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Sea Surface Height Anomalies, 1992-2011
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We need different parameterizations of ocean eddies at different
resolutions:

- Non-eddy resolving (1° and coarser) - Gent-McWilliams + eddy
(Redi) diffusion + eddy viscosity

- Eddy permitting (between 1° and 0.1°) - eddy (Redi) diffusion +
eddy viscosity ( + partial Gent-McWilliams?)

- Eddy resolving (0.1° and finer) = viscosity
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Seeking a momentum closure that dissipates minimal amount of energy
and at the smallest possible scales, i.e. around the grid scale, but keeps the
model stable

Model: FESOM2 (Finite
Volume Sea ice-Ocean
Model) based on
(unstructured)
triangular grids
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Kinetic energy backscatter parameterization g \J o AN/

U, +U-Vi+wd, i+ fRXU+ plvp = V(@) +d,(A,0,1)
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U, +U-Vi+wd, i+ fRXU+ plvp = V@) + B@) + a,(4,0,1)

O Dissipation|rate
at : dis — Eback + Diffusion

sub-grid kinetic energy

Backscatterlrate

(Jansen et al., 2015; Klower et al., 2018, Juricke et al., 2019)

Backscatter coefficient

with scaling ¢, grid spacing A

Juricke et al. (2020a)



Kinematic Backscatter (KB) v 2P
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U, +U-Vi+wd, i+ fkXU+ plvp = V(@) + aF(V(@)) + 8,(A,8,1)

where F is a filter to smooth the viscous term and « is a term smaller than —1 to

achieve backscatter, but not too smaller to achieve overall dissipation with
V(u) + aF(V(u))

ega=-15

10 Juricke et al. (2020b)
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25km Eddy resolving 25km with backscatter
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Sea surface height
variability
(1993-2009) AVISO

Reduced underestimation of SSH
variability with backscatter

Globally around 10% bias reduction
Locally (Agulhas, Malvinas) >40%
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Kinetic energy backscatter: Global results (DB) \J o @ AN

Improved representation of mean currents with backscatter
Changes in mean SSH, Malvinas Current

Globally around 10% bias reduction
Locally (Agulhas, Malvinas) 15-20%

50°W 30°wW 10°wW

50°wW 30°wW 10°W 50°W 30°W 10°wW
- , -
-1.2 —0.8 —0.4 0.0 0.4 0.8 1.2

SSH [m] (1993-2009)

1 Juricke et al. (2020a)
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Kinetic energy backscatter: Global results (KB) ST,

Temperature biases are reduced at various vertical levels, especially
in the Southern Ocean and part of North Atlantic
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Globally around 10% T and S bias reduction at surface
Locally (Indian Ocean transect) around 30%

More or less neutral at depth

' Juricke et al. (2020b)
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Kinetic energy backscatter: Global results (DB) ) oo @ AN/

Bias reduction due to dynamic backscatter

Sea surface height Sea surface height

mean bias standard deviation bias

Southern Ocean 34%
(30-60°S)
Agulhas 42%

(30-60°S, 0-60°E)

Temperature mean bias Salinity mean bias

31% 28%

Global surface

Indian transect

General bias reductions in variability and mean of currents, and in
mean temperature and salinity both in specific regions (up to 40%)

18 and globally (around 10%) Juricke et al. (2020a)
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Kinetic energy backscatter: Idealized setups J o SAN

Surface temperature Surface vorticity
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Kinetic energy backscatter: Idealized setups ) neons
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Kinetic energy spectrum Dissipation power spectrum
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* Kinetic energy backscatter leads to large improvements not just in eddy
variability but also mean flow and water mass properties

« Different backscatter options are available depending on demands on
efficiency, flexibility, level of sophistication, stability, etc.

* |mproved viscosity coefficients can further reduce overdissipation
* |dealized settings allow for rigorous intercomparison of various momentum

closures under controlled conditions before applying them to global
simulations
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e Application in coupled simulations with AWI-CM3 (Streffing et al., 2022)
* |Improvements of backscatter with respect to:

* Choice of viscosity and backscatter operator and coefficient

* Formulation of subgrid energy budget (e.g. including advection)

* Choice of physical dissipation coefficient

* Inclusion of stochasticity (together with other stochastic schemes)

 Combined Gent-McWilliams and backscatter parameterization for all
resolutions

* Rigorous intercomparison of momentum closures

Eddies and Waves: Theory, Models, and Observations
14t - 16t February 2023, Hamburg, Germany



Kinetic energy backscatter: Global results (DB) &y v J wcos @ AN/

= = UNIVERSITY

e) BACK1-REF

140°W 180° 140°E  m
5.00 \’__\ ) b 0.250
3.75 0.125
2.50 0.000
1.25 -0.125
0.00 -0.250

m

1.00 0.250
0.75 0.125
0.50 0.000
0.25 -0.125
0.00 ~0.250

23



Kinetic energy backscatter: Global results (DB)
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high res
Multi-Model Mean Bias

rmsd = 0.957

N |
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low res
Multi-Model Mean Bias

rmsd = 1.153

(f)
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Resolution increase can help but is not the full answer

25

Bock et al., 2020
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