We thank the reviewers for their valuable feedback and comments. We provide responses to
their comments and suggestions below in the Table in blue, point-by-point.

General comments

This manuscript describes combining wind-wave coupled modeling using the COAWST
modeling system with an LES modeling approach, using multiple nested grids extending
down to less than 10 m horizontal resolution. When available, model output is compared to
that from the RUNE offshore dataset.

The simulations are ambitious, and it is impressive that reasonably realistic results were
generated. However, it seems the sensitivity of the model setup versus coarser scale setups
are quite modest, and as the authors note, the largest sensitivity appears to be due to a
shortcoming in how the LES reproduces vertical shear near the surface. RC1
Though understandable for the large range of scales, the jump from the finest-scale
mesoscale domain to the coarsest scale LES (D03-D04) uses an 11:1 nesting ratio, which is
quite extreme, and ensures that most of D04 has underdeveloped turbulent
eddies. Furthermore, D03 and D04 seem to be the focus on much of the analysis. While
the authors note the problem and show how the cell perturbation method can at least partially
mitigate against it, the vertical / horizontal aspect ratio of the grid spacing of D04 also being
about 10:1 can cause distortions of the LES results, as the authors note on Line 228.

Thanks for this comment and we agree with the reviewer. It is a compromise we need to
make when performing multiscale simulations in real-time with WRF. The reason we jump
from a mesoscale resolution (1100 m) to (100 m) is mostly that we want to avoid the grey
zone (1000-300 m) in which neither a PBL or LES are appropriate. Domain 03 will in| Authors
principle be able to resolve some scales, perhaps a few of them within the 3D turbulence
scales. We therefore assume that the 3D turbulent eddies would be able to develop by having
a good fetch to the boundary domain (in D04) combined with the cell perturbation method.

Though I’m not sure of the additional computational expense that would be involved, I’'m
wondering why more analysis wasn’t at least done with D05, which is an LES domain that
can at least benefit from the eddies generated on D04 through its boundary conditions. Or| RCI
alternatively, why an additional mesoscale domain wasn’t used with resolution intermediate
between D03 and D04.

Thank you for your comment. The simulations for D05 and D06 were run for a much shorter
duration (approximately 4 hours after spin-up) due to the high computational cost, The
reason that data in the two domains were not analyzed together with measurements is that
we do not have matching high-frequency observational measurements at the site. The| Authors
purpose of these simulations is primarily to illustrate the limitations in producing resolved
turbulence at a grid spacing of 100 m. Even at D05, with a horizontal grid spacing of 20 m,
the simulated vertical velocity variances remained very small.

Specific comments

Line: 129: ‘9 min/km’ is recommended for radiation — but does this mean that all domains

update radiation at different times? RCl
Thank you for this comment. The radiation update can be at different times for each domain,
but it also increases the computational cost twice for this case, and the effect on the results Authors
is negligible, therefore, 9 min/km is used here for all of the domains. The corresponding text
has been revised to clarify this point.
Line 146: ‘The CPM method...introduces controlled perturbations.” Controlled
. RCl1

perturbations of what?
Thank you for pointing this out. The CPM method introduces controlled perturbations of the

. . Authors
potential temperature. The corresponding text has been corrected .
Line 150: I think that SWAN is not a phase-resolved wave model, but for the finest RC1

resolution WRF-LES domains, the grid spacings are certainly on the order of the




wavelengths of the water waves. Could some discussion of the implications of this be
provided?

Indeed, SWAN is a phase-averaged wave model and does not resolve wave phases, even if
the WRF-LES grid spacing is comparable to the wave wavelength. In the coupled system,
waves affect the atmosphere only through phase-averaged quantities such as roughness
length and surface stress. Therefore, the LES represents flow over a sea-state-dependent
rough surface, not over phase-resolved moving waves. Wave-coherent effects are not
captured, which is a limitation of this approach. This is added in the Discussion Section.

Wave models are sensitive to the accuracy of the forcing wind, and it is the same with the
SWAN model here. The higher-resolution WRF-LES improves the representation of near-
surface winds, which can improve the accuracy of wave modeling. Through the two-way

coupling, this improved wave state feeds back to the atmosphere and can further improve
the wind field.

Authors

Line 167: I would be curious to know what were the computation time / expenses of these
simulations.

RCI

Thank you for your interest. For the simulations with 24 hours of integration plus 6 hours of
spin-up, the uncoupled simulation required approximately 18 hours using 100 CPUs. For the
coupled simulation, the computational time increased by about 10%, with an additional 16
CPUs used for the wave component.

When the fifth and sixth domains were included, the total simulation time increased
substantially. In this case, the uncoupled simulation required approximately 10 days to
complete 6 hours of spin-up and 4 hours of simulation time. Additional CPUs could not be
used because the largest domain contained only 100 grid points in each horizontal direction,
and WRF does not allow the use of more than 10 CPUs for domains of this size. As this is
too technical, we did not include it in the paper.

Authors

Line 192: textual issue

RCI

Thank you, it is corrected

Authors

Line 205: Why would excessive vertical wind shear explain the change in wind
direction? Shouldn’t it affect v as well as u? Does the explanation involve an assumed
Ekman-spiral type force balance?

RCI

Indeed, excessive vertical wind shear affects both u and v, not just one component. In our
case the change in wind direction results from a relatively larger change in the v-component
compared to the u-component, which shifts the vector slightly toward the east (from ~232°
to ~229°).

The wind direction change can be understood in terms of the near-surface momentum
balance and turbulent mixing rather than a classic Ekman spiral. In a neutral boundary layer,
increased shear near the surface enhances turbulent mixing and modifies the wind vector in
both components, which can rotate the wind direction. While an Ekman spiral is a
geostrophic—frictional balance useful at larger scales, the LES here is primarily driven by
shear and turbulence production, and the directional change arises from how the Reynolds
stresses redistribute momentum between u and v near the surface.

Authors

Line 214: ‘mean value’ — can you clarify how the mean value was computed? Specifically,
was a horizontal average over the LES domain performed, or was just a model time series at
one location used? The horizontal average would be more consistent with the standard LES
definitions of resolved / SGS, and should be provided if available, (though of course this
method usually isn’t available from point measurements, necessitating some Taylor’s-
hypothesis assumptions).

RCI

Thank you for your comment. The mean values were obtained from a 10-minute time
average of sampling rate of 10 s at the grid point closest to the measurement site. Spatial
averaging was not applied because the LES domain is non-periodic and not horizontally
homogeneous, unlike idealized LES setups. The explanation is added to the manuscript.

Authors

Line 241: ‘closely matches’ — I might say ‘more closely matches’ instead. The LES with
CPM is certainly much closer to the measurements than the other models, but over the time

RCI




scales where observations exist (down to 20 minutes) LES-CPM is still generally about one-
third smaller. For timescales from 20 minutes down to about 10 minutes LES-CPM very
well could be much closer to reality, but unfortunately there are no measurements there.

Thank you for this comment. The text has been edited as suggested. Indeed it is unfortunate,

high-frequency wind data were not available for the study site. Authors




