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Radar Climatology Characteristics of Convective Storms under Different

Prevailing Winds in Warm Season in the Northern Part of Ningxia

ZHU Haibin™® YANG Jing"®* CHEN Yuxi* WANG Wenhui* LI Ting"?

1 Key Laboratory of Meteorological Disaster Prevention and Mitigation, Yinchuan 750002
2 Ningxia Meteorological Service Centre, Yinchuan 750002
3 Ningxia Meteorological Observatory, Yinchuan 750002

4Yinchuan Meteorological Bureau of Ningxia Hui Autonomous Region, Yinchuan 750002

Abstract: The northern part of Ningxia Hui Autonomous Region is situated in the temperate
continental climate zone of Northwest China, where complex topography and tig climatological
characteristics of warm-season convective storms (CS) remain have not been notfu nderstood.

domain, we present a comprehensive analysis integrating
convective environments and CS intensity for the first tiNge.
radiative heating and topographic forcing from the Helan
CS climatological characteristics in northern Ningxia. Upon thi
prevailing winds induce more complex and diverse pattern CS occurrence frequency,
occurrence efficiency (defined as the ratio of

i

e )(4’ , Were ig the Pwest CS occurrence efficiency corresponding to the
IN¢and the iapsity is the strongest. Under southerly or southwesterly
rn Ningxia is situated between the ridge and trough, where favorable
moisture tra rt conditions tend to cause maximum CS occurrence efficiency. However, the
minimal verti rature difference can result in relatively weaker CS development. During
prevailing westerly the mid-latitude circulation exhibits zonal characteristics with frequent
upstream shortwave trough activity, causing the moderate levels of CS occurrence efficiency, CS
intensity and environmental parameters. At 700 hPa, differences in CS occurrence efficiency and
intensity across various prevailing wind directions are relatively smaller, with CS intensity
showing a strong correspondence to the vertical temperature gradient.

Key words: convective storm, prevailing wind, radar climatology, northern Ningxia
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RAFIERRNBEK RGN EZF B, TER RS U 2 #E 45 AT SR AE
AT/, 2006 AKOGSE, 2015) o SN HH ORI I 25 40 #4102 [) = 4EAR I B2 R
FRTR IR SR AR T, REUEHS B T A 224 G IR0RE A0 L0 R 23 3 A R AR R T AR S SRR AE , ke
TR TR IRE AL LTS S BORI R 2K (BREASTSE, 2014; FFEMHISE, 20200 o ik
G EE I AN R A2 BRI B K A IR XU (convective storm, CS) , A 3T EIA
[ SR AR, P [ 5 B4 )€ (Murray and Colle, 2011; Chenetal, 2012; 2014a) =i
AZ-RZ A% (Carbone etal, 2002; Carbone and Tuttle, 2008) ; J&#&#E— M &ik[al
B = SERRAE, AR AE B EE IR CS A B (#hEESE, 2009; LockNd Houston,
2015; RIS, 20200 , HACs=4jmHiEERHI% TITAN (Dixon andMVi ) FICS
B EEHYE SCIT (Johnson etal, 1998) fir HAREME.

HH A BA 5 I AR 3 1) AR B s A o B il g P 1)
1975; Carbone et al, 2002; HFR&F, 2023) , RI g

M7—9F RIEZEHH L .
UORBERZR A K, RPN H AR AL A3 (8] 2 A

R R S5 2 & ( a and Schaafl. 1987; Kottmeier etal, 2008; Weckwerth et al,
2011; STMIRE 2/ . Lan 007) Al Rowe etal (2008) % Fip4 o4t L ik /& 28

(2012) #F5T R I FHL X BEZRCSZ PG X 7] Fef AL 4%, 8dt— 20 M R pg P R A%
&, TG LA CSAUE AR R &, Rl R AR st AL X, CS ML X AL 3R F] L )
N RiEREE (2023) BRI, BELER T EILGHCSH S 4 K X, CSHIR 4 A7
ALY, PG e R i CS R AE R R e . MEAh, S22 R (Chenetal, 2014b; 2015;
i i) 4%, 2017) + IR TH T #4HE (Bentley etal, 2010; Niyogietal, 2011) . K#/K4k (Haberlie
etal, 2016; Tucker and Crook, 2005) 3%/ TR &S MEE AT .

LW A7 R S SR I SR T 9B T B 18R T8 B RFIE R B AR RS, FE LR |
RIBABACII AT RIEH (RARG) SR2Z)ETEN (Kuo and Orville, 1973;
VRIS, 2017) , @E— ARG [ EIA S ERSERHE. Murray and Colle (2011) #f 5% 3€ [
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AR EIER )

5~6 min 9 MIA A, TR ER [EVE 2 2011—2016 41 5—9 A . #—{Q
RATEILRE TEEMG S (GRS, 2006) , H XERIREMS B4 (Storm
Tracking Informati ) KH SCIT Bk, 8 CS Huim ZIFd 252 10 ML (1)
PEMER, PLARK 15~60 min A7 8 TIE B4 . MR ELLR Z) ST A& 12w i £ 47
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A, 2009) , 1R 2 A A B EAE B R 35 481 A CS. kBRI A CS EIRIAE
XTiRUXEE (convective initiation, CID o {EHAZ % EEAfiT1 (kernel density estimation, KDE)
i Cl S [E /3 AR AE, KDE RE BRI Cl 23 (MR /0 A MR AR, KB 1R] 741
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A S SR AR R L R T R T B A K S R R ORE R SR G R AE CS BB ERHE, 71
o) R 7 i P AL SO A i TR T i R ELRGASK S B R E . BRI IA




147
148
149
150
151
152
153
154
155
156
157
158
159

160
161

162
163
164
165
166
167

BORBEEE B4R R KSR SRR (Ar/NAE, 2006) , AR CS SR RHEE T
BRI RN, RSO CS ATERBRAE . R R B ERASK S ROTHE S50
B, BRSE7EFE TR ik 30~120 km FTE Y .

PR GRS P R 8 e A0 oty 1l 0 S B s Bl s ki s 08 (AL i, R [F))
120 B FR BRI JRGEE A0 30558 5 I B o 5 (3 38, K AT KU R 43 b (33759~
3601 09~22.59) . 7Rt (22.5°~67.5° . {7k (67.59~112.5°) . ZRpFg (112.5°~157.5°) |
fiF§ (157.59-202.59) . Fhpd (202.5°-247.59 . fifi (247.59-2925° | Fidt (2925~
337.59 8 MJifii. XA MAIRE (CAPE)  Xiyififilae&E (CIN) . 500 hPa & 700 hPa i
7% (|Tsoo-T700]) ~ 500 hPa 5 850 hPa i % (|Tsoo-Teso|) ~ FHNTIEIE ZERAE
TEAE ERAR IR BERH T HA B g BERAEA R AT XA~ CS R2E

105.0°E 105.5°E 106.0°E 106.5°E 107.0°E 107.5°E

1000 1400 1800 2200 2600 3000 3400 m

e ROREGOVRNEIXAE, BAOVRIENHRNEE CMEYAE 50 km, K42 100 km)

K1 Rt GREG, A n)

Fig.1 Topography of northern Ningxia (colored, unit: m)
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Fig.2 (a, c) Frequency of prevailing wind and CS occurrence and (b, d) CS occurrence efficiency at

(a, b) 500 hP and (c, d) 700 hPa from May t0 September in 2011-2016
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Fig.3 Hourly distributions of (a,c) CS frequency (unit: count) and (b, ccuryfnce emggiency at (a,b) 500 hPa
and (c,d) 700 hPa from May t0 September in 2016‘
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Fig.4 Spatial distribution of CI kernel density in northern Ningxia under different prevailing wind directions

at 500 hPa from May to September in 2011-2016



245

246
247

248
249
250
251
252
253

254
255
256
257
258

(a) filt (b) %1t

39°N

38°N

105°E 106°E 107°E 105°E 106°E 107°E 105°E 106°E 107°E

(d) % (e) fiii

39°N

38°N

105°E 106°E 107°E 105°E 106°E 107°E

(h) Pk

39°N

38°N

105°E 106°E 107°E 105°E 106°E 107°E

02 03 04 05 06 07 08 09 Aekm?

4

Fig.5 Spatial distribution of CI kernel density in northern Ningxia under different prevailing wind directions

at 700 hPa from May t0 September in 2011-2016
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(a) ClI frequency at 500 hPa, (b) elevation of the central Helan Mountains region, , and (c) CI frequency at 700 hPa
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Fig.7 Average circulation patterns under different prevailing wind directions at 500 hPa (unit: dagpm).
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Table 1 The intensity characteristic values and environmental characteristic values of CS
under different prevailing wind directions at 500 hPa

HEAT R, IRk i [l LGTL Pk
S R E /dBz 46.1 424 40.9 433 448
CS #fF N
[ 33 Toi 5/ km 7.2 6.2 6.1 6.6 73
EREARI) ,
T ERASKE B (kgem™®) 7.6 5.1 32 5.2 6.7
500 hPa/% 42.2 51.4 712 63.3 50.7
iEbS)
700 hPa/% 46.4 67 70.7 61.9 47.6
R
850 hPa/% 48.3 62.7 57.1 52.1 47.6
LRE Ts00-T700/°C 10.4 155 15.1 171 19.8
2% Ts00-Taso/°C 20.7 258 26.2 28.2 30.6
CAPE/ (Jskg™) 246.6 151 227.1 222.8 427
CIN/ (Jekgh 276.9 149.7 99.2 143.4 223.7
700 hPa AT AL X fWPE X Fadb XU, 500 hPa % O =B G

1 584 dagpm 4%, AR T
g5, R B AR A K i R
N 2 s, #E70

ONAIR o BRANIN AU, S e A A B R IR A
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332 Table 27 he ipfengl® characteristic yalus#M environmental characteristic values of CS
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AT R LBl #Ak 7R KR i rE [ PG (R4
S #e 5 E/dBz 43.3 423 418 42.6 43.4 44 43.9 44.7
CS %
BT 6.5 6.2 6.3 6.4 6.9 7.1 7 7
LM
e BEWAKE RS (kgem™?) 5.6 4.8 3.7 4.7 6 5.9 5.5 6.3
. 500hPa/% 66.5 66.2 69.4 50.1 61.4 57.2 61.8 54.9
X
700hPa/% 59 63.9 61.4 65.6 63.5 52.9 59.4 56.4
pird)-3
850hPa/% 54.6 57.6 498 50.3 56.8 52.1 51.1 52
ETE Ts00-T700/°C 95 15.3 16.5 16 17.2 19.3 18.7 17.9
% Tso0-Teso/°C 20.7 26.3 27.9 27.6 27.9 29.3 29.2 28.7
paF/iNila CAPE/ (Jekg™h) 296.4 1716 326.3 156.1 4101 192.9 321.3 202.7
¥ CIN/ (Jekg™ 163.8 119.2 128.3 128.7 148.9 241.9 158.1 188.5
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AR CS [ AdFAE, DA R PSR R 3438 . o B R A AN K A SRR 1
ZEIRLFR .

(1) FEACES CS (R K £ R AE 500 hPa AN[RLERAT RIA N AE7E B35 22 5%, £ 700
hPa A A 8847 XU R A 24505 M4 F 700 hPa, 500 hPa 547 XUkt CS & A e B i 1 F B
N, 500 hPa T EZ PG db X (40%) AMEIGX (36%) %, 7074 T 21%AH1 43%I)
CS: 700 hPa Fh-Jb XS fit i 9 23%, HoAh BEAT RUISFAE 8% ~14%, & AT XA T CS
SYATALE 8%~17%. £ 500 hPa #1700 hPa, i XUHIFE B K& CS KA R It e 1) AT R
Ml

(2) TEARFEATIRA R, CS SN R A RERAFAE 53 1 H AR LARAE
FEIREN CS HARK RSN T, X T CS HAMKIMBE AR, CS A fag -ENGHE M6 (H
FEMIIE 14—17 BF o BT REE R AEGIER, ARBETR S TN E 2%
FEAEUEARL N B L BRI 8] Sz B AT b S I HS 22 REAL HOAFALE , 5
700 hPa ATl AR KU, AT KUI/E B R B O EE 2L

(3) EAFEEAT A TR, Cl E@ffﬂﬂ%%ﬁ%ﬁ%ﬁk ; ATFFHEAS B 2 1 7R
B AR ZRERO BRFER X 700 hPa B i 4 K, B II#RE CI

AT T XU, B 22 SR A — 7 2 OGN s 700 hPa AT M4 AU, Rk ks
PAAG 58 5 i X R 1 AR 350 CLI i R X NI X K T8 22 1 LR K =i 1) 38.59~38.8 N
DXk, T IR A e P X 4 A HT LN BT 22 e L 23 (b

£ 500 hPa % # 4T KUIF ~, B / NG XL EAIL, 7 700 hPa %84T KA, B2

B HRAT PN AR RIS B AT B, B2 RS Sl CS RARGR. &
JERFAF (B AN S TR SRR (R 340 T 2 KF . 7E 700 hPa AN[FIEEAT XA R, CS S ERFE(H
XS] ZEBUN, ETRRZES CS saEA BN MR R BATWAEX . WX, 7h
B, T EACEAE TS, ARERIMEBAE 2k CS MEEEK, CS KAMFEM: BT
ARAC AR AR DS s BEAG 8 e A Rl me SOME AT iy SR o7 BB T Rl AT AR e
XAt i AU 7 B AL ERAL T AT a7 AL T 584 dagpm 4% ARAT PURI RN, St AR
HFEWERMERS.

gi b, T RACE CS KM, VPR 2 i R FRAR SN A 32, fE
Seak b, BNshAACKIERAT BRI, CS M HARML . S An . KA R SR
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NEARZHEIRHE, 2500 hPa #ATFEF X, 700 hPa BE4T i 4% KUK, ASAT RUIVE HI L 22 5
N . HECT 700 hPa #E4T X, 500 hPa #EAT XU/ HIEE yoct, thii2 i 500 hPa K RUEH
W34 700 hPa BRI 2= UHs B Alhl . VIR nfE - N2, KR T KREMRIEH
FE—EREE L USE TN CS RAERRINRARGMNN G, I EHER NI CS [kt
BRI  7oh, FATKIAEAFR AT AT, BRI bk, CS Kk A4
FE—E MR, e Sn] DU e Bt — 2B i 7T
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