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Occurred at the Eastern Foot of Helan Mountains

ZHANG Xiadre:“* CHEN Yuying"*** YAO Shanshan®?? SU Yang"?® YANG Yin*??
1 Key Laboratory for Meteorological Disaster Monitoring and Early Warning and Risk Management of Characteristic Agriculture in Arid
Regions, CMA, Yinchuan 750002
2 Ningxia Key Laboratory for Meteorological Disaster Prevention and Reduction, Yinchuan 750002

3 Ningxia Hui Autonomous Region Meteorological Observatory, Yinchuan 750002

Abstract: The mesoscale characteristics of a local short-time severe convective rainstorm that
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occurred at the eastern foot of Helan Mountains in August Ningxia in 2019 were analyzed based
on the data from H8 satellite, Doppler radar, ERA5 hourly reanalysis, automatic weather station
and conventional observation data. The results showed that: (1) The southerly jet of 700 hPa that
established 6 hours before the rainstorm and strengthened at night not only contributed to high
temperature, high humidity, and the enhancement of atmospheric instability and dynamic and
thermal uplift mechanisms in the lower layers of the rainstorm area, but also helped mesoscale
ground convergence line to trigger the meso-f scale convective system in the eastern slope of
Helan Mountains and strengthen it to meso-a scale convective system, leading to the generation

and development of the severe convective rainstorm eventually. (2) The rainstorm@ccurred in the

vertical upwarding area with centric intensity <-1.2 Pa s™ of 80 ,

urred. (3) During the

where the large gradient (G) of cloud top brightness tempeEur B
strongest rainfall period, the jet axis was closest to the rainstorfn, afea; the #BB <-66 °C, the G
>27 °C km™, the radar composite reflectivity (Z) >65 dBZ, the echo (H) >10 km, the vertical

integrated liquid water (VIL) >11 kg m?, and ea of the cold cloud below —52 °C was about

1/5 of mesoscale convective complex. (4) The low B was and the higher G and cooling rate

the rainfall.
Key words: convecti Wscale convective system, TBB gradient, low-level jet
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Fig.1 Accumulative rainfall (unit: mm, a: from 19:00 to 23:00, b: from 19:00 to 20:00, c: from 20:00 to 21:00, d:
from 21:00 to 22:00, e: from 22:00 to 23:00) during the rainstorm occurred at the eastern foot of Helan Mountain

on 2 August 2019. Hollow circles indicate the centers of the rainstorm or strongest hourly rainfall
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Table 1 Statistics of the rainstorm occurred at the eastern foot of Helan Mountain on 2 August 2019

SRR
AN 6T SUNES PN K/ PR & HUIE KR R
P& 7K IRF B >50 mm 3
" >20 mm Pk [k TR ) TR ) FTE 1]
70.1 mm(¥% 53.9 mm 60 X 168.6 kA
19:20—23:00 6 3 34 3
SRR ) (20:00—21:00)  (18:40—22:30)  (19:00—20:00)

3 fih ke i RUBEXHR R SE KA BT Rk
WRFEA ], AT KRR AHATHIR DL SRR R U R A 4% A (Parker

PB4 (M3, 1980; 4RIE“Z2%%, 2018; Chen etsl,
(IR AR A B AT R RN X (PRSI R AIE ‘

3.1 FKSRH%E B
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Jo b, BARREEERENX: fEE G XERHE Mg -, 2 H 13:00, 700 hPa EH APy )|

2R KIE % iEIE S 700 hPa i FOR IR, KIEE SR (& 2a. b), MEE
700 hPa 2 ASKrig s b6 2 7 5 [ RIEIE 14 m s, SR AR R RS IR KIS R TR

j’W%ﬁaEﬁﬁﬁo A, RIS, SRR,
i B 3R 2 600 hPa (i, HilE =10 g kg™ 32 L& 2 700 hPa, 850
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figure d indicates the wind speed >10 m s™) of 700 hPa (c) and 85@ hPa (dyat August 2019; The
temporal-spatial section of relative humidity (=60%, shadow) and specifjc e, unit: g kg) along
the center of rainstorm from 8:00 2 to 2:00 3 August 2019(e). Black recta epresent rainstorm area, s

indicates rainstorm period
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G DAL AR RS 3 (53614, 106.22F \ 38.48N, ik 1106 m) [IvEfll, H7ER
FIFH BRAS FE 44T FORL 3 4T I AR A 5 W O
& A JE ORI UL RE CAPE. XTI AE
& CIN. K1R%. ¥ IKHH% i 1 0~6 km I B X PIAE Wsr 256 2%, M2

B R g S R ZE S, 500~850 hPa JXUH s FZ I, 120 B (1] 3a), X Z M IRZ IR
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Table 2 Comparisons of convective paramet%an station before and during the rainstorm
KFPC L

CAPE/(Jkg™)  CIN/(J kg™ I \SI/°C Wsr/(ms') ZH/m LFC/hPa

37 —1.\ -1.0 0.6 4863 567
45 -57 7 -45 1.2 4766 724

bar, unit: m %) along the center of rainstorm (Nuanquan farm) from 8:
evolution of the ground convergence line from 18:50 to 21:05, and tr‘z/vi

automatic weather stations at 19:25 2 August 2019(b). = indicates fai

ground convergence lines

2 H 8:00 318.9

2 H 20:00 1569.1

VE: CAPE. CIN. K. LI, SI. Wsr, ZH fi L

RIAEZE L 0 °CJZ i BEAN 1 dha X it gl -

Note: CAPE, CIN, K, LI, SI, WVI LFC respectivelyfepresent convective available potential energy, convective inhibition energy,
r ipdexdi

K index, lifting index, sho

RLRE. RHAAmHIAE . K SR8 $6THEE YW IRIEEL 0~6 km

ce of\ertical wind vector between 0~6 km, 0 °C level height and level of free convection.
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Fig.4 The evolution of H8 TBB (shadow, unit: °C) at 19:00(a), 19:30(b), 19:40(c), and 20:00 (d) 2 August 2019.
Red circles M1 and red rectangle M2 represent convective cloud clusters

Fig.5 Radar composite reflg€ti unit: dBZ) at 2£9:01(a), 19:35(b), 19:47(c), 20:04(d) 2 August 2019, and radial
velocity (unit: m s™) ;z,tl (e)NL9:35(f), 19:47(g), 20:04(h) 2 August 2019. Red circles in figures a-d
represent convgctive céllsdr echo bands, C1-4 are cell numbers; White circles in figures f-h represent centers of
strong wind speed
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Fig.6 The evolution of H8 TBB (shadow, unit: °C) at 20:10(a), 20:30(b), 20:40(c), 21:00(d) 2 August 2019. Red
rectangles in figures a. b represent the development area of cold cloud, Red circles in figures c. d represent the
strong centers of MCS
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&l 7 2019 4 2 H 20: 26(a) F1 20:38(b, B 4522 NIE ¢ HIT A B) T IA 4 & R F (HA7:dBZ). 20:38
6 [ 30 T B 0N () 1l e T s (o B A7 km) AT VIL (e, B o7 :kg m%); 19:45—20:50 2 0 (B 57 4% 4%)3% 5 min
B 7K 2 (L (6] 962 50 P (BT 2B Z) [ 3t T s (B A7 s k) K VAL (B kg - 2) S T 35525 (F)
s/ 38 i 7K S B
Fig.7 Radar composite reflectivity (unit: dBZ) at 20:26(a) and 20:38(b, black line is the profile position for Fig.7c),

radar vertical profile (c), radar echo tops (d, unit: km) and vertical integrated liquid water (e, unit: kg m?) at 20:38

2 August 2019; The evolution (f) of 5 minutes rainfall (unit: mm), radar composite reflectivity (unit: dBZ), radar

echo tops (unit: km) and vertical integrated liquid water (unit: kg ) at the center of rainstorm (Nuanquan farm)
from 19:45 t0 20:50. == indicates strongest rainfall period

4.3 IR EEHHES H
WEFAE . UURXUFESE, 2011; 3KFE W, 2012), TBB. G Ml CR) %= B FS ikt
BTV 2 ] R AR P SR VG R B, — % TBB (IS G F1 CRBkK, R =T/,

RS E R R EE . [RIE, A H8 (1 B13 I EHE X 19:00—23:00 KR/
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BROR B K Rl U6 L ) 5 I = IR IE S HOHATUH SR, RIS 538 10 min BEK BURR 7R
= R IE S B0 2 M AR R A
3 32019 & 8 A 2 HRME R Z /N HRAMIK S R 3 NI = AFHES Bigit &

Table 3 Statistics of cloud characteristic parameters at the stations with the maximum hourly rainfall during the

rainstorm on 2 August 2019

R[] S A RI(mmh?)  TBBw/°C TBBmin/°C  G/(°C km™) CR/(°C-h™)
19:00—20:00 “FF' A= \biR 431 -53 -63 24 18
20:00—21:00  BERRRARY 53.9 -53 -66 27 24
21:00—22:00 VG E % I 44.6 -52 -62 27 18
22:00—23:00 PEE A X 25.9 -49 -54 14

SFEME — 41.9 -52 -61 23

W 3 Fin, /NI FEKENT 20~30 mm bt i, TBBayg
-54°C, G i N 14°Ckm™', CRN6°CH"; /K ESN i, TBBayg
1 TBBin 43 1 21-53 °CHI-62 °C, G Fx K% 27 °C km™, CR G °@hix /M KT
50 mm ™ i, TBBayg A1 TBBpin 735 -53 °CH1-66 °C, G W27 ", CR Ay 24°C h,
R, /NS BRIk 5 58 A 2= BIRFE S 2017 0&% B K, G K,
CR I, INBFRE/K R, FL/N B 7K B 28 A 2 K B 754k, eAh, FIH
i 10 min BRI 19:00—22:00 f) 3 4N RN B A= \BIR  B ZE R AR
PR A E D 1ERKES 2 BIRHES HO R R COL, 0 FEAC )\ (F 8a), K
G B b K BT 10 min I, o TBBA IMBLTE KK IS 21 i TSRk (Bl 8b), ek
G 1 TBBmin B 5L iR 32 FE /KR AT 2
B 7K 43 5IFERT 10 min F 2@mi SHART BB min A1 G X 5 K 1) H Bt 2L A 2 (4
TER, ATE R R IR TGH B 1) B R AT
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Fig.8 Corresponding relationship between 10 minu

and cloud characteristic parameters at the stations
with the maximum rainfall (a: from 19:00 to 20:00, b: fro to 21:00, c: from 21:00 to 22:00) on 2 August

2019

5@:[ ib

2019 4= 8 H 2 H 19; : A R R R EN R JIRJE. SR K. R
PESR . A

7R VR R (2 R PR B SR T R AT 6 h IC AT RN 2 S, 7E BRI BOlsmdtda,
fRAEFRR X BRI KA BRI ia 58, Z R X HILFE 700 hPa 2t
JERGT7 . SN, 700 hPa SUftihen B R W X ik, [RZFEahOmE<-12Pas™ i |
THEFIX . 346 K UL fse iR X . AKIEE =6 g em™ s hPa™ FILLIE =10 g kg™ 1 =i
[X. CAPE=1500J kg™ [/ g X

(2)B REEH) MCS K HAHLITE ) o REER) MCS 2t IR 5 2 WY (1) B4 R 4t .
Xt & J A S B By 25 Pl TBB (K %66 °C, G ik 27 °C-km™, B T-52 °CIA =i
218 MCC 1) 1/5. = BIRHIESE S K EAHC ST, TBB I, Gk, CR M, /b

IR EBOR,  HLERR O B = K R TBB BB KA X, BR/KE AR 5K+
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TBB 134t o TBBmin MK G — B SR /K FE AT 10~20 min 3L, AR XA TRIE K &,
ee 7K TR 1 i ) B A A

(3) FE/KFFAATT 30 min 12 B ) Hh RRE M THT 4 4 28 Dy I SR JE R F) B A Lo
fi B i R A PP RT ST R T8 DR At EH O S A S RV, R R ELAE S A L S
REIG5R . Fe /NI R B TR],  [R] G s B 65 dBZ, [Rli T A it 10 km, HEH
ARMAKEERT 10 kgm?. B TR 02 AR R K S X TR KK Bl
B Fa s ER, SRBEKHBURT 20 min, [R19 50 B A3 B R BURAS K & BRI [0 0 e 1 i
X
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