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Abstract

The Upper Meghna River Basin faces frequent seasonal flooding due to heavy rainfall and upstream discharge. To
lessen its effects, non-structural measures like flood forecasting, inundation mapping, and risk zoning are essential.
The purpose of this study is to develop flood inundation maps for the Upper Meghna River using HEC-RAS
version 6.3.1. The inundation maps were generated using RAS Mapper and ArcMap 10.8, incorporating
bathymetric data provided by the Institute of Water Modelling (IWM) to create an integrated bathymetry-
topography grid. Model calibration and validation were performed using observed water level data at Badyar Bazar
(Upper Meghna), resulting in correlation coefficients of 0.907 and 0.8543, respectively. In order to evaluate
accuracy, a flood inundation map for 2019 was generated and compared to the corresponding map from the Flood
Forecasting and Warning Centre (FFWC). The analysis identifies Narayanganj, Narsingdi, Brahmanbaria, and
Munshiganj as the most flood-prone districts within the study area. The resultant flood inundation maps offer
critical insights for floodplain management and spatial planning along the Upper Meghna River.

Keywords: GBM basin; Flood inundation mapping; HEC-RAS modeling; Upper Meghna River; Flood risk
management

1 Introduction

As a deltaic country, more than 400 rivers intersect and spread through Bangladesh. Every year, this country faces
terrible floods due to huge upstream discharge and heavy rainfall in a short period of time. The country faces
several types of floods, such as overbank flooding and flash flooding as riverine flooding, waterlogging as urban
flooding, and storm surge as coastal flooding. These floods make natural disasters frequently that submerge 55%
of the country. The Surma-Meghna system is especially prone to flooding because of the huge discharge during
the monsoon season. Major flood events in 1974, 1987, 1988, 1998, 2004, 2007, 2017, and 2022 have repeatedly
brought destruction to agriculture, infrastructure, and communities in Sylhet, Sunamganj, and Chattogram. These
flood events highlight the increasing risks associated with climate change. Efficient mitigation requires modeling
tools, such as HEC-RAS, to assist in planning and reduce exposure.

Islam (2018) studied flooding in the Ganges-Brahmaputra-Meghna (GBM) basin due to heavy monsoon rainfall
and classified floods as tidal, rainfall-induced monsoon floods, or flash floods. Inundation maps for major rivers
were generated using ArcMap 10.2.2, RAS Mapper, and HEC-RAS 5.0.3. Topographic data were extracted from
the USGS SRTM DEM, and a bathymetric grid was generated from hydrographic data collected from the
Bangladesh Water Development Board, and these two datasets were combined in ArcGIS.

Ali et al. (2016) studied the effects of climate change on river flow at the Ganges-Brahmaputra-Meghna confluence
using HEC-HMS. A semi-distributed HEC-HMS model of the Upper Meghna basin (70,263 km?2) was developed
and calibrated for 2006. After calibrating, the model was projected for 2050 and 2080 based on CSIRO-30 and
CCCMA-31 climate models and found that the volume of discharge is increased by up to 29 to 54%.

Tazin (2018) developed HEC-GeoRAS and HEC-RAS models for the Dharla River floodplain, calibrated them
with water levels of 2013 and 2014, and produced a flood hazard map for the river. The most vulnerable upazilas
were identified in this study.

Internationally, Garcia et al. (2020) built a West Houston flood model with HEC-RAS 2D by incorporating
topographic, land use, rainfall data, and reservoir operations to simulate Hurricane Harvey. The model was
developed with 181,000 cells, which were 122 m in size, for calculating flood depths, velocities, and soil
infiltration. Mondal et al. (2017) assessed climate change risks by using a 1D HEC-RAS model for 1,053 km of
river network in Bangladesh, and the model was calibrated with the 1994 flood and validated against the 2014
floods. Moreover, Raihan (2020) developed a SWAT model producing streamflow time series for 1980-2099 and
found that peak flows could rise 10-29%, with corresponding increases in river water levels by 24-31 cm.

This study developed a 2D hydrodynamic model of the Upper Meghna River using HEC-RAS 6.3.1 to generate
flood inundation maps, which were validated with the map of FFWC, BWDB. It investigates hydrological impact
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using GIS and remote sensing to inform flood management strategies. The work integrates hydrodynamic analysis
and observed data to support effective mitigation and sustainable floodplain management.

2 Methodology

For developing a hydrodynamic model (HEC-RAS), river bathymetry, discharge, water levels, and a digital
elevation model were collected from proper sources, which were discussed in the data collection section. After
collecting the data, the quality of the data was ensured and preprocessed for handling missing data. Then, the
processed data were used to develop a flood model in HEC-RAS for this study. After that, the model was calibrated
and validated for 2017 and 2018, respectively. A concise representation of the procedure of this study was
illustrated in Figure 1.

Figure 1: Schematic diagram of the methodology of the study

2.1 Study Area

As a part of the deltaic plain of Bangladesh, the Upper Meghna River plays a crucial role in developing the socio-
economy in this river basin. Within 82,000 kmz2 of catchment area, only 43% of them are located in Bangladesh,
and the rest of them are in India. The Barak River enters at Amalshid, then it is divided into the Surma and
Kushiyara, and later, some tributaries such as the Manu, Dhalai, and Khawai join these rivers. Due to the steep
slope and intense rainfall in upstream catchments like the hilly regions of Meghalaya and southern Assam, India,
frequent flash floods occur. Although the Upper Meghna covers less than 5% of the total GBM basin, it accounts
for nearly 20% of the discharge and impacts more than half the country’s area.
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Figure 2: Study area map

2.2 Data Collection

Using a mathematical hydrodynamic model, this study generates a flood inundation map based on river
bathymetry, water level, and discharge data, and DEM-derived topography compiled from multiple sources (see
Table 1 for details). During the model development process, missing bathymetric data were addressed using
kriging interpolation, which provided spatially continuous estimates based on the available measurements.

Table 1: Collected data for this study with their sources and period

Data Type Location Data Source | BWDB Station | Period
Number

Digital  Elevation | Bangladesh USGS -

Model (DEM)

Bathymetry Upper Meghna | IWM - 2017

Data at River (X,y,2)

Discharge Bhairab Bazar | BWDB SW273 2018-2020

Water Level Badyar Bazar | BWDB SW275 2016-2020
Satnal BWDB SW276 2011-2020

Flood Map Bangladesh FFWC - -

2.3 Defining boundary conditions

A flow hydrograph shows discharge over time, measured in cubic meters per second; for this study, Bhairab Bazar
flow hydrographs from 2017 and 2018 were used for model calibration and validation, respectively. A stage
hydrograph depicts water level variations over time and was applied as the downstream boundary condition, with
the 2017 and 2018 Satnal stage hydrograph used for calibration and validation.

2.4 Calibration and Validation of the Model

The model was calibrated by adjusting parameters to match observed 2017 water levels at Badyar Bazar on the
Upper Meghna (Manning’s n = 0.03), with calibration station locations. The model was validated by comparing
simulated and observed 2018 water levels at Badyar Bazar on the Upper Meghna River.
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Figure 3: (a) Model calibration at Badyar bazar for the year of 2017 (Upper Meghna) & (b) Model validation at
Badyar bazar for the year of 2018 (Upper Meghna)

2.5 Evaluation of model performance for calibration and Validation

The coefficient of determination (R-squared) measures how well a model explains variability and predicts
outcomes, serving as a key indicator of model accuracy. Additionally, Figure 4 shows the correlation between
observed and simulated water levels at Badyar Bazar in the Upper Meghna River for 2017 and 2018.

A Model Generated Water Level Vs Observed Model Generated Water Level Vs Observed

E Water Level at Badyar Bazar of Upper Meghna Water Level at Badyar Bazar of Upper

E 6.00 River in 2017 A 6.00 Meghna River in 2018

) y=0.9637x + 0.1561 = y =0.7563x + 1.0814

8 5.00 R?=0.9014 2 5.00 R?=0.8543

§ 4.00 £ 4.00
—

3 3.00 5 3.00 o

- ]

g 200 = 2.00

; E

9 1.00 s 1.00

[} [}

"§ 0.00 é 0.00

0.00 2.00 4.00 6.00 = 000 2.00 4.00 6.00
s}
Observed Water Level mPWD § Observed Water Level mPWD
(a) (b)

Figure 4: (a) Model-generated water level Vs observed water level at Badyar bazar of Upper Meghna river in
2017 & (b) Model-generated water level Vs observed water level at Badyar bazar of Upper Meghna river in
2018

3 Results and Discussion

3.1 Inundation Map

Flood inundation maps were produced using HEC-RAS 6.3.1 and ArcMap 10.8 for the 2019 flood. The model-
generated map for July 19, 2019, was qualitatively compared with the Bangladesh Water Development Board’s
FFWC map, showing close agreement despite minor differences from using different tools and scales. Analysis
revealed that the simulated map captured 74.12% of the inundated area depicted by the official FFWC map. The
model captured approximately 74% of the inundated area primarily due to limitations in input data. The
Bangladesh Water Development Board (BWDB) utilized a locally refined Digital Elevation Model (DEM) derived
from detailed topographic surveys, whereas this study employed the SRTM DEM with a coarser spatial resolution
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of 30 m x 30 m. Moreover, while BWDB incorporated precipitation data along with discharge and water level
information, this model did not incorporate precipitation data.
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Figure 5: (a) Model-generated flood inundation map of the study area on July 19, 2019 & (b)Digitized FFWC
flood inundation map prepared on July 19, 2019

3.2 Analysis of Inundation Area
On June 23, 2019, the inundated area measured 731.78 square kilometers. On 19 July 2019, it was found that
1,035.43 km? of inundated area was decreased to 879.96 km2 on 21 September 2019.
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Figure 6: (a) Date-wise inundated area & (b) Date-wise Percent Inundation

Brahmanbaria faced 18.96% of inundation with 365.19 km? of inundated area on 19 July 2019, which was the
largest inundation for this district. Narayanganj had 151.52 km?2 of flooded area, representing the highest
percentage of inundation at 22.53%. Higher inundation in Narayanganj occurred due to its location at the
confluence of major rivers—the Meghna, Shitalakshya, Dhaleshwari, and Buriganga—forming a low-lying
floodplain. Heavy monsoon rainfall and upstream discharge from the hilly regions of India cause rapid water level
rises in the Meghna River. The combination of local rainfall and upstream discharge results in extensive flooding
in Narayanganj. Narshingdi faced 189.87 km2 of inundated area (14.89%), while Munshiganj and Cumilla recorded
132.12 and 135.48 km2 affected, corresponding to 13.64% and 4.34%, respectively. Chandpur had the smallest
inundated area, with 56.26 km?2 (3.46%).

For simulating the Upper Meghna River, HEC-RAS 2D was applied in this study due to its small-scale
characteristics. For large-scale simulation, HEC-RAS 2D may face some limitations, such as longer simulation
time and difficulties in calibration due to spatial variability. To address these challenges, modelers often adopt
1D/2D coupling approaches.
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The flood inundation map developed in this study provides valuable insights for floodplain management and
planning in the Upper Meghna River Basin. The results can support decision-makers in identifying flood-prone
zones, assessing potential risks to settlements and infrastructure, and prioritizing areas for mitigation measures.

4 Conclusion

This study developed detailed flood inundation maps of the Upper Meghna River using HEC-RAS 6.3.1, with
bathymetry processed in ArcGIS 10.8 and calibration and validation performed with Badyar Bazar water level
data. The model achieved high accuracy, with correlation coefficients of 0.907 and 0.8543 and a Manning’s
roughness coefficient of 0.03. Comparison with the FFWC map showed the simulated inundation covered 74.12%
of the observed flooded area. Analysis identified Narayanganj, Narshingdi, Brahmanbaria, and Munshiganj as the
most affected districts during the 2019 flood, with Narayanganj having the highest inundation percentage. These
findings highlight the importance of hydrodynamic modeling for flood risk assessment and disaster preparedness
in Bangladesh.
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