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Machine Learning—Based Cloud Phase estimation using Gaussian
Mixture Model (GMM) on GEO-KOMPSAT-2A Observations

Dong—Cheol Kim and Dong—Bin Shin

Department of Atmospheric Sciences, Yonsei University

This study developed a cloud phase retrieval algorithm based on the Gaussian Mixture Model (GMM), a type
of unsupervised machine learning technique. GMMs are effective for probabilistically clustering features in unlabeled
datasets by utilizing multiple Gaussian distributions. The primary dataset for this study consists of infrared (IR) brightness
temperature (TB) data at wavelengths of 8.6 £ mand 11.2 x m, obtained from the Advanced Meteorological Imager (AMI)
onboard the GEO-KOMPSAT-2A (GK2A) satellite. Estimating cloud phases—such as water, ice, and undetermined
phases—can be challenging when using a single GMM due to the complex interactions between cloud parameters,
such as optical thickness and effective radius, which influence one another. To address these challenges and reduce
uncertainties, multiple GMMs were developed, and the results were analyzed from both physical and machine learning
perspectives to improve estimation accuracy. The algorithm was further refined by comparing the probability density
functions (PDFs) of TBs for each cluster type, leading to a more accurate separation of cloud phases. The performance of
the algorithm was validated using cloud phase data from the Moderate Resolution Imaging Spectroradiometer (MODIS)
and the Cloud—Aerosol Lidar with Infrared Pathfinder Satellite Observations (CALIOP) and was also compared to the
operational cloud phase data from GK2A. Validation results showed Phase Agreement Fraction (PAF) scores of 86%
for the water phase and over 90% for the ice phase when compared to MODIS data. Traditional IR—based cloud phase
estimation algorithms, such as those used by MODIS or GK2A, depend on empirically derived thresholds, radiative
transfer models, and additional cloud parameters. In contrast, the GMM-based approach developed in this study
operates exclusively with TB data, eliminating the need for additional cloud products or complex settings. Furthermore,
the streamlined structure of the GMM-based algorithm reduces computational time, making it suitable for real-time

applications and demonstrating flexibility in classifying cloud phases across different cloud types.
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Convective Heating Rate Estimated Using ERA5 Data and
Validation with GPM Satellite

Hyun—Kyu Lee and Hye—Yeong Chun

Department of Atmospheric Sciences, Yonsei University

We estimate convective heating rate (CHR) profiles using the ECMWEF Reanalysis v5 (ERA5) data by applying
nine estimation methods, including three methods from previous studies. The estimated CHR profiles are compared
with Global Precipitation Measurement (GPM) CHR observations from June 2014 to May 2023, spanning nine years.
The three most accurate methods show strong agreement with GPM observations, and other methods reasonably well
reproduce the spatial distribution of CHR. However, most methods struggle to represent evaporative cooling near
the surface. Among the nine methods, Method 6 (M6), which utilizes cloud mixing ratio, temperature tendency due
to parameterization, and temperature tendency due to radiation processes, demonstrates the best performance. The

temporal variability and spatial distribution of CHR based on M6 closely align with GPM data.
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