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Abstract. Sediment transport and seabed evolution are key processes influencing the morphology and 

stability of coastal and estuarine systems. This study uses a one-dimensional (1D) coupled 

hydrodynamic–sediment transport model to simulate shallow water flow and sediment dynamics in the 

Kuala Terengganu region. The model integrates the Saint-Venant shallow water equations with the Exner 

equation for bed evolution and the advection–diffusion equation for suspended sediment concentration. 

Numerical implementation using the finite volume method ensures mass conservation and numerical 

stability, allowing accurate representation of flow–sediment feedback. The objectives are: (1) to simulate 

the temporal evolution of seabed morphology and quantify long-term bed elevation changes; (2) to 

evaluate the effects of hydrodynamic parameters, particularly tidal range and bed friction coefficient, on 

sediment entrainment, deposition, and erosion; and (3) to assess the influence of sediment transport 

parameters, especially the Grass coefficient, on seabed stability and erosion–deposition dynamics. Results 

show a non-linear decline in bed elevation with a 38% reduction over three years, indicating rapid early 

sediment mobility followed by stabilization. Increasing tidal range enhances sediment removal, while 

friction and Grass coefficients govern the transition between erosion and deposition. The findings provide 

insights for predicting coastal morphological change and improving sediment management. 
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Introduction 

Sediment transport and seabed evolution are fundamental processes governing the 

stability and morphology of coastal and estuarine environments (Wu et al., 2025; 

Amoudry and Souza, 2011). The dynamic interaction between hydrodynamics and 

sediment motion determines not only the geomorphic evolution of riverine and coastal 

systems but also affects navigation channels, coastal habitats, and sediment budgets, and 

more broadly in coastal morphodynamics (Rasyif et al., 2017). Accurate prediction of 

these processes is therefore critical for effective coastal zone management, 

infrastructure design, and ecosystem preservation. However, understanding the coupled 

behavior of fluid flow and sediment transport remains a complex challenge due to the 

nonlinear feedbacks between flow hydraulics, bed roughness, and sediment mobility 

(Cheng et al., 2007). In recent years, numerical modeling has become a key tool for 

investigating sediment transport dynamics under various hydrodynamic conditions 

(Pareta, 2024). One-dimensional (1D) models, in particular, provide an efficient yet 

physically robust framework to simulate shallow water flow and sediment transport 

over extended temporal and spatial scales (Hou et al., 2020). These models capture the 

essential physics governing flow continuity, momentum, and sediment exchange, 

offering valuable insights into morphological evolution without the computational 

demand of higher-dimensional simulations (Salheddine et al., 2020). 
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The Saint-Venant shallow water equations (SWEs), coupled with the Exner equation 

for bed evolution and the advection–diffusion equation for suspended sediment 

transport, form the theoretical basis of many sediment transport studies (Jelti and 

Serghini, 2023). By integrating these governing equations within a finite volume 

numerical framework, it is possible to achieve mass conservation and numerical 

stability while resolving the dynamic feedbacks between flow and sediment processes. 

Such an approach is particularly useful for analyzing how key parameters, such as tidal 

range, bed friction, and the Grass coefficient, affect sediment entrainment, deposition, 

and long-term morphological change. In this study, a 1D coupled hydrodynamic–

sediment transport model is developed and applied to a representative coastal 

environment in the Kuala Terengganu region. The model serves as a numerical 

laboratory to explore the influence of key physical and empirical parameters on seabed 

evolution under tidal forcing. The specific objectives of this research are to: (1) 

Simulate the temporal evolution of seabed morphology using a coupled hydrodynamic–

sediment transport framework to quantify long-term trends in bed elevation. (2) 

Examine the influence of hydrodynamic parameters, particularly tidal range and bed 

friction coefficient, on sediment entrainment, deposition, and net bed change. (3) 

Evaluate the role of sediment transport parameters, including the Grass coefficient, in 

controlling erosion–deposition dynamics and overall seabed stability. Through these 

objectives, the study aims to enhance understanding of sediment transport mechanisms 

in shallow tidal environments and provide a basis for improving predictive modeling of 

coastal morphological change. 

Materials and Methods 

This study employs a one-dimensional (1D) coupled hydrodynamic and sediment 

transport model to investigate shallow water flow and the corresponding sediment 

dynamics. The methodology integrates governing equations for fluid motion and 

sediment processes, a numerical solution scheme, and carefully selected input 

parameters to ensure realistic and replicable simulations. Key components include the 

Saint-Venant shallow water equations coupled with the Exner equation for bed 

evolution and an advection-diffusion equation for suspended sediment transport. A 

finite volume method is used to discretize and solve the coupled equations, ensuring 

both numerical stability and mass conservation. Initial parameter values were selected to 

reflect representative coastal and hydraulic conditions in the Kuala Terengganu region, 

while sensitivity analyses explored a range of parameter values to account for 

uncertainties in environmental and hydraulic variability. Figures summarize the 

simulation setup, including initial bed configuration, parameter ranges, and values 

employed for long-term sediment transport analysis. 

 

Hydrodynamic and the transport of sediment 

A one-dimensional (1D) coupled hydrodynamic–sediment transport model is used to 

simulate shallow water flow and its associated sediment dynamics. The model integrates 

the Saint-Venant shallow water equations (SWEs), comprising the continuity and 

momentum equations, with the Exner equation for bed evolution and an advection–

diffusion equation for suspended sediment transport. The conservation of mass for the 

water column is described by the continuity equation (Díaz et al., 2008): 
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Where, u is the velocity average over height (m/s), h is the elevation of water (m), t 

is simulation duration (s), and y is horizontal distance (m). The water flow momentum 

as follows (Simpson and Castelltort, 2006): 
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Where, g as gravity (m/s
2
), zb as elevation of sea floor (m), and Cf as coefficient of 

friction (s
2
/m). Sediment transport is modelled using two primary equations. First, the 

bed evolution due to sediment transport is governed by the Exner equation (Paola and 

Voller, 2005): 

 

1
0

1

b sdz dQ

dt dy
 


     Eq. (3) 

 

Where, that λ is the porosity of the sea floor (no dimension), and Qs is the volumetric 

sediment flow in volume rate per unit wide (m
2
/s). The particle in suspension 

concentration, I (kg/m³), governed by advection-diffusion equation (Huai et al., 2020): 

 

( ) ( )
( )s

d hI d hIv d dI
D S

dt dy dy dy
       Eq. (4) 

 

Where, Ds is diffusivity of particle concentration (m
2
/s), and S as addition or removal 

term (kg/m²/s) correspondingly refer to entrainment and deposition. The volumetric 

sediment flow in volume rate per unit wide Qs (m
2
/s) is represented in (Grass, 1981): 

 

| |ms gQ A v v       Eq. (5) 

 

Where, Ag known as the Grass coefficient (s
2
/m), m is constant could be ranged 3 and 

5, and |v|v refers to direction and nonlinearity. 

 

Numerical method 

The coupled equations are discretized and numerically solved using the finite volume 

method, ensuring both mass conservation and numerical stability. This approach enables 

dynamic interactions between flow hydraulics and sediment transport processes, which 

are essential for accurately capturing morphological evolution in riverine and coastal 

systems. 

 

Default simulation input 

In the sediment transport simulation, as in Figure 1, several default parameters were 

applied with their values expressed in logarithmic form for comparative purposes. The 

grass coefficient (Ag) was assigned a log value of –3, corresponding to an actual value 
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of 0.001 s²/m that a lower value than this could be reflecting coarse or gravel. The tidal 

range was given a log value of 0.3010, equivalent to 2.0 m, representing the vertical 

difference between high and low tides. Gravity was set at a log value of 0.9917, 

corresponding to 9.8 m/s², which reflects Earth’s gravitational acceleration. The 

simulation time was defined with a log value of 6.1918, equivalent to approximately 

1.55 × 10⁶ seconds. Friction (Cf) had a log value of –2.699, translating to an actual 

value of about 0.002, indicating very low resistance consistent with smooth bed 

conditions. The medium length parameter was assigned a log value of 4, corresponding 

to 10,000 m, while the water height was set at a log value of 1.3010, equivalent to 20 m. 

These parameters collectively represent the baseline conditions for simulating wave–

sediment interactions in the computational model. 

 

 
Figure 1. Default simulation parameters, assigned values, and units for sediment transport. 

Note: the value is log to allow relative comparison among parameters. The negative value 

indicates it’s before log value is less than unity. Also, no dim refers to dimensionless. 

 

Bed elevation before simulation begins 

Figure 2 is the initial condition of the simulated medium shows a predominantly flat 

seabed extending from 0 to 10 km, with the bed elevation remaining at 0 m across most 

of the domain. A localized elevation feature is present between approximately 3.1 km 

and 4.9 km, forming a smooth mound that rises gradually to a maximum height of about 

0.98 m near 3.9–4.1 km before symmetrically sloping back down to the flat bed level. 

This seabed configuration serves as the baseline topography prior to the onset of tidal 

wave forcing, providing a controlled setup to examine how wave propagation interacts 

with both flat and elevated sections of the sea floor and to capture the resulting 

hydrodynamic and sediment transport responses. 
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Figure 2. Side view of the simulated medium showing the elevation sea floor, with the tidal 

wave propagating from 0 to 10 km. 

 

Minimum and maximum value range on parameters 

The simulation parameters investigated were expressed in logarithmic values to 

enable relative comparison across different scales, Figure 3. The grass coefficient (Ag) 

ranged from −3.301 to −1.155 in log10, corresponding to antilog values between 0.0005 

and 0.07 s²/m, capturing nearly two orders of magnitude in sea floor resistance, all 

below unity due to the negative logs. The tidal range spanned 0.255 to 0.431 in log10, 

or 1.8 to 2.7 m in real values, reflecting a moderate variation within realistic tidal 

conditions. Simulation time extended from 6.891 to 7.970 in log10, equivalent to 7.8 × 

10⁶ to 9.3 × 10⁷ seconds (roughly 90 days to 3 years), thus encompassing both seasonal 

and multi-year dynamics. Finally, the friction coefficient (Cf) varied widely from −6 to 

0 in log10, translating to 10⁻⁶ to 1, a range spanning six orders of magnitude from 

extremely smooth to very rough flow conditions. Altogether, the log-based formulation 

highlights both fine-scale variability and broad parameter coverage, with negative log 

values marking quantities smaller than unity and positive values denoting larger 

magnitudes. 
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Figure 3. Minimum and maximum values used in the computer simulation. 

Note: the value is log to allow relative comparison among parameters. The negative value 

indicates it’s before log value is less than unity.  Also, no dim refers to dimensionless. 

Results and Discussion 

Temporal evolution effect 

The temporal evolution of sea floor bed height indicates a progressive reduction in 

elevation due to sediment transport (Figure 4). At the initial condition (t=0 yr), the bed 

height measured 0.9755 m. Within the first 0.25 years, a noticeable decline was 

observed, with the elevation decreasing to 0.9053 m, corresponding to a 7.2% reduction. 

By 0.5 years, the bed height further decreased to 0.8545 m, indicating continuous 

lowering of the bed surface. After one year, the bed elevation reduced to 0.7767 m, 

marking a net decline of approximately 20% relative to the initial condition. Long-term 

observations revealed further bed degradation: at 2 years the bed height reached 0.6717 

m, and by 3 years it stabilized around 0.6026 m. This represents a total decline of 38.2% 

from the starting elevation. Overall, the results demonstrate a non-linear but consistent 

downward trend in bed height, with the most rapid changes occurring during the first 

year, followed by slower rates of reduction thereafter. 
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Figure 4. From zero to 3 years computer simulated results on the elevation of sea floor. 

 

The observed decrease in sea floor bed elevation reflects active sediment transport 

processes that progressively remove material from the surface. The sharp decline during 

the first year suggests high initial mobility of unconsolidated sediments, likely driven by 

energetic hydrodynamic forcing (e.g., tidal currents). This rapid phase of adjustment is 

characteristic of systems where sediment supply and bed stability are initially out of 

balance. Beyond the first year, the rate of bed lowering decreased, as indicated by the 

smaller changes between years 2 and 3. This attenuation suggests that the system may 

be approaching a new equilibrium state. As finer sediments are winnowed away, the 

residual bed material may consist of coarser fractions or consolidated layers that are 

more resistant to further erosion. Such behavior aligns with existing models of bed 

armoring, where transport rates diminish as the easily mobilized fraction is depleted. 

These findings have important implications for coastal and marine geomorphology. 

Continuous reduction in bed elevation can influence habitat availability, seabed 

roughness, and hydrodynamic feedbacks (Sun et al., 2025; Yildiz et al., 2025). 

Moreover, the results highlight the importance of temporal monitoring, as short-term 

observations may overestimate long-term transport rates (Fincham and Barry, 2025). 

The three-year record suggests that while sediment removal is initially intense, the 

system tends toward stabilization over longer timescales. 

 

Effect of tidal range 

The relationship between tidal range and sea floor elevation (bed height) was 

analyzed using the observation in Figure 5. The initial bed height at a tidal range of 2.0 

m was recorded as 0.8545 m. Bed height decreased progressively with increasing tidal 

range beyond this point, reaching 0.7244 m at a tidal range of 2.7 m. Conversely, lower 

tidal ranges (1.8–1.9 m) corresponded to slightly elevated bed heights of 0.883 m and 

0.869 m, respectively. Overall, a negative correlation was observed between tidal range 

and bed height. Larger tidal ranges corresponded to enhanced sediment removal and a 

net reduction in bed elevation. Figure 5 clearly illustrates this trend, showing a nearly 

linear decline in bed height as tidal range increases from 1.8 m to 2.7 m. 
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Figure 5. From 1.8 to 2.7 tidal range computer simulated result on the elevation of sea 

floor. 

 

The observed decline in bed elevation with increasing tidal range highlights the 

direct role of tidal energy in sediment transport processes. Higher tidal ranges are 

associated with stronger tidal currents and greater bed shear stress, which promote 

sediment entrainment and export from the bed surface. As a result, sediment loss 

exceeded deposition under stronger tidal forcing, leading to a measurable reduction in 

seabed height. At lower tidal ranges (1.8–1.9 m), the relatively reduced hydrodynamic 

energy permitted limited sediment resuspension, allowing bed levels to remain higher. 

Around the 2.0 m tidal range, the system may represent a transitional threshold, beyond 

which the balance tips toward net erosion rather than deposition. This relationship is 

consistent with previous studies of estuarine and coastal systems, where tidal 

amplification often drives enhanced erosion and scouring of seabed sediments (Jiang et 

al., 2020). The linear decline observed trend suggests that tidal range exerts a dominant 

control on bed height, with other factors kept constant during the study period 

(Khojasteh et al., 2021). However, in natural systems, interactions with wave forcing, 

sediment supply, and biological stabilization (e.g., benthic organisms, vegetation) could 

modulate this relationship. The implications are significant for predicting morphological 

change in tidally influenced environments. Increased tidal range, whether due to natural 

variability or anthropogenic drivers such as sea-level rise and channel modifications, 

may accelerate seabed lowering and alter sediment budgets. Understanding these 

dynamics is therefore critical for coastal management and sediment transport modeling 

(Li et al., 2023). 

 

Friction factor on sea floor elevation 

The relationship between seabed elevation and the friction factor (Cf) was evaluated 

across a wide range of Cf values (10⁻⁶–1). Figure 6 summarizes the changes in bed 

height relative to the initial condition (0.85454 m). At very low friction factors 

(Cf≤10⁻⁵), the bed elevation showed negligible changes, with values remaining around 

0.855 m. A noticeable reduction in bed height occurred when Cf increased to 10⁻⁴ and 

10⁻³, where elevations decreased to 0.85485 m and 0.85406 m, respectively, suggesting 
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enhanced sediment mobilization under these conditions. Interestingly, at Cf=0.002, the 

bed height was nearly identical to the initial condition, suggesting a threshold where 

erosional and depositional processes balanced. Beyond this point, a sharp increase in 

bed elevation was observed. At Cf=0.01, the bed height rose significantly to 0.87445 m, 

indicating deposition. This trend continued with further increases in Cf, reaching 

0.95321 m at Cf=0.1 and 0.97288 m at Cf=1. Overall, the results demonstrate a 

nonlinear relationship between seabed elevation and friction factor: an initial stability at 

low Cf, a reduction phase at intermediate Cf (10⁻⁴–10⁻³), followed by substantial 

elevation gain at higher Cf values (≥0.01). 

 

 
Figure 6. From 0.000001 to 1 friction coefficient computer simulated result on the elevation 

of sea floor. 

 

The results highlight the complex interplay between hydrodynamic stress and 

sediment transport processes in shaping seabed morphology. At low friction factors 

(Cf≤10⁻⁵), bed elevation changes were minimal, reflecting insufficient bed shear stress 

to mobilize sediment. Sediment remained largely stable under these conditions, 

consistent with expectations for low-energy environments. In contrast, the decrease in 

seabed elevation observed at Cf=10⁻⁴–10⁻³ indicates that moderate frictional stresses 

exceeded the threshold for sediment entrainment. This led to net erosion of the seabed 

and lowering of the bed profile. Such conditions are typically associated with 

transitional flow regimes where shear stress enhances sediment transport capacity, but 

deposition does not yet dominate. The near-restoration of the initial bed height at 

Cf=0.002 suggests a balance between erosion and deposition, representing a critical 

threshold of hydrodynamic forcing. Beyond this threshold, as Cf increased above 0.01, 

the system shifted towards significant deposition. The sharp rise in bed elevation 

indicates that high friction factors promoted turbulence and suspended load transport, 

but ultimately enhanced sediment settling and accumulation on the seabed (Dong et al., 

2023). This nonlinear pattern has implications for sedimentary dynamics in coastal and 

shelf environments. It suggests that small increases in hydrodynamic forcing can drive 

erosion at intermediate regimes, while very high forcing may instead favor deposition 

due to increased supply and transport of sediment. The findings also point to the 

importance of accurately parameterizing bed friction in numerical models of sediment 



Musa et al.: Sensitivity of seabed morphology to hydrodynaic and sediment transport parameters in tidal systems. 

- 126 - 

QUANTUM JOURNAL OF ENGINEERING, SCIENCE AND TECHNOLOGY 6(3): 117-129. 

eISSN: 2716-6341 

https://doi.org/10.55197/qjoest.v6i3.254 

transport, as small changes in Cf can produce markedly different seabed responses (Li et 

al., 2025). 

 

Grass coefficient on sea floor elevation 

The results of the numerical analysis demonstrate a clear relationship between the 

grass coefficient (Ag) and the evolution of the seabed elevation, as in Figure 7. The 

initial bed height was recorded at 0.8545 m when Ag was 0.001, and subsequent 

variations in Ag produced progressive reductions in bed elevation. At the lowest 

coefficient (Ag=0.0005), the bed height was slightly elevated to 0.9053 m, suggesting 

minimal resistance to sediment mobilization under this condition. However, as Ag 

increased to 0.0007, the bed height declined to 0.8836 m, marking the onset of sediment 

transport and redistribution processes. A pronounced decline in seabed elevation was 

observed with further increments in Ag. At Ag=0.003, the bed height dropped 

significantly to 0.7180 m, reflecting enhanced scouring and sediment entrainment. This 

trend continued, with the seabed elevation reducing to 0.5120 m at Ag=0.01 and further 

to 0.2639 m at Ag=0.04. The lowest seabed height of 0.1530 m was recorded at the 

maximum Ag tested (0.07), indicating that higher grass coefficients intensify the 

capacity of flow to erode and transport sediment particles away from the seabed surface. 

 

 
Figure 7. Grass coefficient effect on elevation of sea floor. 

 

These results suggest that the grass coefficient plays a critical role in modulating 

sediment transport dynamics on the sea floor. Lower values of Ag were associated with 

near-stable bed conditions, while higher values led to significant bed degradation. This 

behavior can be attributed to the fact that increasing Ag enhances bed roughness, which 

intensifies turbulence and shear stresses at the sediment-water interface (Penna et al., 

2020). Consequently, larger volumes of sediment are entrained and transported, 

lowering the seabed elevation. From a geomorphological perspective, the observed 

pattern aligns with classical sediment transport theory, which predicts that increasing 

flow resistance and turbulence enhances bed shear stresses and accelerates seabed 

scouring. The rapid decline in bed height at intermediate to high Ag values (0.003–0.07) 

highlights a nonlinear response, where sediment removal accelerates once a threshold of 
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roughness is surpassed. This finding has implications for understanding seabed stability 

in vegetated or roughened marine environments, where the presence of benthic 

vegetation or roughness elements could markedly influence sediment fluxes and 

morphological evolution (Papanicolaou et al., 2001). 

Conclusion 

The simulation results demonstrated that seabed elevation responds non-linearly to 

variations in hydrodynamic and sediment transport parameters. Temporal analysis 

revealed a progressive reduction in bed height of up to 38% over three years, with the 

most rapid degradation occurring during the first year. This initial phase reflects high 

sediment mobility and energetic forcing, followed by a gradual stabilization period as 

the bed approached equilibrium. The tidal range analysis indicated a clear negative 

correlation between tidal amplitude and bed elevation, higher tidal ranges produced 

stronger currents and enhanced sediment removal, leading to net seabed lowering. The 

influence of the friction coefficient (Cf) exhibited a complex, non-monotonic 

relationship with bed elevation. Moderate Cf values (10⁻⁴–10⁻³) promoted erosion 

through increased shear stress, while higher values (≥0.01) led to deposition and seabed 

buildup, suggesting a threshold between erosional and depositional regimes. Similarly, 

variations in the Grass coefficient (Ag) strongly affected seabed morphology: higher Ag 

values intensified turbulence and sediment entrainment, resulting in pronounced seabed 

degradation. Collectively, the findings highlight the sensitivity of seabed evolution to 

hydrodynamic forcing, bed friction, and sediment transport parameters. The coupled 

modeling approach proved effective in capturing the temporal and spatial dynamics of 

sediment redistribution and morphological change. These results contribute to a better 

understanding of sediment transport mechanisms in tidally influenced coastal systems 

and provide a robust framework for predicting seabed response to natural and 

anthropogenic perturbations. Future work may extend the model to two-or three-

dimensional configurations, incorporate wave effects, and validate the simulations 

against field or laboratory observations to further enhance predictive capability. 
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