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S1. Focus on temporal variability in coastal regions

From 18 November to 22 November, the EAIIST traverse was located at the site of D3, only
5.5 km away from the station DDU, which provides the opportunity for an in-depth comparison
of the isotopic composition from two site in immediate proximity. Despite the close proximity,
the sites of D3 and DDU are very different. DDU is located at 33 m a.s.l. on a rocky island
surrounded by sea ice at the time of the traverse, but which can be open water in summer. In
contrast, the D3 site is located at an altitude of 93 m a.s.l. on a blue ice slope 500m away from
the coast on the actual continent.

During this period of five days, we observe at both sites two contrasting periods of diurnal
variability. On 18-19 November, a weak diurnal cycle of temperature and humidity levels leads
to almost no obvious isotopic variability, but the period 19—22 November has large diurnal
cycles of temperature and wind speed that are associated with substantial humidity and water
isotopic cycles (Fig. S1). Overall, temperature records show parallel diurnal cycles, with a
significant offset of 1.1°C (p < 0.005 from a non-parametric one-way ANOVA test), partly due
to the altitude difference (a dry adiabatic gradient of roughly -10°C/km would suggest a
difference of 0.6°C between both sites). The mixing ratio show almost identical diurnal cycles,
but for which the humidity levels are slightly higher at EAIIST (50 ppmv difference on average,
p = 0.02), despite the temperature being lower. The difference is larger during day time period
while the humidity levels at DDU and D3 converge toward the same value during the evenings
when katabatic winds occur. For the water isotopes, we expect diurnal cycles (Bréant et al.,
2019), for which the origin is not directly associated with the temperature variations due to the
change of insolation throughout the day. Coherent 80 cycles with no significant average
difference (p = 0.4) are indeed observed during the period from 18 November to 22 November,
despite the statistically significant temperature difference.

The measurements of the moisture isotopic composition at these two nearby locations provide
key elements to evaluate the impact of the origin of the air masses on the isotopic composition
in Polar coastal areas such as Adélie Land. Indeed, Figure S1 shows a significant impact of
wind speed on the moisture isotopic composition, with periods of high wind speed (5 m.s, red
and blue shaded periods in Fig. S1) characterised by medium to low mixing ratio and lower
o080 particularly during katabatic winds (down to -45%., blue shaded in Fig. S1). Wind
directions are unfortunately unavailable for these periods due to malfunction of the AWS
sensors, but the katabatic identity is assigned based on known previous katabatic wind timing
(Bréant et al., 2019). In order to explain the wide isotopic difference observed for the red (18/11
to 19/11) and blue (19/11 to 22/11) periods despite similar ranges of wind speed and
temperature, we made use of air mass back-trajectories (see Methods). As displayed in Figure
2.1), the period from 18 November to 19 November is characterised by a synoptic event during
which moisture is transported to Dumont D’Urville along the coast of Victoria and Adélie Lands,
whereas from 19 November to 22 November, air masses are advected toward Dumont d’Urville
during intense katabatic winds starting around 12:00 UTC and ending around 23:00 UTC
coming from the Plateau region.
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Figure S1: Focus on the isotopic composition diurnal variations in coastal areas:
Timeseries from 18 to 22 November 2019 of a) mixing ratios (ppmv), b) 60 (%), ¢)
temperature from weather stations (°C), d) wind speed (m/s) measured when the EAIST
traverse was at the D3 (orange line), in comparison with data from similar instruments at DDU,
5.5km away (green). The blue shaded areas indicate period with katabatic winds (>5 m.s™)
when dry moisture from the continental ice sheet was advected toward DDU and D3, the red
shaded area indicates the period during which a synoptic event brought moisture along the
coast. e) clusters of back-trajectories during the period from 18/11 to 19/11, characterised by
the synoptic event (red) and during the period from 19/11 to 22/11, characterised by katabatic
winds (blue).

S2. Spatial and temporal variability of isotope and temperature at the synoptic scale

From 1 December 2019 to 30 January 2020, the EAIIST traverse travelled across the East
Antarctic Plateau. The meteorological conditions, and in particular the temperature, during this
traverse were extremely similar to Dome C observations (normalised (1SD) RMS difference of
temperatures below 0.8 over the entire period). Despite the similar temperature, we observed
substantial differences in isotopic composition between the caravan and Dome C over the
same period (normalised RMS difference of 3.2 for 5'%0). Here, we delve into the difference
between the vapour isotopic composition for different regions of the Plateau with similar
climate.

When the traverse reached the plateau, it moved toward Concordia station and then continued
further south toward the Megadunes area. Temperature and humidity observed on the traverse
reached Antarctic Plateau conditions (Dome C-like conditions, with an average temperature of
~-35°C and 400ppmv) around 1 December 2019 until 30 January 2020. In contrast, the
traverse’s vapour 30 varied from -50 to -73%o during this period, while Dome C vapour 50
remained bounded between -67 and -70%o, leading to significant differences of vapour & 8O
(up to 20%o) which persists except when the traverse reaches Dome C (4 December and 18
January).



Specifically, we focus on three case studies from stops of the traverse during which we have
at least 12 hours of measurement. For each of these periods, the temperature at Dome C and
the location of the EAIIST traverse are not significantly different (less than 1°C, p > 0.05 from
a non-parametric one-way ANOVA test). For all of these periods, we obtain significant
differences (p < 0.05) between the %0 at Dome C and on the EAIIST traverse, even when
the distance is as low as 150km. Since the temperatures at both sites were very similar, the
difference of water vapour isotopic composition can be linked with either different origin of the
air masses, or different mixing in the atmospheric boundary layer.

The history of the air masses before arriving to the traverse or Concordia station was evaluated
using the Flexpart Lagrangian model Lagrangian Particle Dispersion Model Flexpart 10 (Pisso
et al.,, 2019). The model as forced using ERA5 hourly data and produced an ensemble of
10 000 back-trajectories with a three-hour timestep for 10 days. The ensemble of trajectories
for these virtual particles were then clustered to evaluate the horizontal and vertical past history
of the air masses. To do so, we used a threshold on the density of trajectories (defined as the
calculation indicates the proportion of particles over the ten-days back-trajectory at each grid
point relatively to total amount of particles) to evaluate the areas including the largest ensemble
of trajectories.

We produced trajectories ending at the gridpoint of interest at 1000m altitude to be free from
the local, small scale vertical mixing near the boundary layer. Yet, since our measurements
were taken very much inside the atmospheric boundary layer (between 2 and 5 m above the
ground), we also computed as well back-trajectories ending at 50m altitude. The difference,
while noticeable, do not affect the qualitative interpretation of the results.

Using back trajectory analysis, we obtain a large range of contrasting vertical and horizontal
origin of the air masses from similar horizontal history (Fig. S2a), to no horizontal overlap (Fig.
S2e). For the first case, 01 December 2019, despite the proximity of the traverse with Dome
C, similar climatic conditions, and similar horizontal air masses history, we observe significant
difference in isotopic composition (Fig. S2a). In this case, the air masses were at different
altitudes except for the last two days of the air masses history, and despite virtually equal final
temperatures, they experience different temperatures for most of the history, and in particular
when precipitation took place (6 days prior for the EAIIST traverse, against only 2 days prior
for Dome C, Fig. S2b). In the two other cases, different origins with various amount of overlap
explain the difference in final isotopic composition, despite again similar temperature. In all
these cases, despite similar local conditions, the horizontal or vertical differences in air masses
transport could lead to significant isotopic composition.

We also evaluated the stability of the atmospheric boundary layer by calculating the
Richardson Number (Richardson, 1920) in the boundary layer using the outputs of the regional
model MAR, since it has been shown in Greenland that it can impact the vapour isotopic
composition in the atmospheric boundary layer (Berkelhammer et al., 2016). Overall, a much
more variable Richardson number is observed at Dome C, with night-time values often larger
than 0.25 and negative day-time values, than the other locations covered by EAIIST traverse
on the Plateau where the Richardson number remains between 0 and 0.1. This suggests that
the boundary layer at Dome C alternated between stable and stratified boundary layer and
non-stable convective atmosphere (King et al., 2006) , between night and day, respectively.
These conditions, however, do not reflect those observed outside of the Dome which undergo
a relatively strong mixing consistently during days and night as suggested by R; < 0.1
(Zilitinkevich et al., 2008). During the six stops of the EAIIST traverse, the conditions at Dome
C remained well mixed except during the Paleo stop on 17 December 2019. In this case,



enhanced mixing between the boundary layer and the free atmosphere at Paleo could also
explain the difference between the boundary layer isotopic composition.
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Figure S2: Back-trajectory analyses for stationary periods of the EAIIST traverse:
ensemble of back-trajectories reaching Dome C (Blue) and the location of the EAIIST traverse
(orange) for three case studies: a) and b), 1 December, similar horizontal histories, ¢) and d)
17 December, medium horizontal ofverlap, and e) and f) no horizontal overlap. The average
isotopic composition measured at each location is given, as well as the altitude (m a.s.l.) and
temperature (°C) as a function of time for both trajectories (b), d), f)).

These differences in isotopic composition that exist despite similar climatic conditions reinforce
that the link between isotopic composition and temperature is more complex than a simple
linear regression, even for a place with relatively homogeneous conditions. Overall, the
isotope-temperature relationship is calculated by averaging a large ensemble of synoptic
conditions, either in the case of the average of several years of snow isotopic composition
(Lorius et al., 1969), or long time series of precipitation isotopic composition (Stenni et al.,



2017). Yet, this confirms that the link between local temperature and isotopic composition is
actually not direct, but comes from the link of both these variables with the temperature
gradient along the distillation pathway. As a result, this suggests that we can use the vapour
measurements presented in this manuscript as an indicator of large scale Rayleigh distillation
pattern at the day-to-day scale, rather than as indicator of only local exchange within the
atmospheric boundary layer for which only the local temperature and snow isotopic
composition would matter.

S3. Comparison between snow and vapour isotopic compaosition

To further evaluate whether the vapour isotopic composition variations can be explained by
the local exchange with surface snow, we compare at Dome C and across the EAIIST traverse
the vapour and snow isotopic composition (Figure S3). There is ample evidence that the
vapour isotopic composition diurnal cycle is dominated by sublimation and condensation near
the surface with moisture fluxes restricted to the atmospheric boundary layer (Casado et al.,
2016, 2018; Ritter et al., 2016; Vignon et al., 2017). Here, at the day-to-day scale, we evaluate
the impact of variations of snow isotopic composition on the vapour isotopic composition (Fig.
S3a). Over the entire traverse, we observe a relatively good correlation linked with the parallel
Rayleigh distillation from the coast to Dome C. On the plateau over the traverse and at Dome
C, the correlation is completely destroyed (r? = 0.03, p > 0.5 for EAIIST for snow 580 < 45%o).
This confirms that at the day-to-day scale or spatially over the Antarctic Plateau, the vapour
isotopic compaosition is not controlled directly by the snow isotopic composition.

We evaluated if the isotopic fractionation during sublimation or condensation could be
responsible for the difference between the snow and vapour isotopic composition variations
on the East Antarctic Plateau by computing the impact of fractionation at the average
temperature of the day. We do not find a link between the vapour isotopic composition and the
vapour that would be at equilibrium with the snow (Fig. 3b), and the spatial correlation over the
Plateau or the temporal correlation at Dome C are not improved with p values remaining above
0.5. We did not take into account kinetic fractionation which are mainly associated with second
order impacts on the isotopic composition.

This additional line of evidence suggests that the vapour here is not controlled by the local
exchanges with the snow.
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Figure S3: Comparison of vapour and surface snow isotopic composition at the day-to-
day scale: a) vapour and surface snow isotopic composition on EAIIST (orange) and at Dome



C (blue) during the traverse, b) vapour and calculation of vapour isotopic composition at
equilibrium with the surface snow taking into account the average temperature of each day on
EAIIST (orange) and at Dome C (blue).

S4. Evaluation of the spatial variability of the temporal and spatial isotope relationships
in the model outputs

(Goursaud et al., 2018) showed a strong variability in the isotope-temperature relationship for
even nearby gridpoints of GCM outputs in Antarctica. We found similar results here which
justify that only qualitative comparison can be made from the model outputs. Figure S4
presents the ensemble of slopes found for the neighbouring gridpoints to Dome C, taking into
account the 18 closest gridpoints (+ 0.5° latitude, + 1° longitude, £10 mbar).

Strong local variability is visible for all regressions, even though, most regression illustrated
here were significant. Interestingly, we obtain the same isotope-temperature relationship at
Dome C for NDJF, seasonal and interannual timescales, despite the large amplitude of violin
plots. There could be a difference due to the dome position of Dome C, which has a different
boundary layer dynamic, and for which we could expect a different behaviour than the rest of
the Plateau nearby. While there are physical reasons for these difference for neighbouring
gridpoints, considering the coarseness of the model outputs, potential missing exchanges
between the surface snow and the atmosphere for the vapour isotopic composition, it appears
necessary to have a conservative approach and limit the interpretation of the slopes obtained
from iso-GCM outputs to £0.1 %o.°C.
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Figure S4: Variability of the isotope-temperature relationships for the neighbouring gridpoints: a)
isotope-temperature slope in the vapour, b) slope in the precipitation for the 18 combinaisons of
neighbouring gridpoints (coloured points, note that for spatial relationships, which are obtained by
difference between Dome C and Dumont D’Urville, there are more combinaisons because we can
combine neighbouring points at both sites), average value (white dot), and nearest gridpoint from
Dome C (black dot)
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