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Why do we care about snow depth?

• Important for local and global energy and freshwater budget
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Why do we care about snow depth?

• Important for local and global energy and freshwater budget

• Essential parameter for retrieving sea ice 
thickness from altimetry

ice freeboard

Sea ice thickness =  
𝑓𝑓𝑖𝑖 𝜌𝜌𝑤𝑤
𝜌𝜌𝑤𝑤 − 𝜌𝜌𝑖𝑖

+ ℎ𝑠𝑠 𝜌𝜌𝑠𝑠
𝜌𝜌𝑤𝑤 − 𝜌𝜌𝑖𝑖
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Dual-altimetry Snow Thickness (DuST) methodology

• Exploits the availability of synchronous 
satellite missions operating at different 
frequencies.

• First developed as part of the Arctic+ Snow 
on Sea Ice ESA project and detailed in 
Lawrence et al., (2018)
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Dual-altimetry Snow Thickness (DuST) methodology

• Exploits the availability of synchronous 
satellite missions operating at different 
frequencies.

• First developed as part of the Arctic+ Snow 
on Sea Ice ESA project and detailed in 
Lawrence et al., (2018)

• Need to understand the penetration depths 
of both altimeters

• Differences in satellite footprint bias 
retrievals, especially over rough surfaces.
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Calibration of radar freeboard with Operation IceBridge

• Methodology requires calibrating satellite radar 
freeboards with independent freeboard data from 
NASA’s Operation IceBridge.

• We now have 8 years of OIB data to perform the 
calibrations…

• …but only in the western Arctic and the spring!
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Calibration of radar freeboard with Operation IceBridge

ice freeboard radar freeboard
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Ku radar freeboard calibration

smoother ice
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Ku radar freeboard calibration

r = 0.5

OIB radar freeboard [m]

smoother ice
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Ku radar freeboard calibration
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KuLa snow depth

• KuLa snow depth = (ICESat-2 freeboard – Calibrated Ku freeboard) x 0.781

0.781 ⨉
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KuLa snow depth

• Snow depth for two winters 
(2018->19 to 2019->20). 

• +1 year Latency with ATL-20 
data.

• Small pole hole north of 
88ºN allows interpolation 
within sea ice margin
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KuLa snow depth

• Snow depth for two winters 
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• +1 year Latency with ATL-20 
data.

• Small pole hole north of 
88ºN allows interpolation 
within sea ice margin
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Comparison to other snow products
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Comparison to other snow products

“… but the potential 
biases in CS-2 
freeboards due to the 
presence of brine 
near the snow-ice 
interface in seasonal 
ice remain an issue 
to be addressed 
(Nandan et al., 
2017)”
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What can Cryo2ice tell us?

Renée Mie Fredensborg Hansen

• Minimises differences due to shifting ice

• But are footprint sizes still a consideration and how 
can we learn more about radar penetration without 
along-track snow depth estimates?
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Summary

• Radar freeboard from CryoSat-2 is calibrated with Operation 
IceBridge data (DuST methodology) to align it to the snow-ice 
interface.

• Snow depth for two winters from KuLa method (2018->19 to 
2019->20). 

• High orbit of CS2 and IS2 permit interpolation within ice extent 
margin.

• Comparison of this methodology to others, in particular that of 
Kwok and Kacimi, is next.

Polar+ Snow 
on sea ice
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