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Motivation
Ku-band (17.5 GHz) radar remote sensing of snow: signatures

King, JM.L., R.E.J. Kelly, A. Kasurak, C. Duguay, G. Gunn, N. Rutter, T. Watts, and C. Derksen (2015) Spatiotemporal influence 

of tundra snow properties on Ku-band (17.2 GHz) backscatter, Journal of Glaciology, 61(226), doi: 10.3189/2015JoG14J020

From Rott et al., 2010. 
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Motivation
S. Ontario example

Figure 8. Maryhill SWE (left) and snow depth (right) retrieval results. 

Error bars represent one standard deviation.

Englehart SWE (left) and snow depth (right) retrieval results. Error 

bars represent one standard deviation

Thompson, A. and R.E.J. Kelly (2021). https://doi.org/10.1080/07038992.2021.1898938
Thompson, A, R.E.J. Kelly and J.M.L. King (2019) doi: 10.1080/07038992.2019.1704621 



In 2017 we went shopping for:

An airborne Ku- and L-band SAR that we could use for observing snow 
accumulation, sea/lake ice, glaciers/ice sheets, soil moisture content and state.

An “agile” system that could be “easily” deployed on a “common” platform. 
- Cessna 208/208B Caravan. “A utility aircraft used for flight training, commuter airlines, 

VIP transport, air cargo and humanitarian missions.” And jumping out of.

A community instrument to support remote sensing cryospheric research and 
capacity building.

MetaSensing BV (manufacturers of the SnowSAR system).

(Funding: Canadian Foundation for Innovation, Ontario Research Fund)



Instrument parameters - Ku-band (13.5 GHz) & L-band (1.3 GHz)

The CryoSAR System



System package

RF Units

Antennas (Ku[2], L[1]) SAR Processor

The CryoSAR System



The CryoSAR System: Installation modifications at Lake Central Air Services

Manufacturer’s
installation

https://blogs.esa.int/campaignearth/2022/03/15/fl
ying-over-the-wadden-sea-for-harmony/

UW’s installation



• Combine Ku observations with land surface models as a simulator for 
Terrestrial Snow Mass Mission science development

• Season-long field experiment to test Ku-band (and L-band) SAR observations 
of a site in Ontario.

• Instrumented field sites in Powassan (terrestrial snow) and Haliburton (lake 
ice and snow).

• Overfly with Ku and L-band SAR observations
• Polarimetric response
• InSAR (L-band) opportunity

• Multiple partners (University, ECCC, LCAS, SkyDive Toronto, Metasensing)

• Canadian Space Agency Funding

Project goals



Field sites



Field sites: Powassan

January 14th 2023

November 18th 2022

December 2nd 2022

October 28th 2022



Field soil and snow surveys: Powassan
Undisturbed site

Soil Moisture
- 2x HydraProbes

Wx Station

Corner Reflector
- Ku and L-band

Access tracks

No. Station
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3 Upper
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5 East Dry
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Field snow surveys: Powassan

Adjacent to 
undisturbed sites

• SMP profiles
• IceCube
• Pit characterization 
• Density
• MP Transects



Daily Max, Min, 
Mean Fill Temp

Daily Snow 
Depth Fill

Weather station observations: Powassan



Field soil temperature logging: Powassan

2. Eastern

5. East Dry

4. Central6. Lower

1. Winter Rye

3. Upper

• Soil moisture 
HydraProbe installation: 
two probes per logger

• Two iButtons installed 
for each station at the 
depth of 2.5 cm and 5 
cm 



Field soil moisture (uncalibrated) logging: Powassan

2. Eastern

5. East Dry

4. Central6. Lower

1. Winter Rye

3. Upper



Ku-band SAR Observations (0 cm snow thickness) 2/Dec/2022
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Ku-band SAR Observations (33 cm snow thickness) 31/Jan/2023
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Airborne CryoSAR Ku Observations
I. Ku band observations: VV | HH | VH [RGB]
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Ku-band SAR Observations (VV)

31/Jan/2023

2/Dec/2022

14/Jan/2023

Note: Uncalibrated



L-band SAR Observations (33 cm snow) 31/Jan/2023
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Ku- and L-band comparisons

31/Jan/2023

2/Dec/2022Ku-band(VV)

Ku-band (VV)

L-band (VV)

31/Jan/202333 cm Snow

33 cm Snow

Snow free



Current Status: ongoing field campaign
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Acquired snow measurements
Acquired SAR data (L+Ku)
Planned acquisitions (L+Ku)
Planned snow measurements

Weather station Obs

Soil Moisture Obs



THANK YOU!


