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Abstract The ensemble Kalman filter (EnKF) is applied to assimilation of simulated Doppler radar data in a cloud
model and its performances under different conditions are investigated. The results demonstrate that the EnKF as-
similation method is able to produce analyses that accurately approximate the true state after several assimilation cy-
cles. The EnKF assimilation of single radar data is slightly influenced by the radar location. More accurate analyses
are obtained during the earlier period when dual-Doppler data are assimilated. It is also found that assimilating the
rainwater mixing ratio obtained from the reflectivity results in a better performance of EnKF than directly assimila-
ting the reflectivity. When both radial velocity and rainwater mixing ratio are assimilated, the quality of the EnKF
analyses is improved. The covariances between the observed variables and the state variables are important to the
quality of the analyses. The analysis error increases when only the covariances of radial velocity with velocities are

estimated. As the amount of the observations decreases, the performance of the EnKF analyses is degraded. How-
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ever, the EnKF can again provide accurate estimates by adding assimilation of the hypothetical surface wind and
temperature observations. The EnKF technique is not especially sensitive to the radar observation errors. The ini-
tialization of the ensemble has an effect on the quality of the analyses, as do the ensemble size and the radius of influ-
ence for the observations. The assimilation is sensitive to the model errors. The EnKF is applied to dual-Doppler ra-
dar data of a Meiyu rainstorm. Results demonstrate that the EnKF assimilation method is able to retrieve the de-
tailed structure of wind, thermodynamics and microphysics from dual-Doppler radar observations. The retrieved
wind fields agree with the dual-Doppler synthesized winds and are accurate. The distributions of the retrieved per-
turbation pressures, perturbation temperature and microphysics are also reasonable through the examination of their
physical consistency. The wind shear at middle and lower levels is the primary dynamical characteristics of the
Meiyu heavy precipitation. The convective rainfall is often related to lower level convergence and upper level diver-
gence coupled with the updraft. The convective system is characterized by high pressure at lower level and low pres-
sure at upper level, associated with warmer at middle level and colder at lower and upper levels than the environ-

ment. The water vapor, cloud water and rainwater are associated with the convective cloud, the updraft and the re-

flectivity, respectively.
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Fig. 1

The simulations (a, b, ¢) and the EnKF analyses (d, e, {) for three-dimensional wind fields (arrows: horizontal wind velocity; con-

tours: vertical wind velocity in m/s) and rainwater mixing ratio (shaded) at 5 km height at z=30 min (a, d), 45 min (b, ) and 60 min (c, {)
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Fig. 2 Similar to Fig. 1, but for temperature perturbation (contours in K) and cloud water mixing ratio (shaded)
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Fig. 8 Similar to Fig. 3, but for (a) experiment 6 in which the radial velocities are available when Z=>20 dBZ; (b) experiment 7 in which

there are no radial velocities below 2 km; (c) experiment 8 and (d) experiment 9 that are similar to experiment 6 and experiment 7, respec-

tively , but contain assimilation of the hypothetical surface wind and temperature observations
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Fig. 9 Similar to Fig. 3, but for (a) experiment 10 in which the observational error of the radial velocity is doubled to 2 m/s; (b) experi-

ment 11 in which the standard variances of velocity and rainwater are double to 6 m/s and 6 K, respectively; (¢) experiment 13 in which the

initial ensemble is formed by adding random errors to the simulations at £=15 min, but the cell at /=15 min is displaced for 5 km so that it

is in the wrong location; (d) the sounding data used in the control experiment are replaced by that at Yichang station at 0800 BT (Beijing
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