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Abstract

Thorough analysis of local droplet-level interactions is crucial to better under-
stand the microphysical processes in clouds and their effect on the global climate.
High-accuracy simulations of relevant droplet size distributions from Large Eddy
Simulations (LES) of bin microphysics challenge current analysis techniques due
to their high dimensionality involving three spatial dimensions, time, and a con-
tinuous range of droplet sizes. Utilizing the compact latent representations from
Variational Autoencoders (VAEs), we produce novel and intuitive visualizations
for the organization of droplet sizes and their evolution over time beyond what is
possible with clustering techniques. This greatly improves interpretation and allows
us to examine aerosol-cloud interactions by contrasting simulations with different
aerosol concentrations. We find that the evolution of the droplet spectrum is similar
across aerosol levels but occurs at different paces. This similarity suggests that
precipitation initiation processes are alike despite variations in onset times.

1 Introduction

Understanding and accurately representing cloud processes in numerical models is crucial for im-
proving weather and climate predictions. Cloud droplets and their size distributions play a significant
role in various atmospheric phenomena, such as radiation and precipitation initiation, making their
characterization essential. However, complete simulation of these processes remains prohibitive in
numerical models of the atmosphere due to their high complexity and small physical scale. Instead,
cloud physics are represented through parameterizations, greatly simplified processes that often
rely on assumptions about the shape of cloud droplet distributions over volumes and the size of a
numerical model’s grid cell, which remain largely under-verified using observations.

Numerical simulations with more sophisticated cloud microphysics parameterizations (i.e., relying
on fewer or no assumptions about the shape of droplet distributions) are used to inform the next
generation of cloud physics models. The motivation for this study arises from the need to efficiently
and effectively summarize the simulated droplet distributions from a pioneering set of Large Eddy
Simulations of shallow clouds. These simulations provide droplet bin masses for every grid cell at a
relatively high temporal frequency. While previous studies have employed clustering algorithms on
observed droplets for this task (e.g., Allwayin et al. [1]), these methods pose challenges for our data
due to their sheer size. We are inspired by recent advancements in machine learning, particularly
Variational Autoencoders (VAEs), which have shown promise in capturing patterns in complex
climate datasets while preserving physical interpretability [2–4]. Our main contributions include:

• We propose a new way to visualize high-dimensional, spatio-temporal droplet size distribu-
tions by a VAE-based approach, representing droplet distributions through color spectra.

• We characterize the transition of droplet distributions from ambient to precipitating.
• Our analysis confirms that aerosol concentrations may delay precipitation onset.
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