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Thermodynamics equations 
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in a week sense:  

and L, F, B,  are defined by 







where and 





  Auxiliary minimization problem 



  Hessian of the functional   



           Error control equation  

The optimal solution error: 



            Sensitivity coefficients 



       Fundamental control functions 

Singular vectors: 



 Numerical examples (Black Sea, t=20h50m)  



Numerical examples (Indian Ocean, t=48h)  Flux error (t=20h50m, ε=0.01)  



 Singular values of    



16 

                           

References 

 
1. Gejadze I., Le Dimet F.-X., Shutyaev V. Computation of the optimal solution 

error covariance in variational data assimilation problems with nonlinear 

dynamics. Journal of Computational Physics (2011), v.230,pp.7923-7943. 

 

2. Agoshkov, V.I., Parmuzin, E.I., Shutyaev, V.P.  Numerical algorithm for 

variational assimilation of sea surface temperature data. Comput. Maths Math. 

Phys. (2008), v.48 (8), pp.1293-1312. 

 

3.  I. Yu. Gejadze, F.-X. Le Dimet, V. Shutyaev. On analysis error covariances in 

variational data assimilation. SIAM Journal on Scientific Computing (2008), v.30, 

no.4, pp. 1847-1874. 

 

4. Shutyaev, V.P., Le Dimet, F.-X. Fundamental control functions and error 

analysis in variational data assimilation.  Pure and Applied Geophysics (2012), 

v.169 (3), pp.311-320. 

 

 



17 

Thank you for your attention! 


