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Ocean submesoscale



The Antarctic Slope Current
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Shelf-slope exchange at the Antarctic margins

MITgcm LLC4320; global 1/48°th ocean GCM



Thompson et al. (2018)



Classification of the Antarctic Slope Current

I \Warm shelf e Fresh shelf B Dense shelf

Depth < 500 m
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Changing shelf conditions: warming or dynamics?

Schmidtko et al. (2014)



Changing shelf conditions: warming or dynamics?
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Decadal changes to Antarctic ice-sheet forcing will require understanding of coupled atmosphere-ocean-sea ice dynamics.

(and bathymetry!)

Schmidtko et al. (2014)



Depth (m)

Eddy-driven heat transport onto the continental shelf
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Latitude (° S)
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Eddy-driven heat transport onto the continental shelf
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Eddy-driven heat transport onto the continental shelf

log,,EKE (m?/s?)

S
-0.5 -2.5
—1r 1-3
—1.5} 1-3.5
=27 -4
-2.5 ,%\ - -4.5
‘ -5

100 200 300 400
Offshore y (km)

Variability is dominated by subsurface processes.
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Spatial resolution of ~2 km is required to
accurately capture shelf-slope exchange.

Stewart & Thompson (2015, 2016)




Eddy- and tidally-driven heat transport onto the continental shelf

Ocean depth (m)

Heat Flux (MW/m)

Distance offshore (km)

Stewart et al. (2018)



An incomplete picture of circumpolar variability at the Antarctic margins




Sea surface height variability in the ice-covered Southern Ocean

Dynamic ocean topography Mean geostrophic velocity field

Radar altimetric data from CryoSat-2 has been used for the first time to generate a
6-year time series (2011-2016) of sea surface height that spans the entire Southern Ocean.

Armitage et al. (2018)



The seasonal cycle of the Antarctic Slope Current

The seasonal cycle of the ASF has a coherent, circumpolar signal.



Modes of climate variability and the Antarctic margins

SOl
(Southern Oscillation Index)

+ = La Nina conditions
- = El Nino conditions

SAM
(Southern Annular Mode)

+ = Intensification and
contraction of westerlies

- = Weakening and
expansion of westerlies

Armitage et al. (2018)
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Mesoscale variability in the marginal ice zone

Agqua/MODIS corrected reflectance images
Beaufort Gyre Labrador Current Fram Strait
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Submesoscale variability(?) in the marginal ice zone

lce Tethered Profiler #77

www.whoi.edu/itp

2014 Mar Apr May
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Manucharyan & Thompson (2017)
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|dealized simulations

Ice-free

Lateral T/S fronts are a common feature of the marginal ice zone (e.g. Lu et al. 2015)

Sea-ice momentum:

ou,
m 8752 = —mfkxu,+7—-mVep(0)+V -0
Coriolis Ice- SSH stress
ocean  potential tensor
stress (seaice
rheology)
m = ch

The sea-ice rheology resists convergence but not divergence.

lce-ocean stress:

T = cpoCy(u, — uy)|u, — uy

The velocity difference between ocean and ice velocities is
strongly dependent on ice thickness.

Horizontal resolution: 500 m, Vertical resolution: 2 m
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Sea ice and frontal evolution
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Sea ice and frontal evolution
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Cross-front dist., km

Turbulent sea ice diffusion
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Upper ocean turbulence drives a
down-gradient ice flux that can be
described by a thickness diffusivity:

Ice

K ~ 200 m?s~!
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Submesoscale variability(?) in the marginal ice zone

1-year simulation of the MITgcm, LLC4320
1/48th degree resolution
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“Footprints” of upper ocean turbulence on ocean-ice exchange

Summer mixed layer vorticity ¢/ f Summer ocean-ice heat fluxes (W/m?)
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Conclusions

e Resolving or parameterizing mesoscale and submesoscale dynamics is critical for
seasonal-to-decadal scale predictions.

e Existing meso/submesoscale parameterizations are likely inadequate.

e Extend and introduce products that inform atmosphere-ocean-ice coupling:
air-sea fluxes!

e Need for in situ measurements (autonomy? seals?) to increase the utility of remote
sensing products.

e Parallels between ice-cliff failure and a dynamic ocean?



67°S

68°S

69°S

70°5] ..

71°S

72°S

73°S

Instrumented seals in the Bellingshausen Sea
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MIZ-ROAM: December 2018 - December 2019




Atmospheric wind forcing at the Antarctic margins
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Radar altimetry in polar regions

lce-free CryoSat-2 (CS-2) pulse-limited

and SAR mode radar altimetry lce-covered plus ice-free composites

Radar altimetric data from CryoSat-2 has been used for the first time to generate a
6-year time series (2011-2016) of sea surface height that spans the entire Southern Ocean.



The seasonal cycle of the Ross Gyre

Over an annual cycle the gyre deepens in autumn and a shoals in the spring.

This behavior is reflected in an intensification of the ASC in the fall and a weakening of the ASC in the spring.



Eddy- and tidally-driven heat transport onto the continental shelf

Stewart et al. (2018)



