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Data Assimilation Concept
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An analysis is the best estimate of atmospheric states. 
It can be obtained from a weighted combination of a prior 
estimate – the background – and observations.



Obtaining the analysis is a Bayesian problem, i.e. finding the probability of the atmospheric state, x, 
given the observations, y:
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In practice we don’t calculate the full PDF but its peak, 
i.e. the most probable value of x given y … or the value 
of x that minimizes the cost function derived from the 
quadratic decomposition of the Bayesian problem:
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Auligné et al., 2007, https://doi.org/10.1002/qj.56

O-B (K)

The theory assumes Gaussian PDF 
free from systematic error. 

Variational bias correction schemes correct 
systematic errors in satellite observations 
during the data assimilation cycle by adding a 
correction term to the observation operator 
based on bias coefficients β that are estimated 
during the variational analysis.

Data Assimilation – Bias Correction

Not Good !
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(right) Cameron and Bell, 2016, https://cimss.ssec.wisc.edu/itwg/itsc/itsc20/papers/11_01_cameron_paper.pdf
(left) Han and Bormann, 2016, https://www.nwpsaf.eu/vs_reports/nwpsaf-ec-vs-028.pdf

Problems arise when the model biases are not negligible and bias correction cannot 
disentangle model biases from biases in the observations: it will drift off in time to 
unrealistic values and propagate biases in the analysis.

Variational Bias Correction

https://cimss.ssec.wisc.edu/itwg/itsc/itsc20/papers/11_01_cameron_paper.pdf
https://www.nwpsaf.eu/vs_reports/nwpsaf-ec-vs-028.pdf
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Eyre J.R., 2016, https://doi.org/10.1002/qj.2819
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Observations with a bias much smaller than the model bias are used 
uncorrected (in the variational analysis) to “anchor” the bias correction.  

Anchor Observations

https://doi.org/10.1002/qj.2819


Carminati et al., 2019 https://www.atmos-meas-tech.net/12/83/2019/amt-12-83-2019.html

The optimal use of anchor 
observations (e.g. variable 
and/or location) could be guided 
by a better understanding of 
model biases. 

Investigated through comparisons of simulated brightness 
temperatures derived from NWP model fields and traceable 
reference measurements from the Global Climate Observing 
System (GCOS) Reference Upper-Air Network (GRUAN). 

Model Biases

GRUAN Processor
Radiance Simulator 
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Significance test:

Success if 𝑆&'#$. ∆𝑇𝑏 < 2 

(i.e. no significant bias)

57-68 %91-97 %

Model Biases
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A parallel strategy (to avoid drifts) consists in constraining the variational 
bias correction with a term that penalises the size of the correction. 

where 𝑏! is the prior value of the bias, R" the covariance errors of 𝑏!, and 𝛾 a regularization parameter. 

Constrained Variational Bias Correction

Large bias uncertainties → 
bias correction free to evolve

Small bias uncertainties →
limited bias correction growth



Han and Bormann, 2016, https://www.nwpsaf.eu/vs_reports/nwpsaf-ec-vs-028.pdf

Han and Bormann (2016) suggest, for example, 
to link R! to the uncertainty in the instrument 
absolute calibration.
For the purpose of their study (see Fig.2), it was 
set to the same value as the observation error.

Constrained Variational Bias Correction

https://www.nwpsaf.eu/vs_reports/nwpsaf-ec-vs-028.pdf


The FIDUCEO project team is 
producing satellite re-processed 
observations with traceable 
uncertainties accounting for 
independent, structured, and 
common effects.

MHS on NOAA18, July 2012 

Hans et al., 2019 http://www.fiduceo.eu/content/consistent-data-records-microwave-sounders

Can be used with constrained VarBC for, e.g. reanalysis, but NRT needed for NWP. 

Uncertainty in Satellite Datasets

http://www.fiduceo.eu/content/consistent-data-records-microwave-sounders


• Data assimilation systems need unbiased observations and model.
o Observations can be corrected, the model should not.

• Model biases cause bias correction drifts.
o Mitigated with anchor observations.

• Constrained variational bias correction can use observation uncertainty to 
control the bias correction growth. 
o The method to characterise the uncertainty exist, e.g. FIDUCEO.

Summary

For NWP near real time applications the estimation and distribution of data 
with uncertainty characterisation still needs further coordination between 
space agencies and data providers. 
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