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Motivation 

• Current numerical models to model the ocean surface 
topography (or the gravitational equipotential sea 
surface, geoid) are not capable to provide the required 
accuracy and spatio-temporal resolution for Antarctic.  

• In order to determine the snow freeboard (the height 
from air/snow to local sea level) using the ATM 
elevation, a local sea level reference or sea surface 
height using the same set of ATM elevation data must 
be obtained first.  

• Zwally et al. (2008) used the lowest 2% in a 50km track 
to determine local sea level from ICESat 

• Can we use the lowest 2% for ATM L1B? 



DMS image of Sea ice  

Most leads < 50m 

15 m 

Very High Resolution: 0.1 m at 500m flight height 



ATM L1B 

ATM L2 

Footprint 1-2m 
Along track interval 5m 

Footprint 60m,  
mean of ~50 L1B Data 

L2 data is formed by fitting a 
"patch" or "platelet" of individual 
L1B elevations to a plane, alone 
track of ~60m 



Manually select the lowest L1B or L2 
spots over leads/thin ices 

 

Mean height of 
those lowest spots is 
taken as the local 
sea level of the DMS 
image area 

Lowest 2%, 1%. 
0.5%. 0.2%, and 
0.1% L1B data 



Method 

• Select A,B,C,D sections 
of 30km each, a total 
about 500km from A to 
D 

• Manually get sea level 
for each DMS image, 
treated as ground truth 

• Automatically use the 
Lowest 2%, 1%. 0.5%. 
0.2%, and 0.1% L1B data 

• Compare them with the 
ground truth  

 



 



Results 

 

L1B_0.2% method the best 
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Therefore, for the 
area without leads, 
the Auto_0.2% 
overestimate sea level 
height 0.11-0.12m.  
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Blue dots are those with leads to derive the linear relation for each section, while red 
dots are the interpolated sea level for those DMS images with no leads 



Derive Snow Freeboard (F) and Ice 
thickness (Ti) 

Hs:  ATM L1B or L2 reading 

=3.16F 
Xie et al., 2011 
Weissling et al., 2011 
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From L2 



 



 

Section D, ATM L2, but using sea level from L1B_0.2% 



Ice Thickness from Different Eqs 

• Difference less than 10cm 

• Both empirical equations and zero-ice freeboard 
assumption for the buoyancy equation give 
reasonable estimation of ice thickness  



Summary 

• Compared 5 threshold values (2%, 1%, 0.5%, 0.2%, and 0.1%) of the 
lowest L1B with manually selected local sea level with the assist of 
the DMS images; 

• The L1B_0.2% gives similar sea level as the L1B manual selection, by 
Mean Difference -0.01m and MAD 0.06m; 

• Without leads in a DMS image, the L1B_0.2% method may 
overestimate local sea level by 11-12cm.  Linear interpretation can 
give good local sea level for those without leads; 



• All four equations give similar estimation of ice 
thickness (MAD less than 10cm). This means zero-
freeboard assumption for BA is a reasonable 
assumption for the spring season; 

• ATM L2 data can not accurately resolve sea level but 
using the L1B_0.2% sea level, L2 can give reasonable 
snow freeboard and ice thickness estimation (MAD less 
than 10cm). 

• This study then imply: ICESat  data (70 m) might not 
resolve accurate local sea level but with 
overestimation, then  the underestimation of  snow 
freeboard and ice thickness (using any of the four Eqs) 
 



 


