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Abstract 

 

The coastal zone of Bangladesh experiences significant hydrodynamic activities, including cyclones, storm 

surges, erosion, and sea-level rise. Study area, from Inani to Teknaf, includes valuable resources such as Cox’s 

Bazar Marine Drive, Inani National Park, Bailakhali Red Crabs Beach and several tourist spots. Marine Drive is 

facing significant erosion during high tide, which threatens the stability of the road and nearby coastal 

infrastructure. Therefore, coastal hydrodynamic conditions needs careful examination considering eight tidal 

scenarios: wet and dry season flood and ebb tides for both spring and neap conditions. For close examination of 

this shoreline, this study area is divided into three segments: Reju Khal to Patuartek, Patuartek to Jahajpur, and 

Jahajpur to Teknaf. Key outputs such as tidal water level, significant wave height, bed shear stress, tidal current 

magnitude, and direction provide insight into the area’s dynamics. Simulation results indicate that both long-shore 

and cross-shore currents dominate during the wet season and dry season, affecting sediment transport and 

shoreline erosion. Shoreline analysis from 2010 to 2023 identifies erosion-prone zones, especially near Reju Khal, 

where vortex formation and high velocities accelerate morphological changes. Due to low-velocity conditions 

from Jahajpur to Teknaf result in a stable shoreline condition. 
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1 Introduction 

 

The Bay of Bengal is located at the northern tip of the Indian Ocean. It hosts the world’s largest mangrove forest, 

the Sundarbans, and the longest sea beach, Cox’s Bazar. Ocean waves continuously shoal and interact with the 

coastal regions. This area faces several challenges, including the vulnerable condition of key infrastructure such 

as the 90 km-long Marine Drive from Cox’s Bazar to Teknaf, as well as erosion of popular tourist beaches like 

Patenga and Kuakata. Coastal erosion is one of the major issues along Bangladesh’s coastline. Strong tidal 

currents, wave action, human interventions, and cyclonic storm surges are some of the primary causes. Previous 

studies indicate that most coastal areas of the country are prone to some form of erosion (Matin et al., 2025). 

 

 

2 Study Area 

 

The study area extends from Reju Khal near Inani Beach to Teknaf Beach along a 62 km stretch of the southeastern 

coast of Bangladesh. This coastal region is shaped by dynamic riverine and marine processes, including sediment 

transport, estuarine interactions, and tidal influences. It is highly vulnerable to cyclones, storm surges, and sea-

level rise (Alvee and Rahman, 2021). Rich in natural resources like fisheries, tourism, and crab cultivation, 

including the iconic red crabs. Inani Beach attracts thousands of tourists annually. However, coastal erosion and 

high tides threaten local ecosystems, tamarisk forests, and vital infrastructure like the Marine drive road. In recent 

years, the Marine Drive has been experiences severe erosion due to strong wave action, depression in the Bay of 

Bengal and high tidal action. Although some engineering solutions have been implemented in the area, such as 

the installation of tetrapod and geo-tube revetment at specific locations, these measures have also failed to 

withstand the intense hydrodynamic forces of the region. Figure 1 shows the study area from Inani to Teknaf 

Beach. This map is created by using Google Earth Pro. 

 

 

Most. Ayesha Siddika, Dr. Ataur Rahman & Mrs. Silwati Al Womera  

ICCEI2025 

mailto:ayeshasiddikashila29@gmail.com
mailto:mataur@wre.buet.ac.bd
mailto:silwati@wre.buet.ac.bd


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

University of Engineering & Technology, Rajshahi, Bangladesh  

 

1944 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 Methodology 

 

3.1 Model Development 

Delft3D FLOW solves the shallow water Navier-Stokes equations using the hydrostatic pressure assumption, 

applying continuity and momentum equations on a finite-difference grid with defined initial and boundary 

conditions. Vertical accelerations are neglected, resulting in the hydrostatic pressure equation (Deltares, 2018). 

Vertical velocities in 3D models are derived from the continuity equation. This study used a multistep modeling 

approach, starting with a large-scale regional model with grid sizes ranging from 3.5 km × 2.5 km offshore to 750 

m × 550 m nearshore. Bathymetry data from GEBCO (0.5 km resolution) and BWDB were processed using QGIS. 

Upstream boundary conditions included discharges from the Baleshwar and Lower Meghna rivers and water levels 

at Sagar Hoogli. 43 tidal constituents from TPXO8.0 were used as open boundary conditions. The model was 

calibrated and validated against IHO tidal station data and BoB water level data for both dry and wet period by 

adjusting Manning’s roughness. 

 

 

 

 

 

 

 

 

 

 

Figure 2: Large scale (BoB) hydrodynamic model to downscale hydrodynamic model 

Figure2 has illustrated the model domain from large scale model to downscale model with higher resolution and 

gride size 140m by 140m. The nested study area is 40Km by 60Km. Nested hydrodynamic model is calibrated 

and validated against the water level of BoB hydrodynamic model. Wave model is developed by using SWAN 

model with grid resolution of 200m by 200m then this model is coupled with the nested hydrodynamic model. 

For calibration the significant wave height which is extracted from the coupled model is compared with obtained 

data from ECMWF. Calibration against ECMWF showed strong agreement, validating the system's accuracy. 

 

3.2 Calibration and Validation 

Calibration and validation of BoB model were carried out for four locations: Shott’s Island (India), Pasur River 

mouth (Bangladesh), Chittagong (Bangladesh), and Akyab (Myanmar) during both wet and dry period. 

Figure 1: Study area from Inani to Teknaf 
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Figures 3 and 4 show the calibration and validation results 

of the BOB model, demonstrating good agreement between the simulated and observed data. Figures 5 and 6 

present the calibration and validation results of the  

nested model, indicating effective coupling with the BOB model. Figures 7 and 8 illustrate the calibration and 

validation of the wave-coupled model, highlighting the comparison of significant wave heights between the 

coupled model and ECMWF data at the observation point and indicate a functionable wave-tide model. 

 

Figure 3: Calibration of BoB model by comparing 

between tidal water level of IHO(m) and model 

tidal water level at Shotts’ Island for 

(January2019). 

Figure 4: Validation of BoB model by comparing 

between tidal water level of IHO(m) and model 

tidal water level at Shotts’ Island for (january2018). 

 

Figure5: Calibration of nested hydrodynamic 

model by comparing between BoB model WL 

and nested model WL at observed point for 

(July 2019). 

Figure6: Validation of nested hydrodynamic 

model by comparing between BoB model WL 

and nested model WL at observed point for (July 

2018). 

 

 

Figure7: Calibration of wave-tide hydrodynamic 

model by comparing between the Significant 

wave height from ECMWF and Coupled model 

wave height at observed point for (July2019) 

Figure8: Validation of wave-tide hydrodynamic 

model by comparing between the Significant 

wave height from ECMWF and Coupled model 

wave height at observed point for (July2018) 
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4 Results and Discussion 

 

4.1 Shoreline Shifting Analysis 

Shorelines are outlined to find the erosion accretion parts (Khatun et al., 2025).The shoreline has been divided 

into 3 reaches to analyze the area more accurately and Figure 9 has illustrated the shoreline of 2023 and 2010. 

Reach 1 experienced a maximum shoreline deposition of approximately 270 meters and maximum erosion of 

about 170 meters. Reach 2 showed a maximum deposition of around 180 meters and erosion up to 130 meters. 

Reach 3 exhibited a combination of both erosion and deposition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2 Wave-Tide Hydrodynamics 

To analyze coastal hydrodynamic conditions considering eight tidal scenarios: wet and dry season flood and ebb 

tides for both spring and neap conditions. Among all these eight scenarios flood tide in spring and neap condition 

of dry season is described below. Figure10 and Figure 11 show magnitude and direction of depth average velocity 

over the study area.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The current direction shows that both in spring and the neap tide is parallel with the shoreline below A point 

(reach1) which indicates longshore current and noticed a vortex at A(Reach1). During neap tide, the vortex is 

larger than during spring tide. Reju Khal, with a width of 290 meters, is located near the vortex-generated area.  

The finer model has a grid size of 140 meters, ensuring that the influence of Reju Khal is accounted for in the 

model calculations. During flood tide, when the sea current moves upstream, the outflow from Reju Khal towards 

Figure 9: Shoreline shifting analysis from 2010 to 2023 (Google Earth pro).  

 
 

Figure 10: Direction of Depth Average Velocity 

for Flood Tide of Spring Condition of Dry 

Season. 
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Figure 11: Direction of Depth Average Velocity 

for Flood Tide of Neap Condition of Dry Season. 

A 

B 
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the sea generates a vortex. This effect is more pronounced during the neap tide, as the weaker sea current allows 

the Reju Khal flow to dominate, resulting in a larger vortex-affected area. These figures also show the magnitude 

of depth average velocity is represented with color band changes. The velocity difference range changes from 1 

m/s to 2.5 m/s near the vortex zone. In flood tide of spring and neap overall area cover average velocity range 

from 0 m/s to 0.5 m/s. From Figure 12 and Figure 13, it is evident that there is a significant correlation between 

bed shear stress and velocity magnitude, as areas with higher bed shear stress also exhibit increased depth-

averaged velocity. 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The maximum significant wave height is recorded during the wet season, reaching approximately 3.5 meters, as 

illustrated in Figure 14. In contrast, during the dry season, the wave height is considerably lower, with a maximum 

of around 0.6 meters, as shown in Figure 15. This seasonal variation is observed for the influence of the Southwest 

Monsoon, which brings stronger winds and increased storm activity during the wet season, leading to the 

development of higher waves. In addition to the wave height, there is a notable difference in mean wave direction 

between the two seasons. During the dry season, the mean wave direction exhibits a wider range, varying from 

approximately 140° to 320°, as shown in Figure 16. This broad directional spread suggests that waves are 

approaching from multiple and shifting directions over time, likely influenced by varying local wind patterns. 

Such variation in direction can also lead to the formation of vortices or localized circulation zones, which are 

observed in the wave pattern. In other hand, during wet season, the mean wave direction is much more 

concentrated, ranging from approximately 227° to 258°, as shown in Figure 17. This narrower directional band 

indicates that the waves predominantly originate from a consistent direction, largely driven by the strong and 

 
 

Figure12: Bed Shear Stress Magnitude for 

Ebb Tide of Spring Condition of Dry Season 

 
 

Figure13: Depth Average Velocity Magnitude for 

Ebb Tide of Spring Condition of Dry Season 

 

 
 

Figure14: Significant Wave Height in Dry 

Season. 

 
 

Figure15: Significant Wave Height in Wet 

Season. 
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sustained monsoonal winds from the southwest. Significant wave height and mean wave direction is observed at 

the observation point which is shown in Figure2 with a star shape. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5 Conclusion 

 

During the dry season, longshore currents dominate along the shoreline during both flood and ebb tides of spring 

and neap phases, indicating a tendency for long-term erosion. In contrast, the wet season is characterized by cross-

shore current dominance along the shoreline. The 13 km stretch from Reju Khal to Patuartek (Reach 1) is identified 

as a critical erosion-prone area. The presence of the Bangladesh Navy Jetty Bridge alters flow dynamics, resulting 

in upstream deposition and downstream erosion. Additionally, flow from Reju Khal contributes to increased 

velocity and vortex formation in this region. Reach 2, extending 23 km from Patuartek to Jahajpur, experiences 

erosion between Patuartek and Shamlapur and deposition from Shamlapur to Jahajpur. Longshore currents 

dominate here in both dry and wet season.While cross-shore currents have also observed in the wet season, leading 

to both erosional and depositional patterns. Reach 3 shows minimal shoreline change due to low velocity. Overall, 

flow velocities remain moderate to low across the study area. 
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Figure16: Mean Wave Direction in Dry Season 

 
 

Figure17: Mean Wave Direction in Wet Season 

 

 

 


