Response to review of “The effect of storms on the Antarctic Slope Current and the warm
inflow onto the southeastern Weddell Sea continental shelf” by Var Dundas, Kjersti
Daae, Elin Darelius, Markus Janout, Jean-Baptiste Sallée, and Svein @sterhus.

Dear reviewers,

Thank you all for reading our manuscript so thoroughly and for all your input. Your
comments have substantially helped us improve the manuscript, and we hope we have
addressed all your comments satisfactorily. Below, we first respond to comments by Keith
Nicholls, then anonymous reviewer nr 2, and finally Angelika Renner. We address your
suggestions as follows: Your submitted comments are in black text, and our responses are
in green. We apologize for the errors in some of the figure references; these have been
corrected. Specific changes to the text are in italics, and line numbers refer to the new
version of the manuscript.

Sincerely,
Var Dundas, on behalf of all co-authors




Dear reviewer, K. W. Nicholls,

Thank you for reading our manuscript so thoroughly and for all your comments on the
language and conciseness — your input helped improve our manuscript substantially. We
highly appreciate the effort put into the attached PDF document. Minor changes from your
attached PDF document are not commented on here. Still, they can be identified in the
track-change version of the manuscript (submitted as a PDF) and in the returned version of
your submitted PDF, which is included at the end of this document.

We hope we have addressed your comments satisfactorily.

Sincerely,
Var Dundas, on behalf of all co-authors

The authors wind-derived anomalies of surface stress caused by storm events over the
southern Weddell Sea, upstream of the Filchner continental shelf. They then investigate
the impact of those periods of high surface-stress on the Antarctic Slope Current (ASC)
near the Filchner sill, and on the flow both of warmer waters onto the continental shelf,
and the southward flow of warm waters already on the shelf toward Filchner Ice Front.

This work is a continuation of observational and idealized numerical studies by many of the
same authors. Here the mooring time series has been significantly extended. Seven
moorings, with time series up to four years in length have been used. Obtaining those
moorings has been a colossal effort, and they represent a very impressive resource.

As a continuation, the study is in some ways incremental, providing confirmation of key
findings from the previous work, but also raising some interesting questions. | would like to
see it published in this journal, after some relatively minor revisions.

Overall, the English is good, in that it is entirely understandable. However, the text could be
substantially tightened up, perhaps by a co-author? I’ve submitted a marked-up PDF with
many comments and an incomplete list of minor textual suggestions, but very often
sentences could be redrafted more concisely. That is perhaps an editorial decision. Some
of the comments are more substantive but most are requests for clarifications that can be
very easily dealt with.

Thank you for your effort in reviewing our study and for the overall positive assessment.
A couple of more significant questions.

1. Section 3.4

This reviewer was a bit confused about what the authors were trying to say in this section,
where they describe a shiftin July 2019 in the response to storms events: the response on



the shelf to storms went from being inconsistent to consistent, while the reverse was the
case for the response at the sill. At the same time the flow direction on the shelf migrated
from being primarily north-eastward to primarily eastward.

In line 275 they mention the importance of changes in the upstream wind forcing as a
possible reason behind the shift as discussed in an earlier study, but later in the paragraph
note that the mean surface stress over the Upstream box doesn’t seem to change during
the shift. In the next paragraph (line 282) there is a comment about the correlation between
wind direction and the current direction at M_CS2; the correlation shifts from negative to
positive. Where is this wind? Is it over the Upstream box? If so, | don’t see how the mean
direction of the stress isn’t changing, but the correlation between wind direction and
current at M_SC2 is switching sign: the current direction is only changing by 45 degrees.

The paragraph starting at line 297 then seems initially to repeat the statements about the
Daae et al paper’s findings mentioned in the para starting in Line 275.

| think this section needs to be tightened up considerably. Clearly, the authors have an
interesting finding, and haven’t yet got an explanation that satisfies them. | feel that it
could be explained very much more concisely and clearly.

Re.: We agree with your comments regarding this section. We find the changes we
describe interesting to note, but we cannot yet explain how the different shifts are
connected to each other and what drives them. We think it is important to mention that
there appears to be a shiftin 2019 since it emphasizes that interannual variability affects
how the warm inflow on the continental shelf responds to atmospheric forcing — and this is
clearly something we need to understand if we are to predict how the system evolves in the
future. However, we have followed your advice and simplified this section substantially.

In the updated version of the manuscript, we have moved panels b) and c) from Fig. 10 to
the appendix, while the information in panel a) has been included in Fig. 4. We have also
moved the detailed description of circulation and hydrographic changes, as well as the
speculation associated with Ronne- and Berkner modes, to the appendix.

We have modified the paragraphs starting on lines 275 and 297 to avoid repetition.

Regarding the specific comment about the correlation between stress and ocean current
at M_CS2, we hope the following clarifies the aspect: The correlated time series have daily
resolution, band-pass filtered at 24h - 30 days (specified in the updated manuscript).
Although the mean surface stress does not change direction, and the mean current
direction changes by 45 degrees, the sign of the correlation between the band-pass
filtered time series might change. We allow for a variable lag, so while the shiftin
correlation could be associated with a changed lag between the stress and the ocean
current’s variability, the shift is not purely the result of a changed lag interpreted as a
reversed sign of the correlation. There is a tendency for a systematic change in lag related



to the shiftin correlation (see the figure below). The lag is usually longer (~6 days) when the
correlation is negative than when the correlation is positive (~1 day); however, the pattern
is not consistent towards the end of the time period. The indication would thus be that the
wind forcing affects the current in the Filchner Trough more efficiently during the second
part of the mooring period. The positive correlation is what we expect from rapidly
propagating barotropic Kelvin waves, which agrees with the short lag. This also reflects the
result of more significant storm response events post mid-2019.
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A major difference between the correlation presented in this study and the study by Daae
et al., (2018) is that they specifically wanted to filter out storm events and used 15-day low-
pass-filtered data to capture variability on monthly time scales. We have made this
distinction clearer in the updated manuscript as follows:

L261-263: “Interannual variability in the sensitivity to wind forcing on monthly time scales
was also observed in the Antarctic Coastal Current (M_CC, mooring location shown in Fig.
1) and on the sill of Filchner Trough (15-day low-pass-filtered, Daae et al., 2018).”

Caption of Figure B1: “Time series from MCS2 of 90-day long, 33% overlapping windows of
significant correlation (black bars) and lag (blue bars) between the along-coast wind and
the southward bottom current (24 h-30 days bandpass filtered. Positive correlation
indicates that roughly south-westward wind corresponds to current toward Filchner Ice
Shelf).”

2. Certainty in the ocean response

| think the authors have generated a time series of the strength of the westward component
of surface stress and used an algorithm to identify storm events. They then calculate the
strength in the response of the mooring time series around the time of each storm. To be
reassured of the robustness of the identification of the response, would it be helpful to
carry out a randomized test: create a set of random times of pseudo-storm events, and
carry out the same calculation of the strength of the “response” as measured by the
mooring time series. Carry out the same test for a many different sets of pseudo-storm
events. Highly variable currents as measured by the moorings will often have peaks that
will occasionally correlate with peaks in storm forcing, regardless of whether they are
being caused by the storm events. A Monte Carlo-like approach such as this will make



clear whether the relationship between ocean response and storm forcing is robust. If this
analysis is not possible for some reason, perhaps sample time series from the current data
would help give confidence in the relationship.

Re.: We agree that it is important to distinguish “storm response” from background
variability, but argue that we have already done so by including the significance test
described in section 2.5 “Significant storm response” in the paragraph starting on line 162.

From your comment, however, we acknowledge that we have not described this well
enough, and we have rewritten this section as indicated below. We brought in the term
“Monte-Carlo like approach” to give the reader the correct association.

L162-169: “To assess whether a storm response is significant, i.e., whether the observed
increase in current strength is larger than the background variability, we use a Monte-
Carlo-like approach. We cannot conduct a traditional Monte-Carlo procedure due to the
length of the storm events relative to the length of the time series — the overlap between
sample periods would be too large to act as randomized tests. Instead, we estimate the
currentincrease (U_response) during all 10-day-long, 50% overlapping, storm-free
windows (an example for Mslope1 is shown in Fig. A2c). If U_response during a storm is
higher than the 90th percentile of U_response during the non-storm periods (vertical blue
line in Fig. A2c), we consider the storm response significant. Each mooring has its own
threshold for significance due to differences in the background variability (Table 2). The
number of 10-day-long storm-free periods ranges from 96 to 215.”

In relation to comment nr 2 by anonymous reviewer #2 concerning the choice of region for
the ocean surface stress, we conducted an analysis that is also relevant for the evaluation
of the significance of the storm response: We investigated the periods when the current
increase at the slope moorings is large enough to be classified as a significant storm
response independently of the storm events. By comparing the timing of these events to
the identified storms, we get an estimate of the fraction of events that are associated with
a storm.

Since we set the significance threshold at the 90" percentile of the current increase in
periods without storms, we accept that the current sometimes increases significantly,
unrelated to storm events identified by our algorithm. We also do not expect all the strong
current events to match up with storms over any specific region, as wave signals might
propagate along the shelf break from even further east. The described procedure, however,
provides an additional indication of how common it is to have a substantial current
increase that is unrelated to storm events.

We find that for both slope moorings, roughly 60% of all significant current increase events
(using the significance threshold from the main analysis as stated in Table 2) appear to be
associated with storm events over the Upstream box. While running this “backwards”
procedure, starting with the ocean current variability and manually comparing it with the



identified storm events, is not our main argument for a reliable relationship between the
storms and the oceanic response, it strengthens our confidence in the relationship
between ocean stress forcing and increased current.

Comments from the pdf:

L165: 1 don't understand the need for this iterative approach. Combining equation (6) with
the surface freezing point formula (substituting S_0*A + B for T_0, where A and B are from
the linearized seawater freezing point) will provide the salinity at the intersection directly. If
the problem is that the authors don't want to use the linearized version of the freezing point
formula, then that's fine, but they should say that's why they are using this method. My
guess is that the difference in this application (and virtually all other similar applications)
will be vanishingly small., although | haven't done the comparison directly. Other
simplifications already inherent in equation (6) will dominate the error budget.

Re.: Using the example in Fig. C1, the resulting source salinity ends up a bit different when
using the linearized freezing point function as described in e.g., Jenkins et al., 2010,
directly in Eq. 6 versus the iterative method described in section 2.4. The resulting source
salinity differs by 0.006 when using the linearized freezing point function directly in Eq. 6
and the iterative method. This is a small offset relative to the absolute salinity values, but
in the context of source salinity variability in this region, this is a noticeable magnitude. We
therefore prefer to use the iterative method and use GSW's function for the surface
freezing point to obtain the source salinity.

When setting T=-2.16, S=34.8 from Fig A3, and using T_0=AS_0+B, where A=-0.0573 and
B=0.0832 (as in Jenkins et al., 2010), we get T_0=-1.917 and S_0=34.906.

When using the function CT_freezing from the GSW package and the two-step iterative
method for the same T and S, we get T_0=-1.904 and S_0=34.912.

The difference in source salinity is thus 34.912-34.906=0.006.

L200: The mooring records are nice and long, but with only 10 storms over three years,
discussing statistics in this way might make it sound like the conclusions about
seasonality are stronger than the data can support. Perhaps rephrase this a bit? Just to give
a sense of the uncertainty. The word "tendency" is used later, and that's quite nice.

Re..: We agree, and have rephrased our comments on seasonality:
L208-209: “There is also a tendency for a seasonal signal at the slope moorings, where
70% of the events that cause a significant storm response occur in this period.”



L207: 1 don't understand why this sentence is constructed like this. The sense is "Even
though the mean current ....other moorings, the average significant storm response....... ",
These two observations are unconnected, surely?

Re.: We understand the confusion. The point we were trying to get across was i) the storm
response is northward, as expected, and ii) although the background current speed and its
variability are higher than at the other moorings, we detect significant storm responses.

The latter point is, however, crucial to specify, and we have simplified the sentences as
follows:

L214-216: "We therefore expect the storms to induce enhanced outflow (i.e., northward
flow) at M_sill5 and this is confirmed by the observations (Fig. 7c, Table 2)."

L212: This reads as though it was found in only one year (2009). | assume that is not what is
meant here?

Re.: This interpretation is correct - we mean to state that this seasonality in correlation
between the overflow and the wind is found for this year only in this study. There is,
however, a typo here; it should be 1977 and not the year 2009. We have, however, removed
this paragraph altogether from the updated manuscript.

L216: what does this refer to? Is this the mooring period from the previous sentence?
Perhaps move it to before the opening bracket? "...response events during the same
period"

Re.: The sentence where this was mentioned is removed in the revised manuscript.
Section 3.3: This is quite difficult to interpret - not a helpful section title.

Re.: We have changed the section title to: “Which atmospheric conditions trigger a storm
response?”

L275: 1 think it would be helpful to spell out what is correlating with what . Or perhaps
delete this?

Re.: We have changed the sentence as follows:

L261-263: “Interannual variability in the sensitivity to wind forcing on monthly time scales
was also observed in the Antarctic Coastal Current (M_CC, mooring location shown in Fig.
1) and on the sill of Filchner Trough (15-day low-pass-filtered, Daae et al., 2018).”

Figure 10, caption: I'm not sure if | missed it, but what are the two different thetas? Little
theta is potential temperature and big theta is what? And does the change in salinity really
make so much difference that an average value couldn't be used?



Re.: The difference is that little theta is potential temperature and big Theta is conservative
temperature (CT). As you suggest, we have checked whether it seems OK to use average
salinity to present CT instead of potential temperature for consistency. The change is
minor, and we now present the conservative temperature instead. The panel is now part of
Figure B1, and the caption is updated as follows: “f) Progressive vector diagram of the
current at the bottom sensor of M_CS2 colored by temperature. The temperature is based
on the average absolute salinity (at the nearest sensor level) because the salinity sensor
stopped recording in early 2020.”

L340: But the authors already have already suggested a link ("related to") in the previous
sentence. Perhaps redraft?

Re.: We agree that this is unclear referencing. We have rewritten to clarify:

L329-333: " Following the start of 2019, Ronne-sourced ISW is already consistently present
at 76°S and the current has veered eastward (Fig. B1c,f). Due to this offset in timing
between the shiftin hydrography and circulation following the transition from Berkner to
Ronne mode and the shift in storm response along the continental slope (Mslope1 and
MslopeZ2) and in Filchner Trough (MCS2), we are hesitant to suggest a direct link between
the events. "

L350: | think this could be redrafted. The circulation is clearly the way heat is brought
towards the ice shelf, and the present study confirms (the authors assert) that storms play
arole in strengthening that circulation. A possible replacement for the sentence might be
something like: "The present study, however, provides evidence that storms over the
continental shelf upstream of the Filchner Trough are able to strengthen the southward
flows of heat towards the Filchner Ice Front.", provided that's what the authors mean.

Re.: Thank you for the suggestion. We have updated the final sentence as follows (L296-
298): “The present study, however, provides evidence that storms along the coast
upstream of Filchner Trough can enhance the circulation on the shelf, potentially allowing
heat to reach the ice front before it is lost to the atmosphere through wintertime
convection.”

Fig A2d: In this figure it looks like the ocean speed is increasing long before the start of the
stress anomaly. Is that intended by the sketch?

Re.: Thanks for pointing this out — this is not intended. The purpose is to specifically
indicate tau_max, but it is more realistic that the peak in stress is broader. We have
updated this subpanel (now Figure A1d) to avoid this confusion.

Figure A3b: What is the rationale for selecting <-2.05C as the definition of ISW? | assume
it's to make the identification unambiguous and avoid "dithering" in the identification?



Re.: We use -2.05C as the threshold to highlight the presence of the very coldest water
masses. When setting the threshold to -2.0C, the pattern is very similar as shown by the
grey vertical lines (now Figure B1b). The higher the temperature threshold, e.g., at-1.8C,
the more we are simply highlighting the seasonality of the temperature at M_CS2 - which is
not what we want to emphasize. We want to emphasize that there appears to be a shiftin
how often the very coldest water is present, and thus we chose -2.05 as our threshold.



Dear reviewer,

Thank you for reading our manuscript so thoroughly and for your input. Your major
comments helped us clarify several aspects and helped us improve our manuscript
substantially.

We hope we have addressed your comments satisfactorily.

Sincerely,
Var Dundas, on behalf of all co-authors

The authors present an observational analysis investigating the effect of storm events on
warm inflow at the Filchner Trough. | am not that familiar with the existing literature on this
topic in this particular region, so can not comment on the novelty of the work. However, |
found the results interesting, the manuscript well-written and figures nicely presented. |
recommend publication after my comments are addressed.

Major comments:

1. The authors appear to treat ERA5 as ‘truth’ and do not discuss how inaccuracies in the
wind stress they use from ERA5 may impact their findings. How good is ERA5S in this
region? Have any past studies validated it against nearby in situ weather station data (if
any exists)? Is it possible that inaccuracy in the representation of wind stress in ERA5
could be the explanation for the complicated ocean response. e.g. Imagine ERA5
overestimates the wind stress for some storms but not others, could that explain why
there is no response to some storms?

Re.: Thank you for pointing this out. ERA5 underestimates coastal wind and wind
speeds over 20 m/s in this region (Caton Harrison et al., 2022). It is therefore likely that
the strongest wind events we look at during our study period are even stronger than
what we estimate.

To highlight this issue, we have added the following to sections 2.3 “Atmospheric and
seaice data”:

L125-128: “We consider the ERA5 reanalysis a suitable data source for our purposes,
as in situ observations are sparse and have limited spatial coverage. Caton Harrison et
al. (2022) conducted a detailed comparison of coastal easterlies in three reanalysis
products with satellite and in situ observations and concluded that ERA5 has the
overall best performance. However, ERA5 underestimates coastal wind and wind
speeds exceeding 20m s—1 in this region (Caton Harrison et al., 2022). It is therefore
possible that the strongest wind events identified during our study period are
underestimated in magnitude.”
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2. lam confused by the specific choice of the ‘Upstream box’. It would be helpful to
discuss further the sensitivity of the storm response to the location of the ‘Upstream
box’. The authors argue that it is not sensitive to location based on Fig A1. However that
figure shows perhaps a correlation of only ~0.5 between the upstream box and the
region closer to the trough inflow. Intuitively | would have thought that moving the box
say 20 degrees west (to 20-25W) would result in a stronger connection to the inflow. If
there is a physical justification why the chosen upstream box has the strongest
connection to trough inflow, it would help future studies to explain further why this
particular region is dynamically important.

Re.: We appreciate this comment (and apologize for the somewhat lengthy response).
We base this mainly on:

- Previousresults by e.g., Daae et al (2018) and Lauber et al (2023), who find that
upstream atmospheric conditions are of particular importance for the local
current speed along the Weddell Sea continental shelf break,

- We do not want to choose a substantially larger box, as this would smooth the
time series of the ocean surface stress and potentially average out the strongest
stress events. Therefore, we cannot, e.g., use the bounding applied by Daae et
al., 2018.

Before settling on the Upstream box, we did parts of the initial analysis with the wind
field over a more local box over the Filchner Trough’s sill region. We concluded that,
although the overall stress in this region is weaker, the main variability and statistics
remain similar. The atmospheric patterns are generally large relative to our study
region, and thus, we expect similar wind stress forcing along the coast east of Filchner
Trough. The seaice cover might, however, vary considerably.

In response to your comment, we have run through the final version of the storm-
identification algorithm with the suggested region, from 25W-20W and 74S-72S. The
10m u-component of the wind has very similar variability on both monthly and daily
time scales (figure below), but the 25W-20W box has lower wind speeds. The v-
component fluctuates around zero in both boxes.
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Similarly, the sea ice movement has a similar variability in both regions, but the
movement is generally less in the more western box (figure below titled “Absolute sea
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ice speed”). The grey lines in the background are SIC for both regions, and the black
lines are the 30-day rolling averages of the sea ice movement.

We would like to emphasize that the figures below differ from the figures submitted in
our review response in the previous step of the revision process, since we found a
mistake in the estimation of sea ice stress.

Following the correction of this error, the stress and identified storms over the 25-20W
box and the Upstream box are more similar. The absolute values of the total stress are
also higher, and thus we have raised the required limit of stress increase rate to 3.5N
m-2 for both regions. Some summer-time storms are thus no longer included as they
no longer meet the criteria for stress increase. The storms are, consequently, now
spread more evenly throughout the seasons.

Absolute sea ice speed. Rotation: Y
0.25 P Iy o R P - - 1.0

N m—2
SIC

0.10 1,

T

‘ PR | [0 ) ERRALY i 0t A gL [t
0.05 .‘ l I\ - | ‘ ¢ It ol ,li Y 0.
{1/ A \ 1 (L
0.00 1Y , . ol
2017-01 2017-07

2018-01 2018-07 2019-01 2019-07 2020-01 2020-07 2021-01

— upstream — 20-25W —— upstream oo 20-25W

Running the “storm”-identification algorithm yields these storm events. Vertical black

solid and dashed lines indicate the start and end of storm events:
Upstream. Stvress increase rate limit: 3.5. Rotation: Y

Ay | Rt AT
i i !

20

=
o

‘\I‘ r
= \'\V\\\ \
~ 104"
el
(0] Y
3
© 20
g
S te limit: 3.5. Rotation: Y
O 20 —T = — — . 1.0
M A w SN WY A/ 2 EEP AT

§ / {\\ Wi, / w.‘r.fw W .M 1/1‘ ),‘1 ! T J|‘\;’\; los
g 109 AN
= 4 lia 0.6
e} \ (@]
g o AAS 3
g ol \»,\ \NW\M . o7

_10d! !

10 \ Lo
|
-20 : 0.0
2017 2021 2022

As mentioned in the letter to reviewers in the previous step of the revision process, we
have also investigated the events of significant current increase at M_slope1 and
M_slope2 independently of the storm events and compared this to the identified storm
events as an independent procedure.
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We find that for both slope moorings, roughly 60% of all significant current increase
events (using the significance threshold from the main analysis as stated in Table 2)
appear to be associated with storm events over the Upstream box. When identifying
storm events using the 25-20W box, the value is reduced to roughly 40% for both
moorings. This strengthens our confidence in using the Upstream box in our analysis.

Since the identified storms over the two regions are similar, but more events are
registered over the Upstream box, and the coherence between current increase and
storm events is higher for the Upstream box, we keep the choice of the Upstream box.
However, we note that any choice of region used to estimate storm events will miss out
on some atmospheric forcing that might trigger a sudden increase in ocean currents.

To explain these aspects better, we have added lines 144-151 to the manuscript: “The
"Upstream box" was chosen because upstream wind forcing has been found to drive
variability in circulation in this and similar regions on longer timescales (Daae et al.,
2018; Lauber et al., 2023). The wind-speed variability in the Upstream box is
representative of the conditions in a large area surrounding the box (Fig. A2). A
comparison of storm events identified using the Upstream box and a more local box
(Fig. A3) gave similar but slightly poorer coherence between storm events and storm
response at the slope moorings for the local box. The variability in the ASC strength
observed at the slope moorings is relatively high and caused by e.g. baroclinic eddies,
continental shelf waves Jensen et al. (2013), and remote wind forcing (Webb et al.,
2019). We therefore do not expect to explain all ASC variability by using our Upstream
box, but rather aim to identify regionally forced peaks in ASC strength”

| found it unclear whether total stress or westward stress is used in the identification
and characterisation of storms. Mostly throughout the text just “stress” on its own
without a direction is used. | would interpret this as total stress. But sometimes (e.g.
line 130) “westward stress” in particular is used. Please be clear throughout the
manuscript whether stress is total or westward only.

Re.: Previously, we consistently used westward stress since the difference between
this and stress rotated to match the bathymetry was minor. However, we have decided
to rotate the stress in the revised study as this makes more physical sense in relation to
coastal Ekman transport processes and buildup of SSH anomalies. More details are
provided in the response to the next question.

In relation to the last point, does the direction of the wind stress have an impact on the
storm response? Based on the mechanism described in the introduction, | would have
thought that along-slope wind stress would be more important than westward wind
stress (which is what | think has been used).
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Re.: When working on why the storms sometimes give enhanced current and other
times not, the direction of the ocean surface stress both before and during the event
was one of the aspects we considered. We did, however, find that this did not appear to
explain the difference in storm response.

When running the storm-identification algorithm with and without a 30-degree
counterclockwise rotation of the coordinate system, which roughly corresponds to the
angle of the bathymetry in the upstream box, there is only a minor change in the
identified storms (figure below). Black solid and dashed lines indicate the start and end
of storm events, and the storms that are identified using one method but not the other
are indicated by a red “x”.
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While the difference between rotating the coordinate system and not is small, we agree
that it makes more physical sense to apply a rotation with the bathymetry, and thus, we
rotate 30 degrees counterclockwise in the analysis in the revised manuscript.

We have added lines 115 to 116 to specify: “The coordinate system is rotated 30°
counterclockwise to roughly align with the coast in the Upstream box, and we use the
along-slope component of the ocean surface stress in the following analysis.”

Out of curiosity, how barotropic is the response in the moorings? From what | can tell,
only depth-averaged flow is used in the analysis. Also, is there any response in
temperature or salinity after storms? This point does not need to be included in the
manuscript if the authors do not wish to. | am just asking in case there is something
interesting to say there that could add to what is currently in the manuscript.
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Re.: This question is a bit tricky to address, as the resolution of velocity measurements
varies from mooring to mooring, and thus, we cannot state a common statement for all
locations. The best vertical resolution is at the moorings Mslope1 and Mslope2, and
these indicate that the response is relatively barotropic, as expected from the
proposed coastal Ekman transport mechanism. There is, on average, a clear baroclinic
component of the current at these two slope moorings with a bottom-intensified
velocity field (Darelius et al., 2024), but the increase in the westward current following
the storm is (relatively) depth independent.

Below is an example of the storm response with depth at M_slope2 during the storm
event in March 2018, used in the case study. The upper panel shows the time series at
each depth in pale blue, while the depth-average is shown in black. The color in the
lower panelindicates the along-slope velocity in cm/s. The dashed vertical lines
inﬁdicate the start of the storm (grey) and the maximum stress during the storm (black).
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We comment on the response in the temperature field on page 11, third paragraph (line
numbers are not given since this paragraph is next to the long Figure 5):

“The thermocline over the slope, represented by the —1.7°C isotherm, is only weakly
pushed down (on average ~30m at Mslope1 and ~40m at MslopeZ2 during the storms
with a significant response at Mslope1 and Mslope2, not shown). This is substantially
less than the high-frequency fluctuations in thermocline depth caused by shelf waves
and tides (which are on the order of 100 - 200m, Semper and Darelius, 2017; Jensen et
al., 2013), and thus, depression of the thermocline caused by the storms does not
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substantially impede the access of warm water onto the continental shelf. The
thermocline response to storm events is similar in summer and winter (28m and 33m at
Mslope1, respectively). Our results, therefore, do not support the hypothesis that the
ASF may be protected from the wind by the fresh and warm surface layer during
summer, as suggested by Daae et al. (2017) and Hattermann (2018).

Since the impact on the thermocline is relatively weak and we do not detect a strong
seasonal dependency, we have not commented on this further in the manuscript.

Minor comments:

1. Line 10: “increased southward current speed”. It would help readers who only read the
abstract to clarify that this is speed of MWDW, and not e.g. surface speed.

Re.: We have rewritten this sentence as follows to make this distinction clear (L10-11):
“[...] while roughly 25% of the identified events also cause increased southward current
speed on the shelf at depths where mWDW is expected to be present during the
summer and autumn.”

2. Figure 1 caption: The units of ‘6 cm s—1’ are not formatted correctly.

Re.: Thank you for noticing. We have corrected this in the updated version of the
manuscript.

3. Onpage 10: The authors use “fall” as the season. Please change to “autumn” or MAM.
Re.: We have changed “fall” to “autumn” throughout the manuscript.
4. Figure A2c needs an x-axis label.

Re.: Thank you for noticing. We have corrected this in the updated version of the
manuscript. It now says “U_response, cm s-1”.
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Dear reviewer, Angelika Renner,

Thank you for reading our manuscript so thoroughly and for all your comments — your input
helped improve and tidy up our manuscript substantially.

We hope we have addressed your comments satisfactorily.

Sincerely,
Var Dundas, on behalf of all co-authors

The authors present a study into the effects of storms on the Antarctic Slope Current and
southward heat transport towards the Filchner Ice Shelf based on data from a network of
moorings. The study is a continuation of a previous model-based exploration of storm-
driven flow in the region. While the mooring data had been used previously in various
studies, the authors did a commendable job in pulling them together and providing a
combined analysis. The manuscript is well organised and written. | only have minor
comments for improvement before publication.

e Formatting of units: I’m sure the journal will apply their typesetting before publication,
but there’s quite a mix of i) space or no space between number and unit, and ii)
inconsistency in use of superscript, e.g., cm/s versus cm s™', even within the same
figure (e.g., Figs. 5, 6, 9, A3).

Re.: Thank you for pointing this out. We have made sure all such typesetting is
consistent in the resubmitted manuscript.

e Line 23: typos/grammar: «intrusionS» and «extend»
Re.: Corrected.

e Line 49: what sort of distances does this traverse of the continental shelf imply?
Re.: Roughly estimated, the distance from shelf break to cavity is 400 km.

We have rewritten this sentence (L49-52) to specify this: “In the current climate, the
water column on the shelf is homogenized during winter (Ryan et al., 2017; Sallée et al.,
2024), and all heat is lost to the atmosphere. The warm inflow must therefore traverse
the roughly 400km-wide continental shelf during the summer season if it is to reach the
ice front and the Filchner Ice Shelf cavity.”

e Lines 60-63: What is the Berkner mode then?
Re.: We have included a comment on the Berkner mode characteristics as follows
(L63-65): “The “Ronne”-mode is characterized by large-scale cavity circulation and
enhanced outflow of high-salinity Ronne-sourced ISW through Filchner Trough, while
the “Berkner”-mode is characterized by more prominent local circulation and locally
sourced ISW with lower source salinities (Hattermann et al., 2021; Janout et al., 2021).”
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Section 2.1: Do you have any information on the types of instruments, calibration and
processing procedures?

Re.: This information can be found in the data publications. We have added references
to the data publication in Table 1 to make this information more accessible.

Figure 2: Introduce ADCP and explain the variable T, S, v...

Re.: The caption of Fig. 2 is updated as follows to specify the variables in the sketch:
“Sketch of the moorings indicating the depths with observational records according to
the legend. Tightly spaced turquoise lines indicate ADCP (Acoustic Doppler Current
Profiler) bins (Msill1, Mslope1, and MslopeZ2), and dotted lines indicate discarded bins.”

Line 92-93: Why do you treat Mcs; differently?

Re.: We treat M_CS2 differently mainly because we’re interested in the transport
towards the cavity. The mean current direction during the mooring period was both
uncharacteristic compared to previous observations and not southward. Also, we
expect the storms to set up a relatively barotropic response, which follows the
bathymetry. Therefore, we align the coordinate system at MCS2 with the southward
bathymetry. At the other moorings, the main current is already more or less aligned
with the bathymetry, and thus rotating the current with the mean current direction
makes physical sense here, but not at M_CS2.

We have added a comment on this as follows (L90-92): “At MCS2 we align the
coordinate system with the local isobaths as the mean current direction shifts (Ryan et
al., 2017, and Fig. 1). After rotation, a negative sign indicates flow towards the
southwest.”

Line 96-102: How do you justify the choices to use depth-average currents (do you
include the bottom sensors even though they stopped early?), longest time series, or
depth with highest velocity? And which depths are those then?

Re.: The overall reason is that we try to use the most complete observations we have
available at each mooring location.

The ASC has a strong baroclinic component, however, we expect the storm-driven
current response to be barotropic, and we find no abrupt changes in the velocity with
depth (see figure titled M_slope2 below). Thus, using depth-averaged currents fits our
purpose. For the slope moorings we ran the storm-response algorithm both with and
without including the bottom sensor, which stopped working before recovery, and
found that this does not substantially impact the results. The incomplete resolution of
the current in the upper levels of the ASC hinders a detailed assessment of barotropic
vs baroclinic components and responses at the slope moorings. An example of the
vertical current response to a storm eventis included in the response to reviewer
number 2’s comment number 5.
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M_Sill1 had an ADCP that sampled the lower water column, but this stopped sampling
nearly halfway through the deployment period. We therefore chose to only consider the
data from the instrument that sampled the full time period for the most consistent
comparison of surface stress forcing and oceanic response. mMWDW is indeed present
at the upper velocity instrument depth (Steiger et al., 2023), and thus the storm
response in the current at this depth is relevant for transport of warm water southward
into the Filchner Trough.

At MCS_2, the lower sensor has higher velocities than the upper sensor, shown in the
progressive vector diagrams below. The red “+” signs indicate the 1°* of January each
year, and the black star is the starting location. Due to the weak and unstructured
nature of the currentin the upper level, at 118 mab (orange), we have focused on the
currents closer to the bottom (blue).
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To make it clearer which velocity levels we use in our analysis, we indicate unused
levels by dashed lines in Figure 2 and include lines 95-98: “Where possible, we have
used the depth averaged current as we expect the storm response to be mainly
barotropic (Mslope1, Mslope2, MST ). At Msill1 where the time series from one levelis
significantly longer than the others we chose to include only data from that level. At
mooring MCS2, the currents at the upper instrument are weak and erratic, and we
chose to include only the lower level. The levels included are marked in Fig. 2.”

Table 1: Maybe add the relevant references for each mooring so that it’s easier to find
information on the sensors and the processing?

Re..: We agree, and have added references to the data publication in Table 1 to make
this information more accessible.

Line107: Should this be Figure 6 instead of 57
Re.: Correct, thank you for pointing this out.

Line 123: Add that rho_water and rho_air are densities
Re.: Included as suggested.

Line 165: Explain whatcp and L_f are
Re.: Included as suggested.
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Sections 3.1 and 3.2: Check the figure references, | think they point to the wrong
figure(s)

Re.: We apologize for the errors in figure referencing, and have made sure that all figure
references are correct in the updated version of the manuscript.

Line 192: change “whichis” to “which are”
Re.: Corrected.

Line 231: correct bracket around reference
Re.: Corrected.

Section 3.3: The text in this section should be streamlined a bit, could be more concise
and precise.
Re.: We have gone through this section and rewritten it to make it more concise.

Lines 247-257: What about potential influences of seasonality in hydrography on the
storm response?

Re.: In section 3.2 we comment on the effect of storms on the thermocline at the slope
moorings in relation to studies by Hattermann (2018) and Daae et al., (2017) who find
that a freshwater layer protects the ASF from deepening. We do, however, not see such
a substantial seasonal difference in the deepening of the thermocline due to storms
during summer vs. during winter. If we did observe a seasonal difference in the
deepening of the thermocline, this could have indicated a seasonal dependency of how
efficiently the surface momentum is transferred into the ocean layers, and that the
hydrography itself might affect the ability of the storms to cause enhanced circulation.
The lack of such a difference in thermocline deepening suggests that the stratification
does not affect this rapid storm-enhanced circulation.

The sea ice cover can, however, have a large impact on the ocean surface stress, which
makes seasonality relevant for the storm response. But we have not found evidence
that the seasonality in the hydrography itself plays a major role in the storm response.

Discussion & abstract: | miss a broader impact discussion or statement — how much
does this storm-driven heat transport contribute to the total heat transport towards the
Filchnerice shelf, i.e., how important is it actually? And what are implications?

Re.: Regarding this, we agree that we can make this clearer and have rewritten the end
of the abstract and parts of the conclusion to emphasize these implications.

End of the abstract (L13-16): “This study highlights the potential importance of storms
for southward heat transport: an accelerated circulation on the shelf increases the
likelihood for warm summer inflow to reach the ice shelf front and cavity before the
heat is lost to the atmosphere through winter convection.”
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Start of conclusion (280-285): “We analyze a network of moorings and confirm that
storms can enhance the circulation on the southeastern Weddell Sea continental shelf.
These events do not have a systematic significant ocean current response but when
they do, they clearly strengthen the westward Antarctic Slope Current (ASC), the dense
outflow from Filchner Trough, the southward flow along the eastern flank of Filchner
Trough, and the inflow through the Small Trough. Our findings provide observational
evidence that storms can enhance the southward transport of warm water towards the
Filchner Ice front, as suggested by Darelius et al. (2016) and by the numerical
experiments of Dundas et al. (2024).”

We have rephrased and simplified the next-to-last paragraph of the conclusion to make
the potential importance of the shift we observe in 2019 clearer (289-292):

“The interannual variability in the storm response - notably the apparent shiftin 2019
that we are unable to explain — highlights the importance of ambient conditions in
determining the response of the ASC and the currents on the continental shelf to wind
forcing. It also points to a knowledge gap that needs to be addressed if we are to predict
how the system evolves in a future of climate change.”

End of the conclusion (293-298): “Longer observational time series from the region, in
combination with designated experiments in a regional model setup, would help us to
further understand the observed variability in storm response. A regional model could
also provide estimates of the storm-driven heat transport across the shelf and its
importance relative to the heat transport driven by the background flow. The present
study, however, provides evidence that storms along the coast upstream of Filchner
Trough can enhance the circulation on the shelf, potentially allowing heat to reach the
ice front before it is lost to the atmosphere through wintertime convection.”

As mentioned at the end of the conclusion, it would be useful to quantify the southward
heat transport added by the storm activity during the study period, but such a
quantification based on the mooring data would be connected to too much uncertainty
to provide practical information. We do not know whether the moorings capture the
core of the warm current, how broad the warm current is, or what the hydrography
looks like in the upper 300 m of the water column. Furthermore, although the velocity
response comes rapidly and can be associated with specific ocean surface stress
events, the hydrographic response is advective. It is thus much trickier to associate
increases in temperature than velocity with ocean surface stress events based on
observational data.

We note that it appears that the most significant storm response events occur during
periods of reduced seaice. In a future with less sea ice and a weaker sea ice cover
during a larger portion of the year, the number of significant storm-driven circulation
events might thus increase. Less seaice is also a primary suggested mechanism for
driving enhanced presence of warm water on the Southeastern Weddell Sea
continental shelf (Hellmer et al., 2012, 2017). This implies that combined, these two
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mechanisms (an increased number of significant storm-driven circulation events and
increased availability of warm water on the shelf) might play a role in transporting an
increasing volume of warm water into the Filchner Ice Shelf cavity before the on-shelf
heat is ventilated to the atmosphere.
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Abstract. The southern Weddell Sea and the Filchner Ice Shelf eavity are locations of dense bottom water production and
are thus connected to the global climate system. However, it has been suggested that increased heat transport from the deep
ocean onto the continental shelf and towards the ice cavities would disrupt the dense water production and increase ice shelf
melt rates. Processes that affect the southward heat transport are; therefore; important to understand. Sudden strong westward
ocean surface stress events — “storms” — Eruggested to drive enhanced southward transport of modified Warm Deep Water

across the continental shelf in the Filchn ough region in the southeastern Weddell Sea. We use g

to investigate how the ocean circulation responds to storm events. We
find that about 70% of the events that last longer than four days, have a cumulative westward stress i ase larger than
0.4N m_zday_l, and a maximum stress above 0.25Nm~2 leads to a significant increase in the speed OHAntarctic Slope
Current (ASC) just upstream of Filchner Trough. Roughly one-third of the identified storm events cause an increased southward
current speed on the shelf. At the southernmost mooring, 76°S, storm responses are observed mainly during the latter part of the
record (mid-2019 to early 2021). This interannual variability in storm response indicates a potential dependency on background
hydrography and circulation that remains to be fully explained. This study highlights the potential importance of storms for
southward heat transport towards the Antarctic ice shelves. Warm water that is present on the continental shelf during a storm
will likely be pushed southward by the enhanced circulation, increasing the southward heat transport and the likelihood that it

reaches the ice shelf front before the heat is lost to the atmosphere during winter.

1 Introduction

Sudden strong ocean surface stress events — “storms” — are suggested to cause enhanced southward transport of modified Warm
Deep Water (mWDW, ~ —1.5°C to 0.0°C, Nicholls et al., 2009) across the continental shelf in the southeastern Weddell Sea
(Darelius et al., 2016; Dundas et al., 2024), which is today characterized as a cold, dense shelf region (Thompson et al., 2018).

Southward intrusions of mWDW, originating from the open ocean north of the continental shelf break (Ryan et al., 2016),
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Figure 1. Bathymetry, the ice shelves, and the ice sheet from Bedmap2 (Fretwell et al., 2013) with selected depth contours (gray lines on
map and colorbar). The red box in the inset in the upper left corner indicates the study region. The mooring locations of Mjope2, Msiope1,
Maini, Mst, Msins, Mcss and Mcs2 are indicated by colored markers. The orange square (Mcc) indicates the location of a mooring
that captured the Coastal Current from 2003 to 2004 (Daae et al., 2018; Nicholls, 2005). The inset in the lower left corner zooms in on the
mooring locations and shows their vertically averaged current, with a black scale arrow of 5 cm s~ 1. The white box (“Upstream box”) is
used for estimates of the ocean surface stress. Filchner Trough, the Small Trough, and Filchner Ice Shelf (FIS) are labeled, and the main
currents are indicated. The ASC (red arrow) and the Coastal Current and warm inflow through Filchner Trough (orange arrows) are based on

Nicholls et al. (2009), while the northward ISW (blue arrow) is based on Darelius et al. (2014).
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are mostly limited to the summer season when the thermocline is shallow (e.g., Darelius et al., 2024b; Arthun et al., 2012).
These intrusion, of mWDW onto the continental shelf extends-up ughly 300 m depth, creating a thick layer of warm waters
below the cold surface waters (e.g., Steiger et al., 2024; Arthu al., 2012). The warm water then propagates southward
throughout fall, reaching 76°S, roughly halfway south to the Filchner Ice Shelf, several months later (Steiger et al., 2024;
Ryan et al., 2017). Darelius et al. (2016) suggested storms as a driver of particularly far-reaching intrusions of warm water as
they observed coinciding events of strong, short-lived anomalies in wind speed and enhanced ocean currents carrying mWDW
southward along the eastern flank of the Filchner Trough toward the Filchner Ice front. Ja-model studies; mWDW entering the
Filchner Ice Shelf cavity along this path has-been-suggested-tg potentially cause the system to change into a warmer regime with
dramatically increased melt rates in the future (Hellmer et al., 2012, 2017). Enhanced basal melt affects sea level, hydrography
on the continental shelf, deep water production; and, by extension, the global climate (Orsi et al., 1999; Marshall and Speer,
2012; Jacobs, 2004). Given these implications, this study aims to deepen our understanding of how sudden strong wind events
affect the circulation and the transport of heat in the region.

A strong horizontal density gradient known as the Antarctic Slope Front (ASF), separates the cold shelf waters from the
warm water of the open ocean (e.g., Gill, 1973; Jacobs, 1991; Thompson et al., 2018). In the Weddell Sea, the ASF relaxes
during summer due to weaker wind and stronger surface stratification (Hattermann, 2018; Daae et al., 2017) and allows warm
water to access the continental shelf (e.g., Arthun et al., 2012; Ryan et al., 2017; Steiger et al., 2024). The persistent westward
wind field (Hazel and Stewart, 2019) and the ASF support the strong westward Antarctic Slope Current (ASC, e.g., Thompson
et al., 2018; Gill, 1973). The ASF and the ASC thus make up a strongly coupled system. The strong easterlies during winter
lead to Ekman convergence and coastal downwelling that will act to steepen the ASF and sustain a strong ASC (Thompson
et al., 2018). The winds are generally weaker during summer while the surface stratification is stronger (Hattermann, 2018).
This allows for a relaxation of the ASF and a weaker ASC. Hewever; the relationship between the wind, the ASF, and the ASC
is different on short time scales.

Sudden strong easterlies increase the Sea Surface Height (SSH) slope through Ekman transport towards the coast, which
enhances the barotropic component of the ASC. This is the main mechanism by which storms are suggested to enhance the
heat transport towards the Filchner Ice Shelf cavity: a barotropically increased ASC due to storm-driven enhanced SSH-slope
aeeelerates the circulation on the shelf and seves warm waters already present on the continental shelf fastertowards-the-south
(Darelius et al., 2016; Dundas et al., 2024). The water column on the shelf is homogenized during winter and all heat is lost to
the atmosphere (Ryan et al., 2017), so the warm inflow must traverse the continental shelf during the summer season if it is to
reach the ice shelf cavity.

The deep Filchner Trough crosscuts the southeastern Weddell Sea continental shelf and acts as a southward gateway for
mWDW towards the Filchner Ice Shelf cavity in the south (Fig. 1). At the mouth of Filchner Trough, the ASC bifurcates as
the diverging isobaths steer a small branch of the current southward along the eastern flank of the trough (leftmost orange
arrow in Fig. 1, e.g., Nicholls et al., 2009; Foldvik et al., 1985). Part of this southward-flowing current recirculates on the
sill and joins the northward flow of Dense Shelf Water (DSW, Daae et al., 2017; Foldvik et al., 2004). The remainder of the

current continues south (e.g., Daae et al., 2017; Steiger et al., 2024), advecting warm mWDW southward along the eastern
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flank of Filchner Trough and onto the continental shelf east of the trough (e.g., Ryan et al., 2017; Darelius et al., 2016; Daae
et al., 2020). Intrusions of mWDW have also been observed further east as indicated by the two easternmost arrows in Fig.
1 (Steiger et al., 2024; Nicholls et al., 2009). In addition to the effect of the shelf break processes, this overall circulation in
Filchner Trough is affected by large scale variability in the ice shelf cavity such as shifts between the “Berkner” and “Ronne”
modes of Ice Shelf Water production (ISW, below-freezing temperatures, e.g., Foldvik et al., 2004), where the “Ronne”-mode
is connected to enhanced ISW outflow (Hattermann et al., 2021; Janout et al., 2021).

Numerical experiments performed in an idealized setup of the Regional Ocean Modeling System (ROMS, Shchepetkin and
McWilliams, 2009) support the hypothesis that storms can enhance the southward heat transport as long as warm water is
present on the continental shelf and the storm is sufficiently strong and long-lasting to cause a substantial increase in the circu-

aan (Dundas et al., 2024). Previous mooring observations from the region, however, do not consistently show a relationship
Heen southward transport and strong winds at 76°S (Ryan et al., 2017).

In this paper, we investigate how the circulation responds to strong wind forcing using up to four-year-long records of
concurrent mooring data from the upper continental slope, the Filchner Trough sill, and the continental shelf east of the trough.
We investigate the conditions during which strong ocean surface stress drives enhanced currents over the slope and into Filchner
Trough. We first present a case study that shows the current’s potential response to a sudden, strong ocean surface stress event.
Secondly, we look at composites of the response to the strong ocean surface stress events as well as the average atmospheric
conditions during these events. We then consider why some events cause strongly enhanced currents while others do not, and
lastly, discuss a shift in hydrographic conditions and circulation that occurred during 2019, which appears to have impacted
the potential of the ocean surface stress to cause strongly enhanced circulation on the southern part of the shelf. We; thus;
provide new insights into the importance of storm events for the ASC and the southward heat transport in the Filehkens region

and describe the nuances of why and when strong ocean surface stress events cause enhanced circulation in the region.

2 Data and methods
2.1 Mooring records

We analyze velocity, temperature, and salinity records from moorings in the Filchner Trough region in the Southeastern
Weddell Sea (Fig. 1). The mooring names indicate their g:::h location: Mgjope1 (Darelius et al., 2024a) and Mg;ope2
(Darelius et al., 2023b) were positioned on the uppey part of the continental slope and captured the ASC just upstream of
Filchner Trough. M5 (@sterhus, 2024) and M1 (Steiger et al., 2024) captured the outflow and inflow on the Filchner
Trough sill, respectively. Mgr (Steiger et al., 2024) was located in the trough just east of Filchner Trough, which we refer to
as the “Small Trough” (Fig. 1). Mcg2 (Darelius et al., 2023b) and M g3 (Steiger et al., 2024) were located on the continental
shelf on the eastern flank of Filchner Trough. The mooring locations are shown in Fig. 1, and their deployment details are given
in Fig. 2 and Table 1. The mooring records span a varying period between 2017 and 2021, but their velocity records overlap

for at least 20months (Fig. 4).
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Figure 2. Sketch of the moorings indicating the depth of available observation records. Horizontal turquoise lines indicate measurements
of velocity. Frequent turquoise lines indicate ADCP measurements (M;111, Msiope1, and Mgjope2). The brown horizontal line indicates the

bottom.

We rotate the coordinate system at each mooring to align with the mean flow direction (see Fig. 1), where a negative sign
indicates current speed in the mean flow direction since the mean flows are roughly westward (Mgope1 and Mgope2) and
southward (Mg;;;1 and Mgr). Mese and My;;5 are the exceptions: at Mg;;5 a positive sign indicates current in the main
flow direction since the main flow direction is roughly northward, and at M g2 we align the coordinate system with the local
isobaths (see Fig. 1) with a negative sign indicating flow towards the southwest.

All analyses are carried out using hourly mean velocity records: we interpolate the data from moorings Mgope2, Mcs2 and
M5, which are on a two-hourly frequency, onto hourly time steps.

For moorings with high vertical resolution (Mgope1, Mgiope2, MgT), We base the analysis on depth-averaged currents. At
Mgioper and Myjope2, the data quality of the upper bins is poor during winter (due to too few scattering particles), and we’ve
discarded levels with less than 43% data coverage at Mjope1 and Mjope2. Data gaps shorter than six hours are filled by linear
interpolation. The bottom sensor (Fig. 2) at both these moorings, which had the highest data quality and the strongest current
(Darelius et al., 2024a), stopped recording in June 2019. For moorings with varying record lengths at different depths (Mg;;;1),
we use the data with the longest time series, and for the moorings with strong vertical variability (M¢g2), we use the depth
with the highest velocities.

We present temperature and salinity as conservative temperature, O, and absolute salinity, S, following TEOS-10, unless

otherwise stated. We use the Gibbs seawater package for Python in conversions (McDougall and Barker, 2011).
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Table 1. Overview of the moorings. The indicated significance values for storm response are negative for all moorings except M5 because
their main observed flow directions are westward or southward. The significance value at M5 is positive because the main flow direction
is northward. No significance value is indicated for Mcs3 because this mooring is dominated by northward flowing ISW and not used in the

storm response analysis.

Mooring Original ~ Deployment/  Lon/ Bottom  Significance

name name Recovery Lat depth [m]  value [cm s

Miope2 (UiB) M3 24.02.2017 29°54.48°'W 740 -9.06
14.02.2021 74°33.00°S

Mioper (UiB) M6 24.02.2017 29°54.9TW 530 -7.64
13.02.2021 74°35.70°S

M1 (LOCEAN) P4 11.02.2017 30°23.01'W 435 -6.01
15.02.2021 74°51.00°S

Msr (LOCEAN) PS5 09.02.2017 28°38.22°W 437 -5.67
09.03.2021 75°23.38°S

M.ius (NORCE) S2 07.02.2018 31°49.84'W 636 17.75
16.02.2021 74°51.32’S

Mcss2 (AWI) A253-3  05.02.2018 31°01.42°W 471 -7.26
01.03.2021 76°02.74’S

Mcs3 (AWI) A253-4  05.02.2018 31°29.79°'W 606 N/A

02.03.2021 75°57.68°S

2.2 Atmospheric and sea ice data

We use 10m wind velocity, sea ice concentration (SIC), and mean sea level pressure from ERAS (Hersbach et al., 2023). For

aps in Figures 5 and 9, we use daily averaged output from ERAS. The anomalies of wind velocity and mean sea level
E]ure are referenced to monthly averaged March fields from 1990 to 2023. The sea ice concentration is referenced to the
monthly climatology (average past 30 years), linearly interpolated onto daily values.

To estimate the ocean surface stress, 7 , we average the three-hourly 10m wind and SIC over a region upstream of Filchner
Trough (“Upstream box”, Fig. 1). We chose this region because upstream wind forcing has been found to drive variability in
circulation in this and similar regions on longer time scales (Daae et al., 2018; Lauber et al., 2023). Since we investigate the
effect of sudden strong ocean surface stress events, we make the Upstream box relatively small — we want to avoid smoothing
out maximum stress values. To estimate the sensitivity to the choice of box, we estimate the correlation between the wind speed
averaged over the Upstream box and the wind speed in the surrounding regions (Fig. A1). The correlation is high in a large

region surrounding the Upstream box, so we infer that the sensitivity to the exact choice of the box is small.
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Ocean surface stress is estimated following Dotto et al. (2018), which estimates the air-ocean stress and ice-ocean stress

separately and then combines these stresses as fractions of the SIC as follows:

? = a?icefwater + (1 - a)?airfwater; (1)

N — —

T jce—water — pwate'rciw| Uice| Uicea and (2)

_ — —

T air—water — paircd| Uair| Uair7 (3)
4)

where a is the SIC, pyater = 1028kgm ™2, pgir = 1.25kgm ™3, Cy = 1.25 X 107 and C;,, = 5.50 x 102 are the drag co-
efficients between air and ocean and ice and ocean, respectively; and ﬁice and ﬁair are the velocities of the ice and the
air.

We use sea ice motion from the Upstream box (Fig. 1). The sea ice motion data is from NSIDC (Tschudi et al., 2019a)
and stered on the 25km EASE-Grid (NSIDC, 2019). We; thus; average over the grid cells that overlap with the Upstream box
and convert the data to northward and eastward components by applying a rotational matrix as described in the data set’s user
resources (NSIDC, 2024) to estimate the ocean surface stress.

The records of westward ocean surface stress are de-trended and then high-pass filtered using a fourth order 180 day Butter-
worth filter to remove seasonality. We then identify storm events as periods when the cumulative stress increases monotonically
for more than 12h and where the total increase is at least 1.SNm~2. We combine two storm events into one if they are less
than 15hours apart. This condition is based on idealized model results from Dundas et al. (2024), which indicates that the
circulation increases throughout the storm duration and stays enhanced for a few days after the storm has passed. This means
that a storm that occurs shortly after another adds momentum to an already enhanced current field. With this algorithm, we
disregard the shortest and weakest wind events from further analysis, as we do not expect them to cause increased circulation
(Dundas et al., 2024).

We use the cumulative ocean surface stress instead of the ocean surface stress directly because of the highly variable nature
of the raw ocean surface stress signal. To avoid identifying a large number of events above a chosen ocean surface stress
threshold a low-pass filter would have to be applied, which makes the identification of storm start and end imprecise. The

benefit of our procedure is illustrated in Fig. A2a,b.

2.3 Significant storm response

113

We need a definition of the current’s “storm response” and an algorithm to evaluate whether an increase in ocean circulation
is associated with a storm event or part of the background variability. The procedure is illustrated in Fig. A2d. Prior to the
analysis, the current records are low-pass filtered using a fourth order Butterworth filter with a cut-off at 40h to remove shelf
waves (Jensen et al., 2013) and tides.

We find that the largest current anomalies generally occur after the maximum ocean surface stress, 7,,4.. Therefore, for each

storm, we estimate the increase in current strength relative to the time (¢t = tg) of 7,4, (sketch in Fig. A2d). We identify the
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Figure 3. Distribution of storms throughout the mooring period (February 2017 to February 2021). Panels a) and b) show the increase in
ocean surface stress per day for each storm on the y-axis, with a) year and b) storm duration in color. ¢) shows the total storm count per

month.

maximum current strength during a ten-day period spanning three days before to seven days after 7,02 (Unaz(to — 3days :
to + 7days)). This maximum current is compared with the average current two days before the ten-day period (Upnean (to —
5days : tg — 3days)). We define the difference between the two-day average and the maximum current as the current’s “storm

response” (Uresponse, Fig. A2d),
Uresponse = Umaz (to — 3days : to + 7days) — Umean (to — 5days : to — 3days) 5)

To assess whether a storm response is significant, we compare the responses with the current increase during 10-day long,
50% overlapping, storm-free windows. If a storm response is higher than the 90" percentile of these non-storm periods, we
consider the storm response significant (example for M;,pe1 in Fig. A2c¢). Each mooring consequently has its own threshold for
significance due to differences in the background variability (Table 2). The number of 10-day-long storm-free periods ranges
from 88 to 213.
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give a significant response at Mgope1 and Mgiope2. The grayscale circles at the bottom indicate the duration (color) and change in ocean

surface stress, 7, per day (size) for the identified storms.

2.4 Source salinity estimates

To estimate the arrival of the shift from Berkner to Ronne mode described by Hattermann et al. (2021) and Janout et al. (2021),
we estimate the source salinity of the waters at M3 by identifying the intersection between the Gade line (Gade, 1979) and
the surface freezing point in ©.5 4 space (illustrated in Fig. A4). Solving the linear relationship given by Wahlin et al. (2010)
for the source salinity, Sy, gives

SO=S[1+2(TO—T)], (6)
Ly

e cp=4186 J kg~ K~" and Ly =3.34 x 10° J ke~". By first estimating the surface freezing temperature, 7, at the
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Figure 5. The response to the storm that started on 17-03-2018 (dotted, gray
vertical lines, labeled in panel e) and reached maximum ocean surface stress,
Tmaa, 0N 22-03-2018 (dashed, black vertical line). Time series of a) ocean sur-
face stress (7) averaged over the Upstream box (black sticks), the strength of
the zonal (blue) and meridional (orange) components, and the cumulative west-
ward 7 (gray, de-trended and 180 day high-pass-filtered). The along-flow current
speed at b) Mgjope1 (red) and Myope2 (pale red), ¢) Mg;1 (green) and Mgt
(gray), d) M5 (yellow), and e) the current speed following the bathymetry at

Mcsa (purple). See Figure 1 for mooring locations.
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3 Results and discussion

We identify 41 strong wind events that we clas-
sify as “storms” between February 2017 and
February 2021 (Fig. 4). The storms are spread
throughout the four years, though the strongest
and longest storms occur during fall (Fig. 3). All
moorings consequently experience several storm
events, and even the M;;;5 mooring, which has
the shortest record length (20 months), experi-
ences 17 storms (Fig. 4). We find that while multi-
ple storms cause a significant response in the cir-
culation at many of the mooring locations, sev-
eral storms do not (Fig. 4). Additionally, several
storms cause a significant response at some of the

mooring locations but not at all of them (Fig. 4).

3.1 Case study: Storm-driven circulation

increase at all moorings

We select a long (10days) and strong (Tqz =
INm~2) storm in March 2018 to provide an ex-
ample of how a storm can affect the current at
the mooring locations (Fig. 5a). We choose this
storm because it is particularly strong and thus
provides an example of how the circulation re-
acts to intense surface forcing. The storm re-
sponse at Mgjope2 and Mgope1 occurs directly af-
ter the maximum peak in ocean surface stress,
and the current is enhanced by roughly 15cms™1
westward (Fig. 5b) for about four days. At both
Mg;;1 on the eastern flank of the sill and Mg
in the Small Trough, the response is significant,
although it lasts shorter (1-2 days, Fig. 5c). At
M5, the storm causes a significant northward
response (i.e. an increased outflow of DSW), al-
though this is less evident in Fig. 5d relative-te
the other mooring locations due to the high vari-

ability during the storm period at Mg;;;5.


Reviewer
Cross-Out

Reviewer
Inserted Text
is

Reviewer
Cross-Out

Reviewer
Inserted Text
than at

vardun
Sticky Note
Accepted set by vardun

vardun
Sticky Note
Accepted set by vardun

vardun
Sticky Note
Accepted set by vardun

vardun
Sticky Note
Accepted set by vardun


170

175

https://doi.org/10.5194/egusphere-2025-1537
Preprint. Discussion started: 14 April 2025 EG U
sphere

(© Author(s) 2025. CC BY 4.0 License.

2018-03-15 to 2018-03-

msl anomaly, hPa

—15 Ny /
r
2018-03-19 to 2018-03-25 TRL ]/ -40 -20 0 20 40

21 . 4 SIC anomaly, %

75 2018-03-19 to 201803-25
@
E_ 4.5
>
£
5 15
c
G
D15
@
o
[%)]
©-45
= dET 200000 Ty
= 2018-03-19 to 2018-03-25 0 3 6 9 12 15

-75 Sea ice motion, cm s71

Figure 6. The atmospheric and sea ice conditions during the storm that started on the 17" of March 2018 and reached maximum ocean
surface stress, Tynaz, on the 22" of March. Anomalies of the a) mean sea level pressure with 10m wind velocity vectors and b) absolute 10m
wind speed averaged £3 days of 7,4, relative to the average March field (1990-2023). ¢) SIC averaged over the two days before the storm
starts relative to the SIC climatology (past 30 years). d) Sea ice movement (Tschudi et al., 2019b) averaged £3 days of Tp,q.. White regions
indicate missing data or no sea ice. In a,b), the Upstream box and the region shown in c¢,d) are indicated, and in c,d), the 1000m and 600 m

isobaths are indicated by gray lines (Fretwell et al., 2013). All SIC, pressure, and 10m wind data are from ERAS (Hersbach et al., 2023).

At M g2, along the eastern flank of Filchner Trough at 76°S, the southward storm response reaches 10cm s~1, and the maxi-
mum current occurs shortly after the maximum stress during the storm (Fig. 5e).

This storm, which gives a clear current response all the way south at Mo g9, is caused by a large low-pressure system
positioned over the southern Weddell Sea (Fig. 5f). The cyclonic circulation of the low-pressure system hugs the coastline,
creating a patch of anomalously high along-coast wind speeds stretching from roughly 30°W to 20°E (Fig. 5g). During the
three days before and after 7,,,,, the high wind speed builds up and dies down without an evident along-coast propagation
(not shown). The average SIC on the eastern continental shelf and upstream of the trough is lower than the sea ice climatology,

and the sea ice movement is relatively high over the continental shelf break (Fig. Sh,i). We hypothesize that the location and

11
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structure of the low-pressure system are important for the resulting oceanic response. Ho emphasizes the effect of upstream

ocean surface stress conditions, in agreement with, e.g., Daae et al. (2018) and Laube 1. (2023).

3.2 Composite analysis: the mean storm response

Following the case study, which prevides-evidenee that a storm can cause both an enhanced ASC and enhanced current far
south along the flank of both Filchner Trough and the Small Trough, we conduct a composite analysis of the current at the
moorings during all the identified storms. We group the composites into two classes: those that give a significant response and
those that do not. The composites give several consistent indications of the effect of a storm event on the circulation at the
moorings.

At Myiope2 and Mgope1, Where we expect the strongest storm response since they are located over the slope and capture the
acceleration of the ASC directly, more than half of the storms cause a significant increase in the westward current (average

response: ~10cms™?

westward, Fig. 4, 7¢,e, and Table 2). The mean current speed during the response-giving storms is 65%
higher than the record mean current at M;ope1 and 42% higher at Mgjopea.

The thermocline over the slope at Mg;opc2, represented by the -1.7° isotherm, is only weakly pushed down (on average 30
m during the storms with a significant response at Mgjope1 and Mggpe2, not shown). This is substantially less than the high-
frequency fluctuations caused by shelf waves and tides (which is on the order of 100-200m, Semper and Darelius, 2017; Jensen
et al., 2013) and thus, depression of the thermocline caused by the storms do not substantially impede the access of warm water
onto the continental shelf. Although the development of a fresh and warm surface layer has been suggested to “protect” the
(deeper) ASF from the influence of wind during summer (Hattermann, 2018), there is no substantial difference between the
storm’s short-term effect on the thermocline in summer and winter.

Both within the inflow on the sill and in the Small Trough (My;;;1 and Mgr) more than one-third of the storms cause
a significantly increased southward current (average response: 7.8cms ™! and 7.2cms™!, Fig. 7a,d, Table 2). At My, all
events with a significant response occur between December and June, i.e., from late spring to early winter (Fig. 4) altheugh
; 6% of all the storms eceus during these months (Fig. 3c). The same is true for 80% of the events that cause a significant
af. response at Mg (Fig. 4).

Within the observed ISW outflow, at the location of Mg;;;5, periods of strong along-slope wind co-vary with enhanced
overflow on monthly (Daae et al., 2018) time scales. Idealized numerical experiments (Dundas et al., 2024) also suggest that
storms can drive an adjustment of the SSH across a trough, thus connecting the southward inflow and the northward outflow.
This is similar to the situation described by Morrison et al. (2020) and observed by Darelius et al. (2023a), where the downslope
flow of DSW along a canyon or ridge causes an SSH anomaly that drives an upslope flow of WDW east of the corrugation.

therefore; expect that the storms jinduce enhanced outflow (i.e. northward flow) at M;;;5. While the mean current and the
g—frequency variability of the outflow at M;;;5 are higher than at the other moorings, the average significant storm response
is northward flow at 16cms ™~ (Fig. 7e).

Just as-at the other moorings close to the shelf break, there is a tendency for a seasonal signal in the significant storm response

at My;;i5. Here, 90% of storm responses occur between December and June. This agrees with the seasonality in the observed

12
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map in the upper corner (g) shows the mooring locations and their mean current directions.
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Table 2. Overview of parameters from the composite analysis of storm response (Uresponse: Equation 5 and Fig. A2d) at the moorings. The

% of response-giving storms is estimated relative to the storms occurring during each moorings record.

Mooring Average anomaly  Response-giving
name Uresponse [cm s™H storms, N/total
Msiope2 11+ 6 21/39 (54%)
Msiopet -10£ 5 25/39 (64%)
Msiun 8+ 4 14/34 (39%)
Msr -1+ 3 10/28 (36%)
Maius 16 £ 10 10/17 (59%)
Mcs2 -1+ 5 9/31 (29%)

relationship between wind and the ﬁﬂow on the sill in 2009 (Daae et al., 2018). We-nete-that-the M;;;5 mooring stopped

recording current velocities after r

ly 1.5years. Thus;—17 storm periods are captured within this meering period, which

onclusions-regarding the seasonality in response at Mg;y;5. However, this location
displays a high fraction of significant storm response events (59% vs. 53% at Myjope1 and Mgjope2, 41% at M1, and 35% at
Mg gsing the same period, Fig. 4).

ThHan surface stress increase per day is largest in summer and fall (Fig. 3). Strong and long storm events are expected
to cause the largest current response (Dundas et al., 2024), and thus, the seasonality in storm intensity likely contributes to the
seasonality in storm response at Mg;;;1, Mgr, and Mg;;;5. The seasonality could also be linked to the seasonal signal in the
strength and the baroclinicity of the current at My;4pc1 and Mjope2, which are both strongest during fall and winter (Darelius
et al., 2024a). However, we find that the storm response at Mope1 and Mope2 does not appear to depend on the baroclinicity
prior to the storm (not shown). The enhanced current during winter (Darelius et al., 2024a) could, however, cause a larger
overshoot at the mouth of the trough (Daae et al., 2017), preventing the storm signal from propagating southward along the
trough and reaching M g7, Mg;1, and Mg;y;5.

At the southernmost mooring location, at Mcgo along the eastern flank of Filchner Trough, 29% of the storms cause a
significant response (Fig. 4). The average southward flow anomaly during these events is 7.2cms~! (Fig. 7c). The fact that
significant storm responses are recorded at this location highlights the potential for storms to increase the heat transport towards
Filchner Ice Shelf in the south. If warm water is present on the continental shelf during a response-giving storm, this warm
water will likely be pushed southward as observed by Darelius et al. (2016). However, it will not necessarily reach the mooring
during the storm event due to the relatively long background advection time scales (5-9 weeks) from the continental slope to
76°S Steiger et al. (2024).

33 Eospheric conditions: storm response or not?

The composite analysis of the current’s response to storm events shows that while many storms drive a significant increase in the

current at the various mooring locations, several storms do not. We note, however, that the results are sensitive to our choice of
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significance threshold. When we lower the threshold for significance from the 90" to the 70" percentile of current increase, the
number of storms that give a significantly enhanced current at both slope-moorings (Mg;ope1 and Mjope2) increases from 46%
to 74% (Fig. 10a). At M g2, two storms in 2018 become significant when lowering the threshold (&g 10a). This emphasizes
that the storms we identify as not giving a significant current response may still influence the circ n although we do not
resolve this response with our method due to the high background variability.

Most storms that cause a strong response on the Filchner Sill and in the Small Trough also enhance the ASC and show a
significant response at the slope moorings (Fig. 4). Since the records from the slope moorings are the longest, we focus on
these when investigating the atmospheric conditions that give a significant storm response.

The response of the ASC to a storm depends on the storm duration, the ocean surface stress increase during the storm, and
the maximum stress (Fig. 8). We find that 70% of storms that are i) longer than four days, ii) have a stress increase larger than
0.4Nm~? day_l, and iii) have higher maximum stress than 0.25Nm ™2, give a significant increase in the ASC speed during

2017 to 2021.

Periods of low ocean surface stress correspond to periods of low variability in the ASC (not shown) and storms occurring
during this period are generally without significant storm responses in the ASC. Low ocean surface stress periods generally
occur during mid-winter (not shown). We, therefore, hypothesize that the mid-winter sea ice pack dampens the momentum
transfer into the ocean. This dampening might be caused by a highly compact sea ice cover (Martin et al., 2014), low rigidity
(Steele et al., 1997), low surface and bottom roughness (Martin et al., 2016; Tsamados et al., 2014), or a combination of these
factors. When the SIC approaches 100%, the total ocean surface stress is nearly entirely determined by the momentum transfer
from the sea ice to the ocean (Eq. 4). Within these periods, the weakest ice-ocean stress is, thus, when the sea ice is the least
mobile, which also occurs during mid-winter (not shown). During mid-winter, the mooring locations censequently, experience
low total ocean surface stress, weak storms (Fig. 3), and weak air-sea momentum transfer. Consequently, there are both few
storms (34% of storms, Fig. 3c) between July and November and few (28%) significant storm response events within the ASC
(Fig. 4).

Zooming out to large-scale atmospheric patterns, the low-pressure systems that significantly enhance the ASC are generally
deeper and more structured than those that do not enhance the ASC (Fig. 9a,e,i). The wind speed is strongly enhanced along
the coast upstream of the study area (Fig. 9b,f,j), and the sea ice movement is high (Fig. 9d,h,1). Prior to the storm events,
the SIC is also, on average, lower compared to the climatology when there is a response than when there is not (Fig. 9c,g,k).
We hypothesize that the relatively low SIC, high sea ice mobility and strongly enhanced wind along the coast upstream of the
southeastern Weddell Sea favor efficient momentum transfer into the ocean. This enhances the cross-slope SSH and results in
overall enhanced ASC and on-shelf circulation. This suggestion is supperted-by. the same patterns occurring during the case

study (Fig. 5f-i).
3.4 A shift in mid-2019

At M g2, along the eastern flank of Filchner Trough at 76°S, there is an apparent shift in storm response during 2019 (Fig. 10a).

Before July 2019, only one storm event causes a significant storm response at M g2. After July 2019, 50% of the storms cause a
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Figure 8. Scatter plots of storm duration and ocean surface stress increase per storm day, colored by the corresponding 7,4z . The storms that
do not induce a significant response at Msjope2 and Mgjope1 are shown in panel a), and those that do are in panel b). The hatched area indicates

a duration shorter than four days and/or a stress increase smaller than 0.4Nm 2 day~'. White crosses mark storms with 75,4, <0.25Nm ™2,

significant storm response (Fig. 10a). Adleng the slope; there is a similar; but opposites-tendency towards fewer significant storm
response events after July 2019 (Fig. 10a). While we cannot rule this out as a coincidence, these results indicate that while all
locations are susceptible to storm-driven enhanced along-flow currents, i) the potential for a significant storm response appears
to depend on conditions that vary interannually and ii) a storm response at M g2 is not necessarily driven by an enhanced ASC
that then translates southward along Filchner Trough, i.e., a storm does not necessarily enhance the circulation over the full
domain, contrary to suggestions by the idealized numerical simulations in Dundas et al. (2024).

Similar shifts in the response to wind forcing elation on monthly time scales) from one year to another were observed
within the Antarctic Coastal Current (Mg ¢, moog location shown in Fig. 1) and on the sill (slightly further east than M;;;5)
by Daae et al. (2018). These shifts were associated with shifts in the average wind direction and its strength along the coast
upstream of Filchner Trough: When the wind had a northwestward component and the windspeed was low, correlation with
the current weakened. We do not observe a substantial change in the direction of the mean ocean surface stress before and after
mid-2019 (not shown), and while there is a reduction in the variability and average speed of the zonal stress, these changes are
small (Fig. A3a).

Since there is neither an apparent change in the strength nor in the duration of the storms (Fig. 4-and-3) in July 2019, we
investigate if the shift during 2019 might be caused by a change in background circulation or hydrography on the shelf. We note
that after July 2019 i) the current at M g2 veers eastward (Fig. 10b), ii) the correlation between the wind and the southward
current at M g2 shifts from negative to positive, where a positive correlation indicates that a southwestward wind corresponds

to a southward current (Fig 10c), iii) ISW starts to dominate the winter hydrography at M g5 and is associated with increased
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(color) and the mean 10 m wind (grey arrows) =£3 days of Tinae. The second row shows the wind speed in color and is otherwise equal to row
one. The third row shows the mean SIC anomaly (seasonal climatology removed) in a two-day-long window ending when the storm starts.
The fourth row shows the speed of the sea ice motion (color) and its velocity (black arrows) in a six-day-long window centered at Tpqz.

White regions along the coast indicate missing data or no sea ice.
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variability in the current (Fig. A3b), iv) at the shelf break, the warmest water is anomalously warm after mid-2019 and the
seasonal cycle is disrupted (Darelius et al., 2023b), and v) the summertime SIC increases (Steiger et al., 2024).

The consistent eastward direction of the current at Mo from 2019 and onwards (Fig. 10b) is in stark contrast to the current
at this location from 2014 to 2016: Then, the current had a strong seasonal cycle with a southwestward current during the warm
season and west or northward during the cold season (Ryan et al., 2017). We speculate that the interannual variability in storm
response might be related to variable interaction between the southward current along the eastern flank of Filchner Trough, the
inflow through the Small Trough, and the Coastal Current as they all interact where the zonal extent of the continental shelf
east of Filchner Trough shrinks. The complex bathymetry in the region of M g2 might thus play an important role in impeding
the southward signal from propagating neatly southward as it does in the model setup with idealized geometry (Dundas et al.,
2024).

Since the shift is not only local but also appears to affect the storm response on the slope, it is possible that properties of the
Antarctic Coastal Current (M¢c, Fig. 1) might affect the shift. Daae et al. (2018) observe a shift in the correlation between
wind and the currents (on monthly time scales) at moorings from the Filchner Sill and the Coastal Current between 2003 and
2004 (locations indicated in Fig. 1). The Coastal Current (on the shelf) had strongest correlation with the wind in 2003, and
the outflow at the sill showed the highest correlation in 2004 (Daae et al., 2018). This shift is hence similar to the shift in storm
response we observed in 2019: the storm response on the shelf increases when the storm response on the slope decreases. One
possible explanation could be that the storm-enhanced signal under certain conditions propagates mainly along the shelf break,
causing a strong signal at the slope moorings, and in other not yet identified conditions, mainly propagates along the coast,
causing a strong signal at the M g2 mooring. In such a scenario, we would, however, also expect a stronger storm-response at
a mooring located just east of M g2 from mid-2019 onwards, but this is not the case (not shown).

In mid-2018, the circulation under the northern section of Filchner Ice Shelf changed from “Berkner mode” to “Ronne mode”
(Hattermann et al., 2021; Janout et al., 2021). This means that the source waters of the ISW observed in the Filchner cavity
originated from the Ronne Trough after 2018 rather than from the Berkner Shelf. We considered the possibility that the mid-
2019 shift in storm response at the M g2 location could be a delayed response (roughly one year lag) to this large-scale shift
in circulation and hydrography. However, at M¢ g3, which captures the northward-flowing ISW leaving the cavity, indications
of the change from Berkner to Ronne mode appear already in 2018 (Fig. A3c,d). It, therefore, seems unlikely that the shift
in hydrography and circulation due to the shift from Berkner to Ronne mode is a direct driver of the shift in storm-response
potential at M go. What causes the interannual shift in storm response in the southeastern Weddell Sea thus remains an open

question.

4 Conclusions

We analyze a network of moorings and confirm that sudden strong ocean surface stress events — “storms” — can enhance the
circulation on the southeastern Weddell Sea continental shelf. These events strengthen the westward Antarctic Slope Current

(ASC), the dense outflow from the Filchner Trough, the southward flow along the eastern flank of the Filchner Trough, and the
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Figure 10. Indications of a shift around 2019 in the southeastern Weddell Sea shelf region. Panels a) and c) have a shared x-axis, the purple
background indicates the period after July 2019, and the vertical purple dashed line indicates the 1st of July 2019. Panel a) is a simplified
version of Fig. 4 showing only moorings Miope2 and Miope1 (red) and Mcs2 (purple). The dark bars indicate significant storm responses,
and the light bars show storm responses stronger than the 70™ percentile of background current increase (see methods 2.3). Panel b) is a

essive vector diagram of the current at the bottom sensor of M s2 colored by temperature. The temperature is based on @ and not ©
Hse the salinity sensor stopped recording in early 2020. The start of the time series (star) and the 1st of July 2019 (dashed line) are
indicated. ¢) Time series from Mcs2 of 90-day long, 33% overlapping windows of significant correlation (black bars) between the along-

coast wind and the southward bottom current.

inflow through the Small Trough. These observations thus support the suggestions by Darelius et al. (2016) and the numerical
experiments of Dundas et al. (2024). Our findings provide observational evidence that storms impact the southward transport
of warm water in this region and suggest that this signal may extend beyond 76°S, potentially reaching the front of the Filchner
Ice Shelf (Darelius et al., 2016). Since storms have the potential to enhance the southward current on the shelf, they also have
the potential to push warm water southward whenever warm water is present along the eastern flank of Filchner Trough or in
the Small Trough. We suggest that this is also true whenever warm water is present on the continental shelf east of Filchner
Trough.

The duration of a storm, the total cumulated ocean surface stress during the event, and the maximum stress, will, to a large

extent, determine whether a storm event will cause a response in the current or not. The response is, as expected, particularly
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clear in the moorings on the upper part of the slope, i.e., within the ASC. 70% of the observed storms that are longer than four

1, and Tae >0.25Nm ™2, give a significant increase in the ASC.

days, have a larger stress increase than 0.4Nm™2day~

The enhanced circulation is, however, not so structured and steady that it can consistently be followed neatly from moorings
on the slope via the sill to moorings on the shelf at 76°S. While some storms enhance the circulation in the whole region, not
all storm events cause such a consistent response. This differs from the results of an idealized model Dundas et al. (2024),
where storm events initiated an overall cyclonic circulation over the continental shelf east of Filchner Trough. We suggest that
the complex bathymetry — and potentially the interplay between the Antarctic Coastal Current and the ASC — are important
factors that explain the differences between the results of the idealized model and the observations presented here.

The cause of the shift during winter 2019 from conditions that favor a storm response in the ASC to conditions that favor a
storm response on the shelf at 76°S remains an open question. Other properties change around the same time, such as warmex
temperatures along the slope (Darelius et al., 2023b), a shift from negative to positive correlation between the along-shore
south-westward wind and the southward current, and a shift from low to high variability in the current itself at 76°S. Following
the start of 2019, Ronne-sourced ISW is consistently present at 76°S. This change is related to an overall shift from Berkner
mode to Ronne mode (Hattermann et al., 2021; Janout et al., 2021) and co-occurs with a shift in the current direction at 76°S.
However, as the timing of these shifts is offset by roughly half a year, e hesitant to suggest a link between the events. These
inter-annual shifts in atmospheric forcing, hydrography, and circulaajemphasize the importance of backgreund conditions
for the potential effect of storms in the southeastern Weddell Sea.

The up-te-four-year-long mooring records analyzed here give clear indications of the effect of storms on the ocean circulation
in the Filchner Trough region; however, longer observational time series at the mooring sites or experiments run in a regional
model setup would be helpful te understand the observed variability in storm response. Based-en-theresults-presented-here; o
regional model could also enable a realistic estimate of the potential heat transport at the ice front driven by the storm events

its importance relative-te the heat transport driven by the background flow. While this would yield additional information
at the importance of storms for the basal melt of the Filchner Ice Shelf, the present study confirms the ability of storms to

enhance circulation, which is the basis for bringing warm water southward towards Filchner Ronne Ice Shelf.

Data availability. The mooring data is, or will be, publicly available. Mgope1 is available at Darelius et al. (2024), Mgiope2 at Darelius
et al. (2023), Mcs2 and Mcgs at Janout et al. (2022), and Mg and Mg at Steiger and J.-B. (2023). Mg,;;5 will be available at NMDC
(@Dsterhus, 2024). The data published before 2022 can be accessed through the Southern Ocean moored time series (south of 60°S) (OCEAN
ICE D1.1) compilation (Zhou et al., 2024). The atmospheric data and sea ice concentration from ERAS5 reanalysis (Hersbach et al., 2019) is
available at Hersbach et al. (2023), the sea ice movement data from NSIDC is available at Tschudi et al. (2019a), and the data of bathymetry,

ice shelves, and ice sheets from bedmap2 (Fretwell et al., 2013) is available at Fretwell et al. (2022).

Appendix A: Supporting figures
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Figure A1. Correlation map of the average wind speed in the Upstream box (black rectangle) vs. the overall wind field during the observation

period (2017-2021). Hatched regions indicate insignificant correlation at the 0.95 significance level.
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Figure A2. Example of the storm detection algorithm a,b) described in section 2.2. Time series of a) eastward ocean surface stress and b)
the cumulative westward ocean surface stress. Identified storm periods based on a) the raw ocean surface stress (blue shading) and lowpass
filtered ocean surface stress (black boxes) and b) based on cumulative ocean surface stress, which is the algorithm we use throughout our
analysis (gray shading) are indicated. c,d) [llustrate the procedures used to determine significance and to identify Uy,esponse as described in
section 2.3. c¢) Histogram of Uy .csponse (orange) and the current increase during all 10-day long storm-free windows (blue) at Mjope1. The
90™ percentile, which is used to determine significance, is indicated (black line). d) A sketch of the procedure used to identify Uscsponse.

indicating the definition of 7,4, in the upper sub-panel and Urean, Umaz, and Uresponse 1n the lower sub-panel.
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Figure A3. Additional indications of a shift around 2019 in the southeastern Weddell Sea shelf region following the same setup as Fig. 10:
The purple background indicates the period after July 2019, and the vertical purple dashed line indicates the 1st of July 2019. Panel a) shows
box plots of the zonal ocean surface stress before (blue) and after (green) July 2019. Panels b) and c) have a shared x-axis. b) Time series
from Mcs2 of current anomalies; eastward component at the upper sensor (gray) and the northward component at the lower sensor (purple).
The gray shading indicates periods when water colder than A=ee2:05°C is present. ¢) Time series of the estimated ISW source water salinity
at Mcs3. The shading indicates approximate ranges of Bengeen) and Ronne (orange) mode source waters (Hattermann et al., 2021).
d) ©5 4-diagram from M¢s3 colored by time, with darker colors at the start of the record. For clarity, we have omitted observations with

o <27.885kgm ™2 in panels ¢) and d).
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Figure A4. Illustration of the method to estimate source salinity following Equation 6. The desired value is the temperature and salinity at
the intersection between the relevant Gade line and the salinity-dependent freezing point (green dot). The process is as follows: given an
observed temperature and salinity pair (orange dot), the freezing point is estimated (step 1). Then, the salinity at this temperature of the
Gade line is estimated (step 1.5). This completes iteration 1 and the first approximation of the source temperature and salinity (blue dot).

Completing one more iteration (steps 2 and 2.5) gives a good approximation of the source water properties (green dot).
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