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• Instrument overview. 

• NASA OIB 2015 spring campaign. 

• 2019 dual-band tests (ESA/CryoVex with DTU).

• Data review and system performance evaluation.

• Waveform comparisons with AltiKa.

• Snow grain size estimation using Ka-band data.

• Conclusions and future work.
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2. NASA OIB 2015 Multi-band Instrument Package

Large and heavy (160 lbs.)

Instrument Overview
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Instrument Overview
1. Multi-UWB Compact System
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3. Platforms

Antenna installation on Twin Otter

Instrument Overview
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NASA OIB 2015 Spring Campaign 

(b) Sea ice measurements

(a) Ice lead measurements

• March-May 2015
• 9 sea ice missions
• 24 land ice missions
• Coincidental multi-band data (S/C, Ku, Ka)
• https://data.cresis.ku.edu/data/kaband/2015_Greenland_C130/ 
• ftp://data.cresis.ku.edu/data/kaband/2015_GReenland_C130/

~2m

(c) Land ice (dry snow zone)

https://data.cresis.ku.edu/data/rds/2015_Greenland_C130/
ftp://data.cresis.ku.edu/data/kaband/2015_GReenland_C130/
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Dual Band Tests 2019 (ESA/CryoVex)

(a) Surface-based results

• Ground test trials in Apr. 2019 (EGIG line)

• Airborne tests in Aug. 2019

 One transit flight over the Greenland ice 
sheet margin

 Two flights over Arctic sea ice (c) Ice Sheet Margin(b) Sea ice



Data Review & System Performance Evaluation
• Ice lead
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A-scopes of ice leads

Parameters Sw Ku Ka 

𝑃𝑠  (dB) 32 43.8 29.9 

𝜎𝑃𝑠  (dB) 0.6 0.5 1.5 

𝑁𝑠𝑦𝑠  (dB) -25.2 -24.2 -14.9 

 𝑆𝑁𝑅       (dB) 57.2 68.0 44.8 

𝜎𝑆𝑁𝑅 (dB) 0.7 0.4 1.6 

𝛿𝑅 (cm) 5 4 7 

 

Snow radar (S/C band)

Ku-band

Ka-band



• Sea ice

Snow radar

Ku-band

Air-Snow interface

Snow-ice interface

Ka-band Snow-ice interface

Bare sea ice
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Parameters Sw Ku Ka 

𝑃𝑠  (dB) 19.6 23.4 11.1 

𝜎𝑃𝑠  (dB) 3.5 4.0 3.8 

𝑁𝑠𝑦𝑠  (dB) -24.1 -28.4 -15.3 

 𝑆𝑁𝑅       (dB) 43.7 51.8 26.4 

𝜎𝑆𝑁𝑅 (dB) 3.4 3.9 3.8 

 

A-scopes of bare sea ice

(S/C band)



Comparisons with Ku-band Altimeter & Snow Radar
• Land ice

~1.2m

Percolation zoneDry snow zone Wet snow zone

Snow Radar

Kuband

Kaband
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(S/C band)
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 Dry snow Percolation zone Wet snow 

Parameters Sw Ku Ka Sw  Ku Ka Sw Ku Ka 

𝑃𝑠  (dB) 17.4 25.3 18.2 20.2 32.5 23.8 13.8 22.0 16.4 

𝜎𝑃𝑠  (dB) 3.1 2.7 1.9 2.4 2.9 2.0 2.9 3.0 2.4 

𝑁𝑠𝑦𝑠  (dB) -18.2 -22.0 -9.5 -17.4 -21.2 -6.7 -18.6 -21.6 -8.1 

 𝑆𝑁𝑅       (dB) 35.6 47.3 27.6 37.6 53.6 30.6 31.9 43.6 24.5 

𝜎𝑆𝑁𝑅 (dB) 3.1 2.7 2 2.5 2.9 2.1 2.9 3.1 2.4 

 

Percolation zoneDry snow zone Wet snow zone
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Crossovers of  SARAL/AltiKa and OIB 2015 Greenland C-130 campaign

(one-week window, 1842 crossovers in total, Credit: Inès Otosaka )

good data (SNR>15dB) 
rate 
54% (933 crossovers) 

bad data

SNR histogram at crossovers

Sample Echogram at crossover
Waveform comparison at crossover

Waveform Comparisons with AltiKa

(S/C)
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Snow Grain Size Estimation Using Ka-band Data

J. Li et al., 2020 IEEE IGARSS

Histogram of snow-pit measurements at 
Greenland summit



Conclusions & Future Work
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• Successful initial demonstration of multi-band data collection during NASA OIB.

• Successful Ku/Ka-band airborne trials with ESA/CryoVex.  Full data set to be 
processed. 

• Snow grain size can be inferred from Ka-band data

• Characterize the spatial variations in snow penetration depth using coincident 
airborne Ka-band and laser measurements.

• Develop robust retracking algorithms for satellite measurements using high-
resolution airborne measurements.

• Data fusion of multi-sensors and multi-bands for  snow thickness retrieval over sea 
ice and land ice.

• A short airborne test campaign (ESA) is planned for April 2021.


