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All data assimilation systems are affected by systematic errors, caused by biases in the data, by approximations in the observation operators used to simulate the data, and by limitations of the assimilating model itself. Effective use of satellite radiances, for example, in almost all cases requires substantial bias corrections to account for both instrument-dependent errors and errors in the radiative transfer calculations. Unresolved biases among different components of the observing system can give rise to artificial circulation features in the assimilation. The presence of model bias combined with changes in the observation coverage causes spurious signals, on both synoptic and climatological time scales. 

Whenever possible, predictable errors in the observations are corrected prior to their assimilation. This includes, for example, correction of radiosonde temperature errors caused by solar radiation effects, which primarily depend on solar angle, altitude, and equipment type. Biases in radiative transfer are better handled within the context of an assimilation system, since they depend on estimates of geophysical parameters whose accuracy is supposed to improve during the assimilation. This has motivated the development of adaptive methods for bias correction of satellite radiances, which were first implemented in the framework of global variational assimilation at NCEP and more recently at ECMWF. 

Technically it is not difficult to apply adaptive bias correction to other types of observations as well. It is also possible to implement adaptive model error correction schemes, as has been done for a number of geophysical data assimilation applications, either in a variational context or using a sequential estimation approach. In all cases, the key requirement is the ability to model the systematic error components in terms of a set of parameters that are unknown but identifiable from the available data. Apart from the difficulty of formulating such models, there is probably a limit to the number of unknown bias parameters one can hope to estimate simultaneously. This raises interesting questions, such as: To what extent does the succesful bias correction of satellite radiances depend on the availability of a stable conventional observing network ? More fundamentally, in an adaptive system containing more than one biased source of information, how can it be verified that the bias has been attributed to the right source ?
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