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Abstract 
 

The Sangu is a dynamic transboundary river in southeastern Bangladesh, which is increasingly vulnerable to 

flooding due to extreme hydrological events and ongoing morphological changes. In recent years intense rainfall 

events, rising flash flood frequency, and the shifting river course have increased vulnerability to flooding of 

riverside communities and intensified the effects of it, particularly in the Dohazari to Bandarban stretch. This 

study combines hydrological analysis with HEC-RAS 1D-2D hydrodynamic modeling to better understand the 

river’s flood behavior. Flood frequency analysis using the Gumbel distribution was carried out to estimate peak 

discharges for 50- and 100-year return periods. Using historical water level and discharge data (2000–2023), 

these peak flows were simulated in HEC-RAS to assess inundation patterns. Model have been calibrated and 

validated, ensuring the reliability of the results. The simulation showed that water levels at Dohazari could rise 

well above the existing riverbank, posing a major flood risk. Based on these findings, a protective dyke has been 

proposed to reduce future flood damage. The study highlights the importance of integrating hydrological and 

hydraulic modeling to identify vulnerable areas and support flood protection planning in a changing climate. 
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1 Introduction 
 

Bangladesh has an intricate river network which is exceptionally vulnerable to the impacts of floods, seasonal 

water variability, and river-induced hazards. Among its many rivers, the Sangu River stands out due to its 

transboundary and hilly origin, dynamic flow regime, and significant role in the socio-economic fabric of 

southeastern Bangladesh. Originating from the Arakan Hills of Myanmar, the Sangu River flows through 

southeastern Bangladesh and plays a vital role in the lives of people in Bandarban, Dohazari, and surrounding 

areas (BWDB). The lower reaches of the river from Bandarban to Dohazari experiences severe seasonal 

fluctuations, flash floods during monsoon, and tidal surges from the coast, creating major risks to nearby 

settlements and agriculture (IWM,2019). Over the years, this region has faced several major flood events, 

particularly in 1981, 1991, 2015, 2019 (IWFM,2021). The most recently in August 2023. These floods have 

repeatedly damaged infrastructure, disrupted transportation, and affected thousands of lives in areas like 

Banigram, Anwara, and Bashkhali. These events highlight the urgent need for a scientific understanding of flood 

behavior in this river system.  

 

To understand the flood behavior of the Sangu River, this study applied Gumbel’s method for flood frequency 

analysis, which helped in estimating the magnitude of peak flows expected over 50-year and 100-year return 

periods. Using these peak discharges and collected water level data and discharge data from BWDB, flood 

scenarios were simulated in HEC-RAS to visualize how the river behaves under extreme conditions. The model 

outputs such as water surface profiles and flood extents provided clear insight into inundation-prone areas under 

different flow conditions. Combining statistical flood analysis with hydrodynamic modeling helps us better 

understand how water flows and how the floods affect the surrounding area (Zia,2021). This approach is 

especially important for places like Dohazari, Banigram, and Bashkhali, where heavy rainfall from upstream 

meets tidal flows from downstream, resulting in more intense floods and harder to manage. Moreover, the study 

area faces increasing stress due to population density and land-use changes. By combining flood frequency 

analysis with hydraulic modeling, this study aims to support practical, data-driven solutions to reduce flood risks 

and build long-term resilience in the Sangu River basin. A combined 1D–2D HEC-RAS flood model was 

developed to improve floodplain representation and inundation accuracy. The study area is shown in Figure 1. 

This study is carried out to fill the existing gap in understanding the flood dynamics of the Sangu River, where 

limited research has combined hydrological and hydrodynamic analyses; its importance lies in providing 

scientific insights for predicting extreme flood events and guiding effective flood protection and resilience 

planning for vulnerable riverine communities. 
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Figure 1: Study Area Sangu River (Bandarban to Estuary) 

 

2 Methodology: 

 

In this study, observed daily water level data for Bandarban (SW247), Dohazari (SW 248) and Bashkhali (SW 

250) stations were collected from the Bangladesh Water Development Board (BWDB) from 2000 to 2023.Rating 

curve is generated for Bandarban station to obtain discharge data from daily WL data (Discharge, Q= 14.89 (H-

4.51)1.95) Then collected data were used for statistical and model-based analyses. Satellite images of Landsat 4-5, 

8 (January 1-31, 2023 dry period) with 30 m resolution are collected from USGS Earth Explorer. After 

downloading the DEM, the study area DEM has been clipped from the entire DEM by using the data 

management tool. Finally, DEM has been resampled into 10*10m resolution. The elevation of the DEM has been 

measured relative to the mean sea level (MSL). All the data in the DEM have been projected on to the Universal 

Transverse Mercator (UTM). This study utilized hydrodynamic modeling to simulate flood behavior and assess 

flood risks using both 1D and 2D modeling approaches. HEC-RAS 2D enables detailed flood inundation 

mapping by simulating two-dimensional flow across floodplains, providing realistic spatial distributions of water 

depth and velocity essential for flood risk assessment (Vashist & Singh, 2023; Zia, 2021).  

For Bandarban and Dohazari stations historical maximum Water Level is determined using statistical approach 

and shown in  

 

Table 1 . Yearly maximum, minimum, and average water levels were analyzed using Microsoft Excel, and a 

flood frequency analysis was performed using the Gumbel distribution to estimate discharges for 50- and 100-

year return periods. Discharge for 100-year return period obtained from Gumble distribution is 1360.532773 

m3/s. c, minimum average water level of Bandarban and Dohazari Station is shown in  

Figure 2  and 

 

Figure 3 .The flood frequency analysis curve for discharge is shown in  
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Figure 4 

 

 

Table 1: Maximum and Minimum Water Level at Bandarban and Dohazari (2000-2023) 

 

Station Name 
Maximum WL 

(m, MSL) 

Date of 

Occurrence 

Minimum WL 

(m, MSL) 

Date of 

Occurrence 

SW 247 

Bandarban 
19.25 7 August 2023 3.639 2 April 2016 

SW 248 

Dohazari 
7.33 14 July 2019 -2.667 22 March 2007 

 

 

 
 

Figure 2: Yearly distribution of WL at Bandarban for 

2000-2023 

 
 

Figure 3: Yearly distribution of WL at Dohazari Station 

for 2000-2023 

 

 
 

Figure 4: Flood frequency curve of discharge at Bandarban using Gumbel Distribution 

A one-dimensional (1D) hydraulic model was developed using HEC-RAS for July 2017. The model geometry 

included 15 cross-sections ranging from the estuarine outlet (RMSAU1) to the upstream hilly regions Bandarban 

(RMSAU15). Boundary conditions were defined using the water level for the Bashkhali station (tidal) as 

downstream boundary and discharge data at Bandarban station which is previously generated from rating curve 

the upstream boundary. The 1D model is simulated at 3 hours interval. Simulation starts at 6:00 am 1 July, 2017 

and ended at 6:00 pm 31 July, 2017.Unsteady analysis is performed. From the simulation result the maximum 

WL obtained from the model is 8.72 m, MSL and from measured data taken from BWDB is 6.533. 

After successful 1D HEC-RAS run, water level data obtained from model was compared and plotted in excel 

with the observed data collected from BWDB for Dohazari station. Manning’s roughness coefficient was 
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calibrated at 0.025 through iterative simulations.  The HEC-RAS model was calibrated by adjusting Manning’s n 

values so that simulated water levels closely matched observed gauge data for a historical flood (July 2017). 

Once calibrated, the model was validated by simulating a different flood event (July 2018) without further 

parameter adjustment and verifying that the modeled water levels agreed well with the measured data. The model 

outputs showed strong agreement with measured data in both periods and later plotted in excel. A comparison of 

measured and simulated water levels for calibration and validation is presented in Figure 5 and Figure 6. 

 

 

 
 

 

Figure 5: Calibration of WL of Dohazari station during July, 2017 

 

 

 
 

Figure 6: Validation of WL of Dohazari station during July, 2018 

 

Following calibration and validation, a two-dimensional (2D) flood inundation model was developed. A 30-m 

DEM from USGS Earth Explorer was processed in GIS (projected to UTM) and imported into HEC-RAS RAS 

Mapper, where the 2D flow area perimeter was delineated. The required geometric features were then configured 

to support flood simulation and inundation mapping. The model was first run for the 2019 flood event using 

observed discharge and rainfall data from BWDB and BMD to reproduce the historical peak. Design simulations 

were then performed for 50-year and 100-year floods using peak discharges estimated from Gumbel flood 

frequency analysis. Outputs were visualized in RAS Mapper to assess flood extent, depth, and affected areas, and 

later processed in GIS to quantify flood impact zones. 

This integrated approach provides reliable flood prediction and clear insights into floodplain behavior under both 

observed and extreme conditions. 
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2D inundation model (RAS Mapper): The calibrated 1D model was extended to a 2D floodplain model in HEC-

RAS Mapper, using the georeferenced USGS terrain to allow unsteady flow propagation in both longitudinal and 

lateral directions. The 2D model was run for the 2019 hydrograph (BWDB) to evaluate performance, followed 

by simulations with 100-year design hydrographs (Gumbel method) at the upstream boundary. For each scenario, 

HEC-RAS depth and water-surface outputs were exported and mapped, showing spatial inundation patterns 

under historical and design floods. For each simulated scenario, the HEC-RAS output (water surface elevations 

and depths) is exported and analyzed. These maps illustrate the spatial extent and depth of flooding under the 

historical and design flood conditions. Inundated area from 2019- and 100-year return is shown in Ras Mapper in  

 

Figure 7 and  

 

Figure 8 

 

 

 
 

 

Figure 7: Flood inundation area for July,2019 using 

RAS-Mapper in HEC-RAS 2D 

 
 

 

Figure 8: Flood simulation for 100-year return period 

using RAS-Mapper HEC-RAS 2D 
 

For the 100-year return period, the model simulation indicates a water level of 8.99 m MSL at Dohazari station, 

which is 0.94 m higher than the existing riverbank and significantly exceeds the historical maximum of 7.33 m. 

This highlights a high future flood risk, designating Dohazari as a flood-prone area. To mitigate this risk, a dike 

with a total height of 1.54 m including a 0.6 m freeboard is proposed. This design accounts for uncertainties in 

flood projections and aims to ensure the protection of the local population and infrastructure. The modeled and 

historical water levels, shown in  

Figure 9, emphasize the need for proactive flood management to enhance long-term resilience against extreme 

events and climate change. 

 

 

 
 

 

Figure 9: Flood simulation for 100-year return period using RAS-Mapper HEC-RAS 2D 
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Result and Conclusions: 

 

The Sangu River, flowing through hilly and transboundary terrain, experiences marked hydrological changes 

influenced by both flash floods and tidal activity. Historical records show that peak water levels have reached 

19.25 m at Bandarban in 2023 and 7.33 m at Dohazari in 2019. Using Gumbel distribution analysis, the projected 

water levels for a 100-year return period rise significantly to 24.40 m at Bandarban and 10.37 m at Dohazari, 

with a peak discharge of 1360.53 m³/s. These projections point to a growing flood risk particularly at Dohazari, 

where hydrodynamic modeling (HEC-RAS) indicates that floodwaters could rise 0.94 m above the existing 

riverbank. In response, a protective dike with a height of 1.54 m, including a 0.6 m freeboard, has been proposed 

to safeguard the area. To better understand the flood scenario, a 2D simulation was also carried out, identifying 

the potential inundation area during a 100-year flood event. This spatial analysis is critical for guiding flood 

protection efforts. Additionally, observed seasonal patterns show that water levels drop considerably during the 

dry months, highlighting the importance of flexible, adaptive water management. Based on these findings, it is 

recommended to build protective riverbank structures in high-risk zones, expand the use of 2D flood modeling 

for better preparedness, and factor in seasonal changes when designing flood management and infrastructure 

plans. 

 

Equations: 

Equation of Rating Curve: 

Discharge, Q= 14.89 (H-4.51)1.95 

Here, 

Q= Discharge for SW247 Station 

H=Water Level at mPWD 

For the required return period (T), abridged  

variate (Yt) has been assessed by using the formula: 

WLT = WLmean + K σn-1 

Here,  

WLT = Magnitude of T-year flood water level 

K =Frequency Factor 

WLmean = Mean of Maximum Flood levels 

σn-1 = Standard Deviation of maximum flood levels 

 

Frequency Factor K is expressed as: 

K= (Yt-Yn)/Sn 

Where, yt = -ln(ln(T/T-1) 

Here, 

Yt= Reduced variant 

T= Recurrence interval 

Yn= Reduced mean in Gumbel’s extreme value distribution 
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