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ØSea ice thickness growth from CryoSat-2 different from 
year to year and for different product

J. Stroeve, D. Schroeder, M. Tsamados, D. L. Feltham, Warm winter, thin ice? The Cryosphere, 2018



ØFocusing on the thermodynamic growth with CICE model

Using CryoSat-2 sea ice thickness to improve model performance by advancing sea ice 
growth physics, D. Schröder, D. L. Feltham, M. Tsamados, A. Ridout and R. Tilling



ØApril 2017 obs. + model dynamic and thermo. Growth
-> But what about dynamic vs thermodynamic from satellite observations?

J. Stroeve, D. Schroeder, M. Tsamados, D. L. Feltham, Warm winter, thin ice? The Cryosphere, 2018



ØThe idea: decompose changes into dynamic + thermo.
-> This was first introduced for changes in sea ice concentration in Antarctica

Holland and Kwok, 2012



ØSea ice volume decomposition
-> What about sea ice thickness or volume? 

M. Tsamados, O. Racher et al., in prep



ØSatellite data used for budget

Sea Ice Parameter Product Original Data Algorithm Temporal 
Resolution

Spatial 
Resolution Period Summer 

Data

Concentrationa NSIDC DMSP F17 - SSMIS CDR 1 day 25km 1978-2017 Yes

Concentrationb NSIDC DMSP F18 - SSMIS CDR 1 day 25km 2017-Present Yes

Driftc Kimura
AMSR2 (Summertime: 

18-GHz; Wintertime: 36-
GHz)

Improved MCC 1 day 60km 2012-Present Yes

Driftd OSI SAF SSMI, AMSR2, ASCAT Improved MCC 1 day 62.5km 2010-Present Yes

Thicknesse CPOM CryoSat-2 Radar 
Altimetry N/A 1 month 50km 2010-Present No

Thicknessf CPOM CryoSat-2 Radar 
Altimetry N/A 1 month 25km 2010-Present No

a NOAA/NSIDC Climate Data Record of Passive Microwave Sea Ice Concentration, Version 3. (Meier, Fetterer, Savoie et al., 2017).
b Near-Real-Time NOAA/NSIDC Climate Data Record of Passive Microwave Sea Ice Concentration, Version 1. (Meier, Fetterer and Windnagel , 2017).
c Kimura et al., (2013) d Lavergne et al., (2010)  
d Centre for Polar Observation and Modelling f Ricker et al., (2017)  



ØWe focus on sea ice volume changes in key regions 



ØFirst ‘seasonal’ volume budgets – Satellite 2016/17 



ØFirst ‘seasonal’ volume budgets – Satellite climatology



ØSeasonal growth can now be decomposed between 
dynamic and thermodynamic contributions (m/year)
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ØFirst ‘seasonal’ volume budgets – Satellite climatology
Average (2010-2018) absolute values and anomalies for each year (m/year) 



ØNext step high resolution regional analyses 
-> i.e. polynya north of Greenland



Beaufort Sea

Fram Strait

Baffin Bay

Regional radar freeboard variability winter 2018-19

ØWith higher spatio-temporal resolution in satellite data:
Ø Merged CryoSat-2 + Sentinel3 A + Sentinel3 A
Ø HR sea ice drift products
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• Winter sea ice growth is decomposed for the first time into its 
dynamic and thermodynamic components from satellite 
observations over the entire Arctic. 

• Comparison with volume budget calculations from model 
simulation runs from the Los Alamos sea-ice model (CICE) show 
broad agreement but also regional inconsistencies. 

• Sea ice concentration and volume decompositions can serve as a 
new tool to quantify model deficiencies in sea ice models 
implemented in CMIP5 and CMIP6.

• We will focus on budget decompositions in the region North of 
Greenland with higher resolved sea ice thickness and drift 
products and model simulations as part of the recently funded 
PRE-MELT NERC project. Stay tuned J

ØConclusions



ØQuestions?


