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Reply to interactive comment on ‘“Interannual evolutions of
(sub)mesoscale dynamics in the Bay of Biscay” by Guillaume
Charria et al.

Following one of the major referee comments, the discussion has been modified including more emphasized discussion on
the interannual variability. The relationship between forcing terms and ocean features has been discussed including new
details on the process explained. However, this remains more limited than expected as we were facing a technical problem to
give a full detailed description of the turbulent fluxes (latent and sensitive fluxes) as they have not been saved for this
simulation and we do not have the available computing time and infrastructure to perform the same simulation with more
saved variables. Nevertheless, we explored the different possible improvements based on offline diagnostics and we propose
more detailed analyses to confirm our proposed assumptions in the discussion.

Compared with the previous manuscript, a discussion has also been added on the interannual evolution of the spectral
content based on spectral slope analysis (as suggested by the referee).

Line-by-line Comments
L22"Thefirsthighresolution"-couldbe" Thefirstsubmesoscale-permitting"
Following referee suggestion, the text has been replaced.

L24 - "potentially"
The word has been corrected.

L29 "Our understanding of the general..."
The sentence has been improved following suggestion.

L10 " (adjustment, for example)" - I’'m not sure what you’re referring to here.

In this sentence, we just mention the role of the water depth in the definition of the Rossby radius.

The sentence has been replaced by: "... The considered definition for the studied scales, depending on the depth of the water
column and the stratification, has to be recalled as we progress in a coastal environment. ..."

L13 "decreases to values around 5-8 km" - reference for this?

This values are coming from an internal report (in French - Valdivieso Da Costa M., Maze J.-P., Raynaud S., Etude de plan
d’échantillonnage de PAGODE sur le plateau du golfe de Gascogne - Lot 1 — Analyse de la variabilité interannuelle de la
température a la surface de la mer et des rayons de déformations internes - Référence ACTIMAR : 06.34.1, 2006) not
available online. Then, there is no reference for these values. A publication on this point is under preparation.
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Upper-left: First mode of the internal Rossby radius for the whole CTD dataset (6448 profiles from 1972 to 2005 from SHOM and
IFREMER). Other figures are representing the same parameter for a different range of depths and adapted color scales.
To improve our manuscript, the following statement has been added:
"Over the continental shelf, this internal Rossby radius of deformation decreases to values around 3-8 km (Valdivieso Da
Costa M., Maze J.-P., Raynaud S., pers. comm., 2006), for example, in the Bay of Biscay."

L36 - "the two-dimensional barotropic system is resolved" - I’'m not sure what you mean by resolved here.
The text has been modified as the "two-dimensional barotropic system" is the barotropic mode.

The equation of state for the simulation, along with bottom and side boundary conditions have not been stated. A comment
of how long the simulation takes to spin-up its annual cycle would be useful. Is the model hydrostatic? Given that the model
used is not that familiar to many (or me at least) it may be better to set out the continuous form of the model equations.

"0 and b are surface and bottom control parameters)" - I’'m not really sure what these parameters do from this description.
Does theta have units? b seems to have units of metres, but they are not mentioned.

Indeed, the statement was not clear enough. First, there was a mistake in the reference (corrected in the new manuscript). It
was Lazure and Dumas (2008) as given in the reference list and not Lazure et al. (2005). All the equations are detailed in this
publication (Lazure and Dumas, 2008). However, for clarity purpose, equations have been added in an appendix of the paper
and details are given.

The model is hydrostatic.

Concerning the spin-up, its length is mentioned in section 4.1 (as commented by the referee) and taken to 2 years. Following
the different experiments to develop this configuration and to produce this simulation, this 2-year period has been defined
based on the development of the seasonal cycle (for example in temperature). To support this choice, we explored the
simulation in terms of circulation and temperature. The Bay of Biscay is following two main regimes. One over the
continental shelf where the circulation is strongly driven by atmospheric forcings and river inputs, and then is balance after
few months. The other one is over the deep ocean where the large-scale circulation is constrained through open boundary
conditions. As the domain is limited, the 2-year period is a long enough period (usually, we consider even shorter spin-up for
this region).

In the manuscript, this spin-up period is mentioned in the section 2.2 as:

" ... until December, 31%, 2010. For interannual analyses, a spin-up of two years is taken into account to setup an established
seasonal cycle in the circulation even in the open ocean constrained by large-scale solution forced in open boundary
conditions. The analysed period is then running from 2003 to 2010. The BACH1000 100lev configuration is implemented

Concerning the sigma-coordinates parameters (h.=200 m, 6=6 and b=0), following referee suggestions, they have been
detailed in the Appendix A with the model equations.

L9 "Digital Terrain Model (DTM)"
The acronym has been added.

L13 " are interpolated on the grid and merged" - it’s not evident from Figure 1 that the grid resolution is close to 1 km.
Perhaps you want to include a second panel that shows a zoomed-in area that highlights the complex topography which the
model allows?

In order to minimize pressure gradient errors due to sigma coordinates, the bathymetry remains smoothed in the simulation.
The used filter is based on the criteria defined in Haidvogel and Beckmann (1999) and usually used for the ROMS model (as
described in the manuscript - Numerical experiments section). However, the MARS3D model allows keeping a fine
resolution for the coastline. A zoomed-in area has been added in the manuscript (Figure 1) around 48°N to illustrate this
resolution.

Furthermore, following referee sugestions, the colormap has been adjusted to a colormap with a uniform perception scheme.

L15 - what is h?
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h is the depth of the water column. It has been added in the manuscript.

L24 - are these horizontal "viscosity/diffusivity values"?

Indeed, viscosity/diffusivity values are horizontal.

The manuscript has been modified as:

"The sponge layer width is 20 km-width and the maximum horizontal viscosity/diffusivity values are 100 m* s and zero
outside the open boundary layers."

L26 - "is provided"
The sentence has been corrected.

L29 - "components"
It has been corrected.

L34 "December 2014"
It has been corrected.

L37 - are the outputs daily averages or snapshots?
Outputs are daily averages. The manuscript has been modified to mention this point.

L7 -"over 2010" - to emphasise that the averaging is carried out over the full year.
The manuscript has been updated following referee suggestion.

L9 - "shows a good agreement" - what metric are you using to define what makes for a good agreement?

Following referee suggestion, the sentence has been modified to include more detailed metrics to quantify the difference
between modelled and observed sea surface temperature fields.

The updated manuscript is including these new sentences:

" ... In Figure 2a, the mean bias between observed and modelled SST over 2010 at the end of the experiment shows an
averaged underestimation of the temperature by the model (-0.24+0.28°C over the domain). These biases do not exceed 1.75
°C. Such large values are obtained in two regions. First, in the Ushant ..."

L14 "Figure 2b"

L14 "the temporal variation of the spatially averaged bias and the associated standard deviation" - this calculation should be
given explicitly

L14 "and on average" - average over what?

Following referee remark, the calculation has been introduced explicitly in the manuscript.

The average is done over the full domain. The sentence has been modified: "... scale and on average over the full domain ...".

L18 "The largest"
It has been corrected.

L23 "In front of the Brittany" - you can’t expect all readers to know where Brittany is. A latitude and longitude is much more
helpful. This point can be repeated in general for many of the references made to figures.

The positions of described regions are explicitly given in the manuscript.

For example:

"... In front of the Brittany (48.2°N / 5.6°W), the position ..."

"... in the Southern part of the Bay of Biscay (44°N / 3.5°W) are representing ..."

L26 "and 34.8" - missing units. Indeed salinity units are missing throughout the manuscript.

Indeed, no units for salinity have been used. However, as stated in UNESCO technical report (1985, p. 44 for salinity;
Millero et al., 2008) and the international system of units, the Practical Salinity units, defined as conductivity ratio, is
"dimensionless". Following this definition, we propose to keep the no unit convention in the paper.

- UNESCO (1985) The international system of units (SI) in oceanography, UNESCO Technical Papers

No. 45, IAPSO Pub. Sci. No. 32, Paris, France.

- Millero, F. J., Feistel, R., Wright, D. G., & McDougall, T. J. (2008). The composition of Standard Seawater and the
definition of the Reference-Composition Salinity Scale. Deep Sea Research Part I: Oceanographic Research Papers, 55(1),
50-72.

Example of recent paper following this convention:
Boutin, J., Martin, N., Reverdin, G., Yin, X., and Gaillard, F.: Sea surface freshening inferred from SMOS and ARGO
salinity: impact of rain, Ocean Sci., 9, 183-192, doi:10.5194/0s-9-183-2013, 2013.
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L31 "The elongated freshwater filaments extending to the Southwest in the Southern" - again, specifying the position of
these filaments would be helpful.

The position has been written in the manuscript: "... in the Southern part of the Bay of Biscay (44°N / 3.5°W) are
representing ..."

L30-35 - this whole paragraph (and the associated figure, see comments below) feels like it has not been developed and does
not seem to go anywhere. There is talk of producing some filaments and export, but little or no evidence has been presented
for the various statements. If this point on capturing freshwater export is genuinely important then it should be developed,
otherwise I’d delete this paragraph.

We understand the referee point of view on this paragraph. However, we decided to keep it, as it remains a challenging issue
in the region (modelling cross-shelf exchanges in the Bay of Biscay). In the discussed paper (Reverdin et al., 2013), coastal
model with coarser resolution were not able to reproduce this event. Presenting in this publication the ability of the model in
this configuration to reproduce this event is interesting for future studies. Developing this part could be interesting but it
could lead us far beyond the scope of the paper, then we kept a quick overview on this event.

L37-40 - these statements seem premature given that the vertical structure and flow hasn’t been considered yet.
Indeed, this statement is not at the right place and it has been removed.

L9 - "Figure 5" L10 "with a small average misfit of 0.015°C" - I’'m not sure that the average is the key metric here, because
there are lots of offsetting positive and negative errors. The RMS error is also required.

We agree with the referee and we included the RMS error in this part of the manuscript. The RMS error is giving another
view of the model/observation differences and has to be considered in the frame of a configuration with several assumptions.
This last point has been given in the manuscript.

L15 " average misfit is very small at surface" - if we assume the haline coefficient is about 4 times the thermal expansion
coefficient, then this misfit is equivalent to a temperature difference of 0.1 degree C. Yet the 0.015 degree thermal difference
is referred to as small, but the effectively 6 times larger salinity difference is referred to as "very small" . This is inconsistent.
The manuscript was, indeed, not consistent on this point. The sentence has then been modified following referee suggestion.
The new sentence is "... In salinity, the average misfit is smaller at surface (-0.024 for the layer 0-20 m depth, RMSE=0.27,
Figure 5d) and above 100 m depth (0.025 for the layer 40-100 m depth, RMSE=0.28 Figure Se and 5f), than between 20 and
40 m depth where the average difference is larger (0.176, RMSE=0.59). ... ".

L27-35 - the kind of qualitative analysis presented here is subject to "cherry-picking" the parts of the simulation that agree
with the observations. Could the model ssh field be compared with altimetry instead? Or (more challenging) could a
dynamic height field be constructed from hydrographic observations that can be compared with the observations?

The choice of the comparisons can seems like " cherry-picking the parts of the simulation that agree with the observations"
but they are more related with the availability of observations. At the end, we agree that it can be seen as a patchwork of
validations but it is observation driven for the region and the period.

The possible comparison with SSH has been explored (and remains under investigation in the framework of the future
SWOT satellite) but we faced several issues as the quality of the Mean Dynamic Topography in the region, the macro-tidal
system over the continental shelf (tide are tricky to correct in the region). Then, it has been decided to not include these
figures in the manuscript.

For the dynamic height, the problem is the representativeness of in situ observations as they are limited to explore
interannual variability and then, the climatology can be biased due to the difference of observation distribution depending
the year.

These different points explain the choice of keeping the averaged current map to validate the general circulation in the
region.

L4 "Two dimensional"
The text has been modified.

LI11 -"A general agreement following the current directions and amplitudes is observed." - can some statistical basis for this
be given ?

Some statistics have been added in the manuscript.

Please find below, the detail of those statistics:

ASPEX 4

Root Mean Square Error :

cross-shore = 0.0244893 m s™

along-shore = 0.0378377 ms™

Correlation :
cross-shore = 0.36939642463
along-shore = 0.605244276335
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Standard deviation :

cross-shore BACH1000 = 0.0134921 m s™
along-shore BACH1000 = 0.0349041 m s™'
cross-shore ASPEX = 0.0260202 m s
along-shore ASPEX = 0.0467999 m s™'

HHHEHEHEH

ASPEX 10

Root Mean Square Error :
cross-shore = 0.0223718 m s™
along-shore = 0.0639827 m s™'
Correlation :

cross-shore = 0.0910204076364
along-shore = 0.68939054688

Standard deviation :

cross-shore BACH1000 = 0.0175352 m s™
along-shore BACH1000 = 0.0862604 m s™'
cross-shore ASPEX = 0.0138124 ms™
along-shore ASPEX = 0.073085 m s

L21 "located on the Aquitaine shelf" - I’d say that few people outside of France knew where this is.

Indeed, we agree that the Aquitaine shelf is not very famous. However, in this case, we refer to Figure 1 where the ADCP
position is explicitly given.

To clarify this point, the sentence has been modified as:

"... This mooring located on the Aquitaine shelf (South of 45°N, Figure 1) has been used ..."

L1 "the relative vorticity" - this needs to be defined explicitly. Presumably you are referring just to the vertical component of
relative vorticity and this should be made clear.

Indeed, the "relative vorticity in this study corresponds to the vertical component of the vertical vorticity. The following
sentence has been modified:

"... the vertical component of the relative vorticity (referred as relative vorticity) has been first analysed. ..."

L7 "in the northern part of the domain spreading from the shelf break" - give a reference location so the reader knows
exactly what you are referring to. "small structures related to local drivers" - same point, there is a very large area and I’'m
not sure what you’re talking about exactly.

Following referee suggestion, considered area have been detailed.

The manuscript is then modified as:

"... from the shelf break (around 47.5°N-48°N / 7°W-5°W). In ..."

This sentence has been added to explain more which region is considered: " These structures can be seen through large
relative vorticity values over the outer part of the continental shelf between the 100m isobath (Figure 6) and the shelf break
(Figure 1). "

Indeed, it covers a large area (like an alongshore band) between 100m isobath (Figure 6) and the shelf break.

L14 "shadowed by large-scale vortices" - do you mean "obscured"? "Shadowed" means more like "followed" in English.
Also, I don’t think it’s physically sound to talk of obscuring by large scale vortices - it implies the small-scale vortices are
there, but you just can’t see them. In reality, I imagine that the small-scale vortices are simply absent in summer.

We agree with the referee that our sentence was misleading. We then change the text as follows: "... fully developed in
winter. In summer, typical spatial scales are larger in than in winter. More large scales vortices are simulated during this
season. The spatial ..."

L16 "The spatial spectral analysis over the domain" - This analysis would be interesting to see. You could perform an
analysis as in Brannigan et al. (2015) whereby you compute the mean spectral slope over different regions and plot the time
series of this slope through the seasonal cycle.

This sentence was confusing as is has been done in Figure 11 (referred now in the manuscript). However, the spectral slope
is an interesting indicator to track the seasonal cycle of the energy content. We added the slope time series in Figure 11
(bottom) for the year 2010. The manuscript has been updated.

L20 "Based on the spatial average integrated over 150 m depth" - the use of a fixed depth will bias the calculation low in
summer time compared to winter. What we’re really interested in is the evolution of vorticity in the mixed layer over the
year. The calculation show make some effort to track the mean mixed layer through the seasonal cycle, even if it isn’t exact.

We agree with the referee that the choice of a fixed depth is an important assumption for the study. However, the idea of the
study was to track the behaviour of the surface layer that can be fully mixed in winter. To analyse the time series and to
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compare different season, we need to take into account the same water depth to infer the activity in this surface layer.
However, using the changing mixed layer depth as the depth of averaging is an interesting approach to track the dynamics
inside this dynamic layer. We will consider this approach in future analyses.

L22 "The horizontal patterns (Figures 10b and 10c) associated with these average time series confirm the larger range of
relative vorticity values related to small scales structures" - you’re making a comparison here ("larger") but haven’t stated
what you’re comparing. Using the seasonal spectral slope calculation would allow you to make the seasonal comparison
explicitly without having to do this qualitative analysis.

In Figure 11, the spectral slope has been added and used to support the explanation in the manuscript.

L25 - " surface relative vorticity spectra" - you need to set out explicitly how you did this calculation. You should also
justify why you choose to use the vertical component of relative vorticity for this rather than a kinetic energy spectrum. The
spatial pattern used to calculate the spectra is also unclear.

This sentence has been added to explain the spectrum calculation:

"These spectra have been computed every day over the limited domain (yellow rectangle Figure 9) using a 2D Fast Fourier
Transform and then averaged over the considered month."

The computation could have been done from kinetic energy (as suggested by the referee) but, as we illustrated and discussed
the vertical component of the surface relative vorticity, it makes more sense to do spectrum on this field as it is related with
the kinetic energy spectrum.

L26 " seasonal variation of the energy" - presumably you mean the variance here, as the underlying spectra is of vorticity.
The text has been modified following referee suggestion.

L30 "The relative vorticity fields, related to vortices" - this isn’t right, the vorticity comes from a mix of vortices, jets and
filaments.

L30 "The relative vorticity fields, related to vortices, can also be explored through vertical motions. " - This sentence doesn’t
make sense to me. Surely we are investigating the overall model dynamics, and the vorticity and vertical motions are two
separate diagnostics for this?

L30 " The role of these structures" - again, this sentence implies that vortices are the only processes of interest, when it is a
mix of dynamically distinct processes.

We fully agree with the referee and we went back to the manuscript to be more precise and avoid this wrong shortcut
between relative vorticity and vortices.

L6 "The diagnostic"
The text has been corrected.

L15 - this comment on the spin-up period should be in the second section. Some justification needs to be given as to why the
model is considered to have spun-up in two years.
This point has been discussed in the second section and details are given to the referee above.

L15 - I think it would be more intuitive to divide the values in Figure 14 by 150 m to get mean values, I’ve no idea how to
judge the magnitude of vertical velocity in units of m™2/s"-1
Following referee suggestion, Figure 14 and Figure 9 have been updated.

L26 "A model simulation...exhibits"
The text has been corrected.

L28 "theatre" change to "location"
The word has been replaced.

L34 " and to the seasonal restratification" - this hasn’t been shown in the paper. In any event, the seasonal restratification is
likely to be driven primarily by heating at the surface. This is shown by the fact that a 1D model in the vertical produces
adequate seasonal restratification without any MLIs.

This part has been rephrased taking into account referee remark.

L36 " Indeed, Soufflet et al (2016)" - this isn’t included in the list of references.
The reference has been added.

A number of figures are missing x, y and colorbar axis labels. The text on the labels is also generally quite small and hard to
read. Maybe it could be made into a semi-bold font?

We apologize but we do not understand this point. On our version of the manuscript, labels and associated text are clearly
visible (with a resolution allowing to zoom without loosing information). We would be happy to reprocess any figures if the
problem still appears in the revised manuscript.
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Figure 1 - the non-uniform color scheme here is not a good choice - it strongly highlights the yellow region which may or
may not be the region of strongest gradients. A uniform perception scheme is recommended instead.
The figure 1 has been modified following referee suggestion using a uniform perception colormap.

Figure 2 - the title should be in symbols rather than the computer code format used. This is confusing as it’s not clear to me
if the < > are being used as mathematical operators here or just part of your text formatting. The temporal averaging that is
required to make the calculation in the plot should be made explicit in the text. "The shape of the curves represents the
spatial standard deviation" - this seems incorrect, the shape of the curves is the seasonal cycles, but it seems like you’re
actually talking about the shading around the curves.

We agree with the referee. The title of the figure is confusing has been modified.

In the text, the sentence has been rephrased as:

" The shading around the curves represents the spatial standard deviation ..."

Figure 4 - why are there two subplots? Why is one of them smaller than the other? Does the second one even get referred to?
Figure 4 caption has been updated to describe both figures. The new caption is:

" Figure 4: Sea surface salinity (28th July 2009) during an event of freshwater export in the open ocean as described by
Reverdin ef al. (2013). Left figure is representing the full model domain and right figure is focused on the South-Eastern part
of the Bay of Biscay to highlight the freshwater export around 44°N and 3.5°W."

Figure 6 - shouldn’t these plots show the average over 50 grid points rather than just selecting one grid point out of 50?

We understand the referee suggestion. Before giving this figure, we tried different way of plotting this average circulation. In
order to compare with Charria et al. (2013), this subsampling was making more sense than the average. A better solution
would have been to average on the same grid as the one used in Charria et al. (2013) but it was not possible to do such
computation in the review available time.

Figure 8 - a red-white-blue colorbar should be used instead of a rainbow color schemes. In general rainbow color schemes
are known to distort perception of data and should be avoided. The figure titles could mention which is the model and which
is the observation.

A blue-white-red colormap is used instead of the previous rainbow one. Observation data have been added to improve the
clarity of the manuscript instead of only referring to the corresponding publication.

In the manuscript the description of these figure has been updated and simplified following the new colormap and the
observations:

" Other comparisons have been performed with an ADCP mooring during the ARCADINO experiment. This mooring
located on the Aquitaine shelf (Figure 1) has been used to highlight poleward coastal jets up to 32 cm s (Batifoulier et al.,
2012). Similar events are modelled in our numerical experiments with smaller amplitudes (Figure 8). In 2008, a poleward
along-shore current appears around the 15th August 2008 (Figure 8) in observations. From in situ ADCP measurements
(Batifoulier et al., 2012), it also appears a velocity maximum between the 16th and 20th August 2008. In the modelled fields,
the jet is reproduced but velocities are weaker and the event starts earlier in the simulation. The jet is also deeper in the
model (20-40 m depth with maximum velocities ~16 ¢cm s™) than in observations with a maximum above 30 m depth. When
model forcings are explored, we explain this event with similar conditions to those observed in Batifoulier et al. 2012.
Indeed, westerly winds are blowing from the 6th to the 8th August (with intensities 8 to 12 m s™') along the Spanish coast to
setup the circulation resulting in the poleward jet following the explained process in Batifoulier et al. (2012)."

Figure 9 - it is more helpful to plot the relative vorticity normalised by the local value of f (and other vorticity plots).
Figures have been modified following referee suggestion.

Figure 12 - the depth of the plan views needs to be stated.
In the figure caption, the depth is given (4-m depth).



