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Abstract

Based on ERAS reanalysis data, conventional weather data, sounding data, surface observation rec-
ords from Guiyang Airport, minute-by-minute automatic weather station data, and radar data, a di-
agnostic analysis was conducted on two squall line events at Guiyang Airport in 2024. The results
indicate that both events were influenced by a southwest vortex, with the 700 hPa southwest jet
stream causing instability in the low-level dynamic structure. The “cold upper, warm lower” vertical
structure provided thermal instability conditions, while the configuration of low-level convergence
and mid-level divergence provided dynamic instability conditions. The K-index, SI index, and CAPE
values all indicated the presence of substantial unstable energy over Guiyang before both events.
The relatively high SSI values suggested favorable conditions for strong winds. The high altitudes of
the 0°C and -20°C layers were unfavorable for hail formation. Radar echoes showed that both events
exhibited distinct bow-echo characteristics, with velocity convergence observed at low levels. The
differences between the two events are as follows: In terms of influencing systems, the April 18
event was affected by an eastward-moving vertical trough and the front of a surface low, while the
July 1 event was influenced by a forward-tilting trough and a surface convergence line. Regarding
moisture conditions, the 700 hPa water vapor flux on July 1 was relatively weaker. On April 18, low-
level convergence was from the northeast-south direction, whereas on July 1, it was from the north-
west-southwest direction, and the wind speed gradient along the zero-velocity line was relatively
larger.
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Table 1. Observations of the two squall line events

= 1. MRRELIIESLR

R HGE m/s
H B E 0 TR TS TR -
19R 19L 01 R 01L
4718 H 20:07~02:14 SRR R Ty Y 18 18 18 17
7H1H 12:45~13:48 o B N AR 15 15 17 17

-~

3. MRS E
3.1. XG4

ARSI e 23 B0 P ORGSR (0 e S AU BT 0BT X 4 18 H 20 I m ST AL 1(a))itk
A70HT: 500 hPa i 44 5 S U — A (3R TTE S5 (1IN, ARAB LT P AT, P U 23D P A i e
VEHR, S WIS T, PURAL BT N SEE AR H A R A, PO R BOUAL T DY )1 AR AR & 5 P e
i, BB SR T U RS AI R s 700 hPa £E DY) AR 3R —Pa R, DU AR HR 2 53 P AL B (S 500
hPa 152 SO LA e = mg th A V1AL, B 5% BHALAZ 7 T G v i JER i 00 1) 08 T SOt B I A7, A g XU
MRS, A B KGE D 20 K/FD; 850 hPa PURGIRAL T HIK, SUMNILEE Zr AR U128, StfH2
IR HT AR A F SREE R, AN ST RIS b s B IR B R 22 /N T4 T SCHIRIX A

77 1 H 08 B =S A (LK 1(b)), 1 500 hPa i 26 52—l — 5 IR R 3 (), T kT
A—HRARE, FRERIEE S B, WA R, SR A TR R PR AL R, e
Bl s hl IR E L 0, BlEELAT 25°N MEiT; 700 hPa LU R Az TimB =8 c S B ik, Mt
MIZRALES 2= =P U B A — V122 (FE 850 hPa DIAZHT, 500 HP #84:)5), S1FHNLIAZ VIR 4 5 H k1L
PEFEm, VU SR TR R X, S RO RKGE Y 20 R/ED; 850 hPa PHRF AL T 5T/ AL,
PRI AR A R it O BN DIAE,  PURg o v sRUIAS, 53 BIALIZ A P9 D0 AR i #8 HL A3 32 v e
BRI, ST N A SOy 20 KA PG R AL, Bt FIBLAATIAL Tt e T e 22
INTEET SCHRITRX A

»

{5

DOI: 10.12677/0jns.2026.145074 706 SR

o


https://doi.org/10.12677/ojns.2026.145074

2k

90°E ‘ 100°E 110°E T20°E

/£ AW FC TS FH P A AT B 2R oK RSB, YR E MICAPS 4.0.5 S 25 B4 A T b B R G B b B

S E(BHE FATEUL R Province.shp, A7 [E [E % NationalBorder.shp, LA EER . KIL . MERZE 5 B IR 519 K
%Z?SI?E) Hi PR *ﬂ?l%%ﬁ% 5] 4E 55 (Lambert Conformal Conic, XXAREZELE 30°N. 60.2°N, FR&4k 110°E, i
WER Clarke 1866), 23U AR5 #hHNb 3G ST e E R I, H T A8 78 2 10 98T B R .

Figure 1. Upper-level synoptic patterns at (a) 20:00 LST 18 April and (b) 08:00 LST 1 July. (Note: the star marks the location
of Guiyang Airport; “D” denotes a closed southwest vortex; the shaded area indicates the significant moisture zone where the
dewpoint depression < 5°C)
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Figure 2. Surface convergence line path, 08:00~14:00 1 July
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Figure 3. Sounding profiles at Guiyang station at (a) 20:00 on 18 April and (b) 08:00 on 1 July
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Table 2. Atmospheric instability indices derived from sounding data
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Figure 4. Time—height cross sections of divergence at Guiyang Airport for (a) 16:00 18 April-02:00 19 April and (b) 08:00~15:00 1
July (unit: 107 s71)
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Figure 5. 700 hPa water vapor flux (shaded, g-hPa !-cm™!'s™!) and wind vectors (m-s™') at (a) 20:00 18 Apr and (b) 08:00 1 July
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Figure 6. Radar reflectivity factor at Guiyang Airport at (a) 20:25, (b) 21:34, and (c) 22:06 on 18 April; and (d) 11:49, (e)
12:44, and (f) 13:31 on 1 July (elevation angle: 2.4°; range rings at 30, 60, and 100 km, the same below)
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Figure 7. Radar radial velocity at Guiyang Airport at (a) 20:25, (b) 21:34, and (c) 22:06 on 18 April; and (d) 11:49, (e) 12:44, and (f)
13:31 on 1 July
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