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AEEBERETEMABBRNEL QA HFEHRTT RARA R, #iL L DIF A 4648 B GMM (Gaussian Mixture
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Clustering analysis of aerosol vertical distribution characteristics
based on CALIOP data

WANG Yu-Xuan'"*?, SUN Xiao-Bing", TI Ru-Fang', HUANG Hong-Lian', LIU Xiao', YU Hai-Xiao'
(1. Anhui Province Key Laboratory of Optical Quantitative Remote Sensing, Hefei Institutes of Physical Science,
Chinese Academy of Sciences, Hefei 230031, China;

2. University of Science and Technology of China, Hefei 230026, China;

3. Henan Polytechnic University, Jiaozuo 454002, China)

Abstract: The vertical distribution of aerosols plays a critical role in improving the accuracy of aerosol retrieval in satel-
lite remote sensing due to its complexity and spatiotemporal variability. This study investigated the vertical characteris-
tics of aerosols using unsupervised clustering methods, based on CALIOP (Cloud-Aerosol Lidar with Orthogonal Polar-
ization) Level 3 aerosol profile data from 2010 to 2020. Three clustering algorithms—Gaussian Mixture Model
(GMM), K-means, and spectral clustering—were evaluated using multiple performance metrics. The profiles of extinc-
tion coefficients were clustered into five representative types using the GMM algorithm: low-pollution composite type,
high-pollution composite type, exponential decay type, low-pollution uniform type, and high-pollution oscillatory
type. The seasonal and regional distributions of these profile types were further analyzed over the Tibetan Plateau, the
Beijing-Tianjin-Hebei region, and the Yangtze River Delta. The results show that aerosol vertical profiles exhibit dis-
tinct seasonal and regional patterns. These findings provide a basis for improving aerosol profile parameterization and re-
trieval accuracy in remote sensing applications.
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Fig. 1 Determining the optimal K value using the Elbow Method and Silhouette Coefficient: (a) the relationship between WCSS

and the number of clusters K; (b) the relationship between the Silhouette Coefficient and the number of clusters K
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Fig. 2 The clustering results of the three candidate clustering methods (GMM, K-means, and Spectral Clustering)
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Fig. 3 Three-dimensional visualization of clustering methods after PCA processing: (a) for GMM; (b) for K-means
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