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IPCC, AR6
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IPCC, AR6
Vega-Westhoff, 2020
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ÅMarine-forced ice 
discharge and basal melt
ÅAtmosphere -forced 

surface mass loss

IPCC, AR6
Vega-Westhoff, 2020



Surface mass balance of ice sheets

ÅAccumulation тablation at the surface
ÅAccumulation mainly driven by snowfall
ÅMelt mainly driven by radiative and turbulent fluxes
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Surface mass balance of ice sheets

ÅAccumulation тablation at the surface
ÅAccumulation mainly driven by snowfall
ÅMelt mainly driven by radiative and turbulent fluxes

ÅRegional climate models provide atmospheric input for computing 
surface mass balance
ÅRACMO is an RCM that is optimized for polar regions/ice sheets
ÅECMWF Integrated Forecasting System cy47r1 cloud and radiation 

physics
ÅSingle-moment microphysics with prognostic cloud ice, liquid, rain, and snow
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RACMO biases 
related to clouds?
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RACMO biases 
related to clouds?
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Lindsey-Clark et al., 2026

RACMO biases 
related to clouds?
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Lindsey-Clark et al., 2026

RACMO biases 
related to clouds?

Influence on 
surface albedo



We need observations of clouds
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ESA

EarthCARE
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ÅVertical profiles of 
clouds and 
precipitation from 
ATLID-CPR-MSI 
products ACM-CAP 
and ACM-COM
ÅTop-of-atmosphere 

radiative fluxes from 
the BBR
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9ŸůƓċƖŔŰŊШÅ 9~§ќƚШĦũŸƨĬƚЯШƓƖĲĦŔƓŔƣċƣŔŸŰЯШċŰĬШ
radiation over ice sheet regions with EarthCARE
ÅSeptember 2024 тApril 2026
ÅRACMO simulations forced by ERA5 
ÅGreenland: 5.5 km resolution
ÅAntarctica: 11 km resolution
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Additional RACMO output 
on model time step closest 
to EarthCARE overpass time
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Co-location

Extract RACMO 
coordinates closest to 

the EarthCARE trajectory



ATLID - lidar

CPR - radar

MSI тmultispectral
imager

Thin clouds
Aerosols

Thick clouds
Precipitation

Cloud water path
Cloud top

BBR тbroadband
radiometer

SW TOA flux
LW TOA flux

Thirza Feenstra - EarthCARE seminar - 15-07-2026
15

Map all EarthCARE 
overpasses and 

co-located 
RACMO output 

onto RACMO grid

Comparing all available overpasses

+ downsampling



cŸƽШĬŸШÅ 9~§ќƚШĦũŸƨĬƚШ
compare to EarthCARE?
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Ice clouds

Contrasting patterns 
between ice-covered 

regions and open ocean
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Ice clouds
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Ice clouds Missing high clouds

IWC too low
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Liquid clouds

Contrasting patterns 
between ice-covered 

regions and open ocean

Overestimation over 
warmer land regions 

Barely any liquid clouds in 
coldest regions
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Seasonal differences

Seasonal 
cycle too 
strong in 
RACMO

Seasonal 
cycle not 

strong 
enough in 
RACMO
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Ice clouds

Ice cloud top height 
strongly underestimated:

Missing cirrus clouds

Increase 
towards 
warmer 
ocean 
regions
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Liquid clouds

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

temperatures
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Snowfall

Dryest regions too dry, 
wettest regions too wet
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Snowfall

Snowfall occurs too 
often at too low 
snowfall rates



How do cloud biases link to 
radiation biases?
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Top-of-atmosphere shortwave fluxes
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Biases also occur when cloud phase is the same



Top-of-atmosphere longwave fluxes
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Missing cirrus strongly affects longwave radiation


