Proceedings of International Conference on Civil Engineering Research & Innovations, 12 - 14 December 2025,
Rajshahi University of Engineering & Technology, Rajshahi, Bangladesh

Paper ID: 255

Flood Risk Mapping in Five Upazilas of Mymensingh District
Using GIS and Community Capital

D. A. Tamanna'*, H. S. Mrinmoy?, T. Tabassum?, T.J. Khan*

Post Graduate Student, Institute of Water and Flood Management (IWFM), BUET, Dhaka-1000, email:
dilafroztamannal7@gmail.com
2Junior Engineer, Onushandhani CREEDS Ltd., Dhaka-1000, Bangladesh, email: hridoymrinmoy43@gmail.com
3Graduated, Department Building Engineering and Construction Management, KUET, Bangladesh, email:
tanjimtabassum09@gmail.com
“4Lecturer, Department of Civil Engineering, Leading University, Sylhet, email: tanjilajahankhan@gmail.com

*Corresponding Author E-mail: dilafroztamannal7@gmail.com

Abstract

Mymensingh district, comprising upazilas like Bhaluka, Gauripur, Mymensingh Sadar, Trishal, and Gaffargaon,
is exposed to natural hazards. These areas frequently face flooding, particularly in low-lying regions due to the
Brahmaputra and its tributaries. This study conducts a GIS-based flood hazard, vulnerability, and risk mapping in
five upazilas using the Capital Approach. The objective is to evaluate spatial flood risk and examine how varying
levels of community resources affect vulnerability and risk outcomes. The study uses BWDB flood data and the
Bangladesh Census 2011 for hazard and vulnerability assessment. Risk is calculated and mapped using GIS
through a normalized analysis of hazards, exposures, and capital indicators. Key findings indicate that
Mymensingh Sadar (1.1%) and Trishal (0.9%) show the highest flood risk, while Gaffargaon (0.4%), Gauripur
(0.1%), and Bhaluka (0%) have comparatively lower risk values. The study finds that improving community capital
is an important way to lower the risk of flooding. Capital-deficient areas are more vulnerable despite similar hazard
exposure, indicating a need for strategic, capital-focused disaster risk reduction.
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1 Introduction

Bangladesh is one of the world's most flood-prone countries due to its tropical monsoon climate, low-lying terrain,
and Ganga-Brahmaputra-Meghna basin. Mymensingh district, located in the Brahmaputra-Jamuna flood basin,
experiences frequent flooding that disrupts livelihoods, infrastructure, and services. This study focuses on five
upazilas (Mymensingh Sadar, Trishal, Bhaluka, Gouripur, and Gaffargaon) in Mymensingh district, each with its
own vulnerability and risk. Gouripur experiences frequent flooding due to its proximity to the river. Bhaluka faces
industrial risks, whilst Mymensingh Sadar has a significant drainage problem. Gaffargaon, being agriculture-
dependent and infrastructure-deficient, is especially exposed.

The objectives are to delineate hazard zones, analyze population-based exposure, assess vulnerability using capital
indicators, and explore how increased capital can mitigate risks. To assess flood risk in five Rajshahi upazilas, GIS
is used in combination with human, social, physical, environmental, and financial resources for capital. To
implement a locally resilient solution, it prioritizes vulnerability and community resource sharing. The study maps
Sunamganj's flood-prone zone using a GIS-based multi-index model that incorporates data on land use, terrain,
slope, and rainfall. It identified high-risk haor areas that are vulnerable to upstream rainfall from Meghalaya and
Assam in order to enhance disaster planning (Islam et al., 2024).

Studies show localized, capital-based models better predict flood consequences than exposure-only models
(Sultana et al., 2008; Rahman et al., 2015; Le Masson, 2015). GIS-based capital integration improves resilience
planning. Despite its potential, this approach remains underutilized in Mymensingh. This research fills that gap by
generating localized flood risk profiles using capital-based GIS assessment.

2 Methodology

2.1 Study Area and Sampling

This study focuses on five flood-affected upazilas of Mymensingh District: Bhaluka, Gauripur, Mymensingh
Sadar, Trishal, and Gaffargaon in Figure 1. These upazilas differ in topography, land use, and development
patterns, providing a diverse base for comparative flood vulnerability assessment. Gauripur and parts of Trishal
are low-lying and adjacent to rivers, making them highly susceptible to seasonal inundation. Mymensingh Sadar,
as an urban center, faces challenges related to poor drainage and infrastructure congestion, while Bhaluka is
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characterized by rapid industrial growth that increases environmental and human exposure. Gaffargaon is largely
rural, dependent on agriculture, and experiences repeated crop damage during monsoon floods, as shown in Figure
1.

The district falls under a humid subtropical monsoon climate, with heavy rainfall from June to September, peaking
in July. Average annual rainfall ranges between 2000 and 2500 mm, and temperatures vary from 12°C in winter
to 35°C in summer. High-intensity rainfall and upstream river flow during the monsoon season contribute
significantly to surface runoff and flood events.

This environmental variability, combined with differing socio-economic structures, makes Mymensingh an ideal
site to analyze spatially differentiated flood vulnerability using capital-based assessment methods.

2.2 Data Collection

Flood hazard data, including water levels and flood frequency, were obtained from the Bangladesh Water
Development Board (BWDB) Flood Forecasting and Warning Center (2021). Population exposure was assessed
using population density data from the Bangladesh Census 2011. Vulnerability indicators covering financial,
social, and physical capital were extracted from the Bangladesh Census 2011 and the Mymensingh District
Statistics 2011. These datasets were integrated within a GIS environment to develop composite vulnerability
indices and spatially explicit flood risk maps for the selected upazilas.

Figure 1. Location Map of the Study Area
2.3 Methodology Framework
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Figure 2. Schematic Representation of the Methodological Framework
As shown in Figure 2, the overall conceptual framework of this study was developed following a step-by-step

logical sequence, integrating all key components systematically to ensure a scientifically sound and spatially
consistent vulnerability and risk assessment.
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2.4 Key Equations

(1) Normalization Formula:

In this study, the normalized values of socio-economic and hazard-related parameters, namely hazard water level,
exposure through population density, financial capital of selected industries, and availability of flood camp
shelters, were computed using Equation 1.

(100-1)( Value—Minimum value)
(Maximum value—Minimum value)

100

1+
Normalized value =

ey

This equation represents a modified version of min-max normalization, which scales the values within a range of
0.01 to 1.00, rather than the conventional 0 to 1. The rationale behind this approach is to facilitate multiplicative
risk modelling in subsequent analyses, while also ensuring the preservation of relative proportions and scaling
flexibility across spatial datasets.

(2) Weighted Value Calculation:

For weight calculation, a reference-based normalization or comparative weighting technique was adopted using
Equation 2.

Weightparameter (Locationunknown weigt)
_ Weightparameter (Locationknown weigt)
"~ Maximum normalized parameter value known weight
X Normal parameter value (Locationypknown weight)

2)

Although alternative methods such as equal weighting, Analytic Hierarchy Process (AHP), Principal Component
Analysis (PCA), or expert judgement could have been applied, the selected method was preferred due to its ability
to maintain proportional consistency across different spatial zones, even when only one parameter's absolute
weight was known.

(3) Vulnerability:
In terms of vulnerability assessment, the capital-based approach was employed via Equation 3.
Vulnerability = 1 — Total capital of the community 3)
where vulnerability is derived based on the availability and quality of various forms of capital, including human,
physical, natural, social, and financial capital. This framework enables a multidimensional understanding of a
community's capacity to cope with flood hazards.

(4) Risk:

Finally, Equation 4 was used to calculate risk as a product of hazard, exposure, and vulnerability, aligning with
widely recognized risk assessment methodologies.

Risk = Hazard X Exposure X Vulnerability 4)
3 Results & Discussions

3.1 Socio-Economic Capital Assessment

According to Table 1, upon analysis of the given data, it is observed that the maximum and minimum hazard water
levels were recorded in Gaffargaon and Bhaluka, respectively, with values of 15.13 and 10.15 meters. In terms of
population density, the highest density was found in Mymensingh Sadar in Figure 3, whereas Bhaluka had the
lowest, with the average population density across the study area approximating 1270 persons per square kilometer
in Table 1.
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Table 1. Statistical Summary of Socio-Economic Indicators
Hazard water Exposure Financial capital Physical existing
level (m) population density number of selected Flood Camp
(people/km?) industry Shelter
Maximum 15.13 2037 88 5
Minimum 10.15 969 17 0
Average 12.78 1269.67 45.67 2.17
sD 1.75 386.58 30.59 2.04

For financial capital of industry, Bhaluka registered the highest value, while Gauripur recorded the lowest, with an
overall average value of 45.67 in Table 1. According to

Figure 3, regarding flood camp centers, Mymensingh Sadar had the highest number of operational shelters,
whereas Bhaluka had none, indicating the absence of flood shelters in those upazilas.

Figure 3. Projected Zone-wise Demographic Patterns Based on Socio-Economic Data
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3.2 Reference Based Weight Calculation

In the process of weight calculation, a reference-based normalization or comparative weighting technique was
employed. This method is particularly useful for maintaining proportional consistency across different spatial units
or variables, especially when the absolute weight of only one location is known. Consequently, known weights
were used as reference points for respective parameters: Gaffargaon was assigned a weight of 0.5 for hazard water
level, Mymensingh Sadar a weight of 0.7 for population exposure, Bhaluka a weight of 0.6 for financial capital,
and Mymensingh Sadar a weight of 0.4 for flood camp presence. Based on these reference values, weights for all
other locations were computed using Equations (1) and (2), allowing for parameter normalization and weight
assignment. Subsequently, composite normalized values were derived, and total capitals were aggregated to
estimate vulnerability and flood risk.

3.3 Vulnerability and Risk Assessment

As shown in Figure 4, in terms of hazard zones influenced by floodwater levels, the Low Hazard Zone (0.00-0.11)
includes Bhaluka, Mymensingh Sadar, and Gauripur, while Trishal falls within the Medium Hazard Zone (0.11—
0.27). Gaffargaon falls under the High Hazard Zone in Figure 4.

Table 2. Location-specific Values of Capital, Vulnerability, and Associated Risk

Financial
capital Physical
Exposure number of existing
Hazard population selected Flood Camp Total Risk
Location water level density industry Shelter Capital Vulnerability  Calculation
Bhaluka 5.00 x10°®  7.00x10%  6.00x107° 2.57x10°  8.57x10 1.43x10°%1
Gauripur 4.63x10%2  2.62x109?  6.00x10°% 4.00x10%  1.00x10°%4 1.00 1.21x10°%
Mymensingh
Sadar 1.14x10°1  7.00x10%*  4.59x10° 4.00x10%*  8.59x10 1.41x10°%
Trishal 2.26x10°1  4.74x10°2  4.54x10°2 6.59x102  1.11x10 8.89x10°% 9.52x107%

Gafforgaon  5.00x10  9.07x10%  3.44x10%  6.59x10%  6.63x10%2  9.34x10™ 4.23x10%

Regarding exposure due to population density, Mymensingh Sadar falls within the High Exposure Zone (0.047—
0.700), while Bhaluka and Gaffargaon are categorized under the Low Exposure Zone in Figure 4.

Tlazard zones influence by water levels j ributary ri
s -+ =

[ Medium @.11-0.27) 5 & 3 %

gh [ rligh 0.27- 0.50) ———

(a) (b)
Figure 4. Mapping of (a) Hazard and (b) Exposure Zones Within the Study Area

ure zones influence by populution density
T Low (0.000- 0.016) ‘e"
asingh I Medium (0.016 - 0.047) ) )

s
ymensingh [ High 0.047 - 0.700) — —

As shown in Table 2, integrating hazard, exposure, and vulnerability, the highest flood risk zones were identified
as Mymensingh Sadar and Trishal, with calculated risk values of 1.12 x 1072 and 9.52 x 1073, respectively.
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Conversely, the lowest risk zones were Bhaluka and Gauripur, with risk values of 5.00 x 107 and 1.21 x 1073,
respectively, in Table 2 and Figure 5. In Figure 5, Gaffargaon was classified as a medium-risk zone.

Figure 5. Integrated Spatial Representation of Risk Zones Based on Hazard, Exposure, and Vulnerability

4 Conclusion

This study applied a capital-based flood risk assessment framework across five flood-prone upazilas in
Mymensingh District: Bhaluka, Gauripur, Mymensingh Sadar, Trishal, and Gaffargaon. Using GIS-integrated
spatial analysis and reference-based normalization, it assessed hazard exposure, socioeconomic capital, and overall
vulnerability. The use of a modified min-max normalization enabled more precise multiplicative modeling within
a 0.01-1 range, facilitating consistency in risk quantification.

Findings revealed that Mymensingh Sadar and Trishal are at highest risk, primarily due to high population density
and low capital availability, particularly in terms of infrastructure and financial assets. Bhaluka and Gauripur
showed moderate risk, where relatively better capital conditions helped offset potential hazard impacts.
Gaffargaon, despite experiencing high hazard levels, presented lower overall risk due to reduced exposure.

This study highlights the necessity of considering both biophysical and socio-economic dimensions in flood risk
assessments. Capital enhancement, particularly in physical and financial domains, emerges as a crucial strategy
for reducing vulnerability and strengthening community resilience. The capital-based framework used here can
inform targeted disaster risk reduction (DRR) policies and resource allocation at local and regional levels, offering
a replicable model for other flood-prone regions.

5 Discussion:

The places with the most danger of flooding are Mymensingh Sadar and Trishal because of their dense populations
and inadequate capital availability, especially in terms of financial and infrastructure resources. Due to these
limitations, they are extremely susceptible to the effects of flooding. On the other hand, Bhaluka and Gauripur are
at a moderate risk of flooding. Even if they are exposed, the effects of flooding are lessened by their comparatively
greater capital, which includes better physical infrastructure and financial assets. Because of its small population
and lesser exposure, Gaffargaon has a lower overall risk even though it is subject to substantial flood dangers.
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