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Wave-Averaged Equations (e.g., Eq 11)
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Data Field Exchange



Wave-Current Interaction

WEC_MELLOR WEC_VF (needs wave dissipation) 
*see Kumar et al., 2011 *see Kumar et al., 2012

cppdefs.h (COAWST/ROMS/Include)
WEC_MELLOR Activates Mellor (2011) method for WEC

WEC_VF Activates McWilliams et al. (2004) for WEC

• Roller Model 
• Wave-induced Mixing 
• Bottom Streaming 
• Surface Streaming

Additional Processes



Depth-limited Wave-Dissipation Options
• WEC_VF option requires depth-limited dissipation to estimate breaking 

acceleration (similar to radiation stress gradients). 

Dissipation Options
WDISS_THORGUZA Depth-limited wave dissipation from Thornton & Guza (1983), see 

Eq. 31.  

WDISS_CHURTHOR Depth-limited wave dissipation from Church & Thornton (1993), 
see Eq. 32

WDISS_WAVEMOD Depth-limited wave dissipation from SWAN. Use INRHOG=1

Notes:
• If no wave-dissipation information available use WDISS_THORGUZA/

CHURTHOR 

• If no wave-dissipation module is defined and WEC_VF is still activated, 
the model expects a forcing file with relevant wave quantities
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Shoreface Test Case 
(Obliquely Incident Waves on a Planar Beach)

Hs = 1.0 m

Tp = 10 s

✓ = 10�

• Wave-field computed using SWAN 
• One-way coupling (WEC) 
• Application Name: SHOREFACE 
• Header: COAWST/ROMS/Include/shoreface.h 
• Input: COAWST/ROMS/External/ocean_shoreface.in



Header File 
(COAWST/ROMS/Include/shoreface.h)

Do not use if not really studying streaming processes



Input File 
(COAWST/ROMS/External/ocean_shoreface.h)

Bb =
(1� ↵r)✏b

⇢0�
k · f b(z)



WEC Related OUTPUT 
(COAWST/ROMS/External/ocean_shoreface.h)



Shoreface Test Results

depth-limited environment (Fig. 1a). Depth-induced dissipation (eb

,Fig. 1b) remains zero during wave shoaling. Inshore of x = 500 m,
eb increases monotonically to a maximum value of 0.07 m3 s!3 at
x = 300 m, and then decreases gradually to zero at the shoreline.
This depth-induced wave dissipation is the wave forcing which
contributes to the momentum flux (Eqs. (33) and (12)), leads to
creation of longshore currents. Estimates of fc from VF, RS2D and
the analytical solution (Eq. (48)) are in close agreement as shown
in Fig. 1b, with a slight difference at the coastline most likely due
to lateral mixing or friction. Outside the surf zone, in the wave
shoaling region, the mean sea level decreases (wave set-down),
while within the surf zone, the mean sea level increases (wave
set-up) as shown in Fig. 1b.

4.1.2. Nearshore flows
Vertical variability of Eulerian mean and Stokes velocities from

the VF simulation are shown in Fig. 2. Inside the surf zone (x < 500;
Fig. 2a) the Eulerian mean cross-shore flow is inshore near the sur-
face and offshore directed close to the sea bed. This vertical segre-
gation of the cross-shore flow creates a circulation cell within the
surf zone with downward and upward directed vertical velocities
(see Fig. 2c), consistent with field observations of cross-shore
velocity profiles for barred (Garcez-Faria et al., 2000), planar (Ting
and Kirby, 1994) and laboratory (Roelvink and Reniers, 1994) bea-
ches. Outside the surf zone the velocity is weakly offshore through-
out the entire water column. These results are also consistent with
U10, regardless of the differences in turbulence closure schemes
and vertical distribution of wave dissipation. Depth-averaging
the cross-shore Eulerian mean velocities shown in Fig. 2a, we ob-
tain velocities (Fig. 2 g) that are equal in magnitude and opposite
in sign to the depth-averaged Stokes velocity. This balance is indic-
ative of a steady state solution achieved by the model and mass
flux conservation.

The longshore velocity (Fig. 2b) attains its maximum value of
approximately -1 ms!1 at x = 250 m and decreases to zero at the
coastline and towards offshore. Vertically, the velocity shows max-
imum value at the surface and slightly lower values near the sea
bed. Depth averaging these velocities, we find that the maximum
alongshore velocity from the VF simulation is further inshore in
comparison to the analytical solution, which shows a maximum
value at x = 300 m, at the same location as the maximum eb

(Fig. 1b). This difference is mainly due to the inclusion of vertical
viscous mixing, horizontal advection and VF leading to spreading
and distribution of the momentum flux in the surf zone, something
not included in the simplified analytical solution of Eq. (48). Com-

parison to results obtained by RS2D simulations are discussed sep-
arately in Section 5.

The cross-shore Stokes velocity (Fig. 2d) is one and two orders
higher than the longshore (Fig. 2e) and vertical Stokes velocity
(Fig. 2f), respectively. Close to the sea surface, cross-shore velocity
varies from zero at the offshore boundary to a maximum value of "
-0.15 ms!1 at the location of maximum wave breaking (i.e.,
x = 300 m), decreasing with increasing water depth. Further in-
shore of this position, the cross-shore velocity reduces to zero.
Longshore velocity is weaker in strength, but shows a distribution
similar to that of the cross-shore Stokes velocity. Since the vertical
Stokes velocity is calculated as divergence of horizontal mass flux
(Eq. (2)), at the location of maximum breaking, the vertical Stokes
velocity is zero. Inshore of this point, the velocity is positive with a
maximum value at the surface, decreasing with increasing water
depth. Offshore of the break point, the velocity is negative and
downwards directed, with a vertical structure similar to other
Stokes velocity components. The vertical Stokes velocity has simi-
lar magnitude (± 0.005ms!1) but opposite sign to the vertical Eule-
rian mean flows (Fig. 2c).

4.1.3. Three-dimensional momentum balance
The relative contribution of the cross-shore (x) and longshore

(y) momentum balance terms are described here, using the
nomenclature as shown in Eqs. (11) and (12) corresponding to
acceleration (ACC), horizontal and vertical advection (HA and
VA), Coriolis force (COR), Stokes-Coriolis force (StCOR), pressure
gradient (PG), horizontal VF (HVF), horizontal and vertical mixing
(HM and VM), and breaking and roller acceleration (BA and RA).
Though the contribution of vertical vortex force (K, Eq. (1)) can
be analyzed separately as a part of the geopotential function (Eq.
(13)), in this work we have added it to the HVF term, as its impor-
tance is negligible in all the cases discussed here.

In the cross-shore direction (Fig. 3), since earth rotation and
roller efect were not considered, the RA, COR and StCOR terms
are zero. The horizontal advection (HA, Fig. 3b), horizontal vortex
force (HVF, Fig. 3c) and vertical advection (VA, Fig. 3f) terms are
negligible. The balance is mainly between three terms: BA, VM
and PG. Within the surf zone (x < 350 m), the wave breaking accel-
eration (BA, Fig. 3a) term is the largest with a high value at the sea
surface, sharply decreasing to a negligible value below 1 m under
the surface. A significant portion of the BA contribution is balanced
by a relatively strong vertical mixing (VM, Fig. 3e) which is en-
hanced close to surface layer. At water depths where BA becomes
negligible, the VM changes sign and becomes negative. At the

Fig. 1. Obliquely incident waves on a planar beach simulated using the VF, the RS2D model and analytical solution (see Eq. (48)). Cross-shore distribution of (a) root-mean-
square wave height (H) and water depth (h); (b) sea surface elevation, fc and depth-induced wave dissipation (eb).

N. Kumar et al. / Ocean Modelling 47 (2012) 65–95 73
Wave propagation direction

ShoalingBreaking



Shoreface Test Results

location where waves start breaking (i.e., 350 m < x < 500 m), the
contribution of pressure gradient (PG, Fig. 3d) is negligible, but in-
creases toward the shoreline, with a vertically uniform distribu-
tion. Close to the sea surface, both PG and VM terms add to
balance the BA contribution while further below the balance is
mainly between PG and VM, with the latter term also becoming
vertically uniform. It is important to note that comparing the pres-
ent momentum balance to that obtained from simulations using
models based on depth varying radiation stress (e.g., Kumar
et al., 2011a) and quasi-3D models such as SHORECIRC (e.g.,
HW09) we find that in the VF formulation, the VM term is respon-
sible for vertically redistributing the BA and balancing PG. In the
former two models the primary balance occurs between vertically

uniform PG and almost vertically uniform radiation stress
contribution.

The major terms in alongshore momentum balance are BA, HA,
HVF, VM and VA, while PG is negligible. BA (Fig. 3 g) is dominant
only in the surface layer within the wave breaking zone where sig-
nificant part of it is balanced by the VM term (Fig. 3 k). Further be-
low the sea surface (> 1 m), VM changes sign from positive to
negative, and when added to VA and HVF the sum balances HA
(Fig. 3 h, i, k and l). HA and VA terms (Fig. 3 h and l) show opposite
signs over the entire water column, which can be attributed to ver-
tical segregation of cross-shore velocity (Fig. 2a) and change in the
gradient, inshore and offshore of the location of maximum under-
tow. The HVF term (Fig. 3i) is zero at the location of maximum

Fig. 2. Cross-shore sections of Eulerian (a, b and c) and Stokes (d, e and f) velocities from the VF model. (a) cross-shore (u); (b) longshore (v); and (c) vertical (w) Eulerian
velocities; (d) cross-shore (ust); (e) alongshore (vst); (f) vertical (wst) Stokes velocities; Cross-shore distribution of (g) depth-averaged, cross-shore Eulerian velocity (!u) and
Stokes velocity (!uSt); and (h) depth-averaged, alongshore (!v) Eulerian velocity for obliquely incident waves on a planar beach simulated using the VF, the RS2D model and
analytical solution (see Eq. (48)).
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Shoreface Test Results

location where waves start breaking (i.e., 350 m < x < 500 m), the
contribution of pressure gradient (PG, Fig. 3d) is negligible, but in-
creases toward the shoreline, with a vertically uniform distribu-
tion. Close to the sea surface, both PG and VM terms add to
balance the BA contribution while further below the balance is
mainly between PG and VM, with the latter term also becoming
vertically uniform. It is important to note that comparing the pres-
ent momentum balance to that obtained from simulations using
models based on depth varying radiation stress (e.g., Kumar
et al., 2011a) and quasi-3D models such as SHORECIRC (e.g.,
HW09) we find that in the VF formulation, the VM term is respon-
sible for vertically redistributing the BA and balancing PG. In the
former two models the primary balance occurs between vertically

uniform PG and almost vertically uniform radiation stress
contribution.

The major terms in alongshore momentum balance are BA, HA,
HVF, VM and VA, while PG is negligible. BA (Fig. 3 g) is dominant
only in the surface layer within the wave breaking zone where sig-
nificant part of it is balanced by the VM term (Fig. 3 k). Further be-
low the sea surface (> 1 m), VM changes sign from positive to
negative, and when added to VA and HVF the sum balances HA
(Fig. 3 h, i, k and l). HA and VA terms (Fig. 3 h and l) show opposite
signs over the entire water column, which can be attributed to ver-
tical segregation of cross-shore velocity (Fig. 2a) and change in the
gradient, inshore and offshore of the location of maximum under-
tow. The HVF term (Fig. 3i) is zero at the location of maximum

Fig. 2. Cross-shore sections of Eulerian (a, b and c) and Stokes (d, e and f) velocities from the VF model. (a) cross-shore (u); (b) longshore (v); and (c) vertical (w) Eulerian
velocities; (d) cross-shore (ust); (e) alongshore (vst); (f) vertical (wst) Stokes velocities; Cross-shore distribution of (g) depth-averaged, cross-shore Eulerian velocity (!u) and
Stokes velocity (!uSt); and (h) depth-averaged, alongshore (!v) Eulerian velocity for obliquely incident waves on a planar beach simulated using the VF, the RS2D model and
analytical solution (see Eq. (48)).
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Roller Model Options
Roller Options

ROLLER_SVENDSEN Activates wave rollers based on Svendsen, 1984. See Warner 
et al. (2008), Eqns. 7 and 10.  

ROLLER_MONO Activates wave roller for monochromatic waves from REF/DIF. 
See Haas and Warner, 2009.

ROLLER_RENIERS Activates wave rollers following Reniers et al. (2004). See 
equations 34-39. 

Notes:
• If ROLLER_RENIERS is activated then the parameter wec_alpha in the 

INPUT file must be changed. For wec_alpha=0 no wave-dissipation goes 
into creating rollers, while for wec_alpha=1 all wave dissipation creates 
rollers



DUCK’94 Test Case 
(Obliquely Incident Waves on a Barred Beach)

Hs = 2.25 m

Tp = 6 s

✓ = 13�



onshore movement of the total dissipation peak (Fig. 6a). For ar = 1,
the total dissipation decreases at the bar-crest and close to the
shoreline, and increases in the bar-trough region, providing a
wider distribution of the energy lost by breaking waves. Physically
this mechanism modifies the setup in the transition zone (Nairn
et al., 1990), creates a delay in the transfer of energy from wave
breaking to the mean flow (Reniers and Battjes, 1997; Ruessink
et al., 2001) and accounts for the associated mass flux in the direc-
tion of wave propagation (Svendsen, 1984). In the next three sub-
sections we describe the physical impact of wave rollers in modi-
fying the cross-shore profile of barotropic flows, cross-shore profile
and vertical structure of cross-shore and longshore current, vertical
profile of eddy viscosity and turbulent kinetic energy. The simu-
lated flows are also compared to field measurements of cross-shore
and longshore velocities.

In absence of any other forcing mechanism and under steady
state conditions, the vertically averaged Stokes flow is balanced
by an opposing Eulerian mean flow (Uchiyama et al., 2009). In
absence of wave rollers (Fig. 6b) this flow is strongest at the
location of wave breaking (i.e., bar-crest and at the shoreline).
As the contribution of wave rollers increase, the rollers contrib-
ute an onshore directed mass flux, leading to a stronger return
flow in the offshore direction (Fig. 6b). Changes in wave roller
contribution also affect the cross-shore variation of the depth
averaged longshore currents (see Fig 6c). When ar = 0 (Run 2),
the maximum longshore velocity is predicted just inshore of
the bar-crest. Increasing the wave roller delays the transfer of
energy from waves to mean flow, leading to a more uniform dis-
tribution of flow within the areas inshore and offshore of the
bar-trough (80–100 m). When ar = 1, relatively stronger long-
shore velocity is modeled inshore of the bar-trough.

Simulated profiles of cross-shore and longshore velocity from
Runs 2, 4 and 6 (i.e., VF based model with ar = 0, 0.5 and 1, respec-

tively, see Table 3) are compared to observations (Garcez Faria
et al., 1998, 2000) at seven different cross-shore locations spanning
the region between the bar-trough and crest (Fig. 7a and b). The
normalized root mean square (rms) errors (defined same way as
in Newberger and Allen, 2007b) for each simulation and cross-
shore location are listed in Table 4.

The observed cross-shore velocities (Fig. 7a) show a strong ver-
tical shear at the bar-trough and bar-crest regions, creating a circu-
lation pattern with inshore directed flows at the surface and
offshore directed undertow close to the bed. Simulated velocity
profiles from Runs 2, 4 and 6 (VF based model with ar = 0, 0.5
and 1, respectively) show similar general pattern. When ar = 0
(Run 2), the velocity shear is strongest over the bar-crest, while
when ar = 1 (Run 6) velocity shear increases at the bar-trough re-
gion (Fig. 7a). It is also shown that the undertow strength increases
with an increased roller contribution due to additional return flows
generated to compensate for the increased mass flux due to rollers.
Overall, Run 6, a case where the entire wave dissipation is con-
verted to wave rollers (i.e., ar = 1), shows the best agreement with
the measured cross-shore velocities as revealed by their least rms
error values.

The measured longshore velocity is highest in the bar-trough
region and gradually decreases on either side (Fig. 7b). When the
roller effect is not considered (i.e., ar = 0, Run 2), the longshore
velocity maximum occurs in the region between the bar-trough
and crest (x ! 110 m). As the roller contribution increases to 50%
(i.e., ar = 0.5, Run 4), this local maximum is shifted further inshore
at x = 100 m (Fig. 7b). When the total dissipation is used to gener-
ate wave rollers (ar = 1, Run 6), the longshore velocity peak moves
inshore to x! 80 m, with a smoother distribution of velocity in the
bar-trough region. Velocity strength over the bar-crest decreases
from 0.7 ms"1 for ar = 0, to 0.5 ms"1 for ar = 1. The offshore velocity
(x > 200 m) values do not change significantly by changing the

Fig. 6. Cross-shore variability of (a) total dissipation (breaking + roller dissipation) and depth-averages of three-dimensional (b) cross-shore, !u and (c) longshore velocity, !v
estimates, for different values of ar (Runs 2–6, Table 3).
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Wave-induced Mixing

Mixing Options

TKE_WAVEDISS
ZOS_HSIG

Inputs part of wave-energy dissipation as near surface TKE. 
See equations 44-47. 

The option ZOS_HSIG indicates that (a) the thickness of near-
surface layer where TKE is provided is determined through 
percent of wave height (see equation 46); (b) the amount of 
energy as TKE is provided as percent of wave dissipation (see 
equation 47). 



Wave-induced Mixing Example (DUCK’ 94)

At the surface layer, the BA is balanced by the sum of VM and PG
(Fig. 10a, c and e), while further below (D > 1 m), BA becomes neg-
ligible and PG is balanced by VM (Fig. 10e). Similar balance is also
observed at the shoreward boundary. This cross-shore momentum
balance is similar to that observed for the planar beach example in
Section 4.1.3.

Analysis of the longshore momentum balance shows that with
the exception of PG all remaining terms (i.e., BA, VM, HA, VA and
HVF) are significant. The sum of BA and HA terms (Fig. 10 g and
h) is balanced by the sum of VM, VA and HVF (Fig. 10 k, h and l,
respectively). BA (Fig. 10 g) is strongest in the surface layer over
the bar-crest/trough region and near the shoreline and balanced
primarily by the HVF term (Fig. 10i). It is noticeable that at these
locations of strong BA contribution, VM takes its smallest values.
However near the surface and in the region between the bar-crest
and shoreline, the VM term becomes more significant. In addition,
near the bed the VM term is largest over the bar-crest and together
with HVF (Fig. 10i) balance HA (Fig. 10 h). It is noticeable that over
the bar-crest BA is balanced mainly by HVF, in the absence of a bar
(see planar beach case) BA is balanced by VM.

At this stage it is important to point out that a traditional along-
shore momentum balance in a radiation stress approach suggests

that gradient of radiation stress (oSxy/ox) is balanced by VM (see
HW09). In the present case, a summation of HA (Fig. 11 h), HVF
(Fig. 11i) and VA (Fig. 11i) is small and dominant balance is be-
tween BA and VM at most of the cross-shore locations, i.e., similar
to radiation stress approach. However, HA and HVF do not com-
pletely cancel each other and have a net-contribution in modifying
the flow pattern (see Section 5).

4.2.4. Balance of vertically-integrated three-dimensional momentum
balance

The two-dimensional momentum balance in the cross-shore
direction (Fig. 11a) demonstrates a balance between pressure gra-
dient (PG) and the breaking /roller acceleration (BA) terms. In the
longshore direction the major contributors are vortex forces (VF),
horizontal advection (HA), breaking accelerations (BA) and bottom
stress (BStr), as was the case for a planar beach (Fig. 4b). It is
noticeable that due to non-planar variation in bathymetry in this
case, the relative contribution of each term is different than that
found for the planar beach case, and the HA and HVF (Fig. 11b)
are not symmetrical anymore.

Decomposing the pressure gradient force into individual com-
ponents (Eq. (49)) shows that the Eulerian response, Pcx is the

Fig. 8. Comparison of model results (Runs 6, 9 and 10; VF model with rollers, ar = 1 and wave-induced mixing with cew = 0, 0.01 and 0.05, respectively) with observed vertical
profiles (grey squares) of cross-shore (a) and longshore (b) velocities. Vertical grey lines indicate profile measurement locations and zero value for each profile (Data from
Garcez-Faria et al. 1998; 2000). Vertical structure of eddy viscosity (c), Kv and turbulent kinetic energy (d), TKE model simulations at the same cross-shore locations as the
velocities.
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Bottom and Surface Streaming

Streaming Options
BOTTOM_STREAMING Wave-induced bottom streaming based on Reniers et al. 

(2004). Requires bottom friction induced wave-dissipation
BOTTOM_STREAMING_
XU_BOWEN Estimates bottom streaming based on Xu & Bowen (1994)

SURFACE_STREAMING Estimates surface streaming based on Xu & Bowen (1994)

Notes:
• If BOTTOM_STREAMING_XU_BOWEN is activated, the wave-bottom 

boundary layer needs to be resolved, which requires very high near-
bottom resolution. Suggested VTRANSFORM=2 and VSTRETCHING=3



Bottom Streaming Example (Lentz et al., 2008)

Fig. 17. Cross-shore (a) and longshore (b) velocity profiles from model simulations with constant vertical viscosity (KM) values ranging from 10!6 to 100 m2 s!1. The model
simulations were carried out assuming a normally incident wave with significant wave height of 2 m and wave period of 7 s.

Fig. 18. Observed (from Lentz et al., 2008) and simulated cross-shore (a) and longshore (b) velocity profiles for different ranges of significant wave height (Hsig). Individual
model profiles estimates for wave height values from 0 to 3.5 m with an interval of 0.25 m are shown as thin grey lines while the thicker solid lines show velocity profiles
averaged over specific wave height ranges as shown in insert. Simulations were carried out with a constant viscosity of 10!5 m2 s!1.
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Rip-Current Dynamics

Fig. 12. Rip channel case. (a) Bathymetric domain; (b) significant wave height (contours) and direction (arrows); and (c) vorticity vector after 1 h of model simulation. Black
arrows in (c) show the depth averaged, Eulerian velocity vector. The white line in (c) shows velocity strength of 0.5 ms!1. The solid white lines in (a) show the transects along
which cross-shore and longshore momentum balances are described in Figs. 15 and 16.

Fig. 13. Vertical structure of cross-shore Eulerian velocity at (a) the center of rip channel and (b) over the bar. Results derived from VF3D based model simulations. (c)
Comparison of normalized model derived cross-shore velocity with normalized data from Haas and Svendsen (2002) (key: symbols j and and grey and black lines denote
data and model results at the center and 8 m off the channel, respectively).
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