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Stevens & Feingold 2009 doi:10.1038/nature08281

,,the difficulty in untangling relationships among the aerosol, clouds and
precipitation reflects the inadequacy of existing tools and methodologies”

Morin et al. 2012 doi:10.1126/science.1218263

,,the inability to reproduce many published computational results or to
perform credible peer review in the absence of program source code has
contributed to a perceived ‘“credibility crisis” for research computation”

Ince et al. 2012 doi:10.1038/nature10836

.,anything less than the release of source programs is intolerable
for results that depend on computation”
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the aim

developing tools for studying aerosol-cloud interactions

» novel cloud/aerosol microphysics models,
> state-of-the-art numerical schemes,

» modern coding techniques
~» priorities: open access & result reproducibility

» CCN activation » collisional growth
> condensational > aqueous chemistry

> precipitation

growth
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Cloud microphysics

» Maxwell-Mason equation of condensational growth for each
super-droplet using k-Koehler parametrisation of
higroscopicity (Petters & Kreidenweis, 2007)

» collisions for each super-droplet by a Monte-Carlo coalescence
scheme (Shima et al. 2009)

» sedimentation of each super-droplet

(Khvorostyanov & Curry, 2002)

» CCN activation > aaa > precipitation
» condensational > collision - coalescence > wet deposition
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design choices

> structure the code into “standalone” libraries
~~libmpdata++ : library mpdata C++
~~libcloudph—++ : library cloud physics C++

> |everage existing reusable software
~» save time, benefit from state-of-the-art components

“a model”
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libraries:

> leverage existing reusable software / let others reuse our code
» set of reusable components (solvers, output, concurrency)

» well-defined interface (documented in the paper)

current “products” — C++ libraries

libmpdata++ parallel solvers for systems of transport equations

» http://libmpdataxx.igf.fuw.edu.pl/
» doi:10.5194 /gmd-8-1005-2015

libcloudph++ aerosol/cloud p-physics algorithm collection

» http://libcloudphxx.igf.fuw.edu.pl/
» doi:10.5194 /gmd-8-1677-2015
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LIBCLOUDPH++ LIBCLOUDPH++ LIBCLOUDPH++
libcloudph++ SYNOPSIS
EXAMPLE SIMULATION
SYNOPSIS
c++ library of algorithms for ing cloud mi. ics in CE

numerical models. A 1.0 version was released in June 2015 and the
library is still in active development.

DEPENDENCIES
DOCUMENTATION
currently, the library covers three warm-rain schemes: the single-

and double-moment bulk schemes, and the particle-based scheme with
Monte-Carlo coalescence. CREDITS

SEE ALSO

EXAMPLE SIMULATION

cloud droplet effective radius [um]



http://libcloudphxx.igf.fuw.edu.pl/

libcloudph++ code at GitHub

GitHub  misreposiory searcn Explore Features Enterprise Pricing m sign in

[ igfuw / libcloudphxx ©wWatch 3 AStar 1 YFork 7

<>Code  (1)lssues 28 I Pull requests 3 Puse |\ Graphs
- alibrary of i for ting cloud mi ics in ical models i igf.fuw.edu.pl/
1) 1,228 commits 1 branch © 1 release 4 contributors

Branch: master ~ Newfle Findfile HTTPS~ https://github.com/igfuw/ (@ )  Download ZIP
IR pdziekan Merge pull request #205 from trontryteliparcel_travis  ++ Latest commit 16ca421 on Dec 29, 2015
8 bindings Merge branch ‘master' of httpsz//github.com/igfuw/ibcloudphxx into v. 2 months ago
8 include Merge branch master' of httpsz//github.com/igfuw/ibcloudphxx into v. 2 months ago
i src Merge branch 'master' of https://github.com/igfuw/iibcloudphxx into v. 2 months ago
i tests Merge pull request #195 from pdziekan/ivt_beard_fast amonth ago
B travisyml PR amonth ago
) CMakeLists.txt turn back on CUDA 2 months ago
B COPYING adding copying file 2 years ago
[B) CREDITS adding CREDITS file 8 months ago
B Readme.md Merge branch 'master' of https://github.com/pdziekan/libcloudphxx 2 months ago
[© libcloudph+-+-config.cmake moving BZDEBUG from from libcloudph++-config.cmake to bindings/python... 6 months ago

Readme.md

libcloudnh++ - 3 cloud (microlphvsics librarv



Model

“a model”

libcloudph++ libmpdata++

/\ /N
L



2D kinematic set-up (example results with collisions)
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2x2 cell particle-derived spectra
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project target

ES-type tool featuring:
» robust numerics (MPDATA)

» particle-based aerosol/warm-rain pu-physics (super-droplet)

5

» CCN activation » collisional growth > precipitation
> condensational > aqueous chemistry > wet deposition

growth > droplet deactivation



