Investigation of Arctic Sea Ice Thickness using Space-borne Polarimetric SAR data
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1. INTRODUCTION

Space-borne synthetic aperture radar (SAR) data have been widely used to produce ice concentration (type), ice
motion, ice charting (operational route planning), and iceberg detection. Recent availability of polarimetric SAR
sensors (e.g., TerraSAR-X, RADARSAT-2, and ALOS PALSAR) enables us to explore the full potential of
polarimetric data to derive sea ice information. Among the many sea ice parameters, sea ice thickness is the most
highlighted parameters in the context of climate changes [1] and operative perspective. While large-scale ice
thickness can be derived by space-borne altimetry [1, 2], the ice thickness retrieval at finer resolution for
operational purpose is not reliable. It has been shown some possibility to derive the thickness of first-year ice
(FYI) by using airborne L- and X-band SAR data and C-band ENVISAT ASAR data [3-5]. If successful, high-
resolution ice thickness could be derived from space-borne polarimetric SAR data. It, however, still remains
significant challenges to derive robust and accurate ice thickness given large variability in ice types and features
in the Arctic. In this study we present results from polarimetric analysis of TerraSAR-X, RADARSAT-2 and
ALOS PALSAR data, which have been acquired in conjunction of sea ice field observations. Using SAR and
field data together, we explore the possibility of ice thickness retrieval over various ice types and features by

using polarimetric SAR data.

2. DATA AND METHODS

We acquired fully (L-band) and dual (C- and X-band) polarimetric SAR data in the Arctic sea off the northern
coast of Alaska and Greenland (Table 1). At the Greenland site, we acquired snow and sea ice thickness data
along the transect line where smooth FYI, rubble multi-year ice (MY]) and ridges coexisted. For each SAR data
we calculated the backscattering coefficient ratio (BCR) as described in [4]. In this study, we improved the
Integral Equation Method (IEM) to be applicable to the sea ice. The dielectric constant of sea ice, the input value
of the IEM [6], was estimated from Sea-Ice Thermodynamic Model (SITM) and salinity model to further examine

the cause of any observed correlations between ice thickness and the BCR values. We also performed



eigenvector-based decomposition to investigate different scattering mechanisms

thickness retrieval.

and explore the potential of ice

TerraSAR-X RADARSAT-2 ALOS/PALSAR
Acquisition 2009.5.02/17:40 2009.4.28/10:50 2007.4.11/07:28
Date/Time 2009.5.13/10:09 2009.4.30/10:01 2007.4.11/07:28
Center frequency 9.65GHz 5.405GHz 1.27GHz
(X-band) (C-band) (L-band)
L HH/VV(2009/5/02 HH/HV(2009/4/28
Polarization HH/HVEZOOQ/S/I 3; VH/VVE2009/4/30§ HHNVV/HVVH
Spatial resolution 3m 12.5m 12.5m
Incident 27.28~29.03°(2009/5/02) 33.61~39.75°(2009/4/28) 29 75-24.98°
Angle 44.39~45.53°(2009/5/13) 41.44~46.64°(2009/4/30) ) )
Location Greenland Greenland Alaska

Table 1. Polarimetric SAR data acquisition in the Arctic Sea

3. NUMERICAL EXPERIMENTS

While examining the correlation between the BCR values and ice thickness, we found a good correlation for L-
band SAR, but less correlation for X-band SAR. To examine the poor correlation in the X-band case, we
simulated the sensibility of BCR to the surface roughness of sea-ice using the updated IEM. In this model, the

backscattering coefficient is given by [6]
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where k, , k, = wave number, ¢ = rms height, pp = vv or hh polarization, and W(“)(—ZkX,O) is the Fourier
transformation of the n-th power of the surface correlation function. For W™(-2k,,0) calculation, we used
generalized power law spectrum proposed by [7] to reflect the actual surface roughness of sea ice. We also
applied a transition function [8] to increase the range of validity of the IEM. The L-, C- and X-band dielectric
constants of sea-ice, €;, are necessary to simulate the backscattering coefficient using the IEM. We combined
several models such as simplified two-phase mixture model, SITM, and salinity model for the calculation of the
dielectric constants. The results suggested that BCR values at L-band was not sensitive to the changes of surface
roughness, while the BCR values at C- and X-band varied depending on the changes of the surface roughness.

This indicates that the embedded effects of surface roughness in C- and X-band SAR data prohibit the

effectiveness of BCR in deriving ice thickness.

4. SCATTERING DECOMPOSITION



We further examined the potential applicability of polarimetric SAR data by using scattering decomposition
methods. We applied the eigenvector-based decomposition using dual-polarimetric C- and X-band SAR data [9].

We calculate the covariance matrix, C,, of HH and VV, and then decomposed the eigen-vectors (v) and eigen-

values (A ). The results showed a good correlation between the eigen-values (4, and A, ) and the observed ice
thickness. The maximum correlation of 0.7 was observed for the second eigen-value (A,). We also applied

model-based target decomposition method [10] for L-band fully polarimetric SAR data, and calculated

scattering ratios between volume and surface to examine the relation with sea ice thickness.

5. SUMMARY

We analyzed L-, C- and X-band dual or fully polarimetric SAR data in conjunction of sea ice field observation
data where various ice types coexisted. The results showed a good correlation between the backscattering
coefficient rations (BCR) at L-band and sea ice thickness, but not for C- and X-band SAR data. The modeling
study suggested this poor correlation at C- and X-bands can be attributed to high sensitivity of the BCR values to
surface roughness. We further examine the potential applicability of polarimetric SAR data by applying
eigenvector decomposition. The results showed good correlation between the second eigen-value and sea ice

thickness.
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