Noctilucent clouds: Trends and Anomalies in 2020s
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Changes in climate conditions in different atmospheric layers are driving trends in the observable characteristics of noctilucent clouds and are also leading to the emergence of phenomena not previously observed. These events are fundamentally linked to wave activity in the middle atmosphere, which has also shown a tendency to increase in recent years.
Noctilucent clouds are known as a summer phenomenon, consistent with the well-known reverse annual temperature cycle of the mesosphere. However, in December 2024, structures identical to noctilucent clouds were observed in winter skies over a vast territory in Siberia. The umbral (shadow-based) method of altitude estimation placed these clouds at approximately 70 km. This is about 10 km below the typical altitude of summer noctilucent clouds and coincides with the altitude of a rapid temperature drop according to satellite data. This extraordinary event was triggered by a sudden stratospheric warming near 40 km a few days prior, which altered wave propagation and shifted the wind patterns from a winter to a summer-like state. While this type of mesosphere-stratosphere wave coupling is known, it has not previously caused such a pronounced temperature drop in the mesosphere.

During the summer of 2025, noctilucent clouds exhibited a distinct 5-day periodicity in their occurrence, which remained stable from mid-June to mid-August. This period corresponds to the (1,1) Rossby wave mode, which is also known to influence the mesosphere and noctilucent clouds; however, it has not been so strong and stable in previous measurements. The amplitude of this 5-day temperature wave in the upper mesosphere in 2025 was twice the maximum recorded over the previous 20 years of the 21st century by the EOS Aura/MLS satellite, and is possibly the highest observed in this atmospheric layer during the summer in the history of observations. A large number of optical detections across a wide longitudinal range in Russia allowed for a phase comparison between cloud occurrence and temperature, which is crucial for the study of ice nucleation.

