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Abstract

Using ECMWF ERAS reanalysis data from 2008 to 2023, as well as observational data from Guiyang
Airport, airport weather reports, and observation summary columns, the circulation pattern,
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temporal characteristics, and meteorological factor thresholds of frost weather at Guiyang Airport
were analyzed in order to improve the forecasting and early warning capabilities of frost weather
at Guiyang Airport. The results show that: 1) The average frost days at Guiyang Airport are 2.8 days
per year, mainly occurring from November to February of the following year; 2) The average circu-
lation pattern of frost days: weak ridge control at 500 hPa and 700 hPa, weak high pressure control
at 850 hPa, and weak mean pressure field control at the ground level; 3) During the night, the cool-
ing effect from radiation is significant, with temperatures and dew points both dropping below 0°C
between 04:00 and 08:00, reaching their lowest point at 07:00. The average maximum temperature
prior to frost is 10.6°C, while the average minimum temperature on frost days is -2.8°C, resulting in
an average temperature difference of 13.4°C. After 03:00 on frost days, the relative humidity generally
exceeds 90%. At the time of frost occurrence, the wind direction is often variable (32.3% of the time)
or calm (24.5%), with wind speeds mostly below 2 m/s (87.9%), and sky conditions are typically clear
to partly cloudy; 4) Frost often accompanies visual impairment, with light fog being the most com-
mon (54.5%), followed by freezing fog (29.5%); The dominant visibility and runway visual range
show an overall trend of first decreasing and then increasing. Frost fog with frost is generally
thicker, and the dominant visibility and runway visual range are lower, up to 50 m, with a longer
duration; 5) The average sea level pressure range during frost is 1024~1026 hPa.
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Figure 1. The interannual variation of frost at Guiyang airport from 2008 to 2023
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Figure 2. Annual variation of frost at Guiyang airport from 2008 to 2023
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Figure 3. The circulation pattern of frost at Guiyang airport (a) 500 hPa, (b) 700 hPa, (c) 850 hPa potential height (unit: dagpm),
(d) sea level pressure (unit: hPa)
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Figure 4. (a) Temperature, (b) Dew point temperature at 01:00~10:00 on frost days
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Figure 5. The highest temperature on the day before frost, lowest temperature on frosty days, daily temperature difference
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Figure 6. Same as Figure 5, (a) January, (b) February, (c) November, (d) December
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Figure 7. Relative humidity at 01:00~10:00 on frost days
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Figure 8. Wind direction and speed at 01:00~10:00 on frost days
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Figure 9. Total cloud cover at 01:00~10:00 on frost days
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Figure 10. Accompanying weather phenomena at night and in the morning on frosty days
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Figure 11. (a) Lead visibility, (b) Runway visual range at 01:00~10:00 on frost days
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Figure 12. (a) Lead visibility, (b) Runway visual range of frozen fog with frost cases at 01:00~10:00
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Figure 13. Sea level pressure at 01:00~10:00 on frost days
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