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EXPLORING THE INFLUENCE OF LAND RECLAMATION ON SEDIMENT GRAIN SIZE 
DISTRIBUTION ON TIDAL FLATS: A NUMERICAL STUDY 

Lei CHEN1,2, Zeng ZHOU1,2,*, Mengpiao XU2, Fan XU3, Jianfeng TAO2, Changkuan ZHANG2 

We explore the effects of land reclamation on the morphological evolution and sediment sorting on a tidal flat using a 

state-of-the-art numerical model (Delft3D). Consistent with existing field observations and analytical theories, model 

results indicate that the longitudinal profile adjusts itself converging to new equilibrium states (narrower and steeper) 

after a series of reclamations. Relatively fine sediments deposit adjacent to the sea dike, due to the flood-dominated 

tidal hydrodynamics. The amount of sediment deposition in front of the dike peaks when the dike is designed at mean 

sea level. After sequential reclamations, sediment grain size appears to be coarser offshore and on the tidal flat. Overall, 

this study suggests that land reclamation can lead to the readjustment of tidal flat profile shapes and coarsening of 

sediment grain size, which should be taken into account when reclamation projects are planned. 
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1. Introduction  

Tidal flats, located at the junction of the land and ocean, are periodically emerged and submerged 

under the action of tides. The evolution of tidal flats is affected by a variety of natural (e.g., tides, wind 

waves, sediment, sea level rise and biological action) and anthropogenic processes (e.g., land reclamation, 

harbor building and fish farming) operating over different temporal and spatial scales (Amos, 1995; 

Friedrichs, 2011; Wang et al., 2012; Coco et al., 2013; Zhou et al., 2015). Sediment transport is an 

important intermediate process to link the morphological evolution of tidal flats with these forces. The 

sediment composition of tidal flats is various and each sediment type responds differently to forces so 

that sediment grain size distribution is complex but regular. Well-documented field observations on a 

number of tidal flats worldwide suggests that the sediment grain size exhibits a “landward fining” 

phenomenon characterized typically by the presence of finer mud and silt on the upper tidal flat while 

coarser sand on the middle-lower tidal flat (Flemming and Nyandwi, 1994; Friedrichs, 2011). Numerical 

results demonstrate that natural processes play different roles in sediment sorting dynamics (Zhou et al., 

2015; Zhou et al., 2016). For example, tides and waves favor landward and seaward transport of fine 

sediment, respectively, resulting in convex and concave profiles.  

Because of potential land resources of tidal flats, land reclamation has been a major human activity 

along coastal zones worldwide since the last century (Portnoy and Giblin, 1997; Gu et al., 2007; Li et al., 

2013). The reduction in intertidal area due to land reclamation can modify the local hydrodynamics, e.g., 

reducing tidal volume, water flushing rates, and the water's ability to carry sediment (Jing et al., 2007; 

Gao et al., 2014). In the Bohai Sea, Yellow Sea and East China Sea, large-scale reclamations result in a 

rise in tidal amplitude which may enhance the probability of coastal hazards such as storm surges (Song 

et al., 2013). Flemming and Nyandwi (1994) indicate that land reclamation and dike construction have 

produced a steeper than normal energy gradient along the shoreward margin of the Wadden Sea, which 

substantially inhibits or prevents the deposition of sediments with settling velocities smaller than 0.5 

cm/s. Wang et al. (2012) find that land reclamations influence tidal flat morphodynamics significantly, 

even leading to abrupt and irreversible changes. The ecological resources are another important feature 

of tidal flat but suffer from dramatic loss (Spencer et al., 2017; Li et al., 2018; Wu et al., 2018) and land 

reclamation is a major negative factor that leads to coastal wetland loss and degradation (Tian et al., 

2016). 

However, the impacts of land reclamation on sediment sorting dynamics of tidal flats have been 

rarely addressed by numerical models and are the focuses of this study, in which, we explore the effects 

of land reclamation on morphological evolution and grain size distribution of tidal flats using an open-

source morphodynamic model (Delft3D). Specific research objectives include: (1) the effect of different 

designed locations of sea dikes on sediment sorting dynamics; (2) the effect of sequential reclamations 

on tidal flat profile shapes. By addressing these objectives, we aim to gain fundamental insight into the 

tidal flat morphodynamics under the impact of land reclamation to provide scientific basis for sustainable 

coastal zone management. 
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2. Method  

The morphodynamic model Delft3D-FLOW is consisted of several modules describing flow 

dynamics, sediment transport and morphological changes. The bed-stratigraphy module, which can keep 

tracking the temporal and spatial distribution of multiple sediments, is switched on. We design several 

numerical experiments using the intensely-reclaimed tidal flats of Jiangsu Province, China as an example 

(Wang et al., 2012). Below, we first briefly introduce the model and then detail the model setup. 

2.1 Tidal currents, wind waves and bottom shear stress 

Following previous studies (Roberts et al., 2000; Zhou et al., 2015), we assume alongshore 

uniformity and adopt the one-dimensional shallow water equations to simulate the tidal flow. The 

continuity and momentum balance equations are 
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where η is the water level with respect to datum (e.g., MSL) (m); t is the time (s); h is the water depth 

(m); u is the depth-averaged velocity in the x direction (m/s); ν is the horizontal eddy viscosity coefficient 

(m2/s); C is the Chézy friction coefficient (m1/2/s) and g is the gravitational constant (m/s2). 

The offshore open boundary is forced by a harmonic tide, which consists of M2 and S2, with a spring 

tidal range of 5.2 m. The bottom shear stress induced by the tidal current is calculated as 
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where ρ is the density of water (kg/m3).  

In this model, wind waves are also simulated using the formulations of Young and Verhagen (1996a, 

b), which has been used by Fagherazzi and Wiberg (2009) to simulate the wind wave on tidal flats. We 

set the relevant parameters as Uwind = 2 m/s, wind fetch = 5000 m to create the wave. The wave-induced 

bed shear stress is typically calculated using a quadratic bottom friction 
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where k is the wave number, fw is the wave friction factor given by Soulsby (1997) and 
50

mixD  is the mean 

grain size of the sediment mixture which accounts for the volume. 

Followed Soulsby (1997), the combined maximum bottom shear stress is simulated as 
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This calculated bed shear stress is used to drive sediment transport and introduced in the following 

section. 

2.2 Sediment transport and bed stratigraphy modeling 

Both mud (cohesive) and sand (non-cohesive) sediments are considered in this study. The critical 

bed shear stress for erosion of mud is 0.2 N/m2 and the median sediment diameter of sand is 100 μm. 

The initial layer thickness is 5 m and is constituted by 50% mud and 50% sand uniformly mixed and 

there is no external sediment input. The mud transport relation is based on widely-adopted Partheniades–

Krone formulations (Partheniades, 1965) while for the sand, the Soulsby–vanRijn formulations (Soulsby, 

1997) is used. 

The bed dynamics of this model is according to the following procedure. The sea bed consists of 

three types of thin layers, which are the uppermost “active layer”, several under layers and a base layer. 

In this model, the thickness of the initial active layer (δa) and under layers are set to 0.1 m. Sediment in 

the active layer can be transported and is calculated using the previous formulas, but the value of δa limits 

the erosion in each time step. The key part of this procedure to achieve the vertical sorting of sediment 

is the interaction between the active layer and the under layer. At the beginning of next time step, if the 
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thickness of the present active layer is smaller than δa, it is replenished by the second layer and back to 

δa, otherwise its excess part fills into the second layer if its thickness is larger than δa. This procedure is 

repeated during the whole calculation (Zhou et al., 2015). 

2.3 Model setup and design of simulations 

As shown in Figure 1, we design two profiles as the initial bathymetry, which are a linear profile (1‰ 

slope) and an evolved profile resulting from the linear one without reclamation. Considering that the 

evolved profile is closer to reality, we use it as the final initial profile for the following simulation. 

 

 

Figure 1. The initial profile and setting of the 1D model. Evolved profile is the model result without reclamation 
using the linear profile (a 1‰ slope) as the initial profile. 

A computational grid with cell size of 50×1000 m is used and the whole domain is 21×1 km. 

Simulation time is 200 years using a MorFac value of 10, which can scale up the speed of the changes in 

the morphology to a rate that it begins to have a significant impact on the hydrodynamic flows, and time 

step is 0.5 min. 

The seaward limit of land reclamation is simulated using thin dams in the model, which are infinitely 

thin objects prohibiting flow exchange between the two adjacent computational cells without reducing 

the total wet surface and the volume of the model, so the area behind thin dams (landward) is reclamation 

area. We vary the location of the thin dam to study its effects on sediment grain size distribution (Figure 

1). 

3. Results and Discussion 

Under the dominance of tides, the upper part of the tidal flat is convex and characterized by 

predominantly mud, while the lower part is occupied by sand (Figure 2a). After reclamation, the profile 

adjusts itself to a new equilibrium shape depending on the location of the sea dike. The main difference 

is reflected in the shape of accumulation in front of the dike. When the dike is located above the MSL, 

the upper part is convex but the middle-lower part turns to concave (Figure 2b, c). When the dike is 

located below the MSL, the upper part is concave because of the lack of sediment supply (Figure 2d, e, 

f). The reclamation affects the morphodynamics in front of the dike, enhancing the erosion at the middle 

flat and leading to deposition in front of the dike. The amount of sediment deposition is maximum when 

the dike is located at the MSL because if the dike moves landward, the sediment deposits area is larger 

and on the other hand, there is fewer sediment transport when the dike moves seaward (Figure 2b, c, d, 

e, f, the corresponding deposition thickness are respectively 0.13m, 0.35m, 0.47m, 0.43m, 0.04m). 

After reclamation, the overall sediment grain size distribution in front of the dike still follows the 

landward fining behavior (Figure 2). However, the coverage range of the surficial mud varies 

considerably depending on the location of the sea dike. With MVF (mean mud volume fraction) = 0.01 

as the threshold (MVF<0.01 is considered to be no mud), the coverage range of each case are 4.70 km, 

2.70 km, 1.85 km, 2.50 km, 7.20 km, respectively (Figure 3a), so the minimum value appears when the 

dike is located at MSL rather than -2.0 m. This is related to the hydrodynamics and sediment components 

in front of the dikes.  When the sea dike is built at the elevation ranging from 0m to 2m, the change of 

the total bed shear stress is small, which, for these cases, means that the coverage range only depends on 

Slope: 1 

HWL
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LWL

Tides：M2+S2

Wave

Sediment component: 

Mud + Sand 
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the location of the dike. However, when the sea dike is built at the elevation of -1.0 m and -2.0 m, there 

is a reduction in the total shear stress in front of the dike. As a result, the mud disperses instead of 

gathering in front of the dike (Figure 3b). 

In general, the model results indicate that the tidal flat profile and the sediment sorting are affected 

by land reclamation. In particular, the location of the sea dike constructed for reclamation plays an 

important role. 

 

 

Figure 2. Simulated cross-shore distribution of sand and mud on a schematic tidal flat without reclamation (a) 
and with different locations of reclamations, (b) at 2m, (c) at 1m, (d) at 0m, (e) at -1m, (f) at -2m with respect to 
the MSL. The cases (b)(c)(d)(e)(f) simulated on the base of (a). The HWL is at 2.6m elevation and LWL is at -
2.6m elevation. The color scheme indicates the volumetric percentage of mud fraction. 

 

Figure 3. (a) Mean mud volume fraction (MVF) of the top three layers in sea bed (the width of each layer is 0.1 
m) and (b) total bed shear (tide-induced and wave-induced) after different locations of reclamations.  

 

Figure 4. Mean mud volume fraction (MVF) of the top three layers in sea bed (the width of each layer is 0.1 m) 
under different Uwind. All three dikes are located at MSL. 
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Except the cases with Uwind of 2 m/s, we also design the Uwind
 of 4 m/s, 6 m/s and 8 m/s to find out 

how waves influence model results. As shown in Figure 4, mud distribution responds little when Uwind is 

small (e.g., 2 m/s, 4m/s) but if Uwind is larger than 6m/s, mud tends to be transported seaward, which 

shows the erosive nature of waves on fine sediment (Janssen-Stelder, 2000). In other words, after 

reclamation, the morphological respond of tidal flat to hydrodynamic forces retains its original features. 

 

 

Figure 5. Simulated cross-shore distribution of sand and mud on a schematic tidal flat after sequential 
reclamation. The color scheme indicates the volumetric percentage of mud fraction. 

Sequential reclamation model results show that there is always deposition in front of the dikes even 

without external sediment input (Figure 5). This is in agreement with field surveys conducted by Wang 

et al. (2012) who reported that the tidal flat after sequential reclamations adjusts to new equilibrium 

profiles which appear to be narrower and steeper and lead to stronger hydrodynamics. Besides, the 

deposition is mainly fine-grained sediment, which from the lower tidal flat, so that sediment grain size 

is more coarser offshore.  

The change of sediment grain size distribution and stronger hydrodynamics destroy the ecological 

environment of tidal flat to a great extent (e.g., decreasing the salt marsh area and limiting its 

development). It is necessary to reclamation project reasonably. Base on the model results, reclamation 

should be managed with according to the state of the tidal flat: for erosive or stable one, reclamation 

should be moderate or limited; for cumulate one, human activities should also be under management. In 

addition, pre-restoration and pre-protection projects should be adopted at the same time for wildlife. 

4. Conclusion  

A state-of-the-art numerical model is used to explore the sediment sorting of tidal flat with a specific 

focus on land reclamation which has been rarely addressed by numerical method. The model results are 

consistent with existing field observations: Sediments tend to deposit in front of the dike after reclamation, 

such that the profile can approach a new equilibrium shape, which appears to be narrower and steeper 

under sequential reclamation. The sediment sorting tendency is not altered by land reclamation in which 

sediment becomes finer in the landward direction. In detail, when the dike is located on the elevation of 

MSL, the sediment deposition in front of the dike peaks, whereas the coverage range of the surficial mud 

is minimum. Besides, after sequential reclamation, sediment grain size appears more coarser offshore 

and even on entire tidal flat. The comparison between model results and field observations is successful 

in that a comparable sediment grain size distribution is achieved but the numerical model also exposes 

weaknesses in quantification and needs to consider more parameters (e.g., sediment input, salt marsh, 

sea level rise) and the interaction between them. 

Overall, this numerical study demonstrates that the morphodynamic impacts of large-scale 

reclamations are manifold and their long-term consequences await more research effort. 
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