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Sea Level Change (mm)

(b) Global Sea-Level Budget
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Surface mass balance of ice sheets

AAccumulation T ablation at the surface
A Accumulation mainly driven by snowfall
AMelt mainly driven by radiative and turbulent fluxes
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Surface mass balance of ice sheets

AAccumulation T ablation at the surface
A Accumulation mainly driven by snowfall
AMelt mainly driven by radiative and turbulent fluxes

ARegional climate models provide atmospheric input for computing
surface mass balance
ARACMO is an RCM that is optimized for polar regions/ice sheets

AECMWEF Integrated Forecasting System cy47r1 cloud and radiation
physics

A Singlemoment microphysics with prognostic cloud ice, liquid, rain, and snow
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RACMO biases
related to clouds?
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EarthCARE

A Vertical profiles of
clouds and
precipitation from |
ATLIDCPRMSI
products ACM-CAP -

~and ACMCOM

A Top-of-atmosphere

radiative fluxes from

the BBR
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OYUGel RUNDWA 9~8kt WAGYel
radiation over ice sheet regions with EarthCARE

ASeptember 2024t April 2026

ARACMO simulations forced by ERA5

A Greenland: 5.5 km resolution
A Antarctica: 11 km resolution
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Co-location

Additional RACMO output
on model time step closest

to EarthCARE OverpaSS time Ice water content Liquid water content
Longitude [ ° E] Longitude [ * E]
-28.2-30.2-32.7-36.0-40.4-47.057.3-75.1 -28.2-30.2-32.7-36.0-40.4-47.057.3-75.1
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e i S

£ 1001

2 751—%

[} |

W 507

T

Extract RACMO
coordinates closest to
the EarthCARE trajectory

T i
-------- i

Height [km]

. é 0.0
40°W 20°W 57.761.465.068.672.275.779.081.6 57.761.465.068.672.275.779.081.6
Latitude [ * N] Latitude [ * N]
< o < | EE— g
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Total cloud water path, Cloud water content [kg m~—3]

vertically integrated [g m~2]
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Comparing all available overpasses

40°W 20°W
< T
10° 10! 102 103

Total cloud water path,
vertically integrated [g m~2]

1 65°N

Map all EarthCARE
overpasses and
co-located
RACMO output
onto RACMO grid

MY 700N

I 65°N

L ;

40°W 20°W

+ downsampling
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lce cloud

EarthCARE (b) RACMO

(a

75°N 75°N

Contrasting patterns
between ice-covered
regions and open ocean

70°N 70°N

65°N 65°N
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(d) EarthCARE (e) RACMO
- m = R |
L\'—’ v %
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| :
0.0 0.2 0.4 0.6 0.8 1.0 —-100 -50 0 50 100
Ice cloud occcurrence [-] Relative difference [%]
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lce clouds

(a) EarthCARE

I 37N

(c) RACMO - EarthCARE

o
{

75°N g e ‘, 75°N 75°N
70°N 70°N 70°N
65°N 65°N 65°N
60°N 60°N 60°N

40°W 20°W

40°W 20°W

(f)
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Greenland
Height above surface [km]

Antarctica
Height above surface [km]

lce clouds

(a) EarthCARE

RACMO

(d)

(c) RACMO - EarthCARE

— EarthCARE
— RACMO

b= - . - - = o]

(h)

log1o (IWC[kgm~3])

log1o (IWC[kg m~3])
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-8 -3
log1o (IWC [Wdim—31) Ice cloud
occurrence [-]
IWC too low
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qumd clouds

EarthCARE RACMO (c) RACMO EarthCARE

W— Overestimation over
o warmer land regions

70°N _ 70°N

Barely any liquid clouds in
coldest regions

40°W 20°wW

(d) EarthCARE
50°S

Contrasting patterns
between ice-covered

/ regions and open ocean
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| T
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Liquid cloud occcurrence [-] Relative difference [%]

20
Thirza Feenstra EarthCARE seminar 15-07-2026



Seasonal differences

10 (a) Ice sheet only (b) Open ocean only (c) Sea ice only
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lce clouds

EarthCARE (b) RACMO (c) RACMO - EarthCARE

75°N

70°N

65°N

Increase
towards 0N -
warmer
ocean a0°w 20°W a0°w 20°W
regions (d) EarthCARE (e) RACMO
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||
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= .
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Ice cloud top height [m] Difference [m]
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Ice cloud top height
strongly underestimated:
Missing cirrus clouds
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L|qU|d Clouds

EarthCARE RACMO (c) RACMO - EarthCARE

75°N

70°N 70°N 70°N

65°N 65°N

60°N 60°N
8 9 -
~ <« 3
!l \ 1
! i \
40°W 20°W 40°W 20°W 40°W 20°W

(d) EarthCARE

60°N

(f) RACMO - EarthCARE

50°S 50°S 50°S

50°S 50°S 50°S

120°W 180° 120°W 180°
1000 2000 3000 4000 5000 6000 7000 8000 —1000 0 1000
Liquid cloud top height [m] Difference [m]

Thirza Feenstra EarthCARE seminar 15-07-2026

(Supercooled) liquid layers
located too low/at too high

temperatures
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Snowfall

(a) EarthCARE (b) - RACMO (c) RACMO - EarthCARE

I o7\

75°N 75°N

70°N 70°N

L Dryest regions too dry,
wettest regions too wet
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(e) RACMO
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Snowfall occurrence at 1 km above surface [-] Relative difference [%]
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Snowfall

(a) EarthCARE (b) RACMO (c) RACMO - EarthCARE
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Snowfall occurs too
often at too low
snowfall rates
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Topof-atmosphere shortwave fluxes

Biases also occur when cloud phase is the same

Greenland

RACMO SWup
TOA [W m~2]

RACMO SWup
TOA [W m~2]
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(d)

Both mixed

(9)

EarthCARE ice,
RACMO lig./mixed
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Topof-atmosphere longwave fluxes

N/

Missing cirrus strongly affects longwave radiation
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