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ABSTRACT. During spring and summer, the surface of the Aretic sea-iee cover under-
goes rapid changes that greatly affect the surface albedo and significantly impact the further
decay of the sea ice. These changes are primarily the development of a wet snow cover and
the development of melt ponds. As melt ponds generally do not exceed a couple of meters in
diameter, the spatial resolutions of sensors like the Advanced Very High Resolution Radio-
meter and Moderate Resolution Imaging Spectroradiometer are too coarse for their identi-
fication. Landsat 7, on the other hand, has a spatial resolution of 30 m (15m for the
panchromatic band) and thus offers the best chance to map the distribution of melt ponds
from space. The different wavelengths (bands) from blue to near-infrared offer the potential
to distinguish among different surface conditions. Landsat 7 data for the Baffin Bay region
for June 2000 have been analyzed. The analysis shows that different surface conditions, such
as wet snow and melt-ponded areas, have different signatures in the individual Landsat
bands. Consistent with in situ albedo measurements, meit ponds show up as blueish, whereas
dry and wet ice have a white to gray appearance in the Landsat true-color image. These

spectral differences enable areas with high fractions of melt ponds to be distinguished.

INTRODUCTION

Melt ponds and wet snow cover a significant area of the
summer Arctic sea ice. Melt features on sea ice can cover
more than 50% of the sea-ice area (Derksen and others,
1997; Fetterer and Untersteiner, 1998). As the albedo of wet
snow and melt ponds is considerably lower than the albedo
of dry ice (down to 0.2 for 30 cm deep ponds (Grenfell and
Maykut, 1977)), accurate classification is essential for esti-
mates of the polar summertime energy balance.

Perovich and others (1986) measured the spectral albedos
of dry snow, wet snow and melt ponds for several depths.
Whereas wet snow reduces the spectral albedo, compared

-to dry snow, by about the same value over the whole visible
range, melt ponds have a greater reduction at longer wave-
lengths and therefore appear blueish. The spectral albedo of
melt ponds for wavelengths greater than 800 nm is about
0.05 independent of melt-pond 'depth, whereas at 500 nm
the albedo decreases from 0.6 for an early-season 0.1 m deep
melt pond to 0.25 for a 0.3 m deep old melt pond. Neverthe-
less, melt ponds can have a range of color tones depending on
the underlying ice type and ice thickness. The relative higher
blue albedos have also been observed by Morassutti and
LeDrew (1996) and Barber and Yackel (1999). Tschudi and
others (1997) made use of this spectral difference to identify
melt ponds using video data.

For large spatial areas, the Landsat 7 Enhanced Thematic
Mapper Plus (ETM+) is an excellent sensor with which to
study the surface properties of sea ice during summer. In
addition to the different spectral bands, covering the range

104

from 450 nm (blue) to near-infrared and also thermal infra-
red, the data have a spatial resolution of 30 m (15 m for the
panchromatic band) (Table 1). This high spatial resolution is
necessary to enable the identification of melt ponds, as these
commonly have diameters of a couple of meters, although
melt ponds as large as 400 m across have been measured
(Fetterer and Untersteiner, 1998). On first-year ice, melt
ponds are generally larger in extent and shallower compared
to multi-year sea ice. Therefore, areas of first-year ice only
are an excellent test site for investigating melt-pond signa-
tures in the Landsat data.

As part of the pre-launch summer Arctic Earth Obser-
ving System (EOS) Aqua Advanced Microwave Scanning
Radiometer validation aircraft campaign Meltpond 2000 in
June/July 2000 (Cavalieri, 2000), four cloud-free Landsat 7

Table 1. Landsat characteristics

Band Naﬂ

Bandwidth Field of view ~ Sample distance

nm m m
1 450-515 30 30
2 525-605 30 30
3 630-690 30 30
4 750-900 30 30
5 1550-1750 30 30
6 10400~12500 30 60
7 2090-2350 30 30
8 520-900 13 x15 15
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Fig. 1. Overview of the Landsat scenes acquired for 26-27
June 2000 ( see Table 2 for details).

scenes over Baffin Bay were acquired (Fig. I; Table 2). Baffin
Bay is a good area for this initial investigation as it does not
contain any multi-year ice so that we only have one primary
ice type and the observed signatures result from variations in
the surface properties only.

ANALYSIS

After the digital numbers of each Landsat band have been
scaled into absolute radiances for each wavelength (R)),
respective reflectivities () are calculated following
TRy
=— 1

A~ Sycosb’ )
where Sy is the respective solar irradiance given in the
Landsat 7 Science Data User Handbook and 6 is the solar
zenith angle.

Spectral analysis of melt features:

TFigure 2a shows a true-color subset of Landsat scene 2 (Table
2) of Baffin Bay where bands 3, 2,1 are red, green and blue,
respectively. The width of the image is 25 km. One can clearly
distinguish between open water and individual ice floes.
Whereas open water has a very distinct signature, the sum-
mertime reflectivities of sea ice vary significantly. Dry snow
is generally seen as white, but with the onset of melt and the
consequent wettening of the snowfice cover, various tones of
blue and gray are apparent. Only ridges and hummocks,
despite some likely wetness, still appear as white. As men-
tioned above, melt ponds (at least shallow melt ponds)
appear as light blue in the true-color images (point A). Addi-
tionally, one can identify different shades of blue (points B—
D) that are separate from different shades of gray (points E—
H). This is even more distinct in the two-dimensional histo-
grams of band 1 vs band 4 and band 1 vs-band 3 (Fig: 3). The
majority. of pixels fall along thie ice—water line from:point E
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Table 2. Details of the Landsat scenes shown in Figure 1

Scene Date Time (GMT) -Sun elevation angle
1 26 June 2000 15:41:21 42.33°
2 26 June 2000 15:41:45 43.54°
3 27 June 2000 16:23:48 39.83°
4 27 June 2000 16:24:12 41.07°

(white ice) to point H (open water). Points Fand G, which
also’lie on this line, represent very wet snow or remains of
decaying sea ice. The heavy population of pixels with reflec-
tivities of 0.68 in band 1 results from saturation in the high-
gain Landsat data. The satiiration limits the reflectivities so
“that expected maximum reflectivities of about 0.9 are not
measured. If one continued the H-G-F line until the reflectiv-
ity in band 3 was about 0.65, reflectivities of band 1 would
reach values of about 0.9. According to Perovich and others
(1986), a wet snow cover shifts the albedo by about the same
value for the whole visible range. Therefore points Fand G lie
on the ice-water line. On the other hand, when melt ponds
develop, shorter wavelengths remain relatively high com-
pared to the longer wavelengths. Thus, pixels will deviate
from the dry-ice—open-water line towards higher band 1
(blue) values, and presumably move from point A to point D
as the melt-pond depth increases.

It is noteworthy that points A—D (and similar pixels) lie
on the outer margin of the-distribution. These pixels have
been identified because of their distinct blue signature. We
assume that as melt ponds develop and increase in depth,
pixels move from point E to A and then to points B, C and
D. Pixels between the A-D curve and the E-H line are
likely pixels that contain mixtures of melt ponds and ice
with different degrees of wetness.

CONCLUSIONS

This study has demonstrated the potential inherent in Land-
sat 7 ETM+ data for the classification of summertime sea-ice

" surface conditions. The Baffin Bay area is an ideal region for

investigating melt ponds because all the sea ice is first-year
ice and melt ponds tend to be shallower and larger in extent
compared to multi-year ice. Areas with a high fraction of
melt ponds can easily be distinguished from white and wet
ice by their blueish appearance and by their greater negative
spectral gradients between bands 2 and 3. Although areas
with vast amounts of melt ponds are identifiable in the Land-
sat images, individual melt ponds may be too small to be
detected. The distance of a given pixel in band 3 or 4 from
the ice—water line (see Fig. 3) may help to estimate the frac-
tion of melt ponds, but higher-resolution data are needed. As
part of the Meltpond 2000 experiment, video data have been
obtained which are currently being analyzed. We anticipate
that these data will help to quantitatively access the accuracy
of the algorithm and to address the problem of “mixed
pixels” in the Landsat data. Further investigations are
needed to develop a broader range of case-studies and to
acquire coincident in situ measurements for enabling a
detailed analysis of melt-pond signatures {c.g. relationship
to melt-pond depth) in the ETM+ data. Whereas clouds
can be detected using band 5 or 7, cloud shadows alter the
spectral signatures and therefore must be detected visually
before large-scale operational analyses can be carried out.



