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Freshwater Ice Property Retrieval from Space

Alce Phenology (Dezyani, 2024):
A Successful using SAR, but limited to repeapass of sensor.
AHas proven difficult to determine freezeup and water clear of ice.

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

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

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



Study Site

Ax 6 T kK ME& (Hluane Lake),
Yukon

A
A

A

61.2/6108 -138./511671

Chosen for lakewide coverage
during both Fast Sampling
Phase (2023) and Science
Phase (July 2023 present).

_ake of particular recent
Interest as water levels have
dropped ~1.5m due to river
piracy from KaskawulshGlacier
retreat.
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Data

A Altimetry Data (20231 2025)
A SWOT Keband (GHz) Altimeter -
A Sentinel-6 el
A Sentinel-3 SAR Radar Altimeter (SRAL) (13.575 GHz) =%

AESIZQA!;]HR PIXC Height & Sigma Nought (2023 &

A Kluane Lake (Yukon)

AValidation:
A SmartICEBuoy data (2023r 2024)
A CLIMo thermodynamic lake ice model runs

A CLIMo model runs forced by nearby data from
g?atrby)weather station (Kluane Lake Research
ation



Buoy vs. CLIMo Model Ri

E
7
1.0 g
4
o
<
|_
0.9 0}
o
[9) g
go.a S
« @)
2 2 o
3 0.7 @)
=}
m
0.6
0.5
0.5 0.6 0.7 0.8 0.9 1
CLIMo 20%
E
7
2024 CLIMo snow cover percentage (%) g_
o
0 10 20 30 40 50 60 70 80 90 100<
(]
RMS 051 [(0.07 |0.15 |0.23 |0.25 |0.25 [0.25 | 0.24 |0.24 | 0.23 0.223
g
E
% MBE [0.51 [0.04 [-0.14]-0.23]-0.25]-0.25]-0.25| -0.24 | -0.23 | -0.22 | -0.21
>
@ 0.13 1]0.36 [ 0.3 0.23 10.22 |10.22 [0.22 [0.22 | 0.22 | 0.23 | 0.23

2.0

18

1.6

—0—CLIMO O
CLIMO 10
—0—CLIMO 20
—@— CLIMO 100
—&— Buoys

[EnY

4

1.2

1.0

0.8

0.6

0.4

0.2

0.0

10-Feb
2

15-Feb  20-Feb

25-Feb 1-Mar 6-Mar 11-Mar

16-Mar

21-Mar

26-Mar

1.8

1.6

A Buoys
—e—CLIMO 0O
—e—CLIMO 10

CLIMO 20

—@— CLIMO 100

1.4

1.2

0.8

0.6

0.4

0.2

0

A

00— 0060000000000—0-0000000000 0000000000000

AA

AA
S AAA A——AAAA A

) W
e epanggrerss SMEMARATS ULl AL Tad

27-Jan 1-Feb 6-Feb

11-Feb 16-Feb 21-Feb 26-Feb 2-Mar

7-Mar

12-Mar

17-Mar







SWOT Altimeter: Freshwater Ice Thickness Retr

ARadar Altimeter pointing
nadir records returned
power in time domain.

ADistance between pulses
returned from ice/snow,
ice/water interface relate to
iIce thickness.
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Lake Ice Thickness (m)

SWOT Altimeter Ice Thickness: Cal/Val 2023

I Feb 300m footprint

2 Mar 300m footprint
—A—SWOT LIT 2 :;azr;;ake
1.8 m INSITU Mar2023
—e—CLIMO 100
1.6 O—CLIMO 10
—e—CLIMO 0
1.4
IN—7Y\ Y'Y\
1.2
JAN L\ L A LN\ L\ LY\ A A A A
' oobdooo000oflopooo0qoReoeoops RGOOO0ROOOHOOOOHO00TGREO0GO0000
08 [ AA AAA [ | ANDAAA A ANYASEA A MDA A A M
0.6 \/
MDA A
0.4
0.2
0
28-Feb 4-Mar 9-Mar 14-Mar 19-Mar 24-Mar 29-Mar 3-Apr 8-Apr 13-Apr 18-Apr 23-Apr 28-Apr : 2l

CLIMo (%) RMSE (m) MBE (m) d

0 0.459 -0.404 0.180
10 0.226 -0.059 0.214
20 0.233 0.086 0.266

100 0.367 0.296 0.174




SWOT Altimeter Performance Relative to

Sentinel 3B/6: 2023/24

ASentinel3B, Sentineb, and SWOT

estimated LIT values for 2024
(italicized values are most

2024 CLIMo snow cover percentage (%)

agreeable)

ABest model runs for all satellites
consistent with 0 20% CLIMo
SNOW cover scenarios
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Microwave Interactions with Freshwater Ice

APolarimetric decomposition m=
reveals that the dominant |

scattering source Is theice- |GREYICE

water interface at C-band
through Kuband BUBBLE-FREE ICE

AHow can this information be

used to retrieve ice
thickness using BUBBLED ICE
iInterferometry?
A Short repeat pass, or
A Long wavelength LAKE BED
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Interferometric Ice Thickness
Retrievalr Kluane Lake Case Stud_

ACase Study: Kluane Lake (PhD Candidate Jal - % .

Ferguson) . ,%

ASensor: RadarsatConstellation Mission (4 day o
revisit), 5m spatial resolution

Alnterferograms are masked to lake extent and;sv;i{
unwrapped using a minimum cost algorithm. ™"~

AUanapped phase differences are attributed S
to ice growth and converted based on '

RUHRI JURDWE UNG 1 LHceY | |_|_|< |
wavelength.



In Retaining Coherence




Lake Ice Thickness Growth Isrofile
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SWOT RetrievaisPhase Unwrapping Issues: 202324
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SWOT RetrievaisPhase Unwrapping Issues: 202324
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SWOT Retrievals
lce Phenology: Cal/Val Period
Spring 2023
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Limitations and Conclusions

AAltimeter achieves ice thickness with RMSE of <0.15m,-ime with
other sensors previously used for ice thickness studies (S3 A/B,
S6).

ABackscatter variability a useful utility for ice phenology, expand to
other study sites & years.

ALimitations:

A Altimeter measurements of lake ice require a separation of at minimum 2
range gatest minimum thickness for observation by SWOT = 0.48m.

AKaRINHR PIXC presents errors in unwrapping for lakes with pressure
ridging.

A *Less so for small enclosed lakes.
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