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Abstract A new four-dimensional data assimilation method named 4DSVD based on attractor theory is introduced
by Qiu and Chou (2006). This 4DSVD scheme solves the data assimilation problem in the atmosphere attractor
phase space spanned by the base vectors which are created from a set of coupled atmospheric states through the Em-
pirical Orthogonal Function (EOF). The coupled atmospheric states are composed of model states and simulated ob-
servations. Because the dimension of atmosphere attractor is much smaller than the atmosphere itself, the degree of
freedom of data assimilation problem decreases significantly. 4DSVD is a linear method so it needs much less compu-
tation time than the other data assimilation method such as 4DVAR. It can produce good initial conditions for nu-
merical models. Some numerical experiments results suggest that the scheme of 4DSVD using EOF is unstable which
means that EOF is not an efficient method to obtain base vectors from the samples of coupled atmosphere states. So
a new more efficient method is expected. The authors introduce a new theory scheme of 4DSVD using the Singular

Value Decomposition (SVD) in this paper. 4DSVD is a new data assimilation method and there are some problems
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such as how to generate the sample set, how to produce the base vectors spanned the atmosphere attractor and how

many base vectors are used, and so on. This paper tries to answer some of the questions above and compare the ef-

fectiveness of two 4DSVD schemes based on the EOF and the SVD, some ideal numerical experiments are shown in

this paper. The authors also study the sources of the 4DSVD analysis error. Our results suggest that the 4DSVD

scheme based on the SVD is better than the other using the EOF, and the sample error, the truncation error, the

representative error, the model error and the observation error are the main sources of the analysis error of 4DSVD.

And the results the authors present also demonstrate that the analysis error increases with the increased model error

and observation error. The analysis error generated by the representative error, the model error and the observation

error increases with increasing base vector number, while the analysis error generated by the truncation error decrea-

ses with increasing base vector number.

Key words 4DSVD, data assimilation, singular value decomposition, empirical orthogonal function, error analysis
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