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Abstract The three-dimensional variational (3D-Var) data assimilation system of the weather research and forecasting (WRF) model
(WRF-Var) is further developed with physical initialization (PI) to assimilate Doppler radar radial velocity and reflectivity observations.
In this new 3D-Var assimilation scheme, specific humidity, cloud water content and vertical velocity are first derived from reflectivity
observations with PI, then the model fields of specific humidity and cloud water content are replaced by the modified ones, and finally,
the estimated vertical velocity is added into the cost-function of the existing WRF-Var (version 2. 0) as a new type of observation, and
radial velocity observations are assimilated directly by the method afforded by WRF-Var. The new assimilation scheme is tested with a
heavy convective precipitation event in the middle reach of the Yangtze River on 19 June 2002 and a meiyu front torrential rain event in
the Huaihe river basin on 5 July 2003. Assimilation results show that the increments of analyzed variables correspond well with the hor-
izontal distribution of the observed reflectivity. There are positive increments of cloud water content, specific humidity and vertical ve-
locity in the echo region and negative increments of vertical velocity in the echo-free region where the increments of horizontal winds
present an anticlockwise transition. Results of forecast experiments show that the effects of adjusting cloud water content or vertical ve-
locity directly with PI on precipitation forecasts are not obvious. Adjusting specific humidity shows a better performance in forecasting
the precipitation than directly adjusting cloud water content or vertical velocity. Significant improvements in predicting the precipitation
as well as in reducing models spin-up time are observed when radial velocity and reflectivity observations are assimilated with the new
scheme. Therefore, it is an effective way to improve the short-range prediction of precipitation.

Key words 3D-Var, Physical initialization, Data assimilation, Doppler radar
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Fig. 1 (a) Observed reflectivity (dBz) field at elevation 1. 5° of Yichang radar (marked as +) at 08:00 BST 19 June 2002

(Major convective cells are marked with capital letters). (b) The wind and vertical velocity differences of Vrwgvgce minus V,

experiment at 700 hPa at 08:00 BST 19 June 2002 (Isolines at an interval of 0.2 m/s with shadings are vertical

velocities, and arrows are horizontal wind increments)
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Table 2 Experimental schemes

15 44 A V. AL A 2 e i w =G g
Vr Y / /
Vrqc Y / /
Vrqv Y / Y
Vrgvge Y / Y
Vrwd Y HER /
Vrw Y 7] £k /
Vrwqc Y [A] 4k /
Vrwqv Y [ 1k Y
Vrwqvqce Y [7 4k Y
100 100
(a)
200 U 200
300 0 03 300
400 (\/ 400
E 0.3 /’5
=} 500 :Z'/ 500
5 600 D il . 5 600
k) ° \ o0 o)
=700 V 0 = 700
00 o
800 “ m f Y Ay 800
900 { - /)’d l 900
1000 1000
108 109 110 111 112 113 114°E 108 109 110

B 2 X35 Vre(a) FRE Vriwqvge (D FE 2002 4E 6 H 19 H 08:00 V& 29. 4°N — 28 23+ #7114
T O B (PR .m/s) (1) 1 T

Fig. 2

Height-longetude cross sections of vertical velocity (unit: m/s) along 29. 4°N in experiments

Vr (a) and Vrwgvqe (b) at 08:00 BST 19 June 2002
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Table 3 Correlation coefficients of the hourly forecasted reflectivity in various

assimilation experiments with the observed reflectivity
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iR 6 44 R 09 i 10 B 11 B 12 B 13 B 14 w

Vr —0.320 —0.052 —0.094 —0. 087 —0.081 —0.176
Vrqce —0.220 —0. 040 —0.041 —0.059 —0.044 —0.001
Vrqv —0.003 0.424 0.168 0. 006 0.119 0.029
Vrqvqe 0. 049 0. 444 0. 180 0. 097 0.121 0.031
Vrwd —0. 244 —0.019 —0.059 —0.039 0.123 —0. 205
Vrw 0.103 0.219 0.162 —0.011 0.029 0.061
Vrwqe 0.111 0.223 0.170 —0.007 0.034 0.067
Vrwqv 0.428 0. 540 0.421 0. 286 0. 046 0.056
Vrwqvqce 0.432 0. 544 0.423 0. 289 0.053 0. 059
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Fig. 3 Observed reflectivity field (a) at elevation 1. 5°0f Yichang radar (marked as +) and predicted reflectivity

at the same elevation from experiments Vr (b), Vrw(c), and Vrwqvqe (d) at 10:00 19 June 2002, respectively

(Major convective cells are marked by capital letters; unit: dBz)
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