Review 1 - Water vapour isotope anomalies during an

atmospheric river event at Dome C, East Antarctica

RC1:

Dear Reviewer,

Thank you very much for your valuable comments and for the great interest you have shown in our
work, which will help us improve the manuscript.

Summary

This manuscript describes the evolution of stable water isotopes in water vapor measured during an
atmospheric river event at Dome C in Antarctica. The event led to a strong increase in surface
temperature, humidity and 80 during 3 days in December 2018. Using model tendencies from the
general circulation model LMDZ6iso, the authors disentangle the influence of different processes on
the humidity and isotope signal. They find that surface sublimation accounts for nearly 70% of the
humidity and 520 increase during the event, while large-scale advection accounts for 30%. Outside
of the event, surface sublimation and condensation dominate the 30 variability and advection is
less important. Cloud formation, precipitation sublimation, and shallow convection play a minor role
in general. The results highlight the need for accurate representation of fractionation during
sublimation in isotope-enabled models.

This is really nice work. The paper is well-written, the results are interesting, and the figures are
nicely designed. The methodology is sound except for one caveat, which is that it does not account
for the influence of processes that decrease the specific humidity on the isotope signal in the final
result. While these processes do not contribute any moisture, they could still alter the isotope ratios
(e.g. cloud formation would decrease 50 in the vapor). | think it may be possible to include them
too, which would make the method even more useful (see general comment 2 below). Overall, | find
this study a very valuable contribution to the field and would recommend publication after
addressing the comments below.

General comments

1) Cloud condensation and precipitation sublimation are currently treated as one process, but they
differ substantially in their impacts on both the water vapor and isotope budget. One process is a
sink of vapor, the other is a source, and they involve different kinds of isotopic fractionation which
imply that one is not simply the inverse of the other in terms of isotope concentrations. | therefore
think it would be good to treat them as separate processes in the method. If the model does not
allow this, a straightforward way to distinguish them would be to assign every dg/dt < 0 from this
tendency to cloud formation and dqg/dt > 0 to precipitation sublimation.

In LMDZ, we have one tendency output for the “large-scale condensation” routine which manages
both cloud condensation and precipitation sublimation. However, the calculation of positive and
negative isotopic tendencies is not handled symmetrically. Instead, it includes isotopic
fractionation following the formulation of Jouzel et al. (1984) during cloud condensation, and
equilibrium fractionation during the sublimation of snow precipitation. Thus, following your
suggestion, we explicitly separated positive and negative contributions both in the method and in the



interpretation of the results. On the one hand, we identify the vapour sources: surface sublimation,
cloud and precipitation sublimation, advection > 0, and shallow convection > 0. On the other hand, we
identify the vapour sinks: surface condensation, cloud condensation, advection < 0, and shallow
convection < 0. We emphasised this distinction in the methodological diagram, where sources and sinks
are presented separately:
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Schematic representation of the methodology used to determine the origin of atmospheric water sources. Depending on
whether their contribution is positive or negative, the processes are classified either as sources (dq/dt > 0), shown with
solid colours, or as sinks (dq/dt < 0), shown with hatched colours. Each bucket is supplied by a specific water source and
is represented by a distinct colour: the initial bucket, consisting of the water already present in the atmosphere, is shown
in grey; the orange bucket corresponds to water originating from surface sublimation; the blue bucket represents water
transported by advection; and the purple bucket accounts for water from cloud and precipitation sublimation. In this
example, shallow convection, represented in red, does not correspond to a bucket, as it only removes water from the
atmosphere. Paler colours indicate newly added water contributions.

as well as in the presentation of the methodology 1.204 (the added sentence is indicated in bold
below):

It leads to intermediate quantities $Sq~+|_ {process}(t+\Delta t)$, the sum of which is larger than
Sq(t+\Delta t)$ (Equation \egref{eq:q_plus}). Negative contributions (either Sdq/dt|_{process} \cdot
\Delta t< 0$ or Sdg”{iso}/dt|_{processN\cdot \Delta t\,<\,05) correspond to mass sinks for all vapour
buckets (e.g., surface condensation, cloud condensation, water advected by the atmospheric
dynamics or shallow convection), so the sum of negative tendencies is subtracted proportionally to
each bucket (as illustrated by the rescaling in Fig.~\ref{fig:method}), resulting in the sum of buckets
being equal to the specific humidity Sq(t+\Delta t)$ (Equation \egref{eq:ratio}).

as well as in Figure 10, in which the negative processes are shown with hatched shading:
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Rate of temporal change in the surface atmospheric layer due to the different processes contributing to the (a) specific
humidity tendency (g~kgS~{-1}s~hS"{-1}S) and (b) vapour S\delta’{18}SO tendency (%.~hS"{-1}S) at Concordia station.
The black line represents the signal obtained from the first level model output. The individual contributions to the rate of
change of humidity and $\delta”{18}$0O are shown in colour: orange for vertical turbulent diffusion and surface fluxes,
blue for advection, purple for cloud condensation and precipitation sublimation and red for shallow convection.
Processes with positive contributions are shown in solid colours, whereas processes with negative contributions are
shown using hatched shading. It should be noted that the sign of changes is relative to water vapour so the surface
sublimation is positive (increase in water vapour) and the cloud condensation is negative (decrease in water vapour).
The dashed vertical lines delineate the boundaries of the atmospheric river.



2) For the final result, the method currently only considers processes that increase the humidity
content of the atmosphere. Here it seems that the total isotope budget is still approximately closed
(Figure 11d), but there could be locations / situations where the humidity-decreasing processes
matter more, e.g. in the tropics or midlatitudes, where convection is more important than in
Antarctica. Ditsch et al. (2018) came up with a process attribution for both humidity-increasing and
humidity-decreasing processes, which allows to fully close the isotope budget. This was for
Lagrangian trajectories, but it could be applied equally well to Eulerian tendencies. The attribution
for humidity-increasing processes is the same (equation 11 here corresponds to equation 8 in Diitsch
et al,, 2018), but there is an additional term for humidity-decreasing processes (equation 9 in Diitsch
et al., 2018). | think adding this would make this tendency-based method even stronger and more
generally applicable.

We fully agree on the importance of considering negative tendencies. It was indeed an issue for
interpreting our cumulated tendencies, that we solved by focusing on the sources of vapour. What
may be confusing is that, although the contents are labelled by processes, we actually trace the
origin of the vapour associated with these processes. In this context we identify the vapour coming
from surface sublimation as sourced from surface snow, and vapour from positive tendencies of
advection as sourced from large-scale moisture transport, such as the final vapour content is the
mixing of vapour content from the different sources. In this framework, negative tendencies
means vapour is removed from all sources. This methodology is useful to trace the origin of water
but the downside is that the impact of water removal is distributed on the isotopic composition of
each water source and is not traced back to the process responsible for water removal. We agree
that this part of the analysis is missing. We clarified the terminology for our “source buckets” and
added an analysis of cumulative tendencies (both positive and negative) in the discussion, in order
to assess the contribution of each process to the isotopic changes. Finally, in our case, both the
water and isotopic budgets are numerically closed, meaning that when summing all individual
water and isotopic tendencies, we obtain the simulated specific humidity and "0 signals.

We added this sentence 1.366 to clarify the transition from processes to source buckets:

We now aim to quantify the relative contributions from large-scale processes (advection) and local
processes (surface and atmospheric sublimation) to the specific humidity and $\deltar{18}SO
signals during the AR. For this, we track the sources of atmospheric vapour through processes with
positive tendencies. We consider that atmospheric vapour is the mixing of 3 buckets corresponding
to 3 different sources: surface sublimation, large-scale advection, and cloud and precipitation
sublimation (Figure~\ref{fig:ts_budget_water_iso}a, b), following the approach described in
Section \ref{sec:tendencies}. As shallow convection always transports water from the surface
towards the upper layers (shallow convection tendencies always negative in the surface
atmospheric layer, Figure~\ref{fig:ts_water_iso}), it does not contribute to the surface specific
humidity as a water source.

And we updated the explanatory diagram accordingly, as described above.

We then included this analysis in the discussion (1.417) associated with the figure below to
investigate the variability of the processes during the event, integrating both positive and negative
tendencies.

Finally, we perform a process-based analysis for positive and negative tendencies to estimate not
only the sources of vapour, but also the processes driving the variability of specific humidity and
S\deltar{18}S0 during the event. To this end, we compared the unperturbed diurnal cycle prior to
the AR event (1-17 December), during which we computed the mean cumulative temporal change
in specific humidity associated with each process (Eq.~\eqref{dq}; Figure S13a) and in



S\deltar{18}S0 associated with each process (Eq. \eqref{ddelta} and Eq. \eqref{ddelta_p}; Fig.
S13c). We then examined the anomaly during the AR event (19-24 December) relative to this
reference diurnal-cycle period, for both specific humidity and S\deltar{18}SO (Fig. S13b, d). For
specific humidity, the first three days of the event are characterized by a progressive increase in
surface sublimation, to which advection contributes from the third day onward, explaining the
main humidity peak on 21 December (Fig. S13b). During the night on 21 December, the surface
condensation is partly compensated by increased advection. On 22 December, the combination of
surface sublimation and advection explains the second peak in specific humidity. Throughout the
event, shallow convection and cloud condensation act to reduce the amount of water in the
near-surface atmosphere. For S\delta”{18}0S, we find a slight positive anomaly in surface
sublimation during the first two days of the event compared with the typical diurnal cycle,
followed by a negative surface-flux anomaly from the fourth day onwards. The negative
contributions to S\deltar{18)0$ from condensation and shallow convection are weaker than
during unperturbed diurnal cycles. In addition, advection decreases the vapour
S\deltar{18}\mathrm{O}$ in the model during the peak of the event. Because the amplitude of
vapour S\delta"{18}SO during surface sublimation and condensation cycles is overestimated under
unperturbed conditions, as shown here and previously discussed in \citet{dutrievoz2025antarctic}
and in \citet{ollivier2025time}, the interpretation of isotopic anomalies during the event remains
limited, underscoring the need to correct this bias in the LMDZ6iso model (Fig.~S13d).
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Temporal evolution of (a) water vapour tendency (g~kg$*{-1}$~h$"{-1}$) and (c) $\deltar{18}$0 tendency (%o~h$"{-1}$),
each associated with their respective contributing processes at the surface during the unperturbed diurnal cycle
(1-17~December). Temporal evolution of (b) the water vapour anomaly and (d) the $\delta®{18}S0O anomaly, each
associated with their respective contributing processes during the AR event (19-24~December), relative to the
unperturbed period. Individual contributions to specific humidity and $\delta®{18}$0 are shown in colour: orange for
vertical turbulent diffusion and surface sublimation, blue for advection, red for shallow convection, and purple for cloud
condensation and precipitation sublimation. Dashed curves represent the mean cumulative diurnal cycles. Uniformly
coloured areas indicate periods of positive process anomalies relative to the mean diurnal cycle, while hatched areas
indicate periods of negative anomalies.



3) Since surface sublimation is the most important contribution to 50 in this study, and there is
increasing evidence that it involves fractionation (e.g. Ritter et al., 2016; Wahl et al., 2021), | think
there should be some discussion on how the results would change if this was included in LMDZ6iso.
The overestimation of surface snow d-excess is likely related to the missing fractionation during
sublimation. How could this affect the vapor, and (how) would it change the relative contribution of
the processes? If feasible, a sensitivity test where fractionation is added to sublimation in LMDZ6iso
would be very helpful.

You are absolutely right about the importance of accounting for fractionation during sublimation.
Following this study, we introduced isotopic fractionation during sublimation in the LMDZiso
model, which is the focus of a separate paper currently under preparation. This new study provides
a detailed analysis of surface fluxes and discusses in particular the December 2018 event. In that
work, we show that during this event, the presence of strong winds could have triggered a drifting
snow episode (which was indeed observed in the field), and that this suspended snow may have
sublimated without isotopic fractionation. In other words, during this event, we believe that the
model in its current version captures the observed isotopic peak, but for the wrong physical
reasons.

We added the following sentences to the manuscript to highlight this limitation of the model
(1.401):

We note, however, that in the model there is currently no isotopic fractionation during surface
sublimation. While numerous field studies have demonstrated that the sublimation flux is
fractionating (Steen-Larsen et al., 2013; Casado et al., 2016; Madsen et al., 2019), the introduction
of a fractionation scheme in the model could reduce the contribution of sublimation. Nevertheless,
the analysis of the total water budget suggests that surface sublimation makes a substantial
contribution to the observed specific humidity anomaly.

Moreover, when working with isotope-enabled AGCMs, the positive bias observed in surface snow
d-excess is mainly generated by the parameterization of supersaturation (the lambda parameter in

the relation Si = 1 - lambda (T - Tfreeze)), before being further influenced by post-depositional
processes, as shown in the supplementary material of Dutrievoz et al. (2025).

Specific comments:

L7: LMDZ6iso is sometimes LMDZiso and sometimes LMDZ6 or LMDZ. | would always use the same
term. Done

We use LMDZ6iso to refer to the isotope-enabled version of the model, and LMDZ6 to refer to its
non-isotopic configuration.

L26: ice core -> ice cores Done
L80: These -> This Done
L98: are -> were Done

L107: Within 98th percentile? Not above? Yes above. Done



L109: Repetition? IWV and vIWVT were mentioned before already. We first define the method by
presenting the two possible approaches, and in line 109 we indicate that this AR was analyzed
using both methods.

L300: reveals -> indicates (particle density is not necessarily equal to moisture sources) Done
L318: A word is missing in this sentence Corrected

L368 & L379: Condensation should be sublimation? (Because it is treated as a vapor source)
Corrected

Figure comments:
Figure 1: Residence time would be a better description than number of particles (if this is what is
plotted). Did you run FLEXPART for this study or take data from someone else? If the latter, please

add a reference.

The simulations were carried out by Christophe Leroy-Dos Santos, a co-author of this study. We
have added the mean position of the particles for each day preceding 20 December 2018.
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Figure 2: Rename ,cloud & precipitation sublimation” to ,condensation and sublimation“ (or ,cloud
condensation and precipitation sublimation), also everywhere else in the text. Otherwise it sounds
like cloud sublimation.



In this case, sublimation can occur from precipitation but also directly from clouds. Accordingly, we
retained cloud and precipitation sublimation for the positive tendencies, and cloud condensation
for the negative tendencies.

Figure 3, caption: ,outside 1.5 times the inter-quartile range” -> do you mean inside? Yes corrected
Figure 7: The label for temperature is still in French. Corrected

Figure 10: | don‘t see the dashed line. Is it behind the black line? We removed it from the figure for
simplicity but forgot to delete the corresponding note. It is now corrected.
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RC2:

Dear Michelle,

Thank you very much for your constructive feedback and for the interest you have shown in our
work, which will be very valuable in improving our manuscript.

Summary

This study by Dutrievoz et al. presents a detailed analysis of the isotopic signature of an atmospheric
river (AR) that crossed the polar plateau and reached Dome C in December 2018. The event caused a
spike in near-surface temperatures, specific humidity, and water vapor 0. Using a combination of
surface/near-surface observations and the LMDZ6iso model, the authors quantify the impact of the
event and the relative contributions of large-scale and localized processes to the surface water vapor
mass budget. Their finding that surface sublimation is the primary source for the specific humidity
and 00 increase during the event highlights the important influence of boundary layer processes on
the isotopic signature of Antarctic ARs.

The manuscript is thorough, interesting, and well-written. | have included some major comments, as
well as minor comments, below. Overall, | think this will be a valuable contribution to the field.

Major comments

| find the unique origin of this event quite interesting, as discussed in Section 3.3, and | think the
results may be improved by including more context on how rare or common this type of cross-polar
plateau AR path is. For example, the origin of the AR over the south Atlantic and its path across the
polar plateau may vyield a different isotopic signature than an AR that originates over the Indian
Ocean and arrives at Dome C from the north instead of the south. It would also be helpful to know
more about why you chose this event specifically. There is a discussion of some other examples of
recent AR events, but less information on the climatology of ARs at Dome C and why this one was
selected, aside from the pronounced meteorological impacts (or perhaps that is the main reason
why?). This also impacts the interpretation of the results in the paper, and whether the conditions
observed are representative of other ARs in the region.

Regarding the analysis of this event, it represents the first atmospheric river observed at Dome C
for which isotopic vapour observations are available. Moreover, according to the analysis of
Petteni et al. (2025), at Dome C, the large majority of the back-trajectories originate from the
Indian Ocean, as expected for this part of the East Antarctic Plateau (Sodemann and Stohl, 2009).

We have added the following sentence to clarify this point:

1.389: This is the first atmospheric river event observed at Dome C with available isotopic vapour
observations, and the only one recorded over the 2009—-2019 period originating from the Atlantic
sector (Petteni et al., 2025).

1.478: Moreover, an isotopic analysis of these events using a Lagrangian approach, combined with a
process-based decomposition similar to that of Diitsch et al. (2018), would provide a
complementary perspective on the processes involved during the transport of atmospheric rivers.

In terms of the order of the results, | also think it may make more sense to introduce the large-scale
drivers of the event (section 3.3) before diving into the local scale (boundary layer and surface)
characteristics and impacts. This would help to contextualize the event, orient readers to the location



of interest and the unusual path of the AR and set up the discussion of the different contributors to
the isotopic signature of the event.

Yes, you are absolutely right — We reorganised the Results section to begin with the “Large-scale
conditions during the event”, followed by the section on “Surface anomalies monitored during the
event”.

Finally, on the topic of large-scale drivers, since ERA5 and MERRA-2 have been used more frequently
to diagnose the synoptic patterns associated with Antarctic AR events, | think it would be helpful to
assess how LMDZ compares to at least one of these atmospheric reanalyses during the event,

especially given its comparatively coarse resolution. Are the spatial patterns comparable? Does LMDZ
exhibit similar intensities in temperature and specific humidity to ERA5 or MERRA-2?

The simulation we used is nudged to ERA5 for temperature and wind, with a relaxation timescale

of 12 hours. We verified, using ERA5 pressure-level outputs, that LMDZ6iso produces similar
atmospheric profiles that ERA5, as shown in the Figure bellow:
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We therefore added the following sentence to remind the reader that LMDZ6iso is nudged to ERA5

and that we have confirmed the model’s consistency with the reanalysis at the beginning of the
radiosonde analysis paragraph (1.327):

We examine the vertical structure of the atmosphere during the AR event and during the
unperturbed period outside the event (1-18 and 24-31 December 2018). We recall that the

LMDZ6iso model is nudged to ERA5 reanalysis for temperature and wind above the boundary
layer, and it reproduces these fields consistently with the reanalysis (not shown).

It is mentioned briefly in the discussion section (lines 427-432), but | would be curious to know more
about the bearing blowing snow may have on the method and results presented in this study,
especially given that this event was marked by elevated surface wind speed. | think the study would
benefit from more discussion on how blowing snow may impact the surface snow isotopic signatures
during the AR event as well as the vapor isotopic budget (does the sublimation of blowing snow have
an influence on the observations? In what ways might blowing impact the contributions of the



various processes to observed 6180 and d-excess? How would this affect or add to the range of
uncertainty of the model comparison to the observations?)

Indeed, this event is characterized by very strong winds, which triggered drifting-snow observed in
the field. In an effort to reduce the bias in amplitude of the modelled diurnal cycle, we have
improved the parameterization of surface isotopic fluxes in LMDZiso in an article currently in
preparation. However, we have found that the isotopic composition of evaporation switches from
fractionating before the event to non-fractionating during the event, which might highlight a
potential isotopic signature of drifting snow. In the context of our present study, this process
appears to be well reproduced by the model, but for the wrong physical reasons, as our
evaporation is always non-fractionating. We are currently pursuing a more detailed investigation of
the impact of drifting-snow events on water vapour isotopes, although this goes beyond the scope
of the present paper.

We have added the following sentence in the discussion to clarify this point (after the bracketed
part taken from the article) 1.462 :

[At such intensities, drifting snow can be lifted several hundred metres above the surface (Palm et
al., 2011), where it may readily sublimate, potentially changing the isotopic composition of
atmospheric water vapour (Wahl et al., 2024).]

Consequently, the sublimation of airborne snowflakes may exhibit a distinct isotopic signature
than that of sublimation flux from the surface.

[As this process is not currently represented in LMDZiso, understanding its contribution to the
surface isotopic signal would be a valuable next step.]

Regarding the use of “diurnal cycle”, “daytime” and “nighttime” — while it is clear from the time
series shown in the study that a diurnal cycle is present and influences the boundary layer conditions
before, during, and after the AR, | also find it a bit confusing to read about “nocturnal” or “nighttime”
conditions when this time of year is marked by polar day. Because these descriptors are heavily used
throughout the text (for example, lines 250-257, 340-343, and 385-388), | would recommend adding
a sentence to the methods or results (early on) that clarifies the usage of these terms.

Yes, we did the changes.

1.77 : We remind the reader that, throughout this manuscript, the term night refers to an austral
summer night, during which the sun remains above the horizon.

We took all minor comments below into account:
MINOR COMMENTS

(organized by line number)

4 —“3-fold increase” instead of “times” Done

19 — “Only specific meteorological conditions driven by the atmospheric river can explain these
strong interactions” — this implies that only ARs and not any other weather events can be responsible
for a combined sublimation and large-scale advection signal in the isotopic signature. Is that the
intent? May be helpful to briefly back this up with why that’s the case.

In the context of Dome C, synoptic events capable of penetrating far enough into the continent to
reach Concordia are relatively rare and are most often described as atmospheric rivers. However,
to retain a more general terminology, we may refer to them as strong moisture intrusions.



1.19: Only specific meteorological conditions driven by pronounced moisture intrusions can explain
these strong interactions.

36 — temperature “anomaly” instead of “increase” Done
40 — “were multiplied by 3” is awkward phrasing

During this event, humidity levels increased by a factor of three and water vapour $\delta*{18}5S0
increased by 17 \permil{} in 3 days.

40 — this paragraph switches between past and present tense in describing the event. Would
recommend picking one and sticking to it. Done

43-47 — very long sentence, would break into two Done
51 — use “AR” Done

Figure 1 — the core of the AR over the southern Atlantic is white, exceeding the darkest purple/black
value at the max of the colorbar. Would recommend extending the maximum value of the colorbar.
Done

Figure 1 — what is the uncertainty in the FLEXPART 10-day back trajectories? Do the particle numbers
shown in the figure capture the full range of possibility for back trajectories or do they represent a
mean/ the most likely back trajectories?

To compute the back-trajectory, we released 1000 particles at 1000 m altitude, which we expect to
capture the full range of possibility for back trajectories from this altitude just above the boundary
layer.

58 —rephrase to “large-scale transport only accounts for about half...” Done
60 — “AR” Done

124 — what is the domain that LMDZ6 is run over? Do you have a map of this that can be included in
the supplementary material?

The LMDZ6iso model is run at the global scale.
162 — which period are you evaluating the bias over? (ex. “mean cold bias of...”) Done

We have clarified the period over which the mean is computed (1979-2024), highlighted in
bold below 1.164:

Over Antarctica for the period 1979-2024...

172 — what is your hypothesis for why the modelled amplitude of vapour 180 is so high? As a
general comment, when the larger biases are mentioned in the paper, | think it would provide helpful
context to readers if there is a hypothesis for why they occur, perhaps in the discussion section.

We added this tendance 1.175 :

This discrepancy likely reflects an overly strong enrichment during the day and/or an excessive
depletion at night.



207-210 — nice explanation. Thank you !

242 — regarding the 13-year AWS record — do the AWS observations continue through the present, or
did they end in 20187 If they continue, | think it would be helpful to include the entire record
through the present-day. If they do not, is there an alternative record you could use to put this event
in context of the present climate? Given the occurrence of the March 2022 event, and a number of
other extreme events in recent years, | think it would be helpful to know how the December 2018
event fits in this context. It is clearly a stand-out event over 2006-2018, but how about 2018-2024?

We added the years 2020, 2021, 2022, and 2023. It appears that for December and January, the
year 2018 still shows the second-highest temperature (after 2016) and the highest humidity.
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249 — how did you decide on the alternative values for roughness length?
The values are estimated in Vignon et al. 2017.

We added the reference in the text 1.289:

Sensitivity tests were also performed using two alternative values, 0.01"mm and 6.3¥mm, as
estimated in \citet{vignon2017momentum}.

Fig 3 — small note that the panels appear to be different sizes/are not aligned on the top edge. Also,
the orange bar for the median could be thicker to make it easier to see. Done

270 — include value for standard deviation when mentioning “significant spatial variability” in the
surface snow ©180. Done

We added the maximum amplitude measured in the snow samples: 8%o (in bold below):

During the event, despite significant spatial variability (more the 8 %o), surface snow exhibits a mean
S\delta*{18}SO value of —53.6~%, and becomes enriched by 2.3~%o after the event, reaching
—51.3~%o (Fig.~\ref{fig:american_tower}f).

286 — was the event studied here the only AR event in December 2018? (as in, do the periods 1-18
December and 24-31 December represent only non-AR conditions? Were there any other moisture
intrusions during this month that may not quite meet the threshold for an AR?)

Outside of the event, the month is characterised by an unperturbed situation. We have added this
clarification 1.326 :



We examine the vertical structure of the atmosphere during the AR event and during the
unperturbed period outside the event (1-18 and 24-31 December 2018).

295 — don’t need “However” Done

304 — do you think this points to the need for AR detection tools that operate across the polar
plateau? | would be interested to hear more about the authors’ view on this in the discussion
section. Clearly, this AR had a large surface impact that occurred outside of the footprint detected by
both the IWV and vIVT tools.

Yes you are correct that this trans-Antarctic AR highlights the need for an AR detection algorithm.
In the discussion section, we added 1.466:

In terms of detection algorithms, this trans-Antarctic AR highlights the need for an AR detection
framework that is not restricted to 85° S. Future developments in polar AR detection will hopefully
address this limitation.

Fig 6 — | like the satellite imagery shown here, | think it does a great job showing the cloud plume
associated with the AR crossing the polar plateau. Regarding the left-hand figures, | would
recommend adjusting the colorbar slightly. Currently, it is difficult to ascertain the peak IWV values
associated with the AR, as these peak well above the maximum on the colorbar. At the same time,
the IWV contour levels are perhaps too coarse for the lower IWV values associated with the region of
the AR that crosses the polar plateau — in panel (c), it doesn’t look like elevated values of IWV quite
reach Dome C.

Thank you for the suggestion. We've edited the left-hand moisture plots to better represent the
peak IWV values associated with the AR. We've also changed the plot for panel ¢ to show a time
where the elevated IWV value encompasses Dome C (12-21-06Z). Due to limitations with tracking
trans-Antarctic ARs, the detection algorithm does not highlight the AR shape here.
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322 — add “spatial” to “anomalies” Done

Fig 7 — I would strongly recommend marking the regions of statistically significant anomalies for each
panel in the figure. You could make the purple contour a solid line (rather than dashed) to make it
stand out more, and | would specify that these data are from LMDZ in the figure caption. Also, a
small note that the colorbar label for panel (a) is en francais.

We use these maps to provide synoptic-scale context for our process-based analysis at Dome C.
Our intention was to illustrate the event’s nature and large-scale characteristics rather than to
assess its statistical significance. In this sense, we feel that adding an additional statistical analysis
to these maps may not be necessary for the purpose of the figure.

We have added “LMDZ” to the figure legend and corrected the colourbar panel, which was
previously in French.

Anomalies at 850~hPa model equivalent level from LMDZ6iso of a) temperature (°C), b) specific
humidity (g~kg$*{-1}S), c) relative humidity (\%), d) S\delta*{18}SO (%), and e) dexcess (\permil{}),
calculated on December 20, 2018 at 12:00 UTC relative to the December average (1980-2021). The
purple contour represents the 5~\textdegree{}C anomaly boundary, while the yellow contour
indicates the 10~°C anomaly boundary. The black dot indicates Concordia station.

324 — “850hPa geopotential height” instead of “over sea-level”? Yes



329 — what is happening in this region with the strong negative anomaly in relative humidity?

This extremely dry air appears to be associated with the dynamics of the event, as it is observed
over the ocean rather than over the continent, which is naturally very dry. In addition, we also
noted a strong negative relative-humidity anomaly (i.e., exceptionally dry air) along the eastern
edge of the AR during the 2022 event. A more detailed investigation of the large-scale dynamics
associated with these events is therefore needed to better understand the processes at play.

391 — “These results...” — this is a cool finding, and | would recommend emphasizing it more
throughout the text (esp. the abstract and introduction), as it is good motivation for the study.

We have highlighted these new results further in the abstract and the introduction.

Example for the introduction 1.60 : While large-scale dynamics appear to be a major driver of
surface anomalies in specific humidity and S\delta?{18}SO, this study aims to better understand
how local boundary-layer processes shape the surface signal during large-scale events.

Data availability statement — given the range of observational data, AR catalogues, etc. presented in
this study in addition to the model output, it would be appropriate to expand this statement to
describe access to all the datasets used.

We have clarified the origin of all the datasets used in this study:

The LMDZ6iso model outputs generated for this study are available at
\citet{dutrievoz_2025_15481581}. Radiosonde data are provided in Grigioni et al. (2019), AWS
data in Grigioni et al. (2022), and water vapour isotopic measurements in Leroy-Dos Santos et al.
(2021). The meteorological tower data from the 45 m mast are part of the CALVA project and can
be accessed at \url{https://web.Imd.jussieu.fr/~cgenthon/SiteCALVA/CalvaData.html}. The
database containing the atmospheric river (AR) detection catalogues is available on Zenodo at
\url{https://zenodo.org/doi/10.5281/zenod0.15830634}
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