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Retrieval of LWC «model driv

Retrieval of SWE by DIinSAR technique
Comparison of Backscattering and Thermal Inertia
DInSAR for assessing rock glacier activity
Displacement maps of rock glacier by Intensity Tracking
Snowave radar technology

Conclusions
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The project objective was achieved by

Using:

>

>

>

Deformation of permafrost areas
Water equivalent of snow (SWE) — Snow Depth (SD)
Estimation of wet snow and liquid water content (LWC)

State of frozen / thawed soil

Magnitude and phase of SAR data at different frequencies
Interferometric techniques
Experimental measurements of the extinction coefficient of the SAR signal

Data from optical sensors
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SNOW DEPTH RETRIEVAL

» Val D’Aosta test area

» Central part of the winter seasons 2018 - 2022

» CSK + Sentinel-1 - validation over weather station data (36 stations)
» Training/testing strategy (10% training/90% test)

» CSK + Sentinel-1

» ANN - RF comparable accuracy and computational cost

» Multifrequency approach tested over a couple of CSK+S-1 in 2018 (largest SD)

CSK+S1

validation against in-situ
ANN validation result RF validation result
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Validation re

SE =43.214

CSK + Auxiliary ANN and RF
(LIA, LCC) Training/Test

SWE map from reference data - 20180105

Reference SD
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CSK + Auxiliary
(LIA, LCC)

Tb X band ANN
disaggregation

AMSR2 Tb X

Disaggregated Tb
X band

Tb Ku band
disaggregation

AMSR2 Tb Ku

AMSR2 Tb

Disaggregated Tb
Ku band

Tb Ka band
disaggregation

AMSR2 Tb Ka

Disaggregated Tb
Ka band

ANN+ RF
Training/Test/Validation

In Situ SD

Validation report

SNOW MAPS

SWE map from referonce data - 20180105
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SD RETRIEVAL BY ACTIVE AND PASSIVE
MICROWAVE DATA INTEGRATION

1) Use of CSK data to disaggregate the AMSR-2 Tb up the SAR resolution
2) Estimate SD by using the disaggregated Tb

Pasadena, California 2023
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LWC - «MODEL DRIVEN»

Inputs: S1 and CSK (2017 to 2023) Results:
Training: ANN + RF on SFT » Sl better than CSK (but dataset is different)
Test: Torgnon and Cime Bianche > RF better than ANN

Experimental dataset:
— ] e

SAR G° + LIA + in-situ LWC, SD, grain size, density, ...
SFT model PDF of the snow Pseudo Random SFT model Tralning set
minimization inputs inputs (4500 pts) Simulations lfaining set

retrieved LWC from S-1 and ANN i - LWC map - 20170503 LWC ("@I)G

RMSE=0.71
BIAS= 0.004
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10, | retrieved LWC from CSK and ANN retrieved LWC from CSK and RF
"R=0.605
2 RMSE= 0.813 RMSE= 0.767
8 IBIAS= 0.053 BIAS= 0.002
n=102 =102
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Time series of thermal inertia and backscatter at

the Torgnon experimental site

Torgnon - 2160 m asl Torgnon - 2160 m asl
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Seasonal time series of variables computed at the AWS, simulated with SnowPack model and from satellite for two hydrologic years in the Torgnon site




Summer

DINSAR-based SWE estimation | Ve Sena'es S //4

o5la :-" |
SWE estimation: C and L bands are the more promising to overcome some of the factors limiting -
the SWE estimation, especially in mountainous areas, (such phase decorrelation, phase aliasing,
and the presence of artifacts coming from orbital and topographic errors, unreliable phase o -
unwrapping, and residual atmospheric signals. _I 'ﬂl .

Processing strategy for deriving differential SWE (ASWE): generation of interferometric pairs i = . -
with the smallest temporal baselines to minimize temporal decorrelation effects. Each pair is ' - VS «"‘ 1 “: ‘}'}
processed to remove atmospheric phase by leveraging GACOS products, and to generate : -' %
reliability masks (Mask) and expected error (Easwg )- dammy ao=ay Lol

.- I w"“i
Figure 2 shows both differential SWE and coherence maps from Sentinel-1
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DINSAR for assessing rock glacier activity in Val Senales

Target Area Coverage | < 50%

.| Analysis of
velocity class |

Activity status:
Low velocity = RELICT
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Lazaun rock glacier: offset tracking

SAR-SLC Imagel SAR-SLC Image2

Amplitude extraction Amplitude extraction

Definition of:

*\Window Size
s Multilook
sQOversampling

Cross-Correlation

Refer shift to zero

Shift to displacement conversion and
geocoding

flowchart
Displacement Map

Active rock glacier:

Val Senales - South Tyrol - Italy
Area: 0.12 km?

Altitude: 2480 - 2700 m a.s.l.
Steep, 35° - 45°

tracking vs GPS
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TSX Data were provided by the European Space Agency, Project
Proposal id 34722, © DLR, distribution Airbus DS Geo GmbH, all rights
reserved.




SNOWAVE RADAR TECHNOLOGY

S-band: 2 - 3 GHz
C-band: 5.5 -8 GHz

X-band: 8 - 12 GHz

Density [kg/m3]

Torgnon  Cheneil Lazaun Torgnon  Cheneil Lazaun Torgnon  Cheneil Lazaun
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» Advance
physical behavior of snow an
parameters.

» Multi-frequency and multi-sensor integration is in general effective for improving

» The availability of reference data to calibrate and validate the algorithms remains one of t
main issues to deal with.

» the need of spatially and temporally co-located acquisitions is important for snow par
that change during the day, so a novel SAR mission carrying onboard at least two fr
(as in the CoreH20 and RISK mission concepts) could be really effective for snow
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