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Abstract

Utilizing ERA5 reanalysis data, this study statistically analyzes the spatiotemporal distribution
characteristics of atmospheric duct occurrences in the South China Sea and its adjacent areas and
examines the influencing factors. The results show that the month with the highest frequency of
atmospheric duct in this area is April, with 34,562 occurrences, accounting for 19.32% of the annual
total; December has the fewest occurrences, totaling 4112, which is only 2.30% of the annual total.
Spatially, atmospheric duct occurs almost throughout the entire sea area in spring, while their dis-
tributions is more scattered in other seasons. In autumn, they mostly occur in the southern and
northern parts, while in summer and winter, they are mainly concentrated in the central part. Re-
garding influencing mechanisms, this study primarily analyzes the impacts of monsoons and the
subtropical high-pressure system. During the transition period between the winter monsoon and
the summer monsoon, a dry warm layer forms above the sea surface, overlaying the cold and moist
sea surface, creating a stable stratification with dT/dz > 0. Influenced by the subtropical high-pres-
sure, strong subsidence inversions prevent the rise of moisture from the sea surface. The prolonged
retention of moisture in the lower layers leads to the formation of water vapor conditions with
de/0z < 0 near the sea surface, creating an atmospheric stratification conductive to the formation of
atmospheric duct.
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Figure 1. Monthly statistics of atmospheric ducts in the South China Sea and adjacent seas in 2024, with the left graph showing
the occurrence frequency and the right graph showing the probability statistics
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Table 1. Seasonal statistics of atmospheric ducts in the South China Sea and adjacent seas in 2024
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Figure 2. The spatial distribution of atmospheric ducts in the South China Sea and its surrounding seas during the spring of
2024 (March to May)
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Figure 3. The spatial distribution of atmospheric ducts in the South China Sea and its surrounding seas during the summer of
2024 (June to August)
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Figure 4. The spatial distribution of atmospheric ducts in the South China Sea and its surrounding seas during the Autumn of
2024 (September to November)
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Figure 5. The spatial distribution of atmospheric ducts in the South China Sea and its surrounding seas during the Winter of
2024 (December to February)
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Figure 6. Case testing of atmospheric duct formation conditions
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Figure 7. The distribution of sea surface wind fields in the South China Sea and its adjacent areas for January, April, July, and
October of 2024
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Figure 8. Monthly variations of the Western Pacific Subtropical Ridge Line position from January to December 2024
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