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Context :  Data assimilation is usually cycled in time for geophysical applications, through a temporal succession 

of analysis and forecast steps. This implies that forecast errors arise from contributions of observation, model and 

background errors, which are introduced during successive steps of the cycling. In order to characterize the 

associated error dynamics and covariance specifications, it is fundamental to get a better knowledge of these 

different error contributions and of their propagation during the data assimilation cycling. 

 

Objectives / scientific questions : A linearized expansion of forecast errors has been considered, in order to derive 

expressions of respective accumulated contributions of these different errors (namely background errors, 

observation errors and model errors) with varying ages. The objective is to diagnose the respective amplitudes of 

these different error contributions, their propagation and their accumulation during the data assimilation cycling. 

Experiments are conducted in the context of the Météo-France global numerical weather prediction system 

ARPEGE. Ensemble-based simulations and statistics related to observation-background departures are employed 

to derive estimates of error contributions.  

 

Main results : Formal and experimental results indicate that old background errors, which contain all error 

components arising from corresponding previous cycles, are dampened by successive steps of the cycling, so that 

they become negligible after a 4-day period. It is then shown that the variance contribution of recent observation 

errors tends to converge in time like a power series, within 4 days. This leads (Figure (a)) the observation error 

contribution variance to be globally stable in time, which can be interpreted as an approximate compensation 

between damping of old observation errors and accumulation of recent observation errors. Ensemble experiments 

and innovation-based diagnostics are also used to estimate and compare model error contributions with 

observation error contributions (Figure (b)).  
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           Figure (a) shows the variance of old and recent observation error contributions (full line), of recent 

observation error contributions (dashed line), of old observation error contributions (dotted line), as a function of 

the cycling step i (from i=-1 to i=55, corresponding to a 14-day period). The total observation error contribution 

variance (full line) appears to be globally stable in time, which corresponds to an approximate compensation 

between damping of old observation errors (dotted line) and accumulation of recent observation errors (dashed 

line). These are variance values for temperature near 500 hPa. 

           Figure (b) shows vertical profiles of standard deviations of the recent observation error contribution 

(dashed line), and of the recent model error contribution (full line). While observation error contributions are 

significant, model error contributions appear to be even larger. These are values for temperature, averaged over 

all radiosonde locations over the globe. 
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Future of the project : The predominance of model errors supports the continuous development of model 

ingredients (such as the parametrization of convection), in order to improve the quality of the data assimilation 

cycling. Such error diagnostics are also likely to be useful e.g. for calibrating model error parametrization schemes 

in ensemble systems. Additionally, applications to other geophysical contexts will be worth to consider in future 

studies. 
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