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Earth system modelling at ECMWF

Atmosphere Land WaveOcean Sea ice

To produce global numerical weather forecasts

 medium-range (9km/0.25 degree resolution)

 monthly

 seasonal

Complexity of the Earth system model has increased with time

 to improve the medium-range forecasts (better modelling of relevant processes)

 to extend the prediction horizon (monthly and seasonal) 
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Atmosphere-ocean coupling in medium-range forecasts

K Mogensen et al. ECMWF Newsletter No. 154

Tropical cyclone Neoguri

uncoupled coupled



Coupled atmosphere-ocean assimilation system (CERA)

Schematic for one assimilation cycle

Outer loop: coupled model 

computes observation misfits

Inner loop: atmospheric and 

ocean increments are 

computed in parallel (separate 

background error, no coupled 

TLM and adjoint)

SST computed in NEMO and 

constrained by relaxation

analysis dynamically consistent 

with respect to the coupled 

model

A common 24-hour window

Atmospheric/ocean obs

assimilated simultaneously



Coupled atmosphere-ocean assimilation system (CERA)

separate background error 

to compute the 

atmospheric and the ocean 

increments

Iterative process where the ocean and the atmosphere converge towards a 

consistent coupled state

A smart Tug of War
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A single observation experiment (CERA) 

→ Ocean increment from the ocean observation is propagated in the atmosphere

→ CERA produces implicit cross-correlations using the physics of the coupled model

→ Several outer iteration to ensure a consistent coupled analysis
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Atmosphere-ocean coupling in CERA 

How fast the ocean temperature increment propagates in the atmosphere?

→ 18 single observation experiments (different locations and seasons)

→ depends on the location and the resolution 

→ 6-12 hours in the tropical Pacific ocean

No cross-correlation at the initial time (separate background error)
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Atmosphere-ocean coupling in CERA 

How many outer iterations for convergence? 

Assimilating only conventional surface and subsurface observations

Speed of convergence is different for ocean fields, coupled fields and 

atmospheric fields

In
c
re

m
e
n
t 

(n
o
rm

a
lis

e
d
)

Outer iterations
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Explicit cross-correlations from coupled ensemble forecasts

→ 25-member coupled ensemble forecasts

→ Coupled temperature covariance on the 21st August 2005 (130W, 0N)

→ Localisation is needed (Menetrier et al.)
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A coupled Kalman filter with explicit cross-correlation

AtmosphereOcean
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The correction in the ocean and in the 

atmosphere is computed at the 

background time

B is only from ensemble, no 

climatologic/static part
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A coupled Kalman filter with explicit cross-correlation
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Comparison between implicit and explicit cross-correlation

→ Implicit and explicit cross-correlation reduce the error in the atmosphere

→ Performance depends on the mixed layer depth
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Comparison between implicit and explicit cross-correlation

Great collaboration with NRL!

CERA

 Coupling based on the model 

physics

 Implementation recycling available 

blocks

ꭗ No cross-correlation at initial time

ꭗ Long assimilation window required

Ensemble-based

 Coupling based on the model 

physics

 Cross-correlation at initial time

ꭗ Localization required

Hybrid method using an ensemble of CERA system with an hybrid background error 

should be investigated in the future
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Coupled reanalyses

CERA-20C (1901-2010) and CERA-SAT(2008-2016) are available

http://apps.ecmwf.int/datasets/
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Coupled reanalyses




