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PySDM: open-source particle-based cloud-microphysics package
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Eulerian solver (kinematic flow) grid: 128×128
Lagrangian super-particles population: 221
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Eulerian solver (kinematic flow) grid: 128×128
Lagrangian super-particles population: 221
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Eulerian solver (kinematic flow) grid: 128×128
Lagrangian super-particles population: 221
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Eulerian solver (kinematic flow) grid: 128×128
Lagrangian super-particles population: 221

0 200 400 600 800 1000 1200 1400
X [m]

0

200

400

600

800

1000

1200

1400

Z 
[m

]

min:0    max:176.4    t [min]:6

0

20

40

60

80

100

120

140

Ae
ro

so
l p

ar
tic

le
s c

on
ce

nt
ra

tio
n 

[c
m

-3
]

0 200 400 600 800 1000 1200 1400
X [m]

0

200

400

600

800

1000

1200

1400

Z 
[m

]

min:0    max:15.69    t [min]:6

10 1

100

101

M
ea

n 
ra

di
us

 [u
m

]

simulation & vis.: Piotr Bartman



5/26

Eulerian solver (kinematic flow) grid: 128×128
Lagrangian super-particles population: 221
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Eulerian solver (kinematic flow) grid: 128×128
Lagrangian super-particles population: 221
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Eulerian solver (kinematic flow) grid: 128×128
Lagrangian super-particles population: 221
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Eulerian solver (kinematic flow) grid: 128×128
Lagrangian super-particles population: 221
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Eulerian solver (kinematic flow) grid: 128×128
Lagrangian super-particles population: 221
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Eulerian solver (kinematic flow) grid: 128×128
Lagrangian super-particles population: 221
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Eulerian solver (kinematic flow) grid: 128×128
Lagrangian super-particles population: 221
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Eulerian solver (kinematic flow) grid: 128×128
Lagrangian super-particles population: 221
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Eulerian solver (kinematic flow) grid: 128×128
Lagrangian super-particles population: 221
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Eulerian solver (kinematic flow) grid: 128×128
Lagrangian super-particles population: 221
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Eulerian solver (kinematic flow) grid: 128×128
Lagrangian super-particles population: 221

0 200 400 600 800 1000 1200 1400
X [m]

0

200

400

600

800

1000

1200

1400

Z 
[m

]

min:0    max:158.1    t [min]:28

0

20

40

60

80

100

120

140

Ae
ro

so
l p

ar
tic

le
s c

on
ce

nt
ra

tio
n 

[c
m

-3
]

0 200 400 600 800 1000 1200 1400
X [m]

0

200

400

600

800

1000

1200

1400

Z 
[m

]

min:0    max:78.15    t [min]:28

10 1

100

101

M
ea

n 
ra

di
us

 [u
m

]

simulation & vis.: Piotr Bartman



5/26

Eulerian solver (kinematic flow) grid: 128×128
Lagrangian super-particles population: 221
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Eulerian solver (kinematic flow) grid: 128×128
Lagrangian super-particles population: 221
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Eulerian solver (kinematic flow) grid: 128×128
Lagrangian super-particles population: 221
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Eulerian solver (kinematic flow) grid: 128×128
Lagrangian super-particles population: 221
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Eulerian solver (kinematic flow) grid: 128×128
Lagrangian super-particles population: 221
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Eulerian solver (kinematic flow) grid: 128×128
Lagrangian super-particles population: 221
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PySDM: Jupyer notebooks reproducing results from literature
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p
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s

literature reference co
n
d
/
ev
a
p

co
a
le
sc
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ce

is
o
to
p
es

b
re
a
k
u
p

tr
a
n
sp
o
rt

ch
em
is
tr
y

fr
ee
zi
n
g

keywords

formulae-only
Gedzelman & Arnold 1994 x #dynsys
Pierchala et al. 2022 x #lab-experiment
...

OD box environment
Berry 1967 x #kernels
Shima et al. 2009 x #analytic-solution
Alpert & Knopf 2016 x #ABIFM
de Jong et al. 2023 x x #analytic-solution
...

OD parcel environment
Rozanski & Sonntag 1982 x x #iterative-parcel
Abdul-Razzak & Ghan 2000 x #pysdm-vs-gcm-param
Kreidenweis et al. 2003 x x #Hoppel-gap
Arabas and Shima 2017 x #dynsys
Jensen and Nugent 2017 x #giant-CCN
Yang et al. 2018 x #ripening
Lowe et al. 2019 x #surfactants
Grabowski and Pawlowska 2023 x #ripening
...

1D single-column kinematic env. (advection: PyMPDATA)
Shipway & Hill 2012 x x x #KiD
deJong et al. 2023 (figures 6-8) x x x x #KiD
...

2D prescribed-flow environment (advection: PyMPDATA)
Arabas et al. 2015 x x x #GUI
Arabas et al. 2023 (figure 11) x x x x #Paraview
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ENVIRONMENTAL

PHYSICS

GROUP

IAEA/GNIP site in Kraków

50-year precip isotopic data record

high-altitude lab (clouds in-situ)
@Kasprowy Wierch (1987 m AMSL)

photo: naukaoklimacie.pl



clouds from a water isotopic point of view

12/26

water isotopologues (stable): H2O (99.7%),
H2
18O (0.2%), HDO (0.03%), H2

17O (0.04%), ...

graphic: usgs.gov

Mv ≈ 18.015 g/mol



clouds from a water isotopic point of view

12/26

water isotopologues (stable): H2O (99.7%),
H2
18O (0.2%), HDO (0.03%), H2

17O (0.04%), ...

condensation “favors” heavy over light isotopologues
(evaporation vice versa)
 equilibrium fractionation
 more pronounced in colder temperatures
 larger (×8) effect for H than O

graphic: scisnack.com

αHDOeq (20◦C) = e lights /e
heavy
s ≈ 1.08

α
H182 O
eq (20◦C) ≈ 1.01



clouds from a water isotopic point of view
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water isotopologues (stable): H2O (99.7%),
H2
18O (0.2%), HDO (0.03%), H2

17O (0.04%), ...

condensation “favors” heavy over light isotopologues
(evaporation vice versa)
 equilibrium fractionation
 more pronounced in colder temperatures
 larger (×8) effect for H than O

differences in diffusivity in air
 non-equilibrium (kinetic) fractionation
 applies to sub- and super-saturated conditions
 more pronounced for O than H

αeff
αeq
− 1 ≈ n ·

(

1− D
heavy

D light

)

· (1− RH)

αeff effective fractionation coeff.

n turbulence parameter

D diffusion coeffs:
HDO: (1− Dheavy/D light)

∣
∣
T=20◦C

≈ 2.5%

H182 O: (1− Dheavy/D light)

∣
∣
T=20◦C

≈ 2.9%

RH rel. humidity



precipitating cloud as an isotopic distillation column

13/26(photo: Yevgen Timashov / National Geographic; Ai-Petri, Crimea, Ukraine)



clouds from a water isotopic point of view
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y

fr
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g

keywords

formulae-only
Gedzelman & Arnold 1994 x #dynsys
Pierchala et al. 2022 x #lab-experiment
...

OD box environment
Berry 1967 x #kernels
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Ehhalt & Östlund 1970

δSMOW =

[heavy ]/[light]|sample
[heavy ]/[light]|standard

− 1
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Fig. 1 (paper): lab experiment setup
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Fig. 1 (paper): lab experiment setup fractionation upon evaporation
(incl. kinetic effects)
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Fig. 3 (paper): measurements + model
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Fig. 3 (paper): measurements + model PySDM: theoretical curves
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Fig. 4 (paper): RH varied
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Fig. 4 (paper): RH varied PySDM: model curves
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minimal framework: iterative parcel runs towards stationary state

next steps:

more comprehensive simulation setups (e.g., 2D prescribed-flow)

ventilation (mass & heat budget)

exploring dependence on droplet and precip size spectra (and hence aerosol)

ice-phase processes



motivation slide!

25/26

supersaturation vs. temperature reconstructions



motivation slide!

25/26

supersaturation vs. temperature reconstructions

using water-isotope data to investigate turbulence
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