
Ocean Sci. Discuss., author comment AC1
https://doi.org/10.5194/os-2022-13-AC1, 2022
© Author(s) 2022. This work is distributed under
the Creative Commons Attribution 4.0 License.

Reply on RC1
Vår Dundas et al.

Author comment on "Hydrography, circulation, and response to atmospheric forcing in the
vicinity of the central Getz Ice Shelf, Amundsen Sea, Antarctica" by Vår Dundas et al.,
Ocean Sci. Discuss., https://doi.org/10.5194/os-2022-13-AC1, 2022

Comments to reviewer 1

________________________________________________________________
_________

Thank you for your comments and questions and for reading the manuscript carefully.
For the interactive discussion, we have extracted a few comments that we would like to
discuss further and clarify. Once the interactive discussion is closed, we will provide a
complete response to all reviewer comments, including the corresponding changes we
have made in the manuscript.
Regarding the clarity of our findings, we will rewrite parts of the manuscript to highlight
our findings and clarify the answers to your posed questions. Here, we will include short
answers for clarification and to support the interactive discussion.

How do velocity and temperature respond differently to winds and why?
Our main message is that non-local ocean surface stress is a major driver of variability in
currents and hydrography in the relatively cold GC6-trough. The velocity and temperature
respond differently to the ocean surface stress because the mechanism behind their wind-
driven variability is not the same. While westward ocean surface stress drives a southward
current at GC6, eastward ocean surface stress drives warmer temperatures at GC6.
Advection of heat by the southward current is consequently not the primary driver of
temperature variability at the mooring on medium-time scales. We hypothesize that the
current variability is connected to rapid wind-driven changes in the barotropic component
of the currents on the continental shelf and along the coast. Regarding temperature, we
hypothesize that the wind-driven variability is associated with rapid thermocline
adjustment. 

What about sea ice?
Sea ice differences from one summer to the next appear to be important for the long-term
isotherm variability at the mooring site: low summertime SIC one year contributes to
deepening isotherms the following season. 
In addition, sea ice modulates the ocean surface stress. After investigating the estimates
of ocean surface stress with and without accounting for SIC and sea ice movement in the
parameterizations (eq B2 in the ms), we find that the inclusion of sea ice in the
parameterization of ocean surface stress is not crucial to describing the relationship
between the winds and the currents at GC6. Instead, we find that wind stress describes



most of the variability of ocean surface stress. 

It is not clear how the wind stress regulates the ocean heat flux. Is it the wind over the
Amundsen Polynya, at the shelf break, or over the eastern Amundsen Sea?

1) The variability in heat flux, as observed at the mooring, is determined by variability in
current strength rather than by the temperature or thickness of the mCDW layer (with
only one mooring we cannot account for variability in current width).
2) Our correlation analysis suggests that the currents at the mooring location respond
strongest (during winter) to ocean surface stress in the region stretching from the ASP
and north to the shelf break.

This hence suggests that the wind stress over this extended ASP-region is a primary factor
regulating the current and consequently the heat flux towards the ice front in the trough.
The wind stress over the eastern Amundsen Sea modulates the thickness of the mCDW-
layer, but the effect on the heat flux variability is secondary.

Since the region of high correlation appears in the ASP region and towards the shelf break
in winter, which is when the polynya makes this region distinct, we hypothesize that the
low SIC plays a role in the location of high correlation. The low SIC enables momentum
transfer from the wind to the ocean, which is reduced over near-100% SIC, and zero over
fast-ice. If not for this region of reduced SIC, which occasionally extends northward
towards the shelf break, and the disturbance of potential fast-ice, the winter-time relation
between wind and current might be much reduced. The reduced SIC combined with
general winter conditions (e.g., weak stratification) facilitates stronger barotropic
responses also in winter. We speculate that this is what we observe.

 

Below are responses to the minor comments

- Line 118-119: “Can you say something more about what you mean by “since the sea-ice
movement is expected to be small along the coast in winter, we assume little loss of
information”? if sea ice motion is small, then the ocean surface stress is small if sea ice
present and the wind stress is dampened.”

Values of sea ice motion are missing in the NSIDC dataset closest to the coast, but the
sea ice in this region is likely fast-ice in winter. Wind over fast-ice will not lead to stress on
the ocean at this location. Therefore, since we investigate the correlation between
spatially varying ocean surface stress and currents and temperature at GC6, we expect
that the correlation is zero where the ocean surface stress is zero. Also, we find that the
very highest correlation is away from the coast. Because of this, we assume that the lack
of data along the coast is not crucial for this specific analysis.  

- Line 132-133: “if you apply a band pass filter between 8 days and 10 months, the
seasonal cycle is not going to be removed.” and Fig. 5: “Why don’t include 4 panels
showing winter and summer correlations in different plots? I am also wondering why you
make the distinction between summer and winter after removing the seasonal cycle? Can
you clarify? Maybe the reason is that you have not removed the seasonal cycle.”

With a cutoff at ten months, we expect to eliminate much of the seasonal cycle since a full
seasonal cycle can’t be resolved within ten months.  Although the mean seasonal signal in
the variables have been removed by the filtering we observe a seasonality in the observed
variability and in its response to variability in the forcing (on time scales shorter than
seasonal). This is not a result of an unsuccessful removal of the mean seasonal signal.
Imagine for example the connection between daily snowfall and northerly winds. These



might be correlated during winter, but not in summer (since snowfall = 0). The difference
in correlation between summer and winter will remain, even if you remove the mean
seasonal signal from your wind and snowfall records. 

The attached figure (Fig1) illustrates the effect of our bandpass filter between 8 days to
10 months: panel 1 shows a seasonal cycle plus a high-frequency signal with seasonal
differences in amplitude. Panel 2 shows the same signal after bandpass filtering. Panel 3
shows the band passed signal minus the original high-frequency signal to illustrate that
what is left after the bandpass filtering is in fact the original high-frequency signal added
onto the seasonal signal in panel 1.

- Section 4.2. I like this section that summarizes the connection between surface stress
and ocean current. Just it is hard to understand how a negative correlation in winter
between surface stress and current can arise. I would try at least to provide some
speculation regarding this correlation.

We speculate that at GC6, the westward winds increase the along-shore sea level and set
up a westward barotropic current along the coast, which is seen in the variability at GC6.
In this case, the variability in current at GC6 is connected to variability in the coastal
current, and the correlation with the ocean surface stress is negative. 

Please also note the supplement to this comment: 
https://os.copernicus.org/preprints/os-2022-13/os-2022-13-AC1-supplement.pdf
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