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Abstract

Located in the heart of the Eurasian continent, Urumgqi International Airport experiences frequent

SCEG|I A XS, BEARFHIS L S BEAKRE S AR AT ). B RFHE, 2025, 13(3): 621-634.
DOI: 10.12677/0jns.2025.133065


https://www.hanspub.org/journal/ojns
https://doi.org/10.12677/ojns.2025.133065
https://doi.org/10.12677/ojns.2025.133065
https://www.hanspub.org/

X

multi-phase precipitation events due to its temperate continental arid climate and complex topog-
raphy. This study investigates the dynamic and thermodynamic mechanisms driving precipitation
phase transitions through two typical precipitation events occurring on November 9~10, 2022 and
April 12~13, 2024, utilizing multi-source data. The results demonstrate that precipitation phase
transitions are driven by the combined effects of upper-level trough movement, cold advection,
moisture transport, and topographic influences. The temperature field plays a decisive role in phase
transitions, with 850 hPa temperature variations serving as a key indicator. Changes in water vapor
flux divergence show close correlation with phase transitions, where weakened low-level moisture
convergence and enhanced mid-level divergence emerge as significant signals. Dynamic analysis re-
veals that strong low-level upward motion and convergence are critical for rainfall formation, while
reduced mid-level convergence and diminished vertical motion characterize the rain-to-sleet transi-
tion. The coexistence of low-level convergence and mid-level divergence may indicate impending ice
pellet weather. This study establishes dynamic and thermodynamic criteria for precipitation phase
forecasting at Urumgqi Airport, recommending focused monitoring of extremum zones in low-level di-
vergence, vertical velocity gradients at mid-levels, and temperature trends, combined with dynamic
adjustment of thresholds based on 0°C level height variations. These findings provide theoretical
foundation and technical support for improving precipitation phase prediction accuracy and ensuring
aviation safety at Urumgqi International Airport.
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Figure 1. Synoptic conditions at 08:00 on November 9, 2022, at 500 hPa (a), 700 hPa (b), 850 hPa (c), and surface (d)
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Figure 2. Synoptic conditions at 08:00 on April 12, 2024, at 500 hPa (a), 700 hPa (b), 850 hPa (c), and surface (d)
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Figure 3. Wind, temperature, and humidity profiles for November 8~10, 2022 (a) and April 12, 2024 (b)
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Figure 4. Temperature at 850 hPa and Runways 07/25 at Urumgi Airport for November 8~10, 2022 (a) and April 12, 2024 (b)
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Figure 5. Moisture flux divergence at Urumgi Airport for November 8~10, 2022 (a) and April 12, 2024 (b)
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Figure 6. Vertical velocity and divergence at Urumgi Airport for November 8~10, 2022 (a) (b) and April 12, 2024 (c) (d)
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