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Stevens and Boucher, 2012 (Nature)

“there is something captivating about the idea that fine particulate
matter, suspended almost invisibly in the atmosphere, holds the key to
some of the greatest mysteries of climate science” 3/35
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Prigogine and Stengers 1984

“Much of this book has centered around the relation between the microscopic and the
macroscopic. One of the most important problems in evolutionary theory is the
eventual feedback between macroscopic structures and microscopic events:
macroscopic structures emerging from microscopic events would in turn lead to a

modification of the microscopic mechanisms.”
4/35



regime-transition (bifurcation) example from P&S 1984

5/35



regime-transition (bifurcation) example from P&S 1984

ORDER OUT OF CHAOS 188

(a) (b)

Figure 19. Nucleation of a liquid droplet in a supersaturated vapor. (a)
droplet smaller than the critical size; (b) droplet larger than the critical size.
The existence of the threshold has been experimentally verified for dissipa-
tive structures.
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two-slide bifurcation analysis primer (1/2)

Strogatz 2014 (sect. 2.2): fixed points and stability

graphical (qualitative) analysis
of a non-linear one-dimensional dynamical system:
x = f(x)
x NONLINEAR
DYNAMICS
AND CHAQOS

f(x
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Strogatz 2014 (sect. 3.1): saddle-node bifurcation

prototypical example of saddle-node bifurcation:
X =r+x?
r: parameter (distinct regimes if positive, negative or zero)
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two-slide bifurcation analysis primer (2/2)

Strogatz 2014 (sect. 3.1): saddle-node bifurcation

prototypical example of saddle-node bifurcation:
x=r+x°
r: parameter d|st|nct regimes if positive, negative or zero
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Fick's and Fourier's laws combined

spherical geometry
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non-dimensional numbers:
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phase portrait of the system: flipped Kohler curve
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Strogatz 2014 (sect. 4.3): coalescence of the fixed points
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activation timescale: analytic vs. numerical

Arabas & Shima 2017
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activation timescale: analytic vs. numerical

Arabas & Shima 2017 Hoffmann, 2016 (MWR)
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The second time scale is associated with the activation
of particles, for which Kohler theory is essential. This
makes an analytic solution for (10) impossible. Numer-
ically calculated values of 7, measuring the time
needed for a wetted aerosol to grow beyond its critical
radius 7o = \/3Br3/A are given in Fig. 2 as a function of 15/35
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bifurcations (and catastrophe) in the RH-coupled system

Prigogine & Stengers 1984
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~ “jumps”, hysteretic behaviour (r,, RH) for small enough N,
close to equilibrium (slow process)
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. applicability?

particle-based ;:-physics schemes for LES!
(Lagrangian Cloud Models / Super-Droplet Models)
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particle-based p-physics for LES
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model applicability: CCN instruments? (hypothesis...)

1
/ ~
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HOTODETECTOR

LASER BEAM \

pictured: UWyoming WyoCCN instrument

(photo from DYCOMS-II CCN data report by Jeff Snider et al.)

https://www.eol.ucar.edu/projects/dycoms/dm/archive/docs/snider_ccnreadme.pdf
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applicability beyond cloud physics (hypothesis...)

Wilson & bubble chambers

https://home.cern/about/updates/2015/06/seeing-invisible-event-displays-particle-physics
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particle-based p-physics: last decade
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http://gitlab.com/sbrdar/mcsnow
http://asam.tropos.de/
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particle-based p-physics: last decade

= INC/LCM from LANL/Leeds,

= EULAG-LCM (http://www.mmm.ucar .edu/eulag/) from NCAR/DLR,
(contrail-to-cirrus transitions: Unterstrasser 2014)
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(GPU-resident implementation: Arabas et al. 2015
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ICON/McSnow (http://gitlab.com/sbrdar/mcsnow) from DWD,
ASAM (http://asam.tropos.de/) from TROPOS. 30/35


http://www.mmm.ucar.edu/eulag/
http://palm.muk.uni-hannover.de/
http://www.rain.hyarc.nagoya-u.ac.jp/
http://github.com/uclales
http://pencil-code.nordita.org
http://scale.aics.riken.jp/
http://github.com/igfuw/UWLCM
http://gitlab.com/sbrdar/mcsnow
http://asam.tropos.de/

particle-based microphysics: recap/takeaways

= no numerical diffusion in radius space (also for coalesc. if Monte-Carlo)

31/35



particle-based microphysics: recap/takeaways

= no numerical diffusion in radius space (also for coalesc. if Monte-Carlo)

= subgrid cloud fraction is effectively represented (robust wrt Eulerian grid)

31/35



particle-based microphysics: recap/takeaways

= no numerical diffusion in radius space (also for coalesc. if Monte-Carlo)
= subgrid cloud fraction is effectively represented (robust wrt Eulerian grid)

= by-design non-negativity of the derived density/concentration fields

31/35



particle-based microphysics: recap/takeaways

S

I.I

no numerical diffusion in radius space (also for coalesc. if Monte-Carlo)
subgrid cloud fraction is effectively represented (robust wrt Eulerian grid)
by-design non-negativity of the derived density/concentration fields

ab-initio (particle-level) vs. parametrised (bulk/moment/bin) formulations

31/35



particle-based microphysics: recap/takeaways

S

I.I

no numerical diffusion in radius space (also for coalesc. if Monte-Carlo)
subgrid cloud fraction is effectively represented (robust wrt Eulerian grid)
by-design non-negativity of the derived density/concentration fields
ab-initio (particle-level) vs. parametrised (bulk/moment/bin) formulations

favourable scaling (particle attributes vs. Eulerian curse of dimensionality)

31/35



particle-based microphysics: recap/takeaways

-

" " " " e

no numerical diffusion in radius space (also for coalesc. if Monte-Carlo)
subgrid cloud fraction is effectively represented (robust wrt Eulerian grid)
by-design non-negativity of the derived density/concentration fields
ab-initio (particle-level) vs. parametrised (bulk/moment/bin) formulations
favourable scaling (particle attributes vs. Eulerian curse of dimensionality)

lifetime tracing of aerosol particles (coalescence: props:yes; identity:no)

31/35



particle-based microphysics: recap/takeaways

-

=" " " C " e

no numerical diffusion in radius space (also for coalesc. if Monte-Carlo)
subgrid cloud fraction is effectively represented (robust wrt Eulerian grid)
by-design non-negativity of the derived density/concentration fields
ab-initio (particle-level) vs. parametrised (bulk/moment/bin) formulations
favourable scaling (particle attributes vs. Eulerian curse of dimensionality)
lifetime tracing of aerosol particles (coalescence: props:yes; identity:no)

hybrid supercomputing adaptable (GPU-resident particles)

31/35



particle-based microphysics: recap/takeaways

= no numerical diffusion in radius space (also for coalesc. if Monte-Carlo)

e

subgrid cloud fraction is effectively represented (robust wrt Eulerian grid)

"

by-design non-negativity of the derived density/concentration fields

ab-initio (particle-level) vs. parametrised (bulk/moment/bin) formulations
favourable scaling (particle attributes vs. Eulerian curse of dimensionality)

lifetime tracing of aerosol particles (coalescence: props:yes; identity:no)

o

hybrid supercomputing adaptable (GPU-resident particles)

« lucky-droplet & GCCN friendly Monte-Carlo (non-SCE) coalescence

31/35



particle-based microphysics: challenges/opportunities

= aerosol budget (precipication/scavenging sinks vs. long-term LES)

32/35



particle-based microphysics: challenges/opportunities

= aerosol budget (precipication/scavenging sinks vs. long-term LES)

= ensemble analysis (multiple realisations, probabilistic “thinking")

32/35



particle-based microphysics: challenges/opportunities

= aerosol budget (precipication/scavenging sinks vs. long-term LES)

= ensemble analysis (multiple realisations, probabilistic “thinking")

= (de)activation nonlinearities ~ numerical/resolution challenges

32/35



particle-based microphysics: challenges/opportunities

-

" " "

aerosol budget (precipication/scavenging sinks vs. long-term LES)
ensemble analysis (multiple realisations, probabilistic “thinking”)
(de)activation nonlinearities ~> numerical/resolution challenges

Eulerian/Lagrangian dynamics consistency (resolved and subgrid)

32/35



particle-based microphysics: challenges/opportunities

-

I.I

o

aerosol budget (precipication/scavenging sinks vs. long-term LES)
ensemble analysis (multiple realisations, probabilistic “thinking”)
(de)activation nonlinearities ~> numerical/resolution challenges
Eulerian/Lagrangian dynamics consistency (resolved and subgrid)

radiative transfer ~- visualisations & radiative cooling

32/35



particle-based microphysics: challenges/opportunities

-

=" " " "

aerosol budget (precipication/scavenging sinks vs. long-term LES)
ensemble analysis (multiple realisations, probabilistic “thinking”)
(de)activation nonlinearities ~> numerical/resolution challenges
Eulerian/Lagrangian dynamics consistency (resolved and subgrid)
radiative transfer ~- visualisations & radiative cooling

commensurable comparisons wrt bin/bulk: “aerosol water”,
cannot “switch off” aerosol processing, ripening, etc (ab-initio)

32/35



particle-based microphysics: challenges/opportunities

-

=" " " "

aerosol budget (precipication/scavenging sinks vs. long-term LES)
ensemble analysis (multiple realisations, probabilistic “thinking”)
(de)activation nonlinearities ~> numerical/resolution challenges
Eulerian/Lagrangian dynamics consistency (resolved and subgrid)
radiative transfer ~- visualisations & radiative cooling

commensurable comparisons wrt bin/bulk: “aerosol water”,
cannot “switch off” aerosol processing, ripening, etc (ab-initio)

charge, isotopic ratio, ...
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news: BAMS super-droplet review (Grabowski et al. '19)

MODELING OF CLOUD
MICROPHYSICS

Can We Do Better?

WojciecH W. Grasowskl, HuGH MorrisoN, SHIN-ICHIRO SHIMA, GusTavo C. ABADE,
PioTr Dziekan, AaND Hanna Pawiowska

The Lagrangian particle-based approach is an emerging technique to model doud
microphysics and its coupling with dynamics, offering significant advantages over Eulerian
approaches typically used in cloud models.

doi:10.1175/BAMS-D-18-0005.1
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particle-based-cloud-modelling.network

http://particle-based-cloud-modelling.network

particle-based-cloud-modelling.network

View on GitHub)

Particle-Based Cloud Modelling Network Initiative

Mailing List

Venue for communications relevant to the development and applications of particle-based models of atmospheric clouds:
announcements of meetings, calls for submissions, funding opportunities, scholarships, openings, software/data releases,
publications and other notices warranting community-wide dissemination.

Archives and subscription management:
https://mailing.uj.edu.pl/sympa/info/particle-based-cloud-modelling

Event Calendar

Database of events announced on the mailing list:
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Thank you for your attention!
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hysteresis: activation/deactivation cycle
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= nomenclature:

-
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OO

CCN activation
(heterogeneous) nucleation

CCN deactivation

aerosol regeneration / resuspension / recycling
drop-to-particle conversion

droplet evaporation

= significance:

-

aerosol processing by clouds (aqueous chemistry, coalescence)
spectral broadening (mixing, parcel history, ...)
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vertically displaced (velocity w, hydrostatic background) adiabatic parcel:
(g: mixing ratio, pq: bgnd pressure, pgq bgnd density, g,A,cpq: constants)

Pd —pPdgW
T | = (Pd/pd — ah)/ cod
F (Dest/ pw)(pv = po)/Fw

= w — 0 (and hence pg ~ 0) i.e., slow, close-to-equilibrium evolution of the
system relevant to fixed-point analysis (by some means pertinent
to formation of non-convective clouds such as fog)

= N — 0 (and hence ¢ ~ 0) i.e., weak coupling between particle size
evolution and ambient thermodynamics (pertinent to the case
of low particle concentration).
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parcel model: numerical integration (sinusoidal w)

displacement [m]
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