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Data assimilation has become common In various research fields. However, the link between the data assim-
ilation and the conventional inverse problem has not been widely recognized. In this document, an inverse
problem is briefly introduced first. Then, a best linear unbiased estimator (BLUE) of the 4-dimensional data
assimilation method is regarded as the solution of an inverse problem, which yields a normalized analysis
increment (analysis minus first guess) from a normalized innovation (observation minus corresponding first
guess) with a regularization term of Tikhonov type for a given tangent linear model operator M, observation
operator H;, observation error covariance matrix R;, and background error covariance matrix B,. The anal-
ysis increment consists of right singular vectors of a so-called observability matrix G = R, L';ZHt.\IB,_E,"“z.
The BLUE solution reveals the limitation of maximum number of possible modes to construct the in-
crement, the reason why dynamically unstable modes tend to appear in the analysis increment, and the
importance of the ratio of R, Y2 4o BUUE. The structure of an analysis error covariance matrix and degrees

of freedom for the signal is also shown in terms of the singular value decomposition of G.

(KEY WORDS): data assimilation, inverse problem
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