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Doppler Radar Product Features and Warning of

Non-Supercell Tornadic Storms

DIAO Xiuguang WAN Mingbo GAO Liuxi MENG Xiangui

Shandong Meteorological Observatory, Jinan 250031

Abstract: Six non-supercell tornadic storms in Shandong Province were analyzed based on Doppler radar
data from Jinan and Yantai in combination with environmental parameters and weather events, of which 4
tornado processes were produced in the condition of backward-tilting trough and one tornado process was
produced in the condition of northwest flow, and moreover 2 tornadoes were in EF0 scale, 3 in EF1 scale,
and one in EF2 scale. The results showed that the environment situations are conducive for thunderstorms
on 31 July 2006, 18 July 2007 and 3 August 2009. High humidity in the lower level and the 0—1 km verti-
cal wind shear =7 m « s~ ! play an important role in the occurrence of non-supercell tornadoes. The gate-

1

to-gate azimuthal shear (i. e. , the gate-to-gate velocity difference) =20 m * s~ ! in the 0. 5° elevation angle

"in the 0. 5° elevation angle

mean radial velocity product, or the gate-to-gate azimuthal shear =15 m » s~
storm relative mean radial velocity product can be used as a warning criteria for non-supercell tornadoes.
Four tornadoes form during the rapidly developing stages of thunderstorms, especially the cell tops
markedly increase within 6 min. The strong updrafts that quickly build up within storms are the main in-
centives for the occurring of tornadoes. The rapid developing of storm needs strong updraft. The strong

updrafts stretch the small-vortex existing in the low level convergence line quickly, thus, the small-vortex
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movement gets further developed, inducing small-scale intense shear, and causing tornadoes to occur.

Key words: tornadoes, severe shear, abrupt rising of cell top

55

oA WA — B B B B A0 2 5 1) T IR =AY
ANROBE TR TIE s HAR — LK BN LA K 52 0 3 [
BN, B % 38 1 % K (Bates, 1968; Fujita, 1971
Brown et al,1978) . Jo 4553y # 2 HAAK T 45 Fn 3R
P B (K ¥ % (Browning et al, 1976; Fujita et al,
1987), MG EANK Jo 45 th W A KU 77 AR Ll
A TEABE R 7E 0~1 km KUH) A8 55 Kk fn 4 FH s 45
o BE AR R PR BE R R 2 1Y h AR 25 2 15 Kk e
(Doswell et al,1993; Craven et al,2004), JE#E %%
PR TE A 5 AR AR KR AR I R, R R
) RUBE 858 /N B AR )2 8 T I A & (Bruce et al,
1997) . AF 8 g B AR e 46 A= i s AT 4 o = A B B
(Wakimoto et al,1989) , — J& A= B B » /)N iR i 8 5
RIS T REGH R E KGR A T
AU A TE Y B A8 A A% Bl s R LAY B, D
PATE i b T AT LA B e e a2 s 1 3 o — 20 R g
IR TB B BEOKIE R 35 K i N R TR
i A e A5 05 .

MRAE ) BB TR, Fujita (1971) 4% Jg 4 X
4k Fo, F1, F2, - ,F5 4t 6 &g, 78 F 5%
Al b Fujita 2 (1973) M4l e BB A 5 E 5K
BN W T Fujita-Pearsong 43 %% (FPP 4y %),
FPP0,FPP1,FPP2,---,FPP5 3t 6 %4, 2000—
2004 4, 56 [ FE N TR 2E KR 2 5 TR bl
(WISE) DA e A A4 & 8 F R LA i At ] xf F
S EGHEAT T 2006 AR 36 K AR R IE O
SO TR F or GbR e, BERG R 1 F 2 4R
(EF 43 %) (Potter, 2007; Doswell et al, 2009).
EF 434 4t 4% )y EF0,EF1,EF2, -, EF5 6 44,
XoF 7 P XL S S BB 43 Sk 29. 2 ~38. 2,38, 3~49. 3,
49.4~60.4.60.5~74.0,74. 1~89.5 fI>>98.5 m
«s ', EFO~EF1 N5 (weak) p 3 . EF2~EF3 W
% (strong) J& %, EF4 ~ EF5 k%1 (violent) J& % .
EF 53295 F 2 AL MR FR B B AR R A F B, &
B2 ) 2 X IO ) XU L EF 23 2% 8 iRl 244k

TR e A XU U ORI [ i XU S 5
(NSSL) TP 1 4k T 22 3% ) R 08 38 2R 00 55 kY

T % 45 0 3 (Mitchell et al, 1989) , 3 78 WSR-88
T g5 P HEAT TN U T RAFRCR .

I G AR E R B — R AB R - 5%
BE RS o B PEAT T BT S (K 2 0 G AR
Te A, AR G AR A S B e D . 1 2 o B i
FELEHE R PR 1) 8 AR T A — R R AR AE K
26 B XD AR SR T L iR A0 T AN RRE VRIK 4R
FHEESS = B b 2 0 0 1 EXUD) AR A R 5 e
B 10 K& A (R /INEL 55 2008 5 B K MR L 2000 5 K8 19 18 45
2009 ; 275 J5 4F 2012) 5 538 b 4 — M HR A R )
Jié » I H. o SRS B W A A & A= T I R T A RGE
DX 355 14 558 e 4 3 RE B 00 2] e 4 T i R AE (TVS) (X1
UH4E 2009 JE/NBI 4 ,2007 s 4 8855 , 2009 5 18X 5 42 55
2010) 5 58 0] 96 JoT 0o o B 0 2 SR RROVR A % 7K o= 1 R
Bt A 1ok IR v T e A 1) T R TR X R A
1) B Hi A AR LF 1 S 8 A AUNE R FE L ek Y)
75 e BE T BRI o o S0 ROBE 1 2 R 4 TR 3 e
() % (25 0] 2148, 20105 AR % 45, 2011), F 3% %
(2012) X UL ZE B HTE #4F Je 45 F AR Je 45 B 5 X
TR B SRR LA R R W], 428 0~1 km
S Y IE B XU UD R K 202 e 2K 10 3 A% A IR 2
DA AH X BB B A AR B B 22 5. SR AR A5 (2013) X
2010 4 5 H 15 H & AEAE B e 1148 74 & b X 1Y e 4
REWBRRE 0 R0, 8% = Bk R #
AWAEN S G BB R AW =B Rk,
A 8 G A TR 4 T DL & AE A A5 R R I KR AR
MR T X 1% 28 e 46 04 Al 5 TR e (5 b T A
2011 A 22 % ,2011)

FIH 238 1) RAEH ISR R 45 & RSB A ER
B A 0 R AEAE L AR 6 YR AR B R R E A5 X
FEIAT T 00T R A I AR AR R I U 0 4R AL
2%,

1 RARIEHEHLH

1.1 &ZEHELR
2006—2012 4F , gad B 92 kA TE I AR B I AE

R B B A 5 K 6 M Jess ., Horp 2012 4F
8 H 18 HIJLT-1E [/l — Wf ] Be N K 4k 2 D Je s (WL



670 A

% 5540 %

D,

2006 4F 7 H 31 H 16:10—16.20 £ 4 (dt. &
BF R 1D S B R T R EB L XS BT A SR B R
B H R BREE 4 AR 8 e s X 28 i (A
FR 20060731 k). ZKMERE BEE SBXRE
B SCRY 4 A K 2R VG 40 A1 ORI 52 R 5 ™ 1
2R AR JB T EFL S8, B4 5 i v oK 3
JETE 36.58°N . 117. 11°~117. 14°E, 5% 1 35 B 45 74
KBEZ 2.8 km, A5 & E MR e Hal , Je W L
WA,

2007 4£ 7 A 18 H 15:30 £ e W& T M
& T W L 4 SRR (R FR 20070718 Je48)
0 8 5 anar NPV ON | ¥ D ) S R PN
AT gL XA 300 2 R FE R T B K
MR 294 B LA 1 5 T2 40 55 BT 24 A R e 45
B 1) 7 e m A e A G S 1 B0 R B o 7 BT SR R
WA AT, @K HE. R T EF1 Rk,
S A 3 Bl R B0AE 37, 20°N L 120. 68°E~37. 22°N,
120. 70°EE S 2 2.7 km, Jp 4 & 4 AL 04
TR = E 29 200 m Ll Fe s R 4 AR R AL O 1 RS
3.

2008 4E 7 A5 H 17.20 EAMAE KO 5 5
13k 78 18 e 5 K28 o (7R 20080705 B 4) . i T
553k AR AL 5 1) 2 km i L+ 8] B 5 R0 B B
0O A G T B 5 B B R = TR PH AB B 4k L - 5

FETR A gk, 2Kk EHAE, )8 T EF1 Xk 6.
o3 5 W Y8 B oK 3 fE 37. 67° N, 120, 31°E ~
37.69°N.120. 32°E, e i [ 29 2 km, Jo 45 & M
g AR AL A .

2009 4 8 3 H 16:05 B/, {2 T4 & 46 5 1
55 N LK PR 2RI R — 452 KK M TE
W E g8, bR SR R R AT T 5 R A
B OCH R 20090803 Jg ). oW ML K O
37.34°N.,120. 83°E, $4 W E [l 2 1 km, & 3% H b 1]
HIGHE EZ) 200 m 1y 1L B AR 94 PR A 2 T
J& T EFO % k4.

201248 H 18 HF4 18:50—19.:20 &£ HTE
FEATT T BB AR e 4 (TR FR 20120818 7 FH g
B o KIgTHAERW, Z K E)™ BRI K B
AIHEAT P AT R R AR . AR 30~40 em [ KA
BT . 8 T EF2 Rp 6. B8 K AT R
D BEAS 1] AR g A AL 7 10 B 8l . AR S SR A e
B — R S AR IR T 35, 78°N 116, 78°E, Z
Jei SUA 3 IR B Ml L g B bl — R A T IR B
ZET 35.80°N ., 116. 88°E, $2 Wi i 1 2 12 km, ]
H 18:40 ZE 4y, U ma AR 0 55 B ii (1 SR A 38 8 e 45 28
7 (PR 20120818 & B A45) . B A5 A H P4 ] 4R 2F
T WA B, AT AR K S A M e e AR
ZRAG A, o K AETE 36. 66°N 117, 52°E, 52
JEHZ) 500 m, J& F EFO H k45 .

R1 6 REBZERGI

Table 1 The intensity scale of 6 tornadoes
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Table 2 Environmental parameters
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Fig. 1 Mesoscale analysis at 08;00 BT
(a) 31 July 2006, (b) 18 July 2007, (¢) 5 July 2008, (d) 3 August 2009,(e) 18 August 2012
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