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immersion freezing and other ice crystal formation pateviyclouds
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Kanji et al. 2017, graphics F. Mahrt, https://doi.org/10.1175/AMSMONOGRAPHS-D-16-0006.1
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Vonnegut 1948 (J. Colloid Sci.)

Kanji et al. 2017, graphics F. Mahrt, https://doi.org/10.1175/AMSMONOGRAPHS-D-16-0006.1
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immersion freezing and other ice crystal formation pateviyclouds

Vonnegut 1948 (J. Colloid Sci.)

Vali 2014 (ACP)

"Interpretations of the experimental results
face considerable di culties ... two separate
ways of interpreting the same observations;
one assigned primacy to time the other
emphasized the temperature-dependent

Kanji et al. 2017, graphics F. Mahrt, hitps:/doi.org/10.1175/AMSMONOGRAPHS-D-16-0006.1  IMPACts of the impurities ... dichotomy {
the stochastic and singular model$
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Marshall et al. 1961 (Nubila 4(1))
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P(A; sz) =1

freezing temperaturéy, as a super-particle attribute

exp( A ng(Tr,))
spectrum ofT¢, even for monodispersé

presented by Sylwester Arabas (atmos.illinois.edu & atmosi.uj.edu.pl)

& = =

DA 1018



freezing temperaturéy, as a super-particle attribute

P(A;T) =1  exp( A ng(Ty))
spectrum ofT¢, even for monodispersé
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INAS P(T,A) sampling (A lognormal)

freezing temperaturé, as a super-particle attribute: initialisation
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INAS P(T,A) sampling (A lognormal)

freezing temperaturé, as a super-particle attribute: initialisation

box model (or single grid cell)

{\singular" particle-based model is capable of representinglyglisperse INP
{ depicted limitations stemming from monodisperse INP assuiopt
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particle-based freezing: singular (Shimaetal.) / tim@a®rdent (this work)

singular: INAS Ty, as attribute ; initialisation by random sampling from P(T,; A) with lognormal A
(A is not an attribute, initialisation only); freezing if T (t) < T (t =0)
time-dependent: A as attribute (randomly sampled from the same lognormal)
Monte-Carlo freezing trigger using P (Jnet(T (t)))

singular (INAS) time-dependent (ABIFM)
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theory (in modern notation)
(Bigg '53, Langham & Mason '58, Carte '59, Marshall '61)

Poisson counting process with rate

for a constant cooling rate ¢ = dT =dt:
AZ o+ct 0 0
Nl P(A;t)= — Jhet(THAT "= A I(T)
¢ To
dng(T)
ar
In(l P)=

rt
introducing Jnet(T), T (t) and INP surfaceA:

1
a ng(T)= EJhet(T)

experimental ts: INAS ns (Niemand et al. '12)

ABIFM Jpet (Knopf & Alpert '13)
Zt
In(1 P(At)) =

A Jnet(T (t9) dt®
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I(T)

I(T)=n(T)=exp(a (T Toc)+ b)
experimentalns(T) ts: e.g., Niemand et al. 2012

INAS:

[m]

cf. Vali & Stansbury '66; modi ed singular model (Vali '94, M urray et al. '11)
but the singular ansatz limitation of sampling T, at t=0 remains
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for a constant cooling rate ¢ = dT =dt:
A z o+ct 0 0
In1  PAt)= — Jhet(THAT "= A I(T)
c
0
dns(T) _
dT

1
a ng(T)= EJhet(T)

experimental ts: INAS ns (Niemand et al. '12)
Is it a problem?

ABIFM Jpet (Knopf & Alpert '13)
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=

cf. Vali & Stansbury '66; modi ed singular model (Vali '94, M urray et al. '11)
but the singular ansatz limitation of sampling T, at t=0 remains
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particle-based -physics + prescribed- ow test (aka KiD-2B)¢

Lagrangian component (PySDM)
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test

(@]

— N
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test

(@]

— N
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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particle-based -physics + prescribed- ow test
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testing three ow regimes and two immersion freezing reprasions
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testing three ow regimes and two immersion freezing reprasions
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testing three ow regimes and two immersion freezing reprasions

range of cooling rates in simple ow (far froro

presented by Sylwester Arabas (atmos.illinois.edu & atmosi.uj.edu.pl)

1 K/min for AIDA as in Niemand et al. 2012)

[m] = = =

DA 1718



testing three ow regimes and two immersion freezing reprasions

range of cooling rates in simple ow (far froro

singular vs. time-dependent markedly di erent (consistenittwbox model forc
presented by Sylwester Arabas (atmos.illinois.edu & atmosi.uj.edu.pl)

1 K/min for AIDA as in Niemand et al. 2012)

1K =min)

DA 1718



testing three ow regimes and two immersion freezing reprasions

range of cooling rates in simple ow (far from 1 K/min for AIDA as in Niemand et al. 2012)
singular vs. time-dependent markedly di erent (consistenittwbox model forc 1K =min)

CPU time trade o : time dependent ca. 3-4 times costlier
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this study: ABIFM-based time-dependent particle-based immersion freezi ng
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I this study: ABIFM-based time-dependent particle-based immersion freezi ng
| box examples: role of INP size spectral width (same for timpetelent and singular)
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I next steps:
I leverage particle-resolved representation to simulate diedNP populations
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INPs, cloud-phase feedback, modelling challenges

"it is becoming very clear that the cloud-phase feedback
contributes substantially to the uncertainty in predictio ns of the
rate at which our planet will warm in response to CO, emissions"
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INPs, cloud-phase feedback, modelling challenges

presented by Sylwester Arabas (atmos.illinois.edu & atmosi.uj.edu.pl) =] F -

"it is becoming very clear that the cloud-phase feedback
contributes substantially to the uncertainty in predictio ns of the
rate at which our planet will warm in response to CO, emissions"

"core physical process that drives the cloud-phase feedbdcis the
transition to clouds with more liquid water and less ice as tre
isotherms shift upwards in a warmer world"

"models need to improve their representation of ice-relatel
microphysical processes; in particular, they need to inclde a direct
link to aerosol type, speci cally INPs"

"must also represent the INP removal processes, which in turn
depend on a correct representation of the microphysics"
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