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Abstract

Based on observational data from the Hangzhou Xiaoshan International Airport observation station
from 2001 to 2022 and sounding data from the Hangzhou station from 2001 to 2019, 61 occurrences
of thunderstorm gusts at Hangzhou Xiaoshan International Airport were statistically analyzed. The
results indicate the following: Most of the thunderstorm gusts at Hangzhou Xiaoshan International
Airport exhibit downburst characteristics, and the vicinity of the hail-fall area is often one of the
burst zones for strong winds. The annual distribution of thunderstorm gust days is uneven, showing
significant interannual variability. Thunderstorm gusts show clear seasonality, occurring primarily
in summer, followed by spring. The highest probability of strong thunderstorm gusts occurs during
the middle of spring and the early-to-middle parts of summer. Thunderstorm gusts exhibit distinct
diurnal variation characteristics. In summer, the main peak occurs between 13:00 and 20:00 (after-
noon to early evening), while the spring peak occurs around midnight, specifically between 20:00
and 02:00 (early night to early morning) Beijing Time. 86.9% of the thunderstorm gusts lasted be-
tween 0 and 30 minutes, and the duration of spring and autumn thunderstorm gusts were both less
than 20 minutes. For 73.9% of the thunderstorm gusts, the initial direction and location of the thun-
derstorm was situated to the west side (including west, southwest, and northwest directions) and
south side of the airport. The wind directions of the maximum wind speed during thunderstorm
gusts are primarily concentrated in two regions: 72.1% of the wind directions are between 220° and
360°, and 19.7% are between 0° and 80°. 57.4% of the maximum wind speeds were between 20 and
29 m/s, while 39.2% were between 17 and 19 m/s. A comparative analysis of the Lifted Index (LI),
KIndex (KI), and Convective Available Potential Energy (CAPE) was performed, revealing that these
three parameters have significant limitations for the potential forecasting of thunderstorm gusts at
Xiaoshan Airport. In contrast, the dry layer in the mid-troposphere between 700 and 400 hPa and
the temperature lapse rate in the lower-to-mid troposphere (850 to 500 hPa) showed better indi-
cator potential for forecasting thunderstorm gusts at this location. Their respective thresholds are:
the average temperature-dewpoint depression between 700 and 400 hPa is not less than 6°C, OR
the maximum single-layer temperature-dewpoint depression between 700 and 400 hPa is not less
than 10°C; the temperature difference between 850 and 500 hPa is not less than 25°C.
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Figure 1. Schematic diagram of classic conceptual models for convective storms [2]. (a) Schematic diagram of a convective
storm model; (b) Schematic diagram of a downburst model
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Figure 2. Time difference between thunderstorm weather and surface precipitation.
(a) Time difference between the start time of the thunderstorm gust/strong wind and
the start time of precipitation; (b) Time difference between the end time of the thun-
derstorm gust/strong wind and the start time of precipitation
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Table 1. Statistical table of thunderstorm gust and hail occurrence times from 2001 to 2022 (Times are in Beijing Time, and
apply throughout)
® 1.2001~2022 FERF|ARNFKE LA ERO G iR (FHE AL RES, TE)

TRARIFE  BRARALA TRARFEE KB

H 3 UKELFFAGRSIE] UKL 45 R R

P[] Fi i) fisf [] (min) (min)
2001.7.12 16:05 16:45 16:01 16:43 40 42
2004.8.4 14:42 15:10 14:40 15:01 28 21
2010.8.26 16:13 16:20 16:15 16:51 7 36
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BN 2.7 s 21 HAHE—N 10 FFERRKKAHEEZ, H A 10 FAXED, kAR =4 10 44,
H AR E 5 2 H X8 A 10 SEG B e sh .
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Figure 3. Annual distribution of thunderstorm gust days from 2001 to 2022
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Figure 4. Monthly distribution of thunderstorm gust days from 2001 to 2022
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Figure 5. Monthly distribution of the maximum gust wind speed for thunderstorm gust events
from 2001 to 2022
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Figure 6. Temporal distribution of thunderstorm gust occurrence from March to November,
2001~2022
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Figure 7. Duration distribution of thunderstorm gust events from 2001 to 2022
& 7.2001~2022 FEFARFFERTE 57

3.7. BRANEERYEETT EALEFHE

wE TR, 8 72 2001~2022 4F 5 5 K KU B BTG 7 AL B A, PTLAE 61 IR &R,
17 VK75 BTG B AL T A R TG 7 1], 5 S AMIIET 27.9%; 10 (R #1461 B A T A3 1 VG I 7 1),
AN 16.4%; T BTG B AL T AT AL 7 MR e 77 105 9 WK, & s MO 14.8%:
B IRA T A ERIETRAAR E R, 886 3, & 5B 4.9%. ATUVEH, 58K TR

DOI: 10.12677/ccrl.2025.146141 1421 AAEAR LI 5T g


https://doi.org/10.12677/ccrl.2025.146141

sfs &5

VIGE R TT AL B AT AN E), B 5 R B AT 06 B 7 ) B 32 A T A3 TE AN (B & 75 76 g AN G
b7 EDATEG M, 33X P AN B M 2 A AN 73.9%, A7 T2 3 A AR AL D5 16 (AN 2 A s
B 26.1%.

NE 4.90%

E 6.60%
W 27.90%

N 9.80%

S 14.80%
SW 16.40%

NW 14.80%

=W =SW «NW =S =N =E s NE =7

Figure 8. Directional distribution of initial thunderstorm position during thunderstorm
gust events, 2001~2022
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Figure 9. Directional distribution of maximum wind speed during thunderstorm
gust events, 2001~2022
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Figure 10. Average temperature-dewpoint depression between 700 and 400 hPa (a) and
maximum temperature-dewpoint depression between 700 and 400 hPa (b) for thunderstorm
gust events, 2001~2019

& 10.2001~2019 £ FR AR 700~400 hPa 2 [B)F 155 B 55 52 (a)F1 700~400 hPa
ZERKEEERE(®D)

DOI: 10.12677/ccrl.2025.146141 1424 AAEAR LI 5T g


https://doi.org/10.12677/ccrl.2025.146141

s 5

4.2. MHE P T RREE R EFHE

XL TR JE LT ~500 hPa) IR FE BLIRZEAT T- 058 R TR I 4R 2 BB, 1% BB gk e K,
TRUTIR T BRI AR P (AR 2 AR R ) PR A G IR R FE ORI TN DTN R B 2 TR Al 2 R IR R
HHRTF TFIURAHN ORI T UU B I 4E R3], — M 850~500 hPa & ZE RAFXHRZEH T EHE
HIRE, Wl 11 R AR5 E BRI 850~500 hPa iR ZE I FME N 25.5°C, F % 23.3°C~28.3°C, i
930.5C. fr/hgh[12]7H 5 H 850~500 hPa i Z M B AR S BIMH, TEHRIKT 1000 m PA T AR HLIX
850~500 hPa i ZA/NT 24°C. AIRIWIX NS HARR T ALY 50 B KX, 15 H 850~500 hPa
BEANT 24 CTHRIAMEIECH 40 4, (AT 80%. 41 H4E 850~500 hPa iR ZEH B NA/NT 25C,
VUD55 JE XA A AR MBI 32 S, AN 64%. PTLAE Y, 5 B B W E A, Ay
RS 2, (AR 23 AW E S, PRSI, (IR S BRI 75 52 B TAEH, 850~500
hPa 5 ZE AN T 24 CIXABIE N B A B R 2 s, 48 850~500 hPa i ZE(EH W NA/N T 25°C L
& T BN L, 6 AR 37 B 23 K KUK 7 5 AR AT B I FE s A

32

30 (@ L4
28 ° i o0

26

24t —— 4 v

850-500 hPaltJiR%(°C)

22 F

20

0 10 20 30 40 50
MG

Figure 11. Temperature difference between 850 and 500 hPa during thunderstorm gust
events from 2001 to 2019
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