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Abstract The accuracy of weather forecast in Beijing is still far from satisfying the demands of people’s routine life and disaster
prevention and reduction, especially the quantitative forecast for local convective rainfall. To address the demands for improved
0— 12 h short-term weather forecast in Beijing, especially the forecast of local convective rainfall in the summer, an initializa-
tion module that can be used in the Weather Research and Forecasting (WRF) model is developed based on Variational Doppler
Radar Analysis System (VDRAS) in Institute of Urban Meteorology (IUM), China Meteorological Administration, Beijing.
The radar data, which contain high temporal and spatial resolution three-dimensional thermodynamic characteristics, are assim-
ilated into WREF model through the Four-Dimensional Data Assimilation (FDDA) method. Impacts of radar thermodynamic data
on WRF model results are analyzed based on numerical simulation experiments of several rainfall cases. The results show that
assimilation of the high-resolution radar thermodynamic data into WRF model can improve the simulation of the rainfall cases.
The accuracies of simulated 2 m humidity, location, period and intensity of the rainfall are improved. The missing rates in the
rainfall simulation also decrease with the application of data assimilation. Further analysis indicates that the assimilation of tem-
perature and humidity is more important than the assimilation of wind for the improvement of the model results. Although the
present study have shown that the assimilation of radar thermodynamic data into the WRF model can significantly improve the
model results for the selected rainfall cases, more comprehensive and systematic investigation is needed to further study the
effects of data assimilation in operational numerical model systems.
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Table 1 Introduction of the rainfall cases

A AR e T T
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Table 2 Model configurations for the simulation of selected cases
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AW BRI 47 0L WRF-ARW V3 User’s Guide, http: / www2. mmm. ucar. edu/wrf/users/,
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Table 3 Statistics of simulated air temperature, humidity and wind speed for the rainfall case of Aug 15, 2013

2m AR CC) 2 m e (g/kg) 10 m XU (m/s)
i 22 ¥yo7 iR 22 i 2= 07 iR 2% 1 2 ¥yor iR 22
PNCIEIA -1.74 3.94 -0.34 1.95 -0.02 0.96
[ 4k -1.37 3.72 0. 06 1.90 0.09 1. 00
* (a) ——Obs —Obs
2% 1 —  NoFDDA 36 — _NoFDDA
34 4
- 5
)
B g 321
E 5 30
g 8
T 5
=
28 1
,’/" 26 i
8 T T T T T T |
00:00 06:00 12:00 18.00 BT 18:00 00:00 06.00 BT
25 Jun 19 20 Jun
10
(c) —Obs NEEEN N .
91 > — —NoFDDA B3 MR ST sk
PN e FDDA KLk R fk VDRAS 5347137 5 i £k : [ fk VDRAS 4317 4)
81 (a. 2014 4E 6 J] 24 [ 22 % 25 [ 20 I 2 m W3,
7] b. 2014 427 F 19 H 13 B2 20 H 08 B} 2 m iRl ,
s c. 2014 4E 7 F 19 H 13 % 20 H 08 1 10 m Ki)
= ///\\f;\ Fig.3 Statistics of surface air temperature, humidity and
D 4 i .
§ 5 /// i \\ wind speed (Solid lines: observations, long dashed lines:
T 49 // VIT\\ // results without VDRAS data assimilation, short dashed
E 3] / \\\~{/ lines: results with VDRAS data assimilation) (a. 2 m humidity
from 22.00 BT 24 Jun to 20:00 BT 25 Jun 2014;
b. 2 m air temperature from 13:00 BT 19 Jul to 08.00 BT,
20 Jul 20145 c. 10 m wind speed from 13:00 BT
19 Jul to 08:00 BT 20 Jul 2014)
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Table 4 Comparison of simulation results of rainfall cases

2013 4F 2014 4 2014 4 2014 4 2015 4 2015 4
8H 15 H 6 H25H 7H 4 H 7H 19 H 8HT7H 9H4H

T I —
‘ e ] ‘ Wk 3 ek i35

=] = SR, b=
Amfe it RLFE A 2R 2B bl 30l 2 (0B 2
R 7K At 55
B L T, LR W K i .
i W ﬁ?;gfg’ R “ﬁggﬁf’ {30 T © ey
R 5 3 {4 R 1 {4 5 3 {4
(BIAS) #8843 B =86t 2015 4E 5 4 [ 7K A ] 11 4 VEEL + IR IR A0 uE B0

PR . BIAS S Wi S S o 58— 3 {8 0 41 & A= f%
K B 3 05 S B A I K1 sl B = B RPASE SXO)
KA R /N A g ) BIAS Bz 1 358 W 14 %
K 5 SE BRI B 0. SR T TS 3% 4 i BI-
AS iR AKX N

TS V5 = A RS 50 / (g i sl 500+ 25 4
Sl B+ T A S B0

BIAS = (i oy (9 36 50 + 28 #3450 / G 1)

Xt /INER R KR R T 4 A R K R gy
gt & BEK S B B 2 IR A st i A5 & HlR
PRUERE (K 5), X 201548 H 7 H 18 Hf—8 H
00 FFAT9 H 4 H 1218 B (Y Z I B /K 5 L J& 6 h
ERHFEK S B T TS ¥F4r #it BIAS, HA/h
B 3 7K S B 158 0 06 O K G T e BN A% /N B Y A
H S BIOM N & 45 ZINESE ) 25 403 B5ORE o 5 /0 B 7 9 41
il BORE I T BRET IR 22 25 TS 943 F0 BIAS,

#* 5 VDRAS 7347 37 7] A6 %) B K s ma ) TS 353 b 8L

Table 5 Comparison of TS scores for simulated precipitation
it T IS S E— L — L — O — LA
TS BIAS TS BIAS TS BIAS TS BIAS
i) & NS 0.477 1.399 0. 201 2.300 0.092 2.439 0. 033 2.683
8 H 7 H 18I FNGiki4 [ K 0.243 0. 402 0.110 0.186 0. 056 0.158 0. 000 0. 050
—8 H 00 i} [F 4k 6 h 0.928 1. 065 0.541 1.663 0.333 2. 280 0.149 3.545
E A gl 0. 669 0. 787 0. 147 0.185 0.019 0. 060 0. 000 0. 091
S A N 0.879  1.034  0.522  1.057  0.173  1.663  0.066  2.924
9H4H FNEKY [ K 0. 880 1. 052 0. 260 0.677 0.067 0.516 0.023 0.348
1218 i [l L 6 h 1. 000 1. 000 0.985 1.015 0. 636 1. 000 0. 429 1. 500
ENEKA B 1. 000 1. 000 0. 860 0. 888 0.481 0. 769 0.088 0.321

/R (0.1 mm/h,0. 1 mm/(6 h) s : (2 mm/h,4 mm/(6 h)); KF:(8 mm/h,12 mm/(6 h)); % : (16 mm/h.25 mm/(6 h)),
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Fig.4 Hourly precipitation (unit; mm)
from 20:00 to 21:00 BT 7 Aug 2015
(a. observations, b. simulation result without

assimilation, c. simulation result with assimilation)
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Fig.5 Accumulated precipitation (unit; mm)
from 18:00 BT 7 Aug to 00:00 BT 8 Aug 2015
(a. observations, b. simulation result without

assimilation, c. simulation result with assimilation)
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Fig.6 Hourly accumulated precipitation (unit: mm)
from 16:00 BT to 17:00 BT, Sep 4, 2015
(a. observations, b. simulation result without

assimilation, c. simulation result with assimilation)
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Fig. 7 6-hour accumulated precipitation (unit; mm)
from 12.:00 BT to 18:00 BT, Sep 4, 2015
(a. observations, b. simulation result without

assimilation, c. simulation result with assimilation)
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Table 6 Configurations of the sensitivity experiments
e ; - 71k 7 ¥
"Hl A AR FEARE FEAhX AR Twwm R
Control b= 5 2 0. 0006 0. 0006 0. 0006
TO S ps = - 0. 0006 0. 0006
T3 = P P 0. 0003 0. 0006 0. 0006
T9 b i e 0. 0009 0. 0006 0. 0006
QO 2 = = 0. 0006 - 0. 0006
Q3 2 2 P 0. 0006 0.0003 0. 0006
Q9 2 =2 S 0. 0006 0. 0009 0. 0006
U0 s B = 0. 0006 0. 0006 -
U3 i 2= 2= 0. 0006 0. 0006 0.0003
U9 b~ 2 o 0. 0006 0. 0006 0. 0009

b7, T3 255 Q3 B B4 45 SR 78 Q3. Control,
QO BB d5e . 3 R BHAE U A1 o R X A R TR
JE [A) Ak 2 BRI /NI B TR] Ak 2R B0 R F 4803008
Mok, e 9 H 4 B B RE KA, 2 30 A R
P EE, T3 5541 i A5 0L 45 S 78 T3, Control , T9 5
i B Bt s Q9 B3 49 1 A 48 45 SR #E Q3. Control, Q9

B P dp s BRI SR B AR /I A L TR A AR
TR R 114 I [] Ak 28 20A 1 T B SDL0R 1 el 3
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7 AL R XA AR B RERSE R TS W53 L4

Table 7 Comparison of the TS scores for the rainfall cases with assimilation of temperature, humidity and winds

X L /NEE L) K e il
I 8] e e S
TS BIAS TS BIAS TS BIAS TS BIAS
Control 0.477 1.399 0.201 2. 300 0.092 2.439 0.033 2.683
uo 0.530 1.462 0. 269 2.624 0.164 3.430 0.121 3.933
8 H 7 H 18 1f—8 H 00 Hf
TO 0. 351 1. 147 0. 091 1.232 0.022 1. 053 0. 000 0. 900
Q0 0.311 0. 885 0.079 0.506 0.021 0.272 0. 000 0. 250
S Control 0.879 1.034  0.522  1.057  0.173 1.663  0.066  2.924
9H 41 12181t uo 0. 882 1. 004 0.592 1. 247 0.188 1.933 0. 056 2.727
TO 0.768 0.792 0. 265 0.499 0. 033 0. 365 0.014 0.121
Q0 0.893 1.075 0.583 1. 605 0.141 2.718 0. 043 4.091
F 8 IR W RUR b R B B K SE A Y TS PF4) L8
Table 8 Comparison of the TS scores for the rainfall cases with different assimilation
coefficients of temperature. humidity and winds
i 11 =X o CLI. SRR EPFﬁ """""""""" j(?ﬁ """" SARRRRREEES FELRARE L
TS BIAS TS BIAS TS BIAS TS BIAS
Control 0.477 1. 399 0. 201 2.300 0. 092 2.439 0.033 2.683
U3 0.493 1. 429 0. 228 2.441 0.138 2.544 0. 056 2.750
U9 0.473 1.421 0.215 2.221 0. 086 2.316 0. 029 2.550
8 H 7 H 18 #f—8 H 00 Hf T3 0. 465 1. 404 0.195 2.338 0. 099 2.316 0. 029 2.533
T9 0.507 1. 331 0. 257 1.977 0.121 2.167 0.034 2. 067
Q3 0.490 1. 276 0.228 1.871 0. 094 2.272 0. 041 2.367
Q9 0.476 1.478 0. 207 2.567 0.106 2.491 0. 050 2.517
o Control  0.879 1.034  0.522  1.057  0.173 1.663  0.066  2.924
U3 0. 864 1. 025 0. 560 1.114 0.196 1. 905 0.070 2.939
U9 0. 890 1. 042 0.532 1. 055 0.179 1.639 0. 056 2.439
9H4H 12—18 it} T3 0.904 0. 968 0. 550 1. 083 0.197 1.599 0. 069 2.530
T9 0. 875 1. 048 0.528 1. 058 0.185 1. 849 0. 052 2.712
Q3 0. 881 1. 069 0.523 1.144 0. 201 1. 944 0.048 2.636
Q9 0. 893 1. 020 0. 529 1. 052 0.194 1. 587 0.075 2.894
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