganj district through the integration of
geospatial analysis and logistic regression techniques, achieving high predictive performance (R2 = 0.86).
Elevation, slope, and river proximity emerged as the dominant determinants of flood susceptibility, while soil
characteristics and land use patterns significantly influenced infiltration and runoff dynamics. Approximately
15.2% of the district was classified as very highly susceptible, underscoring the urgency for targeted disaster risk
reduction strategies. Findings provide critical spatial evidence to inform disaster risk management and sustainable
land-use planning in Bangladesh’s haor ecosystems. Future research should incorporate real-time hydrological
data, evaluate climate-induced flood dynamics, and extend applications to broader regional and national scales for
comprehensive flood risk governance.
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