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The Weddell Gyre

The Weddell Gyre is exposed to an extreme
and unique environment:

• Low temperatures

• Extensive sea ice

• South of the Antarctic Circumpolar Current

• Large topographic features

It is a very productive site for dense water 
masses

Figure by Dave Storkey
Time-averaged stream function from NEMO (ORCA1)  
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The Weddell Gyre

The bathymetry of the Weddell Gyre is also 
very extreme:

• Antarctic continental shelf

• Submarine ridge
• Partial barrier between the Weddell Gyre and 

the ACC

• Influences the stratification in the region 
(Wilson et al., 2022)

Bathymetry derived from the ETOPO1 data set
(Amante & Eakins, 2009)
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The Weddell Gyre

The bathymetry of the Weddell Gyre is also 
very extreme:

• Antarctic continental shelf

• Submarine ridge
• Partial barrier between the Weddell Gyre and 

the ACC

• Influences the stratification in the region 
(Wilson et al., 2022)

Reproduced from Wilson et al. (2022).
A hydrographic section of potential temperature 

through the Weddell Sea.
Data from the R/V Polarstern during the 1992 ANT/X 

research cruise 



Performance in ocean models

The strength of the Weddell Gyre varies significantly with model resolution

Figure by Dave Storkey
Time-averaged stream function from NEMO (a) ORCA1 (b) ORCA025 (c) ORCA12   
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Performance in ocean models

The strength of the Weddell Gyre varies significantly with model resolution

Figure by Dave Storkey
Time-averaged stream function from NEMO (a) ORCA1 (b) ORCA025 (c) ORCA12   

This is also an issue 
between climate 
projections.

CMIP5 estimates of the 
Weddell Gyre strength 
range from 10 to 80 Sv
Wang (2013)

1°: Eddy parametrized 1/4°: Eddy-permitting 1/12°: Eddy rich
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The experiment

Use an idealized model to investigate why the Weddell Gyre is so sensitive 
to model resolution

The idealized model is:

• Highly configurable

• Computationally affordable

• Easier to interpret

• Easier to expand on
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The experiment

Use an idealized model to investigate why the Weddell Gyre is so sensitive 
to model resolution

The idealized model is:

• Highly configurable

• Computationally affordable

• Easier to interpret

• Easier to expand on

Resolution

80 km 40 km 20 km 10 km 3 km

Eddy-parametrized Eddy-permitting
Eddy-

resolving

Only eddy-parametrized simulations use GM

Diffusion coefficients scale linearly with 
resolution



Model design
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Topographic noise

Also 
introduce 
topographic 
noise for a 
rough 
bathymetry.



Results: Eddy resolving stream function

Stream 
function for 
the eddy-
resolving 
3km
simulation



Stream 
function for 
the eddy-
resolving 
3km
simulation

Boundary 
current 

follows the 
zonal ridge

Results: Eddy resolving stream function



Results: Sensitivity to resolution
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Both the Weddell 
Gyre and ACC 
transports are 
strongest at eddy-
permitting 
resolutions (20-
10km)



Results: Thermal wind decomposition

Gyre ACC
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We decompose the 
transport into two parts:

• Bottom flow
Transport = 𝑢𝑏𝐻

• Thermal wind
Geostrophic transport 
from density gradients

𝑓
𝜕𝒖

𝜕𝑧
= −

𝑔

𝜌0
(𝒌 × 𝛁𝐡𝜌)



Results: Isopycnal tilt

Eddy-permitting Eddy-parametrized



Results: Isopycnal tilt

Eddy-resolving Eddy-permitting



Summary

• An idealized model of the Weddell Gyre is very sensitive to model 
resolution

• The gyre transport is largest at eddy-permitting resolutions

• The peak gyre transport can be partially explained by increased isopycnal 
tilt

• The remainder is caused by an increase in the bottom flow



Follow me on Twitter!  

@AndrewFStyles

Thank you for listening
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