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Abstract Downburst is a local severe weather phenomenon. It not only causes great harm to flight safety, but also serious dis-
asters to the ground objects. According to the downbursts characteristic that when downburst happens, it's reflectivity factor
core of its matrix drops rapidly. This article is based on the data of the radar scanning, defines the concept of "unit area equiva-
lent potential energy" for judging downburst's occurrence and development and, combining the fact of thunderstorm’s velocity
field convergence in the mid-level during it's occurrence, then gives the downbursts outflow strength formula. By analyzing the
measured data, the calculation results shows: (1) Changes in the unit area equivalent potential value accurately reflect the
strong center height variation of thunderstorm. (2) The equivalent potential energy difference of the adjacent volume scan re-
flects the quantity of thunderstorm’s energy released: before the downburst occurs, the potential difference of the 1 — 2 volumes
scan reaches maximum, which reflects outbreak of downburst. By setting the release quantity of the unit area equivalent poten-
tial energy to 30% one can early warn the happening of downburst. (3) The release of the unit area equivalent potential energy
can early make the warning of downburst occurrence in 6 — 12 minutes in advance, and through the flow strength formula one
can quantify the value of the ground winds generated by the downburst. The error of early warning wind speed is determined by
the distance from thunderstorms to radar, the closer it is the smaller the error of wind speed is, and vice versa. And,(4) the
six downburst warn results show that the index can accurately warn the occurrence of downburst, while the flow strength is
greatly influenced by thunderstorm identification parameters, with the error being larger in the case of the distance farther.

Key words Downburst. Equivalent potential energy. Outflow strength, Middle-levlel convergent
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(a) Cumulus stage

(b) Mature stage
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(c) Dissipating stage
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Fig.1 Conceptual schematic for the parent thunderstorm downburst evolution
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Fig.3 Schematic for the VCP21 thunderstorms scanning
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Fig.4 Schematic for the area calculation
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Fig. 6 Wuhan radar combination of the reflectivity factor (a—c), 0.5° reflectivity (d—f) and velocity (g—1)
(a, d, g. 09: 44 UTC, b, e, h. 09: 50 UTC, ¢, h, i. 09: 56 UTC)
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Fig. 7 Thunderstorms reflectivity vertical profiles (a. 09: 38 UTC, b. 09: 44 UTC, c. 09: 55 UTC)
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30 3k IRl M A B8 ) T AR SR A BT B T
FHAF OB TR B3 19 728 1k 55 B 8 SRR v 19 28 fh £
FF— S0 ARSIV b S T R RE R B fL . X Ay
B &I 76N o B U R A T B T R A 3 e A
7 TH] FHAE B A R 22 AR AE AR 28 78 FLB (B2 7 1—2 4>
PR, X B T AR A R R R S Y B
AT ol R A B
4.1.3 s EIHE

B I R B TSR R o 2R R A AR A AR
s DL IR R 09 B 38 Fil 44 J3 (K49 B ds » bl
M5 R 09 B 34 Fi 41 SR 55045

FE R o B A A iDL A BRI ) TR A R
b EmamiE S . £ 1 RV BT EEAS
TREEE R, 2 2 s DUTR IR R DU B 2 5 O A 56 7

WAL R,

Zeak A 8 5 0 e BE 2 X =K (19) i

7R B TR FR S R ARE 22 Ok T 09 B 44 T 50 43

8,43 30 17.6 F1 70. 8 kg/m. 4543 1.2 itE

S5 TFEE 09 1 50 1 56 43 11 H ISR B 4 0 A
7.3.22.3 m/s, 5 SLBRTE A 00 B R R L L 45

W4

V = 16.8/AE/(hr?) +

145V (hy —h)

3 g B R IR R T AR A RO AR G
A 45 2R pi T Bl o s S T R I A B A A R
JEG R BAR ] B R R AR G L TGRS R E
AR A B

(19)



i

WA T o B U 1A R S U AR AR

863

#1 RNERTEREGSE

Table 1 The Wuhan radar middle-level convergence parameters
i i) JEE (km) T (km) 52 (%) e RHPE (m/s) B R & (km) PR L (m/s)
09 i} 38 43 / / / / /
09 i} 44 4y 1.6 5.0 317 13.5 5.0 4.3

#2 RWEHEBHFEBRTOSHE
Table 2 The Wuhan radar thunderstorms center parameters

fisf [ Ji§ = (km) g (km)  BRRIRE (dB2) 5k (km)
09 i 38 43 4.4 8.5 69.0 4.6
09 At 44 4y 3.8 7.6 66.5 4.3

# 3 BN IRERET OS5
Table 3 The Suizhou radar thunderstorms center parameters

Hsf ] JIE 15 (km) T (km) ORI (dB2) 5k (km)
09 I} 34 4 2.37 8.3 61.0 5.8
09 if 41 4% 2.37 7.8 61.5 5.6

3R 3 B g AR s etk B =X (19) 509
I 41 F0 47 G5, B T FH S A5 5 R RS M 43 31 Ol 35
F161.2 kg/m, Z 1 1HEAS 2] 09 B 47 F 53 43 i
SRIEAY I 7.4 A1 13.8 m/s. T E SR A
B BIS AR B TR 2R G SR R
— & 1 I 22
4.1.4  RUURRA R RERY 73 A

H Emanuel (1994) 5| A & Ut % i A 20 f7 fig
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Fig. 11

Wuhan station T-lop diagram at 09:00 UTC August 11, 2013

(a. 00:00 UTC sounding revised, b. 12:00 UTC sounding revised)
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4.2 MEHLRLE HAEpAE R, WET ORFHRALFME LR
R 5 bR OB OR AU R 2R A ek R A 6 YRR R AR T R R AR L3
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Table 4 List for the downburst case specification

i TR Tﬂiﬁ: BRER ERGR EfiJ% B
63 o L3R B (m/s) T (dB2) LA

1 201345 8 4 11 H 3k b 34 69 H ik
2 2013 4 8 J] 11 H . BaM [ 34 63 ¥ RN
3 2006 4E 7 J1 25 H .7 i 31 65 H ik
4 2009 4F 6 A 27 H . % [ 33 67.5 H IR N
5 2009 4F 7 H 8 H &M i 24 59.5 I Bk
6 2007 4E 7 J 25 H . 4h3 o 29.1 65 H RN
7 2007 4E 7 H 28 H. MW A o 23 62 H E[iREN
8 2006 4F 6 J 25 H . 4% L 33 64 H B[R
9 2007 4£ 7 J1 25 H,#IX 5 22 62 ¥ E[JYrN

BUER R 6 Uoh RS 2 AR T I AR P 6 KMl BRI A A IF HAR AT 612 min 45
TR 6 YO i 28 5 K 2R I B4 7 s [ i UL AT 12, HH XU L« 3 P Bk LA o 1) B T R
13, MU B 1 40 25 21 (3% 5) n] DL, 55 3% RE % i ) [Fi Pk BRI 3% 22 {6 T A H 10045 XU 119 % 22 ol o

(a) . S . : i gt G D — . 7 dBz

0.5 Rcﬂccti\rity : ' ; Tt | 7

100kin - Y .1 ’ v, ) o i 1 ! ) 45

K12 F i B i kA i 20 38 B A 8 (a—o) A% ) 3 JEE (d—D)
(a,d. 2013 4 8 A 11 H i ,b.e. 2007 4 7 A 25 HEh Wk .c.£. 2006 4= 7 H 25 H ¥ ®)
Fig. 12 Radar reflectivity (a— ¢) and the radial velocity (d—f) at the downburst occurrence time
(a, d. Wuhan radar on August 11, 2013, b, e. Yancheng radar
on July 25, 2007, c, f. Jinan radar on July 25, 2006)
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(a.d. 2009 4 7 | 8 HAxIM ,b.e. 2013 4F 8 J§ 11 H KM .. 1. 2009 4E 6 H 27 H )
Fig. 13 Radar reflectivity (a—¢) and the radial velocity (d—1f) at the downburst occurrence time
(a, d. Xuzhou radar on July 8, 2009, b, e. Suizhou radar on
August 11, 2013, ¢, {. Jinan radar on June 27, 2009)

# 5  F il B B O

Table 5 List for the downburst warning specification

‘ T EiﬂEETﬂ/ E%@E %ﬁiﬁ/ RSk ?ﬁé Wi EIRSE KGH R
i - IS =i prayEN JIG = A @ JRGE R o %o (i
(km) (km) (km) (m/s)  (min)  (m/s) (m/s) (m/s)

1 201348 A 11 H,.®KIL  7.6/3.8 25 1.6/5.0 4.3 12 22.3 21 1.3

2 2006 4E7J] 25 H,¥%H  7.3/3.5 30 0.8/3.2 5.7 6 21.8 23 1.2

3 2007 4E 7 f 25 H .4k 10.5/3.6 57 2.2/5.2 3.7 12 29. 2 27.5 1.7

4 2009 4E6 /127 H,%H  9.8/3.9 94 2.5/5.6 6.3 6 32.2 26 5.2

5 20094E7 H 8 H.EM  7.1/2.47 98 ¥ ¥ 12 15.7 22.5 6.8

6 20134E 8 ] 11 H.KEM  7.8/2.37 140 T X 6 13.8 21 7.2
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Table 6 The thunderstorm energy release specification

o LAY - ) g

58 L A ffgfri o
(kg/m) %)

1 201348 A 11 H.iW  159.9 70.8  44.3
2 20134E 8 F 11 H, KM 104 61.2  58.8
3 20064FE7 H 25 H .5 238 73 30.7
4 20094E6 H 27 H.i%M  451.6 307.7  68.1
5 20094E7H 8 H.EM  153.9 50 32.5
6 2007 4E7 H 25 H.thhk  588.7 236.4  40.2
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