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In any coupled system fluxes of heat and moisture between the atmosphere and ocean depend critically on 

the Sea Surface Temperature (SST). Biases in SST will lead to biases in these fluxes.

Assimilation of biased observations will lead to biases in SST.  We therefore need to correct for these biases.

To this end we have developed a variational bias correction system for satellite SST observations. 

The bias correction scheme combines a variational bias correction method with a correction based upon 

ñobservations-of-biasò. 

Observations-of-bias are taken as the differences between standard observations and hi-quality reference 

data.

The bias correction system is designed to give consistent results over long periods of time; including periods 

where the amount of reference data is much less than it is now.

Introduction



The cost function includes terms for the model and observation bias

These are used to apply corrections to the state vector in the background and observation terms.

Observations-of-bias k are included in the cost function and have their own covariance.

In our current implementation only observation bias will be considered. One possible development would be to account 

for model bias using an offline system

Bias correction System
theory

Our scheme is a variational method where biases are 

calculated within the assimilation itself.

Specifically we aim to minimise the function:

J:- cost

x:- state vector

y:- observations

b:- observation bias

c:- model bias

k:- matchups

B:- background error covariance

S:- model bias error covariance

O:- observation bias error covariance

L:- matchup error covariance

Hy:- observation operator for observations

Hk:- observation operator for matchups



Observations-of-Bias k

We do not have direct observations of the bias.

Instead we use differences between co-located standard observations and assumed óun-biasedô reference data  

To prevent cross correlations appearing in the cost function.  All observations that are used to calculate the 

observations-of-bias are NOT included in the observation vector y.

The number of co-located observations 

varies depending on the settings. For our 

experiments it is ~15% of the biased data 

and ~70% of the reference data

It is hoped that having these 

observations in k could be beneficial.

1-Day Matchups for NOAA-AVHRR 17 instrument



Tests using the Lorenz-63 system
Image from Wikipedia 

(https://commons.wikimedia.org/w/index.php?curid=2074483)
Ideal 1 variable 

linear system



Results from a 3 year reanalysis

To test the bias correction scheme we ran four 3 year experiments (2008-2010):
NO_COR_GCM:- No bias correction, all observations assimilated directly

VAR_GCM:- Variational bias correction, no observations-of-bias

MO_OBS_GCM:- Offline bias correction using just the observations-of-bias (similar to old 

Met Office system)

VAR_OBS_GCM:- Variational bias correction including observations-of-bias
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Mean Bias fields - AMSRE



Change in absolute bias AMSRE (1° Bins)
Statistics are from observations �±background values.

Blue:- less biased

Red: More biased

Actual bias


