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1. Background and motivation

Figure 2: Model grid coverage. The model is constructed by an

FVCOM/SWAN offshore domain with no wave-meanflow coupling and

a COAWST domain with WMI at the vicinity of the breach.

4. Results
❖ Tidal asymmetry of sediment transport

2. Summary

3. Model

❖ Sediment transport around the inlet throat

❖ Sediment transport on the ebb-shoal
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Figure 3: Along channel current velocity 𝑢𝑎𝑙𝑜𝑛𝑔; significant wave

height 𝐻𝑠 and the wave induced setup Δ⟨𝜂⟩ from the model at the three

stations are shown in Figure 2. Station 1 locates at the throat of the

inlet; station 2 locates at the middle of the inlet ebb-shoal; station 3

locates at the ebb-shoal edge.

Here, 𝝉c is the current stress; 𝝉w and 𝝉w
nl are the linear and nonlinear part of

the wave stress; 𝝉max is the maximum shear stress; 𝝉m is the wave enhanced

current stress; 𝝉pm is the projection of 𝝉m on 𝝉max; 𝜙𝑐𝑤 is the angle between

wave and current; 𝝉cr is the critical shear stress. 𝛿 defined by Eqn. (2) is the

relative magnitude of current stress comparing to total stress (see schematic

diagram). The sediment transport composites are defined based on Eqn. (3)

Sediment transport can be roughly scaled by 𝑞 ∼ 𝑢3. Strategy from J. Van de
Kreeke & K. Robaczewska (1993) is applied for distinguishing the tidal

asymmetry contributed by Eulerian meanflow and M2-M4 interaction:
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The Old Inlet Breach (OIB) was opened by Hurricane Sandy on Fire Island,

NY, on October 29, 2012. Since then, the tidal current scouring (with speed

up to 2.5 m/s at the inlet throat) and wave striking (with the significant

wave height of more than 2 m during the storm at the ebb-shoal edge) keep

changing the breach's morphology. A series of monthly aerial photographs

(shot by Dr. Charles Flagg, used with permission) shows a massive amount

of sediment is moving through the breach into Bellport Bay, forming a fast-

expanding flood-shoal system. The study's objective is to investigate how

tidal asymmetry and strong wave-meanflow interaction (WMI) can

contribute to the tidally averaged sediment transport along the Old Inlet

Breach channel, which ultimately builds up the flood and ebb-shoal.

Figure 4: The upper panels shows the distribution of the total-load transport field

⟨𝑞𝑡⟩ = ⟨𝑞𝑏⟩ + ⟨𝑞𝑠⟩, in which 𝑞𝑏 is the bedload part 𝑞𝑠 is the suspended-load part.

Point bracket ⟨⋅⟩ means the 34-hour lowpass filtering. The lower panels illustrate

the tidal asymmetry of the total-load transport perpendicular to transect 1 and 2.

We can see that the tidal asymmetry at OIB creates a tidally-averaged sediment

transport divergence node at OIB throat. The sediment moves towards the

bay/ocean on the northern/southern side of the throat.

Figure 5: The left panel shows the significant wave height averaged throughout

the storm period during the simulation. The three panels on the right shows the

along-channel component of bedload and suspended-load transport averaged in

three control boxes. We can see even at the boxes with little wave energy, during

the storm, WMI can still cause around 25% increment of the transport towards the

bay and around 50% decrement of the transport towards the ocean.

Figure 7: Along channel variation of sediment transport composite field inside

Box C. Shading shows the spatial variation. 𝑝𝑅1\R2
c , 𝑝𝑅1\R2

w and 𝑝𝑅1\R2
wc gives

the occurrence frequency of current/wave and wave-current hybrid composite.

We can see that when wave energy is significant, the effect of WMI induced

tide alternation is mixed with the tide modulated wave-stirring (G. Dodet et al.,

2013), reducing ocean-directed sediment transport at OIB.

• Model is run in 3D, with five sigma layers at the FVCOM/SWAN 

and eight sigma layers at the COAWST domain. Spatial resolution at 

OIB is at 10 meters.

• The bathymetry used in the model around the OIB is from a survey 

in September 2013.

• The model is forced by offshore water-level with the astronomical 

part from Oregon Tide Model and the meteorological part from the 

NOAA tidal stations at Montauk and Sandy Hook.

• The wave and wind forcing are from WaveWatchIII archived data.

• The wave-meanflow coupling inside the fluid bulk is computed by 

Vortex-Force treatment (Y. Uchiyama et al., 2010).

Figure 1: Aerial photographs showing the expending of the sand plumes 

on the flood-shoal from Apr. 2013 to Jan 2021 at the OIB.

• The tidal asymmetry at OIB creates a tidally-averaged sediment transport divergence node at the throat of the OIB. The sediment moves towards the bay on

the northern side of the throat and towards the ocean on the southern side of the throat.

• Although wave energy is diminished significantly at the throat of the inlet, during the storm, WMI induced tidal flow alternation can lead to a 25%

increment of the transport towards the bay and a 50% decrement of the transport towards the ocean. The model output also indicates that the Eulerian

meanflow is more important than the M2-M4 interaction in driving the tidally averaged sediment transport at OIB.

• On the ebb-shoal of the inlet, where the wave energy is significant, the effect of WMI induced tide alternation is mixed with the tide modulated wave-

stirring (G. Dodet et al., 2013), reducing ocean-directed sediment transport at OIB.

Figure 6: Comparison of contribution from M0-M2 and M2-M4 interaction

to the tidally averaged sediment transport for bedload/suspended-load at

control Box A (see Figure 5). Here we can see that the Eulerian meanflow is

more important than the M2-M4 interaction in driving the tidally averaged

sediment transport at OIB.
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Here, subscript m represents tide constituents; 𝑈𝑀0 is the Eulerian meanflow;
෩𝑈𝑀2, ෩𝑈𝑀4, ෨𝜙𝑀2 and ෨𝜙𝑀4 are amplitude and phase for M2 and M4 tide,

respectively. These quantities are considering the neap-spring variation from

M2-S2 beat and M4-MS4 beat. 𝛽 is fitted from linear regression.

（1）

• The suspended-load transport module is computed by solving a 3D

advection-diffusion equation. The erosion rate, settling velocity, and

critical shear stress are estimated by empirical laws. The erosion rate

is computed considering the mud content (C. Perera et al., 2020).

• The bedload transport module uses the semi-empirical treatment

from Soulsby and Damgaard (2005), considering both wave and

current. Bedload flux is calibrated by multiplying a constant,

matching the simulated erosion depth at the inlet throat with the

observation.

• Grain size and porosity information are from the dataset

usSEABED. There are 65 points of data uniformly distributed inside

the COAWST model domain.

• The model is run on two scenarios, R1 has no WMI inside the

water-column, R2 has the WMI inside the boundary layer and in the

water-column.
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The inlet ariel photographs can be accessed at Dr. Charles Flagg’s  website at:

Great South Bay Project (sunysb.edu)
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