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Abstract Based on the radar mosaic 3D data,automatic weather stations observations and disaster wind data, twenty cases of
thunderstorm gale from 2008 to 2012 in the Beijing-Tianjin-Hebei region are statistically analyzed to develop an automated de-
tection of thunderstorm gale with the fuzzy logical based algorithm. The capability of the algorithm is examined. In the meth-
od, the six main radar identification indices of ground gale are given with the corresponding membership functions and weight
coefficients determined. All the gale is tested and analyzed, including the three types of echo, i. e. the massive echo, banding
echo and floccus echo. The results show that the massive echo is triggered by the strong storm monomer with strong echo,
higher echo top, bigger vertical integrated liquid water content (VIL) value and faster moving speed, and in this case the gale
occurs nearby the thunderstorm cell with the same route as that of the cell; the banding echo mainly contains the squall line and
the bow echo with its length greater than the width and the impact range of strong wind located at the forefront of the band ech-
0; the floccus echo generally refers to the mixed echo with large area layer echo embedded by the isolated massive echo, and the
strong wind area situated around the storm monomer. The wind range for the three types identified is generally consistent with
the real wind, and the hit rate of massive echo, banding echo and floccus echo is respectively 96.2% , 68.6% and 45.3% with the
missing rate of respectively 3. 8% , 31.4% and 54. 7%. Lower omission rate of floccus echos gale is because of weak echo intensity and
lower VIL and missing rate is caused by the sparse station distribution and algorithm. This also proved that the automatic identification
method is efficiently and feasible, it has important practical guiding significance for an operational system in short-term forecasting and
nowcast warning. The work also provides a foundation in warning the position of surface gale.

Key words Thunderstorm gale, Identification method, Radar mosaic data, Fuzzy-logical principle, Statistical study
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Fig.1 Location of the networking radar stations

in the Beijing-Tianjin-Hebei region
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Fig.2 Membership functions of each identification index in the different seasons for the thunderstorm gale

(a, by c. MCR, MVIL and ET in summer (June to August). d, e, f. SPEED, DVIL and VILD,

g, h, i. MCR, MVIL and ET in late spring and early autumn (May and September) , respectively)



172

3.3 ZEEIRAAE
45 25 P 4 Am 4T 2R K KU TT R Y KN R

AR LS T H A O R TR KRR AR
Vg RIS N R S R N N =R Y
WA K B i T 00 L XU AR RS Bl o B L T Y
VRS 7K 5k B A T 8 23 R e RO TR A K O o
Xof 1 s e bR R A R B4 A 0.2,0. 2,0, 2,
0.2.0. 1 F10. 1,8 2 KRM LG R AHE (PR

P=0.2XMCR+0.2XMVIL+0.2xET+

0.2 X SPEED+ 0. 1 X DVIL +

0.1 X VILD @b)

AR PR I3 0 1) A /s o R ORRU A B A AT RE
P h 3 e

(D A P<<0. 4 1, ) BLE 2 K KU AR
EVINY

(2) iR 0. 4<<P<<0.5 B, i B B K
IR ABE 38K 5

(3) HPUHE P=0. 5 . L 2 K XA #E
RIRK.

oA A Bl AR AN Tl 55 B i e S
AN [5) 25 745 X8 IO 1) S DX TRU A 0 Fh F {ELRE A T) 11 o AR
B b S8 % RN 255 U A i 5 R S A TR R RS TR
T i U B I8 PR AR U AR R A T
B FLRHR 22X I — AR5 TR 05 L 5 kg ] 4
R T RE 7 A AR R KR G G

4 PR KT

4.1 RBIERE

WA~ IR B A TT BB 7 AR R R KLY XN R AR R
AR R AT 22 K7 P50 A 56 i K XU 3l A X 2
A G AA] E 47 233 18] R0 (] b 8 6 127 A 2 T A e 3 26
[Fa) 50 T 20 i KU B 55 0 7 XU A ] R
FE SCUATR AR (1) 24 3500 4 8 /N 1 0 48 B T RR
0.4 BF, B 0. 15°X 0. 15° 2 2 [ 35 [l , 7 I 5% 11 [l
DALY ST A sl R 48 S T Tl 1 XU A Dy AL R B
AT I Y XU 5 (2) 43 #7728 301 0 < 254 3000 H 4i8 K T
FI9E BIAE R 0. 4 B, 2 0. 3° X 0. 3° & 45 L [l
4 S SRR TR 3 181 P 1 W o DR e ) 0 3l XU AR
e AU A I AL S B[R] BT R B AR AR 1 JE 2 Ak
FRATH 5 (3D 20 M U 2 15 0« B0 214 S 350 3000 3l IR0k 8 3k
¢ A R KA 5, 98 T DT X R ) XU AR, TE
YR AR T SR B R i e By L B 0. 3°

Acta Meteorologica Sinica Sk 2014,72(1)

X 0. 3°WE R 2 45 B o Bl 48 S TR A0 i A K 1 XL 2%
LER NS N BEp S WA
4.2 HERSE

it BB HLIX 2008—2012 4FE 5—9 A H R K
R A FE S BB H XU B BOK F 10 35 19 i
D KRR A . G35 20 K & K
KGR (FR 1)y Bt R RS A A 361 3Kk .

AT BRI R Z R RAL, e
53 BT B 2 R R 5 2% B BCSR R AT AT 6 DL | 20
W BRRNR A BT IR, B et BB i)
B 77 il i R TR 25 L 3K 1 43 S R IR
FURIR 3 AR AU I HofR [m] 96 Sy XoF 3 SR AR [m] 3
EZ 3\ k)| A SERE NS S INIET R/ A RO Y o
JKCTET I8 o 1] 98 1) B AR AR R A T I KT B AR R T
] 55 [m] 7 3 B — 5 R RN 5 T [l 3 X 1 5 otk
BN EASHNTTEAY =l ¢ 5 A E % ) = W) =R /N
= PSR R IR G K . Ji X i K
PR A R 1 [ 53 2 R A5 B PR 18138 2 6], 7 AR
|l 8 ], RoAR 1 10 (i, T 1 43 )%k 4 i 28 74 [m]
I ) R R sk A AT 43 2 U A 56
4.3 HRELRKEE
4.3.1 A

2011 4 6 A 7 H L BRIRE Ve N LA AT L
HoAth 9 />y (i) 249 1 U 7R 2 R MR 7. SR HAL
UK A RKIE iR R | ZE 58 R R i PH A
TR AR IRHEAT PR X 2011 4£6 J] 7T H
1522 mF (bt N D (0 8 s [0 30 P P 550808 1 47
W AR B . AT R XU 4 O L o it
SEPRA T A AFRIT o8 g R B A R B A Y
=N PIET T

R 43 A 7R B R RUHE B B s [ i
R 25 AH AR 5 B 220 Tk [l L S0 R R A B 1)
XA = S E (L 3) . B H T R sk LA
N BB AR KU 3l R R XU s R el DR g A R R
PR AR Fem 5 PR 3 XU Bk gy P<<0. 4,
0.4<<P<<0.5 fl P=0.5 =Fp% 5,

B 35 ] 38 8 A8 4 B o 5 I I R R KR i
1) B 35 [ 1 [ R, 8 b e L R R AN L 48 3
Bl R AE AR S i — 7 A BT 5 [l i < B a K T 9
FE & T AR b — G pg A 1) A AR [ 35 5 R0 3 A P b )
ARG, 0o B B A R B AT A R R
A7 S350 R AU B X L A i TR R 22 B 7 i AL



2 ] A ) A 32 [ 35 = ZE B P BT R R TR S R RGBT 5 173

F 1 RUHIOH X R B AR R

Table 1 The weather process of real thunderstorm gale in the Beijing-Tianjin-Hebei region
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Fig. 3 Radar echoes, real thunderstorm gale and identified thunderstorm cells

at 18:00 BT (a), 18:30 BT (b), 19:00 BT (¢) 7 June 2011

(@: all wind station, @ strong wind station, @ gale station;

~: P<<0.4 thunderstorm, A: 0.4<CP<Z0.5 thunderstorm, /\: P=>0.5 thunderstorm)
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