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The aim of this study is to understand the mean state and recent/future trends in the surface driven formation of Antarctic shelf sea waters. A mixed layer model has been incorporated into the CICE sea ice model, forced by both ERA-I and HadGEM?2-ES atmospheric data. The
model results provide further evidence of the bimodal nature of the Antarctic shelf seas, and demonstrates sea ice growth/melt dominating the mixed layer evolution. The ERA-I simulation shows mainly insignificant trends compared to the long-term HadGEM2-ES simulation.
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vic Circumpolar &, Bellingsha}lsen shelf seas are flooded With warm An ocean mixed layer model has been incorporated into the CICE sea ice

Atlantic (+1 °C) Circumpolar Deep Water, which is im- model (Fig. 2) to investigate regional variations in the sea ice and surface

DN plicit in the recent ocean-driven erosion of the driven formation of shelf waters around Antarctica (Petty et al., 2013,
Antarctic Ice Sheet. In contrast, the Weddell and TCD).
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Figure 3: Mean annual ice growth from the ERA-I simulation (1985-2011). Figure 4: Mean annual effective salt input from (a) ice growth/melt, (b) P-E,
Crosses indicate high (>4 m) growth ‘polynya’ regions. (c) total. (d) Mean maximum mixed layer depth. Crosses = destratification.

Figs. 3 and 4 show the mean (1985-2011) results from the ERA-I simulation. Significantly more sea ice 1s grown 1n the Ross and

Figure 1: Southern Ocean bottom temperature (from WOA09). The 1000m A key theme throughout this study is the focus on Weddell seas, especially along both coastal ice fronts. This results 1in a mixed layer that deepens and destratifies large regions of
isobath (dark blue) and the Antarctic landmask are taken from the RTOPO surface processes (e.g. sea ice) over variable both shelf seas each winter. Sea ice dominates the annual effective salt input over the Antarctic continental shelf compared to net
dataset (Timmermann et al., 2010, E.Syst). The blue and magneta lines in- ) itati P-E). The Weddell and R : ¢ ; t of effect; It tually th e shelf :
dicate the northern and southern ACC boundary (Orsi et al., 1995, DSR). ocean dynamics. Figure 2: CICE-mixed layer model developed for this study. precipitation (P-E). The Weddell and Ross seas receive a net annual input of effective salt over virtually the enitre shelf sea region.
The Weddell and Ross shelf seas experience the highest annual ice growth, with a large fraction exported The ERA-I simulation captures much of the recently The decrease in the annual ERA-I Weddell ice melt leads to a near-significant increase in the annual effective salt input over the
northwards each year, whereas the Bellingshausen shelf sea experiences the highest annual ice melt, driven observed regional trends in concentration and ice Weddell shelf, along with a moderate estimated freshening of the winter mixed layer. A near-significant decrease in the annual ef-
by the advection of ice into the shelf sea from the northeast. motion. The simulation also shows strong spatially fective salt input under the Ross polynya is simulated, driven primarily by sea ice changes. The HadGEM2-ES simulation shows
variable trends 1n ice thickness, especially along the stronger and more significant trends in the annual effective salt input at the surface, as expected from the regional sea ice trends.
The ERA-I simulation shows a significant decrease in the annual Weddell shelf sea ice melt, but weak, insig- Antarctic coastline within the shelf seas (top row -
nificant trends in the annual ice growth, melt and export, across the remaining shelf seas. The HaddGEM2-ES Fig. 6). This agrees well with the magnitude and re- The freshening signals were placed in context of the rapid thinning and acceleration of the West Antarctic ice shelves. This demon-
simulation shows more significant (although not necessarily stronger) trends across all shelf-sea regions, due gional variability of other recent modelling studies. strates that the large input of fresh glacial meltwater dominates over changes in freshwater from sea ice/precipitation trends. How-
to the moderate climate warming signal and extended time-period. However, the accuracy and validity of the ever, strong freshening is estimated in localised regions (e.g. polynyas) of a similar order of magnitude to the recently observed
HadGEM2-ES results (forcing from a free-running GCM) are highly uncertain . freshening (0.03 dec™! in the Ross). More research is needed to understand the potential pathway of increased fresh glacial meltwa-
33 ter, to fully understand the impact on the shelf seas and regions of HSSW formation.
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Figure 5: Sea ice mass balance trends for the ERA-I (1985-2011 - —0.5 . e . water column freshening and shelf sea salinity trends for the ERA-I ENVIRONMENT sur-vey
dashed lines) and HadGEM2-ES (1985-2099 - solid lines) simulations portant role of dynamlcal trends 1n ice motion. (1985-2011) and HadGES2-ES (1985-2099) simulations.




