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Variational formulation in textbooks

Bias-blind data assimilation

Concerned with the problem of combining model predictions with observations when 
errors are random with zero-mean

 designed for models and 
observations with random, 
zero-mean errors

 compute an optimal initial condition where the model is a strong constraint



Errors in reality
Errors in models and observations are often systematic rather than random, zero-mean 

 Observation-minus-background statistics show evidence of biases

 Increments show evidence of biases

To deal with biases, ECMWF has been developing
 variational bias correction (VarBC)
 weak constraint 4D-Var

Temperature analysis increments in ERA-Interim (1979 - 2010)

ERA-Interim temperature departures for radiosondes (K)



Variational bias correction

Bias-aware data assimilation (VarBC)

 the model is a strong constraint

 designed to estimate simultaneously the initial condition and parameters that 
represent systematic errors in the system

 the bias model copes with instrument miscalibration (e.g. radiances systematically 
too warm by 1K) or systematic errors in the observation operator



Weak constraint 4D-Var

Bias-aware data assimilation (VarBC + Weak Constraint)

 model error is limited to a constant 
forcing formulation over the entire 
analysis window

 designed to estimate the systematic model error as well



Weak constraint 4D-Var implementation

Estimate the model error covariance matrix (Q)
 run the ensemble forecasting system (ENS) with SPPT and SKEB (51 members 

with the same initial condition for 20 days)
 differences after 12 hours are used to compute Q

Background model error comes from the previous assimilation window (cycled)
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Impact of weak constraint 4D-Var in the stratosphere

Standard deviation of fg departure

Bias correction from VarBC

Mean of fg departure

Comparison with AMSUA Channel 9

Strong 4D-VAR
Weak 4D-VAR

Courtesy of Jacky Goddard



Impact of weak constraint 4D-Var in the stratosphere

Difference in analysis and fg standard deviation with respect to AMSUA 
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Impact of weak constraint 4D-Var in the stratosphere

Difference in standard deviation and mean departure between 3d fcts and GPSRO 

GPS radio occultation (RO) observations represent an excellent verification 
alternative in the stratosphere (assimilated directly in the form of bending angles)
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Weak constraint 4D-Var in the troposphere

This suggests that 4D-Var is 
misinterpreting aircraft observation 
errors as model errors

 weak constraint is activated only 
above 40 hPa

Statistics from the model error estimated in the weak constraint 4D-Var have been 
computed

Correlation between level 52 (63 hPa)
and 114 (850 hPa) for the divergence 
of model error

Courtesy of Jacky Goddard
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Summary

 positive impact of weak constraint 4D-Var above 40hPa

 misinterpreting aircraft observation errors as model errors

Bias-aware data assimilation (VarBC + Weak Constraint)

Errors in models and observations are often systematic rather than random, zero-mean



Future work

Investigation into relationship between VarBC and model error term

 bias correction with three predictors (ascending, cruising, descending)

 Active weak constraint for all levels

Better estimate the Q matrix

 benefit from new SPPT scheme 

 SPP scheme under development


