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Into the future with earth observation satellites
Currently, ESA’s Earth observation activities include 14 satellites in operation and 26 satellites in development 
(September 2018)
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SMOS CryoSat-2

How to measure sea ice thickness from space?



Daily (1.3.2019)Monthly (Mar 2019)

CryoSat-2 SMOS
Method Altimetry (Ku-band) Radiometry (L-Band)
Footprint 300 m x 1650 m ~40 km
Full coverage period monthly daily
Max. Latitude 88° 81.35
Thickness Range Full < 1 m

Sea ice altimetry vs. radiometry

Daily (1.3.2019)



SMOS ice thickness retrievals CryoSat-2 weekly means

§ Taking advantage of the 
complementary thickness 
retrievals, derived from the 
CS2 altimeter and the 
SMOS radiometer 

§ Weekly Arctic-wide sea-ice 
thickness fields with reduced 
relative uncertainties

Reducing uncertainties by data fusion



Sea ice thickness and volume time series



Arctic sea ice thickness last winter (March 2018)

March 2018 sea ice thickness      March mean sea-ice thickness 
(2011-2018)



Arctic sea ice thickness last winter (March 2018)

March 2018 sea ice thickness      

Refrozen North 
Greenland
Polynia



Arctic sea ice thickness this winter (March 2019)

March 2019 sea ice thickness      March mean sea-ice thickness 
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Arctic sea ice thickness this winter (March 2019)
March 2019 sea ice thickness anomaly 

(March 2019 – March 2011 - 2018)     
March mean sea-ice thickness 

(2011-2018)

First-year ice:
Below average 
thickness 

Multiyear ice:
Above average 
thickness 



Voter migration at EU elections in Germany What drives the anomaly?

Separation betw. dynamics and thermodynamics
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Sea ice volume flux

Dynamic and
thermodynamic ice growth
§ NAOSIM

Model Simulations

Arctic-wide volume Flux (V) is derived by V = G H D C        Grid cell length (G=25 km)

Sea ice drift (D) 
§ low resolution ice drift 

products IFREMER, 
OSISAF, NSIDC 

Ice Concentration (%)

Sea ice concentration (C)
§ OSISAF

Satellite Observation (Ricker et al, 2018, The Cryosphere)

Sea ice thickness (H)
§ monthly AWI 

CryoSat-2 + SMOS
retrievals



Dynamic volume growth (2010-2018)
East Siberian Sea

Zonal 
(west)

Meridional 
(North)

Zonal
(East)

+33 km3/month+23 km3/month -67 km3/month



Dynamic volume growth (2010-2018)

-26 km3/month-1 km3/month -70 km3/month

Laptev Sea
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(North)
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Dynamics vs. Thermodynamics
dV =      dVdyn + dVthd

Volume 
Change

Dynamic 
Volume 
Growth

Thermodynamic
Volume Growth

dVdyndV

Laptev Sea
+ dVthd,simdVdyn



§ Dynamic and 
thermodynamic ice 
volume growth using 
the ESA CCI sea ice 
thickness data record 
(2002-2017) 



Data access

/SIRAL
spaces.awi.de/confluence/display/CS2SMOS

ftp.awi.de/sea_ice

Product timeliness 2 Days

Data format NetCDF

Temporal 
resolution

Daily (SMOS)
Weekly (CryoSat-2, CS2SMOS)
Monthly (CryoSat-2)

Spatial resolution 
of the product

12.5 km (SMOS)
25 km (CryoSat-2, CS2SMOS)



§ Remote Sensing Ground Truthing
§ Microwave interaction: Multi-

frequency scatterometers and 
radiometers

§ Radar penetration: Multi-frequency 
radar

§ Helicopter based lidar, EM-Bird
§ Spring & Summer support airborne 

campaigns (Polar-5 & Polar-6)

Validation: MOSAiC (Sep 2019 – Sep 2020)


