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Abstract: Previous researches showed that the application of artificial intelligence (AI) techniques could
substantially improve severe convective weather nowcasting capabilities. Cooperating with Baidu Inc. ,
Chongqging Meteorological Service preliminarily implemented the intelligent nowcasting model of three-di-
mensional radar echo using TrajGRU technique based on the radar data of 2008 —2018. Together with the
ground observation data and the U-net technique, the intelligent identification model of thunderstorm gale
and hail were established. The Al techniques above were used to operational thunderstorm gale, hail and
precipitation nowcasting. Compared to the operational products of the Severe Weather Automatic Nowcast
(SWAN) system, Al products showed obvious improvement in the prediction of radar echo evolution. The

intelligent prediction ability of radar echo decreased with time at a lower speed than that of the traditional
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extrapolation method, and the prediction for longer lead times was improved. Verification showed that Al

precipitation forecast had a higher skill than SWAN to a certain extent. During the 2019 trial operational

application period, the lead times of intelligent forecast model for thunderstorm gale and hail forecast were

77 min and 37 min, respectively. The research and application of Al techniques in the early warning of se-

vere convective weather in Chongqing have achieved initial results.

Key words: radar echo, artificial intelligence (AI), nowcasting, operational application
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and tracking) #1 TITAN (thunderstorm identifica-
tion, tracking, analysis, and nowcasting) 1t 3.
TV 55 b AU D9 L [ 38 70 4 1l 30 990 4% Y G B 2
AAF P L2 00 0] 2 Bl 3 9F 36 B 18] % 3 AR
(W HFEMEE,2015), Rinehart and Garvey (1978) %
J&f TREC 7 A, #3274l 3 111 42 3
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Fig.1 Radar echo from 01:00 to 02:30 BT 22 May 2018 compared with forecasts of
Al (initial time at 00:30) and SWAN (initial time at 00:30)
(a, b, ¢, d) radar reflectivity, (e, f, g, h) Al result, (i, j, k .1D) SWAN result
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il 45 S X T 20,30 F1 40 dBz LA F B & B CSI 4
B 0. 46.0. 20 F1 0. 05(SWAN 4331k 0. 27.0. 11
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Table 1 Regional torrential rain cases

in Chongqing in 2018
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A1 F R X AN [R) S S % PR T
(2)20 dBz,(b)30 dBz F1(c)40 dBz f§ CSI ¥4 X

Fig. 2 Comparison of CSI scores of different reflectivity
factor thresholds of (a) 20 dBz, (b) 30 dBz and
(¢) 40 dBz between Al radar echo intelligent

prediction and SWAN extrapolation prediction

2 AEAMHEMESZEIEESRTRS
SWAN [l SbHE TR CSI 3 43 3 tE
Table 2 CSI scores of AI and SWAN in

different forecast periods

] 0~2 h 0~1h 1~2 h
i1 /dBz
SWAN Al SWAN Al SWAN Al
=20 0.33  0.44  0.42  0.54  0.23  0.35
=30 0.18 0.26 0.26  0.35 0.10  0.17
=40 0.06  0.11 0.11 0.18  0.01 0.05
S 1) 0.19 0.27 0.26  0.36 0.11  0.19
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FaE 7T AR ) B A, 19 HH4d 50 AEAR,
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7 B T R s R R0 B (Kitzmiller et al,
1995) . 7K £ 1 3] (Billet et al, 1997) F1 %} 3% %) 4E
(Mecikalski et al, 2015) & [a] @, B & 52 F B W)
RN T2 W 4 CANN) % 5 i 55 24 | 56 3 14 46
R 5] AR L0038 (Key et al,1989), ANN 5

o B R Ak P T U 2H B AR 2Rk L B 3E N AR
B RS, NI ] URIEAE AR 2
SR E 2 ) i E i (McGovern et al,2017) , 345K
F KX (Marzban and Stumpf, 1998) F1 VK& (Ma-
rzban and Witt,2001) 3R | & 404 72 v . i 4F
S WA TP RE RS2 A AL B Ak B BE ) AN 1B
PET AR EE % ) ARER I AT J7 i 8 i e i & K
JRURA K T TR 0 90 i 0] R B 4 0 o LBk . Oy 4 Wt AR
(2016) ] It A I vk X 8 = AT U . Gagne 11
(2016) >R F TR MY J7 1k ik R 0K 8 T9UAI 1) R, 5 ik 52
H e 58 HAILCAST J5 A 8 & 2 7. McGo-
vern et al(2017) R HIAH B 42 T1 ol A B (GBRT) X 7
R XA T35 .

B A KRR KRS A Sy B B 3 0 i K R
AR AL R A Y. EE I T — B RT3
JEE 2 o R S A TR SR S o e A T R O B R R
RN OREL B FRRAE B ] CNN AT S B 5 55 51
M % (U-net) J7 : (Ronneberger et al, 2015), SZH
FRAEZS [R5 S AL 1. K8 H0HE £ 7% 2008—2018
R E IS 11 A URE R T EE A
A B SR ISR B EAT N Sk . R 2 R B 4 5
20082018 ££ 1 35 A Z 4] 4 JH Horp 29 DR AIME
HINEE R4 6 D RGIVER MR EE . BT 58X
RAFA B2 ROEE /N, Ja b M i 04 4 s % 10 b 1 <
Sl AR MESE A LI B, A% 48 Y 0 R R 8 T
FETEVFZ R R o AR SR BE T 00 T 7 Y <08 Jal 12 gk
T PARBORPEAL o B« AR B — A b 1 50 I 34 1E
W55 R T LUZ RO PG — BRI E N 2
LT I KR, FERT S Y e L B
S FEEAXIEF (2011) | J5 HE#E 45 (2017) [ BF 58
BER IA KL —15 min, 5 min J# A% 4,20 km /)
25 (B N 0 TR O R . &L 3 Dy DK TR 2R R
B RE IR A i R 45 R 5 LB B X . B 3a
AU AR Y 4 DS UKE AT RE & AR LA — S O
DE) 7 ORET . T HA AR S A K KA TE
I A A . AE & 3b A I A 2 AN RXUAT g
R M5 RO A B B A . KR R RE TR A
RS R4 v UK BRI POD 35 %) 0. 773,CST W
0.337,FAR 2 0. 618, 75 & K XU AE 12 9l 45 B %)
M AR o R XGRS g POD 35 3] 1. 000, {H /& FAR
AL - O 0. 7445 RN ZRAE Y CST 2 0. 616,
F MR ALY 0. 256(F 3).
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R TR N AT fy PR 45 SR 5 SO0 ) L
L34y 6 35 Il i, B 60 B s 26/ AT BERLR IS5 51 . 8 3a = £ 2 91 B 4l i 5 19
UKELALE , B 3b d XUm bR 21:54—22:00 B 3l I E 5 K XD
Fig. 3 Results of Al model compared with observation in 2016
(a) hail case at 20:00 BT 6 May, (b) thunderstorm gale case at 22:00 BT 14 June

(Colored shows radar echo. and identification results are represented in black points; triangle in Fig. 3a respents the location of hailstone

in disaster report; wind barb in Fig. 3b shows the observed thunderstorm gale at automatic weather station from 21:54 to 22.00 BT)
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Table 3 Scores of Al thunderstorm gale and

hail identifying models

L ESE T I PN R PNt
CSI 0. 337 0.616 0.256
POD 0.773 0.964 1.000
FAR 0.618 0.348 0.744
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TESE Bk 45 Ao B 1.1 715 o B 3k [l O R RE T 4R
FERY [ 0 45 2R, 45/ WSR-88D # 1l Z1 X &
(Fulton et al,1998) , & 57 s T I BE 4% k5 5 K 25 BE T
ol 55 . 4 R 2018 4F 4 J 22 H 06 B 19 %
K BE TR R 245 S 5 SO EG , DN R ] DU B 7ERE
K& X bR RE TR A R 5 LB A W) £ 6 R
BB (29°~31°N.106. 5°~108°E [ 3t ) F1 ¥y R A 52 7
X (28.5°~31°N,108°~110°E [ffi#£)1. 6 mm « h ' LI
b B K X TR SR A o E R R 5 B K Y R CR

FEA AR » %t B PR 36 7 mm » b DL (1 [ K o A
il B 8 76 1 S0 U A8 S M XL B 7K R BE TR 45 2R B AR
A7 mm -« h R R E R B B K I DR /)
58 A 553 o

W DX St R K RO A B 1 km (9 K8 R 5K
it 4 2018 4F 10 W IX 2 B KRt F2 0~2 h BEK
B RE TR AT R B0 o A A 5 Sk R e S B B B A
M 150 km (A% 0 BE 7K B BE TR 45 2R A1 SWAN
Ref K T4 45 SR 43 53] 55 592 100 A a5 I8 K X L o AN TR) i 4R
() CSIPF43an &l 5a,5b Fron . R 45 E PR A b AH G B
FE M Fulton et al(1998) 5T , £ E 4L XF 0.6.1. 6
M7 mm e h "REEIFTREE., 7E0~2 h B AL
P BEK R RE TR CSTPE4r #94F SWAN, FEKE
AET 5 SWAN BE/K Wi e, 0~1 h N XT 0.6,
1.6 1 7 mm » h™" [ {H CSI ¥4y 43 542 7+ 0. 064
(M 0. 414 32 5] 0. 478).,0. 186 (L 0. 262 2 /& |
0. 448)F1 0. 119(M 0. 043 $2 = %] 0. 162);1~2 h 1§
Xof A [ B 4 35 T 43 1 0. 072 (AN 0. 330 $& 3
0.402).0. 137 (A 0. 195 $£ & F] 0. 332) 1 0. 05 (M
0.014 &5 0. 064), X ELKE 5a A1 5b,0~1 h Y
FEK B RE TR A1 SWAN FE K B & F 1~2 h,
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603 %K 25 itk 13 630 UL R K 0 W, CSI IF
434 0.042,POD 4 1.0, BN JCURHR . 1H 25 ™ &,
U — > TR VK A I 220 22 VKR & A Ik 2 i it
() 25 Sy 941 2 i o DUIASE 0 SF- B4 42 117 37 min Fi4f
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Fig.4 Comparison between (a, b) Al forecast and (c, d) observation
with initial time at 06:00 BT 22 April 2018
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Table 4 Scores of Al thunderstorm gale forecast model in 2019
P I B RN /m - s7! CsI POD FAR - B i/ min
1 3H19—21H 21.4 0.024 0.783 0.976 47
2 4 H8—10H 29.8 0.119 0.951 0. 880 112
3 413 H 18.0 0. 008 0.161 0.991 18
4 4 H19H 22.4 0. 060 0. 966 0. 940 80
5 4 H 24 H 27.2 0. 154 1. 000 0. 846 116
6 6 H4—5H 32.4 0. 100 0.933 0. 899 95
7 7H22—-25H 21.7 0.014 0. 995 0. 986 75
8 7H29—-30H 26.1 0.015 0. 997 0. 985 88
9 8H1-3H 26.6 0.023 0. 934 0.977 41
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Table 5 Scores of Al hail forecast model in 2019

75 I B VKA H AR /mm CsI POD FAR - F R AT /min
1 2A19H 5~7 0. 042 1 0.958 16
2 3H19H - 0. 087 1 0.913 41
3 4A8H - 0.015 1 0.985 24
4 47190 - 0.025 1 0.975 120
5 44 24H 10~20 0. 253 1 0.747 41
6 8H1H — 0.001 1 0.999 0
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18~ 60 min¥s 75 2 KR oK 8L fi i th ok (% 6) .

F R I VK BT X I A [ 386 6 5 o 990 4T 48 iy o K
Bl 7 45T 2019 4F 3 19 H“R¥E-9 FH RS G
TG 8 AR A RG] B VAT S BE 1Y VKB TR 4
SRR S B0 % L, vk B S AL BREE R D 3 4 19 H
23:18, 2 REASE A fie B SR M KR 1Y kg B[R] 2224,
B (B $2 Hij 4 4 54 min,

R6 2019 F 319 HERTMBRENKE
MEEAREBHER
Table 6 Performance of Al thunderstorm gale

and hail model on 19 March 2019
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Fig.7 Comparison between (a) Al hail forecast
on 19 March 2019 and (b) observation
(AT initial time: 22.:24 BT, forecast time: 23:18 BT, colored: radar echo, black triangle: hail)
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