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Abstract

Coastal overwash is a natural phenomenon that commonly occurs during storm events and can cause considerable
changes in nearshore morphology within a short time. In this study, a complete set of empirical overwash transport
algorithms is developed and introduced into a phase-averaged wave-current-sediment transport coupling model that
integrates the Finite-Volume Community Ocean Model (FVCOM) and the Simulating Waves Nearshore (SWAN)
model. The resulting morphological evolution model can simulate coastal overwash. Validation against the data
obtained from multiple sets of laboratory overwash experiments demonstrates that the model performs relatively well
in simulating morphological changes caused by runup overwash and inundation overwash under different
hydrodynamic and beach profile conditions. The sensitivity of each empirical coefficient in the overwash transport
algorithms is comprehensively analyzed. The effects of each coefficient on the output of the model are discussed, and

a recommended value range is provided for each coefficient.
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1 Introduction

Coastal overwash refers to the landward migration of
water (including the sediment that it carries) propelled by
waves and currents flowing over the crest of a coastal barri-
er or dune, and it usually occurs during a storm event (Don-
nelly, 2008; Matias et al., 2010). Overwash may cause
erosion, flooding, sediment intrusion, and barrier breaching
(Cao et al., 2020; Kupfer et al., 2020; Wang et al., 2020), so
it is a relatively hazardous process, making it vital to study
overwash and overwash-induced morphological changes.

There are two main modes of overwash in coastal zones
(Fig. 1). (a) Runup overwash (RO) occurs when the mean
water level height S (including the astronomical tide, the
storm surge, and the wave setup) does not exceed the dune
crest height zc (i.e., S <zc) but the wave runup height R is
larger than zc (R > z¢). (b) Inundation overwash (IO) oc-
curs when S > zc. These two modes of overwash may oc-
cur either separately during different stages of a storm surge
or concurrently at different coastal locations. See the re-
view by Donnelly et al. (2006) for the details of these two

modes of overwash.

Because of its importance, many researchers have stud-
ied overwash through field observations, laboratory experi-
ments, and numerical simulations. Stockdon et al. (2009),
Matias et al. (2010), and Carruthers et al. (2013) conducted
field investigations on morphological changes and the ex-
tents of erosion and deposition caused by overwash, as well
as its reach of influence, using different measurement meth-
ods. Hancock and Kobayashi (1994) experimentally ex-
amined overwash under the action of waves with different
periods. They measured wave overtopping rates, sediment
transport rates, and morphological profiles and compared
the measurements with the results yielded by the empirical
equations. Through a series of wave flume experiments, Fi-
glus et al. (2009, 2011) studied the overwash of three types
of dunes with different morphologies and discussed their
overwash resistance. Donnelly (2008) conducted RO experi-
ments under different hydrodynamic conditions with a fo-
cus on the hydrodynamic and morphological changes at the
crest and onshore sides of dunes. Matias et al. (2012, 2013)
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Fig. 1. Two overwash modes on the coast: (a) runup overwash and (b) inundation overwash, where the mean water level (MWL) includes the effects of

astronomical tide, storm surge, and wave setup; the still water level (SWL) occurs in the absence of waves; R is runup height above SWL; § is the MWL
height above the SWL; and zc is the barrier or dune crest height above the SWL.

conducted a series of RO experiments on gravelly and sandy
beaches in a large-scale water flume, summarized the over-
wash threshold, and analyzed in detail the height, flow, and
reach of influence of overtopping water and the morpholo-
gical changes it caused. These field observations and experi-
mental studies provide an important basis for an in-depth
understanding of the overwash process.

Numerical simulations have also examined the effects of
overwash. Srinivas and Dean (1996) developed an onshore/
offshore profile model that simulates 10-induced coastal
profile changes. Larson and Kraus (1989) and Larson et al.
(2004b) established a storm-induced beach change
(SBEACH) model based on the concept of equilibrium sedi-
ment transport, to which they later added an overwash al-
gorithm to simulate beach profile changes under storm ac-
tion. Kobayashi (2013, 2016) developed a cross-shore nu-
merical model, termed CSHORE, that calculates the wave
runup and RO transport processes in the intermittently wet
and dry zone through probability functions. Primarily used
to simulate beach profile changes, these models do not ac-
count for the sediment transport and topography variation in
the alongshore direction. Roelvink et al. (2009) established
a two-dimensional horizontal (2DH) model, termed XBeach,
that considers the infragravity wave runup process and the
relevant sediment transport mechanism, and it may be bet-
ter suited for predicting beach deformation with alongshore-
varying hydrodynamic and topographic conditions. Many
researchers have employed XBeach to simulate overwash
transport and coastal morphological changes during storm
events (McCall et al., 2010; Harris et al., 2020). XBeach is
more computationally expensive than the common phase-
averaged models because it needs to calculate the equations
of motion for flow and sediment at the wave-group time
scale, so it is mainly applicable to spatial scales on the or-
der of 10 kmx10 km (van Dongeren et al., 2017). In addi-
tion, XBeach usually does not consider the overwash caused
by short waves in its 2DH applications (McCall et al., 2010,
2014).

Discontinuous wave overtopping is an important dy-
namic mechanism of overwash. As a result, the common
three-dimensional (3D) phase-averaged morphological
models (e.g., the Regional Ocean Modeling System
(ROMYS); Estuarine, Coastal Ocean Model with Sediment

Transport (ECOMSED); and Delft3D) cannot calculate the
wave-dominated overwash. Calculating the equations of
motion for water and sediment at the wave-group or short-
wave time scale increases the computational cost of a mod-
el and hinders its application to relatively large spatial
scales (van Dongeren et al., 2017). In this study, a set of
empirical overwash algorithms was developed based on a
3D phase-averaged wave-current-sediment transport coup-
ling model to describe net overwash transport over many
wave periods. On this basis, a morphological evolution
model that could reasonably simulate overwash was estab-
lished. The rest of this paper is organized as follows. Sec-
tion 2 introduces in detail the relevant models, including the
hydrodynamic, wave, and sediment models, and the in-
volved overwash transport algorithms. Section 3 examines
the reliability of the beach evolution model established in
this study against a series of experimental data. Section 4
analyzes the sensitivity of the empirical coefficients in the
overwash transport algorithms. Section 5 discusses the con-
clusions.

2 Model description

2.1 Model framework

Fig. 2 shows the framework of the wave-current-sedi-
ment transport coupling model (including overwash al-
gorithms) established in this study. The model consists of
four parts, namely, a hydrodynamic model (i.e., the Finite-
Volume Community Ocean Model (FVCOM)), a wave
model (i.e., the Simulating Waves Nearshore (SWAN) mod-
el), a sediment model, and a morphological evolution mod-
el. FVCOM provides water levels and depth-averaged velo-
cities to the SWAN model, while SWAN provides wave

Fig. 2. Model framework.
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parameters, including the significant wave height, wave dir-
ection, spectral peak period, wave length, fraction of break-
ing waves, near-bottom orbital velocity, and near-bottom
wave period (defined as 2w times the ratio of the bottom ex-
cursion amplitude to the orbital velocity) to the FVCOM.
The wave and hydrodynamic models are coupled through a
Model Coupling Toolkit (MCT) coupler (Chen et al., 2018;
Ji et al.,, 2018). The sediment model calculates the suspen-
ded load and bedload transport based on the flow condi-
tions and wave parameters.

We also develop an overwash module in the sediment
model to calculate overwash transport rates using empirical
equations. The sediment transport fluxes/rates (i.e., the
erosion and deposition fluxes of the suspended load as well
as the bedload and overwash transport rates) yielded by the
sediment model are used to calculate beach evolution, while
the morphological changes calculated by the morphological
model are fed back to the hydrodynamic, wave, and sedi-
ment models to couple wave-current dynamics, sediment
transport, and morphological evolution.

2.2 Hydrodynamic model

FVCOM (Chen et al., 2003, 2007) is used to calculate
hydrodynamic values. Its equations of continuity and mo-
mentum can be expressed as follows:
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where D =h+n is the total water depth; & is the bottom
depth; # is the water surface elevation (k and # are relative
to the SWL in this study); ¢ = (z—#)/D is the vertical co-
ordinate; u, v, and w are the velocity components in the x-,
y-, and ¢-directions, respectively; ¢ is time; f is the Coriolis
coefficient; g is the gravitational acceleration; p is the total
density; p, is the reference density; p, is the atmospheric
pressure at the sea surface; Ky, is the vertical eddy viscosity

coefficient; F, and F, are the horizontal momentum diffu-
sion terms; Ry, Ryx, Ry, and Ry, are the wave surface roller
terms, which are calculated using the formulations given by
Svendsen (1984); S 1x, Syx, Sxy, and S, are the horizontal
radiation stress terms; and S ,, and S ,; are the vertical radi-
ation stress terms. The 3D radiation stress terms are calcu-
lated using the new formulations derived by Ji et al. (2017,
2019) that account for the beach slope effects.

2.3 Wave model

Waves are simulated in this study using the SWAN
model (Booij et al., 1999), whose governing equation is a
spectral wave action balance equation that contains a
source-and-sink term:

0 0 0 0 0
8_tN+ aCxN+ 6_yCyN+ 6—0_C,,N+ Y
where N is the spectral wave action density; o is the relat-
ive wave frequency; 6 is the wave propagation direction; Cy
and C, are the propagation velocities in the x- and y-direc-
tions, respectively; C, and Cy are the propagation velocities
in the o- and f-spaces, respectively; and S is the source-
and-sink term that represents the generation, dissipation,
and redistribution of the wave energy. In this study, S
mainly includes the dissipations due to bottom friction and
depth-induced breaking. The former can be expressed as
follows:

CN=22 (4
o

o2
g2sinh?kD
where Cy, is a bottom friction coefficient, £ is the wavenum-
ber, and E (o, 0) is the energy density spectrum. The dissip-
ation by depth-induced wave breaking for a spectral com-
ponent per unit time is calculated in SWAN with

Sasp = —Cp E(o, 0), ©)

tot

Sds,br(@ 0)= Euot E(o, 0), (6)

tot

where Eyy is the total wave energy and Dy is the mean rate
of energy dissipation per unit horizontal area due to wave
breaking, which is calculated as follows:

= _%aBJQb(%)anax’ (7
where agy =1 in SWAN, & is the mean frequency, and Qy
is the fraction of breaking waves that is determined by
1-O = _8h, ®)
InQ, Hiax

where Hpmax = ppD is the maximum wave height, in which
the wave breaker index y, can be calculated following Goda
(2009):
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where L is the wavelength in deep water, S is the angle of
the beach slope, and A4 is an empirical coefficient calculated

following Ji et al. (2018):
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In this study, Egs. (9) and (10) are used to determine the
breaker index based on the wave parameters, water depth,
and beach slope, such that the SWAN model can provide
accurate predictions of nearshore wave breaking without
manually adjusting the parameters of the breaker index (Ji et
al., 2018).

2.4 Sediment model

2.4.1 Suspended transport
The suspended transport is calculated using the follow-
ing convection—diffusion equation:
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where ¢ is the sediment concentration, Ay, is the horizontal
diffusion coefficient (which is set to be equal to the hori-
zontal eddy viscosity coefficient of the flow in the model),
Ky is the vertical sediment diffusion coefficient that in-
cludes the wave effects based on the method used by van
Rijn (2007), and ws is the sediment fall velocity that is cal-
culated using the equation given by van Rijn (1993). At the
free surface, the vertical diffusive flux is zero, and the fol-
lowing boundary condition is used:

oc
_Kha_z —wsc =0.

(12)
The following condition is applied at the bottom (Cao et
al., 2021):

oc
—Knh—— —wsc = Es— D,
0z

(13)

where Eg and Dy are the erosion and deposition fluxes, re-
spectively, and are calculated based on methods used by
Lesser et al. (2004) and van Rijn (2007).

2.4.2 Bedload transport

Bedload transport is calculated using the equation given
by Soulsby and Damgaard (2005). The dimensionless bed-
load transport rate vector under combined wave-current ac-
tion can be decomposed into two components, one along the
current direction and one perpendicular to the current direc-

tion:
@ = (D, By). (14)

The component of the dimensionless bedload transport
rate along the current direction is

@, = max (D1, Pa2), (15)
where
Byt = A201” (O — Ocr); (16)

Dao =A2(0.9534 +0.1907 cos 2¢) O 2 0, +

A2(0.229467 cos ), (17)

where A; is an empirical coefficient (usually set to 12.0), ¢
is the angle between the wave and current, 4 is the wave
asymmetry coefficient (set to 0.2), 6y, is the period-aver-
aged Shields parameter under combined wave and current
action, 6, is the Shields parameter under wave action, and
O 1s the critical Shields parameter. See Soulsby (1997) for
the calculation method of each of these Shields parameters.

The component of the dimensionless bedload transport
rate perpendicular to the current direction is expressed as
follows:

0.190762

=255 W/z
0)% +1.562
The final bedload transport rate vector can be expressed

as:

qv = psP /(s —1) gdsodso, (19)

where pg is the sediment density, s =p,/p is the relative
density, and ds¢ is the median sediment particle diameter.

(O sin2¢ + 1.2404, sin ).

@, (18)

2.4.3 Overwash transport

The two modes of coastal overwash, RO and IO, in-
volve different sediment transport mechanisms. Hence, it is
necessary to develop an algorithm to calculate the sediment
transport rate in each mode.

2.4.3.1 Runup overwash transport

To establish an RO transport algorithm, a coastal zone is
divided into three zones in the onshore/offshore direction,
namely, a swash zone, a barrier/dune crest zone, and a back-

Fig. 3. Three zones described in the runup overwash algorithm, in which
the x’-axis points onshore, x; represents the junction of the SWL and the
beach face, x; represents the junction of the MWL and the beach face, x3
represents the junction of the swash zone and the barrier/dune crest zone,
x4 represents the junction of the barrier/dune crest zone and the backslope
zone, g is the cross-shore runup overwash transport rate in the swash zone
(x1<x’ < x3), qqc is the cross-shore runup overwash transport rate over the
barrier/dune crest (x3<<x’ <x4), gf is the cross-shore runup overwash
transport on the backslope of barrier/dune (x’ =x4), gy is the bedload trans-
port rate below the MWL (x' <x,), and E; and Dy are the erosion and de-
position fluxes for suspended load transport below the MWL (x'<xy), re-
spectively.
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slope zone (Fig. 3). The three zones are identified in the
model based on the beach slope gradient. Specifically, a
slope gradient parameter tanf, with a default value of 0.1 is
introduced to determine the type of each zone at x'=x). If
the slope gradient tanf,, in the onshore/offshore direction
(an upslope gradient is deemed positive, and a downslope
gradient is deemed negative) is larger than tanf,, the zone is
deemed the swash zone; if |tanﬁx,|§tanﬁ0, the zone is
deemed the barrier/dune crest zone; and if tanf,, < —tanp,,
the zone is deemed the backslope zone. This identification
approach can adapt to the dynamic changes at the boundar-
ies of different zones during dune erosion evolution. Note
that this simple slope index may be invalid on beaches with
very complex variations in slope. In this case, the tanp,
value may need to be adjusted, or a special identification
method may be required, depending on the specific condi-
tions.

The method used to calculate the RO transport rate in
each of the three zones is described below.

(1) Swash zone

Previous studies have investigated the sediment trans-
port for the swash zone under non-RO conditions, but most
of them are based on phase-resolving methods (Zhu and
Dodd, 2013; Hu et al., 2015; Deng et al., 2016; Li et al,,
2017). In this study, an RO transport equation is derived for
the swash zone based on the phase-averaged method used
by Larson et al. (2004a). First, the equation developed by
Madsen (1991) to calculate the instantaneous sediment
transport rate is introduced:

q(1) 8 32 T (1)
= 0(1)| - Ocr ., (20
po\(s=TDgdsodsy |, tanf (1001 =0 |7y (£)] (20)

tan ¢y
where tanf is the local slope gradient, ¢, is the angle of in-
ternal friction of the sediment (set to 33°), 8(¢) is the in-
stantaneous Shields parameter, and 7, (¢) is the instantan-
eous bed shear stress.

It is relatively difficult to determine the respective con-
tributions of the bedload (or sheetflow) and suspended load
to the sediment transport in the swash zone. Although Eq.
(20) is mainly used to calculate the bedload transport rate,
similar equations based on the bed shear stress are also used
to predict the total sediment transport rate ¢; (Larson et al.,
2004a). Therefore, in this study, Eq. (20) is used to calcu-
late the instantaneous ¢, in the swash zone under the condi-
tion that its coefficients can be appropriately adjusted.

Assume that waves propagate onshore along the x’-axis
and water does not return once it has overtopped the barrier.
Following Larson et al. (2004a), the flow velocity and shear
stress in the swash zone are large, so the critical Shields
parameter 0., in Eq. (20) can be neglected. Then, we can ob-
tain the following expression of the average cross-shore
sediment transport rate at a certain location in the swash
zone within one wave period if we phase-average Eq. (20):
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where T is the wave period; fs and f. are the starting and
ending time of the water runup process at the given location,
respectively; and ¢, — t; represents the duration of the runup
action at this location in a wave period.

Guided by the method of Larson et al. (2004a), the in-
stantaneous flow velocity u at each location can be assumed
to be a function of time #:

u t—t,
2 =T 5,
up fo

where uy = 4/2g(R—z) is defined as the uprush bore front
velocity at height z (relative to the SWL) and g =t.—
ts = T \1—2z/R. The following equation gives the empirical
relationship between (¢) and u(¢):
(@ 0.5pfuu (0)

p(s=1)gdso  p(s—1)gdso’
where f, is the coefficient of friction. Substituting Egs. (22)
and (23) into Eq. (21) simplifies Eq. (21) to

; 2D

(22)
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qsc = Kscps

where K is the empirical coefficient of cross-shore sedi-
ment transport in the swash zone. Wave runup height R re-
quired for calculating ug and 7p/7 in Eq. (24) is calculated
using the equation given by Stockdon et al. (20006).

Based on the method used by Larson and Wamsley
(2007) , directly adjusting Eq. (24) yields the following ex-
pression of the longshore sediment transport rate in the
swash zone:

tan gp, M(Z) Vo 1o
tangy +tanfy, g T’

gs1 = Kaps (25)
where Ky is the empirical coefficient of longshore sediment
transport in the swash zone, vy is the longshore component
of the uprush bore front velocity, and tanf), is the long-
shore slope gradient.

(2) Barrier/dune crest zone

Based on Donnelly (2008), the cross-shore sediment
transport rate in the barrier/dune crest zone that accounts for
the effects of the beach slope can be expressed as follows:

tan ¢m uls) p

_ = — 26
tangm +tanf, g T (26)

qdc = Kdepy

where K. is the empirical coefficient of cross-shore sedi-
ment transport in the barrier/dune crest zone, up =
v2g (R —zp) is the bore front velocity at the height zp in the
barrier/dune crest zone, tp = T V1 —zp/R is the duration of
overtopping at this location, and zp is the barrier height in
the barrier/dune crest zone (relative to the SWL).

The method used to establish Eq. (26) is employed to
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derive the following final expression of the longshore sedi-
ment transport rate in the barrier/dune crest zone:
uzDV[) tB

g T’

tan ¢,
tan¢m + tanf,,

ga1 = Kaipg 27)
where Kg; is the empirical coefficient of longshore sedi-
ment transport in the barrier/dune crest zone and vp is the
longshore component of the bore front velocity.

(3) Backslope zone

The cross-shore sediment transport rate in the back-
slope zone is calculated using the equation given by Larson
et al. (2004b):
__ G
~ 1+usg/Bp’
where g is the cross-shore sediment transport rate at the
junction of the barrier/dune crest zone and the backslope
zone (x” = x4) calculated using Eq. (26), s; is the distance
from this junction along the bed surface, u is an empirical
coefficient related to lateral flow spread, and Bp is the flow
width in the barrier/dune crest zone. Larson et al. (2004b)
noted that u and Bp are determined by multiple factors (e.g.,
local morphology and wave conditions) and are difficult to
calibrate, so they recommended that these two parameters
be combined. Since the effects of the slope gradient, Eq.
(28) can be written as follows:

_ tan ¢mqgc
~ (tangy +tanf, ) (1 +Kpesp)’

qfc (28)

qic (29

where Ky, is the empirical coefficient of cross-shore sedi-
ment transport in the backslope zone. Similarly, the follow-
ing equation is used to calculate the longshore sediment
transport rate in the backslope zone:

tandmqy
qf = >
(tan ¢m +tan ﬁy/) (1+ Kqsp)

where g is the longshore sediment transport rate at the

(30)

junction of the barrier/dune crest zone and the backslope
zone (x" = x4) calculated using Eq. (27) and Ky is the em-
pirical coefficient of longshore sediment transport in the
backslope zone.

From the above considerations, the RO transport rates in
different zones can be calculated using Eqs. (24), (25), (26),
(27), (29), and (30). Theoretically, when Ky = K4, and
Ky = Kq1, the RO transport rate is continuous at the junc-
tion of the swash zone and the barrier/dune crest zone, but
we place no strict restrictions on it in this study. The values
of coefficients K. and Ky are discussed in Section 4.1.

Because the sediment transport formulation in the swash
zone is empirical, we do not couple the suspended transport,
bedload transport, and overwash transport modules. These
three modules are calculated separately, but all are fed back
by the bed level changes. The transition zone (x; <x’' <x; in
Fig. 3), which includes not only the calculation of sediment

transport in the swash zone but also the calculation of sus-
pended and bedload transport, avoids excessive local mor-
phological changes due to sudden variations in the sedi-
ment transport rate to some extent.

2.4.3.2 Inundation overwash transport

IO occurs when S on the ocean side of the barrier ex-
ceeds z¢ (Fig. 1b). Guided by the formulation of Donnelly
(2008) and the characteristics of 10 under wave action, the
following equation is used to calculate the onshore/offshore
10O transport rate across the beach profile:

tan¢,, 3/2
ic = KicKpKip,—————2+/2g(R— s
Gic icpKiPg tan¢m+tanﬁx, 8( 2)

(€2))
where Kj is the cross-shore 10 transport coefficient, K, is a
parameter that characterizes the distribution of the sediment
transport rate across the profile, and K; is a parameter that
characterizes the variation in the sediment transport rate

with the extent of overwash. K, and K; are calculated by the
following equations:

_ ky
K, = [max(l _x Z, 0)] ;
ho

ky
K= {min[max(l + Z—C, 0), 1]} s
ho

where Ay is the limit depth of 10 relative to the SWL and k;
and k; are empirical coefficients.

Previous experimental results of 10 under wave action
(Wang et al., 2020) show inconsistencies in the distribution
of the sediment transport rate and the pattern of morpholo-
gical changes on the seaward and landward sides of a dune
during the overwash process. Hence, in this study, a coastal
zone under 10 action is simplistically divided into a sea-
ward zone and a landward zone in the onshore/offshore dir-
ection (Fig. 4). The junction of the seaward and landward
zones (x’ = x¢) corresponds to the barrier/dune crest point,
which varies dynamically during the numerical simulation
process. The empirical coefficient k| affects the value of K,,
which characterizes the distribution of the sediment trans-

(32)

(33)

Fig. 4.

which xc represents the junction of the seaward and landward zones and

Two zones described in the inundation overwash algorithm, in

gic 1s the cross-shore inundation overwash transport rate.
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port rate across the profile. Therefore, different values of k;
are used to calculate the IO transport rates in the seaward
and landward zones. For convenience, ks and ks are used
to denote k; of the seaward and landward zones, respect-
ively. At the dune crest, z = zc and K, = 1. As a result, while
the values of k; for the two zones are different, Eq. (31)
yields a continuous sediment transport rate gj. near the dune
crest (at x’ =~ xc). The coefficients Kj. and k, control the
magnitude of the [0-induced sediment transport rate and the
overall variation in the sediment transport rate with the
overwash progress, respectively, so they remain the same
for both zones.

Longshore 10 may occur at the barrier in the presence of
obliquely incident waves. The following cross-shore and
longshore IO transport rates are established based on the
overwash transport module established in the previous sec-
tion and on Eq. (31):

tan @y,

ic = KicKpKip,————2+/2g(R— 32 g, 34

Tie = RieBpRPs o G +tanf,, §(R=2)7"cos (34)
tan .

gi = Ku K, Kipy O 228(R-2)*?sin6, (35)

tan gy, + tanf3,,

where 6 is the angle between the nearshore wave direction
and the normal direction of the coast and Kj; is the long-
shore 10 sediment transport coefficient.

2.5 Morphological model
The governing equation for morphological evolution can
be written as follows:

0qx aq}’

0z
ps(] _por)a_tb"'fmor _+Es_Ds):O’ (36)

Ax * Jdy
where zy, is the bed level, po; is the porosity, fmor is the mor-
phological acceleration factor, and ¢, and g, are the sums of
the bedload and overwash transport rates in the x- and y-
directions, respectively. The bed level changes calculated
with the above equation are fed back into the wave, hydro-
dynamic, and sediment models to simulate the full coupling
of waves, currents, sediment transport, and morphological
evolution (Fig. 2).

3 Model validation

3.1 Case 1: Runup overwash only
Park (2006) conducted RO experiments under different

wave conditions in a wave flume (28.0 m long, 1.5 m wide,
and 3.0 m deep) in the Hydrolab at Texas A&M University.
An experimental case that lasted for a relatively long time
and involved relatively notable morphological changes was
simulated in this study. The significant wave height Hs and
spectral peak period T}, of the incident waves were 0.15 m
and 2.0 s, respectively. The waves broke in the form of a
plunging breaker on a 1:5 sloped sand berm built of sedi-
ment with a dsg of 0.15 mm, and this experiment lasted for
1635 s.

Table 1 summarizes the specific values of the RO trans-
port coefficients in this validation case. In the model run,
the grid resolution is 0.2 m. The time steps for FVCOM and
SWAN are 0.005 and 10 s, respectively, and the time inter-
val for information exchange between the two models is
10 s. Figs. 5a and 5b give the model-calculated values of the
initial Hy and wave-induced undertow velocity. The simu-
lated wave-breaking point occurs at x = 23.0 m, the under-
tow is relatively strong within the wave-breaking zone, and
the near-bottom velocity is relatively low outside the wave-
breaking zone. Figs. 5c and 5d show the distribution of the
calculated time-averaged total sediment transport rate g, and
compare the simulated and measured beach profiles, re-
spectively. In the zone at x < 24.7 m, sediment is overall
transported offshore under the action of undertow. The
time-averaged ¢; is mainly offshore and reaches its maxim-
um at the turning point A (x =~ 23.8 m), beyond which it de-
creases rapidly. As a result, the simulated profile of the zone
at 23.8 m < x < 24.7 m exhibits an eroded morphology,
while deposition and its resulting underwater sandbar are
visible at 22.7 m < x < 23.8 m. In the zone at x > 24.7 m,
sediment is largely transported onshore under the RO ac-
tion, and the time-averaged g is mainly onshore, peaking
around the turning point B (x = 26.4 m). Correspondingly,
the swash and barrier/dune crest zones at x < 26.4 m are
mostly eroded, while slight deposition takes place in the
backslope zone at x >26.4 m.

For all cases, the model performances were quantified
by statistical parameters, including the root mean squared
error (RMSE) and correlation coefficient (CC):

1 n
RMSE = 4|~ Z(xi —y)%
i=1

(37

Table 1 Empirical coefficient values in the overwash algorithm for the validation cases

Empirical coefficients Case 1 Case 2-BD Case 3-WD Case 2-SD Case 3
Ksc 1.8x1074 4.6x107 2.0x1073 3.6x1073 -

Kgc 2.4x1074 6.3x1075 3.2x1075 4.6x107° -

Kt 02 02 02 02 -

K; - 2.0x1075 1.2x1073 1.7x1073 1.0x1073
kis - 15.0 15.0 15.0 15.0

kit - 0.8 0.8 0.8 0.8

ka - 4.0 4.0 4.0 4.0
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Fig. 5. Case 1: simulated (a) initial significant wave height distribution, (b) initial undertow velocity distribution, and (c) time-averaged total sediment

transport rate and (d) comparisons between the simulated (blue solid line) and measured (red dashed-dotted line) beach profiles.

Table 2 Performance statistics for the validation cases.

Case No. Parameter RMSE (m) cc
1 Beach profile 0.015 0.997
2-BD Significant wave height 0.018 0.988
Mean water level 0.002 0.998
Beach profile 0.013 0.992
2-WD Beach profile 0.019 0.989
2-SD Beach profile 0.012 0.993
3 Beach profile (along the flume centerline) 0.023 0.988
Beach profile (normal to the flume centerline) 0.072 0.978
1 i[ (=B i —5)] proximately 1.0 m. Hs and T, of the incident waves were
ni ! iy 0.19 m and 2.6 s, respectively. Sediment with a dsg of
cc= (38)  0.18 mm was used in the experiments to produce three dif-

1 ¢ 1 ¢ ’
=Y = - D 0=
ni:l ni:l

where n is the number of measured samples; x; and y; de-
note the calculated and measured values, respectively; and x
and y are the corresponding mean values of the calculated
and measured values, respectively. Table 2 presents the per-
formance statistics for the validation cases. The RMSE
between the simulated and measured beach profiles for Case
1 is rather small (0.015 m), while the correlation coefficient
(CC)is 0.997. These results show that the established mod-
el can reasonably simulate onshore/offshore sediment trans-
port and changes in the beach profile under the action of
nearshore wave, undertow and RO.

3.2 Case 2: Both runup and inundation overwash

Figlus et al. (2009, 2011) conducted overwash (both RO
and 10) experiments on dunes with different morphologies
in the “Sand Tank” movable bed wave flume at the Uni-
versity of Delaware. The tank was 30.0 m long, 2.5 m wide,
and 1.5 m deep. The water depth at the wave maker was ap-

ferent initial dune profiles, namely, a berm and a dune (BD),
a wide dune (WD), and a sloping beach with a dune (SD).
The wave breaker types are spilling breakers. A low-crested
vertical wall was set on the onshore side of each dune. See
Figlus et al. (2009) for the detailed experimental setup and
morphological profile parameters.

Table 1 lists the value of each empirical coefficient used
in our test. iy in the IO transport algorithm was set to the
experimental water depth (1.0 m). The grid resolution is
0.2 m in the simulation. The time step is 0.002 s for FV-
COM and 10 s for SWAN, and the coupling between the
two models takes place at a 10 s interval.

Based on the morphological evolution characteristics,
Figlus et al. (2011) divided the overwash process in each set
of experiments into three phases (see Table 2 in Figlus et al.
(2011)). Fig. 6 compares the simulated significant wave
height H; and mean water level # with measured data, tak-
ing the results at the end of Phase 1 for BD experiment as an
example. As we can see, wave breaking occurs first at x =
7.5 m and then a second time at x = 17.5 m. The mean wa-
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ter level changes mainly in the nearshore zone. The de-
crease in Hy leads to a relatively significant wave setup. The
model-calculated values are overall consistent with the
measurements. The statistical measures show that the correl-
ation coefficient (CC) values are larger than 0.98, while the
values of RMSE for Hg and # are 0.018 m and 0.002 m, re-
spectively (Table 2). At x = 18.6 m, the simulated Hy ap-
pears to be smaller than the measured data. This may be be-
cause that the measuring point is located in the intermit-
tently wet and dry zone, which has some errors of measure-
ment and data analysis (Figlus et al., 2009).

Fig. 6. Case 2: comparisons between the simulated (blue solid line) and
measured (black circle) significant wave height Hs and mean water level 7
at the end of Phase 1 for the BD test (¢ = 2400 s).
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Fig. 7 compares the simulated and measured morpholo-
gies of the three dune profiles at the end of each phase. For
the BD profile, during Phase 1 (0-2400 s), the nearshore
sand berm and its onshore dune are eroded under wave-cur-
rent and RO action, and the sediment composing the sand
berm is transported offshore to be deposited at the toe of the
sand berm (x = 17.1 m). Some sediment composing the sand
berm and dune moves to the vicinity of the junction of the
sand berm and the dune (at x = 18.9 m) under nearshore
wave-current action. Because the nearshore dune is more af-
fected by RO action, its sediment is transported onshore,
resulting in a decrease in dune crest height z¢ by approxim-
ately 6 cm. During Phase 2 (2400-3600 s), overwash trans-
port intensifies to some extent. The nearshore morphology
changes considerably within 1200 s. A small amount of sed-
iment continues to move offshore, while the majority of the
sediment is transported onshore under the action of wave
overtopping. During Phase 3 (3600-7200 s), the dune crest
begins to drop below the mean water level, giving way to
IO. Then, the beach profile lowers, and the nearshore sand
berm and dune are completely wiped away. The overall
RMSE for this case is 0.013 m, and the correlation coeffi-
cient is 0.992, indicating that the model performs well at
simulating the morphological changes in the BD profile.

Analysis of the simulated WD profile shows the follow-
ing. During Phase 1 (0-1200 s), the foreslope of the dune is
considerably eroded. A large amount of sediment is trans-
ported offshore from the foreslope of the dune under wave
and undertow action and is deposited near the seaward toe
of the dune (x = 18.0 m). In contrast, some sediment com-

Fig. 7. Case 2: comparisons between the simulated (blue solid line) and measured (red dashed-dotted line) beach profiles at the end of Phases 1 (top), 2

(middle), and 3 (bottom) for the BD (left), WD (middle) and SD (right) tests.
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posing the crest and backslope side of the dune is transpor-
ted onshore under RO action, resulting in a decrease in zc
by approximately 6 cm. During Phase 2 (1200-2000 s), the
dune sediment continues to be transported onshore by the
overtopping flow, resulting in a continual decrease in zc.
The nearshore morphology of the dune basically disappears
at the end of Phase 2. During Phase 3 (2000—4800 s), the
beach at the location where the dune used to stand contin-
ues to be overwashed, and its highest point begins to drop
below the mean water level. Then, wave-dominated 10 oc-
curs, resulting in an overall descent of the beach profile in
the zone at x > 17.0 m. The calculated bed level at x > 19.5 m
at the end of Phase 3 is lower than the measurement, but
overall, the model performs relatively well at simulating the
profile changes under nearshore wave-current and over-
wash action. The correlation coefficient is 0.989, while
RMSE is satisfactorily small (0.019 m).

For the SD profile, during Phase 1 (0-1600 s), a small
amount of sediment in the zone at 18 m <x <19 m is trans-
ported offshore and is deposited at x = 17.5 m. The RO of
the dune at 19 m < x < 20 m leads to onshore sediment
transport and reduces zc by approximately 5 cm. During
Phase 2 (1600-2400 s), RO transport intensifies consider-
ably, and the nearshore dune vanishes basically within
800 s. During Phase 3 (2400-6000 s), the dune crest gradu-
ally drops below the mean water level, at which time the
mode of overwash transitions from RO to IO, and sub-
sequently, the beach profile lowers as a whole. Finally, the
nearshore dune is completely erased. The model slightly un-
derestimates the erosion of the beach at x = 17.7 m at the
end of Phase 3. The simulated beach profile in the zone at
x > 19.6 m is also slightly lower than the measurement.
Nevertheless, as shown in Fig. 7 and Table 2, the model ac-
curately captures the characteristics of the SD profile
changes due to erosion and deposition and succeeds in sim-
ulating a relatively reasonable pattern of morphological
changes.

Overall, once their empirical coefficients are appropri-
ately adjusted, the overwash algorithms and numerical mod-
el established in this study perform well at simulating over-
wash-induced morphological changes in different profile
forms, and they can reasonably describe their morphologic-
al erosion and deposition patterns during the RO and 10
stages.

3.3 Case 3: Breaching induced by inundation overwash
This section presents simulations of 10 and its resulting
barrier breaching conducted based on the experiments of
Wang et al. (2020), who used a wave flume that was 75.0 m
long, 1.8 m wide, and 2.0 m deep. A trapezoidal sand barri-
er fabricated of sediment with a dsp of 1.2 mm was placed
in the center of the flume. Both the foreslope and backslope
of the barrier had a gradient of 1:4. An inverted trapezoidal
pilot breach 0.36 m wide at the top edge, 0.10 m wide at the
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bottom edge, and 0.10 m deep was prepared in the barrier
along the centerline of the flume. The water depth in front
of the barrier was 0.85 m. Our simulations were performed
based on the parameters used in Experiment 3 (height and
period of incident waves of 0.16 m and 1.8 s, respectively),
whose wave breaker type is plunging. See Wang et al.
(2020) for the detailed experimental settings.

The experimental results obtained by Wang et al. (2020)
showed that overwash-induced breaching was reflected
mainly by the gradual expansion of the gap due to continual
overwash at the gap under overtopping flow action. To
characterize this feature, we provide an overwash-induced
breach transport rate distribution equation based on the al-
gorithm developed in Section 2.4.3:

’ k3

;o , Y —Yo
Gore (¥ ') = (v )maxll (bﬁKbrhbr] : 0}, (39)
where x’ and y’ are the cross-shore and longshore coordin-
ates, respectively; g.(x’) is the rate at which sediment is
transported through the center of the gap in the cross-shore
profile (calculated using the RO and IO transport al-
gorithms established in Section 2.4.3); y; is the longshore
coordinate of the centerline of the breach gap; by is the char-
acteristic width of the breach gap (set to 1-2 times the max-
imum width of the initial gap, which is 0.5 m in this case);
Ky 1s an empirical coefficient used to characterize the later-
al breach velocity at the gap (set to 1.0); Ay, is the depth of
the breach gap at its centerline; and k3 is an empirical coeffi-
cient used to represent the decrease in the sediment trans-
port rate at the breach gap toward both sides (set to 3.0).

Table 1 summarizes the values of the empirical coeffi-
cients in the IO algorithm used in this case. Based on the ex-
periment, ip was set to 0.85 m. The triangular mesh has a
resolution of 0.2 m at the open boundary and is locally re-
fined with a resolution of approximately 0.05 m in the vicin-
ity of the pilot breach. Because of the high grid resolution,
the time steps used for FVCOM and SWAN are 0.0002 s
and 5 s, respectively, while the coupling between the two
models takes place every 5 s.

Fig. 8 shows the initial topography and simulated breach
topography at different time points. The initial gap continu-
ally deepens due to overwash and gradually expands to both
sides. At =198 s, the barrier exhibits more significant mor-
phological changes on its backslope (x > 0.4 m) (Fig. 8b),
followed by the morphological evolution of its crest and
foreslope (Figs. 8c and 8d). The model simulations are con-
sistent with the overwash-induced breach characteristics de-
scribed by Wang et al. (2020). Fig. 8 also shows that the
rate of change of the morphology gradually slows with time.

Fig. 9 compares the simulated and measured profiles
along the centerline of the flume at # = 198, 600, and 1198 s.
The model simulations clearly illustrate that the I0-induced
changes in the morphological profile of the barrier mainly
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Fig. 8. Case 3: (a) initial topography and the simulated breach topo-
graphy at (b) t=198 s, (c) £ =600 s, and (d) # = 1198 s. The white dashed-
dotted line is the validation profile along the flume centerline (y = 30 m),
and the dashed lines are the validation profiles normal to the flume center-
line.

begin from its backslope and then reach its crest and
foreslope and that the profile of the eroded barrier displays
an overall triangular shape. At ¢ = 198 s, the sediment in the
upper part of the barrier in the zone at x < 2.6 m is transpor-
ted onshore by wave overtopping, while deposition occurs
in the zone at x > 2.6 m. Overall, the simulated beach pro-
file is relatively consistent with the measurements. At ¢ =

600 s, the sediment at the foreslope side and crest of the bar-
rier continues to move onshore under overtopping flow ac-
tion and is deposited at x > 2.7 m. The simulation shows
that at £ = 1198 s, the main body of the barrier is further
eroded, and deposition occurs at x > 2.9 m. Fig. 9 shows
that the model-calculated deposition thickness is lower than
the measurement but not to a significant extent. The differ-
ence between the simulated and measured profiles at each
time point is mainly manifested on the foreslope side. The
modeled erosion of the foreslope is more extensive than the
measured erosion, which may be because the foreslope of
the barrier was covered with a thin clay layer to prevent
seepage in the flume experiment, which weakened the
erosion by waves and currents. The statistical scores are
RMSE = 0.023 m and CC = 0.988 (Table 2), which show
that the model basically succeeds in simulating the morpho-
logical profile changes along the centerline of the flume.
The difference between the simulations and measurements
is within reasonable limits.

Fig. 9. Case 3: comparisons between the simulated (solid lines) and meas-
ured (dashed lines) beach profiles along the flume centerline (white
dashed-dotted line in Fig. 8a) at # = 198 s (green lines), = 600 s (blue
lines), and ¢ = 1198 s (orange lines).

Fig. 10. Case 3: comparisons between the simulated (blue solid lines) and measured (red dashed-dotted lines) beach profiles normal to the flume center-

line (white dashed lines in Fig. 8a) at =198 s.
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Fig. 10 compares the simulated and measured profiles of
the backslope perpendicular to the centerline of the flume at
t =198 s. The empirical algorithm established in this sec-
tion (Eq. (39)) performs relatively well at calculating the
overwash-induced breaching and the longshore morpholo-
gical changes. The gap significantly deepens and widens at
the sections at x = 0, 1, and 2 m. The gap formed from
breaching basically maintains its trapezoidal shape. The pro-
files of x = 3 and 4 m rise to some extent at 29 m <y <31 m,
suggesting the occurrence of deposition in this zone. Over-
all, the simulated profiles at x =0, 1, 2, and 3 m agree relat-
ively well with the measurements. The simulated depths and
widths of the gap created by breaching are relatively con-
sistent with the measurements. The simulated profile at
x = 4 m differs to some extent from the measurement,
mainly in the smaller amount of sediment deposited on each
side calculated by the model than that seen in the measure-
ment. This difference occurs because the model does not ac-
count for the effects of the lateral flow spread on the mor-
phology of both sides. The overall RMSE and CC for the
profiles normal to the flume centerline are 0.072 m and
0.978, respectively, which are acceptable for a morphologic-
al model.

4 Sensitivity analysis of empirical coefficients

The overwash algorithms established in this study con-
tain multiple empirical coefficients, which cover the effects
of many complex factors, such as local hydrodynamic con-
ditions, sediment properties, and beach profile morpholo-
gies. Theorizing on the value of each coefficient remains
quite challenging. Therefore, the sensitivity of each empiric-
al coefficient is comprehensively analyzed in this section
based on the cases in Section 3 to summarize its pattern of
influence.

4.1 Empirical coefficients in the runup overwash algorithm

K. and Ky are the empirical coefficients of cross-shore
sediment transport in the swash zone and in the barrier/dune
crest zone, respectively, and they mainly control the mag-
nitude of the RO-induced cross-shore sediment transport
rate. According to the description in Section 2.4.3.1, setting
K equal to K4 can ensure a continuous sediment transport
rate at the junction of the swash and barrier/dune crest zones
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(x’ = x3 in Fig. 3). However, in practical applications, the
model can be used to simulate different beach profile mor-
phologies by setting these two coefficients to different val-
ues. Generally, in cases involving erosion of the dune crest
(e.g., the cases in Sections 3.1 and 3.2), Ky, can be set high-
er than K.

Fig. 11 shows the time-averaged ¢; values and beach
profiles yielded by the model with different values of Ky
and Ky, holding the other coefficients constant (see
Table 1) under the conditions in Case 1 as an example. The
values of Ky, and Ky, mainly affect the magnitude and
gradient of the sediment transport rate in the zone at x >
24 m. Relatively high values of Ky and K. lead to pro-
nounced dune erosion in the zone at 24 m < x < 25.5 m and
a slightly large extent of deposition in the backslope zone at
x> 26.4 m. We found that the values of K. and K4 used in
Case 1 are significantly higher than those in the other cases
(Table 1). This difference occurs partly because the coeffi-
cient values include the effects of factors such as sediment
properties and beach profile morphologies, and the other
important reason is that the errors of the Stockdon et al.
(2006) formulation used to estimate the wave runup height
R need to be corrected by adjusting K. and Kg.. Specific-
ally, the value of R calculated by the Stockdon et al. (2006)
formulation for Case 1 is nearly 0.17 m, while the estim-
ated R for Case 2-WD is approximately 0.73 m due to the
steep slope (1:2), which may be overestimated. The signific-
ant differences in the estimated runup heights in different
cases lead to the Ky and Ky, values in Case 1 being nearly
an order of magnitude higher than those used in the other
cases. Based on the results obtained from the cases ex-
amined in this study, K. and K4 may generally be set to
values on the order of 10-5-10-4.

The empirical coefficient of cross-shore sediment trans-
port in the backslope zone Ky mainly controls the distribu-
tion of the sediment transport rate in this region. Fig. 12
shows the time-averaged ¢; values and morphological pro-
file changes yielded by the model with different values of
K. with Phase 1 of the overwash process involving the WD
profile given in Case 2 (Case 2-WD) as an example. g; in
the zone at x < 18.7 m is mainly offshore and peaks at x =
18.2 m, beyond which it gradually decreases. In contrast, g;
at x > 18.8 m is onshore. The value of K¢, mainly affects g;

Fig. 11. Simulated (a) time-averaged total sediment transport rates ¢; and (b) beach profiles for Case 1 with different values of K. and Kg.
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Fig. 12. Simulated (a) time-averaged total sediment transport rates g; and (b) beach profiles for Phase 1 of Case 2-WD with different values of K.

and the morphology yielded by the model in the zone at x >
19.6 m. The use of a relatively high value of K¢, in the mod-
el leads to a high rate of decrease in g; in this zone as well
as some extent of deposition. Moreover, as shown in
Fig. 12, the final results yielded by the model with K¢, val-
ues of 0.05 and 0.2 are similar. Overall, the model results
are less sensitive to Ky than those to K. and Ky.. Accord-
ing to Table 1, K¢ of 0.2 or lower is generally recommen-
ded for cases involving the RO of relatively regular barriers.

4.2 Empirical coefficients in the inundation overwash al-

gorithm

Figs. 13a and 13b show the effects of the cross-shore 10
transport coefficient Kj. on the simulation of ¢; and the mor-
phological profile during Phase 3 of the overwash process
involving the SD profile in Case 2 (Case 2-SD). A relat-
ively high value of Kj¢ in the model leads to a high IO trans-
port rate and, correspondingly, a large extent of erosion of
the morphological profile. Based on the optimal values of
the empirical coefficients for each case in Table 1, Kj. can
be considered to be on the same order of magnitude as Ky
and K4.. In the simulation of a process involving both
modes of overwash (i.e., RO and 10) (e.g., Case 2), Kj. usu-
ally needs to be set lower than K. and K4.. We preliminar-

ily recommend that K be set to a value of (0.4-0.6)K..

Figs. 13c and 13d show the effects of Kj. on the calcula-
tion of the sediment transport rate and morphological pro-
file, taking the simulation of the overwash process at 0—198 s
in Case 3 as an example. The coefficient Kj. affects the
overall magnitude of the IO transport rate, thereby affecting
the extent to which the barrier is eroded. Simulations con-
ducted with a relatively large value of Kj. show a more sig-
nificant erosion of the barrier on both the foreslope and
backslope sides. Compared with that for Case 2, the value
of Kj. for Case 3, which involves a breaching process, is
significantly higher (Table 1), mainly because the narrow-
ing effects of the gap increase the intensity with which the
flow passing through the gap overwashes the sediment.
Based on the values of the coefficients selected for Case 3,
we recommend that K. be set to a value on the order of 103
for the gap in simulations of an 10-induced breach. We be-
lieve that this pattern is also applicable to K. and Kg.
Therefore, we also recommend that K. and Ky, be set to
values on the order of 103 for the gap in simulations of an
RO event and its resulting breaching process.

Fig. 14 shows the time-averaged ¢; values and morpho-
logical profile changes yielded by the model with different
values of kg, taking Phase 3 of Case 2-BD as an example.

Fig. 13. Simulated (a) time-averaged total sediment transport rates ¢; and (b) beach profiles for Phase 3 of Case 2-SD and simulated (c) time-averaged

total sediment transport rates g; within 0—198 s and (d) beach profiles at z = 198 s along the flume centerline for Case 3 with different values of Kic.



204

LI Song-zhe et al. China Ocean Eng., 2022, Vol. 36, No. 2, P. 191-207

Fig. 14. Simulated (a) time-averaged total sediment transport rates g; and (b) beach profiles for Phase 3 of Case 2-BD with different values of k.

The model-calculated gradient of ¢; with ks = 7.5 is lower
at 18 m < x < 20 m, resulting in a higher beach profile in
this region. In the zone at x < 18 m, the morphological pro-
file calculated with ks of 7.5 is slightly lower than that cal-
culated with a ki5 of 15.0. At 18.8 m < x < 20 m, the ¢;
gradient calculated with k¢ of 30.0 is larger than that calcu-
lated with a k5 of 15.0. As a result, inputting k;5 = 30.0 in
the model produces a larger extent of erosion and a lower
beach profile in this region. In the relatively offshore zone
at x < 18.8 m, both ¢; and its gradient calculated with kg of
30.0 are even lower, resulting in an even higher morpholo-
gical profile.

The effects of ks on the simulations are analyzed in this
section based on Case 3 (Fig. 15). The results yielded by the
model with different values of k¢ differ considerably, espe-
cially on the landward side of the barrier. ¢; yielded by the
model with k¢ of 3.2 for the zone at x >—-0.8 m first in-
creases and then decreases but is relatively low in both
value and gradient. As a result, the final beach profile simu-
lated with k¢ = 3.2 is notably higher than the measurement
and that simulated with ki = 0.8. Inputting k;f = 0.2 in the
model yields both higher ¢; values and a steeper g; gradient
in the zone at x > —1.0 m, resulting in a larger extent of
erosion and a lower beach profile than those simulated with
kig of 0.8. The point of intersection of the profile simulated
with k¢ of 0.2 and the initial profile is located at x = 3.3 m,
where the peak of g occurs.

Overall, the coefficients kjs and kjf mainly affect the
simulation of the distribution of ¢; and the beach profile on
the seaward and landward sides of the barrier crest, respect-
ively. In the model simulations, higher values of kg result in

higher erosion intensities within a small area on the sea-
ward side of the barrier crest but smaller erosion areas,
while smaller values of k5 lead to lower erosion intensities
on the seaward side of the barrier crest but larger erosion
areas. A higher value of kjy results in a relatively low
erosion intensity on the landward side of the barrier crest.
Moreover, ki somewhat affects the beach morphology
(e.g., the backslope gradient) (Fig. 15b). Based on the simu-
lation results obtained in this study and the values of the
coefficients used in this study (Table 1), we recommend ks
of 15.0 and k¢ of 0.8 for the model in practical applications.

Fig. 16 shows the effects of k, onthe model calcula-
tions, taking the simulation results at different time points in
Case 3 as an example. As the overwash process proceeds,
there is a gradual decrease in g; and its gradient along the
profile, as well as in the overwash intensity. As shown in
Figs. 16a and 16b, inputting different values of k; in the
model produces similar g; values in the period 0-198 s of
the overwash process and highly consistent beach profiles at
t = 198 s. This result occurs because of the small change in
zc during this period. Figs. 16¢ and 16d show the g; values
and beach profiles yielded by the model within 0-600 s. In-
putting a smaller k, value in the model yields a relatively
high ¢; value and, correspondingly, a low beach profile. An
opposite phenomenon is seen with a higher k, value. Figs.
16e and 16f also show this pattern.

As Fig. 16 shows, as the overwash process progresses
and zc decreases, the effects of k, on the final simulated
profile become stronger. Based on the simulation results ob-
tained for the cases examined in this study, we recommend
ky of 4.0.

Fig. 15. Simulated (a) time-averaged total sediment transport rates g; within 0—198 s and (b) beach profiles at t = 198 s along the flume centerline for

Case 3 with different values of k.
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Fig. 16. Simulated time-averaged total sediment transport rates g; within (a) 0—198 s, (c) 0-600 s, and (¢) 0-1198 s and beach profiles at (b) t = 198 s,
(d) 600 s, and (f) 1198 s along the flume centerline for Case 3 with different values of k.

5 Conclusions

In this study, a phase-averaged wave-current-sediment
transport model that can simulate coastal overwash is estab-
lished. Two overwash (RO and 10) transport algorithms are
developed and introduced into the model. For the RO trans-
port algorithm, the relevant coastal zone is divided into a
swash zone, a barrier/dune crest zone, and a backslope zone.
An empirical sediment transport equation is established to
calculate the RO sediment transport rate in each zone. For
the 1O transport algorithm, the relationship between the sed-
iment transport rate and the beach profile height is estab-
lished. The IO transport rate across the profile is calculated
using different parametric values for the seaward and land-
ward sides of the dune crest.

The established model is validated against the data ob-
tained from three sets of laboratory experiments (i.e., RO
experiments, overwash experiments involving the whole RO
and IO process, and 10 and resulting breaching experi-
ments). The validation results and statistical analyses show
that the model established in this study can satisfactorily
simulate the overwash-induced beach profile changes and
the erosion and deposition evolution processes under differ-
ent conditions.

The sensitivity analysis of each empirical coefficient in
the overwash transport algorithms reveals that satisfactory
simulation results can be produced with the recommended
values for the majority of the coefficients, including
Ki. =0.2, k15 =15.0, k1 = 0.8, and k, = 4.0. The other three
coefficients (Kg, K4, and Kjc) mainly control the mag-
nitude of the sediment transport rate and may require appro-
priate adjustment in practical simulations. Based on the sim-
ulated results obtained in this study for multiple cases, the
RO transport coefficients Ky and K4, can usually be set to
values on the order of 10-5-10-4, while under the same con-
ditions, the IO transport coefficient Kj; can be preliminarily
set to (0.4—-0.6)K,.. In the event of a breach, the narrowing
effects of the breach gap increase the overwash intensity.

Therefore, Ky, K4c, and Kj. should be set to much higher
values. We recommend values on the order of 103 for these
three coefficients at the gap locations.

Although overwash transport algorithms for the cross-
shore and longshore directions have been developed for the
model established in this study, the model has only been
validated against laboratory data in the areas of beach pro-
files whose evolution is dominated by cross-shore over-
wash transport. The capability of the model to simulate in
situ overwash in a large area and the empirical coefficients
of longshore sediment transport are the focus of our future
research.
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