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particle-based µ-physics



aerosol-cloud-precipitation interactions: scales

“Cloud and ship. Ukraine, Crimea, Black sea,

view from Ai-Petri mountain”

(photo: Yevgen Timashov / National Geographic)
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aerosol-cloud-precipitation interactions: scales

“Cloud and ship. Ukraine, Crimea, Black sea,

view from Ai-Petri mountain”

(photo: Yevgen Timashov / National Geographic)

“Grid cells in a global climate model and a

large-eddy simulation of shallow cumulus clouds at

5 m resolution”

(fig. from Schneider et al. 2017)
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aerosol-cloud-precipitation interactions: µ-physics models

Confronting the Challenge of Modeling Cloud

and Precipitation Microphysics

Hugh Morrison1 , Marcus van Lier‐Walqui2 , Ann M. Fridlind3 ,

Wojciech W. Grabowski1 , Jerry Y. Harrington4, Corinna Hoose5 , Alexei Korolev6 ,

Matthew R. Kumjian4 , Jason A. Milbrandt7, Hanna Pawlowska8 , Derek J. Posselt9,

Olivier P. Prat10, Karly J. Reimel4, Shin‐Ichiro Shima11 , Bastiaan van Diedenhoven2 ,

and Lulin Xue1

COMMISSIONED

MANUSCRIPT
10.1029/2019MS001689

Key Points:

• Microphysics is an important

component of weather and climate

models, but its representation in

current models is highly uncertain

2



particle-based µ-physics simulation: model state

Lagrangian component

Eulerian component
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particle-based µ-physics simulation: hello-world
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particle-based µ-physics simulation: hello-world
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particle-based µ-physics: early works (3D)
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Eulerian vs. Lagrangian microphysics: a (probabilistic) breakthrough

pre-2009:

,,advantage of the full-moving size structure

is that core particle material is preserved

during growth ... second advantage ... it

eliminates numerical diffusion ... [but]

nucleation, coagulation ... cause problems

... the full-moving structure is not used in

three-dimensional models”a

,,the use of a fixed grid allows for an easy

implementation of collision processes, which

is not possible for a moving grid

(Lagrangian) approach”b

a
Jacobson 2005: Fundamentals of Atmospheric Modeling

b
Simmel & Wurzler 2006: Condensation and activation in sectional cloud microphysical models
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Shima 2009: Monte-Carlo particle-based

collision scheme “SDM” for cloud simulations

Super-droplet simulation of a shallow convective cloud

(figure: Shima et al. 2009, QJRMS)



PySDM: idea & demo



100% , open, Colab-executable super-droplet pkg
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100% , open, Colab-executable super-droplet pkg

7



Monte-Carlo collisional breakup (constant super-droplet number formulation)
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de Jong et al. 2023 (Geosci. Model Dev. DOI:10.5194/gmd-16-4193-2023)
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PySDM: smoke tests
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PySDM: units and unit tests



Files Tracked lines Covered Partial Missed Coverage %

attributes 551 502 0 49 91.11%

backends 3619 3235 0 384 89.39%

dynamics 1229 1074 0 155 87.39%

environments 273 223 0 50 81.68%

exporters 286 75 0 211 26.22%

impl 204 199 0 5 97.55%

initialisation 375 355 0 20 94.67%

physics 1985 1701 0 284 85.69%

products 1279 1062 0 217 83.03%

__init__.py 11 9 0 2 81.82%

builder.py 89 80 0 9 89.89%

formulae.py 206 203 0 3 98.54%

particulator.py 159 147 0 12 92.45%

Subtotal 10266 8865 0 1401
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PySDM: docs & example gallery



https://open-atmos.github.io/PySDM

Jupyter notebook setting up and running the above

PySDM simulation and generating the visualisation

using Paraview

Documentation

What is PySDM?

PySDM is a package for simulating the dynamics of population of particles

undergoing diffusional and collisional growth (and breakage) . The package

features a Pythonic high-performance (multi-threaded CPU & CUDA GPU)

implementation of the Super-Droplet Method (SDM) Monte-Carlo algorithm  for

representing collisional growth (Shima et al. 2009), hence the name. It is

intended to serve as a building block for simulation systems modelling fluid

flows involving a dispersed phase , with PySDM being responsible for

representation of the dispersed phase. Currently, the development is focused

on atmospheric cloud physics applications , in particular on modelling the

dynamics of particles immersed in moist air using the particle-based (a.k.a.

super-droplet) approach to represent aerosol/cloud/rain microphysics. The key

goal of PySDM is to enable rapid development and independent reproducibility

of simulations in cloud microphysics while being free from the two-language

barrier commonly separating prototype and high-performance research code.

PySDM ships with a set of examples reproducing results from literature and

serving as tutorials. The animation shown here depicts a flow-coupled

simulation in which the flow is resolved using PySDM's sibling project:

PyMPDATA. The examples include also single-column setups (with PyMPDATA

used for advection) as well as adiabatic cloud parcel model setups (with

PySDM alone sufficient to constitute a microphysics-resolving cloud parcel

model in Python ).
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Comments/keywords

no-environment

Pierchala et al. 2022 x theoretical curves for a lab experiment

OD box environment

Shima et al. 2009 x Golovin kernel example

Berry 1967 x Several different kernels

Bieli et al. 2022 x x

de Jong et al. 2023 x x

Alpert & Knopf 2016 x

OD parcel environment

Kreidenweis et al. 2003 x x ”Hoppel” gap

Jaruga & Pawlowska 2018 x x ”Hoppel” gap

Lowe et al. 2019 x surfactants

Yang et al. 2018 x ripening (depending on the definition)

Graf et al. 2019 x x

Grabowski and Pawlowska 2023 x ripening (not named so in the paper)

Arabas and Shima 2017 x monodisperse, activation/deactivation cycle

Abdul-Razzak & Ghan 2000 x parcel vs. activation parameterisation

1D single-column kinematic env.

Shipway & Hill 2012 x x x KiD 1D

deJong et al. 2023 (figures 6-8) x x x x

2D prescribed-flow environment

Arabas et al. 2015 x x x includes GUI

Arabas et al. 2023 (figure 11) x x x x Paraview script example
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PySDM: features & team



Piotr Bartman & SA @uj.edu.pl code architecture, CPU & GPU backends, parcel & KiD env. . . .

Emily de Jong @caltech.edu collisional breakup, . . .

16



Piotr Bartman & SA @uj.edu.pl code architecture, CPU & GPU backends, parcel & KiD env. . . .

Emily de Jong @caltech.edu collisional breakup, . . .

Clare Singer @caltech.edu, @columbia.edu surfactants, aerosol attribute sampling. . .

16



Piotr Bartman & SA @uj.edu.pl code architecture, CPU & GPU backends, parcel & KiD env. . . .

Emily de Jong @caltech.edu collisional breakup, . . .

Clare Singer @caltech.edu, @columbia.edu surfactants, aerosol attribute sampling. . .

Isabella Dula, Ania Jaruga @caltech.edu ARG paper simulatios reproduced. . .

16



Piotr Bartman & SA @uj.edu.pl code architecture, CPU & GPU backends, parcel & KiD env. . . .

Emily de Jong @caltech.edu collisional breakup, . . .

Clare Singer @caltech.edu, @columbia.edu surfactants, aerosol attribute sampling. . .

Isabella Dula, Ania Jaruga @caltech.edu ARG paper simulatios reproduced. . .
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JAMES 17(4), 2025
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Arabas et al. ’25 (JAMES)
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Agnieszka Żaba @agh.edu.pl isotopic fractionation, . . .

SA @illinois.edu, @agh.edu.pl immersion freezing, . . .

Agnieszka Makulska @uw.edu.pl activation examples, Ostwald ripening, . . .

Grzegorz  Lazarski @uj.edu.pl aqueous chemistry (Hoppel gap – with AJ), . . .

Jatan Buch @columbia.edu cloud seeding, . . .

Jason Barr @washington.edu coagulation kernels, . . .

21



Piotr Bartman & SA @uj.edu.pl code architecture, CPU & GPU backends, parcel & KiD env. . . .

Emily de Jong @caltech.edu collisional breakup, . . .

Clare Singer @caltech.edu, @columbia.edu surfactants, aerosol attribute sampling. . .

Isabella Dula, Ania Jaruga @caltech.edu ARG paper simulatios reproduced. . .
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Azimi et al. ’24 (JAMES)
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Ware et al. 2025

(arXiv:2509.05536)



Ware, Bartman-Szwarc, Igel & Arabas ’25 (arXiv)
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SDM colision deficit in a Safranov-Golovin kernel test case
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Ware, Bartman-Szwarc, Igel & Arabas ’25 (arXiv)
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Ware, Bartman-Szwarc, Igel & Arabas ’25 (arXiv)
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Droplets.jl
29



thanks!

sylwester.arabas@agh.edu.pl

ecware@ucdavis.edu
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