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“Lagrangian particle-based schemes represent a step change in how DSDs are modeled compared to

standard Eulerian bulk and bin microphysics schemes, with several conceptual and practical advantages:

▶ mitigation of numerical errors ...

▶ allowing detailed process studies, for example, on how precipitation forms in clouds ...

▶ ... adding more predicted attributes, such as aerosol chemical constituents or particle density, with

little computational cost ...

▶ suited for simulating cloud–aerosol interactions by tracking the aerosol budget explicitly ...”
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Particle-based µ-physics + prescribed-flow: model state

Lagrangian component

Eulerian component
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singular ⇝ #INP vs. temperature

Vali 2014 (ACP)

“emphasis in experimental studies is placed on measurements of the temperature dependence and/or of the
time dependence of nucleation.

Interpretations of the experimental results face considerable difficulties in identifying the relative importance of
the two factors

... dichotomy – the stochastic and singular models”

common underlying Poissonian model
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Poissonian model of freezing & Ice Nucleation Active Sites (INAS)

theory (in modern notation)
(Bigg ’53, Langham&Mason ’58, Carte ’59,Marshall ’61)

Poisson counting process with rate r :

P
∗
(k events in time t) =

(rt)k exp(−rt)

k!

P(one or more events in time t) = 1 − P
∗
(k = 0, t)

ln(1− P) = −rt

235.0237.5240.0242.5245.0247.5250.0252.5255.0
temperature [K]

105

107

109

1011

1013

J h
et

(T
)/c

=
dn

s(T
)/d

T 
 [K

1 m
2 ]

c=2.5aK/min
c=0.5aK/min
c=0.1aK/min
c=2.5aK/minc=0.5aK/minc=0.1aK/min

ABIFM Jhet/c (Illite)
ABIFM Jhet/c (m=28.14 c=-2.92)
INAS: dns(T)/dT= a ns(T) (dust)



10/22

Poissonian model of freezing & Ice Nucleation Active Sites (INAS)

theory (in modern notation)
(Bigg ’53, Langham&Mason ’58, Carte ’59,Marshall ’61)

Poisson counting process with rate r :

P
∗
(k events in time t) =

(rt)k exp(−rt)

k!

P(one or more events in time t) = 1 − P
∗
(k = 0, t)

ln(1− P) = −rt

introducing Jhet(T ), T (t) and INP surface A:

ln (1−P(A, t)) = −A

t∫

0

Jhet(T (t ′)) dt ′

︸ ︷︷ ︸

235.0237.5240.0242.5245.0247.5250.0252.5255.0
temperature [K]

105

107

109

1011

1013

J h
et

(T
)/c

=
dn

s(T
)/d

T 
 [K

1 m
2 ]

c=2.5aK/min
c=0.5aK/min
c=0.1aK/min
c=2.5aK/minc=0.5aK/minc=0.1aK/min

ABIFM Jhet/c (Illite)
ABIFM Jhet/c (m=28.14 c=-2.92)
INAS: dns(T)/dT= a ns(T) (dust)



10/22
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Monte Carlo: const Jhet, lognormal A

0 1 2 3 4 5 6
t / min

10 2

10 1

100

f u
fz

=ln(10),N=1000
=ln(10),N=30
=ln(1),N=1000
=ln(1),N=30

(as in Alpert & Knopf 2016, Fig. 1a)

theory (in modern notation)
(Bigg ’53, Langham&Mason ’58, Carte ’59,Marshall ’61)

Poisson counting process with rate r :

P
∗
(k events in time t) =

(rt)k exp(−rt)

k!

P(one or more events in time t) = 1 − P
∗
(k = 0, t)

ln(1− P) = −rt

introducing Jhet(T ), T (t) and INP surface A:

ln (1−P(A, t)) = −A

t∫

0

Jhet(T (t ′)) dt ′

︸ ︷︷ ︸

235.0237.5240.0242.5245.0247.5250.0252.5255.0
temperature [K]

105

107

109

1011

1013

J h
et

(T
)/c

=
dn

s(T
)/d

T 
 [K

1 m
2 ]

c=2.5aK/min
c=0.5aK/min
c=0.1aK/min
c=2.5aK/minc=0.5aK/minc=0.1aK/min

ABIFM Jhet/c (Illite)
ABIFM Jhet/c (m=28.14 c=-2.92)
INAS: dns(T)/dT= a ns(T) (dust)



12/22

Poissonian model of freezing & Ice Nucleation Active Sites (INAS)

theory (in modern notation)
(Bigg ’53, Langham&Mason ’58, Carte ’59,Marshall ’61)

Poisson counting process with rate r :

P
∗
(k events in time t) =

(rt)k exp(−rt)

k!

P(one or more events in time t) = 1 − P
∗
(k = 0, t)

ln(1− P) = −rt

introducing Jhet(T ), T (t) and INP surface A:

ln (1−P(A, t)) = −A

t∫

0

Jhet(T (t ′)) dt ′

︸ ︷︷ ︸

ns(Tfz)

INAS: ns(Tfz) = exp(a · (Tfz − T0◦C ) + b)

235.0237.5240.0242.5245.0247.5250.0252.5255.0
temperature [K]

105

107

109

1011

1013

J h
et

(T
)/c

=
dn

s(T
)/d

T 
 [K

1 m
2 ]

c=2.5aK/min
c=0.5aK/min
c=0.1aK/min
c=2.5aK/minc=0.5aK/minc=0.1aK/min

ABIFM Jhet/c (Illite)
ABIFM Jhet/c (m=28.14 c=-2.92)
INAS: dns(T)/dT= a ns(T) (dust)



12/22

Poissonian model of freezing & Ice Nucleation Active Sites (INAS)

theory (in modern notation)
(Bigg ’53, Langham&Mason ’58, Carte ’59,Marshall ’61)

Poisson counting process with rate r :

P
∗
(k events in time t) =

(rt)k exp(−rt)

k!

P(one or more events in time t) = 1 − P
∗
(k = 0, t)

ln(1− P) = −rt

introducing Jhet(T ), T (t) and INP surface A:

ln (1−P(A, t)) = −A

t∫

0

Jhet(T (t ′)) dt ′

︸ ︷︷ ︸

ns(Tfz)

INAS: ns(Tfz) = exp(a · (Tfz − T0◦C ) + b)

experimental ns(T ) fits: e.g., Niemand et al. 2012

235.0237.5240.0242.5245.0247.5250.0252.5255.0
temperature [K]

105

107

109

1011

1013

J h
et

(T
)/c

=
dn

s(T
)/d

T 
 [K

1 m
2 ]

c=2.5aK/min
c=0.5aK/min
c=0.1aK/min
c=2.5aK/minc=0.5aK/minc=0.1aK/min

ABIFM Jhet/c (Illite)
ABIFM Jhet/c (m=28.14 c=-2.92)
INAS: dns(T)/dT= a ns(T) (dust)



13/22

AIDA @ KIT

(https://www.imk-aaf.kit.edu/, photo: KIT/Ottmar Möhler)

https://www.imk-aaf.kit.edu/


13/22

AIDA @ KIT

(https://www.imk-aaf.kit.edu/, photo: KIT/Ottmar Möhler)

AIDA cooling rate: ca. 0.5 K/min

https://www.imk-aaf.kit.edu/
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Poissonian model of freezing & Ice Nucleation Active Sites (INAS)

theory (in modern notation)
(Bigg ’53, Langham&Mason ’58, Carte ’59,Marshall ’61)

Poisson counting process with rate r :

P
∗
(k events in time t) =

(rt)k exp(−rt)

k!

P(one or more events in time t) = 1 − P
∗
(k = 0, t)

ln(1− P) = −rt

introducing Jhet(T ), T (t) and INP surface A:

ln (1−P(A, t)) = −A

t∫

0

Jhet(T (t ′)) dt ′

︸ ︷︷ ︸

ns(Tfz)

INAS: ns(Tfz) = exp(a · (Tfz − T0◦C ) + b)

experimental ns(T ) fits: e.g., Niemand et al. 2012

for a constant cooling rate c = dT/dt:

ln(1 − P(A, t ⇝ Tfz)) = −

A

c

∫
T0+ct

T0

Jhet(T
′
)dT

′
= −A · ns(Tfz)
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c=0.1aK/min
c=2.5aK/minc=0.5aK/minc=0.1aK/min

ABIFM Jhet/c (Illite)
ABIFM Jhet/c (m=28.14 c=-2.92)
INAS: dns(T)/dT= a ns(T) (dust)
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Poissonian model of freezing & Ice Nucleation Active Sites (INAS)

Is it a problem?

for a constant cooling rate c = dT/dt:

ln(1 − P(A, t ⇝ Tfz)) = −
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= a · ns(T )

experimental fits: INAS ns (Niemand et al. ’12)
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Testing different cooling-rate profiles in a box model
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Testing three flow regimes and two immersion freezing representations
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Particle-based µ-physics + prescribed-flow: glaciation

16+16 super-particles/cell for INP-rich + INP-free particles
Naer = 300/cc (two-mode lognormal) NINP = 150/L (lognormal, Dg =0.74 µm, σg=2.55)

spin-up = freezing off; subsequently frozen particles act as tracers
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Testing three flow regimes and two immersion freezing representations

▶ range of cooling rates in simple flow (far from 0.5 K/min for AIDA as in Niemand et al. 2012)

▶ only time-dependent scheme robust across flow regimes (consistent with box model & theory)
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100% open-source code:

/ /
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Thank you for your attention!
sylwester.arabas@agh.edu.pl
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