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Introduction 

•    Data  assimilation is a problem of the restoration of distribution of any 
fields  using the observational data and the mathematical model 
describing dynamics of fields on time. 

•    Such problems are considered now for the description of processes in 
atmosphere, ocean, and also distributions of polluting substances in the 
environment. 

•     The purpose of the data assimilation is the initial fields for the 
forecast, and more the general - the description of behaviour on time of 
investigated fields, climate studying etc. 



Data assimilation problem 

 

4DVAR 
 

Kalman Filter 

4DVAR  
RRKF(redused 
rank Kalman 
filter) 

ECMWF (1997) 

Meteo France (2000) 

Met-Office (2004) 

Japan (2005) 

Canada (2005) 

Canada, Atmospheric Environment  

Service (H.Mitchel, P.L.Houtekmer): 

Ensemble Kalman Filter 

US Berkeley, University of Maryland 
(B.Hunt et al; E.Kalnay et al): 

The local ensemble transform 
Kalman filter (LETKF) 



Mathematical statements of a problem: 
 3DVAR 
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- observations 

- forecast 

- forecast errors covariance matrix 

- observational errors covariance 
matrix 



Mathematical statements of a problem: 
Kalman filter 
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Kalman filter: the problems of realization 
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 Kalman filter – block-diagram 



Problems of realization : 
satellite data assimilation 

T 1 T 1
b b b 0 02J(x) (x x ) P (x x ) (y H(x)) R (y H(x))− −= − − + − −

• It is necessary to transform variables of model to 
observable variables. 

• Operator H is non-liniar. 

• The data are continuous on time. 

• The matrix R is not diagonal. 

•  There is systematic error in observations (bias). 

1 T 1 1 T 1
a b b 0 bx x (P H R H) H R (y H(x ))− − − −= + + −

3DVAR 



Extract from the report on satellite data assimilation: 
 



Extract from the report on satellite data assimilation: 
 



Problems of satellite data assimilation.  
Final conclusions 

•  Assumptions: 
           а. The observational errors are «unbiased». 
           b. The random fields of observational errors are normally distributed. 
•  «Retrievals» or «radiation». 
•  The problem of the quality control. 
•  The definition of covariance matrix of observational errors. 
•  The huge quantity of observations not always yields the best result. 



Data assimilation in environment modelling 

1. The modelling of distribution in atmosphere: 

•     Passive gases (“greenhouse”) (                         ). 

•     Reactive gases. 

•    Aerozols. 

2. Observations. 

3. The restoration of the time-space distribution of gases on the base 
of the data assimilation. 

4. The estimation of regions influencing on the distribution of 
pollution in the given territory. 

5. The estimation of gas  fluxes using the results of data assimilation.  

2 4CO ,CH

Further the short review of a condition of researches in this area is presented. 



Global Earth-system Monitoring using Space  
and in-situ data (GEMS) 2005-2009 

The article on  

GEMS project 

 



Extract from the report on GEMS Project: 



Extract from the report on GEMS Project: 



Extract from the report on GEMS Project: 



Extract from the report on GEMS Project : 



MACC Project (2009) – Monitoring Atmospheric 
Composition and Climate 











Some examples of researches in area 
of the data assimilation of СО2: 



Some examples of researches in area 
of the data assimilation of СО2: 



Some examples of researches in area 
of the data assimilation of СО2: 



Data assimilation of passive gases : 

Forecast of meteorological   
fields on the model  

of atmosphere(WRF): 

 
The  transport   

model 
 

Initial data  
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Information 

about emissions: 
anthropogenic, 

      air-sea,  
biomass burning, 

terrestrial ecosystem  
exchange 

 

Fields of СО2  

The fluxes 
estimation  
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Final conclusions 

1. The modelling of passive gases distribution of in 
the atmosphere. 

2. The data assimilation algorithms for passive 
gases. 

3. The estimation of regions influencing on the 
distribution of pollution in the given territory. 

4. The estimation of gas  fluxes using the results of 
data assimilation. 

Based on the previous researches and everything aforesaid we plan the 
following:  




