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CryoRad EE12 candidate mission

m Earth’s cold regions are a key component of the Earth system. The continuing rapid changes in these
regions are therefore affecting human activities at all latitudes

m Substantial uncertainties remain in the magnitude of cryospheric feedback mechanisms, impairing the
predictability of climate variability and change. While the capability of weather and climate models and their
predictions have improved significantly over the last decade, uncertainties in the rendering of cryospheric
processes consistently point to the need for more accurate observations of key parameters at scales
required for model improvement.

m For some key parameters, substantial gaps exist between the needs expressed by the user and
scientific communities, and current observational capabilities.

m Passive microwave sensors were widely used for studying cold regions nevertheless L-band sensors
suffer from some limitations because of reduced penetration depth

m Lower frequencies can be potentially more powerful (higher penetration!)

» CryoRad mission was proposed and approved for ESA Earth Explorer 12 Phase 0 study

» | > Itis specifically tailored for polar regions

> It features a novel microwave spectrometer in the 400-2000 MHz
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CryoRad Mission Objectives Definition and Products

MO-1: CryoRad will provide:

* quantitative estimates of the ice sheet temperature profile
allowing estimating englacial temperature and the thermal state of
the bedrock.

« CryoRad measurements will result in indicators of basal melt and
in case of cold base (frozen) geothermal heat flux estimates.

MO-2: CryoRad shall provide sea ice thickness estimates with

an uncertainty below 20% for an ice thickness range of 50 cm
to 100 cm and Sea Ice Salinity estimates in the range 0 - 20 g/kg
not presently available from space

MO-3: CryoRad shall provide sea surface salinity estimates with an
uncertainty below 0.3 psu (TBC) (0.2 psu G) in cold waters below 278
K allowing a better assessment of the freshwater cycle and water mass
formation at high latitudes.
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LoMiRad (Low frequency Microwave Radiometer)

> In 2020, the Italian Space Agency further supported the
preparation of the Earth Explorer proposal with a second dedicated
studies (the other one was in 2015)

> One of the aims was the development of an airborne European
UWB radiometer to

support the development of the new technique

foster new campaign opportunities in the US and EU

support national industries

» LoMiRad is a total power radiometer that samples the 0.4-2 GHz
band with a spectral resolution of 122 KHz and a min Tint of 1ms
(see poster PS1.27).

» It is designed for field operations on truck, aircraft and ground
platforms.
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The Baffin Bay campaign

m To support the CryoRad SciReC study (Scientific Requirements Consolidation), ESA
funded an airborne survey in Canada with multiple aims

Provide the CryoRad mission with an operative demonstrator - test LoMiRad onboard a
Basler aircraft in real world conditions, to assess its performance, and to collect ultra-wideband
brightness temperature data over open water.

Investigating the spectrum occupancy in polar and near-polar regions

collect experimental data over open sea (a target that to date has seen only limited
measurement with ultrawideband radiometry) and land for scientific and industrial purposes.

m The plan was to redo the route of the Canadian Amundsen expedition, which collected
continuously sea surface salinity, temperatures, etc

m The survey took place in August 2025 in Calgary and Baffin Island.
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Ground operations

m The campaign was divided into 2 parts:

Ground activities: aimed at testing the system and obtaining the aeronautical
certification

Flights: aimed at collecting data

m Ground operations took place on:
12-13 system installation and functional checks (two full days)
14-16 full LN2 tests and certification

m KBAL just fixed the instrumentation to the fuselage. Cable routing was to
be done.

m Certification was speeded up by the usage of the already certified
UWBRAD antenna s/s
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take away

m KBAL allocated one day for the installation and one for the certification: too few,
although understandable from an industrial point of view.

m Based on previous experiences, we managed to add 2 extra days prior the
certification. They resulted to be the minimum.

m we managed to compacted the deployment and the test in the first 2 days. KBAL
very supportive but strict working hours.

m The time allocated to system deployment was the minimum

m Instrumentation was prepared for certification accurately, so everything went
smooth.

m Anyway we had issues with bureaucracy, resulting in the loss of almost 3 days of
campaign.
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Flight executed

m Overall we flew about 70 hours and collected likely 60 h of data (about 30 TB compressed)

m We flew at 170-190 kn -> pixels spaced
45-50m @ 500 ms Tint (fast enough to = s
keep flight duration to a bearable
length, BT-67 doesn't have toilets) . reeswi
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m Over sea we usually flew at 6000 ft ->
2 km footprint i aun
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m Over the mountains we flew at 9000 ft
asl but the plateau is at about 6000 ft ->
1 km footprint

m  Quite often we found clouds so the
pilots flew above (few times below), this
affected also the flight altitude
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Acceptance rate

One of the main objectives of the campaign was to check the actual availability of the spectrum

« We started the analysis from
the mobilization flight

= Being on mainland it is
supposed to be the most
affected by RFI

« We checked the number of
pixel free of RFI after the RFI
filtering

= A more comprehensive
analysis can be seen Thursday
afternoon (OS13.3 Evolution Of
The Radio Frequency
Interference ....)
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Acceptance rate

BERMS (mainland)
transect 2 — 50 min

Acceptance rate (%)
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Hudson Bay to Baffin Island (sea)

transect 7 — 112 min

Acceptance rate (%)
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Acceptance rate
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m Overall the bandwidth free of RFI over the 3 transects is

Sub-Band

Acceptance

rate

@ 100MHz

550 650

819 823

74.8

850

80.7 91.6

83.6 89.8

96.2 83.8

1050 1150 1250 1350 1450 1550 1650 1750 1850 1950

98.1 98.0 73.0

m Interesting to note that a similar rate applies to passive L-band and 1.4-1.5 GHz

100

50

100 MHz

7.3984812

7.3984814

7.3984816

7.3984818

7.398482
%x10°

the 100 MHz channel behaves
similarly to the passive L-band

usually slightly better
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Take away

m \We got the first bad weather day at the end of the campaign (very lucky!)

m \We managed to recover the days lost by skipping the rest days.

m During flight, the instantaneous power spectrum is monitoring.

m On ground we got some difficulties in processing the data. Too much

volume and too much computation time.

So far, the spectrum resulted to be somewhat free, with the main

occupancy due to mobile phone. North Hudson Bay resulted quite free of
RFI

Passive L-band shows an acceptance rate similar to the wide band
channel. This hints at using larger bandwidths to improve NEdT.

m LoMiRad mw switch and 1st LNA were damaged on the demobilization
m Data analysis is on progress. More to follow...
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