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Abstract

Three heavy rainfall events in Maguan, Yunnan Province were investigated through integrated anal-
ysis of multi-source datasets, including hourly ERA5 reanalysis data (0.25° x 0.25° resolution), sur-
face observations from MICAPS national stations and regional automatic weather stations (AWS),
and Doppler radar data from Wenshan. The synoptic configurations, physical mechanisms, and ra-
dar characteristics were analyzed under three distinct meteorological backgrounds. The results
showed that: case 1 was under a typhoon remnant low-pressure system, case 2 was under the west-
ern periphery of the subtropical high, and case 3 was under a low-level vortex and shear line com-
plex. Quasi-stationary synoptic patterns sustained prolonged rainfall. Sounding data exhibited a
certain amount of convective available potential energy, low convective inhibition and lifting con-
densation levels, with K index around 40°C, and SI index less than 0°C. Deep saturated layers in cases
1 and 3 promoted high precipitation efficiency, while mid-level dry intrusion at 400 hPa in case 2
enhanced downdraft. The analysis of the causes of rainstorms showed that precipitation was strength-
ened by the enhancement of water vapor and vertical motion, and the enhancement of water vapor
and vertical motion could be 1~2 hours earlier than the enhancement of precipitation. In addition,
unstable potential triggering could also enhance precipitation. Radar observations showed that in
case 1 and case 2, precipitations were dominated by stratocumulus, with a maximum reflectivity
exceeding 40 dBZ. Maguan continued to be affected by echoes, forming a train effect. On the vertical
section, the center of mass of the echo was low. In terms of radial velocity characteristics, there was
an “S”-shaped feature in case 1, indicating the presence of warm advection. There was wind shear
in case 3. In case 2, the precipitation during the strongest period was convective, with a block-
shaped echo at 17:11 on the 19th and a central intensity exceeding 50 dBZ. On the vertical section,
the echo development height of Maguan was relatively high, which could extend to a height of 7~8
km. There was velocity convergence on the radial velocity map, with a convergence layer thickness
exceeding 5 km.
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Figure 1. 24-hour accumulated precipitation from MICAPS (shaded, unit: mm). (a) Case 1: 08:00 BST 28 July to 08:00 BST
29 July 2016; (b) Case 1: 08:00 BST 29 July to 08:00 BST 30 July 2016; (c) Case 2: 08:00 BST 19 June to 08:00 BST 20 June
2017; (d) Case 3: 08:00 BST 24 June to 08:00 BST 25 June 2018
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Figure 2. Hourly precipitation variation (unit: mm) of Maguan observe station. (a) Case 1; (b) Case 2; (c) Case 3
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Figure 3. ERAS reanalysis data at 500 hPa: wind field (vectors, unit: m/s), temperature (red contours, unit: °C) and geopotential
height field (blue contours, unit: dagpm). 2016 July: (a) 08:00 BST 28 July, (b) 08:00 BST 29 July; 2017 June: (c) 08:00 BST
19 June, (d) 20:00 BST 19 June; 2018 June: (e) 20:00 BST 23 June, (f) 08:00 BST 24 June
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Figure 4. ERAS reanalysis data at 700 hPa: wind field (vectors; color shading for wind speeds >12 m/s, unit: m/s), temperature
(red contours, unit: “C) and geopotential height field (blue contours, unit: dagpm). 2016 July: (a) 08:00 BST 28 July, (b) 08:00
BST 29 July; 2017 June: (c) 08:00 BST 19 June, (d) 20:00 BST 19 June; 2018 June: (e) 20:00 BST 23 June, (f) 08:00 BST 24
June
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Figure 5. Sounding data of Mengzi observe station. (a) 08:00 BST 29 July 2016; (b) 08:00 BST 19 June 2017; (c) 20:00 BST
23 June 2018
E 5 REHREER. (a)2016 F£7 A 29 H 08 B; (b) 2017 ££6 A 19 H 08 BF; (c) 2018 &£ 6 A 23 H 20 B¢

4. RERBEESTH

TR 5 B 70 A2 7KV SR B IS B K I RF SR ] o ZKIRSR R B I R AR IR 56 A
WREAKERN TR, F— R LK S R A R, BER KRR, AU IRIR A W 1K IR dE 8]
[1014nF 6(a)s Kl 7(a)s Kl 8(a)Fra~, ANl 1+, 55828 H 08 if~29 [H 20 B /KR &A%, 850 hPa
ELig 48T 12 g/kg, 700 hPa LLIE#ET 8 g/kg. Hidr 28 H 21 Af~29 H 06 A ELigd 55, 700 hPa LLIEHH &
W, 8t 10 g/kg, 28 H 23 B 700 hPa LA R ELiEA Bl KME . T EIE3h 4, 28 H 18 Af~29 H 08 i
Lo X ¥R ETigs), HaeE EIHEah ke e B m, Horb 29 [ 03 i BTz, 4axHiEEEid 3 Pals.
29 H 14 wf~15 B FRE R E ETHEE K. 7 i D KR &R B TR A2 f aT I, 28 H 20 Bf~29
H 08 £ 600 hPa LA N A /KKl &S, AL 3:107 kg/(m?-s-hPa). 29 H 08 if~29 H 15 If{K/Z4)
800 hPa LA NA 55 /KB EE G o 438 S OCHE X % 2 W AR ) 264 R B, 28 H 08 If~28 [ 19 K
700 hPa L N KA N AAFEJZ45, 28 H 20 BF~29 H 05 I %2 &5 KRR, NEE)245, 29 H
06 I7~29 H 20 £ 600 hPa LA~ KX AN AAFRE JZ 45 . WK R, 29 H 04 i ~05 I F1 08
I ~09 By F 5 FEoK IS [A] B o 04 I ~05 I I 52 & RIRARACE 2, KRR =4, 3 03 I KAl
T HIZFN KNG, WFEKY . 08 Bf~09 BHMKZ LLig s, A —xmEH FAEahfilk i A A ke,

DOI: 10.12677/ccrl.2025.144061 617 SAEAR LI T A


https://doi.org/10.12677/ccrl.2025.144061

KIS

HFR /KR, 29 H 08 F~29 H 09 iRk aE, I (13 BLE 2 AKV s & AR R i, (H BT e
KANAREZE, Nl —EMEEISAf R ATRE, R K.

200 i [ [ [ [ [ 200 i [ [ [ [ [
(a) 11 (b) 11
250 | 250 |
300 — Lo 300 — -9
— A =
o B L E e At E
) ~ > =
gl SR L I~
o /‘4/\«u\_\ g o 1 =
Q 500 o o P Q500 | a1 £
/_/\-/ s\_\’—\/— 5 6 5
,\_/% 10 s ey Ve 8
700 —_,_/ [LR— o T R e 8
Srio——5 VT[]
l 1w 2 —— T Y ¢ — 14—
850~ T 850 | e e
T T T T T T T T T T
16072808 14 20 02 2908 14 20 17061908 14 20 02 2008 14 20
-3-25-2-15-1-050 05 115 2 25 3 -0.8 -0.4 0 0.4 0.8
200 i T TR L
(c) =11
250
300 Lo
F——— a2 ———_| =
2 E
£3
poawwo =, 0 l7E
© S
Qo500 b0~ — ST — 8 :'q:)
-5
8 GA
700 */‘—/—’_/QM—YZ -3
r M
850 —FrrrrrrrerrrT e e e
18062308 20 2408 20 2508
‘CONTOUR FROM 2TO 16 BY 2
-3 -2 -1 0 1 2 3

Figure 6. Temporal evolution of specific humidity (contours, unit: g/kg) and vertical velocity (shaded, unit: Pa/s) at different
heights of Maguan observe station. (a) Case 1; (b) Case 2; (c) Case 3
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Figure 7. Temporal evolution of moisture flux (vectors, unit: kg/( m-s-hPa)) and moisture flux divergence (shaded, unit: 107
kg/(m?-s-hPa)) at different heights of Maguan observe station. (a) Case 1; (b) Case 2; (c) Case 3
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Figure 8. Temporal evolution of horizontal wind field (vectors, unit: m/s) and pseudo-equivalent potential temperature (shaded,
unit: K) at different heights of Maguan observe station. (a) Case 1; (b) Case 2; (c) Case 3
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Figure 9. Radar reflectivity (unit: dBZ) and radial velocity (unit: m/s) of Wenshan station at 0.5° elevation angle. 2016 July:
(a) Reflectivity at 21:54 BST 28 July; (b) Reflectivity at 04:48 BST 29 July; (c) Vertical cross-section of reflectivity along the
white line in panel (b) (the same below); (d) Radial velocity at 04:48 BST 29 July; (e) Reflectivity at 08:29 BST 29 July; (f)
Vertical cross-section of reflectivity at 08:29 BST 29 July; (g) Radial velocity at 08:29 BST 29 July
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Figure 10. Same as Figure 9, but for 0.5° elevation angle at 17:11 BST 19 June 2017. (a) Reflectivity; (b) Vertical cross-
section of reflectivity; (c) Radial velocity; (d) Vertical cross-section of radial velocity
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Figure 11. Same as Figure 9, but for 0.5° elevation angle at 08:20 BST 24 June 2018. (a) Reflectivity; (b) Vertical cross-
section of reflectivity; (c) Radial velocity
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