Impacts of marine instability across the East Antarctic Ice Sheet on Southern Ocean dynamics
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3. OCEAN CIRCULATION 4. IMPACTS OF MARINE INSTABILITY ON THE SOUTHERN OCEAN

1. INTRODUCTION
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Here we use a climate model to examine the ef- Figure 2. Rate of AABW formation in WILKES (red) and 4CO2 (green). - J/ i:ﬁzi o J/ I 2 J/ I westward by the coastal currents (Fig. 4e).
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There is also a reduction of ~20% in the rate }/ - 7/ =F e The reduction in vertical mixing reduces the ex-
2. METHODS of AABW formation in WILKES. It remains in S LS I change of cold surface waters with the underly-

a weakened state throughout the hosing phase, ing water column, leading to warming at depth.

recovering rapidly as soon as the hosing ceases.

o Melting of the EAIS might therefore be ex-
pected to amplify anthropogenic impacts on
the rate of deep water formation.

Figure 4. Mean anomalies for the final 100 years of the hosing phase

(i.e. years 801-900) in experiment WILKES: (a) sea surface temperature, , . . .
(b) mean temperature at a depth of 200-400 m, (c) mean temperature at @ This warming Slgnal has the pOtentlal to en-

hance melting along grounding lines across the
EAIS, destabilising large sectors of the ice sheet.

a depth of 400-700 m, (d) mean temperature at a depth of 700-1000m,
(e) sea surface salinity, (f) convective depth, (g) sea ice concentration,
and (h) barotropic streamfunction.
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5. COMPARISON WITH RESPONSE TO ENHANCED CO»
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e In response to a four-fold increase in the atmo-
spheric CO; concentration, SSTs increase by up
to 5.4°C along the coast of Antarctica (Fig. ba).
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Figure 1. Location of the Wilkes Basin.

e We use the CSIRO MK3L climate system model,

e However, the magnitude of the warming de-
creases with depth, with maximum warming of
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driven by two idealised scenarios. Vearssince begining of experiment e = N{ ¥ £ just 2.3°C at a depth of 700-1000 m (Fig. 5b—d).
Experiment WILKES simulates a hyp othetical Figure 3. Strength of ACC in WILKES (red) and 4CO2 (green). m( @ : % 32 @ %%‘g e In SpECiﬁC locations, for example at the mouth
collapse of the Wilkes Basin, applying a fresh- e In experiment 4CO2, there is a strong and per- J/ of the Amery Ice Shelf, the warming at depth is

water flux of 0.048 Sv for 900 years. sistent increase in the strength of the Antarctic s /J/

Experiment 4CO2 simulates a four-fold in- Circumpolar Current (ACC). o Seateecorcaer “Ba°‘°""‘°‘teamf\‘“° I'E e Ice shelf melting can therefore act as a strong
crease in the atmospheric CO; concentration | | e There is a small reduction in the strength of the positive feedback, amplifying the warming ad-
over a period of 140 years. ACC in WILKES, although this does not persist jacent to the grounding lines of the EAIS.

An ensemble modelling approach is employed, until the end of the hosing phase. e In experiment 4CO2, the persistent collapse in
in which each experiment is run three times us- e This suggests that ice sheet melting acts as a . the rate of AABW tormation is due to the large

Figure 5. As Fig. 4, but for the first 100 years after the atmospheric CO5

reduction in sea ice cover (Fig. bg).
concentration has stabilised (i.e. years 141-240) in experiment 4CO2. ( 5 g)

ing different initial conditions. weak negative feedback in the case of the ACC.
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