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Aim

Compare how different strategies for coupled 4D-Var
behave in the presence of model error.

- Using idealised experiments in simplified model.
- Especially interested in longer windows.
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Strongly coupled incremental 4D-Var
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Weakly coupled incremental 4D-Var
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Uncoupled incremental 4D-Var
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ldealised system
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ldealised system
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Previous results — no model error

« [nitialisation from coupled assimilation has positive
Impact on initial balance.

 Coupling allows transfer of information across interface.

 Weakly coupled systems are more sensitive to the
frequency and number of observations.

Smith, P.J., Fowler, A.M. and Lawless, A.S. (2015), Exploring strategies
for coupled 4D-Var data assimilation using an idealised atmosphere-
ocean model. Tellus A, 67, 27025
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Experimental design

Fraternal twin experiments

— Truth model includes more physics and different
ocean parameters

Full observations every 3h in atmosphere and 6h in
ocean.

Test of 4D-Var with long assimilation windows

Uncoupled with poor boundary conditions (ERA-Interim)
and good boundary conditions (truth).
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Effect of model error on forecast
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Ocean temperature forecast errors in first 2 days (no assimilation)
- Coupled ocean forecasts very sensitive to upper boundary
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Assimilation — Absolute initial error in ocean
temperature
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Assimilation — Forecast error in ocean
temperature (48h assimilation window)
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Initialisation shock
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Coupled DA still able to reduce Initialisation shock
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Reduced observations
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Reduced observations - Initialisation
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Initialisation shock increased in weakly coupled DA

National Centre for Amos Lawless @ University of

Earth Observation . .
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN (a.s.lawless@reading.ac.uk) Readlng



Conclusions

* In the presence of model error uncoupled DA can
produce a better initial state estimate than coupled DA

for long windows.

« Coupled DA is better able to alter initial conditions to
allow for later errors and produce a better forecast.

— Optimal window length depends on application.

* Weakly coupled DA can be as good as strongly coupled
with dense observations, but with sparse observations
can have worse balance than uncoupled DA.

Fowler, A.M. and Lawless, A.S. (2016), An idealized study of coupled atmosphere-
ocean 4D-Var in the presence of model error. MWR, 144, 4007-4030.
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