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Prediction and Errors 
•  Ingredients of Numerical Forecast 

– Mathematical Model 
– Observations 
–  Statistics 

•  Errors 
– Model : physics, parametrization 
– Numerics :discretization, algorithms 
–  Projection from the space of the state variable toward 

the space of observation 
–  In observation : measurements, sampling. 

•  Errors are not always independant 



Questions : 

•  What is the impact of errors on the prediction? 
•  How to identify  and control errors? 
•  Is it necessary to improve (better numerical 

discretization) the model to improve the 
prediction? 



Variational Data Assimilation 
•  Model 

•  Cost Function 

•  Adjoint  

•  Gradient 



Error Control 

•  Introducing an error in the model 

•  In the cost function 

•  Adjoint  



Gradient 



Discretization of the error 

•  Discretization in time and space : 



Choices of the spaces 
•  Discretization Error 

•  With a first order scheme the discretization will depend on 
second order, the error could be represented in a basis of 
eigenvector of the Laplacian without information the 
eigenvectors of the covariances matrix can be considered: 



VDA with Burger’s equation 



Burger’s (2) 
•  F is choosen in such a way that the exact 

solution is known. 
•  Background term=exact solution+gaussian 

perturbation. 
•  Observations generated by the exact solution 

on a given regular grid. 
•  H is an interpolation operator. 
•  Consequently there are only two sources of 

error : discretization and interpolation. 



Discretization Error 



Exact and discretized solutions 



Convergence of D.A. 



Evolution of various terms according to the 
discretization:convection,diffusion, linear term 

and forcing term 



Influence of model resolution on D.A. 



Influence of Observation Resolution on D.A.(1) 



Influence of Observation Operator on D.A.(1)  



Influence of Observation Operator on 
D.A.(2)  



Influence of Observation Operator on 
D.A.(3)  





Control of Errors (1) 



Control of Errors (2) 



Conclusions (1) 
•  With coarse resolution discretization are 

dominant. The importance of background is small 
•  For an increased resolution, the optimal solutio is 

a balance between background and observation. 
There exists an optimal resolution of the model. 

•  When the resolution is increased further beyong 
that of the observation the background eror is 
dominant. 



Conclusions (2) 
•  Prediction can be improved by the control of errors. 

Without a priori knowledge on the source of errors, the 
eigenvectors of the covariance matrix are appropriate. 

•  Increasing resolution does not necessarily translate into 
improved assimilation. If the model solution is not 
sufficiently resolved high density of 
observationdegrades the data assimilation and 
prediction. 

•  Extension of the study to error on observations must be 
carried outon the Optimality System ( cf. V. Shutyaev, I. 
Gejadze and FXLD)  


