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Abstract Assimilation of Doppler radar radial velocity data has recently received an increased interest to improve the
numerical weather forecasts all over the world. But it is still facing many challenging issues, including how to
process the radar data with appropriate data quality control, how to specify the spatial interpolation and discretiza-
tion errors, how to extract the meteorological information from radar observations with the accuracy needed by nu-
merical models. Four-dimensional variational data assimilation (4D-Var) allows observations to be assimilated into
the model initial fields directly, which employ the non-linear model as a dynamic constraint. And the multi-time-lev-
el information, instead of one-time-level information, is used to improve the analysis. MM5 4D-Var system, which
is based on the nonhydrostatic mesoscale model MM5, is a famous four-dimensional varitaional data assimilation sys-
tem. In this study, the observation operator for Doppler radial velocity has been developed and incorporated into
MM5 4D-Var system. The testing results of the gradient calculation tend to confirm that the modified MM5 4D-Var
system are working correctly. The modified MM5 4D-Var system is used to perform the assimilation of Doppler ra-
dar radial velocity data. The radar radial velocity data used in this study were collected from the Doppler radar at
Yichang in Hubei Province on 22 July 2002. The preprocessing of the Doppler radar data includes generation of su-
per-observations in model grid points as well as data quality control. To assess the impact of radar data on the me-
soscale heavy rainfall forecast, the MM5 model is used to perform the simulation experiments. The model domains
consist of a 45-km grid (D01, grid size of 81 X81), and a 15-km grid (D02, grid size of 61 X61). There are a total

of 23 layers in the vertical. First, a control simulation experiment (CTRL) is performed prior assimilation of
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Doppler radar data. The National Center for Environmental Prediction (NCEP) re-analysis data are used as the ini-
tial fields in the two model domains in the CTRL experiment. Then the assimilation experiment is conducted in do-
main D02, The Doppler radar radial velocity data at 1203 UTC, 1208 UTC and 1214 UTC on 22 July 2002 are as-
similated using a 14-minute assimilation windows. The assimilated results are used as the initial fields in domain D02
in the second simulation experiment. After the assimilation of radar radial velocity data, the wind fields from the as-
similated results reproduce the mesoscale feature around the mesoscale convective system. The low-level conver-
gence in the wind fields at the range of 100 km is enhanced. But the impact of radar radial velocity data on the thero-
modynamic fields is limit. The reason is maybe that the background error variance matrix used in MM5 4D-Var sys-
tem contains only the diagonal elements and the assimilation windows is only 14 minutes which is not enough for the
adjustment in a dynamically consistent way. Generally speaking, the rainfall forecast in the first 3 hours from 4D-

Var analysis with Doppler velocity data is better than the forecast without radar data. The precipitation pattern and

amount are close to the observed, especially in the southeast of the radar observation station.

Key words radar radial velocity data, four-dimensional variational data assimilation
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Table 1 The testing results of the gradient calculation
a F(o)

1X10°° 1. 003790491
1Xx10-6 0. 999759794
1x10°7 1. 000137212
1x1078 1. 000000808
1Xx107° 1. 000000127
1x10°10 1. 000000018
1x10-1 0. 999943965
1Xx10712 1. 000005844
1X10°1 1. 000214748
1Xx10 1 1. 001518665
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Fig. 1 (a) Cost function J and (b) norm of the gradient G with respect to the number of iterations for the assimilation experiment
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