it A % Vol. 49 No. 2
H METEOROLOGICAL MONTHLY February 2023

EFEW AN B SF, 2023, T 5 B VTR SUPL I T e 0 T AT Y 0 R A4, 49(2) 1 129-145. Wang X M, Yu X D, Fei
H Y,et al,2023. A review of downburst genesis mechanism and warning[ ] ]. Meteor Mon,49(2) :129-145(in Chinese).

THEEREANBE SEUMERARAER"

IHEM A RER ARH K K
PEARA A RTHEI S5, LK 100081

T’ E: Fdi B xR T US| & i o i o 1 BT 0 & e R B R L B T I B S S BT R R M 1 3
B IR T T o 28 9 A RTS B0E R 1) [) W e b T 5 e i O R, G TR BGAIL A 8 AN R o N TR TR AL . SCE I TR i 2 R
B S5 S SR J5 3 R ST KGR 77 A I o 2 R RUBE X IS 3R 8 PR IS o R T T RN O R AT IR AR AL I R KR R
TRV A D ) PEALI XRS5 A R AE DL SR T 2 M KRR B M BUE R OR . AE LR S L b X R B BOPL B K W
T p AT T e, B2 T 5 o R R DG Y iR T BIE 5T (),

KI : Fali B Tl B U0AE L 68 H BE XF LB R U N T

B 4255 P142,P457 XEFRER: A DOI: 10.7519/j. issn. 1000-0526. 2022. 100301

A Review of Downburst Genesis Mechanism and Warning

WANG Xiuming YU Xiaoding FEI Haiyan LIU Xiaoling ZHU He

China Meteorological Administration Training Centre, Beijing 100081

Abstract; The downburst is the outburst of divergent flow on or near the ground induced by a strong con-
vective downdraft. A single downburst affects a small area of several kilometers, and the downburst clus-
ter can extend over several hundreds of kilometers resulting in many noncontinuous surface damaging
gusts. Its enhancing mechanism may not be limited to the strong downdraft divergent outflow. This article
reviews the definition of downburst, and dicusses downbursts under two different situations. One is the
downburst induced by isolated storms and the other is the downbursts embedded in mesoscale convective
systems, including the formation processes of downburst and warning technology of downburst based on
Doppler weather radar. On the basis of the above review, the formation mechanism of downburst and the
difficulties of warning are discussed, and the much-needed issues related to downburst are listed.

Key words: downburst, downburst cluster, divergence couplet, strong downdraft, damage survey
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Fig. 1 Five scale of downburst damage patterns

(adapted from Fuyjita and Wakimoto,1981)

AR S DA PR B SO0 I 2l 2 S BUB I H

2 AU R IR B XL o T 5 AP Sy B 2 DR IR SR OX i
KL JEHE N LR . Fujita(1978) #5% T =F X
RS CIEL 3D« LA TR | W XU 78RR DU b ke 7Y, G
Hh R AU Y 52 R AR AR R B XU S 2 05 2.5 h
W RV b e B S B b A o R B TE PR N
Fujita(1981) B fff b Hhy 1T BT 2k 78 K XL 4 oy e X4 A
TR (B 4, B b o 2 U A R XU A
(SRR R Y 1 AT N T 7 | A B U I o PR
AT N 5 AE ] . 3% (Wilson and Wakimoto,
2001) , PR i Xk LA sk B 45 s 4 43 T O S (HAE — IR 2
G WA A o, BT LA 0 DLT s 200 3238 a2 DLRE
W FE T 2015 42 6 A 1 HSRHKILERBIIN
RIMLLT i 28 3 2 3 O KOE 4. 2016) L 1 2021 4
4 J1 30 H VL75 F 8 K XAR 7T BE LARE RUEE S 32
Fujita(1981) 45 Hy 75 JE [l i N & 4k 5y 7= 2 T i
2. Wakimoto (2001) 8 % Il 75 JE A1 i 55 MCSs
G100 o U 2 2 e R e 0 B R R 0 A O™
Ao AR R B Wl R AL A T o R 0% W IE
M2l y P REERES] & (Schenkman and Xue,
2016) , X WA N T iy 20 T2 i sk ZU IR
T B A A A T b DR AR R RS g
HATd 2. AR ARIRA R REZ L
LT il 2 U B /N S B 2O 5 KB AL B 06 1 Kk
o G WA BE 45 /N R B g R XU KU ik
0] (HAS R A o FOTR B ) B 2ok B2 L Fujita SEFR |
S R AR TS Bl 7| & B /NI FEL 5 XU A o T i 2

M7 HTERR
40-72mph  73-(l2mph
a7 g

113 ~157mph
®F2

= -;—-K
ONEIDA- COUNTY

SRR 25

e
LINCOLN "counTY

}
‘5 LANGLADE
|

1 9oy

B2 #Ed AR ER R 1977 4 7 A 4 HEIGER AR

K 1 F R (4 B Fujita, 1978)
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direction and F-scale intensity (adapted from Fujita, 1978)
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Fig. 3 Three types of wind shear: cellular wind
shear, gust-front wind shear and behind the

bulge wind shear (adapted from Fujita, 1978)
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Fig. 4 Schematic drawings showing the gust front

and downburst (adapted from Fujita. 1981)
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Fig.5 Schematics of the microphysical evolution of hydrometeors during the Norman, Oklahoma,
downburst as observed by polarimetric radar data (PRD) (adapted from Mahale et al, 2016)
(The 0C level is depicted by the dotted yellow line. Local Zpz maxima (e. g. , Zpr column)
are depicted by the dashed red line. Local Zpz minima are depicted by the dashed green line.
The updraft and downburst locations are depicted by the green and blue arrows, respectively. Shaded blue
region represents the cold pool. The schematics depict raindrop, snow, graupel, hail, and melting hail.

Increasing water coating on the melting hailstone is depicted by the increasing line width of the hailstone)
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Fig. 6 Schematic diagram of a traveling
microburst accomplished by an extreme wind

near the ground (adapted from Fujita, 1981)

x/km 3_2’m,571
2.50
2.00
Z1.50
e
1.00

0.50

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
x/km ¥ m-s!

B 7 o Fa RO e WEEEZ M (b) w K
(EEE 2 1 B 31 (Orf and Anderson,1999)
Fig. 7 An a-z plot of (a) u and (b) w through
the center of microburst (adapted

from Orf and Anderson, 1999)
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Fig. 8 (a) The reflectivity and (b) radial velocity of Beijing Daxing Doppler Weather
Radar at 0. 5° elevation angle at 11:48 BT 14 August 2008

(white circle; three cellular storms accomplished with three divergence couplets)
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Fig. 9 CP-3 Doppler velocity display for the
wind velocities associated with the first
microburst observed by Doppler radar
(The small patch centered 5 km to the
southwest of the radar depict the downburst

1

with winds as high as 21—27 m + s~ ! after

dealiasing just 70 m above the ground;
Wilson and Wakimoto, 2001)
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Fig. 11

Schematic diagram of severe wind genesis mechanism in the (a) CTRL

simulation and (b) DRYM simulation (adapted from Mahoney and Lackmann, 2011)
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Fig. 12 Schematic diagram for damaging
and nondamaging mesovortices formed
within a bow echo (adapted

from Atkins and St. Laurent,2009a)
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Fig. 13 The reflectivity (colored) at 0.5° elevation angle of Jiujiang S-band Doppler

Weather Radar and high pressure (blue solid line, >>1006 hPa) driving surface damaging wind

(barb, = 10 m + s=') in Yangze River (green area) near Jiujiang,
low pressure (black dash line, <1000 hPa) and cold pool (orange solid line, =18C)
at (a) 23:02 BT 5, (b) 00:01 BT 6, (¢) 01:01 BT 6., (d) 02:00 BT 6 June 2009
(grey shaded: terrain height, unit: m)
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Bl 14 2015 4% 6 J1 1 H 21:26 7 BT 3% 4k (a) 0. 57400 5 /=2 2 28 R 7 Al
(b)0. 5° Ay (o) 1 S L (D 2. 4°4 #fy £ 1) i
(I 14b w6 B TRR IOAR T FE XU GF L B B AR 0 T o7 28 35 DB R /N R U &5 BTAL)
Fig. 14 (a) The reflectivity at 0.5° and (b, ¢, d) radial velocity at (b) 0.5°,
(¢) 1.5% and (d) 2.4° in Yueyang Doppler Weather Radar at 21:26 BT 1 June 2015

(in Fig. 14b, small black dot: Cruise capsizing site, blue line: gust front, white line: downburst)

B 15 2011 4F 4 F 17 H 1318 J7 I 183 () 6. 0° A1 S5 3N 71 (b) 0. 540 £ 72 7] 33 B
CE (o [ P AR 3 T o B AL B 400 m, 2 h 4l me s D)
Fig. 15 (a) The reflectivity at 6. 0° and (b) radial velocity at 0. 5° of
Guangzhou Doppler Weather Radar at 13:18 BT 17 April 2011

1

(AV of the downburst divergence couplet is 41 m » s~ ' at 400 m, marked by white circle)
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Fig. 16

Yanchen Doppler Weather Radar at 16:31 BT 1 March 2017

(a) The reflectivity and (b) radial velocity at 0.5° of

[ The winds have exceeded the unambiguous velocity range of 27 m + s ' (red arrow)

at the 900 m height and the dealiasing velocity is 32 m *+ s ']
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