
Reply to the reviewer #2

We would like to thank the Reviewer #2 for the time dedicated to the review of our work, and
for the several ideas that allowed to improve the manuscript. Our answers are in bold.

The authors  make an  attempt  at  identifying  and isolating  westward  propagating
baroclinic Rossby wave signals in the North Atlantic in a model simulation forced by
ob-served atmospheric  forcing.  While  the  premise  is  not  unjustified,  I  found the
results to be entirely unconvincing.

For instance, Figure 1 only visually reveals weak signatures of westward propagation
and the lines in Figure 2 (smoothed version) are not at all convincing. A wave should
be a continuous, linear local peak in a Hovmoller plot. But the lines are drawn over
short periods of  one-signed anomalies,  connected by opposite signed anomalies.
That is not evidence of continuous propagation. Perhaps a better interpretation is
that waves are generated over short distances, then damped or interrupted by other
processes.

Of course the reviewer #2 is right that the Hovmöller plot on Figure 1 does
not show pure wave propagation, but the westard propagation can already
be  observed,  which  is  why  we  illustrate  it  by  lines  corresponding  to
possible Rossby waves on Figure 2. As we stated in the text, this can only
be subjective since observed with the human eye and we performed the 2D
Radon transform covering the whole range of longitudes of the Figure 1 to
get the dominant propagation signal.  The Rossby waves speed that we
consider objective is estimated only after this analysis. Besides, other than
the spatial and temporal smoothing, we did not use any filtering method,
which explains why the Rossby waves signal is not visually perfect on Fig 1
and 2. This method actually enhances our confidence in the presence of
Rossby waves since we detected them despite not using many subjective
filters.

In order to clarify the text, we have added the following sentences in the
manuscript: "Other than these spatial and temporal smoothing, we did not
use any filtering method, which explains why the Rossby waves signal is
not  a  pure  signal  on  Figure  1  and  2.  Using  the  RT  approach  method
enhances our confidence in the presence of Rossby waves since we are
able to detect them without the need for specific subjective filters."

Figure 4 shows a relatively flat 2D-RT phase spectrum for angles less than 45 deg. Is
there any evidence the purported peak at 21 deg is actually statistically significant
over that background noise? Chelton recanted his concept of fast internal Rossby
waves  in  the  satellite  observations  by  instead  re-casting  the  preponderance  of
westward propagating signals as evidence of nonlinear eddies rather than waves.
Only the largest scales seemed to be wavelike in behavior, but they were difficult to
dissociate from the energetic mesoscale that dominated their analysis (Chelton et
al., 2011). The authors in the present study give no indication that they are aware of
or concerned about this updated framework.

Following the Reviewer's comment,  we made sure that the peak at 21 deg
is  significantly  different  than  the  background  noise.  We  generated  50
random noise fields and added them to the 2D-RT before recomputing its
energy curve. The random fields extend between -2 standard deviations
and +2 standard deviations computed from the original 2D-RT. In 82% of



the cases, the peak remained within 1° of 21°, while 98% were comprised
within 2°. 

Accordingly, we added the following text to the manuscript: "In order to
make  sure  that  the  peak  at  21°  is  significantly  different  than  the
background noise, we generated 50 random noise fields and added them to
the 2D-RT before recomputing its energy curve. The random fields extend
between -2 and +2 standard deviations computed from the original 2D-RT.
In 82% of the cases, the peak remained within 1° of 21°, while 98% were
comprised within 2°."

The eddies described in (Chelton et al., 2011) have an average lifetime of
32 weeks and an average propagation distance of 550 km, which are much
smaller  scales  than  the  Rossby  waves  we  describe.  In  addition,  the
wavelength of  these  Rossby  waves (1066 km) is  much larger  than the
Rossby radius of deformation (30 km) at the latitude of interest, indicating
the observed westward propagation to be mostly due to waves rather than
eddies. However, in order to differenciate the part of the westward signal
from the 2D-RT that is due to Rossby waves against possible eddies, we
propose  the  following  future  experiments.  1)  Performing  a  tracking  of
eddies for different latitudes based on the DRAKKAR SSH fields. 2) From
DRAKKAR  temperature  and  salinity  fields,  calculate  the  densities,  the
baroclinic  eigen  modes,  the  steric  height,  and  the  eddie  propagation
relative to each baroclinic mode. This would also help future studies to
analyse how the NAO signal is carried to the westward propagating SSH,
and how this SSH variability impacts in turn the GS.

We  thus  added  the  reference  proposed  by  the  Reviewer  #2  and  the
following text in the manuscript: "Using satellite observations, Chelton et
al. (2011) showed that a part of the westward-propagating SSH variability
is due to nonlinear mesoscale eddies. However, the eddies they found have
an average lifetime of 32 weeks and an average propagation distance of
550  km,  which  are  much  smaller  scales  than  the  Rossby  waves  we
describe. In addition, the wavelength of these Rossby waves (1066 km) is
much larger  than  the  Rossby  radius  of  deformation  (30  km)  at  39°  N,
indicating the observed westward propagation to be mostly due to waves
rather than eddies. In order to further quantify the part of the westward
signal from the 2D-RT that is due to Rossby waves against possible eddies,
we propose the following future experiments. 1) Performing a tracking of
eddies for different latitudes based on the DRAKKAR SSH fields. 2) From
DRAKKAR  temperature  and  salinity  fields,  calculate  the  densities,  the
baroclinic  eigen  modes,  the  steric  height,  and  the  eddie  propagation
relative to each baroclinic mode. This would also help future studies to
analyse how the NAO signal is carried to the westward propagating SSH,
and how this SSH variability impacts in turn the GS."

The  SSH  signals  include  components  from  multiple  vertical  modes,  which  can
obscure the signal they are after. Since they have a model, it would be more far
more interesting to analyze the full  model fields rather than just looking at SSH.
Separate the flows into vertical modes, including the barotropic and 1st baroclinic,
and  maybe  even  the  2nd  baroclinic,  so  that  you  can  be  more  unambiguous  in
following only one internal mode, presumably the 1st baroclinic.

We agree with the Reviewer #2 that working with the 3D fields of  the
model  outputs  would  be  interesting  in  view of  projecting  them on the



different modes of propagation, see our previous answer. We added this
idea in the perspectives for future research, but this analysis would be
outside of the scope of this work.

It’s not just the NAO forcing that drives the waves. It is the zonally and temporally
integrated  upstream  effects  of  the  wind-stress  curl  for  all  time  scales  at  each
longitude  that  matters  locally  in  the  oceanic  response.  Hence,  showing  lagged
correlations of indices in Figure 7 is not particularly interesting or illuminating.

We addressed this issue in the manuscript: "Considering the NAO signal
transfers momentum through the wind stress to the central part of the NA
(Visbeck et al.,  1998),  with a maximum impact on the SSH in this area
(Esselborn and Eden,  2001),  we use hereafter  the longitude 30°W as a
reference for the perturbation initiating a westward SSH Rossby wave."

Finally, Figure 8 looks like two (essentially) uncorrelated red-noise time series.

We agree that the Fig 8 does not show statistically significant correlations,
which is described in the manuscript. We also think that these figures are
nevertheless  interesting.  These  weak  correlations,  together  with  the
analysis in Fig. 9, are an argument to encourage further research in the
physical processes linking NAO and Rossby waves.

We adapted the text by adding "While the correlations are not significant,
the figures are nevertheless interesting. These weak correlations are an
argument to encourage further research in the physical processes linking
NAO and Rossby waves."

Minor points:

1) All the figure captions should indicate that “model SSH” is being analyzed and
plotted.

We adapted all figures accordingly.

2) Throughout the text, many of the numerical estimates indicate “four significant
digits” accuracy. Really?

We  have  limited  the  estimates  to  less  digits  in  several  places  in  the
manuscript.

Reference: Chelton, et al., 2011: Global observations of nonlinear mesoscale eddies. 
Prog. Oceanogr., 91, 167-2


