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Abstract: The northern part of Ningxia Hui Autonomous Region is situated in the temperate continental
climate zone of Northwest China, where complex topography and the climatological characteristics of
warm-season convective storm (CS) have not been fully understood. This study utilizes CINRAD/CD

radar products and sounding data in Yinchuan from May to September in 2011 — 2016 to investigate the
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climatological characteristics of CS in northern Ningxia under different prevailing wind directions at
500 hPa and 700 hPa. In this research domain, we present a comprehensive analysis integrating the average
circulation patterns, convective environments and CS intensity for the first time. The results demonstrate
that solar radiative heating and topographic forcing from the Helan Mountains dominate the formation of
CS climatological characteristics in northern Ningxia. Upon this foundation, dynamically varying prevail-
ing winds induce more complex and diverse patterns in CS occurrence frequency, occurrence efficiency (de-
fined as the ratio of CS occurrence frequency under a specific prevailing wind direction to the total frequen-
cy of that wind direction), diurnal variation, and spatial distribution. Notably, when southwesterly winds
prevail at 500 hPa while easterly winds are blowing at 700 hPa, the influence of prevailing winds becomes
particularly pronounced. The average 500 hPa circulation pattern associated with CS occurrence under a
given prevailing wind direction characterizes the typical synoptic-scale systems and convective environments
favorable for CS development under that flow regime, thereby directly determining CS occurrence efficiency
and intensity. When northerly or northwesterly winds prevail at 500 hPa and northern Ningxia is posi-
tioned behind the trough, there is the lowest CS occurrence efficiency corresponding to the highest CAPE
and CIN, and the CS intensity is the strongest. Under southerly or southwesterly wind regimes, northern
Ningxia is situated between the ridge and trough, where favorable moisture transport conditions tend to
cause maximum CS occurrence efficiency. During prevailing westerly flows, 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 oc-
currence 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 (CS), prevailing wind, radar climatology, northern Ningxia
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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
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from May to September in 2011—2016

(a) CI frequency at 500 hPa, (b) elevation of the central Helan Mountains region,
and (¢) CI frequency at 700 hPa
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BEATIRIE R CS & Az i X 13 (9 500 hPa {3 3 5 J 3
HEAT 44, 45 8] 500 hPa Al 700 hPa A &) %47 KU 1A
FH) 500 hPa FX R IE 37 (& 7,16 8), £AE T
5 AT AR R B L FE AS TR B2 B A R F = A
CS W IR 35 1 3 (R AE

H1F 500 hPa A7 75 Jb XU LA 43 XL 4R B XU
CS MBS M 3T S0 290 . % o 14 BF 37 T8 384 1)
D ERR R R E ST ARG 5 E
SLATF AT . 24 500 hPa AT b KA. 7 5 b
Ak T R T L R DLR UiE B o AR
F CS KA, & CS BAERCREARM AT M. AT
XU G i RS S B3 T A AL, 77 B b Ak A4 i
W E Iy B UL B TS sh o F L KR A
W AR F CS &4 CS kAR B KT HoAh sg
A5 R A8 iR 22 1 B T8 3 (A5 4 v i CS 450 8RN
BAEMCRIGUATE H 2L R 45 0 Z R (] 3, 45

eV B R R, T E A T AR & R
584 dagpm 1%, A M T AFEE g i 10 LR B 2
WA e Hr 8 w1 CS B AR, % AT IR V5 X
B 7 B AL 1) 4 B 30 0 T B, b U 2 U A
BB FIF CS i kA, BT EALE CS B4
LR RIE 3, CS KAESCRE b . AT 75 L KBS,
TR AR TG ) - b A 55 0 A S B R R
MLEE S A BRIy AR T CS A
AL CS RAERCE S db RAH Y .

1 &R T7E 500 hPa AFE&AT R T CS 1Y
FEE G NEN ST E YN Y Gl i
FROEAE , DL AR . )2 22 .CAPE CIN 4§
X FR B RFAE M . 24 500 hPa BEAT M b KR PG b X
B, CS 38 B R AE A e K, CS K fi I B%: L 3l 5 3=
B A S 15 XoF 3 5 B AT O Ik RGBS S X B B R R U
T2 A 25 1T 20 25 e/ o AH 0 B S5

50°N

130°E

130°E

T ML R LB 2k

7 2011—2016 4E 5—9 A 500 hPa A [FEE4T X T 500 hPa -1 {37 3 i 3 (A f7 : dagpm)
Fig. 7 500 hPa average geopotential height (unit: dagpm) under different prevailing wind directions
at 500 hPa from May to September in 2011—2016

F1 2011—2016 £ 5—9 A 500 hPa RE E TR [8 T CS 32 E4FAEE M I ERHIEE

Table 1

The intensity characteristic values and environmental characteristic values of CS

under different prevailing wind directions at 500 hPa from May to September in 2011—2016

FRAEAE it i i) i 7 gl

YT # i B/ dBz 46.1 42,4 40.9 43.3 44. 8

CS 58 i RHAEAH [ 9 T9 #55 / km 7.2 6.2 6.1 6.6 7.3
FH AR SKEE/ (kg m ?) 7.6 5.1 3.2 5.2 6.7

500 hPa/% 42.2 51.4 71.2 63.3 50. 7

AR 1 B2 700 hPa/ % 46. 4 67.0 70.7 61.9 47.6
850 hPa/ % 48.3 62.7 57.1 52.1 47.6

Jr— | Ts00— T1001/C 10.4 15.5 15.1 17.1 19.8
: | Ts00— Tss0 |/ C 20.7 25.8 26. 2 28.2 30. 6

o C{XPE/(J . kg:1> 246. 6 151.0 227.1 22?. 8 427. 0
CIN/(J » kg™ 276.9 149.7 99.2 143.4 223.7
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g CIN Mg i 9 CAPE. A M T ARE RN E
B AT P AL KU, X B R B bR 2 R 22 A
CAPE, DA K 5wy CIN, AT e XU AN PG pig XU
R AR A — 2R CIN Al CAPE, EF
JER 2 /N R 3l R B R A TR A PR K
CS Je AR B o AT Ml 04 KU CS 3 J8E 4 A1k H
1A% IJUPR B AL AEL R /N v

700 hPa BEAT AL X i 75 XL PG AL KURE . 500 hPa
PRI AR T R AE AL TS - WA R
Rl 3 2 CS A AR HORBAR A BEAT XU AR 88 114 e

R Al ke CS BB 2 . 78 HARRE AT KUm R, CS
FARCRB R o AT AR AL KA AR XU S 35 308 4
ARARL 7 S AC R L 30 A7 Jed A TS 3mSR g Rl
(i) (57 AF 2 i A3 B AT A . AT AR 1 XA g
T AU S PR AR L 7 B AL R AL TR A S . TR
=7 1 ol O S5 5 7 B B S = s ol A D A
584 dagpm % A T ARRERRIRE. BT
XU Sty [ B A I R R R e Rl 7
AU A L R e DR £ D S T T A
3k 2 P s £ 700 hPa A [A] g 47 K T CS

70 90 110 ]
LI B LI 2

130°E

70 90 110 130°E

K 8 2011—2016 4 5—9 J] 700 hPa A [ B&4T R F 500 hPa -3 {7 38 25 B 3 (B 37 ; dagpm)
Fig. 8 500 hPa average geopotential height (unit: dagpm) under different prevailing
wind directions at 700 hPa from May to September in 2011—2016

FR 2 2011—2016 £ 5—9 A 700 hPa RZE BTX[E T CS & EHFEEN T RIF B IFEE

Table 2 The intensity characteristic values and environmental characteristic values of CS

under different prevailing wind directions at 700 hPa from May to September in 2011—2016

R AE(E [GEIA A GER A A v L] G (B

- S AR5/ dBe 43.3 42.3 41.8 12.6 43.4 44.0 43.9 44.7
;;fg (8 9 T9 5 / km 6.5 6.2 6.3 6.4 6.9 7.1 7.0 7.0
L BRIRAKSE/(kgem 2 5.6 4.8 3.7 4.7 6.0 5.9 5.5 6.3

500 hPa/ % 66.5 66. 2 69. 4 50. 1 61. 4 57.2 61.8 54.9

AR I BE 700 hPa/ % 59.0 63.9 61.4 65. 6 63.5 52.9 59. 4 56. 4
850 hPa/ % 54.6 57.6 49.8 50. 3 56. 8 52.1 51.1 52.0

I [ Ts00— Tr00 |/ C 9.5 15.3 16.5 16.0 17.2 19.3 18.7 17.9
L | Tsoo— Tss0|/C 20.7 26.3 27.9 27.6 27.9 29.3 29.2 28.7
X Vi e CAPE/(J » kg™ 296. 4 171.6 326.3 156.1 410.1 192.9 321.3 202. 7
S8 CIN/(J « kg™") 163. 8 119. 2 128.3 128.7 148.9 241.9 158. 1 188.5
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S RERRAEAE A AT I A RN, BT 2R ZES CS
SR PE AT B BN I G R o AT P e XA P XL PG b
KU, CS K JAHXHERS . N2 EER K HKEA
B CING AT A A0 XU A A4 XU A g RUE . CS &
A XS 55, bR 225 A CIN 487V, 700 hPa 3
SN B o AT R AL XD i R XU, CS 58 3 &b T o
A AT e RUEE B R R 2 RN E L B
em B CAPE; B 47 e db KU, BT 2R 22 F/h . (2
BA % CIN fil CAPE,

4 45 8

ASCAENA] 20112016 4 5—9 H 73k T ™ i
R ZS R 43 b 177 B AC R R 2= R [ & A7 WU
CS (1B 25 43 A0 FRAE 5 LA K AH R 1) - 24 3 i 08 #5437
AR5 AR AR (L 0 ) AL B B AR AR L 25 R R

(D7 EALHEB CS M8 2 F & A A 500 hPa
ANRVEAT A T A7 7E B 3% 22 5% 76 700 hPa /K [A] %
A5 AT T I AR X #4575 A A F 700 hPa, 500 hPa %
PR CS A BB B E By % . 500 hPa £
T VG A0 R C40 0 i 75 XL (36 20 #2443 1 7= AR
T 21% 1 43% 19 CS;700 hPa P4 4t XU 2 5 i >
23 %0 HAhBEAT WUARHAE 8 %0 ~ 1400, % J& AT K]
CS B4 A AE 8% ~17% , #£ 500 hPa fll 700 hPa
T rE K2R CS & A= 80 % B e 1 1% 47 AU Ta) 7Y e XL
KZ .

O TEAR R AT R R 5 CS 85 BOR K A SR A
T2 250 HAS AR RRAE . K P 4 S #0323k 8l CS
HASb I B B 7 B BT CS H A8 1k 1) B A i
A, CS BB Je A R my Wl E 28 W B AE 1417
F . BRAT KR B2 i I AR AN T8 AT KUm
CS BRECRN K A 8 A AR W AE I B A 22 I (] S 814 o
i bR B Z AL W RRAE , F5 ) 2 24 500 hPa B 1T
VARG X700 hPa AT O A KURS s B8 A7 KUY A T 2
HOREE,

G FEAS A B A7 A8 R 5 CT 4 55 18] 43 A 5 AE 4%
5500 hPa (R 2 73 A 5 A A B8 19 2R b XU e AR
25 FE KO BR P RS XL 700 hPa [ T 25 X, 78 A %
PR R B 22 AR CLI i & X, 27 R
b ER 2 DAL % S0 FE S A I L DR ] AR R H XY
U, 500 hPa BEAT 7Y g XU, B 22 1 AR AR H
—afr A& CI [ 55 & [X 3700 hPa AT I 7 KU s R R
b ER 2 DAL 0 SR 4G v wi s DX VR T AR CT i

AR, Cl Z& FHW 2 ILERK G 38. 5"~
38. 8N DXl o 1117 I 1A A dc ey 1149 DX Al A T 2 i
1 X385, CT 22 2% F L 0 B 0T 28 8 K 1 4 19 s 5 72
500 hPa 25 AT KU T, B8 2% v By CT & & XA B
FHIE . 7E 700 hPa £ AT R T, 38 22 it B CL i
K XA FE AT

(O ASTR] KT 9 38 AT XU 5 7 19 A 3 T8 #4534
Xif 3 FR B A X R L X CS KA 5 %A CS 3 B 52 i A
[f]. 500 hPa B& A7 fwdb XA PG b XUB 77 B b3 4b
TG, CS KA RORAL, B X B fie 5 i) CAPE Al
CIN, CS 5 JE e K5 BeAT O g XA P R XUR S 77 2L
AL TR T G KPR 2% S5 R . CS RAERIUR &
H—E M CIN #l CAPE, F FEiRZE P .CS L@
AR HE 55 o JBEAT Db 7 IRV, 7 2 b3 ) 46 5 4 34 3
B, b 2 A R I L CS R A R R 9 R A A
25 WA S FEAEE Y 4 F e 55K P . 7€ 700 hPa A
[LBAT XU R 5 CS i B FRAE (B AH X 2 50 22 (/N
ETRRRZES CS 3 B A BB R RN OC Z 5 B AT IR
JE XA PG X P AL KU T = AR AL TR IS AR Y
S Al fih & CS M EEZLE L CS & AR RIORAG &K
A1 2R A RURA D A3 U 77 AU 1 it A A e S
N e DR A T U A 5 R AT R e AU i R
U T B ACER AL TR ETH S . T 2 AL T 584 dagpm
%% 5 BEAT VY R KU, 52ty [ rh A TE B AR ME R

25 bk, T EALER CS A B AE AT B AT 9K
B2 py R BH A S A OV S AR A
BN sh A A1 AT KU R, CS 19 H AR 4k L 25 i)
Gy R AR B B AE R R I T O A Ak R R RRAE L Y
500 hPa BEA7PERE M. 700 hPa BEAT IR 4= XUB . B AT
W E RS B 3% . ME T 700 hPa AT K,
500 hPa AT XUAE FH BTk 5 5 , 3t /& Ui 500 hPa
RRBEE AL #3700 hPa Bz 1% 25 % 2% SR |
VIAE S5 1R O 828, 52 T RORUE SR 3
fE— R LYoE T#m CS RAERBHRIAS
FRAAEE T B 25 00 5 CS 1 & A %05 Fl ik
BE o AN AEARTRUEAT KU R 7 MR 5 2% 1 B 22
ik, CS 19 & A A AE — 5 R J 22 ) LAJT JR
HE— 2 ST

2%k
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