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Immersion freezing in particle-based aerosol-cloud microphysics:
a probabilistic perspective on singular and time-dependent models

S. Arabas1, J.H. Curtis2, I. Silber3, A. Fridlind4, D.A Knopf 5,M. West2&N. Riemer2

2023 ARM/ASR Joint User Facility/PI Meeting, Rockville, MD

Breakout session: Primary and secondary ice production and impacts on mixed-phase and ice clouds
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particle-based probabilistic aerosol-cloud µ-physics (super droplets)

16+16 super-particles/cell for INP-rich + INP-free particles
Naer = 300/cc (two-mode lognormal) NINP = 150/L (lognormal, Dg =0.74 µm, σg=2.55)

spin-up = freezing off; subsequently frozen particles act as tracers
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particle-based probabilistic aerosol-cloud µ-physics (super droplets)

100% Python, 100% open-source, 100% runs ”in the cloud” (Google Colab, jupyterhub, ...)
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new open-source HPC Python packages















⭐







Python 3 LLVM Numba CUDA ThrustRTC Linux ✓ macOS ✓

Windows ✓ Jupyter ✓ Maintained? yes

JOSS 10.21105/joss.03219 DOI 10.5281/zenodo.7851352

EU Funding by FNP PL Funding by NCN US DOE Funding by ASR

License GPL v3

tests+artifacts+pypi passing build passing codecov 78%

API docs pdoc3

CPU

GPU

pip install PySDM

✓





Numba

ThrustRTC













⭐







Python 3 LLVM Numba Linux ✓ macOS ✓ Windows ✓

Jupyter ✓ Maintained? yes

JOSS 10.21105/joss.03896 DOI 10.5281/zenodo.7864655

EU Funding by FNP PL Funding by NCN License GPL v3

tests+pypi passing build passing codecov 92%

API docs pdoc3

pip install PyMPDATA

✓



















⭐







US DOE Funding by ASR License GPL v3 Copyright UIUC Maintained? yes

tests passing API docs pdoc3 DOI 10.5281/zenodo.7662635

Python 3 Linux ✓ macOS ✓ Windows ✓ Jupyter ✓

! pip install PyPartMC

import PyPartMC

• 

render nbviewer Open in Colab launch binder

• 

render nbviewer Open in Colab launch binder Voilà web app

pip install PyPartMC

✓








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Monte-Carlo immersion freezing: singular vs. time-dependent

singular Monte-Carlo (as in Shima et al. ’20)

time-dependent Monte-Carlo (as in Alpert & Knopf ’16)
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Monte-Carlo immersion freezing: singular vs. time-dependent
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Monte-Carlo immersion freezing: singular vs. time-dependent

for singular: sampling from
INAS-derived pdf
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Monte-Carlo immersion freezing: singular vs. time-dependent
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cooling-rate response (box model): singular vs. time-dependent
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cooling-rate response (2D flow): singular vs. time-dependent
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cooling-rate response (2D flow): singular vs. time-dependent

▶ singular vs. time-dependent markedly different (as in box model for c ≪ 1K/min)
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cooling-rate response (2D flow): singular vs. time-dependent

▶ singular vs. time-dependent markedly different (as in box model for c ≪ 1K/min)

▶ diverse cooling rates even in a simple Ćow (far from c ∼ 1 K/min for AIDA)
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stay tuned: Arabas et al. 2023
(in prep.; e-print uploaded to arXiv)

100% Python & open-source: github.com/open-atmos

contact:
sylwester.arabas@agh.edu.pl


