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context: aerosol-cloud-precipitation interactions (scales!)

“Cloud and ship. Ukraine, Crimea, Black sea, view from Ai-Petri mountain”

(photo: Yevgen Timashov / National Geographic)



Smoluchowski’s coagulation equation (SCE)

concentration of particles of size x at time t: c(x , t): R+× R+→ R+

collision kernel: a(x1, x2): R+ × R+ → R+

ċ(x) =
1

2

∫ x

0
a(y , x − y)c(y)c(x − y)dy −

∫ ∞
0

a(y , x)c(y)c(x)dy (1)

discretised particle concentration: ci = c(xi ) where xi = i · x0

ċi =
1

2

i−1∑
k=1

a(xk , xi−k)ckci−k −
∞∑
k=1

a(xk , xi )ckci (2)
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cloud droplet collisional growth
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figure (PySDM simulation): Bartman, Arabas et al. 2021, LNCS

(doi:10.1007/978-3-030-77964-1 2)



SCE: challenges/problems

I analytic solutions known only for simple kernels

I numerical methods suffer from the curse of dimensionality
when distinguishing particles of same size but different properties

I assumptions behind SCE difficult to meet in practice, e.g.:

it is assumed that the system is large enough and the
droplets inside are uniformly distributed, which in turn is
only true for a small volume in the atmosphere

I . . .
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Monte-Carlo SCE alternatives: e.g., SDM by Shima et al.

Shima et al. 2009 (doi:10.1002/qj.441): warm-rain

Shima et al. 2020 (doi:10.5194/gmd-13-4107-2020): mixed-phase
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Super Droplet Method vs. SCE: differences

method type

mean-field, deterministic Monte-Carlo, stochastic

considered pairs

all (i,j) pairs

random set of nsd/2 non-overlapping
pairs, probability up-scaled by
(n2sd − nsd)/2 to nsd/2 ratio

computation complexity

O(n2sd) O(nsd)

in aerosol community: DeVille, Riemer & West 2011:
Weighted Flow Algorithms (WFA) for stochastic particle coagulation



Super Droplet Method vs. SCE: differences

collisions triggered

every time step
by comparing probability with a
random number

collisions

colliding a fraction of ξ[i ], ξ[j]
collide all of min{ξ[i ], ξ[j]}
(all or nothing)

interpretation

concentration “ci” in size bin “i”

besides ci , each “particle” i carries
other physicochemical attributes
incl. position in space (xi , yi , zi )

in aerosol community: DeVille, Riemer & West 2011:
Weighted Flow Algorithms (WFA) for stochastic particle coagulation
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super-particles as an alternative to bulk or bin µ-phyics
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Summer 2021 news

IPCC AR6 WGI: Chapter 7

IPCC AR6 WGI: Chapter 7 AMS Statement on Software Preservation, Stewardship and Reuse
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PySDM: goals (stimulating overlap with PartMC!)

Develop an implementation of the SDM algorithm:

I applicable in research on aerosol-cloud-interactions (and beyond)
KPI: reproduction of results from classic and recent literature

I easy to reuse: code (Python), examples (Jupyter), extensibility
(modular, high test coverage), interoperability (other languages, i/o),
leveraging modern hardware (GPUs, multi-core CPUs)
KPI: user feedback & contributions

I accessibility: seamless Linux/macOS/Windows installation (pip)
KPI: continuous integration on all targeted platforms

I curation: open licensing (GPL), public versioned development (Github)
KPI: instant and anonymous execution on commodity environment
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github.com/atmos-clous-sim-uj



PySDM: backends, dynamics & environments

“dynamics”

I coalescence (SDM + dt-adaptivity)

I condensation (dt-adaptive,
bespoke semi-implicit ODE solver)

I displacement (incl. sedimentation)

I aqueous chemistry (Hoppel gap)

I immersion freezing (in progress)

I ...

“backends”

I CPU (Numba/LLVM)

I GPU (ThrustRTC/CUDA)

“environments”

I Box

I Parcel
I PyMPDATA-based:

I Kinematic1D
I Kinematic2D

I PySDMachine.jl (planned)
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PySDM: 2D kinematic Sc test (Morrison & Grabowski ’07)

2D flow field

RH profile at t=0



particle attribute initialisation: dry/wet volume



particle attribute initialisation: dry/wet volume



particle attribute initialisation: multiplicity



particle attribute evolution: droplet radius



sample aerosol-cloud-precipitation interactions simulation

Computational grid: 128x128
Computational particles: 221
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sample aerosol-cloud-precipitation interactions simulation

Computational grid: 128x128
Computational particles: 221
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sample aerosol-cloud-precipitation interactions simulation

Computational grid: 128x128
Computational particles: 221
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sample aerosol-cloud-precipitation interactions simulation

Computational grid: 128x128
Computational particles: 221
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sample aerosol-cloud-precipitation interactions simulation

Computational grid: 128x128
Computational particles: 221
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sample aerosol-cloud-precipitation interactions simulation

Computational grid: 128x128
Computational particles: 221
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sample aerosol-cloud-precipitation interactions simulation

Computational grid: 128x128
Computational particles: 221
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sample aerosol-cloud-precipitation interactions simulation

Computational grid: 128x128
Computational particles: 221
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sample aerosol-cloud-precipitation interactions simulation

Computational grid: 128x128
Computational particles: 221
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sample aerosol-cloud-precipitation interactions simulation

Computational grid: 128x128
Computational particles: 221
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sample aerosol-cloud-precipitation interactions simulation

Computational grid: 128x128
Computational particles: 221
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sample aerosol-cloud-precipitation interactions simulation

Computational grid: 128x128
Computational particles: 221
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sample aerosol-cloud-precipitation interactions simulation

Computational grid: 128x128
Computational particles: 221
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sample aerosol-cloud-precipitation interactions simulation

Computational grid: 128x128
Computational particles: 221
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sample aerosol-cloud-precipitation interactions simulation

Computational grid: 128x128
Computational particles: 221
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sample aerosol-cloud-precipitation interactions simulation

Computational grid: 128x128
Computational particles: 221
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sample aerosol-cloud-precipitation interactions simulation

Computational grid: 128x128
Computational particles: 221
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sample aerosol-cloud-precipitation interactions simulation

Computational grid: 128x128
Computational particles: 221
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sample aerosol-cloud-precipitation interactions simulation

Computational grid: 128x128
Computational particles: 221
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sample aerosol-cloud-precipitation interactions simulation

Computational grid: 128x128
Computational particles: 221
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sample aerosol-cloud-precipitation interactions simulation

Computational grid: 128x128
Computational particles: 221
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PySDM: Pythonic



PySDM: Pythonic, Jupyter-friendly



PySDM: Pythonic, Jupyter-friendly, GPU-enabled



Plan of the talk

PySDM: context

PySDM: statement of need & goals

PySDM: tour of the features

PySDM: demo (role play: reviewer)

PySDM: technological stack



PySDM-examples: pypi.org/p/PySDM-examples



PySDM-examples: Lowe et al. 2019



PySDM-examples: Lowe et al. 2019



PySDM-examples: Lowe et al. 2019

example contributed by Clare Singer et al.
(https://claresinger.github.io/)

https://claresinger.github.io/
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PySDM: technological stack

I Python python.org

I Numba (JIT, multi-threading)
numba.pydata.org

I ThrustRTC (GPU-resident backend)
pypi.org/project/ThrustRTC

I GitHub & GitHub Actions github.com

I Codecov codecov.io

I AppVeyor appveyor.com

I Jupyter jupyter.org

I Binder mybinder.org

I Colab colab.research.google.com

python.org
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PySDM backend architecture overview



PySDM: GPU backend internals



PySDM: CPU/multi-threaded backend internals



UIUC-originated breakthroughs

MRI

LED
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graphics from https://illinois.edu, https://llvm.org
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