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Abstract

As civil aviation continues to develop, there is an urgent demand from airline users for more refined
meteorological services. The forecasting of heavy precipitation within the classification of severe
convective weather primarily relies on the analysis and prediction provided by numerical weather
prediction (NWP) products, as well as the application of short-term forecast products. However, due
to limitations in accuracy and update frequency of most NWP models, they often fail to meet the
requirements for single-station forecasts at airports and short-term predictions. While meteoro-
logical radar can quickly assist operational personnel in extrapolating convective impacts during
near-term forecasts, its product updates still exhibit certain delays. Additionally, convective echoes
do not accurately reflect the duration of heavy rainfall; thus, subjective corrections based on local-
ized precipitation characteristics are necessary. To identify suitable forecasting indicators for pre-
cipitation applicable in practical operations, this study analyzes historical meteorological data from
Sanya Phoenix International Airport between 2012 and 2022. By examining the occurrence charac-
teristics of airport precipitation from perspectives such as climate patterns, circulation forms, and
diurnal variations using statistical methods. The data utilized in this study is derived from the his-
torical climate records of airports, we ensure that our findings represent the unique precipitation
characteristics specific to this airport. The results indicate: (1) The variation in precipitation at
Sanya Airport is closely related to monsoon transitions; (2) Clear weather predominates during
spring and winter months while summer and autumn constitute major rainy seasons-autumn rec-
ords the highest number of rainy days whereas summer has a greater frequency of intense rainfall
events; (3) Precipitation patterns observed in spring, summer, and winter show that significant
rainfall mainly occurs during late night hours while intense rainfalls in autumn are concentrated in
afternoon periods; (4) The duration of heavy rainfall predominantly lasts under 30 minutes with
occurrences exceeding 60 minutes or even 120 minutes being more frequent only during summer
and autumn. This study innovatively utilizes localized meteorological data which yields conclusions
characterized by distinct local features that can be directly applied to guide practical operations.
Furthermore, it enriches research within the domain of single-station precipitation forecasting.
This methodology is also applicable for other meteorological departments aiming for localized sin-
gle-station precipitation predictions.
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Figure 1. Average change of southwest wind in 850 hPa from 2012 to 2022
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Figure 2. Interannual change of average precipitation (a) and number of precipitation
days (b) from 2012 to 2022 at Sanya airport
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Figure 3. Changes in the frequency of intense precipitation at Sanya airport across seasons and decadal periods from 2012 to 2022
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Figure 4. Daily average change of (a) average circulation situation field and (b) 850 hPa southwest wind in spring from 2012
to 2022
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Figure 5. Characteristics of heavy precipitation period (a) and duration (b) in spring from 2012 to
2022
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Figure 6. Daily average change of (a) average circulation situation field and (b) 850 hPa southwest wind in summer from 2012
to 2022
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Figure 7. Characteristics of heavy precipitation period (a) and duration (b) in summer from 2012 to 2022
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Figure 8. Daily average change of (a) average circulation situation field and (b) 850 hPa southwest wind in autumn from 2012
to 2022
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Figure 9. Characteristics of heavy precipitation period (a) and duration (b) in autumn from 2012 to 2022
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Figure 10. Daily average change of (a) average circulation situation field and (b) 850 hPa southwest wind in winter from 2012
to 2022
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Figure 11. Characteristics of heavy precipitation period (a) and duration (b) in winter from 2012 to 2022
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