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Abstract With the advances of meteorological observation instruments, a variety of meteorological observations can be
used in numerical prediction models. However, due to the observational error, especially systematic deviations in
unconventional observations, the effect of observational data assimilation has not been fully examined. Thus, a variational
assimilation method for temporal and spatial gradient information is proposed to eliminate such errors. The principle is
that no a priori estimates of the systematic bias are needed, but a gradient information operator is used to transform the
original variables so as to implicitly avoid this systematic error. A series of results of four-dimensional variational
assimilation ideal experiments based on a shallow water model shows that this assimilation could completely eliminate
the impact of smoothness systematic deviation on the assimilation results. The model could provide a good assimilation
effect for the variables having a small value, and could estimate the scope of application for the ones having a large value.

Due to the uncertainty of the optimal solution, the assimilation effect absorbs more of the overall temporal and spatial
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gradient trends of the observation field rather than the observation value itself, which is applicable to observational data

with low credibility.

Keywords Numerical weather prediction, Systematic error, Temporal and spatial gradient information, Assimilation
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Fig. 1 Initial wind ( vector arrows) and height (contour, units: m) fields
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Table 1 The RMSE (calculated from results for overall
seven time steps within the assimilation window) between
the simulation and the observation in control experiments
C, observations assimilation experiments (O), and gradient
information assimilation experiments (G) under different

initial error setups

u RMSE (m/s) v RMSE ( m/s) z RMSE (m)

C O G C O G C O G

SCH=1 275 086 267 225 070 227 100 264 9381
SCH=2 158 082 251 179 0.9 216 172 329 372
SCH=3 489 088 247 202 066 217 279 324 197
SCH=4 240 082 250 198 067 215 31.6 392 265
SCH=5 397 0.79 255 903 075 182 593 363 13.0
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random numbers which are generated and normalized as a background field and observations for the gradient information minimization calculation.
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