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Outline

e |Introduction

— Dick Moore introduced
me to UWB radars (FM
CW) in 1979

e Systems Description
— Antenna arrays

* Results
e Future plans
Summary




Introduction: why

— Mapping of internal layers with fine resolution
* Near-surface layers with about 50 cm resolution

e Layers near the bed with 50-200 cm resolution
— Attenuation response of ice

— Unambiguous determination of basal conditions
— Estimating bottom melt rates of ice shelves
— Optimum ice-core site selections
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Basal Conditions: Multi-Frequency
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Reflection Coefficient at Ice-Water Interface
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Instrument

MCoRDS/I

Ultra wideband
microwave radar

Accumulation
Radar

Radar Instrumentation

Measurements

Ice Thickness
Internal Layering
Image Bed Properties

Surface
Topography
Near Surface Layering

Snhow on Sea Ice
Surface Topography
Near Surface Layering

Ice Thickness and
Layers

Frequency
Range
/ Bandwidth

150-600 MHz
450 MHz

(190-450 MHz, 2013-

2014 field season)

2-18 GHz
16 GHz

Older versions
(2-8 GHz and 12-
18 GHz)

600-900 MHz
300 MHz

Power

~4 kW

800 W

200 mW

200 mW

10 W

Antenna Aircraft
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Background: Airborne Platforms
NASAP-3B . ~ NASAC-130
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Depth (m), g = 3.15
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Relative power (dB)
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Measured and MC-Generated Results
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Figure 1 : Radar echograms of data collected on
the Greenland ice sheet. These echograms show
radar returns from the ice surface, ice-bed and
internal layers. Ice thickness estimates generated
from Mass-Conservation (MC) models are shown
in these echograms with the surface in red and ice
bed in blue. The comparisons clearly show there
are large errors in estimated thicknesses for ar-
eas with complex bed topography with peaks and
troughs. The errors are as large as 700 m (echo-

gram on bottom left) for about 2.5 km thick ice,
more than 25%.




In SAR +Tomography
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UWB I\/ICORDS/I

Ice thickness measurements

Fine resolution ice layering mapping
with 33 cm vertical resolution

Basal conditions retrieval based on
multi-frequency measurements

AWI Basler POLAR 5/6
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UWB antenna array characterizaton
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Sample results from Greenland test flight
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Instrumentation

Instrument Measurement Center Bandwidth Peak Transmit Power Vertical

Frequency Resolution

Ice surface 15 GHz
Ku-band Radar topography and up to 6 GHz ~200 mW ~4 cm

: : (12-18 GHz)

internal layering

Snow cover over sea

ice and internal 5 GHz up to 6 GHz ~4 cm
S@ RECET layering over glacial (2-8 GHz) ARk (~1.5cm)

ice

: Near Surface Internal 10 GHz
UWB Microwave Radar Layers (2-18 GH2)
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412-18 GHz

Results: Ku-Band Radar/Snow Radar
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System specifications
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Summary

« We developed and demonstrated the application of Ultra
Wideband Radars (UWB) for polar research:

— Ice thickness and basal conditions

— Mapping internal layers in firn and ice with fine resolution
— 3-D topography of the ice bed and surface

— snow accumulation rates

— Thickness of snow over seaice and land

e Future capabilities include fine range resolution of 2 cm and
Increased sensitivity.

« Other applications include detection of supraglacial lakes
and ice shelves’ bottom melt rates.
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