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In this study, b{ improving the accuracy of the error covariance matrix, the
most important parameter in data assimilation, we relaxed the restrictions on assimilable
observations for global atmospheric state analysis, and made it possible to assimilate a
dramatically larger amount of observational information. This resulted in significant improvements
in analysis and prediction accuracy and theoretical consistency. We showed that by increasing
observational information, high accuracy can be obtained even when the adjoint model of the
variational method is replaced by an ensemble forecast. The high-precision background error
covariance matrix constructed by objective estimation through ensemble assimilation was analyzed
based on network theory, and the basic properties of atmospheric perturbations were clarified.
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