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Abstract The downslope-enhanced convective storms in the Beijing urban area triggered destructive winds that reached

12 on the Beaufort scale from 1300 to 1600 (Beijing time. the same below) on May 30, 2024, causing severe damage,
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including the toppling of utility poles and large trees with a diameter at breast height exceeding 1 m. This study combines
damage surveys with polarimetric Doppler weather radar observations to investigate the characteristics of the disaster and
the physical processes associated with the severe winds. The results show that the destructive winds exhibited westward
divergent patterns, with extreme winds generated by microbursts and downbursts on the sub-100-meter scale, reaching at
least EF1 intensity and, locally, reaching EF2 intensity. Observational analyses reveal that enhanced low-level
southwesterly winds and sustained convergence zones along the mountainous areas facilitated moisture accumulation in
Beijing’s western foothills 1-2 h before the storms moved downslope, with the Global Positioning System observing
increased precipitable water vapor. The downslope movement of the storms essentially resulted from gust fronts
interacting with mountain-foot convergence zones, triggering new convective storms that rapidly developed into a squall
line with reflectivity levels exceeding 55 dBZ within 18 min. Physical process analysis indicates that damaging winds in
areas such as Bei’anhe were caused by downbursts embedded within cold pool-driven gust fronts. Extreme winds near
Yuanmingyuan additionally involved a low-level y-mesoscale vortex, whose path closely matched the severely damaged
areas, demonstrating the direct impact of the vortex on localized wind intensification. The radar detected radial velocities
reaching 53 ms ' (at an altitude of 0.38 km) following velocity de-aliasing at 1430 BJT, together with features resembling
tornadic debris, albeit with a relatively weak echo intensity. Quantitative estimation of different physical processes
suggests that cold pool outflow contributed approximately 20 m s, whereas the low-level y-mesoscale vortex and

downbursts each enhanced near-surface winds by 15-18 m s
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Fig. 1 Spatial distribution of surface observation stations, ground-based Global Positioning System (GPS) stations, and radar stations in Beijing and

the surrounding areas. Shaded areas represent terrain elevation (units: m), brown lines indicate the mountain—plain transition zone (500 m elevation
contour), black dots denote automatic weather stations, blue dots represent ground-based GPS stations, orange pentagrams denote radar stations
(Daxing S-band radar, Shunyi X-band radar, and Changping X-band radar), and the red pentagram indicates the severely affected area of
Yuanmingyuan. The thick black solid line outlines the administrative boundary of the Beijing Municipality.
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Fig. 2 (a, b) ERAS5 reanalysis field at 1000 BJT May 30, 2024: (a) 500 hPa; (b) 850 hPa. The red rectangular box indicates the area of Fig. c; blue
solid lines and black wind barbs represent the geopotential height field (units: gpm) and wind field (units: m s_]), respectively; shading in Fig.a
indicates the equivalent potential temperature difference between 850 and 500 hPa (units: K), while in Fig.b represents total column water vapor (units:
mm). (c) Spatial distribution of hourly extreme winds (=17 m sfl) at national and regional stations during 1400 BJT (purple barbs), 1500 BJT (blue
barbs), and 1600 BJT (orange barbs) May 30, 2024 in Beijing and the surrounding areas. Shading indicates 3 h accumulated precipitation from 1300
BIJT to 1600 BJT (units: mm), the red pentagram denotes the severely affected area—Yuanmingyuan, the red dot indicates the Beijing sounding station,
and red triangles mark three stations recording =12 Beaufort scale winds: Jimingyi Station (Zhangjiakou City), Bei’anhe Station (Haidian District),
and Qianlingshan Station (Fengtai District). The black line outlines the administrative boundary of Beijing Municipality. (d) Skew-7" Log-P diagram
for Beijing at 0800 BJT May 30, 2024, showing surface temperature and dew point temperature at 1400 BJT.
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Fig. 3 (a) Distribution of disaster impact points with field photographs; red icons denote wind disaster sites confirmed via field surveys, and purple

icons indicate damage points verified via online videos and photographs. (b) Species composition and diameter at breast height (DBH) distribution of

affected trees in Yuanmingyuan; red icons represent willow trees, yellow icons denote poplar trees, and blue icons indicate large trees with DBH = 1 m.
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Fig. 4 Distribution of tree fall orientations in Yuanmingyuan and its vicinity after the wind disaster (a, b), and the dual-scale flow patterns
characterized by these orientations (c). Numerals in the diagram indicate azimuth angles (°), red arrows represent the inferred wind direction based on

tree fall patterns, purple lines denote approximate flow fields, and blue circles indicate downburst track segments.



b7 N T - 50 %

1316 Chinese Journal of Atmospheric Sciences

Vol. 50

6 W REL) R 90 m (1 R B AL (K 4e, WA
7 P8 Do T B A A EAEH X (i M3-M4.
M5-M6) FILH EIRY) REEHE 4R 628G oAb
fiE (Wilson and Wakimoto, 2001).

AR R R o B 8 05 BCHb T o 45 S I
PE: (1) A2 KFE M F oy 27022 T B A oK RS 53
X, 4 AR AZRAF A (EER (& 3ad) 5 EUHE
CFYIRE AT W T SR B X B, RAR SR B i T o
ARG (2) B FEREE TSR 2~3 m =%
/L sem, TR REE G —R By, AR
B, Zr At AP AR, B
FF 8 10 P R R, S 3 20 m Y R R I AR
PRt/ AR mEE AT RAAE (B 4al AT 4a2); (3) M6
SRR R v N RERSES, AHEE 10 m
IR R IR A BRI RS (B 4¢3),

5 FMRKET LR

PG AL AR R, AR AR
T R ER R . 6 min [ARE 44 SRR
THHE (B 5D 2 A T oin s v A g
A EE AR 22 AR AR DL 50 km b (RS E T 13
WHRE AL A PR E AL A iy, 7EdbRtdbEB L X
FRIHE PR 3 25 = JB i — 2, LI 2] 22 A4k X2 i 00 i
ARV A HEB 1) 2 S 0 ORI A, SRR B3
BT AL AL L IX KREE A FeE (B 5a). 1
X % AR X T 13 B 30 4rsm i om, R K,
Pk 1 2 60 km h', 24k 42 16 75 R 5 00 KR
(] 5b A ¢)s

Pl 5 rp DG IX Ay [l g8k R B B ) ) 38R BT
(H 6a), X9 RE N Ll JF 1 58 B BE N 14 B 00
A 36 57 ZHARKERIE (35dB2) T 14 B4
BRI L X, AL BT b L X [R5 1
SRR WO A (B 5d) . KU BTV M L 3 (X
PUE T 14 B 12 Ry 2 EHEME, 12 min K5
BT FRET UL (B 5d—. 1L Bl e R
R, P 14 B 12 3% 30 42 R X P R
O 10 K B B S O B (] Sg—i). KREEIX Py =45
dBZ [l AR T 14 1 12 439 588 km’km? (&l 6a)
7E 14 B 24 29 R5E 62 2123 km® (& 5h), FT 14
I} 30 43 % i [ml 9 58 35 55 dBZ UL bR Jb—pt g
MMEZE (B 5. 6minj&, [RIYEEEHE 60 dBZ
DAl (B 5g), iZMEZE LA 80 km h' f 38 5 1] 45 B
JiEsh, Jofa e, AR 5] K 5 X

(B 5k)o BRI 15 B EM X (E 5.
Z )G, BGRB8 2 ok, ORIk
T Fatl, 16 B (A0 50 5 0 ek 55, {5 8 2
DL AT 4R (I

454 VDRAS [ FIITHU T 0.15 km P Hb =
( Above Ground Level, fai#k AGL) X% LA & GPS
AR KE, D0 RE T s B KR
B . KEE N IIAT, VDRAS A7 R Ak 5
[ = T N el S B S ¥ R VIR i T R e X 2 e
Perr T I (& Sa—c By S22k A F5vE), I
P EESTREA ., Wilson etal. (2010) f8HdbEE
WX ERE N, R FEBX ARG AN S
RIE, a5 IR KN, BE L IX
MR, HPEmEE g (B S LS B ix
1) B 500 m M AE Lk (BREsel) Ml
8, FEREEMIE AR = B ME . FBEXEB T 14
HGAIL T ZEEL AL, —HEHFERERE
A, B T B ok 0 A BB A N
8X107* s (& 5d BHEWIE M EEL), 6 min J5H
Z AR BEARTE LT AR A R E X IR #T 4 (] Se
T BRI P8 ), IS ST AR 11 ] 98 R Sk R 53 i 3z
R VB AE L IX il R AR = [ . R s
CL4BF 18 47 2 36 47 ), & & 248 bl 2 1 X0 3t [
BEDUEI E, RRUR e E E A E L X R, R R
B R1% 58 60 dBZ LA i ZR A6 G 7 ) 9 P 2R .
WA O, MR Ll e P RV S LR S 2 S IR
03 VG S L — 2 Al A BT AR I X R R Y 5
JE, ARl B REE R R . 55 A%
(2019) BFFEERM, 07 5RIEF 2515 KRB
SRAURE . BRA, WLEE A 2R A BHE RS AT
IRRAE T A4k

W TS, ARG 2 A BT R 4
Fr— TR HEA R P64, R— AR TK
RAEWS L X SR o U Sl X6 26 76 08 W Rtk
(B 6b), KB FEAE 12~14 B %, 0~6 km
FEENAYBRE 22ms ', AR TR RGMA
SRR, KENBER PR, HKE (0~2km)
PO XE R R I AT 1 h AW, R8T K
Wil X &Ed ( 5h). KX N GPS ¥ &
IKEAE 13~14 B AW I (B 6a gRtatE 1), £
AN 5T S R 30 min P GPS V-2 7] [ 7K 5 48 I
it 3 mm (B 7a), R LXKV AE A B34
T P B DX KV 1L AT R 8 1 5 S s



4 3] DA dbat “5.307 KGR 5 KU F 7T
No. 4 TANG Huan et al. Wind Damage and Causes of Extreme Winds Associated with the ... 1317

41-N{2L1300 Wind+1300 CR _
e RS

(i) 1430 Wind+1430
NN :
RSN N ,\\":’i -

(1) 1500 Wind+15
XA P o
2

NN
N

NN

T 116°E

10 ms’'

116°E

117°E
\
5

115°E

25 35 45 55 65 dBZ

5 202445 H 30 H (a) 13:00. (b) 13:20. (¢) 13:30. (d) 14:00. (e) 14:05. () 14:10. (g) 14:20. (h) 14:25. (i) 14:30. (j)
14:25, (k) 14:35, (1) 14:40 HbIf 2 min PEKCP R SBUE CEEELZL, B0 10°s ) MBI ZIMALE R RA T (%, $L:
dBZ). B B AAFLEIR 10 min (815 £ E 8 H A 54T 240 (Variational Doppler Radar Analysis System, fij# VDRAS) ZEAL{E 0.15
km AGL IR &, BEFHEFRR FILNBEHX (39.7°~40.5°N, 115.7°~116.5°E), #HELL R X GFEZ AL G EE 500 m 2%
), BEnmERRENE, BO=MERRIeem B, EHPLaRiL AR B RRHET VDRAS BRI R4 5= H8 & dofFE XU .
Fig. 5 Horizontal divergence (blue dashed contours, units: 10 sfl) calculated from 2 min average surface winds and composite reflectivity (shaded,
units: dBZ) at the nearest observation time for (a) 1300 BJT, (b) 1320 BJT, (c) 1330 BJT, (d) 1400 BJT, (e) 1405 BJT, (f) 1410 BJT, (g) 1420 BJT, (h)
1425 BJT, (i) 1430 BJT, (j) 1425 BJT, (k) 1435 BJT, (1) 1440 BJT May 30, 2024. Black barbs denote 0.15 km above ground level wind vectors from
10 min interval Variational Doppler Radar Analysis System (VDRAS) data. The black rectangle denotes the key downslope intensification zone
(39.7°-40.5°N, 115.7°-116.5°E). Brown lines indicate the mountain—plain transition (500 m elevation contour). The black pentagram denotes
Yuanmingyuan, and the black triangle represents the Bei’anhe automatic weather station. Thick red lines A and B indicate boundary layer convergence

lines and gust fronts analyzed from VDRAS data.
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Fig. 6 (a) Storm evolution characteristics in the downslope intensification zone (the black rectangle in Fig. 5) over Beijing. Solid red lines denote
areas with composite reflectivity =35 dBZ, dashed red lines indicate =45 dBZ echo coverage (units: km?; 6 min interval). Green bars represent mean
GPS precipitable water vapor within the key zone (units: mm; 30 min interval). Purple bars show mean hourly precipitation (units: mm; 1 h interval).
(b) Vertical wind profiles from 1200 BJT to 1800 BJT measured using the Haidian Wind Profile Radar.
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Fig. 7 Surface observations of the past 30-min temperature/pressure changes and GPS precipitation water vapor increment (units: mm) at (a) 1330

BIT, (b) 1400 BJT, (c) 1430 BJT, (d) 1500 BJT. Shading indicates 30 min temperature change (units: °C). Red dashed lines denote negative pressure

tendency and red solid lines indicate positive pressure tendency (units: hPa, contour interval: 0.5 hPa). Wind barbs represent 2 min average surface

winds at the observation time (long barb: 4 m s '; short barb: 2 m sfl).
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Fig. 8 (a, d, g) 0.5° elevation radial velocity (¥, units: m s ') obtained by the Daxing Radar from 1418 BIT to 1430 BIT. Vertical cross sections along

the radar radial passing through the maximum wind (yellow line) for (b, e, h) base reflectivity factor (R, units: dBZ) and (c, f, i) radial velocity (7,

units: m s~ '), where the cross sections at 1418 BJT and 1424 BJT pass through Bei’anhe are also shown. The black circles in (d) and (g) denote low-

level y-mesoscale vortices (LMVs). Blue squares and circles denote Bei’anhe and Yuanmingyuan.
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Fig. 9 (a—c) Radial velocity (V, units: m s_l) at 0.5° elevation obtained from Daxing Radar during the period 14241436 BJT. (d—f) Radial velocity

(V, units: m s ') at 2.4° elevation from Changping Radar during the period 1427-1433 BJT. (g-i) Radial velocity (¥, units: m s ') at 2.4° elevation from

Shunyi Radar during the period 1433-1439 BJT. Black circles denote low-level y-mesoscale vortices (LMV), blue squares and circles denote Bei’anhe

and Yuanmingyuan.
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Fig. 10 Temporal evolution of (a) vertical extent (units: km) and (b) rotational velocity (units: m sfl) of low-level y-mesoscale vortices (LMV)

detected by the Daxing, Changping, and Shunyi radars. Symbols: circles (Daxing Radar), squares (Changping Radar), triangles (Shunyi Radar). Red

indicates the height at the LMV top, blue denotes the height at the LMV base. Green represents the rotational velocity at the LMV top, and orange

shows the rotational velocity at the LMV base. Solid symbols: S-band radar, hollow symbols: X-band radar.
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Fig. 11

Low-level y-mesoscale vortices (LMV) trajectory and documented severe disaster impacts. Yellow icons with red circles denote the lowest-

level center and core diameter (units: km) of LMV detected by the Daxing Radar. Green icons with black circles represent the lowest-level center and

core diameter (units: km) jointly detected by the Changping and Shunyi radars. Blue text indicates the time, height (units: km), and magnitude (units: m

sfl) of the maximum radial velocity measured at 0.5° elevation by the Daxing Radar. Blue icons mark downburst occurrences. Red and purple icons

signify disaster impact points verified via field surveys and social media
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Fig. 12 Polarimetric parameters of the vortex at different elevation angles as characterized by the Daxing Radar at 1430 BJT. Rows 1-5 sequentially
show: (1) Base reflectivity factor (R, units: dBZ); (2) radial velocity (¥, units: m sfl); (3) differential reflectivity (Zpg, units: dB); (4) correlation
coefficient (CC); (5) specific differential phase (Kpp, units: deg km™'). Purple circles denote the LMV black polygons indicate the downburst at 0.5°
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