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Abstract

The North-Eastern region of Bangladesh is frequently affected by flash floods due to hilly topography and steep
slope of the rivers. Pre-monsoon flash floods are a major disaster in this region, threatening the boro crop every
year. Other than the climatic and topographic factors, structural interventions play a vital role in controlling the
flooding. In this study, a 1D-2D coupled hydrodynamic model was set up for the region, and the impact of the
Itna-Mithamoin-Austagram road was analyzed. The inundation area was observed to be increased by 3.28% due
to the road obstruction on the floodplain. The flood duration and depth were found to have increased by 15 days
and 0.5 m, respectively. An increase in the road openings showed a decreasing trend in the inundation area. As
the openings increased from 5.73% (existing condition) to 50%, the inundation area decreased by 36.5 sg. km.,
indicating that increasing the road opening can be an option to reduce the severity of the flooding. The findings
of this study will help to identify the impact of the road on the flooding pattern of the region, which can support
future planning and guide necessary actions to improve the region’s flooding situation.

Keywords: Inundation; 1D-2D coupled model; Itna-Mithamoin-Austagram Road; North-East Region of
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1 Introduction

Bangladesh is located at the downstream of one of the world’s largest deltas—the Ganges, Brahmaputra, and
Meghna (GBM) delta (Mirza, 2003). As Bangladesh has a unique geographic location, flood is a natural and
recurring phenomenon for this country (Islam et. al., 2010). The National Water Management Plan (2004) has
delineated eight Hydrological Regions in Bangladesh, among which, the Northeast is highly susceptible to flash
floods due to its surrounding hilly areas and saucer-shaped large tectonic depressions, known as Haors (Roy et
al., 2019). An estimated area of twenty thousand square kilometers covered by nearly 400 wetlands and 23
transboundary rivers entering Bangladesh from adjacent India sums up the North-Eastern Haor region (Suman &
Bhattacharya, 2015). Flow from about 66,640 sq. km. of the Meghna basin is drained ultimately into the Bay of
Bengal through the haor region (Bangladesh Haor & Wetland Development Board, 2012). This haor area is
extremely vulnerable to flash flooding, which damages crops, property, and infrastructure (Haque et al., 2021).
Recently, roads have been constructed in this region to improve road communication in the area. However, these
roads are hindering the natural flow of water through the haors. During flood events, structures like roads,
bridges, and culverts play vital roles in controlling flood parameters (Hasan & Ali, 2020). Thus, such structures
built through the haor regions have the possibility to have an impact on the flooding pattern of that region,
though no such work has been done that confirms it.

Currently, many hydrodynamic models are available that allow the simulation of different flood scenarios. HEC-
RAS is one of the most widely used flood simulation models and, compared to other models, is one of the most
popular ones (Alaghmand et al., 2012). Flood inundations can be simulated using a combined one-dimensional
(1D) and two-dimensional (2D) hydrodynamic model, which includes 2D flood plains and a 1D river system. In
case of 1D-2D coupling in HEC-RAS, the 2D unsteady equations solver uses an implicit finite volume
algorithm, which allows larger time steps in calculation and improved stability and robustness (Ali et. al., 2016).
While comparing 1D, 2D, and integrated 1D-2D hydraulic models, integrated 1D-2D models were found to be
performing better than 1D and 2D models (Werner, 2004).

This study focuses on identifying the impact of roads on the flooding pattern of the North-East region of
Bangladesh. Even though such structural interventions are suspected to have negative impacts on the flooding
severity of the haor region in recent years, no such study has been conducted on it. Hence, this study tries to shed
light on such possibilities. Itna-Mithamoin-Austagram road, which was constructed through the Nikli haor and is
situated in Kishoreganj district, Bangladesh, was selected for the analysis. The flooding pattern of the nearby
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upazilas was observed to discern the impact of the road. The main objectives of this study are to understand the
inundation pattern of the selected region and to identify the impact of the selected road on the flooding pattern of
the area. This study also attempts to represent the variations in the inundation pattern caused by different road
opening conditions.

2 Materials and Methods

2.1 Study Area

This study was based on a river system of the North-East region of Bangladesh, consisting of three rivers-
Dhanu, Kalni, and Upper Meghna. Nikli haor is situated between this river system and extends from Nikli
upazila to the adjoining Mithamoin, Austagram, and Itna Upazilas. In 2020, the Itha-Mithamoin-Austagram road,
also known as the all-weather road, was constructed through Nikli haor. It is a 29.73 km road that was
constructed to improve transportation and connectivity among the three upazilas. The road goes straight through
a vast haor area in parallel with Dhanu and Kalni rivers, while obstructing the natural flow of the haor system.
According to the local people, the road never goes underwater. To examine the likelihood of the road’s impact on
the flooding pattern, this analysis was conducted by taking the nearby upazilas of this river system. Sukdebpur
(SW72B) and Dirai on Kalni (SW269.5) stations were selected as the upstream and Bhairab Bazar (SW273)
station was selected as the downstream boundary station. Calibration and validation of the model were done at
Khaliajuri (SW72) and Itna (SW73) stations, respectively. The study area is illustrated in Figure 1.
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Figure 1. Study area.

2.2 Data Collection and Methodology
For the study, both primary and secondary data were collected. A field visit was conducted to Itna-Mithamoin-

Austagram road, Kishoreganj, to collect road elevation and road opening data, such as bridge and culvert widths
and openings. The coordinates of each opening location were also noted, which were later used in setting up the
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model. The Itna-Mithamoin-Austagram Road currently has 62 box culverts, three PC girder bridges and 11 RCC
girder bridges, with the openings being about 5.73% of the total length of the road. Water level data were used as
upstream and downstream boundary conditions and for model calibration-validation, and the selected stations are
marked in Figure 1. Both water level and bathymetry data were collected from BWDB. For the digital elevation
model, SRTM DEM (30mx30m) was used, which was collected from USGS Earth Explorer. All collected data
were incorporated into the model, which was later calibrated and validated to finalize. The detailed process of the
model setup is described in Section 2.3. The final model was used to simulate three scenarios: inundation without
any road being present, inundation influenced by the existing road, and inundation after modifying the road
openings. The workflow has been illustrated in Figure 2.
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Figure 2. Methodology framework.

2.3 Model Setup

The hydraulic modeling for this study was conducted using HEC-RAS, a widely recognized tool for one-
dimensional (1D) and two-dimensional (2D) hydraulic simulations. The 1D domain consisted of the river
network along with a junction and the collected bathymetry data that defined the riverbed geometry. The 2D flow
domain included the digital elevation model (DEM) representing the land topography and a 2D flow area
generated using a uniform computational mesh with a resolution of 200m x 200m. The whole setup was
configured in the RAS Mapper interface. Stage hydrographs were applied as boundary conditions at both
upstream and downstream extents of the river system. Boundary condition lines were defined along the periphery
of the 2D floodplain areas to facilitate proper water flow. The 1D river system and the 2D floodplain were
hydraulically linked using lateral structures (weirs). The road was also incorporated into the model as a weir, and
the elevation (crest level) and opening data (bridge and culvert openings) collected from the field were included
in the weir setup. The whole road was placed at once, while modifying each opening manually based on the
collected data from the field. To evaluate the impact of different road opening conditions, scenarios with varying
configurations were created by manually adjusting the dimensions of these openings. Each of the scenarios was
simulated for the year 2021.

Hydrodynamic calibration mainly involves the adjustment of bed resistance. Manning’s n was selected as the
calibration parameter for the model. The value was adjusted for the riverbed, riverbanks, and the floodplain. The
calibration was done at Khaliajuri Station (SW72) for the months April to December. The model calibration
showed reasonable accuracy, with the simulated water levels closely matching observed data and yielding an R?
value of 0.8987. The model was later validated at Itna station (SW73) for the same time span, with an R? value of
0.9014. The final selected values of Manning’s n were 0.025 for the riverbed, 0.035 for the riverbanks, and 0.05
for the floodplains. The calibration and validation results are shown in Figure 3.
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Figure 3. Calibration and validation results for the model.

3 Results and Discussion

To understand the general inundation pattern of the region, the model was first simulated without placing the
road (Figure 4(a)). The simulation was conducted for the months of high flow (May to August), and it was
observed that the rivers in the selected region start overflowing in the middle of June and maximum inundation is
obtained at the middle of July, after which the water starts receding. The total area of inundation was found to be
833.85 sq. km. (26.54%). To understand the impact of the road, the model was then simulated, placing the road
with its existing opening conditions (Figure 4(b)). Due to flow obstruction caused by the construction of the road
on the downstream side, inundation was observed to have increased in the upper portion of the study area, which
has been marked with a circle in Figure 4. Nearly 937 sq. km. (29.82%) was found to be inundated, which is 103
sg. km. more than in the scenario without the road.
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Figure 4. Comparison of inundation extents: (a) without the presence of the road, and (b) with the existing road.

To check the impact of increased road openings on the simulation, the road openings were increased to 10%,
25% and 50%, and for each scenario, the model was simulated and inundations were compared. Comparing the
inundations, it was found that, as the percentage of opening was increased from 5.73% to 10%, 25% and 50%,
the area of inundation reduced gradually to 932 (29.67%), 919 (29.25%), and 900 sq. km. (28.66%), respectively.
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With the increase in road openings, a sharp decrease in the total area of inundation was observed, which is
illustrated in Figure 5(a), where 100% road opening refers to the scenario without the road present. When the
water surface elevation profiles were compared for each of the scenarios (Figure 5(b)), the peak water level was
observed to increase from 6.8m to 7.2m after the construction of the road. The flood water that was observed to
be arriving almost at the beginning of July when the road was not present, started coming almost in the middle of
June, denoting a 15-day early arrival while simulated with the road. The flood arrival time was more or less
observed to be similar for 10% and 25% opening conditions. For an increased road opening of 50%, the flood
arrival was delayed until the end of June.
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Figure 5. Impact of road openings on (a) inundation extent and (b) water surface elevation.

Among all the road openings that were compared in this study, the 25% road opening condition can be
considered optimal as it provides a substantial reduction in flood inundation while also delaying the flood arrival
by a few days. Compared to the existing road condition with 5.73% openings, which results in 937 sq. km. of
inundation, increasing the openings to 25% reduces the inundated area to 919 sq. km., a notable decrease of 18
sg. km. Increasing the openings to 10% has a minimal impact on decreasing the flood peak and total inundation
area. While a further increase to 50% openings reduces inundation to 900 sq. km., the marginal gain of only 19
sg. km. does not justify the significantly higher structural and financial demands such a design would require.
The flood peak values and flood arrival time are also pretty much similar for these two conditions. Therefore, the
25% road opening offers a balanced solution, effectively reducing flood impacts without requiring extensive
structural modifications, while also partially restoring the natural hydrologic behavior of the system. The
findings from each scenario have been summarized in Table 1.

Table 1. Comparison of inundation extent under different scenarios (changes calculated relative to the “No
Road” condition).

Scenario Inundated Increase in inundated Inundation _ Increz_ise in
area (sg. km.) area (sg. km) extent (%) inundation (%)
No Road 833.85 - 26.54 -
50% opening 900.66 66.81 28.66 2.12
25% opening 919.26 85.41 29.25 2.71
10% opening 932.32 98.47 29.67 3.13
5.73% opening 937.18 103.33 29.82 3.28

(Existing Condition)

4 Conclusion and Recommendation

This study simulates and compares flood inundations generated using a coupled 1D/2D hydrodynamic model in
HEC-RAS. The primary aim of the study was to understand the impact of structural intervention on the flooding
pattern in the haor region. Due to the construction of the road, a noticeable increase in the inundation area on the
upstream side of the study area was observed. The inundated area increased by approximately 103 sqg. km. due to
the road that obstructed the natural flow on the floodplain. The functionality of existing road openings was also
assessed by comparing different road opening conditions. Increasing the percentage of road openings
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significantly reduced the inundated area. The percentage of inundation was observed to be reduced from 29.82%
to 28.66% by increasing the road openings to 50%. The road also had a significant influence on flood duration
and depth. The flood duration increased by nearly 15 days as flooding began earlier, and the flood peak rose by
up to almost 0.5 meters. Among all the scenarios compared, the 25% road opening condition was found to be the
most suitable from both hydrological and economic perspectives. To support this finding, a detailed economic
assessment can be conducted to evaluate the cost-benefit ratio of different road opening options. Long-term
monitoring of flood behavior is recommended to inform a comprehensive flood management strategy,
incorporating optimized road designs and controlled water flow structures to mitigate the adverse impacts of
future flooding events.
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