IDEA 173

Helicopter-based scatterometer measurements of snow
and sea ice

Detlef Stammer!, Martin Gade', Stefan Kern'!, Christian Haas?,
and Wolfgang Dierking?

LCenter for Marine and Atmospheric Research

University of Hamburg
Institute of Oceanography
Bundesstr. 53, D-20146 Hamburg, Germany

+49-40-42838-5052; -5450; -5457
stammer@ifm. uni-hamburg.de; gade@ifm.uni-hamburg.de; kern@ifm.zmaw.de

2 Alfred-Wegener-Institut for Polar- and Marine Research,
Bussestrasse 24, D-27570 Bremerhaven, Germany,

+49-471-4831-1128; -1714
chaas@awi-bremerhaven.de; wdierking@awi-bremerhaven.de

Spaceborne microwave radiometry (SMMR, SSM/I) has been used for over
20 years now to monitor the sea-ice cover on large scale. Despite the low
spatial resolution achieved with these sensors (25km x 25km) this data is
and has been the only source for the validation of numerical sea-ice models.
In the meantime sensors and models have improved and today efforts focus
on the retrieval of sea-ice volume and snow properties (thickness, wetness).
After IceSAT, which suffers from a malfunction of its sensors, the upcoming
CryoSAT sensor is the next sensor designed to measure ice-sheet and sea-ice
thickness. Regarding sea ice this requires knowledge about sea-ice concen-
tration and type, and snow load at a spatial resolution of just a few 100m.

Sensors such as the synthetic aperture radar (SAR) aboard satellites ERS-
1/2, RADARSAT-1/2, JERS-1, ALOS, Envisat, TERRASAR-X/L do and
will provide measurements of the surface backscatter at different frequencies
at the required spatial resolution. Some of these backscatter measurements,
all of which have been done at 5.3GHz (C-Band), have already been used for
open-water - sea-ice and ice-type discrimination with sometimes limited suc-
cess. An improvement would be achieved if more than one frequency would
be used. Studies about the snow load on sea ice which would be required
for the ice-thickness retrieval using CryoSAT data are very limited. Since



IDEA 173

recently among the standard data products of the AMSR-E the Arctic and
Antarctic snow depth on sea ice is available as five-day mean — however,
perennial sea ice is excluded here.

The University of Hamburg, Institute of Oceanography, owns a helicopter-
borne multi-frequency (L-, S-, C-, X-, and K,-Band), multi-polarization (all
like- and cross-polarizations) scatterometer, called HELISCAT, which was
flown during the Winter Arctic Polynya Study (WARPS) and the Cryosat
Validation Experiment (CRYOVEX) in the Arctic in March/April 2003. The
obtained results, particularly concerning the discrimination of different sur-
face types encouraged us to further improve this instrument in a way that
allows to combine it’s multi-frequency, multi-polarization measurement ca-
pability with a range (height) resolution permitting to estimate the snow
thickness on sea ice. A first concept of such an improvement has been de-
veloped and the next steps are underway. We propose to use an improved
HELISCAT in combination with extensive in-situ measurement programs in
order to i) improve our knowledge about sea-ice and snow backscatter in
view of the upcoming new sensors (mainly TERRASAR-X/L), and to ii)
take the change to estimate the snow load on sea ice as required for analyses
of CryoSAT data.



