








normalised such that o, ,orm = 0 dB at z = 0 for HH, and
a linear fit of In 0, norm (2) versus depth yields an estimate
of the power extinction rate k.. Figure 4 shows o, norm
versus depth for the Summit test site averaged across the
entire sounder profile. The co-pols HH and VV are cor-
rupted by strong off-nadir surface clutter interference, al-
though HV shows a nearly constant extinction rate with in-
creasing depth, confirming the uniform ice volume model
assumption in section 2.2.
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Figure 4: Normalised o,, [dB] versus depth for P-band
sounder data (averaged over the entire profile) overplotted
with linear fit.

Fitted k. values at HV for the sounder data are given in
Table 1. Extinction results compare favourably to inverted
P-band values from Pol-InSAR. Slightly higher extinctions
for the sounder data compared to the Pol-InSAR co-pols at
Eton could be due to englacial layer-type scattering which
in the model was assumed to come from the surface at
z = 0 and removed during polarimetric decomposition. «.
from Pol-InSAR thus reflects only volume-type scattering
and leads to reduced overall extinction estimates.
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Figure 5: Normalised P-band . HH (red) and P-band HV
sounder o3y, (blue) profiles for Summit.

To determine whether changes in subsurface scattering
over the sounder profile are correlated with changes in ex-
tinctions inverted with Pol-InSAR, o,, values are trans-
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formed into an equivalent sounder backscattering coeffi-
cient oQyp through integration over depth. The sounder
backscattering coefficients are scaled to zero mean and
unity standard deviation for comparison with the inverted
extinctions. Figure 5 plots scaled and normalised «. and
odyp coefficients for P-band at the Summit test site. There
is a clear correlation between sounder subsurface backscat-
ter and inverted extinctions from Pol-InSAR, implying that
both systems are observing the same ice structure.

5 Summary

In this paper a model relating Pol-InSAR observables to
glacier ice extinctions has been presented and inverted for
experimental airborne data at L- and P-band. The mod-
elling approach was divided into two parts: ground-to-
volume scattering ratios were derived through polarimetric
decomposition into volume, surface and sastrugi compo-
nents. These ratios were then used in conjunction with Pol-
InSAR coherences and an infinite, uniform-volume-under-
ground model to invert ice extinctions. Inverted extinc-
tions compare favourably with P-band sounder subsurface
extinction rates and with changes in subsurface sounder
backscatter across the profile.

The presented extinction model may be useful for exam-
ining the long-term variability of polar regions by tracking
interannual changes in extinction. Future spaceborne con-
cepts such as the BIOMASS Earth observation proposal
(P-band) would also benefit from an increased understand-
ing of long-wavelength radar observables over glacier ice.
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