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The downburst is the outburst Jofydivergent flow on or near the ground induced by a st
rong convective downdraft. A single /downburst affects a small area of several Kilometers,
the downburst cluster” can_extend over several hundred Kilometers which enhanced over
many noncontinuols,Amall areas, \the enhancing mechanism may not be the strong dow
ndraft divergent outflow. The definition of downburst is reviewed. Downbursts under two
different situations are discussed, one is the downburst induced by isolated storms and
the other is the downbursts embedded in mesoscale convective systems, including the f
ormation proceésses ofwdownburst and warning technology of downburst based on Dopple
r weather radar. On the basis of the above review, the formation mechanism of downbu
rst 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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“Downburst” —iafx 2 i1 Fujita $2 i, FIRAAREGRL 1975 4 6 H 24 HEEFEil
WL KB C R0 XU R I A L 7 AR R A UL s Tt i o i e A7 A
BN BRI M fEE (Fujita, 1976; Fujita and Byers , 1977) o FoiBHIH;
RAJFIE F3 2% (70~92 m=s ), BIRFEFERI G440 (Fujita, 1985) o Tigkiia® i
AR FVERS, A7 REGR ] 60%~80%H H R TAT R E) T di R (Wakimoto, 2001) .
T BRI AN TR AR 1 58, TR SO LR G RV T (R
100 m AL 3¥4 me s KRS FUARACSIR (Fujita and Wakimoto, 198la) , £ N
ARETFERR R ERRD « BETHE UTRUIZRBRE, HAA8 %5 Wilsen et al
(1984) 408 I i BRIt T 20 W 4 RSB TR A3 T P ) ) e iRl e S ot
BHAAE 4 km LAUR . ABFEREZE KT 10 me s, HERZ AP (Wind Shear) . 75545
H, X R S0 AR TR RO 5% 1 RDIAR T 4 25 AT AR L, Fujita (198
1b) A R o BRI T XA B TR 5 RS PR3 b T ¢ S5 PHARTRIX MR Hbi XU 1 7K R
L /L G N T =1 Ll S T = T ) G A FE - W 1 9 i/ 4 N | 7B 1 A AR5 P
SR 4 wred ks 751 i B3 AR RO T dg R T KPR 4 ~40 km P REZ RS
Fujita (1985) F Wakimoto (1985) HR#E T gy vt UK AEIAIR] R 75 A A B K, I
Sy TR T BRI R o SR Wek Tmoto (2000 MHE— 304 T o 0 FE N il R Ui
iR REE 10 km PR O30, Maskowski®and Richardson (2010) Al Smith et al (2
004) ¥YHI 7 7KFRUBE 10 lm XA T of X FECRME T d7 29, Smith et al (2004) 45t T
0T SR bR L B XGEEIE 26 m e &' (50 kn) 5 BUA RIFICT; B IARIEEH 1
km SRR 25 mols” MU EMIARITIRG B 10 km Y AR AE T 2L 40 mes s 25k, R
R BAN RG] A N BN AR SR T TR TR KT RUBE 10 km BN (s 4E HICHE
VR o AP BELQ ke 5 M T BT 34 AR HF 27 BRKCP RUBE, A ) B )b Al s
X 1 AR T R SO R A

R AT DL ARSL IR « B R B i FEAN SR AR O A e ™ A, IR AE P RUBERHIAR
Y. (MCSs) ™. BIRELEAN 5 ][5 5 MCSs 72 A [R5 S80I 1) D3 LS K R Rk Ay
Derecho Ff (Johns and Hirt, 1987) . Fujita(1978) fl Fujita and Wakimoto (1981a)
T8 HRESE LN IR DR T FELRHAL R KU B AN T e R R AL o iR, HKSF RUEE RIS L
HTK: KT 4 kn % FTHBRXAE —AMREME T HRR, MFHERRTEEZAR
FEE/NR . KRB R AL, WSRO E R (B 1D o B 2 4T Fujita
(1978) FETF R IEHALHIM RIEE (K 266 km. T8 27 km) Humm KK &, HRHE S A AT
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PRI, FERVEER X LU H 25 SRR, B Tl S REM Y, K
B F2 24 (50~70 me s ), {HEAUEHERHIK TGRSR RIX NG BB K. Shr I, MCSs
G R BT 3R R T H A R T T BB N &R (Fujita, 1978; 1985; Fujita an
d Wakimoto, 198la; HEAOLEE, 2016; & B35, 2016) o “ARTZE” FFHHN i
it (300 m i) ERJEE/N (30 m) W FHrBRsEA 19 &b GRAO6EE, 2016; w5
&, 2016) 3 XPFRHIEAR 12 ki VG N B RIGHE R IR K K218 42 4k CEEE, 2020)

TR Fujita 3 916 2R I I 235 )R AU A S IIE S, B WA
WFFCHIER N, X o 230 S s B AR RN W R i SO SE Rl it R dr R
IR, ARG5S R AT MCSs PRFIETE, % T o Bt = AE WL AR T TES5 K
A ) e AT T [ x

m E FadRR
® 2]« e
£ |= T Fi#a

t R &

h ROE

1 AR REER N HRRMESHEE, M EZR T8 i, FERRE,
B MR T HRRLZE (Fujitaand Wakimoto,1981a)
Fig.1 Five Scale of Downburst Damage Patterns (Fujita and Wakimoto,1981a)
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Fujita and Byers (1977) &t F i BIRM &AL g AANPERAG 1) 32 w], {H21E
SHERIGI R TKIE 18 F . RE Fujita (1992) FEARM AR TRl 2500 & B 2
JFAIESE N o AR AE BRI 5, A5 B 45 R A3, EL B S R AN A o SRt 35 DU s LG
OTFH R E R FUURBE N, Fujifasdid 24 O 4 R IUEUE R LR B4
@ N a5 R e A TR X B KR B PR AR SR A G . I 1978 42 1986 4, £ k517
WIGIESE T R BRI IARAE, 2 W e 0 7 A Rt R ) B A XU S5 A R AE AT T a7 BRI
AR, [RBFABDNA] T Fudiva Rl TR E RTTRR (Fujita, 1992; Wilson an
d Wakimoto, 2001; Wakifi6to, 2001) & BAFEXS T UM M GAE A Wam B, % it
HH A 5 R T TR A W6 X, o B 1 ) A AR X — IR 3 TR e .
ARG, WAL AT GOt T R BRI RE I AR SR 0 85 B, R o R
HISEH ATHEUE K (Wilson and Wakimoto, 2001) .

AR SR DRSS B 2 5 S0Hh T 2R B R RURITE 4% IR, BT R R 7 28 KR
MRS, o8 NER Fujita (1978) 28R T =FRUIELE (K 3) o kR, B
JRVEE TR RN R IRV bt Y, H o e VB 1 S ) R A TE AR Y IS SR 2 ) 2.5 h, BRI
(AL SR AT R AR IR PR . Fujita (1981b) WHHR b BLLE ALK R NRE K,
BRI R (B 4) o SEbR b, N BRI KR A A R, A0 R B R R K 0 T o
W RE S, AR nRIE ] 52 (Wilson and Wakimoto, 2001) , [KIfixECAEL
O AR 23 ok, BAE — kB AR, RTRAX 43 AR e B o F0d 2 AR U 5
a1 2015 4F 6 H 1 HSBRILE BT R L T2 v E CRAO65E, 2016) , 1M 2021
4 30 HVL5% R R KR AT B BARE KBS A T .
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Figd. Schematic drawings showing the“gust front and downburst (Fujita, 1981b)

Fujita (1981b) #& ' TRl B A2 AL 5 7 4L T 2. Wakimoto (2001) BA§I = %
(A1 55 MCSs V51 % 1Y o % I 2 ply LA IR (0 S AR i N AR O™ 2R o ISR 5 TR I L iR Ak
) “NE R BB E P REERIESIR (Schenkman and Xue, 2016) , X145
BN T Bl B SR ZU T YU B 5 A A R DX, A R B PEAN AR
R ERI . BB TR AWIRN, AR 2T 5 BRI A /NG BB B0 5 R L 3 Bk
W o 9 T A R4 /N BB B KRR XU S EE A B (EAS BE 1 i L% i B e
Fujita SEFR_FoB RSO0 E B 51 R 1/ BBl VA R i B . R Fujita and Wakim
oto (1981a) HEH T AR M N R, (HSbr b 7 #06 Bl e AL KR 18 ) ik
Tl RRECE TEER, X T MCSs IR T o R I S5 KV R o 2R SR AR ST 7 O
A%, HEH] MCSs NI T dr B0 il BEA A S — i iRk FUTRIRIE AR EEEMDE, B
MCSs P P /DN TS B RR it X HE SRS JHC T BT ) o5 AN A, (E HCIE RS I 5 R o R 2L,



PRI, A SO BCRE KSR BI3E K~ R 10 km BLUR Rl KR 2 T SCF i &t

2 PSL LR T B
2. 1 FERRALER

PRAL AR AT — B TR L R R 2 BRI B AR AR R B, o — SRR AT ik
WL PR Tl i, SRR KT B B A2 A TR (8%, 2022) ,
Z AR NEIR A A RS BRI AT/ S, 20060 , RIGERZFRAN 2 LR ml = A4 o 2
it

PRSP (0 ol B 000 2 o X A 9 N U0 A R R O i T 1 2 T s 5l 5
FEA AR N IR R B L R .

Mg Zes &Py g+ -2 w
dt O  C, Py p oz
1 2 3

A (D APMREEEEH) AN, Nohw Tk BN\ U, 6, &l ¢, h
TR, ¢ MR, 1o r A NsKe FKRZKIPEEL, “7 REREARS
CHFAR “07 AR MRS, FEARE R BEmmEsct . A 10%8 1 BURER T 10 , 58
2 RE = ARFIKIEIKIR, 5 3pURGRI BN R BE 71331

B (D 38 TR S P R R E G 7000, BOK AN SRR EE /T (Wa
kimoto, 2001) o M4BT B r= A8 F de B IRA 3 T UTUTR B 3 2 B R A K kL
TARARV AN (FRA . R BT PR 0 RO aE i, Rk A Sl (KSR 00 58 R 0T
SRR LT E Y (KeSsinger et al, 1988) o T N oy Bift B 3R E#E 35 dBz LA
T, TRk T 0125 mm BLTIEREK, ORI FEE NS TR R (Proctor,
1989) , H RURHTF A S0 T U S KF R B R (Wakimoto, 1985) o B
TAEA BT IE5E TR 2, Doswell 111 (1982) FgHi7EM| “v7 RGBT, R B
RILFTHRIL FIRREIRIE, AR TP EN T, Haha T E1ERA T T
TOEBGRE AR . 00 o R R B S X, SEEPHE X 80% LA E AT Faig
i (Wakimoto, 1985) o EPEIL. Hilm X HIL N ZEEH LR ZHERR 5 H I
FRERR I TR B FREEE 35dBz LA B FEK KT 0. 25 mm, 2 A IKE
BRERL T, RN UUAUR B R 2R K UK R S UK R 5 1R 28 R S5 S A KR 1 A AR 5
% 1774 (Wakimoto and Bringi, 1988; Proctor, 1989; Fu and Guo, 2007; Mah
ale et al, 2016) , UbAh, ESKEMIFEA K. Srivastava (1987) L HIEILR
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W AL UK B A o SRR NS ) B TTRR A o R TR A AT T W, A2 R PR A 2K
TEFSEME, VKBS RLGTE B R & SR X P BRI BIR EZE (Kuster et al, 2016;
Richter et al,2014) ; Mahale et al (2016) % TRl AL &R T I Lt —
SRS T UK R LR R A P 7K 58 5 ¥ 2% 2 74 1 LG R W0 i 2%, b R o 2R 3
EREER (E5) .

K5 OUR A Ha M i 2 T o B R 1 B3 Y (Mahale et al, 2016)
(L FEERE, LOBEL: Zntt, SEEL: 2 l/ME, & () BFk:
EFE CRUD AR, WO Al (XD KEIRFEFERREY 5. . IKEMELIK
£, BAEVKE B 5 LBk 2 W K 15585
Fig.5. Schematics of the microphysicalevalution of hydrameteors during the Norman, Oklahoma,
downburst as observed by polarimfetric radar data (PRD). (Mahale et al, 2016)

(The schematics depict raindrops, snow, graupel, hail, and melting hail. Increasing water coating
on the melting hailstonés)is depicted by the increasing line width of the hailstones. The 0° C
level is depicted by the dotted yellow,line. Local Zpg maxima (e.g., Zpr columns) are depicted by
the dashedired line. Local Zpg minima is 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)

ML TR B 2 A XZ% R LRI AT /N ROBE T B e B e B iAU A KT 56 i, /)
R TR T AR FTREA B T T i BIE A (Kessinger et al, 1988) , {HHE KM
MEAE AR DT B A B AL T 5 M e ki, mriul ot
AURAGR R BT /R 2 51/ i Rl 5 X o 38 PR 5 B AR 3 Rl P A s R XL



% ORIRIESE, 2004; RZEFESE, 2011; PRot)IIAE, 2011, (S Eh4E, 2012; EFHHI4E,
2012; RJ5775%,2013; E—EAE, 2022) , A KUKERIERFEK 1 9 AR 2 RN A 3
5. 5% (2018) WFFLR WL AR A R RIS, Sebr b, B X
FHPA 25 me s ULEMECR PR (E—8%, 2022) . HEHTHCRABER R
PEA B N i R IRGEIL 60.3 me s CGEENFESE, 2019) .

EARZI WAV AN WAL

B g

: al,, ,0V,, ,0W,, ovou OwWou Owov oB
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DOCPo[(S) (5) (az)] /Oo(5 ~ o a G 82) Po 2)

1 2 3

X (@) dhu, VKEE, WAHRERE, p A%E, B IR, JUREEA
RE (H TR “0” KRB WS, HEARS HMEmERt. X410 51 TR LI,
52 BURERIERE T, 5 3 AT/, il (2) , PR P . BUE
WA S350 (Markowski and Richardson, 2010) o T &% #4057 Nt L, KEHS
Ji& R SRR AN [ T P R R BE g AT 7 A2 58 S T Sk Roberts and Wilson(1989)
fa, AN ReE BT = WA R TR R . Nielsen and Schumacher (2018) #{H
B (A RN Y o Sl I - T R P i 51 /& (39 = w3 e I (S B IRt S8 iU
USRI, BRI Ap AU i R o MR 8 75 BERE S ST S TIPS (2019) ARHE
i AR B U 3 min P RF3 ShiPa HEI, )2 3 Ui ORI ) R B SRR IR A
FIREINGE T F o 2RI, (HBA T SUNe i 2 AR IR ™ AR 1 R b T % (Mahale et al,
2016) o F % (2022) WEFL R, P24 25 m e s L RITRIREIER G Sk rp A 18%pEA vh
AURIE T . HIEN(2) 47 A AUt 5 R AN, ABANIR] m BE SR I o 2% A 3 i
R AR — B 5T

Orf and\Anderson (1999) #{EHWFTTRM, BEH 02 km XIEEYVIZE K, SHBXFE
e PR 10 T XU 35 T, T IR AR R 3, Fujita (1981b; 1985) FRZANBBNAL R
U, B 6 A T RSB T o SR A A ] o ST IR T R A SR T O R A
FTig/l, Orf et al (1996) WFFCAREA, I 1] JRHE 58 ) 3 B2 5 DR Ay TR e st 17 7K P
M. HE 7 (Orf and Anderson, 1999) , & FALFI N PTHRHLS IR AT AR AT b THT 5 X -
REESEM 1~3 km ARG FUURMALN 10 me s HISRPER, 21 me s FIHGR FIURR
AT 0.5 km @, R RAL T3 FUURAT Y, BRI 30 me s, 5 LR XE) &
10 me s M EFYEEEUST 21 me s 2B me s ) ARG, 18N RN R /NG H
AR, N R A MR SRR A 10 °C, T PR/ T 2°C (Procto
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r, 1989; Atkins and Wakimoto, 1991) o DAMESZWLINBERIPRE], AL RCEARWLNE] 35 5
Tt [, AR AHNSL X B 3 B 50 7 22 v s ) 22 R OWL A 3%« Mahale et al (2016) i
R4S (2019) 3 il WL )£ B 55 B /K (R T o B LT R4 6. 6 hPa #16.5 hPa FhH. &
25 R SR /KPR BN SRR FE g 233 3K . A 53— J5 T, 5 8 v R 7= A 1 3 B 7 )
IR B S EARE 1 5 5005 177 M I SR EE R A A N TR % K. Fujita(1981b)
S B AN AL Nl BN EEAC M R, KGR FUTSRAL T H B m R (B 6) , X
IR E T, 5 e AT RS R TR SOE RN T B 3R

Bl 6 77 A i T B 30 B iy
Fig.6 Schematic Diagram of a tra accomplished by an extreme wind near the

1981b)

..................

Bl 7 o PO (@) u X FEEZLD A (b)) w X (FEZLD S E T
(Fi3kF R KK &; Orf and Anderson, 1999)
Fig.7 An x-z plot of u(a) and w(b) through the center of Microburst (Orf and Anderson, 1999)
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2R AT IEE L AREFAESS T i BRI TR R 50T o BRI (KX
FREEIF AN 275 7pdh, T8N E ROAIBIC o B TR N & — A L 8, Wilson and Waki
moto (2001) Ay A R Il I Pk 2 AW RER o 25 B e BN T e AU ™ A 1 = s i
DARRSEI ()BT, BRI il T e 3007 B

BRI TG T, 0N e B 52 A BR8] 35 S0 ) A, A% 1) o P R R L
LT R FR R SOEE (B 8) « Wilson et al (1984) WLIMHFFTEI, TFhiRiiiw L
ANKIRRI, P20 KA A 2 5 LA b, KATIE 576 fif. 2R AR A I E A
T BRI AR T P S I SRR A “ARIR” 45449 (Wilson and Wakimot
BRI ARR A A re o 2 ] B it /NS R (B 9) o R Ik ] BRI AR
PR )3 B2 DR A DX PRI PR o A O R P S B 0 BE A I (.
9; EFHIL, 2012; KI5, 2009) , HARZEIHRERAKF Az
Tl R R, R A . ‘

2001),

LG AT
Ar/NEE, 201

Kl8 200848 H 14 H 11: 48 dbu{ kK EiA (a) 0.5° ARG ERE T (b) FHHE
CEERE . XA ERAAR SO R4 F0H XD
Fig.8 The reflectivity(a) and radial velocity(b) 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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K9 2 8RR IS ML A AN T e B AR e 1 1

(B R R TR IATE M, BEdh 70m, EBUHIG 2 RGE N 21027 m o %, RN 5
ke PE B8 P BT 4% 1) 14 BE K BEIX ;- Wilson and Wakimoto, 2001)
Fig.9 CP-3 Doppler velocity display showing the wind velocities associated with,the first
Microburst observed on Doppler radaft
( The small patch of red, orange, and yellow colors centered 5 km to the’seuthwest of the radar
depict the downburst with winds as high as 21~27 m s after dealiasing just 70 m above the
ground. Wilson and Wakimoto, 2001

MR %ME, TR NIURT ISR B A A AE RS © WREP TR
(500 hPa PAF) ¥ i 7 B 1 Ji 4R, e 1 A s el A F (Srivastava, 1985);
@ Rl )Z T (700~400 hPa) AHXFTHLA B SZAMKZ S8 (Atkins and Wakimoto, 19
91; PRlEHESE, 2016) o HL BRI DUHZ BT FR PN EER M) R YT R AL R E S UF LT
YU IR, Emanue] (1994) 5] N FUURHAA S0LRE (DCAPE) FURES S, R At dgt b
T XN S5FIC (Gilmore and Wicker, 1998; Z=MEZAR%E, 2004) ; {HHT DCAPE
(i 2 BB NI i B E S KB S RIA B EE IR, DCAPE A9 RN AN BEAR L IX 43
BT A IR P4k K, (Cohen et al, 2007) o iz HTH B RAR 24 AL 5 2 B /IME 24 1
B2 Z KT 20 C (Atkins and Wakimoto, 1991) FIARIEH (McCann, 1994; X %,
2005) AR EEZHNE T B EE . Wakimoto (1985) Fll Atkins and Wakimot
0 (1991) TEGE T BER) L4570 R o RIS IR B AR AURFAE, T F o IR =S L8 “V
A, R A AR BT RERMEES . Pryor (2015) FET TR SEEX IR 10 3 BLER 2R,
2 EIR T R R AR A, R T R ST (K R SRR A AL e B R
%o Atkins and Wakimoto (1991) 78R WIRRAM T o7 2 It R 1 [m] i ik HL5ik [ml YA Jig vy
JE i, 55dBz LA L5 A1 ik BB 24 S0 B ME B (7~10 km i BED , 3 KR T2 B
I o B U X R B A S 2 R TR A /RAA S 55 dBz, HEFEIRAE 5 km LLR, Wi & ik 00
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RAHFTHWRAR. 045 (2018) BFFCARRI S ERMIIRE, HRHRE P,
BT T2 A B PR/ R« Roberts and Wilson (1989) fxseéh Hi bR T & 1 S5t R[4
T s AKNTERAES . S T HRRNERRME: Eilts et al (1996) fEIL
Heftian th T 2 RHESE A WIAR I B S B SRR K B AR AR A PR TR A
R TR, IR B R TARSCEE . 1Ak, RES#HET LR — A B HBRHEF K
TE2AFHBREE (BRI, 2011; DHESE, 20155 Mk, 2018; HHIREE, 2
021; HEFNZ, 2021) . Wilson et al (1984) FEFWLMIAF 7T @ WA Tt BRI KR FH
B (B EEHRRIRG N 2 min 7245, T4 2 BR A E B AN H Y 4~6 min, JyRt3E E B
Rl 2 JRAEN L 2 T AR E BB 3 min 9 C B Z RS TEIA (TerminalDoppler
Weather Radar, TDWR) , Wolfson et al (1994) FEF TDWR #RMIFF RS HLiH M drig it/
RY) (15.4 me+ s RBIFIE, Smith et al (2004) FF L WHRITFLRE B LT UK
TR (26 mes™) PRIMGHUER L, 6% RN R NE, FfEa . ImiesmE &It
JUEERIE B AT, DASABAR AR /ME S B 2 m BRI N S AME N T UK
TR

EFAHAE (2012) AR, PRI AR B R B miE S, 2R
WA e A (2017) . FRNEMESE (20990 T/ WLIIAT 7 IR 2% W #E 2% B4k B o 2
RFEERME: F—8% (2022) WEA ARG IR, 74 25 m+ s LA EEK
(IR 2% B ph o 24 A ST BRI, e Makimoto, and Bringi (1988) WM& BL T o Z i H
[ CENRFERRTFMIE” (Zw h6le)] 4k, Kuster et al (2016) FlMahale et al (20
16) RIFAG IR BRI A AR CERE I £ 25 HE” 2 R b B IRHESE 1 (B8] 7 thigf R 4l
FL Zo KR AME AN L0 70 WD NKuster et al (2021) BFFEEM, BLZELII 225
P ARAZ A PIERA T B TUEAS 5, L2 o0 B B B RO HH B8 o IR M sy o B
BERT I, i T RS B ZRORLF (R DA B 3 v T e BRI IR A /). Adachi et al (2016)
BT TE, BB LA i 5 02 0 X I BOE P R T A AR R o R IR, MR A
SR F 414 HLAT DA BR & IXCHEAT B T A4t DRI SR (R B ATk 30 so AORAHTERE 2% 1)
RATEIE MY 55 A EERE  25 4RI o 98 1 s 00 02 e
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JE, BETT ARG IR R, DRI MCSs 7= A2 1 TR ol 2R 5 B 2 Pl B A [ 4 F 7= A
AL FE SRR EAAR (1) N DT B 2 R A TS B S N SR I B & AL 5 . £
R RN B, R E SR FAR. A% (2012) BFREM, 5B EERIGER
BB, b EE RV AR R UURBUIR RIS B R A = R M BB gk
SRR B, EE T MCSs PRI L SR B8 N YT URFR UG i BT B, B
UK R

JRT Fujita (1978; 1985) M5 M BHE SRR, 5 T8 Tl R I 1O B i K RUBERR 9
dr & il. Weisman (1993) I\ 5 T A HK i K XU FE AR EGR (RITD H)Zh &N A% Kt
FEAE, T RTJ 2 HARANRE SR MK PR UERAE 1724 (Lafore and Mongrieff, 1
989) o Weisman (1993) WFFTa&HI X IE B VISR . XA RO REEER, TR 5E: )
Ab, i R BETR REAE AT RIT A 30%~50%[F134 1. Meng et al (2012) FeTA~RHEr MELEN
IBUE AT SR B, 200 RTT V5 B St s e 210 RTT P MR T A0 s = A= 7K
SFIRIE . 5 RLT A SRIBUI R K AT 1 HE A5 7E T WA 28 RIDAE S, (TR 3 £ 5 R1J
Fih (Wakimoto, 2001) o Mahoney and Lackmann (2011) $EBMBFF EoR, 2 THRE
T MCSs A FAHIE RRIX : QS MG KRS Z X IR @5
PR N YT U BCEE B DU R IR BTGB IR, 1 o J T XA S 38 10 B A A
— AR, SR SR AN &A@ IR MR B R (B 1D .

FAGRERY], Wesig KNG 22 /DT 5 MR SR 7K RUEE . Wakimoto (2
001) A Ay /Ny FEl XU MCSs HHrTSi gk 910 1 T i R o . WLINAR S8R B, R1J P42
b T XS BBl 5K LA 48 FO 2% (18783 m s ™) LA, 5 2 [ 98 (¥ J= b AR o 350 ¢ Bt R e o o
JRE B e B AR g IO, (Wakimoto et al, 2006) . Atkins and St. Laurent (2
009a) Z t o V5 NI SO 022 0 1 TR 28 o b e 7 2B R RO ], T 380 1y v
JRAL T 5 T A, 5 XA T i i Fg ) (&1 12) o French and Parker (2008) &%
HRTE 75 T8 [E1 I8¢ -PTRRR R B Ak 2 33 58 I N IAE S I AT T B Jm HBBR < B8 Ko Xu. et al(2015a)
3 BT W e b TR R BT T I3 BB BE 77 AR 2 J5 N i 2 i i i 3 R 3R W
DRI S 58 35 2 WA TR m RO e e pH U b T AR S 7K S 30 FEE AR R A DG e EL Iz B
HHT A (Trapp and Weisman, 2003; Wakimoto et al, 2006; Atkins and St. Laurent,
2009a, b)), FFEHL T PIAT I TR B RE A AR I, R e i B R T I B KT KU EL DR
FHRITRIAWGREE, EF e 5B FEA . Xu et al (2015b) HUEBEHIGTIRE, B
TORHENE, b BEEE AR R KT i RIS H R e (TR U 2% BTk Conrad and Knup
p (2019) FHIEMMHF FEF U FELEAE 2R AR A Hh K P D)3 AR 52 IR PTRE HH i e T B
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B e I i e IR R BB, Parker et al (2020) FET-40fh Sc6 i £k 47
ST R KPR E o R SR T-I0 LRI 2 B A TR0 o P T TR FSCA L A O [ 5 7K P
R SRR F 5 R Bk Y I ELE B (56 R AR — D 9 o I H A B AR T S B KU
BhaR, IR RS LT KAL 5 TP IR SC-Z I 25 I AR 8 A SR/ REE B N T A I ik
B AR dr R 92X (Mahoney 111, 1988) .

b. DRYM

Arna of decroaied relative Tumedty

:#c.-.-.........

" FRRAE % ~ = = ggg' uﬂ 5.
Bl 11 XTHRRES (o) MR ETHER T (b)) Wz 1 9 F R XIE AL (Mahoney and

Lackmann, 2011)

Fig. 11 Schematic of seve

/7.

s 4ot

\J

K12 SRR N R AT BUR RIS R I i iE (Atkins and St. Laurent, 2009a).
Fig.12 Schematic diagram illustrating damaging and nondamaging mesovortices formed within a
bow echo (Atkins and St. Laurent, 2009a).
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iR A VL B T 2 e T JE H EH 2 AN KR SR 1At R A TR A KPR L2 B E TR,
XAl B R A 2 RBERCR K MCSs FREEHACHT TR L. ¥4t/ 85 B i A2 W 5N,
PRGBS R BE FE S IR AT LA AE B KX (Markowski and Richardson, 2010) o ZHiig
£5 (2009 45 G KT LB 2 ASETHITCR B R, S BR b e 22 B 5 7 2 v He o)
VLG i AL XU REZE R L L T B 5 R SBT3 (T 13) o WA BEVR K AN Y
TEAINTAIBSREE, IRTIS WA b 0 o ROBE VIR, 38X T 75 2 e S R E 2 8]
Pl 13 o B v SR S ) S AV, SRR WA KL I e (& 13¢, 13d) , FER
DR A9 PG 381 358 A A BB AR, RJRUX 100k Y05 R Y S TEXRHA 1, TR E K. Bedar

ST ENE AR A B/ ROBE 38 R TR, B SCE0 R, KHT 5B RS n LUAR] 12 me s
' (Droegemeier and Wilhelmson, 1986) . ‘ ‘
-

P 132009 46 A (a) 5 H 23:02, 6 H (b) 00:01, (c) 01:01, (d) 02:00 JLIT. S B
ZUHHRAEFEIE 0.5° MARMRAET Gl MERSE (BOSLAHRESMEL,
FAL: hPa) PRAERHRIT (S X 48 JULBE R KR CHE KA, IR 6 ZEL ERKD
TGS AERA W OFtsEL, B4 18 C, ) BRIRIEX (SREASEL, ¥f: hPa)
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Fig.13 The reflectivity (shaded) at 0.5° elevation angle of Jiujiang S band Doppler weather radar
and high pressure (black solid line, unit: hPa) driven surface damaging wind (white wind bar,

only show wind over 10 m «sDin Yangze River (yellow area) near Jiujiang, low pressure (green
solid line, unit: hPa) and cold pool Corange solid line contour temperature, unit: “C) at (a) 23:02

BT 5, (b) 00:01 BT 6, (c) 01:01 BT 6, (d) 02:00 BT 6 June 2009

MCSs HHEBEHR Iy FP RS Sy Ml 3 JXUIZE LIS B i i e R 2%, ELR R MR LA
AR R BN . LI S50 FORE R AN R RTT RERR, R REERG B -
TR R E TN 2 o ] 14 45 1T B RV B IR B 5 DA SR R 19
15 45t 1 5 R IR H B IR 2K SR B 2 5 N AR U S T - 181 16 Hox Wi XU [ g
SREEAE 40 dBz LA, {HPRREE FEHESHR IR BT I T 8240 « o7 (M7 S Hh X, 5
LT 34 AN, JER2 ANFETS, BRIKUR SR BN B XU | Bl AR R R T DR AR
FL[F A FH I e B R IR o v RUBE 58 XU S B R A4 . OO It 8 R 1 A i XL
RN B R BN E T R EERE VB B Oidllerand  Johns, 2000) 5 @ XEERTH v+
REEiRE (Trapp and Weisman, 2003)g GFEXEYY LT KA H IR - L WE 2GR AT E
A RN RBESR N YT I 2 B 7= A2 RN d B 38X (Mahoney 111, 1988)
@H SJN P (Bernardet and Cotton, | 1998) . A[FHHLLFE S 80K = Hh i X LI T Tk
FEHR AN, A T A R b4 5 ) FE AL A T 2R N G O 5T o

25 b, MCSs PR KRUBIEE FEE 2%, SR e sl k. MCSs P AEIIBUK T
R UR B MCSs TR RO B X 5 B KB 5 L 22 B TR RO s KB I B, KRR
Hu BRI BT X R IR AP EAL A FER AT AT .
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Kl 14 EPHEIAEG 2015 £ 6 H 1 H 21:26 (a) 0.5° fiiff
1.5° . (d) 2.4° R
CHE BT AR ICARTERE XV G, B[ b

0.5° (b),1.5°

&I DB)

Fig.14 The reflectivity at 0.5° (a) and radial velocity at (c)and 2.4° (d) at 21:26

(small red dot : Cruise capsizing si i t front, white line : downburst)

(a)

B (B mes™
CE G B bR N RO E, PR 400m, JHEEZ 41m s
Fig.15 The (a) reflectivityat 6.0° and (b) the radial velocity at 0.5° of Guangzhou Doppler
weather radar at 13:18 BT 17 April 2011
(The Delta V of the downburst divergence coupletis 41 m * s at 400 m which is marked by

white circle)
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TP INSL T it AN MCSs AR T dr SRR B0, X T i B8 LB A I 0 4T 1
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