Open Journal of Natural Science H#AF}%£, 2026, 14(4), 462-470 Hans X
Published Online July 2026 in Hans. https://www.hanspub.org/journal/ojns
https://doi.org/10.12677/0ins.2026.144050

BOHIA—RKEEERXSIRESH

Eji%l'z, *@%?2'3’ é‘l’fﬁ?“, * 39‘2, —?—iéﬁpglz

U ER AT R Gl g R AR L, s
2o ] R 5 B R X Al A B oy, PR ST
SR E RN RS h sl g B, LT K

SR E RN =W Al e, R =

Woks H . 20264F5 290 A EM: 20264F7H15H; KA HI: 20264F7H22H

R

R BPREMEK . BARRAERBOWILEER, KRERER, SREBTHMEEK. FIRERR
SBEL ERASEARRAM DEZERHS, 2023410 110EH S —RKHHFERNRAEENE
BERWAR. WENBELIERNSEET T 200 SRR RESAHREEEFERE T IR R
BER, BHFERASERNRESEE, BNfEin. AMRBAEREWRIEIRAZA, KEHRMH
THEAFREZE, HEHRERRSFANERZS EMRREME; KERRAR. FRESHER. FBEX
PR BT R R R R E N R R AR T AR % FERREFMRAET, B DHIAYE
KX FRAIE RIS AL, HRERGHHER, HiHELRRIARBESX KL, EEAKHRRERES
WMEONG, BN RABKKREKENRRS. RRARRME T RBRITREAKS. MREHE™4
HIEESREPRNS, SRS RAERNERERM, HN5RRIEIRES), FBRNX LT
REZBHHRR, REEKEER. QREBEAERZHHLES, 0~6 kmfKEFHIIRHA A TH AR
AW R . HIGERRA ISR MPESES §E MR WERE, RENERESRBBERKX
Eiks), RETBRNEERE, FKTERE, RESAKEERER, FBRWEEFMKRH
G T EFHAL

XK ia
BREY, BRNRS, WRIIEEBRS, KRR, ARLE

Analysis of a Long-Duration
Thunderstorm Event at Haikou
Airport

Wenhao Zhou!?, Guohui Zhu23, Jiali Zhong?, Yangzhen?, Danzeng Zhuoga?

!Aviation Meteorological Center of the Air Traffic Management Bureau of CAAC, Beijing
2Xizang Air Traffic Management Center of CAAC, Lhasa Xizang

XESIH: AXR, KEKE, Bz 2, B P — KK S W RS RS, AARE, 2026,
14(4): 462-470. DOI: 10.12677/0jns.2026.144050


https://www.hanspub.org/journal/ojns
https://doi.org/10.12677/ojns.2026.144050
https://doi.org/10.12677/ojns.2026.144050
https://www.hanspub.org/

3Dalian Air Traffic Management Station of CAAC, Dalian Liaoning
4Sanya Air Traffic Management Station of CAAC, Sanya Hainan

Received: May 29, 2026; accepted: July 15, 2026; published: July 22, 2026

Abstract

Extreme heavy rainfall and severe convective weather in Hainan Island often lead to flight delays
and cancellations, significantly impacting aviation operations. Using conventional meteorological
data, ERAS reanalysis, and satellite imagery, this study analyzes the main influencing systems, phys-
ical processes, and formation mechanisms of a long-lasting thunderstorm event over Hainan Island
on October 11, 2023. The results show that cold air advected southward at mid-low levels along the
coast of eastern South China, while convection in the tropical Intertropical Convergence Zone was
active. Together with a stable, strengthened, westward-extending, and zonally oriented western Pa-
cific subtropical high, these systems provided favorable large-scale circulation conditions, promot-
ing the formation, development, and intensification of alow-level easterly jet. The jet, combined with
southward-invading weak cold air and an easterly wave south of the subtropical high, created favor-
able conditions for heavy rainfall. Under these combined influences, a pronounced convective train
echo effect occurred over Hainan Island. The system moved slowly, and the convergence zone of the
easterly jet over the ocean persisted for an extended period, leading to repeated passages of intense
echoes over Haikou Airport and resulting in prolonged heavy precipitation accompanied by convec-
tion. The easterly jet supplied abundant moisture for the heavy rainfall. Positive differential vorticity
advection in the mid-troposphere, along with combined dynamic and thermal forcing, triggered sec-
ondary circulation and enhanced vertical motion over the rainfall area, thereby intensifying precip-
itation. Convergence of the Q-vector divergence near Hainan Island indicated conditions supporting
convergent ascent at 0~6 km. The dominant cloud microphysical process during this severe convec-
tion event was the cold-rain process, attributed to strong wind pulsations over eastern Hainan Island,
which enhanced vertical velocity, lifted moisture to upper levels, and promoted the efficient for-
mation of supercooled water, allowing the cold-rain process to develop effectively and dominate.
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Figure 1. Synoptic charts at 925, 850, 500, and 200 hPa for 08:00 LST 11 October 2023 based on ERAS data (Shading: relative
humidity (unit: %); blue solid lines: geopotential height (unit: gpm); red solid lines: temperature (unit: °C))
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Figure 2. Time series at Haikou Airport based on ERAS data (Shading: relative humidity (unit: %); red solid line: temperature
(unit: °C), blue dash line: velocity (unit: 1072 hpa-s™'))
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Figure 3. Moisture flux divergence at 925 (a) and 500 hPa (b) over Hainan Island at 08:00 LST 11 October 2023 based on
ERAS data (unit: 107° kgrm2s7")
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Figure 4. Differential vorticity advection (500~925 hPa) over Hainan Island
at 08:00 LST 11 October 2023 based on ERAS data (unit: 10710 s72)
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Figure 5. Q-vector divergence at 850 hPa at 08:00 LST 11 October 2023
based on ERAS data (unit: 107 m-s™"-kg™)
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Figure 6. Regional average content of hydrometeors
derived from ERAS data (unit: g-kg™)
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Figure 7. Haikou sounding chart at 08:00 LST on October 11, 2023
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Figure 8. Temporal evolution of vertical wind shear, wind speed shear at Haikou Airport on October 11, 2023
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