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Regional and seasonal controls on airmass transport to the Ellsworth Mountains, Antarctica
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Ice cores play a vital role in Transport patterns were
our understanding of past To inform ice core analyses found to be strongly
climate. Atmospheric in the inner West Antarctic, seasonal. Air parcels travel
circulation patterns play a we used an atmospheric from further away in winter
key role in influencing trajectory model to simulate than summer and, critically,

preserved chemical signals in airmass transp?rt to a from different regions of mdmdual.chemlcal Species
ice cores - a role that is contemporary ice coring site the Southern Hemisphere. to determine source-vs-
difficult to quantify. over a 15-year period. transport relationships.

These patterns may cause
bias in chemical signals used
as environmental proxies.
More work is required for

1: Rationale 2: The study site 3: Modelling airmass movements

The West Antarctic is a critical region for the earth’s climate. It In 2015, our team drilled a 16.6 metre core of dense snow from We used the National Ocean and Atmospheres
is vulnerable, and contains enough ice to cause >3 m of sea Patriot Hills in the Ellsworth Mountains, West Antarctica (Fig. 1). Administration’s (NOAA) HYSPLIT model to analyse transport
level rise."” Understanding the past climate of this region is a e Meltwater samples in 2.5 cm increments were measured for to Patriot Hills. HYSPLIT is freely available and widely used.’
vital component of our ability to anticipate future change. One isotopes, major chemistry, and fluorescence. >
of our greatest tools for documenting past climates comes in e By dating annual layers in stable water isotopes, we know the core
the form of ice cores, extracted from the earth’s ice sheets. extends back to 1975.
e This record overlaps with the satellite and instrumental records,

e The chemical signals preserved in ice layers can tell us about providing a modern calibration tool for older ice cores.

past environmental conditions, acting as ‘proxies’. Fig. 1. The location of Patriot Hills, 2z S = 215

lying at the base of the Weddell Sea i . :
Embayment in West Antarctica. The —— g} A

e When dated, these trapped signatures can provide us with Ellsworth Mountains run to the north, “6o- Sl Weddell Sea

. . . ] and to the south lies the Institute Ice \ . Amundsen ;;éa
time-resolved information about past temperature, wind Stream, feeding into the Ronne- ‘

. . Filchner ice shelf. ~ Fig. 2. Typical backwards trajectory ‘spaghetti’ paths generated by HYSPLIT. Each line is a single parcel of air,
stre ngth; sea Ice concentration a nd more. ‘ travelling backwards through time. Trajectories shown here are selected from days within a single week in

January, 2009. Trajectories are three-dimensional, generating a range of variables including height and air
pressure each hour as the parcel travels. Each trajectory produces 121 total data steps (0 to 120 hr).

The model was run in reverse from Patriot Hills on the hour,
every hour, between 2005 and 2020 - the period covered by
the highest-quality meteorological data supplied by NOAA.

Trajectories were tracked for 120 hours in line with similar
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e However, to understand these signals, we need to know how
they came to be deposited on the ice sheet’s surface. Where
do airmasses arriving in the West Antarctic (both ‘dry’
aerosols and precipitation) originate?

4: Broad spatial dynamics | | 5: Ocean sector contributions

Trajectory points-of-origin (the point 120 e o a0 o Sea ice dynamics in the ocean sectors around Antarctica display conflicting
hours back in time for each trajectory) o i N relationships with key ice core proxies such as methanesulfonic acid.’
were grouped with density functions Patriot Hills receives more than double the airmass volume from the

(Fig. 3). A 8L e T S N NV W .. N SN Amundsen-Bellingshausen seas in winter relative to summer (Fig. 4).
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This pattern is likely explained by the o ¢
. . : : Ross Sea Fig. 4. Seasonality of total unweighted frequencies for trajectories
Strengthenlng of the Southern Hemlsphere reaching the Amundsen-Bellingshausen (A; top graph) and Weddell

Fig. 3. Trajectory origin point kernel density contours. Density contours in red from n = 140,136 (B: lower graph) seas. Solid line for mean frequency, and dashed line

Westerl |es d uri ng winter. total points, 11 bins. White p0|.nts |nd|cat_e the.medlan sea ice extent, 1981-2010 (January on for + 1 standard deviation. All points included (total n = 16,956,456).
summer plot, September on winter). Patriot Hills marked as a black dot.
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portion of this project. Ice sampling at Patriot Hills was facilitated by a huge team of

Bulk trajectory patterns are more representative of general trends in ‘dry To inform ice core palaeoclimate analyses from the West collaborators too numerous to list here (www.intrepidscience.com).
aerosol’ transport. To investigate the paths of airmasses associated with Antarctic, we used an atmospheric trajectory model to References

. . . . . . . 1. Bamber, J. L., Riva, R. E. M., Vermeersen, B. L. A., & LeBrocqg, A. M. (2009).
snowfall, we used ERAS reanalysis data to determine dates when the nearast analyse spatial patterns in airmass transport to Patriot Hills. s TN 6 Faentia | Sl Fian o o Callarmse o dhe (ieeh Aisiac
half-gridpoint to Patriot Hills received >3 mm precipitation. In contrast to the Ice Sheet. Science, 324{5929), 501 LP —903.
oulk airmass patterns, identifying days associated with snowfall sees transport e Bulk aerosol patterns, representing ‘dry’ aerosol transport, . Turney, C. S. M., Fogwill, C. J., Golledge, N. R., McKay, N. P,, van Sebille, E., Jones, R. T,

. . . . . . . Etheridge, D., Rubino, M., Thornton, D. P., Davies, ... Cooper, A. (2020). Early Last

argely restricted to Queen Maud Land and the Weddell Sea (Fig. 5). show significant seasonal differences in back-trajectory Interglacial ocean warming drove substantial ice mass loss from Antarctica.

. . . . . . di f th i | d f Sci — .
origin. Trajectories travel from further away in winter. ProcesdinssiontheiNationaliscademylof seicnces;117(8),3996ILE 4008

. Stein, A. F., Draxler, R. R., Rolph, G. D., Stunder, B. J. B., Cohen, M. D., & Ngan, F.
(2015). NOAA’s HYSPLIT Atmospheric Transport and Dispersion Modeling System.

e The Amundsen-Bellingshausen sea contributes a greater Bulletin of the American Meteorological Society, 96(12), 2059-2077.

relative proportion of trajectories in winter, causing . Hoffmann, K., Fernandoy, F., Meyer, H., Thomas, E. R., Aliaga, M., Tetzner, D., Freitag,

. . . « . . . J., Opel, T., Arigony-Neto, J., Gobel, C. F., Jafia, R., Rodriguez Oroz, D., Tuckwell, R.,
pOtentlal blaS IN OCea n-Orlgl nati ng Chem IStry' Ludlow, E., McConnell, J. R., & Schneider, C. (2020). Stable water isotopes and

accumulation rates in the Union Glacier region, Ellsworth Mountains, West
Antarctica, over the last 35 years. The Cryosphere, 14(3), 881-904.

e Precipitation-associated airmasses predominantly originate
. King, A. C. F,, Thomas, E. R., Pedro, J. B., Markle, B., Potocki, M., Jackson, S. L., Wolff,

from the Wedde” Sea d nd |tS COnﬁnentaI Ma rgin . E., & Kalberer, M. (2019). Organic Compounds in a Sub-Antarctic Ice Core: A Potential
Suite of Sea Ice Markers. Geophysical Research Letters, 46(16), 9930-9939.

FUture Work W|” UnpaCk the precise interaCﬁon between . Abram, N. J., Mulvaney, R., Wolff, E. W., & Mudelsee, M. (2007). Ice core records as

sea ice proxies: An evaluation from the Weddell Sea region of Antarctica. Journal of

R A : R i these patterns and preserved chemistry concentrations. In Geophysical Research: Atmospheres, 112(D15).
Fig. 5. A: 5-group cluster analysis of daily trajectories from Patriot Hills (2006 to 2020) on days exceeding 3 mm precipitation to the add i'[j()n’ |0ng-te rm airmass dyna mics will be com pa red with Data and code availability

nearest ERAS5 halfway gridpoint (n = 260). B: Points of origin and fetch areas of trajectories comprising cluster 2 (orange circles and The code developed for trajectory spatial analysis used in this work is available as an R

grey lines respectively, n = 117). Red contours show kernel density of trajectory points of origin, binned into 6 tiers. majOr climate modes such as the Southern Annular Mode. package on github at https://github.com/MRPHarris/trajSpatial
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