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Data assimilation and ensemble generation
● Optimal ensemble generation is a key ingredient in EnKF, PF, hybrid ens-var methods

● Accounting for model uncertainty is achieved through physics perturbation 
(e.g. stochastic physics), input data perturbations, singular vectors (SV), breeding vectors (BV)

● Estimating model errors is also essential for WC-4DVAR (need of estimating Q)

Ensemble generation is also a key ingredient in 

● Probabilistic (long-range) forecasts

● Uncertainty quantification (e.g. for reanalysis applications)

● Predictability studies

● Climate simulations and projections (climate signal versus uncertainty or noise)

Stochastic physics seems now generally preferred to techniques like SV because it implicitly 
accounts for non-linear effects, and can be more physical based (and also easier to maintain)



  

Stochastic physics 

Here, we focus on three schemes now included in the STOPACK package for NEMO

● SPPT: Stochastically perturbed parametrization tendencies

● SPP: Stochastically perturbed parameters

● SKEB: Stochastic Kinetic Energy Backscatter scheme

Stochastic physics enables a probabilistic description of the ocean model integration, and it is 
aimed in particular at spanning the uncertainty of all the processes that 

● are not fully known (e.g. vertical turbulent mixing)

● are not well resolved (i.e. subgrid processes)

● or whose numerical implementation suffers from significantly approximate assumptions.



  

SPPT (Stochastically perturbed parametrization tendencies)

In SPPT, tendencies that refer to 
unresolved processes P are perturbed 
collinearly to the unpertubed tendency.

In the NEMO experiments: horizontal and vertical mixing and solar radiation penetration are 
perturbed, although STOPACK allows a much larger range of processes.

Dynamics (D) is not perturbed (it is assumed to be well-known). The perturbation field is 
bounded between -1 and 1 to maintain the original sign of the tendency.

SPPT is implicitly resolution-dependent (i.e. for very high resolution configuration, the 
viscosity operator becomes unimportant and thus its tendency perturbation)



  

SPP (Stochastically perturbed parameters)

In SPP, parameters which are not well known, or for which the spatial homogeneity 
assumption is too strong, are perturbed according to the log-Normal pdf. This 
corresponds in practice to a stochastic spatio-temporal modulation of the parameters.

The list of parameters perturbed is quite long, and summarized in:

● Diffusivity and viscosity
● TKE parameter (Langmuir cell coeff.,etc.)
● Sea-ice albedo and strength
● Relative wind, geothermal flux, relax. time-scale
● Bottom friction
● Solar radiation extinction coeff.

SPP does not depend on the resolution directly, strictly speaking, but on “our confidence 
about the choice of the parameters” (which is somehow resolution-dependent!)



  

SKEB (Stochastic Kinetic Energy Backscatter)
Eddy kinetic energy and the inverse energy cascade are known to be largely under-estimated in 
moderate resolution models (not fully eddy resolving). To lesser extent, this problem is also 
present in very high-resolution configuration (as long as numerical dissipation occurs).

From Perezhogin (2019, IOP): Deterministic and stochastic 
parameterizations of kinetic energy backscatter in the NEMO 

ocean model in Double-Gyre configuration



  

SKEB (Stochastic Kinetic Energy Backscatter)

SKEB aims at stochastically re-injecting the unrepresented scales 
of energy in the ocean models, through a “forcing streamfunction 
term”:

In STOPACK we calculate numerical (E
n
) and convective (E

c
) 

dissipated energy and re-inject it in the momentum equation.

SKEB is strongly resolution dependent, and all the configurations 
presented here needed a specific tuning phase.

b
r
 represents the amount of dissipated energy reinjected



  

Generation of perturbation fields

Experiments

Ligurian Sea NEMO configuration (~1.8 km 91 vertical levels)

ORCA global NEMO configuration (ORCA1 and ORCA025)



  

Ensemble spread evolution

- Saturation of the ensemble 
spread

- ALL exceeding inherent 
uncertainty after ~ 2 months

- SPPT impacting immediately, 
SKEB later



  

Reliability

Under-dispersive ensemble because of the lack of forcing (surface and lateral) perturbations
Using all perturbation schemes improves the ensemble reliability



  

Validation
Posterior validation: comparison of the ensemble spread with RMSD versus “truth” (with 

unresolved scales), here a child model configuration with 3x higher resolution



  

Impact of stochastic physics on the ensemble mean

Non-linear rectification 
of the ensemble: 

Enhanced vertical mixing 
attenuates warm biases

ALL-CTRy-H(x)



  

Hybrid data assimilation
The control vector is redefined as a sum of 
two components, associated to stationary 
and ensemble-derived covariances, 
respecitvely.

The cost function becomes:

Use 3D EOFs to model LS errors

3D EOFs allow for some degree of anisotropy



  

Hybrid DA verification

Skill scores all 
show neutral to 
positive impact 
of the new EOF-
based error 
component



  

Eddy Kinetic Energy Impact of stoch. phys. on 
EKE at both 1 and 0.25 

deg resolution, in 
comparison with OSCAR 
data for the 2010-2015 

(overlap) period

Solid lines: ORCA025 exps; Dashed line: ORCA1 exps.
ENSM is the ensemble mean of the EKE from the perturbed members

CTR is the unperturbed run

● STOPHYS significantly 
(ENSM is greater than 
CTR by more than the 
ENSS) induces increase 
of EKE at mid latitudes, 
consistently in both 
model configurations

Experiments with 
global NEMO 
configuration



  

Eddy Kinetic Energy Impact of stoch. phys. on 
EKE at 1 deg resolution, 

in comparison with 
OSCAR data for the 
2010-2015 (overlap) 

period

Solid lines: ORCA1 exps.
ENSM is the ensemble mean of the EKE from the perturbed members

CTR is the unperturbed run

● At least at 1 degree 
resolution, SKEB is 
responsible for increase 
of EKE

Experiments with 
global NEMO 
configuration



  

Summary
● Stochastic physics (and ensemble generation) is increasingly acknowledged 

as a crucial ingredient of data assimilation and prediction systems at multiple 
scales

● A new package specifically developped for NEMO has been introduced, that 
includes SPPT, SPP and SKEB implementations for the ocean with different 
space-time decorrelation scales

● The simultaneous use of all schemes benefits the ensemble reliability and the 
subgrid variability

● Their use in a hybrid-covariance analysis systems provides positive impact in 
terms of verification skill scores

● The implementation in a global eddy-permitting configuration suggests in 
particular that the SKEB stochastic scheme is able to increase the eddy 
activity at mid-latitudes
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Extra slides



  

SPP



  

SKEB



  

Data assimilation
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