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

(photo: Yevgen Timashov / National Geographic)
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“Grid cells in a global climate model and a large-eddy

simulation of shallow cumulus clouds at 5 m resolution”
“.Cloud.and Ship: Ukraine, Crimea, Black sea, view from (fig. from Schneider et al. 2017)
Ai-Petri mountain”

(photo: Yevgen Timashov / National Geographic)
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Final Government Draft Chapter 7 IPCC AR6 WGI

Simulated temperature contributions in 2019 relative to 1750 °c
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Figure 7.7:  The contribution of forcing agents to 2019 temperature change relative to 1750 produced using the
two-layer emulator (Supplementary Material 7.SM.2), constrained to assessed ranges for key
climate metrics described in Cross-Chapter Box 7.1.
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réwnania koagulacji Smoluchowskiego (SCE)

liczebno$¢ czastek o rozmiarze x w czasie t: RTx RT— RT
prawdopodobiefstwo zderzen: a(xi, xo): RT x RT — RT



réwnania koagulacji Smoluchowskiego (SCE)

liczebnos¢ czastek o rozmiarze x w czasie t: Rtx Rt —= RT
prawdopodobiefstwo zderzen: a(xi, xo): RT x RT — RT

:;/Oxa(y,xy) dy—/oooa(yvx)



réwnania koagulacji Smoluchowskiego (SCE)

liczebnos¢ czastek o rozmiarze x w czasie t: Rtx Rt —= RT
prawdopodobiefstwo zderzen: a(xi, xo): RT x RT — RT

1 X (e.e]
= 5/ a(y,x —y) dy—/ a(y, x) dy
0 0
zdyskretyzowana postac: gdzie x; =i - xg
1 i—1 o0
=5 2 3k Xi-k) — > alx, xi)
k=1 k=1
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figure (PySDM simulation): Bartman, Arabas et al. 2021, LNCS
(doi:10.1007/978-3-030-77964-1_2)
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> rozwiazania analityczne znane tylko dla prostych f-cji a(x,y)

“https://pl.wikipedia.org/wiki/Przekle),C5%84stwo_wymiarowo’C5%9Bci
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> rozwiazania analityczne znane tylko dla prostych f-cji a(x,y)

> " przeklenstwo wymiarowosci”" ? na przeszkodzie wykorzystania metod numerycznych
(gdy rozrézniamy czastki o tych samych rozmiarach, ale innym skfadzie/tadunku/...)
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https://pl.wikipedia.org/wiki/Przekle%C5%84stwo_wymiarowo%C5%9Bci

> rozwigzania analityczne znane tylko dla prostych f-cji a(x, y)

> " przeklenstwo wymiarowosci” ? na przeszkodzie wykorzystania metod numerycznych
(gdy rozrézniamy czastki o tych samych rozmiarach, ale innym skfadzie/tadunku/...)

» zafozenia potrzebne do wyprowadzenia SCE moga nie by¢ spetnione w atmosferze!
(np. wystarczajaco duza populacja aby opisaé czastki za pomoca rozktadu prawd.)
> ..

“https://pl.wikipedia.org/wiki/Przekle),C5%84stwo_wymiarowo’C5%9Bci
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SDM: alternatywa dla réwnan Smoluchowskiego
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SDM: alternatywa dla réwnan Smoluchowskiego

Shima et al. 2009 (doi:10.1002/qj.441): warm-rain
Shima et al. 2020 (doi:10.5194 /gmd-13-4107-2020): mixed-phase

1=3000s

z [km]

1=4200s

Figure 1. Typical realization of CTRL cloud spatial structures at # = 2040, 2460, 3000, 4200, and 5400s. The mixing ratio of cloud water,
rainwater, cloud ice, graupel, and snow aggregates are plotted in fading white, yellow, blue, red, and green, respectively. The symbols indicate
examples of unrealistic predicted ice particles (Sects. 7.3 and 9.1). See also Movie 1 in the video supplement.



zdjecie (CC-BY): T. Matsui / https://en.wikipedia.org/wiki/K_computer

przyktadowa animacja:
https://zenodo.org/records/3841697/files/Movie01.QHYD_TYP-CTRL_2.2.0.gif


https://en.wikipedia.org/wiki/K_computer
https://zenodo.org/records/3841697/files/Movie01.QHYD_TYP-CTRL_2.2.0.gif
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Monte-Carlo (wymaga wielu realizacji)

wszystkie pary (i.j) losowy zbidr ngy /2 niepokrywajacych sie par,

prawdopodobienstwo skalowane o czynnik (n?d — Ngq)/2 to neq /2
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SCE (naiwna implementacja) SDM

deterministyczna Monte-Carlo (wymaga wielu realizacji)

losowy zbidr ngy /2 niepokrywajacych sie par,

wszystkie pary (i.j) prawdopodobienstwo skalowane o czynnik (n?d — Ngq)/2 to neq /2

O(nﬁd) (zaleznosci danych pomiedzy parami) O(nsg) (" embarrassingly parallel”!)

w kazdym kroku wynik poréwnania prawdopodobienstwa z liczba losowa

koaguluje czes¢ z [, ;) kropel koaguluja wszystkie z min{c(;, c;} kropel

u]
&)
1}
ll
it
N)
p
e
&



otwarte implementacje SDM:
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otwarte implementacje SDM:
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otwarte implementacje SDM:

SCALE-SDM @RIKEN.jp (Fortran, integralna czes¢ pakietu CFD, 1 plik)
Pencil Code ONordita.org Fortran, integralna czes¢ pakietu CFD, 1 plik)
PALM Quni-hannover.de Fortran, integralna czes¢ pakietu CFD, 1 plik

NTLP Oncar.ucar.edu Fortran, integralna czes¢ pakietu CFD, 1 plik
libcloudph++ Q@uw.edu.pl C++, wsparcie dla GPU, biblioteka

LCM1D @dlr.de Fortran/C/shell

superdroplet @mit.edu Cython/Numba/C++/Fortran 2008/Julia - "hello world”
PySDM Qagh.edu.pl Python: Numba (LLVM+OpenMP) + ThrustRTC (GPU)
CLEO Ompimet.mpg.de C++ (incl. Python API)



e modelowanie chmur: fizyka i informatyka stosowana
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https://github.com/open-atmos/
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Siatka obliczeniowa: 128x128
Populacja czastek obliczeniowych: 22
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Siatka obliczeniowa: 128x128
Populacja czastek obliczeniowych: 22
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Siatka obliczeniowa: 128x128
Populacja czastek obliczeniowych: 22
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Siatka obliczeniowa: 128x128
Populacja czastek obliczeniowych: 22
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Siatka obliczeniowa: 128x128
Populacja czastek obliczeniowych: 22
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Siatka obliczeniowa: 128x128
Populacja czastek obliczeniowych: 22

min:0 max:155 t[min]:30

140
o
120 ¢
S
s
100 £
2
= I
£ 80 s
™ g
60 ©
t
5
g
0 3
2
<4
kS
20
0

200 400 600 800 1000 1200 1400
X [m]

symulacja i wizualizacja: Piotr Bartman (praca magisterska @ WMil UJ)

min:0  max:89.44

t [min]:30

200 400 600 800
X[m]

1000 1200 1400

10t

10°

107t

Mean radius [um]



Siatka obliczeniowa: 128x128
Populacja czastek obliczeniowych: 22
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Siatka obliczeniowa: 128x128
Populacja czastek obliczeniowych: 22
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Siatka obliczeniowa: 128x128
Populacja czastek obliczeniowych: 22
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Siatka obliczeniowa: 128x128
Populacja czastek obliczeniowych: 22
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Siatka obliczeniowa: 128x128
Populacja czastek obliczeniowych: 22
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Zim]
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[3] 1 simulation.run()
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Notebook settings

Hardware accelerator
GPU v

To get the most out of Colab, avoid using

U unless you need one. Learn more

D Omit code cell output when saving this notebook

CANCEL SAVE
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PySDM-examples 2.9

pip install PySDM-examples

PySDM usage examples reproducing results from literature and depicting how to use PySDM from Python Jupyter notebooks

Navigation

Project description

D Release history

& Download files

Project links

A Homepage

Statistics

GitHub statistics:
* stars:2

P Forks: 10

© Open issues/PRs: 2

Project description

Conyrign Jaglelolan University’

P

-examples |PASSIRG)

pypl package 12:8 | Api doc

This repository stores example files for pyso depicting usage of PysoM from Python via Jupyter. For information on

pdoc3

the Pyso package itself and examples of usage from Julia and Matlab, see PySDM README.md file.

Please use the PySDM issue-tracking and discussion infrastructure for PySoh-examples as well,

0D b del -only

 Shima et al. 2009 (Box model, coalescence only, test case employing Golovin analytical solution):
« Fig.2

o Berry 1967 (Box model, coalescence only, test cases for realistic kernels):

« Figs.5,8810

o Bieli et al. 2022 (Box model, coalescence and breakup with fixed coalescence efficiency):

< Fig 2



nature
COMMUNICATIONS

OPEN
Key drivers of cloud response to surface-active organics

S.J. Lowe'2, D.G. Partridge® 3, J.F. Davies?, K.R. Wilson®, D. Topping® & I. Riipinen’27*

Aerosol-cloud interactions constitute the largest source of uncertainty in global radiative
forcing estimates, hampering our understanding of climate evolution. Recent empirical evi-
dence suggests surface tension depression by organic aerosol to significantly influence the
formation of cloud droplets, and hence cloud optical properties. In climate models, however,
surface tension of water is generally assumed when predicting cloud droplet concentrations.
Here we show that the sensitivity of cloud microphysics, optical properties and shortwave
radiative effects to the surface phase are dictated by an interplay between the aerosol particle
size distribution, composition, water availability and atmospheric dynamics. We demonstrate
that accounting for the surface phase becomes essential in clean environments in which
ultrafine particle sources are present. Through detailed sensitivity analysis, quantitative
constraints on the key drivers - aerosol particle number concentrations, organic fraction and
fixed updraft velocity - are derived for instances of significant cloud microphysical sus-
ceptibilities to the surface phase.
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Fig. 2 Simulated microphysics of cloud events on marine (MA, blue), boreal (HYY, green) and NUM-event (NE, orange) aerosol populations. Cloud-
formation event simulations using bulk Kohler BK (solid lines) and approximate compressed film CF (dotted lines) models of cloud droplet activation with
initial temperature T = 280 K, pressure P = 98,000 Pa, supersaturation s= —0.1% and fixed updraft velocity w= 0.32 ms~ Simulated (a) ambient parcel
supersaturation and (b) cloud droplet number concentration during parcel ascent. ¢ Simulated droplet size distribution at a parcel displacement 200 m
above initialisation



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

Fle Edt View Run

w N -

Filter files by name

o PYSDM_examples
/Lowe_et al 2019/

@ setings.py
@ simulation py

Kemel Tabs

Settings  Help

c

@ Launcher

[41:

B +X0D0O»mw

C » LDownload & & OGitHub & Binder Code v

figsize = (15, 5)
pylab.rc(*font*, size=14)
fig, axs = pylab.subplots(1, 2, figsize=figsize, sharey=True)

for idx, var in enumerate(('S max', 'n_c cn3')):
r key in output.keys()
Y = np.asarray (output [keyl['z'1)
axs[idx].plot (output[key] [var], Y, label=key,
Lor=output [key] [*color"],
linestyls if key.endswith(*-bulk’) else '--'

axs[idx].set_ylin(0, 100)

axs[idx].set_ylabel('Displacement [m]')
i max':

axs(idx] .set_xlabel ('Supersaturation [%]')
Feslid et Klinlo, 0.5)
elif var =
avalix]. 56t xlabel("Cloud droplet concentration [ca$™(-3}$1')
axs[idx] . se(ixum(B 600)

Use:
assert False

for ax in axs:
ax.grid()
axs[0] . legend()

—— AerosolMarine-bulk
AerosolMarine-film
AerosolBoreal-bulk
AerosolBoreal-film
~—— AerosolNascent-bulk
=== AerosolNascent-film

Displacement [m]

%% a1 a2 a3 oe o Wo 20 0 40 00 &0
Cloud droplet concentration fcm )

Supersaturation (%)
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https://claresinger.github.io/

first coupling with an external CFD code (Oleksii Bulenok
https://github.com/Cl1iMA/ClimateMachine. j1/pull/2244

PySDM and ClimateMachine coupling examples in Kinematic setup #2244 ¢ cote

11 Open ) abulenok wants to merge 16 commils info clikazmaster from abulenck:ob-pysdrachine (0

‘ Conversation 32 ‘ -o- Commits 16 [F) Checks 10 [2) Files changed 17 +2,528 -1

“#~ [ abulenok commented on 27 Oct 2021 (Contributor) |

db S Roviewers
“This PR includes a coupling logic for ClimateMachine jl and PySDM. @ stavoo o
PySDM is a particle-based aerosolicloud microphysics package written entirely in Python. £ charleskawczynski (=]
‘This PR depicts how Python modules can be leveraged within ClimateMachine jl including the continuous integration setup. & claresinger o
The initial set of tests included here is based on the kinematic 2D example previously used as a test case in both PySDM and @ iakebolewski .
GlimateMachine . I the tests added in this PR, GiimateMachine jl handes air motion and total water transport, while PYSDM

edejong-caltech .

handles representation of aerosol and liquid water transport as well as phase changes leading to formation of cloud water.

) tapios .
Output from PySDM is handled using VTK files. Example animation with an evolution of radius computed from particle properties
is shown below:

Assignees

output.mp4 & tronvveel

Labels

Microphysics

Projects

None yet

Milestone.

No milestone

Development

Successfully merging this pull request may close these

None yot


https://github.com/CliMA/ClimateMachine.jl/pull/2244
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» Python, pytest, pylint python.org
L python
» Numba (JIT, multi-threading) numba.pydata.org
» ThrustRTC (GPU-resident backend) p
pypi.org/project/ThrustRIC
powered
Numba

@‘ by
: i


python.org
numba.pydata.org
pypi.org/project/ThrustRTC
github.com
codecov.io
appveyor.com
jupyter.org
mybinder.org
colab.research.google.com

vy

v

Python, pytest, pylint python.org
Numba (JIT, multi-threading) numba.pydata.org

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

GitHub & GitHub Actions github.com
Codecov codecov.io

AppVeyor appveyor.com



python.org
numba.pydata.org
pypi.org/project/ThrustRTC
github.com
codecov.io
appveyor.com
jupyter.org
mybinder.org
colab.research.google.com

vy

v

vy

Python, pytest, pylint python.org
Numba (JIT, multi-threading) numba.pydata.org

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

GitHub & GitHub Actions github.com
Codecov codecov.io

AppVeyor appveyor.com

Jupyter jupyter.org
Binder mybinder.org

Colab colab.research.google.com

)

Jupyter

(


python.org
numba.pydata.org
pypi.org/project/ThrustRTC
github.com
codecov.io
appveyor.com
jupyter.org
mybinder.org
colab.research.google.com

numba-mpi

[ rroor ST o O 5 B mocos PO v

DOl 10.5281/zen0do.738562

Numba @nijittable MPI wrappers

e covering: size/rank, send/recv, allreduce, bcast, barrier

« APl based on NumPy and supporting numeric and character datatypes

« auto-generated docstring-based API docs on the web: https://numba-mpi.github.io
/numba-mpi

« pure-Python implementation with packages available on PyP| and Conda Forge

« Cl-tested on: Linux (MPICH, OpenMPI & Intel MPI), macOS (MPICH & OpenMPI)
and Windows (MS MPI)

Hello world example:

import numba, numba_mpi, numpy

@numba.njit()

def hello():
print(numba_mpi.rank())
print (numba_mpi.size())

src = numpy.array([1., 2., 3., 4., 5.])
dst_tst = numpy.empty_like(src)

if numba_mpi.rank() == 0:
numba_mpi.send(src, dest=1, tag=11)

numba-mpi 0.26

pip install numba-mpi &

Navigation Project description

m numba-mpi

— N -

conda-forge / packages / numba-mpi o2s

Numba @njittable MPI wrappers tested on Linux, macOS and Windows

copied from cf-staging / numba-mpi

B License: GPL-3.0-only
# Home: https://pypi.org/project/numba-mpi/
<[> De https://github. pi

& 2708 total downloads

u]

&)
I
i

it
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https://github.com/numba-mpi/numba-mpi
https://pypi.org/project/numba-mpi
https://anaconda.org/conda-forge/numba-mpi

https

https

https

https

dotychczas zrealizowane prace dyplomowe
(informatyka) — aktualnie Qinvisiblethingslab.com & doktorant QUJ
://ap.uj.edu.pl/diplomas/141204/
(fizyka) — aktualnie doktorant @QUJ
://ap.uj.edu.pl/diplomas/141977/
(informatyka) — aktualnie @pega.com
://ap.uj.edu.pl/diplomas/166883/
(informatyka) — aktualnie @swmansion.com

://ap.uj.edu.pl/diplomas/166879/


https://ap.uj.edu.pl/diplomas/141204/
https://ap.uj.edu.pl/diplomas/141977/
https://ap.uj.edu.pl/diplomas/166883/
https://ap.uj.edu.pl/diplomas/166879/

propozycje tematéw prac dyplomowych



propozycje tematéw prac dyplomowych

» PySDM (fizyka chmur, metody Monte-Carlo):
: wizualizacje 3D w ramach Cl
: rozszerzenie o $ledzenie temperatur kropel



propozycje tematéw prac dyplomowych

>

» PyMPDATA (réwnania rézniczkowe czastkowe, numeryka):
: dynamika ptynu w przybl. Boussinesq’a (bazujac na przykt. z libmpdata++)
: wycena opgji azjatyckich (matematyka finansowa)



propozycje tematéw prac dyplomowych

>

» numba-mpi (komunikacja miedzy weztami superkomputeréw):
: wsparcie dla komunikacji w " podgrupach” weztéw superkomputera
- wsparcie dla komunikacji typéw definiowanych przez uzytkownika



propozycje tematéw prac dyplomowych

>

» PyMPDATA-MPI (PyMPDATA @ Cyfronet):
: rozszerzenie na 3D (aktualnie przyktady jedynie dla 2D)
: przyktad rozwigzujacy réwnania ptytkiej wody na sferze



propozycje tematéw prac dyplomowych

>

» PyPartMC: (interfejs Fortran ~» C4++ ~+ Python)

. przyktad uzycia w C++ (aktualnie: Python, Matlab & Julia)
: poréwnanie PyPartMC vs. PySDM vs. rozwigzanie analityczne



propozycje tematéw prac dyplomowych (pl/en; stypendia naukowe NCN!)

>
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Dziekuje za uwage!

github.com/slayoo

sylwester.arabas@agh.edu.pl


https://github.com/slayoo
mailto:sylwester.arabas@agh.edu.pl
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