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Abstract The dissipation of wave energy is important to nearshore circulation and beach profile evolution.
Here, radar measurements of wave dissipation at the water surface across the surfzone are used to estimate water
velocities and sediment transport in the lower water column to drive an energetics model for morphological
change. The radar‐driven model accurately simulates both the 25‐m onshore and the 50‐m offshore migration of
a sand bar observed on an Atlantic Ocean beach with a single set of calibration coefficients. Similar to previous
studies, wave asymmetry dominated during mild wave conditions when the bar migrated shoreward, and
undertow dominated during energetic conditions when the bar migrated seaward. Model results were improved
by accounting for both wave bottom boundary layer effects near the sand bar (especially during onshore
migration) and the vertical extent of sediment suspension in the undertow transport (especially during offshore
migration).

Plain Language Summary As ocean surface waves approach the coast they break in the shallow
water of the surfzone, dissipating large amounts of energy, generating mean currents, and creating turbulence.
Here, radar observations of dissipation and wave heights on an Atlantic Ocean beach are used to estimate the
sediment transport driven by waves and currents. The transport terms are used in a model with one set of
adjustable coefficients that predicts accurately the evolution of the seafloor as a sandbar migrates onshore and
offshore. Consistent with previous studies, the results suggest onshore bar migration is dominated by waves that
transport sediment shoreward in mild conditions, and that offshore migration is dominated by strong offshore‐
directed currents (undertow) that transport suspended sand seaward during energetic conditions. The model
predictions are improved by considering near‐bed effects near the crest of the sand bar during onshore migration
and by including the vertical extent of suspended sediment during offshore migration.

1. Introduction
Nearly all ocean surface gravity wave energy that enters the nearshore is dissipated in the surfzone. Breaking
transfers wave energy and momentum into the water column, generating currents and turbulence and suspending
sediment, leading to morphological evolution, with important consequences for habitat, flood protection, tourism,
and national security. Dissipation patterns are affected by the seafloor depth (Battjes & Janssen, 1978; Thornton
& Guza, 1983), which determines the locations of depth‐limited wave breaking (Miche, 1944) and roller prop-
agation (the air‐water mixture on the surface of breaking waves, Figure 1), the main nearshore dissipation pro-
cesses (Deigaard, 1993; Stive &Wind, 1986; Svendsen, 1984, among others). Sandbars, alongshore ridges on the
seabed (C. A. M. King & Williams, 1949; Wijnberg & Kroon, 2002, among others), initiate the breaking of
onshore propagating waves through a rapid decrease in depth.

Simultaneously, wave breaking influences the sandbar position. During energetic conditions breaking waves
suspend sediment and generate a time‐mean offshore current (Aagaard et al., 1998; Gallagher et al., 1998;
Thornton et al., 1996, among others), resulting in the offshore migration of sand bars (Dally & Dean, 1984; Dyhr‐
Nielsen & Sørensen, 1970, among others). During mild or moderate wave conditions when waves may shoal, but
not necessarily break on the crest of the bar, sand bars migrate onshore owing to near‐bed sediment transport
driven by non‐sinusoidal shaped nonlinear waves (Dubarbier et al., 2017; Grossmann, Hurther, Sánchez‐Arcilla,
& Alsina, 2023; Hoefel & Elgar, 2003; Rafati et al., 2021, among others). Both skewness (asymmetry about the
horizontal axis) and asymmetry (asymmetry about the vertical axis) cause onshore transport (Dibajnia &
Watanabe, 1992; Hoefel & Elgar, 2003; D. B. King, 1991, among others).
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Numerical models have skill simulating the offshore migration of sand bars during energetic conditions, but have
been less successful in reproducing onshore bar migration (Gallagher et al., 1998; Roelvink & Stive, 1989; van
Rijn et al., 2011, among others), at least partly owing to the difficulty of parameterizing nonlinear wave processes.
Although some numerical models have skill simulating sandbar migration for a range of conditions (Ruessink
et al., 2007), many models require different calibration coefficients for different sites or to replicate both onshore
and offshore migration (Dubarbier et al., 2015; Fernández‐Mora et al., 2015; Kroon et al., 2025; Rafati
et al., 2021, among others).

The migration of sand bars has been tracked remotely using video (Holman & Stanley, 2007; Lippmann &
Holman, 1990), satellite (Frugier et al., 2025), and radar data (Ruessink et al., 2002) with errors O(10 m). These
methods typically assume that sand bars are colocated with the surface foam from breaking waves. However, this
assumption is not applicable during storms when waves are breaking over a wide cross‐shore area, offshore, on
top, and onshore of the sand bar, as well as during milder conditions when small waves do not break on the bar.
Bathymetry inversion methods (Chernyshov et al., 2020; Holman et al., 2013; Lange et al., 2023, among others)
typically use the dispersion relation to estimate water depths, including sand bars, from signals on the water
surface. However, those methods tend to fail (errors of O(1 m) in depth are common) for waves larger than about
1 m, possibly owing to errors in retrieval algorithms and neglect of nonlinear effects (Brodie et al., 2018).

Knowledge of the relationships between wave transformation and the generation of currents, turbulence, and
sediment transport is critical to an improved understanding of the relationship between dissipation and
morphological evolution. Remotely sensed roller quantities can be used to estimate wave dissipation, a forcing
term in the nearshore momentum balance, as first demonstrated in a wave flume (Haller & Catalán, 2009) and
later applied to field data (Díaz et al., 2018; Flores et al., 2016). These techniques typically rely on a conceptual
roller model (Duncan, 1981), which relates roller geometry to dissipation, and can be applied to optical or thermal
imagery (Carini et al., 2015; Haller & Catalán, 2009). However due to radar resolution limits, incoherent marine
radar data must be combined with video to extract roller geometry (Catalán et al., 2011). Coherent radar systems
provide an alternative by associating the observed Doppler velocity with dissipation via roller kinematics rather
than geometry (Streßer et al., 2022).

Here, observations with coherent X‐band radar (Horstmann et al., 2021; Streßer et al., 2022) provide quantitative
estimates of breaking‐wave dissipation across the surfzone on an Atlantic Ocean beach. The radar data are used to
estimate wave heights, the associated water velocities, and the resulting sediment transport (described in the Text
S1 in Supporting Information S1) to drive an energetics morphological change model (Bagnold, 1966; Bai-
lard, 1981; Bowen, 1980; Dubarbier et al., 2015; Hoefel & Elgar, 2003; Hsu et al., 2006, among others). By

Project administration:
Britt Raubenheimer, Steve Elgar
Resources: Florian Grossmann,
Michael Streßer, Britt Raubenheimer,
Steve Elgar
Software: Florian Grossmann,
Michael Streßer, Britt Raubenheimer,
Steve Elgar
Supervision: Britt Raubenheimer,
Steve Elgar
Validation: Florian Grossmann,
Michael Streßer, Britt Raubenheimer,
Steve Elgar
Visualization: Florian Grossmann,
Michael Streßer, Britt Raubenheimer,
Steve Elgar
Writing – original draft:
Florian Grossmann, Britt Raubenheimer,
Steve Elgar
Writing – review & editing:
Florian Grossmann, Michael Streßer,
Britt Raubenheimer, Steve Elgar Figure 1. Photograph (not georectified) of the surfzone with∼1.5 m high incident waves. The approximate radar line of site is

shown by the dashed‐red line. The inset image in the upper‐right corner is a 10‐min time exposure of the surfzone, with white
and dark bands indicating areas with waves that are breaking (on a shallow sand bar), not breaking (in the deeper tough
onshore of the sand bar), and breaking (in the shallow water onshore of the bar close to the beach). The shore‐based radar
returns are used to estimate the corresponding dissipation.
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including wave bottom boundary layer effects near the sand bar and the vertical extent of sediment suspension in
the undertow transport, the model simulates both the onshore and offshore bar migration with the same set of
calibration coefficients.

2. Observations
A coherent‐on‐receive X‐band radar (Horstmann et al., 2021) was deployed (Streßer et al., 2024, 2025) on a
building deck overlooking the beach and surfzone at the US Army Corps of Engineers Field Research Facility
(FRF) on the Outer Banks of North Carolina, near the town of Duck. The radar was located at x= 34, y= 537 m in
the local FRF coordinate system and provided estimates of dissipation (Streßer et al., 2022) along the view di-
rection of the antenna (Figure 1), which was aligned within a few degrees of shore normal at alongshore position
∼600 m (Figure 1), extending from 120 to 350 m in the cross‐shore, similar to the bathymetric surveys along
y = 600 m conducted with an amphibious vehicle (LARC). The surveys showed that a sandbar migrated both
onshore and offshore during a 30‐day period in October and November 2021 (surveyed positions of the sandbar
crest are shown by the solid red circles in Figure 2a). Offshore (17‐m water depth) significant wave heights Hs,0
ranged from 0.4 to 4.0 m (black curve in Figure 2a), periods from 5 to 12 s (Figure 2b), tidal water levels from
− 0.6 to 1.4 m relative to NAVD88 (similar to mean sea level, Figure 2c), and the cross‐shore integrated roller
energy estimated by the radar ranged from 0 to 105kg ⋅ms− 2 (Figure 2d).

During the first event, ON1 (10/13–10/16), wave heights were relatively low (0.4 <Hs,0< 1.1 m), and the bar
migrated 25 m onshore in 1‐m mean water depth over 3 days (Figures 2a and 3a). The second event, OFF (10/24–
11/12), included two storms (Hs,0>2.0 m) with 5 days of calm conditions in between (Figure 2a). Bathymetric
surveys indicate 50 m overall offshore bar migration in 1‐ to 2‐m water depth, with considerable erosion in the
inner surfzone (Figure 3b compare solid‐red with solid‐black curves for x< 200 m) over 20 days. During the third
event, ON2 (11/12–11/17), wave heights were relatively low (0.4 <Hs,0< 1.2 m), and the bar migrated 25 m
onshore in 2‐m water depth over 5 days (Figures 2a and 3c). The 3D bathymetric surveys (not shown) suggest that
the bar migration events primarily were a cross‐shore process, and that alongshore gradients in transport were
small.

The radar records amplitude and phase of the received radiation (Horstmann et al., 2021), and measures the
Doppler frequency shift induced by relative motions of Bragg resonant, centimeter scale waves that are the major
source of ocean backscatter for vertically polarized X‐band radars at moderate incidence (Valenzuela, 1978). At
low‐grazing incidence, additional scattering mechanisms become important (Frasier & McIntosh, 1996).
Breaking‐wave rollers increase both the backscatter intensity, and Doppler velocity (Catalán et al., 2014; Far-
quharson et al., 2005). Interpretation of the coherent radar signal at grazing incidence (Streßer et al., 2021) allows
for measurements of the roller energy Er and dissipation (Streßer et al., 2022) every 7.5 m along the cross‐shore
transect. The cross‐shore integrated (over the surfzone) roller energy (Figure 2d) increases and decreases with the
energy of offshore waves (Figure 2a).

The radar observations of the cross‐shore evolution of Er are used to estimate wave heights Hs(x) along the
surfzone transect (Streßer et al., 2022), requiring assumptions about the roller slope, βs (taken here as 0.1 as
typically used in the literature), and about other dissipation processes (Chen et al., 2024; Wu et al., 2025).
Although there was no transect of in situ wave and current sensors across the surfzone to provide ground truth, the
radar estimates of wave heights at the edge of the surfzone (∼4‐m water depth, dashed‐black curve in Figure 2a)
are similar to incident waves heights observed with a buoy in 17‐m water depth directly offshore of the field site
(solid‐black curve in Figure 2a), when incident waves were less than about 2 m (until about November 7 in
Figure 2a). When incident waves were greater than about 2 m (e.g., November 8 in Figure 2a) the radar estimates
of wave heights at the outer edge of the surfzone are lower than those observed in 17 m depth as expected owing to
wave‐breaking dissipation between 17 and 4 m depth. Thus, it is assumed the radar estimates of Hs(x) also are
reasonable. The model is initialized with observed bathymetry and uses radar estimates of roller energy, dissi-
pation, and wave height to estimate hydrodynamic and sediment transport parameters (described below and in
Text S1 in Supporting Information S1).

The energetics approach to predict sediment transport, Q̂ (Bagnold, 1966; Bailard, 1981; Bowen, 1980) consists
of several terms, given by

Geophysical Research Letters 10.1029/2025GL119305

GROSSMANN ET AL. 3 of 11

 19448007, 2026, 2, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2025G

L
119305 by Steve E

lgar - M
bl W

hoi L
ibrary , W

iley O
nline L

ibrary on [20/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Q̂ = Qc + Qw + Qs + Qa (1)

where transport is driven by mean currents (Qc) , wave‐orbital velocity skewness (Qw) , bed‐slope (gravity, Qs),
and orbital velocity asymmetry (Qa) . Vertical profiles of mean undertow currents are estimated with assumptions
from the literature (Apotsos et al., 2007; Garcez‐Faria et al., 2000), considering surface stress (Deigaard, 1993)
and eddy viscosity (Reniers & Battjes, 1997), and accounting for a spatial lag in momentum transfer (Dubarbier
et al., 2015; Reniers, Roelvink, & Thornton, 2004). Velocity skewness and asymmetry (Abreu et al., 2010) are
estimated from the local Ursell number (Ur = 3Hsk

8(kh)3
, where k is the wavenumber of the incident‐wave centroidal

frequency, and h is the water depth at each location along the cross‐shore transect predicted by the morphological
evolution model) (Doering & Bowen, 1995) using a fit to field data at several barred beaches (Ruessink
et al., 2012). Standard parameters are employed in all terms (Dubarbier et al., 2015; Gallagher et al., 1998; Hoefel
& Elgar, 2003; Hsu et al., 2006; Thornton et al., 1996), with a single set of calibration coefficients: Kc = 0.0150

Figure 2. (a) Significant wave height (left‐hand axis) observed in 17‐m water depth (NDBC 44056, solid‐black curve) and
estimated by the radar at the outer edge of the surfzone (∼4‐m water depth, dashed‐black curve), and the cross‐shore
locations of the crest of the sandbar (right‐hand axis) from the surveys (solid‐red circles) and corresponding model predictions
(dashed‐red curve), (b) mean period in 17‐m water depth, (c) mean water level (relative to NAVD88, NOAA tide station
8651370 on the FRF pier, y = 525 m) and (d) cross‐shore integrated roller energy estimated from the radar versus time (month/
day) in 2021. Vertical black lines indicate the beginning of each of the 3 migration events. Data in the 8 days between the first
and second event are omitted.
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for Qc, Kw = 0.0023 for Qw, K f = 0.0175 for Qs, and Ka = 1.1200 ⋅ 10− 4 for Qa (see Text S1 in Supporting
Information S1 for details).

The evolution of the cross‐shore profile is obtained from the estimated total transport every hour via the Exner
equation:

∂h
∂t
= −

1
μ

∂ Q̂
∂x

(2)

where t is time and μ = 0.7 accounts for the sediment concentration (packing) within the bed.

Three additional processes that have been shown to be important to sediment transport, but that typically have not
been considered in energetics transport, are included here. Re‐analysis of recent experiments (Grossmann,
Hurther, Sánchez‐Arcilla, & Alsina, 2023) indicatedKa is sensitive to wave bottom boundary layer dynamics near
the bar, with larger values on the bar crest (parameterized here with the local Ursell number, Equation S29 in
Supporting Information S1). Suspended sediment from breaking‐wave injected turbulence (Christensen
et al., 2019; Cox & Kobayashi, 2000; Larsen et al., 2020) was parametrized with an additional suspension ve-
locity, uinj(x), inQc based on Er at the surface and assuming exponential decay toward the bed (Equations S22 and
S23 in Supporting Information S1). Energetics transport is depth‐averaged, but the vertical extent of undertow‐
related suspended sediment transport (Gallagher et al., 1998; Grossmann, Hurther, van der Zanden, et al., 2023)
was parametrized with a suspension elevation based on previously estimated suspended sediment profiles
(Nielsen, 1986; Swart, 1974; Wilson et al., 2024) when calculating representative undertow (Equations S15–S19
in Supporting Information S1) and scaling transport in Qc (Equation S25 in Supporting Information S1).

Model performance is evaluated by comparing the RMS prediction error Erms between observed and predicted
profiles at the end of events with Δrms, the rms change between profiles at the beginning and end of events to
calculate the predictive skill, defined here as 1 − Erms/Δrms (Davis, 1976; Gallagher et al., 1998). If the model is
perfect (Erms = 0) , then skill = 1. If the errors are as large as the observed changes, then skill = 0, and the model
prediction is not better than a prediction that the profile at the end of the event equals the profile at the beginning.
If the skill is negative, errors in the prediction are larger than the observed changes.

3. Results
In ON1 the observed 25‐m onshore migration (compare solid‐black with solid‐red curve in Figure 3a) is replicated
well (skill = 0.77) by the radar‐driven sediment‐transport and morphological change model (compare dashed‐
black with solid‐black curve in Figure 3a) (see Movie S1 for a video of the simulation), with minor differ-
ences (the erosion offshore of the initial bar crest and the accretion near the final location of the crest are
underpredicted slightly).

In OFF the observed 50‐m offshore migration (compare solid‐black with solid‐red curve in Figure 3b) is predicted
closely (skill= 0.60) (compare dashed‐black with solid‐black curve in Figure 3b) (see Movie S2 for a video of the
simulation), although there is less erosion onshore of the bar (150< x < 240 m) and less deposition offshore of the
bar (270 < x < 300 m) than observed. Between the surveys, the model generates a sandbar (dashed‐dotted green
curve in Figure 3b) during the storm between 10/27 and 10/29 (Figure 2a). During subsequent calm conditions
between 10/29 and 11/05 (Figure 2a) the model predicts that the bar migrated 50 m onshore (dotted‐purple curve
in Figure 3b). During the storm between 11/05 and 11/10 (Figure 2a) the model erodes the bar, transports its
sediment offshore, and forms a distinct bar at a new location similar to that observed (compare dashed‐black with
solid‐black curve near x = 260 m in Figure 3b).

In ON2 (Figure 3c), the observed 25‐m onshore migration (compare solid‐black with solid‐red curve in Figure 3c)
is modeled with skill = 0.50 (compare dashed‐black with solid‐black curve in Figure 3c) (see Movie S3 for a
video of the simulation). Note that Δrms was small so that skill is low even though errors in the prediction (Erms)

are small.

Different terms in the transport equation (right‐hand‐side of Equation 1) were important during the 3 migration
events (Figure 4). Onshore migration was forced by wave asymmetry, Qa, and skewness, Qw (Figures 4a and 4c).
Asymmetry (red curves in Figures 4a and 4c) produced the largest transport, with maximum values on the onshore
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Figure 3. Seafloor depth (relative to the NAVD88 datum) versus cross‐shore coordinate x observed at the start (solid‐red
curves) and end (solid‐black curves) of each migration event, and predicted at the end of the migration by the model (dashed‐
black curves) for (a) ON1, (b) OFF, and (c) ON2. In addition, during the 20‐day OFF event (panel (b)) model predictions also
are shown of the formation of a bar after 5 days (dashed‐dotted green curve) and its subsequent onshore migration after
12 days (dotted‐purple curve), before offshore migration.

Figure 4. Model‐estimated transport versus cross‐shore coordinate x for (a) ON1, (b) OFF, and (c) ON2, with the total
transport (dashed‐black curves) used for updating morphology, and the current‐ (blue curves with circles), wave asymmetry‐
(red curves with left‐facing triangles), wave skewness‐ (purple curves with right‐facing triangles), and slope‐ (green curves
with squares) driven transport terms. Note the different vertical scale for smaller transport in (c). Surveys of bathymetry are
shown at the beginning (solid‐red curves) and end (solid‐black curves) of events (right‐hand axes).
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side of the initial bar crest location. Skewness (purple curves in Figures 4a and 4c) started increasing farther
offshore (shoaling zone) and typically peaked on the offshore side of the bar. The undertow‐related transport, Qc
(blue curves in Figures 4a and 4c) was relatively small for the low‐energy waves (Hs,0 ≤ 1 m) during ON1 and
ON2, but consistent with prior results (Rafati et al., 2021) balanced some of the wave‐driven onshore transport. In
the beginning of ON1 when Hs,0 was larger than 1 m (Figure 2a), at times the model predicted that undertow‐
driven offshore‐directed transport deposited some sediment on the offshore slope of the bar (see Movie S1).
However, asymmetry and skewness subsequently eroded the sediment and deposited it at the new bar position.

During larger wave heights (Hs,0 ≥ 1.5 m) the undertow‐related offshore transport was dominant (blue curve in
Figure 4b). From x = 190 to x = 250 m undertow forced net offshore transport to erode a bar trough during the
first storm (10/27 to 10/29, Figure 2a) (see Movie S2). Farther offshore, the undertow‐related transport decreased
and was compensated by skewness‐ and asymmetry‐driven onshore transport. This convergence of onshore and
offshore transport led to formation of the bar visible on 10/29 (Figure 3b, dashed‐dotted green curve). The
subsequent onshore migration during small waves (10/29 to 11/04, Figure 2a) was forced by skewness‐ and
asymmetry‐driven transport, similar to the ON1 and ON2 (Figures 4a and 4c).

At the start of the second storm (11/05 to 11/08, Figure 2a) increasing wave heights eroded the crest of the bar and
deposited sediment on its offshore slope (see Movie S2). This led to widening of the bar, producing a 70‐m wide
terrace in 2‐m water depth on 11/08 without a clear bar crest. During large waves for another 2 days, a new trough
was eroded onshore of x = 250 m and sediment was deposited at 250 ≤ x ≤ 300 m through convergence of
transport terms similar to the convergence during the first storm (10/27 and 10/29). Subsequently, 2 days of lower
wave heights with net onshore transport produced a distinct bar shape (Figure 3b, dashed‐black curve).

4. Discussion
The model results suggest that additional processes (terms) should be considered in energetics transport models.
To evaluate the effects of these processes the model was re‐run with terms deactivated (Figure 5). Ignoring the
vertical extent of suspended sediment and using a depth‐averaged undertow (Reniers, Thornton, et al., 2004)
results in overestimation of the offshore transport when the bar migrated onshore (compare dash‐dotted‐dark‐blue
curves with the dashed‐black curves in Figures 5a and 5c) (skill decreased by 0.49 and 0.24, respectively).
Moreover, the offshore transport was underestimated when the bar migrated offshore (compare dash‐dotted‐dark‐
blue curve with the dashed‐black curve in Figure 5b) (skill decreased by 0.2) resulting in a flattened profile
without a bar. Without wave bottom boundary layer effects and using a cross‐shore constant calibration of Qa,
onshore migration in ON1 was not predicted as well (compare dotted‐red curve with the dashed‐black curve in
Figure 5a) (skill decreased by 0.17). In offshore event OFF (compare dotted‐red curves with the dashed‐black
curves in Figure 5b) the lack of the bottom boundary layer term resulted in more deposition in the inner surf
zone and less deposition offshore of the bar (skill decreased by 0.21). In contrast, the wave bottom boundary layer
formulation had little effect on the simulation of bar migration in onshore event ON2 (compare dotted‐red curve
with the dashed‐black curve in Figure 5c) (skill decreased by 0.01). Using a cross‐shore constant, but increased
coefficient of Qa (not shown) incorrectly flattened the bar. Neglecting sediment suspended from injected tur-
bulence had little effect on simulations of onshore migration (compare light‐blue curves with circle markers with
dashed‐black curves in Figures 5a and 5c) (skill increased and decreased by 0.02, respectively), consistent with
expectations during moderate waves (Hs,0< 1.2 m) where little turbulence is injected and may not reach the bed.
However, suspended transport onshore of the offshore migrating bar (OFF) was reduced (compare light‐blue
curves with circle markers with dashed‐black curves in Figure 5b), leading to underestimated erosion in the
bar trough and underestimated deposition on the offshore side of the bar (skill decreased by 0.24), consistent with
expectations under larger waves where turbulence injection does play a role.

Previous work (Dubarbier et al., 2015; Rafati et al., 2021; Ruessink et al., 2007, among others) used similar wave‐
averaged energy balances with (breaking) roller dissipation to simulate bar migration with comparable skill. In
contrast to the present approach, those models input hydrodynamic information at the offshore boundary and
estimate energy and momentum flux evolution throughout the nearshore using hydrodynamic coefficients cali-
brated to fit observed (or expected) wave height evolution. Simulation of observed morphological evolution
required different coefficients (e.g., Kw,Ka) for onshore and offshore migration, as well as for different incident
wave conditions (Dubarbier et al., 2015; Fernández‐Mora et al., 2015; Kroon et al., 2025; Rafati et al., 2021). In
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contrast, here the same coefficients were used for all three events, with a cross‐shore varyingKa to represent wave
bottom boundary layer effects (improving results in two of the three events).

Obtaining accurate bathymetry is a major limitation in understanding nearshore processes, especially during
storms (Salim & Wilson, 2021; Van Dongeren et al., 2008) when vehicles cannot be operated safely. Remote
sensing approaches that estimate bar and trough locations from foam patterns (Guedes et al., 2011; Lippmann &
Holman, 1990; Ruessink et al., 2009, among others) or that estimate bathymetry from wave celerity (Brodie
et al., 2018; Lange et al., 2023, among others) are sensitive to changes in mean water levels (tides and surge) and
wave conditions, and can have large errors for energetic waves. Meanwhile, numerical model predictions of
bathymetric evolution based solely on offshore wave observations may have hydrodynamic (and thus subsequent
morphologic) errors that accumulate with time. Many numerical models that include wave breaking parameterize
the associated dissipation. The radar estimates of dissipation could be used to adjust the parameterizations so that
the model dissipation is similar to the radar‐estimated dissipation, thus providing a data‐based constraint on the
model estimates of dissipation. Additionally, a numerical model could be adapted to include radar estimates of
dissipation directly. By enabling continuous concurrent estimates of the nearshore wave‐breaking dissipation and
bathymetry, the radar‐driven model may lead to new understanding of the coupling and feedback between hy-
drodynamics and morphodynamics that lead to event‐driven coastal evolution.

5. Conclusions
For the first time, radar measurements of wave energy dissipation at the ocean surface were used to estimate the
hydrodynamics and sediment transport in the lower water column that drive nearshore morphological evolution.
The calculations followed similar assumptions and formulations used in many other phase‐averaged hydro‐
morphological models, but with waves and currents estimated from the radar and common parameterizations,
rather than from a numerical model. Here, the radar estimated the dissipation of onshore propagating waves along
a transect across the surfzone while a sand bar migrated 25 m onshore, 50 m offshore, and then 25 m back onshore
in response to changing wave conditions over several weeks. Onshore transport processes included wave
asymmetry‐related onshore transport influenced by wave bottom boundary layer effects, whereas offshore

Figure 5. Seafloor depth versus cross‐shore coordinate x from bathymetric surveys at the end of the migration event (solid‐
black curves) and model simulations considering all processes (dashed‐black curves), with simplified undertow‐related
transport (dashed‐dotted‐dark‐blue curves), without WBL effects in wave asymmetry‐related transport (dotted‐red curves),
and without additional sediment suspension from breaking‐injected turbulence (light‐blue curves with circle markers).
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transport was influenced by the undertow‐related vertical extent of sediment suspension. The results are
consistent with previous studies of sandbar migration, suggesting wave nonlinearity is important to near‐bottom
transport during onshore migration in mild to moderate energy conditions and undertow‐driven suspended
sediment transport is important during offshore migration in energetic conditions.
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