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Freshwater Ice Property Retrieval from Space

ÅIce Phenology (Dezyani, 2024):
ÅSuccessful using SAR, but limited to repeat-pass of sensor.
ÅHas proven difficult to determine freeze-up and water clear of ice.

ÅIce thickness retrieval historically completed using indirect 
methods (Duguay et al., 2003)

ÅInterferometry has been identified as an opportunity to retrieve 
direct measurements of ice properties from spaceborne sensors 
(Wegmulleret al., 2010).

ÅWhat properties can SWOT Altimetry and SAR Interferometry 
retrieve for freshwater lakes?



Study Site
ÅxőƮќěěŰMỂn (Kluane Lake), 

Yukon 
Å61.276108° -138.751161°
ÅChosen for lake-wide coverage 

during both Fast Sampling 
Phase (2023) and Science 
Phase (July 2023 тpresent).
ÅLake of particular recent 

interest as water levels have 
dropped ~1.5m due to river 
piracy from KaskawulshGlacier 
retreat.



Data
ÅAltimetry Data (2023 т2025)
ÅSWOT Ku-band (GHz) Altimeter
ÅSentinel-6 
ÅSentinel-3 SAR Radar Altimeter (SRAL) (13.575 GHz)

ÅKaRInHR PIXC Height & Sigma Nought (2023 & 
2024)
ÅKluane Lake (Yukon)

ÅValidation:
ÅSmartICEBuoy data (2023 т2024)
ÅCLIMo thermodynamic lake ice model runs
ÅCLIMo model runs forced by nearby data from 

nearby weather station (Kluane Lake Research 
Station) KLRS



Buoy vs. CLIMo Model Runs
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2024 CLIMo snow cover percentage (%)
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SWOT Altimeter: Freshwater Ice Thickness Retrieval

ÅRadar Altimeter pointing 
nadir records returned 
power in time domain.

ÅDistance between pulses 
returned from ice/snow, 
ice/water interface relate to 
ice thickness.



SWOT Altimeter Ice Thickness: Cal/Val 2023
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2024 CLIMo snow cover percentage (%)
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ÅSentinel-3B, Sentinel-6, and SWOT 
estimated LIT values for 2024 
(italicized values are most 
agreeable)
ÅBest model runs for all satellites 

consistent with 0 т 20% CLIMo 
snow cover scenarios
ÅRMSE < 0.15m
ÅMBE < 0.12m

SWOT Altimeter Performance Relative to 
Sentinel 3B/6: 2023/24



Microwave Interactions with Freshwater Ice

ÅPolarimetric decomposition 
reveals that the dominant 
scattering source is the ice-
water interface at C-band 
through Ku-band
ÅHow can this information be 

used to retrieve ice 
thickness using 
interferometry?
ÅShort repeat pass, or
ÅLong wavelength



Case Study т Ice Thickness from Interferometry

ÅWest Twin Lake, Utqiagvik, Alaska

ÅWinter time series of TanDEM-X 
pursuit mode acquisitions (2014-15)
ÅPursuit mode
ÅRepeat pass: 10ms
ÅWavelength: 3cm
ÅPerpendicular baseline: 100 т 300m
ÅHeight of ambiguity: 10 т 65m



Case Study: Ice Thickness Retrievals
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Interferometric Ice Thickness 
Retrieval т Kluane Lake Case Study
ÅCase Study: Kluane Lake (PhD Candidate Jake 

Ferguson)
ÅSensor: Radarsat Constellation Mission (4 day 

revisit), 5m spatial resolution
ÅInterferograms are masked to lake extent and 

unwrapped using a minimum cost algorithm.
ÅUnwrapped phase differences are attributed 

to ice growth and converted based on 
ŔŰĦŔĬĲŰĦĲШċŰŊũĲШċŰĬШƣőĲШƚĲŰƚŸƖќƚШыŔŰ-ice) 
wavelength.



Issues in Retaining Coherence





ÅHeight retrievals for regions north (top) and 
south (bottom) of a pressure ridge across 
Kluane Lake.

Heights: Kluane, South Basin
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Backscatter: Kluane, Destruction Bay
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Backscatter: Kluane, South Basin
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ÅHeight retrievals for regions north (top) and 
south (bottom) of a pressure ridge across 
Kluane Lake.
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SWOT Retrievals
Ice Phenology: Cal/Val Period

Spring 2023
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Limitations and Conclusions

ÅAltimeter achieves ice thickness with RMSE of <0.15m, in-line with 
other sensors previously used for ice thickness studies (S3 A/B, 
S6).
ÅBackscatter variability a useful utility for ice phenology, expand to 

other study sites & years.
ÅLimitations:
ÅAltimeter measurements of lake ice require a separation of at minimum 2 

range gates т minimum thickness for observation by SWOT = 0.48m.
ÅKaRIn HR PIXC presents errors in unwrapping for lakes with pressure 

ridging. 
Å*Less so for small enclosed lakes.
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