
TESTING PLANETARY SUBSURFACE ICE CHARACTERIZATION USING 
L-BAND RADAR DATA AT THE ASKJA, ICELAND ANALOG SITE

Conclusion: Rough areas (e.g., abundant rocks and thermokarst landforms)
complicate detection of buried ice and require more information or models to
accurately determine the ice and subsurface characteristics. Smooth areas with
few internal scatterers in the tephra overburden allow for effective penetration of
the radar signal and result in CPR values that are indicative of ice.

Data Analysis: RMS Height at Baselines

To determine the appropriate roughness baseline, we examined RMS Height using the ArcGIS Focal
Statistics Tool on the Digital Elevation Model. Based on our analysis, we determined that RMS Slope at the
pixel level demonstrates more noise than it does roughness. We decided RMS Height at a 5 pixel baseline
(~28 cm) was the best measure of roughness, which matches the wavelength of the L-Band SAR signal

Future Work: Future work will continue testing
SAR techniques for subsurface ice detection,
including assessing 1) m-chi and other
decomposition products, 2) the effect of
viewing geometries on SAR products for ice
detection, 3) logistic regression for determining
candidate sites based on ground validated
subsurface ice region, and 4) conduct
geoprocessing workflow on Mars DTM.

M-chi decomposition may be expressed through
a color-coded image, where blue indicates single-
bounce (and Bragg) backscattering, red
corresponds to double-bounce, and green
represents the randomly polarized constituent.
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Site/Geological Setting
Buried ice layers were formed within the caldera of
the Askja central volcano when eruptions in 1875 and
1961 deposited pyroclasts on fresh snowfall that then
densified into solid ice. Ice deposits are located under
decimeters to meters of pumice (“1875 pumice”) and
basaltic ash and lapilli (“1961 scoria”) and are ~0.5 to
3 m in thickness.

Project Background
This project complements existing research for subsurface water-ice detection using orbital Synthetic Aperture Radar
(SAR) data for Mars and the International Mars Ice Mapper Mission. Near-surface, accessible water ice on Mars is of
great interest for human exploration given its potential to provide novel discoveries about Mars’s potential for life and
climate history and its great importance as a resource. Orbital SAR data (e.g., through the circular polarization ratio or
“CPR” and m-chi decomposition) and measures of surface roughness can help to identify candidate ice-rich human
landing sites, and follow-on ground-penetrating radar (GPR) measurements on rovers can further characterize
subsurface materials in more detail and to direct drilling and excavation activities. These techniques can also be
applied to subsurface ice detection and regolith characterization on the Moon.

CPR versus RMS Slope values for 45 ROIs over different surface units inside the
Askja caldera including lava flow, scoria, pumice, and thermokarst
topography. Inset images are UAS orthomosaics showing examples of candidate
ice locations with low roughness within the 1961 scoria (ROI 15, 60x60m) and
rough thermokarst terrain within 1875 pumice that complicates interpretation of
the CPR signal (ROI 30, 60x60m).

RMS Height at a 5-pixel baseline (~27cm) within the
Askja Caldera, Iceland. The dark left area of the image
is result of lava flow. Terrain Roughness: Roughness
was calculated from the UAS DEM using the ArcGIS
Focal Statistics tool to generate root-mean-square
(RMS) Height. See Roughness Baselines for more
information.

Datasets:
1. 2021 GIFT Campaign Orthomosaic
2. 2021 GIFT Campaign Digital Elevation Model
3. UAVSAR L-Band Publicly Accessible Data

We used publicly available quad-polarized L-band
(l=24 cm) airborne radar data from the UAVSAR
instrument (May 2015 observation) at ~5x6
m/pixel resolution. An orthoimage mosaic (1.9
cm/pixel) and a DEM (3.7 cm/pixel resolution)
were produced for the Askja caldera study area and
a non-ice control site on the 1961 Vikrahraun lava
flow using a Mavic 2 Pro quadcopter. Images
collected by the quadcopter in August 2019 were
processed using AgiSoft Metashape software.

UAVSAR products: We used MapReady software
and IDL scripts to calculate the circular
polarization ratio (CPR) and m-chi decomposition
from ground-projected complex cross product data
following.
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SAR Band Values Correlation across different flights

Three different UAVSAR flights with different incidence angles (51.6, 61.3, and
71.6 degrees) across select regions in order to see how incidence angle and
direction affects CPR values.
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