
Characteristics of Antarctic Stratospheric Variability During Winter:   
A Case Study of the 2024 Sudden Stratospheric Warming and Its Surface Impacts 

• Rare and intense winter-time sudden stratospheric warming occurred in July 2024 
• Record strong negative phase of the Southern Annular Mode (SAM) followed in early August
• Antarctic region was extraordinarily warm, and the sea-ice significantly contracted
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Research Q&As

Q1. What are the typical features of SH winter stratospheric vortex 
variability and associated anomalous stratospheric warming?

• The most common anomalies involve vortex expansion (cooling) or 
contraction (warming) during winter.
• Stratospheric wind and temperature anomalies generally have limited 
influence on the lower atmosphere in winter.

Q2. How unusual was the 2024 mid-winter sudden stratospheric warming 
(SSW) event?

• It was the earliest SSW on record since satellite observations began
• The vortex extraordinarily contracted toward the South Pole, leading to 
an unusual downward influence on the surface, culminating in a record-
breaking negative SAM in early August

Q3. How did the atypical mid-winter SSW and the resulting strong negative 
SAM affect the Antarctic climate?

• Significant surface warming across the Antarctic continent.
• Extremely low sea-ice along the eastern Antarctic coast and over the 
Amundsen Sea region
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