
 

SEA ICE PASSIVE MICROWAVE ALGORITHMS AND SAR VALIDATION 

Ola M. Johannessen(1), Natalia Ivanova(2) 
 

(1)Nansen Environmental and Remote Sensing Centre, Thormøhlensgate 47, N-5006, Bergen, Norway, Email: 
ola.johannessen@nersc.no 

(2)Nansen Environmental and Remote Sensing Centre, Thormøhlensgate 47, N-5006, Bergen, Norway, Email: 
natalia.ivanova@nersc.no 

 
 

ABSTRACT 

Eight different passive microwave sea ice 
algorithms were implemented and compared to each 
other and showed discrepancies in retrieval of the sea 
ice concentrations in the Arctic, leading to uncertainty 
in estimation of the total amount of the sea ice. 
Therefore the algorithms need to be validated making 
use of other than passive microwave data. Synthetic 
aperture radar (SAR) was chosen as the main tool for 
such a validation due to its high resolution, wide swath 
and ability to measure independently on weather or 
daytime. Envisat ASAR data from European Space 
Agency (ESA) have been used. So far only the sea ice 
edge position obtained by the passive microwave 
algorithms was compared to SAR. The comparison 
showed that all the algorithms give the sea ice edge 
position very closely to one retrieved from SAR with 
the error of one pixel size of passive instruments.  
 
1. PASSIVE MICROWAVE SEA ICE 

ALGORITHMS 

1.1.  Algorithms overview 

The sea ice algorithms based on satellite 
passive microwave data give daily sea ice concentration 
for the whole Arctic that can be transferred into the sea 
ice area and extent. There are several different such 
algorithms and eight of them have been implemented to 
obtain sea ice parameters using SMMR and SSM/I data: 
NASA Team [4], Bootstrap [6], Norsex [15, 3], ASI [ 
13, 16], Bristol [12], Swift [17], CalVal [11] and TUD 
[10]. The algorithms use different channels 
(combinations of frequencies and polarizations) and tie-
points (brightness temperatures or emissivities of the 
pure substances such as open water, first year ice and 
multiyear ice). Therefore the retrieved ice parameters 
differ between the algorithms. There have been done 
several validation works [8, 14, 5, 2, 9, 7, 12, 1] and 
they showed that none of the algorithms can be picked 
as the most reliable one. For example, according to SAR 
validation, the Bootstrap showed the best results but 
according AVHHR it was Bristol and NASA Team 
while ship observations picked TUD algorithm. It is 
also important at which conditions the validation has 
been carried out – winter or summer, high or low 
concentration ice. The algorithms overview is presented 

in the Tab. 1 where they are grouped according to the 
channels they use.  

 
Table 1. Sea ice algorithms and channels they use 

 
Channels  Algorithms 
19V 37V Norsex, Swift, CalVal 

19V 19H 37V NASA Team 
19V 37V 37H Bootstrap, Bristol 

85V 85H ASI 
19V 37V 37H 85V 85H TUD 

 
1.2.  Algorithms comparison: sea ice area and 

extent time series 

Arctic sea ice area and extent obtained from 
the eight sea ice algorithms are presented on Fig. 1 and 
Fig. 2 correspondingly. The algorithms show the 
difference in area and extent up to 1 million square 
kilometers. It was found that the Arctic sea ice area 
decreased from 1979 to 2008 with rate of 2.4 – 4.6 % 
per decade according to different algorithms, which is 
equivalent to 0.7 – 1.4 million km2. Sea ice decline in 
summer contributes much more to the average decline 
then in winter. According to different algorithms the 
September (yearly minimum) ice declines with rate of 
9.83-13.8% per decade when the March (yearly 
maximum) ice declines with rate of 0.77-1.58% per 
decade.  

 
 

Figure 1. Yearly Arctic sea ice area obtained by 8 
different passive microwave algorithms for the period 

from 1979 to 2008 



 

 
 

Figure 2. Yearly Arctic sea ice extent obtained by 8 
different passive microwave algorithms for the period 

from 1979 to 2008 
 

The algorithms comparison work has been done before 
by [1] too, but for high-concentration areas. 

 
1.3.  Spatial differences between algorithms: sea 

ice concentration 

Differences between the concentration 
retrievals from different algorithms (Fig. 3) are most 
pronounced in September and amount to 5 – 15 %. The 
sea and ice surface in the Arctic in summer is complex 
due to presence of melting ponds and thin ice and water 
mixtures what makes the algorithms errors higher.  For 
March the differences in the central Arctic are mostly 
zero. In the central Arctic in the winter the ice coverage 
is quite homogeneous and the algorithms are developed 
very well for such conditions. But closer to the coast 
there are differences of about 2%. In the Bering Sea and 
the Sea of Okhotsk, Hudson Bay and the Labrador Sea 
they raise to 5 – 10%.  

One of the reasons why the algorithms give 
different sea ice concentrations is that they use different 
channels (combinations of frequencies and 
polarizations). Another reason is using of different tie 
points (brightness temperatures or emissivities of pure 
surfaces – open water, first year ice and multi-year ice). 

 
1.4.  Comparison of the sea ice concentrations 

linear trends 

Sea ice concentration trends have been 
assessed too (Fig. 4). Sea ice concentrations decrease 
with different rates in different areas of the Arctic and in 
dependence on which algorithm is used. The most 
pronounced decrease according to all of them was found 
in East-Siberian and Alaskan parts of Arctic Ocean and 
amounted 20-40% (for Septembers) of value in 1979. In 
the central Arctic concentrations tend to be stable or 
even increase (up to 10%). Concentrations trends for 
March show mostly increase or no change in the most 
parts of the Arctic. The decrease is presented in 

peripheral parts such as Sea of Okhotsk, southern part of 
Greenland Sea and Labrador Sea. In the central Arctic 
for March month concentration either has not changed 
from 1979 or increased by 1-5 % in some areas, quite 
small ones though. 

 

 
 

Figure 3. Differences in sea ice concentration retrievals 
between algorithms: Swift and Norsex (a – March, c – 
September); Norsex and NASA Team (b – March, d – 

September) 
 

 
 

Figure 4. Sea ice concentrations linear trends: total 
change from 1979 to 2008 in % of 1979 value. Upper 
plots – March (a – Norsex, b – NASA Team), bottom 

plots – September (c – Norsex, d – NASA Team) 



 

 
2. SEA ICE EDGE POSITION VALIDATION BY 

SAR 

2.1.  Definition of the sea ice edge for algorithms 
retrievals and SAR 

For this work the sea ice edge position was 
defined visually based on the principles described in 
[Jackson SAR users’ manual]. This line shows border 
between sea ice and water so that it corresponds to 
approximately zero sea ice concentration. To make a 
comparison between passive and active microwave 
retrievals correct we choose the same definition of the 
sea ice edge for passive algorithms. However usually 
for passive microwave algorithms sea ice extent term is 
used which means 15 % sea ice concentration. An 
example of the sea ice edge positioning is shown on the 
Fig. 5. Three SAR images available on the chosen 3 
March 2008 day in the area near eastern coast of 
Greenland are shown on the Fig. 6 with the sea ice edge 
position marked by black line.  

 

 
 

Figure 5. SAR image (left) and positioning of the sea ice 
edge on it (right). 3 March 2008  

 

 
 

Figure 6. SAR images taken on the 3 March 2008 
(right) shown on the map (left). Sea ice edge on the SAR 

images is marked by black line 
 
2.2.  Qualitative comparison – whole Arctic 

Sea ice edge position was obtained from SAR 
images mosaic for September 2005 (Fig. 7 upper left), 
2006 (Fig.7 upper middle) and 2007 (Fig.7 upper right) 
provided by Stephen Briggs (personal communication). 
Mean sea ice concentrations for Septembers of these 
years were obtained by passive microwave algorithm 
NORSEX from SSM/I (Fig. 7, middle line of plots). On 
the bottom panel of the Fig. 7 there are SAR sea ice 
edge positions laid over the SSM/I concentration maps. 
For September 2005 sea ice edge from SAR and SSM/I 
are very close to each other while for 2006 and 2007 –
here is a shift between them. This is the result one 
should expect because the passive microwave 
algorithms are known to work worse in summer time 
due to presence of various features on the sea ice 
surface. 

 



 

 
 

Figure 7. SAR sea ice concentrations, September – 
upper row. SSM/I sea ice concentrations (NORSEX 

algorithm) – middle row. SAR sea ice edge position laid 
over SSM/I concentration map – bottom row. Left panel 

– 2005, middle – 2006, right – 2007.  
 

2.3.  Quantitative comparison – chosen areas 

SAR sea ice edge position shown on Fig. 6 was 
laid over sea ice concentration maps obtained for the 
same day (3 March 2008) by all the eight passive 
microwave algorithms (Fig. 8). They all show very good 
agreement with SAR – the error is inside the 1 pixel size 
of passive microwave data (25×25 km). ASI has twice 
as better resolution (12.5×12.5 km) and has a deviation 
from SAR of that order. Thus ASI shows better result in 
comparison to the other algorithms. But between lower 
resolution algorithms there are no large differences in 
sea ice edge retrieval for this case. From this two cases 
– summer in the previous section 2.2 and winter in this 
section – we can see that the passive microwave 
retrievals of the sea ice edge are more precise in winter 
time. 

 
 

Figure 8. Sea ice concentrations in percent obtained 
from 8 passive microwave algorithms (the names are 

shown in the left corners), Black pixels show the sea ice 
edge obtained by SAR. 3 March 2008. 

 
3. CONCLUSIONS 

Existing passive microwave sea ice algorithms 
give different results. These discrepancies are partially 
caused by using different channels and tie-points. The 
differences amount to more than 1 million square 
kilometres in Arctic ice area what leads to incorrect sea 
ice volume assessments and therefore the algorithms 
need to be validated in order to define the most reliable 
one or combination of several of them. Sea ice edge 
position obtained from SAR is well reproduced by all 
the eight algorithms for winter case taking in 
consideration their resolution. ASI algorithm, having 
twice as better resolution, showed better result. Sea ice 
concentration obtained from all the algorithms should 
be validated by other instruments than passive 
microwave. 
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