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System Ice Shelf — Ocean - Sea Ice
ocean currents in the Ross Sea
iIce shelf melting
melt water plumes (lce Shelf Water, ISW)
platelet ice
Antarctic Coastal Current, fresh water signal from the Amundsen Sea
polynya ocean dynamics
production & transport of High Salinity Shelf Water (HSSW)
production of Antarctic Bottom Water (AABW)
Antarctic Slope Current (ASC), on-shelf transport of MCDW
phytoplankton blooms and sea ice
exchange across the ice shelf front
heat transport, mode 1 & 2 (HSSW & MCDW)
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Ross Sea Sector Model 2 (RSSM2)

» climatological circulation model (ROMS)
 thermodynamic ice shelf-ocean coupled
 sea ice fluxes parameterized — SSM/I
» surface heat flux <« NCEP
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=» seasonal circulation cell C6 forms in April
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=» seasonal circulation cell C6 forms in April
=>» C6 correlates with SSH depression
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veloc:ty &

| current /—’SQey cnals_

brine rejection from
sea ice production

deep convection chimney |

west ° ° 174°E east

[cm/s] southward - northward

=>» August: brine rejection from sea ice production forms dense HSSW
=>» Relative SSH depression within the convection chimney
=» SSH gradients cause barotropic geostrophic currents
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C6 transport

sea ice production
Ross Sea Polynya (RSP)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

month

« Ekman Transport causes off set between polynya and deep convection
— poster
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Intro  Circulation ¢ Bathymetry ¢ Experiments ¢ Summary

Structure & Transports
=>» persistent and seasonal circulation cells over the continental shelf
=> net transports up to ~2 Sv | anomalies > 50% — poster

Drivers

=» lateral density gradients (between CDW, HSSW, ISW) — poster

= momentum from the ASC — poster

=>» sea ice: RSP eddy (C6) is a direct consequence of the Ross Sea Polynya
= mechanism is a rim current (Chapman 1998). representation in ROMS?
= non neglectable circulation feature in polar oceans
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Figure 1

Bathymetric map of the Ross Sea. Based on the ETOPO1 bathymetry, with a contour interval of 100 m.
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latitude
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« MCDW is advected south along the western bank slopes
 Hayes Bank terminates where the two bathymetry merge
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latitude
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« MCDW is advected south along the western bank slopes
 Hayes Bank terminates where the two bathymetry merge
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e

temperature observation Hayes S0 ¢
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* N0 HSSW observed
over the eastern
Ross Sea
(Little America Basin)

* Why Iin the model(S!)
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thickness of HSSW
ttom layer with

HSSW analysis

=» HSSW in Glomar Challenger
Basin has transited the cavity

=>» transit times ~ 2 years

=» No southward flow of HSSW
from Terra Nova Bay

=» HSSW is not formed over
the eastern shelf

= HSSW produced in polynyas,
advected through the western
cavity, passing via south of
Hayes Bank — mode 1
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mode 2 heat transport
=» warm water passes the
ice front
1. on surfaces of
equal pot. Vort.

2. along density slopes
that run perpendicular

to the ice edge

=>» the particular density
structure is bound
to the top of Hayes Bank
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mode 2 heat transport
=» warm water passes the

ice front
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More clutter from the dark ages of 'thesis'

RSSM1 RSSM2 RSSM1 RSSM1 RSSM1

no tides tides high wind stress low wind stress Hayes Bank
experiment

melt -0.14 melt -0.18 melt -0.12 melt -0.16 melt -0.16

freeze 0.01 freeze 0.02 freeze 0.01 freeze 0.01 freeze 0.01
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Some Thoughts

=> realistic model geometry is important! (I think we knew)
=>» the batymetry under the RIS and in the eastern Ross Sea is unclear (?)

=> melt rates in experiments compared to standard, non-tidal simulation
+18% tides
+14% experimental change in bathymetry
—11% full NCEP wind field
+8% wind stress reduced by sea ice cover (linear)

=> difficult to predict impacts through future changes in mode 2 & mode 1
heat inflow (MCDW,; HSSW)
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Some Thoughts

=> realistic model geometry is important! (I think we knew)
=>» the batymetry under the RIS and in the eastern Ross Sea is unclear (?)

=> melt rates in experiments compared to standard, non-tidal simulation
+18% tides
+14% experimental change in bathymetry
—11% full NCEP wind field
+8% wind stress reduced by sea ice cover (linear)

=> difficult to predict impacts through future changes in mode 2 & mode 1
heat inflow (MCDW,; HSSW)

THANK YOU
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 Cell C6 - Verfication -

Observation
seasonally reversing currents have been observed near the ice

shelf edge (Craig Stewart) and on the eastern side of McMurdo
Sound (Leonard et al., 2006; Mahoney et al., 2011)

Analytical

Other Studies
Gawarkiewicz, G., & Chapman, D. C. (1995);
Visbeck, M., Marshall, J., & Jones, H. (1997);
Chapman, D. C. (1998, 1999);
Wilchinsky, A. V., & Feltham, D. L. (2008);
Arthun, M., Holland,P. R., Nicholls, K. W., & Feltham, D. L. (2013)



Aspects of Circulation in the Ross Sea

=» horizontal circulation structure
=>» transport volumes

=» annual transport variation

=>» depth structure of dynamics

=>» driving mechanisms

=> what water types

=» origin and destination of water bodies
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The Model ¢ Circulation Structure ¢ Cell C2 « Cell C6 = Summary
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=>» seasonally reversing current creates RSP eddy in April-November
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165°E 170°E 175°E 180°
[m] -0.2 -0.16 02

=> brine ejection from sea ice production in the RSP

=» deep convection chimney forms

=» SSH depression from thermostatic contraction of the water column
=>» strong lateral SSH gradient exerts barotropic pressure gradient

=> resulting geostrophic transports can reverse the baroclinic flows



The Victoria Land Coastal Current
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