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Abstract

Based on minute-level automatic observation data, ERA5 reanalysis data, and Doppler radar data
from Guiyang Airport, this paper compares and analyzes the causes and characteristics of two heavy
precipitation events on July 16, 2014 (dominated by a weather-scale system) and May 13, 2021
(dominated by a mesoscale convective system). The study finds: (1) Weather-scale heavy precipita-
tion is caused by the joint action of upper-level troughs, low-vortex systems, and low-level jet
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streams, resulting in large-scale and persistent precipitation with a cumulative rainfall of 164.4 mm,
but weak extreme short-term rainfall intensity; (2) Mesoscale heavy precipitation is triggered by
the combined effects of warm advection, surface convergence lines, and weak cold advection in the
middle layer, leading to local short-term extreme heavy rainfall (maximum minute rainfall of 2 mm,
cumulative rainfall exceeding 90 mm) accompanied by hail; (3) The two types of precipitation differ
significantly in terms of circulation patterns, moisture sources, dynamic conditions, and convection
triggering mechanisms: weather-scale precipitation relies on large-scale dynamic lifting, while
mesoscale precipitation is driven by local thermal and boundary layer convergence. The study re-
veals the differences in precipitation mechanisms of different scale weather systems in complex
terrain, providing a scientific basis for fine-scale forecasting of aviation meteorology and disaster
warning.

Keywords

Heavy Rain, Short-Term Heavy Precipitation, Guiyang Airport

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 5|8

SRR KSR BII T WIT RN EESRREZ —, LR PR, BiEiET &
2 T A TR A 38 P R O BRI . AR, BPEK R A BIER S R TRE . AT RIKIA
WA E VIO PRSI R SR A PR sRE . BRI RANE S A S HLHI[1], #&E
Pl i i AR R R RHR R S AT Y, FREER R IR (0 25 5 9 T AN R R 3 R SR T R4 4%
FR[2]; LA P O A S5 R B IR RS AR B, KRS E LT E G R
BEIRA 0~3 km /KPR T B )R & e 5 3o U K A TR OGRE Rl [ 3]s FHoAth — 22 o) 4 [EVu
PRI B K R ASEAT T KB AR IR 43T [4]-[10]

SRR ENSN T it m G R, ZERMESZ RERARGLFEM, 5K HREZ
B, Hr B SRS 2 B A0 IR R R B R R R R S JC N 3 (11 ], Ik, Bl
BB G G R FMIE L, SN 5 B K B 25 0 AT RFIE S A EEA L) R OUHRE 2, R
XS A Wi s FE 22 PR R, RS A A TR SR A B8 S 12] [13]

BRI ISR K R BRI AR — R RARE RIS VG Rr e K, R R
SRS S BN SR K, WS RERREE . KKRIEL R 2R B, A GRS L
W5 Y s A i A KIS FE (2014 4 7 H 16 HAI 2021 4E 5 A 13 H), 45& 5= MNIZ0H % B shMIE R, &
IR HOWIM B2k, ERAS BT BRLEE, IR S5 AKVRCRIE . 31 ) 264 K e B 56 J7 AT X LG
ST, T B TR R AN A R SR BT 5T S B K R R LI 5 43 2640, IR =1 5L B 2 R BTIA
W, AN GRS R AR LR 2K

2. BRI

ARATIEH P ERVEYE: (1) STV E s RS (AWOS) IR /8o A4 ;s (2) T Az iy 2= 5 #i
ML ZE R (3) ERAS 3B/ 2 B AT B8 (0.25° % 0.25°); (4) ERAS B/ LT Land 2087 8008 (0.1° %

DOI: 10.12677/ccrl.2025.143051 505 AAEAR LI 5T g


https://doi.org/10.12677/ccrl.2025.143051
http://creativecommons.org/licenses/by/4.0/

2 i

0.17); (5) SEFHNLIZXUR 2 & B iR 5l . AT S (RIS [A] 2 R F AL B

F4b, AR SCAE TR 1 /K B i i AWOS 73 R i i i oK/l 0 A = AN S P >R
WEATAET 02mm; KW 728 FEMERTAET 0.4mm, WimiRpE: 28R E R T4T 0.8 mm,
A b =SS5 B B KB, 22020036 A2 FR R 1)K T45 T 5 0 B (min) I BE, AR BUE ST St HBLZ SEbr
IBAT EERPTIE -
3. FEMREEREKXS S
3.1. RERERGEMKRS

wiE 1 s, 2014 427 16 H, StFHNUZ@EE T — KB W FE, 24 /N RHEKE 164.4 2K,
PEM ORI TF I T 8 B S s R DL ERIREK(FE 1), HoA 3 BH LT KR (09:52~11:33,
14:55~15:03, 16:40~16:55), RE R ASEINEIES] T 1.2 2K, (HRE 0.8 =K/ TN & RFEERT 7] A& B8
EE 5 ek, IR I AR IR SR AR, (B4 9:52~11:41 IXBEIT PI/INNF Y B RN A S T 52.5 mm, tHiE

1.2 F160
1.0 140
120 E
EO° 1B}
" L1002
Eo o ™M HHTE — upMBTRTEE | Y
g 80 gr
® £
0.4 60 3
~N
40
0.2 ‘ ‘
i 20
oL — Il 1T T
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
Bt i)
Figure 1. 2014-7-16 00:00-23:59 Guiyang Airport AWOS minute rainfall and 24-hour cumulative rainfall
1.2014 £ 7 A 16 H 00:00-23:59 ZFAHLIZ AWOS S #HFREK 24 N RITRE
Table 1. Statistics of medium and above intensity rainfall segments at Guiyang Airport on July 16, 2014
F 1.2014 &£ 7 B 16 HRPANIAHEFEE XA LK S B St
FFAEI ) (h:mm) 5 S [A] (h:mm) RIF & (mm) FFLLI 8] (min)
8:52 9:00 3.8 9
9:36 9:40 1.5 5
9:52 11:41 52.5 106
12:18 12:30 2.9 12
12:51 12:56 1.2 6
13:27 13:33 2 7
14:54 15:17 8.5 24
16:21 17:04 15.5 43
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Figure 2. July 16, 2014 (a) 500 hPa geopotential field (contour: dagpm): blue: 08:00, green: 20:00, green: 24-hour average (08:00 on
the 16 to 08:00 on the 17), black: average of July 2014, 500 hPa wind field (wind vector: m-s™"), 500 hPa wind speed (shaded: m-s™"),
the purple curve in the figure is the 500 hPa trough; (b) 700 hPa water vapor flux at 08:00 on the 16" (shaded: g'm™-s7!), 700 hPa
wind field (wind vector: m-s™"); (c) 850 hPa water vapor flux at 08:00 on the 16 (shaded: g'-m~2-s7"), 850 hPa wind field (wind vector:
m-s™1); (d) terrain height (shaded: m) overlaid with surface wind field (wind vector:m-s™!)

& 2.2014 ££ 7 A 16 H(a) 500 hPa = E i (FEL%: dagpm): B : 08:00, LR : 20:00, FE: 24 NEFFEIIE6 B 08:00~17
H 08:00), Ef&: 2014 £ 7 BEHME, 500 hPa MUIFH(XEKE: m-s™!), 500 hPa RUEGEE: ms™'), Bzl 500 hPa
SZFE; (b) 16 H 08 B 700 hPa 7K RBE(FER: gm2-s7'), 700 hPa MIH(KEKE: ms™); (c) 16 B 08 Bf 850 hPa IK;KBE
(EE: gm2s), 850 hPa KUANEKE: ms™)); d) HESEEE: mEBNBAXNBHREE: ms™)
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(a), water vapor flux (shaded: g'm~2-s™") and wind vector; (c) Sounding map of station 57816 at 08:00 on the 16™

4. (a) ARAXMEEERE; (b) 16 H 08 Bif(a L BLLREE, KURB(EE: HE: gm?sHERKXE; (o 16 H
08 B 57816 SRS

3.2. FREFRGEMEKRS

Wi s fros, 202145 H 12 HREE 13 Hig/R, S0 i XS 7 — JORIN 2R K 3 3500 2
FRA, Bl 5(a) s 1 27546 - ZREF 200, B O 15T, SRS 2 H B K WA 5(b)
B, BB R T 90 mm, PR BAESLE 12 H 23:00~13 H 02:00 X =AM, k8 &k
7 2mm, PEERRE K& UL B EK B 2 Fos, LI 5 B &SR A LA ERIREK, K — B
BAE 13 H 00:10~00:53 43, SILHFFEE 44 78, RIPWEIAF] 7 58.7 mm, KKHGEE T 20 mm-h™' [
rh R R R S I 5 A K R s SRR, o, 00:10~00:51 3% 42 4P Ab R > 0.4 mm, A% TR

DOI: 10.12677/ccrl.2025.143051 510 SARAZ AT SRR


https://doi.org/10.12677/ccrl.2025.143051

2 i

(a)

29° N
28° N
27° N
26° N

25° N

FrifE, 00:11~00:48 431X 38 43 %h B, Z-BhE > 0.8 mm, JAF 7 HRom 5w MR FbRiE, UGS R SR AL
Wik BT B BUKE RS, Rl 12 H 23:20~23:27 #1113 H 00:10~00:15, 2 iti& %k 34 22 R A HEIR AT
&%

~ 7 00 @ (b) .
§ U
. é 1.75
) 80
- 1.50 -
50 g E
0 S g o ®
£ Fo) e — BRRHEWE | &
2 5 :
15 &% :
s 40 ®
10 B gz
0.50
\ . rr il \HHH
s 22:00 23:00 200 —
104° E 105° E 106° E 107° E 108° E 109° E Iﬂ

Figure 5. (a) May 12,2021, 20:00-May 13, 02:00 Guizhou Province 6-hour rainfall (unit: mm) distribution map; (b) 2021-5-12 22:00-
-05-13 05:00 Guiyang Airport AWOS minute rainfall and cumulative rainfall
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Table 2. Statistics of medium and above intensity rainfall segments at Guiyang Airport on May 12~13, 2021
% 2.2021 £ 5 A 12~13 HSRFANUSHEFRE R LMK D BRGT

FF U6 1] (h:mm) &5 B [A] (h:mm) ZA 1T & (mm) FFLLI [H] (min)
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1:00 1:19 11.5 20
1:27 1:32 32 6
1:38 1:42 1 5
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il B R RGE [FIFEIR B 1 20 mes™!, KRR 1 ZONENFEEE, 850 hPa (14 6(c)) b, Fd @it 1 16 m's™,
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Figure 6. 20:00 May 12, 2021 (a) 500 hPa geopotential field (contour: dagpm), 500 hPa wind field (wind vector: m-s™!), 500 hPa wind
speed (shaded: m-s™"), the brown curve in the figure is the 500 hPa trough; (b) 700 hPa water vapor flux(shaded: g'-m~2-s”"), 700 hPa
wind field (wind vector: m-s™!); (c) 850 hPa water vapor flux(shaded: g'm2-s7"), 850 hPa wind field (wind vector: m-s™"); (d) Terrain
height (shaded: m) overlaid with surface wind field (wind vector:m-s™!), the brown curve in the figure is the surface convergence line;
(e) Cross-section map at 20:00 on the 12t along the red solid line in Figure 4(a), water vapor flux (shaded: g-m™2-s!) and wind vector;
(f) Sounding map of station 57816 at 20:00 on the 12
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Figure 7. Vertical cross-section of temperature advection along the red solid line in Figure 4(a) (shaded: 1073-K-s™!) and wind field
(wind vector: m's™!) on May 12-13, 2021: (a) 20:00 on the 12%; (b) 01:00 on the 13'; (c) 05:00 on the 13
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Figure 8. Guiyang Airport dual-polarization Doppler radar at 22:27 on May 12, 2021: (a) reflectivity at an elevation angle of 2.4° (unit:
dBz); (b) reflectivity at an elevation angle of 3.36° (unit: dBz); (c) reflectivity profile along the gray solid line in (a) (unit: dBz)
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Figure 9. 2021-05-12 22:27 Guiyang airport dual-polarization Doppler radar 2.4° elevation angle specific differential phase
(unit: *-km™)
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