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[1] Recent progress in sea ice concentration remote sensing by satellite microwave
radiometers has been stimulated by two developments: First, the new sensor Advanced
Microwave Scanning Radiometer-EOS (AMSR-E) offers spatial resolutions of
approximately 6 � 4 km at 89 GHz, nearly 3 times the resolution of the standard
sensor SSM/I at 85 GHz (15 � 13 km). Second, a new algorithm enables estimation of sea
ice concentration from the channels near 90 GHz, despite the enhanced atmospheric
influence in these channels. This allows full exploitation of their horizontal resolution,
which is up to 4 times finer than that of the channels near 19 and 37 GHz, the frequencies
used by the most widespread algorithms for sea ice retrieval, the NASA-Team and
Bootstrap algorithms. The ASI algorithm used combines a model for retrieving the sea
ice concentration from SSM/I 85-GHz data proposed by Svendsen et al. (1987) with an
ocean mask derived from the 18-, 23-, and 37-GHz AMSR-E data using weather filters.
During two ship campaigns, the correlation of ASI, NASA-Team 2, and Bootstrap
algorithms ice concentrations with bridge observations were 0.80, 0.79, and 0.81,
respectively. Systematic differences over the complete AMSR-E period (2002–2006)
between ASI and NASA-Team 2 are below �2 ± 8.8%, and between ASI and Bootstrap
are 1.7 ± 10.8%. Among the geophysical implications of the ASI algorithm are: (1) Its
higher spatial resolution allows better estimation of crucial variables in numerical
atmospheric and ocean models, for example, the heat flux between ocean and atmosphere,
especially near coastlines and in polynyas. (2) It provides an additional time series of ice
area and extent for climate studies.
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1. Introduction

[2] The important role of sea ice in the climate system is
widely accepted [e.g., Aagaard and Carmack, 1989; Liu et
al., 2004; Vavrus and Harrison, 2003]. It covers a signif-
icant fraction (5% to 8% [Comiso, 2003]) of the ocean and
has a high variability in time. Owing to the high albedo of
ice in comparison to water there is a positive heat balance
feedback connected with the ice cover [Wadhams, 2000].
Moreover, sea ice reduces the heat transfer between ocean
and atmosphere in the polar regions, and the production of
sea ice is important for the deep water formation in the
Greenland Sea and Weddell Sea. Additionally the distribu-
tion of sea ice impacts the operation of vessels and other sea
based structures like oil platforms.

[3] For these reasons it is necessary to obtain accurate
and high-resolution (in space and time) information about
the distribution of sea ice. Sea ice concentration, i.e., the
percentage of a given area covered with sea ice, has been
retrieved by passive microwave sensors since the start of the
ESMR (Electrically Scanning Microwave Radiometer) sen-
sor in December 1972. Since 1987 the SSM/I (Special
Sensor Microwave/Imager) has been widely used for sea
ice concentration determination. A restriction of these
instruments is the coarse spatial resolution of the data.
Since 1992 the 85GHz channels of SSM/I with a higher
spatial resolution became available.
[4] In 2002 two new microwave radiometers were

launched. AMSR-E (Advanced Microwave Scanning Radi-
ometer for EOS) in May on the AQUA platform and AMSR
(Advanced Microwave Scanning Radiometer) in October on
the MIDORI-II (formerly ADEOS-II) satellite. Control over
MIDORI-II was lost in October 2003. Therefore in this
study only AMSR-E data is used.
[5] The main advantage of AMSR-E in comparison to

SSM/I is its improved spatial resolution. For the 89-GHz
channels used here the resolution is improved by factor
three in comparison to SSM/I 85 GHz channels (SSM/I
footprint size: 13 � 15 km2, AMSR-E footprint size: 4 �
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6 km2) and the footprint area is reduced from 153 km2 to
19 km2. The spatial resolution of ice concentration derived
using the widespread NASA-Team and Bootstrap sea ice
concentration algorithms is restricted to the one of the
involved channels with the coarsest resolution, i.e., the
19-GHz channels, that is 43 � 69 km2 for SSM/I and
16 � 27 km2 for AMSR-E. Thus the sea ice concentrations
presented here represent an improvement in linear spatial
resolution of more than a factor of three compared to non-
89-GHz AMSR-E based sea ice concentration, and an
improvement of more than 10 times compared to the
resolution of the SSM/I-based ice concentration based on
the 37- and 19-GHz channels.

2. Data Set

[6] The AMSR-E measures at six different frequencies
between 6.9 to 89 GHz at both horizontal and vertical
polarization. For details of the AMSR-E characteristics
see Table 1. In this study both 89-GHz channels are used
to determine the sea ice concentration. The lower frequen-
cies are only involved as weather filters to detect spurious
ice in the open ocean, and for validation purposes. AMSR-E
and AMSR were developed by the National Space Devel-
opment Agency of Japan (NASDA) now renamed to Japan
Aerospace Exploration Agency (JAXA). The AMSR-E
Level 1A data used is processed by JAXA and then within
hours after acquisition distributed by the National Snow and
Ice Data Center (NSIDC). From the raw observation counts
of the Level 1A data physical brightness temperatures are
calculated using the method given in the ‘‘AMSR-E Data
Users Handbook’’ [Japan Aerospace Exploration Agency,
2005]. Most of the following calculations of ice concentra-
tion are performed on swath data. Thereafter the ice
concentration data are interpolated into the desired geo-
graphical grid. All proposed methods work as well with
interpolated gridded brightness temperature data, but as the
algorithm proposed here is not a linear function of bright-
ness temperature this may lead to slightly different results.
However, comparison tests between ASI ice concentrations
calculated on swath data and on Level 3 gridded brightness
temperatures from NSIDC show mean differences below
1%, which is well within the error margin. In sections 4.1
and 4.2 such Level 3 grid ASI ice concentration are used on

the same interpolated grid as the NASA-Team 2 and
Bootstrap ice concentration for comparison.

3. ARTIST Sea Ice Algorithm

[7] An extensive field program with ground based and
airborne measurements in the area around Svalbard was
conducted during the research project ARTIST (Arctic
Radiation and Turbulence Interaction STudy) in March
and April 1998. The ARTIST Sea Ice (ASI) algorithm used
here was originally developed to benefit from the high
spatial resolution of the 85-GHz channels of the SSM/I
sensor for the mesoscale numeric modeling of the polar
atmospheric boundary layer in the marginal sea ice zone
[Kaleschke et al., 2001]. It is an enhancement of the
Svendsen sea ice algorithm for frequencies near 90 GHz
[Svendsen et al., 1987]. One advantage of the ASI algorithm
in contrast to other 85 GHz algorithms [e.g., Kern, 2004] is
that it does not need additional data sources as input. It
shows a performance similar to other sea ice algorithms
[Kern et al., 2003].

3.1. Algorithm

[8] The ice concentration is calculated by the value of the
polarization difference P of the brightness temperatures TB,

P ¼ TB;V � TB;H ð1Þ

with V for vertical and H for horizontal polarization. It is
known from surface measurements that the polarization
difference of the emissivity near 90 GHz is similar for all ice
types and much smaller than for open water (Figure 1). This
is also true for the brightness temperature polarization
difference P, as the physical temperature is identical for
horizontally and vertically polarized brightness tempera-
tures and thus only emissivity differences influence P. For
the influence of the atmosphere ac on the polarization
difference we use

P ¼ Ps e
�t 1:1e�t � 0:11ð Þ ¼ Ps ac ð2Þ

with atmospheric opacity t and surface polarization
difference Ps. This approximation is valid for a horizontally
stratified atmosphere under Arctic conditions with an
effective temperature replacing the vertical temperature

Table 1. AMSR-E Main Characteristicsa

Center Frequency, GHz

6.925 10.65 18.7 23.8 36.5

89

A Scan B Scan

Band width, [MHz] 350 100 200 400 1000 3000 3000
3-dB beam width 2.2� 1.5� 0.8� 0.92� 0.42� 0.19� 0.18�
Footprint size, km2 43 � 75 29 � 51 16 � 27 18 � 32 8.2 � 14.4 3.7 � 6.5 3.5 � 5.9
Sampling interval, km2 9 � 10 9 � 10 9 � 10 9 � 10 9 � 10 4.5 � 5 4.5 � 5
Temperature resolution, K 0.33 0.54 0.48 0.45 0.45 0.98 1.12
Integration time, ms 2.5 2.5 2.5 2.5 2.5 1.2 1.2
Incidence angle 55� 55� 55� 55� 55� 55� 54.5�
Dynamic range 2.7�340 K 2.7�340 K 2.7�340 K 2.7�340 K 2.7�340 K 2.7�340 K 2.7�340 K
Polarization VH VH VH VH VH VH VH
Cross polarization <�20 dB <�20 dB <�20 dB <�20 dB <�20 dB <�20 dB <�20 dB
Swath width 1450 km nom 1450 km nom 1450 km nom 1450 km nom 1450 km nom 1450 km nom 1450 km nom

aJapan Aerospace Exploration Agency [2005]. Abbreviations: VH, vertical and horizontal; nom, nominal.
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