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Knowledge of the optical properties (reflection, transmission,
and absorption) of snow and ice is fundamental to addressing
questions regarding heat exchange, radiation balance, and the
energy available for primary production in the Antarctic. Obser-
vations have been reported by several investigators (Grenfell and
Makyut 1977; Warren 1982), but the problem is complicated by
large heterogeneities in the snow and ice fields that make it
difficult to relate and generalize the results. On the other hand,
very little is known about the polarization characteristics of light
reflected by snow and ice. Yet these characteristics might prove
useful to distinguishing snow from various types of ice (frazil,
pancake, etc.) or clouds, and snow, ice and clouds affect quite
differently the surface energy budget.

During the 1991-1992 Research on Antarctic Ecosystem Rates
(RACER) campaign, we acquired one of the few existing
photopolarimetric datasets over snow and ice. The measure-
ments were made aboard a British Antarctic Survey Twin Otter
with the Polarization and Directionality of the Earth Reflectance
(POLDER) instrument. The POLDER concept, characteristics,
and imaging principle are described in Deschamps et al. (1990),
and the specific airborne version is detailed in Balois (1990)
(Frouin et al., this issue). The angular coverage is ±42 along-track
and ±51 across-track, and polarization measurements are per-
formed in two spectral channels centered at 450 and 850 nanom-
eters. Three other spectral channels are centered at 500,570, and
670 nanometers. Data acquisition over snow and ice was per-
formed from 18 December 1991 through 2 January 1992, in
general during transits between Adelaide Island and the Gerlache
Strait. Flight altitude was about 3.9 kilometers, which corre-
sponds to a ground resolution of about 17 x 17 meters. According
to laboratory calibration, absolute accuracy is about 10 percent on
total reflectance and 1-2 percent on the polarization ratio (defi-
ned as the ratio of polarized reflectance and total reflectance). In
this preliminary report, we succinctly analyze the total and the
polarized reflectances of selected snow /ice, mostly snow-cover-
ing-ice targets.

The POLDER imaging principle allows one to obtain instanta-
neously the bidirectional reflectance distribution function (BRDF)
of a target if this target is nearly homogeneous within the swath
of the instrument (4.9 x 6.5 kilometers). We have therefore
selected snow/ice fields that appear very bright, homogeneous,
and almost Lambertian, except in the forward-scattering direc-

tion at high viewing zenith angles.
Figure 1 displays, for one such field, the total reflectance at 450

nanometers in polar coordinates for viewing zenith angles of 20'
and 40' To interpret the measurements, we have first investigated
-the influence of the atmosphere on the observed reflectance. Simu-
lations performed with the successive orders of scattering method
(Deuze et al. 1989) for a pure molecular atmosphere above a
Lambertian ground of reflectance 0.8 showed that atmospheric
effects are weak, hence the reflectance in figure 1 is nearly equal
reflectance of the ground. For the geometries considered, the BRDF
is rather constant, in agreement with previous observations of
Dirmhirn and Eaton (1975) and Taylor and Stowe (1984), who have
reported that snow cover is isotropic at low sun zenith angles and
becomes only anisotropic at sun zenith angles above 70'.

Figure 2 shows the spectral signature of four different snow/
ice fields (geographically and temporally distinct) at a 0' viewing
zenith angle. The reflectance always decreases as the wavelength
increases, with values above 1 at 450 nanometers and around 0.75
at 850 nanometers. This decrease is typical (Warren 1982; Grenfell
and Perovich 1984); it results from increasing water and ice
absorption in the infrared.

Figure 3 shows, for the same snow/ice target of figure 1, the
polarized reflectance at 450 nanometers in the principal plane as
a function of scattering angle. The observations are compared
with the polarized reflectance expected from molecular scatter-
ing. The observed and simulated values have the same order of
magnitude, even though a significant discrepancy exists in the
forward-scattering direction. At the corresponding scattering
angles, aerosol scattering polarization may no longer be ne-
glected. Compared to the total reflectance, the polarized reflec-
tance is small, yielding for instance polarization ratios of 1 per-
cent or less at a wavelength of 850 nanometers and scattering
angles between 140' and 170'. These results confirm that snow
and ice generate weak polarized light by reflection and scattering
(Egan 1985; Egan et al. 1991).

Our photopolarimetric observations corroborate earlier ob-
servations that the snow/ice system is close to a Lambertian
reflector and that polarization over snow-ice targets is expected
to be caused mainly by the atmosphere (molecules and aerosols).
This makes it easier to use polarization as a means to retrieve
aerosol properties over snow/ice. No attempt has been made to
use the polarization characteristics of the reflected light to distin-
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Figure 1. Polar diagram of reflectance at 450 nanometers for viewing
zenith angles of 20 and 40. Sun zenith angle is 65.
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Figure 3. Polarized reflectance at 450 nanometers In the principal
plane vs. scattering angle. The measurements are compared with
values calculated for a purely molecular atmosphere.
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Figure 2. Spectral signature of four snow-ice fields. Viewing zenith
angle is 0%

guish between various types of ice and snow, but the weak
polarization signature close to the noise level suggests that the
task might be arduous.
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