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Abstract

To reveal the formation and dissipation mechanism of persistent dense fog at Urumgqi Airport and pro-
vide a scientific basis for aviation weather forecast and support, this paper conducts a diagnostic anal-
ysis on the synoptic situation, formation-dissipation mechanism, and characteristics of middle-lower
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tropospheric meteorological elements of a persistent dense fog event at the airport from November 25
to 29, 2024. The analysis is based on multi-source data including conventional upper-air and surface
observations, FY-4B new-generation geostationary meteorological satellite data, microwave radiome-
ter measurements, runway automatic observation data, and observations from a dense network of au-
tomatic surface weather stations. The results are as follows: (1) The dense fog formed under a stable
circulation background controlled by an upper-level ridge, with distinct warm advection in the lower
troposphere and the surface located at the rear of the high-pressure base, which provided favorable
circulation conditions for the long-duration maintenance of the fog. (2) The microphysical composite
products of the FY-4B satellite can effectively monitor the evolution of fog coverage and the thickness
of the fog layer. Weak large-scale subsidence helps confine post-snowfall water vapor within the sur-
face layer, while weak convergence and negative vorticity in the lower layer jointly provide dynamic
and water vapor conditions for fog formation. (3) Radiative cooling after sunset in the region along the
Tianshan Mountains in northern Xinjiang facilitates the formation of large-scale fog areas in the basin.
The formation and dissipation of dense fog at the airport are closely correlated with the intensity of
surrounding fog areas and wind field evolution; southerly and southwesterly winds are conducive to
fog dissipation. The cooling amplitude in the near-surface layer, the intensity of the inversion layer,
and the base height of the inversion layer have certain indicative value for the intensity and duration
of dense fog at the airport.
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Figure 1. Synoptic charts of upper-air and surface conditions on 26 November 2024
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Figure 2. Evolution of FY-4B satellite cloud images from 25 to 29 November 2024
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Figure 3. Horizontal divergence (Panel a; unit: 107 pa-s™*) and vertical vorticity (Panel b; unit: 10° pa-s™) over Urumgi
Airport (87.47°E, 43.91°N) from 25 to 29 November 2024
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Figure 4. Horizontal divergence (Panel a; unit: 107° s) and vertical vorticity (Panel b; unit: 107° s™!) over Urumgi Airport
(87.47°E, 43.91°N) from 25 to 29 November 2024
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Figure 5. Time series of meteorological stations along the Tianshan Mountains during the heavy fog event from 25 to 29
November 2024. (a) Hutubi; (b) downtown Urumgi; (c~d) Urumgi Airport station
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