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Why are we interested in sea ice? 

Ice properties can vary rapidly  
in response to weather and  

climate.  

•  …regulates exchanges of 
heat, moisture, momentum 
and matter between the ocean 
and the atmosphere 

•  …has a much higher 
reflectivity than the open 
ocean surface. 

 

•  …affects marine traffic and 
offshore operations, 
settlements, economy, 
biological habitats…  





http://nsidc.org/ 

 
Decrease of Arctic Summer Sea Ice Extent 

+13.3% per decade 



http://nsidc.org/ 

Arctic Sea Ice Seasonal Variations  



 
Decrease of Arctic Sea Ice Thickness 

Source: Kwok&Rothrock, GRL, 2009 

partitioned into the variance of observational errors in the
submarine data (0.25 m)2 [from Rothrock and Wensnahan,
2007], and the variance in the ICESat data themselves
(0.34 m)2. We take the value, 0.34 m (0.37 m), to be the
standard deviation of the uncertainty in ICESat estimates
of draft (thickness) if they could be compared to perfect
measurements.

2.3. Ice Concentration

[6] Changes in thickness are viewed in light of the
bootstrap ice concentration estimates from SMMR and
SSM/I observations available at the National Snow and
Ice Data Center [Meier et al., 2008]. These 25-km gridded
fields span the period from 1979 to 2008.

3. Three Periods (1958–1976, 1993–1997,
2003–2008)

[7] RYM99 compared nine submarine cruises between
1993 and 1997 with similar data acquired between 1958 and
1976. These earlier data (1958–1976) were manually dig-
itized from paper charts and are likely of lower quality than
the post-1990 data, which are from digitally processed paper
charts and digitally recorded data. RYM99 identified
29 locations (numbered in Figure 1a) at which the earlier
submarine tracks either cross, or are closely parallel to,
the 1990s cruise tracks. The pre-1990s ice draft data
(indicated by red dots in Figure 1a) are available only as
mean drafts (and open water fraction) averaged over dis-
tances of roughly between 50 km and 500 km. Overall, the
average sample length at the crossings is !160 km. The
estimated error due to spatial variability is 0.13 m about the
mean draft at each crossing, and the total error (including
measurement errors) is 0.3 m. All ice drafts are then
seasonally adjusted to September 15 using the modeled
annual cycle from an ice-ocean model. The crossings are
grouped to represent the changes in six regions: Chukchi
Cap, Beaufort Sea, Canada Basin, North Pole, Nansen
Basin, and Eastern Arctic. Figure 1b shows the numbered
locations that were used to create the averages for each
region.
[8] To compare the ICESat data with these submarine

data, we replicate a similar sampling procedure. At the
29 locations, average thicknesses are extracted from the
25-km gridded ICESat fields. The thickness at each grid cell
represents the average of all 25-km ICESat segments that
fall within that grid cell. The thickness from the five fall-
ICESat campaigns are seasonally adjusted to September 15
using the same modeled annual cycle as RYM99. Since
each fall ICESat campaign covers a !33-day period from
mid-Oct to mid-Nov and no more than 2 months from
September 15, the adjustment reduces all ICESat thick-
nesses by less than 0.2 m. So within Section 3, ‘‘fall’’ is at
the end-of-melt minimum.
[9] The changes in ice thickness are shown in two ways:

Figure 1b is a line plot that shows the regional variability
and changes with the five ICESat years resolved, and the
bar chart in Figure 1c depicts the regional averages over the
three periods (1958–1976, 1993–1997, 2003–2008). Ver-
tical bars in Figure 1b show the standard deviation of the
thickness estimates at the numbered locations within each
region. In addition, Table 1 shows the mean thickness of

Figure 1. (a) Submarine cruise tracks and comparison
locations, indicated by location number. Tracks in the early
cruises (1958–1976) are indicated by dotted red lines, and
those in the 1990s by solid blue lines. The area from which
SCICEX data could be released is the interior of the solid
black polygon [after Rothrock et al., 1999]. (b) Regional
comparisons of the submarine data ((1958–1976, and
1993–1997) and five years (2003–2007) of ICESat
thickness data. The locations used to compute the regional
averages are given in parentheses. Vertical bars show the
variability within each region. (c) Bar chart shows the mean
thicknesses of the six regions for the three periods (1958–
1976, 1993–1997, 2003–2007). Thicknesses have been
seasonally adjusted to September 15.
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...and around Antarctica? 
 
 
 

Reid, P., S. Stammerjohn, R. Massom, T. Scambos, and 
J. Lieser. 2015, in press. The record 2013 Southern 

Hemisphere sea-ice extent maximum. Annals of 
Glaciology 56 (69)  



Increase of Antarctic Winter Sea Ice Extent 

http://nsidc.org/ 

+1.3% per decade 



http://nsidc.org/ 

Antarctic: Sea Ice Extent Summer/Winter 



How did/do we get this information? 
 
 
 
 



ASCAT on MetOP 

Examples: 

SIRAL on Cryosat-2 

AMSR2 on GCOM-W1 

 
 
 

Satellite Sensors 
 
 
 

 

TerraSAR-X 



 
 
 

Image Products Retrieved From Satellite Data 
 
 
 

 

sea ice extent, concentration 
-  passive microwave radiometer 
-  (extent: scatterometer) 
http://www.seaice.dk/N/ 

sea ice thickness 
-  altimeter (≥ 1m)  
-  passive microwave radiometer 
http://spaceinimages.esa.int/Images/2011/06/
Arctic_sea-ice_thickness 



Passive Microwave Radiometer 
 
 
 

 

... measures thermal  
radiation of the 

Earth‘s  
surface in the range  

1-100GHz 

Source: Carsey, 1992 



Passive Microwave Radiometer 
 
 
 

 

...ice concentration is  
retrieved using mixture 
formulas: 
 

TB=(1-C)εwTw+CεiTi 
 
è combination of different 

channels 

Problems:  
•  melting conditions 
•  unknown ice type   
                       composition 
•  unknown snow cover       
                       properties 

emissivity – “relative ability” 
to emit energy by radiation    



Courtesy: AWI Cryosat Project Office 

Altimeter (Laser, Radar) 
 
 
 

 

      Cryosat-2   ICESAT 
spatial resolution    250 m along track  170 m 

                    1.5 km across track 
accuracy         ≈ 20-70 cm   1-3 cm 
                                  thickness                    freeboard 

www.universetoday.com 



www.star.nesdis.noaa.gov 



Thickness tE of ice with snow load of  mass mS per unit area: 
 
 

Altimeter: Retrieval of Sea Ice Thickness 
•    separate radar echos : “FY- and MY-ice“ versus  
                                          “open water and thin ice“  
 
•    freeboard: subtract travel times over water from travel times 
                      over ice 
 
•    conversion of freeboard into thickness 
    (hydrostatic equilibrium, required: ice and water densities, 
      snow mass)   

ρE, ρW  - ice and water density 

S
EW

E
EW

W
E mft

ρρρρ
ρ

−
+

−
=

1



 
 

How strong are variations of the ice parameter (to be 
retrieved) reflected in the signal that is received by 

the satellite instrument? 
(sensitivities…) 

 
Which additional parameters (aside from the one of 

interest) do influence the measurements? 
(meteorological conditions, snow and ice properties) 

 
How accurate are the retrieval algorithms? 

 
  



  
We Need to Measure On the Ice!!  

 

Field-Expedition 2013 
(K063, W. Rack & co-workers) 

Snow parameters determined: 
-  thickness 
-  density 
-  grain sizes 
-  stratigraphy 
-  hardness  

Photos: W. Rack, Gateway Antarctica 



We Need The Regional View From Satellite! 

Radar Image  
TerraSAR-X (TSX) 
ScanSAR Mode 
100 km swath, 
 20 – 50 m resolution 
Region: 
McMurdo Sound / Ross Sea 



... Sometimes  at Even Higher Spatial Resolution 

Color composites of TSX-images acquired at different polarizations 
(stripmap-mode, swath width 15 km, resolution 5-20 m)   



SNOWonICE 

•  Project funded by the New Zealand – Germany Science  
    and Technology Programme 
 
•  Subject: Retrieving properties of sea ice snow cover 
    from data of different satellite instruments 
 
•  Emphasis is on radar and optical sensors with high 
     spatial resolution (25-100 m) 



Thank you for your attention ! 

Be curious! �


