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Cloud models: challenges

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

I novel cloud/aerosol microphysics models,

I state-of-the-art numerical schemes,

I modern coding techniques
; priorities: open access & result reproducibility

I CCN activation

I condensational
growth

I collisional growth

I aqueous chemistry

I precipitation
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I Maxwell-Mason equation of condensational growth for each
super-droplet using κ-Koehler parametrisation of
higroscopicity (Petters & Kreidenweis, 2007)
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scheme (Shima et al. 2009)

I sedimentation of each super-droplet
(Khvorostyanov & Curry, 2002)

I CCN activation
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libmpdata++

MPDATA: Multi-dimensional Positive-Definite Advection
Transport Algorithm

I introduced in 1983 by Smolarkiewicz

I at least second-order-accurate

I sign-preserving

key features

I variety of MPDATA based solvers in 1D, 2D & 3D

I rich set of options (MPDATA, boundary conditions, ...)

I shared-memory parallelisation using OpenMP or Boost.Thread

I built-in HDF5/XDMF output

I implemented using Blitz++ (no loops, expression templates)

I compact C++11 code (< 10 kLOC)

In our project it will serve as a dynamical core for our LES model
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components

I single-moment bulk saturation-adjustment scheme
with Kessler’s coalescence

I double-moment bulk scheme with predicted supersaturation
(Morrison & Grabowski 2007)

I particle-based scheme with Monte-Carlo coalescence
(super-droplet method of Shima et al. 2009)
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libmpdata++ & libcloudph++

libraries:

I leverage existing reusable software / let others reuse our code

I set of reusable components (solvers, output, concurrency)

I well-defined interface (documented in the paper)

current “products” – C++ libraries

libmpdata++ parallel solvers for systems of transport equations

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

libcloudph++ aerosol/cloud µ-physics algorithm collection

I http://libcloudphxx.igf.fuw.edu.pl/
I doi:10.5194/gmd-8-1677-2015

http://libmpdataxx.igf.fuw.edu.pl/
http://dx.doi.org/10.5194/gmd-8-1005-2015
http://libcloudphxx.igf.fuw.edu.pl/
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libcloudph++ code at GitHub
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2D kinematic set-up (example results with collisions)
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2D kinematic set-up (example results with collisions)
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2D kinematic set-up (example results with collisions)
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2D kinematic set-up (example results with collisions)
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2D kinematic set-up (example results with collisions)
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Figure 9: Plots of dry and wet size spectra for ten location within the simulation domain. The locations
and their labels (a–j) are overlaid on plots in Figure 8. The vertical bars at 0.5 µm and 25 µm indicate the
range of particle wet radii which is associated with cloud droplets. See section 5.4 for discussion.
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project target

L

ES-type tool featuring:

I robust numerics (MPDATA)

I particle-based aerosol/warm-rain µ-physics (super-droplet)

I CCN activation

I condensational
growth

I collisional growth

I aqueous chemistry

I precipitation

I wet deposition

I droplet deactivation


