
Exploring sensitivity to ice nucleating particles and secondary ice
production during COMBLE in idealised ICON large eddy simulations
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COMBLE-MIP FixN experiment; # cloud droplets Nd = 20 cm-3, # cloud ice  Ni = 25 L-1, only homogeneous ice formation

Peter Kuma1,* and Anna Possner1

1Institute for Atmospheric and Environmental Sciences, Goethe University Frankfurt, Frankfurt am Main, Hesse, Germany
*E-mail: kuma@iau.uni-frankfurt.de; This poster was presented at the CleanCloud Annual Meeting in Patras, Greece on 2–3 April 2025.

This research was funded by the 
European Union under a grand
agreement number 101137639.

Copyright © 2025 Peter Kuma and Anna Possner. This poster is available under the terms of the Creative Commons Attribution 4.0 International license (CC BY 4.0), https://creativecommons.org/licenses/by/4.0/.

FixN noiceFixN z0FixN ProgNa

00:00 03:00 06:00 09:00 12:00 15:00 18:00
0

20

40

60

80

100

Cl
ou

d 
fr

ac
tio

n 
(%

)

10 1

100

101

102

103

W
at

er
 p

at
h 

(g
m

2
)

Cloud fraction
Cloud ice water path
Cloud liquid water path
Rain water path

79.9°N
4.8°E

77.4°N
6.2°E

75.4°N
8.7°E

73.5°N
10.9°E

71.9°N
12.7°E

70.4°N
14.2°E

69.1°N
15.7°E

00:00 03:00 06:00 09:00 12:00 15:00 18:00

25

20

15

10

5

0

5

Te
m

pe
ra

tu
re

 (°
C)

60

70

80

90

100

Re
la

tiv
e 

hu
m

id
ity

 (%
)

10-m air temperature
Surface temperature
10-m relative humidity (%)

00:00 03:00 06:00 09:00 12:00 15:00 18:00
40

30

20

10

0

10

20

30

40

10
-m

 w
in

d 
sp

ee
d 

(m
s

1
)

0

5

10

15

20

25

O
pt

ic
al

 d
ep

th

Total
Eastward
Northward
Optical depth

00:00 03:00 06:00 09:00 12:00 15:00 18:00
102

104

106

108

1010

N
um

be
r 

co
nc

en
tr

at
io

n 
(m

2
)

Ice crystal
Cloud droplet
Rain droplet
Snow crystal
Graupel

00:00 03:00 06:00 09:00 12:00 15:00 18:00
0

200

400

600

800

1000

H
ea

t f
lu

x 
(W

m
2
)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

Pr
ec

ip
ita

tio
n 

flu
x 

(g
m

2
s

1
)Sensible heat

Latent heat
Precipitation

00:00 03:00 06:00 09:00 12:00 15:00 18:00
0

20

40

60

80

100

Cl
ou

d 
fr

ac
tio

n 
(%

)

10 1

100

101

102

103

W
at

er
 p

at
h 

(g
m

2
)

Cloud fraction
Cloud ice water path
Cloud liquid water path
Rain water path

79.9°N
4.8°E

77.4°N
6.2°E

75.4°N
8.7°E

73.5°N
10.9°E

71.9°N
12.7°E

70.4°N
14.2°E

69.1°N
15.7°E

00:00 03:00 06:00 09:00 12:00 15:00 18:00

25

20

15

10

5

0

5

Te
m

pe
ra

tu
re

 (°
C)

60

70

80

90

100

Re
la

tiv
e 

hu
m

id
ity

 (%
)

10-m air temperature
Surface temperature
10-m relative humidity (%)

00:00 03:00 06:00 09:00 12:00 15:00 18:00
40

30

20

10

0

10

20

30

40

10
-m

 w
in

d 
sp

ee
d 

(m
s

1
)

0

5

10

15

20

25

O
pt

ic
al

 d
ep

th

Total
Eastward
Northward
Optical depth

00:00 03:00 06:00 09:00 12:00 15:00 18:00
102

104

106

108

1010

N
um

be
r 

co
nc

en
tr

at
io

n 
(m

2
)

Ice crystal
Cloud droplet
Rain droplet
Snow crystal
Graupel

00:00 03:00 06:00 09:00 12:00 15:00 18:00
0

200

400

600

800

1000

H
ea

t f
lu

x 
(W

m
2
)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

Pr
ec

ip
ita

tio
n 

flu
x 

(g
m

2
s

1
)Sensible heat

Latent heat
Precipitation

00:00 03:00 06:00 09:00 12:00 15:00 18:00
0

20

40

60

80

100

Cl
ou

d 
fr

ac
tio

n 
(%

)

10 1

100

101

102

103

W
at

er
 p

at
h 

(g
m

2
)

Cloud fraction
Cloud ice water path
Cloud liquid water path
Rain water path

79.9°N
4.8°E

77.4°N
6.2°E

75.4°N
8.7°E

73.5°N
10.9°E

71.9°N
12.7°E

70.4°N
14.2°E

69.1°N
15.7°E

00:00 03:00 06:00 09:00 12:00 15:00 18:00

25

20

15

10

5

0

5

Te
m

pe
ra

tu
re

 (°
C)

60

70

80

90

100

Re
la

tiv
e 

hu
m

id
ity

 (%
)

10-m air temperature
Surface temperature
10-m relative humidity (%)

00:00 03:00 06:00 09:00 12:00 15:00 18:00
40

30

20

10

0

10

20

30

40

10
-m

 w
in

d 
sp

ee
d 

(m
s

1
)

0

5

10

15

20

25

O
pt

ic
al

 d
ep

th

Total
Eastward
Northward
Optical depth

00:00 03:00 06:00 09:00 12:00 15:00 18:00
102

104

106

108

1010

N
um

be
r 

co
nc

en
tr

at
io

n 
(m

2
)

Ice crystal
Cloud droplet
Rain droplet
Snow crystal
Graupel

00:00 03:00 06:00 09:00 12:00 15:00 18:00
0

200

400

600

800

1000

H
ea

t f
lu

x 
(W

m
2
)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

Pr
ec

ip
ita

tio
n 

flu
x 

(g
m

2
s

1
)Sensible heat

Latent heat
Precipitation

00:00 03:00 06:00 09:00 12:00 15:00 18:00
0

20

40

60

80

100

Cl
ou

d 
fr

ac
tio

n 
(%

)

10 1

100

101

102

103

W
at

er
 p

at
h 

(g
m

2
)

Cloud fraction
Cloud ice water path
Cloud liquid water path
Rain water path

79.9°N
4.8°E

77.4°N
6.2°E

75.4°N
8.7°E

73.5°N
10.9°E

71.9°N
12.7°E

70.4°N
14.2°E

69.1°N
15.7°E

00:00 03:00 06:00 09:00 12:00 15:00 18:00

25

20

15

10

5

0

5

Te
m

pe
ra

tu
re

 (°
C)

60

70

80

90

100

Re
la

tiv
e 

hu
m

id
ity

 (%
)

10-m air temperature
Surface temperature
10-m relative humidity (%)

00:00 03:00 06:00 09:00 12:00 15:00 18:00
40

30

20

10

0

10

20

30

40

10
-m

 w
in

d 
sp

ee
d 

(m
s

1
)

0

5

10

15

20

25

O
pt

ic
al

 d
ep

th

Total
Eastward
Northward
Optical depth

00:00 03:00 06:00 09:00 12:00 15:00 18:00
102

104

106

108

1010

N
um

be
r 

co
nc

en
tr

at
io

n 
(m

2
)

Ice crystal
Cloud droplet
Rain droplet
Snow crystal
Graupel

00:00 03:00 06:00 09:00 12:00 15:00 18:00
0

200

400

600

800

1000

H
ea

t f
lu

x 
(W

m
2
)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

Pr
ec

ip
ita

tio
n 

flu
x 

(g
m

2
s

1
)Sensible heat

Latent heat
Precipitation

00:00 03:00 06:00 09:00 12:00 15:00 18:00
0

20

40

60

80

100

Cl
ou

d 
fr

ac
tio

n 
(%

)

10 1

100

101

102

103

W
at

er
 p

at
h 

(g
m

2
)

Cloud fraction
Cloud ice water path
Cloud liquid water path
Rain water path

79.9°N
4.8°E

77.4°N
6.2°E

75.4°N
8.7°E

73.5°N
10.9°E

71.9°N
12.7°E

70.4°N
14.2°E

69.1°N
15.7°E

00:00 03:00 06:00 09:00 12:00 15:00 18:00

25

20

15

10

5

0

5

Te
m

pe
ra

tu
re

 (°
C)

60

70

80

90

100

Re
la

tiv
e 

hu
m

id
ity

 (%
)

10-m air temperature
Surface temperature
10-m relative humidity (%)

00:00 03:00 06:00 09:00 12:00 15:00 18:00
40

30

20

10

0

10

20

30

40

10
-m

 w
in

d 
sp

ee
d 

(m
s

1
)

0

5

10

15

20

25

O
pt

ic
al

 d
ep

th

Total
Eastward
Northward
Optical depth

00:00 03:00 06:00 09:00 12:00 15:00 18:00
102

104

106

108

1010

N
um

be
r 

co
nc

en
tr

at
io

n 
(m

2
)

Ice crystal
Cloud droplet
Rain droplet
Snow crystal
Graupel

00:00 03:00 06:00 09:00 12:00 15:00 18:00
0

200

400

600

800

1000

H
ea

t f
lu

x 
(W

m
2
)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

Pr
ec

ip
ita

tio
n 

flu
x 

(g
m

2
s

1
)Sensible heat

Latent heat
Precipitation

ProgNaNi

Instruments at Andenes and Bjørnøya
scanning and profiling radars
surface radiance
microwave radiometer
lidars
ceilometer
disdrometer
AWS
wind profiler
Aerosol Observing System
radiosondes
micro rain radar
eddy correlation Photo adopted from Geerts et al. (2022),

DOI: 10.1175/BAMS-D-21-0044.1.

The Cold-Air Outbreaks in the Marine Boundary Layer Experiment (COMBLE), Dec 2019 – May 2020
- Investigation of Arctic marine clouds during cold-air outbreaks
- Two mobile stations installed at Andenes on Andøya (Norway) and Bjørnøya (Norwegian Sea)
- Concurrent campaign The Ny-Ålesund Aerosol Cloud Experiment (NASCENT) in Svalbard, Sep 19 – Aug 2020
COMBLE model intercomparison project (MIP)
- Intercomparison of models during one day of a cold-air outbreak on 28 March 2020, nudged to specified forcing
- Fixed ice number concentration & prognostic aerosol and ice number concentration
Mixed-phase stratiform and cumuliform clouds where secondary ice processes are imporant
ICON LES
- Large-eddy simulations with the ICON model
- ~100-m resolution on a ~25-km domain
Research questions:
- What is the role of secondary ice process in the cloud simulation?
- How does ICON compare with other models and the observations?

Ny-Ålesund – Bjørnøya (Bear Island) – Andenes, 28 March 2020

Summary


